Jexuusa 3 [laccuBHbIe onTHYECKHE KOMIIOHEHTBI

3.1. OnTHyeckue pa3BeTBUTEH

OnnuM  ©3 HamOoJiee BAXKHBIX YCTPOHCTB, OTHOCSIIUXCS K MaCCHUBHBIM
kommoHeHTaM BOJIC, sBisieTcst onTuyuecknii pa3BeTBUTEND (coupler, npyroe Ha3BaHHe
splitter). Pa3BeTBUTENN HIMPOKO HCIOJNB3YIOTCA MPHU TMOCTPOCHUM pacCHpeleeHHBIX
BOJIOKOHHO-KOAKCHAJIbHBIX ~ CEeTe  KaOeNbHOrO  TEJNEBUIEHHUS, a Takke B
MEKTOCYTapCTBEHHBIX MPOCSKTaX MOJHOCTBIO onTuieckux cereit (all-optical networks).
B ob6oux ciywasx cetu 0e3 HCIONB30BaHUS Pa3BETBUTENCH ObUIM Obl 3HAYMTEIHHO
JIOpOKE.

OnTuyeckuid  pa3BeTBUTENb  MPEACTaBIsIET co0oil B o0meM  ciydae
MHOTOITOJIFOCHOE YCTPOMCTBO, B KOTOPOM HM3Jy4Y€HHUE, NMOJaBa€MOE Ha YacTh BXOJHBIX
ONTUYECKUX IIOJKOCOB, PACHPEACISIETCS MEXKIYy €ro OCTAIbHBIMU ONTHYECKUMHU
noJjirocamu [1].

Paznuuaror HampaBlI€HHbIE W JABYHAIIPABICHHBIC pAa3BETBUTEIU, a4 TAKKE
pPa3BETBUTENM, YYBCTBUTEIbHBIE K JJMHE BOJHbBI W HEYYBCTBUTEIbHbIE. B
JIBYHAIIPABJICHHOM PAa3BETBUTENIC KaXIbId IOJIIOC MOXKET paboTaTh WJIM Ha IMpPUEM
CUTHAaJa, UM Ha Mepeavy, Wik OCYIIECTBISATh IPUEM U Mepeadyy OAHOBPEMEHHO, TaK
YTO TPYNIIBI MPUEMHBIX W TMEPENAIONINX TOJIOCOB MOIYT MEHATHCS MECTaMU B
(YHKIMOHATBHOM CMBICIIE.

OcHosHble Kame2opuu ONMU4ecKuUx pazeemeumeneti ciedyroujue, TPEBOBUIHBIN
Pa3BETBUTEIND; PBE3/I000PA3HBIN Pa3BETBUTEIh; OTBETBUTEb.

JlpeBoBuaHbIi pa3BeTBHTENL (tree coupler)

JIpeBOBUIHBIN PpPAa3BETBUTEIL OCYIIECTBISET PACIICIUIEHHE OJHOTO BXOIHOTO
ONTUYECKOT'0 CUTHAJa Ha HECKOJBKO BBIXOIHBIX, UJTU BBIMOJIHSAET 00paTHYIO QYHKIIHIO -
O0OBeIMHEHNE HECKOJbKHX CHTHAJOB B OJWH BhIxomaHoW (puc. 3.1 a). OObryHO
JPEBOBHU/IHBIC PA3BETBUTEIM PACHPEAEISAIOT MOIIHOCTh B PABHOM CTENEHU MEXKAY
BCEMH BBIXOAHBIMH TIoNtocamu. Kondurypaiws moimocoB 0603HavaeTcs Kak m X M, rae
Il - YUCJIO BXOAHBIX MOJIOCOB ([JIs1 JPEBOBUHOIO pa3BETBUTENS N 1), a m - 4YuCiO
BBIXOJIHBIX TIOJIFOCOB, KOTJIa YCTPOMCTBO paldoTaeT B pEXKHUME paciierieHus. B
MOCTABJIIEMBIX B HACTOSIIEE BPEMSI MOJEISAX KOJUYECTBO BBIXOJHBIX MOPTOB MOXKET
HAaXOOUThCS B Tpenenax oT 2 A0 32. BonbIIMHCTBO APEBOBUAHBIX Pa3BETBUTEIICH
MOJTHOCTBIO JBYHaIpaBiieHHbIC. [10ATOMY pa3BEeTBUTEh MOXKET BBIMOJIHATH (DYHKIUIO
oObenuHeHus1 curHainoB. Ilepenaroynbie mapaMeTphl AJI pa3HbIX BBIXOJHBIX MOJIOCOB
Pa3BETBUTENS CTPEMSITCS JIeNaTh 0oJiee OJIM3KUMU JAPYT IAPYTY.

