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PE®EPAT

VY aumioMHid poOOTI MpoOaHaTI30BaHO PO3BUTOK MACHUBHUX MEPEX Ta iX
cydacHHM ctaH. BusHaueHi BIAMIHHOCTI CTaHAApTIB Ta MPUMHATE PIIICHHS 00
3alpOBa/PKCHHST ONTHYHUX MMACUBHUX Mepex HacTymHoro mokomiHHs NG-PON2.
Ha ocHOBI mpoBeneHOro aHamizy METOJIB MOOYJAOBH MAaCHBHUX MeEpex oOpaHa
TOMOJIOTISI Ta METOJl MYJbTUIUIEKCYBAaHHSA. Y XOJI HAaNKMCAHHS POOOTH BUSBIICHI
poOIeMu MO0 MOKpAIEHHs POOOTH CUCTEMH, PO3TISHYTI IUISAXU MOJEpHI3AIlil
Ta 00paH1 BIMOBIHI CIOCOOHU.

Hana po6ota mictuthb 71 cropinky, 21 pucyHok Ta 1 Tabnuito.

KirouoBi cnoBa: macuBHa ontuyHa mepeka, ctaHaaptd PON, NG-PONZ2,

WDM-PON.



ABSTRACT

The thesis analyzed the development of passive networks and their current
state. Differences of standards are defined and the decision on introduction of
optical passive networks of the next generation NG-PON2 is made. Based on the
analysis of methods for building passive optical networks, the topology and
multiplexing method were chosen. In the course of writing the work, problems for
improvement the system, the ways of modernization were considered and the
appropriate methods were selected.

This work contains of 71 pages, 21 figures and 1 table.

Keywords: passive optical network, PON standards, NG-PON2, WDM-
PON.
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BCTYII

AKTyasnbHicTb. ONTUYHI MEPEXKI Ha JaHUH Yac aKTUBHO BIPOBAKYIOTHCS
B MEpeXi JOCTYIly BCE OUIBII IMBHAKAMH TEMIIAMHU, IO TOSCHIOETHCS
IHTGHCUBHHUM  3pOCTaHHSAM  1HTEepHET-Tpaiky, a TaKoX  PO3IMIUPEHHIM
BUKOPUCTAHHS JOJATKIB 3 IHTEHCHUBHOIO CMYTOIO MPOIyCKaHHsS. MynbTUMeAlitH1
CEPBICH BHMAararOTh BHUIIHUX BHUMOT JI0 MPOMYCKHOI 3/aTHOCTI. ONTHYHE BOJOKHO
MOPIBHSHO 3 MIJJI0 MOXKE 3a0€3MeYUTH OLIBII BHUCOKY IMPOIYCKHY 3[IaTHICTh Ha
OB BiJICTaHI.

[Ilo6 dYacTKOBO BHMKOHATH BHWINE3rajaHl BHUMOTH, TEJICKOMYHIKAIIMH1
KOMITaHii BJK€ PO3rOPHYJIN MEPEXi ONTHYHE BOJOKHO 10 To4kH X (Fibre-To-The-x,
FTTx) B pi3zHux yactuHax cBity. KoHuenuis pizHux Bapiaiii texnonorii FTTx, a
came BosiokHO 110 kBapTupu (Fiber to the Home, FTTH), BoiokHO 10 Mikpopaiiony
(Fiber to the Curb, FTTC) 1 Bomokno no 0yaunky (Fiber to the Building, FTTB),
MoJjisira€ B HAJlaHHI IIBUJKUX OINTOBOJOKOHHUX 3'€qHaHb B Oe3mocepeaHii
OJIM3BKOCTI BiJl MPUMIIICHb KIHIIEBOTO KOPUCTYBaya.

Mepexi FTTx B OCHOBHOMY SBIISIFOTH COOOK TMACHMBHI ONTHYHI MEPEXKI
(Passive Optical Network, PON), sxi po3risgaroTbCs SIK OJHA 3 HAWOLIBII
MEPCIEKTUBHUX AJIbTEPHATHUB JUIsl JOMIHYBAHHS B IIMPOKOCMYTOBUM JTOCTYII Yepe3
iX EeKOHOMIYHO e(QEeKTHMBHUN 1 MNPAKTUYHO HEOOMEXKEHUH TMOTEHLIal CMYTH
npornyckands. PON  mmumpoko BHUKOPHCTOBYIOThCs B TexHomorisix FTTx,
CTBOPIOIOYHM ONITUYHI CBITJIOBI IIUISIXU O€3 ypaxyBaHHS ONTUYHHUX ITEPETBOPEHB [1].

Taxk sik 3 ycix crannaptiB came NG-PON2 miaTpuMye HalBUTIHI MOKa3HUK
MIPOITYCKHOI 3JaTHOCTI, TO JJisi MOJIepHizalii po3rasgatumy came ioro. NG-PON2
3a0e3neuye mBUaKocTi He MeHiue 40 ['0it/c y BxigHOMy Hanpsamky, 10 I'0it/c y
BuxigHoMy. OO’€qHAHHS JOBXMH XBWJIb Ma€ TE€BHI TepeBard il KIIEHTIB:
M1JIBUIIICHHS IIBUAKOCTI JJIsl IEBHOI MOCTYTH, 130JIS11151 KOKHOI IMOCTYTH 1 T.]I.

[eit miaxia 103BOJISE MPOBaIepy EKOHOMUTH KaOeabHY 1HPPaKTPYKTypy Ta

HaJaBaTH OUIbII 3aXUIIEHWH cepBic. B ymMoBax 3pocTaHHS KUIBKOCTI KJIIEHTIB



12

MO’KHA TEepeKItoyaTH a0OHEHTChKI MPUCTPOi HAa HOBI JOBXKHUHH XBUJb 1 1€ HE
3aBaiuTh poOoTi Mepexi. [Ipu boMy HeMae HEOOXiTHOCTI y MOBHICTIO HOBOMY
PO3rOpTaHHI CUCTEMH, SIKILO 1I€ HE TO0Y10Ba MEPEXKI «3 HYJISD».

06’ckmom 0ocnidxceny € YIOCKOHAJNCHHS (YHKIIIOHYBaHHS MACHUBHOI
ONTUYHOI MEPEK1 HACTYITHOTO ITOKOJIIHHS.

Ilpeomem oOocnidycenb — TIacUBHA OINTHYHA Mepeka B 1H(OpMaIHHO-
KOMYHIKAIITHUX Mepexax 3B s3KY.

Mema oOocnioxcenv — TIABUIICHHS TMPOIMYCKHOI 34aTHOCTI Yy TMACHBHUX
ONTUYHHUX MEpexKax.

Haykoea Hoeusna o0ocnioxcennsa — 00 €IHAHHS JOBXHH XBWIb JUIS

MIBUIICHHS MIBUIKOCTI JJISI IIEBHOI MTOCIYTH, 130JISII1isI KOJKHOT ITOCITYTH.
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PO3JILT 1.
EBO.JTIOLISI ONTUYHUX MEPEXK

1.1 OnTuyHe BOJIOKHO

OnTuyHe BOJIOKHO TIPEACTABISIE COOOIO  BHYTPINIHE  JiCICKTPUYHE
CEpellOBUIIE, B SIKOMY MICTHTBHCSI OCHOBHA YacTHMHA CBITJIOBOI eHeprii. [lepenaua
JTAHUX B OINTOBOJIOKHI BiJJOYBa€ThCS 3a JOMOMOTOIO CBITIIA, SIKE MOIIUPIOETHCS 11O
ONTOBOJIOKOHHOMY Ka0eito, 0araropa3oBo BiAOMBaIOYKCh Bij CTiHOK. CeplieBHHA
MOX€ OYTH OTOYEHOIO IIAapOM 3 HIDKYUM TOKAa3HUKOM 3aJIOMJICHHS, sIKa
HA3MBAETHCSA 000JIOHKOIO [2].

[Ipomeni BuAMMOi 00JIaCTI CIEKTpa BXOASATh B ONTOBOJOKHO MiJi PI3HUMH
KyTaMu 1 WIyTh pI3HUMHU HUIsIXamMu. Sk BuUgHO 3 pucyHka 1.1, mpoMiHb, SIKHii
YBIMAIIOB B UEHTP CEPLIEBUHU IM1J] MAIUM KyTOM 1€ MPSAMO 1 IO HEHTPY BOJOKHA.
k1o mij BETMKUM KyToM abo OIS Kparo cepAeuHuKa, TO Mije 1o JiaMaHiil 1 Oye
MPOXOJUTH TIO ONTOBOJIOKHY OLIbII MOBLILHO. KOXeH HUIsAX, IPSAMYIOYH 3 JAHOTO
KyTa 1 TOYKM MHaAiHHA AAaCTh MOYaTOK Moiai. OCKUIBKM MOAM TEPEMIIIYIOThCS

Y340BK BOJIOKHA, KOKHA 3 HUX IICBHOIO MipOIO ITOCJIA0TIOETHCS.

<

Puc. 1.1 Po3moBCIO/pKEHHS CBITJIa Y ONTOBOJIOKH1

[IpomiHb CBiT/Ia BBOJMTHCSA B BOJOKHO IMiJl MAKCUMaIbHUM KyTOM 8, mipu
SKOMY CBITJIO BIJUyBa€ MOBHE BHYTPIIIHE BIAOUTTS 1 MOUIMPIOETHCS MO BOJOKHY.
MOXIMBICTP ONTOBOJIOKHA MPUHHATH CBITIO B CEPLEBUHY BHU3HAYAETHCS

YHUCJIOBOIO anepTyporo 3a ¢popmyoro (1.1).
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NA=n,sing,, (1.1)

Jle N — kinbkicTs Mon, A — 4YucIOBa amepTypa BOJIOKHA, No — MOKAa3HUK
3QJIOMJICHHSI HaBKOJIO BOJIOKHA, B, — HAWOIIBIINIA KyT MaiHHS MPOMEHIB, SKi
3a3HAIOTh MIOBHOTO BHYTPIIIHBOTO BIOUTTSI.

[TomupenHs mTpoMeHs CBITJa B ONTHYHOMY BOJIOKHI BiJOyBa€eThCsA 3a
3akoHOoM CHemna-Jlekaprta. YacTuHa CBITJIa BBOJUTBHCS 4Yepe3 TOBHUH
NpUiiMalIbHUII KOHYC ONTOBOJIOKHA. IIpM 1bOMYy BHHHMKAIOTh Takl SBHUINA, SK
3aJIOMJICHHS Ta B1AOUTTA. [lepiie siBuIie BUpa)aeThCcsi B 3MiHI KyTa MPOXOHKEHHS
IOPOMEHS CBITJIa Yepe3 TPaHHUI0 IBOX cepemoBuil. Skmo &>8; To mpomiHb
MOBHICTIO 3aJIOMJTFOETHCS 1 BUXOJUTH 3 CEPIIEBUHU. BITOUTTS € 3MIHOIO HANPSIMKY
CBITJIOBOTO IIPOMEHSI Ha TPaHMIl MIXK JIBOMa cepeJoBUIIaMHU. B 1iboMy BUNAAKY,
CBITJIOBUI TPOMiHb TOBEPTAEThCS B cepueBuHy. Skimo 6<6,, TO mpoMiHb
B1JIOMBAETHCS 1 3aTUIIAETHCS B CEPIICBUHI.

[IponyckHa 37aTHICTH ONTHYHOTO BOJOKHA 3alIeKUTh BIJ UIUPUHU
YaCTOTHOTO Jianma3oHy, Ha SKOMY 3/IaTHE TMPaIfoBaTH OINTHUYHE BOJIOKHO.
[IponyckHy 371aTHICTH BOJIOKHA BU3HA4Ya€ MakCHMalibHa iHGOpMaIliiHa €MHICTb
KaHally, SIKUA MOXke OyTH MNepeJaHuil y3J0BX BOJIOKHA 3 JaHOTO BIACTaHI. Y
0araroMo/I0OBOMY ONTOBOJIOKHI TPOMYCKHA 3JaTHICTh, TOJOBHUM YHHOM,
oOMe)XeHa MOJIOBOIO JHUCIEPCI€r0, TOJl SK Take OOMEXKEHHsI BIACYTHE IS
OJTHOMOJTOBHX BOJIOKOH [3].

Buginsgiors 1Ba OCHOBHI THIIM ONTHYHOTO BOJIOKHA 32 PEKHMOM POOOTH:
OJITHOMOJIOBI Ta 0AaraToMO/I0BI.

Y 0ZHOMOJOBOTO BOJOKHA, 300paXKEHOr0 Ha PHCYHKY 1.2, miametp
cep/JcUHrKa Habarato MeHIle, HiX y 6aratomojaoBoro. Jliamerp 6araToMoa0BOro
BOJIOKHA CTaHOBUTHL 50 MKM 1 62,5 MKM, Taka IIUpPUHA J03BOJISIE MTO/IaBATU KUIbKa
MOJI B OJTHE BOJIOKHO, ajie¢ TaK camo 1 30UIbIIIye WMOBIPHICTh BIJOUTTS CBITJIA Bij
30BHIIIHBOI TOBEPXHI CEpJACYHHMKA, M0 1 BHUKIMKAE 3aracaHHs CUTHAIY. Y

OJTHOMOJIOBOMY BOJIOKHI J[laMeTp CepAeYHHKa CTaHOBUTH 10 MKM 1 MmeHe. Y
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TaKOMYy BOJIOKHI HMOBIpHICTh AMCHEPCIi 3HAYHO 3HIDKYETHCS, IO JIO3BOJISIE

nepeaBaTH J1aHi Ha BEJIMKI BiJCTaHi.

NOK3EHKE i : - ;
sanpanesns DOAHNA IMNYNLC BMXIAH WA TMNyNs

10pm

CepuesnHa OnHomonoeWil Bonocok

Puc. 1.2 OgHomMo10B€E BOJIOKHO

Crpykrypa 0araToOMOJOBOTO BOJIOKHA, 300pa’keHa Ha pHUCYHKY 1.3,
BIJIPI3HSAETHCS BEJIMKHM J1aMETPOM CEpPILEBUHU 1 MOXYTh OyTH 31 CTYMIHYACTUM
abo rpagieHTHUM TpodineM. Y meprioMy BUIAAKY MOIM PO3XOIATHCS MO PI3HUX
TPAEKTOPISIX 1 TOMY IPUXOASATH IO KIHIIS CBITJIIOBOAY B pi3HMIM 4ac. baraTomomoBe
BOJIOKHO MPOBOAUTH IPOMEHI CBITJa B3/10BXK CEPLUEBUHU 3aBISAKU €(PEKTY MOBHOTO
BHYTPIIIHHOTO B1IOUTTA. [IpoMeHi, 1m0 MOTpamyigiOTh HA MEXY PO3ILTY
KOMIIOHEHTIB BOJIOKHA MiJ TOCTPUM KYTOM, OUIBIIMUM HIK KyT TIOBHOTO
BHYTPIIIHBOTO BIAOWTTS, 3a3HAIOTh BIiIOWTTA. I[IpomeHi, MmO CTHKAIOThCA 13
TPaHULCIO M1l MaJUM KyTOM 3aJOMJIIOIOTBCS Y HaIpsIMKY BiJl CEPLEBUHHU [0

000JI0HKH, a J1ajIi OTJIMHAIOTHCS 1 HE TIepeIaroTh iH()OpMaIIito.

Mokes HE 3 300K NeHHA B -1 K M50 B B3 301 [IMn B
| n IZE E : / |
2320 pm Z00p

OBonoH Ka
CTYNIHEYaTHA BONDOCOK

Puc. 1.3 baratomomgoBe BOJIOKHO

3HauHa 1udpoBa anepTypa J1a€ MOKIUBICTD CBITIY MOIIUPIOBATHCS B3IOBXK

BOJIOKHA 3aBJSKH PO3TAIIOBAHUM OJU3BKO JO OCI IPOMEHSM, a TaKOX IIiJl
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pPI3HOMAHITHUMHU KyTaMH, JO3BOJSIOYM e€()EeKTHMBHE KOMIIOHYBaHHS ITy4Ka
BUIIPOMIHEHHS y CBITJIOBO/II.

[Ipu rpagieaTHOMY TIpOdiIi THMYACOBI 3aTPUMKU PI3HUX MOJ MPAKTHUYHO
MOBHICTIO 3HUKAIOTh, IO MOKa3ye puc. 1.4, 1 mpoMeHi WAYTh TUIaBHO 3aBJISKH 3MiH1
IIBUJIKOCTI TIOIIMPEHHS CBITJIa 10 XBWienomioHuM cmipainaMm. KoeditieHTt
3aJIOMJICHHSI Y CEpPLIEBHHI TAKOTO BOJIOKHA 3MEHIIYETHCS IMOCTYINOBO BiA OCl J0
30BHIIIHBOI CTIHKM BOJIOKHa. TOMy TIpOMEH1 CBITJIa BUTHMHAIOTHCS TyroOlO
HAOMMKalo4UUCh 10 OOOJOHKH. TakuM YHMHOM 3MEHIIYETbCS OaraToBEKTOpHA
JUCTIepCis PO3TOBCIOIKEHHS, TOMY 1[0 IIPOMEHI IMiJl 3HAYHUMU KyTaMU MPOXOJIATh
yepe3 AUISHKY CEPLEBHHM 13 MMM MOKa3HUKOM 3aJIOMJICHHSI IIBHMJLIE, HIK ITiJT

BCJIINKHM.

NEKAIHWE gyinynid iMNyNBC BHXiAHWH iMny
——— 50- 106 3 =HHA

o |
T

CEPL EBWHA

NpapiEHTHHH BONOCOK

Puc. 1.4 I'pagieHTHE BOJOKHO

JIns MiHIMIZaIIi PI3HUII MK TO3/I0OBXKHBOKO IIBUJIKICTIO PO3MOBCIOHKEHHS
IIPOMEHIB PpI3HOI BEKTOPHOI HAMpAaBJIEHOCTI Yy BOJIOKHI HEOOXI1IHO BHUOpaTu
npodiib TpagieHTy 3aoMIeHHS. [aeanbanii mpodisib rpafieHTy 3aJTIOMJICHHS JTyKe
OJIM3bKUH 10 TTapa0oJIIYHOrO TIPH CITIBBIIHOIIEHHI CaMO1 BEJIMUUHM Ta BIJCTaH1 10
oci [4].

3aCTOCOBYIOTBCS Takl BUAM OJHOMOJIOBOTO BOJIOKHA: CTyIMiHYacTe, 31
3MIIIEHOI0 JUCIIEPCIEI0, 3 HEHYJIEBOI 3MIIIEHOK Jucnepciero. MixMoaoBa
JaUcrepcis 'y mepuioMy BHManKy ycyHyTa. Ilepemaua nanux BiaOyBaeTbes a
noBxkuHax xBWib 1310 Ta 1550 am. XpomaTuuHa aucriepcis BIACYTHS Ha XBUJI
1310 um. BapTo 3ayBakuTH, 110 3aTyXaHHsS Ha APYTiil JOBXKWHI XBWJI MeHIle. B
JpyroMy THIIl BOJIOKHA Miepesava BiAOyBaeThesl Ha poboyiil JoBkuHI XBuil B 1550

HM, TakK K XBWJIS HYJIeBOi Jucrepcii 3MillleHa Ha Iie BikHO. Bupi06 Bosojie
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BJIACTUBOCTSIMH, SIKI MIAXOASATH JJIsl OyHiBHHUIITBA JOBTUX JIHIA — II€ MIHIMyM
BTpaT Ta Aucrepcii. Y BOJOKHI 31 3MIMIEHOIO TUCTIEPCIEI0 JaH] IepPeIaroTCs y BIKHI
1530-1560 uM. Moro BigMiHHICTH MOJISrac y MOXJIMBOCTI Tepefadi KiIbKOX
JTIOBKMH XBHJIb.

BonokoHHO-onTHYHA JTiHISA 3B’SI3KYy — BHUJ CUCTEMHU Iepefadi, Ipu sSIKOMY
iH(popmarris nepenaerbes no OB.

OnTuyHuii kabenp € JIeNeKTPUKOM, IO POOUTH HOTro OE3NeYHUM Mpu
nepeaadi JaHuX Ha Pi3HUX 00'€KTax, a TaKOXK BOJIOJIIE BUCOKOIO 3aXHUIICHICTIO BiJl
HECAHKI[IOHOBAHOTO  JIOCTyny. BOJIOKOHHO-ONTUYHI JIiHII 3B'A3KY  Ba)KKO
npociyxatu 0e3 MOpYIIEHHS CTPYKTYPH BOJIOKHA 4Yepe3 Te, 110 BUIIPOMIHECHHS
BIJIOYBA€EThCSl Maike y pajiogianazoHi. byap-ski Aii Ha BOJIOKHO MOXYTh OyTH
3apeeCTPOBaHI 32 TOMOMOTOI0 O€3MePEPBHOIO KOHTPOJIIO IITICHOCTI JIiHii.

Husbkuii piBeHb MIyMiB JOCATAETHCS 32 PaXyHOK PI3HUX BUIIB MOMYJIAIT 3
MaJior0 30MTKOBICTIO KOJTY.

Po3mipu 1 Bara, siKi MEHII1, HIXX Y IHIIUX HAMPSIMHUX CUCTEM €JIEKTPO3B'SI3KY
MOJICTIIYIOTh MOHTaX. Takox 1e pobuts OB HaWNepCHeKTUBHIIIMMH IS
BUKOPUCTAaHHS B KaOeNbHIN TEXHIll, NMpuiago0yIyBaHHI Ta 1H. 3aTyXaHHs, SIKe
csarae menme 0,2 n1b/kM Ha MOBXKKHI XBHII 1,5 MKM, 3 4acOM ITiIBHIIY€EThCS. AJe
3aBISKH TEXHOJIOT1SIM BHUTOTOBJICHHS AOBroBiuHicTh OB Moxke mepepumutu 20
POKIB.

