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Lns onpeneneHnsa KOMMNOHEHT BblYNCTUTENbHbIX ceten npuneenem nx O6Ll.l,y}0 Knaccugukaumio.
Ona Heé NCNoNb3yKOTCA pa3d/indHble NMPU3HaKK, HO Yalle BCero cCetn Oenat Ha Tunbl No
TepputopmnanbHOMy Npm3Haky, TO eCTb MO BEJIMYNHE TEPPUTOPUN, KOTOPYIO NOKPbIBAET CETb.
N ons aToro ectb Beckune NPWYnHbI, TaK KakK OTN4nNA TEXHONOr A NOKanbHbIX U rNobanbHbIX
ceTer 04eHb 3HAYUTENbHbI, HEeCcMoTp4 Ha UX MOCTOSAHHOE cbnuxeHne.

Lensatcs ceT No CTeNeHN TeppuTopuanbHoi pacnpeaeneHHocTun Ha: rnobanbHele (WAN),
ropoackne(MAN) n nokanbHble(LAN).

K nokanbHbIM ceTsiM — Local Area Networks (LAN) — OTHOCAT ceTU KOMNbIOTEPOB,
cocpenoTo4YeHHbIX Ha Hebonblwol TeppuTopun (06bI4HO B paanyce He bonee 1-2 kM). B obuwem
cnyyae nokanbHasi ceTb npefctaBnsieT cobori KOMMYHUKALMOHHYIO CUCTEMY, NPUHAANEXalLYto
OLHOW opraHmsaunn. M13-3a KOpOTKMX pacCTOSHNIA B NOKANbHbIX CETAX UMEETCS BO3MOXHOCTb
MCNONb30BAHNSA OTHOCUTENBHO OOPOrMX BbICOKOKAYECTBEHHDIX IMHWUIA CBSA3W, KOTOPbIE
NO3BONSAOT, MPUMEHSS NPOCTbIE METOAbI Nepefayn AaHHbIX, AOCTUraTb BbICOKUX CKOPOCTEN
obMeHa faHHbIMK. B cBA3M C 3TUM yCcnyrun, NpenocTaBnisieMble N0KanbHbIMU CeTSMU,
OTNNYAOTCS WMPOKMM pasHoobpasvem 1 0bbl4HO NpeaycMaTpuBatoT peannsaumnio B pexunMe
on-line.

"nobanbHble ceTn — Wide Area Networks (WAN) — 06 beanHSAIOT TeppUTOpPUaNbLHO
paccpefoTO4YEHHbIE KOMMbIOTEPbI, KOTOPbIE MOMYT HAXOAUTLCSA B Pa3fMyHbIX ropogax u
cTpaHax. Tak Kak npoknanka BbICOKOKAYECTBEHHbIX IMHUIA CBA3M HAa BONbLINE PaCCTOSAHNSA
06Xx0AMNTCS 04EHb AOPOro, B rnobanbHbIX CETSAX HACTO NCMNOMb3YOTCS YXe CyWwecTByowme
NMHWW CBA3W, N3Ha4YanbHO npeaHasHayYeHHble COBCEM ONS OApYyrux uenen. Hanpumep, MHorve
rnobanbHble CETU CTPOATCS Ha OCHOBE TENEMOHHBIX N TeNnerpadoHbIx kaHanos obuero
HasHayeHus. V13-3a HU3KUX CKOPOCTEN Takmx NMMHUIA CBA3W B rNoBanbHbIX CETAX (BECATKM
Knunobut B cekyHay) Habop npeaocTaBnsieMblX ycnyr 06bl4HO OrpaHnYnBaeTCs nepenaden
bannos, NPemmyLecTBEHHO He B OrNepaTyBHOM, a B OOHOBOM peXuMe, C UCMOoNb30BaHNEM
9NEeKTPOHHOM NoYThl. [Ina ycTONYMBON nepenaym AUCKPETHbIX AAaHHbIX MO HEKAYECTBEHHbIM
NVMHNSM CBS3N MPUMEHSIOTCA MeTOAbl U 060PYyA0BaHNE, CYLWECTBEHHO OT/IMYAIOWMNECS OT
MeToLO0B 1 060pyAoBaHUS, XapakTepHbIX ANs NokanbHblX ceTeil. Kak npaBuno, 3aecb
MPUMEHSIOTCS CNOXHblE NPOLenypPbl KOHTPONS U BOCCTAHOBNEHMS AaHHbIX, TaK Kak Hanbonee
TUNUYHBIA PEXUM Nepefayn OaHHbIX N0 TepPUTOpPUanbHOMY KaHany CBS3U CBA3bIBAET
3HaYNTENbHbIE NCKAXEHNS CUTHaNOB.

"opoackue cetu (unu cetn meranonuncos) — Metropolitan Area Networks (MAN) — asnatoTca
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MEHee pacnpoCcTpaHeHHbIM TUMOM ceTei. [MosBUANCL OHM CpaBHUTENBHO HEOABHO U
N3HavyanbHO NpegHa3HavYanucb ons ob6cnyXmnBaHMs TEPPUTOPUMN KPYNHOro ropona —
Meranonuca. B 1o BpeMsi, kak nokanbHble ceTu Haunyywmnm obpasom noaxoaaT ons
pasfeneHns pecypcoB Ha KOPOTKMX PACCTOSHUSAX U WMPOKOBELWATENbHbIX Nepeaay, a
rnobanbHble cetn obecrneymsatoT paboTy Ha 6ONbWNX PACCTOSIHMSAX, HO C OF PaHUYEHHOA
CKOPOCTbIO 1 HeboraTbiM HABOPOM yCnyr, CETW MEranoNCOB 3aHNUMAKOT HEKOTOPOE
NpPOMeXYyTo4HOe nonoxeHme. OHM NCNONb3YIT LMK POBbLIE MarncTpanbHbIe NMHUK CBA3MN,
4aCTO — ONTOBOJIOKOHHbIE, N NPeaHa3HayYeHbl 4715 CBA3U NoKanbHbIX ceTel B MaclwTabax
ropoda 1 coeauHeHMs NokanbHbIX ceTel ¢ rnobanbHbiMU. DTN CeTH NepBOHaYanbHO Obinu
pa3paboTaHbl ANs nepefayn OaHHbIX, HO CeiYac OHWM NOALEPXUBAIOT 1 Takne yCnyru, kak
BMOEOKOHMEePEHUMM N MHTErpanbHble Nepenayn ronoca n tekcrta. Passutme texHonormm
ceTei MeranonncoB OCYLWECTBNSANOCH MECTHBIMU TENEOHHbLIMU KOMMaHUSAMU. VIcToprnyecku
CNOXMUNOCb Tak, YTO MECTHble TenedOoHHbIE KOMNaHMK Bceraga obnananu cnabbimm
TEXHUYECKMMM BO3MOXHOCTSMUN 1 N3-3a 3TOFO HE MOT N MPUBJEYb KPYMHbIX KNTMEHTOB. YTo0bI
NpPeononeTb CBOK OTCTANOCTb U 3aHATb JOCTOMHOE MECTO B MMPE NOKasbHbIX U rnobanbHblx
ceTei, MECTHble MPeanpUsTAS CBSA3M 3aHSNUCL Pa3paboTKoi ceTel Ha OCHOBE CaMblIX
COBPEMEHHbIX TEXHONOMMIA, HANPUMEpP, TEXHONOrMN KoMMyTaumm sd4eek SMDS nnm ATM. CeTtn
MEerarnosiucoB SIBNAOTCS 0OWEeCTBEHHbIMU CETSAMM, U MO3TOMY UX yCnyrn 06XonsTcs newesne,
4eM NocTpoeHme cobCTBEHHO (4aCcTHOI) ceTn B Npeaenax ropona.

