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1. YIEENESHE

YIEEN T OSIZERBNIEF=.
» EEECSFVAEHIEERIIERAE (AIBEEE) .
= YIIEEAMERSBALOLAS (bit) , BI— TSI ('0731"") &

» SCERROLCAHE IR TSR EFVIRRER, (BYIERARIERFRY)
BiRE, BrREESERIWIRGER, MEsEERAZ EhE—=R
(BUEHERE) R —MEREIRS RAMIEER,

YIEEE SR B B mEES T EN I EmER LEmEIELLS
i, A RIIE B AR ERERIR,

» YIEEMERRRIERFE N AEREARTIBEFRNESR.

n YIEERINBETROYIEEMIE (procedure),
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1. PEENEFRE

YIERIERISS . HESEREMIUEOR S5,
FTRERFEIE!
m HLRAFE

o SEMBECIFTARLERIIRIIR T, SILMBMHD). EEEREss.
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o SRR OSSR L E IR EATEE.
» DIRERRE:

o FERBRARL FHIRE — B AR EFRNTFE X
 SRREHE
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2. B EEREELR 21 HEEERGORE

— =
Bl EET S ERIRAEE,
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2. FEE(ERYEAEANIR 21 MBS

BB ERAIY D N=1787:

n RBRFE, NFRAKRER. RESD.
0 BERFE—REEM T ERD . JBR (Source) FIAIXES,
o RRIRET A2 ERIEUE.
0 RIESSBRREMNHF SR G EAE R P TIER,
o BARIRIXZER 2 IEHISE.

» ERERS, NIRAERMNE,
= BR9RSE, MAREWR, EE05.

2. HiRBEAEELR 2.1 MBS TR

HEBERGAX D A="87
m RRG, NIRAAIER. KET.
» ERERGE, MIRAERMNE,

n BRORSE, NAROEKR. B80T,

o BRERS—REEMNERD - EWESFIL S (destination)
o EWEEERKERRSIEIRTRINES, FCCHIRNEBREBEINRELIEINER.
0 BRIREMNERWEBREVEIRIRAFFR, ARIEERRL.

o ERRRI R LR AR,
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2. FEE(ERYEAEANIR 21 MBS

HIEBERSEIX D A=1807
w REG, MIRAKIER. KIET.

n ERERGE, MIRAEHMNE,

o E?i%ﬂﬁ%éﬁ%ﬁﬁ%ﬁéﬁ  ERLRERAERR S BRI RR ZBIE R

= BRORSE, MAREm, EE05,
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2. FEE(ESAEEELR 22 BREEHNABSHS

HIEBERRFHILNERAARNE:
= JEE (message) :
o iNEE. XF. B&. ST,
o BENEMEEERR.
m HUE (data)
o JEXH R RIS,
o BRXHFSEI.
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2. ZiEEESHERENRR 2.2 BAEENNABEES

HIEBERSZFI VI ERANE:
m (55 (signal) :
o SRR AR,
o LSS (analogous signal): oEEEmEEMEEREay, MV
o M(ES (digital signal): (LaERBRYS AR R, I
m 855 (code)
< SRR (W) SREERAFES, (RS
o AR, RATHRRATT 11011170
0 R
DIRE
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2. FEE(ESAEEELR 22 BREEHNABSHS

=B
 SEXERHWIENEE, —REAXERAE— 1A EEEE 2R,
CRES %TEE%‘KE’J BEEERwIBEEARIER, Fa0:

o MANHE, ERBITSKEE, SEHEEE.

o PREEREEH LR EEZINR BN,

0 TEEBIEREE ERIREEFTET=E.,

0 BB EIERBAL,

BEEBEHEEHENERNERE.,
—SBEBEEBREE —FAXEEI—FEREE
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2. FiEE (S EMELR 22 BXEERNABSES

SER
n NBENSNEEXRERIKE, JUB=MERGE:

o SBIEE (PTEE) (

REEB—HERNEE, RERSEINRE,

o WEREBE (FNTEE)

(
( (
BT HTLAEEE, ( (} o
(

WHTBERARE (BABFARERER) .

o WEFRERE (2NTEE)
BEHIS BT AR R AN SR,
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2. FEE(ESAEEELR 22 BREEHNABSHS

HEHES BIENETHES)
= REERNES.

o GBS B RS S TR T ERES.
= 8RS, EEEERKD.

HEES:
n EEHESEIHKETIE, BESITEEERE IR SIVIRLEES
ERER (BMYE—RIETE R BEIEE) .
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2. FiEE (S EMELR 22 BXEERNABSES

BHID AIRAEE:
n EEEH:
o {IEBESHRIHTER, FTtiESEBIFIIEEN,
o BHFESHIRAS—HERANHFES.
o THEIESNARETES.
o X MIFEMHEGRS (coding) .
n HEEH
o SRR (carrier) BTEHI, IEEHESHUIECERBIIKSHMIAE, Hit
HABHNES, XIEREEE B PRI SE T EH.

o S HREFERESHATERES EMNE—BRRtEREBRIEE) .
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2. FEE(ESAEEELR 22 BREEHNABSHS

e }—-{ M H1E \
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#iEEs }—-—{ TR 164 \
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2. FiEE (S EMELR 22 BREENA SRS

W ESHERRIBHI
m Y=
o ERFRE 1, REBFREO.
LR
o IERPRE 1, SBkhiE O,
= SRS
o AEHAFROROE LB O, (AR OME TR 1. BEARITRE.
» EDSHETERD:

o AE— AP ORI E B, R REERER 0, MUFRIAFREE
BT 1.
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2. FEE(ESAEEELR 22 BREEHNABSHS

YFESEBNRBAR
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2. YiEESHIERLENIN

2.2 BREEHNANBFHE

%ﬁﬁéﬂﬂﬁ‘ﬁ

L 'fI:l—'S/H

ﬁ)]ﬁﬁ%éﬁﬁ%[l%’ > EMEHS RIS ERYESIMELLATIZFIS,

lgﬁwmﬁ.

o NATHRENESKFASHEEESHR (XIREEREEN) .

