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[IpousBeneH aHATN3 HEMTMHEWHBIX MCKAXKCHUH B MACCHBHBIX onthuieckux ceTsx (PON), BeI3BaH-
HBbIX BBIHY)KIEHHBIM paccessHueM Mannensiurama-bpuintosna. [lokazaHo, 4To HauMHas ¢ HEKO-
TOPOW MOITHOCTH HaKaYK{ OTHOIICHWE CUTHAJ/IITYM Ha BXOJE MPUEMHHUKA BCTPEUYHOTO HATIPaBIIC-
HUS pE3KO YMCHBIIIACTCS, YTO BENET K IMOBBIIIICHUIO BEPOSITHOCTH OIIMOKH.

Kniouesvie cnosa: pacceaHue CBCTa MaHI[eJ'ILIHTaMa—EpI/IHHIOE)Ha, ImacCuBHasA OITHYCCKas CCTh.

BBenenue

B HacTosmee BpeMs BemyTCsl aKTHBHBIE MCCIIEAOBAaHHSA IO COBEPILIEHCTBOBAHUIO CYIIECT-
BYIOILIMX ONTHYECKUX ceTel AocTyma. TexHomorun naccuBHbIX ontuieckux cereid (PON) npennararor
obecrieunth 10 64...128 aOOHEHTOB B MepecueTe Ha OJHO BOJIOKHO MHTEPAKTHBHBIMH LIMPOKOBEIIA-
TENFHBIMU YCIIyTaMH TepeAaydl JAaHHBIX € OOLIeH MPONMYCKHOHW CHOCOOHOCTHIO JHMHHHU CBSI3U IO
2,5...10 I'dbut/c. Cnemyer OTMETUTH, YTO MOTEHIIMAJ TAKUX CETEH Jalleko erie He ucueprnad. Kak mo-
Ka3bIBAIOT PacueThl, yBeJIHMUCHUE YKcia aO0HEHTOB M CKOpOCTH mnepeaayn B ceTsix PON BO3MOXKHO ¢
MOBBIILICHUEM YPOBHSI BBOAMMOW MOIIHOCTH M MPUMEHEHHUEM I0JI0COCOEPErarommx BUI0B MOIYJIs-
uuu. [Ipudem, kak Ha ypoBeHb BBOJMMOM MOIITHOCTH, TaK X Ha MHOTOMO3UIIMOHHBIE BUBI MOLYJISIIAN
HaKJIaJbIBAIOTCS OTPaHUYEHHUSI, CBS3aHHBIC C HEIMHEHHBIMA UCKaKEHUSIMU CBETA B ONTHYECKOM BO-
JokHe. HanMeHbIIMM [TOPOroM 4yBCTBUTENBHOCTH ONTHYECKOTO BOIOKHA K MOSBIICHUIO HETMHEHHBIX
UCKakeHni obnanaer 3¢ (dekT BBIHYXIEHHOTO paccesHus Manaensmrama-bpunnosna (BPMB) [1].
B of0mem cinywae ans maccuBHOM cructeMmbl nepeaadn 3¢p¢dexr BPMB npruBomuT K CHIKEHHIO OTHO-
menust curHan/mym (OCLL) Ha mpueMHON CTOpPOHE M, KaK CJIEACTBHE — MOBBIIICHUIO BEPOSTHOCTU
OIINOKH.

TeopeTnueckuii anaans

Knaccuueckas apxutektypa cetu PON ¢ BpeMeHHBIM pa3[ieiecHUeM KaHAJIOB MpEArojaraert
IYTUICKCHBIH pEeXUM paboThl B OAHOM BOJIOKHE [2], [3]. B 3TOM ciyyae HUCXOASIIUI MOTOK OT pac-
MPEIEUTEILHOTO [IEHTpa Ha JUTHHE BOJHBI 1550 HM BBOAMTCS B aOOHEHTCKYIO PacpeaeUTENbH YO
CeTh M C MOMOIIBIO MACCUBHOTO JCIUTENS MOIIHOCTH (CIUIUTTEPA), PACHICTUISIETCS U JIOBOJIUTCS JI0
a0OHEHTCKHUX TepMHUHAIOB (puc. 1). B cBor0 ouepenr aOOHEHTCKHE TEPMUHAIBI B MOPSIKE O4epeIr
OCYIIECTBIIAIOT 00paTHYIO Tiepeaady JaHHBIX Ha JTHE BOMHbI 1310 HM.

