Tema 3

Ontmyeckme BOAOKHAQ



Cogep>kaHne TeMbl

o KAOQCCHMMOUKALMG ONTUYECKMX BOAOKOH.
o CTPYKTYPQA ONTMYECKOTO BOAOKHA.
o PU3MYECKME MPUMHLMMbI PADOTHI OMNTMYECKOTO

BOAOKHQ.

 YUACAOBQOS ANEPTYPA.

e OKHA NPO3PAYHOCTM OMTUYECKOIO BOAOKHA.
o 3ATYXAHME B OMNTMYECKMX BOAOKHAOX.

e AMCnepcHd B ONTUYECKMX BOAOKHAX.

e HeAMHEeMHbIe 30
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OEKTblI B ONTMYECKMNX BOAOKHOX.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM



Kaaccudukanms
ONTUYECKVIX BOAOKOH

OnTu4yeckoe BOAOKHO (OB) — AUDAEKTPMYECKMM BOAHOBOA
OMNTUYECKOTO AMAMA30HA YACTOT, KOTOPOE MPEACTABASET
coBbOoM LMAMHAPUYECKYIO HUTb (BOAOKHO), M3rOTOBAEHHYIO M3
MATEPMAAQ, MPO3PAYHOTO AAS MOUMEHAEMOTO OMNTUHECKOTO

N3AYHEHNA.

MuoromoaoBoe

OaHOMOAOBOE BOAOKHO B0A0KHO (MMF)

.. . C MUHUMMU- C HEeHyAeBOu
CTaHAapTHOE €O CMEIICHHON 3aryen CMeIllEHHOI
Auicriepcrenn N 50/125 62,5/125
(SMF) (DSF) 3aTyXaHIs AVICTIepCHeN
(CSF) (NZDSF)

ITU-TG.652 ITU-TG.653 ITU-TG.654 ITU-TG.655 ITU-T G. 651 IEC 60793-2

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Kaaccudukanms
OIITUYECKVX BOAOKOH

ECAM AMOMETP CEPAEYHMKO MHOTFO BOAbLUE AAMHBI BOAHDI
OMNTMYECKOM HECYLLLEN, TO MMMYAbLC CBETQ,
PACNPOCTOAHIOLMMUCA B HEM, COCTOUT M3 MHOTMX
COCTOBASOLLMX, HOMPABAIEMbIX B OTAEAbHBIX MOACX MO
ONTM4ECKOMY BOAOKHY (OB).

Ka>KAQS MOAQ BO3DY>KAOETCS HO BXOAE CBETOBOAQ MOA CBOMM

OMNPEAEAEHHbBIM YTAOM BBOAQ M HAMPABAIETCH MO CEPAEYHMKY MO
CBOEU TPAEKTOPUM.

Takom Tmn OB HA3bIBAETCSH
MHOTOMOAOBbBIM
(Multi Mode Fiber, MMF).

T
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Kaaccudukanms
ONTUYECKVIX BOAOKOH

[ToA MOAOU MOAPCA3YMEBAETCS BUA TRAEKTOPUM, BAOAD

KOTOPOM MOXET PACMPOCTPAHATLCS CBET B ONMTUHECKOM

BOAOKHE.

d) MHOTOMOAOBOE BOAOKHO CO

CTYMEHYATbIM NPOCOUAEM

(AMOMETP CePAEYHMKA PCBEH

50 MKM);

©) MHOTOMOAOBOE BOAOKHO C

[OAAMEHTHBIM MPOdOUAEM

(AMOMETP CEeEPAEYHMKA PCBEH

50 An 62,5 MKM);
MOABI MPOXOAAT pA3HbIe

PACCTOSAHUA ONTHNHECKOIO MNMyTH

P

{?\}‘ﬁ-:.\!& o

NE-_.-

} 0 RN

M MOSTOMY MPUXOAAT HA BbIXOA OB B PA3HOE BPEMS.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Kaaccudukanms
OIITUYECKVX BOAOKOH

MpodUAb — 3T0 PACNPEAEAEHME MOKA3IATEAS MPOEAOMAEHMS
OMNTMYECKOro BOAOKHO BAOAb AMAMETPA €ro NOMEepPEYHOro
cevyeHums.

MokaszaTeAb NPeAOMAEHUS ONPEAEAIETCA KOK OTHOLLIEHME W

CKOPOCTU PACMPOCTPAHEHMA CBETA B BOKYYME (C) K €ro N\ E
CKOPOCTM PACMPOCTPAHEHMS B CPEAE (v): ]
n=c/v.

[TOKa3aTEAb MPEAOMAEHUS BO3AYXA paBeH 1, 000292,
BOAbI — 1,334, anmas — 2,42,

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAQUM 06



Kaaccudukanms
OIITUYECKVX BOAOKOH

MHoOromoaoBsble OB CO CTyneH4aTbiM NPOPUAEM MOKAZATEAS
NPEAOMAEHUA XAPAKTEPMIYIOTCH MCKAXKEHMAMM, KOTOPbLIE

OOYCAOBAEHbBI AMCMNEPCHEN BPEMEHM 3AAEPXKKM OTAEABHBIX MOA,
B PE3YAbTATE YErO, MO MePE NPOXOXAEHMI MO OB KOPOTKMM

CBETOBOM MMMYAbC YLLMPSETCS BO BPEMEHM.

n;

A/

ny

ITO ABAFETCH HEAOCTATKOM AAA OMTUHECKMX CUCTEM MEPEAQYM
MHADOPMALMM, TOK KOK YMEHbLLAET CKOPOCTb NepeAayu 1

NOAOCY NPONYCKAHMUS.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Kaaccudukanms
OIITUYECKVX BOAOKOH

B MHOTOMOAOBbBIX OB C rPAAMEHTHbIM NMPOOUAEM MOKAZATEAS
MNPEAOMAEHUA AY4M CBETA MPOXOAAT MO BUHTOOOPLA3HBbIM
CMMPAAbHbBIM TOAEKTOPMUAM.

