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IMpeauciiosue

BormpocaM nmpoekTupoBaHUsI ONITUYECKUX CETEe B yueOHOU JUTEpaType YAenseTcs
B MocJieiHee BpeMs BcE Oosbliee BHUMaHue. Berreaiee panee (B 1997 rony) usnanue
asropa H.H.CnmemoBa coxpepxano psia TMOJE3HBIX YKA3aHUW 1O MNPOCKTHUPOBAHHIO
ONTHUYECKUX CETeH, HO OHO OBUIO pPACCUUTAHO TOJBKO HA MPOECKTUPOBAHUE
TPAHCIIOPTHOW CETH CHHXpOHHOW IMdpoBoi mepapxuu SDH (Synchronous Digital
Hierarchy). B 2009 roay Obuto omybnukoBaHo yueOHoe mocoome dokxmua B.I'. [1] mo
MPOEKTUPOBAHUIO  ONTHUYECKOW  MYJIBTUCEPBUCHOM  TPAHCIOPTHOM  CETH, TJIE
paccMaTpHUBAETCsl MMPOCKTUPOBaHKUE HE TOJNbKOo SDH TpaHCOPTHBIX ceTell, HO M ceTel
Ha OCHOBE JPYTMX TPAHCHOPTHBIX TEXHOJOTUW: aCUHXPOHHOIO peXHUMa Nepeaadu -
ATM (Asynchronous Transfer Mode), ontudeckoii TpancroptHoi mepapxuu - OTN-
OTH (Optical Transport Network - Optical Transport Hierarchy) co crnekTpaibHbIM
MYJIBTUTTIEKCUPOBAHUEM ONTHYCCKUX KaHAJIOB W CKOPOCTHBIMHU pexumamu g0 40
['6ut/c, TpaHcmopTHO¥ TexHONornu Ha ocHoBe Ethernet (EoT, Ethernet-over-Transport)
co ckopocTsamu nepeaaun g0 10 I'out/c. 3a mpomeamree aecatmietre (2009-2019 rompr)
CYILIECTBEHHO M3MEHWINCh CTAHAAPTHI M CTPYKTypa OOOPYAOBaHUSA TPAHCIOPTHBIX
ceteii. OOOpyAOBaHUME MOXKET TMOAJACPKUBATH (PYHKIUM BCEX TPAHCHOPTHBIX
TEXHOJIOTHH © JomonHuTenbHO TexHonoruu IP (Internet Protocol), MPLS (Multi-
Protocol Label Switching) u otnensHo TpancmoptHoro npodwmis TP-MPLS (Transport
Profile), Ethernet PBB/PBT (Provider Backbone Bridge, moct mMexny maructpaisiMu
npoBaiizepoB / Provider Backbone Transport, tpancmopr Tpaduka OIOPHBIX
orepatopckux ceteit), ATM u 1.1. To ecTh 000pyZ0BaHNE TPAHCIIOPTHBIX CETEH CTAJIO
MHTO(QYHKIIMOHAIBHBIM U MYJIBTUCEPBUCHBIM, OHO TOJJEPKUBACT undpoByo
KOMMYTAIIHIO YJICKTPHUSCKHUX M ONITHYCCKUX KaHAIOB (Ha3bIBACMYIO A — KOMMYTaIuei),
MapuIpyTHU3alUI0 ONTHUYECKUX BOJIH M KOMMYTAIMIO MAKETOB, OBICTPYI0 KOMMYTAIIUIO
MAaKETOB M BCE BHJbl 3alUTHBIX NepekitoueHuil. CylIeCTBEHHO BO3POCIH CKOPOCTH
nepenaun B onTtudeckux kaHamax g0 100 — 400 I'our/c. TlomokeHo Hayamo
UCTIOb30BaHUI0 THOKMX ontudeckux cetok BoiH (flex grid) m mocrpoenuto Ha ux
OCHOBE ONTHYECKHUX cylepkaHanoB Ha ckopoctu ot 400 I'6ut/c mo 25 Towut/c. Jlus
CBSI3M MeXxay IleHTpamu o0pabotku maHHbiX (I[OJ]) mprMeHeHBI HOBBIC CTaHIAAPTHI
nepenaun maketoB Ethernet ma cxopoctu 40, 100 m 400 I'Gut/c ¢ MepCHEKTUBOM
yBenumaenuss g0 2,4 ToOwut/c. [lmst TmOKoOro ympaBieHUS TPAHCIOPTHBIMU CETSIMHU
pa3paboTaHbl CTaHJAAPTHI MPOrPaMMHO-KOH(GUTYPUPYEMBIX TPaHCIOPTHBIX ceTeil -
SDN (Transport Software Defined Network), koTopsie MOTOJHWIA BO3MOXXHOCTH
yIpaBJ€HUs, 3aJ0KEHHBIE B CTAaHAAPTHl aBTOMATUYECKH KOMMYTHUPYEMbBIX ONTUYECKUX
cereit  ASON (Automatic Switched Optical Network). Bce mnepeuncieHHbIe
BO3MOKHOCTH UCIOIB3YIOTCSl JIM MIPEAINOIaraeTcsi UCHoJb30BaTh B CETEBBIX PEUICHUIX
oneparopoB cBsizu Poccun. Co3laHbl M UCHOJIB3YIOTCS HOBBIE THIBI BOJOKOHHBIX
CBETOBOJIOB C HECKOJIBKHMH CEpIAIECBUHAMU BMECTO OJHOW (MHOTOCEpIIICBUHHBIC



BOJIOKHA Ha 5, 7, 9, 13 ¥ T.I. cep/ALeBHH) U CBETOBOBI C HECKOJbKHUMH HE3aBUCUMBIMH
MozAaMH (MaloMOIOBbIC BOJIOKHA Ha 2, 3, 4 U T.1. MOJ).

Haspena npuHnunuanbHas HEOOXOIUMOCTh MU3MEHHUTH COJEpP>KaHHE KYPCOBBIX U
JTUTUIOMHBIX TPOEKTOB JUTsl CTyJeHTOB HampaBieHus: moarotosku 11.03.02 n 11.04.02
«H)OKOMMYHUKAIIMOHHBIE ~ TEXHOJOTMU U  CHCTEMbl  CBSI3U»  KBaIM(UKAIUU
«bakamaBp» u «Maructp» 1o npopussM no npopuiasiM «TpaHCHOPTHBIE CETU U
CUCTEMbl CBS3W», «TEXHOJOTMM U CHUCTEMBbl ONTHYECKOM cBs3u». lIpenmaraemoe
ydeOHOe MocoOue MPU3BAaHO YCOBEPIICHCTBOBATH METOJIUKY MPOECKTUPOBAHUS, KOTOpas
ObuTa ipeiokeHa panee (Oosee 10 et Ha3anm), M pacCHIMPUTH KPYT pEIIaeMbIX YICOHBIX
MPOEKTHBIX TMPOOJEM B YaCTH ONTHYECKOM wWHTep(deiicHOM 0a3bl, PEKUMOB
OJIHOKAHAJIbHOM YW MHOTOKAHAJIbHOW ONTHYECKOW Tepeladd C KOTEPEHTHBIM U
HEKOTePEHTHBIM  MNpUEMOM,  TOJIb30BATENIbCKONM  HHTepdeiicHoit  0a3bl, cXxeMm
pEe3epBUPOBAHUS U 3AIUTHI, CAHXPOHU3AIMU U YIIPABICHUS, U T.]I.

YyebHoe mnocoOue HE HMEET aHaloroB, NPEeAHA3HAYEHO [Jisi KypCOBOTO U
JUIUIOMHOTO  MPOEKTUPOBAHUSA, TaKKE€ MOXET ObITh  PEKOMEHJOBAaHO  JJIs
CaMOCTOSITEILHOTO MOBBIIIEHUS KBATM(PUKAIIUU CIICIIHAIUCTaM IPEANPUSITUN CBSI3HU.



BBeaenue

[lepBeie nBa gecsatuieTus 21 Beka aJis TEIEKOMMYHHUKAITUN TPUHECTH HOBBIE,
OypHbIE 3Tambl Pa3BUTHUS MHTEPAKTUBHBIX U PACHPEACTUTENBHBIX YCIYT HIUPOKOTO
CIIEKTpa OT Mepeslaun peuu B HuppoBoM (popMarte 10 IeCSITKOB U COTEH TEIEBU3MOHHBIX
porpaMM HauWBBICIIETO KauecTBa B IU(poBOM gopmare, JUCTAHIIMOHHOE OOy4YeHUE U
JAOCTYII KO MHOTHM 0a3aM JaHHBIX (HAyYHBIX OWOJIMOTEK, aIMHUHHCTPATUBHBIX H
MEMIIMHCKUX IIEHTPOB U T.J.). BOIOKOHHAS ONTHKA B JOME U O(HUCE CTajla TAKUM XKE
MPUBBIYHBIM, HEOOXOJIUMBIM U JIOCTYIHBIM SIBIICHHEM, KaK elIi¢ HeJaBHO TenaedoH U
TEJIEBU30D.

Jnst  moanepKKU — pa3BUTHSL  HOBBIX — YCIYTr  BJIEKTPOCBSI3U  HEOOXOIUMBI
pPa3BETBIEHHDBIC, HAJIEKHBIE TPAHCIIOPTHBIE CETH CBSI3U. TaKkue CeTH Havalld CO3/1aBaThCs
o BceMy MUpy B mociennee aecsatunetne 20 Beka. B OCHOBHOM 3TO CETH TEXHOJIOTUHU
CUHXpOHHOU 1UdpoBoii wmepapxun SDH. OpgHako 3T ceTH H3HAYAIBHO OBLIN
npeaHa3HavYeHbl 1Jis1 oOcaykuBaHus Tpaduka, GopMHPYEeMOro IEHTpaMU KOMMYTallUH
KaHaJOB, M COBEPIICHHO HE YYUTHIBAIIM BO3MOXXHOCTH TAaKETHOM mepenadu
nHpopMalMOHHBIX cooOmeHuit. KpoMe TOro, ucnonab3oBaHue PECypcoOB BOJOKOHHO-
ONITHYECKUX CHUCTEM TMepeaadn cpeiacTBamu TexHomormn SDH ocTtaBiseT xemath
nyuirero. CpaBHHTE, MOJ0ca MPOIMYCKaHUS OJTHOMOJOBOTO CTEKJIOBOJOKHA CTaHAApTa
G.652 (a, b, ¢, d) coctaBasier okoio 30 - 60 TI'm B 3aBHCHMOCTH OT Pa3HOBUIHOCTH
BoJIokHa (B mpenene ckopocth g0 100 TOuT/c), a CKOpOCTH Iepenadyd CcaMoi
BBICOKOCKOpocTHOM cucTeMbl SDH coctaBimser 40 ['6ut/c. T.e. oTanyne BO3MOXKHOTO H
JEUCTBUTEIILHOTO COCTABIISIET TPU-YETHIPE MOpsAAKa. YKa3aHHblE (AKThI U emé psif
npo0eM TPHUBENIH K CO3JaHHIO psaa TpaHcmopTHeIX TexHojorui: ATM; OTN-OTH,;
EoT; TP-MPLS, o koTopsix coobmiaercs B [2, 3, 4]. DTH TEXHOJOTHH B MOCJICIYIONIEM
Pa3BUTUH UHTETPUPOBAHBI B MYJBTUCEPBUCHBIE TPAHCIIOPTHBIC MIAT(HOPMBI pa3TUIHOM
pECypCHOM EMKOCTH, KOTOPBIE, B CBOIO OYEPE/ib, MO3BOJISIOT PEAIN30BaTh KAK MUHUMYM
YEThIPE YPOBHS TPAHCIOPTHBIX CETEH: OOJIBIIION M CBEPXOOJIBIION MPOTIKEHHOCTH
(Long Haul/ Ultra Long Haul); pernonansubix wiu BHyTpr3oHoBbeIX (Regional Core);
oompmux ropomoB (Metro-Edge); nocryma (Access). boiblnyo poib B pa3BHTHH
TPAHCHOPTHBIX  cerell  wrparor  craHpaptel  Cexkropa  TeneKoOMMYyHMKAIWN
Mexaynapoanoro Coroza DnektpocBsizu (MCDO-T). 3HauuTeNbHAsS 9acTh MaTepUAJIOB
y4eOHOro nNocoOust MOCTPOEHA Ha OCHOBE ATUX CTaHIapTOB.

[Ipennaraemoe yueOHOe nocobue «IIpoexTupoBanue ONTUYECKON
MYJIbTUCEPBUCHOU TPAHCIOPTHOM CETH» MPEAHA3HAUEHO JJIS YTIIyOJIEHHOTO M3Yy4YEeHUs
BCEX M3BECTHBIX TEXHOJOTHM TPAHCIOPTHBIX CETEHl B MPOLIECCE BBHIMOIHEHUS KYyPCOBOTO
WM JUIUIOMHOrO TpoekTta. Jlis 3toro B ydeOHOe mmocoOwe BKIOYeHB 9 rnaB, 7
MPUJIOKEHUI U CIIUCOK JIUTEPATYPHI.

B 1 rnaBe paccMmaTpuBarOTCSi: BHIBI YCIYT, MPEIOCTABISAEMbIX KIHUEHTaM CETeH
CBSI3U; UCTOYHUKH HArpy3ku U TpeOyeMble Pecypchl TPAHCHOPTHOM CETH; TEXHOJIOTUU



CKaTHUsl CUTHAJIOB; TTOJAXObI K OMPEACICHUI0 O€30MaCHOCTU ONTUYECKUX TPAHCIOPTHBIX
CEeTeH.

Bo 2 rmaBe maercs kpaTkasi XapaKTEpPHCTHKA MOJENECH W TEXHOJOTUH ONMTHYSCKUX
TPaHCIIOPTHBIX ceTeit: Monensb cetn SDH mocneanero mokoseHus M €€ 0COOCHHOCTH;
moxenb cetu ATM; moxens cetn OTN-OTH, ocHOBaHHAasI Ha peKUME OTHOKAHAIBHON U
MHOTOKaHaJIbHOW ONTUYECKOM MepeIadunl IPY MYJIbTUIIJIEKCUPOBAHUY C PA3IAEICHUEM T10
mmaae Bomael WDM (Wavelength Division Multiplexing); moxens cetr EOT, ocHOBOI
KOTOpO# cTanu ctangapThl Ethernet. ITokazaHo jgorudyeckoe cCoacp:KaHHe ONTHUYECKOM
MYJIbTUCEPBUCHOU TPAHCTIOPTHOM MIAT(HOPMBI U €€ OpUEeHTAIMs Ha MaKEeTHBIA TpaduK.

B 3 rmaBe paccmarpuBaeTcsl CyIHOCTh TMOCTPOEHUS almapaTypbl TPAHCIIOPTHBIX
ceTel C TOYKU 3peHus (PU3NYECKOro MCHOJHEHHUS U JIOTUYECKUX MPOTPAMMHUPYEMBIX
¢byukiuit. [lpuBonsrcs npumepbl 0003HAUEHUM CETEBBIX DJIEMEHTOB Ha CXeMax
OpraHu3alliyd CBSI3M U YKa3bIBACTCSI HA COOTHOILICHHE MEXJy OOO3HAYCHUAMHU U
peadbHbIM  HAMoJHEHHEM oOopyaoBaHus. JlaeTcs XapakTepUCTHKA Pa3IMYHBIM
CTPYKTypaM MOCTPOSHUS TPAHCIIOPTHBIX ceTel (JIMHEHHBIC, KOJIBIICBBIC, STYCHCTHIC).

B 4 rnaBe paccMaTpuBaIOTCA TEXHOJIOTMM W CXEMbI 3alIUTHBIX MEPEKIIOUCHHUN B
TPAHCHOPTHBIX CETAX. 3allUTa CEKUUH MYJIbTUIJIEKCUPOBAHUS OJHOKAHAIBHOTO H
MHOTOKAHaJbHOTO CUTHAJIOB. 3allUTa COEAMHEHUHM Ha OCHOBE BUPTYaJIbHBIX
KOHTEMHEpPOB U OJOKOB HAarpy3Kd ONTHYECKUX KAaHAJIOB. 3alllUTa BUPTYaJIbHBIX
COEIMHEHUH, Cco3JaBaeMbIX makeTHou mnepemaduer B ATM wu Ethernet. 3ammra B
KOJIBLIEBBIX U JIMHEWHBIX CETSAX.

B 5 rmaBe paccMaTpuBarOTCS MPUHIMIBI OPOCKTUPOBAHUS CETH CHUHXPOHHU3AIUU.
Bri0op nmepBUYHOTO reHepatopa U NEPBUYHOTO MCTOUYHHMKA TAKTOBOM 4yacTOThl. Pacuet
HakomieHus: (Pa30BbBIX JpOXKAHUW U BBIOOP CXEMbl PACHPENCICHHUS TAaKTOBOIO
CUHXpoHM3Ma. BbiOop BTOpUYHOrO reHeparopa. PazpaboTka mopsiika BOCCTAHOBJICHUS
CUHXPOHHW3ALNU TpU aBapusx. VMcnosib30BaHrEe MOKa3aTesie KauecTBa U MPUOPUTETOB B
CXeME€ CUHXPOHU3AIUU.

PaccmarpuBaroTCs OCHOBHBIE 33Ja4d  yOPABICHUS TPAHCIOPTHBIMU CETSMM.
CucreMmsl yrpaBieHUs U UX UCIIOJIb30BAHUE B TPAHCIIOPTHBIX CETAX.

B 6 rmaBe paccmaTpuBarOTCS OCHOBHBIE BUIBI MHTEP(HEHCOB TPAHCTIOPTHBIX CETEH
U WX XapaKTepucTukh. Onekrpuueckue wuHTepdeiicet G.703, wuntepdeiicet SDH,
Ethernet, CWDM/DWDM wu np. Onruueckue uHTEpGEUCH I OJHOKAHAILHON H
MHOT'OKaHalIbHOW TiepeAaun. PexoMeHnalnuu 1mo uX HCMOJIb30BAaHUIO MPU pa3paboTKe
MIPOEKTOB.

B 7 rnaBe paccMarpuBaroTcsl OOIIME NPUHIUIBI MPOEKTUPOBAHUS TPAHCIOPTHBIX
ceTel pa3myHOro Macmraba (KpymHBIX TOPOOB, BHYTPU30HOBBIC WIIH PETHOHAIBHEIC,
MarucTpajibHbie). YKa3blBalOTCS NPUHIUIHAIBHBIC OTIUYHAS 10 OOOCHOBAaHUSIM
IIPOEKTOB, IO MIPUMEHSAEMBIM TEXHOJIOTHUSAM, IO 3aIIUTE U T. 1.

B 8 rmaBe mpuBoamTCs 0030p COBPEMEHHBIX JOCTHIKCHHHA IO aBTOMAaTH3aIlUU
MPOEKTUPOBAHUS  ONTUYECKUMX TPAHCIOPTHBIX CETEM Ha OCHOBE PA3JIMYHBIX
TPAHCHOPTHBIX TEXHOJIOTUH.



B 9 rmaBe mpuwBOIATCS METOIWYECKHE YKa3aHUS IONIArOBOTO MPOCKTUPOBAHUS
ONTHUYECKON CeTH OT 3aJaHus JO0 OKOHYATEIHLHOTO O(QOPMIICHUS MHPOEKTa. YKa3zaHUs
CONPOBOXKIAIOTCA IPUMEpPaMU CPaBHUTEIBHOTO aHajn3a, pPacyeToB, CXeMaMH
OopraHu3aluu, BI0Opa 000py0BaHUS U T.]I.

B mnpunoxxeHuss mpUBOIATCA MNpPUMEPHl XapaKTEPUCTUK HHTEP(DENCOB, KOTOpPHIC
HEOOXOMUMBI JIg pacdeToB M psax pacu€TtoB mo orneHke OSNR KorepeHTHBIX H
HEKOT€PEHTHBIX ONTUYECKUX KaHanoB. [l ynoOcTBa MONAB30BaHUS MPUBOIUTCS
CJI0Baph COKpAICHUM Ha aHTJTUUCKOM SI3BIKE.

[Ipu npouteHUn HEOOXOIUMO OOpPAaTUTh BHUMAHHE HA JUTEPATypHbIC CCHUIKH,
0003HaueHHbIE B KBAJPATHBIX CKOOKaX M CCBHUIKM Ha D3JIEKTPOHHBIE PECYpPCHl. IDTO
MMOMOYKET HAaWTHU HEOOXOIUMBIC TaHHBIC U PA3TUYHbIC METOIUKH PACUETOB.
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1. Buabl cepBHCOB U HICTOYHMKU MHGOPMALMOHHON HATPY3KH
1.1. Buawbl cepBucoB

B nepByo ouepens npu pa3zpaboTKe MPOEKTa HEOOXOJIUMO OIMPEACTUTHCA C TEM,
KaKue BUJBI YCIYr OyAeT TOIJIEPKUBATh CETh, OICHUTh COOTHOIICHHWE Pa3IUYHBIX
BUJIOB TpadWKa Ha TEKYIIUH MOMEHT W CIPOTHO3UPOBATH CUTYAIHIO Ha OIMKaNTIyIO
MepPCHeKTUBY. TpamuiMOHHBIMH 33/JadyaMd, pPENIaeMbIMH TPU TPOSKTUPOBAHUHU
TPAHCTIOPTHBIX CETEH OTHOCUTEIHHO YCIIYT, SBIISIOTCS

e TMepenava TPAAUIMOHHOTO Tpaduka TenePOHUU U YCIYr HHTEIPUPOBAHHBIX
mudposeix ceteit ISDN (Integrated Services Digital Network);

o Tepemavya Tpadpuka JaHHBIX MHTepHET (I YaCTHBIX JIUI[ W/WIM KOMIIAHHH);
nepenavya Tpaduka JaHHBIX KOPIOPATHBHBIX ceTeil (0ObeIWHEHUE JIOKATBbHBIX
BBIUMCITHTEIBHBIX CeTEH), IIOCTPOCHHBIX Ha TexHoorusx Ethernet, ATM u npyrux;

o Tmepenava Tpaduka IP - Temedonmm (TS YACTHBIX JIUI] W/WIH B KOPIIOPATHBHOU
CCTH);

o mepenavya tpaduka IP-TV (Internet Protocol-Television), Ho 3T0 He TeneBUACHHE
yepe3 MHTepHeT, a ToibKO ucnosib3oBanue npotokona IP; cyts IP-TV cBomutcs k
YMEHBIIICHUIO OTEPh OT HEJIETATbHBIX MOJKIIOYEHUN B KAOEIbHBIX CETAX; TJIaBHBIM
noctouHcTBOM IP-TV siBnsieTcst MHTEPaKTUBHOCTD BUICOYCIIYT U HAJIMYKE IIUPOKOTO
nonoJiHuTeNbHBIX cepBrucoB (VoD - Video-on-Demand, TVoIP - Television over IP,
Video Telephony, Information Portals u 1.1.);

o nepenada Tpaduka «Internet Television», rae raaBHBI TPUHIMI COCTOUT B TOM,
Kbl TpaBoo0JiaiaTesib UMEET IOJHOIEHHYI0 BO3MOXHOCTh pa3MelllaTh CBOE
BHUJIEO B CETH U CO3/1aBaTh CBOM TEJIICBU3MOHHBIN KaHA! MIHTEepHET;

o Tiepefada BUACOTpapUKa OTHOCHTEIHFHO HEBBICOKOTO KadecTBa Ha CKOpocTH j0 384
KOuT/C (BunmeoxoHpepeHIUy, BHUIeOTENEePOHMS, BUJICOHAOJIO/ICHHE,
BUJICOTPAHCIISIUYU C CEPBEPOB U T.11.);

o mepenada BuaeoTpaduka OT CTYIUN TeNeBHACHUS U KaOEJIbHOrO TeJeBUACHUS
(TeneBM3nMOHHOE Bemanue - Broadcast u Buaco mo 3ampocy VoD, ot cepsepoB) ¢
BBICOKMMHU CKOPOCTSMH M B pa3nuuHbIX (¢opmatax cxkatusi (DVB-C, Digital Video
Broadcasting Cable, MPEG-2, MPEG-4, Motion Pictures Experts Group);

o ToJIepKKa repenauyun teneBuaeHus crannaproB DOCSIS (Data over Cable Service
Interface Specification): amepukaHCKOro, €BpPONEHCKOI0 M MEXKIYHAPOIHBIX, CO
CKOPOCTHBIMH peKuMamu 110 52 Mowut/c;

o pa3ButHe ceTn xpaHeHus nanHbix SAN (Storage Area Network), craBireld ocHOBOM
dopmuposanus kourernmuu «World Wide Strorage Area Network» (WWSAN), T.e.
BCEMUPHOM CETH XpaHEHUs NaHHBIX, KOTOpas 00ECIEeUUT BHICOKOCKOPOCTHOM HOCTYTI
Y XpaHEHUE JaHHBIX, PACIPEIEICHHBIX 10 BCEMY MUDY;

o pa3BuTHe BUpTyaIbHbIX YacTHBIX ceTet VPN (Virtual Private Network);
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e BOCTpeOOBaHAa BHUPTyalIHM3alMs IOJIb30BATEIBCKUX CEPBHCOB C  TOMOIIBIO
nporpammHo-koHpurypupyemeix cereid (SDN, Software Defined Networking) wu
cereBbix (ynkumi Buptyanmsanuu  (NFV, Network Function Virtualization) ¢
COOTBETCTBYIOIIIEH TapaHTHPOBAHHOCTHIO W  3alIUINCHHOCTHIO COCAUHCHHHA, YTO
MOJIZICPXKUBACT B3PBIBHOM pocT Tpaduka HMuatepHer - «Bemer» (10T, Internet of
Things,), KoOJIMYECTBO KOTOPBIX PACTET C KAXKIIIM JTHEM.

e COCIAMHCHUS MEXKIy IeHTpamMu o0pabotku maHHbx (I1OJ]) pasmauuHoro
Ha3Ha4YeHHs (KOPIIOPATUBHBIC, KOMMEPYECKHE, TOCYIapCTBECHHBIE).

CyImiecTByOIMEe CETOMHS TECHICHIWH K OOBCIMHCHHWIO B CJIMHBIA IMAKET YCIYyT
Triple Play (tpu B omHOM: aymuo, BUACO H Tepeaada JAaHHBIX) OOJBIIMHCTBA W3
MIEPEUYNUCIICHHBIX CEPBUCOB OOYCIOBIEHBI pEAThbHBIM W TPOTHO3ZUPYEMBIM CIIPOCOM
PBIHKA, U TaK)Ke KOHKYPEHTHOW OOpHOOM MeX Iy MpoBaliepamMu yciuyr. Tak omepaTopbl
ceTell KaOeIbHOI'O TEJACBHJACHHUS M TPATUIMOHHBIC TEIC(HOHHBIC OIEpaTOphbl aKTUBHO
MpeaiararoT CBouM aboHeHTaM ocTym B VIHTepHET, a KpyIHbIe mpoBaiiaepsl HTEpHET
OpraHu3yIoT ajdbTepHaTUBHBIC ceTH |P-Tenedonun, |IP-TeneBunenus u T.1.

1.2. UcTOYHUKH HATPY3KH U TPedyeMble pecypchbl TPAHCIOPTHO# ceTH

TpaaguIHOHHBIMM UCTOYHUKAMM HATPY3KH UJISI TPAHCIIOPTHBIX CETEH MPUHATO
CUHMTATh CETH ¢ TeneGoHHBIM TpadukoMm, cetr ISDN, okanbHbIE KOMITBIOTEPHBIE CETH,
cuctembl nepenaud PDH u 1.1, TpeOyembie pecypchl TpaHCHOPTHBIX CETEH ISl 3TOTrO
KOHTEHTA U APYTUX MnpeacranieHsl B Tadm.1.1.

Cetb xpanenusi SAN KOHCOMUIUPYET PECYPCHI BHENTHEH MAMSITH U aKKYMYJIHPYET
BECh OOMEH [aHHBIMH MEXIy CEepBepaMH M CHUCTEMaMH XpaHEHUs, OOCCICUMBACT
MOBBINICHNE TPOU3BOIUTEILHOCTH BBOJIA/BBIBOJIA, YIIPOIACT YIMpaBICHUE pecypcamu
XpaHEHMs, TO3BOJISIET HCIOJAB30BaTh HMX C Oonbliedt 3()PEKTUBHOCTHIO, JacT
JIOTIOTHUTENILHBIEC TapaHTHUH HAJSKHOCTH XpaHeHus. J[nms peamusanmu 3¢ GHEKTUBHOTO
ooMeHa naHubIMU B SAN HeoOxoauMo ucnonb3oBanue texuoisioruii IP/Ethernet/WDM,
ESCON (Enterprise Systems Connection — coeiMHEHHE YYPESKICHUCCKUX CHCTEM),
FICON (Fiber CONnNection — BOJIOKOHHOE COSAMHECHHE IS ITepeIauul TaHHBIX) U JP.

Bugeo mo tpedoBanuio (VOD) nerko MoXeT TepedTH B paspsi  yCIyr,
HasbiBaeMbIx TepmMuHoM «Killer application» — moriotutens nputokennid. OaHAKO TSI
YCTEIIHOTO BHEAPCHUS JTOW YCIyTH, TPEOYIOTCS CETH, TO3BOJISIIONINE TEpenaBaTh
OrpOMHOE KoJim4decTBO IudpoBori uHPopMaruu (Bumeo B ¢opmare MPEG) or
BujecocepBepa k aboneHTy (10-kxm m 100-HM OJHOBpPEMEHHBIX TMOIKIIOYCHUN). DTa
3amagya TpeOyeT TPUMEHEHUS HOBBIX TEXHMUYECKHX pEIICHUH, MO3BOJISIONIAX
MaKCUMaJIbHO 3((PEKTUBHO M HEIOPOro WCIOIB30BaTh TPAHCIOPTHBIC ceTh. J[is

peanuzanuu peHtadenbHoil VOD-ceTu clienyeT UCIOIb30BaTh MEPEIOBbIE TEXHOJIOTUH:
GigabitEthernet, MPEG-over-1P u WDM.
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Bupryanbubie 4acTtHble cetH (VPN) cospmaiorcs B HMHTEpecax OTACIbHBIX
KOMIMaHUM CpelCcTBaMH MAapIIPyTU3AIMU MAaKeTOB B OOLIEH TpPaHCMOPTHOM cpene Ha
ocHoBe npoTokoyoB IP, MPLS, Hanpumep, 310 cetn Masbix npeanpusatuii SOHO (Small
Office-Home Office), B koTopbie 00BEAUHSIIOTCS TEPPUTOPHAILHO pa3HECEHHBIC O(PHUCHI.
Taxxe 3T0 ceT OaHKOB, MPOMBIIIJIEHHBIX MNPEANPUATHI, MEXBY30BCKUE CETH, CETHU
TEeJNEMEIUIIMHCKUX YCIAYT U T.1.

LenTpnl oopadorku aanubix (L[OJ]), omnpeneneHsl Kak MOHATHS B 0a30BOM
craugapre TIA/ANSI Ha TpebGoBanus k wuHppacTpykrype — ANSI/EIA/TIA-942
(Telecommunications Infrastructure Standard for Data Centers), yrsepxxaeanom B 2005
roay B CIIIA, rae oceemaercs WUPOKUI KPYT BOIPOCOB, CBSI3AHHBIX C OpraHU3alUuen
LHOM. Bece IO mensatcs cranmaptoMm T1A-942 Ha derbipe ypoBHs (kimacca). [Tomumo
aMEPUKAHCKOI0 CTaHJapTa CYIIECTBYET CTaHAapT eBporelickoi opranusanuu UpTime
Institute, B kotopom LIO/IpI Takske moaeIeHBI Ha YeThIpe Kitacca [9].

llepevuii knacc [JO/] He MMeeT HUKAKUX AYONHPYIOIIUMX aKTHUBHBIX KOMIIOHEHT W
pacnpeneneHus moTokoB. [imaHoBbIe pabOTH BO3MOXHBI TOILKO TIpH ocTaHoBKke 1[O/I.

Bmopou knacc [JOJ] mnpenmnonaraeT AONOJHUTENbHbIC KOMIOHEHTHI (N+1)
aktuBHOro obopynoBanus (UPS, kKoHIUIIMOHEpHI, ceTeBOe OOOPYIOBAHHME) M TOJBKO
OJIUH MOTOK pacmpenencHus. Bo Bpemsi npoBenenus: npodunaktuueckux padot O/
OCTaHaBJIUBAETCS.

B mpemwvem knacce []OJ] oGopynoBanue nyonupyercs mno mnpuHiumy N+1.
JyOnupyeTcsi pacupeiesieHle MOTOKOB: TPYyOONPOBOAbl OXJIAXKICHUSI, KaHAJbl CBSI3H B
3IaHUH, JIEKTponuTaHue. BoinomaHsas npodunaktuyeckue padoThl HET HEOOXOIUMOCTH
orkitoueHus [{O/]. LlenTp HaXxoAUTCS B OTAEIBLHOM BBIJICJICHHOM 3/IaHUU, TEPPUTOPUS —
OTOPOKEHA.

B uemeépmom xnacce [JOJ] nybnupyercsi Kak akTHBHOE OOOpylOBaHUE, TaK M
pacnpenenenue motokoB. [1OJ] coxpanseT pabOTOCTIOCOOHOCTH MPH OTKa3e JHOO0TO
y3na uadpactpykrypsl. LHOJ[ npencrasnsiet coboii otaensHoe 3nanue. O6suno 1O/ 4
KJIacca CTPOSATCS J1 OOJIBIIUX KOPIIOPAMM U TOCYAAPCTBEHHBIX CTPYKTYP.

B mnonsatHe «paTta-ueHTp» B POCCUUCKON KOMIAHUM O0003HAYAeT HMEIOIINECs
CEepBEphl, CHUCTEMbl XpaHEHUSI M CETh [JIOCTyla TMpPU OTCYTCTBUU CHUCTEMBbI
AKU3HEOOeCTIeUeHUsI, MOHUTOPUHTAa W ympaBieHUs. Pa3Hulla B MOHUMaHUHM TOTO, YTO
cuntath [[OJloM, CHJIBHO OCIOXKHSIET OLEHKY HX KOJIMYECTBA B MHUpE, OCOOCHHO B
Poccun. I'enepupyemsie 1{O/lamu mudpoBsie moToku MOTYT cocTaBiisath ot 100 I'6ut/c
1o metabur ([I6ut/c), 10" Gur/c.

Harpy3ku MyJabTHCEPBUCHBIX TPAHCHOPTHBIX CETEH MOTYT MOJEIUPOBATHCS U
PacCUUTHIBATHCS C OMPENENEHHON TOYHOCTBHIO, YTO MOXKET CIYKUTh OCHOBAaHUEM JIJIS
onpeneneHus (PU3NUECKUX PECYpPCOB B BHJE EMKOCTHM LUQPPOBBIX TPAKTOB, YMCIIA
BOJIHOBBIX KaHAJIOB, BUPTYAIbHBIX KaHAJIOB M TpakToB [12, 18].

[IpuMep KOHCTPYKLUMM YCTPOMCTBA MJisi KOHIICHTPAIIMU HArpy3Kd ONTHYECKOU
TPAHCIIOPTHOM ceTu mpuBenieH Ha puc.l.1.
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Tabnuua 1.1. Buael Harpy3ku u TpeOyemble pecypchl TPaHCIIOPTHBIX CETEM

Bu bl Harpy3Kku U CKOpoCTH

Pecypchl onTUYeCcKuX TpaHCIOPTHBIX CETEN

SDH-CCAT | SDH-VCAT OTN
[Tonb3oBatenbckast | CKOPOCTh Dddext Ddpdexr| OTN | ODUZ,
CeTh Mo6ut/c |Pecypc |ucmomns- | Pecypc |ucrons- | ODUL | ODUS,
30BaHU 30BaHUsA ODU4
TereOmAICeto | 2048 |VC-12| ~94% |VC-12| ~94% | - -
PDH, E3 34368 | VC-3 | ~70% | VC3 | ~70% | - .
PDH, E4 | 139,264 | VC-4 | ~93% | VC-4 | ~93% | - .
10BASE-FL | 100 |VvC-3 | ~30% | YO | ~8e% | - | -
12-5v
VC-3-
100BASE-FX | 1000 |VC-4 | ~65% | > | ~100% | - -
1000BASE-LX
xomposame | 1250 | V70| ~40% | VS| ~06% | ~a0% | 200
3B/10B ¢ °
VC-4- VC-4- ODU2
10GBASE-LW | 9953 | Y| ~100% | Voot | ~100% |~ | O0-2
ODU4
100GBASE-FX | 100000 | - : : : e
ve-| | ove| .| opuz
ESCON 200 | 7| ~32%| 77| ~67%| ~8w| o
VC4| o |VC4| . | .. | oDu2
3xESCON 600 || ~o60 | V| ~8o% |~25% |
VC4 | . |NCa| .o | ... | oDuz
FICON 1062 | Vo | ~a2m | VS| ~aow | ~a2 | D0
HDTV 1485 | VEH| <600 | VCA | ~100% | ~60% | ~15%
16¢ 10v
VC-4-
SDHSTM-16 | 2488 | - — VI ~oa% |~100%| ~25%
SDHSTM-64 | 9953 | - _ V&'\f' <100% | - | ~100%
ATM STM-1 | 155,520 | VC-4 | ~100% | VC-4 | ~100% | - .
ATM STM-4 | 622,080 Vz“' ~100% vg\-/4- ~100% | - _
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MHTepdheicel Nonb3oBaTenen

1000Base-SX (ONS-SE-G2F-SX)
1000Base-LX (ONS-SE-G2F-LX)
1000Base-ZX (ONS-SI-GE-ZX )
1000Base-T (ONS-SE-ZE-EL )
Bcero no 20

2 arperaTtHelX oNTU4YECKUX

HMHTepderca chopmata G.709 ¢ FEC
u Ethernet

10G DWDM (ONS-XC-10G-xx.x )
10GE Base-LR (ONS-XC-10G-S1 )

Puc.1.1. Biiok xonnentparuu Harpy3ku Cisco GE XPonder
U1 orrtuueckoit cetu Ethernet

[TogoOHble 610KU BXOAST B COCTAaB KOMMYHUKAIIMOHHBIX IIATGOpM, HApUMeED,

VSP9000 Nortel ¢ mpousBoauTeIbHOCTBIO 27 TOUT/C TpU pa3MEIIEHUU B OJTHOM IIACCH
1o 24 oros 10 ['Our/c.
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1.3. TexHOJIOTHH C:KATHS CHTHAJIOB

TexHOMOrMM CKATHSI CHUTHAJIOB IIMPOKO MCHOJB3YIOTCS Tpu  LU(poBOH
nepeave 3BYKOBBIX (ayquO) M BHICOCHTHAIOB M IMPU HMX 3aIUCH Ha Pa3INIHBIC
Hocutenw [13].

[Ipouienypa cxxatust BUIAEO MJaHHBIX 3aKJIIOYAETCS B CIHSHUU TOXOXKHX
MUKCENEH, pacloJiOKEHHBIX B Mpeenax OJHOTO Kaapa, WM PSJOM B COCETHUX
kajapax. Cxoxue BU3yaldbHbIE CTPYKTYPBI B Pa3HBIX KaJIpax BBIJACISIOTCS C MOMOIIBIO
aHajgu3a W CIUBAIOTCA B TMpefenax ONPeACJICHHOrO 4Yucia KaJgpoB B TPYIIIbI
uzoopaxkenuit GOP (Group of Pictures). Ilpu ckatum ayano CHTHAIOB YAAISIOTCS
nay3bl. Ilukcens (pixel) - HauMmeHbIIMIA 37EMEHT TUGPOBOTO H300pPaKCHUS B
pacTtpoBoii rpaduke. MimeeT kBaapatHyio ¢opmy. "Pixel" - cocraBHOe CIIOBO U3 CIIOB
"picture” (u300pakenue) u "element” (a;memeHT).

MPEG - o0miee HauMEHOBaHHWE TEXHOJIOTMYECKOM IUIaTGOPMBI, CO3JTaHHOM
Mexaynaponnoit Opranuzanueii mo Crangapruzanuu 1SO (International Standards
Organisation) u MexayHnapoanoii Dnekrporexuuueckoii  Komuccueirn |EC
(International  Electrotechnical Commission). Tlocnemnsiss pa3paboTana  psif
CTaHJApPTOB IS KOJWPOBAHUS HWCXOMHBIX ayAWO W BHUJICOCHUTHAIOB, KOTOpPHIE W
nojyumin obriee HamMmeHoBanue crtanmaptoB MPEG (Motion Pictures Experts
Group - I'pymma DxkcmneproB mo JIBmwkymumcs W3o0paxenusm). ['pynna MPEG
3aHUMAETCs CTaHJapTU3alMeil TEeXHOJOrud cxkatus HUGPOBON ayauo U BHUIECO
uapopmarmu. Crangaptet MPEG  dopmupyiorcs Ha ocHoBe o0mieid 06a3oBoi
CTPYKTYpHI, AOMYCKAIOIIEH 10CTaTOYHO OOJIbIIYI0 CBOOOY KOH(DUTYpaluii, U UMEIOT
HECKOJIBKO YpOBHEUN. Kax/1blii ypOBEHb ONMCHIBAET ONPEICIICHHBIE XapPAKTEPUCTUKH,
U TIpU 3TOM HE 00s13aTeNIbHO BKIIFOYAET B c€0sl HOMEP BEPCUHU.

Crangapr MPEG-2 oxBaTbIiBaeT TEXHOJOTHH, peann3oBaHHbIe B Jro0om DVD-
mieliepe U BO Bcex cuctemax uudpoBoro teneBuaeHus. [lnargopmsl nudpoBoro
TEJICBUJICHUSI BBICOKOH YeTKOoCTH ucmoib3ytor MPEG-2 ¢dopmara MPHL (Main
Profile at High Level - ocHOBHOW TipoduiIb Ha BEICOKOM YPOBHE) MIPH CISAYIOINX
ckopoctax mepemaun: 15 Mout/c B dopmare 720p50 (720 crpok, p, progressive —
nporpeccuBHbid (popmar 3ammcu, 50 kaapoB B cexkyHuny) u 19 Mowut/c B dhopmare
1080i25 (1080 crpok, i, interlaced — 3amucek 4yepe3 cTpoky, 25 KaIpoB B CEKYHIY).
Crammapr MPEG-2 nmnpeagnaznadeH jmias oOpabOTKM — BHUIEOM300paKeHUS,
COM3MEpPUMOTr0 MO KA4eCTBY C TEJIEBU3MOHHBIM H300pa)KEHHEM, MPHU TMPOMYCKHOU
CIIOCOOHOCTH CHCTEMBI Tepenavyd NaHHBIX B mpeaenax ot 3 mo 19 Mowut/c. B
TEJECBHJICHUN HCIOJB3YIOT M Oonbimue motoku g0 50 MoOwmrt/c. Ha TexHomoruro
MPEG-2 nepexoast MHOrue TeiaekaHanbl. CUTHAN, CKAThIH B COOTBETCTBUU C 3THM
CTaHJapTOM, TPAHCIUPYETCS Yepe3 TEICBU3MOHHBIC CIYTHUKA W HA3eMHBIC CETH,
UCTIONIB3yeTCST IS apXuBanuud OonbImmx 00bEMOB Buimeomartepuana. CraHmapT
MPEG-3 6bu1 IpeTHa3HAYCH 15 UCIIOJIH30BAHMS B CHCTEMaX TEICBUICHUS BHICOKOM
yérkoctu HDTV (High-Defenition Television) co ckopocthto oroka nanubix 20-40
Mo6wut/c, HO mo3xke cTtanm 4YacTthio crangapra MPEG-2 u otnmensHO Temephr He
ynomunaercs. @opmar MP3, kortopsrit mHoraa myrtator ¢ MPEG-3, npennasHaueH
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TOJIBKO ISl CXKaTHsl ayAMOCHTHaia W moiHoe Ha3zBanue MP3 oGosnmauaer MPEG
Audio Layer 3.

MPEG-4 - HOBBIi cTaHmapT s CXKaTus JIO00M MYyJIbTUMEIUIMHON
unadopmarmu. [lpu nepenave curuanos HDTV, ucnonssyercs cxema cxxatus MPEG-
4/H.264, wus3BectHas kak AVC (Advanced Video Coding). B kadectBe
TexHojornueckoro  Qgopmara  cranmaptr MPEG4  Bkiodaer — pa3idyHBIC
MyJIbTUMEIUHBIE TIaTGOPMBI W OyAeT UCIONb30BaThCs B VIHTepHETE W B
MOOMIBHBIX TenedoHax. Ilepexon co crammapra MPEG2 Ha Gonee 3KOHOMHUYHBIH
craggapt MPEG4 mo3Bonut BeIcBOOOAUTE 10 30% pecypcoB TpaHCIOPTHPOBKH.
Cxkopocts niepenaun HDTV-curHanoB OymeT cocTaBisTh B 3TOM cirydae Bcero 3-10
Mo6urt/c.

Jlis mepenaun onmupPOBAHHBIX PEUEBHIX CUTHAJIOB HCIIOJNB3YIOTCS Pa3TUIHBIC
BUJBI MOJYJSAIUU: HMIyIbcHO-KomoBas MKM (crammapt G.711, momoca wacTor
curHaia okoso 3 k[m) Ha ckopoctm mepemaum 64 kOWT/C; amanTUBHAsS
muddepennuanbHas umiyinbcHas AIIUKM (cranmapter G.721, G.726) Ha ckopocTH
nepemaun 16 w 32 kOut/c. Taxke mTpuUMEHSETCS KOAMPOBAHWE C JIMHCHHBIM
npenckasanuem LPC (Linear Predictive Coding, crannapter G.723, G.728, G.729) Ha
ckopocTHu Tepenaun 2.8 kout/c, 4.8 x6ut/c, 8 KOHUT/C ¢ MPUESMIECMBIM KadyeCTBOM
peun. Jlns mepemaun onmm(ppOBAHHOW pEUYW C TOBBIIICHHBIM KAa4eCTBOM B IOJIOCE
gacTtoT 10 / kl'm mcmomb3yercss AJIMKM crangapra G.722, rme mpeaycMOTpeHa
CKOpOCTh 64 KOUT/C.

1.4. Be3onmacHOCTL ONMTHYECKHX TPAaHCHOPTHBIX cereii

be30macHOCTh TPAaHCHOPTHBIX CETEW OTHOCHUTENIBHO HENABHO CTajla MPEAMETOM
MPUCTAIBLHOTO BHUMAHUS pa3pabOTYMKOB CTaHIAPTOB U amnmapaTypbl. [IpoOiiemsl
0€30MacHOCTU CeTeil CBSI3U paccMOTpeHbl B psane pekomeHpauuii MCO-T. B stux
PEKOMEHAAIUAX  KIACCU(PUUUPYIOTCS  BO3MOXHBIE  YIPO3bl Uil Iepeadyu
uHpopMalMK U METOAbl CHIKCHHUS WJIM HUCKIIOYEHUS UX HEeOJaronpusTHBIX
MOCNEACTBUN. M3yueHHne 3THX PEKOMEHJAIMKd W HEKOTOPBIX IPYTUX JOKYMEHTOB
MTO3BOJISIET OTBETUTH HA PSiJ] CJI0KHBIX BOITPOCOB.

YUto JOJDKEH TMpEeNCTaBlsSITh  pa3padOTUUK MPOEKTAa  MYJIbTUCEPBUCHOMU
ONTUYECKONM TPAHCHOPTHOM CETH C TOYKH 3pEeHUs €€ 3allUIIEHHOCTH OT
3JIOHAMEPEHHBIX BMEIIATENIbCTB B (DYHKIIMOHUPOBAHHE CETH M B IEPEIaBAEMYIO
nHpopmarmio? Kakue Mepbl HEOOXOIUMO TIPETYCMOTPETh IS 3alIUTHl COSTUHEHUN
MoJIb30BaTeNiel TpaHcmopTHOU cetn? Kak m30erarh MIMTENBbHBIX MPOCTOEB B Cydae
MOBPEXK/ICHUST OTACIBHBIX BHJIOB 000pYyMOBaHUS W JUHUHN CBsizu? Kak omepatwBHO
IIPOM3BECTH PEKOH(MUTYPAIMIO TPAHCIIOPTHOM CETH IO 3alPOChI MOjIb30BaTeneii? 1
TaK Jajee.

OTBeTbl Ha 3T W MHOTHE JPyTU€ BOIPOCHI OTHOCUTEIBHO O€30MacHOCTHU
MIPOCKTUPYEMOI CETH HE YMECTATCS B paMKax OFPAaHUUYEHHOTO MO 00BEMY y4eOHOro
noco6wus. [ToaTomy ciemxyeT oOpaTUTHCS K PYKOBOISIINM JTOKyMeHTaM otpaciu [20]
U MEXKYHAPOIHBIM cTaHAapTam [16].
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B pexkomenmamuun  MCDO-T X.805 omnpenelreHsl BOCeMb IapaMeTPOB
0€30MaCHOCTH U BO3MOXKHBIE YTPO3BI.

1. YopaBieHue HOCTyNnoOM Kak MapaMmeTrp O€30MacHOCTH 00eCIeYMBAET 3aIUTY
OT HECAaHKI[MOHUPOBAHHOT'O HCIOJIb30BAHUSI PECYPCOB CETU. YTPaBJICHUE JOCTYIOM
rapaHTUPyeT, YTO TOJBKO YIOJHOMOYEHHBIM NEPCOHAT WU YIOJIHOMOYECHHBIC
yCcTpoiicTBa OyayT JOMYIIEHBI K CETEBBIM 3JIEMEHTaM, XpaHUMOW HHQopmaIuuy,
MH()OPMAIIMOHHBIM MOTOKaM, YCIYraM U MPUII0KECHUSIM.

2. AyteHtudukanus Kak mapaMeTp 0€30MaCHOCTH CIYKHUT IS TTOATBEPKICHUS
UJICHTUYHOCTH OOBEKTOB CBsI3U. AYTEHTU(UKAIUS TapaHTUPYET JAOCTOBEPHOCTH
3asBJICHHOW WJICHTUYHOCTH OOBEKTOB, YYacCTBYIOIIUX B CBs3W (Hampumep,
(GU3NYECKOro JIMIA, YCTPOWCTBA, YCIYTH WIH MPUMEHEHUS), a TaKKe rapaHTHPYeET,
4TO OOBEKT HE MBbITACTCS BBIAATH ceOsl 3a Jpyrod OOBEKT WM BOCHPOU3BECTH
HECAHKIIMOHUPOBAHHBIM 00pa30M MpEbIAYIEee COOOIICHUE.

3. CoxpaHHOCTh HH(pOpMANUU KaKk mapamMeTp O0e30macHOCTH 00eceUYrBacT
CpeAcTBa JUisl MPEAOTBPAIICHUS OTpUIlaHUS (PU3UUYECKUM JUIOM HUIU OOBEKTOM
(akTa COBEPILCHUSI UM KOHKPETHOIO JACHCTBUS B OTHOIICHUHU JAHHBIX MOCPEIACTBOM
MPEABSIBICHUS] UMEIOIIETOCS JTOKa3aTeIbCTBA PA3IUYHBIX JEHCTBUHM, CBA3aHHBIX C
CeThIO (TAaKMX KaK JO0Ka3aTebCTBO 00S3aTEIbCTBA, HAMEPCHHUS WM COBEPIICHUS,
JI0Ka3aTeIbCTBO MPOUCXOKIACHUS JTAHHBIX, J0KA3aTeJIbCTBO IMpaBa COOCTBEHHOCTH,
JI0Ka3aTeIbCTBO  KCIOJIB30BAHUS HMCTOYHHMKA). ODTOT TapaMmerp obecrednBaeT
HaJM4Ke J0Ka3aTeNIbCTB, KOTOPbIE MOTYT ObITh MPEbABICHBI TPETHEMY JUILY U
MCIIO0Ib30BaThCSl B MOJTBEPKICHUE TOrO, YTO MPOU3O0ILIO KaKOe-TU00 COOBITHE WU
COBEPILIEHO KaK0e-JI100 JIeHCTBHE.

4. KonpuneHmanbsHOCTh JAaHHBIX Kak mapameTp 0e30macHOCTH 00ecredyrBaeT
3alUTY JAaHHBIX OT HECAHKIIMOHMPOBAHHOTO PACKPBITHS. OTOT MapameTp
rapaHTUPYET, YTO COJIepKaHUWE AAaHHBIX HE OyJEeT MOHSTO HEYNOJIHOMOYEHHBIMHU
oObekTamu. [l obOecrnieueHus: KOH(GUICHIIMAIBHOCTH JAHHBIX UCIOJb3YIOTCS, Kak
MPaBUJIO, TAKUE METO/Ibl, KaK MU(pOBaHUE, CIUCKHU YIIPABICHUS IOCTYIIOM U MPABO
Ha JIOCTYTI K (aily.

5. be3onacHOCTh CBfA3M Kak MapaMmeTp O€30MaCHOCTH TapaHTUPYET, 4YTO
nH(popMalus nepenaeTcsi TOIbKO MEXIY YIOJIHOMOYEHHBIMU KOHEUYHBIMU TOYKAMHU
(uHbopMaLMsg HE HM3MEHSIET HANpaBJICHUS U HE IEpexBaThIBAaeTCs MpHU Mepenaye
MEX]Ty 3TUMHU KOHCUHBIMH TOYKAMH).

6. IlemocTHOCT, MJaHHBIX Kak TmapameTp Oe3omacHOCTH oOecreunBaeT
MPaBUWIBHOCTb U TOYHOCTH JaHHBIX. J[aHHBIE 3alIMIIEHBI OT HECAHKIIMOHUPOBAHHOTO
W3MEHEHHUSI, YAAJICHUs, CO3JaHus U JyONUpoBaHUs, a Takxke oOecreunBaeTcs
yKa3aHHUE HAa TaKW€ HECAaHKIIMOHUPOBAHHBIE OMEPAINH.

7. T'oTOBHOCTh Kak mapameTp O0e30ImacHOCTU OO0ECIEeUMBAET, YTO BCIEACTBHUE
BIIMAIONIMX HAa CETh COOBITUN HE BOSHUKHET OTKAa3a B CAHKI[MOHUPOBAHHOM JOCTYIIE
K DJJIEMEHTaM CE€TH, XpaHuMoW wuH(OpMalKM, MOTOKAaM JaHHBIX, yclIyraM H
NpUIOKEHUsIM. B 3Ty KaTeropuio BKIIOYEHBI BapUaHThl BOCCTAHOBIICHHS TIOCIIE
aBapuHu.

8. CekpeTHOCTh Kak MmapaMeTp OE€30MacCHOCTH TMpeAyCMaTpUBAET 3alUTy
uHpopManuu, KoTtopas Morja Obl ObITh NOJyYe€HAa Ha OCHOBE HAONIOJEHUA 3a
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ceTeBbIMU onepanusaMu. [lpumepamu Takoil wHGOpMALUM SBISIOTCA BEO-CAMTHI,
KOTOpBbIE€ TTOCETUJI MOJIb30BATElb, Teorpaduueckoe pacroyioKeHue noub3onarens, |P-
aZpeca B CETH MOCTABIIMKA YCIIYT.

VYrpo3bl ObIBAIOT CIyYalHBIMU WM YMBIIIJIEHHBIMU U MOTYT OBITh aKTUBHBIMU
win naccuBHbIMU. CrnydaililHag yrposa — 23TO yrpo3a 0e3 Kakoro-imbo
MpeJHAMEPEHHOI0 YMBICIIA, KaK, HapUMep, OmKrOKa B CUCTEME WU MPOrpamMMe HIH
¢dbuznyeckuii cooli 00OpyO0BaHUs, CIy4yalHOE MOBPEKICHUE JTUHUU. Y MBIIIJICHHAS
yrpo3a — 3TO yrpo3a, KOTOpas pealu3yeTcsi HEKUM OOBEKTOM, COBEPILAIOIIUM
npeJHaMEpPEeHHOE JICUCTBUE, HAlpUMeEp TeppopucThueckuil akT. Ecnu peanmusyercs
YMBIIUIEHHAs Yrpo3a, OHA HAa3bIBACTCSl aTaKOW. AKTUBHas yrposa — 3TO Yrposa,
KOTOpasi IPUBOJAUT K HEKOTOPOMY M3MEHEHHUIO COCTOSIHUS, TaKOMY KaK M3MEHEHHE
JAHHBIX WIK pa3pylieHue obopynoBaHus. llaccuBHas yrpoza He NPUBOIUT K
U3MEHEHUIO COCTOsiHUA. [IpuMepoM mMacCMBHOW YIrpo3bl SIBISIETCA IepexBaT
uHpopManuu. YSI3BUMOCTh 3alIUThI MPEACTaBISIET COOOM pe3yabTaT OMMUOKU WIIH
nedexra, KOTOPHIMU MOXHO BOCIOJB30BaThCA C IEIbI0 HAPYIICHHUS CUCTEMBbI WIH
comeprkaieiics B Hei mHpopManuu (pekomenmanus MCD-T X.800). Ysa3BumocThb
MO3BOJIIET PEan30BaTh yrpo3y.

C TOUYKM 3peHHUsI MOCTPOEHUS TPAHCIOPTHBIX CETEH MNPEeaIMETOM BHUMAaHUS
MPOEKTUPOBIIUKA, TIPEXKIAE BCETO, AOJKHBI ObITh MPOOIEMBI 3aIIUTHI aANMAPaATYPhl U
JUHEUHBIX COOPYXEHUU OT BO3MOXKHBIX Yrpo3 TMOBPEKICHUN (UINYECKUX U
pa3pylieHui KoHGUTrypUpyeMbIX coequHeHH. K BO3BMOKHOCTSIM 3allIUThl OTHOCUTCSI
pEIIeHHE 10 TIOCTPOCHHIO CEKITUN MYJbTUIINIEKCUPOBaHUS ¢ 3amuToit 1+1, 1:n u m:n,
MOCTPOCHHUE CXEM 3alIUThl COCAMHEHUM B OJHOHAMPABICHHOM M JBYHAIPABICHHOM
kosbiiax (MS-SPRing, SNCP), B nmuHeHHBIX U CMEIIAHHBIX KOHPUTYPAUAX, U T.1.
Jlyist permeHus 3a1a4 3auuThl HE0OX0ANMO H3yunuTh pekomeHngarmu MCO-T: G.805,
G.808.1, G.841, G.842, G.873.1, 1.630, G.8031, G.813. Kpome TOrOo, HEOOXOAUMO
U3YYUTh JOKYMEHTAI[MI0O Ha TMPOEKTUpyeMoe o00opyJoBaHHE. Y Ka3aHHBIC
PEKOMEH/IAIIMM OXBAaThIBAIOT BCE M3BECTHBIX TEXHOJIOTUM TPAHCIOPTHBIX CceTeil
(SDH, ATM, OTN-OTH, Ethernet, TP-MPLS). Takxe He0OXOAUMO Yy4YeCThb
BO3MOXKHOCTH CPEJICTB YIpPaBJIEHUS TPAHCHOPTHBIMU CETSIMU, H3JI0KEHHBIMU B
pexomengamusax MCO-T cepun M (M.3010, M.3100 u T.1.) ¥ B COOTBETCTBYIOIICH
TEXHUYECKOW IOKYMEHTAMH NPOU3BOIUTEIEH.

KOHTpOJIbHLIe BOIIPOCHI

1. Kakvie BHIIbI YCIIYT 3JCKTPOCBS3H JIOJDKHBI MTOICPKUBATh ONTHUCCKUE
TPAHCTIOPTHBIC CETH?

2. Yro obo3nauaet Triple Play?

3. Yro mNpU3HAHO CUYUTATh TPAJAWIIMOHHBIMA WCTOYHUKAMU HArpy3KH

TPAHCTIOPTHBIX CETEH?

Kakoe nHa3znauenue nmeet cetb SAN?
C kakoi menpro co3ngatorcs cetn VPN?
Kaxkoe naznauenue nmerot 1{O/]?

Yewm oTnmmuarotcs kinaccesl LIOJ1?

No bk
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10.
11.

12.

13.
14.

Yro cremyeT MOHUMATH O] PeCYPCOM TPAHCIIOPTHOM CETH?

Kakue CcKOpoCTHBIE TIOTOKM TpeOyeTcss TmepefaBaTh B KaHajlax
ONITHYECKOU TPAHCTIOPTHOU ceTH?

C kaxoil MebI0 UCTIOMB3YIOTCS TEXHOJIOTHH CKATHSI CUTHAJIOB?

Kakoi#t craHmapT cxaTus CHUTHAJIOB TPUMEHSETCS B MHUPPOBOM
TEJICBHUICHUH ?

[louemy HeoOXoauMO paccMmaTpuBaTh MpPoOIEMbl  0€30MaCHOCTH
ONTHYECKUX TPAHCTIOPTHBIX CETEH?

Yro cremyeT MOHUMATH MO YTPO30H CETH AIEKTPOCBSI3N?

Uro HeEoOXoaMMO W3Y4YUTh Il TMOHWMAHWS CTENEHH YIrpo3
0€30MacHOCTH  ONTHYECKOM TPAHCIOPTHOM CETM U  OOECHEUUTh
pa3pabOTKy COOTBETCTBYIOIIUX MEP 3alTUTHI?
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2. Mope ¥ TEXHOJIOTHHM ONITHYECKHX TPAHCHOPTHBIX cereii

TpaHCHOpTHBIE CETH CTPOSATCS B COOTBETCTBUU ¢ Mozensmu (puc.2.l),
MPEJI0KEHHBIMU B peKkomMeHamsax MCO-T:

- TpancrioptHas cetb SDH, pekomennamuu G.707,G.783, G.803, G.841 u np.;

- TpaHcnopTHas ceTb ATM (aCHHXpPOHHBIN PEKHM TEpenadr), PpeKOMEHIAINH
1.311, 1.326, 1.432, 1.630 u ap.;

- rparcnioptHas cetb OTN-OTH (onTudueckast TpaHCIIOPTHAS CETh — ONTHYCCKAS
TpaHCcHOpTHas uepapxus), pekomenganuu G.709, G.798, G.872, G873.1 u np.;

- TpancnoptHas ceth Ethernet EOT, pexomenmanuu G.8010, G.8011, G.8012 u
Ap-

VYka3zaHHble MOJEIM UMEIOT OOIlKMe YepThl: HUEpapXUuecKoe YpPOBHEBOE
MMOCTPOCHHE, TNI€ KAXKIBIA YPOBEHb HMMEET CAMOCTOSTEIIbHBIA U HE3aBUCUMBIA OT
JIpYruX ypoBHEH HaOOp QyHKIMI; HauuKne (PU3NYECKOTO YPOBHS, IPEACTABISIEMOrO
CHUCTEMOH Iepeaadn ¢ OpraHM3alMel CeKIui; oOpa3oBaHUE TPAKTOB (MapIIPyTOB)
(U3UYECKOTO W BUPTYAJIbHOTO MPOUCXOXKIACHHUS; YPOBHS B3aUMOJCHCTBHUS C
MOJIb30BATENIEM TPAHCIIOPTHOM CETH.

Uto naeT MOJENbHOE YPOBHEBOE TMOCTPOCHUE TPAHCIOPTHBIX CETell mpu
npoektupoBannn? Ckopee Bcero dYETKOE TPEICTAaBICHHWE O amMapaTHBIX,
AITOPUTMUYECKUX U CETEBBIX BO3MOXKHOCTSX [0 OpraHU3alMy B3aUMOAEHCTBUI Mpu
nepegaye MHPOpMAILMH, T.€. O TPAHCIIOPTHON TEXHOJIOTUHU, HAIPUMEP, MONEPEUHOM
COBMECTHUMOCTH OOOpYAOBaHUSA pPa3IUYHBIX MPOU3BOJUTENCH U 00OpYIOBaHUSA
Pa3IUYHBIX CTAaHAAPTOB MYJbTUIUIEKCUPOBAHUS U TIEpEaUH.

Huxe npuBogATCcs OTAENBHBIE XApaKTEPUCTUKHA MOJEIEH UM TEXHOJIOTHUU
MYJIbTUIUIEKCUPOBAaHUS, JA€TCS MX CpPAaBHUTENIbHAS OIEHKA, YKa3bIBAETCA Ha HUX
COBMECTHUMOCTh B MYJIbTUCEPBUCHOW TPAHCIOPTHOH muiatdgopme. s 1o0CTaTOUHOTrO
MOHMMaHUS MaTepraa riaBbl HEOOXOAMMO U3YYHTh yaeOHYI0 uTepatypy [1].

2.1. TpancnopTHas cetb SDH

Mopnens Tpancnioptaoit cetr SDH mpencTaBieHa Tpemsi caMOCTOSTEILHBIMHE 110
CBOEH OpraHu3allid YPOBHSIMH. YpPOBEHb CpeAbl IepeJayd; YpOBEHb TPaKTOB
(MaprpyToB Tiepeaur HHOOPMAIINN); YPOBEHb KaHAIIOB.

Yposeenv cpeovt nepeoauu (puc. 2.2) 0asupyercs NPEHMYIICCTBEHHO Ha
OINTOBOJIOKOHHBIX JIMHHAX (Cpela Tiepenadd), B KOTOPBIX CO3JAIOTCSA CEKIUHU
pereHepanuu UUQPPOBBIX JUHEUHBIX CUTHAJIOB W CEKUUU MYJIbTUILIEKCUPOBAHUS
UM(POBBIX  JTaHHBIX, TOJJIEPKUBAEMBIE  COOTBETCTBYIOIIUMH  CEKIMOHHBIMHU
saronoBkamMu RSOH (Regeneration Section Overhead) w MSOH (Multiplex Section
Overhead). Cpena nepenaun coAepKHT: CTCKIOBOJIOKHA B KOHCTPYKIIHSX Pa3IMYHBIX
Ka0eJieil; AJIEKTPOONTHUYECKUE MPeoOdpa3oBaTeid Ha Mepeade U ONTOICKTPOHHBIE
npeoOpa3oBaTeIn HA MPUEME; ONTUYECKUE YCUIIUTENH, ONTHYECKUE aTTEHIOATOPBI U
KOMIIEHCATOPbl TUCHEPCUH; Pa3bEMHBIE U HEPAa3bEMHBIE ONTUYECKUE COCIUHUTEINH,;
JIMHEWHbIE KOJIEPHI U IEKOAEPbI; ONTUYECKUE MOTYJISITOPHI U ONTHYECKUE JIETEKTOPBI.
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Ceknueil MyNbTUILUIEKCUPOBAHUSI HAUYMHAETCA U 3aKAHUMBAETCA YYacTOK
BOJIOKOHHO-ONITHYECKON cucTteMbl nepeaau. CeKius MyIbTUIIEKCUPOBAHUS MOXKET
COJIep>KaTh OT OJHOTO J0 HECKOJBKUX YYaCTKOB — CEKI[MW pereHeparuu, KOTOpbie
HEOOXOJUMBI JJIsl YCTPAHEHUSI MCKaKEHUU JMHEWHBIX HUMITYJIbCHBIX CHUTHAJIOB H
BOCCTaHOBIIEHHS uX (GopmMbl u  MomHOCTH. CeKuuu  pereHepanuu U
MYJIbTUIUIEKCUPOBAHUSL  SIBJISIOTCS  MPEIMETOM  IPOEKTHBIX  PacyeToB B
UHTEPPEHCHBIX TOUYKAX MOAKIIOYCHHS mepenadn S u mpuéma R, moctpoeHmit u
TeXHUYECKOW dKcruryatanuu. J[ns »Toro B pamkax crangaptm3amuu  SDH
MPEAYCMOTPEHBl CIYKEOHbIE COOOIIEHHUS MO KOHTPOJIO KadecTBa MEpeaadd Io
OUTOBBIM OIIMOKaM, CIy>KeOHasi CBSI3b, KaHajbl YIPABICHHS M CHUHXPOHHU3ALIUH.
Cexkuust MyJIbTUIIEKCUPOBAHUSI BMECTE C BXOJISAIIMMHU B HEE CEKLUSIMU pEereHepaluu
MOXKET AYOIUPOBATHCA C LIEJIbI0 TAPAHTUPOBAHHOM 3AIIUTHI OT TOBPEKICHUM.

PesepBHble cekynu (MSOH, RSOH)
c baitamu K1, K2

SMX
STM-N

SMX
STM-N |

*...*

)
oy

RSOH

Toukun S R nepepgauun u npuema
Puc. 2.2. YpoBens cpeast nepegaun SDH

Jns  storo nayonupytomias (3amIuMTHAs) CEKIMS OCHAINACTCS CHUTHAJIaMU
aBTOoMaTH4ecKkoro nepekaoueHus (6antel K1, K2) 3a unrepsan BpeMmenn He 0osee 50
Mc. CurHanel, TiepemaaBacMbie uepe3 (HM3MUEcKyr cpemy wmomenu cetu SDH,
MPEICTABIAIOT COOON MUKIBI ITUTEIHHOCTRIO 125 MKC, Ha3bIBaeMble CHHXPOHHBIMH
tpancnoptHeiME MoayisiMu STM-N (Synchronous Transport Module) nopsiaka N = 0,
1, 4, 16, 64, 256; Tme MOPSIOK XapaKTepU3yeT HUEPAPXUYECKUN YpOBEHb U
COOTBETCTBYIOIIUH  CKOpPOCTHOW  pexxuMm  mepemadn  (puc.2.3). Jliobas wu3
uepapxudeckux ckopocteit STM-N Beumcnsercs mpocToil onepanueld YMHOXKECHHS,
Harpumep, STM-1 umeet emxocts 270 x 9 = 2430 6Gaiit, koTopas moBTopsiercs 8000
pas 3a 1 CEKYHIY, a YHUCTIO out COCTaBHUT
2430 6anTtx8000x8 =155520 000 Gur/c.

Jlpyrue mepapXxuueckue CKOpOCTH ToirydaroTcsi ymHokeHnem 155520000 x N,
T.¢. Ha 4, 16, 64 n 256.

[ToxpoOHble cBeacHUS 1O (HOPMUPOBAHHMIO STUX CTPYKTYP U HX COJACPKUMOMY
paccMmoTpeHsl B [1].

Ypoenu mpaxkmoe cetu SDH nipencraBieHbl ABYMs TUIOCKOCTSIMH: BBICOKOTO U
HU3KOTO ypOBHEH (HOPSAIKOB), CTaHAAPTHO O0O3HAYaEMBIX B TEXHHUYCCKOU
mutepatype: HOV-C (Higher Order Virtual Container) — BupTyaJibHBIN KOHTEHHED
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Beicero ypoBHs u LOV-C (Lower Order Virtual Container) — BupTyaibHBIN
KOHTEWHEp HU3IIETO YPOBHS.

270xN konoHku 6anT (90 KonoHok STM-0)

IxN
(3 pns STM-0) 261xN (87 pna STM-0)

CeKLMOHHbIN
3aroJloBoK
(SOH)
NHdopmaumoHHas
AU pointer(s) ¢ngp;3Ka 9 cTpok

(STM-N payload)

Now

CeKLMOHHbBIN
3aroqloBoK
(SOH)

9 \
125 mkc
Puc. 2.3. CtpykTypa CHHXpOHHOTO TpaHCITOPTHOTO MoAyJst STM-N

BuprtyanbHbie KOHTEITHEPHI BHICOKOTO M HU3KOTO YPOBHEH MPENICTABIAIOT COOOM
HUKJINYeCKue  1udpoBble  EMKOCTH, MpENOCTaBIsAEMbIE  TOA  3arpy3Ky
MH(QOPMAIIMOHHBIMU ~ JAHHBIMU C MOJAXOJSAUIMMU  CKOPOCTAMH. BupTyanbHble
KOHTEUHEPBbI HU3KOTO TOPs/IKa MOTYT OOBEIUHATHCS JIJIsl pa3MEIlleHHs] B BUPTYaJIbHbIC
KOHTEMHEpHl BBICOKOrO mopsaka. [loHsTHE «BUPTYadbHOCTU» OSTUM UU(PPOBHIM
0JIOKaM TPHUCBOCHO H3-3a CIELUUATBHBIX JIAHHBIX, HA3bIBAEMBIX 3aroJIOBKaMH, B
KOTOPBIX MPOMUCKHIBACTCS YHUKAIbHBIM MapIIPYTHBIA UACHTU(PUKATOP TS aIPECHOTO
MepeHoca KaXJOro KOHTEHHEpa 4Yepe3 TPAHCIOPTHYIO Ce€Th OT HCTOYHHUKA
uHpopMaluu [0 MoJydarens, BEIETCS KOHTPOJb KauecTBa IMepefadyd U3 KOHIA B
KOHEIl M IO OTAEJIbHBIM YYacTKaM MapIipyTa, BCTaBISIOTCS COOOIIEHUS O
HEOOXOJUMOCTH 3alllUTHBIX MEPEKIIOYCHHUM, BCTABISIOTCS COOOIICHUS O BHJE
MH()OPMAIIMOHHBIX JAHHBIX, TOJIIEPKUBACTCS CITyKeOHas CBA3b U T.I.

BuptyanbHble KOHTEHHEPHl MOTYT CLEIUIATHCS MJIA MEepEeHOCa HECTaHAAPTHBIX
UHPOPMAIIMOHHBIX Harpy30ok (1a6m.2.1). Cuenku BHUPTYaIbHBIX KOHTCHHEPOB
noipasessiroTcs Ha mocienoBarenbhbie (VC-4-Xc) u Bupryanbhbie (VC-4-Xv).

biarogaps HenmpepbIBHOW IUKIMYECKON Mepeiadye BUPTYAIbHBIX KOHTEHHEPOB
MOXET TOJAJIEPKUBATHCA OJHOHANPABICHHOE M JABYHANPABJICHHOE TPAHCIIOPTHOE
COCIMHEHUE — TPAKT WM MApUIPYT, PACCUMTHIBAEMOE Ha Pa3IUYHYIO MPOIMYCKHYIO
CIIOCOOHOCTh B HMHTEpecax MOTpeOUuTeNnel TPAHCHOPTHBIX YCIYr. OTU COEAUHEHUS
MOTYT TPOXOAWTH 4Yepe3 pa3iuyHble CcucTeMbl mnepenayn SDH  (BosjokoHHO-
ONITUYECKHE U PAIMOPEIICHHBIC) C PA3IMYHBIMK HepapXudeckuMu ypoBasMu STM-N.
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Tabnuna 2.1. Mepapxust BUpTyalbHBIX KOHTEHEpOB B SDH

VC -tun VC - narpy3ka(xout/c) | Llar (xOwur/c)
VC-11 1 600

VC-12 2176

VC-2 6 784

VC-3 48 384

VC-4 149 760

VC-4-4c 599 040

VC-4-16¢ 2 396 160

VC-4-64c 9 584 640

VC-4-256¢ 38 338 560

VC-11-Xv, X =1 no 64 1 600 to 102 400 1 600
VC-12-Xv, X =1 no 64 2 176 to 137 088 2176
VC-2-Xv, X =1 o 21 6 784 to 142 464 6 784
VC-3-Xv, X =1 103 48 384 to 145 152 48 384
VC-4-Xv, X =1 no 256 149 760 to 38 338 560 149 760

Ypoeenv kananoe cetm SDH obGecneunBaeT mHTEp(DENUCH IS MOJIB30BATENICH
TPAHCTIOPTHOM CETH. YUHWTHIBas, YTO TpaHCMOpTHas cetb SDH sBisercss dacThio
MEPBUYHOM CETH CBS3M, HAa YPOBHE KaHAJIOB MPOWM3BOAMTCS COTJIACOBAHHE C
BTOPUYHBIMHU CETSIMH (ITOJIB30BATEIISIMHU), HAPUMED, C TeIe(HOHHBIMH CETAMHU depes
MOTOKK IUPPOBBIX daHHBIX 2.048 MOut/c (0603Havyaercs E1), ¢ KOMIBIOTEPHBIMU
cetamu Ethernet Ha ckopoctsx mepemaum 10, 100 u 1000MO6uT/c depe3 crenKu
BUPTYaJIbHBIX KOHTEWHEPOB M TPOTOKOJBI corjacoBanus LAPS (Link Access
Procedure SDH), GFP (Generic Framing Procedure). Bce mpoueaypsl
dbopmupoBanus mUGpoBbIX 010k0oB SDH mpoucXoasar ¢ MCIOJIB30BaHHEM EIUHOIO
BBICOKOCTAOUIILHOTO TAaKTOBOTO MEXaHW3Ma — TAKTOBOW CETEBOW CHHXPOHHU3AIUU
(TCC). Coznmanne u moaaepkka BceX coeauHeHuil B ceth SDH u KOHTponb Bcex
(GYHKIIMM 00eCIeYnBaIOTCS CUCTEMOM YMpaBiICHHS, UMEIONIEH CEeTh BBIACICHHBIX
KaHAJIOB CBS3U M CPEJICTBA MPOTOKOIHHOTO B3aUMOJICHCTBUS YePe3 ITH KaHAJIBI.

2.2. TpauncnoptHas cetb ATM

Mogenp TpancnioptHor cetn ATM npeacTaBieHa TpeMsl CaMOCTOSATENBHBIMHA 110
CBOEH OpraHu3alluu YPOBHSIMU: YPOBEHb CPEJbl Mepe/iaul; YPOBEHb ACUHXPOHHOIO
pexuma niepenaun ATM; yposens anantaunu ATM.

Ypoeenwv cpeovt nepedauu B TpancnoptHoit cetu ATM MOXET ObITh pean30BaH
contacHo craHmaproB ATM (1.432) nroGoii cuctemMod Tiepenavd, HarpuMmep,
cuctemoit PDH wmm cuctemoit SDH. Jlomyckaercs Takke WCIOJIB30BaHUE JIFOOON
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cpensl W 00opyaoBaHUS Tepenauyn (MeIHbIC MPOBOJA C MOJAEMAaMH, PAIHMOKAHAIBI C
pPaANoOYacCTOTHBIMA MOJIEMaMH, aTMOC(epHbIe ONTUYECKHE KaHaJbl, BOJOKOHHO-
ONTUYECKUE CHCTEMBI).

Yposenv ATM pa3Outr Ha MOAYPOBHH BUPTYAJIbHOIO KaHala U BHPTYaJIbHOIO
nyTH. DTH noapasnenenus ypoBast ATM  o0ycnoBieHsl (hopMaTOM TpEnCTaBICHUS
JAHHBIX, Ha3bIBa€MBIX SYCHKaMM M HMCIONIMMH EMKOCTh 53 OaiiTa, KOTOpas
oJIeJieHa Ha ToJie 3arojioBka (5 0aifT) u moJie Harpy3Ku — CETMEHT ToJb30BaTes (48
0aiiT). 3aroJIOBOK COJCPKUT HICHTU(UKATOPHI sSYEeK, MPHUHAICKAIIUX OTHOMY
coequdennio (puc.2.4), BuptyansHomy myta VPl (Virtual Path ldentifier) wu
supryanbHomMy kanaiy VCI (Virtual Circuit Identifier).

ATM KommyTaTopbl
VPI u VCI kommyTaymm ATM-kpoccoBas

s N KOMMYyTaLus
l VCI=57 V(I=28 VCI=28 V(I=15 l

ATM- kpoccoBast
KOMMYyTaLus

VCI =57

vc1=15|

Puc. 2.4. Coequnenue B TpancrnoptHou cetn ATM

brnarogapst aTuM uaeHTuduUKaTopam si9eku B 00IIEM MOTOKE Pa3IMYarOTCs MPU
JNEMYJIbTUIUIEKCUPOBAHUM U KOMMYTallMu. B KoMmmyTaTopax mJisi BBINOJHEHHS
KOMMYTAIlUil  MPOMUCHIBAIOTCA  BCEe  HMACHTU(GUKATOPHl B  BHAE  TaOJHII
MapuIpyTU3aluy, IO KOTOPBIM BXOMSIIME SYCHKU HUIACHTUPUUUPYIOTCS U
TPAHCIUPYIOTCA Ha HYXHBIE BBIXOJIBI C MOCIEIYIOUUM MYJIbTUIUIEKCUPOBAHUEM B
HOBbIE MOTOKM yuyacTka ceTu. [lotoku sueex ATM dopmupyrorest ciaydailHO BO
BPEMEHU B CHUJy CIYy4allHOCTH TMOCTYIUIEHHS HMH(POPMAIMOHHBIX COOOIECHUH,
YIAaKOBaHHBIX B CETMEHTHI. [Ipy 3TOM MOTOKM CIy4ailHBIX SY€EK, MPOUCXOMASIINX OT
pPa3IUYHBIX  MCTOYHHMKOB, CTATUCTUYECKH MYJIbTUIUIEKCUPYIOTCS B  OOMIMit
HECIy4YalHBIM TMOTOK JIAHHBIX, COIVIACYEMBIH C YpPOBHEM CpE€Ibl TNepeaadyu
GyHKIMSIMH ~ COBMEINIEHUST ¢ o0OopylnoBaHueM Tmiepegaud. B oOmuii  MmoTok
MH()OPMAIIMOHHBIX SYEEK MOTYT BKJIOUATHCA U SYEHKH CIY>KEOHOTO Ha3HAYCHWS,
HarpuMep, NI yOpaBieHUs B CETH, IJi1 KOHTPOJS MEPEerpy30K KOMMYTATOPOB, IS
TecTupoBanus U T.1. Ha ypoBHe cpenbl nepenayu MOTOK SYEEK CUMHXPOHHO OauT 3a
OaifToM pa3merniaeTcsl B MUKIBI nepeaadn, Hanpumep, B 1ukiasl E1, E3 PDH umm B
ITUKJTBI BUPTYATbHBIX KOHTEHHEpOB SDH.

Yposeeno aoanmawyuu ATM Bemonuser ¢GyHkuU uHTEpdeiica Mexay
TpaHCHOPTHOM ceThi0 ATM ¢ €€ BUPTyaJIbHBIMU COCIMHEHHUSMH U MOJb30BATEIISIMU
TPAHCIIOPTHBIX yCIyr (BTOPUYHBIMH CETSIMH CBSI3M), HampuMmep, TeIePOHHBIMH
ceTsimu, cetssmu Internet, nokaneHeiMu cetssmu Ethernet u t.1. Ilpu 3TOM pazmudaHbIM
BUJIaM TpadrKa ONpe/IeICHbI pa3IndHble TUIBI ypoBHEeBoM amanTammn AAL (AAL-1,
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AAL-2, AAL-3/4, AAL-5, ATM Adaptation Level), npexycmarpuBaromme
dbopMupoBaHUE PA3TUYHBIX MO CTPYKTYpE CErMEHTOB JUIsl TOJb30BaTEIbCKOU
Harpy3ku. [lonb3oBarenbckas uHpopmalys, TOCTYNAOas HENPEPHIBHBIM MOTOKOM
JAHHBIX WU CIy4YailHBIMU BO BPEMEHM IMaKeTaMH, MPHUCIOCA0INBAETCS K MPOIECCY
dbopMupoBaHUS CETMEHTOB, T.€. MPOUCXOJUT COIrJIacOBaHHE OUTOBOW CKOPOCTH,
UCKJIIOYAIOTCSI HEMH(POPMATUBHbBIC, T.€. MYCThle HHTEPBaJbl, (HOPMUPYIOTCS KOIbI
UCIIPABIICHUSI OIIUOOK JIJIsi MPUEMHOM CTOPOHBI U T.]I.

Pa3BepHyTas kaptuHa (GOpMUPOBAHUN MOTOKA SYEEK B MOJIETU TPAHCHOPTHOM
cetu ATM npencrasieHa Ha puc. 2.5.

[TpuHNMMIUANPHOE OTIMYME MOJene TpaHchmopTHeiIXx cerer SDH um ATM
COCTOMT B CIICTYIOLIEM:

- TpaHCHOPTHBIN pecypc cetn SDH — TpakT BBICOKOTO WM HU3KOTO TOPSIKA
NPEIOCTABIIACTCS B  PACIOPSDKCHUE TI0Jb30BaTeNsl (BTOPHYHOM CETH  CBS3H)
MOCTOSIHHO, HE3aBUCUMO OT HWH(OPMAIIMOHHOTO TOTOKAa U C (PUKCUPOBAHHOU
CKOPOCTBIO TEpefaud, 4YTO 4YacTO SBISETCS MNPUUYMHON HU3KON 3(PEPEeKTUBHOCTH
MCIIOJIb30BaHUsl COCIMHEHUSI, HAIIpUMeEp, B Tele(OHUHN ¢ KOMMYTallMeil KaHAJIOB MpU
aktuBHocTH KaHaina ot 0.1 mo 1.0;

- TpaHcnopTHbIE pecypchl ceth ATM — BUpTyanbHbIM KaHA WIH BUPTYaJIbHbBIN
MyTh, MOJJIEPKUBAEMBbIE KOMMYTAaTOpPaMU C MapHIPYTHBIMU TaOJIUIAMU KaxA0Tro
COCIIMHCHHMSI, MPEIOCTABIIAIOTCS B PACIOPSDKEHUE TOJIb30BaTels (BTOPHYHOM CETH
CBSI3M) TOJIBKO MPU HATMYUHW TTOTOKA WH(POPMAIMOHHON HArpy3KH, T.€., KOT/Ia STYCHKU
ATM dopmupyroTcss U ciaeAyroT 4yepe3 (puznueckyro cpeny. B mpoTuBHOM ciyyae
cpela mepeAadyd MPeAoCTaBISIETCS MOTOKAM SYeeK APYruX HCTOYHHMKOB Ojarojaps
CTaTUCTUYECKOMY MYJIbTUILUIEKCUPOBaHUI0 Ha ypoBHe ATM. D10 mno3Bosiser B
HECKOJIbBKO  pa3  MOBBICUTH A(PPEKTUBHOCTh  HCHOJB30BAHUS  (U3UYECKOTO
coenMHeHus, Harpumep, Tpakta SDH.

kI'IOTOK nHpopmaymu nOﬂbBOBaTEHEVIJ
Y

l

®OyHKUMKM npucnocobnenmns B cermeHTol ATM
(AAL, ATM Adaption Layer)

—1
48 6aiT [ CermeHTHI
—/1

®dyHKUNK bopMupoBaHuUa a4eek ATM, kommyTayus,
MYNbTUMNJIEKCUPOBaHMWE

| I
53 GaiTta [T Ayeiikn
| I

Cpepa nepepaun aveexk ATM
KoHTponb KayecTBa nepegauu
PDH, SDH, OTH, WDM

ButoBbit noToK,
TaKTOBbI CUHXPOHU3M

Puc. 2.5. ®opmupoBaHme OTOKa siueek TpaHCTOpTHOH ceTn ATM
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2.3. Tpancnoptnas cetb OTN-OTH

Mogens  TpaHCIOPTHOM ceTH OTN-OTH MpeACTaBleHa  JABYMS
CaMOCTOSITEIILHBIMA TI0 CBOEW OpraHu3amuud ypoBHsAMH: ypoBeHb cetd OTN m
YPOBECHB TOJIH30BATEIIS.

Yposenv cemu OTN cocroutr m3 TpéX (U3MUECKH W JIOTUYECKH CBSI3aHHBIX
notypoBHe# (puc.2.6): cpeasl mepenadr CUTHAIOB C Pa3JICJICHHEM 110 JITHHE BOJHBI
WDM; ontuueckux cekmuii perpancisaiuun OTS (Optical Transmission Section) wu
mynbsTuiniekcupoBanus OMS (Optical Multiplex Section); onTuueckux kanainos OCh
(Optical Channel) ¢ narpy3koii B BHJie ONTHYCCKUX TpaHCHOPTHBIX 0yiokoB OTUK
(Optical Transport Unit k) ¢ BkiarouecHneM B HHMX OJOKOB JaHHBIX ONTHYECKUX
kanaiioB ODUk (Optical Data Unit K), koTopsie, B cBOIO odepe/ib, BKIIOYAIOT OJIOKH
noJie3Ho Harpy3ku ontudeckux kanamoB OPUK (Optical Channel Payload Unit k).
Hunexc K coorBetcTByeT nepapxuueckoir crynenn OTH (k=1,2,3,4) u yka3piBaeT Ha
IIUKJIBI PA3JIMIHBIC TIO JUTUTEIBHOCTH M CKOPOCTH TIEPEIavH.