Sk 6aunmo, mepeBaru NMepeKpuBaOTh HEMNOMIKH, TOXK TOMATBIITNI PO3BUTOK
MEpEX CTOITh 3a ONTUYHUM BOJIOKHOM. Texnosorii BOJIII BupimrytoTh nUTaHHS
aKTHBHOTO OOJIaJHAHHS, IPOTOKOJIB Mepenadi, CTaHAapTH3aIii Ta IPUHIIAIH

noOyaoBu Mepexi [5].
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Puc. 1.5 CrpykTypa BOJOKOHHO-ONITUYHOI JIiHII epeaayi

Baprto 3BepHyTH yBary o miicwitoBadyiB JiHIi nepemadi. Lli mpuctpoi sik
BIJIOMO TMOJUISIOTBCA Ha ONTHYHI Ta EJIEKTPOHHO-ONTHYHI. Y JaHlil poOoTI
PO3MIISIIA€ThCA MEPIIMNA BU, TaK SIK Y poOOTI po3IiisgiaeThes macuBHa Mepexa. Jlo
TUITIB MOXHA BiJIHECTH:

HamiBnpoBijiHi onNTHUYHI MiJCWIIOBaul JiazepHoro tumy. CKIIanarThCs 3
XBHJICBOTy, HAIIBIIPOBIAHUKA 3 TIPSMOIO 3aXHUIIEHOI0 30HO0 (J1azep Dadpi-Ilepo)

- POMaHIBCbKU BOJIOKOHHUH MMiICHIIIOBAY. 3a OJHUHHUIIIO Yacy MiJICHIIOI0Th
NEK1IbKa KaHalB;

- TIJCUJIIOBAYl Ha JIOMIIIKOBOMY BOJIOKHI. BOHU MpaifoloTh 3 BEITUKOIO
KUIBKICTIO KaHAIIB y IIUPOKOMY Jl1ara3oHi;

- MIJICUJTIOBAYl Ha BOJIOKHI, 3 OpUIIIOEHIBCHKUM PO3CIIOBAHHSIM;

- pe3oHaTopHuii miacuinroBauy dadpi-Ilepo;

OcranHl J1Ba MPUCTPOi XapaKTepHI TUM, IO MiJCUIIOIOTh OJHY JOBXKHUHY

xBui [6].
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1.2 EBoaonisi Ta BIPOBA/XKEHHSI HOBITHIX T€XHOJIOTiH MacMBHUX
ONTUYHHUX MeEPex

Icaye kinpka TumiB cuctem PON, BkazaHi Ha pucyHKy 1.5, siKi 3a ocTaHHI
pOKH OyinH PO3rOpHYTI B SKOCTI TexHOiorii moctymy: Asynchronous Transfer
Mode PON (APON), mupokocmyrosuii PON (Broadband PON, BPON), Ethernet
PON (EPON), riraditamiit PON (Gigabit PON, GPON), 10 Gigabit Ethernet PON
(10G EPON) i PONI mnacrymuoro mokomiaas (NGPONI1). ¥V mpomy po3aimi
OyIyTh PO3IJISIHYTI JaH1 CTaHAAPTH.

Standards development and interop

GPON
2ARGhys 08, 1.24 Gby/s US
G 924 Series

XG-PON1
10 Gb/s DS, 2.48 Gb/s US
G.987 Series, G.988

Puc. 1.5 P03BUTOK NaCHUBHUX ONTHYHUX MEPEK

[Tepmi cucremun PON Oynu 3acHOBaHI Ha TMPOTOKOJIAX ACHHXPOHHOTO
pexumy nepenadi. Lle moB's3aHo 3 THM, IO CTaH TEJICKOMYHIKAIIMHIX MEPEK Ha
MOYaTKy 1 CEpeIUHI ACB'SHOCTUX POKIB BCE I1Ie OYB 30CEPEIKEHHI Ha TEXHOJIOTIIX
3 KOMYTAIll€l0 KaHaliB, TakuxX sk T1 1 mudpoBa mMepexa 3 IHTETpaIlier ciayxo
(Integrated Services Digital Network, ISDN) [7]. IIporokosom, oOpaHum s
BUKOPHUCTAaHHA HOBHUX BOJIOKOHHO-ONTHYHUX MEpEX, Oyla CHUHXpOHHA ONTHYHA
mepexa (Synchronous Optical Network, SONET) [8]. Mepexi SONET
3a0€e3MeUmnIIi JOCUTh PI3KU CTPUOOK B MPOAYKTHUBHOCTI 1 MPOITYCKHIM 3aTHOCTI B
MOPIBHAHHI 3 TPAJUIIHHUMH KOMYTOBAHUMU MEPEKEBUMHU MPOTOKOJIamMH. Tomy,
nipu po3podiri marictpaiai SONET onepatopamu, 6yi0 HE0OXiTHO pO3pOOUTH HOBE

BOJIOKOHHO-ONITUYHE PIIIEHHS JUIs BIAMOBIAI HA 3alUT MPO OLIBIITY MPOMYCKHY
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3MATHICTh B «OCTaHHIM MMJI» HagaHHS aOOHEHTChKUX mochyr. lle mocmpusiio
npuitHarTio ctangapry APON. Cranmaprt, Bimomuii sik ITU-T G.983 ommcysas
nepenavy 4epe3 sAUeMKU aCMHXPOHHOTO TPAHCHOPTHOTO PEXUMY Ta BKIIOYAB B
cebe psa Bapiamiil MBHIKOCTI JiHIT (MPOMYCKHOI 3[aTHOCTi), aje OyB Maibke
BUKJIIOUHO PEai30BaHMM SK BXIIHMM MOTIK y 622 MOit/c 1 BuxigHuii — 155
MG6it/c Ta miaTpumyBaB 32 aboHeHTa. BiH TakoX BKIIIOYaB MeXaHI3M Oe€3IeKu
muppyBaHHs, SKAWA HaBITh 3a cTaHgapTamu cepeauHu 1990-x pokiB BBaxkaBcs
JIOCUTH CIIA0KHM.

Sx 1 APON, mmpoxocmyroBuii PON Takox BukopuctoBye 622 MO6it/c B
HU3XITHOMY 1 155 MOiT/c y BUXIHOMY HampsiMKaX. 3aBIISIKH CBOEMY IOYAaTKy B
ATM, BPON 3HayHOIO MIpOIO OpIEHTOBAHMI HA MYJBTUILIEKCYBAHHS 3 YaCOBUM
nogiiom (Time Division Multiplexing, TDM) [9]. KopucHe HaBaHTaxXeHHS
BUX1HOTO MOTOKY Kajapy BPON cknagaerbest 3 53 TUMYacoBHUX 1HTEpBAIB, SK 1 B
ATM. [Ins koxHoro 3 1mux TumyacoBux iHTepBamiB BPON e 48-6GaiiroBuii
ocepenok ATM, saka BkItouae B cebe J0JaTKOBI 5 0aiTiB city:k00B0i 1H(hOpMaIli.
s cmoyxOoBa iHdopMamis 3a0e3nedye MO MK CYCIZHIMM YacOBHUMU
inTepBanamu ONT Ha ogHOMY 1 TOMY X PON.

®daktuuno, cunxponizamisi BPON Bumarae 154 nHanocekyHmu, 1100
JTIO3BOJIUTH BUMKHYTH OJIMH Jlazep y aboHeHTchbkomy TepMinaii (Optical Network
Terminal, ONT), a notim BrirounTy HactynHui mazep ONT, a Takox 3a0e3neunTu
NpaBUIbHY CHHXPOHI3AIII0 3 ONTHYHMM JiHiHHUM Tepminaiom (Optical Line
Terminal, OLT). Jlazep ONT TakoX MOBHHEH BHUKOPHUCTOBYBATH IO CIYXKOOBY
iH(DOopMaIito I HAJIAIMMTYBaHHS CBOET BUXIAHOI MOTY>KHOCTI (TIOCHUJIEHHS), 11100
MPUCTOCOBYBATUCA IO PI3HUX ONTUYHUM BTpaT dYepe3 3pOIyBaHHS, PO3'EMIB 1
BiJIcTaHEel BOJIOKOH. Jlazep MOBMHEH OyTH BKIIIOUYEHUH, a TAaKOX 3a0€3MEeYUTH
npaBuwibHy cuaxpoHizaiiro 3 OLT. Jlazep ONT Takox moBuHEH BUKOPUCTOBYBATH
CIy>kO00BYy 1H(opmarlito, 100 HaJAITyBaTH CBOK BHUXIAHY IOTY>XHICTb
(mocumneHHs1) Ta MPUCTOCOBYBATHCS JIO PI3HUX ONTUYHUX BTpAT dYepe3

3pOIIYBaHHsI, PO3'€MIB 1 BIZICTAHEH BOJIOKOH.
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Tox, wmeroro BPON ©Oyno gomortucss €KOHOMIYHO €(EKTUBHOTO
pPO3TOPTAaHHS CHCTEM IIMPOKOCMYTOBOTO ONTHYHOTO  JOCTYMY. 3aBISKU
PO3UIMPEHHIO CIEKTPAIBLHOTO J1alla30Hy 3’ SIBUJIACS MOMIJIHMBICTD ISl TOJATKOBUX
MOCJIYyT BXKE Ha IHIIMX JOBXKWHAX XBWIb. Takum umHoM, BPON mpomonye
YHUCJICHHI MOCIYTH IIMPOKOCMYTOBOTO JIOCTyIy, BKItouaroun ATM, moctyn 1o
Ethernet 1 mommpennss Bigeo. BPON BukopuctoBye ATM sk CUTHAJIbHMMA 1
TpaHCHOPTHUI TPOTOKOI, K 1 APON.

BPON Takox 3a0esneuye migBuieny Oesneky. Ille oana icroTHa
BI/IMIHHICTb JIBOX CTAaHAApTIB Tmoisirae B ToMmy, o BPON no3Bossie
PO3IMOBCIOIKEHHS Bi/Ie0. Y I[bOMY CTaHJAPT1 YIOCKOHaIeHe BUKOpUcTaHHS WDM,
JIOJIABIIIN JIOIaTKOBI IOBKHUHHU XBWJIb [T omupeHHs Bixeo [10].

BPON mniarpumye MBUAKOCTI HU3X1AHOT JiHIT 3B'si3ky 155,52, 622,08 1
1244,16 M6iT/c 1 mBUAKOCTI BUCXiaHOI JiHII 3B'sa3ky 155,52 1 622,08 Mo6it/c.
BPON BHUKOpPUCTOBYE MYJIBTUILUIEKCYBAaHHS 3 YaCOBUM MOJLJIOM, a MOT0 YacoBl
1HTEpBaIN MICTATHh ocepeaku ATM a0o ynpaBiiHHS, TEXHIYHOTO 00CITyrOBYBaHHS
1 o0cmyroByBaHHS (I3MYHOTO piBHA. BucXigHa IiHIS 3B'SI3KY BHKOPHCTOBYE
MHOXHWHHUN J0CcTyn 3 yacoBuM noaioM (Time Division Multiple Access, TDMA)
[11] mis MyabTHIICKCYBaHHS PI3HUX OJIOKIB ONMTHYHOT MEPEXKi, 1 peai3oBaHHiA
MexaHi3M DBA. 3B'S30k MK ONTHYHHMM JIHIMHAM TEPMIiHAJIOM 1 KIHIIEBUM
a0OHEHTCHKUM MPUCTPOEM 3aCHOBAHUM Ha BIpTyalnbHUX KaHaiax ATM, ski 3aaTHI
peani3oByBaTH pi3HI piBHI AkocTi 00ciyroByBanHs (Quality of Service, QoS).

Texnonorii APON 1 BPON wMarote oauH 06azoBuii mpotokon ATM 3
mHIAHUM KojoM NRZ, mepenbagatore TexHosorio kopekmii mommiok FEC i
3aXMCT JaHUX 3a PaXyHOK Mu(pyBaHHS BIAKpUTUMH Kirodamu. OCTaHHIN aceKT
Ma€ BHCOKY BaXKJIMBICTh B CHJIy LIMPOKOMOBHOCTI Mepefavi JaHUX 1 MOXJIMBOCTI
MEPEXOIUICHHST JAaHUX OYIb-IKUM MEPEKEBUM TEPMIHAJIOM, IMIIKIIOUYEHUM J10
nacuBHO1 onTH4YHOI Mepexi PON.

Maxkcumanbauit pizuunuii paaiyc nii BPON cranoButs 20 kM. JoBkrHa

XBWII y HUBXIAHIN JiHIT 3B'A3Ky moBuHHaA OyTu B miamazoHi 1480-1500 uwm, a
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JOBKMHA XBWJII BUCXITHIHN JiHIT 3B'sI3Ky TOBHHHA OyTH B Aiama3oHi 1260—-1360 awm.
JloBXrHa XBHJII aHAJIOTOBOTO BiJCOMOBIICHHS OyJjia BU3HAYEHA B fiamazoHi 1539-
1565 um.

B nanwmii yac B CBITI BHKOPUCTOBYIOThCSA JABa OCHOBHI ctanmaptu FTTH
PON: mepexa Ha ocHoBI Ethernet, dopmainizoBana y crangapti IEEE 802.3ah 1
rirabitHuit PON B cranmapti ITU-T G.984. B 000x pimeHHsSX oOJagHaHHS €
MOBHICTIO MACHUBHUM, MOKpHUBA€ BiAcTaHl 10 20 KM, BUKOPHCTOBYE TOIOJOTIIO
«TOYKa-0araroTouka», 3abesneuyye OUIbII IIMPOKY CMYTY TIPOIYCKAaHHS JUIs
KIHIIEBOTO KOPUCTyBada 1 JO3BOJISIE 3/IMCHIOBAaTH BIJI€OMOBIECHHS (Lu(poBe
Ta/abo ananorose). KoedimieHT noguty (KUIbKICTh KOPUCTYBaudiB Ha BOJIOKHO) €
3MIHHUM — 3a3Buuail Big 32 no 64 xopucrtyBadiB. MakTHYHO, OCHOBHI (Di3WYHI
XapaKTEPUCTHKU 000X CTAHAAPTIB AYXKE CXOXKI1, 0 pOOUTH iX OLIBII PI3HUMU — L€
nporokon MAC 1 cxema iHKancyndmii nanux. Y Toil yac sk EPON nepeHocutsb
naketn uuctux kaapiB Ethernet, GPON inkancymtoe gaHi 3 BUKOPHCTAHHSIM
Generic Encapsulation Method.

Ethernet PON 6yB po3pob6nennii mist moBeaenns Ethernet mo sxutinoBux Ta
JUJIOBUX KJIIEHTIB Yy MEpexi TOCTYIy, 1 BIH OyB HIBUIKO MPUHUHATUNA, B MEPILY
yepry 3aBASKM HOTO BCIOJUCYIIM Ta €KOHOMIYHO BHTIIHIM TEXHOJIOTIi, IO
J03BOJIsIE 3a0€3MEYUTH CYMICHICTh 3 PI3HOMAHITHUM 3aCTapiiuM OO0JIaIHAaHHSIM.
EPON 3narauii HamaBatu mociyru Triple Play mpu cuMeTpu4HHX IIBHIAKOCTSX
1,25 T'6iT, BUKOPUCTOBYIOUM JAOBXKHUHY XBHII Tipu niepegadi 1490 um 1 1310 um Ta
npuiiom — 1550 HM, 110 3ape3epBOBaHUMN JJIsi PO3MIUPEHHS MOCIYyT HAa MallOyTHE,
TaKUX SIK aHAJIOTOBA Bifeo TpaHcisis mpubauszHo nis 32 ONU na Biacrani mo 20
KM. Y BepxHii Teuil BUKOPUCTOBYETHCSI HETUIIOBHUI MPOTOKOI KOHTPOJIO JOCTYILY
(Media Access Control, MAC) [12], yaukaroun 3iTKHEHb JaHUX Y PO3MOIIbHIHI
Mepexi. 3 MeTor posmupeHHs oOmexeHHs emHocti EPON 3a momomororo

IIBUJIKOCTI mepeaadi JaHux Ta koedimienta moainy, ITU-T BcTaHOBUB cTaHIapTH

115t GPON B cepii G.984.
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EPON =e € crangaprom, opieaToBanuM Ha ATM a6o TDM Ha BinMiHy Bif
BPON ta GPON. EPON BukopucroBye kampu Ethernet mns nepemaui manmx i
3abe3reuye Oe3II0BHY iHTerpaiiro 3 Texnoaorismu IP i Ethernet mo poouts EPON
MPUBAOJIMBOIO MOJIEIUTIO JUTSI TIOCTAYAJIbHUKIB TIOCIYT, Y KX HEMa€ 3acTapiyiux
oumnHronsux cucreM, cucteM ATM ta SONET.

B pesynasrati EPON 3a6e3meuye BinMiHHY MaciiTaOOBaHICTh, MPOCTOTY,
MPUIATHICTH 1 MOKJIMBICTh HaJaHHS MIOBHOTO AocTymy Ao mociyr. EPON mpairioe
31 mBuaKIicTIO 1,25 T'61T/c y BUCcXiqHOMY HanpsMKy 1 1,25 T'6iT / ¢ B HU3X1THOMY
HapsMKY (CMMETPUYHO) 3 MaKCUMAJIbHOIO BiACTaHHIO 20 KM 1 Koe(ilieHTOM
posnoauienns — 32. llIBuakicth mepenayi gaHUX cuMeTpuyHa, a0 1 I'6it/c, Tomy
MaKkcUMaJlbHa CMyTa TMpomyckaHHsd, BuauieHa koxHomy ONU, 3a3Buuaii
cTaHOBHUTEL 01M3bK0 70 MOIT/C, X04a 1€ 3a1eKUTh BiJ KUIbKOCTI akTUBHUX ONU 1
npodiniB Tpadiky kopuctyBauiB. Ctangapt EPON dokycyeTbest Ha BU3HauY€HHI
¢izmunoro piBas 1 piBHT MAC. EPON cknamaeTscsi 3 ABOX THMIB aKTHUBHHUX
tepminaniB: OLT i ONU. Curnan BUXOIUTh TACHBHUM ONTHYHUM TIEPEXITHUKOM
Ha JaJIbHbOMY KIHITI MEPEeXI.

Jlist posmaperHs: oomesxkenas emHocTi EPON, mBuakocTeit nepenayi qaHux
1 koedimienta posnoxaineHs, ITU-T BcranosuB cranmaptu mis GPON B cepii
G.984 [13]. Tak 3aTBepausid HOBUH CTaHAAPT Ui 3amoBosieHHs moTped PON 3
OUIbII BUCOKUMH IIBUIKOCTSMHM, PI3HOMAHITHICTIO MOCHYT 1 OLIbII €(PEeKTUBHUM
BUKOPUCTAHHSAM TMPOMYCKHOI CIPOMOKHOCTI 3 BHUKOPHUCTAHHSM IIaKETIB PI3HOT
nosxuuu. lleit HoBuii cranmapt orpuMmaB Ha3By GPON. Opna 3 1ineit mporo
CTaHJapTy — CYMICHICTh 3 MoOmepeAHiMu cranmapTamu. [linTpumyBaHi B 1IbOMY
CTaHJapTI MIBUAKOCTI ckiIamaroTh 1,24 1 2,5 I'6iT/c Ha HU3XIAHIN JiHIT 3B'SI3KY 1
155,52 Mbit/c, 622,08 Mb6iT/c, 1,24 T'6i1/c 1 2,5 I'61T/C Ha BUCXiAHIH JiHIT 3B'S3KY,
1 BIH MO€ TIPAIIOBATH B CHMETPUIHOMY 200 aCHMETPUIHOMY PEKUMI.

BukopHucTOBYETHCS MPU3HAUEHHS OJHAKOBUX JTOBXKHUH XBUJIb, 1110 JO3BOJISIE
oriepaTopaM MepeXl1 HaJalllTOBYBaTH IIBUKOCTI IMepeaayl BiAMOBIAHO A0 BUMOT

KOpHCTyBada. A TakoX CTaHAApT 3a0e3reuye MPaKTUYHO MOJIBOEHY €(PEKTUBHICTh
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npy Tepeaadi JaHuX BHKOPHUCTAHHS CMYTH TIPOIYCKAHHS 3aBISKH MEHIITHUM
HakimagauM Butpatam. GPON mepenae nmaHi, BUKOPHUCTOBYIOUH OJIHY JOBXKHHY
XBUJI1 HA KO)KHOMY BOJIOKHI.

GPON 3natauit Bumukatu oaun gazep ONT mpu miAroToBIll 10 BKIOYCHHS
HactymnHoro Jyiazepa ONT. B GPON wacoBuii iHTepBai, J03BOJEHUM JJIS I[HOTO
B3aeMozii, ctaHoBuTh 13 Hc [14]. Lle maiike B 12 pasiB ByX4Ye BIKHO, HIK Y
MepexKax 3 MOMepPeHIM CTaAapTOM.

GPON wmoxe TtpancrnopryBatu Tpadik Ethernet, ATM ta TDM (ISDN,
PSTN, E1 i E3) i cxmamaerscsa 3 obmagnanus nepemadi OLT 1 ONU a6o ONT.
GPON € B OCHOBHOMY TPaHCIOPTHUM IMPOTOKOJIOM, SIKMii BUKOPUCTOBYE METOIU
SDH, SONET i 3araneny mporueaypy kaapysanus (Generic Framing Procedure,
GFP) nns nepenaui curaanis Ethernet.

[IpobGnemu Gesnexu y BxigHomy mnotoii, GPON 3abe3neuye po3mmMpeHHit
crangapt mudpysanas [15]. B skocti 6a30BOro mpoTOKOIy IMepeaadi JaHUX B
GPON BHKOpPHUCTOBY€ThCA CHHXpPOHHA LM(poBa iepapxis (Synchronous Digital
Hierarchy, SDH), onminifiHe KoayBaHHsA ©0€3 TIOBEpHEHHS [0  HYJIS,
BUKOPUCTOBYEThCsl Kopekuis nommiok (Forward Error Correction, FEC) i
TUHAMIYHUK pos3nonin cmyru mnpomyckanHs DBA. Oco6nuBictio GPON €
miaTpuMka g0 128 abGoneHTiB Ha oaHid riummi gaepeBa PON B paaiyci mo 20
kimometpiB. [lludpyBanus Tpadiky 3aiHCHIOETECS BIAKpUTUMHE Kitodamu [16].

Y 1mpoMy cTaHIapTI BUKOPHUCTOBYETHCS KaJpyBaHHS PIBHS KOHBEPTEHITIT
nepenadui GPON GTC, saxe 3a0e3nedye pi3Hi (DyHKII, Taki K TPaHCIOPTHUI
mynsTuiuiekcyBanisg Mk OLT 1 ONU, ¢ynkuii PLOAM, intepdeiic DBA,
pamkyBanHus 1 peectpaitis ONU abo FEC (Reed-Solomon (255,223)) i cnaguwuit
noTik. [llndpyBanHs nanux B sIKOCTI A0JaTKOBOI PyHKIiil. Pexumu podotn ATM 1
IP, romoc Ta Bimeo 1HKANCy/nbOBaHI B KaJpu METOAY IHKAICyJsii rirabiTHOro
PON (GPON Encapsulated Method, GEM), miarpumytorbest B crangapti GPON.
Inkancynsamis GEM 3 MoxnIuMBICTIO cerMeHTaiii J03BOJIsI€E BUKOPHCTOBYBATH

cxemu TDM. TDMA BUKOPHUCTOBY€ETHCS JJI BUCX1AHOI JiHIT 3B'A3Ky. B TexHomorii
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GPON BHKOpHCTOBYETHCSI JBOpIBHEBA IHKAMCYJSIIA: CHOYaTKy moToku 1DM,
E1/T1 i xkagpu Ethernet posmimyrorbcs B kagpax GEM 31 3MiHHOIO TOBXHHOIO
KOPHCHHX JaHuX, 1o MaioTh ¢opmar Generic Frame Procedure, ITU-T G.7401.
Hani ATM ta GEM chinpHO iHKancymioiotbes y kaapu GTC. Came BoHH
nepealoThCs 10 MacuBHIN onTuyH1A Mepexi PON.

