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PE®EPAT

Bunyckna pobGota mictuth 97 cropiHok, 38 umoctpamiii, 16 Tabmuup. bymno
BUKOPHUCTAHO 28 JKeped.

Meta pobotu — mocmimxeHHs TexHojorii WDM-PON ta XG-PON miomo
NPOMYCKHOI 3[aTHOCTI Ta IHIIMX MapaMmeTpiB. A TakoXX y OLIHII OCOOJMBOCTEH Ta
nepeBar X TEXHOJIOT1H MpH MoOyJ0B1 MEPEX JOCTYILY.

B pesynbrati gochimkeHHs: OyJo MpoaHaIi30BaHO MEPCHEKTUBHICTh MOOYA0BU
MEpEK IIMPOKOCMYIOBOIO JOCTYIy Ha OCHOBI ONTHYHOIO BOJIOKHA, BU3HAYCHHS
MOKJIMBOCTI 30UIBIIIEHHS TIPOITYCKHOI 3JaTHOCTI, IapaMeTpu Ta OCOOJUBOCTI
3aCTOCYBAaHHS IIMX TEXHOJOTIH Ui MoOyIOBHM MEpeX AOCTyIy. byno mpoBemeHo
NOPIBHAHHA TEXHOJIOTIN Ta BU3HAYEHHS iX MepeBar Ipu MoOyAoBI MEpex JOCTYIy a
TAaKOXK TOPIBHSHHS BapIaHTIB 3aCTOCYBAaHHsS OOJIaJHAHHS PI3HUX BUPOOHHUKIB s
no0yI0BY MEPEX 3a IIUMH TEXHOJIOTISIMHU.

KittouoBi cioBa: mmpokocMyroBa Mepexka goctymny, TexHoioris WDM-PON

texHoJorist XG-PON, onTruyHe BOJIOKHO, IPOITYCKHA 3JaTHICTb.



ABSTRACT

The graduation work contains 97 pages, 38 illustrations, 16 tables. 28 sources
were used.

The purpose of the work is to study WDM-PON and XG-PON technologies in
terms of bandwidth and other parameters. And also in the assessment of features and
advantages of these technologies when building access networks.

As a result of the study, the prospects of building broadband access networks
based on optical fiber, the determination of the possibility of increasing bandwidth, the
parameters and features of the application of these technologies for the construction of
access networks were analyzed. A comparison of technologies and determination of
their advantages in the construction of access networks was carried out, as well as a
comparison of options for the use of equipment from different manufacturers for the
construction of networks based on these technologies.

Keywords: broadband access network, WDM-PON technology, XG-PON
technology, optical fiber, bandwidth.
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ITEPEJIIK CKOPOYEHD

AN — Access Node — By3o0i1 10CTyITY

AWG — Arr ayed waveguide grating — XBUjeBOIHI PELIITKA 3 MATPHUIICIO

CG — Channel Group — kananpHa rpymna — Ha0ip nap kananiB (CP), mo meperaroThes
4yepe3 CHiibHE BOJIOKHO

CP — Channel Pair — xanaipHa napa

CPRI — Common Public Radio Interface — 3aransHOg0CTYTHUIT paxioiHTepdeiic

CT — Channel Termination — TepmMiHaliis kKaHay

CW — continuous wave — 6e3nepepBHOT XBHITI

CWDM - Coarse Wavelength Division Multiplexing — rpy0e crnekTpaibHe
MYJIbTHITJICKCYBaHHS

DWDM - Dense Wavelength Division Multiplexing —  miiipHe crieKTpaibHe
MYJIbTHUILICKCYBAHHS

EDFA — Erbium Doped Fibre Amplifier — BoJIOKOHHO-ONTHYHMIA TiJACHIIOBAY Ha
ONTUYHOMY BOJIOKHI, JISTOBAHOMY 10HaMH €pOir0

FTTH — Fiber To The Home — noBeneHHs BOJIOKHA 10 KBAPTHPHU

HFC — Hybrid Fiber -Coaxia — riOpuaHi BOJIOKOHHO-KOAKCiaIbHI TEXHOJIOT11

LWP — Low Water Peak — oqtHOMO10B€E BOJIOKHO 3 HU3BKUM BOJISIHUM ITIKOM

NZ DSF — Non-zero dispersion-shifted fiber — BosiokHO 31 3cyBOM HEHYJIBOBOT
aucnepcii

ODN - Optical Distribution Network — ontryHa po3noaiibua Mmepexa

OLT — Optical Line Termination — onTUYHUH JiHIHHWA TepMiHaT

ONT — Optical Network Terminal — ontuuHmii Mepex)eBHi TepMiHAT

ONU - Optical Network Unit — ontuunuii MmepesxeBuid (JIiHiiHMI) 070K

PMD — Physical Medium Dependent — piBenb, 3a1e)KHU# BiJl (I3UIHOTO CEPEIOBHIIA
PMD — Polarization mode dispersion — qucnepcis moJisipu3aliiHo-M010Ba

PON — Passive Optical Network — nacuBHa ontu4Ha Mepexa

R/S — Receive/Send — onopni Touku npuitomy/nepenadi Ha croporni ONU

RBD — Reliability Block Diagram — 60k-cxemu HaaiiHOCTI



S/R — Send/Receive - onopHi ToYkH repeaayi/mpuiiomy Ha croponi OLT

SDH — Synchronous Digital Hierarchy — cunxponna mugposa iepapxis

SNI — Service Node Interface — intepdeiic cepBicHOTO By3I1a

TDM — Time Division Multiplexing — MyIbTHIIIICKCYBaHHS 3 MOLIOM 33 4aCOM

UNI — User Network Interface — intepdeiic kopuctyBad-mepexa

VCSEL - Vertical-cavity surface-emitting laser — moBepxHEBO BUIPOMIHIOBAIIBHI
Ja3epy 3 BEPTUKAIBHUM PE30HATOPOM

WDM — Wavelength Division Multiplexing — mysTHIUIEKCYBaHHS 3a JOBKHHOKO XBHITI
WR — Wavelength Router — mapuipytuzarop, 1110 MapIipyTH3y€ 3a JOBKUHAMU XBHIIb

WR-ODN - Wavelength Routed ODN - posmoainbua Mepexa, IO BHKOHYE
MapIIpyTHU3aIIi0 33 JOBXHHAMHU XBUJIb

WRP — WR-ODN based WDM PON system — cuctema macuBHOT ONTHYHOI MEpexi Ha

ocHOBI TexHosorii WDM 3 po3noninsHo0 Mepexero WR-ODN



BCTVII

3 KOXXKHMM POKOM Tally3b TEJICKOMYHIKAIliil PO3BUBAEThCA BCE CTPIMKIIIe i
cTpiMkime. KoxHoro aHs 3'sSBISIOTHCS THUCSYl HOBUX 3aCTOCYHKIB Ta HOBUX MOCHYT.
Omneparopy TEIEKOMYHIKALIMHUX MOCTYT Ta PO3POOHUKH MPOTPAMHOTO 3a0e3MEUEeHHS
HaMararoTbCs IIBUKO pearyBaTH Ha 3pOocTaroyl moTpedu crokrBadiB. Takuid CTpIMKUN
PO3BUTOK  Mependayae  IMOCTIMHOTO  30UIBIICHHS  IPOMYCKHOI  34aTHOCTI
TEJIEKOMYHIKaLIMHUX MEpeX, 30KpeMa Mepex NoCTymy. JlocarT Takoro 301IbIIeHHS
MOXHa a00 OyAyr4Yu HOBI Mepexi, ki OyayTh 3aJ0BOJLHATH BUMOTaM Ha JaHOMY
eTarl po3BUTKY CYCILIbCTBA, 200 MOJIEPHI3YIOUH 1ICHYIOUI MEPEXKI, BIPOBAKYIOUH HA
HUX 1HHOBAI[1l{H1 BUCOKOE()EKTUBHI TEXHOJIOT1i Ta HOBE 00JIaJHAHHS.

Ha cphorogHimHiii JeHb B CETMEHTI MEpEX NOCTYIy NpeJCTaBl€Ha BeEJIHKa
KUIBKICTh €(DEKTUBHUX TEXHOJIOTIM MIMPOKOCMYTOBOTO JOCTYIy, MHPOBIIHUX 1
0e3mpoBiIHUX. Alle Oe3MmepeyHO HaWOUIbII MIMPOKOCMYTOBUMH, 3aBaJIOCTINKUMHU,
HaJIMHUMHU Ta BUCOKOE(EKTUBHUMU € MEPEK1 JOCTYITy HA OCHOBI ONITUYHOT'O BOJIOKHA.
BoHu MaroTh HallOUIBIILY CMYTY MPOIYCKaHHS 1 3aTHI IepeJaBaTh B CEKyHAy TepaliTu
iHpopmarii. Tomy nocmipkeHHS TOOYAOBH MeEpEX JOCTYIy 3a ONTUYHUMHU
TEXHOJIOTISIMU € Jy’K€ aKTyaJIbHOIO 3ajaueto. [IpakTuyHa LIHHICTh Ta HOBHU3HA TEMHU
JOCITIJIKEHHS TIOJITae y po3risial Bukopuctanus texnosorii WDM-PON st mepex
JOCTYMy, TOMY IO paHIlIe TEXHOJOTis MYJbTUIUIEKCYBaHHS 3a JIOBXKHHOK XBHII
BUKOPHCTOBYBAJIACS JIMIIIE B TPAHCIIOPTHUX TEICKOMYHIKALIMHUX MepexKax.

3a cropivus JuIsi KOMYHIKaIlli BAKOPUCTOBYBAJIUCS TpU MeaiaTrexHouorii. OmHum
13 TaKMX HIMPOKO PO3MOBCIOKCHUX CEPEIOBHIN IEpPEeIaBaHHA, SKHH CIOYaTKy
BUKOPUCTOBYBABCS I JAOCTABKM IO AHAJIOTOBIM TeneQOHHIN JNiHIT 10 MPUMILIEHB
aboHEeHTIB, OyB MiqHUI Kabenb. BiH Takok BUKOPUCTOBY€ETHCA JIJIA Miepeadl nu(poBux
nanux y TexHosorii DSL (Digital subscriber line). 3aBnsku kabenpHOMY TeeO0aueHHIO
OTIepaTOpU TOYAJM JOCTABIISATH TEJEBI3IMHI CUTHAIM B PI3HI OyAWMHKHA 3 TOJOBHOL
aHTeHU (TOJIOBHOI CTaHIII1), PO3MIIIEHOI B I[bOMY pailOHi, 3a IOMMOMOTOI0 KOAKC1aIbHOTO
ka0emto. Konuenuis Oyna Bioma sik TeneBiziiiHa cuctema criiibHOi aHTeHu (CATV).

L1 TexHOJIOTIsI B JaHUI Yac €BOJIIOLIOHYBaja 10 TAKOTrO CTaHy, 110 KaOesb 3AaTHUN He
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TUIBKK TIepeJaBaTH TeJNEBI3IHI CUTHAIM JUIS CYNMYTHHKA, aje TaKoX MOXe
MIITPUMYBATH T'OJI0COBI Ta TeaedOHHI MOCTYTH.

KpiMm Toro, eBomrormisi mnpusBeina [0 IIMPOKOCMYTOBOi MeEpexi, B SKIA
MOEIHYIOTHCSI ONTUYHE BOJIOKHO Ta KOakcianbHUM kaOenb. L{g Mepexa Bigoma sk
riopumHa BoJokoHHO-koakcianpHa cuctema (HFC). Jleaki 3 momiTHHX mepeBar
ONTUYHOTO BOJIOKHA B MEPEXI MOJATal0Th Y TOMY, IO MOPIBHSHO 3 KOAKCialbHUM
Kka0eneM BOHO JEMOHCTPYE Jy»e HU3bKI BTPATH CUTHANY Ta BUCOKY €JIEKTPOMArHiTHY
CTiMKiCTh. BUX0s 41 3 hOT0, CUTHAIM MOXHA €()EKTHBHO TPAHCIIOPTYBATH HA JIyXKE
BEJIMKI BijicTaH1 0e3 HeoOX1IHOCTI mijcrieHHs. OTxKe, 11e MOYKHA IEPEBECTH Ha Kpallly
SKICTh, IJBUINCHY HAIIMHICTh 1 HWXKYI eKCIUTyaTalliiHi BuTpatu. KpiMm ToTrO,
pesynbratom eBosrorii € FTTH (Fiber To The Home ). Bymo momidyeHo, mo koiu
onepatop nepexoauts 3 mepexi HFC a6o mepexi 3 Buroro maporo Ha FTTH, moxHa
JOCSTTH NPUOIU3HO 75-95% exkoHoMmii onepauiitHux BuTpar [18].

JUisi HaaHH MOCIYT «HOTPIMHOTO JOCTYIY» (TOOTO TroJioCy, JAaHUX 1 BIIEO)
yepe3 OJHE 3’ €AHAHHS MOCTAYaIbHUKU IMTUPOKOCMYTOBUX TOCIYT BUKOPHUCTOBYIOTh
pi3HI KOHKYPYIOUl TEXHOJOTIi 11 €pEeKTUBHOro HaJaHHs mociayr. OAHaKk KOKHa 3
ICHYIOUMX TEXHOJIOTii Mae€ BIAMOBIIHI OOMEXEHHsI II0JI0 HAJIMHOCTI CHCTEMH,
BAapTOCTI, MPOIMYCKHOI 3JIaTHOCTI Ta TMOKPUTTA. TEXHOJOTiS HAa OCHOBI ONTHYHOTO
BOJIOKHA M€ pi3H1 BJIACTUBI NEPEBATH, SIKI € AY>KE€ NEPCHEKTUBHUMHU 1JIs1 €(DEKTUBHOTO
HaJaHHS MOCTYT. TakKuM YMHOM, 11€ POOUTH ONTOBOJIOKOHHY TEXHOJIOT1I0 JOMIHAHTHOIO
Ta HE Mae co0l pIBHUX cepell IHIIMX CYYAaCHUX MIMPOKOCMYTOBUX TEXHOJIOTIH.
He3Baxatouu Ha 11€, Bi10YJIMCSI TOMITHI PO3POOKH B THIIINX KOHKYPYIOUUX TEXHOJIOT15X.
OTxe, BOHU 3MOTJHM 3aJ0BOJBLHUTH TOCTIHHO 3pOCTal0yi BUMOTH JI0 MPOMYCKHOL
3IaTHOCTI.

Sk 3a3Havanmocs  paHimie, BIOPOBA/DKEHHS  TEXHOJOTIH  (HIKCOBAHOTO
HIMPOKOCMYTOBOIO 3B’SI3KY 3aJIEKUTh BiJ MNPAMOro (i3UYHOro 3 €JHAHHS MIXK
Mepexero oneparopa Ta OyiBiero aboHeHTa. Hu3ka mrupoKoCMyTroBUX TEXHOJIOT1H, K
udposa aboHeHTchKa JiHig (XxDSL), kabenpHUN MOJEM 1 MUPOKOCMYTOBUHN JOCTYII
yepe3 JiHil enekTponepenad (BPL), 3HayHO po3BHHYJAcs Ta BUKOPUCTOBYE MOTOYHY

dbopMy abOHEHTCHKOTO MINKIIOYEeHHsS. Hampukian, cucreMu KaOEIbHUX MOJIEMIB
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0a3yloThCsl Ha ICHYIOUHMX Mepekax kaOenbHoro tenebauenHs HFC. Kpim Ttoro, y
cucremMax XDSL  BHUKOpPUCTOBYIOTBCS  TpaAMIliiHI BUTI MIOHI mapu, SKi
BUKOPUCTOBYIOTHCS IS TOJIOCOBUX TOCIYT y ¢y’k01 3BudaitHoro tenedony (POTS).
A miHIi enmekTporepenad, IO KUBIATh OyAWHOK abo KBapTupy aOOHEHTa,
BUKOPHCTOBYIOThCS 3a TexHosorieto BPL nns HamaHHS MMPOKOCMYTOBHX MOCTYT. 3
1HIIOTO OOKY, 3aJI€3KHO BiJ KOH(Dirypartii mepexi, cuctema FTTx Bumarae 101aTKOBOTO
BCTAHOBJICHHSI Ta MIAKJIIOYEHHS ONTOBOJIOKHA Bij leHTpanbHoro odicy (CO) npsmo 10
abo moOnu3y Bix abonenta. L{s BuMora poouts posropranss cucremu FTTx BigHOCHO
JIOPOTHM.

[IpoBaiinepu kabenbHOTO TeaebauyeHH MIMPOKO BIPOBAKYIOTH KOMYHIKaIlliHI
3aco0u. Mepeka B OCHOBHOMY CKJIQJA€ThCS 3 KOAKClaIbHUX KaOeliB, sIKl 3a3BHYAi
PO3rOpTaIOThCSI MIXK LIEHTPATHHOIO TOUKOIO (OMTUYHUM BY3J0M) 1 OyauHkamu. Kpim
TOTO, PSAJ ONTUYHUX BY3JIB MIJAKIIOUYEHO J0 TOJOBHOI YACTHHH Y€pe3 OMTOBOJIOKHO.
Takum umnom, HFC-mepexa omeparopa kaOenbHOTO TeneOadeHHS € KOMOIHAIIIE0
KOAaKCIaJbHOTO Kabemto Ta onToBoJIOKHA. Crifl 3a3HaYUTH, OOMEKEHHS IMPOITyCKHOI
3natHocTl Mepexi HFC € B OCHOBHOMY pe3yJIbTaTOM BUKOPHCTAHHS KOAKCIaJbHOTO
Kabenro.

Mexani3zm KOHTpodto goctymy 1o ¢izuudoro cepenosunia HFC MAC moxe
O0aszyBarucsi Ha ctangaptax Multimedia Cable Network System Partners Limited
(MCNS) a6o IEEE 802.14. Kpim toro, DOCSIS MCNS € crangapTom ae-¢GhakTo B
ka0enpH1 npoMucnoBocti. Hanpuknan, y Crnonydenux llltarax xabenbHI KOMMIaHIi
OOCITyroByIOTh BEIMYE3HY KUIBKICTH AOOHEHTIB IIHPOKOCMYTOBOTO 3B SI3KY,
npuonu3Ho Ha 40% Oiblne, HiK a00HEHTIB onToBojiokHa Ta DSL. I{to TeHacHIIII0 B
OCHOBHOMY MOXHa TMOSCHUTH T[IOMITHOK HEBIUHHOI €BOJIOIIEI0 KaOeIbHUX
TexHoJIoriH [18].

Y 2013 pomi kommanis Cable Television Laboratories, Inc. (CableLabs)
orosiocuna npo oHosieHl crnenudikamii DOCSIS 3.1. Kpim Ttoro, y 2017 pomi
CableLabs 3aBepmmna cBoto crnernudikariito Full Duplex DOCSIS 3.1 i3 mokparieHoro
€EMHICTIO Ta MIATPUMKOIO CUMETPUYHUX MYJIBTUTIraOiTHUX cepBiciB . EBooris

MpUHECIa 3HaYHEe BJOCKOHAJICHHS, K€ 3MIHWIO cUrHal Big QAM 3 ofHi€I0 HECYUOrO
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(SC-QAM) 10 MyJIBTHILIEKCYBaHHS 3 OPTOrOHAIBHUM YacTOTHUM moaiioMm (OFDM).
Kpim Toro, Oynu npuiiHaTi MOAYJ ALl BUIIOro mopsaky 10 4096 QAM 3 10/1aTKOBOIO
niaTpumMkoro 8192 1 16384 QAM. Kpim Toro, sk 1 Mepexki JOBrOCTPOKOBOTO PO3BUTKY
(LTE), B sxkux miarpumyerbest arperanis Hecyuux (CA), ocrtanHi crneuudikaiii
DOCSIS miaTpumyroTh 3B’SI3yBaHHS KaHaiB. YOCKOHAJICHHS 3a0e3MeuyioTh
OiATPUMKY MOOUTRHOTO TpaH3UTHOTO/(hpoHTansHOro 3B’s13ky (MBH/MFH), Bigeo 3
HAJIBUCOKOIO po3auIbHOIO 3aaTHicTIO (4K/8K) Ta iHImIMX 10AaTKIB BIpTyalbHOI
peanpHOCTI Ta [oT. OTxe, 3 eBOMIOMIEI0 KaOETbHUX TEXHOJOTIH, MOKIUBOCTSIMU
HIMPOKOCMYTOBOIO 3B’A3KY, 3HAYHOIO THYYKICTIO Ta 3JaTHICTIO MiATPUMYBATH
BEIIMYE3HY KUIbKICTh KOPHUCTYBauiB O4iKyeTbcs, 10 Mepexi HFC mocriitHO
JTOMIHYBaTUMYTh Ha PHUHKY IIHPOKOCMYTOBOTO JOCTymy. lIpoTe MmUpOKOCMYTOBi
MOCIIyTH KabeJIbHOTO Tesie0aueHHs 3aeKaTh Bl CIIIBHOT MEPEKEBOi 1HOPACTPYKTYpH
[18].

TakuM 4YMHOM, MEpEKeBa 3aJCKHICTh BiJ KIJIBKOCTI a0OHEHTIB, SIKI CIUIBHO
BUKOPHCTOBYIOTH TOJIOBHE 3’ €IHAHHSI, 00MEXKy€ €(DEeKTUBHY MPOIYCKHY 3/IaTHICTD, SIKY
MO>KHA HaJIaTH.

He nuBnsiuuce Ha ycmixy TEXHOJOT1M KabelbHOTO TeJaebaueHHs, Ha MOKIJIUBOCTI
VDSL Tta 0e3npoBiTHUX TEXHONOTIH, Y JaH1ii poOOTI 3HayHa yBara npuauIsIEThCs came
ontuyHuM  TexHoJsorisiMm  WDM-PON Tta XG-PON, ki € 0e33anepedHo
MEePCIEKTUBHUMHU.

AKTyanpHICTh POOOTH MOJSATa€E y TMOCTIMHOMY 3pOCTaHHI BHUMOT OO
MPOITYCKHOI 3/TaTHOCTI MEPEX JOCTYMy /I 3aJI0BOJICHHS MOTPed KOPUCTYBadiB y
pPI3HOMaHITHUX 1 BHCOKOIIBUAKICHMX Tociyrax. IIpoGnemoro € 3abesneueHHs
KOPHUCTYBa4iB BUCOKOSKICHUMH IIMPOKOCMYTOBUMH ITOCTyTaMHU.

Mera nuceprariii nonsrae y aociimkenti Texnonorii WDM-PON ta XG-PON
1010 MPOITYCKHOT 3AaTHOCTI Ta 1HIIUX MapaMeTpiB. A TaKOX y OLIHII 0COOIMBOCTEN
Ta MepeBar UX TeXHOJIOT1H MpHU Mo0Y10B1 MEPEX JTOCTYITY.

OO0’exTOM JOCHIIPKEHHS € TMAacUBHI ONTHYHI Mepexi aoctymy. I[Ipeamerom

JTOCITIKEHHS € TOOY1I0Ba MEPEK JOCTYMy Ha ocHOB1 TexHojorii WDM-PON.
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3aBnaHHsMu poOoTu € mpoanaiizyBatu TtexHojorii WDM-PON 1 XG-PON Tta
BU3HAYNUTU MOXJIMBOCTI 30UIBIIEHHS MPOIMYCKHOI 3AaTHOCTI, OLIIHUTH HapaMeTpu Ta
0COOJIMBOCTI 3aCTOCYBAaHHSI LIUX TEXHOJIOTIH A7l MOOYI0BH Mepex JocTymy. [IpoBecTu
TaKOX TOPIBHSHHS ITUX JBOX TEXHOJOTIN Ta BU3HAYHWTH iX TMEpeBard mpu moOyIoBi
MepexX JocTymy, oOrpyHTyBatu BuOip TtexHosorii WDM-PON nmns mnoOynoBu
HMIMPOKOCMYTOBHX MEPEX JOCTYIY 1 MOJIEpHIi3allil ICHYIOUHX 1 OIIHUTH ii IepeBaru npu
3aCTOCYBaHHI. 3alponoHyBaTH BapiaHTH 3aCcTOCYBaHHS OOJaJAHAHHS  PI3HUX

BUPOOHUKIB /ISl TOOYJOBH MEPEX 38 LIUMHU TEXHOJIOT1SIMH.
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1 OBIPYHTYBAHHS ITEPCITEKTUBHOCTI ITOBY IOBU MEPEX
MPOKOCMYT'OBOI'O JOCTVYITY HA OCHOBI OIITUYHOI'O BOJIOKHA

1.1 OnTOBOJIOKOHHI TEXHOJOT1 IIMPOKOCMYTOBUX MEPEXK JOCTYITY

Haii611b111 po3BHBaIOUYMM CErMEHTOM C(epy TEIEKOMYHIKaIli € IUPOKOCMYTOBI
Mepexi Joctyiy. BucokomBuakicauit abo mupokocmyrosuit noctyn (LLICH) — noctyn
0 Mepexi IHTepHEeT 3 BENMKOI IIBUAKICTIO, € MPOTHICKHICTIO KOMYTOBAaHOMY
JIOCTYITY 3 BUKOPUCTAHHSIM MOJIEMY 1 TeJle(pOHHOT MepeKl 3aralbHOr0 KOPUCTYBaHHS.
SIKII0 KOMYTOBaHMIM JOCTYN Ma€ OOMEKEHHS IO MBHAKOCTI 56 KOIT/C Ta MOBHICTIO
3aitmae TeseoHHY JiHII0, TO IIMPOKOCMYTOB1 TEXHOJIOT1] 3a0€3MeuUy0Th B OaraTo pa3iB
OUIBIITY MIBUJIKICTH OOMIHY TaHUMH. Mepexi TOCTYITy MoYalu MePeXoIuTH Ha ONITUYHI
TEXHOJIOT1i, 10 JaJI0 3MOTY 30UIBIIUTH MIBUAKICT Ta MPOIYCKHY 3/aTHICTh MEPEXKI.
[Ilo crocyeThest TIOpUAHUX BOJOKOHHO-KOakcianmbHux TexHosorid (HFC), To BoHM
OposIBUIM ce0e B Mepekax KaOelbHOro TenedaueHHsA. 3 LbOI0 MOXXKEMO 3pOOUTH
BHCHOBOK, IO 3aCTOCYBaHHSI ONTOBOJOKOHHUX TEXHOJIOT1H Ha CHOTOAHINIHIA Yac €
NEPCIIEKTUBHUM BEKTOPOM PO3BUTKY MEPEX HIMPOKOCMYIOBOIO JOCTYITy. TexHousorii
SDH, PON, WDM no6pe nposiBuiu cede 1 Jaiau 3MOory JOCATHYTH IIBUKOCTI epeaadi
nmanux 1-40 I'oit/c.

Ha croroani, cepea TEXHOJIOTIM ONTHYHUX MEPEX JTOCTYIYy HaNMOUIbII
BuKopucToBYy€eThCs Passive Optical Network (PON). CyTb Texnosorii PON B Tomy, 1110
MDK IEHTpaJbHUM 1 aOOHEHTCHKUMHU BY3JaMH CTBOPIOETHCS TIOBHICTIO TMacHBHA
ONTUYHA MEpexa JEPEBOBUAHOI TOMOJIOTii. B mpOMIXKHUX By3lax JepeBa po3MilleH1
KOMITaKTHI ONTHYHI pO3rajdyXyBadi (CIUIITepH), SKI HE NOTPeOYyIOTh IKepena
YKUBJIEHHS 1 00ciyroByBaHHs. Bes iHpopmarttis nepegaeThest BiJi ONTHYHOTO JIHIHHOTO
tepminainy (Optical Line Terminal — OLT) 1o onTuaHuX MepekeBUX OJOKIB y KIHIIEBUX
xopuctyBauiB (Optical Network Unit — ONT, a6o Optical Network Terminal — ONT)

Ta yutaerbes 3 HUX (Puc.1.1). [1]
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MacusHUA ONTUYHUIA
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ONTUYHUIA NiHIKHKUIA
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/
MacMBHUA ONTUYHWA
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ONTUYHMIA MepeeBni
moayns (ONU)

Pucynok 1.1 — Mepexa PON

Kinbkicte aboneHTchkHX By37iB ONU, miAKIIOYEHUX A0 OJHOTO ONTHUYHOTO
tepmiHary OLT, moxke OyTH Jy’*e BEIUKOI 1 OOMEXKEHa TUIbKU MOTYXKHICTIO, Ta
MaKCHUMAaJIbHOIO TIBUIKICTIO MpUAMaIbHO-TIEpeaaBaabHol anaparypu. s nepemadi
iHdopmarii Bix OLT no ONU sk nmpaBuiio, BUKOPUCTOBYETHCS JOBKHUHA XBUIT 1550
HM, a Bi1 ONU no OLT nepenaua BinOyBaeThest Ha AoBxuH1 XBujl 1310 am. B OLT ta
ONU BcranoBnieHi myibTuruiekcopu WDM, ski po3auIgiOTh TpsIMUN Ta 3BOPOTHIM
MOTOK 1HQOpMaIlli, 110 Ja€ MOXJIUBICTh Tepenadl 0araTbOX CUTHANIB Ha PI3HUX
JTOB)KUHAX XBWIb 110 OJIHIN JKUIIL.

3actocyBanHs TexHosorii PON B Mepexax JoCTyIly Mae YuMalo repeBar:

- €KOHOMISI BOJIOKOH B aDOHEHTCHKHUX ONTUYHUX KaOeIsX;

- 3MCHIIICHHS ONITUYHUX BUIIPOMIHIOBAUIB Ha TOJOBHIM CTAHITIT;

- MOXJIMBICTh OJTHOYACHOI TIepeiayul TpbOX BHIB 1H(pOpMaIlii — ToJI0Cy, BiACO 1
TaHUX;

- HeMa€ HeOOX1THOCTI )KUBJICHHS MEPEKEBUX €JIEMEHTIB (KpIM KIHIIEBHX);

- HEBEJIMKI BUTPATH Ha 0OCITyroByBaHHs 00Ja HAHHS;

- MOKJIMBICTb MIJKIIOUCHHS BEIUKOI KIJTBKOCTI Aa0OHCHTIB;

- MOJIMBICTh JUHAMIYHOI 3MIHU IIBUIKOCTI Tiepenadl iHdopmartii;

- oJiajbliie 30UIbIIeHHS BUAKOCTI nepenadi (o 10I°6it/c 1 Buie) [2].
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PizsoBuaun PON

PON TexHoJyiOTisl TOAUISETHCS Ha KiJdbKa PI3HOBUIIB, B 3aJIe)KHOCTI BIJ
POTOKOJIIB MIepeadl TaHuX:

- APON (ATM PON) — crangapt ITU-T G.983.x;

- BPON (Broadband PON) — crarmapt ITU-T G.983.x;

- EPON (Ethernet PON) — cranmapt IEEE 802.3ah;

- GPON (Gigabit PON) — crannmapt ITU-T G.984 x.

- WDM-PON (macuBHa onTUYHA MEpEkKa).

APON — texHoJorist po3pobiieHa B cepenuni 90-x pokiB. [lepenaua iHpopmarrii
06a3yerbcs Ha npuHnuii ATM, mo 3a0e3nedye mBUAKICTH iepenayl 155 Moit/c, y pasi
CUMETPUYHOTI0 pekuMy, Ta 622 Mo6iT/c B ipsimomy norolti 1 155 MOi1/c B 3BOpOTHEOMY
MOTOLIl B aCUMETPUYHOMY pexuMi. J{Jist KopekTHOT nepeaaydi iHpopMallii Ta yHUKHEHHS
3mimryBanHs noTokiB OLT Bukonye 3anut y ONU Ha 103BUT BiAnpaBku iHGopMarii.
Takuit pizHoBUA TexHOI0T1i PON Mailke He BUKOPUCTOBYETHCS B HAIII Yac.

BPON — nacTtynmHuii KpoK BIOCKOHaJIeHHS TexHoJjorii. IIBuakicTe mepenayi
iH(popmarii 30ublIeHa 10 622 MOIT/c B cUMEeTpU4HOMY pexumi, Ta 1244 Moit/c B
npsMoMy motorli 1 622 MOiT/c B 3BOPOTHHOMY IMOTOILl B ACUMETPUYHOMY PEXHMI.
Buaineno nosxxuny xBuiii 1550 HM JIJ1s1 TOTOKY BiJieoiH(pOpMaIii.

EPON — texnomorisi po3pobnena Ha mouatky 2000 pokxy. [ns mepemaudi
iH(dopmarii BukopucroByBaiacs TexHosoriss Ethernet, mo 3a0e3mneunna MBHAKICTH
nepenadi 1 ['0it/c B mpsiMoMy 1 3BOPOTHBOMY NOTOKax, Oa3yrouuck Ha IP-npoTtokoii
Ut 32 a0OHEHTIB.

