Jlekuus 6 DJIeKTPOHHBIE KOMIIOHEHThI CHCTEM ONTHYECKOi CBA3H
6.1 [loBTOpUTE/IN M ONITHYECKHE YCHUIUTETH

IIpo6siema paccTosiHUA

ITo mepe pacnpocTpaHEeHUs: ONTUYECKOIO CUTHAJIA IPOUCXOJUT €ro OCIadJIeHuE,
a TaKKe YIIMPEHHE HMMITYJIbCOB M3-3a aucnepcuu. Jro6oi u3 3Tux (pakTopoB MOMKET
OKa3aThCsl MPUUYMHOM OrpaHWYCHHs] MaKCUMaJIbHOW JUIMHBI O€3peTpaHCIsLUOHHOTO
y4acTKa BOJIOKOHHO-ONTHYECKOIO CETMEHTA.

Eciu ’xe MakcuManpHas JOMYCTUMas JJIMHA MEXAY MPUEMHUKOM U
MepPEeAATUNKOM NPEBBIIIEHA, TO HEOOXOAUMO B MPOMEXKYTOUHBIX TOYKAX JIMHUU CBSI3H
N00aBIIATh OJMH WJIM HECKOJBKO PETPaHCISATOpPOB, B 00mieM ciydae, peTpaHCcisTop
BBINOJIHSIET (YHKUUIO YCHJIEHHS ONTHYECKOTO CHUTHAJIA, W JIOMOJHHUTEIBbHO (IpH
uu(dpoBoil mepedadye) MOMKET BOCCTAHABIMBATH (POPMY HUMITYJIbCOB, YMEHBLIATh
YPOBEHb IIYMOB M YCTPaHATh OIIMOKM - TakOM pETPaHCISATOpP Ha3bIBAECTCA
peceHepamopom.

Tunsl perpancasiTopos

[To MeToly ycUieHUsI ONITUYECKOTO CUTHAJIA PETPAHCISATOPHI MOAPA3IETSAIOTCS Ha
JIBE€ KATETOPHUH: IIOBTOPUTENIA U ONTHYECKUE YCUITUTENH.

B BOJIOKOHHO-ONTMYECKHX CHUCTEMax JIOKAJIBHBIX CETE  MOBTOPUTENH
3HAYUTETBHO OOJIBIIE PACTIPOCTPAHEHBI, YEM ONTHYECKUE YCUIIUTEIHN, B TO BPEMS Kak
IpU TMOCTPOCHUHM ONTHYECKUX Marucrpaiel ONTHYECKWE YCHIUTEIU HIparoT
HE3aMEHUMYIO POJIb.

Ilosmopumens (3MEKTPOHHO-ONTHUECKUN TMOBTOPUTEIb) CHauyana mpeodpasyer
ONTUYECKUI CHUTHANl B AJIEKTPUYECKYIO (DOpMY, YCHIMBAET, KOPPEKTHPYET, a 3aTeM
npeoOpa3oBEIBACT OOPAaTHO B ONTHYECKHH CUTHAI, puc. 6.1 a. MoXXHO TpeacTaBUTh
NOBTOPUTENh KaK TMOCJEAOBATEIbHO COEAMHEHHbIE MPUEMHBIH U Mepeaaroiui
ONTUYECKHE MOJTYJIH.

AHaNOroBbI TMOBTOPUTEIb, B OCHOBHOM, BBIMOJHIET (YHKIUIO YCHUICHUS
curdana. [Ipu »TomM BMecTe ¢ MOJE3HBIM CUTHAJIOM YCUJIMBAETCS TaKXKE BXOJHOM IIyM.
Opnako npu uudpoBoil nmepegaye MOBTOPUTENb HAPSAY ¢ QYHKIMEH YCUICHHUS MOXKET
BBINIOJIHATH (DYHKIUIO PEreHepalui CUTHaja, CBOMCTBEHHYIO IU(PPOBOMY ONITHYECKOMY
NPUEMHUKY.

OObIYHO OJIOK pereHepanuy OXBAaTbIBACT LENb MPHUHATHS PELICHUS U TalMep.
brok pereHepanuu BOCCTaHABIMBAET MPSMOYTOJIbHYIO (DOPMY HMMITYJIbCOB, YCTPAHSET
IIyM, PECHUHXPOHHU3UPYET Mepenady TakK, YyTOObl BBIXOJHBIE HMMITYJIbCHl MONAJalNd B
COOTBETCTBYIOIIE TAUM-CIIOTHI.

[loBTOpUTENL MOXKET M HE COAEp)KATb TaliMepa W BOCCTAHABIMBATH
IPSIMOYTOJIBHYIO (pOPMY UMIYJBCOB MO OMPEIEICHHOMY MOPOTY, HE3aBUCUMO OT TOTO,
Ha KakOW CKOpPOCTH Benercs Iepenada. Takue 'cperoHe3aBUCUMBIE" ITOBTOPUTEIN
IIPUMEHSIOTCS B JIOKAJIBHBIX CETAX, IJI€ UMEET MECTO ACHHXPOHHBIN PEKUM IIepeJadH.

Onmuueckui ycunumens (OY), B oTivure OT NOBTOPUTENS, HE OCYLIECTBISAET
OITO3JIEKTPOHHOIO IpeoOpa3oBaHMs, a Cpa3y HPOM3BOAUT YCHJIEHHE ONTUYECKOIO



cursana, puc. 6.1 6.

OnTuyeckre yCUIUTENH HE CIOCOOHBI B MPUHIIMIIE TPOU3BOIUTH PETEHEPAITHIO
ontryeckoro curHana. OHM B pPaBHOM CTENEHU YCHIIMBAIOT KaK BXOJHOW CHTHAJ, TaK U
ITYM.