PaccMOTpUM OCHOBHbIE OTNINYUSI NOKaNbHbIX ceTel 0T rnobanbHbix 6onee netansHo.

[poTSIXKeHHOCTb, Ka4ecTBO m criocob rnpoknaaku nnHui cs3m. Knacc nokanbHbIX
BbIYNCNINTENbHBIX CETEN NO ONpPeaeneHnio 0TIM4aeTcs oT Knacca rnobanbHbix ceTen
HebOMbWIMM PACCTOSIHUEM MeX Oy y3naMun ceTu. OTO B NpuHLUMNE OenaeT BO3MOXHbIM
MCNONb30BaHWE B NOKaANbHbIX CETAX KA4eCTBEHHbIX NIMHUIA CBSA3WN: KoakcuanbHoro kabens,
BUTOW Napbl, ONTOBOIOKOHHOr0 kabens, KoTopble He BCerga AOCTYMHbl (M3-3a 9KOHOMUYECKMNX
orpaHnyYeHnii) Ha 6oNbWNX PACCTOSHNAX, CBONCTBEHHbIX rNobanbHbiM ceTsM, B rnobanbHbix
CEeTAX HacTo NMPUMEHSIIOTCS YXe CYLWEeCTBYOWME NTMHUN CBA3N (TenerpadHbie nnu
TeneOoHHbIE), @ B NOKANbHbIX CETSAX OHW NPOKNaablBatOTCH 3aHOBO.

CnoxHoctb MeTofoB nepena4un n obopynoBaHuns. B ycnoBmsax HA3KOM HaaeXHOCTM
JoM3MYECKUX KaHanoB B rnobanbHbix cetax TpebytoTcst 6onee CNoXHble, YeM B IOKaNbHbIX
ceTsax, MeToabl Nnepeayn OaHHbIX U COOTBETCTBYoWee 0bopynoBaHne. Tak, B rnobanbHbix
CeTAX WNPOKO MPUMEHSIIOTCS MOy NSLUUSl, aCUHXPOHHbIE METOLbI, CTOXHbIE METOAbI
KOHTPONbHOr0 CyMMMPOBaHUS, KBUTUPOBAHWE N MOBTOPHbIE Nepefayn NCKaXeHHbIX KaapoB.
C Opyroi CTOPOHbI, KA4EeCTBEHHbIE NIMHMMN CBSI3M B NOKANbHbIX CETAX NMO3BOMNIN YNPOCTUTD
npoueaypbl Nnepenayn AaHHbIX 3a CHET NPUMEHEHNSI HEMOOY MIMPOBAHHbIX CUrHANOB U OTKa3a
0T 06s13aTeNbHOr0 NOATBEPXAEHMS NONyYeHUs nakeTa.
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CkopocTb obmeHa gaHHbiMy. OOHVM U3 MMaBHbIX OT/IMYUIA NOKaSbHBLIX CeTel OT rnobanbHbIX
SIBNSIETCS HANM4Me BbICOKOCKOPOCTHbIX KaHanoB obMeHa AaHHbIMU MeX Ay KOMMboTepamu,
CKOPOCTb KOTOPbIX CPaBHUMA CO CKOPOCTSIMM paboTbl YCTPOWCTB 1 Y3/10B KOMMbOTEpa —
LCKOB, BHYTPEHHUX WWH 0OMeHa JaHHbIMU 1 T. M. 3a C4YEeT 3TOro y Nonb30BaTENs NOKaNbHOW
ceTu, NOAK/OYEHHOrO K yaaneHHOMy pa3aensieMoMy pecypcy (Hanpumep, OMCKY cepBepa),
cknaablBaeTcs BneyaTt/ieHne, YTO OH MOMb3yeTCs 3TUM ONCKOM, KakK «CBOUM». [lns
rnobanbHbIX CeTein TUNUYHbI ropa3no 6onee HU3KKME CKOPOCTY Nepenadn OaHHbIX U TONbKO Ha
MarucTpanbHbIX KaHanax Ucrnosb3yTCs BbICOKOCKOPOCTHbIE COEANHEHNS.

PasHoobpasue ycnyr. JlokanbHble CeTn NPefocTaBnsioT, Kak NpaBnno, WNPoKuii Habop ycnyr
— 3T0 pasNnyHbie BUAbLI YCNyr goainoBoi cnyx6bl, nevatu, cnyx6bl nepenayn gakCumMmibHbIX
coobweHuid, ycnyrn 6a3 faHHbIX, SNEKTPOHHAsS No4yTa U Apyrue, B T0 BpEMS Kak rnobanbHble
CeTV B OCHOBHOM MPeaoCTaBnsitoT NOYTOBbLIE YCNYr U MHOrAa — cpaitnoBbie YCyru ¢
OrpaHNyYeHHbIMM BO3MOXHOCTSIMU: Nepefady daiinos n3 ny6nnyHbIX apX1BOB yaaneHHbIX
cepBepoB 6e3 NpenBapuTeIbHOro NPOCMOTPa NX COAEPXaHNS.