MakcuManbauil QI3UYHUA pajiyc 1ii, TIATPUMYBAaHUM ITUM CTaHIAPTOM,
ckianae 20 kM 3 koediienToM noAuty 1:64 (BpaxoByrOUM TaKOX MaKCUMAJIbHUI
pazaiyc aii 60 km a6o xoedimieHT noany 1:128 g maitdytHix notped). [Jianazon
JIOBXKWH XBWJIb HU3XIJTHIA JiHIT 3B'i3ky cTaHoBUTh 1480—-1500 nwm. Jliama3oH
JIOBXKHMH XBUJIb BUCXI1JIHIH JIHIT 3B'13Ky cTaHOBUTH 1260—1360 HM a1 BapiaHTa 31
3BUYANHOIO CMYTOI0 (3 BUKOpUCTaHHSAM jda3epiB Padpi-Ilepo), 1290-1330 um ans
BapiaHTa 31 3MEHIIIEHOI CMYTOI0 (3 BUKOPUCTaHHSM 3BHYaitHOro nazepa DFB) 1
13001320 am 1151 BapiaHTy 3 BY3bKOIO CMYTOIO (3 BUKOPHCTAHHSM JIa3epiB 3
oOpaHOi JTOBXKMHOIO XBWJI1), BIJICOMOBJICHHS Ma€ 3[1MCHIOBATHUCS B Jlana3oH1
noBxkuH XBUIb 1550-1560 um. Ha pucynky 1.5 mokazanmii orysin npusHayeHHs
JIOBKWHU XBHIII.

HeoOxinHuii yac nepeMuKaHHs ja3epa cTaHOBUTh 13 He. BroxeT BTpat s
GPON cranoButs 28 n1b ms 610 kery kinacy B+ 132 nb s 6romkety knacy C +.

GPON 3abesneuye BenuKy TMPOMYCKHY CIPOMOXHICTh 1 Jiama3oH B
nopieasHHI 3 APON, BPON 1 EPON.

Haitioctannimn cranmaptu |IEEE 1 ITU-T MaroTh 3BOPOTHY CyMICHICTH 3
nonepeaHiMu  mokodiHHIMU PON, 110 703BoJisie  31HCHIOBAaTH  MOCTYIIOBE
OHOBJICHHS 3 MIHIMAJTLHUMH ()IHAHCOBUMH 1HBECTHI[ISIMU B ONITUYHY PO3MOIIIBLHY
mepexy (Optical Distribution Network, ODN) i miiMansHIM e(heKTOM Bix poOOTH

KOPHUCTYBauyiB.
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Yepe3 HEOOXITHICTh OUIBIIIOT CMYTH MPOIMyCKaHHs Oyio po3poosero 10G-
EPON 1 XG-PON BianoBigHo. Xouya I1i IBa CTAaHAAPTH JyXkKe Pi3HI 32 BUKOHAHHSM.

10G-EPON e mpuknagom texnonorii NG-PON1. Cranmapt |IEEE 802.3av,
skuii OyB BumymeHuin B 2009 pomi [17]. Cymicauit 3 802.3ah EPON. Iammm
npukiiagioM € ctanaapT ITU-T G.987, takox Bimomuii sik XG-PON. 10G-PON e
MEpPEKEBUM CTAHIAPTOM JUIsl KaHATIB Tepefadi JaHuX, 3JaTHUM 3a0e3MeUnuTH
CHUIBHY IIBHUJKICTH Aoctyny B IHtepHer qo 10 I'6Git/c 1 2,5 I'6iT/c y BUCXigHOMY
HanpsiMky. XG-PON — mue cranpmapt ITU-T HacTymHOro MOKOJIHHS, SIKUAN
BuruBae 3 GPON. Cepis ITU-T G.987.x BignoBigae 3araJbHAM BHMOTaM
MACMBHUX ONTUYHUX MEPEX 3 MPOIMyCKHOIO 31atHicTio 10 ['6iT/c TakuMm duHOM,
mo0 3a0e3neyuTH CyMICHICTh 3 IcHyrounMu ODN, cymicHUMH 3 cuUCTEMaMu
GPON. Kpim Toro, cuctema XGPON BHKOpPHCTOBYE MYJbTUILJIEKCYBAaHHS 3
noauiom mo naoexkuHi xBwi (Wavelength Division Multiplexing, WDM),
Bu3HaueHe B ITU-T G.984, i 3abesneuye mmaBuui nepexia Big Gigabit PON go
XG-PON.

Bignosigno no cnenudikariit, 10G-EPON npononye cumerpuuni 10 I'6it /
C B HM3XIJHIM JiHIT 3B'SI3Ky 1 BUCXIJHIN JiHIT 3B'A3KY, @ TaKOX acCHMETPHUYHI
IIBUJIKOCTI TIepeaadl B HU3X1aHi# miHii 3B's3ky 10 ['6iT/ ¢ 1 1 I'6it / ¢. Kpim Toro, B
10G-EPON OLT o6magnanuii nBomBuakicHuME mpuitmadamu 1iist ONU 1G a6o
10G myist 3a6e31eueHHsT CyMICHOCTI 3 iICHYI0YMM 1 mpoko nomupeHum 1G -EPON.
KpiMm TOro, KaHanu mepemadi HU3XIAHIN JiHIT 3B'S3Ky PO3AUICHI JJI BIANpPABKU
naHux 1 kepyrouoi iHdopmanii B ONU 1G 1 10G.

10G-EPON 36inbmnye mBuakicts nepenadi naaux cucremu EPON 3 1 T'6i1/c
no 10 I'6it/c. Bin takox ycnagkoBye npotokoa MPCP EPON, B Toii yac sik BiH
dokycyeTbes Ha (PI3UYHOMY PIBHI.

[{insoBa rpyna P802.3av crannaptuzyBana 10G-EPON, po3pobasitoun IEEE
802.3av, sikuit 3a0e3neuye CUMETPUYHI IIBUIKOCTI (CIaiHa JiHIA 1 BUCX1HA JTiHIA

10 I'6it/c) 1 acumeTrpuuni (criagHa minisg 10 '61T/c 1 Bucxigna minis 1 ['6it/c).
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Jlo ocHoBHux BuMoOr crangapty |EEE 802.3av Bimnocumucs: 3017bIICHHS
MIBUJKOCTI Tepenayi ganux jgo 10 ['6GiT/c 1 Te, 1m0 HOBUM CTaHIAPT MOXKE
criBicHyBatH 3 nonepeaaboro Bepciero EPON 802.3.ah B Tiit sxe mepexxi ODN. Bin
TAaKO)X BUTPAE BiJ] aCUMETPUYHOI CTPYKTYpH, J€ BUCXIJIHUN MOTIK CTAHOBHUTH |
I'6it/c Ha Tii ke moBxkuH1 XBuial 1310 HM, a cmagumii — 10 I'61T/c Ha DOBXKMHI
xBuii 1270 M.

Konctpykiis  10G-EPON  cnpsiMoBaHa Ha  BHUKOPUCTAHHA — IIHPOKO
nommpeHoi 1 3pinoi TexHosyorii Ethernet nns ckopodyeHHs 3ycuiib IO PO3pOOII
KOMITOHEHTIB, LMKJIIB MPOEKTYBAaHHS 1 3araJIbHO1 BapTOCTI.

3 iHmoro 6oky, XG-PON HamijieHi Ha OUIBII BHCOKI IIBHUIKOCTI JiHII,
npuiiMaroun Ha ceOe OUIbII BUCOKI BUTpPATH Ha CXEeMy INpuiiMaya, B TOM ke 4ac
HalllTMBCA Ha Ha0lp MeEXaHi3MIB Il THYYKOTO MYJIbTUIUIEKCYBaHHA Tpadiky,
nokiaaHl cnernudikaiii ynpabimiHHS Tpadikom 1 rapantii QoS 3 Kpamum
KOHTPOJIEM PO3MOIIITY MEPEXKEBUX PECYPCIB, a TAKOK POOOTH 1 0OCTYyrOBYBaHHS.
KpiM mBUaKOCTI mepenadi TaHWX B CUHXPOHHOMY 1 aCMHXPOHHOMY pEXUMax, B
XG-PON1 nmnsa nepenaul gaHux 3aiisiHa mapa JOBXUH XBWiIb 1577 1 1270 HM, mo
J03BOJISIE po3ropTatu nmacuBHi onTuHi Mepexi XG-PONI nosepx mepexxk GPON 1
EPON. ®i3uunuii piBeHb, TakoX 3BaHMU piBHeM (DizuuHoi cepemosuina PMD,
omucanuii B Pekomenmamii ITU-T G.987.2 1 BU3HA4Ya€ THYYKY ONTOBOJIOKOHHY
MEpEeXY JTOCTYIy, 3/JaTHY MIATPUMYBATH BUMOTU BHUCOKOI MPOIMYCKHOI 3/IaTHOCTI.
3aranpHa Bumora XG-PON — 3aGe3neunT Oi7bII BUCOKY MIBUIKICTH Tepemadl
nanux, HiX GPON, B moegHaHHI 3 MIHIMI30BaHUMH BUTpaTaMu. Tomy 3BOpOTHa
CYMICHICTh 3 ycnagkoBaHuMHu ycrtaHoBkaMu GPON Oyna OCHOBHOIO TEMOIO B
cnenudikaigx ¢GpizuaHOro piBHA. s TOCATHEHHS CYMICHOCTI 1 CIIBICHYBaHHS
cucteM GPON 1 XG-PON noBxxuHa ontudHOi XBuJji, oopana st XG-PON, Oyna
O-band (mana BucxigHoro mianmazony Big 1260 mo 1280 um) 1 1577 vM (s
HU3XiAHOro MoToKy). XG-PON cucremu nunarscs Ha XG-PONI1 (3 BucxigHuM

TpakToM 2,5 I'6iT/c) 1 XG-PON2 (3 mpomyckroto 3aatHicTiO 10 ['6i1/C).
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[Tepenada indopmartii npu CriBiCHYBaHHI MPOXOAUTH HA JOBKHUHAX XBUJIb
BI/IMIHHUX BIJT BX€ BHUKOPHUCTOBYBaHUX Yy cuctemi ctanaaprtie. 10G-PON
BUKOPHCTOBYE HEJOPOT1 ONTHYHI KOMITOHEHTH 3 TaKUM K€ ONTUYHUM OFOKETOM,
sk y GPON. BukopucranHsi HETOPOTUX KOMIIOHEHT 0cOOJIMBO BaxKiuBo aiist ONT
(depe3 IXHIO BEJIMKY KUIbKICTh Ha MEPEXKi).

XG-PON noBuneH cmiBicHyBaTu 3 monepeaniM ctanmaprom GPON Ta
BukopuctoByBatd GPON-momiOHi Kaapu 1 MNPOTOKOMW JUJIsi  3a0e3MeyeHHs
CHiBICHYBaHHs MiX 0OOMa CTaHIapTaMu, a Takox miarpumye dpeiimu Ethernet.
Lleit migpiBeHb KaIpyBaHHS Ha3UBa€eThCsl KOHBepreHiieto nepeaadi XG-PON (XG-
PON transmission convergence, XGTC), a MeTon iHKAaICyJsmii Ha3HBAETHCS
XGEM. XGEM 3a6e3neuye iHauBimyanbHI MOTOKH Tpadiky, ¢GparMeHTaIio i
KoH(pineHuiHIcTh AaHux. Llel cranmapT BHMarae CyBOpOi  B3a€MHOI
ayrentudikamii just 3axucty PON 1 BapiaHTiB eHepro30epexeHHsl Ha 00JaHaHHI.
BuxopuctoByBanuii FEC B mipomy cranmapti € RS (255,223). Bucxinnuii kaHaiu
XG-PON opieHTOBaHMi Ha TakeTHy mnepenady 1 BukopuctoBye TDMA mnsa
3a0e3MeyeHHs! TOCTYIy JI0 3arajJbHoro cepeloBHIIA.

MakcumanbHuil (p13UuHUAN pajalyc aii HbOro cTaHaapty ckiagae Big 20 go 60
KM, a KoedimieHT noauty nmoBuHeH Oyt 1:64 a6o 1:128. MakcumanibHi BUMOTH HE
MOBUHHI BUKOHYBATHUCS MPU OJHOMY 1 TOMY XK CIIEHApIi.

Jliara3oH JOBKWH XBWJIb BUCX1AHIN JIHIT 3B'a3Ky cTaHOBUTH 1260—1280 HM,
a Jiana3oH JOBXHH XBWJIb HU3XIAHIN JiHIT 3B'13Ky cTaHOBUTH 1575—1580 HM, sk
noka3zano Ha pucyHky 1.5. bromxer BTpar mis XG-PON cranoButh 29 nb nis
oromxkety kiacy N1, 31 n1b nns 6romxkety kinacy N2, 33 n1b nns 6romxety kinacy E1
135 nb nns Gromxkery kiacy E2 s Bunankis 3 npuiimauem PIN 1 APD.

[Tpunnunosa BiaMiHHICTh MK 10G-EPON 1 XG-PON nosnsrae B ToMy, 110
XG-PON e TpancniopTHOIO TexHOJoTier s Ethernet, a Takox mis TDM 1 ATM.
Kpim toro, GPON BHKOpUCTOBYE KapTy pO3MOJAUTY CMYTM MpPOIYCKaHHS 1032
CMYTH MPOIMYCKAaHHS 3 KOHIICTIIIEI0 KOHTEHHEPiB Tpadiky sK 00'€KT, HaTaHOTO B

BUCX1THOMY HanpsMKy. CepBicH 1HKAICYJIOI0TCA B KaJIpH B iX BIacHOMY (opmarti
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3 gonoMoror npouecy, 38aHoro XGEM, B toii yac sk EPON He BUKOpHCTOBYE
IHKancyJsIio (TakuM ynHoM, Tpadik Ethernet TpancmopTyeTbes crmouartky, 1 BCi
¢ynkiii Ethernet moBHICTIO MIATPUMYIOTHCS).

[Ipore, Benuye3ne 3poctanHs [HTepHeT-Tpadiky 1 10AaTKIB, 3aCHOBAaHUX Ha
BiZIeO, JEMOHCTPY€ HEJOCTaTHICTh MPOIYCKHOI 3AaTHOCTI MEpEeXi JJOCTYIY,
IpUYOMY OYIKYBaHI MaiOyTHiI cepBicM OyayTh 3acCHOBaHI Ha BiJ€OAOJAaTKaxX 3

BHUCOKOIO MPOMYCKHOIO 3/ITaTHICTIO.

1.3 HepeBarn Ta HeIlOJIiKI/I MACUBHHUX OIITHYHHX MEPEIK

baraTo nepeBar macuBHOI MepeX1 MOB’A3aHO 3 OCOOJUBOCTSIMH ONTUYHOTO
BOJIOKHA, TOX BUIUISIIO OCHOBHI IIEPEBAru:

- OLTBIII BUCOKA MPOITYCKHA 3/1aTHICTD;

- MOXKJIUBICTh POOOTH Ha BEJIMKUX BIJICTAHSIX;

- Oe3reka;

- BIJICYTHICTb aKTUBHUX MPUCTPOIB;

- IEPCIEKTUBHICTh CTBOPEHHS PO3NOALIBYOI 1HYPACTPYKTYPH;

- 3a0e3neyeHHs1 HeoOX1JHOTO PIBHS SIKOCTI 00CITyrOBYBaHHS;

- BCOKA THYYKICTb;

[TacuBHI OoNTUYHI Mepexi MalTh psAl SBHUX IepeBar. BoHu epeKkTHBHI B
TOMY, IO KOXHa BOJIOKOHHO-ONTHYHUHN JAHIIOI MOXXe oOciayroByBatu 10 128
kopuctyBauiB. PON wMatoTh HM3bKY BapTicThb OyAIBHULITBA B TMOPIBHSAHHI 3
AKTUBHUMHU ONTHYHUMH MEPEeKaMu TOpsA 3 OUTbII HU3BKUMU BUTpaTaMd Ha
00CIIyrOByBaHHSI.

OnHOMOZOBE ONTHYHE BOJIOKHO MOXE MIATPUMYBATH IIBUAKICTH 10 69
To6i1/c. Llporo AocTaTHHO TSI 330BOJICHHS KOMYHIKaLIHHUX CTpaTerii, ycyBaiouu
HEOOX1/IHICTh B OKPEMHX JIHISIX AJii KOHBEPIeHTHOI Mepenadi rojiocy, NaHuX 1
BiJico. BiJICyTHICTh aKTMBHUX €JIEMEHTIB Ja€ €HEProHE3aJICKHICTh IO HIIAXY BiJl

By3Ja 3B'A3Ky 10 KiieHTa. PON BUKOpPHUCTOBYE TIJIbKU IMACUBHY MEPEXKY, KA MOXKE
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OyTH mpHUXOBaHa, B 3eMJI1 1 HE BUMarae BUTpaT Ha 0OCIYrOoByBaHHs. Y MOPIBHIHHI
3 aKTUBHUMHU CIUTITEpaMH MAaCUBHI MEHIIIE 32 PO3MIPOM.

Mepexi MpPOBOJOBOTO JOCTYITy, MArOTh IOBHICTIO ONTHYHY KaOelbHY
1HGPACTPYKTYPY 3 MEPCIEKTUBOIO HA JIECATKH POKiIB, TOOTO € MOXJIMBICTH JIETKO
OHOBUTH JI0 OLJIBIII BUCOKOT IIIBUIKOCTI TIEpe1adil IaHHX.

[TobymoBa posmominpbHOI Mepexi 3a TexHosnorie:o PON  Bumarae
3aCTOCYBaHHS BChOTO JIMIIE OJHOTO ONTHYHOI'O BOJIOKHA 3aMICTh Iy4Ka BOJIOKOH,
IO CHOCTEPIraeEMO MpPU BUKOPUCTAHHI 1HIIMX ONTOBOJOKOHHUX TexHoJorid. Lle
JI03BOJIIE TOOYZI0OBY MEpEX1 MO IIUHHIA 4Yu JEPEBOBUAHIN TOMOJOrIi, 10 TyKE
BUTITHO 3 €KOHOMIYHOI TOYKMA 30py. ['Hy4dKiCTh TEXHOJIOTii J03BOJISE
BUKOPUCTOBYBATH i1 B OyJb-IKUX MepexXeBUX KOHPIrypamisx cimeiictBa FTTX.
Takoxk HagaeTbCs IMOBHE  YNPaBIIHHSA  MIAKIIOYEHHSIM  KOpPUCTyBada 1
CIIOYKMBAaHUMU CEPBICAMH.

JIMBISYNCh HAa TIEpEeBaru 3THMKAEMOCH 3 TUM, IO € 1 Aeski Hemodiku. PON
MarTh MEHINUN pajiyc Ali, HDK aKTHBHA ONTHYHA MEpEka, a I1e O3Hayae, IIo0
a0OHEHTU TOBUHHI OyTH TeorpadiyHo OirKYe J0 IMEHTPAIBHOTO JHKepera TaHuX.
Kpim TOro, ockinpku cmyra mnpomnyckanHs B PON He BuaiieHa OKpeMuUM
a0OHEHTaM, IIBUIKICTh TMEpeaadl JaHUX MOXKE CIIOBIILHIOBATHUCS ITi/T Yac MKOBUX
HABAHTAXKEHb 3 €PEKTOM, BIJOMUM SIK 3aTPUMKA. 3aTPUMKa IIBUKO MOTIPIIYE TaK]
MOCJIYTH, K ayAio 1 BiJieO, SIKI BUMararoTh IUJIaBHOI IMIBUAKOCTI JIJIS IMATPUMKH
akocTi. OIHMM 3 HaAWOIIBIIUX HEIONIKIB € Te, IO CIUITePH HE BOJOIIIOTH
IHTEJIEKTOM 1 TOMY HE MOXYTh OyTH KepOBaHUMHU. TOJIl HE MOXKIMBO €KOHOMIYHO
eheKTHUBHO TIEPEBIPSATH HASBHICTH MPoOieM B pasi 300t0 B oOciyroByBanHi. Ille
OJIHUM CEPHO3HUM HEIOJIKOM € MOro HETHYYKICTh. SIKIO HEOOXITHO 3MIHUTHU
IU3aiiH Mepexi a00o BUTSAITH HOBE BOJIOKHO 3 pO3rajyJ/KyBada BHCXIJIHOTO
MOTOKY, BCl HACTYITH1 KJIIEHTH MOBUHHI BIIKJIFOUUTHUCS JJIS1 3MIHHA PO3TalyKyBaua
B Mepexi. Hapemri, ockiibku PON € 3aragpHO0 Mepexero, KOXKEH a0OHEHT
OTPUMYE OIHAKOBY IMPOMYCKHY 3AAaTHICTh. TaKMM YMHOM, MIBHIKICTH Tepenadi

JTAHUX MOYKE 3HU3UTHUCS 111 YaC MKOBUX HABAHTAXKEHb.
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VY nesxux Bumagkax cuctemu FTTx ¢daktuuno 00'€nHYIOTH €JIEMEHTH SIK
MACUBHO1, TaK 1 aKTUBHOI apXiTEKTYyp, YTBOPIOIOYH TOPUIHY CUCTEMY.

OnTuyHe BOJOKHO JOCTaTHHO KPHUXKE, TOMY MpPH MOIIKOHKEHHAX BOHO
MO’K€ MOMYTHITH 3 yacoM abo 3mamartucsi. BonokHo, sik 1 komnoHeHtu BOJI3
JIOCUTh CKJIQJHI y BUTOTOBJICHHI, CKJQJHUM € 1 MEpPETBOPEHHS CHUTHAIY B
inTepdeiichomy  oOmamnanni  [18]. Tlonmsgpumsarmiiina MomoBa  JaucHepcis,
HAKOMWYEHHSI MIyMy, HEJiHIAHI e(eKTH, XpOoMaTh4yHa JUCHEPCis CHPUSIIOTH
O0OMEKEHHIO IIBUJIKOCTI Mepeadi JaHuX 1 MaKCUMaJlbHY BIJICTaHb Tiepeiayi.

[leBHI TEXHOJIOTIYHI OCOOJMBOCTI, WHIO YCKJIAJHIOIOTH NOLIYK OOpHUBIB
MepexXi, HECYMICHICTh 00JIaIHaHHS PI3HUX BUPOOHUKIB.

Ockineku nani B EPON 1 GPON mnepenatoteest B yci ONU, 1e Moxe
MPUBECTHU 10 TOrO, IO HEBIPHA 1H(POPMALIIs MOTPANUTH 10 BUIAJKOBOIO JIOAUHI.
IcHye MOBIpHICTB mifcayXoByBaHHA. OJHAK BapTICTh, SIK €KOHOMIYHY CKJIaJIOBY,
Ba)KKO BIJIHECTH KOHKPETHO JI0 MepeBaru abo Henoniky. Po3ropTaHHS ONTHYHUX
MEpEK BBAXKAETHCA JOPOTHMM Yepe3 BapTICThb ONTUYHUX HPUCTPOIB, 3aIITHUX B
ONITUYHIA MEPEXK1, ajie CIIBBITHOIICHHS I[IHU Ta MPOMyCcKHOi 31aTHocTi st BOJI3
Kpauie, HiX JJI 1HIIUX cucTeM. ToMy B TOBrOTPUBAJIUX MPOEKTax JUisl OEepaTopiB
et hakTop Oyae HEBITUYTHUM.