AJnbTepHaTHBHBIC BapUAHTHI TIOBBIIICHUS TPOITYCKHONW M Harpy304HOM CIIOCOOHOCTEH JTHHHU
cBs3U B ceTsix PON cBsi3aHbl C MPUMEHEHUEM TEXHUKHU BOJHOBOT'O YILIOTHEHMS KaHAJIOB, TIE KaXJ0-
My aOOHEHTY OTBOJAUWTCS OTIENBHAsS IMapa JUIMH BOJIH JUIA MpueMa u nepepauu [4]. JlaapHeHmmM yBe-
muieHueM 3((OEKTUBHOCTH SBJISETCS MPEIOKEHHas B [5, 6] mepenaya BCTPEUHBIX CUTHAIIOB (K a00-
HEHTY U OT a0OHEHTA Ha OJIHOW JJIMHE BOJIHBI), OMHAKO B TIOJOOHBIX CHCTEMaX BO3MOXKHO BIIUSIHUC
BCTPEYHBIX KaHAJIOB BCJICACTBUE MEPEX0/la CUTHAIIOB (YACTHYHO WU MOJTHOCTHIO) W3-32 HETMHEHHBIX
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SBJICHUH, BbI3BaHHBIX d3QpekTom BPMB. B 3ToM citydae npu 7OCTHXEHUH HEKOTOPOT'0 KPUTUIECKOTO
3HaueHus P, MPOUCXOAUT CYLIECTBEHHOE PACCESHHE CBETA HA aKyCTUUECKHUX (DOHOHAX Cpeibl, KOTO-
poe MOXKET MoMacTh B OCHOBHOM KaHal mpuema [1].

A6oHeHmekull
Crnnummep mepmMuHan
Pacnpedenu- :— _____ 1 ONT;
mernbHbill yeHmp 1550 Hm I
—_— :
OLT ONT,
1310 Hm

OLT — Optical Line Terminal G852

ODN — Optical Distribution Network
ONU — Optical Network Unit

Puc. 1. Cxema nynnexcHoi cetu PON ¢ BpeMeHHBIM pa3JeleHueM KaHalIoB

Lenbio nanHOM paboThl sBINsieTcs oleHKa BiausHus BPMbB Ha momexoycToH4nMBOCTh BCTpeU-
HBIX QpoBbIX motokoB (600, 1200, 2400, 4800 M6ut/c). OcoOeHHO 3TO OMACHO ISl A00OHEHTCKOTO

U (POBOTO MOTOKA, MOCKOIBKY MPOTSHKEHHOCTh MAarvCcTPaIbHOTO YYacTKa CETH HAMHOTO OOJbIIe
a0OHEHTCKOTO.

Just tunnuabix BonokoH G.652 u G.657, mpumensiembix B PON (puc. 1), kpurnueckasi MoIl-
HOCTb P, MOeT ObITh OLIEHEHA 110 (hopMyIIe:

KA, Av,+Av,

P =21
" gBLe/f’ Av,

; (1)

rae g, — koadduuent ycunenus bpumttosna, M/BT; K — nocTosHHasi COCTOSHUS MOsIpU3anuH, [7];

2
Ae/f' - 3(1)(1)€KTI/IBHa$I rmjiaomaab MmonepeuyHoro CCUCHMA XXUJIbl BOJIOKHA, M | AVp —I10JI0Ca HAaKa4YKH UC-

TOYHHUKA u3Nydenus, ['; Av, — mmpuHa ciekTpanbHol nunuu bpumosna, I'n; L, — spdexrusHas
JUIMHA BOJIOKHA, KOTOPasl ONpeAensercs
1—-exp(—al
[ =lzepal) 2)
off
o

rie o — Kod((HUITUCHT 3aTyXaHUs BOJIOKHA, M'; L — aivHa BoJOKHA, M. THIIHYHBIE napamerpsl Opu-
BEJICHHBIX BBIPAXXCHUM JTaHbl B Tabmuie [1,8].