) OPU .
o 0DU N
L 0TU | | Yposews 0Ch
o och N
B C OMS ¥ i YposeHb OMS

-y f ey

{TPD _\]‘\‘ 0TS N 0TS | 0TS &)/_ TPD YposeHb 0TS
- - , -

— TPD |- ™ A — TPD [—

; OMX b2 Y| OMX — TpaHcnoHaep unm

: ©__ MyKCTIOHAEp
—TP0H_ NP wxeD)

Puc. 2.6. Coequnenune B TpancnoptHoii cetn OTN

X
~

OnTtudeckue ceknuu Oa3upyOTCS HAa pecypcax OJHOMOJOBBIX BOJOKOHHBIX
CBETOBOJIOB CO CTAaHIAPTHBIMH XapaKTEPUCTUKAMH W OTPOMHOM TOJIOCOW YacTOT
nepeaadu, koropas gocturaet npumepHo ot 30 TI'm mo 60 TI'p B nmama3zoHe BOJIH
1260-1675 uM anst pa3NIUYHBIX TUIOB BOJOKOH. DTOT AHMANa30H HUCIOIB3YyEeTCS B
pexxume WDM. Tlpu 3TOM 9KCI0 BOTHOBBIX KaHAJIOB MOXET PEali30BBIBATHCS OT 2-
4 OCh no neckompkux coteH OCh, o0benuHseMbix MynbTHIDICKCOpamMu (OMX) B
onTu4eckue BoJHOBBIC (TpaHcmoptHbie) Moayiaun OTM (Optical Transport Module)
&mkocthio 10 32 OCh B KaxxioM 1 BO3MOXKHO OoJbiie. T.0. cpea nepenadyu B 3TOH
MOJIENTA TPAHCIIOPTHON CETH TMO3BOJISET IOCTUTATh CKOPOCTEH mepemaun nopsaka 10
TOuTt/c m Gosree IPU CKOPOCTH IEepeadi B KaXKJOM M3 BOJIHOBBIX KaHAJOB OT 2.5 10
100 TI'dut/c, a B mepcunektuBe 1m0 1,2 Tout/c (puc.2.7) ¢ HCHOIB30BAHHEM
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neoiiHo mossgpusanuu  (PDM), dazoBeix (XPSK) wu
koppeknuu  ommbok FEC,

KOTEPEHTHOIO IpUEMA,
kBagparypubix (XQAM) ¢dopmaroB MomyssiimH,
CyIlepKaHAIBHBIX OpTaHU3aIMil HECYIIIUX YacTOT.
Onrtrueckue cexiuu perpancisauuu OTS opraHu3yroTcs BHYTPH ONTHYECKOM
CeKIIMU MyJbTUIUIeKcHpoBaHus OMS it KOMICHCAlMM IMOTePh ONTHYECKON
MOIITHOCTA B CTCKJIOBOJIOKHE M KOMIICHCAIIMHM JUCIICPCHOHHBIX HCKOKEHUH. DTH
GYHKIIMM ~ 00ECIICYMBAIOT JIMHEHHBIC ONTHYCCKHUE TMPUMECHBIC BOJIOKOHHBIC
YCHIIUTENN C dKBayaiizepamu (0003HaueHoO Ha puc.2.9 R), paMaHOBCKHE ONTHYCCKHE
YCHJIUTEIIA U KOMIICHCATOPhl XpOMATHUYECKOW M TOJISPU3AIMOHHON JHCIICPCHH, a B

MEPCTIEKTUBE TIOJIHOCThIO onTHYeckue pereHepatopel 2R u 3R, BOJTHOBBIC
KOHBEPTOPHI U CXeMbI IUPPOBOI 00paOOTKH KaHATBHBIX CUTHAJIOB.
Bpema: 1980 1990 2000 2010 2020
CropocTe | 200/4007 6uT/
wsgeci il 2,5M6utic 10r6uric 40rGuTic 100r 6ut/c A TE s
OOk (MNRZ) 00K (RZ) DPSK PDM-QPSK FDM-160AM :
Tunoase i T -.:IJ g . :
MOAYNALMOHHEE : _ -DQPSI{ Q@ 09 @|oceseeas
WPHETH “‘J “J l““} "“"} 5] J S 9 a0 B B
0 3 0 2 L N
l"} \j ﬂ ‘ & @ @ 99 9 @
g 9
= DWDM . ]
A OgHa cekumn MHoro cexiyui . 1:N WSS, Flexible-grid
BOIMOMHOCTH Opnun kanan B SR\ Mt Y?::;ﬁg“ CDC-ROADMs WDM,
xaxanos WDM u ROADM M:N WSS
EmuocTs 2.5 Gb/s 400 Gb/s 1.6 This 8 This 20 Thi=
CHCTEME { opwH kaHan | (40 WDM (40 WDM (80 DWDM (50 flexible-grid
nepagadm KaHanon ) KaHanos ) KaHanos ) WOM kaHanos )
Tunosas 100 km 1000 km 1000 km @40G 2000 km 40002500 km
AMCTAHUWA (single span) 3000 km @10G @100G @100(200)G
BoamomHue Optical High-speed Differential Coherent SO-FEC, PDM-
TEXHONOIMH rmodulation and modulation, phase-shift- detection with QAM, FTHN,
detection HD-FEC keying ODSP Superchannel

Puc. 2.7. Pa3BuTHE CKOPOCTHBIX BOBMOXKHOCTEH ONTUYECKUX KAHAIOB

B onTuyeckoit cexknmmm MYJIBTUIUICKCUPOBAHUS (HOPMHUPYIOTCS, TIEpEnaroTcs,
OOCTY’KMBAarOTCS ¥  pacOPMHUPOBBIBAIOTCS OTIEIBHBIC ONTHYECKHE KaHAJIBI,
ontudyeckue BomHOBbIe Moxyian OTM ¢ umcnom xkanamoB a0 32 u Oonee
(Ha3pIBaeMble  TaK)KE ONTHYCCKUMH  TPAHCIIOPTHBIMH  MOAYJISIMH),  TPYIIIIBI
ONTHYECKUX MOJYJICH, KOTOpPhIE TAaKXK€ MOTYT TOJJIEPKUBATH PEKHUM Iepefadn C
ruOkoii  cetkoir dvactoT (puc.2.8), MpeIHa3HAYCHHOW Uil (hOPMHPOBAHUS
CYTIepKaHAJIOB C PETYJIUPOBKONM EMKOCTH, HAIPUMED, B peaTM30BaHHBIX HHTEep(Peiicax
ot 100 I'6ut/c mo 400 I'OuT/c M B MEPCIEKTUBHBIX 10 HECKOIbKUX TOnT/c. Kaxkabrit
ONTUYECKUN MOJYJb MOXET UMETh OTICIbHBIM ONTUYECKUU CEPBUCHBIA KaHaj, B
KOTOPBIA BKJIIOYAIOTCS CyeOHble naHHbIe s kaxmoro OCh. Kpome Ttoro, B
CEKIIMA ONTHUYECKOTO MYJIBTHIUIEKCUPOBAHMS CO3MaETCS CEPBUCHBIA ONTHYCCKUN
KaHal Juisi OOCTY)KMBaHWSI BCEH CEKIMM W OTACIbHBIX YYacTKOB — CEKIIHH
perpancisnun OTS. Cekmust OMS MoXkeT WMeTh TapaHTUPOBAHHYIO 3allUTy
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Omarogapsi IyOJMpPOBAHUIO TEepeAadyd B albTEPHATUBHON KaOEIbHOW JIMHUM C
COOTBETCTBYIOIIMMH CEKIUSIMH peTpaHciasanuu. HopMupoBaHHOE BpeMs 3alIUTHOTO
nepexodeHus coctarisieT 50 Mc.

dUKCHpOoBaHHas ceTka yactoT WDM

O O .

50 My
{ e . . H . ] H | . H v H . E H H H H = . E H H . . H | . . E == ‘}
Wi P ik il E - TH I T R - H B i B L T T S |
6,5 My Beimrpeils B 3dhhekTBHOCTI
uBkas ceTka yactoT WDM e = YL

coeuHeHWA

Puc. 2.8. ®ukcupoBaHHas U THOKas ceTka onTHYecKuX 4acToT (mo pek. G.694.1)

Ontrueckuii kaHam OCh B onTuveckoid ceTw o0Opa3yercs TPaHCHOHICPHBIMH
WIH MYKCHOHJEPHBIMH (MynbTutuiekcupytonumu) onokamu (TPD wmiun MxPD) u
BBITIOJIHSIET byHKIMKM pereHepanyu mHdpoBoro curHama Ttama 3R, T.e.
BOCCTaHaBIMBaeT amiumtyay umnyiabcoB (1R), ux dopmy (2R) u ycrpanser
HakoruieHHbIe (a3oBbie npoxanus (3R) (puc 2.9). Taxke MPOU3BOIUTCS ONTHYESCKAS
MOYJIALMS U JACTEKTUPOBaHUE, IU(PPOBOE BOCCTAHOBJIEHUE, KOHTPOJIbL KauyecTBa
nepeaaun mudposeix gaHHBIX B 010kax OTUK u ODUK, u 1.1.

YpoBerb cett OTN MokeT moamepKUBaTh MOTHOCTHIO ONTHYECKYIO CETh C
onTU4yeckod © 1uppoBOM KOMMYyTalUeW, MaplIpyTH3aluueil, KOHBEpTalueu
ONTUYECKUX BOJIH U 3aLIATON COCIUHEHHU.

Yposenv nonvzoeamens onrtudeckor TpancnmoptHor cetm  OTN-OTH
BBIMIOTHSET (QYHKIUU uHTepdelica MeXIy TPAHCIOPTHOM CEThI0O U CETSAMHU
MOJIB30BATENICH TPAHCIIOPTHBIX YCIYT, K KOTOphIM OTHOcATcs cetn SDH, ATM,
Ethernet u ap. us 3pdexkTUBHOr0 COIrIacoOBaHUS MEXIY CETAMH HPUMCHSIOTCS
pa3lIUyHbIE MPOTOKOJBHBIE PEHICHUS 1O Pa3MEIICHUI0 JAaHHBIX MOJb30BaTelei B
ONTHUYECKUX KaHaax.

DTO TPOTOKONBI 00mIel mporeaypsl dopmupoBanus kaapa GFP; mpoToxon
3aIMIIAeMOT0 MaKeTHOrO KOJIbIAa WM MAKETHOTO KOJbIA C CAaMOBOCCTaHOBJIEHUEM
RPR (Resilient Packet Ring) wu gap. IIpoTokoJBI TO3BOJSIOT COTJIACOBATH
UKJINYECKYIO Tlepejauy JaHHbIX B ONTHYECKUX KaHAJIaX CO CIy4yallHON BO BPEMEHHU
Mepelayeii MakeToB JAaHHBIX PA3JIMYHOM €MKOCTHM OT MOJIb30BaTEeNel, HampuMmep,
rmaketsl IP, MPLS unu Ethernet.
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OnTnyeckui o T T T T T T T T 1 OonTnyeckni
curdan SDH | curtan CWDM nnu DWDM
(6.957) —'-“ | O/E 3R E/0 = = (6.692,6.694.1,6.694.2)
X i

®opmar ®opmar

cnekTpa crnekTpa
ONTUYECKOro ONTUYECKOro
curHana SDH curHana OTH

1R - ycuneHue onTU4eCKoro
n ﬂ‘ curHana (re-amplification)

2R - 1R nntoc BoccTaHOBNEHME
ﬂ ﬂ‘ ¢dopmbl curHanos (re-shaping)
JpoxaHue dasebl
= 3R - 2R nntoc pecuHxpoHusaums
(re-timing), ycTpaHeHue dazoBbix
LPOXKaHWA

Puc. 2.9. [lpunamun 3R pereHepanuu B TpaHCIIOHAEPE

Ecnu cpaBHUTH Tpu pacCMOTpEHHBIE MOJEIU TPAHCIIOPTHBIX CETEH, TO MOXKHO
OTMETUTh, YTO HAMOOJBIIWNA TPAHCIIOPTHBIA PECYpPC MOKET OOECHEeUUTh TOJIbKO
mogenb cetd OTN-OTH. Tlpu a3ToM oHa moaAEepKUBAET TPAHCIAIUIO TaHHBIX CEeTEH
SDH, ATM, Ethernet, TP-MPLS. OwueBunno, uyro wmounenb cetu OTN-OTH
npeHa3HaueHa Jisg riao0allbHOTO MaciiTada, T.e. MaruCTpalbHBIX CETEU CBS3U C
O0onbiM 00BEMOM TpaduKa U IJIA CEeTEH CBS3U KPYIHBIX TOPOJOB-MEranoicoB C
Pa3BUTOMN TEJIEKOMMYHHUKAIIMOHHONW HHPPACTPYKTYPOH.

2.4. TpaucnoptHas ceTb Ethernet

Cpenu Mojzenelt TpaHCIIOPTHBIX ONTHYECKUX CETEH MOJIETb TPAHCIIOPTHOM CETH
Ethernet camas mocnemnsist mo crapmaptusaiuu MCO-T. OmgHako 3Ta MOJENH IO
CBOEMY IPOUCXOKICHHIO HAMHOTO CTapIle 1Mo Bo3pacty, ei 6omnee 40 er. OHa OblIa
pa3paboTaHa JUIsl B3aMMOJICHCTBUS 1O OOMEHYy ¢aiiamMu (IMakeTaMd WM KaapaMu
JAHHBIX) MEXITY KOMIIBIOTEpaMH B JIOKAJIBHON CETH MPU HCIOJB30BAHHHA METHBIX
MPOBOJ/IOB, KOHBEPTOPOB CUTHAJIOB W MPOTOKOJIAa MEpefadyd JaHHBIX C KOHTPOJIEM
KOJUIM3WH, T.€. COCTOSIHMM, KOTJa IO OJHOM Mape MNpOBOJAOB OJHOBPEMEHHO
HAayMHAIM Tepeadyy JaBa U 0ojiee KOMIbIOTEpOB. B TakoM KadyecTBe 3TH CETH
UCIIONB3YIOTCSI U CErOAHST Ha KOPOTKUX JHWCTAaHIUAX, Kak TMpPaBUiIo, HE
npeBbrmatomux 100 umu 200 metpoB. [losiBieHne OBICTPOACHCTBYIONINX MAKETHBIX
KOMMYTAaTOPOB U BOJOKOHHON ONTHKHU TO3BOJIMJIO PE3KO YBEIMYUTH CKOPOCTH
nepenaun nakeroB (or 10 Mowut/c mo 100, 1000 Mo6wut/c, 10/40 u 100 I'Gut/c) n
JUCTAaHILIUIO Tepe/ladyd /10 JECSATKOB METPOB U JO COTEH KUJIOMETpoB. Mojeinb
TpaHcropTHOW ceTr Ethernet coctout w3 ABYX ypoBHEH: ypOBEHBb Cpebl TMepeaaun
kanapoB Ethernet u yposens ¢popmupoBanus kanpos (makeron) Ethernet.
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Ypoesensv cpeovt nepeoauu Ethernet MmoxxeT ObITh peann3oBaH Ha 0a3e MeIHBIX
MIPOBOJIOB, BOJIOKOHHBIX CBETOBOJIOB, PAJMOKAHAIOB M aTMOC(EpPHBIX ONMTHYECKHUX
KaHaJIOB C  HCIOJb30BAaHUEM  COOTBETCTBYIOIIMX  KOHBEPTOPOB  CHUTHAJIOB
(mpué€moriepeTaTIMKORB), YTO XapaKTEPHO IS JOKAIBHBIX M TOPOJCKHX CETCH CBSI3U
U 93TO HauboJiee HKOHOMUYHOE pPEIICHHUE OTHOCUTEIBbHO JIPYTUX MOJeNeH
TPaHCIIOPTHBIX cetei (puc.2.10).

Kanper Ethernet EOT coxepxat cooOIIeHHsI O THIIE HArpy3KH, MPOTOKOJIbHBIE
meTku noctyna B mojacetb SNAP (Sub-Network Access Protocol), manHbie KOHTpOJIs
agormueckoro kawama LLC (Logical Link Control) ¢ amantupoBaHHBIMHU
MOJIB30BATEIIbCKUMU CUTHAJIAMH, METKaMH JUTUHBI TIOJIS TTOJIh30BaTEILCKON HATPY3KU
B kKajape u TuroM kazapa Ethernet. Tpancmoptuposka kampos Ethernet EOT moxer
OCYIIECTBIJISITBCS C HAOIIOJICHUEM TPAHCIOPTHOIO TpakTa U3 KoHla B koHen ETHP
(Ethernet end-to-end path) u cermentHpiM wMonuTopuHroM ETHS (Segment
monitoring).  bospmuHCTBO  BapwaHToB  TpaHcnoptupoBku  (EOT)  yxe
cTangaptusupoBanbl s unrepdeiicos PDH, SDH, OTH, ATM (EoP, EoS, EoO,
EoA), MPLS (EoM) u RPR (EOR). Ilpu opraHu3amuu CBsS3M Ha OOJIBIIHE
paccrositaust (Oosiee 100 kM) ypoBeHB Cpelibl Mepeaadyd MOXKET OBITh MPEICTaBJICH
tpancnoptHbiMu cetsiMu SDH, ATM wu OTN. B »3Tom ciydae pemieHune 10
TPAHCIIOPTHOM CETHM HE OTJIMYAETCA OT JPYyTMX MOJENEH HeleBu3Hou. B cern
Ethernet mojmepkuBaeTCsl TaKTOBBIM CHHXPOHH3M. Takke BO3MOXHA peasd3aIlvsl
(GyHKIUI 3alIUTHBIX TMEPEKIIOYEHUN Ha pEe3epBHBIN NMyTh NEpeAadyd 3a HUHTEpPBa
BpemeHnu 70 50 mc.

Monb3oBatenbckue gaHuole (IP, MPLS, PDH, ...)

. 1
Tun ! I
! |
SNAP | l
________________________________________ |
LLC |
|
OnvHa [ Tun
HabniogeHue TpakTa U3 KoHua B KoHel, ETHP
Ethernet
CermeHTHOe HabnoaeHne ETHS
GFP/ GFP/ 64B/
LAPS | | LAPS 668 GFP AALS
PDH SDH
net E2 VC-n-Xv| |NC-4-64c VC, VP
ETY E3 | |VC-4-Xc ODUk-Xv
EoP EoS EoS EoO EoA EoM EoR
Ethernet EoT
802.3 ITU-T G.8010

Puc. 2.10. Ctpykrypsl HHTEpdEiicoB TpaHCcIOpTHOM cetn Ethernet
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Yposenv ¢popmuposanua kadpoe (naxemoe) Ethernet cocroutr u3 nByx
noypoBHe#: ympaBinenus jorumdeckum kanaaom LLC (Logical Link Control) u
ynpasieHus goctynoMm k cpene nepemaun MAC (Medium Access Control). Dtu
MOJyPOBHU TIPOTOKOJIBHBIC, T.€. WX (YHKIMH MPEANUCAHBI OINPEACICHHBIMU
QITOPUTMAMH JIJISI TIPOTIECCOPOB, KOTOPhIe (hOPMHUPYIOT KaaApPhl C HH(OOPMAITMOHHBIMA
JTAHHBIMU M CIY)KEOHBIMU cooOmeHussMu. Kanpbl ¢ WHGOPMAIMOHHBIMY JTaHHBIMU
CO3AIOTCS W OTIPABJISIOTCS CIIy4aifHO BO BPEMEHH, T.€. B 3aBHCHUMOCTH OT IOTOKA
WH()OPMAITMOHHON HArpy3KH, WM B IOTOKOBOM PEKHME, KOT/1a Harpy3ka MoCTyIaeT
HENpPephIBHO.  MyYJIbTHUIUIGKCHPOBAHUE  KaapoOB,  VIPABICHUE WX  IOTOKOM,
KOMMYTAIUsl UX B y3J1aX, HaOJMIOJCHUE COSAMHEHUI MO MOTOKY KaapoB M3 KOHIIA B
KOHEI WX 110 YY4aCTKaM CETH — BCE 3TO HCIIOIHSIET YPOBEHb (POPMHUPOBAHUS KaIPOB.
Taxxke oH obOecneumBaeT uHTEpdeElc ¢ MUCTOUHUKAMU HH(POPMAIMOHHBIX JTaHHBIX
(BTOpHUYHBIMHE ceTsMH, Hanpumep, cetsimu IP, MPLS u 1. 1.).

Cxembl  MynbTUIUICKCHpoBaHUs ~ Ethernet  pasnuuarorcs  crymeHsmu
MyJbTHIUIEKcHpoBaHusa. OOmas cxema MYyJIbTHIDICKCHPOBAHHS IpEACTAaBICHA Ha
puc. 2.11.

OnmHOCTyIIeHYaTast cXxeMa  MYJIbTHILUICKCHPOBAHHS  Kajpa Ethernet
npeaycmarpuBaeT o0beauHenue mno 4096 kaapos Ethernet B oOmuii normdeckuii
MyTh TPAHCIIOPTHOM CETH. {151 3TOr0 Ka)ablil MyJbTUIIIEKCUPYEMBINA KaJIp MOJy4YaeT
cBor0 MeTKy nosb3oBatens (C-Tag, Customer - Tag), comepkaniyro UACHTUPUKATOP
JIOKQJILHOM CETH, TJI¢ HaXOJIUTCS TI0JIb30BaTEb.

JIByXCTyrneHYaTass cxeMa MYJIbTHILUICKCHPOBAHHS IPEIIoJIaracT BO3MOYKHOCTb
OOBbCIMHEHUS YK€ MYJbTUIUICKCUPOBAHHOW HArpy3KH Ha TIEPBOW CTYNECHH C
meTkamu C-Tag B komudectBe M, rae yucio M ogHO3HAYHO HE perjiaMeHTHPOBAHO.
Taxxe kanper Ethernet moryr comeprxats MeTKu mpoBaiinepoB yciuyr (S-Tag, Service
provider Tag). Takas &IByXcTyleHUaTass CXeMa MOXET OOECICYHUTh MEPexoJ]] He
TOJILKO K BHPTYaJlbHBIM JIOKQJIbHBIM CETSIM, HO M CO3JaBaTh MOCTBI MEXIY
MarucTpaisiMu npoBaiaepoB yciyr. Ito ¢dynknuu cereii PBB/PBT [99], rae kaapsr
PBT (Provider Backbone Transport) moimHOCTBIO HE3aBHUCHMO U CaMOCTOSTEILHO
TCHEPUPYIOTCS 00OpPYIOBAaHMEM TPAHCIIOPTHOW CETH  OIMepaTopa, peaanu3yIoIero
TpaHcnopTHeie yciayru. Cers PBT nepeHocuT v rapaHTUpPOBaHHO 3aluaeT Tpapuk
npoBamiepa.

[Be cTyneHu

lpynnupo-
BaHue 2

BaHue 1

- Har-

py3Ka
IS-Tag |<- Eth [=—

bes MyNbTUNNIEKCUPOBAHNA

64B,/66B

Puc. 2.11. O6mas cxema mynbTHIDIEKCHpoBanus Ethernet
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Jloru4eckuM u CBOCOOPa3HBIM KOHKYPEHTHBIM PEIICHHEM  Pa3BUTHIO MOJIEIH
TpaHcropTtHoi cetm Ethernet crama monenb TpaHCHIOPTHOH CeTH C TAKETHOW
nepenaveid u kommyranued o metkam TP-MPLS (Transport Profile Multi Protocol
Label Switching — tpancnopTHBI POGUITHF MHOTOMPOTOKOIBLHOW KOMMYTAIUU IO
MeTKaM). PereHus mo 3Toi TeXHOJIOTHN TIPEICTaBICHBI PIoM pekoMeHaamuii MCD-
T u IETF (umxeHepHbiii coBeT nHTepHera): G.8110 — apxurekTypa ypoBHEH ceTh
MPLS; G.8110.1 — npumenerne MPLS B TparcnoptHoii cetu; G.8112 — unTepdeiic
mexnay ysnamu ceth MPLS; G.8121 - ¢yukmuu obGopynoanuss MPLS; Y.1720
(G.8131) - 3zamurtHbie nepekaoucHus B cetu MPLS; Y.1711 — MexaHU3MBI
oOcimykuBanusi W d3kcrutyatanuu B cetn MPLS. Pemenwe TP-MPLS sBnsercs
YIPOIIEHHBIM OTHOCHUTEIBHO €r0 OCHOBAaHUS, T.€. TexHomoruu MPLS.

Pa3paboTrka »TOMl MoAenu HaleleHa Ha MOBBIMIEHHE A(OPEKTUBHOCTU
WCIIOJIb30BAaHUSI  PECYpCOB  MAaruCTPabHBIX W BHYTPH30HOBBIX  ONTHYECKHX

TPAHCIIOPTHBIX CETEW C TEXHOJIOTMSIMHM LHKInYeckod nudposoit nepenauu: PDH,
SDHu OTH.

2.5. OTo0paskeHnune Mojesieil U TEXHOJOTHI TPAHCIIOPTHBIX ceTeil B
ONTUYECKUX MYJIbTUCEPBUCHBIX TPAHCIOPTHBIX INIAT(OPMAX

CoBpeMEHHOE pa3BUTHUE TPAHCIOPTHBIX CETEM CBSI3M NPOUCXOAUT YEPE3
UHTETpalui0 BceX (PYHKIMOHAIBHBIX BO3MOXXHOCTEH, 3aJI0)KEHHBIX B MOJCIH U
TEXHOJIOTUM TPAHCIOPTHBIX CETEHl, 4YTO MPHUBEIO K CO3JIaHUI0 YHUBEPCAIbHBIX
MYJIBTUCEPBUCHBIX TPAHCIOPTHBIX MIATHOPM C SIEKTPUUECKUMU U ONTHUYECKUMHU
uHTepdeiicaMmu, IEKTPUUECKON U ONTUYECKONM KOMMYTallMeld KaHajloOB M MaKeTOB.
D10 olecrneumnsio MpeloCTaBlICHUE JIIOOBIX BHAOB TPAHCIOPTHBIX YCIYT, BKJIIOYas
YCIYIM aBTOMATUYECKHM KOMMYTHUPYEMBIX ONTHYECKUX CE€Te C CUTHAJIbHBIMU
MPOTOKOJIaMH Ha OCHOBE OOIIeil MHOTONPOTOKOJbHOM KOMMYTAllMd MO METKaM
GMPLS (Generalized Multi Protocol Label Switching).

Pa3Butre MIMPOKONOIOCHBIX MTAKETHO-OPUEHTUPOBAHHBIX YCIYT U MPUIIOKEHUN
CTUMYJIMPOBAIO Pa3pabOTKy HOBBIX CETEBBIX PEIICHUM, MOJTYyYHUBIIMX Ha3zBaHue P-
OT, Packet-Optical Transport.

Ha puc. 2.12 mnpencraBieHO OTOOpakeHHE PACCMOTPEHHBIX MoOJENeH W
TEXHOJIOTUH MYJIBTUIUICKCUPOBAHUS B OOIIEH apXUTEKType MYJbTUCEPBUCHOM
tpancroptHo# miargopmel MSTP (Multi-Service Transport Platform), raoe ykazansr
BO3MOKHbIE MCTOUYHUKHA HH(POPMAIMOHHON HArpy3kH, IMPOTOKOJIBI COTJIACOBAaHUS U
COUYETAaHUE  TPAHCIOPTHBIX  TEXHOJOTHM. [IpeacTaBneHne  COBPEMEHHBIX
TPAHCIOPTHBIX pEHICHUW B BUAE IIATGOPMBI MPUBEIO K CO3JAHUIO €MIE OJIHOTO
KJlacca OOOpYIOBaHUS — MYJbTUCEPBUCHBIX IUIATGOPM MPEAOCTABICHUS YCIYyT
MSPP (Multi-Service Provisioning Platform) u xommyrtarmuu MSSP (Multi-Service
Switching Platform). DOTu mnatrgopmbl  ABISIOTCA KIIOYCBBIMHA  DJIEMEHTaAMHU
TPAHCIIOPTHBIX CETE€H U MPEJICTABISIOT MPEIMET U3yUEHUSI B Y4EOHOM TOCOOUH.

O0603HaveHNs] ICTOYHUKOB WH(pOpPMAITMOHHON HAarpy3ku Ha puc. 2.10:
— PDH, Plesiochronous Digital Hierarchy — mesnoxponnas nudpoBas uepapxus
(nepapxudeckue ckopoctu 2.048, 8.448, 34.368 u 139.264 MowuTt/c);
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— N-ISDN, Narrowband Integrated Services Digital Network — y3xomnonocHas
g poBas ceth ¢ nHTerparueit ciryxo6 (Y-L{CUC);

— IPX, Internet Packet eXchange — mexxceTeBoi 0OMEH MaKeTaMH;

— SANS, Storage Area Networks — cetu XpaHeHUs! JaHHBIX (CepBEpHI yciyr, 0a3bl
JAHHBIX);

— ISCSI, internet Small Computer System Interface — npotokoun a1 ycTaHOBJICHUS
B3aMMOJICHCTBHSI M YIPABJICHUS CHCTEMaMH XpaHCHHS JaHHBIX, CepBEpaMH H
KITUCHTAMU,;

— HDTV, High-definition television — mudpoBoe TeaeBUACHUE BEICOKOH YETKOCTH;

— ESCON, Enterprise Systems Connection — coemuHeHHE YUIPESIKISHICCKIX CHCTEM
(c 6ba3aMu TaHHBIX, CEPBEPAMHU);

— FICON, Fiber CONnection — BoJOKOHHOE COCAMHEHME IJIs IIepeaaun JaHHbBIX;

— PPP, Point-to-Point Protocol — npoTokoa «To4yka-Touka;

HDLC, High-level Data Link Control — BeicOokOypOBHEBBII1 IIPOTOKOJI yIIPaBJICHUS Ha

YpOBHE 3BEHA Tepe/auu JaHHBIX.

| PoH28 34140 | [ Tenedonus, N-ISDN |
: !
| IP, IPX,MPLS, GMPLS = | SANs I
v P P44 4
| Ethernet TP=MPLS | =
N ! =l Ell=l|=
Ll AHIENEIE
: =
RPR ! =
HOLC | ' : 5
T 4 * 1 : T E1r
atm || ] | GFP |
1 T 1 w1
| ] SONET/SDH |
L RERE Y
| OTN/OTH |
R Pt v |
| DWDM flex grid fixed grid |
i L j * I*’

| BonOHOHHBIA CEETOBO ]

Puc. 2.12. O60611eHHast apXUTEKTypa ONTHICCKON MYJIbTHCEPBUCHOM
TPAHCIIOPTHOM MIATHOPMBI

IIpotokoner PPP, RPR, HDLC, GFP B TpaHCHOPTHBIX CETSX BBIITOIHSIIOT
(GyHKIIUM COTJIacOBaHUS WH(POPMAIMOHHBIX MaHHBIX OT HWCTOYHUKOB HATPYy3KH C
TPAaHCHIOPTHBIMH  CTPYKTypaMHU  C  [EJIbI0  TOBBIIICHUS  3(PHEKTHBHOCTH
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WCIIOJI30BaHUSI PECYPCOB ATUX CTPYKTYp, HAIPUMED, BUPTYATbHBIX KOHTEHHEPORB B
cetu SDH wmm ontmueckux kamamoB B cetn OTN, mwnm ¢dusmdeckux pecypcoB
KaapoB nepenaun cetu Ethernet.

Takxe HEOOXOAMMO OTMETHUTH, YTO OYECHHb YACTO B TEXHUYECKOU JHTEpaType
MOJEN TPAHCTOPTHBIX CETEH CpPaBHUBAIOTCI C CEMHYPOBHEBOH MOJEIBIO
B3auMoieicTBHs OTKpHITEIX cucteM OSI (Open System Interconnection) mis cereit
nepeay  JaHHBIX,  pa3pa0OTaHHON  MEXJIyHAapOJAHOW  OpraHu3anmuend 1o
cranpapruzanmu 1SO (International Organization for Standartization). CpaBHenue
MOKAa3bIBACT, YTO TPAHCIOPTHBIX CETSAX PEATM3YIOTCS JBa HIKHUX YPOBHS:
¢busnueckuii  (o0o3mauaercs LO, L1, T.e. 1191 BOJOKOHHBIX CBETOBOJOB U
CHEKTPAIBHOTO MYJIBTUIUICKCUPOBAaHUS ¢ (DUKCUPOBAHHOW W THOKOW CeTKaMu
ONTUYECKUX BOJH ¥ moznepkkoi Texrojaoruiit OTN/OTH, Sonet/SDH) u xananbHbBIH
(o6o3nauaetcs L2, T.e. ¢ mommepxkkor Ethernet, ATM, GFP 1.1.) B monmenu OSI. B
OTIIETBHBIX pEATU3AIUAX TPAHCIOPTHBIX TUTATGOPM BO3MOXKHA MapIIPyTH3AIUS
MaKeTOB, YTO COOTBETCTBYyeT Mo Mojenmu OS| QyHKIUAM CETEBOTO YpPOBHS
(o6o3nauaercs L3, t.e. IP, IPX, MPLS u ap.).

MynbTHCEPBUCHBIE BO3MOXKHOCTH OINTHYECKOW CETH C TEPECEeKTHBHBIMU
TEXHOJIOTUSIMH TAKXK€E TPEICTABICHBI puc.2.13.

Yenyru FR Yenyra [P
Monk3oBaTensckuit
[+]
Yenyru ueHTpoB e cepeuc
Yenyrm Ethernet 0bpaboTKn AaHHbIX Apyrve yenyru E g
uon 8 2
> x
MPLS = 3
E g
L =
g 2
=
=
]
) >
TPMPLS Mpotokon GFP (GFP-F, GFP-T)
TpaHcnopTHeIe ceTH
apPXMTEKTYPbI N0 Pek.
Ethernet- EoT- VCIVCATILCAS st
PBBIPBT
SDH-NGN OTN/OTH
i i ; ; ) . Ontuveckue
CWDM, DWDM (fixed, flex grid), CDC ROADM, Grooming, Routing, ASON, T-SDN, Coherent optical networking TexHOnOrMH

Puc. 2.13. MynbsTHCEpBUCHBIC BO3MOKHOCTH TPAHCIIOPTHBIX CETEH
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KOHTpO.]]bH]JIe BOIIPOCHI

1. Ckoabko MoJenel TPaHCIOPTHBIX CETel MpeaycMOTpeHo cranaapramu MCDO-
T?

2. Urto 001ero u pa3TuIHOTO B MOJIEIISX TPAHCTIOPTHBIX CETEH ?

3. CKOJBKO M KaKue YPOBHH HMEET MoJieb ceTi SDH?

4. Kakue ocHOBHbIE (PYHKIIMHM HPHUCBOEHBI YPOBHIO CPE/bl Mepelayud B MOJEIU
cetu SDH?

5. Kakwue QyHKIMM TOKHBI UCTIONHATHh YPOBHH TPAKTOB B Mojienu cetu SDH?

6. Kaxkue kaHaIBI MOXKET TIOIEP)KUBATH YPOBEHD KaHAIOB ceTu SDH?

7. CKONBbKO M KaKWe YPOBHH UMeeT Mojienb ceTid ATM?

8. Kakoit u3 ypoBHeir mogemu cethi ATM obecreunBaeT KOMMYTAIUIO STYEEK
ATM?

9. Uewm oOpasyroTcst BUpTyabHBIC TyTH ¥ BUPTYyaIbHBIC KaHATHI B ceTd ATM?
10. Kakoe Ha3HaueHHEe UMEET yPOBEHB ajanTtanuu B Moaenu cetn ATM?

11. YTo MOXET HCTIOJB30BaThCS B KAUeCTBE Cpebl nepeaaun sstucek ATM?

12. Cxonbko u kakue ypoBHH umeeT Moaenb cetu OTN-OTH?

13. Kaxkue ¢pyHknmum onpeneneHsl YpoBHIO Tosib3oBaTesst B Moaenu ceti OTN?

14. Kakue (yHKUMU OmNpeneraceHbl YPOBHIO ONTHYECKOTO KaHajda B MOJIENU CETH
OTN?

15. Tlouemy cTaHmapT JIOKAIbHOH KOMIbIOTEpHOW cetm Ethernet cran ocHoBoi
CTaHJapTa TPAHCTIOPTHOM CeTh?

16. CkoibKoO M KaKue YPOBHU UMeeT Mozelb cetu Ethernet?

17. Kakwue (pyHKIIMHU BBIOJHIET YPOBEHB Cpebl iepenayn cetu Ethernet?

18. Kakwue (hyHKIIUYU BBITOJHIET YPOBEHb POpMUPOBaHUs KaapoB ceTu Ethernet?
19. Yro MoOXeT BXOAWTh B ONTHYECKYI0 MYJIBTUCEPBUCHYIO TPAHCIOPTHYIO
matgopmy?

20. Kakume ¢yHkuum BemomHSAOT nporokonsl IP, MPLS, MPLS-TP B
TPaHCTIOPTHOM ceTH?

21. Yro obo3nauaer TepMmuH «Static grid» u «flex grid» B cxeme TpaHCIOpTHOM
m1aTGOpPMbI?

22. Kakue BO3MOXXKHOCTH 10  TPEJOCTABICHUIO  YCIAyT  IOJIb30BATEISIM
MPEIOCTABISIOT ONTHYECKUE TEXHOJIOTUN TPAHCTIOPTHBIX CETEH ?
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3. CeTeBble 2J1EMEHTHI H CTPYKTYPHBI OITHYECCKUX TPAHCIIOPTHBLIX cereii

CereBbiM  aseMeHTOM (CD)  TpaHCIOPTHOH CETH, IO  ONPEICICHUIO
pexomengaruu M.3060 MCD-T, npuHATO CUNUTATh APXUTEKTYPHYIO KOHIIEMIIUIO,
KOTOpasi ~ MPEICTaBIsIeT O0OpyIOBaHWE  OJEKTPOCBS3M (MM TPYIIY/4acTh
00OpYyIOBaHUS IJIEKTPOCBS3HM) W OOOPYIOBAaHUE MOMICPKKH WIH JIFOObIC ApyTHe
TPYNNbBl  WU3ACTUHA, KOTOPHIE CUHUTAIOTCS NPHHAMISKAMUMHA K OO0OpYIOBAHUIO
AJIEKTPOCBSI3H, BBITIOJHSIONICE HE MEHEe OJHOW (PYHKITUU DJIEMEHTa OOCITYKUBAHUS
(®20) nm pyHkIMU TpaHcopTHOTO MeMenHTa (DTD).

CeTeBble AJIEMEHTHI PAa3MENIAIOTCS B OKOHEYHBIX, TIPOMEKYTOUHBIX U Y3JIOBBIX
CTaHITUSAX  TPAHCIOPTHBIX ceTei. OHM HAXOIATCS B OKPYXKCHUH Pa3IAYHBIX
BCIIOMOTATENbHBIX  ycTpoiicTB  (puc.3.1):  SJeKTponWTaHUs,  yIPaBJICHHS,
CUTHANMM3auu W T.1. [Ipy 3TOM CTaHIMU MOTYT OBITH OOCITY)XHBaEMBIMH, T.C. C
MOCTOSTHHBIM TEXHHUYECKUM TEPCOHAIIOM, M HEOOCITYKMBAEMbIMH, T.€. TIPUCYTCTBUC
nepcoHaa A o0CayKuBaHus MPUOOPOB U YCTPOUCTB HeoOs13aTenbHO. B nocnennem
clly4ae KIIOYEBYIO POJb JODKHA WrpaTh CUCTEMa YIPABICHHS CEThIO, KOTOpas
HETMPEPHIBHO OTCICKUBAET BCE 00BEKTHI HEOOCITY)KHBAEMOW CTAHIIHH.

: b P |

CurHanuiauwa OnTvyecHmi 3
W cnymebHan pacnpegenuTenbHbii NIEKTPO-

CBAIb KpoCe IHTRHIE
B i — )
2 Noptet _. l— g
% DWDM, J’ Cetesoit E&p[;:: fl::
S CWDM, 1 INEMEHT CWDM:%
T STM-N, ~*————————— STM-N, &
E Ethemset ] I- t I Ethemet =
ae ¥ l 1 1 :

¥erpoitcTeo FIPPROR, YetpoiicTeo
VNpapacHMA pacanﬂ;gL;Ieanw CHHXPOHW3AWHN

b N !

Puc. 3.1. CereBoii 371eMEHT B BCTIOMOTAaTEeIbHOE 000pYI0BaHHE

Bo3moxkHas (bYHKL[I/IOHaJ'II)HaH HAITOJIHEHHOCTE CETEBOT0 DJIIEMEHTA OITHYECKOU
cetu (ONE) npencrasnena Ha puc.3.2.

Coxkpamenusi, ucnoib3yembie Ha puc.3.2: FEC, Forward Error Correction —
ynpexaatorias koppekmus ommbok; FG CDC, Flex Grid colorless, directionless, and

contention-less — ruOkas cerka ©Oe3 1Bera (Ha3HAYCHHS BOJHBI), 0¢€3
HanpaBJIeHHOCTH, He3aBucuMo oT Harpysku; ROADM, Reconfigurable Optical Add-
Drop Multiplexer — pexoHbuUTypUpyeMblli — MepeCTpAauBAECMBbId ONTHUCCKHUN

MyJIbTHIUIEKCOp BbiAeneHus BBoma, FG WSS, Flex Grid Wavelength Selective
Switch — cenexTuBHBIN KOMMYyTaTOp BOJIH ¢ THOKO# cerkoii; BER, Bit Error Rate —
yacToTa mosBieHUs OuTOBBIX ommbok; AlS, Alarm Indication Signal —curnaan
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unaukanun aBapuitHoro cocrosuus; OSNR, Optical Signal Noise Ratio —otHo1eHne
ONTUYECKHUI CUTHAJ/IIYM.

KoHTponupyemele napameTpei
OMNTUYECKOrO CETEBOrO 3MIEMEHTa

ONE

3aluTHas KoMMyTaLma BbineneHue u BBofg
ONTMYECKNX KaHAaNOoB

AHoManbHble 1 aBapUiHble COCTOSHIS
BER, AIS, LOS, LOF BbIpaBHUBaHME MOLHOCTH

ONTUYECKUX CUTHaNoB

MporpammHoe obecneyeHrne ONE

NHTepdencol KNMeHToR
Ethernet, SDH, OTH, GMPLS HazHaveHue AnuH BonH
C, L, C+L
¢ prKCMpOBaHHOMN U
rbKkoit ceTkamu

Mopgepxka ynpasneHus NMS, ASON, T-SDN

OnTuyeckas U Lugpoeas
KOMMyTaLus1 KaHarnoB,
MapLUpyTU3aLMs MakeToB

BoamoxHocTu koHdurypuporaHust ONE

MoaaepKKa ONTUYECKUX
cepauc-KaHarnos

[porpammHoe [porpammHoe
ynpaeneHue ynpaBsneHue

FG CDC ROADM FG WSS

KoHTpone OSNR

ButoBas 1 cuMBOMBHaS
ckopocte (6ut/c, Boa/c)

Koppekuusa owmbok FEC

Bei6op 1 HasHaueHWe Biaa MOy NS
NRZ, RZ, BPSK, PM-BPSK, QPSK, PM-QPSK,
mQAM, PM-mQAM

Puc. 3.2. ®yHKIMOHATBHBIE BO3MOKHOCTH CETEBOTO 3JIEMEHTA ONTHYECKOM
TPAHCIIOPTHOMN CETH

B oroii rmaBe paccMaTpUBAKOTCA MPUHLMIIBI  TOCTPOEHUS  anmapaTypbl
TPAHCIIOPTHBIX CETeHl, MNPUHUHUIBI 0003HAuUeHHs (YHKUUMNA anmapaTypbl Ui
COCTaBJICHUSA CXE€M OpraHM3aluu CBSI3M M NOPUMEPBl CTPYKTYp ONTHYECKUX
TPAHCIOPTHBIX CETEN.

3.1. IIpyHIUNBI MOCTPOECHUS ANNAPATYPHI TPAHCHOPTHBIX ceTel

[TocTpoenue anmapatrypbl TPAHCIOPTHBIX CETEM COOTBETCTBYET CTAHAAPTU3AIUU
MCO-T:

- ammaparypa SDH ctpourcs mo pexomenmamusim G.783 (Characteristics of
synchronous digital hierarchy equipment functional blocks — xapakrtepuctuku
(GYHKIIMOHATBHBIX OJIOKOB 000pYA0BaHUS CHHXPOHHOH IU(PPOBOI HEpapXUH);

- ammaparypa ATM crpoutcs nmo pexkomenmamusm |.731 (Types and general
characteristics of ATM equipment — Turbl 1 00IIME XapaKTEPUCTUKH 000Dy IOBAHUS
ATM), 1.732 (Functional characteristics of ATM equipment- ¢yHKIHOHATBHBIC
XapakTepucTUKH 00opynoBanus ATM);

- ammaparypa OTH crpoutcs no pexomenmanusm G.798 (Characteristics of
optical transport network hierarchy equipment functional blocks — xapakTepuctuku
(GYHKIIMOHATBHBIX OJIOKOB 000PYAOBaHUS ONITUYCCKOM TPAHCIIOPTHON UepapXuu);
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- armapatypa Ethernet ctpoutcs mo pexomenmanusam G.8021 (Characteristics of
Ethernet transport network equipment functional blocks - xapakrepuctuku
(GYHKIIMOHATBHBIX OJIOKOB 000pYA0BaHUS TPAHCIIOPTHOM cetn Ethernet);

- armmaparypa TP-MPLS crpoutcst o pekomengamusm G.8121 (Characteristics
of Transport MPLS (TP-MPLS) equipment functional blocks — xapakrepucruku
(GYHKITMOHATBHBIX OJIOKOB 000pYA0BaHHS TPaHCIOPTHBIX ceTedt TP-MPLYS).

Ha nyTn k mmpokoMy BHEIPEHHIO HAXOIATCS KOHKYpPEHTHBIE pa3padotku Ciena
no Ethernet PBB/PBT (Provider Backbone Bridging - Moct Maructpaiu
mpoBaiiepa, Provider Backbone Transport — TpaHcmopTHas MarucTpab
npoBaijiepa), KOTOpbIC HalleJeHbl Ha CHUKCHHE CTOMMOCTH OOOpPYJOBaHHUS IO
cpaBHenuio ¢ MPLS.

Cpenu anmapaTypbl TPaHCHOPTHBIX CE€TeM  HaAOMIOJaeTcs  pacuIupeHue
HOMEHKJIATYphl ONTUYECKUX H3JeNUid U O0003HAaUeHUE HUX B KAYECTBE CETEBBIX
AJIEMEHTOB. OTACIbHBIX ontudyeckux ycuiautenedr OA (Optical Amplifier);
ONTUYECKUX MYJIbTHILIEKCOPOB BBoAa-BeiBoga OADM (Optical Add/Drop Multiplex
u pexonpurypupyemeix ROADM  (Reconfigurate OADM); onruyeckux
kommyTtaTopoB OXC (Optical xCross Connect) unmu dorounsix PXC (Photonic XC);
onTuyecKux pereHepatopoB 2R u 3R; MOTHOCTHIO ONTUYECKUX KOHBEPTOPOB BOJIH.
Taxxe cTamo HOpMAaTHUBOM OOO3HAYEHUE B BUJIE€ CETEBOTO 3JIEMEHTAa ONTHUYECKOU
TpaHcopTHOM cetu yuactka nepenaun WDM ¢ oTnenbHbIMH  ONTHYECKUMU
YCUJIUTENSIMUA, KOMIIEHCATOPAMU JAMCIEPCUHU, ONTUYECKUMU MYJIbTUILUIEKCOPOM U
JIEMYJIbTUIIEKCOPOM. Takue y4acTku OpUHATO 0003Ha4yaTh «JIMHEWHBIA CEerMeHT»
[95].

Anmapatypa MOXET ObITh IMPEACTaBlI€Ha B HECKOJbKUX BapHaHTaX YHNAKOBKH:
YHUBEpCAIIbHBIE KACCEThl WM MOJKH; KOMIAKTHBIE WM MUHHU KAaCCEThl JJII «MUHU-
MyJbTHIUICKCOpa»,  OgHOoIIaTHOe  (0e3  Kopryca)  WCIOJHEHHWE  KMHKPO-
MYJIBTUILUIEKCOPa».

Ammaparypa SDH/OTH 4gacto odopmiisercs B BHJie YHUBEPCAIBHON KacCCEThI
(TTOJIKHM, KOP3WHBI, IMOJACTATHBA WM IMOMJIOHA, puc.3.3), B KOTOPYIO BCTaBJISIFOTCS
OTJICIIbHbIC CMCHHBIC W (PUKCHPOBAHHBIC OJIOKM (MOIYJIM, TUIATHI WJIH CIOTHI) C
ornpenenCHHpIM  Habopom  (yHKIMH  (MHTEpPEHCHBIX,  KOMMYTAI[MOHHBIX,
DJICKTPOIIUTAHUS, YIPABICHUS U T.1.). B 3TOM ucnomHeHUn MynbTHILIeKcop SDH,
KaK MpaBuIio, UMeeT Hanbosee MUpokuid Habop (PyHKIUI CETeBOro 3JIEMEHTA, T.€. OH
MOJKET OBITh OKOHCYHBIM, TPOMEKYTOYHBIM (BBOJIa/BBIBO/IA) U Y3JIOBBIM (KPOCCOBBIM
KOMMYTaTOpOM) CETEBBIM 3JIEMEHTOM C JIFOOBIMH Habopamu uWHTEp(deicoB,
KOMMYTAaTOpPOB TPAaKTOB BBICOKOIO M HU3KOrO MOPSIKOB, (PYHKUMSIMHU 3allUTHI,
CHHXPOHU3AIINU U yripaBieHus (1abdi.3.3).
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Puc. 3.3. [lonka yauBepcansHoro mynsturiekcopa SDH U-NODE WBM

OTnenbHBIC TUIATHI M KOHTAKTHBIC DJIEMEHTHI JUISl BHEIIHUX TOIKIIOYCHHUHN B
YHHUBEPCATBHOU TOJIKE (KacCeTe) COCMUHAIOTCS Yepe3 CUCTeMHYI0 muHy (puc.3.4).

CoefiMHUTENbHbIN

| UHTepdeic

A

CurHansl N3 rHespa HO.qKnloqevae
NnueBon naHenu nHTepdeiica
CMeHHBbIN

CucrteMHas / 610K
LWKHa y '

N
NHudopmaunoHHas

Harpyska (Tpacduk)
Puc. 3.4. [IpuHIumn coequHEHNs B YHUBEPCAIBHOM MOIKE 000pyI0BaHUS

Emé Oonpuieil yHUBEpCATbHOCTH CETEBBIE JIEMEHTHI MOT'YT JOCTUTHYTHb HpPH
MCIIOJIb30BAaHUU B COCTaBE 0OOPYIOBaHHUA MOJOK pACIIMPEHUs, Onarogaps KOTOPbIM
MOXHO TIOJNy4UTh TpeOyemble HHTEpQeicHble OKOHYaHWs (Hampumep, OO0JbIIOe
KOJIM4YecTBO MHTepdeiicoB A mudpoBbix motokoB E1, E3, GEth, 10GEth).

JIng  3TOM peanu3auMM B IOJKAX PACIIUPEHUST BMECTO KPOCCOBBIX
KOMMYTAaTOpPOB YCTaHABIMBAIOT CMEHHBIE OJIOKM COEJUHUTENIbHBIX UHTEP(hEcoB,
KOTOPBIE COCIUHSIOT YE€pPe3 KOPOTKHUE JIIEKTPUUYECKHE WM ONTUYECKHUE IIHYPHI C
unTepdericaMmu ocHOBHOW (riaBHOM) moyikk. [Ipwm 3TOM TOJKY pacIiupeHHs U
OCHOBHYIO TMOJIKY KPETISIT, KaK MpaBuio, Ha o01Iel CTOMKe.
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KomnakTHbie (MUHU) MYJIbTHILIEKCOPHI UMEIOT OTPaHMYCHHBIA HA00p (DYHKITUH,
OTCYTCTBHE OTACIBHBIX 3aMCHSICMBIX OJIOKOB wWin uX MUHUMYM (1-4 1uiaTher)
(puc.3.5).

Tabnuma 3.1. O6mue xapakrepuctuku mynprumiekcopa U-NODE WBM

Bune! pezepBupoBanus
4-x 2-x | SN | Jluneii | bmo
I'maBHas Hurepdeiic Kana- | zono | Bomo | CP HOE KOB
MOJIKa JTOBHA | on- | KOH- MSP
(yHuBepcaib 0JI0K HOe HOE
Has) MSP | MSP
Ring | Ring
[Tonnepxka STM-64 1 + + 1+1,
JIMHENHOTO ONTUYECKUN 1:1
uHTepderica STM-16 1 |+ - + [+ 1+1,
1 pexuMa OINITHYECKUHN 1:1
pesepBrpoBa STM-4 Orl + |+ 1+1,
HHA ONTUYECKUN 1o 4 1:1
STM-1 Orl + + 1+1,
ONTUYECKUM 1o 16 1:1
STM-1 4/8/16 + 1:1
AJICKTPUYECKUI
GEth 214
Fast Eth 6
34 M 6 1:1
2M 63 1:N
YpoBeHb Cuenka BupTyanbHbIX KoHTeliHEpoB VC-4-4¢, VC-4-16¢,
KpOCCOBOM VC-4-Xv, VC-12-Xv
KOMMYTaluu Kommyranus 256x256 VC-4, 2016x2016 VC-12

Puc. 3.5. Koncrpykuus «munau» mynstrimiekcopa SpectralWave C-Node
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Tabauma 3.2. O0mue xapakTepucTHKU MynbTuiuiekcopa SpectralWave C-Node
Bunbl pesepBupoBanus
ITonka Hutepdeiic | Kananos [ gNCP Tuneinoe | BIOKOB
TUIIA KMUHU» Ha 010K MSP
[Tonnepxka STM-4 1-2 + - -
JUHEUHOTO STM-1 1-2 + + -
uHTepdeiica 34 M 3 -
U peKHUMa 2M 8-32 -
pesepBupoBa | 10BASE-T 8 _
HITA 100BASE-T 4 -
YpoBeHb Cuenka BUPTyalbHBIX KOHTeHHepoB VC-12-Xv (X=1...16),
KPOCCOBOM (X=1...21)
kommyTaruu | KommyTtamus 16x16 VC-4, 1008x1008 VC-12

Ecmm cpaBauTh manHbix Tabmun 3.1 wm 3.2, TO MOXHO YBHIETh, HYTO
KOHCTPYKTHUBHOE HCIIOJHEHHUE amnmapaTypbl CYIIECTBEHHO BIMSIET Ha Halop
WCIIOJTHIEMBIX ()YHKIIUHA, B YaCTHOCTH, HA €EMKOCTH WHTEP(EHCOB, 3aIUTy JINHUUA H
COCIVMHEHNH U T.J.

AHAJIOTUYHO YCTPOEHO 000PYIOBAaHHUE APYTUX TPAHCIIOPTHBIX TEXHOJIOTHM.

Oo6opynoBanne ATM noapazneneno [19]:

- KOHIICHTPATOpbl HArpy3Kd, B KOTOpbIC MOAKIIOYAIOT IOJIb30BATEIbCKUE
yctpoiictBa  (mokanbHble cetd  Ethernet, mepcoHasbHBIE KOMIBIOTEPHI €
untepdericamu ATM, cepBepbl yCIyT U T.1.);

- KOMMYTaToOpbl pabouuMx Trpymn, KOTOPble OOBEAUHSAIOT KOHIIEHTPATOPHI,
nokaibHble ceTh ATM, cepBepshl yCIyr U T.1.;

- MarucTpajbHble KOMMYTATOPhI, KOTOPbIE U OOpa3ylOT TPAHCIOPTHYIO CETh C
OOJIBIIUM YHCJIOM BHPTYaJIbHBIX COCAMHCHHHA (BUPTYAIbHBIX IyTSH W BHPTYaTbHBIX
KaHaJIoB).

Hanpumep, mynbrrcepBucHbI KoHIeHTpaTop Alcatel 7270 MSC (Multiservice
Concentrator) mpencrtaBiaseT co0OW TMOTPAHUYHBI KOMMYTATOP OIEPATOPCKOTO
KJlacca, MpeTHA3HAYCHHBIN U1 aJanTallii, arperaiud W MPeIOCTaBICHUS yCIyT B
mynbTHCepBHCHBIX ceTsx ATM/IP/MPLS. CoBpemeHHbIe (GYHKIIUH YIPaBICHUS
nepegavyeil Tpaguka Ha OCHOBE €IUHOM CcTaHAApPTHOW MIAaT(GOpPMBI OOECIeunBaIOT
MpEAOCTaBICHUE MPUHOCIIIMX NOpUObUIL  TU(PPEepeHUUpPOBAHHBIX  YCIAYT  AJIS
npuinoxenuit IPMPLS, Buneo, ATM, Frame Relay u BoigeneHHbIx aunuid. [Tomumo
MPEIOCTABIICHUS YCITYT, MOJIHOCTBIO yrpaBiseMblid koHeHTpaTtop Alcatel 7270 MSC
MO3BOJIAET oOlepaTopaM ONTUMU3UPOBATH CETEBYID HH(PPACTPYKTYypy 3a CUET
IIMPOKOIIOJIOCHOW arperanuu Tpaduka mMoOwibHbIX cererr 2G/2,5G/3G, Ttpaduka
(UKCHUPOBAaHHBIX OECIPOBOJHBIX ceTe M Tpaduka HUPPOBLIX A0OHEHTCKUX JTUHUN
DSL. Bwemyckarorcss ase moxaenu Alcatel 7270 MSC, 6-ciotoBas Momeiab s
YCTAaHOBKM B TIOMEIICHUAX 3aKa3uyWmka W 8-cIoToBasi - A omepartopoB. B obemx
MOJIENIIX  HMCIOJB3YIOTCS  OJWHAKOBBIC  YIPABJIAIONME, KOMMYTAIlMOHHBIC U
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UHTEPEHCHBIE KapThl, MMOJHOCTHI0 M30BITOYHAS, HEOTOKUpYyEeMash KOMMYTAIIMOHHAS
Mmatpwura. [Ipomyckuas cmocoOHOCTH KOMMyTaTopa — 800 M6wuT/c.

Hpyroit npumep oOopynoBanuss ATM, MapuIpyTHU3UPYIOMIUA KOMMYTATOP
Alcatel 7670 RSP (Routing Switch Platform) — sto cmcrema, mpencraBisromias
co00il OCHOBY  MYJBTHCEPBUCHBIX, MHOTOTPOTOKOJBHBIX ceTei. KommyTaTop
Alcatel 7670 RSP otiimyaetcst Bhicokoi MacmTadbupyemoctbio (ot 2,4 I'Out/c - Ha
rpanuie cetu a0 450 'Out/c - B MarucTpaam MHOTONPOTOKOJbHOM cetn). Alcatel
7670 RSP monmepxuBaeT yHUKadbHBIA HAO0Op (QYHKIMHA, TEXHOJOTUH JOCTyNa U
MPOTOKOJIOB, YTO TO3BOJISACT MPEIOKUTH IMOJIB30BATEISIM CaMbIe pa3HOOOpa3HBIC
yciyra. Ota miatdhopma, B YaCTHOCTH, TIOIEPKUBACT BUPTYaIbHBIC YaCTHBIC CETH
(VPN) nHa ocnoBe npotokona |P, texnonoruu 10/100 Ethernet u Gigabit Ethernet,
B3anMmoJieiictBue cereit Frame Relay u Ethernet, MEHOronpoTOKOIBEHYIO KOMMYTAIIHIO
no metkam (MPLS), mepenauy maketoB yepe3 SDH (Packet over SDH, POS), a
takke TexHojoruu Frame Relay, ATM, SHDSL wu TDM. IloaxepxuBaer
omaoBpemeHHo 768000 coequuenuii. Oto coenuHenus PVC u SVC «rouka - Touka»
U «TOYKa - MHOTO Touek»; coeaumHeHus S-PVC «rouka - TOYka», CHerUaTbHBIC
COCIIMHEHUS ISl TECTUPOBAHUS.

Jpyrue npumMepsl nioctpoeHus: obopynoBanuss SDH, ATM, OTN, Ethernet, TP-
MPLS MoxxHo HaliTH Ha caitax npousBoxauteicii: T8, CVYIIEPTEJI, Huawei,
Alcatel-Lucent-Siemens-Nokia, NEC, Cisco, Marconi, Ciena u 1.x.

Cnenyer oOpaTUTh BHUMAaHUE HA NIAM@OPMEHHbI NPUHYUn TOCTPOCHUS
anmaparypsl TPAHCIIOPTHBIX ceTei. [lmaTdopmbr UMEIOT pa3nMIHOE KOHCTPYKTUBHOE
ucnonHenue (puc.3.6) u pa3IuuHy0 QYHKIIMOHATBHYIO HATIOJHAEMOCTb.

AL KOMNEETHOE W YHHESPCANEHOS [EISHWE HA 3 cnoTa onA oBopyaoeaHdR

1U Ha MiHHmMans 0 SukocTs 10010 M

Puc. 3.6. [Ipumepbl KOHCTpYKIHA MyIbTUCEPBUCHBIX TuTaTdhopm BOJIT'A T8 B
TpEX BapuaHTaX HUCTIOTHEHUS
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MyabTHuCepBUCHbIE TPAHCHOPTHBIE MIATGOPMBI  HMMEIOT  HECKOJIBKO
BApUAHTOB 0003HAYCHUH U pa3IM4Hble HAOOPHI PYHKIMI 1 HHTEPENCOB:

- MSPP, Multi Service Provisioning Platform — wmynbTHCEpBHUCHAS
oObeMHEeHHAas IaTgopma — nepBasi BEPCUsSl TPAHCHOPTHBIX MIATGOPM, B KOTOPBIX
ObTM OO0OBEAWMHEHBI BO3MOXHOCTH cerei SDH wu cereli makeTHOM mepemadu
noJib3oBaTesbekoro Tpaduka IP, Ethernet (1999 ron);

- MSTP, Multi Service Transport Platform — mynsTHCepBHCHAs TpaHCTIOPTHAs
maTgopmMa — MPEACTaBIsACT COOOM HHTEIUICKTYallbHYIO TaThopMy sl YCIyr C
OJIHOU CTOPOHBI U 3(PHEKTUBHOE UCIOIH30BAHUE BOJIOKOHHO-ONTUYECKOU Cpebl 3a
cuet pexkuma DWDM u CWDM (2001 ron);

- MSSP, Multi Service Switching Platform - wmyneTHCepBHCHAS
KOMMYyTallMoOHHasi MiatgopmMa — oOecrnedyrBaeT YCIyrd TUOKOM KOMMYTAaluu
COCJIMHCHHI B y3JIaX CETH, 3allUTHBIC MEPCKIIOYCHUs Ha JI000M ypoBHE (CEKIIHH,
TPAaKTOB, BOJHOBBIX KaHAJIOB, IOJb30BATCIIBCKOIO TpaduKa); TaKKe BO3MOXKCH
BapuaHT obo3HadyeHus 1SS (Transport Service Switch — TpaHCIOpTHBINM CEPBUCHBIN
kommyTartop, Hanpumep 1850TSS) wim CETP (Carrier Ethernet Transport Platform —
TpaHcnopTHas miaTdopma Ethernet ¢ ontuueckumu untepdeiicamu) [98];

- matdopmsel tTuna LH (Long Haul) wim ELH (Extended Long Haul) B oxnoii
CHUCTeMe WHTerpupyrorcs ¢ japyrumu miatpopmamu  (MSTP, MSSP) u
MpeAHa3HAYCHBl JUISI MNPOTSHKEHHBIX JIMHUM TPAaHCHOPTHBIX CeTel ¢ OOJIbIIUM
yrciioM ontudeckux kaHanoB (40 — 320 u Gousee, Hanpumep 1830PSS doToHHBIM
kommyTtarop), Cienas 6500 Packet-Optical Platform [100] ¢ nmpou3BoIuTEIIBHOCTHIO
96 Towut/c;

- ONTUYECKHUE MIAT(HOPMBI C TEHEPUPYIOIIUMU TPAHCIIOHJIEPAMHU, ONTUYECKUMHU
mynbTHIIIEKcopamu  BBoja/BeiBogja OADM  (Optical Add/Drop Multiplex) w
PEKOH(MUTYPUPYEMBIMH ONTHYSCKUMH MYJIbTHUIUIEKCOpaMu BBoAa/BbiBoga ROADM
(Reconfigurate OADM) ¢ npumenenuem cetok BostH CWDM u DWDM.

B o00o3HaueHUsAX TpPaHCHOPTHBIX IJIATGOPM BO3MOXKHBI Pa3HOOOpa3HbIE
couetanus cokpamienuii: FSP (Fiber Service Platform) xomnanum ADVA; MSP
(Multiservice Platform) u TSS (Transport Service Switch) komnanuu Alcatel; MOSS
(Managed Optical Services Switch) kommanun Ciena; yxe panee nokasanasie MSTP,
MSSP, MSPP kommnanuu Cisco; OMS (Optical Multiservice) n MHL (Multi Haul
Long) xommanuu Marconi; OSM (Optical Services Multiplexer) u OSP (Optical
Switching Platform) kommanuu Meriton; OMP (Optical Metro Platform), OME
(Optical Multiservice Edge) u VSP (Virtual Service Platform) xommannm NORTEL,;
OTS (Optical Transport System) kommanuu Tellabs, MS-OTN or HUAWEI u T.x1.

JlerampHyro  WHGOpPMANHMIO MO  KaKIOMY  KOMIIOHEHTY  (M3Ieuio)
MYJIBTUCEPBUCHOU TIAT(OPMBI Ka)KJAOT0 HM3BECTHOTO MPOU3BOJUTENSI HEBO3MOMKHO
COCPEIOTOYUTh B  OTPAaHUYEHHOM O00BbEMe yueOHoro mocoous. I[losTomy
PEKOMEH/IyeTCsl TIPU BBIMOJHEHUH MPOEKTa oOpaniaThCs Ha CalThl MPOU3BOAUTENCH
anmapaTtypbl i1 3ampoca HeoOXOoAuMOW UWH(OpMalnMu MO BO3MOXKHOCTSIM H
KOMIUIEKTAllMd TOJIOK TMIaThopM M MX pPacCHIMPEeHUl B 4YacTU HHTEpPEercoB
M0JIb30BaTeNel, TMHEUHBIX UHTEP(DECOB, KOMMYTAILIMH U T.]I.
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[lepcriekTHBHOE  peHICHWE I OpPraHMW3allMM  CETEBOr0  JJIEMEHTa  C
cynepkaHaiamMu Ha ckopoctd ot 100 I'out/c no 1TOut/c mpencrasieHo Ha pwuc.3.7.

Takue BO3MOXHOCTH YK€ YaCTHUYHO 3aJIOKCHBI B ONTHYCCKYIO TPAHCIOPTHYIO
matrgopmy OSN8800 m OSN9I9800 HUAWEL.

KnueHTckoe — KomyTauMoHHas — [luHelHble kapTbi 1 MnGkuit MynsTUNnEKcop KapTbl nogkntoueHus
obopygosaHue maTpuua KapThl CynepkaHanos Flex CDC-ROADM BOJIOKOH
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Puc. 3.7. Tlpumep o01ieii CTpyKTYphI CETEBOTO JIEMEHTA ONTHYECKON TPAHCTIOPTHOU
CETU C OpraHU3aLMeH CyIIEpKaHAJIOB

3.2. Cuctema 0003HaYeHH i ceTeBbIX IJIEMEHTOB TPAHCHOPTHBIX ceTel

[TpuHiunbel 06003HAYEHHS CETEBBIX JIIEMEHTOB TPAHCIIOPTHBIX CETEH M3HAYAIBHO
opn ompeneneasl B [OCT 2.761-84 u 21.406-88. Otu 0003HaUeHHS KacalvCh
BOJIOKOHHBIX CBETOBOJIOB, pa3bEMOB, MOAYJIEH Mepenaund u npuéma, 000opyaoBaHUS
PDH u SDH, HO He onpezensii mpaBmiia 0003HAYEHUST ONITHIECKOTO 000pYI0BaHUS
MYJIbTUIIEKCOPOB OKOHEUHBIX, BBOJIa-BBIBOJA, KPOCCOBOM KommyTaluu u T.4. [lo
ATON mpu4MHE 171 0003HAUYEHUI HOBBIX THUIOB CETEBBIX 3JIEMEHTOB B Y4EOHOM
nocoOuM TMpejyiaraeTcsi HMCHOJIb30BaTh IIMPOKO PACHPOCTPAHEHHYIO CHUMBOJIUKY
MIPOU3BOAMTENICH 3TOM TEXHUKU U HEKOTOpPbIe 0003HaueHus u3 [2, 5, 21].

B cTpykTypax ceTeBBIX 3JIEMEHTOB, 0003HAYaeMbIX HA CXEMax OpraHu3alUuU
CBSI3W, pa3IMYalOT Mojds oOo3HaueHus (yHKUUNA: UHTEp(ECcOB MOJIb30BATENCH
(KJIMEHTOB TPAHCIOPTHOW CceTH); HMHTEP(EHCOB JIMHEHHBIX WJIH arperaTHbIX,
BBIJICJICHUSI U BBOJA; KPOCCOBOM KOMMYTAIlMU; MYJIbTUILNIEKCUPOBAHUS U
nemynbTuILiekcupoanuss WDM u 1.1. Hike nipuBenieH psaa 0003HaueHUM.

Oo6miee 0603HaUYEHNE IPOMEKYTOYHOTO CETEBOTO JIEMEHTA MIPUBEIACHO HA PHC.
3.5a.
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Puc. 3.5. O603Ha4eHNS TIPOMEKYTOTHOTO CETEBOTO JIEMEHTA

Takoe 0003HaUCHHE UMEIOT pEereHepaTOPhl JIMHEHHBIX cUrHaioB (puc. 3.50), rae
1 m 2 oyt 0003HAUEHUS TUTIA U YPOBHS JIMHEHHBIX HHTepdeiicoB (B mpumepe STM-
4), 3 obo3HaYCHHUE pereHepaTopa.

Ha puc. 3.6a mpencraBieHa oOmas cTpykTypa 0003HAUYCHHS TEPMHUHAIHHOTO
CETEeBOI0 3JIeMeHTa (KOHIIEHTPATOpa TMOJIb30BaTEIILCKOT0 TpaduKa, MyIbTHILICKCOpPA
¢ QYHKIMSIMH KPOCCOBON KOMMYTAIIMH ITOJTh30BATCIIbCKUX HHTEPPEHCOB).

Takoe 0003HaUEeHNE MOTYT UMETh Pa3INYHbIEC TEPMUHAIBHBIE MYJIbTHILICKCOPHI.
B mone 1 o6o3HavaroTcs mosib3oBatenbckue uHTepdericel, Hanpumep (6), E1. B mone
2 MoxeT 0003HayaThCsd (GYHKIHS KPOCCOBOM KOMMYTAllMd WJIH KOHIIEHTPAITUU
HArpy3KH, HAlIpUMeEp, 3HAKOM # YKa3bIBACTCS HAa HAIMYHUE KPOCCOBOW KOMMYTAITUH,
KpOM€ TOro, MOTYT MCIOJIb30BaThCsi OYKBEHHO-LIM(PPOBbIE MHACKCH 0003HAYEHUS
kpoccoBoit kommytaruu (TU-12, VC-12, AU-4, VC-4 u t1.n). B mome 3
obo3Havaercst arperatueiii naTepdeiic (S16 — STM-16), B Tom uucie, natepdeiic ¢
BapHaHTOM JInHeHHON 3amuThl (1+1 wmm 1:1).

#
w
a §)

Puc. 3.6. O603HaUeHNE TEPMUHATLHOTO CETEBOTO 3JIEMEHTA

Ha puc. 3.7a npencraBiieHa o01miasi CTpyKTypa 0003HAYEHUSI CETEBOTO DJIEMEHTA
¢ pyHKIUIMHA «BBOI/BRIBO» JIJIST TIOJIB30BATEIIBCKIX KAHAJIOB.

ArperatHbie nHTepdench 0003HavdaroTcss B moisax 1,2. [Ipu 3ToM UX MPUHSATO
paszensaTh Ha 3amagHble M BOCTOYHBIC. B mone 4 ykaspiBaeTcs (pyHKIMS BBOJA-
BBIBOJIa U YpOBeHb 00paboTku curHaioB (Hanpumep s CO SDH : #, AU-4, TU-12,
VC-4, VC-12 u T1.1.). B mome 3 0003HAYaroTCs MOJIB30BATEILCKHE WHTEP(EHCHI,
Hanpumep, E1(0).
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Puc. 3.7. O603Ha4YeHNE MPOMEKYTOTHOTO CETEBOTO PJIEMEHTA C IOCTYTIOM K
KaHaJIaM TI0JIb30BaTEIeU

Ha puc. 3.8a npencraBiena o6miast CTpykTypa 0003HAYEHUSI CETEBOTO DJIEMEHTA
¢ QYHKIMSIMHA KPOCCOBOM KOMMYTAIIUH.

B oT1oit ctpykType mnons 1-4 MoOryr UCHONB30BaThCs I OOO3HAUCHMI
arperaTtHbIX UHTEp(dECcoB, Mojae 5 COAEPKUT 3HAUKU U HUPPOOYKBEHHBIE HWHJIEKCHI
kpoccupyeMbix curnaios (VC-12, VC-4, VC-12-Xv, ODU1, ODU2, ODU3 u T.1.).
Kpome Toro, eciv B y3710BOM CETEBOM 3JIEMEHTE MPEAYCMOTPEHBI BO3MOXHOCTH
JOCTyIa K II0JIb30BaTeIbCKUM KaHajgaMm, Ttorma B moisax (1-4) ykaswiBaroTcs
cootBeTcTBYIOIME nHTepdericel (puc. 3.80 mus CO SDH), (puc.3.88 st CD OTH).

| ¢ ¢

2 S16 OTM16.4
# # -
©f AU-4 |© S S
1N ° |’ @@ veq [p[@ @ ObUk 1= e
4 100BASE-T M
| J !
a 6) B

Puc. 3.8. O603HaUeHME Y3I0BOTO CETEBOTO DJIEMEHTA

Ha Bcex pucyHkax K MOJSIM MOJIb30BAaTE€IbCKUX U arperaTHbIX HHTEpQencoB
MPUCOEANHSIOTCS JTUHUU SJICKTPUUECKUX WM ONTHUYECKUX OKOHYaHUU. OnTHYeCcKue
JUHAA O0003HAYAIOTCSA OKPYKHOCTBIO CO CTPEIOYKOW (IBYMS CTpEOYKaMu),
MEepECEKAEMOM CIUIOIIHOM JimHUEeW. OJHa CTpPEelnodYKa YKa3blBA€T HA JIMHUIO C
OJTHOCTOPOHHEH Iepeaaucii (0HO BOJIOKHO). [IBE CTPEIOYKH, ITOBEPHYTHIC BCTPEUHO,
YKa3bIBAIOT Ha JIByXCTOPOHHIOK IEpeaady MO Pa3HbIM BOJOKHAM. DJIEKTPUUYECKHUE
JUHUUA 0003HAYAIOTCS CIIOIIHOM YepTOH.

O06o03HaueHHs] HEKOTOPBIX HamOOJiee PaCIpPOCTPAHEHHBIX CETEBBIX AJIEMEHTOB
MpUBEACHBI HA pucyHKax 3.9-3.11.
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Puc. 3.9. O603Hauenus ontnyeckux mynabtuiuiekcopa (OM, Optical Multiplex)
u nemynbtuiniekcopa (ODM, Optical De-Multiplex)
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Puc. 3.10. O603HaueHNE ONTHYECKOTO PEKOHPUTYPUPYEMOTO MYIBTUTIIIEKCOPA
«BBona/BeiBoga» (ROADM), COBMEIIEHHOTO ¢ ONTHYECKUMHU YCHITUTEIAMHA

A
A

— l> — —

Puc. 3.11. O6o3nauenus ontuueckux ycunureneit (OA, Optical Amplifier)

BHyTpeHHSIT CTpyKTypa THIOBOTO CETEBOTO DJIEMEHTAa ONTHYECKOW CETH
ROADM mnpencraBnena Ha puc.3.12, xyma Bxomaat omrtuueckue ycunurtenun OA,
KOMIIEHCATOPbI IUCTIEPCUU DCF, BOJIHOBBIE OJIOKHPaTOPhI WB,
MYJIBTIIEKCOPBI/ IEMYTBTIUICKCOPE Ha BOJHOBOAHBIX perieTkax AWG, maTpuilsi
(GOTOHHBIX KpOCCOBBIX KommyTatopoB PXC, Ttpancnonnmepusie Omnoku TPD,
o0opyToBaHHUE MOAACPKKHN KaHaa cirykeOHoi csa3un OSCR Ha BoimHax 1630 HM wim
1510 am u o6opyaoBanue ympasieHuss u Mmoautopuara SCRM, OCM.

Heo0xoauMo oTMETHTh, 4TO B 00O03HaueHHsx kommytraropoB ATM, Ethernet
MOT'YT HCIIOJb30BaThcs 3Hauku aHanorugabie OXC mmu PXC.
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Puc. 3.12. Tlpumep ctpykrypsit ROADM DW4200 NEC-EZAN
(www.ezan.ac.ru/userfiles/file/CatalogTeleEZAN.pdf)

3.3. CTpPYKTYpbI ONTHYECKUX TPAHCIIOPTHBIX CeTel

Ctpyktypbl (MM apXUTEKTYphl) TPAHCIOPTHBIX CETCH HE3aBUCHUMO OT
TEXHOJIOTUH MYJIBTUILIEKCUPOBAHUS U MEPEAAUU MPUHSTO MPEICTABIISTH:

- TIMHEWHbBIC COEJIMHEHUS KTOUKA-TOUKA» U «IUHEUHAS 1ETbY;

- «3Be3J000pa3HbIe»,  OCHAIAEMble  KOHIICHTPHUPYIOIIMMHU  CETEBbIMU
AJIEMEHTaMH U MOJIKJII0YaeMbIMU K HUM T€PMUHAJIAMH,

- KOJIBIIEBBIE COCTMHEHUS 2-X U 4-X BOJIOKOHHBIE KOJIBIIA,

- CMEIIaHHbIE JTUHEHHO-KOJIBIIEBBIE CXEMBI;

- SYEUCTBIC, MPEACTABICHHBIC IMOJHOCTHIO CBSI3HOM CXEMOM Y3JI0B KPOCCOBOM
KoMMyTanuu (Kaxabli ¢ KaxapiM). Hroke npeacTaBieHbl yKa3aHHbIE Pa3HOBHIHOCTH
TOIOJIOTUI TPAHCIIOPTHBIX CETEM.

Cmpykmypa  <mo4yka-mouyka»  COCIUHSIET JIBA  CETEBbIX  DJIEMEHTA,
00pa3oBaHHBIX TEPMHUHAIBHBIMU MYJbTHUIUIEKCOpaMu. Eciu 3T0  coeauHeHue
MPOTSHKCHHOE, TO OHO MOXET BKJIFOYATh MPOMEXKYTOUHBIC pereHepatopsl (puc. 3.13).
OCHOBHOW U pe3epBHBIN arperaTHbIC BBHIXOAbI (POPMUPYIOT CHUCTEMY 3alUTHI THUIIA
141 wm 1:1 (B »sToM ciiydae B pPE3EpPBHOM JIMHUM BO3MOXKECH TPOITYCK
JIOTIOJTHUTEIIEHOM Harpy3ku). [Ipu oTka3ze OCHOBHOTO (DM3MYECKOTO COSJMHEHUS CETh
aBTOMATHYECKH 3a BpeMs He Oonee S50 Mc mepexoauT Ha pe3epBHOE (PU3NUECKOE
coerHeHue. Tomonorus MHUPOKO MCHOIb3YETCd HA MATrUCTPANBbHBIX CETSIX CO
ckopoctsamu 2,5 I'6ut/c, 10 I'out/c u B pexxumax CWDM, DWDM (puc.3.14). Tlpu
ATOM 3allUTHBIE (QYHKIMA MOTYT peaju30BaThCsl Kak MynbTHILIEKcopamu OM
(Optical Multiplex) Tak u cpeacrBamu MmynbTHILIEKCOpOB SDH.
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Puc. 3.13.CoeqnHenne «To4YKa-TouKa»

B cTpykType ¢ ONTHYECKUMH MYJIBTUIUIEKCOPAMH MOXET TPUMEHSATHCS
MIPOMEKYTOUYHOE YCHUJICHHUE M KOPPEKIUS ONTUYSCKUX MHOTOBOJIHOBBIX CHUTHAJIOB.
JIJIst 3TOTO yCTaHABIUBAIOT ONITUYCCKUE YCHIIUTENN, KOTOpbIe 3ameHstoT 2n (N=2...32
u Oosee) pereHepatopoB. [IperMMyIIecTBO 3TOr0 pelieHus] COCTOUT B BO3MOXKHOCTH
HapaluBaHUs €MKOCTH TPAHCIIOPTHOW CETH TMOCTEIIEHHO MO Mepe HEeOOXOAMMOCTH
BBEJICHUEM HOBBIX BOJHOBBIX KaHAJIOB 0€3 M3MEHEHUS POMEKYTOUHBIX YCHUITUTEIICH
U COXpaHEHHWEM  TapaHTHPOBAHHOW  3aUTBI B  CEKIMH  ONTHYECKOTO
MYJIbTUTIEKCHPOBaHUS Mek Ty OM.,
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Puc. 3.14. CtpykTypa «TOYKa-TOYKa» C YUCIOM BOJTHOBBIX KaHAJIOB N

Cmpykmypa «/Iuneiinaa yensv» cCoeUHSIET TEPMUHAIBHBIE CETEBBIC AJIEMEHTHI
U TIPOMEXKYTOYHBIE CETEBBIC DJIEMEHTHI ¢ KaHajgamu jgoctyna (puc. 3.15).

«JIuHeliHas 1emb» MPUMEHSETCS MPU OTPAaHUYCHHON MaIbHOCTH Tepeaaydd u
MaJio HampspKeHHOM TpaduKe, HalpuMep, B TEXHOJOTHYECKON TPAHCIIOPTHOM CETH.
I[Ipu »sTomM (dopMupyercs yacThli JOCTyH K KaHajlaM B IPOMEXYTOUYHBIX
MyJbTUIUIEKCOpax BhiBoAa/BBoja ADM. Cxema He uMeeT JMHEHHON 3alIUTHl U
OTJIMYAETCS IPOCTOTOM TIOCTPOEHUS U OTHOCUTEIBHO HHU3KOM CTOMMOCTBIO B
peanu3anmm.
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Puc. 3.15. Ctpykrypa «JIuneitHas nemnb»
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[Ipu HEOOXOAUMOCTHU BBEACHUS JUHEUHOW 3alIUThl B CTPYKType «JIuHelHas
L[ETIb» BBOJUTCS Pe3epBHAS JIMHUS MEXAY TEPMUHAIBHBIMU MYJbTUILIEKCOpamMu TM
U B 3TOM CITydae TOIOJIOTHS TPeoOpa3yeTcs B INIOCKOe KOJbIlo (puc. 3.16).

Jlns  moBbiieHuss  3PQGEKTUBHOCTH  HUCMONBb30BaHUs — «JIMHEHHOW  1enu»
BO3MOXHO TpuMeHeHue pexknma nepemadun ¢ WDM wu obopymoBanus OADM
(puc.3.17).
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Puc. 3.16. Ctpykrypa «Ilmockoe KOmbIo»

B crpyktype «Onmuueckas nuneitnas yenv» TNPOMEKYTOUYHBIC ONTHYCCKHUC
MYJBTHIUIEKCOPHI BBITOJHAIOT HAa OCHOBE ONTHYECKHX (PHIBTPOB, T.C. IMACCHBHBIX
YCTPOMCTB, HACTPOCHHBIX Ha (PMKCHUPOBAHHBIC BOJIHBI /IS WX BBIJACICHUS M BBOJA.
[Ipu >TOM 4YKCIIO BOJH BBIACIICHHS W BBojaa orpanuucHo (2, 4, 8). B npuBeaeHHOM
npuMepe MysbTHIICKCOphl SDH B cocTaBe ceTeBBIX 3JIEMEHTOB BBITIOJIHSIOT
byHKIMK  TepMuHUpoBaHUSA. OJHAKO BO3MOXHO peali3oBaTh W (QYHKIUU
BbIBOIa/BBoAa ADM (puc.3.18).
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KaHanb! gocryna
Puc. 3.17. Ctpykrypa «Ontryeckasi TMHEWHAS [[EIb»

[InaTpopMeHHBI MPUHIIUI TMOCTPOCHUSI CETEBBIX 3JIEMEHTOB TPAHCIIOPTHOM
CETH TO3BOJISIET PEAIN30BATh CTPYKTYPY THUIIA «3Be3Aa». B 3TOM ciydae TepMUHAIIBI
CETH TMO3BOJISIIOT KOHIEHTPUPOBATh Tpauk 1 BBOJAA B MaruCTpalibHYIO CETh

(puc.3.19).
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Cmpykmypa «36e30a» TaKkXe MOXET ObITh BBINOJHEHA B ONTHUYECKOM CETH C
WDM. Ilpu stom mynbrumiekcopsl SDH ocHamawT «IBETHBIMU» arperaTHHIMH
untepdericamu (puc.3.20).

B cmpykmype «Konbyo» Bce CeTeBbIE 3JIEMEHTHI OJIMHAKOBBIE B arperaTHOMN
4acTH U OOBEIMHEHBl B HEMPEPHIBHYIO 3aMKHYTYIO (PU3HYECKYIO CeTh. Pasznmnuaror
JIBE TOIIOJIOTMM B 3TOH CTPYKType: 2-X BOJIOKOHHOEe Koublo (puc.3.21); 4-x
BOJIOKOHHOE KOJIBIIO (puc. 3.22).
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Puc. 3.18. IIpomexxyTOUHBIN CETEBOM IEMEHT ONTUYECKON CETH
C IOCTYIIOM K ONTHYECKHUM U AJIEKTPUYECKUM KaHaIaM Ha OTJEIbHOI BOJTHE
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Puc. 3.19. Ctpykrypa «3Be3ma»
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Puc. 3.20. Ctpykrypa «3Be31a» B ONTHYECKON CETH

Crpykrypa «KosbLO» OTIMYaETCAd BBICOKOM <GKHBYYECTBIO», pEaN3yeMOU
4yepe3 pa3BUTBhIE CXEMbl 3alMThl. PH3nyecKkas 3alATa y4yacTKa IMEpeladyd MEKIy
Napoy COCEIHUX MYJIBTUILJIEKCOPOB TAPAHTUPOBAHA B TOIOJIOTMHU «4-X BOJOKOHHOE
KOJBIO» Onarojgapsi HCIONb30BAHUIO JBYX OTHENbHBIX KaOENbHBIX JHHUN U
HE3aBUCUMBIX arperaTHbhIX MOPTOB, KOJWYECTBO KOTOPBIX COCTaBIsET 4 B KaXJAOM
MyJbTHIUIEKCOpE. B Tomomorun «2-x BOJOKOHHOE KOJIBLIO» 3aIlMTa pealn3yeTcs 3a
CUeT MCTOJIb30BaHMs BHYTPEHHEH €MKOCTH Tepeaadr B KOJble, T.e. eMKOCcTH STM-

N.
BocTtok ET1 3anap,
S o# |R
3anap VC-12 BocTtok
<=l # | ADM ADM | # |-~
vc-12 vc-12|*
4 ADM 4
BocTtok #
%_ sl vciiz | _@_Jknap,
3anap El BocTtok

}

Puc. 3.21. CtpykTypa «2-X BOJIOKOHHOE KOJIBIIO»

bonee »sddextnBHOE, C€ TOUYKH

npumeneaueM WDM (puc.3.23, 3.24).

3peHus Ha
UCIIOJIb30BaHUE PECYPCOB CTPYKTYpbl «KosbI10» BO3MOXHO B ONTHYECKOW CETH C
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T 3anap,

BocTok E1
A ¢ |
VC-12
1+1 ADM 1+1
3anap, Bocrtok
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#
1+1 (3] vC-12 |35 1+1
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Puc. 3.22. Ctpykrypa «4-X BOJIOKOHHOE KOJIBIIO»

Ha puc. 3.23 npeacrasieH mpuMep COCTUHECHHS CEKIHI MYJIbTHILICKCHPOBAHUS
WDM Turma «Tovka-Touka» B KOJBIIEBYIO TOTIOJOTHIO Yepe3 MyIbTHILIEKCOphl SDH.
[Tpu 5TOM Bce 3amuTHBIE (PYHKIHUK BO3JIOKEHBI Ha MyJdbTHILIEKCOpbl SDH. Pexum
nepegaun WDM o6GecnieunBaeT TOJMbKO 3((PEKTUBHOE HCIIOIB30BAHUE PECYPCOB
CTEKJIOBOJIOKHA.  JTa  CTPYKTypa  OTIMYaeTcss  OOJbIIOW  M30BITOYHOCTBIO
DIIEKTPUYECKOTO W  ONTHUYECKOTO 00OpynoBaHWs (ONTHYECKUX HHTEP(HENCoB,
TpaHcnoHaepoB B OM), CIIO)KHOCTBIO TOCTPOSHHUSI CHCTEM  YIPaBICHUS,
OrpaHUYEHHON MacmTadupyeMocTeio. OT 3TOro psaa npoOieM CYyIIECTBEHHO
n30aBJIeHa TOIMOJIOTHS ONTUYECKOTO Koibla ¢ MmynbTumiekcopamu ROADM. B stoii
tonosioruu  cpeactBamu  ROADM  oGecnieumBarOTCS  JKHBYYECTh, THOKOCTD,
MaclITabMpyeMOCTb M 3KOHOMHUYHOCTb CETH 3@  CYET  HCIOJIb30BaHUSA
MYKCIIOHAEPHBIX OJIOKOB Uil OOBEAMHEHUSI HArPY3KH B OJHOM ONTHYECKOM KaHAJIE
no HampaBieHusM (npumep, A-C) H HCIOJNB30BaHHS TPAHCIOHACPOB IS
BBICOKOCKOpOCTHOM Harpy3ku (npumepsl, A-C, A-JI, A-B) (puc.3.24).

KonblieBbie TpaHCHIOPTHBIE CETH MPUMEHSFOTCSL Ha TOPOJCKUX U BHYTPU30OHOBBIX
cersax. Ha MarucTpanbHbIX CETSAX BBICTpaumBaeTcs cmpykmypa «Hueitka». B sTon
CTPYKTYpE KPYIHBIE CETEBBIE Y3l COCAUHSIOTCS 3alIUIIEHHBIMH MarucTpaIsiMU
TOMOJIOTUU «TOYKa-TOouka». [Ipu 3TOM y31bl CBA3aHbl MO MPUHIMIY KaXIbI C
kaxapM (puc.3.25). [Ipumepbl 0003HAYCHHUI ONTHYESCKUX KOMMYTAaTOPOB MPUBEICHBI
B MIPUJIOKEHUU 1.
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Puc. 3.23. Ctpykrypa «Ontrdeckoe KOIbI0»

Ha puc. 3.25 npencraBnen mpumep 2-X SUEUCTOW CTPYKTYPHI TPAHCTIOPTHOM
CeTH. Y3JIbl ATOW CETH MOTYT OBITh CHHXPOHHBIMH IH(DPOBBIMH KPOCCOBBHIMU
kommyTtaropamu (SDXC) mnm onTudeckuMH KpoccoBbIMU kKommyTatopamu (OXC,
PXC).

HeoOxomuMo OTMETHUTh, YTO KOJBIEBBIE CTPYKTYpPHl TOMICPKUBAIOTCS W
texHojgorusMu ATM u E0T. Cetp Ethernet moxeT moaaepkuBaThCs Yepe3 IPOTOKOI
RPR, ugepe3 cers SDH, uepe3 ontmueckyio cetb WDM, depe3 coOCTBEHHYIO
NpOoTOKOIBHYIO opranu3anuio STP (Spanning Tree Protocol).