Ay4ir HeNPepPbIBHO NPEAOMASIOTCS, 1 MOITOMY MX HAMPOABAEHME
PACMPOCTPAHEHMS MEHIETCS, 30 CHET YETO OHU
PACMPOCTPAHMOTCH MO BOAHOBbIM TPAEKTOPUSIM.

BAGroAQps MEHbLLEMY MOKA3ZATEAID MPEAOMAEHMUA B OTAOAEHUM
oT ocunt OB Ay4M, NpoOxoAdLLME DOAbLLIEE PACCTOAHME,

PACMPOCTPAHAOTCS
ObICTpEE.

B pe3yAbTaTE PA3AMYME ; -
BOEMEHHbIX 30AEPXKEK n, n

PA3HbIX AYYEM MOYTM MOAHOCTBIO MCYE3DET.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM



Kaaccudukanms
OIITUYECKVX BOAOKOH

NCKAXXEHMM, KOTOPbIE XAPAKTEPHbI AAYT MHOTOMOAOBbLIX OB,
MOXXHO M30EXATb, ECAM MOAODPATL CTPYKTYPHbIE NAapamMmeTpbl OB
TAOKMM OBPA30M, YTOObI B HEM PACMNPOCTPAHIAOCH OAHA
€AMHCTBEHHAs — OCHOBHAS MOAQ.

Takme BOAOKHO HA3bIBAIOTCS OAHOMOAOBBLIMMU (Single Mode Fiber,
SMF).

e T S S e e S e

e e s e D gl e,
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Kaaccudukanms
OIITUYECKVX BOAOKOH

[Ton CTbIKOBKE OAHOMOAOBBLIX OB mexay coOomM BAXKHYIO POAb
UIPAET AUAMETP MOAOBOIO MOAS.

B MHOromoA0BbIX OB pasmep CepALLEBUHbI MPUHATO OLLEHMBATL
AMOAMETPOM, B OAHOMOAOBLIX BOAOKHAX MPOUMEHAETCH MOHATHE
AMOMETOA MOAOBOTO MOAS.

OTO CBA3AHO C TEM, HYTO SHEPTMI OCHOBHOM MOAbI B OAHOMOAOBbBIX
OB pacnpoOCTPAHAETCH HE TOAbBKO B CepALLEeBUHE, HO M YOCTMYHO
B 000AOYKE, 30XBATHIBAS €€ MPUTPAHUNYHYIO OOAQCTD.

[TO3TOMY AMAMETP MOAOBOTIO NOASl DOAEE TOYHO OLLEeHUBAET
pasmepbl NONepeYvyHoro pacnpeAeAeHus 3Heprum OCHOBHOM
MOABbI.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®10



CrpykTypa

OIITNYEeCKOI'O BOAOKHA

3 — CepaueBuHa 1 2 3

1]



Dusnyeckye IpPUHIIUIILL
padotsr OB

B cooTtBeTCTBMM C 30KOHOM CHEAANYCA YrAbl NOAEHMS Q,
OTPOXKEHMS B U MOEAOMAEHMS Y CBA3AHbI CAEAYIOLLIMMM
COOTHOLLUEHMAMM:

a = (3aKOH OTPAXKEHMU);
N;SiN A = N,SiN Y (30KOH MPEAOMAEHMS). cpera 1

cpexa 2

YrOA NAAEHMS, MPU KOTOPOM MMEET MECTO
SBAEHME MOAHOIO BHYTPEHHETO OTPAXKEHMS,
HA3bIBAESTCH KPUTMHECKMM YTAOM Q.

. n,
sinar, =—=2
N

1

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®]12



Dusnyeckye IpPUHIIUIILL
padotsr OB

Jlyy cBeTa, BBOOMMbIN B
ONTUYECKOE BOSTIOKHO NOA Yriom,
MEHbLLNM KPUTUYECKOTO,
nornoLiaeTcs 060no4YKkomn

OnTuyeckasa obonoyka

CeppaeuesunHa

OnTuyeckasa obonoyka

Jlyy cBeTa, BBOOMMbBIN B
onTUYecKoe BOSTIOKHO nof
yrrom, 6onbLmm
KPUTUYECKOTO,
pacnpocTpaHsieTca 3a
CcYeT sABNEeHNs NosiHoro
BHYTPEHHEro oTpaXxeHns

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®13



Ywucaosas arreprvpa OB

YucAaoBasg anepTypa ONtM4EeCKOro BOAOKHA (NA) — yroa 6,
MEXAY OMTUYECKOM OCbIO M OAHOM M3 OOPA3YIOLLIMX CBETOBOIO
KOHYCQ Ay4eM, NAAQIOLLIMX B TOpeL, OB, 1 AAS KOTOPbIX B
AQABHEULLIEM BbIMOAHAETCH YCAOBUE MOAHOTO BHYTPEHHETO
OTPAXKEHMUS.

