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BBeaenue

TexHonorust BosiHOBOTO onTrueckoro myibruruiekcupoanus (WDM/ DWDM)
IIO3BOJIIET OCYILECTBUTH Nepeiady HHPOPMALMU TEPAOUTHBIX 0OBEMOB CO CKOPOCTIMH,
nocruratonmmu 100I°6ut/cek, u B HacTosimee BpeMst IUPOKO BHEAPSIETCS OT TI00alb-
HBIX J0 JOKAJbHBIX ONTUYECKUX CeTel CBA3M. BO3MOXXHOCTH mepeaaun OOJIBIIOTO KO-
nr4yecTBa MHGOPMAILIMY 10 BOJIOKOHHO-onTHYeckuM JinHUIM cBsizu (BOJIC) cBsi3ana ¢
UCIIOJIb30BaHUEM TEXHOJIOTHH CIIEKTPAIbHOTO YIUIOTHEHHUS, T/I€ Mepeaaya nHpopMauu
110 BOJIOKHY BEJIETCSI OJTHOBPEMEHHO Ha pa3HbIX JUIMHAX BOJH. [Ipu 3TOM BBENEHUE UH-
(OpMaILMOHHBIX ONTUYECKUX CHUTHAJIOB C pasiauyaromumucs ainuHamu BojH B BOJIC
OCYILECTBIIICTCS] C MOMOIIBI0 ONTHYECKUX MynbTuIuiekcopoB (MUX) nHa mepemaue, a
BBIBCICHHE HA MPUEME — IIPHU HOMoOIIH aeMybruiniekcopoB (DMUX). HeobxoauMbim
3IIEMEHTOM MYyJbTUIIEKCOpHOTO 0OopynoBanuss WDM-cuctem sIBISieTCS ONTHYECKHE
yeunutenn. Jlocrarouno Beicokuit (20—-25 ab) koaddumuent ycunenuss EDFA-
YCUJIUTEINS TO3BOJIIET KOMIIEHCUPOBATH MOTEPHU, BHOCUMBIE MYJIBTHUIUIEKCOpPAMH, Ji€-
mynpsTuiuiekcopamu, BOJIC u apyrumu naccuBHBIME 35ieMeHTaMu. B HacTosiiiee Bpemst
TeJeKOMMYyHUKaImoHHoe obopyaoBanue WDM-cucrtem BKIIOYAET MIMPOKHM CIIEKTP
YCUJIUTENBHOTO U MYJIbTHUILUIEKCOPHOTO O0OpYIOBaHUS, MPEICTABICHHOIO HA pPBHIHKE.
OpHako B M3BECTHOM y4eOHOH JMTEPATYpE BOIPOCHI, B MOJHONW MEpPE OXBAThIBAIOIIUE
(¢u3nyecKkue NMPUHLUNBI OCTPOEHUS,, METO/Ibl pacueTa U MOJEIUPOBAHUS XapaKTepu-
ctuk WDM-MybpTUIIIIEKCOPOB M MHOTOBOJIHOBBIX YCHJIUTEJIEH, OCBELIEHBI HEI0CTa-
TOYHO.

B nanHOM yueGHOM IOCOOMM NEPBBIM pa3/iesl MOCBSIIEH U3JI0KEHUIO TPUHIIMIIOB
MOCTPOEHUS MHOTOBOJHOBBIX ONTHYECKUX CHCTEM CBSI3H, ONTHYECKOTO MYJIbTUILICK-
CUPOBaHUS U YCUJIEHHS] B MHOI'OBOJIHOBBIX BOJIOKOHHO-ONTHYECKHMX CHUCTEMax Iepena-
yi. Bo-BTOpOM pasnene paccMaTpUBAIOTCSI OCHOBBI MOCTPOCHHSI M pacueTa MYJbTHU-
IUIEKCOPOB Ha MHTEP(EPEHIIMOHHBIX, TUPPAKIIMOHHBIX W BOJHOBOJIHBIX CTPYKTYpaXx,

OIITHYCCKHUX YCPIJII/ITCJIeﬁ Ha JOIIMPOBAHHBIX OITHUYCCKUX BOJIOKHAX. HpI/IBO,Z[}ITCH CBC-



JIEHUS TI0 CTPYKTYPE W MapaMeTpaM MPOMBIITUICHHOTO YCUIUTEIBHOTO W MYJIbTUILICK-
COpPHOTO 000PYOBAHMUS. .

[Tocobue mpeaHa3HAYEHO AJI CTYICHTOB TEXHHYECKHUX BY30B CTapIIMX KYpPCOB,
oOy4aromuxcs Mo HarpaBiIeHHuI0 moaArotoBku 6akanaspoB 210700.62 PlndpoxommyHu-
KaIlMOHHBIE TEXHOJOTUM W CUCTEeMbI CBSI3U", Mpodmiib "ONTUYECKHUE CUCTEMBI U CETH
cBsa3u” (mucruruinHa «MHOTOBOJHOBBIC ONTHYECKHE CHCTEMbBI CBSI3U»), & TaKKe IO
Hanpasienuio 210400.62 RagmorexHrka» (qucrumuimHa «ONTHYECKHE YCTPOWCTBA B

PaTMOTEXHUKE).



I'aaBa 1. MHOIrOBOAHOBBIE OIITHYECKHE CHCTEMBI CBSI3H

1.1. CTpyKTypa MHOI'OBOAHOBBIX OINTHYECKHX CHCTEM CBSI3H

Bosnokonno-ontuaeckoi cucremoit cBsi3zu (BOCC) Ha3pIBaeTCs COBOKYITHOCTH OII-
TUYECKUX YCTPOMCTB M ONTHUYECKUX JIMHUU TMepefadu sl co3aaHusi, oOpabOTKH U Tie-
penadn ONTUYECKHX CHUTHAJOB. [Ipy 3TOM ONTHYECKUM CHTHAJIOM CIYXHUT MOIYJIHUPO-
BaHHOE ONTHYECKOE U3JTyYCHHE Jia3zepa Wi cBertoauona [1-8].

OnuH 13 HanboJsee NepCreKTUBHBIX METOI0B YBEIMYEHHS KO3 PUIIEHTA UCTTOIIb-
30BaHUS MPOIMYCKHON CIIOCOOHOCTH ONTHUYECKOIO BOJOKHA — CHEKTPajIbHOE YIJIOTHE-
aue, wm WDM (Wavelength Division Multiplexing)CyTts MeTo1a COCTOUT B TOM, YTO
M UHPOPMALIMOHHBIX TU(POBBIX MOTOKOB, MEPEHOCUMBIX Ka)Ibli HA CBOEH omnThye-
CKOI Hecyllel Ha JJIMHE BOJIHBI Ay U Pa3HECEHHBIX B MPOCTPAHCTBE C MOMOIIBIO CIIe-
UATBHBIX YCTPOHCTB — ONTUYECKUX MYJIbTHILICKCOPOB (MUX) — 00benuHsoTCS B
OJIMH ONTHUYECKUH MOTOK A; ... Am, KOTOPBIA BBOJUTCA B ONTHYECKOE JTMHEHHOE BOJIOK-
HO, BXOJISIIIIee B COCTaB ONTUYECKOTo Kadens [7]. Ha mpueMHoOli cTOpOHE IPOU3BOIUTCS
oOpaTtHas onepanus aemyibrumiekcupoanus (DMUX).

Crpykrypnas cxema BOCII-WDM, cootBerctBytomas pexomennanuun G.692
MCD-T, npuBenena Ha puc. 1.1 [14].

Ha pucynke:

X u R (I =1, 2,...n) — nepeaaroniye ¥ MPUEMHbBIC TPAHCIIOHAEPHI (TpreMoTIe-
penatankn) kaxaoro kanana N-kanaimenoir BOCIT-WDM,;

OM — onTUYECKHUI MYJIBTUILIEKCOP;

OA — onTHYECKUd YCUITUTEI,

OD — ontuueckuii 1eMyJIBTUTIIIEKCOD;

Rri — xoHTpoJibHBIE TOUKU (MHTEPQEHCh) HAa BXOJIE MEPEIAOIINX TPAHCIIOHICPOB;

St — KOHTPOJIbHBIE TOYKU Ha BBIXOJAaX MPUEMHBIX TPAHCIIOHICPOB,;

S — xontposbHbie Touku Ha OB, Ha Bbixomax ontuueckux coemunuteneii (OC)

NepeIaroIInuX TPAHCIIOHIEPOB, COOTBETCTBEHHO IS KAHAJIOB ]
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Puc. 1.1 — CrpykrypHas cxema BOJOKOHHO-ONTHYECKOW CHUCTEMBI CBSI3U
(6]0] CHCKTpaHBHBIM yrIJIOTHeHI/IeM KaHaJ10B

Rwi — kxonTposbHbIe Toukn Ha OB HermocpenctBenHo nepen 6iokom OM/BOA, Ha

Bxoze OC, COOTBETCTBEHHO IS KAHAJIOB ||

MPI-S — konTposbHas Touka (nHTepdeiic) Ha OB cpa3y nmocie 6moka OM/BOA

Ha BbIxoxe OC;




S — KOHTpOJIbHAs TOUYKa cpa3zy IMOcCje JUHEHHOTo onTrudeckoro ycunutens LOA
Ha BrIxoue OC;

R' — xoHTposibHas Touka Ha OB mepen MMHEHHBIM ONTHUYECKUM YCHUJIUTENIEM, Ha
Bxone OC;

MPI-R — xontponbnast Touka (naTepdeiic) Ha OB nepen onTuyeckuM ycHuTe-
aem POA na Bxoje ontudeckoro aemoayisitopa (OD), Ha Bxoae OC;

S — KOHTpoJIbHBIC TOYKHU Ha Beixoie O;10ka OA/OD, Ha Beixoae OC;

OSC —TouKHM MOAKIIOUYEHHUS ONTUYECKOTO CIIYKEOHOTO KaHaa,

OADM — mMynbTHILIEKCOP BBOIA-BBIBOJIa ONTHYECKUX KAHAJIOB;

S, R —unrepdeiicel Ha BbIX0/€ NMEPETaTIYMKOB U BXO/I€ TPUEMHUKOB aIapaTrypbl

STM-N (06brun0 N=16, 1160 64),unu ATM.

Kak BugHo wu3 puc. 1.1, crpykrypHas cxema BOCII-WDM  conepxur
ontuyeckuii nepeaarunk (TX), ontuueckuii npueMHuk (RX) W riaBHBIN ONTHYSCKHIA
tpakt (OP).

OnTHYecKuii TepenaTyuK COJICPKUT KaHAJIbHBIE TMpUEMOIiepeaTduky  (TpaHc-
noHaepbl) TX;+TX,, KOTOpBIE, B YaCTHOCTH, peoldpa3yroT aauHy BoHbBI STM-N (iiu
ATM) 2 B [UIMHBl BOJH CIEKTpa KaHaimoB Aj,. Ha Bbixome TX oOpa-
3yeTcsl KaHaJIbHBIA CUTHAJI, CIIEKTP KOTOPOTO COOTBETCTBYET CKOPOCTH niepenaun STM-
N. KanaibHbI€ CUTHANBI, &, CTIEIOBATEIBHO, M UX CIEKTPHI OOBEIUHSIIOTCS C TIOMOIIBIO
orrtuaeckoro Mmyibruruiekcopa (OM), Ha BBIXO/Ie KOTOPOTO 00pa3yeTcs rPyIIoBOi CHT-
HaJI, CIIEKTP KOTOPOTO COJIEPKUT CyMMAapHBIN CIIEKTP KaHAJTLHBIX CUTHAJIOB:

Nfge= O g+ (N -1 A
I7ie Afy; — CHEKTp TPYIIOBOrO CUTHANA; Af —— CHEKTp KaHAIBHOTO CUTHamia; Af =~ —

HOMHHAJIbHOE YaCTOTHOE pa3HeceHne kanainoB (HUP).

['pymIioBoii CHrHall YCUJIMBAETCSA OKOHEUHBIM onTuueckuM ycuaureiaem BOA (Oy-
CTep), ¢ momoImpio Kotoporo B mHTep(erice MPI-S ycranaBmuBaeTcst HeoOXoumast
oO11ast CpeiHss MOIIHOCTh JIMHEWMHOTO CUrHaa P,

I'naBubii ontudeckuit TpakT (OP) comepsKUT JHMHEHHBbIE ONTHYECKHE YCHIUTEIIN

(LOA), xommeHcHpYIOIIHE 3aTyXaHWe, BHOCHMOE YYacTKaMH OINTHYCCKHX BOJIOKOH
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mmHow | — |, BMecTo nroboro u3 ycumuTeneil MOXKeT ObITh BKJIFOUEH MYJIBTHUILICKCOP
BBO1a/BBIBO/Ia KaHatoB OADM c¢ takumu ke matepdericamu R'u S', kak u y ontude-
CKOT'O YCHJIUTEJIS.

[Mpuemnank (RX) comepxuT mpenBaputenbHbId onTHueckuili ycwmutens (POA),
YCHJIMBAIOIIMH JIMHEHHBIA cUrHal, AemyibTuiLiekcop (DM), pa3aenstomuii rpynmnoBoit
CHTHaJI Ha KaHAJIbHBIE CUTHAJIBI, IPHEMHBIE TPAHCIIOHAEPHI RX;, Mpeodpasyromue AIrHbI
BOJIH Aj, B JNTMHY BOJIHBI Ag, cCOOTBETCTBYIOIIYI0 STM-N i ATM.

Onruueckuii cinyeOubiil kanan (OSC)opranusyercst Ha IJIMHE BOJIHBI, JIeXKalei
BHe auana3oHa crektpa WDM. OSCBBoauTCS M BBRIBOJUTCS KaK B ONTUYECKUX TIEpe-
JaTYNKE W TPUEMHHUKE, TaK W JIMHEWHBIX YCUJHUTENAX, W MYJBTHUILIEKCOPAaX BBO-

na/seiBoga (OADM) onTHyecKoro TpakTa.

1.2. YacToTHBIHN nTAaH ITU-T

Ontuueckue mapametrpsl cuctreM WDM  permameHTHpYIOTCS — peKOMEHIa-
M G.692,B KOTOPBIX OMPEEICHBI JUTMHBI BOJIH U ONTHYECKHUE YaCTOTHI JIJIST KaXKI0-
ro ka"ama. CormacHO OSTUM  PEKOMEHIANUSM, MHOTOBOJHOBBIE  CHCTEMBI
nepenaun paboTtaroT B 3-M OkHe mpospaunoctn OB, T.e. B nuama3oHe [JIMH BOJH
1530...15651m. [{ns1 3TOro yCTaHOBJIEH CTaHAApPT JUIMH BOJIH, MPEACTABISIONINI cOO0M
CETKY ONTHYECKUX YaCTOT, B KOTOPOW paclucaHbl PerJaMeHTHPOBAHHBIC 3HAYCHHSI OII-
tudeckux dvactor 196,1 TIm mo 192,1 TI'm ¢ warepBamamu 100 [T
U JuHBI BOJH oT 1528,7710 1560,618Mm ¢ uaTepBanom 0,8 aM. OmgHako B mocnemHee
BpeMsl YCTaHOBMJIACh YETKash TEH/CHIIMS YMEHBIICHHs] YaCTOTHOTO HMHTEpBAlla MEXIY
CeKkTpaibHbIMA KaHaaMu 10 90 wm jmaxe 25 [T, dro npuBoauT
Kk OoJiee MIOTHOMY PaCHOJIOXKEHHUIO CIEKTPAIBHBIX KaHAJOB B OTBEJICHHOM JHMAaIa3oHe
JUTIH BOJIH (1530...1565  um). Takoe YIUIOTHEHHE MOJTYYHIIO
Ha3BaHWE IJIOTHOTO BoJiHOBOTO yiutoTHeHus, i DWDM (Dense Wavelength Division

Multiplexing). Yactorusiii mian ITU-T WDM npezacrasieH B Tabuuiie.
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YacrtoThsiii iad ITU-T WDM no pekomenganiuu MCO-T G.692

Yacrora, TI'11

HNurepai, [T

I[J'II/IHHa BOJIHBI, HM

100 | 200| 400 400/ 600(1000
500
196,1 ° ° 1528,77
196,0 ° 1529,55
195,9 ° ° 1530,33
195,8 ° 1531,12
195,7 ° ° 1531,90
195,6 ° 1532,68
195,5 ° ° ° ° 1533,47
195,4 ° 1534,25
195,3 ° ° ° 1535,04
195,2 ° 1535,82
195,1 ° ° 1536,61
195,0 ° 1537,40
1949 ° ° ° 1538,19
194,8 ° ° 1538,98
1947 ° ° 1539,77
194,6 ° 1540,56
194,5 ° ° ° 1541,35
194,4 ° 1542,14
194,3 ° ° ° ° 1542,94
194,2 ° 1543,73
1941 ° ° 1544,53
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194,0 ° 1545,32
193,9 ° ° ° ° 1546,12
193,8 ° 1546,92
193,7 ° ° ° ° 1547,72
193,6 ° 1548,51
193,5 ° ° ° ° 1549,32
193,4 ° ° 1550,12
193,3 ° ° ° 1550,92
193,2 ° 1551,72
193,1 ° ° ° ° 1552,52
193,0 ° ° 1553,33
192,9 ° ° ° 1554,13
192.8 ° 1554,94
192,7 ° ° ° 1555,75
192,6 ° 1556,55
192,5 ° ° ° ° ° ° 1557,36
194.,4 ° 1558,17
192,3 ° ° ° 1558,98
192,2 ° 1559,79
192,1 ° ° ° 1560,61

Yacrotasle mwian ITU-T DWDM (pek. MCO-T G.694.1)u CWDM (pek. MCD-T

G.694.2) mpuBenens! B Tabu.11u 12 Tlpunoxenus.

1.3. OnTHYeCKHEe YCHAHTEAH

1.3.1. KaaccuduKaumusa mo cCnocodoy npuaMeHEeHHS

H GHU3HIECKHM IIPHHIHIAM PpaboThI
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B 3aBucuMoCTH OT 00JaCTH HCIOJIB30BAHUS ONTUYECKHE YCHIIMTEIU JCIATCS Ha
npeaBapUTeIbHbIC, TUHEHHbBIC B yerauTenu MotHoctH (puc. 1.2) [1,7,9,10,16].

Ilpeosapumenvuvie ycunumenu (NpeayCUINTEIN) yCTaHABIMBAIOTCS HEMOCPE/I-
CTBEHHO Iepe/l IPUEMHMKOM PEreHepaTopa U CIIOCOOCTBYIOT YBEIHMUEHHIO OTHOIICHHMS
CUrHaI/IIIyM Ha BBIXOJE DJIEKTPOHHOIO KacKaJga YCHUJIEHHUS B ONTORIEKTPOHHOM IIPHEM-
HuKe. ONTHYECKHE TMPEAYCHIIMTEIN YacTO MCIOJIB3YIOTCSA B KA4eCTBE 3aMEHBI JOPOTHX

KOTCPCHTHLIX ONTHYCCKHUX IIPUCMHUKOB.

[IpenBapurenbHBIN yCUIUTEND

Tx HH Q) {}D}{:}— Rx

JIvHeWHBIN yCUIUTENb

Tx

Yceunurens MOITHOCTH

Tx —1:1}(:1—[} Q) ) (o

Puc. 1.2 —IIpumMeHeHrne ONTUYECKOTO YCUITUTENS

Jluneiinvie ycunumenu yCTaHaBIMBAIOTCS B MPOTSKEHHBIX JUHUIX CBSI3U MEXKIY
pereHepaTopaMy WJIM Ha BbIXOJE ONTHUYECKUX PA3BETBUTENICH C 1I€JIbI0 KOMIIEHCALUU
0CJIa0JIeHUs CUTHaa, MPOUCXOSIIEr0 BBUY 3aTyXaHUsSI B ONTUYECKOM BOJIOKHE WJIH B
ONTUYECKUX PA3BETBUTENSX, OTBETBUTENSIX M MysbTuiLiekcopax WDM. Jluneiinbie
YCWJINTETN 3aMEHSIIOT OMTORJIEKTPOHHBIE PEreHepaToOphl, KOraa HET HEOOXOIUMOCTH B
TOYHOM BOCCTAaHOBJICHUM CUTHAJIA.

Ycunumenu mownocmu (Oyctepbl) YCTaHABIMBAIOTCSA HEMOCPEACTBEHHO IOCIC
JIA3€pHBIX MEpPeAaTUNKOB JJIs JOMOIHUTEIBHOTO YCUJIEHUS CUTHAJIA 0 YPOBHSI, KOTO-

pBIif HE MOXET OBITh JOCTUTHYT Ha OCHOBE JIa3€pHOTO JIMO/a. bycTepbl MOTYT Takxke
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YCTaHABJIMBATHCS MEPe]] ONTHIYCCKUM PAa3BETBUTENIEM, HAIPUMEP TPU Tepeiade HUCXO-
JA1Iero Tpaguka B THOPUAHBIX BOJOKOHHO-KOAKCHATBHBIX CETAX KaOEIhHOTO TEIICBU-
JICHUSL.

B 1abn. 1.1yka3zana crenens 3HaunMocTH mapametpoB EDFA B 3aBucumoctu ot
TUIIA YCUITUTES.

VYcunenue cBeTa B ONTHYECKUX CUCTEMAaX OCYIIECTBIISIETCS 33 CYET SHEPIHH BHEIII-
Hero ucrouynrnka. OCHOBOW yCHIIMTENS SIBISICTCSl aKTUBHASI (pU3WYECKas cpea, B KOTO-
pOii 3a CYET PHEPTUU CTOPOHHETO MCTOUYHUKA MOJKAYKHA MPOUCXOAUT YBEIUYEHUE MOIII-
HOCTH M3Ty4eHUs HHPOPMAIIMOHHOTO CUTHANA. B KauecTBe akTUBHOU Ccpebl MPUMEHS-
I0TCS TIOJYTIPOBOTHUKOBBIE CPEIbl WM BOJIOKHO, JOMMUPOBAHHOE PA3IUYHBIMU MPUME-
csiMu. B xadyecTBe nmpumeceil yaile BCEro BCTPEUYAIOTCS PEIKO3EMENIbHbIE METAILIIBL: 3p-
outi (Er), Heomum (Nd), mpazeogum (Pr)m tymmii (Tm). Hakadka 3Tux cpen ocymecTs-
JISI€TCSl HETIPEPBIBHO WIIM UMNTYJIbCHO. [Ipu yCcHUIeHMM MOXET MPOUCXOAUTh TPeodpas3o-
BaHUE CIIEKTPa BXOJHOIO CHUTHANA, T.€. BBIXOAHOW CUTHAT MOXKET OBbITh CMEILEH B ya-

CTOTHOM Juaria3one [5].

Tabmuma 1.1
CpaBHUTENBHBIN aHAIU3 MapaMeTpoB Tpex TunoB OA
Jlunenus | Ycumurens
[TapameTp [Ipenycunurenp
YCWINTENb | MOIIHOCTH
Koaddunment ycunenus
BBICOKHH * CpemHmiA HU3KUN
G
Kosddumument mryma NF | HU3KHIT CpeaHui * |HU3KUU
MOUIHOCTH HACKIIIEHUS
HU3Kas cpenHsis BbICOKas *
Pout sut
Henuneltnocts ** HU3Kas HU3Kas HU3Kas
[Tonoca ycunenus y3Kas MUPOKasl  |IIHPOKas

* — ykazaH HauOoJiee 3HaUYMMBbIN IMapaMeTp;

** — HEeNMHEWHOCTh OXBATBhIBAET COBOKYITHOCTh XapaKTePUCTHK: 3aBUCUMOCTh G ot Py,

, HOJIPHU3AIUOHHYIO YYBCTBHUTCIIbHOCTD, IMOINICPEYHBIC TIOMEXH MEKAY KaHallaMU
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K onTudyeckuM yCUITHTENIM MPEABABISETCS P TPEOOBaAHMIA:

+ BBICOKUM KO3 DUITMEHT YCUIICHUS B 3aJJaHHOM JIHara30He ONTUYECKUX YaCTOT;

+ MaJjble COOCTBEHHBIE LITyMBI,

« HEYYBCTBUTEJIBHOCTH K MOJISPU3ALINH,

« XOpOIIIee COTJIaCOBAHUE C BOJIOKHOM,;

« MUHUMAJIbHBIE HEJIMHENHBIC U JTUHEWHBIE MCKAXKEHHUS OIITUYECKUX CUTHAJIOB;

« 0OJBIION JUHAMHYECKHH JUana30H BXOJHBIX CUTHAJIOB,

« mmmpokas nonoca ycunenus 1 BOCII-CP;

OtuM TpeOOBaHUSAM B HAWOOJIBINEH CTETEHW OTBEUYAIOT MOJYHMPOBOAHHKOBBIC U
BOJIOKOHHBIE YCWJINTENH, HACTPOCHHBIE HA CTAaHAAPTHBIC TPU OKHA MPO3PAYHOCTH BO-
nokHa: 0,85; 1,3Iu 1,55mkM.

CymiecTBYIOT TpPH OCHOBHBIX THIA ONTHYECKOTO YCWJIHMTENS, WCIIONh3yeMble B
BOCII-CP: monynpoBOJHUKOBBIC YCWIMTENIW, YCUJIUTEIM HAa JOMUPOBAHHOM
BOJIOKHE M paMaHoBckue ycuiutean (puc. 1.3).B oTinyrie oT OCTaabHBIX ONTHYECKUX
YCWJIATENICH MOTYIPOBOJIHUKOBBIE YCHUIIUTEIM MOTYT OBITh CIPOCKTHPOBAHBI JJIS JTFO-
OOl JIJTMHBI BOJIHBI, T/I€ pabOTalOT Jla3ephbl B COCTaBE MEPEAIOIIUX ONTHYCCKUX MOIY-

JIEN.

Ontuueckue ycuurenn (OA)

. Bonokonnsiii (DFA) Henuneitnbiit (NLOA)
[TonynipoBonHukoBslii (SOA)
Ha JIOMIMPOBAHHOM BOJIOKHE Ha 3¢ dekre paccesHU
Pesonanchsrii (SOA -FP) - Opouesslii (EDFA) Pamanosckuii (RA)
berymeii Bostab1 (SOA-TW) - Tynuessiit (TDFA) BpronmmanoBckuii (BA)
- [IpazeonumoBeiii (PDFA)
L NtepOuessiii (YDFA)
L Dp6ueso-Tynuessiit (ETDFA)

Puc. 1.3 —Knaccuduxaius onTHUYeCKUX yCHIUTEICH
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1.3.2. IIoAynIpOBOAHHKOBBIE OIITHYECKHE YCHAHTEAH

[MomynpoBonuukoBeie ycwmmrenu (OSA — Optical Semiconductor Ampli-
fier) paboratoT Ha OCHOBE XOpOIIO M3BECTHBIX MPUHIMIIOB MOJIYIMPOBOJHUKOBBIX Ja-
3epHBIX JHOJO0B U OCYUIECTBISAIOTCS, KaK MPaBUIIO, MO JBYM CXEMaM:

— PE30HAHCHBIE YCUJIUTENH, B KOTOPBIX d3PPEKT yCUICHUS U OTCYTCTBHE JIa3epHON
reHepanuu 00ecreynBaeTcs 3a CYeT TOTrO, YTO YPOBEHb MOCTOSHHOTO TOKA HAKa4KH B
paboueM pexxrMe BRIOMPAETCs] HUXKE MOPOTrOBOI0 3HAUYEHUS,

— ycunutend Oerymieid BOJHBI, B KOTOPBIX 3((EKT ONTHYECKOrO YCHIICHUS
HAOJI0JaeTCs PU PACIPOCTPAHEHUN BXOJHOTO M3JIyUYEHHUs B MHBEPCHOM Cpelie aKTHB-
HOTO CJIOS C IPOCBETICHHBIMU IPAHSIMHU.

Bo30yxnenue B o6oux tunax OSA nocturaeTcst BHEIIHEH 3JEKTPUUECKON HaKau-

OSA ¢ pezonatopom ®@adpu — Ilepo (OSA-FP)sBisitoTcst pa3HOBUIHOCTBIO pe-
3oHaHCHBIX OSA. OSA-FRcocTouT U3 yCHIMBAIOIIEH Cpeibl, 3aKIFOYEHHON B TIJIOCKUM
PE30HATOP C 3ePKATBHBIMH MONYIpo3paduHbiMu cTeHKaMu. OSA-FPobecrieunBaroT BbI-
CokMii  KOd(pPUUMEHT  yCHJIeHUs (mo 25 1b) B OYEHb  Y3KOM
(1,5 ITu), vHo mupoko mepectpanBaemom (800 I'T') crnekrpanbHOM auarnazoHe (puc.
1.44). Kpome 31010, 3TH YCTPOIMCTBA HE UyBCTBUTEIIBHBI K MOJIIPU3AIMN CUTHAJIA U Xa-
PaKTEPU3YIOTCS CHJIBHBIM IMOJIaBJICHHEM OOKOBBIX cocTaBisitonmx (ocinabnenue Ha 20
nb 3a npenenamu uaTepBana B 5 ['T1). B cuiny cBonx xapakrepuctuk, ycummrenu Daod-
pu — Ilepo mumeanpbHO MOAXOAAT Il PabOTHI B KayeCTBE JAEMYJIBTUILIICKCOPOB, IO-
CKOJIbKY OHH MOTYT BCer/aa OBITH MEePECTPOCHBI TUTST
YCHJICHUSI OJTHOM OTPEJICIICHHON JIMHBI BOJHBI OJTHOTO KaHaJIa U3 BXOJHOTO MHOTOKa-

HanbHOrO WDM-curnana [42].
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SOA-FP
— |5 | Al
Pin Pout Pi" Pout
PesoHaTop L MNpoceeTneHHble _‘r
Ps ®abpu - lMepo Ps TOpLbI
-\ -
a 9]

Puc. 1.4 —Cxema nocTpoeHust MoIyNpPOBOJHUKOBBIX YCHIIUTENEH

Yeuwnmureanb Oerymeii Boaabl (OSA-TW) — moirynpoBOJHHUKOBBIA YCHIIATENb,
OTPAaHUYMBAIONINE TMMOBEPXHOCTH KOTOPOTO MOKPHITHl AHTHOTPAXKAIOIIMM IOKPBHITHEM
(puc. 1.4p). B nmocnenuee Bpemst OSA-TW ctan nomunupoBats B rpymme OSA.

OSA-TW coctout u3 1ieHTpaIbHOM aKTUBHOM cekinu okosio 600 u nByx maccus-
HeIX cekiuil Mo 100mkM mmuHOM. [leHTpanbHBIA CION MpeACTaBIsIeT CO00M pa3aeib-
HYIO YACPKHUBAIOIIYIO TETEPOCTPYKTYPY M COCTOUT M3 OOBEMHOTO aKTUBHOTO CIIOS
TonmHON 0,2 MKM, 3aKTFOUEHHOTO MEXKIY IBYX YeTBEPTHBOIHOBBIX clioeB o 0,1 mkm.
AKTUBHBIH coif cyxaercs Ha anuHe 150MkM, 9yTO 0OecreunBaeT ONTUYECKOE COTIaco-
BaHUE C OCHOBHBIM MTACCUBHBIM BOJHOBOJIOM. Takoi THUI CTPYKTYphl 00eCIieunBaeT BhI-
COKui KOA((DUIMEHT JTOKAMM3aIMy BCIEACTBUE PA3HUIIBI MEXKIY IMMOKa3aTeIIMH Tpe-
JIOMJICHUS CJIOEB B MIUPOKON 00JIACTH ¥ YBEITMYCHHBIN TOUCYHBINA pa3Mep Ha TOPIAxX JJIs
yBeIMYCHHS KOA(P(HHUITUEHTA COTIACOBAHUS C BOJIOKHOM.

Ycunurenu Oeryiieil BOJHBI MOTYT OBITh peaii30BaHbl C TOCTATOYHO OOJBIINM
kodpduipienrom  ycuiaenus (oxkomo 30 nab) wu  mmpokoit mosjocoit  (0koJo
5-10TTw). s 3TOoro HEOOXOAMMO MOJABICHUE BO3MOXKHBIX OTPAKECHUH (POTOHOB OT
topioB (oTpaxkenue meHee 0,1 %). /[ MOMONHUTEIBHOTO CHWKEHUS Kod(hduimeHTa

OTPaKCHHS UCTIONIB3YIOT HAKIIOHHBIA aKTHUBHBIH CJI0M MM JOTIOJHUTEIbHBIC TpaHH [5].
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[ToynpOBOAHUKOBBIE ~ yCHJIUTEINM  WMEIOT  pPsii  HEJIOCTaTKOB,  KOTOPBIE
JIENAal0T UX HMCIOJIh30BaHUE HEMPAKTUYHBIM B KauecTBE JUHEHHOro ycumutens. Cpenu
ATUX HEJAOCTATKOB MOKHO OTMETHUTh UYBCTBUTEIBLHOCTh K MOJSPU3ALMH, OOJBIINE TIO-
TEpH MPH BBOJIE B BOJIOKHO, IEPEXOHBIC TTOMEXH MEXKIY KaHAJIAMHU.

[lepBbIii HEAOCTATOK SBJISIETCS OYEHb CYIIECTBEHHBIM, T.K. KOA(D(PHUIIMEHT ycuiie-
Husg OSA B 3aBUCMMOCTH OT HaIpaBJICHUs MOJIAPU3AIIMU MOXKET oTinyaThes Ha 4—8 nb
JUTSL IBYX OPTOTOHAJBHBIX MOJSipu3anuii. Tak Kak B CTaHAAPTHOM OJTHOMOJIOBOM BO-
JIOKHE TOJISIPU3aIMs PacpoCTPaHIEeMOro CBETOBOI'O CUTHAJIa HE KOHTPOJUPYETCs, T0-
aToMy Kod(pduirent ycuiaenuss OSA 3aBUCUT OT HEKOHTpOJIUpyemoro ¢axropa. Mox-
HO YMEHBIIIUTH 3Ty 3aBUCHMOCTH OT TMOJsSIpU3anuu myteM yctaHoBku aByX OSA. Bos-
MOJKHO Kak mapajuienbHoe (TpeOyeTcs mapa pa3BeTBUTEINEH), TaK U MOCIEI0BATEIBHOC
UX TOAKIIOYCHHE, HO 3TO MPUBOJUT K YCIOXHEHUIO KOHCTPYKIIMUA U POCTY CTOUMOCTH
KOHEUYHOTO MPOJIyKTA.

Bropoit Hegocratok OSA 00yclioBiieH Te€M, YTO CBETOM3IYYAIOIIMM aKTHBHBIN
CJIOM MMEET MOIEePEYHbIN pa3Mep HECKOJIbKO MUKPOH, a TOJIIMHY — B MpeJenax OaHO-
ro MHKpPOHA, 4YTO MHOTO MEHbIEe, 4YeM JUaMeTp CBETOHECYIIeH YacTu
ONTHYECKOTO OAHOMOI0BOTO BOJIOKHA (8—10MkM). BenenerBue 3Toro Oofiblnasi 4acTh
CBETOBOI'0 MTOTOKA M3 BXOJSAIIETO BOJIOKHA HE MOMAaeT B aKTUBHYIO 00JIaCTh U TEpSIET-
c4, yto ymenbinaeT KIIJ ycunurens. Yeenuunts KII] MOXHO, TOCTaBUB MEXIY BXO-
JISITITAM BOJIOKHOM Y aKTHBHOM CPEJION JIMH3Y, YTO MPUBOJAUT K YCIOKHEHHUIO KOHCTPYK-
LIMH.

JIBa mIpuBEICHHBIX HEJAOCTATKa HUBEIHUPYIOTCS B TeX ciaydasx, korma OSA uHTe-
TPUPOBAH C APYTMMU ONTHYECKUMHU yCTpOWCTBaMH. MIMEHHO Tak MpenMyIeCTBEHHO U
ucnonb3yrorcss OSA. OnHa U3 BO3MOKHOCTEM MHTErpaliiii — IMPOU3BOJICTBO COBMeE-
IIEHHOTO CBETOM3TYYAIOIIETo JIA3ePHOTO TNO0/1a, HETIOCPEACTBEHHO Ha BBIXOJIE KOTOPO-
ro ycranaBnuBaeTcsi OSA.

B ta6u1. 1.2npuBenensl Tunosbie mapamerpsl OSA [5].

Tabmuma 1.2

Tunossie mapameTpbl OSA
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OxHa Mpo3pavHOCTH, MKM

0,82-0,85 1,28-1,33 1,53-1,56
[Tapamepsl XUMHYECKOE COEUHEHNE
AlGaAs/Ga AlGaAsPSb/Ga
InGaAsP/InP
As Sb
npen-
npe/Ba- npe/Ba-
Hasnauenue Bapu- MOUI- MOIIHO- MOUTHO-
pUTEIb- pUTEIb-
YCHIATENS TE€JIb- HOCTHU . CTH 5 CTH
HBII HBII
HBIU
Koaddunment
3540 | 10-15 33 12-16 20-27 10-12
ycuiieHus1, 1bm
[Tonoca  yac-
200— 200—
TOT YCHUJICHHUS, 60-90 60-90 30-50 30-5(
250 250
TI'x
Mo1HoCcTh 100- 100-
45-50 80-150 50-70 80-200
HakKauky, MBT 150 150
Tox Hakaukwy,
- - 80-400 - 80-400 80-400
MA
[Totpebnsemas
1,5 1,5 1,5 2,5 1,5
MOIIIHOCTB, BT

OSA MoryT HCIOJIb30BaThCS BO BCEX TPEX cxeMax mpumeHeHus (cMm. puc. 1.2).

OnnuM u3 riaBHbiX npeumyiectB OSA nepen EDFA sBisiercs Bo3MOXKHOCTE UX pado-

Thbl BO BCCX TPEX OKHAX IMPO3PavYHOCTH KBAPLUCBOI'0O BOJIOKHA.

Korna OSAucnonb3yercs B KauecTBE MPEyCUITUTENSI, BHIXOAHOW YPOBEHb CUTHA-

Ja, HOI[aBaeMBIﬁ Ha ONTHYECKUI IMPUCMHHK, OKa3bIBACTCA TaKUM 6OJ'IBHII/IM, 4TO Xapak-

TCPUCTUKU IIPHUEMHHKA OrpaHHYMBAIOTCA YPOBHEM ,Z[pO6OBOFO myma. OTHOCHUTEIIBHO

BBICOKHI K03 dummenT mryma (mopsiaka 5—7 nb) tunoBoro OSA enaer ero ucrosb3o-

BaHUE B KaYeCTBE MpPeayCUIUTENs HexenarenbHbiM. Ho naxke B aTom ciydae OSA mo-

I'yT 3HAQYUTCIIbHO YIYYIIUTh YyBCTBUTCIBbHOCTD ITPUEMHHKA.
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Ecin OSA ucrnonb3yeTcst B KaueCTBEe YCUIIUTENSI MOLTHOCTH, €r0 BBIXOJHAS MOIII-
HOCTh OrpaHn4eHa oOblyHO Ha ypoBHE 10 MBT. OTO 00BsSICHSIETCS €ro OTHOCHUTENIBHO

Mautoit (mpuMepHoO 5 MBT) BBIXOHON MOIIHOCTBIO HACHIIICHHS.

1.3.3. YcHAHTEeAH Ha JONMHPOBAHHOM BOAOKHE

Wctopust ycwiuteneid Ha pomnupoBanHoMm BosiokHe (DFA — Doped Fiber
Amplifier) Bocxomut k 1960 romam, Korma BIEpBble OBUT TPOJEMOHCTPUPO-
BaH ONTHUYECKHHA YCHWIIMTENh Ha CTEKISIHHOM BOJIOKHE C TOKPBITHEM W3 HHOJIUMA
¢ pabdoueit nqiuHOM BosHBI 1,06MKM. Tlo mpoiecTBuM psifa JieT ObLIO BBIMOJIHEHO 00h-
eMMHEeHNE (DU3MYECKUX TMPHUHITUIIOB, MOJOXEHHBIX B OCHOBY pPabOTHI OJHOMOJIOBOTO
CTCKJSIHHOTO  BOJIOKHA W TOJIYIPOBOJHHUKOBOTO  Jla3epa, W  CO3/1aBalIUCh
ycnoBus juis nmosisiernss DFA va 1,55mkm B 1987r. [13].

Kak BumHO W3 Ha3BaHWs yCWIMTEIh HA JOMHPOBAHHOM BOJIOKHE OCHOBaH,
Ha ONTUYECKOM BOJIOKHE C TIPUMECHIO PEIKO3eMEIbHOT0 MaTepraia, B OCHOBHOM 3pOHsI
Er. JlnmHa mOmMMpOBaHHOTO BOJIOKHA, Kak mpaBwio, Konebmercs ot 20 g0
100m. DFA nonyurin Hanbomsiee pacrnpoctpanerue B BOCII-CP. Oto cBsizaHo ¢ psi-
JIOM UX HEOCTIOPUMBIX JOCTOMHCTB TI0 CpaBHEHHIO ¢ ocTanbHbIME OA!:

+ TIPOCTOTOM KOHCTPYKIIUH;

+  BBICOKOM HaJC)KHOCTHIO,

« OonpmMu K03 PULIMEeHTaMU YCUTICHHUS;

+ MaJbIMU IIyMaMH,

+ IIMPOKOU IIOJOCOU YCHUJICHHS,

+ HEYYBCTBHTEIHHOCTHIO K MOJISPU3ANNH YCUINBAEMOTO CUTHAA U T.JI.

[Mpunuun aeiictBus DFA ocHoBan Ha 3¢pdexTe Bo30yKIeHUS TOCPEACTBOM BHEIII-
HEH HaKa4KH aTOMOB PEIKO3EMEIbHOTO MaTepHralia, TOMEIICHHBIX B CEPALICBHHY O0bIU-
HOTO OJTHOMOJIOBOTO CTEKIJIOBOJIOKHA. Penko3eMenbHble METallIbl BRIOPAHBI TAKHM 00-
pazom, YTOOBI UMEJTUCH 30HBI TIOTJIONIEHUS BHEIITHEHN SHEPTHH

N CO3JaBajlaCb HWHBCPCHAasA HACCIICHHOCTb, KOTOpas IPUBOJHUT K CHOHTAaHHOM M
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BBIHY)KJICHHOW JTIOMUHECIIEHITMU. [Ipr 3TOM BBIHYXKIEHHOE CBEUYEHHE OOYCIIOBJICHO
BXOJIHBIM CHTHAJIOM M COBIAJACT C HUM 10 JITUHE BOJIHBI.

Haubonee mnomxomsmmmu g1 DFA  cumrarorcs penko3eMenbHbIE Ipas3eo-
muM Pr, Heomum Nd, spowmii Er, Tynmmit Tm, coBmecTHO 3pouit Er m uttpuit Y, a takxke
rojapMul, camapuid, Taumii. OHM MO3BOJIAIOT co31ath DFA, paGoTaromuii Ha pa3innd-
HbIX gauHax BojH oT 50010 3500uMm [11,12,42].Hanbomnbliiee pacnpocTpaHeHUEe Cpeau
DFA nosryunm spouessie yermutesim EDFA (Erbium Doped Fiber Amplifier).

dynknuoHanpHas cxeMa DFA npuBenena Ha pucysnke 1.5.

EDF
PasBeTBuTEND
Pin - ﬂ Pout
—»| Usomirop WDM —| Usonatop +—
he 95 % s
A, y 5%
Jlazep Toxk Kontponb
nakauky |7 naxauxu [T yCUIICHUS

Puc. 1.5 —®ynkuunonanpHas cxema DFA

Jlyis TOrO, 9TOOBI BOJIOKHO CTAJIO YCHIIMBAIOIIEH Cpeoid, OHO HAKAUYMBACTCS M3ITY-
4EHUEM Ay OT OTJENBbHOro Jazepa. [Ipu 5ToM BO3MOXKHBI Kak IpsiMasi (COHaIpaBiIeHHas)
¥ BcTpeuHas (MPOTHBOHAIIPABIICHHAS) HaKayKa OT OJTHOTO Jia3epa, TaK M JABYCTOPOHHSIS
Hakauka (mpsiMasi + BCTpeuyHasi) OT JABYX JiazepoB. CUCTeMa KOHTPOJISl YCUJICHHUS yIIpaB-
JSIET TOKOM HAaKadKu Jja3epa Omaromapst oOOpaTHOM CBSI3M, YCTaHABIMBAeMOW 4epes Jie-
JIUTENIb MOIIHOCTH. Y CHIMBAEMBbIil CUTHANI As U HaKauka A, OObEAUHSIIOTCS B MYJIbTU-
TUIEKCOPE W HAIIPABJISIOTCS B ONTUYECKOE BOJIOKHO C MPUMECHIO, TIe MPOUCXOIUT yBe-
JMYEHUE MOIIHOCTH CUTHAJA. Bojbias yacTe MomHOCTH ycuiieHHoro curHana (95 %)
pOXOIUT Yepe3 GuiIbTp Ha BbIxoA. DUIIBTP OTCEKAET HAKAYKY Ay U IIyMbl BHE I1OJIOCHI
qacTOT curHana. ONTUYECKHA U30JISATOP UCKITIOYAET MPOXOKICHHE OTPAKEHHBIX B YCH-
JIUTEJIC CUTHAJIOB BO BXOJSINEE BOJIOKHO.

Ycuinreslb HA BOJOKHE, JiernpoBanHoM >pouem (EDFA) siBisercs ogHuM u3

HauoOoee MMPAaKTUYHBbIX, OJHAKO €TI0 HNPUMCHCHUC OI'PAHUYCHO OKHOM IIPO3PAYHOCTHU
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1550 um. Ycunenne B EDFA mpoucxoauT mo Bceil IJIMHE BOJIOKHA, JIESTHPOBAHHOTO
pEeAKO3eMETBHBIM METAJIIOM 3POUEM.

