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2 OCHOBbI NEPEOAYUN ONCKPETHbBIX
OAHHbBIX

JTiobaga ceTeBasa TeEXHOMOrMsA AoMKHa obecnevnTb

HaQeXHYI0 U ObICTPYIO Nepegavy AUCKPETHLIX AaHHbLIX MO
NUHUAM CBA3U. M XOTAa Mexay TEXHOMOMMAMMN UMELIOTCS
bornbluMe pasnuynsa, oHn 6asnpyroTcsa Ha obLLMX anHumrax
nepenaym OUCKPETHbIX AaHHbIX, KOTOPbIE 1

/
paccMaTpuUBalOTCS HUKE. -

2.1 JInHnn cessu = 4
JInHna cBA3N cocTonT B 00LLEM cryvae 13 rsnyecKon 7

cpenbl, N0 KOTOPOW NepenarTcd UHPOPMaLMOHHLIE /a
curHarnbl, annapaTypbl nepegaym gaHHbIX U Y/
npomMexyTtodHou annapatypbl. CUHOHUMOM TEPMUHA JSTIUHUS
cesasu (line) aBnaetca TepMuH KaHars cesa3u (channel),



CocTaB IMHUN CBA3MU

O usmnyeckad cpega nepefayvn AaHHbIX

AnnapaTtypa K apyrum ysnam cetwu
nepeaauu
AaHHbIX |
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Tnnbl IMHUA CBA3U b 4

@usuyeckasi cpeda nepedadyu 0aHHbIX (medium) MOXeT
npeacrtaensaTe cobon kabenb (Habop NnpoBoAoB),
M3ONALMOHHBIX U 3aLLMTHBLIX 06004eK 1 CoeaUHUTENbHBIX
pa3beMoB, a TaKkKe 3eMHYI0 aTMocdepy U KoCMUYecKoe
NPOCTPaHCTBO, Yepe3 KOTOpble pacrnpoCTpaHATCS g
3rIeKTPOMarHUTHbIE BOSHbI.
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B 3aBMCMMOCTUM OT TUNa cpeabl nepegavn AaHHbIX NUHUN
CBA3UW pa3gensaTca Ha:

* MPOBOAHbIE (BO3A4YLUHbIE);
* KabenbHble (MeaHbIe N BONTOKOHHO-OMTUYECKUE);
* pagmMokaHanbl Ha3eMHOU U CMYTHUKOBOW CBA3MN.

[lpogo0HbIe (8030yWIHbIE) NUHUU C853U - MpoBoAa 6es -
KaKnx-nmmdo 1U30nnpyoLLmnX Unm aKpaHUpYoLLMX ONSIETOK, E
NPOJIOXKEHHbIE MEXAY CTONdamMm N BUCALLIME B BO3OYXeE. &

KabernbHbie nuHUU NpeacTaBnstoT cOOOM CROXKHYIO /
KOHCTpYKLM0. Kabernb cocTonT 13 NnpoBOOHUKOB, /
3aKIMOYEHHbIX B HECKOMNbKO CINOEB U30S1SALINN:
9NEeKTPUYECKON, SNIEKTPOMArHMTHOU, MEXaHUYECKOWU, a
TakXe, BO3MOXHO, KIMMMaTU4YEeCKOW.

/
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B KOMMNbIOTEPHbIX CETAX NPUMEHSIOTCA TPU OCHOBHbIX TUNA
kabens: kKabenn Ha OCHOBE CKPYYEHHbIX Nap MeaHbIX
NPOBOOB, KOAKCUanbHble Kabenu ¢ MEOHOW XXUMNOW, a
TakKe BONTOKOHHO-ONTUYecKmne kabenm.

PaouokaHarsibl Ha3eMHOU U CrymHUKO80U C853U
oOpa3ylTcs C NOMOLLLIO NepedaTynka 1 NpUeMHUKa
paanoBonH. CylecTByeT 00sbLLIOE KONMYECTBO Pa3fnyHbIX
TUMNOB paJuoKaHarnoB, OTANYaILLUUXCH Kak UCMONb3yeMbIM

e

/

4YaCTOTHbIM ANana3oHOM, Tak U JanbHOCTbIO KaHana. &

B ceTaAx npumeHsaoTCca Bce TUMbl U3NYEcKux cpen /
nepegadn AaHHbIX, HO Hanboree NepcnekTUBHbIMKU
ABMAITCA BOJTOKOHHO-ONTMYECKMe. Ha HuUx cerogHs /
CTPOSATCA Kak MarucTpanu KpyrnHbix TEppPUTOpnanbHbIX /

CeTen, Tak N BbICOKOCKOPOCTHbIE NIMHNK CBA3N noKanbHbIX
ceTeun.



