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OT aBTOpOB

ITa KHHra SIBJISIETCS] pe3yJIbTATOM MHOTOJIETHETO OMBITA MPENoJaBaHUsi aBTOPAMU KYPCOB ceTe-
BOM TEMAaTHKH B ayIUTOPHUSIX FOCYAaPCTBEHHBIX BY30B U Pa3/IMYHbIX y4eOHBIX LIEHTPOB, a TAKKE
YYacTHUs B HAYYHO-TEXHUYECKUX Pa3pabOTKaX, TAKUX KAK NPOEKT Janet, CB3aHHBIN C CO31aHUEM
00beIMHSIONIEN CETH KAMITyCOB YHMBEPCHTETOB M MCCJIEI0BATENbCKUX LEHTPOB BennkobpuTa-
HuH, 1 nanveBponeickue npoektl GEANT2, GEANT3 u GEANT4.

OCHOBY KHHMTH COCTaBUJIM MaTepuasibl KypcoB «IIpo6ieMbl TOCTPOEHHS] KOPIIOPATHBHBIX Ce-
Teit», « OCHOBBI CeTEBBIX TEXHOJIOTHI», «Opranuzauus yaaneHHoro aocrynas, «Cetu TCP/IP»,
«Crparernyeckoe IIaHUPOBaHHUe ceTell MaciTaba MpeaNpUATUS» U PsAia APYTUX. ITH MaTepHa-
JIbI TIPOLLJIM YCIEIIHYIO IPOBEPKY B GECKOMIIPOMHUCCHOM U CI0XKHOM ayAUTOPUH, COCTOSILIEH U3
cyuiaTesiel ¢ BeCbMa Pa3JIMYHBIM YPOBHEM MOATOTOBKU U KPYroM TpodecCHOHAIbHbIX UHTE-
pecoB. Cpeay HUX — CTYyZAEHTHI ¥ aCHHUPAHTHI BY30B, CETEBbIE AZIMUHUCTPATOPHI M UHTETPATOPHI,
HayaJbHUKH OTAEJIOB aBTOMATU3alMK U MpenofaBaTead. YUUTbIBas cnieqnPHKy ayauTOpUH,
KYPCBI JIEKIMH CTPOMJIMCD TaK, YTOObI HAYMHAIOLIKI TI0JTyYM/I OCHOBY /ISl Ia/IbHENILIETO U3yYe-
HUS, a CMIELUATIMCT CMOT CUCTEMATHU3UPOBATh U aKTYaIM3UPOBaTh UMelouIMecs 3HaHusi. B coort-
BETCTBUH C TAKMMM >Ke TPUHIUIIAMH HAMMCaHa U 3Ta KHUTA — OHA SIBJISIETCS QYHAAMEHTaTbHbIM
KYPCOM I10 KOMITBIOTEPHBIM CETSIM, COYETAIOUIMM UIMPOTY OXBAaTa OCHOBHBIX 06J1acTel, NpobeM
Y TEXHOJIOTMiA 3TOM ObICTPOPa3BUBAIOLIENCs 06,1aCTH 3HAHUH C OCHOBATEIbHBIM PACCMOTPEHNEM
JleTajiel KaXK10¥ TEXHOJIOTHH.

Ansa Koro 3ata KHura

Kuura NnpeAHa3Ha4Y€Ha AJisd CTYACEHTOB, aCTIMPAHTOB U TEXHUYECKUX CIIeI[MATMCTOB, KOTOpbIE
XOTAT MNOJNYYHUTH 6a30Bble 3HAHUS O MIPpUHIIHUIIAX ITOCTPOCHUS KOMIIbIOTEPHBIX ceTel, MOHATH
0COOEHHOCTH TPAaJUIIHOHHBIX U NEPCTIEKTHBHBIX TEXHOJIOTUH JIOKAJIbHbIX Y IJ100aIbHbIX ceTen,
H3Y4YUTb €1oco6bl CO34aHUA KPYIIHbIX COCTaBHbIX ceTen U yYHpaB/I€HUA TAKUMH CETAMU.

Kuura 6yneT mosiesHa HaUMHAOMINM CHEHUAINCTAM B 00J1aCTH CETEBBIX TEXHOJIOTHIA, UMEIOLIUM
TOJIBKO OOHINE NPeCTABICHNs 0 pa0oTe ceTell U3 ONbITA OOIEHNS C IEPCOHATIEHBIMM KOMIIbIO-
TepaMu ¥ IHTEPHETOM, HO CTPEMSIIMMCS NOLYYUTh GYHIaMeHTaIbHbIE 3HAHUs1, TO3BOJISIOLINE
MPOJOJDKUTH H3yUeHHE CEeTER CaMOCTOSATENBHO.

C10KHBLIMMCS CETEBBIM CIIELIMATMCTAM KHUIa MOXET ITOMOYb B 3HAKOMCTBE C TeMH TEXHO-
JIOTHSIMH, C KOTOPHIMU MM He IPUXOJUJIOCH CTAJIKUBATHCS B MPAKTHYECKOU paboTe, cucte-
MaTU3MPOBaTh UMEIOUINECS 3HAHUS, CTaTb CIPAaBOYHUKOM, IIO3BOJISTIOLIMM HAHTH OMKCAHUE
KOHKPETHOTO NPOTOKOJa, hopMaTa Kaapa U T. . Kpome Toro, kHura gaet Heo6X0aMMYIO Teo-
PETUYECKYIO0 OCHOBY /ISl MOATOTOBKH K CePTH(MMKALMOHHBIM 9K3aMeHaM TaKWX KOMIaHHIA,
kak Cisco u Juniper.

CryzneHTbl OpraHu3anuii Boiciiero mpogeccHoHaJIbHOro 06pa3oBaHusl, 0OydaoLrecs 1Mo Ha-
npasiennio «220000. MudopmaTika 1 BBIYMCIUTENbHAS TEXHUKA» U [0 CMELUATBHOCTSIM
«BpruncauTesibHble MAIMHBI, KOMIIEKCH], CUCTEMBI U CETH», « ABTOMAaTH3NPOBAaHHbIE MallIK-
Hbl, KOMIIJIEKCBI, CHCTEMBI U CeTU», «[IporpaMMHoe obecriedeHre BbIYMCIUTENBHON TEXHUKY
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¥ aBTOMaTH3MPOBAHHBIX CUCTEM», MOTYT HUCIIOJIB30BaTh KHUTY B KA4E€CTBE PEKOMEHIOBAHHOIO
MuHucrepctBoM obpasoBanus Poccuiickoit @epepaunn yyeGHoro mocobusi.

N3mMmeHeHus B WLecToOM usgaHmum

ITO U3J1aH1E B HEKOTOPOM CMBICJIE 0COOEHHOEe — MPOILLIO POBHO 20 JIET ¢ MOMEHTA BbIXO/a KHUIY
B cBeT. [IBaauarh jileT — 3TO HeMaJIeHbKUI CPOK, 32 3TO BpeMsi [IETH HAllIMX MEPBbIX YUTATeIeH NOA-
POCJIH U, BO3MOXKHO, CTAJI MHTEPECOBATHCSI KOMITBIOTEPHBIMH CeTSIMU. 11, BO3MOJXKHO, Y HUX B pyKax
okaxercs 6-e usnanue KHUrK « KomnbiotepHble ceTd. [IpUHUMITBL, TEXHOJIOIHUH, TPOTOKOJIBI». JTa
KHHUTa 3HAYUTEBHO OTJIMYAETCS OT TOM KHUTH, KOTOPYIO YUTAIH UX poauTesu. MHoroe u3 Toro,
4TO TaK MHTEPECOBAJIO yuTaTesel KoHua 90-X rofoB — HalmpuMep, MPaBUJIO YeThIpeX XaboB, co-
riacoBanue ceteit [P u IPX wiu cpaBHenue TexHonoruit 100VG-AnyLAN u FDDI — coBceM He
YIIOMHHAETCs B TOCIEAHNX U3AaHUsIX. 3a 20 JleT HeMaJIo TeXHOJIOTHIA MPOILITH TTOJTHBIN LUK OT
MOHOTO TEPMHHA U BCEOOLIETo MPU3HAHUS K IPAKTUYECKH MOJIHOMY 3a6BeHu0. Kaxmoe HoBoe
H3[aHUE KHUTHU B TOM MJIM UHON Mepe OTPakaso U3MeHeHHUs JaHAadTa ceTeBbIX TEXHOJIOTHIA.

He siBnisieTcst uckiioyeHHEM M IaHHOE U3/IJaHUE — OHO 3HAYUTEJIBHO nepepa60TaHo, OKOJIO TPETH
MaTepHaJsia NpeACTaBJISIET co60¥i UM COBCEM HOBY1O PIHQ)OpMaLIHIO, WJIM CYIIECTBEHHO Mepepa-
60TaHHOE U3JI0KEHHE TeM, COAEPXKALIUXCA B NTpeAbIAYILIEM, 5-M H3aHAM.

YT0 ’ke HOBOTO MBI TIPUTOTOBHJINA AJIA YyUTaTENEN?

l'Ipexcue BCEro, B KHUTre NMOsABUJIaCb HOBAA 4YaCTb «BeCl’IpOBO}IHbIe cetn». OHa COCTOUT U3 Tpex
TJiaB.

B nepBoii M3 HUX paccMaTPUBAIOTCS 0COOEHHOCTH (BM3UUECKOTO YPOBHS GECTIPOBOAHBIX JIMHUM
CBSI34, K KOTOPbIM OTHOCHUTCSI cneluduKa Nnepejaoliei cpepl, AMana3oH ¥ XapakTep pacrpo-
CTPaHEHHUs 3JIEKTPOMATHUTHDIX BOJIH, BU/IbI UCKAXXEHUH 1 MeToAbl 60pb0bI ¢ HUMHU. [TOCKOIBKY
HH OZIVIH U3 Y3J10B GeCTIPOBOAHOM CETH He MOXKeT 060MTHCh 6e3 aHTEHHBI, yCTPOICTBAM AAHHOTO
THIIA B 3TOI IJIaBe y/leJeHO 3HAUYNTeIbHOe BHUMaHHe — B YACTHOCTH, METO/IaM Ilepe/iayy € UC-
TN0JIb30BaHHEM HECKOJIbKUX aHTEHH Ha IlepeJalolllell ¥ IPMHUMAIOLIEeH CTOPOHAX, TaK Ha3biBae-
MbiM TexHostorusiM MIMO. B nanHoii ri1aBe paccMaTpUBaIOTCsI TEXHOJIOTUM KOAMPOBAHMS pac-
wwupenHoro cnekrpa FHSS, DSSS, CDMA u OFDM, kotopbie Gbutd pa3paboTaHbl ClIEUUaTbHO
JU1s GECTIPOBOIHOM Tepeaayd.

Conepixanue BTOpoii r1aBbl ¢hOKYCHPOBaHO Ha GecrpoBoAHbIX JToKaIbHbIX ceTsix Wi-Fi (IEEE
802.11), koTopble B ceKTOpe (GPUKCHPOBAHHOTO GECTIPOBOAHOTO A0CTyMa K VIHTepHeTY 3aHsHU Ta-
KY10 JK€ JOMUHHMPYIOLLYIO NIO3ULHMIO, 4TO 1 ceTh Ethernet B okanbHbIX ceTsix. [V1aBa, 3aBepiaroias
3TY 4aCTh, MOCBSIILEHA MOOUJIBHBIM COTOBBIM CeTsIM. JTa TeMa He U3y4aach B IPEAbIAYIINX M3-
JIaHUSIX U3-3a TOTO, YTO MOOUJIbHBIE CETH ObLIU IIPEUMYLIECTBEHHO TesiedoHHbIMK. [ToHbIl mepe-
xozt MobuabHbIX ceteii LTE (4G) na npotokosbl creka TCP/IP, KoTopble CTali KCIIOJIb30BAThCS
1 JUIs1 yCTaHOBJIeHUsI Teie(hOHHbBIX 3BOHKOB, U JI/Is1 10CTyNa B VIHTEpHET, U3MEHUJI 3TY CUTYaIHIO.
B r/1aBe pacCMaTpPMBAIOTCS IBOJIIOLUS TEXHOJIOIMIA MOGHIIBHBIX CETEH Pa3/InYHbIX [OKOJIEHUI,
MOOWJIbHBIE BEPCUH TIPOTOKOJI0B IPv4 1 IPV6, ocHOBHbIE pUHIMMBI TocTpoerus ceteit LTE; nan
00630p apxXUTEKTYpbI ceTet SG, KOTOpble HAMEPEHBI BOOPATh B ceOst CaMble MOC/IEAHHUE JOCTHKEHHUS
KOMITBIOTEPHBIX CETeH U CTaTh OCHOBHBIM THUIIOM CETEH AOCTYIA /ISt MHTEPHETA BElle.

Onwucanue nporokosa IPv6 3HaunTe15HO EpepaboTaHO M PACILMPEHO — TEIEPH ITOMY ITPOTOKO-
Jly TIOCBsILIEHA OTAeNbHAs r1aBa. Pacnipoctpanenue IPv6 HeykioHHO pacteT, u GoJiee riyGokoe
MOHUMaHKE 3TOTO MPOTOKOJIA CTAJI0 BAXKHBIM [JIs1 COBDEMEHHOTO CETEBOTO CIIELHATUCTA.
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3a mocsieHNe TO/Ibl YTBEPAUIACH KOHUEMI[US POrPAMMHUPYEMbIX KOMITBIOTEPHBIX CETeH, 10-
3TOMY B KHUTY 06aBJIEHbI Pa3/ieJibl, ONUCHIBAIOLIME TEXHOJNOTHU IPOrPAMMHO OIpeAe/IsieMbIX
ceteit SDN u BupTyammsauuu cereBbix pyHkuuit NFV.

[MonHOCTDBIO MEpepaboTaHa YacTh, MOCBSIIEHHAs TEXHOJOTUsAM TepBuuHbIX ceteil SDH, OTN
u DWDM.

U HakoHel, 3HAYUTEJIBHO yBEJIMYUJIOCH KOJIMYECTBO BOMIPOCOB U 3aaa4. [171st coxpaHeHust pueM-
JIEMOTO 00'bEMa KHUT'Y aBTOPBI IPUMEHUIH TOT JKE TIPUEM, YTO M TIPH MOATOTOBKE TPEAbIAYILETO
W3/1aHUsL: HEKOTODBIE Pa3/esibl BHIHECEHDBI Ha BeG-CAMT MOAMEPKKU JaHHON KHUIU www.olifer.
co.uk. [1J1s1 cChIJIKM Ha MaTepHasibl, TIOMEILEHHbIE Ha CAT, UCIIOJIb3YeTC sl 3HAUOK (S) B COOTBET-
CTBYIOIL[MX MECTAX KHUTH.

Mpbi ¢ 6/1aT0IaPHOCTBIO TPUMEM BalllM OT3bIBBI TI0 aApecy victor.olifer@ijisc.ac.uk u natalia@aolifer.
co.uk.

BnaropapHocTu

MBb1 6s1arofapyuM HalMx YyuTaTe el 32 MX MHOTOYHC/IEHHBIE NTOXKETaHHsl, BOIIPOCHI U 3aMEYaHHsI.
Mb! npu3HaTenbHbl TaKXKe BCeM COTPYAHMKAM MU3zaTesabcTBa «IIuTep», KOTOpble MPUHUMAIH
ydacTue B co34aHuH 3To KHUrH. Ocobast 61aroapHOCTb NPE3UAEHTY n3aatenbeTsa «Ilutep»
Banumy Ycmanosy, pykoBoauresno peaakuuu Onuu CeprueHko U IMTepaTypHOMY PeaKTopy
Muxaunny Poroxuny.

Buxmop Onugpep
Hamanvsi Onugpep

OT uaparenbcrTBa

Baumu 3aMevyaHusi, npeasoxeHus, BONPOCH OTHPABJISITE MO afpecy 3JeKTPOHHOU MOYTHI
comp@piter.com (u3natesabcTBO «IluTep», KOMIBIOTEPHAS peJaKIKs ).

Mbui 6yneM pajbl y3HaTh Balie MHeHMe!

Ha Be6-cafite nzaarenbctsa http://www.piter.com Bbl HaiizieTe moApOOHYI0 HHGOPMALIMIO O Ha-
MIMX KHUTaX.
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OcHOBbI ceTen
nepenayun AaHHbIX

O laea 1. 3BONIOLUMA KOMNBLIOTEPHbIX CETen

QO Maea 2. O6uwue NpUHLMNBI NOCTPOEHUS CeTen

0 nhasa 3. KommyTauws kaHanos 1 NakeTos

Q nasa 4. Ctanaaptusaums n knaccudukauma cetein

Q Maea 5. CeTeBble xapakTEPUCTUKN U KAYECTBO 06CNyXMUBaHUS

MNpouecc No3HaHWs Bceraa passmMBaeTcs No cnupany. Mbl He MOXeM Cpa3dy NOHATL U 0CO3HATb CNOXHOE
ABNEHNE, Mbl [IO/XHbLI PACCMATPMBATBL Ero C Pa3HbiX TOYEK 3PEHUS, B LIE/IOM U MO Y4aCTAM, U30IMPOBAHHO M BO
B3aMMOAENCTBN C APYMVIMU SIBNEHUSIMW, HaKanIMBas 3HaHNA NOCTENEHHO, BPEMS OT BPEMEHW BO3BPALLAsACh
K Y€, Kasanoch 6bl, NOHATOMY 1 C KXXAbIM HOBbIM BUTKOM BCe 60/bLue NPOHNKAs B CYTb ABNEHUS. XOPOLIMM
NOAXOAOM SBASIETCA NEPBOHAYANIBHOE U3y4eHVE OGLLVX NPUHLMNOB HEKOTOPOM 0611aCTy 3HaHUM C nocneay-
IOLUMM AETANbHBIM PACCMOTPEHNEM PEANN3ALNI 3TMX NPUHLMNOB B KOHKPETHLIX METOAAX, TEXHONOTUAX UK
KOHCTPYKUmsX. MepBas 4acTb KHUMM W IBASIETCA TAKUM «NEPBbLIM BUTKOM» U3Y4EHNSt KOMMbIOTEPHbIX CETE.

3yyeHne obLwmx NPUHLMNOB NOCTPOEHUSI KOMNBIOTEPHBIX CETEW NOMOXET BaM B AanbHenwem buicTpee
pa3bupatbes ¢ no6oit KOHKPETHOW ceTeBoin TexHonormen. OaHako N3BECTHOE BbiCKa3blBaHUe «3HaHue
HEeCKONbKUX NPUHUNNOB ocBoOOXaaeT OT 3aNOMMHAHNA MHOXeCTBa GakToB» HE CTOMT BOCNPMHMMATL
6yKBaNbHO — XOPOLUMA CNEeUNaNNCT, KOHEYHO Xe, A0NXEH 3HAaTb MHOXECTBO AeTanei u ¢akTos. 3HaHune
NPUHUMNOB NO3BONSIET CUCTEMATMU3MPOBATL 3TV YACTHLIE CBEAEHWSA, CBA3ATb UX APYr C APYrOM B CTPOMHYIO
CUCTEMY 1 TEM CaMblM UCNONb30BaTb 6onee 0co3HaHHO 1 apPekTMBHO. KOHEHHO, N3yYeHre NPpUHUMNOB
nepea n3y4yeHnemM KOHKpETHbIX TeXHONOrMin — 3aaaya HenpocTas, 0co6eHHO ans yuTaTenewn C npakTuye-
CKMM cknanoMm yma. Kpome Toro, Bceraa eCTe ONacHOCTb HEBEPHOO NOHUMAHUA Kakoro-HNbyab obwero
yTBepxaeHus 6e3 nposepku ero B npakTuyeckon peanvsauun. Noatomy Mbl NpOCUM yntTaTenen NoBepuTb
HaM NoKa Ha CNoBO, Y4TO Urpa CTOWUT CBEY, a TaKxXe NocNeaosaTbh COBETY: B XO4e U3y4eHUss MmaTepuana no-
Ccneaywmx rmas KHUrM Bpems 0T BpEMEHM BO3BPALLANTECH K TEOPETUYECKMM BONPOCaM 1 npoBepsiiTe
cebs, TaKk N1 Bbl NOHUMAIU T€ UNWN UHBIE MEXaHU3MbI, KOTAa U3y4ann ux Bnepabie.

YacTb, a BMECTe C Hell v KHUra, OTKpbIBAeTCs rasoi 06 3BONIOUMM KOMMLIOTEPHLIX ceTel. cTopus nio6oi
OTPAC/ I HAYKWN N TEXHUKW NO3BONSET HE TONLKO YAOBNETBOPUTL ECTECTBEHHOE NOGONBLITCTBO, HO U ryGXe
NOHSATL CYLHOCTb OCHOBHbIX A0CTUXEHWIA B 3TOM OTPAC/1, OCO3HaThL CyLLECTBYIOWME TEHASHUMN U OLUEHUTL
NepcrneKkTUBHOCTb TEX MW UHBIX HANPAaBNEHWIA Pa3BUTUSA.

B cneaylowumx asyx rnaeax paccMaTpuBaloTCs GyHAaMeEHTaNnbHbIe KOHUENLUM KOMMbIOTEPHBIX CeTEeW —
KOMMYTaUMA, MapLIpyTU3aumsa, MynsTUNNEKCUPOBaHWE, aapecaums. 13y4alnTca MeToas NPOABUXEHNS
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nakeTos — AewtarpaMMHas nepeaaya, nepeaaya c yctaHoBNEHUEM NOrMYECKOro COeANHEHUN N TeXHUKa
BUPTyanbHbIX KaHANoB.

BaxHoM TeMOI AaHHOM YaCTu KHUMM ABNSIETCA pacCMaTpuBaemas B YeTBepTOM raee ctaHaapTu3aums
apxXMTeKTYpbl KOMNLIOTEPHOM CETU, MAEOMNOrMYECKOA OCHOBOW KOTOPOW CNYXUT MOAENE B3aUMOAENCTBUA
OTKpbITbIX cucTem (OSI).

NocneaHss rnasa 3aTOM YaCTU KHUMM NOCBALLEHA CETEBbIM XapakTepucTMkaM U npobnemam kayecTea
o6cnyxuBaHua. HoBas ponb KOMNBIOTEPHbIX CeTeR Kak OCHOBbI ANSi CO3AaHUA CNEAyIOLEero NOKONEHNs
ny6nnYHbIX CETei, NPeAoCTaBARIOWMX BCE BUALI MHOOPMAUMOHHBIX YCNYr U NEPEHOCALLMX AaHHbIE, a TaKKe
ayano- u BuaeoTpaduk, Nnpusena kK NPOHMKHOBEHWIO METOA0B o6ecnedeHns kayecTea 06CNyXMBaHUA Npak-
TUYECKW BO BCE KOMMYHUKALMOHHbIE TexHoNormn. TakuM 06pa3oM, KoHUEeNuUn ka4ecTea o6CnyxmnsaHus,
KOTOpbIe A0CTAaTOYHO AONTO PAaCCMAaTPUBANMUChL Kak BCNOMOraTenbHOe HanpaBneHne CETEBON OTPacnu,
BOLUNW B 4UCNO 6a30BbIX NPUHLUMNOB NOCTPOEHUS KOMNbIOTEPHBIX CETEN.



NMABA 1 3Boniouus KOMNbIOTEPHbIX
ceteun

[lBa KOPHA KOMNbIOTEPHbLIX ceTen

KoMmbloTepHBIE CETH, KOTOPBIM MOCBsIIIEHA AaHHAsi KHUTA, OTHIOAb HE SABJISIIOTCS €JUHCTBEH-
HbIM BH/IOM CeTel, CO3/laHHbIM YesIoBeYecKOoi nuBuaun3aiueii. J[axe BogonpoBo/st [ peBHero
Puma MOXXHO pacCMaTpUBAaTh Kak OJMH U3 HanboJiee ApEeBHUX MPUMEPOB CETeM, MOKPHIBAIOINX
60oJIbLIIME TEPPUTOPUH U OOCTYKUBAIOINX MHOTOYMCJIEHHBIX KJIMEHTOB. [Ipyroii, MeHee 3K30-
THYECKUIl TIPUMEP — 3JIEKTPUYECKHE CeTH. B HUX JIerko HalTH aHAJIOTH KOMIIOHEHTOB JII000i
TePPUTOPHAIBHON KOMIIBIOTEPHON CETHU: MCTOYHUKAM MH(POPMALIMOHHBIX PECYPCOB COOTBET-
CTBYIOT 3JIEKTPOCTAHLIMH, MAaTUCTPAJISIM — BBICOKOBOJIBTHBIE JIMHUU 3JIEKTPOIEPENAYH, CETSIM
noCTyna — TpaHcopMaTOpHbIe MOACTAHLIMH, KIMEHTCKUM TEPMUHA/aM — OCBETHUTEbHbIE
1 GBITOBBIE 3IEKTPONPUGOPBI.

KomnsloTepHbie ceTu, Ha3biBaEMbIE TaKXe CEeTAMM Nepeaaun AaHHbIX, ABISIOTCH NOrMYECKUM
pPe3ynbTaToM 3BONIOLUUN ABYX BAXHEWLWNX HAYHHO-TEXHUMECKUX OTPACcsei COBPEMEHHOM LMBUIN3A-
UMW — BBINUCIUTENLHON TEXHUKWU N TENEKOMMYHUKALIMOHHbIX TEXHONO WA,

C 0aHOM CTOPOHBI, KOMIIBIOTEPHBIE CETH MPEACTABJISIOT COOOM IPYIITY KOMIILIOTEPOB, COTIaco-
BAHHO PElIAIIIMX HAOOP B3aMMOCBSI3aHHBIX 32124, 0OMEHUBASICh JAHHBIMU B aBTOMAaTHYECKOM
pexxume. C Apyroit CTOpPOHBI, KOMIIBIOTEPHBIE CETH MOTYT PACCMATPUBAThCSI KAK CPEACTBO Mepe/a-
un nHGOpMaUKMHK Ha GOJIbIIME PACCTOSHUS, AJISI YETO B HUX IPUMEHSIOTCS METObI KOAMPOBaHHUS
Y MYJIBTUIJIEKCHDOBAHUS JAHHBIX, IOJy4YHUBLINE Pa3BUTHE B Pa3IMYHBIX TEJEKOMMYHHKAIMOH-
HBIX CUCTEMaX, HarpuMep TeseoHHBIX ceTsx (puc. 1.1).

Puc. 1.1. 380M110UMA KOMNBLIOTEPHBIX CETEN HA CTHIKE BLIYUCINTENLHOM TEXHUKN
N TENEKOMMYHUKALMOHHbIX TEXHONOT i



26 Yactb I. OcHOBbLI CeTell nepeaayn AaHHbIX

MepBble KOMNbIOTEPHbIE CeTH

Cucrtembl nakeTHOW 06paboTku

O6partumcst CHayas1a K KOMIBIOTEPHOMY KOPHIO BBIYMCJIMTEBHBIX ceTel. [IepBbie KOMIbIOTEDHI
1950-x rogoB — GoJIbLIKE, TPOMO3KHE U JOPOTHE — TIPEAHA3HAYATUCH [J1s1 04eHb HeGOIbIOro
ypcaa u3GpaHHbIX M0J1b30BaTeNei. YacTo 3T MOHCTDPBI 3aHUMATH 1esble 3naHus1. Takue KoM-
MBIOTEPHI He ObLIN NpeAHa3HayeHbl 71s1 MHTEPAKTUBHOM PaboThI MOJIb30BATES, 2 TPUMEHSLINCH
B PEXVMe IAKeTHOI! 06paboTKH.

CucreMbl NakeTHOH 00pabOTKH, KaK IPaBUJIO, CTPOMIMCH Ha Oa3e MelHdpeliMa — MOIHOTO
Y HaJIeXXHOTO KOMITbIOTEPA YHUBEPCAIBHOTO Ha3HayeHus1. [Tob30BaTeIn MOATOTABAMBANH T1ED-
(okapTsl, conepkaliye faHHblE U KOMaH/bl IPOTPAMM, U NepeaBa/Id UX B BBIYUCTUTETbHbIM
HeHTp (puc. 1.2). 3anaHus HECKOJIBKUX MOJIb30BaTes el rPyNINMPOBAINCH B AKET, KOTOPBIiA
NPUHUMAJICS Ha BoinosHeHue. OnepaTop MeitHbpeiiMa BBOAMJ KapThl [IaKeTa B KOMNbIOTeEP,
KOTOpBli 06pabaTbiBa 3a1aHKsi B MHOTOTIPOTPAMMHOM peXUMe, OTITUMU3UPYS PacnpeeeHne
NIPOLIECCOPa U YCTPOWCTB BBO/A-BbIBOAA MEXAY 33AaHUSIMU JIJI1 NOCTHXKEHUS MAKCUMAJIbHOM
MPOU3BOJUTETBHOCTH BbIUMCIEHUI. PacreyaTaHHble pe3y bTaThl OJIb30BATENU MOJYYaTH
06BbIYHO TOJIBKO Ha cJeayoumil aeHb. Takum 06pa3oM, oqHa HeBepPHO HaOUTas KapTa 03HavYaa
KaK MMHUMYM CYTOYHYIO 3aiepXKy. KoHeuHo, fJ1st moib30BaTe el HHTEPAKTUBHDIIM PeXUM
paboThI, IPH KOTOPOM MOXHO C TEPMHHAJIA OIIEPATUBHO DYKOBOAUTD IPOLIECCOM 06pabOTKU
CBOMX JaHHBIX, Ob1y1 661 yoGHee. Ho uHTepecaMu nosib3oBare/iell Ha MepBbIX 3Tallax Pa3BUTUS
BBIYUC/IUTEIbHBIX CHCTEM B 3HAYMTEJIBHOU cTeneHu npeHebperanu. Bo raaBy yria craBusach
3(bdexTUBHOCTH PaBOTHI CAMOTO JOPOrOro YCTPOMCTBA BBIYMCIUTENBHOM MALIMHBI — TIPOLIECCO-
pa, naxe B yuepb s pekTMBHOCTH PabOTHI UCMIOJIB3YIOLUIMX €T0 CIIELUATUCTOB.

A

MeiHdpeim YcTponcTeo
BBOAA

OnepaTop

Monb3oBaTenu ¢ 3aaaHUAMU Ha BbINONHEHWE BbIYUCITUTENbHBIX pa607

Puc. 1.2. LleHTpanuaoBaHHas cuctema Ha 6a3e menHdppenma
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MHoroTepmMuHanbHbieé CUCTEMbl — NpooOpa3 ceTu

[To Mepe yaeureBieHus POLECCOPOB B Hayaste 60-X rof0B MOSBUIMCH HOBbIE CTIOCOOBI Opra-
HHU3ALMH BBIYUCIUTEIBHOTO MPOIECcCa, KOTOPbIE TO3BOJIMIM YYECTh MHTEPECH! M0/1b30BaTeNel.
Hayanu pasBuBaTbhCsS MHTEPAKTHBHbIE MHOTOTEPMHHAJIbHBIE CHCTEMBI Pa3/ieIeH!sl BpeMEeHH
(puc. 1.3). B Takux cucTeMax KaXKAbIi 10J1b30BaTE b MOMy4al COOCTBEHHBIH TEPMUHAI, C TOMO-
1[I0 KOTOPOTO OH MOT BECTH JAUAJIOT ¢ KOMIIbIoTEpoM. KosnuecTBo 0iHOBpeMeHHO paboTaoIMX
C KOMITBIOTEPOM TI0JIb30BAaTEIeN ONPeesisIoCh er0 MOUIHOCTBIO: BPEMSI PeaKIIUH BbIYUCIUTEb-
HOI CUCTEMBI JOJDKHO ObLIO GBITH 10CTATOYHO MAJIO, YTOOBI MOJIb30BATEIIO Obl/Ia He CUIIKOM
3aMeTHa Napajuie/ibHasi paboTa ¢ KOMIIbIOTEPOM APYTUX [0JIb30BaTeNeH.

Puc. 1.3. MHorotepmuHanbHas cuctema — npoo6pa3s BblMUCIUTENBHOWN CETH

TepmuHanbl, BBIAAA 32 peJesbl BBIYHUCIUTETbHOIO LIEHTPA, PACCPEAOTOYMIIUCH 110 BCEMY
npexnpusATuio. M XoTst BBIYMCINTENbHASI MOIHOCTD OCTABAJIACh MOJHOCTBIO 1IeHTPATU30BaH-
HOI, HeKOTOpble (PYHKLMM — TaKHe KaK BBOJ M BBIBOJ [JAHHBIX — CTalU paclpe/e/eHHbIMMU.
[Togo6Hble MHOTOTEpMUHAJIbHBIE IEHTPATM30BAHHbIE CUCTEMBI BHEILIHE YK€ ObUIU OYeHb 110~
XOXM Ha JIOKaJIbHblE BHIYMCJIHTENbHBIE CeTH. JIeHCTBUTENBHO, PAAOBOI NOMb30BaTENb PaboTy
3a TepMHMHa/IOM MeliHpeiiMa BOCIPUHNUMAJ IPUMEPHO TaK e, KaK ceifyac OH BOCTIPUHUMAeT
paboTy 3a MOAKJIIOUEHHBIM K CETH NEPCOHATBHBIM KoMIbioTepoM. [losib3oBatesb MOT IOJIyYUTh
A0CTyN K 06muM aitnam u nepudepuitHbIM yCTPOMCTBAM, [IPH 3TOM Y HETO MOAEPKUBAIACH
TIOJTHAsT UJUTIO3Us1 EAMHOJIMYHOTO BJIaJIEHUST KOMIIBIOTEPOM, TaK KaK OH MOT 3aIyCTUTh HYXKHYIO
eMy [IporpaMMmy B JII060H MOMEHT U ITOYTH CPa3y XKe MOJIYyYHUTb Pe3yJIbTaT (HEKOTOPbIe J1ajleKre
OT BBIYUCJIUTENBHONH TEXHUKHU TOJIb30BATENN JaXKe OblIM yBEPEHBI, YTO BCE BHIUMCJIEHHS BbI-
MOJTHAIOTCS BHYTPHU UX IUCTLIIEsT).

MHOroTepMUHanbHLIE CUCTEMBL, paboTalrouime B peXUMe pasaeNneHus BpeMeHn, ctany npoobpasom
NOKANbHLIX BLIMUCIUTENbHBIX CETEI.
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OnHakKo [0 NOSIBJIEHMUS JIOKAJIbHBIX CeTell HY)XHO GbLTIO MPONTH ellle GOJbLION MyTh, TaK KaK
MHOTOTEPMHHAJIbHBIE CUCTEMBI, XOTSI U UMEJIM BHEIIHKE YEPThI PaclpeseeHHbIX CUCTEM, BCE
ellle MOAEP>KUBAIHN LIEHTPATM30BAaHHYI0 00pabOTKY JaHHBIX.

K ToMy ke noTpe6HOCTh NpeAnpUsATHII B CO3ZaHUM JOKAIbHBIX CETEH B 3TO BpeMs ellle He
co3pesna — B OZXHOM 3[aHUHU IIPOCTO HeYero OblI0 0OBEAUHSTD B CETh, TAK KaK M3-32 BHICOKOH
CTOMMOCTH BBIYHCIUTENBHOM TEXHUKHU NPEANPUATUS HE MOTJIH cebe MO3BOJIUTb POCKOLIb IPU-
06peTeHust HECKOJIbKUX KOMIIbIOTEPOB. B 3TOT neproz 6bL1 cripaBe/iMB Tak Ha3bIBaeMbIi 3aKOH
Ipoma, KOTOPBIt SMIMPHYECKH OTPaXKasl ZOCTUTHYTHIN yPOBEHDb TEXHOJIOTUH. B cooTBeTCTBHH
C 3THM 3aKOHOM NMPOU3800UMENbHOCTL KOMNbIomepa Oblla NPponopyUoHAIbHA K8adpamy ezo
cmoumocmu. OTCIOAA CJIe0BAJIO, YTO 33 OAHY U TY XK€ CYMMY ObLIO BBITOHEE KYIIUTh OAHY
MOILHYIO MAlIIKHY, YeM JBE MEHEE MOILHBIX — UX CYyMMapHasi MOIHOCTb OKa3bIBaJIaCh HAMHOTO
HIKe MOLIHOCTH JOPOTrOi MallHHBI.

Meps.ble rnobGanbHble ceTn

A BOT N10TPe6HOCTD B COEANHEHUN HECKOIBKMX KOMITBIOTEPOB, HAXOASIIMXCS Ha GOJIbIIOM pac-
CTOSIHMH APYT OT APYTra, K 3TOMY BPEMEHH YoKe BIoJIHe Ha3pesia. Hauanoch Bee ¢ pelenus Gosee
IPOCTOH 3aJjayl — AOCTYIIA K OTAEJbHOMY KOMIIBIOTEPY C TEDMHUHAJIOB, YAJIEHHBIX OT HETO Ha
MHOTHE COTHH, a TO U ThICSIYH KHJIOMETPOB. TepMUHAIIBI COEAUHSINCH C KOMIBIOTEPOM Yepe3
Tesie)OHHbIE CETH C IOMOLIBIO MOJEMOB, TO3BOJIMB MHOTOYUCIEHHBIM [0JIb30BATEJISAM I0/Iy4aTh
yJaJIeHHBIi IOCTYT K Pa3/ie/IsieMbIM PECYPCaM MOILHbBIX CYNIEPKOMITBIOTEPOB. 3aTEM MOSIBUJIUCD
CHCTEMBI, B KOTODPBIX HAPSIy € YAIEHHBIMH COETMHEHUSIMH THIIA MEPMUHAL — KOMNbIOMED ObLITN
peann30BaHbl U yAJIeHHbIE CBSI3U TUIIA KOMNbIOMED — KOMNbiomep.

Pa3HeceHHbIE TEPPUTOPUATBHO KOMIIBIOTEPH! IOJNYYHIH BO3MOXHOCTh 06MEHUBAMBCA OAHHBIMU
8 A8MOMAMUUECKOM PeNUME, YTO, COOCTBEHHO, U SABJIsAETCS 6a30BBIM NIPU3HAKOM JII060M BHIYUCIH-
TeJIbHOM CeTH.

Ha ocHoBe mog06HOro MexaHu3Ma B MEPBBIX CETSAX ObLIM peanu30BaHbl CIyXGbl 0OMeHa aii-
JIaMH, CHHXPOHM3AUMHU 623 AaHHDIX, 3JIEKTPOHHOMN [OYTHI U APYTHE, CTABLIKE Telepb TPAAULH-
OHHBIMH CETeBbIE CJLYXKOBI.

WUTak, XpoHONOrn4yeckn nepebiMu NosBUAUCL rnoGaneHblie ceTu (Wide Area Network, WAN), To ecTb
ceTi, 06beanHsIoLIME TEPPUTOPUANBHO PACCPEA0TOEHHbIE KOMMNBLIOTEPLI, BO3MOXHO, HAXOAAUMECS
B Pa3/IMYHbIX FOPOAAX U CTPAHAX.

VIMeHHO npy OCTPOEHUH TI0OATBHBIX CeTel ObLIH BIIEPBble NPEJIOKEHBI U OTPAGOTaHbI MHOTHE
OCHOBHBIE UJIEH, JIeXKallle B OCHOBE COBPEMEHHBIX BBIYMCIUTENbHBIX ceTeil. Takue, HanpuMep,
KaK MHOTOYPOBHEBO€ NTOCTPOeHHe KOMMYHHUKALIHOHHBIX IPOTOKOJIOB, KOHLEMI[MY KOMMYTalMH
1 MapUIPYTH3al1H MaKeTOB.

InobanbHbie KOMIIBIOTEPHbIE CETU OYE€EHb MHOI'O€ yHACJI€AOBa/IHX OT APYTUX, ropa3ago 6onee
CTapblX U PACIIPOCTPAHEHHBIX rn06abHbIX CeTEH — meﬂec])ouubm I['naBHOE TeXHOJIOrHMYECKOE
HOBILECTBO, KOTOPOE€ NIPUBHECJIH C coboit IepBbIE rnobasbHble KOMIIBIOTEPHDBIE CETH, COCTOANO
B OTKa3¢ OT MNPHHIIUINIA KOMMYTAlHH KaHAJIO0B, Ha NPOTAXXE€HUH MHOTUX AE€CATKOB JIET YCIIELTHO
HCII0JIb30BABILIETOCA B TeJIerOHHbIX CeTsX.

BoizensieMslil Ha Bce BpeMsI ceaHca CBSI3H COCTABHOI Teste(OHHBIN KaHaT, Nepealomuii uudopma-
LIMIO C IOCTOSIHHOM CKOPOCTBIO, He MOT 3¢ (peKTUBHO HCTIOJIb30BATHCSI MYJIbCUPYIOLIUM TPAPUKOM
KOMITBIOTEPHBIX IaHHBIX, Y KOTOPOTO MEPHOIbI HHTEHCHBHOTO 0OMEHa YepeMyIOTCs C MTPOIOJIKH-
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TeJIbHBIMY NTay3amMu. HaTypHble 3kcriepUMeHTBI 1 MaTeMaTUYeckoe MOJIeTMPOBaHMe NTOKA3a/IH, YTO
yJbCUPYIOIIHI M B 3HAUNTEJIBHOI CTENIEHH He YyBCTBUTEJbHBIN K 3a1€PXKKaM KOMNbIOTEPHBIA
Tpaduk ropasao a¢dexTrBHEE MEPENAETCS CETSIMH, PAGOTAIOIIUMH 110 MPHHIUMITY KOMMYTalHH
NaKeTOoB, KOT/[a JaHHbIE Pa3/IeJISTIOTCS Ha HeGOJIbIINE IOPUMH — NAKETBI, KOTOPBIE CAMOCTOSITEILHO
IepeMeLaloTCst 10 CeTH 61arofapsi HATMYMIO aZipeca KOHEYHOTO Y3J71a B 3ar0JIOBKe NaKeTa.

Tak Kak MPOKJajka BBICOKOKAYeCTBEHHBIX JIMHUMN CBSI3U Ha GOJIbIINE PACCTOSTHUS 00XOAUTCS
04Y€Hb JOPOTO, TO B MEPBBIX IJI0OANBHBIX CETSX YACTO MCIOJb30BAIMCH YXKE CYILECTBYIOIIUE
JIMHUY CBSI31, U3HAYAJIBHO NIpeJHa3HaYeHHbIE COBCEM JJIs1 APYTUX uesneil. Hanpumep, B Teuenne
MHOTHX JIET IJI06aIbHBIE CETH CTPOUJIMCH Ha OCHOBE TeJie(OHHBIX KAHAJIOB TOHAJIbHOM YaCTOTHI,
CIIOCOOHBIX B KaXX/bIif MOMEHT BPEMEHHU BECTH Nlepeauy TOJIbKO OHOTO Pa3roBOPa B aHAJIOTOBOM
¢dopme. [lockonpKy CKOPOCTH Nepesayy AMCKPETHBIX KOMITBIOTEPHBIX IAHHBIX 110 TAKUM KaHAJIaM
Obly1a OYeHb HU3KOM (IECATKU KUIOOUT B CEKYH/Y ), HAGOD NPEAOCTABJISEMBIX YCIYT B [J106aIb-
HBIX CEeTAX MoA0OHOro THMa O6BIYHO OTPAHUYMBAJICS Nepeaavyedl GainoB (PeUMyLIECTBEHHO
B (pOHOBOM pexxkrMe) U 3/1eKTPOHHOU moyToi. [ToMrMOo HM3KOH CKOPOCTH Takue KaHaJIbl UMEIOT
1 IPYro¥ HeJJOCTAaTOK — OHYM BHOCSIT 3HAUHTeJIbHble MICKa)KeHHUs B NlepeJaBaeMble cUrHaibl. [1o-
3TOMY IPOTOKOJIBI IJIOGAbHBIX CETEM, TOCTPOEHHBIX C MCIIOJIb30BAHMEM KAaHAJIOB CBA3U HU3KOTO
KaueCTBa, OTIMYATUCH CJIOXXHBIMU ITPOLIEYPaMU KOHTPOJISI U BOCCTAaHOBJIEHUS AaHHBIX. Tunny-
HBIM PUMEPOM TaKUX CeTell ABJSAITCA ceTu X.25, paspaboTaHHble ele B Hayase 70-X rogos.

NPUMEYAHMUE

IIpy HanMCaHNK 3TOM IJIaBbl ABTOPHI CTOJKHYJIMCh C AMJIEMMO: HEBO3MOXHO PacCKa3bIBaTh 06 HCTOPHH OT-
pac/iu, He Ha3bIBasi KOHKPETHBbIE TEXHOJIOMMHK 1 KoHLenuu. Ho B To e BpeMst HEBO3MOXHO Z1aBaTh MOSICHEHHST
JTHX TEXHOJIOTMH ¥ KOHLIEMLIMIA, TaK KaK YHTaTe b, ePeMCTHIBAIOIHI TIEPBble CTPaHHUIIBI, ellle He TOTOB K BOC-
NPUATHIO OODbACHEHUI. ABTOPBI MOLLITHU MO TyTH KOMIIPOMMCCA, OTJIOKHUB Ha Gy/1ylee MCYepNbIBAIOILIME M0~
SICHEHHsI MHOTMX TEDMUHOB Pajivi TOTO, YTOObI B CAMOM Hayasle M3yYeHHsl KOMIILIOTEPHBIX CETel YMTATENb UMEIT
BO3MOXHOCTb [1PEJICTABUTH KAPTHHY 3BOJIIOLIMU KOMIIBIOTEPHBIX CETEM BO BCEM ee KPaCOYHOM MHOT000pasHH.

B 1969 roay MunuctepctBo 060ponbt CIIIA vHUIIMHPOBao paboOTH 10 OObEAUHEHHUIO B €1-
HYIO CETb CYNEPKOMIIBIOTEPOB OOOPOHHBIX U Hay4YHO-HMCCJIE0BATENbCKUX LIEHTPOB, JTa CETh,
noayuusias HazBaHue ARPANET, crana oTtnipaBHOI#t TOUKOM /151 CO3AaHUS IEPBON U caMOW
M3BECTHOM HbIHE J106abHOI ceTH MUPOBOTrO MacinTaba — Internet.

Cers ARPANET o6beanHsiia KOMIOBIOTEPH! PA3HBIX THNOB, pabOTaBIIKE MO yIPaBIeHHEM
pa3yanyHbIX onepaloHHbIX cucTeM (OC) ¢ ZONOJHUTEIBHBIMU MOAYJISIMU, PEATH3YIOIUMHU
KOMMYHHKAL[MOHHbIE IIPOTOKOJIbI, OO1IKE AJIsE BceX KoMIbioTepoB ceTH. OC 3THX KOMIIbIOTEPOB
MO>HO CYUTATh NEPEbIMU CETEBBIMH ONEPALIMOHHBIMH CHCTEMaMH.

CereBsle OC no3BOJIMIIN He TOJBKO PAcCPeJOTOYUTD MOJIb30BaTENeH MEXAY HECKOIbKUMU
KOMIIbIOTepaMH (KaK B MHOTOTEPMUHAJIbHBIX CUCTEMAX ), HO M OPraHU30BaTh PaclpeesieHHbIe
XpaHeHue U 06paboTKy naHHbIX. Jiobasi ceTeBast ONEpallMOHHAsA CUCTEMA, C OAHOM CTOPOHBI,
BBIIOJIHAET BCe (PYHKIUMHU JOKAIBHON ONEPalMOHHON CUCTEMBI, a C JAPYroi CTOPOHBL, 00J1a1aeT
HEKOTOPbIMH JIONIOJIHUTENbHBIMU CPEACTBAMH, O3BOJISIIOIIMMH €if B3aHMO/IECTBOBATD Yepe3
CeTh C ONEPAllMOHHBIMM CUCTEMAMHU IPYTHX KOMIBIOTEPOB. [IporpaMMHbIe MOYJH, peanu3y-
1o1Ke ceTeBble DYHKIMHU, NOSIBJSIMCH B ONIEPALIMOHHBIX CUCTEMAX MOCTENEHHO, 110 Mepe pa3-
BUTHUSI CETEBbIX TEXHOJIOTHH, annapaTHON (Ga3bl KOMIBIOTEPOB U BO3HMKHOBEHHUS HOBbIX 33/1a4,
TPeGyIOLUX ceTeBOi 06pabOTKU.

ITporpecc r106a1bHBIX KOMITBIOTEPHBIX CETEH BO MHOTOM OIPENEJISICS TIPOTPeccoM TesieoH-
Hbix ceTeil. C KoH1a 60-X rof0B B TesieOHHDIX CETSIX BCE Yallle CTajla IPUMEHSIThCS nepedaua
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2o0n0ca 8 Yugppoeo opme. ITO MPUBEJIO K MOSIBJIEHUIO BHICOKOCKOPOCTHBIX IIM(POBBIX KAHAIOB,
coeAnHsIIOIUX aBTOMaTuyeckue TesedoHHble cTaHuu (ATC) 1 N03BOAIOIUX OIHOBPEMEHHO
nepeAaBaTh ECSITKU M COTHU Pa3rOBOPOB.

K HacToslleMy BpEMEHHU rnobanbHbie CETH M0 pa3H006pa3mo M Ka4Y€CTBY NMpeaOCTaBJISIEMBIX
YCJIyT IOTHAIH JIOKAJIbHbIE€ C€TH, KOTOPbIE JOJITO€ BPEMS JINAUPOBAJIU B 3TOM OTHOILEHHWH, XOTH
H MOSABUIMCH HAa CBET 3HAYUTEJIbHO ITO3XKe.

MepsBble nokanbHbie CETH

BaxxHoe coObITHE, OB/IMsBIIIEE HA IBOJIIOLUIO KOMIBIOTEPHBIX CETEl, MPOM3OILJIO B Hayase
70-x ronoB. B pesysibTaTe TEXHOJIOTHYECKOTO MPOPBIBA B 06,1aCTH NPOM3BOACTBA KOMIIBIOTEPHBIX
KOMITOHEHTOB MOSBUIMCh Gosblme unTerpaibhbie cxembl (BYIC). Vx cpaBHUTEIBHO HEBBICOKAs
CTOMMOCTbD U XOpoluHe QyHKIMOHAIbHbIE BOSMOXHOCTH IIPUBEJH K CO3JaHHI0 MHHH-KOMIIBIOTeE-
POB, KOTOpbIe CTaJIH peajIbHRIMU KOHKYpeHTaMu MeiftHdpeitMoB. DMnupuyeckuit 3akon Ipowa
nepecTas COOTBETCTBOBATh A€HCTBUTENIBHOCTH, TaK KaK IeCATOK MUHI-KOMIILIOTEPOB, UMeSI TY
e CTOMMOCTD, YTO U OAUH MeiH(PpeiiM, peliasy HEKOTOpbIe 3aayy (KaK MPaBHUJIO, XOPOILO
pacnapauienuBaeMble) ObicTpee.

Puc. 1.4. ABTOHOMHOE UCNONBb30BAHNE HECKONbKNX MUHN-KOMMNbIOTEPOB HA OAHOM NPEeANPUATUU
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Jaxe HeGoJIbIINE NOAPa3eeH s IPEANPHSITHI TOJIYYUIN BO3MOXKXHOCTb UMETh COOCTBEHHbIE
KOMITbIOTepbl. MUHM-KOMIIBIOTEPHI eI 3a/layyl YIIPaBIEHUsI TEXHOJIOTMYECKUM 060pyI0-
BaHMEM, CKJIaZIOM U APYTHE 3a/1a4¥ yPOBHs OTAe/a NpeAnpusiTusi. Takum 06pa3oM, MOsIBUIACh
KOHIEMIHUs pacipeeseH|s] KOMIBIOTEPHBIX PECYPCOB MO BceMy npeanpusituio. OQHaKo npu

3TOM BCE KOMIIbIOTEPBI OAHOM OpraHU3alUK MO-IIPEKHEMY MPOAOJIKAIM PabOTATh A8MOHOMHO
(puc. 1.4).

[lIn0 BpeMs, NOTPeGHOCTH MOJIb30BaTeIEeN BHIYMCAUTENPHOU TeXHUKU pocau. VX yxe He
yI0BJETBOPSJIA H30JMPOBaHHast paboTa Ha COGCTBEHHOM KOMITBIOTEPE, UM XOTEJNIOCh B aBTO-
MaTHYECKOM PEXHMe 0OMEHMBATHCS KOMIIBIOTEPHBIMH AaHHBIMHU C MOJIb30BATENSMH APYTUX
nozapaszaeneHuit. OTBETOM Ha 3Ty MOTPEGHOCTD U CTAJIO MOSIBJIEHUE NEPBBIX JOKAJbHBIX BbI-
YHUCIUTENBHBIX ceTelt (puc. 1.5).

Puc. 1.5. PaanuuHblie Tunbl CBR3EM B NePBbIX NOKaNbHbIX CETAX

NokanbHbie cetu (Local Area Network, LAN) — 310 06beauHeHUss KoMNbiOTEPOB, COCPEAOTONEHHbIX
Ha He6GOoNbLLOK TePPUTOPUK, 0ObINHO B paguyce He 6onee 1-2 kM, XOTS B OTAENbHbIX Crly4asnx NoKanb-
Has CeTb MOXET UMeTb U Bonblune pasmepsl, HanpUMep, HECKONbKO AECATKOB KunomeTpos. OBbIHO
nokanbHasa CeTb NPEACTaBNAeT COO0 KOMMYHUKALMOHHYIO CUCTEMY, NPUHAANEXALLYIO OAHOM opra-
HU3aumu.
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Ha nepBbIx n1opax 1J1s1 COeANHEHUsI KOMIBIOTEPOB APYT C APYTOM HCIOJIB30BAIMCH HECManoapm-
Hble CETEBbIe TEXHOJIOTHH.

CeTteBas TEXHONOrUA — 3TO COMACOBaHHLIN HAGOP NPOrPaMMHBIX 1 aNNapaTHbIX CPEACTs (Hanpumep,
ApaiBepoB, CeTeBbIX 3AanTepos, kabenei u pa3LEMOB), a TakXe MEXaHU3MOB Nepeaasm AaHHbIX no
NIYHWAM CBSA3W, OCTATOYHLIN 4151 NOCTPOEHUS BLIYUCAUTENBHOM CeTH.

Pa3Hoo6pa3HbIe YCTPOMCTBA CONPSIKEHUs, UCTIOB3YIOLIKME COOCTBEHHDIE CIIOCOOBI NPE/ICTaBIIe-
HMSI IaHHDIX Ha JIMHUSIX CBSI3H, CBOM THIIbI KabeJIel U T. I1., MOTJIM COEHSATD TOJIbKO T€ KOHKDPET-
Hble MOJIEJI KOMIIBIOTEPOB, JIS1 KOTOPBIX ObLIM pa3paboTaHbl, HATIPUMEDP, MUHHM-KOMIIbIOTEPbI
PDP-11 ¢ meitndpeiimom IBM 360 mnu munn-komnsiorepst HP ¢ MukpokoMnbiorepamu LSI-11.
Takast cutyauus cosgana 60JbLIOH IPOCTOP AJISL TBOPYECTBA CTYAEHTOB — Ha3BaHUS MHOTHX
KYPCOBBIX M JUIIJIOMHBIX IPOEKTOB HAYMHAIUCH TOT/A CO CJIOB «YCTPOMCTBO COMPSIKEHHSL...>.

B cepenuvHe 80-x ronos nonoXxeHue aen B NOKanbHbIX CeTAX KapAUHaN5HO U3MEHWNOCH. YTBepAnanCh
CTaHOapTHbLIE CEeTeBbIe TEXHONOM M 0GbeAVHEHUSI KOMMNLIOTEPOoB B ceTb — Ethernet, Arcnet, Token Ring,
Token Bus, Heckonbko no3xe — FDDI.

MOIHBIM CTUMYJIOM IJIs1 UX TTOSIBJIEHUS] TIOCTY>KUJIN NIEPCOHAJIbHbIE KOMIBIOTEPBL. DT Mac-
COBBIE TPOAYKTHI CTATH UA€ATbHBIMH 3JIEeMEHTAMU NTOCTPOEHUS CETe — C OIHOM CTOPOHBI, OHU
OBUIH JOCTATOYHO MOILHBIMH, YTOOBI 0GECTIEYHBATD PaGOTY CETEBOrO MPOrpaMMHOrO obecreye-
HHS], a C APYrOd — SIBHO HYXJAJIUCh B 0ObEJMHEHUN CBOEH BBIYMCIUTEIbHON MOLIHOCTH ISl
peLIeHus CI0XKHBIX 33134, a TaKXKe pa3JeseHUsl JOPOrux reprudepruiHbIX YCTPOUCTB U TUCKO-
BBIX MacCHBOB. [103TOMy mepcoHaIbHbIE KOMIBIOTEPBI CTAIM PE061aaTh B IOKAIbHbBIX CETSIX,
IpHUYeM He TOJIbKO B KaueCTBe KJIMEeHTCKUX KOMITbIOTEPOB, HO M B KayeCcTBe LIEHTPOB XPaHEeHHUsI
1 06pabOTKH JAHHBIX, TO €CTh CETEBBIX CEPBEPOB, IIOTECHUB C 3TUX NPUBBIYHBIX POJIE MUHHU-
KOMIIBIOTEPBI U MEHHQPENMBIL.

Bce ctaHaapTHbIE TEXHOJIOTHH JIOKAIbHBIX CETEN ONMUPATUCH HA TOT XKe MPUHIUIT KOMMYTal[1H,
KOTODBIN 6bLI C ycriexoM onpoboBaH ¥ I0Ka3al CBOU IPEeMMYIIECTBA NPH nepefade Tpaduka
JaHHBIX B [JI00AIBHBIX KOMITBIOTEPHBIX CETAX — NPUHUUN KOMMYMAUUU NAKEMO8.

CraHapTHbIE CeTeBble TEXHOJIOTHMM NPEBPATHIIN MPOLIECC NOCTPOEHHUS JIOKAJIbHON CETH U3
pellleHHs] HETPUBUABHOM TEXHIUYeCKON npobsieMbl B pyTHHHYIO paboty. [lJisi co3nanust ceTn
AOCTAaTOYHO 6BLIO MPUOOPECTH CTAHAAPTHDIN KabeJb, CeTeBbie aflalTePbl COOTBETCTBYIOIIETO
cranaapra, Hanpumep Ethernet, BcraBuTh aganTepsl B KOMIbIOTEPDI, IPUCOEANHUTD UX K Kabe-
JIIO CTaHAAPTHBIMY PAa3beMaMU M YCTAHOBUTh HA KOMIIBIOTEPHI OJIHY U3 MOMYJISAPHBIX CETEBBIX
onepauMoHHbIX cucTeM, Hanpumep Novell NetWare.

Pa3paboTynKy JTOKAJbHBIX CeTeil MPUBHECIM MHOTO HOBOTO B OPraHU3alMIo paboThl NOJIb30-
Bareseii. Tak, cTano HaMHOro mpoute 1 yao6Hee, 4eM B r106aJIbHBIX CETSIX, II0JAYYaTh JOCTYII
K 00HKM ceTeBbIM pecypcaM. IlociieAcTBUEM U OJJHOBPEMEHHO ABUXKYILEH CHJION TAKOTO
nporpecca CTaJIo MOsiBJIeHHe OTPOMHOTO YKCJIa HenpoheCcCHOHANIbHBIX M0JIb30BaTeNel, 0CBO-
60X IEHHBIX OT HEOOXOANMOCTH M3YYaThb CHELUANbHbIE (U JOCTATOUHO CJIOXKHBIE) KOMAHIbI
1UIsL ceTeBOM paboThI.

Korew, 90-x BbIBUN SIBHOTO Nnuaepa Cpeam TEXHONOM il NOKasbHbIX CeTell — ceMeincTeo Ethernet, B ko-
TOpoe BOWAU knaccuyeckan TexHonorus Ethernet co ckopocteio nepepgayumn 10 M6ut/c, a Takxe Fast
Ethernet co ckopocTeio 100 M6uT/c 1 Gigabit Ethernet co ckopocTtbio 1000 M6uTt/c.
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[IpocTble aIrOpUTMbI pabOTHI 3TOM TEXHOJIOTHH NPEAOIPENENAIOT HU3KYI0 CTOUMOCTb 000PYy/10-
sanus Ethernet. IIupokuit iuanasoH vepapxuu CKOPOCTEM NMO3BOJISIET PALMOHAIIBHO CTPOUTD
JIOKAJILHYIO CETh, BHIOUPAsi TY TEXHOJIOTHIO CEMENCTBA, KOTOPask B HAMOOJIbILEN CTENEHN OTBeYaeT
3a/1ayaM MPEeANpPHUSTHUsI ¥ TOTPEGHOCTSIM TOJIb30BaTENEM.

KoHBepreHuus cetemn

KoHBepreHuua nokanbHbIX U rnobdanbHbIX ceTen

B koHn1e 80-x romoB oTanums MEXAy JIOKAJIbHbIMU U r106abHBIMU CETAMU TIPOABJIAMUCH BECbMa
OTYETJ/INBO.

Q IIpomsxicennocms u kauecmao Aunul c63u. JIokanbHble KOMIIBIOTEPHBIE CETH IO OMpeseIe-
HUIO OTJIMYAKOTCS OT I1006AIbHBIX CeTeN HeOONbUIMMK PACCTOHUAMU MEXKAY Y3/1aMU CETH.
ITO B NPHHUMIIE J€JA€T BO3MOXHBIM UCIIOJIb30BAHUE B JIOKAJIBHBIX CETAX 6oJjiee JOPOrux
KayeCTBEHHBIX JIMHUM CBsA3U. B rmoGanbHbix ceTsix 80-x rogos npeobiagain HU3KOCKOPOCT-
Hble TejiepOHHbIE TUHUY CBSI3H, MEPeAaolie AUCKPETHYI0 MH(POPMALMIO KOMITBIOTEPOB CO
CPaBHUTEIbHO YACTHIMHU NCKAKEHUSIMHU.

Q Croxnocms memodos nepedauu dannvix. B ycaoBusix HU3KON HafleXKHOCTH (PU3UYECKMX
KaHAJIOB B IJ100AJIbHBIX CETAX TPeOYITCs 60Jiee CI0KHDIE, YeM B JIOKAIBHBIX CETSAX, METOABI
nepe/iayy JAHHBIX U COOTBETCTBYIOILEE 060PYIOBaHHE.

Q Cxopocmv 06mena dannvimu B mokaibHbIX ceTsx (10, 16 u 100 M6ut/c) B TO Bpemst 6bL1a
CYILECTBEHHO BbIlIE, YeM B r1obanbHbix (0T 2,4 Kéut/c no 2 M6ut/c).

O Pasnoobpasue ycaye. Boicokne ckopocTH 0OMeHa TaHHBIMM TTO3BOJIMJIA TIPENOCTABISATD
B JIOKQJIBHBIX CETSX LIMPOKUI CIIEKTP YCJIYT — 3TO, IPEX/E BCEro, pa3HooOpasHble Crocobbl
COBMECTHOTO MCII0JIb30BaHUsI (aliIoB, XpaHSLIIMXCS HA AUCKAX IPYTUX KOMIIBIOTEPOB CETH,
COBMECTHOE KCII0Jb30BaHNE YCTPOUCTB MeYaTH, MOAEMOB, (DaKcoB, JOCTYI K eAUHOMN Gaze
JIaHHBIX, 3JIEKTPOHHAS MOYTa U Apyrue. B To xe BpeMst r1006aibHbIe CETH B OCHOBHOM Orpa-
HUYMBATIHUCH MOYTOBBIMHU M (DAiiJIOBBIMM YCIyraMH B UX TIpOCTeiIIeM (He caMOM ya0OHOM
IS TIOJIb30BaTeIs1) BUAE.

[ocTeneHHO pa3nuyust MEXAY JOKAIbHBIMUA U [JIOOATbHBIMH CETEBHIMU TEXHOJIOTUSAMU CTAJIH
criaxuBaThest. V3011upoBaHHbIE paHee JIOKATbHbIE CETH HaYald OObeIUHSATh APYT C APYTOM, IIPU
3TOM B KaUeCTBe CBA3YIOIIEHN CPeAbl HCIIOB30BATNCH II00abHbIE CeTH. VIHTerpamnus JOKaJIbHbIX
¥ 17106aIbHBIX ceTell NpUBeJa K 3HAaYUTEIbHOMY B3aMMOIIPOHUKHOBEHHIO COOTBETCTBYIOINX
TEXHOJIOIUH.

COimxeHKe B METOAAX [Iepefayy JaHHbIX IPOU30LILIO 32 CYET UCIIOIb30BAHUS OIHOM U TOM XKe
cpezibl Nepelayy AAHHBIX — ONMUYECK0z0 6010KHA — M OTHUX U TEX JKe MPUHIIUIIOB KOAUPOBAHUS
riepeaBaeMbIX JaHHbIX — LGPOBOro (AUCKPETHOrO) KoAUpoBaHusi. ONTOBOJIOKOHHBIE Kabenn
CTaJIM MCHOJIb30BaThCs TPAKTUYECKU BO BCEX TEXHOJIOTHSIX JIOKIBHBIX CETEH AJIsI CKOPOCTHOTO
oOMeHa uHbopMalreii Ha paccTosTHUSIX cBbilre 100 METPOB, Ha HUX e CTalu CTPOMTHCS Maru-
ctpaiu nepeuuHbixX ceteit SDH u DWDM, npenoctapsiiomux cBou un¢poBbie KaHAIbI IS
o6bearHeHust 060py10BaHUs T100ATbHBIX KOMIIBIOTEPHBIX CETEIA.

Boicokoe kauecTBO UM(POBBIX KAHAIOB U3MEHWJIO TPEOOBAHUS K MPOTOKOJIaM I100aIbHbIX
KOMITBIOTEPHBIX ceTeil. Ha mepBblil myian BMecTo npoueayp obecreyeHns HaAeXXHOCTH BbILILIHN
TpolLIEey Pbl OOeCTIeYeHHsI TAPAHTUPOBAHHOM CPeHEN CKOPOCTH 0CTaBKU MH(OPMAIIMH TI0JIH30-
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BATEJISIM, A TAK)KE MEXaHU3MbI [IPHOPUTETHOH 06PabOTKHU [TaKeTOB 0COGEHHO 4yBCTBUTEIBHOTO
K 3a/lepKKaM Tpaduka, HapuMep roJ0coBOr0. JTU U3MEHEHHUsT HALIM OTPaXXeHUE B TaKUX
TeXHOMOTUAX rnobanbHbixX ceTeir 90-x rogos, kak Frame Relay u ATM. B 3tux texHosmorusx
TPEATIOJIATAETCS], YTO UCKAXKEHME GUTOB IIPOUCXOANUT HACTOJIBKO PEJKO, YTO OLIMOOUHbINA MaKeT
BBITO/IHEE TIPOCTO YHUUTOXUTD, 8 BCE TIPOOJIEMBbI, CBA3aHHBIE C €r0 NMOTEPEil, EPENOPYIUTh
pOrpaMMHOMY obecrieyeHHIo 60Jiee BHICOKOTO YPOBHSI, KOTOPOE HEMOCPEACTBEHHO He BXOAUT
B coctas ceteii Frame Relay u ATM.

Bosbiuoi Bkaaj B COMMKEHME JIOKAIbHBIX U IJI00aJIbHBIX CeTeil BHECJIO JOMUHUPOBAHNE NPOMO-
xona IP. DTOT IPOTOKOJ MOXKET PpabOTaTh IIOBEPX JIOOBIX TEXHOJIOTMM JIOKATBHBIX ¥ II00ATBHBIX
cereii (Ethernet, MPLS, Token Ring, ATM, Frame Relay), 06beaunnsist pasinutble NoaceTu
B €IUHYIO COCTAaBHYIO CETb.

Hauunas ¢ 90-X rofioB KOMIIBIOTEPHBIE TI00aJIbHbIE CETH, pabOTAIOLINE HA OCHOBE CKOPOCTHBIX
UU(POBBIX KAHAMOB, CYNECTBEHHO PACIIMPUIN CHEKTDP NPEAOCTABJSIEMBIX YCIYT U OTHAIN
B TOM OTHOLIEHUH JIOKaJIbHble ceTd. CTalo BO3MOXHBIM CO31aHUE CJYXKO, paboTa KOTOPBIX
CBsI3aHa C JI0CTaBKOM MOJIb30BaTeN0 G0NbIINX 06beMOB HHGOPMAIIMU B PEAJIBHOM BPEMEHH —
n306paxeHuii, BUIeOPHIbMOB, T0J0CA, B 0OLIEM, BCETO TOTO, YTO TMOJYYHIO HA3BAHHE MYJIb-
TuMenuiiHoN uHgopmaiuuu. Haubosee sipkuii mpuMep — runepTekcToBast HHGOPMAHOHHAS
cnyx6a World Wide Web (Be6-cirysx6a), cTaBLiast OCHOBHBIM HOCTaBIIuKoM nHdopmaunu B VH-
TepHeTe. Ee MHTePaKTUBHBIE BO3MOXKHOCTH MPEB30LLIM BO3MOXKHOCTH MHOTHX aHAJOTHYHBIX
cyx6 JIOKaNbHBIX CETel, TaK YTO pa3pabOTYMKAM IPUIOKEHHH JOKATbHBIX CETEH MPUIIIOCH
MPOCTO II03aUMCTBOBATD 3Ty Ci1ykO0y y riobanbHbix ceteit. ITpolecc nepeHoca TeXHOJIOTHI U3
r06a1bHOM ceTn VIHTEPHET B JIOKaJIbHbIE IPUOOPEJT TAKOU MACCOBBIM XapaKTep, YTO MOSBUJICS
Jla)ke CrenuajibHbI TEPMUH — intranet-TexHonoruu (intra — BHyTPeHHMUIT).

BO3HUK/IM HOBbIE Cemeable MexXHONI02UU, KOTOPbIE CTAJIM ONMHAKOBO YCIEIIHO paboTaTh KakK B JI0-
KaJbHBIX, TaK ¥ B [JI00aIbHbIX ceTsix. [lepBoit Takoii TexHosoruei 6b11a ATM, koTopasi Morsia
3¢ dekTHBHO 0ObENMHSTD BCE CYLIECTBYIOLIME TUNbI Tpaduka B ogHOM ceTi. OZHAKO ICTUHHO
YHUBEPCAIbHOM ceTeBOI TexHOIOrHel cTasa TexHosorusi Ethernet. lonrue ropst Ethernet Gbuia
TEXHOJIOTHEN TOJIbKO JIOKAJIbHBIX CeTeil, 0THAKO, OTIOIHEHHAs! HOBBIMU (DYHKLIMSMH U HOBBIMU
YPOBHSIMH CKOPOCTEif, 3Ta TeXHO/IOTHs (Ha3biBaeMast B 3ToM BapuanTe Carrier Ethernet, To ectb
Ethernet oneparopckoro kiacca) cerofHsi npeobJiafiaeT Ha JTMHUSIX CBSI3U M II00QIbHBIX CETei.
CrencTBueM JOMMHMPOBaHUs TexHosornu Ethernet B nepsom necsituserun XXI Beka craio
YIPOLIEHHE CTPYKTYPBI KAK JIOKAIbHBIX, TAK U I100AIbHBIX CETEH — B MOJABIISIOLIEM OONbIIMH-
cTBe nozaceTeit cerognsi paboraer nporokos Ethernet, a 06beAMHSIIOTCST NOACETH B COCTABHYIO
ceTh € MOMOLIbIO NpoToKoa IP.

Elle 0gHUM NpU3HaKOM CONMXEHUR NOKaNbHBIX 1 NO6anbHLIX CETEV ABNAETCA NOABEHNE CeTel, 3a-
HUMAIOLLWX NPOMEXYTOYHOE NONOXEHUe MEXAY NoKanbHbIMU 1 rnobanbHeiMu ceTamu. lopoackue
ceTtn, v ceTu meranonmcos (Metropolitan Area Network, MAN), npeaHasHadeHb! ons 06CayxmsaHus
TEPPUTOPUN KPYMHOIO ropoaa.

ITH CETH UCIIONB3YIOT UX(POBBIE TMHUU CBSI3U, YACTO ONTOBOJOKOHHBIE, CO CKOPOCTSIMHU Ha
maructpaan 10 T6ut/c u Boime. OHKM 06€CIIEYNBAIOT 3IKOHOMUYHOE COEANHEHHE JIOKATbHBIX
ceTeit Mexay coboii, a Takxke BbIxoZ B riiobanbHble ceTd. Cetu MAN nepBoHayaibHO 6bLIH pas-
paboTaHbl TOJNBKO [JIsl IEPENAYy JaHHBIX, HO Cceifyac repevyeHb MPeAOCTABISEMbIX UMH YCIyT
PacUIMpUICs, B YACTHOCTH, OHY TOJIEPXKUBAIOT BUJIEOKOH(EPEHLIMH 1 MHTErPaIbHYIO Nepeaady
rosioca u Texcta. CoBpeMennble ceTd MAN oT/iMyaTCs pasHooOpa3nueM IpeaoCTaBIsieMbIX
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YCJIYT, TO3BOJISIS CBOMM KJIMEHTaM 00beJMHATH KOMMYHHKAIIHOHHOE 060PYI0BaHKE Pa3InYHOTO
TUNA, B ToM yucie opucHbie ATC.

KoHBepreHuus KOMMNbIOTEePHbIX
U TeNeKOMMYHUKALUUNOHHbIX ceTten

Hauunas ¢ 1980-x rosos npeanpiuHUMaiOTCs IONBITKH CO3/laHUsI YHHBEePCAIbHOM, TaK Ha3bl-
BaeMOW MYJIBTHCEPBHCHOMN CETH, CIOCOOHOI NPEAOCTABIATD YCIAYTH KaK KOMIBIOTEDPHBIX, TAK
U TeJIeKOMMYHHMKALIMOHHBIX CeTeH.

K Tes1ekoMMyHHKALMOHHBIM CETSIM OTHOCSITCSI paUOCeTH, Tesie)OHHbIE M TeJIEBU3UOHHBIE CETH.
[naBHOe, 4TO 0OBEANHSIET UX C KOMIIBIOTEPHBIMH CETSIMM, — 3TO TO, YTO B KAUECTBE PECYPCA,
NPeA0CTaBASIEMOrO KJIMeHTaM, BbicTynaeT nHdopmauus. OHaKo UMeeTCsl HEKoTopas cIie-
1MduKa, Kacaruasicst BUAA, B KOTOPOM NPEACTABIISIOT HHGOPMAIMIO KOMIIBIOTEPHBIE U TEIEKOM-
MYHUKAlIlMOHHbIE CeTH. TaK, NU3HAYAILHO KOMITBPIOTEPHBIE CETH Pa3pabaThiBAIUCh ISl NIepeayn
a1daBuTHO-UUDPOBOIA HHGOPMALIMU, KOTOPYIO YAaCTO Ha3bIBAIOT MPOCTO OAHHbIMU, TIOITOMY
y KOMIIBIOTEPHBIX CeTeH MeeTCs M IPYroe Ha3BaHUe — CeTH MepeAaydd JaHHbBIX, B TO BpeMs KaK
TeJIEKOMMYHHMKAIIHOHHbIE CETH OBLIN CO3/1aHbI [Vl IEPelautl 2010C080U U 6UOCOUHPOPMAUUU.

CeroiHsi Mbl SIBJISIEMCS1 CBUZIETEISIMU KOHBEPIr€eHUUU TEIEKOMMYHNUKAIIMOHHBIX U KOMITBIOTEPHbBIX
ceTel, KOTOpas UAET N0 HECKOJIbKUM HallpaBJICHUSAM.

[Ipexae Bcero HabmoaaeTCs cOMUNCEHUE 8UA08 YCYe2, IPENOCTABAAEMbIX KaneHTaM. [lepBas
TIOMBITKA CO3/IAHUSI MYJIBTHCEPBUCHOM CETH, CIOCOGHON OKa3bIBaTh Pa3MYHbIE YCIYTH, B TOM
qycJie YCJayTy Tese(pOHUM U NTepelauy AAHHBIX, TPUBEJIa K NosABAEHHIO B 80-X roflax TeXHOJIOTHU
uMPOBbIX ceTeili ¢ HHTErpUPOBaHHbIM 06Ty )kuBaHueM (Integrated Services Digital Network,
ISDN). Ho na npaktuke cern ISDN Tak u octanuch TeneOHHBIMU CETAMM, @ POJIb II00ATbHOMN
MYJIBTHCEPBHUCHOM CETH HOBOT'O NMOKOJIEHHs cTan urpath UHTEpHeT.

HTepHeT npeBpaTHICS M3 CETH, TPeAHa3HAYEHHON 51 OKa3aHusi He6GoabIIOro Habopa ycayr
nepe/iayy JaHHBIX, OCHOBHBIMU M3 KOTOPBIX Obl/Ii Tiepenaya GhaiioB 1 0OMeH TEKCTOBBIMU TTOYTO-
BBIMU COOOILIEHUSIMY, B I€HCTBUTEIEHO MYJIBTHCEDBHCHYIO ceTh. VIHTEPHET MOJXKeT OKa3bIBaTh BCe
BU/IbI TEJIEKOMMYHHUKAIMOHHBIX JCILYT, B TOM YHCJI€ YC/1yT MTHOBEHHBIX COOOIIEHUH, BUIEO- 1 aY-
mokoHdepenuni, IP-Tenedonun, IP-TeneBuaenust, a Takxke ycayr MHOTOYHUC/IEHHDBIX COLMATBHBIX
ceteit. OUeBUAHO, YTOMYJIBIMCEPBIUCHOCTD CETH VIHTEpHET B GyAyuIeM OyIeT TOJbKO BO3PACTATb.

[TpopbIBOM B 1Ipoliecce KOHBEPTEHIIUM CETEM IBUJIOCH MOsABIEHHE CMapTPOHOB — TePMUHAIb-
HBIX YCTPONCTE, KOTOPbIe 06BeAMANIY B cebe HyHKINN MOOUIbHBIX TeTe(OHOB U [EPCOHANIBHBIX
KOMITbIOTePOB. [LJIsT IIOANEPKKY TAKMX HOBBIX (DYHKIIMI TenedOHa COBpEMEHHAsT MOOWIbHASL Me-
JlepoHHAs cemb TAKKe CTAIa MYJIBTUCEPBUCHOM CEThIO — OHA NPEJOCTABJISIET NOJIHbIA HAGOp KaK
TesieDOHHBIX, TaK M KOMIBIOTEPU30BAHHBIX HH(MOPMAIIMOHHBIX YCIYT (IPOCMOTP Be6-CTpaHMIL
B TaKoi )xe y106HOi hopMe, KaK U Ha IKpaHe KOMIIOTEPA, YCJAYTH 3JIEKTPOHHOM OYTHI ¥ BUAEO-
KoH(epeHUuH, TPocMOTP PUIbMOB, IyOaUKaLUs HHPOPMALIMK B COLMATIbHBIX CETAX U T. IL).

Texnonoeuueckoe conuncenue ceTeil MPOUCXOAMT 110 HECKONBKMUM HamnpasJieHusM. [Ipexze Bcero
3TO MCMOJIb30BaHUE YUPPosou nepedauu st pazHsix Tunos nHdopmauun. [pexcrasienue
rosoca v u3o6paxenus B undpoBoil hopMe cenano NpUHIMNUATILHO BO3MOXHOI nepeaady
TeJepOHHOro, BUIEO U KOMIIBIOTEDHOTO TPa(hUKOB MO OJHUM U TeM Ke HH(PPOBBIM KaHAJIaM.

BaxxHbIM 111aromM Tene(bomm HaBCTpEYy KOMIIbIOTEPHBIM CETAM CTaJIO UCIIOJIb30OBAHNE HaApAAY
C N3HAYaJIbHO npncymeﬁ M KOMMyTaL[Hef;I KaHaJIOB Memooos KOMMYymayuu naxkemoe. Tak, gns



36 YacTb |. OCHOBbI CETEM NEepeaayy AaHHbIX

nepeiauy CJayXKeOHBIX COOOIIEHHH (Ha3bIBaeMbIX COOOLIEHMSIMU CUTHAIU3AIMH ) IPUMEHSIOTCS
MPOTOKOJIBI KOMMYTAlMH NAaKeTOB, aHAJIOTMYHbIe TPOTOKOJIaM KOMIBIOTEPHBIX ceTelt, a A1
nepesayy COGCTBEHHO roJioca Mexa1y abOHeHTaMH KOMMYTHPYETCSI TPAJANIIMOHHBINA COCTABHOU
KaHaJI.

CerozHsi makeTHble METOABI KOMMYTALMU [TOCTENIEHHO TECHST TPAaAULUOHHBIE AJIs TesedoH-
HBIX CeTeil MeTopl KOMMYTAallMM KaHAJIOB aXkKe NPHU Nepeiaye roaoca. Y 3Tol TeHJeHIHH eCcTb
JOCTaTOYHO OYEBH/HAsI IPUYMHA — HA OCHOBE METOZa KOMMYTAI[MU IIAKETOB MOXHO GoJtee
3G @EKTUBHO UCIOIb30BATh MPOIYCKHYIO CIOCOOHOCTh KAHAJIOB CBSI3M M KOMMYTAIlMOHHOTO
obopynoBanust. Hanpumep, nayssl B TesiehOHHOM pa3roBOpe MOTYT COCTABJISITh 10 40 % obuie-
ro BpeMeHHU COelMHEeHNUs], OJHAKO TOJIbKO NTAaKeTHAst KOMMYTAlUsI I03BOJISIET «BbIPE3aTh» May3bl
Y KCII0JIb30BaTh BbICBOGOAMBIIYIOCS NPOITYCKHYIO CIIOCOOHOCTD KaHaJIa ISl [iepeaayn Tpabuka
apyrux aboHeHTOB. [[pyroii BeCKON NPUUNHOM Nepexofia K KOMMYTALMU IAKETOB SABJISIETCS T10-
nyJasipHocTb VIHTEepHeTa — ceTH, TOCTPOEHHOM Ha OCHOBE JaHHOM TeXHOJIOTHH.

OGpalueHue K TEXHOJIOTMY KOMMYTalM{ [TAKETOB /ISl OIHOBDEMEHHOIA Tepe/iauy yepe3 MakeT-
HbIE CETH PA3HOPOAHOTO TPapHKa — roJ0Ca, BUIEO M TEKCTA — CEJIANIO AKTYAIbHOM pa3paGoTKy
HOBBIX METOZI0B oGecneyeHus: TpebyeMoro Kayectsa o6cayskusanus (Quality of Service, QoS).
Metoast QoS npu3BaHbl MUHUMU3UPOBATh YPOBEHD 3aIEPXKEK /151 UYBCTBUTENBHOTO K HUM
TpaduKa, HalpuMep roJI0COBOTO, M OJIHOBPEMEHHO raPaHTHPOBATh CPEAHIOI CKOPOCTD U IMHa-
MUYHYIO TIepeiauy IyJIbCauuil A7 TpadyKa JaHHBIX.

OpHaKo HeBEPHO ObLIO Gb TOBOPUTD, YTO METO/IbI KOMMYTALIUM KaHAJIOB MOPaJbHO yCTapesin
¥ y HUX HeT Gyayutero. Ha HOBOM BUTKe CIUpaIy Pa3BUTHsI OHU HAXOAAT CBOE NPUMEHEHUE, HO
y>Ke B HOBBIX TEXHOJIOTUSIX, TAKUX KaK TEXHOJIOTUH NEPBHYHBIX CeTel, CyXKalliuX OCHOBOMU Kak
A7l KOMIIBIOTEPHBIX, TaK U TejiedoHHbix cereit: Optical Transport Networks (OTN) u Dense
Wavelength Division Multiplexing (DWDM).

E1ie oqHMM NposiBieHHEM TEXHOJIOTMYECKON KOHBEPreHIIMHU CTAJIO UCIIOIb30BAHUE B TEJIEKOM-
MYHHMKALUOHHBIX CETAX TPAAMIIHOHHOTO /JIsi KOMITBIOTEPHbBIX ceTeit npomokoaa IP. Hanpumep,
3TOT MPOTOKOJI HallleJl CBOE IPUMEHEHKE B TEXHOJIOTHSIX MOOMIIbHBIX TeJieOHHBIX ceTeil 3-To,
4-ro u 5-ro nokoaenuit (3G, 4G, 5G).

KoMrmbioTepHble ceTH TaK)Ke MHOTO€ TO3aMMCTBOBAJIN Y TeJIe(OHHBIX U TEJIEBU3HOHHBIX CETEN.
B yacTHOCTH, OHU B3s1JIM HA BOOPY)XEHHE METO/IbI 00eCIIe4eHNsT OTKa30yCTOMYMBOCTH TeJieoH-
HBIX CeTel, 32 CUET KOTOPbIX NOCeAHUE JEMOHCTPUPYIOT BBICOKYIO CTENEHb HaeXHOCTH, TaK
HenocTaloueil nopoit IHTepHeTy U KOPNOPAaTHUBHBIM CETSIM.

YuuTbIBast ONMMCAHHBIN Ipo1eCC 3BOJIIOLUHY, MBI B 3TOU KHUTE 6yueM HUCIIOJIb30BaTh yCTOHBMHﬂCH
TEPMHUH «T€JICKOMMYHHKAIIMOHHAA C€Tb» B paCIIMPEHHOM IIOHMMAaHHUU — TO €CTb I10Apa3yMeBast
oA TEJIEKOMMYHHMKALIUOHHBIMU CETAMU U KOMIIBIOTEPHBIE CETH.

UHTepHeT kKak paKkTop pa3BuTus
CeTeBbIX TEXHONOIrMn

VIHTepHET sIB/€TCSA BEPUIMHOW 3BOJIOLUU TEJEKOMMYHUKAIIMOHHBIX CeTel, caMoii ObICTpO-
pacTyiei TeXHUYecKoi CUCTEMOI B UCTOPUH YeJioBeYeCcTBa. VIHTepHeT pacTeT U KayeCTBEHHO
Pa3BUBAETCsI MOCTOSIHHO, HauMHasi ¢ 80-X roJ10B, ¥ B COOTBETCTBUHU C IPOTHO3aMH CIIEI[UATTUCTOB
3TOT npouecc 6yAeT IPOAOIKATHCA.
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«Pa3mepbl» VIHTEpHETa MOXKHO OLIEHUBATD I10-Pa3HOMY, Yallle BCETO UCMO/b3YIOT TaKHeE MOKa-
3aTesH, KaK KOJTMYeCTBO MOAKJIIOYEHHBIX K VIHTepHETY TEDMUHAIBHBIX YCTPONUCTB, KOJTUYECTBO
noJib3oBaTesieit, 06beM TpaduKa, epeaBaeMblil B €JUHUIY BDEMEHH.

KauecTBeHHoe pa3Butue I/IHTepHeTa MIPOABJAECTCSA B IIOSABJIEHHU BCE€ HOBbIX U HOBBIX CEDBH-
COB, HAIIpUMED, YK€ YIIOMAHYTbIX HHTCPDHET-BAPUAHTOB TeJIeCl)OHHM N TEJIEBUAEHHUS, a TAKXKE
HOBBIX TUIIOB TEPMHWHAJIbHBIX yCTpOﬁCTB. Tak, MTOMUMO «4YHCTBIX»> KOMIIbIOTEPOB K I/IHTepHeTy
CTaJau NMOAKJ/IIOYaTbCA pa3H006pa3Hb1e yCTpOﬁCTBa CO BCTPOEHHBIMHU «KOMIIBIOTEPAMHU» —
CMaqu.)OHbI, IJIaHUIEThI, ObITOBBIE npn60pb1, aBTOMO6HJII/I, M 3TOT CITUCOK MOJKHO IPOAOJIXKATbh
elure 10J1ro.

PaccMoTpuM cHavasa B nndpax konuyecTBeHHbI poct MHTepHeTa.

Ha puc. 1.6 noka3san rpacduk pocta yucaa nonb3osareneil Iuteprera 3a 50 JjieT cyuiecTBoBaHuUs
aToit cetu. B Havyase 2019 roga ux yucio cocraBuo 4,388 mumnapaa, To ectb 57 % HaceJeHHst
3eMHOro LIapa.

a 6

Puc. 1.6. PocT uncna nonb3osartenein u tpadpuka MHTepHeTa

KosmyecTBO TepMUHAIBHBIX YCTPONCTB, BBIMOHSIOIWUX (YHKIMK cepBepoB (6e3 y4eTa MoJb-
30BaTeJbCKUX YCTPOMCTB) POCJIO MPUMEPHO TakuMHU e Temnamu: B 1980 roxy HacuuTHIBaIOCH
okosio 1000 xocToB, noakmoueHHsx k nTepuery, B 1991-m — 6osee 1 000 000, B Hayare
2000-x — oxozo 100 000 000 u, nakoner, B 2018 rony — cBbiue 1 Mmunnuapaa. C yueTom nosb-
30BaTeJbCKUX YCTPOMCTB (HACTONBHBIX KOMIBIOTEPOB, HOYTOYKOB, MJIAHIIETOB U MOOUJIbHBIX
TesiepOHOB) OblIee KOIUYECTBO TEPMUHAIBHBIX YCTPOMCTB, MOAKJIOYEHHBIX K IHTEpHETY, CO-
craBuo B 2018 roay oxoJio 23 Munnnapaos.

AGCOMIOTHO B3PbIBHBIM 0Ka3ascsl pocT oObeMa Tpaduka (KOoJM4ecTBO GATOB, NepefaHHbIX
B Mecsill yepe3 Maructpaiu VHrepHera):



38 YacTb |. OcHoBbI ceTen nepeaayn AaHHbIX

Q 1990 — 1 TB (1 repabaiit = 1012 6aiit, uau 1000 rurabaiT);
O 1996 — 2000 TB;

Q 2000 — 84 PB (1 nerabaiit = 1000 Tepabaiit);

Q 2008 — 10 EB (1 ak3abaiit = 1000 nerabaiT);

Q 2013 - 50 EB;

0 2018 — 129 EB.

B cepenune 90-x Tpacduk poc 0cO6eHHO ObICTPO, yABaMBASCh KX Ablii [OJI, TO €CTh AEMOHCTPUPYS
3KCMOHEHIIHATBHBIN POCT. 3aTEM POCT HECKOJIBKO 3aMEIJIMIICS, HO BCE PABHO 32 TTOCJEIHUE S JIET
o0beM mepeaaBaeMoro Tpagpmka Bepoc B 2,6 pasa.

OueBuHO, uTo VIHTEpHET He poc 6bl TaK OBICTPO, €C/IU Obl OH HE U3MEHSLIICSA KaYEeCTBEHHO U OCTa-
BAJICSI BCE 3TO BPEMSI TOJIbKO CPECTBOM nepenayn (paitioB 1 0OMeHa TEKCTOBBIMH COOOIIEHUSIMH
371eKTPOHHOM 1o4Thl. HOBBIE CEPBUCHI 1 HOBBIE THUIIBI TEPMUHABHBIX YCTPOMCTB A€/IaJIU U fieia-
10T VIHTepHeT NpUBJIEKATENbHBIM /151 BCE GOJIBILEr0 YMUC/Ia MACCOBBIX 110J1b30BaTe e, KOTOPbIM
paHbllle BPsi/l JIX NPHUILTO Obl B TOJIOBY UCIIONB30BATh KOMIIBIOTED B MIOBCEAHEBHOM )KU3HH.

Eciii Mbl TOCMOTPHM Ha TepMHUHAJIbHbIE MHTEPHET-YCTPOUCTBA, TO YBUAUM, YTO CETOAHS GO0JIb-
LIYIO UX YaCTh COCTABJISIOT HE TPAAULIMOHHbIE IEPCOHAIbHBIE HACTOJIbHbIE KOMIIBIOTEPI, & MO-
burvHble ycmpoicmea — IJIaHIIETHL U cMapThoHbL. Bee 6osibliiee pacnpocTpaHeHKe 1101y4aeT
Y TAaKOH THUI TEPMHUHAIBHBIX YCTPONCTB, KAK BCTPOEHHbIE KOMITbloTEPbI. OHU HE TaK 3aMEeTHBI,
KaK MJIAHIIETH U CMapT(HOHBI, MOTOMY U4TO PabOTalOT BHYTPH IPUBBIUHBIX CHCTEM U yCTPOUCTB,
TaKMX KaK OTONUTEIbHbIE CUCTEMBI, KAMEPBI CJIeXKeHUs], TeJIeBU30PbI, XOJIOAUIbHUKH UJTH CAMO-
ynpaBJsieMbie aBTOMOOWIN. Takue KOMIIBIOTEPHI CaMU MHULIMUPYIOT 0OMEH JaHHBIMM MEXIY
co00I1 UM CO CBOMMM Y/la/leHHbIMU LIEHTPAMH yIpaBjieHus yepe3 VIHTepHeT, ABASCH, 10 Cy-
IECTBY, €T0 MOJIb30BATENSIMHA. DTOT HOBBIU KJIACC MOJIb30BaTE 1€ ITOPOAUI U HOBbI TEPMUH —
unrepuer Bemweii (Internet of Things, oT), nogyepkuBaOUI OTAUYKE OT TPAAULUHUOHHOTO
VHTepHeTa mosib3oBartesnen-aonei.

B pesyuibrare, ecau B 2013 rogy 6onbiile mo/10BuHbI MHTEpHET-Tpaduka (67 %) reHepupoBain
NepCOHabHble KOMIIbIOTEPDL, TO B 2018 rogy oHM yCTynuiu nansMy nepBeHCTBa MOOUIBHBIM
YCTPOJCTBAaM M BCTPOEHHBIM KOMIBIOTEPAM, B COBOKYITHOCTH CreHepupoBaBmuM 53 % Tpa-
duka.

Cy1iecTBEHHO MEHsIICSI U TIPOLIEHTHBINH COCTaB MPUJI0XKeHUH, reHepupyomux tpaduk. Tak,
ecau B 90-e roast u Hayane 2000-x B 061ieM o6beMe npeobiagan Tpapuk MPUIOKEHUH, nepe-
naroumx ¢aitsbl (haiibl 31€KTPOHHON MOYTHI, BeO-CTPaHULl, My3bIKH U KWHODHIBMOB), TO ykKe
K 2010 rozy oH ycTynus inaepcTBO TpaduKy NPHIIOKEHUH, IIepealolivX BUAEONOTOKH B Peasb-
HOM Macurtabe BpeMeHH (TaKMX KaK HHTEPHET-TeJIeBUIEHHE, I0Ka3 KUHOMUIBMOB B OHJIAIHOBOM
pexuMe 110 TpebOBaHUI0, BULEOKOH(DEPEHIINH ).

HoBoi#t Bexoit Ha nyTH pa3BuTysi IHTepHETa cTaiu 001auHble BBIYUCTIEHHS], KOTOPbIE TI03BOJISIOT
Pa3rpysuThb 0/1b30BaTeNbCKUI KOMIIbIOTED U [IEPEHECTH XPaHEHHE JAHHBIX U BBIIIOJHEHHE NPH-
JIO)KEHUH Ha HEKOTOpble yAajeHHble KOMIIBIOTEPHI, CBA3aHHbIE C MOJIb30BATETHCKUM KOMITBIO-
TepoM uepe3 ceTb. O61auHble BBIYUCAEHHs! CTAMH elile OAHON NPUYMHOM yBeaudeHus Tpaduka
MHTepHeTa, Tak KaK MOIb30BaTe/H ITOTO CePBUCA NOCTOSTHHO 00PAILAIOTCST K BHELTHMM cepBepaM
TNpoBaiiepa, BMECTO TOTO YTOOBI IPOU3BOANTH BHIYUCJIEHUS U IPYTHe MAHUTTYJISILIMU C JaHHBIMU
JIOKAJIbHO, Ha CBOMX NEPCOHAIbHBIX KOMIIbIOTEPAX UM Ha KOPINOPAaTUBHbBIX CepBepax.

Hsmenenue obsema u xapaxmepa mpaguxa u3-3a NOSIBJIEHUS] HOBbIX TEPMUHAIBHBIX YCTPONCTB,
HOBBIX NPUJIOKeEHUH U yeayr VIHTepHeTa OPOAUIO HOBbIE BBI30BbI Pa3pablOTUMKaM CETEBbBIX
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TEeXHOJIOTHH, TaK KaK TPeOOBAHMS K XapaKTEPUCTUKAM CETH Y 3THX NPUJIOKEHHU 3HAUMTETbHO
OT/IMYAIOTCS OT TPeOOBaHUH NPUIOKEHUH Nepenaun (aiios.

Hanpumep, aBToM0oOW./ 1M 6e3 BOAUTENS ceifdac MPOXOAAT UCIIBITAHUS M CKOPO CTaHyT MIOBCEAHEB-
HOCTbIO. VIHTepHeT AB/IsieTCsl HeoThbeMJIeMO COCTAaBHOM 4aCThIO CUCTEMBI YIIPABIEHUS! TAKMMHU
aBTOMOGHU/IAIMH, T104/1ePXKKBasi 0OMeH nH(pOpPMaLMeil B pealbHOM BPEMEHU MEXY JIOKaJIbHBIM
KOMIIBIOTEPOM aBTOMOGHJISI M yIAJIEHHBIM [IPUJIOKEHUEM, PEILAIOIIIM CJI0KHBIE 3a1a4H, BO3MOXK-
HO, C IPMMEHEHHEM 31EMEHTOB UCKYCCTBEHHOTO MHTEJIJIEKTa, KOTOPbIe He N0/ CHITY JJOKATbHOMY
KOMIIBIOTEPY C ero OrpaHUYEeHHBIMU pecypcaMu. [IoHATHO, 4TO B 3TOM CIy4yae BpeMsi peaKkluu
CETH 1 ee HAIE)KHOCTb SIBJISIIOTCS. KPUTUYECKUMH TIapaMeTpaMu, MHaye aBTOMOOUJIb TIPOCTO CTa-
HET ONacHbIM 06beKTOM Ha opore. HoBble TpeGOBaHUS K pEaKLMK CETH MOTYT NOTPeGOBaTD He
TOJIbKO pa3paboTku 60J1ee CKOPOCTHBIX CETEBBIX TEXHOJIOTHM, HO U U3MEHEHUSI €r0 apXUTEKTYPbI,
¢ TIepeHeceHneM LEeHTPOB BhIYUCIeHUH Gunke K nepudepun MHrepHerta.

MeHOMeHATBbHBIH POCT U UI3MEHYUBOCTDb VIHTepHeTa (B Pa3IMYHBIX ACMEKTAX ) OKa3hIBATH U OKa-
3bIBAIOT CUJIbHEiILIee BIUSIHUE HAa TEXHOJIOTUU KOMITBIOTEPHBIX CETel, 3aCTaBJ/IsAsl UX MOCTOSIHHO
M3MEHSITbCSI M COBEPILIEHCTBOBATHCS, IPUCTIOCAOINBASCH K HOBBIM TPEHOBAHMSIM MOJIb30BaTE e
H HX KOJIMYECTBY.



NMABA 2 O6Owue npuHUuUnbI
NOCTPOEHURA ceTen

MpocTtenwas cetb U3 ABYX KOMMNbIOTEPOB

CoemMecTHOEe UCnosb30BaHUe PecypcoB

VcTopuyecKy I1aBHOM LeJiblo 00beIMHEHHS] KOMIIBIOTEPOB B CETb ObLIO pasdeienue pecypcos:
M0JIb30BATEH KOMIIBIOTEPOB, MOAKIIOYEHHBIX K CETH, UJIM TPUJIOXKEHHS], BBINIOJIHSIEMble Ha 3THX
KOMIIbIOTEpAX, MOJIy4aloT BO3MOXXHOCTh aBTOMAaTUYECKOTO JOCTYIa K Pa3HOOOPa3HbIM pecypcaM
OCTaJIbHBIX KOMITBIOTEPOB CETH, K YMCJIY KOTOPBIX OTHOCSITCSL:

Q nepudepuiinbie ycTPOUCTBA, TaKHe KAaK AUCKHU, IPHHTEPBDI, IIOTTEPHI, CKAaHEPBI 1 IP.;

Q naHHble, XpaHSILIMECS B ONEPATUBHOM MaMATH UM Ha BHELIHUX 3alIOMMHAIOIUX yCTPOi-
CTBaX;

Q BBIYMCINTEIBHAS MOLIHOCTD (32 CYeT yJaJeHHOTO 3allyCKa «CBOMX» [IPOTPaMM Ha «4yXKHX»
KOMIIBIOTEPAX).

Y0661 06€CIEYNUTD MMONb30BATEIEH Pa3HbIX KOMIIBIOTEPOB BO3MOXXHOCTbIO COBMECTHOI'O MC-
II0JIb30BAHMS PECYPCOB CETH, KOMITIBIOTEDDI H606XOZ[PIMO OCHACTUTb HEKMMH JONOJHUTE/NbHBIMH
cemesviMu CpeaACTBAMU.

PaccMoTpuM mpocTeiiiyio ceTb, COCTOSILYIO U3 ABYX KOMIIbIOTEPOB, K OHOMY M3 KOTOPBIX
noaxoded npuHtep (puc. 2.1). Kakue gonosHuTe/IbHBIE CPEACTBA JAOJKHbI OBITH NIPELY-
CMOTpPEHBI B 000MX KOMIIBIOTEPAX, YTOOBI C IPUHTEPOM MOT paboTaTh He TOJbKO MOJIb30BaTe b
KOMIIbIOTepa B, kK KOTOPOMY 3TOT NPHUHTED HEMOCPENCTBEHHO MOAKJIIOYEH, HO U M0JIb30BaTe b
KoMnbioTepa A?

Puc. 2.1. NpocTenwas cetb

CeTeBble nHtep@denchl

[l CBSA3M YCTPOUCTB B HUX MPEXK/E BCETO JOJIKHDBI ObITh IPEyCMOTPEHBI BHEIIHIE HHTED-
deiicol.
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Untepdeiic — B LWUMPOKOM CMbICNE — HOPManbHO ONPeAeNeHHas noruyeckas u/mnu pusnyeckas
rpaHuua Mexay oTaentHbiMu o6bekTamu, KoTopbie o6MeHuBaloTCs MHPOpMaumein. UHTepdeiic 3anaeT
napameTpb!, NPoLeAyPbl U XapPaKTEPUCTUKN B3AUMOAENCTBUA 06LEKTOB.

NPUMEYAHUE

Hapsiay ¢ énewnumu 3/1eKTpOHHbBIE YCTPOICTBA MOTYT UCNIOJIb30BATh 6HYymMpennue NHTepdeIick, onpene-
JISIOLIMe JIoTHYecKHe U GU3MYeCKHe IPaHULIBI MEXY BXOASIIMMHU B UX COCTaB MOAYJISIMU: ONlEPATUBHOM
NaMSITbIO, [IPOLIECCOPOM U Ip.

Paspensior dpusuyeckuii u Jjornyeckuit UHTepdeEHCH.

O ®usnueckuii uarepdeiic (Has3pIBaeMbIl TaK)Ke MOPTOM) OIIPEAENAETCS HAOOPOM 3JIEKTPH-
YeCKMX CBsI3eil U XapaKTepUCTHKaMU curHanoB. OObIYHO OH NpeAcTaBisieT cOO0N pas3beM
¢ HabOPOM KOHTAKTOB, KXK/blil M3 KOTOPBIX UMEET ONpe/ieJIeHHOe Ha3HaueHHe, HapuMep,
3TO MOXeET ObITb IPyNMa KOHTAKTOB JUIS [IePefayy JaHHbIX, KOHTAKT CHHXPOHHM3aLlUK JaHHBIX
1 T. 11. [Tapa paspeMoB coexunHsieTcst KabeseM, COCTOSIIMM U3 HaGopa MPOBOJOB, KaX/IbIA 13
KOTOPBIX COeJIHHSIET COOTBETCTBYIOIIME KOHTAKTBI. B TakHUX C/Iy4asx TOBOPST O CO3AaHHU
JIMHHH, U KaHaJla, CBA3M MeXy ABYMsl YCTPOICTBaMHU.

Q Jlornueckuii unrepdeiic (Ha3bBaeMBbIii TAKXKE MPOTOKOJIOM) — 3TO HaGOP HHGPOPMALIMOHHBIX
coobLIeHHH onpeeeHHOro GopMarta, KOTOPbIMUA 0OMEHHBAIOTCS ABa YCTPOCTBA WJIH ABE
[IPOrPaMMBbl, a TaK)Ke HaGop MpaBHJI, ONPEAESIOIMX JOTUKY 0OOMeHa STUMH COOOILEHUAMH.

Ha puc. 2.2 Mbl BUAMM MHTepdeichl AByX TUIOB: KOMIBIOTED — KOMIIBIOTEP M KOMIIBIOTEP —

nepudepHitHoe yCTPOHCTBO.

O HUnmepgeiic komnviomep — Komnvromep NO3BOJISIET ABYM KOMIIBIOTEPaM OOMEHMBATHCS UH-
dopmauneit. C kaxa0ii CTOPOHBI OH peau3yeTcst Napoii:

O amnapaTHbIM MO/1yJieM, Ha3bIBaEMbIM CETEBBIM AJaITEPOM MK ceTeBoit uHTepdelicHol
kaproii (1K), unu (B anrnosissiyaoM Bapuante) Network Interface Card, NIC;

Q npaiiBepoM ceTeBoii HHTepdelicHol KapThl — CIELHANIBHON IPOrPAaMMOIA, YIIPaBJISIOLIEN
paboToi ceTeBoit MHTEPGERCHOM KapThl.

Q HUumepgpeiic komnvromep — nepugheputinoe ycmpoiicmso (B TaHHOM ciy4ae HHTepGEC KOM-
[bIOTEP — PUHTEP) I03BOJISIET KOMIIBIOTEPY YIPaBIATb paboToit meprudepuitHoOro ycTpoi-
ctBa (I1Y). 3tot unrepdeiic peanusyercs:

Q co cToponbl KoMNbIOTEpa — HHTepdeiicHOI kapToi u apaiiBepom I1Y (npunTepa), no-
Ro6HBIM ceTeBOil HHTepGeRCHOMN KapTe U ee ApaiiBepy;

QO co cropoHs! [1Y — koHTposepoM ITY (nmpuHTepa), 06bI9HO MpeACTABAAIOAM COOO0
annapaTHOe YCTPOMCTBO!, NPMHMMAIOIIee OT KOMITBIOTEPA KAK 0aHHbie, HATIPUMED, GaiiThI
MHPOPMalMH, KOTOPYIO HYXKHO pacrieyaTaTh Ha 6yMmare, Tak H KOMaHObL, KOTOPBIE OH OT-
pabaTbIBaet, ynpasJisis 3JIEKTPOMEXaHHYECKMMH YaCTAMHU NepuepUitHOro yCTpoicTsa,
HarpyMep, BBITATIKUBASI IMCT OyMary U3 IPUHTEPA I IlepeMellasi MArHUTHYIO TOJIOBKY
AMCKa.

1 BCTpe‘-IalOTCﬂ W NNpOrpaMMHO ynpaBJisieMbl€ KOHTDOJIJIEPbI, HanlpuMep, AJ1s1 yIIpaBJIEHHsI COBpEMEeHHbIMH
TNIPUHTEPDAMH, O6J[allal0].l.ll’[MPl CJIOKHOM JIOTMKOIA.
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Puc. 2.2. CoBMeCTHOE MCNONb30BaHWE NPUHTEPA B KOMMbBIOTEPHOM CETN

CBa3b KOMNbIOTEpa ¢ nepudepuitHbIM YCTPOUCTBOM

[t mOHNMaHMsl TOTO, KaK PELINTD 331a4y OPraHU3aL[1K JOCTYNa IPUJIOXKEHUS, BLIMOJIHAEMOTO
Ha kommbioTepe A, k [1Y depes ceTs, aBaiiTe npesxie BCero NOCMOTPUM, KaK yNpaB/sieT 3TUM
YCTPOICTBOM NPHJIOXKEHHE, BBIITOJIHSIEMOE Ha KOMITbIoTepe B, k koTopomy aanHoe I1Y noakio-
YeHO HETOCPEACTBEHHO (CM. puc. 2.2).

1.

ITycTh NPUJIOXKEHUIO B B KAKOH-TO MOMEHT TOTPEGOBATIOCH BLIBECTH HA M€YaTh HEKOTOPBIE
AaHHble. J{J1s1 3TOT0 MPpUIo)KeHHEe 0OPALIAETCs] C 3aPOCOM Ha BBINIOJTHEHKE OllePalK BBO-
Ja-BBIBO/IA K ONepayuorHol cucmeme (Kak MpaBuiIo, IpaiiBep He MOXKET OBITb 3aMylleH Ha
BBINIOJIHEHHE HEMTOCPeACTBEHHO NPUJIOXKeHeM). B 3anmpoce ykaspiBaioTcsl apec JaHHbIX,
KOTOpble HeobxoaMMo HamnevartaTb (aapec 6ydepa OIT), u nHGOPMaLKs O TOM, Ha KAKOM
nepudepuitHOM YCTPOMCTBE 3TY ONMEPALMIO TPEOYETCS BHIMIOJHUTb.

[Tony4yuB 3anpoc, onepalMoHHas CUCTEMA 3allyCKaeT [IPOrpaMMy — dpaiieep npuxmepa.
C 3TOro MOMeHTA BCe Ja/ibHelllne JeHCTBU MO BBIIIOJHEHUIO Ollepallii BBO/IA-BbIBOIA
€O CTOPOHBI KOMIIBIOTEPA PEAIM3YIOTCS TOJIBKO APAUBEPOM MPUHTEPA U PabOTAIOLIMM N0
€ro YIIpaB/IeHUEM allNapaTHBIM MOJYJIEM — urmepgetichoti kapmot npuimepa 6e3 yyactus
MPUJIOKEHUS M ONIEPALlMOHHOM CHCTEMBIL.

[lpaiiBep npUHTEpa ONlEpUPYeT KOMaHAAMH, [IOHATHBIMH KOHTDPOJLJIEPY NIPUHTEPA, TAKUMH,
HanpuMep, Kak «[leyats cuMBosa», «IlepeBon cTpoku», «Bo3Bpar kapetku». [paiisep
B OMpe/leJIEHHON MOC/IeI0BATEbHOCTH 3arpy’kKaeT KOAbl ITHX KOMaH/[, a TAKXKe JIaHHbIe,
B3saTbie U3 Gydepa O, B Oydep uHTepPENCHON KapThl IPUHTEPA, KOTOPast MOGAUTHO 1epe-
Ja€eT MX MO CETH KOHTPOJUTEPY TIPHUHTEDA.

WurepdeiicHast kKapTa BbIIONHsET HU3KOYPOBHEBYIO PabOTY, He BAABasICh B J€TANH, Kaca-
IOIMECS JIOTUKU YIIPABJIEHHUST YCTPOMCTBOM, CMBICJIA JAHHBIX U KOMaH/I, epelaBaeMbIX
el IpaifBepoM, CYMTasi X OJHOPOAHBIM MOTOKOM 6aiiToB. [locsie moyyeHus ot apaiBepa
ouepeaHoro 6aiitTa uHTepdeicHas KapTa IIPOCTO MOC/IeA0BATEIbHO NepeaaeT OUThI B JIH-
HUIO CBSI3H, TIPEJCTABJISIS KaXKAbIA OUT 3JIEKTPUUECKUM CUTHAMOM. UTOOBI KOHTPOJLIEPY
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[IPUHTEPA CTAJIO IIOHATHO, YTO HAYMHAETCs Nepeada Oailta, nepei nepeaadyeit 1epBoro
6ura nHdopMaunoHHast KapTa GOPMHUPYET CTaPTOBBIA curHai creurbyeckoil HopMsI,
a nocJie nepejavyy nocJjaeHero HHOPMaIMOHHOro OUTA — CTOMOBBIN CHIHAN. JTU CUTHA-
JIbl CHHXPOHU3UPYIOT Nepenady 6aiita. KoHTposiep, Ono3HaB CTAPTOBbIM OMT, HAYMHAET
[PUHMMATh MHGOPMALMOHHbIe OUThL, HOPMUPYsI U3 HUX GaliT B CBOeM npueMHOM Oydepe.
[TomuMo HHGDOPMALIMOHHBIX OUTOB KapTa MOXeT HepesaBaTh OUT KOHTPOJIST YETHOCTH AJIsT
OBBILIEHUS JOCTOBEPHOCTH 0OMeHa. IIpH KOPPEKTHO BBINOJHEHHOI Nepeaaye B 6ydepe
IIPUHTEPA YCTAHABINBAETCS COOTBETCTBYIOLIMI IPU3HAK.

5. Hony4yus ovyepeaHoit 6aiiT, KOHTPOJJIED UHTEPIPETUPYET €r0 M 3aMyCKAET 3aAaHHYIO
OllepalMIo MpUHTepa. 3aKOHYMB PabOTY MO I1eYaTH BCEX CUMBOJIOB IOKYMEHTA, ApaiBep
NpUHTEpa COOOIIAET ONEPAIIMOHHOM CUCTEME O BBIIOJHEHMH 3aPOCa, a T4, B CBOIO 04epellb,
cUrHaIU3upyeT 06 3TOM COOBITUHN PUIIOKEHUIO.

OOMeH paHHbIMM MeXAay ABYMSI KOMMblOTEpamMu

MexaHM3Mbl B3aMMOJENHCTBHUSI KOMNIBIOTEPOB B CETH MHOTO€ M03aMMCTBOBAJIN Y CX€MBbI B3aH-
MO/IeiCTBMS KoMIIbIoTepa ¢ nepudepuitHpIMU ycTpoiicTBaMH. B camom mpocToM ciyyae cBsi3b
KOMITBIOTEPOB MOKET OBITh PEAIM30BaHA C HOMOLIBIO TEX JK€ CAMBIX CPEICTB, KOTODBIE HCIIOJIb-
3YIOTCS 7151 CBSI3U KOMIIblOTepa ¢ nepudepuen, ¢ Toil pa3HUIEH, UYTO B 3TOM CJydyae aKTUBHYIO
POJIb UTPaIOT 06e B3aUMOIEMCTBYOILME CTOPOHBI.

[punoxenust A u B (cM. puc. 2.2) ynpaBasiiOT NIPOLECCOM TepPeiayy JaHHBIX MyTeM oOMeHa
coobuieHusamMu. YToObl MPUIOKEHNST MOTJIM «TTIOHUMaThb» TOJIyYaeMylo ApYT OT Apyra nugopma-
LU0, IPOrPAMMHUCTBI, pa3pabaThiBaBIINe ITH IPUIIOKEHUS], TOJDKHBI CMpP0O20 02060pums hopMaThl
U 10CJIe[I0BATENBHOCTD COOOLIEHHI, KOTOPBIMHU MPUJIOKEHUsT OYAYT OOMEHMBATBCS BO BPEMSI
BBIIIOJIHEHMS 3TOi onepaunu. Harpymep, 0HU MOTYT ZOTOBOPHTBCSI O TOM, YTO JII00Ast Oreparusi
o0MeHa JIaHHBIMU HAYMHAETCS C IepeJayu cOOOUeH s, 3aIPAlIMBAIOIIEr0 MH(GOPMALIUIO O ro-
TOBHOCTH NIPUJIOKeHUs B; 4TO B ciienyioueM coOOIeHNH HAYT UAEHTH(DHKATOPBI KOMITbIOTEPA
M [10JIb30BATES, C/ENABIIETO 3AMPOC; YTO PU3HAKOM CPOYHOTO 3aBEPIIEHHS Olepalui oOMeHa
JIaHHBIMH SIBJISIETCS OTIPe/IesIeHHast KOZOBast KOMOMHALKsL, # T. 1. TeM caMbIM orpezensieTcst mpo-
TOKOJI B3aUMO/HCTBHS NPHIIOKEHMH /151 BBITIOJHEHHUS ONePaliiy ITaHHOTO TUIIA.

AHAJIOTMYHO TOMY, KaK MpH BbIBOJE JAHHBIX HA I€4aThb HEOOXOANMO MEePefaBaTh NPUHTEPY
JIOTIOIHUTENILHO HEKOTOPBIN 00beM Ci1ykeOHOW MHGOPMAUMU — B BU/IE KOMaH/ yIpaBJeHus
[IPUHTEPOM, TAK U 37I€Ch [JIs1 Iepeavn JAaHHBIX 13 OJHOTO KOMITBIOTEPA B IPYroi HE0OXOAUMO
COIPOBOXATH ITH IAHHBIE JONOJIHUTEbHOI HH(OPMaLMeil B BUJe NPOTOKOJbHBIX COOOIIEHHM],
KOTOPBIMH OOMEHUMBAIOTCS IPUJIOXKEHHUSI.

SaMeTI/IM, 4TO AJ151 peaiu3allii IPOTOKOJIA HYXXHO, 4TOOBI K MOMEHTY BO3HUKHOBEHUA l'[OTpe6HO-
CTU B 0OMeHe JaHHbIMU ObLIM aKTUBHBI 06a INPUJIOXKEHUS: KaK ITPUJIOKEHUE A, KOTOPpO€ ITOCbLJIAET
HHUIMupylouee COO6].HCHHC, TaK YU MPUIIOXKEHHE B, KOTOpPO€ AOJKHO OBITH TOTOBO TNIPAHATD 3TO
COO6I.[1€H]/IE " Bblpa6OTaTb P€akKuH1o Ha HETO.

[epenaya Jo6bIX aHHBIX (KAK COOOLIEHUI MPOTOKOJA MPHIOKEHUH, TaK U COOCTBEHHO [1aH-
HBIX, COCTABJISIIOIIMX 1[€Jb ONEPAllMK 0OMeHa) IPOMCXOJUT B COOTBETCTBUH C OJHOW M TOM XKe
npoleaypou.

Ha cmopone komnviomepa A npuoxeHue, cJeLys JOTMKe IIPOTOKOJa, pa3Mmeliaet B 6ydepe OI1
6o cobcTBeHHOE 04YepeaHoe coobuieHue, ubo aaHHble U obpamaercsa Kk OC ¢ 3anpocoM Ha
BBITIOJIHEHHE OTIEPAIIIM MEXXKOMIIbIOTEPHOTO 0OMeHa faHHbIMU. OC 3anycKaeT COOTBETCTBYIO-
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LMl ApaiiBep CeTeBOM KapThl, KOTOPBIH 3arpykaert Gaiit us 6ydepa OII B 6ydep nntepdeiicHoi
KapThl, OCJIe Yero HHUUuupyer ee pabory. CereBast nHTepdeiicHas KapTa I0CJIeL0BaTENbHO
niepesiaeT OGUTHI B JIMHUIO CBA3H, JONOJIHASA KAXK/IbIA HOBBIM Ol T CTADPTOBBIM Y CTOIIOBBIM GUTAMU.