GPON — € HacTynmHIM KpoKoM po3BUTKY TexHosorii APON-BPON. HIBunakicth
nepenayl iHGopmarli 30u1bmeHa 10 1244 MoOiT/c B CUMETpUYHOMY pekuMi, Ta 2488
MO6it/c B mpsamomy miotoiri 1 1244 MOiT/c B 3BOPOTHBOMY TIOTOIll B aCUMETPUYHOMY
pexxumi. BenmukuM HeI0IiKOM CUCTEMHU MOOYA0BaHOT Ha 0a3i i€l TEXHOJIOT1T — BeJIUKa
BapTICTh OOJaTHAHHS, IO Ja€ MOXJIMBUM BHKOPHUCTOBYBATH ii TIJbKH BEIIMKUM
oneparopam [3].

Posrisitnemo icHyroui TexHosiorii PON Ta nmpoBezemMo aHani3 iX XapaKTepUCTUK

(Ta6m.1.1) [1].



Taomurg 1.1 — Texuonorii PON

Ha3spa texHoJorii APON(BPON) EPON GPON
[HCcTUTYT ITU-T ITU-T
CTaHAapTH3aIlil SG15/FSAN | IEEE/EFMA SG15/FSAN
JlaTa npuiHATTS 1998 p. 2004 p. 20003 p.
Crangapt ITU-T G.983.x IEEE ITU-T G.984.x
802.3ah
HIBuakicTh mepemadi 155/155 1000/1000 | 1244/155,622,1244
TaHUX, 622/155 2488/622,1244,248
MPSIMUIT/3BOPOTHIH 622/622 8
moTik, MOiT/C
bazoBuii npoToko ATM Ethernet SDH
JIiH1MiHUHI KO NRZ 8B/10B NRZ
MakcuMalbHUI 20 20 20
paalyc Mepexi, KM
KinbkicTs aOOHEHTIB 32 16 64
Ha OJTHE BOJIOKHO
Kopexkuist momMusiox [Tepenbauena Biacytus Heobxigna
FEC
JIOB)XKHHA XBHIIb 1550-1310 1550-1310 1550-1310
npsiMoro/3Bopotaporo | (1480-1310) (1310-1310) (1480-1310)
MOTOKY, HM
Juuamiuauit po3noain | Ilepenbadeno | Iliarpumye [Tepenbaueno
CMYTHU
IP-dbparmenraris [Tepenbauena Biacytus [lepenbauena
3axXHUCT TaHUX [udpyBanuas BiacyTHii [udpyBanus
BIIKPUTUMHU BIIKPUTUMU
KITFOUaMH KITFOYaMH
Pe3epByBanHs [Tepenbaueno Bincyrue [Tepenbaueno

Taxum ynHOM Oaummo, mo texHoyioris GPON Ha maHuii MOMEHT € HaWO1JIbII
€MHOIO (BEJIMKa KUIbKICTb a0OHEHTCHKHMX BY3IIB), 3a0e3nedye OLIbIl IIBUAKICHE

3’eaHaHHs, miaTpumye [P-dparmMenrairiro Ta 3aXuCT TaHUX.
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1.2 Bosokonno ontuyHi JiHii 38’ s3ky (BOJI3)

CrpykTypa Ta GyHKIIOHATIBHI €JIeMEHTH ONITUYHOI MEPEXkK1 JOCTYIY.

Ax  Oymo  3a3HaueHO  BWINE, BOJOKOHHO-omTwuHi  kabem  (BOK)
BUKOPHUCTOBYIOTHCSL JJIsi TIEpe/adi CUTHANIIB HaBKOJO (MiX) OyIMHKIB 1 BCepeauHi
00'exTiB. [Ipy mMoOy10B1 30BHINIHIX KOMYHIKALIMHUX MaricTpajiei rnepepary HaJaarTh
ONTUYHUM KabemsiM, a BcepeauHi OyaiBenb (BHYTPILIHI MiICHCTEMH) HAPIBHI 3 HUMHU
BUKOPUCTOBYETHCS TpajulliiHa BuTa mapa. Takum yumHOM, po3pizHaoTh BOK nmms
30BHIIIHBOI (outdoor cables) Ta BHyTpimHKOI (indoor cables) mpoknaaku. Jlo okpeMoro
BUJly HaJjeXaTh 3'€IHyBaJIbHI Ka0esl BcepeauHl NPUMIIIEHb BOHU BUKOPUCTOBYIOTHCS
K CIIOJIy4YHI IIIHYpU Ta KOMYHIKaIli TOPU30HTAIBHOIO PO3BEJICHHS — JJIsl OCHAIIECHHS
OKpeMHX pOoOOYMX MiCIlb, @ 30BHI — JiJIsl 00'eqHaHHA OyaiBedb. MOHTaXX BOJIOKOHHO-
ONTUYHOTO KaOENI0 3A1MCHIOETHCA 3a JOMOMOIOI0 CIEUIAIbHUX 1HCTPYMEHTIB Ta
npuiaiB [4].

OntuyHa Mepeka JOCTYMy CKIQa€ThbCsl 3 ONTUYHOTO Kabemo Ta 1HIIUX
BOJIOKOHHO-ONITUYHUX KOMIIOHEHTIB 1 MPOCTATAETHCS B By3Jla JOCTYIY /10 KIHLIEBOT
TOYKM B MPUMILNIEHHSAX aOOHEHTIB. 3a3BH4Yail BY30J1 JOCTYyIy pO3TalllOBaHUU B
amapaTtHiii KiMHaTI omeparopa 3B'SI3Ky, a KIHIEBUH MNpUCTpid aboHEHTa - Yy
OYJIMHKOBOMY PO3TOITHHUKY.

[Ipu OymiBHUUTBI ONTUYHUX MEPEK JAOCTYIY BUKOPHUCTOBYIOTHCA TaKi CIOCOOU
MPOKJIAJIKK ONITUYHOTO Kabemro:

— [Ipoknanka B icHyouy KaOellbHY KaHai3ailito abo B 3aHOBO MPOKJIAJEHI
N13eMH1 TpyOH

- [Ipoknanka kaOens Oe3mocepeHRO B 3eMJI0 (32 JOMOMOTOIO
kabeJeykiraaya abo B MIATOTOBJICHY TPAHIIIEHO)

— [TinBicka kabemto Ha omopax (MOBITPsHA MTPOKIIAIKA)

- [TimBoiHA MPOKIIaJIKa JHOM MOpsI, 03epa abo piuku

KabenbHa Tpaca MoXke BKJIIOYATH MPsIMi Ta/abo0 po3raiyKyBayibHi MydTu. [Ipsmi
kabenbHl My()TH HEOOX1AHI, OCKUJIBKA OyiBeNbHI JOBXKHUHU KaOemto OOMEeXYyHThCs

MOJIMBOCTSIMM BUPOOHUITBA, Ta M 3 IHIIMX CYTO TEXHIYHMX MIPKYBaHb 4YacTO
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HEMOXJIUBO TPOKJIACTU KaOelnbHY Tpacy, BUKOPHCTOBYIOUM OJIMH Oe3nepepBHUMN
kabenb. 11 MydTH nomimarThCs B TEPMETUYHUM KOXKYX 1 PO3TAIIOBYIOTHCS B
KaOeTpHUX KOJIOIA3X, JIOKAaX, OE3MOCepemnHbo I 3emiero abo Ha omopax B
3JIKHOCTI BiJl 0OpaHOTO CIIOcO0y MpoKiIagaHHs kabento. Po3ranyKyBaibHi KaOebHi
MYy(QTH BUKOPUCTOBYIOTHCS MPU HEOOX1AHOCTI BUIAUIUTH YAaCTUHY BOJIOKOH 3 KaOeJro 3
BEJIMKOIO KUIBKICTIO BOJOKOH B OJMH a00 Kilbka KaOemiB. Po3ramyxyBanbHi MypTH
MOXKYTh MOMIIIATUCS B TEPMETUYHHUM KOXKYX, MPOTE BUKOPUCTAHHS KaOenbHUX Iad
3a0e3rnevye OUIbIy THYYKICTh 1 MOKpAIlye PEeMOHTOIPHUAATHICTh Y CUTYalisIX, KOJIH
KUTBKICTh BIJITATY>KCHb BEJIUKA 1 MOXKE 30IBIITUTHCS B MalOyTHHOMY .

Koxna kabenbHa NUISHKA 3aKIHUYEThCS 3 000X KIHIIIB MHaT4-TIaHEIsIMU abo
BIKOHHUMHU HPUCTpOsIMUA. Po3moninibHUK omneparopa 3B'sI3Ky a0o OyIMHKOBHUI
PO3MOIUIBHUK BEJIMKOTO MIANPUEMCTBA MOXKE CKIIAaTUCS 3 ONITUYHUX PO3NOIIIIbHUKIB
BEJUKOI €MHOCTI. JIOMOBHMI1 pO3MNOAUIBHUK >KUTIIOBOI 0OaraTonoBepxoBOi OyaiBii
3a3BUYall € KIHUEBUM MPUCTPOEM ab0 MaTy-MaHeNbl0. Y OYyIUMHKY Ha OJHY CIM'IO
BCTAHOBIJIIOE€THCS HEBEIMKUI OyIMHKOBUN a00 KBapTUPHUI PO3MOAUIEHUK 3 ONTUYHUM
KIHIIEBUM MPUCTPOEM a00 KIHIIEBUM HpuUcTpoeM 13 BOyaoBanum ONU. Onrtuyna
Mepeka TOCTYITy MOKE BKIIFOUATH MTPOMIKHI PO3IMOAUIBHUKY, TaKl SIK MIChK1, KaMITyCH1

a0o ClIbChKI [5].
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Pucynoxk 1.2 — CtpykTypa Ta GyHKIIOHATBHI €JIEMEHTH ONTUYHOI MEpPEX1 TOCTYIY 3
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Pucynok 1.3 — 3aranpHa CTpyKTypa Mepexi J0CTYITy
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1.3 EBosro11isi BOJJOKOHHO-ONITHYHUX CUCTEM 3B’ SI3KY

3a ocTaHH1{ Yac 3Ha4YHO 301UIBIIMBCS MOMUT Ha Tpadik AaHUX 1 HOro MocTayaHHs
yepe3 iHhopMatiitHo-KoMyHIKaIliiHi TexHojorii. Came Tomy 3’sBHIIacs HEOOXITHICTh
po3risiHyTH ocTaHHi 20 poKiB, MO0 MpoaHaTi3yBaTH €BOJIOIII0 BOJOKOHHO-ONTUYHHIX
CUCTEM 3B’S3KY, OLIIHUTH MEPCIEKTUBU MOOYJOBU IIUPOKOCMYTOBUX MEPEXK JOCTYITY
Ha OCHOB1 BOJIOKOHHO-ONITUYHHUX TEXHOJIOT1M Ta MOTEHIINHI IIJISXH 1X PO3BUTKY.

B nunni 1997 poky 3 TOYKHM 30py 3HAYHOTO KOMEPIIITHOTO BHPOBAKEHHS,
noyanacs e€pa CHUCTeM 3 BHUKOPHUCTAHHSIM CHEKTPAJIbHOTO VIIUIBHEHHS KaHaliB
(Wavelength Division Multiplexing — WDM). Taki cuctemu mamu 16 kaHaiB 3i
mBuakicTio 2,5 ['6it/c 1 cnekrtpanbHoto edektuBHicTIO (SE) 0,0125 6it/c/TL.
KntovoBuit mapamerp mnpoayktuBHocTi cucteM WDM, SE BusHavaetrhcs sk
BIJIHOIIEHHS CYKYITHOI IMTPOITYCKHOI 37aTHOCTI cucTteMu Csys 1O MPOITyCKHO1 3AaTHOCTI
cucteMu Bsys, mo s onxHopigHoi cuctemu WDM  exBiBaJ€HTHO BITHOIIICHHIO

OiTpelTy Ha KaHal Rcxr 10 yacToTHOTO 1HTEpBaNY Fcp Mk kananamu WDM,

_ Lsys _ Ron

SE = = .
BSys FCh

Takox B 1997 porii mpenctaBieHO OJHOXBWIBOBY CHCTEMY 31 MIBUAKICTIO 10
['6it/c. bynu BBeneHi B ekcrutyaraiito TpancaTianTuuHi kabem TATI12/13. Koxen
ka0enp MaB 2 Mapu BOJIOKOH 1 MepeaBaB OJHY JIOBXKUHY XBHIII 31 IBUAKICTIO 5 ['01T/C
Ha KOYKHE BOJIOKHO TIPOTAToM 5913 KM, BUKOPUCTOBYIOUH JIETOBaHI €pOi1€EM BOJIOKOHHI1
nigcumoBayl (EDFA) sik moBToproBayi, 1Jisi CyMapHOi MPOITYCKHOT 3JJaTHOCTI Ka0eto
20 I'6it/c; cymapHa eMHICTh Kabemto Ha J0OyTOK BifcTaHi ctaHoBmia 118 T6/c.xm.

VY NOCHiTHUIBKUAX eKCIepuMeHTax Oyina BCTaHOBJEHA PEKOpAHA 3arajbHa
npomnyckHa 3aatHictb WDM — 1 T6it/c (55x20 I'6i1/c 1 25x20 ['6i1/C), 1110 O1JIBII HIXK Y

10 pa3iB nepeBuiiye crnektpanbHy edexktuBHICTh SE (Tabmn.1.2).
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Ta6nuis 1.2 — ExcTpanossiiisi OnTOBOJIOKOHHUX CUCTEM

Pix 1997 2017 2037
[HCTHTYT ITU-T IEEE/EFMA ITU-T
CTaHJIapTH3AIli1 SG15/FSAN SG15/FSAN
[IBuakicTs iHTEpdeiicy | 2.5 — 10 I'Git/c 100 - 400 2 — 6 Tout/c
Rcn I'6it/c
JloB)XMHA XBHITI 16 96 — 192 16 — 66
OIHOCTOPOHHIN PEXKUM 40 I'dit/c 10 -76 Toit/c 32 — 400
Csys Toit/c
OnnoctoponHiut pexxum | 0.0125 6it/c/I'y | 2 —8 6it/c/T'm | 7 — 20 6it/c/T'
SE
€MHICTD 24x2.5T6it/c | 120x400 I'6it/c | 5.120x6 Toit/c
MapuIpyTH3aTopa

3anucu AOCHIIKEHb Ha ChOTOAHI 1H(MOPMYIOTH MPO TOCSATHEHHS IIBUIKOCTI
iHTepdeiicy nonan 1 T6iT/c, a cykynHy nporyckny 31aTtHicte WDM B 0iHOMO10BOMY
BOJIOKH1 70 115 TOi1/c. BukopucToBytoun 0araToKuUibHE BOJOKHO, OyJIO JTOCATHYTO
nponyckHoi 3aatHocti cucremMu a0 10 II6it/c. Cucremu wmanoro paniycy Aii
npoaeMoHcTpyBan  pekopany SE 17,3 6it/c/Im1 Ha 0aHOMOIOBOMY BOJIOKHI;
[Tomanpuii pO3BUTOK MPUITYCKAE, 1110 0OUHUCIIIOBAIbHI TEXHOJIOT1T MPOJAOBKYIOTH CBOE
(bynkmionansHe) MacmTabyBanHsl Ha ~40%, 0a3yrO4HCh HAa ICTOPUYHHMX TEHICHIIISIX
po3BUTKY. Jlami OuTbIl JeTaqbHO OOTOBOPUMO TEXHOJIOTIYHE OOTPYHTYBAHHS IIMX

exctpanosiit (Puc.1.4).
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Pucynox 1.4 — EBosoliist ONTUYHUX CUCTEM Iepeadl JaHUX Ta eKCTPATOISIis

PO3BUTKY

P03BUTOK BOJOKOHHO-ONTHYHUX CHUCTEM MOKHA PO3JAUIUTH Ha YOTUPU OCHOBHI
eTIOXU:

- epa perenepartii (1977-1995);

- epa MOCUJICHUX JTUCIIePCHO-KepoBaHuxX cucteM (1995-2008);

- epa NOCHJIEHUX KorepeHTHUx cuctem (2008 pik-TenepimiHiii yac);

- epa MyJIbTUILIEKCYBAaHHS 3 TPOCTOPOBUM PO3/IICHHSIM (aKTUBHO
JOCITIIKYETBCS).

Epa perenepairii

[IpomyckHa 34aTHICTh paHHIX BOJIOKOHHO-ONITUYHUX CHCTEM Iepeayil 3aexana

BIJl IIBUJKOCTI 1HTEp(ENCy TpaHCHUBEPIB, TOOTO BiJl WIBUIKOCTI MEpeaayl JaHUX, SIKY
TpaHCUBEpU MoOrIM miaTpumyBatu. Ilporpec y mBHUAKOCTI iHTepdeiicy OyB
HaJ[3BUYAiHO MMOBUIFHUM HE JIMIIE B KOMEPIINHUX CHCTEMaX, ajle U y JOCTITHUIIBKUX
excriepuMenTax. Ha puc.1.5 nokazano npubmauzno 20% 3a pik (0,8 n1b/pik) nokpamieHHs
MIBUIKOCTI 1HTEpdEiiCcy, sKe, IK HE TUBHO, 30€pIracThCsi OUIbIIE TPHOX TECATUIITS.
Pe3ynbraTu nociiikeHb 3pocTanu NoBuIbHIIIE, Tprubau3Ho 14% Ha pik. Y 1989 poui
Oyna mpeacTaBieHa mepiina KOMeEpIliiiHa ONTHKO-eJIEKTPOHHA pEereHepoBaHa CHUCTEMa

WDM 3 aBoma noBXKMHaMH XBUJI1 (KOKHA JOoBkUHA XBuii 1,7 ['611/c), ane moganpmui
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nporpec 0OMeXHUBCS 301IbIIEHHSIM IIBUIKOCTI mepenadi ganux 3 1,7 I'6it/c no 2,5

I'0it/c.
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Pucynok 1.5 — IlopiBHSIHHS pe3yIbTaTiB 1 TOCTIAHUIIBKUX 3aMKCIB OA0 MBUAKOCTI

iHTepdeiicy Ta emnocti WDM

[lepmri onTHyHI MiABOJHI CUCTEMU IepeAadl, pO3rOpHYTI yepe3 ATIaHTUYHUN
okeaH (TATS) 1 Tuxuii okean (TPC3) nanpuxkinmi 1980-x pokiB, Oyiu pereHepoBaHUMHU
cCUCTEMaMHu, 10 mpaitoBaiy Ha 1,3 MkM 1 nepenaBanu 280 MOIT/c o KOXHIH 3 TPbOX
nap BoJiokoH. TAT9 1 TPC4 Oynu mepmiMu TPaHCOKEAHCHKUMH CHUCTEMaMH, IO
mpaioBaiy Ha 1,55 MKM 3 TIOJIBIITHOIO TIPOITYCKHOIO 3AATHICTIO MOTEPEIHIX CHUCTEM,
aJyie BOHHM TaKOX OYJIU ONTHKO-EJIEKTPOHHO pEereHepOBaHi.

Epa nmocuneHux nucrnepcHo-KEpOBAHUX CUCTEM

Exonomiuno edextuBHi cucteMud WDM siBHO Oyiu 6 HEMOXKIUBI 0€3 BUHAXOTY
MPaKTUYHUX ONITUYHUX M1JCUITIOBAYIB, 1, 30kpeMa, EDFA sk peBostoiiitHOT TeXHOIOT1,
sKa rmoyvaia 1o epy ontuyHoi nepenadi. Aine EDFA cam mo co6i He Mir 3a0e3neuntu
BUOYXOBE EKCIIOHEHIIAJIbHE 3pPOCTaHHS TMOTYXXHOCTI SK JOCHIIHHUIIBKUX, TaK 1
KOMEPINHUX cucTteM, 300pakeHnx Ha puc.l.4 1 1.5. Came moegHaHHS KIUIBKOX
KJIIOYOBUX BHHAXoAiB Ha moyaTky 1990-x pokiB, MNOB’s3aHUX 13 KepyBaHHIM

HETIHINHICTIO ONTOBOJIOKHA MO BCi cMy31 MpomycKaHHs, 1o 3a0e3neuyetbess EDFA,
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no3Bonmio ¢eHomeHanbHe 3poctaHHd Ha 100% 3a pik (3 nb/pix) emrnocti WDM 3
cepeaunu 1990-x no mouatky 2000-x pokiB. Pe3ynbTaTu J0CHIKEHBb 3pOCTaIN TaKOX
NOBUIbHIIIE, MPUOIN3HO 78% Ha pIK.

Epa nocuneHux KOrepeHTHUX CUCTEM

Korepentri pecuBepu Oyiu mupoko mociipkeHi B 1980-x pokax, OCKIIbKH X
BHCOKA YyTJIMBICTD JI03BOJIsUIA 30UTBIINTH BiICTaHb MK PECUBEpAMU B PET€HEPOBAHUX
CUCTEMax TOro 4acy, ajie yepe3 TPyAHOIII, OB’ sI3aHUX 3 aHAJIOTOBOK CUHXPOHI3aII1€10
4acTOTH Ta (a3, BOHU He OyJIM KOMEPLIHHO BUKOPUCTAaHI I MEPEKEBUX BOJIOKOHHO-
ontuuHux cucreM. Ycmix EDFA na mowarky 1990-x 3poOuB pereHepoBaHi CUCTEMU
3aCTaplIMMH, 110 TAaKOXX MPU3YNHUHUIO POOOTY HaJ KOTEPEHTHUMHU pPECHBEpPaMHU.
HacrmipaBal  BIAPOKEHHST KOTEPEHTHUX CUCTEM OyJ0 BHUKIHMKAaHO MOTPEOOIO
po30s0KyBaTH cucteMu 3 BUIIMM SE Ta 3 MeHIIMMHU MpoOieMaMy, MOB’S3aHUMH 3
XpPOMAaTUYHOIO Ta NOJSPU3ALIMHOI0 AUCTIEPCIEL0, K1 nepecninyBanu cucremu 40 1'611/c
Ha noyatky 2000-X poKiB, Tak 1 3aBASKA MOXIJIMBOCTAM, OCKUJIBKH IIBUAKICTH 00OpOOKH
CMOS Ta inrerpoBanux y CMOS ananoro-mudpoBux mneperBoptoBauiB (ADCs) i
uuppo-ananorosux neperoproBaviB (DACs) nocsarayro mBuakicts 10 I'6ox. [udposi
KOT€pPEHTHI pECUBEPH MOEIHYIOTh IIEPEBArk aHaJI0r0BOI0 TOMOJIMHHOTO JI€TEKTYBaHHS
(MiHIMaJIBHI BUMOTH JI0 MPOIYCKHOI 3JJaTHOCTI PECUBEPA) 3 MPOCTOTOK aHAJIOTOBOIO
reTepOANHHOrO AETEKTYyBaHHs (HEe MOTPeOYIOTh ONTHUYHOI CUHXPOHI3auli ¢a3). Kinbka
JOCIITHULIBKUX TPYT BUBUAJHU U (PpOBE KOTEpEeHTHE ACTEKTyBaHH, mounHarouu 3 2004
pPOKYy, 3 METOK CTBOpeHHs TpaHcrnoHaepiB 40 I'0it/c, 1m0 BHUKOPUCTOBYIOTH
KkBaapatypHy ¢azoBy ManimyJsiito (QPSK) na ~10 I'6o.

MaiiOyTHI HaNPSIMKU TOCTIKEHb

3poctanHs MepexeBoro Tpadiky Oyjao JOCHIIKEHO 3 PI3HUX TOYOK 30pY, IO
MIATBEPKYE  MOTO0 TPUBAIOUMM EKCIOHEHINHUI Xapaktep. TumoBi mmdpu s
JIOBFOCTPOKOBOTO 3pOCTaHHs TpadikKy 3HaxoAsIThcs B AianazoHi 60%/pik (2 ab/pik)

(puc.1.6).
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Pucynok 1.6 — I'padik 3pocTanHs ria00aibHOTO MEPEXKEBOTO Tpadiky

Ha pucyHky nokaszaHo pidHe 30UIbIIEHHS 3arajJbHOi IOTY>KHOCT1 PO3TOPHYTOTO
ONTUYHOIO peTpaHcisiTopa Ha ~45% 3a OCTaHHE AECATWIITTS Ha BCIX ONTUYHHUX
NOpTax, BKJIKOYAIOYM KIIEHTCHKI 1HTEpPENCH Ta AOCTymHHI 1HTep(deiicn KOpOTKoi Aii.
[TocTiitHe ekcroHeHITIadbHe 3pOCTaHHs TI00aIbHOT0 Tpadiky Ha ~45% Ha BiIMIHY BiJ
HIBUIKOCTI 1HTEp(ENCcy Ta EMHOCTI ONTOBOJIOKHA, 110 MacTabyeThes auuie Ha ~20%
Ha pIK , AEMOHCTpPY€E AeAalli OlIbIl KPUTUYHY HEBIAMOBIAHICTb, IO MPU3BOIUTH 10

«KPH3U EMHOCTI», IKa OYIKYETHCSI TPUOIN3HO Yepe3 AeCITh POKiB [6].

1.4 TlepcnextuBnicts BOJI3

HaiiBuiiioro npoIryCKHOIO 3/IaTHICTIO Cepell yCiX ICHYIOYMX 3aCc001B 3B'SI3KY Mae
ONTUYHE BOJIOKHO (IIEJEKTPUYHI XBUJIEBOAM). BOJOKOHHO-ONTHYHI  KaOemi
3aCTOCOBYIOTBCS JUII CTBOPEHHS BOJIOKOHHO-ONTHYHHUX JIHIA 3B'SI3Ky, 3AaTHUX
3a0e3MeYNTH HaWBUILY IIBUIKICTH Nepeaadl (3aJIeXKHO BiJl TUIY BUKOPHUCTOBYBAHOTO
AKTUBHOTO YCTaTKyBaHHS IIBUAKICTH IMepeayul MOKE CTAaHOBHUTH JECATKU Tirabaut i
HaBITh TepabalT Ha cexyHay). KBapioBe ckio, mo € HecyunMm cepenosuinem BOJI3,

KpIM YHIKQJIbHUX MPOIMYCKHUX XapaKTEPUCTUK, MA€ 11I€ OJIHY L[IHHY BJIACTUBICTb — MaJll
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BTpPATH Ta HEUYTJIUBICTh JI0 €JEKTPOMArHiTHUX MoiB. Lle BUT1AHO BiJpi3HSAE HOTO Bij
3BUYAHMX MIJTHUX KaOenbHUX cucteM. L{g cucrema nepenadi inpopmariiii, ik IpaBUIIo,
BUKOPHUCTOBYEThCS TIpU OyAIBHUIITBI poOOUMX OO'€KTIB SK 30BHIIIHI Marictpai, 1o
MOETHYIOTh PO3Pi3HEH1 CIIOPYIU a00 KOPITYCH, a TAKOXK OaraTornoBepxoBi Oy 1iBii. BoHa
MO’K€ BUKOPUCTOBYBATHCS 1 IK BHYTPIIIHII HOC1H CTPYKTYpOBaHO1 KaOeJIbHOT CUCTEMU
(CKC), npore 3akingeHi CKC TOBHICTIO 3 BOJIOKHA 3yCTPIYalOThCS piAmIe — 4depe3
BHUCOKY BapTiCTh OyAIBHUIITBA ONITHUYHUX JIIHIH 3B'13Ky. 3acTocyBanHs BOJI3 no3Bosisie
JOKAJIbHO TO€IHATH poOodl MiCIls, 3a0€3MeYUTH BUCOKY HIBUAKICTH 3aBaHTAKEHHS
[aTepHETY OJHOYACHO Ha BCIX MAaIllIMHAX, IKICHUH Tee(OHHUM 3B'I30K Ta TEJIEeBI31HHUN
npuiiom [4].

ba3oBa KOHCTPYKIIiSl ONTOBOJIOKOHHOTO KaOeIto

OnTuyHi BOJIOKHA — 1€ KPYyIJl MieIEKTPUYHI XBHJIEBOJHU, SKI MOXYTh
TPaHCHOPTYBAaTU ONTUYHY €HEPrio Ta iHQopMauiro. BoHM MalTh LEHTpalbHE SA1pO,
OTOYEHE KOHLEHTPUYHOIO OOOJIOHKOI 3 TPOXH HUXKYUM (Ha = 1%) MOKa3HUKOM
3amomiieHHs. ONTUYHI BOJIOKHA , SK MPaBWJIO, BUTOTOBIISIIOTHCS 3 KPEMHE3EMY 3
MOAU(IKYIOUNMH TTOKa3HUKH JIETyBaHHSAMH, TakuMHU Kk GeO 2 . 3aXucHEe MOKPHUTTS 3
ofHOTO abo JBOX IIAapiB aMOPTHU3aLIMHOTO Marepiany (HampuKiIal, aKpuiary)
BUKOPUCTOBYETHCS Il 3MEHILIEHHS MEPEXPECHOT0 3YEIUIEHHS MK CyCIOHIMU
BOJIOKHAMHU Ta 30UIbLIEHHS BTpaT MIKPOBUTHHIB, SKI BHHUKAOTh, KOJHM BOJOKHA
MPUTUCKAIOTHCS JO MIOPCTKUX MMOBEPXOHB [7].

BosokonHo-onTHYHUN KalOeiab CKIAHAacThCd 3 II'SITH OCHOBHHUX KOMIIOHEHTIB:

CEpIIEBUHU, 000JOHKH, TOKPUTTS, 3MIITHIOBAILHUX BOJIOKOH 1 000JIOHKH Kabento (puc

1.7).

Cable Jacket Strengthening  Coating Cladding Core
Fibers

Pucynok 1.7 — KoHCTpyKIiisi BOJIOKOHHO ONTUYHOTO KaOeto
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Anpo: ue ¢isuuHe cepenoBuile, SKE TPAHCIOPTYE ONTUYHI CHUTHAIW BiJl
H1JKIIF0YEHOTO JIKepelia CBITIa 10 MpuiiManbHOro npuctporo. CepiieBuHa — 1€ OJJHA
Oe3rmepepBHa HUTKA 31 CKJIa a00 MIACTUKY BHCOKOI YHCTOTH, JIlaMETP SKO1 BUMIPIOETHCS
B MIKpoHaxX (MeHIe aiaMeTpa JIFOAChKOI BOJOCHHHU). UnM Oiibllie ceplieBUHA, TUM
OlsIblIIe CBITIIAa MOXKE TepeaBaTH Kaldesb, 10 BIAMOBIAE BUIIN MIBUIKOCTI Mepeaayi
JAHUX.

OOmuMBKa: 11e TOHKUH 1Iap, SKUH eKCTPYIYEThCS MOBEPX CEPUEBUHHU 1 CIYKHUTh
MEXEI0, sIKa MICTUTh CBITIIOBI XBWJII (IOKJIQIHINIC MPO 1€ Mi3HIIMIE), O T03BOJISE
nepe1aBaTH J1aHi 1o JOBXKHUHI BOJIOKHA.

[ToxkpuTTs: 11e TIACTUKOBE TOKPUTTS OOOJIOHKHM JIJIsi 3MIIIHEHHS CEPIIEBUHU
BOJIOKHA, TIOTJIMHAHHS yAapiB 1 3a0€3Me4eHHs JOJIaTKOBOTO 3aXMUCTY BiJ HaAMIPHUX
BUTHHIB Kabeo. OJIHaK 1€ He BIUIMBAE HA BIIACTUBOCTI ONTUYHOTO XBUJIEBOY.

3MIIHIOIOY] BOJIOKHA: 1[I KOMIIOHEHTH JOMOMAaralTh 3aXUCTUTH CEPLEBUHY BIJ
3JIaBJIIOIOYMX CUJI 1 HAJMIPHOTO HATATY 1]l Yac BCTAHOBJICHHsS. MaTepiaiin MOXYTb
BapitoBaTucs Bia Kevlar® mo ApoTSHUX HUTOK 1 pyKaBiB, HAIOBHEHUX rejieM. [HO1 MK
BOJIOKHAMHM  JIOJIal0OTh  CBITJIOMOTJIMHAIOYE («TEMHE») CKJIO, 100 3amoOirtu
MIPOHUKHEHHIO CBITJIA, sIKE BUTIKAE 3 OJTHOTO BOJIOKHA B 1HINE. []e 3MeHIye nepexpecHi
MIEPEIIKOIA Mi’K BOJIOKHAMH.

