2. OCHOBEI IepeaaAYH
NUCKPETHBIX JAHHBIX

MeToabl nepefavyn OUCKPETHbIX AaHHbIX,
obLme aAnsa NoKasibHbIX U rN06asIbHbIX CETEN
No A/IMHHLIM NNHUAM CBA3U ( >10 M)
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Tunel JUHNHA CBA3ZHU
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Koakcuan Buras nmapa

OnTudyeckoe BOJIOKHO



Pa,EI,VIOKaHaJ'IbI Ha3eMHOUN U
CNYTHUKOBOW CBA3U




4 e s
B r{}‘*,;f'
AR LR
et .;.p.x"# \‘!‘-‘.‘,
'-I"P.

XapakTEpUCTUKN TUHUM CBI3H

*AMNNUTYOHO-YACTOTHAs XapaKTepucTmka
[lonoca nponyckaHus

e3aTyxaHue

*[lomexoyCcToON4YMBOCTb

*[lepekpecTHble HaBOAKM Ha DNMXKHEM KOHLE
nuHumM (NEXT)

[1ponyckHasa cnocobHOCTb
«[locTOBEPHOCTbL Nepegayn gaHHbIX

*YnenbHasg CTOMMOCTb
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CnekTpanbHbIN aHann3 CUrHanoB
Ha NMUHUSIX CBSA3N

IIpeacraBienne NEpUOAUYECKOTO CUrHajia
CYMMOM CUHYCOMU/I
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CnekTpanbHoe pasroXeHne naeansHoro
nMmnyrnbca (d-dpyHkums)
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NckaxeHus mmMnysnbcoe B JIMHUAX CBA3U
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IIpeacraBiieHue JIMHUU B BU/IE pacpeae/ICHHOU
UHIYKTUBHO-€MKOCTHOU HATI'PY3KH
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AMNANTYAHO-YACTOTHAs XapaKkTepucTrka

A
OT HoLLE/€ aMIVUT YA 5 xon / Asxon
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. [Tonoca rporyckars Hactora(l'y




nonyndapHble 4YaCTOTHbIE ANAaNa30HbI

100 000 TT—

10 000 TIH—

1000 TT u——
100 TT 14—

10 Ty =1~

YnbTpadroneToBble

Buprmeri ceer

HrdpakpacHbie TyuH
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100 I'T'1—
10T

Buras mapa

[ TermehoHHEI KaHAT TOHATBHOH YaCTOTHL

Kanamsr CBY
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CoOoTBETCTBME MEXAY NONMOCON NPOryCcKaHNA
NMTMHUN CBSA3N U CMEKTPOM cuUrHana

Iosnoca npomnyckanus
JUHUU

<«— [lonoca nponyckaHus —>
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6) CHeKTp CHUrnajla BbIXOAHT 3a IIPCACIbl I10JIOCHI
MIpOIyCKaHnus JIMHUHU

a) CHCKTp CHUT'HaJIa YMEIaeTCsl B IIOJIOCY
IIpOoITyCKaHusl JTUHUH




MponyckHas cnocoOHOCTD -

MaKcumMalsibHO 803MOXHoe 4ucrio bum uHgbopmauuu,
Komopble Mmocym bbimb riepedaHbl 8 CEKYHOY

C(but/c) =F xlog,(1+P_[P )

F - nonoca nponyckanus (I'y)

TunnyHele 3Ha4YeHud NPOMyCKHOM CcnocobHOoCTH
(bandwidth) nnHKIN CBA3N BLIYUCNUTESTbHBIX CETEMN:

2400, 4800, 9600, 14400, 28800, 33600 6/c
56, 64 Kb/c; 1.544, 2.048, 10, 16, 34, 45, 155, 622 M6/c
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I'IosblLueHme CKOpOCTI/I nepenatm 3a cyeT
OOMONMHUTENBbHbLIX COCTOSAHUW cUrHana

C= 2Flog, M, roe M - Konn4ecTtBO COCTOAHUN

OLHOro 9fiEMEeHTa AaHHbIX
a) curHan uMeeT 2 COCTOSHUS;

11 | 01 | 11 00| 10| 11 | 01

11
6) 107
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6) curHan nmeet 4 COCTOAHMUSA



MomexoycTOMYMBOCTb JIMHUMN!

