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IlocranoBka 3amayu. B HacTosmiee Bpems Ui YBEJIMYEHUS IPOITYCKHOU
CHOCOOHOCTH  BOJIOKOHHO-ONTHYECKMX JuHUM nepenaun (BOJIII)  mmpoxo
UCIIOJIb3YETCSl TEXHOJIOTUSl CHEKTPaIbHOrO yIulioTHeHHs. [IpuHuumm pa®oTel JaHHOM
TEXHOJIOTMM OCHOBAaH Ha Mepe/iaye Mo ONTHYECKOMY BOJIOKHY HECKOJIBKHX MOTOKOB
JAHHBIX Ha PA3JIUYHBIX JJIMHAX BOJH - ONTHYECKUX KaHaoB. Ha cerogusmHuii 1eHb
CHEKTpaJIbHOE YIUIOTHEHHE SIBISIETCS ~ Haubojee AOCTyMHOM M KOMMEpPUYECKH
3¢ (PEeKTUBHON TEXHOJOTHMEH KaK MpU MOJEPHHU3AIMHU CYUIECTBYIOLIUX, TaK U IPH
ctpoutenbcTBe HOBbIX BOJII. OgHOBpEMEHHO C 3TUM YBEIWYEHHUE MPOITYCKHOM
CIIOCOOHOCTH 00€CTeunBaeTCs 3a CYET BHEIPEHUSI BHICOKOCKOPOCTHBIX BOJIOKOHHO-
ontuyeckux cucrem nepegaun (BOCII). ns maructpansuaeix BOJIII cereit cBs3u
P® Ha Tekymuii MOMEHT TUIIOBasl CKOPOCTh B ONTHYECKOM KaHaiue cocrtasisieT 10
['Out/c 1 Ha OTACNBHBIX y4aCTKaX WMEETCS TEHJCHIMS Tepexoja Ha ypoBeHb 40
['Out/c.

B ommmune OT  CTaHAAPTHBIX  OJHOKAHAIBHBIX  CHCTEM  BHEJIPEHHE
BBICOKOCKOPOCTHBIX ~CHCTEM  BOJIOKOHHO-ONTHYECKUX CHUCTEM IIepefayud  Cco
cnekTpaibHbiM pazgenenremM kanaioB (BOCII-CP) tpebyer ocoboro moaxona u
PacCMOTpPEHHUsI TAKUX BOMPOCOB Kak BHIOOp (hopmaTa mpeJicTaBlIeHUs MepeaBaeMoi
JTBOMYHOW HMHGOpPMAIIMK, BBHIOOP M pa3MElIeHHE KOMIIEHCATOPOB XPOMAaTHYECKOM
JTUCTIEPCUH, BHIOOP MapamMeTpPOB M PACCTAHOBKA ONTHYECKUX YCHUIIUTEICH, YYeT
BITUSIHUS TIOJISIPU3AIIMOHHON MOJIOBOW TUCIIEPCUU U HETTMHEHHBIX 3(PPEKTOB, a TaKkxKe
BBIOOD KOJIEpa yIPExKAAr0oIIe KOPPEKIIMH OIIHOOK.

[{enbio BBIMOJHEHUS MPAKTUYECKUX 3aHATUN SBISIETCS pa3pabOTKa TEXHUUYECKUX
NPEIOKEHU 1O MOJEPHU3aUUHA BOJOKOHHO-ONTHUYECKON JIMHUM MEpeJadd C
HCITOJIb30BAHUEM aIllapaTypbl COEKTPATbHOIO YINIOTHEHUSI.

HcxoaHble JaHHBbIE

Vuactoxk BOJIII, nomiexamuii  MOAEpPHU3ALMHK, COCTOUT M3 5
AJIIEMEHTAPHBIX KaOeNbHBIX y4acTKoB (DKYVY).

[IpoTsixkennocth IKY Laky onpeaesnsiercs u3 Tadbiuiis 1.

Ta6muna 1. Pacuer npotspkennoctu OKY

Howmep 1 2 3 4 5
OKY
Loky, kM | 105-2*m+4n | 9542*m-n | 135-m-n 95-m+n 1154+m-n

r7ie mn — nocyieanue 2 nudpbl 3a4ETHON KHIKKHU.

Tun onTuyeckoro BoJIokHa, ucnoiasdyemoro Ha BOJIIT onpenensiercs B

CJIEAYIOIIEM BUJIC
Tun OB = (mn) mod 4 (D)

r7Ie mn — nocieaHue 2 mudpsl 3a4€THON KHUXKKH,
(mn) mod 4 — 0o003Ha4YaeT OCTATOK OT JAeJIEHUs HalleJa0 mn Ha 4



Hanpumep, ecnu nocneqnue a8e MUQpbl 3a4eTHON KHIDKKH 67, To 67:4 = 16,75.
CnenoBarenbHo (67) mod 4 = 67-16%4 = 3.

Ta6muna 2. Beibop Tuna OB

(mn) mod 4 Twum onTUYECKOro BOJIOKHA
0 CranpapTHOE CTyneH4aToe 0IHOMOJ10Boe pek. G.652.A
1 CranpapTHOE cTynieH4aroe ogHomo1oBoe pek. G.652.D
2 OnnomonoBoe OB ¢ HeHyJIEBOM CMENIEHHON AUCIIEPCUEH pEK.
G.655.A
3 OnnomonioBoe OB ¢ HEHYIEBOM CMEIICHHOW JUCTIEPCUEH PEK.
G.655.D

CornacHO TEXHUYECKOMY 3a/laHHI0 TpeOyeTcs TOBBICUTH IPOIYCKHYIO
crnocobHocTh cymectBytonieit BOJIII 3a cuer yBenanueHUss CKOPOCTH MEpenadyu B
ONTHYECKOM KaHaJI€ U UCII0JIb30BAaHUS TEXHOJIOTHH CIIEKTPAIBHOTO YIUIOTHEHUS.

Ckopocts nepegaun (B, ['0MT/C) B ONTHYECKOM KaHaje OMPENEISETCs COINIACHO
Tabnuie 3

Tabauma 3. BeiGop ckopocTH nepenayu

Ycnosue B, I'6uTt/c YpoBEHb
m - YETHOE 10 STM-64
m - HEYETHOE 40 STM-256

KonudecTBO onTHYECKUX KaHAJIOB OMPEIEseTCs o GopMyIie
2+(mn)mod4
N, =22+t 2)

r7ie mn — NocyieaHue 2 NUQPhI 3a4ETHON KHUKKH.

PaccuunTaiite cyMMapHy MPOIMYCKHYIO CIIOCOOHOCTh CHCTEMBI CHEKTPaIbHOTO
VIUIOTHEHUS 110 (hopMyIie

C=N, B, 3)

rac Nch - KOJIMYECTBO OIITUYCCKHUX KAaHAJIOB; B - CKOpPOCTh II€pCaavun B KaHaJIC.

Br16op paboueil 4acTOThl ONTHYECKOTO KaHajla B JAHHON paboTe MPOU3BOAUTCS
corinacHo cetke yactor MCO-T (cM. pek. G.692 u OCT 45.178) no caenyromemy
MpaBUILY:

. N,
Fni=193.10 T + & | —Tc (4)

rae f,,; - pabodas 4acToTa i-ro ONTUYECKOTO KaHala; i — HOMep KaHama, Af —
MHTEPBAT MEXKy KaHAJIaMHU.