OnepatnBHOCTL BbIMNOTHEHMS 3arpPOCoB. BpeMs NpoxoXaeHusi nakeTa 4epes nokasbHy ceTb
06bIYHO COCTaBNSAET HECKONIbKO MUNIMCEKYHA, BPEMS X€E ero nepeaayv yepes rnobanbHyto
CeTb MOXET JOCTUraTb HECKONbKMX CeKyHI. Hu3kas ckopocTb nepenayn OaHHbIX B
rnobanbHbIX CeTsX 3aTpynHAET peanmaaumio cnyx6 ans pexuma on-line, koTopeblii sBnseTcs
06bIYHbIM AN TOKANbHbIX CETEWA.

PasneneHne kaHanoB. B nokanbHbIX CETSAX KaHalbl CBSA3U MCNonb3yrKTCA, Kak npasunno,
COBMECTHO Cpa3y HECKOJIbKNMU Yy3NaMKh CETN, a B rnobanbHbIX CeTSX - nHonsnaoyanbHo.

Vicnonb3oBaHne metoga KoMmyTaumm naketos. BaxkHoil 0COBEHHOCTbIO NOKasbHbIX CeTel
ABNSETCSA HEpaBHOMEpPHoe pacnpeneneHune Harpy3kun. OTHOWEHNE NMKOBOWN HArpy3kn K
cpenHein moxeT coctasnaTtb 100:1 n gaxe Bblwe. Takon Tpadmk 06bIYHO Ha3blBaOT
nynbcupyowmM. 13-3a aToh 0cobeHHOCTU Tpadhuka B NoKaNbHbIX CETAX ANsl CBS3W Y3/10B
NpPUMeHsaeTCca MeTod KOMMyTauun NakeToB, KOTOPbIA ANg NybCUpylowero Tpaduka
okasblBaeTcs ropasno 6onee ahPEKTUBHBIM, YEM TPAANLMOHHBIA ONs rnobanbHbIX ceTel
MeTOo4 KOMMyTauMn KaHanoB. APPEKTUBHOCTb METOAA KOMMYTaL MK NakeToB COCTOUT B TOM,
4TO CeTb B LIESIOM NepenaeT B eaAnHULY BpeMeHun 6onblie AaHHbIX cBOMX aboHeHToB. B
rnobanbHbIX CETSX METOL KOMMYTaLMM NakeToB TakXXe UCMONb3YeTCsl, HO Hapsay C HAM 4acTo
NPUMEHSeTCa U MeTo4 KOMMyTaLMN KaHaN0B, a TakXXe HEKOMMYTUpPyeMble KaHasbl — Kak
yHacnenoBaHHble TEXHONOMMN HEKOMMbIOTEPHbIX CETEN.
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Macwrabupyemoctsb. «Knaccuyieckme» nokanbHble ceTi obnaaatT nnoxon
MacLTabnpyeMoCTbio U3-3a XEeCTKOCTN 6a30BbIX TONOMOrUiA, ONpeLenstowmx crnocob
NOOKMOYEHMS CTaHUMUIA U ANVHY NUHUW. [pr ncnonb30BaHNM MHOrUX 6a30BbiX TOMOMOT I
XapakTepUCTUKN CETM Pe3KO yXyIWarTcs NpU OOCTUXEHUN ONpeaeneHHoro npeaena no
KOJIMYECTBY Y3/I0B UMM NPOTAXEHHOCTU NMHWIA CBA3U. [T nobanbHbIM Xe ceTsM npucylia
xopolasi MacwTabupyemMocTb, Tak Kak OHM U3Ha4YanbHO paspabaTbiBannCb B pacyeTe Ha
paboTy C NPOV3BONbHBLIMY TOMONOrUSMU.

NokanbHble ceTn nepeHnMaroT y rnobanbHblX CeTel U TPaHCNOPTHbIE TEXHONOrun. Bee HoBble
ckopocTHble TexHonorum (Fast Ethernet, Gigabit Ethernet, I00VG-AnyLAN) nogoepxwusatoTt
paboTy No MHAMBUOYANbHbIM TMHUSIM CBA3W Hapsay C TPAANUNOHHBIMA ONS NOKaNbHbIX ceTel
pasnensemMbiMu NUHUAMK. [ng opraHnsaumm nHOnBMAyanbHbIX TMHUIA CBA3M UCMNONb3yeTCs
cneumanbHbIA TUM KOMMYHUKALWOHHOMO 060pyI0BaHUS - KOMMyTaTopbl. KoMMyTaTopbI
NOKarnbHbIX CETEN COEAMHSAIOTCA Mexay coboi No nepapxmyeckoin cxeme, N0AO6HO TOMY, Kak
9TO AenaeTcs B TENEMPOHHbIX CETSX: MMEIOTCA KOMMYTaTOPbl HUXHErO YPOBHS, K KOTOPbIM
HernocpencTBEHHO NOAK/II0YATCA KOMMbIOTEPbI CETU, KOMMYTaTOPbI ClIedyioWero ypoBHS
COEVHSIOT Mex Ay cobo KoMMyTaTopbl HUXHEro ypoBHs 1 T. 4. KommyTtatopbl 6onee
BbICOKUX YPOBHE 06nafatoT, Kak Nnpasnno, 6onbLwer NpoM3BOAMTENBHOCTLIO 1 paboTatoT ¢
H6onee CKOPOCTHbIMM KaHanamu, ynnoTHAS OaHHbIe HUXHUX ypoBHeR. KoMMmyTaTopbl
noaaepXMBAIOT HE TONbKO HOBbIE NPOTOKO/bl NOKaSNIbHbIX CETEN, HO N TPAANLNOHHbIE —
Ethernet n Token Ring.

B nokanbHbIX ceTsx B NOCNenHee BPeEMS yaensieTcs Takoe Xe 60nblioe BHUMaHMe MetTonam
obecneyeHuns 3awmnTbl MHOOPMaLUN OT HECAHKLMOHNPOBAHHOIO AOCTYNa, Kak U B rnobanbHbIX
ceTsix. Takoe BHMMaHne obyCnoBneHoO TeM, YTO NloKalbHble CeTu nepecTtanm ObiTb
N30NMPOBAHHBLIMI, Yalle BCEr0 OHU UMEIOT BbIXOA B «B0NbWON M1p» Yyepes rnobanbHbie CBA3W.
MNpw 9TOM HEPELKO UCMONb3YOTCS TE Xe MeToAbl — WMEPOBaHNE AaHHbIX, ayTEHTUUKaUMs
nonb3oBaTenei, BO3BeAEHNE 3aWNTHbIX 6apbepoB, NPELOXPAHSAIOWMNX OT NPOHUKHOBEHUS B
CeTb M3BHE.