[TonynapHon cpenoun ABNAETCA Takke BUTasa napa, Kotopas
Xapaktepusyerca OTNNYHbLIM COOTHOLLEHUEM KadecTBa K
CTOMMOCTMU, a TaKKe NPOCTOTON MOHTaxXa.

CnyTHUKOBbIE KaHanbl U pagMoCBsA3b UCMONb3YOTCS Yallle
BCEro B TeX crny4vasx, korga kabenbHble CBSA3U NPUMEHUTb
Henb3ss — Hanpumep, NpPu NPOXoXAeHUN KaHana 4Yepes

MarlOHaCesieHHYI0 MECTHOCTb UMK Xe Ans CBA3U C -
MOOWUNbHLIM NONb30BAaTENEM CETM. .
Annapamypa nepedaqu 0aHHbIx (Al wnin DCE — Data &
Circuit terminating Equipment) HenocpeaCTBEHHO /
CBA3bIBAET KOMIMbIOTEPLI NI JTOKalbHbIE CETU /

nonb3oBaTens C NIMHNEN CBA3N U ABNAETCA, TakuMm obpasom, /
norpaHn4yHbiM obopyagoBaHmeM. Npumepamu DCE aBnatoTca
MoaeMbl, TepMuUHanbHble aganTtepbl ceten ISDN, Y/
onTUYeCKMe ModeMbl, YCTPOUCTBA NOAKMIOYEHNS K

LMAPPOBLIM KaHanam. )



AnnapaTypa nonb3oBartens NMMHUKU CBA3W, BblpabaTbiBatoLLlas
OaHHble N4 nepenayu rno fMHUK CBA3M U NogKroyaemas
HeNoCpeacTBEHHO K annaparype rnepeaadv gaHHbIX,
0006LLEHHO HOCUT Ha3BaHUE OKOHeYHoe obopydosaHue
OaHHbIx (OOL wnu DTE — Data Terminal Equipment).
[Tpnmepom DTE mMoryT cny>Xntb KOMMNbOTEPLI UMK
MapLLUpYTU3aTopbl TOKasbHbIX CETEN. -

Z

PasgeneHune obopyngoBaHusa Ha knaccel DCE n DTE B = Y

JTOKallbHbIX CETAX ABJIMAETCA JOCTATOYHO YCJTIOBHbLIM. 1

7

[MpomexyTouHas annapaTtypa UCMOonb3yeTca Ha NMUHUAX C/Bﬂ/svl
6onbLUIOW NPOTSHXKEHHOCTU. PellaeT ABe OCHOBHbIE 3a4a4u:

* yrnyJLleHune Ka4yecTtsa curHana, /

» co3aaHne NOCTOSIHHOTO COCTABHOIO KaHarna CBA3n Mexay
OBYMS1 aDOHEHTaMN CETM. /



B 3aBMCMMOCTM OT T1Na NPOMEXYTOYHOW annapaTypkl Bce
NUHUKN CBA3WN OENATCA Ha aHal/io2o8kle U Uugpossie.

B aHanozoebix nuHUSAX NPOMeEXyTo4YHaa annapartypa
npeaHasHayYeHa ansg ycuneHms aHanoroBbiX CUrHarnoB, 1o

eCTb CUrHanoB, KOTOPble MMEIT HeENPEPbIBHLIN AMnana3oH
3HayeHnn. Takme NMHUN CBA3N TPAAULMOHHO

NMPUMEHANUCH B TENeMOHHbIX ceTax anga casasu ATC Mew
cobown. .

[1ns co3gaHns BbICOKOCKOPOCTHbLIX KaHanoB, KOTOpbIe -
MYNBTUMNEKCUPYIOT HECKONBKO HU3KOCKOPOCTHbIX /
aHanoroBbIX aBOHEHTCKUX KAaHAMOB, NPY aHANOrOBOM «
noaxode 06bIYHO MCMONb3yeTCA TEXHNKA YaCTOTHORO

MyneTunnekcnposaHusa (Frequency Division Multlplexmg,
FDM).

4
/



B yugbpoekix nuHUsx cBA3N nNepefaBaeMble CUrHasbl UMEKT
KOHEYHOE Ynucro coctossHMn. Kak npaBuno, arieMeHTapHbIN
CUrHars, TO eCTb cuUrHarn, nepegaBaemMbli 3a OOUH TaKT

paboTbl NepegaroLlen annapaTtypbl, UMEeT 2 unu 3

COCTOSIHUA, KOTOpble NepenarTCca B JIMHUAX CBA3Y

nMmnynbcamMmu nNPAMoyrosisHom qOpPMbiI.