Yeumurens EDFA  coctour w3  JIBYX aKTHUBHBIX OJIEMEHTOB. aKTHBHO-
TO BOJIOKHA, JISTUPOBAHHOTO Er**, u MOJTyTIPOBOTHUKOBOTO Jia3epa HAKA4YKH C OJIHOM
WM HECKOJIBKUMM U3 cienyromux aauH BoiH: 1480, 980, 800, 670 521 aMm. [{ns mno-
Jlayu CHUTHaja HaKa4yKyd B BOJIOKHO TpeOyeTcs, Mo KpalHel mMepe, OJIUH pa3BETBUTEINb,
CEJIGKTUBHBIN K JJIMHE BOJHBI. PeanbHO ucmonb3ytorcs niauHbl BOJIH 1480u 980 Hwm.
DT0 00YCJIOBIEHO PSAAOM NpUYMH. 3(H(PEKTUBHOCTHIO TMOTYNPOBOJHUKOBBIX JIA3€POB
OOJIBIION MOITHOCTH, MaJIBIM 3aTyXaHUEM ONTUYECKOTO BOJIOKHA, HU3KMMH TPeOOBaHU-
SIMHM K TOYHOCTH JTMHBI BOJIHBI HAaKa4YKu. J[J11 HaKauKku MPEAMOYTUTEIIEHO UCTIONB30BaTh
GaAs nazepHble THOJbI, KOTOPbIE AOCTUTAalOT 3(PGEKTUBHOCTH Hakauku mopsaka 11
nb/MBT.

Ha nmuae Bomubel 980 HM HaOMOMAIOTCS HAWMMEHBIIHME IIIYMbl YCUJIEHUS,
a Ha jumHe BoaHBI 1480 HM HET KECTKMX TpPeOOBaHWM K TOUYHOCTH HACTPOMKH.
OnTuveckuil yCrmImTeb ¢ Hakadkon Ha niuHe BOHBI 1480HM Ha3bIBAIOT ABYXypOBHE-

BbIM, & YCHJIMTE/Ib C HaKayKoi Ha JrHe BoHbBI 980HM — TpexypoBHeBbIM (puc. 1.6).

3

t=1 mkc

980 MKM

t=10 mc

1480 MKM

YN
LG1-0¢S1

Puc. 1.6 —/InarpamMma sHepreTHueCKIX YpOBHEH ONTUYECKOTO YCUIIUTENS

Honbl »pOus BO30YKIAIOTCS 32 CUET TOTJIONICHUS SHEPTHH W3JIYYCHHs Jiazepa
Hakauk# (),). OHK TEpPexXOoAT C OCHOBHOIO YPOBHS Ha 00Jiee BHICOKHE SHEPIeTHUECKHE

YPOBHH, a 3aTeM — 0€3U3/Ty4aTeIbHO Ha METacTaOUIbHBINA ypoBeHb. OJHOBPEMEHHO Ha
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BO30YKJIEHHBIE aTOMBI BO3CHCTBYET M3IyUYE€HHE CUTHAJA A., BHI3BIBAIOIIECE CTUMYJIU-
POBaHHOE M3TyYCHUE HA BCEH JNTMHE aKTUBHOTO BOJIOKHA.

B nactosiiee Bpemst Ha peiHKe JoMHUHUPYIOT EDFA, a ocHOBHBIE UX KOHKYPEHTBI
— OSA — 510 cux mop ycTymajad UM JOPOTOBU3HOM MPOU3BOJICTBA, YYBCTBHUTEIHHO-
CTBIO K TIOJISIPU3AIIMN ¥ BBICOKUM YPOBHEM TIEPEKPECTHBIX MTOMEX.

Apyrue ycuauresm tuma DFA. VYcwirenr Ha KBapleBOM  BOJIOKHE,
JIETUPOBAHHOM 3pOHeEM, 00€CTIeunBaET MOJIOCY OKOJI0 35 HM B OKHE mpo3padnocTa 1550
HM. OIHaKO OKHO MPO3PaYyHOCTH BOJIOKHA ¢ moTepsmu He 6onee 0,25 n1b/km umeer miu-
puny mpumepHo 200 vm. Ecam ke [OOMycTUTh YpOBEHb IMOTEPh JO Be-
manabl 0,35 1b/kM, TO MOKHO pacCUUTHIBATh HA MCITOJIb30BaHue cuctemMamu DWDM-
noJjiockl mupuHON mpumMepHo 400 HM. [ MCMONB30BaHUSA TAaKOH IMIMPOKON TOJOCHI
TPeOYIOTCS YCWIUTENN C IPYTUMHU PEIKO3EMEbHBIMU JIETUpYomuMu qo0aBkamu. Og-
HUM U3 TaKUX YCHIIMTENICH MOXET ObITh ONTHYECKUN YCHUJIMTENh Ha TEIUTYPUTOBOM BO-
J0KkHe, JlerupoBaHHoM 3poueM (EDTFA), koTopslii criocoOeH pacHiMpUTh MOJIOCY YCH-
nerus 10 90uM [42].

[Tonesnyto nojocy nponyckanus B okHe 1550HM MOKHO erie O0JIbIIe pacIupuTh,
€CJIM WCTOJb30BaTh ONTHYECKUE YCHIIMTETU Ha (PTOPUCTOM BOJIOKHE, JIETMPOBAHHOM
tyaueM (TDFFA) wu npazeonumom (PDFFA). Ucnions3ys TyIueBbIid YCUIUTEIb THIIA
TDFFA, MoxxHO mosyunTh nosiocy ycwiurens ¢ 147010 1650um. Yeunurens Ha Bo-
JIOKHE, JISTHPOBAHHOM TPA3€0aUMOM, paboTaeT B okHe mpo3padHocTy 1310Hm.

TDFA ¢yHK1mmonupyoT no npuHnuny cxognomy ¢ EDFA. Paznuuue mexnay nBy-
Ms TUTIAMH YCWJINTEICH 3aKII0UaeTCs B HCIIOIB3YEeMOM PEIKO3EMEITLHOM DJIEMEHTE
(Tynmii nim 3pOuit) U JOMUPOBAHMUS BOJIOKHA.

B crannaptHoif cxeme TDFA Ha BoJIOKHE, JOMMPOBAHHBIM BBHICOKUM COJEPIKAHH-
eM Tynusi  COBMECTHO ¢  ¢TopuaoM  uiad  (HTOp3aMeUIeHbIM  LHUP
KOHAaTOM WJIA MHOTOKOMIIOHEHTHBIM CHJIMKaTOM C CHJIMKAaTOM CYpPbMBbI, TOKa3bl-
Baet ycuienue BOm3u 1460uMm. [lupuna monockl ycunenus Ha yposue 20 n1b npu6iiu-
3UTETPHO  paBHAa  35HM. MakCUMallbHO  JOCTWKHUMAsi  1OJ0ca  YCHUJICHHS

MoKeT ObITh Ha ypoBHe 3116 [42].
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Bonokno, ucnonezyemoe B TDFA, siBisieTcsl 04eHb XpYNKUM, YTO MPEMSTCTBYET
HIMPOKOMY BHEAPEHUIO TynHeBbIX ycunutene. Coenunenue TDFA c cymectByromeit
BOJIOKOHHO-ONITUYECKON CEThIO OCYILECTBISETCS TOJBKO C TMOMOIIBIO 3MOKCHIHOTO
NUTTEeIIa, YTO MPEACTABISET COOOM CIOXKHYIO 33aJauy U SIBISIETCS JOPOTOCTOSIIUM,
KpOMeE TOTO IPUBOAUT K moTepsim 6osee yem 0,3 1b.

BOJIOKOHHO-ONTHYECKUE YCHJINTENH, jerupoBanHele Tyamem (TDFA) mis S'-
nojiockl (1450-1480uM) u Smonocel (1480—1530uM) sBISITOTCS KaHIUAATAMU IS
caenyromiero nokonenuss DFA Bzamen EDFA nst L-miostochr.

Cnemmamuctet NTT Laboratories {monus) myrem ncnoiabp30BaHus CeIUAIEHOTO
skBasiaiizepa cozgaim EDTFA ¢ OTHOCUTENBHO MIIOCKOW XapaKTEPUCTUKON B TUANIa30HE
1561-1611am, koadduimenTom ycuienus nopsjaka 25 n1b u ypoBHeM 1ryma meHee 6
nb. Ha ocHoBe 3Toro sxcnepuMenTanbHoro oodpasia kommnanust NTT coznana Bnocien-

ctBuM ycwiurtels Tunma EDTFA ¢ miockoil XapakTepUCTHKON B pabodeM Juana3oHe

1570-1617m [42]..

1.3.4. HeAHHeHHBbI€ ONITHYECKHE YCHAHTEAH

CymiecTBylOT JBa BHJA ONTHYECKUX YCWINTENEH, B KOTOPHIX YCHJICHHE
ONITUYECKUX KOJEOAHHW MPOUCXOTUT B PE3yJIbTATE PACCESHHS H3JIyUYeHHsS HAKadKh Ha
aToMax BEILECTBa, U3 KOTOPOTO COCTOMT BOJIOKHO. Y CHJIUTENM pabOTarOT HAa OCHOBE
apdexroB Pamana u Mangensimramma — bpusiitosHa, BO3HUKAIOUINX B BOJOKHE IMPH
OO0JIBIIION MOIITHOCTH HaKavKH [5].

PamanoBckue yemumnresnm (RA — Raman Amplifierkcrpositcs Ha ocHOBe cTUMY-
JMPOBAHHOTO PAMAaHOBCKOTO PacCesHUs, BOSHUKAIOIIETO B PE3YyJIbTaTe PacIpOCTpaHe-
HUSI ~ M3JIy4eHUs B JUIMHHBIX  BOJIOKHaX. B paMaHOBCKOM  ycHIIHUTEJe
OIITUYECKUE BOJHBI CUTHAJIA U HAKAYKU BBOJSTCS B ONTOBOJIOKHO Yepe3 HAIPABICHHBIH
pasBerBurenb tima WDM  (puc. 1.7). Dueprusi mepemaercsi OT HaKayKH
K CUTHaJy Onaromapsi mporieccy paccesHusi PamaHa mpu oTHOBPEMEHHOM HX PacIpo-

CTpaHEHHUH B BOJIOKHE [5].
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Puc. 1.7 —Cxema BOJOKOHHOTO paMaHOBCKOI'0 ONTUYECKOIO YCHIIUTEIS

C Touku 3peHusi paccesHus (POTOHOB B TBEPAOM Telle, PAa3INYarOT PAJIEEBCKOE,
OpMJUTIODHOBCKOE M paMaHOBCKOE paccesiHue. B pe3ynbraTe paMaHOBCKOTO PacCEsTHUS
(OTOHBI M3MEHSIOT CBOIO TPACKTOPHIO M OTIAIOT YacTh CBOCH SHepruu. PamaHoBCKuii
a¢deKT BcTpedaeTcs B KaKIOM ONTHYECKOM BOJIOKHE. Vcmonb30BaHre KBapIieBOTO BO-
JIOKHA B Ka4eCTBE YCHJIMBAIOIIEH Cpelbl B PAMAaHOBCKOM YCHIJIMTENIE MO3BOJISIET U30e-
*athb ciokHocter npu cTtbikoBke ¢ BOJIC, B otinune ot SOA unum TDFA. Tlo cyme-
CTBY YCHUJICHUE XapaKTepU3yeTCs JUTMHON BOMHBI Hakadku B mosioce oT 30010 2000HMm.
Crextp pPaMaHOBCKOTO YCHIICHHUSI KBapIIEBOTO
BoJIoKHA mipeBbIimaeT mupuHy B 40 TT' co cmeniennsiM mukom BOm3u 13,2TT 1 (~100
HM). CIIOCOOHOCTh Cpejibl YCHIIMBATh ONTHYSCKUI CUTHAJ XapaKTEPU3YyeTCs paMaHOB-
CKUM K03 (PUIIMEeHTOM QJRr, BEIMYMHA KOTOPOTO 3aBUCHUT OT YACTOTHI YCUIMBAEMOIO H3-
Jy4eHUs U OT CBOMCTB MaTepuana. /(7 KBapiia MakCUMalbHOE 3HAYCHHE QR CABUHYTO
OTHOCHMTEJIHLHO YaCTOTHI M3IydeHus Hakauku Ha 13111 [43].

Ycunenne MPOUCXOIUT, €CIi W WHGOPMAIIMOHHBIA CUTHAJT, M CHUTHAJ HAaKauK{
UMEIOT OJIMHAKOBYIO TOJIIpU3anuio. [Ipu opToroHanpHON MOJSIpU3ald 00OWX CBETO-
BBIX ITyYKOB paMaHOBCKUI (D (PeKT maeT Maaoe ycuseHue.

Ha BOJIC ucnonbs3yroTcs paMaHOBCKHE YCHIIUTETN JBYX KOH(QUTYpAIUil: pacmipe-
nenennbiii (DRA — Distributed Raman Amplifierpfic. 1.8¢) u nuckpernsiii (LRA —
Lumped Raman Amplifier)pac. 1.80).

CurHanbl IByX OpPTOTOHAIBHO TMOJSIPU30BAHHBIX JUOJIOB JIA3EPHOW HAKAYKHU MYJIb-
TUIUIEKCUPYIOTCA U o0benuustores B WDM nnst co3nanus BCTpeYHON HAaKayky B Tiepe-
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JAIONEM BOJIOKHE. B pe3ynbraTe pacnpoCTpaHSIOMUANCS B IPSIMOM HAMPaBICHUU CHUT-
HaJI TIOJTyYaeT paMaHOBCKOE YCUJICHHE B BOJIOKHE. VCrob30BaHNEe BCTPEYHON HAKAYKH
YMEHBIIIAET BIUSHUE IITyMa HAKaYKH HA CUTHAJL.

BrixomHas — xapakTepHCTHKa  PAacHpeNeICeHHOTO  PaMaHOBCKOTO  YCHIIMTEIS
3aBHCUT OT CBOMCTB MEPENAOIIETO BOJIOKHA, TAKUX KaK MMOTJIONICHHE CUTHAIA HAKaYKH,
s pexTuBHAs TIOMIA/Ib Aef U PaMAHOBCKUN KO3(puiMeHT ycusieHus Jr. MOIIHOCTH
Hakauyku P, Ha uuHe BOJIOKHA L ompemenseTrcs  3aTyxaHueM,  BHO-
CHUMBIM ATOH JJIMHOMU, C K03(pPHUIIMEHTOM 3aTyXaHHUs Ha JJTMHE BOJTHBI HAKauKu. Tak Jist
KOMIIeHcauu notepb MoiHocTH B OB Ha anmuHe L = 40 kM OT IpHUeMHON CTOPOHBI MPH
o = 4 0O 10 4 MBr, A = 50 wMkM® [OCTATOYHO MOJATH HaKauKy

P,=0,5Br [43].

@ : QuIbTp- ; @
A [+t |LKOPPEKTOp E A
5 b Fre T
§ Jlazep Jlazep §
' Hakauky | Hakauku |
a
i Bornokuo §
E g ZE 2 Ounprp- :
TE- W3onstop KOPPEKTO 11— WDM Msonsrop : N
_s»i }”pl * * 7\1,2 -§_>
: Jasep | Jlazep 5
: HaKauku | HaKauKu 5

Puc. 1.8 —bnok-cxema paMaHOBCKOTO YCUITUTEIIS:
a —pacrpeieNieHHbI paMaHoBckuid yerutesb (DRA);

6 — MMCKPEeTHBIN paMaHOBCKui ycunureab (LRA)
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HepaBHOMepHOCTh ycuiieHHs SBISICTCSI OHUM M3 BaXKHBIX mapametpoB aisi OA,
ocobenno B cucremax WDM/DWDM. B ciydae paMaHOBCKOTO YCHUJIMTENS YCUIICHHE
JUT KOHKPETHOTO CHTHAJIA 3aBUCUT OT Pa3HOCTH YaCTOT CHTHAIA U HaKavKu. Pa3mudnbIe
CUTHAJIbI MOJIyYaloT Pa3IMYHOE YCUJICHHE, 3aBHCSIIEE OT PA3HOCTH MX YacCTOTHI U ya-
CTOTHI Hakauku. CemoBaTenbHO JIF000H U3 TUAna30HOB JIIMH BOJIH Oy/IeT UMETh HEKO-
Topoe KoJsieObaHue ypoBHsi ycuieHus. st ypoBHa Hakauku 200 MmBt B nauanazone C
(1530-1560)mM, nomyuaeTcs MakcuMaibHOe ycuiieHue 7,781b ¢ koneGaHusMu ypOBHS
~ 3,51b.

Benuunna ycuieHuss 3aBUCUT OT MOIIHOCTHM HAKa4Kd U MOXET JOCTUTaTh
30 n1b npu momHocTH Hakayku 10 1,5 BT Ha niune Bomubl 1,3 MxMm. [{is paboTsl ycu-
JUTEN B qUarnas3one 1juH BojH 1,57—1,58ukM HE00X0IMMO OCYIIECTRIISITh HAKAUKy Ha
BoiHe 1,47MKM.

Hns  BelpaBHuMBaHuss AUX, a Takke pacHIUpeHHs IOJIOCHI  yCHIIe-
HUS CIIEAYyeT MPOM3BOIUTH HAKAYKy HE HA OJTHOW YacTOTE WJIU JJIMHE BOJHBI, a HA IBYX-
Tpex anuHax BojiH. [{ns mepekpbitust Bcero amanazoHa 1530-1570am Hakauka ocy-
IIECTBJISCTCS OT JABYX JIa3€POB C JUIMHAMHU BOJIH COOTBETCTBeHHO 1445u 1462uMm [1]. B
HACTOSIIIEe BpeMs MOJYNPOBOAHUKOBBIX JIa3€pPOB, CHOCOOHBIX M3Ty4yaTh HA IMEpeyuc-
JICHHBIX JUTMHAX BOJH MOIIHOCTH 6osee 0,2 BT, He cymecTByer. OmHAKO I MOTyde-
HUS JOCTATOYHO BBICOKOTO KOd((HIIMEeHTa YyCUTICHHSI, MOIITHOCTh U3TYUYCHHs] HaKA4YKH
nomkHa coctaBiath 0,5-0,8Bt. [lna noixydenus Takoi MOUTHOCTH M3TY4YEHHs HA HYX-
HBIX JUTHHAX BOJIH UCIOJIB3YIOTCSI MHOTOKACKaIHBIE CXEMBI MIPE00pa30BaHus N3TyUCHHSI
OT UTTEpOHMEBBIX BOJOKOHHBIX JIa3€pOB B CTOKCOBO H3IIyu€HHE Ha TpeOyemoM AuHe
BOJIHBI.

Jlns Hakauyky pacrpeelieHHOr0 paMaHOBCKOro ycuiuTens, kak u B EDFA,
B TDFA ucnonb3yroTcst BCTpe4Hast, COHANpaBJieHHas U JBYXCTOPOHHs Hakauka. Heo6-
XOANMO OTMETUTh, YTO B JFOOOM M3 TPEX BAPUAHTOB MOXKET MPUMEHSTHCS HECKOIBKO
UCTOYHMKOB HaKauyky il oOecrneueHus: TpedyemMol moJjiockl ycmieHus. Ha mpakTuke
NPUMEHSIETCS] CXEMBI CO BCTPEUHOM M JIBYXCTOPOHHEW HAKa4yKoM, Tak Kak OHM obecre-

YUBAIOT JYy4YIINC XapaKTCPUCTHKHU. Haceuuenne YCUJICHUA (HpCI[CJ'IBHOC 3HA4YCHUEC KO-
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s PUIMeHTa yCHIICHHS) 00YCIIOBICHO YMEHBIIICHHEM MOITHOCTH HAKAYKHU BIOJb JIHHUH
pacmnpoCcTpaHeHUs] HAaKauKH.

Ycunmmrtens Pamana MokeT ObITh HCIIOJIB30BaH ISl YBETTUUEHHUSI CKOPOCTH Tiepea-
yn cymecTBytonwx auauid ¢ 2,5 no 10 ['6ut/c. IupoKomonocHOCTh YCHIUTENS TIpe-
Boimaet 5 T [5].

[To cpaBHEHHIO C HIMPOKO HCIOIb3yeMbiMH 3pOueBbiMu ycumutensmu (EDFA),
paMaHOBCKHE YCUIIUTENHN 00JIagatoT PSAOM IPEUMYIIECTB!

o mmupokui crektp ycuiaeHus (50...100um);

* BO3MOXXHOCTH TIOJY4YSHHS YCUJICHHS B cTaHAapTHRIX OB;

* peaju3anys Jy4IIero OTHOIICHUS CUTHAI/IITYM;

* mpocTas KOHCTPYKIIHS,

e Oonpmasi, uem y EDFA, »sddextuBHOCT, mnpu OOJBIIMX MOIIHOCTAX
HaKa4YKU;

* YBEJIIMYCHHUE YMCJa KAaHAJIOB B CYIIECTBYIOIIMX JMHUAX CBS3HM 0€3 3aMEHbI yiKe
yctanoBJieHHbIX EDFA.

A Taxxe cleAyrolUMU HeTIOCTaTKaMHu:

e Mmenbmasg, uyem y EDFA, »sddekTtuBHOCTF TpU MEHBIIMX MOIIHOCTAX
HakKavk¥ (HEyZA00CTBO MPUMEHEHUS TIPU HEOOJIBIIIOM YUCIIC KaHAJIOB);

* BO3HUKHOBEHHE NEPEKPECTHON MOAYIISILIMKA MEXAY YCUIMBAEMBbIMU KaHAJIAMU,

* 3aBHCHMOCTH OT HOJISIPU3AIIH.

OnHako B mocieqHee BpeMsl B JUTEpaType MOSBUINCH COOOIICHHS O pa3paboTke
9 (HEKTUBHBIX PAMaHOBCKHX YCHIIUTENEH, B KOTOPBIX UCIIONB3YIOTCS CTICIIHATLHBIE BO-
JIOKHA ¢ OOJBIINM COJAEpKAHHEM IepMaHusl, 00Jaaroe HU3KUMHA ONTHYECKUMU T10-
TepsMH. ITOT (akT, a TakkKe pa3paboTka BHICOKOI(PPEKTUBHBIX PAMAHOBCKHX JIa3€POB
JUIA HAaKauyKu YCUJMTENs OyayT Wrpatb BCE BO3PACTAIOUIYI0 pPOJIb B BOJOKOHHO-
ONTUYECKUX CUCTEMaX CBSI3H .

Paspabotka cxem rubpuanbix ycmmmreneil (puc. 1.10), Bkmrowarommx pacrpene-

JICHHbI  pPaMaHOBCKUW  YCHUJIMTEIh U  JpOHEBBIH  BOJOKOHHBIA  YCHUJIUTEb,
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MO3BOJIMJIa TOJMYYUTh PABHOMEPHOE YCUJICHME CHUTHajioB B mojoce 82,8 HM cC

OTKJIOHeHHEM He Oosiee 3 1b B mpeenax 3agaHHOM 1MOJIOCHI [5].

Boiokno Bouokno ¢ Er
— WDM @@ »| WDM m Nzonsitop [ @unbtp >
hs —-> < > s
xleaKaqKa ?sz TM] Hakauka
Jlazep Jlazep Jlazep
HaKauKU HaKauKu HaKauyKu
(1,48 mxm)| | (1,51 mMxm) (1,48 MKM)
PamanoBckuii ycunurenn DpOueBbIil yCHIUTEND

Puc. 1.10 —CrpykTtypHas cxema THOpHUIHOTO ONTHUYECKOTO YCUITUTENS

C paCHIMpCHUCM I10JIOCHI YCHIINBACMbIX 4aCTOT

B tabn. 1.3 mpuBeneHbl CpaBHUTEIbHBIE XaPAKTEPUCTHUKU YCUIIUTEICH MOIIHOCTH

Ha OCHOBC TPCX BbBIICPACCMOTPCHHBIX THUIIOB.

Tabmuma 1.3
CpaBHHTENBHBIE XapaKTEPUCTUKH YCUITUTEIEH MOIITHOCTH
XapaKTepuCTUKHU SOA EDFA LRA
HlupuHa noJa0Ck yCUIIEHUS, HM 1470- 1530-
1470-1610
1610 1590
MoIHOCTh HaChIIEHUS, 1bM ~ 13 > 20 > 18
Kosdounuent ycunenus, 1b >10 >15 >10
[Iym-dakrop, n1bm <8 <6 <65
[TonstpuzarimonHast
0,5 0,3 0,3
YyBCTBUTEJIBHOCTD, 1b

BoJsiokonnblii ycuiaurteab bpuisiodna paboraer Ha TOM JKe IIPUHIIUIIE,
YTO U PAMAHOBCKUM YCWIMTENb, 3a MCKIKOYEHHEM TOrO, YTO OITHUYECKOE YCH-
JeHue 0o0ecIeunBaeTCsl CTUMYJIMPOBAaHHBIM paccesHueM bpuiosna [S5]. OH Takke

HAaKaYMBAETCSA ONTHYECKH, U YACTh HAKAYMBAEMOM MOIIHOCTH MEPEAAETCA CUTHAILY Ye-
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pe3 paccesnue. OU3NUECKU Kaplii (POTOH HAKAYKHM OTJACT YacTh SHEPTUH HA CO3/a-
HHe (OTOHA C YaCTOTOM CUTHAJA, a YaCTh — Ha CO3/IaHUe aKyCTH4Yeckoro ¢orona. Jpy-
TMMH CIIOBAMH, BOJHBI HAKAYKH PACCEMBAIOTCSA HAa aKyCTHUYECKOW BOJHE, ABIKYIICHCS
gyepes3 cpey co CKOPOCTHIO 3BYKA.

OTMETHM OTIHYHUS YCHUICHHS BpHIIIF09HA OT paMaHOBCKOTO YCHIICHHS

. YCHJIEHHE UMEET MECTO TOJIHKO IIPU BCTPEUYHOMN CXEMe HaKAUKH;

« CHBUI YaCTOTHl CHTrHAJa II0 OTHOIIEHWIO K YacTOTE€ HAKAuKd MEHBIIE
10TTII (Ha Tpu mOpsAAKA MEHBIIIE, YEM Y PAMAHOBCKOTO YCHIJIMTENS) M 3aBUCUT OT 4a-
CTOTHI HAKAYKH,

« CHEKTp YCHJIEHHS  4Ype3BBIYAaiHO y3Kui  (ojgoca  yCHICHHMS  MEHeEe
100MTI ).

OueHb Y3KHH YCHIMBAEMBI CIIEKTP HE IIO3BOISET IMPHUMEHSATh OTOT THII
YCUJIMTENS B IIMPOKOIOJOCHBIX CHUCTEMax Imepenaun. PeanqbHOE yCHIIEHHE MOXKET J0-

cturath 20—301b npu Bennunne Hakayku okoio 1 MBT.

1.3.5. MeToabl cTabuAH3anHu KOo3(pPHIHEeHTA YCHACHHS

B cBs3u ¢ pazsutuem DWDM-cuctem B HampaBi€HHM YBEIMYEHHS YHCIIA JJIMH
BOJIH MI€peiayy, BO3ZHUKAET HEOOXOAUMOCTh YBEJIIMUEHHsI AMANa30Ha JUIMH BOJH yCHJIe-
Hust [3]. B Hacrosimee Bpems nosoca ycunenus it EDFA B oonactu 1,55MkM cocras-
asiet nopsiaka 35 HM. OiHaKo, UMesl BBUY, YTO OHU UMEIOT IUIOCKYIO XapaKTEPUCTUKY
ycuieHus B oonactu 1,58u 1,55MKkM, yBenndeHne quana3oHa MOXKET ObITh JOCTUTHYTO
MyTEM MCIOJB30BaHUs 00EHX IMOJIOC MOCPEICTBOM METO/I0B, OCHOBAaHHBIX HA MCIIOJIB30-
BaHUMU.

— EDFA c ontuueckumu QpuiibTpamu, BIpaBHUBAIOIIUMHU YCUIICHUE,

— JByX moJioc yacToT ycusienust EDFA ¢ mapamienbHoi KOH(pUTYypaluei;

— KkackagHoro coenuHenuss EDFA ¢ yacTUYHO MJIOCKUM YCUJIGHUEM U YCHIIUTENS
Pamana (cm. puc. 1.10).

[Tpu BBINOJIHEHUU CEJIEKTUBHOTO OCIA0JICHUS MPUXOIUTCS MPUHUMATh BO BHUMA-

HUE TO, YTO PHEPIUsl Ha APYTHX KaHAJAX TaKxke nepepacnpenensercs. B pesynbrare ue-
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o0 ONTUMM3ALMS CUCTEMbI CTAHOBUTCS CJIOKHOW WTEPALIMOHHOM mpouenypou. Jomon-
HUTEJBHBIC CIIO)KHOCTH BO3HHMKAIOT, KOTJa OWTOBBIE CKOPOCTH JIOOABISIEMBIX WU
YCTPaHSEMBIX KaHAJIOB pa3inyHbl. Hanpumep, OTHOIIEHUE cUrHaM / yM IS Tiepeaadu
STM-64 (10I'6ut/c) mommxHO ObITH Ha 6 n1b Gombire, wem miist nepegaun STM-16 (2,5
['6ut/c). B mocienHem ciaydae, JONOJHUTEIbHAS MOITHOCTD JTOJDKHA OBITH J100OABJICHA B
kanan STM-64.

Kpome Toro, Heo0Xxoanumo obecrneynTh NOCTOSIHCTBO KO3 (UIIMEHTAa YCUJICHUS B
YCIOBUSIX TMEPUOTUIECCKOTO MOAKIIOUEHUS U OTKIIOYCHUS YacTH CHEKTPATbHBIX KaHa-
JIOB, YUTO TAK)KE MPHUBOJUT K U3MEHEHUIO CYMMApHOUW YCHJIMBAE€MOW MOIIHOCTH U, B OT-
CYTCTBHM CTaOMIM3AIMH, K N3MEHECHUIO 3HAYCHHS KOd(PPUIMeHTa yCuaeHus: B pe3yib-
TaTe HACHIEHUs. I3MeHeHne ycuiieHus, a clieIoBaTebHO, M MOIIHOCTH pabovnx Ka-
HAJIOB MPUBOIUT K yBeJIUYEeHHIO0 KoimdecTBa ommbok (BER), a Moxxer mpuBecTH U K
BBIXOJ/Iy CHCTEMBI U3 CTPOSI.

PaccmoTpum ocHOBHBIE MeTONbI cTaOmm3anuu Kod3dduimenta ycuneHus poue-
BBIX ontndeckux ycunureneit (EDFA) [45].

Metoabpl  crabuam3anmuu ko3 uumenta  ycwiaeHusi.  Koaddunument
YCWJICHHS ONITUYECKOTO YCHINTENS IPOMOPIIMOHAICH BEIMYMHE MHBEPCHOW HACETICHHO-
CTH aKTHBHOTO DJJIEMEHTa, KOTOpBId, B CBOI OdYepenb, Ompeaensercs Oa-
JAHCOM MEX[y EeHCTBHEM HAKa4KH M CIIOHTAHHBIX U BBIHYXXICHHBIX mepexonoB. [lo-
CKOJIBKY yTPAaBIISATH CIIOHTAHHBIMH TMEPEXOAaMH HE MPEACTABISIECTCS BO3MOKHBIM, MO-
I'yT OBITH peajr30BaHbI BE BO3MOXXHOCTH CTAOMIIM3AllMU YPOBHS MHBEPCHOW HaCEleH-
HOCTH: TIyTE€M YIPABJICHUS HAKAYKOW WJIM HACHIIIICHHEM. B mepBoM ciydae MCIOJb3Y-
I0TCS IIEKTPUUYECKUE METOTbI cTabwiu3anum, BO BTOPOM —
ontrdyeckre. Bo3MOXKHO TakKe€ COBMEIICHUE DJEKTPUUECKUX U ONTUYCCKUX METOJIOB
cTabuIM3anvm.

DJIeKTPpUYECKHE METOAbI CTA0MIM3aANNU KOdPPUITMCHTA YCUTICHHS 3aKJTF0Yal0T-
Csl B KOPPEKTUPOBKE MOIIHOCTH Jia3epa HaKauKu Il 00eCTIeueHHs! TOCTOSHCTBA KOA(-
dburnmenta ycuneHus. KoppekTupoBka MOXKET OBITh YIPEKIAIONMICH ¢ UCIIOIH30BAaHUEM
1enyu oopatHoi cBs3u. s moBeimeHus 3¢ pexTuBHOCTH cTabunn3anuu Koddduimenra

YCHJICHUS MOKET OBITh MCITOJIb30BaHa X komOmHanus (puc. 1.11).
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Puc. 1.11 —DnekTpudeckas cradbuim3anus kodhduimenta ycunenus EDFA

B yactT KOMOMHHUPOBAHHON CXEMBbI, OTBEYAIOIIEH 3a YINPEKAAIONIYI0 KOPPEKIIUIO
HAKayKH, Pa3BETBUTEIb OTBOAMT YacThb MOIIHOCTH BXOJHOTO CHUrHajia Ha (OTOJETEK-
TOp, KOTOPBIA BBHIMOJHSAET €r0 ONTORJIEKTPOHHOE MpeoOpa3oBaHue. Y CUIICHHBIN 3JIEK-
TPUYECKUA CHUTHAJ, MPOMOPILHUOHAIBHBIA MOITHOCTH BXOJHOTO ONTHYECKOIO CUTHAIA,
UCIOJIb3YETCS JIsl YIIpaBJICHHsI MOIIHOCTBIO Jia3epa HaKayku. B nmepBom mpubiimKeHun
HEOoOXoMMOe i1 OOECTICUCHUS MOCTOSTHCTBA KOX(h(UIIMEHTa YCWICHHUS H3MEHEHUE
MOUIIHOCTH HAaKAa4KW MPOUCXOAUT MPONOPLUUOHATIBHO U3MEHEHUIO MOIIHOCTH YCHJIMBA-
€MOT0 ONTUYECKOTO U3JIyUEHUS.

B wactm cxembl, OTBewarolieil 3a KOPPEKIMI0O HAKAa4K{d IEMbI0 OOpaTHOU
CBSI3U, 1B PA3BETBUTEIIA OTBOJAT YACTh MOIIHOCTH BXOAHOTO ¥ BBIXOJIHOT'O CUTHAJIA HA
(OTOAETEKTOPHI, BHIOIHSIIONINE UX OMTOAIEKTPOHHOE MpeoOpa3oBaHue. 3aTeM CHUTHA-
JIbl TIOJIAFOTCS HA CIIEUAIBHYIO 3JIEKTPUUYECKYIO0 CXEMY, KOTOpasi CPAaBHUBAET PEATIbHOE
3HaueHHEe KOAPUIIMEHTa YCUIICHUS, ONPEIEsIEMOE M0 OTHOLIEHUIO MOIIHOCTEN BXO/-
HOTO ¥ BBIXOJHOTO CUTHAJIOB, C TpeOyeMbIM KOA(h(OUIIMEHTOM YCWJICHHUS M COOTBET-
CTBYIOLIUM 00pa3oM KOPPEKTUPYET MOIIIHOCTH Jia3epa HAKAYKH.

Onruueckasi craduiau3anus Ko3ppuuuenra ycuiaenus. [[puHiun ontudeckon

cTabunu3anuu Ko3(QQUIMEHTa YCUIICHUs 3aKII0YaeTcsa B TOM, YTO YCHJIMBaromas o0-
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JacTh TOMENIAETCS B PE30HATOP Jiazepa, TeHEPUPYIOIIEro Ha Hepabouell JIHE BOJHBI.
X0poI110 U3BECTHOE CBOMCTBO Jla3epa 3aKI0YAeTCs B TOM, YTO KOOPPHUIMEHT YCUICHUS
B HEM B pEKUME reHEepallii B TOYHOCTH PaBEH MOTEPSIM B pe3oHarope. Ecnu Ha akTus-
HBIN 3JIEMEHT Jla3epa OAHOBPEMEHHO MOJaTh BHEIIHEE U3TYyUYCHHE Ha HETeHEPUPYIOLIeH
JUIMHE BOJIHBI, TO BBIXOJHASI MOIIHOCTb Jia3epa U3MEHUTCS, a KOIPPUIIMEHT yCUIICHUS
OCTaHEeTCA MpexHUM. JlazepHoe u3nydeHue, TakuM 00pa3oM, OKa3bIBA€TCS HEKOTOPHIM
0ayuIacTHBIM M3JIy4e€HHEM, 00ECIEUNBAIOIIUM MMOCTOSHCTBO KO3(duiieHTa ycuneHus.
YMeHblieHue 0011el MOUTHOCTA BXOJSIIEr0 ONTHYECKOrO0 CHUTHAjla aBTOMAaTHYECKH
KOMIICHCUPYETCSl YBETMUYCHUEM JIa3epHONM MOIIHOCTU U HaobopoT. Ontuyeckas oOpart-
Hasl CBA3b MOKET OBITh OCYILECTBJICHA BYMs CIOCOOAMHU: C TOMOIIbIO KOJBIIEBOTO pe-
30HATOPa U C MOMOIIbIO JIMHEHMHOTO PE30HATOPA.

KomnbleBoit pe3oHaTop Ui CO3JaHMs ONTUYECKOW 0OpaTHON CBSI3U COCTOHT M3 OT-
pe3ka  CTaHJApPTHOTO  BOJIOKHA, COEIMHAIONIETO  BBIXOJHYK)  4YacTh  CEKLUHU
ONTUYECKOTO YCUJIUTEINI C BXOJIHOM, M Y3KOIOJOCHOTO (DUIIBTPA, 3aJAIOIIET0 IUHY
BOJIHBI JIA3€PHOTO U3ITy4EHUS.

JlunelHbI pe30oHATOp ISl CO3/JaHHUS ONTHYECKOM OOpaTHOM CBSI3M COCTOUT M3
JIBYX PpAacCIpeleleHHbIX IU(PPAKIMOHHBIX OTpakaTeliel, pachojOKEHHBIX HaBXOJE U
BbIXOJIE ycruuTensi. MakcuMyMbl KO3(Q(PUIIMEHTOB OTPAKEHUSI PEUIETOK 3a/1al0T JUIUHY
BOJIHBI JIa3epHOTo u3inydeHus. KoagpduuueHnTsl oTpaxkeHus: Ha JJIMHAX BOJH CUTHAJIA U
HAKa4YKH JIOJDKHBI OBITH PaBHBI HYIIIO.

CoBMeleHHE ONTHYECKUX M AJIEKTPUUYECKUX METOAOB CTabUiu3auuu Kodphuiu-
€HTa YCWJICHHUS, C OJHOM CTOPOHBI, MOXKET MPUBECTH K YIYYIIECHUIO XapaKTEPUCTUK
YCUJIUTEIIS, C APYTrOM — K YPE3MEPHOMY YCIOKHEHHUIO CXeMbl cTabunu3anuu. [lostomy
11€1€C000Pa3HOCTh TAKOI'O COBMEILICHHUS I0JKHA ObITh OMPEeeHa B KaXK/I0M KOHKPET-
HOM CJIy4ae U3 CPaBHEHHUS 3aTpaT Ha JOCTHKEHHE TpeOyeMoll CTereH! CTa0MIn3aluy.
Ha puc. 1.12npuBeaeHa cxema COBMEIICHHOW ONMTORJICKTPOHHON CTaOMIM3alUui Ko3(-
¢burenta ycuienus EDFA (Grextpuueckas yrnpekaaromias KOpPEKIns HaKaukk U OIl-
TUYECKUI KOJIBIIEBOI PE30HATOD).

O PeKTUBHOCTh CTAOMIM3AIMM MOKHO OXapaKTEepH30BaTh CIEIYIOUIMMHU Tapa-

MEeTpaMHu:
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¢ BpeMA CTa6I/IJII/I?>aIII/II/I T — BpEMs1 BOCCTAHOBJICHHA 3aJaHHOT'O 3HAYCHUA KOG)(b-

buLreHTa yCUICHUS,

¢ MAaKCHMAJIBbHOC OTKJIIOHCHHC KOG)(I)(I)I/IHI/ICHTa YCHUIICHUA Amax — MAakKCHUMAaJIbHOC

€ro OTKJIOHCHUE OT 3aJaHHOT'O 3HAYCHUSI,

e cMmemieHne kKodhdunmenTa ycwieHus: A,, — yCTaHOBUBIIIEECS MO MPOIISCTBUU

BpPCMCHHU CTa6I/IJ'II/IBaI_II/II/I €ro OTKJIOHCHHUEC OT 3aJaHHOI'O 3HAYCHU .

PazBeTBuUTEH COG,Z[I/IHI/ITCJ'IB PazBeTBuUTEb
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Puc. 1.12 —CoBwmerieHHas ONTOAIEKTPOHHAs CTaOUIU3aAIUS

koa¢¢unuenta ycunenus EDFA

3(1)(1)CKTI/IBHOCTB CTa6I/IJ'II/IBaHI/II/I TEM BBIIIC, YCEM MCHBIIC YMCJICHHBIC 3HAYCHUA

BCCX INIPUBCJACHHBIX I1apaMCTPOB

CpaBHHTeABHBIﬁ AHAAH3 PA3AHYHBIX CXEM CTa6KAH3a1lKK

B Tabn. 1.4 npuBeneHs! pe3yabTaTbl YHCIEHHOTO MOEIMPOBAHUS MapaMeTpoB,

XapakTepu3yomux 3PQPEeKTUBHOCTh PabOThl BBIIICONUCAHHBIX CXEM CTaOWUIU3alIUU.

[TapameTpsl cTabumu3anuu Ui paCCMOTPEHHBIX METOJOB IpU KO3 uIMeHTe ycue-

Hust 18 nb, BxoaHOM MomHOCTH curHana Ha kaHan 10 gbM, 4To COOTBETCTBYET OTKIIIO-

yeHuro 15u3 16 kaHaoB.
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Tabmuma 1.4

[TapameTphl cxem cTabunm3anuu [45]

Merton ctabunn3anuu T, MKC | Amax OB A, b
OnTtuyeckas  oOpaTHast  CBsI3b
> 200 2,01 0,1
(MMHEHHBIN pe30HaTOop)
OnTtuyeckas  oOpaTHast  CBsI3b
> 200 1,72 0,1
(KOJIBIICBOM PE30HATOP)
CoBMeIieHHasT ONTOAJIEKTPOHHAS
> 200 1,53 0,1
cTabwm3anus
Koppekusi Hakauku C IETbIO
<100 0,82 0,02
0o0paTHOM CBSI3U
Ypexnaromas KOppeKIus
<5 0,11 0,11
HaKaYKu
KomOunarmms yIpexIaroIei
KOppeKIMed HaKauyku U KOPPEKIHH <35 0,4 0,02
HaKa4YKH C IIETbI0 0OpaTHOM CBSI3U

Js EDFA naunGonee mpoCThIMU U HAJICKHBIMH METOJaMH CTaOWIM3aIMKU KO3(]-
(GuIMeHTa YyCUIEHUS SBIIIOTCA AJIEKTPUYECKHE METOJIbl, YTO OOYCJIOBJIEHO OTHOCH-
TENbHO MEIJICHHBIM HM3MeHeHueM Kodduimenrta ycuinenus B EDFA 6e3 crabunusa-
IIUH, CBSI3aHHBIM C OOJIBLIIMM BPEMEHEM pellaKcallid WHBEPCHOM HaceneHHocTu T= 10
mc [13].

Hawnydmmmuy nmapameTpaMu Cpefy 3TUX METOI0B 001alaeT KOMOMHAIMS YIIpe-
KIAIOIIEH KOPPEKIMH HAKauYKH C KOPPEKIMeW HAaKauKh C HCIOJIb30BaHUEM OOpaTHOM
CBSI3M, TaK KaK OHU OTJINYHO JOMOJHSIOT APYT Jpyra: ynpexaaroumas Koppekuus ooa-
JaeT MaJIbIM BPEMEHEM CTaOWIM3alMM, a Lenb 0OpaTHON CBSI3U 0OECIIEUMBAET MaJIOE
3HaueHue cMemeHus: kodpdurmenta ycmienns. OmHako OBICTPOACHCTBUE dIICKTpHYC-

CKHX MCTOJOB CTa6I/IJII/IBaHI/II/I MOXKCT OKa3aTbCA HECAOCTATOYHBIM B ITOJYIIPOBOIHHKO-
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BBIX YCHUJIMTCIIAX, IJISI KOTOPBIX 0oJiee ONTHMAJILHBIM NpCACTABIIACTCA MCIIOJIB30BAHUC

ONTUYECKUX CXeM cTabum3aruu kodhduimenTa ycuieHus [45].

1.4. OnTHYeCKHE MYABTHIIAEKCOPEI

JIro60#t onTu4ecKuii MyJIbTUIUIEKCOP MOXKET OBITh KiIaccu(UIMPOBaH Kak Mo (u-
3UYECKOM  CTPYKType W TPUHLIMIY OpPraHU3ald  CIEKTPAIBHOTO  pasfelie-
Hust/o0beauHeHysI, Tak U 1o QyHkwn, BeimonHsemoir B BOCII ¢ CP (cm. puc. 1.1).

PaccmoTpum 311 Knaccuukauu noapoOHEH:

1.4.1. dyHKUHOHAABHbIE IPHHIHIBI IOCTPOECHHS

Onrtuueckuii mynbriviekcop/nemynbrumiekcop B8 BOCII ¢ CP MokeT BBIIOTHATH
byHKIUY:

* TEPMHUHAJIBHOIO MYJbTUILIEKCOPA,;

* MYJBTHUIUIEKCOpA BBOJA/BHIBO/IA,

¢ JBYXKAaHaJIbHOI'O HIMPOKOIIOJIOCHOI'O MYJIBTHUIIJIICKCOpPA.

PaccmoTpum niepBbie 1Be GyHKIMU OpOOHEE.

TepMHHaABHBIH MyAbTHIIAEKCODP (OTM)

TepMuHaIBHBIN MYJIBTUIUIEKCOP pacnoJiaracTcs Ha OKOHeYHoU ctanuuu. Ha nepe-
natomieit cropone OTM ocyriecTBisier nmpeoOpa3oBaHKe BCEX CUTHAJIOB, 3aT€M MYJIb-
TUTUJICKCUPYET X B OJUH CUTHAN JUISl JAIBHEUINEro yCuiieHus u nepenadn. Ha npunan-
matomed cropone OTM nemynsrumniekcupyer curiai WDM u oTnipaBisieT curHaibl K
COOTBETCTBYIOILIEMY 00OPYI0BaHUIO.

Paccmorpum st mpumepa OTM OptiX BWS 320G fuc. 1.13) [39].