SHHFRISIED EMEMSRIBEBBRZE .

2. PiEE(SAOERLENIR

2.2 BREEHNANEFHRE

ERRIHRESTE

FHXM s ERERD £.
» VI ESESHITAES (modulation),
» REARIEBEEEIAT UM
o AEAM): HRARIEBE ST E SR,
o ESR(FM) . B AR RS S S STA .
o EECPM) . BiREE BN EE ST ES TR,

R R 25 JCFAG AR B

» EHESETESBERSINENNS, EEBERNAD, MTFESEEFTTEE

FIE M ARECEBA / https:/ /internet.hactcm.edu.cn
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2. FiEE (S EMELR 22 BREENA SRS

EEFH=HMRAFIGE

BHES o[ 1]o o1 1 1 ]o o
L IRVAVAVAVAVATAVYAVAVAVAVAVARVAVATAY

| 24
2. B EEHEMEDLR 23 (EMERSE

BXE, mTiRa

SCRRAYEE
| | | | (HERZR, BRA. THMKE) ;
[ B :

BEESEE - /SR

KEKX, ARz

SRS roneen
| | | | (HERiR. B, FHAKHE) Lo
- N o W "

BB <) / S
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2. B EEREELR 23 (RS

HISLFRAVEEE A ZIEER, BAARELUEESHIERRIITEIE,
ICERRESRES, SESEWRIERET, sSRETIEKR, g
WFEARERE, ERIURISEICASEI ™ E,

PREVDTTAE(EE LAMERIRERAIREER

LREICEEE SN ESEER

= (SIRLL,
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2. B EEHEMEDLR 23 (EMERSE

BEEZSENEN TSNS

» BRNEERTREET AR EE SR BRI,
o ESRNT S BRSNS B TREILSE.

m 1924 F, FEEHFNyquisH S T EBREED,
o AHTIEREIZIERIT, AT RBMESEN, BITAEHIEEN LRE,
o FEEMEET, BTEHNEERE LR, SRS HIIDRE.

SEGEN: WBreERNREEE = 2W (Br/f)

o EREA W (Hz) IREBEEY, EAEREEEN, BTERiReEERRE 2W (37T/8).

o EMEEBETI LR, e bIFEREEA0ER, ERERXIAETAFIR (BMR%Y)
B AIRE,
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2. YiEESHIERLENIN

2.3 (FEMRFREE

(554
» IREFAET BB FREBEEET.

o BFIRAERZBIERN, SRBEBIRRA.
o IRFEEREMIRIIRBTTAF IR R EER, fl0: L 1#IH 0, 50 #H 1,

o IRFEEXBERISINEERY, MRESEERK, BARSZINASIEIR,
» (SRR ESHIFINRMIREF IR, BIctES/N, FAES N

(dB) 1ENEESRL

{SIREE(dB) = 10 logyo(S/N ) (dB)

oflgn: 2 S/N =10 iY, {SMEEL910dB, M2 S/N =1000 B, {EMEREE/930dB,
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2. PiEE(SAOERLENIR

2.3 (FEMIRIEEE

(Sdad

= FR(Shannon) BIERICAIIEICHESE T HEXREGSIHREE TRIEE

RIRPR. TZEEAIESEHIEE,
n (EERRIRERERER C BIRAN:

C = Wlog,(1+S/N) (bit/s)

Hrh:

W (S8R (H2)

S HIEERFREESHTIINE
N B(SEREPRYSHRIEREIIE
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2. B EEREELR 23 (RS

C = W log,(1+S/N) b/s -
=1ty WA IEEREEE (MHz S B .

" S FISERFFEESHTENE.
n FRAVIEICIRAA: N HISER RS ETE A T .

n%ﬁﬁ’]ﬁfﬂ%ﬁqﬂﬁ’]{;ﬂf&tbﬂiﬁ WS B AIRPREEIER TS,

o RBEEEEERRETEENRIREREEER, —ERLABEIFEIPDERE
WAEBRIE .

o HEEHE W SR S/N R LR (SAPMEETERXEFR) |, UWE
BRIRBRIE S &R C halig B LR,

» SLPMEE LREBAZINERERERZL ERIRIRERERENZ.
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2. B EEHEMEDLR 23 (EMERSE

SRS B R FIR(E
= WHMHRECEMENEE, MRERICETEEHEIES, FREBTER
IREIAR] T _ERRME,
BB NARIETHE B REERERE?
o ARSI AL B— MR B S LUSERE.

n BIHEREEERNSIVRE, flan:
o FEFHE TR R R
o feFHEELL
o (EREBNENERRIIE LS,
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HiS{ES M = 101011000110111010...... SeEEE s 1 bit/i3
BIESPRE 3 MLisHER 1 4:

101 011 000 110 111 010 ......

M1 =¢5 @3 @ Ps @7 P  —=-———- >

HLARERYEZERIEET, WRERERMEENESEMESET 3 .

SEENMERAANENAR

- HEEN:

« HBIEAR, ERNREEMSCHAREKRA, #8—1
BTETESHSIIERE.