AAS TPAAUEHTHOIO BOAOKHA C NApPABOAMYECKMM MPOAOUAEM
MOKA3ATEAT MPEAOMAEHMI AOKAABHAS YNCAOBAST AMEPTYPA

OMNPEAEAIETCSA BbIDOXKEHUNEM: 1 5 :
NA=— \/ n, —n;
2

V2

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 14




Yucaosas aneprypa OB

boAbLloOe 3Ha4YeHUe NA o3Ha4YaeT DOAbLLIOE 3HAYEHME O ,, NMPK
STOM OOAbLLIE CBETOBOU DHEPTUM OYAET CKOHLLEHTPMPOBAHO B
BOAOKHE, 4TO NPUBEAET K COXPAHEHUIO DOABLLIETO KOAMYECTBA
MOA B BOAOKHE.,

2
YY4CAO MOA AAS MHOTOMOAOBOTIO M = 1(77 -d- NA)
BOAOKHQO CO CTYNEHYATbIM NPOdOUAEM: 2 A
YY4CAO MOA AAS MHOTOMOAOBOTIO 2
1( 7-d-NA
BOAOKHQO C TPAOAUEHTHbIM NPOMOUAEM: M = Z 2

rae d — aAmametp cepaeyHmka OB;
NA — ymcaoBag aneprtypa OB.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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OxHa IIpo3pavyHOCTU
OIITMYECKOrO BOAOKHA

[MpoM PACNPOCTPAHEHMM MO BOAOKHY OMNTUYECKME CUTHAAbBI TEPAIOT
CBOIO MOLLLHOCTb.

3T0 MPOUCXOAMT U3-30 AEMCTBUA ABYX MPUYMH:

NOrAoOLLLEHUA CBETAQ,
paccesHunsa cseTa.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 016



OxHa IIpo3pavyHOCTU
OIITMYECKOTO BOAOKHA

MorAoweHune cBeTa CBA3AHO CO CBOMCTBAMM MATEPUAAA U C
padoyver AAUHOM BOAHbI.

B 30BMCMMOCTM OT AAMHbI BOAHDI PA3IANHAIOT NMOrAOLLEHME B.

*  YAbTPA(PUOAETOBOM AMAMCA30HE (CTAHOBUTCS 3HAYMUTE AbHbBIM
HO AAMHAX BOAH AO 1400 HM);

* UHPPAKPACHOM ANANA3ZOHE (CTAHOBUTCSA 3HAYUTEABHBIM HO
AAMHQOX BOAH CBblLLIE 1500 HM).

Kpome HUX B OMNTMYECKOM BOAOKHE CYLLLECTBYET TAKXKE
MOTrAOLLLEHME, OMNPEAEATEMOE NPUMECAMU B MATEPUAAE
BOAOKHA (HAMOOAbLLMM BKAGA B BEAUHYMHY 3ATYXAHUA AQIOT
NPUMECU TMAPOKCUABHOU rpynnbl OH).

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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OxHa IIpo3pavyHOCTU
OIITMYECKOTO BOAOKHA

PeAeeBckoe paccesiHue — 310 PAacCcesHUE CBETA HA CAYYOAMHbIX
M3MEHEHMIX MAOTHOCTM BOAOKHA (KOTOPOE B AEMCTBUTEABHOCTMU
HE ABAIETCA OAHOPOAHOM), B PE3YALTATE YEIO YOCTb CBETA
TEPAETCA B ODOAOHKE.

PeAeeBckoe paccesHne YMEHbLLIAETCH C YBEAMHEHUEM AAMHDI
BOAHbI (~ 1/A%).

PpeHEeAeBCKOE OTPUXEHUE BCETAQ NOABAFIOTCS HA FPAHMLE
PA3AEAQ ABYX CPEA C PA3AUYHBIMM MOKA3IATEAIMM MPEAOMAEHMS
N, 1 N, (PA3bEMHbIE M HEPA3bEMHbIE COEANHUTEAM OMTUYECKMX
BOAOKOH).

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®18



OxHa [Ipo3pavyHOCTU
OIITMYECKOrO BOAOKHA
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OxHa IIpo3pavyHOCTU
OIITMYECKOTO BOAOKHA

AAS rnepeAadin OrnTM4EeCKMX CHMMTHAAOB MOXET OblTb MCMNMOAb3OBAH
LIJMpOKMﬁ YHACTOK CneKTpa, rac norepm B BOAOKHAOX AOCTATOHYHO
MUOADI.

Ero npmHato pa3dmBaTh HO DOAEE Y3KME YHOCTKM — paboyune
AUAMNA30HbI, MAM OKHA NMPO3PAYHOCTMU.

[1ePBOHAYAABHO MOA OKHAMM MPO3PAYHOCTM MOHMMAAUCH
YH4ACTKM AAUH BOAH BOAM3U Y3KMX AOKOAbHBIX MMHUMYMOB B
30BMCUMOCTM MOTEPDL OT AAMHbBI BOAHbI: 850 HM (1-0e),

1310 HM (2-0e), 1550 UM (3-€e).

[locTeENEeHHO CTAOAO AOCTYMHA BCY ODAACTb MOAbIX MOTEPD
oT 1260 A0 1675 HM.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 20



OxHa IIpo3pavyHOCTU
OIITMYECKOrO BOAOKHA

NepBoe OKHO NPO3PAYHOCTHU MCMOAB3OBAAOCH B /0-X TOAQX B
MNEPBbIX AMHMIAX CBA3M HO MHOTOMOAOBbBIX BOAOKHOX.