Tabmuus 1.1

[TopiBHsiHHA XapakTepucTHK cTaHaapTie PON

APON | BPON | EPON |GPON | 10G 10G- | NG-
EPON | GPON | PON2

Cranpmapt ITU-T | ITU-T IEEE | ITU-T | IEEE | ITU-T | ITU-T
G.983.1 | G.983.3 | 803.2.ah | G.984 | 802.3av | G.987 | G.983

Bucxinna 0,155 0,622 1,25 2,5 10 10 40
IBUIKICTD, 0,622

Gb/s
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[Tponosxenns Tabmwmi 1.1

Hucxinna 0,155 | 0,155 1,25 1,2, 1 2,5 10
IIBUJKICTB, 2,5
Gb/s
Maxkcuma- 20 20 20 20 20 20 60
JbHA 120
B1JICTaHb, KM
JloBxxrHa 1550 1490, 1550 1490, | 1575- | 1575- | 1524-
XBUJIl, HM 1550 (1550) | 1580 1580 | 1544
1310 1310 1310 1310 | 1260- | 1260- | 1596-
1280 1280 | 1600
Koedimient | 1:16/1: 1:32 | 1:16/1:3 | 1:64 | 1:16/1: | 1:128 | 1:128/
PO3ALICHHS 32 2 32/1:64 1:256
/
1:128
[TpoTokomn ATM ATM | Ethernet | ATM, | Etherne | ATM, | TDM,
nepeaadi TDM, t TDM, | WDM
Ethern Ethern | , GEM
et et
KinbkicTh 1 1 1 1 1 1 4 abo
JIOBXKUH 8
XBUJIb Ha
ONU
[Tocnyru Jami, JaHi, JaHi, Hani, | Janmi, | Hani, | [asi,
rojoc | roioc, | roioc, | rojoc, | royioc, | roioc, | rojoc,
BiJI€O BiJI€O BIIEO | BIZEO | BiIeO | BiA€O
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Ockinpku cucteMu PON Bxke posropuyti, NG-PON2 mocTiiiHO mpuBepTae
yBary JOCJIIHUKIB Ta IHCTUTYTIB.

Omua 3 gBox crapaaptiB PON wnactymHoro mnokominasa, NG-PONZ2,
n03BoJIsiE 00'€qHYBAaTH Mepexi 3 JeKiapbkoMa mociayramMmd B omHy ODN, mo
NPU3BOJUTH /10 3HAYHOTO 3HWKEHHS CYKYIMHOI BAapTOCTI BOJIOMIHHS, a TaKOX
JI03BOJISIE BIIPOBAKYBAaTH HOBI €(EKTHUBHI apXITEKTypH, SIKI HaJaAIITOBaH1 MAJis
3aJI0BOJICHHSI HOBHX MOTPeO aOOHEHTIB.

GPON mnepenae paHi, BAKOPUCTOBYIOUM OJHY JOBKHHY XBUJII Ha KOXKHOMY
BOJIOKHI. NG-PON2 niaTpumye MiHIMyM YOTHPHU JOBKHHHM XBWJII Ha KOXXHOMY
BOJIOKHI, IO pOOUTH HOTO MEPIIUM B Tally3l CTAaHAAPTOM JOCTYIY J0 ACKIIBKOX
JTOBXHUH XBUJIb. KOXXKHA TOBXKMHA XBUJII B OJHOMY BOJIOKHI MOXeE 3a0e3medyBaTh
cuMetpuuny mBuUaKicTh 10 I'6iT/c. Ilpu oO0'eqHaHHI YOTUPHOX JOBXKUH XBHJIb
MPOMYCKHA 3/1aTHICTh MoXke nocsratd 40 I'6it/c, 1 B MailOyTHbOMY MOKHaA Oyje
o0'eHaTH BICIM JIOBXHMH XBWIb At oTpumanHs 80 '0it/c. 3 uiei nmpuunnun NG-
PON2 gacto HazuBatots 40G a6o 80G PON.

Ha nomaroxk mo 30imbmieHoi mictkocti, NG-PON2 mae Tpu mnepeBaru B
MOPIBHSHHI 3 IHIIUMHU TexHoJorisMu PON.

VYrpaBiaiHHS TOTYXHICTIO Ha BHMOTY HaJa€ HOBI MOXJIMBOCTI HaJaHHS
TIOCJTYT Ta MOJIMIIICHHS OajJaHCyBaHHS HaBaHTA)KEHHSI.

Kinbka noBXUH XBUJIb MOXKYTh OyTH BUKOPUCTaHI JIJIsl YIPABIIHHS €MHICTIO
PON.

Y Mipy 3pocTaHHsS BHKOpUCTaHHS €MHICTh PON MoxHa Jerko
NIEePEPO3MOIINTH, BKIIOUMBIIKA HOBI KaHAJM 1 MEPEKITIOUMBIIN ONTUYHI MEPEKH1
0JIOKM Ha Pi3HI JOBXKUHU XBUJIb, HE BITUBAIOUYM HA JOCTABKY ICHYIOUMX MOCIYT.

[TinTpMKa BOCBMH JBOTOYKOBHMX HAKJIQJICHUX JIOBKWH XBHWJIb, SIKI MOXXHA
BUKOPUCTOBYBATH JUJIsS CIICIIAI30BAHUX CEPBICIB, TaKUX SK KOPIOPATHBHI
nianpueMcTBa, fronthaul 1 1. 1.

[Tpu mepexoai 3 GPON na NG-PON2 HeoOXximHO 3poOWTH NIBI OCHOBHI

IHBECTHILIII:
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HoBi ONU 3 mazepom, M0 MEpeHANAMITOBYEThCA (SIKI MOXYTh OYyTH
3amporpaMoBaHi IS PiI3HUX KaHaliB ab0 JIOBXXKHWH XBUJIb), (PUIBTPIB 1 MpuiiMadiB
HEOOXI1THI JJIA MIATPUMKA CyMICHUX TUIaHIB TOBXWH XBWIb. Jleski icayroui ONU
BXKE OCHAIIICHI TAKUM JIa3€pOM, a TaKOXK (PUIbTpaMHU, sIKi JO3BOJSIOTH CIIBICHYBAaTH
GPON 1 NG-PONZ2.

[ToTpi6bHO, 06 HOBI miHiMHI KaptT OLT migTpumMyBalid CyMICHI IUIaHU
JOBXXHUH XBWIIb [19].

o cux mip nependadaeTbcs, M0 OCHOBHUMHU TEXHOJOTIAMH JIJISl y4acTl B
NG-PON2 ¢ WDM, miinibHe MyJbTHIUIEKCYBAaHHS 3 MOJIJIOM IO JOBXKHHI XBHJII
(Dense Wavelength Division Multiplexing, DWDM) i oproronaiabHe BiIIiIeHHsS
gactoTh 3 MHOXHHHUM noctyrnoMm (Orthogonal Frequency-Division Multiple
Access, OOFDMA) 3a ix nepeBaru. Taki TexHoJ0T1i OyAyTh BiAIrpaBaTH KIOYOBY
POJIb B MaliOyTHHOMY ONITUYHOTO 3B's13Ky [20].

HoBi TexHosorii moBUHHI OyTH BIPOBAIKEHI 0€3 MIKOAM IJsl 1CHYIOUYHUX
nociyr 1 goxoAiB. OHOBIEHHS TaKOXX Mae OyTH NpUBAOIMBUM 3 TOYKHU 30Dy
0i3Hecy, MO0 TMOEAHYBAaTU HEOOXIAHICTh 30UIBIIEHHS MPOMYCKHOI 3/1aTHOCTI 3
HeoOximHicTIo oTpuManHs TpuOyTky. NG-PON2 rapantye kiieHTaMm HHU3bKY
3aTPUMKY 1 SKicTh q0cBiay (QOE).

BucHoBku:

AHai3 ICHYIOUHX Ta NEPCIEKTUBHUX TEXHOJOTIH TOCTYITY TTOKa3y€ BETUKUMA
mporpec y TENeKOMYHIKamisIX. TpaauiiiiHi KaOeiapbHI MepexiHa IaHuid Yac
MOCTYIMAIOTHCS CBOIMU XapaKTEPUCTHKAMU Ta MOTEHIlaloM. 3anuT Ha pi3Hi
MOCIYTH pocTe sIK Bix Oi3HECY, Tak 1 BiJl JOMAIlIHIX KOpHCTyBadiB. OTxe, Orisia
MEpeX1 HACTYIMHOTO TOKOJIHHS I1aKa3aB, II0 BOHA JIACHO MIATPUMYE IiJIOBI
JOJIaTKH, )KUTIIOB] TIOCIYTY Ta MOXKE NMPUNHATH y4acTh y po3ropTanHi mepex 5G.

HogBi TexHosorii moBuHHI OyTH BIPOBAKEHI 0€3 MIKOAM ISl ICHYIOUHX
nocayr i goxoaiB. OHOBJIEHHS TaKOX Ma€e OyTH MPUBAOIMBUM 3 TOUYKH 30Dy

013HeCcy, 100 MOE€IHYBATH HEOOXITHICTH 301IBIIEHHS MPOIMYCKHOI 3JaTHOCTI 3
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HeoOximHicTiIo oTpuManHs TpuOyTky. NG-PON2 rapantye kiieHTaMm HHU3bKY
3aTPUMKY 1 KicTh gocBiay (QOE).

[lacuBHa omnTHYHa Mepeka JPYroro TMOKOJIHHS TIOBHHHAa OyTH
MaImTaboOBaHOI, THYYKOIO, HAJIMHOI Ta €(QEeKTUBHOIO SK IO MPOIyCKHIN
3IaTHOCTI, TaK 1 MO CIHOXHUBaHIN MOTyXHOCTI ToMmy cTtaHgaptT NG-PON2 crane

MYJIBTHCEPBICHOIO 1HPPACTPYKTYPOIO.
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PO3JIL 2.
AHAJII3 AKTUBHHUX TA IACUBHUX ONITUYHMX MEPEXK

2.1 AKTHBHI Ta MaCHUBHI ONITHYHI Mepexi

AKTHBHa ONTHYHA CHUCTEMa BUKOPHUCTOBYE KOMYTallliiHE OOJaAHAHHS 3
CJICKTPOKUBIICHHSIM JJIsI YIIPABIIHHS PO3IMOIJIOM CUTHAIIB 1 Mepeiaydl CUTHAIIB
KOHKPETHUM KiieHTaM. el mepemukau BiJIKpUBAETHCS 1 3aKPUBAETHCS PI3HUMU
criocobamu, 11100 HaMpaBJISITH BXiHI Ta BUX1/IHI CUTHAJIM B TOTpiOHE Micuie. Takum
YHHOM, a0OHEHT MO>KE€ MaTH BUALIEHE BOJIOKHO, IO M€ 10 HbOTo abo i 1oMmy.

AKTUBHI ONTHYHI Mepeki TaKoK IpONOHYIOTh II€BHI HepeBaru. Ix
3aJIeKHICTh Bl TexHouorii Ethernet monermnrye B3aemoito Mixk rmocrayaibHUKAMU.
AOOHEHTH MOXYTh BUOMpATH 00JaHAHHS, sIKe 3a0e3Meuye BIMOBIIHY MIBUAKICTh
nepeaayl JaHux 1 MacuTadyeTbes B Mipy 301IbIIEHHS iX TOTped 0€3 HEeOOX1THOCTI
PECTPYKTYpH3aLlii MEpEexi.

Bumoru no posropranas AON Buii, Ha BIIMIHY BiJl HBOTO apXiTEKTypa
PON mpocrima. Bumoru Hikyi, Tak K BiACYTHS HEOOXiTHICTh y KUBJICHHI Ta HE
BUHUKAE mpobiiem 3 neperpiBoMm. Tomy PON Moxke OyTu po3ropHyTa MIBUIIIE Ta
JICIIEBILIE.

Mapmipytuzatop abo komyrarop B AON MoXHa BHUKOPUCTOBYBATH SIK
KIHIIEBUW MPUCTPIN ONTUYHOI Mepexi Juisi okpeMux ciayk0. KoxkHoMmy aOOHEHTY
BUJIUJICHO JazepHuid mopT Ha By31i AN. Skiio BOJIOKOHHO-ONTUYHUM KaHa
PO3MIICHUH Ha KUTbKa MIAKIIOYCHb KIIEHTIB, IOTPiIOHE I04aTKOBE aKTHBHE
oOnaHaHHS.

Crutitep y macuMBHIN Mepexi T03BOJISIE IEpeiaBaT CUTHAIIN 3 OAHOTO TIOPTY
OLT na xinbka ONT. Takum 4YMHOM BHUKOPHCTOBYETHCS MEHIIIE ONTOBOJIOKHA.

}IKH_IO OIITOBOJIOKOHHOMY KaOeJITro JOBOAHUTLCA CITUILHO BHUKOPHUCTOBYBATH KIJIbKa
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KITIIEHTIB, MO’KHa BUKOPHCTOBYBATH MPOCTUH MACUBHUNA ONTUYHHUM PO3raily yBad.
OnTuYHI NUISXU MOKYTh BUKOPUCTOBYBATHCS JACKITbKOMa a00OHEHTAMH.

Koxen abOOHEHT aKkTUBHOI Mepexi MMOBMHEH OyTH MiAKIIOYSHUN
IHAUBIAYaTbHO y (GopMi 3ipKH. SIKIO BOJOKOHHO-ONTHYHA Mepexa Mae (hopmy
JiepeBa, MOKJIMBa eKoHOMIA B opiBHsHHI 3 AON.

Apxitektypa mepexxi PON 3 BUKOpPHCTaHHSM HEBEJIHKOTO PO3rally/KyBayda

3 2 200 4 BiAraayKCHHSIMH J03BOJIIE€ CPEKTHUBHO PO3MOILIATH BUTpaTh [21].

Passive Optical Network | PON Active Optical Network | AON
Optical Line Optical Line @
Termination (OLT) Termination (OLT) /\
, ONU
Y )
‘ la Y -
gPI'F't‘t:a' Amplifiers/ —
plitter
P Repeaters /\
@ /,_/< —
ONU = Optical Network Unit | ONU = Optical Network Unit '

Puc. 2.1 Tlopiuasians apxitektypu AON ta PON

Active Optical Network (AON)

Routed

wio 10 Km

Passive Optical Network (PON)

up 10 20 Km

Key: N - Deta or voice for a singre customer. () - Video for mutiple customers

Puc. 2.2 Icnayroui pimenas AON ta PON
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AON Takox MPOTOHYE ACSKI mepeBaru. 3aJIekHiCcTh Bij TexHonorii Ethernet
MOJIETIIYE B3a€EMOJIII0 M1k MOCTavyaJIbHUKAMHU, TOMYy a0DOHEHTH MOXKYTbh BHOHpATH
oOnamHaHHs, sKe 3abe3medye BIAMOBIAHY MIBHAKICTh TMepeAadl JaHux 1
MacIITa0y€eThCsl B Mipy 301IbIIEHHS X MOTped 0e3 HeoOX1THOCTI PeCTPYKTYypH3alil
Mepexi. AON Mae oOmexeHHs Bifacrtani 80 KM HE3aJeXHO BiJ KUIBKOCTI
oOciyroByBanux aboHeHTiB. Takoxk AON BracTuBI BHCOKa THYYKICTH TpHU
PO3ropTaHH1 PI3HUX MOCIYT JUIsl IPUBATHUX 1 KOPIIOPATUBHUX KIIIEHTIB.

AKTHBHI ONTHYHI MepesKi, 0HaK, TAKOK MAIOTh CBOI HEIOMIKH. IM OTpibeH
K MIHIMyM OJMH KOMYTaTOp Ha KOXHI 48 aOoHeHTIB. OCKUIbKHA MJISI LBOTO
NOTPIOHO KUBJICHHS, AKTUBHA ONTHYHA MEpEKa 3a CBOEI IMPUPOAOI0 MEHII
HaJl1liHa, HIXK MTaCUBHA ONTHUYHA MEPEXa.

[TacuBHa onTUYHA Mepeka HE BKIIOYAE B ceOe KoMyTalliiiHe oOjiaHaHHS 3
€JIEKTPOKUBIICHHSAM 1 3aMICTh LIbOIO BUKOPHUCTOBYE ONTHYHI PO3Tally>KyBadl s
oAy 1 300py ONTHYHUX CUTHANIB MPHU iX MEpEeMILIEHHI yepe3 Mepexy. Tox,
CIUTiITEPH He MOKYTh HepeaBaTH iH(opMalliro npo 360i. IX cKkIagHO BUABUTH 3a
JIOTTIOMOT'0F0 ONITHYHOTO YacoBOro peduiekromerpa [22]. [TacuBHa onTrdHa Mepexa
pPO3AUISE€ ONTUYHI BOJIOKHA JJI1 YaCTUH MEpPExi. AKTUBHE 00JIaJHAHHS MOTPIOHO
TITBKH Y JDKEpesia Ta Ha IpuiMaibHii CTOPOHI.

[lacuBHa onTHYHA Mepexa € HaWOUIbII LIKABUM DIIICHHSIM, B OCHOBHOMY
TOMY, III0 TaM HE BCTAHOBJICHO aKTMBHE O0JIaJHAHHS, 110 B MOJbOBHX YyMOBax €
BKJIMBOIO OCOOJIMBICTIO JIJIsl IFOYHMX OINEPATOPiB, @ TAKOK TOMY, IO 00JIaTHAHHS
Ta (QiAepHi BOJIOKHA CIIJILHO BUKOPUCTOBYIOTHCS KOPUCTYBauaMH. 3aCTOCYBaHHS
texHosorii PON s 3abe3nedeHHs MIMPOKOCMYTOBOTO IMIKIIOYCHHS IS
aOOHEHTIB B MEpeXi TOCTYMy HA3WBAETHCS BOJOKOHHO-ONTUYHHUM 3'€THAHHSIM
FTTx. 3anexHo BijJ TOro, K TJIMOOKO BOJIOKHO MpOHMKaE B nepury Muito, FTTx

mosxe OyTu knacudikoanuit sik: FTTB, FTTC, FTTN, FTTP 1 FTTH.
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Central office Cabinet Curb Home

RN ’i().\l,'r( Hl NIt I FTTCab
N
Fiber Copper

ONU [@—— NIU | FTTC/FTTB
Py
RN >! ONU/NIU I FTTB/FTTH
P

Passive optical network (PON)

3y

Fiber

elele
i€

Puc. 2.3 Tlobynosa FTTX

PON BHKOPHCTOBYE OJHY JOBXHHY XBWJIl B KOKHOMY 3 JIBOX HANpSMKIB,
JIOBKMHU XBUJIb MYJIBTUILUIEKCOBaHI Ha ofHE BOJOKHO uepe3 WDM. Hanpuxnan,
EPON BukopucroBye AoBxHHY XBWIl 1490 HM 1 HM3X1AHOI JiHII 3B'A3Ky, a
noBxkuHy xBWil 1310 HM — juist BucxigHoi. TakuM YMHOM, MPOMYCKHA 3/1aTHICTD,
JIOCTyTHA B OAHIA JOBXHHI XBWII, PO3MNOAUISIETBCA MIXK YyCIMa KIHIEBUMU
KOPUCTYBa4yaMH.

VY HU3XiIHOMY HaAmpsIMKY CHUTHaH, 110 nepenatotbes Big OLT, mocsraioTsh
MACMBHOIO ONTHUYHOrO pa3auioBaya 1 TpaHciaoThes Ha Bcl ONU B PON. Xoua
Bci ONU oTpumyrOTh BCl JaHl B HU3XIJHOMY HAIMpsIMKY, 3aBISKU PaJIOMOBJICHHS
BCTAHOBJIIOIOTHCSl 3aXWIICHI KaHaimM, W00 rapaHTyBaTH, o KkoxxHe ONU
BIJIHOBJIIO€ TUIbKM J1aHl, IPU3HAYEH] JIJI1 HbOTO CaMOoro. Y BHUCXITHOMY HAmpsIMKY
posranyxyBau 00'equye Bci maketn ONU cmoco6om TDM, mo6 yHUKHYTH KOJTi31H
y BojiokH1 ¢igepa. Orxe, koxkHe ONU moBHHHO OOMEXyBaTH CBOIO Mepenady
TUIBKU 3a37aJI€riib BU3HAUYCHUMU YAaCOBUMH IHTEpPBAJIaMH, SIKI aIMIHICTPYIOTHCS
npotokoioM MAC, sikuii MOKe CTaTUYHO a00 AMHAMIYHO PO3MOIUTSITH TUMYACOBI
iHTepBanu Mixk ONU.

VY nacuBHux ontuunHux mepexax OLT momae pizai PON takum yuHOM, 1110
JAaHUHW KaHaJT IOBXKUHU XBUJI piBHOMIpHO posnoaiiennit Mixk ONU B koxxern PON.
Onmnak PON He Bu3HauawTh OYIb-SIKy AWHAMIUYHY MOBEIIHKY IMPHU PO3MOILII
JIOBKMH XBHJIb B MEpPEXl, 3aMICTh IIbOTO PEasi3y€ThCsl MOBHICTIO CTaTUYHUN

PO3MOIL.
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1106 3abe3neunTr BUIIICHY CMYTY MPOMYCKaHHS JJIs KOKHOTO aOOHEHTA,
JIO3BOJISIIOYM BIPTYaJdbHUM JIBOTOYKOBUM KaHajaM 3B'a3ky Mik OLT 1 koxHUM
aOOHEHTOM, J€ YIpaBIiHHSA YacoBUM IHTepBaJioM He moTpidHo, PON
MYJIBTUIUIEKCYBAHHS 3 MTOJALIOM MO JOBXXKHHI XBUJI1, OYJIM PETEIbHO TOCIIHKEHI SIK
KUTTE3ATHE PIMICHHA JUISI ONTUYHUM JIOCTYNl HACTYIMHOTO TMOKOJIHHSA, IO
3a0e3Meduye TaK0X BEIUKY O€3MeKy 1 MpOo30PiCTh MPOTOKOTIB.

PON cknagaerbcss 3 ontuyHoro TtepmidHany OLT, po3sramoBaHoro B
HEHTpaJIbHIN cTaHIii (omepatopa 3B's3Ky), 1 HaOOpy NOB'S3aHUX TEpPMIHAJIB
ontraHoi Mepexki ONT abo ontuyamx wmepexeBux OmokiB ONU  mo0Ommsy
KIHIIEBUX KOPHUCTYBauiB, 3a3BHYail pPO3TAIIOBAHOTO B MPHUMIIIEHH] KIII€HTA.
OOumBa mpUCTPOI BHUMArarOTh JKUBJCHSA. 3aMiCTh BHUKOPHCTAHHS CHIJIOBOT
CJIEKTPOHIKM Ha 30BHIIIHIA YCTaHOBIIl BUKOPHCTOBYIOTHCS TACHBHI CIUTITEPH 1

po3railypKyBaul JiJIsl MOAUTY CMYTH TIPOIYCKAHHS MIXK KIHIIEBUMH KOPHUCTYBauyaMu

— 3a3Buyail 64. MakcumainbHa BijicTalb rpu oMy 1020 km.