O6opynoBaHKe BKJIIOYAET clienyroniue (yHKIHOHAIbHBIE OJ0KH: mpeobpa3zoBa-
HUS ONTUYECKOW JIMHBI BOJHBI;, ONTUYECKOTO MYJbTHIUICKCUPOBAHUS; ONTUYECKOTO
YCUJIEHUS; ONITUYECKOTO JAEMYJIbTUIIJIEKCUPOBAHUS, 00paOOTKA ONTUYECKOrO KaHaja

yIpaBJieHuUs, CBSI3U U yIpaBiIeHUs u 00paboTku 3aro-

JIOBKOB.
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Puc. 1.13 —Ctpykrypa OTM OptiX BWS 320G

MyabTHHIIAEKCOP BBOoAa/BbIBOZa (OADM)

MysbTUTUIEKCOp BBOJA/BBIBO/Ia YCTAHABIMBACTCS B TPAKTE MEPENAvd, U CITy>KUT

JJIs1 OTBETBJICHUA HIIN I[O6aBJ'ICHI/I}I OIITUYCCKHUX KaHaJOB. PaCCMOTpI/IM AJL IIpUMEpa

OADM OptiX BWS 320G(puc. 1.14).
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Puc. 1.14 —Crpykrypa OADM OptiX BWS 320G:
MR2 — 6510k MyJIbTHUIUIEKCHPOBAHKS BBO1a/BBIBOIA 2-X KAHAJIOB;
WPA — WDM — 6510k npeiBapUTEIHHOTO YCHIIUTES,
WBA — WDM — 6510k ycunutens-oycrepa;
TWC — STM-16 —nepenatomiuii 610k mpeoOdpa3oBaHus JJIUMHBI BOJI-
HBI,
RWC — STM-16 —npunumarommii 0J0k npeoOpa3zoBaHusl IJIHHbBI

BOJIHBI

On ycranasiuBaercs B y3ie OADM, ucnons3yeTcs A BBoja/BbIBOAa 10 8 KaHa-

JIOB, OCTaJbHbIC KaHAIBI (TPAH3UTHBIC) MIPOXOMIAT Yepe3 CTAaHIMIO Oe3 n3MeHeHHu!. BrI-

NOJHSET (PYHKIUU ONTHYSCKOTO YCWJICHUS W (DYHKIMH BBO/A/BBIBOJA, MOXET OCY-

MECTBJATh YPABHUBAHUC MOIIHOCTHU JIJI1 BHOBb I[O63BJICHHBIX KaHaJIOB 1 APYI'UX KaHa-

JOB B JIMHHH, C LECJIIBIO oOecrieueHus YpaBHUBAHWA MOIIHOCTHU PA3HBIX KAHAJIOB B OC-

HOBHOM 10TOKe. COCTOMT u3 CICAYIOIIUX (I)yHKHI/IOHaJILHLIX OJIOKOB. ONTHYECKOIO

YCUJICHMU, 06pa6OTKI/I OIITNUYCCKOI'O KaHaJIa YIPAaBJIICHHA, OIITHYCCKOTO MYJIbTUIIJICKCH-
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pOBaHUs BBOJA/BBIBOJA, MPEOOPA30BAHUS ONTUICCKOW JTMHBI BOJHBI (11 OTKPBITHIX

CHCTEM), CBSI3U M YIIPABJICHHSI, U 00OpaOOTKH 3ar0JIOBKOB.

1.4.2. Pu3HYeCKHE NPHHIHILI IOCTPOECHHS

Boeinensiror cnemyrornue tunsl WWDM-ycTpoiicTB, 00€CTIeunBarONIMX MYJIbTUILICK-

cupoBanue [1-7,24-28].

DEMUX Ha OCHOBEe 00'b€ MHBIX MHKPOOIITHYECKHX

yCTPOHCTB

HNutepdepeniimontbie GUIbTPHI.

* Ha ocHOBe pe3oHatopa ®adpu — Ilepo (FP);

* Ha MHOTOCJIOWHBIX JTUAJICKTPHUSCKUX TOHKUX ieHKax (DTF);

* Ha OTpaXkKaTeJbHBIX ONTOBOJIOKOHHBIX pemerkax bparra (FBG);

SIBreHME yrioBOW IUCTIEPCUM:

* B TPEXTPaHHON MpU3ME,

* Ha qudpPaKIMOHHON pelleTKe.

Pezonamop @aopu — Ilepo pabotaer cienyrommm obpazom. OH, Kak U 1000
UHTEPPEPECHIIMOHHBIA (UIBTP, HACTPAUBACTCS HA (MIBTPAIIMIO OJTHOM JJTMHBI BOJIHBI.
OH pa3zessieT MOTOK A..A, Ha aBa (A M A,..A,), BBIACSAS HECYIIYIO \; U3 MHOT'OBOJIHO-
BOI'0 MOTOKA. J{J1s1 1eMynbTUINIEKCUPOBAHUSL N HECYIIMX HEOOXOAMMO YCTaHOBUTH Kac-
KaJHO N QuiIbTpoB. AHAIOTUYHO pe3oHaTopy FPpaboTaer n ¢punbTp Ha MHOTOCIIONHBIX
TURJIEKTPUYECKUX mMOHKUX nienkax. VI B 3TOM citydae ajisi AeMyJIbTUIUIEKCUPOBAHUS N
HECYIUX HEOOXOAMMO YCTaHOBUTH KackagHO N ¢unbTpoB. HyXHO y4uTHIBaTH, 4TO 3a-
TyXaHHE€ TakKuxX (QUIBTPOB HA LEHTPAIBHON YaCTOTE IMOJIOCHI MPOIMYCKAHUS JOCTATOYHO
BEJIMKO, YTO JIeJIaeT Iierecoo0pa3HbiM ux ucroiab3oBanue B WDM ¢ 8—16 kananamu.
Hpyroi HNPUHLIUIT
UCIO0JIb30BaH B (GUIBTpax C LUPKYISATOPOM U oTpaxkarenbHbiMu OB-pemerkamu bparra

(puc. 1.15).
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31ech OTpaKeHUE BOJIHBI OMPEACIICHHON JTMHBI MPOUCXOAUT OT AU(PPAKITMOHHON
pemretkn bparra cooTBercTBYyIOIIErO MIeproaa, chopMupoBaHHON B ogHOMO0BOM OB.
OTtpaxxeHHas BOJIHA TPAHCIUPYETCS HUPKYISATOPOM. Tak KaK
pemretka bparra paccuntana Ha (GUKCHPOBAHHYIO JUIMHY BOJHBI, TO ISl IEMYJIHTHII-
JIEKCUPOBaHUS N HECYIIUX HEOOXOoAUMO c(HOpPMHUpPOBATH KacKaa M3 N OTpakaTeIbHBIX

PEUICTOK Bp:—)rra, HAaCTPOCHHBIX HA COOTBETCTBYIOIINEC AJIWHEI BOJIH.

L[HpKym[Top 7» l3 Ao s ]_[I/IpKyJ'lﬂTop
RN MEENN il
)\,3 7»4 As FTTTTI [1]

FBG FBG

7

Puc. 1.15 —Cxewma nemynbsrumiekcopa WDM Ha ocHoBe pe-

meTku bparra

TexHoJIornss MyJbTUIIEKCUPOBAHUS HA OCHOBE SIBJICHUS Y271060U OUCHEPCUU VC-
IOJIb3YET COBEPIIEHHO JApyrue (PU3MYECKue MPUHLUIBL. 37€Ch BXOAHON KOJUIMMHUPO-
BaHHBIM ITy4OK NaJAeT Ha JUCHEPTUPYIOIINN 3JIEMEHT U IPOCTPAHCTBEHHO Pa3eisaeTCs
UM Ha HECKOJIBKO IyYKOB B 3aBHCHMOCTHU OT JJIMHBI BOJHBI HECYILIEW. DTU MYYKH, pac-
XOASIIMECS IO/ Pa3IMYHBIMU YIJIaMH, (OKYCUPYIOTCS U COOMPAOTCS OTJEIbHBIMU MPU-
eMHBIMH ONTUYECKHMU dyieMeHTaMu. Ha Bbixone (B ()OKaTbHOM IUIOCKOCTH) ITHX dJie-
MEHTOB (POPMUPYIOTCSI U300paKEHHSI BXOTHOTO MyYKa, pa3Mepbl KOTOPBIX (C MOMOIIBIO
MHKPOJIMH30BBIX CHCTEM) IOCTHPYIOTCS TaK, YTOObI OHU COOTBETCTBOBAIM JAUAMETPY

cepneBUHBI ipueMHoro (Beixoanoro) OB (puc. 1.16).
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/l'lpmma

k— OTtpaxarouias
MTOBEPXHOCTh

Bxon:1 4, ]
a
Bonokna Hudp. pewerka
M e
Bxon: A,y ——» GRIN-nuH3a
A B —
o

Puc. 1.16.Cxema nemynsruruiekcopa WDM:

a — Ha OTpakaTeJIbHOM IpHu3Me; 6 — Ha OTpaKaTeJIbHOU MIJIOCKOM pelieTke

DEMUX Ha OCHOBE NMAQHAPHBIX HHTErPAaABHBIX YCTPOHCTB

Tunet DEMUX Ha ocHOBE I1aHapHBIX HHTETPAIbHBIX YCTPOMCTB!

- OINTOBOJIOKOHHBIE HampasiieHHbIe pa3BerBuTenn (OBHP);

- uHteppepomerpsl Maxa — Lennepa (MZI);

- nuQpakIMOHHAs penieTka Ha MaccuBe BoHOBOIOB (AWG).

HecmoTpst Ha 3HaUNUTENbHBIE JOCTUKEHHS B 00IACTU TEXHOJOTHUH MYJIbTUILIEKCH-
pPOBaHUS Ha OCHOBE OOBEMHBIX MUKPOONTHUECKUX YCTPOMCTB, OOIIas TEHICHLHUS pa3-
BUTHSI BOJIOKOHHO-ONTHYECKHX CHCTEM II€peadyd W OTIENBHBIX €€ YyCTpOHCTB (B
HIEPBYIO OUYepe/ib MYJIbTUILIEKCOPOB TUIOTHBIX U BbicoKoIutoTHRIX WDM) cocrouT B co-
BEPILICHCTBOBAHUN IUIAHAPHBIX TEXHOJOTHUH, KOTOpPbIE OPraHUYHO COYETATUCH OBbI C

TCXHOJIOTUSAMH, HCIHOJIB3YCMbIMU IIPpU CO3JJdHHU OINTHYCCKUX HWHTCIPAJIbHBIX CXCM

(OUIC).
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HawnGosee mpocThIM U JIETKO peasin3yeMbIM B 00JIACTH TJIAHAPHBIX TEXHOJIOTUN Ba-
puantoM MynbTHIUIEKCOpa WDM  sBisieTcs MyJbTUILUIEKCOP HA ONTOBOJIOKOHHBIX
HanpaByieHHbIX pa3BeTBuTesx (OBHP). Takas cxema mocTpoeHa MmyTeM KacKaJHOTO
COCITMHCHHUS  OJHOTHIHBIX  sUeeK  pa3BeTBuUTeNied Tmma 2:1  (OBa  BXO-
Jla — OJIH BBIXO/T), JAOIIETO B UTOTe MYJIbTUILIEKCOp N:1.

Takol MeTOoJl MOCTPOEHUSI CXEMbl MUMEET OYEBHIHBIM HENOCTATOK — BBICOKUU
ypOBEHb BHOCHMBIX TOTeph (Teoperndecku 3 nab/kackan). PasBurreM 3Toro pemieHus
SIBIIICTCS MCIIOJIb30BaHKe uHTephepomeTpoB Maxa — Ilennepa (MZI) nns nemynbru-
IIJIEKCOPOB BMECTO PA3BETBUTENEH.

PaccmoTpuMm  onTuYeckMe — MYJBTUILUIEKCOPBl € HMCIOJIb30BAaHHMEM  IUjla-
HapHBIX BOJHOBOJOB. CyIIECTBYIOT pa3linyHble KOH(UTYpallMU YCTPOWCTB HA OCHOBE
MaccHBa IUIAaHAPHBIX BOJIHOBOJIOB, HAITPUMEP, TAKUX KaK:

— MHOTOIIOPTOBBIE PA3BETBUTEIM TUIIA «3BE3a»;

— CXE€MBbI IUIAHAPHBIX UHTErPATIbHO-ONTUYECKUX BOJHOBOJAHBIX CTPYKTYP HAa OCHO-
BE TPU3MBI, TU(PPAKITMOHHON PENIETKH MPOBOJSIIETO THIA, OTPAXKATEIbHON nudpak-
IMOHHOM PEILIETKH, dIeT0Ha MalKenbCOHa;

— Pa3BETBUTENM C IJIOCKUM OTPAKAIOIINM 3€PKAJIOM;

— Arrayed Waveguide Grating (AWG).

B pannux paborax no paspabotke ycrpoiicts8 WDM wuc-
BonHoBoAabl
nmm ”””H NOJIb30BAJINCh MHTETPAJIbHbIE CXEMBbI Ha cTekie. KaHalbHbIe
BOJTHOBO/IbI ONTHUYECKUX o0be-
Moanoxka  AMHUTENEH W pasienureneii B Takux cxemax  (op-

mmw U“w MUpPYIOTCSL MyTeM HOHOOOMeHa 3a cueT Auddy3uu

JICTUPYIOIICTO Marcpuaia ¢ NOBECPXHOCTH B IIOAIIOBCPXHOCT-

Puc. 1.17 —

MEHOTOIOpTOBKIH HBIA CJIOM cTekia. B kadecTBe JETUPYIOIIHUX IIPpUCAAO0K OJIA
pa3BETBUTEIND .

THIIA <3BE31a» HaTPUHU-KAJIbIUCBLIX CTCKOJI MCIIOJb30BAJIM MOHBLI KaJIWuA, CC-

pebpa, CBUHIIA ¥ TUTaHA. TakuM IyTeM TOJTy4Yald MHOTOIOP-
TOBBIE Pa3BETBUTE/M THIIA «3Be3aa» (puc. 1.17).
B pa3paboTkax C U3ITy4YeHUEM Ha JUTHHAX BOJTH

B oOnactu 0,85 MKM IS CIIEKTPAJILHOTO pasnerne-
+2



HUS KaHaJIOB WCIOJIb30BATUCH pa3aenuTenn KaHaJIOB,
aHAJIOTUYHBIC MYJIbTUILIEKCOpaM/IeMyJIbTUIUIEKCOpaM, Ha BBIXOJE KOTOPHIX (HOPMHUPO-
BaJIMCh Y3KOIOJIOCHBIE MHTEp(EepeHIMOHHBIE (PHIBTPHI, 00ECIICUNBAIONIUE CEICKIIUIO
curHasia TpeOyemol JIMHBI BOJHBI. HemocTaTkoM TakoWl CXeMbI SIBISUIOCH CHIIBHOE
ocnabiieHne MHTCHCUBHOCTHA CHUTHAJIOB Ha BBIXOJE BCJICACTBHE JECICHUS KAXKIOTO W3
CUTHAJIOB Ha N KaHAJIOB.

Jlnst ycTpaHeHHsT 3TOrO0 HEIOCTaTKa HEeoOXOAMMO OBUTO pa3paldoTaTh MIIAHAPHOE
YCTPOMCTBO Pa3/IeICHHs CIIEKTPAIbHBIX COCTABIISIONMINX MaruCTpaabHOTO CBETOBOIA IO
oTnenbHBIM KaHamaM. C 3TOH 1ebI0 OBLIIO MPEJIOKEHO UCIIOIH30BaTh B MHTETPATIHHBIX
NEMYJIbTUTIIICKCOPAX TUTAHAPHBIE KOJUIMMHUPYIONINE JTUH3bI U PA3IUIHBIC TUCIIEPTUPY-
ro1Iue deMenTsl (puc. 1.18).

Oxa3anoch, YTO TaKMe yCTPOMCTBA UMEIOT OOJNbIINE MOTEPH, CIaboe JAeTeHHe Ka-
HAJIOB W OOJBIINE MEPEKPECTHBIE MOMEXH, OOYCIOBJICHHBIC B3aWMOJCHUCTBUEM CIICK-
TPaJbHBIX COCTABISIIOMIMX. [IpeaensHOe YHCIIO pasfenseMbIX KaHalloB B TOJOOHBIX
ycTpoiicTBax He npeBbimraio 10 [4].

bosee mmomoTBOPHON OKa3ayiach WSl pa3esieH!s] KaHAJIOB ¢ TIOMOIIBIO CUCTEMBI
(da3upoBaHHBIX KAHAJIBHBIX BOJHOBOJOB, (opMHUpYIOMUX 3MIeJOH MaiikeabcoHa
(puc. 1.19),koTOpas B 3apyOexHON JIMTepaType Ha3bIBACTCS YHOPSJIOUYCHHON BOJIHO-

BoaHo# pemrerkoit (AWG — Arrayed Waiveguide Grating).
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Puc. 1.18 —Cxembl II1aHAPHBIX HHTETPATBHO-ONTHYECKUX BOJHOBOAHBIX
CTPYKTYp
Ha OCHOBE: @ — IPU3MBI; 6 — OTpa)kaTelbHON ATU(PPAKLIMOHHON PELIETKY,;

6 — Mu(PaKIUOHHON PEIIETKU MPOITYCKAIOMIEro THUIIA; 2 — dleoHa MalKeb-

COHa

BoanoBox

/

Bxon
A, Ao, Ag Ay A

Brixoanoit
Be31000pa3HBIH 3Be371000pa3HbIH
pa3BeTBHUTENb IydKa  Pa3BETBHTEID ITydKa

M

Puc. 1.19 —Crpykrypa AWG-nemynbTuriexcopa

YcTpoiicTBO criekTpanbHOro pasaenenus Ha ocHoBe AWG cocTouT U3 Clieayromux
COCTaBHBIX AJIEMEHTOB. BXOJIHOT'O MAaruCTpPaJbHOTO CBETOBOJA; BXOJIHOW (hoKycHupyro-
el cucreMbl (0OBeIMHUTEINS KaHAIOB); (a3supoBaHHOW (YHOPSIOYCHHOI) BOJHOBO/I-
HOU PEIeTKH; BRIXOTHON (POKycHpYIOIIel cucTeMbl (IPOCTPAHCTBEHHOTO JCIHUTENS Ka-
HAaJIOB); OTBOJSIINX BOJHOBOJOB CIIEKTPAIBHO Pa3JIeNICHHBIX KaHAJIOB; BBIXOIHBIX BOJI-
HOBOJOB. Bce yCTpONCTBO BBINIOJIHEHO MO IUIAHAPHOW MHTErPAIIbHO-ONTUYECKON TEXHO-
JIOTMM Ha KPEMHHEBOM MOJJIOKKE M CHA0KEHO YCTPOMCTBOM CTBIKOBKHM C OTBOSILNMU
BOJIOKOHHBIMHM CBETOBOJAMHU WJIM JIMHEHKON (oTOnpreMHUKOB. OCOOEHHOCTBIO TAaKOT'O
YCTPONCTBA CIIEKTPAILHOTO PA3yIUIOTHEHHUSI KAHAJIOB SIBJISIETCS €ro paboTa B 0JTHOMOJIO-
BOM pexume, TO €CTh BCE KaHAJIb-
HbIE BOJIHOBOJBI JIOJDKHBI IOJJEPKUBATH TOJBKO OJHY IIPOJOJBHYK) ONTHYECKYIO

MO#y.
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1.4.3. TexuuuyeckHe H GyHKIIHOHAABHbIE IIapaMeTPhbI
PYHKIHOHAABHBIE ITapaMeTpbl KOMIOHEeHTOB BOAC

Onruuyecknit mopr. [lopTom sIBIsIeTCS BXOJ ONTHUYECKOTO BOJIOKHA WJIM ONTHYE-
CKOI'0 pa3zbema, MPUCOECANHEHHOTO K ONTHYECKOMY 3JIEMEHTY, UCIOJIb3YEMBIN ISl BBO-
J1a ONTHYECKON MOIITHOCTH.

Koy dpunuent nepenauyu. Kosrdduimenrom nepenaun Mexay ABYMS MOPTaMU
SIBJISIETCS 4aCTh MEPETAHHON MEXY 3TUMHU IMOPTAMU MOITHOCTH.

Marpuua nepegaur. ONTUYECKHE CBOMCTBA BOJIOKOHHO-ONTHYECKUX YCTPONCTB
BETBJICHUSI MOTYT OBITh OIPEACIICHbI B TEPMUHAX MATPHUIII KOADPHUIHEHTOB N X N, T1Ie
N — YUCJI0 MOPTOB, a KOADPHUIMEHTHI MPEACTABISIIOT YaCTh MOITHOCTH, IepeaaBaeMOM
MEXy Ha3HauYe€HHbIMU MTopTamMu. B ob1iem ciydae maTtpuiia nepenayu T uMmeeT BUL

Ty T - Ty Ty
TZ\I

L7 I T ¥

[ Tne Thz - Ty - T

B cnyuae omnrmueckoro ycunmrenas (mpumep EDFA) wmatpuna mnepemaun
BBIPOXKIAETCS B OIMH KO HUIMEHT nepeaun T =[T,,] .

Pabory wmuoromoproBoro N X N pacnpenenurtens MOXHO NPEICTaBUTD,
UCIOJIb3Ys MaTpUILy KO((PUIIMEHTOB Nepeiayu.

CrpyktypHas cxema mHoronoptoBoro N X N pacnpenenurens u3o0paxeHa Ha puc.
1.20,rne i =1,.,.N u j =1,.,N — HOMEpa COOTBETCTBYIOLIUX BXOAHBIX M BBIXOIHBIX

noptoB; [T;] — maTtpuna nepenauu.
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Puc. 1.20 —Ctpykrypnas cxema AWG

TexHHYECKHE IapaMeTphbI!

Huxe npuBenens! crienuuKanuy mapaMeTpoB, KOTOPbIE B HACTOSIIEE BPEMS HC-
NOJIB3YIOTCS JUIsl OMMCaHUs MyJbTHILIEKcopa B ceTsx ymioTHernuss WDM. Omnpenene-
HUSI HEKOTOPBIX U3 3TUX MMapaMeTpoB Takxke Aatorcs MccienoBarenbckoil labopaTopuei
Bell Communication GR-2883-CORHysxkT 1 [1-11].

1. ITonoca nponyckanus kanana (BW) — uHTEpBai 4acToT, B KOTOPOM 3HAYCHHUE
aMIUIUTYTHO-4YaCTOTHOM XapaKTEPUCTUKHU AaHAJOTOBOTO MEPENAIOUIero OMTOXIEKTPOH-
HOTO MOJIyJIsi OOJIBIIIE MM PABHO MOJIOBHHE €r0 MaKCUMallbHOTO 3Ha4YeHus (puc. 1.21).
Tunobie MOJIOCHI MPOIMYCKAHUS B TEKYIIUX cucTemax yrioTHeHus:s WDM Bapbupyrotcs
or 1,010 8,08M.

2. 0,5 ob nonoca wacmom (BWps) — 3TO mupuHa CHEKTpa, B Mpeieiax
KOTOpO# pa3HHIla MEXIY MUKOBOW MepeJaHHOW MOIIHOCTHIO U MEpPEAaHHOW MOIIHO-
CTBIO B JTF000H Touke cocraBisier meHee 0,516 (cm. puc. 1.21).ITo cornamenuto 0,5 nb
110JI0Ca YaCTOT OOBIYHO paBHA Pa3HOCTU MAKCUMAJIbHOM M MUHUMAJILHOM JIJTMH BOJIH B

ITOJIOCC ITPOITYCKAHUA KAKI0I'0 KaHaJla.

134 ocHOBY B3sT cranmapt ITU-T G.671,m. 3.2.
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CrekTpanbpHas 4
MOIIHOCTH, P

Py

 fo S YacTorTa, [

Puc. 1.21 —YacrtoTHas 3aBUCHMOCTb CIIEKTPATILHON MOIIHOCTH

3. Buocumote nomepu (IL) — yMeHbIIICHHE ONTUYECKON MOIIHOCTH MEXKIY BXOJI-

HBIM M BbBIXOJHBIM ITOPTAMH IIACCUBHOT'O 2JICMCHTA B I[CI_II/I6CJ13X, OIIPCACIILICMOC KaK

IL =-10Ig(P, /P,)

rae Py — onruyeckass MOIIHOCTh, BBOJMMAsi BO BXOAHOM mopT; P; — onTryeckas
MOIITHOCTb, MOTYYCHHAsI U3 BBIXOIHOTO MOPTA.

MaxkcuManbHbIE 1 MUHHMAJbHBIE BHOCHMBIEC TIOTEPH SIBISFOTCS COOTBETCTBEHHO
BEPXHHM W HIDKHUM TIpPEJETaMH BHOCHUMBIX MOTEPHh PAcCMATPUBAEMOTO YCTPOWCTBA U
NPUMEHSIOTCS  BO  BCEM  JHWana3oHe JUIMH  BOJIH,  OINPENCJICHHOM IS
nanHoro Quuetpa wi WDM MUX. Tlog TUnNMYHBIMH BHOCHMBIMH MOTEPSMHU
MOHUMAETCS 0’KHUJIaeMOE 3HAYCHNE BHOCHMBIX MOTEPh, U3MEPEHHOE JJISI ONPEACIICHHOMN
HEHTPAITBHON NITMHBI BOJHBI. OOBIYHO MaKCUMaJIbHBIE BHOCUMBIEC MMOTEPU U3MEPSIFOTCS
JUTSI BCEX JIJTMH BOJIH B 00J1aCTH MOIOCKH pornyckanus kanana B 0,5 n1b monoce wactor u
B IIOJIHOM JHamna3zoHe padouux temmeparyp. OOBIYHO 3TO 3HAYCHHE PAaBHO BHOCHMBIM
NOTEPsIM B TOUKE MUKOBOM MotmHoCcTH Tutroc 0,5 1b.

4. Ilepexoonvie nomexu (IIII) (P, ) — mokasbiBaoT BIMSHHME HA |-iI KaHan
octaibHbIX KaHATOB (I =1,..., N, ] #Z ) ¥ YHCICHHO PaBHBI OTHOIIICHUIO CYMMBbI MOIITHO-

CTei Bcex KaHasloB (KpOMeE j-T0) K MOIIIHOCTH -TO KaHalia
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N 2
> T
P = i=1j#j
J

rae T, — HOPMUPOBAHHBIA KOO(P(ULMEHT IIEpPEIauu IOpTa.

5. M3onayusa coceonezo Kamana OIpEAENse€T CTENEHb, JI0 KOTOPOH
He)KeNaTelIbHbIe  KaHajdbl  OCIIAOJIAIOTCS HAa  KaXJAOM  KaHaje  JoOaBieHws/
YCTPaHEHWs, M HANpsMYK CBsi3aHa C YXYIIICHUEM OTHOIICHHUS CHTHAJ/IIyM
1 OUTOBON CKOPOCTH, OOYCJIOBIICHHBIM MPUCYTCTBHEM MHOTOUYHCICHHBIX ONTHYECKUX
Hecymux. BeneacTBue Toro, 4Tto uaeaibHas (opMa CIEKTpa CXOJHA C TayCCOBCKOM
KpUBOM, KaHaJlbl WM KaHall, pacIoJIOKEHHbIM OJMKe BCEro K KaHally go0aBiie-
HUA/yCTpaHEeHUsS, UMEIOT CaMYIO IUIOXYIO H30JIAIHI0. [103TOMY HW30MISIHS COCEIHETO
KaHajla MPEeJCTaBIIseT HAUXYAIIUN Cllydall U M3MepseTcs B Mpelesiax BCeX COCEIHUX
M0JIOC MPOMYCKaHUs KaHAJIOB.

6. Kananonotit unmepean (Af,) mpencrasisier coOoOW paccrosiHue (MHTEpBa)

MEXIy IEHTPATBHBIMU JJIMHAMU BOJH COCETHUX KAHAJIOB M SIBJISIETCS] CHCTEMHBIM T1a-
paMeTpoM, OTIPEACIISIONINM ITapaMeTPbl KOMIIOHEHTA.

[TomuMoO yKa3aHHBIX TTAPAMETPOB CIEAYET TAKXKE YUUTHIBATH MapaMeTphbl, Xapak-
TEPU3YIOININE CTAOMIBHOCTh KaXKIOTO MYJBTHIUIEKCOpPA TPH BO3ICHCTBUM BHEITHHX
(hakToOpoOB, TAaKKX, KaK TEMIIEpaTypa U COCTOSHUE TOJIIPU3ALUA. DTO CBA3AHO C TEM, UTO
IIPU JOCTaTOYHO OOJIBIIIOM BIIMSIHUU JAaHHBIX (DaKTOPOB IMOJIOCY MPOITYCKAaHWs KaHaja
MYJIBTHIIIEKCOPAa HEOOXOIUMO BBEIOMPATH IMIUPE IO CPABHEHUIO C BapHAIMEH IIEHTPAJIb-
HOW JIJTMHBI BOJIHBI Jla3epa, 4To, B CBOIO OYEpe/ib, MIPUBEACT K HEOOXOIUMOCTH YBEIIH-
YEHUSI KaHAIBHBIX WHTEPBAIOB. B CBSI3M C ATHM YYHMTHIBAIOTCS CIEIYIONTUE TPH THUIIA
apaMeTpoB.

7. Honapusayuonno-3asucumovte nomepu (PDL) — morepu, COOTBETCTBYIONINE
MaKCUMaJIbHOW Bapuallid BHOCUMBIX TIOTE€Pb, BEI3BAHHOW BapHaIluell COCTOSHUS TOJIS-
pHU3aluu, pacCMaTPUBAEMOM HA MHOYKECTBE BCEX BO3MOXKHBIX COCTOSITHUI TOJISIPU3AIIAH.

Tt MUX/DEMUX oM npecTaBiIsioT cOO0H MOTEPH, BO3ZHUKAIOIIUE BCIICACTBHE

TOr'0, YTO CIICKTPAJIbHOC (I)YHKI_II/IOHI/IPOBaHI/IG KaXXJ0ro 1nopra MyJbTHUIIJIICKCOpPA 3aBUCHUT
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OT BXOJIHOTO COCTOSIHUS MOJISIPU3AIIMU, KOTOPOE HEOMPEACIUMO B JIa3€PHBIX CHUCTEMaxX
nepenadr. JTo 3HAYEHHE MOTEPh UMEET CaMylo OOJIBIIYIO BapUaIMIO B Mpeaeax moJo-
ChI MPOITYCKAHMSI KAKI0I0 TOPTa MYJIbTUILIEKCOPA.

8. Temnepamypunasa cmabunbhocms Onunvl 601Hbl. CTAOUIHHOCTD IEHTPATILHOMN
JUTMHBI BOJIHBI OIpPENENsieT €€ MaKCUMaIbHOE U3MEHEHUE MPUMEHUTENIHO K KaXIOMY
opTy B npeenax IpernoIaraeéMoro Juana3zoHa pabounx TEM-
nepartyp.

9. Tennoean cmabunvnocms — HTO NApaMeTp, KOTOPHIA MPEACTaBIsIET COOOM
MaKCHUMAaJIbHYIO BapHAIMIO MMOTEPh BCTABKU MPHU M3MEHEHUH pabodeil TemrepaTypsl B
npeJeIax MmoJIoCkl MPOIYCKaHUs KaXIoro nopta [8].

PaCCMOTpI/IM AJI1 IIpUMEpPAa THUITIOBBIC ITOKA3ATCIIM IMPUBCACHHBIX IMApaMCTPOB AJIA

pa3IMYHBIX BUJIOB TE€PMUHATbHBIX MYJIBTIIEKCOPOB/ IEMY T THILIIECOPOB
(tabm. 1.5).
Tabmuma 1.5
Cpasuenue texHosiornii WDM-MynbTHIIIEKCUPOBAHMS
Hudpax
dpak-
HnuTtepdepen-
LIUOH-
[Tapametp LIMOHHBIN BG ¢punstp | AWG
Hast
bunbTp
perier-
Ka
KananbHub1i
> 100 > 100 > 25 >10
uHTepBai, [ T
TeMIe- | TeMIie-
Hedopma-
H3menenue A yriaoBas patyp- | pa-
[[UOHHAas
Hast TypHas
HU3KHE,
HEOJIHO- OUYEHb OUYEHb
ITorepn HEOJIHO-
pOJIIHBIE HU3KHE | HU3KHUE
pOJHBIE
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[Tepexonnas rmomMexa
25+ — |25+ —
oT cocequero |—25+-35 -30+-35
35 35
KaHana, n1b
Ilepexonnass momexa OT
O4YEHD O4YEHD -25 + —
BCEX a<-32
HU3Kas HU3Kas 35
KaHajoB, 1b
peBocC-
PDL, nb 0,25 0,5 0,5
XOJIHBIE
UHTE- WHTE-
Konctpyk-Topckoe JTMCKpEeTHAas JUCKPETHAs | rpajib- rpaib-
oopmieHuE CTPYKTypa CTPYKTypa | Has Has
cxeMma cxeMma
MaJIeHb- | MaJI€Hb-
Paszmep OOTBITION OOJTBITION JICHB- JICHB-
KUU KUU
OYEHb
X0po-
Hanexuocts Xopormast [UI0Xast X0po-
mras
mas
Ilena 3a xanan, $ 500 3000 50 30
1A MaJIoro | ajsi MaJioro U1 =
i =16
[Tpumeuanue KOJINYECTBA KOJINYECTBA 16
KaHaJIOB
KaHaJIOB KaHaJIOB KaHaJI0B

TpeOGoBaHusi K mapaMeTpaM ONTUYECKUX MYJIbTHUILUIEKCOPOB MPEICTABICHBI B TIPU-

JIOKCHHH.
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1.5. XapaKTepHCTHKH MYAbTHIIAEKCOPHOI'O
H YCHAHTEABHOIO O0OpyAOBaHHA

OCHOBHBIX npousBoautTesed WDM BOCII

Haunbonee mmpoko Ha pOCCUMCKOM pBIHKE MpejacTaBiieHo obopymoBanue WDM
cienyronmx kommanuii: Alcatel, Lucent Technologies, Nortel Networkser@ens,
Huawei Technologies, NEC, ECI Telecom [36-42].

Komnanus Alcatel npeacrasnser Ha peiike cemeirictBo npoaykroB OPTINEX ms
oneparopoB cBsizu. Pan npoaykroB DWDM ontumu3zupoBaH Jjisi CET€l TOPOACKOIO
macmtaba. B cemeiicteo OPTINEX Bxomar tpu moaenmu obGopyaoBanus DWDM.
Alcatel 1686 WMencrema ¢ momuepxkoi 16 wm 32 ontudecknx KaHainoB. Kaxprid u3
HHUX crocoOeH paboTark Ha ckopoctsix oT 100 Mout/c mo 10 I'6ut/c. PazHOBHAHOCTH
JTaHHON Mojenu kareropun metro — Alcatel 1686 WM Metrax Alcatel 1696 Metro
Span —onTtuMu3npoBaHa ISl TOPOJACKUX ceTeil. [ BRICOKOTPOU3BOIUTEIHHBIX Ma-
THCTpalIbHBIX ceTelt momoiaeT monaeiabr Alcatel 1640 WM, obecnieunBaromas MyJIbTH-
riekcupoBanue 10 80 ONTHYECKUX KaHAJIOB.

Kommanus Lucent TechnologiesBeimyckaeT nemnyro ramMmmy OOOpYAOBaHHS CHH-
XpOHHOHM Tiepeaud U ONTHYECKOTO YIUIOTHEHUS, O0BEIWHEHHBIX OOIIMM Ha3BaHUEM
WaveStar.O6opynosanue DWDM kommannu Lucent Technologieskiouaer B ce0s
cemericteo WaveStar OLS1 mynbsTrCepBHCHYIO Tu1atdhopmy Metropolis MSX.Hau6o-
aee npocTtas cucreMa DWDM — WaveStar OLS 80G
¢ moamepkkoi 10 16 onTudeckux kaHanoB B auama3one 1550um. JlanHas cuctema B
moaudukamun WaveStar OLS 400Gpacmupsiercs 10 80 onTuyecKux KaHAJIOB,
a B mogudukanuu WaveStar OLS 1.6 T —ro 160xkananoB. Kaxnapiit u3 popMupyembix
KaHAJIOB MOXET IepeaaBath nHpopmanuio co ckopocteio 10 '6ut/c (STM-64),uto co-
OTBETCTBYET MPOIMYCKHOW CIIOCOOHOCTH IO OJTHOMY ONTHYECKOMY BoJiokHY 1,6 Tout/c.

Kommanus Nortel Networks Beimmyckaer obopynoanuss DWDM cepun OPTera
Long Haul 1600,00ecneunBaroiee BbICOKYIO MPOMYCKHYIO crocooHocth, 1 OPTera

Metro 5000 1mpenna3sHaueHHOE JIJIsl CO3/IaHUSI CKOPOCTHBIX ceTel maciiTadba ropoja.
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Komnanust SiemMeENSBhITycKaeT IesIoe CeMEHCTBO MYJIBTUIUIEKCOPOB IO/ Ha3Ba-
auem TransXpressB o6nactu DWDM mnpennaraercst upokuii BBIOOP 000py10BaHUS
JUISL  MarucTpasibHbIX,  PErHoOHaJbHBIX W TOpoJckux  cered.  Hampu-
Mmep, momenb MTS2, coszmanHass s MaruCTPaJbHBIX CETEH OOJBIION EMKOCTH
U OOJBIIOM TPOIMYCKHOM CIIOCOOHOCTH, crocoOHa mepenarb g0 640 kaHaloB Mo
2,5T'0ut/c Ha paccrosiaue cBbiire 1000km.

Kommanus Huawei Technologies mis mnpuMmeHeHHss Ha MarucTpaibHBIX
ceTsx paspabotano cemeiictBo OptiX, kyna Bxoaut obopynosanne DWDM na 16/32
KaHama.

Kommnanus NEC coBMeCTHO C MOJAMOCKOBHBIM 3aBOJIOM HAYYHOTO MPUOOPOCTPOE-
uusi PAH paspaborano cucremy SpectralWave 40/80@penHa3zHadeHnyro sl peain3a-
1M MarvucTPajgbHOTO Y3Jia, CIOCOOHOTO 00ECIeYnTh THOKYIO M MOSTAITHYI0 OpraHu3a-
uio cuctembl DWDM. Cucrema SpectralWave 40/806magaeT npomycKHOM Criocoo-
HocThiO 110 400T"6uT/c.

Kommanus ECI Telecom BeimycTiiia cepuro yHUBEPCAIbHBIX MYJIBTHUILIEKCOPOB
XDM, B KOTOpOM Ha OJHOM TUIATPOPME MHTETPUPOBAHBI PYHKIHUH MYJIbTHILIIEKCUPO-
Banuss DWDM, kpocc-kommyTanuu, Mapuipytuzatopa |P, kommyraropa ATM u myiib-

TUriekcopoB SDH.

1.5.1. O6opyaoBanue «Ilyck»

O6opynoBanne DWDM «Ilyck» npeaHazHa4eHo JjIsl OPraHU3aIuu B OJHOM OIITH-
yeckoM BosiokHe THna G.652, G.654u G.655 no 160 onruyeckux KaHAJIOB
B nuanazone aauH BOMH 1530—-1605HM ¢ BO3MOXXHOCTBIO Mepefayd B KaKIOM
ONTUYECKOM KaHayle IHM(PPOBBIX CHUTHAIOB €O ckopocthio ot 0,1 mo 2,5 I'but/c
(10 I'dut/c), nponyckuas crmocooHocts — 10 400 I'6uT/Cc B OMHOM ONTHYECKOM BO-
JokHe. B o0opynoBanuu mpemycMOTpeHa BO3MOKHOCTh aBTOMAaTHYECKOTO TECTUPOBA-
HUS OTICIBHBIX JJIEMEHTOB U Y3JIOB JJIs OmpeaeieHus] (yHKIIMOHUPOBAHMSI arapary-
pb1 Oe3 mepepbiBa cBs3u. OOOpyI0BaHUE KOHTPOIHMPYETCS M YIPABISIETCS C MOMOIIBIO

BCTPOEHHBIX MHKPOKOHTPOJUIEPOB M CIEHUATM3UPOBAHHOIO MPOrPaMMHOr0 obecreye-
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aus Bepcun UII-1.5. AnmapaTHO-pOrpaMMHBIM KOMIUIEKC MMEET CTHIKM ¢ pabodeit
CTaHITMEH U MECTHBIM TEPMHHAJIOM CUCTEMBI TEXHUYECKOTO 00CTyKuBaHus. Bo3MoxHa
peanu3anus ydacTkoB Ooubiioi npotsbkeHHoctd (1o 1500km) 6e3 pereneparyu mudg-
poBbix curHanoB. O6opynoBanue «Ilyck» mo3BOJIIET OCYIIECTBISITh THOKOE KOH(UTY-
pUpOBaHHE ONTHYCCKUX ceTel, Bkatouas cetu Ethernet, IP, ATMgkabensHOro TeneBu-
neHust. s KOHTpOoJIst M yIpaBlIeHUs, a TaKKe AJI1 OpraHu3alui CIIyKeOHOU CBSI3U, UC-
MOJIB3YETCS BBIJICIICHHBIA onTHieckuii kanai. O6opymoBanue «llyck» mpemHazHaAa4eHO
JUIsl IPUMEHEHHUs Ha pa3iMYHbIX ydyacTkax B3aumoyBsizanHOM ceTu cBs3u Poccuun: ma-
TUCTpajbHasl TIEPBUYHAS CE€Th, BHYTPU30HOBBIC IEPBUYHBIC CETH, MECTHBIC TIEPBUYHBIC
CETH, ONITUYECKHE CETH JIOCTYyIA.

B Tabn. 1.6—1.8npuBeaeHsl mapaMeTpbl ONTHYECKUX TEPMHUHAIBHBIX JIEMYJIbTH-

TUIEKCOPOB, MYJIBTUIUIEKCOPOB BBOAA/BBIBOJIA W JIMHEHHBIX YCUIIUTENEH 000pYHIOBaHHS

DWDM «ITyck».

Tab6auna 1.6
[TapameTpbl ONTUYECKOTO AEMYJIbTUILIEKCOPA
HaumenoBaunue
3HadYeHue mapaMeTpoB
apaMeTpoB
KomuuecTBo
8 16 40 80 160

OIITHYCCKHUX KaHaJI0B

Paccrositnue mexny on-
200 | 200/ 100 100 50 50 100 100 50
THYECKUMHU KaHaimamu, [T

OTKIJIOHEHHE LIEHTPAJIb-
HOH 4YacTOTBHI OITHYECKOTO +50 +3,0 +50 + 3,0

KaHaia, e 6osee, ['T11

Oxkonyaunwue T1a0s. 1.6

HanmenoBanue napameTpoB 3Ha4YeHue apaMeTpoB
Buocumoe 3aTyXxaHue,
6,0 7,5 12,0 14,0 16,0
He 6oJee, 1b
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[Iupuna -3 nb,

50,0 25,0 50,0 25,(
MHOJIOCHI He MeHee, ['T11
ontuyeckoro | —20 b,
KaHaJja e menee, [T 80,0 40,0 80,0 40,(
Ha YPOBHE
[Tonsipu3amoHHO-
3aBHCHMBIE OTEPH, 0,5
He 6oJee, 1b
ITepexonHas rnmomMexa
OT CMEKXHOTO OIITUYECKOI0 KaHaa, - 30,0
He 0oJee, 1b
KyMmynsiTuBHaAsT miepexoaHas momMe-
Xa MPYU MAaKCUMAJIBHOM YHCJIC JCH-
CTBYIOIINX -25,0
OITHYECKHX KaHaJIOB,
He Ooiee, 1b
Koaddunment OTPAKECHUS
OT BXOJa, He MeHee, 1b 30
3atyxaHue OTpaXKeHUs 300
Ha BBIXO0JIe, He OoJtee, n1b

Tabomuma 1.7

[TapameTpbl ONTUYECKUX MYIbTUILIEKCOPOB

BBOa/BeIBOIa (OMBB)

HaumenoBanue mapameTpoB

3HayeHHe rapamer-

poB
KonnuecTBO ONTUYECKUX KAHAJIOB 8 16 40
KonuuecTtBO OTBETBIAEMBIX/BBOIUMBIX OITUUYECKUX
4 8 16
KaHaJoB, He 0oJiee
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Paccrosiaue MEXTY OITHYECKUMHU
200 | 200/ 100| 100| 50
kaHainamu, [ T
OTKII0OHEHHE IIEHTPATBHON YaCTOTHI 0 +
+5,
ONTUYECKOT0 KaHaJja, He 0oJee, I'T'1q 3,0
Brocumoe TUTST OTBETBIIIEMBIX/BBOIUMBIX
6,0 | 7,5 8,0
3aTyxaHue OITHYECKUX KaHaJoB,
He Oonee, 1b
HanmenoBanue mapamMeTpoB 3HaveHHE MapaMeTpoB
[upuna -3 1b,
IIOJIOCHI OIITUYECKOTO HE MEHEE, 50,0 25,0
KaHaJia I'T
Ha ypOBHE -20 b,
80,0 40,0
He MeHee, ['T11
[Tonstpu3zarimoHHO-3aBUCUMBIE
0,5
notepu, He 6osee, 1b
[Tepexomnas rmomMexa OT CMEXKHOIO
- 30,0
OIITUYECKOT0 KaHaa, He Oosee, n1b
KyMmynsiTuBHAs TIepexoaHas moMexa Mmpu Mak-
CUMaJIbHOM YHCIIE
- 27,0
JEHCTBYIOITUX OIITHYECKUX KaHaJI0B,
He 6oJee, 1b
Kosdpdpuument  oTpaxkeHuss 0T  BXoja,
- 30
He MeHee, 1b
Tabmuma 1.8

[TapameTpsl TMHEWHOTO YCHIIUTEIS ONITHYECKOU MOIIIHOCTH

HaumenoBanue napamerpoB OITY

3HayeHune

napameTpoB
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Koadbdumnuent myma (NF), nb 7,0
YpoBeHb BXOHOM CYyMMapHOUN MOIIIHOCTH, 1bm -36 ~ +10
YpoBeHb BBIXOJHON CyMMapHON MOIITHOCTH, 1bM +3,5 ~ +27
Koaddunuent ycunenus, n1bm 15 ~41
HepaBnomepHocts AUX, nb 2,0
Koaddunment orpakenus ot Bxoaa, He MeHee, 1b -30
3aTyxaHue OTpa)KeHUsI Ha BbIXO/ie, He Ooiiee, nb 30,0

1.5.2. ObopyamoBanue OptiX BWS 320G

Onrtuueckass cucrema nepemaun  OptiX BWS 320G na ocHOBe Tex-
nojorun DWDM, paspaborannas Huawei Technologies Company., Ltdeisercs Ho-
BBIM MOKOJICHHEM cucTeM onTtuueckoit nepenauyn DWDM c BeicokuM o0beMOM Tniepea-
YM Ha JJIMHHBIE pacCTOsHUS. SIBISsICh mpeicTaBuTenieM cepun odopymoBanus OptiX,
OptiX BWS 320G obmagaer rubKkoit KoHpHUrypanued, coBMecTUMOCThi0. Cuctema
BWS 320Gcnoco6Ha MynbTUIIIIEKCUPOBaTh 32 JIMHBI BOJHBI B OJTHOM ONTOBOJIOKHE,
HampuMep, TepeaaBarh 32 HECYIINE C Pa3IUYHBIMH UIMHAMHU BOJH KOTOPBIE B CBOIO
ouepenp mnepenaror curHan STM-16 ¢ oOmiedt mpomyckHoM crnocoOHOCTRIO 10 80
['6ut/c. B HacTosmmii MOMEHT 00OPYAOBaHHE CIIOCOOHO MYJIBTHILIEKCHPOBAThH 10 32
ontryeckux kaHamoB 10 ['out/c (STM-64),c obmieit ckopocthio niepenaun 3201'0utl/c.
B cucreme BWS 320Gnpumensiercs 0IHOCTOPOHHSS Mepeaaya 1Mo OJHOMY OINTHYe-
CKOMY BOJIOKHY C BO3MOXHOCTBIO OCYILECTBJICHUS Mepeayll B 00€ CTOPOHBI C UCTIOJb-
30BaHMEM HAJICKHOW TEXHOJIOTUH MYJIbTHILICKCUPOBAHUS/ IEMYIbTHILIICKCUPOBAHUS
JUTMHBI BOJIHBI, TEXHOJIOTMH ONTUYECKOTO YCHJICHUS Ha BOJIOKHE, JISTHPOBAHHOM 3pOu-
€M, TEXHOJIOTMH CTAOWIN3aIliU JJTUHBI BOJHBI, TEXHOJIOTHH KOMITCHCAIIMH JTUCTICPCHH,
TEXHOJIOTUN OOBETUHEHHON CHUCTEMBbI CETEBOTO YMPAaBJICHUS M TEXHOJOTUU HE3aBHUCHU-
MOT0 KaHajla YIpaBlIeHUS U T.J. DTO 000pYJOBaHHE MOXKET ObITh MOCTPOEHO IO pas-
JMYHBIM TOTIOJIOTHSIM, TAKHX KAaK «TOYKAa — TOYKa», WICMb», <KOJII[0», 1 MOXKET MpH-

MCHATBHCS I 1ICpCaavdn I/IH(I)OpMaI_II/II/I KaK IO MarucCTpajbHbIM KaHaJIaM, TdK WU B JIO-
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KaJIbHO-BBIUHC-
mutenbHBIX ceTsax (LAN).