WNHTepBan Mex 1y KaHajIaMu ONpeAesieTcs: U3 TabJnIb 4.

Ilpumeuanue. Cobnooatime pasmepnocmu! Tl'y = 1 0" I u, [Ty =1 0° I uy.



Tabnuia 4. lntepBan Mexay KaHajdamMu

YcnoBue Af, ITn
m - 4eTHOE 100
m - HeYETHOE 50

J1J1s1 BBITIOJTHEHUS pacU€TOB NEPEBEAUTE YACTOTY B JUIMHY BOJHBI 110 opMyIie

¢ 9
ﬂ'ch,i - -10 , HM (5)
ch,i
IJie C — CKOpOCTh CBETa B BaKyyMme, paBHast 299792458 wm/c, f, ;- 4acrora

ONTUYECKOro KaHana, I'1.

Ilpumeuanue. B popmyny noocmaensims 6 YKA3AHHBIX pazmepHocmsx. [[ns
nposepKuU — OIUHA BOJIHbI CPEOHe20 KaHana 0oicHa bvimv 1552.52 um. Okpyenenue
pe3yivmama npoussooume 00 6Mmopo2o 3HAKA NOcjie 3ansamotl.

[Toy4yeHHbIe 3HAUEHHS 3aHECUTE B TAOHILY 5.

Ta0muna 5. Paboune JUIMHBI BOJIH ONITUYECKUX KAHAJIOB

Homep kanana JlnnHa BoHBI KaHana A, , HM

1

[Ipu BHEAPEHUMH TEXHOJOTHM CHEKTPAIBHOIO YIUIOTHEHHS C MCIOJIb30BAHUEM
BbicokockopocTHbIX BOCII mpousBoautcsi o0s3aTenbHOe 00CIEeI0BaHUE JIMHEWHO-
KaOCJIbHBIX COOPY’KEHMI, 3aKjIoyalolieecss B M3MEPEHHHM psifa TapaMeTpoB
ONTHUYECKOIr0 TPaKTa.

[IpenBapurenbHoe oOcnenoBanue ontudeckoro Tpakra BOJII, momnexarieit
PEKOHCTPYKIIMHU, IOKA3aJI0:

[Ipu n3MepeHnu CrieKTpaibHON 3aBUCUMOCTH KO3 dUILIMEeHTA 3aTyXaHusl ObLIN
MOJIYYEHBI CIEAYIOIINE PE3YIIbTAThI:

Jst OB pek.G.652.A,D:
- Ha juiiHe BoJIHBI 1550 HM K03 GUIIUEHT 3aTyXaHHs 0L COCTaBHII
a(1550 am) = 0.19 + 0.01* [(mn) mod 4], n1b/km. (6)

3aBUCHUMOCTD KO3(pPHIMeHTa 3aTyXaHusl OT AJIUHBI BoJHBI B C-auamnaszone (1520
— 1565 uM) Obla IpeicTaBlIeHA B BUJIC

a(A) = a(15501m) +3‘—(())§ .(A-1550)* 7

rae A - JUIMHA BOJIHBI, HM.

Jasi OB pek.G.655.A,D:



- Ha juiuHe BoJiHbI 1550 HM K03 UIIMEHT 3aTyXaHus OL COCTaBHII
0.2 + 0.01*[(mn) mod 4], n1b/xm.
3aBUCHUMOCTD KO3(pPHIMEHTa 3aTyXaHusl OT AJIUHBI BoJHBI B C-auamaszone (1520
— 1565 uMm) Oblna IpeicTaBlIeHA B BUJIC

0.025

a(A) = a(1550mm) + A—1550)
(4) = a(1550m) + = ) 8)

[Toctpoiite rpaduk 3aBUCUMOCTH KOIPIUIIMEHTA 3aTyXaHUs OT JUIMHBI BOJHBI B
nuamasone (1530 — 1625) um.
IIpousBenure pacyeT Wi TpeX AJIMH BOJIH: IBYX KPAMHUX U CPEIHEM.

[Ipu n3mMepeHnn XpoMaTUIeCKON JUCTIEPCUH ObUTH MOTYYEHBI CIICTYIONTUE
pEe3yJIbTATHI:

Jasi OB pek.G.652.A,D:
- JUIMHA BOJIHBI HYJIEBOW AUCIIEPCUH
Ao= 1300 +m+n, HM; 9)
- HAKJIOH AUCIIEPCUOHHOM KPUBOU B TOUKE HYJIEBOM AUCIIEPCUN
So=0.085 + 0.001*(m — n), HC/(HMZ-KM); (10)

Pacyer kosddummenta XpomaTthyeckol —IuUCHEpCcUd Ui CTAHAAPTHOTO
cryneauaroro OB (G.652) npousBoautcs mo hopmyre:

S 4
D) ==Y ,1_&; , TIc/(HM-KM) (11)
4 A
rae S,- HAKIIOH JUCIIEPCUOHHON KPUBOM B TOUKE HYJIEBOU JUCIIEPCUH,
ic/(HM> KM);
A, - TOUYKA HYJIEBOU JUCTIEPCUU, HM.

Jass OB pek.G.655.A,D napameTpbl JUCIEPCUOHHOW XapaKTEPUCTUKH
OTIpeeNsAtoTCA Mo Tabnuie 6.

Ta6nuna 6. JIlucnepcuonnsie nmapameTpsl OB pek.G.655.A,D

VcaoBue Jlnamna3oH JJIMH BOJIH D, ric/(amM kM) S (1550 um),
nc/(HM> kM)
n - Y€THOE A €(1530-1565) am 20-45 0.07
A €(1565-1625) um 45-8.5
n - HeueTHoe | A €(1530-1565) um 55-175 0.058
A €(1565-1625) um 7.5-11.0

Pacuer xorddunmerTa xpoMaTnuecKon JUCTIEPCHH JIJIST BOJIOKHA CO CMEIEHHOM
HeHyseBou auctiepcueit (G.655) npousBoauTcs o hopmyiie:

D(A) = (D(1565HM)3—5D(1530HM) (

npu paboueil JyHe BOJHBI 10 1565 HM

A- 1565HM)) + D(1565Hm) (12)



D(A) :(

D(1625um) — D(15651Mm) (

60

A- 1625HM)J + D(16251m)

npu paboyeil JyMHe BOJIHBI 10 1625 HM

(13)

Paccuwnraiite 3HaueHns KO3 PUIIMEHTa XPOMATUIECKON AUCTIEPCUH JJIs BOJIOKHA
CBOET0 BapuhaHTa Ha pabOuMX IJIMHAX BOJH M MOCTPOMTE 3aBUCUMOCTb OT AJIUHBI

BOJIHBI.

Ipumeuanue. [lpu Konuwecmee onmuyeckux Kanaios bonee 4-x donyckaemcs
pacuem 0Jis1 08YX KpAUHUX OJIUH BOJIH U 8 cepedute OUana3ond.