YuuteiBast 0OITyI0 TEHICHIIUIO PA3BUTHs ONTHYECKUX CETEH W, MPEXIEC BCETO,
TPAHCTIOPTHBIX CETe B HAMPABICHUHM WCIOJB30BAHUS TOJBKO ONTHYECKUX
KOMITOHEHTOB MOXHO OXHJIaTh IMIUPOKOE HCIOJIb30BAaHUE CXEM JIMHCHHBIX TPAKTOB
0e3 MPOMEKYTOUYHBIX CTAHIMI, HO C AKTUBHOW HAKAYKOW ONTHUYECKUX YCHIIUTENICH
spoueBoro tumna (EDFA) u pamanosckoro tmma (RDFA) (puc.3.26), uto Moxer
MOHU3UTh PACXOJIbl HAa OOCITY)XWBAaHUE OTICIBHBIX MPOMEKYTOYHBIX CTAHIIUN WA
UCKITIOUNTh HMX. B TakuxX CTPYKTypax BO3MOXKHO WCIIOIh30BAaHUE ONTHYECKHUX
BOJTHOBBIX KOHBEPTOPOB, YTO MPU OTPAHUUECHHOM YHCJIC ONITUYECKUX BOJH B KAXKIOM
JUHEHHOM CETMEHTE TII03BOJIICT THOKO BBICTPAWBATh MAapIIPYT ONTHYECKOTO
coequHenus (ontryeckuit kanaix OCh, Ch) [95, 98].
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Puc. 3.24. Ctpykrypa «Ontuyeckoe koibiio» ¢ ROADM B 2-X BOJTOKOHHOM
BAPHUAHTE C ONTUYECKOW PETPAHCISALMEN CUTHATIOB U IPUMEPAMHU COEAUHECHUIN

SDXC SDXC SDXC

(OXCurnmPXC) (OXCunuPXC) (OXCunuPXC)
1 1 l

1 X X X

I SDXC | SDXC I SDXC
(OXCunmPXC) '(OXC unmPXC) (OXC unn PXC)

Puc. 3.25. IIpumep cTpykTyphl siueek nudpoBoit
WJI ONITUYECKOW TPAHCIIOPTHOM CETH

JOdBm Raman pump laser

RUJ*\."[ 3 i Ei{li"t"“ i
5 lrxt span ‘DF ; 2nd n;hmr, i drd span
— 1_11{;_;‘ “o W DMy, WDM! W DM W DM
BERT V3 1dBm Pump laser|__ __ __ _] | I &
WM
1390 nm
m;.. = | Caombine pump source 3I3dBm Pump laser

Puc. 3.26. [IpumMep 3KCIIEpUMEHTATHHOTO YYaCTKa ONTHYECKOW TPAHCTIOPTHOM CETH
C YCHIUTENSIMH YAaJIEHHOW HaKayKu OT Komranuu T8 (Www.t8.ru)
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TP — Ttpancnongep, MUX — DWDM-mynsTumiexkcop, Booster — EDFA

yeunutenb mourHoctH, 1st, 2nd, 3rd span — mnepBeiif, BTOPOil, TPEeTUH MPOJETHI
(yuactku BonmokHa Mexny ROPA) B muanu, EDF —BosnokHO, erupoBanHoe pouemM,
WDM — wMynbTUIZIEKCOp Hakauku, Raman — pacnpeneieHHbld paMaHOBCKUM

YCUJIUTENbh CO BCTpeuHOUM Hakaukoi, Pre-Amp — EDFA npexycunutens, DEMUX
— DWDM-pemynsTumiekcop, Pump Laser — nazep nakauku. BERT — BER-
anamm3arop, DCF — monyns komnencanuu mucrnepcun, 1390/1480 nm Combined
Pump Source — nByxBomHOBOW wmcTOoYHWK Hakauku 1390 + 1480 nm cymmapnoit
morHocThio +33.5 dBm, 1450 nm 30 dBm Raman Pump Laser — nasep ¢ mnuHoM
BoaHbl 1450 nm momHuocthio 1W, uCHONb3yeMbId 11 BCTPEYHOM paMaHOBCKOM
HAKaYKH.

KOHTpOHLHLIe BOIIPOCHI

1. Yrto HA3BIBAIOT CETEBBIM DJIIEMEHTOM?

2. Kaxue BciomMoraTesbHbIE YCTPOHCTBA HEOOXOMUMBI JTsl (DYHKITMOHUPOBAHUS
CETEBOTO DJIEMEHTA?

3. Kakme craHmapTel ONpEeAENSIOT TOCTPOSHUE  almapaTypbl  CETEBBIX
DJIIEMEHTOB?

4. Kakue BUIBI YMAaKOBOK MPEAYCMOTPEHBI I ammaparypbl TPaHCIOPTHBIX

ceTei?

Yem oTimuaroTcs 00pasipl anmapaTtypsl, BEITIOTHEHHBIE B KMUKPO», KMHHI»

¥ YHUBEPCATbHBIX YIAaKOBKaX?

Yto MOKEeT OBITh BKITIOYEHO B TPAHCIIOPTHYIO IIATHOpMYy?

Kakune BapmaHThl 0003HAUYCHHUI UMEIOT TPAHCTIOPTHBIC TIIATHOPMBI?

Yro o01mrero B 0003HAYCHHSIX CETEBBIX JIEMEHTOB?

. Kakue cxemHBIE CTPYKTYpBI IPETyCMOTPEHBI 711 TPAHCTIOPTHBIX CETEH?

10 Kakune 10cTOMHCTBA U HEJJOCTATKH UMEIOT CTPYKTYPBI «TOUKA-TOYKA»?

11.Kakoe Ha3HAYeHHE WMEET CTPYKTypa «IMHEHHas IEenb» B TPAHCIOPTHOMN
ceTu?

12.Kakoe Ha3HAYCHHE MOXKET UMETh CTPYKTYpa «3Be3/1a»?

13.YeM oTIMUAOTCS KOJIBIIEBBIC CTPYKTYPHI TPAHCIIOPTHBIX CETEH?

14.Kakoe Ha3HAUCHUE UMEET «TUEUCTas» CTPYKTypa?

15.Kakue cereBble AIEMEHTHI BXOJAT B CTPYKTYpPY HOJHOCTBIO ONTHYECKOMN
ceTu?

16.Yto wucmonp3yeTrcs B COCTaBE JIMHEWHBIX CETMEHTOB [IJISi YMEHBIICHUS
JTUCTICPCUOHHBIX HCKAKESHHH ?

17.Kakue mpeuMmyIecTBa HWMEIOT CTPYKTYpPhl ONTHYECKUX CETeH, TIe
HCITOIB3YIOTCS YCHITMTENH ¢ YIaaEHHON HaKauKOMH ?

o

© oo~
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4, 3ammTa coeITUHeHU TPAHCTIOPTHBIX ceTel

BaxHeWmmM KayecTBOM  TPAHCIOPTHBIX  ONTHYECKUX CETEH  SIBJISETCS
3alIMIIEHHOCTh  almapaTrypbl, CEKIUHA © TPAKTOB OT HEUCIPABHOCTEN U
MOBPEXIACHUNA. DTO JOCTUraercs: Onarojapsi U30BITOYHOCTH AalllapaTHBIX CPEICTB
(muanyM, wHTep(deWcHbIE MOMYIH, KPOCCOBBIE KOMMYTAaTOpbl H T.JOI.) H
WCMOJIb30BAHUIO CHUCTEM YINPABJICHHUS C MPOTPAMMHBIMHM CPEACTBAMM YIPABIICHUS
(bU3UYECKUMU U JIOTUYECKUMU PECypCamu.

ba3oBple  NpPUHLMIOBI  3alUTBl  TPAHCIOPTHBIX  CETEHM  H3JO0XKEHBI B
pexomengamusax MCD-T G.805, G.808.1, G.841, G.842 m B perOMEHAAIMAX
COOTBETCTBYIOIINX TEXHOJIOTHIA:

- mis ceteit SDH sto G.803, G.783 u np.;

- st cereit ATM sto 1.630, 1.731;

- st cereid OTN/OTH a0 G.798, G.873.1,

- i cereit Ethernet ato G.8031 u G.8032;

- st cetert TP-MPLS ato G.8131.

Hwxe paccMmarpuBaroTcsi BapuaHThl TMOCTPOCHHUS CXeM (HU3UYECKOW W
JIOTUYECKOM 3alIUThl Pa3IUYHbIX YYaCTKOB TPAHCIIOPTHBIX CETEH, COCAUHEHHN H
anmnapaTyphbl.

CoenviHeHHsT TONB30BATENCd B TPAHCIOPTHOW CETH  PA3JIUMYaOTCd  HaA
3alIMIIEHHBIC U HE3aUMIICHHbBIC. 3aIUIIEHHOCTh COEIUHEHUN MOXKET ONPEAETATHCS
(GU3MYECKUM TOCTPOCHHEM ceTH (CTPYKTypod (H3MYECKHX CBsI3e€d CETEBBIX
9JIEMEHTOB, MApPIIPYTaMHU MepPeaadd MUPPOBHIX MUKINICCKUX OJTOKOB) U JIOTHYCCKOU
OpraHu3anuell COeIUHCHHH (BUPTYAIbHBIX KaHAJIOB M BHPTYaJbHBIX TPAKTOB,
00pa30BaHHBIX MMOTOKAMH CITYYAHHBIX STYEEK U KaJPOB).

CoenvHeHHE MOIB30BATENIEN TPAHCHOPTHOM CETH MOXKET MPOXOAUTH YEPE3 psij

YYACTKOB: CEKIMIO MYJIbTHILUICKCHPOBAHHMSI, TOJCETh, TPAKT TPAHCIIOPTHON CETH
(puc. 4.1).

= Cetesoi Cetesoid CeTesoil =
& anemeHT 1 INEMEHT 2 InemMeHT 3 ]
= e
2 L A 2
s TP ] | Kpoccupo- | L TPH= &
= ! | BAHWE I %'// S
= =
= : | =
E L [ | S - E’
S OroHYaHMe OxoHYaHue OxoHYaHue S
= | coeguHeHuA coefuHeHuA coequuenms | =T
Cekyun MS Cexumna MS

I 1 L) 1
| CoepuHerHune nogoeTH SNC |

I Tpaukr I

Puc. 4.1. YdacTku coequHEHHS MT0JIb30BaTENIC B TPAHCTIOPTHOM CEeTH

Mapuipym nepedauu nazvigaemcs mpaKmom, €Clii Ha €ro KOHIAX HaXOISATCs
nBe Toukn okondanuss TP (Termination Point) Tpakra. Hanmpumep, Touka OKOHYAHUS
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TpakTa B cetd SDH BbImonmHsAET (YHKIMKW OKOHYAHUS TpakKTa IS IOJYYCHHUS
BUpTyanbHOro KoHTeiHepa (VC-n/m) ¢ 3aronoBkoM tpakta (POH). Tpakt Moxer
MPOXOJUTh Yepe3 JAPYrue CETEBbIC JICMEHTHI B COCTABE IPYIMX COCIUHEHUN W TpH
TOM KOHTPOJHUPOBATLCS Yepe3 BCTPOCHHBIC (YHKIIMM TaHJACMHBIX COCIMHCHHN
(TCM). B cetu OTN/OTH Touku TepMUHUPOBAHUS TPAKTa OTMEUYAIOTCS 3ar0JIOBKOM
ODUK (ODUKOH), xoTopslii, kak B cetd SDH, M0OXeT KOHTPOIMPOBATHCS TAHIEMHO
1o 6 YpOBHSM.

Coeounenue noocemu SNC (Sub-Network Connection) sBusercss 4acThio
TPaKTa, 3aBEPIIAEMOTO JABYMs TOYKAMU OKOHUYAHHUS COCJMHEHUS, paCCUNTAHHBIMU Ha
(GYHKITMIO KOHTPOJIS COeTUHEHHS. B TOUKe OKOHYAHUS COCAMHECHUS OCYIIECTBIISCTCS
TOJIbKO MOHUTOPUHI CHTHAJOB. Hampumep, 3TH TOYKH peaM3ylOTCS B CETEBBIX
anemenTax ¢ uHTepdeiicamu SDH. Ha coegmnenun moacetm SNC Mexay aByms
TOYKAMHU MOTYT OBITh YCTaHOBJICHBI JIPYTHE CETEBBIC AJIEMEHTHI (pereHepaTopsl,
ONTUYCCKUE YCUIIUTEIH, MYJIbTUTIIICKCOPHI).

Cexyuen myarvmunaexcuposanus MS (Multiplex Section) siBasiercst ygacTok
coequHeHuss (IMHWUK) Mexay aByMms wmyibTuiuiekcopamu (SDH, OTH, ATM,
Ethernet) namgenéHubIil QyHKIIUAMU OKOHYAHUS CEKITMHM MYJIbTHILICKCUpoBaHus MST
(Multiplex Section Termination), ucnonas3yembiMu it oOMeHa curHanamu (STM-
N, ODUk, OCh, OTM-n.m). Ha takoM myTH mepeaadyd MOTYT OBITh YCTaHOBJICHBI
pereHepaTopbl, ONTHYCCKHE YCWIHTEIH, ONTHYCCKHE MYJIBTUIUICKCOPBI |
JAEMYJIbTHILIEKCOPBI M MOTYT ObITh O0Opa30BaHbI CEKIIUU PETCHEPAMA ¥ ONTHYCCKON
nepeavH.

CoenvHeHUsT B TPAHCIOPTHOH CETH TOJPA3JCIIAIOT HAa OJHOCTOPOHHHE W
IBYXCTOpOHHHE. Kpome TOro, IBYXCTOPDOHHHE COEIWHEHHUS, B CBOIO OYepeb,
MOJIPa3ACIIAIOT Ha COCIUHEHHS B OJTHOM MapIIpyTe U B Pa3IMUHBIX Mapiipytax. Bce
BHJIBI COCIMHCHUHN MPEeICTaBIICHBI Ha puc. 4.2 a, 0, B.

[MpuHOKTT OJHOHAMNPABICHHOTO W JBYHANPAaBICHHOIO COCIAWHCHHUS MIUPOKO
NPUMCHSICTCS B JIMHEHHBIX U KOJIBIIEBBIX CETSX.

Ha puc. 4.3a u 4.30 mpencrtaBieHbl MPUMEPHI CXEM OJHOHAMPABICHHOTO H
JIBYHAIIPABJIICHHOTO COCIMHEHUM B KOJIBLIEBOM TPAHCIIOPTHOM CETH.

TpaHcnopTHas
ceTb

S N

A b
CeteBoit CeTeBoM
3/IeMeHT 3/IeMeHT

Puc. 4.2a. IIpumep 0THOHAIIPABICHHOTO COCIHMHCHUS
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INIEMEHT

Tpaduk coepmHeHus
COCpPeAoTOYEH B OAHOM
NNHUU 1 060PYA0BAHMM

TpaHcnopTHas
ceTb

\ CeTEBon
N 3IneMeHT
t

Puc. 4.26. [Ipumep nByHANpaBIEHHOTO COCAMHEHHSI C OOIIEH mepegadeit

L

/ \ CeTeBOW 3NEMEHT

Tpaduk coepuHeHus
pacnpefeseH no pasHbiM
NMHUAM 1 000pPYI0BAHNIO

TpaHcnopTtHas TpaHcnopTHas

CeTb CeTb

CeTeBOM 3NEMEHT

/ b

!

Puc. 4.2B. [Ipumep nByHaANpaBIeHHOTO COCTUHEHUS C pa3leIbHOM mepeaadeii
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Puc. 4.3a. [Ipumep opranuzanuu Puc. 4.36. [Ipumep opranuzanun
COEIMHEHUS B KOJIBLIEBOW CETH COCIMHEHUS B KOJIBIIEBOU CETH
C OJTHOHAIIPABJIEHHOMW Mepenavyen C JBYHAINPABICHHOWN Nepeaadei
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Kak BUAHO W3 pUCYHKOB B KOJBIEBOW CETH MHpH JIOOOM W3 BHJOB Mepenadu
(OHOHATIPABJICHHOW WJIM JIBYHAIPABJICHHOW) CYIIECTBYET MOTCHIIUAIBHBIA pe3epB
COCIMHEHUS, KOTOPBIM MOKET OBITh HCIOJIB30BAH ISl 3alUThl COCAUHEHUS C
nepenayeit Tpaduka.

[IpuBenennbie CcrocoObl OpraHU3alMd COEAMHEHUNW B TPAHCHOPTHBIX CETIX
MIPUMEHUMBI HE TOJBKO JUISl MEPEAaYd WU 3AIIUTHI JIEKTPUUYECKUX CUTHAJIOB, HO U
MOAXOJAT NI ONTUYECKUX KAHAIBHBIX U TPYNIIOBBIX CUTHAJIOB B MHOTOKAHAJIHHOM
CeTU ¢ MyjabTuIIekcupoBanueM BoaH WDM.

4.1. 3ammuTa ceKIuu MyabTHIIeKcupoBanus 1+1 (1:1)

3amuTa cekiuu MyibTUILIekcupoBaHus Buga 1+1 (1:1) oTHocHTCS K 3amuTe
JUHEWHOT0 TpaKTa 3a CUET pe3epBHOro kabens u obopynoBanus. [Ipu 3ToM B 31O
3allUTe PA3TUYAOT JBE BO3MOKHOCTH:

—  (1+1) »10 OmHA pabouas CeKIUsA MYJIbTHILUICKCHUPOBAHHS HEIPEPHIBHO
AyOMpyeTcss OMHON pe3epBHOU cekiuei mynbTuiuiekcupoBanus (puc. 4.4). Ipu
aBapuu paboyeil CEeKIHUU CEIEKTOpP MPUEMHON CTOPOHBI MOJKIIOYUT PE3EPBHYIO
CEKIIUIO;

—  (1:1) »To omHa paboyas CEKIUS MYJIbTHIUICKCHPOBAHHS MOXET OBITh
npoayOMupoBaHa B aBapUWHOM COCTOSSHUM pE3EpPBHOM CEKIMel, KOTopas B
HOPMAJIBHOM PEXHME TEPEHOCHT JIOMOJHUTENIBHBIN (pe3epBHBIN) Tpaduk. ITOT
TpadUK aBTOMAaTHYECKH COpPACBIBAETCSI MOCTOM U CEJIEKTOPOM MpHU aBapuu
paboueii cexnuu (puc. 4.5).

[IpuzHakamMu s BBIMOJHEHUS 3alIUTHOTO TNEPEKIIOYEHUSI B  CEKLHHU
MYJIBTUIUIEKCUPOBAHUSL MOTYT OBITh CIEAYIOUIUE CUTHAIIBI:

—  moteps curaana Ha npueme (LOS, Loss of Signal);

—  moteps mukia (LOF, Loss of Frame);

—  u3GbITOUHBIH K03 umHeHT ommboK 1o 6uram (BER > 10719).

VYpasneHue IpoLeccamu MEPEKIIFOYCHUS c paboueit CEeKLIUU
MYJIBTUIUIEKCUPOBAHUSI HAa PE3EPBHYI0 MPOUCXOAUT B  CIyXeOHbIX OaifTax
(manpumep, B STM-N oGaiiter K1, K2 3aromoBkoB MSOH pesepBHOM CeKIuH, IS
ontryeckux kanaimoB OTN/OTH B ODUK sto Gaiitet APS/PCC).

Teprunan Pabouan CEKLLMA Tepmunan
CERLMH a 4 CEKLMH
Nepegaqa Mpuem
— —~ - " ——
1+1 1+1 “CenexTo
PereHeparopel K
Mpuem Nepepa4a
el et — S —
L~ R
.____-"'
CENEKTaR PelepaHan CEHUWA
| CoRuHA MyNbTHIAEKCHPOBAHHA [
- -

Puc. 4.4. ITpuniun pe3epBupoBaHus cekiuu 1+1
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VYuureiBas, 4YTO nepeaavya JUHEWHBIX CUTHAIOB MOKET NPOUCXOJUTH MO OJHOU
WIA JIByM T[AapaJUIeIbHBIM CUCT€MaM, BO3MOXHBI  Pa3JIM4YHbIE  BapUAHTHI
MEePEKIFOYCHUN

~  CHHXPOHHM3UPOBAHHBIN;
~  HECUHXPOHU3UPOBAHHBIM.

[Ipu nByHampaBieHHOH nepenaye B paboyel CEKIMU MEPEKIIOUeHUE Ha PE3EpPB
MPOU3BOAUTCS B JIBYCTOPOHHEM PEXHUME, T.€. MEPEIATUUK U NMPUEMHUK CHUHXPOHHO
MIEPEKIIIOYAOTCS HA PE3EPB.

[Ipu opHOHampaBlIEeHHOM Tmiepenadye B pabodeil U PE3epBHOM  CEKLMIX
MEPEKITIOUYCHUE HA PE3EPB MPOU3BOJIUTCSA B OJJHOCTOPOHHEM PEXUME, T.€. IPUEMHHK
BBIOMPAET JIYUIIUH 110 KQYeCTBY CUTHAI. DTO MOXKET MPUBECTHU K CUTYAIIMH, KOT/1a 110
paboueil CeKIMU MPOUCXOAUT Iepeaadya TOIbKO B OJJHOM HANpaBJICHUHU, HANpUMED,
cieBa HampaBo (o puc. 4.4), a mepemada B JPYroM HAaIPaBJICHUU BEISTCS B
PE3E€PBHOM CEKITUU.

3amuTa CEKUUM MYJIbTUILNIEKCUPOBAHUS  MOXET pEaJu30BBIBATHCA B
obpaTuMOM M HeoOpaTUMOM pexuMax. OOpaTUMBIM peXUM NPEAYCMOTPEH C
BO3BpAaTOM C PE3E€pPBHON CEKIIMU HA Pab0UYyI0 CEKIHIO, KaK TOJIbKO HA ATOU CEKLIHU
BOCCTAaHABIIMBAETCS COOTBETCTBYIOIIEE KAa4eCTBO MEpeNayd, U ITO COCTOSHUE
COXpaHSIETCSI B TEYEHHUE OMNPEACICHHOr0 IME€pPUoJia BPEMEHH, HAa3bIBAEMOTO
«OXKUJIAHUE TIEPE]T BOCCTAHOBICHUEMD.
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Puc. 4.5. PezepBupoBaHue ceKIuu MyibTUILIeKcupoBanus 1:1

HeoOpatumeblii pexxuMm mOpenycMOTpeH ©0e3 aBTOMaTHYECKOro BO3BpaTa Ha
pabouyro CEeKIHIO, OJHAKO STOT BO3BpaT BO3MOXEH IPU CHUKEHHHM KaudecTBa
mepenadyn B PE3EPBHOM CEKIIMM HIDKE KadecTBa pabodeit cexumu. Kpome ToroO,
peIyCMaTpUBAETCS TMPUHYIUTENbHOE (PyYHOE) TMEpPEeKIIOUYCHHE Ha PE3CPBHYIO
CEKLIMIO U 00paTHO Ha pabouylo.

[lpu 3amuTe cekmuu onTHueckoro wmynsTuiuiekcupoBanuss WDM  OMS
npeaycMaTpuBaeTcs IeJIeHHe MOIIHOCTH MHOrokaHansHoro curtana \WWDM nononam
C MOCJEAYIONIeH nepenayeil B pa3auyHbIX BOJIOKHAX Pa3lIMYHbIX KaOEIbHBIX JTUHUN

(puc.4.6.).
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Ha npueMHON CTOpOHE ONTHYECKUH KOMMYTATOp, YIHPABISEMBIM MOPOTOBBIM
YCTPOMCTBOM KOHTPOJISI ONITHYECKOW MOITHOCTH, FapaHTUPOBAaHHO ObICTpo (HE Ooee
gyem 3a 50 MC) MOKET U3MEHUTH HAIIPABJICHUE MTPHEMa ONITHYECKOTO CHTHAIA.

[ToMrMO ONTHYECKOTO 3AIMUTHOTO TepekatoueHus B ontudeckod cetn OTN
BO3MOXKHA peanu3alusi CXEMbl 3alIUTHOIO MEPEKIIOYEHUSI C MCIOJIb30BAHUEM OalT
ynpasieaust APS (Automatic Protection Switch) B 3aroinoske ODUK [3].

PabouJasa nuHuS CenekTop OnTUYECKOra
A WDM curnana A
1

[ P
TPD (MxPD) |— —I| TPD (MxPD)

M|
onx L _< 141 " oux [

PeaepBHaH NNMHWA
] e a2 —
o P e P

HenuTent onTUYECKaro
WDM curHana

OnTuueckan CekyuAa MynbTUANEKCUpOBaHNA

Puc. 4.6. 3amura ceknuu onTUIeCKOro MynbTuiuiekcupoBanus OMS

OnTudeckuii pa3BETBHTENb-KOMMYTAaTOp KaHambHOTO curHama OB-S gemwut
CUTHAN, Tmpuxomsmuii oT TpadcnoHmepa MS-DI100EQ wMexay OTAeTbHBIMU
KaHaJIaM{, OPTaHU3yEeMBIMH TI0 Pa3HBIM MapIIpyTaM U ONTHYCCKUE MYJIbTUTIIICKCOPHI
u nemynbtuiiekcopbl (OADM) n oGecnieunBaeT BBIOOp JTYUIIIET0 CUTHAIA HA TIPUEME
(puc.4.7).

4250 km yepes Camapy

J: EDFA, (m EDFA ’
L ‘EDFA (0) ‘ EDFA =

1X 100G 100G RX

N T
Rx EDFA @ EDFA Tx
¥ = O
MockBa HoBocubupck

‘Enm (D) < _F

3400 KM yepe3 EKaTepuHOypr

Puc. 4.7. Ilpumep cxeMbl 3alIyTHl KaHajla B ONTHYECKOM CEeKITUU
MYJIbTUIUIEKCHpOBaHUs Ha o0opynoBanuu BOJII'A T8 (www.t8.ru)

[IpoTokomn 3anuTHOTO TIepekatoueHus APS ypoBHS 0JI0ka TaHHBIX ONITHYECKOTO
kanajga ODUK peanusyercs uepes yeThipe Oaiita 3aroioBka ODUK [3].
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4.2. 33]_HI/IT3 CEKIIMU MYJbTHIVICKCUPOBAaHUSA B KOHbHeBOﬁ CeTHn

KonblieBass TpancopTHasi ceTh MOXKET UMETh PsAJl BApUAHTOB MO OpraHU3aLUU
3alUThl  Tpaduka TOJIb30BaTelied B OJHOHAMPABIEHHOM U JBYHAIPABICHHOM
KoJnbplax. [Ipu 3TOM pa3nuyaroT 3alUTy CEKUUNA MYIbTUILNIEKCUPOBAHUS U 3aLIUTY
COCMHCHMI TMojceTH (3allUTy OTACIBHBIX TPaKTOB). B mpemraracmMoMm paszeie
paccMaTpHWBAeTCsl 3alldTa CEKIUU MYJIbTHIUICKCUpOBaHus, oOo3Hadaemas MS-
SPRing (Multiplex Section Shared Protected Rings). I[Tpu Takoii 3ammure He3aBUCHMO
OT OpraHu3anuy KoJiblia (OHO WJIM JIBYHAIIPABICHHOE) BCE TPAKTHI MEPEKITIOYAIOTCS
Ha pe3epBHBIE PECYPChl OJJHOBPEMEHHO.

[Tpumep MOCTpOCHUS CXEMBI OJHOHAMPABICHHOTO KOJbIIAa HAa 2-X BOJOKHAX H
(YHKITMOHUPOBAHUE 3aIlUTHI TpeACTaBlIeH Ha puc. 4.8a,0, rie HaXOAATCSA IIATH
cereBbix ateMeHToB (A, b, B, I', /) SDH (MynbTHIiekcopsl BbIICICHUS/BBOA),
gyepe3 KOTOPhIe OPTaHW30BAHO COCIMHECHHE, HAPUMED, TPAKT HU3KOTO mopsiaka VC-
12. DTOT TpaKT 3aKaHYMBACTCSI B CETEBBIX dyleMeHTax A m B, HO mpoxomut
TpaH3UTOM Ojarojiaps BHYTPEHHEW KpOCCOBOM KOMMYTAllUM Yepe3 CETEBbIC
anemenTsl b, I', /1.
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Puc. 4.8a. OqHOHAMpaBIEeHHOE KOJIBIIO C 3aTUTON ceKuu MS
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S|R n T S|R

N B i

loBpexpeHne
cekuun MS

| CoxpaHeHHbIV npy noBpexaeHun TpakT A-B |

Puc. 4.86. OnHOHAIIpaBICHHOE KOJBIIO C 3amuTON cekiuu MS mpu
MOBPEKICHUN JTHHUT
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AHaJOTMYHO MOYKHO OPTaHU30BaTh COECIMHEHHE MEXKY JIF0OON mapoi CeTeBBIX
aJeMEeHTOB. [Ipy 3TOM MEXTy COCETHHMH CETeBBIMU DJIEMEHTAMH OPTaHU30BaHA 2-X
BosiokoHHas mepenada STM-N mexny toukamm S u R, (S, sender — mepemaua, R,
receive — mpuem). Takum o00pa3oM, CO3IaHO JBa HampaBicHHS (JBa KOJIbIlA)
nepesayd He3aBUCHUMBIC Jpyr oT jApyra (BHYTpeHHee W BHEIIHee Kojiblla). Bce
paboune COeNMHEHUsI TPAHCIOPTHOM CEeTM B HHTEpecax IMOJb30BaTesei
OpraHM3YyIOTCS BO BHEUIHEM KOJblle. BHyTpeHHee KOJbIIO HA BCEX CEKIMIX
MYJIbTUIUIEKCUPOBAHUSI OCTAETCsl CBOOOJHBIM OT Tpaduka M paccMaTpUBaeTCsl Kak
pe3epB IS 3alIUThl JIIOOOW CEKIMU MYJbTUIUIEKCUpoBaHus. [lpumep 3amuTHOMN
pekoHUTypaluu B KoNblle TIoka3aH Ha puc. 4.80. [loBpexneHHas CeKIus
MynbTUIIEKcHupoBanus MS Mexy cereBbimu dnemerTamu J| u I' o6xoauTcs 3a cuer
M3MEHEHUsI KOH(UTypaluu mneperadyd U3 BHEIIHEro KOJIbI[a Ha BHYTPEHHEE U TEM
caMbIM coxpaHeHus Tpakta A-B B pabodem COCTOSHUM, KaK U M JAPYrUX
BO3MOXKHBIX TPAaKTOB MEXAY JIFOOO Mapod CETEBBIX AJEMEHTOB. Takue (PyHKIHUU
nepexiodeHus peanusytorcs Ha ypoBHe VC-12 u VC-4. [Ipu GosbIIIoM KOJIWYECTBE
VC-12 u VC-4, nampumep, B STM-64, peanu3oBaTh 3TH (PYHKIIUH OJHOBPEMEHHO
MPEACTABISAET CIOXKHOCTh B MOCTPOEHUU OOOPYJAOBaHMS M MPOTpaMM YIIPABIICHHUSI.
ITo »TOM nmpuYrHE MOA00HBIE 3aUTH CeKIMU MS pekOMeHT0BaHBI I KOJICI] MaIOH
€MKOCTH, T.€. 00bI4HO He BbITIie STM-4.

JIns KoNbIeBBIX ceTed cpemneld emkoctu (Hampumep, STM-16) Moxker OBITH
MpUMEHEHA 3allliTa B JBYHAMPABICHHOM KOJIbIIE TIPH paboTe KaXJAOW CEKIUU B 2-
BOJIOKOHHOM pekume (puc.4.9a, 0).

Kaxnas cekmust MS comepkuT 1Ba BOJIOKHA, B KaKJIOM M3 KOTOPBIX BEAETCS
nepenada STM-N. Ipu Takoif opranuzamnuu nepenadyn HeoOX0IUMO UMETh TTOJIOBHHY
emkoctt STM-N cBOOOIHON OT coegWHEHHWH IOJb30BaTele. DTa CBOOOIHAS
E€MKOCTb OyJIET MCITOJIb30BaThCsI B KauecTBe 3amuTHOU (puc. 4.90).

[locne ycTpaHeHus NOBPEXKACHUS B KOJIbIIE MPOUCXOJUT BOCCTAHOBIICHHE
pabouero coctosiaus. HopmaTus Bpemenu Ha 3amuty coctaBiseT 50 Mc. OgHako mpu
OOJIBIIIOM YHUCJIE CETEBBIX 3JIEMEHTOB BBIIIOJIHEHUE 3TOrO HOPMATHUBA MOKET OBbITh
3aTPYJHEHO  JJIMTENIbHBIM  MpoleccoM  oOMeHa  uHpopMaluend  Mexay

B3aMMO/ICHCTBYIOMMMH MYJIbTUIUIEKCOpaMu mocpeacTBoM 6aiT K1, K2 B 3aromoBkax
MSOH.

-~ ~BEA ] STM-N
S R
F ?
RIS e 3 * RIS
°—‘—\ A Cexkuusa MS B /—-<—°
S TRl -2 10 I~ r -] I8

e T s i
R—= S - RfF—= S
| TpakT A-B |

N

Puc. 4.9a. JIByHanpaBiieHHOE KOJBIIO € 3alIUTON cekiuu MS
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Puc. 4.96. JIBynanpaBieHHOE KOJIBIIO ¢ 3amuTON cekimu MS npu moBpexaeHnn

JIJIsT KOJIBIIEBOM TPAHCIIOPTHOW CETH OOJBIION eMKOoCcTH, Hampumep, STM-64,
MOXET HCIMOJIb30BaThCs 4-X BOJOKOHHOE KOJIBIIO C JIBYHANPABJICHHOW Mepenayeit u
3alUTON CEKIMU MYJIbTUILIEKCUPOBaHUS. B 3TOM cilyyae Bce COCEIHHE CETEBbIE
DJIEMEHTHl B KOJBIE JOJDKHBI COCOUHSATHCS JIBYMS KaOCIbHBIMUA JIUHUSMH C
WCIIOJIb30BAaHUEM JIBYX Tap BOJOKOH B KaXJOW. AmmapaTypa CETEBBIX 3JIEMEHTOB
J0JDKHA OCHAIIATHCS YEThIPhMS arperaTHbIMu uHTepdeiicamu (puc. 4.10a)

S R Pa6ouas
i ? ceKkumus MS
_——5|  [§]
R S b
e3epBHas
RISIRTS b CEKHEHMS RISIR]S
—] 4-X BONOKOHHasn |———e
> A cexuyna MS B /—-»—4
SIRTSIR i r SIRISIR
N Ff ®
R S| R S|
S R S R Tpakt A-B
R N R N B paboueit
R S R 5 cekuun MS
| TpakT A-B |

Puc.4.10a. 4-X BOJIOKOHHOE KOJIBLIO C 3aiuToi cexnuu MS

B 4-x BOJOKOHHOM KOJbBIE KaXKJash CEKIHs MyJbTUIUIEKCHpoBaHUuS MS mexmy
COCEIHUMH CETEBBIMU 3JIEMEHTAMU MOKET OBITh HMCIOJIb30BaHA IOJIHOCTBIO JUJIS

coenuHeHui. [Ipu 3TOM pe3epBHasl CEKIUsl, OpraHU30BaHHAas MO JIPYTHMM BOJOKHAM,
MOJIHOCTHIO CBOOOJIHA OT COEAMHEHUM HA BCEX yyacTKax Kojwla. [Ipu moBpexaeHun
moboit cekmu MS B KoJbIle JOHKHO MPOHM3OUTH TMEPEKII0UEHHUE Ha PE3EpPBHYIO
CEKITUIO BCeX coeimHeHui cetr. [Ipu 3ToM Bce TpakThl coxpanstotes (puc. 4.100)
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Purc.4.106. 4-X BOJTOKOHHOE KOJBIIO ¢ 3amuTON cekimun MS mpu moBpexaeHnn

[lepexmouenue nmporucxoaut depe3 pyakuu MSP cocemHnX MyTbTUTIIIEKCOPOB.
Ot yHkum mommepxkuBatorcs oomMeHom Oartamu K1, K2 3aromoBkoB MSOH
pesepBHOl cexkniuu MS. UeThIpeXBOJOKOHHBIE KOJIBIIEBBIC CETH COXPAHSAT CBOIO
paboOTOCIIOCOOHOCT, W MPH  JBOMHOM TIOBPEXKICHHH JIFOOOM W3  CEeKIui

mynbTUILIeKcupoBanus MS (puc. 4.10B).
Pa6ouas
; E ii? cekuua MS

o|n][=]n
RNEIRE

e

P
RISIRIS B conuna MS RISIRIS

:\ Y A|A B A ﬁ:
SIRISIR i} r SIRISIR
& X
D) B (<

Pa6ouasn
cekuna MS

EIREIR
RNEIRE
EIREIE

RNEIRE

NoBpexxaeHue pabouyeit
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Puc. 4.10B. 4-X BOJIOKOHHOE KOJIBIIO C 3alTUTOM cekiuu MS mpu qBoiitHOM
MTOBPEXKACHUN

4.3. 3amuTa coeiMHeHNs TPAKTA

3amnmra COeJMHCHUH TpaKTa TPAHCTIOPTHOM CETH MOYKET OBITh pacCMOTpPEHA IS
JIMHEMHOMN U KOJBLEBON TONMONOTHi. P YHKIMHA 3aIUATHI TPAKTOB BEICOKOTO U HU3KOTO
YPOBHEH TOICP)KUBAIOTCS OKOHEYHBIMU (TEPMUHAIBHBIMU) U MPOMEKYTOYHBIMH
MyJabTUILIEKCOpamMu. Kpome Toro, moaaepxkka QYHKIHI 3alUTHl IPOrPaMMHUPYETCS
B MaTpullax KOMMYTallM¥, a MPOMEXYTOUYHBI KOHTPOJIb KayecTBa TPAKTOB
BBITIOJIHSIETCSA OJIoKaMy (PYHKIIMH TaHIEMHOTO KOHTpOJIs. TpakT, OopraHu30BaHHBIN B
CJIOKHOM Pa3BETBIICHHON CETH pa30MBaeTCs Ha y4acTKU (MOJACETH), I/I€ MOXKET OBITh

peamm3oBana 3ammta coeaunenus SNC/P (Sub Network Connection Protection).
Pazmuuarot moasuasl SNC/P:
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SNC/I, Sub Network Connection Protection with Inherent Monitoring -
pe3epBUpOBaHUE/3aMTa HA YPOBHE COEJUHEHMS] TOJICeTe ¢ BHYTPEHHUM
MOHUTOPHUHIOM;

SNC/N, Non-intrusively Monitored Sub-Network Connection protection -
pe3epBUpOBaHUE/3aIMTa HA YPOBHE COEAMHEHHUS TMOjceTed 0e3 BHYTPEHHErO
MOHUTOPHHTA.

3amura SNC/P npoBogutcst o cxeme 1+1, T.e. Ha pabounii TPAKT TOJKEH OBITH
mpeaycMOTpeH cBoOoaHbINM pe3epBHbIH. 3arura SNC/P Bo3MOKHA M B CMEIIAHHBIX
ceTsX (KOJIBIEBBIX M JIMHEHWHBIX). [Ipy 3TOM COCTUHEHHS MOTYT BBITOJHATHCS OJTHO-
W JIByHanpaBji€HHbIMU. [IprMep MOCTPOECHUS OJHOHAIMPABICHHOTO COEIUHEHHUS B
KOJIbIIEBOM ceTu mpuBeneH Ha puc. 4.1la. 3amuTHOE MEpeKIOYEHUE B ATOU CETH
nokazano Ha puc. 4.116. Ilpu »>TOM TNEpPEeKIIOYEHUU COCAUHEHUE U3
OJIHOHAIPABJICHHOTO MTpeoOpa3yeTcs B JBYHANpPaBiIeHHOE. BpeMst mepextoueHust st
3aIUTHl COSAMHEHUS HOPMUPOBaHO BenmuuuHOW 30MC, 9TO mpu €ro coOIoaeHUN
COXpaHseT TpauK 3TOro COCTUHEHUsI, HApUMep, Teae()OHHbIE KaHAbI.

Pabouuit
/> > TpaKkT
2 b Pe3epBH;|7|\ k
- TpaKT >—
A B
0-4—\ Pe3sepBHbiii e
< Pabounit

. TpaKT
| 3alLMLLEeHHbIN TPAKT B paboyem pexume |

Puc. 4.11a. OgHoHanpaBiIE€HHOE KOJBIO C 3aIIUIIEHHBIM TPAKTOM

Pa6ounit
/r wam
/‘ Pe3epBHbIl71\
> TpaKT aKTMBMPOBaH k-)—o
A npu 3awute B

> o

h \ il r
3aLIJ,VITHOe\‘\ Y {/
nepekayeHune -
(30 mc)

MoBpexpaeHue cekymm MS
Cc paboymm TpakTom A-B

| 3alWMWEHHBIN TPAKT B PEXUME 3aLLUTbI |

Puc. 4.116. OnHOHaNpaBIeHHOE KOJIBIIO € 3alIUIIIEHHBIM TPAKTOM
MIPU TOBPEXKACHUU CEKITUU MYIbTUILIIEKCUPOBAHUS
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CrnoxxHble CMENIaHHBIC JIMHEWHBIE M KOJIBIICBBIC TPAHCIOPTHHIE CETH UMEIOT
pa3BuThIii MexaHu3M 3auThl SNC/P. DTOT MeXaHU3M pealu3yeTcs 4epe3 KPOCCOBBIC
KOMMYTATOpPhI, Yepe3 JBOWHBIE TMEPEeCeUeHUs TPAHCTIOPTHBIX KOJel W T.A. [pakThl,
cocrosmue u3 nemnodek coequaeHnii SNC m0DKHBI UMETh B TaKUX CETAX HAJICKHYIO
samuTy. Ha puc. 4.12a npusenen npumep opranusanuu coeaunenns tuna SNC/P B
TBOMHON KOJbIleBoM ceTu. Ha puc. 4.126 u 4.12B moka3zaHbl MPUMEPHI 3aIUTHBIX
kommyTtanuii SNC/P Ha oTHeIbHBIX YJacTKaX COCIMHEHUS TPAKTa.
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{1 1

Cenektop Patoumii PeszepeHelii
1 Tpakra TpaHT TPaKT

Puc. 4.12a. CtpykTypa 3aliinaeMoro TpakTa B JIBYX B3aUMOICHCTBYIOIIHX
koubleBbIX mojaceTsx (SNC/P) B paboueMm pexxnme

[locTaBmivky ceTeBoro OOOpPYAOBAaHUS ISl TPAHCIOPTHBIX CETEH UCMONB3YIOT
Pa3IMYHbIC CHUCTEMBI 0003HaYECHUN MECXaHU3MOB OopraHu3anu 3allMIUTHBIX
MEePEKITFOYCHUMN.
B EBporne npunato 0603HayaTh:

— 2F-MS-SPRing, 2 Fiber Multiplex Section Shared Protected Rings — 2-x
BOJIOKOHHAs CCKIUA MYJIbTUIINICKCUPOBAHUA C IPUMCHCHHUECM 3alllUTHI KOJICI,

— 4F-MS-SPRing, 4 Fiber Multiplex Section Shared Protected Rings - 4-x
BOJIOKOHHAs CCKIUA MYJIbTUIINICKCUPOBAHUA C IPUMCHCHHUECM 3alllUTHI KOJICI,

— 2F-SNC/P, 2 Fiber-Sub-Network Connection Protection Ring — 2-x BOJI0OKOHHOE
COC€ANHCHUC T10ACETHU C SaIHHTOfI B KOJbIIC.
B CeepHoii AMeprke U HEKOTOPBIX APYTUX CTpaHaX MPUHATO 0003HAYATH:

— 2F BLSR, 2 Fiber Bi-directional Line-Switched Ring - 2-x BosokoHHOE

ABYHAIIPAaBJICHHOC KOJIbIIO C 3allIMTHBIM IICPCKIIOYCHUCM JIMHEHHBIX CCIMCHTOB;
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Puc. 4.126. CtpykTypa 3aunaeMoro TpakTa B IBYX B3aUMOACHCTBYIOIIIX
koubiieBbIX ojceTsax (SNC/P) B pexxume MOBPEXKICHHUS TPAKTa B IEPBOM KOJIBIIC

— 4F BLSR, 4 Fiber Bi-directional Line-Switched Ring - 4-x BosokoHHOE
ABYHAITPABJICHHOC KOJIbIO C 3allIMTHBIM ITCPCKITOUYCHNUEM JIMHENHBIX CEIMCHTOB,

— 2F UPSR, 2 Fiber Unidirectional Path-Switched ring — 2-x BookoHHOE
OJHOHAIIPAaBJICHHOC KOJIBIO C IICPCKIIOYCHHUCM TPAKTaA.
OT1u 0003HAYCHUS B CBOEM MOPSAJIKE MEPEUUCITICHUSI COOTBETCTBYIOT:
2F-MS-SPRing u  2F BLSR,;
4F-MS-SPRing u  4F BLSR;
2F-SNCP  u 2F UPSR.
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Puc. 4.128. CTpykTypa 3aIuiiaeMoro TpakTa B IBYX B3aMOJICHCTBYIOIINX
koublieBbIX mojaceTsx (SNC) B pexume MOBPEKICHUS TPAKTa MEXKTY MOJICETSIMH

4.4, 3amMTHBIE NePeKJI0YeHHUsI B CeTH ¢ MHOTOKaHaJIbHOM nepeaadeii WDM

OyHKIUM  3alIUTHBIX TEPEKIIOUYCHUH ONTHYSCKHX KaHAJOB B CETH C
MHOTOKaHaJIbHOW Tiepefadeil BoznaraioTcs Ha (OTOHHBIE KOMMYTATOPBI. OTH
KOMMYTaTOpbl UMEIOT pa3jIMYHble KOHCTPYKIIMM W XapaKTCPUCTHUKH, B YaCTHOCTH,
9TO BaXHO I TMEPEKIIOYCHUs, ObIcTpojaeiicTBue. IlpuMeHeHne yKa3aHHBIX
KOMMYTaTOPOB B TPAHCIOPTHBIX CETSX ONPEACIISICTCS ATAlOM Pa3BUTHSI ITOCIICTHUX.
3amuTa COCIMHEHUI HA YPOBHSIX TPAKTOB, CEKIMA W KaHAJIOB B KOJIBIICBBIX H
SYCUCTBIX ONTHYECKHX CETIX BO3MOXHO TOJIBKO C Pa3BUTBIM CEPBUCHBIM
yIpaBICHUEM 110 OTACIbHBIM KaHalaM. OTO OOYCIIOBICHO HEOOXOIMMOCTHIO
MapIIpyTU3aUuu pad0vHMX U 3aIMUTHBIX ONTHYCCKUX COCAUHEHUH, TPeoOpa3oBaHUEM
BOJIJH B y3JlaXx W HX JUHAMUYECCKUM VIpaBlIeHUEM. B oNTHUECKHX CceTAX ¢
KOMMYyTalpeld BOJH M IaKeTOB Ha BOJHAX JWHAMHYCCKAs 3alluTa SIBJISCTCS
HENPEMEHHBIM YCJIIOBHEM peain3anuu. JlJis peanu3anuu JUHAMHUYECKOW 3aluThl Ha
YPOBHE COCTMHCHHI KAHAJIOB U TPAKTOB ONTHYCCKOW CETH HEOOXOAMMO MPUMCHEHHE
OBICTPOJICHCTBYIONIMX KOMMYTAaTOPOB M 4acTOTHBIX cenekTopoB WSS (Wavelength
Selective Switch). Takoit WSS oOecrieunBacT KOMMYTAITUIO BOJTHOBBIX KaHAJIOB ITO
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HaNpaBJIeHUSAM (MapIIpyTam), OICPKUBACT BBIJICIICHUE M BBOJI BOJTHOBBIX KaHAJIOB,
peryimpyeTr ypoBeHb MOIIIHOCTH Kak1oro kaHana (puc. 4.13).

Hcnonw3oBanue rpymn WSS COBMECTHO ¢ ONTHYESCKHUMH MYJIBTUIICKCOPAMHU |
JIEMYJIbTHILICKCOPAMHU ITO3BOJISIET CTPOUTH Y3JIbI BBIJCIICHUS /BBOJA C 3al[UTOU
BOJIHOBBIX KaHAJIOB, TPYII BOJHOBBIX KaHAJIOB (ONTHYECKHX MOJYJICH), MapIIpyTOB
(TpaKTOB) M CEKIMU MYJIbTUIUICKCHPOBAHUS U Tiepeaadn. [IpuMep mocTpoeHUs CeTH ¢
nepekitoueHueM BoiH B WSS u #Wcmonb30BaHUEM 3TONH KOMMYTAIMK JUIS 3alTUTHI
COCIMHEHUH OTAEIbHBIX BOJHAX MPUBENICH Ha puc. 4.14.

Jlns o0o3HAYCHUs 3aAIMTHBIX (PYHKIMA B ONTHYCCKHX CETAX KOJBIICBOTO THIIA
UCIIOIB3YIOTCSl 0003HAYEHUS C MPUCTABKOU «O»:

O-ULSR wm OMS-DPRing (1+1) - (1:2);

O-BLSR wmm OMS-SPRing (1:N) — (M:N);

O-UPSR wm OCh-DPRing (1+1) - (1:2);

O-BPSR mwmu OCh-SPRing(1:N) — (M:N).

byksennsie nanekce D u S 0603Ha4atoT!

D — dedicated fiber line mau Wavelength, T.e. mepekiroueHre Ha Ha3HAYCHHOE
pe3epBHOE BOJIOKHO MJIM ONTHYECKYI0 BOJIHY (BosHOBOM Kanain OCh);

S — shared fiber link wim Wavelength, t.e. mepekiroueHre Ha onpeaeIcHHYIO
BOJIOKOHHYO JIMHHIO WK BOJIHY (onTrueckuid kanain OCh).

Ynpaenaembie
NPOCTPAHCTBEHHbIE
MUKpO3epKana
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— ]
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MOWHOCTRHD
B KaHanax

1 2 3 N [lpynnoeoi nopt

BeixogHbie NOPTH BONHOBBIX KAHANOE
C AMHAMWUYECKUM YyNpasneHuem

Puc. 4.13. Ilpumep oO0I11eTO TOCTPOSHUST AMHAMUYIECKU YIIPABISIEMOTO
JaCTOTHOTO celekTopa-kommyTtaTtopa WSS

Jlpyrue TmpuMepbl KOJBIEBBIX W JIMHEWHBIX KOH(MUTYpallMii ONTHUYECKHX CETEH,
COCIMHCHHUI W BapUAHTOB WX 3aIUTHI MOJAPOOHO paccMorpensl B [3, 15]. Tlpumepsl
MOCTPOCHUS y3JIOB BBIJCJICHHSI/BBOJA M 3alIUTHOW KOMMYyTanud Ha ocHoBe WSS
ob6opynosanust BOJII'A T8 mpuseaeHs! B kaTanore WWW.1t8.ru.
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4.5. 3amuTHbBIE MepeKJIIYeHusi B TpaHcnopTHBIX ceTsaix ATM u Ethernet

Bo3moxkHocTu  3ammTHOro nmepekiodeHus Ha ypoBHe ATM  cormacHo
Pexomennmaniuu MCD-T 1.630 moryt ObITh oOecriedeHbl Ha YPOBHE BUPTYATbHBIX
nyteit VP wnu Buptyansabix kaHanos VC.

OmnpeneneHsl MATh pa3nudHbIX cxem 3anuThl VP u VC:

1) 1+1/1:1 3ammra TpaKTa;

2) 1+1/1:1 3ammra coequnenns SNC/S (1+1/1:1 sublayer monitored subnetwork
connection protection) ¢ BHyTpeHHUM MOHHTOPHHI'OM COCIMHEHUS TIOJICCTH;

3) 1+1 3amura coenuaenns SNC/N (1+1 non-intrusive monitored individual
VP/VC subnetwork connection protection - Toipk0 0JHOHAIpaBIIeHHAs) O3
BHYTPEHHETO MOHUTOPHUHTA;

4) 1+1/1:1 rpynmnoBas 3amura Tpakta/T;

5) 1+1/1:1 rpynnosas 3amuta coequneruss SNC/T (1+1/1:1 test trail monitored
subnetwork connection protection) ¢ TecTupyeMbIM MOHHTOPHHIOM TPaKTa.

Bce aTr BuBI 3amUTH 00€CTIEUNBAIOTCS TIOTOKOM CITY>KEOHBIX STUEEK
ynpasieHus cetu ATM.

Peseps PaGoune

R 3awunTHoe
i HH nepekioyeHue
Ha pe3epBHble
BonHoBble BOJIHOBbIE 6)
KaHanbl a) KaHasbl
2

Pa6Gouve Peseps
]

Mt

BonHoBble
KaHanb

/
7 7/
7 7
VDY Y4
\

7 7/
W\ 6 5 ’,/
a) pabouyee cocTosiHne; 6) COCTOSAHNE 3aLUNTbI

Puc. 4.14. Tlpumep 3alIUIIIEHHOTO JBYHANPABICHHOTO ONITUYECKOTO COCIUHEHUS B
kounbieBoi cetn OMS-SPRing

CoenuHeHuss B TpaHCHOPTHBIX ceTsax Ethernet wmoryr 3ammmarbes Kak
CpeICTBaMH (PU3UIECCKOTO YPOBHS, TAK ¥ MPOTOKOJIBEHBIMH CPEICTBAMH.

CpenctBa (pU3UUECKOr0 YPOBHS UCIOJIB3YIOTCS MPH OPTaHHU3AIMK COCTUHCHHMA
gyepes cpeasl SDH, OTN/OTH, RPR, PDH, B KOoTOpBIX IpeaycMOTPEHBI BCTPOSHHBIC
CpeIICTBa aBTOMATHYCCKOTO 3alUTHOTO MEPEKIIOYCHHS B HHTEPBAJIC BPEMEHU MEHEE
50 mc. DTo rapaHTHpyeT coxpaHeHHe coeauHeHmi cetu Ethernet. Ogmako mpu
MOCTPOCHUHU JIOKAJTBHBIX CETEeH, CeTed JOCTyma, MECTHBIX M BHYTPH30HOBBIX
TpPaHCIOPTHBIX ceTed Ethernet ¢ wmcmosb30BaHMEM pa3IUYHBIX SJICKTPUUYCCKHX H
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ONTUYECKUX MUHTEPPENUCOB M MOMACPKKU (PU3NUECKUX COCAMHEHUM TUIA «TOYKa-
Touka» cpeactB APS pusudeckoro ypoBHS MOXKET U HE OBITh.

Jlns  pasBeTBiIeHHOW (u3uueckoir KoHpurypamuu cetm Ethernet wmoxker
UCIIOJIB30BaThCSl MPOTOKOJI «oXxBaTa jaepeBbeB» STP (Spanning Tree Protocol),
KOTOPBIM CO3/1a€T HECKOJIbKO MyTeil mpoxoxkiaeHus tpaduka. OnuH uU3 OyTed B
HOPMaJIbHOM pPEXUME HCHOJb3YEeTCs, a OCTallbHble 3a0iiokupoBaHbl. [Ipu aBapuu
MPOUCXOJUT AaKTUBHU3AIUS OJHOrO U3 PE3EpBHBIX MyTei. Bpems 3amutHOrO
MEPEKITIOYCHUST MOXKET cOCTaBisATh OT 10 Mc 70 1c B 3aBHCMMOCTH OT TOMOJIOTHUHU
CETH, YTO HE rapaHTUPYET BBICOKOTO KauecTBa coeauHeHus cetu Ethernet. ITo stoi
npuunHe MCO-T Bener HemnpepbiBHYIO paOOTy Haja CTaHAapTU3alued (QyHKUUid
3alIUTHOTO TEPEKIIIOUEHUsT B TpaHCHOpTHBIX ceTsax Ethernet. Ilpumepom stomy
spistitores pekomeHaanmuu G.8031 u G.8032, B KOTOPHIX OINpeeaeHbI MPOTOKOIBI E-
APS (Ethernet Automatic Protection Switching). Oxnu npeaycMaTpHBarOT 3allUTHBIC
HEPEKIIYCHUS coennHeHni cetn Ethernet cieayrommx BUI0B:

- 1+1, T.e. TpaduKk OAHOBPEMEHHO CJIEAYET OT OJIHOW TOYKU K JIPYrod AByMs
HE3aBUCHUMBIMHU BUPTYaIbHBIM MYTSMHU C BBIOOPOM JIYUIIIETO HA IPUEME;

- 11, t.e. Tpaduk creayeT TOJBKO B OJJHOM IYyTH OT TOYKHU K TOYKE, a APYrou
albTEPHATUBHBIA TYTh CO37aH, HO HE HCIOJB3YETCS /10 aBAPUUHOIO COCTOSHUS
pabouero nyTH,

- APXUTEKTYpa 3alUThl MOXKET UMETh OJIHO WJIM JIBa HAIIPABJICHUS;

- mpotokon G.8031 He moamepKUBaeT KOJBIEBBIE M CMENIAHHBIC (PU3NYecKue
coequHeHUsS B ceTH, mpoTokoi G.8032 momaepkuBaeT 3TH COCTMHEHUS;

- MPOTOKOJIBI HE TTOIICPKUBAIOT 3aIIUTHBIC coeTnHCHUS STP;

- NPOTOKOJIBI  peaju3yercs  4epe3  Ciy:keOHble  Kaupel  Ethernet,
MOI/ICP KUBAIONITUE COCTUHECHUS ¢ QYHKIUIMHU TexHudeckon skcruryaTaruu OAM u
TCM.

[Ipu peamuzamuu  E-APS  isi  JTUHEHHOW CETH TapaHTHPYETCS  BpeMs
nepekirodeHus 10 50 Mc.

Cornacao pekomenganuu G.8032 B xosbueBbIX ceTsx Ethernet mporokonom R-
APS MOXeT moaIepKUBAThCA PEKUM 3aIUTHBIX TEPEKITIOYCHUN COSTMHEHUIN TaKKe
3a Bpems 50 mc.

MexaHu3Mbl  3alIUTHBIX  TMEPEKIIOYEHHN B  TPAHCIOPTHBIX  CETSIX C
ucroyib3oBaHueM TexHonoruu TP-MPLS ananornunsr paccmorpensbim aiis ATM.

KOHTpOJILHLIe BOIIPOCHI

1. [louemy HeoOXoauMa 3amuTa anmapaTypbl ©  COCIMHEHUH B
TPAHCTIOPTHBIX CETAX?

['e onpeneneHbl 6a30BbIC TPUHITUITHI 3AIUTHI TPAHCTIOPTHBIX CETEH ?
Kakue yuacTku coefuHEHUI TPAaHCTIOPTHOM CETH MOAJICkKAT 3aniuTe?
YTto HA3BIBAIOT 3AIIHUIICHHBIM TPAKTOM?

YTo HA3BIBAIOT COSTMHEHUEM TTOJICETH?

Kakue cexnumu MynbTHUILIEKCUPOBAHHUS TIOJJICKAT 3AIIUTE?

o0k owh
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10.

11.
12.

13.
14.

Yem oTIIMUAIOTCS OJHOHAIPABICHHBIC U JIBYHAIIPABICHHBIC COCTUHCHUS
TPAHCTIOPTHBIX CETEH?

Yewm oTimyarorcd 3amurtel Buma 1+1, 1:1, 1:N?

CKoIbKO BpEeMEeHHM TpeOyeTcss Ui TEepPeKIIOUYeHHUs Ha PE3ePBHYIO
CEKIUI0 MyabTUIUIeKcupoBanuss OMS?

YeM TpUHIWNHAAIGHO OTJIMYAETCS 3alllUTa ONTHYCCKOH  CEKIIUH
MYJIBTUTUIEKCHPOBAHUS OT DJIEKTPUUECKON?

Kaxkue BUIbI 3a1IUTH TPETYCMOTPEHBI B KOJIBIIEBBIX CETAX?

Kakue BUIBI 3amMTHl COCIMHEHHWA HA YPOBHE TPAKTOB pas3NyaioT B
TPAHCIIOPTHBIX CETSIX?

Yro ob6o3HauaeT cokpaiienue 2F-MS-SPRing?

Yro ocobeHHOro B 3amure coequHenuii ceteit ATM u Ethernet?
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5. CI/IHXpOHI/Ba]_[I/IH N YIIPpABJICHHUE B OITUICCKUX TPAHCIIOPTHBIX CETHX

CocTaBHOM 4aCThIO TPAHCIIOPTHBIX CETEH CBSI3U SBJISIOTCSA CETU CUHXPOHU3ALUN
U CETH YNPABICHUS, KOTOPBIE CTPOATCS B COOTBETCTBUU C MEXIYHAPOIHBIMHU
crannapramu: 1SO/OSI, IEEE, ITU-T (MCO-T) u T.x.

OCHOBHBIMH CTaHJApTaMH, OIPEACISAIONIMMU IMOCTPOCHUE CETEeM TaKTOBOM
cuaxponuzanuu (TCC), npusHansl cranaaptel MCO-T:

- G.781, Synchronization layer functions — hbyHKIIMU YpOBHSI CHHXPOHHU3AIUH;

- G.810, Definitions and terminology for synchronization networks -
ONPEAEIIEHUS U TEPMHUHOJIOTUA ISl CETEM CUHXPOHU3AIUY;

- G.811, Timing characteristics of primary reference clocks — xapakrepucTuku
TAKTOB MEPBUYHOIO 3TATOHHOI'O T€HEPATOPA,;

- G.812, Timing requirements of slave clocks suitable for useas node clocks in
synchronization networks — TpeOoBaHus 1O BBIOOPY Yy3/1a TaKTOBOH CETEBOMU
CUHXPOHU3ALNH;

- G.813, Timing characteristics of SDH equipment slave clocks (SEC) —
XapaKTePUCTUKHU TAKTOB 000PYI0BaHMS CHHXpoHU3amuu SDH.

JInst MOCTpOEHMS CETU CUHXPOHU3ALUNU B KaXKJI0W U3 TPAHCTIOPTHBIX TEXHOJIOTHM
pa3pa0oTaHbl  cCHelUalbHbIE CTaHAAPThl, KOTOpPbIE COTJIACOBAHBI C  BBIIIE
nepedrciieHHbIMA. K HUM oTHOCATCS:

- mo cuaxponu3aiuu cetn SDH - G.803, Architecture of transport networks
based on the synchronous digital hierarchy (SDH) — apxurekTypbl TpaHCTIOPTHBIX
ceTel, OCHOBAHHBIX HA CHHXPOHHOU HIU(PPOBOI HEepapXuu;

- mo cunxponm3anuu cetu ATM - 1.361, B-ISDN ATM adaptation layer
specification type 1 — cnenudukaius mepBoro Tuma aganTarroHHoro yposHs ATM;
1.432, B-ISDN user-network interface — physical layer specification — cierudukanus
(U3UYECKOr0 YPOBHS IIMPOKOMOIOCHON 1MpoBoil cetu ¢ uHTerpamuei ycayr LI-
HCHC Ha unTepdeiice «moabp30BaTeIb-CETHY;

- mo cuaxponu3aiuu cetu OTN-OTH - G.8251, The control of jitter and wander
within the optical transport network (OTN) — koHTpOJIb JDKUTTEpPA U BaHIEpA B
orntudeckoii TpancroptHoi cetn; G.798, Characteristics of optical transport network
hierarchy equipment functional blocks — xapakrepuctrku QyHKIIMOHAIBHBIX OJIOKOB
000py1I0BaHUSI ONTUYECKON TPAHCTIOPTHON UEpaAPXUH;

- mo cuHxpoHm3anuu cetu Ethernet - G.8261, Timing and synchronization
aspects in packet networks — acriekTsl TaKTUPOBAHUS ¥ CHHXPOHH3AIMH B TTAKETHBIX
cetsx; G.8262, Timing characteristics of synchronous ethernet equipment slave clock
(EEC) — xapakTepucTHKH TaKTOB TeHepaTopa obopynoanus Ethernet.

Haubonee gocTynmHOe W  TOHSTHOE M3J0KEHUE OCHOBHBIX  ACHEKTOB
CHHXPOHHU3AIMM TPAHCIIOPTHBIX ceTeil mpuBeneHo B [21, 22, 23]. Omnako 3TO
U3JI0KEHUE HE TMOJHOCTHIO OXBATHIBAET MPOOJIEMbI CUHXPOHU3ALUUA TPAHCIIOPTHBIX
cereil. [loaTOMy HEOOXOIMMO BHUMATEIBHOE M3YUYEHHE PA3JEIOB 3TOr0 y4yeOHOTO
nocoous.

OCHOBHBIMH CTaHJApTaMH, ONPENCISIOIIUMHU MTOCTPOCHUE CETEW YIIPABJIEHUS,
Takke mnpu3HaHbl cTaHaaptel MCO-T cepun M, u3 KOTOpBIX (PyHIaMeHTaTbHBIM
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cautator M.3010, Principles for a telecommunications management network -
NPUHITMIBL  ceTell ympaBieHus TtenekoMMmyHukamusiMu u  M.3060, [TpunHums:
YHpaBJICHUA CCTAMHU IMMOCICAYIOINX MMOKOJIEHUIA.

JIns mOCTpOEHUsI CETH YNPAaBICHUS B KaXKJIOW U3 TPAHCIOPTHBIX TEXHOJIOTHM
p33pa60TaHBI CIICHHUAJIBHBIC CTAaHAAPTBI, KOTOPBIC ABJAIOTCA IIPOAOJIZKCHHCM
dbynaameHnTanbHbIX. K HUM OTHOCSTCS:

- mo ynpasnenuto ceteto SDH - G.784, Synchronous Digital Hierarchy
Management, G.773 — Protocol Suites for Q-Interfaces for Management of
Transmission Systems, G.774, Synchronous digital hierarchy (SDH) [IManagement
information model for the network element view;

- no ympasienuio cerbio ATM - 1.371, Traffic control and congestion control in
B-ISDN, 1.751, ATM Management of the Network Element View;

- o ynpasienuro cetbio OTN-OTH - G.874, Management aspects of the optical
transport network element, G.874.1 Optical transport network (OTN): Protocol-
neutral management information model for the network element view;

- mo ynpaBienuio cetbio Ethernet - G.8011/Y.1307, Ethernet over Transport —
Ethernet services framework, G.8012/Y.1308, Ethernet UNI and Ethernet NNI;

- mo ympasienuro cerbio T-MPLS — G.8151, Management aspects of the T-
MPLS network element.

5.1. IIpo61eMbl TAKTOBOM CHHXPOHM3AIMHU

JIrobass nmdpoBas cucteMa B CBOEH OCHOBE TPEOYET TAaKTOBBIA 3aJarOITUM
reHepaTop, KOTOPBIM JIOJKEH CUHXPOHU3UPOBATh BCE BHYTPEHHUE U BHEIIHHE
onepanuu 1mno oopadorke MUpPoBbIX JaHHBIX. Hanbomnbme cio)HoCTU B HUGPOBBIX
CHUCTEMaX BO3HHUKAIOT, KOT/1a HEOOXOAMMO HaJaJuTh B3aUMOJICCTBUE PA3IMUHbBIX B
CBOEH OCHOBE UHUMPPOBBIX CHUCTEM, T. €. CHCTEM C PA3JIUYHBIMU TaKTOBBIMU
reHepaTopaMi W (DYHKIMOHAJIBHBIMU peanu3anusiMu  (CHCTeMBI Iepeiadyd U
KoMMyTanuu). Jlaxke BHYTPHM OJHOW CHCTEMBI, HAlPUMEpP CHUCTEMbBI IepeIavH,
TpeOyeTcss CHHXPOHHM3UPOBATH TNPUEMHUK CHUTHAJA C IEPEAaTYUKOM (TAKTOBBIN
CHHXPOHU3M, IUKIOBOW CHHXPOHH3M, CBEPXIMKIOBON CHHXpOHU3M). [IprMeHeHue
Pa3HBIX TAKTOBBIX T'€HEPATOPOB MOXKET IMOBJEYHL 3a CO0OUM cOOM mepenayu, eciiu He
MPOU3BECTH MPUHYAUTEIBLHON CUHXPOHU3AIMU FeHEpaTOpa MPUEMHUKA FEHEPATOPOM
nepegatynka. [lpu 3ToM Ha CTAaOMIBHOCTH YAacTOT F€HEPATOPOB Ha OOOMX KOHIAX
auHAA 1UGPOBOM mepedaun OyAyT BIUATH pa3iauvHble (U3NUYECKUE (PaKTOpPHI,
KOTOpbI€ BBI3BIBAIOT JpOsKaHKe (pa3bl XPOHUPYIOIMIUX UMITYIbCOB. DTUMH (haKTOpaMHU
ABJISIIOTCS. IIYM U TOMEXH, JEHUCTBYIOLIME HA I€Nb CUHXPOHMU3ALUHU B MPUEMHUKE;
W3MEHEHUE [IIMHBI MYyTH IMepeJayud CurHaga oOyCIOBJIEHBl TeMIEpaTypHbIMU
nepenajgamu, pedpakuueii B armocdepe U T. ., HU3MEHEHHUE CKOPOCTH
pacmnpocTpaHeHHs] CUTHAJIOB B (hU3MYecKor cpeje (B MPOBOJIHBIX M OSCHPOBOIHBIX
JVHHSX); HapyIICHUE PEryJIIpHOCTH TOCTYIUICHUS XpOHHpYOIed HH(popmamnmu;
JOTJIEPOBCKUE CHBUTH OT MOJBW)XHBIX OKOHEYHBIX YCTPOMCTB; MEPEKIIOYEHHUS B
JuHESIX  (cpaOaThlBaHHE aABTOMATHYCCKOTO PE3CPBUPOBAHUS); CHUCTEMATHUCCKUC
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apokaHus  (as3pl  1UPPOBOTO  CHTHAla, BO3HHKAKOIIKME B  pereHeparopax
(TIOBTOPUTEIISAX) H T.JI.

5.2. OnpenejieHUs1 TAKTOBOM ceTeBOIi CHHXPOHU3AIHA

Tepmunbl u onpeneneanss TCC mepBoHAYaIbHO MPUBEACHBI B PEKOMEHIAIIMH
MCD-T G.810. Psag TepMHHOB M ONIpEACICHHH, KOTOpPbIE HEOOXOMMMBI IS
JTaTbHEHIIEro H3JI0KCHHS MaTepraja, IPUBEICHBI HIDKE.

TakToBasi ceTeBasi CUHXPOHM3ALUS MPEACTABISET COOOW OJWUH U3 BHUIOB
CUHXPOHM3AIUH, HEOOXOIUMOU sl oOecniedeHus: (HYHKIIMOHUPOBAHUS HUGPPOBBIX
CUCTEM Tepefayl U KOMMYTaluu. TakToBas CHMHXPOHM3AIUS 3TO MPOIECC TOUYHOIO
BPEMEHHOTO COOTBETCTBHS MEXKTY MPUHUMAEMbIM CUTHAJIOM "
MIOCJICIOBATEIbHOCTHIO TAKTOBBIX HMITYJIBCOB [22].

B mudpoBeIX cuctemMax MOHATHE 'CHHXPOHHU3M' TECHO CBS3aHO C TMOHSATHEM
"mpockanb3siBanus’ (Slips).

IIpockanb3biBaHHe — HCKIIOYEHUE WM MOBTOPEHHE B IU(PPOBOM CUTHAIE
OJIHOTO WJIM HECKOJIBKUX OHUT, MPOUCXOMSIIEE BCIECACTBUE PA3IUYMUSI B CKOPOCTSIX
3aMUCU U CYUTHIBAHUS IBOMYHBIX JAHHBIX B Oy(epHBIX yCTpOHCTBAX.

[Ipockanb3piBaHUE MOXKET OBITh YIPABISIEMbIM UM HEYIPABIISEMbIM.

[Tpockanp3pIBaHHE, KOTOPOE HE MPUBOAUT K COOI0 IIMKIOBOM CHHXPOHM3AIIUH,
Ha3bIBAIOT yNpaBisieMbiM. [Ipy 3TOM CHUrHan ¢ TOTEpSIMH BOCCTAHABIIMBAET
CUHXPOHU3M.

IIpu HeympapisieMOM MPOCKAIB3bIBAHUM MOMEHTHI TMOTEPU W IMOBTOPCHUSA
MO3UIMN B IIM(PPOBOM CUTHAJIE HEBOCTIOJIHUMBI.

KoyinuecTBO NPOCKAIB3bIBAHUN SIBISECTCS MNPEAMETOM HOPMHUPOBAHUS U
CIIY)KUT OCHOBOH ompezereHuss TpeOOBaHWUA K TaKTOBbIM T'€HEpPATOpaM CETH
CUHXPOHU3ALHH.

HopmupoBanue mpockanb3siBaHui BBeneHO ¢ pekomermammu MCO-T G.822
JUISE CTAaHAAPTHOTO MU(POBOTO YCIOBHOTO 3TAIOHHOTO coenuHeHus mmuHou 27 500
KM OCHOBHOTO ITM(poBOro kaHama 64 xOHUT/C Mexy aOOHEHTCKUMH OKOHYAHHUSMH.
DT0 coeMHEHNE TTPEICTABISIET COOOM COeMHEHNE IBYX HAIIMOHATIBHBIX CETEeH uepe3
HECKOJIbKO MEXTYHAPOIHBIX TPAH3UTOB W HACUUTHIBAET B 00MmIEH CI0KHOCTH a0 13
y3JIOB M CTaHIUK (M3 HHUX IATh HEHTPOB MEXKYHAPOTHOW KOMMYTAIIMU U HA KaXKJIOU
HAITMOHAJIIBHOW CETH TI0 TPETHYHOMY, BTOPHYHOMY U TIEPBHYHOMY IEHTPY
kommyTanuu) (puc.5.1).

B Takom coeaumHEeHNN MOXKET MPOUCXOIUTH.
a) He bonee namu npockanv3vleanutl 3a 24 yaca ¢ meuenue 98,9% epemenu pabomeot,

0) bonee namu npockanvzvieanuil 3a 24 uaca, no menee 30 3a o0un yac 6 meuenue
1% epemenu pabomur;
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8) bonee 30 npockanvszvieanutl 3a ooun yac 6 meuenue 0,1% epemenu pabome.

. 100% .
- 46% .- . 46% -
B 40% >l 6% e 8% ol 6% - 40% .
O—CO OO0 O0OO+0O00O0OC+0
Ay p—
MecCTHLIR MexayropoaHui MexayHapoaHsIi MexayropoaH1i MeCTHEIA

Puc.5.1. IlpaBuiio pacnpeaesieHus: MPOCKaTb3bIBAHUNA 10 YJaCTKAM MEKYTOPOTHBIX
U MEXKITYHAPOIHBIX coequHennit (o pekomennanuu ITU-T G.822)

Bpems paGotel — He MeHee omHoro ronxa. KadectBo, o0o3HaueHHOE a),
COOTBETCTBYET TICEBJIOCHHXPOHHOMY pexuMy ceTu. KadecTBo, oOo3HadeHHOE 0),
OILICHUBAETCS KaK ITOHMKEHHOE KaveCcTBO, TPU KOTOPOM COXpPaHSETCS Tpaduk.
KauecTBO, 0003HAaYCHHOE B), CUMTACTCS HEYIOBJICTBOPUTEIBHBIM U COOTBETCTBYET
HApPYIICHUIO COCTUHEHUSI.

da3oBble APOKAHUSA — KPATKOBPEMCHHBIC OTKJIOHCHHS 3HAYAIUX MOMEHTOB
U(GpPOBOTO CUTHAJIA OT WX HJACATbHBIX IOJOKEHUH BO BpeMeHW. Ecim yacrtora
otkionennid mpeBbiraet 10 ', To ux HasbpBaroT jxuTTepoMm (Jitter). Ecioum wactora
oTkioHeHHH He mpesbimaeT 10 I, To X HA3BIBAIOT ONYKIAHUAMHU WU BaHIACPOM
(Wander). Ha pwuc.5.2 mpencraBieHbl XapaKTEPUCTUKH WMITYyJbCHOTO CHUTHAJIA C
W3MEHEHHEM 3HAYaIluX MOMEHTOB.

B coBpeMEeHHON TEXHOJIOTHH KOHTPOJIS MOJIyYHJIa PacpoCTpaHCHUE TIPaKTHKA
U3MEPCHMSI aMIUIUTYABl JPOKAaHUS IH(PPOBOrO CUTHAJIA B CIUHHWIIAX BPEMCHU:
a0COJTFOTHBIX (MHKPOCEKYHJIbI) WJIM TPUBEICHHBIX — SAMHUYHBIX HHTepBanax (Unit
Interval). OmHUM eqMHWYHBIM MHTEPBAJIOM HA3bIBACTCS BpPEMs, HEOOXOIUMOE IS
niepeIauy OJTHOTO OMTa MHPOPMAITUH C 3aTaHHON CKOPOCTHIO MEepeIaduu.

HcTrouHnkamMu TaKTOBBIX CUTHAJIOB B IU(MPOBBIX CUCTEMAX U CETIX SIBISIOTCS
TaKTOBBIC TCHEPATOPBI, KOTOPBIC MOAPA3ICIISIOTCS Ha IepBUIHBIN 3TanonHbi ([191),
BeIOMbI/BTOprYHbIN 3anarommuii (B3I), reneparop cereBoro snementa (I'CD).

Yucao mpocKanb3bIBaHHM, KOTOPHIC BO3HHUKAIOT W3-32 YXYIIICHHUS KadecTBa
CUHXPOHU3AIINH, ONPEACIIAETCs Clieayromen hopMyiioit [22]:

Ywucno mpockans3piBanmii 3a 24 yaca =

= (4ncy0 CeKyH]I 3a CYyTKH) X (4MCIIO IUKIOB B cekyHay) X (Af/ o), (5.1)
rae (Af/ f0) — TouHOCTh CHHXPOHH3ALINH.

Ecnmu mnutensHOCTH TMKIA 125 MKc, MUKIIOBas dacTtota paBHa 8 k1, ducio
cexyHa B cyTkax — 86 400, To 4rciio MpOCKaIb3bIBAHUMA OMIPEACIISICTCS .

Nipocr = 6,9 x 10 ® x (Af / fo) . (5.2)
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CoorHomenue (5.2) TO3BOJIIET  ONPEACTUTH CBS3h HOPMAaTWBa Ha
MPOCKAJIb3bIBaHUS M TPeOYeMYH0 TOYHOCTh CHHXpOHHW3anuu. Ilpm crabmibHOCTH
-11 o .
TaKTOBOTro reHeparopa 2 X 10 ™~ 4mciio mpocKaib3bIBaHUI B CYTKHA COCTABHT:

_ -3
NHpOCK - 1318 xlO ’
T. €., BOSHUKHET OJIHO TIPOCKAJIb3bIBaHKE 32 72,5 CyTOK, YTO COOTBETCTBYET
TpeboBanuo pekomeHnanun G.822.

IMepBuunblii 3TajsoHHblii  reHepatop ([IOI) —  BBICOKOCTAOWIBHBIH
TE€HEepaTop, AOJTOBPEMEHHOE OTHOCUTEIIBHOE OTKIOHEHUE YacTOThl KOTOPOTO OT
HOMHHAIIBHOTO 3HAYCHHs MOIepXKuBaeTcss He mpespimarommM 1x10 ~ ' mpu
KOHTPOJIE [0 YHUBEPCAITBHOMY KOOPANHUPOBAHHOMY BPEMEHU.

Benomblii Huin BTOpHYHBII 3agaomuii reneparop (B3I') — reaeparop, daza
KOTOpPOT0 MOJCTPAaWBAaCTCA MO BXOJHOMY CHUTHANY, IMOJY4YEHHOMY OT TI€HEparopa
0oJiee BBICOKOTO WJIM TOTO ke KauecTBa. B3I obOecnieunBaeT, Kak NpaBuio, BEICOKYIO
KPaTKOBPEMEHHYIO OTHOCHUTENIbHYI0 CTaOMIBHOCTH YacToThl (okoio 10 °..
.10 11) U CYHIECTBEHHO Oojiee HU3KYIO OTHocuTelnbHO IIDI" monroBpemeHHYIO
OTHOCHTENIBbHYIO CTaGmIbHOCTH (0ko0 10 ~9).
~_Amnnutypa

S(t) - Jpoxawui
pKuTTEpa LM pPoBOit
|‘ ’ CuUrHan
| z | f
o Pasmax
NneanbHbii LKUTTEpa
3HavawWmin MOMeHT
S(t) -
TakToBas
nocnenoBartesibHOCTb

| t

Puc. 5.2. BpemeHHbIe nrarpaMMbl IUGPOBOTO CUTHATA

I'enepaTop ceteBoro 3jaementa (I'CD) — CHHXPOHU3HPYEMBIH BHEUTHUM
CHHXPOCHTHAJIOM  TeHepatop  (OOBIYHBIA  KBapleBbIi), TOMEIIaeMbli B
myneTumuiekcopsl PDH, SDH, ATM, kpoccoBbix KoMMyTaTopoB U T. A. Taktel ['[CO
TaK K€ MOJCTPANBAIOTCS O] BHEIIHUE TaKThl, Kak U B B3I, onHako ux coOCTBEHHas
OTHOCHTEIIHAS TOJITOBPEMEHHas CTaGHIBHOCTH He mpeBbimaet 10 ~°,

Yka3aHHbIC T€HEPATOPhl UMEIOT CIICIYIOIINE HEePAPXUUCCKHUE TOJOKEHUS 10
3HaYMMOCTH B cetr cuaxponm3aruu (TCC).

1-# nm Beictmid ypoBeHb uepapxun TCC — [13I" (Ha3bIiBaeMbIid HYJIEBBIM).

1-it ypoenn mepapxun TCC-IIOU (mepBUYHBIN STaTOHHBIA HUCTOYHHK), HE
ABIISTFOIIHICS cocTaBHOUW dacThio TCC, Hanmpumep, HaBUTaMOHHBIA cyTHUK GPS
nnu [I01" ngpyroii cetn.

2-11 ypoBens uepapxuu TCC — B3I, KOTOpHIi IPeICTaBISIOT KaK TPAH3UTHBIN
VI OKOHCYHBIH M COBMEINAEMBbIi C y3j1aMu aBromMarndeckoil kommytamnuu (YAK) u
ABTOMATHYCCKUMH MEXIYTOpOIHBIMU TelieoHHBIMU cTaHusMu  (AMTC) wiun
uudposeiMu ATC.
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3-it yposenb uepapxuu TCC — I'CD, K KOTOPBIM OTHOCSTCSI MYJbTUTIIIEKCOPHI
SDH, kpoccosie kommyTaTopbl SDH, okoneunsie muppossie ATC.

W cToYHMKM TaKTOBOTO CUHXPOHU3MA MOT'YT ObITh BKJIFOUEHBI B ONPE/IEICHHBIE
ceTeBble KOHpUrypauuu u pazinuunsie cetu TCC.

Llenmpanuzosanuasn cems pacupeielieHUs] CHHXPOCUTHAJIOB OT €IMHCTBEHHOIO
I[I2I'. D210 cumxpounas cemwv, B KOTOPOM 3HAYAIIME MOMEHTHI CHUTHAJIOB
MOACTPANBAIOTCS TaKUM 00pa3oM, UYTOOBl YCTAaHOBUTH CHUHXPOHHU3M, MPU KOTOPOM
3HAYallie MOMEHTbl TOBTOPAIOTCA C HEKOTOPOM CpelHEeM TOYHOCTBIO. ITO
MPUHYAUTEIbHAS CHHXPOHU3UPOBAHHAS CETh.

CosoxkynHocms YyeHmpanu308aHHblx noocemel, Kaxaas U3 KOTOPbIX COACPKUT
I[IOI'. Ilpu otcyrcTBuUM B3auMocBsA3n Mexay 11O Takas ceTb CHHXpOHHM3aLUU
o0ecrneunBaeT nCe8OOCUHXPOHHBIU pedxcum PAOdOThl COOTBETCTBYIOIIUX HHU(PPOBBIX
MOJICETEM.

Inezuoxpounnsiii pescum cemu TCC MOXKeT BOZHHKHYTH B IU(POBOU CeETH,
korna reaepatop Begomoro ysia (B3N mwiau 'CD) moaHOCTRIO TEpseT BO3MOXKHOCTD
BHEIIIHEW MPUHYAUTEILHON CUHXPOHU3AIMN U3-3a HAPYIICHHUS] KAK OCHOBHOT'O, TaK 1
BCEX PE3EPBHBIX MyTeW CHHXpOHM3alUMH. B 3TOM ciiyyae reHepaTrop MEpexXOJWT B
pexuM  ynepkaHus (B aHTVIOSN3bIYHONM Jmteparype — holdover), mpu kotopom
3allOMUHAETCA 4acTOTa CETH MPUHYAUTENbHOM cuHXpoHu3amuu. I[lo Mepe yxoma c
TEUEHHEM BpPEMEHU YacTOThl TeHepaTtopa u3-3a Jpeiida OT BEIHUYHUHBI,
3a)MKCUPOBAaHHON B HAYaJbHBII MOMEHT B TaMITH, OH IMEPEXOJUT B TaK
Ha3bIBaeMbIii CBOOOMHBIN pekuM (B aHMIOA3BIYHON nuTepaType — free-run mode).
OTOT pEeXKUM CHUHXPOHU3ALMU YK€ HA3bIBACTCS ACUHXPOHHLIM W XapaKTEPU3YETCS
OOJNBIIMM PACXOXKJACHUEM YacTOT T'E€HEpPaTOpOB, MPHU KOTOPOM, OJHAKO, €Ile HE
HapyllaeTcs mpoliiecc nepeaayr tHGOPMaIMOHHON HArPY3KU B CETH CBSI3U.

Cemsv cunxponuzayuu TCC obOpa3yeTcss COBOKYIMHOCThIO reHeparopos (I10T,
B3I, I'CD), cucremoii pactipeieiecHuss CAHXPOCUTHAIIOB B y3nax cBsizu SASE (Stand
Alone Synchronization Equipment — otnenbHOe 000pyI0BaHHE CHHXPOHU3AINN HITH
Omoku cereBord cuHXpoHm3aruu, BCC) © CBsI3bI0 MEXIAYy HUMH W CaMUMHU
CUHXPOCHUTHAJIAMH, KOTOPBIE TPAHCIUPYIOTCS B ONPEICTIECHHOM MOPSIKE.

B kaudectBe cunxpocurHaiioB B cetu TCC MOryT mpUMEHSITBCS CIIEAYIOLIUE
curHaisl: udpoBoi curHan 2048 k6ut/c ¢ kogupoBaHueM B TpondHoM kozae HDB-3;
TapMOHMYECKUH OJIHOYACTOTHBIN curHain ¢ dvactoror 2048 kI'm; rapMOHHMYECKHA
OJTHOYACTOTHBIN cUTHAJ ¢ yacToroi 10 MI'y mitm 5 MI'1 m HekoTopble apyrue [22].

bnoku cereBoit cunxponmzanmu (BCC) wmum  SASE  BEIMOJHSIOTCS B
COOTBETCTBUH C KOHUENIMEW MOCTPOCHUS UHTETPUPOBAHHBIX CETEN CUMHXPOHHU3ALNU
BITS (Building Integrated Timing Supply). HUnaterpanus npu moctpoeHnn TCC
npeamnoyiaraeT OoO0beIMHEHUE TPAHCIOPTHBIX CETEW, CeTeld JOCTymna, BTOPUYHBIX
ceTe ISl TMONNEPHKKU CHHXpOHHW3MA. [Ipr 3TOM CeThb CHMHXpOHHW3ALUHUMU JOJLKHA
MIPOEKTUPOBATHCS U CO34ABATHCS KAK HAJIOKCHHAS CETh.
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5.3. 'eHepaTopbl CUTHAJIOB CHHXPOHU3AIUT

['eneparopsl cuctem cuaxponusanuu (cereit TCC) moapasnensioTcss Ha JBa
TUIA. aTOMHBIE U KBapIIEBHIC.

AmomHble TEHEPATOPBI HCIIOJIB3YIOT TPU ATOMHBIX 3TAJOHA: PYOUIHA, IE3UH 1
BoZopoa. PyOumuii moriomaer MUKPOBOJTHOBBIE KojeOanus Ha yactote 6 834 682
608 I'mt, me3mit — Ha wactore 9 192 631 770 ', Bomopon — Ha wactore 1 420 405
751,768 I't. Onu ucnonw3yrorcs B kayectse 1101

Omanon pybudus obecnieurBaeT CTAaOWUIBHOCTh YacTOThl TeHepaTtopa Ha
nHTepBasie BpeMenn 1 ¢ — 10~ .10 "12, 1 cyrkm — 10~ 210" 13, mecsn — 10 ™,
OtayioH pyouaus TpedyeT KOppeKIruu, T.K. UM MPUCYII] HETOCTaTOK, 00YCIOBICHHBIN
cTaperneM. PyOuaneBsiii renepaTop ucnoib3yercs B cBsizke ¢ GPS.

L]e3uesvie cenepamopwvl TPEACTABISAIOT COOON TMEpPBUYHBIC CTaHAAPTHHIC
ATAJIOHBL. B COOTBETCTBHY ¢ MEKTYHAPOIHBIMH COTJIANNICHUSIMH II€3UEBEII T€HEPATOP
YaCTOThI OMPENEISIET MPOJOJDKATEIFHOCTh BpPEMEHH B OJHY CEKYHIY. OTO
npogomkuTenbHOocTh 9 192 631 770 mepuomoB W3IYyYEHHS, COOTBETCTBYIOIIETO
nepexoay aroma Ies3msi -133 Mexmy IBYMsI CBEPXTOHKHMMH YPOBHSIMH OCHOBHOTO
coctosiHus atoma 1e3usi -133. CTaOMIBHOCTh YacTOTHI TEHEpAaTOpa Ha HMHTEPBAJE
Bpemenu 1c— 1071 ... 10_13, 1 cyTkm — 1078 ... 10~ * 3arog - 10~ 1, Dranon ue
TpeOyeT KOPPEKIHUHU.

Booopoounwiti smanon — BOIOpPOAHBIN Maszep, 00JIaa€T OYEHb BBICOKOM
CTaOMJIBHOCTBIO HAa KOPOTKHX IPOMEKYTKaxX BpeMeHH (HECKOJIbKO 4YacoB),
CcTaGHIBHOCTH OleHMBaeTcs Beamumuoii 10 ~ ©°. TeM He MeHee, OH He 3aMEHSCT
1[€3UEBBIN ATAJIOH U3-3a JI0JTOBPEMEHHOTO Jiperda.