Ta6numa 1. TunoBble mapaMeTpbl 0AHOMOIOBOI0 ONTHYECKOI0 BOJIOKHA

[Tapametp 3HaueHne
Koo puument ycunenns bpunmoona, g, 410" M/Br
DdeKTUBHAS WIONIA/b TIONEPEYHOTO CEUECHHUS KUIIbI BOIOKHA, Ae//. 510" m?
Ilvpuna cnexrpa Bpuumosna, Av, 31,2 MI'g
Temmnepatypa, 1’ 300 K
CMemmenre 4acToTel bpuinmiosHa, Vv,
— Ha JUTMHE BOJHBI 1,31 MKM 13,194 T
— Ha JUTMHE BOJIHBI 1,55 MKM 11,151 TTn
Koadduiment 3aryxanus BorokHa, O 5107 m!

ITpouecc BPMb nporekaer ¢ BOSHUKHOBEHUEM CTOKCOBOM BOJIHBI P, , paclpoCTpaHsIOLIENCs
B NIPOTUBOIONIOXKHOM HAalpaBJICHUM Hakauku P, . (puc. 2). DT0 CBSA3aHO C TEM, YTO IPU HaKayKe
BBIIIIE HEKOTOPOI'O IIOPOrOBOr0 YpoBHs F,,, MOLIHOCTb M3JIy4€HHs1 T€HEPUPYET B BOJIOKHE aKyCTHYE-

CKYIO BOJIHY, IPUBOJAIIYIO K HCpHOI[H‘{CCKOﬁ MOAYJIALIA TTOKAa3aTCIsA NPCIOMIICHUSA BOJIOKHA (CM.
puc. 2, a). Yactb SHCPruu paCnpoCTPaAHAIOMICIOCA B IMPAMOM HAIIPpAaBJICHUW CUTHAJIA C Y4acTOTON Vp
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pacceuBacTCsa Ha BOJHAX IIOKa3aTe/sd IIPCIOMIICHUA Ha3ad CO CABUI'OM YacCTOThI V, (CM. puc. 2, 6)

Dra BTOpas BojIHA Ha3bIBaeTcs BoiHOI CTOKca ¢ MomHocThio Py, [1].

OLT ONT
—_— )\1 = —_—
ne, k< > [Ip; — npuemMHuK
b floKa3amerb npenoMieHus p
Psr 1 Kpucmarnmuyeckoil pewemsu \ S72
Mpy R >~ 19, - nepedamyux
1 - )\2()\1)
L
a
P, BT v
Poir—> <— Pomw
Vp-VB
<—Psr Psrr —>
\ 7
—————— =TT TTTT T t >
0 L I'm
6

Puc. 2. Cucrema nepenaun cet PON (a) 1 qnarpamma, mmosicHsIoIas
Tpolecc paccessHus cBera BeienacTsue sgpdexra BPMB (6)

JInst Toro 4ToOBI OILEHWUTH BIUSHHE HEMMHEHHEIX uckaxkennii BPMB B PON, HeoOXxogumMo
paccyuTaTh MOIIHOCTh CTOKCOBOM KOMIIOHEHTBI P, OIPEAEINTh KaK OHA BIMSET HA paclpocTpaHe-
HUE ¥ B3aMMOJICHCTBHE CUTHAJIOB M KaK y4acCTBYET B Mporecce (OTOACTEKTUPOBAHUS HA TPUEMHOMN
CTOpOHE.

Ceru PON oTHOCATCA K NYIUIEKCHBIM JBYHAIPABJICHHBIM CHCTEMaM Iepenayvud C pasHOCOM
mpueMa | Irepenavu mo JiuuHe BoiHbI Ha ctopoHe OLT (puc. 2, @), mpu 3ToM B KaHAJIe CBSI3U OyIyT
MPUCYTCTBOBATH JIBE CTOKCOBBIC KOMIIOHEHTHI, TI0 OJTHOM B KaXKJOM M3 HampaieHwuii (puc. 2). Ecnu
OCYIIECTBIIAIOTCS OJTHOBPEMEHHBIC Iepeiaya U mpueM, To (PaKTUIECKA CTOKCOBBIC CHUTHAJIBI IOJTyda-
I0TCSI B pe3yNbTaTe B3aUMOJICHCTBUSA CHUTHAlla HAaKa4KU C OAHOM CTOPOHBI M BCTPEYHOrO CUTHANA
npuema ¢ apyroil. Bmecte ¢ TeM, Ha HayaJbHOM 3Tale BaXHO OIEHUTh BOZHUKHOBEHHUE CTOKCOBOMU
KOMIIOHEHTHI 0€3 y4eTa BIUSHHSI BCTPEYHOTO CHTHAJIA.