Kpowme 3Toro, BHOCHTCS COOCTBEHHBIH IITyM B BBIXOTHOW OMTUYECKUN KaHaI.
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Puc. 6.1. Tumsl peTpaHCAATOPOB: ) IEKTPOHHO-ONTHICCKUN TTOBTOPUTEITh;
6) oNTHYECKHUI YCHUITUTEITh

CpaBHUTENIbHBIC XAPAKTEPUCTUKUA TMOBTOPUTENSI U ONTHUYECKOTO  YCHIIUTEINS
npuBeAeHbl B TaOm. 6.1. KoHmentyanapHas mpocToTa - OAWH W3 MPUTATHBAIOIINX
dakTtopoB OVY. IIpocTtoTa KOHCTPYKIMH, B KOTOpPOW TMpeo0JialaloT MacCUBHbBIC
KOMITIOHEHTBI, B KOHEUHOM CYETE, 00€IIaeT HU3KYIO IIEHY, TaK KaK YUCJIO0 KOMIIOHEHTOB
OV 3HauuTENbHO MEHBIIE, YEM Y TOBTOPUTEIIS.

Ha npaktuke, ognako, nena OY 3HauMTENbHO BbIIIE, YeM y noBTopureneid. Ho,
M0 MPOTHO3aM CIIENUATUCTOB, 1leHa OY 1o Mepe yBenuuyeHus pbIHKa MPOaax OyneT
nagath. OY umeeT 0oiee BHICOKYIO HAJIEKHOCTh, YeM MTOBTOPUTEIT.

DTO BaXHOE MPEUMYIIECTBO MPU CO3AAHUU PETPAHCIATOPOB MPHU MPOKIIAIKE
noasogHoro BOK. OVY He mnpuBsizaH K CKOpPOCTH Iepeaayd, B TO BpPEMs Kak
MOBTOPUTEH OOBIYHO UCTIOIHAETCS AJisi pabOThl HA ONpeneseHHol ckopocTi. UMeHHO
Ha ATy CKOPOCTh KOH(DUTYpUpYyeTCs TaltMep MOBTOPUTEJIS.

[loBroputens paboTaeT ¢ oAHUM curHaioM, OVY MOXeT OJHOBPEMEHHO
YCUJIMBATh HECKOJBKO ONTUYECKUX CUTHAJIOB, IPEACTABICHHBIX HECKOJIBKUMU JTMHAMU
BoiH (WDM curuan) B npezaenax ONpeNeseHHOr0 MHTEpBaia, KOTOPBIM Ha3bIBAaeTCs
30HOM yCUJICHHS.

OTO MO3BOJISIET HapalyMBaTh MPOMYCKHYIO BO3MOXKHOCTHb JIMHMM CBSI3U, Ha
KoTOpo# ycraHoBiieHbl OV, 6e3 100aBiIeHHs] HOBBIX BOJOKOH.

IHoBropuTenu Aiaa uU@PPOBLIX JUHUH CBA3U

XOTs MOBTOPUTENU ISl UU(POBBIX JTUHHUM CBA3H MOTYT OBITh HE3aBUCUMBIMU OT
Cpelbl, OOJIBIIMHCTBO U3 HUX PACCYMTAHO HA BIOJIHE OMPEICICHHBIN CTaHAapT.



B nokanbHBIX CETAX pacmpoCTpaHEHBbI MOBTOPUTEIH, MPEOOPa3yIOMUe CUTHAIIBI
Y3 MHOTOMOJIOBOTO (mMm) B OJTHOMOJIOBOE (Sm) BOJIOKHO.

Takxue MOBTOPUTENH MOTYYHIIN HA3BAHUE KOHBEPMEDDI.

[upoxo pacnpoctpanenst FDDI (100 M6ut/c) [8, 9], ATM (155 Mb6wut/c), ATM
(622 M6wuT/c) [10] sm/mm KOHBEpPTEPHI.

Tabnuma 6.1. CpaBHuTenbHbIe XapaKTEPUCTHKU MOBTOPUTENEH M ONTHUYECKUX

YCUWINUTENEN
XapakTepucTuka IloBTOpPUTEND OnTuyeckuil yCuiInTe/ b
Koncrpykuust CnoxHas [IpocTas
Ilena Huzkasa Bricokas, HO magaeT
Hanexuoctb Bricokas OueHb BBICOKAs
Perenepanus curnana Honyctuma Ucknrouena
[TpuBsizka K CKOPOCTH Nepeaayn TpeOyercs He tpebyetcs
B03MOXXHOCT ~ OTHOBPEMEHHOI He nonyckaercs Homyckaercs
nepeiauil HeCKOJIBKUX CHTHAJIOB
Pabouast 1iMHa BOJHBL, UM 850, 1300, 1550 Oo0macts 1530-1560
OtHolIeHne CUrHaji Uym Bricokoe Huskoe
OO6nacTh NpUMEHEHUs JlokanbHbIE CETH, Ceiiyac ¥ B epCrEKTUBE
pPErMOHANIbHBIE CETH, PEruOHANIBHBIE CETH,
MEKPErHOHAIbHBIE CETH MEKPErHOHAIbHBIE CETH

Onruyeckue YCUJIIUTCIN

DTH yCTpOUCTBA 00ECIIEYNBAIOT BHYTPEHHEE YCHIICHHE ONTHUYECKOTO CUTHAIA 03
ero nmpeoOpa3oBaHHMs B OJEKTpUUecKylo (opmy. OHH HCHOIB3YIOT MPUHIIMII
WHIYIMPOBAHHOTO M3JIy4YEHHUs, aHAIOTHYHO Jja3epaM. CyIlecTByeT MATh THIIOB
ONTUYCCKUX YCHIIUTENCH, cM. Tabu. 6.2 [4].