[Ipu n3mMepeHru nossipu3aMOHHON MOJIOBOM TUCTIEPCUU OBbLITN MOJIYYEHbBI
CJIEIYIOILUE PE3YJIbTATHI:

st OB pek.G.652.A u G.655.A
Homep OKY 1 2 3 4 5
Dpyp» neNkm | 0.3+0.03*m | 0.2+0.02*n | 0.3+0.02*m | 0.5-0.02*m | 0.5-0.02%n
st OB pek.G.652.D u G.655.D
Homep OKY 1 2 3 4 5
Dpyp» ncNkm | 0.1+0.01*m | 0.2-0.01*n | 0.05+0.01*n | 0.2-0.01*n | 0.08 +0.01*n

Paccuwuraiite 3nauenus koddpduunenrta [IMJ] na OKY.

CrTpyKkTypHas cxeMa pereHepauuoHHoro yyacrka BOJIII

B nanHoO# paboTe paccMaTpuBaeTcs camasi MpOCTas cXeMa OpraHu3aliu CBS3H
“rouka-touka”’. IIpm 3TOM Ha OKOHEYHBIX IMYHKTAaX pa3MelaeTcsi 000py/I0BaHUE
BOCII u anmapaTypa CHEKTPAJIBHOTO YIUIOTHEHUS, BKIIIOYAOUIAs TPAHCIOHEPHI
(TplIl), ontuueckue mynpruiiekcopsl (OM) u gemynstuniekcopst (OJIM). Ha puc.
l. mnpuBengeHa CTpyKTypHass cxeMa pereHepaunoHHoro yyactka BOJII c
anmnapaTrypo CHEKTPaJIbHOIO YIUIOTHEHUS Ui OJHOrO HalpaBieHus. B gaHHOU
paboTe opraHu3aIis CBS3U MPOU3BOAUTCS IO ABYM BOJIOKHAM — MPUEM U Tiepenada
0 OTIAEIHPHOMY BOJIOKHY. B oOpaTHOM HampaBieHHMM cXxema OyAeT WMETh
aHAJIOTUYHBIN BU/I.

A A
oy2 ] Lo TpM [ BOCH

BOCI — Tpll o

BOCI H TpM o Tpr H BOCH

Puc. 1. CTpykTypHas cxema pereHepalMOHHOIO y4acTKa

OCHOBHbBIE KOMIIOHEHTHI:
BOCII — BonokoHHO-onTH4ecKasi cucrema nepeaaun STM-64 wiu STM-256 co
CTaHJAPTHBIM ONITHYECKUM HHTEepdeiicom;



TplIl — Tpancnonnep, npeodpasyrouuii curHan or BOCII B ontuueckuii curxan,
COOTBETCTBYIOIINI UHTEP(DENCY CUCTEMBI YIUIOTHEHMUS;

OM - onTuueckuil MyJIbTHILIEKCOD, CIyKaluil JUisi OObEAMHEHUS ONTUYECKUX
CUTHAJIOM Ha PA3JIMYHBIX JJIMHAX BOJIH B IPYIIIOBOM ITOTOK;

OVYnan - ontuueckuil ycunurens nepenaun  (Oycrep), ciykamuil s
KOMIIEHCAllUM  3aTyXaHUs B  ONTHYECKUX KOMIIOHEHTaX M  o0ecnedeHus
HEOOXOAMMOI0 YPOBHSI CUTHAJIOB, BBOJUMBIX B IJIaBHBIA ONTHUYECKUN TPAKT;

OKY — snemeHTapHbIil KaOETbHBINA YYaCTOK, COCTOSIIIUNA U3 CTPOUTEIBHBIX JTMH
ONTUYECKOTO Kabemsi, COeIMHEHHBIX ONTUYECKUMU My(PTaMU U CMOHTHPOBAHHBIMU
OKOHEYHBIMHU YCTPOUCTBAMH — ONTUYECKUMU KPOCCAMU;

OY - JuHEWHBIM ONTUYECKUN YCWIMTENb, CIYXKallUid sl KOMIIEHCAIlUU
3aryxaHus Ha OKYVY;

DCM — Moy KOMIIEHCALMU JUCIIEPCUH, PAa3MEIIaeMblii B ONITUYECKOM TPAKTE
JUIsI KOMIIEHCALUU TUCTIEPCHOHHBIX NCKAKECHU;

OVopm — onTHYecKWil yCHIUTENb IpueMa (MpeLyCWIATENb), CIyXKalluil aJis
KOMIIEHCAlUM  3aTyXaHUs B  ONTHYECKUX KOMIIOHEHTaX M  o0ecnedeHus
HEOOXOAMMOI0 YPOBHS CUTHAJIOB, HA CXO/1€ TPAHCIIOHAEPA.

Hauepture cxeMy pereHepalMOHHOTO y4acTKa B COOTBETCTBUU C HCXOJIHBIMH
JaHHBIMU. YKazaTb HOpoTskeHHocTH OKVY, cymMmapHyio mOpoTskeHHOCTh PY u
HOMepa pabounx KaHAJIOB.

IIpakTu4yeckoe 3ansitue Nel Pacuer Moaysiss KOMIIEHCALIUM M CIIEPCUM

1.1 PacyeT qonycTUMOii MPOTAKEHHOCTH PereHepPaAlHOHHOI0 y4yacTKa
Jnst  BeicokOockOpocTHbIX BOJIII oaHMM U3 OCHOBHBIX OrPaHUYMBAIOIIUX

(aKTOpOB ABJISETCA XpOMaTUYECKas TUCTIEPCHSI.
PaccuuTaiiTe 70MyCTUMYIO TPOTSXKEHHOCTh Y4acTKa pereHepaiuu rno ¢Gopmysie:

041826 -¢- f
Lp = 2 2
D-B°-A

rae D — koaddunmenT xpoMaTnieckon JUCTIEPCUH Ha paboueil JJIMHE BOJHBI,
1c/(HM-KM);
B — ckopoctb nepenauu, ['out/c;
A — pabouas yTMHA BOJIHBI JIa3epa, MKM:
f — koauruent 3anonaenus (s NRZ f=1);
€ — mapaMmeTp, ONpeAeIIIeMbI JOTYCTUMBIM MITPAa(OM 10 MOIITHOCTH
(nnsa mrpada mo mourHoctu 1 1b € = 0.306).

: (14)

PacyeTbl mpom3BeauTe M IBYX KpPaHWX M CPETHETO ONTHUYCCKHX KaHAJIOB W3
pabouero auarnasoHa.
CrenaiiTe BBIBOJIBI O HEOOXOAMMOCTH KOMIICHCAIINY XPOMATHYECKOU TUCTICPCHH.



1.2. Bbi6op THNa BOJIOKHA KOMIIEHCAIUH TUCTIEPCUH

B mHacrosimee Bpemsi HauOosiee MIMPOKO JUIsi KOMIIEHCALIUU XPOMATHUECKOM
JTUCIIEPCUU npu Monepauzaiuun  BOJIII HCIIOJIb3YETCS CIIEUAIIBHOE
kommneHcupytomiee BosiokHOo (DCF), o6naparoiiee 3HaYMTEIBLHOW OTPHUIIATEILHON
JTHACTIEPCUEH, W BKIIOYAEMOE B ONTHYECKUM TPAKT B BHUIEC MOayjer. Moayib
komriercanmu DCM conepxut 6yxty DCF onpeneneHHON MIMHBI U 111 BKIIFOUCHHUSI
B ONTUYECKUM TPAKT OCHAIICH WM ONTHYECKUMH PO3ETKAMHU WJIM ONTUYECKUMU
KOHHEKTOpaMu. MoJlylii MOTYT pa3MeNniaThCsi Ha HEOOCITYy)KMBAEMbIX YCHIIMTEIbHBIX
IYHKTaXx, & TAKK€ HA OKOHEYHBIX ITYHKTaX.