— )l
Te Has

e
( N

( WHrepHer }

BUACOAAHHBIX
(snpeo no zanpocy/ {

CPE 8 gome
wnu B oduce

Basosas cetb

Arpermposanue wno3

e BuneonabnioneHue

Puc. 2.4 Apxitektypa mepexi PON
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OLT BCTaHOBIIOETHCS Ha CTOPOHI MpoOBaiijiepa 1 SBISETHCS KEPOBAHUM
KomyTatopoMm piBHs L2 ab6o L3. PiBenr kaHany mnepemaui gaHux abo piBeHb
koHBepreniii mepemadi (Transmission Convergence, TC layer) ckiamaerbes 3
TPhOX PI3HUX MiAPIBHIB: TiApiBeHb KajapyBanHa XGTC, mimpiBeHs amamrarii
XGTC PHY i migpiBenp aganrarii ciayxou XGTC [23]. OcHoBHA (QyHKIIis piBHS
TC nonsrae B 3a6e3neuenHi MmynbturiekcyBanas Mix OLT 1 ONU, 3a sxum 11yTh
iHOH  QyHKINl, Taki sIK ajanTtaiis MPOTOKOJIB CUTHATIB KIIEHTCHKOTO PIBHS,
omepartii Ta oOcayroByBaHHs (izuunoro piBHs (Physical Layer Operation
Administration and Maintenance, PLOAM), iHTepdeiic I JTUHAMIYHOTO
posmoainy mpomyckHoi 3aatHocti (Dynamic Bandwidth Allocation, DBA),
pamxkyBanHs ONU 1 peectparis. @ynkuii XGTC peanizyroTscsi 4epe3 KOHTPOJIEpH
nepenayl, KOXEH 3 SKUX 1IEHTU(PIKYETbCS YHIKAIBHUM 1JE€HTU(IKATOPOM
posnoainy, npusHadueHuM OLT. IligpiBens amanraiii ciyx6um XGTC Biamoinae
3a MPUIOM KOPHCHOTO HABaHTAXCHHs KOpPUCTyBada 1 (opmaryBaHHS iX s
nepeaadi uepe3 onTUYHy Mepexy. B maHii cucremi OJ0ku Cy:kO00BUX JaHUX, SKI
BKJIFOYAIOTh B ceO€ KaJpu MpU3HAYCHUX JJII KOPUCTYBava JAHUX 1 BUCOKOPIBHEBI
kanpu ympasiainHs PON, mepenmaroThCs B PpO3MIiial KOPUCHOTO HaBaHTAXCHHS
XGTC 3 Bukopuctanasm merony XGEM, sxuii marpumye SDU-dparmenTartito,
THKAICYJISII0 1 pO3MEKYBaHHSA K B HU3X1JTHOMY, TaK 1 B BUCXITHOMY HalpsiMKax 1
3a3Ha4ya€ OKpeMi MOPTHU, 00 BOHU MOTJIM OyTH MPUNHATI BIAMOBITHUM KIIIEHTOM
Ha iamii ctoponi PON. ITigpisens kaapyBanus XGTC Biamnosizae 3a CTBOPSHHS 1
aHali3 MOJIB BEPXHBOTO PIBHA SK HA CTOPOHI NepeaaBada, TaKk 1 HA CTOPOHI
npuitmada. Ha croponi nmepepaBayva miipiBeHb KaJpyBaHHs npuiiMae kaapu XGEM
3 miapiBHA anantaiiii ciyx6u XGTC 1 nmotim ctBoproe kaap XGTC Hu3XigHOTO
notoky a6o mnaker XGTC BuUCXIAHOrO MOTOKY, HaJalo4yud BOYJIOBaHI TOJIA
3arojioBka kaHaiay oOMiHy mnoBigomieHHsMu OAM 1 PLOAM. Ha cropoHi
npuiiMada miapiBeHb KaapyBaHHs npuiiMae kaapu XGTC abo maketm XGTC

aHaNI3YyI0Th CIIY>KOOBI MOJS HUIAXOM BWIy4deHHs BXifgHOi 1Hpopmauii OAM 1

PLOAM.
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®di3uyHMii piBeHb BU3HAYa€ (i3UYHI XapaKTEPUCTUKU ONTUYHUX MPUIMaUiB
ta ma ctangapty 10G-EPON migpo3ainserses Ha micTh 0j10kiB. MDI Bu3Havae
XapaKTePUCTUKHU €IEKTPUYHUX CUTHAIIB, K1 MPUIMAIOThCs abo MepenarTbes Ha
6a3oBuit HOCiii. PMD Bu3Hauae OCHOBHI MEXaHI3MH OOMIHY IMOTOKAaMHU JaHUX MIXK
cepenopumieM 1 moxapiBHeM PCS. Hwxns yactuna PMD wmictuths  ¢i3zuyHi
OpUCTPOi, Takl sK mpuitmMad 1 mepenaBad. Hactymuum € PMA. sxuii Bu3Hadae
dbyHKIIi, M0 BIANOBINAIOTH 3a TNepenady, MNPUOM, BIIHOBIEHHS TaKTOBOTO
curHaiy 1 BupiBHioBaHHs (a3u. PCS BuzHauae HabOip QyHKIIIH, 5K BIAMOBIAAIOThH
3a TIEPETBOPEHHS MOTOKY JaHuX, oTpuManux Bijg GMII, B k00B1 clloBa, sIKI TOTIM
MOXYTh OyTH TmepefaHi uepe3 JBa TmomepenHix piBHI y cepenouie. GMII
BU3HAYa€ cTaHAapTu3oBaHuil 1HTepdeiic ik piBHsMu MAC 1 PHY. RS
Bi100Opaxkae npuMiTuBH ciny:k0u MAC B curnanu GMII, epexTuBHO nepenae naHi
B PHY 1 naBmaku. B apxitektypi EPON RS Takox rpae 1e oJHy BaKJIUBY pOJIb:
BiH BiAnoBizae 3a BcraBky LLID 1 Qinbrpanito BCiX JaHUX, IO MEPENAIOTHCS 3
MAC a6o PHY.

Ha xanampaomy piBHi 10G-EPON B P2P Ethernet o0oB'sa3koBuil piBeHB
0araToTOYKOBOro ympaBiiHHS jJoctynoM o cepeaosuiia (MPMC) 3amintoe
nonatkoBuil miapiBenb MAC. Tlpotokon 6aratoroukoBro ympasininas (MPCP) B
CBOIO 4Yepry € uactuHoro piBHA MPCP 1 BUKOpPHCTOBYETBHCS AJIA YNPABIIHHS
noctyiom ONU 10G-EPON g0 cnimbHO BUKOpHCTOBYBaHOi cepenouii PON.
Bimsnavaerbcs, 1o, He3Baxkatouu Ha Tod dakrt, mo creku OLT 1 ONU myxe
cxoxi, MPCP B OLT rpae ponb ronoBHoro, a o0'ekt MPCP B ONU nie sk
nigiernuii. MPCP — 1ie mpoTokoi, MpuUHAHATUAN JUisi apOiTpaky mepemadi o
BUCX1IHIM JiHIT 3B'sa3ky Mixk ONU. Bin He Bkitoyae KOoHKpeTHY cxemy DBA, ane
J03BOJIAE peanizyBath cxemu DBA, mnonermyrwoun oOMiH iH(OpMaIl€lo,
HeoOximauit OLT nns npusHaueHHs cMyTH mpornyckanHs koxkHomy ONU. MPCP
KOHTPOJIIOE JIOCTYN /0 apXITEKTypH TOMOJOrIi 4Yepe3 MOBIIOMJIEHHS, CTaTyc 1
Taiimep. Moro OCHOBHMMM (YHKI[iMH € PO3MOJiN cMyrH npomyckanas ONU,

ONMUTYBaHHS 3anuTiB cmyru nponyckanHs ONU, mnoBigomJieHHS  Mpo
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NIEPEeBAHTAXXEHHS HA BEPXHIN piBeHb, aBToMaTHuHEe BusiBieHHs ONU, peectpartis
Ta paHKyBaHHs. BiH Bkitouae B cebe nBa 64-0alTOBUX KEPYIOUUX MOBIAOMIICHHS
MAC, GATE i REPORT.

Bin 3patauit eextuBHO miaTpumyBaTH Bci QyHkuii Ethernet. 3 iHmoro
0oky, XG-PON € Ouiblll THYYKY HapajurMy, 0 BKJIIOYAE 3araJiIbHUM MEXaH13M
s Gymp-SKOro THIy HajaHoro Tpadiky. Moro MexaHi3M ajganranii JOCHTH
NOTYXXKHUW 1 37aTHUM arperyBatu Tpadik 3 KUIBKOX JDKEpes, IO HaIXOIuTh 3
JEKUTBKOX MEPEXK.

B 10G-EPON ¢peiimu Ethernet 30epiratote cBiil BuXiOHUN QopMar i
BJIACTUBOCTI, IPOIMOHYIOUH THYUKY 1 MPOCTY OararopiBHeBy Mozelnb. [1o cyti, PON
Ha ocHOBI FEthernet BuxonytoTe Hackpizuuii Tpadik Ha ocHoBi [P. XG-PON
BKJIIOUae B cebe Bcl ciyx0u, migkimtoueHi depe3 Ethernet (Oe3mocepeanro ado
yepes IP). Lle 3aBnanns BUKoHyeThes B cuctemMax XG-PON.

Kanpu TDM 1 Ethernet popmyrors kanpu XGEM, a notim kaapu ATM i
XGEM wunkancymupytorcs B kaapu XGTC.

Y PON na ocnoBi Ethernet inmentudikarop noriunoro kanamty (LLID)
3BepTaeThesa 10 MAC-aapecy ONU 3 nmopramu OLT. Ils ctparerisi, Takox BijioMa
aK KoHIemnuis emyisanii P2P, 3'eqnye mnpusHaueHWd 1 KOpHCTyBada 1
MmarictpaibHuil iHTepdeiicu. 3 iHmoro 6oky, XG-PON BukopuctoBye 3MiHHY T-
CONT nns agpecamii koxxkHoro ONU. I LLID, 1 T-CONT nanmatots ¢opmy
emyJsii P2P.

Skmo noBepHYTHCS A0 OLIBII pPaHHIX CTaHAApPTIB, TO HE3BaXAlOUM Ha
3arajbHy CXOXICTh B 3arajbHId JOBXKWHI XBWJII mepefadi i OI0KETI ONTUYHOTO
npuitmaua, crangaptd GPON 1 EPON icTOTHO po3pi3HSIOTHCS 32 BIACTUBOCTSIMU
iX (I3MYHOrO PiBHA, IO 3aJIEKUTh Bl cepenoBuila, piBHA TC, mMoxiuBocTen
OAM i piBas MAC [24].

[TincymoByroun Mmoskemo nopiustu TC Layer ta MAC Layer [25].



45

Protocl | ITU |  IEEE

R e T

service GEMPort-ID  LLID MLID, ULID
identification
. . PLID, MLID, ULID,
US granting unit Alloc-ID LLID or GLID
Physical ONU
MA .
Address SN / ONU-ID Cadd./ MAC add. / PLID

(Pre/Post registration) —

Puc. 2.5 TlopiBHsiHHS 11eHTU(DIKATOPIB JIJIsl PI3HUX CTaHIAPTIB

OLT mae BUXIIHI MOPTH — JJIs 3'€THAHHS 3 30BHIIIHIMH JDKEpeIaMu JaHUX
Ta BXigHl moptu. Ontruni Tepminan OLT edekTuBHO MpaIioroTh HA TUCTAHITISAX
mo 120 kM 1o cHCTeMI TOYKa-TOYKa, OJHAK HAMOIIbII YacTO MaKCHMaJIbHa
BIJICTaHb Ha MICIIEBOCTI He mepeBuinye 20 KM, 10 MOSACHIOETHCS IEPEBOBUIHOIO
CTPYKTYPOIO MEPEXKi, B PE3yIbTATI MPAIFOE 32 CACTEMOIO TOUKa-0araToTovKa.

ONU — axtuBHa yactuna PON, posramoBaHa Ha aOOHEHTCHKIN CTOpPOHI.
Asnse coboro, komytaTtop VLAN 3 0OHUM ONTHYHUM IMMOPTOM 1 KIJTbKOMAa MiTHUMH
noptamu 100 M6it/c abo 1 I'6it/c.

VYV macuBHit mepexxi ONT MapmpyTuzarop rpae HaWBaXJMBIITY PpOJIb.
Bignanenuii By3om ONT 3 Wi-Fi 3acTocoByeThes K KIIEHTCbKE OOJIaJHAHHS B
cuenapisx FTTH. Ileéi mnpuctpiii mae Ethernet i FXS-moprtu, pos'em mus
ontryHoro kabemto, Wi-Fi 11s1 miIK1FoueHHs 30BHIIIHIX TPUCTPOTB.

SIK110 HeOOX1AHO MIAKIIOYUTH 3a MOA0IMOMOror0 iHIoi TexHosjorii (Ethernet
a6o VDSL), Toxi 3amicts ONT Bcranosmoersest ONU. Ix KinbKicTh, sIKi MOKYTb
Oyt oOcmyxeHi omauM iHTepdeiicom OLT, 3amexuTh BiJ BHKOPHCTOBYBAHOT
PON-TexHoJ0Tii 1 3BU9aitHO qopiBHIOE 16, 32 a60 64.

ODN — ue ontuuna posnoauisya Mepeska. ODN € nuistHKoro Mepexi Mix

ONTUYHUM JITHINHUM TEPMIHAJIOM 1 ONITUYHUM MEPEKEBUM MOJAYJIEM 1 BKIIIOYAE B
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cebe MaricTpaiabHy, PO3MOIiIBHY 1 aOOHEHTCHKY AUISTHKY KaOelnto, a TakoXX BCl
HeoOXiaH1 3'emHyBaudl 1 macuBHI mpuctpoi. Jlo Bceoro inmoro, ODN €
HAaBaXJIMBIIIUM I[IIIXOM mepefadi  ganux wmepexi PON, 1 1 skicte
Oe3mocepeIHb0 BIIMBA€ HA TMPOMYKTUBHICTh, HAMIMHICTH, 1 MacmTabOBaHICThH
PON. Jlns mnpsMoro ONTHYHOTO 3'€IHAHHS TMPUBATHUX OYJIUHKIB ChOTOJIHI
BUKOPUCTOBYIOTHCSI B OCHOBHOMY ITAaCUBHI cIiIiTepH [26].

Tox onTuyHa po3MOALILYA MEpeka CKIAJA€ThCsl 3 MariCTpajibHOTO
onTUYHOro Gijnepa, CIUIITEPIB, IO PO3MOAUIAIOTh ONTHYHUN CUTHAJ, KIHIIEBUX
BIIBITHUX a0OHEHTCHKUX KaOeNiB 3aJeXHO BiJ THUIY KIHIEBOrO a0OHEHTCHKOTO

MPUCTPOIO 1 KUIBKOCTI KaCKa/liB CILTITEPIB Ha MEPEKI.

2.2 BapianTtu apxitektypu Mepe:xi PON ta NG-PON

VY HanpsiMky HuU3XigHoro motoky nani Big OLT mepematorbest Bcim ONT
MEpEexi, TaK SK CIUITEPU PO3AUIAIOTH CBITIOBUM MOTIK, 110 HAAIAIIOB A0 MOPTY.
[Torim ONT BindinbTpoBYIOTH MpU3HAYEH] iM TAKETH. Y BHUCXITHOMY HANPSIMKY
YCYHEHHSI KOJi31d BHKOHYETHCS 3a PaXyHOK MPOTOKOIIB apOIiTpaxxy Ha OCHOBI
TDMA. VYV nmnpoTokojiax BxX€ peanizoBaHi (QYHKLII YHOPaBIiHHA CMYTOHO
MPOITYCKAHHSI, SIKICTIO OOCIIyTOBYBAaHHS Ta 1HII MOMJIHBOCTI.

Posrnsnaroun  npunmun aii GPON  BukopucTaHHsS OJHOTO BOJIOKHA
nocsaraetbest 3a paxyHok WDM: ONT mnepenae va gosxuni 1310 am, OLT — Ha
1490 HM.

[Ile omna momBkuHa XBWi, 1550 HM, MOXXE€ BHUKOPHCTOBYBATHCS IS
nepeaayl BiICOCUTHATY B CMY31 pajiio4acToT, TAKOTO XK, SIK B MEPEkKax KaOeIbHOTO
teneOauends. HesBaxxaroun Ha Te, mo |P-Bimeo moxe Hamatu Oulbln OaraTuid
HaOlp TMoCHyr, MepeBara BUKOPUCTAHHS HAKJIAJCHOTO BIJIEOCHTHATY IOB's3aHa 3
pPeHTA0CTBPHIM 3aII03HYEHHSM JIOCSTHEHD KaOeIbHOTO MOBJICHHS [27].

3aJIe)KHO BiJI TOIOJIOTII ONMTOBOJOKOHHOT CHCTEMU MEPEXKEBl apXiTEKTypHU

PON MoxyTh OyTH IeLIEBIIIE IPU BEIUKOMACIITAOHOMY PO3TOPTaHHI.
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IcHyr0TBH Taki BapiaHTH TOMOJIOTII: 3ipKa, JepeBO Ta LINHA.

3ipka — npocTa Juisi ToOy0BU TONOJIOTIs. i MOAUTY MOTY>KHOCTI CUTHATY
BOHA BUKOPHCTOBYE CIUTITEP, SIKUW PO3UIA€ BCIO MOTYXHICTh BXIJHOTO CHTHAILY
nopiBHy MiK aboHeHTamu [28]. [Ipm 1mpoMy Bim omepatopa a0 CIUTITEpa BCS
iH(opMallis IPOXOJAUTh TUIBKU IO OJHOMY BOJIOKHY. Ile 1 € "By3bke Micie" gaHoi
tomojorii. B maHomy Bumaaky HEOOXiTHO NPUUHATH PIIMICHHA IIOAO
pe3epByBaHHs. TakMM YUHOM, BOJIOKHA Uil pe3epBy OyIyTh 3HaXOAMTHUCA B

pI3HUX KaOesx.

N | |||
/ ONU2

CNUS

Puc. 2.5 Tomnonoris «3ipka»

Tomnonoris «1KMHa» B OCHOBHOMY IHependavyae 3acTOCYBaHHS CILUIITEPIB 3
HEBCJIMKOI0 KUTBKICTIO BHUBOMIB. KoedilieHT MiIEHHS TOTYXKHOCTI MOXe OyTh
pI3HMM, WIO JO03BOJIsi€ 3a0€3MEeYUTH y BCIX MNPUOIM3HO OJHAKOBY BXIJAHY

MOTYXHICTh CUTHAJIY HE BPaXOBYIOUH BIJITAJICHICTh OnepaTopa 10 a0OHEHTIB.

ONU2

ONUY ’

Puc. 2.6 TormoJsorisa «mmmHa

Tomosnorist «kinblie» A03BOJSE BUPIIIUTY 1 MUTAHHS PE3€pPBYBaHHS, TOMY SIK

HaIpsSMOK CUTHAJTy WJIe BiJ orepaTopa MOKHA 3MIHIOBATH B 3aJIE)KHOCTI BIJl MICIIs
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MOIIKO/DKEHHSA. Pa3soM 3 TuUM, IS MIABUINEHHS HAAIMHOCTI MOXHA IMPOBECTH
JOJTATKOBE pEe3epBYBaHHS, 3'€THABIIM JCSIKI BY3JIM KiJbIl MiX coOoro. Jlms
MIIBUIIEHHS HAMIMHOCTI CKJIaJHI MYJBTHILUICKCHI MEpexXi, M0 BUKOPUCTOBYIOTH
JaHy JIOTIYHY TOTIOJIOTi0, POOISITH 3 BUKOPUCTaHHSAM (i3uyHOI TOMOJOTI]
«TOJBIMHE KUIbLIE». 3arajioM Mpalioe Mepiie Kiable, MPU MONIKOHKEHH] KaHaTy

a00 o0y HaHHS aKTUBI3YETHCS APYTE KiIbIIC.

ONU3

Puc. 2.7 Tomomnorid «KJIbIE»

Posrnsemo Oinbln  ckiagHUM  BapiHT MOOyAOBU Mepexi. «JlepeBo»
noOyzoBaHe Ha 0a3l TOMOJOTIT «3ipKay, B KO)KHOMY BY3JIl SIKOI 3HAXOAMTHCS IIE
OJUH cruiiTep. TakuM YMHOM, CXEMa CKJIAJA€ThCS 3 KAaCKaJliB, B KOXKHOMY 3 SIKMX
BIJIOYBAETHCS PO3MOALT MOTYXKHOCTI Ha KiJbKa HampsiMKiB. IlepeBaru 1 HeqOJIKU
noJ110H1 10 BUILEBKa3aHOi «31pku». Pe3epByBaHHs BiIOYBa€ThCS 32 TUMH CaMUMU
npuHiunamu [29].

TakoXx BHUKOPHUCTOBYIOTHCA TakKi TOIOJOTIi: TOYKA-TOYKA, KUJIbIIE, TOYKa-

0araToToyka.
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Puc. 2.8 Tomnomnorii P2P, Ring, P2MP

[lepeBaramu P2P Tomosiorii € HE TUIBKK MiHIMaJdbHa BapTICTh KIIIEHTCHKOTO
oOJialHaHHSI, aJie BOHA TAKOXK HaJla€ BC1 MOXKJIMBOCTI ISl TOKPAIIEHHS MEPEXI, 1110
3a0e3nedye BHUCOKY IIBUAKICTh Tmepemadi jgaHuXx. Llg Tomosoriss Moxe OyTH
3acTOCOBaHa sl Oynb-aKOoro craniapry. [Ipm npoMy CKIQQHICTH MPU BHUSABIEHHI
300iB Oyne Hux4o10. [HhopMaltiitHa Oe3neKka KIEHTIB 3aUIIAEThCS HA BUCOKOMY
PIBHI, 110 BaXXJIUBO ISl KOPIIOPATUBHUX KITIEHTIB.

OnTuyHuii kabeiab HEOOXITHO MNPOKIACTH JO KOXKHOIO KIIEHTA, TOMY
TOIOJIOTIS € HAMOLIBII JOPOTro0. 3 IILOTO BUILIMBAE OJIMH 3 OCHOBHUX HEOJIIKIB.

[Ipu posrmsani Tomomorii P2MP  Gaunmmo, 1m0 B 1bOMY BHIIJKY
BUKOPUCTOBYETHCS JIEPEBOMOII0HA MEPEKy O€3 aKTUBHUX BY3JIB, sIKa SBISETHCS
BJIaJITUM BHUOOpOM Tpu TOOYAOBI Mepexi i O0araTOKBAPTHPHUX KUTJIOBUX
OynuHkiB. BoHa € MpOCTOI0 HE TUIBKU B MIJKJIIOYEHHS HOBUX a0OHEHTIB, a U y
oOciyroByBaHHI. TakoK MOXHa BpaxyBaTH €KOHOMIIO Ka0eabHO1 1HQPACTPYKTYpH
yepe3 3MeHIIeHHsT KiabkocTi OB. TIpoTe HasgBHA HECYMICHITH OOJaJHAHHS PIZHUX
BeHJ0piB. Ha BiAMIHY BIJ TOMOJOTIi «TOYKA-TOYKa» JUHAMIYHUN Jdiama3oH
mMeHmui. OO6car kKopucHOi iHpopMallii 3MEHIIYEThCA 32 paxyHOK IUGpyBaHHS
ycix motokiB nanux [30].

