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1.2 ARHBREAENL

1838 4F Samuel F. B. Morse X B T ML #ft , i & A KA T oL@ G L. 1876 4E Il
IR (BelD) %& B 613 , — Xof 23l — 3% , L R A T DL e il 5 . 1918 4F R B L i =
PREBEALIAIM . W, R TV RKEFE R BRI, EEMEFFRABRRE
A AR RS . 76 B b TR L T AR I E B K, R A A R
Ko AT B & AR Bk — 25 b 87 P O R AR 1 I8 BB, AR A5 3 B K A Y R 4R 1 B
Bt PR AR A . R, BGE MR R G B ) TR B AR,

puosti KT BTERY K2 B i D A Sl S IR e DU @ = B R D e ST o N D2 R D R <
FE R — RO S . B K B B L TR Y T T S 4 A R R T DAA K B — R
St RE B, SRR, AR RIS SRR 2% . 17 tit 0 LRI AT e s
EEERFEEEEASEMRM FMA. 1880 4, N/REIET —& WM emif mE g,
A K BRGSO R, A SR E A B WOE RS 84, T TR, A8 TR S BOx A IE
213 m M NG, TR HERAEXEERIURIOLRIE TSRS HOLEEARKH
X5, ABH G AT 6 55 A R IR L BN E A R SR E AR MR TR, O X ORER R A
“HERER R, R UL, X EOERM R AR E MR EE &N, Hik, BERORE,
W B A DR A AR A 1Y [ B . — R 0 0T BB R 1536 D I A B R A A R B AR A o
TR . KBILIK, X B0 e B H R A 19 2 g e, B O 3 15 — B2 R R

1960 4E 7 H 8 H, % HAM ¥ K M8 (Maiman) % Bl T 41 5 4 BOE 28, 6 A28 T MR
0 B T Y82 AE L T A3 23R i A G TR, F 9% BRAR D' 38 15 A9 B4 tho AL TR 4

T 46075 B9 6 (5 BB R AE KR P kAT . (HERBERSK PG ZRENE MR K, K
KimmeElEGSEsh, 83 M .5 . X . FHEEH . F5 15552 BB K8, Tk e K
B

HEXRFEAZ KRBT EMERN TR, AMMTEOCEMEREA THT 347 7ok
TrEH&EMHRE, XMESRESFMIHEESOLEEHRE. EREESEASRBER
KRB I W, BB — B S AR — B RN E A, i o B A 1 R O T BR A A I A
LA EDEBGEE R B K. XA ER T RS UEBR RSB ER &/ TH. AEE
U 3X PR AR R R AT Y AR ATTHE KB A B 5T RN S R LA S R B, 7E SE B R B 53X
T Ay 7 20K 18 B F 2 AT S IR A4 BRIME . 81 40 o B0 35 e T v 0 3 4 R A B AT T R
PR A o R 2 ) 22 2 5 R T I Lk b T R 3 A R i), LR AT B U R, R LR D
b IX 5 7 U T B p O T R 0 2 B B S B AR R K, 8 A o B R S B
Z OLRER BB K. BT REE N & 5, I BRI 415 AR B A, BRI ' B
THEELLHBEN., ERE7M“HF " #A G F A A 6B BB T, 1965 4 42 4, %
P 5 B R e AMREH R T AR R AT ERA AT

1.2.1 kHFMkE
1966 48 7 H , 2 FEHE N EHRIE 17 PIEE #E ERR T —R 140 3F 4 B CEH T L4



$1% % # < 3¢

WYL R T ) ZSCNE S A iER T
FAYGCET V8 hy 4% S 15 4 LA 52 B % 38 15 19 7T B
P TG REG R S FREREKN
J L BHE U TE T 8 £ R AR R R A Y
ATREYE S B 05 SR A4 R R A, I AE X4 4B 2%
) ATHE YR LT A 08 R BON M 491 000 dB/km
FAK % 20 dB/km PR, PASEBLE S . X —if
SFHE TS E 4 FRARAIESE. B 1.2, 1

