YyeOHbIN Kypc R&Mfreenet

Teopvm nepenayvium CUrHasnoB No BOJIOKOHHO-ONTU4YE€CKUM KaHaJiaM CBA3U

Convincing cabling solutions



BBeneHve

OnTuryecknin cnocob nepeagayn MMeeT TakoW e Bo3pacT, Kak n YenoseyecTBo. C
He3anamMsATHbIX BpeMeH N0 obMeHMBanncb ONTUYECKMMIN COOBDLLEHUSIMA B

doopme: {»\
= edb
* $3blKa XXECTOB; - :

* CuUrHarsios, rnogaBaemMbixX C NOMOLWBbIKO AblMa,

e ONTUYECKNUM Tenerpadom;

* OnbiTbl TeHgana (18 Bek).

Ton BONOKOHHO-OMTUYECKOU TEXHOMOMM, 0 KOTOPOW Mbl 3HAEM CEroaHSA,
npeaLwecTBoBasnv ABa BaXXHbIX HAay4YHbIX OTKPbITUS:

« [lepenava cBeTa 4Yepes onTnvecku npospadHyto cpeay (1870 nepsbie
nonbiTkn Mister Tyndall, 1970 nepBoe ontu4yeckoe BorokHo Corning)

* 306peTeHmne nasepa B 1960

=R&M

Convincing cabling solutions



BonokoHHO-oNnTMYecKasa nepeaava

B-ISDN n Lincpposon cepsuc
AHanorosble Pagno/TB cepBucebl

=

!

’I | Himmn 9

L1i
o

=R&M

Convincing cabling solutions



[MpHUMN BONOKOHHO-ONTUYECKOW nepepavm

___|E BO 0
NCTOYHUK 0O aran E

—1 lNpnemMHuK

=R&M

onvincing cabling solutions 4



aﬂeKTpOMaI'H UTHbI€ BOJIHbI

A

/

,"'

[lNMnHa BONHbLI }

\4

AneKTpuyeckue BOJHbI

B D D

Mepuop t

Yactota=1/1

‘ - |

X T

JHUMHb DJTHbI

(

_R&M

cing cabling solut



LLikana gnuH BOJSTH UCNOJIb3yeMbIX B
3NIeKTPOMarHUTHOM nepegavmn

OnuHa BonHbl  3000km 30km 300m 3m 3cm 0.3mm 3mm 30nm
0.3nm
\

102 10 10* 105 10° 107 10® 10° 10" 10" 10'2 10'3_10' 10" 10'® 10" 10"  Yacrora[Hz]

H4Y BY MuvkpoBonHoBbI OonTunyeckumn CnekTp PeHTreH.
CnekTtp CnekTtp AnanasoH AnanasoH U3ny4eHumn
AHanoroBbIi AM TBu MobunbHbii MB PeHTreHOBCKMMI
TenedoH Papuo FM TenedoH [lleub CHUMOK
i

-—

Yoy

=R&M
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ONnHbI BOSTH UCMONb3yeMbIX B ONTUYECKOMW
nepegave

Cnekmp
BO nepedayu

OnvHa BonHbl 1800 1600 1400 1200 1000 800 600 400
[nm] Lttt
2x10" 3x10" 5x10' 1x10"5 YacToTa [Hz]
UK-CnekTp Buaumbin Y®-cnekTp
CnekTp

=R&M

Convincing cabling solutions 7



CKOpPOCTb 3M1eKTPOMarHNTHbIX BOJIH

CKopocTb cBeTa (aneKTpoMarHMTHOE U3ny4vyeHune) aT1o:

J C, = Anuna BonHel x YacTtoTa

Co = 299793 km / cek.

NMpumeyaHue:

PeHTreHoBckoe nanydyeHue (A=0.3nm),

a YO uzsnydeHne (A =10cm ~3GHz) nnn

MK nanydexne (A =840nm)

NMEIT OAMHAKOBYIO CKOPOCTb PacrnpoCcTpaHeHNs B BaKyyme

=R&M

Convincing cabling solutions



KoadhduumeHT npenomneHus

CKopoCTb cBeTa (3M1EKTPOMArHUTHOE U3IyYEHME):

J BCEraa MeHblue Yem B Bakyyme, C

Jn=CO/ C

n onpegensetcs kak KoapduumeHT npenomneHuns (n = 1 B Bakyyme),
N 3aBMCUT OT nNnoTHocTKU Martepuana n AnuHbl BOSHbI