Ksapyegvle cenepamopsi oipa3AeisitoTCsl HA TPH BHA: OOBIYHBIE KBAPIICBHIE,
KBapIeBbie ¢ TemneparypHoir komneHcamueir TCXO (Temperature Compensated
Crystal Oscillator) un oxmaxmaempie kBapreBbie w#crounukn OCXO (Oven
Compensated Crystal Oscillator). Onu ucnons3yrotest B kauectse ['CO, B3I

OObIUHBIC KBapIEeBbIe TI'€HEPATOPHl HMEIOT CTAOWIBHOCTH B HHTEPBAJC
-9 - -
Bpemernu 1c — 107, B cyrku — 10 " Brox 10 J

I'erepaTopsr TCXO uMerOT cTaOMILHOCTh B MHTEpBasie Bpemenu 1c — 10~ ° B
CyTKH — 1078 Brog107"..1075,

['ernepatoper OCXO umeT cTabMILHOCTH B WHTEpBaie BpemeHu 1lc — 10 ~
9...10_10, B CYTKH — 10_7...10_9, B I'OJl 10-°..107 %,

Hcrounnku TakToBoro cuaxponmu3ma Ha ocHoBe GPS (Global Position System)
— TJI00aNbHOM CHUCTEMbl TO3UIMOHUPOBaHUS. B OCHOBE CHCTEMBI JIEXKHUT
VICIIOJIb30BAHUE HU3KOOPOUTAIbHBIX CIIyTHHKOB CHCTEMBI NAVSTAR.
OQHOBPEMEHHO HaJ TOPU3OHTOM B JIOOOW TOYKE 3€MHOrO Iapa HaOII0Aar0TCs
MUHAMYM TpH CIIyTHUKAa. Ha chyTHUKax pasMenialoTcs Ie3UeBhIE CTaHIaPTHI,
KOTOpbIE TE€HEPUPYIOT CUTHANIBI 33laHHOTO BUJA. OCOOEHHOCTHIO CHUHXPOCHUTHAIA,
reHepupyemoro npueMHHKOM oT GPS, sBnsercs ero BbICOKas JOJITOBPEMEHHAS
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CTAaOMJIBHOCTh M HU3Kas KpaTKOBPCMCHHAsA CTa6I/IJ'H)HOCTB, KOTOpad 3aBHCUT OT
KOJIMYCCTBA CITYTHUKOB.

I'eneparopsel TakToBOro cuHxponusma 191" u B3I uMmerotr goctaTouyHOE YnCIIO
BBIXOJIOB CHHXPOCHUTHAJI0B. OIHAKO IS TOJKITIOUYCHHS] CHHXPOCHUTHAJIOB C BBIXO/IOB
MYJIBTUTIEKCOPOB HEOOXOIMMO HCIIOIH30BATh AMIIapaTypy Pa3BETBICHHS CUTHAIOB
cuaxponusanuu (APCC). B cocta APCC Bxomsar Onokm ycwnureneit 2048 kI,
yewmreneir 2048 k6ut/c, mpeoOdpa3oBaHus - Mepegayrl CUTHaIA C OJTHOW TaKTOBOM
9aCTOTHI HA JIPYTYIO.

5.4. Pacnpezle.ﬂe}me TAKTOBOI'0 CHHXPOHHM3MAa

Pacnpenenenue TakTOBOrO CHMHXpPOHM3Ma B HUGPOBOIMl CETH OCYIIECTBISETCS
ot 6azoBoii cetm TCC. Ha tepputopuu Poccum 0a30BYyIH0 CEThb CHHXPOHM3AIMHU
oopazyer cetb OAO Pocrenekom. ba3oBas ceThb mpeAcTaBie€Ha pPa3IMYHBIMU
pernoHamu cuHXpoHm3anmu: JlanmpHeBocTouHbIM  (XabapoBckuit), CuOHpCKHiA
(HoBocubupckuii), Lentpanbubiii (MockoBckwuit), KOxubiii (PoctoBckwmii), CeBepo-
samanaeidi (C. - IlerepOyprckuit). Kaxneiii permon ocHamraercs [19I. JloctaBka
CUHXpOCUTHAJIOB OT [IDI" MO OCHOBHBIM W PE3EPBHBIM JIMHUAM KO BCEU ammapaTrype
CUCTEM Tepeaud W  KOMMYTallUM, Tepefarolieiicss B  CHHXPOHM3ALUH,
OCYIIECTBIISIETCS ¢ moMoIbIo anmapaTypsl PDH u SDH u o ¢pusnueckum TUHASM.

CunxpoHuzarnus , nepegaBaeMasi B cuctemax SDH, - 3To curnan 2 048 x6ut/c
C TaKTOBOM 4YacTOTOM, COOTBEeTCTBYMOIIEH Mo crabunbHocTH 4yactore [IOI. Tlo
cuctemam PDH curnan 2 048 x6ut/c MoXeT mepeaaBaThCcsi B 00a HapaBIICHNUS.

B cucremax SDH nepenada cuaxponHdopmaum ¢ TOMOIIEI0 KOMITOHEHTHBIX
curtanop 2048 kOuT/c HE peKOMEHI0BaHA M3-32 BO3MOYKHBIX 3HAYUTEIIBHBIX CKAUKOB
da3pl KOMIIOHEHTHBIX CHTHAJOB TP COTJIACOBAHHWM  yKa3zaTelled MeCT WX
pacronoxenus B tuHeliHOM curHaie STM-N.

Hocurenem CUHXPOUH(pOpMAIUU B crucTemMax SDH ABJIACTCS
HenocpeacTBenHo nHenbid curaan STM-N (N =1, 4, 16, 64).

[Ipu  pacnpeneneHMd  TaKTOBOINO  CHUHXPOHM3MAa  BHYTPU  PETHOHOB
UCIIONBb3YETCS ~ MPUHLMUIN  MNPUHYJIUTEIbHOW  HEpPapXUYEeCKOM  CHUHXPOHHU3ALUU
(Bemymuii — Bemombiid) ot IO kK TeHepaTopaM CETEBBIX IJICMEHTOB aImapaTypbl
SDH, AMTC wu T1.1. basoBas cerp TCC oOecrmeunBaeTcs pe3epBUPOBAHUC
CUHXPOCHUTHAJIOB, KOTOpasi CO3/1a€TCsl KaK PE3epBHBIMU I'€HEPATOPAMHU U B3aUMHBIM
pe3epBUPOBAHUEM PETMOHOB, TaK U MapIIPyTaMu JOCTABKH CUHXPOUH(POPMAIUH.

JUIs CHHXpOHH3AIIMN CETCH pa3IMYHBIX OINEPATOPOB MPEIIOKEHO YETHIPE
KJ1acca MpUCOeTUHEeHHS K 0a30B0# cetn cuHxpoHu3anuu (puc. 5.3)[22]:

- 1-i1 kmacc — ceTh omeparopa MmoJiydyaeT CUTHaJ CHHXPOHHU3AIMU Yyepe3 MaCCUBHBIC
coenquHuTenbHbIle TUHUU OT 121 6a3oBoii cetn TCC;

- 2-# KJjacc — ceTh omeparopa moiaydaeT CUrHai cuaxponusanuu ot B3I

- 3-i1 u 4-# KJacchl — CETh OIepaTopa MoyydaeT CUrHain cuHXpoHu3anuu ot ['CH.
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BHyTpu kaxjoro pervoHa ceTh MPUHYJIUTEIbHOW CHUHXPOHHU3ALMU JIOTKHA
CTPOMTHCS TI0 HePAPXUUESCKOMY TIPHUHIIMITY B BHJIC TPEBOBHUIHOW CXEMbI (paJanaabHO-
y3JI0BOH), HWCKJIIOYAIOIIed BO3MOXKHOCTh OOpa30BaHWs TETENb CHHXPOHU3AIHWU B
mo0oit cutyanuu. B kadectBe Begombix reHepatopoB Ha AMTC, ATC u T.1. MOTYT
UCIIOIB30BaThCs OJIOKM, BCTPOCHHBIE B ammaparypy kKommyrtamuu. Ha y3max u
craHiusAX, Ha Kotopeix kpome AMTC, ATC wu T.n. YCTaHOBJIEHO JApYyroe
o0opyoBaHUe, HYXKIAIOIeecss B CHHXPOHHW3amuu (ammapaTypa KpPOCCHUPOBaHUS,
OIEPaTHBHOTO MEPEKIIOYCHHS U T.JI.), B KQ4eCTBE BEIOMBIX T€HEPATOPOB, KOTOPHIC
CUHXPOHM3UPYIOT BCE OOOpYyJOBaHHWE HA JAaHHOM Y3J€, JOJDKHBI HCIOJIb30BaTHCA
BBIJICJICHHBIE BEJOMBIC 3a/Ial0IIUE T€HEPATOPhI, COOTBETCTBYIOLIUE PEKOMEHIAINU
MCD -T G.812. Ilpu stom kaxasiii B3[' gomkeH MMETh albTepHATHBHBIC BXOIBI
CUHXPOHM3ALIUH.

Ha maructpanbroii cetn SDH s punbrpanuu $ha3oBeix apokanuii gepes N (N <
20) mpomexyTouHbix reHeparopoB I'CD Takke MODKHBI ycTaHaBimBaThess B3I,
cootBeTcTBYIomue pekoMeHmanuu MCO-T G.812. 910 00yclIOBIEHO HAKOIUICHUEM
dazoBeix gpokaHuil. [l OUEHKM UCKaXEHUs aMIUIUTYIbl JDKATTEpa B
pereHeparopax peKOMEeHI0BaHO MCIIOIb30BaTh Gpopmyay [22]:

Ay = AxYN
rie A — aMIUIUTyJa JpOKaHHWs Ha BBIXOAE OJHOro pereHeparopa, N — wyucio
MOCJICIOBATEIPHO BKJIIOYaeMbIX pereHepaTopoB. Ilpy N = 20, ammuutyna

yBenmuumnBaeTcs B 2,11 pasa.

Maxkcumanenoe uwmcino B30 B nmpeaenax pernoHa B OJHOW IENMH
CUHXpOHM3anuu He AoikHO mpeBbimarh 10. B3[T MoryT otnudaThcsi cOOCTBEHHOU
CTaOMJIBHOCTBIO TAKTOBOM 4YACTOThI M TIOJIOCOM YacTOT 3axBaTa BHEIIHETO
CUHXpOHHU3MA. YKazaHHble uuciaa it B3[T u ['CD B nenodyke CUHXPOHHU3AUU
MPAKTHYECKU TPYAHO BBITIOIHUTH [22].

['opoackue TpaHCIOPTHBIE CETH JOJKHBI CUHXPOHU3UPOBATHCS OT T€HEpATOpa
AMTC wmu ot B3I'. Ilpu sToM B KadecTBe pe3epBHOM BhIOMpaeTcss OJHA U3
KOMMyTalMoHHbIX cTanuuii, Hanpumep, ATC. Ilpu palionnposanno ['TC ¢ y3mamu
BXO/SIIMX W MCXOJAIIUX COOOIICHUN CHUHXPOHM3AIMS BCEX CTaHIMM Y3JI0BOTO
paiiona ocymectBisiercss o AMTC no Tpakram mnepBoro BbiOOpa. PezepBHBIMU
BEAYIIMMHU CTAHIUAMU Ka)XXJOT0 Y3JI0BOIO pailoHa siBisieTcs y3en u ogHa u3z PATC.
Ha »Tux craHmusx ycTaHABIMBAIOTCS OJIOKM CETEBOM CUHXPOHM3ALUHU C
albTEPHATUBHBIMU BXOAaMU CUHXpocurHasioB. Cenbckas TenedOoHHas CEeTh JOJKHA
CUHXPOHU3UPOBaThCs OT reneparopa AMTC.

VuuteBag, uro B3I' m I'CD wuMEOT HECKOJBKO BXOJOB IS BHEIIHHUX
CUHXPOCHUTHAJIOB,  KA4eCTBO  KOTOPHIX  MOXET ObITh  HE3aBUCHUMBIM  TIO
MMPOUCXOXKAEHUID W OJMHAKOBBIM, BBOJUTCS cucmema npuopumemos. llpuopurer
ompeaensercss ero HoMepoMm. UeM MeHbIIe HOMEp, TEM BbIIIE OPUOPUTET. Huciio
npuopuTeToB MOXKET ObITh OT O 10 254. [Ipuopurer ormMedaeTcs B TabIuIle MaMATH
koHTpoJuiepa B3I u I'CD.

85



<6010
v 10 B3T
@
| B3r | | B3r | B3I
| <301C3
~ [u6B3I (X ;
© (<2510 Y
6 B3r
© @ |" ® [<20r0 ©
4831
oar]| "
© @ ® ®

@ — reHeparop ceteBoro anemeHTa ([C3)
Puc. 5.3. Cxema mpucoeInHeHUs CeTel OMepaTopoB K 6a30BOM CETH CHHXPOHU3AINH

Ilepsvim npuopumemom OOBIYHO YCTAHABIMBAETCS CHUTHAJ CHUHXPOHU3AIUH,
noctynatomuii ot [19I" mo camoMy KOPOTKOMY M Kau€CTBEHHOMY MapuIpyTy, I1e 1o
MyTH  CJEAOBaHUS  CUHXPOCUTHAJIa  YCTAHOBJIEHO KaK  MOXHO  MEHbIIE
pomexyTouHbix B3I

Bmopvim npuopumemom njis OCHOBHOTO OOOpYIOBaHUS y3jia WM CTaHIHUU
MOXET CIYXUTh CHUTHAJl CHUHXpOHHW3anuu, noctymatrouuid ot [IOIT mo apyromy
MapuIpyTy, 4eM CUTHaJI IEPBOTO MPUOPUTETA.

B3I' u I'CD MoryT npuHUMATh CHHXPOCUTHAIBI 3-TO U 4-TO MPUOPHUTETOB H T.1.
[locnennum W3 TPUOPUTETOB B JIOOOM OOOpPYJOBAHUU CHUHXPOHHU3AIUU SIBISETCA
COOCTBEHHBI TeHepaTop, paboTalomuii B peXUME 3alOMUHAHHUS  YacCTOTHI
cuaxpocurnana (holdover) u cBoGoaubix koacOanuii (free run). IlpuopureTom
MOHO 3alPETUTh UCTIOIb30BAHUE BXOa CUHXPOHU3AIMHU !

KawectBo cuHXpocHrHama OTMEYaeTcss B MapKepe, KOTOPBIM  MOXKET
nepeaaBaThCs YEThIphMs OuTaMu B KaHambHOM mHTepBaie KO mudpoBoro moroka
E1(2048x06uTt/c) wim B Oaiite S1 3aronmoBka MSOH STM-N (ta6:. 5.1). [Tapamerp Q
MOXET UMETh HECKOJIbKO BepcHil 0003HAUYEeHUS, YTO B KaueCTBE MpHUMEpPa YKa3aHO B
MoCJleAHEN KOJIOHKE B CKoOkax. Takke TOCBUIKM MAapKEpPHBIX CHUTHAJIOB
NpeIyCMOTPEHBI B OTACIBHBIX makerax Ethernet mpm mocrpoenun cetu EOT
corjacHo pexomenmanuu G.8261.
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Ha puc. 5.4 u 5.5 npuBeneHs npuMepsl UCIIOJIB30BAaHMS MOKa3aTeNe KauecTBa
Y IPUOPUTETOB B JINHEMHON U KOJIBLIEBON TPAHCIIOPTHBIX CETSX.

3navyenus Q1L...Q6 mpocTaBisroTcsa B cxeMe Ha JuHHUAX Bxoga B CD1...CDO8 u
CO A....CO . TlpuoputeT BX0Ja CHUHXPOHHU3AIUMU YyKazaH HUPPOBBIM HHAEKCOM
BHYTpH Kaxaoro CO. B HopMalibHOM pexuMe paboThl BHYyTPEHHUE OCHUIUISTOPHI HE
3a/1€MICTBOBAHBI.

Ha puc 5.4 pa3pbiB 3aMKHYTOM L€ CUHXPOHHU3ALUKU OOecrieueH B y3ie b, rae
Bxomsmuid curHaid STM-N Hecetr mHpopmanmio Q6, T.e. 3ampeT Ha WCMOJIL30BAHUE
JUHEWHOrO0 CUTHajla s CHUHXpOHU3aluu Yy3ia. Kpome TOoro, srtomy BXOay
CUHXPOHM3Ma TIPUCBOCH  TMOCJIEAHUN  MOPUOPUTET  HMCHOJB30BAHUS  IOCIE
coOCcTBEHHOTO 3ajaroiero reueparopa 'CO.

BenyiuM reneparopoMm Ha ceTd B HopMalibHOM pexkume Oynet 1101 B y3ne b.
IloBeneHne ceTm CMHXpPOHU3ALWM, B CIy4ae aBApUl WIM AHOMAJbHBIX CHUTYallUH,
ABJISIETCS MPEIMETOM JETaJbHOIO MPOEKTUPOBAHUS U MOJCIUPOBAHUA. AKTYyalabHO
TaKXe MOJICJIMPOBAHUE B PEKUME BOCCTAHOBJICHUS CETH.

Tabnuma 5.1. 3HaueHus Mapkepa nokaszaTessi KauecTBa

KINO u S1 Mapkep 3navenue no pex. | CTaOuiIbHOCTh | YPOBEHBb
(mBOMYHBIN) | (ECATUIHBIH) MCO-T JaCTOTHI KadecTBa
xxxx 0010 2 [19r (G.811) 1x107H Q1(Q2)

B3I" (Tpan3ur) -9
xxxx 0100 4 (G.812) 1x107" 3a cytkm | Q2(Q4)
B3I" (MecTHBII) 8
xxxx 1000 8 (G.812) 2x107" 3a cyrku | Q3(Q8)
I'CO B pexume 6
xxxx 1011 11 holdover (G.813) 4x10 Q4(Q11)
KauectBoO
xxxx 0000 0 HEH3BECTHO - Q5(Q0)
oxx 1111 15 Jltst cuHXpoHU3anun 3 Q6(Q15)
HE UCTOJIb30BaTh
nar B3r2
LY
Q2
—— QU QA 1_*J
Ql \ \ \ \ \ \
3 2«43 2|=t¥3 2|=1¥3 2 43 2l=—¥3 2|=t¥3 2
54()6 51406 54(16 514 5406 3406 5406
s rca s s rcs [] r s
1 2 3 4 5 6 7 8

Puc. 5.4. Cxema pacrnpeeneHus TAKTOBOIO CHHXPOHU3Ma B TUHEHHON ceTH
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Puc. 5.5. Cxema pacrnpe/ieneHus TAKTOBOIO CUHXPOHU3Ma B KOJIbIIEBOI CETH

B cxemax ammapaTypbl CHHXpOHU3AIMK W B OJOKaX CHHXPOHH3AIIUU CETEBBIX
AJIIEMEHTOB MPUHSATA €AUHAS CUCTEMa 0003HAYEHUSI CUTHAIOB CHHXPOHU3AIIHH .

- Ty, BHyTpeHHU# cunxpocursai, Gopmupyembiii ['CO nias cuHXpoHU3AIUU
UCXOIAIIUX MOTOKOB Iu(ppoBeIX AaHHBIX (E1, STM-N u 1.71.);

- T1, CHHXpOCHTHAJIBI, TIEpEAaBAEMbIC B TIOTOKAX JIMHCWHBIX CUTHAJIOB,

- T,, KOMIIOHEHTHBIM CHUTHAJ, WCTOJIB3YEeMbId ISl CHHXPOHHU3AIUHA CETEBOTO
ameMenTa (dame Bcero 3to 2048 kbOut/c, 64 kbOut/c, 8 KOHT/c, Takke BO3MOXKHO
ucnoib3oBanue curuanoB Ethernet 10 M6ut/c, 100 Mowut/c u 1000 MowuT/c coritacuo
pexomenganuu G.781);

- T3, cuaxpocuruai ot BHemHero Bxoaa 2048 MI'ti/2048 kout/c B 'CD u B3I

- T4, cuaxpocuruan Ha Beixojae u3 I'CD miu B3IN 2048 MI'1/2048 x6ur.

[TpuBenéuupie 0003HAUCHHUS MOTYT HCIIOJB30BAThCS TMPU Pa3pabOTKE CXeM
CeTel CHHXPOHM3AIIUU HAPSITY C TTOKA3aTeNIMHA Ka4eCTBA U MPUOPUTETAMH.

B cocrtaBe ammapatypsl ceTeBoro sjemeHTa u B3lT MOXeT HMCHonIb30BaThCs
Oydep peraliMunra, yepe3 KOTOpbIi mpomyckaercs nHpopmarmonusii curnan E1 u3
ceru SDH (PDH), mis BoccraHoBieHus crabwibHOCTH (a3 (poHTa M cpesa
UMITYJIbCOB CHHXPOHHM3AIMH. Takoi KOMIIOHEHTHBIN CHTHAJ MOKET MCIOJIb30BATHCS
JUISI CUHXPOHM3AIMN JIPYTUX CETEBBIX 3JIEMEHTOB, BKJIIOYAEMBIX B IIETh Iepeaadn
ATOTO CUTHAJA.

JIOMOMHUTEIbHBIM W aKTyaJbHBIM  HAIpaBJICHHEM  Pa3BUTHS  CCTH
CUHXPOHH3AINN SIBISICTCS CHHXPOHM3AIUS MAKETHOW Tepenadu, KoTopas MmoapoOHO
npeacTaBieHa psjgoM pexkomeHmamuii MCDO-T: G.8261AcmeKkThl XpOHHPOBAHUS H
CHHXPOHM3allMM B makeTHBIX cersax; G.8261.1CeTeBbie mpenenanl H3MCEHEHUS
3aJIepP)KKH TIaKeTa, MPUMEHUMBIC K METOJIaM Ha OCHOBE IMAKeTOB (CHHXPOHHW3AIHUS 110
gacrote); G.8262 XapaKTepuCTHUKN XPOHUPOBAHUS BEJIOMBIX TAKTOBBIX I'EHEPATOPOB
obopynoBanus cuaxporHoro Ethernet; (G.8264 Distribution of timing information
through packet networks u op. (cm. www.itu.int cepust pexomernanuii G.8XxX).
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5.5. Ilopsaok pa3padboTKU cXeMbl CETH TAKTOBOI CHHXPOHM3ALIMH

[lepen pa3paboTKOM CXeMbl CHHXPOHU3AIUH HEOOXOAUMO YCBOUTH CIEAYIOIICE.

Kaxnplii y3en ceTu CHHXpOHHU3AIMU OOBIYHO MCIOJIB3YET TOJABKO OJIMH CUTHAI
CUHXPOHM3ALIUH, KOTOPBIM 3aT€M MOXET OBITh pacrpeiesieH Mexay 000pyAoBaHUEM
BHYTPH CTaHIIMHM, HAYMHAs C TOYKHU IMOJYYEHUs CHHXPOHM3AIMHU MO cXeme ''3Be3aa’
0e3 TpaHCHIUMH CHHXpPOHM3Ma B LEeNo4Yke BHYTpU Yy3ma. C 3ToM 1enbio
peKOMEeHIyeTcs Heroib3oBath curHai 2 048 kout/c (2 048 xI'm). Ha Gonmpmux y3iax
HEOOXOJMMO  UCIIONB30BaTh  JOMOJHUTEIbHYIO  ammaparypy  pa3BeTBJICHUS
cuaxpocuraaiioB (APCC). Kaxnaplid y3el J0DKeH UMETh OCHOBHOW M Pe3epBHBIC
WCTOYHHMKHA CUHXpOHHM3MA. Eciy B ciiydae OTKaza y3esl HE MOXET IMOJy4YaTh CUTHAI
CUHXPOHU3AIUHU HU 110 OCHOBHOMY, HH IO PE3€PBHOMY MapuIpyTy, TO HEOOXOIUMO B
y3JIe YCTAaHOBUTH TeHepaTop ropsiuero pesepna (B3I).

[Ipu npoexkTUpOBaHMM MJisI KaXKJIOIO CETEBOTO JJIEMEHTAa WHANBUIYaIbHO
JIOJIKHBI OBITh OTIPEIEJICHbl YCTAHOBKH MOPOrOB KaYeCTBa U MPUOPUTETOB.

B cBsi3u ¢ HEOOXOIUMOCTHIO 0OECTIEUEHUs BEICOKON HAJIEKHOCTU 000PYAOBaAHUS
TCC  pekomeHnyeTcss  NPUMEHATh  CIEAYIOIIHE  MEPBI.  PE3EPBUPOBATH
anekTporuTanue u Bce Onokm I1OI°, B3I', I'CD, untepdeiichl; pe3epBupoBaTh BCE
MyTH JOCTaBKU CUHXPOCUTHAJIOB K CETEBbIM JIEMEHTAM.

OcHOBO# mpH pa3pabOTKE CXEeMbl TAKTOBOW CHUHXPOHHU3AIMU CETH SBISICTCA
JeTalbHasg CXeMa OpTraHu3allMi TPaHCHOPTHOU ceTd. [Ipu MPOEKTHUPOBAHUM CXEMBI
CHHXPOHHU3AIIUH JOJDKHO OBITH 0OecredeHo coriacoBanue odopymosanus 1917, B3T,
I'CD. Hampasnenue pacnpeneiaceHuss CHUHXPOCUTHAIOB JOJDKHO OBITh yKa3aHo
CTpeJIKaMy B CXeMe CUHXpOoHM3auu. Ha exodax obopyoosarus, npeoOHa3HA4eHHO20
07151 NPUHYOUMENbHOU CUHXPOHUAYUU, OONHCHbL OblMb YKA3AHbI YPOGHU Kadecmed
(Q1-Q6), obo3nauenwvt 6xoowvt (T1-T3) u npuopumemst (P1-P15 u m.0.) ucnonvzosanus
NPUXOOAUWUX CUSHATIOS.

TpaHCOpTHBIE CETH YacTO CTPOATCSA B BUIE KoJen W neneud. [ImanupoBaHue
CUHXPOHHU3AIUHA KOJIbI]A M IEeNEeH JOJKHO BBINOIHATHCS OTIEIBHO, T.K. B KOJIbIAX
IJIAHUPYIOTCS MEXAHU3Mbl CaMOBOCCTaHOBJEHUS. [Ipu 3ToM 1u1s KoJeln xKenaTeabHO
nMeTh 1Ba B3I,

MHOXECTBEHHO-KOJIBIIEBBIE CETH HEOOXOIMMO pa3leiiiaTh Ha HECKOJIbKO
CaMOBOCCTaHABJIMBAIOIIUXCS TMOACETEN. BHYTpH KaKIOW MOJCETH CHUHXPOHHU3ALUS
peanus3yeTcs OTHOCHUTENBHO MPOCTO. BO3MOXHO cO3JaHHME CHEHUAaIbHBIX KOJIEI]
pacrpeesieHus: CHHXPOCHUTHAJIOB.

B nuHeMHONW uenu pacupeieieHrsl CUHXPOHU3MA TaKke pPEKOMEHIAYETCA
manupoBaTh nBa B3l mis moanepKKu yCTOMYMBOM CHHXPOHM3AIMU B Cllydae
HapyIICHWI B JUHUU UM B ICTOYHUKAX CUHXPOCHUTHAJIOB.

V3en ans ycraHoBku IIOIT nomkeH OBITH OmNpejieiieH ONTUMAalbHO, T.€. Tak,
yTOOBl MOJJEPKATh TMepellayy CHUHXPOCUTHAJIOB K Yy3JIaM [0 «JIEpEBYy» uepes
MHUHUMAJIbHOE YUCJI0 CEeKIMi. B OONBIIMHCTBE CIydaeB BEAYIIHNA y3eJ OnpeaesaeTcs
oneparopoM cetu. Ecnu 3To He caenaHo, TO BHIOOP BEAYIIETO y3Jia JOJDKEH JIeNaTh
MPOEKTUPOBUIUK. [Ipy 3TOM KpUTEpUSAMU BBIOOpPA MOTYT OBITh: MUHUMAJILHOE YUCIIO
UEPApXUUYCCKUX YPOBHEH, PaBHOMEPHO COAlaHCHPOBAHHOE «IepeBO» (C MPUMEPHO
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OJIMHAKOBBIM UHCJIOM DJJIEMEHTOB B BETBSX), MAaKCHMaJIbHO BO3MOXKHOE YHCIIO
3JIEMEHTOB HA MIEPBOM YPOBHE UEPAPXUMU.

JIns HarJISIAHOM HMHTEPHPETAUUM CXEMbl CHHXPOHW3ALHUM IIOJE3HO COCTABUTH
WEpApXUUYECKYI0 JAuarpaMMmy CiloXHOM cetu. Ilpu 3TOM  mpencraBiieHUU
OTHOCHUTEJIBHO JIETKO OMPEAENSIOTCSA Y3JIbl, KOTOPhIE HE MMEIOT PE3EPBHBIX MYyTEH
nepeayu CMHXpocurHana. B 3aBucuMocTu OT TpeOyeMOoro ypoBHSI HAJEXKHOCTH B
TaKuX y3JlaXx MOXET NOTpeOOBaThCAd YCTAaHOBKA JOMOJHUTEIBHBIX PE3EPBHBIX
HWCTOYHHKOB.

Wepapxudeckass nuarpaMma TOMOKET OOHapyXUTh METIAU CHUHXPOHU3ALMHU.
BaxxHoe mpaBuio Mpu UCKIIOYEHUU METENIb COCTOMT B TOM, YTOOBI CHUTHAl BCErJa
IeJl ¢ BEPXHEr0 YpOBHS HA HIDKHUN B HANPABICHHH CTPEJOK (KakK JiJIi OCHOBHBIX,
TaK W JUISl PEe3epBHBIX IyTer). [Ipumep mepapxXuueckod auarpamMMbl NMPHUBEIACH Ha
puc.5.6. Ilemecoobpa3Ho MPOBOAUTH TPOBEPKY pa3pabOTAHHBIX CXEM IyTeM
MOJICTUPOBAHUS OTKA30B MpHU TecTupoBanuu ¢pparmeHToB cetu TCC.
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Puc. 5.6. Cxema Mexy3710BOM CHHXPOHU3AIIH

Kpome Toro, HeoOXOAMMO yUYWTHIBATH YK€ CYIICCTBYIONIUN  OIBIT
npoektupoBanus TCC [22]. B wactHOCTH, yucio 'CD B ogHOW Ienu HE JTOJIKHO
npeseimath 10 -15 mexay B3I, O6mee yucio I'CHO Bmecte ¢ B3I He 10mKHO OBITH
oonee 45 (Bmecto 60 mo crammaprty). Ilpm stom pekomenmyetrcs uwmcio B3I
yCcTaHaBIUBaTh He Ooiiee 6 -7 (BMecto 10 mo cranmapry).

90



5.6. O0mme NpUHIMObLI YNPaBJIeHHUS B ONTHYECKOH MYJbTHCEPBUCHOI
TPAHCHOPTHOM CeTH

OnHoll M3 OCHOBOIOJArarOIMX Mojele B cdepe yOpaBIEHUS CETSIMU
TeIeKOMMYHUKaIui siBasiercst Moaenb Cetu Ympapienus TelekoMMyHUKAIUSAMU
TMN  (Telecommunication Management Network), koropas moJIpoOOHO
npeacTaBieHa B pekomeHaanusx MCO-T cepur M.3000-M.3100.

Cornacno omnpenenenuto, TMN npencrapisieT coO0l OTIENbHYIO CETh, KOTOpas
nMeeT MHTEpPPEUChl C OJHOM WM OONBIIUM YHCIOM CETE€M CBS3M B HECKOJBKHX
Toukax (MHTepdeiicax), OOMCHHBACTCS C ATHMH CETAMHU HH(POpPMAIMEH U YIpaBisieT
ux ¢yakmuonupopanuem. Otnenenne TMN oT cerelt cBSI3M peanuzyeTcs Ha
(U3UYECKOM WM JIOTMYECKOM YypoBHE B pasznuuHbix uHTepdeiicax. Cets TMN
MOXET YaCTUYHO MCIOJIb30BaTh MH(PPACTPYKTYpPY YHOpaBISIEMOW CETH, HampuMep,
BCTPOCHHBIE KaHajbl TMepeJayd JIaHHBIX, KOMMYTAaTOpbl M MAapUIPyTU3ATOPHI
YIIPABJISEMOU CETH.

B cneundukanuax TMN ynpasasieMble pecypchl UMEOT oOllee Ha3BaHHE
cereBble anemMeHThl (CD) mmu NE (Network Element). ®ynkiuu ynpasieHus
BO3JIOKEHBI Ha cHcTeMbl moanepkku onepanuii OSS (Operations Support System)
WJIU OTIEPAIIMOHHBIE CUCTEMBI YIIPABJICHUS.

OyHKIIMKA yOPaBICHUS ONTUYECKOW MYJIBTHCEPBUCHOU TPAHCIIOPTHOW CETHIO
cornacHo TMN, cocTosT B clieayroneM:

—KkoHpurypuposanue C3;

—YCTaHOBKA MapaMeTPOB JIEKTPUUECKUX U ONTUUYECKUX UHTEpPeiicoB B CI;

—KOMMYTallHUsI KPOCCOBBIX COCTUHEHUI B MYJIbTUILIEKCOPAX;

—MEPEKIIOUCHHE HAa PE3epB ONTHUYECKUX CEKIMM, ONTHUYECKUX U HUPPOBBIX
TPAKTOB, COEIMHEHUI MoJiceTeil 1 000PyI0BAHMUS;

—KOH(MUTYypUPOBaHUE CETU TAKTOBON CUHXPOHU3ALINH;

—KOH(HUTypUpOBaHUE KaHAJIOB MEepelayn JaHHBIX s ceTH yrpasieHus (CVY);

—00paboTKa aBapUHHBIX CUTHAJIOB,

—KOHTPOJIb (P YHKIIMOHUPOBAHMUSI.

Kondurypuposanue CO npeamnonaraeT BHIMOJIHEHUE PsiJla OTEpaIiid:

—0a30B0€ KOHPUTYPUPOBAHUE CETEBOTO AJIEMEHTA C IyCTOM 0a30ii TaHHbIX;

—pe3epBUPOBAHKE U BOCCTAHOBJICHUE KOH(UTYpAIUH;

—3aMpoc JaHHBIX KOHPUTYPALHH I10 ITO3UIUSAM CETEBOTO AJIEMEHTa (THII MOJIKH,
CIIMCOK O0O0OpyJOBaHHUS, Ha3HAUYEHHWE CMEXKHBIX OJIOKOB, TOYKH OKOHYAHUS,
TaKTUPOBaHUE, BbIJaua AaBapUUHBIX CHUTHAJIOB, KaHalbl [epeJayd JTaHHbIX
YIIPaBJICHHUS);

—KOH(UTypUpPOBaHUE TAKTOBBIX T€HEPATOPOB,;

—KOH(UTypUpOBaHUE BXOJOB JUCTAHIIMOHHOTO KOHTPOJIS;

—CUHUTBIBAHUE COCTOSIHUSA MPOTPAMMHOI0 00€CIIeUeHHUS U T.J.

YcranoBka napamerpoB nopta (uHTepderica) Ha CO moapa3yMeBaeT YCTaHOBKY
COCTOSIHUM ONTUYECKUX M HJIEKTPUUYECKHX HHTep(eiicoB, MHTEp(PEHCOB BHEIIHEH
CUHXPOHHU3AIUH U JIP.
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KommyTarusi kpoccoBbix coequHeHrii B CO MOXET ObITh BBINOJHEHA MEXKIY
OTHENbHBIMU DJIEKTPUYECKUMU W ONTUYECKUMU uHTepdericamu. s KOHTpOJIs
KauecTBa CHUTHalla Ha  YCTAHOBJIEHHOM  KPOCCOBOM  COEJIMHEHUH  MOTYT
MCIIO0Ib30BAThCSA TOYKHA OKOHYAHUSI WM TPAH3UTHOTO COCTUHEHHUS.

KpoccoBbie coevHeHus1 BBIMOJHSAIOTCS MOCie MOMHOM KoHdurypauuu CO 3a
uckioyeHueM  kpoccoBeix  CD. Ilpu  KpoccupoBaHMHM  yCTaHABIMBAIOTCS
OJIHOHATPABJICHHBIE COEJUHEHUSI «TOYKA-TOUKa»», OJHOHANPABJICHHBIE «TOYKA -
MHOT'0 TOYEK», IByHanpaBieHHble. OTMEUaIOTCSl TOYKU OKOHYAHMSI, METKU CUTHAJIOB,
KOHTPOJIb TPAH3UTHBIX COCTUHEHUH.

ITepexmrouenue Ha pe3epB B CO, KoTopoe mpeaycMaTpruBaeTcsl B 000py10BaHNH,
BBITIOJTHSETCS C 1I€JIbIO MOBBIIIEHUS HAJIEKHOCTU CETEBOIO JIEMEHTA U CETU CBSI3H.
[Tpu HapymieHUM Nepenadu, Hanpumep, npu oopeiBe TuHUM (1o curHany LOS) win
MOBBIIIEHHOM KO3(PUIMEeHTe OMMOOK, AOJMKHO OBITh BBIIIOJTHEHO MNEPEKIIOUCHHE
CUTHAJIOB Ha pe3epBHYIO JHUHUIO. [[omonHutenbHOoe oOopyaoBaHue B coctaBe CO
MOXET COXpaHUTh TpaduK B pe3yjbTaTe 3allUTHOrO mnepekitoueHus. [Ipouemypol
yOpaBJEHUS OMNpPEACTIeHbl OTHOCUTEIBHO YCTAaHOBKHM PE3EPBUPOBAHUS, YAAICHUS
pe3epBUpPOBaHUs, 3ampoca KOH(QUTypallMd U JAHHBIX O COCTOSIHUM IS
CYILIECTBYIOUIMX PELICHUN MO pe3epBYy, U3MEHEHUI KOHQUTYpaLIi pe3epBUPOBAHUS,
MEPEKIIIOUCHUN MEXKy pabOYMMU U PEe3E€PBHBIMU CEKIMSIMU MYJIbTUILIEKCUPOBAHUS
WM CMEHHbIMU OJokamMu B oOopymoBaHuu. Pe3epBupoBanue cekuuii u OJOKOB
MoOkeT ObITh MoHBIM (1+1) wiam gactaeiM (1:n), Tme N — paboYMX CEKIUU WA
0110k0B 1 1 pe3epBHast ceKus Uin OJIOK.

KondurypupoBanue TakTOBOM CUHXPOHU3AIMHU PEANOIAraeT:

—KOH(UTypUpOBaHUE UCTOYHUKOB cuHXpoHu3anuu CO u ceTy;

—KOH(UTYypUPOBaHUE TAKTOBBIX CUTHAJIOB;

—KOH(UTypUpOBaHUE BHEIIHETO TAKTOBOTO CUTHAJIA CUHXPOHU3ALINH.

KondurypupoBanrie npou3BOJUTCA MO MOKa3aTEIsIM Ka4yeCTBA U MPUOPUTETAM.
OuepeTHOCTh NPUOPUTETOB YCTAHABIMBAETCS POrPaMMHO B Kaxaom CO.

[Ipu3HakoM NepeKItOYeHUs CHHXPOCUTHAIOB M0 IPUOPUTETY MOTYT CIIYKUTh:

—noreps curaana (LOS);

—noTeps nukia (kaapa) nepenaqn (LOF);

—curHaJ uHauKaiyu aBapuu (AlS).

JIist 3alIMTHBIX MEPEKIIOYEHUNM HMCTOYHUKOB CHUHXPOHU3ALMHU MPEIYyCMOTPEH
TaliMep BoccTaHOBJICHHs cUHXpoHM3Ma (oT 1 10 60 MHHYT), KOTOpBI BO3Bpamiact
CXeMy CHHXPOHHU3Ma MocJe cpabaTbiBaHUSI B UCXOJHOE MOJIOKEHUE.

Kongurypupoanune cetn nepemaunm ganaeix DCN (Data Communication
Network), koropas MoOXXeT coO31aBaThcsi Ha OCHOBE BCTPOCHHBIX KAaHAJIOB,
BBITIOJTHSIETCA JUIsl oOecrieueHusi HaaexkHoctu nepepaun nanHbix CY. Ilpu stom
KOH(QUTYPHPOBAHUH CO3MAFOTCS (hOPMATHI apecoB 00JIacTH (JOMeHa) yIpaBIeHUS U
JIONOJIHUTEIIbHBIE aapeca CO.

OO6paboTka  aBapUMHBIX  CHUTHAJIIOB  NIPEANOJIaraeT  pas3IMYHbIE  BUJBI
oToOpakeHus1 aBapuil. ABapuu HHAUIUPYIOTCA B alllapaType CETEBOr0 3JIEMEHTa
cBeToquonamMu Ha ma”enu coctosHud AIP (Alarm Interface Panel). Asapwuitabie
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CUTHaJIbl Kak yBegomieHus oTmpanisitorcss CY omepatopy Mg HUACHTU(DUKAIUU
CPOYHOCTH U BaXXHOCTH Ha IKpaHE MOHUTOPA.

B 6a3e ganubix CY ot CO MoxkeT (PUKCUPOBATHCS CTENIEHb CEPHE3HOCTH aBAPHH,
CIIUCOK aBapUWHBIX CUTHAJIOB, MPOU3BOJIUTHCS (PUIIBTpALUSl aBapUITHBIX CUTHAJIOB,
MOACUYUTHIBATHCA YKCJIO BO3HUKIIUX ABAPUMHBIX CUTHANOB, (UKCUPOBATHCS BpEMsI
aBapuu | T.]I.

Kontposs  ¢ynkumonuposanuss PM (Performance Monitoring) mo3BossieT
onepatopy CVY cienuts 3a KauecTBOM pabOoThl KOHKpeTHOTO CD TpaHCIIOPTHOM CETH.

B CVY nocruraercss HempepbIBHOCTH cOOpa CTaTUCTUYECKOW HH(OpMAIUuU C
MOCTEAYIOMIeH  aHaIUTHYeCKOM  oOpaborkoit. [l  3Toro  aBTOMaTHYECKH
MPOU3BOJIUTCS AKTUBM3ALUSI TOYEK KOHTPOJISI WM M3MEPEHUN MapaMeTpoB
(YHKIIMOHUPOBAHUS, OMPOC I3TUX TOUYEK U JI€AKTUBALIUS.

Kontponb (yHkuronupoBanusi nepuoguyeH U uHdopmanus (Qukcupyercs B
0aze manabpix MIB (Management Information Base — 0a3a maHHBIX yIpaBIIstOLICH
uHpopMmaruu) vepe3 15 muHyT mim 24 yaca (KOHTpOJb W (PUKCALHAS BO3MOKHBI
TaKKe Kaxaplil yac, kaxxasie 30 u 45 MuHYyT).

5.7. Cucrembl YIpaBJI€¢HUA OIITHIYICCKUMHU MYJbTUCEPBUCHBIMH
TPAHCIIOPTHBIMHU CETAMHU

Jliist 2pheKTUBHOTO yNpaBIeHUS ONTUYCCKUMH CETSIMH CBSI3M BCE MOCTABITUKH
obopynoBaHus (MyJbTHUIUIGKCOPOB M TPAHCIOPTHBIX IIATGOPM) TpEIararoT
WCIIOJIb30BAaHUE COBPEMEHHBIX CPEJICTB MPOTPAMMHOTO YIIPaBICHUS, BCTPAUBAEMOTO
HEIMOCPEACTBEHHO B 000PY/I0BaHUE U B cepBEpHBIC ycTpoiicTBAa. COBOKYIMHOCTh ATUX
CPEIICTB M YCTPOMCTB YIIPaBJICHUS U KAHAJOB MEPEeIauu TaHHBIX TOTy4YnsIa Ha3BaHUE
cucmemul ynpaenenusn. lIporpamMMHble CpefCTBa pa3paldaThIBAIOTCA ISl KaXKJA0TrO
ypoBHs ynpaBieHus (ymnpasiaenwe CD, yIpaBIeHHS TPAHCIOPTHOW CETHIO,
YIIPABJICHUS YCIIyTaMH TPAHCIIOPTHOM CETH) WM TOJAPA3ICIAIOTCS Ha IPOTPaMMbI
«MEHEIDKEpa» W «areHTa» yrpasieHus. [IporpamMmbl «MeHemKepa» pa3MemarTcs B
cepBepax ymnpasineHusd. [Iporpammel «arenta» pasmemarorcst B CO.

Ha yposne ynpasnenus cemesvix snemenmos EML (Element Manager Layer),
MpeTHa3HAYCHHOM IS TIOJJIEPKKH pabOThl 00OpYAOBaHMSI, YIPABICHHS 3arpy3KOn
MPOrpaMMHOTO OOECIeUeHMs], IEHTPATU30BaHHOTO MEHEKMEHTa OUOOK U cOopa
JAHHBIX KOHTPOJISI W W3MEPEHUS XapakTEPUCTHK OOOpYyIOBaHUS H  CETH,
WCTIOJIB3YIOTCS TIPSIMBIC B3aUMOJICHCTBUS «ar€HT-MEHEIKEP.

Hanpumep, «Menemkep» Alcatel 1353 SH ynpaBnser BceMH ONTHYCCKHUMHU
cereBeiMu dniemeHTamu. SDH, DWDM, ATM, IP u mo0biMu TpaHCIIOPTHBEIMHU
CeTSMHU. TIOJBOAHBIMH W HA3eMHBIMHU, BKIIOYas MPOBOJHBIE W OECIPOBOIHBIC
CUCTEMBI, MOXET OCYIIECTBIIITH ympaBieHue Oosee yem 100 Ttumamu u BepcusMu
CETEeBBIX JIEMEHTOB. [Ipu 3TOM MoIep)KUBAIOTCS JIFOOBIe MHTEP(EHCH yIIpaBICHUS
Q3/CMIP, SNMP, TL1, CORBA. Jlns cereil mpocToil KOH(MHUTYyparMd MOTYT
WCIIOJIB30BAThCSl JIOKAJTBHBIE TEePMUHAIBI yrhpasieHus, Hampumep, 1320NX wmmm

1320CT (puc.5.7.).
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a0/
Hutepdeiic O3

Puc. 5.7. [lpumep moaxmroueHus: repmuHana ynpasieans 1320CT k
mynbeTaIiekcopy SDH gepes untepdeiic Q3

Ha ypoBue ynpasnenus mpancnopmnoii cemoio NML (Network Management
Layer) wuCHONB3YIOTCS HWHTCTPUPOBAHHBIC CHCTEMBI, TpeIHA3HAYCHHBIC IS
OpPraHM3allMK W YIPaBJICHUS TPAaKTaMH, OPTraHU3YEeMBbIMH BHYTpPH ceTH (OT TOYKH 0
TOYKH) JUISI BHEIIHUX KJIMCHTOB, a TaK)Ke YIPABICHUS CEThIO B IICJIOM. BhIMONHSIET
Bce (DYHKIMHU, BKJIIOYAs TaKHe, KaK CO3/IaHHE, WHBEHTapu3alus U OOCITy>XKHBaHHE
TPaKTOB, MPOBEACHUE HEOOXOJUMBIX PACUYETOB, KOHTPOJIb HX KadeCTBEHHBIX
XapakTepucThk (provisioning, inventory, maintenance, accounting and quality) u T.11.

Ha ypoBae NML peanuzyetcst psii BO3MOXKHOCTEHN TO:

— TUCTAHIIMOHHOMY HAOJIOJICHUIO U KOHTPOJIIO TPAHCTIOPTHBIX CETEH;

— npoUIAKTUYECKOMY OOCIY>KMBaHUIO, OOHAPYKEHUIO U JIOKAIM3ALUU
HETOoJaJ0K JJIsl OKa3aHUs MOACPKKU 00CIIyKUBAIOIIEMY NIEPCOHAIY;

— UEHTPAJIM30BAHHOMY VIPABJICHUIO TPAKTOB MPU KOMIUIEKCHOM yueTe
TOIOJIOTUU CETH;

—  yOpaBICHUIO  JIaHHBIMHU,  YBSI3aHHBIMH  C  KOHTPOJIEM  KayecTBa
MPEOCTABISEMBIX YCIIYT;,

— YINPaBJICHUIO JAHHBIMH, YBSI3aHHBIMU C MHBEHTApU3ALMEU COCTOSIHUS CETH C
LEJIbI0 TUIAHUPOBAHUS JadbHEUIIUX padoT;

— uH(pOpPMAaIUH, CBI3aHHOU C MPEIOCTABIICHHUEM CETEBBIX YCIIYT;

— ONTUMHU3AIMU KAMUTAJIOBIOKEHUN HAa OCHOBE HMCIOJIB30BAHUSI TEXHOJOTHIA,
JOMYCKAIOIINX BO3MOKHOCTh MOJIEPHU3AIMHU, a TaKke T'MOKOW U MacmTadupyemoit
apXUTEKTYpHhI ceTu. [IpuMepom Takoii cucmemsbl ynpasnenus MOxeT ciayxuth Alcatel
1354RM.

Cucmemot ynpaenenus yposua ycayz SML (Service Management Layer)
o0ecrneunBalOT CHEUAIUCTaM IO IJIAHUPOBAHUIO W PEaN3allMi CeTed IIUPOKUI
CHEKTp BO3MOXKHOCTEW Jig ONpEeleNieHUs] TUMA M KOHQPUIypaluu ONTHYECKOU
MYJIbTUCEPBUCHOM IMIAT(MOPMBI M CETEBBIX TOMOJIOTMH. ODTH CHUCTEMbI MOIYYarOT
MH(pOpMALIMIO OT CUCTEM YIPABJICHUSI CEThIO JJISI pacyeTa COCIUHEHHMS MOJl YCIyTU
nosib3oBarennto. OHU MOryT (OpMHUPOBATH 3aMPOChl HUKE JIEXKAIIUM CHUCTEMaM
CETEBOr0 yMOpaBJIEHUS MO PACHIMPEHUIO BO3MOXKHOCTEH ONTHYECKOW CeTu
(BupTyanbHOM cuenke konteiHepoB VC-x minu 610k0oB OPUK, HapamuBaHuio 4mcia
ONTUYECKUX KaHajoB). Ha ypoBHe ympaBiieHUS yCIyramMH CO3JaceTCsl BeCh HaOOp
OMEepPaTOPCKOr0 KJacca, KOTOPhI HEOOXOAWM [Jisi CO3JaHUsl TPAHCIOPTHOM ceTH,
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KOH(QUTYpUPOBAHUS YCIYT M HAONIOJEHUS 3a apeHIyeMbIMU JUHUSIMHU Tepeaadd,
ycIyraMu BUPTyalnbHbIX YacTHBIX ceTeit VPN ¢ pasnuunbiM ypoBHEeM kauecTBa QOS.

Haubonee «mpoaBUHYTBIE», PpPa3BUTbIE CUCTEMbl YIPABICHHUS CIIOCOOHBI
o0ecrneynTh OMNepaluy MO0 IUIAHUPOBAHUID W MPOEKTUPOBAHUIO ONTUYECKOU
MYJIbTHUCEPBUCHON TpaHCHOPTHOU ceTu. K TakuM cucTtemam ympaBlIeHUSI OTHOCSTCA,
nampumep, Cisco Transport Planner u Cisco Metro Planner — KoMIIeKCHBIH
MHCTpyMEHT mnpoekTupoBanus cerei DWDM u wu3MeHeHus CyliecTBYHOIIUX
npoekToB Ha ocHoBe Imiargopm ONS15454 ¢ wuHTErpHpOBaHHOW TEXHOJIOTHCH
ROADM.

CoBpeMeHHBIE CHUCTEMBbI YMOpaBJICHUS psifa MPOU3BOJAUTENCH, B YaCTHOCTU
Huawei, nomnepxwuBaror kounemnmuio ympasienus ASON (Automatic Switched
Optical Network - aBTOMaTHYecKH KOMMYTHpyeMas ONTHYECKAs CETh), 4YTO
MO3BOJIIET YCKOPUTH IIPOILIECCHI BBIJICTCHUSI PECYpPCOB TPAHCIOPTHBIX CETEH
notpeoutensiMm. OJIHAKO BHOBb MOSIBUBIIMECS OCJIOXKHEHUS C  YIpaBIICHHE
TPAHCIIOPTHBIMHU CETSIMU MOTPEOOBAIU MPUHATUS HOBBIX PEUICHUM AJISI MOATOTOBKHU
ceTell K MEepeHOoCy IMHAMUYECKH MeHsmonlerocss Ttpaduka OONbIIMX CKOpOCTEH
(TepabuToBoro muamna3zoHa). TakuM pelIeHHEM cTaja pa3pabdoTka MPOrpaMMHO
KOH(PUTYPUPYEMBIX CETEH.

5.8. Texnosoruss T-SDN - mnepcneKTHBHOe pelleHHe YNpPaBJIeHUs
ONTUYECKNMU CeTAMHU

CrpemMuTeNnbHBII  pPOCT W PaCOpPOCTPAHEHHE  MIMPOKOTO  CIEKTpa
TEIEKOMMYHHUKAIIMOHHBIX YCIYT, UX BUPTyaJIU3allMu B OOJAYHBIX PEUICHUAX CTaIU
MPEANOCHUIKON ISl MEPEOCMBICICHUS TUIOBBIX CETEBBIX CTPYKTYpP C JIEJICHHEM Ha
TPAHCIIOPTHBIE, AOCTYNa M T.J. DTO KOCHYJOCH, NPEXJIE BCEro, COIIaCOBAaHHOTO
yIpaBlIeHUs pecypcamMu U yciayramu. llosBuics emé OOWH BaKHEWIIHU TpPEH.
pa3BUTHs TEIEKOMMYHUKaui, copmymupoBanubiii B 2005 rogy B yHUBEpCUTETaX
bepxinu n Crendopna, kak mporpamMmmHo-koHpurypupyemsie cetu SDN, Software
Defined Networking. M3nawamsHo pemeane SDN opuweHTHpOBaHO Ha ceTH C
MOAAEP>KKOM MHOKECTBA YCIYT Ha TaK Ha3bIBAEMOM HHU30BOM YPOBHE KOMMYTaTOpPOB
¥ MapIIpyTH3aTOPOB ¢ HcIob3oBanueM mpotokoa OpenFlow [81]. Omnako, kak
MoKa3ajgo OypHOE COBEPIICHCTBOBAHME ONTHYECKUX CETEe, U Ha YpPOBHE
BBICOKOCKOPOCTHOT'O ONTHYECKOTO TPAaHCIOpPTa TpeOyeTCs MPUMEHEHUE TEXHOJIOTHI
rMOKOro AMHAMUYECKOTO M OBICTPOrO BBIJICJICHHS 3allpallMBaeMbIX PECYpCOB MOJ
KOHKpETHBbIE yciyru. He cMmoTps Ha Hanuuue TEXHOJIOTMU aBTOMATHU3UPOBAHHBIX
KOMMYTHUPYEMBIX  ONTHYECKUX  CETeH ASON, pa3paboTaHHOM |
cragmaptusupoBannoit  ITU-T B mepBom gecsatunetnun 21 Beka ocranach
HEJIOCTATOYHO PEIICHHOW 3ajadya OO0ecleueHus: pecypcaMH TPAHCIOPTHBIX CeTel
JTUHAMUYECKA MEHSIOUIUXCS 3anpocoB oT ceted ycnyr. [lo aroit npuuune ITU-T B
CBOMX MCCJIEIOBATEIBCKUX KOMHUCCHUAX MPUCTYNWI K Pa3padOTKe JOMOJHHUTEIbHBIX
cTaHmapToB ¢ obmmM HasBanueM 1-SDN (transport software-defined networks).
Huxe mpuBoauTCcst KpaTKuii 0030p OCHOBHBIX UJI€H BHOBb CO3/1aBA€MOI TE€XHOJIOTUH
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YHpaBJICHUA OIITHYCCKUMU CUCTECMAMHU U CETAMU, MMOAACPKUBAIOIIUMHU Tepa6I/ITHI>IC u
1eTaOuTHBIC CKOpPOCTH NICpCaair B OIITUICCKUX CCTAX IIATOIO IIOKOJICHU .

5.8.1. O6mas xapakTepucTHKA MPOrpaMMHO-KOH(pHUTypupyembIx ceTeit SDN

CMpBICIOBOE Ccoep)aHuE MO CymecTBy HOBoW TexHoioruu SDN coctout B
CO3/IJaHUU MTPOTPAMMHOTO OOECIIeUEHHUs JIJIsl CYIIECTBYIONIUX U MJIAHUPYEMBIX CETEH,
KOTOpPO€ MO3BOJUJIO OBl Ha MPaKTHUKE peliarh MOpoOJeMbl I[EHTPAIM30BAHHOIO
yopaBieHUs OO0OpYJOBAaHHEM pa3HBIX MPOU3BOAMTENICH, CHMXKATh CIIOXHOCTHU
HAaCTPONKHU U KOHPUTYPUPOBAHUE CETH, MOAACPKUBATH JUHAMUYECKUE U3MEHEHUS B
peaJbHOM BpPEMEHU [Jii BHOBb CO3J]aBa€MbIX WM 3alpallliBaeMbIX CEpPBHUCOB,
caenarh OoJsiee 0€30MaCHON U YCTOMYMBON pabOTy CEeTH, AETaIbHO KOHTPOJIUPOBATH
CeTh IJid CHYyKO MOIJIEPk KU CEpPBHCOB, coOUpaTh, OOpabaThiBaTh W XPAHUTH
CTAaTUCTUKU CETU U €€ yIpaBICHUS.

Texuomoruert SDN mnpemycmarpuBaetcst TpEXypoBHeBas cTpykTypa (puc.5.8):
MPUKJIAAHON ypoBeHb WM ypoBeHb SDN; ypoBeHb KOHTpoJUIepa W Tepeaadu
JAHHBIX; UHPPACTPYKTYpPHBIH ypoBeHb WM (Pusnueckas ceTb. COCTAaBHOM YacThIO
texanooruun  SDN  sBissercss  nportokon  OpenFlow, mnpenHa3HaueHHBIA IS
YOPaBJICHUS MApPUIPYTA3ALMEN M KOMMYTAallMEd B CETH, T.0. BBIIOJHAIONIUN
(YHKIIUIO CBSI3YIOIIETO 3B€HA MEXK1Y YPOBHSIMH.

NpuKnagHoOW YpOBEHb

SDN BupTyanbHbIin cepsuc

v i

YpoBeHb KOHTponnepa

SDN ynpaBneHvWe ceTeBbiM CepBUCOM
1 nepegadeit 4aHHbIX

@ ﬁ OpenFlow

dU3NYecKMin ypoBeHb

WHdpacTpykTypa unu pusnyeckan ceThb,
KOMMYTaTOpkl

Puc. 5.8. YpoBueBas ctpykrypa SDN

OTOT MPOTOKOJ TMO3BOJSIET CHEIMAIUCTaM TpaTUTh MEHbIIE BPEMEHH Ha
HACTPOWKH CETH ]IS TIOJJEPKKHU 3aJaHHBIX MOoKaszatenel kadectBa QOS. bmaromaps
ATOMY MPOTOKOJIy BO3MOKHA OpraHU3alvsl YIPaBICHUS BCEMH KOMMYTAaTOpaMH H
MapuIpyTU3aTOpaMyd CETU TNOJ €IWMHOM CETEBOM OMNEPAMOHHON CHCTEMOM,
OTCJIC)KUBAIOIEH KOH(PUTYpAIUI0 CeTH. Pe3ynbTaTUBHOCTH MPOTOKOJIa 00OCHOBaHA
MOJITICPXKKOM TTOTOKA JTAHHBIX TAOJUIL, cojepkanmx MHOecTBo flow Tabmur (Taxke
TEPMHH aOCTpakimueW Ta0nuiy), OOBCAMHICMBIX B JPEBOBUAHBIC CTPYKTYPHI.
[Ipotokon pemiaer mpoOIEMy 3aBUCUMOCTH OT CETEBOTO OOOpPYIOBAaHMS Pa3IUYHBIX
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MOCTABIIUKOB, T.K. HUCIHOJIb3YeT oOImue abCTpakiuu il TOCHUIKM IMAaKETOB OT
CETEBOM OMEPaAIMOHHON CUCTEMbI K KOMMYTaTOPaM.

B 00bl4HOM MapuipyTH3aTOpe WIM KOMMYyTaTtope ObIcTpasi mepeajpecanus U
pelieHns mo MapuIpyTHU3allMd BBICOKOTO YPOBHSI IPOUCXOST B OAHOM YCTPOUCTBE.
[Tpotokomom OpenFlow npousBoauTcst pasmenenue ABYX (yHkmwid. I[lepecbuiky
JAHHBIX TaKeTaMH BBIMIOJHSIET KOMMYTATOp, a pEUIeHUs MO0 MaplIpyTU3aluU
MPUHUMAET OTAEJIbHBIM KOHTPOJUIEp WK CTaHAAPTHBIA cepBep. Tabmuia coaepxuT
Ha0oOp MoJjed MmakeTa, CBEPSIEMbIX C BXOASIIMMH IMaKeTaMH, U Ha0Op JEUCTBUS C
nakeramu (IMopT, KyJa Mociath, MOIU(MUIIMPOBATH IOJIe, OTOPOCUTH U T.1.). Eciu
MOCTYNAalOT TMAaKeThl, KOTOpble HE WACHTU(UIMPOBAHBI TaONMIEH, TO OHHU
NepechUIaloTCs KOHTpoiuiepy (cepBepy) i NPHUHATHS PEHICHHS MO UX 00paboTke
(100aBHTH 3aIMCh MapIIPYTU3ALNH, TIEpeaapecoBaTh U T.JI.).

5.8.2. [IporpammHuo-koHpurypupyembie ontudeckue cetu T-SDN

HeoO0xomuMocth  mpuMeHeHuss  TexHoisorun [-SDN  Ha  onTuyeckux
TPAHCTIOPHBIX CETAX OOYCIOBJIICHA CIEAYIONIUMHU TMOKA3aTeIsIMHA. HEOOXOIUMOCTHIO
YIPABJICHUS YCIIYTaMH MHOTOYPOBHEBOW CTPYKTYPBI MYJIBTHCEPBUCHONW OMTHYECKOM
cern (ypoBum LO, L1, L2, L3) (puc. 5.9.); ruOkum pe3epBUpOBaAHUEM IOJIOCHI IS
TPAHCIIOPTHBIX  COCAMHECHMU (CTaTMYeCKOoe W JUHAMHYCECKOE),  TMOJICPIKKH
B3aMMOJICHCTBHS ~ MEXAy IeHTpamMu o00pabotku manubix (IIOJ]) mo mpomycky
cBepxOONbIINX  OOBEMOB  JaHHBIX;  aBTOMATHYECKOE  KOH(UTypuUpOBaHUE
TPAHCTIOPTHOW CETH TIO 3ampocy; 3allhuTa COCAWHEHWH B CETH HA Pa3IMYHBIX
YPOBHSIX; MHOTOYPOBHEBAs ONTUMHU3AIHS U YIIPaBJICHHUE; MOAACPKKa 000y T0BaHUS
pa3IMYHBIX MPOU3BOUTENCH (MYyJIbTBEHIOPHOCTD); COXpaHeHHE (HE YBEIMUYCHUE)
karmutabHbIX 3atpaT (CAPEX) u cokpamienune 3arpar Ha skciutyataruio (OPEX).
Texnonoruss T-SDN paccmarpuBaetcst pa3paOOTYMKaMH ONTHMAIBHBIM pEIICHUEM
M0 YIPaBICHUIO MEXIY HEHTPATN30BAHHBIM U PACIPEACICHHBIM YIIPABICHUEM TI0
KPUTEPHIO KauecTBa obecneunBaeMbIix yciyr QOS.

Texunomnorust T-SDN nomkHa CyIIeCTBEHHO MOBBICUTH THOKOCTHh B yIPABIICHUN
BCEMH YPOBHSIMHU ONTHYECKOW CETH, BKJIIOYAs onTudeckue u snekrpuueckue (LO, L1
— omrtryeckue U L2 - L3 — amekrpudeckue). B onTrueckod wacTm 3TO Kacaercs
ynpasiieanus mynbtuiiekcopamu ROADM, He3aBUCUMBIX OT JUTUH BOJTH OMITHYECKUX
CUTHAJIOB, HANpaBJICHUS WX pacnpocTpaHeHus W ux Harpy3ku (tepmun CDC,
colorless-directionless-contentionless). Takke B omnTH4Yeckod dYactm Tpedyercs
HOJIZICPKUBATh PEKUMBI OpraHU3aIluu onThdeckux kKaHaimoB «flex grid» u «super-
channels» mist KOTepeHTHBIX U HEKOTEPEHTHBIX PEIICHUH Ha CKOPOCTH Tepeaadu Jio
400 I'6ut/c u 6onee. [lpu >TOM MOIDKHA TOAIEPKUBATHCS afanTaIis CKOPOCTH TIOJT
pasubsie ¢opmatel Moxyisimu (QPSK, 8QAM, 16QAM, PM-, ...) c¢ yuérom
orHomenuss OSNR, Bo3mokHoctert FEC, mucranmuu mepenaum u T.4. [lommeprxka
KOMMYTAIlMOHHBIX BO3MOXKHOCTEH Ha YypOBHE ONTHYCCKUX BOJH A (KaHAJOB),
anekrpuueckux kanamoB (ODUK, ODUk-Xv, ODUflex), makeror (Ethernet, TP-
MPLYS), 3ammurHoii kommyTtanuu (50 - 200 mc) takke oOs3arenbhbl Mg 1-SDN. B
BBIYHMCIUTEIBHB BO3MOXXHOCTH 10 MapIIPyTH3AIMU JIOJDKHBI  3aKJIaJIbIBATHCS
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GbyHKIIME  Qrooming, T.e. ONTHMAJbHOE TOCTPOSHHUE MApPIIPYTOB ONTHUECKUX
KaHAIOB. [ 71e KpuTepueM ONTUMAJIbHOCTH MOXET CiyxkuTh oTHomeHne OSNR wu
HAaUKPOTYAWIUK 1yTh. @DYHKIHMOHAIBHO QroOMINg TO3BOJAET JIHMHAMHYCCKU
pacmpenensaTh PECypPChl BOJTH Ha BCEX YJaCTKaxX ONTHYECKOW CETH U HATrPy3KH.

B uéMm cocroaT OTIMYMSA  TPAAWIIMOHHOW apXUTEKTYphl  ONTHYECKOM
TPAHCTIOPTHOM CETH OT apXUTEKTYPHI ¢ TexHojorueh T-SDN?

Mapwpytuzayus
KommyTanus as
no MeTkam TP-MPLS
L2,5
KommyTayua )
i
nakeTos Ethernet ES

L2

KommyTauusa yudpoBbIx
BnokoB onTUYecKoi

vepapxum OTN/OTH
L1

KoMmyTauusa onTuyeckux

KaHanoeB W BONOKOH @ @ @ @I
/, OCh

Puc. 5.9. CtpykTypa MynbTHCEPBUCHON OMTUYECKOI TPAHCTIOPTHOM CeTH

[TpuHIMMIHATRHBIE 3JEMEHTHl OTIWYHS JITHX ApXHUTEKTYp MPEACTaBICHBI Ha
puc.5.10.

TPOgHUHOHIEER BOXHTRETYPA
055 and BSS

T B =
r_:' n -ﬂ _-}Ar"r-ur-n-l-r- FATEA TR
e &-‘-ﬁﬁ- CDEECT W EpELCHH

A = N—
il m ‘3}‘;{}4 4554

EMS/ [
l NMS3 -é
\ M TEs

CORBA, etc.. npaTCHnCg
| AL

. O55and BSS

& Applications

CpRCTRai A
HOH
O TR
ey i

Controller

Network

Domain Domain

Puc. 5.10. Opranuzanust yrpaBieHUs B Pa3IMIHBIX apXUTEKTYPHBIX PEIICHUSIX
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B TpamunmonHol apxutekType Kaxkiwiii cereBoi momen (Network Domain)
MMEET CBOIO CHUCTEMY YIpaBJIEHUS C HAOOPOM MPOTOKOJIOB YIPABICHHUS CETEBHIMU
sanementamu EMS (element management system) u cerero NMS (network
management system), KoTopbie He BCErJla COBMECTHMBI C JIPYTUMHU JOMEHAMHU U UX
cuctemamu ympasieHuss Ha 6asze mporokonoB SNMP, CLI, CORBA, TELNET u
apyrumu. Takas nmpobGiemMa MPUBOAUT K JOMOTHUTEIBHBIM 3aTpaTaM Ha MOICPKKY
Pa3TUYHBIX CHCTEM YIPABJICHHUS W COTJIACOBAHUS MEXIY HHMHU IO CPEICTBAM
YeJloBeKa-orepaTopa, 4YTOo 3aMeUIIeT TMPOIECC TMPEIOCTABICHHS  PECYpCOB
TPAHCTIOPTHOW CETH TIOJIB30BATEII0 W  BBI3BIBAET TIPOCTOM ITOTO  pecypca.
TpagunmoHnHass apXWTEKTypa TOPMO3UT PAa3BUTHE OIEPAITMOHHBIX BO3MOXKHOCTEH
(OSS, operations support system) um pacmupeHue CIeKTpa YCIyr, MPUHOCAIIETO
n0xojel orepaTopy (BSS, businness support system).

B apxutexktype T-SDN koHTposuiepsl ympaBieHUs IEHCTBYIOT COTJIACOBaHHO
gepe3  CTPYKTYpy  CIOXKHOTO  TPOTPaMMHOTO  TPOAYKTa,  HA3bIBAEMOTO
OpPKECTPaTOpOM, W HaJaXMBAIOT B3aWMOJCHCTBHE aBTOMATHYECKH O0€3 ydJacTus
YeJI0BeKa-olepaTopa, 4To HSKOHOMHUT BpeMs Ha pemenue 3amad OSS, BSS wu
B3auMozieiicTBust ¢ npuioxkenusmu  (Applications) 1o  mporpamMMuUpyeMbIM
npukitagaeiM uHTepdeiicam (API, application programing interfaces) u yciyram.
Coznmaércst oTKphITast Tuiatrgopma Juisl JATBHEHIIETO HapalluBaHUS ONMEPATOPCKUX U

OuzHec BO3MOXHOCTEH. OJIUH U3 TaKUX MPUMEPOB MPOJIEMOHCTPUPOBAJIA KOMIAHUS
Telefonika (puc.5.11.).

' f

sedona
sysiems

Ciena SDN Controller

sifuen ],
CISCO

Huawei SDN Controller

Huawei

Huawei

Puc. 5.11.ITpumep cTpykTypsl sKcniepuMmenTanbHoi cetd SDN komanuu Telefonika

Ha pwuc.5.12 npencraBieH nmpuMep OpraHU3alMK YIPABJICHUS B TPAHCIIOPTHOM
cetu 18 ypoBHe# 2, 3 cpeactBamu 1-SDN, rie 0603HaueHO:

VRF, Virtual Routing and Forwarding — BupTyajbHas MapuipyTH3alus H
OTITpPaBJICHUE;
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VPN, Virtual Private Network — BupTyasibHas yacTHast CEThb,

PW-LSP, Pseudoware Label Switched Path - 1nceBmo coennHeHune
KOMMYTHPYEMOT'O ITyTH 110 METKE;

VLAN, Virtual Local Area Network — BupTyasbHas JIOKaJIbHas CEThb.

B napoxmatomeiicss texnomoruu T-SDN ecth emé psa mpobiieM, KOTOPBIC
MO/JIeKAT Pa3pelieHUI0 Ha CTaaud CTaHAApTU3AINK, HAlpuUMep, YCTaHOBIICHHE
B3aumoneicteus ¢ cetssmu ASON, BbImeneHUs KaHAJIOB TepeAadyd JaHHBIX IS
B3aMMOJICHICTBUSL CETEBOro JOMeHa M KoHTpoiuiepa T-SDN m opkectparopa ¢
KOHTPOJUIEPOM, TIOJIJIEP’KKA CKBO3HBIX (DYHKITHI 3alTUTHI COCTUHEHUH Ha Pa3TUIHBIX
YPOBHSX TPAHCTIOPTHOM CETH W paclpeie]ICHUs CEPBUCA, U T.1I.

MopRAokK OTKPLITOro %{u.wm ] [ L3-VPH ] BHpTyankHLIE YacTHbIE CaTH 2 1 3 ypoBHed
cepenca
£ fﬁ_,.’-’"’
KonTponnep | SDN-C I
Wumepdeic npoTokona

frn™
i v s
.
.r{ X ‘1."' X
%
z‘ L

LY

L 4

BupTyansHanA ceTk 1

= I Y :

Puc. 5.12. Tlpumep ctpykrypsl cetu T-SDN ¢ ynpaBineHneM Ha MaKeTHBIX
YPOBHSIX

ApPXHUTEKTYpHBIE PEIICHUsS I TpaHCHOPTHBIX ceTel ¢ T-SDN cramm mpeameTom

craupaprmzanmu ITU-T B pekomenmammsx  G.7701(11.2016) Common control
aspects u G.7702 (03.2018) Architecture for SDN control of transport networks.
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KOHTpO.]]bH]JIe BOIIPOCHI

1.

ok w

© o~

11.

12.
13.

14.

15.
16.

17.

18.
19.
20.
21.
22.
23.
24,
25.

26.

217.
28.

Uem ompezeneHsl mpaBuia NOCTPOSHHUS CETe TAKTOBON CUHXPOHU3AIINHT
U YIIpaBJICHUS?

B gem 3axmouarorcs nmpooiaemer TCC?

UYTto HA3BIBAIOT MPOCKATL3BIBAHUSIMU ?

B uéMm cymHOoCTs HOpMUPOBAHUS MTPOCKATH3BIBAHNN?

UTo HA3BIBAIOT [HKUTTEPOM U BaHIEPOM?

Kak cBs3aHO 4uCIO NPOCKaIb3bIBAHUN CO CTAOMIBHOCTBHIO TaKTOBBIX
TeHEePaTOpOB?

Kakast ceTb CHHXpOHU3AINK HA3BIBACTCS IICHTPATN30BAHHON ?

Yewm otimuuarotcs [1017, B3I u 'CH?

Yro 0003HaYAET TUIE3NOXPOHHBINA PEXUM padoThl B cetn TCC?

[lo kakuMm mpaBUiiaM JIOJDKEH PacHpeiesisiTbCs TaKTOBBIA CHUHXPOHU3M
BHYTPH y3JIa U MEXIY y3JIaMU CBS3U?

Uem pasznuyaroTcs  KJIacChl  MOAKIIOUEHHST K 0a3oBoil  ceTu
CUHXPOHH3AIIHH ?

Yro nmpencraBnset coboi crucTeMa MPUOPUTETOB CHHXPOHU3AIINN ?

Uto mpencraBiaser co0OW  cucTemMa  MOKaszaTejled  KadecTBa
CUHXPOHH3AIIHH ?

Kak coueraercss ucnosib30BaHHE CHCTEMBI IOKa3aTeliell KadyecTBa U
MPUOPUTETOB B CETH CHHXPOHHU3AIUH ?

Kak 0003Ha4at0T CHHXPOCUTHAJIBI BHYTPH aIMapaTyphl?

KakoB mnopsimok pa3pabOTKH CXeMbl CHHXPOHHU3AIMU TPaHCIOPTHOM
ceTu?

B yem coctoar (yHKIMU yNpaBiieHUS ONTHUYECKON MYJIbTUCEPBUCHOM
TPaHCTIOPTHOM CETHIO?

Yro npencraBiseT coO0H CUCTEMa yIPaBICHUS TPAHCTIOPTHOM CEThIO?
Yro o6o3nagaer SDN?

Yem 00ycimoBiaeHO nosiBiaeHUE KoHIenuu SDN?

Yro BxomuT B CTpYKTYypy SDN?

Kakoe naznauenue umeet npotokon Open Flow?

Kakue pynakunu Beimosaset nporokos Open Flow?

B uém coctout HeobxonumocTh pumeHeHust 1-SDN?

Kakne mnpenmymectBa coszmact T-SDN mnpu wucnonb30BaHUM B
MYJIBTUCEPBUCHON CETHU CBS3U?

B 4ém cocTosT OoTIMUMSA TPAAULIMOHHOM apXUTEKTYpPbl ONTHYECKOU
TPAHCTIOPTHOM CETU OT apXUTEKTYPHI ¢ TexHojorueh T-SDN?

Kakue ¢hyHKIIMN BEITOIHSIOT KOHTPOJUIepsl T-SDN?

Kakumu  crammapramm  ompenensiercss npumeHenue 1-SDN B
TPAHCTIOPTHBIX CETAX?
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6. DekTpUYecKHe U ONITHYECKHE HHTepdeiich

ITo onpenenenuto unmepgpeiic — rpaHna MEXIY ABYMs B3aUMOJICVCTBYOIUMHU
CUCTEMaMHU WJIM YCTPOMCTBaMHM, ompeaenseMas OOmMUMU (PYHKIUOHATBHBIMUA H
KOHCTPYKTHUBHBIMU XapaKTePUCTHUKAMH, TPeOOBAHUSIMU K TPOTOKOJIaM OOMEHA.

DNeKTpUUeCcKue U ONTHYECKHWE HWHTep(deichl ammapaTtypbl MYJIbTUCEPBHCHBIX
ceTel mpeAcTaBIEHbI OOJBIION HOMEHKIATYpOH B CTaHIAapTaX U B MPAKTUYECKOM
WCTIOJIHECHUM.

DONeKTpUYecCKue U ONTHUYEeCKHe UHTep(dechl ompeaesieHbl CTaHIapTaMu
MexayHaponubeix oprammzarnmii ITU-T (MCO-T), IEEE, OSIl, RFC, IEC u T.1.
CraHmapThl 3aKpeIUIAIOT (U3NICCKYI0 U JIOTHYECKYI0 (MPOTOKOJIBHYIO) CTPYKTYPY
uHTepdeiicoB, KoTopas JOJKHA COOJIOAATHCA BCEMH MPOU3BOJUTEISIMU TEXHUKH
CBSI3H.

B  ¢dusnueckoil cTpykrype HUHTEpPEHCOB  YKa3bIBAIOTCS  BO3MOKHOCTH
nepeaTYNKoOB U MPUEMHUKOB MPU UX MOJKIIOYEHUU K JIMHUH, (DOpMaThl CUTHAJIOB,
JMHEMHOE KOJAWPOBAHHWE, THUIBI PAa3bEMOB, BOJHOBOE COINPOTUBIIEHUE, MACKHU
HUMITYJIbCHBIX CUTHAJIOB, ()a30BbI€ POKAHUS U T.1I.

B noruueckoit cTpykType UHTEp(PEiicOB yKa3bIBAIOTCS BO3MOKHOCTH U MOPSIOK
YIAKOBKM W TEPENaud JAHHBIX OT Pa3IMYHBIX HUCTOYHHKOB, JAHHBIX CIYKEOHOTO
HA3HAYCHUS, YIIPABICHUS 3aIIUTHBIMU MEPEKIIOYEHNUSIMU U T.JI.

B npakthueckoMm uCNOTHEHUU HHTEpPGEUCHl MPENCTaBISIIOT CO00il OTAENbHBIC
onmoku/monynmu (SFP, XFP, CFP), TpancmoHaepsl 1 MyKCIIOHAEPHI C pa3béMaMu JIIs
MOJIKITIOYCHUS B 3JICKTPHUCCKUE U OoNTHYecKue menu [3].

Huxe paccmaTpuBaloTcs cTaHAapThl Ha HUHTEPQENCHl U  XapaKTEPUCTUKU
uHTepdeiicoB, KOTOpble HambOJiee YacTO KCIOJIB3YIOTCS B COCTAaBE almaparypsl
ONTUYECKUX MYJIbTHUCEPBUCHBIX TPAHCIIOPTHBIX CETEM.

6.1. DaexkTpuueckue HHTepdeiichl

OnekTpuueckue  UHTepdEichl  ammapatypbl  MYJbTHUCEPBUCHBIX  CETE
NOAPA3AEISAIOT!

- uatepdeiicet PDH (o pexomenmpanusam MCO-T G.703, G.704);

- uatepdeiicer Ethernet (mo cranmapram IEEE 802.3);

- naTepdeiich ynpasienus (o pekomeHnanusm MCD-T cepun M.3xxx);

- maTepdeiicel cuaxponmzanuu (T1, T2, T3, T4 no pexkomenmanusm MCO-T
G.703.10, G.811, G.812, G.813, G.783, G.798) u npyrue.

[Tpumepsl XapakTepUCTUK dnekTpuuecknx uHTepdericoB G.703 mpuBeneHbsl B
Tabn. 6.1. DOTu uHTEpQENch UCHOIB3YIOTCSA B alapaType TPAHCTOPTHBIX CETeH B
KaueCTBE KOMIIOHEHTHBIX, T.€. JJI1 MOJAKIIOYEHUS 000pYJOBAHUS KOMMYTAIlMOHHBIX
CTAaHUUW, THUOKUX MYJIBTUIIEKCOPOB, OOOPY/IOBAHUS ILIE3UOXPOHHBIX CHUCTEM
nepegau v T.J0. OQHOM M3 KOHTPOJIHMPYEMBIX XapPAKTEPUCTHUK ATUX HHTEP(ENcoB
SIBIISICTCS BEJIMUMHA JIPOXKAHUS (a3bl (JUKUTTEP), HOPMATHBBI HA KOTOPHIC TPHUBEICHBI

B Ta0II. 6.2.
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K mnonb3oBarenbckuM uHTEpQeEiicaM anmapaTypbl TPAHCIOPTHBIX CETEH TakkKe
MOKHO OTHECTH JJICKTpuUeckue mHTepdeichl nmepenauyn aaHHbIX cerell Ethernet na
ckopoctsix 10, 100 m 1000 MOut/c, mnpuUMepsl XapaKTEPUCTUK KOTOPBIX
npeacTaBieHbl B Tabn. 6.3. Ilpu »ToM B kKadecTBe Cpenbl Mepeaavyul UCIOIb3YIOTCS
BUTHIC Maphl KaTeropuu 3, 4, 5 u BhITIIE.

HerpyaHo 3amMeTuTh O4Y€Hb OTPAaHUYEHHBIC JUIMHBI YYacTKOB NEpeaadd, 4TO
CBUJICTEIICTBYET O BO3MOXHOCTH HUCIOJb30BaHUSI ATUX UHTEP(HECOB B OCHOBHOM
BHYTPH 37aHui (B oricax, B IMHESHHBIX alllapaTHBIX IIeXaxX U T.JI.).

[Ipu BBIMOTHEHUM KYpPCOBOTO MPOEKTAa HEOOXOAMMO BBIOPATh MOIAXOSAIIHMA
ANEKTpUYECKUil uHTepdenc Uil YCTAaHOBKH €ro B OOOPY/IOBAHHE, JJICKTPUUECKUM
KaOellb JKeNaTeIbHO HE HUXE KaTeropuhd S, U KPOCCOBOE KOMMYTAIIMOHHOE
o0opyI0BaHUE, Yepe3 KOTOpoe OyAEeT yCTaHABIUBATHCS CBSA3b MEXKIY KOMMYTAaTOPOM
Ethernet u mynbpTHCEpBUCHOM TpaHCTIOpTHOH aTdopmoit (MCTII).

B xauectBe wmHTepdeiica CHHXPOHU3AIMM dYalle BCErO0 HCIOJIb3yeTCs
anektpuueckuii  wHTepdeiic  G.703.10, KoTOpHIA aHANOTHYEH IO CBOUM
xapaktepuctukam wuHTEepdeiicy G.703.6, HO orauvaercs Ooyiee BBICOKUMHU

TpeboBaHusIMU TI0 ($a3oBbIM JpokaHusM B moioce dactoT 20 I'p - 100 kI, rae
JOIYCTHMOE JIpOokKaHue He JoJKHO npeBbimath 0,05E.

Tabnuna 6.1. Xapakrepuctuku uatepdeiica G.703

XapakTepuCcTUKu Buner unrepdeiicop G.703
G.703.6 G.703.8 G.703.9
Ckopoctb niepenaun, MOut/c 2.048 34.368 139.264
CTabuiIbHOCTB TaKTOB, PPM +50 +20 +15
MakcuManbHOE 3aTyXaHue JTUHUM Ha 0-6/1.024 0-12/ 0-12/ 70
MOJIyTaKTOBOM yactote, 1b/MI'1| 17.184
BonHoBoe comporusienue, OM 75 (necum.) 75 (uecum.) 75 (uecum.)
120 (cum.)
BenuunHa HanpspKeHUs MMKA UMITYJIbCa U 2.37 HecuM. 2.37 Hecum. 2.37 HecuM.
ero mpobena, B 3.0 cuwm. 0+0.237 0+0.237
0+0.237 necum. HECUM HECUM
0+0.3 cum.
JIMUTenbHOCTh €AMHUYHOTO WJTH 488 29.1 7.18
TAKTOBOTO MHTEPBaJIa, HC
JIMUTEeNbHOCTh UMITYJIbCA HA €IMHUYHOM 244 14.55 <2
WHTEpBAJIe, HC
MakcuManbHOE YIIMPEHUE UMITYIIbCa Ha 269 17 +0.35
ypoBHe 31b, HC
JIuHelHbIl KO HDB-3 HDB-3 CMI

[Tpu sToM st mepenaun cuHxpoHU3upytomero curHama 2048 kl'm mimu 2048
KOUT/C MOXHO MCIIOJIb30BaTh CHUMMETPHUYHBIEC BUTHIE MAaphl U KOAKCHATbHBIE KaOenn ¢
3aryxanueMm Ha yactote 1024 xI'11 He 6Gonee 6 ab Ha BCiO ANTUHY.

OTH XapakTepUCTHUKH HEOOXOAMMO YUYUTHIBATH HPH MPOSKTUPOBAHUU CETH
pacmpefieieHus] CHHXPOCUTHAJOB BHYTPU y37la CBSI3U, T.6. YYEeCTb MECTO
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000pyTOBaHUS pacIlpeielieHUs] CUTHAIOB cuHXpoHu3anuu (Hanpumep, B3T) u muny
ANEKTPUYECKUX Kabenei, pacXolsdlluXcsi K Ppa3IMuHOM CUHXPOHU3UPYEMOU
undpoBoi anmaparype.

Tabmuna 6.2. [lapameTpbl mKuTTEpa Ha BBIXOAE TpakToB ¢ mHTepdericamu G.703,
00pa30BaHHBIX HA CETH C MOMOIIBIO 00opyaoBanust SDH

[IvpuHa nonoce Pa3max npoxxanuil B
Wntepdoeiic M3MEPHUTEIBHOTO (PUIbTpA HA TaKTOBBIX WM €TUHUYHBIX
ypoBHe 3 1b, 't unreppanax, T unu EN
20 I'm + 100 k' 15
G.703.6 (2.048 Mowut/c) 18 k1= 100 k' 0.2
100 I'm + 800 k' 1,5
G.703.8 (34.368 Mo6ur/c) 10 k[ = 800 Kl 0.15
200 ' + 3,5 MI'n 1,5
G.703.9 (139.264 Mowurt/c) 10 K[ = 35 M0 0.075

Tabuia 6.3. XapakTepucTHKH dIeKTprueckux uarepdeiicop Ethernet

Wutepdoeiic 10Base-T 100Base- 100Base-T4 | 1000Base-CX | 1000Base-T
TX
[Topt RJ-45 RJ-45 RJ-45 RJ-45 RJ-45
YCTPOMCTBA
Cpena Buras napa | Buras napa | Buras napa OKpaHup. Buras napa
nepegadu UTP UTP UTP xaterop. | Butas mapa | UTP karerop.
KaTerop. 3 M | Karerop. 5 3,4,5 STP 1500m 5 u BbILIE
BbIILIE
Jlunennepi | Manuec-Tep 4B5B 8B6T 8B10B PAM-5
KOJ CKpeMOJI. CKpeMOJI.
dopmat - MLT-3 NRZ NRZ [Tatu-
JIMHEWHOT0 YPOBHEBBII
CHTHaJIa CUTHAJ
Uucno BUTHIX 2 2 4 2 4
nap
[Mpotsokennoc | o 100m Jlo 100m Jlo 100m Jlo 25 m Jlo 100m
Th CETMEHTA
OnekTpuueckue UHTEp(Eichl  ymnpaBlieHUS dYalle BCEro MPE/ICTABICHBI

untepdericamu Ethernet va ckopoctu 10 Mout/c wiu 100 M6uTt/c ¢ pazpémamu RJ-
45 u xoHconmpbHBIMH HHTep(deiicamu RS-232. Dtm mHTEpPEiCH, COOTBETCTBEHHO,
MO3BOJISIIOT TOJKIIOYNATE CHUCTEMY CETEBOTO YIMPABICHUS IS BCEH TPAaHCIIOPTHOU
CETH WJIHM JIOKAJIbHBI TEPMHUHAJI YIMPABICHUS OTACIBHBIM CETEBBIM 3JIEMEHTOM Ha
ocHoBe obOopymoBanuss MCTII. Bo3moxxnoctu wuHTepdeiicoB Ethernet moxasanbr
BhIie. Bo3amosknocTn naTepdeiica RS-232 coctosT B cneayromem: TByXKaHaIbHBIH,
JBYHANpaBIICHHBIN, HMHA Kabens He Oonee 15 M; ckopocth mepemaun 64 kOwT/C;
BUJIBI TIEpPENaydl CUTHAJIOB — TOCIEAOBATEIPHO CHHXPOHHO W AaCHHXPOHHO;
UCTIOJIB3YIOTCS Pa3InYHbIe THITBI pa3bEMOB (0T 9 10 25 MITHIPEKOBBIX COCTUHCHHIA).
VYka3aHHBIC XapaKTEPUCTHKUA HWHTEPQPEHCOB yIpaBieHUsS HEOOXOIUMO YUUTHIBATH
MpU TPOCKTUPOBAHUH PACIIOJIOKCHUS ammapaTypbl CUCTEMBI YIPABICHUS U MECTa
orepaTopa yIpaBJICHHS.
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6.2. OnTuyeckune nuTEepdeiicnl

Ontuueckue  uHTepdechl  TPAHCIOPTHBIX  CETEH  XapaKTEepU3YIOTCS
pPa3BUBAIOIIUMCS pazHOOOpazueM. DTO 00YCIOBIECHO PA3BUTHEM HOBBIX TEXHOJOTUM
nepefayd M BHEJIPEHHUEM HOBBIX KOMIIOHEHTOB: TMEPECTpPanBaEMbIX JIA3€POB,;
ONTUYECKUX YCWINTENEH,; KOMIIAKTHBIX KOMIICHCATOPOB JUCIEPCHH; MPOILIECCOPOB
koppekiuu omubok FEC u T.1. B kauecTBe cTanmapToB Ha onTHyecKue HHTEPPEch
npuMmensiores pexkomenmanuu ITU-T u IEEE 802.3. B cooTBeTcTBHUH € ATUMH
CTaHJAPTaMHU ONITHYECKUE HHTEPPEHCHI MOKHO pa3IeanTh Ha Tpu rpymisl (puc.6.1):

- OJIHOKaHaJbHbIE, T.e. oOOecHeuYMBaIOIIME Iepeladyy TOJbKO Ha OJHOU
onrtudeckoit gacrote (G.955, G.957, G.691, G.693, IEEE 802.3 u,z);

- MHOTOKaHaJbHbIE, T.€. OOecneyuBaloNIue IMepenadyy Ha JABYX U Oolee
onTHYecKux 4vactorax omHoBpemenno (G.692, G.694.1, G.694.2, G.695, G.696.1,
G.696.2, G.698.1, G.698.2, G.959.1);

- onTudeckne WHTEepdeichl maccuBHbIX onThueckux ceteit (PON), koropeie
MOJIJICP)KUBAIOT TIepefady ONTHYeCKUX cUTHaioB Ha 1, 2, 3 m Oosee onmTHYeCKHX
gacrorax (G.983, G.984, G.985, IEEE 802.3ah).