3Be31000pa3HbIii pa3BeTBUTENB (Star coupler)

3Be3/1000pa3HbIi Pa3BETBUTENIb OOBIYHO MMEET OJIMHAKOBOE YHUCJIO BXOAHBIX U
BBIXOJIHBIX MOJI0COB. ONTHUYECKUI CUTHAJ MPUXOJUT Ha OAWH U3 I BXOJHBIX MOJIOCOB
U B PaBHOW CTENEHU paCHpelessieTcs MEXIy I BbIXOJHBIMH TOJIOCaMH. bosbliiee
pacmpocTpaHEHUE MOTYYUIIN 3B€31000pa3HbIe pa3BeTBUTENN 2X2 U 4x4.



Bo wu3bexanue IMyTaHWObl 110 BXOJHBIM H BbIXOJAHBIM IIOJKOCAM, IIPHUHATO
0003Ha4YaTh BXOAHBIC ITOJIOCA JIAaTHHCKHMMH 6y1(BaMI/I, a BBIXOAHBIC ITOJIIOCA - LII/I(l)paMI/I,

puc. 3.1 6. 3Be3mooOpa3Hble pPAa3BETBUTEIN PACTIPEICIIIOT MOIIHOCTH B PaBHOU
CTCTICHH MEX/Ty BCEMH BBIXOIHBIMH ITOJTFOCAMHU.

OtBerBHUTENb (tap)

OTBeTBUTENb - 3TO 000OIIEHHE APEBOBUIHOTO PA3BETBUTEIIS, KOTJA BBIXOJIHAS
MOIITHOCTh pacHpeaeisieTCsi Heo0s3aTeIbHO B PABHOM MPOIOPIIUH MEXK]TY BBIXOJIHBIMU
norocamu, puc.2.1 B. Koudurypanum orerButeneit 6piBaroT 1x2, 1x3, 1x4, 1x5, 1x6,
1x8, 1x16, 1x32.

Hexotopast nonst (menbie 50%) BBIXOJHOW MOITHOCTH UJET Ha KaHa (KaHAJIbI)
OTBETBJICHUS, B TO BpeMs Kak OOjbllias 4acTh OCTAa€TCSd B MAruCTPaJibHOM KaHaJe.
BrixogHbie moitoca HyMEPYIOTCS B MOPsAJIKE YOBIBAHUSI MOITHOCTH.
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Puc. 3.1. Tunsl pa3BeTBUTENCH: a) APEBOBUIHBINA PA3BETBUTEND; 0)
3Be37000pa3Hblil pa3BeTBUTEND; B) OTBETBUTEND

Haubonee oOmmit crioco® mpencTaBieHrs TaHHBIX O Pa3BETBUTENIC OCHOBAH Ha
MOCTPOSHUU MATPHUIIBI TTOTEPb. {11 pa3BeTBUTENS MXI IKCIIEPUMEHTAIBLHBIM 00pa3zoM
3aMepSIOTCSl BCE MPUBEICHHBIE BhINIEC KOADMUIIMEHTHI, B CTPOUTCS MAaTPHUIA pa3MEPOM
2nx2n. [Tpumep matpuirsl passeteButens 4x4 (puc. 3.1 6) mpusesaeH B Tabdi. 3.1.