NMpumeyaHue:
Nooon™ 1.0003,
N ..a— 1-9000

= 1.8300

cnagkon Boabl

=R&M

Convincing cabling solutions



[MpenomneHue

Ctekno
C NOBbILIEHHOU

(0% (=174} (o)
C NMOHWXXeHHOM
NMOTHOCTbLIO

NNOTHOCTbLIO

Y4OK CBeTa

MpumeyaHune: n, <n,na, >0, . .
sina,/sina, =n_ /n,

=R&M
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[NonHoe npenomneHue, Kputnvyeckum yron

YOK CBeTa
Crekno

C NOBbILIEHHOM
NNOTHOCTbLIO

(0% (=174 [o)
C NOHU)XXEeHHOMU
NNOTHOCTbLIO

MpumeyaHue: n. <n,na,=a, sin (11 =1 =—> sin (IL - n1 / n2

=R&M

Convincing cabling solutions 1"



[MonHoe BHYTPEHHEee OTpaxXeHue

Y4YOK cBeTa

(0% (=14 [0}
C NOBbILIEHHOU
NNOTHOCTbLIO

CTekno
C NOHU)XXEeHHOMU
NNOTHOCTbLIO

MNpumevanne:n, <n,na  =a

=R&M

Convincing cabling solutions 12



N3meHeHMe HanpaBrieHUsl cBeTa B
mMaTtepuane

=R&M

Convincing cabling solutions

(0% (=14) [0}
C NOHMXXEeHHOM
NNOTHOCTbLIO

Ctekno
C NOBbILLEHHOU
NNOTHOCTbLIO

(0% (=14) [0}
C NOHMXXEeHHOM
NNOTHOCTbLIO

13



BoOnokoHHO-ONTU4YEeCKMU CBETOBO/,

O0onoyka

Anpo [Mpodounb
nokasarens
npenomseHus

(CTyneH4aTbIn

=R&M

Convincing cabling solutions

NHOEKC)
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oe BCe HAUMHANOCHL

?’m(,\ ST i t—r) Seel
=chhdy m o A

Tpwn yyeHbix nabopatopum Corning (crneea Hanpaeo) doHanba Kek, Pobept Mayap u
Mutep Wynby B8 1970 rogy Bnepsblie B MUpe co3gann onTuYeckoe BOSMOKHO,
KOTOpO€ ObINO BO3MOXXHO MCMOSb30BaTb B KOMMEPYECKMX LIENSIX.

=R&M

Convincing cabling solutions
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CBeT B BOJIOKHE pacnpoCTpaHsAeTCS
TONIbKO ANCKPETHbIMU NYTAMU

TN ANCKPETHbIE NMYTU Ha3biBAkOTCA MOOaMMW.

03
(@)
- -
02 12 22
o 11 2] 3l 41 5]
i |
=R&M
=A
c

onvincing cabling solutions
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MoAabl BbIrMAOAT KaK pa3Hble NyTU
(MpoaonbHbLIN cpe3)

200um

17



UncneHHana anepTtypa

[lonycTUMbIN yror

20 > NcTo4uHUK cBeTa
ceetogmop (LED)

——— — 2 2\0.5
YucneHHas AnepTtypa NA =sin ® =(n,“-n %)
NMpodunb
noKa3aTtens

npesomMmsieHunsA
(CtyneH4yaTbI UHAOEKC)

NMpumeyaHune: NA = 0.3 TMNNYHbLIX NOKa3aTenb ANA
CTYyNneH4YaToro UHAeKca BOJIOKHa

— @ ~175°

=R&M

Convincing cabling solutions 18



UncneHHaa AnepTtypa U XapakKTepuUCcTUKu
nepenadu

v’ bonbuwoe 3HayeHne NA o3HavaeT bonbluoe 3HaYeHue O, npu
3Tom bonblue CBeTOBOM 3HEpPrum 6yaeT CKOHUEHTPUPOBaAHO B
BOJIOKHE

v bonbwoe 3HayeHne NA o3Ha4yaeT coxpaHeHue donbLluero K-Ba
Mopa B BornokHe (6onblaa mogoBas aucnepcus)

v/Uem Oonbue 3HayeHne NA, TeM MeHbLUe 3aTyxaHue
Bbi3biBaeMoe U3ruoom BOJIOKHa

vUem 6onblie Mog, TemM yxe nosioca nponycKkaHus

MpumeyaHue:
NBa BonokHa ¢ NA = 0.2 u 0.4 BonokHo ¢c NA = 0.2 B 8 pa3 6onbluee 3aTyxaHue npwu

n3arnoe yem NA = 0.4 Fibre

=R&M

Convincing cabling solutions



MpnYnHBLI 3aTyXaHU B BOJIOKHE

Core Cladding
Microbend

Makpousrnooi Mukpounsrub
Bl

=R&M

Convincing cabling solutions
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Tunbl npodunen KoacdduumeHTa
npenoMneHuns