O6onouka kaGemio: e 30BHimHI map ab6o obonoHka KaGemo. Horo
NpPU3HAYEHHSI — 3aXUCTUTH Kaleiab BI MIKIUIMBUX (PAKTOPIB HABKOJUITHHOTO
CepeIoBUIIA, TAKUX SIK Oy 1IBEIbHI pOOOTH, 3HAPSI/IJIS JIOBY Ta HABITh aKyJIH, IKMX 4acTO
MPUBAOIIIOIOTH €JIEKTPHUYHI TOJIs, CTBOPIOBAHI MPOBITHUKAMH CUTHAITY JI0 IOBTOPIOBAY1
[8].

bararomo10Bi Ta 0THOMO/IOBI BOJIOKHA

OnHoMOnOBUIM ONTUYHHUM Kabenb - Iie¢ OJHa IiJACTaBKa 31 CKJIOBOJIOKHA
niameTpoM Big 8,3 mo 10 MikpoH, sika Mae oAWH pexuM nepenadi. OgHOMOIOBE
ONTOBOJIOKHO 3a0e3Meuye BUIY MBUAKICTh epeaadi Ta 10 50 pa3iB OUIbITY BIJCTaHb,
HIXK 0aratoMojoBe, ajie BOHO KOIITYy€e Aopoxkye. OTHOMOIOBE BOJOKHO Ma€e Habarato
MEHIY CEpIEBUHY, HI)K 0araTromMoJI0Be, OCKUIbKM MOMY MOTPIOHO IepedaBaTH OJUH

CHUI'HAJI OAHOYaCHO.
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A GaratoMoJ0BHil ONTUYHHUKA Kabelb CKIATAEThCH 3 KITBKOX CKJISTHUX BOJIOKOH
13 3araJibHUM JiamMeTpoM Yy nianasoni Big 50 mo 100 mikpoH. baratomozoBe BOJIOKHO
3a0e3reuye BUCOKY TMPONYCKHY 3JaTHICTh HA BUCOKUX IIBHIKOCTSX Ha CEepeaHix
BincTtanax. OmHak y moBrux kabemsx (monam 3000 ¢yTiB ) Kigbka NUIAXIB CBITIA
MOXKYTh CIIPUYMHUTH CIIOTBOPCHHS CUTHATY Ha NMPUWMATbHOMY KiHII , IO MPU3BEIC
JI0 HEYITKOI Ta HEMOBHOI mepeayi JaHuX . ToMy A TajneKkux JUCTAHIIN el pekum

HE HaATO KOpUCHHUM [9].

Multimode

Cladding Glass
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OcHOBHA BIAMIHHICTH MDK 0araToMOJOBUM 1 OJHOMOJOBHM OIITHYHUM
BOJIOKHOM TIOJISITA€E B TOMY, 1[0 0araToMoJ0BE Ma€ OUIBIINMA JlIaMeTp CEPIIEBUHU, K
npaBuio, 50—100 MikpoMeTpiB; sIKWii Habarato OUIBIINI 3a JOBKHUHY XBHIII CBITJIA, 1110
MEPEHOCUTHCSI B HhOMY. BinbInii cepAeuHUK T03BOJISIE OHOYACHO MEepeaBaTh KiIbKa
CBITJIOBUX MPOMEHIB a00 pEeKHUMIB (MOJAIBHOCTEN), KOXKEH MMia ACHIO THIITUM KyTOM
BIJIOUTTS BCEPEJIMHI ONITUYHOTO BOJOKHA. 3 MPAKTUYHOI TOUKH 30pY, OUIBIINNA pO3MIp
CEpJIEYHUKA CHPOIIYE MiIKIIOYCHHS, a TaKOX J03BOJIIE BUKOPUCTOBYBATH JCIICBIITY
€JIEKTPOHIKY, Taky sk cBiTiogionn (LED) 1 moBepxHEBO-BUIIPOMIHIOBAJIbHI JIa3€pH 3
BepTUKaibHuM pe3zoHaTopoM (VCSEL).

Opnak mepefada mo 06araTOMOJOBOMY ONTOBOJIOKHY BHUKOPHUCTOBYETHCS IS
BIJIHOCHO KOPOTKHX BIJCTaHEW, OCKUIbKM MOJAM MalTh TEHJCHIII0 10
PO3CIFOBAHHS/CIIOTBOPEHHS. Ha OLIBIIIA JOBXHHI, IO HMPHU3BOJUTH JO HEUITKOI Ta

HernoBHOT mepenaui manux (puc 1.8). JInst Benukux BiicTaHEW BUKOPUCTOBYETHCS
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OJIHOMOJIOBE BOJIOKHO (1HOJI MOro Ha3MBalOTh MOHOMOJOBHUM), OCKUIBKH BOHO HE

oOMexeHe MOJIAIbHOIO JTUCTIEPCIETO.

Pucynoxk 1.8 — Ilepegaua 6aratoMoA0BOr0 BOJIOKHA

3aBAsIKM BHCOKIM MPOMYCKHIM 3/[aTHOCTI Ta HAAIMHOCTI 6araToMo10Be ONTUYHE
BOJIOKHO 3/1€01TbIIOT0 BUKOPUCTOBYETHCS IS 3B’A3Ky HA KOPOTKHX BiJCTaHSX,
HaAMpUKIad, y Mexax OyAiBial 4M Ha TEepUTOpii YHiBepcUTeTy. THMOBI OOMEKEHHs
IIBUJIKOCTI Tepenayi Ta BijicTani ctaHoBiATh 100 MOiT/c nist BigcTaneu ao 2 km, 1
['6it/c mo 1000 M 1 10 I'6it/c mo 500 m. IlpomyckHy 37aTHICTH MOXKHA JTOJATKOBO
30UIBIIUTH 32 JIONOMOTOI0 MYJIBTUIUIEKCYBAHHS 3 PO3IMOAUIOM IO JIOBXKWHI XBHUJI
(WDM), TtexHomorii, sika MYyJBTUIUICEKCYE («MYJIBTHILICKCY€») KiTbKa CHUTHAIIB
ONTUYHOI HECY4Oi Ha OJHOMY ONTHUYHOMY BOJIOKHI 3a JIOTIOMOTOIO PI3HUX JIOBXHH
XBWIb (TOOTO KOJBOPIB) Jla3epHOTo cBiTIA. L TexHika 3abe3neuye ABOHANPABICHUM
3B’SI30K 110 OJIHI/ HUTI1 BOJIOKHA, a TAKO 301JIbIIIY€E MPOMYCKHY 3AaTHICTb.

Cucrema WDM BUKOpPHCTOBY€E MYJIBTUILIEKCOP Ha mepeaaBadi, mod 00’ eqHaTu
CUTHAJIA Pa3oM, 1 AEMYJIbTUIIEKCOP Ha MpuiiMayi, o0 PO3AUIUTH iX. 3 MpaBUIBHUM
TUTIOM BOJIOKHA MOXHA MaTH TPUCTPIH, SKUA BHUKOHYe oOuUaBI  (PyHKIIIT
oanouacHo. CyuacHi cucteMu WDM moxyTb 06po0situ 10 160 curHanis abo Oiibiie
Ta MOXKYTbh PO3LIMPIOBATH cucTeMy 31 BUAKICTIO 10 ['01T/c yepe3 o/iHy mapy BOJIOKOH
no moHax 1,6 Toit/c [8].

[IpuHuMn nepenayl ONTHYHUX CUTHAIIIB BOJIOKHOM

3aranpHa cxema repenadi ONTUYHUX CUTHAJIB (BUIMPOMIHIOBAHHS) MO BOJOKHY
nmoka3ano Ha puc. 1.9. IlepenaBau nmepeTBoproe €IESKTPUUYHUA CUTHAT HA ONTHYHUH 1
BBOJIUTH Oro B BOJIOKHO. [IpuiimMau npuiiMae ONTUYHUI CUTHAN 1 TEPETBOPIOE MOTO Ha
CJICKTPUYHUN I TOJAIbIIOI 0OpoOKH. Y Mipy TMOIIMPEHHS y BOJIOKHI ONTHYHUMN

CUTHaJI BTpavya€ YaCTUHY MOTY>KHOCTI, TOOTO 3racae. [IpucyTH1 y BOJIOKOHHO-ONTHYHIN
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niuii 38"13ky (BOJI3) HEotHOPIAHOCTI, 30KpeMa 3pOCTKU BOJIOKOH, TAKOK BUKJIUKAIOTh
JOATKOB1 BTpaTH TMOTYXHOCTI. Ha mnepemaBanbHIi Ta NpUAMabHIN CTOpOHAX
ONTUYHOI JIHIT 3B'SI3Ky BOJIOKHA 3aKIHUYIOTbCS KOHEKTOpPaMH JJIsl MIAKIIOYEHHS [0
PO3MOIIIBUMX TIaHENeH, SKi 3'€AHYIOThCA 3 TiepeJaBadyaMH Ta MpUiMavyaMy IaTd-
kopaamu. Lli cnomyku Takoxx 3aBAar0Th BTpatu. KpiM TOro, HEOAHOPIAHOCTI B JiHiI,
BKJIFOUAIOYH PO3'EMHI Ta HEPO3'€MHI 3'€JHAHHSA, BUKIMKAIOTh YaCTKOBE BIAOOpaKEHHS

OIITUYHOI'O CUTHAIIY, 10 ITIOIIUPIOETHCA Y 3BOPOTHOMY HAIIPAMKY.
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Pucynok 1.9 — Cxema nepenavi ONTHYHUX CUTHAIIIB 110 BOJIOKHY

3aranbHe (BHeceHe) 3racanHs BOJI3 ckiiagaeThes 3 3aracaHHsi B caMOMYy BOJIOKHI
Ta JOJAaTKOBHX BTpaT, II0 BUKIHMKAIOTHCS HEOJHOPITHOCTAMHU, Y TOMY YHCHI
HEPO3'€EMHUMHU Ta PO3'€MHUMH CIIOJIyKaMu. PiBeHb MOTY>KHOCT1 ONTUYHOTO CUTHATY Ha
BXOJIl MpUiiMaya MEHILIWK 3a piBEHb Ha BUXO/l MepelaBaya Ha BEJIMYMHY TacUMOTO
3aracanHs BOJI3. PiBeHb NOTY>KHOCTI 0c1a0JI€HOTO CUTHAITY MOK€e OyTH TOCTATHIM ISt
JIETEKTYBaHHS WOTO mpuiiMadyeM. TakuM YMHOM, TIPH BHU3HAYCHHI E€HEPTETHYHOTO
oromkery BOJI3 HeoOXiHO BpaxoByBaTH BUXIAHUHN piBEHb MOTYXHOCTI IepeaaBaya,
3aracanas BOJI3, mo BHOCHTHCS, 1 YyTIUBICTh mpuiiMaya. BaximmBum mapameTpom

BOJI3 € ii mmpokocmyroBicTh. BoHa BH3Hayae HaWOUIBINY YacTOTy IMEpeIaHOro
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CUTHAIly, a, OT)K€, 1 TPAaHWYHY WIBUIKICTH Mepejadi B HUPPOBUX CUCTEMAX 3B'A3KY.
[ToHSATTS IMPOKOCMYTOBOIO 3B'A3KY 3a3BUYall BUKOPUCTOBYETHCS J1JIsi OaraToMOI0BUX
BOJIOKOH. J1J11 0THOMOJOBHX BOJIOKOH HAaH4aCTillIe BAKOPUCTOBYIOTH Auctepcito. Kpim
TOTO, mUpoKocMyrosa HicTh BOJI3 3anexuTh TakoX BijJ XapakTEpUCTHK NepeaaBayda
Ta npuiimMaya [5].

XapakTepHUCTUKH Ta TIepeBaru ONTUYHOI Iepeaadi

Meroau nepenadi CUTHAJIIB MO BOJOKOHHO-ONTHUYHUX KaOelsxX MalTh 3HAYHI
niepeBary B MOPIBHSAHHI 3 IEPEIayueio CUTHAMNIB MO eIEKTpUYHKUX Kabemnsx. Lle 3ymoBuio
HIBUJKANA PO3BUTOK BOJIOKOHHO-ONTUYHOTO 3B's3Ky. OnTuYHI KaOeni MarTh TaKOX
JesIK1 HEeJTOJTIKH, ajie X TepeBaru OlIbII iICTOTHI.

[IpomyckHa 31aTHICTh ONTUYHOTO BOJIOKHA € Ha/I3BUYAHO BUCOKOIO. ['paHnuHa
IIBUJIKICTh TIEpeaadi 1 HaiOiIblIa BIACTaHb, IO TEPEKPUBAETHCS, 3alekaTb Bij
3racaHHs 1 HUPOKOCMYTOBOI JIiHI1, @ TAKOK B1JI XapaKTEpUCTHUK MepeaBaya 1 mpuimMaya.
BukopucrtanHss OJHOMOJOBUX BOJIOKOH [IO3BOJISIE TMOOyAyBaTH JIHIIO 3B'SA3KY
noBxkuHOI moHaa 100 kM 31 MBUIKICTIO mepenadi kiibka ['01T/c 6€3 BCTaHOBICHHS
pPETPaHCISATOPIB.

Mane 3racaHHs 1 BUCOKA IIMPOKOCMYTOBa € OCHOBHUMHU I€peBaraMy ONTUYHUX
CUCTEM Yy TMOPIBHAHHI 3 €JEKTPUYHUMH. [[1s TOpiBHSAHHSA KOe(DIilleHT 3aracaHHs
OJIHOMOJIOBOTO BoJIOKHa mpuOm3Ho B 1000 pasiB meHie, a mupokocmyrosa B 4000
pasiB Oiibllie HK y KpyueHuit nmapu kar. 6 (puc. 1.10-1.11). HeBenukwuii koedirieHT 3a
TyXaHHSI BOJIOKHA J03BOJISIE CTBOPIOBATH MPOTSHKHI MaricTpajibHlI MEpexi, a BUCOKa

HIMPOKOCMYTOBA MepeaBaTi iH(OPMAIlio 3 BUCOKOIO MIBUAKICTIO [5].
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KoediuieHT
3racaHHsA
(aB/km)

1000

3racaHHA

100

10

36

04

TenepoHHUiA  Kabenbkat6 =y o cion g Marictpanshuii  Baratomogose  OpgHomogose

Kabenb 250Mry, Kabenb Ana Koakcianbhuii  BonokHo OM3 BoNOKHO
30Mrly, BHYTPILUHbOT kabenb G.652D
NPOKNAAKM 862MTry

826Mry Cepeposuuwe nepeaavi

Pucynoxk 1.10 — 3racannst o qJHOMOIOBOTO BosiokHa npubin3Ho B 1000 pa3iB HibKue,
HDK Ka0eIro 3 MIIHUMH KUJIaMHU

Cmyra nponycky —
1

Cmyra 00
Mponycky
(MFly x KMm) 1000 e > -
2000
1000 — — — — ‘w — S—
86
100 — — —_— — —
25
10 el e—— AT S —— i
TenedoHHuit Kabens kat.6 KoakcianbHmni MarictpaneHuit  Baratomogose OpHomopoBe
kabeno 250Mry, xabenb gns KoakcianbHuit  Bonoxko OM3 BONoOKHO
30MlNy BHYTPIWHLOT kabenb G.652D
npoKnagkn 862Mry,

826Mry Cepeposmuge nepepasi

Pucynox 1.11 — [llupuna cMyru npomycKaHHsI OJTHOMOJJIOBOTO BOJIOKHA (Ha OJHIM

JOOBXUH1 XBUII1) TprOIM3HO B 4000 pasiB Oublla, HIXK y KaOEIo 3 MIZHUMU KHIIaMH

HalinommpeHnimuii Marepian Jyisi BATOTOBJIEHHS BOJIOKHA — IJIABJIEHUW KBapll,
SKUH 32 CBOIMHM EJIECKTPUYHUMH BIIACTHBOCTSIMH € JMiCIEKTPUKOM. TakuM YHHOM,
OTITUYHI BOJIOKHA HE CXWJIBbHI JI0 €JICKTPOMArHITHUX BILTUBIB, TOOTO BOHU HEUYTJIMBI JI0
MepenIko/ 1 caMi iX He CTBOPIOIOTh. OnTHUYHI Kaben 0e3 MeTajJeBHX €JIEMEHTIB HE
BUMArarmTh 3a3eMJICHHS. BOHM Takok CTiiiKi 0 MepemnajiB Hampyru eIeKTPOMEPEexKi
abo TepeHanpyr, CIpUYMHEHHX Tpo3or. OpHak, Ciif mam'sTaTd, M0 KOHCTPYKIIis

ONTUYHUX KaOeliB 1HOJAI MICTUTh METaJIeBl €JIEMEHTH, SKI MOXXYTh BUMAaraTu



34
3a3eMJICHHS Ta BIAMOBIIHOTO 3aXUCTy. ONTUYHUN Kabelb MOXKe BUKOPUCTOBYBATHCS B
TUX BUNAJKaX, KOJU 3aCTOCYBaHHS MIAHOTO Kabeslto HeMoxJinBe abo MoB's3aHe 3
BEJIMKMMHU TPYIHOLIAMH, HANpUKIaA, OpraHizamis 3B'S3Ky B €INEKTpo- Ta
BUOYXOHEOE3MEeUHNX 30HaX, B3JI0BXK JIiHIN enekrpornepenad (JIEIT), y Tomy uuchi npu
PO3MIIIIEHH] BOJIOKOH YCEPEIUHI TPO303aXUCHOTO TPOCa.

Maui po3mipu Ta Maca BOJIOKOH J03BOJISIFOTh BUTOTOBIISITH Ka0eli 3 HEBEJTUKUMU
Macoro Ta rabapurtamu. lle HACTIIBKU CIHpOIIy€E TPAHCIOPTYBAHHS Ta MPOKIAJaHHS
ONTUYHOTO Kabemto, Mo Horo OyxAiBenbHA TOBXKHHA MOXE CTAaHOBUTH A0 12 KM.
3aBAsSKM CBOIM MajuM po3MipaMm Kabeli He 3aiiMaioTh 0araTto Micls B KaOEIbHOMY
KaHalll abo TpyOonpoBoal. BUpOOHHUIITBO ONTHUYHOIO KaOETI0 KOIITYE JEIIEBIIE B
NOPIBHSIHHI 3 BUPOOHUUTBOM EJIEKTPUYHOrO KaOesto 3aBASIKM €KOHOMII BHUTPATHUX

MaTepiaiiB Ta eJIeKTpoeHeprii [5].

1.5 XapaKTepruCTUKH Ta MEPEeBAru ONTUYHUX BOJOKOH

J10 OCHOBHHUX ONTUYHUX XaPAKTEPUCTUK BOJIOKOH BITHOCATHCA:

— KoeditienT 3racanns (0araToMo0B1 Ta OJJHOMOJIOBI BOJIOKHA)

— [[IupokomnosiocHicTh  (0araToMoJ0BI  BOJIOKHa) ab0  AMCHEpCiiiHI
XapaKTepUCTUKU (OJHOMOJIOB1 BOJIOKHA)

= Heniniiini sBuima (0JTHOMOJOBI BOJIOKHA)

- JloBkuHa XBHIII BiJICIY€HHS (OJTHOMOJIOB1 BOJIOKHA)

— Yucnosa anepTypa (0araToMo10B1 BOJIOKHA)

[lix 3aracaHHsIM CUTHally PO3yMIiIOTh 3MEHILEHHS MOTO ONTHUYHOI MOTY>KHOCTI
IIPU MOLIMPEHH] IO ONITUYHOMY BOJIOKHY. Ha 3racanHs cBiTJIa B BOJIOKHI B OCHOBHOMY
BIUTMBAIOTh Takl ()aKTOpU SIK BTpaTH Ha TOIJIMHAHHS Ta BTPAaTH Ha PO3CIIOBAHHS.
[TornuHaHHS B ONTHYHOMY BOJIOKHI MOK€ OyTH BIIACHUM Ta JOMIIIKOBUM. BracHe
MOTJIMHAHHS OOYMOBJIEHO TOTJIMHAHHSM BUIPOMiHIOBaHHS iH(padepBonoi (IY) Ta
ynbTpadioneroBoi (Y®P) obnactei criekTpa B KBapIli, a IpH MICHE - MOTJIMHAHHSIM

BUIIPOMIHIOBaHHS y JIOMIIIKaX Y BOJOKHI.
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Tabmuis 1.3 — TumoBl ONTHUYHI XapaKTEPUCTUKHW 0araToOMOJOBHX BOJIOKOH.

3HadyeHHs KoeIlI€HTIB 3aracaHHs Ta IIMPOKOCMYTOBOTO 3B'SI3Ky HaBE/ICH1 BIJIMOBIAHO

no cragmaptie EN 50173-1 ta ISO/IEC 11801

Twum BomoxkHa —> OoM1 OM?2 OM3 OM4
[apameTpu d 62,5/125 50/125 mxMm | 50/125 50/125
MKM MKM MKM
KoedirienT 3aryxanus,
Jb/xm <3,5 <3, <35 <3,
850 um <1,5 <1,5 <1,5 <1,5
1300 am
[IupOKOCMYTOBICTb,
>200 > 500
MI'L] x kM He He > 1500 >3500
850 um (CI) >2000 > 4700
850 ri (Jlazep) BH3HA4Y€Ha | BHU3HAYEHA > 500 > 500
P > 500 > 500 = =
1300 um (CI)
Yucnosa aneptypa 0,275 0,200 0,200 0,200

Ta6muis 1.4 — TUIoB1 ONITUYHI XapaKTEPUCTUKH OJTHOMOJOBUX BOJIOKOH

Tun Bonokna — | OngHOMOMIOBE OnHOMOIOBE HeuyTtause 10 BUTHHIB
[TapameTtpu J BOJIOKHO (SM) BOJIOKHO 3 OJTHOMOJIOBE BOJIOKHO
ITU-T G.652.A | HU3BKUM ITU-T G.657

BOJISSHUM ITIKOM

(LWP) ITU-T

G.652.D
Koedirtient <045 <0,40 Al11A2 B.21B.3
3aracaHus, He Bu3zHaueno <0,40 <0,40 <0,50
nb/xm <0,40 <0,30 <0,40 He Bu3Haueno
1310 am <0,30 <0,30
1310...1625 am
1550 am
Koedimient <35 <35 Al11A2 B.21B.3
XpPOMATHYHOI <17 <17 <35 He Bu3HaueHno
auctepcii, <17 He Bu3znaueno
rc/(HMXKM)
1285...1330 am
1530...1565 um
IIMJI (momsip. | < 0,5 me/Vkm <0,2 mc/Nkm <0,2 nc/Nkm He Bu3HaueHo
MOJI. IUCTIEPCis)
Homxuna xBuni | <1260 <1260 <1260
BIJICIYKH, HM
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Cepen MOMIIIOK, 110 BUKJIMKAIOTh HANO1IbINE 3racaHHs, BUAUIAIOTH ioHM BIH
(rimpoxcwiibHi Tpynu). Yepes mami (MIKpOCKOMIYH1) 3MIHU IIUIBHOCTI 1, OTXeE, 3MiHU
MOKa3HUKA 3aJIOMJICHHS MaTepially BOJIOKHA CBITJIO, ITI0 PO3MOBCIOIKYETHCS B TIEBHOMY
HaIPSMKY, MOKE PO3MOIATUCS (PO3CIIOBATUCS) Y PI3HUX HAIIPSAMKaX, Y TOMY YHCII 1
y 3BOpoTHOMY. lle mpu3BOAWTH 10 MOSIBU PO3CISTHOTO BUIIPOMIHIOBAHHS 1, OTXKE, JI0
BTpar. HaBiTh 3a BICYTHOCTI 3aracaHHsi 3a paXyHOK IOTJIMHAHHS B BOJIOKHI 3aBXKIH
Oyze MpUCYTHE 3aracaHHs, 0OYMOBJICHE PEJICTBCHKUM PO3CIFOBAaHHSM, SIKE CTAHOBHTH
npu6am3Ho 0,16 1b/kM Ha AoBXuHI XBUi 1550 HM. 3a5Ie)KHICTh 3racaHHs BiJ] TOBXKUHU

XBUJI1 JIs TUIABJICHOTO KBapIly HaBelleHo Ha puc. 1.12.

Koediujient
3aTyXaHHA,
AB/km

MpuuKnHU ocnabneHHna curHany:
30 _] - NornuHaHHA
Po3ciloBaHHA

2,0 850 Hm

BoaaHuit nik
1,0 (npu HansHoCTi)

5 1310 UM
~— /\ 1550 Hm
—
[ I [

L-Avana3ox
| I | | [

- —

900 1000 1100 1200 1300 1400 1500 1600 1700 1800

[OBXUHA XBUAI, HM

Pucynoxk 1.12 — 3racansst KBapIioBOTro BOJIOKHA 1 BIKHA MPO30POCTI, 1110

BUKOPHUCTOBYIOTHCA

Ax BuaHO 13 puc. 1.12, BenuumHa 3racaHHs MiHIMaJbHAa B Jlana3oHl JOBXKHH
xBWIb 800...1700 M. [Tornuuanus B Y@ 061acTi Ha OB KOPOTKUX JOBXKUHAX XBUJIb
1 B I4 oOnacti Ha OUIBII JOBrUX Pi3KO 30UIBIIYIOTH 3racaHHA.Y CHCTeMax 3B'S3KY
BUKOPUCTOBYIOTbCS TPU JAlania30Hu TOBXHUH XBUJIb a00 Tak 3BaHI BIKHA MPO30POCTI:
BiKHO mpo3opocti 850 HM; BikHO mpo3opocTi 1300/1310 um Ta BikHO npo3opocTti 1550

HM [5].
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[Tik 3racaHHs, 3yMOBJICHUM HASIBHICTIO T1APOKCUIBHUX TPYI, 3HAXOAUTHCS MIXK
BikHaMu 1310 aM ta 1550 HM 1 HA3UBAETHCA BOISIHUM ITIKOM. Y OJTHOMOJIOBOT'O BOJIOKHA
3 HU3bKUM BOAsTHUM TikoM (LWP) 3aracanss Ha miKy Tak MaJio, 110 1€ BOJOKHO MOXE
BUKOPHUCTOBYBATHUCS HABITh Ha JIOBXKMHAX XBWJIb, 110 BIJAMOBIIAIOTH BOJISHOMY IIIKY.
Biamosinuao no pekomenaaritiii ITU-T G.652.D 3HaueHHs 3aracanHs Ha JOBXKWHI XBHIII
1383 HM Take x a00 HaBITh HIKYE, HIXK HOPMOBaHE 3HAYCHHS 11 TOBXKUHH XBHII1 1310
HM.
KpuBa 3racanHsi uisi OJHOMOJIOBOTO BOJOKHA 3 HH3BKHUM BOISHUM ITIKOM

npenacrasiena Ha puc. 1.13 tam xe 300paxeni O, E, S, C 1L - gianazonu.

KoediuieHT
3aTyxaHHA,
AB/Kkm

0,7

0,6 —

BoaaHui NiK TpaguUiiHUX BONOKOH

04 _| (Hanp. ITU-T G.652A)

0,3 —

0,2 — LWP Husbkuit BoasHMiA nik
(ITU-T G.652D)

0,1 —d

0,0

1300 1400 1500 1600 nosmmHa xsuni, Hm

Pucynok 1.13 — 3anexHicTb koedilieHTa 3aracaHHsi 0JIHOMOJIOBOTO BOJIOKHA 3

HU3BKUM BoAsHUM MmikoM (ITU-T G.652.D) Bijx 10BKUHH XBHITI

JlonaTkoBe 3racaHHsl MOKe OyTH BUKJIMKaHe MaKpOBUTMHAMU (pajlyc BUTUHY »
1 mMm) Ta MikpoBurMHamu (panaiyc BUTMHY < | MM), a TakoX paJlOaKTUBHUM
BunpoMiHioBanHsaM. [li ¢akTopu, MmO NPU3BOAATH A0 JI0AATKOBOIO OCIa0JEHHS
CUTHAIly, TOBHHHI OyTH MiHIMI30BaHI a00 TOBHICTIO BHKJIIOYEHI B TIpoIIeci
KOHCTPYIOBaHHS KaOeJto 1 Mpu HOro mpoKJIa il 1 MOHTaxXI.

XpomaTudHa AUCTIEPCist B OJHOMOJOBOMY BOJIOKHI € HAWO1JIBII CYyTTEBUM BUIOM
nucniepcii. BoHa BHU3HaYaeTbes SK CymMa MarepiaabHOI Ta XBHJII BOJHOI AMCHEPCIi.
[IpyurHOIO TOSIBU XPOMATUYHOI JUCHEpPCii € Te, M0 OJIM3bKI JOBXKHWHU XBWIIb, IO

CTAaHOBJISITH ONTUYHWUW CUTHAJI, MAarOTh Pi3HI MIBUIKOCTI TOIIMPEHHS Y BOJOKHI.
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OnuHuier0 BUMIPY XpOMAaTUYHOI Jucrepcii € nc/(HM*kMm). BennunHa XpoMaTudHOi
aucnepcii Moxke OyTH SIK MO3UTUBHOIO, 1 HEraTUBHOMO. SIKIIIO AKcCHepcis HEraTUBHA, 1€
O3Hauae, 110 JOBTOXBUIBOBI KOMIIOHEHTH PYXaIOThCSA 3 OUIBILIOI IMIBHIAKICTIO, HIX
KOPOTKOXBWJIbOBI, @ SIKIIO MO3UTHBHA, TO HaBMaKW. SIBUINE XpPOMATUYHOI JUCHEpCii
NPOSIBIISIETHCS TUM cladlle, HDK IIUPHUHA CIEKTpa MEepeJaHOro ONTUYHOTO CUTHATY.
MiHiMallbHEe 3HAa4Y€HHS XPOMATHUYHOI AHMCTEpCii IS CTAaHAAPTHOTO OJHOMOJIOBOTO
BosiokHa (ITU-T G. 652) npunanae Ha JOBXHUHY XBWII, piBHY npuOmmu3Ho 1310 HMm.
nsxom 3MiHE PO (LTIO MOKAa3HHUKA 3aJIOMJICHHS, TOUKa MiHIMyMY OyJia 3MilieHa y 01k
BikHA 1550 HM, 7€ 3HAXOIUTHCA TaKOK MIHIMYM 3aracaHHs JijIsl BOJIOKHA 3 IJIaBJIEHOTO
kBapuy. I[lpeacraBHMKaMM IIbOTO TOKOJIIHHS BOJIOKOH € OJHOMOJIOBI BOJIOKHA 3
HEHYJBOBOIO 3MIIICHOI0 Aucrepciero, omucaHi B pekomenpgamii [TU-T G.655.
XpoMmaTuuHa gucrepcis — Il BIAaCTHBICTh MaTepiany BOJNOKHA. i BelMYMHA He
3MIHIOETHCA MPU BUTOTOBJIEHHI Ta MPOKJIAALI Kabento. TUNoB1 3HAU€HHS XPOMATHYHOT
JUCIIepCii OJJHOMOJIOBUX BOJIOKOH PI3HMX THUIIIB HaBeJeHI B Ta0a. 2.3. XpoMaTtuyHa
JUCTIEPCisi TPU3BOJIUTH J0 PO3MIUPEHHS CBITIOBUX IMIyJbCiB (puc. 1.14), a Takox

JIOAATKOBOI'O 3aracaHHs ONTUYHUX IMITYJIbCIB.

Nepesammi Fpn noWwKMpaMKi 8 OAHOMOLOBROMY BONOKHE FIDHHSATAK
MY NSC 8iabyBAETLCA POIWMPEHHA IMNYNLCIA, SMEHLLEHHA MY NLC
X amnniTyax | 3SMika opamu

| b

Pucynok 1.14 — [TomupeHHs: ONTUYHUX IMITYJIBCIB 3@ paXyHOK XPOMATHYHOT

aucnepcii
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Pucynok 1.15 — HeBenuka BIAMIHHICTb MIBUAKOCTEN MOIIUPEHHS JBOX
MOJISIPU3AIIIHHUX MO/ (X 1Y) Y BOJIOKHI PU3BOJIUTH JI0 MOSIBH TUMYACOBOTO 3CYBY MIXK

HUMH, TOOTO 10 JUCTIepCii

Paniyc BurmHy: y mpolieci mMpoKJIaJaHHd Ta MpU MOAAIBIIOMY BHUKOPUCTaHHI
ONTHYHUI Kabellb MOKE ITiA1aBaTHCs BUTHHAM. YacTo mpu MPOKIaTaHHl KaOelb MOXKe
MIJJATACS OJHOYAaCHO BUTHHY 1 PO3TATYBaHHIO. Y TIPOIECi eKCIuTyararii KaOellis,
MPOKJIAJIEHUX y TpyOorpoBojaax abo Oe3nocepeHbO B IPYHTI, 3THHAJIbHI HAIpPYyTu
HOCSITh B OCHOBHOMY CTaTHYHUI Xapakrtep. OJHaK JUIs MiIBICHUX KaOeliB BUTMHH Ta
OJIHOYACHI PO3TATYBAIbHI HAIPYTH MOKYTh BUHUKHYTH PANTOBO Ii] BILTUBOM BITpY.