ANAMA30H AAMH BOAH 3TOITO OKHA MPO3PAYHOCTM COCTABASET OT
780 — 860 HM.

B HaOCTOSLLLEE BPpEMS, M3-30 OOABLLIOM BEAUYMHbBI MOTEPDL B
BOAOKHQX, 3TOT 5
AMNAMA30H MCIMOAb3YETCH o
B OCHOBHOM B AOKCOAbHbIX
BbIMMCAUTEABHbIX

ceTax.

[epBoe OkHO «Bopaxoi» nuk
NPO3PAYHOCTH

Bropoe okHO / Tperbe okHO
NPO3Pa4HOCTH / NPO3PaYHOCTH

i

Pa6ouue
AWana3oHbl —

3aryxanue (Ab/km)

7‘

BropuiHbie
«BOQAHBIE»
nIKK

700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
OnuHa 8oNHbI (HM) UcTouHuk: OFS

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM o2]



OxHa [Ipo3pavyHOCTU
OIITMYECKOrO BOAOKHA

BTopoe okHO npo3padyHocTH (O) CTAAO MCNOAB30BATHCH B 80-X
FOAOX AAD NEPEAAYM OMTUHECKMX CUTHOAOB MO OAHOMOAOBbBIM
BOAOKHOM B AMHMAX AQAbHEM CBS3M.

B HOCTOsLLEE BPEMS BTOPOE OKHO MPO3PAYHOCTU MCMNOAb3YETCH
NPEUMYLLLECTBEHHO B TOPOACKMX M 30HOBbIX AMHMSIX.

[epBoe okHO «BonaHo» NuK
NPO3Pa4yHoOCTH

Bropoe okHO / Tperse OKHO
NPO3PavHOCTH / NPO3Pa4HOCTH

=

3artyxanve (ab/km)

Pa6oyue
AMana3oHbl —

| f

BropusHeie
«BOAAHBIE»
NIKK

700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
HIANHA BORHeE (M) UcTouHuK: OFS

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM e 2?2



OxHa [Ipo3pavyHOCTU
OIITMYECKOrO BOAOKHA

TpeTbe okHO npo3pavyHocTHh (C) ObIAO OCBOEHO B Ha4YaAE 90-x
rOAOB.

TpeTbe OKHO HOMBOAEE LLMPOKO MCMOAb3YETCA B MATUCTPOAbHbIX
AMHMUSIX.

[lepBoe OkHO
YHOCTH

«BOAAHON» NUK

Bropoe okHO j Tperse 0KHO
NPO3Pa4HOCTH / NPO3Pa4HOCTH

-

3artyxatue (ab/km)

Pa6oyue
ANanasoHbl —

BropuyHeie
«BOAAHBIE»
NUKK

| ! 1 | Ll 1 '
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
FURHR OB (M) UcTouHuK: OFS
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OxHa IIpo3pavyHOCTU
OIITMYECKOTO BOAOKHA

YeTBepTOoE OKHO Npo3pavYHOCcTH (L) MO3BOAJET NEPEABUHYTH
AAMHHOBOAHOBYIO TPAHMLLY HA 1625 HM.

MaToe OKHO NPO3PAYHOCTHU (S) MOIBMAOCH MOCAE CO3AQHMS
BOAOKHQ, B KOTOPOM B PE3YALTATE TLLLATEABHOM OYUCTKM OT
MOCTOPOHHMX BKAIOYEHMN MOTEPU B {(BOATHOM) MUKE HO AAMHE
BOAHbI 1390 HM OblAM CHMXKEHBI AO 0,31 AB/KM, HTO MEHbBLLIE YEM

BO BTOPOM OKHE MPO3PAYHOCTU HO AAMHE BOAHbI 1310 HM
(0,35 AB/kKM).

[19T0€ OKHO MPO3PAYHOCTH 30BEPLLMAO OCBOEHME CNEKTPAABHOM

OOAQCTM MAOAbBIX MOTEPDL B BOAOKHE rnMpocTtupatoLLemnca ot 1260 A0
1625 HM.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 24



OxHa [Ipo3pavyHOCTU
OIITMYECKOrO BOAOKHA

CneKTpAAbHbIE AMAMA30HbI, YTBEPXKAEHHbBIE MEXAYHAPOAHbIM
COKO30M IAeKTpocBa3u (MCI - International Telecommunication
Union, ITU).

OO0o3HaueHMe HaunmenoBaHue Aunaria3oH ganH
AViaria3oHa AVaria3oHa BO/AH, HM

O OcHOBHOI 1260 — 1360
E PacinmpeHHsIn 1360 — 1460
S KopoTrkoBoanoBOMI 1460 — 1530
C CrangapTHBIN 1530 - 1565
L /l AMHHOBOAHOBOW 1565 — 1625
U CBepx4AMTHHOBOAHOBOI 1625 - 1675

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM ®25



JdaTyxaHue
B OIITUYECKMX BOAOKHAaX

3AaTyXaHue — 37O NMoTEPU ONTMHECKOM MOLLLHOCTU CUTHOAQ MO
MEPE Ero PACMPOCTPAHEHMA MO BOAOKHY, KOTOPOE

onpeAeAseTCd OTHOLLUEHUEM ONTUYECKMX MOLLLIHOCTEU HA
BXxoae P, U BbIxoae P, .