B aTnx KaHanax ucnosb3yeTca NpoMeXXyTodHas -
annapaTtypa, kotopasa yny4waetr opMy UMMNYyfNbLCOB U -
obecne4vnBaeT UX PECUHXPOHM3ALIMIO, TO ECThb .
BOCCTaHaBnMBaeT nepuoa nx criegoBaHmda. JTa annaparypa
(MynbTMNNEKCOopPbl, AeMYNLTUMNNEKCOPHI, KOMMyTaTOpr) 4
paboTaeT No NPMHLUUNY BPEMEHHOIO MyJ'Ile/II'IJ'IeKCI/IpOBaHI/IFI /
kaHanos (Time Division Multiplexing, TDM), koraa kaxagomy
HMW3KOCKOPOCTHOMY KaHany BblAensaeTca onpegeneHHas -
Oons BpemMeHn (Taum-CroT Unu KBaHT) BbICOKOCKOPOCTHOIO

KaHarlla.
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XapakmepucmuKu JIUHUU cesi3u

K OCHOBHbIM XapakTepucTuUKam fIMHUA CBA3U OTHOCSTCS:
* aMMINTYOHO-YacTOTHasA XapakTEPUCTUKA;

nosioca nNporyckaHus;
3aTyxaHue,;

NOMEXOYCTOUYNBOCTD;

NnepeKkpecTHbIE HABOOKU Ha BIIMXXHEM KOHLE JIMHUW; g
NPonyckHast CoCOOHOCTb; , /
« IOCTOBEPHOCTb Nepegavn gaHHbIX; y
* yOoernbHasi CTOMMOCTb. 4

[1na onpeneneHna xapakTepucTmk IMHUX CBA3M YacTo -
MCMONb3YIT aHanNn3 ee peakunn Ha HEKOTOPLIE 3TANMOHHbIE  /
BO3aencTeud. Halle Bcero B Ka4ecTBe 3TarnoHHbIX /a
CUrHanoB Anga nccneagoBaHus peakumn NMHUA CBA3U Yy
MCMONb3YITCA CUHYyconganbHbIe CUTHAnNbI PasnmUYHbIX
4acToT.

J



ckaxeHune nepegaroLmm KaHarioMm CUHycouabl Kakon-nmobo
4acTOTbl NPUBOAUT B KOHEYHOM CHETE K UCKAXKEHUIO
nepegaBaemMoro curHana nodon opmbl, 0COBEHHO ecrnu
CUHYyCcOUAbl Pa3nnUYHbIX YaCTOT UCKaXXakTCHA HEOAUHAKOBO.
Ecnu 3TO0 aHanoroBbIW cuUrHanm, nepegarLinn peys, To

N3MEHSAETCA TEMODP rosoca. -

[pn nepegaye MMNyNbCHbIX CUTHANOB, XapakTepPHbIX ,EI,J'IFI/
KOMIMbIOTEPHbBIX CETEN, UCKAXXAIOTCH HN3KOYACTOTHbIE U
BbICOKOYACTOTHbIE rAPMOHUKW, B pe3yribtate POHTHI 7
MMMyIbCOB TEPSIIOT CBOIO MPAMOYronbHYio hopmy. 4
BcnencrtBue 3TOro Ha NPMEMHOM KOHLIE NMNHUX CUTHanMbI
MOTYT MNJIOXO pacrno3HaBaTbCA.

INTuHNA cBA3M NCKaXKaeT nepeaaBaeMble CUrHanbl U3-3a Toro,

/

Y.

4yTO ee hM3nYecKne napameTpbl OTNINYAIOTCA OT UaearnbHbIX.

J



ckakeHune UMMYJbCOB B J1N

HMI'I'_'."J'II:EI:I Ha BEX0AE
& NHHHWH CEAZH
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My necel HA

Eblx0de NMHAK CEAZH
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Kpome nckaxxeHun curHanoB, BHOCUMbIX BHYTPEHHUMN
donsnvyecknmMn napameTpamMmu MHUN CBA3U, CYLLIECTBYIOT U
BHELLUHME NMOMEXU, KOTOPbLIE BHOCAT CBOU BKNaj B
NckaxxeHme oopmMbl CUTHaANIOB Ha BbIXOAE NMUHUMN.

TV NoMexn co3gatoT pasnnyHble 3NEKTPUYECKUE
[BUraTenu, arnekTpoHHbIE YCTPOUCTBA, aTMOCHEpPHbIE -

ABNEHNA N T. A. Pl -
HecMoTps Ha 3almTHbIE Mepbl, NpeanpuHMMaemble 5
pa3paboTymkammn Kkabenen n ycunuTenbHo- / 4
KOMMYTUPYIOLLLEN annapaTypbl, NOMHOCTLIO o
KOMMNEeHCUpPoBaTb BNUAHNE BHELLHUX MOMEX HE YAaeTCs. 7

[ToaTOMY curHanbl Ha BbIXOAE NUHUN CBA3U 0ObIMHO UMEIDT /
CINOXHY pOopMY, MO KOTOPOU UHOrAa TPYAHO MOHATL, Kakas
OVCKpeTHas nHdopmauma Obina nogaHa Ha BXod JUHUNK.