Jl1st aTOro B paboTe MpH ONpENETIeHUH 3aBUCUMOCTU P, OT MOIIHOCTU Hakauku P, . ObuI
UCIIOJIb30BaH MOAXOJ [8] B MpeanonoxKeHuy, urto curuan P, . npencrasiel B koge NRZ (6e3 Bo3Bpa-

Ta K HYJIO) C TayCCOBCKOHM ammnpoKCUMAaIMEH TMHEHHBIX UMITYJIBCOB, Ul KOTOPOT'O MOSBIEHUE JIOTH-
YeCKUX HYJIEH U €JUHUI] PAaBHOBEPOSITHO U CTATUCTHUYECKH HE3aBUCHUMO. Torjga cTokcoBasi MOLUTHOCTh
P,, momydaercs B pe3yabTaTe CBEPTKU Npoduist ycunenus bpuntosna (3) u Hakauku (4):

(v-v,)’
) ¥

(v-v,)’

P
Pyr = - > 4
™) T 271(Avp)2 =P 2(Avp) @

rae PO — IIMKOBasA MOIITHOCTD, BT; T — yCJIOBHad JIMTCIILHOCTH UMITYJIbCA, C.

g(v)=g,exp| —4In2

Jns Hakauyky, MPEACTaBICHHOH IMOCIEN0BAaTENbHOCTHIO TayCCOBBIX MMITYJIBbCOB (4), MomHas
CTOKCOBasi MOIITHOCTH OIpeAeNsieTcsi BhIpaKeHueM (5) IpU YCIOBWH, YTO CHTHAJI HAaKaYKH PacHpo-
CTpaHsieTcsl N0 BOJOKHY JUIMHOM L cormacHo 3akoHy byrepa-JlamGepra, T.e. ¢ 3aTyxaHUeM

P,,(v,L)=P, . (v)- e .

2kBTVp\/E 2(Avp)2 (AVB)2 .eXp(Gb(POLT))‘

Vg 4In2 \/Gb (P,,,) [1 —OLy (1 - (Gb (Powr ))71 )] > (5)

Py (POLT) =
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rie k, —nocrosunas bonbumana; 7 — temneparypa, K; v, — HeHTpanbHas 4acToTa HECyIIel CHTHa-
na, I'm; v, —cMemenue uvactorsl bpummosHa (wactora akyctudeckux ¢oHoHoB), I'm; G, (X) —
¢ynkuus ycunenns BPMB npu moigHo#M MOITHOCTH Hakauku X, onpeaensercs no gopmyne:

85 XLe/f'

. 6
A,8n2-(Av, F /(Av, ) +1 ©

Gb(X) =

Ha puc. 3 npuBenens! npuMepsl YUCIEHHOTO pacdeTa BeIpaXKeHus (5) MpH pa3inuyHbIX CKOPO-
CTSIX CIIEZIOBaHHS TayCCOBBIX UMITyIscoB (600, 1200, 2400, 4800 MouT/c) Ha paccrossaun 20 KM MEX-
ay OLT u ODN, a Taxke paccunTansl 1o (1) moporosble MOIHOCTH Hakauku P, . =P, .