- BERAN:

- BMIEAR, EXFEREREEL, NMERBZAER
AURISHRIAR, EBAFBESRARIS G HIERERAV AR,
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3. YR E T HRMEEIRE

EREABIR AR REERET, EEIIERERRSTEAE

Mz e Z BRIYIEEES,
ERRIR R D A :
n 5| SEUEHIFEIR:

o BBEIRISSIAERIREA (fR%EEe) &k,
n JF5 | SEUERIRA

o AT R B m=E,

o IES5 I BUERIR AP EB RAE R IR AT E .

e

[=1=]

FR{S e FARYFE LR ATSTE

f(Hz) 10° 102 104 10 108 10' 10'2 10 10" 10" 1020 1022 10

X532k V%%

BN iﬁﬁ\J |

[ |

f(Hz) 104" 105 106 107 108 10° 10 10" 10'2 10" 1014 1015 106

FeLF

WS o5
| RHHFRLS HEER
; R wmE |
;%i ;U?;f“ TobkEE  FoikEs
N e
me L
T

MF HF VHF UHF SHF EHF THF
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3. YR E T HRMEEIRE

3.1 S5|BUEmIRIS TN

WL R it & B RIS RN,
» [CARERESRSEHHE—E, RAERMNEERS (twist) i

K, FUERL T WL,

» RENBNET R ESIRESEXITEBSEAVER T,
» KEEMS, AJRIEIEERERES,

m 2 KK
o TTRMONEsE UTP,
o RN STP,

n WREAERR ZHAERBIERS, JLFFBERIRIRERNR&EZRBIE

A2
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IEE OSSN

s $he $he $he $he Whe

FRMREERHNERE

TN UTP (Unshielded Twisted Pair)

= L=,
m (IEREE,

[N STP (Shielded Twisted Pair):

» AR =
» FWE R,

/
PVCEE HERBE izt

BHEEEE
e

—
T—
T—

/
PVC EE

BESEGRE
N e

s
-
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3. ¥R E T EAYEGTRE 3.1 SRS RS

[N STP

m F/UTP (F=Foiled): FRBARMBISERZ.

m S/UTP (S=braid Screen): XX BHRNZHITHR,

» SF/UTP: HEBESERBEINEBEIN L EHREEN R,

» FTP 3% U/FTP: IEBZHIIE— IR L&A I IR E R E,
URBAXIEERBA A SIENN R E

m F/FTP: 7£ FTP Bt EXIEEBLHIN HIBERHRE.

m S/FTP: 7& FTP Ehif EXIEESBEHEIN -2 ERmEAZE0FRK,

] B 2 KA BRI M R % AIBA / https://internet.hactcm.edu.cn

3. IR E T EBNE TR 3.1 SRS RS

F/UTP
HBEERRE

N
é\‘

N

PVCEE HBERRE sty

-

EfmTFiigeNnL, U/FTP LE F/UTP §F, i F/FTP M2&E4FAY.
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=T
3. ¥R E T EAYEGTRE 3.1 SRS RS

ERRE%R%A. FEMERNA

prsre S HE HHIFR HENA

3 16 MHz | 2 3 4 5L HEHIRRTE; {EHLIAK (10 Mbit/s)

5 100 MHz | 5 3 BB TRAE E4IEREE 100 Mbit/s  (EERES 100 m)
SE(#85%) 125 MHz | 5 5 SKAEEERIEE/N &&= 1 Gbit's (EEE 100 m)

6 250 MHz | BET SREMRE, DERARERNSL EIESR 10 Gbit/s (FEE 35 ~ 55 m)

6A 500 MHz | BEET BiEtEE, FIERRRNEE E4EIE=E 10 Gbit/s (BEEI100 m)

7 600 MHz | /IfEFRRRHRAL {EIESABT 10 Gbit's, BEES 100 m

8 2000 MHz | WA7fsh FRRRIONAE, EHIER 25 Gbit/s 8 40 Gbit/s, FEEI 30 m

FTICHFZERIMEs, TRIEIENASEA. NEZNEHEEESHFESHRBEEIRRAHXER.
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Crossover Cable

3. MR TEAEIS IS TSI E T

2 Re— & Tu—
3 Txt 1 Ect
Pair 2 Pair 3 & Tx- 2 Re—
Pair 3 [Pair 1) Pair 4 Pair 2 [Pair 1) Pair 4 ST Ei&l e 11T
A A TAR RATATA R I

o |
I Il I/ |11l I\I 568A Male | 5688 Male

Straight Through Cable
RJ-45 PIN RJ-45 PIN

5684 15688 1 Tt 1 Ret
2 Tx— 2 Re-
3 Ret 3 Tet
6 Re— 6 Te—
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3. VIR E T EANEIRIEE 3.2 SRS RS

B EASMERTL. B2, MWIRBRAVINSRFRELR IR
IPEERIMNEPRAERL,
» BTNSAFRERER, BHMBREERIFINTISE, #ZRATE
IR AR,
» FHEBLSMAE Lo R AREHRIMEBAMEHEMAEL (RIWEREMHELS
FMWLSREEHEES) .
n [F4EB 4y 500 EFEHELF] 750 TriEiMEB LML,
o ETHEBH N MRVl FE S5 AE MR 4E 2L,
o EHRBAMUNBTHFER, HUREATIA 10Mbps,
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3. Y E T EANEIGIEE 3.2 S3IRASIHIYE FHRG

[RI4HERLS

WEEFER ISRFERR  B5E
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3. VIR E T EANEISIEE 3.3 SRR 4

DArCAR
n ESAFIBEAE R, UL, i
w TGRS T, et
w (R AT B SRR, I
b1l $EI0EE
] Ziﬁﬁ% .
0 BEYE, RN e FAEEEE o, BHMATRERSE

o YR RICTIRE, FSREDEGEE.
m B

o 2E)6aNEE, FAYCEBTIREMA, ERNEEERINER LB,
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|44 |
3. IR E T EBNE TR 3.3 SIBUSIRIS

T T

aE
q iy s TR (EITIERIA)
Q / T £ (B

( 8RR
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3. VIR E T EANEISIEE 3.3 SRR 4

FARTIERIE

T RER) SFFEERES)
AT S EmpI S TR ARt R 5T

_._.\}_.
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3. IR E T EBNE TR 3.3 SIBUSIRIS

ZIRICA SRR LT
n SR

o AILFAEZ SR ARENSNNEE— ST RIER.

o IS EHT PERHDRIRE, EHAE, DESTILIESER.
» SILF

o EERRNEIRE—MRIRK (JLMReK) | B —EERIEE, MiAs
FFEZIRRET,

o FERARS, ERFER.
o JCREERSRAIFSREDERE, TREERRERRA_IRE.
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3. YR E T HRMEEIRE