Tabmuma 6.2. Tumns! 1 06J1aCTH TPUMEHEHUS ONTHYESCKUX YCHITUTEICH

Tunsl ycnauresiei O0JiacTh MpUMeEHEHUs

Ycunurens ¢ nonocteio @adpu-Ilepo VYcunienne oJTHOro KaHaja

YeunuTtenn Ha BOJIOKHE, HCIOJB3YIONIME | YCHIEHHE OJJHOTO KaHaa
OpHJLTIO3HOBCKOE PacCesiHUE

Ycunmurenn Ha BOJIOKHC, HCIIOJIB3YIOIHNE YcuneHne HeCKOJIbKUX KaHAJIOB OTHOBPEMCHHO
POMaHOBCKOE€ pacCECIHNC

HOJ'IyrIpOBO)IHI/IKOBHC JIa3€PHBIC YCHUIIUTEIIN VYcunienue OOJNBIIOrO Yucia KaHAJIOB B IHHpOKOﬁ
o0actu JJIMH BOJIH OTHOBPEMCHHO
Ycunurenu Ha MMPUMECHOM BOJIOKHEC VYcunienue OOJNBIIOrO Yucia KaHAJIOB B IHHpOKOﬁ

o0actu JJIMH BOJIH OTHOBPEMCHHO

1. Yeunureaun ®adpu-Ilepo. Ycunurenu OCHAIAIOTCS TIOCKUM PE30HATOPOM C
3epKAJIbHBIMU  MOJYNPO3pauHbIMU ~ CTeHKaMu. OHM  00ecrneurBarOT  BBICOKUM
kodpdunment ycunenus (1025 nb) B ouenp y3kom (1,5 ITm), HO mMpOKO
nepectparBaemMoM (800 I'T') criekrpanbHOM quana3one. Kpome 3Toro, 3T ycTpoiicTa
HE YYBCTBUTENIbHbI K TMOJSpU3alMHA CHUTHAJla M XAPAaKTEPU3YIOTCSA CHUJIIbHBIM
nojaaBieHrueM OOKOBbIX cocTaBisonmx (ocnabnenne Ha 20 b 3a npenenamu
untepBasia B 5 I'T). B cunny cBoux xapakrepuctuk, yeunurenu ®adpu-Ilepo nneanbHo
MOAXOJST JIJIsl pabOThl B Ka4€CTBE JEMYJIbTUILIEKCOPPB, MOCKOJIBKY OHM MOTYT BCEra



OBITH MIEPECTPOCHBI VISl YCHIICHHS TOJIBKO OJTHOM OTPENeICHHON AJIMHBI BOJIHBI OJTHOTO
KaHaJla U3 BXOJHOr0 MHOrokaHaaeHoro WDM curnana.

2. YceuanTed Ha BOJIOKHE, MCIOJIb3YIOIIHe OPUILIIIOIHOBCKOE paccesiHHe.
CTuMyIMpOBaHHOE OPWJUTIOOHOBCKOE pACCESTHUE - OTO HEIWHEHHBIA 3¢ deKT,
BO3HUKAIOIIMA B KPEMHHEBOM BOJIOKHE, KOTJIa DJHEpPrusi OT ONTHUYECKOM BOJHBI Ha
4acToTE, CKaXeM, ft mepexouT B SHEPrHIO HOBOM BOJIHBI HA CMENIEHHOM YacToTe 2

Ecau MoIHas HAakayka MPOM3BOJAMTCA HAa dYacToTe fi, CTUMyNHpOBaHHOE
OpUILTFOPHOBCKOE paccessHue CITOCOOHO YCUITMBATH CIa0blii BXOTHON CUTHAI HA YaCTOTE
f2. BoixoaHoii curman cocpefoTodeH B y3KOM JAMAala3oHE, YTO MO3BOJISET BBHIOMpPATh
KaHal ¢ norpemHoctbio 1,5 I'T'.

3. Ycwinrteqnu HA BOJIOKHE, MCHOJb3YIOIIHMEe PaMaHOBCKOe paccesiHHe.
CTUMyIMpOBAaHHOE PAMAHOBCKOE pAaCCESHHME - TaKKe HEIMHEHHBI 3(DPEeKT, KOTOPHIi
M0I00HO OPHUILITIOIHOBCKOMY PACCESTHUIO MOXKET MCIIOJIb30BaThCA JUIsl MPeoOpa3oBaHUs
YaCTU SHEPrUU U3 MOIIHOM BOJHBI HaKauyku B CIa0yl0 CUTHaJIbHYIO BOJIHY. OjHaKo,
IPU PaMaHOBCKOM PACCESHUM YaCTOTHBIN CIIBUT MEXJy CUTHAJIHLHOW BOJHOW M BOJIHOM
nakauku ([f2-ff) Gonbiue, a BBIXOMHOI CHIEKTpaIbHBINA JUANA30H YCUIIEHHS LIMPE, YTO
JONyCKAaeT YCUJIEHHE Cpa3y HECKOJNbKuMX KaHaioB B WDM curnane. bonbmiue
MEPEXO/IHbIE TIOMEXH MEXK]Yy YCUJIMBAEMBbIMU KaHAJIaMH MPEJCTABIISIIOT OCHOBHYIO
npoOiemy mpu pa3paboTKe TaKUX YCHIUTEIEH.

4. TloaynpoBoanukoBblie JjgasepHble ycuaurean (IITIJIY). Ocuosy IIITY
COCTAaBIsICT AaKTWUBHAas Cpela, aHajorh4yHas TOW, KOTOpas MCIOJIb3YETCA B
MOJynpoBOAHUKOBBIX Jazepax [11, 12]. B IIIJIY oTCcyTcTBYIOT 3€pKajbHbIC
pPE30HATOPBI, XAPAKTEPHBIE I IOJYNPOBOJHHUKOBBIX JiazepoB. 11 yMEHbIIEHUs
(peHENEeBCKOro OTPaKEHUsI ¢ 00EUX CTOPOH AKTUBHOM Cpelibl HAHOCUTCS CIIEUATbHOE
MOKPBITHE TONIUHON X/4 ¢ corylacOBaHHBIM MTOKa3aTeIeM MPeIOMIICHus, puc. 6.2.
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Puc. 6.2. [TonynpoBOJHUKOBBIM JIA3€PHBIN YCUIIUTEIh

I1oaynpOBOIHUKOBBIE JIA3€PHBIE YCUIUTENM HE IIOIYYUIIM CTOJb LIMPOKOTO
pacrpocTpaHeHus], KaK YCHJIMTEIH Ha MpUMecHOM BoJiokHe. Jleno B Tom, uro IMIUTY
CBOMCTBEHHBI JIBa CYLIECTBEHHBIX HEIOCTATKA.