B Tabn. 1.8-1.9 npuBenensl

napameTpsl

W JTMHelHoro ycuutenst obopynosanus OptiX BWS 320G.

HapaMeprI OIITHYCCKOIo ACMYJIbTHUIIIICKCOPA

OIITHYCCKOTIO ACMYJBTHUIIIICKCOpA

Tabmuma 1.8

Hassanue napamerpa 32«aHaabHBIN 16-xaHaIbHBIM
JEMYJIBTHTLIEKCOP JIEMYJIbTUTIIIEKCOP
Pasnecenue xananos, [T 100 100
Buocumeie notepu, nb <10 <7
Koadduument orpaxxkenus, nb <-40 <-40
[Monsipuzanmonnsie motepu, 1b <0,5 <0,5
MakcumanbHasi pa3HuIla BXOIHBIX T10-
<3 <3
Tepb KaHAIA, Ab
—1ab nonoca npornyckaHus, HM > 0,2 > 0,2
—201b monoca mporyckanusi, HM <14 <14
Tun AWG TOHKOIIEHOYHEBIN
Tabmuma 1.9
[TapameTpbl TMHEHHOTO YCUIUTEIS ONITHYECKONH MOIITHOCTH
HasBanue nmapametpa 32-«aHajgbHas cucTeMa
8x22 nb 5x30 1b 3x33 b
1535- 1535-
OO6nacTp ycuieHus, HM 1535-1561
1561 1561
Koadduuent myma (NF), nb <55 <55 <55
Bxonnas otpakaTenpHasi Crioco0-
< -30 < -30 <-30
HOCTb, 1b
MakcumaibpHasgd MOIIHOCTH Ha 20 20 20
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BBIXOJIE, 1bM

Bpems peakuum cucremsl ycuie-

HUs <10 <10 <10
IpY BBOJIE/BBIBOJIC KAHAJIOB, MC
Koadpdunuent ycunenus, 1b 22 ~ 25 29 ~32 32~35
HepaBnomepnocts AUX, nb <2 <2 <2
Benuuuna MOJIIPU3ALUOHHOMN

JIUCTIEPCUH, TIC

[TonspusanmonHeie MOTEpH, <0,5 <0,5 <0,5

nb

1.5.3. ObopyanoBanue SpectralWave 40/80 DWDM
System (NEC)

Cucrema SpectralWave 40/8Pa3paborana i peaiu3alid MarucTpaabHOTO y3-
Ja, COoCOOHOTro 0OeCneYuTh THOKYI0 M MOATAlHY opraHuzanuio cuctrembl DWDM.
Cucrema SpectralWave 40/800namaer npomnyckHoit crocobHocthio 10 800 I'6uT/c.
Ona mnogaepxuBaer a0 40 mmmuH BomH B momoce C  w  obecneumBaeT
OTKPBITHIA uHTepdelic B 000 komOuHanu curHaiop STM-64, STM-16, STM-4,
STM-1u 100M6ut/c ~ 1,25I'6ut/c. Murpanust ot 40 o 80 nivH BOJIH MOXET JIETKO
OCYIIECTBIISITHCS B paboTarorieit cucteme oobeaqunenuem mnonoc C u L. Otu ocobeHHo-
CTH TIO3BOJISIIOT OPTaHW30BBIBATH MYJBTHUCEPBHUCHBIC INHPOKOIMOJIOCHBIE CETH IS
NPEIOCTaBICHUSI IIUPOKOTO CIEKTPa PACTyIIUX MOTpeOHOCTEH, TakuxX Kak Ooyee CKo-
pocTHas Tiepeaadya royioca, JaHHBIX, BUAEO- U APYTUX BHIOB HMH(DOpPMAIMK OIHOBpE-
menHo. Cucrema SpectralWave 40/8@ontponupyercs cuctemoit ynpasieaus INC-
100MS npousBoactea NEC, koTtopast siBIsieTCsl HHTErpUPOBAaHHOW CHUCTEMOH yIpaBiie-

Hus 17151 obopynosanust WDM u SDH pupmsr NEC.

1.5.4. ObopymoBanue Alcatel 1640WM (Alcatel)
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Mynbruruiekcop ¢ pasgeneHweM mo JumHam  BomH - Alcatel  1640WM
(WM — Wavelength MultiplexeryipeacraBnser coboii MaciTabupyemoe ruOKoe pe-
menue WDM niis co3manust onTHYECKUX ceTei CBEpXOO0IbIION MPOITYCKHONW CIIOCOOHO-
CTH U TPOTSHKEHHOCTH ¢ opranusamumeit g0 80, a B mepcrnektuBe —
no 240 ontuvecknx kaHamoB. JlaHHas cucreMa pa3paboTaHa IJisl YAOBICTBOPSHHS pac-
TYIIUX MOTPEOHOCTEHM B OOJbIIIEM U O0Jiee THOKOM JUaIa3oHe U SBISIETCS UCaTbHBIM
CPEICTBOM JJIsl CO3/TaHMSI ONITUYECKUX TEPMHUHAIBHBIX MYJIbTUIUIEKCOPOB, SBIISIOIINXCS
JaCThIO CETEH C TOIMOJIOTHEH «TOYKa — TOYKa» U ONTUYECKUX MYJIHTHUILUIEKCOPOB BBO-
na/seiBoga (OADM), npemHazHaYeHHBIX ISl MUCIOJIB30BAHHUS B CETSAX C TOIOJIOTHEH
«MHOIO TOYEK — MHOro To4yek». .5.5. CpaBHUTENbHBIE XapPaKTEPUCTUKHU
000py10BaHUS

B Tabn. 1.10 mpencraBieHa cpaBHUTEIbHAS XapaKTEPUCTUKA ONTUYECKUX MYJIb-

TUILUIEKCOPOB BBO/a/BBIBOIa paccMOTPeHHBIX Bbilie WDM-cucrem.

Tabmuma 1.10

XapaKTepuCcTUKH MYJIbTHILICKCOPOB BBOIA/BBIBOIA

dupma mo%*ﬂ%i‘cﬁ %D%évé’
028363 |5B8F 22
Pa3necenue
100 - 50 100 50
kaHainos, [T
Buocumeie
<10 14 — 5,5 8
norepu, ab
Koaddumuent ot-
<-40 - - — 45 - 30
paxenus, 1b
[TongapuzamoHHbIe
<05 — — 0,5 0,5
norepu, 1b
MakcuManbHas
pa3HUIla BXOJHBIX <3 - — 1 _
ypOBHEH, 1b
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—1nb nonoca npo-
>0,2 — >0,4 > 0,2
MyCKaHUs, HM
—201b mooca
<14 — <1,2 <0,32
MPOITYCKaHUs, HM
Yucio KaHaJIoB 16/32 16 16 40 40
TOHKO- TOHKO- TOHKO-
Tun
IUIEHOY- AWG IUIEHOY- AWG IUIEHOY-
MYJIBTHILIEKCOpA
HBIN HBIN HBIN

B 1a6n. 1.11 nana cpaBHUTENbHAs XapaKTEPUCTUKA TEPMUHAIBHBIX ONTHYECKUX

MYJIbTUIIIIEKCOPOB.

CpaBHEHHE TEPMUHAIBHBIX MYJIbTUILIEKCOPOB

Taomuma 1.11

. p o0 b g = ER o . 3
Buocumeie notepu, nb <17 14 12
Koaddunument orpaxkenus, nb <-40 — -30
[Monsipuzarmonnsie motepu, 1b <0,5 — 0,5
MaxkcuManbHas pa3HUIla BXOTHBIX
ypoBHEH, ab <3 - -
OO6acTh MPO3pavHOCTH, HM 1530-1570| 1530-1562
Uucno kaHanoB 32 16 40
Tun myneTuekcopa AWG AWG

B Ta6n. 1.12npexacraBieHa cpaBHUTEIbHAS XapaKTEPUCTUKA ONTHYECKUX JIMHEH-

HBIX ycuinrtenei paccmorpenHbix Boiie WDM-cucrem nepegaun.

XapaKTEpUCTUKHU ONTUYECKUX JTUHEUHBIX YCUIINTEIIEH

Tabmuma 1.12
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» 2 R g W - = 0
=S5 z2|28 |E &
dupma 0L oD g|lg ® A S
P g = o ¢ B
S80@s 2~ |&&
) » I 0 ¥ 5
Yuciio kaHaloB 32 40 80 —
Jlmama3zoH MOIITHOCTH -22,5+
-30+ 13 - -36+ +10
Ha BXoje, 1bMm 2,5
Koadduruent myma (NF),
<55 6—7 5 7
nb
MakcumaibHas
20 8-21 28 3,5-27
MOII[HOCTh Ha BBIX0J€, 1bm
Koadpdunuent
32-35 30-33 20 15-30
ycuienus, 1b
HepaBromepnocts AUX,
<2 <2 <1 2
nb
[Tonsipu3armoHHbIC
<0,5 - - -
norepu, n1b
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I'anaBa 2. MYABTHIIAEKCOPHOE H YCHUAHUTEABHOE
OBOPYAOBAHHE BOCII C CP

2.1. MHOrOBOAHOBBIE OIITHYECKHE

ycuauTeAn EDFA
2.1.1. IIpuHUHNn AeHCTBHA H cXxeMbl Hakadyku EDFA

Ycunurenan Ha BOJIOKHE, jJerupoBanHoMm 3pouem (EDFA — Erbium-Doped Fiber
Amplifier), paboraromue B o6nactu 1550HM, ycrenmHo UCHOMB3YIOTCS B COBPEMEHHBIX
BOCII-CP B xayecTBe NpeBAPUTEIbHBIX U JIMHEWHBIX YCUIIMTENEH, a TAKXKE YCUIIUTE-
nert momHocTH. [IpuMenenue EDFA mo3BosnseT nepenaBaTh ONTUYECKHWE CUTHAIBI Ha
paccrosinue 6onee 1000km 6e3 nCnoNB30BaHUs AIEKTPOHHBIX TIOBTOPUTEIIEH.

DOpOueBbie BOJOKOHHO-ONTHYECKUE YCHIUTENN TI0 CPABHEHUIO C IOIYIPOBOIHH-
koBbiMH (SOA)u pamanoBckumu (RA) 001a1ar0T ClIeAyOMUMEI IPEUMYIIECTBAMU:

e Masble (MeHbIe 11b) BHOCHMBIE TIOTEPH MPHU BBICOKOM KOA(PPUITUCHTE yCHIIe-
HUS1, KOTOPBIH HE YyBCTBUTEJICH K TOJISIPH3AI[UH YCUIIMBACMOT'O CBETA,

e Majple TEpEeKpPeCTHhIE TIOMEXH TMPH  YCWICHHH  HECKOJBKHX  CHT-
HAJIOB,;

* BHOCHMBIC IIIyMBbI Ha YPOBHE KBaHTOBOTO Tipenena (~ 3...41b);

* CHeKTpaJibHas 3aBUCHMOCTh YCHJICHHUSI XOPOIIO BOCIPOU3BOIUTCS OT 0Opasima K
oOpa3ity 1 c1abo 3aBUCUT OT TEMIIEPaATYPHI.

K Henocratkam EDFA cnenyer otHecTu:

* BO3MOYKHOCTb YCHJIEHHsI TOJIBKO BOMU3M A, = 1,53MKM;

* HEoOXOIUMOCTh MOITHOTO MCTOYHHKA ONTHYECKOW HAKAYKU M CEJCKTHBHOTO K
quiHe BostHbI otBeTBUTENs (WDM-MOayb);

* HEBO3MOXXHOCTh WMHTETPATHHOTO HMCIIOTHEHUS M HEOOXOJUMOCTH TPUMEHEHUS
BOJIOKOH 00JIbIIOH amuHbl [13].

Ha puc. 2.1 npuBenena sHepreTudeckas auarpamma 1t monos Er’* B kpucrammm-

YEeCKOM MaTpulIC KPEMHHUCBOI'O CTCKIIA. B CIICKTPE IOIJIOIICHUSA TAaKHX KOMIIO3HUTOB

62



HAOIrONAr0TCI MUKW HA aurHax BoJH A =1,48: 0,98; 0,8; 0,667; 0,532; 0,5th#wm, co-
OTBETCTBYIOIIUE MepexX0aM C OCHOBHOTO YPOBHSI * 150 HA YPOBHHU N3 112 Moz, “Fo,
483,/2 u *H 11/2 COOTBETCTBEHHO.

MetacTabmibHBIN YPOBEHB * 13/ ABIISIETCSE BEPXHUM JIJISI CTUMYJIMPOBAHUS U3Tyda-
TEJILHBIX MEePEeX0J0B Ha HUKHUM OCHOBHOHN YPOBEHb *l 5. OH 3acenseTcs KaK 1o BO3-
JEUCTBUEM HAKAYKH, TaK U B pe3yJIbTaTe CTYIEHYATON O€3bI3IydaTebHON penaKkcauuu
BCEX PACIOJIOKEHHBIX BBIIIE YpOBHEH. Ero omycrorieHne npoucxXoauT Mo BIAUSHUEM

CTUMYJIUPYIOIMX H3IYYATENbHBIX TEPEX0I0B | S Ha JUIMHE BOJHBI A, =
13/2 15/2 p

1,53mkM, (puc. 2.1) [7].

2
o220 ' |
* Hw::
[ 1 4
543 ' 83;2
Hewuzmydamwyid
nepexon
pil
GO ¢ - |
i Fap
4
810 S S
gao ¢ - ' ij|
| 112
teTacTabKMNeHbLIA
1480 . YPOEEHE . 4|
1550 o = = 1342
3= t g
23 il
fg| s
[ = E c ‘ | 4
|15f2

JJCHOBHOW YPOBEHE

Puc. 2.1 —JluarpaMma SHEpreTHIECKUX ypoBHE# s noHos Er*
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XOTsl HaKaYKa MOKET OCYIIECTBIIATHCS Ha JIMHAX BOJIH JIFOOOTO M3 MUKOB IOTJIO-
mierns (cMm. puc. 2.1), Hanbosiee paclipoCTpaHCHHBIMH TUAla30HAMH HAKAYK{ SBJISIOT-
cst Ap = 1,48; 0,98vkM, Ha KOTOPBIX PabOTAaIOT MOIIHBIE U MUHUATIOPHBIE TIOIYIPOBO/-
HUKOBBIE J1a3€pHhl.

JAuana3oH Hakadyku A, = 0,98 Mkm. DpOueBble BOIOKOHHO-ONTHYECKHE YCHUIIHU-
TEJIW, HAKAaYMBAaE€MbIE B 3TOM Juamna3oHe, o0JafaroT HaumOoJbiiell 3(P(HEeKTUBHOCTHIO
HAKa4KH, a TAK)KE MUHAMAaIbHBIM K03 dunuentom myma (~ 3 1b), O1u3KUM K KBaHTO-
BOMY Tipefienry. BrixomHass MOIITHOCTh YCHJIGHHOTO CHTHAJIa MOXKET COCTaBIIATH Oojiee
500 MBT nipu 80 % nuddepennmansHoit A3 PekTUBHOCTH MpeodpazoBaHus (POTOHOB
HaKa4Ku B (hoTOHBI CUTHAJIA. Otn CBOICTBa CBSI3aHBI
¢ OOJIBIIUM CEYEHUEM TOTJIOUIEHUS U MOJHBIM OTCYTCTBUEM CTUMYJIHUPOBAHHOTO MU3ITY-
YeHHS ¥ TOIIOMICHHS BO3OYXKICHHBIM COCTOSHHEM |13, HA JJIHHE BOJHBI
HaKaYKH.

Hakauka B muamnazone 0,98MkM uMeeT Oosblliee MPaKTUYECKOE 3HAYCHHUE IO
CpaBHEHUIO C HaKa4yKkoil B Auamna3zoHe 1,48mkM, T.K. OoJblliee OTINYHE JIJIUH BOJH CHUT-
Hana (A, ~ 1,55MkM) n Hakauku (A,) yMeHbIIAeT TpeOOBAHUS K CENEKTUBHBIM OTBETBU-
Tensim B coctae EDFA.

Jduana3zon Hakauku A, = 1,48 mxm. Pesonanchas nakauka EDFA nenocpen-
CTBEHHO B METACTAOWIBHBIN YPOBEHB |13, TAKKE MPHBOIUT K MOSBICHHIO HHBEPCHH
HACEJICHHOCTH Ha Mepexojie 130 - “lis;p M MAET BBICOKMIA KO PUIIUEHT YCUJICHHUS.
DTO SBIAETCA CIEICTBUEM YAaCTOTHOTO CABUTA M OOJIBIIErO Pas3inyusi CIEKTPOB IO-
TJIOMICHUS. U U3JYy4YEHHUs 3TOr0 Mepexoja, 00yCIOBIEHHBIX HEOJHOPOIHOCTHIO 3acelie-
HUSL TOHKOM CTPYKTypbl MeTacTaOWUIbHOrO YpoBHs mon nerictBueM 3¢ddexra Llrapka.
Orot 3 dekT obecneunBaet nojocy ycuinenus 10 30 um Bom3u A=1,53mkm [13].

[ToynpoBOTHUKOBBIN qUOM HA JUTMHE BOJMHBI 1,48MKM maet mydruii KBAaHTOBBIN
ko3 dunreHT npeodpazoBaHus U padOTaeT B OOJBIIOM JUaIa30He CIEKTPAIBLHOIO I0-
TJIOIIEHUS, YTO 00€CTIeUNBAET IPEBOCXOAHYIO CTAOMIBHOCTD JJIMHBI BOJHBI. JIa3epHbIi

IUOJ ¢ JUIMHOM BOsHBI 1,48 MKM Tak)ke BHOCUT Camblii HU3KUM KOA(P(UIMEHT IIyMma,
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MOTOMY YTO OH JJOCTUTAET MOJHOW MHBEPCUM HACEIEHHOCTH METACcTa0MIbHOTO SHEpre-
TUYECKOTO YPOBHH.
CpasauTenbHblii aHanu3 Hakadykn EDFA va Ap = 1,48mxm n A, = 0,98MkM npu-

BedeH B Tabm. 2.1.

Ta6nuna 2.1.CpaBHeHue IBYX JUTMH BOJIH HaKauku s yewurenein EDFA

JInvHa BOJHBI, HM 1480 980
InGaAs —JI/]
HcTouHuk cBeTa InGaAsP/InP —J1/1 ®-I1
C CyIIEpPELIETKOU
D¢ddexTuBHOCTH
5 10

ycunenus, 1b/mMBt
Koaddunment myma, n1b ~55 345
BrIxoaHast MOIIHOCTE

+20 +5
HachlleHus, 1bm
JInara3oH JIMH BOJIH LIUPOKUH,

y3kuid, 2 (979-981)
HaKa4YK{, HM 20 (1470-1490)

BrixoaHas MOIIHOCTE
50-200 10-20
Hakauku, MBT

Hakauka EDFA B He3aBUCMMOCTH OT JWana3oHa OCYIIECTBISETCS IO
YeThIpeM OCHOBHBIM cxeMaM (puc. 2.2a-T). Dnemenramu EDFA OGeryieii BoaHBI sIB-
JISIFOTCSL: BOJIOKHO, JIETUPOBAHHOE 3pOMEM, CENIEKTHUBHBIM K JJIMHE BOJIHBI ONTHYECKUN
pPa3BETBUTENh M MCTOYHUK HAKAYKU — TIOJYIPOBOJHUKOBBIN sazep. [lomomHuTenpHO
UCIIOJIb3yEeMbl€ ONTHYECKUE U30JIATOPbl 00ECIEUYMBAIOT YMEHBIIICHUE BIUSIHUS OTpake-
HUW OT TOPIIOB BOJIOKHA HA PEXUM pabOTHl HCTOYHUKA CUTHAJA JJIsl YBEIMYCHHS OTHO-
IICHUS] CUTHAJI-IITYM Ha BBIXOJE YCHIHTENS. M30IsTOphI CTaBIT Ha 000MX KOHIIAX YCH-
JUTEeNs, 9TO0OBl MUHUMU3UPOBATh Kojiebanus u ASE unu apyrue mrymsl, mpoucxoms-
1IMe OT OTPAXKEHUHN UM HEMOCPEICTBEHHO OT CUCTEMBI CBs3U. Bece komnonenTst EDFA

JOJIDKHBI BHOCHTB KaK MOKHO MCHBIIKWE ITIOTCPH, OTPAKCHUC U IIEPEXOJHBIC IIOMCXHU.
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[IpencraBieHHble CXeMbl HaKaykd  O0JIAJAIOT MPUMEPHO  OJMHAKOBBIMU
XapaKTepUCTHUKAMHU YCHIJICHHUS CJIab0ro CUrHajia, OJHAKO JUIs JOCTHKEHUs OoJiee BhICO-
KUX HEHACHIIICHHBIX BBIXOJHBIX MOIIHOCTEW MPEINOYTUTEIbHEE CXEMBI C BCTPEUHOM
Hakaukoi (puc. 2.20) U ¢ IByHaIpaBlIeHHON Hakadkoi (puc. 2.2p). DpOueBbie BOJIO-
KOHHBIC YCHIIUTEIIN OTpa)kaTeiabHoro tuma (puc. 2.2r) odecnednBaroT 00j1ee BICOKHUI
nuddepeHranbHblii KodhduirenT ycuiaeHus (ycuiacHHe B aenuOenax Ha KakKablid
MIDIABATT MOITHOCTH HAKAa4YKH), YTO MPUBOAUT K Oojee d(P(PEKTUBHOMY HCIIOJIb30Ba-

HHUIO MOIIHOCTHU HAKAYKH W YBCINMYMUBACT YYBCTBHUTCIILHOCTD EDFA k ec n3MeHEHUSIM

[13].

P @ OunpTp + Pou P =X P
T» Wsonstop1—e={ WDM - » | Mzossmop T —> Hzonarop @ WDM [—»| H3zonarop —)\
trn ™ o Tx
JIazep -

HaKauyku Jlasep

HaKayKu
a 0
EDF Fin 0
Pin P out
As >
S o M o o S ey ] S T Sy
5 As A A
* )\,p )\,1, Pous )Vp '
Jlazep Jlazep A

Jlazep
HaKauku

HaKa4YKu HaKa4YKH

r
Puc. 2.2 —OcHnoBnbie cxembl octpoenust EDFA:
a — mpsMas Hakauka: 0 — oOpaTHas HaKayuka;

B — JBYHAaIIpaBJICHHAA HAKayKa, I' — OTpaXaTe/IbHAsA HaKa4dKa

2.1.2. OCHOBHEBIE TEXHHYECKHE ITapaMeTphbl

H XapakTepHCTHKH EDFA

OnpenenuM KiIrOUYEBBIE MapaMeTphbl, Xapaktepusytomue EDFA: MonHOCTs HAChI-
meHus, KO3POUIIMEHT yCWICHHS, MOIHOCTh YCHUJICHHOTO CIOHTAHHOTO W3JIYYCHUS U
rym-QakTop.
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MomHocth HaceimeHus: Pso (Saturation Output Power) —efipenenser Makcu-
MaJbHYI0 BBIXOJIHYIO MOITHOCTh YCHIUTENS. bonbliee 3HAYEeHUE MOIIHOCTH
MO3BOJISIET YBEJIIMYMBATH PACCTOSIHUE OE3pETPaHCISIIMOHHOIO Y4acTKa. DTOT HMapameTp
BApbUPYETCA B 3aBUCHMOCTH OT MOJIENIM ONTHYECKOro ycuiutens. ¥ moinbsix EDFA
OH MOET MPEBOCXOUTh 36 1bM.

Koxppumment ycunenuss G (Gain) ompenensercss U3 OTHOIICHUS MOIIHOCTH
(TToJIe3HBIX) CUTHAJIOB HA BXOJIC M BBIXOJIE YCHIIMTENA. BenmunHa ko3 uimeHra ycu-
JICHUSI 3aBUCUT OT BXOJHOW MOILIHOCTH M CTPEMHUTHCS K CBOEMY MAaKCUMAJIbHOMY TMpe-
JIeTy TI0 Mep€ YMEHBITIEHUST MOIITHOCTH BXOIHOT'O CUTHAJIA.

MomHocTh YCHJIEHHOTO cionTanHoro m3aydenuss ASE (Amplified Spontaneous
Emission).B orcyrctBun BxoaHoro curiana EDFA sBisieTcst HCTOYHMKOM CIIOHTAHHO-
ro u3nydeHus: GotoHoB. CHEKTp U3TyUEHUS 3aBUCUT OT (HOPMBI IHEPTETUICCKON 30HBI
aTOMOB 3pOMsI M CTaTHUCTUYECKOTO paCIpE/IesieHUs 3aCEJC€HHOCTEH YpOBHEW 30HBI.
CrnoHnTanHO 00pa3oBaHHbIE (POTOHBI, PACHPOCTPAHSSACH MO BOJOKHY B aKTUBHOM 30HE
yeunutenss EDFA, Tupaxupyrorcsi, B pe3yJabTaTe 4ero CO3Jal0Tcsi BTOPUYHBIE (POTOHBI
Ha TOM >X€ JUIMHE BOJIHBI, C TOW e ¢a30oi, Mojsspu3alell 1 HampaBIeHUEM pacIpo-
cTpaHeHus. Pe3ymbTUPYIOMHI CIIEKTP CMOHTAHHBIX (DOTOHOB HA3BIBACTCS YCHIJICHHBIM
CIIOHTaHHBIM U3NydyeHueM. Ero moiHocTh HOpMmupyeTcs: B pacuete Ha 1 'l u umeer
pa3MepHOCTh BaTT/repil.

Ecnun Ha BXOJA ycuiuTeNsl MOJAETCSl CUTHAN OT Jia3epa, TO ONpeAesieHHas A0
HHEPreTUYECKUX NMEePEX00B, paHee paboTaBIllas Ha YCUIEHHOE CIIOHTAHHOE U3TyUYeHUE,
HAYMHACT YYaCTBOBATh B M3IYYCHHUU IO JIEWCTBHEM CHUTHaNAa OT Jja3epa, yCHUJIHBas
BXOJHOW cuTHaN. TakuM oOpa3oM, MPOUCXOTUT HE TOIHKO YCUJICHUE TIOJIE3HOTO BXOJ-
HOTrO cHrHalia, Ho u ociadnenue ASE (puc. 2.3).

Ontuueckue nuHuu ¢ kackagom EDFA mposBisitor ceOs nydine, Korjaa MyJibTU-
IJIEKCHBINA CUTHAJ MpeCTaBlieH 0oJjiee Y3KMMU B CHEKTPAJIbHOM OTHOIICHHH OTHEIIb-
HbIMHM KaHajamu. Vcrnonp30BaHKHe Y3KOMOJOCHBIX (PUIBTPOB HEMOCPEICTBEHHO MEpPE.
MPUEMHBIM OITOAJICKTPOHHBIM MOJIYJIEM, HAaCTPOCHHBIX Ha pabOdyI0 JJIMHY BOJHBI,

TAKKC ITIOMOra€T YMCHBIINTL YPOBCHBb IIyMa OT YCUJICHHOI'O CIIOHTAHHOT'O U3JIYUCHMUS.
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ASE nipu otcyTcTBUM
o | cHrHaia Ha BXoze

ASE nipu HaJ'[I/I'-II/II/I_/

CHUT'HaJIa Ha BXOJ€

-50 ] ] ] ]
1500 1520 1540 1560 1580 1600
JIlniHa BOJIHBI, A, HM

MoOIIHOCThH BHIXOAHOIO CUTHAJIa, 1bM

Puc. 2.3 —Bsixoanoii cnektp EDFA, cHATHIN clIeKTpaibHBIM aHATU3aTOPOM

Bonbiine coOcTBeHHBIE BpeMeHHbIe mocTosHHbie EDFA (mocrosHHas BpeMeHH
nepexojia B MeTacTabMIbHOE COCTOsIHUE ~1 MKC, BpeMs JKU3HH METacTaOMJIBHOTO CO-
crosiaust ~10 mc) ycrpansiror kpocc-monyisinuio ASE B ycunurene u genaer Oonee
cTabunbHOM paboTy Kackaia ONTHYECKUX YCUITUTETICH.

MoOIIHOCTh YCHJIGHHOTO CIIOHTAaHHOTO H3JIy4eHHs CBsA3aHa ¢ Kod(pduireHTom

ycuiieHus: GopMyson

ASE= w@( G-1)

N , (2.1)
rie h — mocrosanas Ilmanka;, V — wdacrtora (I'm), COOTBETCTBYIOIIAS JJIMHE
BOJHBI B JuanazoHe 1,53—1,56MkM; Ngy — KO3()(UIUEHT CIHOHTAHHOW SMHCCHUH;
N — xBaHTOBass >(QQeKTHBHOCTb. B upeanmpHOoM ciaydae N, = N = 1 mpu GO 1

OTHECEHHasi KO BXOJy MOIIHOCTb YCHJICHHOTO CIIOHTAHHOTO H3JIyYCHHS HACATHLHOTO
KBAHTOBOTO YCHIIMTEIS pocTo paBHa hv, uro mpu A = 1,55Mkm cocrasmster 1,28107°
Bt1/I' B pacuete Ha cniekTpaiibHyto moocy 1 I'i. Pasmepy okna ananu3atopa B 0,8 Hm
COOTBETCTBYeT crekTpaibHOe okHO B 1001 T, uTo ompenenseT mpuBeAeHHYIO K BXOIY

. 8
BenUINHY 3((HEKTUBHON MOITHOCTH YCHJICHHOTO CIOHTaHHOTro m3mydeHus 1,28[110°

Bt uau — 48,91bm [15].
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Ilym-paxkrop NF (Noise Figure) ompenensiercss Kak OTHOIIeHWE cuHai/

mryMm Ha Bxoze (SNR,) k curnan/mrym Ha Berxoze (SNRyy):

(R /(R
YA o

BaxxHO OTMETHTH, YTO MOIIHOCTH IlyMa Ha BXOJAE SBISETCS KBAHTOBO-
OTPAaHUYCHHOW MHUHUMAJILHON BEIIMYWHON W ONpPEACISIeTCS] HYJIEBBIMH (DIYKTyarusiMu
Bakyyma P,in = hv Av. MomHocTh nyMa Ha BBIXOJIE COCTOUT U3 CYMMBI MOIIHOCTH
YCHJIEHHOTO CTIOHTaHHOTO m3nydeHus ASE,, u MoniHOCTH 1ityma HyJIeBBIX (DIyKTyalui
BaKyyMa, KOTOPbIE MPOXOJIAT Yepe3 YCHIUTENb 0e3 u3MeHeHus: P, o= ASE,, + hv Av.
Ecnu yuects, uto Ps oy Psin= G, TO 1yM-(hakTop MOXHO BBIPa3UTh uepe3 KOPUIIUSHT

YCUJICHUA U MOITHOCTDb YCUJICHHOT'O CIIOHTAHHOTO U3JIYUCHUSA

NF==|1

1 ASE
+
G hv |-

(2.3)

Yacto nmpu onucanun EDFA 3nauenue mym-dakropa ykassiBaeTcs B jaenuoenax.
Tunnynbie 3HaUSHMS TTyM-(paKTopa cocTaBisioT 5,516 [15].

3aBucuUMOCTH ycuiieHusi oT nmojasipuzanuu B EDFA Bo3Hukaer BcieacTBue 3aBu-
CUMOCTH TIOJIIPU3AINH OT MOMEPEYHOTO CEUCHUSI HOHOB 3pOHS B BOJIOKHE U3 KBapIIEBO-
ro cTekia. J[anHoe sIBeHNe MPUBOIUT K CIATy YCHJICHUS B 3aBUCUMOCTH OT TIOJIIPU3a-
MK, H3BeCTHOMY kak  polarization  hole-burning  (PHB), wiu  moss-

PHU3AIMOHHBIIN MPOBAJI yCUJICHUS C TITyOMHOM, 3aBUCAIIEH OT CTETIEHU C)KATHS BOJIOKHA!
PHB=0,027G— 0,001C|;2 (2.4)

st ko3 unmenta cxatusi Cp < 8 1b.

Taxxe mpu OOJBIIOM KOJIWYECTBE YCHIIMTEICH HAa JTUHUH MUMEET MECTO 3aBHCH-
MOCTbh YCHJICHUS OT MOJIAPU3AIIMU CBETA Jla3epa Hakaukw [1].

CnexkTpajabHbIi NPOBaJ yCHJIeHHsI. 3aBUCHMOE OT MOITHOCTH OCIIa0JIEHUE CHT-
HaJia B OTPEJICIICHHOM JHara30He JJIUH BOJH HOCUT Ha3BaHHUE CIEKTPAILHOTO MpoBaja
ycmnenuss  spectral  hole-burning (SHB) [7]. Oto sBiernme wuMeeT MecTo

B EDFA, xorma CWiIbHBIM CHUTHAd yMEHBIIAET CpeHee KOJIMYECTBO HMOHOB, CIIO-
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coOCTBYS TeM CaMbIM BO3HHKHOBEHHIO CIIaJla YCWJICHUS HAa OMPENEIICHHON IJTNHE BOJI-
HBI.

HccnenoBanuss mokazajid, 4YTO CHIDKEHHE YCUJICHUS HMEET TEHJICHIIUIO
K TPOSIBIICHUIO B oOmactu AuHbI BOMHBI 1,55 MkM co ckopocThio 0,3 1b Ha kaxapIid
neruoen [7].

HepaBHomepHocTth uM cnaa ycwienuss EDFA npuBoautr kK HeEraTMBHBIM
TIOCJICACTBHSIM B CHCTEMaX, UyBCTBUTENbHBIX K HckaxkxeHusm (WDM, DWDM). Orkiio-
HEHHUE YCHUJICHHUS OIpeessieTcs KaK OTHOIICHHWE H3MEHEHUsI YCUJIEHUs Ha TECTOBOM

JUTHHE BOJIHBI K M3MEHEHUIO YCHUJICHHUS Ha STAJIOHHOW JUTMHE BOJIHEI [17].

2.1.4. MaTemaTH4YecKasad MoaeAb MHorosoanosoro EDFA

MopaenupoBanue nopeacHuss U xapakrtepuctuk EDFA ocymectisiercs ¢ momo-
I[BIO CKOPOCTHBIX ypaBHEHMH [1s1 HacenenHocteit My Ar,9,2,t) pabounx yposreit “l s, 1
*l 13> (AByXypOBHEBasi MOJIEIIb) M yPaBHEHHIT PACIIPOCTPAHEHHMS IS ONTHYECKOH MOIII-
Hocth P(Z).3anwmcaB ucxoaHple ypaBHeHHS Moaenn U3 [13] s ciydas pacnpocTpaHe-
HUSl HECKOJIBKUX CHTHAJIOB M HCIIONB3YS METOJbI PEHICHHS MOCTaBICHHON 3aJaydl |
o0o3HaveHHs, onucaHHble B [13], MOKHO MOJIYyYUTh YpaBHEHUS, XapaKTePU3YIOIIHUE I10-
BeJIeHrEe MHOTOBOJIHOBOro EDFA.

Ha puc. 2.4 cxemaTndecku mokazaHa guarpamma paboyux ypoBHEH MPU HATUIUU

HaKa4KHW 1 HCCKOJIBKHX I/IH(bOpMaHI/IOHHBIX CHUTHAJIOB.

1)
4
T3

)
[7]
bezusnyyarenbHblit
nepexo

n

e
3
s

4
- lisp

Puc. 2.4 —]Inarpamma pabouyux ypoBHEH
IpY HAJIMYUY HAKA4YKU U MTHPOPMAIIMOHHBIX CUTHAJIOB
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3anumem YPaBHCHUC, OIMUCBIBAIOOICC CKOPOCTh UBMCHCHUA KOHICHTPAINH YaCTUIL

4 .
JUISL BEPXHETO YPOBHSA |13/2:

N Ps s . s
dt th Sf |:O-ainl(r’¢’zit) Geirlz(r,¢,z,t)}+
Poi n(r,¢,z,1)
hfpSf |: apnl(r $,z,t)- O-epnz(r b,z t)] 2 n , (2_5)

rne P° P, i, ip 1 f°) f, — MomHOCTH, HOpMUPOBaHHBIC HHTEHCUBHOCTH M YaCTOTHI

OIITHUYECCKOI'O HU3JIIYUCHUA I-ro I/IH(bOpMaHI/IOHHOI‘O CHUT'HaJIa (IS) N HaKadYKH (p) B CCUc-

HUHU Z,;

2T

P(2)= [ [ I(r,¢,2)rdrd}; (2.6)
00

1(r.¢.2).

i(r,9,z)= P2 2.7)

I(r,$,z) — pacnpesiernieHne HHTEHCHBHOCTU ONITUYECKOTO U3JTYYEHHUs B BOJIOKHE; G’y Oap
H Ggiy Oep — I(DPEKTUBHBIE CEUEHUS TIOTTIOMEHUS U M3ITYYEHHUSs, OMUCHIBAIOIHME CBOM-
crBa  moHOB ErY B Marpuie  CTGKIA,  COOTBETCTBYIOLIHE  9ACTOTAM
I-ro HHPOPMALIMOHHOTO CUTHAJIA U HAKAYKH;

2Tt

a(A)=a,(A) j Ii(r,¢,z)nt(r,¢,z) rdrdp =a,(N) A(A); (2.8)
00
2Tt
g"(\)=0.(A) [ [i(r.0.2)n(r.9.2) rdrdd =0 (A) AA); (2.9
00
a(A) u g (\) — crekTpanbHbie KOI(Q(HUIUCHTH MOTIOMEHNS U YCHICHHS aKTUBHOM

cpenmsl; T=nS/S = p¢®/ ¢° — MHTErpaT NEPEKPBITHS MEKIY PaCIpeICICHUSIMH OII-
o 'S ; r3+.
THUYECKOM MHTEHCUBHOCTH | UM i, ¥ MOHOB 3pbust Er’; de — auamerp oGnactu, neru-

poBaHHOH 3pOueM; Gk — amamerp cepiareBUHBI BosokHa; N(r,¢0,z,t) = ny(r,p,z,t) +
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ny(r,9,z,t) — oo1ee YUCII0 YaCTHUIL (KOHIICHTpAIHUs

3pOus).

['paduku 3aBucUMOCTEN O, U Og MPEJICTABICHBI HA pUc. 2.5.

5 o

N
1

w
1

-25 2
DddexruBnoe ceuenue *107°, M
N
1 L

—
1

I | |
1.4 1.5 1,6 1,7 1,8
A, MKM

Puc. 2.5 —DddexTuBHbIC ceueHus noroieHus (O,) U u3nydcHus (Og)

JuddepeHnmanpHble ypaBHEHHs, OMMCHIBAIOIINE PACIPOCTPAHEHUE ONTHYECKON
MOIITHOCTH TIO0 BOJIOKHY mpu ycinoBuu N(r,d) = np = constmpu r < b u

n(r,g) = Ompu r > b (b —paanyc obmacTu JerupoBaHMs CEPALIEBUHBI ONITUYECKOTO BO-

JIOKHA), HIMEIOT BU/T

* * 21b
%t G v I mhgat | [ 220220 5 argp - (@ 1) P
k I—k 00 N

(2.10)
rJie MHACKC K MprUHMMaeT 3HaYCHUE (T) JUIS. BOJIHBI I-TO MH(OPMALIMOHHOTO CUTHAJIA,
(p) — i1 BostHBI Hakauku, Uy, Vi = £1 cooTBEeTCTBYET NpsIMOMY U OOpaTHOMY Harpas-
JIEHHIO PACTIPOCTPAHCHUST M3IY4eHUs; I =T /n =dZ/d; |y — xoahdunueHt Hepeso-
HAHCHOTO TOTJIOIICHHUSI B CEepIIIeBUHE, 00yCIIOBJICHHOTO
HammuueM Tpymnnbl OH™, a Takke paccerMBaHHEM BCIIEACTBHE PACCTEKIOBAHUS CEp/IIe-
BUHBI C  BBICOKMM  3HAUeHHUEM  IIOKa3aresisl  NPEJIOMICHUS WM HU3KUM

+. —_
cofepxanueM HOHOB ErF'; M = 2 — 4ucio MOJ OJHOMOOBOrO ONTHYECKOTO
BOJIOKHA C YYETOM TOJISIPU3AI[MOHHOTO BRIpoKaeHMS [13].
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VYpaBuenue (2.10) 3amwcaHo aisi W3MYYCHHs CHTHANIA, HAKAYKH U YCHUJICHHOM
crionTanHo# sMuccun (ASE). s y3KOMOIOCHBIX U3IY4YeHUN CUTHANA U Hakauku Af —
0, a mia mupokomnonocHoir ASE paBHO dYacTOTHOMY Imary, HCIOJIB3YEeMOMY
B BeIUUCICHUAX. [lepBoe cimaraemoe B ypaBHEHHH OTBEUAeT 3a YCHIICHHWE — YeM 0OJIb-
e 2¢pGEeKTUBHOE CeYCHHE, JUAMETP CEePALICBHHBI BOJIOKHA U MHBEPCHUSI HACETICHHOCTH,
TeM OOJIbIlle MIpHUpalleHue cCurHana. Bropoe ciaraemoe umeer odparHoe neicTue (He-
PE30HAHCHOE TOTJIONICHUE W TMOTJIoNIeHue). TpeThe ciaraeMoe yCHUIMBAET CUTHAJ, HO
OTBEYAET 32 CIIOHTAHHOE U3JIy4YCHUE, TEM CAMBIM YYUTHIBACT IIyMbl, BHOCUMBIC YCHIIU-
TeneM. Takum 00pa3oM HIyMbl TeM OOJIbIIIe, YeM OOJIbIIIE MHBEPCHUSI HACEIEHHOCTH U
rhPeKkTUBHOE CeUEHUE U3ITyUYEHHUE.

Tak kak He TpPEACTaBISCTCS BO3MOXKHBIM TIOJYYHTh AHAJIUTUYECKOE PEIICHHE
ypaBHenuii (2.4)u (2.10)B o01eM citydae, HCIOIb3YIOT YNCICHHBIC METObI PEILICHUS.

B HEmpephIBHOM peXHMME U PU MOIYJISIMH ONTHYECKOW Hecymel ¢ yactoroii f >
10 kI'm ngns omnucanuss EDFA  nocrarouno wuccrnenoBath — CTallMOHAPHBIN
PEKUM, TaKHM 00pa30M HaiJIeM pelieHne cucteMbl ypaBHeHui (2.4), (2.10)upu a/nt =
0. Takxe OyaeM cuuTaTh, YTO YCHIJICHHAs CIIOHTAHHAs AYMUCCHs MPEHEOPEKMUMO Maja,
toraa ypaBHeHus (2.10)unrterpupyrorcs npu mhfAf - O.

Paccmotpum ciyyail, KOrja MHTEHCUBHOCTh U3IIyUEHHUs paBHOMEPHO pacrpe/ere-
Ha 1o momanau ceuenus BojokHa (I(r,$,z) = 1(z)). YuuTeiBas Bce BbINIECKa3aHHOE,
ypaBHEHUs, onuchIBarole mosegaeHrne EDFA M0OXKHO yIIpOCTUTE M IPUBECTH K BUIY

2TT o

P(2=| [I(Drdrap=1(2 §. (2.11)
00

1(.92)_ 1

R TN

, (2.12)

rae S; = nd]? /4 — mo1aab NONECPEYHOTO CCUCHUS OB.