N HakoHeL, NOsBNSIOTCA HOBbIE TEXHONOMMM, N3HAYaNbHO NPeAHa3Ha4YeHHble ans 06ounx
BUOOB ceTeil. Hanbonee Spkum npeactaBmTenemM HOBOro NOKONIEHNS TEXHONOMMIA SBNAETCS
TexHonorns ATM, KkoTopasi MOXET CNy>XUTb OCHOBOI He TONIbKO NIOKaNbHbIX U rNobanbHbiX
KOMMbIOTEPHbIX CETEN, HO U TENECPOHHBIX CETEN, a TaKXe WMPOKOBELATENbHbIX BUAEOCETEN,
06bennHss BCe cywecTByowme Tunbl Tpadomka B 04HOM TPaHCMNOPTHOW CEeTHU.
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PaccMoTpuM, kakm 06pa3oM onvcaHHble Boilwe obwme noaxoapl K peweHnto Hanbonee
BaXXHbIX NPo61eM NOCTPOEHNS ceTel BOMMOLWeEHbl B Hanbonee nonynspHoli ceTesoi
TexHonorum — Ethernet.

CeTeBasi TEXHONOMMS — 3TO COrNlacoBaHHbI Habop cTaHOaPTHBIX NPOTOKONOB U peanuayoLwmnx
NX NPOrpamMMHo-annapaTHbIX CPeACcTB (HanpuMep, CeTEBbIX afanTepos, ApalriBepoB, kabene
N pa3beMmoB), AOCTATOYHbIA NS NOCTPOEHUS BbIYUCIINTENBHON CETU. SNUTET «A0CTATOYHbIN»
noAYepKmnBaeT TO0 06CTOATENbCTBO, YTO 9TOT HAbop NpeacTaBnseT coboit MUHMMANbHBbIA
Habop cpencTB, C MOMOLLbIO KOTOPbIX MOXHO NOCTPOUTb paboTocnocobHyto ceTb. Bo3aMoXHo,
3Ty CeTb MOXHO YNy4lWNTb, HANPUMeEpP, 3a CHET BblAeNIeHNS B HEN NOACETEN, 4TO cpasy
noTpebyeT KpoMe NPOTOKONOB cTaHaapTa Ethernet npumeHeHns npotokona IP, a Takxe
cneumanbHbIX KOMMYHUKALUMOHHBIX YCTPONCTB — MapLwpyTU3aTopoB. Y nyyweHHas ceTb byner,
ckopee Bcero, 6onee HaneXxHoi 1 6bICTPOAENCTBYIOWEN, HO 32 CHET HAACTPOEK Han
cpeacteamu TexHonorum Ethernet, kotTopasi coctasnsiet 6asmc ceTu.

B ceTtsix ¢ Hebonbwum (10 — 30) KONMYECTBOM KOMMNbIOTEPOB Yalle BCEero UCNob3yeTcs oaHa
N3 TUNOBBIX TOMONOrNA — obwas WrHa, KonbLo, 3Be34a Un NofHOCBs3Has ceTb. Bee
nepeyYmcneHHble Tononornm obnanaroT CBOMCTBOM OAHOPOLHOCTM, TO €CTh BCE KOMMbIOTEPDI B
Takom ceTu NMEKT OANHAKOBbIE NpaBa B OTHOWEHUN OOCTYyNa K APYrnM KOMMboTepam (3a
NCKMIOYEHMEM LEHTPANIbHOr0 KOMMNboTEPA NPY COEAMHEHUMN «3Be34a»). Takas 0AHOPOAHOCTb
CTPYKTYpbl enaeT NpocToi npoueaypy HapalwmnBaHns Yyucna KoMnbtoTepos, obneryaet
obcnyXuBaHue 1 aKcnayataumio ceTu.

OpHako npu NocTpoeHnn 6onblnX ceTel 0AHOPOAHAA CTPYKTYpa CBSI3el npespallaeTcs us
npenMyLlecTBa B HEAOCTATOK. B Takux ceTsx MCnonb30BaHME TUMOBLIX CTPYKTYP NopoxaaeT
pasnnyHble OrPaHNYEHUS, BAXHENILMMM N3 KOTOPbIX SBASIOTCS:

- OrpaHn4YeHns Ha OnnMHy CB4A3n MeXay y3namu;

- OrpaHn4YeHns Ha Konm4ecTBo Y3J/10B B CETH;

- OrpaHM4YeHns Ha NHTEHCMBHOCTb Tpadounka, NopoXaaemMoro y3namm ceTu.
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Hanpumep, TexHonorusi Ethernet Ha TOHKOM KoakcunanbHoM kabene No3BONSIET UCMONb30BaATb
kabenb AnvHon He bonee 185 M., K KOTOPOMY MOXHO MOAK/IOYNTL HE 6onee 30 KOMMNbIOTEPOB.
OnHako, ecnv KoMMbioTepbl MUHTEHCMBHO 0OMeEHMBAIOTCS UHCpopMaLMel Mexay coboii, MHoroa
NPUXOANTCS CHUXATb YMCNO NOOK/OYEHHbIX K Kabento komnbtoTepoB Ao 20, a To n oo 10,
4T0ObI KaXX IOMY KOMMNbIOTEPY OOCTaBanacb npuemnemas nons obuer npomnyckKHow
CNOCOBHOCTM CceTw.

LNsi CHATUS 3TUX OFPaHUYEHUIA MCMONb3YIOTCS creunanbHble METOAbI CTPYKTYpU3aLmmn Cetu 1
crieuyanbHoe CTpykTypoobpasytolee 060pyaoBaHME - MOBTOPUTENN, KOHLLEHTPATOPbI, MOCThI,
KOMMyTaTopbl, MapwpyTusatopbl. O6opynoBaHne Takoro poaa TakXe HasbiBalT
KOMMYHMWKALMOHHbIM, MEesi B BUAY, YTO C MOMOLLbIO HEr0 OTAE/NbHbIE CErMEeHThI CeTH
B3aVMOLENCTBYIOT MeXay COOOWA.

