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TeneKOMMYHUKALUOHHbIe CUCTEMDI

1. OCHOBHbIe CcBefeHUA O TeJIEKOMMYHUKALMOHHbIX CUCTEMAX

OcHoBHas @YHKLMA TENEKOMMYHUKALIMOHHBIX cucteM (TKC), nnu
TeppuTopuanbHbix ceten cBsi3n (TCC), 3akntoYaeTcs B OpraHu3aLnm
ONepaTMBHOIO U HaaeXXHoOro obMeHa MHdopMaumnen mexay aboHeHTamu,
a TaKXXe B COKpalleHWM 3aTpaT Ha nepeaady AaHHbIX.

[oHsTMe «TeppuTOpUanbHas» 03HauyaeT, YTO CETb CBA3K pacrpeaerneHa Ha
3HauYuTENbHON TeppuUTOopUn. OHA CO3JAETCA B UHTEPECAX BCEro
rocyaapcTea, YUpexaeHus, NpeanpusTvs uim hupMbl, UMEOLLIX
OTAENEHMS MO PaiioHy, 061acTy MK MO BCel CTPaHe.

[naBHbIN Noka3aTenb 3DdPEKTUBHOCTU (DYHKLIMOHMPOBAHUS
TENEKOMMYHUKALIMOHHbBIX CUCTEM — BPEMS J0CTaBKN MHpOpMaLmu.

OH 3aBUCUT OT psga pakTopoB: e CTPYKTYpPbl CETU CBA3N, @ NMpONyCKHOM
CNOCObHOCTU J'IMHVII/I CBS3K, @ CrIocOboB COeANHEHUS KaHAN0B CBSA3U
MeXAy B3aMMOAEUCTBYOLWMMM abOHEHTAMK, e NPOTOKOJIOB
WH(OPMaLIMOHHOrO 0bMeHa, ® METOAOB AO0CTYMNa abOHEHTOB K
nepeaatoLLen cpeae, e METOA0B MapLIPyTM3aLMM NAKETOB U Ap.




TeneKOMMYHUKaALUUOHHbIe CUCTEMDI

1. OCHOBHbIE cBeaeHus O
TeJIEKOMMYHUKALMOHHbIX CUCTEMAX

XapakrepHbie 0CO6EHHOCTU TepPUTOPUA/IbHBIX CETEH CBSI3H:.

® Da3HOTUMHOCTb KaHAN0B CBA3M — OT MPOBOAHbIX KaHAN0B TOHA/IbHOW
4yacToTbl (TenedoHa) A0 ONTOBOJIOKOHHLIX U CMYTHUKOBbIX;

® OrpaHMYEeHHOCTb YMCNa KaHaJI0B CBSA3U MeXAy YAaseHHbIMU aboHeHTaMy,
No KOTOpPbIM Heobxoanmo obecrneynTb 06MeH AaHHbIMKU, TeNedOHHYHO
CBSI3b, BUAE0CBSA3b, 06MeH (PaKCUMMUNbHBIMM COOBLLEHNSAMU;

® HaMYMe TaKoro KpUTUYECKU Ba)KHOIO pecypca, Kak nponyckHas
CNocoOBbHOCTb KaHaNoB CBA3M.

CnepoBaTesnibHO, TeppUTopHasibHas cetb cBsisn (TCC) — 310
reorpacbmquKM pacnpezenieHHas ceTb, 0bbeanHstoLLas B cebe
(hyHKLMM TPAAULIMOHHBIX ceTen nepeaayn aaHHbIx (CMA),
TenedOoHHbIX CeTen 1 NpeaHasHayYeHHas Ana nepefayn Tpacpuka
Pa3fIMYHOM NPUPOabI, C Pa3HbIMN BEPOSATHOCTHO-BPEMEHHbLIMU

XapaKTepuUcTnKamum.



TeneKOMMYHUKaALUUOHHbIe CUCTEMDI
1. OCHOBHbIE CBeieHus O
TENNEKOMMYHUKALUMNOHHbIX CUCTEMaX

Tubl ceTen, TMHUN N KaHaNoB cBA3MU. B TBC ncnonb3yotcs cetu
CBSA3N — TenedoHHble, TenerpadHble, TENEBU3NOHHbIE, CMYTHUKOBBIE.

B KauecTBe AMHWIA CBA3N NPUMEHSIOTCA: KabesibHble (TENEMOHHBIE JIMHUN,
BUTas Napa, KOaKcnasibHbIN Kabesib, BOSIOKOHHO-OMTUYECKUE NTNHWN),
paANOPENIEVIHBIE W PaANOSTMHNN.

Cpenun KabesibHbIX JIMHMM CBA3N Hauy4llue nokasaTenn MMetoT
cBeToBOAbl (T.e. BOJIOKOHHO-OMNTUYECKME NIUHUN).

OCHOBHbIE MX MPEUMYLLIECTBA: ® BbICOKas MPOMNyckHas CMocobHOCTb (COTHU
MerabuTt B CEKYHAY); ® HEYYBCTBUTE/IbHOCTb K BHELLUHUM MOJAM U
OTCYTCTBME CODCTBEHHbIX U3NTYYEHUIN; ® HN3KAS TPYAOEMKOCTb
MNPOK/IAAKM ONTMUYECKOro Kabens; e UCKPO-, B3pbIBO- U NOXapobe3o-
MAcHOCTb; e MOBbILUEHHASA YCTONYMBOCTb K arPeCCMBHbBIM CpeaaM;

e HebonbLlasa yaenbHas Macca; e pasfinyHble 065acTh NPUMEHEHWS.