3 mux Tphox apxiTtekryp P2MP BusiBuiiacs HalO1IbIN MOMYJISIPHOIO CEpe
orepaTopiB 11 po3ropTanHs FTTX, OCKiTbKM BOHA 3a3BUYAl 3HIKYE BUTPATU Ha
iHpacTpyktypy. Y Tomojorii P2ZMP 3a paxyHOK onTumizaiii po3MillieHHs

pO3rally/DKyBayiB MOXKHA JOCSTTA 3HAYHOI EKOHOMIi ONTHYHHUX BOJIOKOH 1
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3HIDKEHHS BapTOCTI KaOenbHOI 1HGpacTpykTypu. AOOHEHTCHKI BY3IH HE
BIUIMBAIOTh Ha IIpale3JaTHICTh Mepexi B miiomy. [IiakiIrodeHHs, BIIKIIOYCHHS
abo BHXIJ 3 Jaay OJHOTO abo MAEKUIbKOX AaOOHEHTCHKHX BY3JIB HISK HE
no3HavaeThcsl Ha pobOoti iHmux [31]. 3a Tomosorii To4ka-OaraToToYkKa HEMae
HEO0OX1THOCTI y po3ropTaHHi ogHoro BujiieHoro OB Bix CO no kimieHTa, TOMY 1110
HAsIBHUW MAaCUBHUM PO3NOIIIBYUNA OTHOCTYIHYACTUH a00 KacKaJHUN KOMILIEKC.

3asie’KHO BiJ] BUIIEBKA3aHUX TOIOJOTIH Oy/ly BUKOPUCTOBYBATH TOIOJIOTIIO
TOYKa-0araToToyka, TaKk SIK BOHa 3a0e3nedye MMUPOKOCMYTOBUM JIOCTYN 3
MOXJIMBICTIO MOJEpHI3alii Mepexi [y BHUKOPUCTAaHHS HOBHUX JIOJATKIB Ta
MPOCTOTY MIAKIIOYEHHS HOBUX aOOHEHTIB, BpaxoOBYIOUM ii EKOHOMIYHY
NpPUBAOJIMBICTH Ta MalOyTHI MOTPEOH y MPOMYCKHIN 3JaTHOCTI..

[Ipomryckna 3patHicth PON koxkHoro mopry OLT minmutbes 3amekHO Bif
kuibkocTi ONT Ha kanan. Jlng nanoi apxitektypu P2MP noctymHa mporyckHa

3aTHICTH Oyne Habarato Buia, HixK y AON.

2.3 Kom0inoBani ontu4Hi Mmepe:ki 3 Bukopucranusam WDM

3 MOsIBOI0 HEAOPOTUX ONTHYHUX KOMIOHEHTIB PON, 110 BUKOpHUCTOBYIOTH
TEXHOJIOT1I0 MYJbTUIUICKCYBAHHS 3 TOIUJIOM MO JOBXKHUHI XBWJI, CTald MEpeKaMu
ONTUYHOTO JocTyny HacTtynHoro mnokosiHHsg. Y WDM-PON koxne ONU
00CITyrOBY€EThCSI BHAUIEHHUM HAO0OPOM JOBTOXBMJILOBHX KaHAIIB JUIsl 3B'S3KY 3
OLT. ONU wmoxxe BHUKOPUCTOBYBATH BHUAUICHY IIMPUHY CMYTH, fKa TaKOX
MacITaby€eThCs BIAMOBITHO IO CBOIX MOTpeO. TakuM 4MHOM, EMHICTh CUCTEMH Ta
THYYKICTh MEpeXi MOXYTh OyTH 3Ha4HO 30unbmieHi. [IpoTe, mpu BUKOpUCTaHHI
Tpaauiiitnux PON-apXiTeKkTyp, siKi MatoTh 0OMeKeHy (QYHKIIIIO 3aXUCTY, OyAb-sKa
BIIMOBa KOMIIOHEHTa 200 BOJIOKHA MO’K€ IPUBECTU J0 BEIMUYE3HOI BTPATU JAHUX
a00 HaBiTh N0 Oi3Hecy. ToMy MHUTaHHS KUBYYOCTI MEpExi MpUBAOIIIOE OlIbIe

yBarm B OCTaHHI POKU. AOOHEHTH Termep BHUKOHYIOTh 3alUTH Ha CIyXOM Ta
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3'€THAHHS] BUCOKOI JOCTYMHOCTI. TaKUM YMHOM, 3aXO0JU 3aXUCTY JJIS MMiABUILECHHS
JKUBYUYOCTI MEpeXi BKpall OaxkaHi s 3a0€3MeueHHS CTIMKOCTI 10 300iB,
HANPUKIIAJ, Y BUNAJAKaX MOXKIUBUX KaTacTpO(PIUHUX MOAIM, TAaKUX SIK MOXKEXK1 YU
TTOBEHI.

Arne 3 yciX TEXHOJIOTiIM, [0 BHUKOPUCTOBYIOTh TMAaCHUBHY BOJOKOHHY
apXITEKTYpy, )KOJHA 3 HUX HE BOJIOJIE TAKUMH TEXHIYHHUMH Ta MEPCHEKTUBHUMU
nepeBaramu, sk WDM-PON. Sk Bunsatox, WDM-PON Bupinse moBXuHYy XBHII
st koxxHoro ONT, Bxitowaroun 10 32 MOBXKUH XBWIb. KoXkHaA 3 IIUX JOBXKHUH
XBUJIb BUKOPUCTOBYETHCS Uil Mepenayl 1 npuiiomy iHpopmallii, NoB'si3aHol 3 1i
BianoBigauM ONT. Ontuka WDM-PON HanmamrToByeThCss Ha BIAMOBITHUMN
«KOJIIp» CBITJIa 200 BUKOPUCTOBYE NMHAMIYHE NPU3HAYEHHS KaHaTy a00 JTOBXKUHU
xBui, ockiIbku ONT pamxkyrorscs Ha OLT.

Tunosa apxitekrypa WDM-PON yurinpHeHHs KaHaliB 3 TOAUIOM TIO
JIOBKMHI XBWJII TIOKa3aHa Ha pUCYHKY 2.9. MyIbTHIUIEKCOP Ta IEMYJIbTUILUIEKCOP 3
HOJIIIOM 1O JO0BXHHI XBWI BHKOpHcTOBYeThbcss B ODN [32]. V mpuxmani Ha
PUCYHKY BHUKOPHCTOBYIOTHCSI TpaT4yacTi XBHJIbOBI PENIITKH, TaK $K THUIIOBA
apxitektypa WDM-PON Oyne 3aMiHIOBaTH TacHBHI CIUTITEPH HA XBWJIHOBI
CEJICKTUBHI (IIBTPH, SKI YacTO peai30oBaHl SK pEIITKa Ha OCHOBI MacUBY

XBUJIEBOAIB. B pe3ynbrari oTpumMyeMo Bel nepeBaru apxitektypu PON.

co

||||| ___J&L__}'_E___l:l

A
~0 s

Puc. 2.9 Tunmosa WDM-PON cucrema
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[Tepenaua curmamy B WDM-PON ananoriuna nepenaui P2P. Piznunsg mix
UMM JBOMA cucTeMaMu moJisirae B Tomy, 1o WDM-PON 3acHoBanwmii Ha 13011111
PI3HUX TOBXHH XBWJIb HAa OJHOMY 1 TOMY 3k ontuyHoMmy BosiokHi. Kocken ONU B
WDM-PON Bosofiie BUKIIIOUHO PECYpCamMH CMYTU MPOMYCKaHHs JOBXUHUA XBHIIL.
Iamumu cnoBamu, WDM-PON Mae noriuny Tomosiorito P2ZMP, sk mokazano Ha

pucynky 2.10.

—
co Fber dishibation | AN/

Fiber distributipn frame
frame

L

]

wHA Fn

E WDM-PON i = A

Puc. 2.10 Tonosnoris WDM-PON wmepexi

Ho nepeBar WDM-PON MokHa BIIHECTH T€, L0 KOPUCTYBady HAJA€THCS
BUJIIJICHA CMyTa, CHUTHaJIM AaOOHEHTIB (I3UYHO 130JIbOBaHI, €(EKTUBHO
BUKOPUCTOBYETHCSI BOJIOKHO, MOKJIMBE 3HAaYHE 30UIbIICHHS AAJIBHOCTI 3B'SI3KY 3a
BukopucTanHd AWG 3 HU3bKMMH BTpaTaMH 3aMiCTh HE€(PEKTUBHUX 3 TOUKH 30PY
BTpaT cruriTepiB mpu crtanaaptHomy mis GPON Groomkeri B 28 nb, moxHa
MiJKII0YaTH aOOHEHTIB Ha BijcTaHi Onu3bko 80 kM. IIpoTe OCHOBHMII HeEMOMIK
WDM-PON — Bucoka BapTicTh, TaK SK MOTPiOHI By3bKOCMYTOBI IepeaaBadi, 10
BUMNPOMIHIOIOTh Ha 3aJaHid JOBXKMHI XBWi. [le 0coOMMBO KPUTHUYHO IS
a0OHEHTCHKUX MPUCTPOIB, TaK SIK X BapTICTh OE3MOCEPEIHHO BILUIMBAE HA BAPTICTh
aOOHEHTCHKOT JiHIi. 3 0AHOTrO OOKY, MPoOIeMa YaCTKOBO BUPIIIYETHCA 32 PaXyHOK
yHi(pikaIii Ta 3MEHIICHHS THUINB alapaTHUX KOMIIOHEHT B KIHIEBHX MPHUCTPOSX

(HayTamTOBaHHS Ja3epiB Ha 3a/laHy XBWIKO), 3 1HIIOTO — Yepe3 KiIbKa POKIB JI0
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MOMEHTY BHXOJly CTaHIApPTYy BapTICTh ONTHYHUX KommoHeHT mis WDM-PON
Oyze 3HaYHO HIDKYE HUHIIIHBOrO piBHs [33].

Po3pobka Texnonorii WDM-PON mnoxnukana BHUPIIIMTH THUTaHHSA 3
OOMEKEHHSIM KUTBKOCTI BHAUISIEMOro Tpadiky. 3 BBEJCHHSAM JaHUX CTaHAAPTIB
30UIBIIATHCS MIBUAKICTH 1O a0OHEHTA 1 KUIBKICTh A0OHEHTIB, 10 IMIAKII0YAI0ThCS
Ha OJIMH MOPT. 3 0COOIMBOCTEN MOKHA BUIUIMTHU T€, IO CEPEIHIN Yac 3aTPUMKH Y
JIECATKU pa3iB MEHILE 3a TirabiTHy MacuBHY MeEpexXy. BIUIMB po3Kuay JOBXHUH
JIHIA HA CEpelHIM Yac 3aTPUMKH IMepeqadi MakeTiB HE MiJABUILYETHCS 3 POCTOM
KUTbKOCTI aboHeHTiB, BkmodueHHX B cermMeHT WDM-PON, Ttak sk BiacyTHIN
yacoBHUil po3nojin goctyny. HaimeHmmii BIiuB KoedillleHTy Bapiallii iHTepBaja
0oOCIyroByBaHHsI Ha CEpEIHIA 4Yac 3aTPUMKH Iepefadi MakeTiB B 3BOPOTHHOMY
KaHaJl JocaraeTbest mpu BukopuctanHi TexHosorii WDM-PON ugepes BiacyTHiCTh
TPHUBAJIOTO TPOIIECY JOCTYITY 1 Majii BeIHMUMHI iHTepBasly 00CayroByBanHs [34].

IcHye nekinbka KoHUENUiM, monao Ttoro, sk WDM-PON wmoxe Oytu
peamizoBanuii B NG-PON2.

3oBHIHBO-3aTpaBHuil WDM-PON, 3a 101TOMOToOI0 SKOTO IMIMPOKOCMYTOBE
JUKEpeNlo CBITJIa Ha TOJIOBHOMY KIHIIl CIEKTpaibHO Hapizaetbea B ODN 1
posnoauiserbes o ONU. OcHoBHa nepeBara bOro MiIXoy MoJIAra€ B TOMY, 110
BIH J100pe 3pO3yMUIMHA 1 BKE BHKOPUCTOBYETHCS KOMEPUIMHUMH CHUCTEMaMHU.
[ToTentrian mpomo3uIlii mocayr 31 MBUAKICTIO moHa 1 ['01T/c MeHIT 3pO3yMUTUH 1
OyZne BUXOIUTH 3a pPAMKA TOTOYHUX MOXIJIMBOCTEH cucreMu. KomepIiiiHo
JOCTYMHI CUCTEMH TaKOX BUMAararoTh BUKOPHCTAHHS A-pO3raiyKyBada, i podoTa
3 ODN Ha 0CHOBI po3/iIIoBaya MOTYKHOCTI AyXe CKJIaHa JJIs OI0/IKeTy KaHaly.

[loBropHe BukopuctanHs jgoBxuHu xBuwii  WDM-PON  no3Bossie
BUKOPHUCTOBYBATH OJHY MOBXHHY XBHII Ha ONU 1151 BUCXiTHOTO Ta JIJIsl BX1IHOTO
HanpsMKy nepenadi. Lle 3a0e3nedyeTbcsi MOBTOPHUM BHKOPUCTAHHSIM JOBKUHU
XBWJII HM3XIAHOTO TMOTOKY [JIsl Mepefadyl y BHUCXITHOMY HAIMpsMKY HUIIXOM
NOBTOPHOI ~ MOAYJAIII B MepedaBadyl  Ha  OCHOBI  BiAOMBAaIOuYOro

HAMIBIIPOBITHUKOBOTO MiICHIIOBAYA.
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[lepenanamroByBannii  WDM-PON 3 BUKOpPHCTaHHAM  TpaguIliitHUX
DWDM wMopaymiB, o INepeHanamToByOThCA. 1[I MOaysi 3MIHIOIOTBCS IUISIXOM
BUJAJIICHHS TEPMOECJICKTPUYHUX OXOJOKyBadiB 1 OJIOKyBaJbHUKIB XBHUIb 3
MOAYJIIB NJisi 3HWKCHHS BHUTpaT. HamaromkeHHs Ta KamiOpyBaHHS IepenaBada
BUKOHYETHCS 3 BHUKOPUCTAHHSAM CIUIBHO BUKOPUCTOBYBAHOI'O OJOKYBaJIbHHKA
xBwib Ha ocHOBlI OLT. V wHusxigHomy Hanpsmky B ONU mnotpiOHi
NepeHaNalToOByBaH1 puitMayi J1jist 3a0e3nedeHHs 0€3K0I0POBOT pOOOTH.

Vaprpa-uineauii  korepeHTHU WDM-PON BHKOpHCTOBYE Mporpec B
KOTepeHTHIN nepenadi 1 nudpoBiii 00poOIll curHatiB. Jlyke HIbHO pO3TallloBaH1
kaHaiu y 3 T’ oOuparoTbest MUISIXOM KOT€peHTHOTO BusiBiIeHHs. [le 3a0e3neuye
nepeBaru SK BHCOKOI CENEKTHBHOCTI, TaK 1 JAyXe YyTIMBOTO TpuitmMada. KoxkeH
KopuctyBau oTtpumye | ['0iT/c 3 BUKOpUCTaHHSM TI€BHOI Ju]epeHIliaaIbHOl
KBaJIpaTypHOH (pa30BOi MaHIMyINAIil, MOAYJILOBAaHOI JOBXKUHU XBWIl. Yepe3
CKJIaJIHICTh TpaHCMITepa 1 mpuiimMaya, po3poOku B o0jacTi POTOHHOI iHTErparii
BBa)KAIOTHCSI HEOOXITHUMH JIJISL TOTO, IIOO 3pOOUTH 1€ eKOHOMIYHO €(PEKTUBHUM 1
MPaKTUYHUM JTSI peati3altii.

Camo3zatpaBaniit WDM-PON Bijkuaae mupoKOCMYTIOBE JIKEPENO CBITIA 1
BuxigHe cBiTI0 ONU reHepyerbcs CaMOCTIHHO 3 BHUKOPUCTaHHSM BinOWBaua,
pPO3MIIIEHOTO B 3araJibHOMYy MOpTy crutitepa. Lls cxema mae cepex mepesar
MPOCTOTY, ajie JJis ii poOOTH MOTPIOHA HASBHICTH A-pO3rallyIKyBaya, 1 iICHYIOTh
0OMEKEHHSI 10 TOBXKHHI Kademo Mix mepeximuukom i ONU [35].

BucHoBku:

VY nanomy posnini 00yii mpoaHadi3BaHl aKTUBHI Ta MACUBHI ONTHYHI MEPEXi
HACTYITHOT'O MOKOJIIHHSI.

B 3anexHo BiJl TOMOJOTii ONTOBOJIOKOHHOT CUCTEMHU OYJIM 3allpONOHOBaHI
pizuai apxitektypu PON mpu BenmukomacmtabHomy po3sroptanHi. [lo KoxHIN

apXITEeKTypl BU3HAYEHO OCHOBHI NIEpeBaru Ta HEJIOIIKH.
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OxpiM 1HOrO BHUCBITICHO MHUTAaHHS IIOAO TMepeAadl JaHUX Y ONTUYHHUX
Meperkax, TOOTO PiBHI Ta BiAMOBIIHI 1IeHTU(IKATOPH, 110 JIO3BOJISIOTH BUZHAUUTH

ONTUMATBHUM MIPUHIIUIT POOOTH MEPEXK1 3 XBUIHOBUM TMOJIIJIOM.
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PO3/ILI 3.
CIIOCOBU MOJEPHI3AIII NG-PON2

3.1 AHaJti3 miicu/II0BaviB AJ1s1 MOJAEpHi3alii cucTeMu

B ineanbnomy Bumnanky koxkuuit ONU € 6e30apBHUM, Tak SIK BOHO HE Mae
neBHOI (PiKCOBaHOI IOBKWHM XBUJII B BUCXITHOMY HANPSAMKY 1 € JOCUTh THYUYKHM,
1100 MOHa O0yJI0 BUKOPHCTOBYBATH Oy/b-sIKY KUIBKICTh PI3HUX 3HAYEHb JIOBKUHU
XBUII.

[cHye nexinpka MIAXOAIB Yy BOpOBa/pKeHHI Iboro Oezb6apsroro ONU y
Mepexax 3 WDM.

[Tpu moxini crektpa B ONU BUKOPHUCTOBYETHCS JIKEPENO CBITIA 3 JOCHUTH
HIMPOKUM ONTHUYHHUM CHEKTPOM. Y TaK 3BaHIN CHEKTpaJIbHIN Hapisll Moke OyTh
3aCTOCOBAaHUM CBITJIOBUIIPOMIHIOBAJIBHUM 1071 3 MOAUIOM crekTpa (Spectrum-
Sliced Light-Emitting Diode, SSLED). ®inbTpr BUKOPHCTOBYIOTHCS IJII BUOODPY
nosxuHu xBuii Hecydoi nepenadi ONU, ane ix posmimenas B8 ONU sk 1 panimre
BUMAara€ pi3HUX KOMIIOHEHTIB JJIi KOXKHOT'O KJIIE€HTCBKOTO OOJiajHaHHA. binbin
MPaKTUYHUN MIAXIJ TOJATaE B TOMY, OO BUKOPHCTOBYBATH (DUIBTP IOBKUHU
xBWI st 00'eqnanHs curHaiiB Big pisHuX ONU. ®ynkuis ¢iasTpa JOBKUHH
XBHWJII BUOMpae, ska AoBxkuHA xXxBuil mepenaerbes B OLT s xoxuoro ONU.
OcHoBHa mpoOjieMa 3 TOAIJIOM CIEKTpa MOJIArae B TOMY, IO BaXXKO JOCSTTH
JIOCTaTHBOI ONTUYHOI TOTY>KHOCTI Ui Tepefadi y BUCXIJHOMY HAampsIMKy Ha
KOJKHI1H TOBXKWUHI XBHIIL.

Jlesiki 3 HUX BKJIIOYAIOTh B CeO€ €JIEMEHTH, IO IMEepPEHAAIITOBYIOTHCS B
ONU. Hanpuknaa mnepeHanamToBYyeEMI Jia3eph. XO04 BOHU JYyXE€ THYYKI 1€ €
JIOCTATHBO JIOPOTOI0 TEXHOJIOTIEI B MEpeXk1 TOCTymny. Y pa3i peanizailii CUCTEMHU 3
TaKUM JIa3epOM OJIHOYACHO MOKE€ BUKOPHCTOBYBATHUCS TUIBKH OJHA JIOBXKHMHA
XBUJIl, a JIOCTyIIHa B JaHUM 4Yac cMyra MpONMYyCKaHHsS He Oyje BiANOBIIATH

BUMOTaM MOJIepHI3allii y JaHiid poOoTi.
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Posrnsnemo pednextuBHuil miaxia. Hecydl mNpu3HA4YarOThCS KOKHOMY
ONU. B mpoMy ob6namHaHHI BIIOMBAEThCS Ta MOJYJIOETHCS CHTHAI. MoXHa
BUJUIMTU JBa MIAXOJIW: HANpPaBUTH HEMEPEPBHUN CUTHAT HAa XBUJI BHUXIJIHOTO
curHainy OLT Ha momaTok 0 HHU3XITHOTO CUTHATy Ha HWOTO BIACHIN JTOBXKHHI
xBuii. Jpyruit cnoci6 mojsirae B Tomy, mo ONU mopymtoe curHai cragHoro
MOTOKY, SIKUHA BIH OTPUMYE, II00 CTBOPUTH CUTHAJ BUCX1THOTO MOTOKY. OcTaHHIN
MIIX17 MOXJIMBUM, KOJW IIBHUJIKICTH Iepefayl JaHWX B BHCXIJIHOMY HaIpsSIMKY
HUKYe, HDK B HU3XITHOMY Hamnpsmky. IlepeBara B Tomy, mo st ¢iapTparii B
Mepexi MoTpioHOo BABIY1 MeHIIe Ja3epiB Ha OLT.

Cepen TpUCTPOiB BHJUIAK BiJIOMBAaIOYl HAIMIBIPOBITHUKOBI  ONTHYHI
nigcumoBaul (Reflective Semiconductor Optical Amplifier, RSOA) ta BinOuBaroui
monynstopu 3 enekrpororiuHanHsMm (Reflective Electro Absorption Modulators,
REAM). ITlepeBaroro OCTaHHBOI'O € 1HBAPIAHTHICTH MO JIOBXKWHI XBWJII, ajie¢ BIH
3a3Ha€ BUCOKUX BHYTPIILIHIX BTpPAT.

Tomy poOmo BuOip Ha BHUBYCHHI HAMIBIPOBIAHUKOBUX ONTHYHHUX
nigcuimoBayax. 3araiom 1e € SOA, B sskoMmy oauH ab0 KiJIbKa TOPIIIB ONTHYHOI
KaMepu He BIIOMBAIOTh.

Opgnum 3 TumiB peamizamii € mpsima moxaymsmis RSOA. ek minxig e
BIJIHOCHO MpPOCTHM, XO4Ya MNPOAYKTHUBHICTb MOXE OyTH OOMEXeHa TpUBaJIUM
TEPMIHOM CITy>)KOM ONTHYHUX HOCIIB. [HIIIa peanizalis moisrae B ToMmy, mobd Matu
ONTUYHUNA MOMYJSATOP TOTJIMHAHHS Ha OJHOMY KIHIII Kamepu 1 BIIOWBHY
MOBEPXHIO Ha 1HIIIOMY KIHIII.

