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AHpaTna

Byn AviccepTaLmabik XyMbIC XacaHzbl NaccUBTI ONTUKanbIK 6akbinay
XylienepiH 3epTey TakbipblbblHa apHaiFaH.

BasHaamaza KoNAaHbICTaFbl MOHUTOPYHT XyienepiHiy enxeli-renkeini
cMnaTTamachl 6epinreH.

MaccuBTi onTukaneik xeninep ywiH OTDR MOHUTOPWHTI XXyAeCiH eHriy
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AHHOTaUMs

JaHHan aguccepTalmoHHas paboTa nocesLleHa Teme{ﬂ nccnefoBaHs
NaccMBHBIX ONTUYECKUX CUCTEM MOHUTOPUHTA.

B pa6oTe npeAcTaBneHo NoAPO6HOE OMNMCaHNe CyLLECTBYHOLLMX CUCTEM
MOHWTOPWHra 1 060CHOBaHMe BbI6paHHOM Mogenu.

MpoBeseH 3KCnepuMeHT A5 BHeApeHWst crcTeMbl MOHUTOprHra OTDR ans
NacCcUBHbIX ONTUYECKMX CETEN. ﬂ,ﬂﬂ BbIMO/IHEHNA SKCNEepUMeHTa 6bIn UCMoNb30BaHa
nporpammHas cpega MathLab v nasep Pirelli © ITLA DTL C13-050.

B pa6oTte ncnonb3osaHo 13 popmyn, ZS{E pvicyHKa, 7 Tabauu, 1 30 NCTOYHMKA.
Annotation

This dissertation is devoted to the topic of{ﬂ research of passive optical
monitoring systems.

The paper presents a detailed description of the existing monitoring systems

and the rationale for the selected model.

An experiment was conducted to introduce an OTDR monitoring system for
passive optical networks. To perform the experiment, the MathLab software
environment and the Pirelli © ITLA DTL C13-050 laser were used.

The work uses 13 formulas, 25 figures, 7 tables and 30 sources.
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BeezeHve

B HbIHELUHNA MHOPMALIMOHHbIN BEK OMTUYECKas CBS3b UrPaeT BaxHYH Posb B
TeNeKOMMYHVIKaLMOHHBbIX CETAX, MOCKO/IbKY OHa MOXET nepejaBaTh
CBEPXBbICOKOCKOPOCTHbIE JaHHble Ha Ype3BblvaiiHO 6o/bLLE PacCTOAHNS 13-3a
LUMPOKOV NONOCHI MPOMYCKaHWSA 1 HU3KOTO 3aTyxaHus nepeaayun, obecneyrsaemMoro
ONTUYeCKUMU BONOKHaMW. TeneKoMMyHUKaLMOHHas ceTb MOXeT bbITb pasjeneHa Ha
TPW YaCTW: TPAHCMOPTHBIE CETU AaNbHEro Cej0BaHVIs, FOPOACKME CeTV 1 ceTn
AocTyna. TpaHCMopTHbIE CeTU AaribHelt CBA3M, Takke U3BECTHbIE Kak MarncTpanbHble
ceTu, 06bI4YHO 0XBaTbIBAKOT ThICSUM KUIOMETPOB, COANHAA OCHOBHbIE CETEeBbIE Y3/bl B
pasHbIX CTPaHax Ha pasHbIX KOHTUHeHTax. ONTYeckre BoNOKHa bkl
AOMUHUPYIOLLIMM CPEACTBOM /15 NOAAEPXKKMN TakKNX NPOTSKEHHbBIX U
BbICOKOCKOPOCTHbIX CUCTEM Nepeaayu. Fopo/ckue ceTu, BbICTynatoLue B KadecTse
braepHBIX ceTel Mexay CeTaMM JOCTyNa 1 CeTAMU AanbHell CBA3N, 06bIYHO
oxBaTbIBalOT AvanasoH oT 10 km Ao 100 KM, B KOTOPOM B kayecTBe OCHOBHOW ceTu
NCMONb3YeTcs CUHXPOHHas onTuyeckas cetb (SONET) / cHXpOoHHast LppoBsas
nepapxus (SDHq) Kak OCHOBHOI cnocob obecneyeHs BbICOKOCKOPOCTHO nepesayn

AaHHbIX. CeTy 40CTyna, OXBaTbiBatoLLMe BCEro 1Llb AeCATKM KnnomeTpos (0 ~ 20



KM), obecrneunBatoT CBsi3b A1 KOHEYHbIX Nosb30BaTeneil. OHU JOMKHbI AOCTaBATh
AAHHbIE KOHEYHOTrO NONb30BaTeNA U NPUIOXEHNA 60ﬂbUJOMy Konn4yecrsy
none3osarenein.

1. ViccneaoBaHvie NaccvBHbBIX ONTUYECKMX CUCTEM MOHUTOPUHTA.

OnTnyeckne cetn goctyna

1.1 NaccneHan OnTuyeckas CeTb

Kak npaBuno, cyLiecTByeT Tpy TUMNa TeXHONOTUIA ONTUYECKOro CeTeBOro

A0CTyna: Touka-Touka (PtP), akTBHas ceTb Ethernet 1 naccmBHas onTuyeckas ceTb.
OCHOBHble pa3nnyus B 3TVIX Tpex TUMax onT1Yeckol ceT 3akNoyatoTcs B
YCTPOWCTBAX, YCTAHOBNEHHbIX MeX/Y LieHTpabHbIM OGUCOM 1 TePMUHANOM (M
ceTblo) aboHeHTa.

[ByxTOUEeYHOE BONOKHO ApXuUTeKTypa PtP-BoNOKHa UCMONb3yeT NpsaMoe
BOJIOKOHHOE COeAVHEHe MeXAY LieHTPaNbHbLIM OGUCOM 1 aBOHEHTCKM OKOHEUHbBIM
ycTporictBoM ontuyeckoi cet (ONT). 3TOT BbIGOP MMEEeT HeCKONBbKO NperMyLLLecTB:
MOCKO/bKY OMTOBONIOKOHHOE COeAVHeHe NpeHa3HauYeHo AN1S KaxAoro noib3osaTtens,
3TO HebonbLINe notepn B onTu4eckon MOLLHOCTU, YTO NO3BONALT YBE/INHYUTH
paccTtosiHve Mexay CO 1 abOHeHTCKVM TepMUHanoM. HanpoTuBe, NoBbILLEHHOe
KONMYECTBO BOJIOKOH BAVAET Ha pasMep LieHTpanbHOro opuca.

PricyHoK 1.1- BONOKHO ToYKa-TouKa

CeTb ¢ akTuBHbIM Ethernet

STOT TVIMN CEeTU NCMONb3YeT YCTPOIACTBA C INeKTPONMTaHNeM, Takue Kak

KOMMYTaTOPbI ¥ MapLUPYTU3aTOPbI, 415 06CNYXMBAHWA Pa3INYHbIX 36OHEHTOB.
OCHOBHbIMU OTAVYUAMYI MO CPaBHEHWIO C NpeablAyLLiei Tononoruen aensertcsa
MHOrOTOYeYHasn CTPYKTypa, KOTopas Mo3BoNseT 3HaUYMTeNbHO COKPaTUTh YNC/IO
BOJIOKOH, 3aKaHUYMBAOLLMXCS B LLeHTpasibHOM oduce. Takxe B 3TOM C/lyyae paccTosiHme
Mexzy CO 1 NoANMCUMKAMU He SBASIeTCS KpUTMYecKoli Npobnemoit Avsaiika.
PuicyHok 1.2- CeTb C akTUBHbIM Ethernet

MaccuBHas onTnyeckas ceTb

Kak 1 B cnyyae aktuBHoro Ethernet, B naccusHoli onTuyeckoi cetn (PON)
NCNonb3yeTca ToNnoa0rma MHOroto4e4yHoro CoeAnHeHns, 3aMeHaLLas KOMMyTaTop
OAHUM U HECKONBKMY NACCVBHBLIMW ONTUYECKUMI KOMMOHEHTaMM (Taknmm kak
AenuTeNb MOLLHOCTV U peLleTku C A/IMHOM BONHbI MaccyiBa). OCHOBHbBIMU
npevimyLecrsamy 3Toro Bbl60pa ABNAOTCA 3Hepron0Tpe6neHme, HW3Kasa CTOMMOCTb
ONTUYECKNX KOMMOHEHTOB (MO OTHOLLEHWO K akTiBHOMY Ethernet), 6onee Hukas
CTOVMOCTb Pa3BepPTbIBaHVA BOJIOKOH (MO OTHOLLIEHWIO K BbIGOPY BONIOKOH PtP).
Bnarogaps koMnpomMumccy Mexzy CTOMMOCTBIO 1 MPOV3BOAVNTENIbHOCTBIO MacCUBHbIE
onTUYeckmne CeTn CYNTAIOTCA CeTbio JOCTyNa CeAytoLLero NokoneHus.