Ha cmopone xomnviomepa B ceteBasi untepdeiicHast kKapra IpuHUMaeT OUTbI, IOCTYMAIOLINE CO
CTOPOHBI BHEIHEro HHTepdeiica, ¥ momemaet ux B cobcTBenHblit 6ydep. [Tocse Toro xak mosy-
4eH CTONOBbIN 6UT, HUHTepdelcHas KapTa yCTaHaBJINBAeT IPU3HAK 3aBepPIIEHUs nprueMa Oaiita
Y BBINOJIHSIET IPOBEPKY KOPPEKTHOCTH [IPHEMA, HAIIPUMeP, IIyTeM KOHTPOJIst GUTa YeTHOCTH.
(DakT KOppeKTHOro nprema Gaiita pUKcHpyeTcs: ApaiiBEPOM ceTeBOit HHTepGENUCHOM KapThl KOM-
nbloTepa B. [lpaiiBep nepenuchBaeT NPUHSITHIN 6ailT 3 6ydepa nHTEPENRCHOM KapThI B 3apaHee
3apesepBupoBatHbiii 6ydpep OIl xomnbioTepa B. [Ipunoxenue B u3BiekaeT gaHHble 13 6ydepa
Y MHTEPIPETUPYET UX B COOTBETCTBMU CO CBOUM IIPOTOKOJIOM JIUGO Kak coobuierue, 6o Kak
naHHble. Ecii corsiacHO poTOKOTy MpUjIoXKeHue B 10/KHO nepesaTs OTBET NPUJIOXKEHHUIO A,
TO BBIITOJIHSIETCS] CAMMETDUYHAs IpoLieypa.

Takum 06pa30M, CBsA3aB JJIEKTPHYECKH U PIH('I)OpMaLIMOHHO JABa aBTOHOMHO pa60Taloumx KOM-
MbIOTEPA, MBI ITOJTYYUJIH HpOCTCﬁU.IyIO KOMIIBIOTEPHYIO CETb.

AocTtyn K nepudepuitHbiM YCTPOUCTBaAM Yepes3 CeTb

WTtak, Mbl HMeeM B CBOEM PACMOPSKEHUU MEXaHN3M, KOTOPBIN MTO3BOJISIET TPUJIOKEHMSIM, BbI-
MOJHSAIOIMMCS Ha Pa3HbIX KOMIIBIOTEPaX, 0OMEHMBAThCsI JaHHBIMU. V1 X0Ts1 mpuoxenue A
(cM. puc. 2.2) no-npexxHeMy He MOXeT YIPaBJSTb IPUHTEPOM, MTOAKIIOYEHHBIM K KOMIIbIOTeE-
Py B, 0HO MOJXeT Tenepb BOCIOIb30BATHCSI CPEACTBAMH MEXKOMITBIOTEPHOr0 0OMeHa TaHHBIMH,
4TOGBI NIEPEaTh PUIOKEHHUIO B «11pocs0y» BBHINOIHUTD AJ1s1 Hero Tpebyemyio onepauuio. IIpu-
JIOXeHHEe A I0/DKHO «0OBbACHUTb» MPUIOXKEHUIO B, Kakylo onepauyo HeoGX0AUMO BBIIOIHUTS,
C KaKUMH JaHHBIMH, Ha KAKOM U3 UMEIOLUIMXCS B €r0 PACNOPSKeHUH YCTPOMCTB, B KAaKOM BHe
J0JIXKeH OBITb pacreyaTaH TEKCT, U T. 1. B Xozie meyaTu MOryT BO3HUKHYTb CHUTYallUH, O KOTOPBIX
NpUJIOKEHHE B 10/KHO OTIOBECTUTD NPUJIOKEHUE A, HApUMeP, 06 OTCYTCTBUH OyMary B pHH-
tepe. To ecThb 47151 pellleHKsi TOCTaBJAEHHON 3a1a4 — [IOCTYINa K IPUHTEPY O CeTH — J0JDKEH
6bITh paspaboTaH CIEMATbHBINA TPOTOKOJ B3aUMOAEMCTBIS IPUJIOXKEeHUH A 1 B.

A Tenepb NOCMOTPUM, KaK pabOTAIOT BMECTE BCE 3JIEMEHTBI 3TOM MPOCTeiiiiieil KOMITbIOTEPHOM
CETH MPH PElIeHHH 331a4 COBMECTHOTO UCIIOJIb30BAaHUSI IPUHTEDA.

1. B COOTBETCTBUM C IPUHSITHIM IIPOTOKOJIOM NpHIIOXKEHNE A GOpMUPYeT coobLieH e-3ampoc
K NpUI0OXKeHUI0 B, nomeuaer ero B 6ydep OII komnsiorepa A u o6pauaercst k OC, cHabxast
ee Heo6xoauMoit nHbOpMaluei.

2. OC sanyckaet gpaiiBep ceTeBoii nHTepdeNRCHOI KapThl, coobwas emy aapec 6ydepa OII,
[/le XPaHUTCA COOOIIEHHE.

3. [lpaiiBep u ceTeBasi UHTepdelicHast KapTa KOMIIBIOTepa A, B3aUMOJENCTBYsI C paiiBepoM
1 uHTepeicHOM KapToil KoMIbloTepa B, nepeaaiot coobuienue 6aiT 3a GaittoM B Gydep
OII xommnbioTepa B.

4. Tlpunoxenue B ussnekaer cooGuieHne U3 6ydepa, MHTEPIIPETUPYET €0 B COOTBETCTBUU
C MPOTOKOJIOM U BBINIOJIHAET HEOOXOAUMBIE AeACTBUsA. B unciio Takux qeHcTBHil BXOAMT,
B ToM umcie, obpaurenune k OC ¢ 3anpocoM Ha BBIIIOJIHEHHE T€X UM UHBIX ONepaluii ¢ Jo-
KaJIbHBIM [IPUHTEPOM.

5. OC 3amyckaer apaiiBep IpHUHTEPA, KOTOPBI B Koonepauuy ¢ MHTepdeHCHON KapToi U KOH-
TPOJLJIEPOM [IDUHTEPA BBIMOJIHSET TPeOYEMYIO OlepalMIo MTeYaTH.
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¥Yxe Ha 3TOM HayabHOM 3Talle, pacCMAaTPUBasi CBSA3b KOMIIbIOTEpa C nepudepHitHBIM yCTPOi-
CTBOM, MbI CTOJIKHYJIUCD C BAKHEHIIUMU «CETEBBIMH» TIOHSITUSIMU: UHTEP(ENHCOM U IPOTOKOJIOM,
JpaiiBepoM ¥ MHTep(ENCHOM KapToii, a TaKkXe ¢ NpobJeMaMHu, XapaKTePHBIMH JJis1 KOMIIbIOTEP-
HBIX CETeH: COrJIacoBaHUeM HHTePGENCOB, CHHXPOHU3ALIMENR aCHHXPOHHBIX IIPOLIECCOB, 0OecIe-
YeHUeM JJ0CTOBEPHOCTH Nepeiayyl JaHHBIX.

CeTeBoe nporpaMmMmHoe obGecnevyeHune

MbI TOJIBKO YTO PacCMOTPENH C1yYyalt COBMECTHOTO MCIOJIb30BAHUsI IPUHTEPA B NpOCTeMILeH
CeTH, COCTosILel TOJBKO U3 ABYX KOMIbIOTepoB. OHAKO JaXkKe HA 3TOM HayaJbHOM 3Talle Mbl
yKe MOXKeM C/IeJIaTh HEKOTOPbI€ BbIBOZIbI OTHOCUTEJIBHO CTPOEHUS CETEBOrO IPOrPaMMHOT0 obec-
TIeYEHUST: CETEBBIX CITYKO, CETEBOM OMEepalMOHHON CHCTEMBI M CETEBBIX MPUJIOKEHHIA.

CeTteBble cnyx0bl U cepBuUChI

[ToTpe6bHOCTD B AOCTYIE K yAaJeHHOMY IIPHHTEPY MOXKET BO3HMKATh Y I0JIb30BaTeN€eH CaMbIX
PAa3HBIX MPUIOKEHUI: TEKCTOBOTO PeaKTOPA, rpadu4ecKoro peakTopa, CHCTEMbI YIIPaBJIeHUsI
6asoii naunbix (CYB/). OyeBnaHo, yTO Ay06/1MpPOBaHKE B KOKIOM M3 NPUI0KEHUHN 00X A5t
BCeX HUX (QYHKIMIA 10 OPraHM3alUH yAAJIEHHON NeYaTH sSIBJISETCS U30bITOYHBIM.

Bonee appexTuBHBIM NpencTaBisieTcss MOAXOA, IPU KOTOPOM 3TH PYHKIIMH HUCKIIIOYAIOTCS U3
NPHJIOKEHUH 1 0OPMIISIIOTCS B BUJIE MTAPBI ClIEHHATN3UPOBAHHBIX IPOTPaMMHBIX MOyl —
Kauenma u cepeepa nevamu (puc. 2.3), GyHKIMH KOTOPBIX PaHee BHINOJIHSLIMCh COOTBETCTBEHHO,
npuioxeHusiMu A u B. Tenepb 3Ta napa KJIueHT-cepBep MOXET ObITb UCMOJIb30BAHA JIOOBIM
MPUJI0XKEHHEM, BbITOJIHSIEMBIM Ha KOMIIbIoTepe A.

Puc. 2.3. CoBMeCTHOE UCNONb30BaHNE NPUHTEPA B KOMMBLIOTEPHOM CETH
C NOMOLLBIO CETEBOWN CNyX6bl NevaTu
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O6061wast TaKOH MOAXOA NPUMEHUTENBHO K APYTUM THIIAM Pa3leiieMblX PECYPCOB, AaJ1UM
cJleayoLIye onpeaeneHus!:

KnueHt — 370 MoAynb, NpeaHasHa4eHHbI ans GoOpMUpPOBaHUS 1 nepenady coobuleHnin-3anpocos
K pecypcam yAaNneHHOro KoMnbIoTepa 0T PasHbiX NPUAOXEHWI C NOCNEAYIOWM NPUEMOM pe3ynbTaTos
M3 CeTV 1 Nepeaayen ux COOTBETCTBYIOLLUM NPUTOXEHUSAM.

CepBep — 370 MOAYNb, KOTOPbI NOCTOSIHHO OXMAAET NPUX0Aa U3 CeTH 3aNPOCOB OT KNMEHTOB U, NPN-
HAB 3anpoc, NbiTaeTcs ero 06CcnyXuTsb, kak NPaBuno, ¢ yHactmem nokansHo OC; oavH cepBep MOXeT
o6CcnyxmBaTh 3anpoChi CPa3y HECKONbKNX KNMEHTOB (NOOHEPEAHO AU OAHOBPEMEHHO).

Mapa kAMeHT-cepBep, NPeAOCTaBRIOWAs AOCTYN K KOHKPETHOMY TUMy pecypca KoMNbioTepa Yepes
ceTb, 06paayeT ceTeByo cnyxGy.

Kaxmas ciyx6a cBsi3aaHa ¢ onpeiesieHHbIM THIIOM CETEBbIX pecypcoB. Tak, Ha puc. 2.3 MOLY/IM KJIH-
€HTa ¥ cepBepa, PeaTN3YIOIIIe YAATIEHHbII ZOCTYII K IPHHTEPY, 00Pa3yIoT CETEBYIO CIYKOY MevaTH.

Cpeau ceTeBbIX CayK0 MOXXHO BbIIEIUTh TaKUe, KOTOPble OPHEHTHPOBAHbI He Ha IPOCTOrO
M0JIb30BATE s, KaK, HanpuMep, daitnoBas cayx6a uam cayxba neyatu, a Ha aAIMMHUCTPATOPA.
Takue coay>xObl HampaBieHbl Ha Opranu3anuio pa6otsl cety. Hanpumep, cnpaBouHas ciaysx6a
WK ciyx6a KaTaJioros npeaHasHayeHa 4151 BeleHUs 6a3bl JaHHbIX O I0JAb30BaTeIAX CETH, 000
BCEX ee IIPOrPaMMHBIX M aNlapaTHbIX KOMIIOHEHTAX.

Yenyru, npeaocTasnsembie Cnyx60i, HasbiBaloTCA CePBUCOM.

Cayx6a MOXET MPeA0CTaBIsATh CEPBUC OAHOTO MM HECKOIbKUX TUNOB. Tak, K 4HUCITy YCIVT,
OKa3bIBa€MbIX CIIPABOYHOU CIIyXKOOM, MOMUMO y4yeTa PECYPCOB, OTHOCATCS CEPBUCHI ayAUTa,
ayTeHTU(PHUKAIMH, ABTOPUIALIUU U JP.

st moncka u mpocMoTpa nHbopMaunu B MHTepHeTe UCTIOIb3YETCs Be6-Cayx0a, CoCTos s
13 Be6G-cepBepa U KIHEHTCKOM IIPOrpaMMbl, HasbiBaeMol BeO-6payasepom (web browser). Pas-
JeJisieMbIM PECYDPCOM B JAHHOM CJIY4ae sIBASETCS] BeQ-CaiiT — onpe/ieleHHbIM 00pa3oM opraHu-
30BaHHBIN HaOOp (HaNIoB, COAEPKAUINX CBA3AHHYIO B CMBICJIOBOM OTHOILEHWH MHMOpMaUHIo
Y XPaHSIINXCS Ha BHELIHEM HaKOTIWTEie BEG-cepBepa.

Ha cxeme Be6-cysk0Obl, 0Ka3aHHO# Ha puc. 2.4, IBa KOMIBIOTEPA CBS3aHbI He HEIIOCPENCTBEHHO,
KaK 9T0 6bIIO BO BCEX TIPEAbIAYIINX IPUMEPAX, @ YePE3 MHOKECTBO IIPOMEXKYTOUHBIX KOMITBIOTC-
POB ¥ IPYTHX CETEBBIX YCTPOICTB, BXOAsMX B cocTaB MHTepHeTa. YTOODBI OTPasuTh 3TOT (hakT
rpaduyecKu, Mbl-TTOMECTUITU MEXIY IBYMsI KOMITbIOTEPAMH TaK Ha3biBaeMOe KOMMYHHKAIHOH-
Hoe 061aK0, 1103BoJIsIIolIee abCTPAarMpoOBaThCsL OT BCEX JeTaleil cpelbl Mepefauu cooOIeHnH.
O6MeH cOOOLIEHUAMEI MEXKIY KJIMEHTCKON M CEPBEPHON YacTAMHU BEO-CayKObI BbIMONHAETCS
nio ctanaapTHoMy npotokosy HTTP u Hukak He 3aBUCHUT OT TOTO, EPEAAIOTCS JIM ATH CO00IIe-

! CepBepoM M KJIMEHTOM TaKXKe Ha3blBAlOT KOMIIbIOTEPBI, Ha KOTOPBIX paboTalOT CepBepHast U KITMEHTCKast
4acTy ceTeBOU CJ1yKObl COOTBETCTBEHHO.
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HUS «<U3 PYK B pyk#» (0T uHTepdelica oJHOTO KOMIbIOTepa K HHTepdelcy Ipyroro) uiu yepes
6OJIBILIOE YUCJIO TOCPEHUKOB — TPAH3UTHBIX KOMMYHUKAIIMOHHBIX YCTPOUCTB. BMecTe ¢ Tem
YCJI0KHEHHE CPe/Ibl epe/iauy COOOIEHI IPUBOAUT K BOSHUKHOBEHHIO HOBBIX JOTIOJTHUTEIbHBIX
3ajlay, Ha pPellleHne KOTOPIX He ObLT PACCYMTAH YIIOMUHABUIMICS paHee IPOCTERIINI ApaiiBep
ceTeBoi MHTepdeNCcHOI KapThl. BMecTo Hero Ha B3aMMOAEMCTBYIOIIUX KOMIBIOTEPAX JOJKHbI
ObITH YCTaHOBJIEHBI H0JIee Pa3BUTBIE TPOTPAMMHbIE TPAHCIIOPTHDbIE CPEACTBA.

Puc. 2.4. Be6-cnyx6a

CeTeBasi onepauyMoOHHas cUucTemMa

Onepayuonnyro cucmemy KOMNbIOMePa 4acTo ONPEAENSIOT KaK B3aUMOCBSI3aHHbII HAbOp cucTeM-
HbBIX TIPOTPaMM, KOTOPBIH obecneynBaeT appeKTHBHOE yIpaBieHHEe PECYypPCaMH KOMIIbIOTEPa
(MaMsIThIO, MPOIIECCOPOM, BHEIIHMMU YCTPOHCTBaMH, (aiiiaMu U Ip.), a TAKXKe IIPeIoCTaBIsIeT
I0JTb30BaTENO YA00HbIH nHTepdeC A paboTHI € aNnapaTypoil KOMIIBIOTEPa U Pa3paboTKH
NPUJIOKEHUH.

ToBops 0 cemesoii OC, Mbl, 04€BUIHO, JOJDKHBI PACHIMPUTD MPAHUIIBL YIIPABJISIEMBIX PECYPCOB
3a Mpejiesibl OJIHOTO KOMIIBIOTEPA.

CeTeBOi oNepaunoOHHON CUCTEMON Ha3bIBAIOT ONEPALMOHHYIO CUCTEMY KOMNbIOTEPA, KOTOpas,
MOMVMO YMPaBAEHNA NIoKanbHLIMU pecypcamm, NPenocTasiseT NoNL30BATENAM U NPUAOXEHUAM BO3-
MOXHOCTb 3PHEKTUBHOro 1 YR0OGHOr0 4OCTYNa kK MHHOPMALIMOHHLIM M aNNapaTHbIM PeCcypcam ApYrux
KOMMbIOTEPOB CETU.
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Cerogtst MPaKTHYECKH BCE ONEPALIMOHHBIE CUCTEMbBI ABJIAIOTCA CETEBbIMU.

U3 npuMepoB, pacCMOTPEHHBIX B MIPEABIAYIINX pa3aenax (cM. puc. 2.3 U 2.4), Mbl BUIUM, UTO
yAJIEeHHbI# IOCTYII K CETEBBIM PECYPCaM 00eCTIEYMBAETCS:

O cereBbiMu ci1ykbaMu;

O cpeacTBaMu TPaHCHOPTHUPOBKU COOOIIEHHI O ceTH (B NPOCTEMLIEM Cly4ae — CETEBbIMU
uHTepdENCHBIMY KapTaMH 1 UX ApaiiBepamu).

CJie0BaTesIbHO, IMEHHO 3TH (PYHKUMOHATbHBIE MOZYJIU JOJUKHBI ObiTh 106aBetbl K OC, 4ToObl
OHa MOTJIa Ha3bIBaThCsI CeTeBOM (puc. 2.5).

Puc. 2.5. ®yHKUMOHaNbHbIE KOMMOHEHTLI ceTeBo OC

OT TOro, HaCKOJIbKO 60raThiit HABOP CeTeBBIX CIYXKO U YCIIYT MpeJIaraeT OnepaluoOHHast CUCTe-
Ma KOHEYHbIM M0JIb30BaTEJISIM, IPUJIOXKEHUSIM U /IMUHHUCTPATOPAM CETH, 32aBUCHUT €€ MO3UIIUs
B 0611eM psiny ceteBbix OC.

[Tomumo ceTeBbix ciyx6 ceteBast OC BKIIIOYAET NPOZDAMMHBLE KOMMYHUKAUUOHHVIE (MPAHCNOpM-
Hble) cpedcmea, 0becTieYrBaOLIMe COBMECTHO C alMApaTHHIMU KOMMYHUKAlIMOHHBIMH CPEICTBAMU
nepeiavy COOOILEHHIA, KOTOPBIMH OOMEHHBAIOTCSI KIMEHTCKUE Y CEPBEPHDIE YACTH CETEBBIX CIIYXKO.
3azayy KOMMYHHKALMU MeX/y KOMITBIOTEDAMH CETH PELUAIOT ApaiiBepbl v MPOTOKOJIbHbIE MOJLYJIH.
OHU BBHINOJIHAIOT Takue PyHKUMH, KaK HOpMUpOBaHUE COOOILIEHUH, pasbueHue COOOIIEeHUs Ha
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yacTH (TIAKeTbl, KAAPhI ), MpeoOpasoBaHie HMEH KOMIBIOTEPOB B YUCJIOBBIE a[peca, AyOJpoBaHie
COOOIIEHUIT B CJIyuae UX MIOTEPH, ONpe/ieleHre MaplIpyTa B CJI0KHOM CETH U T. [I.

U ceteBbie c1yKObl, N TPAHCIIOPTHBIE CPEJACTBA MOTYT SIBJISITHCSI HEOTHEMIEMBIMU (BCTPOEH-
HbiMU) KoMnoHeHTaMu OC WM CyIIeCTBOBATb B BUJI€ OTAEJIbHBIX IPOrPAMMHBIX IIPOLYKTOB.
Hanpumep, ceteBast ¢aitnobas ciysxba o6siuHo BeTpanBaetca B OC, a BoT Be6G-Opaysep vallile
BCETO SIBJISIETCSI OTAEJNbHBIM NpuaoxeHueM. Tunmunas cereBas OC uMeeT B CBOEM COCTaBe
IMPOKHKIT HAGOP ApaiBEPOB M IPOTOKOJbHBIX MOJYJIEH, OHAKO Y MOJIb30BATE s, KAK NPABUIIO,
€CTh BO3MOXKHOCTb JIOTIOJIHUTh 3TOT CTAHAPTHBIA HA00OP HEOOXOAUMBIMU €My MPOTPAMMAMHU.
Peurenue o cnocobe peann3anvu KJIMEHTOB M CEPBEPOB CETEBOM CYKOBI, a TaKXKe IPAiBEPOB
¥ IPOTOKOJIbHBIX MOJ1yJIEN [IPUHUMAETCS Pa3pabOTYMKAaMM C YUETOM CaMbIX Pa3HbIX COOOpaxKe-
HUN: TEXHUYECKUX, KOMMEPYECKHUX U laxke lopuandeckux. Tak, HanpuMep, UMEHHO Ha OCHOBaHUM
aHTUMOHoOMNoJIbHOTO 3akoHa CIIIA xomnanuu Microsoft 6b110 3anpeleHo BKJI0YaTs ee bpaysep
Internet Explorer B coctas OC 3T0ii KOMIIaHHMH.

Ceresast cityx6a Moxet 6biTh nipeacTaBiena B OC 6o obenmu (KIMEHTCKON U CEPBEPHOIA)
4acTsIMH, JMOO TOJIBKO OJHOM U3 HUX.

B nepBoM ciyyae onepaliMOHHasl CUCTEMa, Ha3blBaeMasi OJHOPAHTOBOM, He TOJIbKO MO3BOJISET
ofpamarbcsi K pecypcaM ApyruxX KOMIBIOTEPOB, HO M MIPEAOCTABIISIET COOCTBEHHbBIE PECYPCHI
B Pacropsi>keHue NoJib30BaTes1eil Apyrux komnbsloTepoB. HanpuMep, ecin Ha Bcex KOMNbIOTepax
CeTH YCTAHOBJIEHBI U KJIMEHTHI, U cepBepbl (hail10BO# CI1y>XOBbl, TO BCe MOJIb30BaTENH CETH MOTYT
COBMECTHO HCII0J1b30BaTh (aiibl ApyT Apyra. KoMnbiotepsl, coBMeraoume pyHKINN KJIHEHTa
Y cepBepa, Ha3bIBAIOT OJHOPAHTOBBIMU Y3JIaMHU.

OnepalMOHHAsI CUCTEMA, KOTOPAsi COAEPKUT MPEUMYIIECTBEHHO KJIMEHTCKUE YaCTU CETeBBIX
cnyx6, HaspiBaeTcsl KAMeHTCKOH. Knnentckue OC ycTaHaBIMBaWOTCS Ha KOMIBIOTEPDI, 00pa-
[QIOLIMECsT ¢ 3aMIPOCAMH K PecypcaM APYruX KOMIIbIOTEPOB CeTH. 3a TAKMMHU KOMITBIOTEPAMH,
TaKKe Ha3bIBa€MbIMH KJIMEHTCKUMHU, paboTaIOT PsiioBbie 1oJb3oBaTe M. OOBIYHO KIUEHTCKHE
KOMIIBIOTEPBI OTHOCSITCSI K KJIACCY OTHOCUTEJIBHO MPOCTHIX YCTPOMCTB.

K apyromy Ty ornepalvoHHBIX cUCTEM OTHOCUTCS cepBepHas OC — oHa OpHeHTHPOBaHa Ha 00-
pabOoTKy 3aIipOCOB U3 CETH K PECYPCAM CBOErO KOMITBIOTEPA U BKJII0UAET B CeOs1 B OCHOBHOM CEpBep-
HbI€ YaCTH ceTeBbIX C1yk6. KoMnbioTep ¢ ycTaHOBJIEHHOM Ha HeM cepBepHOit OC, 3aHUMAIOIINICS
MCKJIIOYUTENBHO 00CIYKMBAaHUEM 3aMIPOCOB APYTUX KOMIIBIOTEPOB, HA3bIBAIOT BbIEJIEHHBIM
cepBepoM ceTd. 3a Bbl/IeIEHHBIM CEPBEPOM, KaK MPABUJIO, OOBIYHBIE OIb30BATENHN He PABOTAIOT.

NPUMEYAHUE

Ioapo6Hee 0 ceTeBbIX OMEPAMOHHBIX CHCTEMAX M BCTPOEHHDBIX B HUX CETEBBIX ClykKOaxX Bbl MOXKETE MPO-
YUTaTh B CIEIMAIbHON JUTEPATYPeE, a TakxKe B ydeOHMKe aBTOPOB «CeTeBble ONEPallMOHHbIE CUCTEMBI».
HauboJiee nonyasipHsle ceteBble cy)Obl MIHTepHeTa, TakMe Kak 2JeKTPOHHAsI oYTa, BeO-cayxba, [P-
TesiepoHUS U Ap., pacCMaTpUBAIOTCA Aajlee B yacTu VII aToi KHUTH.

CeTeBble NPpUNOXEHNN

Ha KOMIIbIOTEDE, ITOAK/IIOYEHHOM K CETH, MOT'YT 3aIllyCKATbCA MPUJIOXEHHUA HECKOJIBKUX THUIIOB!

O JlokanbHoe NMPHIOXKEHHE LEJMKOM BBIIIOJIHSIETCS] HA IAHHOM KOMIIBIOTEPE U UCTOIb3YeT
TOJIbKO JIOKaJIbHbIE pecypchl (puc. 2.6, a). JI1s Takoro npuiioxeHust He TpeOyeTcst HUKaKUX
CeTeBBIX CPEICTB, OHO MOJXKET ObITh BBIIIOJIHEHO HA aBTOHOMHO PabOTaIOILEM KOMIIBIOTEPE.
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Puc. 2.6. Tunbl NPUNOXEHWIA, BLINOAHAIOLNXCS B CETH
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U IlenTpanu3oBaHHOE ceTeBOE NMPUIOKEHHE 1eTUKOM BBIIOTHAETCS Ha ITAHHOM KOMIIbIOTEpE.
HO obpallaeTcsi B pollecce CBoer paboThl K pecypcaM JAPYTHX KOMITbIOTEPOB ceTu. B mpumepe
Ha puc. 2.6, 6 npuiioKeHue, KOTOPOE BHIIOJIHAETCS Ha KIMEHTCKOM KOMIIbIoTepe, 00pabaTni-
BaeT JaHHble U3 (pailia, XxpaHsiuerocs: Ha Baii/i-cepBepe, a 3aTeM PACIIEYaTbIBACT PE3YJIBTAThI
Ha IPUHTEPE, TIOAKJIIOUEHHOM K cepBepy rmeyatu. OueBUIHO, YTO paboTa TAKOTrO THIIA IPHIIO-
JKeHNI1 HEBO3MO)KHA 6€3 y4acTHsi CETEBBIX CAYXKO U CPEACTB TPAHCIIOPTHPOBKHU COOOLIEHM .

U PacnpeaeneHHoe (ceTeBoe) NPUJIOKEHHE COCTOUT U3 HECKOIbKUX B3aMMOAEHCTBYIOIIX
vacTeif, KaX/1asi 3 KOTOPBIX BBIMOJIHSET KAKYIO-TO OMPeIeJEHHYIO 3aKOHYEHHYI0 paboTy 1o
pellieHU IO TIPUKJIA/IHOM 3a/1a4M, [TPUYEM KaXKJasi YaCTb MOXKET BbIIIOHSTHCS U, KAK HPABHIIO,
BBIIOJIHSIETCS] HA OTAEJbHOM KOoMIIbloTepe ceTu (puc. 2.6, ¢). HacTu pacnpe/ieieHHOTO 11pu-
JIOXKEHUST B3aUMOJIEHCTBYIOT IPYT C APYTOM, MCTIOJIB3Ysl CETEBbIE CAYKOBI M TPAHCIIOPTHBIE
cpeactsa OC. PacnpenesnienHoe mpuioxeHue B 001IEM CJIydae UMeEeT OCTYI KO BCeM Pecyp-
€aM KOMIbIOTEPHOH CETH.

OueBHAHBIM TPEUMYIIECTBOM pacrpeeIeHHbIX PHIIOXKEHUI! SIBISeTCS: BO3MOXKHOCTD pacnapai-
JIeJIMBaHUSI BBIYUCIEHUH, a TAKXKe CHelMaTU3alHs KOMIbIOTepos. Tak, B IPUJIOXKeHNY, PejiHa-
3HAUYEHHOM, CKaXKeM, [UIs1 aHaIM3a KJIMMaTUYeCKIX U3MEHEHUH, MOXKHO BbIIeJIMTb TPH JOCTATOYHO
CaMoCTOsITeJIbHblE YacTH (CM. pHc. 2.6, 6), AoMycKalollie pacnapasienyBanue. [lepsas yacTs
TNIPUJIOXKEH U], BBITIOJIHSIIOUASICS] HA CPABHUTEJIBHO MAJIOMOLIHOM NEPCOHATBHOM KOMITBIOTEDE,
MorJia Obl T10/IEP/KMBATH CIIEIMAIN3UPOBAHHbLIA rpaduyeckuii nosbp3oBaTenbCKuit naTepdeiic,
BTOpasi — 3aHMMAThCsl CTATUCTUYECKON 06pabOTKOM JaHHBIX HA BHICOKOIIPOU3BOANTETbHOM
MeliHdpeiiMe, TpeTbs1 — reHepUpPOBATh OTYETHI Ha CEPBEpPe C YCTaHOBJIeHHOI cTanaapTHol CYDB/L.
B obuiem ciyyae kaxaast M3 4acTeil pacnpeiesIeHHOTO IIPUJIOKEHHUST MOXKeT ObITb MPeCTaBIeHA
HECKOJIBKMMH KOTUSIMH, paboTaoluMy Ha pa3HbIX KoMIbioTepax. CKaxeM, B IAHHOM TpUMepe
NepBYIO YaCTb, OTBETCTBEHHYIO 32 NO/UACPKKY CTIELHATU3MPOBAHHOTO MOJ1b30BATE/ILCKOTO MHTEP-
(eitca. MOKHO GbLI0 ObI 3AMYCTUTD Ha HECKOJIBKMX NEPCOHAJIBHBIX KOMIIBIOTEPAX, YTO 103BOJIUIIO
6bl paboTaTh € ITUM IPUIOKEHHEM HECKOIBKUM [10JIb30BATE/SIM OTHOBPEMEHHO.

OnHako 4ToObI JOOUTHCS BCEX TEX TIPEUMYIIECTB, KOTOPbIE CYJISIT PACIpeae/IeHHbIE TIPHJIOKEHMS,
pa3paboTUYMKaM 3TUX MPUJIOKEHHI MPUXOANTCS PEILATh MHOXECTBO 1POOJIEM, HAIIPUME]: HA
CKOJIBKO YacTel caenyer pasouTh NPUIOKeEHHE, Kakue GYHKIINN BO3JIOKHTD HA KAXKAVIO YACTb,
K4K OPraHM30BaTb B3aUMOJAEHCTBUE ITUX YacTel, YTOOBI B Ciydae cO0eB M OTKA30B OCTABLIKECS
4aCTH KOPPEKTHO 3aBepIuain paboTy, U T. 4. U T. 0.

3aMeTuM, UTo BCe ceTeBble CI1yXKObl, BKII0Yast (aityioByio ciryxOy, cyxby nmeyati, cryxoy asek-
TPOHHOU MOYTHI, CYKOY YAAT€HHOTO A0CTYIa, MHTEPHET-TeJEDOHUIO U AP., [0 ONPEIESEHHIO
OTHOCSITCSI K KJacCy pacnpe/eleHHbIX npuaoxeHuit. [JleficTBuresbHo, mobast ceteBast ciryxoa
BKJIIOYAeT B cebsl KIMEHTCKYIO ¥ CEPBEPHYIO YacTH, KOTOPbIE MOTYT BBITOJHSITHCSI U OOBIYHO
BBIIIOJHSIIOTCS Ha Pa3HbIX KOMITBIOTEPAX.

Ha puc. 2.7, wumocTpupyoleM paclipeie/ieHHbIi XapakTep BeO-CIyKObl, MBI BUAHM Pa3Jiu-
Hble BH/bl KIHEHTCKUX YCTPOMCTB — IEePCOHaNbHbie KOMIBIOTEPDL, HOYTOYKH U MOOUJIbHBIE
TeJiehOHbI — € YCTAaHOBJIEHHBIMH Ha HUX Be6G-Opay3epaMu, KOTOPbIe B3aNMOJIEUCTBYIOT 11O CETH
¢ Beb-cepsepoM. TakuM 06pa3oM, ¢ OZIHUM U TEM XKe BeG-CaliTOM MOXKET OTHOBPEMEHHO PahOTaTh
MHO)XeCTBO — COTHU U TBHICSYH — CETEBBIX I0JIb30BaTEeH.

MHorouuc.1eHHble [puMepbl paclnipeae/IeHHbIX H]I)PIJIO)KEHMﬁ MOXXHO BCTPETHUTb U B TaKoii 06-
JIaCTH, KaK 06pa60TKa JAaHHbIX HAYYHBIX 9KCIIEPUMEHTOB. IJTO He YAUBUTEJIBHO, TAK KdK MHO-
rue 3KCIIEPUMEHTDBI MOPOXAAIOT TaAKHE 60Jib1Ie 0OOBEMBI JNAHHbIX, FTEHEPHUPYEMDBIX B P€aILHOM
Macitabe BpeMEHHU, KOTOPbIE IPOCTO HEBO3MOXHO O6pa6OTaTb Ha OJTHOM, Ja’XKe OY€Hb MOUIHOM
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Puc. 2.7. Be6-cnyx6a kak pacnpeaeneHHoe NpunoxeHne

cynepkoMnbioTepe. KpoMe Toro, airoputMbr 06paboTKH 3KCIIEPHMEHTANbHBIX JaHHbIX 4aCTO
JIETKO PacliapaslIeIMBAIOTCS, YTO TAKAKE BOXKHO /ISl VCIIEIIHOTO NPMMEHCHUS B3aMMOCBSI3aHHbIX
KOMIIBIOTEPOB C 11€JIbI0 PellieHUs KakoH-1160 o0uie 3aaaun. OJIHUM U3 U3BECTHBIX IPUMEPOB
pacInpeieIeHHOTO Hay4qHOTO TIPUJI0KEHUS ABJISETCA IIPOrpaMMHoe obecnieucHre 06paboTku
AaHHBIX 00J1bIIOT0 afpoHHoro Koaiiepa (Large Hadron Collider, LHC), sanywenuoro 10 ceH-
Ts6ps1 2008 roga B CERN, - at0 npuiioxkeHue pabotaet 60s1ee yem Ha 30 ThICSIYaX KOMITBIOTEPOB,
00beINHEHHBIX B CETb.

dunsnyeckan nepenadya paHHbIX
no JIMHUAM CBA3MN

ﬂame 1P paCCMOTPEHUHU l'lpOCTCﬁl].leﬁ CETH, COCTOsIILIEH BCETo U3 ABYX MAlllMH, MOXXHO BbISIBUTDH
MHorue Ilp()6J'lCMI)I, CBsA3aHHbIE C (bPISH‘leCKoﬁ nepeaaqeﬁ CHUTrHaJIOB 110 JIMHUSM CBA3H.

KoauposaHue

B BbIYnCIUTEIBHOM TEXHUKE [l MpeACTaBJIEHUS TaHHBIX UCITOJIb3YETCA lIBOlfl‘le[ﬁ KOA. BHyTpI/I
KOMIIbIOTEPA €eAUHMIIAM U HYJISIM JaHHBIX COOTBETCTBYIOT AUCKPETHbIC 9JIEKTPUYECCKUE CUTHAJIbI.

MNpeacTaBneHne AaHHbix B BUAE INEKTPUHECKNX MU ONTUMECKUX CUrHAN0B Ha3biBaeTCs KoaupoBsa-
HUemMm.
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CyuiecTByIOT pa3JiMyHbIe CIOCOOB! KOAMPOBAHUS ABOMYHBIX (D, HATIPUMED, NOTEHIMATbHBIH
€noco0, Y KOTOPOM eIMHULE COOTBETCTBYET OAUH YPOBEHb HAMPSIKEHHs], 8 HYJI0 — APYTOH,
WM HMITYJIbCHBIH €noco6, Koraa /s NpeAcTaBaeHus HMGP UCMOb3YIOTCS UMITYJIbCh Pa3-
JINYHOH MOJISIPHOCTH.

AHanoruyHble OAXOAbI TPUMEHUMBI /I KOAUPOBAHUS JaHHBIX U MU Nepeaaye UX MeXIy
ABYMSI KOMIIBIOTEPAMU MO JHHUAM CBA3H. OTHAKO 3TU JIMHUU CBSI3U OTJIHUYAIOTCS IO CBOUM
XapaKTepHCTHKaM OT JIMHUI BHYTPH KOMIIbIoTepa. [J1laBHOE OT/IMYKe BHEIIHNX JIMHUIA CBSI3U OT
BHYTPEHHHMX COCTOUT B MX FOPa3zio 6oJiblell NPOTSYKEHHOCTH, a TAKXKe B TOM, YTO OHM MTPOXOAAT
BHe 3KPaHMPOBAHHOIO KOPIIyca II0 MPOCTPAHCTBAaM, 3a4acTyIO IMOABEPKEHHBIM BO3/AEHCTBUIO
CUJIbHBIX 3JIEKTPOMATHUTHBIX TIOMeX. Bce 3T0 IPUBOAUT K CYLIECTBEHHO GOIBLUIMM UCKAXKEHUSIM
IPSIMOYTOJIbHBIX UMITYJIbCOB (HAIIPUMED, «3aBAJIMBAHUIO» (DPOHTOB), YEM BHYTPH KOMIIBIOTEPA.
[ToaToMy 1J1s1 HaJIe)KHOTO PACHO3HABAHUSI UMITYJIbCOB HA IPMEMHOM KOHLE JIMHUHU CBSI3U IIPH
nepeaye JaHHBIX BHYTPU M BHe KOMIIbIOTEPA He BCErJa MOXHO MCIIOIb30BaTh OJHU U Te Xe
CKOpOCTH U c1iocobbl KopupoBauusi. Hanpumep, MefieHHOe HapacTanue (ppoHTa UMITYJIbCa U3-
3a BBICOKOM €MKOCTHOI HArpy3KU JIMHUHU TPeOYeT, YTOOBI UMITYJIbCHI TIEPEAABAINCH C MEHBIIIEN
CKOPOCTBIO (UTOOBI TIepeHIit U 3aAHUI HPOHTBI COCEAHUX UMIYJIbCOB HE TIEPEKPHIBAUCH,
Y MMITYJIBC YCIIEJ «[0PACTH» A0 TPeOYEMOTo YPOBH).

B BBIUMCJINTESIBHBIX CETSIX IPUMEHSIIOT KaK NOTEHIIMATbHOE, TaK U MMITYJIbCHOE KOAMPOBaHMe
IOMCKPETHBIX JaHHbIX, a TaKXKe creunduyeckuii crocob MpeacTaBlIeHUst JaHHbIX, KOTOPbIi
HUKOIJIa HE UCIIOJIb3YeTCs] BHYTPU KOMIIbIOTEpa, — MoAyJasauuio (puc. 2.8). [Ipu Mmoxyasiumnu
AUCKpeTHasl ”HGOPMALYs IPeCTaBIsIeTCs] CUHYCOMIAIbHBIM CUTHAJIOM TOH YaCTOThI, KOTOPYIO
XOPOLIO NepeJaeT UMEIOIasCsl IMHUS CBA3H.

MNoTeHuunansHoe
KOAUpoOBaHue

1 0 1 1

| | |—] |_| MMnynbcHoe
KoaupoBaHue
Moaynsuus

Puc. 2.8. MNpumepsl NnpeacTaBneHns ANCKpeTHOM nHpopmauum

[ToreHuunanpHoE U HMMIYJIbCHOE KOAWPOBaHHE NNIPUMEHACTCA Ha KaHajlaX 8biCOK020 Kauecmea,
a MOAYyJIALINUA Ha OCHOBE CHUHYCOUJAJbHBIX CUTHAJIOB IIPEAIIOYTUTEJIbBHEE B TOM CJIy4ae, KOraa
KaHa/l BHOCUT CHAJIbHBbI€ NCKAXX€HUsS B N€epe€aBa€Mbl€ CUTHAJIBI. HanpnMep, MOAyJIALUA UC-
IMOJIb3YETCA B r7106aJbHbBIX CETAX IpY nepeiav€ NJaHHbIX Y€pe3 aHAJIOTOBbIE TeJIeClJOHHbIe KaHaJIbl
CBsA3U, KOTOPBIE 6bLIH paapa60TaHb1 JUIA TIepeiadyu roJjioca B aHAJIOTOBOM (bopMe U [TO3TOMY IJIOXO
MoaAXoaAT AJiA HeHOCpeI.ICTBeHHOﬁ nepeaavyv UMNyJbCOB.

Ha crioco6 nepesayut CUrHaIOB BIUSIET M KOAUUECME0 NPOB000E B INHUSIX CBS3U MEXIY KOMIIBIO-
tepamu. [171s CHHOKEHUs] CTOMMOCTH JIMHHUI CBSI3U B CETSAX OOBIYHO CTPEMSATCS K COKPAIIEHUIO
KOJIMYECTBA IIPOBOJOB U U3-3a 3TOTO MePelaloT BCe OMThI OAHOTO GaliTa UM JaKe HECKOIbKHUX
6aiiTOB He MapaJuIeIbHO, KAK TO A€JIAETCsI BHY TP KOMIIBIOTEDA, @ [I0CIEA0BATEIBHO (OGUTHO),
[1J1s1 Y€TO IOCTATOYHO BCEro OAHOM Mapsl TPOBOJOB.
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Eute ogHoii mpo6.1eMoil, KOTOPYIO HYKHO pellaTh Py Nepejadye CUTHAIOB, sIBJsETCs npobeMa
B3aMMHOI1 CHHXPOHH3AIMH ITepeAaTyNKa OJJHOTO KOMITBIOTEPA C IPUEMHUKOM zipyroro. [Ipu op-
raHM3aUY B3aUMOIEACTBHUS MOy Iel BHYTPH KOMIIBIOTEPA 3Ta POOJIEMa PeliaeTcsi 04eHb po-
CTO, TaK KaK B 3TOM CJIy4ae BCE MOAYJIM CHHXPOHU3UPYIOTCSI OT OOLIEr0 TAKTOBOTO TeHEPATOPA.
[Ipo6ieMa CHHXPOHU3ALNY TIPU CBSI3U KOMITBIOTEPOB MOXKET PELIATHCSI PA3HbIMU CIIOCOOaMU —
KaK [yTeM 0OMeHa CllelUaIbHBIMU TAKTOBBIMU CHHXPOUMITYJIbCAMH T10 OTAEJbHOM JIUHUH, TAK
U IIyTeM [1ePUOIMYECKON CHHXPOHU3ALINH 3apaHee 00y CIOBJIEHHBIMU KOJAMH UJIM UMITYJIbCAMU
XapakTepHO# (opMBl, oTIMYapLIeicst 0T HOPMBI HMITYJIBCOB IaHHBIX.

HecmoTpst Ha npeanpuHUMaeMble Mepbl (BIGOD COOTBETCTBYIOLIEH CKOPOCTH 0OMeHa IaHHbI-
MM, JIMHUH CBS3U C OIpeeeHHBIMI XapaKTEPUCTUKAMH, CIIOCOOa CUHXPOHU3ALMH [IPUEMHUKA
Y TIEpEIaTYMKA ), BEPOSITHOCTh UCKAXKEHUST HEKOTOPBIX GUTOB MIEPEAABAEMbIX JAHHBIX COXPAHSI-
etcst. /15 noBbILIEHNUST HAIEXKHOCTH Tepeayyl JaHHbIX MEXAY KOMIIbIOTEPaMH, KaK MPAaBUJIO,
UCIIOJIb3YeTCs CTAHAAPTHBIM IPHEM — MOJACYET KOHTPOJIbHOM CYMMBI U Nlepeaya Mmoay4eHHoro
3HAYEHUs 110 JIMHUSM CBSA3M MOCJIe KX A0r0 GaiiTa 1M nocjie HeKoToporo 6s10ka 6aiitos. Yacto
B HPOTOKOJ OOMEHA NaHHBIMM BKJIIOYAETCS KaK 00513aTeJIbHBIN 3J1eMEHT CHTHAJ-KBUTAHUMS,
KOTOPDBIiA MOATBEPKAAET NPABUIBHOCTD IIPHEMA JAHHDBIX M MOCHLJIAETCS OT MOJIYYaTessi OTIIpa-
BUTEJIIO.

Xapakrtepuctukn pmanyeckmx KaHanos

CywecTByeT 60JbIIOE KOJHYECTBO XaPAKTEPUCTHK, CBSI3aHHBIX C Nepeayeil Tpaduka yepes
¢dusnueckmne kanaasl. C TeMH U3 HUX, KOTOpPbIE GyayT HEOGXOAUMBI HaM yke B Oivkaiiiiee
BpeMsi, Mbl KOPOTKO II03HAKOMUMCSI Ceif4ac, a HO3)Ke U3yYUM UX U HEKOTODbIE PyTUe CeTeBble
XapaKTEePUCTHKU H0JIee AETANBHO.

Q IlpemnoskeHHasi HArpy3Ka — 3TO IIOTOK JAHHBIX, HOCTYNAOLIMIA OT PUIIOXKEHUS [10/1b30BaTE-
Jisl Ha BXO/ CeTH, KOTOpasi BCerla TOTOBA IPUHSATD AaHHbIe. [IpeasioxeHHYI0 HArPy3Ky MOXKHO
XapaKTepH30BaTh CKOPOCTHIO reHEPALMK JAHHDbIX B OMTaX B CEKYHAY. DTa XapaKTePUCTHKA
OMKCHIBAET HHTEHCUBHOCTD PabOTHI MCTOYHMKA HHGMOPMAMHU 1 aGCTPArupyeTcs OT CBOMCTB
¢u3nyeckux KaHaJIOB.

QO IponyckHas ciocoGHOCTb!, Ha3bIBaEMAsI TAKXKE €MKOCTBIO KaHaJIa CBA3H (capacity), mpei-
CTaBJISIET COBON MAKCUMANBHO BOIMONCHYIO CKOPOCTB Nepenayn MHPOPMALK Mo IaHHOMY Ka-
Hauy. /IaHHas1 XapaKTepUCTUKA HUKAK He CBA3aHa C IPE/UIOKeHHOM Harpy3koi. OHa oTpaxaeT
CKOPOCTHbIE BO3MOXKHOCTH CETH, ONpPE/esieMble TAPAMETPAMH PUUUECKOU Cpedbl nepedauu,
a Takxe 0COOEHHOCTSIMU 8b16paHH020 CNOCO6a nepedaut AMCKPETHOM nHPOPMALMK B 3TOM
cpene. Hanpumep, nponyckHas ciocobHOCTb KaHasa cBsi3u B cetd Ethernet Ha onnyeckom
BosiokHe paBHa 10 M6uT/c. ITa CKOPOCTH ABJSIETCS IPEAEIBHO BO3MOXKHOIM /151 COYETaHUsT
texHosorny Ethernet u ontuyeckoro BosokHa. OgHAKO [JISL TOTO K€ CAMOTO ONTHYECKOTO
BOJIOKH2 MOXXHO pa3paboTaTh APYTryi0 TEXHOJIOTHIO MepeqavH, OTIMYAIILYI0CS Cl1oco60M
KOAMPOBAHUA IAHHBIX, TAKTOBOM 4aCTOTO! M APYyTUMH [IaPAMETPaMH, KOTOPasi 6y/IeT UMeTb
IPYTyio NponyckHyo cnocoGHocTs. Tak, TexHosorus Fast Ethernet oGecnieunsaer nepena-
4y JIAHHBIX 10 TOMY K€ ONTHYEeCKOMY BOJIOKHY C MAKCUMAJbHOM ckopocTbio 100 Méurt/c,
a textosiorng Gigabit Ethernet — 1000 M6ur/c.

! Yyraiite 6071€€ 110ApOGHO O MPOMYCKHOM CMOCOOHOCTH B pasfienie «XapaKTepUCTUKH JIMHUM CBS3U» IJ1a-
BbI 6.
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Jl1s1 aHaIM3a U HACTPOMKM CETH OYEHb M0JIE3HO 3HATh AaHHBIE O MPOIYCKHOM CNIOCOOHOCTH
omoenvbix 3nemenmog cemu. V13-3a mocieq0BaTeIbHOTO XapakTepa liepeilayi JaHHbIX pa3-
JIMYHBIMH 3JIEMEHTaMM CeTH 0011asi POMYCKHAst COCOOHOCTh MOO0TO COCTABHOTO MyTH
B ceTH OyI€T paBHA MUHUMANILHOU U3 TIPOITYCKHbBIX CIIOCOGHOCTEl COCTABIISIONINX 3JIEMEHTOB
MapiipyTa. /[J1s1 HOBBILIEHHSI NPOMYCKHOMN CIIOCOGHOCTH COCTABHOTO ITyTH HEOOXOAMMO B TIEp-
BYIO 0Yepe/ib 00paTUTh BHUMAHUE HA CaMble Me/lJIEHHbIE 3JIEMEHTDI, Ha3blBaeMble Y3KHMH
mecramu (bottleneck).

O Ckopocrb nepenaun aannbix! (information rate, nuau throughput, 0o6a aHrmiicknx TepmuHa
UCIIOJIb3YIOTCS PABHOMIPABHO) — 3TO (haKmuueckas CKOPOCTb MOTOKA JaHHBIX, POIICALIEro
yepe3 CeTh WM HEKOTOpbIe ee pparmeHThl. CKOPOCTH MHGOPMAIIMOHHOTO MOTOKA, Ha3bIBa-
eMasi TaKXkKe CKOPOCTHIO IIEPElauy AaHHbIX, ONPeesieTCs KaK YaCTHOE OT JieJieHus obbeMa
JIaHHbIX, NIePeIaHHbIX 32 HEKOTOPbIM MHTEPBaAJ BpEMEHH, Ha BEJMYMHY 3TOrO MHTEPBaJa.
U3 onpeznesieHust CleAyeT, YTO 3Ta XapaKTEPUCTHKA Bceraa siBasercsa ycpeadeHHon. Ona
OTpaXkaeT Kak CKOPOCTh MOCTYIUUIEHUsI ITAHHBIX B CETh — IPEMJIOKEHHYIO HarPy3KY, TaK
Y CKODOCTHBIE CBOMCTBA (PM3MYECKUX KAHAJIOB — IIPOIMYCKHYI0 cOcCOOHOCTD ceT. CKOPOCTh
1epeauy JaHHbIX MOXKET ObITb HMXKE TIPEJIOKEHHON HArPY3KH, TAK KaK JaHHbIE B CETU MOTYT
HCKaXaThCsl WM TEPSITHCS, HJIM Ha HEKOTOPBIX yYaCTKAX BBIIIE — KOT/A MPEABAaPUTEIbHO
6yepusosanmvie NaHHbIE TIEPENAIOTCS CKOPOCTHBIM KaHasioM. Ho ckopocTb nepenaun nat-
HBIX 110 HEKOTOPOMY KaHaJly HUKOTZA HE MOXET MPEBBICHTH €T0 MPOMYCKHOMN CIIOCOOHOCTH.

Eue onna rpynia XapakTepACTUK KaHaJla CBA3U CBsA3aHA C BO3MOXXHOCTDBIO Nepeaayun l/IHq;)OpMa-
MU 10 KaHa/ly B OAHY WJIHX obe CTOPOHBI.

[Tpu B3aMOIENCTBUM ABYX KOMIIBIOTEPOB OOBIYHO TpeGyeTcs nepeaaBarh MHGOPMaLHIo B 060-
MX HaNpaBJIeHHsX, OT KOMIIbIOTepa A K KoMnbioTepy B 1 o6paTHo. [laxe B TOM ciydae, KOraa
110J1b30BATEJI0 KaXKETCsI, YTO OH TOJIBKO MoJydaeT HHGOPMALMIO (HanpyuMep, 3arpy>kaeT My3bl-
KasibHBIN Gaiin u3 MHTepHeTa) UM TOJBKO ee nepedaeT (OTIPABJSIET 3J€KTPOHHOE MUCHMO),
o6meH nH(opMalIMed HIET B IBYX HanpasjieHUsiX. [IpocTo cyiecTByeT 0CHOBHOI MOTOK JIaHHbIX,
KOTOpBle MHTEPECYIOT NMO0JIb30BATEs, M BCIOMOTaTeNbHbII [TOTOK MPOTUBOIMOJIOXHOTO HAIIPaB-
JIEHUs1, KOTOPbIN 06pa3yioT KBUTAHIMH O MOJIyYEHUU ITUX AAHHBIX.

Dusnyeckre KaAHAbI CBSI3U JIESITCS Ha HECKOJIBKO TUITOB B 3aBUCUMOCTH OT TOTO, MOTYT OHHU
nepenaBaTbh MHGOPMAIMIO B 060MX HANPABJIEHUSX UM HET.

QO ynaekcHblii kanan obecrneynBaeT OJHOBPEMEHHYIO Nepefadyy nHdopMaunu B 060Mx Ha-
npaBjeHHsiX. JlyneKcHbIA KaHal MOXET COCTOSATb M3 ABYX (HU3NUYECKUX CPell, KaxAas
M3 KOTOPBIX MCIOJIb3YeTCsI s lepefiadlt MHGPOPMALHUU TOJBKO B OJHOM HalpaBJIeHUH.
BoaMosxeH BapHaHT, KOrja OJHa Cpelia CJIYXHT [JIs1 OXHOBPEMEHHOMH Nepeiayy BCTPEUHBIX
noToKoB. IIpy 3TOM IPHMEHSIIOT AONOJHUTEIbHbIE METO/bI BbIIEIEHUS KaX10T0 IIOTOKA U3
CYMMAapHOTO CUTHAJIa.

0O Moayayniexchblit KaHaa Takxe obecrieduBaeT nepegady uHgopMauuu B 060ux Hanpas-
JIEHUSIX, HO He OJIHOBPEMEHHO, a 10 oyepeau. To ecTb B Te4EHUE ONpPeAeJEHHOrO IIEPUoAa
BpeMeHH MHGbOPMaLYs TIepeaeTCs B OAHOM HanpaBIeHUH, a B TEYEHHE CIEYIOIEro Iepu-
o/la — B 06pPaTHOM.

O CuMmaekcHblit KaHa TO3BOJISIET nepeaaBaTb uu(bopMaumo TOJIBKO B OTHOM HalpaBJIEHUH.
Yacto llyl'lJleKCHblﬁ KaHaJl COCTOUT U3 IByX CUMIIJIEKCHBIX KaHaJIOB.

! Yuraiite GoJiee mo/ipoGHO O CKOPOCTH Nepeaadyu AaHHbIX B pasjese «XapaKTePUCTHUKH CKOPOCTH Ilepe-
Jla4yv» TJIABHI 3.
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IMoapo6Ho Bonpockl pU3UUeCKOH 11epefayy AUCKPETHBIX AaHHBIX 06cyXaaioTcs B yacTy 11 aToit
KHUTH.

I'|p06neMb| CBfiI3N HECKOJIbKUX KOMMNbIOTEpPOB

Jlo cuX MOp MBI PacCMATPUBAJHU BbIPOXKIEHHYIO CETh, COCTOALLYIO BCEro M3 ABYX MaiuuH. [Ipu
06beIMHEHUH B CETh OOJIBLIETO YHCIa KOMITIOTEPOB BO3HUKAET LeJIblii KOMILIEKC HOBBIX [IPO-
Onem.

Tononorna dusnyeckmnx ceasen

O6bearHAA B CETh HECKOIBbKO (60JIbliIe ABYX) KOMIIBIOTEPOB, HEOOXOAUMO PELINTD, KAKUM 06-
Pa3oM COEMHUTD UX APYT C APYTOM, APYTUMHU CI0BaMH, BIGPaTh KOHGUTypaunio puanyeckux
CBsI3€if, UM UX TOTOJIOTHIO.

MNoa Tononorue cetTn NoHUMaeTcs KoHdUrypauus rpada, BEPWNMHAM KOTOPOTO COOTBETCTBYIOT
KOHEYHbIE Y3Nbl CETU (Hanpumep, KOMMbLIOTEePbl) U KOMMYHUKaLUWOHHOe 060pyaoBaHve (Hanpumep,
MapLUpYTM3aTopbl), a pebpam — puanyeckue nnm nHOOPMaUNOHHLIE CBA3W MEXY BEPLIMHAMW.

Yuc1o BO3MOXKHBIX BADUAHTOB KOHGUIypaLMM Pe3KO BO3PACTaeT MPH yBETUYEHUHU YUCIaA
CBAA3bIBAEMbBIX YCTPOMCTB. Tak, €C/1M TPY KOMIbIOTEPa Mbl MOXKEM CBSI3aTh ABYMsl criocob6aMu
(puc. 2.9, a), TO A1l YETHIPEX MOKHO MPE/JIOKHUTD YK€ LIECTb TOMOJIOTMYECKH Pa3HbIX KOHPH-
rypauuit (Ipy yCJIO0BUM HEPA3IMYMMOCTH KOMIIBIOTEPOB, puc. 2.9, 6).
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Puc. 2.9. BapuaHTbl CBA3M KOMMbIOTEPOB

Mb! MOXeM COeANHSITh KaX/(blif KOMIIBIOTEP C KaX<AbIM UJIU K€ CBSI3bIBAaTh UX NOCJIE0BATEIb-
HO, TIpe/InoJaras, YTo OHU OyayT oOLAaThCs, epeaaBast COOOIIEHHs! APYT APYTY «TPAH3UTOM».
TpaH3UTHBIE Y3JIbI JOJKHBI OBITh OCHAILEHBI CIIELUAJIbLHBIMU CPEICTBAMHU, TIO3BOJISTIOLIMMHI UM
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BBINOJIHATD 3Ty creundHUYECKYIO TOCPeJHUYECKYIO onepaiiio. B kauecTBe TpaH3UTHOTO y3aa
MOJKET BBICTYNATh KaK YHUBEPCAJbHBIN KOMIIBIOTED, TAK M CIEUATU3UPOBAHHOE YCTPOMCTRO.

Ot BbIGOpa TOMOJIOTUH CBsI3€ii CYLIECTBEHHO 3aBUCSIT XapaKTePUCTHKY ceTH. Hanpumep, Ha-
JIMYME MEXAY V3/1aMU HeCKOJIbKMX MyTeil MOBbIlIaeT Hale)kKHOCTb CETH U JleJaeT BO3MOXHbBIM
pacrpeziesleHHe 3arpy3KH Mex1y OT/ebHbIMU KaHanaMu. IIpocToTa npucoeanHeH st HOBbIX Y3-
JIOB, CBOMCTBEHHAs1 HEKOTOPBIM TOIOJIOTHSIM, /1eJ1aeT CeThb JIETKO pacuupsieMoti. IKOHOMUYECKHe
c006paXkeHHs! 4acTO MPUBOAST K BHIOOPY TOMOIOTHA, U1t KOTOPBIX XapaKTePHa MUHUMAJIbHAs
CyMMapHasi UIMHa JJMHUIH CBSI3H.

Cpeau MHOX€CTBa BO3MOXXHBIX 1<0H(burypauuﬁ Pa3/in4yaroT NMOJTHOCBA3HbIE U HETIOJTHOCBA3HBIE.

ITonHoCBsA3HAasA TOMOJIOTHA COOTBETCTBYET CETH, B KOTOPOH KaX/blil KOMITbIOTEP HENOCpe/-
CTBEHHO CBsI3aH CO BceMH ocTanbHbIMU (puc. 2.10, @). HecMoTps Ha JIornyeckyio pocToTy, 3T0T
BapHaHT OKa3blBAETCS Ha MMPAKTHKe TPOMO3AKHM U HeaDPekTUBHBIM. [leiICTBUTEIbHO, B TAKOM
cJIy4ae KaXKblii KOMITbIOTED B CETH JOJIKEH UMETh OOJIBLIOE KOJTNYECTBO KOMMYHHKAIIMOHHBIX
TIOPTOB, JOCTATOYHOE /17151 CBSI3U C KAXKABIM U3 OCTAJIbHBIX KOMINBIOTEPOB ceTH. [l/1st KaXk/10ii mapsbl
KOMIIBIOTEPOB JOJIKHA OBITh BblE/IEHA OTAeIbHAst (PU3UUECKAst IMHYS CBSA3U (B HCKOTOPBIX CI1y-
4asAx faxke [Be, €CJaM HEBO3MOXKHO MCII0/Ib30BaHKe 3TON JIMHUY [/ ABYCTOPOHHEH nepesaum).
[TonHOCBsI3HbBIE TOMOJOTUM B KPYITHBIX CETSIX MPUMEHSIOTCS PEKO, TaK Kak 115 cBsi3u N y3.10B
tpebyetcs N(N — 1)/2 pusnuecknux AyNIEKCHBIX JMHUI CBA3EH, TO eCTh MMEET MECTO KBajapa-
TUYHAsI 3aBUCHMOCTb OT YMCJa y310B. OOGbIYHO 3TOT BMA TONOJIOTMU MCHOJIB3Y€ETCs B MHOTO-
MaUIMHHBIX KOMIIJIEKCAX UJIM B CETSX, 00beMHAOMUX HEGOIBILIOE KOJHYECTBO KOMITBIOTEPOB.

2 ¢} e

Puc. 2.10. TunoBble Tononorun ceten

Bce Apyrvue BapuaHTbl OCHOBaHbI Ha HEMOJHOCBA3HBIX TOIOJIOIHAX, KOTJAa 1JI4 obMeHa JAaHHbBI-
MU MEXAY ABYMS KOMIIbIOTEPAMU MOXKET l'lOTpe6OBaTbCSI TPaH3WUTHaA Iiepelladya JaHHbIX Yeped
Apyrue y3Jibl CETH.
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Ayeuncras TONOJIOrUsA M0AyYaeTCsl U3 MOTHOCBA3HOU NMyTeM yJaleHUs] HEKOTOPbIX CBsI3el
(puc. 2.10, 8). Slyencrast TONOIOTHsI AOMYCKAET COEAHHEHHE GOMBILOTO KOJMYECTBA KOMIIBIOTEPOB
M XapaKTePHa, Kak MPaBUJIO, IJIs1 KPYITHBIX CeTel.

B cersix ¢ kosbueBoit Tonosxorueii (puc. 2.10, 8) naHHbIE NEPEAAIOTCS 110 KOJIbILY OT OJHOTO KOM-
nbloTepa K ApyromMy. [71aBHBIM JOCTOMHCTBOM KOJIBIIA SIBJISIETCS TO, YTO OHO IO CBOEH NPHpoIe
obecrieunBaeT pe3epBHpoBaH#e CBsi3ell. [lefiCTBUTEIBHO, JTI00ast Iapa y3/10B COeIMHEHA 31€Ch BY-
MsI [IyTSIMM — 110 YaCOBOU CTPeEJIKe U IPOTUB Hee. KpoMe Toro, KoJb110 IpeicTaBsieT coboii 0ueHb
yi0OHY10 KOH(DUTYpanuio 411 OpraHn3aly 06paTHOM CBSA3U — JaHHbIe, CAeaB [OJHBINA 060poT,
BO3BPALIAIOTCS K Y3JIy-HCTOYHUKY. [109TOMY MCTOUHHUK MOXET KOHTPOJIMPOBATH MPOIIECC AOCTABKU
JlaHHBIX aapecary. HacTo 3To CBOMCTBO KOJIbIA MCIIOIb3YeTCs [1/1s1 TECTUPOBAHKS CBA3HOCTH CETH
11 IO CKA y3Jia, paboTalolero HEKOPPEKTHO. B To 5ke BpeMs B CETAX ¢ KOJIbLIEBOM TOMOJIOTHEN He-
06X0/[1MO IPUHUMATD CTIENUATIBHBIE MEDPLI, YTOOBI B C/IyYae BbIXO/A U3 CTPOS MJIM OTKJIIOYEHHS]
KaKOro-jiubo KOMIIbIOTEpa He IIPEPHIBAJICA KaHaJl CBS3H MEXAY OCTAJIbHBIMH y3/aMU KOJIbIIA.

3Be3noo6pasnas Tonoaorus (puc. 2.10, 2) obpasyercs B Ciydae, KOTAa KaXAbli KOMIIbIOTED
II0/IKJII0MAETCST HETOCPEACTBEHHO K 00IeMy HeHTPaJIbHOMY YCTPOMCTBY, Ha3bIBAEMOMY KOH-
ueHTpatopoM!. B pyHKLMH KOHIIEHTPATOPa BXOAUT HAMPABJIEHHE IEPELABAEMON KOMITBIOTEPOM
nHGOPMAIHY OZHOMY HJIH BCEM OCTATbHBIM KOMIIBIOTEPAM CeTU. B KauecTBe KOHLEHTpATOpa
MOKET BBICTYNATh KaK YHHBEPCAIbHBIN KOMIIBIOTEP, TAK U CIELUATN3UPOBAHHOE YCTPOUCTBO.
K nenoctatkam 3Be31006pa3HO TOMOIOTHE OTHOCKTCS 60J1e€ BBICOKAsE CTOMMOCTb CETEBOTO
060pY1I0BaHUS U3-32 HEOOXOAUMOCTH NPUOOPETEHHUS CIIEMATU3MPOBAHHOIO UEHTPANbHOTO
ycrpoiicTBa. KpoMe T0ro, BO3MOXXHOCTH 110 HAPAUMBAHUIO KOJIHYECTBA Y3JI0B B CETH OTPaHU-
YKUBAIOTCS KOJTNUECTBOM IIOPTOB KOHIEHTPATOPA.

Huoi1a 1MeeT CMBICJ CTPOUTD CeThb C HCIIOJIb30BAaHUEM HECKOJIbKHUX KOHLIEHTPATOPOB, Hepap-
XUYECKH COeMHEHHBIX MeX 1y co0oit 38e31000pasHbiMu cBsi3simu (puc. 2.10, 0). [onyyaemyio
B pe3yJbTaTe CTPYKTYPY Ha3blBalOT HEPAPXHYECKOi 3Be3/10if, unu aepeBoM. B HacTostiiee
BPEMSI /IEPEBO SBJIAETCS CaMOU PaclIPOCTPAHEHHOM TOMOIOTHEH CBSI3ed KaK B JIOKAJIBHBIX, TAK
¥ I00AIbHBIX CETSIX.

Oco6hIM 4aCTHBIM C1y4aeM 3Be3/bl siBjisgeTcs oOmasn muHa (puc. 2.10, ¢). 3aecs B KayecTse
IIEHTPAIbHOTO 3JIEMEHTA BBICTYNAET MACCUBHBILIA Kabesb, K KOTOPOMY 10 CXeME «MOHTaXKHOTO
MJTIM» noak/04aeTcst HCCKOIBKO KOMIBIOTEPOB (TaKYI0 JK€ TOMOJIOTHIO UMEIOT MHOIHE CETH,
UCTIO B3y I01IHe GECTTPOBOJHYIO CBS3b — POJIb O0LIEN MINHDBI 3eCh UrpaeT 001Las paauocpeaa).
[Tepenasaemast uiiopMalyisi pacpoCTPaHsIeTCs M0 Kabelo U 0CTYNHA OJHOBPEMEHHO BCEM
KOMIBITEPAM, IPUCOEITHEHHBIM K 3TOMY Kabent0. OCHOBHBIMU IPEUMMYLIECTBAMH TAKON CXEMBI
ABJSIIOTCS €¢ AelleBU3HA U TPOCTOTA NIPUCOE/ITHEHNS] HOBBIX y3J/10B K CETH, 2 HEIOCTATKAMH —
HH3Kask HALEXKHOCTD (M060H aedekT Kabesst MOMHOCTHIO MAapaJH3yeT BCIO CETh) U HEBBICOKas
IIPON3BOANTEALHOCTD (B KQXK/bli MOMEHT BPEMEHH TOJIbKO OINH KOMIIBIOTEP MOKET MepeaBaTh
AQHHBIE [10 CETH, O3TOMY IIPOIYCKHAS CIIOCOOHOCTD JAEJITCSI 31€Ch MEXKIY BCEMH y3JIaMU CETH).

B to Bpemst kak HeOOJIbLINE CETH, KaK TPABUJIO, MMEIOT TUIIOBYIO TOTIOJIOTHIO — 3BE3/Ia, KOJIBLO
. 111 001Ias WINHA, — JUIs] KPYTIHBIX CeTel XapaKTepHO HaJM4ue NIPOU3BOJIbHBIX CBS3El MEXTy
KOMTIbIOTepaMH. B Takux ceTsIX MOXKHO BBIAETUTD OT/EIbHbIE IIPOU3BOJIbHO CBsI3aHHBIE (pparmMeH-
Tbl (MOACETH ), UIMEIOILME THIIOBYIO TOMOIOTUIO, [IO3TOMY UX Ha3bIBAIOT CETSIMH CO CMELIAHHOM
Tonojoruei (puc. 2.11).

U B /1aHHOM C.1yyae TePMHMH <KOHIEHTPATOP» MCMOJIb3YETCs B LIMPOKOM CMbIcJie, 0603HaYast 11060e MHOTo-
BXO0,10B0¢ YCTPOHCTBO, CIOCOBHOE CJIYKUTh LEHTPAIbHBIM 3JEMEHTOM — HallpUMep, KOMMYTATOp HJIHU
MapIupyTH3ATOP.
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Puc. 2.11. CmewaHHasa Tononorusa

Appecauus y3noB cetu

Elite oaHo#t HOBOIt Mp061eMOit, KOTOPYIO HY)KHO YYUTHIBATh IPH 00bEAMHEHUH TPEX U 60Jlee KOM-
[bIOTEPOB, ABJISIETCSI TPpoOJIeMa UX afpecalluy, TOYHee, apecalMi UX ceTeBbiX MHTepdencoB!.
OnnH KOMIIBIOTEP MOXKET UMETb HECKOJIBKO ceTeBbIX UHTepdelicoB. Hanpumep, aist co3nanusi
TMIOJTHOCBSI3HOW CTPYKTYPbI U3 N KOMIIBIOTEPOB HEOOX0AUMO, YTOOBI y KaXKIA0TO U3 HUX UMEJICS
N - 1 unrepdeiic.

[To konnyecTBY aapecyemMblX UHTePdEICOB apeca MOXHO KiaccuUIUMPOBATH CIEAYIOIUM
obpaszoM:

U yHMKaJbHBIIf afapec (unicast) UCNOB3YeTCS AJIs1 UAEHTU(DUKALMH OTAETbHBIX HHTEeP(deiicoB;

Q rpynmnoBoii aapec (multicast) naeHTHGULUPYeET Cpady HECKONLKO UHTEPDENCOB, TOITOMY
JJaHHbIE, IOMEYEHHbIe IPYNITOBBIM aPECOM, OCTABJISIOTCS KAKAOMY U3 Y3J10B, BXOASIIUX
B [pYIIILY;

QO naHHble, HanpaBJIEHHBIE 10 LIKPOKOBeIaTeabHOMY aapecy (broadcast), 1omxHbI ObITH 10-
CTaBJIEHbI BCEM Y3J1aM CETH;

U azapec npon3BOJIbHOM PacchUIKH (anycast), Tak e KaK U rPyNIoBO# aipec, 3a1aeT TPyImy
a/[pecoB, OHAKO JIaHHbIE, TOCTaHHbIE 110 3TOMY apecy, 10CTABJISIIOTCS He BCeM y3JaM JlaH-
HOU IPYIIIIBL, @ TOJIBKO OZIHOMY U3 HUX. BeIGOp 3TOTO y3/1a OCYILECTBIISIETCS. B COOTBETCTBUN
C HEKOTOPBIMHU MPABUJIAMHU NPETIOUTEHUS.

Anpeca MoryT 6bITh YMCA0BBIMH (HampuMep, 129.26.255.255 uau 81.1a.ff.ff) u cumBoIBHBIMK
(site.domen.ru, willi-winki).

CuMBosibHbIe azipeca (MMeHa) NpeHa3HAYeHbl /ISl 3AIOMUHAHUS JIIOJAbMU U TTO3TOMY OObIYHO
HECYT CMBICJIOBYIO Harpy3ky. [17ist paboThl B 6OJIBLINX CETSIX CUMBOJILHOE UMsI MOXKET UMETDH He-
PapxuyecKyio CTPYKTYpY, HanpuMep ftp-arch1.ucl.ac.uk. DTOT apec roOBOPUT O TOM, YTO JAHHBIN
KOMIIBIOTEP IOJIIep>KMBAET ftp-apXuB B ceTH OAHOTO U3 KoJutenxkeit JIOHAOHCKOrO yHUBEPCUTETA
(University College London — ucl) u 3Ta ceTh OTHOCHUTCS K aKafieMUdecKoii BeTu (ac) VintepHera

! MHorza BMECTO TOYHOTO BBIPQXKEHUs! «allpec CeTeBOro uHTepdeiica» Mbl 6yzeM UCMOMb30BATh YIIPOLIEH-
HOe — «a/Ipec y3J/1a CeTH».
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Besuko6putanuu (United Kingdom — uk). ITpu pa6ote B npeaenax cet JIOHZOHCKOTO yHUBEp-
CHUTETa TAKOE JJIMHHOE CUMBOJIbHOE UMSI SIBHO M3GBITOYHO, U BMECTO HETO MOXKHO I10J1b30BAThCS
KPaTKHM CHMBOJIbHBIM MMeHeM ftp-arch1. XoTs CMMBOJIbHBIE NMEHA YAOOHbBI 171 JIOeH, U3-3a
nepeMeHHOro ¢opMara 1 IOTEHIHAIBHO GOJIBLION ATMHBI KX Mepefaya [0 CeTH He IKOHOMHYHA.

MHOXeCTBO BCEX aApecoB, KOTOPLIE SBARIOTCS AONYCTUMbIMM B paMKax HEKOTOPOW CXeMbl aapecaumm,
Ha3bLIBAeTCs aApPeCHbIM NPOCTPAHCTBOM. A0PECHOE NPOCTPAHCTBO MOXET UMETb NAOCKYIO (NUHEe-
HYIO) MIIN MEPaPXMHECKYI0 OPraHU3aumIo.

ITpu niockoi opraHM3alMM MHOXECTBO aApPecOB HUKAK He CTPYKTypHpoBaHo. [Ipumepom
IJIOCKOTO YHCJI0BOro agpeca spasercs MAC-aapec, npeHasHauyeHHbIH A1 OAHO3HAYHOM
UIeHTUHUKALNY CeTeBbIX UHTeP(EICOB B JIOKANbHbIX CeTsX. Takoil aapec 06BIYHO HCIIONb-
3yeTcsi TOJIbKO almaparypoii, I03TOMY ero CTaparoTcs CAe/aTh [0 BO3MOXKHOCTH KOMIIAKTHBIM
¥ 3aMMCBHIBAIOT B BU/le IBOMYHOTO MM LIECTHAUATEPUYHOrO YKca, HanpuMep 0081005e24a8.
IIpu sananuu MAC-azpecoB He TpeGyeTCsi BBINOJIHSTD HUKAKON PYy4YHOIi paboThI, TaK KaK OHU
06BIYHO BCTPAaUBAIOTCS B AIINAPATypy KOMIIaHUEH-M3rOTOBUTEIEM, TO3TOMY MX Ha3bIBAIOT TaK-
ke annapatHeiMH aapecamu (hardware address). Mcnonp3oBatue nI0cKUX agpecoB sIBASETCS
XKECTKUM pellleHHeM — IIPU 3aMeHe alnapaTypbl, HAIPUMEDP CETeBOTO aJanTepa, U3MeHsIeTCs
U afipec ceTeBOro HHTepdeiica KoMIbIOTepa.

[Ipn nepapxuyeckoii OpraHU3alMHU AIPECHOE TIPOCTPAHCTBO CTPYKTYPUPYETCSI B BUZE BIOXKEH-
HBIX APYT B ApYTra NOATPYIIL, KOTOPBIE, OCTIEA0BATENbHO CYXKasi aIpecyeMyio 00J1acTh, B KOHLE
KOHLIOB, ONpefieJIsIIOT OT/AeJIbHBII ceTeBoit nHTep®eiic. Hampumep, B TpexypoBHEBO#t CTPYKType
a/IPECHOrO MPOCTPAHCTBA APEC KOHEYHOTO Y3J1a MOXKET 3aJ[aBaThCsl TPEMSI COCTABJISIIOIIMMH:

Q wunentucdukaropom rpynnsi (K), B KOTOPYIO BXOAUT AaHHbII y3es;
Q unentuduxaropom noarpynmnst (L);
Q unenTHdUKaTOPOM y37a (71), ONHO3HAYHO ONPEEISIOLIMM €r0 B MOArPYIIIeE.

Hepapxuyeckasi ajpecauusi BO MHOTHX C/ly4asiX OKa3blBaeTcs 6oJiee pallMOHANBHOM, YeM IL10-
ckast. B 6osbLnx ceTsix, COCTOSIIMX U3 MHOTHX THICSIY Y3JI0B, UCIIOJIb30BaHHUE ILIOCKUX a/[pecoB
MPUBOAUT K OOIBLINM U3IEP)KKAM — KOHEYHBIM y3J1aM ¥ KOMMYHHUKALIOHHOMY 060DYI0BaHHIO
IIPUXOAUTCS ONIEPUPOBATh TabIMLAMHM APECOB, COCTOSILIMMH U3 ThICSTY 3anuced. B npotusomno-
JIOXKHOCTb 3TOMY MepapXuuecKasi CUCTeMa aJpecaliiy MI03BOJISIET IIPH IIePeMeLIeHH JaHHbIX 10
onpezieJIeHHOTO MOMEHTA IO0JIb30BAThCSI TOJIBKO CTapllled CocTaBJsiouleil agpeca (Hampumep,
uneHTuduKaTopoM rpynmsl K), 3ateM (1151 fajibHelIIei JTOKAIU3alluy aipecarta) 3aeCTBOBATh
CJIEAYIONLYIO 1O CTAPUIMHCTBY 4acTb (L) ¥ B KOHEYHOM cyeTe — MJIAZIIIYIO YacTh (n).

TunuyHbiMU NpeACTAaBUTENAMU UEPAPXUUECKHUX YUCIIOBBIX aJpE€COB ABJAKTCSA CETEBLIE IP-
azapeca. B Hux NOAAEPXKHUBAETCA ABYXYPOBHEBAsI HEPAPXUs, aJipeC ACJIUTCA Ha CTApLIYIO 4aCTb —
HOMEDPp CETHU M MJIaAIlIyI0 — HOMEP Yy3Jla. Takoe nenenue nmo3poJsieT nepegaBaTtb C006LL[('3HV[51
MEXAy CeTAMH TOJIbKO HAa OCHOBAHUHM HOMEPaA CETH, a HOMEP y3J1a Tpe6ye1‘c51 YoKe 1ocJie 10CTaBKHu
COO6II1€HI/I$I B HY’>KHYIO CETb — TOYHO TaK €, KaK Ha3BaHHE yJIUL bl UCITIOJIb3YETCS NOYTAJIbOHOM
TOJIBKO ITOCJI€ TOI'O, KaK IMCbMO JOCTAaBJIEHO B Hy)KHbIﬁ ropoda.

Ha npakTnke 06bI4HO NPUMEHSIIOT CPa3y HECKOJIBKO CXEM a[[PeCcalliy, TaK YTO CETEBOW UHTEP-
(eiic koMNbIOTEPA MOXXET OTHOBPEMEHHO HUMETb HECKOJIbKO apecoB-iuMeH. Kaxablii agpec
3afieiicTBYeTCst B TOM CMTyalH, KOTr4a COOTBETCTBYIOIIMHI BUA afpecaunn Haubosee yaobeH.
A 1151 1peo6pa3oBaHus AAPECOB U3 OAHOTO BUAA B APYTOil UCIONB3YIOTCS ClIelMa/IbHbIE BCIIO-
MoraTeJIbHble IPOTOKOJIb, KOTOPbIe HAa3bIBAIOT MPOTOKOJIAMH pPa3peLIeHHs aipecoB.
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[Tonb3oBaTe M agpecyloT KOMIbIOTEPbl HePAPXUYECKMMU CHMBOJBHBIMU UMEHAMM, KOTODbIE
ABTOMATHYECKY 3aMeHSIIOTCs] B COOOILEHMSIX, IEPELAaBAEMBIX 10 CETH, HEPAPXUYECKMMH YHCJIO-
BbIMU aJpecaMy. C MOMOILbIO 3TUX YUCJIOBBIX a/IPECOB COOOLIEHNSI JOCTABIISIIOTCS U3 OJIHOM CETH
B APYTYIO, & MOCJIE IOCTABKH COODILEHHsI B CETh HA3HAYEHUS BMECTO MEPAPXUYECKOTO YUCIOBOTO
azpeca UCNOJIb3YeTCs IIOCKUH annapaTHbIN aapec KoMmmbioTepa. [IpobseMa ycTaHOB/IEHUS CO-
OTBETCTBHUS MEXAY aJpecaMy Pa3/IMYHBIX TUIIOB MOXET pPellaThesl Kak HeHTPaJIN30BaHHBIMH,
TaK U pacnpesieIeHHbIMU CPEJICTBAMM.

[pu yenmpanuzoeannom nodxooe B CETH BbLAESETCS OJAUH UM HECKOJIbKO KOMIBIOTEPOB (Cep-
BEPOB MMEH ), B KOTOPBIX XPAHUTCsI TAOJIMI[A COOTBETCTBUS UMEH Pa3/IMYHbIX TUIIOB — HATIPUMEP,
CUMBOJIBHBIX IMEH M YMCJIOBBIX afpecoB. Bce ocTanbHble KOMITBIOTEPHI 06PANIAIOTCS K CEPBEPY
MMeEH ¢ 3aMpocaMu, YTOOBI 10 CUMBOJIBHOMY UMEHHM HAUTH YUCJIOBON HOMEP HEOOXOAUMOTO
KOMIbIOTEPA.

[Ipu pacnpedenennom nodxode KaxXAblii KOMOBIOTEP CaM XPAHUT BCE Ha3HaYeHHbIe eMy aJpeca
pasHoro tuna. Toraa KOMIObIOTED, KOTOPOMY HEOOXOMMO OMpPEAETUTh N0 U3BECTHOMY HEPapPXU-
4eCKOMY YHCJIOBOMY a/[peCcy HEKOTOPOIo KOMIbIOTEPA ero MJIOCKUH annapaTHblil azpec, Nochi-
JIaeT B CeTh LIMPOKOBEILATe IbHBII 3anpoc. Bce KOMMBIOTEPHI CeTH CPaBHUBAIOT COAEPKAILUICS
B 3ampoce aapec ¢ cO6CTBeHHbIM. TOT KOMIIBIOTED, Y KOTOPOro 06HaPYKUJIOCh COBMAJAEHHE,
MOChIIaeT OTBET, COIePoKalllMil ICKOMBIH anmnapaTHeIN aapec. Takasi cxeMa MCMOJIb30BaHa B MPO-
TOKOJie pa3pemeHus aapecos (Address Resolution Protocol, ARP) crexka TCP/IP.

JloCTOMHCTBO pacnpesiesleHHOTO MOAX0Aa COCTOUT B TOM, YTO OH ITO3BOJISIET OTKA3aThCsl OT Bbljle-
JIeHUsI CTIEIIMATBHOTO KOMITHIOTEPA B KAUeCTBE CEPBEPA MMEH, KOTOPBIi K TOMY e YacTo TpeGyeT
PYYHOTO 33/IaHHsI TAOJIULIBI COOTBETCTBUS aapecoB. HenoctaTkoM ero siBsieTcss HeoOXOAMMOCTD
WM POKOBELIATENbHBIX COOOILEHUH, EPETrPYXKAIOIUX CETh. IMEHHO 1I03TOMY pacnpele/ieHHbIN
MOAXO0/] UCTIOJIb3YETCSI B HEOOIbUINX CETSAX, A IEHTPATH30BaHHbIH — B 60JIbLINX.

Jlo cux mop Mbl rOBOpUJIM 00 agpecax CETEBbIX MHTEPGENCOB, KOMIBIOTEPOB U KOMMYHMKaIIH-
OHHBIX YCTPOMCTB, OJHAKO KOHEYHOM! 11eJIbI0 JAHHbIX, T€PEChIIAEMbIX [0 CETH, SIBJSIIOTCS He
ceTeBble HHTeP(deCh MM KOMITBIOTEPHI, a BBINIOJIHsIEMbIE HA 3TUX YCTPOHUCTBAX MPOrPaMMBbl —
npoueccol. [I0aToOMy B afpece Ha3HayeHUsl HapsAay ¢ uHdopMaLueit, uaeHTUGUUUPYIOLed
uHTepdeic ycTPONCTBA, A0JKEH YKa3bIBAThCs aZipec MPoLecca, KOTOPOMY IpeHa3HauY€eHbl
nochlIaeMble 10 ceT AaHHble. OYeBUIHO, YTO JOCTATOYHO OHECMEYUTh YHUKATBHOCTh apeca
npolecca B npezesax komnbiorepa. [IpuMepoM aipecoB NpoleccoB sSABIISIIOTCS HOMePA NOPMOo8
TCP u UDP, ucnons3yemsie B creke TCP/IP.

KommyTauus

[TycTb KOMIBIOTEPD PU3MUECKH CBSI3aHBI MEXKY COOOM B COOTBETCTBUH C HEKOTOPO# TOMOIOTU-
eit, BbibOpaHa cuctemMa aapecauny. OcTaeTcst HepeleHHBIM BOIPOC: KAKMM 00pa3oM IepeaBaTh
JlaHHble MEX/ly KOHeYHbIMH y31aMu? Ocobylo CI0)KHOCTb IPUOGPETAET 3Ta 33124 [IJIs1 HEMOJTHO-
CBSI3HOM TOTOJIOTMH CETH, KOT/1a 0OMeH aHHBIMU MKy NPOU3BOJIBHOM Mapoi KOHEYHBIX Y3/I0B
(nosib30Baresieit) JIOJKEH UATH B 0OLIEM Clydae Yepe3 TPAH3UTHBIE Y3JIbl.

CoeavHeHue KOHeYHbIX Y3NOB Yepea CeTb TPAH3UTHbIX Y3N0B Ha3biBalOT KoMMmyTaumei. Mocneposa-
TENbHOCTb Y3/10B, fIeXAaLuMX Ha NyTU OT OTNPaBUTENs K NonyyaTento, o6pasyer MapLuipyrT.
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HanpuMmep, B ceTH, noka3aHHOH Ha puc. 2.12, y3bl 2 U 4, HEMOCPEACTBEHHO MEX LY CO0O0it He CBSI-
3aHHbIe, BBIHYK/IEHbI TIepe/IaBaTh JaHHbIE Yepe3 TPAaH3UTHBIE Y3JIbl, B KAYeCTBEe KOTOPBIX MOTYT
BBICTYIIUTD, HATPUMED, y3JbI 1 11 5. ¥3en 1 10/KeH BHIMOJHUTD Nepefady JaHHbIX MEXIy CBOMMU
uurepdeiicamu A u B, a y3esn 5 — mexxay unrepodeiicamu Fu B. B 1aHHOM ciiyuyae MapuipyTom
SIBJISIETCS [IOCJIEI0BATENBHOCTD: 2-1-3-4, rae 2 — y3e1-0TpaBuTesb, 1 U1 5 — TPaH3UTHbIE Y3JIbI,
4 — y3es-noJyyaTesb.

Puc. 2.12. KommyTauus aboHEeHTOB 4epe3 CETb TPAH3UTHbIX Y3108

O606wWweHHan 3apaava KOMMYyTaLUn

B camom O6LI.[€M BU€ 3a/1a4a KOMMYTAallUU MOXET OBITh [Ip€ACTaBJ/IEHA B BU/1€ CJIEAYIOUINUX B3a-
MMOCBA3AaHHBIX YACTHBIX 3aay4:

1. OnpenesieHne MHGOPMALMOHHBIX TOTOKOB, /ISl KOTOPbIX TPeOYeTC sl IPOKJIa/IbIBATb MapIil-
PYTBI.
2. MapuipyTusanus NOTOKOB — NMPOKJIALKa MapLIPYTOB.

Hp()IIBI/I)KCHI/Ie ITIOTOKOB, TO €CTb PACIIO3HaBaHHAE MOTOKOB U KX JIOKaJIbHasi KOMMYyTallls Ha
KaXXZIOM TPaH3UTHOM Yy3J1€e.

4. MyJIbTI/IHJleKCI/lpOBaHI/Ie U IEMYJIBTUIIJIEKCUPOBAaHUE ITOTOKOB.

OnpepenenHne UHGOPMALMOHHBLIX NOTOKOB

ITonsATHO, YTO Yepe3 OUH TPAH3UTHBIH Y3€J1 MOXKET IIPOXOJUTh HECKOJIBKO MapUIPYTOB, HANpH-
Mep, yepe3 y3eJ1 3 (cM. puc. 2.12) NpoxXoAsT KaK MUHUMYM BCe [JaHHbIe, HAllpaBJisieMble Y3JI0M 4
KaXXIOMy U3 OCTa/IbHBIX y3JI0B, a TaK>K€ BCe JaHHbIe, ocTynamoume B y3asl 3, 4 u 10. Tpanaur-
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Hblil Y3eJ1 JOJDKEH YMeTb pacno3nagams NOCTYIIAIOLIMe Ha HETO IOTOKY JaHHbIX, YTOObI 0bece-
4YKMBaTh Nepejayy KaXJ0To U3 HUX UMEHHO Ha TOT CBOM MHTepdelic, KOTOPBIH BelleT K HYyKHOMY
Y341y, X, BO3MOXKHO, YTOOBI BBIOpaTh CrielMprIeCKuii 1715 JAHHOTO IOTOKA Criocol ero 06paboTKu.

NndpopmMaumnoHHbIM NOTOKOM, UV NOTOKOM AaHHBIX, Ha3biBAIOT HENPEPbLIBHYIO NOCNEA0BATENLHOCTL
AaHHbIX, 06beAVHEHHbIX HaBOPOM 06X NPU3HAKOB, BLIAENAIOLNX 3TU AaHHbIE U3 06LLIEero CeTeBoro
Tpadwka.

Hanpumep, kak MOTOK MOXKHO OIIPe/IeIUTh BCe JaHHble, NOCTYMAIOIKE OT OHOTO KOMITbIOTEPA;
00be IMHSIIOIIMM TPU3HAKOM B IAHHOM CJIyYae CIYXKUT aipec MCTOYHUKA. DTH e JaHHbIE MOX-
HO MPeJCTaBUTb KaK COBOKYITHOCTb HECKOJIbKUX MOANOTOKOB, KaX/blif 3 KOTOPbIX B KAYECTBE
mddepeHLMpyoliero Np1M3HaKa UMeeT apec Ha3HadeHust. HakoHell, KaXaplil U3 9TUX OO~
TOKOB, B CBOIO OYepe/lb, MOXKHO Pa3iesuTh Ha 6oJiee MeJIKUe TTOINIOTOKH, II0OPOXK/IEHHbIE Pa3HbIMU
ceTeBbIMU MPUJIOXEHUSIMU — 3JIEKTPOHHOM MOYTOM, TPOrpaMMOi KOMUPOoBaHUs (Gaiijios, Be6-
cepBepoM. [laHHble, 06pa3yoire MOTOK, MOTYT GBITh MPEACTABJIEHbI B BUE TIOCJIE10BATENbHOCTH
Pa3INYHBIX MH(OPMALIMOHHBIX eJUHUI] JAHHBIX — ITAKETOB, KAJPOB, sTY€eK.

NPUMEYAHUE

B aHrn1043pI4HON TUTEpaType A1 NOTOKOB JAHHBIX, NTepeJaloluXCsl ¢ PAaBHOMEPHOH U HepaBHOMEPHOH
CKOPOCTbIO, 0OBIYHO HCIOJIb3YIOT Pa3Hble TEDMUHBI — COOTBETCTBEHHO «data stream» u «data flow». Ha-
npuMep, NpH nepefaye BeO-cTpaHMIb Yepe3 VIHTepHeT MpeasiokeHHas Harpy3ka pejicTaBiasieT coboit
HepaBHOMEPHBIH MOTOK AaHHBIX, a NPU BellaHHH MY3bIKH MHTEpHET-CTaHUHeld — paBHOMepHBbIN. s
ceTeii nepeaun JaHHbIX XapaKTepHa HepaBHOMEPHasi CKOPOCTb Iepe/iayy, Mo3ToMy Jajiee B GOJIbIIMHCTBE
CUTYALMI 0] TEPMUHOM <IIOTOK AAHHBIX> Mbl Oy/leM MOHMMATh UMEHHO HEPABHOMEPHbIIA MOTOK JAHHBIX
M YKa3blBaTh Ha pABHOMEPHBIN XapaKTep 3TOro Npolecca TOJAbKO TOT/A, KOT/A 3TO HY>KHO MOJAYE€PKHYTb.

OueByIHO, YTO PYU KOMMYTALMK B KAYeCTBE 0053amMeNbH020 NPUSHAKA BBICTYIIaeT aJpec Ha-
3Ha4yeHMs JaHHbIX. Ha 0OcHOBaHMM 3TOro NMpu3HaKa BeCh [NOTOK BXOASIIKX B TPAH3UTHBIN y3e
JIAHHBIX Pa3fes1s1eTcs Ha HOAIOTOKH, KaXk/bli M3 KOTOPBIX MepeaeTcsl Ha MHTepdeic, COOTBET-
CTBYIOLIMI TOMY WJIM UHOMY MapuUIpyTy NIPOABUXXEHUS JaHHBIX.

Anpeca HCTOYHUKA U Ha3HAYEHUSI ONPEAEISIIOT OTOK /15t Tapbl COOTBETCTBYIOLIMX KOHEYHBIX
y3/10B. O1HaKO 4acTo ObIBAET MOJIE3HO NPEACTABUTH ITOT NOTOK B BU/E HECKOJbKHUX MOZTIO-
TOKOB, IIPUYEM [UJIs1 KXKAOTO U3 HUX MOXET ObITh IPOJIOXKEH CBOM 0coOblit MapuipyT. Pac-
CMOTPUM IIPUMeEP, KOTIa Ha OJHOI U TOM ke Mape KOHEYHbBIX Y3JI0B BBIMOJIHSETCS HECKOIBKO
B3aUMO/JEHCTBYIOLUMX 10 CETU IPUTOXKEHHH, KaX/0€e U3 KOTOPBIX NPEAbSBISET K CETH CBOH
ocobsle TpeboBaHus. B TakoM ciyyae BbIGOD MapuipyTa A0JKEH OCYILECTBAATHCS C yYETOM
XapaKkTepa NepejlaBaeMbIX JJAaHHBIX, HAIPUMED, A5t (haitl0BOro cepBepa BaskHO, 4TOODI mepe-
faBaemble UM 6ouTbIIMe 0GbEMBI JAHHBIX HATIPABJISLIMCH N0 KaHaIaM, 00JIa1aloliM BbICOKOM
MPOMYCKHOM CHOCOGHOCTDIO, & 11 MPOTrPAMMHOM CUCTEMbI YIIPABJIEHUS, KOTOPas MOChLIAeT
B CeTb KOPOTKHUE cooOLIeHns, Tpebyolue 00s13aTeIbHOM U HEMEIeHHOM OTPabOTKHM, IIPH BbI-
6ope MapuipyTa 6oJiee BaXXHa HaJle)XHOCTb JIMHUY CBSI3U U MUHUMAJIbHBINA yPOBEHD 3a1€PiKeK
Ha MapupyTe. KpoMe Toro, Jake 17151 JaHHBIX, NPeAbSBASIONNX K CETH OAMHAKOBBIE TPe6O-
BaHUsI, MOXKET IPOKJIA/bIBATHCS. HECKOJIBKO MapIIPYTOB, YTOObI 32 CYET pacnapasijie MBaHus
YCKOPUTD Nepeayy JaHHBIX.

BoamoxHa u 06paTHa;1 IO OTHOLWIEHUIO K BBIAEJIEHNIO MOAIIOTOKOB Oll€pallud — azpezuposa-
Hue nomoxoe. OObIYHO OHA BBHIMIOJIHSAETCA Ha MarucTpaJjsax ceTeﬁ, KOTOpbI€ NTEPpEAA0T OYE€Hb
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60J1b11I0€ KOJMYECTBO MHAMBUAYAJIbHBIX [I0TOKOB. ATPErMPOBAaHKE TIOTOKOB, HMEIOIHUX O6LIYIO
4aCTh MapIIPYTa YepPe3 CETh, [O3BOJISIET yMEHBLIUTD KOJMYECTBO XPAHUMOM NPOMEXYTOYHBIMH
y3J1aMH ceTH UHGOPMALIMH, TAK KAaK arperHpOBaHHbIE TOTOKYU OMMCBIBAIOTCS B HUX KaK OJHO
uesioe. B pesysibraTe CHUXXAETCSL HATPY3Ka HA MIPOMEXKYTOUHbBIE Y3JIbl CETU U MOBBIIIAETCS UX
obicTpomeiicTBYE.

IIpu3HaKK OTOKA MOTYT UMETh 2106aibHOe U I0KAIbHOe 3HAYeHHe — B TIEPBOM CJy4ae OHU
OJHO3HAYHO OTpeJeJsiioT NOTOK B IIPeJiesiaX BCeil ceTH, a BO BTOPOM — B Mpe/esax OfHOT0
TPaH3UTHOrO y3Ja. I1apa uieHTHOULIMPYIOLMX [IOTOK 3IPECOB KOHEYHBIX Y3JI0B — 3TO IIPUMeED
riobanbHoro npusHaka. [IpuMepoM npusHaka, JIOKaJIbHO ONpPEeAEsSIIOLIETO TIOTOK B TIpeaesiax
YCTPOHMCTBa, MOXeET CJIYXKHTb HOMep (MaeHTHdUKATOP) MHTepdeiica JaHHOTO yCTPOIICTBA, HA
KOTOPbIii mocTynuu AaHHbie. Hanpumep, BosBpatuasics K puc. 2.12, yzen 1 MoxeT ObITh HaCTPOeH
TaK, yToObI Mepe/iaBaTh Ha MHTep(eiic B Bce aHHbIE, TOCTYNUBILIME ¢ HHTepdeNca A, a Ha HHTep-
¢eiic C — nannsle, noctynusiuue ¢ uHTepdeiica D. Takoe MpaBuio NO3BOJSET OTAENUTD IOTOK
AaHHBIX y3J1a 2 OT NOTOKA JAHHBIX Y3J1a 7 ¥ HANpaBJISATh UX JJIs1 TPAH3UTHOM Iepefayu yepes
pasHbIe Y3JIbl CETH, B JaHHOM CJIyuyae MOTOK y3J1a 2 — yepe3 y3eJ1 5, a NOTOK y3J1a 7 — uepe3 y3es 8.

Merka notoka — 310 0co6bIil TUN Mpu3Haka. OHa npeacTaBasieT coH6oi HEKOTOPOe YHCIIO, KO-
TOpOE HECYT Bce AaHHble MoToKA. [106aibHas MeTKa Ha3HAYaeTCs JaHHBIM [TOTOKA M HE MEHSIeT
CBOET0 3HaYeHUs] Ha BCEM IPOTSDKEHUH ero MyTH CJeJOBaHMsI OT y3J/1a MICTOYHUKA /10 Y3/1a Ha-
3HAYEeHHs1, TAKMM 06pa30M, OHA YHUKAJILHO OTIpeZesisieT MOTOK B Npejesax ceTH. B HeKoTopbix
TEXHOJIOTHSIX HCI0JIb3YIOTCS JIOKaJIbHbIE METKH ITOTOKA, AMHAMUYECKU MEHSIIOLLIIe CBOE 3Haye-
HHe NIPY nepeziaye JaHHBIX OT OAHOTO Y3J1a K IPYTOMY.

Takum 06pa3om, pacno3HaBaHue MOTOKOB BO BPEMSA KOMMYTaLUW NPOUCXOAUT Ha OCHOBaHWUM Npu-
3HaKOB, B KA4eCTBE KOTOPLIX, NTOMUMO 06S3aTENLHOrO anpeca HaaHaveHUs AaHHbIX, MOryT BLICTYNaTh
M Apyrue NpuaHaku — Takue, HanpruMep, Kak MAeHTUOUKATOPbI NPUAOXKEHWIA.

MapwpyTusauus

3ajaya MapUIPYTH3alKH, B CBOIO OYePE/ib, BKIIOYAET B ce0s1 IBE MOA3aAa4H:
O onpezneneHue MapuipyTa;
Q omnoseluenne ceTH 0 BBIOPAHHOM MapILIpYTe.

Onpedenumo mapupym 03HAYAET BBIOGPATH IOCJIEA0BATENBHOCTD TPAH3UTHBIX y3JI0B U UX MHTEP-
deiicos, yepe3 KOTOPbIE HA/IO TIEPEABATD AaHHBIE, YTOOBI IOCTABUTD MX anapecaty. OnpeeeHne
MaplIpyTa — CJIOKHasl 33243, 0COOEHHO KOrla KOH(Urypalus CeTH TaKOBa, YTO MeX/1y Napoii
B3aMMO/eHCTBYIOLIMX CeTeBbIX MHTEP(ENCOB CYIECTBYET MHOXKeECTBO myTeit. HYaie Bcero BbIGOp
OCTaHABJIMBAIOT HA O/THOM ONMUMAIbHOM! IO HEKOTOPOMY KpHUTepHio MapuipyTe. B kauectBe
KPUTEPHEB ONTHMATBHOCTH MOTYT BBICTYIATh, HAIIPUMEP, IIPONYCKHAsi CIIOCOOHOCTD U 3a-
IPYKEHHOCTb KaHAJIOB CBSI3H; 3a[€P>KKH, BHOCUMBbIe KaHAJTaMH; KOJHYECTBO NPOMEXYTOUHbBIX
TPaH3UTHBIX Y3JIOB; HA/lE)KHOCTb KAHAJIOB Y TPAH3UTHbBIX Y3JI0B.

MapuipyT MOeT oIpeaessiTbCsl IMIIMPUYECKH («BPY4HYIO» ) a/IMUHUCTPATOPOM CETH Ha OCHOBA-
HUH Pa3JIMYHbIX, 4acTo He hopMandyeMbix coobpaxernuil. Cpeau nobyauTe IbHbIX MOTHBOB Bbl-

! Ha NPAaKTHUKeE JI1 CHUKEHUA 06beMa BbIYMCAEHU I OrpaHM4YHMBaKOTCA NOUCKOM HE ONITUMAJIbHOTO B MaTe-
MAaTUYE€CKOM CMbICJIE, & PALTHOHAJIIBHOTO, TO €CThb 6JIM3KOI0 K ONTUMAJIbHOMY, MapuipyTa.
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60pa 1lyTH MOTYT ObITh: 0COObIE TPEGOBAHUS K CETH CO CTOPOHbBI Pa3JIMYHBIX THUIIOB NIPUJIOKEHUIA,
peleHe nepefaBaTh TpadUK Yepe3 ceTh ONpeJeIeHHOTO NOCTABIIMKA YCIYT, TPeAII0N0KeHUs
0 MUKOBBIX HArpy3Kax Ha HEKOTOPbIE KAHAJIBI CETH, COOOpaskeHUsT 6E30IaCHOCTH.

OaHako 3MIMPUYECKHIA MTOAXO/ K ONPeesIeHUI0 MapIIPYyTOB MAJIOIPUTOAEH AJ1si GOJIbIION ceTH
€O CJI0XKHOM Tornosiorueit. B aToM ciiydae ucnosib3yioTcst aBTOMaTH4YeCKHe METO/Ibl Olpe/iesIeHHs]
MapuipyToB. [I/1s1 3TOro KOHeuHble Y3J1bl U APYTHe YCTPOUCTBA CETH OCHAILAIOTCS ClIELUATbHBIMU
IPOrPaMMHbBIMH CPEACTBAMU, KOTOPble OPTAaHU3YIOT B3AUMHBIH 0OMEH CITy>KeOHBIMHU COOOLIIEHH-
SIMH, TTO3BOJISTIOLIMI KaXKI0OMY Y3J1y COCTaBUTh CBOE «IIPEACTaBJIeHHE» O CeTH. 3aTeM Ha OCHOBE
CoOpaHHBIX IAHHBIX IPOTPAMMHBIMHM METOJAMH OTNPEAESIIOTCS PAMOHATIbHBIE MAPIIPYThI.

[Ipu BEIGOPE MAapUIPyTa YACTO OFPAHMYMBAIOTCS TOJbKO HH(MOpPMALKEH O TOMOJIOTHH CETH.
IToT noaxoa wimocTpupyet puc. 2.13. [Ins nepepaun Tpaduka Mexay KOHEUYHbIMU y3aaMu A
u C cymecTBYIOT ABa aJbTePHaTUBHbIX MapuipyTa: A-1-2-3-C u A-1-3-C. Ecin Mbl y4uThIBaeM
TOJIKO TOIIOJIOTHIO, TO BBIGOP o4YeBuieH — MapuipyT A-1-3-C, KOTOpbIl MMeeT MeHblile TPaH-
3UTHBIX Y3JI0B.

Puc. 2.13. Buibop MapuwpyTa

Peurerue 6b110 HAWACHO TyTEM MUHUMHU3AI[MKA KPUTEPHS], B KAYeCTBE KOTOPOTO B IaHHOM ITPU-
Mepe BbICTyNaJa /UIMHA MApUIPYTa, U3MEPEHHAs! KOJMYEeCTBOM TPAH3UTHBIX y3J10B. OHaKo,
BO3MOXHO, Haul BLIGOP 6bLT He cambIM siyuiinM. Ha pucyHke nokasaHo, 4yto kaHans! 1-2 u 2-3
061a1a10T NpoNnycKHoit cocobHocThio 100 MOUT/C Kaxabiid, a kanan 1-3 — tosbko 10 Moéur/c.
Yrobbl Hallla MHGOPMAIIUs TepeaaBasach M0 CETH C MAKCUMAJIbHO BO3MOXHOM CKOPOCTHIO,
cyief1oBasio Ob BbIOpaTh MapuipyT A-1-2-3-C, XOTs OH ¥ MPOXOAUT Yepe3 GoJibliee KOJNYeCTBO
NPOMEXYTOUHBIX y3Ji0B. TO €CTh MOXKHO CKa3aTh, YTOo MapuipyT A-1-2-3-C B 1aHHOM cJjryyae
OKa3bIBaeTCs «BoJIee KOPOTKUM».

AGCTpaKTHast OlleHKa YCIOBHOTO «PAaCCTOSTHUSI» MEXKAYy ABYMsI y3JIaMH CETH Ha3bIBAeTCs Me-
TpuKoii. Tak, f/1s1 U3MepeHust IJTMHBL MAPUIPYTa MOTYT ObITh UCTIOJIb30BAHBI Pa3Hble METPU-
KH — KOJIM4eCTBO TPAH3UTHBIX Y3JI0B, KaK B IIPEJbIAYILEM PUMepe, IMHEeHHAas IPOTSIKEHHOCTD
MaplIpyTa U 1aXke ero CTOMMOCTDb B [IleHEXKHOM BbIpakeHUH. [lJIsl TOCTPOeHHsT METPUKH, yUH-
THIBAIOLLEH TIPOMYCKHYIO CIOCOOHOCTD, YaCTO NPUMEHSIIOT CJIE/YIOIINI IIPUEM: IVIHHY KaXKAOTO
KaHa/la-y4acTKa XapaKTEPU3YIOT BEJMYMHOM, 0OPaTHO# €ro MporycKHOU criocobHocTH. YTobObI
OTEPHUPOBATH LIEJIBIMU YUCJIAMHU, BHIOUPAIOT HEKOTOPYIO KOHCTAHTY, 3aBEZIOMO OOJIbUIYIO, YEM
POIYCKHbIE CIOCOOHOCTH KaHANOB B ceTH. HampuMep, ecsii Mbl B Ka4eCTBE TAKON KOHCTAHTBI
BbibepeM 100 M6uT/C, TO METPUKA KaXKA0TO U3 KaHanoB 1-2 n 2-3 paBHa 1, a MeTpuka KaHana 1-3
cocrasisiet 10. MeTpuka MapuipyTa paBHa CyMMe METPUK COCTABJISIOIIMX €r0 KAHAJIOB, TO3TOMY
vacTb yTH 1-2-3 06/1a1aeT METPUKOH 2, a a/IbTepHATHBHAs 4acTb nyTH 1-3 — MeTpukoi 10. Mbt
BbIOMpaeM GoJiee «<KOPOTKUII» MyTh, TO €CTh MyTh A-1-2-3-C.
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OnucaHHbIe TOAXO/bI K BHIOODY MAPUIPYTOB He YYMTHIBAIOT TEKYLIYIO CTENeHDb 3arPyKEeHHOCTH
KaHasoB TpacukoM!. Mcriosnb3yst aHaIoOruio ¢ aBTOMOOUIbHBIM TPahHKOM, MOXKHO CKa3aTh, YTO
MBI BBIOMPAJIH MApUIPYT 110 KapTe, YYUTHIBAsK KOJUUECTBO MPOMEXYTOYHBIX TOPOJIOB U LIUPUHY
A0pOrH (aHATOT MPOMYCKHOI CIIOCOOGHOCTH KaHaa), OTAABasl MPEANOYTeHHe CKOPOCTHBIM Maru-
crpasisiM. Ho npu 3ToM MBI He YUl paino- WM TeeCOOOLIEHHS O TEKYIMX 3aTOPAX Ha JOPOrax.
Tak uTo Halle pelleHHe OKA3bIBAETCSI OTHIOAD HE JIy4INM, Koraa no Mapupyty A-1-2-3-C yxe
nepenaeTcs GOJIbILOE KOJIUYECTBO MOTOKOB, a MapuIpyT A-1-3-C npakTuyecku cBoGOEH.

[Tocsie Toro kak MapupyT onpefesieH (BpY4YHYIO UM aBTOMAaTUYECKH ), HAI0 ONOBECMUMb
0 HeM Bce ycTporictBa cetd. CoollueHre 0 MapuIpyTe JOKHO HECTH KaXKAOMY TPAaH3UTHOMY
YCTPOHMCTBY NMPHUMEPHO TaKyi0 MH(GOPMAIMIO: «KaKABIN pa3, KOraa B yCTPOMCTBO MOCTYIST
JlaHHbIE, OTHOCSIIIMECS] K IOTOKY 71, UX CJeAyeT nepefaTh AJs JajlbHeNIIero NpoABUXKeHHUs Ha
unrepoeiic if1». Kaxnoe nogobHoe coobiuenue o MapupyTe o6pabaTbiBaeTCsi TPAH3UTHBIM
YCTPOMCTBOM, B pPe3yJIbTaTe CO34AeTCs HOBasl 3alMCh B TaOHue KOMMyTauuu (Ha3biBaeMon
Takxke TabJaMuell MaplIPpyTH3aUHK) TaHHOTO YCTPOUCTBA. B 3To# Tabsiuiie JOKaIbHOMY MK
r7106a/IbHOMY NMPU3HAKY (MIPU3HAKaM) MOTOKA (HAIIPUMeEp, METKe, HOMEPY BXOIHOTO UHTepdeiica
WJM aipecy Ha3Ha4YeHHs1) CTAaBUTCSI B COOTBETCTBHE HOMep MHTepdeiica, Ha KOTOPbIN YCTPOICTBO
JIOJKHO NePeiaBaTh aHHbIE, OTHOCSIIMECS] K 3TOMY NOTOKY.

Tabauua 2.1 siBasieTcst pparMeHTOM TabIMIBI KOMMYTAIMK, COAEPXKAIMM 3alUCh, CAEJAHHYIO
Ha OCHOBaHUU COOBIEHHS 0 HeOOXOAMMOCTH Tlepeayu MOTOKa 1 Ha uHTepdeiic if1.

Ta6nuua 2.1. dparmeHT Tabnunubl KOMMYyTaUUK

IIpu3Haku notoka Hanpagsnenne nepegauu qaHHbIX (HOMep HHTepdeiica
H/WIH ajipec clieaAyloulero y3Jjia)

n=(DA, SA, A} ift

B atoii Tabsunite B KayeCcTBe NPU3HAKa IIOTOKA MCIIO/Ib30BaHbl aapec HasHaueHuss DA, aapec uc-
TOYHUKA SA ¥ TUI IPUJIOKEHUS A, KOTOPOE TeHEPUPYET MAKEThI MOTOKA.

OrnoBellieHHEe TPAH3UTHBIX YCTPOUCTB O BBIGPAHHBIX MapLIPyTaX, Kak U onpe/iesieHue MapuipyTa,
MOJKET OCYLIECTBJSITBCSI BDYYHYIO UM aBTOMATHYECKU. AIMIHICTPATOP CETH MOXeT 3aduK-
CHUPOBATh MapPIIPYT, BBIIIOJIHUB B PyYHOM peXUMe KOH(PUTYPUPOBAHKUE YCTPOUCTBA, HAMPUMED,
JKEeCTKO CKOMMYTHUDPOBAaB Ha [JIUTEJIbHOE BPEMsI ONpe/eeHHbIe MAPbl BXOMHBIX U BBIXOMHBIX
uHTtepdeiicos (kak pabotany «TeedoHHbIE GapbIIIHK» Ha IIEPBBIX KOMMYyTaTopax ). OH MoXxeT
TaK)Ke M0 COOCTBEHHOM MHUIMATHBE BHECTH 3aMKCh O MapUIPYTe B TabIMILy KOMMYTALIUH.

OnHako TNIOCKOJIbKY TOIIOJIOTHSA U COCTaB I/IH(bOpMaL(PIOHHbIX ITIOTOKOB MOTYT MEHATHCA (OTKaSbI
Y3JI0B UJIN NMOABJIEHUE HOBBIX ITPOMEXYTOYHBIX y3JI0B, U3BMEHEHHE aIPECOB UJIN OllpeaesieHne
HOBBIX l'IOTOl(OB), rubkoe peuleHue 3a1ad ONnpeAeJIeHNA U 3a/laHU MAapIIPYTOB MIpeArioaraet
IIOCTOSIHHBIIA aHA/IU3 COCTOSIHUSA CETH ¥ OOHOBJIEHHE MapuipyToB U Ta6JII/ILI KOMMYTallUHn. B takux
CJay4yasix 3a/lad¥ NPOKJIAAKHU MaplIpyTOB, KaK IIPABHUJIO, HE MOTYT OBITh peleHbI 6e3 JAOCTAaTOYHO
CJIOKHBIX IMTPOTrPAMMHBIX U allllaPpaTHbIX CPEACTB.

1 MeTounpl, B KOTOPBIX HCMOJIb3YETCsI MHPOPMALMS O TEKYILEii 3arPYKEHHOCTH KAHAJIOB CBSA3H, 103BOJSIOT
olipenesisiTh 6osiee paUMOHATbHbBIE MAPLIPYTHI, OHAKO TPEGYIOT MHTEHCUBHOTO 0OMEHA CI1y)KeOHON HH-
(dbopMaLmeit MeXLY y3/1aMU CETH.
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I'Ipop.Bu)KeHue AaHHbIX

Wtak, nycth MapuipyThl ONpe/eJeHbl, 3alIUCH O HUX CeJIaHbl B TabJIMIaX BCEX TPAH3UTHBIX
V3JI0B, BCE TOTOBO K BBITNIOJHEHUIO OCHOBHOM OTlepalluy — Nepejiaye JaHHbIX MeX1y aOOHEeHTaMH
(koMMyTalUu aOOHEHTOB).

Jlns kaxaoi napbl abOHEHTOB 3Ta ONEpPaNyst MOXeT ObITh MpPeNCcTaBJeHa HECKOJABKUMU (110
YHCY TPAH3UTHBIX Y3JI0B) JI0KANbHbIMU OTIEPALIUSIMU KOMMYTauuu. [1pex e Bcero oTnpaBuTeb
JI0JDKEH BBICTABUTH IAHHBIE HA TOT CBOM HHTEepdeEIiC, C KOTOPOTO HAUMHAETCS HAMIEHHBIA MaplI-
PYT, @ BCe TPAH3UTHbIE Y3J1bl JOJKHBI COOTBETCTBYIOUIMM 00pa30M BBIIIOJHUTH «I1ePeGPOCKY»
JIAHHBIX C O/IHOTO CBOero MHTepdelica Ha APYTOH, APYTUMHU CJIOBAaMHU, BBINIOJHUTH KOMMYTAILHIO
nHTepdeicoB. YcTpoiicTBO, GYyHKUMOHAIBHBIM Ha3HAYeHHEM KOTOPOTO SIBJISIETCS] KOMMYTalUs,
Ha3biBaeTcsi KoMMyTaTopoM. Ha puc. 2.14 nokazaH KOMMYyTaTop, KOTOPbIii epekao4aeT uHOop-
MalLMOHHbIE IOTOKH MEXAY YeThIPbMSI CBOUMM UHTEpdeiicaMu.

Puc. 2.14. KommyTaTtop

WUnTepdeinc kommyraTopa (Ha3biBAaEMbIA TaKXKE NOPTOM) ABNAETCA PUUHECKUM MOJYNEM, CO-
CTOSILLUM U3 NPUEMHMKA U NepeaaTymka. B Tom cnyyae, koraa nepenatink U npueMHuk paboTtaioT Ha
AYNNEKCHbIM KaHan CBsR3un, OHY paboTaloT He3aBUCMMO APYr OT apyra, obecneynsas 0OAHOBPEMEHHYIO
nepenaYy AaHHbIX B 060ux HanpasneHnsax. Horaa npuemHylo 4acTs MHTepdenica Ha3biBaloT BXOAHBIM
uHTep@Pencom, a BbIXOAHYIO HacTb — BbIXOQHLIM MHTEpdeiicom.