onpenenseTrca MOLLHOCTbIO LWYMOB, CO34aBaeMbIX B
NMMHUN BHELLUHEN Ccpegou U BO3HUKAKLWKMX B cCaMoOW

JINHUN
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JJocmoeepHocmb nepedayu OaHHbIX:

BEPOSITHOCTb UCKaXKeHNs1 BuTa AaHHbIX
(10 + 10 6e3 OOMNONMHUTENbHBIX CPEACTB,
107 - ONTOBOMOKHO)

YoenbHasi cmoumocmb JIUHUU:

3aTpaTtbl Ha co3gaHne 1 kM nuHum - ot $0.4
0o $8
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MeToabl nepeaaydvn AUCKPETHbIX AaHHbIX

*AHanorosas moaysfiauus

-KoaunposaHue (anckpeTHas moaynaumua)

AHanozoeass  Mooynsiyus: npegHa3Ha4vyeHa angd
nepenavyn OUCKPETHbIX AdaHHbIX, UMEIOLWMX LUMPOKUA

CNEKTP, MO aHanoroBbiM JIMHUSM CBA3N C Y3KOW
Nnonocown nponyckaHug
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Buabl aHanorosov Moaynaumu:

6) amnnuTtygHas
B) YaCTOTHad

r) dasoBas
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CI'IeKprI cvrHana npu I'IOTeHLI,I/IaJ'IbHOM
KOOWPOBaHUN 1 aMINTYAHON MOAYNALUN

A a) [lonioca npornyckaHus AA
—_ HNUHUU

6) lonoca nponyvcrkanus
JIUHUU
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Cnexmp

HOMEHYUATILHO2 Cnexmp
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f.. - yacmoma MooviauuY
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KooupoBaHue

KodupoeaHue B y3kOM cCMbicrie - cnocob
npeacraBfieHnsd OVUCKPETHbIX OaHHbIX
MMNYIbCHLIMW CUrHanNamu pana nepegadum no
LLIMPOKOMOMNOCHbLIM NIMHMAM (0e3 Mmoaynsuun)

Llennu koOupoeaHusi:

1. CyXeHue nomnocbl YacTtoT pPe3ynbLTUPYIOLLEro
curHana. Yem MeHblle M3MEHEHUW NnoTeHuuana
CUrHana B eguHuuy BpemMeHu (n3mepsietcs B
bogax), TeM yXe CMeKkTp curHana, TemM Bbllle
MOXET OblTb OUTOBass CKOPOCTb Ha JIMHUM C
donkcmpoBaHHOW NONOCOWU NPONyCKaHUA

2. CuHXpOHH3aLMs NIPUEMHHUKA U HCTOYHHUKA



CVIHXpOHI/I3aLI,VIF| NPUEMHUKa 1 nepenarinka Ha

HEDONbLLUNX PACCTOSTHUAX

IepenaTuuk

0_ 1 1 0 0 1 0
I:dm[)opginauu;ti
LT
Ii' axmoeible uMinlebel

Ipuémuuk




a) MNMoTteHunaneHbIM Kog nnn NRZ-koa

MeToaobl KogupoBaHUS
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[Monoca y3kaa  (6opn
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CaMOCUHXpOHU3aUns
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CaMOCUHXpOHU3aUns
OTNNYHas

r) MaHn

nepse

UIeCTepCKI/II/I KO,EI,

(KO]ZI,I/IpOBaHI/Ie

=na‘p,air|/|)

]

l

1

1

0

l

|
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bon <2 6/c) (9 bon)
CaMOCUHXpOHU3aUns
xopoLuas



N36bIMOYHbIe NOMeHL.

5B/6B)

K xaxxaeimM N OutaM ncxogHoro koga xooasiseTcss 1 n30LITOYHEIN ONT,
3HAYECHUE KOTOPOI0 BEIOMPAETCS TaK, YTOOBI IIOTEHIMAN TapaHTHUPOBAHHO
MEHSJI CBOE 3HaUYCHHUE Yepe3 Kaxapie 2N OuT

Kox 4B/5B:

4 OUTAa MCXOTHOI0 KO/A

S OMT pe3yJbTHPYIOIEro Koaa

0000 11110
0001 01001
0010 10100
0011 10101
0100 01010
0101 01011
0110 01110

0111

01111
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CxpoMOINPOBAHNUE
«I'IepeMeu.ll/lBaHme» AaHHbIX MO N3BECTHOMY 3aKOHY.