CTyneH4YaTbI UHAEKC CTyneH4YaTbI UHAEKC CrnaxeHHbIN NHAOEKC

[nsi oQHOMOLOBOVA ns mHoromoaoBoOM ns mHoromoaoBOM
nepepayu nepeanavu nepepayu
Pasmep Aapa ~9 mkwm Pasmep agpa S0Mkm Pa3mep ssiapa 50 unm 62.5Mkm

=R&M

Convincing cabling solutions 21



Tunbl npodunen KoecpmumneHTa
npefioMsieHus

50 MHz km 500 MHz km 5000 MHz km

CtyneH4yaTbIi1 MHAEeKC CrnaxeHHbIU MHAEKC CTyneH4YaTbIn Miexc

Bl

ons mHoromoaoBon [ns MHoromoaoBOM ons ogHoMoQoBOM
nepeaayum nepeaayum nepeaayu

=R&M

Convincing cabling solutions 22



O030p OCHOBHbLIX XapaKTepPUCTUK

OnpepeneHue AdpchekT OrpaHunyeHue
3aTyxaHue MoTepu aHepruun
1 [dB/km] no BCeu AfnnHe JSInHKa 2aLLEIOELIE

PaclumpeHue Nonoca nponyckaHus
2 Oucnepcus MMnynbca &
n ocrnabneHue curHana OrIHA NUHKa

NMoTtepu Ha
Yucnosas CoeVNHEHUAX XapaKTepucTuky
3 aneptypa (NA) LED/Laser (] fiber coemHeHus
[-] fiber [ fiber

fiber [ | e.q. APD*

= R&M * JlaBHHbIN dhoTOoaMOL,
[=":]

Convincing cabling solutions 23



MHoromonoBoe BOSIOKHO (CTyneH4YaTbIU
WHOEKC)

A
u
_______________________________ ol N )
n, —
! >
n1 n2
Yucno MOH M= 0.5x(7€xdeAI)\.)2 npod)l’mb
noKa3aTtens

npesromMsieHunsA

(CTyneH4yaTbIn MHAEKC)

Mpumeyanune: ~ 680 Mog npu NA=0.2,d =50 um n A =850nm
~ 292 Mog npu NA=0.2,d =50 um n A = 1300nm

=R&M
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MopoBas gpucnepcus (CTyneH4YaTHbIN
WHOEKC)

MeaHAapb! OedopmupoBaHHble UMnynbCbl

11811} AAAA

Tvun nMmnynbca Ha Tvn nMnynbca Ha
UcTouyHUuKe NMpnemHuke

=R&M

Convincing cabling solutions 25



MHoromonoBoe BONIOKHO (CrnaeHHbIn
WHOEKC)

PNy

iV

n, n,

Yucno MOA M= 0.25x(7€xdeAl;»)2 npod)m'lb
nokKa3artens
npesromMmriieHunsA

(CrnaxeHHbIN MHAEKC)

NMpumeyanume: ~150 Mog npu NA=0.2,d =50 um n A = 1300 nm

=R&M
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MopnoBas auncnepcuma B MHOromMmo4oBOM
BOJIOKHE

MeaHapbl HedopmupoBaHHble UMNynbCebl
dopma umnynbca Ha dopma uMmnynbca Ha
nepep,arou.l,el‘/'l CTOpPOHEe npuemMHOuU CTOpoHe

=R&M

Convincing cabling solutions 27



Oucnepcus

Pe3yanaT0M ANCNEepPCUnN ABJIAETCA paCLLUNpeHnEe y3KOro BXxogHoro

UMMYnbCca, KOTOPbIN pacnpoCTpaHAETCS BOOMNb ONTUYECKOro BOSTOKHA.