HenoctaTku: e nepefada CUrHasa0B OCYLLECTBSETCS TONbKO B OAHOM
HanpaB/fIEHNU; e MOAKIOYEHNE AONONHUTENBHBLIX DBM 3HaunTenbHO
ocnabnger curHan; e HeobxoaMMble A1 CBETOBO0B BbICOKOCKOPOCTHbIE
MOLEMbI A0OPOrn; e CBETOBOAbI, coeanHsowmne 2BM, A0MKHbI
CHab)xaTbCs npeobpasoBaTeNnIMm INEKTPUYECKUX CUTHANOB B CBETOBbIE
1 06paTHo. 3




TeneKOMMYHUKaALUUOHHbIe CUCTEMDI
1. OCHOBHbIE CBeieHUs O
TENNEKOMMYHUKALUMNOHHbIX CUCTEMaX

B TeneKoMMyHUKALUMOHHbIX CUCTEM HALUIW NMPUMEHEHUE Ccneayowmne  TUrbl
KaHaJi0B CBA3H.

e CUMMJIEKCHbIE, KOraa rnepeaaTtymk n NnpueMHUK CBA3bIBAOTCS O4HUM
KQHaIoM CBSA3K, MO KOTOPOMY MHMOPMaLsa NepeaaeTcs ToNbKo B
OQHOM HarnpasfieHnn (3To XapakTepHo ans TB ceTeun cBs3n);

e MONYAYNIEKCHbIE, KOra ABa Y3/1a CBA3N COeANHEHbI TaK)Ke OAHUM
KaHanoM, Nno KOTOpoMy MHMOpMaLNS nepeaaeTcs NonepeMeHHo TO B
OHOM HanpaBneHWUU, TO B NPOTMBOMOSIOXHOM (3TO XapaKTEPHO ANS
MH(OPMALIMOHHO-CNPaBOYHbIX, 3aNPOCHO-OTBETHbIX CUCTEM);

e [YIJIEKCHbIE, KOraa ABa y3/1a CBSA3WM COeAMHEHbI ABYMS KaHalaMu
(NpsAMbIM 1 06paTHbLIM), MO KOTOPbLIM MH(POPMaLNsS OAHOBPEMEHHO
nepeaaeTcs B MPOTUBOMOJIOXKHbLIX HanpaBaeHuaX. [dynnekcHble
KaHanbl NPUMEHSIOTCA B CUCTEMAX C peLuarolen n MHhOpMaLMOHHON
obpaTHOM CBSA3bIO.




TeneKOMMYHUKaALUUOHHbIe CUCTEMDI
1. OCHOBHbIE CBeieHus O
TENNEKOMMYHUKALUMNOHHbIX CUCTEMaX

KOMMyTHUpyeMbie U BbiesieHHble KaHasbl cBA3MU. B ceTax (TKC, TCC)
Pa3nnyaloT BblAeNeHHbIE (HEKOMMYTUPYEMbIE) KaHaslbl CBA3M W KaHaslbl
C KOMMYTaLMeN Ha BpeMs rnepegaydn no HUM MHPOPMaLnM.

[1pn ncnonb30BaHUM BbIE/IEHHBIX KaHa/IoB CBSI3U NpuemonepeaatoLLas
annapaTypa Y3/10B CBSA3M NMOCTOSAHHO COeANHEHa MexXay COboM.
OTnM obecneynBaeTCcs BbICOKasi CTerneHb rOTOBHOCTU CUCTEMbI K
nepenaye nHdopmaummn, bonee BbICOKOE Ka4yeCTBO CBS3U, NOAAEPXKKA
6onbluoro obbvema Tpaduka. MU3-3a cpaBHUTENBHO OOMBLLMX PAacXOAoB Ha
3KCNyaTaLumio CETEN C BblAeNeHHbIMU KaHanaMmn CBA3U X peHTa-
6enbHOCTb AOCTUraeTCs TO/IbKO NpU YC/I0BUM AOCTAaTOYHO MOJTHOM
3arpy3ku KaHasnos.

[Ana KOMMYyTUPYeMbIX KaHa/10B CBSI3U, CO34aBaeMbIX TOIbKO Ha BpeM4
nepenayn MUKCMpPOBAHHOIrO 06beMa MHMPOPMaLIMK, XapaKTepPHbl BbICOKas
rMOKOCTb U CpaBHUTENBHO HebOsbLLIAs CTOMMOCTb.

HenoctaTtku Takux KaHasioB: e rnoTepy BpeMeHU Ha KOMMYTauuto
(ycTaHoBfeHNe CBA3M Mexay aboHeHTaMn), @ BO3MOXXHOCTb 6/T0OKMPOBKU
N3-3a 3aHATOCTU OTAENbHbIX YHaCTKOB JIMHUU CBA3U, @ Ho/iee HU3KOoe
KQuecTBO CBSA3M, e 60NbLUasi CTOMMOCTb MNpU 3HAUYMUTE/IbHOM obbeMe
Tpaduka. /




TeneKOMMYHUKaALUUOHHbIe CUCTEMDI
1. OCHOBHbIE CBeieHus O
TENNEKOMMYHUKALUMNOHHbIX CUCTEMaX

AHanorosoe u undpoBoe koampoBaHue UM(PPOBbIX AAHHbDIX.
[epecblsika AaHHbIX OT OAHOrO y3/1a CETU K APYroMy OCYLLECTBIAETCS
nocneaoBaTenbHON nepeaaven Bcex 6uToB coobliieHns 0T UCTOYHMKA K
NYHKTY Ha3Ha4yeHuns. Pusnyeckn MHpopMaLMoHHbIe BUTLI NepenatoTcs B
BUAEe aHa/JI0roBbIX MK LMMPPOBLIX 3MNEKTPUYECKUX CUTHASIOB.

AHa/10roBbIMY Ha3blBatOTCA CUTHASbI, KOTOpPbIE MOT'YT MPEACTABNATb

6ecumncneHHoe KomM4ecTBO 3HaYEHNN HEKOTOPOW BE/TIUHUHDLI B MNMpeaeE/iax
OorpaHM4yeHHoOro aAnarasoHa.

Lingpposbie (an Iép&THble) CMrHasbl MOTYT MMETb OHO 3HAYeHUEe U
KOHEYHbIM Habop 3Ha4YEeHUMN.