[MoxcraBnss Beipakenus (2.11), (2.12)8 ypaBuenue (2.4)u, yautbiBasi, 9to a/at =

0, monyuaem
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PO, NPSoS Npos Po, hS
0: nl|: pf p+z IfO;al:|_n2|:z | el + p p+ Tf . (213)
p i

i=1 i=1 fis fp

Hanee, yuutsiBast ny(r,$,z,t) = m(r,¢,z,t) + n(r,9,z,t), Beipazum u3 (2.13) 1= m/n;

PS S
ap_l_z
N, =12 = b i3
T hs R0, +0ep> ZF>S(cra.+cra.> (2.14)
T p -

[TpeoOpasyem ypaBHenue (2.10), mpuHuMas BO BHUMAHHE BCE BBIMICU3I0KEHHBIC
YCIIOBUSI, Jieasi HeoOX0IuMbIe 3aMEHBI U MOJCTABIISAS B Hero Boipakenue (2.14).B pe-

3yJbTAaTC IMOJIYYUM

21tb

ﬂ:Uk(}(k-'-gkp “.nZ(rj: Zt) hrdrd¢ — P(a +1y) =

dz Mk

= K [Ukntrbl(oak*'cek) - 1,-0 o o dzf]' (2.15)

Pacrumem Beipakenue (2.15)B cucteMy ypaBHCHHIA:

dP, n, o2
P _ ap E
— Ny (Op+0gp ~
oo
dps o3,n,d?
d; =R°-R [Ulq Ny(01+ 0y — I %}
f (2.16)
dRy s O-SNntdé
=R R Unnnionto gy - In-—25—
dz [ o d?
PS S
PO ap
e N =2 = fp IZ;
r 1= — =
& n hS f P(O ep) ZPS(Gal +0a|)
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Taxum 00pa3zom, MbI TOJIYUUIIN CUCTEMY AU(dEepeHIInaIbHbIX YPaBHEHUH, OMUCHI-
BaIIMX pabory  MHoroosHoBoro EDFA  nmns  cranmoHapHoro — pexuma
0e3 y4yera yCHJICHHOW CITOHTAaHHOMN SMUCCHH.

W3 Beipakenuii (2.16)1BHO HEe TPOCIICIKUBACTCS TeMIIepaTypHas 3aBUCHMOCTh, HO
€e MOYKHO Y4YECTh IIyT€M BBEJCHUS TeMIIEPaTYpPHBIX KOA(PDHUIIMEHTOB, B3ATBIX U3 JKC-
NepUMEHTAIbHBIX HccaenoBanui [14, 43].

[Ipu pazpaborke BOCII HeoOXoauMoO U3YyYUTh BIHSHUE TEMIIEPATyphl
okpyxatomei cpeapl Ha ycuieHue EDFA. Takue wucciaenoBanus IPOBOJWINCH
it EDFA ¢ nuomnoi Hakaukoi Ha qirHax BoJiH Hakauka 0,8 0,98 MkM 1 mokaszany,
YTO TpU U3MEHEeHHu Temmepatypel oT wmuHyc 40 mo mmoc 60 C  ycue-
Hue yMmeHnbianochk ¢ 21,6 1o 20,1 1b [14]. B [43] ycuieHrne yMEHbBIIAI0Ch CO CKOPO-
cteto —0,07 nb/ °C npu wm3amenenuu temmepatypsl oT MuHyc 20 mo tumoc 85 C
(Ap = 1,48mKkm). IIpu A, = 0,98 MKM U3MEHEHUS yCUIEHHS Majlbl, YTO BBI3BAHO U3MEHE-
HUEM WHBEPCUU HaceleHHocTH [14].

3aBHCHMOCTh XapaKTEPUCTUK OT CXEMbl HaKayku (U1 mpsMoi M 0OpaTHOM) OT-
CIIC)KHMBACTCSI B MATEMATHYECKOW MOJIENH ¢ ToMoIbio Kodddurnmenta Uy, [13]:

U, = 1 — 1 npsAMOii HaKa4Ky,

Up = —1 —nns oOpaTHON HaKayKH.

U, = 0, B = 2R, — 1 aByHanpaBieHHOW HAKayKW Jla3epaMH C OJUHAKOBOM

MOIIHOCTBIO (CACAYeT U3 MAaTEeMAaTHYCCKOM MOJIEIIN).

3aBHCHMOCTH K03 PHIHEeHTa YCHACHHSI H ONITHMAaAbBHOH
AAHHBI JOIMIHPOBAHHOI'O BOAOKHA OT IIapaMeTpPOB CHTHAAOB

H HakadkH aaa EDFA c npssmMoH HaKauyKoOH

[Tpu mpoexktupoBannu EDFA BaxkHbIM siBisieTCs BBIOOP ONTHMAIBHOW JUIMHBI J10-
IUPOBAHHOIO BOJIOKHA. Hanmnuue onTuMyma JUIMHBI BOJIOKHA OOYCIIOBJIEHO HaJIMYUEM
MaKCUMyMa 3aBUCUMOCTU KO3(pPHIIMEHTa YCUIIEHUS OT JUIMHBI BOJIOKHA. ONTUMANbHOMI

I[J'IPIHOﬁ EDF=B YCIOBHAX YCHJICHUA OOHOT'O I/IH(I)OpMaIII/IOHHOFO CUTHaJia ABJIACTCA OJIN-
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Ha BOJIOKHA, Ha KOTOPOM JTOCTUTASTCS MaKCUMAaJIbHOES yCH-
JICHHE.

OnHaKo BCJIEACTBUE 3aBUCUMOCTH KOX(P(PHIIMEHTa YCUICHUS U ONTUMAIBHOM JIJTH-
HBI BOJIOKHA OT JJIMHBI BOJHBI cuTHaNa (puc. 2.6,0) 1 MOIIHOCTH BXOJHOTO CUTHaja
(puc. 2.6B,r) B YCIOBUSIX YCHUJICHUS HECKOJBKUX CHTHAJIOB IS KaXKJOTO KaHaja CyIe-
CTBYET CBOSI ONTHMAJIbHAS JIJIMHA, HA KOTOPOW HAOJFOIAaeTCs CBOM MaKCUMyM Kod(h¢u-
IIUCHTA YCUJICHHMS [T KaKI0ro KaHaia (puc. 2.7).

Takum 00pa3zoMm, JIyIsi MHOTOBOJTHOBOTO YCHIIUTEJIS MTOJT ONTHMAIBHOM JIJTMHOM clie-
JyeT MOHMMATh JIMHY BOJIOKHA, Ha KOTOPOW HAXOIHUTCS IMOCICTHUN MaKCUMyM KO3(-

¢dunmenTa ycuieHus curaana (cm. puc. 2.7).

20 - 50
16} ——) =1480 nm —A,;1480 nm
. i 40T - -~ =980 nm
- == =980 SotAS
m12 pron = °
- =30 o
O g - ‘
. ! 20 -
0 I 2 1 2 1 2 1 2 J 10 i 1 1 2 1 2 | N J
1500 1525 1550 1575 1600 1500 1525 1550 1575 1600
A, nm A, nm
a 0
12[ 28 ~
10k 24 -
Q fommeeceaa € 20}
s °r - B fememmecenaa
5 — 16 | Ssa
6L —A,=1480 nm - ——\=1480nm %
i " \ 12 P N
===A,;/980nm [ === ,=980nm .
Al il coraad 0 nual gl 0 oasnnl o0l
1E-3 0.01 0.1 1 1E-3 0.01 0.1 1
Py W B P, W

r
Puc. 2.6 —3aBucumocts k03¢ HULIMEHTa YCUICHUS

1 ONITUMAJILHOU JJIWHBI BOJIOKHA OT AJIMHBI BOJITHBI 1 MOIIIHOCTH CHUT'HAJIa
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0.4 _Howmep kanana

p— Lamcem,

._..2 /. '\

Puc. 2.7 —3aBucumocTth MOIIHOCTHU CUI'HAJIa OT IJIMHBI BOJIOKHA

Crnenyer TakX e OTMETUTbh, YTO MOLIHOCTb HAaKauykKU M KOJMYECTBO YCHIIMBAEMBIX
KaHaJIOB TAaK)K€ OKa3bIBae€T HEMOCPEACTBEHHOE BIMSIHHE HA KOA()(PUIMEHT yCUleHus u

ONTUMAJIBHYIO JUTUHY JUIS KaXI0T0 KaHaia (puc. 2.8).

14 15~
" —)\ = =)\ =1480 Nnm
12k A,=1480 nm I b
[ === ) =980 NM o= ) =980 Nm
10} P 12 P
m R 'o‘ m
5 sl _e” 5 i
¢ °f - G Feo___
6 9 Dl
4 i
N
2 1 ] 1 ] 6 N MEPEPErarT I | M PSSP |
100 150 200 250 300 1 10 100
P,W KOJ-BO KaHAJIOB

0

Puc. 2.8 —3aBucumocTh KO3 GUIMEHTA YCHUIEHUS OT MOIIIHOCTH HaKadKH (a)

U KoJin4yecTBa kaHasioB (0)

Bce Bplllle  mpuBeNEeHHBIE  3aBUCHMOCTH  TMOKa3bIBAIOT  HEOOXOIMMOCTH
JOTIOJTHUTENBHBIX CTPYKTYPHBIX 3yeMeHTOB B EDFA nms BelpaBHUBaHHMS W CTa-
Omwmzanu ko3 uimenTa yCWJIeHHs, HAa OCHOBE TMPHUHIIUIIOB PACCMOTPEHHBIX
B1m. 1.3.5.
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2.1.6. XapakKTEepHCTHKH H CTPYKTypa 00OpyZAOBaHHS

IIPOMBILIAEHHBIX ONITHYECKHX ycuAHTeAed EDFA

B Tabn. 2.2

MPUBCACHBI OCHOBHBLIC TCXHHUYCCKHUC I1apaMCTPhbL JIMHEHUHBIX

ontryeckux ycunurenen tuna EDFA pasnmuunbix npousBogutenei [36-42].

Tabmuma 2.2

CpaBHEHHE ONTUYECKUX JIMHEUHBIX YCUITUTENEH

Optix
BWS SpectralWave «IIyck» (HTO
1640 WM
320G 40/80 DWDM «p»a-
_ (Alcatel)
(Huawei System (NEC) [Tomroc»)
Company)
Yucao KaHaJIoB 32 40 80 —
JlnamazoH MOIIHO-
-30+-13 —-22,5-2,5 — -36+ 10
CTH Ha BXxoze, 1bm
Korddumment
b <55 6-—7 5 7
myma NF, 1b
MakcuManbHas
MOIIIHOCTD 20 8-21 28 3,527
Ha BBIXOJ€E, 1bMm
Koaddurnment
32-35 30-33 20 15-30
ycuiienus, 1b
HepaBHomepHoCTh
<2 <2 <1 2
AYX, nb
[Tonstpu3zarmoHHbIC <0,5 — — —
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norepu, 1b

Ha puc. 2.9 npuBenena ¢yukmnuonansHas cxema obopymoBanmsit ARCOTEL

WE1550. WE1550x — ontuyeckue ycunutenu tuna EDFA ¢ BbICOKOHaIEKHBIMU

na3epamu Hakauku Ha 980/1480kMm.

Xoponme OKCINTYaTallMOHHBIC ITOKA3aTCJIN IMMO3BOJIAIOT UCIIOJIB30BATh JJAHHYIO MO-

ACJIb B pa3JIMYHBIX CCTAX KaOeJIbHOTO TCICBUICHUA OONBIINX U CpCaAHUX pasMEPOB.

Onruyeckuii

@

OpOreBoe BOJIOKHO

Juriekcop

I Jlumnexcop

Onruueckuii |

H30JIATO] H30JIATO
Jogrop ogTOp
A A
Bxon Jlazep Hakauku Jlazep Hakauku Boixon
980 um 980/1480 am
P f 3 P f 3
3 = S =
2 - : s &
Wsmepurens 8 g5 5] g & Wsmepurens
MOIIHOCTH g, = § g g & MOIITHOCTH
=) o] = o E
3 =3 3 %3
~ = ~ =

CucreMa MHKPOIIPOLIECCOPHOIO KOHTPOJIS

Ha puc. 2.10npusenen Buemnuii Bug EDFA npoussoactsa Thorlabs [44].

A

RS 485

A

/

VFD aucrnneit

Puc. 2.9 —®ynkuuonansHas cxema EDFA ARCOTEL WE1550

Puc. 2.10 —Buemmnwmii Bugx EDFA npoussoactsa Thorlabs
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B tabn. 2.3npuBeneHsl 0OCHOBHbIE pabodne XapaKTepUCTHKH, a Ha puc. 2.11u 2.12

— paboune 3aBucuMocTH ycuutened tuna EDFA nmpowmsBoactea Thorlabs fnonus)

[44].

Tabmuma 2.3.I1apameTpsl yeunureneit Tpex auama3onos: S, C, L

S-BAND C-BAND L-BAND
Jlnamas3oH JJIMH BOJH, HM
1455-1485 1530-1565 1560-1600
Kordduiment ycunenus
0 Y > 25 > 40 > 30
(P.x= —3(1ibm), nb
Kordbduiment yeunenus
0 Y 13 - 13
(Psx= Onbm), nb
Koadpunment myma, nbm <7 <5 <5
BrixoagHas MOIITHOCTE HAChI-
- > 17 -
menust, 1bm
CrabuibHOCTH KO3(. ycuiie-
0,001 0,005 0,005
Hud, nb
Pa6ouas Temnepatypa, °C +10 ... +40 0...+40 —10 ... +45
Iena, $ 28000 17000 19000
%0 BXOZ[HaZI MoII{HOCTh = - 30:1bm %0 Bxomuaz e Om.H?CT.b.: -.39 AbM
"R 40 40 .
% 30 T ; 30 PO AR L S
5 o b
GS) 20 . 1 % 20 : Bxoaunast mdmuocts = - [0 n1bm v
ﬂ:) » Bxoauas momHocts = - 10 nbMm ®e E . ®
% ° Q 10 &
510? %5 > o s 'l"-o.'.o.o.o..o.@...oou‘u,'°l
>~. ) ..":':...........0..06..‘000000... .. —»
0 — 0 0 1520 1540 1560 1580

1520

1540

1560

1580

JInvuHa BOJIHBI, HM

a

JIsIMHa BOJIHBI, HM
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Puc. 2.11. —3aBucumocTs koddunrienta ycumieHus (a) u kodgpummuenTa myma

OT JUTUHBI BOJHBI st ipeaycuinutens (0) nuamazona C

25

50 ®BxonHas momHocth = - 30 b @ Bxoanas mouHocTs = - 10: 1bm

50 25
30 ab: 1557 - 1607 um (50 um) 1 ob: 1560:- 1603 am (43:HM)
3 nb: 1556i- 1613 um (57:HM) el
40 l . ’ Ceeec e, 20 = 40 ‘.. Vennenne = 20 =
Lg( " : Lg( LQ( *  Bkommas mommocTs: - 30 aBy | LIS[
30 oo . 15 30 PSRN FRNURURPRP SR N 15 &
= ‘ '. i = ‘ :. ®:Ycunenne i
Q:) . tdeecctttrtceeceden . E 55 ° Bxoanast momsocts: 10 abm E
2 20 - wiodl10Z S0l hof10 2
5 ¢ ° . < o ° Kpussie 1iryma "/ g
¢ ° m
> 1 Kpusbie tiryma . g » —_— - =
L e = 10 . T L
10 v — e e . ° 5 M ° —  — e — . M
It S — e * e ’ .- ; "
: M 0 0
O 4540" 1560 1580 1600 1620 °© 1540 15353”%1 gggw ]1?400 1620
JIsIMHa BOJIHBI, HM ’
a 0
20
50 25 Bbix0/IHO# clieKTp
0
40/ ® 0 0 0 00 0 0 0 o 4 20 = LE
n Ycunenune ® e ° L@[ =
= o { 4 -20
530 o156 & 5 ~
= 2 3
5 AT
E 20 o 10 = g -40
S g =
= Bxonnoii criekt \’L\I,
10 5 & -60 P
Kpusslie nryma
¥ ittt et it 0 0 1560 1570 1580 1590 1600 1610

0 5 10 15 JIniHa BOJIHBI, HM
BoixoaHast MOLIHOCTb, 1bM

B r
Puc. 2.12 —3aBucumocts k03 Punmenta ycunenus u koddduruenra nryma (a, 6),
ko3¢ duineHTa ycuiieHus 1 K03 GHUIMeHTA [IIyMa OT BXOJAHOW MOIIHOCTH cUTHAaA (B),

BXOAHOI'O U BBIXOAHOI'O CUI'HAJIOB (F) OT AJIMHBI BOJIHBI JUIA YCHUIIUTCIIS JHAIla30Ha L

2.2. MyABTHIIAEKCOPEBI Ha HHTepGhEepEeHITHOHHBIX PHABTpPAX
2.2.1. [IpuHUHNOBI AeHCTBHA H CTPYKTypa MYABTHIIA€EKCOpA

[TpuHIMTT AEWCTBUS JaHHOTO MYJBTHUIUIEKCOPA/IeMyIbTUIUIEKCOPa OCHOBaH Ha

IPUMEHEHUH UHTepPEPEHIIMOHHBIX (TOHKOMIEHOUHBIX) puabTpoB (thin films). Mutep-
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dbepeHITMOHHBIA (QUIBTP COCTOUT M3 HECKOIBKHUX UYEPEAYIOIIHUXCS CIOEB MPO3PAvyHOTO
JTUAJIEKTPUYECKOTO MaTepuaia C pa3InIHbIMH MOKA3aTeIIIMH MPEIOMIICHUS, HAHECCH-
HBIX Ha MPO3payHyro MoaIoxkKy (puc. 2.13).I1po3paunbiii AUIIEKTPUK UMEET TOYHBIH
IOKa3aTeNb MPEJIOMIICHHS, KOTOPBIH MOXeT u3MeHAThCs oT 1,42 1o 2,0 ¢ TOYHOCTHIO
70 6 3HAKOB IOCJIE 3aMATOMN), a Pa3HOCTh MMOKA3aTeNIeH MPETOMIICHUSI OOBIYHO COCTABJIS-
er BenmuuHy nopsiaka 10°—10". Tonmpsa cTpykTyps! L 0GBIMHO COCTaBIISIET HECKOIIb-
KO JICCSTKOB MUJUTUMETPOB.

WNuaTepdepeHIMOHHbIN GUIBTP OTpakaeT 3alaHHbI WHTEPBAJ JJUH BOJH U TPO-
MyCKaeT BCe OCTaJIbHBIE. J[JIs ompeeneHus 3Toro nHTepBajga HEOOXOUMO PacCUUTATh
CeNyIoNre mapaMeTphl GUIbTPA: MOKa3aTed MPEIOMIICHHS Ny, Ny, TOJNIUHY TIEPHO-
JMYECKON CTPYKTYpbl L, mepuon ciemoBaHUsl ClIO€B A U ONPENEIUTh YTOJ IMaJeHUs

CBETOBOTO ITyuka Ha GuibTp 0.

Moanoxka

Puc. 2.13 —KoHcTpykuus uaTepdepeHIMOHHOTO (GUiIbTpa:
l 1 [ | — cion ¢ mokasatensmu nipeoMnenHust Ny U Ny; L — TONMIMMHAA CTPYKTYPEI;
A — nepuon cTpykTyphl, K, K, K”— BOJIHOBBIC BEeKTOpa Maatomieii, OTpaKeHHOU

u npomeﬂmeﬁ CBCETOBBIX BOJIH, 60— YToJI NIaACHUA BOJIHbBI

Pacuernbie Qopmynbl s ompeneneHus TapaMmeTpoB (GuUIbTpa NPUBEACHBI
B [1], a TexHHMKA HAHECEHHUSI CIIOEB XOPOIIO M3BECTHA B ONTHYECKON MPOMBIIIEHHOCTH,
YTO IMO3BOJIAET CO3/1aBaTh HEAOPOTHUE (PUIBTPHI C PA3IUYHBIMU CIEKTPAIbHBIMUA CBOMA-

CTBaMHU.
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TonkoTUIEHOYHBIE (UIBTPHI UMEIOT JOCTATOYHYIO TIOJIOCY TPOITYCKAHUS ISl HC-
noss3oBanns B cucreMax WDM ¢ 16u 32 kananamu.

Ha puc. 2.14 npuBencHa CTpYKTypHas cXeMa ONTHYECKOTO MYJIBTHILICKCO-
pa/neMynbTHIIIEKCOpa, COCTOSIIAs U3 HA0Opa TOHKOTUICHOYHBIX (PHIIBTPOB, KaXKIIbIA 13
KOTOPBIX J00aBIsCT/BhIICISACT U3 OOIIEro CUrHajaa OJuH MH(PpOPMAIMOHHBIH. DUILTPEI
pacIojIoXeHbl Mo HakiIoHOM O = 45° k onTHYecKol OCH, YTOOBI OTPAKEHHBIM CBET HE

nomnajan oOpaTHO B OOIIMI CUTHA.

>

[

A
Moy

- -
Ay A N EN R Ay A

Puc. 2.14 —Mynpruruekcop/ 1eMyabTHIIIEKCOP Ha OCHOBE

<«

MHOTOCTYTIEHYAaTON CUCTEMBI TOHKOIIJIEHOYHBIX (PHIIBTPOB:
Fi,F, ..., k,— Habop ¢uiabTpOB, HACTPOCHHBIX HA CBOO JJIMHY BOJIHBI
Ha puc. 2.15 mpencraBieHa CTpyKTypHas CcXemMa MOMYJISl MYJBTHUILICK-
copa/aemMyIbTHILIEKCOPa JIsl BBIACICHHUA/OTBETBIICHUS OJHOIO KaHalla U3 TPYIIIOBOrO
curtaia. OCHOBY MOJIYJIsI COCTABIISFOT JIBa OJJMHAKOBBIX MHTEP(PEPEHIIMOHHBIX (PHIIBTpa

HaxXOJAIUXCS B  pa3HeIX IUiedax  uwHTepdepomerpa Maxa —  llenne-

pa [21].

@unstp 1
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Puc. 2.15 —Mogynb MyJIbTHUILIEKCHPOBAHUS/ IEMY T TUILIIEKCUPOBAHHSI
OJIHOTO KaHaJla Ha OCHOBE MHTEP(HEPEHIIMOHHBIX (PUIBTPOB

u uarepdepomerpa Maxa — llennepa

PaccMoTpuM mpUHIUN IEHCTBHS 3TOTO YCTPOWCTBA HA MPHUMEPE BBIACIEHHS BTO-
poro KaHania ¢ Ap. ['pynmoBoii curaan nogaercs Ha BXoJ 1, AeTUTCs MOPOBHY U MOMaj1a-
eT Ha GUIBTPHI, UISI KOTOPBIX YCI0BHE bperra BIMONHIETCA 7151 ONTUYECKON HecyIien
BTOpOro KaHaina. Jlamee curnan BTOpOro KaHajla oTpaxkaercsi oT (GuiIbTpa, BHOBb IOIa-
JlaeT Ha HampaBJICHHBIA OTBETBUTEIND, IJI€ KOTEPEHTHO CKJIAIBIBAETCS U MOCTYIAET Ha
BXOJ 2. DTOT MOAYJIb MOXKET TaK K€ J00aBIsATh CHTHAJ C 3aJlaHHOW Hecymied (B naH-
HOM clly4ae C Ap) B IpymIoBod curaai yepe3 nopt 3. CTpyKTypHas cxema JeMyJIbTH-

IUIEKCOpa Ha OCHOBE ATOT0 MOAYJIS MpeAcTaBiieHa Ha puc. 2.16.

Puc. 2.16 —MyabTHILIEKCOP/ 1EMYIBTHILICKCOD

Ha ocHOBe uHTep(PepomeTpoB Maxa — llennepa

K HemocraTkaM AEeMyJIbTHILUIEKCOPOB HA OCHOBE JOTHX MOJIYJEH MOXHO
OTHECTH YCJIOBHE TOUHOTO paBEHCTBA Iuiey y uHTepdepomerpa Maxa — Llennepa.

Yacto mpu MOCTPOCHUH JAEMYJIBTHUILIEKCOPOB HMCIONB3YETCs CTPYKTYpHAsi cxema,
n3o0paxxeHHas Ha puc. 2.17.13 rpynmoBoro curHaia GuIbTp oTpakaeT oOpaTHO TOJIb-
KO OJMH KaHal, KOTOpPbI 3aTéM OTBOAUTCA C  TMOMOINBIO  ITUPKYJIS-

Topa.
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upkynstop 1 Lupkynsarop 2

®Guierp 1 ®dunprp 2

Ay Ay

Puc. 2.17 —]JleMynbTUIIIIEKCOP HA OCHOBE ITUPKYJIATOPA

I[aHHaH CXEMa IMO3BOJIACT ACJIaTh PCHICTKY Bpera HCTIOCPCACTBCHHO B OIITHUYCCKOM

BOJIOKHE (BOJIOKOHHAS PEIIeTKa), Kak MOKa3aHo Ha puc. 2.18.

CepnueBuna ?B HI}TGp(I)GpGHHHOHHBIfI QuibTp

)))
‘Aﬂ; Ay o Mty Ay s A

«

Puc. 2.18 —Kouctpykuus uaTephepeHIIMOHHOT0 GUIbTpa,

BBITIOJTHEHHOTO B ONITHYECKOM BOJIOKHE (BOJIOKOHHAS PEIIETKA)

Pemetku 3amuchIBalOTCS B ClieUUalbHOE (POTOUYBCTBUTEIBHOE ONTHYECKOE BO-
J0KHO. Ero MOXHO Moy4uTh, €CIIM B KPEMHHEBOE BOJIOKHO J0OAaBUTh MPUMECH TepMa-
HUs. 3aTeM 5TO BOJIOKHO IOJBEPraloT BO3ACHCTBUIO yIbTPa(UOIETOBOTO CBETA, YTO
BBI3bIBACT M3MEHEHHs TIOKa3aTels MPEIOMIICHHS B CepleBUHE BONOKHA. OOBIYHO pe-
mietka bpera co3gaercs ¢ momoipio 00IydeHHs] BOJIOKHA ABYMS MHTEp(epupyoummu
yIBTPa(UOIETOBBIMH JTyYaMHU.

JlJis IpOM3BOJCTBA PEIIETOK Takke MOXKET ObITh HCIOJb30BaHa (pa3oBas Macka,
KOTOpas paculerisieT My4YoK YIbTpa(HOIeTOBOIO CBETa HAa pa3iMyHble AU(PaKIHOH-

HbIE MOPSAKU, KOTOpPbIE, HHTEp(dEepUpysi, CO31at0T PEUIETKY BHYTPU BOJOKHA.

2.2.2. PacyeT OCHOBHBIX XapaKTE€pPHCTHK
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PacueT OCHOBHBIX XapaKTE€pPUCTUK HMHTEPPEPEHLUUOHHOTO (PUIBTpa OCHOBAH Ha
Teopuu bperroBckoro oTpaskeHuss U MPEACTABISIET COOOW THIMHMYHBIA MpPUMEP CBI3U
MEKIy MPOTHBOIOJIOKHO HarpasieHHbIMUA Mogamu [20].

Ha xaxno¥i rpanuue pasgena 4acTh IaJaroOLIEro CBETOBOIO IIyYKa OTPaXKaeTCs
BCJIE/ICTBUE pa3iiMuMsl NoKazaresnen npeaomieHus. OTpakeHHbIE BOJIHbI HHTEp(epupy-
€T C MMAJa0IIEH BOJHON U B 3aBUCUMOCTH OT JUIMHBI ONITUYECKON BOJIHBI, YCHIIMBAOTCS

6o monasisitoTes (puc. 2.19).

Cnoni 1

Coii 2

—
Cnoni n v !
R e

Puc. 2.19 —bperrosckoe oTpaxkeHue

[Ipenmonoxum, 4T0 B MaTeMaTUYECKOM MOJAETH MHTEPPEPEHLINOHHOTO (UIbTpa
TOJIIIIMHA BCEX CJIOE€B OJAMHAKOBA, & 3aBUCUMOCTb JIUAJIEKTPUYECKON IPOHULIAEMOCTH OT

Z UM€EET BUJI

e, 0< z<%A,

£(2)

2.17
e r?, %A< z<A. (217)

HOpMaHBHBIC MO/JbI HCBOSMYHICHHOﬁ Cpeabl NpCACTABIIAIOT c000M MIOCKUE BOJIHEI

L
e " C BOJIHOBBIM YHCJIOM, OIIPEACIIACMBIM BBIPAXKCHHUEM

_2m |+

k(A)
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B cootBeTcTBUH ¢ COCTOSSHHEM MOJISIPU3ALUN 3TU IIJIOCKUE BOJIHBI MMOIPA3AECIAIOT-
ca Ha TE- u TM-BOnHBI, M€Ky KOTOPBIMU HET CBSI3H, IOCKOJIBKY KaK BO3MYILCHHAs
TaK ¥ HEBO3MYIIEHHAS TUAJICKTPUUECKUE MPOHUIIAEMOCTH SABJISIFOTCA CKaJISPHBIMU Be-
mmarHamMu. ClenoBaTeabHO, CBSI3b MEXAY BOJHAMH MOXKET OBITh TOJIBKO €CIH OHU
MMEIOT OJIMHAKOBBIC COCTOSIHUSI MOJSPU3ALMU. DTO BO3MOXHO JIMIIb ISl Cliydas Ipo-
TUBOIOJIOKHO HAIPABJICHHBIX MOJI, MOCKOJBKY MJIsi OJMHAKOBO HAMPABICHHBIX MO
yciioBre (pa3oBOTO CHHXPOHU3MA BOOOIIE HE BHITIOIHSIETCS.

Xapaktep Moa0BOM cBsi3U Kak 1 TE-, Tak u ayist TM-BoJiH aHanorudeH. OTinaune
COCTOHUT TOJIBKO B TOM, UTO OHU MMEIOT Pa3HbIE 3HAYEHUS MOCTOSIHHOW CBSI3U, KOTOpas

BBIYMCIISICTCA COTJIACHO BBIPAXKCHUAM.

i 2 2 2 AR e )
poew—— n§—nlz(n2_nl) (TE&T&i d
K= 5 - (2.19)

i An s
p——- ng_rf(ng—nf)cosﬁ (TM -ateéi

[TocTosIHHBIEC CBSI3U OTJIMYAIOTCS JIMIIbL HAPABJISFOIIMM MHOKUTeNeM COS(D), ko-
TOPBIA paBeH KOCUHYCY yria MEXTY BEKTOpaMHU TOJISIPU3AIUH
TM-Bon. Jlns TM-Boan mpu 6 = 45°, moctosiHHas ¢BsI3u oOpalaercs B HyJb. DTO CO-
OTBETCTBYET HyJIeBOMY oTpaskeHnto TM-BomH mpu yriie bprocrepa.

Bennunna ¢aszoBoro paccoriacoBanus AB(L), xapakTepu3yromas npu KakoM A Oy-

ACT BBIINIOJHATHCS YCIIOBHC Bperra, OIIPCACIIACTCS BBIPAKCHHUEM

B(A) = 2k(r) coso - 2| 2,20
B cootBerctBuu ¢ (2.20),0perroBckoe OTpakeHUE YETHBIX MOPSIKOB OTCYTCTBY-
€T, MMOCKOJIbKY Tipu M = 2,4,6,..., K= 0. DTO COOTBETCTBYET CIlydaro, KOT/1a TOJIIINHA
KaXXJO0TO CJI0Sl COCTABIIAET LIEJ0€ YUCIIO AJUH BOJIH, YTO MPUBOAMUT K HYJIEBOMY OTpa-
KEHHIO.
Jnsg Toro 49toObl MOMYYUTHh BBIpAXKEHHE IS KOX(p(UIUMEHTa OTpaKeHUs

uHTep(PEepeHITMOHHOTO (UIbTPA, NPEANONONKUM, YTO JUIS CBETa, MAJAIOMIEr0 TMpH
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z = 0, BemmonHsroTC caeayiomye rpannydbie yeiaoBus: A(0) = 1, Ax(L) =0,rne A u
A, — HOPMHPOBAHHBIC AMIUTUTYIbI MAIAIOIICH U OTPAKCHHOM BOJIH.
KoaddurmeHnT orpaskeHuss OperroBckoro orpaxarens (ammapaTHas QyHKIUS WA

CIICKTP OTPAXKEHHMSI) ONIPEIEISICTCS CISAYIOIIMM 00pa3oM:

. :‘m
A(0)

2
, (2.21)

rae A1(0) u Ay(0) — ammumnTyabl agaromeld 1 OTpaKeHHON BOJIH. Perras ypaBHEHHS

CBA3aHHBIX MO/, ITOJTyYHM:

K(A)K(N)shFgA) L

1(A) = 2 , (2.22)
S(A) o ) L+[A‘32(A)} R &) |

rie SQ\) 3amaercs BuipakenneM s(A)” = K(A) K(A)-[aB(A)/2]".

Takum oOpasom, ammaparHas GyHkuus (koddduumeHT oTpaxenus) UHTEpHepeH-
IMOHHOTO (pHUIbTpa paccumThiBacTcs 1o Gopmyie (2.22). OHa COCTOUT U3 OCHOBHOTO
MUKA ¢ OTYCTIMBBIM MAKCUMYMOM U Psifia TOOOYHBIX ITHKOB.

Ha puc. 2.20,u300paxeHa anmapatHas QyHKIUs UHTEpPEpPEeHIIMOHHOTO DHIbTPA,
pPacCUYMTAaHHOTO COTJIACHO BBHIpaXeHUIO (2.22) co CeayIIUMHA MapaMeTpamMu. My =
3,47, =3,4704, L= 5,725mmMm, O = 0°, A = 0,220448vkm. [1o npuBeaeHHOMY rpadu-

KY MOYXHO OTPEICJIUTh IMOJIOCY MpOoIycKaHus kaHaja mo ypoBHio 0,5—-0,14am.

10F
= I
=
2 0.8}
=
ES ' '
= 0.6F
< |
jan)
g5 04t
Q.
< l
E ool
<

0.0

1.5296 1.5300 1.5304
7, MKM
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Puc. 2.20 —Tunuunsblii BUJ annapaTHOU GyHKIUU

UHTEP(PEPEHITMOHHOTO PUIbTPa

Jisg Toro 4dYToObl TOCTPOUTH JEMYJbTUIUIEKCOP Ha OCHOBE uHTepdepen-
IIUOHHBIX (PUIBTPOB MO KaKOW-IMOO M3 CTPYKTYPHBIX CXEM, M300paKEHHBIX Ha PHC.
2.14, 2.16,m60 2.17,He00X0AMMO pacCYUTaTh HEKOTOPhIE KOHCTPYKIIMOHHBIE Mapa-
METPBI 3TUX (PUIBTPOB B COOTBETCTBUM C 33JlaHHBIMU TPEOOBaHUSIMH K pazpadaTbiBae-

MOMY JIeMyJIbTUILIEKCOpY. OnpeneauM 3TH MapaMeTphl.

IleHTpaAbHasaA AAHHA OTPAXKEHHOH ONTHYECKOH BOAHBI A,

[Ipexne Bcero, Kaxaplid GUIBTP AOIKEH OBITh HACTPOEH HA CBOIO JIJIMHY BOJIHBI A,
(i=1, 2, ...,n; N — YUCIIO KaHAJIOB JIEMYJIbTUILICKCOPA) AJIsl BBIIEIECHHS M3 TPYIIIOBO-
r0 CUTHaJIa OJHOTO MH(POPMAIIMOHHOTO KaHaja. JTO O3HAYaeT, YTO Ha 3aJaHHOM JIMHE
BOJIHBI KOd(durnert otpaxenus |(A;) D0mKeH OBITh MAKCUMAIILHBIM, YTO JJOCTUTAETCSI

npu AB(A) = 0, T.e. Kora BITONHIETCS yclloBUe bpera
LN =th? (K (ML) (2.23)

W3 5TOTO BBIpOKECHUS HAMIEM A

A =~/20 \\n? +n3 cosD . (2.24)

W3 BbIpa)ke€HUs1 BUJHO, YTO HA LIEHTPAIbHYIO JUIMHY OTPaKEHHOM BOJIHBI BIUSIOT
BCE KOHCTPYKIIMOHHBIEC MapaMeTpbl (GUIbTpa, KpOME TOJIIMHBI CTPYKTYphI L. J{ns mpu-
BE/ICHHBIX CTPYKTYPHBIX CXEM JEeMYJIbTUILUIEKCOPOB yrou O ¢uxcupoBanubiii (0° wmu
45°). Iloka3zaTenu NpeIoMIICHUs], KpOME BEIHMUYUHBI (Pa30BOIl pacCTPOMKH, BXOAAT U B
BBIPOKEHHUE TIOCTOSHHOM cBsi3u (2.19), cieoBaTebHO, OKA3bIBAIOT BIMSHUE W HA TI0-
nocy nporyckanusi ¢puibTpa. Takum 00pa3oM, Al HACTPOWKH I-TO (QHUIBTPa HA OTpa-
KEHHS CIIEKTpa C 3a/JIaHHOW IICHTPAJIbHOW IJIMHHOW BOJIHBI A; (COTJIACHO 4aCTOTHOMY
mwiany ITU-T) HeoOXoauMo moao0path Uisi HErO MEPUOJ CTPYKTYPhI A, KOTOPBIA OJ-
HO3HA4YHO ompenensercs BoipaxenneM (2.24). CoriacHO 3TOMY BBIPKEHHIO (QUIBTP,

MOCTPOEHHBIN HA OCHOBE MapaMeTPOB, COOTBETCTBYIOIIMX aNMapaTHON GyHKIIMH, U300-
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pakeHHOM Ha puc. 2.219pTpa)kaeT CIEKTp C LEHTPAIbHON NIMHON BOJIHBI paBHOH 1,53

MKM.

IITupuHa MOAOCHI nMponyckaHusa (BW)

[[InprHa 1mMoN0CH MpoIycKaHus (UIbTpa ONPEACISIET MePEeX0aHbIe TTOMEXH B Jie-
MyJbTUILIEKCOpe. UeM OHa yke, TeM OoJjbliiee YUCIO KaHAJOB MOKHO Pa3MECTUTh B
OJTHOM W TOM JK€ YaCTOTHOM Juaria3one. Ha mupuHy monockl nporyckanust nHTepde-
PEHIIMOHHOTO (HIIBTPa OKa3bIBaeT BJIMSHHE 3HAUCHHE MOCTOSHHON cBs3m (2.19),B Ko-
TOPYIO BXOAUT PA3HOCTHIO MOKAa3aTeeH MPeIOMIICHHS, M TOJIIWHA CTPYKTYPHI L.

Baxno momoOpath Takue 3HAYEHUs ATUX MapamMeTpoB, 4TOObI K0P UIIUEHT OT-
pakeHHs IJ1s1 A ObUT MaKCUMAJIBHBIM (T.€. paBHBIM 1), a IIMPHHA MOJIOCHI ITPOITYCKAHUS
buIbTPOB  Takas, UYTO IMEpPeXOoaHble ToMexu B y  JgemynbTHILIeKcopa
HE MPEBBICAT 3aJJaHHBIX.

Takum 00pa3om, 4TOOBI HAWTH MAKCHUMAJIbHOE OTpPa)XCHHUE MPU 3aJaHHOU IICH-
TPaJIbHOM JJIMHE BOJIHBI Aj HEOOXOAMMO, 4T00bI BhipaxkeHue (2.23)0bU10 OJM3KO K e/IH-

HUIIE (3TO CBSI3aHO C 00JIACTHIO OTpeaeneHus QYHKIMH THIepOOIMIeCKOro TAHT'CHCA):
max (A ) = 0,999, (2.25)

Kak Opl10 CcKa3aHO BbIIE, HA MAKCUMAJIBHOE OTPAXKEHHUE U IIHMPHUHY IOJIOCHI MPO-
IyCKaHUs CYIIECTBEHHOE BIMSHUE OKAa3bIBAET JIJIMHA MEPUOJAMYECKON CTPYKTYphl L u

pa3HOCTh MOKa3aTenel MpeaoMiIeHus An=|n,-n|. YeM yxe 10/DKHA ObITh IIUPHUHA I10-

JOCHI MPOIyCKaHus, TeM OoJbine JoMKHO ObITh L u menbine An. CiemoBarenbHO,

ypaBHeHHE (2.25)MOXHO Iepenucarh B BUJIE
| max (A7, Lj ,An) = 0,999 (2.26)
W3 3TOTO ypaBHEHHUs MOXHO BBIPA3UTh TOJBKO TOJIIMHY CTPYKTYphl L; mpu 3a-
magaoM AN

: ath(\/O,T99) A; cog A, )m

TR R

(2.27)
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Takum  oOpasoM, IS JOCTHXKGHUS Yy  JEMYJIbTHIUIEKCOpa  3aJlaHHBIX
HIEPEXOTHBIX MTOMEX HE0OXOIUMO y (DMIBTPOB BapbUpOBATh BeMWYMHY AN, a TOJIIMHA
CTPYKTYpHI AJist i-To ¢uinbTpa OyneT onpenensitbes BeipaxenueM (2.27).Crenyer 3ame-
THTb, YTO TOJIIMHA CTPYKTYPHI B TpaHuIax 4acToT miaHa |TU-T mpaktudecku He u3-
MEHSIETCS, U €€ MOXKHO CYMTATh MIOCTOSTHHOW ISl BCeX (DMIIBTPOB, BXOJSIIUX B JIEMYJIb-

THIUIEKCOP, @ B KAYECTBE 3TAJIOHHOH TONIIHMHBI B3ATh 3HAYCHUE Lin ()5 -

Ha puc. 2.21, uzoOpaxensl ammapatHeie (QyHKiuu ¢uwietpoB (ny = 3,47,
n, = 3,4704,0 = 0°, A = 0,220448vkm), HACTPOCHHBIX HA IICHTPAIBHYIO JITTHHY BOJIHBI

1,53MKM, Ipu pa3IMIHBIX 3HAYCHUSX L.

1.OF q

—
o
T

o
%

[oN
T

~
T

ArmmapatHas yHKIHS
ArmapaTHas (yHKITAT

o
T

0.0 an - 0.0 - :
1.5296 1.5300 1.5304 1,5296 1.5300 1,5304

. HM ., HM

a 0

Anmapartaas (yHKITIST
= = =
i o) o0

I
o

0.0

1.5296 1.5300 1.5304

A, HM

B
Puc. 2.21 —Amnmnaparspie QYHKIIUM TOHKOTUICHOYHBIX (DUIIBTPOB,

PACCUMTAHHBIX TPH PA3TUIHBIX 3HaueHusx L: a — 1,5;6 — 5,725;8 — 20Mkm
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VY 3aBuUCHUMOCTH, N300paXE€HHON Ha puc. 2.223, TOJNMHA CTPYKTYphl paccuuTaHa
o ¢popmyine (2.27) (L= 5,725mkm). DTa TOIIMHA SBISETCA onNTHMaibHOM. Ha puc.
2.22( 3aBUCUMOCTbH pacCYMTaHa MPU MEHBIIUX 3HAYCHUSIX TOJIIIMHBI, YTO CKA3bIBACTCS
Ha KO3 (dUIIMEHTE OTpa)KeHHUs, a Ha pUC. 2.22B — TpH OOJIBIINUX, YTO MPUBOAUT K

HaCBIIIICHUIO.

Onpenencuue 0,

!

3a/1aHue ypoBHS
HEepEeXOAHbIX omex P,

!

OnpenencHust ® u n

-
Ouenka N, u N,
!

Berancnenne S u Lyg;

!

Onpenenchue $@

!

Borancnenue P,

N

BN

L
NN N

Pmax > P0

Ha Hert

Puc. 2.22 —bnok-cxema mocTpoeHHsI 1eMyIbTHILIEKCOPA

Ha OCHOBE MHTEP(EPEHIIMOHHBIX (PUITBTPOB

Takum oOpa3om, st TOrO 4TOOBI TPOrPAMMHO PACCUHUTATH AEMYIbTHILIEKCOP Ha
OCHOBE MHTEP(PEPEHITMOHHBIX (PUIBTPOB HEOOXOAMMO:
1) onpeenuTh yroJy majieHusi CBETOBOTO Mydyka Ha (pUIbTPhI O, UCXOMAS U3 CXEMBI

NIOCTPOCHHSI JeMybTuIuiekcopa (puc. 2.14, 2.16, 2.17);
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2)ucxoas w3 vactotHoro miana |TU-T, BeIOpaTh MEHTpaIbHBIC YacTOTHI WH(MOP-
MAaIMOHHBIX KaHAJIO0B A; U YUCIIO KAaHAJIOB N;
3) paccuuTaTh IS KaXI0T0 I-ro GpuiasTpa 3HaueHus A; mo hopmyie (2.24);

4) pacCUMTaTh 3HAYCHUE Ly, 1O opmyue (2.27);

5)3agath s (GUIBTPOB OICHOYHBIC TIOKA3aTelIM TPEIOMIICHUS My © Ny,
UCXO/JIs U3 CTaHJIaPTHBIX TPaHULL JUIsl OKa3aTesel MpeloMIICHHS U BETMYMHbI AN;

6) Bapbupys 3HaueHHeM AN 100UTHCs, 4TOOBI MaKCHMAJIbHAS MTEPEXOIHAs TIOMEXa
Pihax OBLIIa He OOJIBIIE, UEM 3aJaHHAasI B TEXHUYECKOM 3amanuu Py.

JlaHHyIO0 CXeMy MOsICHSIET OJIOK-cXeMa Ha puc. 2.22.

Ha puc. 2.23 wuzoOpakena ammapatHas QYHKIOHS AeMyJIbTUILIEKCOpAa Ha
4yeTbIpe KaHaja Juis yactotHoro miaHa 1001Th, paccuntanHas Mo BbILIETPUBEAECHHOM

cxeme. MakcumanbHast mepexoaHast momexa JJis Hero cocrapisieT Munyc 23 J16.