MpocTeiiwee N3 KOMMYHUKALIMOHHBIX YCTPOWCTB — MOBTOPUTEND (repeater) — ucnonb3yeTcs
0151 PU3NYECKOro COeANHEHNS Pa3NNYHbIX CEerMEeHTOB Kabensi NnoKkanbHOW CEeTU C LENbIO
yBenmyeHus obuein onuHbl cetn. NMoBTOpUTEND NEpenaeT CUrHanbl, NPUXOASIMNE N3 OOHOMO
CermMeHTa ceTu, B Ipyrve ee CerMeHTbl; MoBTOPUTENb MO3BOJISIET MPEOL0NeTb OFPaHNYEHUS
Ha ONVHY NHUIA CBA3M 3@ CHET Y/yUWEHNs Ka4ecTBa NepenaBaemMoro curHana —
BOCCTaHOB/IEHUSI €r0 MOWHOCTU 1 aMMANTY b, YNYHIWEHNs1 OPOHTOB U T. M.

KoHueHTpaTopbl XapakTepHbl MPakTUYeCKn Ans Bcex 6a30BbIX TEXHONOIMIA NOKaNbHbIX CETEN
— Ethernet, ArcNet, Token Ring, FDDI, Fast Ethernet, Gigabit Ethernet, I00VG-AnyLAN.

Hy>XHO nogyepkHyTb, 4TO B paboTe KOHUEHTPATOPOB NOObLIX TEXHONOrNA MHOIO OOWEero — OHK
MOBTOPSIIOT CUrHASbI, NPUWEAWNe C OAHOro U3 CBOUX MOPTOB, HA APYrnX CBOMX NopTax.
PasHuua cocTonT B TOM, Ha KaKMX MMEHHO NopTax NOBTOPSAIOTCS BXOLHblE curHansl. Tak,
KoHueHTpaTop Ethernet noBTOpsieT BXxOAHbIE CMrHANbI HA BCEX CBOMX NOPTax, KPOMe TOro, C
KOTOPOro curHanbl noctynaroT. A KoHueHTpaTop Token Ring noBTOpsieT BXOAHbIE CUrHANbI,
nocTynarwme ¢ HeKOTOPOro NopTa, TONbKO HA OAHOM MOPTY — HA TOM, K KOTOPOMY NMOAOK/IOYEH
cnenyowunii B KOMbLE KOMMbIOTEP.

KOHLl,eHTpaTop BCerpa nameHseT gou3n4eckyto Tonoornio ceTu, Ho Npu 3TOM ocTaBnsaeT 6e3
N3MEHEHNA ee Norn4ecKyro Tononoruto.
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HarnoMHuM, 4TO Noa oM3NYeCcKOor TOMOMOrMern NoOHMMaeTCs KOHQIUrypaums CBs3en,
06pas3oBaHHbIX OTAENbHLIMY YacTsaMu kabens, a Nof Norm4yeckom — KoHUrypaums
NHJPOPMAaLIMOHHBIX MOTOKOB MeX Ay KOoMrbloTepamu cetTu. Bo MHOrmnx cnydasx gpusnyeckas u
norn4yeckas Tornonoruu cetu cosnagatoT. KomnbioTepbl CETU, UMEIOLWEN TONONOrNI0 KONbLO,
nonyyaloT JocTyn kK kabensm KkonbLua 3a cyeT nepefayn pyr 4pyry cneunanbHoro kagpa —
Mapkepa, NpuyeM 3TOT MapKep TakXe nepenaeTcs nocnenosaTesibHO OT KOMMbioTepa K
KOMMbIOTEPY B TOM X€ NOpsiAKe, B KOTOPOM KOMMbOTEPbLI 06pasyoT omanyeckoe KobLo, TO
ecTb KOMMNbloTep A nepenaet mapkep komnbloTepy B, komnbiotep B — komnbiotepy C u T. 4.

CyuwecTByIOT CETU, [EMOHCTPUPYIOWME HECOBMNAAEHNS (PU3NYECKOM U NOTMYECKON TONONOrn.
Hanpumep, donanyeckn KoMnblOTEPbl COeAMHEHbI MO Tononorum obwas wuHa. Joctyn xe K
WWWHE NPOUCXOAUT He MO anropuTMy Cny4yamHoro 0ocTyna, NpUMeHIeMoMy B TEXHONOTM UM
Ethernet, a nytem nepenaym mapkepa B KO/bLIEBOM MOpsOkKe: OT KomnbioTepa A —
komnbloTepy B, ot komnbioTepa B — komnbioTepy C v 1. 4. 3aecb Nnopsaok nepegadv mapkepa
yXe He NoBTopsieT on3n4eckmne CBa3un, a onpenensaeTcsa norniyeckmM KOHOUrypupoBaHuem
fpariBepoB ceTeBblX afanTepos. HUYTO He MelaeT HacTPoOUTb CeTeBble adanTepbl N NX
LpaiiBepbl Tak, 4Tobbl KOMNbIOTEPLI 06pPa30Bany KONbLO B APYroM nopsiake, Hanpumep: B, A,
C... [pn aTom puamyeckas CTPyKTypa CeTN HUKAK He N3MEHSeTCS.

Lpyrum npumepomM HecoBnafeHus PU3N4eCcKon N NOrm4ecKom ToNoNOrnin CETU CNYyXUT CETb,
KoHUeHTpaTop Ethernet, koTopoi nogoepxveaeT B ceT PMU3NYECKYHO TOMOMOMIO «3Be34a».
OpnHako noruyeckasl Tonosnorns cetTu octaetcs 6e3 n3MeHeHuin — 3To obwas wrnHa. Tak Kak
KOHLIEHTpaTOp NOBTOPSIET AaHHble, Npuwweawne ¢ ntoboro nopTa, Ha BCEX OCTalbHbIX NopTax,
TO OHUM NOABNAIOTCA OAHOBPEMEHHO HA BCEX PUINYECKUX CEFMEHTAX CETU, KaK U B CETU C
gomanyeckor obuein WinHoii. Jlormka gocTyna K CeT! COBEPLLEHHO HE MEHSIETCS: BCE
KOMMOHEHTbI anropuTMa cny4amHoro nocTtyna — onpeneneHne He3aHAToCTN cpedbl, 3axsar
cpenbl, pacnosHasaHne 1 oTpaboTka KONAN3niA — 0CTaloTCs B CUNE.