Mpu paboTe C aHaNOroBbIMM CUrHaNaMmn AJ1s Nepeadn 3aKoanpoBaHHbIX
[OAHHbIX UCNONb3YETCA aHAMOroBbI HECYLLIMA CUTHAN CUHYCOMAAIbHOM
cbopMbl, a npu paboTe C UMPPOBLIMKA CUrHASIAMN — ABYX M MHOIO-
YPOBHEBbIN AUCKPETHbIA CUrHaN. AHANOroBblE CUrHaNbl MEHEE
YYBCTBUTESIbHbI K UCKXKEHWIO, 0B6YCNOBIEHHOMY 3aTyXaHWeEM B
nepeaaoLLen cpeae, 3aTo KOAMPOBAHUE U AEKOANPOBaHME AaHHbIX
NpoLLe ocyLLecTBASETCH Ans UMdpoBbIX CUrHANOB. 8
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TeneKOMMYHUKaALUUOHHbIe CUCTEMDI
1. OCHOBHbIE CBeieHus O
TEJIEKOMMYHUKALUMOHHbIX CUCTEMaAX

CUMHXpPOHM3aLMA 3/IEMEHTOB CeTU — 3TO YacTb NPOTOKOIa CBS3MN.
B npouiecce cMHXpOHM3aLnn obecneumBaeTcs CMHXpOHHas paboTta
annapaTtypbl NPUEMHMKA U NepeaaTynKa, Npyu KOTOPOWN MPUEMHUK
OCYLLIECTBNSET BbIOOPKY MOCTYNAKOLWLMX VIHCbOpMaLl,VIOHHbIX 6utoB
CTPOro B MOMEHTbI UX MpuxoAa. PasnnyatoT CMHXPOHHYIO nepeaadyy,
aCMHXPOHHYIO nepeaavy u nepeagadvy ¢ aBTONOACTPOUKOMW.

CUHXDOHHas nepegaya OT/INYAETCa HaMYMEM AOMNOSHUTENBHOU NIMHUK
cBs3u (Kpome OCHOBHOVI) Ans nepeaavyn CUHXPOHU3NPYIOLWMX UMMNYNbCOB
(CN) ctabmnbHOM YacToThbl. Bbigaya 6MTOB AaHHbIX NEpeaaTYMKOM U
BblOOpKa CUrHANOB NMPUEMHNKOM MNPOM3BOASATCS B MOMEHTbI NOSAB/IEHUS
CW. 2T0 HageXXHo, HO HeobxoauMma nononHMTeanaﬂ NNHUA.

ACUHXPOHHas1 nepejaya He TpebyeT Aono/HUTENBHOU NnHUKN. Tepeaaya
OCYLLEeCTBNISETCH HebOoNbWMMN (DUKCUPOBaHHbIMK 610KkaMKn, a ans
CUHXPOHM3AUNM NCMONb3YETCA CTapT- -ouT.

B nepegaye ¢ aBTONMoOACTPOMKOU CUHXPOHU3ALIMS AOCTUIaeTcs 3a CYET
MCMONb30BaHUSA CaMOCUMHXPOHM3MpYtoLLmx koaoB (CK). KoaupoBaHue
nepefaBaeMbixX AaHHbIX € nomoLlbto CK 3akovaeTcs B TOM, YTOObI
obecnevnTb perynsipHbIe 1 YacTble 3MEHEHNS YPOBHEN CUrHasa B
kaHane. Kaxabli nepexos ncnonb3yeTcs Ans NoACTPoOnKM NpUEMHMKA.

10



TeneKOMMYHUKaALUUOHHbIe CUCTEMDI
1. OCHOBHbIE CBeieHus O
TENNEKOMMYHUKALUMNOHHbIX CUCTEMaX

CnytHukoBblie ceTu cBa3u (CCC). Kocmnueckne annapatbl (KA) ceasu
3anycKatoTcs Ha BbicoTy 36 000 KM 1 HaxoaATcA Ha [eoCTalMoHapHOu
opbuTe, MIOCKOCTb KOTOPOW NapasnsiesibHa NnockoCcTy 3KBaTopa.

Tpu Takmx KA obecneunBatoT 0XBaT MOYTH BCEN MOBEPXHOCTU 3EMIIN.

B3anmopeunctaue mexay aboHeHTamn CCC ocyLlwecTBNsSeTcs no Lenu:
AC-oTripaBuTesib MHOpMauum — > repegarolyasl Ha3emMHasl CTaHuns — >
—> CIYTHUK —> MPUEMHasi Ha3eMHasi ctaHumsi — >AC-rosiy4aTerib.

OpAHa HaszeMHas cTtaHums obcnyxxmeaet rpynny é6nunsnexamnx AC.

[nga ynpaBneHus nepe,qatlem AaHHbIX MexXAay CryTHUKOM N Ha3€MHbIMU
CTaHUMUAMU UCMOJIb3YIOTCA C/iEAYOLLNE Criocobsl.

1. O6blYHOE MYNIbTUMIEKCUPOBAHME C YACTOTHbLIM U BPEMEHHbIM
pa3aeneHneM.

2. Ob6bl4Has AMCLUMMNNINHA «MEePBUYHbIN/BTOPUYHBIN» C UCMO/b30BaHUEM
nnu 6e3 ncrnonb3oBaHNs METOA0B N CPeacTB onpoca/Bbibopa.

3. PaBHOpaHroBble AUCLMMANHBI YNPaBAeHUs C paBHbIM NPaBOM AOCTYNa
K KaHany B YCOBUAX COMEPHUYECTBA 3a KaHarl.

11



TeneKOMMYHUKaALUUOHHbIe CUCTEMDI
1. OCHOBHbIE CBeieHus O
TENNEKOMMYHUKALUMNOHHbIX CUCTEMaX

HblE€ NPENMYLLIECTBAM CMYTHUKOBbIX CETEN CBA3W:

0]

e 6onblUasg NPonyckHasi CnocobHoCTb, 0bycnoBneHHas paboTon CnyTHUKOB

B LUMPOKOM Anana3oHe rmrarepuoBbiX YacToT. CryTHUK MOXET
noaaepXXmBaTb HECKOJIbKO ThICSY peyeBbiX KaHa/N0B CBA3U;

e obecneyeHne CBA3N MeXAY CTaHUUSMU, PaCrnofIOXKEHHbIMU HA OYEHb
60/1bLUNX PACCTOSIHUSAX, U BO3MOXHOCTb 06CNy)XnBaHusi aboHEHTOB
B CaMbIX TPYAHOAOCTYMHbIX TOYKAX;

® HE3aBMCUMOCTb CTOMMOCTM rnepenavm MHPopMauum OT pacCTOSIHUS
Mexxay aboHeHTamu;

® BO3MOXXHOCTb MOCTPOEHUA CETUN 6€3 PU3NYECKN peann3oBaHHbIX
KOMMYTaLMOHHbIX YCTPOUCTB.