BbIX*

a = 1019(Pg/Pgy). AB

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 026



[NoTepu, CBA3AHHLIE C

JdaTyxaHue
B OIITUYECKMX BOAOKHaX

NoBue

KabenbHble noTepw

MoHTaxom OK

Qlyas= Caont T Craxn

MoTepwu, cBA3aHHLIE C
npounssogcreom OK

Mukpousrnb
3atyxaHve
O=0copcratCiat
MNornoweHne Pacceanune
5‘* -b-‘ |—> \J >
¥ B St
CoBCTBEHHBIE NOTEpH Motepn Ha CoedWHeHWe Mpumncu
BXOAE
Ocosers=0norn T OpacT0iusn MNotepw Ha Makpounarné
Mukpouarnt
,L BeIXOE CoeanHeHne w.
Motepn Ha <—F1 ‘—| h— ~
NornoLLeHve MoTepwn Ha paccesHne Motepu Ha nanyyeHne MornoLueHne
OTtpaxeHne
/ \ / \ \ PaccesHne
MoTtepu B maTepuane MoTepwn Ha Motepw Ha \ MoBEPXHOCTHOE paccesiHne Ha
AliEuILLE] Ll 2L nykTyaumsx rpaHuue cepauesuHa/obonoqka
noKasarens
n; NpPenomMneHus
P S ny MoTepw Ha
> > NpUMecsx
—."'C'm—l" Si0;+Ge0,

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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JdaTyxaHue
B OIITYIECKMX BOAOKHAX

BAMAHUA paamyca n3rmda HA
3ATYXOHME B OAHOMOAOBOM

j 4K 8 OMNTNMYECKOM BOAOKHE.
N Y/ ARNE:

] N T =i\ =

\ \ 1-1.31 MM
2 - 1.55 mkm
800 \ \" 3-1.625mMkm |

600 \ \
400 k \ N\
200 \\
0 \\—3—.-\\%

4.0 5.0 6.0 7.0 8.0 9.0 10.0
R., Mm

N
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SaTyxaHme
B OIITUYECKIX BOAOKHAX

CKOAbI MOA MUKPOCKOMOM CBAPOYHOTO AnnapaTda.

29



JdaTyxaHue
B OIITUYECKIX BOAOKHaX

—_

crpurmep Miller FO 103-8,

CKOA BOAOKHQ: o §4BKA &
CTPUMMEPOM;
)
HOXXHULLOMM;
KYCOYKAMM.
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Aucriepcusa
B OIITYECKIX BOAOKHAX

Aucnepcus — 370 IBAEHME YLLIMPEHMI MMIMYABCOB MPU NeEpPEAaYe
NO ONTMYECKOMY BOAOKHY.

OHO MMEET PAZMEPHOCTb BDEMEHU M OMNPEAEAIETCS KAK

KBAAPOTUYHAS PA3HOCTb AAUTEABHOCTEM MMIMYABCOB HO BbIXOAE U
BXOAE KODEAS NPOTIHKEHHOCTBIO L KM:

Lf Lz _ 2 2
Q O T(L) T \/TBI)]X B TBX
BxooHow

MMNYMNbC Mmnynesc nocne Ly Mmnynec nocne L,

A

- -

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM e3]



Aucriepcusa
B OIITYECKIX BOAOKHAX

MeXmoA0oBas AUCnepcusa — 310 AMCNEPCUS, CYLLLECTBYIOLLLOS
TOABKO B MHOTOMOAOBOM BOAOKHE M BbI3BOHHAS PO3AMYHOM
CKOPOCTbIO PACMPOCTPOHEHMS B HEM AYHEM PA3HbBIX MOA,
AOCTUTQIOLLIMX BbIXOAQ B PA3HOE BPEMS, YTO MPUBOAMT K
YLLIMPEHUIO MMIMYABCO HA BbIXOAE.

Meanapbi OedopmupoBaHHbie UMNynbCbl

i AMAA

Tvn uMnynbeca Ha Tun UMnNynbca Ha
NUcToYHUKe NMpueMHuUkKe

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 32



Aucriepcust
B OIITMYECKMX BOAOKHAX

MeEXMOAOBAS AMCNEPCUI MOXKET ObITb YMEHBLLEHO TPEMS

MYTAMM: 1 e Asenepens o

e  LCMOAb3OBOHMEM — .
rpaameHTHoro OB; /\ XN /\ - j:|n.

* YMEHbLUEHMEM AMOMETPA mf\m_ —
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Aucriepcusa
B OIITYECKIX BOAOKHAX

B OAHOMOAOBOM BOAOKHE HO PACMNPOCTPAHEHNE CUTHOAC
OKQ3bIBAKOT BAMSHME KOK XPOMATHUYECKas, TOK M NOASIPU3ALLUOHHO-

MOAOBAA AUCTNTepCuUi.

XpOMGTM‘IeCKGﬂ ANUCnNnepcus, B CBOIO OHEPEAb, UMEET ABE

COCTABAdOLLLME!