Psr(Poi7), Br 0,022 0,041 0,079 0,156
Pry Pry Pry Py
0,05
4800

0,04 MbwuTic
0,03 2400

1200 M6ut/c
0,02 600 Mbut/c

M6ut/c

0,01

0 0,03 0,06 0,09 0,12 0,15 Povr, BT
Puc. 3. 3aBUCHMOCTH NOJIHOM CTOKCOBOW MOIIHOCTH OT HAKAYKH

Kak moka3sIBaroT PacucThl, B CPECAHCM YABOCHHC CKOPOCTU IEpcaavyu NPUBOAUT K YBCIIUYC-
HUIO ITopora BBOI[I/IMOﬁ MOIIHOCTH Ha 3 ,Z[B, Ipu 3TOM, CCJIN NOCTUTACTCIA OHpCHCHCHHLIfI mopor PTH 5
TO, B 3aBUCUMOCTH OT CKOPOCTHU I_II/I(I)pOBOFO IMOTOKA, B CIICKTPC CUTHAJIOB 6YI[YT IMPpUCYTCTBOBATH 60-
KOBBIC CTOKCOBBIC COCTABJIAOINKEC HA YaCTOTC Vp —Vp C YPOBHECM MOIIIHOCTH, HpCBBILHaIOH_ICﬁ peie-

eBckoe paccesHue [1]. anpHelinee yBenndeHre BBOIUMONW MOIIIHOCTH BEAET K elle OONbIIeMy yCH-
JICHWIO CTOKCOBOW BOJIHEI. ['padmiku, mpencTaBiieHHbIC Ha pHC. 4, HATIIATHO TMOSICHSIOT TUHAMHKY
JAHHOTO Tpollecca, T MEePBBIA Psii 3aBUCUMOCTEN TaH AJIs Cliydas IpearoporoBoil HaKayky, a BTO-
pOM psizl — € IOCIENOPOroBOi HAKauKOMU.

vp=193 Tl'y Ckopocmeb nepedayu, MouTt/c - } — ocHosHolI cueHarn
vp— v5=192,988849 Tl ¥ — CIMOKC08bIl cusHar
BT T T T BT T T T BT T T T
"~ V=600 MI'y ] " V=1200 MI'y ] 0,151 V=2400 MI'u i
P,=0,044 P,=0,088 Py=0,176
0.03f Pgr=1,324-10° 4 10061 Pgr=1,4-10" t T Psr=1419-10° 4
0,11 7
2 100 '
@ | racumat J \. | 1ok {o.05F .
S| 001 i 0,02
5 AV ' V
S 0 /\ L \/1 | | 0 ol | | 0 | | |
g Vp= Vg Vp ry Vp— Va Vo ry Vp— Vp Vo My
é BT T T T BT T T T BT T T T
S | V=600 MI'y i V=1200 MI'y V=2400 MI'y
Q| 004 0,08 .
§. ’ Py=0,048 ! P,=0,098 0,15 Py=0,2 B
3 | Ps=0,022 b | Ps=0,046 £ Ps7=0,095 4
S| 003 , 0,06 ; :
0,11 7
y 002r 1 0,04t §
0,01+ 1 0,02F 40,051 i
0 1 1 1 0 1 1 1 0 1 1 1
Vo— VB Vp My Vo— VB Voo Ty Vo— VB Vp My

Puc.
Puc 4. CriektpasibHBIC TUTOTHOCTH CUTHAJIOB HAKAYKA M CTOKCOBBIX KOMITIOHEHT
IIPH PA3ITUIHBIX CKOPOCTSX Iepeaadn
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U3 puc. 4 BHUJHO, YTO TP HAKAYKC BOIM3U MOPOTrOBLIX BCIINYHWH PTH , MOIITHOCTHb CTOKCOBBIX

KOMIIOHEHT HE3HAYHMTENIbHA 110 CPABHEHUIO C OCHOBHBIM CUTHAJIOM, H, BMECTE C TeM, ObICTpee Bo3pac-
TaeT JJIsl HU3KOCKOPOCTHBIX MOTOKOB MPH JaJbHEHIIIEM YBEINYCHHH MOIIHOCTH HaKadku. [IpuanHoi
TOMY sIBIIsIeTCsl OoJiee BBICOKAsh KPYTHU3HA pOCTA 3aBHCUMOCTH CTOKCOBOW MOIIHOCTH OT HaKad-
ku (puc. 3).