Hwxe npuBoauTCcs KpaTkash XapaKTEepPUCTHUKAa YKa3aHHbIX  ONTHYECKHUX
uHTEep(DECOB U BOBMOKHOCTEN UX MPUMEHEHUS.

| WHTepehct onTHYSCHOR NEpefadn |

CIHOKAHANEHEIE CHCTEME | [ MHoroksHaNEHElE crcTeme. WOM ]
NneanoxpoHHbe WOM
POH (3,955 G.692
Ethernet owoM
IEEEB0Z.3 g o (.694.1, G.696.1
CuHxpoHHbie SDH G.693 CwDM
G.EO1, 5957, 5958 6.694.2, 6.695
WDM-0TN
| | CneTemel PON G.698.1, G.698.2, G.698.3, G.698.4,
Goss | G.959.1
= 954

[EEEEN2 3ah
Puc.6.1. O6mas xmaccuduKkanus onTHISCKUX HHTEPEHcoB

6.2.1. OnHoKaHAJbHBbIE ONITHYECKHE HHTepdeiich

OonokananvHole onmuueckue unmepgeiicol cmanoapma G.955
MpeJHa3HAuYeHbl MJI1 anmnapaTypbl IUIE3MOXPOHHBIX cucTteM mnepemnaun PDH co
cKopocTHBIMH pexkuMamu. 2048 kowut/c; 8448 kout/c; 34368 xouTt/c; 136264 xbut/C.
Otu unTepdeiicyl MOAAEPKUBAIOT COCITUHEHUE TUIA «TOYKA-TOYKA» MO OJJHOMY HIIH
JIBYM BOJIOKHAM OINTHYECKOTO KaOeisi Ha OTHOCUTEIHHO HEOOJbIINE PACCTOSHHUS.
OnTuveckre XapakKTepuCTUKN HHTep(EcoB mpeacTaBiaeHbI B Ta0m. 6.4.
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YPpOoBEHb MOITHOCTH MEPENAYNA U YYBCTBUTEIBHOCTh MPUEMHUKA MCIIOJIB3YIOTCS
IUIsL pacdy€Tra HHEPreTUYECKOro MNOTEHLHala UHTepdeiica, 4yTo, B CBOI OuYepelb,
ITO3BOJIIET OLEHUTh MAKCHUMAJIBHYIO JAIBHOCTH nepenadn B tuHuu ¢ OMB n MMB.
XapakTepucTuKa JMHAMHYECKOTO [Hana3oHa IIPUEMHHUKA TO3BOJSAET OLECHUTH
BO3MOKHYI0 MaKCUMAaJIbHYIO MOIIHOCTb IE€PEAATYHKA.

Otn uHTEep(eichl HE TMOJYyYWIM IIMPOKOTO IPUMEHEHHS B ONTUYECKHUX
TPAHCIIOPTHBIX ceTsAX. OHM HUCIONB3YIOTCS Ha COCOUHUTENBHBIX JIMHUAX MEKIY
TEpMUHAJIAMU U 000pYIOBAaHHEM TPAHCIIOPTHOW CeTH (KOMIIOHCHTHBIMH OJIOKaMH).
Ha npenensHBIX pacCTOSHHSAX, C TOYKM 3pPEHHsI JHEPreTUYECKOrO IOTEHIMAaNa,
PEKOMEHAYETCS IPOU3BOJNUTDL PACUYET MOJIOCH! MPOIYCKAHUSA ONTHUYECKOTO TPAKTA U
e€ cpaBHeHHE C TpeOyeMO# IOJIOCOH YacTOT Ay JHMHeHHoro curHama [1]. Dto
HEOOXOIUMO JI1 y4yeTa IUCIEPCUOHHBIE HMCKaXEHHS B BOJIOKOHHBIX CBETOBOJAX,
ocobenHo B MMB.

Tabnuna 6.4. [lpumepsl XxapakTepucTUK onTuieckux uaTtepdeiicos PDH

XapakTepucTuka Turm BonokHa Hepapxuyeckue ckopocTu
Cxopocts, M6uT/c 2,048 | 8448 | 34,368 139,264
MunumanbHbiil ypoBeHb MoutHocTH niepenaun CUJL u [TUJ1, nbm
Bonna CU/;: 0,85 Mkm MMB =170 -17,0 -17,0 -
Bomna CU/;: 1,31 mxm MMB -210| -21,0 -21,0 -
Bomna CU/; 1,31 Mkm OMB -30,0 | -=30,0 -30,0 -
Bouna IIUI: 1,31 Mxm MMB -1,0 -1,0 -1,0 -1,0
Bouna IIUI: 1,31 Mxm OMB -4,0 4,0 -4,0 -4,0
Bomna ITUT: 1,3 Mmxm OMB -140| -14,0 -14,0 -14,0
Bosna ITUI: 1,55 MM OMB — — 7,0 7,0
UyBCTBUTEIBHOCTH MPUEMHHUKA TIPU BEPOSITHOCTU OLITHOKU 107, nbm
Bounna 0,85 mxm MMB -51 46 40 -
Bomna 1,31 MM OMB, MMB -52 47 -42 -35
Bonna 1,31 u 1,55 MM OMB — — — -38
JlnHaMUYECKUI quara3oH NpueMHuKa, 1b
Bounna 0,85 mxm MMB > 40 >34 > 26 -
Bonna 1,31 u 1,55 MM OMB, MMB > 53 > 48 > 40 > 35
O6o3nauenus: CUJ] — ceeronsnyqaromuit quox; [I1JI — nomynpoBonuukoBslil nazep; MMB —
MHOT'OMO/I0BO€ BOJIOKHO ctanaapta G.651;, OMB — ogHomo10Bo€ BookHO crannapra G.652

Onmuueckue o00HOKananbhovle unmepgheiicot cmanoapmoe G.957 u G.691
MpeIHAa3HAYCHBl IS ammapaTypbl CHHXpPOHHOW mmdpoBoit wmepapxuum SDH co
CKOPOCTHBIMH pekuMamu mnepemadn ot 155520 x6ut/c go 39813120 xoOwmr/c.
Wutepdelickl  MOAIEP)KUBAIOT COCIWHEHUWE THIIA «TOYKA-TOYKA» IO  Tape
OJTHOMOJIOBBIX BOJIOKOHHBIX CBETOBOJIOB, COOTBETCTBYIOmUX cTaHmaptam (G.652,
G.653, G.654, G.655, G.656. JlomyckaeTcss BO3MOXXHOCTH HCITOJIb30BaHUSA Ha
KOPOTKMX JIMHHSIX TOJIBKO OJHOIO BOJIOKHa B Ka0Oele M  HalpaBICHHBIX
pa3BETBUTCIICH I OpraHU3allMd JBYXCTOPOHHEW CBS3UM Ha Pa3jIMYHBIX BOJIHAX,
Harmpumep 1310 am u 1550 aMm.

Ontuueckue uHTEpGEUCH
PUMCHCHHUS

SDH wumeror Tpu OOMIMPHBIX  KATETOPHH
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- BHYTPUCTAHIIMOHHBIE CBSI3M, COOTBETCTBYIONINE PACCTOSHUSIM TPUCOSTMHEHUS
OT HECKOJIbKMX METPOB (MIEPEMBIUKH) JI0 2 KM;

- MEXCTAHIIMOHHBIE CBSI3U MaJION JaIBbHOCTH, COOTBETCTBYIOIINE PACCTOSHUSIM
MpUCcOeINHEHUS 10 15 KMm;

- MEXCTaHIIMOHHBIE CBS3M  OOJNBIIONW  JAJIBHOCTH, COOTBETCTBYIOIIUE
paccrossHusaM npucoeauaenus 10 40 kv Ha BonHe nepenayn 1310 am u okoiro 80 km
Ha BojHe mepegaun 1550 am.

B pamkax kaxmoil w3 TpEX KaTEropuil pacCMaTpUBACTCS WCIOJIb30BAHUC
pa3IMYHBIX MCTOYHHKOB H3NydeHus (M0 THIYy H3Iydaress, 1O JUTMHE BOJHBI, IO
CICKTPY M3JyUeHUs, 110 BUAY MOJYJISIUU U T.1.), TPpUEMHUKOB u3nydenus (JIO/, p-
I-n), Tumy BojokoHHBIX cBeToBOJOB (SMF, DSF, NZDSF) u t.n1. B Ttadm 6.5
npeacTaBiieHa kiaccudukanus narepgdericoB SDH.

Tabmuna 6.5. Knaccudukarus ontudeckux narepdericoB SDH mo mpumenenuto

IIpumeHeHue Mexy310B0€ IPUMEHEHUE
Buyrpu
y3i1a Koporkas JInuHHAS TUHUS
[TapameTpsl JINHUSA
Jmna BOMHEL | 931 | 9319 | 1550 | 1310 1550
HWCTOYHHKA, HM
Tumn BoJlokHa G.652 G.652 G.652 | G.652 | G.652, 654, 655 G.653, G.655
Paccrosaue, km 2 ~15 ~15 ~40 ~80 ~80
o STM-1
% 155 52 -1 S-1.1 S-1.2 L-1.1 L-1.2 L-1.3
) STM-4
X -4 S-4.1 S-4.2 L-41 | L-4.2 U-4.2 L-4.3 U-4.3
Z ¢ 361?|\2/|’Ofe U-16.2 U-16.3
= - - -
= i i i i i : i :
é Lzo 248832 I-16 S-16.1 | S-16.2 | L-16.1 | L-16.2 V-16.2 L-16.3 V-16.3
" STM-64 i i i i i i i U-64.3
§ 9953.28 I-64 S-64.1 | S-64.2 | L-64.1| L-64.2 | V-64.2 | L-64.3 \V-64.3
2 STM-256
= - - - - - - - -
> 3081312 1-256.2 S-256.2 L-256.2 L-256.3

Ontuueckue wuHTepdericei SDH umeror cucremy 0003HaYeHWA, B KOTOPOI
OTpaXeHbI 0COOEHHOCTH MHTEP(PEHCOB IO TPUMEHEHUIO:

- |, 0003HaYaeT TUHKUIO MAJIOH JIJTMHBI BHYTPH NpeANpusaTus, T.e. intra-office;

- S, 0003HaYaeT KOPOTKYIO JIMHHUIO, T.¢. Short-haul;

- L, o6o3HavaeT IIMHHYIO JTHHHIO, T.¢. long-haul,

- V, 0003HauaeT oueHb JIMHHYIO JIMHUIO, T.€. Very long-haul;

- U, o603HauaeT cBepX IIMHHYIO JIMHMIO, T.€. ultra long-haul,

- VSR, 0003HayaeT o4eHb KOPOTKOE paccTosiHue (B epeMbIuke), T.e. Very short
reach (B Ta0:1.6.5 He 0003HaUYCHO).

[Ipu o6o03nauenun V u U cieayer moHMMaTh BKIIIOYEHUE B COCTaB JMHEHMHOTO
unTepderica ontuueckoro ycmwiutens (OA) MomHOCTH Ha mepenade (oOo3HadaeTcs
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B - Dbooster, B-OA) w mnpemycwiuTens ONTHYSCKOTO CHUTHAllA HAa IPHEME
(o6o3nauaetcst BP — booster pre-amplifier, BP-OA).

[Tocne OyKBEHHBIX UHIEKCOB B 0003HAYEHUSIX UHTEPPENCOB CAEAYIOT HUPPHI:

- nepBas (-pie) mudpa (-pI) yka3bpIBalOT Ha Hepapxuueckuid ypoBerb STM-N
(N=1, 4, 16, 64, 256);

-BTOpas mudpa Wi mpodes yKa3blBaeT HA HOMUHAJ JUTMHBI BOJHBI H3TyUCHUS
UCTOYHUKOM W THIBI BOJIOKOH (1 Wil po0OesT - MCTOYHUK M3TYUYCHUS JUTHHBI BOJTHBI
1310 um Ha BojokHe G.652; 2 — UCTOYHHMK M3NIydeHUs ATUHBI BoaHBI 1550 HM Ha
BojlokHe (G.652 nmiis mpuMEHEHUS Ha MaJIOW JadbHOCTH, JTM00 Ha BoJiokHaX G.654 u
G.655 mis mpuiokeHHit OOJBIION JAadbHOCTH; 3 - MCTOYHHUK H3IIYYSHHUS JUIHHBI
Bomabl 1550 M Ha BomokHax G.653 m G.655 s mpunokeHud OOIBIION
JTATbHOCTH).

Ha puc. 6.2 mpencraBineHa cxema mnoakmioueHus wuHTepdeiica G.957 k
BOJIOKOHHO-ONITUYECKON JIMHUHA. B cXeMe TOKa3aHbl /B OKOHEYHBIE CTAHINH WU
MPOMEXKYTOUHAsT CTAHIUS pereHepanmuu. Bce ydacTKM 3TOTO  COCTUHEHUS
onpenensatoTcsa ctangapraMu MCO-T. UuTepdeiicHble CTHIKM YY4aCTKOB HAXOSTCA B
ToukaXx S M R, 4YTO COOTBETCTBYeT MOAKIIOYCHHIO Mepemardunka (S — send) wu
npuémunka (R — receive). DT TOYKM acCCOIMHPYIOTCS C MECTOM CThIKAa BOJIOKOH
JUHEWHOTO0 M CTaHIIMOHHOTO ONTHYECKUX KalOened Ha JIUHEHHOM ONTHUYECKOM
Kkpocce. Kak mpaBuio, 1uHa CTAaHIIMOHHOTO ONMTHYECKOTO KaOemss MEeXTy JTHHCHHBIM
KpPOCCOM W ammaparypoid He TMPEBBINIAET HECKOJBKUX MeTpoB. [loaTomy
XapaKTePUCTUKN ONTHYCCKUX HHTEP(EHCOB MPU COOTBETCTBYIOMICH MOTPENIHOCTH
MOTYT OIICHUBATHCS HETIOCPEACTBEHHO B ammaparype. Jljist onpesenenns mapaMmeTpoB
ontuyeckux uaTepdeiicor SDH mpeamoxkeHs! caeayomume XapakTePUCTHKH:

- TUara3oH pabovux JITMH BOJIH,

- TUTl UICTOYHHKA H3JTYUCHHS

- CIIEKTPAJIbHBIC XapaKTCPUCTUKU U3TyUCHUS,

- CpeHsIs BBOJIUMAS MOIITHOCTD B TOUKE S;

- ko3 dunmenT rameHus (JorapudM OTHOIICHUS MOIIMHOCTH TIPU Iepenaye
JIOTHYECKOH «1» 1 jjormdeckoro «0»);

- MackKa IJia3-JIuarpaMMel;

- ONTUYECKHI TpakT (BEJIMYMHBI MAKCHMAJIBHOTO 3aTyXaHHUS M JIHCIICPCHH
MeXIy Toukamu S U R, MakcumalibHas BeJTMYMHA OTPAKCHUS ONTUYCCKOTO CHUTHAJIA
Ha HCOTHOPOIHOCTSX);

- YyBCTBHTEIHLHOCTh IPUEMHUKA;

- Ieperpy3Ka MpUEeMHHKa,

- OTpaKkaTeabHask CIOCOOHOCTh MPUEMHHKA,

108



NMHWLI MOND8hWLLO-OHHOMOoL0g BU'T HQS 1adAtedeuue aoonadhdsalHn BuHahoiLa dewmnd| | z "9 MoHAOM

) 8669 i 856°0 j
g9 | 169°9 466D | esrs | 169°0'/66'D | eszo
_ G99 99 | | G99 ¥99 |
..... , [£99259°9 €99259°0) _____,

J;mumoom_ < N S y | | =
L L ___1
1Sy IdS IdS 1Sy IdS IdS 1Sy

T 1
1 YO |

O |0|®|‘J — La—0)
o s

= reHnwda| ST TSR doledsHalad TS reHnwds)] g

- guNHeLd seHholAxawod|]



- mTpad MO MOIIHOCTH ONTHYECKOro TpakTa (OTpakKCHHs, MEKCUMBOJIbHBIC
MIOMEXH, IIIyM paclpeeIIeHUsT MOJI, N3MEHEHHUE JUTHHBI BOJHBI H3JTy4aTeIs).

Ha puc. 6.2 o6o3Ha4eHBI CTaHAAPTHBIE (PYHKIIMOHAIBLHBIE OJIOKM ammaparypbl
SDH, onpenenennsie B pekomenaammun MCD-T G.783: SPI, SDH Physical Interface
— ¢wm3uueckuit uaTepdeiic SDH ¢ mopkmodyeHneM K JMHUW WA ONTUYECKOMY
yewmrtemo (OA); RST, Regenerator Section Termination — okoHYaHHWE CEKIIMH
perenepanmu (pyHKIUU noctyna k 3aroioBky RSOH).

B3anMOoCBsI3b HEKOTOPBIX ONTHYECKUX IMAPAMETPOB MpeICTaBlIeHa Ha puc. 6.3.

MakcumanbHaa BBogAUMARA MOLWHOCTE

MUHUMaNbHAR BBOAUMAS MOLYHOCTE
o MUHURY R
g zaTyxaHns
z Makcunym Mexay Su R
3 3aTyxaHuA
= mMexay SuR
o]
o
@ Meperpyska npuémMHMKa
=
-
=
o

UyBCTBUTENBHOCTD NPUEMHUKA LUTpach onTuyeckoro TpakTa

Puc. 6.3. B3auMoCBsI3b ONITHYECKUX MapaMeTPOB

[Tpumepsl XapaKTepuCcTUK HHTEP(EHCOB MPUBEICHBI B TPIWIOKEHUAX 1, 2.

Heo6xonuMo o0OpaTuTh BHHMaHHE HAa TO, YTO OJIHOKaHAJIbHbIE WHTEpP(dEICHI
STM-64 numeroT 0COOCHHOCTH MPUMEHEHHUsI, KOTOPbIE HEOOXOANMMO yUUTHIBATH MPHU
MIPOCKTUPOBAHUH

- B pe3yJbTaTe BBEJCHUS B TPAKT ONTUYECKUX YCUIUTENEH MOTYT OBITh
JOCTUTHYTBI JOCTaTOYHO Oosbinmue MomHocTH (okoio 50 MBT), oka3biBaroiue
3HAUYUTEJIbHBIC BIMSHUS HA ONITHYECKHE HETMHEUHOCTH,

- CHCIHMAIbHBIC METOJbI AJaNTallMd K JUCIEPCUH (KOMIICHCAIUS TUCTICPCUU -
Dispersion Compensated, DC), csi3anHbIe ¢ TeM, 4TO CTaHIapTHBIC BojiokHa (G.652)
UMEIOT TUCTICPCUOHHBINA TIpeaes Il 3TUX UHTepdeiicoB okomo 60 kM, HEOOXOAMMO
MCIIOJIB30BaTh U1 YBEJIUYCHUS TAIbHOCTH Mepe/iauyd MyTEM BKIIIOYEHUS MACCUBHBIX
KOMITEHCATOPOB B BUJIC HHTETPUPOBAHHBIX TU(PPAKIIMOHHBIX PEIIETOK M BOJIOKOHHBIX
CBETOBOJIOB, aKTUBHOW KOMIICHCAIIMK Ha OCHOBe (pa3oBoi aBToMoaysmuu (DAM)
(HeTMHEHHBIN 3P PEKT B CTEKIOBOJIOKHE) M MPEABAPUTEIILHON JTUHEHHONW YacTOTHON
moayssiiuu (ITJTUM);
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- TpUMEHEHHWE B COCTaBe WHTEPPEHCOB il OYEHb UIMHHBIX JIMHUH
IPOIECCOPOB  ynpexaaromnier koppeknun ommbok (FEC), kotopeie moBbImaoT
SHEPreTUYCCKUM MmoTeHnuan Ha 3-12 nb.

Bo3moxxHa komMOWHAmusi METOJOB KOMIIEHCAIMHM HOHCIepcuu. B Hacrosmiee
BpEMs OMpEJeieHa TOJIBKO oOJHa KoMOuHarus MeTooB: DAM coBMeCTHO ¢
MACCUBHOW KoMIeHcarnuend aucnepcun B uHTepdeiice V-64.2. Texnomorus @AM
MpUMEHSIETCS I KomreHcanmmu Ha miepBbix 80 kM, a pomomHuTenbHO 40 KM
KOMITCHCHPYETCSI TTACCUBHBIM METOJ0M. KommeHcaTopsl IUCIIEPCHH C BOJOKHAMHU
DCF paccuutansl Ha guctanmuu oT 20 mo 120 kM ¢ marom 10 wim 20 kM. [pu
muctaamusix oT 60 kv mo 100 kM B momoce BomH 1525 -1565 HM BHOCHMBIC
JIOTIOTHUTEIIbHBIE 3HaUeHUs 3aTyxaHus coctaatr. 60 km — 7,5 nb; 80 km - 9,15 1b;
100 xm - 10,6 nb. Ilpm comocTaBUMBIX IIEHOBBIX IIOKA3aTENIIX KOMITAKTHEIC
KOMITCHCATOPHl XPOMATHIECKON NHUCIIEPCUU HAa BOJOKOHHBIX OpPATTOBCKHUX PEIIeTKAaX
¢ nepemennbiM miarom DCM FBG (Dispersion Compensation Module Fiber Bragg
Grating) ¢ oTpuIaTeabHBIM 3HAYCHUEM XPOMATHYSCKOW JUCIEPCHU B JTUATa30HE
JUTMH BOJH 1525-1565 HM nMeeT nydiive MaccorabapuTHbIE TOKa3aTeIu U MEHBIIINE
BHOCHUMBIC TIoTepu MomHOoCcTH. OHU TpeaHa3HA4YeHBI IS UCHPABICHHS (HOPMBI
ONTHYECKUX CUTHAJIOB, KOTOPbHIE WCKAXAIOTCA TOJA BIUSHUEM XPOMAaTHYECKOU
TUCTIEPCUH B TIPOIECCE MPOXOKIACHUS ONTUYECKOTO BOJIOKHA Ha auctaHiusax mo 200
KM. Moynu BBITTYCKAIOTCS HAa DKBHBAJICHTHBIC JJIWHBI KOMIICHCUPYEMOTO BOJIOKHA
20, 40, 60, 80 u 100 kM. MakcuManbHBIC 3HAYCHHUS BHOCHMBIX 3aTyXaHHH B
npenenax 3 nb - 45 n1b u He 3aBHCAT OT NJIWHBI BOJOKOHHO-OMTHYECKOW JTMHUU
(http://www.prointech.ru/catalog/dwdm/kompensatory-dispersii.html).

[Tprmepsl UCTIONB30BaHMS MMACCHBHBIX KOMIIEHCATOPOB TMOKa3aHbl Ha puc. 6.4.
Jlna wmaTepdeticoB Thma S-64 yyactkum jmHOM 10 40KkM mpoekTtHpyroTrcs 0e3
KOMITeHCauu aucriepcuu. st kaxaoro Oojiee IIIMHHOTO ydacTKa C MPUMEHEHUEM
unTepdeiicoB L-64.2, V-64.2 npubasisieTcst o ogHOMY KomIieHcaTopy Ha 40 k.

[Nepepaya A () I [Mpuem
Tx 40 KM Rx

MNepepaua| MPI-S Q) MPR oA DC MNprem

MPI-S MPI-R
I'Iep_lg,qat-la DC OA @ OA DC I'IpRmeM
X 120 km X

Puc. 6.4. CxeMa maccuBHOM KOMIICHCAIIUH JTHUCIIEpCcHH B mHTepdeiicax STM-64

Emé omno#i ocobeHHOCTBHIO omnTudeckux wuHTEpheiicoB STM-64 sBrsercs
WCIIOJIb30BAaHUE JIPYyroro OO0O3HAYCHHS TOYEK, TJe HOPMHUPYIOTCS MapaMeTphl
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nepegaTIuka U MpuEéMHMKA, T.e. BMecTo 0oO0o3HaueHus S U R npumensercs MPI-S u
MPI-R (Main Path Interfaces). IlpumeHeHHe 3JIEKTPOHHBIX MOAYJICH nH(poOBOH
00pabOTKU CHUTHAJIOB JJII KOMIIEHCAIIMM JIUCTIEPCHUH B TPAHCIOPTHBIX CETIX C
KOTE€pPEHTHbIMU HHTEpdelicaMu MPEeTyCMOTPEHO CTAHJIAPTHBIMU PEIICHUSMU IS
MarucTpajibHbIX ONTHYECKUX ceTell. OHM UMEIT  OYeHb OOJBIION JAuana3oH
komneHcanuu gucrnepcur (6onmee 70 000 mc/aM, uyro skBuBasieHTHO 4 000 kM
BosiokHa SMF B nuanaszone 1530 - 1625 um).

Hcnonp30BaHue XapaKTEPUCTHK OJHOKAHAIBHBIX (OJHOBOJHOBBIX) OMTHYECKUX
uHTep(deiicoB  MpuU  MNPOEKTUPOBAHUU  JIMHEHHBIX  TPAKTOB  OMPEIECICHO
pexomenparussmua MCO-T G.655. Jlnuna pereHepanmonnoro ydactka (PY) ¢ Toukm
3pEHUS PHEPreTUUECKOT0 MOTEHIINANIa HAXOJUTCS YEPE3 COOTHOIICHUE!
PP =Py =M, —(N-DI_ N

c ctp

L

Py

o, +a, !

rae Ps — ypoBeHb MOIIHOCTH TIepeaTdyrika B TOUYKE TOJKIIOUCHHUS amnmaparypbl U
TuHUH, PR — YpOBEHb MOIIHOCTH MPUEMHUKA B TOYKE MOAKIIOUEHUS allapaTyphl U
auaun;, Pp — momHocTh (B 1bM) aucmepcHoHHBIX mOTeph;, My — dHEpreTHYECKHA
3arac Ha crapeHue o00opyaoBaHHs (pPa3HOCTh YPOBHS MOIIHOCTH Tepeiadn
MaKCHUMAaJIbHOTO M MUHUMAJIbHOT0); N - 4HMCIIO CTpOUTENBbHBIX JUIMH Kabens; |, —
ITOTEPH MOIITHOCTH Ha HEPa3bEeMHBIX CTHIKaX Kabens; N, — 4uca0 pa3beMHBIX CTHIKOB
(2 mwmu 4 cTeIKa Ha y4JacTKe CEKIUH pereHepauu); l., — morepum MomHOCTH Ha
pPa3bEMHBIX CTHIKAX; O, — KUJIOMETPUIECKOE 3aTyXaHHe KaOeist Ha 3aJaHHOM JJINHE
BOJIHBI, O — 3amac Ha mnoBpexaecHue (nb/xm). CrpouTenbHas AaMHa KaOems
IIPUHUMAETCS B pacdyeTax oT 4 10 6 kM.

[Ipumep pacuera mauubl PY mis uaTepdeiica V-64.2 ¢ HCXOMHBIMH JaHHBIMU
(cMm. iprtokenue 1,2):

Ps = 15 nbwm; Pr = -23 nbwm; Pp = 2 nb; Me = 3xb; |,= 0.05 nb; l;p= 0.1 1b; a =
0.2 nb/xMm; oy, = 0.05 ab/km; cTpouTenpHas AyMHA Kabes 6 KM.

py:15+23 2 3:132m4
0.2+ 0.05
Ywucao CTpOUTENbHBIX JIMH Ha ydacTke 132 kM coctaBut M= 132/6 = 22.
C ydJeToM MmoTeph Ha CTHIKAX JUTMHA yYacTKa MepeIadu (TUCTAHIINS) COCTABUT

15 +23-2-3-21x0.05+4x0.1
P 0.2 +0.05

T.o. nmmuHA ydacTka coctaBUT 126,2 KM C TOYKH 3pEHHS JOIMYCTUMBIX MOTEPh
ontuieckoi MontHocT. Ha mmue BomHbl 1550 HM BenmumMHA AUCTIEPCHH HE JOJKHA
npebimath 2400 ric/HM. JIJ1s cTaHAapTHOTO OJTHOMOJIOBOTO BOJIOKHA (pEKOMEH TS
MCD-T G.652) na Botae 1550 HM 3HAYCHHE XPOMATHICCKOW TUCTICPCUU COCTABIISCT
18 nc/amxkMm, a Ha nuctanimu 126,2 km Oynet

D. =18 x126 .2 = 2271 .6uc/am

Xp

L =126 .2xm
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T.o. HOpMaTUB Ha XPOMATUYECKYIO AMCIEPCUIO BBINOJHAETCA MPH IIHPUHE
CHCKTPAIBHOM JIMHUM WCTOYHMKA m3nydeHus (masep tuma DFB) 1 mm. OmgHako Ha
ckopoctn mepemaun 10 ['O6ut/c HEOOXOOUMO YYHTHIBATH W TMONAPU3ALHOHHYIO
Moj1oByto muctepcuro (ITM/T),

D TIM/T = O TIM]] X L py

TA€ Gpyy HOPMUPOBAHO IO OTHONIEHHUIO K JJIMHE BOJIOKHA 0.5“0//—. B stom ciyuae
KM

Heo0xoauMo 100aBuTh K Dy, Bennunny Dy, KOTOpast BEIYUCIIAETCA:

Doy = 0,54/126 ,2 = 5,616 .

PesynbTupytomias gucnepcus onpeaessieTcs yepe3 COOTHOIICHUE

D, =,/D%+D%,, .. D, =(2271,6% +5616%f° = 2271,6069nc

HerpynHo 3ameTuTh, 4YTO COBOKYIHAs BEJIUYMHA XPOMATUYECKON W
MOJISIPU3AIMOHHON THCTIEPCUNM HE MPEBOCXOJIUT HOPMATUBHOE 3HAUEHUE TUCIIEPCUU
s uatepdeiica V-64.2

Jpyroit moaXo/: onpeaeauTs TpedyemMoe 3HaUeHUue JUCIepCun Ha 1KkM JTMHUU U
CPaBHUTH C HOPMUPOBAHHBIM CTaHJAPTHBIM 3HAYCHUEM 18 mc/HMXKM:

IIC

2400 7126 2xm =19.1

HM HM X KM

T.o. gomyctumserii HOpMmaTuB 19.1 TIC/HMXKM MpEBHIIIAET HOPMHUPOBAHHBINA, UTO
YKa3bIBa€T Ha JOMYCTHUMOCTh HWCIIOJIb30BaHUs WHTepderica V-64.2 Ha NHUCTaHINH
126.2 xm. Ilo BenwumHE NOJMYYCHHONW KHJIOMETPHUYECKON IHCIIEPCHH MOXKHO
BBIOPATH:!

— MOIXOIAIINN THTT BOJIOKHA,

- JUTMHY BOJIHBI TiepefaTunka B quana3one (1547-1562 uwm);

— MOAXOMAIIYI0  IIUPUHY  CHEKTPAIbHOW  JIMHUM  TIpeIaTIHKa,
U3MEPSEMYIO B TOJISIX HM, Hampumep, 0.2 HM;

- MOIXO AN KOMITICHCATOP TUCIIEPCUH TIPU HEOOXOIMMOCTH.
Taxxe HEOOXOIMMO OTMETHTh, UTO HEKOTOPAsk YacTh ONTUYECKUX HHTEpdeticorB SDH
cnenuduimpoana B pexkomeHmammm ITU-T  G.959.1 jamsg  omHOKaHAJIBHBIX
noaxroueHnit B ammmapatype OTN-OTH.

Onmuueckuii unmepgeiic cmanoapma G.693 npenHasHayeH I Iepeaadn
ONTUYECKUX CHUTHAJIOB BO BHYTPUOQPUCHBIX TpaKTaX Ha KOPOTKHE JUCTAHIIUH.
[TapameTpsr mHTEpdeEiica ompeneneHsl: s nepeaatanka — B Touke MPI-S, mns
npueMHHKa — B Touke MPI-R, a i1 ontudeckoro tpakra — Mexxay Toukamu MPI-S u
MPI-R (puc.6.2). OgHako ONTHYECKHIA TPAKT HE MPEIYCMOTPEH C ONTHUYCCKUMHU

YCUJIUTEIISIMU.
Konb! mpunoskennit ”HTEpPEHcoB UMEIOT CIEIYIOUIYIO CTPYKTYPY:
W-yAz,
rae:
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W yka3biBaeT 3aJaHHOE PACCTOSTHHE!

— VSR600, VSR1000 u VSR2000 yka3pIBatOT COOTBETCTBEHHO DPACCTOSHUS B
0,6 kM, 1 kM 1 2 KM.

Y  yKa3plBaeT  HAWBBICIIMKA  MOJJEPKUBAEMBI  KJIacC  ONTHYECKOTO
koMmoHeHTHOTO curHana: 2 - NRZ 10G; 3 - NRZ 40G.

A yKa3bpIBaeT KaTeTOPHIO 3aTyXaHUSI:

— R makcumanbsHoe 3atyxanue 4 1b;

— L MmakcumanbsHOe 3aTyxanue 6 ab;

— M makcumanbsHOe 3aTyxanue 12 nb;

— H makcuManbHOe 3aTyxanue 16 nb;

— V MakcuMalibHOE 3aTyXxaHue B Ab (He ompe/eeHo).

Kareropus V BBeneHa miis ciaydas, Korja MaKCHUMalbHOE 3HAYCHUE 3aTyXaHHUS,
co3gaBaeMoe KaTeropuei H, cimirkoM Maso, 9ToObl OXBATUTh BCE MPUITOKEHUS.

Z yKa3bIBaET TUI HCTOYHUKA U ONTHYECKOE BOJIOKHO:

— 1 ucrounuk 1310 HM a1 onTHYECKOTO BOJIOKHA cTanmapra G.652;

— 2 uctounuk 1550 HM a1 onTHYecKoro BojioKkHA ctanmapra G.652;

— 3 uctounuk 1550 HM a1 onTHYecKOro BoJIOKHA cTanmapra G.653;

— 5 uctounuk 1550 HM A1 onTHYecKOro BojIokHa ctanaapra G.655.

JIJIsT HEKOTOPBIX MPUKIATHBIX KOJOB B KOHIIE KOAa M00aBisieTcst mHACKC F st
yKa3aHUs TOTO, YTO B JaHHOM TPHJIOKEHUHU TpebyeTcs mepemada OaiitoB FEC, kak
onpezeneno B pekomenaauu MCD-T G.709/Y.1331.

[Tpumep o6o3nauenus: VSR600-2R1, VSR — BHyTproduCcHOE COeTUHEHNE WITH
nepembruka; 600 - guctanmus B MeTpax; 2 - curHai mojs3oBarens B popmate NRZ
Ha ckopocTu 10I'6muT/c; R — MmakcumanbHoe 3atyxanue 4 nb; 1 — uctounuk 1310 Hm
mis BojokHa (.652. [letanbHbie XapakTEpUCTHKA WHTEPHEHCOB TPHUBEACHBI B
MIPWIOKCHUH 2.

Oonokananvuovle onmuueckue unmepeiicet |EEE 802.3 npenna3znaueHs! s
NOAJCPIKKK Iepeladnd JaHHbIX B ceTsx Ethernet ma ckopoctax 10MoOwut/c
(IEEE802.3a-t 10BASE-FB, 10BASE-FP, 10BASE-FL), 100M6uTt/c (IEEE802.3u
100BASE-FX), 1000Mowut/c (IEEE802.3z/ab 1000BASE-SX, 1000BASE-LH,
1000BASE-LS), 10I'6ut/c (IEEE802.3ae 10GBASE-SR, 10GBASE-SW, 10GBASE-
LX, 10GBASE-LR, 10GBASE-LW, 10GBASE-ER, 10GBASE-EW).
[lepcniexkTuBHOU siBNsieTcs paspaborka cranmapta wuHTEepdeiica 100GBASE-X co
CKOpOoCTHBIM pexkumoM Tmiepenaun 100I6ut/c. MHbopmammst 0 XapaKTepUCTHUKAX
untepderico Ethernet npusenena B [3, 7, 18]. B Tadn. 6.6 moka3zaHbl OTAEIHHBIC
pUMEphl XapaKTePUCTHK ONTHYeCKUX uHTepdeiicoB Ethernet, xoropeiMu MOXHO
BOCIIOJIB30BATHCS TIPH BBHITIOJTHEHUH PACYETOB YYACTKOB MIEPEIadn B MIPOCKTE.

Hwxke npuBeneHsl HEKoTOpble Bbyiepkku u3 cranmapra |IEEE 802.3ae (10-
Gigabit Ethernet mo BOJIOKOHHO-ONITHYECKOMY KaOer0) Ui TpeX pPa3IndHBIX
cemericte uHTepdeiicoB: 10GBASE-X, 10GBASE-R u 10GBASE-W. Ownu
OTIUYAIOTCS. METOJaMH KOJHUPOBAHUS, HCIOIB3YEMBIMH TPU TMepefade Tpaduka
Mexy cereBbiMu ycrporictBamu (8B/10B wmim 64B/66B), w Hamumumem win
orcyTcTBHeM moaypoBHeidl uHTepdeiica WAN s cormacoBanus ¢ cetsmu SDH
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ypoBHS STM-64. B KaxxgoM ceMeicTBe MMEIOTCS Pa3IMYHBIC PEaH3aIllid CPEIIbI
nepenadn JaHHBIX.

B 10GBASE-X wucnonm3yercss cxema komupoBaHusi curHana 8B/10B.
[Monypoamn umaTepdeiica WAN otcyrcrBytor. Tekymmuii crangapt |IEEE 802.3ae
mpeaycMaTpuBaeT OJHY crenudukanuio, u3BecTHyro kak 10GBASE-LX4.
10GBASE-R 6a3upyeTtcs Ha cxeme konupoBanus 64B /66B. 1 storo pusndeckoro
ypoBHs umeetcs Tpu thuna cpenbl: 10GBASE-SR, 10GBASE-LR u 10GBASE-ER.

Tabmnwuma 6.6. [IpuMepsl XapaKTEPUCTUK ONTHICCKUX HHTEP(DEHCOB I KOHBEPTOPOB
Ethernet na ckopoctu 100 1 1000 Mowut/c (IEEE 802.3)

Jlnana3zon
JlanbHOCTH YyscTBUTEIIB-
Tun YPOBHA ITeperpy3ka
. | mepemauu, |/namna3zon HOCTb
unrepdeiica MOIIHOCTH, |[IPUEMHHKA,
KM (THIT | BOJIH, HM MIPUEMHUKA,
Ethernet nbwm, nbm
BOJIOKHA) nbm
(kompoBaHue)
Ot -20 no -14
100BASE-F | 2 (MMB) | 1270-1380 (4BSB) ~14 —34
1000BASE- Ot -3 jo +2
LH 70 (OMB) | 1480-1580 (8B10B) -3 -23
1000BASE- | 10 (OMB) ] Or-11 10 -3 ~ _
Ls  |055 (umB)| 2701335 | " gpioB) 3 19
1000BASE- 0,2-0,5 Ot -9,5 o -4
SX (MMB) 830-860 (8B10B) -3 L7

Nutepdeiicl0GBASE-W omnpenenser unkancyssuo 64B/66B-koaupoBaHHBIX
naHHBIX B Kagp STM-64. 3nech cienmmdumupyroTcs cnenyromme cpeasi: 10GBASE-
SW, 10GBASE-LW u 10GBASE-EW. Untepdeiicer 10GBASE-R u 10GBASE-W
Takke uMeroT mnonypoBeHb uHTepderica WAN. MakcumanbHas OpOTSKEHHOCTh

ONTHYECKON JTUHUN B 3aBHCUMOCTH OT THIIA BOJOKOH mia uHTepdericoB 10GBASE-
SX/ISR/SW (nnmunHa Bosab! 850 HM) moka3aHa B Ta011.6.7.

Tabmumna 6.7. IlpoTsokeHHOCTH onTudeckod ymaun st wHTepdeiicoB 10GBASE-
SX/SR/SW

Tum BojIoKHA [ITnpOKOMONOCHOCTB, Jluctanums, M
MI 11Xxkm
62.5 mxkm MMB 160 26
62.5 mxkm MMB 200 33
50 mkm MMB 400 66
50 mkm MMB 500 82
50 mkm MMB 2000 300
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MaxkcumanbHas POTAKEHHOCTh ONITUYCCKOM JIMHUH B 3aBUCUMOCTH OT THIIA
BOJIOKOH 17151 HHTEephelicoBl10GBASE-LX/LR/LW (mmuna Bomasr 1300 HM) noka3aHa

B Tabx. 6.8.
Tabnumna 6.8. [IpoTskeHHOCTH OnTHYecKo uHNH 1715 nHTepdeticoB 10GBASE-
LX/LR/LW

Tum BosIoKHA [ITnpOKOMONOCHOCTB, Jluctanums, M

MI 11Xxkm
62.5 mxkm MMB 500 300

50 Mmxm MMB 400 240

50 Mmxm MMB 500 300

10 mxm OMB - 10000

MaxkcumanbHas MPOTSHKEHHOCTh ONTHYCCKOW JTUHUM ¢ BOJIOKHOM THIa SMF st
untepderico 10GBASE-EX/ER/EW Ha BostHe 1550 HM He npesbimaeT 40 kM

6.2.2. MHOrokaHaJbHble ONITHYECKHE HHTeP(erchl

MHnozokananvuoiii  onmuueckuii  unmepgeiic - cmanoapma  G.692
MpEeIHAa3HAYeH JUIsl TMOCTPOCHHUS BOJOKOHHO-ONTHYECKHUX CHCTEM Iepeaadun
MYJIBTUIUIEKCUPOBaHUSL C pazgeneHueM 1o anuHe BoidHel WDM. 3Ot1o mnepssiit
MEXTYHAPOIHBIN CTaHAAPT, KOTOPHIM MPEAYCMOTPEHO d(DPEKTUBHOE UCIIOTH30BAHUE
MOJIOCHI YaCTOT OJHOMOJIOBOTO CTEKJIOBOJIOKHA JJIS Tepefadyn OJHOBpeMeHHO 10 50
HE3aBUCUMBIX ONTUYECKUX CHUTHAJIOB C QHAJIOTOBBIM WM HHU(PPOBBEIM TpadHUKOM.
OnTudeckne CUTHAIBI TEPEHOCATCS Ha ONTUYSCKUX YacTOTaX, TeHEPHUPYEMBIX
OTJICTBHBIMH JIa3epaMu. YacTOThI COOTBETCTBYIOT Auamna3zoHy aiauH BoiH 1520-1560
HM. B 3TOM nuamazone Hecymue 9acToThl pacmonoxens! ¢ marom 100 [T, 200 I'T,
400 I'Tm, 500 I'Tt, 500/400 I'Tw, 600 I'Tw, 1000 I'Tu. OnpexeneH ONTHYCCKUN
cepBucHbIii KaHaia Ha BosHe 1510410 M (uro coorBeTcTByeT uactore 198,5+1,4
TTm).

Ha puc. 6.5 mpencraBieHbl OCHOBHBIE yCTPONCTBA W TOYKH HOPMHUPOBAHUS
XapaKTEepUCTUK onTuyeckux uHTepdeiicoB. K OCHOBHBIM YCTPONCTBAM OTHOCSITCA:
NepeaTIuKH  |yn, TEHEPHUPYIOIIME ONTHYeCKHe dacToThl f,, Momymupyembie B
nepenaTyuke WH(OOPMAIMOHHBIM CUTHAJIOM; ONTHYECKHH MymnbTHIUIEKCOp OMX
(Optical Multiplex), oO0benuusromuii curnanet f; — f, B MHOroxanambHbIN
(MHOTOBOJIHOBBINM) ONTHUSCKHWA TpakT, ontmdyeckuid ycmmutenb OA (Optical
Amplifier), noBpIIarOmMuii MOIIHOCTH CHUTHAJIOB BCEX KaHAJIOB O HEOOXOIMMOIO
YPOBHS B ONTHYECKOM TpPAKTE; BOJIOKOHHO-ONTHYECKAS JUHUS, TPOMEKYTOUHBIN
ontudeckuit ycwmrenab (OA) Ui yBeTUYEHUs AUCTAHIUW Tepeaadd; ONTHYCCKUIN
nemyabsTaIiekcop ODMX (Optical DeMultiplex), pa3nenstonuii curaansr f; — f, Ha
OTJIeITbHBIC KaHAJBI; MPUEMHUKHN ONTHYECKUX CUTHAIOB Ry,, B KOTOPBIX ONTHYECCKUH
MH()OPMaLIMOHHBIA CUTHAI IPE0Opa3yeTcsl B SNEKTPUUECKUH.
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Txl R x1
SD, R
sz 0A ;‘r - > R X2
0DMX .
SD, R,
Txn * R xn

Puc. 6.5. Toukn HOpMHUPOBAHHSI XapPAKTEPUCTUK ONTHICCKUX HHTEP(DEcoB
o pekomeHganuu G.692

Touku S;...Sp — MNOAKIIOYCHHUE OINTHUYCCKHUX COCIUHHUTEIIBHBIX Kabelaeh K
nepenaTanukaMm lyj.... Ty, OTIAEIBHBIX KaHAJOB C HOPMHUPOBAHHBIMH ONTHYECKUMU
yacroramu fi.....f,.

Toukn Rpyp...Rnn — IOOKIIOYEHHWE ONTUYECKHX COEOUHUTENBHBIX KaOenel K
onTHYECKOMY MYIbTUIIIEKCOPY OMX, COBMEIICHHOMY C ONTHYECKAM YCHIIMTEIIEM
OA.

Touka MPI-S — moakmoueHHE ONTHYECKOTO MYJIBTHILIEKCOPA C YCHIIMTENEM K
ONTHYECKOMY JTUHEHMHOMY KabeTro.

Touku S, R - MOAKIIOYEHHE IPOMEKYTOUHOTO ONTHIECKOro yemmmrens OA K
JUHEHHOMY ONITUYECKOMY KaOeJto.

Touka MPI-R - moakmiouenme ontuyeckoro mnpexycumautens OA,
COBMEMICHHOTO ¢ feMynbTriuiekcopom ODMX, k onTudeckomMy TUHEHHOMY Kabelto.

Toukn SD;...SD, — mNOIKIIOYEHHE ONTHYECKOIO JACMYJBbTHIUIEKCOpPA K
ONTHYECKHUM COCTUHUTEIHHBIM KaOeIsaM.

Toukn R;...R, — mHOoakiIrOUYeHHE ONTUYECKUX COECOUHUTEIBHBIX KaOelen K
BXOJIaM MPUEMHHUKOB Ry1. . Ryn.

Bce mepeuncieHHbIE TOYKHM TOJKIIOYCHHS TPEACTABICHBI Pa3bhbeMHBIMU
COCUHUTEIISIMUA - KOHHEKTOPaMH.

baokn Tyi....Tyn u Ry
KOTOPBIX PACCMOTPEHBI B TJIaBe 2.

B o00o3HaueHusAX Koja NpPHUMEHCHUs WHTEPPEHCOB TPHHATA CIEAYomas
cucrema (G.692):

Rxn BXOAST B COCTaB TPAHCIOHIAEPOB, (GYHKIIUH

nWx-y,z,

rae N — MakCHMaJIbHOE YHCJIO ONTHYECKUX HECymHX dYacToT wiu BomH; W —
ykaszanue Ha nauny guauu (L — qiuazas, V — oueHs aauHHas, U — cBepXIIMHHAS); X
— YHCJI0 YYaCTKOB ycwieHus; Y — ypoBerb STM-N; z — Tum Bosiokna (MHIEKCHI 2, 3, 5
COOTBETCTBYIOT cTaHIapTaM BoJIokoH G.652, G.653, G.655). IIpumepsl 0003HaueHUH
IpUBE/ICHHI B Ta011.6.9.

YCTaHOBIEHBI MAaKCUMAJbHBIC 3HAUCHUS 3aTyXaHUS MEXKIy ONTHUYCCKUMU
YCHJIUTEIISIMA TPOTSDKCHHBIX JimHANA (T2, 6.10) m MakcuManbHas BEJMYHHA
JUCTIEPCUH BCETO ONTHYECKOTO TpaKTa Mepefadd JUIsi KaXJA0ro W3 KaHaJoOB CO
CKOpPOCTBIO Tiepenadn okoiio 2.5 I'out/c, Hanpumep, STM-16 (1a6:1.6.11). Benuunna
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aucriepcun Ui Tpakta ¢ STM-64 (untepdericet SDH L-64.2a, V-64.2a) moxer
YIIOKUTHCS TOJIBKO B OJTHOTIPOJIETHBIE YUacTKH, 0003HaYeHHbIe L u V.

Tabnuna 6.9. Kogsr npumenenus narepdeiicos WDM

Y4acTok MpUMEHEHHSI Jmmaneii L (80 k) Oqu(Bl'ggI/gSHH v

Yucao yuacTKoOB 5 8 3 3)
Kon npumenenus 4-kananpHol cucremsl | 41.5-y,z | 4L8-y,z | 4V3-y,z | 4V5-y,z
Kon npumenenus 8-kanampHol cucremsr | 8L.5-y,z | 8L8-y,z | 8V3-y,z | 8V5-y,z
Kon npumenenus 16-kananpHol cuctemsl | 16L.5-y,z | 16L8-y,z | 16V3-y,z | 16V5-y,z

Tabmuma 6.10. 3aTyxaHue y4acTKOB Mepeiadd MHOTOBOJIHOBBIX CUTHAJIOB

Konx npumenenus i i i i i
nnTepdeiica nL-y.z | nV-y.z | nU-y.z nLx-y.z | nVx-y.z
MakcumanbHOE 29 33 44 29 33
3aTtyxaHue, n1b
Tabnmumna 6.11. HopmupoBanne MakcMMaabHOUW THCTIEPCUN
Konx npumenenus i i i i
nrrepdeiica L \ U | nV3-y.z |mL5-y.z| nV5-y.z| nL8-y.z
Maremvaneran 654 5400 [3200| 7200 | 8000 | 12000 | 12800
JUCTIepCHs, TIC/HM

B pexomengammu G.692 mpenycMOTpeH ciaydail opraHM3alliil B ONTHUYECKOM
TpPaKkTe JBYHANPABICHHOM CHUCTEMBI NEPEAAYM C pPa3leICHHEM MO JUIMHAM BOJIH
nepeqaun u  npuéma. Torma B Koje wuHTepdeiica mnosiBusercss wuHAeke B
(bidirectional):

B-nWx-y,z.

JInss  MHOTOKAHAJIBHBIX  ONTHYCCKUX CHCTEM TMepefadyd ¢  IUIOTHBIM
MyJbTHIUIEKcHpoBaHueM 1o BosHaMm DWDM (Dense Wavelength Division
Multiplexing) pa3pa6otan cranmapt G.694.1.

Cemka onmuueckux yacmom cozenacho G.694.1 moowcem coomeemcemeosamo
COOMHOULEHUSIM

12,5 I'T'y mexxay Bomaamu (B TI'm) 193,1 + n x 0,0125;

25 I'T'u mexay Bomaamu (B TI'm) 193,1 + n x 0,025;

50 I'Tu mexxay BomHamu (B TI'ry) 193,1 + n x 0,05;

100 I'T'y mexxay BostHamu (B TT'ir) 193,1 + n x 0,1.

Yucao N — menoe U MOXKET MMETh 3HaK «+» u «—», Hampumep, IUisi BOJHBI
1624,89 um Oymer wyacrora 1845 TIm mnpu 3HAYECHUHM CKOPOCTH CBETa
2,99792458x10® wm/c. Vcnomb3oBaHHE OTOH CETKH YACTOT IIPELYCMOTPEHO
cragmapramu G.696, G.698, G.959 B MHOTOKaHAIBHBIX HHTEPGENcax I pa3sTUuIHBIX
NIPHUJIOKEHUH, KOTOPBIE pacCMaTPUBAIOTCS JaJiee.
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JIIs  MHOTOKaHAJBHBIX ONTHYECKUX CHUCTEM Tepeladyd C Ppa3speKECHHBIM
MynbTUIUIEKcHpoBanueM 1o BosiHaM CWDM  (Coarse Wavelength Division
Multiplexing) paspaboran crangapt G.694.2.

Cemka onmuueckux 60 coznacno G.694.2 mooicem coomeemcmeosams
credyowetl nocredogamenvhocmu’: 1271 am, 1291 um, 1311 am, 1331 aMm, 1351 aM,
1371 um, 1391 um, 1411 am, 1431 am, 1451 am, 1471 am, 1491 aMm, 1511 am, 1531
oM, 1551 mmM, 1571 BM, 1591 BMm, 1611 eM. MuTepBan mexnay BonmHamu 20 HM mnpH
JOITYCTUMOM OTKJIOHEHUH KaXX0¥ 13 BOJH +6-7 HM OT yKa3aHHOTO HOMHHAJA.

Hcnonv3zoeanue 3moii cemku wacmom npeoycmompeno cmanoapmom G.695 B
MHOTOKaHaJbHBIX WHTep(deiicax sl pa3lIuyHbIX NPUIOKEHUN: C OJHOCTOPOHHEU
nepenaveid B omnTtmueckoM Tpakte (puc.6.6); ¢ IBYCTOpOHHEH Tmepenadyeii B
OJTHOBOJIOKOHHOM ONTHYECKOM TpakTe (puc.6.7); ¢ mepegadeii B ONTHYSCKOM TPAKTE
U JOCTYIIOM K OTJACIbHBIM KaHaiam B mnpomexyrtouHou cranmmu (OADM); ¢
nepenadeii B KOJBIEBBIX CTpykTypax Ha ocHoBe OADM u 1.1. Bo Bcex mpumepax
MOSIBHJIOCH OTIWYHE B 0003HaueHUU HHTEepdericHpIX Touek MPI-Sy u MPI-Ry. T'me
uHJeKC «M>» yka3bIBaeT Ha MHOTOKaHaIbHBIN HHTEp(eEcC.

Tx A, » » Rx i,
Ty ] = x .
Ix 2, > E @ E » Rxk,
- o -
: MPI-S,, MPLR,| | © :
Tx :'\.“ . » Rxin

Puc.6.6. IIpumep ogHOHAMpaBIeHHON cXeMbl cucTeMbl nepenadn CWDM

Tx 2, N ] Rrxn,
> MPI-S MPI-R
Tx %, o = i T = » Rxi,
® E -
R ke = MPI-R,, MPI-S,, = L -
K Ao O — — 5 Tx fe
Rx by _,.-""'/ \\ <t Tx &y

Puc. 6.7. [Ipumep nByHampaBieHHOU cxeMbl cucteMbl niepeaaan CWDM

Bosmoxnoctn wuaTEepdeiicos ¢ CWDM MOXHO ompenenuth dYepe3 KOof
MIPUMEHEHHUSL:

CnWx-ytz,

rae C — npunagiexHocts kK CWDM; N — MakcuMalbHOE YUCI0 BOJHOBBIX KaHAJIOB

(mo 18); W — mnunHa yuactka nepenadu (S — kopoTkuil, L — NIMHHBIN); X — YUCIIO

YYaCTKOB YCHJICHHSI, Y — yKa3aHWe Kjacca moJib3oBarenbckoro curHana (0 — NRZ

1.25 T'out/c, 1 — NRZ 2.5 I'Gut/c); t — yka3aHuWe Ha TOJIECPKUBAEMBI COCTAB

untTepderica (A — HaaU4Me YCWIUTENS ONTHYCCKOM MOIIMHOCTH Ha Tepeaave Hu

ONTUYECKOr0 MpPEeAyCUIIUTENd Ha mnpueme;, B — UCHob30BaHUE TOIBKO YCHIIUTEIS
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ONTUYECKOM MOIMHOCTH Ha mnepemade; C — HCIOIB30BAaHUE ONTHYECKOTO
npexycuwiuTels; D — OTCYTCTBHE ONTHYECKUX YCHIIMTENEH); Z — yKa3aHWe Ha THII
BOJIOKHA (MHIEKCHl 2, 3, 5 COOTBETCTBYIOT cTaHmaptaM BojokoH G.652, G.653,

G.655).
Jyis pactiupeHus KoJI0B MTPUMEHEHUS UCTIONIB3YIOTCS UHACKCH B u S.

B-CnWx-ytz,
rie B — o0Oo3HauaeT JBYCTOPOHHIOIO Tiepefadyy B OJHOM BOJIOKOHHOM
CBETOBOIC,
S-CnWx-ytz,

rae S — 0003HaYaeT UCI0JIb30BaHue apXUTEKTyphl TuHUH «Black-link», T.e. TéMHuoi
muauH. [IpuMeps! uconb30Banms 0003HAYCHUH IPUBEACHBI B Ta0I. 6.12.

Tabmuna 6.12. Ilpumep knaccudukanmum 8-kananbHbIX nHTEpheticos CWDM

Yyactok npumenenus uaTepdeiica | Koporkwmii S Jlnunansiii L
Tun BonokHa G.652 G.652 G.653
. B-C8L1-
O6o3naueHnue naTepdeiica - 0D2 B-C8L1-0D3

PaccrosHue nepenauun
KOMITOHEHTHOTO CUTHaja B (hopmaTte - 64 64
NRZ (na ckopoctu 1,25I6ut/c), kM

C8L1-1D2
O6o3HaueHne uHTEpdeiica c851-1D2 B-C8L1- | B-C8L1-1D3
B-C8S1-1D2 1D2

PaccrosHue nepenauu
KOMITOHEHTHOTO CUTHaja B (hopmate 27 55 58
NRZ (na ckopoctu 2,5 I'6ut/c), kKM

Hus Touek MPI-Sy; u MPI-Ry; HOpMupYIOTCS mapaMeTphl: MaKCUMaJTbHOU
MOIITHOCTH KaXXJI0r0 KaHaJlla ¥ MUHHMMaJIbHONW MOIIHOCTH; MaKCHUMaJbHOW 0OIIe
MOIITHOCTH BCEX KaHAJOB, 3HAUYEHHUs BOJIH, MHTEPBA] MEXKIY BOJIHAMH, TIyOWHA
MOIYJISIMN, MaKCUMaJIbHOE 3aTyXaHHE MEXIy TOYKaMH Iepefadn S u npuema R;
MaKCHUMaJlbHasi XpoMaTuueckasi JUCIepCUsl U psii IpYyrux napamerpoB. JleTanbHbie
MIPUMEPHI XapaKTePUCTUK HHTEP(EHCOB MPUBEICHBI B MPUTIOKCHAH 3.

B cmanoapme G.696.1 npeoocmasnensvt cneyugurkayuu uzuueckozo yposHs
JUIE BHYTPHJIOMCHHBIX (BHYTPH30HOBBIX) NPHIOKCHUH OPTaHU3allMH ONTHYCCKHX
cereik ¢ DWDM. Dtu cnenudukanuu MOpeaoCTaBISIIOTCS Il MEXKY3JOBBIX,
MHOTOKaHaJIbHBIX ONTHUYECKUX CUCTEM C JIMHEWHBIMU ONTHYECKUMH YCHUIIUTEISIMU
nu 0e3 Hux. Ilpumep xonduryparuu cuctreMmsi DWDM ¢ npomexyTouHbIMU
ontnyeckumu  ycwmrensima - (OA) mpuBeaén Ha puc.6.8, rTme omimuarorcs
0003HaYCHUS TPAHCIOHACPHBIX 0JI0KOB (3R BMecTO Tyi....Txn U Ry
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-—E

MPLR,, S, : MPLS,,

MpoMesyTouHEle cTaHUMK ONTHYECKORD YEeWNEHWA

TepMHUHaNbHan TepMHHaNLHaA
cTaHLMA A cTaHuma B
Puc. 6.8. Konduryparust MHOrompoiaE€THON ONTHYECKOW CUCTEMBI TIEpeIadn C
DWDM

O003HaueHNE MMPUKIIATHOTO KOJIa COCTABIISETCS CISIYIOIUM 00pa3oMm:
Nn.B-XWF(s),

rjae: N - MaKCUMaJIbHOE YUCIIO KAHAJIOB, TIOJICPIKUBAEMBIX B COCTUHCHHUSIX;

B - ykassiBaet kiacc kimenTa: 1.25G yka3bpIBaeT CKOpOCTh Mepeaadn OMTOB KIHEHTA
B uamnaszoHe ot 622 Mo6wut/c no 1,25 M6wurt/c; 2.5G yka3pIBaeT CKOpOCTh Mepeaadn
OWTOB KJIIMEHTA B AHama3one ot 622 Mout/c 1o 2,5 I'6ut/c; 10G yka3siBaeT CKOpPOCTh
nepenady OMTOB KIMeHTa B nuama3one ot 2,4 ['out/c mo 10,5 I'6ut/c; 40G yka3piBaet
CKOpOCTH Nepeiayu OUTOB KiMeHTa B Auana3one ot 9,9 I'out/c no 42 I'6ut/c;

X - YUCIIO TIPOJICTOB,;

W - OykBa, yKa3bIBarollas Ha 3aTyXaHUE B IPOJIETE, HAIPUMED:

S - ykaspiBaeT Ha Malyl MNPOTSHKEHHOCTh (MakCHMMalbHOE 3aTyXaHue Ha
nposiere 10 11 nb),

L - ykaspiBaeT Ha OOJBINYIO MPOTSHKEHHOCTh (MakCHMajbHOE 3aTyXaHHWE Ha
nposiere 10 22 n1b, muanMansHoe 111b),

V - yKka3pIBaeT Ha OYEHb OOJBIIYIO MPOTSHKEHHOCTh (MAaKCHMaJIbHOE 3aTyXaHhe
Ha npoJiete 10 33 n1b, MuHNMaNbHOE 2211B);

F - sBisercs TUMOM BOJIOKHA (ITOJIHOCTBIO JETAM3MPOBAHHBIM), HAIPUMEP
G.652.A, ... G.652.D o6o3HauaeMbIM B MPHUKIAIHOM Koje depe3 "652A" ... "652D",
COOTBETCTBEHHO;

(S) - yka3pIBaeT muamna3oH pabOYKX JJIMH BOJIH Yepe3 MOIOCHI CIIEKTpa.

Heckpurnrop auama3ona BosH (HM) S: O (Original — ucxomnsrit) 1260-1360 HwM;
E (Extended — pactmpennsriit) 1360-1460 um; S (Short wavelength —
kopoTkoBosHOBBIN) 1460-1530 uMm; C (Conventional — oObikHOBeHHBIH) 1530-1565
M, L (Long wavelength — mmmaHOBOTHOBEIN) 1565-1625 HM.

Ecnu ucnione3yercst 6ojiee yeM OfHA CHEKTpajibHas MOJ0ca, TO 0003HAYCHHE B
(S) craHOBUTCS OyKBaMHU IIOJIOCHI, pa3lCICHHBIMU 3HaKoM '+, Hampumep s
npuiaoxkeHus, Tpedyromiero mcnoib3oBanus nojoc C u L, (s) oymer (C + L). B
ciydae, Korja NPUMEHseTcss Ooliee OHON CIEKTPabHOW TOJOCH, HCIIOJIB3YIOT
HOPSAZ0K OYKB OT MEHBIIHX JJTHH BOJIH K OOJIBIIIAM JTHHAM BOJTH.
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B cnyuyae pamanoBckoil cuctembl nepeaaun ¢ ycuieHuem u DWDM B konie
MPUKJIATHOTO Ko/a nobaBinsercs Oyksa "'R", v koj 3anucbiBaeTcs:

n.B-xWF(s)R.

[Ipumep KOHKPETHBIX MPUTIOKEHUA MOT OBl BRITJISACTH CICTYIONTIM 00pa3oM:

40.10G-20L652A(C)R. D10 mpunoxkenue ykaspiBaeT Ha 40-KaHATBHYIO CHCTEMY
C cUrHajam mosie3Hoi nadopmanuu Ha ckopoctu 10 I'out/c (10G), ¢ 20 mponeramu
00JBIION MPOTSHKEHHOCTH BoJIOKHA G.652A, KOTOpBIE TOASITCS TSI UCTIONB30BAHUS C
pamanoBckumu ycunutensmu. [lomoca C wucmons3yeTcss B KadecTBe pabouero
Jvarna3oHa JJIMH BOJH.

HopMmupyembiMu XapaKTepruCTUKAMH ONITHYECKON TIepeIauu SIBISIFOTCS COTIACHO
G.696.1: makcuManbHOE 3aTyXaHUe Ha MPOJIET, MUHUMAIBHOE 3aTyXaHHe Ha MPOJIET,;
TUT BOJIOKHA, pa0ouWii [OWama3oH JJWH BOJH, MHUHUMaJIbHAs XpOMAaTHYECKas;
aUCTiepcHsl Ha TIPOJIET; MaKCHMallbHAas XPOMAaTHUYECKas JHUCIIEPCUs Ha TMPOJIET;
MUHUAMAJTBHBI MECTHBIA KOA(DPHUITUEHT XPOMATHIECKON TUCIIEPCUN; MAaKCUMATBHOE
OTKJIOHEHHWE XpOMATHUYECKOW JTUCIEPCHH, MaKcuMaibHas auddepeHnnanpHas
TpyNIoBasi 3aJiepKKa; MUHUMAJIbHBIE ONTHYECKUE BO3BpaTHbIe motepu Ha MPI-Sy
WM Syj; MaKCUMaJIbHOE TUCKpeTHOE oTpakeHue mexay MPI-Sy u MPI-Ry,.

JleTanbHbBIE XapaKTepuCTUKH HHTEP(DEiicoB paccMOTpeHbl B ctanaapte G.959.1.

Cmanoapm (G.698.1 coxepxur crnenuuKanuo MHOTOKaHaabHEIX DWDM
MPUIOKEHUN ¢ OJHOKaHAJIbHBIMU ONTHYECKUMH uUHTepdeiicaMu ceTed TUNa
«METPO». IIpu 3T0oM npeaycMoTpeHbl KOH(DUTYpallii TPAHCIIOPTHBIX CETEN: TOUKa-
TOYKA M KOJIBIIO C AUCTAHIIUEH MEXKTY CTAaHIIUSAMH JIOCTYIA K OT/ICIHHBIM KaHATaM OT
30 mo 80xmM. IlpemycMOTpPEHO HCIONIB30BAHUE CETKH ONTHYCCKUX YaCTOT CTAHIApTa
G.694.1 co cnektpansabiM uHTEpBaTIOM 100 ' 1 cKOpOCTHIO TIEpenaun JaHHBIX B
kakxaoM kanaie DWDM no 10 I'out/c. OnTtrueckuii TpaKT MOXKET CTPOUTHCS I10
JBYXBOJIOKOHHOM M OJHOBOJIOKOHHOW cxeMaM. B JBYXBOJOKOHHOW CXEMeE
MOJAJICP)KUBACTCA  OAHOCTOPOHHsAST mepepgaya curHaioB C¢ DWDM, a B
OJTHOBOJIOKOHHOHM CXeMe TOJIJIEP)KUBACTCS JBYXCTOPOHHSS TIepenada CHUTHAJIOB C
DWDM 1o ogHoMy BOJOKHY BCTPEYHO Ha pa3HbIX BOJHAX. B coequHeHusx Tuna
«TOYKA-TOYKA» MOTYT YCTaHABIMBATHCS MYJIbTUIIEKCOPHI TepMmuHATbHBIE 1 OADM
(puc.6.9). KosbliieBble CTPYKTYPBI CETH TPEITyCMOTPEHBI TOJIBKO C MCIOJIb30BAHUEM
OADM wu ontmueckux TpaHcrnonaepoB (puc.6.10). B crenudukanuo BoILH
XapaKTepUCTUKN HWHTEPHEHCOB MEXIy TOYKaMu Ss ¥ Rs, KOTOpbIE IeTanbHO
MIPEICTABIICHBI B TIPUIIOKCHHUH O.

O6o3HaueHne MpUKIagHOTO Koja ctanmapra G.698.1 cocraBisieTcs caeayronum
MOPSITKOM

DScW-ytz(v),

rie:

- D — unnukatrop DWDM mnpunoxenuit;

- S — mHIUIUpYeT criekTpaibHbId auanazon: N (Narrow spectral) meHbmmiz
cuektp ; W (Wide spectral) mmupoxuii criektp;

- C UHTEpBAI Mex)ay KaHainamu B ['T1;

- W — 0603HauaeT BO3MOXHYIO JTucTaHmuio nepenaan: S (short-haul) koportkas;
L (long-haul) nnunnas;
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- Y — MHOUIMPYeT KIIAcC CUTHAJIa Harpy3ku moiib3oBatens: 1 - NRZ 2.5G; 2 -
NRZ 10G;

- 1 - ykazaHue Ha nojjaep:;kuBaeMbIil coctaB uHTepdeiica: D 06e3 onTuueckux
YCUJIUTEIIEH ;

- Z — MHAMLIUPYET TUN BoJiokHa: 2 - G.652 ; 3 - G.653; 5 - G.655 .

- (V) — unaunupyet awama3on BoyiH (aHM): S (Short wavelength-
kopoTkoBoJHOBBIN) 0T 1460 1o 1530 um; C (Conventional- oObikHOBeHHBIH) 0T 1530
10 1565 um; L (Long wavelength - qiuaHOBOIHOBBIHM) 0T 1565 10 1625 HM;

ecii foOasigercsa 3Hak '+, To 3T0 0003HAYAET COBMECTHOE UCIIOJIb30BAHUE
auana3zonoB (C+L).

s, R
Tx %, : . "JI Rx |
s, R,
Tx M — RP. S RP >< S § —y
= } §OADM | » 8 :
Ss : ¥ Ry
R, & s
¥ pedeny
Rx Tx
At il,.

Puc. 6.9. CtpykTypa coenMHEHHs «TOYKa-TOYKa» ontudeckon cetu ¢ DWDM
JOCTYIIOM K OTJIETTbHBIM ONTHUYECKUM KaHaJIaM

I'x R!c
8, — '%!R\.
i
|
v
R e OADME———t—— S,
(R e [— | ] -
_|oADM DADM|
. = , ] ol R ]
3y —+BoaDME 1 — R,
1 ‘,'I
R 5 5 s,

Puc. 6.10. Ctpykrypa COCAMHEHHS KKOJBLIO» ONTHYECKOH cett ¢ DWDM
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B cityuae nByHanpaBieHHOU Tiepeadn 1Mo OJHOMY BOJIIOKHY K 0003HAUEHHIO
noOasinsgeTca UHEKC B:
B-DScW-ytz(v)
Kpome Toro, eciu qobasisieTcst B KOHIE HHICKC F, TO 3TO CBUAETENBCTBYET O
ucnons3zoBanuu Gpynkmmu FEC cormacuo G.7009.

Onmuueckue mnozoxkananvuvie unmepgpeiicet OTN, onpedenennvie 6
cmanoapme G.959.1, UMEIOT KO MPUMEHCHUS .

PnWx-ytz,

rie P — waaukatop mpumenenuss B OTN; N — mMakcuManbHOE YHCIO BOJIHOBBIX
kaHajoB; W — makcumanbHOoe paccrossHue neperaun (VSR — odeHb KOpOTKHE
Y4acTKH — TIEpEeMBIYKH B ammapatype; | — BHYTpUODUCHBIE COCIUHCHHUS
(mepexpriBaemoe 3atyxanue 0-7 nb); S — koporkue paccrostHus (3aryxanue m0 11
1b); L — mpoTrsokerHble quHuK (3aTyxaHue 10 22 1nb); V - oueHb JUIMHHBIC JTHHHUH
(3aryxanme 1o 33 1b)); X — YHCIIO YYacTKOB YCHIICHHS; Y — yKa3aHHE Ha KJIacc
curnana ot mojas3oBarenas (1 - curman B koge NRZ na ckopoctu 2,5I0ut/c, 2 -
curaan B koge NRZ na ckopoctu 10 I'6ut/c, 3 — curnan B kone NRZ na ckopoctu
40I'6ut/c, 7 — curHan B kojae RZ wa ckopoctu 40I'60ut/c); t — yka3aHuwe Ha
KoHpUTypanuu mepenayn W npueMa (A — ONTHUYECKHE YCHINTEIH Tepelavyd H
ONTHYECKHUE TMPEABAPUTEIbHBIE YCUIUTENIH TMpueMa; B — TONBKO yCUIHTENb
ONTUYECKONM MOIIHOCTH mnepeaaur; C — TOJBKO ONTHUYECKUN MPEIYCHIUTENNb Ha
npueme; D — OTCYTCTBHE ONTHYECKOTO YCWIHTENS); Z — yKa3aHHE Ha WCTOYHUK
ONnTHYeCKMX BOJNH M Tuml BonokHa (1 — mist Bomubl 1310 uM u BomokHa G.652;
WHJCKCHI 2, 3, 5 COOTBETCTBYIOT cTaHaapTaM BosiokoH G.652, G.653, G.655 mist BoH
BOJIM3H 1550HM).

[Tpumep o6o3nauenust wmaTEepdeiica OTN: P16S1-2B5 - OTN, 16 Boum,
saryxanue 11 nb, OTU-2 (NRZ 10 I'6ut/c), TONBKO YCHITMTEIh MOLTHOCTH TIEpE/IavH,
BOJIOKHO G.655.

B cucremax aByHampaBJIeHHOW Tepenaddl B OJHOM BOJIOKHE K OOO3HAYCHUIO
nobasisiercs uHaeke B:

BnWx-ytz.

B koHI1e 0003Ha4YEHMSI MOTYT HCIIOIH30BATHCS TOMOJTHUTEIHHBIC HHCKCHI:

- F - uanukanus ¢pynaxkauu FEC cornacao G.709;

- D — wHOuKanus WCHOJB30BaHUS aJanTalid K JUCIEPCUH (KOMIICHCAIUH
JUCIICPCHH);

- E — wuHmukamus TpUMEHEHUS JJIEKTPOHHON KOMIICHCAIIMU JWCIEPCHH Ha
MPpUEME;

- I — MHIUKAIMS OTPAHWYCHUS TUCTAHIIUN TIepEeaadn TUCTIEPCHEH;

- & — KO/ HCIOJab30Banus JaBuHHOrO (horoaroaa (APD);

- b — konm wucnome3oBaHus Qoromamoma P-i-n. Ilpumepsl XapaKTEPUCTHK B
MPUJIOKEHHUH O.
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6.2.3. Paznuunusa MEKAY XapaKTEPUCTUKAMHU IKBUBAJCHTHBLIX ONTHYCCKUX

HHTep(eiicoB

HekoTropbie u3 pacCMOTPEHHBIX KOJOB MPUIOKEHUN ONTHYECKUX MHTEp(deiicoB
SKBUBAJICHTHBL. JTO KacaeTcs 3HA4YeHHs MmapameTpoB umHTepdeticoB G.693, koTopnie
JOJDKHBI 3aMeHUTh npuioxenus uaTepdeiicoB G.691 u G.959.1. B Tabnumax 6.13-
6.15 mpuBeaeHBI MapaMeTPhl PA3INIHs 1T HEKOTOPBIX HHTEP(EHCOB.

Tabmuna 6.13. Paznuums mapamerpoB umuTepdeiicor VSR600-2R1, P111-2D1r, I-

64.1r
Cranmapt G.693 G.959.1 G.691
Kon npunoxenus VSR600-2R1 P111-2D1r 1-64.1r
PabGounii nrana3oH BOJIH, HM 1268-1360 1260-1360 1260-1360

Tabnuna 6.14. Paznuumst mapamerpo uaTepdeiicor VSR2000-2R1 u P111-2D1

Cranpapt

G.693

G.959.1

Kon npunoxenus

VSR2000-2R1

P111-2D1

MakcumanbHas XpOMATHUUYCCKasA NUCTICPCUH, IIC/HM

6.6

Her nanHbBIX

Tabmuna 6.15. Paznmmums mapamerpoB umHTepdeiicoB VSR2000-2L2, P111-2D2r,

1.64.2r
Crannapr G.693 G.959.1 G.691
Kon nmpunoxenus VSR2000-2L2 P111-2D2r 1.64.2r
Pabouwnii quanazoH BOJIH, HM 1530-1565 1500-1580 | 1530-1565
MaxkcumanbHoe 3atyxanue, 1b 6 7 7
MuHuManbHast 4yBCTBUTEIBLHOCTD, A1bM -13 -14 -14
6.2.4. OueHka XapaKTepUCTHK ONTHYECKUX TPAKTOB
B 3TOM pasacic IMPUBOAUTCA KOMIIJICKCHAas OL€HKAa BO3MOKHOCTEH

WCTIOJIb30BaHUS ONTHYECKUX TPAKTOB MPH OpraHM3allMM MHOTOKAaHAJIBLHOW Mepeaadyu
(CWDM, DWDM) B yCIIOBUSAX pa3IUYHBIX OIpPaHUYICHUI:
- 3aTyXaHHUE YYacTKOB NepeaaH,
- IUCTIEPCUOHHBIC HCKAKCHUS,
- mTpadbl 3a yXyAIICHHE XapaKTEPUCTUK Mepelayun;
- MOIITHOCTH OIITHYCCKOI0 CUTHAJIa B KaHAJ¢,
- COBOKYITHAsl MOIIIHOCTh ONTHYECKHWX CUTHAJIOB B MHOTOKAHAJILHON CUCTEME;
- HAKOIUICHHUE IITyMOB ONITHYEeCKOTo ycuiaeHus u cHmkenne OSNR,;
- ICTIOJTb30BaHUE PA3JIUYHBIX TUIIOB ONTHYECKUX YCUIIUTEIICH,
- HECTAOUJIBHOCTh ONITUYECKON HECYIIEH BOJIHBI;
- HAKOIJICHHUE HEPaBHOMEPHOCTH YCUJICHHUS;
- HCOJTHOPOJIHBIC TUCTAHIIUK TPOJIETOB,;
- ONTHUYECKAsI HETMHCHHOCTD,

- ¢opMaT MOIYIISALINH;
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- YUCJIO ONTHUYECKUX KAaHAJIOB M UX PA3HOC IO CIIEKTPY;

- BBIJICTICHUE U BBOJ ONITUYECKUX KaHAJIOB;

- CMEIIMBAHUE BOJIOKOH PA3HOTO THUIA.

Kaxnoe u3 nepeyuciaeHHbIX OrpaHUYECHUN JTOMKHO OBITh MPEIMETOM aHalu3a U
OLICHKHU MpU pa3pabOTKe KOHKPETHOro mpoekrta. llepBoe, Ha 4TO HYXHO OOpaTUTH
BHUMAHUE JTO THITBI BOJIOKOH ONTHYECKOro kabens (Ta0i.6.16). Kaxnmprid Tum
BOJIOKHA MOYKET HMETh CBOIO CHECIUPUKY MpuMeHeHHs (Ta0i1.6.17).

Tabmuma 6.16. Tumnsl BOJOKOH JUIsI MHOTOKAaHAJIBHBIX ONTHYECKUX CUCTEM Iepe1adn

G.652 G.653 G.654 G.655 G.656 G.657
G.652a (G.653a G.654a G.655a G.657a
G.652b G.653b G.654b G.655b G.657b
G.652c G.654c (G.655¢
G.652d

[Tosmoca jIMH BOJIH MPOMYCKAHUS OJHOMOJIOBBIX ONTHUECKHUX BoJoKOoH (1260-
1675uM) pasgeseHa Ha Auana3oHbl. Kakaplii 1uama3oH UMeeT CBOM Koj. Pa3iauunbie
KOJbI OMpPEACISAI0OT OTrpaHWYCHHE Ha JWANa30HbI JIMH BOJH B 3aBHCUMOCTH OT
TpeOOBaHU K AUCTIEPCUHU.

«Ucxoonwvir» ouanaszon O, om 1260 Hm 0o 1360 Hm.

Pexomenmamusamu MCO-T G.652 mpexycMOTpeHBI BOJIOKHA C HU3KHAM TTHKOM
«BOJITHOTO» 3aTyXaHus B Buje mnonkareropmm G.652.C. VYkazano, uyto «Orta
MOJIKATETOPHS MO3BOJISET TaKkke nepenady uatepdeiicom G.957 B acTsax nuama3ona
ceeime 1360 M wm wHmxke 1530 HM».  BimsHme Manoro «BOASHOTO» TIHKa
MpPEeHEOPSIKMMO MaJIo Ha JIMHAX BOJH cBbime 1460 HM. DTO ompeaenseT
«Pacwuupennviit» ouanazon E, om 1360 wm 0o 1460 nm.

Jlnana3zoHsl 17151 TPUIIOKEHUH ¢ ONTUYECKUMHE YCUITUTEISIME, C HCTIOTh30BaHHEM
OJIHOKaHAJIBHON  mepemauu  corimacHo  Pekomenmaruu  MCD-T  G.691 w
MHOTOKaHAJILHOU mepenaun cornacHo Pexkomennmanmu MCO-T G.692, 6pumn mo3xke
pas3zeneHbl. BHavane ycuinTenb Ha BOJIOKHE, ierupoBanHoM 3pouem (EDFA), umen
MOJIC3HBIC TIOJIOCH YCWJICHHs, KOTOphle HaduMHaIMCh TpuMmepHo Ha 1530 HM m
3aKaHYMBAIHNCH IPUMEPHO Ha

1565 uM. DTa monoca ycuiieHWs TMOJyduiaa HasBaHWe ouanazorn C, mpuyuem
OIICHKH €T0 TPaHUIIBI PA3IMYAIOTCS B TUTEPATYPE U KOMMEPUECKHUX CTICTIH(PUKAIIHSIX.
Oo6nacte ot 1530 um g0 1565 M Obuta omoOpena st BosiokHa NZDSF (G.655) u
cuctem SDH STM-64 (G.691), m s »dtoit oOnactu ObUIM pa3paboTaHbI
cneruukanyu. T.0. «Obviynviti unu ycnoeusiti» ouanazon C, om 1530 um 0o 1565
Hm. Ycunutenu EDFA ¢ otHocuTenbHO Oo0siee pOBHOM M Oo0Jiee IMTUPOKOM IMOJOCOM
YCWJIEHUs CTaldu JOCTYyHHbIMH, mpuueM ycwinutenu EDFA He HakiaapBaioT
OTpaHWYEHUN HA 3Ty MOJOCY. MOXHO YNOMSIHYTh HEKOTOpPbIe KOHCTpYKunu EDFA,
npeBocxoasmue quarma3oHn C.
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Tabmmma 6.17. Xapakre

PUCTHKHN TUIIOB BOJIOKOH

Crannmapt
MCO-T

Homunan
MOJOBOTO
IISITHA
(MuH),
MKM

Homunan
MOJIOBOT'O
MSTHA
(makc),
MKM

Jonyctu
-MO€
OTKJIOHE
-HHE,
MKM

Pab6o-
yast
BOJIHA,
HM

[IpumeHeHne BOJOKOH

G.652a,b

8.6

9.5

0.6

1310

OnnomooBoe (SF),
9/125MKM ONITHM. TUCTICPCHUS
3.5 mc/HMXKM Ha
BostHel310uMm, Ha 1550uM
3aryxanue 0.2 nb/xwm,

muctiepens: 18 nc/amxkm, 0.5
— 0.2 ncVkm

G.654a

G.654b

G.654c

9.5

10.5

13.0

10.5

0.7

1550

OngHOMO/10BOE BOJIOKHO
(CSF), nns npoTsKeHHBIX
MOJIBOJIHBIX JIMHUHU C
ONTUYECKUMH YCUIIUTEIISIMU

G.652c,d

8.6

9.5

0.6

1310

VYnyumennoe (SF) 6e3
«BOISHOTO ITHKA» JIJIst
CWDM B nuanazone 1285-

1625 am, METPO, 17
ric/aumxkm, 0.02 VM

G.653a,b

7.8

8.5

0.8

1550

BonokHO co cMeIeHHOU
mucriepcueit (DSF),
MPOTSIKEHHBIE TMHUU C
ONTUYECKUMU YCUIIUTEISIMU

G.655a

G.655b

G.655¢

G.655d

G.655e

8.0

11.0

0.7

1550

BosokHa co cMmeneHHon
HEHYJIEBOM JUCIIEpCUEn
(NZDSF). Pabounii auamna3ox
1530-1625 um. [ns
MPOTSHKCHHBIX JIMHUHA
DWDM (no 320Boin), 4.5
nc/amxkm, 0.1-0.5 me/Vkm,
0.2 nb/km

G.656

7.0

11.0

0.7

1550

Bonoxno (NZDSF). Pabouwii
nuana3od BoiH 1460-1625am
MPOTSHKEHHBIC JIMHUN
CWDM, DWDM, 2-14

ic/amxkm, 0.2 e VM

G.657a

8.6

9.5

0.4

1310

be3 «BogsHOrO TIMKa» s
CWDM B mmnanaszone 1310-
1625 am

G.657b

6.3

9.5

0.4

1310

Cetn noctyna
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O6macte HIWKe auana3zoHa C moiyuywia Ha3BaHUE ouanaszon S. B KOHKpPETHBIX
MPWIOKEHUSIX HE BECh ITOT JHUAMA30H MOXKET OBITh JOCTYIEH JJIi CUTHATBHBIX
KaHaoB. HekoTopble MIWHBI BOJH MOTYT HCIOJIB30BaThCSA IS  HAaKAYKU
ONITOBOJIOKOHHBIX YCHJIUTENEH KaK aKTUBHO-MOHHOTO THIA, TaK U PaMaHOBCKOTO
tuna. HekoTopele MIWHBI BOJH MOTYT PE3EPBUPOBATHCS [UJISI  ONTHYECKOTO
koHTposibHOTO KaHaya (OSC). HwxHwuid mpenen 3Toro awama3oHa OepeTcs paBHBIM
BEpXHEMYy Tpejaeny auanazoHa E, a BepxHuil mpenen Oepercs paBHbIM HIDKHEMY
npeaeny auanazona C. T.o. onpeaenen ouanaszon S « Kopomkux eonn», ot 1460 HM
10 1530 =M.

[Ipu Gonee AIWHHBIX BOJMHAX Haa nuana3zoHoM C pabodre XapaKTepUCTUKH
BOJIOKOHHO-ONTHYECKUX KaOesel B HEKOTOPOM JHarna3oHe TeMIEpaTyp MpUeMIIEMbI
70 BOJHBI 1625 HM 17151 CYyIIECTBYIONIMX THIOB BOJIOKOH. boiiee TOro, jkemaTenbHO
WCIIOJIB30BaTh TAaKyI IMUPOKYH OOJacTh JJIMH BOJH, KOTOpas TMOIXOIUT s
nepenayn CUTHAIOB. D10 Juanazon L «/[nunusix eonn», om 1565 nm 0o 1625 Hm.

st BOJIOKOHHO-ONTUYECKUX JUHEUHO-KA0ENbHBIX  COOPYKEHHI B
pexomenaaruu MCD-T L.40 onpeneneH psia GyHKINH TEXHIUECKOTO 00CITYKUBAHUS
— mpo(IIIaKTHYeCKUX, MOCEe BBOJA B JCHCTBUE, Mepea OOCTY>KWBAaHHEM U IOCIHE
noBpexaeHuss. OHM OXBaTHIBAIOT NIEATCIBHOCTh MO HAOIIOJCHUIO, WCIBITAHUIO U
VOPABJICHUIO C UCIOJBb30BaHUEM TecTHpoBanus pediexkromerpom OTDR,
UACHTU(UKAIIMY BOJIOKHA, TTPOBEPKH 3aTyXaHUs W KOHTPOJS MUTaHUA. [[THHBI BONH
JUISl TEXHUYECKOTo 00CIy>KUBaHUS orpeieieHbl B pekoMenanun MCO-T L.41.

B HEKOTOpBIX CiydasX WCHBITATEIbHBIA CHTHAT MOXET TIEPEeKPHIBATHCS
CUTHAJIAaMU TIEpeIadd, €CJIH WCIBITaTebHAas MOIIHOCTh JOCTaTOYHO Maja TIo
CpPaBHEHUIO C MOIIHOCTHIO Mepeaavn. B oCTalbHBIX clydasX UCIBITaTeNIbHAS JIJTMHA
BOJTHBI MOXET OBITh B 00JACTH, HE 3aHATON KaHAJAMU TIepelayu Il KOHKPETHOTO
npuMeHeHus. B gacTHOCTH, 00JacCTh, KOTOPYIO MPEAINONIaraeTcs HE HCIOIb30BaTh
JUTSL 9TUX KAHAJIOB, MOXET OBITh MOIXOJSAIMIEH M TEXHUYECKOTO OOCITYKUBAHUS
JaXe B CIIy4asiX, KOT/Ia IMEET MOBHIIIICHHOE 3aTyXaHHe.

Juanazon U (Ultra-long wavelength) «Csepxonrunnvix éonn», om 1625 um oo
1675 Hm.

Juanazon U npeonaznauen moavko 011 yeneu 603MONCHO20 MEXHUYECKO20
obcayxcusanus, a nepedaya CUSHAN08, NePeHoOCAuWUX mpagux, 6 Hacmosujee epems
He npeononazaemcsi.

Hcnonp3oBanue amanazoHa U juist 1ieneil, OTIAMYHBIX OT MEpeaadd, TOJDKHO
o0ecreunBaTh MPEHEOPEKMMO Maoe BIMSHUE HA CUTHAIBI TMEpefadd B JIPYTUX
nuanaszoHax. PaboTa BOJOKHA B 3TOM Juara3oHe He rapanTupyercs. OXumaercs, 4To
B OnrokaiiimeM OyayIieM pa3iudHble MPUIOKEHUs, C ONTUYECKUMH YCUITUTEISIMU U
0e3 HuX, OyIyT MCIOIB30BATh Mepeavdy CUTHAIOB BO Bcei obmactu ot 1260 HM 10
1625 Hwm.

B mo6om n3 pabounx Auama3zoHOB MPEANOIaraeTcs, YT0 ONTHIECKOE 3aTyXaHHe
BOJIOKHA KOMIICHCUPYETCS ONTHYCCKUMHU YCUITUTEIISIMH, & XPOMaTUYECKast TUCTICPCHUS
KOMITEHCHUPYETCSI C TOMOINBI0 KOMIICHCATOPOB XpoMaTHYecKkou mucrepcuu. [lpum
9TOM OCTAIOTCS BJIMSHUS IIyMa YCWJICHHOTO crioHTaHHOTro w3nydeHws (YCU wim
YCHJICHHOW CHOHTaHHOW dMmuccuun YCD, napyroe ob6o3HaueHne ASE) wu
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noJiipu3aiioHHoi MomoBo#t mucnepcuu ([IMJ1). OHM OrpaHMYUBAIOT JUCTAHITUIO
nepeayu v MponyCKHYI0 CIOCOOHOCTh OJTHOKAHATBHBIX 1 MHOTOKAHAJIBHBIX CUCTEM.
DTO0, TpEeXIe BCETro, OTHOCUTCA K CKOopocTHBIM pexkumam 10 m 40 ['Omr/c, a B
nanpaeimeM u 100I'6ut/c. Crenensr HeOmarompustHoro Bo3aekcTeus YCU u [IM/]]
Ha ONTHYCCKHE CUTHAJBI TAKXKE 3aBHCHT OT BHJA JUHEHHOTO KoaupoBanus (RZ win
NRZ), ot BeiOopa Buma monymsiuu (CS-RZ, DPSK, DQPSK wu t.1.). IToBbIcHTB
3aIUIIEHHOCTh CUTHANa 1mo3BojsieT npumenenne FEC. T.o. omeHKa BO3MOXHOCTH
nuneriHoro  Tpakta BOCII  mpencraBisier  co0oil  TOCTaTOYHO — CJIOXKHYIO
MHOTromapameTpuieckyro 3agady. I[lpm »ToM HEoOXO0AMMO pPYKOBOJCTBOBATHCS
YKA3aHHBIMHA CTaHIAPTAMU M PEKOMEHJALMUSMHU IPOU3BOAUTEIECH KOHKPETHOTO
000py10BaHUS.