Q ] Q )
BxoaHowm

UMMYIbC Mmnynbsc nocne L, Mmnynesc nocne L,

Aoa 2 ———

- -

=R&M

Convincing cabling solutions 28



OaHomopgoBoOe BOJIOKHO

A
n,
_____________ Hz - )._._____._._._._._._._. ._._L_._.%._._._._
rl1
n, n
Mpumep: n, =1.4570 n n, = 1.4625 NMpodunb
nokasarens
npenomMmneHuns

=R&M

Convincing cabling solutions

(CTyneH4aTbIn MHAEKC)
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BonokoHHO-oNTUYecKasa Teopus

BHocuMbIN cuHran BbixogoHow curHan

| n
! MHo20mM00

Ny cmyneH4amsiU

: i,
|
l
|

Y A W

|
I

n1
n MrHozomod
2
r 2padueHmHbIU
I
|
I
e
I
|
I

"ﬁﬂ lﬁ r:'z M OdHomod m

=R&M

Convincing cabling solutions
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Buaobl ancnepcuu

MHoromonoBoe

BOJ1IOKHO

MopoBas
avucnepcus

=R&M

Convincing cabling solutions

Xpomartunyeckas
avcnepcusd
[ps/km * nm]

OgHomMopoBoe
BOJTOKHO

[MonspusaunoHHas
MopooBas
avucnepcusd

PMD




PMD ans ogHOMO40BOro onTU4ecKoro
BOJIOKHa

’ -
er/Sa,q;mxa

,MeaneHHas ocb “ n, (PMD)

,ObICTpast ocb“ n < n
x Uy

=R&M
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3aTyxaHV|e MHOIromMmoaAoBbIX BOJIOKOH

1. 2, 3.
(o) OkHo OkHo
A e 5, 4.
3.5 OKHO OKHO
PeneeBckoe paccesiHue (~ 1/0%)
£
=<
% 2.5+ SiOH-nornoweHune
°
b
<
X 1.5¢
=
©
]
LT
I i { — — { >
800 1000 1200 1400 1600
950 1240 1440

OnvnHa BonHbI [nm]

=R&M
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3aTyxaHue ogHOMOAOBbLIX BOJFIOKOH

=R&M

Convincing cabling solutions

1,10 1,20 1,30 1,40 1,50 1,60
OnuHa Bonkbl (MKM)

3aBUCUMOCTb KO3(pPpuLMeHTa 3aTyXaHUN OT AJ/INHbI BOJIHbI
OAHOMOAO0BOI0 ONTUYECKOro BOJIOKHA

1,70

34



CnekTpanbHas YyBCTBUTENbHOCTb
0EeTEeKTOpOoB

SA

(A .
R |
1,0 = B InGaAs
o X GE (23 C)
|
0,5 v GE (0 ©)
T P

850 1310 1550 A (nm)



CnekTp usnydyeHus nasepa un LED

LED
(cBeToauon)

ot -15 po -250bmBT

CnekTpanbHa
a
NSIOTHOCTb

60-100HM

e ————p

T L

A

=R&M
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LASE
+5 % -10

nbmBT

1-5H
—> |l

36



MponssoacTeo MM BONOKOH

MeTtoa moanpuumMpoBaHHOro XMMM4YeCcKoro
ocaxaeHua nytem BbinapuBaHus (MCVD-Process)

KBapueBasi Tpybka [\
= |
1 \
|| Mopenka
- —
]
o)
2 H, =0

=R&M

Convincing cabling solutions 37



MCVD-npouecc

lMpouecc npou3zsodcmea
B /Tepesii waz: BoinapueaHue

[ * sio, n,
i ® n, T~
SiCl, + GeCl, ‘ Cl,
+ 02 o n, 02 —
n, M n,
NMpodhuvnb nokasartens

npesoMmsieHunsA
(crmaxkeHHbIN MHAEKC)

=R&M
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«Cxnonka»

lIpouecc npou3sodcmea
Bmopou waez: CeopayusaHue 8

O6pasoBaHue TpyoOKU

nokKa3aTesnd npesiomMmrieHusA
(crnaxeHHbIN HAEKC)

=R&M
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[MpoTsaxkKa

NMpouecc npounsBoacTBa

CywunbHasa neyb

JlazepHbIn geTekTop pa3mepa

YcTponcTBO NepBUYHOIrO NOKPbLITUS

YcTaHOBKa Ans
BbITArMBaHUA BOJIOKHA

CywunbHasa neyb

l [leTeKTOp HaTAXEHUSA

/ ;4 BO 6apabaH

=R&M
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A BOT, YTO BbLIXOAUT B pe3ylribrtaTe

=R&M

Convincing cabling solutions
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Pexumbl nepepayun

CyuwecTtByeT aBa cnocoba Beectn ceeT B MM BonokHo. VX HasbiBatoT
pexumamMmn nepegayn.

o [lonHbIN pexum

« CepaueBurHa BOSIOKHA NOMHOCTLIO OCBeLLeHa (=> BCe TEOPETUYECKN
BO3MOXHblE€ MOAbl BO3OY>XAEHbI).