[Ipex e yem BBIMOJHUTH KOMMYTALIMIO, KOMMYTATOP A0JIKEH PAclio3HaTh MOTOK. /17151 3TOrO B 110-
CTYNUBIIMX JaHHBIX KOMMYTATOP ITBITAETCS HAMTH IPU3HAK KAKOTO-TMO0 U3 IIOTOKOB, 33JaHHBIX
B ero Tabanue KoMMyTauuu. Ecin nponsouwio coBnagenme, To 3TH JaHHbIE HAMPABJISIOTCS Ha
uHTepdelic, onpeeseHHbIN A1 HUX B MapIUpyTe.

KoMMyTaTopoM MOXeT 6bITh KaK CIelHaTH3NPOBAHHOE YCTPOMCTBO, TAK U YHUBEPCAJIbHBIN
KOMITBIOTEP CO BCTPOEHHBIM IIPOrPAaMMHBIM MEXaHM3MOM KOMMYTALMH, B 3TOM CJIyyae KOM-
MYTaTOD Ha3blBaeTcst npozpammubvim. KoMibioTep MOXXeT cOBMelaTh (PYHKIMY KOMMYTaLUH
JaHHBIX C BBIOJHEHHEM CBOMX OOBIYHBIX PYHKUMIT KaK KOHEYHOro y3na. OHaKO BO MHOTUX
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caydasix 60Jiee pallMOHATbHBIM SIBJISIETCS PellleHHe, B COOTBETCTBUU C KOTOPBIM HEKOTODBIE Y3JIbl
B CETH BBIIEJSIIOTCS CHEYUANLHO 1T KOMMYTAlMU. ITH y3Jbl 06pa3yloT KOMMYTallHOHHYIO
ceTb, K KOTOPOI1 MOJKTIoYaioTcs Bee ocTanbible. Ha puc. 2.15 noka3aHa KOMMYyTallMOHHasl CEThb,
obpa3oBaHHasi U3 y3J0B 1, 5, 6 U 8, K KOTOPOIi TOAKIIOYAIOTCs: KOHeYHble y3ibl 2, 3, 4,7, 9 u 10.

O TEPMUHAX

TepMUHBI «<KOMMYTALKsI», «TabJIMLa KOMMYTAlMH» U «<KOMMYTAaTOP» B TEJIEKOMMYHHKALIMOHHBIX CETSIX MO-
YT TPAKTOBATbCS HEOAHO3HAUHO. MbI yKe ONpeenIn KOMMYTALMIO KaK MPOLece coeHHeHUst abOHEHTOB
CeTH uepe3 TPAH3UTHBIE Y3JIbl. ITHM XKe TEPMHUHOM Mbl 0003HauaeM U coeiluHeHne nHTepdeNcoB B mpele-
JIax OTAeJIHOTO TPAH3UTHOTO y3/1a. KOMMYTaTOpOM B LIMPOKOM CMBICJIE Ha3bIBAETCs YCTPOIRCTBO J11060ro
THIIa, CNIOCOOHOE BBITOJHATH OllepallMH MePeKII0YeHHs! NOTOKA JIaHHBIX € OJHOTO uHTepdeiica Ha APYTOil.
Onepauusi KOMMYTAIlMHA MOXET BBITTOJIHSTHCS B COOTBETCTBUH C Pa3IHUHBIMKA IPABUJIAMH M /1ITOPUTMAMHU.
HekoTopbie criocobbl KOMMYTallM¥ M COOTBETCTBYOLIHE UM TaOJIUIIBL U YCTPOICTBA [OJYYUIIU CIIELMAbHbIE
Ha3Banus. Hanpumep, B TexHosiornu [P a1 0603HaYeHMS] aHAJIOTHYHDIX IOHSITHIA MCN0JIb3YIOTCS TEPMHHBI
«MapUIPyTH3aLMsl», «TabIMIa MAPIIPYTU3ALMU», «<MAPLIPYTU3aTOP>. B TO ke BpeMsi 34 APYrUMH Crieiu-
JIbHBIMU TUIIAMU KOMMYTAIIMU U COOTBETCTBYIOIIMMH YCTPOHCTBaMH 3aKPEMUIIHCH Te Xe cCaMble Ha3BaHUs
«KOMMYTAlIUsI», «TabJIMIa KOMMYTAUMU> U «<KOMMYTATOP», IPUMEHSIEMbIE B Y3KOM CMbICJI€e, HAlIpUMep, KaK
KOMMYTallUsl © KOMMYTaTOp B JIokaibHOM cetu Ethernet. [lnst TeiecoHHBIX CeTel, KOTOPbIE MOSBUIINCH Ha-
MHOTO paHblile KOMIIbIOTEPHbIX, TAK)Ke XapaKTepHa aHAJIOTMYHasl TEDMUHOJIOTHS, «<KOMMYTATOP» sIBJISIETCS
3/1eCb CHHOHUMOM «TeJsie(pOHHOM CTaHIIUU».

Puc. 2.15. KomMmyTaumoHHas ceTb

MyanunneKcupOBaHMe un gemMmynbTunneKkcnposaHune

Yro6el onpeaennThb, Ha Kakoit nHTepdeic ceayeT nepeaatb MOCTYMUBLINE TaHHble, KOMMYTATOD
JI0JKEH BBISICHUTD, K KAKOMY ITOTOKY OHHM OTHOCSITCSI. JTa 3a/laya J0J’KHa PelaThCsl He3aBUCHMO
OT TOrO, HOCTYMNaeT Ha BXOA KOMMYTaTOpa TOJIbKO OJUH «UHUCTbII» MOTOK MJIU «CMEIIaHHbIH»
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NMOTOK, SIBJISIIOLIMICSA Pe3yJIbTaTOM arperupoBaHusA HECKOJIBKUX ITIOTOKOB. B nocneanem cJjydae
K 3aJ1aye paCrno3HaBaHUs NOTOKOB lIO6aBJIﬂeTCﬂ 3aZavya AE€MYJIbTUIIJIEKCUDOBAHUA.

AemynbTunnekcuposaHue — pasnefnieHne CyMMapHOro NOTOKa Ha HECKOJIbKO COCTaBASIOLUNX Er0
NOTOKOB.

Kak [paBUJIO, OTNI€PALlI0 KOMMYTAllUH COTTPOBOXKAAET TaKXe o6paTHa51 ornepaunsa MyJIbTUIIIEK-
CHUPOBAHUS.

MyneTunnekcuposanue (arpermposanue) — 06pa3oBaHNE M3 HECKONBKUX OTAENbHbIX MOTOKOB
o6Liero arperpoBaHHOro NMoToKa, KOTOPbIV NEPEAAETCs N0 OAHOMY GUIUYECKOMY KaHany CBA3W.

JpyrumMu c10BaMH, MyJbTUILIEKCUPOBAaHHE — 3TO ¢MOCO6 pasfieieHust OAHOT0 UMEIOLIErocs
(hU3MYECKOro KaHala MeX/Y HECKOJbKMMHU OJHOBPEMEHHO IPOTEKAIOIMMH C€aHCaMU CBSA3U
abOHEHTOB CeTH.

Onepaunu MyJ'Ile/ll'[J]eKCl/IpOBaHI/IH/I_IeMyJIbTI/ll'lJIeKCI/lpOBaHl/Iﬂ HMEIOT TaKOe K€ BaXHO€ 3Ha-
yeHue B J060M CETH, KaK 1 Oll€pallii KOMMYTalluy, NOTOMY 4YTO 6e3 HUX MpUUIJIOCHh Obl A
Ka’XX/10T0 NOTOKa NpeaAyCcMaTpuBaTh OTZAEJIbHbIN KaHaJl, YTO IMpUBeEJIO Obl K 60JlbU10My KOJIMYECTBY
napaJijieIbHbIX CBsI3€d B CETH U CBeEJIO Obl Ha HET BCe IIpeEMMyLIECTBA HETOJTHOCBSI3HOU CETU.

Ha puc. 2.16 nokasan ¢pparMeHT ceTy, COCTOSIIMI U3 TpeX koMMyTaTopoB. KommyTarop 1 umeer
yeTbIpe ceTeBbIX MHTepdeiica. Ha untepdeiic 1 nocTynaior faHHble ¢ AByX HHTepdeiicoB — 3 1 4.
Mx Hano nepeaatb B oOUIMH (DU3MYECKUIA KaHaJ, TO €CTb BBIOJHUTh ONEPALMIO MYJIBTUILIEK-
CHPOBaHUSL.

Puc. 2.16. Onepauun MynsTUNNEKCUPOBAHUA U AEMYNLTUMNEKCUPOBAHUS NOTOKOB NPU KOMMYTauun

O/HUM 13 OCHOBHBIX CIIOCOOOB MYJILTUILIEKCMPOBAHUS TOTOKOB SBJISIETCS pa3/ejieHue BpeMe-
Hu. [Ipu 3TOM criocobe Kaxblii MOTOK BpeMsi OT BpeMeHH (€ (UKCUPOBAHHBIM WUJIM C1yYaiHbIM
nepuoIoM) moJydaeT (pU3NyecKUit KaHa B TIOJTHOE CBOE PACMOPsIKeHUeE U MepeaaeT Mo HeMy
CBOM JaHHBble. PacnipocTpaHeHo Takxe YaCTOTHOe pa3/ejieHHe KaHaJla, KOTAa KaX/Ablil MOTOK
Tiepe/laeT AaHHbIE B BbIIEJIEHHOM €My YaCTOTHOM JIMana3oHe.
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TexHoJi0rus1 My IBTUILIEKCUPOBAHUS 10JKHA TIO3BOJISITh MOJIyYaTe 0 TAKOTO CYMMApPHOTO 110~
TOKA BBINOJIHATh 0OPATHYIO ONEpALio — paszieJieHne (1eMyIbTUILIEKCUPOBAHHE) JaHHBIX Ha
caaraemble notoku. Ha nnrepceiice 3 KOMMyTaTop BHINOJHSIET IEMYJIBTHILIEKCHPOBAHHE TOTOKA
Ha TPH COCTABJISIIOLIMX ero noanoToka. OANH U3 HUX OH nepejaet Ha nuHrepdeiic 1, Apyroit — Ha
uHTepdeiic 2, TpeTuit — Ha MUHTEPdeiic 4.

Boobiwe roBopsi, Ha 0HOM MHTep(Eeice MOTYT OJJHOBPEMEHHO BBIMOJHATHCS 00e QYHKUMU —
MYJIBTHILJIEKCUPOBAHHUE U 1€MYJIBTUILIEKCUPOBAHHE.

YacTHbIN cny4an KoMMYTaTopa, Y KOTOPOro BCe BXxoasiume MHGOPMaLUNOHHBIE NOTOKN KOMMYTUPYIOTCS
Ha OAVH BbIXOAHOW UHTepdenc, rae OHU MyNbTUNAEKCUPYIOTCA B OOAUH arperMpoBaHHbii NOTOK, Ha-
3bIBAETCH MyAbTUNIEKCOPOM. KOMMYTATOP, KOTOPbIA MMEET OAMH BXOAHOW MHTEPdERC U HECKONbKO
BbIXO/IHbiX, Ha3bIBAETCH REMYNILTUNNAEKCOPOM (pUc. 2.17).

MynbsTunnekcop [emynsTunnekcop
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Puc. 2.17. MynsTunnekcop n AeMynbTUNNEKCOP

Paspensemas cpena nepenadv AaHHbIX

Bo Bcex paccMOTpeHHBIX TpUMepax MYJIBTHILIEKCUPOBAHUS TOTOKOB K KaX/10i JTUHUU CBSI3U
MIOAKJIIOYATTMCD TOJIBKO Ba HHTep(deiica. B ToM ciyyae, Koria TMHUS CBA3M SIBASETCS LYTIIEKC-
HBIM KaHAJIOM CBsI3H, KaK 3TO [MOKa3aHO Ha puc. 2.18, kaxabiit U3 uHTEpdECOB MOHOMOJIBHO
WCIOJIb3YET KAHAJ CBSI3U B HAMPABJIEHUH <OT CeOs1». ITO OODBSICHAETCS TEM, YTO LYJIEKCHBIM
KaHaJl COCTOUT U3 IBYX HE3aBUCUMBIX CPeJl epeiauu JaHHbIX ([TOKAHAJIOB), U TAK KaK TOJIbKO
nepeJaTyMK MHTepdeiica siBsieTCs] aKTUBHBIM YCTPOMCTBOM, a TPUEMHUK [ACCMBHO OXKMAAET
NOCTYIJIEHUS] CUTHAJIOB OT MPUEMHMKA, TO U KOHKYPEHI[MH M0JKAHATOB He BO3HUKaeT. Takoii
PEeXXMM MCMOJIb30BaHMS CPe/bl Nlepeiladyl AaHHBIX SIBJISETCS] B HACTOsILIee BpPeMsi OCHOBHbIM
B KOMITBIOTEPHBIX JIOKAJbHBIX U [T0OATBHBIX CETSX.

Puc. 2.18. [lynnekcHbii KaHan — pa3aensemMas cpena oTCyTCcTByeT
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Oj1HaKO ecaH B I7100a/IbHBIX CETSIX TAKOH PEXUM UCIIOJIb30BAJICSA BCErAa, TO B JTOKAJIbHBIX Ce-
Ts1X J10 cepeartbl 90-X rogoB npeobnasan Apyroi pexxuM, OCHOBAHHbIM Ha Pa3/e/IsieMO cpesie
rniepejilauu AaHHBIX.

Paapensemoi cpepon (shared medium) Ha3biBaeTcs puanyeckan cpega nepenasy AaHHbIX, K KoTo-
POV HENOCPEACTBEHHO NOAKSTIOHEHO HECKONLKO NepefaTinKoB Y3NoB cetu. [NpuyeM B Kaxabii MOMEHT
BPEMEHM TONLKO OANH U3 NepeaaTHnKoB Kakoro-nnbo yana ceT nonyyaeT A0CTyn K pa3nensemon cpe-
Ae v ucnonb3yeT ee pNs Nepeaayn AaHHbIX NPUEMHNKY APYroro yana, noaknio4eHHOMY K 3TOM Xe cpeae.

B HauGosee mpoctoM caydae 3dekT pasneseHus: Cpeibl BOSHUKAET NPH COEAUHEHUH ABYX
nHTepdeiicoB ¢ MOMOLIBIO MOJYAYIIEKCHOTO KaHajla CBSI3U, TO €CTh TAKOTO KaHaja, KOTOPBIH
MOJXET Nepe/iaBaTh JaHHbIe B JTI0OOM HalpaBJIEHUH, HO TOJIbKO monepeMeHHO (puc. 2.19). B atom
cJIydae K OJHOI M TOil XKe cpefie Nepesavyn JaHHBIX (HAMPUMeEp, K KOAKCHATbHOMY KabesIio 1iu
obuleit paarocpesc) MOAKIOYEHBI 1Ba IPUEMHUKA ABYX HE3aBUCUMBIX Y3JI0B CETH.

Puc. 2.19. NonyaynnekcHbIi kKaHan — pasaensemas cpeaa

[Ipu nog06GHOM IPUMEHEHUM CPefibl Nlepelady JaHHBIX BOZHMKAET HOBasl 3a/laya COBMECTMHOZ0
UCNOIb308ANUSL CPEOVL HE3ABUCUMBLMU NePedamyuuKamu TaKUM 06pa3oM, YTOObI B KaXKAbIi OT-
JIC/IbHBI MOMEHT BPEMEHH 110 CPeJle Nepe/laBaIuCh JaHHbIE TOJIbKO OQHOTO nepeaaTyuka. Jpy-
THMH CTIOBaMH, BO3HUKAET HE0OX0OUMOCTID 8 MEXAHUIME CUMXPOHUIAUUU OOCTIYNA unmepericos
Kk pasdensemoi cpede.

O6ob1eHneM pasziesisieMOo Cpe/bl SIBJISIETCSI CIyval, MOKa3aHHbIN Ha puc. 2.20, Koria K KaHasy
CBSI3W MIOAKJIIOYAIOTCST O0Jiee IBYX HHTEP(EHCOB (B MPUBEIEHHBIM IPUMEPE — TPU), IPU ITOM
NIPUMEHSIETCS! TOITOIOT Ul OO IITMHBI.

CyutecTBYIOT pa3 iyHble COCOObl peleHus 3aaul OPraHU3aUuyd COBMECTHOIO JOCTYMa
K pasjiesisieMbIM JTMHUSM CBsA3U. OHM U3 HUX 110/1pa3yMeBAIOT YeHMPAIU308aHHbLI MONXO,
KOI'/ZIa IOCTYIOM K KaHajly yIpaBJsieT ClenuaabHoe YCTPOUCTBO — apOUTp, Apyrue — deyen-
mpaauzosannbii. Eciv Mpl 06paTHMCs K OpraHM3aluy paboThl KOMIIOTEPA, TO YBUIMM, YTO
AOCTYM K CUCTEMHOM UIMHE KOMIBIOTEPA, KOTOPYIO COBMECTHO UCIIOJIB3YIOT BHY TPEHHKE 610KU
KOMITbIOTEPA, YIIPABJISIeTCs LEHTPAJM3OBAHHO — MO0 NPO1leccopoM, 160 CrenuaibHbIM
apOUTPOM UIMHBL,

B cersax OpraHuv3alynda COBMECTHOI'O JOCTYIIA K JIMHUAM CBA3U UMEET CBOIO cneuu(bMKy H3-3a
CYLIeECTBEHHO 60.J1b11IETO BPEMEHH PACNPOCTPAHEHHA CUTHAJIOB MO JIMHUAM CBA3U. BZIer npo-
11€/1ypbl COIVIaCOBAHUA JOCTYIA K IMHUH CBA3U MOTYT 3aHMMATh CJIUIIKOM 601110 IIPOMEXYTOK
BPEMECHHU U NPUBOAUTD K 3HAYHUTEJIbHBIM MMOTEPAM IIPOU3BOAUTEIBHOCTH CETH. MMeHHoO no aToM
IIPUYHUHE ME€XAaHU3M pa3/ie/IeHHUA CpeAbl B rJ106aIbHBIX CeTSAX MMPAKTUYECKU HEe HNCITOJIb3yEeTCA.
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Puc. 2.20. KaHan c MHOXeCTBEHHbIMW NOAKNIOYEHUAMN — pasaensemas cpena

Ha nepBbiit B3IJIsI1 MOXKET MMOKA3aThCsl, YTO MEXAHU3M Pa3/ieleHUs CPelibl OYeHb II0X0XK Ha Me-
XaHU3M MYJIbTUILIEKCUPOBAHUSI IIOTOKOB — IOCKOJIBKY M B TOM U B /IPYTOM CJIy4asix MO JIMHUH
CBSI3M TI€PE/IaeTCsl HECKOJIBKO MMOTOKOB IaHHBIX. OIHAKO 3/1€Ch €CTh IPUHUUITMAILHOE PA3IyKe,
Kacaiolleecsi TOro, Kak KOHTpoJaupyeTcst (ynpaBisieTcs) JMHUS cBsidu. [Ipu MynsTUnIeKCHpo-
BaHUM AYIJIEKCHAsI IMHUS CBSI3U B KAXKAOM HANpaBJIeHNUH HAXOAUTCS IO TOJHBIM KOHTPOJIEM
O/IHOTO KOMMYTaTOpa, KOTOPBII peliaeT, KaKye MOTOKH Pa3esisioT OOMii KaHa CBS3U.

Jlns moKa/bHBIX ceTel pasjie/isieMasi CpeJia CPaBHUTE/IbHO 0JIT0 Obl1a OCHOBHBIM MEXaHM3MOM
HCIMOJ/Ib30BAHUS KAaHAJIOB CBSI3H, KOTOPBIH NIPUMEHSIJICSI BO BCeX TEXHOJIOTHSIX JIOKAJIbHBIX Ce-
teit — Ethernet, Token Ring, FDDI. IIpu 3TOM B TEXHOJIOTUSIX JIOKATIbHBIX CETEN IIPUMEHSTHCD
JelleHTpaIM30BaHHble METOABI JOCTYMA K Cpelle, He Tpebyloume Haanuus apbutpa B cetu. [1o-
MyJSPHOCTb TEXHUKH Pa3/Ie/IeHUsI CPEIbl B JIOKABHBIX CETAX 00BSICHSIACH TIPOCTOTOM U IKOHO-
MMYHOCTbIO anmnapaTHbiX pelieHuit. Hanpumep, asis coznanus cetu Ethernet Ha koakcuaibHOM
Kabejie HUKAKOro JIPyroro CeTeBoro 060pyaoBaHusi, KPOME CETEBBIX aJalTePOB KOMITbIOTEPOB
1 caMoro Kabesisi, He TpebOyercsi. HapaluuBaHie KOJMYECTBA KOMIIBIOTEPOB B JIOKAJIBHOM CETH
Ethernet Ha KoakCHMalbHOM Kabesie TakXKe BBIITOIHAETCS AOCTATOYHO MIPOCTO — IYTEM IIPUCO-
eIMHEeHUS] HOBOTO OTpe3Ka KabeJisi K CyLIeCTBYOIEMY.

CeroziHsi B MPOBOJAHBIX JIOKAJIbHBIX CETSIX METO/ pa3/ie/IeHUs CPe/ibl MPAKTHUYECKHU MepecTal
npuMeHsiTbes. OCHOBHOM NPUYMHOMN OTKa3a OT pa3fe isieMoil Cpe/ibl SIBUJIACh ee HU3Kast U TII0X0
npeacKa3yemasi IPOM3BOANTEIBHOCTD, a TAKXKe II0Xast MaciTabupyemocts!. Huskas npousso-
IINTEJIbHOCTb OOBSCHSETCST TEM, UTO TIPOMYCKHAsi CIIOCOOHOCTb KaHAIa CBSI3U JEUTCS MEXIY
BceMHM KoMnbloTepamu cety. Hampumep, eciu siokanbHas cets Ethernet coctount ua 100 kommbio-
TEPOB, & JI/Isl MX CBSI3U KCII0JIb3YIOTCS KOAKCHUAJIbHBIIA KabeJIb U ceTeBble ajlalTephl, paboTaroime
Ha ckopoctd 10 M6uT/C, TO B CpeHeM Ha KaX/blil KOMITbIOTEpP NpUxoautcst Toabko 0,1 M6ur/c
NPOMYCKHOI criocobHocTH. Bojiee TOYHO OLIEHUTD Z0JII0 MPOMYCKHON CIOCOOHOCTH, TPUXOISL-

1 MacmTa6npyeMocmo Ha3bIBAIOT CBOWCTBO CETH JONYyCKaTb HapalllUBaHUE KOJIMYECTBA y3J10B U NMMPOTAXEH-
HOCTb JIMHUH CBSI3U B OUEHb LHIMPOKHUX Mpeaesax 6€e3 CHHXKEHUS TNPOU3BOAMUTE/IbHOCTH.
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LIYIOCsT HA KaKOM-1MO0 KOMIIBIOTED CEeTH, TPYAHO, TaK KaK 3Ta BEJMYMHA 3aBUCUT OT MHOTHX
cJly4alHbIX ()aKTOPOB — HalpuMep, akTHBHOCTH APYIUX KoMnsiotTepoB. HaBepHoe, k 3TOMY
MOMEHTY YHTATEJIO yiKe OHSITHA TPUYUHA IJIOXON MaclTabupyeMocTu MogoOHOM ceTn — yeM
6o1b111e MBI 106aBIsIEM KOMITBIOTEPOB, TEM MEHBILIAsT 10JIs1 POIYCKHON CIOCOGHOCTH JOCTAETCS
KaXKIOMY KOMIIBIOTEPY CETH.

OnucaHHble HEOCTATKY SIBJSIIOTCS CJIEACTBHEM CAMOTO IPUHLIMIA Pa3/ieJIeHNs CPeIbl, TO3TOMY
TIPEOJI0JIETh MX TIOJHOCTHIO HeBO3MOXKHO. [TosiBnieHye B Hauaste 90-x HEIOPOTHX KOMMYTATOPOB
JIOKA/IbHBIX CeTell MPUBEJIO K HAaCTOsLel PEBOJTIOLMH B 3TON 00JIaCTH, U HOCTENEHHO KOMMYTa-
TODBI BBITECHUJIM Pa3/iesIsieMyI0 CPealy OJHOCTDIO.

CeronHst MEXaHU3M pasaesieHus Cpeibl UCITOJIb3YETCS TOJIBKO B 6ecnp03011m:1x JIOKAQJIbHBIX
CceTsdX, rae cpeaa — pazmoadmp — €CTECTBEHHbIM o6pa30M CO€ANHSAET BCE€ KOHEYHbIE Y3JIbl, Ha-
Xxoaduuecs B 30He paClIpOCTPaHEHUA CUTHAJIA.

Mpumep-aHanorusa

PaccMmoTpenHast Bbiie 06061ieHHas 3a/1a4a KOMMYTALlUH SIBJISI€TCS JOCTATOYHO abCTPAKTHOM
MOJIeJIbIO JI060ii ceTeBoit TexHOOrMH. [10sSICHMM 3Ty Mozesb Ha mprMepe PaboThl TPAAUIIMOHHON
no4ToBoOi C1yxObl. ITouTa TOXKE paGoTaeT ¢ NHHOPMALMOHHBIMU TIOTOKAMH, KOTOPbIE B TAHHOM
cJlydae COCTaBJISIIOT NOYTOBbIE OTNpaBaeH!si. OCHOBHBIM MPHU3HAKOM ITOYTOBOTO OTOKA SIBJISIETCS
aapec nosayyarenst. st ynpoitenust 6yneM paccMaTpUBaTh B Ka4yeCTBE apeca TOJIbKO CTPaHy,
Hanpumep, Unaus, Hopserus, Poccusi, Bpasunus u 1. a. JlonomHATEIbHBIM NPU3HAKOM NOTOKA
MOXET CJTYXUTh 0c060€e TpeboBaHHe K HaJleXXHOCTH MJIM CKOPOCTH focTaBKU. Hampumep, nomerka
«Avia» Ha IIOYTOBBIX OTNPaBJIEHHSIX B Bpa3nnio BbIAETUT U3 061ero moToka noyrst B bpasuiuio
HOAIMOTOK, KOTOPbIii OyA€T L0CTABASATHCS CAMOIETOM.

[t KaXKA0T0 MOTOKA I0YTOBAs C/IyXk6a J0/KHA ONIPe/ie/INTh MAapLIPYT, KOTOPbIil OyAEeT NPOXOAUTD
yepe3 Mocj1e10BaTe/IbHOCTb MOYTOBbBIX OTAENEHHUI, IBIAIOUMXCS aHAIOTaMH KOMMYTaTopoB. B pe-
3yJIbTaTe MHOTOJIETHEH pabOTbI TOYTOBOI CIIYXOBI YKe OMpee eHbl MApUIPYThI AJ1s1 GOBIIHHCTBA
ajipecoB Ha3HayeHUst. VIHOr1a BO3HMKAIOT HOBblE MapIIPYThl, CBsI3aHHBIE C [IOSIBJIEHHEM HOBBIX BO3-
MOXHOCTEN — MOJIMTHYECKHX, TPAHCTIOPTHBIX, 3KOHOMHYeCcKUX. [Tocsie BhIGOpa HOBOTO MapuIpyTa
HY’KHO OMOBECTUTD O HEM CeTb MOYTOBBIX oTAeNeHuit. Kak BuAHO, 3TH A€HCTBYS OYeHb HATIOMHUHAKIOT
paboTy TeJIEKOMMYHHMKAIMOHHOI ceTH. VIHpopMalust 0 BBIOpaHHBIX MapLIPYTaX C/IEA0OBAHUS MOYTHI
NpelcTaBIeHa B KaX/I0M [I0YTOBOM OTZAeJIEHHH B BU€e TabJIHLbl, B KOTOPOI 3a1aHO COOTBETCTBHE
MeXy CTPaHOH Ha3HaueHHsl ¥ CJIeyIOLMM MTOYTOBbIM oTAeeHeM. Hanpumep, B moutoBoM otaene-
Huy ropoaa CapaTtoBa Bce TUCbMa, apecoBaHHble B IHAMIO, HAPABJISIOTCS B IOYTOBOE OTAE/IEHE
Amxabana, a nucbMa, anpecoBantble B Hopseruio, — B moutoBoe otaenenue Caukt-Iletepbypra.
Takas Tab/MLa HaNPABJAEHUH JOCTABKH IIOYTHI ABJISIETCS MPSAMOIA aHaI0rMell TabIHLbl KOMMYTalKH
KOMMYHHKaLMOHHOI CeTH.

Kaxaoe 1ouroBoe oTaeseHne pa60TaeT ]10}:[061'{0 KOMMYTATOopYy. Bce nocrynawpouiue ot aBGoOHEeHTOB
U ApYTHUX IIOYTOBBIX OTAesIeHUH MOYTOBbIe OTIIPaBJIEHUSA COPTUPYIOTCS, TO €CTb IPOUCXOAHUT pac-
no3HaBaHue notokoB. [Tocne aToro noutoBbie OTIIpaBJICHH, IIPUHaAJIeXallle OMHOMY <«IIOTOKY»,
YNaKOBbIBAalOTCA B MEWOK, Jis1 KOTOPOro B COOTBETCTBHU C ‘ra6mme1‘z'x HaﬂpaBJ‘leHHﬁ onpexaensaerca
cyeayloulee no MapiupyTy no4roBoe otaejeHue.
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Cpe/:m MHOX€CTBA BO3MOXHBIX ITIOAX0A0B K PEHICHUIO 3a1a4 KOMMYTAallMH aOOHEHTOB B CETAX
BBIAEJIAIOT ABa OCHOBOIIOJ/IAralOUMX, K KOTOPbIM OTHOCAT KOMMYTAIIMIO KaHAJI0B U KOMMY TallU10
MAaKETOB.

Kaxapiit U3 3TMX ABYX MOAXOM0B MMEET CBOM JOCTOMHCTBA M HeAOCTATKHU. [Ipn KoMMyTalu
[AKeTOB, HAPUMED, YYUTHIBAIOTCSI 0OCOGEHHOCTH KOMIBIOTEPHOTO TpahuKa, MNO3TOMY JaHHbBINK
€11ocob KOMMYTalMH sABJsIETCS Goee 3 HEKTUBHBIM /11 KOMIIBIOTEPHBIX CETEH 10 CPAaBHEHHIO
C TPAAMIMOHHBIM METOAOM KOMMYTAallUH KAaHAJOB, IPUMEHSIONMMCS B TeledOHHBIX CeTsX.
KomMyTanus nakeToB nbITaeTcsl BBITECHUTb KOMMYTALMIO KAHAJIOB U3 TPAAULIMOHHBIX JJIsI Hee
obnacreit, Hanpumep u3 TeedoHun (B popMe uHTEPHET- UK IP-TenedoHnm), HO 3TOT crop
MIOKa He PENlleH, U CKOPeE BCETO, IBE TEXHUKH KOMMYTalUu OyAyT COCYLIECTBOBATD €llle A0roe
BpeMsl, JIOTIOJIHSISI APYT Apyra.

KommyTauusa kaHanos

W cTopuuecky KoMMYyTal1si KAHAJIOB MTOSIBUJIACh HAMHOTO paHblile KOMMYTAlLlMU 11AKeTOB U BeJleT
CBOE ITPOMCXO0XK/IEHHE OT MEPBbIX TeleOHHBIX CeTel.

CeTH, TIOCTPOEHHBIE TI0 MPUHIMIY KOMMYTAllMU KaHAJIOB, UMEIOT GOraTyio UCTOPHIO, OHU
1 CETO/IHSI HAXOJSIT IIMPOKOE MPUMEHEHHE B MUPE TeJIEKOMMYHUKAIIUH, ABJISIACH OCHOBOM mep-
BUYHBIX CeTell, TO3BOJISIIONIMX CO3/[aBaTh BbICOKOCKOPOCTHbIE MATUCTPAJIbHbIE KAHAJBI CBSI3U.
[lepBbie ceaHChl CBSI3U MEX/Yy KOMIbIOTEpAaMU GbLIM OCYLIECTBJIEHBI Yepe3 TeJeOHHYIO CeTb,
TO €CTb TAKXKe C IPUMEHEHNEM TEXHUKH KOMMYTAIlMM KAHAJIOB, a MIOJIb30BATEH, KOTOPbIE 1Oy -
qaloT J0CcTyn B IHTEpHET 10 MOZEMY, TPOAOJIKAIOT 0OCTY)KUBATLCSI STUMM CETSIMH, TaK KaK HX
JIaHHBIE JOXOMAT 10 060PyI0BaHUsI IPOBaiiepa o MeCTHOM TesieOHHOI ceTu.

Certb C KOMMyTalIPIeﬁ KaHaJIOB NIPEACTABJISAET c060ii MHOXKECTBO KOMMYTAaTOPOB U KOHE€YHbIX
y3j10B — a60Hem‘on, COCAUHEHHDBIX MEXIY cob0M TMHHAMM (SBCHbﬂMH) CBSA3H. BaMeTl/IM, 4TO
B JaHHOM KOHTEKCTE TEPMHH «JIMHUS CBA3U» UCIIOJIb3YETCA A 0003HaYeHUA COCIUHEHU A 83yx
cocednux Y3106 CETH.

B ceTsix ¢ kOMMyTaLM€ell KAHAJIOB PELIAIOTCs BCe Te YaCTHBIE 331a4H KOMMYTALMH, KOTOPbI€E ObLIH
chopMmynrpoBansl paHee. Tak, B kauecTBe HH)OPMALMOHHBIX HOTOKOB B CETSIX C KOMMYTalUeH
KaHAJIOB BBICTYIAIOT IaHHBIE, KOTOPIMU OOMEHUBAIOTCSI apbl aboHeHTOB. Bpemst cyuiecTBoBa-
HUst MHOPMALMOHHOTO I0TOKA OrPAaHUUMBAETCS PAMKAaMH ceaHca cBsA3M aboHenTos. [o6ars-
HBIM [IPU3HAKOM NIOTOKa SIBJIsIeTCA Mapa aipecoB (Hanpumep, TeaeoHHbIX HOMepPOB) aDOHEHTOB,
CBSI3BIBAIOIMXCS MEXK Y COOOM Yepe3 MoCIeJ0BaTeIbHOCTh KOMMYTaTOPOB.

[l7151 Bcex BO3MOXKHBIX TOTOKOB 3apaHee O PeesIIoTCS MapuIpyThl. MapLipyThl B CETSIX € KOM-
MyTalMed KaHAJIOB 3aaI0TCs1 TGO «BPYy4YHYI0» aAIMMHUCTPATOPOM CETH, TMO0 HAXOAATCS aBTO-
MaTHYeCKH C NPUBJIeYeHHEeM CIIelMaIbHbIX IPOrPAMMHBIX M allapaTHbIX CPeACTB. MapuipyTol
dbukcupyoTes B TabMax KOMMYTALMY, B KOTOPBIX NPH3HAKAM [IOTOKA CTABSITCSL B COOTBETCTBHE
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11eHTH(DUKATOPBI BHIXOAHBIX HHTEPGEHCOB KOMMyTaTOpoB. Ha ocHOBaHMH 3TUX TabuMI IPOMC-
XO/TUT TIPOABHKEHHE U MYJIBTHILIEKCUPOBaHUe JaHHbIX. OHAKO, KaK yKe OBLIO CKa3aHO, B CETAX
¢ KOMMYTallHeil KAaHATOB pellleHHe BCEX ITUX 3314 UMEET CBOU OCOOEHHOCTH.

AnemMeHTapHbIA KaHan

OxHoIt 13 0cOOEHHOCTEH ceTel ¢ KOMMyTallMeN KaHAJIOB SIBJSAETCS MCIOJIb30BaHUE NOHATUS
«371eMeHTaPHbLIT KaHaT».

AnemeHTapHbIl KaHan — 310 6230Bas TEXHUYECKAN XapaKTEPUCTVKA CETU C KOMMYTaumen kaHanos,
npeacTasnsiowan coboii HEKOTopoe GUKCMPOBAHHOE B NPeAenax AaHHOro TUNa ceTein 3HaveHne
NPONYCKHOW CNocobHOCTH. JIio6as NMHNS CBA3WU B CETU C KOMMYTauUe KaHanoB UMEEeT NPONYCKHYI0
CNOCOBHOCTL, KPATHYIO 3N1EMEHTAPHOMY KaHany, NPMHATOMY A/IS [aHHOIO TUNa ceTu.

B npeapiaymux pasgenax Mbl HCIIOJIb30BaNN TEPMUH «KaHAI» KaK aHAMOr TePMHMHA «JIMHMS
cBsa3n». [0BOPs ke 0 ceTsIX ¢ KOMMyTalMel KaHa/I0B, Mbl [IPU/IaeM TEPMUHY «KaHasl» 3HAa4eHUe
eOuHULbL NPONYCKHOU CNOCOGHOCTU.

YucieHHOe 3HaYeHHe 3JIeMEeHTapHOTO KaHasla, WY, APYTUMH CJIOBaMH, MUHUMAJIbHAs €IMHULIA
IIPONYCKHOM CIOCOOHOCTH JIMHUU CBSI3U, BHIOMPAETCS € y4eTOM pa3Hbix PpakTtopos. OueBUaHO,
O/IHAKO, YTO 3JIEMEHTAPHBIN KaHAJ He CTOMT BbIOMPATh MEHbIE MUHUMAIBHO HEOGX0AMMOMN
IIPONYCKHO CIOCOOHOCTH AJIs1 Tlepejadu oxuaaeMon Harpysku. Hanpumep, B coBpeMeHHbIX
Tes1eOHHBIX CETSX HanboJiee pacpoOCTPaHEHHBIM 3HAYEHUEM 3JIEMEHTAPHOTO KaHAJIA SIBJISAETCS
ckopoctb 64 K6UT/C — 3T0 MUHUMAJIBHO I0CTATOYHAsI CKOPOCTD /1S Ka4eCTBEHHOM LU(POBOii
nepeziayu rosoca.

JIMHUM CBSA3M B CeTSIX C KOMMYyTal¥ell KaHaaoB (Kak, BIPOYEM, U B OCTAJIbHBIX TUIAX KOM-
[bIOTEPHBIX CEeTeH) UMEIOT Pa3HYI0 MPOMYCKHYIO CIIOCOOHOCTb, OHH — GOJIBINYIO, APYrUe —
MeHbly10. BeiGrpast IMHUM CBSI3M ¢ Pa3HBIMH CKOPOCTHBIMU Ka4eCTBAMH, CIIEIIUATUCTbI, IPO-
eKTUDYIOILIHE CeTb, CTAPAIOTCS YYECTh Pa3HYI0O MHTEHCUBHOCTb HH(POPMALIMOHHBIX MOTOKOB,
KOTOPBIE MOT'YT BO3HUKHYTh B Pa3HbIX (pparMeHTax ceTH: 4eM OJIMKe K LIEHTPY CETH, TEM BbIllie
POMYCKHAsl CIIOCOOHOCTDb JIMHUM CBSI3U, TaK KaK MarMCTPajbHbIE IMHUM arPErMPYIOT TpapHK
601BIIOT0 KOJIMYECTBA MeprUdEPUMHBIX TMHUN CBSI3H.

0Oco6eHHOCTbIO CeTel C KOMMYTaUMel KaHaNnos SBNNETCS TO, HTO NPONYCKHAA CNOCOBHOCTb KaxAoM
NUHWKU CBSA3WN [ONXHA GbiTb PaBHA LEIOMY YAC/TY 3NEMEHTAPHbIX KAHANos.

Tak, TMHUYM CBSA3M, MOAKIOYaOIe abOHEHTOB K TeJeOHHON CEeTH, MOTYT COAEPKATh 2, 24
iy 30 a71eMeHTapHbIX KAaHAJIOB, a JMHUU CBSI3H, COeANHsolue KOMMYTaTopsl, — 480 uaun
1920 kananoB.

Kak creayer u3 onpenesienusi, aeMeHTapHbIA KaHAT IPEACTABIsIET COGON 00110 NPonyckHOU
€noco6HOCMY JTMHUY CBA3M. B pasHbIX TEXHOJIOTUSIX pa3/esieHre MPOIyCKHOM CrI0COOHOCTH
BBITIOJIHAETCS N0-pasHoMy. B opHux ciyvasx, kak, Hanpumep, B Texnosoruu OTN, ncnonn3y-
eTcst pas/jieieHye 110 BpeMeH! U 31eMeHTapHBIM KaHAJIOM SIBJISIETCSI IPONYCKHAsi CIIOCOGHOCTD,
COOTBETCTBYIOILLAsl OIHOMY TaliM-CJIOTY, B TeYeHHe KOTOPOTO JHUHUS CBSI3U MPEAOCTABISIETCS
HEKOTOPOMY NOTOKY B MCKJIIOYMTEIbHOE MOJb30BaHKe. B npyrux texHosorusix (Hanpumep,
DWDM) aneMeHTapHbIe KaHAJIBI ONPE/lesIEHBl KAaK AMAIla30Hbl YaCTOT, KOTOPble MOTYT Ha3Ha-



76 YacTb |. OcHOBbI ceTelt nepeaaym AaHHbIX

yaTbcst MoTokaM. [lo-pa3Homy BEINIOJIHSIETCS M MAEHTUDUMKALIMS 3/IeMEeHTapHbIX KaHanoB. Ha
JIAHHOM 3Talle yCJOBHUMCS MCII0/Ib30BaTh B KauecTBe UAeHTU(HKATOPA HOMED KaKala.

OUUDPOBbLIBAHUE FOJIOCA

3aznaua oundpoBBIBAHMS IOJIOCA SIBJISETCS YACTHBIM ciiydaeM Gostee o6wieil 1pobieMbl — Mepeayn aHailo-
roBoi nH$popmauyu B AuckperHoit dopme. OHa 6bL1a pelreHa B 60-€ roapl, KOraa roioc Hadasl nepeiaBaThest
1o TeJiehOHHBIM CETSIM B BUJIE OC/IEJOBATEIbHOCTH eIMHUL U Hyslell. Takoe npeobpa3oBaHue OCHOBAHO Ha
AMCKPeTH3alMU HeMPepPhIBHBIX MPOLECCOB KaK MO aMILIMTYAe, TaK U no BpeMeny (puc. 3.1).
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Puc. 3.1. OnckpeTHas Moaynaums HenpepbiBHOrO npouecca

AMIIMTY1a MICXOHOI HenpepbIBHOH (DYHKIMHU U3MepsieTCsl ¢ 3alaHHbIM NTePUOIOM — 32 CYeT 3TOro Mpo-
MICXOUT Ouckpemu3sayus no épemenu. 3ateM KaxIblil 3aMep NpeACTaBAsSETCS B BUAe IBOMYHOTO YHCIa
oIpe/ieIeHHON Pa3PSIAHOCTH, YTO O3HAYAET OUCKPEMUIAUUIO NO 3HAUEHUAM — HETIPEPBIBHOE MHOXECTBO
BO3MOXHBIX 3HAYeHHH aMIUIUTY bl 3aMeHs1eTCsl IMCKPeTHBIM MHOXECTBOM ee 3HaYeHUH.

Jli1st KaueCTBEHHOI Nepeaayt roJ10ca UCIob3yeTCsl YaCTOTAa KBAHTOBAaHHMS! aMILUIMTY/Ibl 3ByKOBBIX KOJ1eOaHMiA
B 8000 I'y (auckpeTH3anus no BpeMeHM ¢ HHTepBasoM 125 Mkc). [t npeAcTaB/IeH s aMIIUTY bl OHOTO
3amepa yallle BCero Ucnosabayercst 8 GUT Koza, 4To Aaet 256 rpagauuii 3ByKOBOTO CMTHaJa (AMCKPETH3a-
UMsi 10 3HaueHusiM). B aTom cayuae A71st mepenayu 0HOTO TOJIOCOBOTO KaHala HeoOXoAMMa MpoNyCKHas
crnioco6HocTb 64 K6ut/c: 8000 x 8 = 64 000 6ut/c uau 64 K6ur/c. Takoil ros0coBOM KaHa/ Ha3blBalOT
37IeMEeHTapHBIM KaHaaoM LU POBBIX TerePOHHbIX ceTell.

Obparumcsi K hparMeHTy cetH, u3o0paskeHHOMY Ha puc. 3.2. [Ipearnonoxum, 4To aTa ceTb Xapak-
TepU3YeTCs 3JleMEHTApHBIM KaHaioM T 6uT/c. B ceTu cylecTByOT IMHUY CBsI3M Pa3HO Mpo-
MYCKHO CIIOCOOHOCTH, cocTosiuMe U3 2, 3, 4 U 5 37IeMeHTaPHBIX KaHaJI0B. [[J1s1 onpe/leIeHHOCTH
MIPEANOJIOKIM, YTO 3/IeMEHTAPHbIE KAHAJBI SIBJISIIOTCS AYIJIEKCHBIMU, DJIeMEHTapHbIE KaHAJIbI
uaeHTUGHUUUPYIOTCS HoMepaMu. Hanpumep, koMMmyTatop S2 MeeT B CBOeM PaclopsDKeHUH Ha
uHTepdeiice (nopry) P1 anemenrapuble kaHans! 1, 2, 3 u 4, a Ha uHTepdeiice P3 — anemenTap-
Hble KaHasbl 1,2,3,4u 5.
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Puc. 3.2. CocTtaBHOWM kaHan B CETU C KOMMYyTauuein kaHanos

Ha putcyHke nmoka3anbl 18a aboHeHTa, A U B, reHepupyioliye Bo BpeMsi ceaHca cBsi3u (TesaedoH-
HOTO Pa3roBOpa) UHPOPMAUUOHHBLE NOMOK, [JISI KOTOPOTO B CETH ObLT MPELYCMOTPEH Mapupym,
NPOXOJSAIINI Yepe3 yeTbipe KoMMyTaTopa — S1, 52, 53 u S4. [Ipeanosoxum Takxe, YTO UHTEH-
CUBHOCTb MH(OPMALIMOHHOTO TIOTOKA MeX/ly aboHeHTaMu He nipeBocxoaut 2T 6ut/c. Toraa st
o6MeHa JaHHBIMHM 3TUM IByM aO0OHEHTaM [JOCTATOYHO UMETh B CBOEM PACHOPSIKEHHH [0 Mape
3/1EMEHTAPHBIX KAHAJIOB, «BbI/IeJIEHHbIX» U3 KaXK/OU JIMHUM CBSI3H, JIeXKallleil Ha MapLIpyTe cJie-
JI0OBaHMsI IAHHBIX OT MyHKTa A K myHKTy B. Ha prcyHke 3/1eMeHTapHbIE KAaHAJIBI, HEOOXOIMMbIE
aboHeHnTaM A u B, 0603HAY€HbI TOJICTHIMU JIMHUSIMU.

CocTaBHOM KaHan

KaHan, NOCTPOEHHbIN NyTEM KOMMYTaLIMN (COEANHEHNA) BbiAENEHHbIX 415 UHPOPMALIMOHHOTO NOTOKa
3/IEMEHTaPHLIX KaHASIOB, Ha3bIBaIOT COCTaBHbIM KaHANoOM.

B paccMmaTpuBaemMoM npumepe st coeuHeHMst ab0OHEHTOB A U B 6bl1 CO3/1aH COCTABHOM KaHa
«TOJIIIMHOMN» B /IBA 3JIeMEHTapHbIX KaHasa. Ecliv M3MeHNTD Halle NpeANnoJoXKeHue U CYUTATD,
YTO MpeAJIoKEHHAs HAarpy3Ka rapaHTUPOBaHHO He TpeBbicuT T 6UT/C, TO aboHeHTaM Oy et 10-
CTATOYHO UMETb B CBOEM PACIIOPSKEHUU COCTABHOM KaHAJI «TOJIIMHON» B OAMH 3J1eMEHTAPHBbIMH
KaHaJsl. B TO e BpeMst aGOHEHTbI, ”HTEHCUBHO OOMEHUBAIOLIMECS] JaHHBIMH, MOTYT IIPEAbSBUTD
1 6oJiee BbICOKHE TPEOOBAHUS K PONYCKHOM CIIOCOOHOCTH COCTABHOTO KaHasia. [[JIst 3TOro OHu
JIOJKHBI B KaXkKI0M JIMHUM CBSI3U 3aPe3epBUPOBATh 3a 000 HoJbliee (HO HEMPEMEHHO OHHA-
KOBOE /1715 BCeX JIMHUH CBSI3W ) KOJNYECTBO 3JIeMEHTaPHBIX KAHAJIOB.
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[TonuepkHeM cieyiole CBOHCTBA COCTABHOIO KaHala:

O cocraBHOM KaHAT Ha BCEM CBOEM IMPOTAXXKEHUU COCTOUT U3 00UHAK08020 KOJUYECTBA 3JIEMEH-
TAaPHBIX KaHAJIOB;

O cocraBHOI KaHA UMEET NOCMOSHHYIO U PUKCUPOBAHHYIO NPONYCKHYIO CNOCOOHOCMb HA BCEM
CBOEM NPOTSKEHUH;

O cocTaBHO# KaHa CO34a€TCA 6pEMEHHO Ha MTEPUO C€aHCA CBA3U ABYX aOOHEHTOB WJIH, ApYy-
TMMU CJIOBaMH, TOJIBKO Ha Bp€Ms CYLIECTBOBAHHUSA IIOTOKA,

Q Ha BpPEM C€aHCa CBA3U BCE 2JIEMEHTAPHBIE KaHAJIbI, BXOAALIUE B COCTaBHOU KaHaJ, IIoCTyIa-
IOT B UCKIOYUMeENbHOe 110JIb30BaHKE a6OHeHTOB, IJIs1 KOTOPBIX ObL1 CO3/1aH 3TOT COCTABHOMU
KaHaJ1;

O B TeueHMeE BCEro CceaHCa CBA3HM aOOHEHTBI MOTYT IIOCBLJIATb B C€Thb AaHHBbIE CO CKOPOCTHIO, HE
l'lpeBbI].lIalOIIlef/i NPONyCKHYIO CIO0COOHOCTD COCTABHOIO KaHaJia;

O naHHble, IOCTYNUBIIKE B COCTABHOM KaHAJ, FTADAHTHPOBAHHO JOCTABJISIIOTCS BBI3bIBAEMOMY
aboHeHTY 6e3 3adepacex, nomepy u ¢ Mou He ckopocmsvio (CKOPOCTbIO HICTOYHNKA) BHE 3aBH-
CUMOCTH OT TOTO, CYIIECTBYIOT JIK B 3TO BPEMSI B CETU [IPyTHe COeIMHEHHs U HeT;

0 mocsie OKOHYaHUSI ceaHca CBSI3U 3JleMeHTapHble KaHaJlbl, BXOAUBILNE B COOTBETCTBYIOLIUH
COCTaBHOM KaHaJl, 006561810MCcA c60600HbIMU N BO3BPALIAIOTCS B MYJI PacIpeaesieMblX
PecypCoB [JIsl UCTIOJIb30BaHUSI APYTHMH aOOHEHTaMH.

B ceTu MOXeT OTHOBPEMEHHO MTPOUCXOANUTD HECKOJIBKO CEAHCOB CBSA3U (OObIYHAS CHTYAUHS /1St
TesieOHHOM CeTH, B KOTOPOM OZIHOBPEMEHHO MEPENAIOTCS Pa3rOBOPbI COTEH U ThICSY aDOHEHTOB).
Pasnenenue cetu MeX/Iy CeaHCAMU CBSI3U MPOMCXOAUT HA YPOBHE 3JIeMEHTAPHBIX KaHaioB. Ha-
npumep (cM. puc. 3.2), Mbl MOXKEM NPEATIONI0XKHUTD, YTO TOCJIE TOTO, KaK B JIMHUU CBSI3U $2-53
ObLIO BbIIEIEHO Ba KaHaa [Jis CBsi3U aGOHEHTOB A U B, ocTaBIinecs TpU 3jIeMEHTAPHbBIX Ka-
Hasla ObLIM pacIpe/ie/ieHbl MEXy TPeMs APYTUMU CEAHCaMU CBSI3H, POXOAMBIIMMH B 3TO XKe
BpeMsl U Yepe3 ITY JKe JIMHUIO CBsI3U. Takoe My ibmuniekcuposarue no3BoJisieT OJHOBPEMEHHO
nepesaBaTh yepe3 Kax bl GpU3NMYeCcKUii KaHal TpadUK HECKOIbKHX JIOTHYECKUX COeMHEHUH.

MybTUIIEKCHPOBAaHUE O3HAYAET, YTO aGOHEHTHI BBIHYXIEHbI KOHKYPUPOBATb 32 PECYPCHI,
B IaHHOM CJIyYae 3a 3JIeMeHTapHble KaHaJbl. BO3MOXHBI CUTyalllH, KOTAAQ HeKOTopas Nnpo-
MEeXYTOUHAsI IMHUS CBSI3U yoKe Ucyepriasia CBOOOHbIE 3JieMeHTapHbIe KaHAJIbl — TOT/Ia HOBBII
CEaHC CBSI3U, MApIIPYT KOTOPOTO IPOJIeTaeT yepe3 JaHHYIO JIMHUIO CBSI3U, HE MOXKET COCTOSIThCA.

UYToObI pacrio3HaTh TaKUe CUTyalluK, OOMEH IaHHBIMU B CETH ¢ KOMMYTallMeil KaHaJIOB I1pe/iBa-
psieTcs mpoleaypoil yCTaHOBJIEHHsI COeAMHEHHs. B COOTBETCTBUY € 3TOit Mpoueaypoi abOHEHT,
SIBJISTIONMUACS. MHUIIHATOPOM CeaHca CBsi3u (HarmpuMep, abOHEHT A B HauIel ceTH), MOChLIaeT
B KOMMYTALMOHHYIO CETb 3aMpoC, IPeACTABIAONIMEA COO0U coobIeHure, colepxKallee aapec
BBI3bIBAEMOTO aOOHEHTa, HanpuMep aboHeHTa Bl

Iesb 3anpoca — NPOBEPUTb, MOXKHO JI 00Pa30BaTh COCTABHON KaHAJ MEX/Y BbI3bIBAIOLIMM
¥ BbI3bIBaeMbIM aboHeHTamu. [Luist aToro Tpebyercsi coboieHne ABYX YCJIOBUIL: HaTUUMe Tpe-
6yeMoro ymca cBOOOAHBIX DJIEMEHTAPHBIX KAHAIOB B KXK/0i JIMHUY CBSI3H, JIeXKalleil Ha My TH
0T A K B, 1 HE3aHSITOCTDb BbI3bIBAEMOr0 aGOHEHTA B IPYTOM COEMHEHHH.

3anpoc nepeMenaeTcs 1o Mapupymy, 3apaHee onpeeJeHHOMY A1 MH)OPMALMOHHOTO NOTOKa
NaHHOM mapbl abOHEHTOB. TOT MapIIPYT 3aUKCHPOBAH B 2100ATbHLIX MAOIUUAX KOMMYMAUUU,
pa3MelleHHbIX Ha BCeX IPOMEXYTOYHbIX KOMMYTATOpax Ha myTH oT aboHeHTa A K B.

1 B TesiehOHHON CeTH MOCBLIKE 3aMpoca COOTBETCTBYET Habop TeseOHHOro HoMepa.
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Hamnpumep, koMMyTaTop S4 B HanieM puMepe MOXKET UMETb CIIEAYIONIYIO [I0GaNIbHYI0 TabuILy
MapIIpyTU3ALMH:

Ta6nuua 3.1. Mpumep rnobanbHOM TabAnubl MapLLIPyTU3aumnn

AGoHeHT Hurepddeiic, Beaymuii k creayioueMy KOMMYTaTopy
A P1
B P2
C P4
D P3

Ecan B pe3ysibraTe NpoxXoXKaeHUs 3aI1poca BhISICHUIIOCH, YTO HUYTO HE NMPENSITCTBYET YCTAHOB-
JIEHUIO COEUHEHHS], TO POUCXOAUT QuKcayus cocmasnozo kanaia. [1st 3Toro B KaKA0M U3
KOMMYTAaTOPOB BAIOJIb IyTH OT A 10 B c03a10TCst 3anucH B 10KAIbHbIX MAOLUUAX KOMMYMAUUU,
B KOTOPBIX YKa3bIBA€TCsI COOTBETCTBUE MEXIY JOKANbHbIMU NPUSHAKAMU NOMOKA — HOMEPAMH
3J1EMEHTAPHBIX KAHAJIOB, 32PE3€PBUPOBAHHBIX /7Sl 3TOTO CEAHCA CBSI3U B JAHHOM KOMMYTATOPE.

B HaureM npymMepe nocjie NPOXOXKAEHUs 3aIIPOCA HA YCTAHOBJIEHHE CBsI3u OT aboHeHTa A K a6o-
HeHTy B B kax10M 13 KoMMyTaTopoB S1, 52, $3 u S4 6blM CO3aHBI COOTBETCTBYIOIIIE 3aAMUCH
B UX JIOKQ/IbHBIX Tabinuax koMmyTauuu. B kommyrarope S$4 nokanbHast Tabauya BbITJISAUT TAK:

Ta6nmua 3.2. Mpumep nokanbHON TabnuLbl MapLwpyTHM3aumMm

BxoaHble 3/1eMeHTapHbIe KaHAJIbI Bbixoamble 3J1leMeHTapHbIe KaHAJIbI
P1/xanan 2 P2/xanan 1
P1/xanan 3 P2/xanan 2

[IpencraBieHHble B IPUMePE 3aIIMCH TOBOPSIT O TOM, YTO 3JIEMEHTAPHBII KaHAT 2, TOCTYMAIOIIHit
Ha uHTepdeiic P1, CKOMMyTHDPOBaH C 3JleMeHTapHbIM KaHaysoM 1 untepdeiica P2, a aneMeHTap-
Hblii kaHas 3 uHTepdeiica P1 — c asneMeHTapHbIM KaHasioM 2 uHtepdeiica P2.

B aTom npumepe HoMepa 3jleMeHTapHBIX KaHAJIOB UMEIOT YHUKAJbHbIe 3HAYEeHUsI B Npefesiax
Kaxxaoro uHtepdeiica, MoITOMy B JIOKAJIbHOMN Tab/1Mlle KOMMYTAllUU 3JIeMEHTAPHbIE KaHAJIbI
uaeHTUGULIUPYIOTCS Mapoil HoMep UHTepdeiica/HOMep KaHala. Bo3aMo)kHA U Apyrasi OpraHu-
3alust KOMMYyTaTopa, KOTAa HoMepa 3JIeMeHTapHBIX KaHAJIOB UMEIOT YHUKAJIbHbIE 3HAUEHHU S
B [Ipejle/laX KOMMYTATOpa, HO NMpH A06aBJeHUU WU yAaJeHUur uHTepdenca UX MPUXOAUTCH
[IEPEHYMEPOBBIBATD, YTO HE BCEraa YA0OHO.

[Tocie TOro Kak coCTaBHOM KaHaJ CYUTAETCS YCTAaHOBJIEHHBIM U B KaX/JI0M KOMMYTaTope cop-
MHPOBAHbI COOTBETCTBYIOIIME 3AIUCH B JIOKATbHBIX TabJIMIaX KOMMYyTaluK, aboHeHThl A u B
MOTYT HayaTb CBOY CeaHC CBS3M.

Takum o6pa30M, NMPpOABUXEHHE TAHHBIX B CETAX C KOMMyTaHHeﬁ KaHaJ/IOB ITIPOUCXOAUT B ABa
JTala:

1. B cerb mocrynaer cayxeGHOe cOOOILEHHE — 3aNIPOC, KOTOPbIA HECET a/[PeC BbI3bIBAEMOTO
aboHeHTa M HHULMHPYET CO3aHKUE COCTABHOTO KaHAJIA.

2. Ilo moAroToB/IEHHOMY COCTaBHOMY KaHasly IepeJaeTcs OCHOBHOM MOTOK JaHHbIX, AJIs1 Hiepe-
Jau¥ KOTOPOTrO YXe He TpeOyeTcsi HUKAKOH BCIIOMOraTeIbHOM MH(OPMALIMK, B TOM YHCIIE
aJpeca BbI3bIBaeMOro aboneHTa. KoMMyTalysi JaHHBIX B KOMMYTATOPAX BBIIOJIHAETCS HA OC-
HOBe JIOKAJIbHBIX IIPU3HAKOB [I0TOKAa — HOMEPOB BbIEJIEHHbIX MY 3JIeMEHTAapPHBIX KaHATIOB.
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3anpochl Ha yCTaHOBJIEHUE COeAMHEHUST He BCer/a 3aBepllaloTcs ycrelHo. Eciu Ha myTh Mex iy
BBI3bIBAIOIIM U BbI3bIBAEMBIM aGOHEHTAMU OTCYTCTBYIOT CBOOO/IHBIE 3/IEMEHTAPHbIE KAHAJbI
WJIH BbI3bIBAE€MBIN Y3eJI 3aHST, TO IPOMCXOJNT OTKA3 B YCTAaHOBJIEHUH coeauHenus. Hanpumep,
€CJIH BO BpeMsi ceaHca CBsi3u aboHeHTOB A u B abonent C nouwieT 3anpoc B CeTb HA yCTaHOBJIE-
HUe coeIMHeHus1 ¢ aboHeHTOM D, TO OH IOJIYYUT OTKa3, MOTOMY YTO U3 JIBYX HEOOXOAUMBIX eMY
3/IeMEHTAPHBIX KAHAJIOB JINHUY CBSA3U S3—S4 CBOGOAHBIM SIBASIETCS TOJBbKO oauH (puc. 3.3). TIpu
OTKa3€e B yCTAaHOBJIEHHU COeAMHEHHUS CeTb MHGMOPMUPYET BbI3BIBAIOLIETO A00HEHTA ClIENHATBLHBIM
coobieHreM. Yem 6oJibliie HArpy3Ka Ha CEThb, TO €CTh YeM 6oJiblie CoeAMHEHUI OHA B JaHHBIN
MOMEHT NOJePXKMBAET, TeM OOJIbllIe BEPOSITHOCTb OTKa3a B yIOBJETBOPEHUH 3allpoca Ha yCTa-
HOBJIEHHE HOBOTO COEIMHEHMUS.

Puc. 3.3. OTka3 B yCTAHOB/IEHUN COEOMHEHWSA B CETM C KOMMYTALMEN KaHanos

Ml onucanu Npoueaypy yCTAaHOBJIEHUsI COEJUHEHUS] B ABMOMAMUUECKOM OUHAMUUECKOM
pexcume, OCHOBAHHOM Ha CIIOCOOHOCTH abOHEHTOB OTIPABJATD B CETh CIyXeOHble cooblile-
HMSI — 3aIIPOChI HA YCTAHOBJIEHHE COEIMHEHUST, M CIIOCOOHOCTH Y3J10B CeTH 06pabaThiBaTh TaKMe
coobuteHust. [1on0OHBINA pexXUM KCTOJIb3YyeTCsT TeeOHHBIMU CETAMU: TeseOHHBIN anmapar
reHepUpyeT 3arpoc, MOChlIasi B CETh UMIYJIbChI (MJIM TOHOBbBIE CUTHAJIbI ), KOAUPYIOLIHEe HOMep
BbI3bIBAEMOr0 aGOHEHTA, a CeTh MO0 yCTaHABIMBAET coefuHenne, Tnbo coobuaet 06 oTKase
CUTHAJIAMU «3aHSITO». B mepBbix TeneOHHBIX CeTSX KaX/aas JMHUA CBA3W aDOHEHTa C Tejle-
(hoHHOII cTaHuuMeill npeacTaBIsIa co60 31leMeHTapHbIi KaHal. KoMMyTaTopbl ObLIM 3JIEKTPO-
MeXaHUYeCKHMH, COelMHEHHE BBIMOJIHSIJIOCH ONIEPATOPOM C IIOMOILbIO Kabesieil, BCTaBIsieMbiX
B Pa3beMbl KOMMYTATOPa, K KOTOPBIM IMOAKIIOYaIUCh abOHEHTCKHEe JTUHUM CBsi3u. OHAKO
3TO He e[IMHCTBEHHO BO3MOXHBINA PEXXUM pabOTHI CETH ¢ KOMMYyTalnel kaHanos. Cyuiectsyer
U cmamudecKuil pY4HoU pexcum YCTAHOBJIEHUS] COeJIMHEHHs], XapAKTEPHBII JIJIsl CJIy4aeB, KOria
HeoGXO0IMMO YCTAaHOBUTh COCTABHOM KaHAJI He Ha BPEMsl OIHOTO ceaHca CBsI3M aDOHEHTOB, a Ha
6osee nosruii cpok. CosaHue Takoro 0JrOBPEMEHHOrO KaHajla He MOTYT WUHULMMPOBATh ab0-
HEHTBl — OH CO3/1aeTCsl AAMUHUCTPATOPOM ceTH. OUYeBUIHO, YTO CTATUYECKUI PYUYHOI pexum
MaJIONIPUTO/IEH /JIs1 TPAAMLIMOHHOH Tesle(hOHHOM CeTH € ee KOPOTKUMU CeaHCAMHU CBSI3U, OJIHAKO
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OH BITIOJIHE ONIpaBAaH AJisA CO3AaHUS BBICOKOCKOPOCTHBIX TEJIEKOMMYHUKAIIMOHHBIX KaHAJ/IOB
MeX1y ropoiaMy U CTpaHaMH Ha 6071e€-MeHee MOCTOSTHHOM OCHOBE.

TexHONOrUsl KOMMYTalMK KaHAJOB OPHEHTHUPOBAHA HA MUHUMM3ALUIO CIyYalHbIX COOBITHH
B CETH, TO €CTh ITO TEXHOJIOTHS1, CTPEMSIILASACS K IeTePMUHKM3MY. Bo nabexxanue BCeBO3ZMOXKHBIX
Heolpe/le/IeHHOCTeN 3HAYUTEbHASI YaCTh paGOTHI [0 OPraHu3alny HHGHOPMaUMOHHOTO 06MeHa
BBIIIOJIHSIETCS €1lle 10 TOro, KaK HauyHeTcs1 COOCTBEHHO nepenaya ganHbix. CHavasa no 3aJaH-
HOMY a/Ipecy NPOBEpPSIETCsT AOCTYMHOCTh HEOOXOAMMBIX 3JIEMEHTAPHBIX KAHAIOB HA BCEM MYTH
OT OTIPaBUTEJIS [I0 afpecaTa. 3aTeM 3TU KaHAJIbl 3aKPEIIIOTCS Ha BCce BpeMsl ceaHca AJIs UC-
"KJIOYUTEILHOTO UCIIOIb30BAHUS AByMs1 aDOHEHTAMH 1 KOMMYTHDPYIOTCSI B OAMH HENPEPIBHbII
«TpybonpoBoa» (COCTABHOM KaHAT), UMEIOIMH «ILITI030BbIE 33IBUXKKH> HA CTOPOHE KAXKIOTO U3
aboHenToB. [Tocse 3TOM MCYepNbIBAIOILEN TOATOTOBUTENBHON PabOThI OCTAETCS CAEJMATb CAMOE
MaJloe: «OTKPBITh LLTIO3bl» U MO3BOJIUTh MH(GOPMALIMOHHOMY NOTOKY CBOGOAHO 1 6e3 moMex
«TepeTeKaTh» MeX /1y 3alaHHbIMM TOUKaMHU ceTH (pHc. 3.4).

Puc. 3.4. CeTb C KOMMyTauMen KaHaNoB Kak cuctema Tpybonposoaos

HeadpexkTBHOCTbL Nepepaym
nynscupyouwero tpadpuka

Cetu ¢ kKoMMyTalMell KaHanoB Hanbosee ahPeKTUBHO MEPENAOT MOJIb30BaTENbCKHI TPaduK
B TOM CJIyyae, KOT/la CKOPOCTb €T0 IIOCTOSIHHA B TeYeHHE BCETO CeaHca CBSI3U M MaKCUMAJIbHO
COOTBETCTBYET (PUKCUPOBAHHOU TIPOMYCKHOM CIOCOOHOCTH HUBHIECKUX JTUHHUIT CBSI3M CETH.
AbdexkTuBHOCTb PabOTHI CETH CHIKAETCsI, KOTAa MHDOPMALIMOHHbIE HOTOKH, TeHEPHPYeMble
abOHEeHTaMH, TIPUOOPETAIOT NYAbCUPYIOUUL XAPAKTED.

Tak, pal3roBapuBad 110 Tene(bony, JIIOAU TOCTOAHHO MEHAIOT TEMII PEYH, IIEPEMEXAA 6blCTpI>Ie BbI-
CKa3bIBAHMA Iay3aMU. B pe3yJibTaTe COOTBETCTBYIOUIHUE «T'OJIOCOBBIE» HH¢)OpMaL[PIOHHbIe IMOTOKH
CTAHOBATCA HEPABHOMEPHbIMH, 4 3HAYUT, CHUXKAETCA 3(b(beKTMBHOCTb nepeAaady 1aHHbIX. HpaBﬂa,
B CIyyae TeJleq)OHHbIX Pa3roBOPOB 3TO CHHXKEHNE OKA3bIBAETCS BIIOJIHE IPUEMJIEMBIM U ITO3BOJIAET
IIMPOKO MCIOJIb30BAaTh CETU C KommyTauneﬁ KaHaJIOB AJIA epeavn roJioCOBOIro Tpa(pmca.
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Topaszno cusbHee cHMXKaeT 3¢ (HEeKTUBHOCTb CETH C KOMMYTalMeil KaHaJIOB Tlepe/iaya TaK Ha3bl-
BAEMOT0 KOMNbI0MePH020 mpaguka, To ecTb TpapyKa, reHepupPyeMoro NpUI0KEeHUSIMHU, C KOTO-
PbIMU PaBOTA€ET 10J1b30BATENb KOMITBIOTEPA. ITOT TPAbUK NPAKTUYECKH BCET/A SABJISETCS MYJIb-
cupyomuM. Hanpumep, koraa Bbl 3arpyskaere u3 VIHTepHeTa 04epeiHyIO CTPAHUILY, CKOPOCTh
TpaduKa pe3Ko BO3pacTaeT, a NOCjle OKOHYAHUSI 3arpy3KH MafiaeT NPAaKTUUecKH 10 HyJsl. Ecan
IS OTIMCAHHOTO ceaHca JocTyna B VIHTepHeT Bbl 3a1eMiCTBYeTe CeTh C KOMMYTallvei KaHaloB, TO
6OJIBLIYIO YACTh BpEMEHH COCTABHOM KaHAJI MEXK/IY BalllMM KOMIIbIOTEPOM U BebG-cepBepoM OyIeT
HPOCTanBaTh. B TO Jke BpeMs YacTb [IPOIMTYCKHOM CIOCOOHOCTH CETH OKAXKETCs 3aKPeTIeHHOi 3a
BaMH U OCTAHETCS] HEZIOCTYIIHON APYTUM I0Jb30BaTesiM ceTh. CeThb B Takye IIepHO/bl MOX0XKa
Ha IyCTOM 3CKATATOP METPO, KOTOPBIN ABUXKETCSI, HO MOJIE3HYIO PaGOTY HE BBITIOJIHSIET.

s 3 beKTUBHOI Nepeayn HEPABHOMEPHOTO KOMIIbIOTEPHOro Tpaduka 6bLia creluaibHO
pa3paboTaHa TEXHMKA KOMMYTAIIMH TAKETOB.

KoMmmMmyTauua naketoB

CeTH ¢ KOMMYTallMel [1aKeTOB, TaK XKe KaK U CeTH C KOMMYTallel KaHAI0B, COCTOSIT M3 KOMMY-
TATOPOB, CBSI3AHHBIX (HU3UYECKUMU IUHUSIMU CBs13u. OHAKO Mepeiaya JaHHbIX B 3THX CETSIX
MIPOMCXOAUT COBEPILEHHO NMO-ApyroMy. O6pa3HO TOBOPsL, 10 CPABHEHUIO C CETHIO C KOMMYTa-
1Meil KaHAJIOB CEeTh C KOMMYTalMel IakeToB BefieT ceOsi MeHee «OTBeTCTBeHHO». Hanpumep,
OHA MOJXET MPHUHSITH AaHHbIE JJIs1 epefadH, He 3a60TsICh O pe3ePBUPOBAHUY JIMHUN CBS3M HA
IIyTH CJIEJIOBAHMs ITUX TAHHBIX M HE TAPAHTUPYs TPeOYEMYIO TIPOIYCKHYIO clIocOOHOCTD. CeTb
€ KOMMYTal1€el 1aKEeTOB He CO3/1aeT 3apaHee ISl CBOMX aGOHEHTOB OT/E/IbHBIX KAHAJIOB CBSI3H,
BbIZIeJIEHHBIX HCK/IOYUTENBHO A5 HUX. [JlaHHBIe MOTYT 33€PXKUBATHCS U JaXKe TEPSTHCS 110
nyTH caenoBanusi. Kak xke mpu TakOM xaoce U Heompe/leJIeHHOCTH CeTh C KOMMYTallieil aKkeToB
BBINOJIHSIET CBOM (DYHKILIMH IO TTepefaye JaHHbIX ?

BaxHenumm NpUHUMNOM QYHKLIMOHUPOBAHUSA CeTel C KOMMYyTaLiver NakeToB ABNAETCA NPeACTaBneHmne
uHdopmaLmmn, NnepesaBaeMon No CETH, B BUAE CTPYKTYPHO OTAENEeHHLIX APYr OT APYra rnopuuii AaHHbIX,
Ha3biBaeMbix naketamu'.

Kaxapiit maker cHaGxeH 3arosioBKOM (puc. 3.5), B KOTOPOM COAEPIKUTCS aapec Ha3HaYeHHs
W Apyrasi BcomoraresibHast MH(popMauus (IJ1MHA M0JIsA AaHHBIX, KOHTPOJIbHASL CyMMa U AP.),
UCIOJIb3y€eMast ISt IOCTaBKH TaKeTa aapecaTy. Hanuuue azpeca B KaX/10M MaKeTe siBJISIETCS
OJIHOM U3 BaXKHEHUIMX 0COOEHHOCTEH TEXHUKHM KOMMYTALIMH TIaKETOB, TAK KaK KaXK/Abli makeT
MOXeT ObITh 00paboTaH KOMMYTaTOPOM HE3d6UCUMO OT APYTUX MTAKETOB, COCTABJISAIOLUIUX CETEBON
tpaduk?. [ToMUMO 3aroJI0BKa y AKETa MOXKET UMETHCS ellle OAHO AOTIOJIHUTENbHOE 110J1e, pa3-
MeEILaeMOe B KOHLIE [IAKETA U I03TOMY Ha3blBaeMOe KOHIEBHKOM. B KOHLeBUKe 0OBIYHO TIOMe-
1AETCsI KOHTPOJIbHAS CYMMa, KOTOPast MO3BOJIET IIPOBEPUTD, Obl/1a JIM UCKaskeHa MHGOPMAIHsT
NpH nepeaade yepes CeTh UK HeT.

! Hapsiny ¢ TepMHHOM «ITakeT» MCIMOJIb3YIOTCS TAaKXKe TEPMHHBI «Kafip», «ppeiim», «siuelikas 1 Ap. B naHHOM
KOHTeKCTe pa3/M4yMs B 3HaUeHUHU 3THX TePMUHOB HeCYLIeCTBEHHBI.

2 B HEKOTOPbIX TEXHONOTHSX KOMMYTALMK MaKeTOB (HanpuMep, B TEXHOIOTHH BUPTYaJbHbIX KaHAI0B)
TI0JIHAst HE3aBUCUMOCTb 00paboTKH TAaKeTOB He 06eCeYnBaeTCs.
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Puc. 3.5. Pa3bureHne naHHbix Ha NakeTbl

B 3aBHCHMOCTH OT KOHKPETHOH pealn3aluy TeXHOJOTUM KOMMYTAlMHU 11aKeTOB NOCJIeJHUe
MOTYT UMeTb (PMKCUPOBAHHYIO UJIN IlepeMEeHHYIO AJIMHY. KpoMe Toro, MoXeT MeHsITbCS1 COCTAB
uHdopMauuH, pasMelieHHOH B 3arosioBkax nakeroB. Hanpumep, B TexHosorun ATM nakerst
(Ha3bIBaeMble TaM siyedKaMK ) UMEIOT (PMKCUPOBAHHYIO JJIMHY, a B TexHosoru Ethernet ycra-
HOBJIEHBI JIMLIIb MUHUMaJIbHO U MAaKCHMAJIbHO BO3MOJKHBIE Pa3Mepbl akeToB (KaapoB).

[TakeTsI IIOCTYNaloOT B CETb B TOM TEMIIE, B KOTOPOM UX F€EHEPHUPYET UCTOYHHK. Hpeunonarae’rcn,
YTO CETb C KOMMyTaIII/leﬁ ITaKETOB, B OT/IM4YHE OT CETH C KOMMyTaL[H€l7[ KaHaJI0B, BCer/la roToBa
TIPHHATD NMAKET OT KOHEYHOrO y3J1a.

Kak u B ceTx ¢ KOMMyTal[Mel KaHAJIOB, B CETSIX C KOMMYTALHEMN MAaKeTOB A/ KaKA0TO U3 T10-
TOKOB BPYUYHYIO WJIM QBTOMATHYECKH OIPeesieTcs] MapLIpyT, GUKCHPYEMbIil B XpaHsILHXCs]
Ha KOMMYyTaTopax Tabinuax koMmMmyTaunu. [lakersl, monajgast Ha KOMMyTaTop, 06pabaTHIBAIOTCSI
1 HaNpaBJSIOTCSA 110 TOMY WJIM MHOMY MapLIPYTY Ha OCHOBaHUM MHGOPMAaLMH, coJiepiKatleicst
B HX 3aroJI0BKax, a Takxe B Tabsuile KoMMmyTauuu (puc. 3.6).

[TakeTsl, npuHalIEXalMe KAK OTHOMY U TOMY €, TAaK ¥ Pa3HbIM MHGQOPMALIMOHHBIM [IOTOKAM,
TIPH [IEPEMEILEHHH 110 CETH MOTYT <Il€PEMELIUBATBHCS» MEXY C0GO0M, 00pa30BbiBaTh OUepean
1 «TOPMO3UTb» APYT Apyra. Ha myTu nmakeToB MOTYT BCTPEYaThCst IMHUM CBSI3U, MMeEIOUIHe pa3-
HYIO MPOIYCKHYIO CIIOCOGHOCTD. B 3aBUCHMOCTH OT BpEMEHH CYTOK MOXKET CHJIbHO MEHATHCS
M CTeneHb 3arpy>KeHHOCTH JIMHUIA CBA3U. B TakuX ycJIOBUSIX He MCKJIIOHEHDBI CUTYAIMH, KOT/(a
TNaKeTbl, IPUHA/JIeXKALINE OMHOMY ¥ TOMY XK€ MOTOKY, MOTYT TIEPEMEILATHCS 110 CETH C Pa3HbIMM
CKODOCTSIMH Y aXKe IPUNATH K MECTY Ha3HAu€HHUsl He B TOM MOPSIAKE, B KOTOPOM OHH GbLIH OT-
I1PaBJIEHbI.

Paznenenyie 1aHHBIX HA MAKETbI [103BOJISIET MlepeJaBaTh HEPABHOMEPHBII KOMNbIOTEPHbIN TpadHuK
6o.1ee 3¢eKTHBHO, YeM B CETSIX C KOMMYTaUvel KaHaloB. TO OOBSCHSIETCS TeM, YTO My.IbCa-
MK TpahyKa OT OTAEIbHBIX KOMIIBIOTEPOB HOCSIT CJIyYalHbII XapaKTep U pacnpeaessiioTcst BO
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Puc. 3.6. Nepenaya aaHHbIX NO CETU B BUAE NAKETOB

Puc. 3.7. CrnaxusaHue Tpapmvka B CETAX C KOMMYyTaLMen NakeTos

BpeMEHH Tak, YTO UX MMMKH yallle Bcero He coBnanaioT. [loaToMy koraa 1MHMs CBSI3U TepenaeT
tpaduk 60JIBIIOro KOJIMYECTBA KOHEYHBIX Y3JI0B, B CyMMAapHOM MOTOKE MYJIbCALMU CIJIaKUBAIOT-
Cs1 ¥ TIPOITYCKHast CIOCOOHOCTD JIMHUM UCTIOJIb3YeTCst 6oJiee pallMOHAIbHO, 6€3 AJIMTEbHBIX T1PO-
ctoeB. Tak, Ha puc. 3.7 noka3aHbl HepaBHOMePHbIe TOTOKU NAKETOB, MOCTYNAIOILME OT KOHEYHBIX
y35108 3, 4 1 10 B ceTH, n306paxkeHHo Ha puc. 3.6. [1peanonokKuM, 4TO ITH OTOKH TIE€PeIAIOTCS
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B HallpaBJIEHUH KOMMYTATOpa 8, a CJIeI0BaTeIbHO, HAKJIaAbIBAIOTCS IPYT Ha APYTa NPU NMPOXOXK-
JeHMHU JIMHUH CBSI3U MeX Ay KomMyTtaTtopamu 5 u 8. [lonyuaroiuiicst B pe3ysibraTe CyMMapHbIH
NOTOK sABJIseTcs 60Jiee pABHOMEPHBIM, YeM KasKAbIN U3 00pPa3yolMX ero OTAENbHBIX TOTOKOB.

Bbydepusaums naketos

HeonpeaeneHHOCTb ¥ aCAHXPOHHOCTD I€PEMEIIEeHUsT JAHHBIX B CETSIX C KOMMYTALHel TaKeTOB
npeabsBAseT 0cobble TpeGOBaHMS K pabOTe KOMMYTAaTOPOB B TAKUX CETSIX.

[MaBHOE OTIM4ME NAKETHBLIX KOMMYTAaTOPOB! OT KOMMYTATOPOB B CETAX C KOMMYTaLuen KaHanos co-
CTOUT B TOM, 4TO OHU MMEIOT BHYTPEHHIOI GydepHyIo NaMsATb ANA BPEMEHHOIO XPaHeHWS NakeTos.

JeliCTBUTENbHO, MAKETHBI KOMMYTATOD He MOXKET PUHSTh PELIEHUs O TPOABHKEHNH TTaKeTa,
He uMesi B CBO€l MaMsTH Bcero naketa. KOMMyTaTop npoBepsieT KOHTPOJIbHYIO CYMMY; €CJIH
OHa FOBODHT O TOM, YTO [IaHHBbIE IAKeTa He MCKAXKeHbI, TO KOMMYTATOp HaunHaeT 00pabaThiBaTh
NaKeT U 110 apecy HazHaueHHs OnpesiesisieT CleAyouii kommyTtarop. Iloatomy xaxcosii naket
110C/1EA0BATENbHO, GUT 32 6UTOM, TOMellaeTcst Bo BXoaHol Gydep. VMes B BuLy 3T0 CBOHCTBO,
rOBOPSIT, YTO CETU C KOMMYTallyel MaKeTOB UCIO/Ib3YIOT TEXHUKY COXPAHEHH C MPOBHKEHHEM
(store-and-forward). 3ameTum, 4TO AJ151 3TOM L KOMMYTATOPY ObLIO OB JOCTATOYHO UMETD
Oydep pasmMepoM B OHH MaKeT.

Ho koMMyTaTOpy Hy>kHbI 6ydepbl ¥ A1 APYTUX LeJIeH, B YACTHOCTH, 05 CO2NACOBAHUSL CKOPO-
cmell nepedauu OaHHbIX 8 TUHUAX C8:A3U, TTOAKTIOYEHHBIX K ero nHTepdeiicam. [leiicTBUTENBHO,
€CJIM CKOPOCTH MOCTYIJIEHUsI TOTOKA MAKETOB U3 OAHON JIMHUM CBSI3U B TeYeHHe HEKOTOPOTro
TepHo/ia TIPEBbILIAET MPOIYCKHYIO CIIOCOOHOCTD TOM JIMHUY CBSI3H, B KOTOPYIO 3TH MaKEThI A0JIK-
Hbl ObITH HalpaBJIeHb, TO BO M30eXaHue NoTepb MAaKeTOB Ha lieJieBoM uHTepdeiice He06X0AUMO
OpraHM30BaTh BIXOAHYIO oyepensb (puc. 3.8).

Bydepusauus HeoGxoauMa IaKeTHOMY KOMMYTATOPY U 015 COZIACO8AHUSA CKOPOCTIU NOCMyNnAe-
HUS NAKEMO8 CO CKOPOCMbio Uux Kommymayuu. Eciu xoMMyTupyommii 610K He ycreBaet o6paba-
TBIBATh MaKeTbhl (aHAJIM3UPOBATDh 3ar0JIOBKHU U NiepeGpachiBaTh MAKETHI HA HY)XHbIH HHTepdeiic),
TO Ha uHTepdeiicax KOMMYyTaTOpa BO3HUKAIOT BXOAHbBIE ouepean. OueBUIHO, UTO A1 XPaHEHHs!
BXOJHOH ouepeau 06beM Oydepa 10/DKeH MPeBbILIATh Pa3Mep OAHOTO ITaKeTa.

CyLuecTBYIOT pa3/IMyHbIE NOAXObl K IOCTPOEHUIO KOMMYTHpYIoluero 6s10ka. TpaanunoHHbIii
c11oco6 OCHOBaH Ha OJIHOM LIEHTPaJbHOM IPOLECCOPe, KOTOPHI 06CTyXKHUBaeT BCe BXOAHbIE
oyepear KOMMYTaTOpPa, YTO MOXKET IPUBOAUTD K OOJIbLINM O4€epelsiM, TaK KaK MPOU3BOAUTENb-
HOCTb NPOLIECCOPA Pa3AeNseTCs MEXAY HECKONbKUMH ouepeasiMi. CoBpeMeHHbIe CrIoCOObI
NOCTPOEHUS KOMMYTHUDYIOLEro 6J10Ka OCHOBaHbl Ha MHOTONPOLIECCOPHOM MOAXOZeE, KOTrAa
KaXablit MHTepdeiic MMeeT CBOI BCTPOEHHBIH mpolieccop as 06paboTku nakeros. Kpome toro,
CyLIeCTBYeT LeHTPaJbHBIA POLECCOP, KOOPAMHUPYIOWIKI paboTy HHTepelCHBIX MPOLecco-
POB, UCMOJIb30BAHNE KOTOPBIX NOBBILIAET MPOU3BOAUTENbHOCTD KOMMYTaTOpa U YMeHbLIAET
oyepenu Ha BXoaHbIX uHTepdeiicax. OxHAKO TaKuve OYepeau Bce PABHO MOTYT BO3HUKATh, TaK
KaK LeHTPaJIbHbIN MPOLECCOP MO-TIPEXKHEMY OCTAeTCs y3KUM MecToM. BoJiee moapo6Ho Bompocs!
BHYTPEHHEr0 YCTPOMCTBA KOMMYTATOPOB 00CyXaatoTcst B rase 11.

! 'Horaa mMbt 6y11eM Ha3bIBaTb KOMMYTATOPbI ceTeii ¢ KOMMyTal.[Heﬁ MaKeTOB MAKETHBIMHU KOMMYTAaTOPaMH,
aCeTUu C KOMMyTal.lHei"l MaKeTOB — MaKeTHbIMU CETAMHU.
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Puc. 3.8. Bydepbi 1 o4epeam nakeToB B KOMMyTaTope

[Tockonbky 06beM OyepoB B KOMMYTaTOpax OrpaHHY€EH, MHOT/A IPOUCXO/IUT HOMeEPs NAKemos
13-3a nepernoJiHeHus 6ydepoB Mp1 BpeMeHHOA [eperpy3Ke YacTH CETH, KOT/a, HAPUMeD, COBMa-
JAI0T NIePUOABI NYJIbCALIMU HECKOIBKUX HHGOPMALMOHHBIX NOTOKOB. [/ KOMITEHCAIUH TAKUX
NOTePb B TEXHONIOTMN KOMMYTALUHU T1aKeTOB MPEAYCMOTPEH PSiZ CNELHATbHbIX MEXaHU3MOB,
KOTOpbIe Mbl PACCMOTPHM MO3XKe.

[TakeTHbIH KOMMYTAaTOp MOXeET pa60TaT1> Ha OCHOBAHNHU OJHOTO M3 TpeX METOA0B IIPOABUXXEHHUA
IMAKeTOB:

O nedfrarpaMMHas nepezava;
U nepezava ¢ ycTaHOBJIEHHEM JIOTUYECKOTO COEANHEHNST;
U nepexaya ¢ ycTaHOBJIEHUEM BUPTYAJIbHOTO KaHAJa.

AdentarpammHan nepepava

AeWTarpaMmHubIi CNOCO6 Nepenayn AaHHbLIX OCHOBAH HAa TOM, YTO BCE NepenaBaemMbie NakeTs!
npoasuraoTcs (NnepenalnTca OT 0AHOro y3na CetTn ApyroMy) Hesasucumo apyr oT gpyra Ha OCHOBa-
HUW OQHUX U Tex xe npasun. Hukakas uidopmaums 06 yxe nepeaarHHbIX NaKeTax CeTbio He XPaHUTCH
v B xoge 06paboTkm o4epeaHoro naketa Bo BHUMaHUE HE NPUHUMAETCS. To eCTb KaXabl OTAENbHbIN
nakeT pacCMaTPUBAETCA CETbIO Kak COBEPLLEHHO HEe3aBUCUMas eanHuLA Nepegasv — aenrarpamma.

Pewenue o NPOABHUXEHHUH ITaKeTa MPUHUMAETCA Ha OCHOBE Ta6JII/lllbI KOMMYTalluHy, cTaBsiuen
B COOTBETCTBHE aJpeCaM Ha3HAYE€HUSA MAKETOB qu)opmaumo, OAHO3HAYHO onpeAesdiouyio
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CJIeyIOIMI 110 MApIIPYTY TPAH3UTHBIN (MM KOHeYHbIN) y3es. B kayecTse Takoit unpopmaunu
MOTYT BBICTYTNaTb UAEHTU(PHKATOPbI MUHTEPGEICOB TaHHOTO KOMMYTATOPA UJIH a/[Peca BXOIHBIX
nHTepdeicOB KOMMYTATOPOB, CAEAYIOLIMX 10 MApILDPYTY.

Ha puc. 3.9 noka3saHa ceTb, B KOTOPOIi 11€CTh KOHEYHbIX y3710B (N1—NG6) CBsi3aHbI C€MbIO KOM-
myTatopamu ($1-S57). IlokazaHbl TakKe HECKOJIBKO NepeMellaloLMXCsI [0 PA3HbIM MapLIpyTaM
1aKeTOB C Pa3HbIMH ajpecaMy HazHaueHUs (N1-N6), Ha myTH KOTOPBIX JIEXXHUT KOMMyTaTop S1.
[Ipu mocTynieHUy KaXk0ro U3 3TUX NMAKeTOB B KOMMYTATop S1 BBIIOJIHSAETCSI IPOCMOTP COOT-
BETCTBYIOIIEH TabM11IbI KOMMYTAalMK U BHIOOD AajibHel1Iero nyTu nepemelnedus. Tak, naker
¢ aapecoM N5 Gyiaet nepegan kommyTtaropoM S1 Ha uHTepdeiic, Beayinit K KoMMyTaTtopy S6,
I/le B pe3yJibraTe MoAOOHO Mpoueaypbl 3TOT MaKeT Gy/IeT HANPaBJIeH KOHEYHOMY Y31y OJIY-
yatesst NO.

Puc. 3.9. Nnnioctpaumsa neintarpaMMHOro NpuHUMNa nepeaayy nakeTos

B tabsmue KOMMyTaunu Ui OHOTO U TOTO XKe ajpeca Ha3HAYeHUsl MOXKET CONEPKAThCs He-
CKOJIbKO 3allMCeH, YKa3bIBAIOUIMX COOTBETCTBEHHO Ha Pa3JIMuHble aJpeca CJIeAYIOIEero KoM-
myTatopa. Takoii noaxon Ha3biBaeTcst GalaHCOM HATPY3KH U MCIIOJb3yETCS [Jisl OBbIILIEHUS]
NPOU3BOJIUTEIBHOCTH U HafIeXKHOCTH ceTH. Kak BuauM, Ha puc. 3.9 nakeTsl, OCTYMAOUME B KOM-
myTatop S1 115 y3/1a Ha3HaueHus ¢ aapecoM N2, pacripeiesiiioTCst MeXXAy ABYMs CJledy UMM
KOMMyTaTtopaMu — S2 U $3, yTo CHUXKAET HAarpy3Ky Ha KaXKAbIH M3 HMX, a 3HAYUT, COKpAllaeT
oyepey U ycKopsieT focTaBKy. HekoTopasi «pasMbITOCTb» MyTeii c/lelOBaHUsI TAKETOB C OMHUM
U TeM Ke aJ[pecOM Ha3HaueHHsl Yyepe3 CeTb SIBJISETCS MPSIMbIM CJIECTBUEM MPUHIMIIA HE3ABU-
cUMOM 06paboTKH KaXK/I0T0 NIAKETa, IPUCYILEro AeiTarpaMMHOMY MeToay. [TakeTsl, caeayoniye
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M0 OJHOMY U TOMY XK€ aipeCcy Ha3Ha4Y€HUs, MOTYyT [[06HpaTbCﬂ A0 HETO pa3HbIMU MMYTAMH TAKXe
BCJIEACTBHE NU3MEHEHUS COCTOAHUS CETH, HAIIpPUMEP OTKa3a NPOMEXYTOYHBIX KOMMYTAaTOPOB.

JlefiTarpaMMHblit MeToZ paboTaeT 6BICTPO, TAK KAK HUKAKKUX NIPEIBAPUTENLHBIX I€HCTBUH T1Epel
OTIPaBKOM JIaHHBIX MPOBOAUTDb He TpeGyeTcsa. OMHAKO TPH TAKOM METOe TPYAHO MPOBEPUTD
(axT gOCTaBKM NMaxeTa y3;1y Ha3HAYeHHUsI.

B AeﬁTarpaMMHOM MeToae NOCTABKA NnakeTa He rapaHTUpPyeTCs, a BbiNOAHAETCH NO Mepe BO3IMOX-
HOCTU — A1 ONUCAHWUA TaKoro CBOMCTBA UCNONb3YeTCs TEPMUH AOCTaBKa NO BO3MOXHOCTH (best
effort).

NMepepaya c yCTaHOBNEHUEM
NIOrM4YecKkoro coeanHeHus

CJieayowmii pacCMaTpUBaeMblii HAaMH CIIOCO0 IIPOABUIKEHHS! IAKETOB OCHOBBIBAETCS HA 3HAHNH
YCTPOMCTBAMH CETH «UCTOPUM» OOMEHa JaHHbIMH, HAIIPUMEP, Ha 3a[IOMUHAHUH Y3JIOM-OTIIpa-
BMTeEJIEM YMCJIa OTIIPABJIEHHBIX, A Y3JOM-TI0OJyyaTesieM — YMCJIa MoJy4YeHHBIX TakeToB. Takoro
poza undopmauus pukcupyeTcs B paMKax JJIOTH4€CKOr0 COeTUHEHHUS.

MNpoueaypa cornacosaH1a ABYMS KOHEYHBIMM Y3/1aMuU CeTU HEKOTOPbIX NapaMeTpos npouecca obmeHa
nakeTtamu Ha3bIBaEeTCH YCTaHOBI@HMEM IOTMYECKOro CoeanHenus. llapameTpbl, 0 KOTOPLIX A0roBa-
pUBAIOTCH ABA B3aMMOAENCTBYIOLMX Y3Na, Ha3biBAIOTCS NAPaMEeTPaMK JIOrMYEeCKOro COeANHEHKS.

Hasune Joru4eckoro coeAnHeHns NO3BOJISIET GOJIee PAIlHOHAIBHO 10 CPABHEHHIO C AeHTa-
rpaMMHbIM criocobom obpabarsiBath nakersl. Hanpumep, npu nmorepe HECKOJIbKUX NMpebILY-
II[1X TTAKETOB MOJKeT ObITh CHIXKEHA CKOPOCTh OTIPABKH nocyeayonyx. Hanporus, 6;1arogaps
HyMepalHU NaKeTOB H OTCJIe)KMBAHNIO HOMEPOB OTIPABIEHHBIX U MPUHATBHIX NAKETOB MOXXHO
NOBBICUTH HAE)XHOCTD MyTeM OTOpAchIBaHUsl AyOJIMKATOB, YIIOPSIAOYMBAHUSI TOCTYNHUBILMX
U MOBTOPEHMsI TepeJjaui MMOTePSHHBIX aKeTOB.

[TapaMeTpbl COeIMHEHUSI MOTYT OBITh NOCMOAHHbIMU, TO €CTh HE U3MEHSIOIIMMUCS B TeYeHUe
BCEro coeqnHeHus (HanpuMep, UAeHTHDUKATOP CoeAnHeHHs], cocob mndpoBaHUs MaKeTa
MM MaKCHUMaJIbHBII pa3Mep MOJIs IaHHBIX TaKeTa), AU NepeMeHHbiMU, TO eCTh AMHAMHYECKH
OTpa’kaIOILKUMHU TeKylliee COCTOsIHIE coeJuHeHUs (HallpuMep, oc/1eI0BaTeIbHble HOMepa nepe-
JlaBaeMbIX MTAKETOB).

Koraa OTIIPABUTEJIb U ITOJIy4YaTe/b d)uxcupyrom Ha4aJjio HOBOI'O COEAUHEHUS, OHU MpeXJe BCEro
«10TOBAapUBAIOTCA» O HaYa/IbHBIX 3HAYEHHUAX ITapaMeTpPOB Mnpouenypbl obMeHa U TOJIBKO MocJIe
9TOro Ha4YMHAIOT Iepeaavy COOCTBEHHO AAaHHBIX.

ITepenaua ¢ ycTaHOBIEHMEM JIOTHYECKOTO COEAMHEHUS BKII0YaeT Tpu dassl (puc. 3.10):

Q Yemanoenenue nozuneckozo coedunenus, KOTOpoe HAYMHAETCS C TOTO, YTO y3eJl — MHULHKATOP
COeIMHEHUSI OTTIPABJISET y3/Ty-T0AYyYaTesNIo CTyXeOHBbIi aKeT ¢ MpeAIoKeHeM YCTaHOBUTD
coeauHenue. Ecay y3esn-nosyyaresb COrJlaceH ¢ 3THM, TO OH IOCBITIAeT B OTBET PYTroi CIIy-
KeOHBIIA ITaKeT, NOATBEPXKAAIOIMA YCTAHOBIEHHE COEAMHEHHUS U MTPETATalOUMil HEKOTOpbIE
napaMeTpbl, KOTOPbIE AOJXKHbI MCIO0/1b30BaThCs B PaMKaX JaHHOTO JIOTHYECKOTO COEANHEHHS.
3T0 MOryT ObITh, HAIPUMeED, UUEHTUGUKATOP COeANHEHMS, KOMUYECTBO MTAKETOB, KOTOPbIe
MOXHO OTIIPaBUTh Ge3 MoJTy4eHUs TOATBEPXKAEHHS], U T. [I. Y3el — HHULMATOP COeANHEHHs
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Puc. 3.10. Nepenaya 6e3 ycTaHOBNEHUS COEANHEHUS () U C YCTAHOBNEHNEM COeanHeRns (6)

MOXET 3aKOHYUTb MPOLECC YCTAHOBJIEHUS COCAUHEHUS OTHpaBKOﬁ TPETbETO CJ[y)I(66HOFO
TMaKeTa, B KOTOpOM C006I.l.lPlT, 4YTO NPE/IJIOKEHHBIE [TapaMETPbI €EMY ITOAXOAAT.

Q Ilepedaua dannvix. Ilocne TOro Kak CoeANHEHHE YCTAHOBJIEHO M BCe MTAPAMETPhI COTIACO-
BaHbl, KOHEYHbIE y3JIbl HAYMHAIOT Tlepeiady cOOCTBEHHO AaHHbIX. JIorMyeckoe coefrHeHe
MOXeT 6bITh PACCYMTAHO Ha Mepeady JaHHBIX KaK B OHOM HanpaBjieHuH (OT HHULMATOPa
COEIMHEHUS ), TAK U B 0OOMX HANpPaBJIEHUSX.

Q Paspuie rozuueckozo coedunenus. Ilociie nepenayu HEKOTOPOTO 3aKOHYEHHOTO HabOpa AaH-
HbIX, HAIIPUMeEP ONpe/iesieHHOro daiina, y3ea-oTIpaBUTe b MHUIIMUPYeET NPOLelypy Pa3pblBa
JIOTUYECKOTO COeMHEHHS], aHAJIOTUYHYIO MPOLIEYPe YCTAaHOBJIEHUSI COEMHEHUSI.

3aMeTuM, 4TO, B OT/IMYME OT Mepeflauy AedTarpaMMHOIO THUNA, B KOTOPOii IOANEPKUBAETCS
TOJIBKO OJVH THII MAKETOB — MHGOPMALMOHHBIH, epefaya ¢ yCTAHOBJEHHEM COeIMHEeHUs
J0JKHA TIOIEPXKUBATh KAK MUHUMYM /[Ba THIIA IAKETOB — UHGDOPMAYUOHHbIE TAKETHI IEPEHOCAT
COBCTBEHHO MOJ/Ib30BATEbCKUE JaHHbIE, 2 CAYHeOHble TIPETHAZHAYAIOTCS AJ1s1 YCTAHOBJIEHUS
(pa3pbIBa) COEMHEHUS.

NHdopMaumroHHble nakeTbl 06pabaThIBAIOTC KOMMYTATOPaMK TOYHO TaK XK€, Kak U NpH AeiTa-
rpaMMHOI1 lepesiaye: 13 3ar0J0BKOB MTAKETOB U3BJIEKAIOTCS apeca Ha3HaueHHUs ¥ CPAaBHUBAIOTCSI
C 3aMMCSAMU B TabIULIAX KOMMYTALUK, COAEPKAIMMHI HH(GOPMALHKIO O CeAYIOIINX 11arax 1o
mapuipyTy. Kak 1 fefiTarpaMMbl, HakeThl, OTHOCSIIMECS K OHOMY JIOTHYECKOMY COEAMHEHUIO,
B HEKOTOPBIX CJIy4asix (HampuMep, NPy 0TKa3e JIUHUY CBSI3M) MOTYT JOCTABJISTHCS a/ipecaTy 110
Pa3HBbIM MapIIpyTaM.

OnHako nepenada ¢ YCTAHOBJIEHUEM CO€CAUHEHHSI UMEET BaXXHOE OTJIMYHE OT ].IeﬁTal‘paMMHOlui
nepengayy, NoCKOJIbKYy B Hel, TOMHUMO o6pa6onm MMaKe€TOB Ha KOMMYTATOpax, UMEET MECTO do-
NoJHUMENbHAaA 06])0607”1(70 nakemoes Ha KOHEYHbLX Y31ax. Hanpnmep, €CJIU IIPU YCTAaHOBJIEHHH CO-
€AHMHECHHUA 6bl1a OroBOp€Ha Nepeadya 1aHHbIX B 3amu¢)ponaHH0M BHJIE, TO ].Lll/lq)])OBaHPle TMaKeTOB
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BBITIOJIHSAETCS Y3JI0M-OTIPABUTENEM, a NenmdpoBaHre — Y3J0M-TIOJNyYaTeeM. AHAIOTHYHO,
Anst obecniedeHHs B PaMKax JIOTHYECKOTO COeJMHEHUS HalleXXHOCTH BCIO paboTy 10 HyMepaluu
NIaKeTOB, OTC/IE)KNBAHMIO HOMEPOB J10CTABJIEHHBIX U HEJIOCTABJIEHHBIX [IAKETOB, OCBLIKE KOTIWiA
11 oTOpacLIBaHMIO AyOIMKAaTOB OepyT Ha ceOsi KOHEYHbIE Y3JIbl.

MexaHu3M yCTaHOBJIeHUsI IOTHYECKHUX COeJMHEHU I NO3BOJISIET Peann30BbiBaTh AnddepeHn-
poBaHHOe 00CayXKuBaHHe HH(POPMALIMOHHBIX ITIOTOKOB. PasHoe o6cy)XuBaHE MOTYT TOJTY-
YHTH JaXKe TIOTOKH, OTHOCSINECS K OXHOM U TOM e nape KOHeYHbIX y3;108. Hanpumep, napa
KOHEUHbIX y3/I0B MOXKET yCTAHOBUTD /[Ba MApaJl/ieIbHO paboTaloMUX JOTHUECKUX COEJUHEHNS],
B OJIHOM M3 KOTOPBIX [1€PeaBaTh AaHHbIe B 3alIH(PPOBAHHOM BU/E, A B APYTOM — OTKPHITHIM
TEKCTOM.

Kak sBuavm, nepeaaya ¢ yCTaHOBNEHUEM COEAUHEHUS NPEAOCTABASIET 60/bLIE BO3MOXHOCTEN B NNaHe
HanexHocTu u 6e3onacHoOCT 06MEHa AaHHbIMUK, HYeM aenTarpammMHan nepegada. OaHako 3ToT cnocob
60s1ee MeANeHHbil, Tak Kak OH NoapasyMeBaeT AONONIHUTENbHBLIE BLIYUCNUTENLHBIE 3aTPaThl Ha yCTa-
HOBNEHME U NOAAEPXAHME NOTUYECKOTO COeAUHEHUA.

Nepepaya c ycTaHOBNIEHNEM BUPTYaNibHOro KaHana

Cnezxyloumﬁ cnoco6 NMPOABMIKEHUS NAHHDBIX B [TAKETHBIX C€TAX OCHOBAH HA YaCTHOM cCJjiyyae
JIOTUYECKOT0 COeAUHEHHUs, B YHUCJIO TTAPAMETPOB KOTOPOI'0O BXOAHWT XXECTKO onpeneneHan‘/'x PLs)be|
BCEX ITAKETOB Mapuwpym. To ects Bce MAKEeTHbI, Nepe/laBa€éMbi€ B PAMKaX JTAHHOIO CO€AUHEHUS,
JOJIXKHBI MPOXOAUTD CTPOTO ITO OTHOMY U TOMY >K€ 3aKPETIJIEHHOMY 3a 3TUM COCAUHEHUEM TTYTH.

EAMHCTBEHHbIN 3apaHee NPOROXeHHbI PUKCUPOBAHHDIN MapPLLPYT, COEAVNHAIOLNIA KOHEYHbIE Y3/bl
B CETW C KOMMYTaUMEN NAKeTOB, Ha3bIBAIOT BUPTYaibHbIM KaHanoM (virtual circuit, nnu virtual channel).

BupTryasbHble KaHATbI TPOKJIAABIBAIOTCS /LIS YCMOoiuuebix MHPOPMALMOHHBIX TOTOKOB. C 11e/1bI0
BbIjIeJIEHHsI TOTOKA JIaHHBIX U3 001ero TpahrKa KaXAbli MaKeT 3TOTO [IOTOKA [I0MEYaeTCst NIpU-
3HAKOM 0cO60TO BHIa — METKOM.

Kak 1 B ceTsix ¢ ycTaHOBJIeHHEM JIOTHYECKUX COeIMHEeHNH, TPOKJIaIka BUPTYaJbHOTO KaHa1a
HAYHHAeTCs ¢ OTMPABKH V3/I0M-UCTOYHUKOM CIIeLIHATbHOTO NaKeTa — 3apoca Ha YCTaHOBJIeHHe
coequHeHus. B 3ampoce yka3plBalOTCs aipec Ha3HaYeHHWsI U MeTKa II0TOKa, L1l KOTOPOro 1npo-
KJ1aIbIBAETCS 3TOT BUPTYasbHbIHN kaHail. 3anpoc, Mpoxoas 1o ceTH, GopMUPYyeT HOBYIO 3aMUCh
B Ta0/IHI1€ KQXK/I0TO U3 KOMMYTATOPOB, PACIIOJIOAKEHHBIX HA IIyTH OT OTIIPABUTEJISI 10 NIOJTy4aTesl.
3anuch TOBOPHUT O TOM, KAKMM 00pPa3oM KOMMYTATOP JOJIKEH 0OCyXKUBATh 11aKET, HMEIOTIHiT
3amaHuy1o MeTKy. OOpa3oBaHHbIH BUPTYaIbHbIA KaHAA UACHTUGDHIIMPYETCS TOM Ke MeTKOI !

[Tocne MPOKNAZKY BUPTYANbHOTO KAHAIA CETh MOXKET MepelaBaTh 110 HEMY COOTBETCTBY IO
0TOK JIaHHbIX. Bo Bcex naketax, KOTOPbIe MEPEHOCST MM0JIb30BATEIbCKHE IAHHDIE, a/IpeC Ha3Ha-
4eHMs! yKe He YKa3bIBAeTCsl, €ro POJib UrPAeT MeTKa BUPTYaIbHOro KaHaia. [1pu nmocrynienun
I1aKeTa Ha BXOAHOM HHTepdelc KOMMYTATOP YMTAET 3HAUEHHE METKH M3 3ar0JI0BKA IPUILIELIEro
MaKeTa M IPOCMATPUBAET CBOIO TAOIHILy KOMMYTAIIMHU, IO KOTOPOH ONpeessieT, Ha KaKoi Bbl-
XOJAHOI NOPT NepeaaTh NPUIIEANIMI 11aKeT.

! Jrta MeTKa 8 Pa3/IMYHBIX TEXHOIOMHSX HA3BIBACTCS O-PA3HOMY, HAIPUMED, HOMEPOM JIOTHYECKOIO KaHAId
(Logical Channel Number, LCN) B texHosiornn X.25 Witk IPOCTO «MeTKOIi» B TexHoJjornd MPLS.
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Ha puc. 3.11 nokasaHa ceTb, B KOTOPO# IPOJIOXKEHO [1Ba BUPTYAIbHbIX KaHAIA, HAEHTUhULUPY-
embix MeTkaMu VC1 u VC2. [1epBblii NPOXOJUT OT KOHEYHOTO y3J1a ¢ afpecoM N1 10 KOHEYHOro
y3na ¢ aapecoM N2 yepe3 nmpoMesxyTouHble KOMMYTaTophl S1, S2 u S4. Bropoit BUpTyasbHbIi
kaHa1 VC2 obecrneynBaeT npoaBrxeHue JaHHbIX 0o nytd N1-S1-53-55-N3. B o6wem ciayyae
Me>K/1y IBYMsl KOHEYHBIMHU Y3JIaMH MOXET OBbITh ITPOJIOJKEHO HECKOJILKO BUPTYaIbHbIX KAHAJIOB,
HarpuMep, ellle OMH BUPTYaJIbHBII KaHaI MeXAy y31aMu N1 u N2 Mor Gbl TPOXOANTD Yepe3 po-
MeXyTO4YHbIH koMMyTaTop S3. Ha pucyHke nokasaHsl /iBa akeTa, Hecylile B CBOMX 3ar0JIOBKax
meTk¥ noTokoB VC1 1 VC2, KOTOpbIe UTPAIOT POJIM a/IpeCOB HA3HAYEHUSI.

Puc. 3.11. Nnnioctpaumsa npuHumMna paboTbl BUPTYanbHOro kaHana

Tabmua KOMMyTALUK B CETSIX, HCHIOMB3YIOLIMX BUPTYaJbHbIE KAHAJIbI, OTJIMYAETCS OT Tab M LUbI
KOMMYTaliK B AefiTarpaMMHbIX ceTssx. OHa COMEPHKHUT 3aNIUCH MOALKO 0 NPOXOOAUUX Uepe3
KOMMYmAamop sUupmyaibHulx KAHALAX, a He 000 BCeX BOBMOXKHBIX a[jpecax Ha3HaueHUsl, KaK 3TO
MMeeT MeCTO B CeTAX C AefTarpaMMHBIM aITOPUTMOM NpoaBuxKeHusi. OObIYHO B KPYITHOM CETH
KOJIMYECTBO MPOJIOXKEHHBIX Yepe3 y3eJ BUPTYalbHbIX KAHATIOB CYIIECTBEHHO MeHbllle 0OLIero
KOJIMYECTBA Y3JI0B, 103TOMY TaOJIMI(bl KOMMYTAILMH B 3TOM CJIy4ae HAMHOTO KOpOYe U, CJIEJ0Ba-
TeJIbHO, AHAJIM3 TAKO# TAO/IMLIBI 3aHUMAET Y KOMMYTaTOpa MeHblIie BpemeHu. 1o Toit ke npuunte
MeTKa KOpoue aJjpeca KOHeYHOI'O y3J1a, U 3aroJI0BOK MaKeTa B CETSIX C BUPTYaJIbHbBIMU KAHAIAMU
NEPEeHOCUT MO CeTH BMECTO AJMHHOTO aipeca KOMIAKTHBIH HAeHTH(DUKATOP NOTOKA.

NPUMEYAHUE

HMcnonb3oBanue B CeTSAX TeXHUKHU BUPTYQJIbHBIX KAaHAJIOB He [eJIAeT HX CETSIMU C KOMMYTallMell KaHAJIOB.
XoTs B N0J0OHBIX CETSIX TAKXKe NPUMEHSIETCSI MPOLIeAypa NPe/IBaPUTENbHONO YCTAHOBIEHUS KaHala, 3TOT
KaHaJl sIBJISIETCS1 BUPTYalbHbIM, TO €CTb 10 HEMY Nlepe/laloTCst OT/eIbHbIe AKeThl, a He TOTOKU HH(opMaluu
€ NOCTOSTHHOW CKOPOCTBIO, KaK B CETAX C KOMMYTaluell KaHaloB.
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B oxHOI 1 TOH Xe ceTeBON TEXHOJIOTHH MOTYT OBITh 33€CTBOBAaHbI Pa3Hble CrIOCOObI MPO-
JBUOKEHUS JaHHBIX. Tak, /151 epelauy JaHHBIX MEXY OTAeNbHBIMH CETSIMH, COCTABJISIOIMMU
WHTepHeT, ncnonb3yetcs gedtarpaMMubiil npotoko IP. B To ke BpemMs obecnieyeHneM Ha-
Je>KHOU I0CTaBKU AAHHBIX MEXAY KOHEUHBIMM Y3JIaMU 3TOH ceTH 3aHuMaercst npotokos TCP,
YCTaHABJIMBAIOUINIA JIOrHYecKue coeiHenus 6e3 bukcauuu Mapupyta. Y HakoHeu, MiHTepHeT —
3TO NMPUMeEP CeTH, IPUMeHSIIONIEel TEXHUKY BUPTYaJIbHBIX KAHAJIOB, TaK KakK B cocTaB VIHTepHeTa
BXOAMT HeMasio ceteit MPLS, noaaepxuBaioimx BUPTyaibHble KAHAJIBI.

CpaBHeHue ceTeil C KOMMYyTauMei NnakeTos
M KaHanos

[l1s1 cpaBHEHMsI CBOICTB ceTell ¢ KOMMYTalIMeN KaHA/IOB U CeTeli ¢ KOMMyTalnelt nakeToB (op-
mupyem Taba. 3.3.

Ta6nuua 3.3. CpaBHeHue ceTel C KOMMYTaumen KaHanoB 1 NakeTos

KommyTauus kaHajioB KomMmyTanus naketos

Heo6Xx0aMMOo npeBapHUTeNbHO YCTAaHABIIN-
BaTb COEAMHEHHE

OTCyTCTBYET 3Tan yCTaHOBJIEHUs1 COeAMHEeHUs (AeHTarpaMM-
HBIH crocob)

Anpec TpeGyeTcsi TOJIBKO Ha JTale ycTa-
HOBJIEHUSI COEAMHEHHST

Agnpec u npyras caysxxebHas uHdOpMALMS TEPENAIOTCS C KaXK-
ZIbIM MTaKeTOM

CeTb MOXeET OTKa3aTh 860HeHTy B yCTaHOB-
JIEHUU COeTUHEHUSA

Cers Bcerga rotoBa NPpUHATD JaHHbIE OT aboHeHTa

TapaHTMpOBaHHast NPOMYCKHas C1oco6-
HOCTb (I10J10C2 NIPOIYCKAHMs1) ISl B3AUMO-
IeHCTBYIOLMX aO0HEHTOB

IponyckHast cnocoGHOCTD CeTH /s aGOHEHTOB HEU3BECTHA,
3a/IepXKH Nepeladi HOCAT C1y4aiHblit XapaKTep

Tpacduk peabHOro BpeMeHHU NepeaaeTcs
6€3 3a1epxex

Pecypcel cetu cnosnb3yiorcst 3 bexkTHBHO NpH nepefaye
MyJIbCUpYIolLero Tpaduka

Bbicokast Hae)KHOCTh nepenadyu

B03MOXHbI TOTEPH JaHHBIX U3-32 NepenonHenus: 6ydepos

HepauHOHaJleOC MCIOJIb30BaHUE MPO-
ﬂyCKHOﬁ Croco6HOCTH KaHaJIOB, CHUXKaAlo-

ABTOMaTHYECKOE AHWHAMUYECKOe pacnpeaesieHue HpOHyCKHOﬁ
CnocoGHOCTH (buanqecxoro KaHaJla MexXay aboHeHTaMu

wee 0611y10 3HEKTUBHOCTD CETH

Ipexxze ueM aajee MPOBOAUTH TEXHUYECKOE CPABHEHUE CeTell ¢ KOMMYTalLuell MaKeToOB U ceTei
€ KOMMYyTal[1eil KaHAIOB, IPOBeeM X He(popMabHOE CPaBHEHUE HA OCHOBE, KaK IPeICTaBIIsA-
€TCsl, BeCbMa MPOAYKTHBHOI TPAHCIIOPTHOM aHAJIOTHH.

TpaHcnopTHas aHanorua NS ceTem ¢ KOMMyTaumen
NakeToB U KaHanoB

st Hayasa ybeumcst, 4TO IBMXKEHNE Ha JOPOTrax MMeeT MHOTO OOIIETO C epeMellieHHeM TaKe-
TOB B CETH C KOMMYmMayuei nakemos.

ITycTh aBTOMOGHIIH B 3TOM aHAJIOTUH COOTBETCTBYIOT [IAKETaM, JIOPOTM — KAHAIaM CBSI3H, a Tiepe-
KpecTku — KoMMyTaTtopaM. [Tomo6HO makeTaM, aBTOMOGUIIN TIEPEMENIAIOTCST HE3aBUCUMO IPYT
OT ZIpyra, pa3jesisisi MPOMyCKHYIO CIOCOGHOCTD I0POT U CO3/1aBast NPENATCTBUS APYT APYTY.
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C/MUIKOM MHTEHCUBHbIIT TpaduK, He COOTBETCTBYIOLIMIA TPOMYCKHON CIIOCOOGHOCTH TOPOTH,
PUBOAMT K MeEPErpy>KeHHOCTH A0POT, B Pe3YJIbTaTe aBTOMOOMIN CTOST B NPOOKax, 4TO COOT-
BETCTBYET OYepe/IsiM IaKeTOB B KOMMYTAaTOpax.