Ha npeoOpa3zoBaHue SHEpriuH HaKa4kd B CTOKCOBYIO BOJIHY BJIMSIET HE TOJIBKO caMa HaKadyka,
HO TakXe MPOTSHKEHHOCTh dP(PEKTHBHON UIMHBI JTUHUHU cBsizu. Popmyra (5) Mo3BOISET TaKkKe olle-

HUTb 328BUCUMOCTH Py, or L, , puc. 5.

Psr(Le), BT

Psr(Ler), BT

. -5 5
110 Pr=22:10° 600 Mry 110 Pry=41-10" 1200 My
F
7,510° i 7.510°
-3 .
810°?,
510° 1 5.10°
7
‘ 610°
’ -3
2510° p 2.%// 2,510 610° 8103
. gl -3 -3 107 .
- ’/ 410 -3 410 R
- e 2:10 —~
— LeffyM _.X—X—_Leth
3 4 4 4
0 510° 1100 1540° 210 0 510° <100 1540 240"
a o

Puc. 5. I'padmku 3aBUCHMOCTEH MOITHON CTOKCOBOM MOITHOCTH OT 3((PEeKTHBHOM JAITMHBI BOJIOKHA
pu ckopocTsix nepenaun 600 Mownt/c (a) n 1200 Mout/c (6)

OmHMM M3 OCHOBHBIX MAapaMETPOB MPUEMHBIX YCTPOICTB SABISETCA YyBCTBUTEIBHOCTH IMpPH-
€MHHKOB. B onTudeckux cucremax mnepenaud MPUMEHSIOTCS /1Ba THUIA MPUEMHHUKOB: p-i-n U JIABUH-
Heiid porogerextop (JIDM). P-i-n GoTONpPHEMHHUK XapaKTEPU3yeTCsl MPOCTONM KOHCTPYKLIMEH HCION-
HEHUs ¥ MEHbBILIEH CTOMMOCTBIO. ETro 4yBCcTBUTENBHOCTH onpenensercs [9]:

ngi,

ﬁ — Qomhc

2
p—i—n nq}\‘ ; PST (POLT ) > (7)

2
mt
rae O, — HapaMeTp, XapaKTepU3yIOLUIUH BEPOSTHOCTh OMMOKU (B HameM ciaydae (O, = 6,3 4ro co-
orBercTBYeT BepostHocTH ommbku 107’ 4 — mocrosuuas [nanka; ¢ — CKOPOCTh CBETa; 1) — KBAHTO-
Bast 9()(EKTUBHOCTh — BEIMYMHA, OKA3bIBaoOMmas 3PeKTUBHOCT Ipeodpa3oBaHus (POTOH-IIEKTPOH
paBHas ISk COBPEMEHHBIX (horonprueMunkoB M =0,75-0,9; g — 3apsan snekTpona; A, — JUIMHA BOJIHbI

ONTHYECKOTrO u3nydenus; Py, (P, ,)—1olHasg MOIIHOCTb CTOKCOBOH KOMIIOHEHTHI, onpeneneHa (5);

\Ji —CpPEIHEKBaIPATUYHOE 3HAYEHHE ITyMOBOTO TOKA TIPHEMHOTO MOMYJIsl, 3aBUCHT OT TUMA (OTO-
NpueMHUKa usiydenus (p-i-n, JI®JI) u ycnosuit npuema (n=0,8; 7=300K; A, =1,55mkm).

Hns cpaBaenust pabotsl JIOJ ¢poronpruemHuka ¢ p-i-n 6yaeM UCIONB30BaTh TE e Mapamer-
PBI UyBCTBUTENBHOCTH [9]:

2
) 2
Vi ngi
nah 7m+qQomF'lnl ‘B +( hcp PST(POLT)] > ®)
P

ﬁ — Qom he

T

rae M — ko3 QUIUEHT IaBUHHOTO YMHOXEHUs; F — myM-(pakrop ymMHOkeHus1; [n, — unterpan Ilep-
COHHKa; B — CcKOpOoCTh HU(POBOro moToka [9].

Hwxe npuBeneHsl THIIOBBIE 3HAUYEHHsI YyBCTBUTEIbHOCTU p-i-n U JIDJ] dhoronpuemMHukoB B
3aBHCHMOCTH OT CKOPOCTH mepeaayd. 3HaueHHus moiydeHsl mo (7) u (8) mpu MOIIHOCTH HAKAYKH
P, =1wMBr.