3.3 S5|BHEMIRA 8

SIRKFRNTIERIE

LN

K

/N

BN BIRNANT(EFRE S LH R

7 1 B 2 K AR S HIBE I B AR B2 A BA / hittps:/ /internet.hactcm.edu.cn

3. MIEE T EREEIEE

3.3 S| BSR4

BRN=TIRERIFD:

m 850 nm

m 1300 nm

m 1550 nm
FrEIX="IKEREES

= 25000~30000 GHz iym5a
n BEFSEFEKX

20
18
16
141
12r
10r
08
06
04r
02

| | | | | | |
08 0910 1.1 1213 14 15 16 1.7 1.8

0 e 2 K A B FLIBE R R AIBA / https://internet.hactem.edu.cn
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3. YR E T HRMEEIRE

3.3 S5|BHEMIRA 8

FETBIEHILR

» BESEFEK,

» ERIIRFE)\, PHRIEBK, e ERTRIET.

n USRI T ILIERELS .

» TEFTI, ®REMSEY, THWEITsEEEE,

n KRRV, BER,

YeTBEIMECEIRE 2N BAETEMNES. BEMNEIIE%SEN

LRI EF L,

EEEREEMNT, BEORBICHEAERN R,

m flEN: FC-SANBIRIZEH,
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3. MIEE T EREEIEE

3.3 S| BSR4

Y45 (optical fiber cable)
n USSR AREESERI S
o M EHERE,
o ISR,
o0 BEASERI NI HB IR,
o REIN EEHEMIMIE,

» FHALERRIARILAR, TErLiRE T Efk TAREESK,
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3. VIR E T EANEISIEE 3.3 SRR 4

4% (optical fiber cable)

m SUEENET (tfERER) RY—ETIEMMRIZLs.

n SERRHENF. M EIMEIERE T SIS,

» SEARERSET. RN, EFRYFFES LA o HEMN.
o FEEENSETE WUk RIEZ) FIERMRIPES RERIMNZ DL,
o0 SIMRIBRRELBIKE. BHE. BEZESLESIH.

n EBNIEER. R BEEERE, TRWINE,

0 P BE 2 OF A AR S BE EIR I BOR 8% FIBA / https://internet.hactcm.edu.cn

3. IR E T EBNE TR 3.3 SIBUSIRIS

KL EYTEE
N\

RZBIMAE
ERME
RZBAVE
W R
HnEE

xeF

Hikw
Fiw

Pelt/R( REFRR) g

SmmEE




BERIER2E 415/ 811215/ 2415

S
HiHE_ iR 1447/ 2881
fepist<_ 2
MM 50 62.5
S e Hm / 62.5Hm
SM < 9um
=R
el ="
=p/5hER
ol

3. MIEE T EREEIEE

ML IR B A E e RRIbsC Z (s, EISERs

R "ARSS BRI,

TEAC P EFRRTSRERRS ™ LF ~ THF (30 kHz ~ 3000 GHz)

f (Hz) 104 105 106 107 108 10° 10 10" 10%2 10'* 10" 10 107

W | ==

| ESeats MR

- - L
An A | mem xem

iBER <—|-> M

PA il

"LF ' MF ' HF VHF UHF SHF EHF THF

A b HIE R AEEABL / https://internet.hactem
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|55
3. YR E T HRMEEIRE

3.4 IES5| BUEHIRIS: TLABRIERE

S BFRE ML,

RO e ESErEE N

= 300 MHz~300 GHz (1< Tm ~ Tmm) .

m TEFA: 2 ~ 40 GHz,
ATEFEERELER,

m HERRHE: EREEZIRG, —MRIB S50km £H,
m 100m SHIRLZIE : (BIEIER B AE 100km,

] 111 BE 25 A AR B IR M BOR BB/ https://internet
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3. ¥R E T HEHRMERIRE

3.4 {ESSIBUEMIRI TERRBE

R R BRYESHILIEZIIZ M SEIRIEUR RS, NESFRRE. &F
ENEIEZ S

ZHRBIENESE

ol

IE—RREBEFERARIKE, XAHEZIZMNL,

ESM
0—0 i1 e—-90—-6—0
RIS EENEFH.

KA R B LB RO HOR #CF HIBA / https://internet



3. YR E T HRMEEIRE

3.4 IES5| BUEHIRIS: TLABRIERE

|57

=3 (BPEUFEIRER)

=y TEEATRIEIF 107 \oioaun,_ 2scam

E/\J;\ia 102 ) BPSK. it 9\\ it/s
= WFAEOERSTALIER, EREA, ooy '
IRIDEFHAE, 8 100 \

» GTEHER, BEESRRR0EN | \
PN EE ‘=.

-miﬁpﬁLﬁLrwxm&*gamw@ h \
(78, AT SEF IS 10— i
(EIRH MR AREDIL,

0 10 2]0
f&MRLL(dB)

IEEAEENRIIESER
Lb. ARG, SIERMRR

] 111 BE 25 A AR B IR M BOR BB/ hittps:

internet.hactcm.edu.cn
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3. ¥R E T HEHRMERIRE

3.4 {ESSIBUEMIRI TERRBE

IR RS RIS . RS
m kIR PRI —UhERAYE SRR B AEE T —ub,

100m FEHIRLIS AT EERBIERIEA l E/
3 10022

RLiRPEEEESEX
RYBSFEIX 18000 BRE

DE(ER

] 1 B 25 K F A AR B

LI B IABA / https:/ /interne
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3. ¥R E T EAYEGTRE 3.4 JESBIBUSIRINE TR RIS

IEBEAIRIBIE . kS
s RS
o MIRKREBSTERS, MECERE, HBEEENSERA.
o T FARBEFNHEBEENRE, MREHRERS.
o SHESSMKENSSAHRBENE, MBENBEERIES, R, ST,
n FERRSD
o HESRLZ EAREM (BEFRIIMEE LOS (Line Of Sight)) , FaeEEEY), FESEMNL,
o BRNSSEITSSEIRE,
o SERBERFZR, MEEEERIEIIREERE.
o XA E PRI ERERERZRRZNA DN,