« O6bI4HO npu ncnone3oannn LED.

« LLlnprHa nonockbl nponyckaHna Ansi BOrIokHa namepsieTcst 0obI4HO
NPy yCNOBUM MOMHOIO pexuma nepegadu.

e OrpaHunyeHHbIU pexum (Hanp. Gigabit Ethernet)

« CepaueBnHa BOSMOKHA OCBeLLeHa He MNOSTHOCTbLIO (=> He Bce
TeOpPEeTNYECKN BO3MOXHbIE MOAbl BO30YXXAEHbI).

* OBbIYHO npun NCNoJib30BaHNN JNa3epHbIX NCTOYHUKOB.

« OObIYHO Nosioca NPoNycKaHMa Wupe rnpu UCrnosb30BaHUm
=R&MorpaHv|quHoro pexmnma rno cpaBHEHMIO C MOSMHbIM PEXUMOM
[=—:]
Convincing cabling smﬁ-p eﬂ.aq n. 42



LiBeTOBOE KOAMpOBaHME BONMOKOH

Bce onTnyeckue BOJMIOKHA OKpaLlMBaKTCA MO
onpeaeneHHoOU UBETOBOUN CXeMe:

O J| © BEONE O BECER O J ' OIR O B O N O RO RNOD
rot

griin gelb blau weiss violett ~ orange  schwarz grau braun rosa tiirkis

® § © QEGHEN © NEONR © REONRRCERONN © N O NND
rot/ griin/ gelb/ blau/ weiss/  violett/ orange/ nature/ grau/ braun/  rosa/ tiirkis/
TRing 1Ring 1Ring 1Ring 1Ring 1Ring 1Ring 1Ring 1Ring 1Ring  1Ring 1 Ring

=R&M
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O0630p pa3nUYHbIX NOKPbLITUN AN BOJIOKHA

MNnoTHbIN Oychep
[noTHO npuneraet,; U3 TepMorsiacTtmnka.

NMony-nnoTtHbIN 6ydep

BosayLwwHasa npocnonka B HECKOSTbKO

COTbIX JOrnen MUnInMeTpa.

- flerye CHUMaeTCsl BTOPUYHOE NOKpbITUE

- MMHMMarbHbIE NOTEPU MU3-3a MUKPOU3TMOOoB

MNMycToTtenbin 6ydep
BosayLwwHasa npocnomka B HECKOSTbKO
OECATbIX A0NeN MUNNIMMETPA.
[Mpocnonka oObl4YHO 3anofiHeHa
BOAOOTTasNKMBaKLLMM resfiem.

=R&M

Convincing cabling solutions

©7

OnTnyeckoe BONOKHO

MnoTHLIN Oydep

FenenogoGHbLIM KOMNaAyHA
Wnu Apyrov matepuvan

OnTuyeckoe BONOKHO

Bydep

MenenoaoOHLIVM KOMNAyHA

OnTnyeckoe BOJNTOKHO

MycToTenwbin 6ydep

44



CoeanHeHUsA BOJTOKOH

CyuwecTBYyrOT Tpn 3 cnocoba coeauHEeHUs1 ONTUYECKUX BOFIOKOH:
« PasbemHoe coeguHeHune Hanp. pasbem
« KBasun-pasbemHoe coegmHeHne Hanp. mechanical splice

- He pasbeMHoe coeanHeHne Harnp. cBapHoOe coeauHeHne

Kakon cnoco6 ncnonb3oBatb 3aBUCUT OT:
* HaAEeXHOCTU NN TpedboBaHUN K COEANHEHUIO
* Tpebyemon nnn HeobxoanmMom rmbKoCcTu
¢ CTOUMOCTU

=R&M

Convincing cabling solutions
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Hepa3bemHoe coeanHeHue
[MpnHUMN paboThl

e OQUULLIEHHbIE U CKOMNOTbIE BOSTIOKHA COBMELLAOTCSA APYr
C ApPYrom TopuamMmn Kak MOXXHO NioTHEE B CBAPOYHOM
annapaTte (No BO3MOXHOCTN 0e3 ropusoHTanbHbIX UNK
BEPTUKAarbHbIX cMeLleHuin). CBapuBalroTcs. 3aTem,
cBapHoOe coeanHeHne 3alunuiaeTcs Tak Ha3biBaeMom

=R&M
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KBasu-pas'beMHoe coeamHeHue

 [NpuHUMN paboThbl

 [IBa KA4eCTBEHHO CKOJIOTbIX BOJIOKHA
coBMELWaTCA TOpUaMN.