D
)

D
_D

ArmapatHast (Y HKITIT

Puc. 2.23 —Annapartnast GpyHKIUS I1eMYyJIbTUIIIIEKCOpa

Ha OCHOBE MHTEP(EPEHIINOHHBIX (PUIBTPOB

2.2.3. XapakKTEepHCTHKH H CTPYKTypa 00OpyZAOBaHHS

IIPOMBIIIIACHHBIX MYABTHIIACKCOPDOB

Alcatel 1696 Metro Span

[IpencraBasier coboit mynbpTHcepBHcHYl0 DWDM-mnatdopmy, momnep:kuBaro-
HIyI0 Tepeaavy MIMPOKOro CIEKTpa MPOTOKOJOB M MHTEP(EHCOB CHUTHANIOB JAaHHBIX

[36]. Kondurypamus cucremsbl, BKIIIOYAIOIIas OKOHEUHOE 000PYI0BaHUE C BOJIHOBBIMHU
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amantepamu (10 32X KaHAJIOB), ONTHYECKUE MYJIbTHILICKCOPHI BBOAA/BBHIBOJIA C OITH-
YECKHUMH YCWIHTEISIMA WM 0€3 HHUX H T.II., MIO3BOJIIET CTPOUTH KOPIIOPATUBHBIE, T'O-
POJICKHE M PETHOHAIBHBIE CeTH. BHEIIHUI BUII CTOMKH CHUCTEMBI TPEICTABICH Ha PHLC.

2.24.

Fs:::z:: =

Puc. 2.24 —Crolika cuctemsl iepenadn

OCHOBHBIE XapaKTEPHCTHKH

* KOJIMYECTBO KaHAJIOB — /10 32 ¢ yacToTHBIM pazHeceHuem 1001 T;

e onTuyeckui auamna3zon — C

* MakcMMajbHas JaJbHOCTh TposieTa 0O€3 pereHepanuu CUTHamIA: 10
75 xMm — B koHburypamuu 0e3 ycuinurener; 10 380 kM — B KoHUrypanuu
C YCHIIUTEIISAMU,

e HUB — 8+8+8+8kanaios;

* OADM — 4 ynu 8 kaHamos;

* CHCTEMa KOHTPOJISI KauecTBa Tepe/iavu;

* pa3IUYHBIC CUCTEMbI PE3EPBHUPOBAHUS — ITACCHBHAs ONTHYECKAs CHCTEMa pe-

3CPBUPOBAHMA, CUCTCMA PC3CPBUPOBAHNUA KaHAJIOB JAHHbBIX.

CereBast TonmoJsiorust
Alcatel 1696 Metro Spanonaep:xuBaeT ceTeBbIe TOOJIOTUHU CIEAYIOIINX THUTIOB:
* «TOYKA — TOYKA;

¢ «TOYKa — TO4YKa» C IIPOMCIKYTOUYHBIMH y3J1aMHU BBO,Z[a/ BBIBOIA,
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* JBYXBOJOKOHHOE KOJBI[O C OJHUM IIEHTPAIbHBIM Y3JIOM - KOHIIEHTPATOPOM
(single HUB-node);

* KOJBIIO M3 JBYX BOJIOKOH C IOJHOCTBIO pacrpeneicHHor Ttomojorueii (full
mesh);

* KOJIbIIA, COETUHEHHBIE MKy COOON C MCIOIB30BAHUEM TOIOJIOTHH «CKBO3HAs

nepenava ¢ orseriienuem» (dropand-continue).

Kon¢purypauus croiku
CrnenuanbHas 10JKa C IUIATOMECTaMM  IpeJHA3HadeHa Uil pasMelle-
HUSl BCEX OCHOBHBIX CHUCTEMHBIX IUIaT. JIuneBas cTOpoHa MOJKM M300pa’ke€Ha Ha puC.

2.25.

ESC Module

LAN | OMDX EXP SPV
SPV Management
ESC Module

ul
WS

Puc. 2.25 —Kondurypauus croiiku

[Tonka wumeer mupuHy 533 MM (YTO TMOJHOCTBIO COOTBETCTBYET IIH-
pune cranmaptHeix croek NEBS u  ETSI), Beicory 442 MM u rayOuHy
269 mM. [Tonka cocTOUT U3 OCHOBHOM YacTH M JBYX paclIUpeHuii. B ocHOBHOM yacTu
MOJIKM MOKHO YCTaHOBUTH 110 24 miat. OOBIYHO YCTAHABIMBAIOTCS CIEAYIOLIHUE:

* 0JIHA IUTaTa KOHTpoJuiepa obopyaoBanus (aBe s mactep-mnonku) (ESC);

* 10 16Tpancnonaepos (TSP),mporymepoBansi ¢ 1o 16;

* OJIMH ONTHYECKUI MYJIbTUILICKCOP/IEMYIBTUILICKCOP IS KOHPUTYPAIIUU OKO-
HEYHOro y3ya (Ba ONTHYECKUX MyJbTHILIeKcopa/aemynbTuiuiekcopa win OADM s
MOJIICPKKY JIBYX HalpaBJIeHU — Ha BOCTOK M Ha 3ara);

* OJIHA IUIaTa JJIs1 ONTHYSCKOTO KaHaya ynpasjieHus u oocinyxuBanus (SPVM).
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Kpome deTpipex CIIOTOB, BBIIEIEHHBIX JIJIS TJIAThl KOHTpOJUIEpa 000pyAOBaHUS U
OTNITHYECKOTO KaHaJla yMPaBIICHUS] BCE OCTAILHBIE CIIOTHI MOTYT MMPUHUMATD TUTIATHI JTFO-
ooro Tuma. B mepBoM paciMpeHnn yCTaHABIMBAIOTCS CIIEAYIOIIHE:

* nBa Onoka nutanus -48 B (PWS);

e oauH OJIOK MECTHOTO JOCTyMa JJIsl TOJKIIOYEHUS MOPTATHBHOTO TEPMHUHAJA
o0opymoBaHus WK cucteMbl ceteBoro ynpasienus EML (LAN_Q);

* 0JMH OJIOK MECTHOIO J0CTYMa /I cBsi3u Mexay monkamu (LAN _[);

» ojuH cayxebnbIi 0ok (housekeeping board)8 sxoasmmvu n 8 ucxoasmumu
nopTamu ciry>ke0HbIx naTepdeiicoB (HK, Toiapko Ha MacTep-moJke);

* 0JMH OJIOK yJaJeHHbIX curHaioB TpeBoru (RA);

 1Ba Osoka mojb3oBaTenbckux uHTepderico (Ul) (Tonbko Ha MacTep-moJke);

* [0 OJHOMY OJIOKY ONTHYECKOM 3aIUThl KAHAJOB HAa KaXKIIbIN 3aIUIIICHHBINA Ka-
nai (optical SNCP/UPSR) (OPC).

Bropoe pacmmpenne uCmonbp3yeTcs s BEHTWISITOPOB OXJaxaeHus. Bece coemu-
HeHUs (ONITHYECKUE U DJIEKTPUIECCKHUE) BBITOJHAIOTCS Ha TICPEIHEH MaHed, YTO 3HAYH-
TeTbHO  oOserdaer  goctym. Kaxkmgas  moika  WMeeT  JBa  M30BITOYHBIX

CUJIOBBIX pa3beMa —48B.

2.3. MyabTHnAeKkcOphI Ha puABTpax Pabpu — Ilepo
2.3.1. IIpuHUHI AeHCTBHS H CTPYKTypa MyABTHIIAEKCOpA

JIBa mosynpo3payHbIX 3€pKajia, pacroyioKEHHBIX Ha HEKOTOPOM PACCTOSIHUU APYT

ot napyra obpasyrot pesonatop ®adpu — I[eppo (puc. 2.26) [22] .

3epkaina

L., Cpena pezonaropa

A
A 4
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Puc. 2.26 —Konctpykuus ¢puiabTpa Ha ocHOBe pe3oHaTopa ®adbpu — Ilepo:

L — nnuHa pe3oHaTtopa

OTpakeHHBIN JTy4 BHYTPH PE30HATOPAa MHOTOKPATHO OTPAXKAETCS OT 3epKaJl, U, ec-
mu L kpaTHO AW/2, TO BCe JIydd, IPOXOMASIIUE Yepe3 MpaBoe 3epKasio, OKa3bIBAIOTCS B
daze. J{TuHBI ONTHYECKUX BOJH Ay Ha3bIBAIOTCS PE30OHAHCHBIMHU.

JlaHHasT KOHCTPYKIMSI OYCHb UYYBCTBHUTEIbHA K TOTPEIIHOCTSIM W3TOTOBIICHUS.
Hamuume  oYeHp  y3KMX  MaKCHMyMOB  TPHBOJUT K  TOMYy, 4TO  IIpH
HE3HAUYNUTEITLHOM OTKJIOHCHHWH JJIMHBI Pe30HATOpa OT 3aJaHHOW MUK MPOMYCKaHUS CY-
mecTBEHHO cmemaercsa. OCOOCHHO KPUTHUYHBI K TOTPEUTHOCTH [IJIMHBI Pe30HaTOpa
bunbTpel ¢ 607€e BHICOKUMHU KOX(DPUIIUEHTAMU OTPaKEHUS 3epKaJl.

[Tomoca mpomyckaHusi Takux (UIBTPOB JAOCTATOYHO IMIMPOKAs MO CPABHEHHIO C
dunbTpamMu Ha IJICHKAaX, a anmnapatHas (QYHKIHS UMEeT MEPHOANISCKHUNA XapaKTep, 4To
nenaet ux npumeHenue B WDM-cuctemax ¢ 00Jb1110# MJIOTHOCTHIO pa3MeIleHHUs KaHa-
JIOB TIPAKTUYECKU HEBO3MOKHBIM.

His opunsTpoB @abpu — [lepo MOKHO MPEAJIOKUTH CXeMY, TOKa3aHHYIO Ha PHC.
2.27. C onrtuyeckoro BOJIOKHA CUTHQJI TIOCTymaeT Ha Habop QUIBTPOB,

HACTPOEHHBIE KAXKIbI Ha «CBOIO» ONTUYECKYIO HECYIIYIO.

PasseTBUTEND —
Ay A, A
A
(D (. —
OB
A,
—

Puc. 2.27 —Cxema onTu4ecKoro 1eMyabTHUIUIEKCOPa MHOTOBOJIHOBOTO CUTHAJIA

HuTepecHoit ocobennocTsio punbTpa @adbpu — Ilepo siBisieTcs BO3SMOXKHOCTD €r0

I[I/IHaMH‘{CCKOﬁ H&CTpOﬁKPI Ha 3aJaHHYIO OJIMHY BOJIHBI ITYTCM H3MCHCHUS PACCTOSHHA
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MeXay 3epkamamu. Ho BBICOKYIO pa3pelaromiyio CIIOCOOHOCTh MOKHO peai30BaTh

TOJIBKO B TOM CJTy4ae, Koraa Kod(PHUIMeHT OTpakeHUs 3epKajl OJIM30K K SUHUIIE.

2.3.2. PacyeT OCHOBHBIX XapaKTE€PHCTHK

AnmnaparHas gynkuus ¢unbrpa @abpu — Ilepo onpenensiercs cieayromuM BbI-

paxxenuem [20,22]:

(1-R’

(- R+ 48 si m';\”ﬂz (2.28)

rae, R —xoadduiment orpaxkenus 3epkai, N — noka3aTellb NPeIOMIICHHs CPEIbl pe-

I(\) =

3oHatopa. W3 ¢opmynsl BHAHO, YTO CIEKTP MNPONMyCKaHUs (uibTpa uUMeeT
NEPUOANYSCKUN XapakTep. Takke B BBIPAKEHUU MPEANOJIaraeTcs, YTO CBET MajgacT
HOpPMAaJbHO Ha PE30HATOP.

Takum oOpa3om, kodhdUIIMEHT TpomyckaHus (QUIbTpa Ha OCHOBE PE30HATOpA
®abpu — Ilepo (ammapatHas GyHKIMS WIK CIIEKTP MPOIMYCKAHKS) PACCUUTHIBACTCS IO
dopmyie (2.28).

Ha puc. 2.28 wuzobpaxkena ammapatHas QyHkuus ¢GuibTpa Ha OCHOBE
pe3onaropa @abpu — Ilepo, paccunranHoro mo gopmye (2.28)co ciaeayronmu ma-

pametpamu: N=1,53, L=100mkm, R=0,9.

1.0
0.8

(i

0.4

Anmaparaas g HELHA

0.0
1.520 1.525 1.530 1.535 1.540
Fu. MK

Puc. 2.28 —Tunuunselil BUj anmnapatHon QyHKuu GuiabTpa

Ha ocHOBe pe3oHnaropa ®adpu — Ilepo
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[lo mnpuBeneHHOMY TpaduKy MOXKHO ONPEACTUTh TIOJIOCY MPOMYCKaHUS
kanaiaa 0,5um.

Jl1st TOro 4TOOBI MOCTPOUTH JAEMYJIBTUILIEKCOP MO CXeMe, N300pakKeHHOW Ha PHC.
2.27,He00X0AMMO pacCUUTaTh HEKOTOPBIE KOHCTPYKIIMOHHBIC TTapaMeTphl (GUILTPOB B
COOTBETCTBUM C 33JJaHHBIMH TPEOOBAHUAMU K pa3pabaTbIBAEMOMY JIE€MYJIbTUILIEKCOPY.
OnpenenuMm 3TU apaMeTpsl.

HenTpanbHasi AJMHA OTPAKEHHOH ONTHYECKOH BOJIHBI Ai. J[Ji1 Toro 4ToOb Ha
3aJJaHHOM JUTMHE BOJIHBI A; (cornimacHo yactoTHOMy Iiany | TU-T) npomyckanue ¢uib-
Tpa OBLIO MAKCUMAJLHBIM HEOOXOIMMO, YTOOBI BEIPAKEHUE, CTOSINEE 0T 3HAKOM CH-
Hyca, paBHsIJIOCH MIT, rae M= 1,2,3, ... T.e. mpu AIMHE PE30HATOPA, BRIPAKEHHOM I1e-
JIBIM YUCJIOM, JJIS MPOITYCKAHUSI ONTUYECKON BOJIHBI C LIGHTPOM Ha Aj, JOJKHO BBINOJI-

HATBHCA CIICAYIONICC OTHOIICHUE!

Ny
, 2.29
A, (2.29)
rae Ny — ToKas3areidb NpeloMJIeHUs s I-ro QuiubTpa, Aj U3MEpsieTcs B MHUKPO-

MeTpax.

CornacHo 3TOMY OTHOIIEHHUIO, GUIBTP, TOCTPOCHHBIH HA OCHOBE Ta-
pamMeTpoB, COOTBETCTBYIOLIUX ammapaTHOW (QyHKUIMU, HM300paxkeHHOW Ha puc. 2.28,
MPOMYCKAeT CHEKTP CO CIACAYIONIMMU IEHTPaJbHbIMU JUIMHaMU BoOJIH: 1,52239mkmM,
1,53mkM, 1,53769vkM (B mpeaenax u3merenus A ot 1,5210 1,54Mkm).

IIupuna noJiochbl nponyckanus. Ha mmpuny mosnocsl nmpornyckaausi GuibTpa Ha
ocHoBe uHTepPepomerpa ®abpu — Ilepo okaspiBaeT BiausiHUE KOIDDUITUEHT OTpaXke-
HUs 3epkan R u qiuHa pe3onatopa L. Uem Boimie ko puimeHT oTpaxeHus 3epkan R u
OonbIie 3HayeHue L, TeM yxxe OyneT mupuHa nojoChl MPOITYCKaHUS.

N3-3a mepHOAUYHOCTH amnmnapaTHOM (YHKIUH (QUIbTpa CIASAYIOUIMI MaKCUMYyM
IIEPBOr0 KaHajla MOXET IONAcTh B CIIEKTP MOCIIEIHEero HH(MOPMAIIMOHHOTO KaHaa (puc.

2.29).IlosToMy HEOOXOAMMO paccunTaTh TaKyl JJIHMHY pe3oHaropa L, 4roObl nmepuon
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anmapaTHon GyHKIUU OB 00JIbIIIe CBOOOMHOTO CIEKTPAIBLHOTO JUaIa3oHa JeMYIbTH-

wiekcopa AArsg (AArsr= An— ALy). Ha puc. 2.29,5T0T niepros 0003HaueH Kak AN Fsp.

r

AN FSR
I AN FSR

ETTTY FriS - ___—S

™

oL L Ui,

>

AoA AL ALK A

Puc. 2.29 —Anmnaparnas ¢yHkius GuibTpa

JlnviHa pe3oHaTopa, NpPU HW3BECTHOM TEpUOJAE ammapatHol QyHKuuu T

U [ICHTPAJBbHOM JJIMHE BOJHBI Aj HAXOIUTCS U3 BeIpakeHus (2.28)u paBHa
- t( AL +A;)
- =1N i |. 2.30
I L ' 2Tin J (2:30)
N3 ¢popmynbl BUAHO, YTO HAaMOOJbIIEH ATMHA pe3oHaTopa OyAeT A MOCIEIHEro
KaHaja, Mo3TOMY IMOJIy4YeHHOE 3HAUEHHE MOXKHO HCIOJIb30BaTh U ISl BCEX OCTaJIbHBIX

GUIBTPOB BXOAAIIMX B JEMYJIbTUILIEKCOP. Bennunny T; MOXKHO OLEHUTH 1O popMyIie:

3
Ty =AM FSRS R (2.31)

@opmyna SBIASETCS IMIUPUYECKON, MOJYYEHHON MPU YCIOBUH, YTO IMOCIETHUN
KaHaJl JeMYJbTUIUIEKCOpa BHOCUT MEPEXOAHYIO TIOMEXY B MEpPBBIA KaHal HE OOJIbLIe

yem muHyc 25/16.

3rauenne R 00bryHO nexur B auamnazode ot 0,9 10 0,99u 1 ero o1ieHKM MOKHO

BOCTIOJIb30BAThHCS (POPMYIIOit

R=1-A\, (2.32)
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rae AN, — KaHQJIbHBIM MHTEPBAJI AEMYJIbTUILIEKCOPA, HM. TaK KaKk KaHAJIbHBIA UHTEP-

BajJ i1 BCeX (PWIBTPOB €AMHBIN, TO MOIXYYEHHbIH KOA((UIMEHT OoTpaxeHUs OynaeT
IPUMEPHO OJMHAKOB IS BCEX (GUIBTPOB, BXOIAIIUX B JIEMYIbTUILIEKCOD.
®dopmyna (2.32) Takke sMIUpUYecKas U MOJIy4eHa NPU YCIOBUH, YTO I-i KaHam

JNEMYJIbTUILIEKCOPA  BHOCUT  IIEPEXOAHYKD  IIOMEXYy B  COCEQHMM  KaHaj

3ajaHue ypoBHs
THIePEXOHBIX TIoMeX P
/ Omnpenenenns A, u N /

!

Breruncnenune n

!

47/ Ouenka Repu Ly, /
!

Onpenenenve @

!

Boruucnenue P,

He Oouible, ueM MuHyc 25 J106.

P _>P,

max

Ha Her

Puc. 2.30 —bnok-cxeMa nmocTpoeHus 1eMyIbTUILICKCOpa

Ha ocHOBe GunbTpoB Dadbpu — Ilepo

Taxkum 006pa3om, AJisi TOTO YTOOBI MPOTPAMMHO PACCUHUTATh JIEMYJIBTHUILUIEKCOpP Ha
ocHoBe GunbTpoB Padbpu — [lepo HEOOXOIUMO:

1) ucxons u3 yacrotHoro rutaHa ITU-T, BeIOpaTh HEHTpadbHbIE YAaCTOTHI HH(OP-
MaIMOHHBIX KAHAJIOB A; ¥ YMCJIO KAaHAJIOB N,

2) BBIYUCIIUTD I KaXI0ro (UIbTpa MOKa3aTeNb MPEIOMIICHUS pe3oHaTopa I,

ucxozs u3 otHoeHus (2.29);
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3)onennth BenmuuHy L, (mmmHY pesonHaTopa it (GUIBTpa  IOCIEIHETO
kaHama) no ¢Gopmyne (2.30). Ona Oymer emumHa A BceX (WIBTPOB, BXOJSIINX
B JICMYJIbTHILIEKCOD;

4) oieHnTH KOA((HUIMEHT OTpaskeHHsI 3epKai pe3oHatopoB R mo popmyne (2.32);

5) Bappupys 3HaueHueM R u L, 7100UThCsI, 9TOOBI MaKCHMalbHAs IePEXOaHAs T10-
Mexa Pray, Obla He 0O0JIbIle, YeM 3aJaHHas B TEXHUYECKOM 3aaHuu Py.

JlaHHYyI0 cXeMy pacuera MosicHseT 0y10k-cxema Ha puc. 2.30.

2.4. MyABTHIIA€EKCOPBI Ha roaorpadpH4ecCKHX

AU(PPAKIIHOHHBIX pelleTKax

2.4.1. [IpuHUHNO AeHCTBHA H CTPYKTypa MYABTHIIAEKCOpA

[IpyHIMTO IEUCTBHS TAHHOTO JAEMYJIBTUILIEKCOPA OCHOBAH HA MPOCTPAHCTBEHHOM
pas3zieNieHuy TPYIIOBOr0 CUTHANIA C TOMOUIBIO TOorpaduyecKux AUPPaKIIMOHHBIX pe-
IIETOK 3almMCaHHBIX B (poromoiaumepHom matepuaie (PIIM). daktuuecku, 3T0 cepus
TG PAKIIMOHHBIX PEHIETOK, HACTPOSHHBIX Ha OIMpPENETICHHYIO AJTUHY BOJIHBI, HO HE CTO-
AIIUX MOCIEA0BATENbHO, a 3alIMCAHHBIX B OJHY MPOCTPaHCTBeHHYIO 00nacTh OIIM.

[IpuMeHeEHNE TaKOM TEXHOJOTHH AEMYJIbTUILIEKCUPOBAHUS NPUBEIET K YBEJIHYE-
HUIO MOIIHOCTH JU(PpPAarupyeMbIX JIydeld TOJIE3HOTO CHrHajga, TakK KaK OHHU
HEe OyIyT MPOXOAUTH Yepe3 IENOUYKY MOCIEeI0BATENbHO CTOSIIMX (PUIBTPOB, U 3HAUU-
TEIbHO OOJErdyuT KOHCTPYKIHUIO NEMYJIbTUIUIEKCOpA, YTO MPUBEIET K YACUICBICHHUIO
YCTPOMCTBA.

Ha puc. 2.31 cxematuuecku wu300pakeHa cxeMa JIeMyJIbTUIIEKCOpa Ha
ocioBe OIIM, B KOTOpOM 3amucaHbl JBe rojorpapuueckme auGpPaKIUOHHbIE
pPEUIETKN MPOITYCKAIOIIETO THUMA MOJ pa3HbIMU yriaMu K ocu X. ITagaromee na OIIM
ONTUYECKOE M3IYyYEHUE C PATHYAIOIIMMUCS JUIMHAMHU BOJIH MCHBITHIBAET OP3TTOBCKYIO
TUGPaKIUI0 HA COOTBETCTBYIOIUX NU(PAKIMOHHBIX pemieTkax. JIudppaKkioHHbIe cBe-

TOBBIE JIy4d PACHPOCTPAHSIOTCS IMOJ PAa3IMYHBIMH yriamu (T.e. pa3iessitoTCs Mpo-
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CTPaHCTBEHHO), IOCJIC YEro IMOCTYIAIT KaXJIbIi Ha cBOe (DOTONPUEMHOE YCTPOHCTBO
(DITY).

AuchparnpoBaHble ny4vun

ll: () )‘*k 3 one Jlll

®rnm

Mpoweawmnin nyy
Puc. 2.31 —IIpumenenune HanoXeHHBIX rojorpaduueckux pemerok B GIIM

AJI1 ACMYJIbTUIINICKCUPOBAHUS I'PYIIIIOBOTO OIITHYCCKOTO CUTI'HAJIa

Bonee meranbHO MPUHIUTT CENEKITMH JTMH BOJIH MOKa3aH Ha puc. 2.32.J11s ynoo6-
CTBa BU3YaJIM3allMd HAJIOKEHHBIE ToJIorpaduuecKue pelieTKu pa3MelieHbl Mocie10Ba-
TtenpHO. [lycTh u3 onrtudeckoro BosnokHa Ha PIIM mamaer mydok cBeTa € JJIMHAMM
BOJIH Ay, A2, ... Jn. Tak ke mycts B @IIM 3anucanbl ABE pEMIETKH CO CBOMMH BEKTOpa-
mu K, u Ky, cooTBeTCTBYIOIIMMU JITMHAM BOJH A U Ap. Ha mepBoii u BTOpoil pereTke

CBeT ¢ JUIMHAaMH BOJTH A W Ay  Oymer  nudparupoBatb  Ha

yribl W1 u Wy, a ocTanbHbIE CBETOBBIC JIYUH C JJIMHAMM BOJIH Ag, ... ,An IPOUAYT YEpeE3
OIIM.
Z
K2 Wa )
Y
23y eee shn
ITaxaromuii cBer
/
) PeméTka 2
. )\«1,)\«2,)\«3, coe 9)\-11 /

Pemérka 1

Puc. 2.32 —IIpunHnmn ceneKiuu JJIUH BOJH Ha OCHOBE ()a30BBIX PEIIETOK

2.4.2. MaTeMaTH4YecKass MOAEAD

103



Mexanusm 3anucu  aupakuMoHHbIX pemierok B @®IIM  ocHoBaH Ha
nporiecce paaukaibHoi (oTomosmmMepu3sauu [31]. OcHoBHBIMU KoMIIOHeHTaMu PIIM
SBJISIIOTCSL  TTOJIMMEPU3ALIMOHHO-CITIOCOOHBIC COCTUHECHUs (MOHOMEpBI, OJIMTOMEDHI),
WHUIIAATOP ¥ CEHCHOWIN3aTOp paauKadbHOU (oTomoaumepu3anui. KoMno3umm BbI-
MyCKAaIOTCs MO0 Kak *UAKasi CMECb KOMIIOHEHTOB, JIMOO B BUE IJICHOK, IIPEICTABIIA-
I0IKUX COOOM pacTBOp KOMIIOHEHTOB B HEUTpaJIbHOW ToJIMMEpHOUM Matpuiie. [1pu usro-
TOBJICHUM PETUCTPUPYIOIIETO CJIOSA KUAKAs CMECh 3aJIMBACTCS MEXAY CTEKJISIHHBIMHU
MOJIOKKAMU.

[Tomumepusarust cpenbl B MHTEP(EPEHIIMOHHOM II0JI€ MPUBOAUT K TMPOCTPAH-
CTBEHHOW  MOIYJSIIMM  TOKazatesnss  npeinomiieHus  An(r,t). Bemmumna  An
ONPEAEIISIETCS MOIYJISALUNUEN NJIOTHOCTH U MOJSPU3YEMOCTH MOJIMMEpPA, 4 TAKKE MOJIY-
JSIUEN ero cocTaBa BCIEACTBUE AU(PQPY3MOHHOTO MepepacrpesiesieHus: KOMIOHEHTOB
MEXIy OCBEUIEHHBIMU 1 HEOCBEILIEHHBIMU 00JIACTSMU PETUCTPUPYIOIIETO CIIOS.

Kunernueckoe onucaHue CBOOOAHO-PAJAMKAIBLHON MOJMMMEpPU3AIMU BKJIIOUYAET
CJIEAYIOUIME OCHOBHBIE DIIEMEHTAPHBIE PEAKIIVU!

1) doro(repmo)pacnas WHHIMATOpA C OOpa3oBaHHMEM CBOOOIHBIX (IICPBHYHBIX)
paguKaIoB;

2) o0pa3oBaHUE AKTUBHBIX MOJUMEPHBIX PATUKAIOB B PE3yJIbTaTe B3aUMOJICH-
CTBHSI TICPBUYHBIX PATUKAIOB C MOJICKYJIaMd MOHOMepa (peakiiysi MHUIIMAPOBAHUS 1ie-
n);

3) yBenMueHUE JUTUHBI TOJMMEPHOTO pajivKaja 3a CYeT MPUCOSAUHEHUS] MOHOMEP-
HBIX 3BEHBEB (peakmus pocta menu). CKOpoCcTh pocTa e XapaKkTepu3yeTcs mapamer-
poM pocrta nenu Kg;

4) nepexo;] MOJIMMEPHOr0 pajauKajia B HEaKTHBHYIO (opMy ¢ 00Opa3oBaHHEM KO-
HEYHOTO TPOAYKTa PEaKIMH — MOJICKYJIbl Tojiumepa (peakmusi oOpwiBa merm). Cko-
POCTh OOpBIBA MOJIMMEPHOM LIEMU XapaKTepU3yeTcs mapamMmeTpom oopbisa Ky,

Nutepdepeniims  3amuchIBAOMIMX  Ja3epHBIX IMY4koB B o0Obeme DIIM,
NPUBOJUT K TEPUOJUYECKOMY PACHPENCIICHUI0 HHTEHCUBHOCTH CYMMAapHOIO
CBETOBOTO IIOJISl B MOMEPEUYHOM HarpaBieHuu (B0Jb rpanuilbl pasaena OIIK ¢ Bo3ay-

xoM). B Tex MecTax, rje MHTeHCUBHOCTD CBETA OOJIbINe, peakiys POTOMoINMepr3aIiuu
104



npotekaer OwicTpee. [loaTomMy 001aCTH MaKCUMyMOB HHTEP(HEPEHIIMOHHOM KapTHHBI
COAEP/KAT MAKCHUMAJIBbHOE KOJIMYECTBO MOJMMEPA U MHUHUMAJIBHOE KOJWYECTBO MOHO-
Mepa, KpacuTess U JI0HOpa, KOTOPBIE PACXOAYIOTCs B Ipolecce peakuuu. Bo3Hukaro-
IIYe NPHU 3TOM TPAJUMEHTHl KOHLUEHTPALMKM BEIIECTB MPUBOAAT K TOMY, YTO MOHOMED,
KpacuTelb U J0HOp JuG(YyHAUPYIOT U3 TEMHBIX O0JacTedl B CBETJIBIE M, €CIM JKC-
HO3ULMS TPOJOJIKAETCA, TAK)KE MIPUHUMAIOT Y4acTHE B Peakuu (HOTOMOINMEPU3ALUY.
Huddysus ykazanabix komnoHeHT OIIK mpoucxoauT A0 Tex mop, moka ux KOHIEHTpa-
IIMY HE BBIPABHATCS BO BCEM CIIOE.

AHaNIOTMYHBIM 00pa30M BO3HHUKAET TPaJAMEHT KOHIEHTpauuu nonumepa. Jduddy-
3Ws MOJIMMEPHBIX MOJIEKYJI U3 MaKCUMyMOB B MUHUMYyMbI MK npuBoauT k paccaceiBa-
HUIO PELIETKH M YMEHBUICHHIO €€ Au(pakiuoHHON 3¢ dexTruBHOCTH. [loCKONBKY MO-
JBUKHOCTh MOJIEKYJT 00pa3yroIIerocs: mojuMepa 3Ha4YUTeIbHO MEHbBIIE MOABUKHOCTH
MOJIEKYJI MOHOMEpA, KpacuTeas M JI0HOpa, TO AU(Py3us moiaumepa NposBISETCS Ha
ropaszo OOJbIINX BPEMEHHBIX HHTEpBaIaxX

[Tokazarenr mpenoMieHUs TMoJMMepa Oojbllle MOKa3aTels MpeIOMIICHUs
UCXOAHOrO0 MOHOMepa. Takum oOpa3oM, MOAYJSLMS IOKa3aTels MpenomieHus AN B
@®IIM BO3HUKAET KakK CIJIEICTBUE MOJYJISIMU KOHIIEHTpanuuu noauMmepa. CKOpoCTh U3-

MCHCHHUS KOHLCHTpAIlM MOHOMEpA CO BPECMCHEM 3aIlMCH PaBHA.

oM _ “12 | OBKI(r) 32
— =div(D..gradV) - K K — ) ¥
> iv(DpgradM ) - K (K L, +BM (2.33)
rae I(f) — WHTEHCUBHOCTh CBETOBOI'O H3JIyYCHHS B TOYKE C PaaUyc-BEKTO-

pom I; Dy — xoaddunment guddysuu MmoHomepa, 0 — KoI(PGUIMEHT MOTIOMICHUS
kpacurens; K — KoHIeHTpaius kpacuTens; [3 — nmapaMerp peakiuu HOTOMHHIIUUPO-
BaHUSI.

M3meHnenne BoO BpeMeHn M B HEKOTOPOW TOYKE MPUBOJUT 3a CUET MpoLecca MOJH-
MEpHU3allii K U3MEHEHUIO BO BPEMEHH TIOTHOCTH MOJUMEPHBIX MOJIEKYJI B 3TON TOUKE.
3a cuer mpoueccoB audpGy3un MOHOMEpPA MPOUCXOAUT TaKKE BBHITECHEHHE WHEPTHOM
KOMITOHEHThI. Bce 3T mporiecchl B cOOTBETCTBUM € cooTHOomeHueM Jlopenn — Jlo-

PEHTIIA BEAYT K U3BMECHCHHIO IIOKA3aTEe/IsA NPEIIOMIICHUS N:
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an 172 | aBKI(r) d\/lslz

( M )
—=An K, K +An.div| D,grad— |,
ot pTtgtb 1Ty +PM M, i L mY MoJ (2.34)

rae Mo — HavanbHas KOHIICHTPAIKs MOHOMEpa.

Cucrema ypaaenuid (2.33)u (2.34) sBisiercst 6a30BOM I ONMMCAHUS Ipoliecca
3aIlMCH roJIOTpaMM B (DOTOIOJIUMEPHOM MaTepHale.

AHAJTUTHYECKOE ONHCAHHE TUHAMHMKH 3alMCH OJJHHOYHBIX roJjiorpamMm. Cxema
3alliCM  TOJIOTpaMMbl B TOJMMEpPHOM cpeae u3o0paxkena Ha puc. 2.33.
Onrtuyeckoe IMoJie MPEACTaBISIeTCS CYMMOW JIBYX BOJH C BEKTOPHBIMH aMIUIUTYIaMH

Eo, E1 u BomHOBEIME BekTOopamu Ko, Ki

E, =eAe T; E,=e,AeN?, (2.35)
rae Ao, A; MEITIEHHO MEHSIOIMECS 10 I' ¥ t aMIUIUTYABI BOJIH; €, € — BEKTOPbI MOJIs-
pHU3aluu 3TUX BOJIH.
[Taparomye BOJHBI MHTEPPEPUPYIOT BHYTPU IMOJIMMEPHOrO CIIOS U (POPMUPYIOT
uHTepdepeHonnyo kaptuny. [lpenmnonoxum, uro Ag = A, U 4TO cpena oOnagaeT
K03 GUIIMEHTOM 3aTyXaHUs O, TaK 4TO UHTep(EPEHIIMOHHAs KapTUHA CBETOBOTO MOJIS

AMeEET BUI.

I(r):lo(r)exp[—ay]{1+ codK D)} (2.36)
rae lo(r) =OAF+0A;[Ff — mHpOCTPaHCTBEHHOE paCIpPEneicHHe HHTEHCHBHOCTH,

K =ko— k;— BekTop perrerku.

Puc. 2.33 —IIpocTtpaHncTBenHas reometpus (a) 1 BekTopHas quarpamma (0)
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HCCTAIMOHAPHOT' O BBaHMOI[eﬁCTBHH CBCTOBBIX BOJIH

¢ rosnorpadudeckoit pemerkoir B @IIM 15t HECUMMETPUYHON MOJIETN 3aIUCH

B xuneTnueckux ypaBHenusix 3amucu (2.33), (2.34)B o0mieM ciydae IpOUCXOIUT
W3MEHEHHE aMIUIUTY/] 3alTMChIBAIOIINX CBETOBBIX BOJIH Ag, A;, 00ycioBieHHoe dddek-
TamMu camoudpakuunu Ha popmupyemoit pemietke B obmactu OMII. Jlanublil npo-

IIeCC OIMMCHIBACTCS CHUCTEMOU ypaBHEHUIl CBS3aHHBIX BOJMH [31]

% = -G, (v, Yyexd idy] Ay, (2.37)

aa;:? =-iGon(y, tyexd —idy] A,

rae Ny(y,t) — ammmuryna pemerku; Y = X/d =(r [ko)/d; Xo — HOpMaib Kk rpaHHIle cpe-
apl; A = (Ko— k1 + K) [kod; G = wd/(2cco®;); ¢; — yrasl Mexxay ocbio Y U BEKTOpaMH
K; BHYTpH MOIMMEPHOTO C10sI TONIMHOH d.

CoBokymHOCTh ypaBHeHHH (2.33), (2.34)M (2.37) 00pa3yeT 3aMKHYTYIO CUCTEMY,
OTHCHIBAIOIIYIO TIpoIiecc 3amucu rojorpamm B GIIM B COOTBETCTBHM C pacnpeaeiieHu-
€M MHTCHCUBHOCTH cBeTa (2.36).

Y4uuTteIBas, 4TO B MPOILIECCe MOCIEA0BATEIHHON 3aMMCH HAJIOKEHHBIX TOJIOTPaMM B
OIIM nudpakuronHas 3QGEeKTUBHOCTD KaXI0M M3 HUX SBIISICTCS HEBBICOKOH, BO3MY-
mieHueM nonieit (2.35)Bcneacreue 3¢ dexkroB camomudpakuuu BoH Ey, E; Ha 3anuce-
BaeMBIX pelieTkax OyaeM mpeHeOperaTs. DTO MO3BOJSET CUYUTATh aMIUTUTYIBI Ag, A1 B
(2.36) mocrostabiMU | penrenus (2.33), (2.34yckath B BUC CyMMBI HYJICBBIX H TIEp-

BBIX TAPMOHHK

M (t,r) =Mg(t,y) + My(t,y) cosK [ )

n(tr)=ny(t.y)+n(tycosKy ).

Hormyckast, aro Mi(t,y)0 Mo(t,y) u m(t,y)0 no(t,y), MoxxHO TIpeHeOpeYs BIHSTHHEM

nepBoﬁ TapMOHHWKHN HA HYJCBYIO U, HCIIOJIb3Ys HAYaJIbHBIC YCIIOBUA

My(t=0yy) =My, mo(t=0,y) =g,
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nosyanuM pemenue (2.33), (2.34)u1s HyieBol TapMOHHKHU

Mo(ty) = M{1+2—T:exp(—a—2yﬂ_2, (2.39)

K
rae 1=t/ T.1=Japry,)K(M l,—— — BpeMs MOJUMEPU3AIIHH.
/rp o] \/ O> < n Om

Pemenue uist aMIIMTy bl epBoi rapMoHUK My(t,Y):

8Moex;{—aﬂj ex@At’ ,y})|\/|0 g ,yyzdr’
My(T,y) =~ ° 3 ' (2.40)
AT, y)3rtT, Mg

T
AT, y)= K*[ D, (T, y) dr' + p{—ai} N Cy)d!
rre AT, Y) I y F[ST[T 5 '([ M, @, y)d'
Wcnonw3ys (2.39)u (2.40),HaiigeM aMIuIdTy 1y nepBoit rapmonuku Ny(t,y):

”1(Ty) = r‘lp(Ty) + nli(T y), (2.41)

My (L, y)=5n{

t
%L/Mo(t’,y)ﬂlvll(f,y)dﬁ
n 0

5TtTIo

] : ( yj
+——— | My (t', y)2dt’ |[exp| —a= )
3HTDM§,2£ o(t',y) ] o a5, (2.42)

2t

J Dn(t, yyMy(t, y) dt. (2.43)

n o

ny(ty)=-

Pemenue (2.41)3anucano kak GyHKIHS OT MPOCTPAHCTBEHHOW W BPEMEHHOM KO-
opauHatel. OTCIOAA Cpa3y CIEIyeT, YTO B MPOLECCE 3allMCH, BO-TIEPBBIX, aMIUIUTYAHbII
npoduiib 3anuchIBaEMON pelIeTKU SABJISIETCS HEOJIHOPOIHBIM,
BO-BTOPBIX, TPAHCHOPMHUPYETCS BO BPEMEHH, U B-TPETbUX, KUHETHKA U3MEHEHUS aM-
IUIMTYABl PEIIETKH B Ka)KIOW MPOCTPAHCTBEHHOM TOYKE SBIIAETCS PA3JIMYHOM U OIpe-
JeJsieTCsl BKIaJAaMu B aMIUTUTYly ToJIorpauueckoil pemeTky MpoIeccoB MOTUMEpPHU-
3alliM U BBITECHEHUS WHEPTHOM KOMIIOHEHTHI 3a cueT auddy3un MOHOMEpa, KOTOpbIE

IPONOPLUUOHATIBHEI ONp 1 ON;.
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AHaJIUTHYECKOE ONHMCAHME M AJTOPUTM NMPOoLecca 3alMCH HAJI0KEHHBIX I0J10-
rpammM. [Ipuniun 3anucu ronorpapuuecknx H/IP cxematuuecku nokasad Ha puc. 2.34.
Kaxxnas ronorpamMma 3anucbiBaeTcst o CBOMM yriaoMm Wi, ¢ OJMHAKOBBIM YIJIOM CXOX-
JEHUs 3aMKMCHIBAKOIINX Ja3epHBIX IIy4YKOB Bw B TE€YEHUE
onpeneneHHoro Bpemenu . Ilpu stom B @PIIM wu3-3a mpoueccoB paauKaaibHOU
nonuMepusanu  popmupyerca ¢daszoBas rosorpaduueckas pemieTka. [UMOBbIE
XapaKTePUCTUKU JUHAMUKH 3aIMCH TAKUX PEIIETOK, T.€. 3aBUCUMOCTH TU(PAKIIMOHHON
3 PEKTUBHOCTH OT BPEMEHHM 3anucH (IKCHO3MIMK), i Tpex nepbix HIAP mpencrag-
JeHbl Ha puc. 2.35.

MopnenupoBanue MexaHu3Ma nociueaoBaresnbHor 3anucu  HJIP B ®OIIM

COCTOMT B CIICAYIOIIICM.

i t

£, |t t, t

n

Puc. 2.34 —Cxewma nocnenoBarenbHoi 3anucu HJIP 8 ®IIM

3anuceiBaeTcs nepBas rojgorpamMma (kpuas 1, puc. 2.35a) mox yriaom W; (yrou
MEXIy HOPMaJbIO K TTOJIUMEPY U OMCCEKTPUCOH yTila CXOXKICHUS 3alMChIBAIONINX ITyd-
KOB) M C Ha4YaJbHOW  KOHIEHTpamumed MoHomepa Mp; = My, T
Mno — HauanbHas KOHIIEHTpalMsi MOHOMEpa 10 mpoliecca 3anucu. [lo mepe 3amucu
PEIIeTKH MOHOMEp PacXOAyeTCs 3a CUET peakiuu mojuMepusanuu. [Ipu mocTrkeHun
32 BpemMs  OKCIO3uIMu Uy  3amaHHON  mudpaknuoHHON 3 dekTHBHOCTH
pEIIeTKH T|p 3alKcCh TOJOrpaMMbl Tpekpamaercs (puc. 2.353a) wm ompexpensercs

oCTaBIIasACs KOHIeHTpalus MoHoMepa M, < My;. OT™meTum, uto Ha puc. 2.353, NMyHK-
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TUPHON JMHHEW 00O3HaueHa JUHAMHKA 3aMucU TU(PAKIMOHHOW PEIIeTKH, €CIu Obl

3aITUCh T'OJIOTPaMMBI ITPOJOJIKAJIACH JaJICC.

1.2

';l" --------- . ===
Mo +—— =
=002 3
=
=
D ' | ' |
o b ko I
T
a 0

Puc. 2.35 —/Iunamuka qudpakiinoHHON 3P GEeKTHBHOCTH (a)
¥ 3aBUCHMOCTh HOPMHPOBAHHOU AUPPAKIIHOHHOM 3 (PeKTUBHOCTH

oT pacctpoiiku bperra (0) a1 Tpex mocienoBaTeNbHO 3anucbiBaeMbix H/IP

3anmceiBaeTcsl BTopas rojorpamMma (kpuas 2, puc. 2.35a) nmox yriom W, (puc.
2.34),H0 yXe ¢ Ha4aJbHOW KOHIleHTpamuel MoHoMepa My,. [Ipu mocTmkeHnn 3Have-
HUS 1o Yepe3 IPOMEKYTOK BpeMeHHU 1, 3amuch rojgorpaMMbl MPEeKpaIiaeTcs U onpeaess-
eTCcsl OcTaBIIasiCsl KOHUEHTpaluss MoHoMepa M3 < M. Jlanee »ToT mpoiiecc noBTOpS-
eTCsl CTOJIBKO pa3, CKOJIBKO TOJOrpaMM HeoOXOoAuMO 3amucaTh. OTMETHM, YTO BpeMs
HKCIIO3UIIMKM C POCTOM MOPSAIKOBOTO HOMEpA 3alMChIBAEMOM TOJI0TPaMMBbl U TIPH YCJIO-
BUU PaBHBIX TU(PAKIMOHHBIX d()(PEKTUBHOCTEH YBETUUUBAECTCS. DTO CBSA3aHO C M3Me-
HEHHEM IMHAMHUKA 3aIncu roJorpaMm
(puc. 2.35a). BeneAcTBre MCTOIIEHUST KOHIIGHTPAIIME MOHOMEPa HEO00X0IUMO OOJIbIIIe
SHEPruM Ui JOCTIDKEHHS TOW K€ JAUPPakKIMOHHOW 3(PPEKTUBHOCTH, Kak
y NPEIbIAYIINX TOJIOTPAMM.