Cranmapt IEC 60794-1-2 Bu3Havae KuUIbKa PI3HUX METOIUK JOCIIJKCHHS
CTIMKOCTI Kabelto J0 BUTHHIB, KOXKHA 3 SKHUX IPU3HAYEeHA JJISI KOHKPETHOI METH
JOCHIKeHHsI. BennunHa MiHIMAIbHO JOMYCTUMOTO pajlyCy BUTHHY 3a3BHYai
BKa3YEThCS JJIS IBOX BUTIAKIB:

- Paniyc BuruHy B mpoiieci mpoTsHKKY (KOJIM Kabesib OAHOYACHO MMiITA€THCS
1 pO3TSTYBAaHHIO Ta BUTHHY)

- Paniyc BUTHHY MmiCJisi IPOKJIAAKK 0€3 PO3TATYIOUOi CUITN

BenuunHa MiHIMAJIBHOTO PajilyCy BUTHHY JUIsl 3MOHTOBAHOTO KaOeIl MEHIIE,
HDK Tpu Horo mpokiadi. [li 3HaueHHs 3ajie’kath BiJ BUAY KaOeabHOI KOHCTPYKIIIT Ta
BKa3yIOThCSI BUPOOHUKOM JIJIsi KOXKHOTO TUITy KaOento. TUMoBl MiHIMaiabHI 3HAYEHHS

pajiycy BUTHHY JJIs1 BOJIOKOHHO-ONITUYHUX KaOeiB:
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- npu npoTsikii kabemro: 20...30 x D

MIPU OCTATOYHOMY 3akpirieHHi: 15 x D, ne D — niametp kabenro.

MinimManbHMIA pajilyc BATHUHY ONTUYHOTO BOJIOKHA CTaHOBUTH 30...40 MM [5].

[Tapametpu ognomoioBoro OB G.652, G.653, G.655

G.652 — onnomonoBe BosiokHO (5.652 Oyno Bu3HaueHO B pexomeHpaii [TU
G.652 ( XapakTepuCTHKH OJHOMOJOBOIO ONTHYHOI'O BOJIOKHA Ta Kabenro ). Lle
OCHOBHMH 1 HaCTapilIui CTaHIapT OJJHOMOJIOBOTO BOJIOKHA. Y 1IbOMY CTaHJIapTi ICHY€E
yotupu miaTunu BonokHa: A, B, C 1 D, 3 axux A € HaiictapimuMm, a D HaltHOBIITIUM
(cyuacaum). Bepcii A 1 B He BU3HauaroTh BUCOTY MiKy Bojau 1383 HM , Ha BIAMIHY Bij
Bepciit C 1 D (31 3MeHIIIEHUM 1 KOHTPOJIbOBaHUM TikoM Bojiu). Bepcii B 1 D maroth

Kpaiii 3HadeHHs mapamerpa PMD ( inaekc mossipu3aiiiftHol MOI0Boi quctepcii ).

=
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'

| G.652A & G.6528

Attenuation (dB/km)
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1250 1300 1350 1400 1450 1500 1550 1600

Pucynoxk 1.16 — KpuBa 3aracanssi OnTU4HOTO BOJIOKHA

HaiiBaxxnuimii napametpu BojiokHa (G.652:

— HynpoBa xpomatuuna gucnepcis 6mu3pko 1300-1324 awm,

— Makc. 3aracanns 0,4 nb/km nipu 1310 5M, 0,3 ab/kM ipu 1550 HM (Tpoxwu
Oinbie y Bepcisix A 1 B),

— Xpomatnuna aucnepcis 17 nc/km/mm  npu 1550 (y cranpmapti

BU3HAYAETHCS YEPE3 HAXMII Jucnepcii),
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— XB. paniyc Buruny 30 mm,

— Makc. rpannvHa ToBXKUHA XBUI 1260 HM,

- JliameTp Mo10BOTO 0714 8,5-9,5 MKM.

G.653 — ogaOoMo0Be BosiokHO (5.653 (DSF) Oyno Bu3HaueHO B peKOMEHAIlii
ITU G.653 ( XapakTepHCTUKH OJHOMOJOBOTO OINTHYHOTO BOJOKHA Ta Kademo 3i
3MIIIEHOIO JHCIIEPCiero ). B maHuii yac BOJIOKHO PIAKO 3yCTpIiYa€Thes, 1 OLNbIe HE
BUPOOJISIETHCSA, TOMY 1110 BOHO HE BUSBHIIOCS YHIBEPCAJIBHUM - BOHO OyJIO KOPUCHUM
TUIBKKH JUIS OJHOKaHalbHOI mepenadl B C-iama3oHi. Moro He MokHa OyJo
BUKOPHUCTOBYBaTH B OaratokaHanpHili mnepenauyi DWDM uepes nayxke Benmki
HEIIHIAHOCTI, fKI OyJu CHPUYMHEH1 JyK€ HU3bKUMHU 3HAUYEHHSIMU XPOMAaTHYHOI
nucnepcii B C-niana3oni (HomiHansHO 1550 HM Maiia HyJIbOBY quctiepciio). Buznaueno
nBi  Bepcii crangapry G.653: A 1 B. Bepcis B Mae kpami 3HaueHHS
napametpa PMD . HaiiBaxnusimn mapamerpu BosiokHa G.653:

— Makc. 3aryxanna 0,35 ab/km npu 1550 um (tun. 0,275 ab/km, He
Bu3Ha4YeHO 1 1310 HM),

— XB. paaiyc Buruny 30 mm,

— Makc. rpannuHa oBxxkuHa XBuii 1270 Hw,

— HiameTp Mo0BOrO MoJst 7,8-8,5 MKM.

G.655 — ogHOMO0BE BOMTOKHO (G.655 (NZ DSF) Oynio BU3Ha4Ye€HO B peKOMEHAAIII1
ITU G.655 ( XapakTepuCTUKH OJTHOMOJOBOTO OINTHYHOTO BOJOKHA Ta KaOemo 3i
3CYBOM HEHYJIbLOBOT mucrepcii ). e BOJIOKHO 31 3MIIIEHOIO
XapaKTEPUCTUKOIO XPOMAaTUYHOI AUCTEpCli ¢ (MaJia, ajie HeHyJIb0oBa Jucepcis OJIM3bKO
1550 um). BBenenHst HeBeNMMKOi KITBKOCTI XPOMATUYHOT JUCHEPCii B TPEThOMY BIKHI
nepeaayi OyJio MPUNHATO Yepe3 YK€ BUCOKY HEIHIMHICTb, IO CHOCTEPIraeThCs Y
BoJIoKHI (G.653 3 HyIBOBOIO XpOMaTUyHOW Jucnepcieto. OnToBosiokHo (G.555
3yCTpI4a€ThCcsl HA TNPAKTUINl JOCHTh YacTO, XOo4a BOHO Ma€e OOMEKEHe
3actocyBaHHsA. OOMexkeHa YHIBEPCATBHICTh € Pe3yJIbTaTOM TOro (akTy, 110 OCKIIbKU
BOJIOKHO omnTuMizoBane s nepenadi DWDM , BoHo moxe Oyt mpobieMaTHaHUM
npu Bukopuctanui st CWDMnepenaua dwepe3 BHCOKY TpPaHMYHY JOBXKHUHY

xBuil. Bonokno G.655 Moxe Martd MO3UTHBHY a00 HEraTMBHY XpOMaTHYHY
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nucnepcito. CerMeHTd  BOJIOKHAa 3 HEraTUBHOK — JHUCIEPCIEd  MOXYTh
BUKOPUCTOBYBAaTUCA B  Mepexax METpo I [epejadyl  Ta  KOMIeHcalli
onHoYacHO. OCKUTBKM BOJIOKHO Ma€ HH3bKI 3HAYEHHS XPOMATHYHOI JAMCIIepCii,
MOXJIMBI JIOBII 3’€QHAHHSA, HDK y BHUIAIKy BojokHa G.652, 6e3 HeoOXigHOCTI
KOMIIEHCAIll XpOMAaTUYHOI JUcHepcii B 3’€THAHHIX 13 BUCOKHMH OiTpeiiramu. bymno
BU3HAUEHO M'ATh Bepciil crangapty - A, B, C, D 1 E. Bonu Biapi3HSIOTECS (CyTTEBO)
npodinem xpoMatuuHoi aucnepcii. HaliBaxxnusiin nmapamerpu BosiokHa G.655:

— Makc. 3aracanns 0,35 nb/km nipu 1550 HM,

— Hucnepcist 4-10 nc/am/xkm nipu 1550HM,

— Makc. noBxuHa XBuI 3pi3y 1450 HM,

- Hiametp pexxumHoro mosist 8-11 MM (Ha mpakTuill Moke OyTH MEHIIe
cTaHJapTHUX BUMoOT) [11].

[TapameTpu oganomonoBoro OB G.656, G.657

G.656 - BomokHo 3 HeHynbOBOI aucnepciero mist cucteMm CWDM 1 DWDM.
Onrtrnune BonokHO ITU-T G.656 npusHayeHe u1si BUKOPUCTAHHS B IIMPOKOCMYTOBHX
CHUCTEeMaX TMpHU3HAYCHE JJII pOOOTH y BIKHAX JOBXKHUHM XBWIl Big 1460 HM 10
1625. 3atyxanns BosokHa (G.655 € HuszpkuM npu 1460-1625 HM, ane Ko TOBXKHHA
xBuil MmeHie 1530 uM, aucnepceist 3aHaaTo HU3bKa Ji1s cuctemd WDM. Tomy BOJIOKHO
G.656 He MiAXOIUTH IS JOAATKIB, 110 NpalioroTh Bif 1460 am 10 1530 M [12].

G.657 - HeuytnuBe 10 BUTMHY OJHOMOJ0BE BOJNIOKHO it cuctem FTTH. Lle
OCTaHHE BUJAHHSA CTaHIAPTy OJHOMOJOBOIO ONTHYHOTO BOJIOKHA, K€ BU3HAUYa€e
XapaKTePUCTUKN HEUYTJIMBHUX /IO BUTHUHY OJIHOMOJOBHUX ONTHYHUX BOJIOKOH. BosokHa
(G.657 B OCHOBHOMY 3aCTOCOBYIOTHCS JUJISI LIMPOKOCMYTOBHUX ONITHYHUX MEPEXK JOCTYITY
B TEJICKOMYHIKAIMHUX odicax 1 KIEHTCHKUX MPUMIMICHHSIX y 0araTOKBapTUPHHUX 1
olHOKBapTUpHUX OyauHkax. Icnye ni kareropii ITU-T G.657: G.657.A ta G.657.B
[12].



Taomurg 1.5 — OcoomuBocti OB G.656

MokpuTTA
XapaKTepucTKN
OOBXWHKW XBUNI

MakcumaneHe 3aracadHa npw 1460, 155010
G.656 ) OianazoH s, CiL
1625 HM. Makc. PMDQ=0,2 nc/v KM

DopatkK

rmarpumye cuctemis CWDM 1 DWDM B

[iana3oHi OBXMH XBUNb B 1460 HM 0o 1625

HM.
Tabmu 1.6 — Brpatn Ha MakpOBHUTHHI
Paniyc 30 Mmm
KinpkicTh BUTKIB 100
BTpatu Ha MakpOBHTHHI
MakcumanbHe 3Ha4eHHS Ipu
IOBXMHI XBUil 1625 HM 0,50 nb

10
1
®
g
-
s ol A G65TAl @1625um
=
R GESTAL @1550um
0,011 O G657.A2 @1625um
G.657.A2 @1550um
0,001 . - :
5 75 10 12,5 15 17,5

Pagpiyc BuriHy (mm)

G.6am 18)_F01

Pucynok 1.17 — Brparu va makpoBurusi s kateropii ITU-T G.657.A [10]
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Taomurg 1.7 — OcoomuBocti OB G.657

MokpuTTA
XapakTepuCcTHKK OOBXUHK

XBUnNi

Mpu paagiyei 15 mm, 10 obepris, 0,25

Bin O oo L ONTUMI30BAHA YCTAHOBKA AOCTYNY WOAO MAKPO3rMHAHHS,

G.657.A OB makc. npu 1550 HM, 1 AB Makc. npu

CMYTK BTparT, iHWi napameTpw nogibHi go G.652.0.

1625 HM. Make. PMDQ=0,20 nc/v km

MiaTpumMye oNTUMIZ0BaHE BCTAHOBNEHHA MepeXi QocTyny

Mpw papiyei 15 mm, 10 oBepris, 0,03

BOOAoL 3 [ayxe Manumu pagiycaMu BUrUHY, WO 3ACTOCOBYIOTLCA B

G.657.B AB Makc npy 1550 Hw, 0,1 4B Makc

CMYTK CMCTEMAX KepYyBaHHA ONTOBONOKHOM, 0COBNKWBO ANA

npu 1625 HM

Tabnuis 1.8 — Brpatu Ha MaKpoOBUTHHI

HoaaTku

BCTAHOBNEHHA Ha obMeReHIn BiocTaHI.

ITU
G.657 AL ITU G.657.A2
Paniyc 15 | 10 | 15 | 10 | 75 x
Brpamuma | NPPKICTE gg 1o 10 |1 | 1
MaKpOBHUTH BUTKIB
Hiy Maxkcumainib
) HE 3HAYEHHS
BUILHOMY pu 1550 0,25 0,75 | 0,03 | 0,1 0,5 | nb
Kabel
HM
Maxkcumanb
HE 3HAYEHHS
npu 1625 1,0 15 01102 | 10 | b
HM
ITU G.657.B2 ITU G.657.B3
) M
Brparn na Panmiyc (mm) | 15 10 | 75 10 | 7,5 5 y
MakpoBuru | Kinbkicth
HIY BHUTKIB 10 1 . ! ! !
BUIBHOMY | Makcumab
Ka0ei HE 3HAYEeHHSA
pu 1550 0,03 | 0,1 05 | 0,03 |0,08| 0,15 | nb
HM

44
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[Iponorxenus Tadmuii 1.8

Makcumaib
HE 3HAYCHHS
npu 1625
HM

0110210 | 01 |025| 045 | nb

101

G.657.B3 @1625um
11 AN

.

-
.
b
)
-

0,11 E

nbBurok

0,011 A 665782 @1625um

G.657.B2 @1550um

0,001

5 75 10 12,5 15 175
. G 657(16) Foe
Papiyc BUTMHY (mm)

Pucynok 1.17 — Brpatu Ha makposurusi g kateropii ITU-T G.657.B [10]

1.6 BucHoBku 10 po3ainy 1

byno mocnimkeHo, 10 ONTOBOJIOKOHHUN 3B'SI30K BIJITPAE KUTTEBO BaAXKIUBY
poJib y 3B'S3KY 3aBASKM CBOIM BEJIMYE3HIA TNPOIYCKHIM CIPOMOXKHOCTI 1 €
NEPCIIEKTUBHIM BEKTOPOM pO3BUTKY Mepex. lle mpu3Beno A0 MOsIBU MHOXKWHU
nonatkis, Takux sk FTTH. Bin npornonye BUrogy eKOHOMIYHO €(peKTUBHUM CTIOCOOOM,
HIATPUMY€E TEXHOJIOTIT JUIsl MEPEX AOCTYIY HACTYIMHOIO MOKOJIHHA. [lacuBHI onTHYH1
mepexi (PON) BBaxaroTbes nepcekTuBHUM criocodom peanmizauii FTTH. A FTTH y
CBOIO uepry Hajgae Oe3iiu MOCHyr, Takux sSK OOMIH BijeodaitnamMu, OgHOpPAHTOBA
nepeaayva, Bijeo 3a 3anutoM (VoD) Ta intepuer-tenebauenus (IPTV) 1 1.1.

Busnaueno cytb TexHosorii PON - M’k LIeHTpaJIbHUM 1 a00OHEHTChKUMHU BY3J1aMU
CTBOPIOETHCS MOBHICTIO MAacHMBHA ONTUYHA MeEpeka NepeBOBUAHOI Tomousorii. I mpu
aHamizl pisHoMaHITHUX TexHojorii PON Oyno 3pobieHo BucHoBOk, mo GPON Ha

JaHUM MOMEHT € HalOUIbII €MHOIO Yepe3 BEIHMKY KUIbKICTh aDOHEHCHKUX BY3IIB 1
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3abe3reuye OUIbII MIBHAKICHE 3’€IHaHHs, miaTpumye [P-dparmenraiito Ta 3aXucT
JAHUX.

OTxe, ONTHUYHE BOJOKHO Ma€ HAMBHIY MPOIYCKHOIO 3/IAaTHICTIO Cepeia YCix
IcCHYrOUHX 3ac001B 3B's13Ky. HalinommpeHnimmuii Mmatepiai 1jisl BATOTOBJICHHS BOJIOKHA —
TUTABJICHUHN KBapIl, SKMA 32 CBOIMHU EJIEKTPUYHUMH BIIACTUBOCTSIMH € J1CJICKTPUKOM.
Takox € oAU Ha OJTHOMOJIOBE 1 OaratoMoa0Be BOJIOKHO. OTHOMOIOBUN ONTHYHUIN
KabeJIb - 11€ OJTHA ITiICTaBKa 31 CKJIOBOJIOKHA AlaMeTpoM Bix 8,3 1o 10 MIKpoH, sika Mae
OJIMH PEXUM Tepeiadil Ta 3a0e3nedye BUILy MIBUAKICTH nepeaayi 1 40 50 pasiB Ouibiry
BIJICTaHb, HDXK 0araTomoJloBe, aje KOIUTye J0pokye. bararomomoBuii onTuyHUN
Ka0eJb CKIIAJAETHCS 3 KUTBKOX CKJISTHUX BOJIOKOH 13 3arajbHUM J1aMeTpOM Y Jiana3oHi
BiL 50 mo 100 mikpoH Ta 3abe3nedyye BHCOKY MPOMYCKHY 3JAaTHICTh Ha BUCOKHX
MIBUJKOCTSAX Ha CepelHiX BIACTaHsAX. ToMmy 0OaraToMoJ0BE ONTHYHE BOJIOKHO
3/1e01TBIIIOT0 BUKOPUCTOBYETHCS IS 3B 53Ky Ha KOPOTKHUX BIJCTaHSIX, HAPHUKIAT, Y
Mexax OyAiBJl UM HA TEPUTOPIT YHIBEPCUTETY.

TakuM YUHOM BOJIOKOHHO-ONTHUYHI KaOelll 3aCTOCOBYIOTHCSA ISl CTBOPEHHS
BOJIOKOHHO-ONTUYHUX JIHIA 3B'SM3Ky, 34aTHUX 3a0€3MEUUTH HAWBUILY IBUJKICTb
nepenadyi. [lIBuakicTh mepenayi MOe CTaHOBUTHU JIECATKH TirabaiT 1 HaBITh TepaOalT
Ha CEKYHIy — 3aJIC)KHUTh II€ BiJl TUITy BUKOPHCTOBYBAHOTO aKTHMBHOTO YCTAaTKyBaHHSI.
3actocyBanHs BOJI3 no3BoJisi€ 10KaaIbHO MOEIHATH POOOU1 MICIISI, TAKOXK 3a0€3MEeUUTH
BHUCOKY IIBUJIKICTh 3aBaHTaXCHHS [HTEpHETY OJHOYACHO HAa BCIX MAlllMHAX, SKICHUN

TeneOHHUM 3B'SI30K Ta TENEBI3IMHUN NPUITOM.
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2 AHAJII3 TEXHOJIOI'TH WDM-PON TA XG-PON

2.1 [IpyHIMIIYM TACUBHUX ONITHUYHUX MEPEK

OnTruHl MepeXi MOXKHA PO3JLIUTH Ha JBa KJacH - aKTHUBHI Ta MacuBHi. Mix
BY3JIOM JOCTYIy Ta KiHIIEBUM KOPHUCTYBaJIbHHUIIBKUM O0JIaJTHAHHIM aKTHBHOI MEPEXKI €
aKTHBHE OOJaHaHHS (HAIPUKIIAJl, pereHepaTop abo KOMyTaTop). Y MacuBHIA Mepexi
aKTUBHE OOJIaHAHHS BIJCYTHE, TOOTO Mepeka CKIAJA€TbCs JIMIIE 3 MaCHUBHUX
KOMITOHEHTIB.

3a3Buuail BHUKOPUCTOBYIOTHCS TaKi BUIM TMACHUBHUX KOMIIOHEHTIB (KpiM
ONTUYHOTO  BOJIOKHA):  BOJIOKOHHO-ONTHYHI  3'€/IHyBadi, pO3Tally’kKyBaul Ta
MyJbTUILieKcopu WDM.

3aMicTh TIOBHOI Ha3BH «IACHBHA ONTHYHA MEPEXa» BUKOPUCTOBYETHCS
abpeiatypa PON (Passive Optical Network). 3araibna ctpykrypa mepexi PON
npencraBieHa Ha puc. 2.1. YV mepexxax PON BUKOPUCTOBYETHCSI TOIOJOTIS «TOYKA-
OaraTorouka» (P2MP, point-to-multi point).

AKTHBHE 00J1aIHAHHS B IIEHTPAJIIbHOMY 0(ici 200 Ha BY3JI1 JJOCTYITy Ha3UBAETHCS
onTUYHUM JiHIHHUM TepMmiHaiaoM (Optical Line Terminal - OLT), a o6nanHanHs Ha
a0OHEHTCHKOMY BY3J1 - ONTUYHUM MepexkeBUM mpuctpoeM (Optical Network Unit -
ONU) € me ONT. Jlesiki mocityTH 3B'SI3KY, 5Kl 3a3BU4ail HagatoThesa Mepexkamu PON,

TaKOX MoKa3aHi Ha puc. 2.1.

LA T B Iy . 7'27-""'

Pucynok 2.1 — Ctpykrypa mepexi PON
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VYV nepeBaxHii OubmocTi Mepesxk PON 3B'S30k OpraHizyeTrbcsi MO OJHOMY
BoJIokHY. Kommuiekt oOmanHanns OLT Ha By3nl J0CcTynmy OOCIYyroBye OJHE
MaricTpaiabHe BOJIOKHO, sIKE PO3NOAUISIEThCA MK KUTbKOMa a0OHEHTaMH 3a JOTIOMOT 010
BOJIOKOHHO-ONITUYHOTO po3rainyxyBada. KoedillleHT po3raiy’eHHsI MOXe J0CsSratu
64, y 1boMy BUTIAIKy ouH KoMIUIeKT o0naaHadas OLT obcnyrosye 2, 4, 8, 16, 32, 64,
128 kommiiektn obnanHanHss ONU. Oqun komruiekT oomagHanHss ONU Takox Moxe
00CITyroByBaTH KUIBKOX aOOHEHTIB [5].

[lepenaBanus 1 npuitmManHs iHGoOpMaIlii 3M1HCHIOETHCSA IO OJTHOMY ONTHYHOMY
BOJIOKHY B JIBOX HampsIMKax: y MNpsSMOMY HampsMKy (Bif cTaHIlli 10 aOOHEHTa)
BUKOPHCTOBYIOThH JOBXHUHY XBUI1 1490 HM, a y 3BOpoTHOMY (Bi7] aDOHEHTa 0 CTaHIIii)
— 1310 um. [lns 3abe3nedeHHs mepedadl BCIM aOOHEHTAM TEJIEBI31MHOTO CHUTHATY

BUKOPUCTOBYIOTh TOBKUHY XBHJIi 1550 HM [20].

CO

ONU 1

TX/RX 1

~ Upstream  m xFSR  downstream

& Rt K o b |

I | I |
s ) | NI (I
R : R A nm
M- /"';\"' /"‘I /\..‘\f

Pucynok 2.2 — Cytnicts TexHomnorii PON

Jlnst  30UIbIIEHHST TMPOMYCKHOI CHPOMOXHOCTI OJHOTO BOJIOKHAa MOXKeE
BUKOPUCTOBYBATUCS  TEXHOJIOTiSI  CIEKTPAIBHOTO  MyJbTHUIUIEKCYBaHHA WDM
(Wavelength Division Multiplexing), mo 103Bojsi€e OAHOYACHO TEpeaBaTH KiTbKa

CUTHAJIIB Ha PI3HUX JOBXXHMHAX XBHJIb IO OTHOMY BOJIOKHY. [TpH 11bOMy BIUIMB CUTHaNIB
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OJIMH Ha OJIHOTO Y MpoIleci iX mepenadi npakTuyHo BiacyTHIH. OcHoBHI T WDM
TEXHOJIOT1i 3 HABEICHUMH HIKYE XapaKTEPUCTUKAMU

CWDM (Coarse Wavelength Division Multiplexing - I'pybe crekrpaibHe
MYJIbTUIIIIEKCYBAHHS ):

- JloB)XKrHM XBHJIb BU3Ha4ar0Thcs pekoMenamiero ITU-T G.694.2.

— MakcuManbHO BUKOPHUCTOBYETHCS 18 MOBXHUH XBUJIb 3 iHTepBasoM 20 HM
B miama3oHi 1270...1610 am

— 3aCTOCOBHO /TSI MICIIEBHX MEPEXK Ta MEPEXK JTOCTYIY

- Turm BosiokHa Bu3HavaeThesl pekomenaarniero [TU-T G.652.D

DWDM (Dense Wavelength Division Multiplexing - IlimpHe crnekTpaibHe
mynbTHILiekcyBaHHs), [TU-T G.694.1

— JloBxrHU XBHIIb BU3HaUat0Thes pekomenaanieto [ITU-T G.694.1

- IaTepBan Mixk 1OBKHHAMHU XBHIIb MOXke cTaHOBUTH 0,8; 0,4; 0,2 a60 0,1 HM

— 3aCTOCOBYETBCS JJISI MPOTSHKHUX MEPEX 3 JY)KE BHCOKOIO IPOMYCKHOIO

3IaTHICTIO

— Tunu BoJiokoH Bu3HavaroThesl pekoMmenaarisimu ITU-T G.652, G.655 ta
G.656 [5]

- (TRE)
iz T @ -

Pucynok 2.3 — 3615bIIeHHS MPOITYCKHOT CIIPOMOXHOCTI BOJIOKHA IISTXOM

BUKOpHUCTaHHA TexHoJorii WDM
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Texnonoris WDM no3Bosisie 6araropa3oBo 30UIBIIUTH MPOMYCKHY 37aTHICTh

BOJIOKHA Ta JIOCSATTH JYy’KE€ BUCOKOI MIBUAKOCTI TIepeaayi.

KoediuesT
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A6 [ v
0,7 —
0,6
0,5
BO0AHNA NiK
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1\ PR
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1300 1400 1500 1600 AUEXHEE XBun,
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Pucynox 2.4 — IlpoctopoBe po3tanryBanss kanaiaisB CWDM BinoBiiHO 10

pexomenpartii ITU-T G.694.2

2.2 Texuomoris WDM PON

Mepexi PON nazuBatoTh Mepesxxamu TDM PON, ockiibKY BUCX1THUNA MOTIK BiJl
ONU no OLT y Hux dopmyeTbes nuisixoM BuaieHHs kKoxxkHoMy ONU cBoro iHTEpBaily
yacy JUId nepenadi JaHux. [Hmmi miaxig nonsrae y BuaiaeHHI koxkHomy ONU cBoei
JOBKMHU XBWJII Ta POPMYBaHHI BUCXITHOTO MOTOKY 3 BUKOPUCTAHHSAM CIIEKTPAIBHOIO
mynbTHuIiekcyBaHHss (WDM). Mepexi PON, 1110 BUKOPUCTOBYIOTH IO TEXHOJIOTIIO,
Ha3uBaroTh MmepexkaMmu WDM PON. [Tpunnun nii mepesxxi WDM PON noka3aHo Ha puc.
2.5 [5].
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Pucynox 2.5 — Mepexxa WDM PON

i Mepexi nyxe NepCrleKTUBHI, iX OCHOBHUMHU IepeBaraMu €:

— IIpo3ope kommnekcHe pimenHs Big OLT no ONU Tta Big ONU no OLT

— Jlns curnany neBHO1 TOBKUHU XBHIII MEPEKA MA€ TOIOJIOTIIO0 «TOUYKA-TOUKa, 110
rapantye T611/c (55x20 I'6i1/c 1 25%20 I'61T/C) mpoIyCcKHY 31aTHICTb Ta O€3MeKy.

— 3MiHa MBHUAKOCTI mepeaadi Ta/abo HAOOpYy MOCIYr, HaJaHUX aOOHEHTY, HE
noTpedye nepepBu B 00CITyrOBYBaHHI 1HIIUX aOOHEHTIB [5 ]

Jamni moxeMo nodaunT Ha puc 2.6. pyHKuioHanbHY apxiTektypy WRP.

SNI S/R-CG R/S UNI
» ODN o
OLT chassis
oLTor1 |L_S/R-CPL ONU-1 —

L~ |
OLT CT-2 | S/R-CP2

OLT CT-3 S/R-CP3

Wavelength router (AN)

Wavelength router (ODN)

ONU-2 b
o S/R-CPn
LT CT-n
L ONU-n —
G.9802.1(21)

Pucynok 2.6 — @ynkuionansHa apxitektypa WRP
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Cki1aioBUMH YaCTUHAMU CUCTEMU MACUBHOI ONTHUYHOT MEPEXKI 3 PO3IIJICHHSIM 32
JIOBKMHAMHM XBHWJIb € IAcl ONTUYHOTO JiiHIMHOTO TepmiHany (OLT) 3 oGnagHaHHAM
tepmiHallii aekimbkox kaHaiiB (CTs), KokHHI 3 sKUX 3a0e3redye JABOHAMPABIICHE
3’€JHAHHS Yepe3 mapy MOBXKUH XBUJIb, 1[0 YTBOPIOIOTH Napy onTuyHUX kaHauiB (CP),
ONTUYHOI PO3MOATFYO0I MEPEXkK] Ta HA MPUIMAaNIbHIA CTOPOHI 3 ONTUYHUX MEPEKEBUX
OJIOKIB Ta poyTepa, IO BHKOHYE PO3AUICHHS 1 MapmIpyTH3aIlilo 3a JOBKHHAMHU
xpwib.[ITU-T G.9802] [21].

OLT CT: KoxeH 13 ¢pi3uyHUX TOPTIB Y ONTUYHOMY JiHiitHOMY Tepminaii (OLT),
KWW TIKITI0YAETHCS IO BOJIOKHA ONTUYHOI po3noauibuoi mepexi (ODN), € Toukoro
tepminaiii kanamy (CT). ¥V xoHTekcTi mepenadi Ha OCHOBI MaplIpyTu3aTH3allli 3a
JOBXKMHAMU XBWIb II€ IHTEPIPETYEThCs sIK TepMiHalig mapu kaHaims (CP): oxHoro
KaHally Ha JOBXKUHI XBWI1 y HU3X1qHOMY Hanpsami Big OLT no ONU 1 npyroro kaHaimy
Ha JOBXKHHI XBUJI1 y BUCX1THOMY Hanpsimi Big ONU go OLT [21].

[TacuBHuit MmapmpytuzaTop WR posnoauisaoi mepeski ODN BUBOIUTH KaHAIbHY
napy CP xananenoi rpynu CG uepe3 BimnoBigHuil (izuunuit nmopt. KoxkHa Touka
tepminauli kanany CT, mjo 3Haxonutbea B OLT, moB's3aHa 3 0JIHI€}0 KaHAJIBHOO IMAPOI0
CP uepe3 ODN 3 ¢yHKIi€r0 MapuipyTu3allii 3a JOBKHUHOIO XBUJIl. Takox MOKIIMBI
BaplaHTH, B sIKUX KaHanbHI napu CP moxoasats 3 pizHux maci OLT, a ONU otpumye
kinbka CP.

[TinTpuMyIOTHCS HACTYITHI CUMETPHUYHI JIHIMHI IBUIKOCTI JIs1 KAHAIBHOI TTapH
CP:25T1611/c; 10 I'6it/c. OgnouacHa miarpumka 25 I'6it/c CT ta 10 I'6it/c CT MoxnuBa
Ha p13aux CP. HominaneHa mBuakicTk JiHii Ha CP Moxe OyTH 3MiHEHA IUIIXOM 3aMiHU
CT. Hns posnoainbuoi mepexi WR-ODN BukopuctoBytoThesi CP 12/20/40 noBxuH
xBUJIb KaHanbHUX nap. Cucrema ONU WRP He 3anexuthb Bii JOBXKUHHU XBHJII Ta MOKE
BUKOPUCTOBYBATH Oyb-sikuil mopT poyrepa WR B ODN st migkmrouenns ONU [21].