Tabnuua 3.1. Tunosas matpuia norepp  1b

Bbixon (j)
Bxog (i) a b C d 1 2 3 4
a —45,5 —48,5 —47,2 —49,7 6,8 6,9 6.d 6,7
b —A47,6 —46,1 —A47.4 —49,7 6,9 6,8 6,8 6,6
c —49,8 —A47,6 —45,9 —46,9 6,6 6,8 6,8 6,7
d —50,5 —A48,2 —48,9 —46,2 6,6 6,7 6,8 6,7
1 6,7 6.8 6,9 6,7 —47,1 —47,3 —48,9 —46,6
2 6,7 6.8 6.8 6,7 —A478 —46,5 —49,7 —48,3
3 6,7 6,9 6.8 6,7 —48,3 —46,5 —A47,7 —48,5
4 6,7 6,6 6,9 6.8 —47,3 —46,7 —49,1 —4T,9




Ha nuaronanu matpuiibl cToAT KO3 GUIIMEHTHI MOTEPh HA 0OPATHOM pacCesHUU,
Ir7ie B KauecTBE KaHajla BXOJHOW MOCJeI0BaTeIbHO BRIOMpatoTCs moftoca oT a 1o 4. U3
OCTaBIIUXCS YKCIa B uanazoHe 6,6-6,9 nb cooTBeTcTBYIOT KO3 PUIIEHTaM MepeIayH,
OCTaJIbHBIE - KO3(PpuIMmeHTaM HampaBICHHOCTH.

B Tabn. 3.2 nmpuBeneHa HOMEHKIATypa  ONTUYECKUX  OTBETBUTENEH,
pacCYMTaHHBIX Ha OJJHOMOJIOBOE BOJIOKHO, Mpou3BoicTBa ADC Telecommunications.

Tabmuma 3.2. HomenknaTypa ONTHYECKHMX OTBETBUTENICH MMOA OJHOMOJOBOE

BOJIOKHO [11]

Koa Tun CoorHowenue KoadpuumenTsl KoadppuumeHrTsl
Pa3seTBNeHNS nepegaumn nepepnauu

OTBETBHTENRA | OTBETBUTENA (%) (aB, max) (aB, TMnoBOR)