Ha ocHoBe HaliIeHHBIX BPEMEH 3aliCH PACCUUTHIBAETCS 3aBUCUMOCTh MHTEHCHB-
HOCTU Au(parupoBaHHOTO My4YKa OT OTHOCUTEIBHOU paccTpoiiku bperra nubo ot yria
NaJICHUS] CYUTHIBAIOLIETO FOJIOTPAMMY JIy4a, WK OT JJIMHHBI ONTHYECKON BOIHBI. B mo-

CIEAHUX JBYX CIy4asX NOJIy4aeM YIJIOBOM MJIM YAaCTOTHBIM CIIEKTP JUIsl YCTPOMCTBA Ce-
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neKuuu AuH BoJIH Ha ocHoBe HJIP, 3ammcanubix B @IIM. Ha ocHoBe 3THX criekTpoB
(ammapaTHBIX (YHKIUI) ONMPEACIIOTCS NMEPEeXOIHbIC TIOMEXH U COOTBETCTBHE HX I10-
CTaBJICHHbIM TpeOoBaHusiM. Ha puc. 2.350 mpuBeneHa 3aBUCMMOCTh HOPMHUPOBAHHOM
nupakMoHHON 3¢ (heKTUBHOCTH OT paccTpoiiku bperra nns tpex 3anucanusix HJIP
IpU CleAyIuX napamerpax mogenu: o =1Hm; 6n,= 107% 8n;=107% d= 20 mKM;
n=1,45; By = 20° ¥;=0° ¥,=5° W3=10° Bce Tpu rojorpamMmbl 3alucaHbl IIpH
YCIIOBHH PaBEHCTBA UX JUPPaKIMOHHBIX dhdhekTuBHOCTEH (o= 1 %)

MareMaTtuyeckyro MoOJeNIb JUIsl 3aluCH  OJUHOYHOM TOJIOTPAMMbI  MOKHO
MOAU(UITMPOBATH HA CIIy4ail MOCIEIOBATEILHOMN 3aITMCH HECKOJIIBKUX HAJIOKEHHBIX TO-
morpamm B OIIM.

Beenem B pemenus (2.40) m (2.41) wHmekc | — HOMEp TOJIOTPaMMBEI,
U TIEpEeIUIeM MX C y4eTOM HMCTOIIEHUS MOHOMEpa ISl KaKIOW MOCIEAYIONICH 3aru-
CaHHOM pemieTku. BoipaxkeHue Juisi aMILTUTY bl IEPBOM FAPMOHUKHU KOHIIEHTPALIUUA MO-

HOMeEpa IS |- TOJI0rpaMMBbl 3aITUIIETCSI:

8M i eXr{—GZM expA t y )My ¢ y ¥ 2

My (T.y) =~ . (2.44)

exp(A t.y)3tT, Mm%j

e A= 0n(03) are R ol ) W e
0 0

M, [FmTpi

aMIUTUTY/1a HYJIEBOW TapMOHUKH

Moi (T,y) = M, [1+2_T:9Xp[‘0‘%ﬂ_2 | (2.45)

M i — HauanbHasl KOHIIEHTpAIUs MOHOMEpa Ha MOMEHT 3aIlHCH i-if ToJI0rpaMmsl, Tp —
BpEMs IOJIMMEPU3AIIMY Ha MOMEHT 3aIiCH i-i TOJIOTPaMMBI.

AMIUIATY 1A IEPBOY TAPMOHUKY TIOKa3aress nmpemomieHus Nyi(t,y):
3n ( jT 28 My (T',y)
- P y Qi Y
i(Ly)=—exp -a= ||| —. [——=—M; [C.y)+
ny (T, ) T, p-as ﬂ 5 Mg €.y)
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(o 3/2 2T
313 (Mo;\;r,y)\ dT_&l_KJDm(T,y)Mli(r,y)dr. (2.46)

ni ni o

pi

Bripaxenne (2.46) coBMecTHO ¢ mepBbiM ypaBHeHUEM (2.37) COCTaBISET OCHOBY

JUTS OTIpeiesieHnst qudpakiuontoi apdexrusnoctu i-it HP

1 2
N (8) =| A"/ Af* =|G [ ni(x, »exp(jmmy)dJ( L (247)
0

rae G, = 1d/Acos@;), 6 — yron CunthiBaHuUsA I-if rosorpaMMsbl B POTOMOIMMEDPE U COOT-

BETCTBEHHO KOA(UIMEHTA Mepeiadn I-To KaHalia IeMyIbTHILICKCOPa, |
1 2
Ti(A)=‘GM(T.MDGXD(JmDy)d>{ . (2.48)
0
OtHOocuTenbHass paccTpoiika A B (2.48) cBs3aHa ¢ W3MCHCHHEM JIIMHBI

ONTHYECKOM BOJHBI OA = A — A 1 yriia cuuthiBanus 00 = 0 —0; (80 = OA/2n\coD)

2mnd
4mnd sing;; A =0A—+

A =030 tane; ;

OTHOCHTEJIBHO WX 3HAYEHHH, YIOBIECTBOPSIONINX YCIOBUIO bparra Sind, = 2A;/nA.
Takum o0pa3oM, Belpakenus (2.46) u (2.48) sBASAIOTCA MaTeMaTHYECKOM
OCHOBOM JUIsl KOMITBIOTEPHOTO MojelupoBanus anmnapatHod ¢ynkuus WDM-

JEMYJIbTUIIJIEKCOPA HA OCHOBE HaJIOKEHHBIX rosiorpamMm B OIIM.

2.4.3. PacueT OCHOBHBIX OILI€HOYHBIX XapaKTE€pPHCTHK

I[J'If[ TOTO YTOOBI MNOCTPOUTL JACMYJIBTHUINICKCOP Ha OCHOBC HAJOXKCHHBIX
PCUICTOK B q)OTOHOJII/IMCpHOM MarTepualic, HCO6XO,Z[I/IMO paccuuTaTth MapaMeTphbl 3aIlIMCHU
9TUX PCHICTOK B COOTBCTCTBHU C 3aJaHHBIMU Tpe6OBaHI/I$IMI/I K pa3pa6aTLIBaeM0My JAc-

MYJIBTUILIIEKCOPY.
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[Tpu ucnonb3oBaHny TU(PPAKIIMOHHON PEIIETKH B KauecTBe (puibTpa A 3a/1aH-
HOM JIJITMHHBI ONITHYSCKOM BOJIHBI Aj BAXKHO OMPEICIIUTh yro Ogj, Moa KOTOPIM OyaeT

nudparupoBath JIyd. YTOJ onpeneisercs u3 ycnosus bparra:

sinBy = A, 12\, (2.49)
rae A=\g;/2sin(6 ) — nepuo pemeTku. [ nocneaoBaTenbHOM 3anKMcH rojJorpaMm
nepuona PEUICTOK OJHNHAKOB, T.K. YToJ 3aIIiCH BCEX rojorpamMm

MOCTOSIHEH, a u3MeHsieTcss Toabko HakioH OIIM wa yron AY. VYuwuthiBas 310,

nepernumemM (2.49)B Buje

B, = arcsir(;\—/i\j +AW (- 1) (2.50)

Bennunna AW onpenensercs mpu 3aJaHHOM BEJTHYUHE KaHAIBHOTO HHTepBana Afy
U3 yCJIOBHUsS obecreueHusi TpeOyeMOoro ypoBHsI MEPEXOAHBIX MOMEX MEXIy KaHaTaMH.
Huddepennupys (2.50),Haiinem nuzmenenue By

DA

00, =6,-0,_, 01—,
d di di-1 2/\COSBi

rae A\ = Afc/f. [l obecriedenus yrioBoro paspeienns AnppaKIHOHHBIX MAKCH-

MYMOB CMC)KHBIX KaHAaJIOB HCO6XOI[I/IMO BBIIIOJIHEHUC YCJIOBI/Iﬁ
56, > 00> A6, (2.51)

rae AB = A/D — yrnoBasi pacXoAMMOCTh MAJArOIIEro CBETOBOTO My4Ka ¢ arneptypoi D;
00 = A/d — yrioBasi CeNIeKTUBHOCTH TOJNIOTPAPUUECKON PEIIECTKU. YTIIOBAsI CEICKTHB-
HOCTh  ONpeAeisieT  Takod  YrJoBoW  pa3HOC — Iu(pardpoBaHHBIX  JIy4eH,
IPH KOTOPOM MEPEXOJHbIC IOMEXH OYAyT yIOBIETBOPSATH IMOCTABICHHBIM TPEOOBAHHM-
M.

CnenoBarenpbHO oreHouyHoe 3Hauenue AY Haiinercsa kak
AY > 256. (2.52)

MakcuMallbHYI0 JOCTHKUMYIO TU(PPaKIMOHHYIO 3(P(EKTUBHOCTL ToJjiorpaduye-

CKHX PEIICTOK MOKHO OIIEHUTH 110 popmyiie
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r‘|dmax:1/n’ (2-53)
rZ1€ N — YKUCII0 HAIOKEHHBIX pemeTok B OIIM.
Jliis 3agaHHOlN ToJMHBI perneTk d u oneHkw (2.53)u3 BeIpakeHus s qudpak-
IUOHHOM (D PEKTUBHOCTH

_myd

—cin2
. =SINn

MOKHO OIpPEACIUTh TPeOyEMYI0 aMIUIUTYAY PELIETKH Myj, U COOTBETCTBEHHO HEO0XO-
IUMOE BpeMsi ee (POpMHUPOBAHUS B MPOIIECCE 3AMUCH.
OTHOCHUTEINbHYIO IIUPUHY TOJIOCHI MPOMYCKAHUS KaXI0r0 KaHala MOKHO OI[EHUTh

no popmyre

A\ A
L =Zctep,
—— o0,

2.5. MyabTHIIAEKCODEI HAa ocHOBe AWG

Ha ceronusmnuii eHb CyIMECTBYIOT Pa3IUYHbIE YCTPOMCTBA JJISi MYJIbTUILICKCH-
POBaHUs/IEMYJIbTUIUIEKCUPOBAHUS ONTHYECKOTO MOTOKA, Yy KKIOTO U3 KOTOPHIX €CTh
CBOM JIOCTOMHCTBA M HenmocTaTku. OMHUM U3 MPUOPHUTETOB SBIISIETCS BO3MOXKHOCTB CO-
3nanuss WDM/DWDM- ycTpoiicTB ¢ IpUMEHEHHEM HHTETPaIbHO-ONTHYECKOW TEXHOJIO-
ruu [3,27].

WuTerpanbHas ONTUKA YCTIEITHO MPUMEHSETCS ISl CO3/IaHMS PENIETOK Ha OCHOBE
MacCHBa IUIAHAPHBIX BOJIHOBOJIOB Pa3IMYHON JITUHBI MEXIY IBYMS IUIAHAPHBIMU JIUH-
3amu cmecutersimu AWG (Arrayed Waveguide Gratings).

Pemerkm Ha ocHoBe MaccuBa BoJHOBOAOB AWG  ucnmonp3yroTcs s
TOT0, YTOOBI TIEpePaCIPECIISATh CUTHAIIBI PA3IMYHbBIX JUTMH BOJIH (KaHAJBI) MEXKIY JBY-
Msi HabopaMHu BOJIOKOH WJIH BBIICIATH (IEeMYJIbTHIUICKCHPOBATH) OTACIbHBIC KaHAJIBI
COCTAaBHOTO CHTHaJIa B OTJAEIbHBIC BOJIOKHA. DTa TEXHOJIOTHUS CeiiYac CTaHOBUTCS OC-

HOBHOM JJIA HpOHBBOI[HTeHeﬁ MYJBTUIUICKCOPOB W JACMYJIBTHUIIIICKCOPOB CHCTEM
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DWDM. bnaroaaps Jierko MacluTaOMpyeMOi CTPYKTYpE, OHa MOKET IIUPOKO IpHUMe-

HATHCS B CHCTEMaX C COTHSIMH KaHajioB [27-29].

2.5.1. IIpuHIHUIBI AeHCTBHA H CTPYKTypa MYABTHIIAEKCOpA

YcrpoiicTtBo paboTaet cienyromum odpasoM. Eciu Ha BX0o[ MIaHapHON CTPYKTYpPBI
MOJCOEIUHUTH OJHOMOJOBBIM CBETOBOJ W IMOAABATh [0 HEMY ONTHUYECKHE CHUTHAIIBI C
HECKOJIbKAUMH CHEKTPATBHBIME COCTABIISIONIMMHE (Ha JUTMHAX BOJH Aq, Ap, A3, ... Ay) B Ma-
TUCTPAJbHBIA KaHaI, TO B MEPBOM (OKYCHPYIOIIEM 3JIEMEHTE, BBIMOJIHSIONIEM POJIb
KOJUTMMATOpPa, CBET pABHOMEPHO pa3JIeNUTCA U OyJIeT pacpOCTPAHATHCA N0 KaHATbHBIM
BOJIHOBOJIaM C Pa3HBIMHU JJIMHAMH TPOOETra, OTIMYAIONTUMUCS TTOCTOSTHHBIM UHTEPBAJIOM.
3a cyeT mMaTepuadbHOM M BOJHOBOAHON IWCIIEPCHM Pa3HBIE JUIMHBI BOJH JOCTUTHYT
BTOpPOro (POKYCUPYIOLIETO 3JIEMEHTa ¢ pa3HbIMU (azamu. B 3aBucumoctu ot a3 cBero-
BbIC YUKW PA3HBIX CHEKTPATHHBIX COCTABIISIONINX, BBIXOMSIINAE U3 3TOTO (hOKYCHUPYIO-
HIero 3JeMeHTa, OyAyT uHTepdepupoBaTh M CO3[1aBaTh PABHOMEPHOE YIJIOBOE CIIEK-
TPaJIbHOE PACHPEICIICHUE, HAITPABIISIS PA3JIMUHbIE CIEKTPAIBHBIE COCTABIISIOINE B Pa3-
HbIE€ BBIXOJHBbIE KaHalibl. K BBIXOJHBIM KaHajdaM Ha TOPUEBOM KOHIIE ILJIAHAPHOTO
YCTPOMCTBA MOXKET ObITh MOJICOEINHEHA JHHENKa (OTOAUOJOB WM JMHENKA CO BCTPO-
€HHBIMHM CTaHJAPTHBIMH OJTHOMOJIOBBIMU BOJIOKHAMH ISl TPAHCHOPTHUPOBKU OMNTHYE-
CKHMX CHUTHAJIOB Ha Pa3IUYHBIX JUIMHAX BOJH K ONTOAIEKTPOHHBIM OyiokaM. OcoOeHHO-
CTBHIO PACCMOTPEHHOW BOJIHOBOJHOUM CTPYKTYpHI SBISIETCS €€ 00patuMocTh. OHa MO-
JKET UCIOJIb30BAThCS B KAUECTBE KaK MYJIbTHUILIEKCOPA TaK U IeMyJIbTHILIEKcopa [27].

Onnoii u3 koudurypaumii AWG sBrisercs maaHapHbI ONTUYECKUH MHOTOIOP-
TOBBIM pa3BeTBUTENH B (hopMe TaOJIETKH C MOPTOM BXOAA A g M TPYIION BBIXOTHBIX

nopToB AS,A2,...,A0, pacmoyIOKeHHOW CHMMETPUYHO OTHOCHTEIBHO A, Ha MepU(epuu

BOJIHOBOJAa CJICBA, 141 rpyrmoﬁ BHYTPCHHHUX BBIXOJHBIX IIOPTOB

0, AL,..., AL, PacmoNoKeHHONW CHMMETPUYHO TPYIINE BBIXOIHBIX MOPTOB Ha Tepudepuu

cnpasa (puc. 2.36).
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TTopTbl
BBOJ1a/BBIBO/IA

Ay -— BxoaHble BOJTHOBObI

JudpakiuroHHas CTpyKTypa
Ha OCHOBE MacCHBa BOJHOBOIOB

Puc. 2.36 —MHoOronopToBbIii pa3BEeTBUTEIb

BHyTpeHHuE BBIXOAHBIE TIOPTHI COEAWHEHBI YEPE3 MAacCCUB CBETOBOJIOB
C TUTOCKHM OTPa)KaroIUM 3epKajioM. BxoHo# moTok Ao = Y A; (i =1,2, ..., N)nogaercs B
ONTUYECKUI BOJHOBOJ W pacHpenessieTcs M0 BCEM BHYTPEHHHM MOpPTaM, OTKYJa OH
PacmpoCTpaHsIeTCs] IO MacCUBY CBETOBOJIOB (C pa3HbIM (ha30BBIM 3ara3IbIBAHUEM) JIO
3epKaJia, OTPAKaeTCA U MOJAETCS CO CTOPOHBI BHYTPEHHHUX BBIXOJHBIX IIOPTOB B TOT XK€
BOJIHOBO/I, TJI€ TIPOUCXOUT UHTEPPEPEHIUS BXOIHOM U OTPAXKCHHBIX BOJH [29].

Eme oaHoii KoHpurypanueil IUIaHAPHBIX JUCIEPCHOHHBIX  YCTPOMCTB,
SBJISIETCSI YCTPOWCTBO € BOJHOBOAAMHM MAacCHBAa OJUHAKOBOW JUIMHBI, HO C Y4aCTKAMH
Pa3IMYHBIX 3aMEJJICHHM .

CymectByer eme ogna moauduxanusa AWG, nazeiBaemas Cross Array Wave-
guide (XWG)umu Crossing Focal Points Waveguide (XFP-W@i)d. 2.37).

Maccus Maccus
BOMHOBOAOB BOMNHOBOJ0B
X2 X0 X2
JT x Il
X0 X3 X3
a 0

Puc. 2.37 —Kondurypanus AWG (a) u XWG (6)
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Ee ommmuue 3akmodaercs B ToM, 94T0 y AWG npupamenue nwHbl Al Mexay co-
CEHUMHU BOJIHOBOJAMHU HAYMHAETCSI C HUKHETO BOJTHOBOJA, KOTOPBIM NMEET HAaUMEHb-
nryro JunHy, Toraa kak y XWG HauMeHbIyto ITMHY UMEeT CPEeIHUN BOJIHOBOJ MacCH-
Ba, a MpUpamieHue JUIMHBI Al mporcxoauT B 00€ CTOPOHBI OT HETO, TOITOMY BEpXHHUH U
HWDKHAN KpaiftHue BOJIHOBO/IBI UMEIOT HanOOJIBIIYIO TUTH-
ny [29].

[IpuBeneHHbIe BhINIE KOHPUTYpAITMHM WHTETPATHLHO-ONTUYECKUX PEIICTOK Ha OC-
HOBE MAacCHBa TUIAHAPHBIX BOJIHOBOJOB, MO CYTH, OTHOCSTCS K OJHOMY U TOMY XK€
ycrpoiictBy (AWG, cM. puc. 2.36),H0 ¢ HEOOIBIIMMHA KOHCTPYKTUBHBIMH U3MEHCHUS-

MHU.

2.5.2. MaTeMmaTH4YecKasi MOAEAD

MuoronoptoBsiii NXN myasTHnAeKCOp AWG

MuoronoptoBbiii NXN Mynbruriekcop/nemynstuiniekcop AWG ocyiiecTBisier
MYJIBTUIUICKCUPOBAHUE WIW JEMYJIbTUILNIEKCUPOBAHUE BXOJHOTO MHOTOYACTOTHOTO
WHPOPMAITMOHHOTO CUTHAJIA.

CrpykrypHas cxema MHoronoptoBoro NxN mynerummiekcopa AWG uzobpaxkeHa
Ha puc. 2.38,rne i =1,...,Nuj=1, ..., N —HOMepa COOTBETCTBYIOIIIX BXOJHbIX U BbI-

XOJHBIX NOpTOB; [Tjj] — Marpuna nepenaym.

1 Tu 1
PrEIIIIIICCCC 2 >
2 2 > \\\\\\ ‘:;(,; 2 > 2
o] SSGL” - ) f—
2 7 ~S<l-- T A
= LN T, H &
= o 227 TNy o o
o 0o shet T _____2 Sco > X 9
é = i e g E =
> Tij == > M
N N

Puc. 2.38 —Crpyxkrypnas cxema AWG

B3anmocBs3b BXOAHBIX U BBIXOAHBIX curHasioB AWG MoskeT ObITh MpejcTaBlIeHa
B BUJIE
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T L A | (2.55)

31ech BXOJHOW M BBIXOJAHOW MHOTOYAaCTOTHbIE MH(OPMAIIMOHHBIE CUTHAJBI BO
BXOJHBIX U BBIXOAHBIX [TOPTaX UMEIOT BUJ!

N

E" (0.0 ...0n) = Fi(wy);

k=1

E (0.0 ... 00y ) = ZZTwKDf( ),

k=1i=1
rae | — HOMep BXOJHOrO IMOPTa; | — HOMEp BBIXOAHOro mopta; K — Tekymuii
HOMEp YacCTOThI, Ha KOTOPOM mepenaeTcss MHPOPMAIIMOHHBIN CUTHAJI.
Ecim curHai ecth TOJIBKO Ha I-M BXOJHOM mopTe Ha K-if 9acToTe, TO BBIXOJTHOU

CUTHAJI, PETHCTPUPYEMBI Ha j-M TIOPTE, MOYKHO 3aITUCaTh:

out — T W in( )

FP (o) =Ty ™).
Takum O6pa30M, 3a/1aBIIMCh MAaCCUBOM BXOJHBIX CMTHAJIOB M 3Has MaTpuLly Iepe-
nadu [Tj], MOXHO paccuuTaTh CHUTHAN Ha BbIXoAe Myibruiuiekcopa AWG. ITostomy

AJI1 TIOJIYHYCHUSI MAaCCHBAa BBIXOJAHBIX I/IH(I)OpMaI_II/IOHHbIX CUTHAJIOB JaJIeC pacCYHUThIBA-

I0TCS DJIEMEHTHI [j;.

Pusnveckasa cxema AWG MyABTHIIAEKCODpa

Jns ompeneneHus >IeMEHTOB 1 Marpunsl nepenauu [Tj] B Bolpakenun (2.55)
BOCIIOJIb3yeMCsI (PU3NUECKON CXeMO# mpeoOpa3oBaHus BXOJHOIO ONTHYECKOIO CUTHAJA

fin B AWG (puc. 2.39).
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[ L
BT
Ceeleledeletelelels

Puc. 2.39 —Onrtuueckas cxema AWG

AWG cocTout u3 MaccuBa BOJIHOBOJIOB, Ha KOHIIAX KOTOPOIO HaXOAATCS JBE JIUH-
351 FPR1 u FPR2, wumeromme oAWHAKOBBIE TI'E€OMETPUYECKHE  pa3MeEpBhl.
B Beixoanoit miockoctu FPR1 X momemens K BoHOBOI0B MaccuBa AW cumMeTpuy-
HO OTHOCHMTEJIBHO OCH X;, KOTOPBIC PACIOiaraloTcsi Ha paccTosiHuu d, Ipyr OT japyra.
Jmmasl AW 0oTIM4aroTcsl Ha TOCTOSIHHYI0 BenmnmduHy Al, KoTopas siBisieTcsl paBHOH 1ie-
oMy 4yuciy (M — MOPSIOK PEIIeTKH) JUTMH BOJIH YCTPOHCTBa Ag BHyTpr AW. Bxon-
HBIC U BBIXOJIHBIC BOJIHOBOJIbI HAXOAATCS B TPOU3BOJIBHBIX MecTax G 1 Oy COOTBETCTBEH-
HO. BXOJIHOM, BBIXOJHOM M BOJHOBOJIbI MACCHBA XapaKTEPUZYIOTCS CBOEH MOIIHOCTHIO,

HOpMaJIM30BaHHOH npoduem Moxosoro noist bi(X), u(X) u by(X) coorBeTcTBEHHO.

PacueT 5A€MEHTOB MAaTPHIBI II€CpEAaYuH

B cuny nuneitHOocTH paccmaTpuBaeMoil ontuueckoit cuctembl AWG mpeobpaszo-
BaHME BXOJHOTO ONTHYECKOTO cHrHama fi, MoxeT OBITh MPEACTaBICHO B BUJIE MOCIE0-

BaTCJIILHOCTH OIICPATOPOB Hp606p330BaHI/I$I Haa HUM.

[T(f,)]=T30T20 T f,),
COOTBETCTBHE OmepaTtopoB mpeodpazoanus 11, T2, T3 pusznyeckoMmy MpoOXOKICHUIO
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curnana f, vepe3 AWG nokazano Ha puc. 2.40.

I A
| >
|
IP I
P
|
| Ka,
I >
| L 4 L
[ o I e r
X I X
0 L R R R 3
T1 T2 T3

Puc. 2.40 —CooTBeTcTBHE ONIEPATOPOB MPEOOPaA3OBAHUS

buznuecKkoMy MPOXOKIACHUIO CUTHAIA

[TocnenoBarenbHO pacCUMTHIBAsE ONEPATOPHI MPEOOPa30BaHUS, MOKHO MPOCIEINUTh
NPOXOXJICHUE CUTHAJIa yepe3 aneMeHThl ycrporctBa AWG, a Takxke paccuuTarh die-
MEHTBI [jj MaTPHILIbI IEPEAAYH.

Omnepatopsl npeoOpa3oBaHuUs MPEICTaBUM, MCHOJb3Yys MareMarnueckyro dypne-

mozeab AWG u 0003HaueHus1, MpUHSATHIC B [23].

PacueT onepaTopa T1

Omnepatop T1 npeoOpasyer BxoaHoe moje fi, B mosie, HaxojsIieecs 3a JUH30M

FPR1 (uiockocts X; Ha puc. 2.40)u BBINOIHICT CACAYIOIIME ICHCTBUS.

IToae B Xg
BxonaHoe moje Bo BxoaHo# miockoctu fin(Xo,v) Ha yacToTe v MOXKET OBITH HAITH-

CaHO KaK
fin (%0, & V)= B (g — ),
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rae b'i(x) — momHOCTh, HOpMaU3yoMIast TPOQHIsL MOJIOBOTO IOJS BXOJHOTO BOJIHO-
BOJIa HAa YaCTOTE V, KOTOPHIH PacIOJIOXKeH CUMMETPUYHO OTHOCHTEIHHO MCTOYHHKA U
3aBHCHUT TOJIBKO OT IIMPHHBI U TOKA3aTessl MPEIOMIICHHSI BXOJTHOTO BOJIHOBOJA, HO HE
OT €r0 TOJIOKCHUS.

[TockobKy MBI OyJIEM UMETh JEJI0 TOJBKO C OTACIbHBIM YaCTOTHBIM BO30YXKICHU-
€M U JUIsSl YIIPOIICHUsT 0003HAYCHHS YCTPAHUM YacTOTY V M 3aBUCHUMOCTD TIOJICH OT I0-

noxenus 0 u OyneM HCIoIb30BaTh UX, KOT1a HEOOX0UMO. 3anuinemM

fin(%) =0"(% - d), (2.56)

rJie X — Inepexo/1 K HoBoM koopauHate (X = X— d).

Moae x;
s yno6cTBa OyaemM paccMaTpuBaTh HOJE, KOTOPOE CYIIECTBYET Mepes] MIOCKO-

CTBIO X; (0003HAYKMM €ro fl(xl‘ )) U I0CJIe IUIOCKOCTH (0003HAYMM €ro fld(xl+ )) Ot1o0

HEOOXO0MMO, TaK KakK IoJje, KOTopoe OyleT pacCYUTaHO B IUIOCKOCTH X , BKIIIOYAET
TOJIbKO TepelaHHoe 1oJje, TpaHcnopTupyemoe mogamu AW. Takas ke cutyanus Oyner
UMETb MECTO U B IUIOCKOCTH X3.

[lone, wm3nydaemoe B mepBom FPR B ob6mactu ®paynrodepa (mudpaxmus
B JalbHEd 30HE) W TOJA MapaKCHAIbHBIM NpUOIDKEHHEeM (Iy4d, HIYIIAE MO/
HEeOOJBIIUMH YTJIAMH K OCH JIMH3bI) M OCBEIIAIOIIEe TUIOCKOCTh X , MOXKET OBITh 3aIlu-

CaHO KakK

_ 1 D] B e '}
fl(xl)_ﬁFin(f) f—;—ﬁﬁ [E]’ (2.57)

rae F.(f) — mnpsamoe mnpeoOpa3oBanne Pyppe BxogHOW QyHKIMU  f (%) ]

0. — TIPOCTPAHCTBEHHBIN YaCTOTHBIA (PAKTOP, KOTOPBIN BKJIIOYAET JJIMHY BOJIHBI, (O-

KYCHOC paCCTOAHHUC, U 3aIIMChIBACTCA KaK

AL;
a=—-,
nS
rae Ly — ¢goxycHoe paccTosHue; Ns — nmoka3zatens npenomienus FPR1.
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IHoae x;

[Tone, ocBemaromee AWS, 4aCTUYHO CBSI3aHO C HAITPABJISIEMbIMU MOJIAMH KaXK]JI0TO
13 BOJIHOBOJOB MaccuBa. Eciu CBA3bIO MEXIy BOJIHOBOJAMH MOKHO NpeHeOpedb, TO
HarpanJisieMoe 1osie, nojapoaumMoe kK AW, MOXKeT ObITh BBIPAKEHO YEPE3 CYMMY Kax10-

T'O N3 NTHAUBUAYAJIbHBIX HAIIPABJISICMBIX MO/

[N

N
2
flg(x)= D,

N-1
2

a [y (% - r,),

r=————

rae by(X) — MomHOoCT, HOpManu3yomast NPOGUIL MOJOBOTO IOJIS TI0OOTO BOJITHOBO-
Jla B MacCUBE, KOTOPbI PACMOJI0KEH CUMMETPUYHO OTHOCHUTEIIBHO MCTOYHUKA, & —
KO3(phULIMEHT BO3ACUCTBUS HA BOJHOBOJ I, KOTOPBIA MOXET OBITh pacCUMTaH CO Clle-

I[yIOHlI/IM HAJIOKCHHUEM I/IHTeI‘paJ'Ia:
(o)
a = [ f0q) Oy (%~ riid,) dx.
[Tocie MaTemMaTHUECKUX YIPOIIECHUH, TIOJIE B X MOYKET OBITh 3aMTMCAHO KaK:

00 = 3 g(rH,) by (% - ) =( 6 ) Bo( )0 h( B, (2.58)

F =—oo

r7ie CUMBOJ [ — omepalus CBEpTKHY;

6,(%) =( 09 Oy (- &))m(K% } (2.59)

rae [1( ) — npssmMoyrosibHas GyHKIHSI OKHA, OTIpeiesisieMasi B BUJE

K [8,,

( X \ 1, Si‘X_L‘ <
My —=
kK Ele) 0, si‘xl‘>—K ?V"l

Uro0bl MOMYYUTh OKOHYATENBHOE BBIpaXEHHE i omepartopa 11, moacraBum

(2.57)8 (2.58), (2.59):

00 =Y 0u(r ) thy(% - ) =

r=—oo
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:{(Fi;(xl)Dbg(—X_L))m(K)éj }%(&))}D%(&)- (2.60)

Takum o6pazom, u3 Gpopmyisr (2.60)BuaHO, 9TO Omeparop T1 nmpeobpa3yer BXOj-
Hoe mote fi, B mosne f14(X1) ¥ yu4uTHIBaET IPU ATOM:
+ .
— mpeobOpazoBanne Pypre Fy, (f), koTopoe ocymiecTriseT nuH3a,
— (YHKIHIO OCYIIECTBICHUS BHIOOPKHU O,(X1), POpMHpYETCS BCIACACTBHE HATUYHUS
K BOTHOBOIOB MaccuBa,
— npsAMOyroJibHy0 (GyHKIMIO okHa [1(), KOoTOpas sBJsSETCS amepTypod MacchBa

BOJIHOBOJOB.

PacueT onepaTopa T2

Omnepatop T2 mpou3BOAUT MpeoOpa3oBaHKE OIS, MPOLICIIIET0 Yepe3 MacCUB

BOJIHOBO10B AW (ILTOCKOCTB Xy).

IToae X

[IpeneOperas 3atyxannem B AWS, nose Ha Bbixojge AWS MoxeM paccMaTpuBaTh
KaK TPOCTPaHCTBEHHO-(PA30BYI0 MOAYJSIUIO MMOJS Ha BXOJE. ECIU IIMHBI CMEXHBIX
BOJIHOBOJIOB OTJIMYAIOTCS Ha IOCTOSHHYIO IIeNyi0 BenuuumHy Al, kxoTopas sBisercs
KPaTHOM JEWCTBYIOILEH JJIMHE BOJIHBI B MACCUBE, TO €CTh
_Myg __me

e NeVo

d(Xp,V) = exp{—j ZDTDm[Vlj Eﬁg—zﬂ ,
0 w

rae ¢(Xz,vV) — da3oBeIii Haber B KaXIOM BOJHOBOJE, T — TOPSJAOK PEIICTKH;

Al

N — MOKas3aTeyb NPEJIOMIICHUS B BOJIHOBOAAX, Vo — pa6oqa;1 qacTOTa, TOrga pacipo-

ctpanenue yepe3 AW MOXeT ObITh CMOJICTUPOBAHO MTPOCTHIM YMHOKEHHEM (YHKITUH
f2(X2) =[ 91( %) B, (%) D( X V)| Dy ( %). (2.61)
B pesynbrare onepatop T2 ocymectBisieT npeoOpazoBanue mosst Ha Beixoge AW
yepes (2.61).
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PacueT oneparopa T3

Omnepatop T3 mpeoOpa3zyeT nosie Ha Beixone AW B 1osie, HaXosIIeecs 3a JTUH301

FPR2 (t1ockocTh X3).

oue x3

[Tone B koHnie FPR2MmoxeT Teneps ObITh pacCUUTaHO Kak

1 X3
f3(x3) = 7 "7 F; [a j (2.62)

rae F;, — npsMoe npeoOpasoBanne Dypre mos fr(Xp). [danee OymeM ucmosib30BaTh

Fz(f)‘f——

aHAJIOTMYHBIE 0003HAYEHUs I IPYrUX IOJeH, CBSI3aHHBIX MpeobpaszoBanreM Dypbe
(Fi( ):F(fi))'
[IpoBens MaTeMaTHYECKUE PACUETHI U IPEOOpPaA30BaHUs, B KOHEYHOM UTOTE IMOJIy-

yaeM CJeAyrolee BeIpaxeHue s pacueTa noJis B konie FPR2:

d @ )
fs@y%\’Fi%[g’ﬁ%[%]D; fMLé+d+dr:V€0V‘;j)' (2.63)

rre fm (%6) =0 (=) E{ < Sjw E$inc[ K e, Dgﬂ _

a

3mech wucnoiblyeM moiHoe obOo3Hauenme fi(X3,d,v) i TOro, 9TOOBI
noKa3aTh B SIBHOM BHJE, 4YTO BbIpakeHue (2.63) maer pacnpeseneHre OIS

B IINIOCKOCTHU Xg, BBI3BAHHOC BXOJHBIM B036Y)KI[CHI/ICM, PacCIIOJIOKCHHBIM B ITOJIOKCHUHA

d zHa yacrore v.

IHogae x3

Hakosner cBeToBOe m3ydeHne, OCBEIIaloiee BRIXOAHYIO m1ockocTh FPR2,chop-
MHUPOBAHO C HaIpaBJIsiEMbIMU MOJAaMHU BOJHOBOJIOB Ha BBIXOJIE U CBSI3AHO C parpesere-
HUEM B IJIOCKOCTH X3 B TMOJIOXEHUU Oy uepe3 CBEPTKY CBETOBOIO TOJISI U BBIXOJIHYHO

MOHOIHOCTb HOPMAJIM30BAHHOT'O HpOCl)I/IHH MOJAbI BOJIHOBOAA, TO €CTh

faq (Xg) = f3(x5 d,v) IR (%= dy. (2.64)
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Takum oOpa3om, depe3 BeipaxkeHue (2.64) paccuutbiBaeTcsi oreparop 13, KOTO-
phiii ipeoOpasyeT none Ha Beixone AW B mosie, Haxoadmeecs 3a nuH3oin FPR2u npu
TOM YYHUTHIBACT:

— mpeoOpazoBanue Pypre, KOTOPOE OCYIIECTBISET BTOPAst JINH3A;

— TOJIO)KEHHE BXOTHBIX M BBIXOJHBIX KAHAJIBHBIX BOJTHOBOJIOB;

— YacTOTy, Ha KOTOPO MepeaeTcsi CUTHAI;

— PacCCTOAHUC MEKAY COCCAHUMHU BOJIHOBOJAaMHU B MAaCCHUBCE.

KosddunuesnT nepesauu

[TocnenoBarenbHo mozacTapisg (2.61)B (2.63), (2.64)monydnm 37€MEHTBI MAaTPH-

1b! iepenaun [Ti]

n

e dn(2a(8)

xj{i fy [x3+di+dm“ v—;—“]}mm— Gy (2.65)

r=—oco WVO

—00

[Tocme mnpuMeHEHHWsI CBOMCTBAa JIMHEWHOCTH WHTerpania kK  (2.65) Mol

MOXEM 3alliucCaTb PE3YIbTHUPYIOIICC BBIPAXKCHUE OJIs 3JICMCHTOB MAaTpHUIbl IIEpCaadun

[Ti]:

' :iﬂ% [%j (B, (%) Drgw oy (d+ ¢+ drxo V—;—i], (2.66)
rac
o (9 = by (- 90§ (3 =( (- 30 pi- »D{wa Esmc[mwmﬂ (2.67)

IIpubauxenue 'aycca

Temepp, 118 yOpOLIEHWS BBIPAXKEHUW YYTEM, YTO BXOJAHOW IIy4OK HMEET

rayccoBO pachpeieneHue MOJ0BOTO npoduis ¢ paguycoM MOAOBOro Mpoduis
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®j, Mo, Wg B 31Ol cuTyanuu BbipakeHus (2.66) u (2.67) MOTyT OBITH YNPOILIEHHI

A0 CIICAYIOMKUX OKOHYATCIIbHBIX BBIpa)KeHHﬁ:

00

Ti'wk :\/ET%GX _[%)Z(diﬁ'kdozut) Z q\/l{qn"' Q)ut"' L V_E);

w r=-o0 dWVO dw

B ((x\z\ (T[de(x)i X )
qM(x)—expL— T2 ) JReal ol =y i) (268)

VY4Ts HeHTpaIbHOE PACIIONIOKEHUE BXOIHOTO H(popMarroHHoro noroka (d, =0 ),

nojaydyacm
_ . 2] K/2 ( )
W T ma ra
T2 =J2m—" ex —[—'” j + v-——|
i d,, o Gt r=§/2 v Ldout doVo de (2.69)

2.5.3. PacyeT OCHOBHBEIX OLI€HOYHBIX XapaKTEPHCTHK

[Ipexne, uem HaumHaTh MoOAenupoBaTh AWG-MyIbTUILIIEKCOP HA KOMITBIOTEpE,
HE00XO0AMMO 3HaTh OCHOBHBIE KOHCTPYKTHBHBIE ITapaMeTphl YCTPOUCTRA:

— paboyYyro JJIMHY BOJIHBI Ag;

— paccTosTHUE MEKy BOJTHOBOJAAMH B MaccuBe O;

— YHUCJIO BOJHOBOJIOB B MaccuBe K;

— (¢oxycHoe paccTosiHue Ly;

— MPOCTPaHCTBEHHO-YaCTOTHBIN (aKTOp «;

— JIudpaKIMOHHBIN TOPSAIOK M;

— pas3HUIla JUTUH BOJTHOBOIOB Al.

JIsi OTIEHKM OCHOBHBIX KOHCTPYKTHUBHBIX MapaMETPOB YCTPOMCTBA HEOOXOIMMO
3HaTh!

— ypciio ka"HaiioB N,

— KaHaJbHBIA UHTEPBAT AL,

— 3¢ dexTUBHBIC TTOKA3ATEIN TMPEIOMIICHHUS CEPIIEBUHBI 0O00JIOYKU N, TTOJIOKKA

Np 1 MaTepuajia JMH3HI Ne.
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— paanychl MOJOBBIX TIOJIEH BXOJHBIX, BEIXOAHBIX U BOJTHOBOJIOB MAacCHUBA ®j, Oy U
(g COOTBETCTBEHHO.

KananbHbIii MHTEPBAJ W YHCJI0 MOPTOB. KaHanbHBIN WHTEpBAJ IJIMHBI BOJHBI
AN ¥ YHCII0 KaHAJIOB JUTMHBI BOJIHEI N — HanOoJjiee BayKHbIC TapaMeTpPhl ISl TPOSKTH-
poBanns AWG-mynbrumiekcopa. OOBIYHO KaHAIBHBI HHTEPBAI JUIMHBI BOJTHBI AA
BeiOupaceTcs cornacHo ITU-cerku 50, 100 umu 2001 T (mpuioskenue).

CBOOOAHBIN CHEKTPAJIBHBbIM AUANIA30H U JU(PPAKIHOHHBIA nMopsaaok. [locie
MOJTYYCHUSI CBEICHUM O BEIMYMHE KaHAIBHOTO WHTEpBajia AL M 4YuCiIa KaHAJIOB JTUH
BOJIH N MOXKHO  paccuuTaTh  CBOOOJHBIM  CHEKTPAJbHBIA  JUama3oH

ANgsr
AN psg= NAA (2.70)
¥ JU(QPaKLUOHHBIH TTOPAIOK T:

n.A
m<ﬁ; m:floor[ A ] (2.71)
g

FSR

Pazauune gaunbl Al BoaHOBOX0B MaceuBa. Pasnnune numusl Al Mexay cocen-
HHUMH BOJHOBOJAMH MACCUBA PACCYUTHIBACTCS CIEAYIOIIUM 00Pa3OM:
Ao

Al =m (2.72)

®oxycHoe paccrosiHne L. oKycHOE paccTOsTHUE JUH3BI Lf MOXKHO ONpeneanuTh

1o clieayronieit popmyiie:

_Dld

BN (2.73)

rae C = (0,8...1,2) —ko03¢GUIMeHT, YUUTHIBAIOIIMEA, YTO CUTHAJI MMEET pacrpeere-
nue [Naycca; (pexomenayercst o6pate C = 1); D —auameTp BBIXOIHOTO ITyuka (3a JIMH-
3o); D = Kdy, d — ogwmamerp BXogHoro Tyuka (mepen  JIMH30K);
d = 2w;; A — AyMHA BOJIHBI BXOJTHOT'O CHTHAJIA.

Yuciao BoOJHOBOAOB B MaccuBe. Yucio BOJHOBOIOB MaccuBa K —

HE JOMHUHHUpYIomU mapametp ycrpoiictea AWG, motomy uto AA 1 N He 3aBUCAT OT
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Hero. Bennumna K BbeiOupaeTcss u3 ycnoBus, 4TOObI CBET, AudparupoBaHHBIN
B CBOOOJIHYIO CIIEKTpaJIbHYIO 00s1acTh, ObI1 coOOpaH anepTypoilt MaccuBa. Kak mpasuio,

ATO YHCJIO JOJDKHO OBIThH 00JbIe B 2—3pa3za AudpakiiMOHHOTO TopsiIKa M.
K=(2-30n (pekomenmyercs K = 2,3[m). (2.74)

Pacuer nepexoaHoii momexu. [lepexonHas moMexa Ha KaHaj | MOXKET OBITh pac-

CUMTaHa U3 Cleayromend GopMybl:
N
2
2, [T
_ i=1i#j

] 2
ul

(2.75)

2.5.4. XapakKTepHCTHKH H CTPYKTypa

IPOMBIIIIACHHBIX MYABTHIIACKCODOB

ALCATEL 1626 LIGHT MANAGER WDM/DWDM- cucrema Ha OCHOBe

AWG. BHeniHuii B CTOWKKA 000pYyI0BaHUS NpeAcTaBieH Ha puc. 2.41 [36].

Puc. 2.41 —Buemmnuii Bunx ALCATEL 1626 LIGHT MANAGER

Emkocth cuctemsbl: 1626 LIGHT MANAGER mnoanepxuBatoT 10 192 kananos
no 10 I'6/c B C-bandc 25 I'Tu-untepBanom. CeTka 4acTOT COOTBETCTBYET CTaHIAPTY

ITU. Ontuyeckuii ciektp or 153010 1568,6am. 1626 LIGHT MANAGER coswme-
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ctuMbl ¢ OyaymmMm BBenerueM 40 I'6/c mpuemootBeTunkoB u 40 ['6/c xoHIIEHTpaTOpa
(4x10T1°6/c).

HanbHocth mepemaum:. Jlampuss  gucranius (LH) g1 paccrosiHmin
no 700 kM, cBepxnanpHsisi nuctannus (VLH) mnms paccrosuuit o 1500 km. YibTtpa-
nanbhss quctannus (ULH) mis paccrosauii 1o 4000kM.

I'uokoctsb Tpaduka: 0—100 %Has crtocoOHOCTH BBOAA/BHIBOIA

Kondurypanust croiiku. ®yHkunoHanbHas 1 KOMIIAKTHAs MOJKA € IUIATOMECTA-

MU  TpeIHa3HaYeHa IS pa3MEIIeHUS BCEX OCHOBHBIX CHCTEMHBIX  ILIAT
(puc. 2.42).

Topuesas
CTOpOHA
: 280 MM :

~ T T ——

JIuneBas cropoHa

A
Y

! 500 MM

466 MM

466 MM

a 0
Puc. 2.42 —U300paxenue aureBoi (a) u TOpieBoi (0) CTOPOHBI

IIOJIKH

e Crnorter 3-18 (uupuHa 25 MM) mpemHa3HAYEHBI JUISL OJHOW IMOJIHOPa3MEPHOM,
au00 IBYX IUIAT B MOJIOBHHY BBICOTHI (puc. 2.42)

 [InaTel mUTaHUS yCTaHABIMBAIOTCA B JIBa BepxHUX yria (rata PWR).

e Crmorel 1-2 u 19-20 (umpuna 20 MM) BbIACICHBI JJIs IOJHAOOpa ILIAT,
K IPUMEPY KOHTPOJISt 000PYIOBAHUS M YCHUIIUTENS TTOJOCHI.

B uactHoctn, mo 16 TpaHCHOHIEPOB MOTYT OBITh YCTAHOBJEHBI B CJOTHI

3—-18 (MaxkcumainbHas mi10THOCTH M1t WDM-cucrem).
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[Tonka pazmeniaercs B ctangapTHou ctoiike 600% 300mm.