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn

|60
3. IR E T EBNE TR 3.5 IS IRUSIBIS DR

BERELIR ER—MRE D, BT SE M kg E S
RIMBEN AR A2 BRI BRI TR .

m EERIFE
o BEER EFIHMIR: Bl MR LOEHES, BARBEESE, BES—MIR(FD)
bERRXmE,

o DEXENA: B & KEREEHTI N ARELRMLE,
o DEEHNREREBEN 1 GHz ~ 10 GHz,
s FERR
o BEREX, BEEER, BERREE.
o BIERASBEEBLX,
o ERERTIER A 7 250~300 ms Z[&,
o REHENRE,

o &N,

] 7 e BE 24 K A B FLIBE R BE R AIBA / hittps:/ /internet.hactem.edu.cn
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3. VIR E T EANEISIEE 3.5 ESSIRISHIRS DREE

SpaceX 7 2015 & 1 BIBHY LEDEEEERERS
“EBtE” (Starlink) it%l

RNEREBERS (RESEE 2000 RELUT) EFaER.
Hel, KR AFE. MNEET RECTHAETEEE, AT
TSR GER

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn

3. MEE-FEM"E%&;W 3.6 THRIAFIERIAY ISM JRE:

TELBEN . (ERTLEBRIHTEIEEN.
TR BRELNSEI &S SR AIIL,
ISM sk . RJLAEHBEA.

26 83.5 125
bt MHz MHz MHz
902 928 2.4 2.4835 5.725 5.850
MHz MHz GHz GHz GHz GHz

T R 25 F A AR B B R HOR B ATBA / hittps:/ /internet.hactem.edu.cn
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4. (S EEBEA 41 EHER. WHEENGHER

SR (multiplexing) @BEHRNPRIEARBEE.
@o el LTon
u
-
@i‘z DA G

(a) EFASIRANEE
é+m+y) ,; @
%%ﬁﬁ/ sl il \g‘
(b) EFRHE(E] e

‘ | 64 |
4. (S1I8ERIEA 4.1 FHERA. HAERENGTHHSER

s E R FDM (Frequency Division Multiplexing)

n BERE,

n BEMEED NN, BRESRE—EITTE, EREIETEREL
B S AR M.

» PAERFPERFNIIESAARAHEE (BB KR

BHiE]

0 e 2 K A B FLIBE R R AIBA / https://internet.hactem.edu.cn
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4. (S 8ESERHEA 41 FHER. HYERNGIESER

BS99 EF TDM (Time Division Multiplexing)
» (D ERNRRKITEXID A—REZFIKNITHSERM (TOM i)
o0 B— S ERNAFREE— N TDMIA S BEEFSHIRIR.
o — " BFETO AN R ERG LT (HEFETDMIKE) .
» TDM (ESHFRAZET (isochronous)(EFS.
» FiE B EERERE S BEFRITHRE.

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn

= . ,
4. (S BESERHEA 41 FHER. HAERNGTRSER

A TDM (Time Division Multiplexing)

il
R
Al

s PR

&
4

1
ABCD'ABCD

1
ABCD'ABCD

> —_—————

> —_—————
> -

% Y Y Y H_4
TDM gt * TDM g * TDM g * TDM i ' TDM g !

AHiE

] 7 e BE 24 K A B FLIBE R BE R AIBA / hittps:/ /internet.hactem.edu.cn
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4. (S 8ESERHEA 41 FHER. HYERNGIESER

s eSSl npa el

m AL N PRPSER—MIE, SULESRIAFERERX N PMRE.,
o XA HFR S ZHHE AN FDMA (Frequency Division Multiple Access),
o @R 21k,

» AL N PMAPEEA—IR, SEESRAFERERX N NI,
o XM TR AT S1EHEN TDMA (Time Division Multiple Access),
ERET VSIS

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn

= ,
4. (S BESERHEA 41 FHER. HAERNGTRSER

S g3 (multiplexer) #93F28 (demultiplexer)
| |

BXHE R
A,
- H P
g o

] 7 e BE 24 K A B FLIBE R BE R AIBA / hittps:/ /internet.hactem.edu.cn
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ﬂ-\
{E Em;i;k 4.1 FHER. BYEENRITESER

Mo ERESHEENREELS

LR Nps \Eﬁﬁ,%é}E{%LfrfﬁfLéﬁEﬁﬁ, AT ENEIERSAMR, BRXY
PECEINFEENNAR—RERTSH.

e a2l [l

@
Bb‘b . 1tkl 1 1 |
\W"W!ﬂﬁﬂgt
c T B 3 e e B By
=6 Tl
D +-— 4 MRS SR

T+ B 25 A% EHOR 52 B FE R HOR B3 ATBA / hittps:/ /internet.hactem.edu.cn

=i§§m;§* 41 FHER. BAERNGHESER

ZiTATSE R STDM (Statistic TDM)
» STOMEXTOMAIRIH, T©REISEE YRS EERFI A=
n SIDMXFRAZERHSER, TDMUFRAREIDER,

mm oA L2
8 b b 1 1 1 1
|a][ b|[b][c|[<[[d]]a] t
C ¢ 3
\\/
D 3/~ STDM i

0 7 BE 2 A R S B LI I B AR B AIBL / hit internet.hactcm.edu.cn

35



4. S5 EERAEAR 42 BHER

Ko E R WDM(Wavelength Division Multiplexing)
» RO ERAEI RN EF,
» [FR—IRY T RERMERS D HIRIES.

eI 8x2.5Gb/s=20Gb/s e

1310 nm
0 :]l 1550 nm\ /Jﬂnm.:l]L
1 1551 nm 1551 nm— 1
2 1552 nm EDFA 1552 nm——r 2
3 1553 nm| & 20Gh / 711553 nmes 3
/S