Ha nepekpecTkax NpoMCXOIUT «KOMMYTalUsi» IIOTOKOB aBTOMOOUJIEH, KaXAbIH U3 aBTOMOOU-
Jiell BBIOMPAET M0AXO0/siIlee HalpaBieHHe NepeKPecTKa, YToObl MONAacTh B MYHKT Ha3HAYEHHS].
KoneuHo, mepekpecTok UrpaeT HaMHOTo 60Jiee TACCUBHYIO POJIb 110 CPABHEHHIO C KOMMYTATOPOM
naketoB. Ero akTiBHOe y4yacTre B 06paboTke Tpadhrka MOXKHO 3aMETUTD TOJIbKO Ha PETYIUPYEMbIX
MepeKpPeCcTKax, e OYepeHOCTD MepecedeH st IepeKpecTka MOTOKaMU aBTOMOGHIIEH onpesiesisieT
cBetodop. Eile akTHBHEE, eCTECTBEHHO, NOBeleHNE PEryanpoBIIHKa TPahUKa, KOTOPbIA MOXET
BBIGPATH [J1s1 IPO/IBMIKEHUsI HE TOJIBKO OTOK aBTOMODMJIEH B 1I€JI0M, HO U OT/E/IbHbIH aBTOMOOUIb.

Kak u B ceTsix ¢ KOMMyTalUueil MakeToB, K 00Pa30BAHUIO 3aTOPOB HA JOPOrax IPUBOAUT HEPABHO-
MEPHOCTD [BHXXeHUsI aBToMOOMIIe. TaK, faxe KPaTKOBPEMEHHOE CHHU)KEHME CKOPOCTH OIHOTO
aBTOMOOWJISI Ha Y3KOM I0POTe MOXKET CO3/1aTh OOJIbLIYIO MPOOKY, KOTOPOii 6b1 He ObL10, ecJiu Obl
BCe aBTOMOOHJIM BCETAa ABUTAINCH C OHON M TOM K€ CKOPOCTBIO U PABHBIMH MHTEPBATIaAMH.

Teneps nonpoGyem HaiiT o6liiee Y aBTOMOGUIIBHOTO IBMXKEHUS U CETel ¢ KoMMymayuei xa-
Hano8.

MHoraa Ha 10pore BO3HUKAET CUTYALHS, KOTa HYXKHO 06eCTIeYyrTh 0COObIE YCIOBUSI IS IBHXKE-
HHUS KOJIOHHBI aBTOMOOUIel. Hanpumep, npeactaBuM, 4To 04€Hb AJMHHAS KOJIOHHA aBTOOYCOB
IIePEBO3UT JIeTel U3 TOPO/a B JIETHUM Jiarephb M0 MHOTONMOJOCHOMY miocce. YToObl KoJOHHA
ABUTraIach 6e3 NpensTCTBUM, /s ee ABUKEHUs 3apaHee pa3pabaThiBAETCA MapUIPYT.

3areM Ha MPOTAXXEHUU BCETO 3TOr0 MapuipyTa, KOTOprﬁ NEPECEKAET HECKOJILKO TMEPEKPECTKOB,
AJ151 KOJIOHHBI BBIAEJIAETCSA OTAE/bHAA I10JIOCA Ha BCE€X OTPEe3Kax 1mocce. HPH 39TOM I10JI0Ca OCBO-
60>1<11aeTc51 OT Apyroro Tpadmxa YK€ 3a HEKOTOPO€ BpEMA 10 Hadajla ABUKEHUSA KOJIOHHBI, a OT-
MEHAETCA 3TO PE3EPBUPOBAHNE TOJIBKO ITOCJIE TOr0, KaK KOJIOHHA IOCTUTAET ITYHKTA Ha3HAYEHMH .

Bo BpeMst ABMXKEHHsI BCe aBTOMOOHJIM KOJIOHHBI €IyT € OAMHAKOBO CKOPOCTHIO M MPHOIM3HU-
TeNbHO PaBHBIMU MHTEPBAJIAMHU MEXy COOOM, HE CO3aBast NPENTCTBUA ApyT Apyry. O4ueBUAHO,
4TO [JIsl KOJIOHHBI aBTOMOOHJIEH CO3A10TCs1 HanboJiee GIaronpusiTHbIE YCJIOBUST ABHXKEHUSI, HO
1IpY 3TOM aBTOMOOMJIM TEPSIIOT CBOIO CAMOCTOSITEJILHOCTD, IIPEBPAILASICh B [IOTOK, U3 KOTOPOTO
HeJIb3s1 CBEPHYTDb B CTOPOHY. /lopora npu Takoi OpraHu3auyu ABMXKEHHSI MCII0JIb3yeTcsl Hepa-
IIMOHAJIBHO — 110J10Ca NPOCTauBaeT 3HauUUTeJbHYIO YaCTh BpeMeHH, KaK U [10JI0Ca IPOITyCKaHus
B CETSIX C KOMMYyTaluell KaHaIoB.

CTpykTypa 3aaepXeKk B CeTaX C KOMMyTauuen
KaHanoB N NakeToB

Bephemcst ot aBroMoOueit k cereBomy Tpaduky. [lycTs nmosb3oBareso ceTd He0OX0AMMO
repearh I0CTATOYHO HEPAaBHOMEPHBIN TpadHUK, COCTOSILIMIA U3 IEPUOA0B AKTUBHOCTH U Nay3.
ITpencraBuM TaKxxe, YTO OH MOXKET BbIOPATh, Yepe3 KaKyio ceTh (C KOMMyTaluell KaHaJIOB UK
[IaKeTOB) TepeaaBaTh CBOM TpaguK, IPUYEM B 06EUX CETSX MPOU3BOAUTEIBHOCTD KAHAIOB
cBsi3n oqrHaKoBa. QueBNaHO, YTO Gosiee 3(PGHEKTUBHOM C TOUKH 3pEHMsT BPEMEHHEIX 3aTpaT JJis
HaIllero NoJib30BaTeJIs1 Oblia Obl paboTa B CETH C KOMMYTAllMel KaHAJIOB, T1€ MY B €HHOINY-
HOE T10JIb30BaHKe TIPEIOCTABISETCS 3ape3ePBUPOBAaHHBII KaHal cBsi3u. [1pu aTOM criocobe Bee
JaHHble nocTynatu 6n1 agpecary 6e3 3anepxku. TOT Bakt, YTO 3HAYNTEBHYIO YACTh BPEMEHH
3ape3epBUPOBAHHbII KaHal GyJeT MPOCTauBaTh (BO BpeMsl May3), HAUIETO ITOJIb30BATesl He
BOJIHYET — €My BaKHO OBICTPO PELIUTb COOCTBEHHYIO 3a/1a4y.
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Ecsu 661 noab30BaTe b O6paTl/IJ'lC$l K yCJIyraM CeTH C KOMMyTalIHeﬁ TMMaKE€TOB, TO MpoLecC nepe-
Jla4H JTaHHBIX OKa3aJICs 6b1 Gonee MEAJIEHHBIM, TaK KaK €T0 MaKeTbl, BEPOATHO, HE pa3 3a1ep-
XHUBATUCDH ObI B oyepensx, OXxXuaasa 0CBO60)KI[€HHH HeO6XOlIVIMbIX CETEBbLIX PECYPCOB HapaBHE
C MaKeTaMH Apyrux abOHEHTOB.

JlaBaiiTe paccMoTpuM NoipobHee MEXaHM3M BOSHUKHOBEHHUsI 3a/leP)KEK NPH Tepeaade JaHHbIX
B ceTsx 060ux THNOB. [IycTb OT KoHeuHOro y3a1a N1 oTnpasJisieTcss COobIeHre K KOHEYHOMY
y3ny N2 (puc. 3.12). Ha nyTu nepesiayy JaHHBIX PacToIOXKeHbl IBA KOMMYTATOPa.

Puc. 3.12. BpeMeHHas auarpaMmma nepeaayv coobeHus B CeTn C KOMMyTaumven KaHanos

B cemu ¢ xommymayueti kananos AaHHble MOCTIE 3aJePXKKH, CBI3aHHOH C YCTaHOBJIEHWEM KaHa-
Jla, HAYMHAIOT Nepe/jaBaThCsl Ha CTAHAAPTHOM AJIsI KaHAIA CKOPOCTH. BpeMst 10cTaBKM aHHBIX
anpecaTy T paBHO CyMMe BpeMeHM PaclIpOCTPaHeHUs CUTHasla B KaHale ty (Prg — propagation)
Y BPEMEHH TIEpeiaun COOOLIEHUS] B KAHAI tirms (trNs — transmission), Ha3bIBAEMOTO TaKXe Bpe-
MeHeM cepHaJIH3alMH.

Hannune koMMyTaTopoB B CeTH ¢ KOMMYTaLMel KaHAIOB HUKAK He BUsIeT Ha CyMMapHoe BpeMst
MTPOXOXK/I€HUSI JAHHBIX Yepe3 CETh.

NPUMEYAHUE

3amMeTnM, 4TO BpeMst nepeayy CooO1IeHNs] B KaHAT B TOYHOCTH COBIAJIAeT CO BpeMeHeM NpyueMa CooOIeHHs
n3 KaHas1a B Oydep y3/1a Ha3HaYeHUs, TO €CTb BpeMeHeM GydepusaLnu.

BpeMst pacnpocTpaHeHus CHrHaa 3aBUCHT OT PACCTOSIHUS MeX Ay aGoHeHTaMu L 1 cKopocTH S
pacnpocTpaHeHus! 3JIeKTPOMAarHUTHBIX BOJIH B KOHKPETHO# hU3n4ecKkoit cpesie, KOTopasi KoJieh-
netcst ot 0,6 10 0,9 ckopocTH cBeTa B BakyyMe:

torg = L/S.
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Bpemst cepranuzaiu (a 3HauuT, 1 BpeMst Gydeprsalyu B y3Jie Ha3HAYEHHs!) PABHO OTHOLIEHHIO
oGbeMa coobiuenus: V B 6UTax K MponycKHOM ciocobHocTu kaHata C B 6UTax B CEKYH/Y:

tens = V/C.

B cemu ¢ kommymayueti nakemog nepefaya IaHHBIX He TPeOYET 06513aTENBHOTO YCTAHOBJIEHUS
coenuHenus. [IpearonoxuM, 4To B ceTh, IOKa3aHHYI0 Ha puc. 3.13, nepenaercs coobuieHune
Toro e obbema V, 4To u B npeabiayiieM ciaydae (cM. puc. 3.12), 01HaKO OHO pa3jieJieHo Ha
MaKeTbl, KaKAbIi U3 KOTOPBIX CHabxeH 3aronoBkoM. [lakets! nepeaatorcest ot y3na N1 yany N2,
MeJX/y KOTOPbIMU pPacio/ioxKeHbl 1Ba koMMyTaTtopa. Ha kaxxqioM KoMMyTaTope KaxKibli na-
KeT U306paXkeH JBaXK/bl: B MOMEHT MPUXO/la Ha BXOAHOM MHTepdeiic 1 B MOMEHT lepefaun
B CETb C BBIXOJHOT0 MHTepdeiica. Kak BUAUM, KOMMYyTaTOp 3a/leP>KMBAET NAaKeT Ha HEKOTOPOe
Bpemsi. 3nech 7| — BpeMsi AOCTABKH a/ipecaTy HepBOTo HaKkeTa cooduieHus, a Tps — BCEro co-
ob1eHUs.

Puc. 3.13. BpemeHHas anarpamma nepenaymn coobLieHns, pasaeneHHoro Ha nakeTsl,
B CETM C KOMMYyTauMen NakeTos

CpaBHI/IBaH BpeMEHHBIe AvarpaMMmbl riepeayv 1aHHBbIX B CETAX C KOMMyTaLIHeﬁ KaHaJIOB M IIa-
KETOB, OTMETHUM [1Ba ¢)aKTaI

O 3HayeHMs BpeMEHH PacIPOCTPaHeHMsl CUTHasa (fpr) B OAMHAKOBOM (U3UUECKOH cpesie Ha
OJIHO U TO Xe PAaCCTOsSIHME OIMHAKOBBI;
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Q yuuTHIBAsK, YTO 3HAYEHHUS IPOMYCKHOM CMOCOOGHOCTH KaHANOB B 06EUX CETSIX OJIMHAKOBbI,
3HaYeHHsI BpEMeHH Nepeaadu coob1eHus B KaHai (tyys) OYIyT maxxce pashuol.

OnHako pazbueHue nepeaBaeMoro COOOILEHUsI Ha MAKeThl € MOCIeAYIOIeN UX nepeaadeil no

CeTH C KOMMYTalllell MakeToB PUBOAUT K AOMOJHUTEJNbHBIM 3aJepxkKaM. [Ipocaeaum nyThb

NepBOTo NaKeTa U OTMETHUM, U3 KAKUX COCTABJISAIOIMX CKJIAIbIBAETCS BPeMs eTo Nepeiayy B y3el

Ha3HAYeHUs U KaKhe U3 HUX crielurbUYHbI 7151 CeTH ¢ KOMMYyTaluel naketos (puc. 3.14).

Puc. 3.14. BpemMeHHas agnarpamma nepeaaym oaHOro naketa B CETU C KOMMyTaumei NakeToB

Bpemst nepenauu ogHoro nakera ot y3na N1 10 koMMytatopa 1 MOKHO NpeACTaBUThb B BU/le
CYMMBbI HECKOJIBKHX CJ1araeMbIX.

U Bo-nepBsix, BpeMsi TpaTUTCS B y3Je-oTnpaBuTese N1:

O t; — Bpemst GOPMHPOBAHUSI NAKETA, TAK)KE HA3bIBAEMOE BPEMEHEM NAaKeTU3ALMU (3aBUCHT
OT Pa3JIMYHbIX IAPAMETPOB PabOTHI IPOrPAMMHOIO U AMIIAPATHOTO ofeciieyeHus y3Ja-
OTIIPaBUTEJISI U HE 3aBUCUT OT TAPAMETPOB CETH);

O t, — BpeMsi Iepeiauy B KaHAJI 3aT0JIOBKA;
QO t; — BpeMsi Nepeiauy B KaHAJ TOJIST JAHHBIX MAKeTa.

QO Bo-BTOpHIX, AONOJHUTENBHOE BPEMst TPATUTCS Ha PACNIPOCTPAHEHHE CUTHAJIOB 10 KaHaIaM
cBsi3n. O603HAYNM Yepes ¢4 BpeMsl PACIIPOCTPAHEHUS CUTHAJIA, IPEACTABJISIIOLIETO OUH OUT
nHpopmauuy, ot y3na N1 1o kommyraropa 1.
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O B-rpeTbux, I0MOJHATENbHOE BPEMSI TPATUTCSI B TPOMEXKYTOYHOM KOMMYTATOpe:

O ts — BpeMst IpreMa MaKeTa C ero 3aroJIOBKOM M3 KaHasa BO BXOIIHOM 6ydep kKoMMyTaTOpa;
KaK OTMEYEHO, 3TO BPeMsi PaBHO (¢, + ¢3), TO eCTb BpEMeHH Nlepe/layy [TAKeTa C 3aroJI0BKOM
B KaHaJ U3 y3J1a UCTOYHUKA;

@) ts — BpeMs OXKHIaHUsI NAKeTa B oYepenu, KoJe6J1eTCa B O4EHb IIWPOKUX Npejesiax v 3a-
paHee He U3BECTHO, TaK KaK 3aBUCUT OT TeKyU.leﬁ 3arpy3KH CE€TH;

O t; — BpeMsi KOMMYTAllMU TIAKETA NPYU €TO0 [lepeiaye B BBIXOAHOM MOPT, PUKCHPOBAHO IS
KOHKPETHOM MOJIE/IM ¥ 0OBIYHO HEBENUKO (OT HECKOJIBKMX MUKPOCEKYH/ 10 HECKOJIBKHX
MUJUJIMCEKYHL).

O6o3nayunmM yepe3 Ty, _s) BpeMst epenayy nakera u3 ysia N1 Ha BbIXoAHON HHTepdeiic KoMMYy-
taropa 1. To BpeMsl CKJIa/(bIBAeTCSI U3 CJAEAYIOMUX COCTAB/ISAIOLIMX:

Tyvisi=tiHta+its g+ b,

O6paTHTe BHUMaHUE, YTO CPEAM CIAraeMbIX OTCYTCTBYIOT COCTaBJIsIIoLIne &, U £3. VI3 puc. 3.14
BUIHO, YTO Nepejaya OUTOB U3 IepefaTInKa B KAHAJI COBMEILAETCSI TT0 BpEMEHH C Nepeayei
GUTOB [0 KAHATY CBSI3H.

Bpems, 3aTpaurBaeMoe Ha OCTaBIIMECS JBa OTPE3Ka MyTH, 0603HAYUM COOTBETCTBEHHO Ts)_s)
U T;_np. DTH BeJIMUMHBI HMEIOT TAKYIO )K€ CTPYKTYPY, UTO U T —s), 32 UCKJIIOUEHHEM TOTO, YTO
B HMX He BXOAUT BpeMsl MaKeTU3alUH, U KpoMe Toro, Ts;_n, He BKJIIOYAET BPEMSI KOMMYTallUU
(TaKk KaK OTPE30K 3aKaHYMBAETCsI KOHEYHBIM y3J0M). VTak, nmosHoe spems nepedauu 001020
naxema 10 CETH COCTaBJISIET:

i =Tni-si+ Tsi_s2+ Tso_nn.

Yemy ke OyieT paBHO BpeMsl Iiepeiadt COOOLIEHHsI, COCTOSILEr0 U3 HECKOIbKIX nakeToB? Cymme
BPEMEH Nepeaadu Kaxaoro nakera? KoxeuHo, Het! Benpb ceTb ¢ koMMyTanueil maketoB paboraer
Kak KoHBeitep (cM. puc. 3.13): makeT 06paGaThIBAETCs B HECKOJIBKO ITAIOB, IPUYEM BCE YCTPOHCTBA
CeTH BBIMOJIHSIOT 3TH 3TAlbl NapajuieabHo. [10aToMy BpeMs nepenayu Takoro coobuieHust 6yaer
3HAYMTEJIPHO MeHbIIlE, YeM CyMMa 3HaYeHUH BPEMEHH TIepeIaut KOKIOTo NakeTa coobienus. Tou-
HO PacCYMTATh 3TO BPeMsI CJIOKHO U3-32 HEOTIPE/IEJIEHHOCTH COCTOSIHUSI CETH U BCJIEICTBHE 3TOTO
Heolpe/leJIEeHHOCTH 3HAYEHU BPEMEHU OXKUIaHUS NIAKETOB B o4Yepesix KoMMyTatopoB. OHaKO
€CJIH TIPETOIOKHUTD, YTO MAKETHI CTOSIT B OYEPENH IPUMEPHO OJIMHAKOBOE BPeMsl, TO o011iee 8pems
nepedauu coobuenus, COCmMosuez0 U3 n NAKemos, MOXKHO OLIEHUTH CJIEAYIOLUM 00pa3oM:

Tps=Th+(n-1)(t +ts).

KonuuecTtBeHHOe cpaBHeHue 3apepxek. Mpumep

B kauecTBe MJTIOCTPALMH PELINM 33124y O CDABHEHUH CKOPOCTel paboThl ceTell ¢ KOMMyTalHeit
KAHAJIOB 1 [IAKETOB /IS YaCTHOTO MPUMEPA, C/IeNaB HEKOTOPbIE PEATION0KEHUST O HEOOXOAUMBIX
MCXOAHBIX AaHHBIX. [ycTh, HampUMep, HaM U3BECTHO ClIeayIoLee:

O O6beM V coobuienus, mepeaaBaeMoro B 000Mx BUAax cetei, coctapisier 107 Gaiit.

O Ortnpasurens N1 HaxoauTcest ot nosydartensi N2 Ha paccrosinnu L = 5000 kM.

O Ckopoctb S pacnpoctpanenust curHana cocrasisier 200 000 km/c (2/3 ckopocty cBeTta).
QO TIlpomyckHas ciocobHOCTb uHMA cBsi3u C coctassiet 100 M6but/c.
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Bpems nepedauu danmvix no cemu ¢ KoMmymayuel Kanaioe CKIaiblBaeTCs U3 BPEMEHU pac-
IPOCTPAHEHHsI CUTHAJIA M BPEMEHH Nepeayy cooOLIeH s B KaHal. ByaeM cunTath, 4To KaHan
HNOCTOSIHHBIH, TO €CTh OH YK€ CKOMMYTHDOBAaH, TaK YTO BpeMsl YCTAHOBJIEHUS] COeAMHEeHHs
PaBHO HYJIO.

Bpemsi pacnpocmpanenus cuznana nasi pacctosinust 5000 KM MOXKHO OLIEHUTb TPUMEPHO B 25 MC
(5000 km/200 000 xm/c = 0,025 c¢).

Bpems nepedauu coobuenus 6 kanan Npu NpomnyckHou cnocobHoctn 100 M6ut/c u pasmepe
coobuenus 10 000 000 6aitT pasHo: (107 x 8 6uT) /(108 6ut/c) =8 x 10-1 = 0,8(c) = 800 Mmc.

To ecTb Nepepaya BCex aaHHbix aboHeHTY N2 B ceTn ¢ KOMMYyTaumen kKaHanoB 3aHumaet 825 mc.

Teneps nmoacunTaeM BpeMsi Nepeays TAKOro xe obbeMa faHHbX — 107 6aiiT — B ceTH ¢ Kommy-
mauuet naxkemos, CUuTasi, 4To:

Q IIponyckHast ciocOGHOCTD JTMHU CBSI3U UMEET TO e 3HaueHne — 100 Méur/c.

QO Ywucso npoMexyTouHbix KOMMYyTaTopoB (S1-510) paBHO gecsaTu.

Q HcxoxHoe coobienne pazbéuBaeTtcs Ha makeThl 1o 103 6aiiT ¢ 3aro10BkoM 40 GaiiT.
O MHurepsansl (£1) MexXAy BCEMHU NaKeTaMU OIMHAKOBbI U paBHbl 100 MKc.

O Bpemena koMMyTanuu (¢7) Ha KQKA0M KOMMYTATOPE OJJMHAKOBBI U paBHbI 50 MKC.

Tni-s1 = 100 Mxc + t4(D) + 83 Mxc + 50 Mkc = 233 Mkc + £4(D.

Bpewms Ty, _s, nepeqaun nepBoro mnakera oT KoMMyTaTtopa S1 10 kommyTatopa S2 otiuyaercs
oTCyTCTBHEM cocTaBasouel ¢ = 100 Mxc (naker yxxe copMUPOBaH) U 3HAUEHUEM COCTABJISI-
IOLIeH ¢4, KOTOPAsi 3aBUCUT OT paccTosiHus Ly Mexxay kommyTtatopamu S1 u S1. Otpasum ator
dakT B 0603HaYEHUU 14(2),

C y4eToM cKa3aHHOTO Bbilite uMeeM Ty g = 133 MKC + 142,

AHanornyHo BpeMs! Mepelayy JaHHBIX MeXAY KaXX0# Mapoi coce/JHUX KOMMYTAaTOPOB MOXKHO
npeactaButhb B Bule: Ts;_si+1 = 133 MKc + t4(*D, rae i usmensiercs ot 1 no 10.

Bpewms Tsy9-n, nepesauu nepBoro rnakera ot kommyraropa S10 1o koHeuHoro y3;1a N2 oTinyaercst
OT BPEMEHH Mepelayt JAHHbIX MEXXIY KOMMYTaTOPaMH OTCYTCTBHEM COCTaBJIsAONIEH t7 = 50 MKC
(B KOHEYHOM Yy3JIe OTCYTCTBYET OINepalysi KOMMYTallMK) U 3HaUYeHHeM cocTasisiiouei t4('),
KOTOpasi 3aBUCUT OT paccTosiHus L11 mexay kommyTtatopoM S10 1 KoHeyHBIM y3710M N2,

C y4eToM cka3aHHOTO Bbilie uMeeM Tgo-n2 = 83 MKc + £4(11),
Teneps Haitnem cyMMapHoe BpeMsi T IPOXO>KAEHUsI EPBOTO NakeTa oT y3./1a N1 10 y3na N2.

Ti\=Tm-si + Tsi—s2 + ... + Ts10-n2 = 233 Mkc + (133 Mkc) x 9 + 83 Mkc + L t4() =
=1513Mkc+ (X L;)/S,

rae i uaMmeHsiercst ot 1 1o 11. CymMma paccTosIHUIA MeXy BCEMU COCEJTHUMH Y3JIaMU M KOMMY-
TAaTOPaMHU PaBHA PACCTOSIHUIO L MeXAy UCTOYHUKOM U NPUEMHHUKOM, TO ecThb Te xe 5000 km,
4TO U B CETH C KOMMYTallkeil kaHamoB. OTCIO1a MOJIYYaeM MOJHOE BPEMS Mepelayu epBoro
nakera:

Ti- Tni-w2 = 0,001513 ¢ + (5000 km),/(200 000 xm/c) = 0,001513 ¢ + 0, 025 ¢ = 0,026513 c.
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Kaxbtit u3 cregyommx naketoB Gyaer npubbiBaTh Yyepe3 uHTepBas 100 MKC U 3aHUMATh elle
83 Mxc Ha 6ydepusaumio. OTcroaa BpeMst iepenadr coobenust, cocrosiiiero u3 10 000 nakeTos,
MOXHO OLIEHUTD CJIEYIOIUM 00pPa3oM:

Tps=T) + (10 000 — 1) (¢, + £5) = 0,026513 + 9999 x (0,0001 + 0,000083) = 0,026513 +
+9999 x 0,000183 = 0,026513 +1,829817 = 1,85633 ¢ = 1856 Mc.

Takvum 06pa3om, nepeaaya AaHHbIX NPY yKa3aHHbIX YCAOBUSX MO CETU C KOMMYTaUMen NakeTos 3aiMeT
1856 mc, 4to Ha 1031 MC aonblue, YeM B CETU C KOMMYTaLMen KaHanos, B KOTOPOIA 3Ta Xe nepeaaqa
3aHumaeT 825 mc.

Ethernet — npumep cTaHAapPTHONW TEXHONOrMN
C KOMMYTaLen nakeTtos

PaccMoTpum, kakum 06pa3oM onncaHHble paHee KOHUENIIMU BOILIOIIEHBl B OIHON M3 NEPBbIX
CTaH/JaPTHBIX CETEBBIX TEXHOJIOrMH — TexHosoruu Ethernet, paGoTtatoieit ¢ GuToBOI CKOPOCTHIO
10 M6urt/c. B aTOM paszesie Mbl KOCHEMCsI TOJILKO CaMbIX OOIIMX PUHIXTIOB OYHKIIMOHMPOBa-
uusi Ethernet (aetanpnoe onucanue texHonoruu Ethernet mpuseneso B yactu 111 aToi KHUTH).

Q Tonoroeus. CywectByer aBa BapuanTta texHosorud Ethernet: Ethernet Ha pasnensemoii cpene
1 KOMMYTHpyeMblit BapuaHT Ethernet. B nepsoM ciiyyae Bce y3/ibl ceTH pasaensioT 061y
cpefly niepefiayu AaHHBIX, TO €CTh CETh CTPOMUTCS MO Tomooruu obuieit wuHbl. Ha puc. 3.15
M0Ka3aH MPOCTEHIINI BADUAHT TONOJIOTUH — BCE KOMIBIOTEPHI CETU NOAKJIOUEHbI K 0611eit
pa3zessieMoii cpelie, COCTOsILIENH U3 OAHOTO CErMEHTA KOAKCUaJbHOro Kabessi, KOTOPbIi
B IaHHOM CJIy4ae SIBJISIeTCSI MOy AYTNIIEKCHBIM KAHAJIOM CBA3M.

KoakcuanbHblin
kabenb
. ﬁ ﬁ [ﬁ ﬁ ]
CGTR
afantep

Komnbiotep

Puc. 3.15. Cetb Ethernet Ha pa3anensemoii cpene

B tom ciydae, koraa cetb Ethernet He ncnosb3yer pasaesisieMyio Cpealy, a CTPOMTCS Ha KOM-
MyTaTOpax, 06beAUHEHHBIX NYIJIEKCHBIMUM KaHAJIAMHU CBSI3H, TOBOPAT O KOMMYTHUPYEMOM
BapuanTe Ethernet. Tonosorust B 3T0M ciiydae siBJisieTcst TOMOJOTUEH JepeBa, TO eCTh TAKOM,
NPH KOTOPO# MEXAY ABYMs! JTIOOBIMH y3JIaMHU CETH CYLIECTBYET POBHO OJIMH I1yTh. [IpuMep
TOMOJMIOTMK KOMMYTHpYeMoii cetu Ethernet nokasau Ha puc. 3.16.

Tonosornyeckue orpaHnyeHust (TOJNBKO APEBOBUAHAS CTPYKTYPa CBsA3€ei KOMMYTAaTOPOB)
CBsI3aHBI CO c1I0c060M nocTpoenus Tabnui npoasuxenus Ethernet-kommyTtaTopamu.,
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Puc. 3.16. [lpesosnaHan Tononorus kKOMMyTupyemoi cetu Ethernet

Q Cnoco6 kommymayuu. B texnonoruu Ethernet ucnosb3yercs qeftarpaMMHast KOMMYTaLKs]
naketoB. EqMHULBI JaHHBIX, KOTOPBIME 0OMEHUBAIOTCS KOMIbIOTephl B ceTn Ethernet,
HasbiBaloTCsl KagpaMu. Kazap uMeer ¢pukcupoBaHHblil GOpMaT U HapsLy C MOJeM JAaHHBIX
COMEPXKUT Pa3IMYHYIo cayxebHyo nundopmanuio. B Tom cayyae, korna cers Ethernet
IOCTPOEHA Ha KOMMYTATOPax, KaX/blii KOMMYTaTOpP MPOABHraeT Kaipbl B COOTBETCTBHU
€ TeMU [PUHUMIIAME KOMMYTalMU HAKETOB, KOTOPbIe ObLIIM ONMUCAHBI paHee. A BOT B Cllyyae
onHocermenTtHoit cetu Ethernet na pasaessieMoit cpee Bo3HMKaeT 3aKOHHBIIN BONPOC: I1e
K€ BBIIOJHsIeTCS] KoMMyTauusi? [ie XoTst 6b1 OIMH KOMMYTATOP, KOTOPBIM, KaK MbI CKa3aH,
SIBJISIETCS] TJIABHBIM 3JIEMEHTOM J11060ii ceTu ¢ kommyTtauueil maketos? Wau xe Ethernet
NOAEPXKUBAET 0CoObIN Bi KoMMyTaunu? OKa3bIBAeTCst, <KOMMYTAaTOP» B OJIHOCETMEHTHOM
cetn Ethernet cyuectByeT, HO ero He Tak NPOCTO PA3rJsAeTh, TOTOMY YTO ero GyHKLUMU
pacrpefesieHbl 110 BCEH CETH MEX/IY CETeBbIMU ajlafiTePaMi KOMIIbIOTEPOB U COOCTBEHHO
pasjiesisieMoii cpefoii nepeayu curHasoB. MHTepdeiicaMu 3Toro BUpTyaibHOr0 KOMMY-
TaTOPa SIBJSIIOTCS CETEBbIE aAanTepsl, a GYHKIIMIO KOMMYTAIIMOHHOrO 6J10Ka — mepegavy
KapOB MeX1y HHTepdelcaMy — BBIIOJIHSIET pas3jensieMasi cpefa. Azanreps! OepyT Ha cebst
1 yacTb HyHKUMIA KOMMYTAMOHHOTO 6JI0KA: MMEHHO OHH PEILAloT, KAKOW Kap aApecoBaH
UX KOMIIBIOTEPY, @ KAKOH — HeT.

Q Adpecayus. Kaxapiit KOMIbIOTED, WM, TOUHEE, KOXKABIHA CETEBOM a/lanTep, MMeeT YHUKAb-
HBIW anmnapaTtHblil aapec (Tak Ha3biBaemblt MAC-azapec, BB yke BCTpedauu 3TOT aKPOHUM
B rz1aBe 2). Ethernet-anpec siBasiercst iockum unciosbiM aapecoM. [onaepxuBaiotes anpeca
JUISI THIWBUYAJIbHOH, LIMPOKOBELIATEIbHON U TPYIIIOBOM PACCHLIKH.

Q Paszodenenue cpedvt u myromunnexcuposanue. B cetu Ethernet Ha koMMyTaTOpax Kaxablii
KaHAJI SIBJISIETCS IYTIEKCHBIM KaHAJIOM CBSI3H, BCJIEACTBHE Y€T0 MPo6IeMbl €r0 pa3zieeHus]
Mex 1y MHTepdeiicamMu y3i0B He BosHuKaeT. [Tepegatunku Ethernet-koMMyTaTopos ucnosb-
3YIOT [yIJIEKCHbIE KaHAJIbl CBSI3U /1JIs1 MYJIBTUIIJIEKCHPOBAHMSI IOTOKOB KA/POB OT Pa3HbIX
KOHEYHBIX Y3JI0B.

B canyuae Ethernet Ha pasgensieMoil cpelie KOHEYHbIE Y3/1bl MPUMEHSIOT CIIELUATbHBIA Me-
TOJ JOCTYNA C LeJbI0 CHHXPOHH3ALUHU UCTIOIb30BAHUS €IMHCTBEHHOTO MOJIY/YIIEKCHOTO
KaHaJsla CBs3U, 00bEIMHSIOLIET0 BCe KOMIbIOTEPbI ceTH. Eaqnnoro apbutpa B cetu Ethernet
Ha pas/esisieMOM Cpejle HET, BMECTO 3TOTO BCE Y3Jibl IPUOETAIOT K paclpee/IeHHOMY CJTyyaii-
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HOMY MeToAy focTyna. VIHbopMalnoHHbIe TOTOKH, MOCTYAIOINE OT KOHEYHBIX Y3JI0B CETH
Ethernet, My/IbTUIIIEKCUDPYIOTCST B EAMHCTBEHHOM TEPEAAIOLIEM KAaHATIE B PEXHMME pa3sjerie-
Hus BpeMeHu. To eCTb KajipaM pa3HbIX OTOKOB [I0OYEPEIHO MPEAOCTABIIsIeTCsl KaHal. UTobbl
NOAYEPKHYTh He BCEr[a OYEBUAHYIO PA3HUL MEXAY MOHSITUSIMU MYJIBTUILIEKCUPOBAHUS
W pasfesieHUs Cpellbl, PACCMOTPUM CUTYALMIO, KOT/Ia U3 BceX KoMmnbioTepos cetu Ethernet
TOJIPKO OJIHOMY HY>KHO TNepelaBaThb JaHHbIE, IPUYEM JaHHblE HECKOJBKUX MPUJIOXKEHUH.
B sTOM ciryyae npo6iieMa pasjesieHusi cpebl MeX1y CeTeBbIMU MHTepgeicaMu He BOSHUKAET,
B TO BPeMsI KaK 3a/1auya Mepefiayd HECKOJIbKUX MH(OPMAIIMOHHBIX TOTOKOB 10 001I[el TMHUH
CBsI3U (TO €CTh MYJIBTUILIEKCUPOBAaHKE) OCTAETCSI.

Q Koduposanue. Anantepst B Ethernet pa6oraiot ¢ takToBo# yactoroit 20 My, nepeaasast
B Cpely NPsIMOYTOJIbHbIE MMITYJIbChI, COOTBETCTBYIOIIME EAMHULIAM U HYJSIM JaHHBIX KOM-
nbiotepa. Koraa HaunHaertcst mepeaaya Kaapa, Bce ero OUThI MEPEAIOTCs B CETh C TIOCTOSTHHOM
ckopocTbio 10 M6ut/c (kaxapiit OUT mepegaeTcs 3a Ba TaKTa). ITa CKOPOCTb ONPeAeseT
MPOIYCKHYIO CIOCOOHOCTD JIMHMH cBsi3u B cetd Ethernet.

Q Hadexcnocmy. [1si HOBBILIEHUS] HAJIE)XHOCTH Nepeaayu AaHHbix B Ethernet ucnosbsyercst
CTAHJAPTHBIH [IpUeM — MOACYEeT KOHTPOJIbHOH CYMMBI U Iepejjaya ee B KOHLIEBUKe Kajpa.
EcJiv npyHUMaro1uii afanTep myTeM MOBTOPHOTO IO/ICYETa KOHTPOJIBHOM CyMMBbI OOHApY-
)KUBAeT OLIMOKY B IAHHBIX KA/Pa, TO TAKO# Kaap otbpackisaercst. [loBTOpHast Nepeiaya Kaapa
nportokoJsioM Ethernet He BoiosHsieTCss — 3Ta 3a1a4a JOJDKHA PELIaTbCs CPeACTBaMuU HoJiee
BBICOKOTO ypOBHs, Hanpumep, npoTokosoM TCP B cersix TCP/IP.

Q Owuepedu. B Te neproabl BpeMeHH, KOTa CPeAia 3aHsITa nepefadeil KaJpoB APYTHUX CETEBBIX
a/lanTepoB, JaHHbIe NPUJIOXKEHUH (TIpelJIoKeHHas: Harpy3Ka) Mo-NpeXKHeMy IOCTYIaloT
B ceTeBOM aganTep. Tak Kak OHU He MOTYT OBITb MIEPEJAHBI B 3TO BPEMS B CETb, TO HAUMHAIOT
HaKalJIMBaThcsl BO BHyTpeHHeM Oydepe Ethernet-aganrtepa, o6pa3ys ouepens. [Toatomy
B cet Ethernet, kak u Bo Bcex ceTsix ¢ KOMMyTalKe NAKETOB, CYIECTBYIOT lePEMEHHBIE
3a/1epP>KKHU JOCTaBKU Ka/IPOB.



NNMABA 4 CraHpapTtu3auus
n Knaccudukauusa cetemn

AdekomMmno3uuua 3apadm ceTeBoro
B3anMopeuncreusa

CeteBast apxuTeKTypa — 3TO KOHLENTYaJbHast cxeMa GYHKUMOHUPOBAHUS KOMIIBIOTEPHOI
CETH, OMpeeSION[asi IPUHIIUIBI PaGOThI AMMAPATHBIX U MPOTPAMMHBIX CETEBBIX KOMIIOHEH-
TOB, OPraHU3ALMIO UX CBsi3€ll, IPOTOKOJIBI B3AMMOEHCTBHUS U CITOCOOBI (PH3UUECKON MepeayH
JAHHBIX. ADXHUTEKTypa CeTH OTPAXKAeT JEKOMIIO3UIIMIO OOLIEH 3a1a4u B3aUMOJEHCTBUS KOM-
MBIOTEPOB HA OT/Ie/bHbIE TT0/[33/1a41, KOTOPbIE JOJIKHBI PEIIATHCS OT/IeTbHBIMU KOMIIOHEHTAMHU
CeTH — KOHEYHBIMHU y3J1aMH (KOMIbIOTEPAMM) U IPOMEXYTOUHBIMH y3J1aMu (KOMMYTAaTOPaMu
W MapLIPYTU32TOPaMH ).

MHoroyposHeBbIi Noaxoa,

1151 pelieHus CJI0XKHBIX 33/1a4, K KOTOPBIM OTHOCUTCS M 3a/ia4a CETEBOTO B3aMMOJEUCTBUS,
HCTIOJIb3YETCST U3BECTHBIA YHUBEPCAIBHBINA IPUEM — 0eKOMNO3ULUSA, TO €CTh pasbreHHe OHOM
CJIOXKHOI 331241 Ha HECKOJIBKO 60JIee POCThIX 3a/a4-MOyied. [[eKOMIIO3ULIUS COCTOMUT B YeT-
KOM omnpeziesieHH QYHKIHMI KaXI0To MOAYJIs, a TAKXKe MOPsIAKa UX B3aUMOAeHCTBUS (TO eCTh
MEXXMOAYJIbHBIX MHTepdelicoB). [Ipu TakoM noaxoze Kax/abiii MOAYJIb MOXHO PAaCCMaTPUBATh
KaK «YEPHBIH SIUMK», abCTPArupysiCh OT €ro BHyTPEHHMX MEXaHU3MOB M KOHIIEHTPUPYS BHHU-
MaHHe Ha crocobe B3aUMOJNEUCTBUSI MOLYJIeil. B pe3ysibTaTe TAKOro JIOTHYECKOTO YIIPOLIEHHS]
3a/1a4H MOSIBJSIETCS BO3MOXKHOCTD HE3AaBHCUMOTO TECTHPOBAHUSA, Pa3pabOTKU U MOANGDUKAIINH
Moayneit. Tak, 10601 13 NOKa3aHHBIX Ha pUC. 4.1 MOAyJIeit MOXeT GbITh TMepenucaHt 3aHOBO.
[Tyctb, HapuMep, 3TO 6yAET MOAYJIb A, ¥ €CJIU IPU ITOM Pa3pabOTYMKKU COXPaHAT 6e3 u3MeHe-
HUSI MEXXMO/IYJIbHbIE CBsI3U (B JAaHHOM ciiyyae — untepdeiictl A—B u A—C), T0 310 He noTpedyer
HUKaKUX U3MEHEHHIA B OCTATIbHBIX MOMYJISIX.

Eute 6o.1ee a¢ddekTUBHOI KOHLENIMEH, PA3BUBAIOILEN UAEIO AEKOMIIO3ULIUY, SBJISAETCS MHOZ0-
yposreswiti nodxod. Iloce npeacTaBieHUsA UCXOAHOMN 3aJa4M B BUIE MHOXKECTBA MOAYJIeH 9TH
MOZYJIY TPYNIIUPYIOT U YIOPSIIOYMBAIOT 10 YPOBHsIM, 00pa3yIoiumM nepapxuio. B coorsercteuu
C MPUHILUIIOM HepapXuM AJsl KaKI0T0 MPOMEXYTOYHOTO YPOBHSI MOXKHO YKa3aThb Hemocpes-
CTBEHHO IIPMMBbIKAIOILIME K HEMY COCEZIHUE BbILIeIeXXall[ui 1 HUXKeJeXXaului ypoBHU (puc. 4.2).

C oxHOM CTOPOHBI, TPYNINa MOAYJIeH, COCTABASIIOUIMX KaX/blii YPOBEHD, /ISl PELIEHUs] CBOUX
3aa4 J0JKHA 0OPAIAThCs ¢ 3aIIPOCAMU TOJIBKO K MOAYJISIM COCEAHEro HUXKEIEKAIEero ypoB-
Hs1. C Apyroit CTOPOHBI, pe3ybTaThl pAOOTHI KAXKA0TO U3 MOJ1yJIel, OTHECEHHBIX K HEKOTOPOMY
YPOBHIO, MOTYT GBITh ME€PEdaHbl TOJIBKO MOJYJISIM COCEIHETO BBIIIEJIEXKAIIETO YPOBHsl. Takas
nepapxuyeckas 1eKOMIO3ULIMSA 33/1a4H NPeAIIosaraeT yeTkoe onpezeseHie GyHKUUI U HHTED-
(eiicoB He TONBKO OT/ETBHBIX MOAYJIEi, HO U YDOBHEM B 11€JI0M.
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Puc. 4.1. NpuMmep nekoMno3numm 3anayiv

Puc. 4.2. MHOroypoBHEBbI NOAX0A — CO3AaHME nepapxumn 3anady
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Me>xyposueBbiii unTepdeiic, HazpiBaeMbiil Takxe uurepdeiicom yeayr, onpezensier Habop
(byHKLMI, KOTOPble HUXKeeXalllUi yPOBEHb [TPE0CTaBIISIET BbllIesexaliemMy (puc. 4.3).

Puc. 4.3. KoHuenums MHOroypoBHEBOro B3anMoAenCTBISA

Taxoii 10AX0/ AaeT BO3MOXXHOCTb IIPOBOJUTH Pa3paboTKy, TECTUPOBAHUE U MOAUGDUKALIMIO OT-
ZeJIbHOTO YPOBHSI HE3aBHCHMO OT APYTUX ypoBHel. Mlepapxuyeckast 1eKOMNO3NLHS NO3BOJISIET,
JBUTasich OT GoJiee HU3KOTO YPOBHSI K 60Jiee BLICOKOMY, EPEXOAUTH KO Bee bosiee u Gomee ab-
CTPaKTHOMY, @ 3Ha4UT H0Jiee MPOCTOMY IPEACTABIECHHUIO UCXO/HOM 3a1a4M.

Mpumep

PaccMOTpUM 3ajauy CUMTHIBAHUS JIOTMUECKOI 3anKcH U3 (Baiiia, pacnoJioXeHHOTO Ha JIOKATbHOM
nucke. Ee (04eHb ynpoieHHo) MOXHO MPeACTaBUTb B BU/IC CIeAYIOLIeH HepapXUM YaCTHBIX 3a/1ay.

1. Houck 8 Kamanozax NO CUMBONLHOMY UMEHU (patina ezo Xapaxmepucmux, Heobxooumvix 0as Jo-
cmyna x 0aHHbIM: UHDOPMAUUU 0 PUIUNECKOM PACTONONCEHUU Patina HA OUCKe, pasmepe u Op.

[Tockosbky hYHKIHH 3TOrO YPOBHSI CBSI3aHbl TOJBKO C MPOCMOTPOM KaTJIOTOB, 11PE/CTABJIEHHs
0 ¢ailJIoBON CHCTEME HAa ITOM YPOBHE YPEe3BbIYaNHO aOCTpakTHbL: (aiioBasi CUCTEMA UMeeT B/
rpada, B y3/1aX KOTOPOrO HaXOASITCSI KaTaJoTH, a JJUCThsIMU sABAsIOTCS (haitanl. Hukakue aerann
$HU3UYECKOIi M JIOTHYECKOI OPraHU3allUM JAHHBIX HA AUCKe JaHHBIA YPOBCHDb HE HHTEPECYIOT.

2. Onpedenenue cuumoigaemou yacmu gaiiaa.

[lu1s1 pelieHust 3TOM 3a1a4M HEOOXOAMMO CHU3HUTB CTeneHb abcTpakumK (aiinoBoit cuctembr. OyHk-
UMM ZAHHOTO YPOBHSI ONEPUPYIOT (hailJIoM KaK COBOKYMHOCTBIO ONpe/ie/IeHHBIM 06Pa3oM CBSI3aHHbIX
(busnuecknx 6I0KOB AKCKa.

3. Cuumwisanue dannwix ¢ ducka.

IMocJie onpenesnenust Homepa ¢puanyeckoro 6J0ka dailoBasi cucTeMa 00palAeTCsl K CUCTEME BBO-
[1a-BbIBO/IA IS BBINOJIHEHH ! onlepalivy yteHus. Ha 3ToM ypoBHe yxxe GUrypupyIoT Takue neTann
ycTpoiicTBa (haitToBOI cHCTeMBI, Kak HOMepa LIUJIMH/IPOB, JOPOXKeK, CEKTOPOB.
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Cpenn GyHKILMIA, KOTOPble MOXKET 3alPOCUTh NIPUKJIafHasl IporpaMma, o6pauasch K BEpXHEMY
ypOBHIO (paii1I0BOIt CHCTeMBI, MOXKET ObITh, HAPUMED, TAKast:

NPOYUTATbL 22 NOTUYECKYH 3AMUCb OAMNA DIR1/MY/FILE.TXT

BepxHuil ypoBeHb He MOXKET BBINOJHUTH 3TOT 3aNPOC «TOJIbKO CBOUMH CHJIaMH»; ONPEAETUB 110
CUMBOJIbHOMY UMeHu DIR1/MY/FILE. TXT dbusuyeckuii agpec ¢aiiia, oH o6pailaeTcs ¢ 3anpocom
K HH)XKeJIexKalleMy YPOBHIO:

NPOYUTATbL 22 NOMMYECKYH 3ANMUCb U3 OAMNA,
MMEWWIEFO OU3UYECKUA ALPEC 174 W PA3MEP 235

B otBet Ha 3anpoc BTOpoi ypoBeHb omnpeaeJsieT, yto daiiy ¢ agpecom 174 3aHUMaeT Ha JUCKe
[SITh HECMEXHBIX 00/1acTel, a MICKOMast 3aliCh HAXOAMUTCSL B YeTBEPTOH 061acTu B GHU3nYeCcKOM
610ke 345. Tlocie aTOro oH obpaiaercs Kk ApaifBepy ¢ 3aNPOCOM 0 YTeHNH TpeGyeMoii JIOrH4ecKoii
3amycu.

B cooTtercTBM € 3TO# yNPOILEHHON CXeMOH B3aMO/ielicTBHe ypoBHeH (ailIoBO cUCTeMBI SIBJISI-
€TCsl OJIHOHANpaBJeHHbIM — CBepXY BHU3. OIHaKO peasbHasi KApTHHA CYILECTBEHHO cl0XkHee. [leit-
CTBUTEJIbHO, YTOOBI OIIPENeTNTh XapaKTePHCTUKHY (ailsa, BEDXHHIA yPOBEHD HOKEH «PaCKPYTHTb»
€ro CUMBOJIBHOE UM$, TO €CTb NOCJIEI0BAaTeIbHO MPOYUTATD BCIO LIEMOYKY KAaTaJOroB, YKa3aHHYIO
B MMeHH daiisa. A 3TO 3HAYUT, YTO IS PeLIeHMsI CBOeH 3a1a41 OH HECKOJIBKO pa3 0OPATUTCS K HU-
JKeJlexKallleMy YPOBHIO, KOTODBIH, B CBOIO 04Yepe/lb, HECKOJIBKO Pa3 «IONPOCUT> JpaiiBep CYUTATD
JaHHbIE KaTAI0roB ¢ AucKa. Y Kaxcaplil pa3 pe3yJbTaTsl OyAyT nepenaBaTbesi CHU3Y BBEPX.

3agaya opraHu3aly B3aUMOJIENCTBUST KOMIIBIOTEPOB B CETH TOXKE MOXET OBbITh IpeCTaBJIeHa
B BU/le MepapXx1yecKy OPraHN30BaHHOTO MHOXKeCTBa Moayteil. HanpuMep, Moay 1siM HUXKHErO
YPOBHSI MOXHO MOPYYHUTh BOIPOCHI, CBSI3aHHBIE C HAJIEXKHOI nepenaveil ”HGOPMALIUU MEXIY
ABYMsI COCEJHUMU Y3JIaMH, 2 MOAYJISIM CJIeAyIoLIero, 6oJiee BBICOKOTO YPOBHSI — TPAHCIIOPTH-
POBKy coobuieHuii B npezesax Bceil cetd. O4eBUIHO, YTO MOCJIEAHSS 3aa4a — OPraHU3aLMst
CBSI3U ABYX JIIOOBIX, He 00513aTEJIBHO COCENHUX, Y3JI0B — sIBJIsIeTCs GoJiee OOILE H MOITOMY ee
pelleHre MOXeET ObITh JOCTUTHYTO IyTeM MHOTOKPATHBIX 0OpalleH il K HUXKeIexXalleMy ypOB-
Hio. Tak, opraHu3aius B3auMoaeicTBUs y3/710B A 1 B MoXeT OBITh CBeleHa K II00YePETHOMY
B3aMMO/IeHCTBUIO Map MPOMEKYTOUHBIX CMEXHBIX Y3JI0B (pUC. 4.4).

Puc. 4.4. Baanmoaencrane npom3sonbLHOM Napbl y310B

MpoTokOoN U CTek NPOTOKOJIOB

MHoroypoBHeBOe Mpe/ICTaBJeHUE CPEICTB CETEBOTO B3AUMOENCTBHUSI MIMEET CBOIO crielnuKy,
CBSI3aHHYIO C TE€M, UTO B mpoiecce 06MeHa COOBIEHUSIMU YIACTBYIOT, 10 MEHbLIEN Mepe, dee
CMOPOHbL, TO €CTb B JAHHOM CJiyyae He0OX0AMMO OPraHU30BaTh COTJIACOBaHHYIO paboTy ABYX
Mepapxuil aNmnapaTHbIX U IPOrPAMMHBIX CPEACTB Ha pa3Hbix KoMrbioTepax. Oba yyacTHUKa
ceTeBOro 0OMeHa JOJIKHbI TIPUHATH MHOXKECTBO coryiamenuit. HanpuMep, OHU 10JIKHBI CO-
IJ1aCOBATh TAPAMETPHI ANEKTPHYECKUX CUTHAJIOB, IJIMHY COOOIIEHUH, JOTOBOPUTHCS O METOAAX
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KOHTPOJISI [OCTOBEPHOCTH U T. TI. [[pyrUMHM CI0OBaMM, COTJIALIEHUs OJIKHBI ObITh IPUHATHI HA
BCEX YPOBHSIX, HAUWHAsI OT CAMOT0 HU3KOr0 — YPOBHsI [Iepeiauyl GUTOB — W 3aKaHYMBask CAMbIM
BBICOKHM, PEAIM3YIOWUM 00C/IyKMBaHUE T10J1b30BATEIEN CETH.

Ha puc. 4.5 nokasaHa MojieJib B3aUMOJAENUCTBHUS ABYX Y3J0B. C KaKION CTOPOHBI CPEACTBA B3au-
MOZIeHiCTBUS NPeACTaBIEHbI YeTbIpbMsI YPOBHsIMU. KaxkibIil ypoBeHb oaaep>xuBaeT HHTepdeii-
CBI IByX TUNOB. Bo-1nepBbIX, 3TO HHTEP(ENCH YCIIYT C Bbillie- U HIXKeJIeXKAUIUM YPOBHEM «CBOEH»
vepapxuu CpeicTB. Bo-BTOpbIX, 3TO 00HOpanzoeviii nHTepdeic co CpeaCTBaMU B3aMMOAEHCTBUS
ZIPYroi CTOpPOHBI, PacNoIOXKeHHBIMUA Ha TOM JKe YPOBHe HepapXuu. JTOT TUIl uHTepdeiica Ha-
3bIBAIOT IPOTOKOJIOM.

Puc. 4.5. Bsaumopelictene osyx y3nos

B cymHocTH, TEPMUHBI <IIPOTOKOJI» M «HMHTEPGeic» 0603HAYAIOT OHO 1 TO Xe — dHopmann-
30BaHHOE OMMCaHHMe [POLEAYPHl B3AUMOJENUCTBUS ABYX OOBEKTOB, HO TPAAMLMOHHO B CETSX
3a HUMH 33KPeNuIM pa3Hble 00JaCTH NPEATIOYTHTENLHOTO UCII0Ib30BAHUS: IPOTOKOJIBI OTIpe-
JeJISTIOT NPaBUJIa B3aUMOJIEHCTBUSI MOJIyJIel OJHOTO YPOBHSI (OAHOTO PaHra) B pa3HbIX y3/ax,
a nHTepdeiichl — MpaBHJIa B3aUMOJEHCTBUS MOLYJIeit COCEIHHX YPOBHEN B OJIHOM y3JIe.

WUepapxuiecku opraHn3oBaHHbI HA60P NPOTOKONOB, AOCTATOYHbIN ANA OPraHM3aLMK B3aNMOAEUCTBUA
Y3710B B CE€TH, HA3LIBAETCH CT@KOM NPOTOKOSIOB.
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[IpOTOKOJIbI HUKHUX YPOBHEH 4aCTO PeaIM3yIOTCst KOMOMHALMEH NPOrPAMMHBIX U AlITapaTHBIX
CPE/ICTB, a IPOTOKOJIb BEPXHUX YPOBHEMH, KaK MPaBHIO — MPOrpaMMHBIMU cpeAacTBamu. [1po-
IPaMMHBI MOJ1yJib, PEAIU3YIOLIMI HEKOTOPbII MPOTOKOJI, HAa3bIBAIOT MPOTOKOJIBHOMN CYLIHO-
CTbIO, WJIH, /17151 KPATKOCTH, TOXKe MPOTOKOJIOM. [IOHSITHO, 4YTO OMH U TOT e IPOTOKOJ MOXKeT
ObITh peaM30BaH C pa3Hoil cTeneHbio 3¢ dexTBHOCTH. IMEHHO MO3TOMY IPU CPaBHEHUU
IPOTOKOJIOB CJIEAyeT YYUTHIBATh HE TOJIBKO JIOTMKY UX PaGOThI, HO U KAUECME0 NpoZpaAMMHOL
peanuzayuu. bosee Toro, Ha 3PpHEKTUBHOCTb B3aUMOAENUCTBHUSI YCTPOUCTB B CETH BJIMSIET Ka-
4eCTBO BCeH COBOKYIHOCTHU MPOTOKOJIOB, COCTABJSIIOIINX CTEK, — B YACTHOCTHU TO, HACKOALKO
PayuUOHAILHO pacnpedeienvl QYHKUUU MeNOY NPOMOKOIAMYU PA3HBIX YPOBHEN U HACKOJBKO
XOPOLLIO ofpenesieHbl HHTEPdeichl MeXIY HUMU.

[TpOTOKOJIbHBIE CYLIHOCTH OJIHOTO YPOBHS 0OMEHUBAIOTCSI COOOLIEHMSIMI B COOTBETCTBHH C OTIpe-
JIeJIEHHBIM J17151 HUX IPOTOKOJIOM. COOBIIEHHST COCTOSIT M3 3ar0JI0BKA U IOJIST AAHHBIX (MHOT/A OHO
MOXKET OTCYTCTBOBaTh ). O6MEH COOOIIEHUSAMH SABSAETCS CBOCOOPA3HBIM SI3BIKOM OOILEHMS, C T10-
MOILBbIO KOTOPOT'O KaXkaasi U3 CTOPOH «0OBbACHSAET> APYTrOl CTOPOHE, YTO HEOOXOANMO C/IENATh HA
KaK/IOM 3Tare B3auMmojieicTusi. PaboTa Ka10ro PpOTOKOIBHOTO MOAYJISt COCTOMT B HHTEPIIPETa-
[IMH 3ar0JIOBKOB MOCTYNAKUIUX K HEMY COOOIIIEHHI U BBHITIOJTHEHUH CBSI3aHHBIX C STHM AeHCTBHIL.
3aro/ioBKH COOOIIEHUH Pa3HbIX MPOTOKOJIOB MMEIOT Pa3sHyIO CTPYKTYPY, YTO COOTBETCTBYET Pas-
JINYMAM B UX PYHKIMOHAIBHOCTH. [TOHATHO, YTO YeM CII0KHEe CTPYKTYpPa 3aroJI0BKa COOOLIEHHS],
TeM GoJiee CJI0XKHbIe (HYHKIMU BO3JIOXKEHBI HA COOTBETCTBYIOIHIT IIPOTOKOJL.

Mogens OSI

W3 TOTO, YTO MPOTOKOJI SIBJISETCSI COTJIAllleHHeM, TPUHSITHIM IByMsl B3AUMOIEHCTBYIOIIUMHU Y3-
JIaMU CETH, COBCEM He CJIE[YET, YTO OH 06sA3aTENBHO sIBJIsieTCst cTaHAapTHHIM. Ho Ha mpakTuke
IIpY peaM3allMy CeTeil CTPEMSITCS UCII0/Ib30BaTh CTaHAAPTHbIE IPOTOKOJIbL. ITO MOTYT ObITh
(pupMeHHbIe, HAMOHAIBHBIE UM MEXIyHAPOAHBIE CTAHAAPTHL.

B navasne 80-x rofoB psii MeXIyHAapOAHBIX OPraHU3alUi 10 CTAHAAPTU3ALNHU, B YACTHOCTH
International Organization for Standartization, yacto Ha3biBaeMas International Standards
Organization (ISO), a takxe International Telecommunications Union (ITU) u Hekoropsie
Ipyrue pa3paboTany CTaHAAPTHYIO MOJIE/Ib B3aUMOAeCTBUs OTKPbITBhIX cucteM (Open System
Interconnection, OSI). 3Ta Mozenb chirpaa 3HaUNTENbHYIO POJIb B Pa3BUTHH KOMIIBIOTEPHbBIX
ceTeil.

O6uwan xapakrtepucTtuka mogenu OSI

K xoHiuy 70-X rogoB B MUpe yKe CYLIECTBOBaIO H0JIbIIOE KOJUYECTBO (PUPMEHHBIX CTEKOB
KOMMYHUKAIMOHHBIX TPOTOKOJIOB — Takux, Hanpumep, kak DECnet, TCP/IP u IBM SNA.
[Mono6Hoe pa3HOOOpa3ue CPEACTB MEXKCETEBOTO B3aMMOAEMCTBHSL BbIBEJIO Ha MEPBBIi MIJIaH
npobJieMy HecoeMecmuMocmuy YCTPOICTB, UCTIOMB3YIOLINX pasHble TPOTOKOAbL. OHUM U3 TTyTeit
paspelueHusi 3TON MpoGJieMbl B TO BpeMsi BUAEJICST BCEOOIIMIA TIepeX0/l Ha eAnHbIA, 001mii AJist
BCEX CUCTEM CTeK POTOKOJIOB, CO3JAaHHBIH C yUETOM HEAOCTATKOB YK€ CYLIECTBYIOLIUX CTEKOB.
Takoii akaleMHYeCKH il TOAXOA K CO3AaHUIO0 HOBOTO CTeKa Hayauics ¢ pa3pabotku mogenn OS],
aBeiics ¢ 1977 no 1984 roa. Hazuauenue mogenu OSI cocrout B 060611eHHOM NpecTaBIIe-
HUY GYHKUMIT CPEACTB CETEBOTO B3AUMOAENCTBHSI, CIIOCOOHOTO CIIYKUTh CBOETO POAa YHUBEP-
CAJIbHBIM SI3BIKOM CEeTEeBbIX CIELIUATHCTOB.
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Mopgens OSI nmeeT aeno co CTeKoM NPOTOKONOB ANA CeTel C KoMMmyTaumei nakeros. Mopens OSI
He COAePXMT OnucaHuii peannaauunin KoHkpeTHoro Habopa NPoTokonos. OHa WL ONpeaenserT, Bo-
nepsbiX, YyPOBHN B3aUMOLAENCTBIS, BO-BTOPbIX, CTAHAAPTHLIE Ha3BaHUs yPOBHEW, B-TPETbUX, PYHKLUM,
KOTOPbIE AONXKEH BLINONHATL KaX/Abl YPOBEHb.

B mogesn OSI cpenctBa B3auMozeiicTBUS AeSITCSL HA ceMb YPOBHEH:
npukiIagHoi (application layer);
npeacrasjienus (presentation layer);
ceaHCOBBIH (session layer);

cetesoit (network layer);

a
a
Q
Q rtpancnopTHbiii (transport layer);
Q
O xananbHbil (data link layer);

]

¢dusnueckuii (physical layer).

VmenHo noatomy Mozesnb OS] Ha3bIBAIOT TaK)Ke ceMUYPOBHEBOI Moaebio. Kaxasiit ypoBetb
CBSI3aH CO BIIOJIHE OIpe/le/IeHHBIM aCIIEKTOM B3aMMO/IEMCTBUS CETEBBIX YCTPOUCTB.

TMoauepkHeM, yto Mozeib OS] ONKCHIBAET TOJIBKO CUCTIEMHDbIE CPEDCTNEA 83AUMO0CTICEUS, PE-
anM3yeMble ONepallMOHHON CUCTEMOI, CHCTEMHBIMH YTHJIMTAMH, CUCTEMHBIMH aIlNapaTHbIMU
cpeacTBaMu. Mojiesb He 8Ka0uaem CPeACTBa B3aUMOJAEHCTBUS NMPUJIOKEHUH KOHEYHBIX MOJIb-
3oBateJieil. [loaToMy BaXXHO pa3/iMyaTh yPOBEHb B3aMMOIEHCTBHS MPUJI0KEHUH Y TPUKJIaAHON
YPOBeHb CEMUYPOBHEBOI MOZIeH.

[IprIoXKEHUST MOTYT PEAT30BBIBATh COOCTBEHHBIE TIPOTOKOJIBI B3AUMOJENCTBHS, UCTIO/b3YsT [J1s]
3THX leJlelt MHOTOYPOBHEBYIO COBOKYITHOCTb CUCTEMHBIX cpecTB. VIMeHHO /7151 3TOro B pacnops-
JKeHUe TPOrpaMMUCTOB I1PEIOCTABIISIETCS NPUKIaAHOM nmporpamMmubiii uuTepdeiic (Application
Program Interface, API). B coorBercTBuu ¢ Mozneabio OSI npusoxeHue MoxeT oOpamiaTbCs
C 3aIIPOCaMHU TOJIBKO K CAMOMY BepXHEMY YPOBHIO — NPHUKJIAAHOMY, OJHAKO Ha NPAKTHUKE MHO-
rve cTeKM KOMMYHUKAI[MOHHBIX IPOTOKOJIOB NTPEA0OCTABISIOT BO3MOXKHOCTb IIPOTPaMMHUCTaM
HanpsaMyio 06paIlATECs K CEPBUCAM WM C1yKOaM HUXKEJIeXAlUX yPOBHEH.

Hanpuwmep, Hekotopsie CY B/l uMeroT cob6cTBeHHbIE BCTPOEHHBIE CPEACTBA YAAJIEHHOTO IOCTYNa
K daitnam. [Ipy HanMYMKU 3TUX CPENCTB NPUJIOXKEHHUE, BBITIOJIHSS JOCTYT K YaJIEeHHBIM PeCypcam,
He UCIOJIb3YeT CUCTEMHYIO daitnoByio cayxOby; oHo 06xoanT Bepxuue ypoBHH Mozean OS]
M 06palaeTcsi HEMOCPEACTBEHHO K OTBETCTBEHHBIM 332 TPAHCIIOPTUPOBKY COOOLIEHUH 110 CETH
CHCTEMHBIM CPEACTBaM, KOTOPbIE PACIIONAraloTcsl Ha HIDKHUX ypoBHsIX Moaeau OSI.

B ctangaprax ISO ans 0603Ha4veHus eanHuL, o6MeHa 4aHHbIMKU, C KOTOPLIMW UMEIOT AEN0 NPOTOKONbI
Pa3HbIX ypPOBHE, UCNonb3yeTcs obuiee Ha3BaHWe NPOTOKObHAs eAnHULa AaHHbIx (Protocol Data
Unit, PDU). Ons 0603Ha4eHus eguHnl, o6MeHa AaHHbIMU KOHKPETHbIX YPOBHEH YacTo UCMONb3YIoTCS
cneuuanbHbie Ha3BaHMA, B YaCTHOCTU: coobuienue, Kaap, NakeT, AeTarpaMmma, CerMeHT.

Jl1st WILMoCTpalK JIOrHYecKoit cTpykTypsl mozeau OSI paccMoTpuM B3auMOAENCTBHE ABYX
HPUJIOXKEHWH, A 1 B, BBINOMHSIOUIMXCS Ha KoMIbloTepax 1 U 2 cooTBeTcTBeHHO (puc. 4.6). [1ycTs,
HaNpUMED, MPUIOXKeHHE A COOMpPaeT faHHbIE, HA OCHOBE KOTOPBIX NPUJIOKEHHEe B renepupyer
oryer. CoBMecTHast paboTa 3THX ABYX NMPUJIOXKEHUH obecrieynBaeTcsi 3a cyet oOMeHa cooliie-
HMSIMU COTJIACHO NIPOTOKOJTY, pa3pabOTaHHOMY /s HUX HPUKJIAAHBIMY TIporpaMMmucTamu. I1poro-
KOJIbHbIE COOOLIEHMS OTPAXKAIOT JIOTUKY PaBOThI PUIIOKEHHS], OHM MOTYT ObITh CAMBIMH Pa3HO-
obpa3HbiMH, HaripuMep: «/laHHble 17151 oTyeTa N roToBbl», « HecoBnaaeHue Tvna JaHHbIX» U T. 1.
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PazpaboTurkyt NpuIoxeHnii A M B pelniy, yTo IPOTOKOIbHBIE COO6LIEHHs GYAYT IIepeaaBaThCs
10 cetn B Buzie aityios. [Iycts, HanpuMep, npusioxenue A nocbutaer coobinernme «JlaHHble 115
otyera N roroBel» npusoxenuio B. /17151 aToro oHo, ucnosbs3yst untepdeiic AP, Bbinossier 3a-
MPOC K CUCTEMHBIM CPEACTBAM Npukiaonozo yposxs mopean OS] (B HawleM npuMepe K CETEBOM
(aiinoBoii cucteme) ¢ npocbOoil riepeaaTsb Gai ¢ STUM CO0OLIEHNEM Ha yIATEHHbIA KOMIBIOTEp 2.

B xone BbinosiHeHust 3anpoca npuioxxeHust A KJIHeHT U cepsep (aiiyioBoii cCTEMBI B COOTBET-
CTBHM CO CBOMM MPOTOKOJIOM 0OMEHMBAIOTCS COBCTBEHHOM NOC/IE10BATEIHOCTBIO KOMAH —
NPOTOKOJIbHBIX cO001IeHUA. B rmoJie 1aHHBIX 0/IHOMN U3 TAKMX KOMaH/ K/KMeHTa (ail10Boii cucTe-
MBI YIIAKOBAHO COOOLIEHE NTPUJIOKEHHS A, a B 3aroJ10BKe (Ha pHC. 4.6 3ar0I0BOK NPUKJIALHOIO
ypoBHst 7) — cityxebHast undbopmauust A71st cepepa (aitioBoii cucteMsl. YTo6b1 310 co0b1IEHHE
IPUKJIA/IHOTO YPOBHsI OBLIO JOCTABJIEHO [0 Ha3HAYEHHIO, HEOOXOAMMO PELIUTS ellle PSAA 3ajad,
OTBETCTBEHHOCTb 32 KOTOPbIE HECYT HUXKeJIeXallllie yPOBHHU CPEe/ICTB CETEBOr0 B3aUMOEHCTBUSI.

Ciieny1o1uM ypoBHEM SIBJISETCS yposersb npedcmasnenus. [IpOTOKONbHBIA MOAYJIb NPUKIAIHOTO
VPOBHsI I0CPE/ICTBOM MeKYPOBHEBOTO UHTep(elica nepeaet eMy CBOe COOBLIEHKE, a TAKKE 3a-
NpOC Ha BHINOJIHEHNE TeX NI MHBIX YCJIYT, [IPEI0OCTABIIsSIEMbIX 3THM YpoBHeM. CpeacTBa ypOBHsI
TNpe/CTaBIEHHUs BBIITONHSIOT TpebyeMble AeHCTBUs (HAIPUMED, EPEKOAMPOBKY HHGOPMALIUHK)
1 GopMHUpYIOT CBOE coobIeHHe, 106ABJISIA K [10ly4EHHOMY COOOILEHHIO COOCTBEHHYIO CI1yKeb-
nyto uHdopmMaumio (Ha prc. 4.6 3aroJI0BOK ypoBHs HpeAcTaBaeHus 6).

CdopMHpoBaHHOC YPOBHEM TIPE/CTABJIEHHS COOOLIEHHE MEPENAeTCsl BHU3 I10 CTEKY CPEACTBaM
Ceanco8oezo Yposhsi, KOTOPbIe, B CBOIO OYepe/lb, MIOC/Ie BbIIOJHEHUS] (PYHKUMH, Onpe/ieIeHHbIX
151 3TOI'0 YPOBHSI, EPENAIOT CBOe COOOLIEHHE CPEICTBAM MPAHCNOPMHOZ0, CEMes020, a 3aTEM
KAHAIbHOZO YPOBHSI.

HakoHerl, coo0ILEeHME TOCTUTAET CPEICTB HUKHETO, U3UUECKO20 YPOBHSI, KOTOPbIE, COOCTBEHHO,
1 NepesaloT ero 110 JIMHUSIM CBSI3H MalinHe-ajpecaty. K atomy MoMeHTy coobuieHne «oOpacTaeTs
3aroJIOBKaMU BCEX YPOBHeL !,

Cpencrsa GU3MYECKOr0 YPOBHS NOMEIIAIOT CooOeHe Ha GU3NYECKUI BBIXOAHOM nHTepdeiic
KOMIbIOTEpd 1, 1 OHO HAYMHAET CBOE <«IIyTellecTBUE» 110 CeTH (10 3ITOTO MOMEHTa COObIIeHe
Iepe/laBajioch OT OJ(HOTO YPOBHSI K IDYTOMY B MpejieiaX KoMibioTepa 1).

Korza coobiienue mo cetv moctynaer Ha BXOAHOM MHTepdeiic KOMNbIoTepPa 2, OHO MPUHUMAET-
cs1 ero HU3NYeCKUM YPOBHEM U TIOCJIeI0BATEIbHO NepeMellaeTcsl BBEPX C YPOBHsI Ha YPOBEHb.
CpezcTBa K2 10r0 YPOBHSI aHUIM3UPYIOT M 00pabaThIBAIOT 3ar0JI0BOK CBOErO YPOBHS, BbIMIOIHSIS
COOTBETCTBYIOIME (QYHKIMH, a 3aTEM yAAISIOT 3TOT 3ar0JI0BOK U EPENAIOT COOBIIEHHE BhIIIIE-
JiexxallieMy yPOBHIO /0 TeX 0P, IOKa OHO He MOCTYIUT Ha BXo/ npuJioxenust B. [Ipunoxenue B
COOTBETCTBYIOLIMM 00pa3oM UHTepNpeTUupyeT coobuienne «/anubie A5 otyeta N rOTOBbI»,
HanpuMep, MOAroTaBauBaet Oydep A MpUeMa TaHHbIX.

Kak B1AHO 13 onucaHna, NPOTOKOSbHbBIE CYLYHOCTU OQHOF0 YPOBHSA He 06uiaioTcs Mexay coboi Heno-
CPEeACTBEHHO, B 3TOM 06LLeHUM BCEraa yMacTBYIOT NOCPEeAHUKN — CPEACTBA NPOTOKONIOB HUKENEXALLMX
YpOBHeN. U Tonbko pusnyeckme ypoBHU PA3NNYHbIX Y3/10B B3aUMOAEUCTBYIOT HENOCPEACTBEHHO.

[IpoTOKO/IBI HUKHUX YEeThIPEX YPOBHEH 0OOOIEHHO HA3bIBAIOT CETEBBIM TPAHCIIOPTOM, UJIH
mpancnopmuot noOCUCMeMol, TaK KaK OHU MOJHOCTBIO PEIIAIOT 3aa4y TPAaHCHOPTUPOBKH

! HekoTopble peayin3auuy NpOTOKOJIOB IIOMELIAIOT CJIYKeOHYI0 HHGOPMALIMIO He TOJIbKO B Hayasie cooblie-
HHS B BHJle 3ar0JIOBKa, HO M B KOHIIe (B BU/Ie TaK Ha3bIBAEMOTO KOHIIEBHKA).
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Puc. 4.6. Mopenb B3anmMoaencTeus oTkpbiTbix cuctem 1ISO/OSI

CoObLIEeHMH ¢ 33laHHBIM YPOBHEM KayeCTBa B COCTABHBIX CETSIX C IIPOM3BOJILHON TONOIOTHEH
Y Pa3/IMYHBIMH TeXHOJIOrUAMU. OCTaBLINECS TPU BEPXHUX YPOBHS OOBEMHSIET TO, YTO OHU mec-
HO C853aHbl C NONb3I0BAMENbCKUMU NPUNOHCEHUAMU, IPEROCTABIISISI UM BHICOKOYPOBHEBbIE YCIyTH
110 MICII0JIb30BaHHIO CETEBBIX PECYPCOB U cepBUCOB. [lasiee Mbl pacCMOTPUM (yHKLIUM BCEX CeMH
YPOBHEH, HauMHas1 C CaMOT0 HHKHETO, GU3NYECKOTO YPOBHSI.

dusnyecku ypoBeHb

Dusnyeckuii yposeHb Mozenn OSI umeer geno ¢ nepepaveil notoka GUTOB N0 GU3MIECKUM
KaHaJIaM CBSI3H, TAKUM KaK KOAKCHATbHbI Kabeslb, BUTasi 1apa, ONTOBOJIOKOHHBIH Kabesnb nin
6ecnpoBo/IHasH IMHYS CBA3U.
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DyHKUMK GU3UYECKOTO YPOBHS PEATU3YIOTCS Ha BCEX YCTPOMCTBAX, MOAKIIOUEHHBIX K CETH.
Co cTopoHbI KOMNIBIOTEPa 3TU (YHKIMH BBIITIOJHSIOTCS CETEBBIM a/1allTEPOM, CO CTOPOHBI IPO-
MEXYTOYHBIX CETEBBIX YCTPOMCTB — KOMMYTAaTOPOB, MapLIPyTU3aTOPOB, MYJIBTHILIEKCOPOB
M JIp. — BXOHBIMU U BBIXOAHbIMU UHTepdeiicamu (nmopramu ). Ouandeckuit ypoBeHb He BHUKAET
B CMBICJ MH(pOPMaLUHU, KOTOPYIO OH NepenaeT. st Hero uHGOpPMaLKS, IOCTYNAOWAS OT BbI-
1IeJIeXKAIET0 KAHAIbHOTO YPOBHSI, TIPENCTABIISIET COO0N OXHOPOAHBIN MOTOK GUTOB, KOTOPbIE
HY)KHO JI0CTaBUTh 6€3 UCKaKEHUH, B COOTBETCTBUM C 3aIaHHOM TAKTOBOM 4aCTOTOM (MHTEPBAIOM
MEXy COCETHUMU OUTAMK) ¥ BBIGPAHHBIM CIIOCOHOM KOAMPOBAHHSI.

[IpumepoM cTanzapTa (pu3MuecKOro ypoBHs MOXeT CJIyxuTh cnetudukauuns Gigabit Ethernet,
KOTOpast OTpe/iesisieT B KaueCTBe UCI0JIb3yeMOro KabeJisi HEIKPaHUPOBAHHYIO BUTYIO [apy Kate-
ropu# 5 ¢ BosHOBbIM conpoTubiaenneM 100 OM, pazbeMoM Tuna RJ-45, MakcMMabHOM ITHHOM
¢usuyeckoro cermenta He 60see 100 M, MAaHYECTEPCKUM KOZOM [Isl [IPEACTABIEHUS JAHHBIX
B KabeJle, a TaK)Ke HEKOTOPbIE APYTHe XapaKTEPUCTUKH CPE/bl M 3JIEKTPUYECKUX CUTHATIOB,

KaHanbHbiA ypOBEHb

KanaibHblii ypoBeHb, HCII0JIb3YsT BO3MOXHOCTH, TPEIOCTABJISIEMbIE EMY HUXKeeXaluM, pU3u-
4eCKUM, YPOBHEM, MTpe/i1araeT BbllIeIeXXalleMy, CETeBOMY, YPOBHIO CJIeAYIOMINe YCIyTH:

U ycTaHOBJIEHHE JIOTHYECKOrO COEANHEHHUS MEXKIY B3aNMOIEHCTBYIOIMMU y3JIaMH;
U corsnacoBaHKe B paMKax COeIMHEHUSI CKOPOCTeH MepeqaTyuka U IPUEeMHUKaA HH(POPMaIUK;
Q obecneyeHue HaleKHOM Mepegayn, OOHAPYKEHUE U KOPPEKIMIO OLINOOK.

B cers1x, mocTpoeHHbIX Ha OCHOBe pa3fensieMoii cpelsl, GU3NYecKril ypOBEHb BBIIOJIHSET elle
OZHY (DYHKLIMIO — IIPOBEPSIET JOCTYITHOCTD Pa3/iesisieMoii cpesibl. ITY (PYHKIMIO HHOTZA BbIEJIS-
0T B OT/€JIbHBIIA OAYPOBEHD yNpaBieHus qoctynom K cpeae (Medium Access Control, MAC).

[TpoTOKOJT KAHAIBHOTO YPOBHsI OGBIYHO PAbOTAET B Mpe/eJax CeTH, sIBJSIOLIECs ONHON U3 Ya-
creit 6oJiee KPYMHON COCTaBHOM ceTu, 06beJMHEHHOM IIPOTOKOJIaMH CETEBOTO yPOBHs. Apeca,
C KOTOPBIMHU paboTaeT MPOTOKOJ KaHAJbHOIO YPOBHS, HCIOJIb3YIOTCA A/l JOCTABKU KaZpoB
TOJIBKO B [PEJIEJIaX 3TOM CeTH, a TSI IIepeMellieHHsI [TAKETOB MeX/y CETSIMU IIPUMEHSIIOTCS aipeca
yKe CJIedyIOlIero, CETEBOro yPOBHSI.

ITpoToKO0JIbI KaHATIBHOTO YPOBHSI PEAIM3YIOTCS KAaK HA KOHEUHBIX y3J1ax (CPEeACTBAMU CETEBBIX
a/lafTepoB U UX APaiBEPOB), TaK U Ha BCeX IIPOMEXYTOYHBIX CETEBBIX YCTPOMCTBAaX (KOMMYTa-
TOpax, MapIIpyTU3aTOPax U Ip.).

[IpoToko/bHOIM earHULIel TaHHBIX KaHAJIBHOTO YPOBHS sIBJIsieTCs: Kaap. B nose naHHbIX Kazapa
pasmelLaeTcst COOOIIEHHE CETEBOTO YPOBHSL, @ B 3ar0JI0BKe — CJ1yKeGHasi ”H(POPMALIUS, BKII0Ya-
I0LLast adpec HA3HAUeHUsl, Ha OCHOBAHUH KOTOPOTO KOMMYTAaTOPbI CETH OyIyT NPOABUIATh MAKET.

OnaHo¥ 13 3a/1a4 KAHAJIBHOTO YPOBHSI SIBJISIETCSI 00HAPYHCeHUe U KoppeKyus owubox. KananbHblii
YPOBEHDb MOJKET 06eCTeYNTh Hafle)KHOCTD ITepeiayu, HallpuMep, yTeM (PUKCHPOBAHMS TPaHHLL
Kazipa, MoMeIasi CrelratbHYIO M0CAe0BaTeIbHOCTh OUTOB B €r0 HAaYajlo U KOHEll, a 3aTeM
1006aBJIsist K Kaipy KOHTPOJIbHYIO CyMMY. KOHTpO/IbHASI CyMMa BBIUMCISETCS 110 HEKOTOPOMY
IropuTMYy Kak GyHKUMS OT Beex 6aiiToB kaapa. Ha cTopoHe moJiyyartesst KaHaIbHbIA YPOBEHb
IPYNIIHPYeT OUTHI, OCTYNAOLINE ¢ GU3UYECKOTO YDOBHS, B KAAPbl, CHOBA BBIYMCJISAET KOHTPOJIb-
HYIO CYMMY IIOJIy4€HHBIX JAHHBIX U CPABHUBAET PE3YJIBTAT C KOHTPOJIBHON CYMMO, epeaHHOM
B Kajpe. Ecin oHM COBNAAAIoOT, TO KaZp CYNTAETCS IPABHJIBHBIM. EC/IN ke KOHTPOJIbHBIE CyMMbI
He COBITAZIAI0T, TO GUKCUPYETCH OLIMOKA.
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B ¢dbyHKUMK KaHATBHOTO YPOBHSI BXOAMT He TOJBKO OOHApysKeHHe OMOOK, HO U UX UCTIPaBJIe-
HUe 32 CYeT MOBTOPHOU Nepejjauy MOBPEXACHHBIX Ka/[pOB B paMKaX JIOTUYECKOI0 COeIMHEeHHUS.
OunHako ata GyHKLMS He sABJsieTCsl 06513aTeIbHON U B HEKOTOPbIX Peaj3allusiX KaHATbHOTO
YPOBHs OHA OTCYTCTBYeT — Hanpumep, B Ethernet.

[Tpexxze yem mepenpaBUTb Kaap GpU3NUECKOMY YPOBHIO [/ HETIOCPEACTBEHHOM Mepeiauy JaH-
HBIX B CETh, MOAYpoBeHb MAC KaHAJIBHOTO YPOBHSI OJIKEH NPOBepums 0oCmynHocms cpedbi.
Ecnu paspensiemasi cpena ocBoboanacs (KOraa oHa He MCIOJIb3YeTCsI, TaKasi IPOBEPKa Mpo-
MYCKaeTCs1), TO KaJp [IepeaaeTcsi CPeACTBaMHU (PM3NYECKOTO YPOBHS B CETh.

B /0Ka/IbHBIX CETSAX KaHAbHBINA YPOBEHb MOAEPKUBAET BECbMa MOLLHBIN M 3aKOHYEHHBIN Habop
dbyHKUMH TI0 mepechlIKe COOOMIEHUHA MEXY Y3JIaMHU CeTH. B HEKOTOPBIX CIy4asix MPOTOKOJDI
KaHAJIbHOTO YPOBHSI JIOKAJIbHBIX CETel OKa3bIBAIOTCS CAMOJIOCTATOUYHBIMHU TPAHCIIOPTHBIMY Cpel-
CTBaMU U MOTYT JI0NYCKaTh PabOTy HEMOCPEACTBEHHO NMOBepX cebst NPOTOKOJIOB NIPUKJIALHOTO
YPOBHSI WJIM TIPUJIOXKEH W Ge3 IPUBJIEYEHUS CPEACTB CETEBOTO M TPAHCIIOPTHOTO ypoBHeit. TeM He
MeHee /171 KayeCTBEeHHOH Tepeiayu COOOLIEHUH B CETSX C IPOU3BOJIBHOM TOMOJI0rMed QyHKUMI
KaHAJIbHOI'O YPOBHsI OKa3bIBAETCs1 HEAAOCTATOYHO.

CeTeBOM ypOBEHb

CeTeBo# ypOBeHb CJIYXKHT /U151 00pa30BaHUsl eMHON TPAHCIIOPTHON CHCTEMBI, 00 beANHS 0L
HECKOJIBKO CeTeil 1 Ha3bIBaeMOIi COCTaBHOI CEThIO, 1/ HHTEPHETOM! .

TexHoNorvNA, NO3BONAIOLIANS COEAVHATL B €AMHYIO CE€Tb MHOXECTBO ceTew, B obuiemM cnyyae nocTpo-
€HHbIX Ha OCHOBE Pa3HbiX TEXHONOrMiA, Ha3bIBAETCA TEXHONOMMEN MEXCETEeBOro B3auMoAeNCTBUS
(internetworking).

Ha puc. 4.7 nokazaHo HECKOJIKO CeTell, Ka/iasi U3 KOTOPbIX KCII0Jb3yeT COOCTBEHHYIO TEXHO-
soruio KaHaiabHoro yposust: Ethernet, FDDI, Token Ring, ATM, Frame Relay. Ha 6a3e atux
TEXHOJIOTHH M100ast N3 yKasaHHBIX CETeH MOXKET CBSI3bIBATD MeX/y COO0H J1I06bIX 110JIb30BaTe e,
HO TOJIBKO B TIPEJIe/Iax C80ell CETH, U He cocobHa 0becednTdb nepeaady JaHHbIX B APYTYIO CETh.
[IpuunHa TAKOTO MOJIOXKEHUS] Bellleil O4eBUHA U KPOETCs B CYLIECTBEHHBIX OTJIHYUSIX OJHOM
TexHosnorum ot Apyroit. [laxe Haubonee 6nuskue texuonornn LAN — Ethernet, FDDI, Token
Ring — umeroume oxHy u Ty xe cucremy agpecauuu (MAC-azapeca), OT/IM4aIOTCS APYT OT Apyra
(opMaTOM UCTIOJIb3yEMBIX KaIPOB 1 JIOTMKOW paboThl MpOTOK0JI0B. Elile 6oJ1biiie OTINYMii MeX Iy
texHosiorusimu LAN u WAN.

Y100bI CBA3ATH MEX1y coboit CeTH, MOCTPOECHHDbIE Ha OCHOBE OTJINYAIOIINXCA TEXHOJIOTUH, HYX-
Hbl QONOAHUMENbHBIE cpeacmea, MMPEAOCTABIAEMbIEC CETEBbIM YPOBHEM.

DyHKIMY CETEBOTO YPOBHS PEANU3YIOTCSI:
O rpynnoit npoTokoJIoB;

O croeuuanbHbIMM YCTPORCTBAMU — MapIIPYTH3aTOPAMHU.

1 He caienyer nmyTaTh HHTEPHET (€O CTPO4HOM OykBbl) ¢ IHTEpHeTOM (¢ nponucHoit 6ykBer). Cetb WH-
TEpPHET — 3TO caMasl M3BECTHAasl M OXBATBIBAIOIAsl BECh MUD peajn3aliisi COCTAaBHOH CeTH Ha OCHOBe
texHosoruu TCP/IP.
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Puc. 4.7. Unnioctpaums Heo6X0ANMOCTU CETEBOTO YPOBHSI

OnHoii U3 GyHKUMI MapUIPyTH3aTOPA SABAETCA usuueckoe coedunenue cemeil. Mapupytusa-
TOD UMEET HECKOJIBKO CeTEBbIX MHTEP(DEICcOB, MoaoOHbIX HHTEP(dEicaM KOMIIBIOTEPA, K KAXKAOMY
13 KOTOPbIX MOKeT ObITb IIOAKII0YEHa 0[HA ceTb. TakuM 06pa3oM, uHTepdeichl MapLIpyTH3a-
TOPAa MOXKHO CYMTATh Y3JIaMU Pa3HbIX ceTeil. MapipyTH3aTop MOXeT GbITh PEaJM30BaH IPo-
IPaMMHO Ha 6a3e YHUBEPCAJIbHOIO KOMITbIoTepa (Hanpumep, Tunosast kondurypaunst Unix uin
Windows BKJIroYaeT NporpaMMHBINA MOAYJIb MapuIpyTusaropa). OfHaKo yaiie MapupyTH3aTopbl
peanuayiorcs Ha 6ase crieMaaM3MPOBAHHBIX anmapaTHbIX naaTdopm. B coctaB nporpamMmmuoro
ofecreyeHyst MaplIPyTU3ATOPA BXOMST IPOTOKOJIbHBIE MOJYJ/IN CETEBOTO YPOBHSL.

Urak, 4ToObI CBSI3aTh CETH, TIOKa3aHHbIe HA PHC. 4.7, HEOOXOAMMO COEANHUTD BCE 3TH CETH Mapll-
PYTH3aTOPaMH U YCTAHOBUTH POTOKOJIbHbIE MOYJI CETEBOTO YPOBHSI HAa BCe KOHEUHbIE Y3JIbI
110J1b30BaTeell, KOTOpbIe XOTeU Obl CBSI3bIBATHCSI YePE3 COCTABHYIO ceTh (puc. 4.8).

ﬂaHHbIe, KOTOpbIe HeO6XOJlI/lMO IepeaaTb 4Yepe3 COCTaBHYIO CE€Th, IOCTYIIAIOT Ha ceTeBOU YpOB€Hb
OT BbILIEJEXAIIETO TPAHCIIOPTHOTO YPOBHS. ITHU AaHHbIE CHAOKAIOTCS 3aTOJIOBKOM CETEBOTO
YPOBHHA. ﬂaHHbIe BMECTE C 3aroJIOBKOM 06p33y10'1' INAKET — TaK Ha3bIBA€TCA MMPOTOKOJIbHAA €A1~
HHUIA TaHHbIX CETeBOIr0 YPOBHs.

3aroJI0BOK MaKeTa CETeBOTO YPOBHsI HAPSIAY € APYTOH ciiyxeOHON nHbOpMalueil HeceT JaHHbIE
00 aapece HazHaYeHMsl 3TOTO MaKeTa. YTOOBI MPOTOKOJIBI CETEBOTO YPOBHSI MOTJIN IOCTABJISITh
IaKeTbl JJI0OOMY Y3J1y COCTABHOM CETH, 3TH y3JIbl JOJUKHBI UMETD aJIPeCa, YHUKAbHbLE 8 NPEOeNax
aceii cocmasnotl cemu. Takue afpeca Ha3blBAIOTCS CETEBBIMH WM I100anbHbIMA. Kakbiit y3esn
COCTAaBHOM CETH, KOTOPHIA HaMepeH OOMEHUBATHCS JAaHHBIMU C JPYTUMH Y3JaMU COCTABHOM
CeTH, HapsIAy C aipecoM, Ha3HaueHHBIM €My Ha KaHaJIbHOM yYPOBHE, I0/UKEH UMeTb CeTeBOM
aapec. Hanpumep, Ha puc. 4.8 koMnbioTep B cetn Ethernet, Bxoasiueii B cocTaBHyto ceTh, UMEET
azpec kanaabHoro ypoust MAC1 u anpec ceteBoro ypoBust NET-A1; ananoruyso B cetu ATM
y3eJ1, aapecyeMblit uaeHTUUKaTOpaMy BUPTyanbHbIX kKaHamoB ID1 u ID2, umeer ceteBoii aapec
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Puc. 4.8. Npumep cocTtaBHon cetTn

NET-A2. B nakere B kayecTBe aJpeca Ha3zHaueHUsl JOJDKEH ObITh YKa3aH ajpec CEeTEBOrO YPOBHS,
Ha OCHOBAaHMM KOTOPOTO OIpPe/EJISIeTCsl MApLIPYT M1aKeTa.

Onpedenenue mapwpyma siBISIeTCS] BAXKHOMW 3a/1a4€ii CeTeBOro ypoBHs. MapiupyT onuceiBaeTcs
TM0CJIe0BATENbHOCTDIO CeTel (MM MapLIPyTU3aTOPOB), YePe3 KOTOPble JOJDKEH IIPOUTH MAKET,
4T0o6BI ONACTH K aapecary. Hanpumep, Ha puc. 4.8 WITpMXOBOM JIMHKEl IOKa3aHO TPU MapLIPYTa,
I10 KOTOPBIM MOTYT ObITh Nepe/IaHbl IAHHBIE OT KOMITbIOTEPa A K KoMIbloTepy b. Mapupytusatop
cobupaeT HHGOPMALMIO O TOMOJIOTHH CBsI3eil MEX/Y CETSIMH U Ha OCHOBE 3TOW MH(GOPMaLMU
CTPOMT Tab.IMIIbI KOMMYTAIMH, KOTOPbIE B JAHHOM CJIyYae HOCST Cliel[MalbHOe Has3BaH1e TaGui
MapuIPYTH3aLHUH.

B cooTBeTcTBMM ¢ MHOrOYDOBHEBBIM MOAXO/OM CETEBOM YPOBEHb JJIsl PelleHus CBOei 3a1a4u
obpaliaeTcst K HHKeJexalleMy KaHalbHOMY YPOBHIO. Bechb 1y Th yepe3 COCTaBHYIO ceThb pas-
GUBAETCsl HA YYACTKH OT OJHOrO MapLIPYTU3aTOPaA 40 APYrOro, MPUYEM KaXKAblil yYacTOK COOT-
BETCTBYET IyTH Yepe3 OTAEJbHYIO CETb.

Y06l nIepeaTh NaKeT Yepes O4ePeIHYIO CETh, CETEBON YPOBEHb IIOMEIIAET €ro B N0J1e JaHHbIX
KaJ[pa COOTBETCTBYIOIIEH KaHANBHOM TEXHOJIOTUH. B 3arosioBke kaapa ykasbiBaercs adpec ka-
HavHO20 Yposns MHTePGeiica cienyomero Mapiupytiusaropa. CeTb, UCMOJ1b3YsI CBOIO KAHAJIbHYIO
TEXHOJIOTHIO, IOCTABJISIET Ka/Ip ¢ UHKANCYJIMPOBAHHBIM B HETO MAKETOM [0 33[]aHHOMY aJpecy.
MapupyTusaTop U3BJeKaeT MaKeT U3 MPUOBIBIIErO Kaapa 1 mocje Heo6Xoaumoit 06paboTku
nepejaeT nakeT [Jis1 JajibHelileil TPAHCTIOPTUPOBKHU B CJIEAYIOILYIO CETh, NIPEABAPUTEBHO
YNIaKOBAaB ero B HOBbIi KaJp KAHAJIBHOTO YPOBHsI B 001UEM cJyyae APYroi TexHogoruu. Takum
06pa3oM, ceTeBOil YPOBEHb UIPAET POJIb KOOPOUHAMOPA, OPTAHU3YIOILErO COBMECTHYIO paboTy
ceTell, IOCTPOEHHbIX HA OCHOBE PA3HbIX TEXHOJIOTHIA.
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Npumep-aHanorus

MosKHO HaliTH aHaJIOTUIO MeX/ly (GPYHKIIMOHMPOBAHUEM CETEBOrO YPOBHSI M MEX/YHAapO/HOM 10~
4TOBO# CJIyk0bl, Takol, Hanpumep, kKak DHL uiu TNT (puc. 4.9). IIpeicTaBuM, 4To HEKOTOPbIN
rpy3 HeoOXOMMO IOCTaBUTb U3 ropozia A6pa B ropoz Kagabpa, mpuueM aTu ropoaa pacnoioxKeHbl Ha
Pa3HbIX KOHTHHeHTaX. [[/1s1 JOCTAaBKH rpy3a MeX/IyHapoAHas! [I0YTa UCTIOAb3YET YCIYTH Pa3IMYHbIX
PErMoHATbHBIX EPEBO3YMKOB:

* )KeJIe3HYIO JI0pory;

* MOPCKOH TPaHCIOPT;

* aBUATPAHCIIOPT;

*  aBTOMOOWJIbHBII TPAHCIIOPT.

Puc. 4.9. Pa6oTta mexayHapoaHoi No4YToBoM CnyX6bl

ITH NepeBO3YHKH MOTYT PACCMATPUBATHCSI KaK aHAIOTH CeTeil KaHaJIbHOTO yPOBHsI, IIpHYeM Kaxk-
J1as1 «CETb» 3/I€Ch [IOCTPOEHA Ha OCHOBE COOCTBEHHOM TeXHOJIOIMH. M3 3TUX PErHOHAIbHBIX CIYXKO
MEXIYHapOHasl TI0YTOBasH CAYK06a A0JKHA OPraHU30BaTh EUHYIO CJIKEHHO PabOTAIUIYIO CeTh.
JLn1st 3TOro MeX1yHapoaHasi MOYTOBas Ca1yx0a A0JKHA, BO-MEPBBIX, IPOAYMATh MapLIPYT HepeMe-
ILEHKsI I0YThI, BO-BTOPbIX, KOOPAMHMUPOBATb PAbOTY B IIYHKTaX CMEHbI IEPEBO3YHKOB (HaNpUMeD,
BBIIPY’KaTh NMOYTY M3 BarOHOB U Pa3MellaTb ee B TPAHCHOPTHBIX OTCeKax caMoJieToB). Kaxabrit
fIePEeBO3YMK NPU ITOM OTBETCTBEHEH TOJIBKO 32 NepeMellieHHe TIOYThl 110 CBOel YacTH MyTH U He
HeceT HUKaKOH OTBETCTBEHHOCTH 3a COCTOSIHHME NOYTBI 32 €T0 NpeleiaMu.

B o6wmeM ciayyae GyHKIMH CETEBOTO YPOBHS LIMPE, YeM obecriedeHre oOMeHa B npeesiax co-
cTaBHOM ceTH. Tak, ceTeBoi ypoBeHb pellaeT 3a4a4y CO3JaHNUs HAIeKHbIX U TMOKUX GapbepoB
Ha NYTH HEXKeJIaTeIbHOro Tpaduka Mexay ceTsiMu.

B 3aks04eHre OTMETHM, YTO HA CETEBOM YPOBHE ONPEENISIOTCS ABa BUa NpoTokosos. Ilep-
BBII B/l — MAapLIPyTH3UPYeEMbI€ MPOTOKOJIbI — PeaTu3yeT MPOABIKEHHE IIAKETOB Yepe3 CeTk
VIMeHHO 3TH IPOTOKOJIBI OOBIYHO UMEIOT B BUJLY, KOT/Ia TOBOPSIT O IIPOTOKOJIAX CETEBOTO YPOBHSL.
OnHaKO YacTo K CETEBOMY YPOBHIO OTHOCSIT U APYTOii BUJ IIPOTOKOJIOB, HA3bIBaEMbIX MapuIpy-
TU3HPYIOUHMH MPOTOKOJAMH, U1 POTOKOJAMH MapuipyTu3anuy. C mOMOUIbIO 3THX MPOTO-
KOJIOB MapIIPYTU3aTOPbI COGUPAIOT MH(POPMALIHIO O TOMOJIOTHU MEKCETEBBIX COeANHEHUI, Ha
OCHOBaHHMHM KOTOPO#1 OCYILECTBJISETCS BHIOOD MapIIPyTa MPOABHKEHUSI TAKETOB.
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TpaHCNOPTHbINA YPOBEHDb

Ha nyTu OT OTIIpaBHTeJIst K MOJTYYATeIIO ITAaKeThl MOTYT ObITh UCKaXKEHbI UJTH yTepsiHbI. XOTsI He-
KOTODbI€E TPUIJIOXKEHUS! MMEIOT COOCTBEHHBIE CPeACcTBa 06paboTKK OMOOK, CYLIECTBYIOT U TAKHe,
KOTOpbIE MPEJNOYUTAIOT CPa3y UMETb JIeJI0 C Hale)KHbIM COeINHEHNEM.

TpancnopTHbIi ypoBeHDb 06eCTIEIUBAET PHUIOKEHUSM H BEDXHUM YPOBHSIM CTEKA — TIPUKJIA/-
HOMY, IpeJICTAaBJIEHHs] U CEAHCOBOMY — Iepesiauy /IaHHBIX C TOH CTeNeHblo HaIe)kKHOCTH, KOTopast
um tpebyercs. Moaenb OS] onpeaensieT MATh KAaCCOB TPAHCIIOPTHOTO CEPBUCA OT HUBUIETO
ksacca 0 1o Boicuiero kiaacca 4. TH BUbl CEPBUCA OTJIUYAIOTCSI KAY€CTBOM NPeI0CTaBIsIEMbIX
YCJIyT: CPOYHOCTHIO, BO3MOXKHOCTBIO BOCCTAHOBJIEHUS IPEPBAHHON CBSI3U, HATUYHEM CPE/ICTB
MYJIBTUIJIEKCUPOBAHUSL HECKOJIbKUX COeMHEHUI MEXIY PAa3JIUYHBIMU MPUKJIATHBIMH IPOTO-
KOJIaMH Yepe3 OOLMHA TPAHCIIOPTHBIN MPOTOKOJI, & [JIaBHOE — CIOCOGHOCTHIO K 06HAPYKEHHIO
M UCIIPABJIEHUIO OLIMOOK Nepeflayn, TAKUX KAK MCKaXKeHUe, oTepst U 1y6IMpoBaHye NaKeTos.

Bbi60p KJacca cepBrica TPAHCIIOPTHOTO YPOBHSI ONPEAE/ISIeTCs], C OJHOU CTOPOHbI, TEM, B KAKO#
CTeneHu 3ajava 00ecieYeH s HaJle)KHOCTH PEILAETCS CaMMMM MIPUJIOKEHUSMU U IPOTOKOJIAMHU
60Jiee BBICOKHX, YEM TPAHCIIOPTHBIH, ypoBHeid. C APYroii CTOPOHBI, 3TOT BBIGOP 3aBUCHT OT TOTO,
HACKOJIBKO HAJIEXKHOM SIBJSIETCSI CHCTEMA TPAHCIIOPTUPOBKH JaHHBIX B CETH, OOecrmeynBaeMast
YPOBHSIMU, PACMO/I0KEHHBIMHM HUXKE TPAHCIIOPTHOTO: CETEBBIM, KAHAJIBHBIM U (pusuyeckuM. Tak,
€CJIM KauecTBO KaHAJIOB 11epejlayy OYeHb BLICOKOE U BEPOSITHOCTb BOBHUKHOBEHUS OLIMOOK, He
0OHapYKEHHBIX [IPOTOKOJaMK 60Jiee HU3KUX YPOBHEH, HEBEIMKA, TO Pa3yMHO BOCIIOIb30BATbCS
O/JIHUM U3 00JICI'YeHHBIX CEPBUCOB TPAHCIIOPTHOTO YPOBHS1, He 0OPEMEHEHHbIX MHOTOYUCIIEH-
HBIMH [IPOBEPKaMi, KBUTUPOBAaHHEM U IPYTMMH [IPUEMAMH MOBbILLIEHUST Ha/eXXHOCTU. Eciiu xe
TPaHCUOPTHbIE CPEACTBA HUXKHMX YPOBHEH OY€Hb HEHA/IEXKHDI, TO 1eJeCO00Pa3HO 06pPaTHTHCs
K HanboJee Pa3BUTOMY CEPBHCY TPAHCIIOPTHOTO YPOBIsI, KOTOPBI# paboTa€eT, HCIOIb3Ysi MAKCH-
MYM CPeCTB /ISl OOHAPYKEHUST M YCTPaHEeHUsl OIKMOOK, BKJIIOYas! IPEABAPUTEIbHOE YCTAHOB-
JICHHE JIOTUYECKOTO COeIMHEHUS!, KOHTPOJIb AOCTABKY COODOIUIEHNH N0 KOHTPOJIbHBIM CyMMaM
U LMKJIMYECKON HyMepaLH1K [1aKeTOB, yCTAHOBJIEHHE TAHM-ayTOB JIOCTABKH U i. II.

Bce npoToKoJIbl, HA4UHAS C TPAHCIIOPTHOIO YPOBHS U BbILIE, PEATUBYIOTCH NPOZPAMMHBIMU CPeO-
CMeamu KOHEUHbIX Y3108 CETH — KOMIIOHEHTaMU UX CeTeBbIX ONlepallMOHHBbIX cUcTeM. B kauecTse
TIpUMepa TPAHCIIOPTHBIX ITPOTOKOJIOB MOKHO npuBecTy npotokosbl TCP u UDP creka TCP/IP
u npotokos SPX creka Novell.

CeaHcOBbIN YPOBEHb

CeaHCOBbBIif yPOBEHb YIIPaBJIsieT B3aUMO/IEUCTBHEM CTOPOH: (DUKCUPYET, KaKasi U3 CTOPOH SIB-
JISIETCS] aKTUBHON B HACTOSILUMH MOMEHT, U MPEAOCTABJISIET CPEACTBA CHHXPOHU3AUY CEaHca.
ITH cpelcTBa MO3BOJISIIOT B X0JI€ [JIMHHBIX Mepeaay COXPaHsATh HH(POPMALIMIO O COCTOSTHUM
3THUX Nepefay B BHA€e KOHTPOJIbHBIX TOYEK, UTOOBI B CJlydae OTKa3a MOXKHO ObLJIO BEPHYTHCA
Ha3a] K IocJie/iHell KOHTPOJIbHOM TOUKe, 3 He HAUMHATh Bce ¢ Hayasa. Ha npakTuke HeMHOrue
NPHJIOKEHUS UCIONB3YIOT CEAHCOBBIN YPOBEHb, KOTOPBIiA PEIKO PEANIU3yeTCsi B BUAE OT/AEbHBIX
11pOTOK0JI0B. DYHKIMK 3TOTO YPOBHSI YaCTO OObEAUHSIOT € QYHKUMAMY IIPUKJIAIAHOTO YPOBHsI
M PeaTM3yIoT B OIHOM [POTOKOJIE.

YpoBeHb npeacraBneHvs

YpoBeHb npeacTaBIeHHs, KaK SIBCTBYET U3 €T0 Ha3dBaHMsl, 00eCIIeUNBaeT MPEACTABIEHHE Nepe-
JaBaeMoi 1o ceTu UH(OPMaALK, HE MEHSsIsl TIPH 3TOM ee COepXKaHusi. 3a CYeT YPOBHSI Mpejl-
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CTaBJIeHUs1 UHGOPMaLus, epeiaBaeMast IPUKIaZAHBIM YPOBHEM OJHOI CUCTEMBI, BCera OHsTHA
MPUKJIAJAHOMY YPOBHIO Apyroi cucteMbl. C IOMOLIbIO CPENCTB NAHHOTO YPOBHS MPOTOKOJIBI
NPUKJIAAHBIX YPOBHEH MOTYT IIPEOI0JIETh CUHTAKCUYECKYe PAa3JIMYUsI B IPeJCTaBIEHUH JaHHBIX
WJIM JKe pa3jndusi B KoJax cuMBos1oB, HanpuMep koznoB ASCII u EBCDIC. Ha atoM ypoBHe
MOTYT BBITIOJIHAThCS HnpoBaHue u aelrdpoBaHie 1aHHBIX, 61aroaapsi KOTOPbIM CEKPETHOCTh
o6MeHa JaHHBIMH 00eCIIeYuBAETCSI CPa3y AJIsl BCeX MPUKJIALHBIX CyX6. [IpuMepoM Takoro mnpo-
ToKoJIa siBasietcst mpoTokos SSL (Secure Socket Layer), koTopblit o6GecrieunBaeT CeKpeTHBIN
0OMeH COOBIEHUsIMH /ISl TPOTOKOJIOB MPUKAaAHOTO ypoBHst cteka TCP/IP.

st nosbiwenust apdexTHBHOCTH 0OMEHA TeKCTaMy 1 rpadyecKUMHU H300pakeHNSIME YPOBEHb
IpeACTaBIeHUs MOXKET OKa3bIBaTh yCIIYTH O CXKAaTHIO/pacnakoBKe HHGOPMaLUK.

K dyHK1uMsIM yPOBHSI NPeICTABIEH!SI OTHOCUTCS TAKXKe KOAMPOBaHHe rpauuecKux n300pakeHuH,
ay/aMo Y BUZIEO B COOTBETCTBUU C Pa3INMyHbIMU cTaHAapTami, HanpuMep JPEG, MPEG, TIFE

MpuknagHo ypoBeHb

B kauectBe pyHKuMii npukaagHoro ypoBus Moaenb OSI ornpenensier npegocraBieHue pas-
HOOOPa3HbIX YCJIYT I0JIb30BATEIbCKUM IPUIOKEHUIM — TAKUX, KAK JOCTYII K OOIIUM CETEBBIM
pecypcam (daitiaM, mpuHTEPaM UK BeO-CTPaHKIAM ) UM PACIIPEAETEHHBIM CETEBBIM CEPBHCAM
(3J1eKTPOHHOI ToUTe, cayx6am nepegayu coobueHuit, 6aszam nanubix). Kak npasuio, ycayru
TIPUKJIAJHOTO YPOBHS BKJIIOYAIOT UAeHTUPHUKALMIO U ayTeHTU(HUKALMIO YYACTHUKOB CETEBOTO
B3aMMOJIEMCTBHYSI, IIPOBEPKY UX AOCTYITHOCTH U TIOJTHOMOYHH, oTpenesieHre TpeboBaHuil K 3a-
IMILIEHHOCTH ceaHca OOMeHa U T. /1.

[l7151 3arpoCcoOB K NPUKJIAJHOMY YPOBHIO MCIIOJIb3YIOTCS CUCTEMHbBIE BI3OBBI OTMEPALMOHHOM
CHCTEMBI, 00pa3yoLIre MPUKIALHOM MporpaMMHbIit nHTepdeiic. OnepanvoHHas CUCTEMA Bbl-
NOJIHSIET NPOLEeNYPBI AOCTYMNA K YCAyraM NPUKJIAJAHOTO YPOBHSI IPO3PAYHBIM /IS TPUJIOKEHU
00pa3oM, IKpaHUPYsl KX OT BCEX eTasleil yCTPONCTBA TPAHCIIOPTHOM MOJACUCTEMBI CETH, & TAKKE
paboThI CEAHCOBOTO U TPEACTABUTEIBCKOTO YPOBHEIA.

Moaenb OSI| n cetn ¢ KoOMMmyTaumen KaHanos

Kak yxe 6110 ynomsinyto, Mmogesib OSI onucbiBaeT npoiecc B3aMMOIEHCTBUS YCTPOICTB B CETH
¢ KoMMymayuell naxemos. A Kak xe 0OCTOUT [IEJI0 C CETAMU KoMMymauu kananog? CyuecTsyer
JI [171s1 HUX COOCTBEHHAsI CIPaBOYHAast Moziesib? MOXKHO JIM COMOCTaBUTD (GDYHKIIMM TEXHOJOTUM
KOMMYTalMU KaHaJIOB ¢ ypoBHsAMHU Mozxenn OSI?

[a, st mpeacTaBieHyst CTPYKTYPbI CPEACTB MEXKCETEBOTO B3aUMOZEICTBH S ceTell C KOMMYTallH-
el KaHaJI0B TaKXe MCIOJIb3yeTCs] MHOTOYPOBHEBBIN NOAX0/, B COOTBETCTBHM C KOTOPBIM CYylIle-
CTBYIOT [IPOTOKOJIbI HECKOJIbKUX YPOBHE, 06pasyoiux vepapxuio. OnHako obiuei cripaBouHoM
Moesu, mogo6Hoi moaesin OSI, f71st ceTeit ¢ KOMMyTalMeR KaHAIOB He cyllecTByeT. Hanpumep,
Pa3/inyHble TUIIbI TeJIeDOHHBIX CETEH UMEIOT COOCTBEHHbBIE CTEKH TIPOTOKOJIOB, OTINYAIOIIMECS
KOJIMYECTBOM ypPOBHeH U pacnpezesieHreM GyHKIUI Mexay ypoBHsAMU. [lepBruuHbIie ceTH, Takue
kak SDH uan DW DM, takke 061an1ai0T cCOGCTBEHHOI Mepapxueii TpoTokosioB. CuTyamust yc-
JIOKHSIETCS] eLlle ¥ TeM, YTO IPAaKTUYeCKH BCE THITbl COBPEMEHHBIX CeTel C KOMMYTalllel KaHAIOB
33/1efICTBYIOT 3Ty TEXHUKY TOJIbKO /J1s1 Iepelady [10JIb30BATEIbCKUX JAHHBIX, a AJIsI YIIPaBIe€HUs
IIPOIIECCOM YCTAHOBJIEHHsI COEMHEHUN B CETU M OOIEr0 yIPABJEHHUS CEThIO IPUMEHSIOT TeX-
HUKY KOMMYTallX MTaKeTOB. TaKMMHU CETSIMU SIBJISIIOTCS, HanpuMep, cetd ISDN, SDH, DWDM.
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Dns ceTen C koMMyTaumei NakeToB CETY C KOMMYTaUMEN KaHANOB NPEAOCTasN|IoT cepsuc Guanyecko-
rO YPOBHS, XOTSi CAMV OHM YCTPOEHb! AOCTATO4HO CAOXHO U NOANEPXUBAIOT COBCTBEHHRYIO Mepapxuio
NPOTOKONOB.

PaccMmoTtpuM, k mpuMepy, cyyai, KOT/ia HECKOJIBKO JIOKAJIbHBIX IAKETHDBIX CETell CBS3bIBAIOTCS
Mex 1y co6oi uepe3 uubpoBy1o TesedoHHy0 ceTb. O4EBUAHO, YTO (PYHKIIMH CO3MAHUS COCTAB-
HOH CeTH BBITOHSIIOT MPOTOKOJIbI CETEBOTO YPOBHsI, TO3TOMY Mbl YCTAHABJIMBAEM B KaXKI0U
JIOKQJIbHOW CeTH MapiIpyTU3aTOp. MapurpyTusaTop A0JKeH 6bITh OCHALEH HHTepdeicoM,
CrOCOGHBIM YCTaHOBHUTD COelMHeHYe Yepe3 TeieOHHYIO CeTh C APYTOM JIOKaIbHOM ceTbio. [Toce
YCTAHOBKHM COelMHeHHsI B TeeOHHOM ceTr 06pa3yeTcst I0TOK OUTOB, NepeJaBaeMblX ¢ MOCTO-
SITHHOM CKOPOCTbI0. ITO COeIMHEHHE U NIPeJOCTAB/ISIET MAPLUIPYTU3aTOPaM cepBUC GU3NYecKOro
ypoBHsi. UT0ObI OpraHM30BaTh Nepeiauy JaHHBIX, MAPILPYTHU3ATOPBI UCIIOIb3YIOT MOBEPX 3TOrO
¢usuyeckoro kaHasa Kakoi-1MO0 ABYXTOYEUHBIN POTOKOJ KaHAJIBLHOIO YPOBHSI.

CraHpapTusaumna ceten

YHMBepca/bHBIH TE3UC O MOoJIb3e CTAHAAPTHU3ALMH, CIIPABE/JIUBBIi s BCeX OTpaceil, B KOM-
MbIOTEPHBIX CeTsIX npuobpeTaer ocoboe 3HadeHne. CyTb CETH — ITO COeAMHEHUE PAa3HOro 060-
PYZOBaHMsl, 4 3HAYHUT, 1poHJIeMa COBMECTHMOCTH SIBJISIETCS 3eCh OAHOM M3 Haubosee OCTPbIX.
Be3 corsmacoBanust BceMn IPOU3BOAUTESIMU OOIIENPUHSTBIX CTAHAAPTOB AJIs 060PYA0BaHH
¥ TIPOTOKOJI0B NPOrpece B [e/le «CTPOMTENbCTBA» ceTel 6bl1 Obl HeBo3MOXeH. [1oaTomy Bce
Pa3BUTHE KOMIBIOTEPHON OTPACJIH, B KOHEYHOM CUETE, OTPAXKEHO B CTAHAAPTAX — Jiobasi HOBast
TEXHOJIOTHSI TOJIBKO TOT/Ia IPUOOPETAET «3aKOHHbIN» CTATYC, KOT/Ia ee CONepPKaHHE 3aKPeILIAeTCs
B COOTBETCTBYIOLIEM CTaHAAPTE.

B KOMNBIOTEPHBIX CETSIX UE0I0THYECKON OCHOBOM CTaHAAPTU3AIMH SIBJISIETCS] PACCMOTPEHHAsT
Bblllle MOJIETb B3aUMOIENACTBUSI OTKPBITHIX cucteM (OSI).

NMoHsiITUEe OTKPLITON CUCTEMDI

Yo ke Takoe OTKpPbITasi cCHCTeMa?

Omxpoimoti MOXeT 6bITh HasBaHa J06as cucteMa (KOMIIbIOTEP, BHIYMCAUTEAbHAs ceTh, OC,
MPOTPaMMHBIN MAaKeT, APyTHe annapaTHble U IPOrpaMMHBIe TPOAYKTHI), KOTOPAsi MOCTPOEHA
B COOTBETCTBHH C OTKPBITBIMH CHeIIMPUKAIUSIMHU.