HenoctaTku COYTHUKOBbLIX CETEN CBA3M:

e HEOOXOAMMOCTb 3aTpaT CPeACTB U BpEMEHM Ha obecrneveHune
KOHMDUAEHUMANbHOCTW Nepeaadn AaHHbIX;

® Hannuue 3afepXKKN NpuemMa paguocuMrHana Ha3eMHoOW CTaHUMEN U3-3a
60/bLLMX PACCTOSAHUI MeXAY CMYTHUKOM U CTauMen CBA3M;

® BO3MOXXHOCTb B3aMMHOI0 MCKaXXEHWS paanoCUrHanoB OT HA3EMHbIX
CTaHUMK, paboTaroLwmMx Ha COCEAHNX YacToTax;

® NMOABEPXXEHHOCTb CUTHAMOB BANAHUIO Pa3INYHbIX aTMOCHEPHbIX
ABNEHUN.

12



TeneKOMMYHUKALUOHHbIe CUCTEMDI

2. KomMmyTauumsa B ceTax

KoMMyTaums SIBNSIETCS XXU3HEHHO BaXXHbIM 3/IEMEHTOM CBS3U aBOHEHTCKNX
cuctem (AC) mexay cobon 1 C LeHTpaMu ynpaBieHust, 06paboTkm u
XpaHeHns HOpMaUnn B CETSX. Y3Nbl CETU NOAK/OHAIOTCS K
HEKOTOPOMY KOMMYTUpYIoLLeMY 0bopyaoBaHMo, n3beras Taknum
06pa3oM HeObX0AMMOCTM CO3AaHUS CreLManbHbIX IMHUIA CBA3M.

KoMMyTupyeMou TpaHCrIoOpTHOM CETbIO Ha3bIBAETCS CETb, B KOTOPOW MEXAY
asyms (unm bonee) KOHEYHbIMKM MYHKTaMW YCTaHaB/IMBAETCS CBSA3b MO
3anpocy.

[MpMepoM TaKoW CETU ABNSAETCS KOMMYTUPYEMasi TENE(OHHas CETb.

CyLLeCcTBYIOT cneaytowme MeToabl KOMMYTaUWN:
e KOMMyTauUus uenen (KaHanos);

® KOMMYTALMS C MPOMEXYTOYHbIM XpaHEHMEM, pa3aensieMas Ha
KOMMYTaLMO COOBLLEHUA M KOMMYTALMIO NMaKeTOB.

13
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TeneKOMMYHUKaLNOHHbIE CUCTEMDI
2. KoMmMyHuKauusa B ceTax

KoMmmyTauusa kaHanos (uenen). [1pn koMMyTaLum KaHanos (Lenen) mexay
CBSA3bIBAEMbIMW KOHEYHBIMW MYHKTaMW Ha MPOTSXXEHNN BCEFO BPEMEHHOIO
MHTEpBasa CoOeanMHeHNUa obecnevymBaeTca 0OMeH B peanbHOM MacluTabe
BpeMeHu, npuyeM buTbl nepeaaroTcs C HEM3MEHHOW CKOPOCTbIO MO KaHasny
C NOCTOSIHHOM MOJI0COU MPOMNYCKaHuS.

[penmyllecTBa METOMl@ KOMMYTaLMN LENEN:

e O0TPaboOTaHHOCTb TEXHOOMMM KOMMYTaLMK LIENEN;

e paboTa B AMANOroBOM pexmnMe n B peanbHOM MacwTabe BpeMeHu;

e obecneyeHne NPo3payHOCTN HE3ABUCUMO OT YMCna coeamHeHmnn mexay AC;
e LLUMPOKast 06nacTb NPUMEHEHNS.

Henocratku MeToAa KOMMyTaLUun Lienen:

® JINTEJIbHOE BpEMA YCTAHOBJIEHUA CKBO3HOIO KaHaJla CBA3U U3-3a
BO3MOXXHOI0 OXXUAaHUs 0CBOBOXKAEHUS OTAENbHbIX €ro Y4aCTKOB,

e HeobXx0AMMOCTb NMOBTOPHOWN Mepeaayn CUrHana Bbi30Ba U3-3a 3aHATOCTU
KOMMYTALIMOHHOIO YCTPOMUCTBA B LIEMOYKE MPOXOXAEHUS CUrHana;

e OTCYTCTBME BO3MOXXHOCTM BblibOpa ckopocTen nepeaavn nHbopMaLmm;

e BO3MOXXHOCTb MOHOMOAM3ALUNK KaHana 0gHMM UCTOYHMKOM MHMOPMaLMK;

e HapalumBaHne PyHKLUUN N BO3MOXHOCTEN CETU OrPaHNYEHHO;

e He obecneymBaeTcs paBHOMEPHOCTb 3arpy3Kn KaHanoB CBSA3MW. 15
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TeneKOMMYHUKaLNOHHbIE CUCTEMDI
2. KoMmMyHuKauusa B ceTax

Ko aumsa coobuieHmnin — paHHUIN MeToA nepeaayn AaHHbIX (MpUMeHsieTcs
B 3/IEKTPOHHOM MOYTE, HOBOCTAX). TEXHONOMMS - «3aNOMHUTb U NOCIATb».
CoobLUeHne LIeIMKOM COXPAHSIET CBOIO LIEIOCTHOCTb B MPOLIECCE €ro
MPOXOXZAEHN] OT OAHOrO Y3/1a K APYroMy BriOThb A0 MyHKTa Ha3HayYeHus,

a TPaH3UTHbIN Y3€/ He MOXET HauMHaTb AaNbHENLLIYIO Nepeaadvy YacTu
COODLLEHNS, €CNIN OHO €elLlle NPUHUMAETCS.