duamyeckas CTPYKTypu3aums CETU C NOMOLLbIO KOHLEHTPaTOPOB NONe3Ha He TONbKO ANS
yBENUYEHNS PACCTOSHUS MEXAY Y31aMu CETU, HO N ANS NOBbIWEHNS ee HaneXHOCTH.
Hanpumep, ecnu kakoit-nnbo komnbioTep cetn Ethernet ¢ dpuanyeckoin obuel wWrHom ns-3a
cb0s1 Ha4YMHaeT HeNpPepbLIBHO NepenaBaTth AaHHble Mo oblweMy kabento, To BCS CETb BbIXOAUT
N3 CTPOS, U ANS peWweHns 3Toin NpobnemMbl 0CTAeTCs TONbKO OAVH BbIXOH — BPYYHYIO
OTCOEANHNTb CeTEeBOI aaanTep 3TOro komnbioTepa ot kabens. B cetn Ethernet, noctpoeHHoi
C UCNONIb30BaHNEM KOHLIEHTpaTopa, aTa npobnema MoxeT ObiTb peleHa aBToMaTUYeCKM —
KOHLIEHTpATOpP OTK/I0HaeT CBOW NOpT, eciv 0bHapy XM1BaET, YTO NPUCOEANHEHHbIA K HEMY
y3€n CNMWKOM [O/IF0 MOHOMO/bHO 3aHUMaeT ceTb. KOHUEeHTpaTop MOXeT 610KnpoBaTh
HEKOPPEKTHO paboTatowuii y3en n B Opyrux cnydasx, BbINOMHSAS PONb HEKOTOPOro
ynpasnswowero ysna.
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dunsnyeckas CTPyKTypu3aumns ceTn nonesHa BO MHOMMX OTHOWEHUSX, OHAKO B psOe cly4yaes,
00bIYHO OTHOCSLMNXCS K CETSM BONbWOro 1 CPeaHero pa3mepa, HEBO3MOXHO 06oiTHCh 6e3
NIOrNYECKOon CTPyKTypu3aumm cetn. Hanbonee BaxHo npobnemoii, He pewaeMon nyTem
hM3NYECKOW CTPYKTYpr3auun, octaetcs npobnema nepepacnpeneneHns nepenaBaemMoro
Tpagomka Mex gy pasninyHbIMN OU3NYECKMMU CETMEHTAMN CETH.

B 60nbwoii ceTn ecTecTBEHHbIM 06pa3oM BO3HUKAET HEOAHOPOAHOCTb UHADOPMALMOHHBIX
MOTOKOB: CETb COCTOMT U3 MHOXECTBA NoaceTein pabounx rpynmn, oTAeNnoBs, ounmanos
npeanpuaTUs U opyrux aaMMHUCTPaTMBHbIX 06pasoBaHunii. O4eHb YacTo Hanbonee
WHTEHCWBHbI OOMEH AaHHbIMU HabNO4AETCS MEX Y KOMMbOTEPAMU, MPUHALNEXAWNMN K
04HOI NMoaceTu, N TONbKo Hebonbluas YacTb obpaleHnii NPoUCXoanT K pecypcam
KOMMbIOTEPOB, HAXOAAWMNXCS BHE NOKaNbHbIX pabounx rpynn. ([Jo HefaBHEro BPEMEHN Takoe
COOTHOLEHME TPagOMKOB He NOABEPranocb COMHEHWIO, 1 Bbln fdaxe copMyIMpPOBaH
SMNUpPUYecknin 3akoH «80/20», B COOTBETCTBUN C KOTOPbIM B Kax Ao noacetn 80 % Tpaduka
ABNAETCA BHYTPEHHUM 1 TONbKO 20 % - BHewWwHWM.) Cevac xapakTep Harpysku ceTen Bo
MHOIOM U3MEHWUCS, WMPOKO BHEOPSETCS TEXHONOrns intranet, Ha MHOrMx NPeanpUATUSAX
NMEIOTCH LEeHTPann3oBaHHble XpaHUmMILa KOpnopaTuBHbIX AaHHbIX, aKTUBHO NUCMONb3yeMble
BCEMW COTPYyOHMKaMM npeanpuatus. Bece aTo He MOrno He NOBNUATL HA pacnpeneneHne
NHJPOPMAaLIMOHHBIX NOTOKOB. W Ternepb He peaku cutyaumn, Korga UHTEHCUBHOCTb BHELHNX
obpaleHnin Bbile NHTEHCUBHOCTU 0OMEHa Mexay «CoceaHnMn» MawmnHamu. Ho He3aBncrnmo
OT TOro, B KaKow nponopuun pacnpenensoTcs BHEWHUA N BHYTPEHHUI TpadpuK, ANns
NOBbIWEHNS 3P FEKTMBHOCTN PaboTbl CETU HEOAHOPOAHOCTb MHAPOPMALIMOHHBIX NOTOKOB
Heobxo4MMO y4nTbiBaTh.

CeTb C TMNOBOW TOMNONOrMeN (WKHa, KONbLO, 38€34a), B KOTOPOW BCEe PU3NYECKNE CEMMEHThI
paccmaTpuBaloTCs B Ka4ecTBe 0OHOW pa3aensemMon cpenbl, okasbiBaeTca HealekBaTHOWN
CTPYKTYype MHOPMALIMOHHBIX MOTOKOB B 60NbWwoi ceTn. Hanpumep, B cetun ¢ obLwei WHO
B3avMoencTeme nobol Nnapbl KOMNbIOTEPOB 3aHNUMAET €€ Ha BCe BpeMsi 0OOMeHa, NoaTomy
npwv yBeNM4YeHU Ynucna KoMnboTEePOB B CETU WIKHA CTAHOBUTCS Y3KUM MeCcToM. KoMnbloTepbl
OOHOro 0TAEeNa BblHYXAEHbl XAaTb, KOrAa OKOHYMT 0OMEH napa KOMMbIOTEPOB APYroro
oTAena, 1 3T0 Npu TOM, YTO HEOOXOAMMOCTb B CBSI3M MEX Y KOMMbOTEPAMU ABYX pa3HbIX
OTOENOB BO3HMKAET ropasno pexe n Tpebyet coBceM HEOONMbLIONK NPONYCKHOM CNOCOBHOCTW.