CBeTon3ny4arouMii aKTUBHBIM CJIOH HMMEET MOINEpPEUYHbId pa3Mep HECKOJIBKO
MUKPOH, HO TOJIIIMHY B IIPEAENIax OAHOIO MUKPOHA, YTO MHOTO MEHBIIIE, YEM AUAMETP
CBETOHECYILEN YaCTU ONTUYECKOTO BOJOKHA (9 MKM - 111 OTHOMOZIOBOT'O BOJIOKHA).



BcenenctBue 3Toro Oosiblasi 4aCcTh CBETOBOTO MOTOKA M3 BXOJSILEIO BOJOKHA HE
NoNajaeT B AaKTUBHYK o00jacTe W Tepsercs, 4to ymenbwaer KIIJ[ ycumauresns.
Yeemunts KIIJ[ MOKHO, MOCTaBUB MEXIY BXOIAIIMM BOJIOKHOM M aKTUBHOW CpEIOU
JIMH3Y, HO 3TO MPUBOJMT K YCIOKHEHUIO KOHCTPYKIIUH.

Brtopoii HenocTaTok MMeeT 0ojiee TOHKYIO IpHupoay. [leno B TOM, UTO BBIXO[
(xo3puument ycunenus) IIIIIY 3aBucutr oT HampaBieHHs HOJSAPU3ALUM U MOXKET
orianyatbes Ha 4-8 nb 111 ABYX OpPTOTOHAJIBHBIX MNOJSIPU3aLUil. DTO HEXKEIATENbHO,
TaK KaK B CTaHJAPTHOM OJHOMOJOBOM BOJIOKHE MOJSAPU3aLUs PacIpOCTPaHIEMOIO
CBETOBOI'O0 CHUTHA&JIa HE KOHTpOJMpPYeTCs. MOIIHOCTh CBETOBOIO IIOTOKA JIaHHOM
HOJSIpU3aLMK  MOXKET (IyKTyupoBaTh BHOJAb JUIMHBL. OTCioga BBITEKAaeT, YTO
koaurment ycunenus [ITUJIY 3aBucut ot HekoHTpoIupyeMoro (axropa.

MOXHO yMEHBIIUTH ATy 3aBUCHMOCTb OT ITOJISIPU3ALMM ITyTEM YCTAaHOBKH JBYX
Ja3epoB - BO3MOXKHO Kak MapajuienbHoe (TpeOyeTcs mapa pa3BeTBUTENCH), TaK U
IIOCIEA0BATENbHOE HX MOAKIIOYeHHMe. HO 3TO CHOBa MNPUBOIWUT K YCIOKHEHUIO
KOHCTPYKIIUU U POCTY CTOMMOCTH.

JIBa NpUBEAECHHBIX HENOCTATKAa HUBEJIMPYIOTCS B TeX ciydasx, korga [ITIJIY
MHTETPUPOBAH C JAPYTMMH ONTHYECKMMHU ycTpouictBamH. WM HMMeHHO Tak
npeuMyniecTBeHHO uctonb3yrotcs [IIIJIY. OnHa 3 BO3MOKHOCTEW - MPOU3BOJICTBO
COBMEILIEHHOI'O C BETO M3JIYYalOIETO Ja3epHOr0 JIMO0/a, HEIIOCPEACTBEHHO Ha BBIXOJIE
Kotoporo ycranasiusaercs [ITTJTY.

Ha puc. 6.3 mokaszaHa emie ofHa peaau3aluss MUCTOUYHHUKA MYJIbTHUILUIEKCHOTO
MHOTOBOJITHOBOTO W3NydyeHus, B KoTopom HIHIY wucnonb3yrorcs B KadecTBe
IIMPOKOIOJIOCHOTO  ycwinTelss. HECKOIbKO y3KOIIOJOCHBIX IOJIYIIPOBOJHUKOBBIX
JAa3epOB HA Pa3HbIX JUIMHAX BOJIH TE€HEPUPYIOT CBETOBBIE CHUTHAJIBI, KOTOPBIE
MYJIBTUILIEKCUPYIOTCS W Pa3MHOXKAIOTCS MOCPEICTBOM OINTHYECKOTO PAa3BETBUTEII.
[ITIJTY ycraHaBIMBarOTCA HA KOHEYHOM y4YacTKe, YTOObI YCHUIIUTh OCIa0JIEHHbIE MOCTe
Pa3BETBIICHUS ONTUYECKUE MYJIBTUILICKCHBIE CUTHAJIBI.
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Puc. 6.3. ICTOYHUK MyIBTUIUIEKCHOTO U3JIy4YEHHUS, (TTOTYTTPOBOIHUKOBBIC JTA3€PHBIC YCUITUTEIN
MHTETPUPOBAHBI C MACCUBOM JIA3€PHBIX CBETOAMOJIOB U ONTUYECKUM Pa3BETBUTEIIEM )

5. YceuauTeJM HAa NMPUMECHOM BOJIOKHE. DTOT THI ONTHYECKOTO YCHUIMTEIS
Haubosee MIMPOKO PACHPOCTPAHEH U SBISETCS KIIOUEBBIM 3JIEMEHTOM B TEXHOJOTUU
MOJIHOCTBIO ONTHYECKUX CETEH, MOCKOJbKY OH IO3BOJSET YCHJIMBAaTh CUTHANI B
LIMPOKOM CIIEKTpajbHOM nuanaszone [13, 14, 15].