[1lpenmyLlecTBa MeToaa:
e OTCYTCTBME HeobxoanMOoCTU B 3abnaroBpeMeHHOM YCTaHOBNEHNN KaHana;

o CI)OpMVIgOBaHVIe MapLUpyTa U3 YYACTKOB C Pa3/IMYHOWN NPOMyCKHOM
CrMOCOBHOCTbIO;

e peanuniaums cucteM obcy>XmBaHus 3anpocoB C YYETOM UX NPUOPUTETOB;
® BO3MOXXHOCTb CrllaXXMBaHUSA MUKOBbLIX HAarpy30K 3anoMMHaAHWEM MOTOKOB;
e OTCYTCTBME NOTEPb 3aMNpocoB Ha 06CNy)XMBaHME.

HegocraTku:

e HEOBXOAMMOCTbL peanu3aumnn cepbe3Hbix TpeboBaHUN K EMKOCTU NamMaTy
B Y31aXx CBA3W 415 npuema 60sbLlimnx coodLeHnu;

e HEeJOCTaTOYHble BO3MOXXHOCTWU MO peannsaumn ananoroBoro pexmma u
paboTbl B peanbHOM MacluTabe BpeMeHun Npu rnepeaayve AaHHbIX;

e KaHalNbl UCNONb3YIOTCA MeHee 3(PPEKTUBHO MO CPABHEHUIO C AP. METOAAMM.
17




TeneKOMMYHUKaLNOHHbIE CUCTEMDI
2. KoMmMyHuKauusa B ceTax

Ko aLusa NaKkeToB COYeTaeT B cebe npenmMyLecTBa KOMMyTauuy KaHanoB U

KOMMYTaLMn COOBLLIEHNM.

Ee ocHOBHble Lenun: e obecrneveHne nosHoM AOCTYMHOCTU CETU U MPUEMIIEMOrO
BPEMEHM PeaKLUMN Ha 3anpoc A BCEX MOMNb30BaTENEN, ® CriIaXXnBaHUE
aCMMMETPUYHBIX NMOTOKOB MEXAyY NOoNb30BaTeNnsaMu, e obecreyeHne
MYNbTUMIEKCUPOBAHNS BO3MOXXHOCTEN KaHANO0B CBSI3N M NOPTOB KOMIMbIOTEPOB
CETWN, ® PacCpPefOTOYEHNE KPUTUYECKMX KOMIMOHEHTOB CETW.

[aHHble pa3buBaloTca Ha KOPOTKME [1aKeTbl (GDUKCMPOBAHHOWN AnnHbI. Kaxxabin
NakeT CHabXxaeTcs NPOTOKONbHOM MHMOPMALIMEN: KOAbI HaYana U OKOHYaHUS
NakeTa, aJpeca OTNpaBUTENS U MOosy4aTens, HOMep NnakeTa B COODOLLEHMN,
MHdopMaLns AN KOHTPONS AOCTOBEPHOCTU NepeaaBaeMbIX AaHHbIX.
He3aBucKMble NakeTbl OAHOIO COODLLEHMS, MOTYT nepeaaBaThCcs OAHOBPEMEHHO
MO pas3/iM4yHbIM MapLUpyTaM B COCTaBe gedTarpaMM. NakeTbl AOCTaBASAOTCS B
NYHKT Ha3HaueHus, rae U3 HUX hopMUpyeTCs nepBoHayanbHOE CoobLeHNe.

B oTMume oT KOMMyTaLuK COObLWEHNN KOMMYTaLNA NAKETOB MO3BONSAET:

® YBENMNYNTb KONMMYECTBO MNOAK/IIOYAEMbIX CTAHLMUN;

e Jlerye NpeoaoseTb TPYAHOCTU C MOAKIIOYEHNEM AOMOSHUTENBHbIX TMHUN CBA3M;

® OCYLLECTB/ATb a/IbTEPHATUBHYIO MapLUPYTU3aLMIO, YTO CO3AAET MOBbILWEHHbIE
ynobcTBa A1 NoNb3oBaTeNen;

® CYLLECTBEHHO COKPaTUTb BPEMS Ha nepeaayvy AaHHbIX, NOBbLICUTb MPOMYCKHYO
CMOCOBHOCTb N 3(PPEKTUBHOCTb UCMOMb30BAHUS CETEBLIX PECYPCOB.

Ceviyac rnaketHas KOMMYTauusA SABJIAETCA OCHOBHOU AJ14 Nepefdaydn AaHHbIX.
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KoMMyTauua nakeToB
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TeneKkoOMMYHUKaLUOHHbIe CUCTEMDbI
2. KoMmMyHuKauusa B ceTax

BbiBOA MO pasaeny

AHaNn3 pacCMOTPEHHbIX KOMMYTaLMOHHbIX
TEXHOMOrMM NO3BONSET CAENaTh BbIBOA
O BO3MOXHOCTU pa3paboTkn KOMOUHWPOBAHHOIO
MET0/Aa KOMMYTaLiun, OCHOBAHHOIO Ha
MCMOJ/Ib30BaHMN B onpeaesieHHOM CoYeTaHnK
MPUHLNMOB KOMMYTaLMX COOOLLEHMNN, NAKETOB U
obecrneynBatoLlero bonee apdpekTMBHOE
yrnpasJ/ieHne pa3HOPOAHbIM TPaUKOM.

20



TeneKoOMMYHUKaLNOHHbIEe CUCTEMDI

3. MapwipyTu3aumna nakeToB B CETAX

CyLwHOCTb, LUenm u cnocobbl MapwpyTusaumm. 3aa4a MapLLpyTU3aumm
COCTOMT B Bblbope MaplipyTa A/ Nepeaayun oT OTrNPaBUTENS K NoyYaTento.
Peub naeT, npexae BCero, 0 CETAX C NPON3BObHON (F4EUCTON)
TOMOMOrNENn, B KOTOPbIX peann3yeTca KoMMmyTaums naketo. OaHako B
COBPEMEHHbIX CETAX CO CMELLaHHOW Tononornen (3Be3aH0-KONbLIEBOW,
3BE3/JHO-LLMHHOWN, MHOFOCErMEeHTHOW) peanbHO CTOUT U PELLAETCA 3ajada
BbibOpa MapLupyTa Ans nepeaayv Kaapos, ANs Yero UCrnosb3yrTCs
COOTBETCTBYIOLUME CPpeacTBa, HanNpuMep MapLLpyTM3aTopbl.