* MATEPUAAbHYIO (OOYCAOBAEHAO
30BMCUMOCTLIO MOKA3ATEAS
NPEAOMAEHUI BOAOKHA OT
AAUHbI BOAHbI);

* BOAHOBOAHYIO (OOYCAOBAEHO
30BMCMMOCTBbIO KOS AMLIMEHTA
PACMPOCTPAHEHMSI MOAbI OT
AAVHbI BOAHbI).

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Aucriepcusa
B OIITYECKIX BOAOKHAX

OOBObIYHO XPOMATMHECKAN AMCMEPCUMI HOPMMPYETCH B pACYHETE HA
1 KM npoTsi)keHHocTU OB 11 HO T HM LWUMPUHBI CNEKTpA
OMNTUYECKOIro CUFHAAQ, MOCTYMAOLLLETO OT MCTOYHMKA.

TAKAg XPOMATMHECKAD AMCNEPCUA HO3bIBOAETCSH YAEABHOU (T)U
M3MEPIETCH B NC/(HM KM):

4
c5:i k—}h—g
4 A

rae Sy — HOKAOH AMCMEPCHUOHHOM KPMBOM OAHOMOAOBOTO BOAOKHA
HO AAMHE BOAHbI HYAEBOM AMCMEPCUM, NC/(HMZKM);

A — PAabOYO% AAMHO BOAHbI, HM;
Ao — AAMHQ BOAHbI HYAEBOM AUCMEPCUU, HM.
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Aucriepcusa
B OIITYECKIX BOAOKHAX

OAHOMOAOBbIE BOAOKHO CO CMELLLEHHON AUCNIEePCUEMN.

CTOHAQPTHOE OAHOMOAOBOE OMNTUYECKOE BOAOKHO HE
obecrne4ymBaeTr MAAOU AUCIIEPCUM AAA AAMHBI BOAHBI 1550 HM,
MNO3TOMY ObIAM PA3PADOOTAHbI ONTU4ECKUE BOAOKHA CO
cMmeweHHou aucnepcuen (Dispersion-Shifted Fiber, DSF), kotopbie
OTAMYAKOTCH KOHAOUTYPAUMEN MPOTOUAL MOKA3ZATEAS

MOEAOMAEHUA.

OCHOBOM AAF CO3AQHMA OMNTUYECKMX
BOAOKOH CO CMELLLEHHOU AUCTIEPCHEMN
IBASETCH €€ ODOAee OTPULATEAbHAS
BOAHOBOAHASA AUCTNEPCHUS.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Aucriepcusa
B OIITYECKIX BOAOKHAX

OAHOMOAOBbIE BOAOKHA C MUHUMMU3ALLMEN 3ATYXAHUSA
(Conventional Single-mode Fiber, CSF) umelor HyAeByto
AMCNEPCUIO NMPU AAMHE BOAHBI OKOAO 1300 HM C MMHUMAABHbBIM
YOOBHEM MOTEPD.

[Ton AAMHE BOAHBLI OKOAO 1550 HM AQHHOE OAHOMOAOBOE
OMNTMYECKOE BOAOKHO MMEET CMELLLEHHYIO AUCNEPCHUIO U OTCEYKY.

OHO ONTUMU3IUPOBAHO AASl UCMTOAB3OBAHUSA B AUANA3OHE AAUH
BOAH 1530 — 1625 HM 11 MOXET MCMOAB3OBATLCH B MPOUAOXKEHMUAX AAS
LMo OBOM MEePEAAYM HO DOAbLLUME PACCTOAHUSA, TOKMX KAK
HA3EMHbIE CUCTEMbI AOAbHEM CBI3M M MATUCTPAAbHbIE
MNOABOAHbIE KODEAU C ONTUHECKMMM YCUAUTEAIMM.
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Aucriepcusa
B OIITYECKIX BOAOKHAX

B cMCTEMAX C MYABTUNAEKCUPOBAHUEM KAHAAOB NO AAUHOM
BOAH (DWDM) 1 C onTM4ECKUM YCUAEHUEM KOMMEHCALMS
AMNCMEPCUM MPEACTABAIET DOAEE CAOXKHYIO 30AQYY B CHAY
HOAUYMA HEAMHEMHBIX 230J0EKTOB B OAHOMOAOBOM OMTUHECKOM
BOAOKHE.

MCNOAb3OBAHME OAHOMOAOBBIX BOAOKOH CO CMELLEHHOU
Aucnepcuemn He peLlaet NnpobAeMbl — HEOOXOAMMO HOAMYME B
OMTMYECKOM BOAOKHE HEOGOABLLLOro (HEHYAEBOro) YPOBHS
XPOMATHUYECKON AUCNEPCUMN.

[TO3TOMY ObIAO PA3PABOTAHO OAHOMOAOBOE BOAOKHO C
HEHYAEBOU cMeLLeHHOU aAucnepcuen (Non-Zero Dispersion-
Shifted Fiber, NZDSF).
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Aucriepcusa
B OIITYECKIX BOAOKHAX

HaAm4me nmka norAoLLLEHMS HO AAMHE BOAHbI 1383 HM, KOTOPbIU
OOYCAOBAEH COAEPXKAHUEM B BOAOKHE TMAPOKCUABHBIX rpynn OH,
CYLLLECTBEHHO CY>KAET AUAMA30OH NEPEAABAEMbIX AAUH BOAH.

AAS peLLIEHNS TOM MPOOAEMBI ObIAO PA3PLAOOTAHO BOAOKHO C
HYA€BbIM BOAOPOAHbLIM NUKOM (Zero Water Peak Fiber, ZWPF).