J



AMNNNTYOHO-4YaCcTOTHasA XapaKTepucTuka, nonoca
nponyckaHuA n 3atyxaHue

CTeneHb UCKaXXeHNS CUHYCcoUaarbHbIX CUTHANOB JIMHUAMM
CBS131 OLlEHNBAETCS C MOMOLLIbIO TAKUX XapaKTEePUCTUK, KaK
aMNNUTYQHO-YacTOTHAA XapaKkTepucTuka, nonoca

NPOMycKaHWsA 1 3aTyxaHve Ha onpeferieHHon yactore. -~

AmMnnumyodHo-4yacmomHasi xapakmepucmuka (A4X)

NOKa3bIBAET, KakK 3aTyXxaeT aMmnnuTtyda cuHycouabl Ha i
BbIXO4€E NUHNKU CBA3U NO CPaBHEHMUIO C aMNNUTYOO0U Ha e/e/
BXOZ€e Ansi BCEX BO3MOXHbIX YaCcTOT nepeaaBaemoro .
curHana. Bmecto amnnutygbl B 3TON XapakTepUCTUKE 7
4acTO UCMOSb3YIOT TaKKe Takou NapameTp curHana, kak /-

ero MOLLHOCTb. /



Amnn NTYOHO-4YaCTOTHaA X

A CITHOLEHKWE dMONHTY OBl HA
Eblx04E E dMINWTYAE HA BExOOE

¥
HactoTa, [y

Monoca NPONYCEAHWA

»




HecmoTpa Ha NONHOTY MHdopMaumun, nNnpeaocTaBideMoun
aMnNTyQHO-4YaCTOTHOWU XapaKTePUCTUKON O NIMHUU CBSA3M,
€€ 1CNonb30BaHMe OCIOXHAETCA TEM OOCTOATENBCTBOM,
YTO MOSIy4YUTb €e BECbMa TPYAHO.

[To3TOMY Ha NpakTuke BMEeCTO aMNNTy4HO-4aCTOTHOU
XapaKTEPUCTUKN NPUMEHSAIOTCA Apyriue, YNpoLleHHbIe -
XapaKTepUCTUKN — 10/10ca MPOMyCKaHUs U 3amyxaHue. /

[lonoca nponyckaHus (bandwidth) — 310 HeNpPEpPbIBHbLIN o
OnanasoH 4acToT, Ans KOTOPOro OTHOLEHNE aMnnnTyAbl -
BbIXOQHOIO CUrHasia K BXogHOMY MpeBLILLAET HEKOTOPLIN
3apaHee 3agaHHbIn npegen, oobivHOo 0,5. /

[Tonoca nponyckaHua onpeaendeTr AuanasoH YacTtoT /
CUHycomaanbHOro CUrHana, npu KoTopbixX STOT CUrHarn /
nepenaeTcs no fiMHUK cBA3N 6e3 3Ha4YUTENbHbIX
NCKaXXEeHUMN. )

y



3amyxaHue (attenuation) onpegenserca Kak
OTHOCUTESIbHOE YMEHbLUEHME aMNNUTYAbl UK MOLLIHOCTU
curHana npu nepegade no fiMHAK curHana onpeaeneHHou
4acCTOThl.

3aTyxaHue npeacraBnsgeT cobom ogHy TOYKY U3
amnnuTyQHO-4aCTOTHOW XapakTepUCTUKN MUHUN. HacTo npu
aKcnnyartaumm nMHMK 3apaHee U3BeCcTHa OCHOBHas YacToTa
nepegaBaemoro curHana, To ectb Ta H4acToTa, rapMoHuka <
KOTOPOW MMEET HandONbLUYIO aMnNTyay U MOLLHOCTb. 4
[MoaTOMy JOCTATOYHO 3HaTb 3aTyxaHWe Ha 3To YyacTtoTe, ~

>
YTOOBLI NPNONMN3NTESNIBHO OLIEHUTb UCKaXXEHUS y,
nepegaBaeMbiX Mo JIMHUN CUTHAnOB. Yy,
3aTyxaHue 00bl4YHO M3mepsieTcs B Aeumbenax (4b, decibel
— dB), BbluncnsieTca no gpopmyne: Y
A=10-1g—2= |

P
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MoLlHoCTb BbixogHOro curHana kabens P 0es
NPOMEXYTOYHbIX YCUNUTENEWN BCerga MeHbLUE, YeM
MOLLIHOCTb BXOAHOrO curHana P_ , N03Tomy 3atyxaHue
Kabens Bcerga aABnaeTca oTpuuatenbHON BENMYNHOMN.