Bi=A®Bi3° Bis

®- crnoXxeHne No mMoayso 2

ObpartHoe npeobpasoBaHme:

Ci=Bi®Bi3® Bis-Bi=(A®Bi3° Big ,Bi=A
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CIIEKTPHI KOJIOB

NRZ 2B1Q B8ZS 4B/5B

s
.

MaHuyecTepckuid
\\ 1 BUNONAPHBIA UMNYNbLCHBIA KOAb!

Yacrtora
curHana (Mu)
npu 6MToBOM
ckopocTtu N 6uT
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KodupoeaHue aHa/0208bIx cu2Hasos:
npeaHasHaveHno AN nepegadv aHanoroBbIxX
OaHHbIX MO NMUHUAM CBSA3U, UMELLMM
LLIMPOKYIO MOMNOCY NPOonycKaHus,
[OCTaTOMHYIO ANs nepeaayn MMMyIbCoB

Muf L OO0 000 0000 0
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KoanpoBaHue (AuckpeTHas Mmoaynauus)
I[I/ICKpCTI/IBaHI/IH HCIIPCPBIBHOI'O CHUI'HAJIA 110 aMIIIMTYAC U 110 BPCMCHHA
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~ Kowm MyTaLUNA KaHAlNMOB — cuHxpoHHOE pasaerieHie Bo
BpemeHu (Time Division Multiplexing, TDM unu STM)
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TDM

¢ Bce obopyaoBaHue AOJKHO paboTaTbh CUHXPOHHO W UMKNUYecku. Lukn
patoTbl TDM-06opygoBaHua - 125 MKC

e MynbTUnnekcop NpUHUMaeT AaHHbIE OT KaXoro KoHe4YHoro aboHeHTa co
CKOPOCTLIO 64 KbuT/c - 1 6anT Kaxable 125 MKC.

 MynbTunnekcop nepegaeT o6oliMy Ha BbIXOAHOW KaHan ¢ GUTOBOW

ckopocTbio Nx64 /c
Kout

e Kaxgoe coeguHeHne obnagaet  UKCMpPOBaAHHOW  MPOMYCKHOW
CMocoBHOCTLIO, KpaTHOU 64 KéuT/c.

e Kaxgomy coeVHEHWIO BblAENSETCH OANH KBAHT BpeMeHW Lmnkna paboTsl
annapaTtypbl -TalM-CroT

e [INUTEnNbLHOCTL TalM-CroTa
o6cnyxueaeMbix TDM-06089RY8HFREMNCTIA a0OOHEHTCKMX KaHaros,

* Tanm-crnoT 3aKpPernAeTCA 3a abOHeHTOM Ha BCe BpeMA CoOedUNHEHNA
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 KommyTaums kaHanos — pasaerneHue no anuHe sorHel (Wave

Division Multiplexing, WDM mnnn Dense WDM)
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BayTtpu BosiHbl — TDM nnu mmakeTsl
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CpaBHeHne MECTOA0B KOMMYTAalM KAaHAJJIOB H IIAKCTOB

KomMmyTanus kaHAJI0B

KoMmMmyTanus nakeros

["apanTHpOBaHHAS MPOITyCKHAS
CIIOCOOHOCTH (TT010Ca) IS
B3aMMOJICHCTBYIOIMNX a00OHEHTOB

[IponyckHasi CIOCOOHOCTb CETH ISl
aOOHEHTOB HEU3BECTHA, 3a/IEPKKHU
[epeaayu HOCAT CIyYalHbIU XapaKTep

CeTh MOXET OTKa3aTh A0DOHEHTY B
YCTAHOBJICHUM COCAUHECHUS

CeTb Bcerja roroBa IpuHITH JaHHBIC OT
a0OHEeHTa

Tpaduk peaabHOTO BpeMEHU
nepeaaeTcs 0e3 3aIepiKeK

Pecypchl ceTn nCTonb3yroTcs
b PeKkTUBHO NpU TIepeaade
yJILCUPYIOIIETO TpadurKa

AJlpec UCTOJIb3YETCs TOJIBKO HA 3Tare
YCTAHOBJICHUSI COCIUHECHUS

AJnlpec nepenaeTcs ¢ KaxxJIbIM MTaKETOM
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Kom MyTauunAa KaHanoB NMpuMeHAEeTCAH