Crpyktypa mapiB cuctemu WRP mokazana B tabmumi 2.1 ta 2.2. Etanonna
MOJZIeJIb TIPOTOKOIY pO3JAlIeHa Ha piBeHb KoHBepreuuii nepenadi (TC) 1 piBeHsb,
3anmexHui Big (dizuyHoro cepemoBuma (PMD). PiBens koHBepreuiii nepemadi
posnuieHnit Ha miApiBeHb nepeaadi PON 1 migpiBeHb ajamnraiiii, skl BiJIMOBIIAIOTh

MIJPIBHIO KOHBEPIEeHINI Iepenadi J0AaTKOBHX OJIOKIB, IO IEPEHarOTh Pi3HI THITH
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nanux. IligpiBens nepenaui PON 3aBepiye HeoOxiaHy ¢yHkIio nepeaadi Ha ODN.
Crnenudiuni ¢pynkiii PON 3aBepiryrothes migpiBHeM nepegaadi PON.

MiKHApOIHUM COIO30M €JIEKTPO3B'SI3Ky OyJI0 BH3HAYEHO J[Ba OCHOBHI CIICHApIi
1151 ooy 1oBU cucteM 3 WDM PON :

a) “I'piading”, y sskomy Oyze moOyoBaHa HOBa pO3IOIiIbHA MEepexKa,

b) “bpaynding’, y skomy WRP Oyne BUKOpPHCTOBYBAaTHCS IS MOJEpHI3aIii
ICHYI0UYO0i OJTHOBOJIOKOHHOT JIiHI1.

JIist  clieHapil0 3 HOBOIO MEPEXKEI0 ONTHYHHKA OI0DKET HE OOMEKCHHH,
KOHBEpIeHIlisl 3 ICHYIOUMMHU JI00pe CTaHJapTU30BAHUMH OIOKETHUMH KJlacaMu €
Kpamiow, o0 MaKCHUMI3yBaTH BUTOJy BiJl ICHYIOUHMX ONTOEIEKTPOHHUX MOJIYJIB.
Ontuuni 6romxetH1 kiaacu [[TU-T G.989] 1 [ITU-T G.9806] po3risigaTuMyThCst ISl
MOBTOPHOTO BHUKOpHCTaHHA. Skmo cucremun WRP npusnaueHi misi MojepHizaliii,
noTpiOHa 3JaTHICTh MIATPUMYBATH ICHYIOUl onTHuHI Oro/pkeTHI kinacu ODN tumy
«rouka-Touka», Bu3HaueHi B [[TU-T G.986] 1 [ITU-T G.9806]. Takum 4yuHOM, HpU
MOJIEpHi3allli HeOOXIIHI PIIIEHHS ISl ONTUYHUX OFOMHKETHUX KJIACIB 13 J0JIaBaHHSAM
BHeceHux BTpaT mpuctporo WR. Ha nmomaTtox no mapamerpiB MIBHAKOCTI JIiHII Ta
BiJicTaHi, noTpioHe BpaxyBauHs CT/CP 3 pi3HUMHU ONTHYHUMHU OIOPKETHUMHU KJlacaMu
[21].

Texnonoria “mnarite y mipy 3poctants (PAYG)” - BUKOPUCTaHHSI ONTUYHUX
MOJIYJIB Ja€ MOXIJIMBICTh KOHTPOJIIOBATH SIK BHUTPATH HA BCTAHOBJICHHS, TaK 1
eHeprozoepexxeHHs. MoJMBa 3aMiHa TpaHCUBEPIB Ha OCHOBI KoxkHoro CP, mio6
3pOOMTH MOKJIMBHM MaMOyTHIM TiepexiJ TEXHOJOrid abo [0 BHUIIUX JIHIHHHX
IIIBUJIKOCTEH, 200 0 MEHIIT €HEPTOEMHUX PIIICHb.

Cucrema WDM PON mnoBHHHa NIATPUMYBATH BUKOPUCTAHHS  ONTHYHMX
BOJIOKOH, THITIB (G.652 1 G.657 1 MakcuUMaJbHI KJIacH BIJICTaH1 OIITOBOJIOKHA:

— 811 0 10 10 kM 117151 6€3IPOTOBOTO 3aCTOCYBAHHS, 1[0 YYTIUBE /10 3aTPUMKH;

— Big 0 7o 20 kM A OLIBII 3arajbHOTO MPU3HAYCHHS Ta IS BIJIMOBIAHOCTI

MiHiIMagbHOMY paziycy aii PON ODN, 1o MoepHi3yeThes.
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Ta6mus 2.1 — [puknanu inTepdeticiB UNI Ta cepiciB

UNI ®diznunumii iHTEpdEiic Cepgic
1 Gbit/s /10 Gbit/s /25 Gbit/s
Ethernet

Ethernet, Ethernet na 6a3i
1000/10G/25G BASE
UNI inTepdetic mo MigHOMY

kabemto [[EEE 802.3]
1 Gbit/s/10 Gbit/s/25 Gbit/s

inTepdeiicy eCPRI

UNI inTepdeiic mo Ethernet, Ethernet na 6a3i

1000/10G/25G BASE
onruuHOoMy Kabemnto [[EEE

802.3]

inTepdeiicy eCPRI

Sal"aJ'IBHOIIOCTyrIHI/Iﬁ

agioinrepdetic (CPRI) /
P pepeic { ) Option2, Option3 Option7,

Option8, Option10

[niniaTuBa BIAKPUTOTO 0e31poB0O10Ba OJIMKHS 30HA

cTaHaapTy 6a30Boi cTaHIi

(OBSAI)

1 PPS 1PPS iHTepdelic CMHHXpOHi3allii

Tabmuus 2.2 — lpuknaau inTepdeiiciB SNI Ta ceppiciB

SNI ®i3nunuii inTepderic Cepgic

1 Gbit/s / 10 Ghit/s / 25 1G/10G/25G/40G/50G/100 | Ethernet, Ethernet na 6a3i
Gbit/s 40 Gbit/s / 50 Gbhit/s G/ 200G/400G BASE
100 Gbit/s / 200 Ghit/s /
400 Gbit/s — [IEEE 802.3]

iHTepdeiicy eCPRI

CPRI/OBSAI Option2, Option3, Option7,
Option8

WRP nosBossie gogasatu ONU Ta OLT CT 1 cTBOproBaTH HOBI 3'€JTHAHHS, SIKI HE
BIUTUBAIOTh Ha OOCIIyTOBYBaHHS MOTOKIB Tpadiky, IO mpamiooTh. [Ipote y Takomy
BUMAJIKYy AaKTHUBAIlil MOJIYJIB MPOBOAUTHCS OKPEMO Ta HEOOXIHO BpaxyBaTu
MPOMOPIINAHICTh CIOKUBAHHS €JIEKTPOEHEPTii 10 akTuBoBaHuX CP.

Mertoto Ttexnonorii WDM PON € ckopoueHHs eKCIulyaTalliiHUX BHUTpPAT Ha

cuctemMu PON 0e3 iCTOTHOrO 301IbIIEHHS! KaliTabHUX BUTPAT 3 BKJIIOYEHHSIM BCIX
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HEOOX1THMX TECTOBHMX 1 JIarHOCTUYHUX MOJXKJIMBOCTEH 1 3a0e3MedeHHs] CyMICHOCTI 3
HEO0OX1THOI MPOITYCKHOO 3/IaTHICTIO Ta MPOYKTUBHICTIO Yacy nepeaadl , HeOOX1THUX
JUTSI TIUTBOBHX TTOCITyT [21].

OyHKIIT TECTyBaHHS Ta JIarHOCTHKA € OOOB’S3KOBUMHU JUISI TIATPUMKH
oOnagHaHHSA, MEPEXi, TIOCIYT, 1 1Ie He TOBUHHO BIUIMBATH Ha 0oOCIyroByBaHHs. J{ms
WRP 3actocoBytors motouni moxiauBocTi PON (aBapiiiHi MOBiIOMIICHHS, TTOA1, 3BITH)
m0/10 06a30BOro TECTyBaHHs Ta JlarHOCTUKU. BpaxoByrouu ycnaakoBaHicTh ONU 3
ONITHYHUM JOCTyIOM, po3pobiieny s nepegadi PON a6o BiDi 3 Touku 10 TOUKH,
HE0oOXiHa B3aEMHA CyMICHICTb:

—nepenaya ONU Moke po3movaTucs JUIIE Mics po3Mi3HaBaHHS SBHOTO 3aIUTY
Ha nepenavy, orpumanoro Big OLT CT;

— ockuibku JokanbHi (peiimu WDM PON € HeoOoB’s13K0OBUMH, a MapamMeTpu
MPOMYCKHOI 3IaTHOCT1 HE HaAaroThcsl, MOoTpiOHa iaeHTU(ikamiss ONU, Bka3zyrouu, 110
KaHaJI HEAKTUBHUM 1 Ma€e OyTH 3aXUILECHUI:

. Ha ctoponi ONU po3nizHaBaHHS SIBHOTO MOBIJOMJICHHS BKa3y€ Ha Te, 1110
JIOBYKMHA XBUJI1 BUCX1JTHOTO MTOTOKY, OB’ sI3aHa 3 IOBKWHOKO XBHUJI1 HU3X1JHOTO TOTOKY
nis1 ctBopeHHst CP, moBuHHa HajaBatucs OLT;

. Bin curnany y BucxigHomy Hampsimi, OLT CT noBuHeH rapaHtyBatH, 10
1] Yac nepeaayi BiH He 31TKHEThCSA 3 yxe nepenasaibhuM napanenbaum OLT CT, mo
MpaIoe Ha TiM caMid JOBXHHI XBHWI. Takux CHTyalllii B MEBHUX CXEMax 3aXHCTY
HEO0OX1HO 3anooiraTu.

Takox mnepenbaueni cuctemu 3axucty OLT, ontuunoi miHIT Ta TepmiHaIii
kanaimy CTs [21].

Mepexni apxitektypy WDM-PON MoxHa kiacudikyBatd BIANOBIAHO 10
TOTIOJIOT1] TAKUM YHHOM:

- apxitektypa Point-To-MultiPoint (P2MP), mo BUHHKa€e Ha OCHOBI TOMOJIOTIT
TDM-PON,

- apxiTektypa RING.
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1. Apxitektypa P2MP mepexxi WDM-PON.

Upstream direction

<« : _
OLT Passive s.pl1ttcr/
. combiner
- ‘.
-
IBMRX ONUs
- N
-

Fiber feeder

€. i)edicated fiber

connections

Downstream direction

Pucynox 2.7 — Apxitekrypa P2MP mepexxi WDM-PON

Jlnst cTBOpeHHsT Takoi MepekeBoi apxiTektypu P2MP neobximHo peanizyBatu
aBTOHOMHMI KaHaJ 3aBJIOBKKHU XBWI1 Bl TepmiHany OLT no mkipHoro 610ky ONU sik
JUJIS HU3X1HOTO, TaK 1 JIJIs1 BUCX1THOTO HAMPSIMKIB. 3aBMISIKU [IbOMY M1 00JIaJHAHHSIM
OLT 1 ONU cTBOpro€eThCsl 3'€THAHHS «TOYKA-TOUKa», Je KokHHM 0710k ONU moxe
MpaIffOBaTH Ha IMIBUAKOCTI Mepefavi JaHWUX 10 3arajbHOI MIBHUAKOCTI IMMOTOKY JaHHX
BUJIIJICHOTO KaHaly MOBXKUHU XBWIl. KpiMm Toro, kaHamu 3 pi3HMMU JJIMHAMU XBUJIb

MOKYTb IMpAIIOBATH HA PI3HUX OITperTax, MATPUMYIOUU Pi3HI Bapiailii MOCIyYT.

2. Apxitektypa RING mepexi Access WDM-PON.

working fiber

Pucynok 2.8 — Apxitexkrypa RING mepexi Access WDM-PON

[ apxiTektrypa nocrymy RING 3'ennye 6ok ONU B KinblleBil TOMOJOTII, J1e

tepmiHan OLT migkirodeHui 70 LBOTO KUIbLS Yepe3 JBOHAIMPABJICHI OINTHYHI.
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O6nagnanusa OLT 1 ONU HeoOXiIHO 3MIHUTH JJIs Mepeiadl Ta MPUHOMY ONTHYHUX
CUTHAJIIB Y HHM3XIJHOMY Ta BHCXIJIHOMY HampsMKax. 3alpoIlOHOBaHa apXiTeKTypa
noctyiry RING Takox Moke MiATpUMyBaTH TIOBTOPHY MOIYJISIIIO ONITHYHUX CUTHAJIIB
JUIsl TABUINECHHS €(EeKTUBHOCTI Iepeiaul BUIUICHUX KaHaTIB 3aBIOBXKKH XBHIl. Lls
apXxiTEKTypa MPOTIOHYE MepeBary THyYKOTO PO3MOAUTY JTOBXHUHU XBHIIl, KOJHA OJHOMY
o6moky ONU mo’kHa Ha3HAuWTH OUTbINE KaHATIIB JOBXKWHHU XBWJI JJIS 301TBIIICHHS

MIPOMYCKHOI 3/IaTHOCTI TMepeIadl Ta Kpamioi MaciTaboBaHOCTI MEPEKI.

3. Apxitektypa RING mepexi Metro-Access WDM-PON.

Switch module

Pucynox 2.9 — Apxitexktypa RING mepexi Metro-Access WDM-PON

[ro apxitekTypy mMeTpo-aoctyny RING iHO/I Ha3uBalOTh TACUBHOIO ONITUYHOIO
Mepexero Benukoro paniycy aii (LR). Bin yrBopenuit kinsiiem WDM i3 3amistHuMU
nacuBHuMHU eneMeHTamMu AWG. Konkpetnuii enemeHT AWG MOTIM CIPSIMOBYETHCS 10
ruiku poctynmy TDM. 3a gomnomMororo BOJOKOHHMX MiJICHIIIOBauiB, JErOBaHUX epOieM
(EDFA), B onTHYHOMY BOJIOKHI MOXHa BUKOpUCTOBYBaTH JBa L- Ta C-nianmazonu. [Ipu

CTBOPEHHI M€l apXiTeKTypHu MeTpo-aoctyny RING moxkHa BuOpatu pizHi KOe(iIieHTH
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pO3MOAULY JJii ONTUYHUX PO3raly’)KyBadiB MOTY>KHOCTI, a TaKOX MOXJIUBE
makiarodeHHs 180X rutok TDM no omuiei WDM RN 3 exemerTom AWG.

Kinbrera miaMmepeka METPO Ma€ MOIYJIbHI MOKIIUBOCTI MIAKIIOYCHHS BEITUKO1
KUJIBKOCT1 KOPUCTYBadiB B MeXax JOMYyCTUMHUX 3HaueHb 3aracanHs. Lle mocsraerncs
BOJIOKHAMH, JICTOBAaHUMHU epOieM, MUCTaHIIMHO HakadyioTbes 3 TepMminamy OLT.
MosxuBi 3Ha4YeHHs OIOKETY MOTYXHOCTI MOXKHA PEryJIoBaTH BIAMOBITHO [0
TPUBAJIOCTI BOJIOKOH Ta XapaKTEPUCTUK IMOTYXKHOCTI Jsa3epiB. Iliamepexa Trijku
JOCTYITy CTBOPIOEThCS Mepexeto TDM-PON, ne BonokHo posnoainy (DF), migkitodene
no eneMeHtra AWG, copsiMmoByeTbest 10 Byzina TDM RN 3 eneMEeHTOM ONTHYHOTO
komyTatopa (OS). Ilicna uporo BiH moautsieTbesi Ha omuHuill ONU dyepe3 kiHIeBe
BOJIOKHO po3nofairy kpanens (DDF) [15].

Texnonoris WDM PON 0Oe3nepepBHO pO3BUBAETHCS, 1i EKOHOMIYHA
edeKTUBHICTb 3pocTae. ToMy B HaillOmmxk4i1 Kijabka pokiB TexHozioris WDM PON moxe
CTaTH OJHIEIO0 3 OCHOBHUX Mepex JocTyiy. KilFoHoBUMH KOMITIOHEHTAMH TaKOi MEpEexk1
€ mupokocMyToBi 1azepu ONU 1 mynbruriekcopu/aemynsruriekcopu AWG (Arrayed
waveguide grating) Ha OCHOBI MacHBIB IUTaHAPHUX XBUJIEBOJIB [5].

B po6oTi mokazaHo CUMYyJISIO, HaJalITOBaHY Il oAHOcIpsiMoBaHoi WDM
PON 3 2 xopucryBauamu (puc 2.10). OnnocnpsimoBanuit WDM PON 0OyB
3MOJEIbOBAHUN 3 BUKOPUCTAHHSM NOBXKHH XBWIb 1490 HM Ta 1491 HmM mis aBox
KOPHCTYBaYiB 3 p13HOIO JOBXHHOIO BosiokHa. Tyt OLT, 610Kk mepegaBaya, CKI1a1ae€ThCs
3 JBOX BHU3HAYAJIbHUX KOPHUCTYBauY€M TE€HEpPAaToOpiB OITOBUX MOCIJOBHOCTEM,
re"eparopiB immybeiB NRZ, nazepis Oe3nepepBHoi aii 1 MoayssitopiB Maxa-I{ennepa,
KOXEH 3 SKUX BiAnoBigae gomxkuHam XxBwib 1490 uM 1 1491 am. 3a momomororo
reHepaTopiB OITOBUX MOCIIIOBHOCTEH, 1110 BU3HAYAIOTHCS KOPUCTYBa4Ye€M reHEPaTOPIB,
CUTHAJI JaHUX TeHEPYEThCS 3 TIEI0 K IMBUJKICTIO Tepeaadi nanux, mo 1 TDM PON.
3reHepoBaHUN CHUTHAJ KOJYEThCS 3a JOMOMOTOK0 TeHeparopa immyibciB NRZ.
JoBxxuHu XBUJIb BcTaHOBJEHI K 1490 M Ta 1491 HMm, a nmotyxHIicTh gk 0,2 1bm y
na3zepHux JpKepenax oesnepepsHoi xBwii (CW). Monymnstop Maxa-Ilennepa (MZM) €
ONTUYHUM MOJYJIATOPOM, SIKUI BAKOPUCTOBYETHCS JIJISl 3SMIHU IHTEHCUBHOCTI CBITJIA BT

nazepa CW BIANOBIIHO 10 BUX1JHOTO CUTHAJY reHepaTopa iMiyibciB NRZ. Buxignuii
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curHan mopaynaropa Maxa-llennepa nepenaBatumerbcst Ha ONU onNTOBOJOKOHHUM

kaHajoMm [13].

ONU-2

OLT

Pucynok 2.10 — Cumynsmiitauii Mmaket onnocnpsimoBasoro WDM PON

Mynbrumiekcop WDM, nipucyThiit y OLT, BUKOpUCTOBY€EThCS 1Sl 00'€THaHHSA
[UX CHUTHAJIB 1 TMepefadl y BHUIIAL €IUHOTO ONTHYHOIO CUTHATY BOJIOKHY.
Hemynbruriekcop WDM ¢opmye Binnanennii By30i (RN), sskuii moiissie CurHai, 1mo
BI/IMOBIAAIOTh KOXHINA 3 paHHIX JOBXUH XBWIb, 1 ONU 3 BiANOBIJHUMH JOBXKUHAMU
XBUJIb puiiMaroTh curHaiu. biok ONU takuii ke, sik 1 y TDM PON, saxuii Bkitouae
dotonerekrop APD, ¢inpTp HMxkHIX yacToT beccens, perenepatop 3R 1 aHamizatop
BER.

[IponykTuBHICTh ofgHOCTpsAMOBaHOi cuctemu WDM PON 3 2 kopuctyBauamu
TAKOXK aHANI3yeThCSl 3 BUKOPUCTAaHHSAM TakKMX mnapameTpiB, sk Qfactor ta wacrora
nommwiok no Oitam (BER). Ha pucynky 2.11 nmoka3zaHo 3aJeKHICTh TOOPOTHOCTI Bi

BiJICTaHi I ogHOCcIpsiMoBanHoi cuctemu WDM PON [13].
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Pucynox 2.11 — 3’5130k Q-dakropa 3 BifcTaHHIO 11t ogHocnpssmoBanoro WDM PON

3 2 KOpUCTYBa4aMH

['padik mosicHIOE, 1110 3HaYEHHS JOOPOTHOCTI 3MIHIOEThCS 3 BiapuBoM Bia 50 10
150 kM npu BxigHuit notyxHocti 0,2 n1bm. ['padiku nmokasyroTs, 110 13 301IbILIEHHAM
BIJICTaHI JOOPOTHICTh 3MEHIIYEThCS. MoxHa OauuTH, 1m0 mpu BUKopuctanHi WDM
PON skicTh cUTHaly, 110 MPUIAMAETHCS, 1 BIJICTaHb, 10 MOKPUBAETHCS IMEpPEAaHUM

CUTHAJIOM, 30UTBIIMIMCS B MOpiBHSAHHI 3 cuctemoro TDM PON [13].

log (BER)

—s—USER-1
100 —e— USER-2

T T T T T T T T T T
50 60 70 8 90 100 110 120 130 140 150
DISTANCE (km)

Pucynok 2.12 — 38’s130k norapudmy (BER) 13 BiacTanHi0 1711 0THOCTIPSIMOBAHOTO

WDM PON 3 2 kopucTyBayamu

Ha puc. 2.12 noka3ano criBBigHOIIEHHS MK Jorapudmom (BER) Ta BigcTanHio
st onHocnpsimoBanoi PON WDM 3 2 kopuctyBauamu. 3HaueHHsi BER Takox

3MiHIOeThCA Ha Bijctai Bij 50 no 150 kM. npu BxiaHiid notyxHocti 0,2 n1bm. I'padik
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nokasye, mo 31 30uibieHHsM Bijactadi jJorapudm (BER) 30umbmyeTsesa. TyT Takox
BUJIHO, 1110 Tipu BUKopucTanHi WDM PON kibKiCTh TOMUJIOK y TPUHHATOMY CHUTHAJI1
3MEHIINIIACSA, a BIJICTaHb, 1110 TIOKPUBAETHCS CUTHAJTIOM, IO TIEPEIAETHCS, 301IbIINIACS
B TIOpiBHsHHI 3 cucteMoro TDM PON[13].

Ha puc. 2.13 npeacrasneno apxirekrypy WDM PON. OLT, po3mimenuii B CO,
Mae Hablp a3epHUX JPKepes, Mo MepeOyIoBYIOThCS, a00 Ja3epHUX JKepel 3
(hIKCOBAHOIO JOBKHHOIO XBWJII, III0 BHKOPHUCTOBYIOTHCS JJIA TMeEpeaadl HU3XITHOTO
tpadiky B ONU. KoxkHomy KopHucTyBadeBi Oyio mpu3HaueHo (hiKCOBaHA 4acToTa, e
npamroe Jyazep. BumineHHS 9acTOT MOke OyTH TMOCTiHHMM a0o TpyHTyBaTHCS Ha
BUMOrax J0 HeoOxigHoi cMyru mnpomyckaHHs. [loTiM pgaHi mnepegaroTbes Ha
MYJIbTHIUIEKCOP, SIKMKA O0O0'€qHYe BCl JaHl pa3oM 1 BIANPABISAE IX ONTOBOJOKHOM

noBxuHOor0 Big 20 1o 100 kM.

| ] =

WAVELENGTHS

ONU 2

WDM
FILTER

CO

Pucynok 2.13 — Mogeas WDM PON

OnTu4yHe BOJOKHO, IO #A€ 3 IEHTPaTbHOTO O(dicy, MIAKIIOYAETHCS [0
IacMBHOTO AeMybTuriekcopa WDM. Moro dyHKIis monsrae B ToMy, 006 po3inTH
CBITJIO B 3aJIC)KHOCTI B1JI IOBKWHU XBUJII Ta iepeaaTu oro y Bianosigauit ONU. ONU
3HOBY BUKOPUCTOBYE ONTOEIECKTPOHHUI KOMIIOHEHT 1 TIEPETBOPIOE CBITIOBUN CUTHAI

Ha CJICKTPUYHUN CHTHAJI, IMiCJIs YOTo JaHi BUTATYIOThCS [14].
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AHall3 HaJIIMHOCTI Mepexi 0a3yeTbcs Ha TNPEACTaBICHHSX OJOK-CXeMU
HaaiiHocti (RBD) wepe3 ix 3HauHi mepeBaru, BKIIOYAalOUM TOYHICTh, T'HYYKICTb,
MPOCTOTY Ta Bi3yanbHHUN e(pexT. BoHM M03BOMNSIOTh BUSHAYNUTH 3arajibHy JOCTYIHICTh
Mepex1 Ul TaHOi cxeMu 3axucTy. ¥ cxemi RBD k0keH KOMIOHEHT BKJIIOYAETHCS 5K
pocThid OJIOK y CIBBITHONICHH] 3 CyCiIHIMH OJlokamu. 3’€THaHHS B 3aJaHii cxemi
3aXMCTy UTIOCTPYIOTh He3axuieHl (MOoCaigoBHI) Ta/ab0 3axuiieHi (mapayieibHi)
komronentu (puc 2.14.). liarpamu RBD (a)—(d) mpeacraBisioTh clieHapii 3aXHCTy
P2MP WDM-PON Biamosiguo no cragaapty [ TU-T nns mepexi TDM-PON. [liarpamu
RBD (e)—(h) Busnauarots cuenapii 3axucty RING WDM-PON [15].

oLT FF — 1NAWG — DF — ONU ©
OLT — FF+¥ ONU
(b)
(R )
oLT H 2nawe —  oF ONU
FF

~ FF+Y ONU
OLT H

FF +3 ONU

(c) ==
1 OLTp |— P g)
2ZNAWG — DF — ONU OLT — FF+YAWG — DF |— 1NOS — DDF — ONU

OLT, FF,

(d)
 FFp —| ©NAWG — DFp — ONUp [ *  _FF+LAWG

OoLT ‘ OoLT DF 1'NOS — DDF — ONU

FFs — 1NAWG DFs — ONU e Ave

Pucynok 2.14 — Hiarpamu RBD st cxem 3axucty WDM-PON (a) He3axuieHa
mepexxka P2MP, (b) 3axuct tumny B, (¢) moasiiinuii 3axuct tuny B, (d) 3axuct tuny C,
(e) mezaxumenuit noctyn RING mepexa, (f) 3axuiena mepexa noctyny RING, (g)
He3zaxuIeHa mepexka aoctyiy a0 meTpo RING, (h) 3axumiena mepexa A0CTyIy 10

RING

2.3 Texnomorig XG-PON

10-rira6itauit PON (XG-PON) — 1ie HoBu# cranapt, BunymieHuii FSAN. XG-
PON nokpairye GPON y Oaratbox acnektax. [loMiTHI 3MiHHM BKJIIOYaIOTh 301JIbLIICHHS
IIBUJIKOCTI Mepenadl JaHuX 3a ymMoBYaHHsAM 10 10 I'GiT/c 1 30UIbIIEHHS IIBUIKOCTI

nepenadi ganux Ao 2,5 abo 10 I'6i1/c; MiHIMaNbHUN JOTTYHUM PO3MOALT 301JIBIIIEHO J10
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256 (3 64 y GPON), a dizuunwmii oxoreHHs po3upeHo 10 60 kM. Ockinbku XG-PON
MOK€ MPOKJIACTH HUIAX JJisi 0araTbOX JAOJATKIB 13 IHTEHCHUBHUM BUKOPHCTAHHSIM
MPOIYCKHOI 3MaTHOCTI (TenebaueHHs [HTEpHET-MPOTOKONy, BiACO HA BHMOTY,
BiJIcOKOH(EpeHIIii TOIO), Ty»KEe BaXXKJIUBO BUBUUTH MPOOJIEMH 3 TIPOAYKTHUBHICTIO, 1110
BUHUKAIOTH 13 po3ropranasm XG-PON [19].

Monyne XG-PON 6asyetses Ha cepii pekomennamin G.987 Bix rpymu FSAN
ITU. i pexomeHaailii B OCHOBHOMY BH3HAa4YalOTh XapaKTEPUCTUKHU 3aJIEKHOTO BIJ
di3uanoro cepenoumna (PMD) i1 piBas konBeprenmii mnepemaui (TC) XG-PON.
Cranmapt XG-PON mae 6arato cxoxocti 3 GPON, Hanpukiaz iioro cxema TDMA, sika
BUKOPUCTOBYETHCSI  JIJIi  CHIIBHOTO  BUKOPUCTaHHS  CEPEIOBUINA, MEXaHI3M
3a0e3neueHHss QoS 1 cxema DBA, ska BHKOpPHCTOBYEThCS JUIsl NpPHU3HAYEHHS
MPOIYCKHOI 37aTHOCTI BHUCXIAHOTO KaHaimy. OjHak NOTPIOHI JesKl 3MIHU IS
HNIATPUMKN OUIBIIOT KIJIBKOCTI KOPHCTYBaylB, BUINOI IIBHUJKOCTI NMEpeaadl AaHUX 1
PO3MIKUPEHOTO (PIZUUHOTO OXOTIICHHS.

FSAN ITU-T ony6aikyBana cepito pekomennaniii st XG-PON. ITU-T G.987
nosicHioe Kutbka BaxkiaumBux Kouuemnmidn XG-PON; ITU-T G.987.1 mnpencrasise
3arajbHl BHUMOTH, HIATPUMYBaHI TOCHYyrd, crenuikaiii oOJaJHaHHA Ta CTEK
nporokoniB XG-PON, a Takox mepexeBy Mirpamito Ta croiBicHyBaHHs XG-PON 3
GPON; ITU-T G.987.2 3ocepemxyeTbcs Ha NHTaHHAX piBHI PMD, Takmx sk
BUKOPHCTOBYBaHA JIOBXKMHA XBHJII Ta IMATPUMYBaHa MIBUAKICTH IIepeaadl JaHUX, TOJI
gk [TU-T G.987.3 npencrasinse aerani pisHs TC mns XG-PON. Kpim npoTokotiB asist
nepeaayl JaHuX, BIH TaKOXk oxorumoe yrpaBiinHsa QoS 1 cxemy DBA nnst BucxigHO1
nosxuau XBuii. Ille omgna moB’s3ana pexomenpaitis — ITU-T G.988, ska Bu3Hayae
inTepdetic ynpasmiaas ta koHTpoato ONU (OMCI) ax mist GPON, tak i s XG-PON.
Puc 2.15 imoctpye 3aranphi ¢pynkiii XG-PON 1 pekoMmenaiiii, B SKMX BOHU BKa3aHi

[19].



64

TMF,
OLT MIB. IETF
ONU MIB ITU-T G.omci SNMP
IETF
OMCC OMCC TCP/IP
QoS DBA Eth. MAC
ITU-T G.987.3 IEEE 802.3
TC TC Eth. PMD
PMD PMD
ITU-T G.987.2
PON medium

G.987.1(10)_FI-8

Pucynox 2.15 — 3aranshi pynkiiii XG-PON

XG-PON 0yno 3ampormoHOBaHO [UIsl PI3HUX CIIEHApIiB PO3TOpTaHHS IS
OOCITyroByBaHHsI PI3HUX KJIIEHTIB, TaKUX SIK >KUTJIOBI OYIWHKH, MIANPUEMCTBA Ta
cTuibHUKOBI Mepexi. L[o6 oOcayroByBatm mmx kiieHTiB, XG-PON mnepepaxoBye
MOCIIYTH, sIKI HEOOX1IHO HaJJaBaTH, HAIIPUKJIIA] TEIE(POH1I0, BACOKOIIBHUIKICHUN JOCTYII
1o [arepHeTy, MOOUTbHMI TpaHCTIOPTHUM 3B’ 130K TOII0. XG-PON Takox nmpencrasise
Oararo BapianTiB ONU, ski HajgaroTh pi3HI (yHKHIT Ta iHTepdeiicu. IlinBoasun
nigcymok, XG-PON OyB no0pe cTaHmapTU30BaHUW [Jis HAJaHHS TOBHHUX MOCTYT
pI3HUM KOpHCTyBayaM, sIKI BHUKOPUCTOBYIOTH ONTHYHY Mepexy. Illo crocyerscs
onTUYHOI po3nojauibuoi Mepexi, To XG-PON moxe OyTd po3ropHyTa K KJacHM4YHA
PON 3 oxormienssam 10 60 kM. J{7st miaTpuMKH 10BIIOTO (PI3UIHOTO OXOIUJICHHS aKTHBH1
pO3IIMpIOBaYl OXOIUICHHSI MO’KHAa 3acTOCOBYBaTH JO Ta/ab0 Ticisl TMacUBHOTO
po3raiyKyBaua Jijisl 3’€THaHHS KIJTbKOX MAaCMBHUX CETMEHTIB, IO HAJIEkKATh IO OJIHIET
mepexi XG-PON.