AMNANTYOHO-4YaCcTOTHasA XxapakTepuctuka, noroca

NponycKaHus 1 3aTyxaHue ABNATCA YHUBepcanbHbiMKU .~
XapaKkTepucTUKaMu, U Ux 3HaHue No3BOMSIET caenatb y
BbIBOZ, O TOM, KaK Yepes NMHUI0 CBA3W ByayT nepegasaTbCs

curHanbl nodon opmsbl. 4

[Torioca nponyckaHua 3aBUCUT OT TUMNa JNIMHUA U ee - 3
NPOTSXKEHHOCTU. Ha cneayolwem cnange rnokasaHol /
NONoChl NPOMNYCKaHUSA NUHUIA CBA3W Pa3nUYHbIX TUNOB, @ ./
Takke Hanboree 4acTo UCNOSNb3yEMbIE B TEXHUKE CBA3N
4YaCTOTHbIE AnanasoHbl. .



YacToTa

100 000 Tly-

10000 Tly
1000 Tly
100 Tly
10 Tly
1 Tly
100 Iry
10 Ty
1T7ry
100 MTy
10 MTy
1 MTy
100 kly
10 kly
1000 Iy

100 Ty

=~

10 Ty

4

Bugnmbli ceeT

—Bnrannapa

YneTpagnoneToBble NYYM

BONOKOHHO-ONTUYECKNA Kabenek

KoakcnaneHbl W kabene

FM pagno

AM paguo



MponyckHas cnoCOOHOCTb JIMHUN

[lponyckHas criocobHocmb (throughput) nnH

XapakTepnsyeTr MmakCcMmMmarnbHO BO3MOXHYH CKOPOCTb

nepenayn gaHHbIX Mo NuHUKM cBa3un. [ponyckHas

CNoCOBHOCTb U3MepseTcsa B butax B cekyHay — buT/c, a

TakKe B MPOM3BOAHbIX eANHMLAX, TaKNX Kak KUnobur B -
cekyHay (Kbut/c), merabut B cekyHay (Mowut/c), rurabut B -
cekyHay (Fout/c) u 1. A. : /

Takne eanHMUbl UIBMEPEHMUS, KaK KUITODUT, Meradbut nnu /
rmrabuT, B ceTeBblX TEXHOIOMMAX CTPOro COOTBETCTBYIOT - 2
cteneHam 10, (To ectb knnodut-ato 1000 out, a merabut-

a10 1 000 000 6UT), Kak 3TO NPUHATO BO BCEX OTPACASAX 7
HaYKN N TEXHUKN. /a

[MponyckHas cnocobHOCTb NUHUN CBSA3U 3aBUCUT HE TOMbKO
OT ee XxapaKTepPUCTUK, TaKMX Kak aMnNUTyaHO-4acToTHas -
XapaKTepucTrKa, HO 1 OT CneKkTpa nepegaBaeMbIx
CUrHanos.

J



Ecnn 3HauYuMble rapMOHUKK curHana (To ecTb Te

rapMOHUKN, aMNNUTYAbl KOTOPbIX BHOCAT OCHOBHOW BKNaA B
PE3YNbLTUPYIOLLMIA CUrHAN) nonagatoT B NOMNOCy

NMPOMNyCKaHUs NMUHUK, TO TaKOW curHan OyaeT XOpoLLUo
nepenaBaTbCs JaHHOW NIMHUEN CBA3WN U MPUEMHUK CMOXKET
NpPaBuUNbHO pacno3HaTb MHAOPMALMIO, OTNPABIEHHYIO MO

Z

JNTIMHNK nepenartTynkom. /

Ecnu e 3Ha4MMble rapMOHUKU BbIXOOAT 3a rpaHuLbI 2
NonoChbl MPOMNYCKaHUA NIMHUX CBA3W, TO CUrHan oyger A&
3Ha4YUTENBHO NCKaXaTbCs, MNPUEMHUK ByaeT owmbaTbes

Npu pacno3HaBaHUU UHAOPMAaLMK, a 3HAYUT, HpopMaLUS

He CMOXET nepegaBaTbCAa C 3agaHHON MPOMNYCKHOU /
CMOCODOHOCTLIO. /

: /
Bbibop criocoba npeacraBneHns AUCKPETHOU MHOPMaLIUK
B BUJ€E CMrHanoB, NoaBaeMbIX Ha JIMHUIO CBA3M,
Ha3blBaeTCA hU3UYECKUM UNW JTUHEUHBIM KOOUpPOBaHUEM.

= 21



OT BbIOpaHHOro criocoba KoanpoBaHUSA 3aBUCUT CNEKTP
CUrHanoB U, COOTBETCTBEHHO, NPOMYCKHas CroCOBbHOCTb
nuHUK. na ogHoro crnocoba KognpoBaHUA NIMHUSA MOXET

obrnagaTtb 0gHOU NPOMNYCKHOM COCOOHOCTLIO, a Ang

ApYyroro — Apyrow.