PucyHok 1.3-: MaccnBHas ontuyeckas ceTb

Kak nokasaHo Ha pucyHKe 4, 0CHOBHbIMW KOMMOHEHTaMM NaccuBHOM

ONTUYECKOIA CeTU ABNSKOTCS:

* TepmyiHan ontuyecko AMHWUM (OLT): 3TOT 3n1eMeHT SBASeTCH UHTepdeicom

MeX/ay MarnucTpanbHOl CeThbIO 1 CeTbIO OMTUHYECKOro J0CTyNa, OH PacroNoXeH B
LieHTpanbHOM oduice NocTaBLLMKa yCayr;

+ OnTuyecknii cetesoit 610k (ONU): 3TO yCTPOWCTBO PacnonoXxeHoO PSAOM C
KOHEUHbIMW NO/Ib30BaTeNAIMU, Kak Mbl YBUAMM NO3XeE, OHO MOXET 6biTb MHTepdelicoMm
MexX/y NepBUYHOI ONTUYECKOW CeTbIO V1 BTOPUYHOIA CeTbio, peani3oBaHHOM ¢
NMOMOLLBIO MeAHbIX Kabeneii.

« OnTnyeckas pacnpegenvrenbHas cetb (ODN): oHa coeguHseT OLT B

LeHTpanbHom oduce ¢ ONU, gpyrumu cnoBamu, 310 draepHas ceTb;

* YaaneHHblIii y3en (RN): 3T0 NaccyBHbINA ONTUYECKNA KOMMOHEHT, KOTOPbII
paszensieT n o6beaVHSEeT onTUYeckme CUrHabl (HanpuMep, NaccuBHbIN gennTens
MOLLIHOCTU W/ peleTyaTas BONHOBOAHAA pelueTka). [ockonbKy yaaneHHbIv ysen
naccmBeH, ero CTOMMOCTb HeBeNnKa, N HeT HeOsXOAVIMOCTVI B 3/1eKTpONUTaHNn 1
KOHTpONe TeMnepaTypsbl.

MaccrBHbIe oNTUYeckre ceT MOXHO Knaccmq)mu,mposaﬂ: Mo NPOHUKHOBEHUIO



BOJIOKOH OT OMTUYECKOro OrpaHNYUTeNst IMHUW K KOHeYHOMY Mnosib3oBaTento. B
COOTBETCTBUV C pekomeHaauveid MC3-T G.983 MOXHO AaTk onpejeneHuns (PUCyHoK
5). B aMTepaType MOXHO HaliTV HeCKONbKO BapuaHToB (Hanpumep, Fiber-To-The-
Desk), npeacTaBieHo TPy OCHOBHbIE CETeBbIe apXUTEKTYpbI.

PricyHok 5-ApxutekTypa cetv FTTx B cooTBeTCTBUM C PekomeHaaumein MC3-T
G.983.

OnNTOBO/IOKHO K WKagy (FTTCab)

OnNTOBONOKOHHAs CBSA3b 3aKaHUVBAETCH B YIMYHOM LUKady, paccTosHMe 40
abOHEeHTOB HaXOAMTCS B Anana3oHe MeHbIX IMHWIA C BbICOKO NPOMYCKHOA
CMoco6HOCTLIO, TakMX Kak TexHonorun Ethernet nnu Wi-Fi. OT kabuHeTa go
NoANMCYNKOB NpeaocTaBnseTca MeaHas cesasb. FTTC B nocnegHee sBpemMs
paccMaTprBaeTcs kak MPOMeXyTOUHbIN LWar Ha NyTu K 40My, 11 B HacTosiLL,ee BpeMsi OH
MCMONb3yeTca NOCTaBLIMKaMM TeNeKOMMYHUKALOHHbIX YCNyT.

OnNTOBOJIOKHO K 3aHuto / 06oumnHe (FTTB / C)

Kak v FTTCab, onTuueckoe BONOKHO AOCTUraeT rpaHuiLbl 34aHVs, 1
OKOHYaTeNbHOe CoeAVHeHNe OCyLLeCTBsSeTCS Yepes TexHonoruy Ethernet unm Wi-Fi.
OnTOBONOKHO K AoMy / oducy (FTTH / O)

BONOKOHHO-ONTHYECKOE COeAVIHEHVIE JOCTUraeT HenocpeaCTBEHHO JoMa
aboHeHTa. O6bIYHO BONOKHO 3akaHUMBaeTCs B KOPOOKe Ha BHELLHE cTeHe oma.
2 MeToAbl MHOXecTBeHHOro goctyna PON

B nocnesHue ABa AecATUNETUS BbINV NPeANOXeHbI Pa3InyHble CXeMbl U1
APXUTEKTYPbI MyNIbTUMNEKCMPOBAHNA B 3aBUCMOCTM OT CTaHAapTa. B 3Tom pasgene,
cnegys aBontoLmm ctaHgapToB PON Bo BpemeHU, Mbl COCPEeAOTOUMMCS Ha
MHOXeCTBEHHOM JOCTyrne C BpeMeHHbIM pa3geneHviem (TDMA), MHOXecTBeHHOM
AOCTyre ¢ pasgeneHvemM no gnnHe soaHbl (WDMA) n MHOXeCTBEHHOM AOCTyre C
pasgeneHunem no BpeMenu 1 ganHe BoaHel (TWDMA). BeibpaHo TWDMA BmecTo
APYrvIX NpejaraeMbix PeLleHniA, MOTOMY YTO OH 6bin BbibpaH B 2012 rogy FSAN
(rpynna ceTei NOAHOroO A0OCTYNa) B ka4ecTBe OCHOBHOrO peLueHunst ans NG-PON2
(cnepyrouero nokoneHust PON2).

2.1 TDM PON

CxeMma naccuBHol ontuyeckoii cet TDM nokasaHa Ha pucyHke 6. B cxeme

TDM yzaneHHblIli y3en SBASeTCH NacCUBHbLIM PasgenvTenem MOLHOCTY, U Kaxzoe
ONU nepezaeT v NPUHUMAET Ha OAHO U TOM e AIHe BO/IHbI, MO3TOMY UM
TpebytoTCa 0AVHaKOoBble ONTUYecKMe YCTpolicTBa. TpapurK HUCXOAALLLEro NoToka,
OpraHv30BaHHbIV B kaapax, otripasnsetcst OLT kaxgomy ONU, kak nokasaHo Ha
puyicyHKe. Micnonb3ys BpeMeHHOM UHTepBan, cneuyuanbHoe none B popmare kaapa,

kaxzgoe ONU BbIGUPAET 13 HACXOAALLNX AAHHbBIX UHTEPECYHOLLYIO NHGOPMALWIO.

Kazp orpaHvyeH npeambyno, B KaxoM Kajpe BpeMeHHble HTepBasibl
NAEHTUGULIMPYHOTCSA AOMONHUTENBHBIMU Npeambynamu (Mo MeHbLUeli Mepe, OANH ANs
kaxgaoro ONU). MpogomKUTeNbHOCTb BPEMEHHOr0 MHTEPBAasa MOXET BapbpoBaThCS
OT HECKONbKNX MUKPOCEKYH, 10 HECKONbKNX MUMIMCEKYH/ B 3aBUCUMOCTLN OT
KOHKpeTHOro npotokona u konndectsa ONU B cetn. ONU nepezatoT Ha 04HOI BONHE
1 He MOTYT CBA3bIBaTLCA HaNPsAMYyo, NO3TOMy Kaxablt ONU nrHopupyeT coctosHne
Apyrux. locTyn K kaHany A0/keH KOHTPONMPOBATLCA BO 136eXaHue KONAv3unii Ha
YZAaneHHOM y3/e, KpoMe TOro, yrpaeaeHve OCTYrNOM JO0/KHO 6biTb AUHAMUYECKM,
NockosbKy pasHble ONU MOryT nMeTb pasHble Tpe6oBaHMs K 3arpyske.

PelueHue npescTaBnsieT co60ii NPOTOKON Ha OCHOBE pe3epBrIPOBaHKIS, KOTOPbIV
TpebyerT:

- LLleHTpann30BaHHbI KOHTponnep Ha OLT;

- NpOTOKOAN cMrHanm3aummu kak B OLT, Tak 1 B ONU: OLT 3anpalunBsaet Kaxzjoe

ONU, koTopoe oTBeuvaeT, coobLLas CBoe COCTOsIHVE (MHpOopMaLMIo ANs nepeaaydn), 1
3aTem OLT oTnpaBnsieT paspeLLeHue A8 BPEMEHHOro UHTepBana;

- cuHXxpoHm3aums ONU (o6Las BpemeHHas npresiska): kaxaoe ONU gonxHO

TOYHO 3HATb HAa4ano U NPOAO/IKUNTENIBHOCTL CBOErO BPpeMeHHOro HTepBana, UTObbI

n36exarb CTOIKHOBEeHWS Ha yAaNeHHOM y3e (0bpaTuTe BHUMaHMe, YTO paccTosiHue



Mexzy ONU 1 OLT o4eHb BaXKHO AN15 MPaBUILHON CUHXPOHM3aLMN);

* a/IrOPUTM NNAHNPOBAaHNA Ha OLT: BpPeMeHHble NHTepBa/ibl Ha3HAYaroTCA
AMHAMNYeCKN B COOTBETCTBUM ¢ cocTosHneM UNU, TpebosaHuamu QoS 1 ToprosesIMu
cornaleHnamn aboHeHTa.