 [1Na ynyylleHna xapakTepucTuk MecTo
coeHeHna Mmexay ABYyMS BONTOKHaMWU

3allOJIHAETCA rerieM. Ferb

* PNg-Bsnoxao BONOKHO |

=R&M

Convincing cabling solutions
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Pa3zbemMHOe coeauHeHue
[TpnHUMN paboThI

« KoHHekTOp / apantep / KOHHEKTOP

CyLuecTByeT HECKOSbKO TUMOB COeaVUHEHUN,

OTNMYarLWmMXcsa cnocodbom NofMpPoOBKN HAKOHEYHMKA U
ceoumun napametpamm (RL, IL). 3To:

e [1NOCKMN KOHTaKT

» Physical Contact (PC)

'R&M 2 Angled Physical Contact (APC)

48



O0630p

Criteria's Detachable’ Quasi — Detachable Not - Detachable
Insertion loss o in [dB] 0,05 <os<0,75 01<o5<05 0,05 <o < 0,2
Return loss or in [dB] 15 <ogr < 80 oRr <40 oR < 80

Mounting on field Appropriate Appropriate Appropriate

Repeated disconnect and connect

Very simple, without equipment
and without the need of qualified
personnel

Simple, simple equipment and
qualified personnel needed.

expensive, high-quality equipment
and need of very high qualified
personnel.

Reliability / Lifespan ca. 500 - 2000 Pcs. Cycles Not Very high
Costs '

* Equipment medium low high

¢ |[nitial Installation high high lqw

* Repeated disconnect and connect very low low high

Alignment principe

Pins / sleeve (mech.)

V — groove (mech.)

Substance conclusive

Fiber contact

As usually a Physical Contact

Immersion between
separation-surfaces

Substance conclusive

2

Dependent on the Connector Type and polishing (PC, SPC, UPC, APV = HRL)

PC
SPC
UPC

and optical testing of the fiber positioning

APC (HRL)

can be reached by machine polishing (usualyl R. 8° Angle Polished)

=R&M

Convincing cabling solutions

Physical Contact, Return loss of approximately 30 dB, can be reached by manual polishing
Super Physical Contact, Return loss of approximately 40dB, can be reached by machine polishing
Ultra Physical Contact, Return loss of approximately 50 dB, can be reached by machine polishing

Angle Physical Contact (High Return Loss), Return loss of approximately 60 dB,

49




TexHonorna coemeleHus — UunuHapuyveckas

rMMIb3ad

JonycTumoe OTKIIOHEeHUue MaTtepuanoi

HakoHeuHuk 2.4990 - 2.4995 HakoHeuHUK  xeneso, kapbua Bonbdpama
Brynka 2.4995 - 2.5000 Brynka Xeneso, kapbug Bonbdpama

|Bon0K|-|o
l
_— ~—__
HakoHe4yHukK HakoHe4YHukKk

=R&M
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TexHonornsa coBmeLleHuns - AnacTuvHas runb3a

[onycTMMoe OTKNOHeHUe Martepuansi

HakoHeuHuk 2.4985 - 2.4995 mm HakoneuHnk  Kepamuka (Circonia)

MMnb3a Gauge Retention Force 2.9-5.9 N Kapbua Bonb.cbpal.wa
[Mnb3a Kepamuka (Circonia)

Bepunnuposi 6poH3a

!BOHOKHO

—

HakoHe4yHukK

~~—

HakoHe4yHuk

=R&M
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HoBble TeXHONOrMm CoBMeLLeHNNA —
V-00pa3HbIN KaHan

MaTtepuansbi

V- 06p. xenob  CunukoHoBasi NoanoXxka

LieHTpoBLUMK Kapbug Bonbtpama ‘ ‘

LleHTpoBLWMK BonokHo V - 00p. xxenob

=R&M
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BHocumble noTepu - BHyTpeHHue

PasHuuewn B:

J OvnameTpa spep

J YucneHHbIX
Q)

AnepTtypa

NMpocdunen
/ nokasarens

npenomMmneHus ’_l L| T

=R&M
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BHocumble noTtepu - BHewHue

OTHOCUTEeNnbHOe
NOo3ULNOHUPOBaHUeE: \

J [opu3oHTanbHoe
HecoBnageHue

BOMOKOH o

J OceBOU HAKNOH

=R&M
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BHocumble noTepu - BHelWWHWe

N
J HennotHoe ==
npuneraHue -

4% ompakeHue Ha Kaxxdom KoHue = 0.36 dB nomepsb

NMNoarotoBKa NOBEPXHOCTUN BOJIOKHA.