Hanpumep, BuTas napa kateropum 3 MOXET nepegaBartb -
OaHHble C nponyckHom crnocobHocTeio 10 MouT/c npwu -
cnocobe kogmpoBaHusi ctaHgapTa dU3NYECKOro YPOBHS 2
10Base-T un 33 M6uTt/c npu cnocobe KoguposaHus -

ctaHpapta 100Base-T4. /

BObLIMHCTBO CNOCOBOB KOAMPOBAHMS UCMOMb3YIOT
N3MEHEHNe Kakoro-nmbo napamerpa Nepmoagnyeckoro
cuUrHana — 4acTtoTbl, amnanTyabl U dasbl cUHycouabl nm |
K€ 3HaK noTeHuuana nocnesoBaTenbHOCTY UMIYSBCOB.

4
/



[epuognyeckuin curHan, napameTpbl KOTOPOro
N3MEHSIOTCH, Ha3bIBAKOT HECYWUM CU2HaIOM UNn Hecyuweu
yacmomou, ecrniu B Ka4yeCcTBe TaKoro curHana
NCMOnb3yeTca CUHYyconaa.

Ecnn curHan nameHseTcs Tak, YTo MOXHO pasnuunTb

TONbKO [Ba ero COCToAHUSA, TO Ntoboe ero NsMeHeHne ~
Oynet cCOOTBETCTBOBATbL HAMMEHbLLUEW eanHULE ~
MHpopmaunm — outy. Ecrnn xxe curHan MoXeT UMETb /
boriee AByX pasnnynMMbIX COCTOSAHUN, TO NOD0E ero /
N3MeHeHne byaeT HECTU HECKOSBLKO OUT MHdopMaLUun.

KonnyectBo n3aMeHeHUN MHAPOPMaLIMOHHOIO napameTﬁa
HecyLLero nepnogmnyeckoro curHana B CeKyHay n3MepsieTcs 4
B boaax (baud). lNepunog BpemeHn mexay coceaHnumMu /
N3MEHEHUAMMN NHPOPMALIMOHHOIO CUrHana HasblBaeTcs

TakTOM paboTbl nepenaryumka. :



Ha nponyckHyto cnocobHOCTb NIMHUM OKa3biBaET BAUAHUE
He TONbKO PU3n4eckoe, HO 1 NIOrMYecKoe KoAUpPOBaHUE.

Jlornyeckoe KogmpoBaHMe BbINOMHAETCA A0 PU3NYECKOro
KOOMPOBaHNSA U NogpasyMeBaEeT 3aMeHY OUT NCXOOHOU
NHopMaL MM HOBOW NocrneaoBaTeNbHOCTLIO OUT, HECYLLEN
TY )K€ nH(popmaumio, HoO obnagatowien, KpomMe 3Toro,
OOMONHUTENBbHLIMW CBOUCTBAMU, HAanpumep BO3MO>I<HOCTPIO
Onsi NpUEMHON CTOPOHBI o6Hapy>|<|/|BaTb OLLUNOKM B

NPUHATLIX OaHHbIX. /

ConpoBoxaeHne kaxaoro banta McxogHon NHopmaLnu £
OOHMM DUTOM YETHOCTU — 3TO NPUMEP OYEHb YacTo

npUMeHsIEMOro crnocoba NormM4yeckoro KogupoBaHUS Npu 7
nepenadye AaHHbIX C MOMOLLbIO MOAEMOB. 7

[pyrum npumepom Norm4eckoro KogupoBaHUA MOXET Y/
CINY>XUTb lWndpaumna gaHHbIX, obecrnevnBarouias nx )
KOH(pMOeHUManbLHOCTb Npu nepenayvye Yepes
oOLEeCTBEHHbIE KaHarlbl CBA3MN.



[Tpn normyeckom KoaAMpoBaHUN Yallle BCEro MCXoaHas
nocriegoBaTenbHOCTb OUT 3ameHsieTca bonee ANMUHHON
nocriegoBaTefibHOCTbLIO, MO3TOMY MPOMNYCKHasA CNOCOOHOCTb
KaHaria no OTHOLUEHMIO K NONe3Hon MHopmMaLun Npyu 3ToMm
YMEHbLLAETCH.