PucyHok 6 - Cxema TDM PON

MpviemHrK ONU npocT, NOTOMY UTO NpUHMaemast MOLLHOCTb BCerja oAHa v Ta

e, Ha06opoT, NpueMHKK OLT 6onee cnoxeH, noTomy 41o ONU MOryT HaxoAUTLCS Ha
Pa3HbIX PACCTOAHKSAX, MO3TOMY OH NPUHMMAET KaApbl C PasHbIMU ONTUYECKUMN
MOLLIHOCTSIMU: eMy TpebyeTcsi peryavpoBKa ycuneHus Ans ajantauuv nopor mexay 0
ni.

2.2 WDM PON

OcHoBHas naes B ceTu onTuyeckoro goctyna WDM cocTouT B TOM, UTO6bI

CHabAWTL KaxA0ro aboHeHTa Apyroi AAVHOV BO/HbI, @ He Pa3jensTb O4HOro 1 Toro
e mexay 32 (nnm gaxe 6onee) aboHeHTamu, kak B TDM PON. B yacTHocT, Kaxaoe
ONU nepegaeT 1 NpUHUMAET Ha ABYX Pa3HbIX U BblAeNeHHbIX A1HaxX BOH. C-
ANanasoH NCNonb3yeTca AN nepesadn B BOCXOAALEM HanpasieHunn, a L-AVIaI'Ia3OH -
NS HCxogsaLLero. Kak nokasaHo Ha pycyHKe 7, yAaneHHbli y3en npeActaBnsieT coboi
peLueTyaTyto BOIHOBOAHYHO peLueTky (AWG), koTopast pacLuenaseT 1 o6beavHseT
OnTUYecKme CUrHasibl Ha pasHbIX YacToTax. J1a APXNTEKTYpa MeeT HECKO/IbKO
NpeviMyLLLeCTB Mo OTHOLLIEHMIO K peLleHnto TDM: Kax bl abOHeHT MOXeT Noy4nTb
AOCTYM K MOIHOM MONoce NPOonycKaHus, MPYCNocobieHHON ANS OAHOW nan
HEeCKO/IbKMX BblAeNeHHbIX A/IMH BOJIH, KDOMe TOro, 3Ta CeTb obecneyrBaeT NIy4Llyo
6e30MacHOCTb, MOCKO/LKY Kax/bl/i M0Nb30BaTeNb NMOAYYaeT TObKO CBOM COBCTBEHHbIE
AaHHble. YposeHb MAC npolLe: Bo-nepBbIX, OH He TpebyeT NpoToKoa Ha 0CHOBe
pe3epBrpoBaHNA Ha yA4a/leHHOM Yy3/1e; BO-BTOPbIX, MOb30BaTeNn € PasiviiyHbIiMuU
Tpe6oBaHVAMM K MPOMYCKHOM CMOCOBHOCTY 1 TOProBbIMY COrNaLLIEHNAMMN MOTYT
YrpaBsTbCs He3aBUCUMO. CIOXHOCTb NepeaaTyrkos 1 npruemHukos OLT n ONU
Bbille B WDM-PON. [Ins nepeaayun B HUCXoAsLLeM HanpasneHun ans OLT Tpebyrotcs
pasHble NCTOYHUKY, MO OAHOMY NS KaXA0W ANVHbI BOMHbI (BMECTO O4HOr0 06bIYHOrO
nasepa), npueMHrk ONU coctouT 13 nepectpavieaemoro ¢punbtpa B AgnanasoHe C/ L
(ANs pasgeneHns A IMHbl BOHbI B BOCXOASILLEM W HUCXOASALLIEM HanpaBieHnsX) v
doToanoaa.

Yro Kacaetcs nepegaydv B BOCXOASALLEM HarnpasneHuy, kaxzoe ONU ocHaleHo
oTpaxaTe/lbHbIM MOAYNPOBOAHNKOBBIM ONTUYECKMM ycunmTenem (R-SOA), KoTopblii
no3BoNsAeT KaxA0My aboHeHTy nepeAaBaTh MHGOPMAaLMIO B BOCXOASLLEM HanpaBaeHm
C MCMNONBb30BaHNEM ONTUYECKOM MOLLHOCTM, Nocblnaemoil OLT. Kak nokasaHo Ha
prcyHKe 8, HernpepbIBHbIV ONTUYECKUNIA CUrHan (C PUKCMPOBAHHOM ANVHOW BO/HbI)
otnpasnsetca OLT B ONU. 3TOT cMrHan MoAynvpyeTcsi, U3MeHsist KoadduumeHT
YCUNEHNA NONYNPOBOAHNKOBOIO YCUUTENSA, U OTPaXKaeTcsa 3aH1M 3epkanom. Jpyras
KoHdUrypauwms anst R-SOA Bo3MOXHa € 1Cronb3oBaHneM Takxke EAM
(ElectroAbsorption Modulator), kak nokasaHo Ha pucyHke 2.9. B 3Tom cnyyae
BXOAALLWMIA cUrHan npeAsaputensHo ycunmaaetcs SOA 1 mogynunpyetcs EAM.
HakoHeL, MOAynMpOBaHHbIA ONTUYECKNIA CUTHaN, HECYLLMIA BOCXOAALLVE AaHHbIe,
OTpaxaeTcs Ha 3aAHel rpaHu 1 ycunyeaeTcst SOA. 3To yCTPOCTBO NoO3BONAET
n36exaTtb NpYCYTCTBIA Nasepa B kaxaoM ONU, MOCKobKY 3TOT ONTUYECKNiA CUrHan
ANA Nepejayn B BOCXoAsiLLLEM HanpaBeieHuy npegoctasnsetcs OLT. Mcnonb3ysa R-SOA
1 nepecTpansaemblii GunbTp ana kaxaoro ONU, Mbl nonyyaem 6ecLiseTHyro
KOHUrypauumto: kaxabli ONU MeeT naeHTUYHbIe 1 He3aBUCUMble OT AIMHbI BO/HbI
KOMMOHEHTbI, YTO MO3BONSIET 3HAUYNTENBHO CHU3WTL 3aTpaThl.

PricyHok 7-O6uyas cxema WDM-PON.

PucyHok 8: Cxema R-SOA (oTpaxatoLuas SOA)

PricyHok 9: Cxema REAM-SOA (oTpaxatoLLmii 31eKTpoabcopbLMOHHbIA

mogynatop SOA)

2.3TWDM PON

B 3Tom pasgene npejcraBneHbl naccnBHble ontuyeckune cet TWDM.



ApxuTekTypa npegioxeHa Ha pucyHke 10. Kak BUAHO 13 pvicyHka 10, cylecTByeT
yeTbipe PON TDM, cobpaHHble BMeCTe Ha YeTbipex PasnnyHbIX AIVHaxX BONMH:
KaXzpl1 MOCTaBLUMK yc1yr paboTaeT Ha GpUKCMPOBaHHOW YacToTe, obpabaTbiBas
pasnunyHble ONU c ucnonb3oBaHveM NpoTokona paszeneHus no spemexn. Cneayet
OTMETUTb, YTO M3-3a HAaNNYMA AenuTens molHocT Bce ONU npuHyMatoT Bce
onTUYecKme CUrHanbl, oTrpasneHHble OLT. 3TOT TVMN ceTeBOI apXUTeKTypbl MMeeT
pasnnyHbIe NPUNOXEHVS. [epBbIM U3 HUX ABASETCA NPejoCTaBaeHVe C ONaaToi no
Mepe pocTa: CrcTeMa MOXET bbITb Pa3sBepHyTa, HauMHas C OAHOW Napbl AIVIH BOJH, 1
ee MOXHO MOZepHN31poBaTh, 06aBUB A0MONHUTENbHbIE Napbl A/IMH BOH ANs
yBENNYEHUS NPONYCKHON CNOCOBHOCTU CeTy. [ipyriuM BO3MOXHbIM NMprYIMEHeHneM
ABNSETCA paszeneHyie rno nokanbHoi netne (LLU) c ncnonb3oBaHMem HeCKOMbKIMX
OLT, no ogHOMY ANsi KaX/A0ro ornepaTtopa, TakvmM 06pa3oM, YTobbl pasnnyHble
NOCTaBLLVMKM YCAYr MOF/IN COBMECTHO MCMONb30BaTk 06Uyt MHPpacTpykTypy. B
JAaHHOM cnyvae AWG He aBnseTcd YacTbto OLT, OH ncnonb3yerca Ans
MYNbTVNNEKCVPOBaHWIS Pa3MyHbIX NopToB OLT B 04HO BONOKHO.

B nocneaHee BpemMs Takxe 6blnn pa3p360TaHbl naccmBHble ONTUYeCcKne CeTn Ha
ocHose OFDM, gaxe ec/iv € TOUKM 3peHns ornepartopa ceasu pewweHe TWDM-PON
CUMTAETCA NYYLLM PeLleHVeM ANs ceTeit A0CTyna B KWbIX MOMELLEHUSIX.