OCHOBHBIE KPUTEpUHU 10 BBHIOOPY THUIA KOMIICHCHPYIOIIETO BOJOKHA WA

roToBOTO MOJYJIA:
- KOMIICHCauA AUCIICPCUHU B 3a/ITaHHOM JIUAIlIa30HC IJIMH BOJIH;

- KOMIIEHCAIMS HAKIJIOHA INCIIEPCUOHHON XapaKTEPUCTUKU;

- MUHUMAJIbHbIE BHOCUMBIE TIOTEPH;

- MUHUMAJIbHBIN YPOBEHb BHOCUMOM MOJISIPU3AIMOHHON MOJOBOM JUCIIEPCHUU;
- MUHUMAJIbHBIN YPOBEHb HEJIMHENHBIX UCKAXKECHUM.

IIpu BweIOOpe Tuma DCF nns monepuuszanuu BOJIII ¢ ucnonb3oBaHueM
CIIEKTPAILHOTO YIUIOTHEHHS CJIEAYET YUYUThIBATh HEOOXOAUMOCTh KOMIIEHCAIIMH BO
BCeM paldoyeM Juana3oHe ¢ y4eTOM HaKJIOHA JUCIEPCHOHHON XapaKTEePUCTHKH.
JlaHHO€ yCIIOBME MOKHO 3alUCaTh B BUJE:

RDS per = RDS7r (15)
rae RDSpcp, RDSpp— OTHOCUTENBHBIM HAKIIOH IUCIEPCHOHHON XapaKTEPUCTUKH
KOMIIEHCHUPYIOLIET0 U TEIEKOMMYHUKAIIMOHHOTO BOJIOKHA, Hcnoib3yemoro Ha OKYVY,
COOTBETCTBEHHO , 1/HM

S
RDS =— 16
D (16)

rae S - HaKJIOH JUCIEPCUOHHON KPUBOM, ic/(HM™KM);
D — xoapduniuent nucnepcuu, nc/(HM-Km)

IIpoussenure pacuer RDS;p TEICKOMMYHUKALMOHHOIO BOJIOKHA JJIsI CPEIHEU

JUTMHBI BOJIHBI W3 pabouero guaras3ona 1o ¢gopmyse (16), npuHuMas 3Ha4YeHHE S =
S, onpenenennoe no ¢opmyie (10) u D, paccuntanHoe s cpeHed JITMHBI BOJIHBI.
Omnpenenutre RDSpp A1 00pa3sloB BOJIOKHA KOMIICHCALUU M BBIOEPUTE MapKy

DCF u3 tabnumpl 7 Hanboiee moaxoasamuryo mo kpureputo (15)



Tabnuma 7. [lapaMeTpsl BOJJOKOH KOMIIEHCAITUN JUCTIEPCHUH

Mapka Dpcr S bcr, Opcr, Dpwmb pers A o MKM2
DCF (1550 am), HC/(HMZ'KM) nb/km c/Nkm ©
11c/(HM-KM)
St.-DCF -100 -0.23 0.43 0.24 20
EWB-DCF -120 -0.44 0.45 0.25 21
HS-DCF -95 -0.65 0.42 0.27 15
EHS-DCF -120 -1.2 0.45 0.29 14
UHS-DCF -130 -2.1 0.48 0.31 14
LL-DCF -170 -0.7 0.46 0.35 18

1.3. PacueTr mapamMeTpoB MOAYJisl KOMIIEHCAIIUH AUCIIEPCUH

Tpedyemas qnuaa DCF onpenensiercs mo dhopmyiie

Drp
Ly, (17)
Dpcr

rae Dpp- K03(QPUIMEHT XpOMAaTUYECKON TUCIEPCUU TEIEKOMMYHUKAIIMOHHOTO

Lper =

BOJIOKHA; Dpcp - KOI(P(UIMEHT XPOMAaTHYECKON IUCIEPCHU KOMIEHCHUPYIOILETO
BOJIOKHA; Lyp - IJIMHA TEIEKOMMYHHUKAIIMOHHOTO BOJOKHA, KM.

Pacyer Lj-r NpOU3BOIUTE I CPEAHEH JUIMHBI BOJIHBI.
C nensro yHu(UKauy MOAYJIEH KOMIIEHCALUU IIPOU3BEIUTE PACUEThl Lpycp U
YEThIPEX 3HAYEHUN Ly, MOJIy4UB TaKUM OOpa3OM, HECKOJIBKO TUIIOBBIX MOAYJIEH

KOMIIEHCALUH:
- st OB pek. G.652 Ly = 60; 80; 100; 120 km.

- st OB pek. G.655 Ly = 80; 140;200; 240 xm.

Jlns kaxoro moaysst DCM paccunTaiiTe BeIMUUHY JUCIIEpCUH 1Mo popMmyiie:
Opcr = DperLpcr (18)

Pacuer mpousBeauTe s IBYX KpaHWX JJIMH BOJH M3 paboyero auamna3oHa |
cpeaHel JJIMHBI BOJIHBI.
Pacuer koadpdunmenta mucnepcun DCF B 3aBUCMMOCTH OT JUIMHBI BOJIHBI
pOU3BEAUTE IO (hopMyJIe:
Dpep(A) = Dpep(1550) + S pep - (A—1550), (19)
rae A - pabodvas JjMHA BOJIHBI ONTHYECKOrO KaHana, HM; Dpqp(1550) -

KOA(PPUIIMEHT XpoMaTUUECKOW NHCHEpCHu Ha JyiMHEe BOJHBI 1550 HM, mc/(HM-Km);
. 2
Spcr — HAKJIOH IUCIIEPCUOHHOM XapaKTEPUCTUKH, IIC/(HM *KM).

I[J'IH pacdye€Ta CYMMApHOI'O 3aTyXaHusl MOAYJIA KOMIICHCAlIlUN

[1Dcm4 ::CXDCYTIQDCF +-2.‘1ﬂﬂ +'2'(1 (2(D

conn’



e Opcp - koapduuuent saryxanus DCF, nb/km; Ly cp - mmna DCF, kM; ay,) -

3aTryxanue Ha cBapHoM coenuHeHun DCF u nur-teitna, ab; a 3aTyXaHue Ha

conn”
Pa3beMHOM COCIMHCHUH, 1b.

B pacuerax cnenyet npunumarts a,.,, = 0.5 n1b u A, = 0.3 nb.

conn

ITockonbky DCF o6nanaet moBhIIIIEHHBIM YPOBHEM IMOJISPU3AITMOHHON MOJTOBOM
JUCIIEPCUH, HEOOXO0IMMO OLICHUTh BenuuHy HakoruieHHou [IM/] mo gpopmyre

Pe3ynbTaThl pacueToB cBeAUTE B TAOIUILY 8.