Onsa nepegnayn Tpaduka ¢ NoCTOAHHOM CKOPOCTLIO U
YYBCTBUTENbLHOIO K 3agepkkam. [pumep: pedb

HepocTtaTkn - B criydae BPEMEHHOro He UCMoNb30BaHUS
kaHana aboHeHTaMn ero NPoMnyCckKHy CNOCOBHOCTb HenNb3s
oTAaTb ApPYrMM aboOHEeHTaM — OTCYTCTBYET afpecHas
MHopMaLnsa B NMOTOKE JaHHbIX

KOMMyTaLI,I/IFI NakeToB NPUMEHAETCAH

Ons nepegayvn nynbcupytowlero Tpauka ¢ nepemMeHHoOu
CKOPOCTLIO U HE YYBCTBUTENMBLHOIO K 3agepxkam. [1pumep:
nepegaya TEKCTOBbLIX AOKYMeEHTOB, npocmoTtp Web-cTpaHuu

HepoctaTku - HET rapaHTUK NPOMNYCKHOW CMOCOOHOCTN,
nepeMeHHble 3a4ePXKKN — CINOXHO nepegaBaTb NOTOKOBbIN
TpadouK pearibHOro BpeMeHU — peyb, BUAEO
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KOM6VIHVIpOBaHVIe MeTo.qOB KOMMyTaLWIVI KaHamnoB u
nakeToB

1.  KommyTauma kaHanos Ansd nepenaduy nonb3oBaTerbCKUX
OAHHbIX 1 KOMMYTaUUK NakeToB ANA nepenaydn

Crny»ebHoun
TE/TA TE/TA
Cetb ¢
KOMMYTalHen
KAaHAaJI0B
1.450/1 3 \ Cerb ISDN 3 1.450/1
1.440/1 2 2 1.440/1
1.430/1 1 1 1.430/1
: I
I KaHansl B / ﬂ ﬁ
37 1.450/1 37 I
i 2 | 1. 2
Kanan D 1]l 1
_— T | CvrioubHas | (| ]
i /ﬁ' E CeTb
KOMMYTaluen

naxkeros — SS7
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nakeToB

2. BwupTtyanbHble KaHanbl B CETAX C KOMMYyTaLMEN NakeToB

*YCTONYMBbIE MAPLUPYThI NepeMELLEHNS NMaKeTOB

*BmecTo agpeca KOHEYHOro y3ra UCNonb3yeTcs YCINOBHbIN
HOMep BUPTYyanbHOro KaHana

‘/ImeeTcs npoLeaypa npeaBapuUTeENbHOrO YCTaHOBMNEHNS
KaHana



KOM6VIHVIpOBaHMe MeTofoB KOMMyTaLl,MVI KaHanos u

nakeToB
3. BrnoxeHHOCTb MeTO4OB KOMMYTaLUK

Taiim-ciior 1

Taiim-ciioT 2

Taiim-cjiot 3

IloTok Tanim-ciora 4 nenuTcs Ha IMakeThbl - METO
KOMMYTAIIMU ITAKETOB BJIOKEH B METOJI KOMMYTAallUU
KaHaJI0B

[Torok TalimM-ciiora 1 nenurcst Ha 00Jee MEIKHE
TalM-CJI0ThI — uepapxus kanaaos PDH/SDH



[TpyHUMNBI PaboThl
NMPOTOKOMNOB
B CETAX C KOMMYTaLMeEN
NakeToB
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(TyPa NaKeTOB W KaAPoB

Cunxpo | CnyxebHas [MonesHble KoHTponbHas
OUTHI MHoOpMaUnsa | AaHHbIe cymMma

Kagp 3 Kapp 2 Kagp 1

' >




Cmuxpoumsau,m npmeMHMKa N UICTOYHMKA

ACVHXpPOHHAsA U CUHXPOHHAS Mepeaadya

5 | Bantn © 0o S | bant 2 o | bant 1

- - -

@) @) @)