HHEEERARER(ZD1998 FAEIEE  p 121 Jshl i & UIF R (%1998 4
% IEE #FH%XE, fERE % IEE R TR %K=

1970 AR AR J L 4P 15 AT AF , X —4F, — R R E R T A 7 R e Bl T A B AR
— MR BEWK T K 20 dB/km LR ; = 3 [ UL /R S 00 % 4R AT AE R R L TR
B (AlGaAs) 2k RIRBOLAS . XPIUR A st 48 I 7Ot @ fF s R R L .

HRT AR ZE . 5% & E ROl E R mE T KRENA S SY b4 5=
N

1970 4F, EE R T A A S5 = AR/ & W OE S RS #E R 20 dB/km
ML,

1974 4F, DUR S 2 & W T il 35 1 450 FE D6 £F 1 J7 i, R b 0k 1) 4k 2 SO DB i
(MCVD) , JE£F & F [ %] 1 dB/km,

1976 4, H 4< B 4t B35 22 B O LFHLAE T R 2] 0. 5 dB/km,

1979 4F, H A< B3 i B35 A w1t 0. 2 dB/km HBEF

H A 85 Y6 4 K #E K 0. 17 dB/km,

1.2.2 keFdfE RGN E
JINRY S 8 A 35 6E Y6 2 1 [R] B i 1, 76 4 th 5530 BBl S IGER. 7 R B e 4@ (5 el

1976 4, EEE TR 2 K@ TH R BB - LHAATFEFERE EREER
45 Mbit/s, F4EFE A 10 km., ‘
1978 4, H A JF 46 T # % K 100 Mbit/s ) BHOLLFEE RER ARG RRK
1981 4%, H A F-100M SE4F 38 {5 R 4t (100 Mbit/s) B H .
1985 4F , ZHOLLFE 5 R 4 (140 Mbit/) @ 4k, H & FHBECFEE R AN Y
I TAE.
1990 4F , B 41 3 15 & 5o i A 1 FH AL By B2 (565 Mibit/s) . - & F#H AT Z A EAALE
JEEF P S B B TORE G MBS IR
1993 4F,SDH 7= S FF t5 75 F4k.(622 Mbit/s LA F) . SDH i&&%% % 1. 2.1 firs.

% 1.2.1 SDHE&E%%G

SDH % % STM-1 STM-4 STM-16 STM-64 STM-256

b gc 155. 520 Mbit/s 622. 08 Mbit/s 2.5 Gbit/s 10 Gbit/s 40 Gbit/s

i A 1890 % (63 4~2M ) 7560 #% 30 240 #% 120 960 3% 48. 384 1 &




c 4 o RHBREHE 2R

e 1995 4E, Lucent f) 8 X2.5 Gbit/s BEFESTEHRZEIETARTH.

+ 1998 4,10 Gbit/s B SDH 7= i F¥ i i A\ B FH LB BL .

e 1999 4F,Z E B 1 Thit/s(100X 10 Gbit/s) F= ik % , 1EMEH X4 T 1 200 7 8%,

2000 4E, HZ< NEC 3. 2 Thit/s(160X 20 Gbit/s) = ik 5 .

« 2001 4F, HZ NEC 10. 92 Tbit/s(273 X 40 Gbit/s) X5 GE B EAEY T 1. 32 {28,

A7 15 v R A SE AR R, FEAR B 20 ARy B H) B, M BEfF A B AR R -BE B FR BL(B
MR, L NP RBEED M TN RER. KT EFREEBR LA TUT&ERA
B 5 M B (AR EEGE RS . .