B BUPTyanbHbIX CeTAX 3aAaya MapLupyTu3aLmm npu nepegade coobLleHus,
PACUYIEHAEMOro Ha MaKeTbl, PELLAETCS €ANHCTBEHHBIN pa3, Koraa
YCTaHABNBAETCS BUPTYanbHOE COEAMHEHME MEX/Y OTMPABUTENEM U
nony4yaTenem.

B oenitarpaMMHbIX CETSAX, A€ AaHHbIe nepeaatoTcs B opMe AenTarpamm,
MapLUPYTU3aLIMS BbINOMHAETCA AN KaXKA0ro OTAENbHOMO MakeTa.

Bbi6bop MapLUPYTOB B Y3/1aX CBA3N TENEKOMMYHUKALMOHHbIX CETEN
NPOM3BOANTCS B COOTBETCTBMM C peasim3dyemMbiM anroputMomM (METOA0M)
MapLLpYyTU3aLmn. 21




Bbi6bop MapwpyTa

& MaplLupyTnsaums

BblbMpaeTcs MapLIpyT, 06ecreynBatownin MakCMManbHYO NPONYCKHYO COCOBHOCTb.

Ha puc. — 3To MallpyT € NponyckHoM cnocobHocTbio B 100 MbuTt/cek 55



MeToabl N poABMYKEHNSA NAKETOB

KoMMyTUpYyeMBIE CETH
CeTu ¢ KoMMYyTaLKen CEeTn ¢ KOMMYyTaLMen
KaHanos NaKkeToB
[lenTarpaMmmHble ceTn (6e3 CeTM C YCTaHOBNEHNEM
YCTAHOBNEHUA CoedNHEHWNN) NIOTMYECKINX COEANHEHUN

CeTW ¢ YCTaHOBIIEHNEM CeTu ¢ YCTaHOBIEHWEM

NOTVYECKNX COeIMHEHUN Oe3 BUPTYarbHbIX KaHarnoB
uKcaLMm MapLUpYTOB
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TeneKkoOMMyHUKaLlUOHHbIe CUCTEMbI
3. MapwipyTusaums naketToB B CeTAX

A/IrOpUTM MapLUpyTU3aLMN — 3TO NPaBUIO0 Ha3HAYEHNS BbIXOAHOU SINHUN
CBA3U /1 NEpeAayqn naketa, basmpyroleecs Ha uHgpopmaLlmum,
coAiepXKallenca B 3aro/ioBKe naketa (agpeca OTrpaBuTesIS 1 MoJlydaTesis),

MHOpMaLnmn o 3arpy3ke 3Toro y3/a (A/IMHa o4Yepeaen rnakeToB) N CETU B
Lie/1OM.

OCHOBHbIE Leny MapLlipyTU3aumm 3aKJIi4arnTCca B obecneyeHnu:

e MUHMManNbHOM 33/1EPXKKMU NaKeTa Npu ero nepegadve ot oTnpaBUTENS K
nosny4yaTento;

e MaKCMMasibHOM MPOMYCKHOW CrOCOOHOCTU CEeTU;

e MaKCMManbHOM 3aLLMTbl MAKEeTa OT Yrpo3 A1 COAEPXKALLENCS B HEM
NHOpMaLmK;

e HaJEXXHOCTU AOCTaBKU MaKeTa aapecary;

® MMHMMAsbHOW CTOMMOCTM Nepeaayn nakeTa ajgpecary.

PasnuualoT cneayoume cnocobbl MapLUpyTU3aLINK:

- UEeHTpa/In30BaHHas MapLUpyTu3auus,

- pacripegesnieHHas (AeueHTpann3oBaHHas) MapLUpyTU3aLus;

- CMellaHHasi MapLUpyT3aLus 24




TereKOMMYHUKaALMOHHbIEe CUCTEeMbI
3. MapuwipyTusaumsa nakeToB B CETAX

1. LleHTpanu3oBaHHas MapLUpyTU3aLMsl Ppeann3yeTcd B CETAX C
LileHTpasiM30BaHHbLIM yripaBneHneM. Boibop MaplupyTa ans Kaxaoro rnaketa
OCYLLECTB/ISIETCH B LIEHTPEe YnpaB/ieHUs CeTblo, @ Y3/bl CETU CBA3WN TOJIbKO
BOCMPUHUMAIOT ¥ PEANN3YIOT PE3YNbTaThl PELLEHNS 3aAa4K
MapLUpyTM3auumn. Takoe yrnpaBneHne MapLipyTusaLmen ysa3BuMO K OTKasaMm
LIEHTPaNbHOro y31a U HE OT/IMYAETCSA BbICOKOU MTMOKOCTLIO.

2. PacrnipegeneHHas (geLeHTpasM30BaHHasi) MapLUpyTHU3aLMs BbINO/THSETCS B
CeTdX C AeueHTpPa/IM30BaHHbIM YNPaBJIEHUEM. CDYHKLI,VIVI ynpaBnieHUA
MapLUpyTU3aLMEN pacrnpeaeneHbl Mexay y3naMu CETU, KOTopble
pacnonaratT A1 3TOro0 COOTBETCTBYHOLLMMU Cpe,EI,CTBaMVI PacnpenenexHas
Ma LPYTU3aLUUA CIOXKHEE Ll,eHTpaJ'IVIBOBaHHOVI HO OT/NIMYaeTCcsa bonbLuen

KOCTbIO.

3. CM&llIaHHaﬂ MapLLPyTH3aLMs XapaKTEPU3YETCS TEM, YTO B HEN B
onpeaesnieHHOM COOTHOLIEHNW peanv30BaHbl MPUHLMMbI LIEHTPaIN30BaHHOM
W pacrnpeaeneHHon MapLipyT13aLumu.