PuicyHok 10: Apxutektypa TWDM-PON.

2.4 OTDR-MOHUTOPUHI

B NaccBHbIX ONTUYECKNX CETAX MOHUTOPUHT AB/IAIETCA BaXKHO 3a4aqeit Ans
oneparopa ceTi, YTobbl rapaHTMPoBaTb GYHKLMOHANBHOCTL CeTU. B 06bI4HOM
BOJIOKOHHO-OMTUYECKON CETU MOHUTOPVHT OCYLLIECTB/ISIETCA C NMOMOLLIIO OMTUYECKOro
pednekTomeTpa Bo BpeMeHHo obnactvi (OTDR). B 3Tom pasaene npuBoAaTcs
Kntoyesble KoHUenuuy pednektomerpa. OTDR saBnsetca Havbonee yacto
MCMoNb3yeMbIM MHCTPYMEHTOM ANSt XapakTePUCTUKI ONTUYECKNX BOIOKOH 1
OMTUYECKNX BOSIOKOH. YHIBEPCANbHOCTL 3TOr0 MHCTPYyMEeHTa 0bycnoBneHa
CNOCOBHOCTLIO M3MEpPSATb /I0Ka/bHbIE CBOACTBA BONOKHA (MM BOJIOKOHHOTO 3BEHa),
APYrUMU cnoBamu, pepnekToMeTp AaeT MOHYH TeHAEHLIIO 10KabHBIX MoTepb
BOJIOKHa. I‘IapameTp BOJIOKHa, KOTOprVI OornvicbiBaeT MoTepro MOLLHOCTK B BOJIOKHE,
SABNSIETCA NOCTOSAHHON 3aTyxaHus a. B yactHocTy, ecam P (0) - MOLLHOCTb,
3anyckaemas Ha BXO/e BOJIOKHa, NepejaBaemMas MOLLHOCTb Ha PacCTOSIHUM Z OT BXOAa
paBHa:

2.1)

KoHcTaHTa 3aTyxaHus 4acTo BblpaXaeTcs B 46 / KM 13 pe3ynbTaToB ypaBHeHUs

2.1

(2.2a)

(22b)

PucyHok 11-M3mepeHHOe 3aTyxaHuve B BONOKHaX KBapLa (CraoLWHas AMHNS) 1
TeopeTuyeckyie npedenbl (MyHKTVPHbIE TMHUN).

Kak v cneaoBano oxuaaTte, NOTEPU B BOOKHE 3aBUCAT OT A/INHbI BOHbI CBETa.

Ha puicyHke 11 nokasaH cnekTp notepb KBapLEBOro BosIOKHa. Heckonbko ¢pakTopos
BHOCAT BK/1a/, B CMEKTP NoTepb, NPy 3TOM AOMUHVIPYIOLLLee BAUSHE OKa3blBaloT
rornoLLeHve MaTepriana 1 paneesckoe paccesHue. PaneeBckoe paccesHue
npeAcTaBnseT coboi pyHAaMeHTaNbHbI MeXaHU3M NoTepb, BO3HUKAOLLMIA 13-3a
KonebaHWin NNOTHOCTY, 3aMep3LLMX B SiAPe U3 MiaBeHOoro kBapLia BO Bpems
N3roTOBNEHUS BONOKHA, YTO MPUBOAUT K HEOAHOPOAHOMY MokasaTe/o NpeoMaeHNs.
Korza onTuueckoe n3nyyeHvie nepecekaeT 3T HEOAHOPOAHbIE 30HbI, He6Oo/bLLas
YacTb NajaroLLero cBeTa pacceviBaeTcs BO BCeX HanpasneHysx. PaccesiHue Panes
ABNAETCA KNOYEBbLIM SB/IEHVEM, UCMONb3yeMblM pepaekToMeTpoM. Ha pucyHke 12
n306paxkeH NPUHLWN AeCTBIS pedekToMeTpa: ONTUYECKNA UCTOYHIK reHeprpyeT
MMMY/bC, KOTOPbI NOCbINAeTCs B BONIOKHE Yepe3 HanpaBaeHHbI oTBeTBUTENb. Bo
BpeMs pacnpocTpaHeHVs MMy/bCa 13-3a pacceaHus Pajies 4acTb MOLLHOCTA
MMnMynbca 06paTHO paccemBaeTcs Ha BXoge BONOKHa. HakoHeL, HanpaBneHHbI

OTBETBUTE/Ib MEepeHanpasnseT 06paTHO pacceAHHyr MOLLIHOCTb Ha ¢OTOAVIOA. B



obLuee Bpems t poToAnOo NonyyaeT 06paTHO PacCesHHY MOLLHOCTL UMMYNbCa, Koraa
OH HaxoAwnncsa B TOUke I'IpOCTpaHCTBEHHOVI KOOpANHAaThI:

(2.3)

rje n - nokasaTenb NPesoMaeHVs BONOKHa. PakTop 2 B 3HaMeHaTene

06ycnoBNeH Tem, 4TO UMMY/bC A0/KEeH NepecekaTb BONOKHO /Ba pas3a: CHavyana
NCXO/AHBI UMMYNbC MPOXOAWT OT BXO/a BOJIOKHA K TOUKE Z, 3aTeM MOLLHOCTb
06paTHOro paccesHVA BO3BPALLAETCS Ha BXO/ BOMOKHA.

PricyHok 12 - MpuHUMN AelicTBUA pednekToMmeTpa

BaxkHbIM NapaMeTpoMm B MokasaTensix Ha OCHoBe pedaekToMeTpa ABAEeTCs
ANNTENBHOCTL VIMMNYNbCA, MOCKO/LKY OH BAVISIET HA MPOCTPaHCTBEHHOE paspeLueHne
pe3ynbTaToB U3MepeHus. OnTrnyeckne UMMNyNbCbl, FeHepupyemMble pedpneKToMeTpoMm,
MMeIOT JITENBHOCTL OT AeCATUN HaHOCEKYHZ, 0 HECKONBbKUX MUKPOCEKYHZ, MO3TOMY
KaXzabl MMy/bC 3aHUMaeT y4acToK BONIOKHA, PaBHBIA:

(2.4)

Takum o6pasom, nokasatens OTDR MMeeT NpPocTpaHCTBEHHOe

paspelueHune, CBA3aHHOE C ANINTE/IbHOCTBHO UMMybCa. YT06bI MOHATL CBSA3b mexay
paspeLLeHnemM 1 AINTeNbHOCTBIO UMMY/bCa, NOE3HO UCMOob30BaThb AviarpaMmy
MuHKockm (puc. 13). s IpOCTOThl PACCMOTPYIM MPSIMOYTO/bHbIA UMMY/bC.
JAnarpamma MUHKOBCKOrO nokasblBaeT BPEMEHHYIO 11 MPOCTPAHCTBEHHYHO 3BONOLMIO
MMMy/bCa: B YaCTHOCTV, St BblAEIN FON0BY U XBOCT ONTUYECKOro Mnynbca. 13
AviarpaMmbl BUAHO, YTO MPVIHMMAaeMas MOLLHOCTL B MOMEHT BpeMeHW 2t sBnseTcs
CyMMOU BCeil MOLLHOCTM 06PaTHOro paccestHUs B CeYeHUM BOMOKOH (C/ n) (T/ 2).
JApyrmu cnoBamu, MPOCTPaHCTBEHHOE paspeLleHne pediekTomeTpa paBHO MONOBYHe
ANVHBI UMNyNbCa. B cneayroueli Tabnuue s NpesCTaBasio COOTBETCTBUE MeXay
LUMPUHOI UMMNY/bCa 1 NPOCTPAHCTBEHHBLIM paspelleHneM (yunTbias ¢ 3-108 n1,5).
PucyHok 2.1-lUnpviHa nmnynbca pediekToMmeTpa v MPOCTPaHCTBEHHOE

paspeLueHue

PucyHok 13-Anarpamma MrUHKOBCKOro

YpoBeHb MOLLHOCT/ 06paTHOro paccesiHnsA 3aBUCKUT OT HECKONbKMX GaKTOpoB, B
4acCTHOCTK, y4NTbIBas ceveHre BOJIOKOH Az (npmqu Az AOCTAaTOYHO Mano, YTO6bI
obecneynTb He6PEXHOCTL NOTEPb), Mbl MOyYaeM:

(2.5)

rae Sd npeAcTaBnseT YacTb MOLLHOCTY, KOTOPasi paccenBaeTcs 13-3a apdpekTa

Panesi (Sd ~ 1/ M), a Sc npeacTaBasieT co60 YacTb paccessHHOM MOLLHOCTY, KOTopast

NMOBTOPHO 3axBaTbiBAeTCs BOJIOKHOM V1 HanpaBAsieTcs B Ha4ano BonokHa. Pi - nvikosas
MOLLIHOCTb UMMy bCa B CEKLMW BONIOKHA, FAe MMeeT MecTo obpaTHoe paccesiHve. s
KOMMeHCcaLMmn 3KCTpeManbHO HV3KOrO YPOBHS MOLLIHOCTV 06paTHOro paccesHus,
nonyyaemoii ot pedekToMeTpa, UCMoNb3yeTcs NaBuHHbIN poToamos (APD). Kpome
TOro, 60/1bLLIOE KONMHECTBO U3MepeHUii A0/KHO bbITb CieNaHO Ha OAHOM 1 TOM Xe
BOJIOKHE (U1 BONOKOHHOW IMHUN CBA3M), UCMONb3YSA TOT GpaKT, YTO OTHOLLEeHVe
curHan / wym (SNR) yBenvyrBaeTcst € KBagpaTHbIM KOPHEM 13 Yncia U3MepeHuii.