Ta6nuna 8. [TapameTpsl MOTyJIEH KOMITIEHCAIIUN JUCIIEPCUN

DCM-A DCM-B DCM-C DCM-D

LTFa KM

OpcF »
c/HM

Apcm, 1b

PMDDCMa I1C

2. Bbi0op u pa3MenieHne MoayJieii KOMIICHCAIIMA TUCIIEPCHH

2.1. Moaynu KOMIIEHCAITMN JUCTIEPCHH MOTYT Pa3MEIIaThCs Ha MPOMEXYTOUHBIX
YCUJIMTEIIbHBIX ITYHKTaX, a TAaK)Ke Ha TIEPeIaloIIel 1 MPUHUMAIOIIEH CTOPOHE.

Kak mpaBuiao, MOAyab KOMIICHCAIIMM Pa3MEIIAeTCs MEXKITY JBYMsI KacKaJIaMH
ONTHYECKOTO YCUJIMTEIIS, YTO MO3BOJISET CKOMIIEHCHPOBATh COOCTBEHHOE 3aTyXaHUE
MOYJISl U B TOKE BpEeMs HE BBI3BaTh YBEIIMUCHUS HEITMHEHHBIX (D PEKTOB.

[Ipown3BemuTe BHIOOp M pa3MelleHue MOYJIeH KOMIICHCAIMH B 3aBHCUMOCTH OT
NPOTSHKCHHOCTH YYacCTKOB KOMIIeHcamuu. Kak TmpaBuUjio, B IPOMEKYTOUHBIX
YCHUJIUTEIBHBIX MMyHKTaxX pasmerniatorcss DCM ¢ HomuHanamu, HauboJsiee OJIM3KUMHU K
mwHe DKVY.

2.2. PacyeT 0cTaTOYHON HEJOKOMIIEHCUPOBAHHOM TUCTIEPCUN TTPOU3BEIUTE TIO

bopmyie
5

Ores = . (DTFl’[F,i + O'DCM,i) (22)

i=1
Pacuet npousBoauTe Ans ABYX KpallHMX paOouuX IJIMH BOJH M CPEAHEN JUIUHBI
BOJIHBI.

2.3. CpaBHUTE MOJYYEHHBIE 3HAUECHUS C JOMYCTUMBIMU 3HAUEHUSMMU:
- qis 10 I'éut/c oppg< 1000 nc/um

- i 40 I'out/c oppg< 62.5 nc/am



Ecnu octaTounast qucrniepcus NpeBbIIIAeT MAaKCUMaIbHO-A0MYCTUMbIE 3HAYCHUS,
CKOPPEKTUPYHTE BEIOOP HOMHHAJIOB MOYJIEH KOMITEHCALIUU JUCTIEPCHUH.

3aHecuTe BBIOpaHHBIE THUIMBI MOAYJEH B COOTBETCTBUM CO CXEMOM HX
pa3melieHus B Tadsmiry 9.

Ta6nuna 9. Pazmenienue Moayselt KOMIEHCAIMKU TUCTIEPCUU
ITyHKT Tun DCM
OIl-1

HVII-1

OII-2

2.4. PaccunTaiiTe Kak U3MEHSIETCSI HAKOIUIEHHAs XpOMaTUYeCcKasi JUCIIEPCUsl Ha
pEreHepaloHHOM y4acTKe 1mo Gopmyse

j
O; =Z(DTFLTF,1' +6DCM,i) (23)
i1

rae j — Homep OKV.

Pesynbratel cBegute B Tabmuiy 10 u moctpoiite rpaduk 3aBUCHUMOCTH
HaKOIUIEHHOM IMCIEPCUU OT JUIMHBI PETEHEPALMOHHOTO Y4aCTKA.

Tabsmua 10. U3MeHeHue aucnepcuy Ha pereHepallioOHHOM Y4acTKe
YyacTok OrEs » IC/HM

OKV 1
OKVY 2




IIpakTnueckoe 3ansitue Ne2 Boi0op U pa3MenieHue ONTHYECKUX YCHJINTe el

2.1. O01IHe MoJI0KEeHUS
OnTuyecKkue YCHIUTEIN SBISIFOTCS BaXXHEHIIIMM 3JIEMEHTOM SKOHOMHUYCCKU

addexktuBHbix BOJIIT ¢ BOCII-CP u cereii Ha ux ocHoBe. B Hactosiiee Bpems
HaumOoJiee MIMPOKO MPUMEHSIOTCS ONTHUYECKUE YCHUIIMTEIM Ha OCHOBE BOJIOKHA,
nerupoBanHoro »pouem - EDFA. EDFA o0ecneuunBaioT HENOCPEACTBEHHOE
YCHJIEHHE ONTHYECKUX CUTHAJIOB 0€3 MX MPeoO0pa3oBaHUs B IJICKTPUUECKUE CUTHAIIBI
U o0paTHO, UX pabouyuii AMaIa3oH JJIUH BOJH MPAKTHUYECKH TOYHO COOTBETCTBYET
OKHY MPO3pPauyHOCTH KBapIEBOTO ONTUYECKOTO BOJIOKHA M OCHOBHBIM pabouuM
muanazoHaM BOCII-CP (C m L nuama3oHsl) ¥ B HACTOSIIEE BpPEMs SBISIOTCS
HambOosee KoMMepueckd dS(PPeKTuBHbIM perieHneM. ONTHYEeCKHe YCHIUTEIH
paboTaroT HEe3aBUCUMO OT MPOTOKOJIA CUTHAA WIIM METO/Aa MOIYJISIIIUU ONITUYECKOTO
curHaia. Kpome  EDFA  ycunureneil Ha CeTIX CBS3M TaKke IOIYy4YaroT
paclpoCTpaHEHUsI  YCWIHMTENH, OCHOBAaHHbIE Ha  SIBJICHUM  BBIHYXIEHHOIO
KOMOMHAIIMOHHOTO (paMaHOBCKOT0) paccessHusl. [1ogo0HbIe yCHIIUTENU MO3BOJISIOT
NO0OUTHCS HU3KOTO YPOBHSI COOCTBEHHBIX IIYMOB U, KaK MPAaBWJIO, UCIOJB3YIOTCS Ha
npoTskeHHbIX JKYVY.

B 3aBucMMOCTH OT MECTONOJIOXKEHHSI HAa PEreHEPAllMOHHOM  YYacTKe
ONTUYECKUN YCUIIUTENb MOXKET OBbITh KJIACCU(PUIMPOBAH HA YCUIIUTENb MEpeadu -
OycTep, TMHEHHBIA YCUITUTENb U PEABAPUTEIbHBIN YCUITUTEb.

Yeunutenb-0ycTep yCTaHAaBIMBACTCSl HA BBIXOJE ONTHYECKUX IEPEelaTIUKOB
TEPMHUHAILHOTO 000PYIOBaHUS UM O0OpPYIOBaHUS pereHepanuu. [naBHas QyHKIMS
YCUIUTENS-0ycTepa 3aKI0YaeTCs B YCUJICHUH MOIIHOCTH ONTHUYECKOTO H3Ty4YeHHUS,
BBOJAMMO B ONITHYECKOE BOJOKHO, YTO MO3BOJISIET YBEJIMYUTh PACCTOSIHUS MEpEaayu.
TpeGoBanusi 1O UIYMOBBIM XapaKTEPUCTHKAM YCHIMTENS-OycTepa HE BBICOKH.
OcHoBHBbIE TpeOOBaHUS MPEABABISIOTCA K JTUHEHHBIM XapaKTepUCTUKAM YCUIICHUS
momHocTtd. Kak mnpaBuiio, ycunurtenb-Oyctep paboTaeT B 001acTM HWHTEpBaia
HACBIIICHUS YCUJICHHS JIJIsl yBeJIMUeHus ko3 dulrenTa npeoOpa3oBaHus MOIIHOCTH
MCTOYHHMKA HAKAYKH K MOITHOCTH ONTHYECKOTO CUTHAJIA.