CuHxpo CuHxpo
Gant BaiiT n o o o |Bawr2 | bair 1| 0ant
YNpaB- | KoHTpob| JlanHbie mob30BaTels: Ynpas- Mnentu- | Yopas-
J€HUE | ommboK JeHue |(pUKaTop | jeHue
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YcTaHOBREeHue

coeiuHeHUN

W
1

Ilepenaua 0e3

Ve 1 Vien 2 YCTAHOBJICHUS
JlanHble COCINUHCHUA
\ (rararpaMMHBbIi
JanHbIe
/ METOd,
connectionless)
3anpoc  *
yCTAHOBJIEHHST IoaTBepKIEHHE Hepezlaqa C
CoeNMHeHN 4  Y oommenns YCTAHOBJIEHHEM
; COeTUHEHUS
aHHbIE
KBuranuuu (Connectlﬂn'orlent
HOTBeEpPIK/IeHHUs
ed)
3anpoc  " IloaTBep:KIeHue

pa3pbiBa paspbiBa
UHEHUA
UYL 4  COCIMHECHUSA




MeTOIlI)I BI)I‘II/ICJIeHI/Iﬂ KOHTpOJIbHOI/I CYMMBI

KaJapa nHpopManuu
1. KoHTpOJIb 110 MAPUTETY - IPUMEHSIETCH J1Jisl 0aTOB

1 + 0 + 0 + 1 + 1 + 0 + 1 + 0 = 0 (o 4éTHoCTH,
even)

1 (mo wHe4éT-TH,
odd)

OOHapy>KMBAECT TOJILKO OJIJMHOYHBIC OIIMOKHU




2 BepTI/IKaJILHI)II/I u romeHTaJIbem KOHTpOJIb
nmapurery 0JJOKOB CUMBOJIOB

OOHapy>XHMBaeT OOJBIIMHCTBO JBOWHBIX OIIMOOK, HO HE
BCE

P | B, | B, B, | B | B, | B, | B
0 0 0 0 0 0 1 0
butel mapurera
6aiiToB 1 o | 1 0 1 0 | 0 |0
(HEYETHOCTBD) T 7 0 0 0 1 1 0
0 0 1 0 0 0 0 0
1 0 1 0 1 1 0 1
0 1 0 0 0 0 0 0
butel maputera 1 1 1 0 0 0 1 1
CTOJIOIIOB
1 0 0 0 0 0 1 1
(4ETHOCTB)
1 1 0 0 0 0 0 1
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Ltmmqecmg . KObI "KOHTponﬂ | p,BOI/IHbIX
kagpoB (CRC, Cyclic Redundancy Check)

Butbl
Kagpa

2 viu 4 Ganra
KOHTPOJIBHOTO

UKJINYECKOTrO KOJIa
(CRC)




1. Ko CRC paBen ocTarky OT A€JIEHUA Kaapa,
paccMaTpUBaeMOro Kak JBOMYHOE YKCJIO, Ha

3aJIaHHOE JIBOMYHOE YUCJI0 (HampuMeEp, Ha
21642154224 1)

2. Ilpu nonyuyenun kaapa c kogoMm CRC obmias
rocaenoBareabHOCTh OUT (manasie + CRC) cHOBa
JIEIINTCS Ha OOIIMI ICTUTEIb.

3.  Ecau ommOOK HET, TO pe3yabTar JIeJICHUS T0JKEH
ObITH paBeH 0.

IIpu denumene onunnoti R 6um obnapyscusaromesi:
*6ce 0OHOKpamHble bumoevie ouudbKU

*gce 060lIHble OUmMmoasble OUUOKU
*gce OUUOKU 8 HeuemHOM Koauyecmee oOum

*gce oumubouHbIe Nocedo8amelbHoCmu OlIUHOU < R
(nocneoosamenvbHocmb OUM MeHcOy 08YMsL COCEOHUMU OULUOOYHBIMU
oumamu)
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MGTOI[H HOI[TBep}KeHI/I}I KoppeK THOCTU
IepeIayy KaJapoB
1. C npocToeM NCTOYHUKA

ITakeTnl

(MCTOYHHUK) 1 K 2 t
KBurannun
(MpuEMHHK) K t
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2. Me1Oo "' CKOJIb3ALLEIo OKHA"

1axer bi (T OYHVIK)
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W - pasMep OKHA - KOJTUYSCTBO KaaPOB, KOTOPHIC pa3periacTcs Iie-
pPcaAaBaTh 663 IMOJIVUCHUA KBUTAHILINHU