LLlepoxoBaToCTb
NOBEPXHOCTHU

<

=R&M
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3a30p Mexay cepaueBMHamMu —
HeT )U3NYEeCKOro KOHTaKkTa

MapameTpbl nepegaun

BHocumble noTtepu <1.0dB
OOpaTHble noTepu ~15 dB
<
<\\/
—

4% OmpaxeHue Ha Kaxool cmopoHe
npusodum k nomepsim e 0.36 dB

'R&M

cing cabling solution
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Topubl HaKOHe4YHUKoB — Chepuyecknm
KOHTaKT

MapameTpbl nepegaum

AN

paamyc S - 12MM BHocumble noTepu <0.5dB
OGpaTHble noTepu > 35 dB

=R&M
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YrnoBou chepuveckum ousan4ecKkum KOHTaKT

MNepenarToyHble xapakTepUCTUKU
Papunyc 5 - 12"’"‘"/\ BHocumoe 3aTyxaHue < (.3 dB
/ Bo3BpTHbIe notepn > 60 dB
/
Yron 8 - 12° \/\<— //

I

=R&M
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SC-RJ KOHHeKTOp

mSFF KOHHEKTOp ¢ padmepamu Kak y RJ45

mKepamunyecknm HakOHeYHUK -> XOpOLLO N3BECTHbLIN HA PbIHKE

mBbicokast NNOTHOCTb NOPTOB, NpMMEPHO B 2 pa3sa ¢ Duplex SC

mMHOromogoBble U1 OAHOMOAOBbLIE

mOb6paTtHas coBmecTumocTb ¢ SC

mOgunH TUN KOHHEKTOpa + aganTtep

mCootBeTtctBme cneymndpumkaumnam ISO/IEC 11801 n TIA/EIA 568A

mSCcompact (or SC-RJ) ocHoBaH Ha SC KOHHeKTOpe

m(cornacHo ¢ CECC 86265-xxx, IEC 60874-14)
Bo3moxHO coegmnHeHune ¢ SC Simplex

m [MNn4YHOEe BHOCKMOE 3aTyxaHue : < 0.2dB.

=R&M

Convincing cabling solutions 59



3aTyxaHue U MOLWHOCTb

0 dB
100%

3aTyxaHue

[dB]

3 dB 6 dB
12 |—| 12 | —
50% 25%

A =10 x log (Pin / Pout)

>

i i
=5
=]
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PaccTtosHue [km]
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3aTyxaHue KaHarna cBA3uU

Npeononaraemoe 3atyxaHune BO kaHana cBA3un

ATT = oxL + ASXNS + ACXNC

3atyxaHue kabens [dB/km]

AnunHa kabensa km]

3atyxaHue Ha coeauHeHuu [dB]
Yucno coeguHeHun

BHocumble noTepu KOHHeKTopa [dB]
K-BO KOHeKTOpOB

Z>Zpre
Q.a.a.4, .. .

=R&M
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N3mepeHune 3aTyxaHusa [ npuHUMNbI

Pasbem

Pasbem

N3mepeHune obpaTtHbix oTpaxkeHun (OTDR)

-

)

=R&M
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Pasbem

Pasbem

—-
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Kakou meTtoa ucnosnb3oBatb?

N3mepeHune 3aTyxaHus:
* BCerga npu oKoHevnBaHUKM Kabenewn
e 0N U3MEPEHUA 3aTyXaHUA NNHKA

N3mepeHune obpaTHbLIX OTPaXXEeHUMN:
» KOorga Ha NnHKe ectb BO mydThl
e Nnga kabenewn onuHom 6onee 200 m
* 11191 CIOXHbIX NTIMHKOB
o a5 ObHapYyXeHUs nNoBpeXxaeHnm

=R&M
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anIHLI,VII'I NM3MEePEeHNA 3aTyXaHNA MOLLHOCTMU

Kan“6p°BKa Ij\ I 3Ha4veHune = 100% — 3atyxaHue =0

MNepepatun  MpueMHUK
K

I'Iepep,aqu MpueMHuK

=R&M
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anIHLI,VII'I NM3MEePEeHNA 3aTyXaHNA MOLLHOCTMU