JIuHeliHble yCHUIIMTENW PacHoyiaraeTcsi B MPENENIaX PEreHEpPATOPHOU CEKLIHMU
UL TIpSAMOTO  yCWJIGHMs] CUTHana. PereHepatopHasi CeKUUS MOXET ObITh
CKOH(QUTYpUpPOBaHA C HECKOJIbKMMU JIMHEWHBIMA  YCHUJIUTEISIMU  COIVIACHO
TEXHUYECKUM TpeOOBaHUSIM. JIMHEWHBIN yCUIINTENb MPUMEHSETCS JJI1 KOMIIEHCAIIUH
NoTeph B ONTHYECKOM BOJIOKHE. B manHOM cimyuae Tpebyercs, uytoosl EDFA umen
00JIbIII0E YCUIIEHHE MaJIbIX CUTHAJIOB U HU3KUN KO3(pPUIMEHT 11yma.

[IpeaBapuTeNbHBIA  YCHJIMTEAb  paclojaraercas  Iepes;  ONTHUYECKHM
MPUEMHUKOM TEPMUHAIBHOTO OOOpYyIOBaHUS WM Ha BBIXOJE OOOPYIOBAHHMS
pereneparu. OcHOBHass (YHKIUS JAHHOTO YCHUJIUTENS 3aKJIIOYaeTCsl B YCUJICHUH
MaJIbIX CUTHAJIOB, OCIa0JEHHBIX BO BpeMs Mepeay Mo KaHaly, T. €. B YBEIHUUYCHUH
YyBCTBUTEJIBHOCTH ONITUYECKOIO MPUEMHUKA.



2.2. Pacuyer 3aTyxaHusi Ha 3JIeMEHTAPHOM Ka0eJIbHOM y4acTKe

Jns ompenesieHUs MapamMeTpoB ONTHYECKUX YCUIIUTEIIEM M HACTPOWKE HX B
npoliecce MHCTAUIALMKM HEOOXOAMMO pAacCUMTaTh 3aTyXaHUE Ha 3JIEeMEHTapHbIX
KaOeIbHbIX yUaCTKaX.

B nmanHoii paboTe pacdyer cyMMapHOTO 3aTyXaHHUsl BKIIIOUAET 3aTyxaHUE OJioka
unTepdeiica ontuyeckux BosokoH FIU, cimyskariero st BBoga/BbIBOIa CIy>KEOHOTO

KaHaja Ha YCWINTEJIbHBIX ITYHKTaX.
[IpousBenute pacueT cymmapHoro 3aryxanus A Becex DKV no ¢popmye

A (1)=aA)L

9Ky

tacn,+a,n,+2-Agy (24)

9Ky
rae
a(A) - K03 HIHIEHT 3aTyXaHNs ONTHYECKOr0 BOJIOKHA HA JUTHHE BOJHBI A, 1B/KM;

L,,, - nporsukeHHOCTH OKY, kM

a. — 3aTyXaHUE Ha CBAPHBIX COCIUHEHUSIX, 1b;

N, — KOJIUYECTBO ONTUYECKUX MY(]T;

@, — 3aTyXaHHE Ha ONTUYECKUX PA3bEMHBIX COCIMHEHUAX, 1b;

1, — KOJINYECTBO ONTHYECKUX PA3HEMHBIX COCIUHEHMH, 1b;

Afpy — 3aTyxaHue, BHocuMoe 0s10kom uHTepdeiica ontuuecknx BoiokoH (FIU), nb.

3aTyxaHue CBAapHBIX COCAMHEHUN B ONTHYECKUX My(Tax Ha MarucTpaiabHBIX
ceTsx cBA3u PO HopMupyeTcs cienyromuM 00pazom:

Ta6nuna 11 Hopmbl Ha 3aTyxaHue CBapHBIX COSIUHEHUM

JlJIMHa BOJIHBI, HM 3atyxaHue, n1b [Tpumeuanne
1550 <0.1 B 100 % ciy4yaeB
<0.05 B 50 % ciyuaeB

B pacuerax OymeM WHCHOIB30BaTh MAKCUMAJIBHO JIOMYCTHMOE 3HAYCHHE
3aTyXaHus JJisl BCEX JJIMH BOJIH.
Pacuet xonnuectBa ontudyeckux mypt Ha IKY npousBoautcs no popmyine

Laky 1

Lcd

rae L., — CTpouTenbHas JJIMHA ONTHYECKOTO KaOes, KM;
int — OKpyTJIeHHEe 0 OOJIBIIIETO EJIOTO.

n.=1nt

(24)

B xauectBe THUIIOBOW NMPOTSIKEHHOCTU CTPOUTENIBHOW JUIMHBI MOYKHO ITPUHHAMATh
4-6 xM.

Hopma 3aTyxaHus pa3beMHBIX COEAMHHUTENEW cocrtaBiuser a, < 0.5 gb.
KonnuecTBo pazbeMHBIX COETUHUTENIEH MOKHO ToJlaraTh PaBHBIM 4 Ha KaXJIOM
OKY, uro cootrBerctByeT Toukam mnoakiarodeHuss BOCII-CP wim onTuyeckoro
YCUJIUTENS K KPOCCOBOMY 00OPY/I0BAHMIO.



MakcumanbHOE 3aTyxaHWe, BHOCMMOE OJokoM wuHTep(deiica ONTHIECKOTO
BOJIOKHA, B C-aunana3oHe cocrasinset 1.5 nb.

[IpousBeauTe pacuer 3aTyXaHUs B ONTUYECKOM TPaKTE Ha TpeX JJIMHAX BOJH U
3aHecuTe B Tabnuiy 11.

Ta6mumna 11. 3atyxanue OKY

VYuactok A,y 1B
OKYVY 1
OKY 2

2.3. Bb10op mapamMeTpoB ONTHYECKOI0 YCHIUTEJIS

KoaddurmenT ycuneHust ONTUYECKOTO YCUIUTENS JTOJDKEH ObITh BHIOpAH TaKUM
oOpa3zoM, 4yToObI CKOMMEHCUpOBaTh 3aryxanue Ha DKV, u B Toxe BpeMms, YTOOBI
COOIO/IaTUCh TPEOOBaHUSI K MaKCUMAJbHOMY YpPOBHIO Ha BBIXOJIE YCHIIUTENS H
MUHUMaJIBHOMY U MaKCHMaJbHOMY YPOBHIO Ha BXOJIE CIICYFOIIETO YCHIIATEISI.

B nmaHHO# paboTe MOXHO TMONaraTh 3HA4YeHHUS KOXPQPUIIUEHTA YCHUIICHHS
npUOJIU3UTENILHO paBHBIMU 3aTyxaHuio Ha DKYVY.