41554 nm| B —>=""Pp——P— Bl1554nm_ 4
5 1555 nm| 8% | = % 1555 nmpm— 5
=} 222 M) 120 km 1000 Ny 5
6 1556 nm 1556 NNy 6
7 -1557 nm 1557 nm- 7

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn

4. (SESREA s3muEm

1822 R CDM ( Code Division Multiplexing )
s B— AP LAEEEIORT M RIS T8 (S,
» ZRPEREIEERINENAENE, EtASIER T,
» 4705 EMA CDM (Code Division Multiplexing) (S8R5 M EIHILHIFEF
FRIE=RT, SRR Z4E COMA (Code Division Multiple Access),
o SRAPERETSHRINENTERE, RIS,
0 XMESGEENESEREOM TN, EBUERUITRIRE, TSEEALIL,
o COMARARRERTES, EERAHSE, CDMARSHINETIAIRELKRE Mg, Bt
ZIZRTRER, 5 2TRBE M.
o REACDMATRESBENESREFIRERNT RS, BOTEm, BEXBERANS
£ (BGSMRY4-5F) | BEEFVAITHES,

] 7 e BE 24 K A B FLIBE R BE R AIBA / hittps:/ /internet.hactem.edu.cn
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4,

[SESERRA

|73

4.3 BHERA

CDMA T1ERIE
o BE—PLEIELS A m M ERERR, FROBBA (chip),
= AEPIEER—E—RY m bit i8R,

o RIELAS 10 RKIXBCH m bit i3 RFA.

o RIELAS 00 RIEZAS R PR iSRG,

fUan: S %EAY 8 bit BHREFFIZE 00011011,
1 2 00011011
0 = 11100100

BEFEG: (1-1-1+1+1-1+1+1)

] 11 B 25 KA BAHOR 2B BB M BOR BB/ hittps://internet.hactcm.edu.cn

4,

sESRERA

[ ]

43 BHRERA

CDMA T{ER1E
» B A FHISCIL T 50,

» BEAEBOMIES = b bit/s, STRRAREAIHIES = mb bit/s, B
P R RS EERA m Z,
m TANEEE 2 Ak
o BiEFVI3 50 DSSS (Direct Sequence Spread Spectrum)
o BRI 40 FHSS (Frequency Hopping Spread Spectrum),

0 7 BE 2 AT AR B L B R B # B/ https:/ /internet tem

g, Pl
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4. (SEEAKRA

4.3 BHERA

CDMA BIEZEF =
» SPNUEDERIB RS SAMEE, BHRERIER (orthogonal),
m 1F3Z: @2 SH T A9 HATR (inner product) &7 0:

p— 1 g p—
SoT=a§SiTi =0
= (HA—PMBREENXE AR EE CRMSLIRERZ 1.
_i m _i m 2 _i m 2
= m;sisi = m;si = m;(il) =il
= —MEREIENNZES A REEBHIEERIMEHATRER .
SeS=-1

SIEEREA

43 BHRERA

CDMA T {E/&IE

[ sE@Ey ————t— ° i
lm’MEH'I '—|

S SEIIBB RS S "—--—--—--—’ t
SIRENOES S, (e E— o |
T ARIES T, P A

(BHREES S+ T, r“'-—u'.—T t

o [ AR S« 5, - : , t

manR s- 7, S E e o

S e RE

i

=

i BE 2 KA B AR B LI R B AR AIBA / https://internet tem
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5. (IFEMRR

BHEIEBIANS, NHiaBEIBFEIETIFERZRAERERNMIINR L,
KixTERAMosEA FOM pUEIERm S I,

AT HEBESERNBERY, TIeRIERRER2Ex LEBREMN
¥, HEIRETEAERBNDER PCM IIE=EH5 .

DUCEBEMISIEES, TR, EEASMERELSS, RItHEE—MEE
e R B B ST S5 WEEIRIE NG,

EHFHRIER, SeAHam e TR R,

|78
5. A IEWARST

n BRINERG— BN BERRSHEE:
o JLER ARG T1EE (1.544 Mbit/s) |,
o BUMAY E1 3R (2.048 Mbit/s) .
» RE2REEEH,
o FEXBERE AR,
0 BYRESHINIRE—CNRE, Lo ERMND B RFZ MR,

39



5. %ﬂ?—{?ﬁﬁgéfﬁ 5.1 SONET

NTRRBHIFIEEER RSB DM, EEEI1988HRH T — 1 #avEdE
e, IUMEE A SONET (Synchronous Optical Network)
m [GFESEAFR SONET (Synchronous Optical Network) RO ERETshERsE—
IFERBRIERE BERTH) .
» OHAERRSEN T RIS ERIEIIREERIEND
o EhnE=L 51.84 Mbit/s IERH,

SEBEESTRAE 1 RESEIEES STS-1 (Synchronous Transport Signal), XIHESRIFRAE 1
WER OC-1 (Optical Carrier),

o WEEX T M 51.84 Mbit/s (RF OC-1) EJ 9953.280 Mbit/s (BF OC-192/5T5-192)
A9bRIEE.

] 11 B 25 KA BAHOR 2B BB M BOR BB/ hittps://internet.hactcm.edu.cn

|80
5. HIFEMRR 5.2 SDH

EEE=%1 SDH (Synchronous Digital Hierarchy)

m [TU-T LASEEIAR/E SONET &, T EEMrERZEFERSI SDH
(Synchronous Digital Hierarchy),

» —fRAIAY SDH 5 SONET 2ENi8, X MrkEe—F.
» 5 SONET B9FEZEAE:

o SDH A9EANIRSER 9 155.52 Mbit/s, FRAEE 1 REILSEIBEER (Synchronous
Transfer Module), Bl STM-1, #8%7F SONET {RE4+a7 OC-3 &=,

] B2 KA BRI R R AIBA / hittps://internet.hactcm.edu.cn
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5. %ﬂ?—{ﬁﬁﬁjgéfﬁ 5.3 SDH/SONET