., OB
1,2 -

CrtaHgapTHoe
BOJTOKHO

B OB AQHHOIo tmna

BEAMYMHA 3ATYXAHMS
COCTOBAJET HE DOAEE 08 1
0,31 AB/KM B pabo4HeM 06 |
AMAMA30HE AAMH BOAH. 0t

1.0 1

0.31 ab/km

T
c.el

- ~

0.2 1 BonokHo ZWPF ’

u..n L] L] T T T T T T T
700 BOO  BOO 1000 1100 1200 1300 1400 1500 1600 A WM
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Aucriepcusa
B OIITYECKVIX BOAOKHAX

XapakTepucTUKmn
OAHOMOJAOBBIX
ONTUYIEeCKMX

BOAOKOH

3aryxanue, 1b/km, npu
JJIMHE BOJIHBI, HM:
850 - — —
1300 - — — —
1310 <0,36 -
1550 <0,35
YaeabpHasi xpoMaTdecKas AVICIIEPCYS,
ric/(HM-KM):
1285-1330 HM <35 - -
1550 am <18 -
1530-1565 M - - -
1525-1575 aMm

Amanaaon AAVIH BOAH IIpV1 HY1€BOM
SHAMEHIIN AVICTIEP O, HIM 1300-1325  1525-1575 12601300

MaxkcnMaabHBINV HAKAOH

AVICTIEPCMOHHOYVI KPMBOJ B TO4YKe eé

<0,092 <0,085 <0,095
HYA€eBOTO 3Ha4eHus1, I1c/(HM2-KM)
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Aucriepcust
B OIITMYECKMX BOAOKHAX

MMoASIPU3ALLMOHHAA MOAOBAS AUCNEPCUS BO3SHMKAET BCAEACTBME
PA3AMYHOM CKOPOCTM PACNPOCTOAHEHMS ABYX B3AMMHO
NepPNeEHAMKYAIPHbIX MOAAPUIALMOHHBIX COCTABASIOLLMX MOAbI.

Clfe ANCMNepCHid BOSHMKAET KOK B OAHOMOAOBOM, TAK A
MHOITOMOAOBOM BOAOKHQAX.

THOJZ_T.\/E 5?ﬁ?h
rae T — KOO AUUMEHT KP N
YAEABHOU AUCTIEPCUM ‘ }k
B pacyete Ha 1 km (0,1); =

L — NPOTHKEHHOCTb N\n o N\t e
AVIHU CBS3M, KM.
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Heannernnble a(pdeKTs B
OIITUYECKIX BOAOKHAX

HeAnHeunHble adhdeKkTbl MOFBAIIOTCSH TOTAQ, KOTAC MHTEHCUBHOCTD
AQ3EPHOIO U3AYYEHMSI (MOLLHOCTb HO €AMHULLY MOMNepPEeYHOro
CcevyeHmsd) AOCTUIaeT HEKOTOPOIO NOPOTrOBOrO 3HAYEHMS.

HeArHenHble 3d0doeKTbl MOPOXAQKOT rEeHEPALMIO MAPA3UTHBIX
FAPMOHMK HO YHOCTOTAX PABHbBIX CYMME MAM PA3ZHOCTU OCHOBHbIX
4YACTOT CMCTEMBI, KOTOPbIE MPUBOAAT K HEMPEACKOA3YEMbIM
MNOTEPIAM.

HeAnHemHocCTs OB He siBAsieTCs AedPEKTOM NPOUIBOACTBA NAM
KOHCTPYKLUUU BOAOKHAQ.

OTO HEOTbEMAEMOE CBOMCTBO MATEPUAABHOU CPEAbI MNPuU
PACMPOCTPAHEHWN B HEN AKOOOM DAEKTPOMATHUTHOM DSHEPTUM.
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Heannernnble a(pdeKTs B
OIITUYECKIX BOAOKHAX

CTUMyAnpPOBAHHOE bpUAAIO3HOBCKOE paccesHue (Stimulated
Brillouin Scattering, SBS) yCTAQHOBAMBAOET BEPXHMIM MPEAEA HA
YPOBEHb ONTUYECKOM MOLLIHOCTU, KOTOPbIM MOXET ObITb NEPEACH
MO OMNTUYECKOMY BOAOKHY.

[1on NpPEBbILLEHUM ONPEAEAEHHOTO YPOBHS OMNTMYECKOM
MOLLLIHOCTU, UMEHYEMOTO noporom SBS, 8 OB BO3HMKAOET BOAHQA,

PACMNPOCTPAHAOLLLAICH B OOPATHOM
HOMNPABAEHUM K MCTOYHMKY CBETQA, g‘
B PE3YALTATE HYETO MOAE3HAOHS 3
nepeAaBaEMA] ONTUYECKOY —
MOLLIHOCTb OCAQDASETCH. jx
=

.:L_ ANEHE BOMHE
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Heannernnble a(pdeKTs B
OIITUYECKIX BOAOKHAX

CTUMYAMPOBAHHOE PAOMAHOBCKOE paccesHue (Stimulated
Raman Scattering, SRS) No ceoemy xapakrepy NPOIBAEHMS
OAM3KO K SBS — onTmM4eCKMM CUTHOA PACCEMBAETCH M CMELLLOETCH
B OOAQCTb OOAEE AAMHHbBIX BOAH.