3. 3KcneprMeHTaibHas ycTaHOBKa

Llenbto paboThbl ABASETCA IKCNepMeHTalbHOe BHeAPeHVE 1 OLeHKa CUCTeMbl
MOHUTOPWHIa NaccuBHbIX OMTUYECKMX CeTed. Maes CoCToUT B TOM, UTO6GbI
peann3oBaTb MHOrO4acTOTHbIV pepIeKTOMETP: CChINAsACh Ha MPeA/IOKEHHbIE CXeMbI
PON (cM. PrcyHkmn 6, 7 1 10), 3ajada 3akntovanace B TOM, YTOObI peannsosaTtb Cxemy,
CMOCOGHYHO OCYLLLECTBASTE MOHUTOPUHT BO BCEX MPeAIoKeHHbIX KOHUIypaLmsx.

3.1 Cxema MOHWTOpPUHTa

CxeMa MOHUTOPVWHra Npea/ioxeHa Ha pucyHke 3.1. YTobbl nonyunts

BO3MOXHOCTb HaCTPOVIKV A/IMHbI BO/HbI, CMONb3YeTCs BHELLHWUIA NepecTpanBaembli
nasep, KOTOpbI HENPePbLIBHO M3yYaeT ONTUYECKYo IHEPr1to Ha BbIBPaHHO AnvHe
BOJIHbI. YTO6bI NONYUUTL Te Xe UMMYbCbl pednekToMeTpa, UCNoNb3yeTcs
aKyCcToonTMYecknin Mogynatop (AOM), KOTOpPbIN yNpaBaseTcs reHepaTopoM
nmnynbcoB (PG). FeHepauus nMnynbca paboTaeT cesytoLmM 06pasom:

1. pedneKToMeTp reHeprpyeT OAVH (UK 6onee) UMNYbLC;



2. 3TOT UMMYNbC NpeobpasyeTcs B 31eKTPUYeCKnii CUrHan C MOMOLLbHO

doToAVOAa 1 OTNPABAAETCA B reHepaTop VMMMyNbCOB B Ka4ecTBe CUrHana 3anycka;

3. KOrja reHepaTop UMMyNbLCOB NOAyYaeT 3NeKTPUUECKNA CUrHan, OH

reHepupyeT NPAMOYro/lbHbIA  UMMYNbC (ONpeAeneHHol ANUTENLHOCTH), KOTOPbI
oTKpbiBaeT AOM.

Kak To1bKO UMMYbC BEIXOAUT U3 MOAYNSTOPA, OH MPOXOAUT Yepes LpKysTop

1 OTMPaB/ISeTCA Ha TecTpyemMoe BonOKHoa ¢ nomoubro AWG vnu genvtens
MOLLHOCTW. TakMM 06pa3oM, MOLLIHOCTb 06paTHOro paccesaHns NocbiNaeTca B
pednekTomeTp.

PucyHok 3.1-CxeMa MOHUTOPUHTIa

3.2 XapakTepucTtuka cucrembl

B aTOM pasgene npeAcTaBneHbl HeKOTOPbIE NpeABapUTe/bHbIE Mepbl,

BbIMONHEHHbIE /151 XapaKTePUCTVIKW CUCTeMBI. B YacTHOCTW, A nccnesosan
XapaKTepucTUKL UMMY/bCa, Takune Kak Gopma MMynbCa, ANUTENbHOCTE UMMYAbCa U
MKW MOLLHOCTW UMMY/bCa OTHOCUTEIbHO 06bI4HOrO pediekToMeTpa.

3.2.1 ®opma nmnynbca

Mpexze Bcero MHe Hy>XXHa KOHTPO/IbHas Mepa ANst TUMMYHOTro pedaekToMeTpa.
BbINOMHEH TEeCT, UCMO/b3Ys MPOCTYIO HACTPOKY Ha pUcyHke 3.2. VIMnynbc
pednekTomeTpa NpeobpasyeTcs B 31eKTPUYECKNA CUrHaN 1 oTobpaxaeTcs Ha
ocumnnorpagde. Potoanoz nmeet ko3dpduLMEHT NpeobpasosaHus 45 MB / MBT, ¢
1Ccronb3oBaHneM aTTeHtoaTopa (-19,07 4B), UTo6bl NPeAoTBPaTUTE HackILeHne
doToAMoAa. BbINOAHEHO 13MepeHue, UCNOb3ys A4Ba Pa3INUHBIX JIUTENBHOCTA
MMMyNbCa, CUTHaNbI, NOoKa3aHHbIe Ha ocLunnorpade, nokasaHbl Ha pucyHkax 3.3 1 3.4.
M3 ocumnnorpada nonyyaem, UTo cpeaHee HanpskeHne UMMyabCa CoCTaBAAeT OKOo
30 MB, yuunTbiBas k03GpPULMEHT NPeo6pPa30oBaHNA 1 AaTTEHIOATOP, BbIXOAHAsA MOLLHOCTL
pednekTomMeTpa cocTaBAseT:

(CR)]

Habntoaas 3a 3HaueHmsaMN 3.3 1 3.4, MOXHO OTMETUTb, UTO 06a UMMyNbca

1MetoT Bpemsi HapacTaHus 0kono 10 He. Tenepb MOXHO CpaBHUBaTL 3TV UMMY/bChI C
nMnynscamMmu, NoNy4YeHHbIMU N3 ABYX BapNaHTOB!

* CHavana HabNtoAaeTCst CUrHan, BbIXOAALLMNIA N3 CUCTEMbI, MCMOMb3YIOLLIA

TONBbKO aKyCTUYEeCKNA MOAYNATOP: 3TO NMO3BO/ISIET HaM OLieHMBaTL BpeMs HapacTaHus
nMnynbca i AANTENBLHOCTb MMY/IbCa MO OTHOLWEHWIO K YCTaHOB/IEHHOMY;

* BO-BTOPbIX, MOBTOPSAETCS TO Xe camoe, Bktouasi EDFA, UTobbl yunTh Takxe

BNVIATb Ha yCUAWTeNb.

PucyHok 3.2: HacTpoiika n3mepeHust UMMynbCcoB pedekTomeTpa

PucyHok 3.3: imnynbc pepnektomeTpa (50 He)

PucyHok 3.4: OTDR-umnynbc (100 He)

PucyHok 3.5- HacTpoiika ANst oLeHKN Npon3soauTensHocT AOM

C LeNnbio oLeHKM xapakTepuctk AOM 1Cnonb3yeTca cxema Ha pucyHke 3.5.
Habntoaas 3a ¢pyrypoii 3.6a, Mbl MOXEM 3aMeTUTh, YTO UMMYNbC He MPSMOYTONbHBbINA.
MpVYNHY 3TOrO SIBAEHUS MOXHO NOHATb, B3rNAHYB Ha ApYrvie pucyHku (ot 3,6b ao
3,6d): B 3TUX C/lyHasx Mbl MOXeM HabntoaTh, UTO MMMYNbChbl HAa CaMOM ene
ABNAKOTCA MPAMOYTrOJibHbIMU, a aKyCTOOI‘ITVI‘-{eCKVIVI MOAYNATOP MMEeT OTHOCUTE/IbHO
60/1bLLOE BPeMst HapacTaHWs 0Kono 60 HC. 3aTeM, eC/N YCTaHOBaTh ANNTENbHOCTb
nmnynbca 50 HC, AOM He CMOXKET MOHOCTBIO PACKPbITECA. ONATL Xe, MOXHO Takke
OTMETUTb, YTO B MOCNEAHVX TPEX CAy4asX, NPy ANTENLHOCTY MMynbca 6onee 50 Hc,
MWK CUrHaNa coctaBsieT okono 4,4 MB, 11 OH He U3MEHSIeTCA C PYroi LWMPUHOIA
MMMynbca. YTo KacaeTcs ypoBHA MOLLHOCTY, 1a3ep HacTpoeH Ha 0 4bM, npuHuMas Bo
BHVIMaHVe Hannyme atTeHtoartopa (5 Ab B 3TOM cnyyae) n Cnosib3ys TOT Xe
$oTOoAMO 4, UTO 1 B MpeAblayLieM cnyyae (45 MB / MBT), Mbl monyyaem:

(32

M3 Habopa Mep B HenpepbIBHOM pexime (C OTKpbITbIM AOM) 8 y6eAnncs, 4to
MOZYNATOP BHOCWT BHOCKMbIE MOTepyt 0koso 5 Ab.