Test jumper 1

'J_I Connector Connector
4 b 7 o
[ -6.10dBm J
0 0O
dBm
Power received = P, (dBm)
= -6.10dB
Optical o Optical
source meter
N s . /

dBm = Decibel milliwatt

=R&M
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anIHLI,VII'I NM3MEePEeHNA 3aTyXaHNA MOLLHOCTMU

Connector Connector

Test jumper 1 Test jumper 2

Adapter

‘L Connector Connector
(f N o T
[~6.70 dBm |
Power received = P,
check
0 0 (0
dBm
Prc1 (dBm) - PL__ML_k (dBm) = 0.75dB
source meter
\_ _/ \_ P,
dB = Decibel
dBm = Decibel milliwatt

=R&M
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[MpUHUMN N3MepeHnsa 3aTyXxaHus
MOLLHOCTHU

? Connector

Connector 4 Connector Connector 7
7

<C] T e Al Te [ 1-
Test : Test
p Jumper 1 System jumper 2 )
= Patch Patch =
|J-| E Connector panst pans Connector E
a3 ) ' R
[-9.30 dBm|
Power received = P,
0 0 (O
P (dBm)-P  (dBm) = System attenuation (dB) dBm
Optical ~6.10dBm ~ (-9.30dBm) = 3.2dB Optical
source meter
\. / \, /
dB = Decibel
dBm = Decibel milliwatt

=R&M
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[MpuHUMN N3MEepeHNa MOLLHOCTHU
nepepatTyuka

Tx:

Tx | = System transmitter

P_ (dBm) Rx | = System receiver

m";’;’: % = Patch panel

dBm = Decibel milliwatt
e

= K&IVI
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MpyHUMN namepeHuss NPUHNMaeMoun
MOLLHOCTM

-

Tx

Rx

B C System D

Tx [T T To——=r T T e [N [ T[T el

= System transmitter

= System receiver

@ = Patch panel

dBm

=R&M
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= Decibel milliwatt

Pm (dBm)

Compact

power
meter
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Optical Time Domain Reflectometer (OTDR)

FeHepaToOp UcTouyHUK Pacwennsowee
MMNyJfbCOB cBeTa 3epkano
<
— /
/! FO
SZ P <
\< | -~
Y || | '~
MU3mepeHue MpnemMHuk Pednekrorpamma
3aQ1epPXKKuU

=R&M
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ONTUYECKUN CUrHan
3ﬂeKTpVI‘-IeCKVII7I CUrHan

70



OTDR unameputenbHasa npoueaypa

.
‘.,
‘o

=R&M
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Mnynbc cBeTa pacnpoCcTpaHAeTcs no onTU4YeCKomMy BOMHOBOAY.

—

-_-_.—

Mnynbc cBeTa YaCTUYHO OTpaXkaeTcsl Ha HEOHOPOAHOCTSX.

—

5

B e

OTpaxeHHbIn nmnynec npuHnmaetcs OTDR.

—

=

e
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NMpumep OTDR pednekTorpammbli

Connector Fusion Connector Fiber Mechanical Fiber
pair Splice pair bend splice end
OTDR [[] i —1X1
v | | ; I ;
| I
Attenuation | : '
(dB) ' | | ‘ !
I * : I I
: | : y
|
Y | \ r\
|
\

=R&M
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Distance (km)

Typical OTDR trace



TUNMYHbIEe U CTaHJAPTU30BaHHbIe 3HAYeHUSA
3aTyXaHUN

CapHoe coeanHeHne
TunnyHoe:
MM: approx. 0.05 dB
SM: approx. 0.10 dB
B cooTtBetcTBMKM co cTtaHgapTom (ISO 11801):

MM: 0.3dB

SM: 0.3dB
PasbemHoe coeauHeHnune (IL/ RL)
Tunn4yHoe :

MM: RL: 30 dB IL: approx. 0.3 dB

SM RL: 45 dB IL: approx. 0.1 - 0.2 dB
B cootBetcTBUM co ctaHgapTom (ISO 11801):

MM:RL: 20 dB IL: 0.75 dB

SM: RL: 35 dB IL: Takke kak gna MM

=R&M
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NMpuBeaeHna n OTDR?7??
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BTopu4yHblie oTpaxeHus (npuBeaeHuN)

oron | T

: : nepBMque

L : OTPaXxeHune
> BTOpU4YHOe oTpaXeHue
2 L : L |
L :‘ - »,

.

=R&M
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Bonpocbi?

i |
==
[E=x]
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