HanmoMuuMm, 4yTo noa TepMUHOM «crnendUKAUMsA> B BBIYUCIUTETbHON TEXHUKE TOHMMAIOT
(hopman30BaHHOE ONMCaHHe aNNapaTHbIX MJIK IPOrPAMMHbBIX KOMIIOHEHTOB, ClIOCOOO0B UX (hyHK-
IIMOHUPOBAHUS], B3aUMOJEHCTBUS C APYTMMH KOMIIOHEHTaMH, YCJIOBUMN SKCIIIIyaTalllH, 0COOBIX
xapaktepucTHK. [IoHsATHO, 4TO He Besikast cienUKaLUs SIBSIETCS] CTAaHAAPTOM.

oA oTkpLITBIMY cneunduKkauusaMm NoHUMAaTCH onybnmnkosaHHble, obuiegocTynHbie cneumduka-
unn, COOTBETCTBYIOLME CTaHAAPTaM ¥ NPMHATLIE B peaynsTaTe AOCTUXEHUA COrnacus Nocne BCecTo-
POHHEro 06CyXaeHVa BCEMU 3aUHTEPECOBAHHBIMA CTOPOHAMM.

Wcnosnb3oBanue npu pa3paboTKe CUCTEM OTKPBITHIX CleNUPHUKALMIA T03BOJISIET TPETHUM
CTOPOHAM CO3/1aBaThb AJ51 3TUX CUCTEM pa3jIMYHble allapaTHble UJIU IIPOrPaMMHBIE CPEACTBA



aga 4. CtaHpapT13auma n knaccuonkaums ceten 119

pacipesust 1 MoaAnGUKaLMHY, a TAKXKe NPOrPAMMHO-ANNapaTHbie KOMILJIEKCH! U3 MPOAYKTOB
Pa3HbIX IPOM3BOAUTEJIEH.

OTKpBITBIN XapaKTep CTAaHJAPTOB U creuUKAIN BasKeH He TOJIBKO IS KOMMYHMKALIMOHHBIX
IIPOTOKOJIOB, HO U [ Pa3HOOOPA3HbIX YCTPOICTB U NPOrPaMM, BBIITYCKAEMBIX /IS IOCTPOEHHS
ceru. Hy>xHO 0T™METHTD, YTO GOMBIIMHCTBO CTAHAAPTOB, IPUHUMAEMbIX CETO/HS, HOCSIT OTKPbI-
Thiit XapakTep. BpeMst 3aKpbITHIX CHCTEM, TOYHBIE CIIEUMDHUKALNY HA KOTOPbIE ObIIN U3BECTHBI
TOJIbKO (hMpMe-IpOU3BOAUTEIO, YILI0. Bece 0co3Hany, 4To BO3MOXKHOCTb B3aUMOJEUCTBHUS
C NPOAYKTaMM KOHKYDEHTOB He CHHXKA€eT, a, Ha000POT, IIOBBIIIAET LIEHHOCTb U3JENHS, TAK KaK
MO03BOJISIET IPUMEHSITH €T0 B 00JIbIlIEM KOJUYECTBe PabOTAIOIUX ceTell, COOPAHHBIX U3 TTPO-
LYKTOB pa3HbIX npousBoauteseit. [loatomy naxe takue ¢hpupmsl, kak IBM u Microsoft, panee
BBIIIYCKaBLIKE 3aKPBITble CUCTEMBI, CETOJHS AKTUBHO YYaCTBYIOT B Pa3paboTKe OTKPBITHIX CTaH-
JapTOB M MPUMEHSIIOT UX B CBOUX NPOJAYKTaX.

[l peasibHBIX CHCTEM ITOJIHASI OTKPBITOCTD SIBJISIETCS HEOCTHXUMBIM 1ieanoM. Kak rpaBuio,
JaXe B CHCTeMaX, Ha3bIBaeMbIX OTKPBITBIMH, 3TOMY ONpeeIeHHIO COOTBETCTBYIOT JIMIIb He-
KOTOpBIE YacTH, NOJIIeP>KUBalOLIMe BHelllHHe HHTepdelicsl. Hanpumep, OTKpBITOCTD ceMelcTBA
onepauuoHHbIX cucTeM Unix 3aksoyaeTcs, HIOMUMO BCEro MPOYero, B HAJTMYUU CTAaHIaPTU30-
BaHHOTO TPOrPpaMMHOT0 MHTepdeiica MeXay sSAPOM M NPHJIOKEHHUSIMH, YTO MO3BOJISIET JIETKO
NepeHOCUTDb ITPUIOXKEeHHs U3 cpelbl 0HOHM Bepcuu Unix B cpely Apyroii Bepcuu.

Mogenp OSI kacaercsi TOJIBKO OAHOIO aCIEKTa OTKPBHITOCTH, 3 KUMEHHO OTKPBITOCTH CPEJCTB
B3aMMO/IEUCTBUSI YCTPOMCTB, CBSI3aHHBIX B KOMIIBIOTEPHYIO CeTh. 3eCh MO OTKPBITOH CH-
CTEMOI1 TOHMMAeTCs ceTeBoe YCTPOHCTBO, TOTOBOE B3aUMOJENCTBOBATD C APYTUMU CETEBBIMH
YCTPOICTBAaMHU MO CTaHAAPTHBIM IIPaBUJIaM, ONpeaeasoliM (Gopmart, conepkaHue U 3HaUeHHe
TIPUHAMAEMBIX U OTIIPABJISIEMbBIX COOOIIIEHUT.

Ecnu nBe cetn MOCTPOEHDI C CO6J’IlOlIeHI/I€M TNIPUHIUIIOB OTKPBITOCTH, TO 3TO AAET CaeAyIOLIHe
npenMy1ecTBa:

O BO3MOXKHOCTH NOCTPOECHUS CETU U3 allllaPpATHBIX U IPOTPAMMHBIX CPE€ICTB PA3JIMYHBIX TTPO-
HU3BOAUTENIEH, NPUAEP>KHUBAIOHIUXCA OJHOTO U TOTO X€ CTaHAApTa;

Q 6es360se3HEHHAs 3aMeHa OT/1€JIbHBIX KOMIIOHEHTOB CE€THU APYTUMH, 6osee COBEPILIE€HHDbIMHY,
YTO MO3BOJIAET CETHU pa3BUBATbCA C MUHUMAJIbHBIMU 3aTpAaTaMH;

U J1erkocTh CONpSIXKEHUs OHOM CETH C APYTOH.

UcTOouyHMKKN cTaHpapTOB

3akoH «O TexHHYecKOM perynupoBaHun» ot 27.12.2002 Ne 184-D3 onpeaessieT NoOHATHE
«CTaHAAPT» CJEAYIOWNM 00pa3oM:

CraHaapT — 3TO «I0KYMEHT, B KOTOPOM B LIeJIsIX 100POBOJIBHOIO MHOIOKPAaTHOTO UCII0IB30-
BaHHUS YCTaHABJIMBAIOTCS XaDAaKTEPHCTHKH NPOAYKIMH, IIPaBUJIa OCYILECTBIECHUS 1 XapaKTe-
PHCTHKH JIPOLIECCOB IPOEKTHPOBAaHUSI (BKJII0YAsI U3BICKAHMs1 ), TPOU3BO/ICTBA, CTPOMTEILCTBA,
MOHTaXa, HaJIaIKU, IKCILIyaTalluy, XpaHeHUs1, TePeBO3KH, PeaTu3aluy ¥ yTUIH3ALHUH, Bbl-
10JIHEHHsT paboT UK OKa3aHust yciiyr. CTaHAApT TakKe MOXKET COAEPXKATh MPABHJIA H METO/bI
MCCIeI0BaHMIA (MCIIBITAHUI) U M3MePEHUH, IPaBiJIa 0TGOPa 06pa3LoB, TPEBOBAHHSI K TEPMH-
HOJIOTUH, CUMBOJIMKE, YIIAaKOBKe, MAaDKUPOBKe WJIM 3TUKETKaM M [IPaBUJIaM MX HaHECeHHUsI».

Mo ymosuanuio cobmodenue cmandapma ne sgasemcs obszamenvioim (€CIU IBHO He YKa3aHA
006s13aTeIbHOCTD ero ucnoyHeHus). OHAKO CyleCTBYeT MHOXECTBO MPHYKH, 110 KOTOPbIM
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GOJBLIMHCTBO KOMIIAHHIA, IIPEANIPUSTHIA, YACTHBIX JIML, OPraHU3aluii Z06POBOJIBHO BBIOUPAIOT
cJlefloBaHue CTaHAapTaM. MBI y>ke TOBOPHJIM O CTAaHAAPTH3ALMU KaK CPeACTBE obecrnedeH st
COBMECTUMOCTH UH(OPMALIMOHHBIX TEXHOJOTHI1, NPOAYKTOB U TepmuHosioruu. CaenosaHie
CTaHJapTaM MO3BOJISIET TAKXKE CO3/1aBaTh 6osiee KadeCTBEHHbIE, (0JIee KOHKYPEHTOCIIOCOOHDIE
TEXHOJIOTUH, CUCTEMBI M YCJIYTH, TaK KaK CTaHAAPTBHl — 3TO KOHLIEHTPUPOBAHHOE BhIPaXKEHHE
HiepeI0BO TEXHUYECKOI MBICJIM, OHU aKKYMYJIMPYIOT aKTyaJIbHbIE TEOPETHYECKHE 3HAHUS 1 TAaK
Ha3bIBaeMble «JIyYllre MPaKTUKU».

B 3akone PD 0 TeXHMYECKOM PEryJIMpOBaHMK FOBOPUTCS, YTO Pa3pabOTYMKOM CTaHAapTa MO-
KeT ObITh J1060€ JINLO, HO, KAaK MPABUJIO, CTAHAAPTHI pa3pabaTeBAOTCA paboYuMH rpynIamMu
(TeXHUYECKUMHU KOMUTETaMH ), B COCTAB KOTOPBIX Ha 10OPOBOJIbHOM OCHOBE MOTYT BKJII0YaThCs
NpeJCTAaBUTENN OPTraHOB UCIIOJHUTEIBHOM BJIACTH, HAYYHbIX, KOMMEPYECKMX 1 HEKOMMEPYECKUX
opraHu3sanuii, o61ecTBeHHbIX 06beaArHeHni. OJHUM U3 OCHOBHBIX IPUHLMIIOB CTAHAAPTH3AIIMK
SIBJISIETCS] OPMEHTAIIUS Ha TEX JIKLL, KTO B HAMOOJIbIIeN CTENEHU 3aUHTEPECOBAH B CYLIECTBOBAaHUH
cranaaptoB. [103TOMy 04eHb 4acTo pa3pabOTYMKAMU CTAHAAPTOB SABJIAIOTCA KOMIIAHUH U OPTaHu-
3a11¥, MHOTO U yCIELHO paboTatonine B TON 061acTH, 11 KOTOPOM OHU IIPe/JIAraloT CTaHAaPThL.

B 3aBucumocTu ot cTaTyca opraumaunﬁ pa3/inyaloT ciaeayroue BUAbl CTAaHAAPTOB!:

Q cmandapmor omoenvoix upm, Hanpumep, cTek NPoToKo/10B SNA komnanuu IBM nau rpa-
dnueckuit nurepdeiic OPEN LOOK ans Unix-cucrem koMnanuu Sun;

Q cmandapmovl cneyuaivHbix Komumemos u 06be0uHenull — CO31aI0TCA HECKOJbKMMY KOMIAHU-
SIMHU, HalIpUMeD, CTaHAapThl TexHosoruu ATM, paspabaTbiBaeMbl€ CIIELMATIBHO CO3IAHHBIM
o6beaunenneM ATM Forum, kotopoe HacuuTbiBaeT 0koJ10 100 KOLIEKTUBHBIX YYACTHUKOB,
umv crauaaprsl coto3a Fast Ethernet Alliance, kacarowuecst rexHonorun 100 M6ut Ethernet;

Q nayuonanvuvie cmandapmuo, Hatipumep, cranaapt FDDI, npeacrasisiioluii 041H U3 MHOTO-
YHCJIeHHBIX CTaHAApTOB MHCTUTYTa ANSI, M cTaHAapTHI 6e30MaCHOCTH AJIS ONEPALIOHHBIX
cucteM, paspaboTtanubie eHTpoM NCSC Munucrepctsa o6oponst CIIIA;

Q mexcoynapodnvie cmandapmol, HaripuMep, MOZIE/Ib ¥ CTEK KOMMYHHKALMOHHBIX POTOKOJIOB
MesxayHapoaHoit opranu3auuu no cranaaprusauuu (ISO), MHOrouuc/ieHHbIE CTAHAAPTHI
MexayHapoznHoro coio3a anekrpocBsidu (ITU), B ToM yucyie cTaHAapThl HA CETH C KOMMY-
tauueit nakeros X.25, cern Frame Relay, ISDN, Monems1 1 MHOTHe apyrHe.

B Hameii cTpaHe rnaBHYIO OpraHM3allMOHHYIO PoJib B cTanAaprTu3auuu urpaetr OexepaibHoe
areHTCTBO [0 TEXHUYECKOMY peryaupoBaHuio 1 merposioruu (Pocctanaapr). Poccranmapr cos-
JaeT U KOOPAMHUMPYeET paboyre IPyIib [0 pa3paboTKe CTaHAAPTOB, OPraHU3yeT OOLIECTBEHHOE
06Cyx/IeHHe U IKCTIEPTU3Y HOBBIX CTAHAAPTOB, yTBEPHKAAET U MyOJIUKYeT JOKYMEHTBI 10 CTaH-
JapTaM, BeZleT YYeT U paclpoCcTpaHeHre HAlIMOHAJIbHbIX CTAaHAAPTOB.

HekoTopble cTaHAapTHI, HENPEPHIBHO Pa3BUBAsICh, MOTYT NEPEXOJUThH U3 OJHON KaTeropuu
B Apyryo. B yactHocTH, pupMeHHbIe cTaHAAPTHI HAa NPOAYKUMIO, [IOTYYMBILYIO IIUPOKOE pac-
NpPOCTpaHeHHe, OOBIYHO CTAHOBSITCS MEXAYHAPOAHBIMU CTaHAAPTAMHU fie-PaKTO, TaK KaK Bbl-
HY’K/1a10T TIPOM3BOAUTE/IEH U3 PA3HBIX CTPAH CI€A0BAaTh GUPMEHHBIM CTaHAAPTaM, YTOObI 0be-
CIeYUTb COBMECTUMOCTb CBOUX M3/€JIMH C 3TUMU MONYJISIPHBIMU NpoAykTamu. HanpuMep, u3-3a
(eHOMEHAILHOTO yCIIeXa NepCOHAJIbHOIO KoMIbioTepa koMnanuu IBM ¢ upMeHHblit cTaHzapT
Ha apxutekTypy IBM PC cran MexxayHapoaHbIM cTaHaapToMm je-GakTo.

Bouiee Toro, BBUAy 1IMPOKOr0O pacIpOCTPaHEH!sI HEKOTOPble (pUpPMeHHbIE CTAHAAPTHI CTAHOBSIT-
Cs1 OCHOBOM /1711 HALIMOHAJIbHBIX Y MEXYHapPOAHBIX CTaHAApTOB Je-tope. Hanpumep, cranaapt
Ethernet, nepsoHayanbHo paspaborannbiil komnanusamu Digital Equipment, Intel u Xerox,
yepe3 HEKOTOPOe BPEMsI M B HECKOJIBKO U3MEHEHHOM BH/e ObLI NPHHAT KAaK HALMOHAIbHbINA
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crauaapt IEEE 802.3, a 3atem opranusauus ISO yTBepausa ero B kauecTBe MeX/yHapOAHOTO
cranaapra [SO 8802.3.

Cranpaptnsaumsa UHTepHeTa

SIpKMM pYMepoM OTKDBITON cUCTeMbl siBJsieTcst IHTepHeT. 9Ta MeXXIyHapoqHasi CeTb Pa3BU-
BaJ1ach B [I0JIHOM COOTBETCTBUM C TPeOOBAHUSIMHU, PELABSIBASEMBIMH K OTKPBITBIM CHCTEMAaM.
B paspaboTke ee cTaHAAPTOB NPUHUMAJH YYacTHe THICSYM CHELUATHCTOB — MOJIb30BaTe el
3TOM CeTH U3 PA3JIMYHBIX YHHBEPCUTETOB, HAYYHbIX OpPraHu3alui 1 GupM — npoussoauTesieit
BbIYMCIIUTEBHOM AllNapaTypsl ¥ IPOrPaMMHOT0 obecreveH st, pAOOTAIOLMX B Pa3HBIX CTPAHAX.
CaMmo Ha3BaHMe CTaHAAPTOB, onpeaensiouux paboty VHTepHeTa, — TeMbl A1 006CYKAEHHS
(Request For Comments, RFC) — noka3sIBaeT ri1acHbII M OTKPLITBIN XapaKTep IPUHNMAeMbIX
cranaapToB. B pesyssrate MHTEpHET cymen 06beauHUTD B cebe pazHooOpa3Hoe 060pya0BaHHEe
¥ IPOrPaMMHOe obecrieyeHre OTPOMHOTO YHCJIA ceTell, pa3bPOCAHHbIX 110 BCEMY MUDY.

Beuay noctosinHo# pactyureit nomyasipHocTd VIHTepHeTta RFC-10KyMeHTBI CTAHOBSITCSI MEXY-
HApO/HbIMU CTAaHAAPTaMHK Jie-(HDaKTo, MHOTHE U3 KOTOPBIX 3aTeM IPUOOPETAIOT CTaTyC OMUIIU-
aJIbHBIX MEXX/[YHAPOJIHBIX CTAHIAPTOB B PE3YJIbTATE UX YTBEPHKICHHSI KaKoii-1M00 OpraHn3aiueii
Mo cTaHaapTU3aluuH, Kak npasuio, [ISO u ITU-T.

CyliecTByeT HECKOJIbKO OPraHM3aUMOHHBIX TOAPa3/e/eHHH, OTBeYaIoIHX 32 Pa3BUTHE U, B 4acT-
HOCTH, 33 CTAaHAAPTU3AINI0 AaPXUTEKTYPBI U MpoTOKoI0B MuTepHera. OCHOBHBIM U3 HUX
ABNAETCA HAyYHO-aAMMHUCTPaTUBHOe coobuectBo Unrepuera (Internet Society, ISOC),
obbeaunsioutee okoso 100 000 yesoBeK, KOTOPOE 3aHUMAETCS COLUATBHBIMH, MOJUTHYECKUMHU
1 TEXHUYECKMMU TpobiieMamu 3Bosiounu MHTepHeTa.

ox ynpasnennem ISOC pabotaer coser no apxutextype Murepuera (Internet Architecture
Board, IAB). B IAB Bxoast nBe ocHoBHble rpynmsi: Internet Research Task Force (IRTF)
u Internet Engineering Task Force (IETF). IRTF koopauHupyeTt 10Jrocpo4yHblie HCCEL0BA-
tesbckue npoekthbl o nporokosiam TCP/IP. IETF — ato uHXeHepHas rpyimna, Kotopas 3a-
HMMAETCS pellleHHeM TeKyIInX TexHnyeckux npobyaem Uureprera. menno IETF onpenenser
crnenMurKalM1, KOTOPbIe 3aTeM CTAaHOBSITCS cTaHaaptamu MHtepHera. [Ipouecc paspaboTku
Y IPMHSTHS CTaHAAPTa JUIsi NPOTOKoIa VIHTepHeTa COCTOUT U3 psiia 005A3aTe IbHbIX 3TAIOB, HIH
CTaJHii, BKIIOYAOUMX HEITPEMEHHYIO IKCIIEPUMEHTATbHYIO IPOBCPKY.

B coorBercTBuM ¢ nipuHiuiioM otkpeitoctd VHTepHera Bce RFC-n0kyMenTHl, B 0TIMYHe, CKa-
xKeM, ot ctanaapToB ISO, Haxonstcs B cBoboaHoM aoctyne. Crnucok RFC-10KyMeHTOB MOXHO
HalTH, B YACTHOCTH, Ha caiite www.rfc-editor.org.

CTaHAapTHble CTeKN KOMMYHUKALUMNOHHbIX NPOTOKOJIOB

BaxkHe1IMM HanpaBJeHUEM CTaHAAPTU3alMK B 06JIACTH BHIYUCIUTENBHBIX CETEN SIBJSETCS
CTaHAApPTU3aLUsA KOMMYHUKALMOHHBIX TIPOTOK0/I0B. HanboJiee n3BeCTHHIMYU CTEKAMHU TIPOTO-
kouioB siBasitotest: OSI, TCP/IP, IPX/SPX, NetBIOS/SMB, DECnet, SNA (otmeTum, He Bce
U3 HUX TIPUMEHSIOTCS CETO/IHSI HA IPAKTHKE).

Crek OSI

BaxxHo pasiuatb modeav OSI u cmex npomoxonos OSI. B To Bpems kak moyens OSI siBnsercs
abcrpakTHO# KoHuerniel, crek OS], nocTpoeHHblit Ha ocHoBe Moaesn OSI, npescTaBaser co-
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60i1 Habop cnelrMdUKALMi KOHKPETHBIX IIPOTOKOJIOB, @ TAK)XKE MHOTOYHCJIEHHbIe 11POrPaMMHbIe
peaiu3aliuy 3TUX MPOTOKOJIOB.

B oT/imuue ot Apyrux cTeKoB MpoToKoJ0B, ctek OSI nosHocThIo cooTBeTcTBYET MoAenu OS],
BKJIIOYAs crelMUKAUK TPOTOKOJOB /7151 BCEX CEMH YPOBHE! B3aUMOJEHCTBHS, ONIpeAeTeHHbIX
B 910l Mozienu (puc. 4.10). I1o BrosHe 06bsicHUMO — pa3paborumku creka OS] ucnonb3oBanu
moznenb OSI kak npsiMoe pyKOBOACTBO K JeHCTBHIO.

Puc. 4.10. Crek npoTtokonos OSI

[Mporokoaws creka OSI oTiMYaeT C10)KHOCTh M HEOAHO3HAYHOCTD crielUbUKalMi. TN CBOHCTBA
CTa1 Pe3yaIbTaToM 06IIel NOMUTUKH pa3zpabOTYMKOB CTEKA, CTPEMUBIIMXCST YY€CTh B CBOHX
IPOTOKOJIAX BCe MHOTOOOPA3Ue yKe CYIeCTBYIOINX 1 MOSBJSIOIIMXCS TEXHOJOTHH.

Ha ¢usuueckom n xanarvrom yposnsax ctek OSI noaaepxusaer nporoxoist Ethernet, Token
Ring, FDDI, a takxe nportokosst LLC, X.25 u ISDN, 1o ecTb, Kak U GOJIbUIMHCTBO APYTUX
CTEKOB, UCII0/b3YET BCe pa3paboTaHHblE BHE CTEKa MOMYJISIPHbIE IPOTOKOJIbI HUKHHX YPOBHE.

Cemesou yposenn BKII0YAET CPABHUTEJNBHO PEIKO UCNOJB3yeMble npoTokoJbl Connection-
oriented Network Protocol (CONP) u Connectionless Network Protocol (CLNP). Kak cieayer
U3 HasBaHHIA, IIepBbIT U3 HUX OPUEHTUPOBAH Ha coeMHeHue (connection-oriented), BTopoii —
Het (connectionless).

Bozaee noiryasipst nipotokossl Mapuipytisanuu creka OSI: Mexxay KOHEYHOH M TPOMEXKYTOUHON
cuctemamu (End System — Intermediate System, ES-IS) u Mexay npoMeXyTOYHbIMH CHCTEMA-
mu (Intermediate System — Intermediate System, IS-1S).



Maga 4. CTanaapTM3aums u knaccudukaums cetei 123

Tpancnopmnwuii yposens cteka OSI B cOOTBeTCTBUU ¢ QYHKIMSIMU, ONPeie/IEHHbBIMU [IJIS1 HETO
B Moziesin OS], ckpbIBaeT pa3inyusi MeXAYy CETEBBIMU CEPBUCAMH C YCTAHOBJIEHHEM COejIuHe-
HUsI 1 6€3 YCTAHOBJIEHUS! COEMHEHUs], TAK YTO [0JIb30BATENHU MOJIYYAIOT TPpeOyeMoe Ka4eCTBO
00CayKMBaHUs HE3ABUCHMO OT HYDKEJIEXKAIIETO CeTeBOro ypoBHs. UToObl obecneunTs 31O,
TPAHCIIOPTHBIN YPOBeHDb TPeOYyeT, 4TOObI 110J1b30BATE/b 3a/1aJl HY’)KHOE Ka4eCTBO 00C/1yKMBaHU.

Cyx0bl npur1adnozo yposus 0becrneynBaioT nepenady Ghaisios, IMyIAUUI TEPMUHANA, CEPBUC
KaTajoros u moyty. VI3 HuX HauGoJiee NOMyAAPHBIMU ABJISIOTCA CEPBUC KATal0roB (CTaHAapT
X.500), anexrponnas nouta (X.400), nporokos BuptyansHoro tepmunana (VTP), npotokon
nepenayu, joctyna 1 ynpansaenus daiinamu (FTAM), npoTokos nepecbuiku U ynpaBieHUst
paboramu (JTM).

Crtek NetBIOS/SMB

Crek NetBIOS/SMB siBastercst coBMecTHOM pazpaboTkoii komnanuil IBM u Microsoft
(puc. 4.11). Ha ¢pusmyeckoM 1 KaHaJIbHOM YPOBHSIX 3TOTO CTEKA TAKXKe 3a/1eHCTBOBAHBI yXKe
MOJyYyHBIIME PACPOCTPaHeHHe NPOTOKOIbI, Takue Kak Ethernet, Token Ring, FDDI, a Ha
BepXHUX ypoBHAX — cneunduueckue nporokosnst NetBEUT 1 SMB.

Puc. 4.11. Crex NetBIOS/SMB

[Mporokon Network Basic Input/Output System (NetBIOS) nosiBusics B 1984 roay kak ceteBoe
paclMpeHue cTaHAAPTHHIX GyHKUMiA 6a30BoM cucTeMbl BBoAa-BbiBosa (BIOS) IBM PC ans
cereBoit nporpammbl PC Network ¢upmsr IBM. B nanbHeiiem 3TOT NpoToKo Gbl1 3aMEHEH
TaK Ha3blBaeMbIM NMPOTOKOJIOM PaCUIMPEHHOrO MoJib30oBaTesbcKkoro nHrepdeiica NetBEUI
(NetBIOS Extended User Interface). [I1si cOBMECTUMOCTH NIPUIOKEHHUI B KauecTBe HHTepdeiica
k npotokoty NetBEUI 6bi1 coxpaten untepdeiic NetBIOS. NetBEUI paspaGaTbiBancs kak
3 dekTHBHBIR TPOTOKOI, MOTPEDISAIOLINIA HEMHOTO PECYPCOB U TIPeHA3HAYEHHbII /1S CeTei,
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HacyuThiBaloIMX He Gosee 200 pabounx cTaHUMA. DTOT HPOTOKOJ HOAAEPKMBAET MHOTO T10-
JIE3HBIX CeTeBBIX (PYHKILHMI, KOTOPbIE MOXKHO OTHECTH K TPAHCIIOPTHOMY U CEAaHCOBOMY YPOBHSIM
Mozenu OS], 01HaKO € ero NOMOILBIO HEBO3MONCHA MAPUPYMUIAYUS TAKETOB. ITO OTPAaHUYUBAET
npuMeHenue npotokosa Net BEUI sokanbHbIMU ceTsIMU, He pa3fieJleHHbIMU Ha [IO/ICeTH, U Je-
JIaeT HEBO3MOKHBIM €ro UCI0JIb30BaHUE B COCTABHBIX CETSIX.

ITporokoa Server Message Block (SMB) moanepxuBaer ¢pyHKIUK CEaHCOBOTO YPOBHSI, YPOB-
Hsl IPEeJCTaBIeHNs ¥ npuKiagHoro yposHs. Ha ocuose SMB peanusyertcs daitnosast ciyx0a,
a Takke cIy)GObl eYaTH U nepeayt cOOOIEHUI MEXY TIPUTOKEHUSIMH.

Ctek TCP/IP

Crex TCP/IP 6b11 pa3paboran mo nauunatuse Munucrepcrsa oboponst CIHIA Gosee 20 et
Hasajl A5 CBA3U KCIiepuMeHTanbHoi ceTn ARPAnet ¢ ipyrumu ceTsiMu Kak Habop 06mux npo-
TOKOJIOB /17151 PA3HOPOJHOM BBIYUCIUTEIbHOM cpenbl. bosbluoii Bkaan B passutue cteka TCP/IP,
KOTODBIN MOJIyYUJI CBOE Ha3BaHUe 1o nonyasipHbiM npoTokoJiaM [P u TCP, BHec YuuBepcurer
Bepxkun, peannsosas nporokossl creka B cBoeit Bepcuu OC UNIX. IlonyssipHOCTD 3TOI Oe-
palOHHOM CUCTeMBI IPUBeJIa K LIMPOKOMY pacrnpocTpaneHuo npotokoyoB TCP, IP u apyrux
HpOTOKOJIOB cTeka. CerofHsi aTOT CTEK MCIOJb3YeTCsl AJIsl CBSA3W KOMITbIoTepoB B VHTepHeTe,
a TaKKe B OTPOMHOM YKCJTe KOPIOPATUBHBIX ceTeit. Mbl NoAPOGHO PACCMOTPUM CTEK NPOTOKOJIOB
TCP/IP B yactu IV 3T0# KHUTH, NOCBSIIIIEHHON OJTHOMMEHHBIM CETSIM.

CooTBeTcTBME NONYNAPHbIX CTEKOB NPOTOKOJIOB
mopenu OSI

Ha puc. 4.12 nokasaHo, B KaKoOii CTeNeHHU IOIyJISpHbIE CTEKH IIPOTOKOJIOB COOTBETCTBYIOT PEKO-
MeHzanusiv Moziesi OSI. Kak MbI BUZMM, YaCTO 3TO COOTBETCTBHE BeCbMa yCI0BHO. B 60J1bILMH-
CTBE CJly4aeB pa3pabOTYMKU CTEKOB OTAABaJIM IPEANOYTEHHE CKOPOCTH PabOThI CeTH B yuieps
MOIYJIBHOCTH — HM OAWH cTeK, Kpome cTeka OSI, He pa3buT Ha cemb ypoBHel. Yalie Bcero
B CTeKe SIBHO BbIIEJISIIOTCS] 3—4 YPOBHSI: YPOBEHb CETEBBIX AN TEPOB, B KOTOPOM PEATU3YIOTCS
MIPOTOKOJIbI PU3NYECKOTO U KaHAJIBHOTO YPOBHEMH, CeTeBOI YPOBEHb, TPAHCIIOPTHBIA YPOBEHb
Y yPOBeHb Ci1yx0, BOUpawoLIuii B cebst HYHKIMU CEaHCOBOTO YPOBHS, YPOBHSI TIPEACTAB/ICHUS
Y MIPUKJIAJIHOTO YPOBHSI.

CTpyKTypa CTEKOB IPOTOKOJIOB YaCTO He COOTBETCTBYET peKoMeHayeMoMy Mozenbio OS] pa3ou-
€HMIO Ha YDPOBHHU U 110 IPYTMM NpUYMHAM. /|aBaiiTe BCIOMHUM, YeM XapaKTepU3yeTcsi UjeaibHast
MHOTOYpoBHeBasi iekoMno3utsi. C 0IHOM CTOPOHBI, HEOOXOAMMO COBJIIOCTY IPUHLIUII Hepap-
XMM: KQXK/AbIH BbIIIENEXAMNN YPOBEHb 00PALIAETCS € 3aIIPOCAMU TOJIBKO K HIIKeJIeXKaIeMy,
a HYDKeJIEXXAIUMH NTPeOCTaBIIsieT CBOU CEPBHUCHI TOJIBKO HETIOCPEACTBEHHO COCEACTBYIOIIEMY
C HMM BblLLesIeXaleMy. B crekax npoTokosoB 3To npuBoauT K ToMy, yto PDU Bblwesesxarue-
ro ypoBHs1 Bceria uHkancyaupyercsi B PDU Hukenexaniero. C 1pyroii CTOPOHBI, UealbHast
MHOTOYPOBHEBAsI IEKOMITO3ULIMSI IPEATOJIaraeT, YTO BCe MOIYJIH, OTHECEHHBIE K OTHOMY YPOBHIO,
OTBETCTBEHHBI 32 pelleHne o0wei A1s Bcex Hux 3a1aun. OHAKO 3TU TpebOBaHMsI YACTO BCTY-
naioT B npotuBopeyne. Hampumep, ocHOBHOH (DyHKIIMEH TPOTOKOJIOB CETEBOrO YPOBHsI CTeKa
TCP/IP (tak xe, kak u cereBoro ypoBHs1 OSI) siBasieTcsi nepejjaya nakeToB 4epe3 COCTABHYIO
ceTb. Pellenye 3T0ii 3a1a4u Bo3/1araeTcst Ha POTOKOJI POABMKeHus1 |P-nakeToB ¥ MPOTOKOJIBI
MapuipyTtusauuu, B yactHoctd, RIP u OSPE Ecsu cyuraTh Mpu3HaKoM NPUHA/IEXHOCTH K OJ1-
HOMY U TOMY )K€ YPOBHIO OOIIIHOCTb pellaeMbIX 3a/1a4, TO, 04EBUIHO, IPOTOKOJ [P U mpoTokoibl
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Mopenb OSI IBM/Microsoft TCP/IP Novell Crek OSI
Tel X.400,
MpuknagHom elnet, X.500,
FTP, FTAM
SMB SNMP,
SMTP, NCP, MpoTokon ypoBHs
Mpencrasnenia www SAP npeacraenexus OS|
5 CeaHcoBblIf
CeaHcoBbln npoTokon OSI
NetBIOS TCP
> TpaHcnopTHLIN
T p Y
PARCOPTHLI SPX npotokon OSI
P, IPX,
Cetesoit RIP, RIP, S
OSPF NLSP
KananbHbin 802.3 (Ethernet), 802.5 (Token Ring), FDDI, ATM, PPP

Koakcunan, akpardupoBaHHas U HeakpaHUpoBaHHas BUTas napa,

duanyeckuin ONTOBONOKHO, PAAUOBONHBI

Puc. 4.12. CooTBeTCcTBUE NONYNAPHBIX CTEKOB NPOTOKON0B Moaenu OSI

MapuIpyTHU3alKMH J0JKHBL 6BITh OTHECEHDBI K OHOMY ypoBHI0. Ho ecsin mpuHsATH BO BHUMaHUe,
4To co06IIeHNs TPOTOKOJIa MapupyTu3auun RIP uHkancynupyiorcs B JefiTarpaMMbl TpaHc-
MOPTHOTO YPOBHsI, a coobienust nporokosa OSPF — B IP-maketst, To, popmasbHo caenyst
NPUHLUIY HepapxnyecKoi oprannsanuu creka, OSPF ciie10Basio 6b1 OTHECTH K TPAHCIIOPTHO-
My, a RIP — k npuknagHoMy yposH1o. Ha npakTiike e MPOTOKOJIBI MAPHIPYTU3AIMK OOBIYHO
BKJIIOYAIOT B CETEBOI YPOBEHb.

UHdopMaLNOHHbIE U TPAHCNOPTHLbIE YCNYru

Yesiyru KOMIbIOTEPHOM CETH MOYKHO Pa3fieIuTh HA /IBE KAaTerOpuu:
U TpancnopTHsie yCayry;
Q wundopmaunoHHble ycayru.

TpaHcnopTHBIE YCIYIH COCTOSAT B Ilepeaye MHGOPMALUK MeXXAy NOJIb30BATEsIMU CETH B He-
u3MeHHOM Buie. [1pu aTOM ceTh NpUHMMaeT MHGOPMALIMIO OT 110J1b30BATESI HA OTHOM M3 CBOMX
MHTepGeicoB, epesaeT ee Yepe3 NPOMEXXYTOYHbIe KOMMYTATOPbI M BbIAAET JPYTroMy MOJIb30Ba-
Teso yepe3 Apyroi uHrtepdeiic. [Ipy okazaHUM TPAHCIIOPTHBIX YCJIYT CETh HE BHOCUT HUKAKUX
M3MeHEeHUH B Nlepe/laBaeMylo MHGOPMALIUIO, Ilepe/iaBasi ee NOJy4yaTesio B TOM BH/E, B KOTOPOM
OHa MOCTYMMJIA B CETh OT OTNpaButessi. [IpuMepoM TPaHCOPTHON YCJIyTH rJI00aIbHBIX ceTelt
siBJIsIETCS1 OObeAMHEHHUE JIOKATIBHBIX CETEH KJIMEHTOB.

HudopMannoHHble YCAYTH COCTOST B NIPEAOCTABIEHUH ITOJIb30BATENI0 HEKOTOPOl HOBOIA
uHbopmauun. MudopmaunonHas ycryra Bceria cBsidaHa ¢ onepanusiMu 1o obpaborke nueop-
MalMK: XPaHEHUIO €€ B HEKOTOPOM yNopsiioueHHOM Buje (ailnoBast ciucTeMa, 6a3a JaHHBIX,
Beb-cailT), NOUCKY Hy»XHOI1 nHbOpMauuy 1 npeobpa3oBaHmio HHGOPMALUHL.
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B TeJIeKOMMYHUKAUMOHHBIX CETSIX «JOKOMITBIOTEPHOM» 3pbl BCera Npeol.1a1aid TPaHCIOPTHbIE
yciyri. OCHOBHOM ycayroii TesedoHHON ceT Gblla nepegaya roiocoBoro Tpabuka Mexiay
aboOHEeHTaMH, B TO BPeMsl KaK CIIPABOYHbIE YCJAYTH ObLIM AOMOJHUTENbHBIMU. C NosiBIeHHeM
KOMIbIOTEPOB HHGDOPMALIMOHHBIE YCJYTH MEPEXUIN PEBOJIOLMIO, TAK KaK KOMIIBIOTEP M ObLI
n300peTeH sl aBTOMATHYeCKOi mporpaMMHoOi 06pabotku undopMaunn. B koMuboTepHbIx
CeTsIX OAUMHAKOBO BaXKHbI 0Oe KaTeropuu ycayr. Biaroaapst aToit 0co6eHHOCTH HOBOE TTOKOJIEHME
TeJIEKOMMYHWKAIIHOHHBIX ceTell MHOT/A Ha3biBAlOT HH(POKOMMYHHKALHOHHBIMH CETSMH.

PacnpeneneHue NpoTOKOMIOB NO 3/IEMEHTaM CeTu

Ha puc. 4.13 nokazaHbl OCHOBHBIE 371eMEHTbl KOMIIBIOTEPHOH CETH: KOHEUYHbI€e Y3J1bl — KOMIIbIO-
TepbI; TPOMEXYTOYHbIE Y31l — KOMMYTATOPbl U MapIIPYTH3aTOPHI.

Npuknagroi NpuknaaHon
ypOBEHb ypoBeHb
YpoBeHb - YpoBseHb

npeacvaanenus | npeacTaBneHun

CeaHcoabiii CeaHcoBbli
YpPOBEHb e YPOBEHb

TpaHCNOpTHLIA TpaHcnopTHbIM
YpPOBEHb e ypOBeHb
Ceresoi i CeteBoi | - Ceteson
ypoBeHb % 7| yposeHe l ypOBeHb

KaHarnbHbii KaHanbHein P KananbHein > KananbHbii KananbHbi
ypOBEHL ypOBEHb ypoBeHb ypoBeHb ypoBeHb

Duanyeckuin Ddusnueckun Dduamnueckun Duamnyeckuin Dduanuveckun Ddusnveckun Duanvecknn
ypoBeHb Nl ypoBeHb g ypoBeHb Nl ypOBEHb i ypoBeHb > ypoBeHb ypoBeHb

Puc. 4.13. CooTBetcTBue PpyHKUMIA PA3/IUYHbIX YCTPOACTB CETU YypOoBHAM Mogenu OSI

W3 pucyHka BUJHO, 4TO MOJIHBIM CTEK IPOTOKOJIOB PeaJN30BaH TOJBKO Ha KOHEUHBIX y3JaX,
a2 KOMMYHUKALIMOHHBIM YCTPOUCTBAM AJIsi NPOABUXKEHMS ITAKETOB JIOCTATOUHO (DYHKUIHOHAIb-
HOCTU HUXXHHMX TPex ypoBHeH. boJsiee Toro, koMMyHHKallMOHHOE yCTPOHCTBO MOXKET NO/EPKHU-
BaTb TOJIbKO NMPOTOKOJIbI ABYX HMXKHUX YPOBHEN MJIM Aaxe OZHOro PU3NUECKOTo YPOBHS — 3TO
3aBHCHUT OT THUTIA YCTPOICTBA.

MMeHHO k TakuM ycTpoiicTBaM, pabotaioimnuM Ha HU3NYeCKOM yPOBHE, OTHOCSTCS, HATIPH-
Mep, CeTeBble N08MOpUmenu, Ha3plBaeMble TaKXKe KOHYenmpamopamu win xabamu. OHU NO-
BTOPSIIOT 37IEKTPUYECKHEe CUTHAIBI, TIOCTYNAOIINe HA OTHU UX HHTepdEeNCh, Ha IPYTHX CBOMX
uHTepdeiicax, ylyylast XapaKTePUCTUKH CUTHAJIOB — MOIIHOCTb U GOPMY, CHHXPOHHOCTb MX
CJIel0BaHUs.

Kommymamopoi noxanvholx cemeti NOAAEPAKUBAIOT IPOTOKOJIBI ABYX HYXKHUX YPOBHeil, Pusmye-
CKOTO U KaHAJIBHOTO, YTO Ia€T UM BO3MOXKHOCTb PaboTaTh B Ipe/iesiaX CTAaHAAPTHBIX TOMOJIOTH.
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Mapwpymusamopwvt 10JKHBI HOANEPKUBATH IPOTOKOJIBI BCEX TPEX YPOBHEH, TaK KaK CETEBON
YPOBEHb HYXEH UM [IJis1 0ObEAUHEHUS CETEN Pa3IMYHBIX TEXHOJOTHH, a TPOTOKOJIbI HIKHUX
yPOBHE# — /17151 B3BAUMOIEMHCTBHS C KOHKPETHBIMHU CETSIMH, 00Pa3yIONINMK COCTABHYIO CETb, Ha-
npumep, Ethernet unu Frame Relay.

Kommymamopu: 2nobanvuvix cemeti (Hanpumep, MPLS), paGoTamoiune Ha OCHOBE TEXHOJOTUH
BHPTYaJbHBIX KAaHAJIOB, MOTYT NO/ZIEP>)KUBATh KaK /[Ba YPOBHSI IPOTOKOJIOB, Tak U Tpu. [IpoTokon
CeTeBOro YPOBHSI HY>KeH FIM B TOM CJIy4ae, €CJIM OHH MO/IEPKUBAIOT IIPOLIelyPbl ABTOMATHYeCKO-
IO yCTAHOBJIEHUSI BUDPTYAJIbHBIX KAaHATOB. Tak KaK TOMOJOTHs II00AIbHBIX CETEH MTPOU3BOIBHA,
6e3 ceTeBOro MpOTOKOIa 0OOUTUCH Hesb3sl. Ecav ke BUPTyasibHble COeIMHEHUsT YCTaHABIMBA-
I0TCSI AIMAHUCTPATOPAMH CETU BPYYHYIO, TO KOMMYTATOPY [JI0OGATbHON CETH AOCTATOYHO IO/~
JE€PKUBATD TOTBKO POTOKOJIBI (PU3UUECKOTO U KAHAIBHOTO YPOBHEH, YTOOBI IepeiaBaTh JaHHbIE
10 YK€ NPOJIOXKEHHBIM BUPTYaJIbHBIM KaHAIaM.

KoMibioTepbl, Ha KOTOPBIX pabOTAIOT CeTeBble MPUJIOKEHHUS, AOJKHBI MOAAEPKUBATH TPOTOKOJIbI
BCex ypoBHeii. [IpOTOKOJIbI IPHKJIAHOTO YPOBHS, MOJIb3YsICh CEPBUCAMH TPOTOKOJIOB YPOBHSI
MPe/ICTABJIEHUS] U CEAHCOBOTO YPOBHS, PEAOCTABJISIIOT TIPUIIOKEHUSIM HAbOP CETEBBIX YCIIYT
B BH/le CETEBOro NpUKJaaHoro nporpammuoro untepgeiica (API). IIporokosn TpaHCcOpTHOTO
YPOBHSI TaKKe pabOTaeT Ha BCeX KOHEUHbIX y3/1ax. [Ipu nepesaye aHHBIX Yepe3 CETh iBa MOLY.JISI
TPAHCIIOPTHOTO MPOTOKOJIa, paGOTAIOLIME Ha Y3JIe-0TIIPABUTEIE U y3JIe-TIoydaTerie, B3auMoaei-
CTBYIOT IPYT C APYTOM /ISl TTOAeP>KaHHUsI TPAHCIIOPTHOTO CEPBUCA HYXKHOTO KayecTBa. KoMMy-
HUKAIMOHHBIE YCTPOMCTBA CETH NIEPEHOCAT COOOIIEHUS] TPAHCTIOPTHOTO NIPOTOKOJIA TPO3PAYHBIM
00pa3oM, He BHUKAsl B UX COlEPKaHUE.

Koteunbie y3ibl ceTH (KOMIBIOTEPHI K KOMITBIOTEPU30BaHHbIE YCTPONCTBA, HAPUMED MOOKJIb-
Hble TesiechOHBI) BCeraa NpeaocTaBiIsIioT Kak MH(GOPMalIMOHHbIE, TAK U TPAHCIIOPTHBIE YCJIYTH,
a IPOMEXKYTOYHBIE Y3JIbI CETH — TOJIBKO TPAHCIIOPTHBIE. KOraia Mbl TOBOpUM, UYTO HEKOTODAst CETh
NPEeZIOCTABJISIET MOALKO MPAHCNOPMHbLE YCAY2U, TO TIOAPA3yMEBAEM, YTO KOHEUHbIE Y3JIbl HAXOAATCS
3a rpaHuLel ceTd. ITO 0ObIYHO UMEET MECTO B 0OC/TY)KUBAIOLINX KIMEHTOB KOMMEPYECKHX CETSIX.

Ecn sxe ToBODSAT, YTO CETh TIPEOCTABIISIET MAKHCE UHPOPMAYUOHHDLE YCAYZU, TO ITO 3HAUUT, UTO
KOMIIbIOTEPBI, IPEA0CTABJISIIONIME 3TH YCAYTH, BKIIOYAIOTCA B COCTaB ceTu. [IpumepoMm siBisieTcst
TUIIMYHAST CUTYALMs], KOT/JA [OCTABILKUK ycayr MHTepHeTa noaaepKuBaet ee U Co6CTBEHHbIE
BeO-cepBepa.

BcnomorarenbHble NPOTOKOJbI
TPAHCNOPTHOWU CUCTEMDI

Hacraso Bpemsi cka3arsp, 4To Ha puc. 4.13 nokasaH ynpolleHHbIH BADHAHT pacnpe/eeHust IPOTo-
KOJIOB MEXKTy 3JIEMEHTAMH CeTH. B peasibHbIX CETSAX HEKOTOPbIE U3 KOMMYHUKAIIMOHHBIX YCTPOICTB
TNO/IEP)KUBAIOT HE TOJIBKO POTOKOJIbI TPEX HUXKHUX YPOBHEH, HO M TPOTOKOJIbI BEDXHUX YPOBHEH.
Tak, MapuIpyTU3aTOpPBl peaM3yIOT MPOTOKOJIBI MAPUIPYTHU3ALMH, TIO3BOJISIIONIME ABTOMAaTUYECKH
CTPOMTH TaOJIHILBI MAPLIPYTU3AINH, & KOHIIEHTPATOPbl U KOMMYTATOPbI YACTO NOJAEPKUBAIOT
npoTokosibl SNMP u telnet, KoTopbie He HYXKHbI 1151 BBIMOJHEHUS OCHOBHBIX (DYHKIIMH 3THUX
YCTPOMCTB, HO N03BOJISIIOT KOH(PUTYPUPOBATh X W YNPABJISTh UMM yaajseHHO. CylIeCcTBYIOT
takxke DNS-cepBepa, KoTOpble 0TOOpPaXarOT CUMBOJIbHbIE UMEHA XOCTOB Ha Ux IP-aapeca, u 6e3
3TOM BCIIOMOTATeNbHOM (DYHKIUU HOpMaJibHasi paboTa B VIHTepHETe PaKTUYECKH HEBO3MOXKHA.

BonbunHCTBO 6¢noMOzZamenbHbix TIPOTOKOJIOB (POPMATILHO OTHOCSATCS! K MPUKJIAJHOMY YPOBHIO
moziest OS], Tak Kax B cBoeit paboTe OHM 06PAILAIOTCS K TPOTOKOJIAM HIKHUX YPOBHEH, TAKUM
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kxak TCP, UDP umum SSL. [1pu aToM BcrioMoraTe ibHble IIPOTOKOJIbI He MEPEHOCST N0JIb30BaTe b-
CKHe JJaHHbIe, TO €CTh OHHM He BBIMOJIHSIOT HENIOCPEACTBEHHO (DYHKIMN NPOTOKOJIA IIPUKJIAJHOTO
yPOBHs1, onucanHoro B mogenu OSI.

OueBHHO, YTO IIPH PACCMOTPEHUU BCIIOMOTATEJIbHbIX IIPOTOKOJIOB MbI CTAJIKUBAEMCSI C CUTY-
alMel, KOT/a /leieHHs! IPOTOKOJIOB HAa YPOBHH MePapXHH (TO €CThb leIeHUs! <110 BEPTUKAIN» ),
npucyutero Moznenn OSI, okasbiBaercst HegocTaTouHo. [1oJie3HBIM OKA3BIBAETCS [eJIeHne MPo-
TOKOJIOB Ha IPYIIIbI <110 TOPU3OHTANU».

I1py ropu30HTAILHOM Jle/IEHNH BCE TIPOTOKOJIbI (KAK OCHOBHbBIE, TAK M BCIIOMOTATEJIbHbIE) Pa3-
nensiot Ha Tpy cios (planes) (puc. 4.14):

O nosb3oBaTeabCcKuii caoit (user plane) BKJIIOYaeT rpyny OCHOBHBIX IPOTOKOJIOB, TO €CTh
IIPOTOKOJIOB, KOTOPbIE MEPEHOCST N10J1b30BATENbCKUIT TpadUK;

Q cxoit ynpaBneHnus (control plane) cocTaB/sSIIOT BCoMoraTeJibHble TIPOTOKOJIb, HEOOXOAMMble
111 paGOThI OCHOBHBIX TIPOTOKOJIOB CETH, HANIPUMED, IPOTOKOJIbI MapILPyTU3alUH, TIPOTO-
KOJIbl 0TOOpaXkeHus1 uMeH Ha IP-anpeca;

Q caoit MeneakmenTa (management plane) o6beguHsIET BCIIOMOTaTE/IbHbIE TIPOTOKOJIBI, TOJI-
JeP>KUBAIOLLIKE OTIepALK MEHEXKMEHTA (yIIPABJIEHHUS CEThIO 3/IMUHICTPATOPOM ), TAKUE KaK
npotokos SNMP nist cbopa unbopmanuu 06 ommubKax, IPOTOKOJIb YAAJIEHHOTO KOHDUTY-
PUPOBAHMsI YCTPOKCTB.

Monb3oBaTensckui
cnon

Cnon ynpaBnexus

Cnon
MeHeQKMeHTa

MpuknaaHon ypoeeHb

MpuknaaHom ypoBeHb

MpuknagHon yposeHb

YpoBeHb npeacTaBneHns

YposeHb npeacTaeneHus

YpoBeHb NpeacTaBneHus

CeaHCoBbI ypOBEHb

CeaHCOBbI ypoBeHb

CeaHcoBblil YpOBEHb

TpaHCnopTHLIN ypoBEHb

CerteBoW ypoBeHb

KananbHbI ypoBeHb

dun3n4ecKkn ypoBeHb

Puc. 4.14. Tpu rpynnbl NpOTOKONOB

«JopusoHTaspHOE» NE/IEHNE IPOTOKOJIOB CHUMAET CJI0XKHOCTH, BO3HHKAIOLIME NIPH COOTHECEHUU
HEKOTOPBIX MPOTOK0JIOB YpoBHsIM Moziesin OSI. Hanpumep, B KHUrax oJHUX aBTOPOB ITPOTOKOJTbI
MapILPYTU3aLMU MOTYT HAXOAUTHCSI HA CETEBOM YPOBHE, B KHUrax APyruX — Ha MPUKJIATHOM.
ITO NPOUCXOIUT He U3-32 HEOPEKHOCTH aBTOPOB, a U3-3a 0GBEKTUBHBIX TPYAHOCTEH Kaaccuu-
kauuu. Mozaesnp OSI X0pol11o MOAXOAUT AJist CTAHAAPTU3ALMH [TPOTOKOJIOB, KOTOPbIE NMEPEHOCSIT
NOJTb30BATENBCKUI TPAdUK, TO €CTh IIPOTOKOJIOB [10J1b30BATENbCKOTO CJ1051. B TO ke Bpemsi oHa
B rOpa3/io MeHblIe CTeleH! FOAUTCS i1 ONpe/ieJieH|s] MeCTa BCIIOMOTaTe/IbHBIX TPOTOKOJIOB
B 001ell Moaeu GYyHKIMOHUPOBAHUS CeTH. IJ03TOMYy MHOTMM aBTOPaM [PUXOAUTCS MIOMEILATh
NPOTOKOJIBI MAPIIPYTU3AIMM HA CETEBON yPOBEHb, YTOOBI TAKUM 00Pa3oM OTPa3UTh (PYHKIIHO-
HAJIbHYI0 6JIM30CTb 3TUX MPOTOKOJIOB K ONEPALIMH [IPOABUXKEHUS [1AKETOB.
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Knaccudukayuma KoMnblOTEPHbIX CETEN

Knaccudukauua — 310 Npouecc rpynnupoBaHusl, TO €CTb OTHECEHUSt K TOMY WU UHOMY TUNy 06b-
€KTOB U3y4€HUs B COOTBETCTBUM C UX OOLLWMMM pU3HaKamMu.

Kax/plit peanbHbIit 06BEKT MOXET ObITh HaleJleH MHOXXECTBOM NPU3HAKOB. Cybvexmusnblil
xapakTep JI060# K1accuUKaUMK NPOSIBIISIETCS B TOM, YTO UMEETCSI HEKOTOPDIi TPOU3BOJI IIPH
BbIGOpE Cpe/I 3TOr0 MHOXECTBA NIPU3HAKOB TeX, KOTOPbIe OY/yT UCI0Ib30BaHbI 1151 KJIacCUbH-
KallMH, TO €CTh NP BoibOpe KpHTepHeB Kaaccudukauuu. [IpusenenHast nanee xiaccudukaums
KOMIBIOTEPHBIX CeTel He SABIeTCs] MCKII0YeHHeM — B APYTUX UCTOYHHUKaX (Aa U Aajiee B 3TOH
KHUTe) Bbl MOKeTe BCTPETUTD APYTHe NPU3HAKH, 110 KOTOPbIM CETH OTHOCSIT K TOMY WJIM UHOMY
THITY.

HauyHeM ¢ Toro, 4To KOMIBIOTEPHBIE CETH — COCTABJSAOIIAS KJIacCHDUKALNY TeJIeKOMMYHHKA-
LIMOHHBIX CETEH, KOTOPbIe 10 BUY NepeflaBaeMOro KOHTEHTA AEJISITCS Ha:

O paauocery;

U TtenedoHHbIe ceTH;

O TeneBU3HOHHbBIE CETH;

O KOMIBIOTEPHbBIE CETH.

B 3aBMCUMOCTH OT meppumopuu nokpbvimus KOMIObIOTEPHBIE CETU MOYKHO pa3/e/MTh Ha TPU
[PYIIIBL:

O aoxanbubie cetu (Local Area Network, LAN);

O rao6anbubie cetn (Wide Area Network, WAN);

O ropoackue cern, uiu cetn Meranoymca (Metropolitan Area Network, MAN).

Ml yske 0603HaYMIM OCOGEHHOCTH ITUX TPYIII CeTel, Koraa paccMaTp1Balu B Iase 1 3BoJIO-

I[MI0 KOMIIBIOTEPHBIX ceTeil. B yacTHOCTH, B JIOKATBHBIX CETSIX KA4eCTBO JIMHUH CBSI3U MEXIY
y3J1aMi OObIYHO BBILLE, YEM B [JI0OAIbHBIX CETSX. ITO 00YCIOBJIEHO PAa3IMYHbIMU IPUYMHAMMU:

U cyuiecTBEHHO MeHbIIEH AJTMHON JIMHUH CBS3M (METPbI BMECTO COTEH KUJIOMETPOB), 2 3HAUUT,
¥ MEHBIIMMH CKaKEHUSIMU CUTHAIOB, BHOCHMBIX HEH/leaJIbHOH Mepesaolieil cpeioy;

O MeHbIIMM YyDPOBHEM BHEUIHHMX IOMEX, TAK KAaK B JIOKaJbHOU ceTu oGopyaoBaHue U Kabeau
0OBIMHO Pa3MENIAIOTCS B CMENMATBHBIX 3AIUIIEHHBIX 3KPAHUPOBAHHBIX TIOMELIEHHSIX, & JIU-
HUU CBA3U IJI0OUIBHOM CETH MOTYT MPOXOANTh B CUJIBHO 3IEKTPOMATHUTHO «3alllyMJIEHHOW»
cpelle, HANPUMEP, B TYHHEJISIX MOA3EMHBIX KOMMYHUKALIUH, PSIOM C CUIIOBBIMHU KabessiMH,
B/LOJIb JIMHUH 3JIeKTpoNiepeaay U T. I1.;

O 5KOHOMHUYECKHUMH COOOPAKEHUSIMHU.

Bbicokoe kauecTBO JIMHUH CBSI3U M HU3KUI YPOBEHb IIOMEX NO3BOJIUJIN YIIPOCTHTD NPOLIELYPhI
nepefayu aHHbIX B TEXHOJIOTUSIX JIOKAJIBHBIX CETEH, HalpyuMep, IPUMEHATD IPOCTble METObI
KOJAUPOBaHUSI U MOJYJUPOBAaHUSI CUTHAJIOB, OTKA3aThCsl OT CJI0XKHBIX aJITOPUTMOB BOCCTAHOB-
JIeHUs UCKaXXeHHBIX JJaHHBIX.

HeCMOTpH Ha TO 4TO npouecc cONMMMKEHUST TEXHOJIOTUH JIOKAJBHBIX U I106AbHbIX CeTel HIAET
YK€ JaBHO, PA3JINYUA MEXTY 3TUMU TEXHOJIOTUAMU BCE €lle JOCTATOYHO OTYETJJIHUBBI, UTO U 1a€T
OCHOBAHHUA OTHOCUTDb COOTBETCTBYIOIIIME CETU K PA3JIMYHBIM TEXHOJIOTHUYECKUM THIIAM.
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Ceru MAN npeznHasHayeHbl AJ1s1 0GCTYKUBAaHUS TEPPUTOPUM KPYITHOTO FOPOJa — METANONHICa
Y COYETAIOT B cebe MPU3HAKHU KaK JIOKAIbHBIX, TAK U I100abHbIX ceTel. OT nepBbiX OHH yHACe-
J0BaJH GOJBIIYIO VIOTHOCTD NOAK/IIOYEHUS] KOHEYHBIX a00HEHTOB ¥ BbICOKOCKOPOCTHbIE IMHUU
CBSI3H, @ OT MOCJAEAHUX — GOJIBLIYIO IPOTSDKEHHOCTD IMHUMN CBSI3H.

B cooTBeTCTBMU C TEXHOJIOTMUYECKUMU IIpU3HAKaMH, O6yCJIOBJIeHHbIMI/I cpeaod nepeaauu, KOM-
IMBIOTEPHBIE CETHU MOAPA3AETAIOT HA IBa KJIacca:

0O npoBoaHbIe CETH — CETH, KAHAJIbI CBSI3M KOTOPBIX MOCTPOEHBI C UCIIOIb30BAHUEM MEIHBIX
WJIM ONITUYECKUX Kabesel;

0 6ecnpoBoaHbie ceTH — CETH, B KOTOPBIX /ISl CBSA3HU UCIIOJb3YIOTCS OECIIPOBOAHbBIE KaHAIbI
cBs134, HanpuMep, paauo, CBY, undpakpacHsie Ui 1a3epHble KaHAJBI.

Jlo6as GecripoBomHas cpefia — Oyab TO pagMOBOJHbL, UH(pakpacHble ay4n uau CBY-curHans
CIyTHMKOBOM CBSI3U — ropa3zio 60Jiblile MOABEP)KEHA BJIUSHUIO BHEIIHUX NIOMEX, YeM NIPOBOIHASL.
Poca, TyMaH, cosHeunble 6ypu, paboTaouine B KOMHaTe MUKPOBOJHOBbIE [IEYH — BOT TOJbKO He-
CKOJIBKO IIPUMEPOB UCTOYHUKOB [IOMEX, KOTOPbIE MOTYT NPUBECTH K PE3KOMY YXY/ILIEHHIO Ka4eCTBa
6€eCIPOBOZHOrO KaHaNA. A 3HAYMT, TEXHOJIOTUH OECIIPOBOAHBIX CETEH MOJKHBI YYUTHIBATh TUIINY-
HOCTB TTOZI0OHBIX CUTYAIIMI M CTPOMTHCS TAKUM 00pa3oM, 4ToObI obecneynBarb paboTocoCOOHOCTL
CETH, HECMOTPSI Ha YXy/IIIeHHEe BHEIHMX YCJIOBUM, 31€Ch, KaK U B CJIy4ae JIOKAIbHBIX U I100ATbHbIX
ceTeil, Mbl CTAJIKUBAEMCsI C BJIMSTHAEM KaueCTBa JIMHUM CBSA3M HAa TEXHOJIOTHIO NEPefav JaHHbIX.

Kpome Toro, cyiecTByeT psiit ApYyrux crenudrueckux ocobeHHocTel 6ecnpoBOAHBIX CeTei,
KOTOpbIE CJIYXKaT OCHOBAaHUEM /IS BbLIEJNEHUsT UX B 0COOBII KJ1acc, HAIPUMED, eCTECTBEHHOE
pasfiesieHue PaNoCpeIbl BCEMH y3JIaMH CETH, HAXOASLUIMMUCS B Pafinyce NeiCTBUs BCeHanpas-
JICHHOTO IlepeflaTuMKa; pacnpe/ie/ieHle AMana3oHa paguoyacToT MeXAy CeTsIMU Pa3JNndHOro
Ha3HAYeHMUs], HapuMep, MeXIy TeJleOHHBIMH U KOMITBIOTEDHBIMH.

B 3aBucuMocTH OT criocoba KoMmymayuu, CeTv NoAPa3aesaioTCs Ha 1Ba GyHIAMEHTAIbHO pas-
JIMYHBIX KJIACCA:

U cetu c KOMMyTalueil NaKeToOB;
U cetu c KoMMyTalHeil KAHAJIOB.

Ceiityac B KOMITBIOTEPHBIX CETAX UCIIOJIb3YyETCA NPEUMYIIECTBEHHO TEXHUKA KOMMYTAallUU Ia-
KeTOB, XOTA NPUHIMITINAJIBHO JOITYCTUMO U IPDUMEHEHUE B HUX TEXHUKU KOMMYTallUM KaHAJIOB.

B cBolo ouyepeab, TEXHUKA KOMMYTAlMM IAKETOB [IOMYCKAeT HECKOJIbKO BapHALIMH, OTJIMYAIOINX-
51 cr10co60M TPOABUKEHHSI TTAKETOB, B COOTBETCTBHU C YEM CETH AEATCH Ha:
Q neifrarpammubie cetu, Hanpumep Ethernet;

O cern, ocHOBaHHbIE Ha JIOTHYECKUX COEHHEHHUAX, HanpuMep, IP-cety, ucnone3youive Ha
TPaHCIIOPTHOM ypoBHe npotokos TCP;

O cern, ocHOBaHHbIE HAa BUPTYaJbHbIX KaHaJlaX, HanpuMep MPLS-cetu.

Cetn MOTyYT OBbITH KJIaCCl/I(bHLIPlpOBaHbI Ha OCHOBe monoiozuu. TONoJOrHYECKUA THII CETH BeCbMa
OTYETJIUBO XaPAaKTEPUIYET CETH, OH ITIOHATEH KaK npoq)eccnona.naM, TaK U NOJIb30BaTe M. Mbl
I'[OleO6HO paccMaTpuBaIn 6a30BbI€ TOIOJIOTUH ceTe, TI03TOMY 34€Chb TOJIBKO NEPEINCTIUM UX!:
NMOJIHOCBA3HAA TOIOJIOrus, 1€p€Bo, 38€3/1a, KOJbLO, CMECUIAHHASA TOIOJIOTUSA.

B 3aBHCHMMOCTH OT TOTO, Kaxkomy muny nonv3osamenetl npeanaanauammc;z ycayzu cemu, nocaea-
HHE JEJIATCA HAa CETHU ONEPATOPOB CBA3H, KOPITIOPAaTUBHbIE U IEPCOHAJIBHBIE CETH.

O CeTtn onepaTopoB CBSI3M NPENOCTABISIOT MyOJIMYHBIE YCAYTH, TO €CTh KIMEHTOM CETH
MOJXKET CTaThb 000N MHANBUAYAIbHbIA NOJIb30BATEb UK JI06Asi OPraHU3aLusl, KOTOpast
3aKJII0YMJIa COOTBETCTBYIOIINIT KOMMePYeCKUI IOrOBOP Ha NpeoCcTaBleHne TOM MU HHOM
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TeJIeKOMMYHHUKAIIMOHHOM ycyrd. TpaguIIMOHHBIMH yCIyTaMH OIIEPATOPOB CBSI3U SIBJISIIOTCS
yCayru TesiechOHUH, 2 TAKXKE MPEOCTABIEHUS] KAHAJIOB CBSI3U B aPEHAY TEM OPraHU3alUsIM,
KOTOpbIE COOMPAIOTCA CTPOUTH Ha MX OCHOBE coOcTBeHHbIE ceTH. C pacnpocTpaHeHUEM KOM-
IbIOTEPHBIX CETEN ONepaTopbl CBA3U CYIECTBEHHO PACIIMPUIIH CIIEKTP CBOUX YCIYT, 100aBUB
K HUM yc1yru VIHTepHeTa, yC/1yru BUPTYaJIbHbIX YACTHBIX CETel, BEO-XOCTHHI, 3JIEKTPOHHYIO
nouty u IP-tenedoHuio, a Tak)ke MIMPOKOBEIIATETbHYIO PACCHUIKY ayANO- M BUEOCUTHATIOB.
Ceroanst VIHTepHeT TakKe sIBJISIETCSI OTHOM U3 Pa3HOBHHOCTEM CETH OllepaTopoB cBsi3u. MH-
TepPHET OBICTPO TIPEBPATHUIICS U3 CETH, 0OCTY>KUBAIOILEH CPABHUTEIBHO HEMHOTOYHCIEHHOE
aKaJeMHUyYecKoe cOOOIIECTBO, BO BCEMUPHYIO NYOJIMYHYIO CETh, IIPEA0CTABIIAIOUIYI0 HAbop
HanboJ1ee BOCTpeOGOBAaHHBIX YCJIYT IS BCEX.

QO KopnopaTuBHble ceTH NPEIOCTAB/SIOT YCIYTH TOJIBKO COTPYAHUKAM NPEANPUSITHS, KOTOpOe
BJaJ€eeT 3TOM ceThlo. X0TA (GOPMaIbHO KOPIOPATUBHAS CETh MOXKET UMETh JII0O0 pa3Mep,
00BIYHO TI0/] KOPITIOPATUBHON MOHUMAIOT CETh KPYITHOTO NPENNPUSITHS, KOTOPAst COCTOUT Kak
U3 JIOKAJIbHBIX CETel, TaK U U3 0ObeAMHAIOLIEH MX TT00ANbHOM CETH.

QO IlepcoHabHble CETH HAXOAATCA B IMYHOM UCTIOIb30BaHMU. [IJIsl HUX XapaKTepHO HeGOIIbIIOE
KOJIMYECTBO Y3JI0B, IIPOCTask CTPYKTYPa, a TaKxKe He6oJb1uol (B npeaesax 30 MeTpoB) paxuyc
NeHCTBUS. Y3IaMH NIePCOHANBHOM CETH Hapsily C HACTOJIbHBIMU KOMITBIOTEPAMH MOTYT OBIThH
Tes1eoHbl, cMapT(OHBI, NIaHIeTsl, HOyTOYyKK. Yale Bcero nepcoHaibHble CETH CTPOSITCS
Ha OCHOBe 6eCTIPOBOIHBIX TEXHOIOTHIA.

B 3aBUCHMOCTH OT PYHKUUOHANLHOU POAU, KOTOPYIO UTPAIOT HEKOTOPBIE YaCTH CETH, €€ OTHOCST
K CETH [I0CTYIIa, MATUCTPAIbHOM CETH WU CEeTH arpernpoBanus Tpacduka (puc. 4.15). [losicHum, uto:

O Ceru gocTyna — 3T0 CETH, IPEJOCTABJISIIOLIME JOCTYT HHANBUAYAIBHBIM U KOPIIOPAaTUBHBIM
aboHEeHTaM OT UX noMelleHuit (KBapTup, 0HUCOB) 0 MEPBOro noMelleHus (MyHKTa MpH-
CYTCTBHS1) OIepaTOpa CETH CBSI3U MM OTePaTOpa KOPHNOPAaTUBHOM ceTH. [Ipyrumu cioBamy,
3TO CETH, OTBETCTBEHHbIE 3a paclIMpeHue r100aIbHOM CEeTU 10 TOMELIEHHUIT ee KJIMEHTOB.

0 MarucrpajibHble CETH — 3TO CETH, NPeACTaBIsoume coboit Hanbosee CKOPOCTHYIO YacTb
(s11po) r/106aIbHOM CeTH, KOTOpast 00beAMHSIET MHOTOYNCIEHHBIE CeTH JI0CTYIA B eANHYIO CETb.

O Ceru arpernpoBaHus TpadpuKa — 3TO CETH, arperupyloliye JaHHbIe OT MHOTOYHMCJIEHHBIX
ceTeii 10CTyNa /ISl KOMITAKTHOU 1lepeiayu UX 0 HeOOIbIIOMY YKCIIy KaHAJIOB CBSI3M B Maru-
crpajib. CeTu arperupoBaHust OGBIYHO UCTIOIb3YIOTCS TOJIBKO B KPYIIHBIX TJI0OANBHBIX CETSIX,
rZe OHYM 3aHUMAIOT POMEKY TOYHYIO TIO3ULIUIO, TIOMOTast MAarMCTPAJIbHOM ceTH 06pabaThiBaTh
TpadHK, HOCTYNAIUIK 0T 60JIBIIOro YMcIa ceTel qocTyna. B ceTsix cpenHero u HeGoIIbIIOTO
pasmepa CeTH arperupoBaHusi 0ObIYHO OTCYTCTBYIOT.

Paznunuaior Takxe TNMEePpBUYHDIE 1 HAJIOKEHHBbIE TEJIEKOMMYHUKAIIMOHHBIE CETU!

O TlepBHYHbIE CETH 3aHUMAIOT 0COO0E TOIOKEHNE B MUDE TEIEKOMMYHHKALMOHHBIX CeTeH,
MX MOKHO PACCMAaTPUBATh KaK BCIIOMOTaTeJIbHbIE CETH, M03BOJIsTIOLIMe THOKO CO3/1aBaTh I10-
cTostHHbIe (hU3NYECKHE ABYXTOYEUHbIE KAaHAJIBI [JIS1 IPYTUX KOMIIBIOTEPHBIX U TeJle(OHHBIX
ceteii. B cooTBeTcTBMM € ceMrypoBHEBOI Mozienbto OS] nepBuyHble ceTH, OA0OHO MPOCTHIM
kabeJ1AaM, BHITOJHAIOT GYHKUMH (HU3NIECKOro yPOoBHS ceTeil. OfHAKO B OT/IMYHe OT Kabeeit
TIEPBUYHBIE CETH BKJIIOUYAIOT 0NOJHHTEIBHOE KOMMYHUKAIIMOHHOE 060pyA0BaHKe, KOTOPOe
MyTeM COOTBETCTBYIOLIETO KOH(PUIYPHPOBAaHHS MO3BOJISIET IIPOKJIAbIBAaTh HOBbIE (pU3Hye-
CKHe KaHaJbl MeX/y KOHEYHBIMU TOUKAaMU ceTd. [[pyruMu c1oBaMHy, EpBUYHAS CETb — 3TO
ubkas cpeda Ons CO30aHUst PuUUUeCKUX KAHAN08 CBA3U.

O HanoxeHHble CETH B 3TOH K.J'IaCCI/I(lJl/IKaI_[I/IPI — 3TO BC€ OCTaJbHbIE CETH, KOTOPbIE NIPEAO-
CTaBJAKT YCAYTA KOHEUYHBIM NIOJIb30BATEJISIM U CTPOATCA Ha OCHOBE KaHaJIOB INIEPBUYHBIX
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ceTell — «HaKJIaIbIBAIOTCSI» MOBePX 3THX ceTeil. Tak, U KOMNbIOTepHbIE, U TeedOHHbIE,
Y TEJIEBU3UOHHBIE CETH SIBJISIIOTCS HAJIOXKEHHBIMU.

Puc. 4.15. Cetn pocryna, cetu arpernposaHuns Tpaduka n marucrpanbHas ceTb

OnTOBOIOKOHHBIE Kabe/M 061a1a10T HAUTyYIIMMU Ha CETOAHSAIIHMIA IeHb XapaKTEPUCTUKAMU
riepeJayr A1aHHBIX, OHU UCTIOJIB3YIOTCS KAK B JIOKAJIbHBIX, TAK M B [J106ATBHBIX TPOBOHbBIX CETSIX.
TeM He MeHee TEDMUH ONTHYECKHE CETH YACTO TPAKTYETCS! CIIEIIMATMCTAaMHU 110 KOMIBIOTEPHBIM
CeTsIM U TEJIEKOMMYHUKAIMSIM B Y3KOM CMBbIC/IE KAK CHHOHUM [€PBUYHBIX ceTel. ITO 0Obsic-
HSIETCS TEM, YTO Mepe/iaya JaHHBIX 10 ONTHYECKUM KAOeJIsiM SIBJISIETCS sl IEPBUYHBIX ceTei
OCHOBHBIM BapMaHTOM pPabOThI, a MCHIOJIb30BAHUE IPYTHUX CPEJL epeJayn He MOXKeET 00eCeYuTh
B IIEPBUYHBIX CETAX BHICOKMX COBPEMEHHbIX TPEOOBAHHIA 0 CKOPOCTH U HAEXHOCTH 0OMeHa
nHoOpMaLMeil MeXay YAaJleHHbIMU Y3J1aMU CeTH.

HHTepHeT npecTaBisieT cO60i YHUKAIBHYIO CETb, 00beAMHSIOLY IO IPAKTUYECKH BCE KOMITBIO-
TepHble CeTH (3a UCKIIOYEHHEM, MOXKET ObITh, CEeTell, OCTAIOMIMXCS H30IMPOBAHHBIMU [0 IPHYHHE
TIOBBILIIEHHOM CEKPETHOCTH ) BO BceMUpHOM Mactrtabe. Eciiu npumenuts kK IHTepHeTY MpusHaky,
ONMCaHHbIE B KJIACCU(PUKALMY, MOXKHO CKA3aTh, YTO 3TO:

O ceTb 0nepaTopoB CBsI3H, IIPEAOCTABISIONIAst MyOINUHbIE YCIYTH — KaK MH(pOPMaLHOHHbIE,
TaK ¥ TPAHCHOPTHBIE;

O cerb c kOMMyTalIKEN AKETOB;
Q cerp, cocTOsIIIAS U3 MATUCTPAIBHBIX CETEH, ceTell arpernpoBaHust Tpaduka 1 ceTeit 10CcTyna.



NMABAS5 CeTteBble XapakTepuCTUKHU
M Ka4yeCcTBO 00Ccny)XuBaHus

KoMmmbioTepHast ceTb TpeACTaBIsieT co60ii CI0XKHYIO M JOPOTYIO CMCTEMY, PELIAIOILYIO OTBET-
CTBEHHBIE 3a/la4i M 0OCIYKMBAIONLYI0 60JIBIIOE KOJMUECTBO MOAb30BaTesell. [103TOMy O4YeHb
BaXXHO, YTOOBI CETb HE NTPOCTO paGoTaa, HO paboTala KayeCTBEHHO.

[lonsTHE Kauecmea o6CaYHUBAHUSA MOKHO TPAKTOBATh OYEHb LIMPOKO, BKJIIOYAsi B HETO BCE
BO3MO)KHbIE U JKeJaTeJIbHBIE JIJIsl MOJIb30BATEJIsl CBOMCTBA CETH M MOCTABIIMKA YCIYT, MOAJEPKHU-
Bato1ero paboTy 3T1oii cet. YToObI M0/Ib30BATEb U IOCTABLIMK YCJIYT MOLIU 60J1€€ KOHKPETHO
06cyxaaTb npobeMbl 06CTyKMBaHUS U CTPOUTH CBOM OTHOILEHHUS Ha (OPMasIbHOI OCHOBE, CY-
[IECTBYET Psi/l OOIIENPUHSITHIX XaPAKTEPUCTUK KayeCTBA MPEA0CTABIISIEMbIX CEThIO yCyT. B aToit
rJIaBe Mbl PACCMOTPUM TOJIBKO XaPAKTEPUCTUKHU KAUeCTBA MPAHCNOPMHBLX YCIAYT CETU, KOTOpbIE
HaMHOTO MpOoLie NOAAAITCS (hopMaTN3aliK, YeM XapaKTePUCTHKHU KauecTBa MH(OPMAIIMOHHBIX
ycayr. XapaKTepUCTHKH KayeCTBa TPAHCIIOPTHBIX YCIYT OTPAXKAIOT TaKye BakKHelHIle CBOHCTBA
CeTH, KaK IPOU3BOAUTENbHOCTD, HAJIEXKHOCTb 1 6€30MaCHOCTb.

YacTb 9TMX XapaKTePUCTUK MOXKeT ObITh OLlEHEHA KOJIMYECTBEHHO U U3MepeHa NPy 00CTyKH-
BaHUM N0JIb30BaTe s, [10/1b30BaTENb M MOCTABIUHMK YCJAYT MOTYT 3aKJIIOUUTDH COTJalieHue 06
yPOBHE 00C/Ly>KMBaH¥sl, OTIPE/IESIONIEM TPeOOBAHUS K KOJIMYECTBEHHBIM 3HAYEHUSIM HEKOTOPBIX
XapaKTEePUCTHUK, HATIPUMED, K I0CTYITHOCTH IPEJIOCTaBIIsIeMbIX YCIYT.

Tunbl XapakTepucTuk

CyObeKkTuBHbIE OLLeHKU Ka4yeCcTBa

Ecsin onpocuts noJib3oBaresieil 0 TOM, YTO OHU BKJIAJBIBAIOT B IIOHATUE KAYeCTBEHHBIX CETEBbIX
YCJIYT, TO MOXHO TIOJIYYUTh OU€Hb UTMPOKUH CIIEKTp 0TBeTOB. Cpein HUX, CKOpee BCero, BCTpe-
TSITCST C/Ie1yIOLIMe MHEHUSL:

Q cerb paboraet 6bICTPO, O€3 3ajIEpPKEK;
O Tpaduk nepesaeTcs HaJeXXHO, JaHHbIE He TEPSIOTCS;

Q ycayru npeaoctaBasioTest becriepeboiHO 1Mo cxeMe 24 x 7 (To ecTb 24 yaca B CyTKH CEMb
JIHell B HeleJs1i0);

QO cayx6a nomuepku paboTaeT XOPOIIIO, 1aBast MOJIE3HbIE COBETHI U [IOMOTast Pa3pellTh [Ipo-
6.J1eMBlI;

QO ycayrd npeaocTaBisIOTCs MO TMOKOM cxeMe, MHe HPABUTCSI, YTO MOXKHO B JIIOGOH MOMEHT
U B IUIMPOKKX Npe/ieJIax MOBBICUTh CKOPOCTB JOCTYTIA K CETH M YBEJIMUUTD YHUCJIO TOUEK 0CTYIa;

O nocraBmuMK He TOJBKO MepeaaeT MO TpaduK, HO U 3AUIMIIAET MOIO CETh OT BUPYCOB M aTak
3/I0yMBIILJIEHHUKOB;

Q s Bcerza MOry NPOKOHTPOJIMPOBATH, HACKOJIBKO OBICTPO ¥ Oe3 NOTephb CeTh NMepeaeT MO
TpaduK;
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Q nocraBUIMK NpPeNOCTaBJIseT MHUPOKHUIL CIIEKTP YCIYT, B Y4CTHOCTH, IIOMUMO CTAHIAPTHOTO
noctyna B IHTEpHET OH MpeiaraeT XOCTUHT AJist MOETO NIEPCOHAIBHOTO Be6-caiiTa U yCayru
IP-tenedonmm.

ITH cy6bexmueubze OLIEHKH OTPAXKAIOT NOMENAHUA nonv3osamenei K Ka4eCTBY CETEBbLIX CeEpP-
BHCOB.

TpeboBaHMs K xapakTepucTukamMm CO CTOPOHbI
nonb30BaTens v NOCTaBLLUKA YCAyr

[Nonb30oBaTenn ceTu — 3TO XOTSI U BaXKHast, HO TOJIBKO OHA CTOPOHA GU3Heca ceTeil nepefayn
nNaHHbIX. [lpyrast CTOpOHa — MOCTABLIMK YCIYT: KOMMEPUYECKUH, €CJIU 3TO MyONUYHAs CETh, M
HEeKOMMepUeCKUil, eciii ceTh KoprnopaTuBHasi. YTo6bl 06€ CTOPOHBI — MOJIb30BATENH U MOCTAB-
IMKH YCIYT — MOTJIM «HAUTH OOLIUIA SI3BIK», CYIIECTBYIOT POPMANUS0BAHHBLE KOIUUECTNBEHHDLE
Xapaxkmepucmuky Ka4eCTBa CETEBBIX YCJYT.

[Tonyuast cereBble yCIyTH, TONB30BATEND (DOPMYIUPYET ONpeEEIEHHbIE MPebosanus K Xapax-
mepucmuxam cemu. Hanpumep, moib3oBaTesib MOXET MOTPe6OBATh, YTOOBI CPEAHSA CKOPOCTh
nepezayy ero MHGOPMAIIUHU Yepe3 CETh He OIycKaiach HUxe 2 MouT/c. To ecTb B IaHHOM cJiyyae
N0JIb30BaTeNb 3a/1aeT TOT IMANa3oH 3HAUeHUH /Uit CPe[iHelt CKOPOCTH Tepeaayl uHgpopMalnu
Yyepe3 CeTb, KOTOPBIH /7SI HETO 0O3HAYaeT XOpolliee KaueCTBO CEPBUCA.

Bce MHOXeCTBO KOIUYEeCTBEHHBIX XapaKTEPUCTUK KaueCTBA TPAHCIIOPTHDIX YCJAYT CETH MOXHO
CBECTH K )K€JIAHUIO 110/1b30BaTes 63 OTepb U MEPEPHIBOB B OOCAYKUBAHUY (HAZEKHOCTD )
nepeaBaTh € 33/IaHHON CKOPOCTHIO (IIPOH3BOAMTENBHOCTD ) 3AIIHUIIEHHYIO OT HECAHKI[MOHUPO-
BAHHOTO JIOCTYNA U NOAMEHb! (6e30MacHoCTb) MHPOPMALHMIO.

TToHSATHO, YTO NOCTABIUK CETEBBIX YCIYT, CTPEMSCH yAOBJIETBOPUTDH TPEOOBAHUSI KIMEHTOB,
TaKKe yJe/sieT BHUMaHHe 9THM XapaKTePUCTHKaM. B To Jxe BpeMsl CyllecTBYeT psij XapaKTepu-
CTHK, BXHBIX /ISl TOCTABIIMKA CETH, HO HE MPEACTABJSIONMX MHTEPeCa ISl I0JIb30BATENEN.
ITockoabKy ceTb 0OCayKUBaeT GObIIOE KOJMYECTBO KJIMEHTOB, HH(DOPMALIHOHHBIE TOTOKH
KOTOPBIX Pa3/e/IsiiOT PECYPChI CETH — JIMHUM CBSI3U U KOMMYTATOPbI (MapIIPYyTU3ATOPBI), — 110-
CTaBLIMKY HEOOX0AMMO HAWTH Takoii GaJaHC B PaclpelesieHUH PECYPCOB MEXAY KOHKYPUPY-
IOLIMMH TTOTOKaMH, 4TOObI TPeBOBaHUS 6cex moJib30oBaTe el Oblin cobuioaenbl. Pemenue aToi
3ajla4y BKJIIOYaeT MJIaHUPOBAaHME U KOHTPOJIb PACXOI0BaHUsI PECYPCOB B IPOLECCE MePeaunt
I10JIb30BaTeNbCKOrO Tpadyka. B CBSI3M ¢ 3TUM A1 IOCTABIIMKA K YHCITY BaXKHBIX XapaKTePH-
CTHK OTHOCHTCSI TIPOU3BOANTENBHOCTh 000PYAOBAHUS CETH — HANIPUMEP, NPOU3BOAUTENLHOCTD
KOMMYTAaTOpa 1aeT eMy BO3MOXKHOCTb OLIEHUTh, KAKOE KOJIMYECTBO IIOTOKOB I0JIb30BaTeIeH CI10-
coben 06paboTaTh ITOT KOMMYTATOP. [1J151 O/Ib30BATESA XKe MPOM3BOAUTETBHOCT KOMMYTATOPa
HHUKAKOTO 3HAYEHHsI He MIMEET, eMy Ba)KeH KOHEYHbLil pe3yJ/ibraT — OyaeT ero noTok o0c/IyxeH
KayeCTBEHHO WJIM HET.

AonrospemeHHble, cpeaHeCcpoOUHble
U KPaTKOCPOUYHblIe XapaKTepUCTUKuU

PaccmoTpum elte oy crnocob kaaccudukanuy XxapakTepucTHK — B COOTBETCTBUM C BpEMEHHOH
LIKQJION, HA KOTOPOU 3TH XapaKTePUCTUKHU ONPeesIIOTCS.
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JloaroBpeMeHHble XapaKTEPHCTHKH (MM XapaKTePHCTHKH NPOEKTHBIX PellleHuit) onpee-
JISIIOTCS Ha MPOMEXXYTKaX BPEMEHU OT HECKOJIbKUX MeCsIIeB 10 HECKOJIbKHUX JeT. [Ipumepamu
TaKMX XapaKTePUCTHUK SIBJSIIOTCS KOJIMYECTBO U CXeMa COEMHEHHsS] KOMMYTaTOPOB B CETH, PO-
MyCKHas! CIIOCOOHOCTD JIMHUIA CBsI3M, KOHKPETHBIE MOJIEJIM U XaPaKTEPUCTUKU MCII0/Ib3YEMOTO
060pynoBaHuUsi. ITH MapaMeTPhbl CETH MPSAMO BJIHUAIOT Ha XapaKTEPUCTUKH KauyecTBa CETEBbIX
yeayr. [ToHsATHO, YTO NOJIHAs 3aMeHa WIIK TyOOKast MOJEPHU3ALUSA CETH CBA3aHbI C H0MBIIMMU
(HHAHCOBBIMYU ¥ BDEMEHHbIMU 3aTPaTaMH, IO3TOMY OHM He MOTYT IIPOMUCXOIUTD YaCTO, 2 3HAYMT,
BBIOpaHHBIE OMHAXK/IbI TAPAMETPBI TPOAOJIKAIOT OKA3bIBATh BIUSIHUE HA KAUECTBO (PYHKIIMOHU-
POBaHHsI CETH B TeYeHHUe TIPOAOKUTETBHOTO BPEMEHH.

CpenHecpoyHble XapaKTePUCTHKH ONPE/IEISIIOTCS HA MHTEPBAIaX BPEMEHU OT HECKOJIbKUX Ce-
KVH[ 10 HECKOJIBKMX fHel. Kak mpaBuiio, 32 3TO BpeMsi IPOUCXOAUT 0OCIyKUBaHKHE GOJIBIIOTO
KOJIMYecTBa naketoB. Hampumep, Kk cpeHECPOYHBIM XapPaKTEPUCTHKAM MOKET ObITh OTHECEHO
yCPeZHEHHOE 3HaYeHHe 331ePXKKH TAKETOB M0 BIGOPKE, B3ATOM B TEUEHHE CYTOK.

KpaTkocpouHbie XapaKTepHCTHKH OTHOCSITCS K TEMITy 06paGOTKHU OTAENbHBIX TIAKETOB U U3Me-
PSIOTCS1 B MMKPOCEKYHIHOM M MUJUTMCEKYHIHOM Avana3oHax. Hanpumep, Bpemst 6ydbepusanuu
WK BpeMst IIpeGbIBaHUs AKETa B OYepeld KOMMYTaTopa MO0 MapUIpyTU3aTopa sBJISETCS Xa-
PaKTepPUCTUKOM 3TOM rpynnbl. [l aHaniu3a u obecriedeHns: TpeGyeMoro ypoBHsI KPaTKOCPOYHbIX
XapaKTePUCTUK Pa3paboTaHo 6OJIBIIOE KOJIUYECTBO METOJOB, MOJYYUBLINX Ha3BaHUE METO0B
KOHTPOJIsl M NPeIOTBPAILEHHS IEPETPY3OK.

CornaweHune 06 ypoBHe o6cnyXuBaHus

OcHOBOI1 HOPMAJIBHOTO COTPYAHMYECTBA IOCTABIIMKA YCAYT U [0JIb30BATEEN SBISETCS 002060D.
Takoit 10roBop 3ak/104aeTcst BCETAa, OAHAKO aJeKO He BCerja B HEM YKa3blBAIOTCS KOJIHMYe-
cTBeHHbIe TpeboBaHUs K 9pPeKTUBHOCTU NPeaocTaBsieMbix yeayr. OueHb 4acTo B 10TOBOPE
yCJIyra olpefiesisieTcsl, HapuMep, KaK «IIpefocTaB/ieHre noctyna B VIHTepHeT» u T. 1.

OnHako CymecTByeT U Ipyroi TUI AOTOBOPA, Ha3biBaeMBbIii corJauieHueM 06 ypoBHe o0ciy-
sxuBaHus (Service Level Agreement, SLA). B TakoM coriaiieHuy noCTaBUIMK YCAYT M KJAMEHT
OMUCBHIBAIOT KA4eCTBO MPEAOCTABJSIEMON YCAYTH B KOJTMYECTBEHHBIX TEPMUHAX, MOJIb3YSCh
xapakTepuctukamu scdextuBrocT cetu. Hampumep, B SLA MoxeT 6bITh 3aMidcaHo, 9TO MO-
CTaBUIMK 00s13aH nepeaaBath Tpahuk KaneHTa 6e3 IoTeps U ¢ TOU cpeaHell CKOPOCTBIO, C KOTOPOi
T0/1b30BaTeJIb HANIPABJSIET €ro B ceTh. [Ipy 3TOM OroBOpeHO, YTO 3TO COrJallleHHe AeHCTBYET
TOJIBKO B TOM CJIy4ae, eC/IH CPeJ[HsIst CKOPOCTh TpadHKa MOJIb30BaTe ISt He MPEBbIIIAET, HANIPUMeEP,
3 M6urt/c, B IPOTHBHOM CJIydYae MOCTABIIMK MOJIYYAET [PABO IPOCTO He MepeaaBaTh U30bITOYHbIH
Tpabuk. YToObl KaX st CTOPOHA MOTJIa KOHTPOJIMPOBATH COOJIIOAEHHUE 3TOTO COTJIAUIEHUS], HE0G-
XOMMO YKa3aTh 1 NIEPUOJ BDEMEHH, B TEYEHHE KOTOPOTO OyAeT U3MEPATHCS CPE/IHsIsA CKOPOCTb,
HalnpuMep JeHb, Yac uau cekynaa. Eue 6osiee onpesiesieHHbIM coriatienue o6 ypoBHe 06Cy-
’KMBaHUs CTAHOBUTCS B TOM CJIydae, KOIJa B HEM YKa3bIBAIOTCsI CPEJCTBA U METO/IbI U3MEPEHUsT
XapaKTEPUCTHK CETH — € TeM, YTOOBI Y MOCTABILMKA U NOJb30BATEJs He GbLIO PACXOKAEHHI TpH
KOHTPOJIE COTJIAlleHUs].

Cornautenus 06 ypoBHe 00C/Iy)KUBaHUSI MOTYT 3aKJIIOUATHCSI HE TOJbKO MEXY NOCTAaBLIMKAMU
KOMMEPYECKHX YCJIYT U UX KJIMeHTaMH, HO U MeXAy Nopa3aeeHUsIMU OJTHOTO U TOTO e Mpej-
npusitus. B 3ToM ciyuae MOCTaBIIMKOM CETEBBIX YCIYT MOXET SIBJISITbCS, HAPUMEP, OTAEN
MH(POPMAUMOHHBIX TEXHOJIOTHH, a NOTpebUTEIEM — NPOU3BOACTBEHHBIN OT/EL.
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NMpomnsBoanuTEeNnbHOCTb U HAAEXHOCTb CEeTHU

UpeanbHaa n peanbHas cetum

B rnaBe 3 (pasnen «KonmuyecTBeHHOE cCpaBHEHHE 3a/IePXKeK» ) Mbl PACCMOTPEJIH Pa3JIMuHbIE CO-
CTaBJAIOLINE 3a0epxceK B CETH C KOMMYyTalldel MAaKeTOB, 8 UMEHHO:

O BpeMs nepesauy JaHHBIX B KaHaJI (BpeMs CePUAIM3ALINH);
O BpeMs pacIpocTpaHeHHs! CUTHAA;

Q BpeMs oXxuAaHHS NaKeTa B OYEPENH;

O BpeMst KOMMYTalMH ITaKeTa.

JIBe nepBble COCTABJISIIOLINE 33€PKKU [OJHOCTBIO ONPEEJISIIOTCS MPOIYCKHON CHOCOOHOCTHIO
KaHaJIOB Nepe/layy JaHHbIX U SIBJSIOTCS PUKCUPOBaHHbIMU BETMYMHAMM 17151 NakeTa pHUKCUpo-
BaHHOI AMHbL. [[Be moC/IeAHNE COCTABIISIIOLIME 3aBUCSAT OT 3arpy3KH KOMMYTATOPOB U MX Obl-
CTPOAEMCTBUS U 151 TaKeTa GUKCHPOBAHHOM [IJIMHBI B 001EM CJLIy4ae SBJISIIOTCS HEPEMEHHBLMU.

ByaeM cuMTaTh, 4TO CEThb ¢ KOMMYyTallMell MakeToB paboTaeT UaeanbHO, eCJU OHA NepefaeT
KaX/blil 6UT MHGOPMALIUK C IOCTOSIHHON CKOPOCTHIO, PABHOM CKOPOCTH PacIpPOCTPAHEHUsI
CBETa B MCII0JIb3yeMoil (pusuueckoit cpeze. [ pyruMu cioBaMu, udeaivhas cems ¢ KoMmymayuel
naxemos He 6HOCUM HUKAKUX OONOTHUMENLHBIX 3A0EPHCEK 8 nepedany OGHHbLX NOMUMO TeX, KOTO-
Ppble BHOCAMCS KAHAIAMU CE513U, TO €CTh JIBE MOCJIeJHIEe COCTABJISIONINE 331eP>XKKH PaBHBI HYJIIO.

PesysbTaT nepenauu nakeToB TaKOii HAeaabHON ceTblo MLTIOCTPUPYeT puc. 5.1. Ha Bepxneit
OCH NOKa3aHbl 3HAYEHUs] BDEMEHHU NOCTYIJIEHHS] IAKeTOB B CeTh OT y3/1a OTNPaBUTeJs, a Ha
HWXKHEH — 3HaYeHWs! BDEMEHH TOCTYIJIEHHsI IAKETOB B y3eJ HazHaueHHsl. TakuM 06pasoM,
BEPXHsIsl OCb NTOKA3bIBAeT NMPE/JI0KEHHYIO Harpy3Ky CeTH, a HWXKHsI — pe3yJ/IbTaT nepefayunt
3TOM Harpy3KH uepe3 CeTb.

Puc. 5.1. Nepenaya nakeToB naeanbHOW CETbIo

OnpeneJmM BpeMs 3aA€PIKKH NAKETa KaK UHTEPBAaJI BDEMEHU MEXAY MOMEHTOM OTIIPABJIEHUSA
nepeozo 6uTa nakeTra B KaHajl CBA3U y3JI0M OTIIPABJIEHHUA 1 MOMEHTOM ITOCTYIIJIEHNUA nepeozo
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6uTa naKeTa B y3eJ Ha3HAueHUsI COOTBETCTBEHHO (Ha PHUCYHKe 0603HAUY€eHbI 3a1ePXKKH d), d) U d3
1n1akeToB 1, 2 ¥ 3 COOTBETCTBEHHO), TO €CTb 33/IEPXKKa [IAKETA PaBHA BPEMEHH PAaCIIPOCTPAHEH s
CUTHAna.

Kak BMIIHO U3 PUCYHKA, UlleabHasl CETh JOCTABJISIET BCE MTAKETHI Y3JTy Ha3HAYEHMUST:

O He MOTepSIB HU OAHOTO U3 HUX (M He UCKa3UB MH(POPMALMIO HH B OJTHOM U3 HHX);

QO B TOM NOPs/IKE, B KOTOPOM OHM ObLIN OTIIPABJIEHBI; .

Q ¢ oaHOI U TOI )Ke MMHMMAJIbHO BO3MOXKHOM 3a1epKKoi (d, =d, M T. 1.).

BaskHo, 4TO BCe HHTEPBaJIbI MEX/Y COCETHUMHU MAKETAMH CETb COXPAHSIET B HEU3MEHHOM BHIIE.
Hanpumep, ec/iv HHTepBaJI MEXK/Y EPBbIM M BTOPBHIM AKETAMH COCTABJISIET IIPH OTIIPABIEHUH
T) CEKYH[, @ MeX/1y BTOPBIM U TPETbUM — T2, TO TAKMMH JKe HHTEPBAJIbI OCTAHYTCSI U B y3JI€ Ha-
3HaYeHUsI.

HanexHasi 10cTaBKa BCeX MAKeTOB C MUHUMAaJbHO BO3MOXHOM 3a4€PKKOM M COXpaHEHHEM

BPEMEHHBIX MHTEPBAJIOB MEXAY HUMH yIOBJIETBOPUT JIOOOTO MOJIb30BATESI CETH HE3ABUCHMO
OT TOro, TpaMK KAaKOTO NIPUJIOKEHHsI OH Tlepe/iaeT 1o ceTu — Beb-cepsuca niu IP-renedonun.

NPUMEYAHUE

Cyl1ecTBYIOT U IpyTHe onpeie/ieH|s! BpeMeHH 3a/lepxKKH nakeTa. Hanpumep, aTy BeJIMYMHY MOXKHO onpeje-
JIMTb KaK BPEMSA MEX/ly MOMEHTOM OTIIPaBJIEHUS TIEPBOro OUTA MaKeTa B KAHAJI CBSI3U Y3/I0M OTIIpaBJIeHUs
M MOMEHTOM IOCTYTJIEHHS TIOCJIe[IHEro GUTA MaKeTa B y3eJ Ha3dHaueHHUs! COOTBETCTBEHHO (TaKoe onpeze-
nenue ucnoawsyetcs B gokymente RFC 2679, onuceiBalonieM xapakTepicTHKHY 3aaepxek [P-naketos).
HeTrpyaHo 3aMeTHTD, YTO B 3TOM ONpe/ie/IeHUH B 3a/IePXKKY MakKeTa BKJIIOYEHO BpeMsi CepHaIn3aLuy.

Tenepb MOCMOTPUM, KaKHe OTKJIOHEHHUSI OT Ujleasla MOTYT BCTPEUYAThCsI B PeAIbHOU CETU U KAaKMMU
XapaKTEePUCTUKAMHU MOXHO 3T OTKJIOHEHHUSI OMTUCHIBATH (pHC. 3.2).

Puc. 5.2. Nepepaya nakeToB peanbLHON CETbIO

[TakeTbl JOCTABJSIIOTCS CETHIO Y3J1y HAa3HAYEHHUS € PASMUUHbIMU 33EPKKAMH. ITO — HEOTbEM-
JieMoe CBOMCTBO ceTell ¢ KOMMYyTaluel TaKeToB.
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CyyaiiHbIii XapaKTep npolecca 06pa3oBaHuisi o4epeiell IPUBOIUT K CYHAUHbIM 3AIEPIKKAM, IPH
3TOM 3a/I€PKKU OT/IEJIbHBIX MAKETOB MOTYT ObITh 3HAYMTEJILHBIMU, B JECSITKH Pa3 IPEBOCXOS
CPeqHIO BeJunHy 3aaepxek (d) # dy # d; n 1. 1.). HepaBHOMEPHOCTD 3a/iepXKeK U3MeHsIET OT-
HOCHTEJIbHOE M0JIOXKEHHE TAKETOB B BBIXO/HOM MOTOKE, YTO MOXKET KaTacTpohuieckH cka3aTbCst
Ha KayecTBe paboThl HEKOTOPBIX NpuJIoKeHuit. Hanpumep, npu undposoit nepesaye peuu uc-
XOZIHBIA MOTOK MpeACTaBJisieT CO60i PABHOMEPHO OTCTOSILIME APYT OT APYra [AKEThl, HECY e
3aMepsl rojioca. HepaBHOMEPHOCTb MHTEPBAJIOB MEX/1y ITAKETAMH BBIXOJHOTO IIOTOKA IPUBOAUT
K CYILIECTBEHHbIM MCKa)KEHUSIM PEUH.

[TakeTbl MOTYT JOCTABJISITHCS Y3/Iy HA3HAYEHHUST He 8 MOM nopsidke, B KOTOPOM OHHU ObLIN OTIIPaB-
JIEHBI, — HAMIPUMeP, Ha PHC. 5.2 aKeT 4 NOCTYNUJ B y3es1 Ha3HAauYeHUs! paHblile, yeM naker 3. Ta-
KH€ CUTYalluy BCTPEYAIOTCS B leTarpaMMHBIX CETSIX, KOr/[a pa3/IMyHble NaKeThl OAHOTO MOTOKa
NepelalTCst Yepe3 CETh Pa3JIMYHBIMU MAPLIPYTaMH U, CJIE0BATENBHO, OXKMAAIOT 00CTyKUBAHUS
B Pa3HBIX OUepelsix C Pa3HbIM YPOBHEM 33/iepkek. OueBMIHO, UTO NaKeT 3 MPOXO/HJI Yepes Iiepe-
TPy KEHHbIN Y3€JI MJIM y3JIbl, TAK YTO €70 CYMMAapHast 3a/lepKKa OKa3aach HaCTOJIbKO OOJIbIIOHN,
4TO NaKeT 4 NpubBLI paHbLIE HEro.

ITakeTtsl Mozym mepsamsvbCsa B CETU UM K€ IPDUXOAUTD B Y3€J1 HA3HAUYEHUSA C UCKAHCEHHbIMU dan-
HbiMU, YTO PABHOCHUJIbHO MOTEPE MaKeTa, TaK KaK 60JBLIMHCTBO MMPOTOKOJIOB HECNOCO6HO BOC-
CTAaHaBJIUBATb UCKAXEHHbIC JaHHbIE, TULIb Ollpeaesiasa 3TOT (baKT MO0 3HA4YEHUIO KOHTpO]IbHOﬁ
CYMMBI B 3aroJIOBKe Kaapa.

[TakeThl TaKKe MOTYT OyOaUPOBambCA O Pa3HbIM MPUYMHAM, HAIIPUMeEP, M3-32 OUIHOOUHbBIX
MOBTOPHBIX Tepe/iay NaKeTa, PeANPUHATHIX IPOTOKOJIOM, B KOTOPOM TakuM o6pa3om obecrie-
YKMBAETCS HAZIEXKHDI OOMEH TaHHBIMU.

B peanbHoii ceT cKOPOCTb HH(MOPMAIIMOHHOTO NIOTOKA Ha BXO/€ Y3J1a Ha3HAYEHHsI MOXKeT OT-
JIMYATHCS OT CKOPOCTH TMOTOKA, HAIIPABJEHHOTO B CETh Y3JI0M-OTIpaBuTesieM. BuHou aTomy
SIBJISIIOTCS 3a/IePXKKU IAKETOB B OUePeIsiX ¥ X MoTepu. Tak, B IpUMepe, MOKa3aHHOM Ha pUC. 5.2,
CPeOHAS CKOPOCTb UCXO0AUE20 NOTNOKA CHUNCAETMCA N3-32a NI0Tepy Naketa 5. YeM GoJiblie otepb
Y MCKa)KEHU I TAKETOB MPOUCXOUT B CETH, TEM HUXKE CKOPOCTh HHGOPMALIMOHHOIO II0TOKA.

Jl71s1 olleHKH OTKJIOHEeHUs! (GYHKIMOHUPOBAHMS PeaJIbHON CETH OT UAeabHOI MCIOJIb3YIOTCS
pa3/MYHble XapaKTEPUCTUKH MPOH3BOAUTENBHOCTH ceTH. OHH M3 HUX KACAKOTCS Pa3IMYHBIX
aCIeKTOB CKOPOCTH | 3aJIeEPXKeK, IPyrHe — MOTePb M UCKaKEHUH, TPeTbH — OE30MaCHOCTH Nepe-
Jaun MHGpopMaluy nepenayy naketoB. OTHOCHTEIbHASI BAXKHOCTb TOW MJIM MHOM XapaKTePUCTHKH
3aBUCHUT OT THIA PUJIOXKEHUST, TPAGHUK KOTOPOTO NMEPEHOCUT CeTh. Tak, CylecTBYIOT IPUIIOXKEHUS,
KOTOpbIE OYEHb YYBCTBUTEJIbHBI K 331€P>KKaM ITIaKeTOB, HO B TO e BPeMsI BECbMa TEPIMUMBI K I10-
Tepe OTAENbHOrO MakKeTa — MPUMEPOM MOXET CJIY>KUTh TlepeJjaya rojoca yepes NaKkeTHyIo CeTb.
[ToaToMY /1J151 KaXKN0r0 KOHKPETHOTO CJIy4ast HeOOXO[MMO BHIOUPATD NOAXOSILIMIT HabOp XapaKTe-
PUCTHK CETH, aIeKBATHO OTPKAIOIIMI BIMSIHUE «HEUAEATbHOCTH» CETU Ha PabOTY IIPUIIOXKEHHUSI.

CTaTucTUYEecKue OLEHKU XapaKTepuCTUK CeTu

J1J151 OLIeHKU XapaKTePUCTUK CAYUAUHBIX NPOYECCO8 CITYXKAT CTATUCTHYECKUEe METO/bl, 8 UMEHHO
TAKOM XapaKTep HMEIOT NPOLECCHI Nepeiayy NaKeToB ceTbio. CaMyu XapaKTepUCTHKU NTPOU3BO-
JIUTENBHOCTU CeTH — KaK, HAllpHMep, 3alepXKKa NaKeTa — SIBJASIOTCS CAYUAUHbIMU BENULUHAMU.
CraTtucTHyecKkre XapaKTePHUCTUKHU BbISIBJASIOT 3aKOHOMEPHOCTH B MOBEAECHUHU CETH, KOTOPbIe
YCTONYMBO MPOSIBISIIOTCSI TOJIBKO Ha JUIMTENIBHBIX NIeproaax BpeMeHu. Korzaa Mbl roBopum o anu-
TeJbHOM I1€PUO/E BPEMEHH, TO Mbl TIOHUMAEM I10/] 3TUM MHTEPBAJI, B MUJLIMOHDL Pa3 GOJIbILMH,
4yeM BpeMsI Iepeiayyl OHOTO ITaKeTa, KOTOpoe B COBPEMEHHOM ceTH U3MepsieTCst MUKPOCeKyH/1a-
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MH, HaripuMep, Bpemst nepeaauu nakera Gigabit Ethernet cocrasisier okono 10 mxc. Iloatomy
JIs TIOJTyYeHUs yCTOMYMBBIX Pe3yJIBTaTOB HYXKHO HAa0JIIOaTh IOBEIEHNE CETH, IO KpaliHell Mepe,
B TeYeHUe HECKOJbKUX MUHYT, a JIy4llle — HECKOJIbKUX YacOoB.

OCHOBHBIM HHCTPYMEHTOM CTaTHCTHKH SIBJISIETCS TAK HAa3blBaeMasi THCTOTPaMMa pacripe/iesieHust
OLIEHNBaeMOH CJIy4aiiHO! BesInunHbl. PaccMOTpUM, HanpuMep, r’MCTOrpaMMy 3aI€PXKKH NaKeTa.
byaeM cunTath, 4TO HaM yAanoch U3MEPUTD 3a1€PAKKY AOCTABKH Kaxkaoro u3 2600 naxeTos,
11epeJJaHHbIX MeXy ABYMsl y3JaMU CeTH, U COXPaHUTh MOJIyYeHHble pe3yabTaThl. Kaxablil pe-
3yJIbTAT U3MEPEHHSI SIBISIETCS eOUHUUHBIM 3HAUEHUEM CIIYYARHOM BeJIMYMHBI, a B COBOKYITHOCTH
OHHU 06pa3yioT BBIGOPKY 3HAYEHUH CITy4aiiHOM BETUYMHBL.

Yr10o6bl 10JIy4UTh TUCTOTPAMMY PacipeliesleHUsi, Mbl JOJDKHBI Da30UTh BECh IMANA30H U3Me-
PEHHBIX 3HAYEHUH 3aJepXKeK Ha HECKOJIbKO MHTEPBAJIOB U MOACYMTATh, CKOJIBKO 3aMEPOB U3
BBIOODKHM MOIAN0 B KaXK Al MHTepBas. [IycTh Bce 3HaUEHMS 3a/lepIKEK YKIIAABIBAIOTCS B qHUa-
na3oH 20-90 mc. Paso6beM ero Ha cemb MHTepBaoB 1o 10 Mc. B KaX bl U3 3TUX UHTEPBAJIOB,
HauyuHas ¢ uurepBana 20-30 mc u T. 1., monazo 100 (n1), 200 (n2), 300 (n3), 300 (n4), 400 (n5),
800 (n6) u 500 (n7) naketoB cooTBeTcTBeHHO. OTOOPA3MB ITH YUCJIA B BUJIE TOPU3OHTANBHBIX
YPOBHei lJIsl KaXK/10r0 MHTEPBAJIa, Mbl MIOJYYUM THCTOTPAMMY, [IOKAa3aHHYIO HA PHC. 5.3, KOTO-
pasi, OCHOBBIBAsICh BCETO HA ceMU Yucaax nl, n2, ... n7, 1aeT HaM KOMIIAKTHYIO CTATUCTHYECKYIO
XapaKTepUCTUKY 3azepkek 2600 makeros.

Puc. 5.3. Mictorpamma pacnpeneneHns 3anepxek

[McTorpaMma 3azepxek JaeT xopolliee peACcTaBIeHre O MPOU3BOAUTENBHOCTH ceTH. [1o Hei
MOXHO CYUTb, KAKME YPOBHU 3a/iepxeK 6oJiee BEPOATHDI, a Kakue — MeHee. Yem 6oJibilie mepruo
BPEMEHH, B TEYEHHE KOTOPOTO COOUPAIOTCS JaHHBIE /ISl TOCTPOEHHUSI THCTOTPAMMBI, TeM ¢ GoJiee
BBICOKOH CTEIIeHbIO JOCTOBEPHOCTH MOXHO NPEACKA3aTh MoBeaeHue ceTy B OyayieM. Hanpumep,



140 YacTb |. OcHoBbI CeTelt Nepeaayn AaHHbIx

NOJIb3YsICh TUCTOTPAMMOM Ha PUC. 5.3, MOXKHO CKa3aTb, YTO U B Oy/1yleM MPU U3MEPEHUSIX 3ajlep-
JKeK MaKeToB y 65 % nakeToB 3ajiepxkKa 1npeBbicuT 60 Mc. [L71s1 nosydyeHust Takoii O1leHKH MBI CJI0-
KUK 0bl1ee KOJMIECTBO TIAKETOB, 33/1€PKKH KOTOPBIX MOMATH BO BCE HHTEPBAIBI, [IPEBbILIAIOLIHE
60 Mc (1700 3amepoB), ¥ pa3ies UM Ty BeJIMYHHY Ha 0011ee KOmiecTBO maketoB (2600 3amMepoB).

HackoJibko Touet Takoit nporuo3? Cobpasiy id Mbl JOCTATOYHO IKCIIEPUMEHTATbHBIX TaHHBIX,
4T0ObI eJ1aTh GoJIee-MeHee OCTOBepHbIe MPOrHo3bl? CTATHCTHKA MO3BOJISIET CYAUTH U 00 3TOM,
O/JIHAKO MbI He Gy/1eM PacCMaTpPUBATh 3/1ECh ATy YBJIEKATENbHYIO MpobyieMy (KeTaiiine MOTyT
006paTUTHCS K CHENUATbHBIM KHIUTAM 110 CTaTUCTHKE).

[Tpu yBeMYeHNUN KOJHYECTBA MHTEPBAMOB M BPEMEHU HAOJIIOIEHUsI THCTOrPaMMa B nipezeJie
MePEXO/IUT B HENPEPHIBHYIO (DYHKI[MIO, KOTOPAst HA3bIBAETCsI ILIOTHOCTBIO pacnpesiesieHus 32a-
JePKKH JI0CTABKH MakKeTa (MM0Ka3aHa MyHKTHPOM). B cooTBeTCTBHMM € TeOpHEil BEPOSITHOCTD TOTO,
4TO 3HAUYEHHe CIYYaHOM BeJIMYMHBI OKAXKETCsI B ONIPeIeJIeHHOM Uana3oHe, paBHA HHTErpaay
IJIOTHOCTH PACTpe/ieIeHUsl CIyYalHOM BeJMYMHbI OT HUXKHEH 10 BEPXHell IPaHuU1Ibl JAHHOTO 11~
anaszoHa. Takum 06pa3oM, MOXET ObITh BBIYHUCJIEHO BEPOSITHOCTHOE 3HAYEHHUE 3aIEPHKKH TTAKeTa.

[ucTorpamMma JaeT HaIJISIAHOE TIPEICTABIEHME COOTBETCTBYIONIEN XaPAKTEPUCTUKH, HO Yallle UC-
N0Jb3YI0TCA (0J1e€ KOMIIAKTHBIE CTATUCTHYECKHE OLEHKH XapaKTEPUCTUK, KOTODPbIE O3BOJIAIOT
HPEACTABUTD XaPaKTEPUCTUKY OOHUM UUCAOM HA OCHOBE HEKOTOPOUM MaTteMaTUyYecKoit 06paboTKu
uMeroLencst BbIGOPKH.

Z[Jlﬂ OMUCAHUA XaPAKTEPUCTUK CETHU MCIIOJIb3YIOTCA CaeAylolne CTAaTUCTUYECKUE OLIEHKH!:

O cpeanee 3Hauenue (D) BBIUMCIAETCS KaK CYMMa BCEX 3HAUEHU I OLIEHUBAEMOM BETUYMHBI dj,
ZleJIeHHasl Ha KOJIMYEeCTBO BCeX u3MepeHUit N:

p-s%.

N
1 npuMepa, NpUBeaeHHOTO Ha puc. 5.3, cpeaHee 3HayeHue paBHo: (100 x 25 + 200 x 35 +
300 x 45 + 300 x 55 + 400 x 65 + 800 x 75 + 500 x 85)/2600 = 64,6 Mc (mMpu BBIUMCIEHUSIX

HCIIOJIb30BaHbl CPEIHNE 3HAYECHUA I/IHTepBaJIOB);

0 MeauaHa npeicTaBIsieT TAKOe 3HAUEHUE OLlEeHMBAeMOM BeJIMUKHBI, KOTOPOE [IeJTUT PaH)XXUPO-
BaHHY10 (YIIOPSIIOYEHHY0) BBIGOPKY NOI0JAM, TO ECTb TAKMM 06pa3oM, YTOObI KOJTHYECTBO
3aMepOB, 3HAYEHHsI KOTOPbIX MEHbIIIE WM PaBHbI 3HAUYEHUIO MEIMaHbl, PABHSJIOCH KOJIUYe-
CTBY 3aMepOB, 3Ha4eHUs KOTOPBIX 6OJIbllle UM PaBHbI 3HAUEHUIO MeIMaHbl. B HareM mpu-
Mepe MeJMaHOW BHIOOPKHU sBJIsieTCs 3HaueHue 70 MC, TOCKOJIbKY YHMCIIO 3aMEPOB, 3HAYEHHsI
KOTOPbIX MeHblite uau paBHbl 70 Mc, coctaBisietr 1300, kak ¥ 4MCI0 3aMepOB, 3HAYEHUS
KOTOPBIX G0JIbllIe MK PAaBHBI 70 Mc;

O craHaapTHOe OTKJIOHEHue, wiM Bapuauus, (J) npeacrasiser cobod cpenHee OTKIOHEHHE
KaXI0TO OT/1€JIbHOTO 3aMepa OT CPeIHEr0 3HAYEHHUsT OLlEeHUBAEMOI1 BEIMUHHBI:

QueBNIHO, YTO €CJIH BCe 3aIEPXKKH d; PaBHBI MEXAY COGOM, TO Bapuallkst OTCYTCTBYET, YTO
NOATBEPXKAAIOT NPUBeeHHBIE (OPMYJTBI — B 3TOM cityyae D =d;uJ = 0;

Q koa¢pduument Bapuauyu (CV) — ato Ge3pasmepHasi BEJIMYMHA, KOTOPAsi PABHA OTHOLIEHHIO
CTaHAapPTHOTO OTKJIOHEHUS! K CPEIHEMY 3HAYEHUIO OIleHHBAEMOIi BEJTMUHHBIL:

CV=i.
D
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KoapduuueHTt Bapralii XapaKTepU3yeT OLEeHUBAaeMYIO BeJH4YUHY 6€e3 NPUBSI3KY K ee
abCoIIOTHBIM 3HaYeHUsIM. Tak, ujeanbHblil pABHOMEDHDIIA IOTOK N1aKeTOB Bceraa Oyaer 06-
JIa[aTh HYJIEBbIM 3HaueHHeM Koadduumenta Bapualuy 3aaepxxku nakera. Koagpdunuent
BapHallMM 33/IeP>KKH MaKeTa, PaBHbIi 1, 03HAYaeT MyJIbCUPYIOIINIA TpadUK, TaK KaK CpeiHHUe
OTKJIOHEHUSI UHTEPBAJIOB OT HEKOTOPOTO CPeIHero Nepruoza Caef0BaHus MaKeTOB PaBHBI
3TOMY NEPUOLY;

O xBaHTWIb (NIPOLIEHTHIIB) — 3TO 3HAUYEHHE OLIEeHHBAEMO BEJIMYUHDI, AeJIsIiee PAHKUPOBaH-
HyI0 BBIOOPKY Ha /[B€ YaCTH TaK, YTO MPOIIEHT 3aMEPOB, 3HAYEHUST KOTOPBIX MEHbIlle MU
PaBHbBI 3HAYEHMIO KBAHTHUJIs, PABEH HEKOTOPOMY 33/IaHHOMY YPOBHIO. B 3TOM onpenenenuu
(burypupyIoT 1Ba UMCIa: 3apaHee 3aJlaHHBIA MPOLEHT U HalJEHHOE 110 HeMY U 3aMepaM
BBIOOPKM 3HaueHHe KBaHTHIsl. HeTpynHo 3aMeTHTb, yTO S0-NPOIEHTHBINH KBAHTU/Ib PaBeH
meauane. [I1s1 OlleHKH XapaKTePUCTUK CETU OOBIYHO MCIOJIB3YIOT KBAHTHIIM C JOCTATOYHO
60/IbIIMM 3HaYeHHEM NPOLIEHTa, HanmpuMep, 99-NpolleHTHbIE KBAHTHIIH, KOTOPBIE JAIOT BO3-
MOXHOCTb CY/IUTh O Han6oJiee BEPOSTHBIX 3HAYEHUSIX XaPAKTEPHUCTHK.