Puc 2.16 inrocTpye 3arajibHy CHUCTEMY MOJIEIIOBAHHS, SIKa BUKOPUCTOBYE HaIl

Moayib XG-PON Ta iHIIII KOMIIOHEHTH JJIi BUBUYEHHS MPOOJIEM MPOTYKTHBHOCTI, K1
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MOXyTh BUHUKHYTH B XG-PON. OLT iMmiTyeTbcs sK BYy30J, SKUM Mae
XgponOltNetDevice Ta THIITUN MepeKeBUIl PUCTPIH, HaIpuKIaa
PointToPointNetDevice , ays migkarodeHHs 10 30BHIIHBOI Mepexi. ONU imiTyeTbes
gk By3osn 13 XgponOnuNetDevicera inmi MepexkeBi npuctpoi (Ethernet, WiFi,
WiMAX, LTE Tomo) mis migkirodeHHs obnagHanHs kopuctyBada 70 ONU. Ham
moayib XG-PON B3aemomie Gesmocepennno 3 piBHeM IP, a makeru IP € SDU. Ile

PO3yMHO, OCKUIBKM MM 30cepe/ikeHi Ha mepexkax FTTx, migkmouenux Ao [atepHery

[19].

OLT
ONU
/\
| Internet Protocol Stack
OtherNetDevice ||”|||“
(ethernet, wifi, prgzs)ig:Net l
OtherNetDevice| | ™% ke, otc:) | Internet Protocol Stack |
Channel ||||| ||” T
cee “” “I
g‘u\ l ||” XgponOltNet
Device
[ - tP{ocoI\S?'iu | | Internet Protocol Stack “
nternet Pro ac ,
OtherNetDevice \
: : XgponOnuNet ‘ o \
OlherNelDev;ce XgponOnuNet (glhemel. wifi, Device ‘ y '~.A
(ethernet, wifi Devi wimax, Ite, etc.) ~Internet (
wimax, lte, etc.) evice i \ Ny
[ [ | o
<= XgponChannel e

Pucynok 2.16 — 3pasok cepenouiia mojaentoBanas XG-PON

@i3uyHUl piBEHb 3aJEXUTh BiJ (pizuuHoro cepenosumia (PMD), onucanuii y
Pexomenmamii ITU-T G.987.2 1 Bu3HaYa€ THYYKY ONTHKO-BOJIOKOHHY MEPEXKY HOCTYIY,
3IaTHY MiJITPUMYyBaTH BHMOTH JI0 BHCOKOI MPOITYCKHOI 37aTHOCTI. 3arajbHa BHMOTa
XG-PON — 3abe3neunTu OUIbI BUCOKY HIBUIKICTH Tepenayi qanux, Hixk GPON, y
MOEIHAHHI 3 MIHIMAJILHUMH BUTpaTaMu. TOMYy 3BOPOTHA CYMICHICTH 13 3aCTapuUIMMU
posropranHsiMu GPON Oyiia 0CHOBHOIO TeMOIO y crieridikaiisx ¢pi3u4Horo piBas. s
JOCATHEHHSI 3BOPOTHOI cymicHOCTI Ta cmiBicHyBaHHs cucteM GPON 1 XG-PON
ONTHYHI IOBXKUHU XBWJIb, BUOpaHi 711 XG-PON, Oynu «O-nianazon» (17151 BUCX1THOTO
MOTOKY B jiana3oHi Big 1260 mo 1280 um) 1 «1577 uam» (1 HU3X1THOTO MOTOKY B

niama3oHi Bix 1575 mo 1580 Hm).
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Cuctemu XG-PON ninarbest Ha XG-PON1 (31 mIBUAKICTIO BUCX1THOTO MOTOKY
2,5 T'6it/c) Ta XG-PON2 (31 mBuakictio 10 I'6it/c). Cepis pexomennamiit ITU-T
(G.987.x crocyetnes mumie XG-PON1. 3maerses, mo npupoaauii nepexin Big GPON mo
XG-PONI1 ta XG-PON2 Bi10yaeThCs, KOJIM TEXHOJOTIS CTaHE 3PLIIIIOTO.

Bpaxosytoun, mo cuctemu XG-PON moBHHHI BUKOPUCTOBYBATH TY K ONTHUHY
po3noautbHy Mepexy, mo W GPON, xapakrepuctuku ODN 1imkoM 3po3yMisi
(makcumanpHi BTpatd 28 nb y BikHax Big 1260 mo 1360 Ta Big 1480 mo 1580 um).
Onepatopu FSAN Bm3nHaumumi 1Ba Oromkern BTpar st cucteM  XG-PON.
HominansHuit kiac 1 3 MmakcumanbHUMHU BTpaTamu 29 nb Ta HOMiHaNbHUIA Kjac 2 3
MakcumanbHuMu BTpatamu 31 ab. Ilepmmii go3Bossie XG-PON cmiBicHyBaTu 31
crangaptiuMu  cucremamu  GPON, a japyruii miaTpuMye CHIBICHYBaHHS 13
HajcranaapTHuMu cucteMamu GPON i3 piBHeM miymy 29,5 nb [17].

Kananbunii piserb XG-PON (3a3Buyaii 3BaHuii piBHEM KOHBEPIeHIIIT Iepeaayl -
TC) ckiagaeTscs 3 TPhOX OKpEMHX MIJPiBHIB: NiApiBHA (popmyBanHs kaapiB XGTC,
nigpiBasa agantamii PHY XGTC Tta miapiBas amanramii mociayr XGTC. OcHoBHa
¢ynkuis piBHa TC nonsirae y 3a0e3neyeHHl TPaHCIOPTHOTO MYJIbTUIIIIEKCYBAaHHS M1k
tepminaigom ontuuHoi JiHiT (OLT) Ta ONU, 3a sikum WayTh iHIN (YHKINI, Takl sK
aJanTailisl CUTHAIbHUX MPOTOKOJIIB KIIIEHTCHKOTO PIBHS, OMEpallii Ta 00CIyrOBYBaHHS
¢13uunoro piBHa (PLOAM), iHTepdeiic s AUHAMIYHOTO PO3MOJLTY CMYTH
npomnyckansas (DBA) ), nanehicts Ta peectpartis ONU. Oynkiii XGTC peanizyroThes
gepe3 Transmission CONTainers (T-CONT), koxkeH i3 SKUX 1IEHTHU(IKYEThCS
yHIKaJIbHUM 17ieHTU(dikaTopoM posnoainy (Alloc-ID), mo npuzHavaerbes OLT.

[TinpiBens amanrarii mocayru XGTC BigmoBizae 3a OTpUMaHHS KOPHUCHOTO
HAaBAHTAKEHHA KOpHUCTyBaya Ta ii (opMaTyBaHHsS M Mepenadyl 4epe3 ONTHYHY
Mepexy. Y cuctemi XG-PON 6moku ciny)60Bux nanux (SDU), siki BKIIOYAIOTh Kaipu
JaHUX 1 BUCOKOpIBHEBI Kajapu ympasiiHHg PON, mepenaroTbcsi B CEeKliii KOPUCHOTO
HaBaHTakeHHd XGTC 3 BukopuctanHsm Merony iHkancyssiuii XG-PON (cucrema
XGEM). XGEM mniarpumye dhparMeHTarlito, iHKancyJssiio tTa po3mexysanus SDU sk
y HU3XIJHOMY, TaK 1 y BUCXIJIHOMY HampsIMKax, 1 MapKy€e OKpeMi MOTOKH Tpadiky

(mopTh), 100 iX MIT MPUWHATH BIAMOBIIHUNA KITI€HT 3 iHIIOT0 60Ky PON.
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[Tinpiens kanpyBanHs XGTC BigmoBizae 3a 1MoOyAoBYy Ta po30ip IMOdiB
CITy>k00BUX JaHUX SIK Ha CTOPOHI IepejiaBaya, Tak 1 Ha CTOpoH1 npuiiMada. Ha croponi
nepenaBaya piBeHb ¢popMmyBaHHS KajpiB npuitmae kaapu XGEM Big piBHs aganTaii
nociyru XGTC, a notim ctBoproe kaap XGTC y HU3XIAHOMY HampsMKy a0o0 maker
XGTC y BucxiiHOMY HampsMKy, HaJal049u BOYOBaHI TOJIS 3ar0JIOBKa KaHAITY OOMiHY
noBiiomieHnasMu OAM 1 PLOAM. Ha croponi npuiiMaya mifpiBeHb (OpMYyBaHHS
kanpiB npuitmae kaapu XGTC abo maketn XGTC, ananizye nosust ciiykO00BUX JIaHUX,
BUTATYIOUM BXifHy iHGopmanito OAM 1 motoku moBigomieHb PLOAM, a motim
nocTabiisie kopucHi HaBaHTaxxeHHss XGTC Ha miapiBeHb ajarnTailii cepBicy.

[TinpiBens amanramnii PHY 3a0e3nedye Hu3bkopiBHEBE KoayBaHHs kaapy TC mo
¢di3nuHOMY KaHay, HAMararo4rch MOKPAIIUTH XapaKTEPUCTUKN BUSBICHHS, TPHHOMY
Ta OMKCY CUTHAITY, 110 MEPEAETHCS CEPEeIOBUIIIEM. bTbITicTh pOOOTH PIBHS aganTarrii
PHY nos's3ani 3 BukopucTanHsMm mpsmuil kopekuii nomuiok (FEC), HeoOxigHO1
GyHKLIT HU3XIZHOrO 1 BHUCXiIHOro HampsamiB. Buxopucranns FEC mnokpaiye
e(dEeKTUBHY UyTJIUBICTh 1 XapaKTEPUCTUKHU MEPEBAHTAKEHHS ONTUYHOTO IpHiiMayda 3a
paxyHOK BBEACHHS HAAMIPHOCTI B OITOBUW MOTIK, LI0 MEPEHAETHCH, 1 J03BOJISIE
npuiiMadeBl MpalioBaTy B clieHapisx 3 Ouibil BucokuM BER (yacToToro momMuiok o

Girax) [17].

Polling cycle length
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Pucynok 2.17 — Ilponecc DBA B cucremax XG-PON
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Juuamiuauii posnoaiyt cmyru nponyckands B XG-PON. V cucremi XG-PON
OLT 3abe3nedyye KOHTPOJIb JOCTYIY JO CEPEAOBHINA JUIsi BHUCXIAHOTO Tpadiky.
OcCHOBHa 1715 MOJISITa€ B TOMY, IO KOXKEH HU3XITHUHI KaJp MOCTA4Ya€eThCS 3 KapTOIO
nporyckHoi 31aTtHocTi (BWmap), sika Bkazye po3rainryBaHHs I BUCXIIHUX Teperay
pizaumu ONU y BianoBinHomy Bucxignomy kaapi PHY. 3arongoBok kanpy HU3XiaHOTO
notoky XGTC mictuts nosie BWmap, sike Bkazye po3mOiT CMyTH MPOITyCKaHHS IS
neBHoro iaeHTudikaropa BuauieHHs (Alloc-ID), Toxl Sk y BUX1THOMY MaKeTl HaKJIa IHi
BUTpPATU PO3MOJLTY CKJIANAlOThCA 31 CTPYKTYpPH 3BITY IUHAMIYHOI MPOITYCKHOI
3natHocT BUcXigHoro kaHaity (DBRu) 1 mictsats [lone 3aiinstocti Oydepa (BuffOcc),
sIKe TIOB1JIOMJISIE TIPO 3arajibHuit oocsr Tpadiky SDU.

XG-PON BukopucTOBY€ 3'€THaHHS «Touka-O6arato Todok» (P2MP) mixk OLT i1
ONU. Pucynok 2.17 imoctpye noriuny cxemy mpoiecy DBA. 3aBasku BHCOKiH
JOCTYIHINA cmy3i nponyckanHs B XG-PON po3nonin cMyru 6a3yerbesi Ha yrojgax mpo
piBeHb oociyroByBaHHs (SLA), ne skicte oOcimyroByBaHHs (Qo0S) Moxke HagaBaTHUCS
BIJMIOBIAHO /10 BUMOT. CMyTra mpomycKaHHs po3NOAUISIETbCS 32 KOHTEHHEPOM epeiayi
(T-CONT), sixuit € OCHOBHMM OJIOKOM KEPYyBaHHS PO3IMOJIJIOM CMYTH IPOITYCKaHHSI.
Koxen T-CONT innekcyerbest Alloc-1D. T-CONT npencrapisitoTh cOO0I0 JOTTYHUN
38’5130k MK OLT 1 ONU, npuuomy koxkHomy ONU MoOXHa NpU3HAYUTH OAMH a0o
oinemie T-CONT. Icnye tpu pizHux tanu T-CONT, MOXIMBUX IJi AUHAMIYHOTO
posnoainy cmyru nponyckanfs, T-CONT tumis 2, 3 14. T-CONT tuny 2 npusHadeHUI
115t TpadiKy TUMY "BMUKAHHSI-BUMKHEHHS" 3 4ITKO BU3HAYEHOIO MEKEIO IIIBUJIKOCTI Ta
CYBOPHUMH BHMOTaMH JI0 3aTPUMKH 3 T'apaHTOBAHOIO MPOIYCKHOIO 37aTHICTIO. Lls
MPOITyCKHA 3/1aTHICTh Mae OyTu Hagana Tpadiky T-CONT, skiro 3anutyerbes. Ko
MPOIYCKHA 3AaTHICTh HE BUKOPUCTOBYETHCS, 11 MOKHA PO3MOAUIMTH JUIsl 1HIIMX T-
CONT, 3a ymoBH, 1110 BOHA Oy/Ie JOCTYITHA, SIK TUIbKH 11€ Oyae notpiono ayis T-CONT
tuny 2. T-CONT tuny 3 HagaeTbhcsl rapaHTOBaHa MPOITYCKHA 3AaTHICTh, 1 HOMY TaKOX
Moske OyTH HaJlaHa HerapaHTOBaHa MPOIYCKHA 3/IaTHICTh, SIKIIIO0 BAKOPHUCTOBYETHCS BCSI
rapaHToBaHa NPOIMYCKHA 3/aTHICTh. BiH MIXOAWUTH JUIsi 3MIHHOI IIBHIKOCTI,

OypxiuBoro Tpadiky 3 BUMoramu rapanTii cepenboi mBuakocTi. T-CONT tumy 4 He
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Ma€ TapaHTii MPOMYCKHOI 3/IaTHOCTI, aj€ BIH Ma€ IMpaBO HA HaMKpanui CHiIbHUN
JOCTYII JIO MPOIYCKHOT 3/1aTHOCTI.

Y XG-PON DBA notpumyeTbest cyBopoi iepapxii mpiopHTeTiB cepen Gpopm
NpU3HaYeHOi cMyru npomnyckaHHs: 1) dikcoBaHa cMmyra MponyckaHHs (HalBUIIUN
npiopurer); 2) [lapantoBana cmyra mpomyckanusi; 3) HerapantoBana cmyra
npornyckaHHs; 4) MakcumanbHa cMyTra IponyCKaHHs (HalHIKYUN PIOPUTET).

[To-nepmie, OLT mnpusHayae BHUXIJHY MPOMYCKHY 3JaTHICTh (PiKCOBaHI
nponyckHii 3paTHOCTI KoxkHOTO Alloc-1D. ITo-apyre, OLT Bufinse rapaHTOBaHY CMyTY
nponyckanHs st kKokHoro Alloc-ID, sxmio Alloc-ID mae noctatHbo Tpadiky s
BUKOpUCTaHHA rapaHToBaHoro. Ilorim OLT 3a710BojbHSIE BHUMOIM  IOJIO
HETapaHTOBAHOI  MPOIYCKHOI  3JaTHOCTI  JUisl  BIANOBIAHUX  HEHACHUYECHHUX
inentudikatopiB AllocID, noku Bci BOHM HE JOCATHYTH CBOT'O PiBHS HACMYEHHS abo
yJI HAUTMIIKOBO1 MPOIYCKHOI 31aTHOCTI He Buuepnaerbes. Hapewri, OLT po3noainsie
CMYTy MpPOIMYCKaHHS, WO 3aJMIIAIACA, JJII KOMIIOHEHTIB CMYTHM HPOITyCKaHHS 3
HalKpaliuM 3yCHILISIM.

Ockuibkn XG-PON mnpuiiMae 1o cyBOpy 1€papxit0 y pO3MOAUT MPOIYCKHOL
3MaTHOCTI, oTpuManuii QoS 3anuty BusHavaeTbest TurioM T-CONT, sxuit BimoOpakae
uei 3anut. BinoOpaxeHHs TOBUHHO BpaxOBYBaTH HE TUIbKM BUMOTU QOS mporpamu,
ane i xapakrepuctuku tpadiky. Hanpuknan, taki nporpamu, sk notoku HDTV a6o
BijleokoH(pepeH i st Oi3Hec-abOHEHTIB (SKi TOTOBI BUTpadaTth Oulble, W00

oTpuMaTH rapantoBanuii QoS), moTeHmiiHo BigoopakatwTbes B T-CONT Tumy 1 [17].
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Tabmui 2.3 — ®isuuni napamerpu npoctoro ODN (ODS) [22]

ODN On. TexHIYHI XapaKTEePUCTUKH
BUM
Tun BoJOKHA — [ITU-T G.652] abo cymicHuit
Jlianason sracams 5 Kimac N1: 14 — 29 Knac N2: 16 — 31 Kiac
& E1: 18 — 33 Kiac E2: 20 — 35
MaxkcumaibHa B1JICTaHb 110
OINTOBOJIOKHY M1 TOYKaMHU KM DD20: 20 DD40: 40
S/R ta R/S
MiHiMalibHa BiICTaHb 1O
OTITOBOJIOKHY MI’K TOYKaMH o 0
S/R ta R/S
JIBoHampaBieHa nepenaya - 1-Bomokonauit WDM

Tabnuus 2.4 — [Tapamerpu ontudHoro iHTepdeiicy 9,95328 I'6iT/c y HU3XiAHOMY

HanpsMKy [22]

On.

intepdeiic 9,95328 I'6it/c
BUM

LixHiCTH

[MepenaBau OLT (ontuunwmii inTepderic Old)

Hominanpua mBuakicts miuii | ['6it/c 9,95328
Po6oua noBxkuHa XBUII1 HM 1575 - 1580 p.p.
Kona miuii - NRZ

MaxkcumanbHui KoeQilieHT
BinoOpaxenHs npu S/R,

. - ) . b HeMae JaHuXx
BUMIPSIHUIN Ha JOBKUHI XBUJI1
nepeaaBaya
Minimansauiit ORL ODN Ha )
nb outpie 32

OJlyi Ona (ITpumitku 2 ta 3)

Kiac ODN N1 N2 El E2




[IponopxenHs Taduii 2.4

N2a | N2b E2a | E2b
Cepenns 3amyIeHa Moty HIiCTh + + + +
MIN ABM | 50 | 40 |105| +6 | T8 | 145
: + + + +
Cepenns notyxnictb MAKC. nbm 60 | 80 | 125 +10 | +12 165
3amynieHa ONTUYHA MOTYKHICTh 1M —
0e3 BBEJICHHS B TiepeaaBad
MinimaneHuit koedimieHT 1B 8.2
BUMUPAHHS
‘ HOEyCK mepefaasamo | o Simme -15
BIIOUTI ONTUYHIN TOTYKHOCTI
Jliarma3oH po3CitOBaHHs IIC/HM 0-400 (DD20) 0-800 (DD40)
MiHiManpHUN KOEii€HT
. nb 30
NPUIYIICHHS O1YHOT MOJIH
MakcuMmanbHi qudepeHiianpHi 5 15
BTpaTH Ha ONTHYHOMY IUISXY a
[Tpuitmau ONU (ontuunuit intepdeiic Opm)
MaxkcuMaibHe TOTipPIICHHS 5 1,0 1,0(DD20) 2,0 (DD40)
ONTHYHOTO TIIAXY a
MaxkcumansHuit KoedilieHT
BiIOUTTSI ipu R/S, BuUMipstHMiA nb meHte -20
Ha JOBXKUH1 XBUJIl TpUiiMaya
OnopHuit piBeHb Koedili€HTa i 10-3
OITOBUX MMOMUIIOK
Knac ODN N1 N2 El E2
N2a | N2b E2a | E2b
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[Iponopxxenus Tadui 2.4

MiHimManbHa 9y TIAUBICTH TIPH
eTasioHHOMY piBHI BER

nbm

28,0

28,0

215 | 28,0

28,0

21,5

MiHiManbHE HABaHTaXKEHHS [IPU
etanoHHoMy piBHI BER

nbwm

-8,0

- 8,0

-35| -80

-8,0

-3,5

OPP DD40 nopisnsino 3 DD40.

I[TPUMITKA — [Ins rinok ODN 3 MakcHMaJIbHOIO JOBXKHUHOIO BojokHa OLT-
ONU nonazn 20 kM MakcuMaiibHUM 3Ha4eHHAM OPP € 3nauenns DD40. Ognak
BTpaTU y BOJIOKHI Ha JOBXXHHI XBHJI HHU3XIJHOTO IMOTOKY HHXKYe, HDK Ha
JIOBXHHI XBHJII BUCXIJHOTO TOTOKY, 1 I1€ OUIBIN HIXK KOMIIEHCYE JTOAaTKOBHIMA

DD20 (toOT0.,BTpaTh Ha JOBXHMHAX XBWIb Yy BHCXITHOMY HaNpsIMKY
00MEXYIOTh BIJICTaHb 3B'SI3KYy, 1, OTXKE, ICHY€ 3amac BTpaT Il HU3XIJIHUM
curnan). J{nsa cucrtem, ski miakmodaroTe ONU gk Ha KOPOTKI, Tak 1 BEJIUKI
BijgcTaHi (10 40 kM) 10 ogHOTO 1 TOrO % nMopTy OLT, onTruHMi KaHAJ MIOBUHEH
BiamoBigaTu MakcuMaibHoMy 3HadeHHI0 OPP DD20 s ONU npu < = 20 kM
1 makcumanbHOMy 3HaueHHI0 OPP DD40 myist ONU nipu > 20 kM.
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Tabmuug 2.5 Tlapamerpu ontuyHOro iHTepdericy BUCX1THOTO HApSIMKY 2,48832

T6it/c [22]

iHTepdeiicy BUCXIAHOTO HAMIPSIMKY
2,48832 I'6it/c

On. 13M

LixrHiCcTH

[TepenaBau ONU (ontuunuii intepdeiic ORU)

HowminanpHa MIBUAKICTE JIIHIT I'oit/c 2.48832
Po0Ooua oBxnHA XBUIII HM 1260 — 1280
Ko minii - NRZ
MaxkcumansHuit KoedilieHT

BitoOpaxkeHHs npu R/S, Bumipsiamii b MeHIIe -6

Ha JOBKUHI XBUJIl TIepeaBaya
Minimaasauii ORL ODN "a ORU 1 )

nb outbie 32
Opx
Kmxac ODN N1 N2 El E2




[TponorxenHs Tadaui 2.5

MpUAYIICHHS 01YHOT MOIU

Cepemus 3amyiieHa noTyXHiCTh
pea y|\1;|1||\| y aBv | 20 | +20 | +20 | +20
Cepenns otyxHicth MAKC. nbm +7,0 +7,0 +70 | +7,0
) MeHIe, Hix "MiHiManbHa
3anyiieHa onTUYHa MOTYKHICTh ) ’ .
6e3 BBeICHHS B Iepe/IaBaT nbm | uwytnuBicTs npu BER pedepenthuit
piBern» — 10
MaxkcuMalibHa po3aiIbHa 3/1aTHICTH )
p T)}(:[ a oitn 32
MakcuMaibHe BUMKHEHHS TX oiT; 32
Miui % i11i
HIMaJbHUN KOEPIIIEHT 1B 8.2
BHUMHPAHHS
OITYCK IIE Baya o BiIOUTIHA )
Jlomy P eEa a1a 1o ﬂ.6 nb ourbe -15
ONTHYHIN MOTYXHOCTI1
) ) Bix 0 1o -140 (DD20) Bix 0 mo -280
1arma3oH pO3CiIOBaHHSA [IC/HM
A p (DD40)
Mi"iMaipHUI KOeIIIEHT
(i B 30

[Tpuiimau OLT (onruunmii inHTepdeiic Olu)

Makcumanpsuuii mrpad 3a
ONTUYHUU TPAKT

b

0,5

MakcumanbHul KoeillieHT
B11OUTTS nipu S/R, BUMIpsiHUIT HA
JOBXKMHI XBUJI1 pUiiMaya

b

menie -20

Omnopuwuii piBeHb KoedillieHTa
0ITOBUX TTOMHJIOK

107*

Knac ODN

N1

N2

El

E2

MiHiManbHa 9y TJIIMBICTh TIPU
etasioHHoMY piBHI BER

nbwm

-27,5

-29,5

-31,5

-33,5

MiHiManpHe HaBaHTaXXEHHSI PU
etasionHoMy piBHI BER

nbwm

-7,0

-9,0

-11

-13
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Tun mxepena: BpaxoByrounm XapaKTEpPUCTHKW 3racaHHs/IUCIepCli MITHOBOTO

OTITOBOJIOKOHHOTO KaHAITy, MOMJIMBI MPUCTPOI Mepeaadi BKIIOYAIOTh TUIBKHU JIa3epH 3
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OJIHIEIO TO30BXHKOI MOJI0t0 (SLM). Bka3ziBka HOMIHAJIBLHOTO THIY JKepesa B IIiH
Pexomennaiiii He € 000B'SI3KOBOIO0 BUMOTO10, X04a TAKOXK OYIKY€ThCS, 110 TIIbKHU JIa3epu
SLM 3a10BOIBHSIOTH YCIM BIMOTaM JI0 BIJICTaHi Ta JIHIKHOT mBHAKOCTI cucteM XG-
PON sk mjiss HU3XITHOTO, TaK 1 JUIsl BUCXITHOTO KaHajiB. BUKoOpuUCTaHHS J1a3epiB 3
OaraTonoaoBxkHK0I0 Mo1010 (MLM) He po3risiaaeTses uepes ix MpakTHIHI OOMEKEHHS
Ha BIJCTaHI/MHIAHIN mBHIKOCTI [22].

Cnextpanbhi  xapaktepuctuku: s SLM-nazep nasep BHU3HAYA€THCSA SK
Jiama3oH JUCIepcii WOro BOJIOKHA, Jiala3oH, B SKOMY XapaKTepUCTHUKH Jja3epa i
JIMCTIEpCisl BOJIOKHA TPHU3BOJATH JIO0 MEBHOTO MOTIPIIEHHS HA 3aJaHid BIICTaHI 110
BOJIOKHY 3a CTaHJAPTHUX yMOB eKcIutyaraiii. KpiMm Toro, s KOHTpOJIo IIyMy MOALTY
Mo y cucremax SLM Bka3yeTbcsi MiHIMalbHE 3HAYEHHS KOE(ILIEHTa NPHUIYIICHHS
O0lunoi wmomu sazepa. DakTHUHI CHEKTpPajdbHI  XapaKTEPUCTUKH  OOMEKEH1
MaKCUMAaJIbHOIO KUIBKICTIO BTpaT onTu4yHoro tpakty (OPP), mo BuHuKaOTh 3a
HAMTIPILIOT ONITUYHOI IUCTIEPCli B KaHAM1 TaHUX.

Cepennst 3amyiieHa MOTykHICTh: CepenHs 3amylieHa MOTYXHICTh mpu Ol
ORU - cepeHs NOTY>KHICTh IICEBAOBUIIAIKOBOI MOCTIAOBHOCTI JAHUX, 110 MEPEIAETHCS
nepeaBavyeM y BOJIOKHO. BiH BKazaHuii y BUTJIAI Alana30Hy, 100 3a0e3MeUnTy NeBHY
ONTHUMI3alil0 BUTPAT. ¥ poOoUOMy CTaH1 HUKHA U(pa € MiHIMaIbHOIO MOTYKHICTIO,
gka Mae OyTu 3a0e3neyeHa, a BUIA — 1€ MOTYXXHICTb, Ky HIKOJIM HE MOKHA
nepeBulyBaTi. BumiproBanns 3amyiieHoi notykHocti B ORU ontuunuit intepderic
MOBUHEH BPAXOBYBAaTH IMIYJbCHUN XapakTep BUCXIJHOTO Tpadiky, 110 MEePeaacThCs
ONU [22].

3amyieHa ONTUYHA MOTYXXHICTH 0€3 BBEACHHS B MepenaBay. Y BUCXITHOMY
HanpsaMKy nepenaBad ONU B 1easi He MOBUHEH MOJABAaTH MOTYXHICTh Y BOJOKHO y
BCIX MMaKeTax, sKi He nmpu3HadeHi st iboro ONU. OHak piBeHb ONITUYHOT MOTYKHOCTI,
MEHIIIUKM a00 PiBHMI 3anyIIeHIH MOTYKHOCTI 0€3 BBEJICHHS B IIepeiaBay, JOMYCKAEThCS
MiJl Yac MakeTiB, siki He mpuszHadeHl s nuboro ONU. Ilpotsrom mepiogy Oita Tx
Enable, O0e3mocepenHb0 TOMEPETHHOTO MPU3HAYECHOMY TAKETYy, SKHM MOXE
BUKOPUCTOBYBATUCS JIJIs1 IOTIEPEHBOTO 3MIIIICHHS JIa3zepa, 1 MPOoTAToM mepioay Oita Tx

Disable, Oe3mocepeHbO HACTYMHOTO 32 MPHU3HAYECHUM TAKETOM, MaKCHMAaJIbHO
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JOMYCTUMUIA PIBEHb MOTY>KHOCTI, 110 3alyCKA€ThCA, AOPIBHIOE HYJIHOBOMY DIBHIO,

BIJIIOBIAHOMY Koe(ilieHTy ocnabnenns [22].

2.4 BUCHOBKH 10 po3airy 2

[lincymoByroUM, MOKHa 3a3HAUMTH M0 MacuBHI onTuuHi Mepexi (PON)
BIJITPAlOTh BaXJMBY POJb y po3BUTKY Mmepex Fiber to the Home (FTTH). PON
BBQ)KAETHCS OJIHIEIO 3 HAMYCHINIHIIIMX apXITEKTyp JAOCTYIY, sIka MOXXE 3a0€3IMeUnTH
BHCOKY TPOIYCKHY 3IaTHICTb Ta BEIMKHHN pajiyc Aii. 3 aHamizy BHIHO, IO MpPH
OJTHAaKOBHX MIBUIKOCTSAX TIEpenadi JaHWX MPOIYyKTUBHICTH ogHOCTpsMoBaHoi WDM
PON 3 2 kopucTyBauaMu Kpaiiie 3 BUCOKOIO T0OpoTHICTIO Ta HM3bKUM BER mopiBHSHO
3 ogHocHpsiMoBaHow cucteMoto TDM PON. 3 rpadikiB BUAHO, IO 31 301IBIICHHIM
JIOBKMHU BOJIOKHA JOOpPOTHICTH 3MeHInyeThes, a BER 30umbmiyerbes. Ockiiabku
TexHosorig nokparwiacs Bii TDM no WDM, WDM PON skicTb curHaity i BiICTaHb,
[0 MOKPUBAETHCS MEPEIAHUM CHUTHAJIOM, OyyiM 30UIbIIEHI, a KUIBKICTh MOMUJIOK B
OTPUMaHOMY CHUTHaJi 3MeHIuiacs B nopiBHsiHHI 3 TDM PON. cucrema.

Takox OCTaHHIM YacoM BIIPOBAKYIOTbCs pi3HI apxitektypu WDM PON, mio
30UTBIITY€ MOKJIMBOCTI BUKOPUCTAHHSI METOIIB MOAYJISALIIT Yepe3 3HAUHI MOKPAIICHHS B
CUCTEMI, IO JOCSTAIOTh MOXIMBOCTEW mepenaui manux. Texnomoris WDM PON
Oe3MepepBHO PO3BUBAETHCS, ii E€KOHOMIYHA €(PEKTUBHICTH 3pocTae. KilrouoBUMHU
KOMIIOHEHTaMW  Takoi  Mepexi €  mupokocmyroBi  jazepu  ONU i
MyabTUILIEKcopu/ nemynbturiekcopu AWG (Arrayed waveguide grating) Ha OCHOBI
MaCHBIB IJIAHAPHUX XBUJICBO/IIB.