Jlazepy Ha  OCHOBI  ONTHYHOTO  pE30OHATOpa 3  BIAOMBAIOYUM
HaIMIBIPOBITHUKOBUX  ONTHUYHUM  MIACWIIOBAYEM  MPEJICTABISAIOTH  COOOIO
0e30apBHi, CaMOHAJIAIITOBYBaHI 1 O€3MOcepeHbO MOAYJIhOBaHI JKepena s
PON. Bonu Bkioyatots B cebe RSOA B ONU B SKOCTI aKTUBHOTO €JIEMEHTY,
pPO3MOALIBYOTO BOJIOKHA B SIKOCTI JIa3€pHOTO PE30HATOPA, XBUIIEBOJAHOIO
rparyacToro  MapuipyTH3aTopy 1 3arajJpHOrO  BiIOMBAIOYOro  J3epKaia,

PO3TAIlIOBaHUMH Ha BIJIaJIEHOMY BY3JIL.
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RSOA rpae notpiiiny pois TiATPUMKHU KoedilieHTa MOCHIICHHS Pe30HATOpa,
MOAYJIAIIT CUTHATY, IO MEPEJAETHCS Yepe3 Horo CTpyM 3MIlIeHHS 1 3HeOapBICHHS
PELMPKYISIIIHOI MOIYJAIIT BCEpeANHI PE30HATOpa, TOMY HOro KOHCTPYKIIS €
dbyHIaMeHTaIbHOIO AJ pOOOTH caM03aTPaBHOTO TepeaBaya.

Jlani miacwIOBadl BXE€ BHKOPHUCTOBYIOTBCSA B  SKOCTI 0Oe30apBHUX
monynaropie B WDM-PON. Kpim Toro, BoHH 0OILSAIOTh HE TiIHKK BHCTYHAaTH B
Ii{ poJii, a ¥ BUCTYIATU B SIKOCTI 0€30apBHUX JIA3EPHUX JIKEPEI, SKIIO B SIKOCTI
Ja3epHOTO PE30HATOpa BUKOPHUCTOBYETHCS MaricTpajib OMTOBOJOKOHHOI MEPEXKI.
Jo tenepimHboro yacy RSOA B OCHOBHOMY BHKOPHUCTOBYBAJIUCS B SIKOCTI
30BHIIIHO 3aTPaBHUX MIMPOKOCMYTOBUX TepenaBadiB. Y mux nepemaBadax RSOA
MOJYJIFOE CBITJIO, SIKE Oepe MOYaToK 3 1HIIOI TOYKKM B Mepexi. | xoda 3aranpHe
30BHIITHE IMHUPOKOCMYTOBE 3aTPaBOYHE JHKEPENIO IMOKA3ajlo XOPOIli pe3yibTaTH,
MIBUJKICTh TaKMX CXEM OOMEXEHa IIyMOM OHUTTS MOCHUJIEHOTO CIIOHTAHHOTO
sBunipoMintoBands (Amplified Spontaneous Emission, ASE) i xpomarn4Hoi
nucrepcieto (chromatic dispersion, CD) i3-3a mupokoro crektpy. Kpim Toro, BoHu
BUMAralTh TMOTY)KHMX 1 IIMPOKOCMYTOBUX JDKEpEN CBITIA, IO POOHUTH iX
€KOHOMIYHO HEe(pEeKTUBHUMH. B SKOCTI ajabTepHATUBH OYJIO0 3aMpONOHOBAHO
camo3arpaBouni mnepenaBaui WDM-PON nHa ocHoBi RSOA nns ycyHeHHs
30BHIIIHBO 3aTPABHOTO JpKepena. Y MMOYaTKOBUX peali3alisix caM03aTpaBHUX
JOKEpeNl BHUKOPHUCTOBYBAJIHMCS MEXaHI3MH 3BOPOTHOTO 3B'S3Ky, BKIIIOUYAIOUU
BOJIOKOHHI OperriBchki penrniTku. I[li mMeTonuM BHMararoTh OKpPEeMHUX 1 TOYHO
HaJAIITOBAHUX KOMIIOHEHTIB, BUOOPUYMX MO JOBXHHI XBWII, B Kos)kHomy ONU, 110
3arobirae 0e30apBHY poOOTY 1 301JIbLITY€E CKIAAHICTD 1 BapPTICTb.

B npanuii wac nociipkyeTbes Jekiibka Oe30apBHUX CXEM MepelaBadiB.
Haiinpocrima 1 HalO1IbII eKOHOMIYHA cXxema BUKopucToBye RSOA sik mxepeno
MOCHJICHUX CHOHTaHHUX BumpominioBauis (Amplified Spontaneous Emission,
ASE) B cxemi 3 moauioM crHekTpa. BuXigHHE cHrHanm Oe3mocepeaHbo

moxaymtoeThess HAa ASE RSOA. Cxema € Hepoporoto ta mpoctoro. OOMeKeHHIMA
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i€l CXeMH € BHCOKI BTpaTH Ha QUIBTpAI0O 1 YYTIUBICTH O XPOMATHYHOI
JUCIIepCii uepe3 MMUPOKUI ONTHYHHUI CIIEKTD.

Bonu naiinoctynHimi Hapasi. [lupokocMyroBi mkepena CBIiTIa 3 MPSMOIO
MOJYJNIALIE€I0, Taki sK cBiTnomionu Ta BumiedasHadyeHi RSOA  MoxyThb
BUKOPUCTOBYBAaTUCS JJIs1 Tepeaadi y BHCXiIHOMY HampsMmky. Ili  mgani
Oe3nmocepelHbO  KOAyroThcsl B mmupokocmyroBomy ASE  RSOA,  sxkwuit
po3mimyetsesi B ONU. MapmpyTtu3zarop 3 xBwieBoguumu rpatamu (\Waveguide
Grating Router, WGR) B RN po3pizae moaynboBanuii ciektp ASE, nepenaroun
TUIBKKM TpU3HAYeHl1 migaiana3onu Bifg koxHoro ONU B meHTpanbHUM odic.
CrexTpalbHUN JMiama3oH BUXIJHOTO TMOTOKY BiJ kKokHOro ONU Bu3Ha4aeThCs
noptoMm WGR, 1o sikoro migkitoueHi okpemi ONU. Husbka BapTIiCTh CBITJIOAIOAIB
pOOUTH 110 CXEeMYy NPHUBAOIUBOIO, aje € OOMEXEHHs MIBUAKOCTI MOAYJsii y 1
['6it/c Ha 10 kM. Illym ammunitynu ASE Ta nrym BUCOKOI BITHOCHOI IHTEHCUBHOCTI
€ oOMexxyrounMu (paktopamu. ICHye Takok BHCOKA BTpaTa MOTY>KHOCTI (PLIIbTpALIii
ITiJT 9ac CIEeKTPAIBHOTO 3pi3Yy.

3rogoM Oyna BBelleHa €KOHOMIYHO €()EKTHBHIIIA Ta MPOCTIIIA TOIMOJOTIS
Mepexi, sika BKJIIOUae B ce0e caM03aTpaBOUHI Jla3epy 3 BHYTPIIIHIM PE30HATOPOM
RSOA. Onruunuii pe3oHaTOp YTBOPEHUN PO3MOAUILHOI0 MEPEKEI MIK
BigOuBarodoro rpanHio RSOA 1 m3epkanom Ha Bimmanenomy By3ii (Remote Node,
RN). Ilocunenns pe3onaropa 3abe3neuyerbcss RSOA, Toai sk MapHipyTH3aTop 3
XBUJIEBOAHUMH rpaTamMu Ha RN aBTOMaTHuHO BHOMpae poOOUy JOBKHMHY XBHIIL.
WGR He Tinbku odMmexye cmyry nponyckanHsi RSOA-FCL, ane Takox J03BOJISIE
aBTOMATUYHO TPU3HAYATH JOBXKUHY XBUJI, SKa JIETKO MAacITaOyeThCs, TaK IO
O0arato KOpUCTYyBayiB B Mepexkl MOXYTh IepenaBatu 1H(opmalio 3 Hamepen
BU3HAYCHOIO IOBKHHOIO XBUIII.

Po3pobka Hemoporux O0e30apBHUX DKEpENT € aKTyaJlbHOK TEMOIO JiIs
JOCHiKeHb. BoHU HEOOXiaH1 sl TOro, o0 3a0e3MeYuTH IIUPOKE TMOIITUPEHHS
nacMBHUX oNTUYHUX Mepex. be3zbapua Qynkmiss RSOA-FCL 3acnoBana Ha

ABTOMATU4YHOMY Ta IIACUBHOMY aBTOMATUYHOMY HaJ'IaH_ITYBaHHi JOBXXHWHH XBHIII 1X
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BUTIPOMIHIOBaHHS TIUIbKH 3a gomomMoror ¢imstpa WDM, posramoBaHoro Ha
Bi/IJ1aJieHOMY BY3J11. be30apBHICTh 103BOJIsIE MACOBO BUPOOJISITH 1 BCTAHOBIIIOBATH
IZIGHTUYH] BHUILEPO3MIIIECHI MPUCTPOi HA BCIX ONTHYHUX MEPEKEBUX MPHUCTPOSX.
Kpim Toro, macuBHUY po3moAlT TOBXKUHU XBUI1 iHPpacTpykTypoto PON crpomrye
MPOLIEC YMPABIIHHS JOBKUHOI XBHII. TakuM YMHOM, JOCTYIHICTH HEAOPOTUX
6e30apBHUX JKepen, 103Bojsie peamizyBatd WDM-PON, ki MponoOHYIOTh BUCOKY
MPOITYCKHY 3/IaTHICTb.

Buxopucranns 30BHIIIHBO-3aTpaBHUX RSOA 3abesrneuye OiIbII BUCOKY
JOCSIKHICTh 1 MIBUJKICTH MPHU OUIBII BUCOKUX 1HBECTHIISAX. [nest mossirae B TOMy,
100 BUKOPHUCTOBYBATHU TPYIYy Jia3epiB B LEHTpAIbHOMY O(ici, IO OJHOMY IS
koxHOro ONU, siki mocuiIaroTh Oe3nepepBHUN CUTHAI B HU3X1THOMY HAIPSMKY.
WGR po3zainse 1 po3noaiisie XBuii pizHUX 10B)UH 32 BignoBigHumMu ONU. RSOA
B CBOIO Uepry MiJCHIIOIOTH 1 0e3MocepeIHh0 KOAYIOTh JIaHI HelepepBHA XBUIIIO 1
BIIMPABJISIIOTH iX Ha3aj B BUCXiAHUN moTik. [locuyieHHs Oe3nmepepBHOIO CBITIIA
Bx1HOTO TOTOKY RSOA KOMIIEHCYye BTpaTy MOTYKHOCTI Tiepeiadi, MPOIOHYYH
OUIbIII BUCOKUU OrOKET MOoTyxHOCTI JdiHii. [lopyiieHHs XpoMaTU4YHOI AucTepcii
JUIS I1€1 CXEMHU TaK0XK OUIbII OcIabyieHe, HXK I CXEMHU 3 TIO/IUIOM CIIEKTpa.

3oBHiHBKO 3aTpaBHU RSOA BoOji€ HalBHUINOI, ajle TaKAM MIAXiA €
HaWJIOPOKUKM. Y LIEHTpaIbHOMY 0(hiCi BCTAHOBJICHO JIEK1IbKa JIa3epiB, IO OJTHOMY
Ha koxkHe ONU. ¥ ONU BinOyBaeThcs MiICUIICHHS CBITJIA 1 KOAYBaHHS BUX1THOTO
curHaiy. Ha cporomui mocsirayra mBuiakicTh 20 1'6/c 3a paxyHOK BHKOPHUCTAHHS
nporo eneMeHry. OpgHak B 000X BHMaJKax KepoBaHa (UIbTpallisi 3CyBIB 3a
nonomoror (inerpa WDM abo nomatkoBoro iHTepdepoMeTpa 3 3aTPUMKOI0 Ha
JiH1i, M0 pOOUTH CUCTEMY YYTIMBOIO 10 OyAb-sSKOro Apeidy MOBKMHU XBHIIL.
KpiM TOro, momatkoBi Jla3epd Ha CTOPOHI IpoBaiifiepa 30UIbIIYIOTh BAapTICTh 1
CTIO’KUBAHHS €HEPrii.

[TpoaoBxyro4u TOCHIIKEHS HEOOX1THO BUSBUTH YM € OLIbII €KOHOMIYHUUN
crocib, HIXK cxema 13 30BHINIHBO-3aTpaBHUM RSOA, sxuii 3a0e3neuuTh Kparry

IPOAYKTUBHICTb.
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Posrnsnemo camozatpaBuuii nepenaBad RSOA-FCL. Jlng nporo Bumaaky
HEMa€e HEOOXIJHOCTI Yy JOJATKOBHMX JIa3epHHUX JKepenax. Sk BUIHO 3 Ha3BH,
pO3CisiHEe CBITJIO 1 € TUM, IO BHIIPOMIHIOE caM TijacuiaoBad. J[3epkamo B RN
BIIOMBAE YaCTUHY BHITYCKA€THCS MIJICUICHOIO CIOHTAaHHOIO eMiciero Haszazd. Lle
3HauHO 3HWXKYeE BapTicTb. RSOA B ONU 1 n3epkanio B RN yTBOpIOIOTh pe30HAHCHY
MOPOXKHUHY, sKa BOyJAOBaHa B PO3MOAUIbHY Marictpanb. JIOBXHHA XBWII
BUIIPOMIHIOBaHHS Jia3epa aBTOMaTUYHO HaamToByeThes mopToM WGR, 1o sxoro
nigkmoueHnd ONU. JlazepHi XapaKTepUCTUKHU TPU3BOASATH 10 OLIBII BY3bKOTO
criexTpy, 6inpmn Hu3bKol inTeHcHBHOCTI mymy (Relative Intensity Nnoise, RIN) i
O1JIBIII BUCOKOT MOTY>KHOCTI B MOPiBHSHHI 31 cxeMoto ASE 3 mojinom mo criekrpy,
TaKUM YHMHOM TTOKPAIIyIOUr XapaKTEPUCTHKH TIepe1adi.

Posrasinemo Tonosnorito nacuBHOi ontuyHO1 Mepexi RSOA-FCL. Tonosnoris
Mmepexi poctyny WDM-PON 3 nienTpanbHuM odicoM, 110 MiJIKIIOYAE€THCS Yepes
RN 1 ONU wu4epe3 po3nojiabHI BOJOKHA, MOOyAOBaHA IO MPUHIUIY TOYKa-
6ararotouka. ONU cknanaetscs 3 WGR B C-miana3oHi Jyisi BUX1THOTO HaMpsIMKY
ta L-miamazoni mama  BxigHOro. RSOA ciOyXuTh aKTUBHHM CepEIOBHUIIEM
pe3oHarTopa, KUl yTBopeHuil odoeptanbHuM a3epkaiom Papanes (Faraday Rotator
Mirror, FRM) na RN Ta n3epkanom RSOA. MynbTHILIEKCOD Y BiAalIeHOMY BY3JTi
Jlle SIK 4aCTOTHO-BHOOpUMiA (PUIBTP, Yepe3 SKHUMl Jia3ep CaMOHAJAIITOBYETHCS Ha
KOHKpeTHui nopt miakiaoueHns WGR.

[HIIMM €KOHOMIYHO €(EKTUBHUM JIKEPEIIOM € caMO3aTpaBHUMN MiICHIIOBAY
3 BOJIOKOHHO-pe3oHaropuumu Jsasepamu (Reflective Semiconductor Optical
Amplifier-Fiber Cavity Lasers, RSOA-FCL). Bouu 3acToCOBYIOThCS )i KaHAIB
Ha OCHOBI MACHUBHUX ONTHYHHUX MEPEX VIIUIBHEHHS KaHAIIB 3 MOJAUIOM IO
noBxkuH1 xBwii. HeoOXiHO BHUKOHATH MOPIBHSHHS 3 IHIIMMU Oe30apBHUMU
JUKEpellaMy, a caMe€ 3 TIOCHJICHUM CIIEKTPOM CIIOHTAHHOTO BUIIPOMIHIOBaHHS Ta
3oBHiIIHBO-3aTpaBHI RSOA. RSOA-FCL € ekoHOMIYHO €(heKTUBHHUM JHKEPEIOM

BUCXiqHOTO TOTOKY WDM-PON, 3amo3udyrodu mpocToTy 1 peHTabenbHICTh 31
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3pi3y crektpa ASE 3 xapaktepucTtukamu, siki B 0araThbOX BHITaJKaX MalOTh IOCUTh
XOpOIII TOKa3HUKH JJIs Mepeiadi Ha KOPOTKi BiJICTaHi.

Cxema RSOA-FCL € kpamoro 3a cxemy 3pizy crnektpa ASE. 3aBnsku
npocTiii  apxitektypi 1 Hu3bKid BaptocTi RSOA-FCL mpomonye Benuky
MOTYXXHICTh, O1abIT HU3bke RIN, OUIbII By3bKHM CHEKTp 1 OUIbIIE BiTHOIICHHS
curras/mrym. [ama BiamiaHICTS MK RSOA-FCL nosnsrae B onTH4HOMY Aiana3oHi,
SKUH € OLTBII By3bKUM Y MOPIBHSHHI 3 ONTUYHUM criekTpoMm ASE.

CxeMa 3 30BHINIHBO-3aTPABJIICHUN IIJICHIIOBaYEM 3a0e3neuye J0/IaTKOBE
SNR y 5 n1b. OnHak, 3aCTOCOBYIOThCS IOPOT1 JOJAATKOBI JIa3€pH.

RSOA-FCL € ekoHOMIYHO €()EKTUBHUM PIMICHHSIM 3 €(PEKTUBHICTIO MIXK
JKepenamu 3 po3pizom criekTpa ASE 1 30BHIIIHBO 3aTPaBICHUMU JKEPETaAMHU.

[Tpunuun po6otn RSOA-FCL 3aknanaersea y TppoX QyHKUISIX — L€ OpsaMa
MOIYJIAIISA, TOCUJICHHS, PUIYIIEHHS MOTYJISIIIT.

RSOA y pe3onaropi moBHHEH BHKOHATU TaKl Omeparlii JJjsi MpaBUIHLHOTO
(GyHKITIOHYBaHHS BCi€l CHCTEMH: TOCHUJICHHS TOBHHHO KOMIICHCYBATH 3arajibHi
BTpaTu B pe3oHaropi; RSOA moBHHEH MPOMOHYBATH JNOCTAaTHIO IIUPUHY CMYTH
MOAYJIALII; 3aJIMIIKOBA MOAYJSLIS HAa ONTUYHOMY IOJ1 B BHUXIJIHOMY TPAaKTI
pe3oHaTOopa MOBMHHA OYTHM HEINIHIMHO MpUTHIYeHa Tmicis moBepHeHHs B RSOA,
o0 3a0e3NneunTH YKUCTY HECyuyy IS HOBOI TMepeaadl JaHuX B BUXITHOMY
HanpsiMKy. [IpaBunbHO crpoekTtoBani RSOA 37maTHl  3ampomoHyBaTul  Tpu

BHUIIE3TaaH1 (yHKIIIT OJJHOYACHO.
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[Mpama moaynauis

MNigcruneHHa
—

RSOA I

[NpunayweHHa moaynauii
—_—

Mirror

Puc. 3.1 ®ynkimii RSOA

Cratuuni xapaktepuctukn RSOA MaroTh 1Bl 001acTi: JiHIMHY 00JacTh, 1€
BXIJHUM 1 BHUXIJHUN TMOTY>KHOCTI JIHIAHO TMOB'A3aHl (KOE(IIEHT MOCUICHHS
IUIOCKUI), 1 HENiHIWHY 00JacTh, A€ BUXIJHA MOTYXHICTh HE 3MIHIOETHCA TMPHU
30UTBIIIEHH] BXIJTHOT MOTY>KHOCTI (TTOCHJIGHHS MPUTHIYYETHCS TIPU OUIBIIT BUCOKIM
BX1JJHI/ IOTYHOCT!).

Heniuiline npuaymmeHHs! BX1JTHOTO CUTHATY PO3IIISIA€ThCA OUIBII TOKIATHO
Ha JIIHIMHUX Ta HETIHIMHUX 00JIacTSAX BIHOIIEHb BX1THOI MOTYXHOCTI IO BUX1HOT
MOTYKHOCTI Ta MIJCUJICHHS. Y JIIHINHHINA 001acTi MiACKUITIIOBaY 3a0€3Ieuy€e BITHOCHE
MOCTIITHE TOCUJICHHS, TaK IO BXiJHA MOTYXHICTh 1 BUXIJHA MOTY>KHICTh MarOTh
JHIAHY 3aJI€KHICTh. Y HEMiHIAHIA 007acTl TOCUJIEHHS 3MEHIIY€EThCS TP O1IIbIIIN
BXIJHIA TIOTYHOCTI. TaKOX CIOCTEPIrae€ThCs, M0 BXIMHUNA CUTHAN a00 JIIHIMHO
MOCUJIIOEThCS, SIKIIO MOro BXiJHA TOTYXKHICTh ciabka, abo HeIiHIHHO
NPUTHIYYETHCS, SIKIIO WOro BXIJHA MOTYXXHICTh CHJIbHA. TakUM YHHOM, 11100
RSOA-FCL mnpuayuiyBaB BXiJHUH CUTHAJ, BIAOUTHUN BXIJHUI CUTHAi1 MOBHHEH
OyTu B HemiHiMHINA 06acti RSOA.

OTxe, miACUIIIOBaY BUKOPUCTOBYETHCS B IKOCTI MOYJIATOPA SIS KOyBaHHS
JaHUX BUXIAHOTO MOTOKY B ONTHYHOMY TOJi. TakoX i€ SK CEKIisl MOCUJICHHS

BOJIOKOHHOTO pe3oHaropa PabOpi-Ilepo 1 MOBHHEH KOMIIEHCYBAaTH BTpPAaTU B
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MOPOKHUHI, 100 3MIHCHUTH J1a3epHE BUIPOMIHEHHs. BiH HeMiHIMHO MpHUTHIYYye
3QJIMIIKOBY BIIOUTY MOAYJISLIIO HA BX1THOMY B1JIOUTOMY CBITJII.

Jns Bcix pedeKTUBHUX MIIXOJIB ONTHYHA Mepeka IOBHHHA OyTH
pPETENBHO CIIPOCKTOBAHA, IS TOTO, IMOO MIHIMI3yBaTH BIJOWTTS BXIJTHOTO
CUTHay, IO i7Ie 0 KOPUCTYBAlbKOro oOyiajHaHHs. [Hakie BiIOWUTTS MPOBOKYE
MOSIBY IIYMY Y TIpUiiMadi.

3a pO3MISIHYTHMH KOHIICTIIISIMU, IO CTOCYIOTBCSI TOTO, K MOXE OyTu
BrnpoBajpkeHnit  WDM-PON  poGato  BucHOBok, mo RSOA-FCL, sxwuii
XapaKTEePHUM TPOCTOTOIO Ta BHUIMUMHU IEepeAaBaJIbHUMU XapaKTEPUCTHKAMU,

KpaIlui JIJ1s1 MOJEpHI3aIli.

3.2. Bapianr 3acrocyBannsi RSOA-FCL y mepexi WDM

Ha pucynky 3.2 nmpencraBieHa 3ampoloOHOBaHa  apXITeKTypa 3

BUKOPUCTAaHHAM OOpPAaHOTO MiJICUITIOBAYa.

co

USTx1 ;D_@_
DS Rx 1

WGR
)]

DS R M

Puc. 3.2 IIpononosana apxitekrypa WDM-PON na 6a31 RSOA-FCL

CBITIOBUU MOTIK 3 JOBXHWHOK XBUJI Ay, IO BUIPOMIHIOETHCS Ja3epoM
npoxoasun uepes WRG, 00'eqHyeThcsi 31 CBITJIOBUMHM IMOTOKAMH BiJ IHIIHMX
Ja3epiB 1y BUTIIAAI CYMapHOTO CUTHAITY, IO MICTUTh IOBXUHH XBUJIb MIEPEAA€ThCS
Ha BIIJIaJICHUI BY30J1.