CraTucTUYeCcKre MeTO/bl NMPUMEHAIOTCA K PA3/IMYHBIM XapaKTEPUCTUKAM NPOHU3BOAUTE/bHO-
CTH C€TU — CKOPOCTH Iepeaayu AaHHbIX, 3alEp>KKaM, BDEMEHH OXXUAaHUA B 6ycbepe, BpEMEHU
KOMMYTallM{, KOJIMYECTBY MOTEPAHHBIX [TAKETOB U /IP., TAK KAK BCE€ OHU ABJIAIOTCA C]Iy‘iaﬁHbIMH
BeJIUYUHAMMU.

Ilocredosamerviocmo 3amepos PEKOMEHYETCS BBIIOJIHSITD B CIyYailHbie MOMEHTbI BpEMEHH,
noauMHsAWMKeECs pacnpeneneduto [lyaccona. Takoil mopsiiok BblOOpa BpeMeHU 3aMepPOB I10-
3BoJIsIeT U36eKaTh BOZMOXKHON CMHXPOHU3ALUU U3MEPEHUN C JTIOOBIMU MEPUOANIECKUMH
(IOKTyauusiMU B OBEJIEHUHU CETH, TaK KaK M0A00HAs CHHXPOHHU3ALMS MOXKET CYIIECTBEHHO
HCKa3UTh HAOJIOAEMY IO KAPTHHY.

AKTUBHbIE U NAaCCUBHbIE U3MEPEHUNA B CeTHn

YT0o6BI OLIEHUTH HEKOTOPYIO XapaKTEPUCTUKY NIPOU3BOJUTENLHOCTH CETH, HEOOXOAMMO MPO-
BECTH OINpe/eJIeHHble U3MepPeHUs Ha N0CJe0BaTeIbHOCTH [IaKeTOB, MOCTYNAIOIMX Ha HEKO-
TOpbIit HHTepdeiic ceTeBoro ycrpoiictBa. CylecTByeT /Ba TUIIAa U3MEPEHUN B CETH: aKTUBHbIE
M MacCUBHbIE.

AKTHBHbIE H3MEPEHHST OCHOBAHbI HA TEHEPALIMY B y3JIe-UCTOUHHKE CHIEIHATIbHBIX «3MEPUTEIb-
HBIX» MAKETOB. DTU MAKETbI 0JKHbI IPOUTH Yepe3 CETh TEM XKe IIyTeM, YTO U AKeThl, XapaKTe-
PUCTHUKH KOTOPBIX Mbl cOOMpaeMcst olleHuBaTh. MI3MepeHust B y3Jle Ha3HaUeHUs IPOBOAATCS HA
NOCJIeJOBATENbHOCTH «M3MEePHUTEJIbHbIX»> I1AKETOB.

PHCYHOK 5.4 WUTIOCTPUPYET U/EI0 aKTUBHBIX U3MepeHuil. JJonyctiMm, TpebyeTcst n3MepUTh 3a-
JIEP)KKH NTAKETOB, KOTOPbIE MEPEIAIOTCS OT KOMIIbIOTEPA-KJIUEHTA NPUJIOKEHUST A KOMITBIOTepY-
cepBepy IPUJIOKeHUs A yepe3 ceTb. BMECTO TOro 4ToObI MBITATHCS. U3MEPHUTD 3a/IEPIKKH NTAKETOB,
reHepUpyeMbIX KJIMEHTCKHM KOMIIbIOTEPOM, Mbl YCTAaHABJINBAEM B CETH IBa [JONMOJTHUTEIbHBIX
KOMIIbIOTEPA: cepaep-zenepamop u cepsep-usmepumens. CepBep-reHepaTtop reHepupyeT u3Mepu-
Te/ibHbIE MaKeTbl ([I0OKa3aHHbIE HA PUCYHKE CEPBIM IIBETOM), CepBep-U3MepuTeb — u3Mepsier
3a/1eP’KKH 3TUX MAKETOB.

Yr1o6bl U3MepsieMble 3HauUeHUs1 ObUIN OJIN3KH K 3HAYEHUSIM 3a[€P’KKH MTAKETOB TPHJIOXKEHHS A,
HY’KHO, YTOOBI H3MEPUTEJIbHBIE TIAKETHI IPOXOAUIU YePe3 CETh 110 TOMY )K€ Iy TH, YTO M NAKETHI
npuaoxenus A. B Hauiem npuMepe aTa 1ejb JOCTUTAETCS 32 CYET MOAKIOYEHUS AOTIOJIHH-
TeJbHBIX KOMIIBIOTEPOB K IOPTaM TeX e KOMMYTaTopoB S1 1 52, K KOTOPHIM MOAKJIIOYEHbI
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OpHUTHHaAJIbHbIE y3JIbI. KpOMe TOroO, Tpe6yeTC${, 4TOOBI HU3MEPUTEJIbHBIC MAKETbl KAK MOXXHO
6osbliIe <«IIOXOAUJIN» Ha OPUTHHAJIbHbIE [IAKETbI — pa3MepaMHu, IPpU3HaKaMH, MOMEILIEHHbIMH
B 3aroJIOBKH I1aKE€TOB.

Puc. 5.4. Cxema aKTUBHbIX U3MEPEHWNIA

V3MepuTesbHbIe TAKETHI HE JODKHBI TeHEPUPOBATBHCSI CIMIIKOM YacTo, MHAa4e HArpy3Ka CeTH
MOJXET CYLIECTBEHHO H3MEHHTBCSI, M Pe3yJIbTAThl 3aMePOB OY/IyT OTJIMYATHCA OT TeX, KOTOPbIE
ObL1H GBI MTOJTy4Y€HBI B OTCYTCTBHE U3MEPUTETBHBIX TAKETOB. JIDYTHMU CIOBaMU, U3MEPEHUS He
JOJIKHBI MEHSITh yC10Buil pabotsl ceti. OGBIYHO HHTEHCUBHOCTD FeHepali U3MEPHUTEIbHbIX
naxeTtoB He npeBocxoauT 20—50 NakeToB B CEKYHY.

BosHuKaeT ectecTBEHHBIN BOMPOC: 3a4eM HY>KHO PELIATH CTOJIBKO JIMIIHUX MPOOJIEM: Pa3MELLATh
JONOJHUTEIbHOE 000PYAOBaAHME, CO3/ABATh YCIOBUS [JIs1 U3MEPUTEIbHBIX T1AKETOB, (JIM3KHe
K yCJI0BHSIM 00PabOTKHM OPUTMHAIBHBIX IAKETOB, M B TO XK€ BPEMs CTAPaThCsl HE U3MEHUTDb Ha-
rpy3ky cetu? He npoute 1 n3MepsiTh napaMeTpbl peasibHbiX nakeToB? OTBET 3aK/I04aeTCst
B TOM, YTO GKMUBHASL CXEMA YNPOWAET NPOUECC NPOBEOCHUS USMEPEHULL U NO380AAem JoOUMbCA
UX BbICOKOU TROYHOCNU.

Bo-nepBbix, Tak Kak cepBep-reHepaTop CO3JaeT ClellMaibHble MAKeThl, peJHa3HaYeHHbIE AJIs
M3MepEHUL, OH JIETKO MOXKET IOMECTUTD B HUX CITyXeOHYI0 MHDOPMalMIO, HalIpUMeEP, BpeMeH-
HYIO OTMeTKY (time-stamp) OTIIPaBKU MAKeTa, C TeM YTOObI CepBEP-U3MEPHUTEb UCIIOIb30BA
ee JIJIs1 BBIYMCJIEHUs] BDEMEHH 3a/IePXKKH.

Bo-BTOpBIX, /151 TOTO YTOOB! U3MEPEHUS 3a1€PXKKH ObLIM TOYHBIMH, HY’KHA XOPOILAst CAHXPOHU-
3allust cepBepa-reHepaTopa U cepBepa-usmepuresisi. [IocKoJIbKy B CXeMe aKTUBHbBIX U3MEPeHUN
OHMY TIPEACTABISIOT COGOM CreuHalbHble y3Jibl, TAKOM CUHXPOHU3ALUHN JOOGUTBLCS TIPOLLE, YeM
B CJly4ae CHHXPOHM3ALIMH KJIMEHTCKOH ¥ CepBePHOH yacTeil PUJIoXKeHUs1 A, KOTOpbIe Yalile BCero
YCTaHOBJIEHBI Ha OOBIYHBIX KOMIIBIOTEPAX.

B-TpeTbUX, HHOTZA y MHXKEHEPOB, IPOBOJSIINX U3MEPEHUS, TPOCTO HET JIOCTYMNA K KOMIIbIOTe-
paM, Ha KOTOPBIX PabOTAIOT NPUJIOKEHHs], YTOObI YCTAHOBUTH TaM NPOrpaMMHOe obecriedeHne
1J1s1 TPEOYEMBIX U3MEPEHUIA.

B-yerBepThix, M TakOH AOCTYN M CYILECTBYET, TO ONlePalHOHHbIE CUCTEMbI KJIMEHTA U CepBepa,
KaK Y MX annaparHast niaatgopma, ckopee BCero, He ONTUMHU3UPOBAHbI /171 TOUHBIX U3MePeHH il
BPEMEHHFIX HHTEPBAJIOB, @ 3HAYUT, BHOCAT 6OJIbIIME UCKAXKEHHS B Pe3y/IbTaThl (Hanpumep, 3a
CYeT 3a/lep>KeK NPOrpaMMbl H3MEPEHMIi B 0Uepelly K HEHTPAJIbHOMY IIPOIIECCOPY ).
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OnHako npeuMy1ecTBa AKTUBHOI CXeMbl U3MEPEHUIT He SIBJISTIOTCS aOCOMIOTHBIMU. B HEKOTOPBIX
cuTyanusix 6osiee NPeANOYTUTEbHOM SIBJISIETCS CXEMA IACCUBHBIX U3MEPEHU .

ITaccuBHbIe H3MEPEHHA OCHOBAHbI HA MU3MEPEHUSIX XapPaKTEPUCTUK peanbHozo Tpaduka
(puc. 5.5).

Puc. 5.5. Cxema naccuBHbIX namepeHui

[IpuBOAst apryMeHTHI B NOJIB3Y CXEMbI AKTUBHBIX U3MEPEHUIA, Mbl, B CYITHOCTH, ONKCAJIH NPO-
6JieMbl, KOTODble TIPUXOAMUTCS PELIATH NP UCMOJIb30BAHNUM CXEMbI MACCUBHBIX U3MEPEHHUIA:
CJI0)KHOCTY CUHXPOHHM3alUMK KJIMEHTAa U CePBepa, JAOMOJHUTENbHbIe U HeONpelesIeHHbIEe 3a-
JeP>KKH, BHOCUMble YHUBEPCATbHBIMU MYJIBTHIIPOTPAMMHBIMH OMeEPAIIMOHHBIMU CHCTEMaMH
3TUX KOMIIBIOTEPOB, OTCYTCTBHE B 3ar0JIOBKe MUCMOJIb3YEMBIX IPHJIOKEHNEM MAKEeTOB MOJIS [J1st
MePeHoCa 1o CeTH BPEMEHHGH OTMETKH.

YacTHyHO 3TH NpobIeMbl PEIIAIOTCS 32 CYET IPUMEHEHHSI OTAEIbHOTO Cepeepa-uMepumens.
ITOT cepBep NPUHUMAET TOT )K€ IIOTOK MAKETOB, YTO U OAUH U3 Y3JI0B, YYaCTBYIOLIHUIi B 0OMeHe
naKeTamMu (Ha pUCYHKe I0Ka3aH CJIy4aii, KOrJa cepBep-u3MepuTe b CTaBUTCS B NapaJljiesib C cep-
BepoM npuioxeHusi A). YTobbl cepBep-U3MepUTeIb [OIYYall TOT XKe BXOAHOU MOTOK NMAKeTOB,
YTO U OPMIMHAIBHBIN y3eJ, 00bIYHO NpHOeraT K AyOJMpOBaHUIO H3MepsieMoro Tpaduka Ha
HOPT, K KOTOPOMY MOAK/TIOYEH CepBep-u3MepHTeb. Takyio GYHKIHIO, Ha3bIBAEMYIO 3epKajH-
3alueii NOPTOB, NOAAEPKMBAIOT MHOTHE KOMMYTATOPBI JIOKAJIbHbIX ceTell. CepBep-u3MepuTeb
MOXeT paboTaTh NOJ yIpaB/IeHNEM CIIELUATM31POBAHHOM ONMEPALMOHHON CHCTEMBI, OIITUMU3HU-
POBAHHOM /151 BBIIOJHEHHS TOYHBIX U3MEPEHUI BPeMEeHHBIX HHTEPBAJIOB.

CioxHee PELINTDb ﬂp06JI€My CHUHXPOHU3ALHUU. HeKOTOpble IIPOTOKOJIbI IEPEHOCAT BpeMeHHl;Ie OT-
METKH B CBOUX C]'ly)l(e6Hle MOJIAX, TaK YTO €CJIH, HAlIDUMED, NIPHAJIOKEHUE A HCIIOJIb3yET TaKoOM Inpo-
TOKOJI, TO 4YaCTb ]'IpO6JIeMbl peuaeTcA. OIHAKO U B 3TOM CJIy4ae OCTAa€TCA OTKPbITBIM BOIIPOC O TOY-
HOCTHU CUCTEMHOI'O BDEMEHU B KOMIIBIOTEPE KJIMEHTA TPUJIOKEHUA A; CKOpe€e BCEro, 3Ta TOYHOCTb
HEBbICOKa. l'[oaTomy B [TACCUBHOM DEXHUME U3MEDPSAIOT T€ XapaKTePUCTHUKH, KOTOPbIE HE Tpe6leT
CUHXPOHU3ALMU N€pelaTiNKa U IPUEMHHUKA, HAlIpUMED, OIEHUBAIOT AOJII0 NOTEPAHHBIX ITAKETOB.

Bo3MoxHbIM BApHaHTOM MTaCCUBHOW CXeMbl U3MEPEHHH SIBJISIETCSI OTCYTCTBUE BbIAETIEHHOTO Cep-
Bepa-u3MepuTesst. HekoTopble NPUIOKEHNS CAMH BBIOJHSIIOT U3MEPEHUsI 33[iePXKeK MOCTya-
IOLIMX [TAKETOB, HANpUMep, TaKuMK GyHKIMsAME 001a1a10T MHOTHE Tpuioxedus [P-tesedonun
¥ BUJeoKoH(pepeHNH, Tak Kak THGOPMalUs O 3a/IepP>KKaX MMaKeTOB IOMOTaeT ONPeeUTh BO3-
MOJXHYIO IPUYHHY HEeyJOBJIETBOPUTEIBHOTO KauyeCTBa pabOTHI PUIOKEHHS.
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XapaKkTtepucTukm 3aaepxeK NnakeTos

ﬂ]lﬂ OLUEHKH MPOU3BOAUTEJIBHOCTH CETU UCIIOJIb3YIOTCA PAa3JINYHBIE XaDAKTEPUCTHUKHU 3aA€PXKEK,
B TOM YHUCJIE!

O oaHOCTOpPOHHSIS 3a/IeP)KKa MAKETOB;
O Bapuaumst 3a71epXKKH MaKeETa,

O Bpems peakuuu cery;

O BpeMst 06opoTa nakera.

EauHnyHoe 3HaYeHne ORHOCTOPOHHEW 3aaepxku naketa (One-Way Delay Metric, OWD) onpeae-
NIEHHOrO TUNAa — 3TO UHTEPBaNn BPEMEHN MEXAY MOMEHTOM NOMELLEHUS B UCXOAALLYIO TUHNIO CBA3N
nepsoro 6uTa naketa y3noM-oTnpaBuTeNneM 1 MOMEHTOM Npuema nocseaHero GuTta nakerta ¢ BXxoaaLen
NIMHWM CBA3W y3na-nonyyarens.

ITox onpeaeneHHbIM THIIOM MaKeTa MOHUMAETCS MAKeT, KOTOPbIH UMeeT HEKOTOPbIN 3apaHee
onpejeJeHHbIA Habop MPU3HAKOB; UMM MOTYT ObITh, HAPUMED, pa3dMep MaKeTa, TUI NPUJIO-
JKE€HUS, CTeHEPUPOBABILETO IaKeT, TUIl IPOTOKOJIa TPAHCMIOPTHOTO YPOBHSI, KOTOPBI /I0CTaBM.I
MaKeT, a TAK)Ke HEKOTOopblIe JIpyTHe.

Tak Kak B 3TOM oIpeleJieHUH YYUTHIBAETCSI BpeMsi Oydepusanuu (cepuain3aiim) nakera ys-
JIOM-TIOJIyyaTeJsieM, TO 33/IeP>KKa 3aBUCHUT OT Pa3Mepa MaKeTa, U Jist 0JTy4YeHUs CONOCTABUMBbIX
Pe3yJIbTAaTOB JKeJATeIbHO B ONPe/le/IeHUH THIA MAKETOB 33/1aBaTh OMpPeleIeHHbIN Pa3Mep MaKeTa.
OrnpeziesieHrie BpeMeHH 33/1€PXXKH ¢ y4eToM Oydepusaiiu ynpoiuaeT n3MepeH1e BpeMeH  pU-
X0/1a MAKeTa, TAK KaK [IPOrPAMMHO €ro MOXKHO U3MEPUTH TOJIbKO MOC/Ie 3aBEPIIEHHUST 3alIUCH BCEro
nakera B 6ydep onepannoHHoit cucteMbl. KpoMe TOro, nNpu nosiy4eHun ToJIbKO OJHOTO IEPBOTO
6uTa MMaKeTa HEBO3MOXHO MOHSATh, OTHOCUTCSI JIM MTAKET K MHTEPECYIOLIEMY THITY.

[lns1 HeKOTOPBIX NPUJIOXKEHNH OYeHb BaKHA 8apuayusi 3aJIeP>KKH NMakeTa, KOTOPYIO TaKxKe Ha-
3bIBAIOT JKUTTEPOM (jitter). Tak, mpu BOCIIPOM3BEIEHUH BUAEOKIIMIIA caMa 110 cebe 3aepiKKa
He OYeHb CYUIECTBEHHA, HATIPUMeP, eCJIM BCe MAKeThl 33[1ePXKUBAIOTCSI POBHO HA 1€CSITh CEKYHI,
TO KaYeCTBO BOCTIPOM3BE/IEHUsI He IIOCTPAAET, & TOT (PAKT, YTO KAPTUHKA MOSIBASIETCS] Yy Th [103-
e, 4eM ee OTOCJIall CEPBEP, JaXke He OY/IeT 3aMeueH NoJib3oBaTesieM (XOTS B MHTEPAKTUBHBIX
BUIEOTIPUJIOKEHUSIX, TAKUX KaK BUIEOKOH(EPEHIINH, TOA00Has 3aiepxKKa OyaeT, KOHEYHO, yiKe
OLIYTHMO Pa3/paxkaTb). A BOT €CJIM 3a/IePXKKH MOCTOSTHHO U3MEHSIIOTCS B [IPe/iesiaX OT Hy.JIsl 10
10 cexyH/, TO KauecTBO BOCIIPOM3BENEHHS KJIMIA 3aMETHO YXYAIUUTCS, U J1JIsi KOMIIEHCA WU
TaKMX MepeMeHHbIX 33/IepKeK HyKHa MpeBapuTeIbHast Oydepu3salins NOCTYNAIIMX [1AKETOB
B TeueHHe BPEMEHH, NPEBBIIAIOLIET0 BAPUALIMIO 33/1€PXKKH.

EnuHnqHOe 3HaYeHe Bapuaummn 3afepxKu onpeaenseTcs CTaHAapToM Kak PasHOCTb OAHOCTOPOHHWX
3aAepXeK ANA Napbi NAKEeTOB ONPEAENEHHOro TNA, MOMIHEeHHbLIX HA MHTepBane namepexni T,

Kak ¥ 1711 0JHOCTOPOHHEN 33/IEPXKKH, THIT HAKETa MOKET 3a/1aBAThCsI JTIOOBIMU MPU3HAKAMM, TTPH
3TOM pa3Mepbl 060UX MTAKETOB 0JKHBI ObITb OMHAKOBbIMU. BHIOOP Napbl akeToB Ha MHTEpBaJle
usMepeHust T 10J1KeH OCYIECTBSTHCS] B COOTBETCTBUM ¢ HEKOTOPBIM 3apaHee IPUHSITBIM Ipa-
BusioM. Hanpumep, mapbl MOTYT 06pa3oBbIBATbCS U3 BCEX MOCJIEN0BATEIbHBIX MTAKETOB, TIOJYYEH-
HbIX Ha UHTEPBaJie; IPYTUM IIPUMEPOM SIBJSIETCS BbIGOP MAKETOB C ONpeeJeHHbIMA HOMepaMu
B [10CJIEI0BATEJLHOCTH MOJTyYEHHBIX TAKETOB, HAPUMEP, akeToB ¢ HoMepamu 1,5, 10, 15 u T. 1.
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Bpems peakuum ceTu onpenenseTca kak UHTepBan BPEMEHU MEX Ay OTNPaBKO 3anpoca nosbL30Ba-
TeNs K kKakon-nmbo ceTeson cnyx6e n nony4eHnem oTBeTa Ha 3TOT 3anpoc.

BpeMsi peakiuu ceTH NpecTaBJsieT cOO0M HHTErPATbHYIO XapaKTEPUCTHKY TPOU3BOAUTEIBLHO-
CTH CETH C TOUKH 3peHUsI [0J1b30BaTe s, VIMEHHO 3Ty XapakTepUCTHKY UMeeT B BUAY N0JIb30Ba-
TeJIb, KOraa roBOpUT: «CeroiHsi ceTb paboTaeT MeJIEHHO». BpeMst peakiiiu MOXHO PeACTaBUTD
B BU/IE HECKOJIBKUX CJIaraeMbix, Harpumep (puc. 5.6):

O BpeMeHU NOATOTOBKHU 3aMPOCOB HA KJIMEHTCKOM KOMIIBIOTEDPE (fxnuenm1);
BpeMeHHU Mepeayy 3alpocoB MEXAY KIUEHTOM U cepBepOM 4epe3 CeTb (feems);
BpeMeHH 00pabOTKH 3a1POCOB Ha cepBepe (feepoep);

BPEMEHHU Nepe]ayd OTBETOB OT CEPBePa KJIMEHTY uepe3 CeTb (CHOBA feemy);

O0DO

BpeMeHH 00pabOTKH MOJIyYaeMbIX OT CEPBEPA OTBETOB Ha KJIMEHTCKOM KOMIIBIOTEPE ({ymuenm?2)-

Puc. 5.6. Bpema peakuuu n sBpems o6opoTta

BpeMsi peakiuu ceTH XxapaKTepu3yeT CeTh B 1IeI0M, B TOM YHMCJIe Ka4eCTBO PaboThl AMapaTHOro
1 IPOrpaMMHOro obecrieyeHus: cepepoB. UTOObI OT/IETBHO OLEHHTh TPAHCIIOPTHBIE BO3MOXHO-
CTH CETH, UCTIOJIb3YETCS APYTrasi XapaKTePUCTHUKA — BpeMsi 000pOTa aHHBIX [0 CETH.

Bpemsa o6opoTa nakera (Round Trip Time, RTT) onpeaenseTtcs kak UHTEPBan BPEMEHN Mexay oT-
npaBkou rrepBoro 6UTa Nnaketa onNpeaeneHHoro TUna y3nomM-oTnpasuTeNneM y3ny-nosnydartesnio 1 nony-
4YeHueMm nocsegHero 6uta aTOro NakeTa y3nom-oTnpasuTeNnemM Nocne Toro, Kak nakeT Hbin nonyveH
y3NOM-nonyyaTenem u otnpaeneH o6partHo.

Bpemst 060poTa nakerta siBJsieTCs: COCTABISIONIEeNd BDEMEHH PEAKLUK CETH — 3TO «UHCTOE» Bpe-
Msl TPaHCIIOPTUPOBKH JaHHbBIX OT y3J1a OTIIPABUTEJIS /10 Y3J1a Ha3HaueHus 1 06paTHo Ge3 yuera
BpPeMeHH, 3aTPayeHHOTO Y3/10M Ha3HaYeHUsI Ha MOATOTOBKY OTBeTa:

RTT = 2 X teems.

RTT siBasieTcst yno6HO#M 1/is1 ©U3MEPEHUI XapaKTePUCTUKOM, TaK KaK /1151 ee [0JyYyeHUs He
TpebyeTcst CHHXPOHM3ALMS Y3J1a-0OTIIPABUTEIS U Y3J1a-TI0JydaTeis: y3eJa-0TIPaBUTeNb CTAaBUT
BPEMEHHYIO OTMETKY Ha OTIIPABJISIEMbIN MAKET, @ 3aT€M M0 MPUOBITUH €T0 OT Y3J1a-[0IyJaTens
CPaBHHMBAET 3TY OTMETKY CO CBOUM TEKYLIUM CUCTEMHbIM BpeMeHeM. OiHaKo MH(GOPMaTUBHOCTD
BpeMeHH 060pOTa MeHbIlle, YeM OHOCTOPOHHEH 331€PXKKH, TaK KaK HHGOPMalUs 0 3aepxKKe
B KaKJIOM HallpaBJeHUH TEPSIETCs, a 3TO MOKET 3aTPYAHUTD MOUCK MPOOIEMHOTO MYTH B CETH.

ﬂflﬂ Ka)kKI0U U3 PACCMOTPEHHDBIX 3/IECHh XaPAKTEPUCTUK, KaK MPAaBUJIO, BBIYUCIAIOTCA UX CTATUCTH-
4YeCKHe OLleHKHN — MaKCUMaJIbHble, MUHUMAJIbHbIE U CpEIHWE 3HAYEHWs, Me[IuaHbl, KBAHTWUJIU U AP.
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XapakTepucTukKu CKOpPOCTU nepeaaumn

CkopocTb nepesauu AaHHbix (information rate) usmepsieTcst Ha KaKOM-JM00 POMEXYTKE Bpe-
MEHH U BBIYHCJISIETCST KAK YaCTHOE OT JlesieHust 00'beMa NepeaHHbIX 3a 9TOT ePUOJ IAHHbIX Ha
NpOAO/KNTENbHOCTD Neproaa. OHa U3MepsieTcs B Ka/lpax, [akeTax, buTax uiu GaiiTax B CEKyH-
ay. JlaHHast XapaKTePUCTUKA BCETAa MO OIPeNe/IEHUIO SIBJISIETCS CpedHel CKOPOCTBIO Tepeiaunt
JaHHbIX. OIHAKO B 3aBUCUMOCTH OT BEJIMYMHBI HHTEPBAJIA, HA KOTOPOM U3MEPSIETCS CKOPOCTh,
AJ151 9TOH XapaKTePUCTUKHU TPAIULIMOHHO UCIIOIb3YeTCst OMHO M3 IBYX HANMEHOBAHWIA: CpeHsIst
WJIM MTHOBEHHAsl CKOPOCTb.

Cpennsisi ckopoctb nepeaum AaHHbix (Sustained Information Rate, SIR) — 310 cpeanecpouHas
xapaktepuctuka. OHa onpezessieTcss Ha OTHOCUTENBHO 6OJIBIIOM NepHO/e BPEMEHH, 10CTATOU-
HOM, 4TOOBI MOXKHO OBLJIO TOBOPUTH 00 YCTOWYMBOM IIOBEAEHUM TAKOW CAyYaHOU BEJHYUHbI,
KOTOpPOH s1BJIsieTCsI CKOPOcThb. CpelHsisi CKOPOCTh JOJDKHA HCIIOIb30BAThCS B IIApe C IIAPaMeTpoM,
OTOBAPUBAIOLINM 1epuod Konmpoas (Mepruol U3MepeHHsl) 3Toi BeIM4uHbl, Hanpumep 10 cexyH.
ITO 03HAYaAET, UTO CKOPOCTh HH(MOPMAI[MOHHOTO OTOKA BeiuucasieTcst Kaxasie 10 cekyna. Eciu
OblI TaKME KOHTDPOJIbHbIE U3MEPEHHSI He IPOBOAUJIMCD, TO ITO JIMIIMJIO Obl OJIb30BATENSA BO3MOX-
HOCTH NpeIbsIBJAATh IPeTEH3UHU TIOCTABIMUKY B HEKOTOPBIX KOH(IMKTHBIX cuTyauusix. Hanpu-
Mep, eCJIH NOCTABIIVK B OAVH U3 IHEN MecsiLa Booblie He OyeT nepeaaBaTh M0JIb30BaTENbCKUH
Tpad MK, a B OCTaJbHbIe AHU PA3PEUIUT MOJIb30BATEIO MPEBBIIATH OTOBOPEHHBII Mpeaes, TO
CPeAHsIsl CKOPOCTDb 3a MeCsI1 OKaXkeTcs B HopMe. B 3Toit cutyanuyl TOIbKO peryasipHblii KOHTPOJIb
CKOPOCTH ITOMO>KET I10J1b30BaTEJI0 OTCTOSITh CBOM TIPaBa.

MrHoBeHHas ckopocTb nepenauu AaHubIx (Instantaneous Information Rate, IIR) — aTo kpartko-
CPOYHast XapaKTepPUCTHKA, PaBHAast CpelHel CKOPOCTH HA OYeHb KOPOTKOM UHTepBaJie BPEMEHU.

MrHOBeHHas1 CKOPOCTb, U3MEPEHHASI HA UHMepPaie nepedauu naxema, paBHa GUTOBOM CKOPOCTH
TMIPOTOKOJ1a (PU3NYECKOTrO YPOBHSI (HApUMep, 1Jisi naketa ctaHaapra 1Gigabit Ethernet ona paha
1 I'6ut/c) v paBHa HYJTIO B MHTEPBAJIaX MEXK/Ly NlepelayaMu nakeToB. Bee makersl, nepegasaembie
T10 KaHAJIaM CBSI3W OJHOTO Y TOTO JKe CTAHAAPTA, UMEIOT 00HY U MY He MZHOBEHHYIO CKOPOCTD. DTa
CKOPOCTb — ITOCTOSIHHASI BEJIMYMHA, OHA He 3aBUCUT HU OT 00beMa NMAKETa, HU OT XapaKTEPUCTHK
MIOTOKA, K KOTOPOMY OH OTHOCHTCST; HE MOXET OBITb HM YMEHbIIIEHA, HH yBeIMUYeHa.

NMPUMEYAHUE

3aMeTuM, 4TO Bblllle Mbl TOBOPUJIM O CKODOCTH Nepeiayt OTAEIbHOrO NnakeTa. /[pyroe fejio — cKopocTh mo-
TOKa naketoB. B aToM ciyyae n3aMepeHre CKOPOCTH BBITOJIHSETCSI HA OTHOCUTEJIBHO GOJIbIIOM HHTEpBaJle
BpeMenH (60.1b1lIeM, YeM BpeMsl TTepe/1auy OJHOTO MAKeTa), B Te4eHHe ITOTO BPEMEHU MOXKET IepeaBaThCst
pazHoe, HO, KaK MPaBUJIO0, 60JIbILIOE KOJIMYECTBO NakeToB. Kak ciiefyer U3 onpesiesieHnusi CKOPOCTH, 4eM 6oJlb-
11e 0ObeM NepeaBaeMbIX IaHHbIX (KOJMYECTBO MePeIAHHbIX [TAKETOB ), TEM BbIllie CKOPOCTb. Y ueM Gosiblie
MHTepBaJIbl MeX/y NMaKeTaMH, TeM HHXKe CKOpocTh. OUeBUIHO, YTO B OTJIMYME OT CKOPOCTEN OTAETbHBIX
MaKeTOB, MOTOKHU JJaHHBIX MOTYT Il€PeIaBaThCs MO OAHOMY U TOMY K€ KaHally C Pa3HbIMU CKOPOCTSIMH, HO
[IPH 3TOM CKOPOCTH [IOTOKOB He MPEBOCXOJISIT MPONYCKHYIO COCOGHOCTb KaHAJIA.

Bapuauus MrHOBeHHO#H CKOPOCTH, TO €CTh CTeNeHb OTKJIOHEHUS] MTHOBEHHbBIX 3HAYEHUHN OT
cpeiHel CKOPOCTH, XapaKTepu3yeT HeEPaBHOMEPHOCTD TpaduKa.

Ha puc. 5.7 noka3aH peasnbHblii rpacdMK M3MEHEHUsI CKOPOCTH BbIXOAHOTO TpaduKa, nepejanae-
MOTO OT YHHBEPCHUTETCKOTO KaMIlyca K cepBepaMm MpoBaiiiepa B TedeHne paGouero aHs (HUKHUIMA
rpaduk onuceiBaeT BXoAHOI Tpaduk). Ha rpaduke umerorcs yyactku, umeroiue GopMmy nukos,
Ha KOTOPBIX MTHOBEHHAsl CKOPOCTb 3HAYMTEJbHO OTJIMYAETCs] OT cpe/iHel. Takue yyacTku Ha-
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3bpIBaIOT MyJbcauuamu. Ha pucynke otMeuensl nyavcayus 1 v nyavcayus 2. Kaxnaast u3 Hux
XapaKTepU3yeTCsi NePHOAOM ITyJIbCAlMH U TUKOBOW CKOPOCTBIO.

ITukoBas ckopoctb nepeaayu Aanubix (Peak Information Rate, PIR) — ato cpeansis ckopoctsb
Ha nepuoze nyabcauuu. [InkoBast CKOPOCTbH SIBJISIETCSI KPATKOCPOYHOM XapaKTEPHUCTHKOI,
OHA OTPaXkaeT COCOOHOCTb CETH CMPABJSATHCS C MUKOBBIMU HArpy3KaMH, XapaKTepHBIMA
A1 yJAbcupylolero TpaduKa ¥ NPUBOASILIMMU K neperpy3ke. Eciu nepuon ycpeanenus
B ONpe/leIeHUH TMKOBON CKOPOCTH BBIOPAH JOCTATOYHO HEOOJBILMM, TO MOXHO FTOBOPUTD,
4TO MUKOBAsi CKOPOCTD sIBJISIETCS 33/laHHBIM BEPXHUM IIPeAesIOM I MTHOBEHHOI CKOpPOCTH
IMMOJIb30BATE/bCKOTO IMOTOKaA.

Puc. 5.7. CkopocTb nepenaun Tpaduka. NMynscaumm

Beauuuna myascauuu (06614HO 0603HauaeMasi B oT aHTJL. Burst) Ciy>XKUT 11t OEHKK €eMKOCTH
6ydepa KoMMyTaTOpa, HEOOXOAUMOTO JIJIsi XPAHEHUs IAHHBIX BO BpeMsi neperpy3ku. Besmunna
MyJbCallMi paBHa 061IEMY 06bEMY JIaHHBIX, TOCTYNAIOIINX HA KOMMYTATOP B TeYEHHE MEPUOIA
nyascaunu T nepenaun faHHBIX ¢ MHKOBOM ckopoctsio (PIR): B=PIR x T.

Eie oaHo0it XxapakTepUCTHKOI HEPABHOMEDHOCTH T€Pelayyl JAHHBIX sBJsIeTCS] KO PUIHEHT
nyJabcauuu Tpadpuka — 3To OTHOLIEHHE MAKCUMAJIBHOI MHKOBOI CKOPOCTH K CpPelieil CKopo-
ctu TpadMKa, U3MEPEHHOI 3a AUTeNbHbIH Nepron BpeMeHH. HeonpeaeseHHOCTh BpeMeHHBIX
IIePUOZOB JeaeT K03 ULIMEHT MyJIbCallMU KauecmeeHHOU XapaKTepUCTHKON TpaduKa.

CKOpOCTHBIE XapaKTePUCTUKH TIpollecca MepeAayy JaHHbBIX UTPAIOT BAXKHYIO POJIb B OTHOLIEHH-
AX MIOCTABIIUKA YCAYT ¢ KAneHTaMu. B coznawenuu SLA 06 yposre ycayz nposaiiep yka3biBaeT
orpaHuyeHust Ha TpauK, nepeaaBaeMblil KJIMEHTOM, B BU/le MAKCHMAJIbHO JJOyCTUMOMH CKO-
pPOCTH Ha 3alaHHBIX UHTepBasax ycpeaHenus. Horaa B cornamenuu SLA durypupyet oaiH
TaKo# nepuo/l, uHorna 6oJblIe — TOraa peyb uaeT 00 OrPaHUYEHUSIX HA CKOPOCTH, BHIYMCJIEH-
HBIX 110-Pa3HOMY, HAllPUMep, Ha MPOJAOJKMTEIbHOM M Ha KOPOTKOM MEPUOAAX YyCPeJHEHMS,
4TO MO3BOJIsIET GoJiee TOYHO OMUCATD MPOLECC Mepefadyr MyIbCHPYIOIEro KOMIbIOTEPHOTO
Tpaduka uepe3 cetb. Ha puc. 5.8 nokasanbl orpaHMueHus1 NpoBaliiiepa Ha MAaKCHMaJIbHO /10~
NMyCTHMYIO CPEHIOI0 CKOPOCTh I MAKCHMAJIbHO JOMYCTHMYIO MIHKOBYIO CKOPOCTb 0.1b30-
BaTeJIbCKOro TpaduKa.

CKOpOCTb Mepe/iauy JaHHBIX MOXHO M3MEPATh MEX/Y JIIOObIMU ABYMSI Y3JIaMH, HJIM TOUKAMHU,
CeTH, HallpUMep, MKy KTHEHTCKUM KOMIIBIOTEPOM ¥ CEPBEPOM, MEX/1Y BXOAHBIM U BbIXOIHBIM
nopTaMHu MapuIpyTH3aTopa.
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Puc. 5.8. OrpaHunyeHus nposanaepa Ha CKOPOCTb NONb30BATENLCKOro Tpaduka

XapakTepucTUKn HageXxHoCTu ceTm

B ToM ciyuae, ecsii nakeT He puObLI B y3€/ HA3HAYEHUs 32 HEKOTOPOE [0CTATOYHO GoJTblIoe
BpeMst (TOYHOE 3HAYEHUE OMpeesieT Pa3padOTYMK CUCTEMbI U3MEPEHUH ), TAKET CYUTAETCST
yTEPSIHHBIM.

B kauecTBe XapaKTEPUCTHKK MOTEPb NTAKETOB UCTIOMNB3YETCS A0S NOTEPSIHHBIX MaKeToB (000-
3Ha4WM ee L), paBHasi OTHOUIEHHIO KOJIMYECTBA MOTEPSIHHDBIX MaKeTOB (N1) K 0611eMy KOJMYECTBY
nepeiaHHbIX naketoB (N):

L=N/N.

MoeT UCroIb30BAaThCS U aHAJOTUYHASI XapaKTEepUCTHKA, ONMEpHUPYIOLIas HE KOJINYECTBAMHU
NOTEPAHHDBIX U IIEPE/JaHHBIX MAKETOB, a obbemMaMu JIAHHBIX, COAEPKAIIUXCA B 9TUX ITAKETAX.

J1s1 onrcaHus HaZIeXKHOCTH OTAEJIBHBIX YCTPONCTB CJIY’KaT TaKHe MoKa3aTeu HaleXKHOCTH, KaK
cpeaHee BpeMsi HAapaOOTKH Ha OTKa3, BEPOSTHOCTb OTKa3a, HHTEHCHBHOCTb 0TKa30B. OHaKo
3TH TIOKA3aTeJIM PUTOLHBI TOJIBKO /J151 OLIEHKH HA/Ie)KHOCTH MPOCTHIX 3JIEMEHTOB M YCTPOMCTB,
KOTOPBIE NP OTKa3e JI000ro CBOEro KOMIIOHEHTA NEPEXO/ISAT B HEPaGOTOCIOCOGHOE COCTOSIHHE.
CJ10KHbIE CUCTEMBI, COCTOSILIME U3 MHOTMX KOMIIOHEHTOB, MOTYT IPU OTKa3e OZAHOTO 3 KOMIIO-
HEHTOB COXPAHSITh CBOIO Pab0OTOCIOCOGHOCTD. B CBsI3H ¢ 3TUM /U151 OLIEHKH HA/IEXKHOCTH CJIOXKHBIX
CHCTEM NIPUMEHSIETCS APYTOil HAOOP XapaKTEPUCTHK.

AocTynHocTs (availability) osHadaer nono Bpemenn, B Te4eHre KOTOPOoro cuctema unm cnyxba Ha-
X0ouTCH B paboToCcnOCOBGHOM COCTORHUM.

JlocTynHOCTb 5IBASIETCS JOJTOBPEMEHHON CTATMCTUYECKON XapAaKTEPUCTHKOIA, 1109TOMY U3Meps-
eTcst 3a 6OJIBINO MPOMEXKXYTOK BPEMEHH, KOTOPHIM MOKeT ObITh 1eHb, Mecsii Hiu oy, [Ipumepom
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BBICOKOTO YPOBHSI IOCTYTHOCTH SIBJISIETCS] KOMMYHHKALOHHOE 000pya0BaHue TeiehOHHbIX ceTeld,
JIyqILKe TPEACTABUTENN KOTOPOTo 00/1aJa10T TAK HAa3bIBAEMOI IOCTYTHOCTDIO «IIATh AEBATOK» . ITO
03HayaeT, YTo JAOCTYNHOCTh paBHa 0,99999, uTo cooTBeTCTBYET UyTh HOJIEE 5 MUHYTaM MPOCTOSI
B rO/I. 3aMETHMM, UTO CYLIECTBYIOLIEE 0OOPYAOBAHUE U YCYTH NEPeIayy AaHHBIX TOJBKO CTPEMSITCS
K TaKOMY pybexy, Ho pybex Tpex AeBSITOK y)Ke ZOCTUTHYT. JJOCTYIHOCTD YCIYTH SIBJSIETCST YHU-
BEPCATbHOM XapaKTEPUCTUKOM, KOTOPask BaXKHA KAK T0JIb30BATE/ISIM, TAK U MOCTABIINKAM YCJIYT.

Eute ofHO# XapaKTEepUCTUKOM HaIeX)KHOCTH CJIOKHBIX CHCTEM SIBJISIETCS OTKAa30yCTOHYHBOCTD
(fault tolerance). IToa 0TKa30yCTONYMBOCTHIO MOHMMAETCS CITOCOOHOCTb CUCTEMBI CKPBIBATh OT
N0/1b30BaTes1 0TKa3 OT/AE/bHbIX €€ 2JIeMEHTOB.

Hanpumep, ecii KOMMYTaTOp OCHALIEH ABYMSI KOMMYTallAOHHBIMU LIEHTPaMH, PaboTaoLIUMK
[TapaJlIe/IbHO, TO OTKA3 OJHOTO WX HUX He TIPUBEJIET K MOJHOM OCTAaHOBKe KOMMyTaTopa. OiHaKo
[IPOM3BOANTEIbHOCTh KOMMYTATOPa CHU3UTCS, OH OyzieT 06pabaThiBaTh MMAKETHI BIBOE Me/1JIEH-
Hee. B 0TKa30ycTOHYMBOI CHCTEME OTKA3 OJHOTO U3 €€ 3JIEeMEHTOB PUBOAUT K HEKOTOPOMY
CHW)XEHHIO KauecTBa ee paboThl — JerpajalMu, a He K MMOJIHOM ee ocTaHOBKe. B kayecTBe ele
OJIHOTO TIPUMePa MOXKHO Ha3BaTh UCIIOJIb30BAHUE ABYX (PM3MYECKUX KAHAJIOB JUJISI COENUHEHUS]
KOMMYTaTOpOB. B HOpMaibHOM pesxuMe paboThl TpPahUK MepeAaETCs MO ABYM KaHAAaM CO CKO-
poctbio C Mburt/c. Ilpu oTkase ogHoro u3 Hux Tpaduk OyayT NPOAOJIKATH [IEPEAABATHCS, HO
yxe co ckopocTbio C/2 M6uT/c. OnHAKO U3-3a TOTO, YTO BO MHOTHX CJIyYasiX KOJMYECTBEHHO
onpeleauTh CTEMEHH AeTPafaliy CUCTEMbI MM YCAYTH JOCTATOYHO CIOXKHO, OTKa30yCTOMYM-
BOCTb Yalile BCEro MPUMEHSIeTCSI KaK KaueCTBEHHAsi XapaKTePHCTHKA.

XapakTepucTuku ceTn nocrasLimKa ycnyr

PaccMOTpUM OCHOBHBIE XapaKTE€PUCTUKY, KOTOPBIMHU ONIEPHPYET MOCTABLIMK YCJYT, OLEHMBAsI
3P HEKTUBHOCTb CBOEH CETH. DTH XapaKTEPUCTUKU — PACUIMPSIEMOCTD, MaCIITabUPyeMOCTb,
YNIPaBJISIEMOCTb U COBMECTUMOCTb — SIBJISIIOTCSI KA4€CTBEHHBIMMU, TO €CTh He MOTYT OKThb BbI-
pakeHbl YMCIAMHU U COOTHOUIEHUSIMH.

TeledeI «pacClINPAEMOCTb» U «MaCUITa6VIpyeMOCTb>> WHOT/Za UCITOJIb3YIOT KaK CUHOHHUMBI, YTO
HEBEPHO. inIHLIPlHI/IaJIbele CMBICJIOBBIE€ PA3J/INYUA 3dKIHOYAIOTCA B CJIEAYIOLIEM.

PacwumpsaeMocTb 03Ha4aeT BO3MOXHOCTb CPABHUTENLHO NPOCTOro A06aBNEHNS OTAENbHLIX KOMNO-
HEHTOB CeTu (Nonb3oBaTenen, KOMMbIOTEPOB, NPUNOXEHUI, CYX6), HapaLLMBAHUA OTMHBI CEFMEHTOB
kabenewn 1 3ameHbl CyLLECTBYIOLEH annapaTypbl 60onee MOLLHON.

[Ipy 3TOM NPUHUMITHANBHO Ba’KHO, YTO MPOCTOTA PACUIMPEHHUS CUCTEMBI HHOTA MOXeET 06e-
CreYuBaThCs B onpederentbix npederax. Hanpumep, nokanbHast cets Ethernet, moctpoenHnas
Ha OCHOBE O/IHOTO Pa3/IeJIIEMOr0 CETMEHTA KOAKCHAIbHOTO Kabesist, 06/1a1aeT XOpOoIle paciiu-
PSIEMOCTBIO B TOM CMBICJIE, YTO T103BOJISIET JIETKO NMOAKJIIOYATh HOBble CTaHUMU. OHAKO Takast
ceTh MMeeT OrpaHMY€eHHe Ha YHUCJI0 CTAaHLIMH, KOTOpoe He 10/KHO nipeBbimiaTh 30—40. Xots ceTsb
JonycKaeT GU3MYecKoe TOAKTIOUEHHE K CETMEHTY ¥ 6oJiblrero yucaa cranuuit (1o 100), npu
3TOM Pe3KO CHHIKAETCsI NPOU3BOAUTENBHOCTD ceTH. Hanmnuue Takoro orpaHu4eHust U SIBJSIETCSI
NPU3HAKOM TJIOXOM MacLITAOUPYEMOCTH CHCTEMBI IPU €€ XOPOLLIEN PacIiNPsEMOCTH.

MacwrabupyemocTb 03Ha4aET, YTO CETb MO3BOJISET HAPAWMBATL KONIMHECTBO Y3N10B U MPOTAXEHHOCTL
CBSi3€i B O4EHb LWMPOKUX Npeaenax, Npu 3ToM NPON3BOANTENBHOCTL CeTU HE CHUXAEBTCH.
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[lis obecniedeHust MacITaOMPYEMOCTH CETH IIPUXOAUTCS] IPUMEHSITD AOMOJHUTEIbHOE KOMMY-
HMKallMOHHOE 000pPYA0BaHKE U CHIELMATBHBIM 00pa30M CTPYKTYPUPOBATh ceTb. OOGBIYHO MaCIIITa-
6upyemoe pelueHue 06J1a1aeT MHOTOYPOBHEBO# HEPAPXUUECKOM CTPYKTYPOid, KOTOPAst MO3BOJISIET
N00ABJATD 3JIEMEHTBL HA KaXXOM yPOBHE Hepapxuu 6e3 U3MeHEeHUs! TJIaBHOM Uilen NIPOEeKTa.
[IprMepoM X0opolo MaciITabupyeMoi cetu sipisieTcst VInTepHet, TexHosnorust kotoporo (TCP/
IP) okazanach ciocoOHON NOAEPKUBATD CETh I106AIBHO, TO €CTh B MacITabax 3eMHOrO Liapa.

He Tosbko cama ceThb 10/KHA OBITH MACIITAOUPYEMOH, HO M YCTPOMCTBA, paboTarol1e Ha Maru-
CTpaJIN CETH, TAK)KE OJKHBI 00IAIaTh 3TUM CBOMCTBOM, TAaK KaK POCT CETH He [JOJIKEH MPUBO-
ANUTh K HEOOXOAMMOCTH NOCTOSTHHON cMeHbI 060pynoBanust. [[03ToMy MarucTpaibHble KOMMYTa-
TOPBI M MApIIPYTH3ATOPbI CTPOSITCST OOBIYHO 110 MOYJIBHOMY IIPHUHIIUITY, TO3BOJIsIs HAPALIMBAT
KOJIM4ECTBO HHTeP(EHCOB U NPOU3BOAUTENLHOCTb 0OPAGOTKH 1aKETOB B LIMPOKUX [pejieax.

yﬂpaBJlﬂeMOCTb CETH IT0APa3yMeBaeT BO3MOXHOCTb HEHTPAJIM30BAHHO KOHTPOJIUPOBATDH COCTO-
sAHHUE OCHOBHBIX 3JIEMEHTOB CETH, BBIABJIATD U pa3peliaTb l'[pO6JIeMbI, BO3HUKaloNue npu pa60Te
CEeTH, aHAJIM3UPOBATH NPOU3BOJUTEJIBHOCTD U IIVIAHUPOBATH PA3BUTHUE CETHU.

YnpaB/sieMoCTb NPeANoaraeT HalMyue B CETU HEKOTOPBIX aBTOMAaTH3MPOBAHHBIX cpedcms ao-
MUNHUCTIPUPOBAHUSL, KOTOPbIE B3AUMOJENCTBYIOT C IPOTPAMMHbBIM M alllapaTHbIM obecriedeHreM
CETH C MOMOIIbI0 KOMMYHHUKAIIMOHHBIX TIPOTOKOJIOB. B Meane cpeacTsa aiMMHUCTPUPOBAHMUS
ceTH 00ecneYnBaIOT HAOIO0eHUEe U KOHMPOLb 33 KOKIBIM 3JIEMEHTOM CETH, U OOHAPYKUB IpobJie-
My, aKTMBU3UPYIOT ONpe/ieIeHHOE AeCTBYE, HAPUMED, UCIIPABJSIIOT CUTYAIMIO M YBEIOMIISIOT
AJIMHHUCTPATOPa O TOM, YTO MPOU3OLILIO M KaKKe Mard npeanpuHsaThl. OQHOBPEMEHHO € 3TUM
CHCTeMa aIMMHUCTPUPOBAHUSL 0JUKHA HAKANAUBAT OaHHbIe, HA OCHOBAHUHM KOTOPBIX MOYHO
NJaHUpOBaTh pa3BuTHe ceTH. HakoHell, cMcTeMa aIMUHUCTPUPOBAHUS [OJKHA OBITh HE3aBHU-
cvMa OT NPOU3BOAUTENS U 00/1a4aTh YIOOHBIM UHTEPGDEHCOM, TIO3BOJISIOUIAM BBITIOJIHSATh BCE
NeNCTBHS ¢ OHON KOHCOJIN.

Pelwas TakTMYeCKMeE 334, AAMUHUCTPATOPbI M TEXHUYECKUH MEPCOHA CTAIKUBAIOTCS C €XKe-
JAHEBHBIMU NpoOeMaMU ToAAepKaHust pabOTOCIOCOGHOCTH CETH. ITH 3a4auy TPeOYIOT ObI-
CTPOro pelieHusi, 00CAYKUBAIOIIKMM CETh MEPCOHA N0JKEH OIIEPATUBHO PearupoBaTh Ha CO-
O0IEHUS O HEUCTIPABHOCTSIX, MOCTYIAIOLIME OT M0JIb30BaTe/ei UM aBTOMATMYECKUX CPEICTB
aJIMUHUCTPUPOBaHUsI ceT. [10CTENEHHO CTAHOBATCA 3aMETHBIMU 6oJiee 061He TPOGIEMbI
NPOU3BOANTEIBHOCTH, KOHUTYPUPOBAHKS CETH, 06pabOTKH c60eB U 6E30NaCHOCTH JaHHbIX,
Tpebyolle CTPATErMYECKOTo MIOAX0/a, TO ECTb NIAHUPosanus ceT. [IaHupoBaHe, KpoMe TOTo,
noapasyMeBaeT yMeHHe [IPOrHO3UPOBaTh U3MEHEHUS B TpeGOBaHUSIX M0JIb30BaTeEN K CETH,
peleHre BOMPOCOB O IPUMEHEHNUH HOBBIX MPUIOXKEHHUH, HOBBIX CETEBBIX TEXHOIOIUH U T. IL.

[T0/1€3HOCTD CUCTEM aAMUHUCTPUPOBAHUS 0COOEHHO SPKO MPOSBJSETCA B GOJBIIUX CETAX:
KOPIIOPATUBHBIX MM MyOGJUYHBIX 100abHbIX. Bes cucteM aiMUHUCTPUPOBAHUS B TAKUX CETSIX
noTpe6oBaIoCh OBl ColepKaHKe OTPOMHOTO IITaTa 00CTYKUBAIOLIETO EPCOHAIA.

OpnHako B HacTosilee BpeMst O0JIBIINHCTBO CYLIECTBYIOLIMX CPEACTB BOBCE He YTNPABJISIET CEThIO,
a BCero Jiullb obecrnednBaet Habao0enue 3a ee paboTOM 1 uKCayuU0 BOXHBIX COOBITHI, HATIPH-
Mep OTKa30B yCTPoMcTB. Pexe cucTeMbl aAMMHUCTPUPOBAHMUS BBINIOIHSIOT aKTUBHBIE AefCTBUS,
ABTOMATHYeCKH JIMKBUANPYSI TIOCTECTBHS HEXeIaTeJbHOT0 COOBITUS MM MTPeJJOTBpAlllas ero.

COBMECTHMOCTB, 1/ HHTETPHPYEMOCTb, CETH 03HAYaEeT, YTO CETh CIIOCOOHA BKJIIOYATH B cebst
camMoe pa3HooGpa3Hoe MPOrpaMMHOE U allapaTHoe obecrieueHune, TO eCTh B Hell MOTYT cocylle-
CTBOBATh Pa3/IMYHbIE OMEPALMOHHbIE CUCTEMBI, MOIEPKUBAIOLIKE PA3HbIE CTEKM KOMMYHHKAIH-
OHHBIX IPOTOKOJIOB, a TAKJKe afNnapaTHble CPeACTBA U IPUIOKEHUS OT Pa3HbIX IIPOM3BOAHTEJIEH.
CeTb, COCTOsIINAS U3 PA3HOTUITHBIX 3JIEMEHTOB, HA3bIBAETCST HEOJHOPOJHOM, UJIH 2emepozeHHOl,
a ecJIM reTeporeHHasi ceTb paboTaet 6e3 npobJieM, TO OHa SIBJISIETCS Unmezpuposanioi. OCHOBHOM
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NyTh MOCTPOECHNUA NHTETPUPOBAHHBIX ceTeil — MCIIOJIb30BaHHE MOZIyJICI‘/JI, BBIITOJIHEHHBIX B COOT-
BETCTBUH C OTKPBITBIMH CTAHAAPTAMU U cneunquaummu.

MpunoxeHus n Ka4ecTBo 06CNyXXNBaHUSA

[ToCKOJIbKY CYILECTBYIOLIME MPUIIOXKEHUsI B 00LIEM CIIyYae MPeabsiBJSIOT pasHble TpeOOBaHMS
K KauecTBY 0OC/Ty>KMBaHMsl, BAXKHON 3aj1aueil sIBJISIETCs MX K1acCU(HKALMs B ITOM OTHOILEHHH.
B kauecTBe kpuTepreB Kiaccnbukaumy OyaeM UCIIOIb30BATh CIIeAYIOLINE CBOMCTBA IIPUAOKEHHMIL:

U creneHb paBHOMEPHOCTH MOPOXAAeMOT0 UMHU TpadukKa;
O 4yBCTBUTENBHOCTb MPHUIIOKEHHH K 3aleP>KKaM [1aKeTOB;

a YYBCTBHUTEJIBHOCTD rlpmlox(emn‘& K IIOTE€EPAM U UCKAXECHUSM IMTAKETOB.

CTeneHb paBHOMEPHOCTU Nopoxaaemoro Tpadpuka

B oTHOIWEHHM PaBHOMEPHOCTH TTOPOXKAaeMOro Tpaduka NPUIOKEHHS JesTCs Ha JBa KJacca:
NPUIIOKEHUS C TOTOKOBBIM TPAhUKOM U MPHIIOKEHUS C MYJIbCUPYIOILUM TPa)HKOM.

IIpuioxeHns ¢ MOTOKOBBIM TpadHKOM (stream) MOPOXKAAIOT PABHOMEPHBIH IIOTOK JAHHBIX,
KOTOPbIH MOCTyNaeT B CETh C MOCTOAHHOM OMTOBOI ckopocTbio (Constant Bit Rate, CBR).
B cnyuae koMmyTaumu naxketoB TpaduK TAKMX TPUIOKEHHUI TIpeCTaBasieT coboil mocaenona-
TeJILHOCTD [IAKETOB OMHAKOBOrO pazMepa (PaBHOTO B 6UT), CIeAYIOLIUX APYT 3a APYTOM vepes3
OJIMH U TOT e uHTepBas Bpemenu T (puc. 5.9, a).

Puc. 5.9. NoTtokosbiv (a) 1 nynbcupyowmi (6) Tpadukn
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CBR notokoBoro Tpaduka MOXeT ObITh BbIUMCJIEHA IIyTEM YCPEIHEHUS HA HHTEpBAJIE:
CBR = B/T 6ur/c.

Ipunosxenus ¢ myabcupyromum TpapukoM (burst) OTIMYAIOTCS BBICOKOIA CTENEHBIO HETIPe/-
CKa3yeMOCTH, B 3THX [IPUJIOKEHHUSX MEPUOABI MOJUAHHSI CMEHSIOTCS TYJIbCALUSIMH, B TEYEHHE
KOTOPBIX NMAKeTbI «IJIOTHO» CJIeAYIOT APYT 3a ApyroM. B pesyssrare Tpadmk xapakrepusyercs
nepeMeHHoit 6uroBoii ckopoctsio (Variable Bit Rate, VBR), uto uamocrpupyer puc. 5.9, 6.
Tak, npu paboTte npuaoxeHuit hail10Boro ceppruca HHTEHCUBHOCTH TPaduKa, reHepUPYeMOTo
NPUJIOXKEHHEM, MOXeT TaJaTh A0 HyJisl, Koraa (aiinbl He nepefaroTcsl, U MOBBILIATHCS 10 MaK-
CHMAJIbHO IOCTYITHONH MHTEHCHBHOCTH, OTPAHUYEHHOH TOJIBKO BO3MOXXHOCTSIMU CETH, KOTAA
(aitsioBblit cepBep nepenaet aiia.

Ha pucyHke 110Ka3aHa cUTyalusl, KOT/a 3a NePUOJ AJUTeNbHOCTHIO 5T 1epeiaHo TpU nakeTa
(Bce MakeThl IMEIOT OJMHAKOBBIN pa3Mep B), 3ateM (3a nepuos AIUTeTbHOCTBIO T) epeaHo
5 nmakeToB, a 3a iepuoa AnuTeabHoCThIO 61 — 2 makera. [luxoeoil ckopocmovio TpadyKa SBJISETCS
CKOPOCTb 32 BTOPOIi Mepro/, Koraa 3a Bpemst T 6b1710 nepeaaHo 5 makeros, noatomy PIR = 5B/T.

B T0 Xe BpeMsi cpednas ckopocms nepenauun nanubix (Sustained Information Rate, SIR) 3a Bce
nepuoAbl HabmoaeHui cocrauaa 10B/12T = 5B/6T.

Jl/1s1 IpUBEZIEHHOTO NPUMEPA MOXKHO TIOACYNTATD K03 puyuenm nyavcayuu. OH paBeH OTHO-
ILIEHHIO MMKOBO CKOPOCTH K CpeiHel CKOpocTH TpaduKa, U3MEPEHHOIA 3a IJIUTEIbHBIN NEPUO/
BpeMenu. TakuM 06pasoM, koabduuuenT nyabcauuu pased PIR/SIR = (5B/T)/(5B/6T) = 6.

[Ipakruyecku J060# Tpaduk, naxe TpahuK MOTOKOBBIX MPUTOXKEHHMA, UMEET HEHYJIEBOH
koaduumrenT nyabcaunu. [Ipocro 3HayeHust ko3pdULUMEHTOB MyNbCALIUK Y TTOTOKOBOTO
1 [IyJIbCUPYIOLLETO TPAPHUKOB CYLIECTBEHHO Pa3INYaioTCsl. Y NMPUJIOXKEHNH ¢ My IbCUPYIOLINM
TpauKOM OH 0OBIYHO HAXOAMTCS B mpedenax ot 2 a0 100, a y MOTOKOBBIX MPHIOXKEHHUH OH
6/m30K K 1. B 10Ka/nbHBIX ceTAX KO3 HUILMEHT My ibcalii 0ObIYHO BbIILE, YeM B IJ100aIbHBIX,
MOCKOJIbKY Ha MaruCTpaIsx ra06aJbHbIX ceTed TpaduK npeactanaseT coboit cyMmy TpaduKoB
MHOTHX UCTOYHUKOB, YTO [0 3aKOHY GOJIbIINX YHCEJ] IPUBOAUT K CIIAKUBAHUIO PE3YIBTHPY-
toutero Tpaduka.

HyBCTBMUTE/IbHOCTb NPUIOXXEHUA
K 3aAep)XXKaM NakeToB

Eute osiuH kputepuit KiaccuduKauuy NpUaoKeHU — UX YYBCTBUTEIBHOCTD K 33/1€PXKKAM IaKe-
TOB U UX BapualusiM. [lasiee mepeyrcieHbl OCHOBHBIE THUITbI IPUIOXKEHHH B MOPSIAKE MOBBILIEHHUS
YYBCTBUTEJIbHOCTH K 33/[€PXKKAM [AKETOB:

U acuHXpOHHbIE NPUIOXKEHUA MPAKTUYECKU He UMEIOT OTPAHUYEHUI Ha BpeMsl 3alepXKKHU
(anacmuunviii mpagux). IlpuMep TaKOro NPUIOKEHHUST — JEKTPOHHAS [TOYTa;

U uHTepakTHBHbIE IPWIOKEHHUS. 3aJEPKKH MOTYT ObITh 3aMEYEHbI N0JIb30BATEJISIMHI, HO OHU
He CKa3bIBAIOTCSI HEFATUBHO Ha MYHKIIMOHATIBHOCTH NpuUoxeHuil. [I[pyumMep — TekCTOBBIN
PenaKToOp, paboTAIOIIMIA C YAATEHHBIM (haiioM;

QO u30XpOHHBbIE NPUIOKEHHA UMEIOT TIOPOT YyBCTBUTENBHOCTH K BapHALIMSIM 3a/lePXKeK, NpH
[PEeBbILIEHUH KOTOPOro Pe3KO CHIXXaeTcsl PYHKIMOHANBHOCTh puiioxeHnuit. [Ipumep —
nepejaya roJjoca, Koraa InpH npesbilieH|H nopora Bapuanuuu 3aaepxek B 100-150 mc uc-
Ka)KeHHe r0JI0Ca CTAHOBUTCSI HENPUEMJIEMbIM,;
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O cBepxuyBCTBUTE/IbHBIE K 3a/leP>KKaM MPHJIO0KEHH, 111 KOTOPBIX 3alepXKKa J0CTaBKH
NAHHBIX CBOAMT UX (PYHKIMOHAJIBHOCTDb K HyJ10. [IpuMep — npusoxeHus, ynpasasiouiye
TEXHUYECKUM OOBEKTOM B peanvhom apemeru. I1py 3ana3ibIBAHUH YIIPABJISIOUIETO CUTHAJIA
Ha 06’beKTe MOXKET IPOU30NTH aBapusl.

Boob1ite roBopsi, unmepakmugHocms NPUIOKEHHUS BCETAA MOBBIIIAET €ro UYyBCTBUTENBHOCTD
K 3anep>xkaM. HarmpuMep, mupokoBelaTesibHast pacChliiKa ayIMOMHGOPMAIIUN MOXKET BbIZIEPIKU-
BaTb 3HAYMTeJIbHbIE 33/I€PXKKH B lepesiaye MakeToOB (0CTaBasiCh YyBCTBUTEIbHBIM K BapHalusiM
3aJepKeK), a MHTePaKTUBHBIIT TeepOHHBII WM TeJTeBU3UOHHBIN PAa3roBOP UX He TEPIIUT, UTO
XOPOILO 3aMETHO ITPY TPAHCJISLIMK Pa3roBopa yepe3 CyTHUK. [luTenbHble Tay3bl B pa3roBope
BBOJAT COOECEHUKOB B 3a0JyXK/1€HHUE, YACTO OHU TEPSIIOT TEPIIEHUE U HAYUHAIOT OUYEPENHYIO
¢pa3y 0IHOBpPEMEHHO.

Hapsiny ¢ npuBenenHoil kaaccudukaumeii, Tonko auddepeHInpyoueil YyBCTBUTENbHOCTD
MPUIOKEHWIA K 3a1ePXKKaM 1 UX BAPHALIUSIM, CYILECTBYeT i Goitee rpy0oe aeeHne NpUIoKeHHH
110 3TOMY IIPM3HAKY Ha [IBa KJIaCCa: ACHHXPOHHBIE U CHHXPOHHBIE. K aCHHXPOHHBIM OTHOCAT Te
NIPUJIOKEHHUs], KOTOpble HEeYYBCTBUTEJIBHBI K 33I€PXKKaM Iepeayy JaHHbIX B OYEHb IIHPOKOM
AMaNa3oHe, BILJIOTb 10 HECKOJIbKUX CEKYH], a Bce OCTaJbHble NPUIOXKeHHs, Ha QPYHKLHOHAb-
HOCTbh KOTOPBIX 33/IePKKH BJHUSIOT CYLIECTBEHHO, OTHOCAT K CHHXPOHHBIM IIPUJIOKEHUSIM.
M HTepaKkTHBHBIE TPUIOKEHHUST MOTYT OTHOCHTBCSI KaK K aCUHHXPOHHBIM (Hanpumep, TeKCTOBbIH
PENaKTOP), TaK MU K CHHXPOHHBIM (HanpyMep, BUACOKOH(DEPeHINsT).

YyBCTBUTENBbHOCTb NMPUIOXEHUN K NOTEPSM
M UCKAXEHUSsIM NakeToB

" HaKOHEIl, ITOCJIE€AHUM KPUTEPUEM KJIaCCIdCbHKaI.[I/IId l'IpldJIO)KEHI/Iﬁ ABJIAETCSA UX HYBCTBUTEJIb-
HOCTbB K IIOTEPAM I1aKETOB. B 37011 cBsI3K TMPUJIOKEHNA O0OBIYHO AEJIAT Ha JIB€ TPYTINbIL.

O IlpunoskeHus:, 4yBCTBHTENbHbIE K NTOTepe AaHHbIX. [IpakTHYecku Bce MPUIIOKEHNs, llepesa-
olre andaBuTHO-KM(POBbIE aHHbIE (K KOTOPBIM OTHOCSTCS TEKCTOBBIE JIOKYMEHTBI, KOJbI
MPOrpaMM, YHCJIOBbIE MACCHBBI H T. I1.), 00J1aJaI0T BBICOKOM YYBCTBUTENBHOCTBIO K II0TEPE
OT/e/IbHBIX, aKe He6OMbIINX (PPArMeHTOB AaHHBIX. TaKHe MOTEPH YacTo BeAYT K [IOJTHOMY
00eClleHMBAHUIO OCTAJBHOM yCleuHo npuHsiToid nadopmauuu. Hanpumep, otcytcTBue
x0Tt Obl 0(HOTO GaiiTa B KO/Ie TPOrPaMMBI JIeJIaeT ee COBepLIeHHO HepaboTocnocoGHoi. Bee
TPaJMIMOHHBIE CETEBbIE NPUTOXKEHUS ((DaHNOBBI CEPBHC, CePBUC 6a3 IaHHBIX, 2JIEKTPOHHAs
MOYTA U T. I.) OTHOCSTCSI K 3TOMY THUITY NPHJIOKEHUIA.

O IlpunoxeHus, ycToluMBbIe K MOTEpe JaHHBIX. K 3TOMY TUIY OTHOCSITCSI MHOTHE NPUJIO-
XeHusl, epegawlne Tpadpuk ¢ nHGopManueit 06 HHEPIMOHHBIX (PU3NUECKHX MPOIIECCaX.
YeToRUMBOCTD K OTEPAM 0ODbSICHSETCS TEM, UTO HEGOJIBLIOE KOJUYECTBO OTCYTCTBYIOLINX
JAHHBIX MOXKHO OIPE/IEJIUTh HAa OCHOBE TIPUHATHIX. Tak, pH noTepe 0AHOTO MaKeTa, HeCy1lero
HECKOJIbKO TOCJIeI0BATEBHBIX 3aMEPOB r0JI0Ca, OTCYTCTBYIOLIME 3aMephl IIPU BOCIPOU3-
BeJIEHHU T0J10Ca MOTYT ObITh 3aMEHEHbI ANNPOKCUMALMEN HA OCHOBE COCE/IHUX 3HAYEHUN.
K takomy Tumy oTHOCHTCst GOJIbLIAST YACTh MPUIOKEHUH, pabOTAIOUIUX € MYJIBTUMEIUITHBIM
TpacdukoM (ayano- u Buaeonpuaoxenus). O1HaKoO yCTOHYUBOCTb K NMOTEPAM UMEET CBOU
npeeibl, I03TOMY IIPOLEHT MOTEPSHHbIX IAKETOB HEe MOXKET ObITh GO.IbIIMM (HAPUMED, He
6osee 1 %). MOXXHO OTMETHTH TaKXe, YTO He JII0OON MyJIbTUMeNUIHbII TPahrK yCTOHYNB
K OTEPSAM AAHHBIX, TAK, KOMIIPECCHPOBAHHBIH T0OJIOC U BUAEOM300pakeHHe 04CHb YYBCTBU-
TeJbHBI K IOTEPSIM, I03TOMY OTHOCSITCSI K TEPBOMY THIly ITPHJIOXKEHUH.
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MeToabl o0ecneyeHuUs KadyecTBa
obcnyxuBaHua

Mertoan! o6ecnedenus: kayecTsa obcayskusanus (Quality of Service, QoS) saHuMaloT ceroaus
Ba/KHOE MECTO B apCeHasle TEXHOJIOTMH ceTell ¢ KOMMYTalMell IAKETOB, TaK KaK OHHU obecrie-
YUBAIOT YCTONYMBYIO PAOOTY COBPEMEHHBIX MYJBTUMEIUNAHBIX IPUIOXKEHUNA — TaKMX Kak [P-
TesiehOHMsI, BULEO- U PAAMOBEIIAHNE, HHTEPAKTHBHOE AUCTAHIIMOHHOE 00yYEeHHUe U T. I.

B MeTomax obecneyeHHs KauecTBa O6Cle)KPIBaHI/Iﬂ HCIIOJIb3YIOTCA Pa3JINYHbl€ MEXaHNU3MblI, I10-
3BOJIAIOIINE CHU3UTb HETAaTUBHbIE ITOCJIEACTBHUSA BPEMEHHBIX NIEPETPY30K, BOSHHKAIOIIUX B CETAX
Cc KOMMyTaHHeﬁ [aKeTOB. ITH MEXaHU3MbI JIEIATCS Ha:

QO cpeacrsa ynpasieHHus neperpy3koi (congestion management), KOTOpble HAUHHAIOT pabo-
TaTh, KOT/IA CETh YK€ NMeperpy>keHa; K HUIM OTHOCUTCS yIpaBJieHUe OYepesiMu;

O cpeacrsa npeaoTBpalieHns neperpy3ok (congestion avoidance), KOTopble, Kak cienyert
U3 Ha3BaHUs, IPeJNPUHUMAIOT IIpeBEHTHBHBIE MePbI JJIs1 IPe0TBPALICHHUS MTeperpy3ok;
K TaKOro pofia CpeACTBaM OTHOCHUTCS KOHAMUMOHMPOBaHue Tpaduka, oGpaTHasi CBsi3b, pe-
3ePBUPOBAHHE PECYPCOB H TPAPHK-HHKUHHUPUHT.

QuepenH siBJSIOTCS HEOTbEMIEMBIM aTPUOYTOM ceTel ¢ KomMyTaluei naketos. CaM NpUHLMT
paboThl TAKUX CeTel NMoipasyMeBaeT Hasnure Oydepa BO BXOIHBIX H BBIXOIHBIX HHTEPdEcax
KOMMYTUPYIOUIMX YCTPOitcTB. iMeHHO 6y(epusalins makeToB BO BPeMs Meperpy3ok siB/IsSeTcs
OCHOBHBIM MEXaHN3MOM, 06ECIIEYNBAIOIIUM BbICOKYH NPOUIBOOUMELLHOCTD CETEN DTOTO THUIIA.

B 10 e BpeMst ouepeu 03HAYAIOT CHUMCEHUE Kauecmea 00CIYHCUBAHIUA U3-3a HEOTIPENeJIEHHOCTH
3aiepXKeK ¥ oTepb NaKeTOB NPH Nepefaye AaHHbIX Yepe3 CEeTh U3-32 [epenoHeHUs] OTBEIEHHOTO
noz ouepeb Oydepa KOMMYTaTOPa UM MApUIPyTU3ATOPA.

TakuM 06pa3oM, OlepaTopaM MAKETHbIX CeTel, BeChMa 3aMHTEPECOBAHHbBIM B lepeaye 1yJIbCU-
pvionero Tpacduka, HeoOOXO/IUMBI CPENCTBA IOCTIKEHUST KOMAPOMUCCA MEXLY KAaK MOXHO GoJiee
BBICOKOU 3arpy3Koii CBO€l ceTH U TPeOYEMBIM KJIIMEHTAMHU KaueCTBOM OOCTyKMBAHUS.

B Meromax QoS ncnosnb3yercst UPOKUit HAOOP MEXaHU3MOB, HANPABJIEHHBIX HA CHUXKEHUE
HETATHUBHBIX MOCJIEACTBUI IPeOBIBAHNS IIAKETOB B O4EPESX C COXPAHEHHUEM B TO JKe BPeMs 10~
JIOXUTENbHOI posin odyepeneit. BogbUIMHCTBO U3 HUX YYUTBHIBAaeT (PaKT CyIIeCTBOBAHUS B'CETU
TpacuKa pasJUYHOro TUIIA, @ UMEHHO TO, YTO KaXKAblil TUM TpaduKa MpeabABIsSeT pasHbie Tpe(o-
BaHUs! K XapaKTePHCTHKAM IIPOU3BOAUTENbHOCTH M HAJeXKHOCTH ceTh. OHAKO 10OUTHCST OQHO-
BPEMEHHOTIO COOJIIOZIEHMST 6Cex XapaKTepHCTUK QOS st 6cex BUAOB TpadhHKa BECbMa CIOKHO.

OanuM 13 Hanbo.1ee 3HaUYMMBbIX (HaKTOPOB, BIUSIOIIMX Ha XaPAKTEPUCTUKU KA4€CTBA 06CTYKU-
BaHUsl, SABJISIETCS YPOBEHb 3arPy3Ky CeTH TPAhHKOM, TO €CTb YPOBeHb UCTONbI08AHUS NPONYCKHOU
cnocobrocmu aunuti ces3u cet. HanoMHuM, 4To NpommycKkHas clocoGHOCTh — 3TO XapaKTepu-
cTHKa PU3NYeCKOro KaHasa, KOTOpasi paBHa MaKCHMaJlbHO BO3MOXHON CKOPOCTH Mepeayu
HHGOPMALIMH IO 3TOMY KaHATY.

ITponyckHylo cnoco6GHOCTH CETH U3MEHUTD HEMPOCTO, TOCKOJIbKY OHA ONpEAeNsieTcs: ObICTPO-
neiicTBueM MHTepGeHCcOB KOMMYHUKAIIMOHHOTO 0O0PYA0BaHUS M KAUECTBOM JIMHUIA CBSI3H, UX
coeputsomux. [lobieHne NPONyCKHON CIIOCOOHOCTH CETH — TO JOPOTOCTOSAILAS OTIEPALUA,
CBSI3aHHAsI ¢ 3aMEHOM 000PYI0BaHMs1, KOTOPYIO ONEpPaTOPbI ceTeil IIPOBOMIAT He O4eHb YacTo (KaK
NIPABHJIO, a3 B HECKOJIBKO JIET).

Ecau ypoBeHb MCMOJIB30BAHUS MPOMYCKHON CTOCOOHOCTH TOCTOSIHHO SIBJISIETCS OCTATOYHO
HU3KUM, TO TPadHK BCEX MPUIOKEHUIT 00CTyKUBAETCS ¢ BBICOKMM KauecTBOM GOJIBUIYIO YacTh
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BpeMEHHU (XOTs1 KPaTKOBPEMEHHbBIe Meperpy3ku CeTH, IPUBOAAILUe K 3alePKKaM H NOTepsaM
11aKeTOB, BCE PABHO BO3MOXKHBI, HO OHM CJIy4yaroTcst peko). Takoe cocTosiHMe ceTH Ha3blBaeTCst
«HEJIOTPY>XEHHBIM» UJIU JKe UCTIOJIb3YETCS] TEPMUH «CeTh € H3OBITOYHOM MPONYCKHOI cnocoo-
HOCTbIO» (QHTJIOSI3BIYHBIN TepMUH overprovisioning). IlocTosiHHO nogaepxuUBaTh BCe 4acTH
CETH B HEJIOTPYKEHHOM COCTOSHUM BECbMA JOPOTO, HO [Jist HauboJlee OTBETCTBEHHOU YacTH CETH,
TaKOU KaK MaruCTpasib, 10J00HbIIA OAX0/ IPUMEHSIETCS U CBSI3aH C TIOCTOSTHHBIM CJIeKEHHEM 32
VPOBHEM 3arpy3Ku KaHaJIOB MarucTpajid U 0GHOBIEHHeM 060pya0BaHuUs ¢ H0J1ee BBICOKOH Mpo-
IIyCKHON CIIOCOGHOCTDBIO MO Mepe NPHOIMIKEHNsT 3arPY3KU K KPUTHUECKOMY YPOBHIO. MeTobl
QoS ocHOBaHbI Ha IPYIOM MOAXO/e.

Mpes, nexaiian 8B OCHOBE BCEX METOAOB NOAAEPXAHUA XxapakTepncTuk QoS, 3aknioyaeTcs B cnepyio-
wem: obwas NPoM3BOANTENBHOCTE KaXAOrO Pecypca A0/MKHA AENNTLCS MeXay pasHbiMU Knaccamu
Tpaduka anddepeHUMpPOBaHHO, C YHETOM crieunduyeckux TpeboBaHMIA NPUNOXEHUIN Pa3HOro Knacca.

OueBUAHO, YTO ITH METOIbI YCJOXKHSIOT CETEBbIE YCTPOMCTBA, KOTOPbIE TENEPD 0JKHBI «3HAThH>
TpeGOBaHUs BCEX KJIAacCOB TpaduKa, yMETh MX PACIO3HABATh U PACIPENeATh IPOMYCKHYIO CII0-
coOHOCTD ceTn Mesxxay HuMu. [Toc/ieaHee CBOMCTBO OOBIYHO IOCTUTAETCS 3 CYET UCI10JIb30BAHUST
JUIS KaXK/10TO BBIXOAHOTO MHTepGeHca KOMMYHUKALIMOHHOIO yCTPOMCTBA HECKOJIbKHX Ouepeaeit
IIaKETOB BMECTO OJIHOM OYEPENH; IPH ITOM B OYepeNsX MPUMEHSIIOT Pa3JIUuHble AITOPUTMBbI
06Cay)K1MBaHUSA NAKETOB, YeM U JOCTUraeTcs AuddepeHinpoBaHHoe 00cIyKuBatue Tpaduka
pa3NvuHbIX Kj1accoB. [ToaToMy MeTonbl Q0S 4acToO aCCONMUPYIOTCS C MEXHUKOU YNPABIEeHUS
ouepeosimu.

[TomMuUMO cOOCTBEHHO TEXHUKH OPraHU3alliy ouepe/iel, K MeTofiaM QoS OTHOCSIT METO/IbI KOHTPO-
151 1apaMeTPOB I0TOKa TpauKa, TaK KaK [ TApAHTUPOBAHHO Ka4eCTBEHHOTO 0OC/YKUBAHUSI
HYKHO ObITb YBEPEHHBIMU, UTO 0OCTyKUBAEMble TOTOKH COOTBETCTBYIOT HAOOPY OrpaHUYeHHil,
onpejieJIeHHOMY U1l HUX. JTa rpynna MeToJoB QoS 1noJiyyunia Ha3BaHUe Memooo8 KOHOUYUO-
Huposanus mpaguxa.

Ocoboe MECTO 3aHUMAIOT MemodvL 06PAMHOU 653U, KOTOPbIE NPeHa3HAYEHBI U1 YBEAOMJIEHUST
UCTOYHHKA TpadHuKa O neperpy3ke ceT. ITH METOABI PACCYUTAHBI HA TO, YTO MPH MOJYyYEHUH
yBeIOMJIEHUS] ICTOYHUK CHU3UT CKOPOCTb BbIJauy NAKETOB B CE€Tb U TEM CaMbIM JTUKBUAUPYET
[IPUYMHY Nleperpy3Ku.

K metonam QoS TeCHO NPUMBIKAIOT MemoObi unxcunupunza mpaguxa. CorjaacHo Metoaam
MHXMHUPHHra TpadMKa MapIIpyThl EpeJayy JaHHBIX YIPABASIOTCS TAKUM 06pa3oM, 4ToObI
obecrneynTs cOATAHCUPOBAHHYIO 3arPy3Ky BCEX PECYPCOB CETU M UCKJIIOMUTD 32 CYeT ITOTO Mepe-
rpy3Ky KOMMYHHUKAlIIMOHHBIX YCTPOMUCTB U 06pa30BaHUe JAJIUHHBIX O4epeer.

YnpaBneHue oyepensmm

[Tosib3oBatenb GOpMyIUpyeT CBOM TPeOGOBAHUS K KAYeCTBY OOCY)KMBAaHMSI B BU/IE HEKOTOPBIX
[pe/ie/IbHbIX 3HaUeHUM XapakTepucTuk QoS, KoTOpbie He OJIKHbI OBITH MPEBbILIEHbI — HAPU-
Mep, OH MOXXET YKa3aTh, YTO NpeJiesIbHOe 3HaYeHNe Bapualluy 3a/lepXXKH MaKeTOB He J0/DKHO
npesbiiatbh 50 Mc ¢ BeposiTHocThiO 0,99. Ho kak 3acTaBuTh CeTh CIIPABUTHCS € OCTABJICHHON
3agaueil? Kakve Mepbl HY)KHO NIPe/INIPUHSATD, YTOObI BAPHALIMH 33/I€PKEK AEHCTBUTEIBHO He Tpe-
BBICHJIM 3Ty BeJTUUMHY? /1151 TOHMMaHUS MeXaHU3MOB NoJepxKH QoS 1ose3Ho uccie0BaTh
npoiiecc o6pa3oBaHust Ouepesiell Ha ceTeBbIX ycTpoicTBax. B rnase 3 (pasaen «bydepusanus
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[IaKETOB») MbI yKe 0OCYANIM HEKOTOPbIE MPUYMHBI BOSHUKHOBEHUS O4Yepelieil B KOMMYTUDY-
IOLMX YCTPOMCTBAX.

JlaBaiite eme pa3 obpaTuMcst K puc. 3.8, Ha KOTOPOM MOKa3aHa MPOCTellIas CXeMa KOMMYTa-
Topa (Mapuipytu3aropa). LleHTpaJbHBIM 3/IEMEHTOM YCTPOICTBA SIBJISIETCSI KOMMYMUPYHOUSULL
610K, KOTOPBIiA IlepeiaeT AaHHble MEXAY TPeMsl CBOUMU uHTepdeiicaMu. Ecin MHTEHCMBHOCTH
BXO/JHBIX MIOTOKOB ¥ MPOM3BOAUTENBHOCT KOMMYTHPYIOLIETO GJIOKA TAKOBBI, YTO TTOCTEIHUIH
He BCerja ycreBaer 06paboTaTh MOCTYNAWIINE TAKEThl, TO U3OBITOYHbIE MAKEThl MOMELIAIOT
AJIsL OKMIaHUsl 0OCIY)KUBAHUS BO 8x00Hble ouepedu (6ydepni). Korna kommyTupytoumuii 610K
0CBOGOXKAAETCA, CIIEUUATbHBIN OJ0K KOMMYTaTOpa — apbump éxooHbix ouepedeti (He TIOKa3aH-
HBIN Ha PUCYHKE), CJIefysl OTPeieJIEHHOMY /ISl HETO MIPABHJTY, BHIOMpAeT 0YepeHOM MakeT U3
OYEepeIN M HANIPABJISIET €ro Ha 06paboTKy B KOMMYTUPYIOIHit 610K, TAKUM NPAaBUIOM MOXKET
6biTh, HanipuMep, FIFO «11epBbii nipuiies — NepBbId yiuea» Uiu 60jee CI0XKHbIA aIrOpuT™M
C yY€TOM NPHOPUTETOB.

[MakeTsl, npoweamue 06paboTKy B KOMMyTUPYOLeM OJIOKe, HAIIPABASIOTCA Ha OJIMH U3 Ha-
3HAYEHHBIX ISl HUX 6bX00H0U unmepgetic. 13-3a ciydaliHOTO XapakTepa HHTEPBAIOB MEX/1y
[aKeTaMHU OTOKa U OrPAaHUYEHHOTO 3HAYEHHUST TPOIYCKHON CTOCOOHOCTH BHIXOAHOTO UHTEpdei-
ca MOXKeT BO3HUKHYTb CUTYallUsl IEPerpy3KH, KOr1a B MOMEHT Ny ibcalu Tpadrka o4epeaHon
nakeT He OyZeT MPUHST BHIXOAHBIM MHTepdeicoM Ha nepenauy. CireqoBaTeNbHO, HEOHXOAUMO
NPeyCMOTPETH Mepell KaX/AbIM BBIXOAHBIM UHTep(deiicoM bydep — 6bLxo0nyio ouepeds — niisi
COXPaHEHHsI TAKETOB Ha BPeMs! lieperpy3kH. [1akeTsl BBIGUPAIOTCS U3 BHIXOAHOM OYepenn U Ha-
MIPABJISIIOTCS Ha CBSI3aHHBIN C Hell BBIXOXHOHM MHTepdec KOMMYyTaTopa B COOTBETCTBUH C Npa-
BHJIOM, KOTOPBIM PYKOBOICTBYETCSI apOump 6bix00Hbix ouepedei.

Pa3amep Oydepa cereBoro ycTpoicTBa ONpeesieT MAKCUMAIbHYIO JJIMHY OYepPeny OXKUAAIOLIMX
006C/Iy’)KMBaHUS MIAKETOB, 4 €CJIM NTAKET NMOCTYIAET MIPH 3anojIHeHHoM 6ydepe, To OH IPOCTO OT-
OpacbiBaeTcsl.

AHann3s ouyepenemn

CyliectByeT BeTBb NPUKJIATHON MaTeMAaTUKH, IPEAMETOM KOTOPOI ABJISIIOTCS NPOLECCH 00-
pa3oBaHUs oyepened. JTa JUCUHUIIMHA TaK M Ha3blBaeTCcss — Teopus ouepeaeir. Ml He Gynem
yIIAYyOIATBHCS B MATEMATHYECKHE OCHOBbI ITOM TEOPUH, 0OpaTHB BHUMaHUE YNTaTeslel TOJIbKO Ha
HEKOTOPbIE €€ BHIBO/IbI, CyLIECTBEHHbIE /IS PacCCMaTpUBaeMoil Hamu npobiiembl QoS.

Teopus oyepeneil paccMaTpuBaeT BpeMeHHEIE Ipolecchl 06pazoBaHust ouepeseii B 6ydepe
abCTPagKTHOIO yCTPOMCTBA, B KOTOPHIN MOCTYMAET CAyYaiHbI MOTOK abGCTPAKTHBIX 3asBOK Ha
obenyxuBanue. Mozenn Teopun o4epeieii Mo3BOJISIIOT OLEHUTh CPEHION0 JIMHY o4Yepel B Oy-
(epe u cpennee BpeMsi 03KMIAAHUS 3aIBKY B 04epey B 3aBUCHMOCTH OT XapaKTEPUCTHK BXOHOIO
MIOTOKA Y BpeMeHH 00C/y)KUBAHUSI.

IIpu npyMeHeHUU TeOPUHU oYepesiell K aHAJIN3Y IPOLECCOB, IPOUCXOISAILMX B KOMITbIOTEPHBIX
CeTsIX, 3asiBKAMU Ha 00C/Iy)KMBaHUE SIBJSIIOTCS AKETHI IAHHBIX, 4 Pa3/le/isieMbIMU 00CITyKH-
BalOLIUMH yCTPOHCTBAMHM — pa3JIMUHble IPOrPAMMBI, CETEBbIe YCTPOUCTBA, UX BBIXO/HbIE UH-
tepdeiicel. Ha puc. 5.10 nokasana MozieJib OZIHOTO U3 BBIXOAHBIX HHTePGEiicOB KOMMYyTaTOpA.

INoka3aHHbIi Ha pUc. 5.10 BXOAHOI MOTOK 3a51BOK COOTBETCTBYET MIOTOKY MAKETOB MEX/IY KOMMY-
THPYIOLMM GJIOKOM M OJHUM U3 BBIXOAHBIX HHTEPGhENRCOB KOMMYTATOPA, KAK 3TO ObIJIO [10KA3aHO
patee Ha puc. 3.8. ITOT MOTOK 3as1BOK XapaKTEPU3YETCS! CPeOHel UHMEHCUBHOCTILIO A, TO €CTh
CPeAHUIN MHTEPBAJI MeXAY 3asiBKamMu paBeH T =1/A. CpezHsisi MHTEHCUBHOCTb NIOTOKA 3a51BOK
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Puc. 5.10. Moaenb BbIXOAHOro MHTEpdeinca koMMyTaTopa kak pa3aensiemMoro pecypca

SIBJISIETCSI aHAJIOTOM CpeaHell CKOpoCTH TpadyKa, MOCTYNAloUIero Ha BbIXOAHOM MHTepdelic.
3asBKM HaIpaBJISIIOTCA K 0OCHY)KUBAOIIEMY YCTPOMCTBY, HO €CJIM OHO 3aHATO 0OC/TyKUBaHU-
€M IPyToi 3asiBKM, TO UX [IOMEIIAIOT B OY€pelb, B KOTOPOi OHU XKIYT, MOKa HEe 0CBOGOAMUTCS
ycrpoiictBo. O6CmyKUBaroIee yCTPOMCTBO 06pabaThIBAET KAKAYIO 3asIBKY B CPEAHEM B TeYEHHE
BPEMEHU b, IIPH 3TOM CPeOHSASA UHMEHCUBHOCMb 06pabomKu TIOTOKA 3aABOK cOCTaBisieT p=1/b.
OueBHIHO, YTO TAPAMETP MOJIEH 4 SIBJISIETCS] RHAJIOTOM MPOMYCKHO#M CIocoGHOCTH MHTepdeiica.

Mogaenu Teopuu ouepe/ieit BecbMa YIPOLLEHHO OITMCHIBAIOT ITPOLIECCHI, TPOMCXOASIIIYE B PEATbHbIX
ycTpoiicTBax. TeM He MeHee OHUM TIOJI€3HBI 7151 TOHUMaHUSI OCHOBHBIX (DakTOPOB, BAUSIOLMX Ha
BEeJMYMHY ouepeay B Gydepe ceTeBOro yCTpoMCTBa UM Ha BpeMsi npebbiBanyst aketa B Gydepe.

OpHUM 13 Takux GakTopoB SBNAETCS KOIPDUUNEHT 3arpy3ku (MCnoNbL3oBaHNs) ob6CcnyxuealoLLero
ycTpoicTea. OH paBeH OTHOLEHWIO CPpeRHeit MHTEHCUBHOCTHU A NOCTYNNEHUS 3asBOK B YCTPOWCTBO
K CPeOHER MHTEHCMBHOCTU {1 06paBoTKu 3a8BOK OBCAYXUBAIOWUM YCTPOUCTBOM: p = A/U.

B Teopuu MaccoBoro 006C1yKMBaHUS 11 HEKOTOPBIX TUIOB MO/I€JIeii Hall/ieHbl aHATTUTHYECKHE
3aBHCUMOCTH, ONIMCHIBAIOIIIME CPeIHEE BPEMsI HAXOX/IeHHS 3asiBKU B ouepean W B 3aBICUMOCTH
ot koaddunuenra 3arpysku p. OnHa U3 TAaKUX 3aBUCHMOCTEH, OITMCHIBAIOIMX CUCTEMY C OJHOM
ovepenblo, obcayxuBaemoit no npunuuny FIFO, nokasana Ha puc. 5.11.

Kak BumHO 13 noBefieHUst KPUBOM, KO3(MOULMEHT p UrPaeT KJIIOYEBYIO POJb B 0Opa3oBaHUM
ouepeau. Ecau 3HayeHue p GJM3KO K HYJIO, TO CPe/iHee BPEMs OXKUIAHUSI TOXKe OYeHb OJM3KO
K HyJII0. DTO O3HAYAET, UTO MAKEThI IOYTH HUKOT/IA He 0XKUAAIOT 00CyxuBanus B 6ydepe (B Mo-
MEHT MX [IPUXOJIa OH OKa3bIBAETCS IyCThIM ), a CPa3y NepeatoTcst Ha Bbixol. VI Haobopor, ecitut p
npubaMKaeTcs K 1, To BpeMsi 0)KUIAHUsT PaCTeT 04eHb OBICTPO U HEJIMHERHO (U B Mpe/iesie PABHO
GeckoneunocTn ). Takoe moBefieHNe 0Yepe UHTYUTUBHO MIOHATHO, Be/lb YeM OJIMxKe cpeqHue
3HAYEHHUS UHTEPBAIOB MEX/y [TAKeTaMU K CPEHEMY BPEMEHH MX OOCIY)KUBAHUSI, TEM CJIOXKHee
00Cy)KHUBaIOLIEMY YCTPOUCTBY (MHTEP(DENCY) CIIPABIATHCS ¢ HATPY3KOU.
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Puc. 5.11. 3aBUCMMOCTb CpeaHero BpeMeHn OXUaaHUs 3asBkun OT Ko3dPpurumeHTa 3arpy3ku pecypca

CeteBble MHKEHEPBI XOPOLLO 3HAKOMBI C BUZIOM rpadyka, MpeICcTaBIeHHOro Ha puc. 5.12, Tak Kak
OH COOTBETCTBYET ITOBE/ICHUIO T€X KPHBBIX, KOTOPBIE MHXKE€HEPbl BUIAT IIPH aHAJIN3€ Pe3yJIbTaToB
MOHMUTODHHTA 33/IePXKeK U NOTepb IIAKETOB B PEAIbHBIX CETSIX, 8 UMEHHO PE3KOMY YXY/LIEHUIO
KauecTBa 00C/Iy)KMBAHUS MIPU JOCTIDKEHUH K03 dHUIeHTa HCOMB30BaHMSI TPOMYCKHOM CIIO-
cobHOCTU UHTEPGDENRCOB CETH HEKOTOPOTO MOPOTOBOrO 3HAYEHUSI.

B nipuBeneHHOM rpaduike eCTh U HEUTO HEOXKUAAHHOE. TPYIHO IPEACTABUTD, YTO OOCIYKHUBAIO-
1iee yCTPOMCTBO (CETEBOI pecypc) MPAaKTUYECKH T1ePECTAET CIIPABAATHCS CO CBOMMU 00sI3aHHO-
CTSIMH, KOT/a ero KO3 dHUIMEHT UCTIOIb30BaHus npub/mxkaercs K 1. Beab B aToM ciyyae Harpys-
Ka He MPEBBIIIAET €T0 BO3MOXKHOCTEIH, 2 TOJIBKO IPUOIMKAETCS K 3TOMY nipeaeny. MHTYyuTHBHO He
OYeHb TOHSITHA TAKXXe IPUYMHA CYLIECTBOBAHUSI OYepe/lell PY 3HAYEHHUSIX p B OKPeCTHOCTsIX 0,5.
WuTencuBHOCTH 06paboTKM TpadHKa BABOE NPEBHILIAET MHTEHCUBHOCTb HATPY3KH, & OYEPelu
cyutectByiot! Takue napasiokcaabHble, Ha IEPBBIN B3IJIs1], PE3YIbTAThl XapPaKTEPHBI [IJIs1 CUCTEM,
B KOTOPBIX NPOTEKAIOT CJIyYaiiHble npouecchl. Tak Kak BO BHUMaHue IPUHUMAIOTCA CpedHue
3HAYEeHMsi UHTEHCUBHOCTEN TIOTOKOB HAa GOJIBIIMX MPOMEXYTKAX BPEMEHH, TO Ha HEOOBIINX
NPOMEXYTKaX BPEMEHH OHU MOTYT CYUeCMEeHHO OMKIOHAMbCS OT ITUX 3HAUECHUIA.

CyilecTByerT elie OJJMH BaXKHBII MTapaMeTp, OKa3bIBAIOIIHIT HEMOCPEICTBEHHOE BIUSIHUE HA 00-
pa3oBaHHe oyepesiel B CeTSIX C KOMMYTallMell MaKeToB. JTUM ApaMeTPOM SIBJISIETCSI BApUALIUST
HWHTEPBAJIOB BXOJHOIO MOTOKA NAKETOB, TO €CTh MyJibCallist BXOAHOTO Tpaduka. Ha puc. 5.12
TIOKA3aHO CEMENCTBO 3aBUCUMOCTeil W OT p, MOJIyYeHHBIX IS Pa3HbIX 3HAYEHU N K03 puyuenma

CcV

max

Cv

min

0,5 1

Puc. 5.12. Bnusinve ctenexmn nynbcaumm NOTOKa Ha 3aaepXKn
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sapuayuu CV UHTEPBAJOB BXOAHOTO MOTOKA NakeToB. VI3 pUCyHKa BH/HO, 4TO Ye€M MeHblie
nyabcupyeT BxoaHoU notok (CV npubianKaeTcs K HyJII0), TEM MeHblle NposiBasieTcss 3P dexT
JIABUHOOOPA3HOTO 06pa30BaHUs OYepein IPU NPUOIMKeHUH Koo dULIMEHTa 3arpy3KH pecypca
k 1. Y HaoGopoT, yeM 6osbure CV, TeM paHblie (IPU MEHBIINX 3HAYEHUAX p) HAYMHAET MPO-
SIBJISATBCSI ATOT 3 dexT.

U3 noBenenns rpadvKoB Ha PUCYHKE MOXKHO CA€JIaTh CIeAYIOIINN BbIBOA:

LN yMEHbLUEHUS 3aAePXEK HYXHO CHUXATh Kak KO3 OUUMEHT 3arpy3ku pecypca, Tak v nysiscaumio
noToka.

CremyeT noquepKkHyTh, YTO MOJIEJIHM TEOPUH Ouepeeii U3-3a YNPOLIEHHOTO NpeACTaBIeH s IPo-
LIECCOB, TPOTEKAIOLINX B KOMMYHUKAILMOHHBIX YCTPOHCTBAX CETH, JAIOT TOIBKO KAYECMBEHHYHO
KapTHHY 3aBUCHMOCTEH 3a/iep>KeK U MOTepb NAKETOB OT MapaMeTPOB Tpaduka ¥ IPOM3BOAUTEIb-
HOCTH yCcTpOIicTB. Bosee afekBaTHbIE pe3yJIbTaThl MOTYT OBITH MOJYYeHbI Iy TeM HMUTALMOHHOTO
MO/IeIMPOBaHUs, HO Ha/le)kHEee BCEro I10JIaraThCsl Ha M3MePeHHe 3a/[epXKeK U MoTephb IaKeToB
B PeaJIbHOM CETHU C IOMOLIBIO COOTBETCTBYIOLIMX TECTEPOB M CUCTEM.

Ouepeau u pasnuyHble Knaccbl Tpadpuka

[TocMOTpUM, KaK MOXKHO MPUMEHUTb 3HAHUS O 3aBUCUMOCTHU TIOBeleHUsI ouepenei oT koaddu-
LIMEHTa 3arpy3KHy U1 peaju3aliii OCHOBHOHU uzaeu MetogoB QoS, a umeHHo auddepeHnpo-
BAHHOTO 00CJTY’KMBAHMUS KIaCCOB TpaduKa C pasJINYHbIMUA TPEGOBAHUSMU K XapAKTEPUCTUKAM
[IPOM3BOAUTENBHOCTH M HAIEXKHOCTH ceTy. [liis 1pocToThl Gy/1eM NOKa IeJIUTh BCe TOTOKU Ha J1Ba
KJIacca — uyecmeumenvibiil k 3adepickam (Tpaduk peabHOro BpeMeHH, HAlpUMep TOJI0COBOI )
W 31aCcmuubLil, 101y CKAOILMIA 60JIbIIKE 3a4ePKKH, HO YYBCTBUTEJBHBIN K IIOTEPSIM IaHHBIX.

Ecau obecrieynTs /7ist 4yBCTBUTENBHOTO K 3a/lepXKKaM Tpahuka KoaGPHIUEHT 3arpy3Ku Kax-
1oro pecypca He Oosee 0,2, TO, OUEBUAHO, 33JIEPKKH B KaXKA0# oyepeau OyayT HEOOIbUIMMHU
U, CKOpee BCero, NpUeMIeMbIMH /IJIsi MHOTHX THITOB IPUJIOXKEHUH 3TOro Kjacca. [Jist anacTuyHoro
TpaduKa, c1abo 4yBCTBUTENBHOTO K 3a€PXKKaM, MOXKHO JOIyCTUTDb GoJiee BBICOKUI Koadpduum-
€HT 3arpy3KH, Ho He 6osee 0,9. YToObI TaKeThl 3TOTO KJIacca He TEPSTUCH, HYKHO TPELyCMOTPETh
JUist HUX OY(hepHYIO NaMsTh, IOCTATOUHYIO /ISl XpAaHEHUS BCEX MAKETOB MePHO/Aa MyJIbCALMH.
AddekT oT TakoOro pacnpepesieHust 3arpy3ku pecypca WITIOCTpupyet puc. 5.13.
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Puc. 5.13. O6¢cnyxuBaHue anacTU4HOIro U YyBCTBUTENbLHONO K 3aepXkam Tpaduka
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3anep>KK1 YyBCTBUTEJIBHOTO K 3a/leP>KKaM TpaduKa PaBHBI @, a 33/1EPXKKH 3J1aCTHYHOTO TPa-
¢uKa — w,.

Yro6bl 106UTHCS Pa3IMYHBIX KOI(DOUIIMEHTOB UCII0Ib30BAHMS PECYPCOB JUIS Pa3HBIX KJIACCOB
TpadrKa, HYXKHO B KaXKIOM KOMMYTATODe /Jisi KaXX/[OTO pecypca MOoAAepKUBATh [Be pa3Hble
oyepen. AJITOPUTM BbIOOPKHM ITAKETOB U3 ouepee J0/KeH OTAaBaTh NPeANouYTeHHe ouepean
YyBCTBUTEJBHBIX K 3a/IeP)KKaM MakeToB. Ec/iu 6bl Bce akeThl 1€pBOM 0Yepeay 06CTYKUBATUCDH
MPUOPHUTETHO, A MIAKETHI BTOPOU OYepeid — TOJIbKO TOT/Ia, KOT/a MepBasi ouepeb NycrTa, TO st
TpacduKa nepBoii ouepeay Tpaduk BTopoii ouepenu daktiyecku nepecrai Oui cylecTBoBath. [1o-
3TOMY €CJIi OTHOILIEHHe CPeIHeil MHTEHCUBHOCTU MPUOPUTETHOTO TPaduKa A; K IPOU3BOANTEb-
HOCTH pecypca J paBHo 0,2, To 1 k03 duLMeHT 3arpy3KH AJst Hero paBeH 0,2. /1151 31acTHYHOrO
TpaduKa, maKeTbl KOTOPOTO BCEr/a KAy T 00CIyKMBAaHUSI IPUOPUTETHDIX MAKETOB, KO3 PUIIMEHT
3arpy3KH NOACYMTHIBAETCS MO-Apyromy. Eciiv cpeaHsiss MHTEHCMBHOCTD 3J1aCTUYHOTO Tpaduka
paBHa Ay, TO 17151 Hero pecypc Oyzet 3arpyxeH Ha (A + A,)/p. Clie10BaTeabHO, ECTH MBI XOTHM,
4T06bI /151 3JIaCTHYHOTO Tpaduka koadduuneHT 3arpysku coctassisii 0,9, TO €ro UHTEHCUBHOCTD
JIOJI’KHA BBIYUCIISITHCSI U3 COOTHOLIEHUs A,/ = 0,7.

MoxxHo BBecTH 6osiee YeM JBa Kj1acca 00C/IyKMBAHUS U CTAPAThCst, YTOObI KasKAblil KJacc pa-
GoTaJs Ha CBO€ 4acTH KPUBOH 3aiepxeK. Eciu Takast 3a1aua pelieHa, To MOXXHO o0ecne4nThb
yJiydllieHHe XxapakTepucTuk QoS 3a cuer Apyrux METOI0B, HATTPUMED, CHUXKAsl MYyIbCALMIO TPa-
¢duka. OcTanoch BbISICHUTH, KAKUM 00pa3oM 0GECIIEUUTh TaKUe YCJAOBUS U1l Pa3HBIX KJIACCOB
TpaguKa B KaX/10M y3Jie CeTH.

TexHukKa ynpaBneHus oyepeaaMm

YrpassieHye 04YEPEASIMU KCII0JIb3YETCs IJIs1 ONTUMM3AIMU PabOThI yCTPOMCTBA B IIEPUO/IbI Bpe-
MEHHBIX [1eperpy30K, KOT/la OHO He CIIpaBJIsieTCs € iepeJayell makeToB Ha BRIXOAHOM UHTepdeitc
B TOM TeMIIe, B KOTOPOM OHY MOCTYMAOT. AJITOPUTMBI YIIPaBJIE€HUS Ouepe/isiMU He NPeA0TBpalla-
IOT NIEPErpy30K, a JIMLIb HEKOTOPHIM «CIIPaBeJInBbIM» 00pPa30M B yCIOBUSIX JeuunTa iepepac-
Ipe/IesISIIOT PECYPCHl MEXKAY Pa3IMYHbIMY MOTOKAMU MJIH KJ1accaMu Tpaduka.

Ouepeab FIFO

B ouepenu FIFO (First In — First Out) B ciiyyae nieperpy3ku Bce NaKeThbl IOMEIIAKTCS B 00HY
o011y10 oYepens U BHIOMPAIOTCS U3 Hee B TOM TOPSIZIKE, B KOTOPOM MOCTYNUJIH, TO €CTh B COOT-
BETCTBUH C IIPUHIIMIIOM <«IIEPBBIN NPHUILIET — MepPBbIi yiesn». Bo Bcex ycTpoicTBax ¢ KOMMyTa-
uueit maketoB anroput™ FIFO ucnosns3yercs mo ymonyanuo. [locToMHCTBaMH 3TOTr0 MOAX0/1a
SIBJISIIOTCS IPOCTOTA PEAIM3ALUU U OTCYTCTBUE NOTPEOGHOCTH B KOHbUIypupoBaHuu. OHaKo eMy
NPHUCYLIL 1 KOPEHHON HEJIOCTATOK — HEB03MONCHOCT Juppepentuposannoi 0bpabomxku naxkemoes
pasauunbix nomoxoe. Bee nakeTsl CTOAT B 00LIeit oyepeay Ha paBHbIX OCHOBaHUAX. OIMHAKOBO
00C1yKMBAIOTCS KaK NAKETbl YyBCTBUTEJBHOIO K 33/1eP’KKaM roJI0COBOrO TpaduKa, Tak U He-
YYBCTBUTEJIBHOTO K 33/IEP)KKaM, HO OUeHb WHTEHCHUBHOrO Tpaduka pe3epBHOrO KONMPOBaHMUS,
INUTEJIbHBIE ITYIbCALMH KOTOPOTO MOTYT HAJIOJITO 33/1ePXKaTh FOJI0COBOI NaKeT.

MpuoputeTHOoe o6cnyxuBaHue

Ouepenu ¢ NPHOPUTETHBIM 0GCTYKHBAHHEM OYEHD NOIMYJSAPHBI BO MHOIMX OOJIACTSIX BBIYKC-
JIUTEIbHOM TEXHUKH, B YACTHOCTH, B OMEPANMOHHBIX CUCTEMAX, KOT/Ia OJHUM MPUJIOKEHUIM
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HY’KHO OT/JaTb [PEANIOYTEHHE Nepe/] APYTUMH IpyU 00pabOTKe UX B MYJBTUIIPOTPAMMHOM CMECH.
[IpUMEHSIIOTCS 3TH OYePeaH M IJis TPEUMYILECTBEHHON 06paboTKM HEKOTOPOTO KJlacca TpaduKa.
MexaH13M IPHOPUTETHOTO OOCTYKUBAHUSI OCHOBAH Ha pa3/eJIeHNH BCEro CeTeBOro Tpaduka Ha
HeBOJIBIIIOE KOJIMYECTBO KJIACCOB U MOCJAEAYIOIEr0 Ha3HAYEHUS KaXKAOMY KJIACCy HEKOTOPOTO
YMCJIOBOTO MPU3HAKAa — MPHOPUTETA.

ITpuoputer — 3TO YKCII0, XapaKTePU3YIOIllee CTeMEeHb MPUBUIETHPOBAHHOCTH TOTO MJIK HHOTO
KJ1acca TpaduKa NPy UCIIOIb30BAHUH TOTO UJIM MHOTO CETEBOTO pecypca. UeM Bblllle IPUOPUTET,
TeM MeHblIIE BpeMeHH OYAyT NPOBOAMUTD MAKETHI JAHHOTO KJIACCa B O4€PENISX K JAHHOMY PecypCy.

Knaccudukauus tpaduka npecrasisier coboii otaebHyio 3a1auy. [TakeTb MOryT pa3éuBaThCst
Ha IPUOPHUTETHDIE KJI1ACChl HA OCHOBAHUU Pa3/IMYHBIX IPU3HAKOB: aIpec Ha3HAYeHUs1, aipec Uc-
TOYHMKA, UAEHTUDUKATOD MPHUIOKEHHUSI, TEHEPUPYIOIIETO 3TOT TPA(UK, a PABHO U JIIOObIE ApyTHe
KOMOWHAIIUM [TPU3HAKOB, KOTOPBIE COAEPXKATCS B 3arosioBKax nakeros. [IpaBuma knaccudukaunm
IIAKETOB OTPAXKAIOT NOAUMUKY aomunucmpuposanus cetu. CpeicTBa, BHIIOIHSIONINE KIACCH-
dukanmo, — KIacCUPUKATOPbI — MOTYT ObITH YACTBIO CETEBBIX YCTPOUCTB. Macuitabupyemoe
pelileHHe — pa3MellleHHe MeXaHU3MOB KJIaCCU(UKAIUHU TOJIBKO B YCTPOICTBAX, PACIIOIOXKEHHBIX
Ha rpaHulle ceTH (HanpuMep, B KOMMYTaTOPax KOPIIOPATUBHOM CETH, K KOTOPBIM ITOAKJIIOYAIOTCSI
KOMIIBIOTEDBI [10JIb30BaTe e, MM BO BXOJHBIX MapUIPYTH3aTOpaX CeTH MOCTaBLIMKA YCJIyT).
[IpropuTeTh MOTYT TaK)Ke Ha3HAYAThCSI IPUJIOKEHUEM Ha Y3JIe-OTIIPaBUTEIE.

Ha3HaueHHbII MPUOPUTET 3aHOCUTCS B CIIENIMAIBHOE TI0JIE 3ar0JIOBKA MAKETa, II0CJIE Yer0 UM
MOTYT BOCHOJIb30BAThCsI OCTAJIbHBIE CETEBBIE YCTPOMCTBA, 06pabaThiBaoILe TpadUK Mocje
kaaccuduuupymouero ycrpoiictsa. Eciu B ceTu oTcyTCTBYeT LleHTPaIM30BaHHast MOJIMTHKA Ha-
3HayeHHs IPUOPUTETOB, TO KAXK/OE CETEBOE YCTPOUCTBO MOXKET HE COTJIACUTHCS C IPUOPUTETOM,
Ha3HaYeHHbIM JIaHHOMY IaKeTy B pyroit Touke ceTu. B 3TOM ci1y4yae oHO mepemnuier 3HaYeHHE
MPHUOPUTETA B COOTBETCTBUHU CO CBOEH JIOKATIbHOM NOJIUTUKOIA.

B cereBOoM ycTpOICTBE, MOAAEPKUBAIOILEM IPUOPUTETHOE OOCTYKUBAHUE, UIMEETCSI HECKOLKO
oyepeiell — IO OJHOH [JIsI KAXKAOTO MPUOPUTETHOTO kiacca. [lakeT, mocTynuBLIMiA B TIEPHO
neperpy3ku, MOMeIIAeTCs B OY€Pe/lb, COOTBETCTBYIOUIYIO €r0 NpUopUTeTHOMY Kaaccy!. Ha
puc. 5.14 npuBeneH NpUMeP UCIIOJIb30BAHUS YEThIPEX TIPHOPUTETHBIX OUEPENE C BHICOKHM,

Puc. 5.14. NpuoputeTtHble ovepeam

! MlHoraa HecKobKO Ouepeleii H306paxkaloT B BU/le OHOM OYepean, B KOTOPOM HaXOASATCS 3asiBKU Pas3/iny-
HBIX K/1accOB. Eciu 3as1BKM BBIOMPAIOTCSI M3 0Yepeay B COOTBETCTBHHU C X [IPUOPUTETAMH, TO ITO IPOCTO
Apyroe MnpejcTaBIeHHe OHOTO M TOTO Xe MeXaHH3Ma.



162 YacTh |. OCHOBBI CeTel Nepeaayn AaHHbIX

CpeHUM, HOPMAJIbHBIM M HMU3KUM npuopureramu. o Tex nop noxa u3 6ojiee mpHOpHTETHON
ouepenu He 6yayT BbIOpaHbl BCE MMEIOLIMECS B HEl IIAKEThl, yCTPOMCTBO He MePeXoAnT K o6pa-
6oTKe Clenyolell, MeHee NPUOPUTETHOI ouepean. [103TOMy makeThl ¢ HU3KUM NPHOPUTETOM
06pabaThIBAIOTCSI TOJIBKO TOTA, KOTa MYCTEIOT BCE BBIIIECTOSILIME OUePeIH.

O6bIYHO [0 YMOIYAHUIO BCEM IPUOPUTETHBIM O4epesiM OTBOASTCs 6y depsl 0OAIMHAKOBOTO pas-
Mepa, HO MHOTHE YCTPOMCTBA Pa3pellaoT aIMMHICTPATOPY Ha3HA4YaTh Kax 10 ouepean Gydep
MHAMBUAYAJIbHOrO pa3mepa. B uneansHoM ciyuae pasmep 6ydepa onpenesieTcs: TaKUM, YTOObI
€ro XBaTajo C HEKOTODbIM 3aIllacoOM /JIsI XpaHEHUs OYePeaN CPeJHeCTaTUCTHYECKON [IJIMHBI.
OaHaKO MOCKOJIBKY OINpeeNnTh 3TO 3Ha4yeHHe C0XKHO, aIMUHUCTPATOPbI CETH 4acTO PYKO-
BOACTBYIOTCSI C/IEAYIOLINM COOOPaXKEHNEM: YEM BBILIE 3HAUMMOCTD TpabHKa A5 IPEATIPUSITHS,
yeM 60oJIbllle er0 MHTEHCUBHOCTD U IyJIbCALIMH, TeM O0JIbInii pasmep Oydepa TpebyeTcst aTomy
Tpaduky. B npuMepe, npuBeseHHOM Ha puc. 5.14, 1715 TpaduKa BBICILIErO U HOPMAJIBHOTO TIPUO-
puTeTOB BBIGpaHbl 6oJ1blMe pasMepsl 6ydepoB, a 171st OCTAIbHbBIX ABYX KJIAaCCOB — MeHblire. Mo-
THBBI IIPUHSITOTO PEILIEeHHs 1 BBICIIETO IIPUOPUTETA OUEBUAHBI, a 1Sl Tpadhuka HOPMaJbHOTO
[PUOPUTETA, BO3MOXKHO, GbLIH MPUHSITHI BO BHUMAHHE BHICOKAst THTEHCUBHOCTD M 3HAUMTEIbHBII
K03GbPUUMEHT MyTbCallUi.