Ha puc. 6.4 mpuBeneHa cxemMa ycUIUTENs Ha NPUMECHOM BoJjiokHe. Cralbii
BXOJHOM onTuyeckuil curHai (1) mpoxoaur yepes OonTU4EeCKUil n30sTop (2), KOTOpBIN
IPOIyCKaeT CBET B MpPSIMOM HANpaBiICHUHM - CJEBa HAIPaBO, HO HE IPOIYyCKaeT
paccestHHbIN CBET B OOpPATHOM HalIpaBJIEHUH, Jajlee NPOXOAUT depe3 OJOK (UIbTPOB



(3), KoTOpBIC OJIOKUPYIOT CBETOBOM MOTOK HA JIJTMHE BOJIHBI HAKAYKW, HO TIPO3PAYHBI K
JUIMHE BOJIHBI CHTHaja. 3aTeéM CUTHAJl T[oNajaeT B KAaTyUIKy C BOJIOKHOM,
JIETUPOBAaHHBIM IIPUMECHIO U3 PEAKO3EMENbHBIX 1eMEHTOB (4). JInuHa Takoro ydactka
BOJIOKHA COCTaBJIIET HECKOJBKO METPOB. OTOT Y4YaCTOK BOJIOKHA IIOJIBEPraeTcs
CWIBHOMY  HENPEPHIBHOMY  M3JIYYEHHUIO  TOJYNPOBOAHUKOBOrO  Jnaszepa  (5),
YCTaHOBJICHHOTO C MPOTHUBOIIOJIOKEHHON CTOPOHBI, C 00Jiee KOPOTKOM JJIMHOW BOJIHBI
Hakaukd. CBeT OT Jja3epa Hakaykd - BOJHA Hakadyku (0) - BO30YyKIaeT aTOMBbI
npumeceil. Bo30yKJIeHHbIE COCTOSIHUS HMMEIOT OOJBIIOE BpeMs pejakcaldu, 4TOObI
CIIOHTAHHO TEPEeUTH B OCHOBHOE cocTosiHue. OJIHaKO MpH HaJU4MM c1aboro cCUrHasia
MPOUCXOJUT HWHAYIMPOBAHHBIN MEpexoJl aTOMOB IMpuMeced U3 BO30YKICHHOIO
COCTOSIHUSI B OCHOBHOE C M3JIyYEHHEM CBETA HA TOM K€ JUJIMHE BOJIHBI U C TOU K€ CaMOM
¢azoii, uTo M MOBNEKIINI 3TO curHai. CeneKTUBHBIN pa3BEeTBUTEIND (7) MEpEeHAIPaBIISICT
YCUJICHHBIH TMOJe3HbIM curHan (8) B BBIXOJHOE BOJIOKHO (9). JloMOJHUTENbHBIN
onTu4yeckuit wu3onsarop Ha Beixoge (10) mnpemoTBpaiaer momagaHue OOPATHOTO
PacCesHHOIO CHUrHaja M3 BBIXOJAHOTO CErMEHTAa B AKTHBHYIO 00JIACTH ONTHYECKOTO
YCHJIUTENSL.

Onmssaciont Banva Cenaxmramiint Onrusocmtit
waonwrop (2) nacioot (8)  prasewsrens (7) waonsTop (10]

Puc. 4,15, Ontmvecknil younutens Ha rNpuMecHom BONOKHE

AKTHBHOU CpEIOW YCHUIIUTEINSI SIBIISIETCA OJHOMOJIOBOE BOJIOKHO, CEpALECBUHA
KOTOPOTO JIETUPYETCA MPUMECSMH PEIKO3EMEIbHBIX 3JIEMEHTOB C ILEIBIO CO3AaHUS
TPEXypOBHEBOW aToMHOW cucteMbl, puc. 6.5. Jlazep Hakauku BO30OyKIaeT
AJIEKTPOHHYIO IMOJICUCTEMY IPUMECHBIX aTOMOB. B pe3ynbprare 4ero 3JIEKTPOHBI C
OCHOBHOTO COCTOSIHUS (YPOBEHBb A) MEpPeXoasiT B BO30YKICHHOE COCTOsIHUE (YpOBEHB
B). Jlasiee mpoucXxoauT pesiakcalusi 3J€KTPOHOB C ypoBHS B Ha MpomMexyTOUYHBIN
ypoBeHnb C. Korga 3aceneHHocts ypoBHSI C CTAaHOBUTCSI JOCTATOYHO BBICOKOM, TaK 4TO
oOpa3yeTcsi UHBEpCHasl 3acelleHHOCTh ypoBHe A m C, To Takas cuctemMa crocoOHa
VHIYUUPOBAHO YCWIMBATH BXOJAHOM ONTUYECKUN CUTHAI B ONPEACICHHOM JUara3OHe
JUIMH BOJIH. EcCiay ke BXOIHOW CHUTHAJl HE HYJEBOW, TO MPOUCXOIUT CIIOHTAHHOE
U3JIy4eHHEe BO30YK/ICHHBIX aTOMOB IIPUMECEH, MPUBOISIIIICE K IITyMY.

MOprvA

Yposens A

Puc. 6.5. DHepreTrueckas AuarpaMmma ypoBHEW aTOMHOM CHCTEMbI
YCUJIUTENS HAa IPUMECHOM BOJIOKHE



OcobeHHOCTH pabOThl YCUIIUTENS] BO MHOTOM 3aBHUCST OT THIIA IPUMECE U OT
Jrarna3oHa JIIMH BOJIH, B MIpejieiaX KOTOPOro OH JIOJDKEH yCUiIuBaTh curHai. Haubonee
IIMPOKO PACIpPOCTPAHEHBI YCUIIUTENH, B KOTOPBIX UCIOJIb3YETCSI KPEMHUEBOE BOJIOKHO,
nerupoBanHoe »pobuem. Takue ycwiurenu noiayuwin HazBanue EDFA, MexatoMmHoe
B3aMMOJICCTBHUE SIBIIACTCS NPHUYUHONW OYECHH BAXKHOTO ITOJOXKUTEIHHOTO (hakTopa -
YIIUPEHUs YPOBHEH, YTO, B KOHEYHOM HTOre, OOECNEYMBACT YCUIIUTEIIO HIMPOKYIO
30Hy ycwiieHus curHana [16]. B EDFA naubonee mupokas 30Ha ycuieHus oT 1530 no
1560 um, cootBeTcTByIOMmas mepexoxy NVCA. ZOCTHraeTcs NpH ONTHMAJILHOM JIMHE
BOJIHBI JIazepa Hakauky 980 nm.