Bnusane myma YCU onpenensercss B OTHOLIEHUM ONTUYECKUN CUTHAL/IIYM
(OOCI) wmm, kak mpuHsaTo obo3nauath, OSNR (Optical Signal Noise Ratio).
[IpoTspkeHHbIE  JIMHEWHBIE TPaKThl MPENOJIAraloT  HCMOJIb30BAHHUE IEMOYKU
MOCJIEIOBATENIbHO  BKIIOYEHHBIX  onThueckux  ycuiurenen. Ilym  YCHU
HaKaIuIiBaeTCsl OT BKJIAJIOB BCEX ONMTHYECKMX ycunutenei, uto yxymamaeT OSNR
MoCje KaXJI0To ycunutens. JIjisi OlleHKM HaKOIJICHUS IIYMOB B JIMHEHHOM TPaKTe
ontuyecko cuctembl ¢ ycwimrenasmu B [80] mnpemmoxkeHa meroauka. B Hel
MPEIOIAraeTcsi, YTO0 BCE ONTHYECKHE YCHIMTEIM B LEMOYKE OJUHAKOBO IIyMST
(ycunurenb MOIIHOCTH, IPEAYCUITUTENb, TUHEHHBIN YCUIIUTENb YUUTHIBACTCS TOJIBKO
IIyM YCHJICHHOW CrOHTaHHOW smuccuu ASE), 3aTyxaHue i ONTHUYSCKUX KaHAIOB
Ha BCEX YYacTKaXx Mepefauyn MKy YCHIUTEISIMUA OJMHAKOBBI, BEIXOHBIE MOIIIHOCTH
Ha BCEX YCHIIMTEIAX JJIS BCEX KAaHAIOB OJMHAKOBBI. B Takom ciydae Ha Bxome R
aro6oro OA u okoneuHoro yctpoiictBa MPI-R ¢ OA u ODMX (puc.6.5) moxHO
oueHutsh OSNR:

0.1xGga

OSNR=P,, —L— NF-10lg N +11— —10Ig(hx f x Af)

0°1L , (6.1)

riae Poyt — BBIXOAHOH ypoBeHb MOIIHOCTH OA i ogHoro kaHana (nbm), L — motepu

Ha mniposiete (nb), Gga — ycmieHue ontuueckoro ycuautels mortHoctd (nb), NF —

KO3 uIMeHT myma ontudeckoro ycwiurenas (1b), h — mocrosunas [lnanka (B

MJxxc, cormacoBanHasi ¢ Py B abwm, T.e. mpomsBeneHue mnoctosHHoM [lmanka u

yactoT T u Af, otHOCcuTensHO 1MBT), f — ontnueckas vactorta (I'p), Af — sTanonnas

mupuHa nosuockl npomnyckanus B I'i, N-1 — ob11ee unciio TMHERHBIX YCUITUTEEH.
Ecm Gga= L, T0 cootHomenne mast OSNR MOXHO ymmpOCTHTS:

OSNR=P,, —L—NF -10Ig(N +1)-10Ig(hx f xAf ) (6.2)

[IIlymoM ycCHJIATEIS] MOIIHOCTH MOYKHO MpeHeOpedb, €CIM TMOTEPH B MPOJETE
COOTBETCTBYIOT YCWJICHHIO JIMHCHHOTO YCHJIUTENS. [IpW 3TOM COOTHOIICHHE JIJIs
OSNR ympoctures:

OSNR=P,, —L—NF -10Ig(N)-10lg(hx f x Af ) (6.3)
VYpasuenne st OSNR takke AeCTBHTENBHO 11 OJHOMPOIETHOTO yYacTKa C

YCUJIIUTEIICM MOIITHOCTH.
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OSNR=P,, —G,, —NF-10Ig(hx f xAf) (6.4
nu HGIZCTBHTCJ’IBHO Ha OI[HOHpOJ'IéTHOM Y4YacCTKE C HpeI[}ICI/IJII/ITeJ'IeM:
OSNR=P,, —L—NF-10lg(hx f xAf )_(.5)

Benuunna 101g(hxfxAf) mns momocer mponyckanust 0,1 um pasna (-58 nb). B
APYTHX CcIydYasx, T.e. mpu mojoce oTmyHOi OoT 0,1 HM HEoOXOAMMO BBITIOJHUTH
pacuér BenmuuHbl 101g(hxfxAf). K apyrum ciydasm otHocuTcs BbIOOp (hopmara
BHEIITHEH MOMYJSIMU, HApUMeEp, Tpu Moxyssiiuu B ¢opmate RZ Ha ckopoctu 2,5
['6ut/c cnekTp MomayaupoBaHHOTO curHajga He mpeBbimaer 12,5 I'T'm (0,1 HM) Ha
ypoBHe -30 nbM. OgHako pu MoAysuud B 3ToM dopmare Ha ckopoctu 10 '6ut/c
CIEKTP MOIYIHPOBaHHOTO curHaia ysemmuuBaercs o 40 I'To ma yposHe -30 abw,
YTO CYIIECTBEHHO NpeBbimaeT BeauunHy 0,1 HM W JOMKHO OBITH yUYTEHO MpHU
onpeneneHrur OSNR (cum. puc. 6.13).

Hcnonp3oBanue ycuinenuss Pamana m FEC wmoker mo3BonwTh yBenWYeHHE
YYaCTKOB ONTHUYSCKHUX CEKIMKA MyibTHILIeKcHpoBanus. B [80] mokazana Ha mpumepe
cootHomenuss OSNR poinb ycwnenus Pamana u ucnonszoBanue FEC (puc.6.11). B
paccMatpuBaeMoM TmpuMepe ckopocth nepenaun 10 I'6ut/c, xommpoanme NRZ,
nosioca mpomyckaauss 0.1 HM, motepu Ha mponer 22 b, ypoBeHb MOITHOCTH
nepenaun +3 a1bMm, koadpunment mryma EDFA 6.5 nb, nmmaa ogHoro nmposera 80 km.

Bennunna 1IMJ] MOXeET CylIECTBEHHO BIIMATH HA NAIBHOCTH ONTHYECKOU
nepenadnd. 1o HE0OXOAUMO YYHMTHIBATH MPU BHIOOPE THIIA BOJOKOH K KOHKPETHBIM
npuinoxeHusm (1a6:1.6.17). Ilpumep 3aBucumoctr I[IMJ oT paccrosHUS st
pa3nuuHbIX 3HaYeHud kodd¢uimenta [IMJ] npusenén Ha puc.6.12 [80]. [Tpumepsr
BO3MOxHOCcTeH kooB FEC npencraBnens: B T206:1.6.18.

3% 7 OSNR co cmewaHHbIM YCUNEHHUEeM
AN EDFA+Raman
A
30 - hNY
TeUE 19 nponeToB
25 - S nponeTos”~~._ " Mpeaen OSNR Ges FEC

-

Mpenen OSNR ¢ FEC
........................................................ e (O TIIOTH

------------------------------------------------- Mpepen OSNR ¢
. cynep FEC

-

OSNR (gB)
[N
(=]
|

=y
L]
1

OSNR Tonbko ¢ EDFA 35 nponeToB

—
o
1

D T T 1 T
0 10 20 30 40

Yneno nponeToe
Puc. 6.11. TIlpemenst OSNR mis y4acTKOB Tmepefadyd C  pasIdIHBIMH
ONITUYECKUMH YCHIIMTEIISIMU B YIpexKAaromei koppekuuen omudok FEC
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B 1a6:51.6.18 0603Haueno u umeeT cmbich: RS xox Puna —ConomoHa;
MUHHAMAJILHOE TIOMyCTUMOE OTHOIIeHre curHa/moMexa Q=18 nb s
JOMYCTUMOTO KO3 PUIIMEeHTa OITUOO0K BER=10"°.MosxHO cunrtaTh 0auHOUHbIH RS
yIydIIaIoIIMM YyBCTBUTEILHOCTD IpHEMHUKa Ha 6.5 nb, a kpatnbrii RS Ha 9.5 nb

Tabnmuma 6.18. Xapakrepuctuku ncnonbzyeMbix kogoB FEC mist BOCII

[lokonenue | U30bITOUHOCTD Tun xoxa [Topor ucnpaBnenus
FEC % (01115 (05
10 Qyum no BER
1 7 Onuaounslii RS 11.51b 10*
2 10-25 Kparusii RS 8.51b 4x10°
3 20-25 Typ6okon 6.21b 2x107

T T T
KoaduyuermITMIT = 0,500 s ]

25 \ ff",'r___..--"""
. / f
134 /I'Ipe,n,en MW ana ckopoctu 10Mout'c

M1 e nc

/ / thopuar NRZ N
164 S A -

B i T S iaiebr LT -]
— -
e ==

e S Kosdduyuenml IMIT = 0 2ne-Jiwm

0 5 10 15 20 23 k1 35 40
Uncno nponetoB npotAXeHHocTh0 80 KM

Puc. 6.12. Ilpumep 3aBucumoctu IIM]] ot paccrosaus u koddpdunuerra ITM]]

6.2.5. Pacuér XxapakTepucTHK mepelayd B ONTHYECKOM KaHaje TMPH
KACKAMPOBAHNM ONTHYECKUX CETEBBIX JIEMEHTOB

Pexomenmanmeir MCO-T G.680 ompenenéH mopsiiok pacuéra XapaKTepUCTHUK

nepcaadyn OINTHYCCKOI'0 KaHajla IMPpHM KAaCKaJHOM BKIIOYCHHH OIITHYCCKUX CCTCBLIX

aneMeHTOB. [Ipu 5TOM ONTHYECKUMU CETEBBIMU 3JIEMEHTAMH MPUHSATO CUYUTATh:
nuHelHbld  cerMeHT DWDM, B KOTOpbId BXOJAT ONTUYECKUE YCUIIUTENH,
ONTHYECKHUI Kabenh, KOMIIGHCATOPhl nucnepcuu; wmyabTuiuiekcop OADM  wmm
ROADM; doronnbii kommyratop (OXC wmmm PXC); MOJHOCTHIO ONTHYECKHUE
xouBeptopbl BotH AOWC (All-optical Wavelength Converters); ontndeckuii 2R win
3R perenepatop.

OrneHnBaeMbIMU XapaKTEPUCTUKAMU TIEPEIauu SBIISIOTCS .

- ontrueckoe otHomenue curHay/mym OSNR (Optical Signal Noise Ratio);
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- ocrarounas aucnepcus RD (Residual Dispersion);

- moigpu3anronHas moaoBas aucrepcuss PMD (Polarization Mode Dispersion)
U noJspusanronHo-3aBucuMeie motepu PDL (Polarization-Dependent Loss);

- HaKOIUICHWE HEPaBHOMEPHOCTH YAaCTOTHOW XapaKTCPUCTHKU Tiepeladd B
ontnueckom kanHaie (Ripple — pa3smax (HEpaBHOMEPHOCTb) YMCHBIICHUS
KO3 GUITMCHTA NTepeiady B MpeJIesiax quana3oHa 4acTOT WM JJIMH BOJIH KaHaa);

- Cclay4yailHOe W3MCHCHHE YpPOBHS MOIIHOCTH KaHajla Ha BBIXOJE CETEBOTO
DJIEMEHTA.

JIJ1s1 BBITIOJTHEHHMSI PACUYETOB 110 BBINIC YKa3aHHBIM TO3HIHSAM HEOOXOIUMO UMETh
TOYHBIC JAHHBIC XaPAaKTCPUCTUK BCEX KACKAJAMPYEMBIX ONTHYECKUX YCTPOMCTB.
[TpuMepsl XapaKTEPUCTUK ONTHYCCKUX CETEBBIX DJIEMEHTOB U MPUMEPHI pacueTa IpH
KacKaJIMPOBaHWU TPHUBEJICHBI B priiokeHusx 1, 2, 5, 6 u B [95].

Kpome toro, mns pacdeta OSNR HeoOXoauMO y4ecTh MIUPUHY CHEKTPATHLHOU
JUHAA MOJYJIMPOBAHHOTO OITHYECKOTO0 CHUTHAJA. JTa IIMPUHA MOXET CHJIBHO
3aBHCETh OT MOJYJSIMOHHOTO (hopMata W CKOpocTH mepenaun (puc.6.13, maHHbIC
NPHUBEJICHBI HA OCHOBE MaTepuaiios [3,4]).

10 Iéut/c 40 Méut/c 100 6ut/c 400 réwur/c 400 Iéur/c 400 I'éut/e
BPSK DP-QPSK DP-QPSK DP-16QAM DP-64QAM DP-256QAM

0,2 But/c/ly 0,8 6uT/c/Ty 2 Gut/c/ly 4 6ut/c/Ty 5,3 6ut/c/ly, 86uT/ciTy
o007y S0y S0MMu " <« 100rry —> € 75MMy —> 50 My

Puc. 6.13. TpebGyembie TIOIOCHI YACTOT ONTHYECKUX KAHAJIOB B pa3IMYHBIX (hopMaTax
MOIYJIALINH

Taxxe HEOOXOIUMO YUYECTh, U4TO MpHu ucnosib3oBanuu Texunomornu OTN-OTH
CKOPOCTH Iepe/layd B ONTHYECKUX KaHalaX BBIIIE YKAa3aHHBIX B CTaHJIAPTHBIX
unrepdeiicax (2,7 I'our/c nms OTU-1; 10,7 I'out/c gt OTU-2; 43 I'out/c as OTU-
3; 120 I'outr/c ama OTU-4 u mo 400 I'Gut/c, B mepCHeKTHBE CylNepKaHATHHBIC
peleHust Ha ckopocTu A0 27 TOHT/c Ha CTaHTAPTHOE BOJIOKHO).

[ToMmumo ykazaHHBIX TpoOJieM KacKaJMPOBAHUE PA3JIMYHBIX CETEBBIX
9JICMEHTOB (ONTHYECKHX YCHUJIUTENICH, KOMIICHCATOPOB JTUCIICPCHHU, ONTHYCCKUX
KOMMYTaTopoB, MyibTUILIEKCOpoB ROADM, pa3inuyHbBIX BOJOKOHHBIX CBETOBOJIOB)
nosIBJIIeTCs Mpobiema onpeaeneHus mrpada 3a camwkenne OSNR (MakcuManbHBIH
mrpad ONTHYECKOIO TPAKTa), OOYCIOBJICHHAS PACCESHUEM ONTHYCCKOW MOIIHOCTH
13-3a JUCIEPCUU, HAKOIJICHUEM MOMEX HEJIMHEHMHOTO MPOUCXOXKACHUS, TOMEX U3-3a
mynpTuiiekcopoB  ROADM, T.e. MeXKaHAJIbHBIE TEPEKPECTHBIC  BIIASHUS,
YMEHbIIIEHUE MONochl KaHana (puc.6.14) m T.1. Benuumua storo mrpada MOXKeET
UMETh 3Ha4YeHHS B mpenenax 1-6 ab, Hampumep, Uisi OMHOKAHAIBHOTO HHTEp(deiica
DWDM 1L1-3C2F ¢ OTU-3-FEC ona coctasisier 3nb (1a6:1.115.8 npunoskenus 5).
Taxxe mOmKEeH 3aKIaabIBaTHLCS 3amac Ha mepuoj dkcruryatanuu, koraa OSNR moxker
CHUXAThCSI M3-3a YXY/ILICHHUS IIYMOBBIX [MapaMeTPOB OINTUYECKUX YCHIIUTEIEH,
ROADM, HenWHEHHBIX IMOMEX OT BHOBb BBOJHMMBIX B ATOM BOJIOKHE ONTHYCCKHX
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KaHaioB U T.n. [Ipumep ydéra HENMHEMHBIX MOMEX IPU PACUETE KOTEPEHTHBIX
ONTHYECKHMX KaHanoB mpuBoautes B [103].

a3

— {ROADM
g -~ 10ROADM
2 Pr7, = == J0ROADM
A L\
& ! i
3 ! '~.
+= i !

0 20 10 0 10 20 30

Ontwseckan nonoca vactoT, Ty

Puc. 6.14. Ymensbnienne pabodeii oJIOCHI ONTHYECKOTO KaHaja Mpu
kackaaupoBannu ROADM (no yposHto -31b ymensbiienue mosockl ot ~50 [Ty mpu
1ROADM no ~28 I'T'y mpu 40ROADM)

6.2.6. OnTuyeckue nHTEpPdeEHCchl MACCHBHBIX ONTHYECKUX CETei

Ontrueckne  wmHTepderchl  maccuBHBIX — omTmueckux  cetedr  (PON)
MpeIHAa3HAYCHBI IS TIepeadd B OJTHOBOJIOKOHHOHW JIMHUM HA 2-X W OOJIBIIIEM YHCIIC
ONTUYECCKUX BOJH Tpaduka mojp3oBaTesield (A0OHEHTOB). DTH CETH CTPOSATCSA Ha
paznmuunbix TexHosorusax (A-PON, B-PON, E-PON, GPON, 10GPON, 40GPON).
OTH TEXHOJOTUU MOTYT OBITh MPEIMETOM OTACITHLHOTO M3YUYEHHUS B paMKaX JIPYroro
HamnpaBJCHUs pa3BUTUSA ceTed cBa3u — «Cetu pgoctyma». T.e. onrTuueckue
uatepdeiicet  PON  momnmepkwBaioT TpaHCHOPTHBIE (YHKIIMU CETeW oCTyma.
MaxkcumainbHast nansHOCTh nepenadn B ceTsx PON permamentupoana MCO-T no 60
kM. [logmepxuBaeMble  CKOPOCTHBIE  PEXHMBI  TEpeAadyd  JaHHBIX B
CTaHJAPTU3UPOBAHHBIX HHTEp(ericax cocTaBisiroT oT 155 Mout/c no 10/40 I'6ut/c, a
B nepcnektuBHBIX 10 100 ['6ut/c u Gonee.

B mnpennaraemom ydyeOHOM MMOCOOMM CETH JOCTyla HE pPaccMaTpUBAIOTCS.
Nzyuenue mnoctpoenus wuntepdeiicoB PON Oyner wumerh CMBICT IS Cioydas
peamm3anuu LR-PON (long — reach PON, mpoTsbkeHHOW NMacCHBHOW ONTHYECKOM
cetn) C aucraHiusamu cBbime 100 kM, KOTr/a CeTh TaAKOTO THITA CMOXET 3aMECTHUTh
TPAHCIIOPTHYIO CETh MeCTHOTO HasHaueHus [19]. O6mupuas napopmanms o PON u
uHTep(delicaM npuBeieHa Ha caidTe WWW.itu.int.
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KOHTpO.]]bH]JIe BOIIPOCHI

1. Yrto o6o3HauaeT TepMuH «HHTEpPEiic» B TEXHUKE CBSIZH?

Yem omnpeaensroTcsi XapaKTepUCTUKN HHTEP(HEcoB?

3. Kakue wmexnmyHapomHbie opraHuszanmuv  (GOpMUPYIO  CTaHAApTHl  HA
uHTEPPEHCH TPAHCIIOPTHBIX CETEH?

4. Kakue onekTpuueckue uHTepdeichl NPUMEHSIIOTCS B ammaparype

MYJIBTUCEPBHUCHBIX TPAHCIIOPTHBIX CETEH?

Yem oTimmuaroTcs Mexay codoi narepdeiice G.703.6, G.703.8 u G.703.9?

Kakwue sekTpuueckue HHTepErchl peaycMoTpeHsl 1iis ceteit Ethernet?

Kakoii cranmapT onpeaenseT BO3MOKHOCTH onTudeckux uatepdeiicoe PDH?

Kakue npubopsl B onTuueckux uHTepdeiicax o0ecrneunBaoT MaKCUMaIbHYIO

JTAIBHOCTH TIEpeIadd B OJHOMOJOBOM U MHOTOMOJIOBOM BOJIOKHAX ?

9. Kaxkwme kateropuu MpUMEHECHUS UMEIOT I/IHTep(beHCLI SDH?

10.Ha uto yka3wBatoT OykBeHHbie nHACKCH |, S, L, U, V, VSR B unrepdeticax
SDH?

11.Kakue XxapaKTepuCTUKH OMPeeNIeHbI I ONTHYeCKuX natepdericoB SDH?

12.Yto cremyeT TmMOHMMATh TIOJT TEPMUHOM «IEpPErpy3Ka ONTHYECKOTO
pUEMHIKA»?

13.YTt0 MOXET WCHOJB30BaThCSI B COCTABE OMNTHYECKUX HHTEP(HEHCOB IS
CHW)KCHUS WJTA UCKITFOUCHHSI TUCTIEPCUOHHBIX UCKAKESHUN ?

14.Kakoe wnazHaueHue wumeer mnporeccop FEC B coctaBe onTudeckoro
uHTepdeiica?

15.Kakue mpuHIMIHAIBHBIE OTJIMYWS UMEIOT ontrueckne uHTepdeiicel SDH u
Ethernet?

16.CKonbKO CTaHAAPTOB Ha MHOTOKAHAILHBIC ONTUYECKUE WHTEPPEHCH co3/1am
MCOH-T?

17.Yem otnmmuatorcst uarepdeiicet DWDM u CWDM?

18.CKobKO THMOB BOJIOKOH pa3paboTaHO Il MHOTOKAHAIBHBIX ONMTHYECKUX
cucTem?

19.Yem paznmuuaroTcs MEXIy COO0H MHOTOKaHATbHBIE ONTHYECKNE HHTEPEHCHI
crangapToB G.692, G.698, G.959.1?

20. Kakx BnusieT CKOpOCTh TEpeladyd B ONTHYECKOM KaHae Ha TpeOyemyto
IIOJIOCY 9acTOT?

21. KakuM TEXHMUYECKHM peIIeHHEM MOXKHO TMOBBINIATH CKOPOCTh Mepeaadn
MH(QOPMALIMOHHBIX JAHHBIX B ONTHYECKOM KaHajl€ MNpPH COXPAHEHUU €ro
MOJIOCHI YACTOT U NP €€ YMEHBIIICHUH ?

A

©~No v
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1. HpI/IHHI/Il'lLI NMPOCKTUPOBAHHUA OIITHYCCKHUX TPAHCHOPTHBIX cerer

[IpoekTpOBaHME ONTUYECKOM TPAHCIIOPTHOM CETH SBJSAETCS  CIOKHOU
MHOTOMapaMeTPUIECKON 3ajadeil, pe3yabTaToOM pEeLIeHUs] KOTOPOM JOJIKHA ObITh
MPOEKTHAs JTIOKyMEHTalus1, oopMiIeHHas 1O OonpeaenéHHbIM npaBuiaM. [IpoekTHas
JOKyMEHTaIMsl pa3padaThiBaeTCsl HA OCHOBAaHUU U B COOTBETCTBUHU C 3aJaHUEM Ha
MPOCKTUPOBAHWE W WCXOMHBIMUA JaHHBIMU. B crtathe 61 I'pamocTpouTenbHOTO
kozxekca Poccuiickoit @enepani OPOEKTHAS JOKYMEHTALMs ONpPEAECICHa Kak
«rpaduuecKre U TEKCTOBbIE MaTepHUabl, ONpPeAesIonue 00bEMHO-TIIIAHUPOBOYHBIE,
KOHCTPYKTHBHBIE U TEXHHUYECKUE PELICHUS ISl CTPOUTEIHCTBA, PEKOHCTPYKUIHUU M
KalUTaJIbHOTO PEMOHTa OOBEKTOB ...». IIpy 3TOM NPOEKTHI Ha TPaHCIOPTHHIC
ONTUYECKUE CETH HE JOJKHBI COJACpPKAaTh MPUHIIMIUAIBHBIX CXEM allapaTyphl.
CocraBisitonue MPOEKTUPYEMBIX Y3JIOB CBSI3M MPEJCTABISIIOTCS B BHUJE «UYEPHOIO
AIIUKA» C YETKO ONpeaeséHHbIMU QyHKIMAMUA. OIHAKO IJi1 KOMIUIEKTAllUU Y3JI0B U
OTZIENIbHBIX O00pa3lOB ammapaTypbl pacCMaTpuBarOTCA oO0uMe (QyHKIMOHAIbHbBIC
CTPYKTYPHI ammapaTyphbl.

CornacHo denepanbHoMy 3akoHy «O CBS3U» HUCHOJIB3yeMOE 000pyJoBaHUE
JOJDKHO UMETh 00s3aTenbHyl0 cepTudukanuio. Bce mnpumeHsemMoe akTUBHOE
oOopynoBanue, kabenu M KaOeabHbIE W3AENHHs, O00OPYIOBAHHE HIEKTPOMUTAHUS,
CepBEphl YMNPABJICHUS U T.J. MOTYT MPUMEHSATHCS HCKIIOYUTEIBHO MPU HAIMYUU
COOTBETCTBYIOIIHNX CEPTUPUKATOB.

IIpn pemeHnn 3agauuM  NPOCKTUPOBAHUA ONTHYECKOW MYJIBTUCEPBUCHOU
TPAHCIIOPTHOM CETH JAOJIKHBI BBIOJIHATHCA HA CJIEAYIOIINE O0UIME MPUHIIUIIbI:

~ CeTh IUIAHUPYETCS C yYETOM JUTUTENIbHON mepcnektuBbl (o1 5 10 20 jert) ee
Pa3BUTHUS U U3MEHEHMUS;

~ IPOU3BOJUTCSA Yy4YeT CIHEHHAIbHBIX YCIOBUH M TpeOOBaHUN 3aKa3uuKa
(TTosTh30BaTENs) TPAHCIIOPTHOW CETH;

~ IPEeyCMATPUBAETCA HEOOXOJHUMBIA YPOBEHb JKCIUTyaTallMd TPAHCHOPTHOU
CETHU U KaJIpOBbIM MOTEHIIMAT,;

— ONpeJNieNisieTcsl  CYLIeCTBYIOIIAasi W MEepCHEeKTUBHAsT Harpy3ka CceTh ¢
noJipa3ciicHueM Ha BUABI U OOBEMBI IPEIAOCTABISAEMBIX YCIyr (KOMMYTHPYEMbIC
KaHaJlbl, KOMMYTUPYEMbIE BUPTYyaJibHbI€ KaHaJbl, MMAKETHAs Mepeaada C 3aJlaHHbIM
KaueCTBOM U T.]I.);

~ BBIOMpaeTcsi ONTHUYEeCKass cpena Tnepefayd U 0a30Bble  TPAHCHOPTHBIE
TexHojorun MmynbtumiekcupoBanus (SDH, CWDM, OTN/OTH-DWDM, ATM,
Ethernet (PBB/PBT), TP-MPLYS);

~ IPOU3BOJAUTCS 0OOCHOBAHHBIN BHIOOP CTPYKTYPhI TPAHCIIOPTHOM CETH;

~ 000CHOBBIBAE€TCSI HCIOJIB30BAaHUE METOJIOB IMOBBIIIECHUS HAJACKHOCTH CETH
yepe3 peanu3aldio BHUJIOB 3alllUThl JIMHUM W COEJUHEHHM, pe3epBUPOBaHUS
000pya0BaHUS U T.1.;

~ pa3pabaThIBAIOTCSA CXEMBbl: OPraHU3AlUU CBSI3H, OPTaHU3AIMU CUHXPOHU3ALNU
Y OpraHu3aluy yIpaBiIeHHUS,

~ PACCUUTBHIBAIOTCS TEpPEJATOUYHbIE XapaKTEPUCTHUKUA JIMHEHHBIX TPAKTOB C
yaeToM k03¢ uruenTa ommook mim OSNR;
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~ ONTUMU3ZUPYETCS UCIIOIB30BAaHUE 000PYIOBAHUS U JTUHUN;

~ IPOU3BOJIUTCS  KOMIUJIEKTAIIMS BBIOpPAHHOTO O0OpYyJOBaHUSI U  OIIEHKA
CTOMMOCTHBIX IOKa3aTeleH;

~ ONTUMHUBUPYETCS CETh MO CTOMMOCTHBIM M Kau€CTBEHHBIM IOKa3aTeNsiM MpU
CpPaBHEHMHM KaK MUHUMYM JIByX BapUaHTOB TOIOJOTUN, 000pYyIOBaHUS, JIMHEHHBIX
COOpPYKEHUH U T.I.

O6mue MPUHIUIIBI MPOCKTUPOBAHUS JTOJIKHBI OnpeeNEHHO
TpaHC(OPMUPOBATHCS HA KOHKPETHBIE CETH. MAruCTpalibHble, BHYTPU30HOBHIC WIIU
pEerHOHANIbHBIC, CETH KPYIHBIX TopojoB (cetw Tuma «MeTpo»), MecTHbIe ceTu. B
KaXJIOW U3 YKa3aHHBIX CETeH HMMEIOTCS CBOM crhenuduueckue OCOOECHHOCTH: IO
oO11el CTPyKType, Mo KOHPUTYpAIIUU YCIYT; IO UCIOJIb30BAHUIO ONTUYECKOMN CpeIb
W anmaparypbl; MO MacIITaOMPOBAaHUIO M NEPCHEKTUBHOMY pPa3BUTHUIO; TIO
OpraHu3aluy yIpaBICHUS U CUHXPOHU3AIUU U T.]I.

B kaxxaom cityyae cieayeT oOpaTUTh BHUMAHUE HA PSIl IeTaleH.

Mazucmpanvnovle onmuuecKkue MyabMUCEPEUCHbIE MPAHCNOPMHbIE Cemu
OTJIMYAIOTCS OOJIBIION MPOTSAKEHHOCTHIO YUACTKOB ONTHYECKOM mepenadn (COTHU U
TBICSIYM KHJIOMETPOB MEXAY KPYIHBIMH y3JIaMH). TakKe OHU XapaKTepU3YIOTCS
UCIIOIb30BaHUEM Pa0OYMX U PE3EPBHBIX BOJOKOHHO-ONTHYECKUX JMHUM CBSI3U C
pa3sTUYHBIMA BOJIOKHaMU B KaOere, mpumeHeHuem ammapatypel OTN Ha ocHOBe
OTH-DWDM ¢ 0oapliuM HapalimBacMbIM YHUCJIOM ONTHYSCKHX KaHajaoB (OT
JIECATKOB JI0 COTEH C BO3MOXKHOCTBIO pealin3alui THOKON CETKU BOJIH COTJIACHO PEK.
MCO-T G.694.1 ana moaAepKKu CylepKaHATbHBIX PENICHHH Ha CKOPOCTSAX BBIIIC
400 I'dut/c), npuMEeHEHUEM ONTHYCCKUX aJalTHPYEMbIX KOMIIEHCATOPOB JTUCTICPCHH,
MPOMEKYTOUHBIX ONTHYECKHX ycwiautenaed u wmynbramiekcopoe ROADM. Ha
MarucTpajibHON CETH JOJKHBI PACCUMTHIBATHCA B3aWMHbBIC BIMSHUS ONTUYECKUX
KaHaJIOB B 3aBHCHUMOCTH OT YHKCJIa YYaCTKOB ONTHYECKOW MEpelauyd U MOIIHOCTH
OTJICJIbHBIX KAaHAJIOB C Y4YE€TOM HEJIMHEHHBIX CBOMCTB BOJIOKOHHBIX CBETOBOJIOB.
JIOJKHBI MpeycMaTpuBaThCs (PYHKIMM aBTOMATUYECKOW PETryIUPOBKUA MOIIHOCTH
KaXXJIOr0 ONTUYECKOTo KaHaia. BeiOupaemble JUisi MarucTpaibHOM ceTu miaaTdhopMbl
tuna Long Haul ¢ CDC (G, S)-ROADM, ontr4ecKuMu yCHITHTEISIMU U KPOCCOBBIMHU
kommyTtaTopamu OXC 1omKHBI WMETh TOJHBIM HA00p (YHKOHMA yAaTIeHHOTO
yOpaBlIeHUs W KOHTpoJsA. Hané€xHOCTh MarucTpajibHOM CETH B 3HAUYUTEIBHOU
CTENIEHU  OMNpEACNSIETCS  pPE3epBUPOBAHMEM  JIMHEHHBIX  COOPYXKEHHH,  T.e.
JIOTIOJIHUTENIbHBIM ~ Ka0elleM, KOTOpPBbIM MPOKJIAJIbIBA€TCSI € MPOCTPAHCTBEHHBIM
yaalleHHueM OT paboyero kadens Ha COTHU METPOB U KUJIOMETPbI, apE€HI0M BOJIOKOH
kabens s pe3epBUPOBAHMS,  HUCIOJIb30BAaHUEM  CTBOJIOB  PaJAUOJIMHHM,
MCIIOJIb30BAaHUEM BBICOKOHAJIEKHBIX ONTHUYECKUX UHTEepdercoB. C TOUKU 3peHUs
CTPYKTYpbl MarucTpajbHON CETH NPEANOYTEHHE MOHKHO OTJIaBaThCi SYEUCTOU
TOMOJIOTUU. MarucTpajibHasi CeTh JOJDKHA UMETh rapaHTUPOBAHHBIN, YNpaBiIsieMbIi
TaKTOBBIN CUHXPOHHU3M OT MEPBUYHBIX T€HEPATOPOB UIIM UCTOUYHUKOB. Bce OCHOBHBIE
y37bl anmnapaTtypbl MarucTpaibHOM ONTHUYECKOW CETH JOJIKHBI MPOEKTUPOBATHCS B
COCTaBe almaparypsl ¢ pe3epBom 1o cxeme 1+1.

Buympu3zonosevie unu pecuonanvuvlie onmuuecKue My1bMUCEPEUCHDBIE
mpancnopmuple CETU MPOEKTUPYIOTCS, KaK MPaBUiI0, 0€3 MPOMEXKYTOUYHBIX CTAHIIHMA
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pereHepanuu M ONTUYECKOTO YyCWICHHS. B 3TUX ceTsaX MNpeuMylecCTBEHHO
UCIIONB3YETCSl CTPYKTypa IBYXBOJOKOHHOTO ONTHYECKOTO KOJIbI[a C Hepeaadeit
Ethernet wmu SDH, ontmueckue kanaiet CWDM (mo 18L) c¢ marpyskoii SDH,
Ethernet. Jlns mosHo# peanu3anuu pexxuma CWDM MoryT HCIosib30BaThCsi BOJIOKHA
G.652C, T.e. ¢ yNydYIIEHHOW XapaKTePUCTUKOHN mepenaun (0e3 «BOISHOTO ITHKa»).
[Tpu sTOM (DyHKIIMU pe3epBUPOBAHUS MOTYT BO3JAraThCs Ha pPEe3€pPBHBIC ONTHUUYECKUE
KaHaJIbl, Ha 3amuTHBIEe Bo3MoxkHOCTH ceteit SDH u Ethernet. KonbrieBsie cTpykTypsi
ATUX CETe MOTyT MPOEKTUPOBATHCS C B3AUMHBIM NEPEKPHITUEM COCAUHEHUM
pa3IUYHBIX  KOJIEll JUIsl TapaHTUPOBAHHOM  3amuThl. Takke XapakTepHOU
OCOOCHHOCTBIO ATHUX CETEH MOXET OBbITh MHOTOKPATHBIM AOCTYN K OTJEIbHBIM
ONTUYECKUM U OHJIEKTPUUYECKUM COCIMHEHUSAM, HalpuMep, I pachpeaesieHHs
NporpaMM IEHTPAIbHOTO M PETHOHAIBHOTO TEJIEBUJICHMS, TMOAKIIOUCHUS K
Tene(OHHBIM CTaHIMAM, TOAKIIOUeHUs K MHTepHeT, mnonakiroyeHue O0a30BBIX
CTaHUUW MOOWIBHON CB3W M T.n. OOOpynOoBaHHE TPAHCIOPTHON CETH MOMKET
OTJIMYATBCS OT OOOpPYAOBaHUSI MAaruCTPaJIbHOM CETH MEHbBIIEH CTOMMOCTBIO H,
COOTBETCTBEHHO, YMPOIIEHHBIMU HMHTEp(deiicaMu, yIpoIleHHbIM HaOOpOM (DYHKIIUIA
nepegaun WDM, pezepBrupoBanus U yrpaBieHUsI.

Onmuueckue cemu muna <«Mempo» TPOSKTUPYIOTCS B ToOpoAax —
Meramnojmucax, TIJIe€ CYIIECTBYET BBICOKAasi MOTPEOHOCTh B YCIYrax ONTUYECKUX
MYJBTHCEPBHCHBIX ceTel, KoTopbie Ha3biBatoT Triple Play (romoc, Bumeo, maHHEIE).
Kak mpaBuio, nHppacTpykTypa Takux cerei peanmsyercs B pamkax CEPT (Carrier
Ethernet Transport Platform) — arperupoBanus Tpaduka, pacnpeaeacHHOe 1Mo y3jaMm.
MynbTucepBUcHbIe TpaHcnopTHhIe TwiaThopmbel s cetu «METPO»  nomxHBI
comepkath ooopynoBanne GE (1000 Mout/c Ethernet), 10GE (10 I'out/c Ethernet),
40/100GE (40/100 I'out/c Ethernet) m onTrueckyro 3anUIMIEHHYI0 HHPPACTPYKTYPY
KOJIBIICBOM MIJIM STYEUCTOU TOTMOJIOTHU ¢ MylbTuimekcupoBanuem CWDM u DWDM.
B npoekTe MOMKHBI YUYUTHIBATHCS BO3MOXHOCTHU: MO HapallMBaHHUS €MKOCTHU CETH
BOJIHOBBIX KaHAaJIOB, T'MOKOM CETKH BOJIH, JOCTYNa K 3TUM KaHallaM CpeICTBaMHU
OADM wu CDC-ROADM,; mHapammBaHus  BO3MOXHOCTEH  HHTEpQeErcoB
MOJIb30BaTENEH YCIYT; 3alUThl UHTEPPEUCOB U JIMHUI NIepeadu U T.1I.

Mecmnuvle onmuueckue mpaHcnopmusle CETU UMEIOT OrpaHUYCHHBIE
pacCTOsSIHUSI Mepelaud CUTHAJIOB U CTPOSITCA HAa OCHOBE AKTHUBHBIX U IMACCHUBHBIX
cTpykTyp. Ilpm 5TOM mNpeuMyiecTBO MOTYyT HMMETh TEXHOJIOTUU MAaCCHUBHBIX
ontuueckux cereir PON (EPON, GPON, 10/40GPON). MectHast ontu4eckas ceTh
SIBJISIETCSI, KaK TPABUJIO, YaCThIO CETH JIOCTYIIA (KIIepBast MIJIST», KITOCIICIHSS MELIS»)
U B [IpeJjiaraeMoM y4eOHOM MMOCOOMU HE PacCMaTpUBAETCSI.

Emé omHOl pasHOBUIAHOCTBIO MPAHCNOPMHOU cemu MOXKET ObITh CETh
MexXHOoN02u4ecKo20 Ha3Hauenusa. TakuMU CeTSIMHU pacIoiaratoT MNPEaNpUITHs
AIEKTPOIHEPTreTUKHU, Ta30BOM MPOMBIIUICHHOCTH, »EJIE3HOJOPOKHOIO TPAHCIIOPTA,
OpEeANpUsITUS N0 TepeKkauke He(TEeNpoAyKTOB M HEKOoTopble napyrue. [IpuHIMMBI
MPOCKTUPOBAHUSI TEXHOJOTMYECKUX CETEW AaHaJOTMYHBbI MPEICTABICHHBIM BBIIIIE,
OJIHAKO MPU MPOEKTUPOBAHUM JIOJKHBI 0053aTENbHO YUUTBHIBATHCS crelupuuecKue
OCOOEHHOCTH, KOTOPbIE€ OOBIYHO OTPAXKEHbI B BEAOMCTBEHHBIX HHCTPYKLUHSIX H
crangaprax [20, 21].
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8. HpI/IHIII/Il'lbI AaBTOMATH3aIUH MPOCKTUPOBAHUA TPAHCIIOPTHLIX cereii

ABTOMAaTHU3ALMS MPOEKTUPOBAHMUS ONTUYECKUX MYJIBTUCEPBUCHBIX
TPAHCIIOPTHBIX CETEH HTO OJIHA M3 aKTyalbHEHIIUX 3a/lady, KOTOPYIO peIIaloT
MPOEKTHBIC OPraHu3alliy, IPUBJIeKas mporpaMMHbie TpoaykTel Autodesk, Consistent
Software, UGS PLM Solutions, MSC Software, BPsim3 wu T.1. [IpousBomutenu
npoaykuuu ontmueckux ceredd (Cisco, Alcatel-Lucent-Siemens-Nokia, Ciena,
Marconi, T8, Huawei u mp.) 3a00TATCS O NMPOJABMKCHHH CBOMX KOMITOHCHTOB Ha
PBIHKE TEJIEKOMMYHUKAIUM, MPEIOCTaBIsAsl TOTOBbIE pa3pabOTKU MO YIPABICHUIO
MPOCKTUPOBAHUEM  KOPOTKMX U  IPOTSDKEHHBIX  ONTUYECKUX  JIMHHUHM, TIO0
MapuIpyTH3allUd ONTHYECKUX KaHaJIOB, IO CPEACTBAM 3alllUThl CETU OT
MOBPEXKACHUH, 110 MPOSKTUPOBAHUIO U MOJEIUPOBAHUIO CETH CUHXPOHU3AIIUU U T.]I.

OnHoil U3 0COOCHHOCTEN aBTOMATU3AlMK MPOEKTUPOBAHUS ONTHYECKUX CETel
cTayia pa3paboTKa KOMHIAEKCHbIX UHCMPYMEHMOS8 NPOeKmUpo8aHus, BHEIPECHUS U
yOpaBieHUs B TMpolEecce HKCIUlyaTalluu W Mpu MojepHuzauuu. Ilpu sTom
KOMIUIEKCHOCTh KacaeTCs OTICIbHBIX CETEH, Hampumep, cerer tuna «Metpo» unum
MarucTpalibHbIX ceTed tuma Long Haul.

Komnnexcnoiu  xapakmep npoekmupoganus HAYUHAEmMcs C YPOGHA YCye
(cepBuca) ®W COOTBETCTBYIOIIMX HMHTEep(EHCOB W TO3BOJSET TpoBaiiaepam
COCPEJIOTOUYMTHCS HA OINpEeJEIeHUd THUIOB TMpeiaraéMblX YCIYyr M BOIpoOcax
JOCTYNMHOCTH Oyiarojjapsi YNpOIICHUIO TMpolecca CPaBHEHUS albTEPHATUBHBIX
BAPUAHTOB YCIYT U CBSA3aHHBIX C HUMU WHBECTHUIIUN.

Heo0xoauMo MOaYepKHYTh, UYTO MPOEKTHUPOBAHUE OMNTHUYECKUX CETEeH Bcerjaa
OBLJIO CJIOKHOM MHOTOMapaMeTpuyecKkol 3ajadyeil u3-3a MNPUPOJABbl ONTHYECKUX
CUTHAJIOB, KOTOpPHIE OCHOBAaHbI HAa AaHAJOTOBBIX TEXHOJIOTHSIX C OJIHOW CTOPOHBI
(MOZYJSIIUSL  ONTHYECKONH HECYIIeW W JICTEKTHPOBAHHSA), M C JPYrod CTOPOHBI
UCTIOJIB3YIOTCS JUTsl TpaHCTIOPTHPOBKU UG poBbix curHaioB (STM-N, OTUK). 13-3a
JUHEUHBIX U HEIUHEHHBIX 3(PEKTOB HEOOXOAMMO YUYHUTHIBATH Cpa3y HECKOJBKO
paznuuHbiXx napamerpoB. K nuHeiHbiM 3¢ (pexTamMm OTHOCSTCS Takue, KaK HAaKOIICHHE
IIyMOB CHOHTAaHHOM AMHUCCHM, OTPaHUYEHUE MOIIHOCTH ONTHUYECKUX CUTHAJIOB, a
TaKKe XpoMaThyecKass W MOJISIpU3alMOHHAs AUCHEPCUsi; K HeIUHEHHbIM > dexTam
OTHOCSITCSL TmepekpecTHass ¢aszoBass Moayisiuus, ¢Ga3oBas aBTOMOAYISALUS U
YETBIPEXBOJHOBOE CMEIIEHHWE, PaMaHOBCKOE U OpIOAJUIEHOBCKOE pacCesHHUE.
[IpoexTupoBaHue ceTell KMETPO», PETHOHANBHBIX U MarucTpainbHbix cereit DWDM c
OOJIBIIIMM YKCIIOM TOYEK BBOJA/BBIBOJIA CBA3AHO C JOMOJIHUTEIBHBIMU TPYIHOCTSMH,
TaKk CeTh JOJDKHAa oOecreuuBaTh pabOTy pa3iWyHBIX ONTHUYECKUX MYTel,
UCTIONB3YIONIMX OJHU M T€ KE ONTHYCCKHE KOMIIOHCHTHI (HAalpuMmep, ONTHYECKUE
YCHJIUTEIIA W KOMIICHCATOPHI AWcrepcuu). Ilpu 3TOM TPOSKTUpPOBAHWE W
ontumuzaiusi cetu DWDM — 310 uHTepaKTUBHBIN Mpolece, TpeOyIomnid yuera psjia
OTPaHUYECHUN !

¢ Ha PACCTOSIHUS 1 BHOCUMBIE MTOTEPHU HA y4aCTKaX CETH;

e Ha TUIIBI U YHCJIO YCIYT, KOTOPbIE JOKHBI ObITh MPEIOCTABICHBI B KaXKIOU
TOYKE, MOAKIIOUEHHOU K CETH;

¢ HA KOJIMYECTBO ONTUYECKUX KAHAJIOB,;

e HA BEJIMYMHY HAKOTIJICHHBIX UCKAKCHUN U (PA30BBIX APOKAHUI UMITYIIHCOB.
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Ha ocHoBanuM 3THX OrpaHUMYEHUN NPU NPOEKTUPOBAHUHU ONTUUYECKOW CETU C
WDM Heo06X0auMO ONTUMAaTbHO PACIONOXKHUTh 000PYJOBAHUE B PA3IUYHBIX y3JIax
CeTH TakuM oO0pa3oM, UTOObl CHHU3UTH OOUIYI0 CTOMMOCTh Tmpoekta. llpu
UCIIOJb30BAaHUM  ONTHYECKMX MYJIbTHIUICKCOpoB  BBoga/BeiBoma (OADM) B
Pa3IUYHBIX TOYKAX CETH, YKHCJIO U TUM YCTPONCTB, YCTAHOBJICHHBIX B KaXKJIOM Y3J€,
HEOOXOJMMO ONTUMHU3HUPOBATH MPU MPOCKTUPOBAHWU TaKUM O00pa3oM, UTOOBI
CHU3UTH 00mTyr0 cTouMOocTh cet. TexHonorus ROADM B cersx DWDM nomkna
o0ecrnieunBaTh TMOJHYIO THOKOCTh CTPYKTypbl Tpaduka. [Ipu wucnonb3oBaHuU
KOMILUIEKCHBIX MHCTPYMEHTOB MIPOCKTUPOBAHUS CETEH 3Ta THOKOCTh 00eCTIeunBaACTCS
MyTEM TPOBEPKHU PA3IUYHBIX ONTHUUYECKUX MyTeH, CYIIECTBYIOUUX B CETH.
KommuiekcHbIN xapakTep TPOSKTUPOBAHMS KacAeTCsl BCEX ATUX MPOOJIEM.

ABTOMAaTH3aIUsl, CBSI3aHHAs C BHEAPEHHEM IMPOTPAMMHOTO MPOAYKTa, Kak
MHCTPYMEHTA MPOCKTUPOBAHMS, IOMOTAET MOJIH30BATENISIM Ha BCEX ATalax CO3JaHus
cetu DWDM - ot npoektupoBaHusi A0 pa3BepThiBaHUs ceTu. Huke mepedyucieHsl
KJIFOUEBbIE BO3MOXKHOCTH U (DYHKIIMU TOCIEIHEr0 IOKOJEHUSI HHCTPYMEHTOB
aBTOMAaTHU3allUU MPOECKTUPOBAHUS.

o 'paduueckuit uHTEpdEiic MO3BOISAET ONTUMUZUPOBATH MPOCKTUPOBAHUE
ypoBasi DWDM. Ilpu 3TOoM, Kak MpaBWiio, MOJIb30BATENSIM JOCTYMHBI Pa3IuyHbIC
TOYKHA B CETH, a HE TOJIbKO T€, e HeoOXoauM BBOJ/BbIBOJ Tpaduka. IIporpamma
MOMOTAET OMPEACIUTh THUI U KOJUYECTBO OOOPYAOBaHUS, KOTOPOE JOJIKHO OBIThH
MCII0JIb30BaHO HE TOJILKO B TOUYKAX BBOJIa/BBIBO/A, HO U BO BCEX APYTUX TOUKAX CETH.
[Ipyn >TOM y4MTHIBAET TOMOJIOTHIO CETEH, TUIBI U MPOTSKEHHOCTh UCIOIb3YEMOIO
ONTUYECKOr0 BOJIOKHA, a TaKXe TeKylue U Oyayiiue MOoTPpeOHOCTH B OTHOUIEHUU
Tpaduka.

o [IpoexTpoBanre rUOKUX CETEN C BO3MOXKHOCTBIO COCIMHEHHUS JIFOOBIX TOYEK,
ucnoib3yst ycrporicteBa ROADM, mocTymHBIX Ha TPAHCTIOPTHOM MIaThopMme.

o [lonb30oBaTelb MOXKET Takke BbIOpaTh THUMNBI TpaduKa W MOJKIIOYEHUH,
KOTOpbIe OyAYT MCMOJIB30BaThCA ISl MapUIpyTU3alUUd Tpaduka MEXy y3jiaaMu, YTO
MO3BOJISIET CO3AaTh CETh C MOJJEPKKON COCTMHEHUS MEXKY JIF0ObIMU Toukamu. T. 0.,
M0JIb30BATEIb MOJYYaeT BO3MOKHOCTh YUHUTHIBATh Pa3JIMUHbIE CETEBbIE CIEHAPUU U
CHU3UTH OOIIYI0 CTOUMOCTh CETH.

o [lonb3oBarenb MOXKET MPOCTO BBHIOPATh TUIl YCIYTH, HEOOXOAUMOU KIIUEHTY,
WU HaOpsSMYyK yKaszaTh, YTO JUIsl MPEIOCTABICHHS] KaKOW-TUOO YCIYrd IOJKHO
HCIIOIb30BAaThCSl OMPENIENIEHHOE YCTpOoMCTBO. biaromapsi ruOKOCTH TpPaHCHOPTHOM
m1aTGOpPMbl U BO3MOXKHOCTSM HMHCTPYMEHTA MPOEKTUPOBAHUS MOJIB30BATEIN MOTYT
OLICHUTh CTOMMOCTb Pa3JIMYHBIX BAPUAHTOB peaInu3alliu CETH.

o Bo3MOXXHOCTH ~ W3MEHEHHS  TpoekTa  ceTH  (Ha3pIBaeTCs  «JIejbTa-
IUTAHWPOBAHUE») — OJIHA M3 HAWOOJIee MOJIC3HBIX BO3MOXKHOCTEH IS TIOJIh30BaTEICH
TpaHCHIOPTHOM  miaTdopmMbl. ITO  BO3MOXKHOCTh  OLUEHUTh U ONPEACIIHUTH
HEOOXOAMMBIE HW3MEHEHUs] B  TPOCKTE  CYIIECTBYIOIIEHM CeTH TIpu €€
MaclITa0UPOBAaHUM W  MOJIEpPHU3ALMMU. TEXHOJNOTUSl  «JIeNbTa-IUNIAHUPOBAHUS»
MO3BOJIICT  TOJB30BaTESIM ~ J100aBiATh Wi ynamath y3mel  ROADM  (m
¢ukcupoBanabie OADM) u3 mpoekra, 100aBIsATh MOIACPKKY HOBBIX YCIYT, & TAaKKe
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M3MEHATh MapaMeTpbl TMOKOCTH CYIIECTBYIOUIEH WU MJIaHUPyeMO# ceTu. «JlenbTa-
IUITAHUPOBAHUE» TaKXke O0O0ecreyrMBaeT TOJHBIA HA0Op BO3MOXHOCTEM 1O
COCTaBJICHHIO OTYETOB, YTO TIIO3BOJIIET OBICTPO OMpPENeTuTh, YTO HMMEHHO
HE0OXO0IMMO U3MEHHTH U TJE, HAa YPOBHIX CETH U y3JIOB.

o [lomHas crmenmduKanys WCIOIB3YEMBIX MATEPUANOB JUISI Y3JI0B U CETH —
o0mmasi CTOMMOCTh OCTaeTCs OJHUM U3 HamboJee BaXHBIX MapaMETPOB TIpH
MPOCKTHUPOBAHUH ONTHUYCCKUX ceTell. HekoTophle MPOAYKTH aBTOMATHYECKH
CHHXPOHU3HUPYIOT IICHBI Ha KaXJ0€ OTACIbHOE YCTPOHCTBO ¢ Web-caiiToM W Ha
OCHOBAaHMHM JTHUX JAHHBIX CO3JAIOT TIOJHBIC CHEMU(DUKAIUNA HCIOIH3YEMBIX
MaTepHAJIOB IS BCEW CETH M KaXXJIOTO OTIAEIBHOTO y3ia. JTa HHPOPMAIUS MOKET
WCIIOJIB30BAThCSl TPH  OIEHKE pAa3JIMYHBIX CIICHAPUEB pealn3aliid CeTH, C
BO3MOYXHOCTBIO 3aJIaHUS PA3INIHBIX BAPHAHTOB M OTPAHUYCHUN TSI TIPOEKTA.

K mpumepam npoyKTOB MOTHOM aBTOMATH3AIIUN TPOCKTHPOBAHUS ONTHICCKUAX
ceTel MOXKHO OTHECTH:

- OptiSim T8, mas mpoeKTUPOBAHUS ONTUYCCKON CETH Ha OCHOBE KOMILICKCA
obopynosanus BOJIT'A (www.t8.ru);

- Cisco Transport Planner, ucrosib3yeTcst COBMECTHO € TPAHCIIOPTHOU
mynbTUCepBHCHOH iaTdopmoit ONS 15454 MSTP [94] (puc.8.1);

- MERITON 9500 NPT (NETWORK PLANNING TOOL);

- Alcatel 1354, ucrnionp3yeTcst COBMECTHO C MHTEIUICKTYaTbHBIMHU
Tpa"ncnopTHeIME iaTdhopmamu 1626LM, 1678MCC , 1850TSS;

- Siemens Turn-up & Optimization mist ontuaeckoit wiarpopmbr SURPASS hiT
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9. IlopsiioK BBINMOJHEHHSI KYPCOBOT0 MNMPOEKTA W NPHUMEPbI MPOEKTHBIX
pemieHui

Ilepen BbIMOTHEHHEM KYpPCOBOTO MPOEKTa HEOOXOJMMO BHHUMATEIBHO
O03HAKOMUTHCS C OCHOBHBIMH 3TallaMU U METOJUKOW MO KaXJAOMY 3Tamy OTAEIbHO.
Kaxnpiil sTan BeIMONHSAETCS B BUAE OTACIBHOM IJIaBbl WM Pa3jielia MOSICHUTEIbHON
3alMCKH MPOeKTa. B Hawaye mpoekTa JOHKHO OBITh MPEJCTABICHO OIJIaBiicHUE (C
yKa3aHWEM CTpaHUI] IJIaB, Pa3/IeioB, MPHIOKECHUH | T.JI.) H BBEJCHHE. 3aBepIIacTCs
MPOEKT 3aKJIIOUCHHEM, MPWIOKEHUSIMU M CIHCKOM JuTepaTypbl. OO 00bEM
npoekta AokeH ObiTh B mpenenax 50 - 60 crpanun (0e3 ydera NpUITOKCHHIA)
dopmata A4 ¢ TekcroBeiM HaOopoM Times New Roman 14, yepe3 1 wmHTepBall.
Pa3sMephl oTcTyna mpu medyaTd. cieBa 2 CM, CIpaBa 2 CM, BepX W HHU3 110 2 CM.
Tabnuibl U PUCYHKH BBIMOJHAIOTCA B cooTBeTcTBUU ¢ AeiicTByrommmu ['OCT u
BHYTPUBY30BCKMM  MOJIO)KEHUEM MO O(GOPMIICHUIO KYpPCOBBIX W JIUIUIOMHBIX
MIPOEKTOB.

9.1. OcHOBHBIE 3TANbI BHITOJHEHNSI KYPCOBOT0 MPOEKTA
1. N3yuenue texaudeckoro 3ananus (T3) Ha KypcoBO# MPOCKT.

2. Omnpenenenrie Ha reorpaduueckoi kapTe (KapTe aBTOJOPOr) MECT PACIIONIOKCHUS
y3JI0B CBSI3M B HACEJICHHBIX IYHKTaX U BHYTPH TOPOIOB (IIPH BBITOJHEHHH IIPOCKTOB
TPAHCHOPTHBIX CETEH B MeEramojucax), M MPEanoiaracMbiX TpPacC IPOKIAIKH
KaOeJIbHBIX JTUHUM.

3. Pacuer TpeOyeMbIX SKBUBAJIICHTHBIX PECYpCOB TPAHCIIOPTHOM CETH, T.€. CKOPOCTH
U(POBBIX IMOTOKOB, YKCIIA ONTHYCCKUX KaHAIOB (IOAACPIKMBAIOIINX MOIYJICH,
TPAHCIOHJIECPOB M MYKCIIOHJEpPOB), YHCJIa BOJOKOH B KaOeje B HaIpaBICHHUIX
cornacHo T3.

4. TlpencraBieHHe BapUAHTOB TOIOJOTHI TPaHCHOPTHOW ceTH (He MeHee 2-X) U uX
CPaBHUTEIbHBIA aHAJINU3 [0 YCIOBUAM MPOKIAAKHU KaOEIbHBIX JIUHUH, 110 KOJIUYECTBY
TpeOyeMbIX MYJIbTUIUIEKCOPOB, MO JJIMHE KaOens, M0 BapuaHTaM 3alllUThl JIUHUN U
MOJIb30BATEIILCKUX COCTMHEHNM.

5. IlpencraBinenue Ha cxemax BCEX pPACCMOTPEHHBIX BapHAHTOB TOIMOJIOTUM
TPAHCIIOPTHOM CETH C YYeTOM SKBUBAJICHTHBIX PECYpCcOB (ONTHYCCKUX COCITUHEHUH)
(1o myHKTY 3) ¥ pECypCOB ISl 3AIMUTHI IUHUN B COCTHHCHUH.

6. IpencraBiaeHure TaOMUILI (TAOIUI]) HTOTOBBIX PACYCTOB PECYPCOB HAa Ka)KJIOM M3

YYaCTKOB ceTH (ONTHYECKUE BOJIOKHA, ONTHYSCKHUE KaHAIIbl, CTAHJAPTHBIC [IU(PPOBBIC
MIOTOKH COOTBETCTBYIOIIUX TEXHOJIOTHH).

141



7. Onpenenenrne TpeOyeMbIX BHIOB MYJIBTHILICKCOPOB (1o TexHojorusm: SDH,
OTN-OTH-WDM, Ethernet, ATM wu np., TO0 NPUMCHEHHIO: TEPMHUHAJIbHBIC,
BBOJIa/BBIBO/IA, KPOCCOBBIE KOMMYTATOPHI) M MX KOJHMYECTBA B KaKIOM W3 Y3JIOB
CBSI3M TI0 CpaBHUBAaeMbIM BapuaHTaM. BpIOOp ONTUMaNbHOTO BapuaHTa IO
KpUTEPUAM MUHUMAaIbHOTO o0béMa o0opyI0BaHus, MUHUMAaIbHOTO
AHEPronoTpPeOICHNUSI, MUHUMAJIbHBIX MaccarabapuTHBIX MOoKa3aTeneil, MUHUMAaJIbHBIX
JUTHH KaOEJIbHBIX JTUHUH.

8. Beibop ammaparypel mpemiaraemMoro 1o T3 mpousBoguTeNs W KaOeIbHOMN
OPOAYKIIMM JIII  COOTBETCTBYIOIICH mpokianku (B TPyHT, B KaOCIbHYIO
KaHaJIM3all1io, Ha IIOIBECKY).

9. O0GocHOBaHHBIN BBIOOpP CIOCOOOB 3aIUTHI. JIMHUH CBS3W, CEKIMH IEpeaadd |
MYJIbTUIUICKCUPOBAHUS, COSAMHECHUN TPAKTOB, alllapaTypbl HA OCHOBE TEXHUYECKUX
naHHbBIX. OOOCHOBAHUE CTPOUTCS MCXOJSI M3 PEaJbHBIX XapaKTEPHUCTHUK BHIOpAaHHOM
armapatypsl ¥ TOMOJOTHHU CETH.

10. PacueT onTHYECKWX JIMHCWHBIX YYaCTKOB OJIHOKAHAJIBHOH mepenadyu (CeKIui
pereHepanuy, YCWICHHS W MYJbTHUIUICKCUPOBAHUSA) Ha MPEIMET COOTBETCTBHUS
3aTyXaHusl, TUCTIEPCUH JOMYCTUMBIM MJi CTaHAAPTHBIX MHTEP(]EcOB ¢ 3aTaHHBIM
nokaszatesieM Kod(p@uimeHTa ommOOK ¥ MHOTOKaHaIbHBIX ontuueckux (CWDM u
DWDM) kaHanbHBIX CUTHAJIOB (CEKIIMHM YCHJICHWUS MHOTOKAHAJIBHON ONTHYCCKOU
nepeayd W ONTHYECKOTO0 MYJIBTUIUICKCUPOBAHWS) HAa MPEIAMET BBIMOJTHCHUS
tpeboBanus OSNR.

11. Kondurypauuu MyiabTUIIIIEKCOPOB B KAXIOM y3Jie¢ TPAHCIOPTHOU CETH C YYETOM
TpeOyeMBbIX  TOJIb30BAaTEIbCKUX  (KOMITOHEHTHBIX)  HMHTEP(EHCOB,  JTMHEWHBIX
(arperaTHpIX) WHTEp(DEHWCOB, YCTPOHCTB KPOCCOBOW KOMMYTAIlUH, YCTPOHCTB
3aIUTHBIX MEPEKIIOYEHN, YCTPOMCTB CHUHXPOHU3ALMHU, YCTPOWCTB yIpPaBIICHUS,
YCTPOMCTB 3JIEKTPONUTAHUS.

12. PazpaboTka cXeMbl OpTraHU3AIMH CBSI3W Ha OCHOBE KOH(MUTYparuu 000pyI0BaHUS
B KaXJOM Yy3Ji€ NPOCKTUPYEMON CETH C JI€TaIbHbIM OTOOpPaXEHHUEM OTIEIbHBIX
BHJIOB 000D YI0BaHMUS.

13. PazpaboTka cXeMbl CHHXPOHHU3aIUHA MU(PPOBBIX YCTPOUCTB TPAHCIOPTHOW CETH
(myasTumiekcopo SDH/PDH, OTH, ATM, Ethernet u 1.1.).

14. Pa3paboTka cXeMbl yNpaBICHUSI TPAHCIOPTHOU CEThIO C yKa3aHUEM pa3MElleHUs
CEpPBEPOB YMPABJIEHHUSA, KAHAJIOB MEpeJayd JaHHBIX, TEPMHUHAJIOB YIPABICHUS HU
koHTpoJuiepoB yrpasieHus (ASON/T-SDN).

15. BeiOop HEO0OXOAUMBIX KOHTPOJIBHO-U3MEPUTENIbHBIX MPUOOPOB U TECTOBOTO
000py1I0BaHUS TPOTOKOJIOB U UHTEP(PEINCOB.
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16. PacyeT moTpeOsieHUs 3ICKTPOIHEPTHH OOOPYAOBAHWEM TPAHCIIOPTHOW CETH U
BBIOOp MCTOYHUKA DJIEKTPONUTAHUS.

17. TlogpoOHast KOMIUIEKTaI¥s 000pyaoBaHus (KapThl, KOP3UHBI, CTOWKH, TACCUBHBIC
JIEKTPUIECCKUE W ONITHYECKUE KPOCCHI) B KAKIOM y3JIe€ TPAaHCIIOPTHOW CETH, BKITFOUAs
MPOMEXKYTOUYHBIE CTAHIIUU ONTUYECKOTO YCHUJICHUSI, ONTHUYECKOM pereHeparu,
pereHepanuu MeKTPUYECKUX CUTHAJIOB, 000PY0BaHHE 3JICKTPOINUTAHUS.

18. Cxema TIPOXOXKIECHUS ONTUYECKUX U DJICKTPUUCCKUX IENed B IeXe 3aJaHHOTO
y3JIa TPAHCIIOPTHOM CETH.

19. OpopmiieHHE TOSCHUTEIBHONW 3allMCKH KypCOBOT'O IIPOCKTAa C BBEJICHHEM,
OCHOBHOM coOJIepKaTeIbHOM YacThl0 MOSCHUTEIBLHON 3amucku u3 18 pasmenoB co
cXeMaMH, TaOJWIIaMU U PUCYHKAMH, 3aKTI0YECHUEM, TTPHUIIOKEHUEM C HEOOXOIUMBIMU
TEeXHUYECKUMHU XapaKTePUCTUKAMU anmapaTypbl U KaOesi, CIIMCKOM JINTEPaTyPhl.

20. Borpochl 5KOHOMHUKY TIPOSKTHPOBAHUS ONMTHYCCKUX CETEH SBISIOTCS OTIACIBHON
TEMOU JJI UCCIEAOBAaHUN M HE BXOJAT B 00sI3aTeNbHbBIC pa3/iesibl Y4eOHOTO MPOEKTa,
HO MOTYT pacCMaTpuBaThCs JOMOJHUTENBHO JUisi 0ojee 0OOOCHOBAHHBIX PEIICHUM C
pa3IMYHBIMUA BapUaHTAMH MTOCTPOCHHS CXeM opranu3anuu cBs3u [101].
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9.2. Meroauyeckne YyKa3zaHUs K OTAeJbHbBIM 3TanaM BbINOJHEHHUS
KYPCOBOI'0 NMPOEKTA

9.2.1. IBy4uuTh TEXHHYECKOE 3aIaHUE Ha KyPCOBOU MPOEKT

Texnuyeckoe 3aganue
Ha KypCOBOM MPOEKT MO AUCUUILINHE (npumep)
Onruyeckue MyJIbTHCEPBUCHBIE CETH

Crynenty IPYIIIbL Bapuant Ne
1. Pa3paborath Y4acTOK ONTHUYECKOH MYJIbTHCEPBUCHOM
TPAHCIOPTHOM ceTH Mexay nyHkramu A, b, B, I',...... , BBIOpaTh CTPYKTYPY CETH C

Y4€TOM BO3MOXHOCTH 3amuThl HHPoOpmaiuu. BpiOpaTh onTudeckuil kabenb,
CUCTEeMbI nepefaun u obopyaoBaHue. Paccuntarh yyacTku mepenauu. Pazpabortarthb
CXEMbI. OpraHu3allMy CBSA3M, CUHXPOHM3ALUU, YIOPABICHUS U MPOXOKICHUS
ONTHYECKUX U JnekTpuuecknx unened B JIAILL IIpuBecTn KOMIUIEKTalHIO
obopynoBanusi. CocTaBUTh NOAPOOHYIO MOSICHUTEIBHYIO 3aMUCKY.

2. HanpasiieHus nepeaayu 1 HH()OPMANMOHHAS HATPY3KA

NoNo Hanpasnenus Nudopmanimonnas Harpyska
v OpTaHHU3yCMBIX El E3 STM- | Ethernet | Ethernet | Ethernet
COCIMHCHNN 16 | 1GE 10G 100G
1 A-b 21 2 1 1 1
2 A-B 21 0 1 1 1
3 A-T 21 3 0 1 1
4 A-]J1 21 0 0 4 1
5 —
6 —
HavmMeHoBaHUSI MyHKTOB:
A CapatoB , b KanunuHCck , B banamon ,
I'  Prumeno , I ATtkapck , E Apkanak :
XK , 3 , 1

3. PacnpenesieHre BOJIOKOH onTHYecKoro kaoessi: G.652/G.655

NoeNe | Hampapnenue Ywuco BostokoH 1o turnaM B (%) oT o01iero uucia
n/m OcHoBuble | PezepBHbie | MecThbie | s Hpyrue
CeTH apeHIbl | IeNn
1 | A-b-B 20/20 20/20 10/0 10/0 0/0
2 |B-E 0/0 0/0 10/0 10/0 0/0
3 |B-I' 50/0 20/0 10/0 10/0 10/0
4 | s e e e .




4, I[OHO.]]HHTCJI])HLIC YKa3aHHUsA.

4.2. TlogkmroyeHWe K  WCTOYHMKAM  CHHXPOCHTHAJIOB B ITYHKTaX

A
4.3. Y31bl ynpaBleHUs CEThIO HAXOAATCA B MMyHKTaX A
4.4. Ha yyacTkax A-T nMerores  JIDII m

ANEKTPOPUIIMPOBAHHBIC JKEJIE3HBIE JOPOTH.

4.5. Ha yuactkax A-B, b-B nponoxenbl onTuyeckue kabein ¢ BOJOKHAMH THUIIA
G.652, G.653, G.654, G.655, G.656, cBOOOAHBIX BOJIOKOH 2 .

4.6. Ha yuactkax A-b, b-B Haxomsarcs B skcmmyaranuu [[PPJI. CBoOGomHBIX
ctBoJsioB HET.

4.7. Y3en anst pa3paOOTKH CXEMbI TPOXOXKIACHUS ONTUYECKUX U DJICKTPUUECKUX
neneit B JIALL - A.

5. PexoMeHnayemas JiuTepaTypa AJsi BbINOJHEHHS NPOEKTA:

5.1. ®okun B.I'. KorepentHbie ontuueckue ceTu. YueOHOe mocolue.
Hosocubupck, Cubl'YTU, 2015.

52. ®oxun B.I'. [IlpoekTupoBaHme ONTHYECKOW  MYJIBTHCEPBUCHOU
TPaHCIIOPTHOM ceTH. YueOHoe mocooue. HoBocubupck, Cubl ' YTHU, 2019.-241c.

6. PexomenyeMblii rpaguk BbINOJHEHHS MTPOEKTA:

Ne Ne HaunmeHnoBanue/HoMep 3Tana npoeKTUPOBAHUS OtmeTka o
n/m | ydeOHOM BBITIOJTHEHU U
HEJIeIH JTana
1 2 Bbinaua 3agmaHus,  ompedereHHE — MOpsAKa
OTYETHOCTHU
2 4 KoHnTpons 3ranos 1 -4
3 6 KonTtpons 3ranoB 5 - 8
PykoBoauTens [ ®.11.0./

9.2.2. Cnenatb KONMIO KAPThI MECTHOCTH, TJI€ IPOCKTUPYETCS CTPOUTEIHCTBO

ONTHYECKOW TpaHcrmopTHOM cetn (mpumep Ha puc. 9.1). Kapra nomkHa uMeTh
MacIlITaOHbIE METKUA WJIM OTMETKH PACCTOSIHUN MO aBTOMOOWIIBHBIM WJIM KEJIE3HBIM
noporam. OTMETUTH Ha KAPTE HACEIICHHBIE ITYHKTHI 1 BO3MOKHBIE TPACCHI MTPOKIIAIKA
KaOeJIbHBIX JTUHUN MEXK]Ty HUMHU.

Tpacca nmpokiagku KaOeabHON JMHUM BBIOMPAECTCS C YYETOM JOMOJIHUTEIBHBIX

ykazanuit T3. [Ipeanoutenue oTAaeTCss HAPABICHUIO BJIOJIb ABTOJIOPOT, TMOO BIOIb
KEJIE3HBIX JOpOT Ha paccTossHuu He MeHee 20 METpPoB OT X.a1. DTO O0YCIOBICHO
HEOOXOAMMOCTBIO KPYTIIOTOUYHOTO 00CTYKUBaHUS KaOeIbHON JTUHUH. ONTHYECKU
Ka0eJlb MOXKET TaKkkKe OBbITh MOJBEIICH Ha omopax JuHUi 3mekrporepenaun (JIDIT),
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Ha OINopax KOHTAaKTHOW WM CUTHAJIBHOW CETH >KeJe3HbIX jopor. B ropomax
ONTUYECKUM KaOedb MPOKIAABIBAETCS B MOJ3EMHYIO KaOENbHYH KaHAJIW3alUio, B
KOJUIEKTOpax, B METPONOJIUTeHE, NojaBemmuBaercss Ha omnopbl JIDII, Ha omops
TOPOJCKOTO OCBEIICHUS, Ha OMOPhl KOHTAKTHBIX CETEH 3JIEKTPOTPAHCIOpPTa U Ha
cTosiku pamuodukanuu. CTpouTenbHble JIHHBI Kabens (ot 4 kM 10 6 KMm)
CpalMBalOTCs B ONTHYECKUX MyPpTax. MydTbl TOIDKHBI 3alUTUTh CPOCTKH Ha
JUIATEBHBI  CPOK  OT BCeX HEONarompusaTHbIX  (akTopoB  (MEXaHUYECKHX
MOBPEXKICHUH, BiIary, ne)opMannii OT TEMIIEPATYPHBIX TIepENagoB U T.J.)

.J-P\ ; i -."h.}

) BNABEE .ﬁa“
- 2

WEN 7

BATOE TR

":?';ﬁﬁe‘

—— — w— G0IHAYEHNE TPaccel NpoKNagky KabeneHON NUHWK

Puc. 9.1. [Ipumep Kommuu KapThl aBTOIOPOT PaiioHA TPOCKTHUPOBAHMS ONITUYECKOMN
CETHU U Tpacca MPOKJIAIKU Kabes

9.2.3. Pacuer TpedyeMbIX IKBHBAJEHTHBIX PECypPCOB TPAHCIOPTHOH ceTH
(ckopocTu THQPOBBHIX TOTOKOB, YHCJIa ONTHYECKUX KAHAJIOB, YHCJIA BOJIOKOH B
ka0eye) B HaNpaBlIEeHUSAX COTJIacHO T3 MOXKET MPOU3BOIUTHCS OTICIBHO JIIs
KU (POBBIX MOTOKOB MOJIb30BATENEH U ONTHYECKUX KaHaloB TexHonorud DWDM u
CWDM.

Ymo cnedyem nonumams noo IKEUBANEHMHLIMU PpPECypCamu ONMUYEcKou
MPAHCNOpmMHOU cemu’?

- DKBUBaJIEHTHOE YK CIIO TOTOKOB 2.048 MoOwuT/Cc B cuctemax nepenaun SDH u B
HEKOTOPHIX BUIaX obopynoBanus Ethernet (mampumep, mynbrumekcopsr TOPGATE
ELTEX https://eltex-co.ru/catalog/optical_mux/topgate-24e1-2fg/) ¢ yuerom cxembl
MYJIbTUIUIEKCHpOBaHus 3TUX 1moTokoB B VC-12 (1 motok), VC-3 (21 mortok uepe3
VC-12 wmm 16 motokoB uepe3 mynbrHiLickcupoBanne PDH B E3 34,368 Mowurt/c),
VC-4 (63 motoka uepe3 VC-12 wim 64 moToka depe3 MmynbTuiickcupoBanne PDH B
E4 139,264 Mowut/c) u ot 4E1 nmo 24E1 B motok GEthernet mmm 10GEthernet
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obopynoBanusi TOPGATE. Omnpenenenre 3KBUBaJIEHTa MOTOKOB Ha ckopocTu 2.048
Mowut/c HeoOxomumo TSt onpeneicHust ypoHs uepapxuu SDH, T.e. STM-N (N=1,
4, 16, 64, 256) wiu Ethernet (1 I'6ur/c, 10 I'dut/c, 40 I'6ut/c, 100 I'Out/c) Ha
y4acTKe MEXAy Yy3JaMd CeTH. OKBHBAJICHTHBIE pecypchl cetm SDH MoxHO
npeacTaBuTh KonmdecTBoM STM-N mo kakaomy HampaBieHHIO. DKBHBAJICHTHBIC
pecypcbl cetn Ethernet MokHO mNpeaCTaBUTH KOJIHMYECTBOM MAaKCHMAJIBHBIX IIO
CKOPOCTH TIOTOKOB IO Ka)XXJIOMY HAIPABJICHHUIO C YIETOM MYIbTHILUICKCUpoBanus E1
U JPYTUX MEHEEe CKOPOCTHBIX MOTOKOB (Hampumep, 10 Mowut/c, 100 Mo6wur/c),
Hanpumep, 1 motok GE ¢ 24El ob6wenunsercs ¢ 6GE B oOmmit morox 10GE
(puc.9.2).

E1 GE

ToPGATE

|M|_\

S
KommyTarop Ethemet

10GE

GE

WNKU MyKCNoHaep

Puc. 9.2. O6bennHeHe U(PPOBBIX MOTOKOB JIJISl ONIPEICICHHS SKBUBAJICHTHBIX
pecypcoB B cetu Ethernet

DKBUBAJIEHTHOE YHCIIO BUPTYaJTbHO CIIETUICHHBIX KOHTEHHEpoB B cetn SDH, T.e.
VC-m/n-Xv (manpumep, VC-12-Xv, rme X=1.....63, cm. tadm.1.1). Onpenencaue
ATOTO BHJIa DKBUBAJICHTA Takke HeoOxomumo B cetrn SDH mist onpenenenus ypoBHS
uepapxuu STM-N, HO I Harpy30K CO CKOPOCTHBIMH DPEXHMaMH, KOTOpPHIE HE
BIIMCHIBAIOTCS ONTHUMAIbHO B CcKopocTHbie pexumbl VC-12, VC-3 u VC-4,
HarpuMep, Korjga HEoOXOJMMO OPraHU30BaTh MOJb30BATEILCKOE COCIWHEHHE Ha
ckopoctu 1I'6ut/c Ethernet, To oobvenunsiorcs 7VC-4 , nan o6beauauts 5VC-12
VIS TI0JIh30BaTEILCKOr0 coerHeHus Ha ckopoctu 100 Mowut/c Ethernet.

- DKBUBAJICHTHOE 4uCJIO onTmueckux kaHaioB OCh ompepaensercs OTIEIBHO
st cucteM nepegadn CWDM u DWDM. B 310 uncio A0KHEI BXOIUTH pabouune u
pesepBrbie OCh, T.e. KaHAJIBI IS 3AIIUTH ONTHYCCKUX COCIUHCHHIA.

Cucremsl nepegaun CWDM npuMeHSIOT Ha MECTHBIX M BHYTPU30HOBBIX CETSIX,
KaK MPaBUiIO, C OAHOMPOJIETHBIMU yYyacTKaMu 0€3 MPOMEKYTOUHOU pereHepalnu 1 C
BO3MOXXHOCTBHIO YCHJICHWS CHUTHAJIOB Ha TPOTSHKEHHBIX Yy4YacTKaX, TPH OTOM
BO3MOXXHO HCIOJIb30BaHUE MYJIbTUIUIEKCOpoB OADM mnis goctyna K OTACIBHBIM
kaHajgaMm (00bgHO 1-2 (MKCHPOBAHHBIX MO JIJTMHE BOJIHBI KaHajia). DKBHBAJICHTHOC
yrcio  kaHasioB  OCh MEXAy JBYMsSI TEPMHUHAIBHBIMA  ONTHYECKUMHU
mynbTaIuiekcopamu  win  Mexay OADM we mnpesbimaer 18 OCh cormacHo
pexomenganuu G.694.2 MCOD-T. Kaxnapiii kanan OCh moxeT nepeHocuTh Tpaduk Ha
ckopoctr oT 100 Mowut/c (Fast Ethernet), 1.25 I'out/c (GbEthernet), 2.5 - 2.7 I'out/c
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(STM-16, OTU-1) m 10 TI6ur/c (STM-64, OTU-2, 10GE). Bo3moxxHOCTH
ontuueckux natepdericos CWDM npuBeneHs B IPUI0KESHAH 3.

Cuctemsbl niepenaun DWDM nipuMeHsitoTcst Ha MarucTpaibHBIX TPAHCIIOPTHBIX
CeTIX W Ha ceTax Thma «MeTpo» ¢ OTHOMPOJETHBIMA W MHOTOMPOJICTHBIMU
y4aCTKaMHd C ONTHYECKUMH YCWIHTENsIMH U MyjdbsTuIuiekcopamu ROADM.
DKBUBAJICHTHOEC YWCIO KaHAJOB HA KaXKIOM Y4YaCTKE MEXIY MYJbTHILIEKCOpaMHU
MokeT ObITh OT ofgHoro OCh W 10 HECKOJNBKHX COTEH COIVIACHO PEKOMEHIAINU
G.694.1 MCD-T ¢ ¢ukcupoBaHHBIMU BOJIHaMU (MHTepBa)I Mekny BoiaHamu: 0,1 HMm;
0,2 um; 0,4 um; 0,8 HM) ¥ THOKOI CETKOM BOJIH C YaCTOTHBIM MHTEPBAIOM BOJH 6,5
[T mon 12,5 I'Tu. Kaxaeiit kanaa OCh moskeT nepeHocuts TpaduK Ha CKOPOCTH OT
2,5 I'out/c (OTU-1) go 120 I'out/c (OTU-4) (Bozmoxuo a0 400 I'out/c mis OTU-5
Ha 2-x BoHaX). OnTtrueckue kaHaibl ceT OTN-OTH o00bequHAI0TCS B ONTHYECKUE
tpancnopTabie Moy OTM-n.m ¢ yncnom kananoB 1< n <32. [Ipu 3TOM BO3MOKHO
UCIIOJIb30BaHUE BHPTyalbHBIX cuernok O0mokoB OPUK-Xv (mma k=1, 2, 3) ms
pa3MeNIeHHsT HeCTAaHAAPTHBIX IO CKOPOCTH ITM(PPOBBIX MOTOKOB B Kaxkaom OCh wu
cuennku OCh B mpenennax OTM-n.m. Kpome Toro, kaHaibHbIE TPAHCIOHICPHI MOTYT
BBITIOJTHATH (DYHKIIMH KOHIICHTPATOPOB (arperaTopoB) MOTOKOB HArPY3KH, HAIPUMED,
notoku 10 moproB 1000BASE-SX MOTyT KOHIIEHTPHPOBATHCS B OJUH ONTHYCCKUN
nopt 10Gb DWDM (puc.1.1). [Ipu 3TOM BO3MOXKHA arperamus pa3JIMdHbIX MOTOKOB,
HampuMep, B onTu4eckuii kanai Ha ckopoctu 100 I'6ut/c MoxHO 00BeauEUTH 10 10
STM-64 wm no 10 10GE, mim mx cmemenue, Ho, B obmeMm, He Oomee 10. T.o.,
HKBUBAJICHTHBIM PECYPCOM ONTHYECKUX KAHAJIOB MOXXHO CUUTATh MU(PPOBHIE MOTOKU
naHHBIX Ha ckopocTsax or 100 Mout/c mo 100 I'out/c u Omoxku OPUK, ODUK,
OTUK, u mogyiu OTU-n.m.

[Tpu BEIOMHEHWH KYypPCOBOTO MPOEKTA Ha dTare OMPEaeNICHUs SKBUBAJICHTHBIX
PECYPCOB TPAHCTIOPTHOM CETH PEKOMEHIYETCsI YUUTHIBATH MO KXKIOMY U3 3aJaHHBIX
HanpaBieHuit (cM. 3amanue, A-b, A-B,.) KOHIEHTpHUpYIOIIHE CBOWCTBA
KOMIIOHEHTHBIX ITOPTOB OTIENbHBIX MysbThILIeKcopoB (SDH, Ethernet, ToPGATE
U Jp.) W MYKCIOHJIECPOB ONTHYECKUX KaHAJIOB JUIsl TpaduKa MHUKINICCKOW H
MakeTHOM mepenaud. B ganpHeliiieM 3TO 00J€rdyutT BbIOOP HEOOXOIUMOIO
oOopynoBanusi. Ilocme  BblOOpa  000pyIOBaHHMS  MOXHO  OyIeT  y4yecThb
KOHIICHTPUPYIOIIAE BO3MOKHOCTH W CKOPPEKTUPOBATH SKBUBAJCHTHBIA pPecypc
(uudpoBBIe MOTOKH, TPAHCHOHICPHI, MYKCIOHICPHI W ONTHYSCKUE BOJHBI) IO
KOHKPETHBIE YCTPOMCTBA.

- DKBHBAJICHTHOE YHUCJIO BOJIOKOH B ONTHYECKOM Kabere onpenensercs mo T3 (B
npuMepe 3amaHus 11.3). MUHUMaJIbHOE UYHCJIO BOJIOKOH, TpeOyeMbIX s
OpTraHu3alliy CBS3U - 2 U UM JOHDKHO COOTBETCTBOBAaThH MHUHUMAIbHOE YUCIO B %
npenacrarinenny, Hampumep, 10/10 (B %) oOo3nawaer, (2 BOJIOKHA ¢
xapakrepuctukamu G.652)/(2 BonokHa C xapaktepuctiukamu G.655). Torma momHas
eMKOCTh Kkabems coctaBuT 20 BosiokoH, u3 KoTtopeix 10 Bomokon G.652 u 10
BolokoH (.655. HeoOxommmo oOpatuTh BHHMaHHE Ha TO, YTO BO3MOJXKHA
OpraHu3alys CHUCTEMBl Tepeaadyd 10 OJHOMY BOJIOKHY C HCIOJIb30BaHUEM
pa3IMYHBIX JTMH BOJIH JUIsl BCTPEUHOU mepenaun (Hampumep, Ha BoiaHax 1310 HM u
1550 ©M, wmm nHa BomHax CWDM, kak mnpeaycMOTpeHO CTaHAapTHBIMHU
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uHTepdeiicaMn B TpwiokeHuH 3). Takas BO3MOXKHOCTh OOBIYHO YKa3bIBaeTCs
MIPOU3BOAUTENIEM 000PYIOBAHUS.

[Mpumep (mo Tabm. T3) ompenencHus SKBUBAJIECHTHOTO pecypca ONTHYECKOM
TPAHCIIOPTHOM CETH IO OTIEIHHBIM HANPaBICHHUSIM IpeacTaBiieH B Ta0m. 9.1.

Tabmuma 9.1. Tlpumep ompeneneHusi CYMMapHOTO JKBHBAJICHTA HArpy3Kd TIO
HAINPABJICHUIM JJIs1 IPOCKTUPYEMOM TPAHCIIOPTHOU CETH

Ne | Hanpas- Tun Ckopocts |Ko- | OxBuBan. | Bo3moxH. | Ko-Bo [Ko-Bo | Bceero
JeHue | MHPOPM. BO pecypc arperauuu | TPD, |BomH | BOJH
Harp. MxPD | OCh OCh
1 A-b El 2,048Mout/c | 21 | 21VC-12 | 2STM-64 | 2TPD 2 3
E3  [34,368M6ur/c | 2 | 42vC-12 | B20TU2
STM-16 | 2,5I'6ut/c 1 | 1024vC- | Hm
12 20TU2 B HIH HIIH WA
GE 1Tontc | 1 | 7vc4 |OTUs  [IMxPD | 1 2
10GE 10I'6uTt/c 1 64VC-4
mwm OTU2
100GE 100I'out/c 1 OoTuU4 OoTuU4 1TPD
2 A-B El 2,048Mout/c | 21 | 21VC-12 | 2STM-64 | 2TPD 2
STM-16 2,5I'6urt/c 1 1024VvC- | B20TU2 | ummu %0507t
12 WIN
GE 1I'our/c 1 7VC-4 20TU2 B [LMxPD 1 1
10GE 10I'6uTt/c 1 64VC-4 OTuU3
mwm OTU2
3 A-T El 2,048Mout/c | 21 | 21VC-12 STM-64 | 1TPD 1 2
E3 34,368Mobut/c | 3 63VC-12 B OTU2
GE 1I"our/c 1 7VC-4
100GE 100I'out/c 1 OoTuU4 OoTuU4 1TPD 1
4 A-J1 El 2.048Mourt/c | 21 | 21VC-12 | STM-168 | 1TPD 1 2
GE 1I"out/c 4 4x7VC-4 | OTUL
10GE 10I'6uTt/c 1 64VC-4 OoTu2 1TPD 1
mwm OTU2

W3 TaOmuibl BUIHO, YTO OTAC/IbHBIC HAIllpaBICHUS Mepeaadyd B TPAHCIOPTHON CeTH
MOKHO OPIaHHM30BaTh Yepe3 pa3jUYHbIC PECYpChl: OJHOKAHAIBHOW ONTHYCCKOU
nepenaueii B cetu SDH (STM-16/64, mpu 3TOM BO3MOXKHA OpPraHM3allds OIHOIO
ontudeckoro kanaima OCh ¢ goctymom B KakoM y3i1e IS BBIICICHUS HArpy3Ku IO
HAIIPaBJICHUIO) U MHOTOKaHAJIbHON ONTHYECKOM nepenaycii (Mo HECKOJIbKO BOJIH IS
KOKJIOr0 WM arperdpoBaHHOr0 HHMOPMAIMOHHOrO IOoTOKa) B kaHaigax OCh
(coeauHeHUE THIIA KTOYKA-TOUKa» 0€3 JOCTYIa K HUM B TPAH3UTHBIX y3jax). JlaHHbIE
TaOJMIIBI B JajJbHEHIIIEM HCOOXOAUMBI JIJIs BHIOOpA MOAXOIAIINX TPAHCIIOHIAEPOB M
MYKCTIOHJICPOB KOHKPETHOTO TIPOU3BOAMTENSI 000y T0OBAHUS.