[IpuoputetHoe 06CTyKUBaHKE OUYepeell 06ECTIEYUBAET BHICOKOE KA4€CTBO 0OCTYKUBAHUS 151
NAKEeTOB U3 CaMOM IPUOPUTETHOMN oYepean. Eciiu cpeHsisi MHTEHCHBHOCTD X MOCTYTJIEHHUS] He
NPEBOCXOAUT MPOMYCKHOM CIIOCOOHOCTH YCTPOMUCTBA, TO MAKETHI BBICIIErO IIPHOPUTETA BCeraa
MOJIYYAIOT Ty MPOIYCKHYIO CIOCOGHOCTD, KOTOPasi UM Hy>kKHa. BpeMst oxxuiaHust BHICOKONPHOPH-
TETHBIX [IAKETOB B OUepe TaK)Ke MUHUMaTIbHO. OTHAKO OHO He HYy.leg0e — YeM BBIIIE My IbCALUU
MOTOKA M €r0 HHTEHCUBHOCTD, TEM BEPOSITHEE BO3HUKHOBEHHE OYepeid, 00Pa30BaHHOI «CBOU-
MU> K€ BbICOKOTPUOPUTETHBIMM NakeTaMu. Tpaduk Bcex OCTATIbHbIX TPUOPUTETHBIX KJIACCOB
noumu npospaven AJsi IaKeTOB BbicuIero NpHOpUTeTa. CIIOBO «I10OYTH» OTHOCHTCS K CUTYaLMH,
KOT/Ia BHICOKOIIPUOPUTETHBIIA [IAKET BBIHYXK/IEH JKAaTh 3aBepLIeHUs] 06CTyKMBAHMST HU3KOIIPHO-
PHUTETHOTO MaKeTa.

YT0 Ke KacaeTcsl OCTAJIbHBIX IPHOPUTETHBIX KJIACCOB, TO KAYeCTBO MX OOCIyXMBaHUS OyIeT
HUXKe, YEM y MAKETOB CAMOT0 BBICOKOTO PHOPHUTETA, IPUYEM YPOBEHb CHUXKEHUST MOXKET ObITh
oyeHb cyutectBeHHbIM. Ecain koaduumenT Harpysku BeixogHoro nHTepdeiica, onpeaessieMblil
TOJILKO TPaUKOM BBICILErO IPUOPUTETHOTO KJI1ACCA, IPUOJIMIKAETCST B KAKOM-TO IIEPHOJ BpEMEHH
K eIMHHIIE, TO TPA(PUK OCTANBHBIX KJIACCOB HA 3TO BPeMsl IIPOCTO 3aMopakuBaeTcs. [Toatomy
NPUOPUTETHOE 06CTyKHMBaHHe OOBIYHO MPUMEHSIETCS /151 YYBCTBUTENBHOTO K 3a€PKKaM
KJacca TpaduKa, HMEIOLIETO HeGOIbwYI0 unmencusHocmy. TIpu TaknUX yCI0BUSIX 00OCITYXKUBA-
HME ITOrO KJIAcCa He CJAMIIKOM yuleMJysieT o0cykuBaHue octanbHoro tpaduka. Hanpumep,
rOJI0COBOM TPaUK YyBCTBUTEJIEH K 331€PXKKaM, HO €r0 HHTEHCUBHOCTb OOBIYHO He NPeBbILIaeT
8-16 K6uT/c, Tak 4TO IPH Ha3HAUEHMHU MY BBICILETO MPHOPUTETA YILEPO OCTATBHBIM KJIACcCaM
TpadHKa OKa3blBAETCSA He OYEHb 3HAUUTEJIbHBIM.

B3BeweHHblE OYepean

MexaHH3M B3BELIEHHDbIX OYepeneii pa3paboTaH st TOro, YTOObI MOXHO OBLIO MPeIOCTaBUTh
BCeM KJiaccaM TpadHKa OnpeeJIeHHbI MUHUMYM TIPOIYCKHOI criocobHocTH. [Toz BecoM j1aH-
HOTO KJIacca MOHUMAETCS! [10J1s IPEAOCTABIsIEMOl Kaaccy Tpaduka NpoImycKHOM Coco6HOCTH
OT TOJIHO# NPONYCKHOM CIIOCOGHOCTH BHIXOAHOTO UHTepdeiica.

[Tpu B3BElIEHHOM OOCTY)XKMBAaHUM TaK e, KaK U NIPH PHOPUTETHOM, TPaUK AeIuTCs Ha He-
CKOJIBKO KJIACCOB, /171 KAXKI0T0 U3 KOTOPBIX BEAETCS OTAesbHast oyepeab naketoB. Ho ¢ kaxaoi
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0YepelbIO CB3bIBAETCSL He NPpuopumen, a 00Ls NPONYCKHOU CnocoOHOCMuU PeCYPCa, FapaHTUpYye-
Mast IaHHOMY KJlaccy TpaduKa IIpH reperpy3kax 3Toro pecypca. [{J1s1 BXoZHOro notToka KOMMyTa-
TOpa TaKMM PECYPCOM SIBJISIETCS] KOMMYTAIIMOHHBII OJI0K, a 111 BBIXOIHOTO (TIOCJI€ BBIMOJTHEHUS
KOMMYTallM1) — BBIXOAHOI HHTepdeiic.

[TosicHMM JaHHBIN AJITOPUTM yTpaBJIeHUs: ouepeasiMu Ha npumepe. [lokaszanHoe Ha puc. 5.15
YCTPOMCTBO MOJAEPKUBAET ISl TISITU KJIAcCOB TpadHuKa NSATh odepesiell K BBIXOAHOMY MHTep-
(eiicy koMMyTaTOpa. ITUM OYyepelsiM IIPH Neperpys3Kax BbiaessieTcst coorBeTcTBerHo 10, 10,
30, 20 u 30 % nponyckHOit cOCOGHOCTH BBIXOAHOTO UHTepdeica.

Puc. 5.15. BaseweHHble ouyepeaun

JlocTHraercs NocTaBjeHHast LieJIb 32 CYET TOTO, YTO 04epequ 00CIyKUBAIOTCS NOCIE0BATEBHO
1 LIMKJIMYECKH, TIPUYEM B KaXKIOM LIUKJIEe 00CTYKMUBAHMS U3 KAKI0U OYepeqH BbIOMPAETCS TAKOe
4yncao HaNTOB, KOTOPOE COOTBETCTBYET BECY AaHHOM ouepenu. Tak, eCu UMK IPOCMOTPA OYe-
pezeil B pacCMaTpHMBaEeMOM IIpUMepe PaBeH OIHOI CEKYH/Ie, a CKOPOCThb BBIXOAHOTO HHTepdetica
cocrapasier 1000 M6uT/c, TO IpH meperpy3kax B KaX/0M LUKJIE NEPBON OYEPENU YIESAETCS
10 % Bpemenu, To ectb 0,1 cexyHpl, B TedeHHe KOTOPOI BbiOKpaetcst 100 M6UT naHHbIX. AHa-
JIOTM4HO, U3 BTOpoi — Toxe 100 M6uT, u3 Tpetbeit — 300 M6uT, u3 yerseproit — 200 M6wur, u3
usToit — 300 M6éur.

B peaynbrarte kaxaoMmy Knaccy Tpadvka AOCTaeTCs rapaHTUpOBaHHbLIN MUHUMYM IPOIMYCKHOV Cro-
COBHOCTH, YTO BO MHOFUX CAly4Yasix sBnseTcs 6onee xenarenbHuIM Pe3ynbTatoM, YeM nopasnexne
HU3KONPNOPUTETHLIX KNACCOB BLICOKONPUOPUTETHLIMU.

Tak Kak aHHble BBIOUPAIOTCH U3 OYepe/In AKETaMH, a He OUTaMu, TO PeaibHOe paciipesesieHue
NPOINYCKHOU CrOCOGHOCTH MeX1y KjaaccaMu TpaduKa Bceraa HEMHOTO OTJIMYAETCS OT ILJIaHU-
pyemoro. Tak, B npeabiayuiem npumepe BMecto 10 % nepsblii kiacc Tpadmka Mor Obl IOJIyYaTh
npu neperpyskax 9 wiun 12 %. Yem 6osibliie BpeMsi HUKJIA, TEM TOUHee COOMIOAAIOTCS TpebyeMble
INPOMOPLMK MEXK Y KJIaccaMu TpauKa, TaK KaK U3 KaXK10d ouepeau BblGrpaeTcs GoJIbllee YUC/I0
TIAKETOB, [IPHM ITOM BJIMSIHME Pa3Mepa Kax0ro MaKeTa YCPeAHSeTCs.

B To e BpeMs AJIUTEJNbHBIA MKJ PUBOAUT K OOJIbUINM 3a/epXKKaM mepeaayn nakeros. Tak,
NpH BBIOPAHHOM HaMH JIJIs TPUMeEPA LIMKJIE B OJIHY CEKYHIY 3a€P)KKa MOXET COCTABUTb OIHY
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u GoJiee ceKyH — Beb apOUTpP BO3BpALIAETCsl K KaX/0ii OYepey He Yallle, YeM pa3 B CEKyHALY,
KPOME TOTO, 32 OIMH Pa3 U3 OYepean MOTYT ObITh BHIOpaHbI He Bce makeTsl. [[03TOMy NpH BbI-
60pe BpeMeHH NUKJIa HYXKHO 00ecrednuTh OalaHC MeXAY TOYHOCTbIO COOMIOAEHUS TIPOMOPLHUIA
IPOMYCKHOM CIIOCOGHOCTH M CTPEMJIEHUEM K CHHXKEHHUIO 3a/IEPHKKH.

st Hawero mpuMepa 6oJiee COANAHCUPOBAHHBIM BBITJIAAUT BPEMS LIMKJA B 1-6 CeKyHIbI, MK
1000 mMxc. C oqHOI CTOPOHBI, TAKOE BPEMSI TapaHTUPYeT GoJiee HU3KUI yPOBEHD 3a/lepXKeK, TaK
KaK oyepey IPOCMaTPUBAIOTCSl HAMHOTO Yallle, YeM IPU CEKyHAHOM Lukie. C Apyroii CTOPOHBI,
3TOr0O BpEMEHH JI0OCTATOYHO, YTOOBI BBIOPATD U3 KaX/I0ii OYePeIH B CPEIHEM MO HECKOJIBKO IaKe-
TOB (TIIepBoii 0Yepeny B HauleM nipuMepe OyaeT oTBoauThest 100 MKC, YTO JOCTATOYHO, HALIPUMED,
IUISA epeayy B BHIXOAHOM KaHan fecatu naketoB Gigabit Ethernet).

Ha ypoBeH» 3a/iep>xek akeToB, UX BapUallMU AJIs1 HEKOTOPOTO kJiacca TpaduKa rpy B3BELIEHHOM
006CTy’)KMBaHMM B 3HAYMTEJIbHOM CTENEHU BJIMSIET OTHOCHTEIbHBIN K03 PUIMEHT 3arpy3KH.
B aToM ciyyae koadduieHT NoACYNUTHIBAETCS KaK OTHOIIEHHE HHTEHCUBHOCTH BXOJHOTO
TpachrKa HEKOTOPOTO KJIACCa K MPOIYCKHOM CIIOCOGHOCTH, BbIIEJIEHHOM 3TOMY KJIAaCCy B COOTBET-
cTBUM ¢ ero Becom. Hanpumep, ecsin B uHTepdeiice ¢ mpomyckHo# cniocobHocTbio 1000 M6uT/C
IJIs1 HEKOTOPOTO moToKa BeiziesieHo 10 %, To ectb 100 M6uT/C, a CpeiHsiss HHTEHCUBHOCTD M0~
TOKa, KOTOPBbIi1 [IONajiaeT B 3Ty oyepenp, paBHa 30 M6uT/c, To oTHOCUTEIbHBIN KO3 HUIIMEHT
3arpysku ass aroro noroka cocrasut 30/100 = 0,3. KayecTBeHHOe noBeieHUe oYepeau U, CO-
OTBETCTBEHHO, 33/IePKeK 3/1eCh BBIIVISIAUT IPUMEPHO TaK Xe, Kak u 17151 ouepenud FIFO — yem
MeHbl1le K03(hbHuMeHT 3arpy3Ky, TeM MeHbIIe CPeNHsIs AJIMHA OYePey ¥ TEM MeHbILE 3a/IePXKKH.

Eie 0/IHMM BapUaHTOM B3BEILEHHOTO OOCJIY)KUBAaHUS SIBJISETCS B3BEUIEHHOE CNPaBeIMBOE
o6cayxusanue (Weighted Fair Queuing, WFQ). B cityyae nogo6Horo o6c/1y>kuBaHHst IPOIYCK-
Hast COCOOHOCTD PeCypca AeIUTCS MEXIY BCEMH IIOTOKAMHU [IOPOBHY, TO €CTb «CIIPABEAIUBO».

BsBeuerHoe 06cyxuBatue obecneynBaeT TpeGyeMble COOTHOLIEHHUS MEXY MHTEHCUBHOCTSIMU
TpadyKa Pa3IM4YHBIX OUYepPeleN TOJIbKO 8 NePuodbl nepezpy30k, KOTAa Kaxaasi O4epelb I0CTo-
sIHHO 3anoyHeHa. Eciu xe kakasi-HuOyap U3 oyepeneii nycra (To ecTb AJs TpaduKa AaHHOTO
KJIacca TEKYUUil epyuo/l He sIBJSIETCS MEPUOOM MEPErpy3KM), TO P MPOCMOTPE o4epeaei
OHA UTHOPUPYETCS, a ee BpeMsi 00C/IyKUBAHHsI PACIIPee/IIeTCs MEXLY OCTAIbHBIMM O4ePeNsIMU
B COOTBETCTBUH C UX BECOM.

KomMOGuHupoBaHHblIe anropmTtMbl 06CcnyXuBaHus ovepenen

Kaxxapiit U3 onucaHHBIX MOAX0A0B UMEET CBOU JOCTOMHCTBA U HelocTaTky. [IpuopurerHoe
o6cayxuBanue, 00eceYnBasi MUHUMAJIbHBIA YPOBEHD 3a/IEPXKEK /JISI O4E€PEAN HAUBBICLIETO
NPHOPUTETA, HE 1aeT HUKAKUX FAPaHTUI B OTHOILEHMH CPEIHEI POIYCKHON CIOCOOHOCTH IS
TpaduKa oyepeneit 6oJiee HU3KMX PUOPUTETOB. B3BelieHnHoe o6eay)xuBaHue obecreynBaeT
3a/IaHHOE PaclpesieJieHe CPeHeH MPOIYCKHOM CIIOCOGHOCTH, HO He TapaHTUPYET BbINOJHEHHEe
TpeboBaHMIA K 3a1€PKKAM.

CyuiecTByi0T KOMOHHHPOBaHHBIE AATOPUTMbI 00CIyKUBaHus ouepeneil. Hanpumep, B oaHOM
U3 aITOPUTMOB MOAOGHOTO POjia MOAAEPKUBAETCS OJIHA IPUOPUTETHAS O4EPE/b, & OCTATbHbIE
oyeper 06CTYKUBAIOTCS B COOTBETCTBUH CO B3BEUIEHHBIM aIrOpUTMOM. OOBIYHO IPUOPUTET-
Hasl 04epeZib UCIIOIb3YeTCs AJIs1 YYBCTBUTEIBHOTO K 33/lep>KKaM TpadHKa, a OCTajIbHble — 1JIs1
anacTUYHOro Tpadyka HeCKONbKUX KaaccoB. Kaxaplit knace anactuynoro tpaduka noayyaer
HEKOTOPBIIl MUHMMYM INPOMYCKHOU CIIOCOGHOCTU NPH Meperpy3Kax. ITOT MUHUMYM BbIYHUC-
JISIETCsI KaK [IPOLIEHT OT MPOMYCKHOM CMOCOOGHOCTH, OCTABIIEHCS OT HPUOPUTETHOIO TpaduKa.
OueBUAHO, YTO HY)KHO KaK-TO OTPAHUYHUTh IIPUOPUTETHBIA TpaUK, YTOOBI OH He [OTJIOLIA BCIO
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MPONYCKHYIO CIOCOGHOCTH pecypca. OGBIYHO AJIs1 ITOrO MPUMEHSIIOTCS MEXaHU3MBbI KOHAULINO-
HMPOBaHUs TpadrKa, KOTOPbIE PACCMAaTPUBAIOTCS AATIee.

MexaHNn3Mbl KOHOAMLNOHUPOBaAHNSA Tpaduka

Kax Mbl MOMHKMM, OCHOBHOM uzeeit MeToa0B QoS SBJIsIeTCS BbleJ€HUE ONPEAeTeHHOM 101
INPOIYCKHOI CIIOCOOHOCTH ONpeleIEHHBIM IOTOKaM TpaHKa, IPU 3TOM BEJTMYMHA [I0JTy4eHHOM
MIOTOKOM JIOJIH JIOJIXKHA GBITH IOCTATOYHOM AJISL TOTO, YTOOBI KAYeCTBO OBCIYKMBAHUS IOTOKA
6b1710 YI0BJIETBOPUTENbHBIM. Ouepeny ¢ Pa3THYHBIMH aITOPUTMAMM 00CTYKUBAHUS MIO3BOJISAIOT
Peajn30BaTh TOJIbKO OIHY YAaCTh 3TOU NN — OHU BBIIESIOT ONPEAEIEHHYIO 10JII0 POMYCKHON
CNOCOBHOCTH HEKOTOPOMY MOTOKY NakeToB. OHAKO €CJIM MHTEHCUBHOCTb BXOAHOIO MOTOKA
T0 KaKO#-TO MPUYMHE B HEKOTOPbIE IIEPUObI BpEMEHH OYET MPEBBILATH BHIAEIEHHYIO eMy
IIPONYCKHYIO ClIOCOOHOCTD, HATIPUMEP, B BUJIE MyJIbCalluli, TO TpeGyeMbie HapaMeTpbl Ka4yecTBa
00C/Ly’)KMBaHMs1 3TOTO MOTOKA (YPOBHU 33/I€PXKKH, A0S TOTEPSIHHBIX MAKETOB U Ip.) He OyayT
obecreyeHsl.

Bo m3bexanue 3TOro peKOMeH1yeTcsi IPUMEHSITh MEXaHU3Mbl KOHAUIMOHUPOBaHHs TpadHKa,
BKJIIOYAIOLIHE:

Q knaccudukaunio;
Q npodunuposanue;
Q craaxuBanue Tpaduka.

M1 yxxe nMesu fesio ¢ kaaccudukaumeii tpacduka npyu U3y4eHUU IPUOPUTETHBIX M B3BELLIEH-
HBIX O4Yepeziel, KOT1a MPeArnoJaraii Halnyue HEKOeEro MEXaHU3Ma, PELAolIero, Kakue maKeThl
HY>KHO OTIPaBUTb B Ty UJIM MHYIO O4epesib. B ciyyae KOHAUIIMOHUMPOBAHUST MEXaHU3MbI KJIAC-
crUKauMK NOTOKOB PeIaloT 6oJiee 00O 331a4y — OHH BBITIOJIHAIOT IMHAMUYECKUH aHAIN3
HPOXOASIIMX B CETH MOTOKOB C 1I€JTbI0 OTHECEHUST UX K TOMY MJIM HHOMY KJIACCY, KAXK/blii U3 KOTO-
PBIX JI0JIKEH 06CITYKUBATbCA CEThIO cneluduyeckum obpasom. K mpumepy, oauH Kiacc IOTOKOB
J0JDKEH 00CIIY)XUBAThCS TaK, YTOObI MUHUMHU3UPOBATh OTEPU NAKETOB, APYTOi — MUHMMH3H-
POBaTh 33/IEPXKKY, TPETUH — BAPUALMIO 33/IEPXKKH, 2 YETBEPTOMY HYXKHA rapaHTHUs MPOIMYCKHOM
criocobHocTH. 115t nog06HO#M KaacCU(bUKAUK UCIIONb3YIOTCS Pa3/iMyHble IPU3HAKH NTAKETOB,
HarnpyMep, aipeca Ha3HaueHUs U HCTOYHHKA, TUI NIPOTOKOJIA TPAHCTIOPTHOTO UJTH TPUKJIAHOTO
ypoBHsL. 17151 KaXI0T0 U3 KJIaCCOB B 0OLIEM CJIyYae IIPUMEHSIOTCS pa3Hble MeToabl QoS.

Ipopwmposanue (policing) nmpeacrassier co60i Mepy NPHHYAUTEILHOTO BO3AEUCTBHS Ha TPa-
¢uK, HaTpaBJIEHHOTO Ha OrpaHMYEeHNe CKOPOCTHU NOTOKa NakeTtoB. llesb npodunupoBanus — ao-
GUTBCSI COOTBETCTBUS MIOTOKA MAKETOB 33laHHOMY CKOPOCTHOMY NPOQIII0 — HaGopy 3alaHHbIX
I1apaMeTpoB MOTOKA. B kauecTBe OCHOBHOTO MapaMeTpa OGBIYHO BBHICTYIIAET CPEAHSS CKOPOCTD
MOTOKA MAKETOB, U3BMEPEHHAsI HA ONpe/ieJieHHOM uHTepBaje Bpemenu!. [IpoduarpoBanHbiil
MOTOK OJDKEH XOPOILO «YKJIAJbIBATbCSI» B BBIAETIEHHYIO /IJIS HETO TMPOIYCKHYIO CTIOCOOHOCTb.

ITpu ycioBuy, yto dbusndeckoe 060pya0BaHUE CETH OCTAETCS HEU3MEHHBIM, CKOPOCTb MOTOKa
NAKETOB MOXXHO YMEHBUINTD JIMILb ABYMsI c10co6aMu: TMO0 3aCTaBUTD [TPUIIOKEHHUE-UCTOUHMK
YMEHBIIMTh MHTEHCUBHOCTD TeHEPALMHU IAKETOB (nodasienue ucmounuxa), 6o «IpopeanuTb»
notok. [TocieqH0I0 onepanuio MOKHO BBITIOJIHAUTD ABYMSI My TAMMU: JTUOO ombpacvieams HEKO-

! TIpiMeHsI0TCS U 60J1ee CI0XKHBIE BapUAHThI TPOMUIMPOBAHHUSI, HATPUMED, YUYUTHIBAOIIME CPEAHION
1 NMKOBbIe CKOPOCTH Ha HECKOJIBKUX BPEMEHHBIX OTPE3Kax.
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TOpbIE TIAKETbI U3 MIOTOKA, M0 3adepicusams UX Ha HEKOTOpoe BpeMsi B Oydepe. OTOpachiBa-
Hue 1 6ydepupoBaHye MAKETOB COCTABJSIOT CYTh METOA0B NPOMHINPOBAHUS U CTIAKUBAHUS
TpadMKa COOTBETCTBEHHO, KOTOPblE Mbl M PACCMATpPUBaeM 37ieCh (O MOAABIEHUH UCTOYHUKA
cM. B pasaesie «O6paTHast CBsI3b AJIs TPEAOTBPAILEHHUS TEPErPY30K» ).

PucyHok 5.16 umocTpupyeT AeiicTBIe MexaHM3Ma NpO(GHINPOBaHMs, IOKA3bIBas 3HAYEHU S
cKopocTH TpadHKa, U3MEePEHHbIE HA JOCTATOYHO MATTBIX MHTEpBaIaX BpeMeHH 110 U IocJ1e npodu-
snupoBaHusi. Kak BUZHO U3 pUCYHKA, HCXOAHBII TOTOK MMeeT MHOTO TMKOB, KOTOPBIE BBIXOAAT 32
IPaHMILYy OMpe/IeNIeHHOM /I IJaHHOTO TIOTOKA MPOIYCKHOU criocobHocTH. [Tpy nmpodmnupoBannn
4acTh MAKeTOB, (GOPMUPYIOLIUX 3TH MYJIbCALHMH, OTOPACHIBAETCS, YTO MPUBOAUT K YAEPKAHHIO
CKOPOCTH NOTOKA Ha 3aJaHHOM YPOBHe Ha MHTepBaJIax MyJbCalllil U K COXPaHEHHIO UCXOAHOH
CKOPOCTH B OCTaJIbHbIE NIEPUOBI.

TpaduK, KOHAMIIMOHUPOBAHHBII TakUM 00pPa30M, He OyeT HAPYIIATb PACUETHYIO, IJIAHOBYIO 3a-
rpy3ky cety. OIHAKO /JIs1 HEKOTOPBIX TUNOB TpadHKa OTOpackIBaHKe MAKETOB MOXKET OKa3aThCsl
KPUTUYHBIM.

Puc. 5.16. 3ddekT npodunnmposanns — oTbpacsiBaHme 3bbITouHOro Tpaduka

IMpodunuposaHue yallle BCero IpUMEHSIIOT JJ1s1 OTPaHNYeHHs TpadUKa, TOCTYNAIOILETO B IIPHO-
PUTETHYIO OYepe/ib, TAK KaK TOJbKO TAKUMH CPEACTBAMU MOXHO MPEAOTBPATUTD BbITECHEHHE
BCEro OCTATbHOTO TpadrKa NPUOPUTETHBIM TPAahUKOM.

CraaxxuBanue Tpaduka (shaping) B kakoM-To cMbIc/Ie T0A00HO MPOGHIMPOBAHHIO, TaK KAk OHO
HMeEET CXOXYIO 11e/Ib — MpUBeleHHe TapaMeTPOB MOTOKA K 33JaHHOMY CKOPOCTHOMY HPOUIIIO.
OIHAKO JOCTUTAETCS 3TA 11eJIb APYTUM CTIoco6oM. BMecTo Toro 4to6b! 0TOpackiBaTh M3GBITOYHDIE
NaKeThl, TO eCTh Te, lepeaya KOTOPbIX MOTJIa Obl TPUBECTHU K MPEBBIILEHHIO TUMUTA CKOPOCTH,
MEXaHHU3M CIIIaKUBaHUs TpaduKa 3adepicueaem NaKkeTh-HAPYLINTEN B CleLUanbHOM Oydepe



Maga 5. CeTeBble xapakTepUCTUKM U Ka4eCTBO 06CAYXMBAHUS 167

TAK, YTO Pe3yJILTUPYIOIIAsi CKOPOCTh MOTOKA OKAa3bIBAETCS B 33/1aHHbIX Mpezesax. [lakeTsl MoryT
TaKxKe 0eKearupuuuposamvcs, To €CTb IIePEMELIAThCS B KJIaCC OOCIYKUBaHHsI C 60JIee HU3KH-
MU [IPUBUJIETHUSIMHU, HAIPUMED, NIEPEBOASITCS U3 NPUOPUTETHOrO KJlacca B CTAaHAAPTHBIM KJacc,
00CYKUBAEMBIil <10 BO3MOKHOCTHS.

Addekr craaxuBanus tpadrka wmocTpupyet puc. 5.17. Ipapuk cKOpOCTH CriaxxuBaeTcs 3a
CUeT «CPe3aHHsi» BBICTYIIOB U 3aMOJIHEHUS BIIAJUH MyTeM 3aJ€P>KKH MaKeTOB, BBIXOASUINX 3a
YPOBeHb IIpe/leJIbHOM CKOPOCTH, ¥ NepeMellleHHs UX B APyrie HHTEPBAJIbl BpEMEHH, B KOTOPBIX
CKOPOCTb OKa3bIBA€TCsI MEHbLIIE YCTAHOBJIEHHOTrO npefiena. Kak Buaum, dopmuposanne Tpaduka
sBasieTcs boJiee «aAANAM» MEXAaHU3MOM KOHAMIIMOHUPOBAHUST — MAKETHI 33/1ePXKUBAIOT, HO
He 0TOPaCchIBAIOT.

Puc. 5.17. 3¢pdexT crnaxmnsanmsa Tpadpuka

U npodunmposaHue U CriaxuBaHUe YCTPAHSIIOT CKOPOCTHBIE BBICTYIIbI, CHUNASL NUKOBYHO
CKOPOCMb KOHAMNIIMOHUPYeMOro notoka. OHAKO OHHM NO-Pa3HOMY BO3AEHCTBYIOT Ha €ro cpel-
HIOI0 CKOpOCTh. OUeBUIHO, UTO M3-3a OTOPACHIBAHUS MAKETOB B PE3YJIBTATE NPOPUAUPOBAHUS
CpeOHAsL CKOPOCTb CHUNCAemcs.. A 4TO IPOUCXOAUT CO CKOPOCTHIO BO BPeMs CIJIXMBAHUS?
[TocKOJIbKY B 9TOM CJiydae MakeTbl, oOpasyoliue MyabCaluio, 3afiepXuBaloTcs B 6ydepe
BPEMEHHO, @ He HCKJ/I0YAOTCS U3 MOTOKA HABCETAA, TO B PE3YJIbTaTe C2ZAANCUBAHUS CDEOHSAS
CKOpPOCMb He MEHSIEMCSL.

O6bruHO 1poduInpoBaHue TpadyKa BHIIOMHIETCS MApLIPyTU3ATOPOM IIPOBaiifiepa, NPMHUMA-
I0LIMM TPadUK OT CETH MOJIb30BaTES. ITO [eaeTCs AJ1s1 3alUUTHI CETH OT I10JIb30BATEIbCKOIO
TpaduKa, BBIXOASIIIEro 3a NpejieJibl TapaMeTpOB, OTOBOPEHHBIX B COTJIAlIEHUHU NpOBaiizepa
u kuenTa. K ToMy ke, ecaim Takoe mpoduIMpoBaHKe He [eJaTh, TO OT Neperpy3oK CeTH Io-
CTPaJAIOT BCE ee MOJIb30BATEIH.
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CriaxuBaHue TpaduKa CYUTAETCS AeJIOM CaMHX I10JIb30BaTelel, ero 0/KeH BHINOJHSTH MO-
TPaHUYHBII MapUIPYTH3aTOP I0JIb30BaTe s, IOCHIIAIOLIMIA faHHbIe B ceTh npoBaiifiepa. Ecan
npo¢uib, 3aiaBaeMblil /IS CTJIAXXKKUBaHUs Tpaduka, coBnagaer ¢ npoduieM nocaeayouero
npoHUINPOBaHHUS, TO 3TO FAPAHTUPYeET OTCYTCTBHE NOTEPh TpaduKa M3-3a OTOPachIBaHMs H3-
OBITOYHBIX TAKETOB.

M3BecTHBIM aIrOPUTMOM, UCIIOJIb3YEMBIM KaK JJIS CTJIXKUBAHUS, TaK U 1151 1POUIUPOBAHUS
TpaduKa, SIBISETCS AITOPUTM Bepa MAapPKePOB.

(S) Arzopumm eedpa mapkepoe

O6paTHas cBSi3b ANA NpeAoTBpalLLeHus
neperpysok

MexaHu3MbI IPEAOTBPALLEHHUs TEPETPY30K OCHOBAHbI HA MCTIOIb30BAHUH 00pAMHOL C8s3U, C N0-
MOLIBIO KOTOPOIi Neperpy>KeHHbli y3eJ1 CeTH, pearupyst Ha neperpy3Ky, NpoCHT NpeablyLine
y3JIbl, PACMIOIOKEHHbIE BA0Jb MApUIPYTa CJI€I0BAHUSI MOTOKA (MM IIOTOKOB, MPUHALIEXAIIUX
K OTHOMY KJIacCy), 8peMeHHO CHU3UTh CKOpoCcTb Tpaduka. [locie Toro kak neperpyska B AaHHOM
y3Jie UCYE3HET, OH IT0CHUIAET COOOILIEeHKE, Pa3peliaollee IOBBICUTh CKOPOCTD MEPe1ayy JaHHbIX.

Cy1ecTBYIOT HECKOJIbKO BUZOB 06paTHOM cBsA3M (puc. 5.18). OHM oTnyaoTcsa uHdopManuei,
KOTOpast niepe/iaeTcs o 0OPaTHOM CBSI3H, a TAK)KE TeM, KAKON THII y3Jia FeHepUpyeT 3Ty UHGOp-
MaLHMIO U KTO pearupyeT Ha 3Ty UH(POPMaLMIO — KOHEUHBIH y3e (KOMIIBIOTED) UM IIPOMEXKY-
TOYHBIN (KOMMYTATOP WJIM MapLIPYTU3aTOP).

Puc. 5.18. YyacTtHuku o6paTHoii cBA3N

Obpammnas ces3v 1 opeanusoeana mexcdy 0syms xoneunvimu y3iamu cemu. CoobieHue o nepe-
rpy3Ke MOPOXKAAETCS y3/I0M-TI0JIyYaTesIeM U NlepeaaeTcs Y3ay-UCTOYHUKY. DTOT BAaDHAHT, UMe-
IOLIMH ClIeNHaTbHOE Ha3BaHKe — KOHTPOJIb MOTOKA, 0OeciednBaeT Hanbosree paiMKalIbHOE CHU-
JKeHHe Harpy3KH Ha CeTh, TaK KaK TOJIBKO Y3eJI-UCTOYHUK MOXKET CHU3UTh CKOPOCTb NOCTYIJIEHHS
nHdopmanuu B ceTb. Llesbio 3TOro Buaa 00paTHoi CBSA3U sABJsieTcst 60pbOa ¢ Ieperpy3kamu yasa
Ha3HaYeHMs], a He C Tleperpy3KaMH MPOMEXXYTOYHbIX CETEBBIX YCTPOIMCTB. YCTPOICTBA CETH He
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NPUHUMAIOT y4acTHe B paboTe 3TOro BUAa MeXaHMU3Ma 0OPaTHOI CBSI3U, OHHM TOJIBKO MEPEAAIOT
COOTBETCTBYIOLINE CAYHebHble CO00UeHUs MEXTY KOHEUHbIMU y31aMH. BpeMsi mepenaun atux
€o001IeHHi TI0 ceTH BaUsieT Ha 3¢ (GEKTUBHOCTb 0OPaTHOM CBA3U.

Tak, B BBICOKOCKOPOCTHBIX TJIOOAJIbHBIX CETSIX 32 BPEMsi, KOTOPOe TPATUTCS Ha Tlepeaady coobuie-
HUSI O TIeperpy3Ke y3/1a Ha3HAYEeHUs], Y3eJA-UCTOYHMK MOXET YCIIeTh HANPABUTD B CETh THICSIYM
[1aKETOB, U3-3a Y€ro Neperpyska He Oy/eT TMKBUAMPOBaHa BoBpeMs. 13 Teopumn aBTOMaTHYe-
CKOTO YIIpaBJIeHNs] M3BECTHO, YTO 33/1€PKKH B KOHTYPE 0OPATHOI CBSI3M MOTYT NPUBOAUTH KO
MHOTMM HeXeJjaTeJbHbIM 3¢ dexTaM, NPsIMO IPOTHUBOIOIOKHBIM NTEPBOHAYATBHBIM LESIM.
Hanpumep, B cucteMe MOTyT HauyaThCst KOJiebaTe IbHbIE MPOLECCH], U OHA HUKOTAA HE CMOXKET
IpUIATH B paBHOBeCHOE cocTosiue. [Tono6HbIe siBIeHNsT HAOMIOAATMC HA PaHHEHN CTAUH Pa3BH-
Tust VIHTepHeTa, KOr/a n3-3a HECOBEPIIEHCTBA AITOPUTMOB 0OPATHOM CBSI3M U MAPIIPYTH3ALUU
B HEM BO3HHKAJIM yYaCTKH [IEPETPY30K, KOTOPBIE IEPUOAMYECKH TTepeMeIaInch no ceti. [Ipu-
YHHA TAaKO# MPOGJIEMBI MHTYUTHBHO MOHSTHA — 3a/lePKKa B KOHTYPe 0OPATHOIA CBSI3U PUBO-
IUT K TOMY, YTO PETYINUPYIOUMIA 3JIEMEHT MOJYYaeT YCTAPEBIIYIO0 HHGOPMALHIO O COCTOSIHUM
peryaupyemoro ajgeMenTa. [l03TOMy BO3MOXHbI CUTyalUWH, KOr4a y3eJ-MCTOYHHK HaYWHAET
CHUIKATb CKOPOCTb Iepeaayn HHHOPMALKK, XOTS B A€CTBUTEIBHOCTH B y3JI€-[I0JIy4aTese yKe
HET oYepesieil, 1 Ha06OPOT, MOBBILIATH CKOPOCTH Nepefayd HH(GOPMALMU B TOT MOMEHT, KOTZIa
y3eJI-ToJTyYaTe b HauyaJl UCIIBIThIBATH Neperpy3Ky. JLuist 60pbObl ¢ TAKMMU SIBJIEHUSIMA B KOHTYD
00paTHOI1 CBsI3K OOBIMHO BBOAMTCSI MHTErPUPYIOUIMI 3IEMEHT, KOTOPBIHA Ha KaXKA0M Liare 06-
pabaTbiBaeT He TOJIBKO TeKyllee coobuieHHe 0OPAaTHOM CBSI3H, HO U HECKOJIBKO MPEIbIAYLINX
COOOLLEHNIA, YTO MO3BOJISIET YYECTh AMHAMHUKY H3MEHEHHSI CHTYALMHU H PEarnpoBaTh aleKBaTHO.

O6pamuas cea3v 2 opzanusoeana mexncoy 08YMs coceOnumu kommymamopamu. Kommyratop co-
o61aeT cocey, HAXOSALIEMYCS BBILIE 110 TEYEHHIO IOTOKA, YTO OH MCTIBITHIBAET [IEPETPY3KY U €T0
6ydep 3anomHuiICsa A0 KpuTHYecKoit BesnunHbl. [lony4ynB Takoe coobiueH1e, cocell, pacnoo-
JKEHHBIH BBblILIe IT0 TeYEHHIO, I0JIXKEH CHU3UTh Ha HEKOTOPOE BpeMs CKOPOCTb Iepejayy JaHHBIX
B HaNpaBJIEHNH IIEPErPYKEHHOT0 KOMMYTATOPA U TEM CaMbIM PELIUTh NPOGIEMY MEPErpy3KH.
910 — MeHee 3¢hHEKTHBHOE IS CETH B LIEJIOM PeILieHNe, TaK KaK [I0TOK OyeT MPOJ0J/IKaTh TeYb
OT y3JIa-UCTOYHMKA C TOH K€ CKOPOCTBIO, YTO U paHbie. OHAKO 7151 KOMMYTATOPa, KOTOPBIHA
VICIIBITBIBAET NEPETPY3KY, ITO SIBISETCS XOPOLIMM BBIXOJOM, TaK KaK OH MOJIy4aeT BpeMsl, YToOb!
pasrpy3uTh nepenonuBIIyiocs odepens. [Ipu aToM npobiiema nepeHOCHTCs: B KOMMYTATOP, pac-
TMOJIOKEHHBIH BBILIE 10 TEYEHHIO, B KOTOPOM Telepb MOXKeT BOSHUKHYTh I€PETPy3Ka, TaK KakK OH
HaYMHAET MepeJaBaTh JaHHble U3 cBoero Oydepa ¢ MeHbLIel CKOpocThIO. JJ0CTONHCTBOM OnucaH-
HOTO METO/A SIBJISIETCSI CHYDKEHHE 3a/1ePXKKH 0OPATHOM CBSI3H, TaK KaK Y3JIbl SIBJSIIOTCSI COCESIMH.

Obpamnasi ces3b 3 0p2aHU308aHA MEXCOY HEKOMOPHIM NPOMENYMOUHBIM KOMMYMATOPOM U Y3IIOM-
UCTNOYHUKOM; KOMMYTATOP TIOCBHIJIAET Y3JIy-UCTOYHUKY COOOLLIEHNE O TOM, YTO OH UCIIBITHIBAET
Heperpy3Ky, U IPOCUT ero CHU3UTh HHTEHCUBHOCTD BhIXOAs1lero Tpaduka. Bece octanpHbie
NPOMEXYTOYHBIe KOMMYTATODBI, JIeXallye MeXXAY 3TUMU ABYMs Y3J1aMM, TOJbKO NepeaaioT
coob1eHsi 0OPaTHOI CBSI3M B HAMPaBJIEHUH K Y3J1Y-UCTOYHUKY, HUIKAK HA HUX HE PEarupys.

B o6pammoii ceszu 4, xak u B 06paTHOIA cBsi3u 1, coobLieHHe O eperpy3Ke reHepUpyeTcst y3IoM-
noJty4yaTesieM 1 epenaeTcst y3ay-ucTouyHuKy. OHaKo B JAHHOM CJIydae KaXKAbIH IPOMeXKYTOY-
HBIM KOMMYTATOp pearupyer Ha 3To coolieHue. Bo-mepBbixX, OH CHIXKAeT CKOPOCTh [iepeaayu
JAHHBIX B HALIPABJIEHNH Y3J1a HA3HAYEHHsI, BO-BTOPBIX, OH MOXET U3MEHUTH COJEPKaHHE coobule-
Hus. Hanpumep, eciu y3en Ha3HAYeHUsT IPOCHT CHU3UTD CKOPOCTb 110 300 MbuT/c, TO poMesxy-
TOYHBII KOMMYTAaTOP MOXET CHU3UTh 3Ty BeJuduHy 40 200 M6uT/c, OLleHUB COCTOSIHUE CBOETO
Gydepa. KpoMe Toro, creHeprpoBaTh coobLIeHHE 0OPATHOM CBSI3M MOXET JII0O0N KOMMYTATOP
CeTH, a He TOJIBKO Y3€esl Ha3HAYEeHHsL.
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IIpy onucasuy pa3IMyHBIX BADUAHTOB OPraHU3aluy 0OPATHOM CBSI3U MBI [I0JPa3yMeBaJH, YTO
coob1eH1e 0 Neperpy3Ke UAET B HaNpaBleHWH, 0OPATHOM HAIMpPaBJIEeHHIO Mepefayn MoJIb30Ba-
TesabcKoW MHGopMalH (OTCIOAa U Ha3BaHUe MexaHu3Ma). OZIHAKO HeKOTOpble KOMMYHHKA-
[MOHHbIE MIPOTOKOJIBI HE MPEAYCMATPUBAIOT BO3MOXXHOCTH TreHepalny MOA0OHBIX COOOEeHNI
NPOMEXXYTOYHBIMHU y3JIaMU. B TakUX yCJIOBHSIX YacTO NPUMEHSIOT UCKYCCTBEHHbIH PUEM —
nepe/ayy cOOOIIEHUs O eperpy3Ke y3Jy Ha3HAYeHHs1, KOTOPbIil [IPeobpasyeT ero B coobiueHne
06paTHOl CBSI3W U OTIPABJISIET B HY)KHOM HAlpaBJeHUH, TO €CTh B HANPABJEHUM UCTOYHHKA.
ITOT BapUAHT MOKa3aH HA PUCYHKE KaK 06pamHas césisv 5.

B npuMeHsieMbIX CETOIHS METOIAX OOPATHOM CBS3M UCIIOJIB3YIOTCS CIEAYIOUIHe OCHOBHbIE THIIbI
CO00LIEHHH O eperpys3Ke:

O npusHak neperpysky;

O MaxcuMasbHasl pa3pellleHHast CKOPOCTb Nepefayi;
0O MakcuMasnbHBIN pa3peleHHbI 00beM TaHHBIX;

O kocBeHHble IPU3HAKU MEPETPY3KH.

IIpu3Hak nmeperpys3KH He FOBOPUT O CTENEHU MEPETPY)XEHHOCTH CETH UJIH Y3J1a, OH TOJIbKO (DUK-
cupyeT (HaKT HAIMYKS MepPerpy3Ky. Peakuus y3/ia, NONyYMBIIETO TAKOE COOOLIEHUE, MOXKET ObITh
pa3Hoii. B HEKOTOPBIX IPOTOKOJIAX Yy3eJ1 06513aH PEKPATUTD Nlepefady UHGOPMALIMHK B ONpeie-
JIEHHOM HalpaBJIeHUH, 10 TeX IOP NOKa He OyeT MoJy4eHo APyroe cooblleHre 06paTHOM CBsI3H,
paspeluaoliee NPOAC/KEHKeE Tepegayy. B Apyrux nmporokosax y3es Beger cebst afaliTUBHO,
CHHMXKast CKOPOCTb Ha HEKOTOPYIO BEJIMYUHY U 0XKUas peakuuu cetu. Eciin coobuenns ¢ npu-
3HAKOM Meperpy3Ku MPOI0JIKAIOT [IOCTYNATh, TO OH MPOA0IKAET CHI)KEHUE CKOPOCTH.

Bo BTOpOM THIIE COOOILEHMI YKA3bIBAETCSI MAKCHUMAJIbHASI CKOPOCTh EPENAYH, TO CTb OPOT
CKOPOCTH, KOTOPBIii I0JIKeH COOTI0AATh UCTOYHUK MJIH IIPOMEXYTOYHBIN Y3€J1, PaClOI0KeHHBIM
BBILLIE TI0 TEYEHUIO MOTOKA. B 3TOM cityyae 06s13aTe/IbHO HY>KHO YYUTHIBATD BPEMS IIEPENAYH CO-
061IeHHs [0 CeTH, YTOOBI UCKIIOUUTD KoslebaTe IbHbIe IPOLECCHl B CETH U 06€CIIeYNTh HYKHYIO
CKODOCTb PeaKUuM Ha neperpy3ky. [103ToMy B TEPPUTOPHATILHBIX CETSIX TAKOU CIOCO6 0OBIYHO
pean3yeTcst CUJIAMHU BCEX KOMMYTATOPOB ceTH (00paTHasi CBsi3b 4 B HALIIEM [IPHUMeDe).

Coo061ieH1e 0 MAKCHMAIBHOM 00'beéMe JaHHDbIX HCII0JIb3YETCsI B LIMPOKO PUMEHSIEMOM B [IAKeT-
HBIX CETSX AITOPUTME CKOJIb3SILIEro OKHa (oAPOoOHee 0 HeM paccKa3biBaeTcst B ri1aBe 14). OtoT
AJITOPUTM M03BOJISIET HE TOJILKO 00€CTIEYMBATD HANLEXKHYIO NIEpeIayy JaHHBIX, HO U PEAIM30BATh
06paTHYI0 CBsI3b [JIs1 KOHTPOJISI TIOTOKA MeXy KOHeYHbIMH y3namu. [lapameTpom, Hecylnm HH-
dbopmarrio 06paTHOM CBSI3H, SBISIETCS] «OKHO» — YHCJIO, TECHO CBSI3AHHOE C TEKYIHM Pa3MepoM
cBoboaHOro mpocrpancTBa B Gydepe npunumMaioiero ysaa. [lepeaaouemy y3ny paspeleHo
¢ mo60oii CKOPOCTHIO epeaTh 06beM MH(OPMalnK, PaBHBLI ONpesieIeHHOMY Jst Hero okHy. Ho
€CJIY 3TOT JIMMHT MCYepIIaH, TO Nepealouil y3eJ He MMeeT [IpaBa NepeaaBaTh HH(OPMaLHIO,
NIOKa He MOJIy4YuT caeayloee okHo. I1pu neperpyskax NpyMHUMAIOIKI y3€J yMEHbIIAeT pa3Mep
OKHa, TeM CaMbIM CHM>asl Harpy3Ky. Ecin addexT neperpysku ucyesaet, TO NPUHUMAIOIINT
y3es yBeMuMBaeT pa3Mep okHa. HeocTaTkoM 3TOro alroputMa sIBJISIETCS TO, YTO OH paboTaeT
TOJIBKO B ITPOTOKOJIAX C YCTAHOBJIEHUEM COEMHEHMSI.

B HeKOTOpBIX ciyyasx Nepejaioliuil y3es onpesessieT, YTo IPUHUMAIOIUIA y3ea (MU y3J1bl)
HCTIBITHIBAET MIEPErpPy3KY, 0 HEKOTOPHIM KOCBEHHBIM NMPH3HaKaM, 6e3 MoslyyeHust CO00LIeHus!
06paTHO¥ ¢Bs13u. TAKUMH KOCBEHHBIMH NIPU3HAKAMH MOTYT ObITh (DaKThl HOTEpH MakeToB. [1pu-

MEPOM IIPOTOKOJIA, UCITOJIb3YIOLIETO HEABHYIO ml(bopmaumo O IIEPErpy3Kax, ABJJIAETCSA MPOTOKOJI
TCP.
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PesepBupoBaHue pecypcoB

PaccMOTpeHHbIE METOAbI IOAEPKAHUS Ka4eCTBa 0OCIY>)KMBaHUSI ODUEHTUPOBAHBI B OCHOBHOM
Ha 60pb0y ¢ eperpy3KamMu WM NPeJOTBpALleHre UX B ITPe/le/iaX OTAENBHOrO y3Ja ceTu. Bmecre
C TeM MOHSITHO, YTO [UIS1 ITOIEP/KaHUs TapDaHTHPOBAHHOTO YPOBHSI KauecTBa 00CyKUBaHUS He-
KOTOPOTO MOTOKA [aKeTOB HEOOXOANMO CKOOPOUHUPOBAHHOE TIPUMEHEHHE ITHX METOIOB Ha BCEM
MYTH CJ1e[I0BaHUs TIOTOKA Yepe3 CeTb.

Pe3epBupoBaHue pecypcoB — 3TO KOOPAMHUPYIOLLANA Npoueaypa, KoTopas HacTpanBaeT MexaHN3Mb!
NOAAEPXaHNA Ka4ecTBa 06CNYXMBAHWUSA BAOSb CAEA0BAHUA NOTOKA TakKMM 06pa3oM, 4TOOLI NOTOK C He-
KOTOPbIMM 3aNaHHLIMW XaPaKTEPUCTUKAMK CKOPOCTY Gbin 06CNYXeH C 3aaaHHbIMU XapaKTepucTUKamm
QoS — 3aaepxkamu, NOTEPAMU NAKETOB U OpP.

OcHoBHasi ujiesi IPOLEAyPBl Pe3ePBUPOBAHUS PECYPCOB COCTOUT B cienyioueM. [leped mem
Kax peaJbHblil TOTOK AAHHBIX OY/€T HAPABJIEH B CETh, KAKAOMY Y3y CETH BIOJb MaplIpyTa
€ro CJIeLOBAHUS 33/1a€TCs1 BOIPOC, MOXET JIM 3TOT y3eJ 00CAYKUTh HEKOTOPBIA HOBBIN I0-
TOK C 3aJaHHBIMM XapaKTepucTukamu QoS, ecau U3BECTHBI NIPeJeNbHbIE XaPAaKTEPUCTUKH
CKOPOCTH MOTOKA: CPEJHsIsl U MUKOBasi ckopocTu? Kax/plil y3es npu oTBETe Ha 3TOT BOMPOC
J0JKEH OLIeHUTb CBOM BO3MOXHOCTH, TO €CTb IPOBEPUTD, JOCTATOYHO JIK Y HETO CBOOOIHBIX
pecypcoB, 4TOObI IPUHSATH Ha 0OCTyKMBaHUE HOBBIA MOTOK U 0OC/IYXUBATh €r0 Ka4eCTBEH-
Ho. [1p1 N0JI0XKUTETHBHOM OTBETE y3eJl JOJDKEH HEKOTOPHIM 06pa30oM 3ape3epBHUPOBATD YACTh
CBOMX PECYPCOB /ISl IAHHOTO MOTOKA, YTOOBI IPU NOCTYIIJIEHNH! MAKETOB MOTOKA HA BXOAHbBIE
nHTepGERChl UCIIOJIb30BATH 3TH PECYPCHI AJ1s1 OOCIY)KUBAHUS OCTYNAIOLIUX [IAKETOB C FapaH-
TUPOBAHHBIM YPOBHEM KayecTBa.

B o61eM ciyuae Kakabiil y3e1 CaMOCTOSITEIbHO PELIAEeT, KaKMe PeCYPChl OH JOJDKEH 3ape3ep-
BHPOBATh 1151 06CTyKMBaHKMsI HEKOTOPOTO MOTOKA C 3alaHHbIM KauecTBoM. Kak mokasbiBaer
NPaKTHKA, OCHOBHBIM PECYPCOM, TPeOYEMBIM ISl KAYECTBEHHOTO OBCIYKUBAHUS TIAKETOB,
SIBJISIETCSE NPONYCKHASL CNOCOOHOCTN® unmepetica, Yepe3 KOTOPbIiA MAKeThl OTOKA NOKUAAIOT
y3ea. [loaToMy B pasbHei1IEM Mbl Gy/IEM, HECKOJIBKO YIIPOIUasi JeHCTBUTEIBHOE TOJIOXKEHHE
aei, ynorpebasitb GopmMyTUPOBKY «Pe3epBUPOBAaHUE MPOIYCKHOM CIIOCOOHOCTH» BMECTO «pe-
3epPBUPOBAHUE PECYPCOB>.

OnHako YTo e 03Ha4YaeT pe3epBUPOBAHUE MPOMYCKHON CIIOCOOHOCTH B CETAX C KOMMYTallUeH
nakeToB? MBI CTAJIKUBAJINCD C 3TON KOHIEMIIHUEN TOJIBKO IIPU PACCMOTPEHHH MPUHIUNOB (QYHK-
LIMOHHUPOBAHMUSI ceTell ¢ KOMMYyTaluell KaHaioB. JleicTBUTENbHO, /15 CeTel ¢ KOMMYTalueit
[AKETOB MEXaHU3M Pe3ePBUPOBAHUS POMYCKHOM CIIOCOOHOCTH HE SIBJISIETCS] MPUHIMITUAIBHO
HeoOXOMMbIM, OH UMEET 8CROMOZAMENbHOE 3HAYEHUE U MCIIOMB3YETCS TOJIBKO B T€X CIydYasx,
Korja Tpebyercsi obecriedeHre 3aJaHHOTO Ka4ecTBa 00Cy)KUBaHUS TAKETOB.

[Ipoueaypa pe3epBUPOBaHUs 371€CH TOJ06HA AHAJIOTMYHOMN MPOLIEAYPE B CETSIX C KOMMYyTalMel
KaHAJIOB: ONpe/e/IeHHOMY NMOTOKY JaHHBIX HA3HAYaeTCs ONpejieJieHHast YacTh MPOMYCKHOM
criocobHoCTH IMHUK CBsi3U. O/IHAKO B CETSX ¢ KOMMYTAllMed [AKETOB 3Ta MPOIleLypPa ABJISeTCs
6oJ1ee TMOKOIA, TO €CTb €CJIM OTBEIEHHAs POIYCKHAs CIIOCOGHOCTD B KAKOM-TO MEPHO BpEMEHU
HEIOUCIIONIb3YETCsI TOTOKOM, TO OHA MOXeT OBITh NepeiaHa APYTUM noTokaM. Eie oqHuM oT-
JIMYMEM Pe3ePBUPOBAHMS B MIAKETHBIX CETSIX SIBJISIETCS TO 0OCTOATENBCTBO, YTO PE3ePBUPOBAHHUE
MOJXET BBIMOJIHSTBCS HE TOJBKO «M3 KOHIA B KOHEIL[», HO U JIJIs KAKUX-TO OTAEJIbHBIX Y3JIOB IO
MapIlpyTy MOTOKA.
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Mpoueaypa pesepBupoBaHUNA
NPONYCKHOA CNOCOOHOCTHN

Pe3eanpOBaHne l'lpOl'IyCKHOﬁ CIOCOOHOCTH B ITAKETHOM CETH <«U3 KOHILIa B KOHELl» HAa4YHHaeTCsl
C onepauuy, Ha3bIBAEMO KOHTPOJIEM I0NyCKa B CETb ITOTOKaQ, KOTOprﬁ IIPOCUT 3ape3epBUPO-
BaThb 1711 CBOETO 06€JIY)I(I/IBaHI/IH HEKOTOPYIO NMPONYyCKHYIO CHOCOGHOCTD CETH MEXAy ee N1ByMs
KOHEYHbIMH Y3JIaMH.

KonTpone gonycka s cets (admission control) cocTont B NnpoBepke HannM4Ma AOCTYNHOW, TO €CTb
He3ape3epBUPOBAHHOM AR APYFX NOTOKOB NPONYCKHOM CNOCOGHOCTU Ha KaXA0M U3 Y3/10B CETU Ha
NPOTAXEHUN BCEro MapuwipyTa CheaoBaHus NOToKa.

KoHTposb 101yCcKa MOXXET BBIOJIHSITBCS € TIOMOIIBIO CIIENMATBHOTO MPOTOKOJIa, KOTOPBIH Tepe-
JI2eT 110 CeTH coobLIeHHUE O 3anpoce HeOOXOAUMO MIPOIYCKHOM CIIOCOGHOCTH BI0JIb MapLIPyTa,
TI0 KOTOPOMY 3aTeM J0JKHBI Oy/1yT NepefaBaThCsl JaHHble N0TOKa. KaX10e KOMMyHHKaLMOHHOE
YCTPOIACTBO, TPUHSIB TAaKOe COOOILEHHE, JOTKHO PELIKTD, JOCTATOYHO JIM Y HEr0 CBOGOAHOMN (HO
ellle He 3ape3ePBUPOBAHHOMN ) MPOIYCKHOM CTOCOGHOCTH, YTOOBI BBIAEJUTh HOBOMY TIOTOKY 3a-
npauMBaeMyo BesinunHy. OTMETHM, UTO BBINOJHEHHE 3TOM MPOLIELYPbl BO3MOXHO U 6€3 TAKOro
MPOTOKOJIA, €CJIM BHELIHSIs] IEHTPAJIM30BAaHHASI CUCTEMA MJTH JKe aIMUHUCTPATOP CETH BEIYT yYeT
Y IPUHUMAIOT PellleHHe O BbIIEISIEMOM MPOMYCKHOM COCOGHOCTH.

OueBHIHO, YTO CPeHSIsT CKOPOCTh OTOKA J0JKHA OBITh MEHBIIIE, YEM 3aTIPAIIMBAEMAs] IPOITYCK-
Hasl CIIOCOGHOCTD, MHAYe NOTOK OyAeT 06CIYXeH ¢ 04€Hb IUVIOXMM KayeCTBOM, IaXKe HECMOTPSI Ha
TO, YTO eMy OblyIa 3ape3epBMPOBAHA HEKOTOPAsI MPOILYCKHAsI CIOCOGHOCTD. B HEKOTOPBIX Clyyasx
TNpH pe3ePBUPOBAHUM YUUTBIBAIOTCSI X THKOBbIE CKOPOCTH MOTOKA.

Ecnu pe3y/ibTaT KOHTPOJIsL JOMYCKa MOJIOXKHUTEEH B KaXA0M y3ie (puc. 5.19), To ceteBbie
YCTPOMCTBA 3aIIOMUHAIOT (DaKT pe3epBUPOBAHMS, UTOOBI TIPH MOSBJIEHUH NTAKETOB AaHHOTO MOTO-
Ka Pacro3HaTh UX U BbLAEJUTh UM 3ape3ePBUPOBAHHYIO MPOITYCKHYIO criocobHocTb. KpoMme Toro,
IIPH YCIIEIIHOM Pe3ePBUPOBAHUH JOCTYIHAS JIs1 Pe3epPBUPOBaHUsA (B OyayIleM) NPONyCcKHas
CNIOCOGHOCTb yMEHBIAETCSI Ha BEIMYMHY, 3ape3ePBUPOBAHHYIO 32 IAHHBIM TIOTOKOM.

Teneps mocMOTPUM, KaKMM 06Pa30M BBINOJIHAETCS BbiJeJeHHE IPOMYCKHOM CIIOCOOHOCTH 10~
TOKY B MOMEHTBI BPEMEHH, KOT/a eT0 [aKeThl IOCTYMAIOT HA BXO/, KOMMYHHUKAIMOHHOTO YCTPOM-
cTBa 52, KOTOPOE 3aMOMHUJIO (HAKT Pe3ePBUPOBAHUS MPONYCKHOM CIOCOOHOCTH A1 moToka Fi
Ha BbIXOIHOM uHTepdeiice P2 (puc. 5.20).

Takoe BblA€IeHHE TPOMYCKHON CMTOCOGHOCTH MOXXKHO 0G€CNEYUTh PasHbIMU COCOHaMH, B TOM
4ycsle ¥ C UCNOIb30BaHMUeM B3BellleHHbIX odepenei. Ilycts motoky F1 npu pesepBupoBaHuu
ObLIO BBIAEIEHO 25 % MPONYCKHOM criocobHocTh unTepdeiica P2. ByaeM cuMtath, 4TO pesep-
BHUPOBaHuUeE OBLTO BBIIOJHEHO TOJIBKO AJ1s1 HOTOKA F1, a IU1st APYyTHX MOTOKOB, KOTOPbIE POXOAAT
Yyepe3 BbIXOAHO MHTep(elic P2, pe3epBUpOBaHUE He NPOU3BOAMUIIOCH.

YT06b! 1OOUTHCS XKeJaeMOro pe3yJabTaTa, Z0CTATOYHO OPraHU30BaTh AJISl BHIXOAHOTO UH-
Tepdeiica dee 63sewennvie ouepedu — odepenn Ans notoka F1 ¢ Becom 25 % u ouepean «mo
YMOJIYAHHIO» LISl BCEX OCTAIbHBIX MOTOKOB. KpoMe Toro, He06X01MMO aKTHBU3HPOBATb KAAC-
cugukamop, KOTOPbIit 6yAeT NPOBEPSTD AKEThI Ha BCEX BXOAHBIX MHTepdeiicax ycTpoicTBa
S2 (Ha puc. 6.14 nmokasaH TOIbKO OAMH BXOAHOI uHTepdeiic P1), oréupaTh nmakers notoka F1
110 3a/laHHBIM [IPY Pe3epBUPOBAaHUM MPU3HAKAM M HANPaBJATb UX B OYepelb AJs NoToka F1.
B Te nepuoan! BpeMeHH, KOrla CKOPOCTb MOTOKA F1 OkaXkeTcst MeHbllle 3ape3epPBUPOBAHHOM
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POIYCKHOM CIOCOGHOCTH B 25 %, HEUCIIOIb30BaHHas €€ 4acTh OyJeT NoTPebaAThCA OTOKA-
MU M3 OYepeaH «I10 YMOJIYAHHIO» — B CUJIy 2JITOPUTMa paboThl B3BELIEHHBIX Ouepeneit. 3aTo
B NIEPUO/IbI, KOTa CKOPOCTh NMOTOKA F1 [OCTUTHET 3asiBJEHHOTO MaKCMMyMa MoTpebieHust
MPOIYCKHOI CIOCOOHOCTH B 25 %, BCE OCTaJIbHBIE IIOTOKU OYAyT AOBOJIbCTBOBATbCSA OCTAB-
wumuce 75 %.

B onucanHoM npuMepe He 3a71elicTBOBaH MeXaHU3M npoguruposanus tpacduka. [Ipu Hanuymm
OT/ZleJIbHOM B3BeLLIEHHOW OYepeay /isl TOTOKA, 3ape3ePBUPOBABILErO MPOIYCKHYIO CIOCOOGHOCTb,

Puc. 5.19. KoHTponb gonycka notoka

Puc. 5.20. Boinenexne 3ape3epBupoBaHHON NPONYCKHOW CMOCOBHOCTM
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9TOT ME€XaHHU3M HE ABJIAETCA O6ﬂSaTeJIbeIM, TaK KaK CaM ME€XaHU3M B3BELICHHBIX oqepeneﬁ
OTrPAHUYUT NPONYCKHYIO CnocoOHOCTh NIOTOKA B HYXXHbBIX IpeJejiaX B NepHUOo/bl MEPErpy3o0kK,
KOrzaa BCe B3BElLIEHHbIC O4YepeAHr 3aIIOJTHAIOTCA ITOJTHOCTDBIO.

Tt TOA XKe eI MOXKHO 3aieHCTBOBATD npuopumemibie ouepedu. [IpuMeHeHne IPUOPUTETHOM
OYepeaId MOXKET OKAa3aThCsl HEOOXOIMMBIM, €CJIM OTOKY, TOMUMO OIPE/IENEHHOTO YPOBHSI [PO-
IyCKHOM CocOOGHOCTH, TpebyeTcst 06ecneynTs ¥ MUHUMAIbHO BO3MOXHbIN YPOBEHD 3a/1ePXKeK
naketoB. [Ipu UCoIb30BaHUYM IPHOPUTETHOM OYepear MPObUINPOBaHHE HEOOXOANMO BCET/A,
TaK KaK [PUOPUTETHDIA MEXaHM3M He 00ecieyrBaeT OrpaHUYeHMsI CKOPOCTH TIOTOKA, YTO MOXKET
TMI03BOJIUTH IPUOPUTETHOMY MIOTOKY 3aXBaTUTh BeCb PECYPC.

Hy>xHO mox4epKkHyTb, YTO pe3ePBHPOBaHKE NPUBOAUT K 0XKHJAaeMbIM pe3yJbTaTaM TOJbKO
B T€X CJIy4asiX, KOIZAa peajbHasi CPEHSISI CKOPOCTh MOTOKOB, /s KOTOPBIX OBLIO BBLIOJHEHO
pe3epBHpOBaHUe, OKA3bIBAETCs HE BbIllle, YeM NPOIMYCKHAsi CIOCOOGHOCT, 3aNpollieHHast IPH
pe3epBUPOBAaHUY Y PealM30BaHHas TPU KOH(MUTYPUPOBAHMHU CETEBBIX YCTPOICTB. B npoTuBHOM
cJ1y4ae pe3yJsIbTaThl MOTYT OKa3aThCs 1aXKe XyoKe, 4eM TPH HAIMYMH eAMHCTBEHHOH OUepenn <110
YMOJTYAHHMIO> 1 OOCJIY>)KMBAHUM <TI0 BO3MOXKHOCTH». Tak, eC/Iv CKOPOCTb OTOKA OKAXKETCsI BBILIIE,
4eM Ipeies], YYUTHIBAEMbI MEXaHN3MOM POGUIMPOBAHMUS, TO YACTh IAKETOB Oy/IeT OTOpoLIEHa
ZaXke B TOM CJIy4ae, eCJIM yCTPOHCTBO He Meperpy>KeHo 1 MOTJIO Obl OTIIMYHO CMIPABUTHCS C TPeJl-
JI0XKeHHBIM Tpad koM 6e3 mpuMeHeHUs: MexaHu3MOB QoS.

OGecneyeHue 3a4aHHOro YpoBHS 3apepXek

[1pu onucaHKUM NPOLEAYPHI PE3ePBUPOBAHKSI IPOMYCKHON CMOCOGHOCTH Mbl CHOKYCHPOBATHCH
Ha MEXaHU3MaX BblIEJEHUsI NPOMYCKHOM CIIOCOGHOCTH HEKOTOPOMY MOTOKY M OCTaBUIH 63
BHMMAaHHs1 O[IUH BKHBLIA BOIIPOC: KAKYH0 NPONYCKHYIO CROCOGHOCTL 00ANCEH 3aNDAWUEams NOMOK
0215t moeo, umobbl 3a0epiHCKU €20 NAKEeMmos He NPesblla HeKomopol eeauuuts? EqnHcTBeHHOE
coo6paxeHue, KOTOpoe ObLI0 BBICKA3aHO 110 3TOMY NOBOZAY, 3aKJII0YAIOCH B TOM, YTO 3allpalliy-
BaeMasi TIPOIYCKHasl CIOCOOHOCTD N0/KHA ObITh BbIILE, YEM CPE/IHsISl CKOPOCTb MOTOKA, HHAYe
3HAYMTEIbHAS YACTh IAKETOB MPOCTO MOXKET MOCTOSIHHO OTGPACHIBATBCS CETHIO, TAK YTO KAYECTBO
00CITyKUBAHUSI OKQXKETCS TAPAHTUPOBAHHO HUBKHM.

ITOT BOMPOC Ha CaMOM Jiesie 000PAYMBAETCS CI0XKHON NPOOJIEMOM, TAK KAK Mbl HE MOJKEM, HAIPH-
Mep, CKOH(DUTYPHPOBATH 0YEPEND IPUOPUTETHOTO MJIM B3BELLIEHHOTO 0OCIYKUBAHHUS TaK, YTOObI
OHa cTporo obecneynia Kakoii-1nbo 3apaHee 3aJaHHBIN IOPOT 3ajlePKeK U X Bapuauuu. Ha-
NIpaBJIeHHeE MTAKeTOB B IPHOPUTETHYIO OuepeIb TONbKO I03BOJIsieT FAPAHTUPOBATh, YTO 33/1€PHKKH
GyAyT JOCTATOYHO HU3KUMHU — CYLIECTBEHHO HUXKE, YEM Y NTAKETOB, KOTOPbIEe 06pabaThIBAIOTCS
B OY€epeaH 110 yMOT4aHUIo. Mbl Takske 3HaeM, YTO NIPY HAJIMUMH B3BELIEHHBIX Ouepesiei 3aepxKKU
Oy4yT CHYXKATBCSI CO CHIDKEHHEM OTHOCUTENILHOTO K0 HUIieHTa MCITONIB30BAHMSI IIPOMYCKHON
crocoGHOCTH, OTBeAeHHO oyepeau. Bee ckazaHHOE OTHOCHTCSI K KAYeCTBEHHBIM XapaKTePUCTU-
KaM 3aJiepKeK, a BOT KOJMYECTBEHHO OLIEHUTb UX 3HaUE€HHE 04EHb CI0KHO.

KaxuM e 06pa3oM IOCTABIIMK YCJIYT MOXKET BBIIIOJHUTD CBOY 00513aTeIbCTBA Nepe KJIUeHTa-
MH? OueHb «IIPOCTO» — OH AOJIKEH IOCTOSIHHO U3MepAmMb paxmuueckue 3Hauenus xapaxme-
pucmux mpaguxa 6 cemu ¥ TapaHTUPOBATh M10Jb30BATEJISIM CETH BeTMYMHBI 3aJepPXKeK B COOT-
BETCTBHMH ¢ HabI01aeMbIMU pe3yisTaTamu. Ha mpakTuke MOCTOSIHHBI MOHUTOPHHT 3a€pPiKeK
Y NOTEPh NAKeTOB TPeGYET YCTAHOBKU B CETH GOJIBILOTO KOJINYECTBA Ar€HTOB-U3MeEpPHTEIIEH,
XOPOLIO CHHXPOHU3UPOBAHHBIX APYT C IPYTOM, a TaK)Ke POrPaMMHOMN CHCTEMBI PETUCTPALINH
Y aHa/M3a M3MepUTebHOH HHDOPMALUH.
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UHXXuHnpuHr Tpadpuka

[Ipu paccMOTpeHUM CHCTEMbl 00ecTieyeHUs] KayecTBa 0OCayKUBaHUsl, OCHOBAHHOM Ha pe3ep-
BUPOBAHUH, Mbl HE CTAJIM 3aTPAarMBaTh BOMPOC MAPLIPYTOB C/I€J0BaHUS TOTOKOB YePe3 CEeTb.
TouHee, Mbl UCXO/INJIY U3 TOTO, YTO MAPILPYTHI KAKUM-TO 06pa3oM BbIOPAHBI, IPUYEM ITOT BbI-
6op aenaercs Ge3 yyera TpeboBanmit QoS. 1 B yC/I0BUSAX 3aJaHHOCTH MapLIPYTOB MbI CTAPaJIMCh
o6ecIeynTh MPOXOXKAEHHE [0 STM MapUIPyTaM TAKOTO Habopa OTOKOB, AJIsi KOTOPOTO MOXKHO
rapaHTUpoBath coboaeHune TpeboBanuii QoS.

OueBunIHO, YTO 3324y obecrieueHust TpeboBaHmit QoS MOXXHO pelnThb GoJiee 3hHEKTUBHO, ecu
CYMTATD, YTO MAPLIPYTHI CeqoBaHusl Tpaduka He PUKCHPOBAHBI, a TAK)Ke MOAJIEXAT BHIOODY.
370 03BOINIO GBI CETH 0OCTYKMBATH GOJIbLIE TOTOKOB € TapaHTUAMHU QOS IpH TeX JKe Xapak-
TEPUCTHKAX CaMOMl CETH, TO eCTh NPOIMYCKHOI CIIOCOOHOCTH KAHAJIOB M NMPOU3BOAUTENBHOCTH
KOMMYTaTOpPOB U MAapLIPYTH3aTOPOB.

3apnayy BbiIGOpa MapuwpyToB ANs NOTOKOB (MAK Knaccos Tpaduka) ¢ yuetom Tpebosanuii QoS pewaioT
MeToab MHXUHUPKUHra Tpaduxa (Traffic Engineering). C noMoLbio 3TMx METOA0B CTPEMSATCH Mo
BO3MOXHOCTU c6anaHCMpPOBaHHO 3arpy3nTh BCE PECYPCHI CeTH, YTOObLI CETb NPY 3aaHHOM YPOBHE
KayecTBa 06CNnyxmBaHna o6naaana kak MOXHO 6Gonee BbiCOKO CYMMAaPHON NPoN3BOaNTENbHOCTSLIO.

Metoap!l MHXMHUPUHTA TPadUKa HE TOJNBKO MO3BOJISIOT HAMTH PAMOHAIBHBIA MAPIIPYT AJIS
I0TOKA, HO ¥ Pe3ePBUPYIOT JUJIsl HETO PECYPCHI, [JIaBHBIM 00Pa30M MPONYCKHYIO CIOCOOHOCTD
YCTPOUCTB CETH BAOJb 3TOr0 MapuIPyTa.

HepoctaTtkv TpaaAULMOHHBIX METOA0B
MapuwpyTu3auumn

B cersix ¢ koMMyTanuMeil nakeToB TPaJUIIMOHHBIE TPOTOKOJIBI MAPUIPYTHU3ALHHU OCYIIECTBJSIOT
BbI6Op MapIIPYTa HAa OCHOBE TOTIOJIOTUH CeTH O€3 y4eTa ee TeKyulel 3arpy3Ku.

st xaxxa0it napsl «azpec UCTOYHUKA — apec Ha3HaueHUs» TaKhe MPOTOKOJbI BBIOUPAIOT
€IMHCTBEHHBIN MapIIPYT, He MPUHKUMasi BO BHUMaHHe HH(GOPMAIIMOHHbBIE [IOTOKH, IPOTEKAOII1E
yepes ceTb. B pesyJsibTate Bce HOTOKU MeX/y TapaMy KOHEYHbIX Y3JIOB CETH UAYT 10 Kpamuai-
wemy (B COOTBETCTBMM C HEKOTOPOM METPUKOIT) MapIIpyTy. BolOpaHHBIN MapIIPyT MOXKET ObITh
6osiee pallMOHAIbHBIM, HAPHUMED, ECJM B pacyeT NPUHUMAETCS HOMUHAJbHAS MPOMYCKHAs]
cr1ocoGHOCTD KAHAJIOB CBSI3U WJIM BHOCUMBIE UMU 33/I€PXKKH, UJIM MeHee PallMOHANbHBIM, €CJIH
YYUTHIBAETCSI TOJIHKO KOJIMYECTBO MPOMEXYTOUYHBIX MAPIIPYTU3aTOPOB MEXKIY UCXOJHBIM U KO-
HEYHbIM y3JIaMH.

KnaccuueckuM npumMepoM HeahdHeKTUBHOCTH TAKOTO MOAXO/A SIBJSIETCS TaK Ha3bIBaeMast
«pbiba» — CeThb C TOMOJIOTHEMH, TPpUBeAeHHON Ha puc. 5.21. HecMOTpst Ha TO 4TO MeXAy KOM-
MmyTatopamu A u E cymectByer nBa nyTy (BepXHMl — yepe3 KOMMYTATOp B, HUXXKHUI — yepe3
kommyTaTopel C u D), Bech Tpauk oT koMMyTaTtopa A kK KoMMyTatopy E B cooTBeTcTBHH C Tpa-
JIULMOHHBIMY NPUHIMIIAMK MapIIPYTU3AL[MM HAMPABJISIETCS 1T0 BEPXHEMY MyTH. TOIbKO OTOMY,
YTO HYDKHUH MTyTh HEMHOTO (Ha OIMH PETPAHCJISIIUOHHBIN YYaCTOK) AJIMHHEe, YeM BEPXHUH, OH
MTHOPUPYETCsI, XOTs1 MOT Obl paboTaTh «apajljieIbHO» C BEDXHUM IIyTEM.

Hanuno siBHasi yiepOHOCTD pasfiesieHusi peCypCOB CETH MeXAY [MOTOKAMU — OJHU PeCyPChI
paboTaloT ¢ Meperpy3Kou, a Apyrue Py 3TOM He UCMOJb3YIOTCsl BoBce. TpaaguliMOHHBIE Me-
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TOABI 6OPBOBI ¢ NEPErPY3KaMH 3Ty NPoGJIeMY PELIUTh He MOTYT, HyXHbl KA4€CTBEHHO MHBIE
MeXaHU3MBI.

Puc. 5.21. HeadPpekTMBHOCTb KpaTHaUWNX NyTen

MeToAabl UHXUHUPUHIra Tpaduka

W cxoqHBIMY IAHHBIMU [IJIS1 METOIOB MHXWHUPUHTA TpauKa SBJISIOTCS:
0 xapaKTepuUCTHKH nepejaloniei ceTy;
O cBeaeHus o MpeasIoXKeHHONH HArpy3Ke CeTH.

K xapaxmepucmuxam nepedaroweti cemu OTHOCUTCS e€ TOTIOJIOTHS], @ TAKXKE TIPOM3BOAUTELHOCTD
COCTABJISIOLINX €e KOMMYTAaTOPOB U JIMHUI cBsA3U. [Ipearnonaraercs:, 4To NPOM3BOAUTENBHOCTD
NPOLIECCOpPa KaXJOr0 KOMMYTAaTOpa JOCTATOMHA 151 00CIyKUBaHUs TpaduKa BCeX ero BXol-
HBIX UHTepdeicoB, Aaxe ecau TpadUK NMOCTYNaeT Ha MHTephENHC ¢ MAaKCUMAIbHO BO3MOXKHOH
CKOPOCTbIO, PAaBHOU NMPOMyCcKHON criocoOHocTH nHTepdeiica. [Ipu Takux yc/10BUsIX B KauecTBe
pe3epBUPYEMbIX PECYPCOB BBICTYIIAeT MPOIMYCKHAsI CIOCOOHOCTD JIMHHIA CBSI3M MEXAY KOMMY-
tatopamu (puc. 5.22).

Puc. 5.22. Tononorus cetu 1 Nnpon3BoanTENbHOCTb €€ PECYPCOB

Ceedenus 0 npednoxcennol Hazpy3Ke cemu NPEACTABJASAIOT CO60I MHGOPMALIMIO O IOTOKAX JaH-
HbIX, KOTOpBIE CETb J0JXKHA NepeiaTh MeXXAY CBOMMH NOrPaHMYHBIMU KOMMYyTaTopamu. Kaxpiit
[IOTOK XapaKTepPU3YeTCsi TOYKON BXOJa B CETb, TOYKOM BbIXO/1a U3 ceTH u npoduieM tpaduka.
[11s1 noyyeHust ONTUMAJIbHBIX PELIEHHI JKeNaTeIbHO UCII0JIb30BaTh [eTaIbHOE OINIUCAHUE KaXK-
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[I0r0 MOTOKA, HAMPUMEP, YYUTHIBATh BEJIMYUHY BO3MOXKHOII My ibcauuu Tpaduka. OmxHako, Kak
MPaBUJIO, YYUTHIBAIOTCS TOJIbKO UX CPEIHUE CKOPOCTH epeayy AaHHbIX (puc. 5.23).

Puc. 5.23. NpeanoxeHHas Harpyska

Meronbl MHKMHUPHHTA TpadUKa Yallle MPUMEHSIOT He K OT/AEJIbHbIM, A K azpezuposantbim 10-
TOKaM, KOTOpbIE SIBJISIIOTCA 0ObelNHEHUEM HECKOJbKUX NMOTOKOB. Tak Kak Mbl UIleM 061U
MapLUIPYT /ISl HECKOJbKUX OTOKOB, TO arperupoBaTh MOXKHO TOJIbKO NOTOKH, UMeEIOLIHe 00LIne
TOYKHU BXO/Ia B CETb U BbIX0O/Ia U3 CETU. ArperipoBaHHOE 33/laH1e IIOTOKOB MT03BOJISIET YIIPOCTHTD
3ajiauy BbIOOpA MyTeM, TaK KaK NPU MHAWBUAYAJIbHOM PACCMOTPEHMH KaXKAOTO MOJIb30BATE b~
CKOTO MOTOKA MPOMEXYTOYHbIE KOMMYTATOPBI JOJKHBI XPAHUTD CJIMIIKOM O0JIbIlie 00beMbI
uHopMau. ArperupoBaHue OTAeJbHbIX MOTOKOB B OIMH BO3MOXHO TOJIbKO B TOM CJy4Yae,
KOT/Za BCE MIOTOKH, COCTAaBJIAIOIINE arPErMPOBAHHBIN NIOTOK, NPedsA6Asiom 001U u me He mpe6o-
sanus k kauecmay o6cayxcueanus. Jlanee B 3ToM pasziesie Mbl Gy/IeM [/l KPATKOCTH MOJIb30BATHCST
TEPMHUHOM <«IIOTOK» KaK [I/isi *HAMBUAYAJIbHOTO MTOTOKA, TAK U /s arPErMPOBAHHOTO, OCKOJIbKY
[PUHIKIBI MHKUHUPUHTA TPahuKa OT 3TOTO He MEHSIIOTCSL.

3azaya MHXKMHUPUHTA TPaKa COCTOUT B ONMpeeNeHH MapIIPYTOB MPOX0XKAEHHS IIOTOKOB
yepes CeTb, IPUYEM MAPLIPYThI JOJKHBI ObITh TAKUMHU, YTOOBI PECYPCHI CETU ObLIM 3arpyKeHbl
110 BO3MOXKHOCTH PaBHOMEDHO, a KaXK/Iblii MOTOK 10JIy4Yas TpeGyeMoe Ka4eCTBO 00CTy KUBAHMSL.

DopmaibHO 3a1a4a MHXUHUPUHTA TPadHUKA MOXKET ObITh NOCTABJIEHA CIIEAYIOIUM 00pa3oM:

PeweHnem 3aaa4m UHXUHUPUHIra Tpaduka SBASETCS Takon Habop MapLpPyTOB ANA 3aAaHHOr0 MHO-
XeCTBa NOTOKOB Tpaduka, ANA KOTOPOro BCe 3HaYeHWUs Ko3PpOUUMEHTOB 3arpy3ku pecypcos BAONb
MapLupyTa CNeaoBaHuns Kaxaoro noToka He NPeBbILLAT HeKOTOPOro 3a4aHHOro nopora Kmax.

MaxcuManbHBIN YPOBEHD UCII0/I30BaHus pecypcoB Kmax BeiGupaetcst Takum 06pa3oM, 4ToObI
MeXaHU3Mbl yIIPaBJIeHHsI IEPErPY3KON MOTJIN 0becreunTb TpeGyeMoe Ka4ecTBO 06CTYKMBAHHUS.
ITO 03HAYAET, YTO /JIsl 3MACTHYHOrO TpadhrKa MAKCUMAIbHOE 3HaYeHHe BriOUpaeTcst He 60JIblie
ueM 0,9, a 1151 YyBCTBUTEJIBHOTO K 3afiepxkKkaM Tpaduka — He 6osbiie yem 0,5. Tak kak 06bIYHO
pe3epBUPOBaHKE TPOU3BOAUTCS He 1/t BCEX [TOTOKOB, HYXKHO OCTaBUTb YaCTh IIPOITYCKHOH CIO-
co6GHOCTH /151 CBOGOAHOTO UCnob30BaHus. [103TOMy npHBeeHHbIE MAKCMAJIbHbIE 3HAYEHUST
06b14HO ymenbawoT 10 0,75 u 0,25 coorBercrBerHo. st ynpoleHus: paccyxiaeHuit 6yaem
10Jiarath Jajiee, YTO B CETH MepeJaeTcsl OAUH BUI TpaduKa, a Jajlee MOKaXeM, Kak 06061KTh
pellieHVe 331a41 MHXXMHUPHHTA /1Sl Caly4ast Tpaduka HECKOIBKUX THUIIOB.



178 YacTb |. OCHOBbI CeTelt nepeaayn AaHHbIx

Peluenue 3a1a4n MHXMHAPHHTA TpadrKa MOKHO UCKATh 3a01ar0OBPEMEHHO, 8 (hOHOBOM pexcu-
me. Jlnst aTUX Uesiedl JokHA ObITh pa3paboTaHa BHEIIHSIS 1T0 OTHOILEHHIO K CETH MPOrpaMma,
MCXOZAHBIMHU JJAHHBIMH /151 KOTOPOH CJIy>XKaT TOIOJIOTHs ¥ IPOU3BOIUTEIBHOCTD CETH, a TaKXe
MpeAoKeHHast Harpy3ka. JTa IporpaMMa uiileT oNTHMalbHOe paclpejeeHue MapIIpyToB, Ha-
pUMep, IIyTeM HallpaBJeHHOro nepebopa BApUAHTOB.

3afauy MHXHHUPUHTA TpadUKa MOXKHO PELIaTh 8 ONEPaAmueHOM pexrcume, NOPyYUB ee CaMUM
KOMMYTaTopaM ceTH. [1J1s 3Toro UCNoJIb3yI0TCs MOAM(UIIPOBaHHbIE CTAHAAPTHBIE IPOTOKOJIbI
MapuIpyTusaiuu. Moandukaiys IpoTOKOIOB MApIIPYTU3ALMH COCTOUT B TOM, YTO OHH COO0LIa-
10T APYT APYTY HE TOJbKO TOMOJIOTMYECKYI0 HHDOPMALIKIO, HO U TeKylilee 3HadeHHe CBOOOAHOI
IPOITYCKHOM CITOCOOHOCTH U151 KaXKA0TO pecypca.

[Mocsie TOro Kak pelieHue HaiieHO, HY)KHO €ro peajn3oBaTh, TO €CTb OTPA3UTh B TabaULAX
MapupyTtusauuu. Ecaiu Mbl BO3HaMepUMCst IIPOJIOXKUTD 3TH MApLIPYTHI B IeTArPaMMHOM CeTH,
TO PUCKY€EM CTOJIKHYTBCSI C ellle OIHOM 11po6JieMoil. [leJ10 B TOM, 4TO TaGJIMLbl MAPIIPY TU3ALMN
B HUX YUMTBIBAIOT TOJIbKO aJpeca Ha3HaueHUs MaKkeToB. KoOMMyTaTopbl ¥ MapLIpyTU3aTOPHI Ta-
KMX ceTeli (HanpuMep, IP-ceteit) He paboTalOT C HOTOKaMH, IOCKOJIBKY /ISl HUX HOTOK B SIBHOM
BUJI€ He CYIIIeCTBYET, a KaXK/(bli [TAKeT ITPHU €T0 MPOJABHXXEHUH SIBJISIETCSI HE3aBUCUMOM eIMHULeH
KOMMYyTaluH. B ¢BsI3u ¢ 3TUM MeTObI MHXXMHUPHHTIA TpauKa cerogHs UCNOIb3YIOTCS TOJIbKO
B CETsIX C BUPTYJIbHBIMU KaHAJIaMH, /111 KOTOPBIX He COCTaBJIsIeT TPyZa peau30BaTh HallleHHOe
pelleHue /s TPYIIbI TOTOKOB.

PaboTta B HepoOrpy>XeHHOM pexume

Kak ormeyasnocs, caMbIM NPOCTbIM ciocobom obecriedenus TpeboBannit QoS asst BceX MoTOKOB
siBJIsieTCsl paboTa ceTH B HEIOTPY>KEHHOM PEXXHME, UJTH € U30BITOYHON MPOIYCKHOH C1IOCOGHO-
CTBIO.

TOBOPSIT, UTO cemb umeem U3BbLIMOUHYIO NPONYCKHYIO CNOCOOHOCMb, KOTZIA BCE YaCTH CETH B JII0O0H
MOMEHT BpeMeHH 00J1aJaloT TAKO MPOMYCKHON CTOCOGHOCTBIO, KOTOPOI JOCTATOUHO, YTOOBI
00CTyKUTb BCE NOTOKH TpaduKa, MPOTEKAIOLIETO B 3TO BPEMSI YEPE3 CETh, C YAOBIETBOPHTEb-
HBIMM XapaKTePUCTUKAMH NPOU3BOAUTENBHOCTH U HAIEXKHOCTH. [IpyrUMU CJI0BaMU, HU OJIHO
U3 CETEBbIX YCTPOUCTB TAKOW CETH HUKOT/A HE NI0BEPraeTCs eperpy3KaM, KOTopble MOTJIH Obl
MPUBECTH K 3HAYUTEIbHBIM 33/lePXKKaM WJIM NOTEPSIM NMAKeTOB M3-3a IEePENoHEeHUs ouepeaen
naketoB (KOHEYHO, 3TO He UCKJIIOYAET CJIy4YaeB MOTEPh CETHIO MAKETOB MO APYTUM NIPUYHHAM, He
CBSI3aHHBIM C NePErpy3KOii CETH, HAIPUMED, U3-32 UCKAKEHM CUTHAJIOB B JIMHUSIX CBSI3U MO0
OTKa30B CETEBbIX Y3/I0B UM JIUHUH CBSI3M).

3ameTuM, YTO NPUBEJEHHOE ONpPeAesIeHNe CeTH ¢ U3OBITOYHON NPOMYCKHO CIOCOOGHOCTBIO
HaMepeHHO yNPOLIEHO, YTOObI JOHECTU CyTh uen. Bosee akkypaTHOe onpenesieHne JOIKHO
Ob1J10 Obl YUUTHIBATH CJIyYalHbI XapaKTep MPOTEKAIOIIMX B CETH IIPOLECCOB U ONEPUPOBATh
CTATUCTUYECKUMHU ONpeNeeHusiMU cobbiThii. HanpuMep, oroBapuBath, 4to Takue cOOBITHS,
KaK JUTHTEJbHbIE 3a/lePXKKH WM [IOTEPH MIAKETOB U3-32 TIEPENOJIHEHHS Ouepeieil B CETH ¢ 13-
GBITOYHON TPOTYCKHOM CMOCOOHOCTDIO, CIYYAIOTCsI HACTOJIBKO PEIKO, YTO HMU MOXKHO IIpe-
HeOpeyb.

[Ipoctora obecnieyenus: TpeboBakuit QoS 3a cueT pabOTHI CETH B HEAOTPY/KEHHOM PEXUME 5IB-
JISIETCA TJIaBHBIM JOCTOMHCTBOM 3TOTO MOAX0/1a — OH TPEOYET TOJBKO YBETMIEHHS TPOMYCKHOM
CNOCOGHOCTH JIMHUH CBSI3H M, COOTBETCTBEHHO, TPOU3BOAMTEIBHOCTH KOMMYHUKALIMOHHBIX
yCTPO#CTB ceTy. HIKAaKNUX TOMOTHUTENBHBIX YCUIUH TT0 UCCIEJOBAHHIO XapAKTEPUCTHK IOTOKOB
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CeTH U KOH(MUIYPUPOBaHUIO JOMOJHUTEbHBIX Ouepe/ieil U MEXaHN3MOB KOHAULIMOHUPOBaHHS
tpaduka 31ech He TpebyeTcs.

Y106b1 6BITH YBEPEHHBIMHU, YTO CETh 00JaaeT JOCTATOYHOM MPOMYCKHON CIOCOOHOCTBIO st
KauyeCTBEHHOM nepenayu Tpaduka, HeOOXOAUM TOCTOSIHHBI MOHUTOPUHT BpEMEHHRBIX XapaKTe-
PHCTHK (3ai€PKEK U MX BapHALIMi{ ) IPOLIeCCOB NepeAiady NAKETOB CEThIO. A B TOM CJlydae, KOraa
Pe3yJIbTaThl MOHMTODUHIA HAYMHAIOT CTAOMJIbHO MOKA3bIBAaTh YXYAIIEHHE XapaKTEPUCTHK Kade-
cTBa 06CIyKUBaHMsl, HEOGXOAUMO NTPOBOIUTH OYEPEIHYI0 MOAEPHH3ALMIO CETH U YBEJUYUBATD
MPOMYCKHYIO CMIOCOGHOCTD IMHUH CBSI3W M KOMMYHHKAI[MOHHBIX YCTPOWCTB.

O/1HaKO MOHUTOPHHT 3ajIepXKEK U WX BapHallUi SIBJSETCS TPYAOeMKOI paboToid. OObIUHO
OIepaTopsbl, KOTOPBIE XOTST MO/1ePKUBATh CBOIO CETh B HEJOTPY)KEHHOM COCTOSIHUU U 3a CYeT
3TOro 06ecrneynBaTh BHICOKOE KA4eCTBO OOCTYKUBAHHUS, IIPOCTO OCYLIECTBJISIOT MOHUTOPUHT
YPOBHsI Tpad¥Ka B TMHUSX CBSI3U CETH, TO €CTb UIMEPSIIOM KO3DDuLUuenm ucnons308anus npo-
nYckHot cnocobnocmu aunul ceau. [Ipu 3TOM JIMHMSL CBA3K CUMTAETCsI HEAOTPYIKEHHOI, eCu
ee K03 PUILMEHT UCTIOIB30BAaHMS MIOCTOSIHHO He IPEBOCXOAUT HEKOTOPBIN IOCTATOUHO HU3KUI
ypoBeHb, Hanipumep 20-30 %. ViMest Takue 3HaYeHHsT H3MEPEHHIA, MOXKHO CYMTATD, YTO JTHHHS
B CPEIHEM HE UCTIBITHIBAET MEPETPY30K, 4, 3HAYMT, CE€Tb OyJeT nepeaaBath TpapUK KaueCTBEHHO.

J1151 aBTOMaTHYeCKOTO Pe3ePBUPOBAHUS PECYPCOB MapIIPYTU3aTOPOB (TaKMX KaK MPONYCKHast
cnocobHOCTb MHTEpPdENCcoB, padmMepbl OydepoB) B npeesax, pa3pelleHHbIX MOJHTUKONR QoS
17151 TaHHO# ceTH, B Hayaste 90-X ronoB 6b11 pa3paGoTaH MPOTOKOJ pe3epBHPOBaHU PECYPCOB
(Resource reSerVation Protocol, RSVP). 3ToT npoToKo IPUHUMAET 3aNpoc Ha pe3epBUpPOBa-
HHsI PECYPCOB OT MPUJIOKEHHS], PAOOTAIOLIETO HA y3JI€ CETH, TeHEPUPYIOLIETO HEKOTOPOTO II0TOK
nakeroB. B 3anpoce yka3pIBalOTCs apaMeTphl, peKOMeHlyeMble [JIsi KaueCTBEHHON TepegadH
ceTh10 TpapuKa 3TOro PHJIOKEHHUsI: BEPXHIOI H HUXKHIOIO FPaHULIbI TPebyeMOil NpOnyCKHON
C110COGHOCTH, MAKCHMAIbHbIE 3HAYEHUsT 3a/IEPXKKU Y ee BapHALlMM H T. 1L 3alpoc nepeaercst
B nakere nporokosia RSVP Bcem MapuipyTusaropaM, pacrionoxkeHHbIM 8004b Nymu nomoxa
MeX/y KOHEYHbIMHU Y3JIaMH TTYTH NIOTOKA.

Kaxabrit MapuipyTusaTop, nosryuns 3anpoc RSVP, nposepsier, vMerotcs it y Hero pecypcsl,
HeoOXOoAMMble TSl TOAAEPKAHUS 3aTPALINBAEMO IPOMYCKHOMN CIOCOGHOCTH U YpoBHs Q0S.
Ecav 3anpoc mpHUMaeTCst, TO MapuUIPyTH3aTOP MOCKITAET 3aNpoc Aajlee BLOJb MapLIPyTa c.le-
AVIOLEMY MapUIPYTU3ATOPY, & AaHHbIe 0 TpeOyeMoM ypoBHe QoS nepeaaroTcst TeM MeXaHU3MaM
MapuIpyTH3aTopa, KOTOpble OTBETCTBEHHBI 32 yrpasieHueM Tpadpukom. Eciiu Bce Mapuipytu-
3aTOpbI BAOJb MYTH NOTOKA MpUHUMaIoT 3anpoc RSVP, To B cetn ycranaBnupaercs coctosiue
pe3epBHPOBAaHHUS [JIs1 JAHHOTO II0TOKA, TAK YTO MAaKeThl MOTOKA, FeHePUPYEMBIH y310M-0TIIpa-
BHTeEJIEM, MTOTYYAOT HEOOXOAUMBIH YPOBEHD OOCTYKMBAHHSL.

[ToapoGHee o nporokosie RSVP MoxHo npounTtaTh B pasaeie «IIpotokosst IntServ u DiffServ.
[Toanepxka QoS mMapurpytisaropaMu» Ha caiire asropoB www.olifer.co.uk.
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Bonpocbi Kkyactu |

11.
12.

[Tosicuure, mouemy cetrt WAN nmosiBUIUCH paHblie, yeM cetd LAN.

Oxapaktepu3yiTte IHTepHeT B COOTBETCTBUU C KPUTEPUSIMU KJIacCUPUKALUM KOMIBIO-

TePHBLIX CeTei.

B uem rsaBHOe OT/IMYME MHOTOTEPMHHAJIBHOM CUCTEMBI OT KOMITBIOTEPHOU CeTH?

JlaiiTe onpe/ieIeHUs TEDMUHAM <KJIMEHT», «CEPBEP», «CeTeBast CIyxkK0a», «CETEBON CEPBUC»,

«ceTeBast yCJiyrar.

Kaxko# tin tonosioruu Hanbosiee pacpoCTPpaHeH CErOMIHS B JIOKAIbHBIX CETSIX?

YkakuTe, Kakue NapaMeTpbl epesaBaeMblX JaHHBIX MOTYT CJIYXKHTb MPU3HAKOM HHGOP-

MAalHOHHOTO MOTOKA:

a) ajJpec Ha3HAYEHUS;

6) azpec HCTOUHHKA;

B) THII IPUJIOKEHUS;

r) HoMep MHTep(eiica, Ha KOTOPBIN NOCTYNUJ MAKET.

Kakue u3 cienyoimux yTBepxaeHU BCceria BepHbI:

a) CKOPOCTb Mepelayn JaHHbIX MOXeET ObITh BblLIE NPEIIOKEHHON HArPy3KHU (pedb UaeT
00 OIHUX W TeX JKe TaHHBIX);

6) CKOPOCTb Iepejaut JIAHHbIX BCETA HUXKe TMPOIYCKHON CIOCOOHOCTH;

B) MPOIIYCKHAsl CTIOCOOHOCTb HUKAK He CBSI3aHA C MPEe1JIOKEHHONU HArPY3KOH;

r) CKOPOCTb Nepeayn JaHHBIX MOXKET ObITh HUXKe NPEAJI0KEHHOM HATPy3KH.

Mo)KHO /11 OPraHU30BaTh HAAEXKHYIO Nlepesjayy IaHHBIX MEXAY ABYyMsi KOHEUHBIMH Y3J1aMH

6€3 yCTaHOBJIEHUS JIOTHYECKOTO COe/IMHEHHA?

Kakoe soruyeckoe coeiuHeHne MOXKET ObITh HA3BAHO BUPTYaJIbHbIM KAHAIOM?

YkakuTe, Kakie U3 PUBEIeHHBIX HHUXKE YTBEPXKAECHUIA BEPHBI IPH JIIOObIX YCIOBHUSX:

a) B CeTSIX C KOMMYTalKel KaHATIOB HEOOXOAMMO NIPEIBAPUTENBHO YCTAHABIUBATD COEU-
HeHUe;

6) BcCeTsAX C KOMMyTauuell KaHaI0B He TpeOyeTcs yKa3blBaTh aApec Ha3HAYE€HUs JaHHbIX;

B) CeThb C KOMMYTauuel naketos 6oJiee 3 GeKTUBHA, YeM CETh C KOMMYTallUel KaHaJIoB;

T) CeTh C KOMMYyTalHell KaHAJIOB PeOCTABISIET B3AUMOIEUCTBYOIIMM aO0OHEHTaM rapaH-
THPOBAHHYIO MPOIYCKHYIO CIIOCOGHOCTD;

1) JIaHHBIE, IIOCTYNHBLINE B COCTABHOM KaHaJl, JOCTABJISIOTCS! BbI3bIBAEMOMY ab0OHeHTY Oe3
3ajIepXKeK U MOTEPB;

€) COCTABHOM KaHaJ MOCTOSTHHO 3aKPeNJIsieTcst 3a AByMst a0OHEHTaMHu;

) COCTABHOI KaHAI UMeeT NOCTOSTHHYIO 1 (PHKCHPOBAHHYIO MPOIYCKHYIO CIIOCOOHOCTD Ha
BCEM CBOEM MPOTSIKEHHU.

Kaxkue cBoiicTBa ceTeit ¢ KOMMyTalHel KaHAJIOB CBUAETENbCTBYIOT 06 MX HEIOCTATKAX?

Kakwue cBoiicTBa ceTell ¢ KOMMyTalMel AKETOB HETATUBHO CKAa3bIBAIOTCS Ha mepejaye
MYJIBTUMeTMHHOI MHbOpMaLuu?



Bonpocsl k 4acTtu | 181

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.
23.

24.

Kakue u3 ciegyionmx xapaKTePUCTHK ITOJHOCTHIO ONPEAENSIOTCS IPOIYCKHOM CIIOCOOHO-

CTBIO KaHaJla:

a) BpeMsi KOMMYTAllUHU MAKEeTa;

6) BpeMs paclpoCTPaHEHUS CUTHANIA;

B) BpeMsI O>KU/IaHUsi N1aKeTa B ouepeny;

r) BpeMsl CepUaU3alliy.

[TpuBenuTe pacyeTsl, MOSICHSIIOIINE 3HAYEHHE 3JIEMEHTAPHOTO KaHana HUbPOBbIX Teje-

(ouHbIx ceteit 64 Kbur/c.

[TycTb IMHUS CBSI3M, MOAKJIIOYAIONIast abOHEHTa K TeJie(POHHOM CEeTH, UMEET MPOMYCKHYIO

cniocobrocTb 128 K6ut/c. [TloueMy JIMHMS CBSI3H, COEIUHSIONAst KOMMYTATOPbI B 3TOM CETH,

He MOXeT UMeTb IPonycKHyio ciocobroctb 30 710 Kbut/c?

I[TpeacraBuM cebe mucartesisi, KOTOPbIA MULIET KHUTY U 110 MEPe FOTOBHOCTH KaX/I0# HO-

BOJ IJ1aBbI [IOCBLIAET €€ B U3aTeabCTBO. PaboTast Haj r/1aBoi 8, OH MOMy4nI1 OT U3aaTens

MHCHMO O TOM, UTO UM He NoJTy4yeHa ri1aBa 5. Ilucaress elie pa3 mocJjiaj MAChbMO C TIaBOM 5,

MONPOCUB B JaJIbHEHIIEM [TOATBEPKAATh NOJy4YeHUe KaXKA0ii U3 cineayoumx riaas. Kakoi

crocob MPOABYKEHHsI TAKETOB — A€MTAarpaMMHBIM UJIM METO/ C YCTAHOBJIEHHEM JIOTHYe-

CKOTO coeJMHeHHsI — OJIM)Ke K OMMCAHHOMY MeTOAy 0OMeHa MOYTOBBIMH OTIIPABJIEHUAMU?

W3-3a yero ckopocTb nepeadn MoAb30BaTENbCKMX JAHHBIX B CETSIX C KOMMYTAllHel MaKeTOB

BCET/Ia HIDKe MPOIMYCKHOM CIIOCOOHOCTH KAHAJIOB CBSI3U? BapuaHThI OTBETOB:

a) u3-3a myJabcaluii Tpaduka;

6) 13-3a pasiesieHus JIMHHIL CBA3M C APYTHMM I10JIb30BATESIMY;

B) M3-32 HAJIMYMsI 3aTOJIOBKOB Y MAKETOB;

T) K3-3a 3ajepxKeK Ha KOMMYTaTopax.

[TosicHuTe, NOYEMy NAKETHBI KOMMYTATOp UMeeT Oy(epHYIO NaMATh:

a) ISl IPUHSITUS PEIIEHNs] O KOMMYTAIIMH TTaKeTa TpeOyeTCsl BBHIMOJIHUTD aHanu3 3aro/ioB-
Ka MaKeTa;

6) KOMMYTaTOp MHOrAa He ycneBaeT 06paboTaTh MaKeT A0 MPUXOJA CJEAYIOLIEro;

B) IJIsl yCKOpEHUsI 06pabOTKM MAKETOB UX NOMELIAIOT B OydhepHyo maMsTh;

I) CKOPOCTb Nlepeayyl AaHHbIX B OHOI JIMHUH CBSI3M KOMMYTATOPA BBIILIE, YEM B APYTOii.

B 4eM cxozacTBO M pa3iiyMe COCTaBHOTO M BUPTYaJIbHOTO KaHAJIOB?

[ycTb UMEIOTCS NSITh PAa3JIMYHBIX METOOB TEPEIBHKEHHUS] 0OBEKTOB: JOCTaBKa TOBApOB

O MOYTeE; ABM)KEHNE aBTOTPAHCIOPTA; JIECOCILIAB; PACCHIIKA CIIAMA; IBUXKEHHE TOPOICKUX

aBTOOYCOB. YKaXuTe, KAKOM M3 3TUX METOIOB MOXKET CJIYXKUTb AHAOTHEH [JIs1 CIEAYIOIHMX

METOJOB NPOABM)KEHUST B KOMITBIOTEPHBIX CETSIX: IeUTarpaMMHAsI MaKeTHask KOMMYTAlUs;

KOMMYTaLHs1 KAHAJIOB; TAKeTHasi KOMMYTALlMsl Ha OCHOBE BUPTYAJIbHBIX KAHAJIOB; TAaKETHAsI

KOMMYTallMsl Ha OCHOBE JIOTHYECKHX COeTUHEHUH.

Kaxkoit u3 crioco60B MpoABMKEHUsI AaHHBIX — KOMMYTALsl KaHAJIO0B UM KOMMYTalus

MaKeTOB, — I10 BalleMy MHeHHIO, GoJiee 3auieH 0T MHQOPMALMOHHBIX aTaK?

Ha xakom yposHe Mozesu OS] paGoratot ceteBbie ciyx0b1? IIpuioxenus?

MOo2kHO /11 IPeACTaBUTb APYTroil BADUAHT MOJleJI B3aUMOAEHCTBHUSI CETEBBIX CPEACTB, OT-
JyHbIi oT Mozienu OSI u uMeroluii, HanpuMep, 1IeCTh YPOBHEN?

Bcerna s cnpaBepnuBo yrBepxkaeHue: «IIpotokon — 310 cTaHAapT, GOpMaaM30BaHHO
OIMCHIBAIOLIMIA PAaBUJIA B3aUMOAEHCTBUS ABYX CUCTEM, BKJIIOYAs! IIOCJIEN0BATENbHOCTD
0o6MeHa COOOIIEHNSIMU U UX (POPMATHI» ?
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25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.
36.
37.

38.
39.

40.

41.
42.

43.

[TycThb Ha AByX KOMIIBIOTEPAX YCTAHOBJIEHO UAEHTUYHOE TIPOTPAMMHOE U anmapaTHoe obe-
ClleyeHue, 3a MCKII0YEeHUEM TOTO, YTO ApaiBepbl ceTeBbX agantepos Ethernet mognepxu-
BAIOT pa3Hble UHTep(elCsh ¢ BbIILesIeXXaluM MPOTOKOJIOM ceTeBoro ypoBHs IP. Byayr au
3TH KOMMbIOTEPbI HOPMAJIbPHO B3aUMOJIEMCTBOBATD, €CTH UX COEIUHUTD B CETh?

Ecau npotokosbHast exunuua aanHbix (PDU) HekoToporo npoTokoJia MHKanCyJIMpoBaHa
B PDU npotokona k-ro ypostst moiend OS], MOXHO JIM C yBEPEHHOCTBIO yTBEPXKAATD, YTO
NepBblil MPOTOKOJ OTHOCUTCS K YPOBHIO k + 17

Kakue NpeuMyuIeCTBa JaeT CJI€A0BaAaHNE OTKPbITHIM CHCHHQJI/IKBIII/IHM?

Beiuncyinte 3HadyeHre CTaHAAPTHOTO OTKJIOHEHUS ¥ K03 duleHTa BapHalMy Cay4YaitHo
3a/1epKKH 10 TMCTOrpaMMe Ha puc. 5.3.

Kak MO>XHO yMEHBIIUTb CKOPOCTb IOTOKA MaKeTOB?

Eci1 cKopocTb MOTOKA, IepeaBaeMoro o KaHaly ¢ IPOnycKHoii ciocobroctbio 100 [6ur/c,
pasta 50 [6uT/c, yeMy paBHa CKOPOCTb Nepeiayy OTAEIBbHOTO MAKEeTa U3 3TOTO NOTOKA?

IlycTb 151 Mepeaayyl roJioca UCIoNb3YeTCs JUCKPeTH3aLUs II0 BpeMeHH C MHTePBAJIOM 25 MKC
W AMCKpeTH3auus 1o 3HayeHusIM — 1024 rpaganuu 3BykoBoro curHasa. Kakast npomyckHas
crocoGHOCTb HEOOXOANMA /IS TTePeiady MOyYEeHHOTO TAKMM 0OPa3oM roJ10coBOro Tpaduka?

Kakoii Tun o6c1yKUBaHUS 11€J1eCO00PA3HO IIPUMEHMTD, €CJIM HYXKHO 00eCeYUTh Pasiny-
HYI0 MUHUMAJIbHYIO FAPAHTUPOBAHHYIO CIOCOOHOCTH TPEM KJjiaccaM Tpaduka?

OO6bsicHuTE IMPUYUHY BO3MOKHOI'O BOSHUKHOBE€HHUA oqepeueﬁ Aaxe MpUu HEBBICOKOU cpenHeﬁ
3arpy3Ke KOMMYTaTOPOB UJIK MaplIpyTHU3aTOPOB CETU C KOMMyTaI.lPIeﬁ TMaKEeTOB.

Vkakute, Kakue U3 [epedncaeHHbIX NPUI0KeHUH Hanboiee 4yBCTBUTE/IbHBI K TIOTEPSAM
NAKeTOB, 3a/lePXKKaM 1/UJIM BapUalUsIM 3aepkek: $HailioBblil CEPBUC; MYJITUMeIUNHbIE
CEpPBUCHI; IEKTPOHHAS [IOYTA; TEKCTOBBIN PENAKTOP; MPOTrpaMMa YIpaBJieHUsT pobOTOM;
LIMPOKOBEUIATENbHAS PACCHLTIKA Ay AMOMH(POPMALIMH.

Mosket i1t TpaduK nepenaBaTbesi ¢ GONBIIMMU 3aI€PKKAMH, HO 6e3 KUTTEpa?
K KaknM HexxesaTeIbHbIM TI0CTIEICTBUSIM MOXKET IIPUBECTH IIPUOPUTETHOE OOCTYKUBAHHE?

[TycTb B pe3ysisTaTe M3MepeHuit ObLIO NOJTyYeHO CpejiHee 3HaYyeHre BpeMeH 000poTa Make-
TOB HeKOTOporo Tuna. Kakue npuunHbI MOTyT BBI3BATD IOTPEIIHOCTD 3TOM BEJIMYUHBI, €CJIU
HCIIOJIb30BAIACh aKTHBHAS CXeMa NU3MEPEHHUI? A eciii, HA060pOT, MAacCUBHAs?

Kakoit napamerp Tpadyika MeHsieTcsl TpH MH>XXKUHUPUHTe Tpaduka?

[TycTh B KOMMYTATOP NMOCTYIIA€T NOTOK AAHHBIX, CPENHSISA CKOPOCTb KOTOPOrO pPaBHA
10 000 nakeToB B CEKYH/Y, U IYCThb CpeHee BpeMsi 06pabOTKH NaKeTa B KOMMYTallAOHHOM
6s10ke paBHo 1 Mkc. HysxeH siu 6ydep asist ouepeay nepes KOMMYTallMOHHBIM OJIOKOM?

[TycTb nponyckxas cioco6uocts 1 T'6ut/c BeixoaHOro nHTEpdEiica KOMMYTATOPA A0JKHA
ObITh pasjie/ieHa MeXIy TpeMs KjaccaMu Tpaduka B oTHomeHuun 1:4:15. Kakum ob6paszom
aTa npobJ/ieMa MOXKET ObITh PellieHa C UCI0JIb30BaHUeM B3BellleHHbIX ouepeziei? Kakoi 00b-
€M [JaHHBbIX M3 KQKA0U 04epeu JOJKEeH BIOUPAThCS NPU KaX10M POCMOTPE, eCJIH UK
npocMoTpa pased 100 mkc?

Apnsiercst mu koapdULIMEHT Myabcauuy TpadrKa KOTUUECTBEHHON XapaKTePUCTUKON?

Kak Bausiior npopunpoBatue 1 CriakuBaHue Ha MHKOBYIO U CPEIHIOI0 CKOPOCTh KOHAN-
LUUOHUPYEMBIX NOTOKOB?

W3BecTHO, 4TO MpOdUINPOBAHYE — OIMH N3 MEXaHM3MOB ITOBBIIIEH I KA4eCcTBa 00CTyKHUBa-
Hus. VI3BECTHO TakxKe, 4TO B I1poliecce NpoduInpOBaH st HEKOTOPbIE NIAKETbI OTOPACHIBAIOTCS.
[ToTepy MakeToB yXyAUAIOT KauecTBO oOcayxuBaHust. Kak 06bsiCHUTH 3TO MPOTHBOpeUHe?
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TexHonorum
$dun3nyeckKkoro ypoBHs

Q Maea 6. JInnum ceaaun
O Maea 7. KoguposaHue 1 MynbTUNNEKCMPOBAHNE AAHHbIX
Q nasa 8. TexHonoruwn nepsuyrbix cete PDH u SDH

Q aea 9. TexHonorum nepBuyHbIX cetet DWDM 1 OTN

B rnaBe 6 paccMaTpuBalOTCS PA3/IUYHBIE TUMbI IMHUA CBA3N M UX XapakTEPUCTUKM. CUrHansl, nepeaaHHbie
N0 NMHUK CBA3M, NPUXOANAT K NPUEMHUKY C 32AE€PXKOA Y UCKAXEHVSIMWA, BbI3BAHHBIMM PA3IMYHBIMM NPK-
4nHamm. Tak, CKOPOCTb Nepeaayr AaHHbLIX OrPaHNYMBaETCSA NPOMYCKHOM CNOCOBGHOCTLIO NMNHUK. VcKaxeHns
CUIHANoB BO3HWKAIOT B pe3ynbTaTe 3aTyXxaHWsi MOLLHOCTW CUrHana, orpaHn4eHHOCTM NOAOCH! NPONYCKaHWUA
1 BHELUHUX U BHYTPEHHUX NOMeX. U3yyeHre 3Tux xapakTepucTuk 6a3vpyeTcs Ha annaparte CnekTpanbHoro
NpPeACTaBNeHNs INEKTPUHECKUX U ONTUYECKUX CUrHaNoB. MponyckHas cCnoCOBGHOCTL NUHWKM 3aBUCUT OT ee
NONOCHI NPOMNYCKaHUA U METOAA KOANPOBAHNA NEPEAABAEMONA MO IMHAN CBA3WN UHPOPMaUUU.

Masea 7 nocesuieHa MeTOAaM KOAMPOBAHWUA aHaNoroBoOM 1 AUCKPETHON nHdopMaunn. AT MeToasl pas-
NAYAIOTCA WMPWHOM CNeKTpa CUrHana, Nofy4eHHOro B pe3ynkTaTe KOAUPOBAHUS, YyCTOMYNBOCTLIO K LyMaMm,
CNOCOGHOCTLIO 0GHAPYXMBATL U UCMPaBNATL GUTOBLIE OLUNGKK, HEKOTOPLIMW APYrMMU XapakTePUCTUKAMW.
B 37011 Xe rnaBe n3y4aloTCs HaCTOTHOE, BONIHOBOE U BDEMEHHOE CUHXPOHHOE Y aCUHXPOHHOE MYNbLTUNIIEK-
CMpPOBaHWE KaHaNoB.