3aga4a MapLUpyTU3aUmMm B CETAX PELLAETCA NP YCI0BUW, YTO KpaTHanLLMMI
MapLpyT, obecneuvBaloLLmin nepeaady naketa 3a MMHUManbHoe BpeMs,
3aBUCUT OT TOMOJSIOrNN CETU, NPOMYCKHON CMOCOBHOCTU M Harpy3kun Ha

JINHUN CBA3MN. 3



TereKOMMYHUKaALMOHHbIEe CUCTEeMbI
3. MapuwipyTusaumsa nakeToB B CETAX

€ToAbl MapLpyTU3aLmm - nNpocras, dUKCMpoBaHHasa M aganTUBHas.
PasHuUa Mexay HAMKU — B CTEMNEHU y4YeTa U3MEHEHWUS TOMOOrMU U
Harpy3Kku ceTu npw Boblbope MapLupyTa.

1.[lpocras MapLUpyTU3aLMsi OTINYAETCS TeM, YTO Npu Bbibope MapLl-pyTa
HE YUYMTbIBAETCHA HU U3MEHEHME TOMOIOrMN CETU, HN U3MEHEHNE ee
Harpy3kn. OHa He obecneynBaeT HanpaBAEHHOWN nepeaayn NakeToB U
NMeeT HU3KYIO 3P PEeKTUBHOCTL. Ee npenmyllecTsa - NPocToTa
peanunsaumm n obecneyeHne yctonunsou paboTbl CETU NPU BbIXoae U3
CTPOSA OTAENbHbIX ee 3/1eMeHTOoB. [pakTnyeckoe npuMeHeHne noayvnnu:

e ClyyaiiHas MapuipyTu3aumns - A1 Nepeaayn nakeTta BolbupaeTcs 04Ho
c/ly4anHoe cBoboAHoe HanpaseHue. MakeT «bnyxaaeT» no cetm u ¢
KOHEYHOW BEPOSATHOCTbIO OCTUrAET aJpecaTa.

e JIaBUHHAA MapLIpyTM3aLnsa npeaycMaTpuBaeT nepeaadvy nakera us y3na
o0 BCEM CBOH6OAHbBIM BbIXOAHbIM NMUHUAM. IMeeT MecTo sBneHue
«pa3MHOXeHus» naketa. OCHOBHOE NPEUMYLLIECTBO TaKOro MeToaa —
rapaHTUPOBaHHOE obecrneyeHne onTMManbHOro BpEMEHN JOCTaBKU
nakeTa agpecarty. MeToa MOXeT MCMo/1b30BaTbCA B HE3ArPY>KEHHbIX
ceTsx, koraa TpeboBaHUs MO0 MUHMMMU3ALIMN BPEMEHN N HAAEXHOCTU
[OCTAaBKM NAKETOB AOCTATOYHO BbICOKMU. 26




TereKOMMYHUKaALMOHHbIEe CUCTEeMbI
3. MapuwipyTusaumsa nakeToB B CETAX

2.9 IPOBaHHasi MapLUpyTu3aLmsi - nNpun Bolbope MapLupyTa yYuTbliBaeT-cH
N3MEHEHWE TONOMOrNU CETU N HE YUNTHIBAETCH U3MEHEHUNE €€ HArPY3KMU.
[nga Kakaoro y3na Ha3HayeHus Hanpas/ieHne nepeaayv BuioMpaeTca no
Tabnmue Kpatdyaniumx MapLupytoB. OTCYTCTBME aanTauum K U3MEHEHWUIO
Harpy3kun NpMBOAUT K 3aA€p)KKaM NaKeToB ceTu. Pa3nnyaloT oAHONYTEBYIO U
MHOronyTeBY (OUKCMPOBAHHbIE MapLLpyTu3aumn. NepBas cTpouTcs Ha
OCHOBE €UHCTBEHHOrO MyTW NEpeAaYn NaKeToB Mexay ABYMSA abOHEHTaMK,
YTO COMPSXKEHO C HEYCTOMYMBOCTBIO K OTKa3aM W neperpyskam, a BTopas —
Ha OCHOBE HECKOJIbKMX BO3MOXHbIX MyTeN MeXay ABYMS a60HeHTaMM n3
KOTOPbIX BblbUpaeTcs Hanbonee npeanodYTUTENbHbIA NYThb. (DMKCMPOBaHHaFI
MapLIpyTM3aLns MPUMEHSETCA B CETSAX C Maslo U3MEHSIOLENCS TOMOMOrVEN
N YCTAHOBUBLLUMMUCS NMOTOKaMM MaKeToB.

3.AfanTvBHas MapLLUpyTU3aLMsi OTNINYAETCS TEM, YTO MPUHATUE PELLEHNS O
HanpaBfeHUU Nepeaavn NakeToB OCYLLECTBNSETCS C YYETOM U3MEHEHUS
KaK TOMOOrnK, Tak U Harpy3kn cetu. CyLecTByoT HECKO/IbKO MOANdU-
KaLun afanTUBHOW MapLLpyTU3aLUuK, Pa3nnyatowwmxcsa TeM, Kakass MMEHHO
MHOPMaLIMS UCMOMb3YETCS Npu Bb|6ope MapLipyTa. I'Ionqunm pacnpocT-
paHeHue e JIOKaJbHAs, e pacnpeaesieHHasl, o LIeHTPaaM30BaHHas u
e r’MbpuaHag aganTuBHAg MapwpyTn3aums (CMbIC/ SCEH U3 HA3BaHUS). 27




TeneKOMMYHUKALUOHHbIe CUCTEMDI

4. 5almTta OT OWMBOK B ceTsax

[Mpy nepefayve AaHHbIX OAHA OLWMOKA Ha ThiCAYY NepeAaHHbIX CUrHaNoB
MOXXET CEPbE3HO OTPA3UTLCS Ha KayecTBe MHGOPMaLUH.

CyLlecTByeT MHOXECTBO MeToAoB obecrneveHns 4OCTOBEPHOCTU nepeaayn
NHpopMaLmMn (3alLnUTbl OT OLIMOO0K), OTNIUYAIOLLNXCS:
e 0 UCMOJb3yEMbIM CPeaCcTBaM,
e 10 3aTpaTaM BpeMEHU Ha NX NMPUMEHEHNE,
e 10 cTerneHn obecrnevyeHns 4OCTOBEPHOCTU Nnepeaayn MHopMaLunu.