IIpakTnueckoe 3ansaTue Ne3
Pacyer oTHOmIeHus: curnaj/mym Ha BOJIII ¢ onTHYeCcKUMH YCHIIUTEISIMH

BaxnbiM (hakTopom aerpagaiuu ontudeckoro curnana BOJIII asnsiercs mym,
BHOCHUMBIM ONITUYECKUMH YCHIIUTEIISIMHU.

Takum oOpazoM, HEoOXOAUMBIM 3TanmoM mnpu pekoHcTpykiuu BOJIIT sBisercs
OLIECHKA KadeCcTBa IEpefayd IIyTeM KOHTPOJS OTHOILICHHS ONTHYECKUWA CcurHan/
nmomexa (OSNR).

Heo6xoaumo omnpenenuts OSNR B Toukax riaBHOro ontudeckoro tpakra MPI-
S, MPI-R u B KOHTpOJIBHBIX TOUKaX oNTHUYECKUX ycunutened R u S’ (cm. puc.1).

Eciu mymoMm Oycrepa MOXHO mpeHeOpedb (3aTyxaHHWE Ha YCHUIUTEIHHOM
y4acTKe HaMHOTo OoJbiie KoddduimenTa ycuineHus Oycrepa) sl pacuera MOXKHO
HCIIOJIb30BaTh BBIPAKEHUE

OSNR = Peh — Aoky — NF —101g(Noky ) —101g(h- f - Afcn), (25)

rae P.j, - ypoBeHb BBIXOJHOW MOIIHOCTH OAHOrO KaHaja B Touke MPI-S, nbwm;
N,y - YMCIIO yCUIIMTEIBHBIX y4acTKOB (OKY);

h - nmocrosigHasn [ 1anka;

f - d4acToTa, COOTBETCTBYIOIIAsl pACUETHOMY ONTUYECKOMY KaHaly;

Afp, - onITHYECKas 110JI0Ca KaHAaJIa;
A,,, - CYMMapHOE 3aTyXaHHe Ha yCUINTEIbHOM y4dacTke (OKY).

Bennunna Af,;, BbelOuMpaercda TakuMm oOpa3oMm, 4TOOBI AJI 3aJaHHON CKOPOCTH

nepcaadyn HC IIPOUCXOOUIIO HCKaXXKCHUM BCICACTBHUC HAJIOXKCHHUA OIITHYCCKHUX
CIICKTPOB COCCIHHUX KaHaJIOB niIn BCICACTBHUC OI'PpaHUYCHUA CIICKTpa

MOy IMPOBAHHOTO ONTHYECKOro curHaia. [Ipu yactotHoMm mane ¢ marom 100 I'T,
COIVIACHO PEKOMEHJAlMK, KaHal C JUIMHOM BOJHBI 1550 HM  JIOomkeH

XapakTepu3oBaThcs mosiocoit 0,1 HM, 9TO cooTBeTCTBYET mMosnoce Afch =~ 12,51 T.

B sTom ciyyae:

101g(h- f - Afcp) =101g(6,628-10734 -193,1-12,5-10” -10%) = —58 1. (26)

B pacuerax B KadectBe A, BHIOMpaTC MaKCHMajJbHBIC 3HAYCHHUS I
COOTBETCTBYIOIIMX JJIMH BOJIH U3 Tabiuibl 11, a mym-dakrop ycunutenss NF = 5.5
nb.

MoOUHOCTh ONTUYECKOTO KaHAJIA JIJIsl PACYETOB ONPEACIIUTE B BUJIE

— *
P.;,=0.5*n, nbm (27)
r7ie N — mocaenHss uudpa 3a4eTKH.



Takum 06p8,30M, IMPOU3BCAUTC pacCu€Tbl HAa TPEX JIIHMHAX BOJH A CaMOro
Xyaumero ciydasd — ¢ MaKCUMaJIbHBIM 3HAUYCHHUEM 3aTyXaHUs Ha OKYV.

OTHOILIEHNS ONTUYECKUX CUTHA/IIYM B KaXXJOM ONTHYECKOM KaHajle B TOYKax
MPI-S u MPI-R 118 pasnuuHbIX KOJXOB MNPHUMEHEHHS B 3aBUCUMOCTH  OT
MakcuMmabHoro ynciia DKV (x) noiokHbl OBITH HE MeHee, 1b:

19 + x +10 Ig x — B Touke MPI-S; (28)
19+x—k+101gﬁ - B Touke MPI-R . (29)
+

[Ipumeuanue: Kk — NOPAAKOBBIA HOMEp JuHeHHOoro OVY.

CpaBHuTe moNydeHHBIE 3HayeHus: ¢ Hopmamu st Touku MPI-R. Cpaenaiite
BBIBOJI O KAYECTBE CUTHAJIA.

Br10op ¢popmaTa npeacraB/ieHus nepeaaBaeMoil IBONYHOM nHpopManuu

Bribop ontumanbHOoro dopmara MOAYISIMU 1Js BhICOKOCKOpOCTHBIX BOCII
ABJISIETCSL TIpEeAMETOM 0co0oro BHHMaHMS. [laHHBIM (akT OOBSICHSIETCS TEM, UTO
KOPPEKTHBIN BHIOOp MOAYISIIIUOHHOTO hopMaTa MpeACcTaBICHUsS JBOMYHBIX JIAaHHBIX B
HEKOTOPBIX  CIydyasgX MOXET OO0ECHeUYuTh CYIIECTBEHHOE MPEUMYIIECTBO,
BeIpakeHHOe B yBesmmueHun OSNR Ha npueme.

lpumeuanue. Mooynayus — uzmeHneHue 00HO20 UIU HECKOJIbKUX NAPAMEMPO8
Hecyuwjeco KoaeOauusi 6 COOmEemcmeuu ¢ nepeoasaemviM coooujeHuem. B
OUCKPEMHBIX CUCEMAX C853U KAHANbHBIU CUSHATl NPUHUMAEM N0 UHDOPMAYUOHHOMY
napamempy aulib OUCKPemHblil pso 3Hadyenul. B amom cayuae 0OvluHo 2080pam He o
MOOYIAYUU, A O MAHURYTIAYUU (OUCKPEMHOU MOOYIAYUU) HeCYWell.

OcHoBHBIMU (popMaTamMu TpeacTaBieHus ABOWYHBIX AaHHBIX B BOJIII sBnstorcs
amrutynHas  Manumyssimuss  —  ASK  (Amplitude  Shift  Keying), ¢azoBas
Manunyisinuss — PSK  (Phase Shift Keying), MaHunymdmuss MO COCTOSTHUIO
nonspuzaunn — DP (Dual Polarization state phase modulation), a Takxke ux
KoMOuHanuu. CpaBHUTENbHAS XapaKTEPUCTUKA HEKOTOPHIX (HOPMATOB MAHUITYJISALINU
npejacTaBiieHa B Tabnuie 12.

Ta6nuna 12. CpaBHeHne GopMaTOB MaHUMYJISIIMT

NRZ-DPSK RZ-DPSK DP-QPSK DQPSK
OSNR (B
cpaBaennu ¢ NRZ) +3 ab +4 1b +3 1b +3,5 1b
[ToaepsKKa CETKH ] ] . .
50ITL
[Topor BnusHUA
TIMJT 2,5 nc 3 mc 12 nc 8 mic




IIpakTnueckoe 3ansitue Ned
Br100op Koxepa ynpexaaouei KOppeKuuu omudox

VYBenuunte OSNR BO3MOXHO 3a CUET pacCIIMPEHUsT ONTHUYECKOro JHana3oHa
BOCII, B yacTHOCTH HpUMEHEHHEM ynpexaaromend koppekuuu owmunbdbok (FEC -
Forward Error Correction), mjis KOTOPOM NPUMEHSIIOTCS KOJbI, HCIPABIISIIOLINE
omnbku (ECC - Error-Correcting Code).