[TomexoycTon4mMBOCTb U OCTOBEPHOCTDL

[TomexoycTon4nBOCTL Onpeaenser ee cnocobHocT -~ ~
YMeHbLUaTb YPOBEHb NOMEX, CO34aBaeMbIX BO BHELLUHEN ~
cpene, Ha BHYTPEHHUX NPOBOAHMKAX. &
[TOMEexoyCTOMYMBOCTb 3aBUCUT OT TUMA NCMOSIb3YEMOU /
cmsnyeckon cpeabl, a Takke OT SKPAHUPYIOLLIUX U 4

noaaBnAaAroLLMX NOMEXN CPEACTB caMou NUMHUN. HanmeHee
MOMEXOYCTONYMBLIMU ABMASAIOTCA PaAUOSIMHNN, XOPOLLEN
YCTOMYNBOCTLIO 00nagatoT KabernbHbIE IMHUU U OTANYHON 4
— BOJIOKOHHO-ONTUYECKMNE NUHUN. /

OObIYHO ANst YMEHbLLUEHUS NOMEX, NOABNSAOLLNXCS U3-3a
BHELLUHNX 9NEKTPOMAarHUTHbIX NONen, NpoBOAHUKN
9KPaHUPYHOT /UM CKPYYMBALIOT.



LlocmoesepHocmb rnepedadyu OaHHbIX XapaKTepuayet
BEPOSITHOCTb UCKaXXeHUA AN KaXKAoro nepegaBaemMoro
6buTta gaHHbIX. IHOrga STOT e NoKasaTernb Ha3bIiBatoT
UHm?cheHOCITIbe bumoessbix owubok (Bit Error Rate,
BER).

BenunynHa BER ang kaHanoB cBa3n 6e3 AononHUTENbHbIX
CpeacTB 3alluThl OT OLWMBOOK (Hanpumep, -
CaMOKOPPEKTUPYIOLLIMXCS KOOQOB U NPOTOKOSIOB C -
NOBTOPHOW Nepegavyen UCKaXXeHHbIX KadpoB) COCTaBIIAET, v
KaK r|p9a|3|/|no,10'4- 10°, B ONTOBOMNOKOHHbIX IMHUAX CBA3U
—107. /
3Ha4YeHne JOCTOBEPHOCTU Nepeaaym gaHHbIX, Hanpvuvl/ep/, B

10 roBopuT 0 TOM, 4YTO B cpegHem u3 10 000 GuT

NCKaxkaeTca 3Ha4YyeHue oaHoro oura. /

ckaxkeHns OUT NponcxoasaT Kak n3-3a Hanm4ms nomex Ha /
NMMHUN, TaK N NO NPUYMHE UCKaXKEHUIN (POPMbI CUrHana
OrpaHNYeHHOW NMOoriocor NPONYCKaHUSA NNHUMN. /



BornokoHHO-onTU4YecKkue Kabenwu

BonokoHHO-onTu4eckne kabenu coctosaT 13 LieHTpPanbHOro
NpoBOAHMKA cBeTa (cepaueBUHbl) — CTEKIAHHOIO BOSTOKHA,
OKPY>KEHHOro ApYyrnmM CrioemM ctekna — 0b0si04KoN,
obnapgatoLlen MeHbLLUMM NoKasaTenem nNperioMneHns, Yem
cepaueBuHa. PacnpoctpaHsasck no cepaueBuHe, ny4du

CBETa He BbIXOAAT 3a ee npeaernsl, oTpaxasch OT -
NOKPbLIBAIOLLEro crosi 060M04KN. ’ .
B 3aBvcMMOCTM OT pacnpeneneHus nokasarens .
NPenoMMeHUs 1 OT BENWUYMHLI AUameTpa cepaedHuka
pa3nnMyaloT: Y

* MHOrOMOJOBOE BOJTOKHO CO CTYNEeHYaTbiM U3MEHEHNEM %
nokasartens NPernoMmeHus:; 7
« MHOFOMOZOBOE BOSTOKHO C MMaBHbLIM U3MEHEHMEM 4
nokasaTens NpenoMreHus; /

* O[IHOMOZIOBOE BOOKHO. ,



Tunbl ONTUYECKOro Kkabensa
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[ToHATME «MOoga» OMNUCLIBAET PEXUM pacrnpoCcTpaHeHUs

CBETOBLIX ITy4YEW BO BHYTPEHHEM cepaeyHuKe kabens. B
oO0HomoOoeom Kaberne (Single Mode Fiber, SMF)

MCMOSb3yeTCs LeHTpasribHbI NPOBOAHMK OYEHb Manoro
anameTtpa, CoM3Mepmumoro ¢ AJIMHOW BOSMHbI CBETAa — OT O A0

10 MKM. [1pn 3TOM NpakTUYECKU BCE ny4u ceeTa
PacnpoCTPaHAKTCA BAOSb ONTUYECKOWU OCU CBETOBOAA, He i
OoTpa)asdCb OT BHELLUHEro NpPoBOAHMKA. /

Z

[lonoca nponyckaHns o4HOMOAOBOro kabens o4YeHb LImMpoKas
— [10 COTEH rurarepL, Ha KUromeTp.