B—R: TAETF 0.85 pm P B, F ZHELEF, H AR AE 20~100 Mbit/s Z [, i K
Hr gk fa] BE 10 km, B Kl {5 2 & 500 (Mbit/s) « km, 5 [6)§li B8 45 8 15 R GoAH tb, b 4k a] BB
K, BB MYy 5 A, 2 TRAELZEEERN BT,

R TAEFIHFEEACA 1. 31 pom U B, R FH BB 52 IR (] €8, B PR ) A9 B BB 27, ok
WIS RN 85 (Gbit/s) « km,

HERCTHETAENRTREMA KX 1. 55 pm P B, (6 80 B8 o 6/ %7
1. 55 pm i BA B /ME B BB B 6 4F (DSF) 5 BB sk ik, B KEFA R
1 000 (Gbit/s) « km,

550U R 4y 5 R (WDMD DGR (OA) R, 7E (5B A R — @ W& T .8
IR AEERMERK PAEREA TR SR EGESEM BN, FFHE 20 4 90 4
AL B AR 0 [a] T 5 | R A B A5 T B R,

SRR DO IR Bk o 4 38 15 24, R OGRS 20 2 F B R (OTDM) Flifk 43 B AR
(WDM)EBX & & F M5 F B, LB KA & = s N RERE R .

PGB EH ARG E KA R, B FEE 51 90 % T &L 15, L4815 il
SRS A0V MEE T, FEELEGEE REB AR R R, 6K R 57 8 (5 ™ b i
BETMHMEMERE. e R EFSEREECERETIAT A MG Pk AEA
W 1, 6 £F 38 17 A N FH T B Sk R

1.3 REiE13 R b A ALK

WARVEA R REFEERME 1.3.1 fim, B PAERR T —A07 1 8 e, & I7 [
Rt ss A R MR R . W 1.3.1 AT RAE 64 @ 15 R Gt i m L Ot R X 8L OB 4R
o gk A% SOt EL 5 #R4H AL

ETDM E/O O/E  EIDM
i * ¥* ;i
Pk 2 B sl BCN %O LR Lr
5 g3 GNH H
5 Ml 3 b4 v ) & 5 Hl 4
e 4k 3%
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Eﬁﬁ‘f“mmﬂw’ﬁﬁﬁ%ﬁﬂéE%%E@%%i&ﬁ&iﬁJME/%S((A/D)/}H& ZHE RN,
E—RWHEEFRS. GEREAFRGERENEREFES IMESHRAIRFERFES. EE
ﬁmm%ﬁ?%%%ﬁ%iﬁéﬁiﬁ%ﬁm%%,ii/l\%&ﬂn%fmﬁﬂﬁ%u, MEHBESHAID
FES . X FERF B IEER, BEIIEE S R R E R 0. 3~3. 4 kHz BB (5
S RIREIEXMELE S H R IR FE S RSB FEFESHAE—E. B/ ik E
AT 8 SR bk o 4 5 18 il (PCMD 7 =X, 35X 5 202 58 o X 45 40045 5 A7 R L 2 A0 AN 4 5
ML, —BRIESHERBREREE R 64 kbit/s M FES, RERANFEE BRI 24 &
5% 30 i PCM {55 41 & A 1. 544 Mbit/s 5% 2. 048 Mbit/s B — KB & 2 B KB FE RS,
R ACR S, X TR AL, A SRR LI B R e o 6 MHz BRI W5,
HEM ALK ENL.

2. XEEM

HEEVHIEREMABRGSERAEES HFHBEHARENEFE SRR E M TE
ALK . Stk ST G 3K 28 F R 6 8% 4, B IR B L R S HLI O . B R FTHLE
PERBIEAS b IR T 06 U5 B AR 1 o X D R B B SR R i R BT R R B K, A IR R i AR
T B FDGHR A BRI R/ I R K AR e, s AR . BRI 2 A RORTERSE
SR R (LED) Fl 2 SR B8 8 (BFREOERS) (LD, A R %4k 58 RN 3h &5
BYKL S A S B (DFB) WOk SR . A L& W B AREOLS, W R RN BHiZEAMA
(Nd: YAG) Bt %8 .