OLT
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Ta6numa 2. ITapaMeTpbl YyBCTBUTEIBHOCTH MPHEMHHKOB p-i-n v JID [

UyBCTBUTEIBHOCTH TIPH- Ckopocts nepemaun, Mowut/c
€MHHKa, 1bM 600 1200 2400 4800
p-i-n —28,73 23,42 -17,05 -10,11
JIo]] —28,72 —23,41 —-17,04 -10,11

Kak BugHO u3 Tabn. 2, 3Ha4YeHHs] YyBCTBUTENBbHOCTH misl p-i-n u JIOJ (oTonpueMHHUKOB
MPAaKTUYECKH OJMHAKOBBHI, CIIEAOBATENbHO, HET HEOOXOJMMOCTH OTaBaTh MPEANOUYTEHNE ONpeeiCH-
HOMY THITy mpHeMHHUKa mpu ydere 3¢dexkra BPMB, nmockonsky Ha BENTMUMHY YyBCTBUTEIBHOCTH B
oboux ciyuasx OyJeT OIMHAKOBO BIUSTH CTOKCOBas cocraBistomas Py, (P, ,), KoTopas npeodnangaer
HaJ| IpyT'MMH BUJAMH LIIYMOB IIPH MOIIHOCTAX Hakadku Bbime 1 MBT, ctanmapTHbix mis cereit PON.

Hns cereit PON, paGoTaronmx Ha KOPOTKHX AucTaHUusAX (1o 20 kM), B obmeM ciydae 3¢-
¢extr BPMbB mpuBomut k cHmwkenuto OCII BcrmencTBue CyIIECTBEHHOTO BO3PACTaHUS CTOKCOBOM
BOIHBL P, , KOTOpas IOMUMO OCHOBHOI'O CUTHAJA IIONAaJaeT B KaHaJl IIPUEMa IIPUEMHUKA BCTPEYHOI O

HanpasieHus. OuenuM BimusHue P, Ha OCII B xanane npuema OLT B npeanonoxeHuy 3aTyXxaHUs

BCTpeuHoro curuana P, [10]:

7\‘ —oL+N, 0, +Njpo,+oy;
nz vlp 10 ®
C
oCIll,,, = > 5 )
v
lLﬁ + s (PST (POLT ))2

rae POTN — NOJIHasg MOIIHOCTb U3JIyYCHUSA, BBOAUMAA B BOJIOKHO Ha CTOPOHE aOOHEHTCKOTO TCpMHUHA-

J1a OTN, NH,Np — YHCJIO HCPA3bCMHLBIX U Pa3bCMHBIX COCI[I/IHI/ITCHCI‘;I, COOTBCTCTBCHHO, (XH,(lp — 3a-
TyXaHUC B HCPA3BCMHBIX U PA3BEMHBIX COCAUHUTCIIAX, COOTBCTCTBCHHO, (ll.j — 3aTyXaHHueC OITHUYC-

CKOM MOIIIHOCTH IpHU Iepefaye U3 nopra i B mopT j crumrrepa wnn WDM myasTHnekcopa.

[penensupiii cmyyait ouenkn OCLL B PON Moxer ObITh NOMTyYeH MO YPOBHIO UyBCTBUTENb-
HocTH QoTonpuemuuka (p-i-n, JIOM). Kak nokazano B padore [9], 4yBCTBUTEIBHOCTD ONTHYECKOT'O
MPUEMHHMKA HAYMHAET MajaTh C YBEIMUECHHEM CKOPOCTH IEpeiauH, a, CICA0BaTENbHO, Uil odecnede-
HUS 33JJaHHON BEPOSITHOCTH OIIMOKH CJIEYET MOBHIIIATh YPOBEHD CUTHAJIA HA BXOJE MPUEMHHUKA. Tak
It o0ecTieueHus 3aJaHHOW BEPOSTHOCTH OIIMOKH 1071 tpedyercs OCII ve menpme 16 nb. C yue-
TOM ITOMEXH, KOTOpas BbI3BaHa CTOKCOBOM BOJHOM, peanbHas BennunHa OCILI MokeT MeHAThCS.