Ycunenne B apyrom okHe mnpo3payHoctd 1300 uM MOXKHO peanu3oBaTh C
UCIIOJIb30BaHUEM MPUMECEN MPA3COAUMUS, OJHAKO TAKUE ONTUYECKUE YCWIMTENIH HE
MOJIYYHJIA OOJIBIIIOTO PACTIPOCTPAHEHUS.

Koaddurment ycunenust curnana 3aBUCUT OT €r0 BXOJHOM aMIUTUTY/IbI U JUTUHBI
BOJHBI. [IpyM MasbIX BXOJHBIX CHUTHajJaX aMIUIATYyAa BBIXOAHOTO CHUTHAJIA JIMHEMHO
pacTeT ¢ pOCTOM BXOJHOTO CUTHANA, KOA(PPUIMEHT YCHUJICHUS TOCTUTAET MPU ITOM
CBOETO MaKCHMaJbHOTO 3HaueHHWs. Hampumep, ecnu BxomHou curHanm | mxBr (-30
nbm), To BBIXOHOM curHai1 MoxeT ObITh Ha ypoBHE | MBT (0 1bm), 4yTOo cooTBeTCTBYET
ycuienuto B 30 n1b. Ho nipu 00b1110M BXOJTHOM CUTHAJIE CUTHAJ HA BBIXOJI€ JOCTUTAET
CBOETO HACBIIICHUS, YTO MPUBOAUT K MajeHUI0 Koddduuuenta ycunenus. Hanpumep,
Ha TOM K€ JJIMHE BOJIHBI BXOAHOM curHan | MBT mpuBener k renepaiuy BBIXOAHOTO
curHasia 20 MBT B peXuMe HACBIIIEHUS, YTO OYJET COOTBETCTBOBATH KOAI(P(UIIMEHTY
yCcuJieHus Bcero b 13 nb.

Ha puc. 6.6 nmokazano, kak Beaet ce0s koddduiment ycunenus K nns EDFA B
3aBUCHMOCTH OT JJIMHBI BOJIHBI M TPU PA3IUYHBIX 3HAUYEHUSX MOIIHOCTH BXOJHOTO
curnana. Ymensinenne K npu Pt. = 1 MBT cBs3ano ¢ HacelmenueMm ycunutens. Ha
KpUBO 3aBUCUMOCTH K OT IJIMHBI BOJIHBI IPH MAJIBIX 3HAYEHUSX MOIIHOCTHA BXOJHOTO
CUTHaja 3aMETHbl MHUHUMYMbl M MakCUMyMbl. OTCYTCTBHE IUIaTO B IIHUPOKOM
nuariazoHe 1iuH BoJH (0T 1530 10 1560 um) 3acTaBisieT AOMOJHUTENBHO HA JIMHUU U3
KackaJa ONTUYECKUX YCWIUTENIeM  yCTaHaBJIMBAaTh OKBajlai3epbl C  LEJbIO
BBIPABHUBAHUS aMIUIATYJ MYJbTUIUIEKCHBIX CUTHAJIOB Pa3HbIX JUIMH BOJH. B TO ke
BpeMsl BEJyTCSI MHTCHCUBHBIC HCCIIECIOBAHMS 1O BBIPABHUBAHUIO KPUBOM YCUJICHUSI.
CrnenyeT mog4epKHYTh, YTO MOCTPOCHUE YCUIIUTENEH ¢ TaKUMU XapaKTEPUCTUKAMHU HE
SIBJISIETCS HEMPEOJ0JIMMOM 3ajadeii, HO cKopee TpeOyeT TIIATEeIbHO OTpabOTaHHOM
TE€XHOJIOTUHU MPOU3BOJICTBA BCEX AIIEMEHTOB YCUIIUTEIIS.
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Puc. 6.6. Koapdbunuent ycunenus xkpemHueBoro EDFA npu paznudHbIx
3HAYCHUSX MOIMHOCTM BXOJHOTO ONTHYECKOTO cuTHanma (1o
matepuanam (upmer Coming)



XapakTepHbIM U1 ONTHYECKUX YCUJIUTEICH SIBISCTCS IIMPOKOIOJIOCHBIMA
COOCTBEHHBIN ITyM, pHC. 6.7. DTOT mIyM, KOTOPOTO M30€XKaTh HEBO3MOXKHO, TJIaBHBIM
o0pa3oM CBsi3aH CO CIIOHTAHHBIM U3ITy9CHUEM WHBEPCHO-3ACETICHHBIX
YpOBHEW Ha MPUMECHBIX aTOMax.
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Puc. 6.7. MomiHOCTh BBIXOIHOTO curHana u ryma B EDFA

6.2PaznoBuanocTu ycmautesaeir EDFA

JBe pazHoBugHOcTH ycunurtened EDFA ¢ mpuMecHbIM BOJIOKHOM Mpeo0JiaiatoT
B KOMMEpYECKHX pealu3alusax CErojHs: Ha KPEMHUEBOW OCHOBE, M Ha (QTOp-
nupkoHaTHOW ocHOBE [14]. IIpu o4eHb CX0KeM BHYTPEHHEM CTPOEHUHU ATH YCHIIUTEIN
OTJINYAIOTCS TOJIBKO 3arOTOBOYHBIM BOJIOKHOM.