OTOT cny4Yyam UNNKCTPUPYeT CeTb, NOCTPOEHHAS C NCNONb30BAHNEM KOHLEHTPaTOopOoB. [1yCcTb
KOMMblOTep A, HAXOOAWNNCA B OOHON NOACETU C KOMMNbIOTEPOM B, nocbinaet emy OaHHble.
HecMoTps Ha pa3BeTBNEHHYIO OU3NYECKYIO CTPYKTYPY CETU, KOHLEHTPaTopbl
pacnpocTpaHsioT nobol kaap no Bcem ee cermeHTam. MoaToMy kaap, NOCbINaeMblii
KoMmnbloTepoM A koMnbloTepy B, XOTS 1 He Hy>XXeH KoMmnbloTepam OTAeNnoB 2 1 3, B
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COOTBETCTBUM C NIOTMKOI paboThbl KOHLEHTPATOPOB NOCTYNaeT Ha 3Tu cerMeHThbl Toxe. N oo
Tex nop, noka KomnbtotTep B He Nony4nT agpecoBaHHbIn eMy Kaap, HU OOMH U3 KOMMbIOTEPOB
3TOIN CeTU He CMOXET nepenaBaTtb AaHHbIE.

Takas cuTyaumsi BO3HMKaeT 13-3a TOro, 4To fiormyeckas CTPykTypa AaHHOM CeTn octaeTtcs
OOHOPOOHOW — OHa HUKaK He y4UTbIBaeT yBenmyeHne MHTEHCUBHOCTI Tpadouka BHYTpU
oTAena v NpenocTaBnsieT BCEM Napam KOMMbOTEPOB paBHbIE BO3MOXHOCTM N0 0OMeHyY
NHGpopMaLmen.

PeweHune npobnembl COCTONT B OTKa3e OT MAEN eanHOn 0AHOPOLHON pasnensieMoi cpenbl.
Hanpumep, B pacCMOTPEHHOM Bhille NpuMepe XenaTenbHo 6bio 6bl caenatb Tak, 4Tobbl
Kagpbl, KOTOpble NepenatT KOMMNboTepbl oTaena 1, Bbixoannm 6bl 3a npeaenbl 3To YacTu
CeTV B TOM 1 TONbKO B TOM C/ly4yae, eC/iv 3T1 Kaapbl HanpaBieHbl KakoMy-nnbo n3
KOMMNbOTEPOB Apyrux oTaenos. C Apyroi CTOPOHbI, B CETb KaXA0ro U3 OTAEN0B A0XKHbl
nonagaTb Te M TOMbKO Te Kaapbl, KOTOPbIE aapecoBaHbl y3nam atol cetu. Mpu Takoi
opraHunsaumn paboTbl CETU ee NPOM3BOANTENbHOCTb CYLWECTBEHHO MOBbLICUTLCS, TaK Kak
KOMMNbOTEPbl 04HOrO oTAena He bynyT npocTamMBaTth B TO BPEMS, KOraa obMeHnBatoTcs
LaHHbIMX KOMMbIOTEPbI APYrX OTAENOB.

HeTpyaHo 3aMeTuTb, 4TO B NPELNIOXEHHOM pPeWeH 0TKasanncb oT naen obuien
pasnensemMon cpefbl B npenenax BCen cetn, XoTa U OCTaBUIM ee B npeaenax kax.anoro
oTaena. lNponyckHas cnocobHOCTb NMHUIA CBA3M MeX Oy OTAeNnamm He JOoNXHa coBnanathb C
MPOMNYCKHOM CNocoBHOCTbIO Cpeabl BHYTPU 0TAeNoB. Ecnu Tpaduk mexay otoenamm
cocTaBnseT Tonbko 20 % Tpadhuka BHYTpKU oTaena (Kak y>Xxe oTMevyanocb, ata BennymHa
MOXeT OblTb APYroi), TO U NPOMYCKHAas CNOCOBHOCTb NIMHUIA CBA3U U KOMMYHMKALIMOHHOTO
o6opynoBaHns, COeNHAOWEro OTAENbl, MOXET OblTb 3HAYNTENIbHO HUXE BHYTPEHHETO
Tpadouka cetn otoena.

PacnpocTpaHeHue Tpadguka, npegHasHayeHHOro A1s KoMnbloTepoB HEKOTOPOro cerMeHTa
CeTun, TONbKO B Npefenax 3Toro CerMeHTa, HasblBaeTcs nokanmaaumen Tpaduka. Jlornyeckas
CTPYKTYpuM3aumns ceTn — 3T0 npoLecc pa3breHns CeTn Ha CerMeHTbl C IOKanM30BaHHbIM
TpagurKoM.

Lna nornyeckowm CTpyKTypr3aunm CeTU NCMNONb3YITCA Takme KOMMYHUKALNOHHbIE
YyCTPOMCTBA, Kak MOCTbI, KOMMYTaTOpPbl, MAPLWPYTU3aTOPbI 1 WO3bI.
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MocT (bridge) nenuTt pasgensemyto cpeny nepenadm ceTm Ha 4acTu (4acTo Ha3blBaeMble
NOrMYecknMn cermMeHTammn), nepenasas MHopmMaunio U3 0QHOIr0 CErMeHTa B ApYron TONbKO B
TOM C/lyyae, ecnim Takas nepenada neicTBuTeNbHO Heobxoamma, TO eCTb eCnun aapec
KOMMbloTepa Ha3HavyeHUs NpUHaANeXxXuT gpyrom noacetn. Tem cambiM MOCT N3onupyet
Tpadnk 04HOM NOACeTM OT Tpadhuka Apyroi, noeblwas by NPON3BOANTENBHOCTb
nepenayn gaHHbIX B ceTu. Jlokanusaums tpadomka He TONbKO 9KOHOMUT NPOMYCKHYO
cnocobHOCTb, HO M YMEHbLIAeT BO3MOXHOCTb HECAHKLIMOHUPOBAHHOMO AOCTYNa K AaHHbIM, TaK
Kak Kafpbl He BbIXOOSAT 3a Npefesnibl CBOEro CErMeHTa U UX CNoXHee nepexsaTuTb
3N10YMbIWEHHWUKY.

CeTb MOXET BblTb MOMyYeEHA N3 CETU C LLEeHTPanbHbIM KOHLEHTPATOPOM NYyTEM €ro 3aMeHbl Ha
MocT. CeTn 1-ro u 2-ro OTAEN0B COCTOSAT M3 OTAENbHbIX NOrMYECKUX CErMEHTOB, a CETb
oTaena 3 — 13 ABYX NOrMYeckmx cerMeHToB. Kax ablii Norm4yeckuii CerMeHT nocTpoeH Ha 6ase
KOHLEHTpaTopa 1 NMeeT NPOCTENLLYO (OM3NYECKYIO CTPYKTYpPY, 06pa3oBaHHy0 OTpe3kamu
kabens, CBA3bIBAKOWMMY KOMMbIOTEPbLI C MOPTaMM KOHLEHTpaTopa.