[Ton SBS cnekTp CTMMYAUPOBAHHOTO M3AYYEHMS Y3KMM (HE DOAEE
60 MI'LL) M cMeLLLEH B AAMHHOBOAHOBYIO CTOPOHY Ha 10— 11 ITLL.

r Y

MowHocTs

[Ton SRS CcnekTp CTUMYAUPOBAHHOIO
M3AYYEHUSI LLUMPOKUM (~ 7 TIT) u
CMELLLEH B AAUHHOBOAHOBYIO
CTOPOHY HO BEAUYMHY MOPAAKA

0 — 13 TILL.

[
L

A, anuHa BonHbI
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Heannernnble a(pdeKTs B
OIITUYECKIX BOAOKHAX

PaszoBas camomoayAauusa (Self-Phase Modulation, SPM) — npu
OYE€Hb BbICOKOM MHTEHCMBHOCTM AQ3EPHOTO M3AYYEHUI CUTHAA
MOXET MOAYAUPOBATL CBOKO CODBCTBEHHYIO dOA3Y, PACLUMPSAS
CMeKTP CUTHAAQ.

Kpome Toro, B XBOCTE BOAHOBOTO MAKETA BO3HUMKAET CABMI K
DoAEE KOPOTKMM AAMHOM BOAH, O HO MepeAHEM AOPOHTE — B

OOAQCTb AAMHHbIX. |_._|_L° . | B
Interference —T

PA30BAS CAOMOMOAYAILMS BO3PACTAET NPM:

* YBEAUYEHUU BBOAMMOMN B KOHAA MOLLLHOCTU NPU NOCTOSAHHOM
3 bekTnuBHOM cevyeHumn OB;

* YBEAUYEHUU CKOPOCTU NEepPeAqYn B KOHAAE;
* OTPULLAOTEABHOU XPOMATHUYECKOU AUCNEPCUM.
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Heannernnble a(pdeKTs B
OIITUYECKIX BOAOKHAX

NepekpecTHas dbasoBas moayAasumnsa (Cross-Phase Modulation,
CPM nant XPM) — CUTHOA OAHOTO KOHOAQ MOAYAMPYET A A3bI
CUTHAAOB B COCEAHMX KOHOAQX.

[lepekpeCTHAd dOA30BAI MOAYAALLME HYYBCTBUTEABHO K TEM XE
COAKTOPAM, 4YTO U dBAEHUE

» [N TIR
dOA30BON CAMOMOAYASILIM, llfll_,
O TAKXKE K YBEAMYEHMIO YMCAQ LEL ¢ jAld
KQHCOAOB. inLm. M

Interference

Pa3HeceHne KOHOAOB, KOK U MPm dOA30BOM CAMOMOAYAILLMM, HO
Hee MPAKTUYECKM HE BAMSET, HO 9BAEeHME CPM yMeHbLLIAETCH MPU:

* yBeAndeHuun achcpekTnusHoro cevyenus OB;
* KOMNEHCAUUU AUCNepPCUMm.
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Heannernnble a(pdeKTs B
OIITUYECKIX BOAOKHAX

MoAyAsuUOHHAs HecTabuabHOoCTb (Modulation Instabliting, M)
HAOOAIOAQETCA TOABKO B OB C MOAOXKMTEABHOM AUCNIEPCHEN.

BO BpeEMEHHOM MPEACTABAEHMK MI NPDOIBAIETCA B BUAE NMUKOB HA
MMMYAbCQOX, O B CMEKTPAABHOM — KOK YLUMPEHME CNEKTPA

MMIMYAbCQ. )

[TO9BAEHME MMKOB HO MMMYAbCOX
CBA30HO C TEM, YTO AAMHQA BOAHDI
HO 3aAHEM OPOHTE MMIMYABCA
OKQ3bIBAETCH KOPOYE AAMHbBI BOAHDI Bpons

HO NepeAHEM AOPOHTE, YTO MPU

MOAOXMUTEABHOU AMCNEPCUEN YCKOPSIET BOAHY 30AHETO AOPOHTA
BoAee, HEM AAMHHYIO BOAHY NEPEAHETO CDPOHTA.

OTHoCcUTENbHAst MOLLIHOCTb
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Heannernnble a(pdeKTs B
OIITUYECKIX BOAOKHAX

YeTbipexsBoAHOBOe cMeLwleHue (Four-Wave Mixing, FWM) gBAseTca
OAHMM M3 CAMBbIX BPEAHBIX HEAMHEMHbIX OMTUYECKMX ABAEHMM B
CUCTEMAX C BOAHOBbLIM PA3AEAEHMEM KOHAAOB.

[Ton AOCTMXKEHUM KPUTHMHECKOTO YPOBHS MOLLLHOCTU U3AYHEHMUS
AQ3ePA HEAMHEMHOCTL OB NMPUBOAMT K B3AMMOAENCTBUIO TPEX
BOAH C YOCTOTOMM @, @;, @y U MOSBAEHUIO HOBOU HYETBEPTOM BOAHbI

HA YHAOCTOTEe O')I i O')J i Q)k. gn
% A A A
=
HeKOTOpre HACTOTbl TAOAKMUX AO>XXHbIX
CUTHOAOB MOTYT NOMACTb B pado4yme
MOAOCHI MPOMYCKAHMA KOHAOAOB. I ‘
o w2 s e
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