200 1x2 50/50 3,7/3,7 3,1/31

201 (3) 1x2  |(50/50) x3 (3,7/3,7) x3 (3,1/3,1) x3

210 1x2 55/45 3,2/4,1 2,7/3,6

220 1x2 60/40 2,7/4,7 2,3/41

230 1x2 65/35 2.3/5.3 2.0/4.7

240 1x2 70/30 2,0/6,0 1,7/5,4

250 1x2 75/25 1,6/6,8 1,4/6,2

260 1x2 80/20 1,3/7,8 1,1/1,7

270 1x2 85/15 1,0/8,2 0,8/8,4

280 1x2 80/10 0,8/11,2 0,6/10,2

290 1x2 95/5 0,5/14,4 : 0,4/13,2

305 1x3 70/15/15 2,0/9,7/9,7 1,7/8,5/8,5

310 1x3 60/20/20 2,7/8,4/8,4 2,3/7.2/7.2

320 1x3 55/25/20 3,2/7,3/8,2 2,7/6,3/7,2

330 1x3 50/30/20 3,7/6,4/8.4 3,1/5,4/7,2

340 1x3 50/25/25 3.7/7.4/7.4 3,1/6,2/6,2

350 1x3 40/40/20 5,0/5,0/7,3 4,2/4,2/71

360 1x3 40/35/25 5.0/5.3/7.0 4.3/4.7/6.1

370 1x3 40/30/30 47/6,4/6,4 4,1/5,4/5,4

380 1x3 35/35/30 5,7/5,7/6,0 4,8/4,8/5,4

390 1x3 33/33/33 5,9/5,9/5.9 5,0/5,0/5,0

391 (2) 1x3  |(33/33/33) x2 (5,9/5,9/5,9) x2 (5,0/5,0/5,0) x2

410 1x4 40/30/15/15 4,7/6,4/10,1/10,1 4,1/5,4/8,5/8,5

420 1x4 40/25/20/15 4,9/7,0/8,2/10 4,2/4,3/7,3/8,8

430 x4 40/20/20/20 4,9/8,4/8,4/8,4 4,2/7,2/T,2(7,2

440 14 35/35/15/15 5,7/5,7/9.7/9.7 4,8/4,8/8,5/8,5

450 1x4 35/25/25/15 57/7,4/7.4/9,7 4,8/6,2/6,2/8,5

460 1x4 35/25/20/20 54/7,4/8,4/8,4 4,6/6,4/7,2/7,2

470 1x4 30/30/20/20 6,4/6,4/8,4/8,4 5,4/5,4/7,2/7.2

480 x4 30/25/25/20 6,4/7,4/7,4/8,4 5,4/6,2/6,2/7,2

490 1x4 25/25/25/25 7.4/7,4/7,.4)7.4 6,2/6,2/6,2/6,2

510 155 25/25/20/15/15  |7,4/7.4/8,4/10,1/10,1 6,2/6,2/7,2/8,5/8,5

520 1x5 25/20/20/20/15 7,0/8,6/8,6/8,6/10 6,1/7,3/7,3/7,3/8,8

530 1x5 20/20/20/20/20 8,6/8,6/8,6/8,6/8,6 7.3/7,3/7,3/7,3/7,3

610 1x6 20/20/15/15/15/15 |8,4/8,4/10,1/10,1/10,1/10,1 |7,2/7,2/8,5/8,5/8,5/8,5

800 1x8 12.5/12,5/...125 1{11,3/11,3/...11,3 9,5/9,5/..9,5

116 1x16 6,25/6,25/...6,25 114,9/14,9/...14,9 12,7/12,7/..12,7

132 1x32 3,13/3,13/...3,13 118,5/18,5/...18,5 15,8/15,8/...15.8




3.2. YcrpoiicTBa BOJIHOBOro ymiorHenusa WDM

YcTpoiicTBO BOTHOBOTO (criekTpaibHOro) yminornenus WDM - WDM gunbtp -
BBIMOJHSACT  (PyHKUMH  MynpTUIUIEKcHpoBanuss MUX  (oObeauHEHHs) — WK
nemynbtuiviekcupoBannss DEMUX  (Beigenenust win  QUIBTPAIMK) ONTHYSCKUAX
CUTHAJIOB Pa3HBIX JUIMH BOJH - KAHAIO06 - & OJTHO BOJIOKHO M3 MHO>XECTBA BOJIOKOH WJTU
U3 OJHOTO BOJIOKHA B HECKOJIbKO BOJIOKOH. Ha mepeparomieil u mpueMHONW CTOpPOHAx
MOTYT YCTaHABJIMBATHCS OJTHOTUITHBIE YCTPOMCTBA, HO paboTaromue B pexumax MUX u
DEMUX cootBerctBeHHO. CaM (hakT cymiectBoBaHus yctporictB WDM ocHoBaH Ha
CBOMCTBE BOJIOKHA MPOIMYCKAaTh MHOKECTBO KaHAJIOB, KOTOPbIE PacCHpOCTPAHSIOTCS 1O
BOJIOKHY, HE B3aUMOJICHCTBYS MEX Iy CO00M, puc. 3.2.

[lepBrie yctpoiictBa WDM mnosiBuuck B Hadane 90-X romoB. B ocHOBHOM 3TO
OBLIM IITUPOKO30HHBIE JBYXKaHAIBHBIC CUCTEMBI C JyIMHaMHU BOH 1310 um 1 1550 um.
B nanpHelimeM 1o Mepe Bce Oombiiero ocBoeHus okHa 1550 uM  mOSBISIOTCS
npenu3noHHbie  y3ko30HHbIe WDM ycTpoiicTBa ¢ MylIbTHUIUIEKCUPYEMBIMU JIJTHHAMU
BOJIH, IIOJIHOCTBIO JI€KaIIMMU B OKHE 1550 M. DTO O3BOJISET CTPOUTH MPOTSHKEHHBIE
MarucTpajii C MHOXECTBOM KaHaJIOB Ha BOJOKHO. Karammszatopom mnporpecca
craHoBsiTcs ontudeckue ycunurtenun EDFA. Tlpaktuyecku Bcs pabodast 00mactb IIIMH
BoiH (pass-band), B kotopoit ycwmutenrs EDFA wuMeeT nocTaTOYHO BBICOKHH
KOA(pGUITUEHT YCWICHHsS W mpuemiieMoe oTHomienue curHan/myMm (1530-1560 um),
OTBOJIUTCSI B PACIOPsDKEHHE CHCTEM BOJHOBOro yruiotHeHus. Tepmun DWDM (dense
wavelength division multiplexer)mmoTHoe BOJHOBOE MYJIBTHUILICKCHPOBAHUE
ucrnonb3yercs: no otHomeHuto k WDM ycTpolicTBam ¢ pacCTOSHHEM MEXKIY CO-
CeHUMHU KaHanaMmu 1,6 um u Menee. /s moctpoeHus: MHOrokaHainbHbIX WDM cuctem
Hapsaay ¢ nmaccuBHbIMEH WDM dunibTpamu Takxke TpeOYIOTCS Y3KOMOJIOCHBIE JIa3ephl,
CTaOMJILHO BBIICPKUBAIOIINE HYKHYIO JIJTMHY BOJHBI. [loka MMEHHO J1a3ephbl OCTAIOTCS
HanOoJIee JOPOTUM AIIEMEHTOM B TAKMX CHCTEMax, HECKOJIBKO CIIEPKUBAsi UX Pa3BUTHE.
B Hacrosimiee BpeMs TMOCTaBJSIOTCS CHUCTEMBI C 4ucioM KaHaimoB 4, 8 um 16.
[Ipennonaraercst pocT yuciaa MyJIbTUIIJIEKCHBIX KaHAIOB 10 32.
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Puc. 3.2. C(Cxema  ONTHYECKOTO CETMEHTA, WCIOJB3YIOLIEro Tepenauy
MYJIBTUIIJIEKCHOTO CUTHAJIa 10 BOJIOKHY