Ucnons3zoBanne ECC  ycnoxnser  obopynoBanue  BOJIII,  mpuuem
MPOMOPIMOHAIBHO YHCIYy ONTHYECKUX Hecymux ais cucteM WDM (Wavelength
Division Multiplexing). Kpome Toro, BO3HHUKAaeT JIONOJHUTEIbHAA KOJOBAas
U30BITOYHOCTh, KOTOpPAasi yBeIM4HMBaeTcsi ¢ poctoM Bbeurpeima B OSNR u moxer
nocturathb 20-25%. HapaimBanue KOppeKTUPYIOIIEH CIOCOOHOCTH KOJIOB BO3MOYKHO
yTeM KAacKaJHOTO MX MCHOJb30BaHMs. [IpM 3TOM B KadecTBe BHYTPEHHETO KOJa
BbIOMpaeTcs, Kak MpaBuio, JBOMYHBIA OJIOKOBBIM KOJ, Hampumep koja boysa-
Yoynxypu-XokBunrema (bUX), a B kauecTBe BHEIIHETO - HEABOMYHBIN KO RS.

B kauectBe CcTaHAapTHOrO KOpPpEKTHpyromero koxa B pekomenpaumu G.709
ucnoisiyercs ko Puna-Comomona (RS(255, 239)) ¢ uzdsitouHocThIO 7%.

Ta6muma 13. Konbl ucrnipapisronye ommoKu

RS RSxRS LDPC BCHxBCH | BCHxBCH SD RS
(255,239) (G.975.1 (G975.11.7) | (G975.11.3) | Hamm’g
1.6) (G.975.1
L5)
NCG, ob 6.2 7.1 8.1 8.2 9 9.5

ITo pe3ynbTaram cpaBHEHHS HOPMATHMBHOrO M pacueTHoro 3HadeHuii OSNR,
YUYUTBHIBas HMCXOJHbIE JaHHble K MojepHuzanuu BOJIII, npumute u obocHyiiTe
pelIeHre 0 HEOOXOIUMOCTH HCITOJIB30BAHUS CICIHAIBHOTO (hopMaTa MaHUIYJISIIHA
1/ WM KoJiepa yIpexkaaroe KOppeKIuu OIuOoK.



IIpakTHuyeckoe 3ansaTue NeS
Pacyer HAKONJICHHOM MOJIAPU3ALMOHHON MOAOBOM JUCIIEPCUU

Ha BOJIII ¢ komneHcanuen XxpoMaTU4eCKOM TUCIIEPCUN TTPU CKOPOCTH Mepeaadun
10 T'Our/c wu BblllIE OTPAaHUYUBAIOIIKUM  (PAKTOPOM  MOXKET  OKa3aThbCs
noJsipu3anronHas moaosas nucnepeus (1IM/]).

SIBnenue IIM/] 00yCIIOBIICHO TEM bakTomMm, 4TO BCJIEJICTBUE
JBYJIYYEIPEIOMIICHUS, BBI3BAHHOTO BHYTPEHHUMH HEOJHOPOJHOCTSIMUA U BHEIIHUMH
BO3JCHUCTBUSIM, OCHOBHYIO MOy pacnpoctpaneHust HE |, MoxxHO nipeictaButh B BUIE
JBYX JIMHEMHO TOJISIPU30BAHHBIX MOJI C MEPNEHAUKYJSIPHBIMUA JPyT JPyry
noJjisipu3anusiMi. BcellencTBre pa3iinuus MOKAa3aTelNed MPEIOMIICHUS I KaxKJIoro
COCTOSIHUSI TIOJIIPU3ALIMH JIMHEWHO MOJSPU30BaHHbBIE MOJBI OYAYyT PacCIpOCTPaHATHCA
B OB ¢ pa3nuyHbIMU TpyNIOBBIMU CKOPOCTSMH. IJTO NPHUBOAUT K TOMY, YTO
UMITYJIbChl C ABYMSI OPTOrOHAJIBHBIMHU MOJSPU3ALUSAMU MPUXOASIT K NMPUEMHHUKY C
HEKOTOPOM  3aJep>KKOW, Janee Ha (QOTONPUEMHUKE BBIBOAUTCS MOIIHOCTD,
COOTBETCTBYIOIIAs CyMM€ JABYX NOJsIpu3anuii. B UTOre IIuMTenbHOCTh MMITYJbCA
ylidpsieTcs ¢ HaOmrolaercss SBJICHUE MEXCUMBOJIBHOM MHTEpPEpEHIMH U
yBenudeHue ko3¢ dunuenta ommnodox BER.

Ha pereneparmmonHoM y4acTke OCHOBHOW Bkian B I[IMJ] OymyT BHOCHTH
TEJICKOMMYHUKAIIHOHHOE BOJIOKHO Y MOAYJIM KOMIIEHCALIUU JUCTIIEPCUU.

Paccunrante BKJIaJ( B CyMMapHOe IIM/I, KOTOpoe BHOCUT
TEJIICKOMMYHUKAIIHOHHOE ONTUYECKOE BOJIOKHO:

> 2
PMDop = Z(DPMD,i'\/LQKY,i) (30)
i=1

Paccunraiite Britan B cymmapaoe IIM/JI, koTopoe BHOCAT MOAYJIM KOMIIEHCAIUA
JIVCIIEPCUU:

NDCM 2
PMDpc = Z PMDpcy ; (31)
i=1
rae PMDpcy, — nongpu3aniOHHasi MOJOBast TUCIIEPCU MOILYJISL KOMIICHCALIUU
JTUCTIEPCHH, OTIpeesiieMast U3 TaOJIUIIbI &;
Npcy — KOTMYECTBO YCTAHOBJIIEHHBIX MOYJIEN KOMIICHCAIIUH TUCIIEPCHH.

Pacder cymmapHOM HAKOIUIEHHOW MNOJISIPU3ALMOHHOM MOJOBOM IUCIIEPCHH HA
pEreHepaliOHHOM Y4aCcTKe IPOU3BOIUTCS IO (hopMyIie

PMDpy =+ PMD, + PMD}. (32)



Honyctumoe 3HaueHue I[IMJl, HakoOIUIEHO Ha PEreHEPaAalMOHHOM YYaCTKe
coctaBmier 10% oT aIMTENBHOCTHM OWMTOBOTO  HWHTepBasiia. Paccuuraiite
MaKCHMAaJIbHO-JIONTYCTUMOE 3HAYCHHUS JJIsI CBOEH CKOPOCTH Tepeaadu 1o Gpopmyrie

0.1
PMD,_,,, = ? (33)
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rae B — ckopocth nmepenaun, Out/c.

CpasHure ¢ pesyapTaramu pacdeta PMDpy 1 cienaite BBIBOABI O PaOOTOCIIOCOOHOCTH
CHUCTEM MEPEaayH.
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