9.2.4. llpeacTaBjieHHe BAPUAHTOB TOMOJIOTHI TPAHCIIOPTHOM CeTH

PaccMaTtpuBaroTCsl HE MEHee 2-X BapHaHTOB Tomojorud (cM. paszgen 3),
HAIIPUMEDP, «TOUKA-TOUYKA» U KKOJBIO». M300pa3uTh 00€ TOIMOJIOIMHM Ha OTACIbHBIX
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pucynkax (mpumeps! Ha puc.9.3 u 9.4). PaccunTarh 4nciio SKBHBAJICHTHBIX PECYPCOB
Ha KaKJOM YYacTKE CETH W TE€M CaMbIM OINPEICIUTh €MKOCTH JIMHEHHBIX TPAKTOB
MEXJIy Y3JIaMHU CETH B COOTBETCTBYIOIMMX 3kBuBaieHTax (SDH, Ethernet wiu OTN-
OTH), Ho He MeHee 2-X, Hampumep, Ha ocHoBe AaHHBIX Ta01.9.1 (STM-N/OTUK wnu
OCh). Pe3ymnbTathl pacyeToB MpeacTaBuTh B Buje Tabwui (mpumep ta61.9.3 u 9.4). B
rpade «BpiOop 3amuTh» yKa3aTh MPEANOJIaraeMblii BapHAHT 3aIUTHI COCITWHECHUN
TPaKTOB WM JUHUK (cM. pasgen 4), ydectb ykazaHuss T3 1.4 OTHOCHTEIHHO
BO3MOXXHOCTH  HCIIOJIb30BAaHUSI  CYIICCTBYIOIIMX ONTHYECKHX KAOCNBHBIX U
paaroOpENECUHBIX JTUHAN JJIsI PE3EPBUPOBAHUA.

[Tpu onpeaeieHnn TOMOJIOTHHA MaruCTPAITHBHONW TPAHCTIOPTHOM CETH HEOOXO0TUMO
y4ecTh, UYTO MATrUCTPAIbHBIC OMNTHYECKHE Kabemn MPOKIAIBIBAIOTCS B 00XO0X
KPYIHBIX TOpooB. BOnm3u stux roponos (Ha paccrosauu 60 - 100 kM) crpostes
CETEBBIC Y37IbI, TJIC pa3MelIaeTcs 000pyI0BaHUE CUCTEM TEpeIadyud ¥ KOMMYTATOPHI.
OT ceTeBBIX Y3JI0B MPOKIAABIBAIOTCS OTIEIbHBIC 3allUIICHHBIC KaOCIbHBIE THHUH K
y3JIaM CBSI3U KPYITHBIX TOPOIOB (00JaCTHBIX WM PECIyOIMKAaHCKUX IIEHTPOB).

a

r 88 Kkm

B

Puc. 9.3. [Ipumep TOMONOTHHU CETH C OTACTBHBIMY KaOCIbHBIMU JIMHUSMH
(TouKa-TOUKA)

r 105 km a

28 ki 88Km
E A
56 km
57 km
B 95 Kkm _'E

Puc. 9.4. [Ipumep TOMOIOTHY CETH C 3aMKHYTON B KOJIBITO MEMbI0 KaOeTbHBIX
JIMHUHA
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Tabmuma 9.2. IlpuMep PKBHUBAJICHTHOM €MKOCTH B CETH C COCJAMHEHHEM «TOYKa-

TOYKa»
Harmpas- OKBHUBAJICHTHAasl EMKOCTh Hnuna | Beibop OKBUBAJIEHTHAs E€MKOCTb C
JICHUE Kabens | 3aIIUTBl | y4ETOM 3aIuThl/
HEPEKITIOYCHUS Ha
pe3epBHBIT Kabenb
OTUKk OCh OTUk OCh
1 A-b 20TU2 u 3 unu 2 57 KM Kabenb 20TU2 n 3 umm 2
OTU4, 1+1 OTU4,
OTU3 u OTU4 OTU3 u OTU4
2 A-B 20TU2 wim 2umu 1 152 km 20TU2 wm 2umm 1
OTU3 OTU3
3 A-T’ 0OTU2/0TU4 2 193 km 0OTU2/0TU4 2
4 A-1 OTU1/0TU2 2 88 km OTU1/0TU2 2
Wroro s 10TUY/ Qum 7 | 1148 kM c yuérom 10TUY/ 9 umm 7
o A 60TU2/ BOJIOKOH TSt 60TU2/
20TU4 unun 3aIUThI B 20TU4 unu
10TU1/ pe3epBHOM Kaberne 10TUY/
20TU2/ 20TU2/
20TU3/ 20TU4 20TU3/ 20TU4

Tabnuna 9.3. [Ipumep SKBUBaJICHTHOW €MKOCTH B CETH C COSMHEHUEM «KOJIBIIO»

Hanpas- | OkBuBanentHas  pabouas | Hnuna | Beibop OKBUBAJIEHTHAs  €MKOCTb  C
JIeHue €MKOCTb Kabemnsi | 3alIuThl, YYETOM 3alllUThl/IIEPEKII0UCHUS
SDH/OTN | Ha pe3epBHbBIE COCANHEHHUS
OTUKk OCh OTUKk OCh
1| A-b 10TU1, 60TU2, | Qumu 7 57 2F MS- | 10TU1, 60TUZ, 9 um 7
20TU4 unn SPRing/ | 20TU4 wmm OTUL,
OTU1, 20TUZ, OMS- 20TU2, 20TUS3,
20TU3, 20TU4 DPRing | 20TU4
2 b-B OTUl, 40TU2, | 6 mmb5 95 OTUL, 40TU2, 6 wm 5
OTU4 unn OTU4 umu OTU1,
OTU1, 20TUZ, 20TU2, OTUS,
OTU3, OTU4 OTU4
3| B-I' OTU1, 20TUZ, 4 84 OTU1, 20TUZ, 4
OTU4 OTU4
I-a OTU1, OTU2 2 105 OTU1, OTU2 2
5| H-A Her pabGounx 88 PesepBHas criocobHocth A-b 1 m11000ii
COEIMHEHUN E¢MKOCTH pabo4MX KaHAIOB
Htoro | 10TUL, 60TU2, | Qumu 7 | 429 kxm | OTxaenbHBIX BOJIOKOH B IpYroi KabenbHOM
uist A 20TU4 wn JINHUY JJ1s1 3aLIUTHI HE IPELYCMOTPEHO.
OTU1l, 20TU2, 3amura Ka)kJ0ro OITUYECKOro KaHaja B
20TU3, 20TU4 00X0]1 TOBPEXIEHHOMN CEKITHL.
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9.2.5. HpeIICTaB.]IeHHe Ha ¢XeMax pacCMOTPCHHBIX BApUAaHTOB TONOJIOTHH

B cootBercTBUM ¢ pucyHkamu W Tabmunamu 1.9.2.4 TpenCcTaBUTh CXEMbI HE
MEHEee JIByX BapUaHTOB PACCMAaTPUBAEMBIX TOTIOJOTUN TPAHCIIOPTHOU CETH C YUETOM
HKBUBAJICHTHBIX PECYPCOB U PECYPCOB IS 3AIUTHI JIMHUHN 1 coequHeHni. Ha cxemax
JOJDKHBI OBITh OTJEIBHO OTMEUEHBI pabOYUe M 3aIIUTHBIC COCAMHCHUS (KaOeIbHbIC
JVHHAH, ONTHYCCKHE KaHaIbl, IUQPPOBBIC TpakThl). [lpuMepsl mNpeacTaBieHbl Ha
puc.9.5 u 9.6. [TyHKTHUPHBIMH JIMHUSAMH MTOKA3aHBI PE3EPBHBIC PECYPChI (ONTHUCCKHIMA
Ka0eJb, ONTHYCCKUE KaHAIBI U IU(DPOBBIC TPAKTHI).

Puc. 9.5. [Ipumep pacnpeneneHus pecypcoB TPAaHCIIOPTHOU CETH B COSAMHEHUSX
«TOYKA-TOYKa» NpH Ucnoiab3oBanuu Texnosornu OTN/OTH

~ 30 paboqux OCh

~ ~
- A
20Ch (OTU1, OTU2) G NN 3aliTHble coeauHeHnA

™~

¥ 20Ch

NN N
™~ \\ ~
.
2-X BONOKOHHOE ™~ \\ O ~
KOMbLO ¢ 3aluTOon N
- i - 3 y 3
r OMS-SPRing A
\ \ [3 wnu 2 OCh (20TUZ, OTU4 wnu OTU3, GTU4]| . 20Ch (OTUZ, OTU4)
Ny [ =
\ \ [2 wnu TOCh (20TUZ wnk OTUS]|
[20Ch [OTUZ, GTU4)| AN / 20Ch (OTUT, OTUZ)
\
_ N\ B B 3 9 uu 7 OCh
20Ch [OTUT, DTUZ) \ \
3 40Ch \ - - - — —

|2 wnu 1 OCh (20TUZ wnkn OTU3)
20Ch (OTU2, OTU4)

Paboune coeanHeHna

20Ch (0T, OTUZ)
3 6unu50Ch

Puc. 9.6. [Ipumep pacnpeneneHuss SKBUBAJICHTHBIX PECYPCOB TPAHCIIOPTHOM
CETH B «KOJIbIIE» MPH Hconb3oBanun TexHojgorun OTN/OTH
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Heo6xonmMo 00paTuTh BHHMAaHUE HA PEIICHHS MO 3alUTE B KOJBIEBOU
tonojiornu. Ha mpumepe puc. 9.5 MyHKTHpOM OTMEYEHBI PE3EPBHBIC PECYPCHI
OTICIIBHBIX COCTUHEHHUH (IU(GPOBBIC TPAKThl WM ONTHYCCKHE KaHAJBI), KOTOPHIC
paBHBl MO CBOEW €MKOCTH pabouuM pecypcam. llepexiitoueHue Ha 3alIUTHBIC
COEMHEHUE MOYKET MPOUCXOJUThH B JIMHEWHOW CETH aBTOMATHYECKON KOMMYyTalHER
BOJIOKOH WJIM PYYHBIM CIIOCOOOM Ha KpOCCE Cpa3y BCEX KaHAJIOB IO MOBPEKICHHBIM
HalnpaBJCHUSIM IO mapaM y3JoB, Hanpumep, A-b, A-B,... llepekmtouenue Ha
3allIUTHBIE COEJUHEHMUS] B  KOJBIEBOM CETH TaKKEe MOXKET MPOUCXOJUTH
aBTOMATHYCCKU WM B PYYHOM pekume (Hampumep, Ha y3iie A), HO IS Ka)JI0ro
ONITUYECKOT0 KaHajia OTACIIBHO | 1o mapam y3iioB (A-b, A-B,...).

9.2.6. Omnpenenenne TpedyeMbIX BHIAOB MYJIbTHILIEKCOPOB M HUX
KOJIM4YeCTBA

B TpaHCnopTHON CE€TH, NMOCTPOEHHOW HA COCAWHEHUSAX THUIIA «TOYKA-TOYKA»
TpeOYIOTCA TOJIbKO TEPMHUHAIbHBIE MYJbTUIUIEKCOPHl M, BO3MOXHO, Pa3JIMYHBIX
uepapxuueckux ypoBHeH. [Ipu 3TOM YUCIO MYJIBTUILIEKCOPOB PABHO YABOCHHOMY
KOJIMYECTBY CBSI3CH THIA «TOYKa-TOuka». Hampumep, u3 1abn. 9.4 BugHO, TpeOyeTcs
8 mynprumiekcopoB DWDM Ha ctangapTHyo €MKOCTh B mpefene 16 omruueckmx
KaHAJIOB KaXIbIi W MHHUMYM 5 YyHHBEPCAJIbHBIX MynbTUIIEKCOpoB STM-N ¢
nopramu ot E1 no STM-64 .

B TpancnoptHO#l cetm kombmeBoro Ttmma SDH  Moryt wucmonb30BaThCs
mynbTuiiekcopsl ADM oxHoro mepapxuyeckoro yposHs. Hampumep, ROADM ¢
COOTBETCTBYIOIIMMH TpPAHCTIOHJAEpaMu B ontudeckom kanaie ADM STM-64
(puc.9.7). Hx oOmee KOJIMYSCTBO PABHO KOJMYECTBY y3JIOB CBs3H (B
paccmarpuBaemMoM mpumepe SROADM u SADM).
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Puc. 9.7. [Ipumep y31a ONTHYECKON CETH C IOCTYIIOM K ONTHYCCKOMY KaHAITy C
Harpy3koit STM-N (64)

B TpaHCIIOPTHBIX CETSAX CMEMIaHHBIX KOH(PUTYpaIil BO3MOKHO UCTOJIb30BAHUE
BCEX M3BECTHBIX BHUJOB OOOpYIOBaHHUS, BKJIIOYas KPOCCOBBIE KOMMYTATOPHI,
ONTUYECKNE YCUIIUTEIN, ONTUUECKUE U SJIEKTPUUYECKUE PET€HEPATOPHI U T.1.
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B xypcoBOM IIpoeKkTe HEOOXOAUMO IIPEACTaBUThL TabauIy (cM. mpumep 1a6:1.9.4)
Kak _MHHHUMYM C JBYMSI BapHaHTaMH TPeOYEMBIX BHIOB MYVJIBTHINIEKCOPOB
(OOTUYECKUMH UM DJIEKTPUYECKMMU) M UX KOJIHMYECTBOM M IIPUHATHL OKOHYATEILHOE
pENIeHHE 0 TONOJOTHU CETH M TEXHOJIOTHH €€ peaan3alliy, VKa3aB B 000CHOBAaHHUHU
W JIJWHBI KAOEIBHBIX JIMHHH.

Tabnmumna 9.4. Ilpumep ompeneseHns] KOMMYECTBA U BUJIOB MYJIBTHILIEKCOPOB

BapuanTs! Tonosiorui, [TpoekTupyeMble y3IIbl ONTHYECKOW TPAHCIIOPTHOM
TEXHOJIOTUM U YUCIIO CeTH
MYJBTUILUIEKCOPOB A b B I |
Touka- | SDH/Ethernet, T™:4 ™:1 ™:1 T™M:1 T™M:1
TOYKA BCero 8
OTN, Bcero 8 OTM:4 | OTM:1 OTM:1 OTM:1 | OTM:1
Kombmo | SDH/Ethernet, | ADM:1 | ADM:1 | ADM:1 | ADM:1 | ADM: 1
BCETO0 O STM-64 | STM-64 | STM-64 | STM-64 | STM-64
OTN, Bcero or | ROADM | ROADM | ROADM | ROADM | ROADM
9) 1 1 1 1 1

9.2.7. BriOop annmapaTypsbl U KadeJbHOI NMPOIyKIIUH

Jlnst BeIOOpa MOAXONAIIEH ammapaTypbl HEOOXOJIHMMO PYKOBOJICTBOBaThcs 4
MYHKTOM 3aJlaHusl (JIOMOJHUTENIbHBIC YKa3aHWs), IJIe OTMEYaeTCsl MPOU3BOIUTEIIb
(marmpumep, T8), M TEXHUUYCCKHMMH XapaKTECPUCTUKAMHU aIapaTypbl YKa3aHHOTO
npou3BoauTensa. JIjis MOMydeHUs] TEXHUYECKUX XapaKTePUCTUK PEKOMEHIYeTCs
ncnoiib3oBath Bo3MoxxHoctu MHTEPHET mo goctyny k cailtaM mpOW3BOJIUTENEH U
BBIOOPY HOBEHIIMX 00pa3lloB ammapatypbl. BHUMATEIbHO U3YYUTh UX BO3MOKHOCTH
OTHOCHUTEJIbHO MpoeKkTupyemoit cetu. Cienyer oOpaTUTh BHUMAaHUE HAa BO3MOXXHOCTH
ONTUYECKUX MYJIbTUCEPBUCHBIX TPAHCHOPTHBIX maaTdopMm. HeoOxonaumo npuBectu u
CPaBHUTh XapaKTEPUCTHUKHM KAK MHUHHUMYM JIByX OOpasloB ammapaTypbl OJHOTO
npou3Boautensa. HeoOXonumMo MNOMHHUTh, 4YTO B IPOEKTE MOXET OBITh
3a/IeiCTBOBAHO HECKOJIbKO 00pa3lloB ammaparypbl [js TOJy4eHHs TpeOyeMbIX
KOMIIOHEHTHBIX (IT0JIb30BaTENILCKUX) HHTEp(EicoB (Hampumep, MOJKH PacIIuPEHUS,
MYJIBTUIUIEKCOPBI - KOHIIGHTpATOphl Tpaduka), Iisd (GOPMHUPOBAHUS JIMHEWHBIX
curnanoB (manpumep, CWDM wimn DWDM) u T.1. CaiiThl HEKOTOPHIX HM3BECTHBIX
MIPOU3BOIUTEIICH anmapaTyphl: www.t8.ru, http://www.supertel.ru,
www.advaoptical.com , www.alcatel-lucent.com , www.ciena.com , WWWw.CiSc0.com
, Www.eci.ru , www.huawei.com , www.marconi.com , www.meriton.com ,
WWW.nec.ru , www.siemens.com , www.tellabs.com , www.utistar.com wu ..

[Ipu BbBIOOpe KaOenbHOW NPOAYKIIMU HEOOXOAUMO TOYHOE OIpeeIeHue
crioco0a MpokiIaaku Kabens (B TpyHT, B KaOCNbHYIO KaHAJIU3aIUIo, Ha TIOJBECKY U
T.1.). Takke mpu BBIOOpPE TMOCTaBIIMKA KaOETbHOW MPOIYKIIMU HYKHO YYUTHIBATH
reorpauueckoe MojaoKeHUE MPOEKTUPYEMOT0 00bEKTa, HATUIUE aBTOMOOUIIbHBIX U
KEJIE3HBIX JIOPOT MEXKAY MOCTABIIMKOM Kalels U OObEKTOM CTPOUTENLCTBA, T.K. 3TO
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omnpeaeisieT BpeMs W CTOMMOCTh JOCTaBKU KaOems. IlIupokuii crexTp KaOelIbHOU
NPOAYKIIMH MTPeICTaBIeH Ha caiTe / www.ruscable.ru/ .

9.2.8. O60ocHOBaHHDBIH BBLIOOP CIOCO0OB 3AIUTHI. JIUHUI CBSI3M, CeKI[HH
nepeaayu, COeAMHEHUN TPAKTOB, allIapaTypbl

Obocnosanue cmpoumcsi UCX0051 U3 PealbHblX XApaKmepucmuk 6vblOpaHHouU
annapamypul U monoJio2uu cemu.

3amuTra JUMHMH CBSI3M  MOXET OBITh  oOOecledyeHa  MPOKIATKOU
JOTIOJTHUTEIIBHOTO (pe3epBHOTO0) Kadesl C MOAKIIOYCHUEM ero BOJIOKOH K Pe3ePBHBIM
arperaTHbpIM MOpTaM MYJIBTUIUIEKCOPOB. Takske 3alluTa JIMHUU CBS3U BO3MOXKHA MPU
WCIIOIb30BAaHUU OTJIETbHBIX BOJIOKOH CYIIECTBYIOIIMX KAaOEIbHBIX JUHUN, B TOM
yucji€ W aJbTEPHATUBHBIX OMNEPATOPOB CBsA3U. JIIs 3aliUThl MHOTOKAHAJIBHOTO
(MHOTOBOJIHOBOTO) ~ ONTHYECKOI'O0  COCJAMHEHUS HEOOXOIUMO  IMPEAYyCMOTPETh
ONTUYECKUM KOMMYTATOP, KOTOPbIN 00€CTIEUUT NEePEKIIOUeHUE TPUEMHONU CTOPOHBI C
HEHUCIIPABHOTO HA UCIIPABHOE ONTHYECKOE BOJIOKHO (TipuMep cxembl Ha puc.4.6).

3ammTa cekumii mepexaum (cexkuuu myiptuiuiekcupoBanus SDH, DWDM u
CWDM) wu coenmHeHW TPAKTOB MOXXET OCYIISCTBIISITHCS OJHUM H3 CIIOCO0OB,
paccMOTpPEHHBIX B paznene 4 ydeOHoro mocodus. Heo0xoaumMo B KypCcOBOM MPOEKTE
OJIHO3HAYHO TMPEJIOKUTHh BapUaHT 3alllUThl JMHUM CBSI3U, CEKIMI Mepenayud U
COCMHECHUN TPAKTOB UCX005 U3 OAHHBIX HA 8blOpAHHOE 000pY006aHuUe 3aJAHHOTO
npou3BoauTeNsa. Bo3MOXHO COBMEIEHHE BHUIOB 3alllUThl, Hampumep, B 4-x
BOJIOKOHHBIX KOJIBIIEBBIX TOMOJIOTHSIX OTO 3alllUTa JMUHUU CBSI3M 3a CUET
WCIIOIb30BaHUSI  PE3EPBHBIX  BOJOKOH W  3allUTa COCIUHEHUH  CEKLHHU
MYJIBTUIJIEKCUPOBAHUSL 32 CUET HCMOJb30BaHMS PE3EPBHBIX ONTUYECKUX KAHAJIOB
WDM wunmu nudposoit Emxoctu STM-N.

JIJis 3alUThHI annapaTypbl JOJKHBI ObITh IPEAYCMOTPEHBI pE3EpBHBIE OJIOKHU B
coctaBe ammapaTypsl U B coctaBe 3UII. 3ammura HanbOoiee OTBETCTBEHHBIX Y3JI0B
armapaTypsl BBITIOJTHICTCS, KaK MpaBuiio, o cxeme 1+1 (kpoccoBbie KOMMYTAaTOPHI,
TAaKTOBBIC TEHEPATOPHI, arperaTHble HHTEPPEHCH U T.1.), T.e. Ha Ka)JIbIi padoumii
OJIOK MPUXOAUTCS PE3EPBHBIN OJIOK, KOTOPHIM PYHKIHOHAIBHO AyOJIUpyeT padbouunii
onok. Jlpyrue Onoku ammapaTypbl MOTYT UMETh pe3epB HE BCErjaa JAOCTYIHBIN, T.€.
1:N, tne N=2, 3, 4.... — uncno paboyux OJOKOB, Ha KOTOPHIC IMPUXOIUTCS TOIHKO
OJIUH pe3epBHBbIM OJIOK. B 3TOM ciiyyae BO3MOXKHO HCIOJIb30BAaHUE MPUOPUTETOB
3aIIUTBHI.

9.2.9. Pacuer Y4aCTKOB lepeaavin OJHOKAHAJbHBIX U MHOI'OKaHAJIBbHBIX
OIITHYECCKUX CUT'HAJIOB

Pacuer yd4acTKOB Tiepelayd OJHOKAHAIBHBIX (CEKIMM pEreHepalud |
MYJIBTHIUICKCHPOBAHMS) W MHOTOKaHaIbHBIX ontndeckux (CWDM u DWDM)
CUTHAIOB (CeKIIMM MHOTOKAHAJIBHOM ONTHYECKOW Tiepenaud M ONTHYECKOTO
MYJIbTHIUICKCHPOBAHMSI) HEOOXOIMMO BBIOJIHATh I0 CTAHJAPTHBIM METOIUKAM,
u3noxkenubiM B [1, 3, 4, 5, 10, 61, 80, 95] u B rinaBe 6, moapoOHO B IpHUMEpax
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npwiokeHus 6. Ilpm 3ToM HEOOXOAMMO WCIOIH30BaTh TOYHBIE TEXHUYECKUE
XapaKTepUCTUKU HHTEpP(EcOoB BBHIOpAHHOM ammapaTypbl M ONTUYECKUX KaOeneil.
Heo6xoauMo oOpaTuTh BHUMAaHHE Ha Y4Ye€T MOJSPU3AIMOHHON MOJOBOM JUCIIEPCUU
(ITM/1) Ha TPOTSHKEHHBIX yYaCTKaX CBSI3W W YMEHBIICHHWE MOIIHOCTH CUTHAJa B
ONTHUYECKOM KaHaJle MU3-3a MOJISPU3AIMOHHBIX MOTEPh B JIMHUU U MPOMEXYTOUHBIX
CETEBBIX AJIEMEHTaX, Ha BO3MOXKHOCTU MHTEP(ENUCOB C yHpexAaroneid KOPpeKIUU
omnbok (FEC), xoropas MOXET OOCCICYUTH AOMOJHHMTEIbHBIA SHEPreTHYCCKUM
Beurphi 3-12 nb. B nunelinbix Tpaktax ¢ WDM HE00X0AMMO TOTHOCTBIO y4eCTh
MOJIOCY YacTOT ONTHUYECKOrO0 KaHaja, YMCJIO ONTHUYECKUX KAaHAJIOB W MOIIHOCTH
curHanoB npu omnpeneneann OSNR. HEOBXOJIMMO paccuuTaTh M NOCTPOUTH
IWarpaMMy YpOBHEH Iiepedaud, IO KpallHel Mepe, JIBYX OINTHYECKUX KaHAJIOB
(KOTEPEHTHOTO W HEKOTePEHTHOI'O THIIOB) HAa CaMOM IMPOTSHKEHHOM YYacTKe C
HauOOJBIINM KOJMYECTBOM MPOMEKYTOUHBIX ONTUYECKUX ycuinuTenei. Pacueramu u
JAMarpaMMol YpOBHEW IOKasarh, 4uTto TpeOyemoe 3HaueHue OSNR (mo maHHBIM OT
MIPOU3BOAMTENSA) OYJIET BBHIOMHATHCSA. PacueTamu Takke HEOOXOIUMO MOKA3aTh, YTO
OCTaTOYHAasl JHUCHEPCHs TPU UCIHOJIH30BAHUU KOMIICHCATOPOB HE MPEB3OUJIET
JOMYCTUMOE 3HAUYEHHE B HEKOTEPEHTHOM ONTHYECKOM KaHaje. B KorepeHTHoM
ONTUYECKOM  KaHaje€ CpaBHUTh  JIONYCTUMYK  JHUCHEPCUI0 IO  JAaHHBIM
TPaHCIOHIepa/MyKCIIOH/IEpA C PACCUUTAHHBIM 3HAUCHHUEM.

[lo wTroram BBINOJHEHHS JITOr0 pa3jaeia [0J:KHA ObIThL MpPeACTABJIEHA
TA0JMOA C YKa3aHWEM JUIMH YYacTKOB Iepenadu (Mexay MYJIbTHILICKCOpaMU
KOKIOW CEKIUH, MEXIAy ONTHYCCKUMH YCWIHTSISIMH WU pEreHepaTopamH),
pacueTHbIX 3HaueHWW 3artyxaHuss u nucrnepcud, OSNR, TumoB mnpemraraeMprx
uHTep(deiicoB amnmapatypsl, KOMIIEHCATOPOB JHUCIEPCHUM, AaTTEHIOATOPOB, MECT
pa3MeNieHus MPOMEKYTOUHBIX HEOOCTYXKMBA€MbIX CTAaHUUW C YCHWIMTEISIMU WU
perenepatopamu. HeoOXoauMo y4ecTh, YTO HEOOCITY>KHBAEMbIE€ CTAaHIUU JOJIKHBI
pa3MeniaThCsd B HACEJIEHHBIX MYHKTaX, OOCCHEUYEHHBIX HAJCKHBIMH HCTOYHUKAMH
ANEKTPONUTAHUS U TJ€ BO3MOXHO 0e30MacHoe pa3MelieHue 000pya0BaHUS
(9HEPromoACTaHIINMA, MECTHBIC Y3JIbI CBSI3W, aIMUHACTPATUBHBIC 31aHUS U T.JI.).

9.2.10. Kondpurypauuu MyJIbTHILIEKCOPOB

KoHdurypanuu MyIbTHIICKCOPOB B KOKIOM y3JI€ TPAHCIIOPTHOM CETH JTOKHBI
OBITH COCTaBJIECHBI W HM300paKCHBI HA OTACIBHBIX PHCYHKAX C YUETOM TPEOyeMBIX
MOJIb30BATEIbCKUX  (KOMITIOHCHTHBIX) HWHTep(EcoB, JMHEHHBIX (arperaTHbIX)
uHTEep(deicoB, YCTPOUCTB: KPOCCOBOW KOMMYTAllUM, 3alIUTHBIX MEPEKIIOUYECHUH,
CUHXPOHM3AIINH, YIPaBICHHS W  JJeKTponuTaHus. Ha pucyHKax 00sS3aTelbHO
(OUMKCUPYIOTCA.  TOYKHM  NOAKIIOYEHHS, BHJABI M KOJUYECTBO  IOTOKOB
na@opManmonHon  Harpy3ku  cormacHo  T3. Tlepex  BBINOJHEHHEM  CXEM
KOH(MUI'YpallMK _KaXKIOT'0 y3JIa HEOOXOAMMO COCTABHTH TAOJIUIy aHAJOTHMYHYIO
120,1.9.1, HO ¢ YKa3aHHEM TPAHCHOHIAECPOB/MYKCIIOHJIEPOB 10 BCEM HAIPaBJICHUIM U
MYJIbTHILIEKCOPOB I10JI30BATEIHLCKUX IIOTOKOB (SDH/Ethernet/ PDH),
arperupyronmx norokd B STM-N, 10GE, 100GE wu t1.1. Takke ykazaTb paboumne
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BosHel DWDM kaxkporo kanazna. Ilpumep B Tadn. 9.5 jmug omgxoro yszma A.
AHAJIOIrMYHO JUIS APYTUX Y3JIOB.

Ecnu B cocraBe ammapatypbl MCHOJIB3YIOTCS JIB€ M OOJbIIEE YUCIO KOP3UH
(OJI0K, IMOIJAOHOB, MOJACTATHBOB), TO OOS3aTCIBHO HAYEPTUTH DICKTPUUYCCKHE H
ONTUYECKUE COCAMHHUTEIbHBIE JMHUU MEXKIy OJokamMu 3TuX Kop3uH. OOBITHO
JIOTIOJTHUTEIIbHBIC KOP3WHBI (TIOJIKU PACITMPEHHUS) UCTIOIB3YIOTCS IS KOMITOHEHTHBIX
(mob30BaTeNbCKUX) HHTEPPeiicoB B o0opynoBannu SDH, Ethernet, OTN-OTH.

Tabmuma 9.5. O6opynoBaHue O HAMPABICHUSM B y3JIe A
No | Hanpas- | Harpy3zka | MynbTu- Tun Ko-Bo OSNR, |Cerka, | Boina,
JIEHUE TUIEKCOPBI TPD/ b ITh HM
MxPD
1 | A-b 2 STM-64 | SDH/1670SM, | TD-10E |1 (ma 2 9 50 [\=1528,7
1641SM 0TU2) h2=1529,1
100GE - TS-100E | 1 (OTUA4) 11 50 [s=
2 | A-B 2 STM-64 | SDH/1670SM, | TD-10E |1 (ma 2 9 50 4=
1641SM 0TU2) 5=
3 | AT STM-64 SDH/1670SM, | TD-10E | 1 (OTU2) 9 50 D=
1641SM
100GE - TS-100E | 1 (OTU4) 11 50 o=
4 | A-I STM-16 SDH/1670SM, | MS- 1 (mo 8 Bx. 9 50 [Ag=
1641SM DC10F | STM16,
XP GE, OTU1)
10GE - TD-10E |1 (ma 2 9 50 o=
0oTU2)

[Tpumep koHpUTYparKi MYJIBTUIIEKCOPOB TS y37a A mpuBenéH Ha puc.9.8,
rJIe MPEACTaBIeHBI [Ba BHJIa MYJIBTHILICKCOPOB TpaHcopTHOH tuiatdopmer Alcatel
OPTINEX: 1670SM (ocHoBHOE oOopynoBanue) U 1641SX (moaku pacrimpeHus s
MOJIb30BATEIbCKUX HHTEP(EIHCOB) U MoJKa onTHdeckoro obopymosanus BOJII'A T8.
Koupurypanum MymbTHUIIIIEKCOPOB TPEICTABICHB B YIPOIICHHOM BHIE, T.e. 0e3
MaHesIe KoMMyTanuu HHTEP(PEHCHBIX OKOHYAHWA U aBTOMAaTUYECKIX KOMMYTaTOPOB
3alIUThl KOMITOHCHTHBIX TIaT (kapT, OyokoB). [Ipm 3TOM 00s3aTeabHO yKa3aHBI
CBSI3M MEXIY MYJBTUIUICKCOPAaMH, KOMIIOHCHTHBIC (TI0JIh30BaTEIbCKUE) IUIATHI C
0003HAaYCHUEM HAMPABIICHUS M KOJWYECTBA IHU(PPOBBIX TIOTOKOB, arperaTHbIC
untepdericel (STM-64), kommyranmonnsie Matpuilel (MATRIX), koHTposteps!
ynpasieHus (EQUICO) u T.1. (cM. TexHHYecKyro JokyMeHTanuoo). Ha puc. 9.8 mis
HATJIATHOCTH TIOKA3aHa TOJKa PaCHIUPEeHHs] TOJBKO [UII OJHOTO OTACIBHOTO
HanpasieHus (A-B), omHako EMKOCTHM YHHBEPCAJIBHBIX  IOJIOK HCIOJIB3YIOTCS
JaCTHYHO M Ha HUX MOXKHO Pa3MECTHTh arperupoBaHue MUPPOBBIX TMOTOKOB APYTHX
HanpaBineHuit (B mpumepe 310 A-B, A-I', A-JI). Ilpum cooTBeTCTByOIIEM
TPYNIUPOBAHAHA KOMITOHEHTHBIX TUIAT M COSAUHUTEIBHBIX UHTEPHEHCOB BO3MOKHO
WCIIOJIb30BAaHUE MEHBIIET0 YWCa TOJIOK pacmupeHus. [Ipu cocTaBiIeHUM CXEMBbI
KOHQUTypallud HEOOXOJMMO ONTUMU3UPOBATH KOMIUICKTALUID U J1OOUTHCA
HAaMMCHBIIIETO KOJMYECTBA W Pa3HOOOpa3usi Mook (IMOIJOHOB, KOpP3WH, Kaccer).
Taxxe B KOHQUTYypallMU MYJIbTUIUIEKCOpPA MOXKET ObITh MOKa3aHa IUIaTa CIyXKeOHOM
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cesa3u (npumep Ha puc.9.8, CM-2G-3F) mis opraHu3anuu KaHaia yIpaBJICHUS Ha
OT/AEJIBHOM BOJIHE.

9.2.11. Pa3pab6oTKa cXeMbl OPraHU3AIUH CBA3H

Ha cxeMe opranuzaimuu cBs3u JOJKHBI ObITh YKa3aHbI:

- BCE IYHKTHI TPOEKTUPYEMOM TPAHCIOPTHOM CETH CBSA3H;

- BCE UCIOJb3yEMble MYJIbTUILICKCOPHI, BKJIIOUYAs JTOMOJHUTEIbHBIE KOP3UHBI
(TTOJTKM pacIIupeHus);

- Ha Bcex OO0O3HAUYECHUSX  MYJIBTUIUIEKCOPOB  TpeOyembie mo T3
UH(POPMAITMOHHBIE T0JI30BaTEIbCKUE (KOMIIOHEHTHBIC) MOTOKH IO HAIPaBJICHUSAM
(A-B, A-B, .... 1 T.1.) ¥ COOTBETCTBYIOIIHME UM HHTEP(EHCHI;

- arperatHble (JIMHEWHBIC) WHTEp(DEUCH, ¢ TOIKIIOYACMBIMH K HHUM
ONTUYCCKUMHU JIMHUSAMU (paOOIMMH U PE3CPBHBIMU);

- TUIBI ONTUYECKUX KaOesel U uX IJIUHBI MEXK/y y3J1aMU CBSI3U;

- TPOMEXYTOUHbIE CTAHIMU ONTHYECKOTO YCUJICHUS WU pPEreHepanu ¢
Ha3BaHUSIMU HACEJICHHBIX MYHKTOB M YKa3aHUEM PaCCTOSHU;

- MPOMEKYTOYHBIE MYHKTHI C BBIACICHUEM OT/EJIbHBIX BOJOKOH M3 KaOelbHOU
JTUHUH.

PucyHOK cXxembl OpraHu3aluu CBSI3U JIOJKEH OBITh JIOCTATOYHOTO pa3Mepa s
MPOUYTEHHS] BCEX HAIMUCEH, T.€. pa3Mep 3HAKOB NPU KOMIIBIOTEPHOM Habope He
MEHee 10 —(10). Ha cxeme MAODKHBI OTYETIIMBO IPOCMATPHUBATBCS BCE
MPOEKTUPYEMBIE CBsI3M corjacHo T13. PexkomeHayeTcs HCHoib30BaTh E€IUHYIO
CKBO3HYIO HyMEpalui0 OpranuszyeMbix cBsizeil. [Ipumep cxembl opraHu3anuu CBSI3U
npuBefeH Ha puc. 9.9. DTOT mpuMep HE SABISETCS TOYHBIM OTPAKEHUEM BBIIIIC
MPUBEIEHHBIX MPUMEPOB, OJHAKO M3 CXEMbl JOJKHO OBbITh TOHSTHO, 4YTO
WCIIOJIB3YIOTCS IBA BUJIA OMITHYECKUX TPAHCIOPTHBIX miaTdopm: miarpopma SDH ot
NATEX (FG-FOM10GM) u muatdpopma OTN/OTH ot T8 (BOJIT'A). ITnardopma
mynprumiekcopa SDH mo3Bomisier GopmupoBaTh arpernpoBaHHBIE TTOTOKH YPOBHS
STM-1/4/16/64 ¢ ux mocaenyromiei 3arpy3koit B ctpykTypsl OTU2/3 mmardopmbl
OTH. OTtaenbHBIMU MYKCIIOHAECPAMH peIIaeTcs 3amada (pOpMUPOBAHHS ONTUYECKUX
kaHaimoB Ha ckopoctu 100/400 I'Out/c. Bece onTmueckue KaHajibl B 3TOM IIPHMEPE
TPAHCIIOPTHOM CETU MOJJEPKUBAIOT COEMHEHHE THUIA «TOYKA-TOUKAa» M KaxKI0€
COCJIMHEHUE OPTaHU3YETCS Ha CBOEH HA3HAYEHHOM BOJIHE. 3allMTa BCEX COCAUHEHUM
B JIIOOOW M3 ONTHUYECKUX CEKIIMH MYJIbTUIIEKCUPOBAHUS MOKET ObITh peain30BaHa
Oyaroiapsi UCIIOJIb30BAaHUIO MATPHITHI onTHYeCKOTo KommyTaTopa WSS-ROADM.
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9.2.12. Pa3paboTKa cxeMbl CHHXPOHHM3ALMU TPAHCIOPTHOI ceTH

Ilepen pa3paboTKOW CXeMbl CHHXPOHU3AIMM ONTHUYECKOW TPAHCHOPTHOM CETH
HEOOXOJMMO BHUMATEIBHO HW3YyUYHUTh YKa3aHWs pazfena S ydeOHOro mocoows,
mutepatypy [14, 22, 23, 43, 49, 51-54], TexHHUYECKUE XapaKTCPUCTHKU BBHIOpAHHOU
anmnapartypsl 1 T3 B 1.4,

CocTaBuTh TaONHIy MPUOPUTETOB WCIIOIH30BAHUS BXOJOB CHHXPOCHTHAJIOB B
KOKIOM MYJIBTUIUICKCOpE, TJAE€ WMEETCS BCTPOSHHBINM TAaKTOBBIM T'EHEPATOP,
TpeOyOmMui MPUHYIUTEIFHON CHHXPOHHU3AIMU. Takue TeHepaTophl pa3MenaloTcs B
obopynosanuun SDH, OTN-OTH, Ethernet, ATM. B cuaXpoHU3aIuu HE HYXIAETCS
ONTHYECKOE 000pya0BaHHE (OMTHYECKUE MYJIbTHILUICKCOPHI, ONTUYCCKUE YCHIUTEIH
u T.1.). CoeIMHCHHSI ONTUYCCKUX KaHAJIOB THITA KTOYKa-Touka» 1o Texaonoruun OTH
TaK)Ke HE HYXIAIOTCS B CIIEIUAIbHON cHHXpoHN3anun. OHAKO, TIPH HCTIOIb30BaHUH
JIeKTpOoHHON KommyTaruu OmokoB ODUK cereBass cuHXpoHHM3amms HEOOXOJAHMMA.
[Tpumep pacnpeneneHus IPUOPUTETOB TipuBeIcH B Ta071.9.6.

Tabnuma 9.6. [Tpumep Tabmuibl pacpeereHus: IPUOPUTETOB

Uctounnkn W BXOABI [TpuopureTsl
CUHXPOCUTHAJIOB 112 3 [4]|5]|6
[19T, Bxox T3; +

B3I, Bxon T3, +

Kommonenr, sxox T2 +
STM-16 3aman, sxox T1 +

STM-16 BocTok, Bxox T1 +

I'CH, Bxox TO +

Ha cxeMe cuHXpOHU3aIUU JOJKHBI OBITh YKA3aHbI:

- Bce uctouHukH (reHepatopsl) TakToBbIX yacTtoT ([I2I, B3I, I'CD), cucremsr
pacnpenencuus cuuxpocurtanoB (APCC) M MCTOYHHMKH KOMIIOHEHTHBIX CHTHAJIOB,
UCIIOJB3YeMBIX B KadecTBe cuHxpoHm3upytonmx (or ATC, AMTC, npyroi
TPAHCIIOPTHOM CeTH);

- BCE BHEIIHUE BXOJbl CHHXPOCUTHAJIOB B OJOKM CHHXPOHHU3AIUU
MYJBTUIUICKCOPOB M MPUOPUTETHI WX HCIONb30BaHus (coriacHo  Tabnwmile
MPUOPUTETOR);

- mokasarenu kadectBa (Tpancimpyrotes B 6aiite S1 MSOH SDH, taxke B KO
notoka El, ormenpHbIMH ClyKeOHBIMM Kaapamu Ethernet, ciayxeOubiM OaiiTom B
sarojopke OTUk mms OTH) mepen BXogamMu CHHXPOCHUTHAJIOB B OJIOKH
CUHXPOHU3AIUUA MYJbTUILIEKCOPOB;

- HaIpaBJICHUS CUHXPOHU3AIUU TPOMEKYTOUHBIX PEr€HEPaTOPOB;

- HampaBJEHUS PACOPOCTPAHEHUS] CUHXPOCUTHAJIA B HOPMAJIbHOM PEXKUME
padoter TCC;

- HaIpaBJICHUSI PACHPOCTPAHEHUSI CUHXPOCUTHAJIOB B aBapUHOM COCTOSIHUU
(BOCCTaHOBJICHUE CHHXPOHU3AIIMH 110 OTICIHLHOMY 3aaHHIO);
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- TOYKH pa3pbiBa BO3MOXHBIX NETEIb CAMOCHHXPOHU3ALUY.

[Ipumep cxeMbl ceTu cuHXpoHmM3aruu mpuBeneH Ha puc.9.10. Ha cxeme
OCHOBHOWM NyTh CHUHXPOCUTHAJIAa MOKAa3aH CIUIOIIHOM JIMHUEH, a PE3EpBHBIA NyTh
npouepyeH MyHKTUpoM. [IpuHyauTenbHAs CHHXPOHU3ALUS BBHIMIONHSIETCA OT Y3ia
APCC B3I, pacnionoxkeHHOro B myHKTE A. Pe3epBHBIM UCTOYHHKOM CUHXPOHU3ALUN
B 3TOM ipuMepe sBisiercss [[CO A (mpuoputet P2).

‘ ‘ 04O | 18418x

TSI EEE 16418X
Brixoas! 0T o4 @
APCC B3l T
0z § T3 J
a6 Pl,-\\_‘ az |,
P4 Q4 Q6 S, Q4
16418X 2 C p2@ PO~ - P P2 Ta6 .
v 92 rC3 A 16708M rc3 1 16708M v }Q2  16418X
S Pz 5
04 Tif= rc3 6 - P3 Q4 T1 04
pa| ~y P3| 18 70SM rca B 1670SM ;2 )
Y WY o 16708 M a5 F
TSP R =|p2 @P?A. ___________ -
az ‘.

P1 | Q2

T

@ a4

16418%

Puc. 9.10. I[Ipumep cxembl ceTH CHHXpOHU3ANKH ¢ 00opynoBannem SDH

[Tpu Heobxoaumoctu (1o T3) BEIOpaTh 000OPYIOBAHHE CETH CHHXPOHHU3AIUN OT
BEIYIIMX NPOU3BOAMTENCH, Hampumep,  «Symmetricom» wumu «Oscilloquartz»
(www.symmetricom.com , www.oscilloquartz.com ) u ap. DTo MOXeT OBITh
ob6opynosanue 101, B3I, APCC, GPS i I'JTOHACC.

[Ipu pa3paboTke TpaHCHOPTHOM ceTH ¢ makeTHou mnepemaueii (Ethernet, TP-
MPLS) HeoOX01uMO B IPOSKTE CHHXPOHU3AINH PYKOBOJICTBOBATHCS TEXHUUYCCKHMHU
JTaHHBIMA OOOPYMOBAaHWS W TPUHIMIIAMH CHHXPOHHU3AIMHM ITAKETHOW Iepeaaydw,
moIpoOHO TpeicTaBieHHBIME B pekomMeHaanusx MCO-T cepun G.82xX.

9.2.13. Pa3pa6oTka cxeMbl yHpaBJieHUsI TPAHCIIOPTHOM CeThI0

Ilepen pa3paboTkoil cxembl yIpaBie€HUS HEOOXOJAMMO BHUMATEIHbHO H3YYUTh
MPHUHINIIBI YIPABICHUS B TCIICKOMM YHHKAITUAX, UCIIONB3Ys tutepatypy [1, 14, 78].

Heo06xoquMo u3yuuTh BCIO UH(OpMaNUI0 TPOU3BOIUTENS OOOpPYAOBAHUS
TPAHCIIOPTHOM CETH C TOYKM 3PEHUS TOCTPOCHUS CHUCTEMbl YMIPABICHUS IJIs
o0Opy/lOBaHUSI U TPAHCHOPTHBIX ceTed B 1menoM. OOpaTuTh BHUMaHUE Ha
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BO3MOXKHOCTH JIOKAQJBHOT'O M CETEBOTO YIPABIICHUS, THUIIBI ONEPAIMOHHBIX CHCTEM
ynpasicHus (YIpaBJIeHUs CETEBBIMHU DJIEMECHTaMH, YIPABJICHUS CEThIO, YIIPABIICHUS
yCIyraMu TPAHCIIOPTHON CETH, yIpaBJICHHUS CHHXpOHHW3amuel). BriOpaTh cuctemy
YIPABJICHHUSI, TOAXOISILYIO IO MPOCKTHPYEMYIO CETh.

Ha cxeme yrmpaBiieHHs TPAHCIIOPTHOM CETHIO JTOJIKHBI OBITh YKa3aHbI:

- BCE YIpaBIsCMbIe CETEBBIC JJIEMEHTHI (MYJbTHUIUICKCOPHI ONTHYECKUE |
DJICKTPUYECKHE,  PEreHepaTopbl,  ONTHYECKHE  YCWIHTEIH,  OOOpYJIOBAaHHE
CUHXPOHU3AIIUH, JICKTPOITUTAHUS U T.1.);

- KaHaJIbl Tepeavyd JaHHBIX JUIsl CETH YIPABJICHUS C YKa3aHUEM CKOPOCTH
nepeaadn mo BceM ydactkam (Hampumep, B cetd SDH sto DCCr 192 x6ut/c wiun
OSC B onrtrueckoii cetn Ha BoiHe 1510 M mipu ckopoctu 10/100 MowuT/c);

- uHTepdeiichl IokambHOTO U ceteBoro ympasnenus (F, QX, .....);

- JoKanbHasA(-ble) CeTh(-M) CHCTEMBI YIPABJICHUS C CEPBEPAMH H PaAOOUUMHU
CTaHIIASMHU,;

- mpotokoJibl B3aumoeiicTeus B cetn (SNMP, CMIP, CORBA u T1.1.).

B Tekcre TOSCHUTEIBHOW  3alMCKH  JIOJDKHA  TPUBOIMTBCS — KpaTKas
XapaKTEePUCTHKA BBIOPAHHON CHUCTEMBI YIpaBiieHUs. [IpuMep CXeMbl YIpaBJICHUS
MPOCKTUPYEMOU ceTr mpuBe/eH Ha puc. 9.11.

RS-232]'

RS-232
16415X | F 1641SX

|F

S1

s1
192kout/c RS-232 192K6muT/c
DCCrD1-D3)  10BASETy ' ™. pecr (p1.03) 10BASE Ty RTS-m ’—‘\q\ 192k6ut/c

B STM-64 Sl [« ST T2 DCCr (D1-D3)
192k6uT/c \ w W = =
. =1 L [74] 4] I
RS-232 DCCr (D1-D3) &= = 192K6uT/C & - 192k6uT/c
e DCCr (D1-D3) DCCr (D1.D3)
| F] = STM.64 B STM-64
S1 S64 B 1670SM r 1670SM S64
L | 81 3|~ 10BASE-T
| | ] E n |F—RS-32Z  16415x
16415X RS-232—F | 1670SM
10BASE.T |03 B
< A 1670SM 1670SMI—e4 | Lt
/ T—’
7. "2} o~
— g 44 192k0uT/c RS-232
KOHT/C 192k0ut/c DCCr (D1-D3)
DCCr (D1-D3) 51 | [03 ]F DCCr (D1-D3)
B STM-64 e STM64
192k0uT/c M= RS-237
DCCriD1D3) | <A n ‘
B STMA ™ Tex 10BASE-T E] poTokon
ynpaeneHna
S1 — ﬂr’ CcMIP
1641SX

1320CT - ynpaenenue po 32
CeTeBbIX 3NeHeHTOB

F |
Rs.232 %

Puc. 9.11. IIpumep cxempl opraHU3alUH YIIPABICHUSI TIPOSKTHPYEMOU ONTUIECKON
TPAHCIIOPTHOM CETH Ha OCHOBE TexHosorun SDH
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9.2.14. Bb100op He00X0AUMbIX KOHTPOJIbHO-U3MEPUTEIBLHBIX MPUOOPOB

JIJ1si HOpMaNbHOTO 3alMycKa W JKCIUTyaTallud TPAHCIOPTHON CeTH HEOOXOIUMO
MPEAYyCMOTPETh KOHTPOJIbHO-U3MEPUTEIBHBIE TPUOOPHI:

- Il KOHTPOJISI U1 U3BMEPEHUI Ha BOJIOKOHHO-ONTUYECKOM Kabere;

- JUTsl TECTOBBIX UCIIBITAaHUH onTraeckoro ooopyaoBaanst DWDM u CWDM,;

- IIs1 TECTUPOBAHMUSI DIIEKTPUUECKUX U ONTUYECKUX UHTEPPENCOB;

- 1[I TecTUpoBaHMs oOopymoBaHus makeTHoi mepemaun (Ethernet, ATM,
MPLYS);

- JIUIsl TECTUPOBAHUS CUTHAJIOB M 00OPY/I0BAHUSI CUHXPOHU3AIINH.

Beibop HEOOXOAMMO TPOWM3BECTH IO JaHHBIM (KartajoraMm, cadTam B
MHTEPHET: www.pr-group.ru, WWWw.SYrus.ru u ap.) MpOW3BOIUTENICH, HapUMeEp,
EXFO (www.EXFO.com), JDSU (www.jdsu.com , www.acterna.ru), Anritsu (
www.anritsu.com ).

B Tekcre TOSCHUTENBHOM 3alUCKU  JOJDKHBI  IPUBOAUTHCS  KpPaTKHE
XapaKTEPUCTUKHU BHIOPAHHBIX IPUOOPOB.

9.2.15. Pacuer moTpedJieHHS  JJIEKTPOIHEPruU  0OO0OpPYAOBaAHUEM
TPAHCIOPTHOM CeTH U BbIOOP HCTOYHHMKA JIEKTPONUTAHUSA

Jlns  BbIOOpa HMCTOYHUKA AJIEKTPONUTAHHUS OOOpPYHOBAaHUS  ONTHUYECKOU
TPAHCIIOPTHON CEeTH HEOOXOJMMO MPOU3BECTU PACUET MOTPEOJIIEMON COBOKYIHOM
MOIITHOCTH B KaXXJIOM y3J€ MOpPH YCIOBUU MAKCUMAJIbHOW KOMIUIEKTAIIMHU TOJIOK
(kop3uH). [0 COBOKYITHOW MOIIIHOCTH BBIYUCIISCTCS BEIMUMHA JICKTPUUSCKOTO TOKA
U BBIOMpAETCAs NOIXOISAIIMKA HWCTOYHUK TOKAa C 3aJaHHBIM ([0 TEXHHYCCKHUM
XapaKTEePUCTUKAM almapaTtypbl) HampsbDkeHWeM. [Ipu 3TOM HYXHO Yy4YecTh, YTO
KauecTBO pal0OThl MCTOYHHMKA DJIEKTPOMUTAHUS, B YACTHOCTU IYJIhCAllUM TOKa,
3aBUCUT OT mnoTpednsieMoro Toka. Yem OoJibllle BEIWYMHA TOKA, TEM OOJIbIIE
BeJMuMHA myhbcanuil. [lynbcanuu MoryT BbI3BaTh COOM CHHXpOHU3AIMU U(POBOI
nepeayd, 4YTO TMOBJEYET yBedaudeHue Kodpduuuenta omubok. Pexomenmyercs
BHIOMpaTh HCTOYHUK TOKA C JBYKPAaTHBIM 3alacoM OT MaKCHUMaJbHOIO
MOoTpeOIIeMOro TOKa OO0OpYJOBAaHUEM TPaHCHOPTHOW ceTu. Hampumep, MOXKHO
UCIOJIb30BaTh  MCTOYHMKH  tuma  YOIIC-3k  (www.promsd.ru),  KOTOpbIi
noakmouaercs Kk omHodasHoi (220 B) u tpexdaszuoit (380 B) cern mepemeHHOr0
Toka. HeobxonuMo omnpenenuTs miomaab CEYeHUs] MPOBOJa TOKOBEAYIEH KUIbl U
BBIOpaTh TUIl MPOBOJIA, KOTOPHIA JTOMKEH COCIUHUTh MCTOYHUK TOKA C MUTAEMOU
anmnapatypoid. BenuumHa mnajgeHus HaAMpsOKEHHWsT HAa TOKOBEAYIIEM IPOBOJE HE
nokHa mipeBblmath 1 B. Tlpu u3BecTHOM TOKE MOTPEOJICHUS OMpeeseTcs
JOMYCTUMOE JIEKTPUYECKOE CONPOTUBIIEHUE MTPOBOAA

Ro:UHOH“ ,

rae U,<IB, | — BenmuunHa s5ekTpudeckoro Toka (A), morpedaseMoro anmaparypou.
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Comnpotusiienue Ry 3aBucut ot amuns! poBoza (I, M), ynenpHoro conporusienus (p,
2 2 N
OmxMM“/M), Twtomamy cedeHus (S, MM“) H OT TeMIlepaTypbl OKPYKAIOMIEH CpeIbl

(KaKk TIpaBHJIO, €CJIM MPOBOJIAa HAXOIATCS Ha OTKPBITON aTMocdepe):

Ro=pxI/S.

[IpuBeeHHOE COOTHONICHHUE TMO3BOJISET OMPEACIUTH IUIONIAb CEUCHHE TPOoBoaa S.
Jlnst onipeneneHust TUa MpPoOBOJIa HEOOXOAUMO OOPATUTHCS K AIEKTPOTEXHUUYECKUM
CIPaBOYHMKAM HJIM Ha callT Www.ruscable.ru . J[uHa nmpoBoja 00ycaoBiIeHa MECTOM
PaCTONIOKEHHSI ICTOYHUKA TOKA WM aIIapaTypbl CBSI3U M MOXKET COCTAaBJIATH OT 2-3M
10 100-150m.

Pe3ynbraThl pacueToB U BbIOOpAa HCTOYHUKOB AJIEKTPONMUTAHUSI HEOOXOIMMO
OTPA3UTh B TEKCTE MOSICHUTEIbHON 3aMUCKH.

9.2.16. KommiekTanusi 000py10BaHuUsi

CocTaBHTh TAOJIHILY TIOJIPOOHON KOMIUICKTAIIMH 000pymoBaHus (TpaHCIIOHICPHI,
MYKCHOHJIEPbI, MYJbTUIUIEKCOPHI, YCUJIUTENH, KOP3UHBI, CTOWKH, MACCUBHBIC
AJICKTPUYECKHE U ONTHYECKHUE KPOCCHI M T.JI.) B Ka)JOM y3JI¢ TPAHCIIOPTHOW CETH,
BKJIIOYAs MPOMEXYTOUHbIE CTaHIIMM  ONTHUYECKOrO  YCUJICHHUS, ONTUYECKOMN
pereHepanuu, pereHepanuu ANEKTPUUECKUX  CHUTHAJIOB, o0opynoBaHus
ANEKTPOMUTAHUS.

9.2.17. Cxema npoxoxaenusi nenei B JIAILL

Ha cxeme npoxoskaeHus rerneid B nHeiHOM ammapaTHoM nexe (JIALL) nomkHb
0TOOpaXaThCs BCE MNEKTPUUYECKHUE U ONITHUECKUE LICTIH:

- nuHekHbIH(-¢) onTudeckuii(-e¢) kabenb(-v) W BCe BOJIOKHA, BBIBOJAMMEBIC Ha
ONTUYECKUN KPOCC;

- CTaHIIMOHHBIE ONTHYECKUE KaOeln ¢ BOJOKHAMU, CTHIKYEMBIMU C JIMHEHHBIMU
BOJIOKHAMH B ONTHYECKOM KPOCCE C OJHOW CTOPOHBI U C ammapaTtypou ¢ Apyrou
CTOpPOHBI,

- ONTUYECKUE COCIUHUTENIbHBIE WIHYpbl MEXJy OJOKaMU ONTHUYECKOU
anmnapaTypbl, paCloJIOKEHHBIMU Ha Pa3JIMUHBIX CTOMKAX B MpeJenax 1exa,;

- 9JICKTPUYECKHE SN KOMIIOHCHTHBIX CUTHAIIOB (BuThIe mapsl juis E1, Ethernet
10, 100, 1000 Mowurt/c), koakcuanbubie kaOemu mis E3, E4, STM-1 u curnamos
CUHXPOHHU3AINH, IPOoBO/Ia (IIIWHBI) AIEKTPOIIMTAHUS U 3a3EMJICHUSI.

Bce umenu  momkHBl  m300paxkaThbCd B NPUBS3KE K ammaparype
(MynbTHILIEKCOpaM, ycTpoiicTBam BHemHe# cuuxponm3aruu (12, B3I, APCC),
YCTPOMCTBAM YIPABJICHUS CETHIO M AJICKTPOIUTAHUSA) U T.I.

[Tpumep cxembr mpoxoxaenus meneit B JIALL npuBenen Ha puc. 9.12.
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Puc. 9.12. TIpumep cxembl TPOXOKAEHUS ITCKTPUICCKUX U ONTHICCKUX IIETICH B
JIAILL

Ha cxeme mpoxoxnenus ueneit B JIAL] sxenaTtenbHO 0003HAYUTH BOJIOKOHHBIC
CBETOBO/IbI, MpeJHAa3HAYCHHBIC IS apeHJIb, MECTHBIX CeTeld W T.JI. COIVIACHO II.3
TEXHUYECKOTO 3a/1aHUS.

9.2.18. O¢dopmiieHne KypcoBOro mpoeKTa

KypcoBoif mpoekT B 4YacTU NOSICHUTEIbHOW 3alUCKH, PUCYHKOB, TaOJHII,
rpauKoOB, COAEpKAHUS, CIUCKA JIUTEPATYPhl JOJDKEH BBIMOJHATHCA B IOJHOM
COOTBETCTBUH C TPEOOBAHUAMHU, U3JIOKEHHBIMU B yueOHOM nocobun «Pa3zpadorka u
opopmiieHHe KOHCTPYKTOPCKON JOKYMEHTAIIUM PAAHO0YIEKTPOHHBIX CPeJICTB:
yued. nocooue / B.SI. Baiicmanup, I'.I1. Karynun, I'.JI. MedoaneBa; Cub. roc. yH-
T TeJekoMMyHukanuii u mnpopmatuku. - HoBocubupek @ 2005. - 249¢. - 150,
p.», KoTopoe Haxoautcs B onbmmorexke Cudl'YTH.

Hwxe npexacraBieH mpumep s oPOPMIICHUS TEXHHUUYECKUX XapaKTEPUCTHUK
000py1I0BaHUS B MPUJIOKEHUU K KYPCOBOMY MPOEKTY.
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9.2.19. Ilpumep odopmwieHuss s npuwiokeHus. Kommiekryrommue.
Ontrueckuil MynpTUILIEKCOp - Mykcnionaep MS-100E-T10

OO1iee Ha3HAUYECHME

Arperupytommii  MynabTuIuiekcop (Mykcnonaep) MS-100E o0wvemunsier 10
kiueHTckux curHajgoB 10 I'out/c u mepemaer ux B omHom 100G DWDM-kanare.
N3MeHsATh TUIN KIMEHTCKOTO MPOTOKOJAa MOXHO B Job6oMm u3 10 kanamoB 0e3
OCTAaHOBKM JUHEWHOro Ttpaduka. Mykcnonaep BoinonHseT 3R-pereneparuto,
npeoopasyer manasie B ¢opmatr OTN OTU4 u ucmnonp3yeT MOIIHBIC aJrOPUTMBbI
Koppekuuu omubok. [lepenaya JaHHBIX OCYHIECTBISETCS Ha CTAOMIM3UPOBAHHOM
JUIMHE BOJIHBI B COOTBETCTBUM ¢ yacToTHON cerkoii DWDM. binok umeer Ethernet-
MOPT I OpraHu3anuu ciy:keOHoro kanaina ESC BHyTpu ciayXeOHBIX 3aroj0BKOB
OTN OTU4 na paboueil miuHe BOJHBI MyKcrnoHaepa. Ha mnpueMHOl cTOpoHe
MPOU3BOJUTCS ~ KOTEPEHTHOE  JIETEKTUpOBaHME  curHaia.  KOHCTpYKTHBHOE
odopmiieHue npeacTaBiaeHo Ha puc.I11.

Puc.I11. KonctpyktuBHoe odopmiieHre 010ka MyKCIOHIEpa

Ha nepenneit manenu pacrnonoxkeHbl 10 AYIUICKCHBIX ONTHYCCKUX THE3M IS
MOJKITIOYCHHUS. ONTHYSCKUMHU IIHYpaMH KIUEHTCKoro obopymoBanus. Crpasa
pacIoOXKEeHBl ONTHYECKUE THE3NA IS TMOJKIIOUEHHUS ONTHYCCKOTO CIIAPSHHOTO
mHypa (LINE) x ROADM. K rHesny CONTROL mpemycMOTpPEeHO MOAKIIOYCHUE
000pyTOBaHUS CITY)KEOHOW CBSI3H, YIPABICHUS 1 MOHUTOPUHTA ONITHYECKOTO KaHaIa.

Bosmoxnaoctu MS-100E-T10:

o mnepenava 10 knmuentckux curaanos 10GE, STM-64, OTUZ2, 8/10 GFC
o  cayxeOHbIi kaHan ESC B nuneliHoM uHTEpdEtice

o  xoppekius omuook SOftFEC 15%

e  KorepeHTHHIN Gpopmat Mmoxymsiiuu DP-QPSK

e  mepectpanBaeMbiii B C-nuama3one gazep

o  opranm3anus 10 96 kananos ¢ marom 50 I'T1y

o aBromarmueckas koppekius aucnepcun 10 70 000 mc/am
o pomyctumoe 3nauenne OSNRt = 12,5 a1b (0,1 am, BER = 10 -1?)
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Crpykrypnas cxema MS-100E-T10 mpenctaBnena na puc. I11.2. [{ns mopros
MOJIKITIOYEHHS] 000pYIOBaHUS KIMEHTOB MPEeAyCMOTpeHbI Moayiu SFP+ Ha ckopoctu
10 T'6ur/c. Jlumeinnsnii Boixog OTU4 moakmiogaercs K ONTHYECKOMY
myabTUILIeKcopy/ nemynbtuiniekcopy (ROADM) Boara DWDM. B rta6mune I11.
MIPEICTABIICHbl UHTEP(PENCHbBIE ONTHYECKUE XapaKTEPUCTUKU JUIsl IBYX BapHAHTOB
WCIIOJIHEHHUS C PA3JIMYHBIMU YPOBHSAMHM N€pEIad, YyBCTBUTEIbHOCTIO TPUEMHHUKA U
3¢ (HEeKTUBHOCTHIO HcTpaBiaeHus omuook FEC.

Client In 1 .
10GE, STM-64, OTUZ
* Client OUt 1

Client In 2

10GE, STM-64, OTU2
DP-QPSK Line Out
Client Out 2 B2 >
OTN OTU4 DWDM

[R5z

&

773 Coherent

E

Line In

Client In 10 »
10GE, STM-64, OTU2
Client Out 10

Puc.I12. Ctpykrypa mykcnornepa MS-100E-T10

Tabauua [11. OnTuyeckue XxapakTepUCTUKH

nm]"ll/ll/IlAH/e::;;My;l(:Tepcbemc, CKOpPOCTb Nepenayn B OTU4, 120 / 10*10 [6uT/c
CtangapTbl KMMEHTCKMX NHTEpPdEencoB 10GE, STM-64, OTU2, 8/10 GFC
BbixogHOM ypOBEHb MOLLIHOCTH -5...0aBm | -15... 1 pbm
[nana3oH pabounx AnuH BONH nepegartynka 1528,7-1567,1 HM
YyBCTBUTENBHOCTL NpuemHuka (BER=10-1?) -18 obm | -21 nbm
Meperpyska npnemHuka (BER=10-12) 0 nbm
ABTOMaTMYecKas KOppeKkuus gucnepcum Jo 70000 nc/Hm 0o 22000 nc/Hm
14,5 pb(c Soft-FEC 15%)
OSNRT (0,1 HM, BER=10"-12) 12.5pB (¢ SOft-FEC | o) & (1TU-T 6.709
15%) FEC 7%)
MoTpebnsaemasa MoLlHOCTb He Gonee 165 BT 125 Bt
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3akiaouyeHue

[logBoass utorm y4yeOHOTO NPOECKTUPOBAHMSI ONTUYECKOU MYIHTUCEPBUCHOU
TPAHCIIOPTHOM CceTHU HEOOXOAMMO TMOAYEPKHYTh TMEPCIEKTUBHBIE KIIOUEBBIC
COCTaBJIAIOIIME MPOLIECCa.

1.

TexHOMOTMU  TPAHCHMOPTHBIX  CETEH  TPOAOIKAIOT  Pa3BUBATHCA.
peaan30BaHbl CTAHIAPTHI. HA CKOPOCTHOM pexkuM mepenadun 100 I'out/c
s Ethernet; ma ckopoctHoi pexum nepenaun 120 I'out/c mos OTN-
OTH (OTU-4). Bueapsitorcss onTuUYeckre HHTEpEHChl Ha CKOPOCTH
200-400 TI'Gut/c, 9TO OOYCJIOBICHO  TEXHOJIOTHSMU KBaApPaTypHOU
(da3oBoil  MaHMNYJISIIIMM C  JBOMHOM  TMOJApU3alMe  curHana
KBaJIpaTypHOH amIuiuTynHoi Ha 16 m Oonee cocrosuuii (DP-QPSK,
Dual Polarization Quadrature Phase Shift Keying, DP-16QAM, -
64QAM, u T.1.), KOTOPBIE MO3BOJISIIOT MOICPKATH BHICOKOCKOPOCTHBIC
PEXKUMBI Ha TMPOTSHKEHHBIX yYACTKaX BOJIOKOHHO-ONTHUYECKHX CHUCTEM
nepenadn. BHempeHa  akTUBHAasT  KOMIICHCAIUS — JUCTIEPCHOHHBIX
UCKOKCHUNW B TPOTSHKEHHBIX ONTHYCCKUX JIMHHUSIX W YIIPEKITAFOIIAs
koppeknus omuook (FEC). Bee mmpe ucmonb3yroTesl pactpeie/iéHHbIC
pamaHoBCckue ycuiutenmn u  pereHeparopel 2R, 3R. Ilpoucxomut
pacnpoCTpaHEHUE ONTHYECKUX KOMMYTAaTOPOB W HMHTETPUPOBAHHBIX
pekoHpUTrypupyembix ontudeckux mynbtumiekcopoB CDC-ROADM u
T.1. [IepCrIeKTUBHBIM SBISETCS peanu3alis CKOPOCTHBIX PEKHUMOB J0
ITI6uT/c ¢ WCMOIB30BaHWEM MHOTOCEPAINCBUHHBIX W MaJIOMOJIOBBIX
(MCF u FMF) BoJtoKOH.

TexHomormm  ONTHYECKWX CETEH  BIUIOTHYIO MNPUOJM3WINCH K
MOJIb30BATEILCKUM ~ TEpMHUHAJIaM,  TPEXJe  Bcero,  Omaromaps
texHosnorusim FTTX. Ilpu 3ToM B pacnopsikeHue MOJb30BaTENs
MIOCTYTAeT CeTeBOe OKOoHuUaHme Ha ckopoctu oT 100 M6ut/c mo 1000
Mo6urt/c.

Bce Oombire Bo3pacTaer posib MAKETHOW Mepeaadyd W KOMMYTAIHH
(Ethernet PBB/PBT, MPLS/TP-MPLS, IPv6) B oOecrnieucHnn
MOJIb30BaTeNIed  BBICOKOKAYeCTBEHHBIMU  yciayramu  (puc.3.1) w
BO3MOXKHBIM TIEPEXOJIOM K JBYXypoBHeBoW wmoxenn (puc.3.2) ¢
porpaMMHBIM KoHpUTypupoBanueM Tpancmopra SDN-T.

Bcé€ mmpe ucmnonp3yroTesi CUCTEMBI TIEpeiadd  MYJIbTUTIEKCHPOBAHHUS C
pazaenenuem 1o auHe BoiHbl (CWDM u DWDM ¢ dukcnpoBaHHO# 1
rHOKMMH CeTKaMH BOJIH) Ha Pa3IMYHBIX YUACTKAX TPAHCIIOPTHBIX CETCH !
OT MarucCTpajbHOTO J0 JOCTYTIA.
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Ether LAN/ LINE- service IP-services

MPLS-TP, Ether lavors | J
OTN Mux -
Ether Framing
1
WDM static grid WDM flex grid
Black Link
Fiber

Pucynok 3.1. PeanbHas nepcrnekTuBa pa3BUTHs ONITUYECKHUX CETE

Crapas mopens Hosas mogens

_ YpoBeHb C:
obnayHbIf cepBuUC

SBC
L3-L7
S SDN Control

MPLS PE
&

Firewall

Packet
Lo-13 (ST e
K MHTennekTyanbHbIA TPaHCNOPT

OTN

OT CeMUYPOBHEBOM K ABYXYypoBHeBOW: CepBuc - TpaHcnopt (ypoBHU: C u T)

Firewall- annapatio-nporpasmniie CPeacTEa SALWTLI NFV - dhyHKUMIK BHPTYRNHISLHN CETH
SEC - KoWTpOnnep NOrpaHM-YHOR CECCHM SDN control - KoHTPOARER APOTPAMMHG-

BRAS - yoantHHsIi CEpECp WHPOKSNONOCHOM QocTyNa EOHGHIYPHPYEMOR CETH
MPLS PE - 3neMeHT MHOTONPOTOKONBHON KOMMYTALWM N0 METKAM

Pucynok 3.2. Tpauncdopmarus ceTeBoil MoIeH
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IMpuwioxenue 1. XapakTepucTUKHU onTHYecKUX uHTepPeiicoB SDH

Ta6auna I11.1. Xapakrepuctuku STM-1

XapakTepuCTUKH Enunnna 3Hauenue

udposoii curnam, STM-1,

CKOPOCTh TIepeaayH, KOuT/C 155 520,

JIMHEWHOE KOJUPOBAHUE ckpemOnupoBanublii NRZ

[IpuknagHoii kox -1 S-1.1 S-1.2

Pabounii nana3oH BOJIH HM 1260-1360 1261- | 1430- | 1430-
1360 1576 1580

IlepenaTunk B onopHON TOYKe S

Tun ucToyHNKa FP LED FP FP DFB

CrieKTpabHbIC XapaKTCPUCTHKH

— makcumasibHoe CK3 mmpunst (AL) HM 40 80 7,7 25 -

— MaKCHMaJIbHas IUPUHA HA YPOBHE

—20 nb HM - - - - 1

— MUHUMAaJIbHBINA KO3()(PUIIUEHT

[MOJaBJIEHUS] OOKOBOM MO Il nb - - - 30

CpenHsist BBOIUMAsi MOIIIHOCTD:

— MakcHManbHas nbm -8 -8 -8

— MUHUMAaJILHAI nbm -15 -15 -15

Munum. ko3pdunuent ramenuns (EX) b 8,2 8,2 8,2

OnTtuyecknii TpakT Mexkay S u R

Jlnara3on ociaa0ieHus b 0-7 0-12 0-12

Makcum. aucnepcus IIC/HM 18 25 96 296 H/O

MuHNMaNIbHBIE ONITUYECKUE BO3BPATHBIC

NoTepH Ha KaOEeIbHOM Y4acTKe B S,

BKJIIOYAs JIFOOBbIE COCAUHUTEIIN nb H/O H/O H/O

MakcumMasbHas JUCKPETHAsE OTpaka-

TeJbHAsl COCOOHOCTh MeXAy S U R nb H/O H/O H/O

IIpuemHuk B onopHoii Touke R

MuHuMalnbHast 49yBCTBUTENBHOCTD nbm -23 -28 -28

MuHnumMmanbHas neperpyska nbm -8 -8 -8

MaxkcuManbHbIH Tpag ONTHIECKOTO

TpakTa nb 1 1 1

MakcumaibHast OTpakaTesibHas

CIOCOOHOCTH, M3MepeHHasi B R nb H/O H/O H/O

Coxpamenus: CK3, cpennss kBaapaTudeckas 3aBucuMocts; H/O, e onpeneneno; NRZ, non return
to zero - 06e3 Bo3BpameHus k Hymo; FP, Fabry-Perot — ®abpu-Ilepo (koHCTpyKIHS
noiyrpoBoaHuKoBoro sasepa); LED, light-emitting diode — ceeroauon; DFB, distributed feedback
— pacnpenenénnas oOparHas cBsa3b . Koaddurment ramenus (EX) ompenenstor kak: EX 10 Log
(A/B) 10, rne A — cpenHuii ypOBEHb ONTHUYECKOW MOIIHOCTH B IieHTpe Joruueckou 1", a B —
CpeIHU YpOBEHb ONTUYECKOH MOITHOCTH B IeHTpe Jorudeckoro "0". OOMmenpuHsATH CleayIoIue

YCJIOBUS JJIsl YPOBHEN ONITUYECKOU JIOTUKHU!

— U3JIy4y€HUe CBeTa — Joruyeckas enquuuna 1",
— OTCYTCTBHE U3JTy4eHHs — Jorndeckuii Hynp "0".
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Ta6auna I11.2. Xapakrepuctuku STM-1

XapaKTepuCTUKU Enunnna 3HaueHue
[Mudposoii curnam, STM-1,
CKOPOCThH TIepeayH, KOuT/C 155 520,
JIMHEWHOE KOJUPOBAHUE ckpemOnupoBanublii NRZ
[IpuknagHoit kox L-1.1 L-1.2 L-1.3
Pabounii quama3oH BOJIH HM 1263-1360 | 1480- 1534- 1480-

1580 1566/ 1580

1523-
1577

IlepenaTunk B onopHO# TOYKe S
Tun ucrounuka FP DFB | DFB FP DFB
CriekTpalibHbIE XapaKTEPUCTHKU: 3/2,5 -
— makcumasibHoe CK3 mmpunst (AL) HM 3 - - - 1
— MakcCUMaJlbHas IUPUHA Ha YPOBHE
—20 nb HM - 1 1
— MUHUMAaJIBHBINA KO3()(UITHEHT
MOAaBJICHUsI OOKOBOM MOJIbI nb - 30 30 - 30
Cpennsist BBogUMasi MOIIHOCTb!
— MakcHManbHas nbm 0 0 0
— MUHUMAJIbHAA nbm -5 -5 -5
Munum. ko3pdunuent ramenuns (EX) b 10 10 10
OnTtuyecknii TpakT Mexkay S u R
Jluara3on ociaa0eHus b 10-28 10-28 10-28
Makcum. aucnepcus IIC/HM 246 H/O H/O | 246/296 H/O
MuHMMaTbHBIE ONTUYECKHE BO3BPATHBIC
NOTepH Ha KaOEIbHOM y4acTKe B S,
BKJIIOUAsl JTFOOBIE COCTMHUTEIN nb H/O 20 H/O
MaxkcumMaibHas JUCKpeTHas OTpaka-
TeJbHAsl COCOOHOCTh MeXAy S U R nb H/O -25 H/O
IIpuemHuk B onopHoii Touke R
MuHuMalnbHast 49yBCTBUTENBHOCTD nbm -34 -34 -34
MuHnumMmanbHas neperpyska nbm -10 -10 -10
MaxkcuManbHbIH Tpag ONTHIECKOTO
TpakTa nb 1 1 1
MakcumaibHast OTpakaTesibHas
CIOCOOHOCTH, M3MepeHHasi B R nb H/O -25 H/O

Coxpamenus: CK3, cpennss kBaapaTudeckas 3aBucuMocts; H/O, e onpeneneno; NRZ, non return
to zero - 0e3 Bo3BpameHus k Hymo; FP, Fabry-Perot — ®abpu-Ilepo (koHCTpyKIMS
noiyrpoBoaHuKoBoro sasepa); LED, light-emitting diode — ceeroauon; DFB, distributed feedback
— pacripeaenéHHas 0OpaTHas CBsI3b
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Ta6auna I11.3. Xapakrepucruku STM-4

XapaKTepuCTUKU Enunnna 3HaueHue

[Mudposoii curnai, STM-4,

CKOpOCTh TIepeiauH, KOHT/C 622 080,

JIMHEWHOE KOJUPOBAHUE ckpeMmOsmpoBanHblii NRZ

[IpuknagHoit kox 1-4 S-4.1 S-4.2

Pabouwnii quana3zoH BOJIH HM 1261-1360 1293-1334/ 1430-1580
1274-1356

IlepenaTunk B onopHO# TOYKe S

Tun ucrtounuka FP LED FP DFB

CrnexTpanbHble XapaKTepUCTUKH

— makcumasibHoe CK3 mmpunsr (AL) HM 14,5 35 4125 -

— MakCHMMaJIbHas IIUpPUHA HA YPOBHE

—20 nb HM - - 1

— MUHUMAaJIbHBINA KO3()(PUITEHT

[MOJaBJIEHUS] OOKOBOM MOIbI b - - 30

Cpennsist BBogUMasi MOIIHOCTb:

— MakcHManbHas nbm -8 -8 -8

— MUHUMAJIbHAA nbm -15 -15 -15

MunuM. K03QPUIMEHT TaleHus nb 8,2 8,2 8,2

OnTuyeckuii TpakT Mexkay S u R

Jlnara3on ociaa0yeHus nb 0-7 0-12 0-12

MakcuMm. aucnepcust IIC/HM 13 14 46/74 H/O

MuHMMaTbHBIE ONTUYECKHE BO3BPATHBIC

NOTepH Ha KaOEeIbHOM y4acTKe B S,

BKJII0Yas JI0ObIE COeTMHUTEIH nb H/O H/O 24

MaxkcumManbHas JUCKpeTHas OTpaka-

TebHAst ClIOCOOHOCTh MeXay S 1 R nb H/O H/O -27

IIpuemHuk B onopHoOii Touke R

MuHuManbHast 49yBCTBUTENBHOCTD nbm -23 -28 -28

MuHnumMmanbHas neperpyska nbm -8 -8 -8

MaxkcuManbHbIH Tpag ONTHIECKOTO

TpakTa nb 1 1 1

MakcumaibHas OTpakaTesibHas

CHOCOOHOCTH, M3MepeHHasi B R nb H/O H/O -27
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Ta6auna I11.4. Xapakrepucrtuku STM-4

XapaKTepuCTUKU Enunnna 3HaueHue
[Mudposoii curnai, STM-4,
CKOpOCTh TIepeiauH, KOHT/C 622 080,
JIMHEWHOE KOJUPOBAHUE ckpeMOsmpoBanHblii NRZ
[IpuknagHoit kox L-4.1 L-4.2 L-4.3
Pabounii quama3oH BOJIH HM 1300- 1280- 1480- | 1480-1580
1325/ 1335 1580

1296-1330
IlepenaTunk B onopHO# TOYKe S
Tumn ucrouHuka FP DFB DFB DFB
CriekTpalibHbIE XapaKTePUCTHKU:
— makcumasibHoe CK3 mmpunsr (AL) HM 2,0/1,7 - - -
— MakCUMaJlbHas MIUPUHA Ha YPOBHE
—20 nb HM - 1 <1 1
— MUHUMAaJIBHBINA KO3()(UITHEHT
MOAaBJICHUsI OOKOBOI MO/IbI nb - 30 30 30
CpenHsist BBOIUMAsi MOIIIHOCTD:
— MakcHManbHas nbm +2 +2 +2
— MUHUMAJIbHAA nbm -3 -3 -3
MunuM. K03QPUINCHT TalIeHUs nb 10 10 10
OnTtuyeckuii TpakT Mexkay S u R
Jlnara3on ociaa0eHus nb 10-24 10-24 10-24
MaxkcuM. aucrepcust IIC/HM 92/109 H/O 1600 H/O
MuHNMaNIbHBIE ONITUYECKUE BO3BPATHBIC
NOTEepH Ha KaOEeIbHOM y4acTKe B S,
BKJIIOYAs JIFOOBIE COENUHUTEIN nb 20 24 20
MakcumaiibHast TUCKPETHAs
oTpakaTelnbHasi ClIOCOOHOCTh MEXIY
SuR b -25 -25 -25
IIpuemHuk B onopHoii Touke R
MuHuMalnbHast 49yBCTBUTENBHOCTD nbm -28 -28 -28
MuHnumMmanbHas neperpyska nbm -8 -8 -8
MaxkcuManbHbIH Tpag ONTHIECKOTO
TpakTa nb 1 1 1
MakcumaibHast OTpakaTesibHas
CIOCOOHOCTH, M3MepeHHasi B R nb -14 -27 -14
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Ta6auna I11.5. Xapakrepucruku STM-4

XapaKTepuCTUKU Enunnna 3HaueHue

[udposoii curnai, STM-4,

CKOpOCTh IIepeiauH, KOHT/C 622 080,

JIMHEWHOE KOJUPOBAHUE ckpeMOsmpoBanHblii NRZ
[IpuknagHoit kox V-41 | V-42 | V-43 | U-4.2 | U-4.3
Pabouwmii quanazoH BOJIH HM 1290- | 1530- | 1530- | 1530- | 1530-

1330 | 1565 | 1565 | 1565 | 1565

IlepenaTuynk B ONOPHOM TOYKeE
MPI-S

Tun ucrounuka OMJI | OMJI | OMJI | OMJI | OMJI
CrniekTpalibHbIE XapaKTEPUCTHKU:
— IapaMmeTp JUHEHHOU 4aCTOTHOU

MOYJSILUN Pan H/O H/O H/O H/O H/O
— MakCHUMaJIbHas LIMPUHA Ha YPOBHE H/O H/O H/O H/O H/O
—20 nb HM

— MUHUMAaJIBHBINA KO3()(UIIEHT

I10IaBJICHUSI OOKOBOM MO JIbI nb H/O H/O H/O H/O H/O
- MaKCUMallbHas CIIEKTpalibHAs MBTt/

IUIOTHOCTH MOIITHOCTH 10MTI'1t H/O H/O H/O H/O H/O
CpenHsist BBOJUMAsi MOIIIHOCTD:

— MakcHManbHas nbm 4 4 4 15 15
— MUHUMAJIbHAA nbm 0 0 0 12 12
MuHuM. K03QPUINEHT TaleHus nb 10 10 10 10 10
OnTuyeckuii Tpakt Mmexxkay MPI-S n

MPI-R

Jlnara3on ociaa0eHus nb 22-33 | 22-33 | 22-33 | 33-44 | 33-44
MakcumanbHasi AuCepcust IIC/HM 200 2400 400 3200 530
MuHnuManbHas Aucrepcus IIC/HM H/O H/O H/O H/O H/O
MaxkcumansHas JII'B3 Tc 480 480 480 480 480

MuHnManbHBIC ONITHYECKHUC

BO3BpATHBIC MMOTEPU HA KaOETHHOM
yuyactke B MPI-S, Bxirouas no0bie
COEIMHHUTEIHN nb 24 24 24 24 24
MakcumaiibHast TUCKPETHAs

oTpakaTelbHast CIOCOOHOCTh MEXKITY
MPI-S u MPI-R nb -27 -27 -27 -27 -27

IIpuemuuk B onopHoii Touke MPI-R
MunuManbHas YYBCTBUTCJIIbHOCTDH

(koaddumment omubok 10™%) nbM -34 -34 -34 -34 -33
MuHnumMmanbHas neperpyska nbm -18 -18 -18 -18 -18
MaxkcuManbHbIH Tpag ONTHIECKOTO

TpakTa nb 1 1 1 2 1
MakcumaibHas OTpakaTesibHas

cniocoOHOCTh, n3MepenHas B MPI-R nb -27 -27 -27 -27 -27

Cokpamenns: OMJI, ognomonoBeIid nazep; H/O - He onpeneneHo (CMOTpPETh XapaKTEPUCTUKU OT
npomsoauteisi); AI'B3, muddepenmansaoe rpynmnoBoe Bpems 3anepkku. B unTepdeiicax U-4.2
u U-4.3 MOXET NpUMEHSATHCS ONTHYECKUH MPEAYCUTUTEb.
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Ta6aumna I11.6. Xapakrepucruku STM-16

XapaKTepuCTUKU

Enunuma

3HayeHue

udposoii curnam,
CKOpOCTb MEPENAYH,
JINHENHOE KOJAUPOBAHUE

Kour/c

STM-16,
2 488 320,

ckpemOnupoBanublii NRZ

[TpuxnagHOit KOI

1-16 S-16.1 | S-16.2

L-16.1

L-16.2/
L-16.3

PaGounii nuama3oH BOJIH

HM

IlepenaTunk B onopHoO# TOYKe S
Tun ucrounuka

CrekTpaibHbIC XapaKTePUCTUKH:

— makcumasibHoe CK3 mmpunst (AL)
— MakCHMaJlbHas IIMPHHA HA YPOBHE
—20 nb

— MUHUMAaJIBHBINA KO3()(UITHEHT
[MOJaBJIEHUSI OOKOBOM MO (bl
Cpennsist BBoguMasi MOIIHOCTb!

— MaKCHMaJbHas

— MUHHMaJIbHas

MunuM. K03pduineHT rameHus

HM
HM
nb
nbwm

nbwm
nb

FP DFB | DFB

-3 0 0
-10 -5 -2
8,2 8,2 8,2

DFB

30
+3

8,2

DFB

<1
30
+3

8,2

OnTtuyeckuii TpakT Mexkay S u R
Jlnarna3on ociabieHus
MakcumanibHast IUCIIEPCUsT Ha
BEPXHEM IIpeJiesie JJIMHbBI BOIHbI
MakcuMaiibHas IUCTIEPCHS Ha
HIKHEM TpeJIeie JITUHbI BOJIHBI
MuHUMAaIbHBIC OITHYCCKHUC
BO3BpATHBIC MMOTEPU Ha KaOEITHbHOM
y4yacTke B S, BKIIO4Yasi J00bIe
COCIMHUTEIIN

MakcumaiibHasl TUCKPETHAs

oTpakaresibHasi CIOCOOHOCTh MEXLy
SuR

nb

IIC/HM

[IC/HM

nb

nb

0-7 0-12 0-12

12 H/O 800

12 H/O 420

24 24 24

-27 -27 -27

12-24

H/O

H/O

24

12-24
1600/
450
1200/
450

24

-27

IIpuemHuk B onopHoii Touke R
MuHuMmalbHas YyBCTBUTEIbHOCTh
MuHuMmanbHas neperpyska
MaxkcuManbHbIH Tpag ONTHIECKOTO
TpakTa

MakcumaibHast OTpakaTesibHas
crocoOHOCTh, U3MepeHHas B R

nbm
nbm

nb

nb

-18 -18 -18

-27 -27 -27

-27

-28/-27

2/1

-27
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Ta6aumna I11.7. Xapakrepucruku STM-16

XapaKTepuCTUKU Enunnna 3HaueHue

[udposoii curnai, STM-16,

CKOPOCTb Mepeaun, KOuT/C 2 488 320,

JIMHEWHOE KOJUPOBAHUE ckpeMOsmpoBanHbii NRZ

[MpuknagHoit KOx V-16.2 | V-16.3 U-16.2/ U-16.3/

P1U1-1A2 | P1U1-1A3

Pabouwmii quanazoH BOJIH HM 1530- | 1530- | 1530-1565 | 1530-1565
1565 | 1565

IlepenaTuynk B ONOPHOM TOYKeE

MPI-S

Tumn ucrouHuka OMJI | OMJI OMJI OMIJI

CrexTpanbHble XapaKTepUCTUKH

— IapaMmeTp JUHEHHOU YaCTOTHOU

MOYJSLUN pan H/O H/O H/O H/O

— MakCHUMaJIbHas LIMPUHA Ha YPOBHE H/O H/O H/O H/O

—20 nb HM

— MUHUMAaJIBHBINA KO3()(UITUEHT

MO/IaBJICHUSI OOKOBON MOJIbI nb H/O H/O 30 30

- MaKCUMaJIbHAasl CIIEKTpaJIbHasI MBT1/

IJIOTHOCTH MOIITHOCTH 10MI' H/O H/O H/O H/O

Cpennsist BBogUMasi MOIIHOCTb!