Ha puc. 6 npeacrasnens! pe3ynsratsl pacdyeToB OCII B 3aBUCMMOCTH OT MOIITHOCTH HaKa4KH
MPU Pa3IMYHBIX CKOPOCTSX IU(PPOBBIX MOTOKOB YIS NPUEMHHUKOB p-i-n u JI®]J]. MakcumanbHbie
ypoBHU OCIII COOTBETCTBYIOT BEPOSITHOCTH OIITHOKH 10"°. VkasaHHEIE 3aBHCHMOCTH MOJIyYEHBI T10
(9) u u3 3Hayenuit Tabn. 2. B wactHOCTH, Ha puc. 6 moka3aHo, 4To 3¢ dext BPMB HocuT moporossiit
XapakTep BO3HHMKHOBEHUS, T.€. HAUWHAs C HEKOTOPOTO YPOBHSA BBOJMMOM MOIIHOCTH IPOHCXOAUT
CYLIECTBEHHOE YCHJIEHHE CTOKCOBOM BOJIHBI, KOTOpasl MOMNAJaeT B KaHaJ MIPHEMa, a COOTBETCTBEHHO
ato Bener k yxymamenuto OCII. Hanpumep, ans nudposoro noroka 2400 MoOut/c mopor cocTaBuil
10 nbm (puc. 6). [Tpu 3TOM HU3KOCKOPOCTHBIC UG POBHIC TOTOKK 00JIaIAI0T OTHOCUTEIIEHO MEHBIITIM
JONMYCTHMBIM HAa30HOM BBOIUMOM MOLIHOCTH, YeM HU(POBBIE MOTOKUA C OONBIIEH CKOPOCTHIO
CIIeIOBaHMS JIMHEWHBIX UMIYJIbCOB, a, CICAOBATENbHO, I BBICOKOCKOPOCTHBIX IU(POBBIX MOTOKOB
CYILLIECTBEHHBIX orpannyeHuii o BPMb HeT unu oHM He3HAUYUTEIBHBL.
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Puc. 6. I'paduxu 3aBucumocteit OCIL ot MomHOCTH HAKaYKK 1St POTONIPUEMHUKOB p-i-n 1 JID /]

3akjoueHmne

Taxum 06p330M, npu 000CHOBaHUU 6IO,I[)KCT3. MOITHOCTH B OAYIIJICKCHBIX CUCTCMAX CBA3U CJIC-
AYCT YUUTBIBATH OIPaHUYCHUA 1O YPOBHIO BBOJUMBIX CUTHAJIOB, ITOCKOJIBKY NPCBBINICHUC YKA3aHHBIX
IOporoBs PTH MMPUBOAUT K YBCIIMUCHHUIO PACCCIAHNA CUT'HAJIa B CTOPOHY LICHTPAJILHOI'O Yy3J1a CCTU P ON,

YTO, B KOHEYHOM CHYETE, MPUBOAUT KaK K JAErpajallMyd KauecTBa NEpeJaTuuKa, Tak U yXYAIICHUIO
OCUI npuemnuka. [IpuMeneHne onTuyeckux GUIBTPOB, YCTAHOBICHHBIX Ha LEHTPAJIbHOM Y3JI€, MO-
KET YaCTHUYHO PEIIUTh Ty MPoOIEMY, OTHAKO K HUM MPEIbsBISIOTCS OYCHBb BBICOKHE TPEOOBAaHUS U3-
3a MaJIOro CIBUI'a 4acTOTHI bpuitosHa v ;.

IMPACT OF STIMULATED MANDEL'SHTAM-BRILLOUIN SCATTERING
ON THE RECEIVE CHANNEL IN PASSIVE OPTICAL SYSTEMS

V.Y. BUNAS, D.V. GLUSHCHENKO, V.N. URYADOV

Abstract

An analysis of nonlinear distortion in passive optical networks (PON), due to stimulated Man-
del'shtam — Brillouin scattering is performed. It is shown that starting with a pump power of the signal
/ noise ratio at the input of the receiver opposite direction decreases sharply, which leads to increased
likelihood of errors.
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