SONET Y OC 48 / STS £%’5 SDH K9 STM {REIXTRIK TR

v ST g ERAEEERRRERE
51.840 OC-1/STS-1 —

155.520 0OC-3/STS-3 STM-1 155 Mb/s
466.560 0OC-9/STS-9 STM-3

622.080 0OC-12/STS-12 STM-4 622 Mbl/s
933.120 0C-18/STS-18 STM-6

1244.160 0OC-24/STS-24 STM-8

2488.320 0OC-48/STS-48 STM-16 2.5 Gbls
4976.640 0OC-96/STS-96 STM-32

9953.280 0OC-192/STS-192 STM-64 10 Gb/s
39813.120 OC-768/STS-768 STM-256 40 Gb/s

T 1 B 25 A% R 5B HE R BRSO ATBA / hittps:/ /internet.hactem.edu.cn

5. ﬁﬁl?—{gﬁﬁﬁgéfﬁ 5.3 SDH/SONET

SONET / SDH FrERIE .

n EXTHOENRES, ME T 1310 nm #0 1550 nm SR,

n EVPIREE N T LA,

u 1%17% BAFIRUMIX =M X =R ERIEAEBASITE STM-1 4% F3R
57 %—.

n SR ANIARTFT— IR RN,

» SDH TRERE S FHRIRAN B 2EHATHE A S,

] 11 B 25 K2 EAHOR 2B FLBE R BRI B/ hittps:/ /internet.hactem.edu.cn




6. BIHEIEABEAR 6.1 ADSL
B AR ITES.
EERIBBEERS FCCEX:

B MTESE 25 Mbit/s, BH LITESE 3 Mbit/s,

METBRNRIEIAERE, XD 2 KK
» BETHEN.
» RN,

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn

|84
6. ﬁ%ﬁ)\}i* 6.1 ADSL

IERIFREZ A4 ADSL (Asymmetric Digital Subscriber Line) AR :
» DSL 2= (Digital Subscriber Line) OGBS, AZIEIFR,
» BEEFRAGINBRIEIEIERFEHITI0E, Fereliazmmlls.

m ADSL SARRIE 0~4kHz (Rins TS BB LSEREIAER, TR RBHEFAN
Sl Bia AR LR,

o AR RN BIEESASTHHRFITE 300~3400Hz ASBEIR, (ERFPEASLIRAT
BIIRIESIMEET 1 MHz,

= ADSL B9 ITU B9%mfE: G.992.1 (R G.dmt) .
m JENTIR:
o ™7 (M ISP BIFBF) weeim KT Ef7 (MWAERFE ISP) &5,

] 7 e BE 24 K A B FLIBE R BE R AIBA / hittps:/ /internet.hactem.edu.cn
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6. BHIEABEAR 6.1 ADSL

ADSL B PRIERIEEE SEUERIAN P 228 B RARIXE,
= AP, ESERNIRRPEA,
" FRESEINRSHUREMIRE SRR % LR EIRILEIIEX,
= g0
0 0.5 BEKEARMAFL, EEIEEA 15~2.0Mo/s RIEIEXS SAR, (BX4fEHmR
FiRSE) 6.Mb/s B, (ERIEBEMATS 3.7 RE,
o gu;%;%ﬁﬁ;jzﬁegz%@m@u 0.4 2K, BBATLE 6.1Mb/s ROfEIIEE FaLRREMELE
=

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn
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6. ﬁ%ﬁ)\}i* 6.1 ADSL

ADSL BHIfREzE
n REAEEEZEE DMT (Discrete Multi-Tone) 1EHIFAR,
s DMT IFHIFARR S ER FOM Bk,
o 18 40kHz LA E—E% 1. IMHz ISimsuE o F 2N FEE, HF25MHEBRT EHTE
B, M49NFHEERFT TIEE.
o BYNFEEGIRE 4kHz 5% (FIRIRR 43125kHz ) |, FHEBEFRENER (BIFRERIERE)
HTHFE. BETFE—XNARL LERFES/NOEFIEERS H T EXEUE,

sz ,{7%@5 trEE TIEE
0 4

20 R (kH2)

~138 ~1100

T R 25 F A AR B B R HOR B ATBA / hittps:/ /internet.hactem.edu.cn
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6. BHIEABEAR 6.1 ADSL

ADSL R9EHE=R:

» BTAPSHERFHEEEERAC (BB, &2, ZENRBAFLITIN
BEFHAE) , Eit ADSL REBERIBHRAGERF LS EER IR
SHIEIESR,

= 2 ADSL [B5hAY, AP Z@iniy ADSL B#IRiEss st lhla iR, &FE
BEBZFRTIER, URES MR ENESHERRE.

» ADSL FeEfRIEEEEHIEER,

o WTRERENBFELEETEE.
o IEE N TEIRERAE 32kb/s F 6.4Mb/s Z[dl,

o BE _H{TEIEZEE 32kb/s B 640kb/s ZiEl,

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn

HFRAF%IENSAAEE DSLAM (DSL Access Multiplexer)
ety e ENIRIEETT ATU (Access Termination Unit)
6 C {{Fi% Central Office, R {{Zi%if Remote 6.1 ADSL
. Em HiESEEE  PS (POTS Splitter) -

ADSL RYZHRY :

Z=|Sp EF ADSL F9IEAR

\/\ U SR

~— DSLAM —] EAEER

BRR

et

] 7 e BE 24 K A B FLIBE R BE R AIBA / hittps:/ /internet.hactem.edu.cn
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6. BHIEABEAR 6.1 ADSL

ADSL? (G.992.3 #1 G.992.4) , ADSL2+ (G.992.5)
» BETIRSEGINERER T EelEIER,
of3an:
ADSL2 BsRE /DN 45 TT 8Mb/s. _E47 800kb/s AUIRER,

ADSL2+ MISSTESBEM 1.IMHz J R 2 2MHz; TR 16Mb/s, SRAEHIR
ANk 25Mb/s; H4TIEERANA 800Kb/s,

n RAT LIEREFRIEMIEN SRA (Seamless Rate Adaptation), RIfEEzE+
ARETBEFATEIRBIER T, BEMEREAIER,

n ETHRERSTFNFIHMIEEINEE, XS NE=THIF/KFEFESIE
BEZAEN,

ADSL RiEgF ik, EARWEEREREALTEEREASHIRGITESHP.