Yeunmurenu EDFA Ha KpeMHHEBOW OCHOBE IMEPBBIMHU IMOSBUIIUCH HA PBIHKE U
OTIpeNIeNIIIA pa3BUTHE Oyaroapsi BO3MOXXKHOCTH ycusienns WDM curnana B mmpoKoM
CIEKTPaJIbHOM MHTEpBaJIC MPU HEOOIBIIUX BHOCUMBIX IIIyMax Ha Pa3HbIX JUTMHAX BOJIH.
Ceromnst ob0a Tuma ycuiauTene (KpeMHHEBbIE U (DTOP-IIMPKOHATHBIE) CIOCOOHBI
paboTaTh BO BCEM JIUAIA30HE BBIXOJA ONTHYECKOTO M3MydeHust spoust ot 1530 um mo
1560 nm. OnHAKO ONTHUYECKUE YCHJIMTEIM HAa KPEMHHUEBOW OCHOBE HE MMEIOT CTOJIb
POBHOM TIEepeIaTOYHOM KPUBOM KOIPPUIMEHTA YCUIICHUS, KaK YCUJIUTENIN Ha (PTOp-
LMPKOHATHOM OCHOBE, puc. 6.8.

B cuny ocoOennocteit koHCTpykiuu ycuiauteaun EDFA BHocsT omnpeneneHHbIN
IIYM B YCWJIMBA€MbI CUTHAJI, MPUBOAS K YMEHBIICHUIO COOTHOIIEHUS! CUTHAI/IIYM U
OTpaHWYMBAasl YHCJIO KacKaJOB W PACCTOSIHUE MEXAY JABYMS DIIEKTPOHHBIMHU
pereHeparopaM. OTOT HEIOCTATOK HE MOMEIIA] JajJbHEHIIEMY CTPEMHUTEIBHOMY
Pa3BUTHIO TEXHOJOTMM W  cepuilHoro  mpou3BojcTtBa  ycuiurenen  EDFA.
YeTbIpeXBOJHOBOE MYJIbTUIUIEKCUPOBaHHE B OKHe 1550 uM, nosiBuBLIEECS BCETO
HECKOJIBKO JIET Ha3aJ, CErOJAHs CMEHSETCS MYJbTUIUIEKCHBIMU CHCTEMAaMU C YHCIOM
BOJIHOBBIX KaHanoB Oojee 40. Ilnata 3a yBenuueHHe yuciIa KaHAJIOB BBIPAXKAaeTCs B
YMEHBUIEHUU YJIEIbHOM MOIIHOCTH (MOLIHOCTH HAa KaHaj) B BBIXOAHOM CHTHAJE,
KOTOpas ociaabeBaeT npuMepHO Ha 3 1b mpH yABOECHUH YKCiIa KaHAJIOB.



10
I
T
0~
§ Sr
v P e
5L Be e
£ -ts/ \\""'—.“"'"'""-'*'\
; s ~
f ol 7
z R
§ s
3°!" s ves BuXGY GTOD-LMDRCHETIOD
f youwTens
3% [— ——— BLXGI KPEWHNESOO ORI WTEN
&~ Y M WS N To M E

Arwsa ponw A, ()

Puc. 6.8. KpuBast BBIX0THOM MOIITHOCTH, MPECTABIISIONIEH COO0H MOIITHOCTh
BXOJHOTO IITyMa, P OTCYTCTBUH CUTHaja Ha BXOJIE

Yewinrem Ha KpeMHHEBOH OCHOBe

Yceunenue DWDM curnana B TpaJWLIMOHHBIX YCUIIUTENSIX HAa KPEMHUEBOM
BOJIOKHE CBSI3aHO C OJTHOM TEXHOJIOTMUECKOW MPOoOIeMOl - HEPETYISIPHOCThIO KO3 Pu-
IIMEHTA YCWJICHUS Kak (yHKIuM IuHBI BOMHBL. Ha puc. 6.9 a mokaszana kpuBas
BBIXOJIHOM MOUIIHOCTH NPH YCUJIEHWH |6-KaHAIBbHOrO MYJIBTUILIEKCHOTO CUTHala Co
ckopocThio Ha kaHan STM-16 (2,5 I'6éurt/c). Kak BuUAHO, Ha HEKOTOPBIX KaHalax
COXpaHsSIETCsl JIOBOJILHO BBICOKOE OTHoIeHue curHai/myM (SNR), B To Bpems Kak Ha
Ipyrux, ocobeHHo B paitoHe 1540 um, 3Hauenue SNR Huzkoe. B pesynapTare Moxer
okazarbcs, utT0 DWDM curnan, npoxoasumui yepe3 yCWIMTENb HAa OJHUX KaHAIAaX
(manpumep, Boite 1545 um) 6ynet umeer npuemiaemoe SNR, a na npyrux (paiion 1540
MM) HE YAOBJIETBOPUTEIBHOE JIJI1 UCTIOJBb3yEMOr0 MPUIIOKEHUs cooTHOIIeHE SNR.
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Puc. 6.9. KpuBbie BbIXOJHON MOIIHOCTH (CUTHAJIAa U IITyMa) IIPH MOCTYIJICHUH HA
BxoA ycuinutens DWDM curnana pansi ycwiuTeneil: a) Ha KPEMHUEBOM OCHOBE
(mabsromaercs 3aBajii B okpecTHOCTH 1540 uMm); 6) Ha GTOP-LIMPKOHATHON OCHOBE

B pesynbraTte TOro, 4rto mnpusHaHue TexHoJioruu ycuwiuteneit EDFA  nHa

KPEMHHEBOW OCHOBE TIPOM3OILJIO paHbIIe, HA CETOMHSANIHUN JIeHb OOJbIlIee
pacrpocTpaHeHrne UMEET UMEHHO 3TU pazHoBuaHOCTH EDFA.



Hekotopsie moTpeburenu (onepaTopsl CBSA3HM) PEIIAOT MPOOIeMy 3aBajia KpUBOM
IPOCTHIM HMCKJIIOUEHHEM 00JlacTh HHU3Koro ycuieHus ot 1530 mo 1542 wuwm,
JIOBOJILCTBYSICH OoJsiee y3KUM OKHOM. Ho 3TO MOXKET MmoBjiedb B HEKOTOPBIX CIydasx K
OUY€Hb BHICOKOM ITUIOTHOCTH KaHAJIOB, UTO HEXENATeNIbHO, TaK KaK C POCTOM IJIOTHOCTH
CWIbHEH HAYMHAIOT TPOSBIATHCS HeTWHEHHbIE dA(PQeEeKTh, Kak, HampuMmep,
YETBIPEXBOJIHOBOE cMelMBaHue. Kpome 3TOro, nmpuHHMas BO BHHMAHHE HACTOSIIEE
COCTOSIHME [IeJ1 MO0 TEXHOJOTHH (DUIbTpAllii, CTOMMOCTb BBIIEICHHS OTAEIBHBIX
KaHay10B U3 Oonee mnotHoro DWDM curnaina OyaeT BolLe.