MocTbl MICNONb3YIOT ANS Nokanusauuy Tpagouka annapaTHble agpeca KOMMbioTepoB. 310
3aTpynHsieT pacrno3HaBaHne NpuHaaNeXXHoCTM TOro UM MHOrO KOMMbloTepa K
onpeneneHHOMYy NIOrM4ecKoMy CerMeHTy — caM aapec He CoepPXUT HUKAKOM MHpopmaumm no
aToMy nosoy. [o3TOMy MOCT AOCTATOYHO YNPOLEHHO NPEACTaBNSET AeNeHNe CeTn Ha
CErMeHTbl — OH 3aNOMUHAET, Yepe3 Kakoi MNoPT Ha Hero NOCTYNWA Kaap AaHHbIX OT KaXAoro
KOMMblOTEPA CeTU, 1 B AanbHeleM nepefaeT Kaapbl, NpeaHasHaueHHbIe s 3TOoro
KOMMblOTEpa, Ha 3TOT NOPT. TOYHOI TOMONOrM CBSI3Ei MeX Ay NOrnMYeckMMmn cerMeHTamm
MOCT He 3HaeT. V13-3a 3TOoro NprMeHeHne MOCTOB NMPVBOANT K 3HAYUTESNbHBIM OFPaHNYEHUSIM
Ha KOHCPUrypaLuto CBA3EN CETU — CErMEHTbI A0JIXHbl ObiTb COEAMHEHbI TakuM 06pa3oM,
4TO6bI B CETU HE 06PaA30BLIBANINCE 3AMKHYThIE KOHTYPbI.

KommyTatop (switch, switching hub) no npuHumnny o6paboTkn KafpoB HUYEM HE OTIMYaeTCs OT
mocta. OCHOBHOE ero oTAnyne 0T MOCTa COCTOUT B TOM, 4TO OH SIBNSIETCS CBOEro poaa
KOMMYHUKALMOHHbIM MY TIb TUMPOLECCOPOM, TaK KaK KaX bl ero nopT OCHaleH
cneumnanmampoBaHHbIM NPOLIECCOPOM, KOTOPbIN obpabaTbiBaeT Kaapbl Mo anropuTMy MocTa
HEe3aBMCUMO OT NPOLECCOPOB APYrX NOPTOB. 3a CHET 9TOro obwas Npon3BoaANTENBHOCTb
KOMMyTaTopa 06bl4HO HAMHOIO BbIlLE NPON3BOANTENBHOCTM TPAAULMNOHHOIO MOCTa, UMEIOLETO
OAVH NpoLEeccopHbIn 6nok. MoXHO cka3aTb, YTO KOMMYTaToOpPbl — 3TO MOCTbl HOBOTO
NOKONEeHNs, KoTopble 06pabaTbiBaloT Kaapbl B NapaniefibHOM pexume.
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OrpaHvnyeHus, cBa3aHHble C NPUMEHEHNEM MOCTOB U KOMMYTaTOpOB — MO TOMONOrMK CBA3€EN, a
TakXxe pag opyrux, - NpuBenn K ToMy, 4To B psay KOMMYHUKaALUMOHHbIX YCTPONCTB NOSIBUACA
elwe oaMH Tin obopynoBaHus — MmaplpyTmusaTtop (router). MapwpyTnsatopbl 60nee HageXHo u
6onee adOPEKTUBHO, HEM MOCTbI, USONMPYIOT TPauK OTAENbHbIX YacTel ceTn Apyr oT apyra.
MapwpyTnsatopbl 06pa3ytoT Normyeckne cermeHTbl MOCPEACTBOM SIBHOI aapecaumm,
MOCKOMNbKY MUCMONb3YIOT HE NNOCKMEe annapaTtHble, 8 COCTaBHbIe YNCNoBble agpeca. B aTux
agpecax nMeeTcs nofe HoMepa CeTu, Tak H4TO BCE KOMMbIOTEPbI, Y KOTOPbIX 3HAYEHWE 3TOro
Nons 0AVMHAKOBO, NPUHaAneXxart K O4HOMY CErMeHTYy, Ha3blBAEMOMY B JAHHOM Cryyae
nogcetblo (subnet).

Kpome nokanusaumm Tpagouka, MapLipyTM3aTopbl BbIMOHSIOT ele MHOM0 APYruX None3Hblx
yHKUMiA. Tak, oHM MoryT paboTaTb B CETU C 3aMKHYTbIMW KOHTYpaMu, OCYLLECTBASS NPy 3TOM
BblbOp Hambonee paunoHanbHOro MapLpyTa N3 HECKONbKUX BO3MOXHbIX.

Lpyroi o4eHb BaXXHOI goyHKLIMEN MapLipyTM3aTOPOB SIBNSIETCS UX CNOCOBHOCTb CBA3bIBATL B
edUNHYI0 CeTb NOACETU, MOCTPOEHHbIE C NCMO/b30BAHNEM Pa3HbIX CETEBbIX TEXHONOMMI,
Hanpumep, Ethernet n X.25.

KpoMe nepeyncneHHblx yCTPOMCTB, OTAENbHbIE YacTh CETU MOXET COeANHATD W3
(gateway). O6bl4HO OCHOBHOW NMPUYMHO, NO KOTOPOW B CETW UCMONb3YIOT W03, SBNSETCS
HeobxoAMMOCTb 06 bEANHNTDL CETU C Pa3HbIMU TUMNAMM CUCTEMHOIO U MPUKNAAHOMO
nporpamMmMHoro obecrneyeHuns, a He XenaHue nokanM3oBaTtb Tpaguk. TeM He MeHee W3
obecneymBaeT 1 nokanusauno Tpagouka B ka4ecTBe HEKOTOPOro NoboYHOro agpgpekTa.

KpynHble ceTu npakTUYeCcKn HUKOr a He cTposiTcsl 6e3 Nornyeckoi cTpykTypusaumm. Ins
OTOENbHbIX CErMEHTOB U MOACETEN XapakTEPHbI TUMNOBbIE OLHOPOLHbIE TONONOrUN 6a30BbIX
TEXHOMNOIWiA, N ANns nx o6 beanHeHNs Bcerna ncnonbayeTtcs obopynosaHune, obecnednBarolee
nokanumsaumio Tpadguka, - MoCTbl, KOMMYTaTOPbl, MAPLPYTU3ATOPbI U WO3bI.
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