— MakcHManbHas nbm +13 +13 +15 +15

— MUHUMAJIbHAA nbm +10 +10 +12 +12

MunuM. K03QPUINCHT TalIeHus nb 8,2 8,2 8,2 8,2

OnTuyeckuii Tpakt Mmexxkay MPI-S n

MPI-R

Jlnara3on ociaa0eHus b 22-33 | 22-33 33-44 33-44

MakcumanbHasi AuCepcust IIC/HM 2400 400 3200 530

MuHuManbHas AUCTIEPCUs IIC/HM H/O H/O H/O H/O

MakcumansbHas JII'B3 Tc 120 120 120 120

MuHuMaNbHBIE OIITUYECKUE

BO3BpAaTHBIC MIOTEPU Ha KaOETbHOM

yuyactke B MPI-S, Bxitouas no0bie

COEIMHUTENN nb 24 24 24 24

MakcumalibHast TUCKPETHAs

oTpakaTelbHast CIOCOOHOCTh MEXKITY

MPI-S u MPI-R nb -27 -27 -27 -27

IIpuemuuk B onopHoii Touke MPI-R

MuHKMaNbHAsA YyBCTBUTEIBHOCTD

(koaddumment omubok 10™%) nbM -25 -24 -34 -33

MuHnumMmanbHas neperpyska nbm -9 -9 -18 -18

MaxkcuManbHbIi Tpag ONTHIECKOTO

TpakTa nb 1 1 2 1

MakcumaibHas OTpakaTesibHas

ciocoOHOCTh, u3MepenHas B MPI-R nb -27 -27 -27 -27

[TpuMevanue: XapakKTEpPUCTHKH Psifia OJHOBOJHOBBIX (OHOKAHAIBHBIX) ONTHYCCKUX UHTEPEIHCOB
(STM-16, 64 u 256) onpenenensl B pekomeraarmu G.959.1.
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Ta6aumna I11.8. Xapakrepucruku STM-64

XapakTepuCTUKH Enunnna 3Hauenue

[udposoii curnam, STM-64,

CKOpOCTh TIepeiauH, KOHT/C 9 953 280,

JIMHEWHOE KOJUPOBAHUE ckpeMmOsmpoBanHblii NRZ

[TpuknanHoi ko1 L-64.2a L-64.2b L-64.2¢c L-64.3

Pabounii quama3oH BOJIH HM 1530- | 1530-1565 | 1530-1565 | 1530-
1565 1565

IlepenaTuynk B ONOPHOM TOYKeE

MPI-S

Tun ucrounuka OMJI OMJI OMJI OMJI

CrnexTpanbHble XapaKTepUCTUKH

— IapaMmeTp JUHEHHOU 4aCTOTHOU

MOYJSLUN pan H/O H/O H/O H/O

— MakCHUMaJIbHas LIMPUHA Ha YPOBHE H/O H/O H/O H/O

—20 nb HM

— MUHUMAaJIBHBINA KO3()(UIIUEHT

MOAaBJICHUsI OOKOBOI MOJIbI nb H/O H/O 30 30

- MaKCUMallbHas CIIEKTpalibHAs MBT/

IJIOTHOCTh MOITHOCTH 10MI'n H/O H/O H/O H/O

Cpennsist BBoguMasi MOIIHOCTb!

— MakcHManbHas nbm +2 +13 +2 +13

— MUHUMAJIbHAA nbm -2 +10 -2 +10

MuHuM. K03QPUINESHT TaleHus nb 10 8,2 10 8,2

OnTuyeckuii Tpakt Mmexxkay MPI-S n

MPI-R

Jlnara3on ociaa0eHus nb 11-22 16-22 11-22 16-22

MakcumainbHasi Aucepcust IIC/HM 1600 1600 1600 260

MuHuManbHas AUCTIEPCUs 1IC/HM H/O H/O H/O H/O

MakcumansHas JII'B3 Tc 30 30 30 30

MuHMMaIbHBIE ONITHYECKUE

BO3BpaTHBIC OTEPU Ha KaOETbHOM

yuyactke B MPI-S, Bxirouas no0bie

COCIMHUTEIHN nb 24 24 24 24

MaxkcumaiibHasl TUCKPETHAs

oTpakaTelbHast CIOCOOHOCTh MEXKITY

MPI-S u MPI-R nb -27 -27 -27 -27

IIpuemuuk B onopHoii Touke MPI-R

MuHnMalbHast 4yBCTBUTEIHHOCTh

(koaddumment omubok 10™%) nbM -26 -14 -26 -13

MuHnumMmanbHas neperpyska nbm -9 -3 -9 -3

MaxkcuManbHbIH Tpag ONTHIECKOTO

TpakTa nb 2 2 2 1

MakcumaibHast OTpakaTesibHas

cniocoOHOCTh, n3MepenHas B MPI-R nb -27 -27 -27 -27

[TpuMevanue: XapakKTEpUCTHKH psifia OHOKAHATBHBIX ONTHYECKUX nHTepdeiicos 1-64.1r, 1-64.1, I-
64.2r, 1-64.2, 1-64.3, 1-64.5, S-64.1, S-64.2a, S-64.2b, S-64.3a, S-64.3b, S-64.5a, S-64.5b

ompezeneHsl B pekomeraanuu G.959.1.
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Ta6aumna I11.9. Xapakrepucruku STM-64

XapakTepuCTUKH Enunnna 3Hauenue

[udposoii curnam, STM-64,

CKOpOCTh TIepeiauH, KOHT/C 9 953 280,

JIMHEWHOE KOJUPOBAHUE ckpeMOsmpoBanHblii NRZ
[TpuknanHoi ko1 V-64.2a V-64.2b V-64.3
Pabouwmii quanazoH BOJIH HM 1530-1565 | 1530-1565 1530-1565
IlepenaTuynk B ONOPHOM TOYKeE

MPI-S

Tun ucrounuka OMJI OMJI OMJI
CrexTpanbHble XapaKTepUCTUKH

— IapaMmeTp JUHEHHOU 4aCTOTHOU

MOYISIIH pan H/O H/O H/O
— MakCHMMaJIbHas IIUpPUHA HA YPOBHE H/O H/O H/O
—20 nb HM

— MUHUMAaJIBHBINA KO3()(UITHEHT

[MOJaBJIEHUS] OOKOBOM MO (bl nb H/O H/O 30
- MaKCUMaJIbHAasl CIIEKTpaJIbHas MBT1/

IJIOTHOCTHh MOIITHOCTH 10MI' H/O H/O H/O
Cpennsist BBoguMasi MOIIHOCTb!

— MakcHManbHas nbm +13 +15 +13
— MUHUMAJIbHAA nbm +10 +12 +10
MuHuM. K03QPUINCHT TaleHUs nb 10 8,2 8,2
OnTuyeckuii Tpakt Mmexxkay MPI-S n

MPI-R

Jlnara3on ociaa0eHus nb 22-33 22-33 22-33
MakcumanbHasi AUCepCust IIC/HM 2400 2400 400
MuHHManbHas AUCTIEPCUs 1IC/HM H/O H/O H/O
MakcumansHas JII'B3 Tc 30 30 30
MuHMMaIbHBIE ONITHYECKUE

BO3BpAaTHBIC NOTEPU Ha KaOETbHOM

yuyactke B MPI-S, Bxirouas no0bie

COEIUHUTEIN nb 24 24 24
MakcumalibHast TUCKPETHAs

oTpakaTelbHast CIOCOOHOCTh MEXKITY

MPI-S u MPI-R nb -27 -27 -27
IIpuemuuk B onopHoii Touke MPI-R

MuHKMaNbHAsA YyBCTBUTEIBHOCTD

(koaddumment omubok 10™%) nbM -25 -23 -24
MuHnumMmanbHas neperpyska nbm -9 -7 -9
MaxkcuManbHbIH Tpag ONTHIECKOTO

TpakTa nb 2 2 1
MakcumaibHas OTpakaTesibHas

ciocoOHOCTh, u3MepenHas B MPI-R nb -27 -27 -27

[Tpumeuanue: XapaKTepUCTHKH Psijia OJHOKaHAIBHBIX onTHYeckux nHTepdeiicos STM-64 (1-64.1r,
1-64.1, 1-64.2r, 1-64.2, 1-64.3, 1-64.5, S-64.1, S-64.2a, S-64.2b, S-64.3a, S-64.3b, S-64.5a, S-64.5b)
u STM-256 onpenenensl B pekomenaanuu G.959.1.
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IMpuioxenue 2. XapaKkTepUCTUKHU ONTHYecKUX uHTepdeiicoB crangapra G.693

Taoauma I12.1.

Kon npunoxenus Enuaune: VSR600- VSR600- | VSR600-2M3

2R1 2M1 VSR600-2M4
VSR600-2M5

Koa G.691 1-64.1r

Kox G.959.1 P111-2D1r

Paccrosinne M 600 600 600

CxopocTh OMTOB/JIUHEIiHOE 10I'6ut/c 10I'6ut/c 10I'6uT/c

KOJIMPOBaHNe ONTHYECKUX CHTHAJIOB INRZ INRZ INRZ

Tun onTHYecKoro BOJOKHA G.652 G.652 G.652/ G.653/

G.655

IlepenaTunk B onopHoii Touke MPI-S

Tumn ucrounuka MMIJI MMIJI OMJI

Pabounii nuamna3oH BOIH HM 1268-1360 1268-1360 1530-1565

MaxkcuManbHasi CpeTHSIsI BBIXOTHAS

MOIIIHOCTb nbm -1 +5 +2

MuHuMaNbHas CPETHSS BBIXOTHAS

MOIIHOCTb nbm -6 +2 -1

CriekTpallbHbIE XapaKTePUCTHKU:

— makcumasibHoe CK3 mmpunst (AL) HM 3 3 H/O

— MakCUMaJlbHas MIMPUHA Ha YPOBHE

—20 nb HM H/O H/O H/O

— MUHUMAaJIbHBINA KO3()(UIIUEHT

[MOJaBJIEHUS OOKOBOM MOIbI nb H/O H/O 30

MuHMMaNbHBIA KOA(PPHUIIMEHT raeHus

(EX) nb 6 6 8.2

OCHOBHOI1 ONITHYECKHUIT TPAKT OT

MPI-S no MPI-R

MakcumalibHOE 3aTyXaHue nb 4 12 12

MuHuManbHOE 3aTyXaHHe b 0 6 3

MakcumanbHast XpoMaTU4yeCKas

JUCTICPCHS I1C/HM 3,4 3,4 12/ 2/ 6

MakcumansHas JII'B3 Tc 30 30 30

MuHUMaNIbHBIE ONITUYECKUE BO3BPATHBIC

norepu Ha kabenbHOM yyactke B MPI-S,

BKJIIOYAs JIFOOBIE COEOUHUTEIN nb 14 14 14

MakcumaiibHasl TUCKPETHAs

oTpakaTtelnbHasi CIOCOOHOCTh MEXKIY

MPI-S u MPI-R nb -27 -27 -27

[lotepuy, 3aBucsIIMe OT NOJISPU3AIIT nb H/O H/O H/O

IIpuémuuk B onopHoii Touke MPI-R

MuHnMalbHas 4yBCTBUTEIHHOCTh

(koaddumment omubok 10™%) nbM -11 -11 -11

MuHnumMmanbHas neperpyska nbm -1 -1 -1

MaxkcuManbHbIH Tpag ONTHIECKOTO

TpakTa nb 1 1 1

MakcumaibHas OTpakaTesibHas

ciocoOHOCTh, n3MepenHas B MPI-R nb -14 -14 -14
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Taoauua [12.2

Kon npunoxenus Epuauner | VSR2000- VSR2000- VSR2000-
2R1 3R1 3R1F

Kox G.691 1-64.1

Kox G.959.1 P1I11-2D1

Paccrosinmne KM 2 2 2

CkopocTh OUTOB/IMHEliHOE 10I'6ur/c/ | 40T6ur/c/ | OTU3 c FEC

KOJAUPOBAHUE ONTUYECKUX CUTHAJIOB NRZ NRZ 43I'burt/c

NRZ

Tun onTuyecKkoro BOJI0OKHA G.652 G.652 G.652

IlepenaTunk B onopHoii Touke MPI-S

Tumn ucrouHuka OMJI OMJI OMJI

Pabounii nuamna3oH BOIH HM 1290-1330 1290-1330 1290-1330

MaxkcuManbHasi CpeTHsSIsI BBIXOTHAS

MOIIIHOCTb nbm -1 +3 +3

MuHuMaNbHAas CPETHSS BBIXOTHAS

MOIIHOCTh nbm -6 0 0

CriekTpallbHbIE XapaKTePUCTHKU:

— makcumasibHoe CK3 mmpunst (AL) HM H/O H/O H/O

— MakcCUMaJlbHas MIMPUHA Ha YPOBHE

—20 nb HM 1 H/O H/O

— MUHUMAaJIBHBINA KO3()(UITUEHT

MOAaBJICHUsI OOKOBOM MO/IbI nb 30 35 35

MuHMMaNbHBIA KOA(PPUIIMEHT raeHus

(EX) nb 6 8,2 8.2

OCHOBHOI1 ONITHYECKHUIl TPAKT OT

MPI-S no MPI-R

MakcumalibHOE 3aTyXaHue nb 4 4 4

MuHuManbHOE 3aTyXaHHe nb 0 0 0

MakcumanbHast XpoMaTU4YeCKas

Tucnepcust IIC/HM 6,6 6,6 6,6

Maxkcumansaas JII'B3 c 30 7,5 7,5

MuHUMaNbHBIE ONITUYECKUE BO3BPATHBIC

norepu Ha kabenbHOM yyacTke B MPI-S,

BKJIIOYAs JIFOOBIE COENUHUTEIN nb 14 24 24

MakcumaiibHast TUCKPETHAs

oTpakaTelnbHasi CIOCOOHOCTh MEXIY

MPI-S u MPI-R nb -27 -27 -27

[loTepuy, 3aBucsIINe OT NOJISPU3ALIII nb H/O H/O H/O

IIpuémuuk B onopHoii Touke MPI-R

MuHnMalbHast 4yBCTBUTEIHHOCTh

(koaddumment omubok 10™%) nbm -11 -5 -5

MuHnumMmanbHas neperpyska nbm -1 +3 +3

MaxkcuManbHbIH Tpag ONTHIECKOTO

TpakTa nb 1 1 1

MakcumaibHas OTpakaTesibHas

ciocoOHOCTh, u3MepenHas B MPI-R nb -14 -27 -27
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Taoauna I12.3.

Kon npunoxenus Epuauner | VSR2000- VSR2000- VSR2000-
2L1F 2L.2/3/5 3L1F
Kox G.691 1-64.2r
Kox G.959.1 P111-2D2r
Paccrosinmne KM 2 2 2
CxopocTh OMTOB//IUHEIiHOE OTU2cFEC | 10I'6ur/c | OTU3 c FEC
KOJAUPOBAHUE ONTUYECKUX CUTHAJIOB 10,7T°6ut/c NRZ 43I'burt/c
NRZ NRZ
Tun onTu4YecKoro BOJIOKHA G.652 G.652, G.652
G.653,
G.655
IlepenaTunk B onopHoii Touke MPI-S
Tumn ucrounuka OMJI OMJI OMJI
Pabounii nuamna3oH BOIH HM 1290-1330 1530-1565 1290-1330
MaxkcuManbHasi CpeTHsSIsI BBIXOTHAS
MOIIIHOCTb nbm -1 -1 +3
MuHuMabHas CPETHSS BBIXOTHASL
MOIIIHOCTb nbm -6 -5 0
CriekTpalibHbIE XapaKTePUCTHKU:
— makcumasibHoe CK3 mmpunst (AL) HM H/O H/O H/O
— MakCUMaJlbHas MIUPUHA Ha YPOBHE
—20 nb HM 1 H/O H/O
— MUHUMAaJIBHBINA KO3()(PUIIEHT
MOAaBJICHUsI OOKOBOM MO/IbI nb 30 30 35
MuHMMaIbHBIA KOA(PPUIIMEHT raeHus
(EX) b 6 8,2 8.2
OCHOBHOI1 ONITHYECKHUIT TPAKT OT
MPI-S no MPI-R
MakcumalibHOE 3aTyXaHue nb 6 6 6
MuHuManbHOE 3aTyXaHue nb 0 0 0
MakcumanbHast XpoMaTU4yeCKas
JUcCnepcust IIC/HM 6,6 40 6,6
MaxkcumansHas JII'B3 c 30 30 7,5
MuHUMaNbHBIE ONITUYECKUE BO3BPATHBIC
norepu Ha kabenbHOM yyactke B MPI-S,
BKJIIOYAs JIFOOBIE COENUHUTEIN nb 14 24 24
MakcumaiibHast TUCKPETHAs
oTpakaTelnbHasi CIOCOOHOCTh MEXKIY
MPI-S u MPI-R nb -27 -27 -27
[lotepuy, 3aBucsIIMe OT NOJISPU3ALUT nb H/O H/O H/O
IIpuémuuk B onopHoii Touke MPI-R
MuHnMalbHast 4yBCTBUTEIHHOCTh
(koaddumment omubok 10™%) nbm -13 -13 -7
MuHnumanbHas neperpyska nbm -1 -1 +3
MaxkcuManbHbIi Tpad ONTHIECKOTO
TpakTa nb 1 2 1
MakcumaibHast OTpakaTesibHas
ciocoOHOCTh, u3MepenHas B MPI-R b -14 -27 -27
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Taoauna I12.4.

Kon npunoxenus Epuaune | VSR2000- VSR2000- VSR2000-
3M1 3M2/3/5 3H2/3/5

Kox G.691

Kox G.959.1

Paccrosinmne KM 2 2 2

CxopocTh OMTOB//IUHEIiHOE 40I'6urt/c 40I'6urt/c 40I"6urt/c

KOAMPOBAHUE ONTHYECKHX CUTHAJIOB NRZ NRZ NRZ

Tun onTHYECKOro BOJOKHA G.652 G.652/ G.653/ G.652/

G.655 G.653/ G.655

IlepenaTunk B onopHoii Touke MPI-S

Tumn ucrouHuka OMJI OMJI OMJI

Pabounii nuamna3oH BOIH HM 1290-1330 1530-1565 1530-1565

MaxkcuManbHasi CpeTHsSIsI BBIXOTHAS

MOIIIHOCTb nbm +10 +3 +3

MuHuMaNbHAas CPETHSS BBIXOTHAS

MOIIHOCTh nbm +8 0 0

CriekTpallbHbIE XapaKTePUCTHKU:

— makcumasibHoe CK3 mmpunst (AL) HM H/O H/O H/O

— MakcCUMaJlbHas MIMPUHA Ha YPOBHE

—20 nb HM H/O H/O H/O

— MUHUMAaJIBHBINA KO3()(UITUEHT

MOAaBJICHUsI OOKOBOM MO/IbI nb 35 35 35

MuHMMaNbHBIA KOA(PPUIIMEHT raeHus

(EX) nb 8,2 7 7

OCHOBHOI1 ONITHYECKHUIl TPAKT OT

MPI-S no MPI-R

MakcumalibHOE 3aTyXaHue nb 12 12 16

MuHuManbHOE 3aTyXaHHe nb 8 3 3

MakcumanbHast XpoMaTU4YeCKas

JUCTICPCHUS I1C/HM 6,6 40/ 6,6/ 20 40/ 6,6/ 20

Maxkcumansaas JII'B3 c 7,5 7,5 7,5

MuHUMaNbHBIE ONITUYECKUE BO3BPATHBIC

norepu Ha kabenbHOM yyacTke B MPI-S,

BKJIIOYAs JIFOOBIE COENUHUTEIN nb 24 24 24

MakcumaiibHast TUCKPETHAs

oTpakaTelbHast CIOCOOHOCTh MEXKITY

MPI-S u MPI-R nb -27 -27 -27

[loTepuy, 3aBucsIINe OT NOJISPU3ALIII nb H/O H/O H/O

IIpuémuuk B onopHoii Touke MPI-R

MuHnMalbHast 4yBCTBUTEIHHOCTh

(xosddurment omubok 10™2) nbm 5 -14/-13/-13 | -18/-17/-17

MuHnumMmanbHas neperpyska nbm +2 0 0

MaxkcuManbHbIH Tpag ONTHIECKOTO

TpaKTa b 1 2/1/1 2/1/1

MakcumaibHas OTpakaTesibHas

ciocoOHOCTh, u3MepenHas B MPI-R nb -27 -27 -27
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Ipunoxkenue 3. XapaKTepuCTUKHU onTHYeckux uHTepdeiico G.695 CWDM
Ta6aumna I13.1. XapakTepucTuku 4-X KaHAJIbHBIX HHTEP(elicOB KOPOTKOI JIMHUH

XapakTepuCTUKu Ennan Tumnb! uatepdeiicon
Ubl | C4S1-1D2 | C4S1-1D3 | C4S1-1D5

OO0mas nagopmanms:

-MaKCHMaJIbHOE YHCJIO KaHAJIOB - 4

-OUTOBAsi CKOPOCTH/IIMHEHHOE KOJUPOBAHUE 2,5I'out/c, NRZ
-MaKCHUMaJIbHast OUTOBas OMINOKa - 102

-THII BOJIOKHA - G.652 G.653 G.655

HNutepdeiic B Touxke MPI-Sy:
-MaKCHUMaJILHBIN YPOBCHb MOIIIHOCTH Ha

BBIXOJE€ KaHalla nbm +4.5
-MUHUMAJIGHBIA  yPOBEHb MOIIHOCTH Ha

BBIXOJ€ KaHalla nbm -3,0
-MaKCUMaJIbHbIM OOIIN YPOBEHb MOLIHOCTH

Ha BBEIXOJE nbm +10,5
-IIEeHTpaJIbHAsI BOJIHA HM 1511+20m m=0...3
-MHTEpBaJ MEXAy KaHaJlaMU HM 20
-MaKCUMaJlbHAsT  JEBUAIUS  IICHTPAIBHOU

BOJIHEI HM +6,5
-MUHUMAJIbHBIA KOA()(OUIIMEHT raieHus b 8,2

Ontuyecknii TpakT (OAMH WHTEPBAJ) OT
Ttouku MPI-Sy 1o Touxku MPI-Ry:
-MaKCUMAaJIbHOE 3aTyXaHHe b 10,5
-MHHUMAJILHOC 3aTyXaHUE nb 4
-TMara3oHbl XpPOMAaTHYECKOHN TUCTICPCUU
-1511um | mc/HM 0...+719 -250...+39 0...+323
-1531um | mc/HM 0...+775 -169...+83 0...+371
-1551um | mc/HM 0...+833 -124...+128 0...+420
-1571um | mc/HM 0...+890 -79...4177  0...+470

-MHUHUMAJIbHBIC ONITUICCKHUEC BO3BPATHBIC

notepu MPI-Sy nb 24

-MaKCUMaJIbHOE TUCKPETHOE OTPAKCHUE

mexay MPI-Sy u MPI-Ry nb =27

-MakcuManbHas auddepennmanpras

IpyNIOBas 3a1€pKKa 1c 120
HNuTtepdeiic B Touke MPI-Ry:

-MaKCUMaJIbHBIA ypOBE€Hb MOIIHOCTH Ha | 1bm +0,5

BXOJI€ KaHaja
-MUHUMAJIGHBIA  yPOBEHb MOIIHOCTH Ha

BXOJI€ KaHaja nbm -13,5
-MaKCUMaJIbHBIM OOIIKI YPOBEHb MOLIHOCTH

Ha BXOJe nbm +6,5
-MaKCUMAaJIbHBIN mrpad OIITHYECKOT'0

TpakTa nb 1,5
-MHHHUMAaIbHAas SKBHBaJIEHTHAS

YYBCTBUTEIBHOCTh nbm -15
-MaKCUMaJIbHOE OTpPaXCHHE ONTHYECKOTO

CETEBOI0 DJIICMCHTA 1nb -27
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Ta6muma I13.2. XapakrepucTuku 4-X KaHAJIbHBIX HHTep(delcoB TIMHHON
JIMHUU

XapakTepuCcTUKu Ennan Tumnb! uatepdeiicon
uel | C4L1-1D2 | C4L1-1D3 | CAL1-1D5

O0mas nagopmanus:

-MaKCHUMAaJIbHOE YHMCJIO KaHAJIOB - 4

-OUTOBAsi CKOPOCTH/IIMHEHHOE KOJUPOBAHUE 2,5I'out/c, NRZ
-MaKCHUMaJIbHast OUTOBas OMINOKa - 102

-THII BOJIOKHA - G.652 G.653 G.655

HNutepdeiic B Touxke MPI-Sy:
-MaKCHUMAaJILHBIN YPOBCHb MOIIIHOCTH Ha

BBIXOJI€ KaHalla nbm +4.5
-MUHUMAJIGHBIA ~ yPOBEHb MOIIHOCTH Ha

BBIXOJE€ KaHalla nbwm -3,0
-MaKCUMaJIbHBIM OOIIKI YPOBEHb MOLIHOCTH

Ha BBIXOJE nbm +10,5
-IIEeHTpaJIbHAsI BOJIHA HM 1511+20m m=0...3
-MHTEpBaJ MEXAy KaHaJlaMU HM 20
-MaKCUMaJIbHAsT ~ JEBUAIUS  IICHTPAIbHOU

BOJIHEI HM +6,5
-MUHUMAJIbHBIA KOA()(UIIMEHT raieHus b 8,2

Ontuyeckunii Tpakt ot Touku MPI-Sy 1o
Touku MPI-Ry (omH uHTEpBAa):
-MaKCUMAaJIbHOE 3aTyXaHHe b 19,5 20,5 20
~-MUHUMAJILHOE 3aTyXaHUe nb 13

-TUara30Hbl XpPOMAaTHYECKOHN TUCTICPCUU

-1511am | me/um | 0...+1332  -490...+7739 0...+618
-1531uMm | ne/am | 0...+1437 -331...+164 0...+711
-1551uMm | me/am | 0...+1544 -242...+251  0...+805
-1571am | nc/am | 0...+1650 -155...+347  0...+900

-MUHUMAJIbHBIC ONTHYECKHE BO3BPATHBIC

notepu MPI-Sy nb 24

-MaKCUMAJIbHOE JUCKPETHOE OTPaXKCHHE

mexay MPI-Sy u MPI-Ry nb =27

-MakcuManbHas auddepennmanpras

IpyNIoBas 3a1epKKa Tc 120

HNutepdeiic B Touke MPI-Ry:

-MaKCUMaJIbHBIA ypOBE€Hb MOIIHOCTH Ha | 1bm -8,5

BXOJI¢ KaHaya

-MUHUMAJIbHBIA  yPOBEHb MOIIHOCTH Ha

BXOJI€ KaHaja nbm -22,5 -23,5 23

-MaKCUMaJIbHBIM 00N YPOBEHb MOLIHOCTH

Ha BXOJe nbwm -2,5

-MaKCUMAaJIbHBIN mrpad OIITHYECKOT'0

TpakTa nb 2,5 15 2

-MHHHUMAaIbHas SKBUBaJICHTHAS

YYBCTBUTEIBbHOCTh nbm -25

-MaKCUMaJIbHOE OTpPaXCHHE ONTHYECKOTO

CETEBOI0 DJICMCHTA nb -27
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Taﬁ.Jmua H33 XapaKTepl/ICTl/IKI/I ABYHaIIPaBJCHHDbIX 4-x KAaHAJBbHBIX
HHTepP(PeiCcoB NJIMHHON JUHUU
XapakTepuCTUKu Enuan Tumne! uaTepdeiicon
bl BC4L1 | BC4L1l- | BC4L1- | BC4L1
-0D2 0D3 1D2 -1D3
OO0wmas nagopmanms:
-MaKCHMaJIbHOE YHCJIO KaHAJIOB - 2+2 2+2
-OurToBas CKOPOCTB/JIMHEHHOE
KOJIUPOBaHUE - 1,25I'6ut/c, NRZ 2,5I'out/c, NRZ
-MaKCHUMaJIbHast OUTOBas OMINOKa - 1072 102
-THII BOJIOKHA G.652 G.653 G.652 G.653
Hutepdeiic B Touxke MPI-Sy:
-MaKCUMAJIbHBI YpOBEHb MOIIHOCTH Ha
BBIXOJI€ KaHalla nbm +5 +5
-MUHUMAJIbHBI ypOBEHb MOIIHOCTH Ha
BBIXOJ€ KaHalla nbm 0 0
-MaKCHUMaJIbHBIN oOmwii YPOBEHb
MOIIHOCTH Ha BBIXOJIE nbm +8 +8
-IIEeHTpaJIbHAsI BOJIHA HM 1511+20m 1511+20m m=0..3
-MHTEpBaJ MEXAy KaHaJlaMU HM m=0....3 20
-MakKCUMaJlbHasi JIeBHAIUsl LEHTPaJIbHOU 20
BOJIHEI HM +6,5
-MUHUMAJIbHBIA KOA()(ULIUEHT rameHus b +6,5 8,2
8,2
OnTuyeckuii Tpakt ot Touku MPI-Sy 1o
Ttoukn MPI-Ry:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 25,5 22,5 23,5
~-MUHUMAJIbHOE 3aTyXaHUe b 12 12
-IMana30Hbl XPOMATHYECKON JUCTICPCHH
-1511gm | me/um | 0..1735 -610..95 | 0..1533 -560..88
-1531am | me/um | 0..1872 -412...204 | 0..1654 -378..187
-1551am | me/um | 0...2012 -302..312 | 0..1778 -277..396
-1571am | me/um | 0..2150 -193...432 | 0..1900 -177..396
-MUHUMAJIbHBIC ONTHYECKHE BO3BPATHBIC
notepu MPI-Sy nb 24 24
-MaKCUMAJIbHOE TUCKPETHOE OTPaXKCHHE
mexay MPI-Sy u MPI-Ry b -27 -27
-MakcuManbHas auddepennmanpras
IpynIoBas 3a1epKKa Tc 120 120
HNuTtepdeiic B Touke MPI-Ry:
Ha BXOJIE
-MaKCUMAaJIbHBIA YPOBEHb MOLTHOCTH nbm -7 -7
~-MUHUMAJIbHBIN YPOBEHb MOIIIHOCTH nbm -25,5 -22,5 -23,5
-MaKCUMAaJIbHBIN 00NN YPOBEHB nbm -4 -4
-MaKCUMAIbHBI  mTpad  ONTHYECKOTO
TpakTa nb 1,5 2,5 15
-MHHHUMAaIbHAas SKBHBAaJIEHTHAS
YYBCTBUTEIBbHOCTh nbm -27 -25
-MaKCUMAJIbHOE OTPaXCHHUE ONTHYECKOTO
CETEBOI0 DJIICMCHTA nb -27 -27
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Ta6auna I13.4. XapakTepucTuKku 8-Mu KaHAJBHBIX HHTEeP(eiicoB

XapakTepuCTUKu Enuan Tumns! uatepdeiicon
bl | C8S1-1D2 | B-C8S1-1D3 | C8L1-1D2
OO0mas nagopmanus:
-MaKCHMaJIbHOE YHCJIO KaHAJIOB - 8 4+4 8
-OUTOBAsi CKOPOCTH/IIMHEHHOE KOJUPOBAHUE 2,5I'out/c, NRZ
-MaKCHUMaJIbHast OUTOBas OMINOKa - 102
-THII BOJIOKHA - G.652
Hutepdeiic B Touxke MPI-Sy:
-MaKCUMAJbHBI YPOBEHb MOIIHOCTH Ha
BBIXOJ€ KaHalla nbm +4,
-MUHUMAJIGHBIA  yPOBEHb MOIIHOCTH Ha
BBIXOJ€ KaHalla nbwm -3,5
-MaKCUMaJIbHbIM OOIIMI YPOBEHb MOLIHOCTH
Ha BBEIXOJE nbm +13 +10 +13
-IIEeHTpaJIbHAs BOJIHA HM 1511+20m m=0...7
-MHTEpBaJ MEXAy KaHaJlaMU HM 20
-MaKCUMaJIbHAsE ~ JEBUAIUS  IICHTPAIBHOU
BOJIHEI HM +6,5
-MUHUMAJIbHBIA KOA()(OUIIMEHT raieHus nb 8,2
OnTtuyecknii TpakT (OMH WHTEPBAJ) OT
Touku MPI-Sy o Touxku MPI-Ry:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 9 9 18
~-MUHUMAJIbHOE 3aTyXaHUe nb 3 3 12
-IMana30HbI XPOMATHYECKON JUCTICPCHH
-1471am | nc/aMm 0...481 0...481 0...962
-1491am | nc/uMm 0...526 0...526 0...1051
-1511aMm | mc/am 0...571 0...571 0...1143
-1531aMm | mc/uHMm 0...616 0...616  0...1233
-1551uMm | mc/uMm 0...662 0...662 0...1325
-1571aMm | mc/am 0...708 0...708 0...1416
-1591uMm | mc/uHMm 0...754 0...754  0...1507
-1611aMm | mc/aMm 0...800 0...800 0...1600
-MUHUMAJIbHBIC ONTHYECKHE BO3BPATHBIC
notepu MPI-Sy nb 24
-MaKCUMAaJIbHOE TUCKPETHOE OTPaXKCHHE
mexay MPI1-Sy u MPI-Ry nb -27
-MakcuManbHas Auddepennmanpras
IpyNIoBas 3a1€pKKa Tc 120
HNuTtepdeiic B Touke MPI-Ry:
Ha BXOJI€ KaHaJa
-MaKCUMaJIbHBIA YPOBEHb MOILITHOCTH | AbM +1 +1 -8
~-MUHUMAJIbHBIN YPOBEHb MOITHOCTH nbm -12,5 -12,5 -21,5
-MaKCUMAJIbHBIN OOIIHI YPOBEHB nbm +10 +7 +1
-MaKCUMAaJIbHBIN mrpad OIITHYECKOT'0
TpakTa nb 15 15 2,5
-MHHHUMAaIbHas SKBHBaJIEHTHAS
YYBCTBUTEIBbHOCTh nbm -14 -14 -24
-MaKCUMAJIbHOE OTpPaXCHHE ONTHYECKOTO
CETEBOI0 DJIICMCHTA nb -27
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Ta6muma I13.5. XapakTepucTHKH JBYHANPABJIEHHbIX 8-MHM KaHAJBHBIX

HHTep(eiicoB
XapakTepuCcTUKu En. Tumnb! uatepdeiicon
B-C8L1-0D2 | B-C8L1-1D2

O0mas nagopmanus:

-MaKCHUMAaJIbHOE YHMCJIO KaHAJIOB - 4+4

-OUTOBAsi CKOPOCTH/IIMHEHHOE KOJUPOBAHUE 1,25I'6ur/c, NRZ 2,5I'out/c, NRZ

-MaKCHUMaJIbHast OUTOBas OMINOKa - 1072

-THII BOJIOKHA - G.652

HNutepdeiic B Touke MPI-Sy:

-MaKCUMAJbHBI YPOBEHb MOIIHOCTH Ha

BBIXOJ€ KaHalla nbm +4,

-MUHUMAJIGHBIA  yPOBEHb MOIIHOCTH Ha

BBIXOJI€ KaHalla nbwm -3,5

-MaKCUMaJIbHbIM OOIIKI YPOBEHb MOLIHOCTH

Ha BBEIXOJE nbwm +10

-IIEeHTpaJIbHAsI BOJIHA HM 1471+20m m=0...7

-MHTEpBaJ MEXAy KaHaJlaMU HM 20

-MaKCUMaJIbHAsE  JEBUAIUS  IICHTPAIBHOU

BOJIHEI HM +6,5

-MUHUMAJIbHBIA KOA()(UIIMEHT raieHus b 8,2

Ontuyecknii TpakT (OAUH WHTEPBAJT) OT

Touku MPI-Sy 1o Touxkun MPI-Ry:

-MaKCUMAaJIbHOE 3aTyXaHHe nb 21 18

~-MUHUMAJILHOE 3aTyXaHUe nb 3 3 12

-IMana30HbI XPOMATHYECKON JUCTICPCHH
-1471uam | nc/aMm 0...1118 0...962
-1491am | nc/uMm 0...1222 0...1051
-1511aMm | mc/aMm 0...1328 0...1143
-1531aMm | mc/aMm 0...1433 0...1233
-1551um | mc/aHMm 0...1540 0...1325
-1571aMm | mc/am 0...1646 0...1416
-1591uMm | mc/aMm 0...1752 0...1507
-1611aMm | mc/aMm 0...1860 0...1600

-MUHUMAJIbHBIC ONTHYECKHE BO3BPATHBIC

notepu MPI-Sy b 24

-MaKCUMAaJIbHOE IUCKPETHOE OTPaXKCHHE

mexay MPI-Sy u MPI-Ry b =27

-MakcuManbHas auddepennmanpras

IpyNIoBas 3a1epKKa Ic 120

HNuTtepdeiic B Touke MPI-Ry:

Ha BXOJI€ KaHaJa

-MaKCUMAJIBHBI YPOBEHb MOITHOCTH nbMm -8
~-MUHUMAJIbHBIN YPOBEHb MOIITHOCTH nbm -24,5 -21,5
-MaKCUMAJIbHBIN OOIIHI YPOBEHB nbm -2

-MaKCUMAaJIbHBIN mrpad OIITHYECKOT'0

TpakTa nb 15 2,5

-MHHUMAaIbHas SKBHBaJIEHTHAS

YYBCTBUTEIBHOCTh nbm -26 -24

-MaKCUMaJIbHOE OTpPaXCHHE ONTHYECKOTO

CETEBOI0 DJIICMCHTA nb -27
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Ta6muma I13.6. XapakTepHMCTHKH JBYHANPABJEHHOr0 12-TH KaHAJBLHOIO

HHTep(eiica
XapakTepuCcTUKH En. B-C12L1-1D2
BonHoBO# AnMana3oH HM 1291-1351um | 1471-1611um
O0mas nagopmanus:
-MaKCHMaJIbHOE YHCJIO KaHAJIOB - 6+6
-OUTOBAsi CKOPOCTH/IIMHEHHOE KOJUPOBAHUE 2,5I'out/c, NRZ
-MaKCHUMaJIbHast OUTOBas OMINOKa - 102
-THII BOJIOKHA - G.652
HNutepdeiic B Touke MPI-Sy:
-MaKCUMAJbHBI YPOBEHb MOIIHOCTH Ha
BBIXOJ€ KaHalla nbm +3,5 +1,5
-MUHUMAJIGHBIA  yPOBEHb MOIIHOCTH Ha
BBIXOJI€ KaHalla nbwm -4 -6
-MaKCUMaJIbHbIM OOIIKI YPOBEHb MOLIHOCTH
Ha BBEIXOJE nbwm +10,7
-IIEeHTpaJIbHAsI BOJIHA HM 1291+20m m=0..3 1471+20m m=0..7
-MHTEpBaJ MEXAy KaHaJlaMU HM 20
-MaKCUMaJIbHAsE  JEBUAIUS  IICHTPAIBHOU
BOJIHEI HM +6,5
-MUHUMAJIbHBIA KOA()(UIIMEHT raieHus b 8,2
Ontuyecknii TpakT (OAUH WHTEPBAJT) OT
Touku MPI-Sy 1o Touxkun MPI-Ry:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 18 12,8
~-MUHUMAJILHOE 3aTyXaHUe b 11 7
-IMana30HbI XPOMATHYECKON JUCTICPCHH
-1291uam | nc/um | -188...0
1311um | me/um | -91...+78
1331um | mc/um | 0...+163
1471um | mc/um | 0...+245
-1471am | mc/aMm 0...+619
-1491um | mc/uHMm 0...+677
-1511aMm | mc/aMm 0...+736
-1531aMm | mc/HMm 0...+794
-1551uMm | mc/aMm 0...+853
-1571aMm | nc/am 0...+911
-1591um | mc/uMm 0...+970
-1611aMm | mc/HM 0...+1030
-MUHHUM. ONITHY. BO3Bp. otepu B MPI-Sy b 24
-MaKCUMAaJIbHOE TUCKPETHOE OTPaXKCHHE
mexay MPI-Sy u MPI-Ry b =27
-MakcuM. aud¢ep. TpynnoBas 3aaepxrKa Ic 120
HNuTtepdeiic B Touke MPI-Ry:
Ha BXOJI€ KaHaJa
-MaKCUMAaJIbHBIA YPOBEHb MOLTHOCTH | AbM -7,5 -5,5
~-MUHUMAJIbHBIN YPOBEHb MOITHOCTH nbm -22 -18,8
-MaKCUMAJIbHBIN OOIIHI YPOBEHB nbm +2,3
-MaKCUMAaJIbHBIN Tpad ONTHY. TPAKTA nb 1 2
-MUHUMAaJbHas SKBUBAJ. YyBCTBUTEILHOCTh | AbM -23 -20,8
-MaKCUMaJIbHOE OTpPaXCHHE ONTHYECKOTO
CETEBOI0 DJIICMCHTA nb -27
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Ta6auna I13.7. XapakrepucTuku 16-TH KaHAJIBHOTO HHTEPdeiica

XapakTepuCcTUKH En. C12S51-1D2
BoIHOBO# THManasoH M | 1311-1371 | 1391-1451 | 1471-1611
O0mas nagopmanus:
-MaKCHMaJIbHOE YHCJIO KaHAJIOB - 16
-OMTOBAsi CKOPOCTH/IIMHEHHOE KOJIUPOBAHUE 2,5I'out/c, NRZ
-MaKCHUMaJIbHast OUTOBas OMINOKa - 1072
-THII BOJIOKHA - G.652C umu G.652D
Hutepdeiic B Touxke MPI-Sy:
-MaKCHM. YPOBEHb MOIIIH. Ha BBIXO/JIC KaHalla nbm +3,5 +2,5 +15
-MUHUM. YPOBEHb MOIIH. HA BBIXOJE KaHala nbm -4 -5 -6
-MaKCHUM. OOIIH ypOBEHb MOIITH. Ha BBIXOJIE nbm +14,2
-IIEeHTpaJIbHAsI BOJIHA HM 1311+20m 1391+20m 1471+20m
(m=0...3) (m=0...3) (m=0...7)
-MHTEpBaJ MEXAy KaHaJlaMU HM 20
-MaKCHUM. JIEBUALIMS [IECHTPATbHON BOIHbI HM +6,5
-MUHUMAJIbHBIA KOA()(OULIMEHT rameHus nb 8,2
Ontuyecknii TpakT (OMH WHTEPBAJ) OT
Touku MPI-Sy 1o Touxku MPI-Ry:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 8,5 7,5 6,5
~-MUHUMAJIbHOE 3aTyXaHUe nb 3,5 2,5 1
-IMana30HbI XPOMATHYECKON JUCTICPCHH
-1311am | nc/am | -45...39
-1331am | mc/um | 0...81
-1351am | mc/um | 0...121
-1371am | nc/um | 0...160
-1391uMm | mc/HMm 0...193
-1411am | nc/aMm 0...221
-1431aMm | nc/uHMm 0...249
-1451am | nc/aMm 0...278
-1471am | nc/am 0...307
-1491um | nc/uMm 0...335
-1511aMm | mc/aMm 0...364
-1531aMm | mc/HMm 0...393
-1551uMm | mc/uHMm 0...422
-1571aMm | nc/am 0...451
-1591umMm | mc/HMm 0...480
-1611aMm | mc/HM 0...510
-MHUHHM. ONITHY. BO3Bpat. notepu MPI-Sy b 24
-MaKCUMAaJIbHOE TUCKPETHOE OTPaKCHHE
mexay MPI-Sy u MPI-Ry nb =27
-MaKcUM. udepeHIl. rpynmoBas 3a1epiKKa Tc 120
HNuTtepdeiic B Touke MPI-Ry:
Ha BXOJI€ KaHaJa
-MaKCUMAaJIbHBIA YPOBEHb MOILITHOCTH | AbM 0 0 +0,5
~-MUHUMAJIbHBIN YPOBEHb MOIITHOCTH nbm -12,5 -12,5 -13
-MaKCUMAJIbHBIN OOIIHI YPOBEHB nbm +12,3
-MaKCHM. IITpa() ONTUYIECKOTO TPaKTa nb 1 1 1,5
~-MUHUM. SKBUBAJICHTHAs! YyBCTBUTEILHOCTD nbm -13,5 -13,5 -14
-MaKCUMaJIbHOE OTpPaXCHHE ONTHYECKOTO
CETEBOI0 DJIICMCHTA nb -27
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Ta6auna I13.8. XapakrepucTuku 16-TH KaHAJIBHOTO HHTEPdeiica

XapakTepuCcTUKH En. C12L1-1D2
BoIHOBO# THManasoH M | 1311-1371 | 1391-1451 | 1471-1611
O0mas nagopmanus:
-MaKCHMaJIbHOE YHCJIO KaHAJIOB - 16
-OMTOBAsi CKOPOCTH/IIMHEHHOE KOJIUPOBAHUE 2,5I'out/c, NRZ
-MaKCHUMaJIbHast OUTOBas OMINOKa - 1072
-THII BOJIOKHA - G.652C umu G.652D
Hutepdeiic B Touxke MPI-Sy:
-MaKCHM. YPOBEHb MOIIIH. Ha BBIXO/JIC KaHalla nbm +3,5 +1,5 -0,5
-MUHUM. YPOBEHb MOIIH. HA BBIXOJE KaHala nbm -4 -6 -8
-MaKCHUM. OOIIH ypOBEHb MOIITH. Ha BBIXOJIE nbm +13,4
-IIEeHTpaJIbHAsI BOJIHA HM 1311+20m 1391+20m 1471+20m
(m=0...3) (m=0...3) (m=0...7)
-MHTEpBaJ MEXAy KaHaJlaMU HM 20
-MaKCHUM. JIEBUALIMS [IECHTPATbHON BOIHbI HM +6,5
-MUHUMAJIbHBIA KOA()(OULIMEHT rameHus nb 8,2
Ontuyecknii TpakT (OMH WHTEPBAJ) OT
Touku MPI-Sy 1o Touxku MPI-Ry:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 18 15,8 13,3
~-MUHUMAJIbHOE 3aTyXaHUe nb 11 9 7
-IMana30HbI XPOMATHYECKON JUCTICPCHH
-1311am | nc/am | -95...82
-1331am | mc/um | 0...171
-1351am | mc/um | 0...257
-1371am | nc/um | 0...339
-1391uMm | mc/HMm 0...408
-1411am | nc/aMm 0...468
-1431aMm | nc/uHMm 0...528
-1451am | nc/aMm 0...588
-1471am | nc/am 0...649
-1491um | nc/uMm 0...710
-1511aMm | mc/aMm 0...771
-1531aMm | mc/HMm 0...832
-1551uMm | mc/uHMm 0...894
-1571aMm | nc/am 0...956
-1591umMm | mc/HMm 0...1018
-1611aMm | mc/HM 0...1080
-MHUHHM. ONITHY. BO3Bpat. notepu MPI-Sy b 24
-MaKCUMAaJIbHOE TUCKPETHOE OTPaKCHHE
mexay MPI-Sy u MPI-Ry nb =27
-MaKcUM. udepeHIl. rpynmoBas 3a1epiKKa Tc 120
HNuTtepdeiic B Touke MPI-Ry:
Ha BXOJI€ KaHaJa
-MaKCUMAaJIbHBIA YPOBEHb MOILITHOCTH | AbM -7,5
~-MUHUMAJIbHBIN YPOBEHb MOIITHOCTH nbm -22 -21,8 -21,3
-MaKCUMAJIbHBIN OOIIHI YPOBEHB nbm +4.,5
-MaKCHM. IITpa() ONTUYIECKOTO TPaKTa nb 1 1,5 2
~-MUHUM. SKBUBAJICHTHAs! YyBCTBUTEILHOCTD nbm -23 -23,3 -23,3
-MaKCUMaJIbHOE OTpPaXCHHE ONTHYECKOTO
CETEBOI0 DJIICMCHTA nb -27
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Hpn.ﬂomenne 4, XapaKTepHCTI/IKI/I OJHOKAHAJIBHBIX OIITHYECCKHX HHTep(beﬁCOB

G.698.1
Ta6anna I14.1. NRZ 2,5 I'6ur/c (100 I'T'u, kopoTkasi JTUHMS)
S ) C=20 === ===
& S 4 =< o=
=8= =8 =22 & 222
[TapameTpsl En. o+ £ & & g & & &
=S3 =SS | E£8 | €28
Ezz | 33% | ZZZ | 223
OO0mas nugopmanus
MuHuMaIbHBIN MEKKaHaJIbHBIN
HUHTEpBAI I'To 100 100
buroBast ckopocTb/ TMHEHHOE 2,5 T'out/c OTU1 FEC
KOJIUPOBaHUE - NRZ NRZ
MaxkcumanbHbIi K03(GUIIHEHT OmHO0K
110 GuTaM - 10 10™
Tun BoaokHa - G.652, G.653, G.655 | G.652, G.653, G.655
HNuTepdeiicHas Touka S
MakcuMalIbHbIN YPOBEHb MOILIHOCTA HA
BBIXOJ€ KaHalla nbm +4 +4
MuHUMaIIBHBIA YPOBEHb MOILIHOCTH Ha
BBIXOJE€ KaHalla nbm 0 0
MuHuMalnbHas eHTpadbHasl 4acToTa TT 't 191,5 gua C 191,5 gua C
186,0 mnsa L 186,0 ms L
MakcumaiibHasi HeHTpaJlbHasi 4acToTa TI'n 196,2 gua C 196,2 gua C
1915 nsa L 1915 nsa L
MaxkcuM. CeKTpaabHOE OTKIOHEHUE ITh 125 | +20 12,5 | +20
MuHUM. ITOIaBIIEHUE OOKOBOU MOIBI nb 30 30
MunuM. K03QPUIUESHT TalIeHUs b 8,2 8,2
Macka umnysbca G.959.1 G.959.1
OnTuyeckuii TpakT ot Ss 10 R;
Makcum. notepu, BHOCUMBIE B KaHaJIe b 16,5 19,5
MuHuM. OTE€pH, BHOCUMbIE B KaHAI nb 4 4
MakcumanbHbIN pUNILT nb 2 2
MaxkcuM. XpoMaTuuecKkas AUCIEPCUs NIC/HM 950 1200
MuHUMaNIbHBIE ONITUYECKUE BO3BPATHBIC
noTepu nb 24 24
MaxkcuManbHasi TUCKPETHAsI OTPaKar.
CHOCOOHOCTBH MEXIY Ss U R nb -27 -27
MakcuMm. quddepennmanpras rpymnmnosas
3a/ieprKKa c 120 120
MaxkcuMalbHble MEXKAHAIbHEIE
NEPEKPECTHBIE BIUSHUS nb -15 -15
MaxkcuMm. nHTephEepOMETPHUECKUE
NEPEKPECTHBIE BIUSHUS nb -45 -45
HNuTtepdeiicnas Touka R
MakcumallbHbI YPOBEHb MOIIHOCTH
KaHaJIa Ha BXOJ€e nbm 0 0
MuHMMalIbHBINA YPOBEHb
YyBCTBUTEIBHOCTH nbm -18 -21
Maxkcum. mrpad ONTHYECKOTO TPAKTa b 1,5 1,5
MaxkcuM. IoTepH OTpaXeHUs Ha IpUEMe nb -27 -27
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Hpn.ﬂomenne 4, XapaKTepHCTI/IKI/I OJHOKAHAJIBHBIX OIITHYECCKHX HHTep(beﬁCOB

G.698.1

Ta6anna I14.2. NRZ 2,5I'6ut/c (100I'T' 1, noimHHAst TUHHAS)

— — —

S28 |§88 | e3¢ | e38
S22 |25 | IZZ | 22%
[TapameTpsl En. % % % § E E E % E % % %
ZZ%Z | EZ2 | zZz | 2E¢Z
OO0mas nugopmanus
MuHuMaIbHBIN MEKKaHaJIbHBIN
HUHTEpBAI I'To 100 100
buroBast ckopocTb/ TMHEHHOE 2,5 T'out/c OTU1 FEC
KOJIUPOBaHUE - NRZ NRZ
MaxkcumanbHbIi K03(GUIIHEHT OmHO0K
110 GuTaM - 10 10™
Tun BoaokHa - G.652, G.653, G.655 | G.652, G.653, G.655
HNuTepdeiicHas Touka S
MakcuMalIbHbIN YPOBEHb MOILIHOCTA HA
BBIXOJ€ KaHalla nbm +4 +4
MuHUMaIIBHBIA YPOBEHb MOILIHOCTH Ha
BBIXOJE€ KaHalla nbm 0 0
MuHuMalnbHas eHTpadbHasl 4acToTa TT 't 191,5 gua C 191,5 gua C
186,0 mnsa L 186,0 ms L
MakcumaiibHasi HeHTpaJlbHasi 4acToTa TI'n 196,2 gua C 196,2 gua C
1915 nsa L 1915 nsa L
MaxkcuM. CeKTpaabHOE OTKIOHEHUE ITh 125 | +20 12,5 | +20
MuHUM. ITOIaBIIEHUE OOKOBOU MOIBI nb 30 30
MunuM. K03QPUIUESHT TalIeHUs b 8,2 8,2
Macka umnysbca G.959.1 G.959.1
OnTuyeckuii TpakT ot Ss 10 R;
Makcum. notepu, BHOCUMBIE B KaHaJIe b 25,5 28,5
MuHuM. OTE€pH, BHOCUMbIE B KaHAI nb 13 13
MakcumanbHbIN pUNILT nb 2 2
MaxkcuM. XpoMaTuuecKkas AUCIEPCUs NIC/HM 1400 1600
MuHUMaNIbHBIE ONITUYECKUE BO3BPATHBIC
noTepu nb 24 24
MaxkcuManbHasi TUCKPETHAsI OTPaKar.
CHOCOOHOCTBH MEXIY Ss U R nb -27 -27
MakcuMm. quddepennmanpras rpymnmnosas
3a/ieprKKa c 120 120
MaxkcuMalbHble MEXKAHAIbHEIE
NEPEKPECTHBIE BIUSHUS nb -16 -16
MaxkcuMm. nHTephEepOMETPHUECKUE
NEPEKPECTHBIE BIUSHUS nb -45 -45
HNuTtepdeiicnas Touka R
MakcumallbHbI YPOBEHb MOIIHOCTH
KaHaJIa Ha BXOJ€e nbm -9 -9
MuHMMalIbHBINA YPOBEHb
YyBCTBUTEIBHOCTH nbm -28 -31
Maxkcum. mrpad ONTHYECKOTO TPAKTa b 2,5 2,5
MaxkcuM. IoTepH OTpaXeHUs Ha IpUEMe nb -27 -27
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Hpn.ﬂomenne 4, XapaKTepHCTI/IKI/I OJHOKAHAJIBHBIX OIITHYECCKHX HHTep(beﬁCOB

G.698.1
Ta6anna [14.3. NRZ 10I'6ut/c (100I'T', kopoTKasi JIMHMS)
e~ & e e e = o
=TF | ST | 222 | 2=¢
888 | 855 | 588 | 855
[TapameTpsl En. é é é é é é & é & ,f; % é
ZZz |2%E | 22z | 22%
OO0mas nugopmanus
MuHuMaJIbHBIN MEXKKaHaJIbHBIN
HUHTEpBAI I'To 100 100
butoBas ckopocTs/ TuHEHOE 10 I'but/c OTU2 FEC
KOJIUPOBaHUE - NRZ NRZ
MaxkcumanbHbIi K03((GUITHEHT OIHO0K
110 GuTaM - 10" 10"
Tum BojoKHA - G.652, G.653, G.655 | G.652, G.653, G.655
HNuTepdeiicHas Touka S
MaxkcuMalIbHbIN YPOBEHb MOILIHOCTA HA
BBIXOJ€ KaHalla nbm +3 +3
MuHUMaIIBHBIA YPOBEHb MOILIHOCTH Ha
BBIXOJE€ KaHalla nbm -1 -1
MuHuMalnbHas [eHTpadbHas 4acToTa TI 't 191,5 gua C 191,5 gua C
186,0 mnsa L 186,0 ms L
MakcumaiibHasi HeHTpaJlbHasi 4acToTa T 196,2 nua C 196,2 gua C
1915 qna L 1915 qsa L
MaxkcuM. CIeKTpaabHOE OTKIOHEHUE ITh 125 | +20 12,5 | +20
MuHUM. ITOIaBIIEHUE OOKOBOU MOIBI nb 30 30
MunuM. K03QPUITUESHT TalIeHUs b 8,2 8,2
Macka umnyisca G.959.1 (G.959.1
OnTuyeckuii TpakT ot Ss 10 R;
Makcum. notepu, BHOCUMBIE B KaHaJIe nb 18,5 21,5
MuHuM. IOTE€pH, BHOCUMBIE B KaHAI nb 10 10
MakcumanbHbIN pUNILT nb 2 2
MaxkcuM. XpoMaTuuecKkas AUCIEPCUs NIC/HM 1100 1400
MuHUMalIbHBIE ONITUYECKUE BO3BPATHBIC
noTepu nb 24 24
MaxkcuManbHasi TUCKpETHAsI OTPaXKar.
CHOCOOHOCTBH MEXIY Ss U R nb -27 -27
MakcuMm. quddepennmanpras rpynmnosas
3a/ieprKKa Tnc 30 30
MakcuMalbHbIe MEKKaHAIbHBIC
NEePEKPECTHBIE BIUSHUSA nb -16 -16
MakcuMm. nHTephepOMETPHUECKUE
NIEPEKPECTHBIE BIUSHUS nb -45 -45
HNuTtepdeiicnas Touka R
MakcumallbHbI YPOBEHb MOIIHOCTH
KaHaJIa Ha BXOJ€e nbm -7 -7
MuHMMalIbHBINA YPOBEHb
YyBCTBUTEIBHOCTH nbm -22 -25
Maxkcum. mrpad ONTHYECKOTO TPAKTa b 2,5 2,5
MaxkcuM. IoTepH OTpaKEHUs Ha IpUEMe nb -27 -27
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Hpn.ﬂomenne 4, XapaKTepHCTI/IKI/I OJHOKAHAJIBHBIX OIITHYECCKHX HHTep(beﬁCOB

G.698.1
Taomuna [14.4. NRZ 10I'6nt/c (100I'T'n, nyimHHAast THHUS)
gk By e ) = = ===
555 | 885 | 588 |§&H
[TapameTpsl En. % % g % % % E § E % % %
ZEZ | 222 |zzz |222
OO0wmas nugopmanus
MuHuMaJIbHBIN MEXKKaHaJIbHBIN
HUHTEpBAI I'To 100 100
butoBas ckopocTs/ TuHEHOE 10 I'but/c OTU2 FEC
KOJIUPOBaHUE - NRZ NRZ
MaxkcumanbHbIi K03((GUITHEHT OIHO0K
110 GuTaM - 10 10"
Tum BojoKHA - G.652, G.653, G.655 | G.652, G.653, G.655
HNuTepdeiicHas Touka S
MaxkcuMalIbHbIN YPOBEHb MOILIHOCTA HA
BBIXOJ€ KaHalla nbm +6 +6
MuHUMaIIBHBIA YPOBEHb MOILIHOCTH Ha
BBIXOJE€ KaHalla nbm +3 +3
MuHuMalnbHas [eHTpadbHas 4acToTa TI 't 191,5 gua C 191,5 gua C
186,0 mnsa L 186,0 ms L
MakcumaiibHasi HeHTpaJlbHasi 4acToTa TI'n 196,2 gua C 196,2 gua C
1915 nnsa L 1915 na L
MaxkcuM. CIeKTpaabHOE OTKIOHEHUE ITh 125 | +20 12,5 | +20
MuHuM. ITOIaBIIEHUE OOKOBOU MOIBI b 30 30
MunuM. K03QPUITUESHT TalIeHUs b 9 9
Macka umnysbca G.959.1 G.959.1
OnTuyeckuii TpakT ot Ss 10 R;
Makcum. notepu, BHOCUMBIE B KaHaJIe nb 24,5 27,5
MuHuM. IOTE€pH, BHOCUMBIE B KaHAI nb 13 13
MakcumanbHbIN pUNILT nb 2 2
MaxkcuM. XpoMaTuuecKkas AUCIEPCUs NIC/HM 1600 1700
MuHUMalIbHBIE ONITUYECKUE BO3BPATHBIC
noTepu nb 24 24
MaxkcuManbHasi TUCKpETHAsI OTPaXKar.
CHOCOOHOCTBH MEXIY Ss U R nb -27 -27
MakcuMm. quddepennmanpras rpynmnosas
3a/ieprKKa Tnc 30 30
MaxkcuMaibHble MEXKAHAIbHEIE
NEePEKPECTHBIE BIUSHUSA nb -16 -16
MakcuMm. nHTephEepOMETPHUECKUE
NEPEKPECTHBIE BIUSHUS nb -45 -45
HNuTtepdeiicnas Touka R
MakcumallbHbI YPOBEHb MOIIHOCTH
KaHaJIa Ha BXOJ€e nbm -7 -7
MuHMMalIbHBINA YPOBEHb
YyBCTBUTEIBHOCTH nbm -24 =27
Maxkcum. mrpad ONTHYECKOTO TPAKTa b 2,5 2,5
MaxkcuM. IoTepH OTpaKEHUs Ha IpUEMe nb -27 -27
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Mpuinoxkenne 5. XapakTepHCTHKH ONTHYECKHMX HHTepdeiicoB
G.959.1 nas cereir OTN-OTH u SDH
Ta6auna I15.1. OnTHYecKkHe MHOTOKaHAJIbHbIEe HHTEP(eiichI

crTanaapra

XapakTepuCTUKH En. OnTudeckre MHOTOKaHaIbHbIE HHTEP(EHCHI
P16S1-1D2 | P1611-2D2 | P16S1-2B2 | P16S1-2C2
P16S1-1D5 | P1611-2D3 | P16S1-2B5 | P16S1-2C3
P1611-2D5 P16S1-2C5
Oo0mas nugopmanus
MakcuMaJIbHOE YHCJIO KaHAJIOB 16 16 16 16
CKOpOCTh/TUHEHHBIN KO I'our/c | 2,5/NRZ 10/NRZ 10/NRZ 10/NRZ
MaxkcuM. k03¢ d. ommbok 102 102 102 1012
Tun BoaokHa G.652, G.652, G.652, (G.652,
G.655 (G.653,G.655 G.655 (G.653,G.655
Hutepdeiic B Touke MPI-Sy:
-MaKCUM. YpPOBEHb MOIIHOCTHU
Ha BBIXOJ€ KaHasa nbm -4 -3 +3 -7
-MUHHUM. YPOBEHb MOIITHOCTH Ha
BBIXOJ€ KaHalla nbm -10 -6 0 -11
-MakCcuM.  O0mMiA  ypOBEHB
MOIIHOCTH Ha BBIXOJIE nbm +8 +9 +15 +5
-IIEHTpaJIbHAsl YacToTa TI'op |192,1+0,2m | 192,1+0,2m | 192,1+0,2m | 192,1+0,2m
m=0...15 m=0...15 m=0...15 m=0...15
-MHTEPBaAJI MEX]ly KaHaIaM1 ITo 200 200 200 200
-MaKCHUM. JIEBUAIIASA YACTOTHI ITo 40 40 40 40
-MUHHUM. KO3 UII. TareHus nb 8,2 8,2 8,2 8,2
Ontuyecknii Tpakt (0oauH
uarepsaa) or MPI-Sy 1o
MPI-Rwm:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 11 6 11 11
~-MUHUMAJILHOE 3aTyXaHUe nb 2 0 0 0
-MaKCHM. XpOMAaTH4. JTUCII. IIC/HM 800 400 800 800
-MHHHAMAaJIbHBIE OIITHYECKUE
Bo3BpatHbie moTepu MPI-Sy nb 24 24 24 24
-MaKCUMAJIbHOE IUCKPETHOE
orpaxenue mexay MPI-Sy u
MPI-Rm b -27 -27 -27 -27
-MakcuManbHas auddepen.
IpyNIoBas 3a1epKKa Tc 120 30 30 30
HNuTtepdeiic B Touke MPI-Ry:
-MaKCUM. YpPOBEHb MOIIHOCTHU
Ha BXOJIe KaHajia nbm -6 -3 +3 -7
-MUHHUM. YPOBEHb MOIITHOCTH Ha
BXOJI€ KaHaja nbm -21 -12 -11 -22
-MakcuM.  O0mMiA  ypOBEHB
MOILHOCTH Ha BXOJ€E nbm +6 +9 +15 +5
-MaKCHM. IITpad ONTUY TpaKTa nb 1 2ul 2ul 2ul
~-MUHUM. SKBHBAJ. YyBCTB. nbm -22 -14 u -13 -13u-12 -24 u -23
-MaKCUM. OTPa)KEHHUE OITHY.
CETEBOI0 DJIICMCHTA nb -27 -27 -27 -27
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Ta6muma I15.2. OnHokaHa/ibHbIE oNTHYecKHe HHTep(delichl KOMIMOHEHTHBIX
CUTHAJIOB MPOTSZKeHHbIX JimHmii 2,5I'0uT/c ¢ Botoknom GG.652

XapakTepuCcTuKu En. OnHoOKaHaIbHBIE ONITHYECKUE HHTEPDEHCHI
P1L1-1D1 P1L1-1D2 1L1-1D2F
OO0wmas nugopmanus
MakcuMalbHO€ YHCJI0 KaHaJIOB 1 1 1
CKOpOCTh/TUHEHHBIN KO I'6ur/c 2,5/NRZ 2,5/NRZ OTU1/NRZ FEC
Maxkcum. k03d@d. omudok 10™" 10™ 10™"
Tun BoaokHA G.652 G.652 G.652
HNutepdeiic B Touke MPI-S:
-JMana3o0H BOJH HM 1280-1335 1500-1580 1500-1580
-THII UICTOYHUKA OMJI OMJI OMJI
- IHUpUHA CIIEKTpa HA YPOBHE
-201b HM 1 1 1
-0 JaBJICHHE OOKOBBIX MOJI nb 30 30 30
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE nbm +3 +3 +3
-MUHHUM. YPOBEHb MOIIHOCTH
Ha BBIXOJ€ KaHaya nbm -2 -2 -2
-MUHUM. KO3 UIL. TareHuns nb 8,2 8,2 8,2
Ontnuecknii Tpakt or MPI-
S 10 MPI-R:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 22 22 24
~-MUHUMAJIbHOE 3aTyXaHUe nb 12 12 12
-MaKCHM. XpOMAaTH4. JTUCII. IIC/HM - L-16.2 mo G.957 L-16.2 mo G.957
-MHUHHUMAJIbHEIC ONITUYCCKUE
Bo3BpartHbie norepu MPI-S nb 24 24 24
-MaKCUMAaJIbHOE TUCKPETHOE
otpaxkenue Mmexay MPI-S u
MPI-R b -27 -27 -27
-MakcuManbHas auddepen.
IpyNIoBas 3aepKKa Tc 120 120 120
HNureppeiic B Touke MPI-R:
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BXOJie KaHajia nbm -9 -9 -9
-MUHHUM. YPOBEHb MOIIHOCTH
Ha BXOJie KaHajia nbm -25 -26 -28
-MaKCHM. IITpad ONTUY TpaKTa nb 1 2 2
-MaKCUM. OTPaKEHUE OTTHY.
CETEBOI0 DJIICMCHTA nb -27 -27 -27
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Ta6muma I15.3. OnHokaHajibHbIE oONTHYecKHe HHTep(delichl KOMIMOHEHTHBIX

CHUTHAJIOB CBEPX NMPOTSI:KEHHBIX JIUHUI 2,51'0uT/C

XapaKkTepuCTUKu En. OnHOKaHaIBHBIE ONITHYECKUE HHTEPDEHCHI
P1U1-1A5 1U1-1B2F, 5F 1U1-1B3F
OO0wmas nugopmanus
MaxkcuMallbHOE YUCII0 KaHAJIOB 1 1 1
CKOpOCTh/TUHEHHBIN KO I'6ur/c 2,5/NRZ OTU1/NRZ FEC | OTUL1/NRZ FEC
Maxkcum. k03d@d. omudok 10™" 10™ 10™
Tun BonokHa G.655 G.652, G.655 G.653
HNutepdeiic B Touke MPI-S:
-Iarna3oH BOJIH HM 1530-1565 1530-1565 1530-1565
-TUIl UICTOYHHKA OMJI OMJI OMJI
- IHUpUHA CIIEKTpa HA YPOBHE
-201b HM - - -
-TI0JJaBJICHHE OOKOBBIX MOJI nb 30 30 30
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE nbm +15 +18 +18
-MUHHUM. YPOBEHb MOIIHOCTH
Ha BBIXOJ€ KaHaya nbm +12 +15 +15
-MUHUM. KO3 UIL. TareHuns nb 8,2 8,2 8,2
Ontnuecknii Tpakt or MPI-
S o MPI-R:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 44 44 44
~-MUHUMAJIbHOE 3aTyXaHUe b 33 27 27
-MaKCHM. XpOMAaTH4. JTUCII. IIC/HM 1600 3200 mo G.652 530
1600 no G.655
-MUHUMAJIbHBIC ONITHYECKUE
Bo3BpartHbie norepu MPI-S nb 24 24 24
-MaKCUMAaJIbHOE TUCKPETHOE
otpakenue Mexay MPI-S u
MPI-R nb -27 -27 -27
-MakcuManbHas auddepen.
IpynIoBas 3aep>kKa TC 120 120 120
HNureppeiic B Touke MPI-R:
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BXOJie KaHajia nbm -18 -9 -9
-MUHUM. YPOBEHb MOIIHOCTH
Ha BXOJIe KaHaja nbm -34 -31 -30
-MaKCHM. IITpad ONTHUY TpaKTa nb 2 2 1
-MaKCUM. OTPa)KEHHUE OITHY.
CeTteBOro »J1eMeHTa nb -27 -27 -27
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Ta6auuna I15.4. OnHokaHa bHbIE ONTHYECKHMEe HHTep(eiichl KOMIMOHEHTHBIX
CUTHAJIOB KOPOTKHUX JinHui 10I'6uT/c ¢ BosiokHoM G.652

XapakTepuCTUKu En. OnHoOKaHaNBHBIE ONITHYECKUE HHTEPDEHCH
P1S1-2D1 | P1S1-2D2a | P1S1-2D2b | 1S1-2D2bF
Kon npumenenus mo G.691 S-64.1 S-64.2a S-64.2b
OO0wmas nugopmanus
MakcumalibHOE YHCII0 KaHAJIOB 1 1 1 1
CKOpOCTh/TUHEHHBIN KO I'our/c | 10 /NRZ 10/NRZ 10/NRZ | OTU2/NRZ
FEC
Makcum. k03¢bd. Ouméox 102 102 102 102
Tun BonokHa G.652 G.652 G.652 G.652
HNutepdeiic B Touke MPI-S:
-Iarna3oH BOJIH HM 1290-1330 | 1530-1565 | 1530-1565 | 1530-1565
-TUIl UICTOYHHUKA OMJI OMJI OMJI OMJI
- IIUPHUHA CIIEKTpa Ha YPOBHE -
20nb HM - - - -
-TI0JJaBJICHHE OOKOBBIX MOJI nb 30 30 30 30
-MaKCUM. YpPOBEHb MOIIHOCTHU
Ha BBIXOJE nbwm +5 -1 +2 +2
-MUHUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE KaHaya nbm +1 -5 -1 -2
-muauM. Koaddun. amenns nb 6 8,2 8,2 8,2
Ontnuecknii Tpakt or MPI-
S o MPI-R:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 11 11 11 12
~-MUHUMAJIbHOE 3aTyXaHUe nb 6 7 3 3
-MaKCHM. XpOMAaTH4. JTUCII. IIC/HM 70 800 800 800
-MUHUMAJILHBIC ONITHYECKUE
Bo3BpartHbie norepu MPI-S nb 24 24 24 24
-MaKCUMAaJIbHOE TUCKPETHOE
otpakenune Mexay MPI-S u
MPI-R nb -27 -27 -27 -27
-MakcuManbHas auddepen.
I'pynnoBas 3aepxka Tc 30 30 30 30
HNureppeiic B Touke MPI-R:
-MaKCUM. YpPOBEHb MOIIHOCTHU
Ha BXOJIe KaHajia nbm -1 -8 -1 -1
-MUHUM. YPOBEHb MOIIHOCTH
Ha BXOJIe KaHaja nbm -11 -18 -14 -16
-MaKCHM. IITpad ONTUY TpaKTa nb 1 2 2 2
-MaKCUM. OTPa)KEHUE OITHY.
CeTeBOro »J1eMeHTa nb -14 -27 -27 -27
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Tadauna I15.5. OgHokaHa/IbHbIE ONTHYeCKHe HHTepdeiicbl KOMIOHEHTHBIX

CUTrHAJIOB KOpoTKuX JuHuii 10I'6ut/c ¢ Bosmoknamu G.653, G.655

XapakTepuCTUKH En. OnHOKaHABHBIC ONITHYECKUE UHTEP(EHCHI
P1S1-2D3a, 5a | P1S1-2D3b, 5b 1S1-2D3bF
1S1-2D5bF
Kon npumenenus o G.691 S-64.3a S-64.3b
S-64.5a S-64.5b
OO0wmas nugopmanus
MakcuMalbHO€ YHCJI0 KaHaJIOB 1 1 1
CKOpOCTh/TUHEHHBIN KO I'6ur/c 10 /NRZ 10/NRZ OTU2/NRZ FEC
MaxkcuMm. k03¢d. Ommbok 10™" 10 10™
Tum BojoKkHA (G.653, G.655 (G.653, G.655 (G.653, G.655
HNutepdeiic B Touke MPI-S:
-JIUana3o0H BOJH HM 1530-1565 1530-1565 1530-1565
-THII UICTOYHUKA OMJI OMJI OMJI
- IHUpUHA CIEKTpa HA YPOBHE
-201b HM - - -
-0 JaBJICHHE OOKOBBIX MOJI 1nb 30 30 30
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE nbm -1 +2 +2
-MUHUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE KaHasa nbm -5 -1 -2
-muauM. Koaddun. Iamenns b 8,2 8,2 8,2
Ontnuecknii Tpakt or MPI-
S 10 MPI-R:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 11 11 12
~-MUHUMAJIbHOE 3aTyXaHUe nb 7 3 3
-MaKCHM. XpOMAaTH4. JTUCII. IIC/HM 130 130 130
-MHUHHUMAJIbHBIC ONITHYCCKUE
Bo3BpartHbie norepu MPI-S nb 24 24 24
-MaKCUMAaJIbHOE TUCKPETHOE
otpaxxenue Mmexay MPI-S u
MPI-R b -27 -27 -27
-MakcuManbHas auddepen.
I'pynnoBas 3aepKka Tc 30 30 30
HNureppeiic B Touke MPI-R:
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BXOJie KaHajia nbm -8 -1 -1
-MUHUM. YPOBEHb MOIIHOCTH
Ha BXOJie KaHajia nbm -17 -13 -15
-MaKCHM. IITpad ONTUY TpakTa nb 1 1 1
-MaKCUM. OTPa)KEHUE OTTHY.
CeTeBoro 3JeMeHTa nb -27 -27 -27

200




Ta6muma I15.6. OnHokaHa/ibHbIE oNTHYecKHe HHTep(delichl KOMMOHEHTHBIX
CUTHAJIOB NMPOTszKeHHbIX JuHuii 10I'6muT/c ¢ BosiokHoM G.652

XapakTepuCTUKu En. OnHoOKaHaIBHBIE ONITHYECKUE HHTEP(ENCHI
P1L1-2D1 P1L1-2D2 1L1-2D2F
Koxa mpumenenus no G.691 L-64.1
OO0wmas nugopmanus
MakcuMallbHOE YUCII0 KaHAJIOB 1 1 1
CKOpOCTh/TUHEHHBIN KO I'6ur/c 10 /NRZ 10/NRZ OTU2/NRZ FEC
MaxkcuMm. k03¢d. Ommbok 10™" 10 10
Tun BosoOKHA G.652 G.652 G.652
HNutepdeiic B Touke MPI-S:
-Iarna3oH BOJIH HM 1290-1320 1530-1565 1530-1565
-TUIl UICTOYHHKA OMJI OMJI OMJI
- IHUpUHA CIEKTpa HA YPOBHE
-201b HM - - -
-TI0JJaBJICHHE OOKOBBIX MOJI nb 30 30 30
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE nbm +7 +4 +4
-MUHUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE KaHaya nbm +3 0 -1
-muauM. Koaddun. amenns b 6 9 8,2
Ontnuecknii Tpakt or MPI-
S o MPI-R:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 22 22 22
~-MUHUMAJIbHOE 3aTyXaHUe nb 16 11 11
-MaKCHM. XpOMAaTH4. JTUCII. IIC/HM 130 1600 1600
-MUHUMAJIbHBIC ONITHYECKUE
Bo3BpartHbie norepu MPI-S nb 24 24 24
-MaKCUMAaJIbHOE TUCKPETHOE
otpaxxenue Mmexay MPI-S u
MPI-R nb -27 -27 -27
-MakcuManbHas auddepen.
I'pynnoBas 3aepKka Tc 30 30 30
HNureppeiic B Touke MPI-R:
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BXOJie KaHajia nbm -9 -7 -7
-MUHUM. YPOBEHb MOIIHOCTH
Ha BXOJIe KaHajia nbm -20 -24 -25
-MakcuM.  wrpadp  omruu. | ab 1 2 2
TpakTa
-MaKCHUM. OTPAKEHHE ONTHUY. b -27 -27 =27

CeTeBOro 3jeMeHTa
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Tadauna II5.7. OgHokaHa/IbHBbIE ONTHYeCKHWe HHTepdeiicbl KOMIOHEHTHBIX
CHUTHAJIOB CBEPX NMPOTsizKeHHBIX JuHuii 10I'0uT/c

XapakTepuCTUKH En. OnHOKaHANBHBIE ONTHYECKUE UHTEP(EHCHI
P1S1-2D1 | P1S1-2D2a | P1S1-2D2b | 1S1-2D2bF
OO0wmas nugopmanus
MakcuMaJIbHOE YHCJIO KaHAJIOB 1 1 1 1
CKOpOCTh/TUHEHHBIN KO I'outr/c | 10 /NRZ OTU2/NRZ 10/NRZ | OTU2/NRZ
FEC FEC
Makcum. k03¢bd. Ommbok 102 1012 102 102
Tum BojoKHA G.652 G.652 G.655 G.655
HNutepdeiic B Touke MPI-S:
-IMana3oH BOJIH HM - - 1530-1565 | 1530-1565
- [IEHTpaJibHas YacToTa TI 't 192,1 192,1 - -
-JIeBUAIMS LIEHTPAJIbH. YaCTOThI ITo 40 40 - -
-THII UICTOYHUKA OMJI OMJI OMJI OMJI
- IIUPUHA CIIEKTpa HA YPOBHE -
20nb HM - - - -
-[I0JaBJIEHHE OOKOBBIX MO nb 30 30 30 30
-MaKCUM. YpPOBEHb MOIIHOCTHU
Ha BBIXOJE nbm +7 +7 +13 +13
-MUHUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE KaHasa nbm +4 +3 +10 +10
-muHuM. Koaddun. Iamenns nb 9 9 9 8,2
OnTnuecknii Tpakrt or MPI-
S 10 MPI-R:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 33 33 33 33
~-MUHUMAJIbHOE 3aTyXaHUe nb 21 21 20 20
-MaKCHM. XpOMAaTH4. JTUCII. IIC/HM 2400 2400 800 800
-MHUHUMAJIbHEBIC ONITHYCCKUE
Bo3BpartHbie norepu MPI-S nb 24 24 24 24
-MaKCUMAaJIbHOE TUCKPETHOE
oTpaxkenue Mmexay MPI-S u
MPI-R b -27 -27 -27 -27
-MakcuManbHas auddepen.
IpyNIoBas 3a1epKKa Tc 30 30 30 30
HNuTeppeiic B Touke MPI-R:
-MaKCUM. YPOBEHb MOIIHOCTH
Ha BXOJIe KaHajia nbm -14 -14 -7 -7
-MUHUM. YPOBEHb MOIIHOCTH
Ha BXOJIe KaHajia nbm -30 -31 -24 -24
-MaKCHM. IITpad ONTUY TpaKTa nb 1 1 1 1
-MaKCUM. OTPa)KEHUE OTTHY.
CETEBOI0 DJIICMCHTA nb -27 -27 -27 -27
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Taoauua I15.8. OpHokaHaIbHbIE

curmajioB 40I'out/c

ONITHYCCKHUE HHTEP (l)eﬁCbl KOMIIOHCHTHbBIX

XapakTepuCTUKu En. OnHOKaHaNBHBIE ONITHYECKUE HHTEP(DEHCH
P1S1-3C2 | P1L1-3A2 | 1L1-3C2FD | 1L1-3C2F
P1S1-3C3 | P1L1-3A3 | 1L1-3C3FD | 1L1-3C3F
P1S1-3C5 | P1L1-3A5 | 1L1-3C5FD | 1L1-3C5F
OO0wmas nugopmanus
MakcuMaJIbHOE YHCJIO KaHAJIOB 1 1 1 1
CKOpOCTH/TUHEHHBIN KO I'our/c | 40 /NRZ 40/NRZ OTU3/NRZ | OTU3/NRZ
FEC FEC
Makcum. k03¢bd. Ommbok 102 102 102 102
Tun BoaokHa - (G.652, G.653, G.655
HNutepdeiic B Touke MPI-S:
- [IEHTpaJibHas YacToTa TT 't 192,1 192,1 192,1 192,1
-JIeBUAIUS LIEHTPAJIbH. YaCTOThI ITo 40 40 40 40
-THII UICTOYHUKA OMJI OMJI OMJI OMJI
- IIUPHUHA CIIEKTpa Ha YPOBHE -
20nb HM - - - -
-I0JaBJICHHE OOKOBBIX MOJI 1nb 35 35 35 35
-MaKCUM. YpPOBEHb MOIIHOCTHU
Ha BBIXOJE nbm +3 +8 +5 +5
-MUHUM. YPOBEHb MOIIHOCTH
Ha BBIXOJE KaHasa nbm -3 +5 +2 +2
-muauM. Koaddun. Iamenns nb 8,2 10 10 10
OnTnuecknii Tpakrt or MPI-
S 10 MPI-R:
-MaKCUMAaJIbHOE 3aTyXaHHe nb 11 22 22 22
~-MUHUMAJIbHOE 3aTyXaHUe nb 0 11 11 11
-MaKCHM. XpOMAaTH4. JTUCII. IIC/HM 800, 140, 1600, 280, 1600, 280, | 1600, 280,
400 800 800 800
-MHUHHUMAJIbHEBIC ONITHYCCKUE
Bo3BpartHbie norepu MPI-S nb 24 24 24 24
-MaKCUMAaJIbHOE TUCKPETHOE
oTpakenune Mmexay MPI-S u
MPI-R nb -27 -27 -27 -27
-MakcuManbHas auddepen.
rpynmnoBas 3aJepixKa c 7,5 7,5 7,5 7,5
HNuTeppeiic B Touke MPI-R:
-MaKCUM. YpPOBEHb MOIIHOCTHU
Ha BXOJIe KaHajia nbm +3 -3 -6 -6
-MUHUM. YPOBEHb MOIIHOCTH
Ha BXOJIe KaHajia nbm -17 -20 -22 -23
-MaKCHM. IITpad ONTUY TpakTa nb 3 3 2 3
-MaKCUM. OTPaKEHUE OTTHUY.
CETEBOI0 DJIICMCHTA nb -27 -27 -27 -27

HpHManHHe: BCINYHHBI XpOMaTquCKOﬁ JAUCIICPCHUH ITPHUBCACHBI B ITOPAAKE 3aIIMCH

cTanmapToB BosiokoH G.652, G.653, G.655.
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Ipuioxkernue 6. Pacyér xapakTepuCcTHK ONTHYECKUX KAHAJIOB

Pacuér  xapakTepuCTHK  ONTHYECKUX  KAHAJIOB  BBIMOJHAETCS  MpH
MPOCKTUPOBAHUM ONTHYECKON TPAHCIOPTHOM CETH C BBHIOOPOM KOHKPETHOIO
o0Opy/lOBaHUSI C  U3BECTHBIMH  XapaKTEPUCTUKAMHU, TOMOJOTUU  CETH, C
ONpPENENEHHBIMA PACCTOSHUSMU MEXKIY Vy3JaMH CeTH, TpeOyeMol EMKOCThIO
ONTUYECKUX KAHAJIOB U CKOPOCTHIO Mepeaayr HHPOpMAIIMOHHOTO Tpaduka. Takxe B
PacYET AOJKHBI BXOJIUTH MapaMeTPhl BOIOKOHHBIX CBETOBOJIOB KaOEJIbHBIX JTUHUH.

Hwxe npuBonsTcss mpuMepbl pacd€ToB ISl JBYX TOMOJOTHN TPaHCIOPTHBIX
ONTHYCCKUX ceTel (IMHEHHas IEIb» U «KOJBIO» C 3allUTOH COCIUHEHHI).
Hcxonuble nanubie (HOpMYIUPYIOTCS B MOCTAHOBKE 3aJa4M HA MPOEKTHUPOBAHUE U
NPUBIICKAIOTCS ~ M3BECTHBIC  XapakTepucTuku obopymoBanuss ROADM/PXC,
ONTUYECKUX YCUIUTENEeH U HHTEep(EiCOB ONTUUECKUX CETEH.

[lenbio BBIMOTHAEMBIX PACUETOB SIBISETCS MPOBEPKA MPABUIBLHOCTU MPHUHSTHIX
MPOEKTHBIX PEHICHUN MO KOH(MUTYpalMu ONTHYECKON CETH U ONTUYECKUX KaHaJOB,
Mo BeIOOpY oOOOpydoBaHMS U HHTEPPEMCOB, MO BBINOJHEHUIO 3aJaHHBIX
cootHomeHnit OSNR B kaHamax, Mo TUCIIEPCUOHHBIM NCKAKCHHUSIM B KaHaIax u T.1.

1. Pacuér XAPAKTCPUCTHK KAaHAJ/IOB ONTHYECKOM CEeTH THIA «JIMHelHasI Hemnb»

B nmocraHoBKy 3a/1aun MPOSKTUPOBAHUS ONTHYSCKOM CETH BXOJIAT:

- TabiuIa ¢ 3aJaHUeM YHCIIa ONTHYCCKMX KaHAJIOB M CKOPOCTBIO IEpeladd B
HUX HWH()OPMAIIMOHHBIX ITOTOKOB, OPraHW3YEeMBIX B CETH MEXKIY Yy3JaMH, BHUIBI
uHpopmaimonusix norokos (SDH, Ethernet, OTH, TP-MPLS u 1.1.);

- pacCTOSIHUE MEKY y3JIaMHM JIMHEHHOM 1ienu (reorpaduueckas TeppUTOpHUs);

- THIIBI ¥ XapaKTEPHUCTHKH BOJIOKOH ONITHYECKOTO KabeJs;

- mpeIaracMoe 000pyI0BaHUE U3BECTHOTO IMPOU3BOIUTEIIS,

- HEOOXOJMMOCTH 3aIIUTBI CEKIUH ONTHYECKOTrO MYJIbTHILICKCUPOBAHUS HIIN
OTJICIIbHBIX ONTHYCCKUX KaHAJIOB.

Ilpumep nocmarnosxu 3a0aqu pacuéma npeocmasier mao.l.

Tabn.l. TpeOGyeMoe YuCIIO ONTHYECKUX KaHAJIOB 10 HAMPABJICHUSIM

Ne | Hanpasiienune | Ymci10o onTHYECKHX KaHAJIOB CxopocTthb nepeaadm B KaHaje
padounX/yis pa3BUTHS HH(OpPMALMOHHBIN NOTOK

1 A-b 2 10 I'6ut/c Ethernet

2 A-B 2 10 I'6ut/c Ethernet

3 A-T’ 2 10 I'6ut/c Ethernet

4 A-J1 2 10 I'out/c Ethernet

5 A-E 2/6 10 I'6ut/c Ethernet

PaccTostHust Mex 1y y3i1aMu JTUHEWHOW CETH!
A-b 82 xm; b-B 77 xm; B-I" 168 kwm; I'-J1 83 km; JI-E  40xm.

Ontuueckuit kabenp komnanuu «EBpokabens» s npokianku B rpyHT OI'1I-
24E-7 C UEHTpaJbHBIM ONTHYCCKHUM MOJIYJIEM, B KOTOPOM paCIOJIOKEHBI 24

204



OJTHOMOJIOBEIX BOJIOKHa cTaHmapTa G.652, ¢ OpPOHEMOKPOBOM M3 OJHOTO TIOBUBA
CTAJIBHBIX OIMHKOBAaHHBIX MPOBOJIOK, C HAPYXHOW OOOJIOYKOW W3 MaTepuayia, He
paclpoCTpaHsSIONIer0 ropeHue, Ha pactaruBawoniee ycuiue [(kH. Iloronnoe
3aryxanue BonokHa <0,2 nb/km Ha BomHe 1550 HM. Benmmumna xpomartmueckoi
muctiepcun <18 mnc/HMxkM B amanazoHe BoaH 1530 — 1560 vMm. Benawuwmna
k03 PHULHEHTA TOSPH3ALMOHHON Mo0BOiT aucniepenn <0,2 me/VKM.

IIpemmaraemoe o6opymoanme ROADM NEC DW4200 ¢ BOJHOBBIMH
OJIOKHpaTOpaMU M y371aMH ONTHYECKON KPOCCOBOM KOMMYyTAaIuu. MakcuManbHBIC TI0
JUIMHE YYacTKH Tepefaud ¢ TOYKH 3PEHHS MOTEPh ONMTHYECKOW MOIIHOCTH IS
YYaCTKOB YBEIMYCHHON mpoTsokeHHocTH (0e3 ydéra moTeph B KOMIIEHCATOpax
xpomatudeckoit gucnepcur KXJ1) B Bonokue G.652: 23 nb; 25 ab; 30 nb; 33 ab. C
Y4EeTOM IOTEeph B KOMIICHCAaTope Xpomatmdeckoil mucnepcuu: 20 nb (B BOJIOKHE
11nb); 21 nb (B BostokHe 12 1b); 22 nb (B Bonokue 13 nb); 23 a1b (B BomokHe 14 1b);
24 nb (B Bostokue 15 nb); 25 nb (B BomokHe 16 nb); 26 nb (B Bosokue 17 1b); 27 nb
(B BostoKHE 18 1b).

be3 umcmonb30BaHMS OTAETHHBIX BOJIOKOHHO-ONTHYECKUX JIMHUHA 71T 3aIUTHI
COEUHECHUM.

Omanwvl pacuema xapaxmepucmux ONMU4ecKux Kanaios:

- BBIOOp ONTHYECKOTO JWana3oHa JUIMH BOJH [JII OpPTaHU3AIMH  CBSI3H,
WHTEpPBAJIA MEXKIYy HECYIIMMH YacTOTaMHW W KOHKPETHBIX HECYIIUX YacTOT W3
crangaptHoit cetkr (CWDM wim DWDM) ¢ y4étom nmepcreKTUBbI pa3BUTHS;

- OIICHKA HEOOXOAMMOCTH PAa3MEIICHUS MPOMEKYTOUHBIX CTAHIIUNA ONMTHIECKOTO
YCHJICHHSI, KOMI