CeteBble npuioxenusi. 1626 LIGHT MANAGER moxeT ucnonb3oBatbes s
CIICTYFOIINX TPUIIOKCHUIH/

OnTruyecKknii TePMUHAIBHBIN MYJIbTUIICKCOP B KOHPUTYPAIIUH «TOYKA — TOUYKa».
JIBa TJIaBHBIX CETEBBIX 3JIEMEHTA TPEOYIOTCS JIJI 3TOTO MPUJIOKCHHUS: TEPMHUHATBHBIN
MUX/DEMUX tpubytapusix curaanoB u noroputens nuann (EDFA) xoTopsrii ycu-
JMBAET ONTUYECKHUHA arperaTHhIM CUTHaNI 0e3 Meana-KOHBepTHUpoBaHusa. Cxema opraHu-
3alliy CBSI3M MpejCTaBieHa Ha puc. 2.43

Tparcnongep TX — mepBoe 3BEHO B IEMU Mepeadn, OH KOHBEPTUPYET «UepPHO-
O€JBIi» CUTHAN ¢ KIMEHTCKOr0 OOOpYJOBaHMS B OKpAIICHBIM CHTHAI ¢ TPEOyeMBIMU
st WDM napamerpamu. MynbTUIUIEKCOPHBIA MOIYJIb MOKET MYJbTUILNIEKCHPOBATH
1o 192 kananoB B C-1oJioce, MpeaoCcTaBiisis ONTUYECKUM curHail, At nepegadu mo OB.
Bycrep ycunuBaer curHai, i yBEIMUCHUS €TO ONTUYECKONW MOIIHOCTH. ONTHYECKUE
JMHEHHBIC YCUINTEIN yCHIMBAIOT MPUIIEAIINA HA HUX OCJIa0JCHHBIA BCJICICTBHUE 3a-
TyXaHHs B BOJIOKHE CHTHaJI. Ha OKOHEYHOW CTaHIIUW MPUIIEIIIHN ONTHYCCKUNA CUTHAIT
YCWJIMBAETCSl TIPEAYCUIUTENEM, IEMYJIbTUILUICKCUPYETCS W TOChIIaeTcss Ha RX TpaHc-

MOHJIEP, MPEOOPa3YIONINI «IIBETHON>» CUTHAI B «UE€PHO-OCIBIN».

Tpancrionaepsl

bycrep [Mpenycunurens

QUXO . OQOUNO! £

Rx

OnTuyeckuil TepMUHal, Onrudeckuit OnTHyeckuil TepMUHAl,
nepeaaTInK MIOBTOPHUTEIh MIPUEMHUK

Puc. 2.43 —Kondurypanus «rouka — TOYKa»

OnTuyeckuii MyJIBTUIUIEKCOP BBOJA/BBIBOJAa B KOH(HUIypaluu «MHOTOTOY-
ka — MHoroTouka». 1626 LIGHT MANAGERmpenocrasmsieT pa3nudnbie KOHDHUTYpa-

muu. OxHoit u3 Hux seisiercs Band—OADM. Band—OADMrpenocTaBisieT croco0-
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Hocth Jo 100 % BBOma/oTBOoma oT mepenaBaemoro  Tpaduka.  Ormepa-

1Sl BBOJIA/BBIBOJIA OCymIecTBiIsIeTcss Ha 14 mmHax BoJiH ¢ mHTEepBaioM 25 [T (puc.
2.44).

\ M A A b 4

N ol ol (fE 0L ¢ Rx

v -

> >
o

Puc. 2.44 —Kondurypanus «MHOMOTOYKa — MHOT'OTOYKA>»

Tennenunu B pazutun AWG. B HacTosmee BpeMst BEAyTCS HCCICIOBAHUS 110
CO3JIaHUIO JIBYMEPHOI'O0 MAacCHBa IUIaHAPHBIX BOJIHOBOMOB [30]. DT0 oOecneunBaeT nu-
dbpakuo B IBYX MIOCKOCTSAX M YBEJIMUCHUE YUCIIA MYJIbTUINIEKCHPOBAHHBIX KaHAJIOB B
N pa3 (N — uucnio kananoB B ogHomepaoM AWG). CxeMa Takoro IByXMEPHOIO MYJIb-

TUIIEKCOpa MpeJIcTaBIeHa Ha puc. 2.45.

BbixoaHble
nopThl

JInnza

JInnza Cepauesna__ |«
BxoaHble

nopTh

Obonouka__|

0
Puc. 2.45 —Cxema 1ByXMEpHOTO MYJIbTUILJICKCUPOBAHUS:

a — cxeMma; 6 — ycrpoiictBo 2D-AWG

Takoit MUX MoxeT ObIThb MCIOJNB30BAaH B BBICOKOTEXHOJIOTMYHBIX pa3paboTKax
IPOLECCOPOB U IIMHHON CTPYKTYPbl ONTHYECKUX KOMIIBIOTEPOB.
Ha puc. 2.46u300paxkeHa nByxMepHas KapTHHA BBIXOJHOTO IOJI Pa3MEPHOCTHIO

10x10 kananoB mpu nmogade 100kaHaIOB Ha BXO/I€ MYJIbTHILIEKCOPA.
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Puc. 2.46 —KapTuna BbixoaHoro nois Ha Beixoqe 2D-AWG-

JNEMYJIbTUILIEKCOPA

MyJabTrcepBHCcHasi IU1aTdopma «Boara» [35]

MynbrrcepBucHas miatdhopma «Bomira» mpeacTaBiseT B HACTOSIIEE BpeMs Tep-
CIIEKTHBHOE PEIIEHUE ISl TTIOCTPOSHUSI BBICOKOCKOPOCTHBIX CETEH CO CIIEKTPAIbHBIM
yIloTHEHUuEeM kaHajoB — DWDM.

Hlaccu mnardopmer «Boira» BeimoiHeHO 110 EBpomneiickomy cranmapry (ESTI) u
MOJKET MCI0JIb30BaThes B 19/21” TeleKOMMYHHMKAIIMOHHBIX CTOMKaX. «BoJra» onTuMu-
3upoBaHa noja ckopoctHbie TpaHcnoHAepbl 40 u 100G, pazpaboTaHO HOBOE IMUTAHME,
OXJIXJICHUE U yTpaBiieHue 0J10K0B. B oHOI cTolike Bo3MoKHa repenava a0 5 Tout/c.

e Jlo 700I'6ut/c B oquoM miaccu, 10 5 Tout/c B oguoit 19”7 crolike

e 3 tuna maccu. 10Una 13 cnoros, 6U Ha 7 ciiotoB, 3U Ha 3 ciiora

» Opnocnoroseie Tparcnouaepbl 100/40G casoennbie 10/2,5Gu ontudeckue

YCWJINTEN

« ROADM: WSS k1, Ix2, Ix4, 1x9

e 2 Onoka rmuradus: 650, 850w 1200BT

e ['mybuna maccu — 300mmMm, tatet ATCA 8U
Mournbiii Tpancnopt: 40, 80, 96 DWDMxkananos 1o 100G kamxabiid/
JIuneiinsie ckopoctu 100, 40, 10, 2,56 anrpeitnom 6e3 nepepsbiBa Tpaduka. Bei-

cokoe kadyectBo curHana 100/40/10G, SoftFE@ xommeHcanws Tucniepcuu Ha TpaHC-
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MOHJIEpaxX MO3BOJSET BBOAUTH KaHAIbl HA CYIIECTBYIOUINX JIMHUSAX MOCTPOCHHBIX IS
2,5G. brarogapst Beicokomy kauectBy 100G DWDM TpancnonaepoB, CTaHOBUTCS J10-
CTymHa nepeaada Ha cBepXxuHHbIe paccTosiHusA 10 4000kM 6e3 KoMIeHCcaToOpOB JIKC-
nepcud B kackazge ycuiureneil U 10 500 kM Touka-TOYKa C MCIOIb30BAHUEM YAAJICH-
Hoil Hakauku ROPA.
I'noxocTh U pe3eppupoBanue. 1+1 u add/drop, ROADM
« ROADM —rubkuii BEIBOJ KaHAJIOB IS alrpeiia CETU U pe3epBUPOBAHUS
» PesepBupoBanne 1+1Ha ckopoctsix 2.5, 10G — 2imneinbIx unTepdeiica
e Arperaropsl 10x10G, 4x10G, 4%2,5G, 8x1GbE
* brnoku BS —ontuueckoe pezepsupoBanue goporux uatepderico 40u 100G
[Inarpopma «Boisra» BBIMIOJHEHA O MOAYJIBHOMY MPHUHLHUITY, Ka)XJ0€ LIACCH
nojaepxkuBaeT 10 13 yHuBepcadbHBIX OJOKOB, BBIMyCKalOTCA Takxke maccu 6U na 7
osokoB u 3U Ha 3 Onoka. «Bonra» noanepxkuBaeT 10 96 kananoB B C-auaraszoHe, ¢
BO3MOXKHOCTBIO JOMOJHUTEIBHOTO pacIIUpeHus B L-nuamna3oH, B KaXaI0M U3 KOTOPBIX
CKOpPOCTh I poBoro moroka Moxer ObiTh 0T 100 Mout/C 10 100 I'6ut/C. DeMeHTHI
CUCTEMBbl — ONTHYECKHUE TPAHCIIOHAEPHI, YCUIUTENH, arperatopbl, OJOKU yNpaBICHUS
WINA MUTaHUsl, — MOTYT OBbITh 3aMEHEHBI B TOPSIUEM pEKUME 0e3 BBIKIIOUEHUs 000py-
JIOBaHUS W TOTepH Tpaduka. Bioku onTrdeckoil KOMMYyTalMK MO3BOJISIOT CO3/7aBaTh

ceTu ¢ pesepBupoBaHueM 1+1u KOJIbIIEBEIMU CXEMAMM.

Puc. 2.47 —Buemnnii Bun [lnatdopma «Bonra» [35]
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[lepenaua no 96 kananoB DWDM no 10016ut/c. [lepenaua KIMEHTCKUX TTOTOKOB
SDH, OTNu Ethernet:
 100G: 100GE, OTU4
» 40G: STM256, OTU3
 10G: 10GBE, STM64, OTU2
» <2,5: GBE, STM1/4/16, OTU1
IHoanepxka Texnoaoruu OTN
Tpancnonaepsl U MyKCIIOHJIEpbI-arperaTopsl Ajs nepenaun tpaduka B dopmarte
OTN OTU1/2/3/4.TTonnepxka ynpexmaromeii koppekiuu ommbok FEC u SuperFec
IUIs yIy4IIeHUs] KauecTBa Mepeiayy CUTHaIA.
Peanm3anus C10KHBIX TONOJOIMH U 3¢ PexkTHBHAA 321U TA
bnaronapsa npumenenuto WSS ROADM 1X2, 1X4, 1X9pa3nu4HbIM TUIIAM arpe-
raTopoB U OJIOKOB pe3epBUPOBaHUS, MIATGOpPMA OTIMYHO MOAXOIMT IJI CO3JAHUS
CIOXHBIX TomoJyioruii cetn ¢ 1+1, kompiieBeiM 1 MESH pesepBupoBanmem. Bricoko-
CKOpPOCTHBIE ONITUYECKHE U AIIEKTPOHHBIE MEPEKITI0YATENH, MOIIIHAs 00padoTKa CUTHAA
B 100G TpaHcmoHAepax MO3BOJISIIOT OPraHU30BHIBATH PE3EPBUPOBAHUE C BBICOKUM
obicTpoaeiicTBueM 50 Mc, uTo obOecreynBaeT MepekiitoueHue 6e3 omudoK Ha KIMEHT-
CKOM 000py10BaHHH.
HIMpoKuil CIEKTP ONTHYECKUX YCHIUTEJIeH
Huskomymsmue EDFA ycunuTenu v npeayCuiInTed, paMaHOBCKUE YCUITUTENH C
MOIITHOCTBIO 10 33 1bM.
CereBasi cucTeMa ynpaBjeHHs M0 MPOTOKOJLY
[To3BomsieT KOHTPOIUPOBATH BCE Y3JIbI MIAT(GOPMBI Ha KapTe ceTu C LIBETOBOM WH-
nukarmen. ['paduueckas obomouka «Monutop» u BcTpoeHHbI Web-cepsep obnerya-
10T paloTy C yAaJeHHOM HAaCcTpoIKo# miaTdopMbl «Bomra».
Pa3mepbl U 3HepronoTpedieHune
Hy6mupoBannble O610ku nutanus 36—72/220B, suepromnotpedbnenue 1o 1200 Br.

[Iaccu - Beicoroit 3/6/10Uwu riyounoit 300MMm 1 ycTaHOBKH B cTOMKy 19/21”.
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Arperupywomui Tpancnongep MS-100E-T10
On ob6ecnieunBaer neepenada 10 kmentckux curHayioB 10 I'out/c B DWDM «ka-
Hayie 100I°6ut/c
* TIlepenaua 10-tu xmuentckux curHaioB 10GE, STM-64, OTU2
 Jluneitnerit uatepdetic OTU4, 1200 6ut/c
» Korepentnsii popmar monymsauun DP-QPSK
» [lepectpauBaembiii B C-quamna3one jazep
e Jlo 96 kananoB ¢ marom 501 T11
» Koppekuus ommbox SOftFEC/Super-FEC G.975 1.7
» ABtomaTmueckast koppekuus aucrepcuu g0 70 000mc/am

* OSNRr=12,51b (0,1uM, BER = 10 -1?)

Puc. 2.48 —Buemnwmii Bua tpancnonaepa MS-100E-T10 [35]

Arperupytonuii Tpancnionnep (Mmykcnonaep) MS-100E-T10o6benunser 10 xiu-
eHTckux curHasioB 10 '6ut/c u nepenaet ux B oqaoM 100G DWDM«kanane. U3MeHsTH

TUI KIMEHTCKOM Harpy3kKum MOXHO B mroooM n3 10 kaHasmoB 0€3 OCTAaHOBKH JIMHEHMHOTO
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Tpaduka. Mykcnonaep BoinonHseT 3Rperenepanuio, npeodpasyeT AaHHbIE B popmaT
OTN OTU4 u ucnonp3yeT MOIIHBIA anropuT™ Koppekuuu ommbok Super-FEC G.975
1.7.

[lepenaya maHHBIX OCYIIECTBISIETCS Ha CTAOMIM3UPOBAHHON IJIMHE BOJIHBI B COOT-
BeTCTBUMU C 4yacToTHOM ceTtkoi DWDM. IlepecTtpauBaemblii 1O JJIMHE BOJHBI Jla3ep
MO3BOJIIET OpraHu3oBbIBaTh B C-auamnazone 10 96 DWDM-«kananos ¢ marom 50T,

YcranoBneHo 2 mupoBbIX pekopaa — mepemada Ha 4000 km 6e3 KoMIeHcaIun

nucriepcun 1 Ha S00kM B ROPA.

dynkuroHanbHas cxema tpancnongepa MS-100E-T10opencrasiena na puc. 2.49.

Clignt In 1

10GE, STM-64, OTU2

e Clen Out 1
Client In 2
10GE, STM-64, OTU2
-+ Line Cwut
Client Out 2 o
oTuS DWDM
2 Line In
Client In 10
10GE, STM-64, OTU2
-+

Client Out 10

Puc. 2.49—®ynkuunonansHas cxema tpancnonjaepa MS-100E-T10

OnTuueckue xapakrepuctuku Tpancnonaepa MS-100E-T10npusenens: B Ta6n.2.4.
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Tabnuna 2.4.0nTHueckue xapakTepucTuku Tpancnonaepa MS-100E-T10

ITapameTp 3HaueHue
JluneitHpIit HHTEpQEIC, CKOPOCTH Mepeiadu B OTU4, 120
JVHUM [ Harpy3Ka

BrixoaHas MOIIHOCTE -5 ... Ogbm
Jlnanazon pabo4ux JUIMH BOJIH TIEpeIaTInuKa 1528,7-1567,1m
YysctButenbHOCTh puemanka (BER=10-12) -181bm
[Neperpy3ka npuemnnka (BER=10-1?) OnbMm
OSNRe (0,1uMm, BER=10-%?) 12,51b

Ontuyeckue BosiokOHHBbIe yeuiuTeau EDFA u RAU
JIunelika ONTUYECKUX YCHIIUTEIECH BKIIOYAET B ceOs MpeayCHIUTENH, OycTepsl U
nuHelHbIe 3poueBsle yeuutean (EDFA), a taxke pamanoBckue ycmmurean (RAU)
MOTITHOCTBIO 110 2 BT.
e 1, 2u 3 xackaansle ycmmrenu EDFA
» KoHTpOb NMepexoaHbIX MPOIIECCOB MPH T00ABICHNN KaHAJIOB
* Huskuii nrym-gaxrop
» KoHTposb ycuneHus: BCTpOCHHBIM aTTEHI0ATOPOM
e [lnockuii ciekTp ycuiienus B C-auanazoHe
* PaMaHOBCKHE yCHIIUTENN C MOITHOCTRIO Hakauku 10 2 Br (33 1bm)
e Pexumbl cTabUIU3aliny BHIXOHON MOIITHOCTH ¥ KOd((pHIIMeHTa yCHUICHUS
DOpOueBble YyCUITUTENN YBEINYUBAIOT MOIIHOCTh ONTHYECKUX CUTHAJIOB O€3 OITO-
3IIEKTPOHHOTO Tpeodpa3zoBanus. biioku ycunuteneit IMEIOT OT OAHOTO J0 TpeX Kacka-
JIOB YCHJICHUSI, TPEIyCMOTPEHA BO3MOKHOCTh MEKKACKAJHOTO JOCTYIa IS TOIKITIO-
YeHUs KOMIIeHcaTopoB nucnepcuu. Mcnonw3oBanue ¢uiabtpoB GFF obecneunBaet
IUIOCKUHN CTIeKTp ycuienus B C-auana3oHe, UCI0JIb30BaHWE BCTPOEHHOTO aTTeHIaTopa

MO3BOJISIET HACTPaUBaTh KOAP(MUIIMEHT YCUIICHHUS.
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Mexanu3M ycuieHus cBeTa paMaHoBckumu ycunutensimu RAU — pacnpenenen-

HOC YCHJICHHC CHUTHAJla B TCICKOMMYHUKAIITHOHHOM BOJIOKHC IIpHU HOHYTHOﬁ nJIn

BCTPEUYHOM HaKauke MOIIHBIM HCTOYHUKOM (10 33 1bm) Ha ainHe BosHbl 1455HM.

DOYyHKIMOHAJIbHAS CXeMa TpexXKackajaHoro ycuiureasa EDFA

K1

EDF GFF WD EDF
[

DTk

.
BT

£y

=)
A iy

R AT e

Puc. 2.50—®ynkuunonanpHas cxema ycuiautenas EDFA

OnTnyecKkue XapaKTepuCTHKHA

Jlunelinple U peBapUTENbHBIC YCUIIUTE-

Hapamerp 1 C3-guamna3oHa
CriekTpaibHbIN AHANa30H 1528-15651m
BrixoagHass MOIIIHOCTE 10-251bm
Uucio KackagoB yCUIIEHUS 1-3
Uucno BeipaBHuBaronux GFFbunsTpon 1-2
CrnexTpasibHasi HepaBHOMEpHOCTh Ha 10

0,51b
nb ycuiienus
JlnanaszoH peryJMpoOBKH MOITHOCTH aTTe- 0-1045

HIOATOPOM
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IIpuAoOKeHHe

PJ1 45.286-200 Annapatypa BOJIOKOHHO-ONITHYECKOI CHCTEMBI Nepeaaun
€O CMEKTPAJIbLHBIM pa3jejieHueM. TexHnuyeckne TpedoBaHUSA

Taoauma 1
ITapaMeTpbl ONTHYECKUX YCHJIUTEIEH Mepeaadu
(ycnanTe b MOIITHOCTH)
HanmMenoBanme mapaMeTpoB ONTUYECKOTO 3HaueHHE
YCHITUTEIIS TIepeIadu napaMeTpoB
. . MUHUMAJIBLHBINA, 1bM -17,5

YPpoBeHb BXOAHOH CyMMapHOH MOIITHOCTH .

MaKCUMaJIbHBINI, 1bM +16,0
YPOBEHBb BBIXOAHOW CyMMapHOM MOIITHO- MUHHMAJIbHBIH, 1IbM +3,5
cTn MaKCUMaJbHbIN, 1bM +27,0

MUHUMAJIBLHBINA, 1bM 14,0
Koaddumuent ycunenus y

MaKCUMAJIbHBIN, 1bM 28,0
HepaBaoMepHOCTh KO3 (priMeHTa YCHIICHNS B 33JJaHHOM JTHANa30HE 20
pabouux JUIMH BOJIH HE Oosiee, 1b ’
[Iym dakTop B 3aJaHHOM JTHara3oHe padounX JJIMH BOJIH
(mpy MUHMMAJIBHOM YPOBHE CYMMAapHO#M BXOIHOM MOIIIHOCTH), He 00- 7,0
nee, n1b
Koadduument orpakenus ot BXozaa, He MeHee, 1b -30
3aryxaHue OTpaKeHHs Ha BbIXOJie, He Oonee, 1b 30,0

Taoauna 2

ITapaMeTpbl ONTHYECKUX MPOMEKYTOUYHBIX YCHIIUTEIei
(TMHeHbBIH yCHIUTED)

HaumenoBanue MmapaMCcTpoOB OIITUICCKOTO

3HayeHue 1a-

IPOMEKYTOUYHOTO YCHIIUTEIIS pamMeTpoB
. . MUHUMAIBHBINA, 1bM -36,0
YpoBeHb BXOAHON CYyMMapHOW MOIITHOCTH -
MaKCUMAaJILHBIN, 1bM +10,0
YpOBEHb BBIXOIHOM CyMMapHOH MOIHO- | MHHMMAIBHEILH, 1bM +3,5
CTH MaKCHUMAJILHBIN, 1bM +27,0
MHUHUMAJIbHBIN, 1bM 15,0
Koaddurment ycunenus -
MaKCUMAaJILHBIN, 1bM 41,0
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HepaBHOMepHOCTH KO3 DUITMEHTA YCHIICHHS B 3aJaHHOM JIMAITa30He 20

pabounx JJIMH BOJH He Ooiee, nb ’

[IIym dakTop B 3aJaHHOM JHana3oHe padoYuX JJIMH BOJIH

(Tpy MHHHMAaJILHOM YPOBHE CYMMapHOW BXOIHOM MOIIIHOCTH), HEe 00- 7,0

nee, n1b

Koadduiment orpakenus ot Bxoaa, He MeHee, 1b -30

3aTyxaHue OTpa)KeHUsI Ha BbIXOJie, He Ooiiee, nb 30,0
Taoauna 3

IapameTpbl ONTHYECKUX YCHINTeel nMpueMa (MpeayCUIuTeNb)

3HadeHue ma-
HaumenoBanue napametpoB OVYIIp

paMeTpoB

YpoBeHb BXOJTHOM CyMMapHOU MUHHMAJIbHBIH, 1bM —36,0
MOIIIHOCTH MaKCUMAaJIbHBIN, 1bM +1,0
YpoBeHb BBIXOAHON CyMMapHOUM MOIIIHO- MHHUMAJTLHBIH, 1bM -10,0
CTHh MaKCUMaJIbHBIN, 1bM +17,0

MHUHHUMAJIbHBIN, 1bM 10,0
Koadduiment ycunenus

MaKCUMAaJTbHBIN, TbM 33,0
HepaBHoMepHOCTh KOXQHIIMEHTa YCHIICHHS B 33JAaHHOM JHaNa30He 30

paboumx JUIMH BOJIH He Oostee, b

[IIym (hakTop B 3aJaHHOM JUara3oHe padovYnX JITMH BOJTH
(mpy MHHUMAJTLHOM YPOBHE CYMMAapHOM BXOIHOW MOIIIHOCTH), 6,0
He 0oJtee, 1b

Koadurment orpaxkenus ot BXxozaa, He MeHee, 1b -30
3aryxaHue OTpakeHus Ha BbIXOJIe, He Oosee, 1b 30,0
Taodauna 4

I[TapaMeTpbl ONTHYECKUX TEPMUHAJIBHBIX MYJIbTHILIEKCOPOB

KomunuecTtBO onTtuue-
CKUX KaHAJIOB

8 16 40 80 160

Paccrostnue mexny on-
THYECKUMH KaHaIaMU, 200| 200| 100| 100| 50 | 50| 100/ 100 |50
ITo

HaumenoBanue Imapa-

3HauyeHHE MMapaMeTpoB
METpOB
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1. OTxi0oHEHUE 1IEH-
TpaJbHOM YaCTOTHI OII-
THYECKOr0 KaHala,

e 6osee, I'T1g

2. Baocumoe 3aryxa-
Hue, He 6osee, 1b

7,5 12

14

16

3. llInpuHa moI0CHI O11-
THYECKOro KaHayia Ha
ypOBHE:

-3 b, ue menee, ['Tg
—201b, e meuee, [T

50 25
80 40

50
80

25
40

4. JIP Ne 1 nmotepu,
He Oounee, 1b

0,5

5. [lepexonHas nomexa
OT CMEKHOTO OIITHYE-
CKOI'0 KaHajia, He 0oJee,
nb

6. KymynstuBHas nepe-
XOJIHas [oMexa npu
MaKCUMaJIbHOM YHUCJIE
JEUCTBYIOIIUX ONTHUYE-
CKHMX KaHaJoB,

e 6osee, nb

7. Koaddunuent otpa-
’KCHHsI Ha BXOJIE U BBI-
xone, e oonee, 1b

Taoauua 5

IMapameTpbl IBYXKaHAJbHBIX IIMPOKOIOJJOCHBIX
ONTHYECKHX MYJIbTHILIEKCOPOB/1eMYJIbTHILIEKCOPOB

HanmenoBanue mapameTpoB

3HayeHue napaMmeTpoB

Buocumoe 3aryxanue, He Oonee, n1b 0,7
Buocumoe 3aryxanue, He Oonee, n1b 25,0
Koaddunment orpakenus ot BXoja, He MeHee, 1b -40,0
3aryxaHue oTpakeHUs Ha BbIXoje, He Ooiee, b 40,0

Tadauna 6
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IapameTpbl ONTHYECKUX MYJIbTHILIEKCOPOB BBOAa/BbiBOIa (OMBB)
B 3aBHCHMOCTH OT YHCJIA ONTHYECKHUX KAHAJIOB M PACCTOSTHUS M€Ky HUMH,
a TaKKe YHCJIa BBOAMMBIX/BBIBOAUMBIX ONTHYECKHX KAHAJIOB

HaumenoBanue napameTpoB

3HaveHue MapaMeTpoB

KonuuecTBO ONTUUECKMX KaHAJIOB

16

40

KomnuecTBO 0TBETBIsIEMBIX/ BBOJAUMBIX OII-
THYCCKHMX KaHAJI0B, HC oosee

8

16

PaccTosinue Mex 1y ONTHYECKMMHU KaHalaMH,
IT

200

200 | 100

100 | 50

OTKJIOHEHHUE IICHTPAITBHON YaCTOTHI ONTHYEC-
CKoOro kauaiia, He 6ooJee, ['T1r

+/-5,0

+/-3,0

JUIsS. OTBETBIISICMBIX/
Brocumoe BBOJMMBIX ONTHYECKHUX Ka-
3aTyXaHHEe HaJIoB, He Ooiee, 1b'

6,0

7,5

8,0

JUISL OTBETBIISIEMBIX/
BBOJIMMBIX OITHYECKUX Ka-
HaJIOB, HE OoJtee, Ab;

12,0

15,0

16,0

[IIupuHa oJs10CHI
ornrtnyeckoro xka- |—3 b, ue menee, [ ' T1x
Hajla Ha YPOBHE

50,0

25,0

—201b, ve menee, [T

80,0

40,0

HaumenoBanue napameTpoB

3HaveHue MapaMeTpoB

HOJIHpI/IBaHI/IOHHO-SaBI/ICI/IMBIC IMOTCPH,

He 6oJee, 1b 0,5
[TepexoaHas moMexa OT CMEXKHOTO ONTHYE- 300
CKOro KaHaia, He 6oisee, n1b ’
KyMysiTuBHAS TTepexoHas moMexa Mmpu Mak-

CUMAaJIbHOM YHCJIE ACUCTBYIOIINX ONTUYECKUX -27,0
KaHaJoB, He Oonee, nb

KoaddunmeHT orpakenus ot BXoa, 30
He MeHee, 1b

3aTyxaHue OTpaKCHUS Ha BBIXOJIE, 300

He 6oJee, 1b

Taoauua 7/
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IlapameTpbl ONTHYECKHUX MePeIAIOIINX MOaYJeii (mepe1aTyuKoB)

CkopocTh niepeiauu U poBOro CUrHaja,
Mowur/c <622 2500 10000
HanMeHoBaHMe mapaMeTpoB 3HaYCHHE ITapaMeTPOB
1 YpoBeHb BBIXOJHON MOITHOCTH:
MaKCHUMaJIbHBIHN, 1bM +3,0 +3,0 +3,0
MHUHHUMAaJIbHBIA, 1bM -5,0 -5,0 -5,0
2 [Mupuna criektpa Ha ypoBHe -20 nb, mpu pac-
CTOSIHUM MEX]Ty ONITUYECKUMU KaHaJaMu:
>200I T, ae 6oxaee, [T 14,0 20,0 40,0
100IT 1, ue 6onee, I'T'1x 14,0 20,0 40,0
501ITt, e 6omnee, I'T1x 14,0 20,0 30,0
3 Koaddurment ramenus, He MmeHee, 1b 8,2 8,2 8,2
4 KoadduireHT noiaBieHus 00KOBOM MOJIbI, HE
MeHee, 1b 30 30 30
5 OTKJIOHEHHE [IEHTPAITBbHOW YaCTOTHI ONITHYE-
CKOT'0 KaHaJIa IPU PaCCTOSHUH MEXKy ONTHYC-
CKHMMH KaHaJlaMH.
>2001ITu, e 6oxaee, I'T +20,0 +20,0 +20,0
100IT 1, ne 6onee, I'T'1x +10,0 +10,0 +10,0
50ITm, ne 6onee, I'T1y +10,0 +10,0 +5,0
6 3aryxaHue oTpaxkeHusi, He MeHee, 1b 24 24 24

HpI/IMC‘IaHI/IC - 3HayeHus napaMeTpoOB IIPHU PACCTOAHUN MECKAY ONITUUCCKUMHU KaHa-

namu 251T 11 u3yyarorcs

Taoauuna 8

ITapameTpbl oNTHYECKHUX MPHEMHBIX MOIYJIeii (MPUEMHHKOB)

CkopocTb nepenauu nudposoro kanaia, Mout/c

<622 | 2500

| 10000

HanMeHoBaHMe nmapaMeTpoB

3HaueHue apaMeTpoB

— 1012
1 Yposensp uyBcTBUTENBbHOCTU NpU Koy = 10 77,

He 0osee, 1bm -23 -15 -12

2 Vposerb meperpysku mpu Ko, =10 *°, He Me-

Hee, 1bM -8 0 0

3 Koaddunment orpakeHust npueMHuKa, He 60-

nee, 1b -27 -27 -27
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Taoauua 9

ITapamMeTpbl ONTHYECKHUX CTHIKOB MEPEIATYMKOB B TOYKAX HOPMUPOBAHMS
I'a(MPI-S) u IIa'(S')

Touka HOpMUPOBAHUS I'Tz(MPI-S) | I11'(S")
HanmenoBanue napameTpoB 3HayeHUe MapaMeTpoB

1 VpoBeHb cyMMapHOW MOIIHOCTH, HE

oonee, nbm 27 27

2 YpoBeHb MONIHOCTHA Ha OJWH OINTHYE-

CKUH KaHaJi, He Ooiee, 1bMm 20 20

3 MakcuMyMm pasnuuus ypoBHEH MOIIHO-

CTM B ONTHUYECKHX KaHajax, He Oollee,

nbMm 2 2

4 Onradeckas mepexoHas momMexa Mex-

7y ONITHYECKUMHM KaHajlaMu, He Ooiee, b -30 -

5 OTHOIlIEHHE ONTHYECKUX CUTHAI/IIIYM B

ONTUYECKOM KaHaje, He meHee, 1b 20 20

Tao6auma 10

ITapaMeTpbl ONTHYECKUX CTHIKOB MPHEMHUKOB B TOYKAX HOPMHUPOBAHUS
I'a(MPI-S) u Ix'(S")

Touka HOpMUPOBAHHUS I'TIp(MPI-R.) | ITp'(R")
HanmenoBanne mapamMeTpoB 3HaveHHE MapaMeTpOB
1 VpoBeHb cymMMapHOl MOUIHOCTH, HE
oonee, nbm +1,0 + 10,0
2 YpoBeHb MOIIHOCTH Ha OJIMH ONITHYE-
CKHUU KaHaJ, He Ooiee, 1bM
MUHUMAJILHBIN, 1bM -36,0 -36,0
MakKCUMaJIbHBIN, 1bM -15,0 -15,0
3 MakcumyMm pasziuuus YpOBHEW MOII-
HOCTH B OIITMYECKMX KaHajlaX, He OoJee,
nbm 2 2
4 Onrtryeckas nepexoHas IoMexa Mex-
Iy ONTHUYECKUMHU KaHajaMu, He Ooree,
b -27 -
5 OTHOIICHHE ONTHYCCKHX CHUTHAI/TITYyM
B ONITUYECKOM KaHaJe, He MeHee, 1b 18 18
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Taoauma 11

Yacrorubiii miian DWDM no pexkomenaauuu MCI-T G.694.1

Homunanenas uentpanpHas yacrora, T1'n

YacToTHbIN HHTEpBAN MEXAY KaHanamu, [T

HomunanpHOE 3Ha4de-
HUE JUINHBI BOJIHEI, HM

12,5 25 50 100
(1) (2) (3) (4) (5)
195.9375 — — — 1530.04
195.9250 195.925 - - 1530.14
195.9125 - - - 1530.24
195.9000 195.900 195.90 195.9 1530.33
195.8875 — — — 1530.43
195.8750 195.875 — — 1530.53
195.8625 — — — 1530.63
195.8500 195.850 195.85 - 1530.72
195.8375 - - - 1530.82
195.8250 195.825 - - 1530.92
195.8125 — — — 1531.02
195.8000 195.800 195.80 195.8 1531.12
195.7875 — — — 1531.21
195.7750 195.775 - - 1531.31
195.7625 - - - 1531.41
195.7500 195.750 195.75 - 1531.51
195.7375 — — — 1531.60
195.7250 195.725 — — 1531.70
195.7125 — — — 1531.80
195.7000 195.700 195.70 195.7 1531.90
195.6875 - - - 1532.00
195.6750 195.675 - - 1532.09
195.6625 - - - 1532.19
[] [] [] [] []
193.1375 — — — 1552.22
193.1250 193.125 — — 1552.32
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Homunanenas uentpanpHas yacrora, T1'n

YacToTHBIM UHTEPBAII MEXKTY KaHanaMmu, [ 111

HomunanpHOE 3Ha4Ye-
HUE JUINHBI BOJIHEI, HM

12,5 25 50 100

(1) (2) (3) (4) (5)
193.1125 — — — 1552.42
193.1000 193.100 193.10 193.1 1552.52
193.0875 - - - 1552.62
193.0750 193.075 - - 1552.73
193.0625 — — — 1552.83
193.0500 193.050 193.05 — 1552.93
193.0375 — — — 1553.03
193.0250 193.025 — — 1553.13
193.0125 - - - 1553.23
193.0000 193.000 193.00 193.0 1553.33
192.9875 - - - 1553.43
192.9750 192.975 - - 1553.53
192.9625 — — — 1553.63

[] [] [] [] []

184.7750 184.775 — — 1622.47
184.7625 — — — 1622.58
184.7500 184.750 184.75 - 1622.69
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Taoaunma 12
Yacrorubiii miian CWDM no pexomenaauuu MCI-T G.694.2

HomunansHoe 3HaueHUE JJINHBI BOJIHbBI, HM

WuTepBan mexny kananamu 20HM

HomunanbHas ieHTpalibHAs 4acToTa,
Tl

1270 236.057
1290 232.397
1310 228.849
1330 225.407
1350 222.068
1370 218.826
1390 215.678
1410 212.618
1430 209.645
1450 206.753
1470 203.940
1490 201.202
1510 198.538
1530 195.942
1550 193.414
1570 190.950
1590 188.548
1610 186.206

151



CIIHCOK OCHOBHBIX COKpAallleHHH H 0003HaYeHHH

ASE — MOUIHOCTb YCHUJIEHHOTO CIOHTAHHOTO M3Ty4YCHHUS
AW — MaccuB BOJIHOBOJIOB
AWG — maccuB (ha3upyromuyx BOJIHOBOIOB

BER — xonmuecTBO OMTOBBIX OIMIMOOK
BOA — ontuueckuii yCUIUTENh MOIITHOCTH
BW — nonoca yactor
DRA — pacnpeneneHHbl paMaHOBCKUM YCUIIUTEIb
DWDM — ynjioTHEeHHOE CIIEKTPAIbHOE MYJIbTUILIEKCUPOBAHHE
EDFA — ycunurenb Ha BOJIOKHE, JISTHPOBAHHBIM dpOUEM
EDTFA — ycunuresnb Ha TEJTYPUTOBOM BOJIOKHE, JISTUPOBAHHOM 3pOHeM
FP — pesonatop ®abpu — Ilepo
FPR — nun3a
IL — BHOCUMBIE TOTEPHU
LOA — nuHEHBINH ONTUYECKUH YCUITUTENh
LRA — nuckpeTHbIi paMaHOBCKHUN YCUJIMTEIb
MZI — untepdepomerp Maxa-llennepa
NF — xoaddumnuent uryma
OA — oNTUYECKUI YCUIINTEID
OADM — onrtuyeckuii MyJbTHILIEKCOP BBO1a/BBIBOIA
OD — onTuyeckuid 1eMyJIbTUILIIEKCOP
OM — onTu4eCcKuil MyJIbTUILIIEKCOP
OTM — ontudeckuii TEepPMUHATBHBIN MYJIbTUILIECOD
OP — ONTUYECKUN TPAKT
OSA — nosynpoBOAHUKOBBIC YCUITUTEIN
OSA-FP — nonynpoBoanukoBbie ycunutenu Ha @adbpu-Ilepo
OSA- — nonynpoBOIHUKOBbIE YCHIIUTENH OETyIIei BOTHbBI
TW
OSC — ontuueckuii ciyXxeOHBIN KaHAI
PDL — nonsipu3alrOHHO-3aBUCHUMBIE IOTEPU
PHB — 3aBucuMoCTb ycuiaeHus OT NOJASpU3alun
POA — npenBapuTenbHblii ONTUYECKUN YCHIIUTEID
RA — pamaHOBCKHE YCHIMTEIH

RX — nmpuemHbIN MOTYITb
TX — mepemaromuii MOIyJIb
SHB — crniekTpaibHbIN MpOoBal YCUIICHUS
STM — CUHXpPOHHBIN TPAHCIIOPTHBIN MOIYIIh
XWG — cross Array Waveguide
XFP-WG — crossing Focal Points Waveguide

WDM — crnekTpanbHOE MYJIbTUILIIEKCUPOBAHUE
ATM — acuUHXpPOHHBII TPAHCIIOPTHBIA MOIYJIb
AUYX — aMIUIMTYZHO-YaCTOTHASI XapaKTEPUCTUKA

BOCII — BOJIOKOHHO-ONTHYECKAsl CUCTEMA NIEpENAYN

MCD — MeXayHApOJHBIN COI03 3JIEKTPOCBS3U
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— K03 PUIMEHT TIOJIE3HOTO TeUCTBUS

— ONTUYECKOE BOJIOKHO

— ONTOBOJIOKOHHBIN HAIPABJICHHBIN pa3BETBUTEID
— ONTUYECKAasi UHTErpajibHas cxema

— CIIEKTPAJIbHOE pa3/CIICHUE

— KO3 PUIIMEHT YCUIICHUS YCUITUTEIIS

— MOIIHOCTh HACBIIIECHHUS

— BOJIMMAst B ONITUYECKUIA SJIEMEHT MOIITHOCTh

— s dexTuBHAS TUTOITATD

— pamMaHOBCKHI KO3 (PULIMEHT yCUIeHUS

— MOIIIHOCTh HaKauKH

— JIJTMHA BOJIOKHA

— BpeMsl CTAOUITU3AINK YCUITUTEIS

— MAaKCHUMaJIbHOE OTKJIOHEHUE KOdhDUIIMEeHTa YCUIeHUS

— cMelieHrne KodpuireHTa yCuieHus

— pEe30HaHCHAas JIJIMHA BOJIHBI YCUJICHUS

— nocrosiHHad [[nanka

— YacToTa

— ko3 uiment cnontanHou smuccun EDFA

— KBaHTOBas Y(PHEKTUBHOCTH

— HACeJeHHOCTH 11 2 ypoBHE aKTUBHOTO BELIECTBA

— 3(pexTuBHOE ceueHNE OTIOMECHUS

— 3¢ (HEeKTUBHOE CEUCHHUE U3TyUCHUS

— MOIIHOCTh ONTHYECKOTO U3TyYEHUS

— MOIITHOCTh ONTUYECKON HAKAYKH

— HOPMHUPOBaHHAS MHTEHCUBHOCTH ONITHYECKOTO U3TyUCHUS
— HOPMUPOBAHHAsI THTEHCUBHOCTh ONITUYECKOW HAKauKu
— 4acTOTa ONTUYECKOTO U3ITyUCHUS

— Y4acTOTa ONTUYECKON HAKAuKH

— CIEKTPaJIbHBIN KOG OUIIMEHT MOTJIONIEHUS! aKTUBHOU CPEbl
— CIEKTPaJIbHBIN KO3()PUIMEHT yCUIeHUs] aKTUBHOM Cpeibl
— nuameTp o0JIacTH, JErUPOBaHHOM 3pOreM

— JIMaMeTp CepJIlIEBUHbI BOJIOKHA

— KO3 PUIMEHT HEPE30OHAHCHOTO MOIJIOUIEHUS B CEP/LICBUHE
— IUIOIIA b onepeuHoro ceyenusi OB

— TOJIIMHA EPUOIUYECKON CTPYKTYPHI

— TIEPHOJ] CIICOBAHUS CJIOEB

— HaKJIOH (PUIBTPOB

— JIJTUHA BOJIHBI

— IUBJIEKTPUYECKasi MPOHUIIAEMOCTb

— BOJIHOBOW BEKTOP

— TMOCTOSIHHAS CBSI3H MOJI

— (azoBoe paccoriacoBaHue
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— MaKCHUMaJIbHOE OTPaXXKEHHE OT TOHKOIUIEHOUYHOTO (PHIIbTpa
— Pa3HOCTb MTOKa3aTesiel MpeIoMIICHUs

— MaKCHUMaJlbHas IepexoHas moMexa

— anmapatHas ¢pyakuus puistpa @adpu-Ilepo

— CBOOO/IHBIN CIIEKTPATIBHBIN TUAIIa30H JEMYJIbTUTLIEKCOPa
— JUIMHA Pe30HaTopa

— TMepHOoJ] anmnapaTHON QyHKIUU

— K03 (HULMEHT OTpaKeHUs

— KaHaJbHBIA UHTEPBAJ IEMYIbTUILUIEKCOPA

— KOHIIEHTpalUsi MOHOMEpPa

— koadunment nuddy3un MmoHOMEPA

— K03 PUIIMEHT MOTJIONIEHHUS KPACUTEIIS

— KOHIEHTpAaLUs KpacuTes

— mapaMmeTp peakuuu (GOTOMHUIIMUPOBAHUS

— HavajbHasl KOHLEHTpAIUsi MOHOMEpa

— YTOJI ME@X/1y OCBIO M BEKTOpPOM K

— u3MeHeHue HakiioHa OIIM

— TMepHoJ royiorpaduvuecKon pemeTKu

— MaKCUMAaJIbHO JOCTHXUMas nudpakuroHHas 3pPeKTHBHOCTD
— BXOJIHBIC/BBIXOJIHBIC MOPTHI MYJIbTHILICKCOPA

— BXOJHOM CUTHAaI

— BBIXOJIHOM CUTHAJI

— Marpula nepeaadu

— MOPSAOK TUPPAKIIMOHHON PEIIETKH MAaCCHMBA BOJHOBOJIOB
— MOJIO’KEHHE BXOJHOT'O BOJHOBO/IA

— M0JIO’KEHKE BBIXOJTHOTO BOJIHOBOJIA

— npoduIIE MOJIOBOTO TOJIS

— npsiMoe ripeodpazoBanne Oypbe BXoaHOH QyHKINH fin(Xo)
— MPOCTPAHCTBEHHBIN YaCTOTHBIN (PakTOp

— (oKycHOE pacCTOSTHUE JTMH3BI

— MOKa3aTesb MPEIOMIICHHS JTUH3bI

— TOKa3aTesb MPEIOMIICHHS CEPALIEBHHbI

— npoduiIb NOJIs, OCBEIIAIOIIET0 MACCUB BOJHOBOJIOB

— K03 GUIIMEHT BO3IEUCTBUS HA I BOJTHOBO/L

— ¢ yHKIMSA OKHA

— ¢ yHKIMS OCYIIECTBICHUS BHIOOPKHU

— pasiuyue MeX1y BOJIHOBOJAMHU B MAaCCHBE BOJHOBOJIOB
— ¢a3oBbIil HAOET B KaXKJI0M BOJTHOBOJIE

— pabouas yacToTta

— T0JI€, MPOIIE/IIee MACCUB BOJIHOBOIOB

— npsiMoe nipeodpazoBanne Oypbe noms fo(X;)

— moJie epen Bropoit muH30it AWG

— 1oJie Ha BBIX0aHOH Tiockoctn AWG

— UHTETpa OmuOKU
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SINC — WHTETpaAIbHBINA CHHYC

K — 9mciio BOJTHOBOJIOB B MaCCHUBOB

Lt — dokycHOe paccTosiHHe

dy, — paccTosiHUME MEXIy BOJHOBOJIAMH B MacCHUBE
®j — paxnyc MOJOBOTO TIOJIsS
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VYyeOHOE n3nanue

HIapanrosuu Cepreii HukosnaeBuu

MHOI'OBOJIHOBBIE OIITUYECKHE CUCTEMBI CBA3U

YuebHoe rmocooue

[Toamucano B meyarthb Dopmar 70x100/16.
VYen. neu. 1. 12,57 Tupax 50 .3akaz  491.

TomcKul TOCYapCTBEHHBIM YHUBEPCUTET
CUCTEM YIIPABIICHUS U PaAUO3IEKTPOHUKHU.
634050,Tomck, nip. Jlenuna, 40.

Ten. (3822) 533018.
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