HREVIEBRFES R AEE SR CE R R/ E/O i) Z2E g B E 5%
SRR RITTSE B . B AT B H A AR 2 8 ) (SRR SR D PR R S O R . BEEHE
M BAE 5 B G 2 FARBOLE BUR L AR E M 3K 3 H I, 5 5 4 O B L (E 5 28 kT S B
o X FPOT RER T, ARAR 25 5 SE B, (B I i 3R 8 52 WO AR B S SR AR E BT RR . Sb
A R FEOR A 7= AR AR I 3, A ST A R A 2R R R BOE SR R R RS A . BATA
22 PR 25 T A B , B P AR O TR R . R A 2% R R A R AE S B0 AR RO AR
Pr 58 2R, 58 o PR 28 B S B (S S AL T S BRI A . AR AP SR R R
BRERFEARES, AR, B RERERNWESERMHETHREGERETEH. it
B VR L R b AT LR SR (B3 (MR BE IR S AE AL A L B SEBR E BRI R BB E R
R AR A E G IA R . B 08 BE A% R SR L 18 i 5 22 0 B AR R AR R A AL AN D
i 77 1) AT A % 4R T BE AR A A BRASL IO IR, 3 SR R AR ) O 8 L B LAk e i i O =X A
FHEARRG P,

3TN

LA MR L B H D RE R R B O R EML B OEE S LUR A BB/ AR (R D) fi
AR BB WAL, JFLRBE T ST LT EERAR. T BAAFLENE
R, Bk AE RS RAT B KSF. TR TEPEANEENFZBAEAHL.

TG EF LR 3% P RE B A DO AR AR DL E o X O £ A R A SR R 4 R AN 8 HILX
AL RS EERR AT RE /N, T E A R 88 47 B PR AR M A B AR . 9 40, #E R T ol A
fR L 7 VR F T #0255 1R BE Bl B, DR FFAR SRR PR AR AE .

H A 06 JER LR ZREOCE MR A, BB AF AL S R I Lt 2 BORE 4, h 4%



* 6 ¢ ARHBREEHGF 2K

WEBOCAEE, HMASEZRMAH. SRR G FARMLSR EE5KER . KE
BAAIEmARG, M/NER AEEAFERREHZEAGR S LR REETNE
. HENAFBERFRENTE, ELRIT T ZMEMARRE FFEE R OB, 3 8sh
Hb B SEBRI A .

A B AT £ A B, B 2 T R WA 0 A o L 4 R B 35 K %) 3% m 17T 987N, 7E 0. 85 pm
1.31 pm# 1. 55 um & 3 MRAEM/DMWERE O . X 3 MK E OHBFES H/NF2 dB/km,
0.4 dB/km 1 0. 2 dB/km, AENFFAWHK 1.31 ym A AT, HRBKE®TEILT
GHz « km, @ L&, AT IMEZT A K 2] 1. 55 m , 5230 FE A € 50ER 55/ 1 8 8K
7 SR , B F R THFE 1. 31 um Al 1. 55 pum 22 [8] 68, 828 A6 A K fY €6, 50T 30 i R 47 45,
RIECF LR LB RE W TAER K EBEBELE 0. 85 pm. 1. 31 pm K1. 55 pm, 5§ 7
5= 1.31 pm M1 1. 55 pum N HE) ¥,

BRI 5 1 R 516 T B SO 25 19 2 I8 K ARV Ry Sl Ak T 2% 14 ' El AR A ) T8 K i R, 0 A
X 3MERKE O . BRIELRESRMET,1.55 pm MHRFEC EF 0. 154 dB/km,
B A SO A AR R IR AR R, B AT SR B 5080 B B4R M kL. JEEF R AT 15 A SE R
HAF B AR LA F B F L EE AR R .
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ERKEBLFEGRED EKEFERM T ERERA PSS, PABELEIRKER
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G R EHRBAT G/ A/ e, IR R 2 A B R P B A TE.
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HEh TR BEFETRDERHEARANERE, FAFEFHREEKFLET M HOER. &
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