Sk crBepmkyBaniocs pawimie, 10-rirabitauii PON (XG-PON) — me HoBwid
cranaapt wmwo BunyueHuidi FSAN, Bin nokpamye GPON y Oaratbox acnekrax.
Hampuknazn, 3mMiHM MIBUIKOCTI Tiepenadl gaHuX 3a yMoBuYaHHsM 10 10 I'6it/c 1
30UIBIICHHS IIBUJIKOCTI Tiepeaaydl Aanux Ao 2,5 a6o 10 ['6i1/c; MiHIMaIbHUM JIOTTYHUN
posnoin 30ubieHo 10 256 (3 64 y GPON), a ¢hi3uuHui 0XOMICHHS po31UpeHo 10 60

kM. Ha CBOFOI[Hi JJIA HaC € JOCHUTb BaXJIMBMM BUBYHNTH HpO6HeMI/I 3 HpOILYKTI/IBHiCTIO,
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110 BUHHUKAIOTh 13 po3ropTaHHaM XG-PON ockinbKy BIH MOXKE MPOKIACTH MIISAX IS

0araThoX JOJATKIB 13 IHTEHCUBHUM BUKOPHUCTAHHSAM MPOITYCKHOT 3/JaTHOCTI.



77
3 IIEPEBAT'M TEXHOJIOI'TH WDM-PON TA XG-PON ITPHU IIOBYJIOBI MEPEX
JOCTVYIIY
3.1 Xapakrepuctuku WDM-PON ta XG-PON Ta ix nopiBHIHHS

Crangaptu GPON 1151 macuBHOI TirabiTHOI onTUYHOI Mepexi. Lle Tunm mepexi
JIOCTYIl TOYKH-6AraToTOuKH. MOro OCHOBHA OCOGIMBICTH HOJSTae y BUKOPHCTAHHI
NAaCHUBHUX PO3Taly>KyBadiB B ONTOBOJIOKOHHIM PO3MOIIIBHIN Mepexi, 10 JT03BOJSIE
BUKOPUCTOBYBAaTH OJIHE BOJIOKHO, WO MiJABOJUTh, 3 UEHTPAJIbHOrO odicy
nocTavyajabHUKa I 00CIyTrOBYBaHHS JEKUIBKOX OYIUHKIB 1 MAJIUX IIANPHUEMCTB.

WDM-PON — 1me TexHOJOrisi MEepexi IOCTymy, sika MOKE€ 3HAYHO 3MIHHUTH
iH(ppacTpykTypy omnepaTopiB 3B'si3ky. WDM-PON cTBOpIoe JOTIYHY apXiTEKTypy
TOYKU-TOYKH HA OCHOBI JOBXXMHU XBWJII Ha OCHOBI (PI3MYHOI BOJOKOHHO-ONTHUYHOL
TONOJIOTII ~ TOYKHU-OaratoToukd. BiH  BukopucTtoBye  TexHonorio ~ WDM
MYJIbTUIUIEKCYBAHHS/ 1EMYJIbTUILIEKCYBAaHHS, 1100 rapaHTyBaTH, L0 CUTHAIU JaHUX
MOXYTh OyTH MOJIJIEHI HA OKPEMI BUX1JIHI CUTHAJIH, SIK1 MIAKIIOYAIOTHCS 10 OYUHKIB
a6o OyaunkiB. Takuii moain Tpadiky Ha OCHOBI amapaTHUX 3ac001B HaJlae€ KIIEHTaM
nepeBard O€3MEeYHOro Ta MAacIITabOBAaHOrO JIiHII 3B'A3KYy TOYKA-TOYKA IO JIOBXKUHI
XBUJI1, aJie I03BOJISI€ ONEPaTOPy MIATPUMYBATH JAYKE HEBEIHUKY KUIbKICTh BOJIOKOH, 1110
3HAYHO 3HIKYE eKcIuTyaTalliiHi Butpatu. s choromnimuboi mepexi WDM-PON

TaKOX € BOXXJIMBOIO TEXHOJIOTIEI0 Mij yac modyaoBu mepexi SG [16].

WDM-PON
Remote o .
Node (RN) US&DS: 1L/ONT @ 1G oOLT

Colorless ONT EeolRE 3|

1:32 AWG S

ONT #2

Ll

2ch@ 32¢ch@ A [nm]
C-band L-band

Pucynok 3.1 — Texnonoris WDM-PON

I - I l
-
5]
)
73]
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XG-PON, Bigomuii sk 10G-PON, € Bnockonanenusm GPON, sake Bu3Haudae
MEeXaHi3M MIrparii Ajisi OTpUMaHHs CUTHaTy JiJisg KopuctyBada 10 ['6iT 1 kopucTyBaua
2,5 I'6it. Cxinnuii curnan kopuctyBada XGPON BusHauaeTbes B Aiamas3oHi Big 1575
10 1580 uM, a BUCXIHMM curHaAN KopucTyBaua - Bij 1260 no 1280 M. 10G-PON mae
aHAJIOTIYHY apXiTeKTypy Touku-Oararotouku (P2MP) GPON 1 moxke miaTpumyBaTu
pi3Hi cueHapii nocrymy, Ttaki gk fiber to the home (FTTH), fiber to the building
(FTTCell), fiber to the building (FTTB), fiber to the curb (FTTCurb), i fiber to cabinet
(FTTCabinet).

10GPON Bemite Upstream (US)
ft Node (RM) | - TDMA 2.5G e
3 [ (1 b= i[n}» Zt O}
& SAR onT 1 :
] ‘wm-Em 4§ -©m -¥E-ER " Mero
- P - ¥1:32 spiit | Downstream (DS) L
O | .TDM10G
ONT#2 B ",J L Burst-mode
o . . »& receiver
L . H

| L
., By

157530 A [nm]

Pucynok 3.2 — Texnonoris XG-PON

Tabmuusa 3.1 — Ilincymok texHiunux xapaktepuctuk GPON, 10G-PON Tta
WDM-PON

GPON XG-PON WDM-PON
Bucxignuit notik (nm) 1260-1360 | 1260-1280 barato
Husxiguuit motik (nm) 1480-1500 | 1575-1580 bararo
HIBUAKICTH BUCXITHOT JTiHIT 1.2Gbps 2.5/10Gbps 1Gbps
[IBuAKICTH HU3X1AHOT JiHIT 2.5Ghps 10Gbps 1Gbps
CmiBicayBanast GPON / Ha Ja

GPON Tta XG-PON: II[o6 mokpammTy MBHAKICTH TIEpeaadl Ta MPOIOBKYBATH
BUKOPUCTOBYBATH ICHYIOUY ONTOBOJIOKOHHY CUCTEMY ISl 3HMKEHHs BUTpaT, XG-PON
Oyno BBemeHo i peam3arii Takux BuMor. XG-PON Mae cTpykTypy Mepexi,

anajoriuny GPON, 3 pi3HUMM JOBXKMHAMU XBHWJIb BUCX1THOT'O Ta HU3XIJTHOTO MOTOKIB,
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ajic BOHU MOXXYTh CIIBICHYBaTH OJIH 3 OJIHHUM, 11100 3aXUCTUTH 1HBECTHUIIIT MEPEKEBUX
OTIepaTopiB.

GPON ta WDM-PON: Binminnocti mixk GPON ta WDM-PON B ocHOBHOMY
MOJIATAI0Th y MPOITYCKHIM 31aTHOCTI Ta BUKOpPUCTaHHI BoJiokHA. €EMHiIcTh WDM-PON
Ha KOPHUCTYyBaya JIETKO OI[IHUTH - KOKHOMY KIHIIEBOMY KOPHCTYBadyeBl BHALISETHCS
JMIIe O/THA TOBXKHMHA XBUJI1. Sk paBuiio, curHai GbE nepenaeTsbcs Ha KOXKHIN JOBKUHI
XBUJI1, HAJAI0YM KOXKHOMY KIHIIEBOTO KOPHCTYyBaua MPOMYCKHY 3/1aTHICTh BChOTO 1,25
['6it/c. BapTo 3a3nauntu, mo WDM-PON He Mae 0co0nMMBHX MepeBar, Ko 00JacTb
CUTHAJy CTaHOBUTh YWUCTE€ MOBJIIEHHs (Hampukiaa, 3BuYaitHe [P-teneGaueHHs):
IIMPOKOMOBHOMY CHUTHay HeoOximHo perutikyBaTH depe3 OLT Ha KoXHIN TOBXKUHI
XBWJIl Ta HE3aJeKHO HAJCWIATH KOXXHOMY KopucTyBaueBi. OIlIHKa MpOIyCKHOI
3patHOCTI GPON 11 KOKHOTO KOPUCTYBaya He Taka IMPOCTa, OCKUIBKY BOHA 3HAYHOIO
MIpPOIO 3aJIeKHUTh BiJ MAKETy MOCIYr, IO HAJal0ThCs KOPUCTyBayaM, 1 HEOOX1IHO
BpaxoOByBaTH 0araTo €JIeMEHTIB.

Ockinbku y Bunaaky GPON BukopucToBy€eThCs JBOHANpaBieHa nepeaaya, Tol
Ak y Hamomy npukiagi WDM-PON BUKOpPUCTOBYETBCS OJHOCIPSIMOBAaHa Iepeaaya,
BOJIOKOHHA 1H(pacTpykTypa SBHO Kpaimie BHKOpUCTOBYeThcsi uepe3 GPON.
OnHoHanpagiieHa niepenada Moxe BukopucropyBatucss WDM-PON, ane e Bumarae
BuTpar [16].

bromxker ontuunoro kaHainy — Benuka pizHUI Mk WDM-PON ta XG-PON.
Cxema mepegaui WDM-PON nocuTh mnpocra: 3aracaHHsi BU3HAYA€ThCS BTPATOIO
MUX/DeMUX Ta poO3MOBCIO/DKEHHSIM BOJIOKHA (3 ypaxyBaHHSM pO3'€MIB, IMaTy-
naHesei, a TaKoX 1HIITNX €JIEMEHTIB BTpaTH CUTHAITY, SIKI MOXKYTb OyTH MPUCYTHIMH B
iH(pacTpykTypi goctyny). BizeMite CWDM-PON sk npuknaz, cTaHAapTHI MOAYJI1
CWDM MOXyTh TapaHTyBaTH MOTYXKHICTh, 110 Tiepemaerbest 0 nbm, B TOW yac sk
YyTIMBICTh TMpUKiMaya 3aJeKUTh BiJl BUKOPHUCTOBYBaHOTO neTekropa. [lpwm
BukopuctanHi PIN-koxy uytnugicts Ha 1,25 ['6i1/c (3a ymoBwu, 110 nepenaerbest GbE)
Moske OyTu 0mu3bko -18 nbwm.

VY Toit yac sk aig XG-PON, crannapruzaiisa Hakazye XG-PON1, skuit Bu3Havae

XG-PON, Gromxker miHii 3B'13Ky noctatHid st noctymy 10 GPON B+ ta GPON C.
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bepyuu 1m0 yBaru nemnio BuIl BTpaTv, BUNIPoOyBaH1 noBkMHaMH XBuUib XG-PONI y
nopiBHsIHHI 3 J0BX)UHOI XBWIlI GPON, a Takox psa IHIIMX BIAMIHHOCTEH y JiHIT
nepenaui Mmixk GPON ta XG-PON, 6romker 29 ta 31 nb 3anexHo BiJ MOpIBHAHHA 3
GPON B+ a6o GPON C.

Kpim Toro, Ha croponi OLT, BukopucroByroun noauienuit nopt OLT, XG-PON
Ma€ TepeBard IoA0 €HeprocrnokuBaHHs nopiBHIHO 3 WDM-PON, skuii motpedye
onHoro BujauieHoro mopty OLT Ha kokHOro aboneHTta. OxHak, ockiapku WDM-PON
3a3BUYAll Ma€ HIKYMA OIOJKET MOTYKHOCTI (uepe3 HabaraTo MEHIIl BTpaTH B
posranyKyBadi), CIO)KMBaHa TMOTY>KHICTh Ha IepefaBad MOKe OyTH HIKUOIO, HIXK Y
XG-PON. A inrerpamis (macuBu Tx, Rx), a takox mnoptu OLT, mo He
BUKOPUCTOBYIOTHCS, SIKI MOXKYTh BIAKIIOUUTH 1 nonomortd WDM-PON 3aomanutu
enektpoeneprito. Ha 6omi ONT (ocHoBHa obnacth eHeprocmnoxkuBanHs), XG-PON
BUTpA€ BiJ BIJICYTHOCTI HEOOXIIHOCTI B JIazepax, M0 OXOJIOJKYIOThCS, B TOM Yac sK
WDM-PON Mo’x€ BHKOPUCTOBYBATH KOMIIOHEHTH 3 OUIbII HU3bKOIO HIBUIKICTIO 1
MEHIIIUM OFOKETOM MOTYKHOCTI [16].

XGS-PON — 11e oHOBICHMI CTaHAAPT JUIsl TAaCUBHUX onTHYHUX Mepex (PON),
SAKUU MIITPUMY€E CUMETPUUHY Tepeaady JaHux 31 mBuikictio 10 I'6it/c 1 € yacTuHOIO
cimeiicTBa cTaHAapTiB, BimoMux sk Gigabit-capable PON a6o G-PON. G-PON o3nauae
Gigabit PON a6o 1 Gigabit PON. «X» y XGS o3nauae uncino 10, a nitepa «S» 03Hauae
cumerpuunnii, XGS-PON = 10 Gigabit Symmetrical PON. ITonepeans HecumeTpruHa
10-rirabiTHa Bepcit PON (XG-PON) Oyna oOmexena 2,5 ['6it/c y BuCXigHOMY
HaIPSIMKY.

Texnomnorigs PON Bunukia B 1990-x pokax i mpooBKyBaia pO3BUBATUCS
yepe3 YHUCIEHHI ITepaiii 3 PpI3HUMU JOBKHHAMHU XBWJIb, IIBUJIKOCTSIMHU Ta
KOMITOHEHTaMH, 110 3 SBJSUTHCS B MIpy BIOCKOHAJIEHHS TEXHOJOTIi. 3arajibHUM
3HAMEHHUKOM YCiX BOJOKOHHO-ONTHYHMX Mepexk PON 3anumaeThcsi BiJICYTHICTh
JKUBJICHHSI 200 MAacMBHUM CTaH BOJIOKHA Ta WOTO KOMIIOHEHTIB, 110 PO3AUISIIOTH a0o
00’€IHYI0OTh, TOOTO B MeEpexXi HEMa€e AaKTUBHHUX €JIEMEHTIB, TaKWX SK OINTHYHI

MIJICUITIOBAaYl, sIKI BUMaraiu O >kuBjieHHs. OCKUIBKY MOTOKOBE IepeaBaHHs, BUCOKA
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YiTKICTh, SG Ta 1HIII HOB1 TEXHOJOTIi MOCTIMHO MiJIBUIIYIOTh BUMOTH JI0 MPOMYCKHOI
31aTHOCTI, po3pooka XGS-PON Ta iHIIKUX cTaHAAPTIB BUSBUIIACS BAXIUBOIO [24].

OnHovacHa nepeayda Bropy Ta BHU3 110 OJJHOMY BOJIOKHY CTa€ MOJIMBOIO
3aBJSIKA MYJIBTUIUIEKCYBaHHIO 32 NOoBkUHOIO XBWIl (WDM). Lls TexHooris 103BOJIsIE
BUKOPHUCTOBYBaTH OAHY NOBkHHY XBWIi XGS-PON abo komip mepemaui cBiTia Jist
BUCXIJTHOTO TIOTOKY Ta 1HIIHK JIJI1 HU3X1HOTO TIOTOKY.

Crangapt XGS-PON : cranmaptu3zoBaHe po3ropTaHHsi Ta podora PON
Oyna BUKOHaHa 3 MOMEHTY MEpPIIOTO MPUUHATTA Yepe3 CTaHaapTh MiKHApOIHOTO
coto3y enektpo3B’sizky (ITU) mns cimeiictBa G-PON Tta uepe3 crannaptu [HCTUTYTY
1HxkeHepiB 3 enekTporexHiku Ta enekTpoHiku (IEEE) s Ethernet PON a6o « EPONy.
HoBuii cranmaptr XGS-PON Oys Bumymenuit y 2016 poui Ta MO3HaYeHUH SK
Pexomennamis ITU-T G.9807.1.

OO6csar HoBoro crangapty BuszHauae XGS-PON sk 10-rirabitHy
CUMETPUYHY TACHUBHY ONTHYHY MEPEXKY JOCTYMY IS KUTJIOBHX, KOPIIOPATHBHUX,
MOOUIBHUX TPAHCIIOPTHUX MEPEXK Ta IHIIUX J0JATKiB. /{151 CTBOPEHHS KOMIUIEKCHOTO
cTaHgapty mis 1iei cumerpuuynoi 10-I'6it/c eBomronii G-PON Oynu BUKOpHUCTaHi
CJIEMEHTH TonepenHboro cranaapty ¢izuudoro piBHA XG-PON, ToOTO TI cami
KOMITOHEHTH ONTHYHOTO TPAaHCHUBEpPa MOKHA BUKOPHUCTOBYBATH SK st XG, Tak 1 s
XGS-PON. CrangapTu piBHS IPOTOKOITY TaKOK OyJIM BUKOpUCTaHI1 At cranaapty NG-
PONZ2, ITU-T G.989.3 [24].

Hopxunn xBuiab XGS PON: He3Baxaruu Ha TE€, 0 YMOBH W00
¢b13u4HOTO BOJIOKHA Ta popMaTyBaHHs AaHuX i TexHoiorii XGS-PON 3anuimarotbes
HE3MIHHUMHU TIOPIBHSHO 3 OpHTriHadbHUM cTaHgaptoM G-PON, n0BXHHH XBUJIb
smiHmucs. XGS-PON mnpairoe Ha AOBXKHHI XBWJII HMXKHBOTO MOTOKY 1577 HM 1
JIOBKMHHM XBWJI BUCXITHOTO MOTOKY 1270 HM. OCHOBHA NMpHUYMHA IIHOTO TOJIATAE B
TOMY, 1100 103BOJIMTH OaratboM ciy:k0am PON cmiBicHyBatu Ha onHid PON 1
3a0e3neuntn Oe3nepediiiHe OHOBIICHHS/MITpALl0 MOCIYr a0o0 J03BOJIUTA PI3HUM
nocTayaJbHUKaM TMOCIYT BUKOpUCTOBYBaTu Toi camuii PON abo npomnonyBaTH pi3Hi
piBHI 00CIyroByBaHHs (HampuKian, ajas Ol3Hecy Ta Il NPUBATHUX KIIIEHTIB).

Josxuan xBuiab 11t XGS-PON Bipi3HSAIOTECS BiJ IHIIMX CTaHAAPTIB, TakuX K G-
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PON 1 NG-PON2, xouya 3aransHe BikHO niepegadi PON Big 1260 mo 1650 um 31aTHE
BmictuTu ctangaptu G-PON, XGS-PON 1 NG-PON2 naj TM caMUM ONITOBOJIOKOHHOT
Mmepexi ogaodacHo. Ockinbku XGS-PON 0yB onoBieHHsIM craHgapty XG-PON ms
3a0e3MnedeHHs] cUMeTpuyHoi npomnyckHoi 3aatHocTi, XG 1 XGS-PON mnpartorote Ha
OJTHAKOBHX JOBXHMHAX XBWJIb Bropi Ta BHHU3Yy, II€ €IWHUANA BHIMAJO0K ITOBTOPHOTO
BUKOPHUCTAHHS OJHAKOBUX JTOBXHH XBUJIb. ChOTOHI OUTBIIICTH ONEPaTOPiB, SKI XOUYTh

posropuytu nocinyru 10G, oouparote XGS-PON [24].

3.2 CueHapii po3ropTaHHsi HACTYNHOTo mokoiaiHHs PON

3a manumu Nokia fedki THUIIOBI CliEHApli pO3ropTaHHA HACTYITHOTO MOKOJIHHS
PON Bixg GPON 1o XGS-PON Ttaki: nepuiuii € onopTyHICTUYHUM, 3acTOCOBYI0un NG-
PON y Manux o0csirax 1 HU3bKINA HIUIBHOCTI, 3a3BUYail 3a0e3Meuyroun JAy»Ke BUCOKI
HIBUKOCTI pO3pI3HEHUM O13HEecaM a0o KIIl€EHTaM BUCOKOTO Kiacy. [[pyruii cuenapii —
LI€ PO3TOPTaHHs B rapsAyMX 30HAX: BeJIMKAa KUIbKICTh 3’eqHaHb NG-PON y neBHOMy
paiioHi, SIK 116 MO>KHA OYIKYBaTH B 3aMOKHOMY >KUTIIOBOMY paiiOH1 4u Oi3HEC-TIapKax.
Tperiii miaxig — L€ MacoB€ PO3rOPTAHHS, KOJM MOCTAYaJbHUK IOCIAYT TOTOBUI
posmuproBaTrcs 3a gornomororo NG-PON.

KoxeH crenapiii Mae oJlHaKoBl MpoOJIEMU: BAPTICTh, YaC BUXOAY Ha PUHOK 1
Oe3nepepBHICTh 00cayroByBanHs. [loTounuit MeToa Mirparii — e MOIyJIbHUN TiaXina
13 BUKOPHCTaHHM 30BHIIIHIX €JIEMEHTIB CIiBiCHYyBaHHs. L{e Halikparlie 1151 HEBEITMKUX
MIrpaiiii, OCKUIbKM OMNEPaTOPH MOXKYTh IIBUAKO NEPEMIIIATHCS 3 HEBEJIUKUMHU
MMOYaTKOBUMHU 1HBECTHUIIISIMU. OTHAK I1€ MOKE CTATH IPOMI3JIKMM, OCKUJIBKH JJOJTaTKOBE
oOnaHaHHS WIBUAKO HAKOMHUYYEThCS, WO TMOTpeOye JOJAaTKOBOI podOTH 3
nepenpokiaganHs KademiB, OUIbIIOI KUIBKOCTI Bi/IBIAYBaHb LIEHTPAJIbHOTO odicy Ta
Bunmx OPEX nis 30epiranss, excrutyaTaiii Ta oOciayroByBaHHs oOianHaHHs. [[is
MacCOBHUX PO3ropTaHb MOAYJbHUN MIJIX1/ CTa€ BETUKOIO MpodieMoro [25].

Nokia mae moBHUI HaOIp pimieHb A5 OyIb-AKOTr0 CIIEHAPir0 Mirpaiii Ta poOUThH
e(eKTHBHUM SIK TIOCTYINOBE, Tak 1 mupokomacirtadne posropranus NG-PON. Hoga

niHiiHa kapTa Multi-PON nmiaTpumMye Tpu pesxxuMu poOOTH Ha KOKHOMY TIOPTY: PEXKUM
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GPON, pexum XGS-PON a6o pexxum multi-PON, o miarpumye GPON 1 XGS-PON
OJIHOYACHO 3 BOY/JOBaHOW (YHKIIIEIO CIIBICHYBaHHS, TOMY HeMae MOTpedu B
30BHINIHBOMY OOJQJHAHHS IJIs CHIIBHOTO ICHYBaHHS. AHam3 TOKa3zye, IO IS
MacoBoro nepexoay Ha NG-PON el migxin Ha 20% ngemieBmmi 1 MOXKe CKOPOTUTH
po6orty 3 mirpariii B 10 pasis.

Multi-PON Moke MuUTTEBO miarotryBatu Bamy wmepexy g0 XGS-PON,
3aminuBmM Kapti GPON nHa xaptu Multi-PON, ocnameni ontukoro Multi-PON.
Icayroui kopuctyBaui GPON miarpumytots cBoi mocamyru GPON, a koiu mpuxoauTh
yac OHOBUTH, 11e poOuThes BiaaaneHo yepe3 OSS, He noTpeOyouu J0/1aTKOBOI pyYHOT
po0OOTH, TOBTOPHOTO MIAKIIOYEHHS KaOeniB, HOBUX KapT YW I1HIIOrO O0JIaJHAHHS.
OHOBJEHHS CTOCY€ETHCS JIMILE THX KOPUCTYBayiB, SIKUX MOTPIOHO MEpPEHECTH; pelTa
MOXyTh 3anumatuca Ha GPON, HaBiTh SKIIO BOHU CIUJIIBHO BUKOPUCTOBYIOTH TOMU
camuii PON. Lle ayxe epexkTuBHO /ISl TUX ONEpaTOpIB, K1 MIAHYIOTh MITPALIIO 1yXKe
ckopo [25].

Jl1st cepemHbOCTPOKOBHX 1 JOBrocTpokoBux Mirpariiii Multi-PON 3ab6e3neuye
iaty 3a 3poctanssam. [To-nepmre, kapt GPON MoxxHa 3amiantn kaptamu Multi-PON
1 3actapiioro ontukoro GPON, mo6 koHTpostoBaTu BUTpaTu. OnepaTopu MOXKYTh
MpooBXyBaTH BUKopucToByBaTH mnociyrd GPON, 1, koiau moTpiOHE OHOBJIEHHS,
ontuka GPON 3amiHtoerbest Ha onTuky Multi-PON, a kopucTyBaul nepexoisTh Ha
XGS-PON.

J1J1s HOBHX PO3ropTaHb, J¢ ONepaTopH Biapasy rnepexoaarsb 10 XGS-PON, Multi-
PON nponoHye piteHHs: BUCOKOI IIJIFHOCTI Ta BEIUKOT éMHOCTI. OTIepaTopu MOXKYTh
po3risHyTH onTuKy XGS-PON, sika ekoHOMIYHO e(eKTHUBHIIIA, OCKIJILKH HE TTOTpiOHA
crmiBicHyBaHHs. AOO BOHM MOXYTh BHUKOpUCTOBYBatH onTuky Multi-PON, mio6
OTpUMATH MAaKCHUMaJIbHy THYYKICTh 1 3alpoTlOHYyBAaTU TNPAaBWIbHY TOCIYTy 3a
MPaBUWIBHOIO IiHOIO [25].

Multi-PON o3Hauae, 1110 MocTavalbHUKH TOCAYT MOXYTh IIBHJIKO BHHWTH Ha
PUHOK 3 HOBUMH IOCIyraMy, TPUMATH BUTPATH MiJ KOHTPOJIEM 1 3BecTU Tepeboi B
po6ori 1o minimymy. Nokia Multi-PON noOyoBaHO Ha HAIIOMY HOBOMY YiIICETi ITiJ|

Ha3Boro Quillion, sxuit MU PO3pOOWIIM BIACHUMH CHJIaMU, 1I00 3a0€3MEYUTH BUCOKY
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HIIBHICTH (16 MOPTIB), BUCOKY MPOAYKTUBHICTB (200 I'611/c, HEOIOKYI04Ya 00’ €/THABYA
miaTa) i Hu3bKe eneprocnoxuBanns (10 50 %). Mu Bxuiv 3aX0/11B, 11100 3poOUTH Hallle
pimeHHs e eeKTUBHILINM, peati3yBaBIIi poOoUl MpoIecH Ha OCHOBI HaMipiB, fKi
aBTOMATH3YIOTh MPOIIEC MITpallii y By3Ji JOCTYIy Ta CUCTeMi KEPYBaHHS, SKUH MOXe

OyTH BUKJIMKAaHUH TaKolo moiero, sk 3amina ONT Baoma y kitienTa [25].

3.3 O6Ha,HHaHH$I HOKIa JJI1 ITIACUBHHUX OIITHYHUX MCPCXK Ta HOT0 34CTOCYBAHH:A

Komnaniss Nokia po3pobOuia pimreHHs sKe Hajgae orepaTopam 3/1HCHIOBATH
Mmirpaiito y BracHomy temmi. Multi-PON — 11e pimenHs, sike Haja€e mocTadyaibHUKaM
MOCJIYT 111€ OUTBIITUN KOHTPOJb HAJl CBOIMH CTPATETISIMU IIUPOKOCMYTOBOTO 3B’SI3KY,
(haKTUYHO CHPOIIYIOUH IIE.

st cepeqHbOCTPOKOBUX 1 JOBrocTpokoBux Mmirpaiiii Multi-PON 3a0e3neuye
riaty 3a 3poctanusaM. [lo-niepuie, kaptut GPON mosxHa 3aminuTu kaptamu Multi-PON
1 3actapuioro ontukoro GPON, mo0O koHTposdtoBath BUTpaTu. OnepaTopu MOXKYTh
POJIOBKYBaTH BUKOpUCTOBYBaTH nociayru GPON, a sikio Oye nmoTpiOHO OHOBJIIEHHS,
ontuky GPON 3aminsaTe Ha Multi- PON [26].

Sk npukian 6yJio CTBOPEHO MEPEXKY JIOCTyNa JJis BeTepeHapHoi jikapHi 1e KPN
MIPOJIEMOHCTPYBaJIa MBUJIKICTh HIUPOKOCMYTOBOTO 3B’ 513Ky 20 ['61T/C 1111 yac moiabpoBUX
BUNPOOYBaHb 13 KIiHIKOIO 1151 TBapuH Caresse y Potrtepnami. BucokomBuuakicHe
MIJKIIOUYEHHS CTa€ BCe OUIBII BaXKJIMBUM Yy BETEpUHApIi, A€ 300pa)kKeHHS BUCOKOT
PO3AUTBHOI 3IaTHOCTI MarOTh OyTH MOCTymHiI B Xmapi. CumerpuyHi mBuiakocti 20
['6iT/c mo3Bosunu O 3aBaHTaxyBaTu (a0o0 3aBaHTaxyBaTu) Maibxke 100 ckaHOBaHMX
daiiniB mo 30 Mb kokeH 3a 07HY CEKYH/TY.

KPN po3sropuyna HaiicyudacHinry texHosioriro 25G PON Bing Nokia mig dac
MOJIbOBUX BHUNPOOYBaHb, BHKOPHUCTOBYIOYH HAasBHY ONTOBOJOKOHHY MEPEKY.
BuxopucroBytoun mikpocxemy Quillon Bix Nokia, 25G PON moske mpaiiroBaTé pa3om
13 GPON 1 XGS-PON Ha o1HOMY ONTOBOJIOKHI Ta MPAIOBAaTH BiJl TOIO CaMOIo By3Jia

nocTymy [26].
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3azBuuaii By3nau goctynmy Nokia 3 BHCOKOIO MNPOMYCKHOI CHPOMOXKHICTIO
po3TaiioBaHl B IHEHTpaIbHUX oOdicax TEICKOMYHIKAII 1 pPO3ropTaroThCs s
IIMPOKOMACIITAOHOTO  PO3TOPTAaHHS ONTOBOJIOKHA. BOHM  3’€IHYIOTH  THCSY1
KOPHCTYBauiB 4Ye€pe3 OINTOBOJOKHO, 00 €IHYIOTh iXHIM IIMPOKOCMYTOBHM Tpadik 1
HAJCUJIAIOTh HOro Triubiie B Mepexy. ONTOBOJIOKOHHI BY3IH JOCTYNY MOXKYTh
MIATPUMYBATH KiTbKa OMTOBOJOKOHHUX TexHoJorii, Bkimodaroun GPON, XGS-PON,
25G PON 1 Point-to-Point Ethernet, mo0 HamaBaTH HIMPOKHI CHEKTp MOCIYT 13
HaANKpaIow TEXHOJIOTIEIO.

[Ipuctpoi Nokia ONT (Optical Network Termination) aGo ONTOBOJIOKOHHI
MOJIEMU PO3TALOBYIOThCS Ha MICLI KOpUCTyBauya. BOHU 3aBeplIylOTh ONTHYHE
BOJIOKOHHE 3’€/lHaHHS Ta HAJalOTh IIMPOKOCMYTOBI TMOCIYTM B MNPUMIIIEHHSIX
KOpPHUCTYyBauiB a00 Ha COTOBUX cailTax.

Omnepatopy MIMPOKOCMYTOBOTO 3B’SI3KY B YCbOMY CBITI IEPEMHUKAIOTH TIepeady
Ta po3roptatoTh PON HacTymHOro MOKOJIHHS Y CBOiX ONTOBOJIOKOHHUX MeEpexKax
ockiibku NG-PON 1me Ounpiie, HDK MIBUAKICTH - II€ MPO MOXKIMBICTb. A came
MOJKJIMBICTh 00’€IHATU HMIMPOKOCMYTOBHUU 3B’SI30K y JKUTIOBHUX MPUMIIIECHHSX, IS
Oi3Hecy Ta OyJb-sikMii MOOLITBHUM 3B’SI30K B OfHIN 1H(pacTpykTypi. [Ipuckoputu
posroptanHs 5G 1 3aomaautu 50% Ha BUTpaTax Ha MOOUTEHUN TpaHcnopT. CTBOpUTH
HOBI JKepelia 0XO0Ay Ta IMiJBUIIUTH PEHTa0eIbHICTh 1HBeCcTULIM. HanaroTh KiieHTam
npemiaibHi TirabdiTHI Ta MyJIBTUTITa0ITHI TOCTYyTH [26].