N3rotoBneHne TOHKUX KayeCTBEHHbIX BOJIOKOH AN Py 4
0QHOMOOBOro Kabensa npeacTaBhiseT CNOoXHbIN 7
TEXHOMOrMYECKUi NPOLIECC, YTO AenaeT OQHOMOAOBLIN Kabenb
AocTtaTto4Ho goporum. Kpome Toro, B BOSIOKHO Takoro Y

ManeHbKOro gnamMmeTpa JOCTaTOYHO CNOXHO HanpaBUTb MyYOK
cBeTa, He NoTepsiB NPU 3TOM 3HAYUTENBHYIO YacTb €ro
SHEeprum. .



B mHo2omoO0o8six kabernsax (Multi Mode Fiber, MMF)
NCNONb3yTCA Donee WnMpokne BHYTPEHHUE CEPLAEYHUKMN,
KOTOpbIE Nerye U3rotToBuUTb TEXHOSOrMYeckn. B ctaHgapTax
onpeaeneHbl ABa Hanboree ynoTpebunTenbHbIX
MHOromMmoaoBbIX Kabensa: 62,5/125 mkm 1 50/125 Mkm, roe 62,5
MKM nnn 50 MKM — 3TO AMaMeTp LieHTPalibHOro I'IpOBOLI,HI/IKa
a 125 MKM — OnamMeTp BHELUHENo NpoBOoAHUKA. -

B MHOromogoBbix kKabensix BO BHYTPEHHEM NPOBOAHUKE 2
O[JHOBPEMEHHO CYLLIECTBYET HECKOIbKO CBETOBBIX flyden, .~
OTpaXkarlLLMXCca OT BHELUHEro npoBoAgHMKa noa pasHbiMU -~
yrrnamu. Yron oTpaxkeHus nyya HasbiBaeTcs Mogon nyya. B
MHOroMo0BbIX Kabensx ¢ nnaBHbIM U3BMEHEHUEM /
Koa(pdpuumeHTa NperioMneHns pexmm pacrnpocTtpaHeHus /
Kakgown Modbl MMEET DOoree CrioXXHbIN XapakTep. 4



MHoromoaoBble Kabenu nmeroT boree y3Kyr nornocy
nponyckaHna — ot 500 go 800 MI u/km. CyxeHne nosochbl
NpPONUCXoauT N3-3a NOTEPb CBETOBOW SHEPTUN NPU OTPaXKEHUSX,
a Takxke 13-3a nHTepdepeHLUnn nyyen pasHbiX Moa.

B ka4yecTBe UCTOYHNKOB U3Ny4YeHNA CBETaA B BONMOKOHHO-
ONTUYECKMNX Kabernax npuMeHAITCS: -

* CBETOAMNOADI;
* MOSTYNPOBOAHNKOBbIE Ta3epbi. y

[1ns ogHoMoO0BbIX kKabenen NPUMEHSIIOTCSH TOSbKO /
NomnynpoBOAHMKOBbIE Na3epbl, TaK Kak Npy TaKoM Mariom
avMamMeTpe OnTUYEeCKOro BOrMOKHa CBETOBOW MOTOK, /
co3naBaeMblli CBETOAMOA0M, HEBO3MOXHO 6e3 6ornbLLMX /
noTepb HaNPaBWTb B BOMOKHO. [N MHOromMogoBbIx kabenen

ncronb3yTcsa bonee gelleBbie CBETOANOAHbIE U3NyYaTenn.

J



BonokoHHO-oNTU4yeckne kabenun obnagarot OTIINYHbIMU
XapakTepucTukamm BCeX TUMNOB: 3MNEeKTPOMarHUTHbIMU,
MEXaHNYEeCKMMN (XOPOLLIO FHYTCSl, @ B COOTBETCTBYHOLLEN
n3onsaunm obrnagaroT XopoLen MexaHUM4YeCKkon NPOYHOCTBIO).
OgHako Yy HUX eCTb OAUH CEPbE3HbIN HEJOCTAaTOK —
CITOXXHOCTb COENHEHMNS BOSTOKOH C pasbeMamMu 1 Mexay -
co6oii Npy HEOBXOAMMOCTU HapaLLMBaHNUS OTMHBI Kabens.

Cama CTOMMOCTb BOITOKOHHO-OMTUYECKMX Kabenen HeHamHOro
NpeBbILLIAeT CTOMMOCTb Kabenen Ha BUTOW nape, OAHako
npoBeAeHne MOHTaXXHbIX PaboT C ONTOBOSTOKHOM o6xonyT6;|
HaMHOro JOpOXe 13-3a TPYAOEMKOCTY onepaLuni 1 BeICOKOU
CTOMMOCTU MPUMEHSAEMOIro MOHTaXXHOro 0bopyaoBaHUS. 4
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