HakoHeL, s Jo/kKeH paccMOTpeThb UMNYJLC C HannyveM EDFA a5 pasnnyHbix



KO3hPULMEHTOB yCUNEHNS.

(a) 50 HC nmnynbca

(6) 100 Hc mnynbca

(B) 150 HC nMnynbCca

(r) 200 HC MnynbCca

PricyHok 3.6- O6LLMIt UMMYAbC, BbIXOAALLMI 13 AOM

MpUHSATas cxemMa 04eHb MOX0Xa Ha NpejplAyLLYIO C BbIXOAO0M Nasepa,
NMOAK/IOYEHHOrO K 3pbUeBOMY YCUNNTENIO, Kak MOKa3aHo Ha pUcyHKe 3.7. YpoBeHb
MOLLHOCTU Na3sepa coctaensin 0 4bM, a aTTeHoaTop obecneunsan 19,15 4b. B 3Tom
CNlyyae A yCTaHOBWA J/INTEbHOCTb UMMYy/bCa (B reHepatope umnynbcos) 4o 100 HC u
HabnoAan NOMHbIN UMMYNLC, BIXOAALLWMIA 13 MOAYNSTOPA AN PA3INYHBIX

k03¢ dULMeHTOB ycuneHnst EDFA, B HaCTHOCTM C TOKOM Hakauku 350 MA, 400 MA,

450 MA 1 500MA. Pe3ynbTrpytoLme MyibCbl NoKasaHbl Ha pucyHke 3.8. 3a
VICKIIOYEHMEM C/lyYas C TOKOM Hakauku 350 MA (puc. 3.8a), rae MHTEHCMBHOCTb
HaKayKn He0CTaTOYHO BbICOKA, i MOTy HabAaTh, HTO GopMa UMMYNbCa He CUIBLHO
MOAVNPULIMPYETCH MO CPaBHEHWIO CO cnyyaem B oTcyTcTBre EDFA. B uactHocTw,
CpaBHMBas PUCYHKM 3.66 ¢ 3.88, UMMNY/bCbl O4EeHb MOXOXU.

PuricyHok 3.7 - HacTpoiika A5t oLeHKM BAnsHUS EDFA

PricyHOK 3.1- YpoBeHb MOLLHOCTY, U3MEPEHHbIN Ha GoToAMOAe ANS Pa3HbIX

TOKOB HaKauku

YT0 KacaeTcst ypOBHS MOLLIHOCTY, i CyMMUPYHO pe3ynbTaTbl B pucyHoke 3.1:
HanoMWHas, YTo AN 3TOro Habopa Mep BbIXOAHaA MOLLHOCTL f1a3epa ycTaHoBAeHa Ha 0
ABM, S JOCTUT C OTHOCUTENIBHO HU3KMM TOKOM Hakauky BbICOKWMIA YpOBEHb MOLLHOCTA
Ha BbIxoge AOM, gaxe ecvi OH He COMOCTaBUM C YPOBHEM, V3MEPEHHbIM C MOMOLLIbIO
pednekTomeTpa (CM. pUCyHKM 3.3 11 3.4). N5t CnesytoLLero n3mMepeHst 8 UCnosb3oBan
nazep Pirelli © c 60n1ee BbICOKMMM BbIXOAHBIMU YPOBHAMM, YUTOBbI AOCTUYb BbIXOAHOMN
MOLLHOCTW, CPaBHUMOM C TUMNYHbLIM pedIeKTOMETPOM.

(a) Mmnynbc 350 MA 1 100 HC

(6) 400 MA 11 100 HC UMMyNbCa

(8) 450 MA 1 100 HC UMnNybCa

(r) nmnynbe 500 MA 1 100 He

PuricyHOK 3.8 - O6LLMIA MMMYAbLC, BbIXOAALLMIA 13 AOM ¢ EDFA

3.2.2 IMNyNbCHBIN cnekTp

Kak 6bl110 cka3aHO paHee, 3ajaya COCTOS/a B TOM, YTO6bI npoBepuTb Cxemy
MOHWTOPUHTa, Ncnonb3ys kak AWG, Tak 1 AennTesb MOLHOCTU. B nepBom ciyvae
BaXKHOI MepoW, KOTOPYHO HEO6XOAMMO BbIMONHUTL, ABAAETCH NPOBepKa CreKTPpoB Ha
Bxoge AWG. B uactHocTu, 8 ncnonb3osan AWG ¢ YeTbIpbMsi BbIXOAHBIMU KaHanamu
Ha 1533 HM, 1541 HM, 1549 HM 1 1557 HM. OCHOBHbIM acrekToM, KOTOpbIV A0/KeH
6bl1/1 6bITb OLIEHEH, ABNSETCA BKNAZA YCUNEHHOW CroHTaHHOM amunccmm (ASE) EDFA. B
3TOM CyYae HacTpoiika Takxe A0BOJIbHO NPOCTa U NMokasaHa Ha pucyHke 3.9. 5
BbIMOJIHWA 3TY Mepy C OTKPbITbIM aKyCTOOMNTUYECKVIM MOAYNATOPOM, YCTaHOBUB
APYroi Tok Hakauku Ans EDFA. Ha cnegytoLLyx pucyHKax Mbl MOXeM BUAETb
pe3yNbTVPYHOLLINe CNEeKTPbI C 1a3ePOM, YCTaHOBNEHHBIM Ha 1533 HM. PucyHku 3.10,
3.11 1 3.12 yeTKo NokKasbIBatOT Hannume ASE. B 4acTHOCTK, Kak 1 OX1AAN0Chk, Npu
yBennyeHnn Toka Hakauky EDFA Takoke ASE MOLLHOCTb MMeeT He60/bLLIOW NPUPOCT.
PricyHok 3.9 - YcTaHoBKa AS1 OLieHKM BXOAHbIX criekTpos AWG

HeCMOTpﬂ Ha TO, YTO naseprnZ CUTHaN ABNAETCA Y3KOMOI0CHbIM, Ha BXOAe

AWG 5 nony4ato curHan ¢ 6onbLueli Noa0Coi NPonyckaHyist U3-3a CMOHTaHHOrO
n3nyyeHuns EDFA, No3ToMy Hemanas BeaymHa onTryeckoli MOLLIHOCTY NepejaeTcs B
Apyryto BeTBb AWG, 1 3TO fiB/IeHE MOXET MOBVATb Ha U3MepeHue.

PuicyHok 3.10 - BxogHble cnekTpbl B AWG ¢ TokoM Hakayku EDFA npu 310 MA

PucyHok 3.1 - BxogHble cnekTpbl B AWG ¢ Tokom Hakauky EDFA npu 320 MA

PricyHok 3.12: - BXoaHble cnekTpbl B AWG ¢ TOKOM Hakauku EDFA npu 340 MA
PricyHok 3.13: - BxoaHble cnekTpbl B AWG ¢ TokoMm Hakauku EDFA npu 340 mA

3.3 Pe3ynbTaThl 3KCNepUMeHTa



MonyueHHble pe3ynbTaTbl HECKONbKNX UCMbITaHWIA; B 4aCTHOCTY, § UICNONb30Bas

Kak AWG, TaK 1 pa3BeTBMTe/lb MOLLHOCTY Ha yAaNeHHOM Yy3/1€, a TakXe YyMeHbLLeHHOe
KONMYECTBO OTBETB/IEHMNIA OTHOCUTENLHO peasibHoW KoHbUrypaumm cetu. Kpome Toro,
A/IVIHa BONIOKHA, MOAK/IFOHYEHHOTO K yAaNeHHOMY Y31y, BbilLie M0 CPaBHEHUIO C
peanbHOl NAaCCUBHOI ONTUYECKON CeThIO (Kak MPaBWIO, AVHA IMHUN CBA3N MeXay
yAaneHHbIM y310m 1 ONU cocTaBasieT 4o 5 KM). 3T1 pesynbTaTbl NO3BONSOT HaM
MOHATH NOBEZEHNE 1 OrpaHNYeHUs CUCTEMBI. Sl OpraH130Ban LWEeCTb Pa3INyHbIX
TeCTOBbIX HAaCTPOeK C pasHbIMU HOMepamu OTBETBNEHWUI 1 TepMyHaTOpamMmn Ha KoHLUe
BOJIOKOH. Kak nokasaHo Ha pvc. 3.1, Anst BCex 3TVX TeCTOB S UCMOJIb30Ba MyCKOBOA
Kabenb AnVHOM 5,8 KM, kak B 06bI4HOM ycTaHoBKe PON. YTo kacaeTcs HacTpoek
CUCTEMBI, KOTOPbIE S PUHAN (€CIN He YKa3aHO NHOoe):

* ANTeNbHOCTb UMMynbca 150 He (y reHepaTopa UMMYbCOB);

* BbIXOAHasA MOLHOCTb nasepa PLASER = 10 gbm;

* Tok Hacoca EDFA IP = 570 MA.