Hpyroit cmoco6 pemieHust MNpoOJeMbl 3aBajla COCTOMT B HAaMEPEHHOM
MpEeIBAPUTEIILHOM CEJIEKTUBHOM OCJIa0JI€HUM BXOJAHOTO CUTHANIA C ENbI0 MOJyYEHUS
Oosee pOBHOM KapTHHBI aMIUIMTY]] BBIXOJAHBIX CHTHAJOB M 00Jiee COTJIACOBAHHBIX
3HaueHuid SNR Ha pasHpix kaHanax. [Ipu BBIMOJTHEHWU CEIEKTUBHOTO OCiableHus
NPUXOAUTCS MPUHUMATh BO BHHUMAHHE TO, YTO SHEPTUsS Ha JAPYIHX KaHaIaX TaKkKe
nepepacrnpezensercs. B pe3ynbrare 4ero onTuMu3anus CUCTEMbI CTAHOBUTCS CIIOXKHOM
WUTEPAllMOHHOM NpoUenypoil. [[OmOJHHUTENbHBIE CIIOKHOCTH BO3HHUKAKOT, KOTrAa
OMTOBBIE CKOPOCTU J00ABISEMBIX WJIM YCTpaHSEMbIX KaHAJIOB pa3inuuHbl. Hampumep,
cootHomerre SNR s nepenaun STM-64 (10 I'6ut/c) nomkHO OBITH Ha 6 1b OoJbIire,
yeM mia nepepaun STM-16 (2,5 T6ut/c). B mocnenneM ciiydae, JONOJHUTEIbHAsS
MOTITHOCTH JOJKHA OBITh A00aBieHa B kanan STM-64.

[IpousBoauTenu 0O0OpPYIOBaHUS, MOHUMAsA 3Ty NPOOJIEMY, HAUMHAIOT BHEAPATH
pa3IMYHbIE CAMOONITUMU3HPYIOLIUECS AITOPUTMBI B 3JIEMEHTBI MMOJTHOCTHIO ONTHYECKON
cetrm [17, 18]. OoOecreueHne BO3MOXKHOCTA  JIHHAMHYECKOTO  OINTHYECKOTO
OalaHCUPOBAHUS 110 YHEPTUH MEXAY KaHajlaMU BaXKHO HE TOJBKO 11s pabotel ¢ EDFA
Ha KPEMHHEBOW OCHOBE, HO M caMO MO ceOe, MOCKOJIbKY I03BOJSET 3HAYUTENIBHO
MOBBICUTH HAJI)KHOCTh CETH,

Ycunurean Ha PTOP-UUPKOHATHOM OCHOBE

Ot ycunuTtenu oOnagaloT Oojiee peryispHbIM miuato. [leno B TOM, 4TO
dbTopocoaepxaIiee BOJOKHO CIIOCOOHO MOTJIOTUTH OOJIbIe 3pOHus, YTO U MPUBOJIUT K
ynyuiieHuto npodusis B obiactu 1530-1542 um, koTopas Tenepb OTKpbIBACTCS s
ycusienuss DWDM curnana.

Puc. 6.9 6 mokassiBaeT, HacKOJIbKO 3pdexTuBHO ycunupaercs DWDM curnan.
MynbTUIIIEKCUPOBAHHbBIE KaHAJbl MPAKTUYECKU MO BCEH MOJIOCE MPOIMYCKAHUSI UMEIOT
onuszkue 3HaueHuss SNR. DTo 3HAUMTENbHO YOPOLIAET MPOLENYypY ONTHYECKOTO
OalaHCUpPOBaHUSL MPU BOCHPOU3BEJACHUM CHUTHAJIOB, KOTJa KaHAbl JT00aBISIOTCA WU
YAJSIOTCA.

@Top-uupkoHaTHblil ycminrelb EDFA umeer onuH HETOCTAaTOK - BBILIE (YEM Y
KPEMHHUEBOT0) YPOBEHb IIyMa, YTO SIBISETCA CIEACTBHEM Ooublied pabouel IIMHBI
BOJIHBI J1azepa Hakauku 1480 um. Jleno B ToMm, 4TO JjiMHA BOJIHBI Hakadku 980 uwm,
xapaktepHas st kpemHueBoro EDFA, He a(dextuBHa nns paboThl (HIIOOPUIHOTO
ycunutenss EDFA, nockosibky Ha 3TOM JUIMHE BOJHBI BEJIUKO CEYEHUE MMOIJIOLICHUS,
COIPOBOXKAAOIIEecs BO30YKIEHHEM JPYrMX COCTOSHUNA. YKa3aHHBIH HEIOCTATOK
MOSIBJISIETCS. TIPU CTPOUTENBCTBE CBEPXIIPOTSHKEHHBIX O€3pereHepalMOHHbIX CErMEHTOB
C KacKaJOM ONTHUYECKUX YCUJIMTENIEH, OTPAHUYMBASL PACCTOSIHUSA MEKIY YCUINTEISIMHU.
Ecth myTu npeojosieHus 3TOi MpoOieMbl, MPOU3BOJUTEIN COOMPAIOTCS MOCTABIISTH
cieayrlee MmokoyieHue (Gprop-uupkoHaTHRIX ycunuteneil EDFA, uMmeromux poBHBIN
npoduiib, HU3KUN YPOBEHD ITYMOB U 00Jie€ BHICOKYIO HAJIEKHOCTbD.