CUHXPOHU3aLM

JIONOHSIET CHUHXPOHU3AIUIO OUT TMPU CHHXPOHHOM
CII0CO0€ repeaayu

2 memooa:
¢  CuMBOJIBHO-OpHECHTHPOBAHHAS IIepeIada

¢  bur-opueHTHpOBaHHAS Mepeaada
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OUT-OPUEHTHPOBAHHOU Nepeaade KaJpoB
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1. MoryT Jin nu(poBbIe JMHUN CBSI3U MEPEAABATH AHAJIOIOBbIE JaHHbIE?

2. Kakum Oyzer TeopeTMYeCKHH Mpeaes CKOPOCTH Mepedavyu JAHHBIX B
OuT/c ¢ MO KaHaJy ¢ IIUPUHON MoJ0ochl mpomyckanust B 20 kl'u, eciam

MOIIHOCTH nepeaaryuka cocrasiset 0,01 MmBt, a MOIHOCTH IyMa B KaHAJIe
pasHa 0,0001 mBt1?

3. Onpenesure NPOMYCKHYI CIIOCOOHOCTH KAaHAJIA CBSA3M VISl KAXK/I0T0 W3
HANPABJIEHWH JYIUIEKCHOT0 PeXKHUMA, eCJIH H3BECTHO, 4YTO €ro IoJioca
nponyckanusa pasHa 600 xl'm, a meroma konupoBanusi ucnoJbzyer 10
COCTOSIHMM CUIHAJIA.

4. PaccuuraiiTe 3aJep:KKy PaCHpPOCTPAHEHUS CHUTHAJA W 3aJEPKKY
nepeaayM JAHHBIX Uil CJIy4Yasd nepeaaym nakera B 128 oaur no:

Ka0e 0 BUTOM napel 1uHON B 100 M pu CKOPOCTH nepeaayu JaAHHbIX
100 MobwuTt/c,

KOAKCHAJIBLHOMY Ka0eJ10 IJIMHOU B 2 KM NPHU CKOpocTH nepeaayu B 10
MowuTt/c,

CIIyTHUKOBOMY IeOCTAIMOHAPHOMY KAHAJY NMPOTAXKEHHOCTHIO B 72 KM
NpH CKOPOCTH nepenayn JanHbix 128 Kour/c.

CunTaiiTe CKOPOCTH PACIIPOCTPAHECHUN CUTHAJIA PABHOW CKOPOCTH CBETA B
Bakyyme 300 000 xm/c.




Kakoii kaap mnepegacT Ha JIMHHIO MepPeJaTYWK, e€CJd OH padoraer ¢
HCINO0JIb30BAHMEM TexXHUMKH OuT-ctadppunra ¢ duaarom 7TE, a Ha BXxoa
nepeaaTYnuKa NoCTynuja mocaeaosarebHocTh 24 AS 7E 56 8C (Bce 3HaueHust
— mIeCTHAAUATePUYHbIE)?

6. [losicHuTe U3 KAKUX COO0paKeHUil BbIOpPaHa MPONYCKHAsA CIOCOOHOCTH (64
KouT/c) 3sieMeHTapHOro kKaHaja U@ poBbIX TeaeOHHBbIX ceTei?

9. Kak nmepexarumnk onpeaessieT (paKkT NOTEPU MOJIOKUTEIbHON KBUTAHIIMU B
MeTo/le CKOJIb3ero OKHa?

10. CeTb ¢ KOMMYyTaIHel IAKETOB HCNBITHIBACT Neperpy3Ky. s ycrpaHeHus
3TOM CHUTyalluM pa3Mep OKHA B NPOTOKO0JAX KOMIIBIOTEPOB CETH HYKHO
YBEJIUYUTH UJIM YMEHBIIUTH?

11. Kak BJusieT HAIeKHOCTh JIMHUM CBSI3M B CeTH HA BbIOOP pa3mepa OKHA?
12. B yem nposiBiasieTcs u30bITOUHOCTH TDM-TexHom0ruu?

13. Kakoii cnnocod kommyramuu 0osiee 3PpPexTuBeH: KOMMYTALMS KAHAJIOB
WIH KOMMYTaUMs MaKeTOB?