I'IpaKTMqUeCKoe BOrioleHme METoAO0B COCTOUT U3 ABYX YyacTen — MporpaM-
MHOW 1 annapaTtHou. CooTHoLleHnE MeXxXay HUMN MOXXET @bITb CaMbIM
pPa3/inyHbIM, BMJj10Tb A0 NMOYTU MNMOJIHOIO OTCYTCTBUA OAHOU U3 HACTEWN.

OCHOBHbIE MPHUYNHBI BOSHUKHOBEHMSA OLUMOOK Tpu nepeaaye B CETAX:

e c60M B KaKOW-TO 4acT 060pyA0BaHMSA CETU U BOSHUKHOBEHKE
HebnaronpuATHbLIX CobbITUN B ceTh. CUcTEMa Nepeaayvn AaHHbIX
roToBa K TAKOMY M YCTPAHSET MUX C MOMOLLbIO NPeayCMOTPEHHbIX
N1aHOM CPeacCTB;

® [TIOMEXU, Bbl3BaHHblE BHEWULHUMU UCTOYHUKAMUN U aTMOC(beprIMVI
ABJIEHNAMMN. 28




TereKOMMYHUKaALMOHHbIEe CUCTEeMbI
4. 3awumTa oT oLIMBbOK B ceTsX

Cpeant MHOrO4YMCIEHHbIX METO/A0B 3aLUUTbI OT OLMOOK BbIAENAIOTCS
TPU rpyrirnbl METOAOB: e rPynnoBbIE METOAbI, o
MOMEXOYCTOMUYMBOE KOANPOBAHMWE U o
METO/bl 3alUThl OT OLIMOOK B CUCTEMax nepeaadn ¢ 06paTHON CBA3bIO.

VI3 rpyrnnoBbix METOAOB NONY4NIN LINPOKOE MPUMEHEHNE MAXKOPUTAPHbIA
MeToA W MeToa nepeaavn MHOOPMAUMOHHbLIMK 610KaMK C KONTMYECTBEHHOW
XapaKTepucTnkon broka.

CyTb Ma)xoputapHoro MeToaa COCTOUT B TOM, YTO Ka)xaoe coobuieHne
nepeaaeTcs HeCKONbKO pa3 (4alle Tpu pasa). CooblueHus 3arnoMnHatoTCs
N CPaBHUBAIOTCS, NPaBU/IbHOE BbIOUPAIOT MO COBMAAEHUIO «2 U3 3.

[lpyrou rpynnoBon METOA, TakxXe He TPebytoLnn nepekoampoBaHns UHGOP-
MaLuK, NpeanosiaraeT nepeaayvy AaHHbIX 6/10KkaMu C KOIMYECTBEHHOM
XapaKTEPUCTUKON 6110Ka (YMCIIO eAnHULL NN HYNIEW, KOHTPOJIbHAs CyMMa
CMMBOJIOB U Ap.) Ha NpMeMHOM NyHKTE 3Ta XapaKTepUCTMKa BHOBb
NOACUYMTBLIBAETCS M CPABHMBAETCS C NepeAaHHOM NO KaHasy CBS3W.

ECnn XapaKTepUCTUKM COBMAaAAloT, CYUTAETCSH, UTO BNIOK HE COAEPXNUT
oLMbOK. B MpOTMBHOM C/ly4ae Ha NepeaatoLLylo CTOPOHY MOCTYMNaeT CUrHan
C TpeboBaHMEM MOBTOPHOW nepeaadn 6noka. B coBpeMeHHbix TBC Takon
METO/ NOJSTyYMN CaMoe LLIMPOKOE PacNpPOCTPaHEHUE. 29




TereKOMMYHUKaALMOHHbIEe CUCTEeMbI
4. 3awumTa oT oLIMBbOK B ceTsX

Tomexoycronymnsoe (M36bITOYHOE) KoAMpOBaHHE NnpearnonaraeT pa3paboTKy u
NCMOJ1Ib30BaHNE KOPPEKTUPYHOLNX (MOMeX0oyCTONUYMBLIX) KOAOB.

CucreMbl nepeAaqyn ¢ 06paTHOM CBSA3bIO [ENATCS: Ha
CMCTEMbI C pellatoLLient 06paTHON CBA3bIO U CUCTEMBI C MH(OPMALIMOHHOW
obpaTHOM CBSA3bIO.

OcobeHHOCTbIO CUCTEM C peLliatoLien 06paTHON CBA3bIO ABMSETCA TO, YTO
peLleHne o HeobxoaMMOCTM NMOBTOPHOM nepeaayn MHdopMauum NpuHUMaeT
npuemMHuK. NPUMEHSETCA NMOMEXOYCTOMYMBOE KOAMPOBaHME, C MNOMOLLbIO
KOTOPOro Ha NPUEMHON CTaHLMK OCYLLIECTBSETCSA NPOBEpPKa NPUHMMAEMON
MHOpMaLmn. lNpn obHapy>XeHWUW OLLINOKK Ha NepeaatoLLlyto CTOPOHY Mo
KaHany obpaTHOW CBSI3M NOCLINIAETCS CUIHA Nepesanpoca, N0 KOTOpoMy
NHOopMaLms nepeaaeTcs NoBTOPHO.

B cuctemax ¢ nHbopmMaLmMoHHon 06paTHON CBA3bLIO Nepeaada MHhopMaLmnm
OCYLLECTBISAETCA 6€3 MOMEXOYCTONUMBOrO KOAMPOBaHUS. [PUEMHWUK, NMPUHSAB
MHMOPMALIMIO MO NPSIMOMY KaHany M U 3aroMHMB, NepeaaeT ee 0bpaTHo,
rae oHa cpaBHMBaETCS. [pn coBnageHnn nepeaaTynk NoCbIIaeT CUrHa
NOATBEPXKAEHUS, B MPOTMBHOM C/ly4ae NPOMCXOANT NMOBTOPHAs nepeaaya
BCEN MH(OPMaLNK, T.€e. PeLEHNE O nepeaade NPUHNUMAET rnepeaaTyuk.