CymapHuii curHalnm po3faiuisgeTrscs  MyabrHiiekcopom WDM  wHa K

KOMITOHEHTHUX CHUTHAIIB 3a KUIBKICTIO Jla3epiB Ha MPUNUMaIbHIA CTOpOHI 3a
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kutpkicTio 0710kiB ONU. CBIT/IOBUI TOTIK 3 AOBXHHOIO XBUJI Ay IO JIiHIT 3B'SI3KY
nepenaetbes B ONU. Mynbstumiekcop WDM  Hampapiisie  CBITJIIOBHM TIOTIK 3
JOBKUHOIO XBHJI Ax B ONITUYHUM MOPT MpHiiMaya.

Jlo ckiamy oOiiamHaHHS OomepaTropa BXOATh MpHiiMadi Ta TepenaBadi, sKi
nia’eqHaH1 o0 poyrepa 3 nepenayeto y C ta L gianasonax, y skomy nparioe NG-
PON2. Yepes dinepHe BOJIOKHO BHINEBKa3aHWA OJIOK 3’ €AHYETHCSA 3 BIIJAICHUM
BY3JIOM. Y HbOMY po3MillieHe MoBOpoTHE J3epkano dapazaes. Bupid po3pobnenuit
JUISL ONITOBOJIOKOHHUX MEPEX Ta BUMIPIOBAIBHUX J0JAaTKiB. B Oyab-sikiil Toul
B370BXK BojokHa SOP mpsiMOi Ta 3BOPOTHROI ONTHYHOI XBHWJII 3aBXKIU
OpPTOTOHAIBHI OJUH OJHOMY, HE3QJIEKHO BiJl MOJBIHHOTO MPOMEHE3aTOMIICHHS
BOJIOKHA. [le 1 € 0COOIMBICTIO TaHOTO MPUCTPOIO, KU 3aCHOBAaHUU Ha e(EeKTI
®apajnes, B AKOMY BIIOYBA€TbCs 3BOPOTHE OOEpPTaHHS CTaHy MOJspU3aLli IpH
MPOXOJ/PKEHHI Yepe3 CIeliaibHe ONTUYHE CEPEJOBHINE ITJI MArHITHUM IIOJIEM.
FRM ckianaethest 3 BOJIOKOHHOTO KojliMaTopa, potatopa dapases 1 n3epkarna.

Yepes BUCOKY TMOJISIpU3AIlIAHY 3aJIeKHICTh KoedimienTa nmocuieHHss RSOA
CTaOUIbHI XapaKTEPUCTUKU Ta BUCOKUU KOEQILIEHT MNpUiioMy-Tiepeadl MaroTh
Oytu orpumani 3aBasku FRM, po3ramoBaHoMy y BIAJAJIEHOMY BY3Jl 1 CHUIBHO
BukopucroByBaTucs Bcima ONU, 1 FR, po3minenumu Ha Buxoi RSOA.

RSOA B manomy BHNAJKy SIBIISIETHCSI aKTUBHUM CEPEIOBUIIEM PE30HATOPA
BOJIOKOHHOTO Jia3epa, sikuii yTBopeHuil n3epkaiiom RSOA 3 omgHOoro Ooky i
obeproBuM m3epkasioMm @Dapanmes Ha RN 3 iHmoro Ooky. [uxmiunamii
mynbTuIiekcop WGR B RN nie sik 4acToTHO-BUOOpUUA PiabTp, Yepe3 KU Jlazep
CaMOHAJIAIITOBYEThCSI Ha KOHKpeTHuM mopt minkmoueHHss WGR. Kpim Toro,
RSOA no3Bossie konyBaTv MpU3HAYEH1 JUIsl KOPUCTYBaya BUXITHI AaHl MPSIMUM
MoayJsuia ctpyMmy BBeneHHs RSOA.

OGeprau dapages 1 RN B pe3oHatopi HEOOXimHI ayig 3a0e3MeueHHs
redepaiii, HaBiThb Ko RSOA mnoBUHEH MaTH [ESIKy 3al€KHICTh MOCHUJICHHS

ToJIsIpy3aIiii
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MoskHa BUIUTATH HAMOUTBIN TMOMMPEH] KJIACH MO KOHCTPYKINi pe3oHaTopa:
KUTbIIeB1 pe3oHaTopu Ta ®adpi-Ilepo.

B upomy Bumanky mzepkano nomimiaerbcss B RN 3a ¢ginsrpom WDM. Lle
BCTAHOBIIIOE MEXaHI3M 3BOPOTHOTO 3B'SI3KYy 3 MiACUIIIOBaYeM sl (hOpMyBaHHs
pe3oHaHcHoro miacuaoBaya ®adpi-Ilepo.

OnTtuunuit  cmyroBuit  ¢imetp  imitye  WGR-pimptp Ta  Mae
CyNeprayCcCoBChbKMM PpO3IMOJIIJ, BUKOHYE BHOIp 4YacTOTH, TOII SK 3MIHHUN
ONTUYHUN aTEHI0ATOp MPEJICTaBIIA€ CyMapHI BHOCHMI BTpAaTH YCIX MACHBHHX
CKJIaIOBUX pe3oHaTopy. ToOTO, aTeHi0aTop BUKOPUCTOBYETHCS IJISI KOHTPOJIIO
MOTY>HOCT1 BUCIBY.

Porarop ®apanes 1 FR-a3epkano po3mimeni B ONU 1 RN, BignoBigHo, 1js
koHTposto nosisgpuzaiii B RSOA-FCL. 1li enementn HeoOxiaHi, ockiibku RSOA
4acTO Ma€ MOCHJICHHs, 3ajexHe Bia mojspuzaiiii. ONU migkmodaeTbes 10 RN 1
CO yepe3 poznoainsye BosiokHO DF 1 dinepue BonokHo FF.

Po6oua momxuHa xBuiai RSOA-FCL koxuoro ONU Bu3HadaeTbcss OpTOM
bimeTpa WDM, 1o sxoro BiH miakiIoueHuid. Take NacMBHE NpU3HAYCHHS
JIOBKMHU XBUJII BUIIPOMIHIOBAHHS CIIPOIIY€E YIPABIIIHHS TOBXUHOIO XBUJIl. Jo cux
nip RSOA-FCL noxkasysas nepenauy no 10 I'6it/c.

JUist OUThbII AETAJIbHOTO BHMBYEHHS PO3IJISTHEMO BapiaHTH MPOEKTYBAHHS

KJIIEHTCHKOTO OJIOKY Ta OJIOKY Ha CTOPOHI ITpoBaiiepa.

RTO OSA FRM FR Ie
| U s I

PIN— OBPF — EDFA —— VO

Puc. 3.3 [eranbuuii onuc ctpykrypu OLT

VY kiieHTChKOMY TepMiHami cTpyMm 3MmiieHHs | ynpasise RSOA.
VY nentpansHoMy odici mis moxaentoBaHHs posmintyroTees VOA, EDFA,

OBPF Tta dotomion. PosramymkyBau 80/20 mocumae 20% MOTY>KHOCTI B
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aHaJi3aToOp ONTHYHOTO CHEKTPY AJIsi KOHTPOJIIO CUTHATY. PerynboBaHnii OonTUYHUIMA
aTEHI0ATOP BUKOPUCTOBYETHCS AJI YIIPABIIHHS BBEICHHSM MOTY>KHOCTI.

OnTuuHUi CcUTHAN BUSIBISIETBCA  (POTOMIOAOM, SKHM Oe3mocepenHbo
HIAKIIOYEHUHA 0 ocuuiorpady peanbHOro 4Yacy 3amucye eJIeKTPUYHUN CHUTHAI
nicns goromiona. Ipunaag Mae 9yTaUBICTh MPU WMOBIPHOCTI OMUJIKA €TAJIOHHOI
gytiauBocTi BER. Ocmiunorpad 3ammcye curaai.

XapakTepuCTUKH, SIKI HEOOXIHO 3a/laBaTH JaHOMY IIJCUIIIOBAYy IIPH
MOJICNIIOBaHH1: JU(EpeHIliiiHe MiJICUJICHHs, BHYTPIIIHSA BTpaTa pPO3CIIOBaHHS,
KOe(IlIEHT PO3IIMPEHHS JOBXHHHU JIiHIT, KOC]ILIEHT HEIIHIHHOIO IMiJICUICHHS,
pamiamiiina pexomOiHarlisl, Koe(IlieHT 1HBEpCli, KUIbKICTh MO, BTpaTa 3B’SI3KY
RSOA, uytnuBicTe GOTOAIONY, 3aTyXaHHS y BOJIOKHI, TPOIMYCKHA 3/JaTHICTH Y
BOJIOKHI, J3€pKajibHa B1AOMBHA 3/aTHICTh, LIEHTpajbHa vacToTa. s moyaTky
IPONOHYETHCS] MOJIEJIIOBAHHS 3 OJTHOMOJOBUM BOJIOKHOM.

OnTryHM CUTHAN NEPETBOPUTHCS B EIIEKTPUYHUIN CUTHAJ 3 BUKOPUCTAHHIM
PIN-dotoxiona i GiabTpyeThCsi 3a JOMOMOTO0 enekTpudHoro ¢GpuibTpy beccens

JJIs1 SMCHIICHHA IIyMY.

3.3. MoaeaoBanusg RSOA

Y 1mpoMy MmiApO3AUTT PO3IIISIAAETHCS 3arajbHa MaTeMaTH4Ha peasizallis
mozaeni RSOA-FCL. IlpeacraBinena geoHamnpasiieHa 6araromoioBa Mojesib RSOA
ODxy4oi XxBuJIl. Takoxk NpeCTaBISAE€THCA MOEIb JIJIsl TACUBHOTI'O PE30HATOPA, KU
CKJIQJAETHCS 3 ONTUYHOTO BOJIOKHA 1 ONTUYHOTO CMYroBoTo (hibTpa. B pesynbrari
BOHM 00'e1HYyI0ThCS B €1uHy cuctemy RSOA-FCL.

Mogens RSOA 3acHoBana Ha peamizaiii SOA. RSOA po36uBaeThcs Ha N
MPOCTOPOBUX NUISHOK, 300pakeHWX Ha pucyHky 3.2. [lommpeHHs omTHUYHOTO

MOJISl ONUCYETHCS B PIBHAHHAX ODKy4oi XBwii. JJisi CTBOpEHHS MOJs TeHeparlii
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RSOA-FCL, sike camoBusHauaetbest 3 ASE, a Takoxx [JIsl TOYHOTO BpaxyBaHHS
HacuyeHHs nocuiieHHd RSOA HeoOxiHOo po3risinytu ASE.

PiBHSAHHS IMIBUAKOCTI JJIs IIIILHOCTI HOCIA Take XK, AK 1 11 SOA:

ON | (3.1)
E:W_(Rse + Rst)

ae N — miapHICTh HOCls, | — mpuKIageHuii CTpyM, € — eNeKTPOHHUN 3apsia, V
— 00'em akTuBHOI 065acTi mocuineHHs RSOA. Rge BUpaxkae MBUIKICTh BUCHAKECHHS
HOCIiB 4yepe3 Mpolecd peKoMOiHaIii 1 BIANMOBIAHO Rgt sBiIsIE cO00I0 BUCHAKCHHS
HOCIIB 4epe3 BUKIMKAHY PEKOMOIHAIll0, sfIKa MPONOpUIHHA HIUIBHOCTI (DOTOHIB 1

IMOCHJICHHIO CCPCAOBHIILIA.

%z%z&N+%W+%N3 (32)

ne T — wyac KUTTA UIJIBHOCTI HOcig, A1 — HepajiamiiHa IIBUJIKICTb
pexkoMOiHanii, A> — koedilieHT pagianiiHoi pexkomOiHamii, A: — KoeQilieHT
ITHEKOBO1 peKOMO1HAIII1.

(3.3)

_ (‘E+ ‘ +‘E“2 +e"+e7) rg(N - N,)

Rst
wdfh (1+e,PR)

e a — koedimieHT audepeHIianbHOro mocuiacHHs, h — crama Ilmanka, T —
4aCcTOTa BUIIPOMIHEHHS, €, — KOe(II[ieHT CTUCHEHHS HEJIIHIHHOTO IMiaCHIeHHs, Wd
— JIJISTHKa aKTUBHOT 00J1acTi, a No — HIUIBHICTh HOCIIB TIPU IIPO30POCTI.

XBUJIbOBE PIBHSIHHS JI 3yCTPIYHOTO PO3MOBCIOKEHHSI CUTHAJIBHUX MOJIB

3aIUCy€EThCS Yy BUTIISIALL

EiiﬁzE((l—(ia—y)Fa(N_NO) (3.4)
oz vy ot 2 (1+e,R)

1€, Vg — IpyloBa WBUIKICTh, Y — BHYTPIIIHA BTpaTa pO3CIIOBaHHS aKTHBHOI
o0nacTi, oo — koediuieHT ['eHpi. OCKUIbKY MOJe TeHepallii MOIIUPIOETHCS B MEXKAX
cnektpanbHoi mupunu He Outbmie 100 I'T ycepenuni OBPF, To o — crana. Take
MPUITYIIEHHS TI03BOJIE TOCUTh TOUHO MojentoBatu SOA. PiBusaHs 11 osist ASE

MAa€ BUTISA



69

% _(I'a(N—Ny)-y)e (3.5)

0z

B piBusHHI (3.5) nepmuii nogaHok Bu3Havae nocwiieHHs ASE mpu ioro

+ Rsek(N)

MOIIMPEHHI.

+iX, (3.6)

Rsek (N) = (XlT)\/Fnsa(N - NO)MAVFSR 1EkhAZ

[lepenbavaeTnscs, 0 CIIOHTAHHE BUIIPOMIHIOBAHHS MOBOJHUTHCS SIK O1IWH
rayCCOBCKOTO IIyM. Xy, X — ['ayCOBI pO3MOJLUIEHI MOCIIIOBHOCTI BMITaIKOBHX
gucell. ns — koedimieHT iHBepcii 1 fx — gacrora K-i momm ASE. Cronranue

BUIPOMIHIOBaHHS PO3PaXOBYETHCS B Jllania30Hi 4acTOT MAVgsg, 1€ AVFsr - BUIBHUM

CHEKTpalbHUI Aiana3oH, a M sBIIA€TbCA LIUTUM YUCIIOM.

I
R, | 1 R,

N(0,0)| [Nz 0 |"[NTLo)

En® = lev@0| E*@0)| [E* G0

00| |et@ | letd

E-(0.0)| E-(z0)| |[E-00)

Fou(t) < E—@,t) £‘?Z,t) e‘?l,t)
z=0 Az z=1

Puc. 3.2 Cxema mozemntoBanHsi RSOA, B sIKMX POCTOPOBO JO3BOJICHI

3yCTpiuHi curHaiu, noyist ASE 1 miIbHICTh HECYUHX

Jlns mofpanHs nomMpenHs curHainy 1 ASE, gac t 1 mojiokeHHs Z 3MIHIOIOThCS

3 KPOKOM 3a3HaueHuM y popmyiaax (3.7) ta (3.8)

AZ =—

m

(3.7)
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Az (3.8)

ne | — momkuna aktuBHOI obOmacti RSOA 3 edeKkTUBHMM MOKa3HUKOM

C . . .
3aJIOMJICHHA 1g. V, =— — TIpynoBa MBHUIAKICTb, A€ C - IMBHUIKICTH CBITJIA Y
n

g
g
BakyyMi. [I{iJIbHICTH HOCIIB 4YHMCENBbHO BHUPIUIYETHCA 3 BUKOPUCTaHHSIM
MoaudikoBaHoro metoay Einepa.
Ha BuxoJl 3acTOCOBYIOTBCS Takl TpPaHWYHI YMOBHU 1 BIAOOpaKarOTh MEXI
RSOA noxa3ani Ha pucyHKy 2.
E*(0,t) =VRIE™(0,t) + \/EAL— R))E;, (1) (3.9)
E-(L,t)=vRmE*(l,)
e"(0,t) =vRie (0,1t)
e (L,t)=/Rpe*(I,t)
Ein(t) — mone Bxoxy asig Moau, R— Koe(ilieHT BIAOOpaKeHHSI MOTYKHOCTI
BUXO0NY, Rm — m3epkasibHa TpaHb. { mokasye 3B's30K BojokHa 10 RSOA. Buximnuii

curdai 1 ASE nipeacraseHi:

Eo(t) =+/E(1— RI)E(0,1) (3.10)
eo(t) =/E(L—Ri)e ~(0,1)

3aranpHa JOBKMHA pe30HATOpa BKJIOYAE B ceOE PO3MOAiIbYE BOJOKHO Ta
RSOA. YacroTHa xapakTEepHCTHKA BOJIOKHA, 1110 MPUITYCKAE TUIBKU MUCIIEPCIIO 1

3aracaHHs rpyIoBOi MBUAKOCTI:

2
(—0,11ﬂ+jizD%(V—v0)2)|_ (311)

Hi(v)=e
ne B — 3aracanHs BoyiokHa, D — mapamerp XxpomaTu4HOi mucriepcii i A —

cepenna nosxkuHa xBwil. Y OBPF wMae rayciBceky ¢opmy. 3 o0'egHanHs

4acTOTHOI XapakTepucTHku ¢inbrpa ['aycca 1 3aracanas VOA oTpuMyeMo:
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_((2(v—v0))2n In2 (3.12)

Hogep (V) = fe 2w
W — cmyra nponyckanss 3 n1b, n — nopsinok ¢inbsrpa [ayca, B — 3aTyxaHHs

VOA.

)

ASE 1 curnan nasepa, siKi MEpelarOThCS B MEPEXKY BUPAKEHI B PIBHAHHI

(3.13).
Eo(t) = /&, (H+ (V)H ogpr (V)E ) (3.13)
eo(t) = \/?CIO(H ¢ (V)Hogpr (V)€T0)

ne &g — BIIHOIIEHHS BUXITHOI MOTYXKHOCTI. E, — meperBopenHs Dyp'e
BUXIJTHOTO CUTHaIY, €, — ASE 3 RSOA.
BinpHuii ciekTpanbHui giana3oH Bupaxaetbes Gopmynoro (3.14).

c (3.14)

FSR=————
2(n,L+nyl)

Je M, — MOKa3HWK 3aJIOMJICHHSI ONITUYHOTO BOJIOKHa. Mu BBogmMO M sk
IIJIE YUCIIO MOJI, TIOB'SI3aHUX Pa3oM 1 I SIKHUX BUPINIYETHCS OJHE PIBHSIHHS.
YacToTy CUTHAITY BUBHAYAIOTHCS SIK:

f, = f, + KMFSR (3.15)

ne f, — menTpambHa gacrora.

BucHoBku:

BusiBuBmm, mo icHye mpobiieMa y €KOHOMIYHOMY MOKpallleHHI CHUCTEMHU
OyJ0 mpuiHSATE PIlIEHHS 3aCTOCYBaHHS 0e30apBHUX AOOHEHTCHKUX MPHUCTPOIB,
K1 TIOBUHHI MaTH MOKJIMBICTh BIJIITPABJISATH 1 MPUAMATH CUTHAIU HA OyIb-SKHUH 13
3a3HAYCHUX JIOBXKUH XBWJIb Ta BOJIOMIIOTH ITHPOKOCMYTOBHM TIOCHJICHHSM Ta
MOXJIMBOCTI MPSMOi MOAYJALil. BU3HAUMBIIUCE 3 TUM, SIKMM TIJCUIIIOBaY OyJie
BUTITHIIIMM 10 3a3HAa4eHUM Yy poOoTi ¢akTopam: BapTICTh Ta CKIATHICTh
BIIPOBA/KEHHSI, MPOBEIM MOJEIIOBAHHS IMIJICUIIOBAaYa Ta BU3HAYMIIM CXEMY 3

JaHHMMH AJI1 MOACJIIOBAaHHSA MacUBHO1 Mepe>1<i.
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3AT'AJIBHI BUCHOBKMU 110 POBOTI

VY nepuioMy po3aiii 8 poO3TIsHYIa BUIU ONTHYHOTO BOJOKHA Ta SBHINA, K1
BUHUKAIOTh Y HbOMY. Tako BU3HAYEHO MOOYAOBY BOJIOKOHHO-ONTHYHUX JIIHIN
3B’sA3Ky. Po3risiHyna yci etanu po3BUTKY CTaHJAapTIB Ta 00pajia MaCUBHY ONTUYHY
MepeKy HOBOTO TOKOJIHHS 3a 11 BIAMOBIAHICT BHUMOTaM MailOyTHHOro. MHOIO
3allpOTIOHOBAHO ~ BUKOPUCTAHHS  KOMOIHOBAaHMX  ONTHYHHUX  MEpex 3
MYJBTUIUIEKCYBAHHSM 3 pa3AUICHHSM 10 JOBXHMHI XBWIl. bo cnekrpaibHe
VIIUIBHEHHSI KaHaJIlB Ma€ NepeBarv: 34aTHICTh 3HAYHO 30UIbLIYBATH MPOIYCKHY
3MATHICTh KaHaly, I[pU LbOMY BOHAa JIO3BOJSI€E BUKOPHUCTOBYBATH BXKE
3aMpONOHOBAHI BOJIOKOHHO-ONTHYHI JHI, MO>KJIUBICTh oprasizaiii
JIBOCTOPOHHBOT OaraToKaHaJbHOI Tepefadl Tpadiky IO OJHOMY BOJIOKHY.
Obnagnanas WDM  3acTocoByeTbes ISl YAOCKOHAJEHHS Ta PO3IIMPEHHS
ICHYIOUMX MEPEK, 10 3HAYHO MIABUIILYE iX MPONYCKHY 3[aTHICTh 1 JOCTYIHICTh. 3
4acoM TIPOIYCKHa 3JaTHICTh MEpexXi 3HAYHO 3OUIBIIYETHCS 1 3MiHA Ha00py
HaJIaHUX MOCIYT BiIOYBa€ThCs 0€3 3aMiH ONTUYHOTO KaOelto.

[IpoananmizyBaBmm Metoau Juisl 3HMKEHHS BaptocTi ONU mpuitHsATO
piteHHss MozemtoBaHHA 0e30apsHoro ONU, po3MicCTHBIIM — BiJOMBarOuUii
HaIBIPOBIJHUKOBHUI ONTUYHUHN MIACUIIOBAY B IIEpeiayy BUXI1IHOI JiHI1 3B'SI3Ky. Y
i po6oTi npeacrapieHa MmareMatuaHa mojelb it RSOA FCL sk 6e36apBHOTO
nepeaaBayva s goctyimy WDM-PON HacTynmHOTO TTOKOJTIHHS.

Takum  umHOM, camo3arpaBHi RSOA-FCL € ©6araroo6insgrouumMu
0e30apBHUMU JKepesiaMu JUTsl Tepefadl JOCTYMy 3 HEeOOX1IHOK MIBUAKICTIO MPH

poOOTI 3 HaJIEKHUM YTIPABIIHHAM XPOMATHYHO1 AUCHEPCIi.
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