IlInpoxo3zonnbie u y3ko3oHHbie WDM ¢puiabTpbl

Hlupoxozonnvie WDM QuibTpbl TpeaHa3HAYEHBI JJIsi pabOThl € JABYMS,
MaKCHMyM C TpeMs JUIMHAMM BOJIH IIPU PAcCTOSHUU MEXAY KaHajnamu Oozee, yem 70
um (1310, 1550, 1625 um). OHu HanboJIee 9acTo MPUMEHSIOTCS B CHCTEMaX KabeabHOTro
teneBuaenus 1310/1550 um, mnu B mu@pPOBBIX TEIEKOMMYHHKAIIMOHHBIX CHCTEMax
nepenaun. Jlomyckaercsi Takke MCMOJIb30BaHUE Mapbl AMH BoJH 1550/1625 um npu
OCYLIECTBJIEHUN AUCTaHIMOHHOro MoHuTOprHra BOJIC Ha niuHe BosiHbI 1625 nM.



[TpuBeneM ero OCHOBHBbIE TEXHHYECKHE MapameTphl: aauHa BosHbl 1310/1550
UM; PEXUMBI PAOOTBI - MYJIBTUIUIEKCOP, ACMYJIbTUIICKCOP WM JBYHAIIpaBICHHAs
nepeaada CuUrHaia; OMMKHHE TepexoaHble momexu - 60 nb; nganpHHWE mepexoaHbie
nomexu -40 1b (o BerxogHoMy mopty 1) u -20 ab (10 BeIX01HOMY TOPTY 2); BHOCUMBIE
notepu He Oosbmie 1,0 u 0,7 ab (B BBIXOAHBIX MopTax | W 2 COOTBETCTBEHHO);
oOpaTHbie TIoTepu - 55 1b; ucnonb3yercs: craHgapTHOE OJJHOMOJIOBOE BOJIOKHO (PHPMBI
Coming SMF-28; nmocraBka BO3MOKHA Kak 0e3 pa3beMOB (CTaHAapTHBIA MUHHKA0Eb ()
3 MM, uau BoJIOKHO B Oydepe @ 900 MKkM), Tak U ¢ pa3beMaMu B 3aKa3bIBAEMOM
COUYETaHUHU.

V3ko30nnvie WDM @navuwipsr nipeHa3HAYeHbl JJI MYJbTUILUIEKCUPOBAHUS U
NEMYJIbTUIIEKCUPOBAHNUS CUTHAJIOB B MHOTOKAHAJIBHBIX CHUCTEMAaxX C PACCTOSHHUEM
MEXK]ly KaHajaMd OT MUHUMaibHOro 1,6 uM (wiu emie Mesbie 0,8 um) g0 70 um.
OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKH, 3a MCKIOYEHUEM pabO4yuX [JUH BOJIH,
CXOXHM C mpeapiaymuM TunoM. OCHOBHBIE 00JIACTH NPUMEHEHHS: BOJOKOHHO-
ONTHYECKHE CUCTEMBI C MCIOJB30BaHMEM onrThdeckux ycwinrenen EDFA,
MYJIbTHILIEKCHBIE cucTeMbl "add/drop", MOTHOCTBIO ONTUYECKUE CETH.