KoHurypauus 1

B 370 NpocToii KOHPUrypaumy 8 NICNONL30BaN YeTbipe BOSOKHA,

noAKkNtoUeHHbIX K AWG. B KOHLIe BOJIOKOH, KOTOpPbIe He 6bi11 MPOBepPeHbI, § BCTaB
NornoLWatoLLuil TepMHaTOP, YTO6bI M36exaTb oTpaxeHWit. MonyyeHHble cnejpl
rnokasaHbl Ha pucyHke 4.2. Mory 3amMeTuTb, YTO B Hauane Kaxzaol Tpaccbl ecTb
BbICOKMIA MUK, KOTOPbI 06ycN0BNEH OTpaXeHeM pasbema NyckoBoro BOJIOKHa.
MpycyTCTBME 3TOrO MUKa NPVBOANT K HEMPaBUIbHOMY aHanun3y cieaa
pednekToMeTpoM, MOTOMY UTO NPUGOP NHTEPNPETUPYET 3TN NUKK KaK NUKOBbIM
KoHeLl. Kpome Toro, cnejpl, NoayyeHHbIe Mo 3Tol cxeMe, ABNSIOTCA 60ee LyMHbIMU
MO CPaBHEHMIO C TUMMYHBIMU pedekTorpaMmmMamu. 3To CBA3aHO C Hanununem ASE (13
EDFA): 13-3a yCUNIE@HHOIO CMIOHTaHHOTO M3/1y4eHVs HebobLLIOoe KONNYECTBO 3Heprum
OTNpaBAseTCs Take B BeTBb, KOTOpas He TecTupyetca. O6paTvTe BHUMaHMeE, YTO 3TO
ABNEHVE BbI3bIBaeT Ha/NUMeE NMKOBbIX KOHLIOB MUKOB APYrux BeTBel: Habnoaas
durypy 4.2a, Mbl 3aMedaeM MUK Ha paccTosiHUM 20 KM (OTHOCKTCS K BeTBU 1541 HM)
1 Ha 15 kM (oTHOCUTCS K BeTBW 1549 HM). [N15i45 Ha Tpacchl, i BUXY, YTO MK Ha 5,8

KM MOSIBASETCA Ha BCeX Tpaccax: 3TO CBA3AHO Kak C pa3beMoM MyCcKOBOro BOMOKHA, Tak
1 ¢ pazbemMoM AWG, NOTOMY UTO OHW OYeHb 611M3KK, MOITOMY HEBO3MOXHO PasNnynTL

X MUKW B pe¢ﬂEKTOFpaMME. HakoHeL, § MOry 0oTMeTUTb, UTO BCe YeTbipe cieja

NpaBuU/IbLHO MOKa3bIBAKT MUKW KOHEYHOrO BOJIOKHA, aXe ec/iv 3a Bcemu cejamm ecTb
HeKOTOopble NOXHbIE MK 33 KOHLIOM BOJIOKHA.

KoHdurypauus 2

[laBaiiTe Tenepb NPOBEPVIM BO3MOXHOCTb UAEHTUGUKALMY pa3pbiBa BOSOKHA.

Ans 3TOV e s UCnoNb30Ban CieaytoLLyto KOHGUIypaLumio: 8 MCNoib30Ban Tpy
KaHana AWG, B YacTHOCTY, B BeTBW 1557 HM, i NOAK/IOYUMA ABa pa3Hbix bapabaHa.
Kak 1 B npeAblayLiyx Tectax, s UICNo/b30Ba HeoTpaxare/lbHble TepMUHATOPbI.
UT06bI CMOAENVPOBAaTE Pa3pbIB BOMOKHA, S OTKPbI pasbeM Mexay 6apabaHamu, 1 Mbl
yBuaenu cnes. Ha puc. 4.4 1 coobLuato, 4T Kak Tpacca, nonyyeHHas 6e3 kakoit-nméo
MoavduKaLmm (KpacHbIM), Tak 1 Tpacca, NoayYeHHas Npu OTKPbITUM COeANHUTENA B
BeTBU 1557 HM (CMHVM LIBETOM), MOTY OTMETUTb, YTO:

*+ BTpacce 1541 HM HeT pasnnNynii Mexay KpacHbIA 1 CUHWI; « Ha cnege 1549 HM
CVHWIA Cnej NpeACTaBNREeT HOBBI MK MPUMEPHO MpK 16 KM 13-3a OTPaXeHNs Ha
OTKPLITOM coefuHuUTeNe (NpeablAyLlas Tpacca Ha 1541 HM He npeAcTaBnseT nuka,
MOTOMY YTO BOJIOKHO CIMLLKOM KOPOTKOE), APYrX 3MeHeHWiA He HabntoaaeTcs;

* Ha Tpacce 1557 HM Mbl BUAVM BaXHOE V3MEHEHVe MeX/ay KPacHOW 1 cuHel
TPacCcoii; OTKPbIBas CPeAHUA COANHUTENb, MK Ha KOHLIE BONIOKHa NepemeLLaTcs
nprMepHO Ha 16 kM.

PucyHok 4.1:- KoHdurypaums 1

(a) 1533 HM BeTBb

(6) 1541 HM BeTBb

(B) 1549 HM BeTBb

(r) 1557 H™M BeTBb



PuicyHok 4.2 - KoHpurypaums 1 TpaccupoBkm

PucyHok 4.3 - KoHdurypauus 2

(a) 1541 Hm BeTBb

(6) 1549 HM BeTBb.

(B) 1557 H™M BeTBb.

PricyHok 4.4 - KoHdurypaums 2 TpaccmpoBku

Takvim 06pa3om, B 3TOM C/lyHae s MOry UAeHTUGULIMPOBaTL Pa3pbiB, Habaaas
MoAvdMKaLMio cneaa COOTBETCTBYHOLLe BETBU. [lpyrvie cnesbl (TONbKO OAVH B 3TOM
3KCMepyMeHTe) NOKa3blBakT TOLKO MOSIB/IEHNE HOBOMO MKa OTHOCUTENBHO UCXOAHON
KoHdUrypauuu.

KoHpurypauus 3

Kak ynomsinyTto B pasgene 2, 8 WDM-PON n TWDM-PON ONU ocHalLeHbl

dvneTpOm 1 R-SOA, NO3TOMY A1 3aVIHTEPeCcoBaH B TECTVPOBAHUN CUCTEMbI C
MCNONb30BaHNEM YaCTOTHO-M36MpaTeNbHbIX OKOHEUHBIX OKOHYaHWIA. B 3ToM pasjaene a
npeACcTaBso KOHGUrypaLuio ¢ 2 OTBETBNEHNSMU 6e3 Kakoro-nmbo 3aBepLUeHs,
pasbem Ha KOHLIe BOJIOKHa MPOCTO OTKPLIT (PUCYHOK 4.5). B cneaytoliem naparpade s
NpeACTaB/o YaCTOTHO-N36MpaTeNbHbIe OKOHYaHNSA TakuM 06pa3oM, UTo6bl Mbl MOFIN
CpaBHWTL pe3ynbTaThl. Ha pucyHke 4.6 8 coobun o cnejax. OCHOBHbIE OTANUMA OT
npeapigywmx mamepeHmVl COCTOAT B HANMNYNN KOHEYHbIX MNKOB BOJIOKOH: Ha PUCYHKe
4.6b 06a Nuka Ha KOHLIe BONOKHa XOPOLLO BUAHbLI. Ha060poT, OTpaxeHme oT CpejHmX
pa3bemoB He BUAHO. HYTo KacaeTca nokasaTenei, NoayyeHHbIX NPy MOAEIMPOBaHNM
pa3pelBa, TO NOBeAeHVe aHaN0rnM4YHo npeaslayliemy cy4ato: BeTBb, HTepeCcyoLascsa
pa3pbiBOM, MEHSET KOHeYHOE NOJIOXKEHVE NIKa, a ApYyras BETBb NOKa3bIBAeT HOBbIN
nuk. MpUCyTCTBUE MHOXECTBEHHOTO NIIKa B Tpacce 6e3 13MeHeHUii KoHGUrypauum
(cm. Puc. 4.6b) He MoXeT nokasaTbcsi NPO6aeMOol, MOCKObKY, 3Hast KOHGUIYpaLo
ceTu, NoN0XeHe NKOB MMeeT TOUHOe 3HaueHKe. [lymas 06 aBToMaTyeckoii cicteme,
Hannume HeCckoNbKMX MKOB MOXET YCIOXKHUTL aHaNu3 CnejoB, 0CO6eHHO ecn
BOJIOKHa UMEIOT OAVIHAKOBYHO ANNHY. B cneaytoLeil KOHGUrypaLumm s BBOXY
YaCTOTHO-CeNeKTUBHbIE OKOHYaHVIA Kak A5 TOro, YTO6bI 6bITh 6AVKe K peanbHoOw
KOH¢|/|rypau|/||/| ceTn, Tak 1 ans 136eXaHna HaNMunst MHOXECTBa NUKOB.

PucyHok 4.5 - KoHdurypauwms 3

(a) 1541 HM BeTBb.

(6) 1549 HM BeTBb.