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn
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6. ﬁ%ﬁ)\}i* 6.1 ADSL

xDSL RO 22
m SDSL (Single-line DSL): SIFR&=HAF%k,
m HDSL (High speed DSL): Si&¥=RF%,
= VDSL (Very high speed DSL): ESiEFHEI4,
m RADSL (Rate-Adaptive DSL):
o REEBMDSL, BADSLI—FE, o ExhET&IRRE,
» Giga DSL: BBER¥ TR %
o HERARNETF 2012 FEE5CHHIRIIHENL
o {FEARSWT TDD (Time Division Duplex)f1 OFDM R,

] 7 e BE 24 K A B FLIBE R BE R AIBA / hittps:/ /internet.hactem.edu.cn
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6. BHEIEABIA 6.2 HEC

SRS HFC (Hybrid Fiber Coax) 2TEBZEEMM CATV RIERE
FHRERTHEAN,
HFC RBRATEIX CATV 4b, IREMHERIE. FURMEME R E RS,
n IIERY CATV WE2WMAARFNEIERRHEBLNE, BREABLEARIISE
FXIEBT Bt TR aE.
n HFC RER CATV WPAIREHRB S =T o O3RN, ERBISCARAR,
n B M LImIEER ST S (fiber node) , BRY¢HBECés = ODN (Optical
Distribution Node),
» AR ES W NBES, T ERIL T 2EHABL,

] 111 B2 25 A5 AR B IR M BOR BB/ https://internet.hactem.edu.cn

6. BHEARA 6.2 HFC

e I [FI5HFEB L
\ /
o R I AR W
) 9
o I 4
5
SeeF ‘ G

] 11 B 25 K2 EAHOR 2B FLBE R BRI B/ hittps:/ /internet.hactem.edu.cn
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6. BHEIEABIA 6.2 HEC

FERY HFC RIBISTHTERI 9
T EE
7
(BE] VSRR, AN, SRS
5= (MHz)
5 65 87 1000

] 11 B 25 KA BAHOR 2B BB M BOR BB/ hittps://internet.hactcm.edu.cn

6. BHEARA 6.2 HFC

HFC &, B RESEZELRE—AFPFEOR.

BF#EOE UIB (User Interface Box) B2 =Ff&z, BI:

» (FAEMMEAOEEZINITE (set-top box), JAEHEIEEEIFEFAIERN.

» [FRANA&EEE B FIIEIE.

» (FHBGEGRESEEE BT EL.

n BEEFERERRE N HFC NMERRESRIEEERE, EI(Ett ADSL @%IEEE
RESZSZ, HEARMXIER, MeERTEEA iR,

R=/8 HFC BOERIMERREREER, BEHRT HFC 2H=F%E, FEikE

SChRERIRE RN HER.

] B2 KA BRI R R AIBA / hittps://internet.hactcm.edu.cn




BHIEANEA

6.3 FTTx

FTTx (G¢eFEl....) R—MsLilsmmEREANG =
» T x JERAEER,
m an:
o JEFEIFPFTTH(Fiber To The Home):
HA—BEFHRIBFRENEERREANREINBEAS A,
o YEAFEIARBEFTTB(Fiber To The Building):
HAHANKEEHEIRABES, AEABAINKLSEESH .
o JEAFFEIREIAFTTC(Fiber To The Curb):
HAMBEEIEONGE, NEIDEIE Bl 2R AR RIEHIRR,
o YR NXFTTZ(Fiber To The Zone):
HABNNNK, WNXEIE P ER BTN A EIERA.,

o.. .. ] 111 BE 25 A5 R B HIBE M BOR B A BL / https://inter

SHEIEAEA

6.3 FTTx

S6EC£%M ODN (Optical Distribution Network)

*mmgm
&‘fiﬁﬁ ONU R%iiE
* o@
(ki 3
[oLT] 1:N onu
FsrEmE ° -
4‘-’;@ ONU %3RaEuRE 5
FFTL “
= ,_|OLT - %o - O ONU
OLT: eemeess
Rt F¢ELR (ODN) ARiR

#E24M ODN (Optical Distribution Network): {SFXAFEHKXBAFRZIE.
ToiRRICE LM E R P TIEF ML PON (Passive Optical Network),,

] 11 B 25 KA EAROR 2B FLIBE BB AT B/ hittps:
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BHIEANEA

6.3 FTTx

Sthee ODN (Optical Distribution Network)
» XAEKSER WDM, ETHI T8RN ERYRE,
m 2 FERRITAVLIRFEMZE PON (Passive Optical Network):
o LAKRTGIES M4 EPON (Ethernet PON)
TERERE RN, R PON B9AFMEMDSTIILAKRIATEEN.
SMBLIKNIFRSESF, FTERAR, TEME, SEHE
SHAFEIRAREE GPON (Gigabit PON)

xﬁﬁLﬁﬁx]‘%E,ﬁ GEM (Generic Encapsulatlon Method), a2, BIISHL

SHRVERRER IR MRS RBMIE, SUAMEREELEPONES,
DZNIEIEN

3 e B 2 K A B B LI BB HIBA / hittps:/ /ir

nter

net.hactem.edu.cn

o ua ]
6. WHIEAEAR 63 FTTx
-
TEBA
I'\SPX461 ﬁ§fj
SR
KGFxX08 Il %51 EEAR AR
" FTTB
\!. ] FITE I
R o ( #FEXDSL)
B#NE POTS/XDSL
L
Y55 KSR IEEE PEAIE RO X SR
0DC6647
i“"i — —=
FTTC:
@& x}eiéxDS x0) l E eRRRE 5 g
PoEAE
0DCe647
P B 2 KA AR B ORI AR % AIBA / https://internet.hactcm.edu.cn
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