8 xoBTH 2020 p mpoBIIHI ONEPATOPH Ta MOCTAYAIBHUKH KOMYHIKALIIMHUX
TEXHOJIOTI MIANUCYIOTh OararopkepensHy yroay 25GS-PON, mo6 npuckoputu
po3Butok cumerpuuHoro PON 25G. IlpomwmcioBa rpyma o00’€IHye OCHOBHHX
OIepaTopiB 1 NOCTaYaIbHUKIB /I BU3HAYEHHS Ta MPOCYBAHHS TEXHOJIOT1i HACTYITHOTO
nokomHHSA 25GS-PON mist miaTpuMku HOBUX SG 1 MpOMHCIIOBUX MOTped. Yroma mpo
OaraTo mkepen multi-source agreement (MSA) 25GS-PON migkpecitoe BaxIJIMBICTh i
TepMmiHOBICTh MaTH 25GS-PON, 106 ckopotutu po3puB mMik 10G 1 50G PON. Tak sk
25GS-PON Hazmae nocTavajabHUKaM MOCIYT 3B'SI3KY HaWO1IbII €EKOHOMIYHO €(EeKTHBHI

Ta CBOE€YACHMM IUISAX €BOJIOIIT J1s1 TexHoJorii BomokHa PON [27].
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JlecaTh OCHOBHHUX OIEpaTOpPiB 1 MOCTAYaIbHUKIB Taidy3l 3B 3Ky HEIIOJIaBHO
orojocwin npo mignucanHs yroau 25G symmetric PON i3 GaratbMa xepenamu
(25GS-PON MSA) 3 meToro ipocyBaHHS Ta MPUCKOPeHHS po3BUTKY 25GS-PON. ['pyna
MSA BuzHaumna cnenudikarito 25GS-PON, HeoOXiHY AJisi YCYHEHHSI pO3PUBY MIXK
10G XGS-PON 1 50G PON B ITU-T. MSA 6y1o cTBopeHo Ticis Toro, sik rpymna [TU-
T SG15/Q2 He nocsrina koHceHCyCy o0 cTanaapTusamii 25GS-PON, sika BBaKa€eThCs
BOXJIMBOIO TEXHOJOTiI€l0 OaraThMa TNPOBIIHUMHM CBITOBUMH OI€paTOpaMH Ta
oCcTayaIbHUKAMH.

®opmyBanusa 25GS-PON MSA Group niakpecitoe BaxiauBicTs 25GS-PON st
rajry3i, OCKiJIbKA BOHA IITyKa€ eKOHOMIYHO €(EKTUBHHM 1 CBOEUACHUMN IIIIX OHOBJICHHS
MEpexXi, SKUI MOXKE 3aJ0BOJIBHUTH MOTpeOu epu MoOuIbHOro 5G 1 BETUKHX
MIIPUEMCTB, JI€ CUMETPUYHI 3’€JHAHHS CTAIOTh BCE OUIBIN BaXJIMBUM. SIK meprinit
Kpok, 25GS-PON MSA Group ctBopuina cnenudikariito ais 25GS-PON, sika Bkiiroyae
ONTHUYHI XapakTepucTuku Ha ocHOBI ctanaapty IEEE 802.3ca 25G EPON, a Takox
piBenb koHBepreHiii nepegadi (TC), skuii € po3umpenasm XGS-PON. ['pyna MSA
TaKOX CHPHUSATHUME PO3BUTKY puHKY it 25GS-PON [27].

Jlxym Kynctnep, ronoBHud aHamtuk Omdia, ckazama: «25-riraOiTHui
cuMerpuuHuii PON € BaXXJIMBUM HACTYITHUM KPOKOM 1 TPUPOJHOIO E€BOJIIOILIEI0
ONTOBOJOKOHHHUX MEPEX, OCOOJIMBO TOMY, L0 BIH BUKOPUCTOBYE 1CHYIOUI TEXHOJIOTII.
Uucnenni oneparopu 3aitikasieni B 25GS-PON nnig Bukopucranus B Tpancnopti 5SG, a
TaKOXX Yy KopropaTuBHHMX 1 Oi3Hec-mociyrax. CtBopeHHs MSA s BUBEAEHHS i€l
TEXHOJIOT1i Ha PUHOK JIEMOHCTPY€ 1HHOBAIIii, JIIIEPCTBO Ta OPIEHTOBAHY Ha KIIIEHTA
PUHKOBY O0013HAHICTh 3 OOKY MOTO YJICHIBY.

Unenu-3acHoBHuku rpynu 25GS-PON MSA Bkmrouarots: AOI, Chorus,
Chunghwa Telecom, Ciena, MACOM, MaxLinear, NBN Co., Nokia, Sumitomo

Electric Industries, Ltd i Tibit Communications [27].
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3.4 Onrrunwmii miniiHUM Tepminan ZTE ZXA10 C300

Ontuynuii miHiitHUE Tepminan ZXA10 C300 - mepcriekTuBHAa 1 OAHA 3
HAWUTIOTY)KHIMUX TIaTGOPM ONTHYHOTO JIOCTYITy, po3po0ieHa JyUisi MacoBOTO
PO3TOPTaHHS ONTHYHOIO AOCTYIy i eKOHOMii KOIITIB. [i moTy:xHi (yHKIIi i Bucoka
MPOJYKTUBHICTh pOOJIAT, MacoBe po3ropraHHs FTTX mpocrtimie, HIXK KOJIU-HEOYb
panime. Lleit mpucTpiii Hamae MOBHUU CEPBIC ONTHYHOTO JIOCTYIy KOHBEPI€HTHOI
wiatdopmu, 3abesneuytoun QoS omepaTopchbKOTro Kiacy 1 HallMHICTh Mepexi s
3aJJ0BOJICHHS BUMOT Jij1s1 peanizanii FTTx mocayr [28].

Oco0nuBoCTI:

-~ VYuidikoBana mnatdopma 11t GPON, EPON Tta P2P.

— binbmia eMHICT Ta BHCOKA MNIUIBHICTH: BIANOBIIAIOTH MNOTpedaM
OTepaTopiB AJIS MACOBOT'O PO3TOPTAHHS ONTHYHOTO JOCTYIIY.

-~ [TinTpumka HOBITHIX TexHOJori NG-PON, nanpukiag 10G EPON, 10G
GPON, WDM PON Ta LR PON.

— [upoki moxkmuBocTi miarpumku mocayr: IPTV, VolP, HSI, VPN,
MOO1JIbHI TPAHCIIOPTHI MEPEXI 1 T.1I.

- Posmmmpeni ¢yHkiii 06aratoaapecHoi pPO3CUIKU CHPHUSIOTH MacCOBOMY
BHpoBaKeHHIO [PTV.

- Bucokuii piBenp Oesneku: apTeHTH(dikamiss ONT, igentudikamis
KOPHUCTYyBaua, 130JIs11i MOpTa, MPUB’sA3Ka aapecu, (GiIbTpallis MaKkeTiB Ta OOMEXEHHS
ITMPOKOMOBHHUX TAKETIB.

- Hudepentialiisi mocayr: KOMIUIEKCHI MeXaHi3Mu QoS sl TOJ0COBHX,
B1JICO Ta BUCOKOIIIBUIKICHUX 1HTEPHET-TIOCIYT.

- ['Hyuki MepexeBl TONOJIOTII: pi3HI 1IHTepdelcH BUCXITHUX JIIHIA 3B S3KY
Ta JOTIOMIKHUX 1HTEpPEICIB.

- Bucoka HafiiiHICTh: pe3epBYBaHHS KIIFOUOBUX YaCTHH; MIATPUMKA 3aXUCTY
tummiB B ta C gug Husxigaoi aiHii PON; LACP/STP/RSTP/MSTP s BucximHoi JiHIT
[28].



Tabauis 3.2 — Xapakrepuctuku miat [28]

KapTtu xepyBanus

SCXN - kapta KepyBaHHS Ta KOMYTaIlii, KOMyTarliifHa CIPOMOXHICTh
480G

SCXL - xapra kepyBaHHs Ta KOMyTallii, KOMyTaliiiHa CIIPOMOKHICTb

960G

SCTM - xapra KepyBaHHS Ta KOMYTallii, KOMyTalliifHa CIIPOMOXKHICTb
2,56T

CepsicHi KapTu

GTGO/GTGH - 8/16*GPON uiniiina kapta

ETGO/ETGH - 8/16*EPON uniniiina kaprta

GTXO - 8*XG-PONI niniitna kapra

FTGK - 48*P2P / 24*GE/FE Ethernet

Kaptu xuBneHHs

PRWG - 1*48V + 2*RG45 kapTa ®HUBJICHHS

Uplink xapTtu

GUFQ - 4*GE/FE optical Ethernet

GUSQ - 2*GE optical + 2*GE/FE RG-45

XUTQ - 4*10GE optical Ethernet

HUTQ - 2*10GE + 2*GE optical Ethernet

HUVQ - 2*10GE/GE + 2*GE/FE optical Ethernet (Sync-E)

Tabmuus 3.3 — Texniuni xapakrepuctuku [28]

XapakTepUCTUKU
maci

[TpomyckHa 31aTHICTB 3aaHb0] 1atu: 2,8 TOIT/C
Komyramiiina 3patHicts: 800 I'6i1/c
Bceworo 21 cnor
14 cnoTiB A8 yHIBEpCaJIbHUX JIIHIHHUX KapT
2 CJO0TH Ul KOMYTATOpIiB 1 IJIaT KepyBaHHS
2 crota Ui KapT KUBJICHHS
2 c0TH 11 KacKaJHUX iHTepdeiiciB
1 cyoT A7t KapTH MOHITOPUHTY CepelOBUINA

HIinbHICTh KApTKH

Kaptka GPON: 4/8 noptiB Ha KapTy
Kaptka EPON: 4/8 nopTiB Ha KapTKy

aboHeHTa Kaptka P2P: 8/16 nopriB Ha kapty
Kaprka 10G EPON: 2 noptu Ha KapTKy
4*10GE uplink Ha kapTKy
InrepdeiicHa 4*GE uplink Ha kapTky
kapta Uplink 1*STM-4/0C12 a6o 2*STM-1/0C3 TDM uplink Ha kapTKy

32* E1/T1 BucxinHa xapra (30aaHcOBaHa Ta He30alaHCOBaHA)
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[Iponorxenus Tadmui 3.3

Oco6muBocti PON

EPON-cywmicumii 3 IEEE 802.3ah
GPON-cymichwmii 3 ITU G.984.x
10GEPON cywmichuii 3 [EEE 802.3v
[TinTpumka koedimienTa onTrHaHOTO po3aiieHHs a0 1:128 mius GPON,
koedirienta ontuaHoro posaineHHs 1:64 nus EPON i koedirtienTta
ornrtuyHOTO po3niaeHHs 1:256 mist 10GEPON
[TinTpumka OLS (onTuaHU J1a3epHU KOHTPOJI)
®iznyHa nanbHicTh: 20~60 kM
Bucokoedextusauiit DBA: NSR-DBA, SR-DBA
1PPS+TOD,IEEE 1588V2
[otyxHicTh TpaHcusepa: kinac B+ abo kimac C+
3axucT onTHuHOTO KaHaimy tumy B i C
FEC
AES128
SCB

Oynkmii L2/1.3

4K VLAN
1:1/N:1 VLAN
802.1ad, SVLAN, Selective QinQ, crekyBanus VLAN
I'mubuna tabmuni MAC-anpec 32 KO 3 MOKIMBICTIO pO3MIMPEHHS 10
256 K6
[lepeanpecariis Ha MBUIKOCTI JiHIT
STP/RSTP/MSTP cymicuwuii 3 IEEE 802.1d / 802.1w / 802.1s
Arperaris kananis IEEE 802.3ad
DHCP cepsep, DHCP Relay (onuist 60/82), DHCP mpokci

MapmpyTtu3aris
L3

CraTrcTUYHA MapIIpyTH3ALlis
RIP V1/V2, OSPF v2, IS-IS, BGP
baratoanpecna mapmpytuzanis: PIM-SM, PIM-DM

I'pynosa po3cuinka

1K Multicast rpymu IGMP V1/2/3, IGMP Snooping i pokci (v1/v2/v3)
MVLAN: Gararoanpecaa VLAN
Kontpons noctymny no xanany (CAC), nonepeaniii neperisin (PRV) i
netanbHui 3anuc BUKIMKY (CDR) ansa IPTV
3aTpuMKa NepeMUKaHHs KaHainy MeHie 50 mc

QoS

8 uepr Ha OpT
Mexani3m uepru ta ianyBanas: SP, DWRR, SP+DWRR
IPv4 DSCP Diffserv
Knacudikaris moTokiB, 00MeXeHHS IIBUAKOCTI, (POPMYBaHHS Ta

BCTAHOBJICHHS NIPIOPUTETIB
Cratuctuka Tpadiky

WRED i notpiiinuii koiip

SLA: CIR, PIR, EIR, MBS
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[Iponorxenus Tadmui 3.3

L2-L4 ACL
Aytentudikariis abonenrta IEEE 802.1x
3axuct mxepena [P ta MAC
CriiikicTs 10 atrak DOS
3axuct Big niapooku MAC/IP (mpus’s3yBanns MAC, npuB’s3yBaHHs
IP, Bincrexenns DHCP)
AnTHdIY: NPUIYIIEHHS IIHPOKOMOBHUX MAKETIB, TPUAYILICHHS MAKETiB
IGMP, nmpuaymenns nakerie DHCP
O6mexenns kimbkocTi MAC-anpec Ha ocHoBI VLAN a60 GEM-mopty
BinnzepkaneHHs mopTis
Inentudikamis nopty kopucryBaya, Hanpukiag PPPOE+ 1 DHCP, ommist
82
besneka oneparopa, MmynasTUNpUBLIeiioBanuit oneparop, SSH v1/v2,
FTP/TFTP, ACL
ITpoTokou ynpasninas ta intepdetic: CLI, Telnet, SNMP V1/V2C/V3,
MIBII
Binnanene 3aBaHTa)KeHHSI Ta OHOBJICHHS MPOIIMBKH

Bbesneka

o&M

MOHITOPHHT, KOHTPOJIb 1 CUTHAJIi3allisl HABKOJIMITHHOTO CEPEIOBHINA

HaBkonumrne Po6oua Temneparypa: -5 °C ~ +45 °C
cepeoBUIIe Po6oua Bomnoricts: 5% ~ 95%, 6e3 KoHmeHcarii
Po6oua nanpyra: -48 B (+20%) a6o 220 B 3minHOTO cTpy™my (£20%, 50
I'n)
CnoXxvBaHHS GPON: 1250W
eHeprii EPON: 680W
Po3mipu 443.7mm (H) X 482.6mm (W) X 270mm (D)

bnok xxuBieHHs

By3nu poctynmy BHCOKOiI MICTKOCTI JJIE HIMPOKOMACIITA0OHOTO PO3rOpTaHHS
OINTOBOJIOKHA - CEPisi BUCOKOMPOAYKTUBHUX By311B 1ocTyiy Nokia Lightspan FX. Bonn
3a0e3MneuyroTh 0€3KOMIIPOMICHY MPOTYKTUBHICTh 1 MOXKIIMBICTh MporpaMmyBanHs SDN,
1100 3a0e3neYnTH HalKpamuil rirabiTHUM TOCB1 AJis IOMAIIIHIX, MOOLTbHUX 1 O13HEC-
KOPHMCTYBadiB. IXHS HemepeBeplIeHa THYUKiCTh y PO3BUTKY MepekKi BiAmoBinae
BHUMOI'aM ChOTOJICHHS Ta 3aBTPAIIHLOTO JHS [23].

Cepis Nokia Lightspan FX miarpumye kinbka Texnosoridi PON 1 mociayru
«TOYKa-TOUKa» ojHouacHOo. € Tpu Bapiantu posmipy (FX-4, FX-8 1 FX-16), sxi
MIIXOASTh JUIsl BCIX TUITIB ONTOBOJIOKOHHUX MEPEX: BiJl COTeHh aOOHEHTIB Ha FX-4 1o
tucay abonenTiB Ha FX-16. Cepis FX Haznae BaM rHydkicTh y BUOOP1 ONTOBOJIOKOHHOI
TEXHOJIOT1{, MIJTLHOCTI PO3TOPTAHHS Ta CTPATET1i PO3BUTKY, sIKa HaWKpaIlle BiAMOBIIa€e

BaIllUM T€XHIKO-€KOHOMIYHUM YMOBaM, MICIIEBUM HOpPMaM 1 MPOMTOHOBAHUM ITOCTyTaM.
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Pucynox 3.2 — 3oBHimmHi# Buris oonaananus Lightspan FX - 2

[TnaTdopma MOBHOTO OOCITyTOBYBaHHS: JOMAIITHI, MOOUIbHI Ta Oi3HEC-T0JaTKA
00’eHaH1 Ha OJHIA MOJYJIbHIN T1aTdopMi; ociyru IPTV; mynbTuMeniiauii cepgic;
BUCOKOIIBUIKICHUN AOCTyn 10 IHTepHeTy; Oi3HeC MOCTYI; 3BOPOTHUHN 3B'I30K
CTUILHUKOBOTO 3B'A3KY [23].

MonaybHI TOJIKH:

- FX-16 (16 cioTiB mjis KiHIEBUX IUIAT JiHIL Ta 2 CIOTH JUIS PE3EPBHUX
MEpEXKEBUX KapT)

- FX-8 (8 cnoTiB 711 KIHLEBUX KapT JiHII Ta 2 CIOTH ISl pe3epBHUX
MEpEXKEBUX KapT)

- FX-4 (4 cnoty nys KIHIEBUX IUIAT JIHIT Ta 2 CIOTH Ui PE3EPBHUX
MEpEXKEBUX KapT)

['Hy4KiCTh TEXHOJIOTH:

— GPON Bucoxoi minsaOCTi, XGS-PON, MUulti-PON, TWDM-PON i TouKa-
TOYKa.

— Heb6nokyroua 00'enHyBangbHa IUIaTa BUCOKOI MPOITYCKHOI 3JaTHOCTI 2 X
100 I'611/c Ha cnoT.

= [linTpumye sk TpamuiiiHi Mozeni KepyBaHHS (Bepcisi ISAM  nmns
SNMP/MIB), tak 1 nporpamyBanus SDN (Bepcist Lightspan ninss NETCONF/YANG).

— [TigTpuMye CibHUNA TOCTYII 10 MEPEXI1 Ta Hapi3Ky Mepexl MK KUITbKOMa

ciry>k0amu Ta/abo nmocravyanbHUKaMu BMICTY [23].
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3.5 BucHoBku 70 po3niy 3

OTxe, Ha CHOTOJHINIHIM JeHb OUTBIIICTH omepaTopiB obuparoTh XGS-PON.
[ToB’s3aH0 11€ 3 THM, 0 AOBXUHU XBWIb JIsI XGS-PON Biapi3HAIOTHCS BiJl 1HIIHX
crannapri, Takux Kk G-PON 1 NG-PON2. Ockinsku XGS-PON OyB OHOBJICHHSM
crannapry XG-PON nns 3a0e3neueHHs] CUMETPUYHOI MpOmyckHOi 3AaTHOCTI, XG 1
XGS-PON mnpariioroTh Ha OJIHAKOBHUX JOBXKHHAX XBUJIb Bropi Ta BHU3Y, 1€ €IUHUN
BUITAJIOK MTOBTOPHOT'O BUKOPUCTAHHS OJHAKOBUX JIOBKHUH XBUJIb.

A kopucTyBadi NoTpeOyIOTh 30UIBIIUTA MPOIMYCKHY 3[aTHICTb IJIs JOCTYITY
FTTx yepe3 cTpiMKe 3pOCTaHHS CIIOKUBAHHS MPOITYCKHOI cripoMoskHOCTI. [ToTpeba Bce
OUIBIIOT Ta OUIBIIOI EMHOCTI IK TOCTYITy KIHLIEBHX KOPUCTYBauiB, TaK TPAHCHOPTHUX
Mepex ctae peanbHicTio. JloBeaeno, mo WDM-PON moxe 3anpornoHyBaTH OB
BHCOKY IIPOITYCKHY 37IaTHICTh Ta OXOIUICHHS, a TAKOXK JOJIaTKOBI IepeBary o0 CBOiX
JOTATKIiB. 3aBIsIKM BUKOPHUCTAHHIO BUIUICHOTO KaHATy MOBXWHHU XBHUIL JUISI KOSKHOTO
abonenta, WDM-PON uacto BBaxkaeTbcst Oe3neunimmM. Xoua nepeBaru XG-PON
NOJIATal0Th Y CTaHAAPTU3ALll1, 3p1JI0CTI, BAPTOCTI Ta €HEPrOCIOKUBAHHS.

Xouy 3a3HauUTH, 110 HOBa JiHiitHa KapTa Multi-PON y Nokia migrpumye tpu
pexuMu poOoTH Ha KoxkHOMY MopTy: pexkuM GPON, pexum XGS-PON abo pexum
multi-PON, mro migrpumye GPON i XGS-PON ogHouYacHO 3 BOYI0BaHOKO (DYHKIII€O
CHIBICHYBaHHsI, TOMy HEMa€ MOTPeOM B 30BHINIHHOMY OOJaJAHAHHS JJISl CHUIHHOTO
ICHYBaHHS.

Ontuynuit minitaUE Tepmidan ZXA10 C300 nagae nmoBHUN cepBIC ONTUYHOTO
JOCTYNy KOHBEPTreHTHOI IaTdopmu, 3abe3nedyroun QoS omepaTopchKOro Kiacy i
HaJIIHHICTh MEPEXK1 JJIsI 3a10BOJICHHs BUMOT i1 peanizaiii FTTx nociyr ta mae 6arato

0COOJIMBOCTEM.
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BHUCHOBKU

Y po6ori O0yno mpoanaiizoBaHo TexHosorii WDM-PON (kokHOMY KiHIICBOMY
KOPUCTYBa4YeBi BHIUIAETHCS Juiie ogHa nopxkuHa xBwii) i1 XG-PON (mae ctpyktypy
Mepexi, aHaoriuny GPON, 3 pi3HUMU TOBXXKMHAMU XBHWJIb BUCX1THOTO Ta HU3X1HOTO
MOTOKIB, aji¢ BOHU MOXXYTb CITIBICHYBaTH OJWH 3 OJHHUM, 1100 3aXWCTUTH 1HBECTHIII]
MEPEKEBHX OIEPATOPIB).

Busznaueno, 1mo s 30UIbIIEHHST MPOMYCKHOT CIIPOMOYKHOCT1 OJTHOTO BOJIOKHA
MOXE€ BUKOPHCTOBYBATHCS TEXHOJIOTIS CIEKTPAILHOTO MYJbTHILUICKCYBaHHS WDM
(Wavelength Division Multiplexing), 1mo 103BOJsi€E OJHOYACHO IEpeJaBaTh KuIbKa
CUTHAJIIB Ha PI3HUX JOBKWHAX XBUJIb 10 OJJHOMY BOJIOKHY. LIs BIacTHBICTBH T03BOJISE
0aratopa3oBo 30UIBIIUTH MPOMYCKHY 3/IaTHICTh BOJOKHA Ta JOCSATTH JYy>KE€ BUCOKOI
IIBUJIKOCTI TIEpeaayi.

[IpomyckHa 31aTHICTh ONTUYHOTO BOJIOKHA € HaJA3BUYaHO BUCOKOK0. ['paHryHa
IIBUJIKICTh TIepeaadi 1 HaiOuIbIIa BIJACTaHb, IO TEPEKPUBAETHCS, 3aJICKATh Bij
3racaHHs 1 MPOKOCMYTOBOI JI1HI1, 8 TAKOK B1/I XapaKTEPUCTHUK MepeaBaya 1 mpuiiMayva.
BukopucrtanHss OJHOMOJOBUX BOJIOKOH [IO3BOJISIE TMOOYAyBaTH JIHIIO 3B'A3KY
noBxkuHOI 1oHaa 100 kM 31 MIBUIKICTIO mepenadi Kinbka ['6iT/c 0e3 BCTaHOBIEHHS
PETPAHCIIATOPIB.

Otxe, WDM-PON Moxe 3ampornonyBaTu OUIbII BUCOKY MPOMYCKHY 3AaTHICTh
Ta J0JIaTKOBI MepeBaru o0 3aCTOCyBaHHA. 3a IOMIOMOTOI0 CBOTO BUIIJICHOTO KaHATY
JIOBXKWHU XBUWJI1 JJ1s1 KOKHOTO niepenmiatiuka WDM-PON 4gacto BBaKaeThCsi OLIBIIT
oe3neynuM. Y To# yac gk nepeBaru XG-PON mnonsraroTs y cranmapTu3ailii, 3piiocTi,
BapTOCTI Ta EHEProcmoKuBaHHS. TeHaeHuis mnonsrae B Tomy, mo XG-PON
npu3HaYeHui s kuTinoBux nporpam a WDM-PON pocnijkyeTses aiist 613Hecy abo
back-haul iHTeHCHBHOT POITYCKHOT CIIPOMOHOCTI.

3anponoHOBaHO BaplaHTH 3aCTOCYBaHHS OOJaAHAHHS PI3HUX BUPOOHUKIB IS
noOyZI0OBM MEpeX 3a ITUMHU TEXHOJIOTISIMU: HOBa JjiHiitHA kapta Multi-PON y Nokia
HIATPUMYE TPU PEKUMU poOOTH Ha KOoskHOMY TTopTy: peskuM GPON, pexxum XGS-PON

a6o pexxum multi-PON, mo miarpumye GPON 1 XGS-PON ogHo4yacHO 3 BOY0BaHOIO
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(GyHKIlEIO CIIBICHYBaHHS, TOMY HEMa€ MOTPEeOM B 30BHINIHBOMY OOJagHAHHS IS
CIIJILHOTO 1CHYBaHHS; ONTHYHUU MiHIHHUK TepMiHan ZXA10 C300 nanmae moBHUM
CepBiC ONTHUYHOTO JIOCTYIly KOHBEpreHTHoi miatdopmu, 3abesneuyroun QoS
OTIEPATOPCHKOTO KJIAcy 1 HaAIHHICTh MEpexXi I 3aJ0BOJICHHS BUMOT JJIs peajizali

FTTx mociyr Ta Mmae 6arato ocoOIMBOCTEH.
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ITEPEJIIK BUKOPUCTAHUX JUKEPEJI

1. Meroasl U1 MOJENH aHajdU3a IMHPOKOPOJIOHBIX ceTel noctyna [EnexkTpoHHuit
JIOKYMEHT | - Pexum JOCTYILY:

https://info.aues.kz/dissertations/2014/frts/ae/Akbolat AUES.pdf

2. BonokoHHO-ONMTHYHA JiHIA 3B’S3Ky 13 3aCTOCYBAaHHSM  TEXHOJOTII

CHEKTPAIbHOTO YIIUIbHEHHS KaHaliB [Enexrponnuili gokymeHt] - Pexum nocrymy:

https://ela.kpi.ua/bitstream/123456789/22976/1/Mykhailov magistr.pdf

3. Opranizailisi IIMPOKOCMYTOBOI'O JOCTYITY 3 BUKOpUCTaHHSAM TexHojorii PON
[EnexkTpoHHMI JOKYMEHT] - Pexxum noctymy:

https://ela.kpi.ua/bitstream/123456789/41140/1/Vistunov bakalavr.pdf

4. OnTUKO BOJIOKOHHI JIiHIT 3B'A3Ky. ONITOBOJIOKOHHI JIiHI 3B'13KY [EnexTponHuii

nokymeHTt]| - Pexxum nmoctymy:  https://zaptyt.ru/uk/optiko-volokonnye-linii-svyazi-

optovolokonnye-linii-svyazi-v-zavisimosti/

5. FTTX IlpuHumnsl MOCTPOEHHUS, TEXHOJOTMH W PEIICHUs J/JII MOHTa)xa

[EnextponHmii nokymeHT]| - Pexxum noctymy: https://www.twirpx.com/file/1338265/

6. Fiber-optic transmission and networking: the previous 20 and the next 20 years
[ EntexTpoHHMI JOKYMEHT | - Pexum JIOCTYIY:

https://opg.optica.org/oe/fulltext.cfim?uri=0e-26-18-24190&id=396718#refl2

7. Fiber Optic Basics [EnexTponnmii  mokymeHT] -  Pexum

noctymy: _https://www.newport.com/t/fiber-optic-basics

8. Anatomy of a Cable — Optical Fiber [Enexkrponuuit mokymeHt] - Pexum

noctymy: https://blog.biamp.com/anatomy-of-a-cable-optical-fiber/

9. What is Fiber Optic Cable Structure and Advantages [EnexkrponHmii

nokymeHT] - Pexxum moctymy: https://electricalengineering123.com/fiber-optic-cable-

structure-advantages/
10. Pexomenmarui ITU G.656 1 ITU G.657
11. Optical Transmission Lexicon: CATV, CWDM, DWDM, FTTH

[Enektponnuii mokymeHt] - Pexum nmoctymy: https://pon.fibrain.com/artykuly-

techniczne/optical-transmission-lexicon-catv-cwdm-dwdm-ftth,44.html
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https://journals.sagepub.com/doi/full/10.1177/0037549716682093#fig2-
0037549716682093

20. TlpoexTyBaHHS Ta EKCIUTyaTalllsi CYYaCHHUX MEPEeX MHUPOKOCMYTOBOTO
JOCTYITY: HaBY. MOCI0. JUIsl TUTIJIOMHOTO MTPOEKTYBaHHS Ta Marictepchbkux pooit / [B.O.
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21. Pexomenpanii ITU WDM PON (Recommendation ITU-T G.9802.1)

22. Pexomenpanii ITU XG-PON (Recommendation ITU-T G.987.2 (2016) —

Amendment 2)


https://community.fs.com/blog/itu-t-standards-for-various-optical-fibers.html
https://community.fs.com/blog/itu-t-standards-for-various-optical-fibers.html
https://www.ijsr.net/archive/v4i2/SUB151206.pdf
http://faratarjome.ir/u/media/shopping_files/store-EN-1482654978-3035.pdf
https://www.mdpi.com/2076-3417/12/15/7911/htm
https://www.mdpi.com/2076-3417/12/15/7911/htm
https://community.fs.com/ru/blog/wdm-pon-vs-gpon-vs-xg-pon.html
https://arxiv.org/pdf/1804.08007.pdf
https://www.mdpi.com/2076-3417/11/21/10427
https://journals.sagepub.com/doi/full/10.1177/0037549716682093#fig2-0037549716682093
https://journals.sagepub.com/doi/full/10.1177/0037549716682093#fig2-0037549716682093
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23. Lightspan FX - Pexum gocrtymy: https://www.nokia.com/networks/fixed-

networks/lightspan-fx/

24. XGS-PON - Pexum moctymy: https://www.viavisolutions.com/en-us/xgs-

pon

25. Multi-PON enables NG-PON migration your way - Pexum pocrymy:
https://www.nokia.com/blog/multi-pon-enables-ng-pon-migration-your-way/

26. Nokia and KPN successfully trial 25G PON in Rotterdam animal hospital -

Pexum moctymy: https://www.nokia.com/about-us/news/releases/2022/11/18/nokia-and-

kpn-successfully-trial-25g-pon-in-rotterdam-animal-hospital/

27. Leading operators and communications technology vendors sign 25GS-PON
multisource agreement to accelerate development of 25G symmetric PON - Pexum

JOCTyIY: https://www.25gspon-msa.org/wp-content/uploads/2020/10/PR-_-
25GSMSA FINAL.pdf
28. NOKIA - Pexxum noctymy: https://www.nokia.com/



https://www.nokia.com/networks/fixed-networks/lightspan-fx/
https://www.nokia.com/networks/fixed-networks/lightspan-fx/
https://www.viavisolutions.com/en-us/xgs-pon
https://www.viavisolutions.com/en-us/xgs-pon
https://www.nokia.com/blog/multi-pon-enables-ng-pon-migration-your-way/
https://www.nokia.com/about-us/news/releases/2022/11/18/nokia-and-kpn-successfully-trial-25g-pon-in-rotterdam-animal-hospital/
https://www.nokia.com/about-us/news/releases/2022/11/18/nokia-and-kpn-successfully-trial-25g-pon-in-rotterdam-animal-hospital/
https://www.25gspon-msa.org/wp-content/uploads/2020/10/PR-_-25GSMSA_FINAL.pdf
https://www.25gspon-msa.org/wp-content/uploads/2020/10/PR-_-25GSMSA_FINAL.pdf
https://www.nokia.com/