() 1541 HM BeTBb (1549 HM BeTBb OTKPbITa)

(r) 1549 Hm BeTBb (1549 HM BeTBb OTKpbITas)

(4) 1541 Hm BeTBb (1541 HM BETBb OTKPbITA)

(f) 1549 HM BeTBb (1541 HM BeTBb OTKPbITas).

PricyHok 4.6 - KoHpurypaums 3 TpaccmpoBkm

KoHpurypauus 4

B 3TOI KOHUIrypaLmM NCMONBb3YIOTCA HYaCTOTHO-M36MpaTe/bHble OKOHYaHWS, B
YacTHOCTK, 5 MPUHAN HacTpanBaemyto FBG (Fiber Bragg Grating) n

nepecTpaviBaemblii GUALTP B NONOCE NPOMNYCKaHWS, 38 KOTOPbIM ciejyeT
LUMPOKOMNOIOCHOE 3epKano. Ha prcyHkax 4.8 1 4.9 A NpeACTaBNsai XxapakTepucTuky
¢Manpa MoN0Ckl NponyckaHua 1 BOJIOKOHHO 6p3I'I'OBCKOVI peLeTkn CooTBeTCTBEHHO,
MCNONb3Ya UCTOYHMUK 6enoro cseTa. Kak TONbKO 1asep HaCTPOeH Ha NpasBubHY0
A/IVHY BO/HBI, MPOLLeCC HacTpoiiku PBF BbINoNHAETCS B Ba 3Tana: Bo-NnepBbIX,
MCMONb3ys N3MepUTeNb MOLLIHOCTY, i HACTPOW YCTPONCTBO, MaKCUMU3MPYS
MPUHMMaeMyo MOLLIHOCTb, 3aTeM 8 UCMO/b3YH0 NCTOYHWUK 6e10ro ceeTa, 4Tobbl
NpoBepUTL TOYHOCTbL HACTPOVIKM 1 1CnpaBbTe 3TO Npy HeobxoavmocTy. Mpouecc
HacTpoliku ans FBG oTanyaeTcs, NOTOMY YTO Ha MePBOM Luare s Xouy
MVHUMU3MPOBAaTL MOLLIHOCTL Ha BbIXOAHOM NopTe (MHTepecytoLas AnHa BONHbI
OTpaxaeTcs Ha BXOAHOM ropTe). [leiicTBue 3TUX YCTPOACTB XOPOLLO BUAHO Mpu
CpaBHEeHU pyCcyHKoB 4.6b 1 4.10b: Bo BTOpoM ciyyae Hanvumne GpunbTpa No3sonset
n3bexartb NOABNEHVS MeHbLLIEro N1ka B COOTBETCTBUM C KOHLIEBLIM pa3beMoM BeTBMN

1541 HM. B 3TOM Cyyae 51 Takxke CMOZEIMPOBaN paspbiB BOJIOKHa B 06eVix BETBAX, HO



pe3y/ibTaTbl O4eHb MNOXOXM C NMPeAbIAYLLMMUI clyYasmu (prcyHKu 4.10¢ 1 4.10d). o
3TOr0 MOMEHTa f paccMaTprBas TONIbKO CHOM, KOTOPbIE BbI3bIBAOT BbICOKOE
oTpaxeHue, NCMosb3ys 3Ty KOHUIypaLMIo, i paccMaTprBan Takke W HeoTpaxatoLLyHo
HencrnpaBHOCTb, Takyto Kak M3rnb BoNokHa. YTobbl CMOAENMPOBaThL 3TO CObbITVE,
NOAK/YNA K CpeAHEMY pasbeMy HeoTpaxatoLwmii TepMrHaTop. Ha pucyHkax 4.10e
4.10f 21 BV COOTBETCTBYIOLLWE CNeAbl. 1 MOTY 3aMeTUTb, YTO 3Ta CUTyaLms
reHepupyeT c1e/, MOXOXWiA Ha Pa3pbiB BOJIOKHA, HO C yMeHbLLEHVEM NKOBOW
WHTEHCUBHOCTY, OAHAaKO BO3MOXHa I/IAeHTI/I(])I/IKaLI,I/Iﬂ c6os.

PuricyHok 4.7 - KoHurypaums 4

PucyHok 4.8 - PBF HacTpoeH Ha 1541 Hm

PucyHok 4.9 - FBG HacTpoeH Ha 1549 Hm

3aknyeHne

Lenbto AaHHOW paboTbl 66110 BHegpeHre crcteMbl MOHMUTOpUHra OTDR ans
NaccUBHbIX ONTUYECKNX CeTeiA. B 4acTHOCTH, § paccMaTpyiBan NaccBHbIE ONTUYeCKMe
ceT TDM, WDM 1 TWDM B Ka4ecTBe 3TaNoHHbIX MoAeneid. bblnv paccMoTpeHbI

ABa OCHOBHbIX OTKasa IMHUW: pa3pblB BOJIOKHA (0Tpa>KaTer|be||7| OTKa3) " n3rne
BOJIOKHa (MNW, Kak NPaBWo, HencnpaBHbIi 0Tkas). Bo-nepBbIX, CMCTEMa MOHWUTOPYHra
6biN1a peanyizoBaHa 1 MOHOCTLI0 OXapakTepu3oBaHa. 3aTeM OH 6bin MPOTeCTMPOBaH C
MCMonb30BaHNEM PasIUHbIX KOHGUIypaLWii, KOTOpbe UMUTUPYIOT YAaneHHYH
3aMeTKy V1 HeCKo/IbKO BeTBei ceTu. Pe3ynbTaTbl MOKa3blBaLOT, UTO €CN YAaNeHHbI
y3en peannsosaH ¢ nomoLbio AWG, MOXHO C BbICOKOW TOYHOCTBHO
NAeHTUGULMPOBATL OTKa3 Kak NPU HaANYMK paspbiBa BONOKHA, Tak 1 NpY Hainyunm
HencnpaBHOI HeMCNPaBHOCTW. YTO KacaeTcs cyyas AennTens MoLHOCTH,
pe3ynbTaThl MOKa3blBakOT, UTO BCE elle BO3MOXHO MAEHTUPMLIMPOBATE OTKa3bl IMHUN,
Habnogas NonyyaroLLmecs Cnejpbl, axe ecu, ¢ 60bLLINM KONNYECTBOM OTBETBNEHNI,
3TO MOrN0 6bl 6bITb 601€e TPyAHBLIM. byyLias paboTa A0KHA 6bITe OPUEHTVPOBaHA
Ha TeCTUPOBaHWE CUCTeMbI B peasibHOVi MacCMBHOM ONTUYECKO CeTu, B YaCTHOCTM C
60/1ee peannCTUYHbLIM KONMYeCTBOM BeTBel (40 64), 1 peann3oBaHHOM C
ncnonb3oBaHveM R-SOA B kayecTBe 3aBepLUeHViA, 1 NyTeM yCTaHOBKM
COOTBETCTBYIOLLIEN ANMHBI AN15 CBA3N MexXAy YAaneHHbIli y3en (AWG unwm PS) n ONU.
ELLle 0AMH BaxkHbIN acnekT byayLiieli paboTbl 3ak1to4aeTca B peanvsanmm
aBTOMaTWNYEeCKOW CUCTeMbI MOHUTOPUHTaA, MO3BOAAIOLLEN OCYLLeCTBAATEL
aBTOMAaTUYECKNiA (BO3MOXHO, yAaNneHHbI) MOHUTOPUHT CeTu.
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MpunoxeHvie A

B skcnepumMeHTanbHoOM ycTaHoBKe A ncnonb3osan nasep Pirelli © B kavectse
OMTUYECKOro NCTOYHMKA. YNpaBnistollee MporpaMMHoe obecrneyeHue 6bi10
peanusoBaHo B Matlab ©. XapakTepucTuku nasepa npusezeHsl B Tabnuvue A.1.
PrcyHok A.1 - XapakTepuctuku Pirelli © ITLA DTL-C13-050

Ha nasepHyto nnaty nogaetcs gga HanpsxeHus: 3,3 B 1 -5,2 B. YcTpoiicTBO 1
KOMMblOTEP 06MeHVBaOTCA AaHHBIMY CO CTaHAAPTOM RS-232 yepes
nocnegoBaTeNbHbIA MOPT C NOMOLLbI0 pasbema DE-9, nogpo6bHas nHpopmaums o
HacTpolikax nocaejoBaTeIbHOro nopTa npriBejeHa B Tabnuie A. 2. Ipaprueckuii
nHTepdeiic nons3osatens (GUI) 6bin paspaboTaH Ans NPOCTOro ynpasieHys 1asepom.
GUI npegnaraetcst Ha pucyHke A.2.

PricyHOKA.2. - HacTpoiika nocneoBaTeNbHOMO NopTa A5 CBA3W MexXzy
KOMMbIOTEPOM 1 la3epoM

MpogomkeHne NpUnoxeHns A

PucyHok A.3 - Nlasep Pirelli © ITLA DTL C13-050

PuicyHok A.4 - NlasepHbiin Matlab Pirelli © GUI

MpwnoxeHve b
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