MMasbl 8 n 9 NocBsALEHbl TEXHONOrUAM nepBuYHbix ceten PDH, SDH, DWDM u OTN. MNocne nayyeHus
NPUHUMNOB NOCTPOEHUA KOMNbIOTEPHBIX CeTeN B BOOGpaXxeHnn YutaTenss Morna BO3HUKHYTb OCTATOYHO
NpoCTas KapTuHa KOMMbIOTEPHON CETU — KOMNbIOTEPbI U KOMMYTATOPbI, COEIMHEHHbIE APYr C APYroM
oTpe3kamu kabens. OgHako npu 6onee geTanbHOM PacCMOTPEHMM KOMNbIOTEPHOW CETU BCE OKa3biBa-
eTCs CNOXHEE, YeM Ka3anocb Npu ndyvyeHnn moaenm OSI. [leno B TOM, 4TO UenbHble oTpe3ku kabens
WUCMONb3YyITCA AN COEANHEHUS CETEBbIX YCTPOUCTB TONbKO Ha HEBONBLUMX PACCTOSHUAX, TO €CTb B NO-
kanbHbix ceTax. MNpu noctpoeHun cetenn WAN n MAN Takoi noaxoa kpanHe pacTouuTeneH n3-3a BbICOKON
CTOMMOCTU NPOTAXEHHbIX JIMHWIA CBA3M Takoro poaa. MNoatomy ropasno vauwie Ans CBA3n KOMMYTaTopoB
B ceTax WAN 1 MAN ncnonb3yloTcsa CyecTsylowme nepeuYHbLIE TEPPUTOPUANBHBIE CETU C KOMMYTaLMewn
KaHanos. B atom cnyyae B nepBU4HON CETU CO3[AETCH COCTABHOM KaHan, KOTOPbIA AJ1I8 KOMMNbIOTEPHOW
nnn TenedOHHON HANOXEHHOW CETW BLINOAHAET Te Xe PyHKUNK, 4TO 1 0Tpe3ok kabens, — obecneumsaet
dun3nyeckoe ABYXTOHEHYHOE coeanHeHne. TEXHONOrMN NEPBUYHBIX CETEN CYLLECTBEHHO OTINYAIOTCH OT
TEXHONOrU KOMNbIOTEPHBIX NAKETHbIX CETEN: OHN OCHOBAHbI HA NPUHLMNE KOMMYTaUUKW KaHanos; UMeIoT
Y3Kyl0 Cneunann3aumnio — TPaHCNOPTUPOBKY AaHHbIX; UCNONL3YIOT B KayecTBe cnocoba pa3peneHus
nepenaloLLen cpeabl MeToAbl CUHXPOHHOrO BPEMEHHOIO MyNbLTUMNIEKCUPOBAHUS KaHanos (cetu PDH, SDH
1 OTN), a Takke MynbTUNNEKCUPOBAHNA CBETOBLIX BOMH Pa3nu4YHon AnnHbl (cetn DWDM).
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Knaccudukaumna nmHun ceasu

MNepBuYHbLIE CE€TU, IMHUMN N KaHanNbl CBA3N

I1pn onucanuu TeXHUYECKOI CUCTEMBI, KOTOPasi nepetaeT UHGPOPMALIMIO MEeXAY Y3JIaMH CeTH,
B JIUTEPATypPe MOXKHO BCTPETUTD HECKOIBKO HAa3BAHUI: IUHUSA CBA3U, COCMABHOU KAHAT, KAHAIL, 36€HO.
YacTo 3TH TepMHUHBI UCIIOIB3YIOTCS KAK CHHOHUMBI, IPUYeM BO MHOTHX CJIy4asiX 3TO He BBI3bIBaeT
npob.ieM. B To e BpeMst ecTb U crieninduKa B yroTpebieHnH epeducIeHHbIX TEDPMUHOB:

Q 3seno (link) — 310 cerment, obecrnednBaOUINI NEpefady JAHHBIX MEXAY ABYMsI COCEIHUMU
y3J1aMH CETH. 3BEHO He COJeP>KUT POMEKYTOYHBIX YCTPOHCTB KOMMYTALUU U MY IbTUILIEK-
CHPOBAHMUsL, HO MOXKET BKJIIOYATh YCUJIUTENH U PeTeHepaTOphl CUTHAJIOB.

QO Kananom (channel) yaie Bcero 0603HadaroT 4acTh MPOITYCKHOU CIIOCOGHOCTH 3B€HA, UCTIONb-
3yeMyI0 He3aBUCUMO IIp1 koMMyTauuy. Hanpumep, 3BeHO NepBUYHOI CETH MOXET COCTOSATh
n3 30 KaHaN0B, KaXKIbIH U3 KOTOPbIX 06JIajlaeT POIyCKHOM crocoGHocThio 64 Kéut/c.

O CocraBHo# kaHau (circuit) — 3To MyTb MeXAy ABYMsI KOHEYHbIMU y3s1aMmH cetd. CocTaB-
HOIt KaHas 06pa3yeTcsi OTAENbHBIMHM KaHalaMi NIPOMEXKYTOYHBIX 3BEHbEB U BHYTPEHHUMHU
CoelMHEHUsIMU B KOMMYyTaTopax. YacTo anuTeT «COCTaBHON» OMYyCKaeTcs, ¥ TEPMUHOM
«KaHaJI» HA3bIBAIOT KaK COCTABHOM KaHaJI, TaK ¥ KaHaJl MeXAy COCeJHUMH y3/laMH, TO eCTb
B [1pefieJlaX 3BeHa.

O Jlunus cBA3H MOXET MCIOJb30BAThCS KAK CUHOHUM IS 1106010 U3 TpeX OCTaJIbHBIX TEP-
MHHOB.

He cTOMT OTHOCHTBCS K NyTaHUIIE B TEPMUHOJIOTMH OYEHB CTPOTO, B OCOOEHHOCTH K Pa3IM4YUsIM
B TEPMHUHOJIOTUH TPAAUIMOHHOM TesiehoHuU U GoJiee HOBOM 06JIACTH — KOMITBIOTEPHBIX CETE.
[Tpouecc KOHBEPreHIMK TOJIbKO YCYryOu npobeMy TEpPMUHOJIOTMH, TAK KAK MHOTE MEXaHHU3-
Mbl 3THUX CeTel cTanu 0OLMMH, HO COXPaHUJIM 3a co60M 1o nape (MHOTAa 1 6oJIbliIe) HA3BaHHIA,
NpPULIEALUIMX U3 KAXI0H 06/1aCTH.

KpoMe Toro, cylecTBYIOT 06 beKTUBHbIE IPUYUHBI /IJIs1 HEOAHO3HAYHOTO MOHUMAHUSI TEPMUHOB.
Ha puc. 6.1 noka3aHsbl B2 BApUAHTa JIMHUH CBSA3U. B mepBoM ciry4yae JIMHUS COCTOUT U3 CerMeHTa
KabeJsisi ANMHOM HECKOJIBKO JECSITKOB METPOB U Npe/cTaBJsieT coboii 3BeHo (puc. 6.1, a). Bo BTo-
POM CJIyyae JIMHUS CBSI3U MPEACTABISIET COO0M COCTABHOM KaHa, IPOJIOXKEHHBI B CETH C KOMMY-
Tauueit KaHaios (puc. 6.1, 6). Takoii ceTbio MOXXET ObITH IEPBUYHAS CETb UK TeJieDOHHAsT CeTb.

OnHaKo 17151 KOMIbIOTEPHOM CETH 3Ta IMHMS NIPEACTABIIsIET COOOM 3BEHO, TAK KAK COEIMNHSIET BA
CoceqHUX y3/1a (HanpuMep, Ba MAPIIPYTH3aTOPa), U BCSL KOMMYTAL[MOHHAsI TPOMEXXYTOYHAs all-
[aparypa sIBJIsieTCst IPO3payHoii 1J1s1 3TUX y310B. [10BOA 17151 B3aHMHOTO HEMOHMMAHUS Ha YPOBHE
TEPMMHOB KOMIbIOTEPHBIX CIELUATMCTOB U CIELIMATMCTOB IIEPBUYHBIX CETell 37leCh O4eBH/EH.

Hepmeble CETH CreraJbHO CO34al0TCA AJIA TOrO, 4TOOBI IIpeaoCTaBJIATh YC/IYIrd KaHaJIOB
nepeiayn JaHHbIX A1 KOMIIBIOTEPHBIX H Te]le(t)OHHle ceTeﬁ, PO KOTOpbIE€ B TAKUX CJy4Yadax
IOBOPAT, YTO OHU pa60Talor «IIOBEPX» MEPBUYHBIX ceTel U SIBJISIIOTCS HaJIO’KE€HHBIMH CeTSAMH.
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Puc. 6.1. CocTas nMH1M CBA3N

dusnyeckan cpepa nepenauv AaHHbIX

st nepenaun MHGOPMALMK B KOMIBIOTEPHBIX CETSAX UCMOIb3YIOTCS 3JEKTPOMATHUTHbIE
KOJIeOaHHA — B3aMMOCBSI3aHHbIE KOJ1eOaHUS 3MEKTPUYECKOr0 U MArHUTHOTO NOJIeH. DIEKTPO-
MarHUTHBIMH K0JIEOAHUSIMU SIBJISIIOTCS PAJIMOBOJIHBI, MUKPOBOJIHBI, UHPaKpacHoe U3MydYeHHe,
BUAUMBII cBeT. YaCTHBIM CITyyaeM 3JIEKTPOMArHUTHBIX KOJIEOAHUI ABJSIOTCS dJIEKTPUYECKHe
KoJIeGaHus, KOr/Ja PacCMaTPUBAIOTCS KOJIEOAHMSI TOJNBKO 3JIEKTPUYECKUX BEJIMYMH: CUJIbI TOKE,
HanpsikeHusl, 3apsiaa.

DJIeKTPOMArHUTHbIE KOJIeOAHUSL MOTYT PACMIPOCTPAHSTHCS B PA3JMYHBIX CPeax, KOTOpbIE je-
JIATCS Ha /1Ba K1acca:

O HanpapieHHble cpeapl, UM NPOBOAHBIE Cpeabl. B 3TOM ciiyyae 3/1eKTpPOMAarHUTHbIE BOJIHBI
nepeMeLIalnTcs N0 (pU3Muecky orpaHUYeHHOMY ITyTH, HAIPUMED, [0 METHOMY MTPOBOJHUKY
(mepesiaya 371€KTPUYECKOTO HAINPSIKEHHs/TOKA) UJIM BOJIOKOHHO-ONTHYECKOMY BOJIOKHY.
Ha ocHoBe Takix MPOBOHUKOB CTPOSITCS TPOBO/HbIE (BO3AYIIHbIE) UM KabeJbHbIE TUHUU
cBsi3u (puc. 6.2).

O HenanpasJeHHbie cpeibl, UK 6€CpOBOAHbIE CPebl. DJIEKTPOMATHUTHBIE BOAHbI PACIPO-
CTPaHSIIOTCS1 CBOOO/IHO B cpejie, IPONYCKAIOUIEN 3/IEKTPOMArHMTHOE U3JTyYeHHe: B 3eMHOM
aTMocdepe, KOCMUYECKOM IPOCTPAHCTBE, BOJIE, TPYHTE U T. I1.

IIpoBoaHbIe (BO3AyLIHbIE ) IMHHM CBSI3U TIPEACTABIISIOT OO0 NPOBoAa 6€3 KaKHX-T1O0 U30JIH1-
PYIOLIMX MM SKPAHUPYIOLIMX OTIETOK, MPOJIOXKEHHbIE MEX/IY CTOI0AMU U BUCSIIIIUE B BO3/LyXe.
B npouwniom Takue TUHWH CBsi3K OBLIM OCHOBHBIMU [/ TIepeiaun Tesie(DOHHBIX U TeJierpadHbIX
curHanoB. CeroziHsi MPOBOJHbIE THHUM CBSI3U OBICTPO BBITECHSIOTCS KabenbHbiMU. Ho Koe-rae
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Puc. 6.2. Tunbl cpen nepeaayyn AaHHbIX

OHHW BCe clI€ COXPaHHWJIMCh U NMPH OTCYTCTBUH APYTUX BO3MOXHOCTEH 1IPO/10JKAIOT HCITOJIbh30~
BaTLCS, B YaCTHOCTII, M AJ14 Iepeladyi KOMIIbIOTEPHBIX JaHHDIX. CKO]_)OCTHbIC‘ KadeCTBa U MoMe-
XO3AIHUILEHHOCTb ITUX JTHHUH OCTABJSAIOT XKeJ1aTh MHOTO Jryquiero.

Ka6ebHble THHHH WMEIOT JOCTATOYHO CJI0XKHYI0 KOHCTpyKuuio. Kabesnb coctonT U3 Habopa
11POBO/IHUKOB, 32KJTIOYEHHDIX B HECKOJILKO CJIOEB U30AAUUU: SNEKTPHUECKOH, ITeKTPOMArHuT-
HOI1, MEXaHITUeCKON H, BO3MOXKHO, KIUMaTHueckoil. Kpome Toro, kabesab MoxeT ObITh OCHAILEH
pasvemaii, MO3BOJSIIOUIMMU BBICTPO BHIMOJHATh NPUCOEAMHEHHE K HEMY Pa3IM4HOro obopy-
AoBaniisi. B KOMIbIOTEPHBIX (M TEJIEKOMMYHHMKAIIMOHHBIX ) CETSIX IPUMEHSIIOTCS] TPH OCHOBHBIX
THIIa Kabes:

Q kabenu Ha OCHOBE CKPYYE€HHBIX NTap MEAHBLIX MPOBOAOB — HEIKPAHHPOBAaHHAasA U 3KPaHUPO-
BaHHas BUTAA Napa;

QO koakcuanpHble Kabeau ¢ MeJHOM XKUJI0;
O BOIOKOHHO-ONITHYECKHE KabesH.

I[lepsble aBa TUNa Kabenell — BUTYIO Mapy M KOAKCHAbHBIM Kabeb — HAa3bIBAIOT TAKXXe MeJ-
HbIMH KaGeasmMu. Bo1okoHHO-onTHYecK1e Kabenu 06/1afaloT IHPOKOH T10JI0COi NPOMYCKaHHst
1 HM3KO}1 YYBCTBUTEIBbHOCTBIO K NoMeXaM. Ha HUX ceromHst cTposiTcst Kak MarucTpaau KPYIHbIX
TEePPUTOPHATBHBIX U TOPOACKUX CeTell, TAK U BBICOKOCKOPOCTHbIE JIOKAIbHbIE CeTH.

PavokaHaibl HA3eMHOU U CIIYTHUKOBO# CBsI3W 06Pa3yrOTCsl C TOMOIIILIO MepeJaTduKa i MpHu-
eMHHKa pajinoBosii. CyiuecTByeT 60JIbloe pasHooOpas3ne THIIOB PalMOKaHAIOR, OTINYAIOLINXCST
KaK HCITI0JIb3yeMbIM YACTOTHBIM JMANa30HOM, TaK M AaJIbHOCTbIO kKaHasa. [1posaiinepst HTep-
HeTa IIPUMEHAIT PAIMOKAHANbI JAJIbHETO AeMCTBUS IJIs1 IPeAOCTaBIEHHUS M0Ib30BaTENSIM CO-
ejlMHeHusl C MHTepHeTOM. becnipoBoHble KaHabl Hojiee KOpoTKoro AeicTBust (Wi-Fi) wupoko
HCIOIB3YIOTCSI A/ OCTYIA N0J1b30BaTe el K yCTPONCTBAM UX cOOCTBEHHOI JIOKAIbHOM CeTH
KaK ITOJKJIIOYEHHOMU, TaK U He MoAKII04YeHHoi1 Kk IHTepHeTy.

Annapartypa nepenayv AaHHbIX

Kak nokasano Ha puc. 6.1, TMHUM CBA3M COCTOAT He TOJBKO U3 cpedbl nepedauu, HO U annapa-
mypoi. Jlaxxe B TOM cJ1ydae, KOTAQ JJMHUSI CBSI3M He IPOXO/IUT Yepe3 MepBHUYHYIO CETb, @ OCHOBAaHA
Ha KabeJie, B ce COCTaB BXOMT allapaTypa lepeayy JaHHBIX.
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Amnnaparypa nepegaun aaunbix (Data Circuit-terminating Equipment, DCE) B xoMmnbsioTep-
HBIX CETSIX HeIIOCPeJCTBEHHO MPHCOeUHSIET KOMITBIOTEPBI I KOMMYTATOPbI K INHUSM CBSI3U
M SIBJISIETCS, TAKUM 00Pa3OM, N0ZDAHUUHbIM, U OKOHEUHbIM, 060pydosanuem aunuu céssu. [lpu-
mepamu DCE sBastiorest MogeMsl (17151 TesleOHHBIX JIMHUIA) U YCTPONCTBA IS TTOKJIIOUEHHS
K un(ppoBBIM KaHaaM nepBudHbIX ceteil. DCE paboTaet Ha ¢pusuyeckom yposHe mogesnu OS],
OTBeyast 3a KOAUPOBaHUeE U Nepenadyy uHpopMauyu B GpuU3NUecKyio cpeay (B JUHUIO) U IIpUEM
U3 Hee CUTHAJIOB HY’KHOH ()OPMBI, MOIIIHOCTH ¥ YaCTOTHI.

Anmnaparypa IoJb30BaTe/Isl JUHUM CBA3H, BbipabaTbiBatoilas dankvie 1715 Nepeaadu 1o JUHUK
CBSI3U U MOJIKJIIOYaeMast HEMOCPEJACTBEHHO K alaparype Nepeaadyu JaHHbIX, HOCUT 0000IIeHHOe
Ha3BaHUe OKOHeuHoe 06opyaoBanue aaHHbix (Data Terminal Equipment, DTE). ITpumepom
DTE MoryT ciyXuTb KOMIBIOTEPBI, KOMMYTAaTOPbl M MapUIPyTHU3aTOPbl. DTy aNmnaparypy He
sxouarom B coctas JiuHUM cBsa3u. Yerpoiictea DCE u DTE 06b14HO pacnosiaralotest Ha KOpoT-
KHMX PAaCCTOSIHUAX APYT OT ApYTra.

s noakmouennss DCE-yctpoiicts k DTE-ycrpoiictBam (TO eCcTh K KOMIIBIOTEPAM UM KOM-
MyTaToOpaM,/MapuipyTU3aTopaM) pa3paboTaHbl cmandapmiuvie unmepgeiico.!.

NMPUMEYAHME

Pasnesenne o6opyznoBanusi Ha DCE u DTE B s10Ka/bHBIX CETSX SIBJSIETCS JOCTATOYHO ycoBHbIM. Harnpu-
Mep, aaMTep JOKAIBHON CETH MOXKHO CYHUTATh KaK MPUHALIEKHOCTBIO KOMITBIOTEPA, TO eCTh 000pYA0BaH1eM
DTE, Tak 1 cocTaBHOH yacTblO KaHasa CBsI3H, To ecTb annapatypoit DCE. TouHnee, oaHa yacTb ceTeBoro
ananrepa BbinosHser gynkuun DTE, a ero apyrasi, okoHeyHast 4acTb, HEMOCPEACTBEHHO NPHHUMAIOLIAs
¥ nepejatoniast curHaisl, otHocurcst K DCE.

ITomumo okoHeuHoit annapatypsl DCE B JIMHUIO CBSI3U MOXET BXOAUTH NPOMEXKYTOYHAS amn-
naparypa. OHa pelaeT jBe OCHOBHbIE 33/1a4M:

U ysy4ireHue KayecTBa CUTHAJA;
0 coszaHue MOCTOSTHHOTO COCTABHOTO KaHaJIa CBSI3U MEXIY ABYMsI abOHEHTaMH CETH.

B s0xanvnbix cemsix NpoMeXXyTOYHAas! aNapaTypa MOXKeT COBCEM He MCII0J1b30BaThCs1, €C/TH TIPO-
TSDKEHHOCTh (pU3NyecKol cpenbl — Kabesell uin paanosdupa — M03BOJSIET OHOMY CETEBOMY
ajanTepy NMPUHUMATb CUTHAJIBI HEOCPEACTBEHHO OT PYTOro CETEBOTO azanTepa 6e3 JOmoTHU-
TENILHOTO yCHJieHHs. B IpOTUBHOM cilydae npUMeHsIETCsI IPOMEXYTOYHAsI allnapaTypa, poJb
KOTOPOH 3[1eCh UTPAIOT YCTPOICTBA THIIa NOBTOPHTEJIEi 11 KOHIEHTPATOPOB.

B znobanvmvix cemsix Heobxoanmo 06ecrnednTs Ka4eCTBEHHYIO Nepeayy CUTHAJIOB Ha PACCTOSTHUS
B COTHH U THICSIYM KMJIOMETPOB. [103TOMY 6€3 ycumrTeeii (IOBbILAOIIMX MOIIHOCTD CUTHATIOB)
U pereHepaTopoB (HapsLy C MOBBIIIEHMEM MOLUTHOCTU BOCCTAHABJIUBAIOLINX (POPMY UMIYJIbC-
HbIX CUTHAJIOB, HCKA3UBLIMXCS [IPH Nepefiaye Ha GOJIbIIOE PACCTOSIHUE ), YCTAHOBJIEHHbIX Yepe3
orpe/ieJleHHble PAaCCTOSIHUS, TOCTPOUTb TEPPUTOPUATIBHYIO IMHHUIO CBS3U HEBO3MOXKHO.

B niepBrYHbIX CeTsIX, TOMUMO YIOMSIHYTOTO 000PYAI0BaHUs, 00ECTIEUUBAIOIIETO KAYECTBEHHYIO
nepeaayy CUrHaJIOB, HEOOXOAUMA MPOMEKYTOYHASE KOMMYTAlMOHHAs! aNapaTypa — MYJbTH-
IUIEKCOPBI, 1EMYJIBTHILIEKCOPbI I KPOCC-KOHHEKTOPbI (KOMMYTATOpbl). JTa annaparypa cos-
[aeT MeX 1y AByMsi abOHEHTAaMU CETH MOCTOSIHHBINA COCTABHOM KaHAJ U3 OTPE3KOB (HU3NIECKOH
cpezibl — KabeJied ¢ YCUITUTEISIMH.

! Untepdeiicbt DTE-DCE onuceiBatorcsi cranaaptamu cepun V CCITT, a takxe ctangapramu EIA cepun
RS (Recommended Standards — pekoMenzyeMsbie cTaHaapThl). [Be JIMHUK CTAHAAPTOB BO MHOTOM Y-
6smpytot apyr apyra. Hau6oJiee nonynspHsiMu ctanaapramu sisasitorcst RS-232, RS-530, V.35 u HSSL
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B 3aBUCHMOCTH OT THIIA TPOMEXKYTOYHOH aINMapaTyphl BCE TUHUU CBSI3U AESATCS HA aHATIOTOBbIE
u uMdpoBbIe.

B aHanoroBbIx IMHMAX IIPOMEKYTOYHAS allNapaTypa NpeHa3sHayeHa IS yCUIeHUS aHaIOTOBbIX
CHTHAJIOB, TO €CTh CUTHAJIOB, KOTOPbIe UMEIOT HeIIPEPBIBHBII AMANa30H 3HayeHni. Takye TMHUN
CBSI3U TPaAMLIMOHHO IPUMEHSIIUCD B TeJeDOHHBIX CETSIX C LeJIbI0 CBSI3U Te1le(OHHBIX KOMMYTa-
TOPOB MeXxay co60it. /15 co3naHUs BBICOKOCKOPOCTHBIX KaHAJIOB, KOTOPbIE MYJIBTHUILIEKCUPYIOT
HECKOJIbKO HU3KOCKOPOCTHBIX aHAJIOTOBBIX aOOHEHTCKMX KAHAJIOB, IPH aHAJIOTOBOM IOAXO0/e
00BIYHO MCIIOJIB3YETCSI TEXHUKA YAaCTOTHOTO MyabTHILIeKcupoBauus (Frequency Division
Multiplexing, FDM)!.

B un¢poBbIx TMHUAX CBS3M NepeaaBaeMble CUTHAIBI UMEIOT KOHEYHOE YHUCJIO COCTOSIHUH, TO
€CTb SIBJISIIOTCST AUCKPeTHBIMU. Kak mpaBuiio, aleMeHTapHBIN CUTHAJ, TO €CTh CUTHAJI, Nepeaa-
BaeMblii 32 OAVH TaKT pabOThI epeAAIoNIEel annaparypsl, UMeeT 2, 3 WK 4 COCTOSIHUS, KOTOpbIe
B JIMHUAX CBA3M BOCIIPOM3BOJSTCS MMITYJIbCAMHU MJIY NOTEHIIMAIAMU NIPSIMOYTOIbHON (POPMBI.
C noMouibio TaKUX CUTHAJIOB MEPefAOTCsl KAK KOMIbIOTEPHbIE IaHHbIE, TAK U Ol POBaHHbIE
peub 1 n3o6paxeHune (MMEHHO 6aroaapst OAMHAKOBOMY crioco0y NpeacTaBieH st MHPOpMaLu
COBPeMEHHbIMY KOMITBIOTEPHBIMH, TeJIe(POHHBIMU U TeJIEBUSHOHHBIMU CETSIMU CTAJIO BO3MOX-
HBIM [0sIBJIEHHE OOLIUX [JIs1 BCEX EPBUYHBIX ceTeit). B i poBbIX TMHUAX CBA3U UCIIO/IB3YETCS
CHelHaJbHasl IPOMEXYTOYHAsI annapaTypa — pereHepaTopsl, KOTOpbie yaydiaT GopMy UM-
IyJIbCOB ¥ BOCCTAHABJIMBAIOT IEPUOJ UX cieoBaHusl. [IpoMexxyTouHas uudpoas annapatypa
MYJIBTUIIEKCUPOBAHUSA U KOMMYTALMU TIEPBUYHBIX ceTel paboTaeT 110 NPUHILUITY BPEMEHHOTO
MyJbTHILUIEKCHpoBaHus KaHanoB (Time Division Multiplexing, TDM).

XapakTepucTuku N1MHUA CBA3N

CnekTpanbHOe npeacTaB/ieHMe curHana

KauecTBo nepesauy JaHHBIX 10 JIMHUSIM CBSI3U OTPEZEISAETCS KAK XapaKTepUCTUKAMHU NlepeJjaBae-
MBIX CUTHAJIOB (MOLIHOCTD, CI0CO0 KOAMPOBAHUS U /IP.), TAK ¥ XaPAaKTEPUCTUKAMH JIMHUIA CBSI3H,
K KOTOPBIM OTHOCSITCSI: 3aTyXaHHe; OTPAaHHYE€HHOCTD TOJIOCHI TPOIMYCKaHUs; MOMeXO03allHIeH-
HOCTb U 7p. [Ipy n3yyeHnn XapaKTepUCTUK JIMHUI CBSI3U BA)XXHYIO POJIb UTPaeT CIEKTPAJIbHOE
Npe/CTaBJeHHe CUTHAJIOB.

Kak 13BecTHO, IPOLIECCH MOT'YT OIKCHIBATHCSI aHAJIOTOBBIMH M IUCKPETHBIMH, EPHOANYECKUMU
Y HenepuoandeckuMm GyHKUMsIMH (puc. 6.3).

YacTHbIM, HO GyHIAMEHTAIBHBIM CJIy4aeM aHAJIOTOBO NMepUOANYeCKOi (yHKIVU SIBIISIETCS
CHHYCOMJA.

Cunycouaa — BoJIHOOOpa3Hasl JIOCKast KPUBAasi, KOTOPAsI SIBJISIETCS rPadUKOM NePHOANYECKOi
TPUTOHOMETPUYECKOH QYHKLUY y = Sin X, TAe i PaBeH OTHOLIEHHIO IIPOTUBOJIEXKAILEro KaTeTa
K runoteHy3e yria x. [lepuox dyHkiuuy paBeH 2x, mocKkosbKy 3HaueHHe GYHKLUH Y = Sin X IpU
M060M X COBIAZAET C ee 3HaYeHUeM npyu x+2n. DyHIaMeHTaIbHOE 3HaUeHHe 3TON YHKLIMH
COCTOUT B TOM, YTO MHOTHeE NPHUPOAHBIE IPOLECCH OMMUCHIBAIOTCS 3TOH (pyHKUMel, HanpuMep,
M3MeHeHMe BbICOTbI MasiTHMKA B 3aBUCUMOCTH OT BPEMEHH, BbICOTA BOJIHBI B )KMKOCTH, YPOBEHb
HAaIPSDKEHUS B 3JIeKTPUYECKOH CeTH.

! YacroTHoe 1 BPEMEHHOE MYJIBTUIIJIEKCUPDOBaHUE PACCMATPUBAIOTCA B I'/IaBax 7,8u9.
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Puc. 6.3. AHanorosblie U AUCKPETHLIE, NEPUOANYECKME N Henepuoanyeckue GyHKUMn

B o61ueM ciiyyae cuHycouzia Kak Qynriyus om epemenu y(t) = A sin (2aft+¢) umeer clienymouine
napametpsl (puc. 6.4):

Ammumtyna (A) — MakcuMasibHOe 3HaueHue PyHKIMY; HalpUMep, 1J1st MOy TUPOBaHHOIO CUT-
HaJ1a, epe/1IaBaeMoro I10 IMHUY CBSI3M, aMIJIMTY/]a PaBHa MAKCHUMaJIbHOMY YPOBHIO HAalIPSIKEHUSI
3TOrO CUTHAJIA.

Ilepuon (T) — Bpemsi, B TeyeHHe KOTOPOro GyHKUHMS BBIMOJNHSET OAUH UMKJL, y(t) = y(t + T).

Yacrora (f) — BesnunHa, obpatHas nepuony f = 1/T. OHa Tak)Ke Ha3bIBAETCS YUKAUUECKOU
yactotoil. YacToTa onpe/essieT, CKOJIbKO MOJHBIX KoeGaHMi CHHYCOM/IbI IPOMCXOAMT 3a e1H-
HMIYy BpeMeHH, uamepsietcsi B 1/c unu B repuax. Koadduument 2nf npu aprymenTe ¢ HOCUT
CleMaTbHOE Ha3BaHUe KPYTOBOI WM PaJJHaHHOMN YaCTOTBI, 0003HAYAETCS ®, EF0 MOKHO TAKKE
BbIpa3uTh yepe3 T @ =2n/T.

aza — oTHOCUTEIbHOE 3HAUEHHE APIYMEHTa ¢ B pe/esax ogHoro nepuoaa. Masa kosebanust
NOKa3bIBaeT, Kakasi 4acTh neproza t/T npoiia c MOMEHTa TPOXOXKAEHUST CHHYCOUAOM HayaIbHON
TOYKH, 32 KOTOPYIO YaCTO NPUHUMAIOT NOC/IeJHee MPOX0XKAeHUe CUHYCOU/bI Yepe3 HyJlb, IIPU
JABM)KEHHU U3 OTPUIIATEJIBHOM B N0JIOKHUTENbHYIO 061acTb. Dazy Takxke yno6GHO HCNOIB30BATh
1St ONUCAHHsI OTHOCUTEJIbHOTO PAcIlOIOKeHUsI ABYX cuHycoua. PazHocTs $a3 aAByx cuHycoun
Ha3bIBaeTcst cosuzom ¢pas. HayanbHoe 3naveHue ¢asbl ¢ MOKa3pIBaeT CABUT CUHYCOMABI OT-
HOCHTEJIBHO Hayajla TOYKHU OTCYeTa BPEMEHH, BJI€BO — IMPU NOJIOXUTEIbHOM 3HaueHHHU ¢da3bl
¥ BIIPABO — NPU OTPHIIATENbHOM.

Bblitie MbI paccMaTpuBasii CMHYCOMAY Kak QYHKIHIO BpeMeHH y(¢) B HEKOTOPOH (PMKCHPOBAHHOM
TouKe npocTpaHcTBa. OJHAKO MOXKHO MCIIOJIB30BATh APYroe NpeAcTaBIeHHe CHHYCOUalbHON
dbyHkuMM y(x), KOoraa ee 3HayeHUst UBMEHSIIOTCS] B 3aBUCUMOCTH OT PACCTOSIHUSI X OT HEKOTOPOI
TOYKH. B peaibHOM )KHU3HU MBI YACTO CTAIKUBAEMCSl UMEHHO C TAKOM MPUPOIAOH KOJ1e6aTeIbHBIX
MIPOLIECCOB, KOTa K0JeOaHUs CMIOCOOHBI TePEMEILAThCs], YAAISACh OT MECTa BOSHUKHOBEHUSI.
CuHycouaa Kak (pyHKUMSI BDEMEHH COCTABJSIET eIMHOE 11eJI0e ¢ CHHYCOM0# (yHKIHNH pac-
CTOSIHMSI, TO €CThb siBJsieTcst GYHKLHUEN ABYX NepeMeHHBIX y(Z, X), UTO OTpa)kaeT B3aHMOCBSI3b
BpPEMEHHOM U MPOCTPAHCTBEHHON NEPUOAUYHOCTH.
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Puc. 6.4. CuHyconpa

Y cunycouasl y(x) uMeeTcs mapaMeTp — [JIMHA BOJIHBI, KOTOPBIH SIBJISIETCS] aHAJIOTOM TepUo/Ia
cunycounnsl y(t). Jlamua Boansl (1) onpesenseTcs Kak pacCTOsIHUe, HA KOTOpOe NepeMeniaeTcs
BOJIHA 32 BpeMsl, paBHoe nepuody T, , TaKUM 06pa3oM, CKOPOCTb PACIIPOCTPAHEHUsT BOJIHBI U
B JaHHOI1 cpelle paBHa v = A/T. B BakyyMe Bce 3/1eKTPOMarHUTHBIE BOJIHBI PACIIPOCTPAHSIIOTCS CO
ckopoctbio, paBHoit 300 000 kM/c, HE3aBUCUMO OT X YACTOThI. ITA CKOPOCTb ¢ (CH) HA3BIBAETCS
CKOPOCTbIO cBeTa. TakuM 06pa3oM, /17t BAKYyMa CIpaBelsuBO (HDyHAAMEHTATIbHOE COOTHOILIEHHE
c=A/Twuu c=Af.

CunycouaanbHbie GyHKINU 00/1a1a10T MHOTUMH CBOMCTBAMH, IENAIOIIUMH HX 3D hEKTHBHBIM
MHCTPYMEHTOM U3YYEeHUs CHTHAIOB U JIMHUIA cBsi3n. OHOM U3 TakMX 0coGeHHOCTeH, HanpuMep,
SIBJISIETCS] CBSI3aHHBIIM ¢ HUMU PAa3BUTBIN MaTeMaTH4yecKuii annapat. [IoaToMy Takyio BaXKHOCTb
nprobpeTtaeT HaKT, YTO MPOLECC, ONUCHIBAEMBII NPOU3EOILHOMU, He 00A3AMeNbHO CUHYCOUIATDHOU
dbyHKIHEH, MOKET ObITh PEJCTABJIEH B BH/Ie HEKOTOPOro Habopa CHHYCOUAAIbHBIX QYHKIHIA.

M3 Teopum rapMOHU4ECKOro aHanvaa Pypbe U3BECTHO, YTO MI0BOM NeproanYecKunil NPOLECC MOXHO
npeacTasvuTh B BUAE CYMMbl HecKoHeYHOro Habopa CUHYCOMAAnbHbIX KONEBaHNA Pa3ANYHbIX YacToT
W PasAnYHbIX aMNAnTya. ToT HaBop Ha3LIBAIOT CAEKTPaNbHLIM Pa3N0XEeHUeM, Pa3fioXeHneM
Dypbe 1N CNeKTPOM, a CUHYCOMAanbHoe KonebaHne onpeaeneHHon 4YacToTbl — rapMOHUKOW.

Ha puc. 6.5 nokasaHbl nepBble YeThIpe TADMOHUKH CIIEKTPATBHOrO Pa3/I0KeHUs nepuoguye-
CKO#i aHa10roBo# pyHKUMK. /17151 BOCCTAHOBJIEHHSI MCXOHOTO MIEPUOUYECKOr0 CUTHAJIA 110 €r0
CIIEKTPY HEOOXOAMMO IIPOCYMMHPOBATh 6C¢ TAPMOHHKH €ro pasioxeHust. OHaKo 0ObIYHO BO
BHUMaHHe IPUHUMAETCS TOJIbKO HECKOJIbKO NEPBBIX, TAK Ha3bIBAEMBIX 3HAYHMBIX TAPMOHHK,
IIOTOMY YTO aMIUTATY/BI TIOC/IEYIOIIMX TADMOHHK ObICTPO YOBIBAIOT U BHOCAT HE3HAYUTETbHbIN
BKJal B ¢popMy McxoaHoro curHana. Camasi epBasi YaCTOTa CIIEKTPa Ha3bIBAETCs] OCHOBHOIM
TapMOHHKOH.

Pa3HOCTL MEeXAY MaKCMMaNbHOM U MUHUMANLHOW YaCTOTaMu 3Ha4MMOro Habopa CUHYCoUA, KOTOPBLIM
npeAacTaBfieH UCXOAHbLIA CUTHAS, Ha3biBAETCH LUMPUHOMW CnNexTpa curHana.
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Puc. 6.5. NpeacraBneHre nepnoanyeckoro aHanoroBoro CMrHana CyMMom cuHycouna,

Puc. 6.6. PaznoxeHne n BOCCTaHOBNEHWE NPSAMOYFONbHbIX UMMYNbCOB
Ha OCHOBE CMeKTpasnbHOro NpeacTaBneHus
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VIMnysibcHBIE CUTHAUIBI, HAPSIAY C APYTUMH CIIOCOOAMU KOAUPOBAHUSL AUCKPETHBIX KOMITbIOTEP-
HBIX JIaHHBIX, YACTO UCMOJb3YIOTCS B KAHAJIAX CBSI3M, [I03TOMY UX CHEKTPAJbHOE Pa3JioxkeHne
NpeJCTaBsieT AJs1 Hac ocobbiil uuTepec. Ha puc. 6.6 moka3aH nepuoinyeckuil JMCKPETHbIN
CUTHAJI — I10CJIeJOBATENbHOCTD NPSIMOYTOJIbHBIX MMITYJIBCOB. ITOT CUTHAT MOXeT ObITh Npej-
CTaBJIeH CyMMO# GECKOHEYHOTO YKMCJIa CHHYCOUA, IIPHYEM Kax/asi U3 MOCAeAYIOUUX HMeeT
MEeHbUIYIO aMIUIUTY Ay ¥ iepuo/. Ha puicyHke Mbl BUAiUM 1Be niepBbie rapMoHuku. Eciin ux npo-
CYMMHPOBATh, TO B pe3yJIkTaTe MOKHO YBHJETh II0CJIeJ0BATEIbHOCTb UCKAXKEHHBIX, HO BIIOJIHE
Pacrno3HaBaeMbIX MPSIMOYTOJIBHBIX UMILYJIbCOB. Ele 6iMKe K HCXOAHOMY CUTHAJY Pe3yJIbTar
CYMMMPOBAHUSI NIEPBBIX YETHIPEX TAPMOHHK.

OTaenbHbIe TADMOHUKH MOXHO MPEACTABJATH JUOO B BUIAE CUHYCOUOANLHBIX DYHKUULL OT
BpPEeMeHH,/PacCTOSIHUS, KaK 3TO MOKa3aHo Ha puc. 6.6, 160 B BUe mouek B KOOPAMHATAX «ya-
CTOTa — aMIUIUTYZAA», KaK Ha puc. 6.7 (31ech Takxke U300pakeH CIIEKTD NOCJIeA0BaTENbHOCTH
MPSIMOYTOJIbHBIX UMILYJIBCOB).

Puc. 6.7. ToyeyHblit CNeKTp NepUoAUHECKOM NOCeA0BaTENbHOCTH
NPSAMOYrONbHbIX UMNYNILCOB

Henepuoduueckue npoueccol TAK)Ke MOXHO NPEICTABUTDb B BUJE GECKOHEUHOTO Psi/la CUHYCOU-
JaJIbHBIX CUTHAJIOB. J{J1s1 CHTHAIOB IPOM3BOJIBHOM (POPMBI, BCTPEYAIOILINXCS HA TIPAKTHKE, CIIEKTP
MOJHO HaiTH € IOMOILBIO CIIELUATIBHBIX IPUOOPOB — CIMEKTPAJIbHBIX AHAJIU3ATOPOB, KOTOPbIE
M3MEPSIIOT CIIEKTP PEATHHOTO CUTHAJIA  OTOGPAXKAIOT AMILIUTY/Ibl COCTABJISIIOIMX TAaPMOHHK Ha
akpaHe (puc. 6.8), pacneyaThIBAIOT MX HA IIPUHTEPE UM TEPEAAIOT A1 00PabOTKM M XpaHEHHs!
B KOMIIbIOTED B OLIM(POBAHHOM BUJE.



Maga 6. JINHAM CBSA3M 193

Puc. 6.8. CﬂeKTp curHana, HamaeHHoro cnexTpanbHbLIM aHaNM3aTopPoOM

3aTyxaHuve U OnopHas MOLLHOCTb

PazsioxeHue NpoM3BoJIbHOrO HHGMOPMALIMOHHOTO CUTHA/IA HA TADMOHHUKH JIaeT HAM BO3MOYKHOCTh
TEOPETHYECKHU npedckasamy ero uameHeHye (MCKaKeHHe ) IPH NPOXOXKAEHUH CPebl llepeladyH JaH-
HBIX, @ 3TO O4€Hb BAXKHO MPH POEKTUPOBAHNM JIMHUI CBSI3H, B ITPOLIECCE KOTOPOTO HY>KHO BhIOPATh
nepenamoiylo cpey (HarpuMmep, MeAHbIN IPOBOJAHHUK, ONTHYECKOE BOJIOKHO MJIM PA/IMOBOJIHBI),
crnoco6 KoaupoBaHust MHGOOPMALIMH, MOIHOCTH MEPEJATIUKA, Uy BCTBUTENBHOCTD IPUEMHUKA.

ITO NpeAcKazaHue OCHOBBIBAETCS Ha CJIE/YIOLIEM 3aMedaTeIbHOM CBOMCTBE CUHYCOMAANBHOTO
CHUTHANA — NPU NPoXoHCOeHUU uepes 00HOPOOHYIO pachpedeieHHyio 8 npocmpancmee cpedy oH co-
Xpamnsiem ce010 CUNYCOUOAIbHYIO (POPMY U UACTNOMY, A USMEHAIOMCS. MOLBKO €20 aMnaumyoda u ¢asa.

CrieloBaresibHO, €C/IM Mbl OY/1eM 3HaTh, KaK HEKOTOpasi CPefla Mepe/laeT CUHYCOM/IbI Pa3/IMYHOM
YACTOTHI, TO CMOXKEM TPEACKA3aTh, KAK 3Ta Cpella epeaact 6ol nepuoandeckuii curiai. Takum
06pas3oM, He ITPUIETCS TECTUPOBATH HEKOTOPYIO CPe/ly KaXK/blii pa3, KOT/Ia Mbl PEllIMM IIPUMEHUTD
CUIHAJI HEKOTOPOU HOBOM OPMBI — J0CTATOYHO OyjeT HalTh pasyoxeHre Dypbe 11t HOBOTO
CHrHAJA U, 3Hasl, KAK CPejia llepelaeT rapMOHUKH, NPOCYMMHUPOBATh UM TPOMHTETPUPOBATH HX,
T10JIyYHB Pe3yJIbTUPYIOUIMH CHTHAJ Ha BBIXOJE Cpe/ibl. BBIBO/: 3aBUCMMOCTD aMIIMTY/IbI Nlepe/ia-
BAEMbIX TAPMOHHUK OT YACTOTBI JIJIs ONIPe/eJIEHHOM CPe/Ibl 10/DKHA ObITh HaliIeHa TOJILKO O/IMH pa3,
a3aTeM ee MOXKHO PUMEHSITh [I/Is aHA/IN3a Mepe/lady Pa3/IMYHbIX THIOB CUTHAJIOB 3TOM CPe/loN.

JLst HAXOKIEHUST ATON 3aBUCHMOCTH HEOOXOIMMO MPOTECTUPOBATH JAHHYIO Cpejly HabopoM ama-
JIOHHbBLY CUHYCOUOANbHBIX CUZHAL06 33[IAaHHOM aMILIUTY/Ibl, HO Pa3/IMYHON YACTOTbI, UBMEHSIS €€
C HEKOTOPBIM 11aroM. [eHepalinsi CMHYCOM/IAIbHOTO CUTHAJIA He TIPEACTaBIsIET COOON TPYAHOCTH,
MOCKOJIBKY, KaK 3aMe4eHO, OH MPUCYI MHOTUM (H3UUYeCKUM [polleccaM, HanpuMep, nepeMeH-
HOMY 3JIEKTPUUECKOMY TOKY WUJIM 3BYKOBBIM UJIM CBeTOBBIM BoJiHaM. HalieHHast 3aBUCUMOCTD
H3MEHEeHHs aMILIMTYbl CUTHAJIA TT0CJIe TPOXOXKAEeHUsl CPebl IJisl psila MocjaeJ0BaTelbHbIX
YaCTOT HAa3bIBACTCS] AMILIMTYAHO-YaCTOTHOH XapaKTePUCTHKOIi cpeabl.
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[TocTpouB aMNJIMTYIHO-4aCTOTHYIO XapAaKTEPUCTUKY CPebl, MOXKHO NPUMEHHUTD ee K CIeK-
TPaJIbHOMY Da3/I0KEHMIO CUTHAJIA, TO eCTh HANTH, KAKYI0 aMIUIMTYAy OyaeT NMeTb Kaxaas 13
COCTaBJISIIOLIMX HAIIEro NePHOANYECKOT0 CUTHANA MTOC/Ie TPOXOXKAEHHSI CPeIbl, a 3aTeM CJI0XKHUThb
BCe cocTaBiisifouire (FapMOHMKH ), TIOJYYUB Pe3YJbTUPYIOUIMI BBIXOJHOM CUTHA. 3aMeTUM,
YTO B 3TOM PacCyXE€HUU He YUYTEHO U3MeHeHHe (pa3bl CUTHAA MPU €ro NPOXOXAEHUHU Yepe3
cpeny. JTO, eCTECTBEHHO, YIIPOILEHNE, KOTOPO€e AONYCTUMO, ecau $Ha3bl Pa3IMYHBIX TADMOHHK
U3MEHSIIOTCS OAMHAKOBO, YTO YacTo ObIBaeT Ha MpakTHKe. Eciin X&e 3To He Tak, TO U3MEHEHHE
(a3 Hy>XHO MPMHMMATh BO BHUMaHME U 3HATh (Pa30-4aCTOTHYIO XapaKTePUCTUKY CPeabI A1
aHaJIN3a UCKKEHUHN CUTHAJIA.

Ha MPpaKTHUKE B Ka4Y€CTBE XapAKTEPUCTUKH JIMHHUU CBA3U Yallle UCIIOJb3YETCsA HE 3aBUCHUMOCTDb
AMILTMTYAbI OT YaCTOTbI, 3 3aBUCUMOCTDb MOWHOCMU CUTHAJIA OT YaCTOThL. O6e 3aBUCUMOCTH nanT
OIHY U Ty € KaYE€CTBEHHYIO KapTHHY, TaK KaK MOIIITHOCTb CHHYCONIAJIbHOI'O CUTHaJIa ITPOIIop-
IAOHAJIbHA KBAJAPATy €ro aMIIUTYyAbl, HO CYLIECTBYIOINE CIIEKTPAJIbHbIE aHAJINU3aTOPbI 6osee
l'lpP[Cl'[OCO6II€HbI U3MEPATD HE aMIVIMTYyly CUTHaJIa, a €0 MOLUIHOCTbD.

YMeHbllIeHHe MOIIHOCTH CUTHAJIA Ha IIyTH OT UCTOYHMKA K IPUEMHMKY KaXKeTCs HHTYUTUBHO
NOHATHBIM. Ec/in 06paTUThCS. K MHTEPECYIOUIMM HAC TUIIAM CHTHAJIOB — MPSAMOYTOJbHBIM
uMIyJbcaM, To 3¢ ekt 3aTyxaHus (ynpolleHHo, 6e3 yyeTa APYruX UCKaKeHHH) BbIpaXKaeTcst
B YMEHbIIIEHUH aMILJIUTY/1bl UMIYJIbCOB (pHC. 6.9).

A
YpoBeHb WcxoaHbi curHan
HanpsKeHWs
> t
MepenaHHbIn curHan
l ] > t

Puc. 6.9. Bnusinme 3atyxaHusa Ha $OpMy NPsaMOYronbHOro umnynsca

3aTyxaHue Noka3biBaeT, HACKOMLKO YMEHbLUAETCH MOLUHOCTb 3TANOHHOO CUHYCOMAANBHOTO CUrHana
Ha BbIXOAE NNHWUM CBA3Y NO OTHOLWEHWUIC K MOLLIHOCTY CUrHaNa Ha BXoAe 3ToW nuHuu. 3atyxaHue (A)
06b14HO n3mepsieTcs B geunbenax (ab) v sbimncnseTcs no cneayowen popmyne:

A= 1019 Pou/Pin
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3aech Py — MOIIHOCTh CUTHAJIa Ha BBIXOJE JUHHUH, P, — MOIIHOCTb CUTHAJIA HAa BXO/Ie IMHUH,
u3MepsieMble B BaTTaX.

3HaHMe 3aTyXaHUsl TMHUU OYeHb BAXKHO — OHO NO3BOJISET OLIEHUTb HEOOXOAMMYIO MOUIHOCTH
nepenaTyruKa U YyBCTBUTENbHOCTh MPHUEMHHUKA (TO €CTh MUHUMAJIBHYIO MOLIHOCTh CUTHAJIA,
KOTOPYIO TPUEMHHUK YCTOUYHBO PACIO3HAET).

3aryxaHue 3aBUCUT OT [JIMHBI IMHUU CBSI3H, IO3TOMY B KaYeCTBe XapaKTePUCTUKU JIMHUHU CBSI3U
UCIIOJIb3YETCs TAK Ha3bIBaeMOe MOTOHHOE 3aTyXaHHe, TO ECTh 3aTyXaHUe Ha JIMHUU CBSI3H OTIpe-
JieneHHoM AaMHbL J{1s kabeselt IOKaIbHBIX CeTel B KadeCTBe TAKOM AJIMHbI 0ObIYHO UCIIOb3YIOT
100 M — 3TO 3HauEHME SBJSETCS MAKCUMAJIBHOM JJIMHOM Kabess At MHOTUX TexHosoruii LAN.
[1151 TepPUTOPHUAIBHBIX JTMHUH CBSI3U IIOTOHHOE 3aTyXaHUe U3MEPSIOT 7151 PAaCCTOSIHUA B 1 KM.

OO6bIYHO 3aTyXaHUEM XaPAKTEPH3YIOT IACCUBHBIE YYACTKH JIMHMHU CBSI3H, COCTOSIIME U3 Kabeieit
M KPOCCOBBIX CeKLui, 6e3 ycuuTeeit u pereHepatopoB. Tak Kak MOIIHOCTD BHIXOJTHOTO CUTHAJIA
kabenst 6e3 IPOMEXYTOYHBIX YCUIUTEIEM MEHbIIIE, Y4EM MOIIHOCTb BXOAHOTO, 3aTyXaHue KabeJist
BCeT/Ia ABJISIETCS] OMPUYAMENHOU BENUYUHOU.

Yaiie BCero npu ONMUCAHMM APAaMETPOB JUHHH CBSI3M NPUBOASTCS 3HAUEHUSI 3aTyXaHUsI BCETO
01151 HECKONLKUX 3HAUEHUE Yacmom. DTO OOBACHSIETCS, C OAHOM CTOPOHBI, CTPEMJIEHHEM YIIPOCTUTh
M3MepEeHUs TP MpoBepKe KayecTBa TUHUM. C APYroit CTOPOHDI, Ha MPAKTHUKE YacTO 3apaHee
M3BECTHA OCHOBHASI YaCTOTa MEPEJAaBAEMOr0 CUTHAJIA, TO €CTh Ta YAaCTOTa, FADMOHHMKA KOTOPOM
1UMeeT HaubOJIbIIYI0 AMIUIUTYAY U MOIHOCTD. [103TOMY OCTATOYHO 3HATH 3aTyXaHHE Ha STOM
YacToTe, YTOOBI TPUOTUZNTETHHO OLIEHUTh UCKAXKEHUS TTEPEaBaeMBbIX 110 IMHHUHM CUTHAJIOB.

BHUMAHUE

Kak yxe oTMeuasioce, 3aTyxaHue Bcerga UMeeT OTPHUIIATEIbHOE 3HAYeHHe, OJIHAKO 3HaK MUHYC YacTo
OMyCKAIOT, H3-32 Yero MHOr/Aa BO3HMKaeT nyTaHuia. CoBepLIeHHO KOPPEKTHO YTBEPX/eHHe, YTO KaueCTBO
JIMHMH CBSI3M TeM Bblllle, 4eM 6osible (C yyeToM 3Haka) 3aryxanue. Eciu e HrHOpMPOBATh 3HAK, TO €CTb
MMETD B BUAY abCOMIOTHOE 3HA4eHHE 3aTyXaHusi, TO y 60Jiee Ka4eCTBEHHON JIMHUHU 3aTyXaHHe MeHblIe, U 3TO
HauboJlee pacnpocTpaHeHHast hopMa HHTEPIPETAlMU ITOTO TEPMUHA.

Ha puc. 6.10 nokasaHbl TUIIOBblE 3aBUCUMOCTH 3aTYXaHMs OT YACTOThI 1151 Kabesieit AMMHOM
100 M Ha HeIKPAHUPOBAHHOM BUTOI Nape KaTeropuii 5 u 6. YeM BbIte KaTeropust kabeJist, TeM OH
KaueCTBEHHeE, YTO OTPAXKAOT rpacduku 3atyxanus. Tak, kabesb KaTeropiu 5 HMEET Ha YaCTOTe
100 MTu 3atyxanue —23,6 1B, a y Gosiee KadecTBEHHOTO Kabesist KaTeropuu 6 Ha 3TOi e YacToTe
3aryxadue paBuo —20,6 15. 13 rpa¢uKoB TakKe BUAHO, YTO C MOBBILIEHUEM YAaCTOTHI CUTHAIA
3aTyxaHue yBeauuuBaercs. OTCIO/1a IPOMCTEKAIOT NPoGJIeMbl lepeadyd JUCKPETHBIX JAHHBIX
C BBICOKOHM CKOPOCTHIO: KAK Mbl YBHUUM [laJiee, TPX BO3PACTAHUU CKOPOCTHU Hepeayy CUrHaja
€r0 YacTOTa YBEJUYUBAETCSI, YTO IIPUBOAMT K POCTY 3aTyXaHHSL.

Onturyeckuii kKabesib UMeeT CyLIECTBEHHO MeHbluue (Mo abCoMOTHON BeAMYMHE) BEJTUYMHBI
3aTyxaHus, 06b1uHO B auanazode ot —0,2 10 —3 a1b npu anune kabess 8 1000 M, a 3Ha4uT, sAB-
ssieTcst 6oJiee KaueCTBEHHDBIM, YyeM Kabesb Ha BUTOI nape. [IpakTudecku Ui BCeX ONTHYECKUX
BOJIOKOH THUITMYHA CJIOXKHASI 3aBUCHMOCTD 3aTYXaHUs OT JJIMHbI BOJHBI, KOTOPast UMeeT TPH Tak
Ha3bIBaeMbIX OKHa mpo3pauHocTH. Ha puc. 6.11 nokasaHa xapakTepHasi 3aBUCUMOCTb 3aTyXaHUsI
17151 OIITUYECKOTO BOJIOKHA (B ONTHKE MPUHSTO UTHOPUPOBATh 3HAK 3aTyXaHUsl, I03TOMY OChb
BEJIMYMHBI 3aTyXaHUs UzeT BBepx). V3 pucyHka BUAHO, 4TO 061aCTh 3¢ (PEKTUBHOTO UCIIOH30-
BaHUs COBPEMEHHBIX BOJIOKOH OTrpaHuyY€eHa BosHaMu 1iuH 850 HM, 1310 uM u 1550 HM, Kaxa0e
okHo mupuHoi npumepHo 100 HM (cootBeTcTBenHO yactotamu 35 TTi, 23 TTi u 19,4 TTu).
OxHo 1550 HM obGecneyrBaeT HAUMEHBILKE TIOTEPH, a 3HAYUT, MAKCUMAJIBHYIO JAIbHOCTh NIPH
(OUKCHPOBAHHOI MOIIHOCTH MEPefaTYNKa U (PUKCUPOBAHHON YYBCTBUTEIBHOCTH NPUEMHUKA.
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Puc. 6.10. 3atyxaHue He3kpaHupoBaHHoro kabens Ha BUTON nape

[inuHa BONHbLI UCTOYHUKA CBETA, HM

Puc. 6.11. OkHa Npo3payHOCTN ONTUHECKOTO BONOKHA

B kayecTBe XapaKTEPUCTHKH MOIHOCTH CUTHAJIA MUCIIOJIBb3YIOTCSI aBCOMIOTHBINA M OTHOCUTEIBHBIIA
YPOBHU MOLIHOCTH. AGCOTIOTHASI MOLHOCTDb U3MEPSIETCS B BATTAX, OTHOCUTEIbHASA MOIHOCTb —
B felribesiax. MOUHOCTB CUTHAJIA PACCUMTBIBAETCSI 110 TOM XKe (opMyJie, 4To U 3aTyxaHue. Takas
BEJIMYMHA, KAK OTHOCUTEJbHAs! MOIHOCTD, UCIOJb3YeTCs IPU CPABHEHHMH [IBYX CUTHAJIOB, Ha-
IpUMep, CUTHAJA TOMeXY U MH(OPMAIIMOHHOTO CUrHasIa. 3aTyXaHue TAK)Ke SIBJSIETCS] TPUMEPOM
OTHOCUTEJNIbHON MOLIHOCTH — B 3TOM CJIy4yae Mbl CPaBHHBAaeM MOIHOCTb CUTHAJIa Ha BBIXOJE
U BXOJie IMHUH CBSI3H.
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YacTHBIM cJTy4aeM OTHOCHTEIHOHM MOIIHOCTH SIBJISIETCS! ONOPHast MOLIHOCTL. [1pu pacuete onop-
HOU MOILHOCTH ypOBEeHb, Ha KOTOPBIHN AeJUTCSl U3MepsieMast MOLUIHOCTb, IPUHHUMAETCS] paBHBIM
1 MBT, 4TO M OTpaXkaeTcs B Ha3BaHUK ATOM €AMHMIIBI MOLIHOCTH, Oeyuben-muiueamm, 1bm.

O110pHasi MOIIHOCTb P BBIYUCJISIETCSE 110 (hOpMYyJIe
p=101g P/(1 MBT) [nbMm]

3nech P — abCcoOTHAsI MOIIHOCTD CUTHAJIA B MUJIJIMBATTaX.

Hecmotpst Ha ucno/ib30BaHie OTHOIIEHUS B ONPE/IeJIEHUU OIIOPHON MOLIHOCTH, 3Ta €IUHUIIA
U3MepEHUst ABJSETCA abCcoaOmHoU, a He OTHOCUTEILHOM, TaK KaK OJHO3HAuHO mpeobpasyer
aBCOIOTHYIO MOIITHOCTh CUTHAJIA B BATTaX B HEKOTOPOE 3HaYeHKe, KOTOPOe HUKAK He 3aBUCUT OT
3HAYEHUS] MOIIHOCTH JPYTOTO CUTHAJA, KaK 3TO UMeeT MeCTO TIPH onpeejeHun aeunbena. Tak,
HeTPY/IHO BBIYUCIUTh COOTBETCTBUE HEKOTOPBIX 3HAaUE€HMI MOIHOCTHU CUTHAJIA, BHIPAXKEHHBIX
B BaTTax u A1bm:

1 MB=0bwM, 10 MB =10 1bM, 1 B =30 1bM, 100 kB = 80 a1bm.

OnopHble 3HaUYeHUs: MOLIHOCTH YA00HO UCII0JIb30BaTh I1PH PACYEMAX SHep2emu4eckozo 6100xema
JUHUTL C8A3U.

Mpumep

Iyctb TpebyeTcst onpeaeauTh MUHMMAJIbHYIO ONIOPHYIO MOIIHOCTD X (1BM) nepenaryuka, focra-
TOYHYIO VISl TOTO, YTOOBI HA BbIXO/I€ IMHUM OMOPHAsI MOU[HOCTb CUTHAJIA Obljla He HUXKe HEKOTO-
poro noporoBoro 3HauyeHust y (1bm). 3atyxaHue 1MHUM U3BecTHO 1 paBHO A. I[lycts X n Y — 3t0
abCcoNIOTHDBIE 3HAYE€HUSI MOIHOCTH CUTHAa, 33/laHHble B MWIJIMBATTaX Ha BXO/le U BbIXO/e JIMHUU
COOTBETCTBEHHO.

o onpeaenennto A = 10 g X/ Y. Ucnionb3ays cBoiicTBa JI0rapudMOB, IPUXOAUM K CIEAYIOLIEMY:

A=101g X /Y =10lg(X/1)/(Y/1) = 10 1g X/1 MBt — 10 1g Y/1 MBr.

3aMeTHM, /IBa TIOCJIEHUX 4JIeHA YPaBHEHHUA 110 ONpEeAECJICHUIO ABJAIOTCA ONOPHBIMU 3HAYEHUAMU
MOUIHOCTHU CUTHAJIOB Ha BbIXO/I€ U BX0O/1€, [TIO3TOMY ITPUXOAUM K ITPOCTOMY COOTHOLUIEHHIO A=x— Y,
rjie X — OMopHasA MOILHOCTb BXOAHOTO CUTHaJIa, a Y — ONOPHasA MOUIHOCTb BbIXOJHOI'O CUTHAJIA.

U3 nocneaHero cooTHoLIeHUst caenyeT, YToO MUHUMaJIbHasA Tpe6yeMaﬂ MOUIHOCTbD NepeaaTyukKa Mo-
KeT ObITh onpeze/ieHa Kak CyMMa 3aTyXaHUA U OI'IOPHOI;'I MOIIHOCTU CUTHAJIA Ha BbIXofe: x = A + Yy.

BennunHa OMOPHOH MOIHOCTH ¥ BBIXOJHOI'O CUIHAJA, SIBJASIOIIASICSI MUHUMAIbHON OMOPHOIA
MOII[HOCTBIO CUTHAJIA HAa BXO/I€ IPHEMHHKA, [IPX KOTOPOM OH elle CII0COOeH KOPPEKTHO Pacio-
3HaBaTh AUCKPETHYIO MH(MOPMALMIO, COAEPKALIYIOCS B CUTHAJIE, HA3bIBAETCs1 IOPOTOM YyBCTBH-
TeJBHOCTH MpHeMHUKa. OUYeBUIHO, UTO J1s1 HOPMAJIBHOM PAGOTHI IMHUN CBSI3H MUHUMAJIbHAS
OMOPHAst MOLHOCTb CUTHAJIA IePeIaTINKA, Jaxe ocIabieHHas 3aTyXaHueM JIMHUH CBSI3H, J0JIK-
Ha NPeBOCXOAUTD MOPOT YYBCTBUTEIBHOCTU NpUeMHUKa: X — A > y. [IpoBepka aToro ycaoBus
U SIBJISIETCSI CYTHIO PACYETA IHEPTreTUYECKOT0 OI0KeTa TNHUUL.

Monoca nponyckaHus

Ha ¢opmy curnana, nepeaBaeMoro o JHHUH CBSI3U, BAUSIET OTPAHUYEHHOCTD €€ T0JIOCH IPO-
IyCKaHWsI.
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Monoca nponyckaums (bandwidth) — 310 HenpepbIBHLIY AMaNa30H YacTOT, AN KOTOPOro 3aTyXaHue
He NpesblllaeT HEKOTOPLIA 3apaHee 3afaHHbii npegen. To eCTb f10n0Ca NPONYCKaHWUA onpeaenseT
ANana3oH YacTOT CUHYCOMOAILHOIrO CUrHaNa, NPy KOTOPbIX 3TOT CUrHAN NEPeaaeTCs No NUHUYU CBA3N
6e3 3HaumTenbHbIX NCKaxeHui. Monoca nponyckaHus namepseTcs B repuax ().

NPUMEMAHUE

TepMuH «110J10ca IPOIYCKAaHUs» MHOTAA UCTIOJIb3YeTCs] KAK CHHOHUM TEPMUHA «IIPOILY CKHAsl CMOCOOHOCTh»>
1 u3MepsieTcst B 6UTax B cekyHny. KoHeuHo, ydure 6b110 6bI NPUMEHSITh Pa3Hble TEDMHMHbI /151 OTMCAHUS
PAa3/IMYHbIX XaPAaKTEPUCTHUK, HO CYILIECTBYIOT TPAAHLIMH, KOTOPble U3MEHHUTD TPYAHO. B Takux ciayvasix 1pu-
XO/IUTCs Pa3/IMyaTh 3Ha4eHUs1 TEPMUHA 110 KOHTEKCTY.

Pout

P.
in

0,5

o
y

Monoca nponyckaHus Yacrora, 'y

Puc. 6.12. 3aBUCUMOCTb 3aTyxaHuUsi OT 4acTOTbl

CreneHb 3aTyXaHUs] MOLIHOCTH CUHYCOUAANBHOTO CUTHAIA 3aBUCUT OT YACTOThl CUHYCOU/IbI,
Y 3Ta 3aBUCUMOCTb TaKKe XapaKTepu3yeT JIUHHUIO cBsi3u (puc. 6.12).

YacTo rpaHUYHBIMU YAaCTOTAMH IOJIOCHI IPONYCKAHUST CYMTAIOTCS YACTOTHI, HA KOTOPBIX MOLII-
HOCTb BBIXOJHOTO CUTHaJ/Ia yMEHbLIAETCsI B IBa Pa3a 110 OTHOLIEHUIO K BXOZHOMY, YTO COOT-
BeTCTBYeT 3aTyxaHuio B —3 n1b. Kak Mbl yBuauM nanee, wupuna nosocel NponycKaHusi B Hau-
6oJIbLuell CTeNeHN BAUSET Ha MAKCUMAIbHO BO3MOXHYIO CKOPOCTh Nepesayy MHGOPMaLKH 1o
JINHUH CBSI3M.

VckaxeHue nepeaoliei TMHIEN CBA3M CUHYCOUIbI KAKON-TMO0 4aCTOTHI IPUBOAMUT, B KOHEU-
HOM cyeTe, K UCK@XEHHUIO aMILIUTY/Ibl 1 (JOPMbI MlepejaBaeMOro CUrHajla, Tak Kak FapMOHUKU
Pa3JINYHBIX YACTOT UCKAXKAKOTCH He 00uHax060. ECIM 3TO aHAIOrOBbIi CUTHAI, TIEPEJAIOLIMH Peyb,
TO U3MEHSIETCsT TeMOP roJ10ca 3a CYET UCKAKEHUsI 06ePTOHOB — GOKOBBIX YaCTOT.

Hpu nepeaadye UMIyJbCHbIX CUTHAJIOB, XapPaKTEPHBIX AJISI KOMIIbIOTEPHbIX CeTeﬁ, HCKAXAKTCA
HHU3KO4YaCTOTHbIE U BBICOKOYACTOTHBIE TADMOHHUKH — B DE3yJibTaTe (prHTbl UMITYJIbCOB TE€PAIOT



Mmaga 6. JIuHUM cBa3m 199

CBOIO NIPSIMOYTOJIbHY0 dopMy (puc. 6.13), M CUTHaNIBI MOTYT IIJIOXO PAacIiO3HABAThCs Ha IPHU-
€MHOM KOHI[€e JIMHUH.

YpoBeHb 4
HanpskeHus

McxoaHbl curHan

Curnan, nepeaaHHbIn
NO NUHUK CBA3N

- >

Puc. 6.13. BnusiHme orpaHn4eHHOCTY MONOCHI NPONYCKaHua Ha GopMy NPSIMOYroNLHOrO UMNyNbCa

Momexn

[TepenaBaemble CUTHAJIBI UCKAXKAIOTCS U3-32 HECOBEPLIEHCTBA JIMHUMN CBSA3H, a TaKXKe U3-3a
BHEIIHUX Y BHYTPEHHHUX ITIOMEX.

JL1s1 3NeKTPHUECKUX CUTHAJIOB UdednbHas nepedaruas cpeda, He BHOCSIIASE HUKAKAX TIOMeX
B TIepe/laBaeMblil CUTHAJ, [I0JI)KHA, TI0 MeHbLIEH Mepe, UMeTb HyJIeBble 3HadeHHs! CONPOTHUB/IEHNS,
€MKOCTH U UHAYKTUBHOCTH. OJTHAaKO Ha NPaKTHKe MeHbIE IPOBO/IA, HAIIPHMeP, BCET/a Npe/CTaB-
JISOT cOO0M HEKOTOPYIO pacipesieJIEHHYIO [0 JUIMHE KOMOMHALMIO aKTHBHOTO CONPOTHBIIEHHS],
€MKOCTHOH ¥ MHAYKTUBHOU Harpy3ok (puc. 6.14). B pe3ysbrate CHHYCOH/BI Pa3IMYHbIX 4aCTOT
TNepefaoTCsl 3TUMHU JIMHUSIMHU [IO-PAa3HOMY.

L R L R L R L R

IC IC IC IC

l l l

Puc. 6.14. Npeacrtasnexnve MeAHON NUHUM KakK pacnpeaeneHHON MHAYKTUBHO-€MKOCTHOWM Harpy3ku
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BaxHbIM apamMeTpoM MeZHOM JIMHUY CBSI3U SIBJISIETCS €€ BOJHOBOE CONPOTHRIEHHE, IIPE/CTaB-
asotee co60i MoHOe (KOMILJIEKCHOE ) COIIPOTUBJIEHUE, KOTOPOE BCTPEYAET 3JIEKTPOMArHUTHASI
BOJIHA OIpe/ieJIeHHO YacTOThI IPH PaCIpOCTPAaHEHUH BJOJIb OAHOPOAHOM 1enu. BosiHoBoeE co-
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NPOTUBJIEHUE U3MEPAECTCS B OMAX U 3aBUCHUT OT TaKHUX MTApaAaMETPOB JIMHHUU CBA3U, KaK aKTUBHOE
CONMPOTUBJICHHE, TIOTOHHAA NHAYKTUBHOCTb U NOrTOHHAsA €eMKOCTb, a TAKXK€ OT YaCTOThI CaMOIo
CHUTHaJIa. BleOlIHOC CONPOTUBJICHUE N€epeAaTYHNKA JOKHO 6BITH COrIACOBAHO C BOJTHOBbBIM CO-
TNPOTUBJICHHUEM JIMHUH, HHAY€ 3aTyXdHUE CUTHaJIa 6y/:[eT HENPpHEMJIEMBIM.

[ToMuMO MCKaXKeHUI CUTHAJIOB, BOBHUKAIOUIUX U3-3a HEUJEATbHbBIX (bHBl’I‘-IeCKl/IX nmapaMeTpoB
JIMHUH CBA3H, CBOM BKJI/l B UICKa)KEHUE CbOprl CHUTHAJIOB Ha BbIXO/1€ IMHUHU BHOCAT IOMEXH.

AnexTrpoMarHuTHas noMexa — 3T0 HexenaTtenbHOe BO3AeNCTBUE Ha NepeaaBaeMbli CUrHan, yxya-
warouiee BO3IMOXHOCTb €ro pacno3HasaHus Npu npueme.

B pesysbraTe noMex cUrHazibl Ha BbIXOJ€ JIMHUHU CBSI3U MOTYT UMETb UCKaXKeHHY10 GopMy
(puc. 6.15). McToyHMK TOMEX MOXET HaXOJUTbCsl BHE UJIM BHYTPH JIMHUHU CBSI3H.

BHenHne NOMEXH CO3AIOTCS PA3JTUYHBIMM 3JIEKTPUYECKUMH ABUTATEISIMH, 371eKTPOHHBIMH
yCTpOiicTBaMH, aTMOC(HEPHBIMU SIBJIEHUSIMU U T. [I. BHYTpeHHHE NOMeXH — 3TO pe3yJIbTaT B3a-
MMHOTO BJIMSIHUSI 3JIEKTPUYECKHUX TIPOLECCOB B IPOBOJHUKAX JIMHWH CBSI3H, TAK Ha3bIBaeMbIC
repeKpecTHble HABOAKH OJJHOM Mapbl MPOBOAHMKOB Ha IPYTYIO.

MMnynbcbl Ha Bxoae
NTUHUKU CBA3N

v

MMnynbcbl Ha Bbixoae
NHUK CBA3N

V<

- /W“II\\A_A A oy
R

Puc. 6.15. VickaxeHne tMNynbCOB B IMHUN CBSR3N

IMomexa MOXeT ObITb KaK pezyiapHol, TaK U CIy4aiHou BeTMYMHON. B nepBoM ciiyyae oHa MOXKeT
OBbITh IOCTATOYHO JIETKO ycTpaHeHa. HampuMep, HaBoaka OT CUJIOBOI TMHUK EPEMEHHOTO TOKA
MOXeT ObITh KOMITEHCHPOBaHAa COOTBETCTBYIOLIMM MPOTUBO(A3HBIM CUTHAJIOM, a TIOMeXa OT
ornpeeIeHHON PaIMOCTaHIIMK U3BECTHOM YaCTOTHI MOXKET ObITh 3a0I0KMPOBaHa (DUIIBTPOM, He
NPOoIyCKAoIMM 3Ty YacToty. ClioxHee 06CTOUT €10 CO CLYYaiHOI MOMEX0ii, KOTOPYIO HeJIb3st
3apaHee Npe/cKa3aTh ¥ CKOPPEKTHPOBaTh. HecMOTpsI Ha 3allMTHbIE MePbI, IpeNPHHUMaeMble
pa3paboTyrKaMu KabeJieil, HaIMYMe YCUIUTEIBHON M KOMMYTUPYIOILEH alnaparypsl, MOJTHOCTHIO
KOMIIEHCHPOBATb BJIMSIHME CIYYalHbIX BHEUIHUX TIOMEX He YAaeTCsl.

PasHble BUIbI TOMEX MOTYT I0-Pa3HOMY BO3/€iCTBOBATh HA UCXOAHbBIN curHal. B Tom cayyae,
KOT/Ja Pe3yJIBTUPYIOLUIMIA CUTHAJ MOXKET ObITh NPENCTABJIEH B BULE CYMMbl HCXOIHOTO CUTHAJIA
¥ IOMEXH, TOMeXY Ha3bIBAIOT aJITMTHBHOM MOMeXoii 1iu mymoM (puc. 6.16).
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Puc. 6.16. BnnsiHme aoanTMBHOM NOMEXM HA UCXOAHBbIN CUrHanN

BajkHeHIuMM napaMeTpoM, XapaKTepU3YIOLIUM paboTy JIMHUK CBSI3H B YCJIOBHSIX alIUTUBHBIX
ToMeX, ABJISETCs OTHOILEHHE «CHIHaJ/uryM» (signal-to-noise ratio — SNR), paBHOe OTHOLIEHHIO
CpeHeil MOIHOCTH UCXOAHOTO CUTHAIA K CpeJHel MolHocTH uyma Pe/P,, UeM MeHblle 3T0 3Ha-
yeHue, TeM GoJtee CI0KHBIM JI0JIKHO OBITh yCTPOUCTBO PUEMHHMKA, YTOOBI OH MOT KOMIIEHCHPOBATh
noMexu. Kak Mbl yBUAMM Jajiee, 3TO COOTHOILEHHE 3aHUMaeT LleHTPaJbHOe MeCTO B (popmy.ie
[IleHHOHA, ONIMCHIBAIOLIEN CBSI3b MEXKAY MPOIMYCKHO CIIOCOOHOCTBIO M MOJIOCOI IPOIYCKAHUSL.

TloMeX0yCTOHYMBOCTD JIMHHMH, KaK M CJIelyeT U3 Ha3BaHUsl, ONPe/esieT ClIOCOOHOCTb JINHUN
[POTHBOCTOSITh BJMSIHUIO IOMEX, CO3/IaBaeMbIX BO BHEILIHEH Cpe/ie NJIM Ha BHYTPEHHUX POBOJ-
HHMKax caMoro KabeJsi. [loMexoyCcTOMYHMBOCTb JIMHMH 3aBUCUT OT THIIA UCIIOJIb3yeMoil dusmnye-
CKOH Cpejibl, a TAK)XKe OT CPeJICTB IKPAHUPOBAHUS U NIO/IaBJIeHUsI ToMeX caMoi inHun. Hanmenee
NIOMEXOYCTONYKMBBIMU SBJISIIOTCS PAAHOIMHUK. XOPOIEH yCTONYUBOCTHIO 06/IaAI0T KabeIbHbIe
JIMHUYU U OTJIIMYHOH — BOJIOKOHHO-ONTHYECKHE JUHUU, MATOYYBCTBUTEIbHbIE K BHELTHEMY
3/IEKTPOMAarHUTHOMY M3J1ydeHn10. OObIYHO AJ1s1 yMEHbLIEHHUS IIOMEX, CO3JaBaeMbIX BHELIHUMHU
3J1EKTPOMArHMTHBIMU IOJISIMHU, IPOBOJHUKHU 3KPAaHUPYIOT U/H/IU CKPYYHBAIOT.

JeKTpUYecKasi K MarHMTHAs! CBSA3b — 3TO MapaMeTPbl MEIHOTO KabeJsi, XapaKTepu3yoliue
BO3/IEMCTBUE HA HEro TIoMeX. JJIeKTPHYeCKas CBA3b ONpe/essieTCsl OTHOIeHHeM HaBeIeHHOTO
TOKA B 1IE€MH, MOJBEPXKEHHON BIUSHUIO, K HANIPSDKEHUIO, AeHCTBYIOLIEMY BO BJIHMSIOLIEN LENH.
MaruuTHas CBsI3b — 3TO OTHOILIEHUE 3JIEKTPOABIIKYLIENH CUJIbl, HABeJIlEeHHOH B MO/IBEPKEHHOI
BJIMSIHMIO LIENTH, K TOKY BO BJIMSIOLIEi 1enu. Pe3yisTaToM 3JIleKTpUYecKoi M1 MarHUTHOM CBSI3U
ABJISIIOTCS. HaBeJeHHble CUrHaJIbI (HAaBOJKM) B 1IeNH, 0JBePXXeHHOH BausHuIo. CyiecTByer
HECKOJIbKO Pa3JIMYHbIX MapaMeTPOB, XapaKTEPU3YIOIMX YCTONYUBOCTb Kabessi K HABOIKaM.

IlepekpecTHbie HaBoakM Ha 6amxxHeM koHue (Near End Cross Talk, NEXT) onpeznensitot ycroii-
4YHMBOCTDH Kabelisi B TOM Cilydae, KOTZla HaBOAKa 06pa3yeTcs B pe3yJIbTaTe AeHCTBUSI CUTHAJIA, TeHe-
PHPYEMOTO IepeIaTYUKOM, MIOAKIIOUEHHBIM K OIHOM U3 COCEHUX M1ap Ha TOM Xe KOHLE Kabes,
Ha KOTOPOM paboTaeT MOAKJIIOYEHHBIH K NOABEPKEHHOM BIUSHUIO ape nprueMHUK (puc. 6.17).
[Moxaszarens NEXT, BbipaxkeHHblit B aenubesnax, paseH 10 1g Poy/Ping, 1€ Poy — MOILIHOCTD BbI-
XO/JIHOTO CUTHANA, Ping — MOLIHOCTb HABEJIEHHOTO CHUTHAJIA.

Yem menbine 3Hauenne NEXT, tem nyuiie kaGenb. Tak, 1151 BATON Iapbl KATETOPUM 5 MOKA3aTeb
NEXT nonxen 661Tb Metbliie —27 1b Ha vactore 100 MI1.

IlepekpecrHblie HaBoakH Ha AaabHeM KoHue (Far End Cross Talk, FEXT) no3Bossifor oueHuTb
YCTOMYMBOCTD Kabesist K HAaBOAKAM /I CJ1y4asi, KOTJa repejaTydK M NPHEMHMK IOIKI0YeHbI
K pa3HbIM KoHIIaM KabeJst. OueBHAHO, YTO ITOT NOKa3aTeNb L0KeH Ob1Th syynte, yeM NEXT, Tak
KaK /10 AaJIbHET0 KOHIA Kabesst 1oOupaeTcs: CUTHaJ, OC1ableHHbIH 3aTyXaHHeM Ka 10 Mmapbl.

[Mokasatesau NEXT u FEXT 06b1MHO npuMeHSIIOTCS K KabeJio, COCTosIIeMy U3 HECKOJIbKUX
BUTBIX [Iap, TAK KaK B 3TOM CJly4ae B3alMHble HAaBOAKH OAHOI Mapbl Ha APYTYIO MOTYT IOCTUTaTh
3HAYMTEBHBIX BeJH4YMH. [/t OMHAPHOTO KOAKCHAIBHOTrO Kabesst (TO eCTh COCTOSMLIETO U3
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Mepepatumnk MpueMHuk

Poul

MpueMHuk

NEXT

Mepenatunk

ind Pind—far

P
ind—far — MOLLIHOCTb HaBEJIEHHOTO CUrHana Ha AanbHeM koHue kabens

Puc. 6.17. NepexoagHoe 3atyxaHne

OJHO¥ 3KPaHMPOBAHHOM >KUJIBI) 3TOT [TOKA3aTeJIb He MIMeeT CMbICJIA, A JUIs1 JBOMHOTO KOAKCHAb-
HOTO KaleJisi OH TaKXKe He IIPUMEHSIETCS BCIEACTBUE BBICOKOM CTEMEHH 3aLIMIEHHOCTH KaKA0M
xuibl. ONITHYECKHE BOJIOKHA TOXKE He CO3AAIOT CKOIbKO-HHOYAb 3aMETHBIX B3AUMHBIX IIOMEX.

Eute onHOIt XapaKTepUCTUKOM JIMHUU CBSI3U SIBJISIETCSI AOCTOBEPHOCTD Nepesayu AaHHbIX. OHa
XapaKTePU3yeT BePOSTHOCTb MCKAXKEHUS KXK/IOr0 Nepe1aBaeMoro 61uTa gaHHbix. VIHOra 3TOT ke
NOKa3aTe b Ha3bIBAIOT HHTEHCHBHOCTDbIO OHTOBBIX omM6GoK (Bit Error Rate, BER). Besiunna
BER a1t 1nHumii cBsi3u Ge3 IOMOJIHUTENbHBIX CPEACTB 3aIIUThHI OT OIMGOK (HAIIPUMEP, CaMOo-
KOPPEKTUPYIOIIUXCS KOJOB MJIM MPOTOKOJIOB C TIOBTOPHOH Tepeaayel HCKaKeHHBIX KaJPOB)
cocrasJisieT, Kak npaBuio, 10-4—10-6, B onToBOIOKOHHBIX JIMHUSX CBsi3U — 109, 3HaueHue 10-
CTOBEPHOCTH TIepeiaut JaHHbIX B 10-4, K mpuMepy, TOBOPHT O TOM, UTO B cpeaHeM u3 10 000 6uT
MCKa)KaeTCsl 3HaYyeHHe OJIHOro 6UTa.

MponyckHas cnocoOHOCTL

MNponycknas cnocoGHOCTL, Ha3biBAEMAn TAKXKE @MKOCTBIO NMHNM CBA3M (Capacity), xapakTepuayer
MaKCUMAanNbHYIO CKOPOCTb Nepeaadn AaHHbIX, KOTOPas MOXEeT BbiTb [OCTUIHYTa Ha 3TOI IMHUU.

Oco6eHHOCTBIO MPOITYCKHOM CIIOCOGHOCTH SIBJISIETCSI TO, YTO, C OJIHOM CTOPOHBI, OHA 3aBUCHUT OT
XapaKTePUCTUK Pu3uueckoll cpedvt (3aTyXaHUs U MOJOCH IPONYCKaHUsA), & C APYrod — cnocoba
nepedauu dannvix (koaupopanus ). Cliel0BaTeNbHO, HeJIb3si TOBOPUTD O POMYCKHOM CIIOCOBHO-
CTH JIMHUH CBSI3M 0 TOTO0, KaK AJIs Hee OINpe/ieJieH IPOTOKO GU3NYECKOTO YPOBHS.

HanpuMep, eciu Ajis IMHUM CBSI3M ONpe/iesieH NPOTOKOJ (PU3UYECKOrO YPOBHS, 3340l
(dbukcupoBaHHyi0 GHTOBYI0 CKOpocTh nepeaayu aanusix (bit rate of transmitter), To ais Hee
U3BECTHA U COOTBETCTBYIOILAsS IIPOILYCKHAsI CIOCOOHOCTH — Hanpumep, 2 Mbur/c, 100 M6ur/c,
1 I'éutr/cuT .
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B tex xe CJIydasax, Korga TOJbKO IMpeaACTOUT BbI6paTI>, KaKOUl U3 MHOXECTBa CyHeCTBYIOLIUX
MPOTOKOJIOB UCIIOJIb30BATh Ha JIAaHHOM JINHUH, OYE€HDb BAXXHBIMHU SABJAKTCA OCTaJIbHbIE XapaK-
TEPUCTHUKHU JIMHUM: T10JI0CA ITPOITYCKaHU, IIEPEKPECTHBIC HABOAKH, HOMCXOyCTOﬁ‘iHBOCTb H 1Ip.

[TponyckHast coCOOGHOCTD, KAK U CKOPOCTD Iepeayy AaHHbIX, U3MEPSIETCSI B OMTaX B CEKYHAY
(6uT/C), a TaK>Ke B IPOM3BOAHBIX €UHUIIAX, TAKUX KaK KUI0OUTH B cekyHay (K6ut/c) u T. 1.

BHUMAHMUE

IMponyckHas criocOGHOCTb JTMHUM CBSI3M U KOMMYHHKAIIMOHHOTO CETEeBOro 060py10BaHUs TPAAULMOHHO
n3MepsieTcsi B OUTaX B CEKyHy, a He B 6aiiTax B CEKyHAY. DTO CBA3aHO C TEM, YTO JaHHbIE B CETSX Tepe-
JAI0TCS TIOC/AeI0BaTebHO, TO €CTh MOOGUTHO, a He MapajljielbHO, 6aiTaMK, KaK 3TO TIPOMCXOAUT MEXALY
YCTPOMCTBaMU BHYTPH KOMIIbIOTEpA. Takue eqMHUIbI U3MEPEHUS], KAK KUJIOOUT, MerabuT uiy rurabur,
B CETEBBIX TEXHOJIOTUSAX CTPOrO COOTBETCTBYIOT CTENMEHSM AECATH (TO eCTh KUIOOUT — ato 1000 61T, a Me-
rabut — aro 1 000 000 6uT), KaK 3TO NPUHSTO BO BCEX OTPACSX HAYKH M TEXHUKH, a He OJIM3KUM K 3THM
YUCJIaM CTENEHSIM JBOMKH, KaK 3TO IPUHSTO B IPOrPaMMUPOBAHMUHY, T/l€ IPUCTABKA «KUJIO» paBHa 210 =
1024, a «Mera» — 220 = 1 048 576.

[TponyckHast cnocOGHOCTb JIMHUY CBSI3U 3aBHCUT He TOJIBKO OT €€ XapaKTePUCTHK, TAKUX KaK
3aTyXaHHe U 110J10ca MPOIYCKaHUs, HO U OT CIIeKTpa IlepefiaBaeMbIX CUTHAIOB. Ecin 3HaunMble
rapDMOHHMKY CHUTHAJa (TO eCTb Te TADMOHUKHU, aMIIUTY/Ibl KOTOPBIX BHOCSIT OCHOBHOM BKJIaJ
B PE3YJIBTUPYIOLIMI CUTHAT ) MONAJAIOT B [IOJIOCY NPOIyCKAHMUS IMHUM, TO TaKO curHan 6yaer
XOpOIIO NepeaaBaThCsl JAaHHOM JTUHUEH CBA3Y, U IPUEMHUK CMOXET IIPAaBUJIBHO Paclo3HaTh
nHGOPMaLMIO, OTIIPABJIEHHYIO 110 JMHUY NepenaTyukoM (puc. 6.18, a). Ecau xe 3HauuMbIe
FapMOHHKH BBIXOISIT 32 TPAHHIIBI 10JIOCHI TIPOITYCKAHMUS JIMHUY CBSI3H, TO CUTHAJ OyAeT 3HauH-
TeJIbHO MCKAXAaTbhCsl, YTO YCJIOXKHHUT NPHEMHHUKY pacrniosHaBaHue uHdopmauuu (puc. 6.18, 6).

Monoca nponyckaHWus NUHWK CBS3N Monoca nponyckaHns NUHWKM CBA3N
AL e > A
ﬂk
FapMoHWKK curHana FapMOHUKM
cUrHana

Sk

T,

F F

i {

Tt 00|10 ]| 1 |1 1W011

a 6

Puc. 6.18. CooTseTcTBME MeXAy NONOCOM NPONYCKaHUS NIMHUWN CBA3W W CNEKTPOM CUrHana
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BausHne cnocob6a koagMpoBaHUa Ha NPONYCKHYIO
CNOCOOHOCTb

Boi6op crioco6a npeacTaBieHnsi IMCKPETHON MHGOPMAIIMK B BU/le CUTHAJIOB, NTOaBaeMbIX
Ha JIMHUIO CBSI3U, Ha3blBaeTCsl PU3HYECKHM UM THHEHHBIM KoaupoBaHHueM. OT BbIOPaHHOTO
crnocoba KOAMPOBAHMS 3aBUCHT CIIEKTP CUTHAJIOB U, COOTBETCTBEHHO, IIPOMYCKHAst CN0Cco0-
HOCTb JINHUHU.

TakuM 06pa3oM, 1151 OAHOTO CI0c0Oa KOAMPOBAHUSI JIHHUSI MOXKET 06/1a1aTh OHOM NPOIYCKHOM
crnocobHOCTBIO, a ISt APYroro — Apyroil. HanpuMep, BUTas napa KaTeropuu 5 MOXKeT Iepe/a-
BaTb JaHHbIE C MPOMYCKHOM crtocobHOocThio 100 M6MT/C 11pyu cnocobe KoAMPOBAHUSA CTaHAapTa
¢dusnueckoro yposasi 100Base-T, u 1 [6uT/c npu cnocobe koaupoBanus cranaapra 1000Base-T.

B cOOTBETCTBUM C GCHOBHBLIM NOCTYNATOM TEOPWUU HDOPMALMN STIOB0E PA3INHNMOE HEMNPEACKA3yeMoe
M3MeHEeHWe NPUHUMAEMOoro curHana Hecet B cebe nHdopmaumio. OTCloaa CReayert, YTo CUHycomaa,
y KOTOpOI aMnnnTyaa, Gasa u 4acToTa OCTaIOTCA HEMIMEHHBIMU, MHDOPMaLIMKY HE HECeT, Tak Kak
M3MEHEHWUE CUTHAMA XOTH W MPOUCXOAUT, HO ABNAETCA a6CONIOTHO NPEACKa3yeMbIM. AHANOrMYHO, He
HecyT 8 ce6e MHPOopMaumUm UMNYNbCLI HA TAKTOBOM LWWHE KOMMBLIOTEPA, Tak Kak UX U3MEHEHUS ToXe
NOCTORHHbI BO BPEMEHU. A BOT MMNYNLCHI HA LLIMHE AaHHbIX MPEeACKa3aTh 3apaHee Henb3s, 4To U Aenaer
MX NHHOPMALUMOHHBIMU — OHW MEPEHOCHAT MHGOPMaLMIO MEXAY OTAeNbHBIMWM BNokamu Uau yCTpom-
CTBaMu KOMMNbIOTEPA.

B 6oabimmHcTBe cr10c060B KOANPOBAHHS UCIIOIb3YETCSI H3MEHEHHE OJIHOTO MJIM HECKOJIbKHMX
mapaMeTpoB NMePHOAMYECKOTO 3JIEKTPHYECKOTO CUTHA/IA — YaCTOTbI, aMIIMTY/Ibl U Da3bl CHHY-
COM/Ibl MJIU Xe YPOBHS HAIMPsKEeHUs1/TOKA M0CJAe10BaTeIbHOCTH HMITYJIbCOB. ITH MapaMeTpbl
Ha3bIBaIOT HH(POPMAIMOHHBIMH NTapaMeTpaMH curHajia. [lepuoanyeckuii curHasn, napameTps
KOTOPOTO NOABEPraloTCs U3BMEHEHUSIM, Ha3bIBAIOT HeCYLIUM cUrHajoM. IIpouecc uameHeHusi
MH(OPMALMOHHBIX TAPAMETPOB HECYIIIEr0 CUTHAIA B COOTBETCTBUH € NepesaBaeMoit nHbopma-
Mell Ha3blBaeTCst KOAUPOBaHHEM WJIH MOAYAsuMell. VI3MeHeHHbl B pe3y ibTaTe KOAUPOBAHUS
HeCcyIMi CUTHAJ Ha3blBalOT HH()OPMALIMOHHBIM CUTHAJIOM.

Eciin nHbOpMaIlMOHHBINA CUTHAJ U3MEHSIETCS TaK, YTO MOKHO Pa3JIMYUTD TOJIbKO /IBa €ro CO-
CTOSIHMSI, TO JII060€ ero u3MeHeHue GyIeT COOTBETCTBOBATh HAaMMeHbIlell eguHuIle HHpOopMa-
uuu — 6uTty. Ecait )ke cMrHa1 MoXeT UMeTh 60J1ee IBYX Pa3IMYUMBIX COCTOSIHHH, TO JII060€ ero
u3MeHeHue OyleT HECTH HECKObKO 6umos ungopmayuu. Hanpumep, ans cMrHana ¢ 4eTbipbMst
COCTOSIHUSIMHU OJTHO U3MeHeHue HeceT aBa 6uta: 00, 01, 10, 11.

Iepenaya nuckpeTHol MHGOPMAIMHN B TEIEKOMMYHUKALIMOHHbBIX CETSIX OCYILECTBISIETCS TaK-
THUPOBAHHO, TO €CTh U3MeHeHHe NHGMOPMAIMOHHOTO NapaMeTpa CUrHajla IPOUCXOAUT Yepe3
(ukcHpoBaHHBIH MHTEDPBAJ BpeMeHH, Ha3blBaeMblil TAKTOM. Bennuuna, obOpatHas 3HaYEHUIO
TAKTa, SIBJISIETCS TAKTOBOM YacToToii TuHUU. [lepefaTunk MOXXeT OTAeIbHO OT HH(MOPMAILMOH-
HBIX CUTHAJIOB Nlepe/laBaTh TAKTOBbIE CUTHAJIbI, HATIPUMEP, 3JIeKTPUYeCKHe UMITYIbChI MO OT-
JeJIbHOM JIMHUM CBSI3H, [/ TOTO YTOOBI MPHEMHHUKY GbLITO Jlerye pacro3HaBaTh HA4aI0 Kax/a0ro
takTa. Bo3aMoxHa Takxke cxema paboTbl IPUEMHHUKA U llepeaTunka 6e3 nepesayu OTAeJbHOTO
TaKTOBOIO CHTHAIa — B 3TOM CJly4yae MPUEMHHK J0/DKeH 00/1aaTh O4€Hb TOYHBIM TaliMeEpPOM,
a TaKk>Ke BO3MOXKHOCTBIO MHOT/Ia MOACTPAUBaTh CBOM TaiiMep MO/ TaliMep I1epejaTylKa 3a cueTr
aHaJM3a MHGOOPMAIIMOHHOTO CUTHAJA, HapuMep, ecjid UHGOPMALUMOHHBINA CUTHAJ SIBJSIETCS
NPSIMOYTOJIbHBIM UMITYJIbCOM, TO MOACTPOIKA MOXET BBITIOJHITHCS 1IPU MIPUXO/Ie MePe/HEro
dbponTa MMNyTBCA.
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[IpueMHuK MHPOPMALIMM CUMTAET, YTO B HAYaJIe KaXK0ro TAKTA Ha €ro BXO/ MOCTYIAeT HOBast
uHdopmauus. [Ipy 3TOM, HE3aBUCUMO OT TOTO, TOBTOPSIET JIM CUTHAJI COCTOSIHUE NPe/bIAYILEro
TaKTa MJIM e OH UMeeT COCTOSIHUE, OTJIMYHOE OT NPebIAyILero, NpMeMHUK HHTepIIpeTHPYeT Co-
CTOsIHME CUTHaJIa KaK HOBYI0 nopumio nHdopmauuu. Hanpumep, ecau Taxt pasen 0,3 ceKyHb,
a CHTHAJI UMeeT 1Ba COCTOSIHUS M 1 KOAMPYeTCs OTEHIMAIOM 5 BOJIBT, TO IPUCYTCTBUE Ha BXO/e
PUEMHHUKA CUTHAJIA BeJIMUMHOM O BOJIBT B TedeHHe 3 CeKYH/] O3HAYaeT nosryyeHue MHhOopMaLy,
Npe/ICTaBJeHHON ABOMYHBIM ynciaoM 1111111111,

CKopoCTb U3MEHEeHUs HH¢O§MB“HOHHO|‘O CMrHana pasHa KONnM4ecTBY TaKTOB U3MEeHeHUs nHGpop-
MaUVOHHOr0 NapamMeTpa HecyLero NepMoan4eckoro curHana B cexyHay. OHa uamepsercs B 6onax.

Hanpumep, ecnu Takt nepeaaun uHdopMmauuu paBeH 0,1 ceKyHAbI, TO CUTHAI U3MEHSIETCS CO
ckopoctbio 10 60z.

CkopocTb nepenayu HHGOPMALHM, KOTOPas B JAHHOM CJIy4dae sIBJSAETCS NPONYCKHOU CROCOOHO-
cmv10, u3MepsieMasi B 6umax 6 cexynoy, MOXKeT ObITb KaK BbILIE, TAK U HUXKE CKOPOCTH U3MEHEHUSL
MHGOPMALMOHHOTO CHIHAJa, U3MePSIeMOit B 600ax. ITO COOTHOLIEHHE 3aBUCUT OT YMCJIA CO-
cTosiHMI HH(OPMaUMOHHOTO apameTpa. Hanpumep, eciin oH umeet 6osiee ABYX pasiuyMMbIX
COCTOSIHHIA, TO IPH PaBHBIX TAKTaX M COOTBETCTBYIOILEM METO/I€ KOAMPOBaHUA MH(MOPMALIMOHHAS
CKOPOCTb B GUTaX B CEKYH/Y MOXET ObITb 6biiue, 4eM CKOPOCTb U3MEHEHH MH(GOPMALMOHHOTO
curHaza B 6ozax.

[Tyctb nHGOPMALIMOHHBIMM NIapaMeTpaMU SIBJISIOTCS ¢a3a M aMIIMTYAa CUHYCOWIBI, IPHYeM
passinyaioTcst yetbipe coctosiHus dasbl B 0, 90, 180 1 270° u ABa 3HaYEHMS] aMIJIUTY/IBI CUT-
Hajia — TOrZa MHGOOPMALMOHHBIN CUTHA MOXKET UMETh BOCEMb PAa3IMUYUMBIX COCTOSIHUH. ITO
03HavaeT, yTo N1000e COCTOSTHUE 3TOro cHrHaza HeceT 3 6uTta ungopmauuu — 000, 001,..., 111.
B sToM ciiyuae MojeM, paboraoiuii co ckopocTbio 2400 601 (MeHstoIME HHGHOPMAIIMOHHBIN
curhan 2400 pa3 B ceKyH/y), nepeaaeT HHGOPMaIUIO co cKopocTbio 7200 6UT/c, TaK Kak mpu
OJIHOM H3MEHEHUU CUTHAJIa nepejiaeTcs 3 Guta nHGpoOpMalmu.

Ecau curHan umeer 1Ba coctosiuus (To ectb HeceT uHdopMmauuio B 1 6uT), To MHGOPMALIMOHHAS
CKOPOCTh OOBIYHO COBMAAaeT ¢ KOJIM4ecTBOM 6010B. OHAKO MOXET HabMOAaThCs U 06paTHas
KapTHHA, Korga MHGOPMALIMOHHAsT CKOPOCTb OKa3bIBAETCsI HUMCe CKOPOCTH U3MEHeHUsT HHGOp-
MalMOHHOTO CUrHAJIa B 60/1aX — HAMPUMED, KOT/a [/ HAIEKHOTO PACIIO3HABAHHUS TPUEMHHUKOM
I10JIb30BATENLCKOM HHGMOPMAIIUH KAXKIbIi OUT B MOCTEN0BATEILHOCTH KOAUPYETCS HECKOIbKHU-
MU M3MeHeHUsIMU MHGOPMAlIMOHHOTO NapaMeTpa Hecyllero curyHasa. Tak, Npyu KOAHPOBaHUU
€IMHUYHOTO 3HaYeHUs1 OGUTA UMITYJIBCOM MOJIOXHUTETbHON TTONSIPHOCTH, @ HYJIEBOTO 3HAYEHUS
6UTa — MMIYJIbCOM OTPULATCIBHON MOJSIPHOCTU (PU3NYECKUM CUTHAT ABAXK/Ibl U3MEHSIET CBOE
COCTOSIHUE NPH Tlepeade Kaxaoro 6uta. IIpu TaAKOM KOAMPOBAHMU CKOPOCTD JIMHUU B OGUTAX
B CEKYH/Iy B /IBa pa3a HUXe, 1eM B 60/ax.

M3 nipuBeieHHbIX IPUMEPOB BUAHO, YTO MPOIMYCKHAS CIIOCOOHOCTD IMHUU CBSI3U TEM BBIILE, YeM
KOpOYe TakT (BblliIE YACTOTA MEPHOANYECKOTO HECYIIErO CUTHAIA) M YeM OO0JIbIle YCTOMYMBBIX
Pacro3HaBaeMbIX COCTOSIHMI MMeeT MUHGOPMAMOHHBIN curHal. OIHAKO 3Ta CKOPOCTh HE MOXeT
PacTH HeOTPaHWYEHHO, IOCKOJIBKY C YBEeJTUYEHHEM YAaCTOThI IepUOMYEeCKOTro HeCyLIero CUrHala
YBEJIMYMBAETCS U LIMPHHA CIIEKTPA 3TOTO CUrHaIa. JIMHUS CBSI3M MepeAaeT 3TOT CIEeKTP CHHY-
COMJI C TEMM UCKa)XEHUSAMM, KOTOPBIE ONPEESAIOTCs ee MoI0Coi npornyckanus. Yem GoJbliie
HECOOTBETCTBHE MEX/Y IMOJIOCOH NPONYCKaHUs JUHUHU U INMPUHOHN CIIEeKTpa IepefaBaeMbIX
HHGOPMALIMOHHBIX CUTHAJIOB, TeM GOJIbLIE CUTHAIbI HCKAXKAIOTCS U TEM BepOsiTHee OLIMOKH
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B PaCro3HaBaHUU PA3JIMYHBIX COCTOSIHUN CUTHAJIA TPUHUMAIOIIEH CTOPOHOH. DTO OTPaHUYMBaeT
YUCJIO COCTOSTHUM CUTHAJIA, 3 3HAYUT, yMEHbBIIAET CKOPOCTb Iepeaadyn uHdopmaiuu. TakuM 06-
Pa30M, Mbl IPUXOJUM K IIOUCKY GalaHCa MEXLY XapaKTePUCTUKAMU CPe/ibl [lepelad (3aTyXaHue,
M0JI0Ca TIPOIYCKAHUS U AP.) U METOAOM KOIMPOBAHHUS, TAKUM, YTOOBI JOOUTHCS MAKCUMAIBHOM
BEJIMYMHBI IPOITYCKHOM CIIOCOGHOCTH (110ApOOHEE 0 Pa3IMYHBIX METOAAX KOAUPOBAHUS — B CJIe-
IyIOILEH TJIaBe).

CooTHOWweHue NoNoChbl NPONYCKaHUNA
M NPONYCKHOW CNocoOHOCTMN

CBs13b MEXX Y IOJIOCOM IIPOILYCKaHUsl IMHMHU U e€ IPOIMYCKHOM CII0COOHOCTBIO BHE 3aBUCUMOCTH
OT NPUHSATOTO criocoba GU3NYECKOro KoaMpoBauus ycranosua Kiod Illennon:

C=Flog, (1 + SNR) um C = Flog; (1 + P./Py).

3necy C — nponycKHas CrocOOHOCTb TMHUU B OUTax B CeKyHAy, F — MIMPHHA MOJOCHI IPO-
NMyCKaHUS JMHUU B repuax, SNR — cCOOTHOIIEeHNe «CUTHaJI/WyM», P, — MOIIHOCTb CHTHAJA,
Py, — MOWHOCTB LIyMa.

U3 aTOr0 COOTHOLIIEHNS CJIEAYET, YTO TEOPETUYECKOTO MPeIesia IPOITYCKHOM CIIOCOOHOCTH JTMHIH
¢ GuKCMPOBaHHOM N0JIOCOM MPOIYCKaHus He cyuiecTByeT. OnHAaKO Ha NPAaKTHKe TaKOH Mpezes
uMeeTcst. [[eiiCTBUTENBHO, TTIOBBICHTD MPOIYCKHYIO CIIOCOOHOCTh JTIHHUHM MOXCHO 32 CYET YBEJH-
YEHMs] MOILHOCTH NePeAaTYMKA MJIH JKe YMEHbIIEHUs] MOLIHOCTH LIyMa B JIMHUU cBsi3u. Obe 3Tn
COCTABJISIIOIME TIOIAIOTCST U3BMEHEHHIO € 60JIbIIKUM TPYAoM. [ToBbIIIEHHE MOLTHOCTH NEPeAATIH-
Ka BeJIeT K 3HaUMTeJbHOMY YBEINYeHHIO ero rabaputoB 1 crouMocti. CHH)KeHHe yPOBHs! IyMa
TpebyeT NpPUMEHEHNs ClIeLHaIbHBIX Kabesteil ¢ XOPOIIMMH 3aLIMTHBIMUA 3KPaHaMH, YTO BEChMa
ZIOpOT0, a TAaKXKe CHUXKEHHs! IIyMa B lepelaTYuKe U IPOMEXYTOYHOMH annaparype, 4ero J0CTHYb
BecbMa HernpocTo. K ToMy Jxe BIMsTHUE MOLIHOCTe! 110JIE3HOT0 CUTHAJIA U ILIyMa Ha NIPOIYCKHYIO
CIIOCOGHOCTH OrPaHMYEHO JIOrapU(MUYECKO 3aBUCUMOCTBIO, KOTOPask PACTET AAJEKO He TaKk
OBICTPO, KaK MPSIMO MPONOPLMOHANbHAS. Tak, IPH ZOCTATOYHO TUITMYHOM HCXOAHOM 3HAYEHHH
OTHOIIEHHS MOLIHOCTH CUTHAJIa K MOIIHOCTH 1ryMa, paBHOM 100, HOBBILIEHe MOIIHOCTH Tiepe-
AaT4yMKa B 2 pasa AacT TOJIbKO 15 % yBesyeHus! NPOMYCKHOM CIOCOBOHOCTH JIMHHUH.

Bmskum no cytu k dopmyite lllenHoHa siByisieTcst Apyroe COOTHOLIEHME, TOTyYeHHoe Hatikeu-
CMOM, KOTOPOE TAKXKE ONPENEIISIET MAKCUMANLHO B03MONCHYI0 NPONYCKHYIO CNOCOOGHOCMb AUHUU
c8s13u, HO fe3 yuema wyma 8 TUHUU:

C= 2F10g2 M.

3aecb M — KOIMYECTBO Pa3IMYUMBIX COCTOSTHUN MH(OPMAILIMOHHOTO apaMeTpa.

Ecau curHan uMeer nBa pa3nM4YMMBIX COCTOSIHUS, TO MAaKCUMAJIbHO BO3MOJXKHAsI MIPOIYCKHAs
CMOCOGHOCTD PaBHA YABOEHHOMY 3HAYEHMIO IUMPHHBI [IOJI0CH! IPONYCKaHUst IMHUY CBsi3u. Ecau
JKe B IIepeIaTYMKe MCIIOJIb3yeTCsl O0JIee ABYX YCTOMYMBBIX COCTOSIHMIA CUTHAJIA 171s KOAUPOBAHUS]
JaHHBIX, TO MAKCUMATBHO BO3MOXHAsI IIPONYCKHAsI CIIOCOOHOCTD JIMHUY TTOBBILIAETCS, TAK KAK 32
OJIUH TaKT PabOThI NEpeNaTYMK MepesaeT HECKOIBKO OUTOB MCXOAHBIX AaHHbIX. Hanpumep, eciiu
CUTHAJI MOXKeT IPUHUMATb 4 3HaUeHUs 3JIEKTPHUYECKOTro MOTEHLMaIa, TO 33 OJMH TaKT Iepe/aeT-
cs1 2 6uTa qaHHBIX, a ecn 16, To 4. TeM caMbIM IPONYCKHAsI CMIOCOGHOCTD JIMHUM TTOBBIIIAETCS]
B 2 MM 4 pa3a npH TOH Xe caMo¥i TAKTOBOM 4aCTOTe MepefaTunKa.
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Xots B dopmye HaiikBucTa Haume ymMa B SBHOM BHE HEe YUUTBHIBAETCST, KOCBEHHO €T0 BJIUSI-
HHUe OTPa’XKaeTcsi B BbIOOPE KOJMYECTBA COCTOSIHMN MH(POPMALMOHHOTO cUrHasa. JJisi IoBbILIEHHs]
HPOMYCKHOMN CIOCOOHOCTH JIMHUH CBSI3H CJ1€40BAJI0 OBl YBEJIUYMBATH KOJIMYECTBO COCTOSIHUA, HO,
KaK Mbl Y>ke TOBOPMJIHM, ITOMY NPENsSTCTBYeT 1IyM Ha JuHUM. Hanpumep, Mbl He Bceraa MoXxxem
YBEJINYUTD IPOMYCKHYIO CHOCOOHOCTD JIMHUM 32 CYET yBeJIMYEeHHs YUCJIa COCTOSTHUH, €CJIH aMILIH-
Ty/a IllyMa BpeMs OT BpeMeHH OyZIeT IIPEBBIIATH PA3HULLY MEXAY COCEJHUMH YPOBHSAMH CUTHATIA.
Tak 4TO, BO3MOXHO, BMECTO JKeJlaTeJbHbIX 16 COCTOSIHMIT HaM NPUAETCS] OTPAaHHYUTHCST BCETO
4eTBIPbMS], a TO ¥ IBYMs. KosluecTBO BO3MOXKHBIX COCTOSIHUI cUTHATA GaKTHYECKH OrpaHMYHUBa-
€TCs COOTHOLIEHHEeM MOIIHOCTH CUTHaa U uryMa 1o ¢opmyJie [llenHoHa, a popmysia HalikBucra
onpefenseT NpefeabHyI0 CKOPOCTb Nepeilayt IJaHHbIX B TOM CJIy4ae, KOrJa KOJMYeCTBO COCTOSIHUM
y’ke BBIOPAHO C YYETOM BO3MOXKHOCTEH YCTOUYMBOIO Paclio3HaBaHUs CUIHAIA IPUEMHUKOM.

NMpoBoAHbIE JIMHUN CBA3M

CeroaHst Kak AJis1 BHyTpeHHell NpoBOAKH (kabesy 3aHui ), TaK M [Jis BHELIHEH Yalle BCEro
MPUMEHSIIOTCS TPH KJIacCca MPOBOAHBIX JIUHUM CBSI3U:

U skpaHMpOBaHHasl U HE3KPAaHMPOBAHHAsI BUTAsI M1Apa;
O koakcuasibHbIe Kabesy;
O BOJIOKOHHO-OIITHYECKHE Kabeun.

SKpaHUpoBaHHaA U He3KpaHUpPOBaHHasA BUTas napa

Buroii napoii Ha3bIBaeTCsl CKpyyeHHas mapa NMpoBOAOB. TOT BHA CPelbl Mepeqadyn [aHHbIX
OYeHb MOMNYJISIPEH U COCTABJISIET OCHOBY GOJIBLIOTO KOJMYECTBA KAK BHYTPEHHUX, TaK ¥ BHEITHUX
kabeieii. Kabesb MOXKET COCTOSTh U3 HECKOJIBKUX CKPYYEHHBIX Map (BHELIHUE Kabeu MHOTAA
CoZlepXKaT 0 HECKOJIBKUX IECSITKOB TAKHX Iap).

CprtuaHne IIPOBOJOB CHUXXAET BJIMSIHNE BHEUTHUX U B3AUMHBIX [TOMEX Ha I0JIe3HbIE CUTHAJIBI,
rnepenaBaeMbIe 110 Kabeo.

OcHOBHbIE 0COOEHHOCTH KOHCTPYKUNH KabeJiel okasaHbl Ha puc. 6.19.

Kabenu Ha ocHOBe BUTOMI TIapbI ABJISAIOTCSA CUMMEMPUYHBLIMU, TO €CTb OHU COCTOAT U3 ABYX OAU-
HaKOBbIX B KOHCTPYKTHBHOM OTHOIUEHHWH ITPOBOAHHMKOB. CPIMMCTpPI'-leIﬁ KabeJsb Ha OCHOBE
BUTOM Iapbl MOXeET ObITh KaK IKPAHUPOBAHHBIM, TAK U HEIKPAHUPOBAHHBIM.

Hy)KHO OTJ/IMYATh 3IE€KMPUUECKY0 UIOJIALUIO IIPOBOAAIIMX XWJI, KOTOpasd UMEETCA B n1060M
1<a6e11e, oT afzexmpomazuumuoﬁ HU30JIA10NNA. l'IepBaﬂ COCTOUT U3 HENTPOBOASAILETO AHUIJIEKTPpHUYE-
CKOTro cJjIosd — 6yMarn WJIM NTIOJIMMEPaA, HallpDUMEP NMOJHBUHUJIXJIOPUAA UJIU MOJUCTHDOJIA. Bo
BTOPOM CJ1y4ae, IOMUMO SJIeKTpI/I‘{eCKOﬁ H30JIALUNH, TPDOBOAAIIME )XUJIBI TOMEIIAIOTCA TAKXe
BHYTPb 3JIEKTPOMATHUTHOI'O 3KpPaHa, B Ka4€CTBE€ KOTOPOTrO Yallle BCero NpuMeHSAETCA MPOBO-
Adniasg MeIHas OIlJIeTKa.

dxpanupoBaHHas Butas napa (Shielded Twisted Pair, STP) xopoll0 3aIMINaeT epefaBaeMble
CHTHAJIBI OT BHELIHUX [TOMEX, @ TAK)Ke MEHbLIE U3/Iy4aeT 3JIeKTPOMarHuTHbIe KoJieOaHUsl BOBHE,
4TO, B CBOIO OYepe/ib, 3allMIIAET M0JIb30BaTe el ceTeil OT BPEAHOTO JJIsl 3MOPOBbSI U3JTyYEHHUS.
IKpaHMPOBATHCSI MOXKET KaK Kabesib B LIEJIOM, TaK U KaX/ast OTAeIbHasI Mapa A1 yMEHbIIEHHUST
nepeKpecTHbIX HaBoAoK. Hanuune 3a3eMiisieMOro akpaHa yaoposkaeT Kabesb ¥ yCI0XKHSET ero
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HeakpaHupoBaHHas BuTas napa 3kpaHUpoBaHHan BMTasn napa

BonokoHHo-oNTU4Yeckuin kabeno
KoakcuanbHblin kabenb

Puc. 6.19. YcTtpoiicTeo kabenen

MPOKJIAJIKY, TO3TOMY 3KPAaHUPOBAHHYIO BUTYIO IMAapy NPUMEHAIOT TOJILKO B T€X CJydasX, KOrja
3TO AEUCTBUTENbHO H€O6XOIlI/IMO, HanpyuMep, U3-3a 6OJIbIIMX BHEITHUX 110MEX U MOBbIUIEHHbIX
Tp€6OBal{l/Iﬁ K HaZIe)KHOCTH 1epeaadu JdHHbIX.

HeoakpanuposanHnas sutas napa (Unshielded Twisted Pair, UTP) obeciieunsaer 3aimury ot
BHEIHMX [IOMEX TOJIbKO 33 CYET CKPYYHMBAHUS TPOBOIOB B NAPbl, YTO, ECTCCTBEHIIO, HE SIBJISIETCS
Takol 3(pPeKTHBHOIM MePOH, Kak 3KpaHMPOBaHHe, HO BO MHOTHX CJ1y4astX OKa3blBAeTCsl J0CTa-
TOYHO# /151 IePEAaYN JAHHBIX C HY/KHBIM Ka4eCTBOM.

KaGenu Ha ocHoBe BUTOW Napbl, UCIIOJbL3YeMble JUJIsl TPOBO/IKK BHYTPU 31aHUsI, PA3/IesIsioTCst
B MEXYHApO/HbIX CTaHAapTax Ha kamezopuu (o1 1 10 7).

[MapameTtpbl kaOeneit kateropuit 1-6 onpenensiiores cranaapramu TIA/EIA-568 (paspaboran-
HbiMu opranuzaunei Telecommunication Industry Association, GbiBLIEN 10JIT0€ BpEeMst 10/1pa3-
JieJleHHeM HbIHe yripasiHenHoi opradusaiuu Electronic Industries Alliance — ot Ha3Banuii aTHx
oprauusaumii v nupoucxoaut abopesuarypa TIA/EIA), a Takke GJM3KMMHU K HUM CTaHJapTaMu
ISO/IEC 11801 (moc.ieatve Takxe onpeaensior kabean kareropuu 7 u 8).

Bce kabesin Ha BUTOIA nmape He3aBUCUMO OT UX KAaTETOPHU BbIITYCKAIOTCA B 4'[[3[)HOM HUCINIOJIHEHWH.
Ka)l{ﬂaﬂ U3 YeTbIpex 1nap Kabest UMeeT onpejaeseHHble UBET U 1ar CKPDYTKH.

YT0ouHuM, uTO Kabem KaTeropui 1, 2, 3 1 4 ceroats NPaKTUYECKU He IPUMEHSTIOTCSL.

KaGenu xkamezopuu 5 6114 crienMajibHO pa3apaboTaHbl AJ1sl MOAAEPKKH BbICOKOCKOPOCTHBIX
npoToKo./10B. VIX XapakTepucTuky onpenensiiorcs B auanasote 10 100 M. Cyiuectyet ynyy-
weHHas BepcHs kareropuu e (5 enhanced), kotopasi 6bi1a paspaboTana cnenuaibHoO 15t Gosee
KaueCTBEHHOM noaiepxku nporokoaa Gigabit Ethernet B ocnoBHoM 3a cuer GoJiee KecTKUX
OrpaHUYeHHI HAa MePEeKPeCcTHbIE HABOJAKH.

IMossaenne tTexnoaorun 10G Ethernet npusesio k cTranaapTusauum 6osee Ka4eCTBEHHDIX
Kabeneil kamezopuii 6, 6a, 7 u 8. [list xabesist kareropuu 6 XapaKTEPUCTUKU OIIPEAEISIIOTCS /10
gactotsl 250 MT, kateropuu 6a — 1o 500 MTIy, a as1st kabenei kateropun 7 — g0 600 MTIu.
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Ka6esu kateropun 7 06s3aTeIbHO 9KPaHUPYIOTCsI, IPUYEM KaK KaXK/1asi 1apa, TaK U BeCh Kabesb
B uesoM. KaGenb kareropuu 6 MoxeT GbITh KaK 9KPAHMPOBAHHBIM, TaK ¥ HEIKPAHUPOBAHHBIM.
Makcumanbhas aavHa cermenTta 10G Ethernet Ha kabesie kateropuu 6 paBHa 55 M, a Ha Kabe-
nsx kareropuit 6a u 7 — 100 M. [l kabeieit KaTeropuu 8 XapaKTEPUCTUKHU OTPENETSIOTCS 10
gactorbl 2000 M Ty u paccrosinus kabenst 10 30 M.

KoakcuanbHbiA Kabenb

KoakcuabHblif Kabeb COCTOMT 13 HECUMMETPUYHBIX TIap NpoBoAHKUKOB. Kasxnas napa npeza-
CTaBJsIET COO0I BHYTPEHHIO MEIHYIO KUY U COOCHYIO C HEll BHEIIHIOIO JKHITY, KOTOPAsi MOXKeT
OBbITD MOJIOW MEIHOM TPYOOH MU OTIETKOM, OT/I€JIEHHON OT BHYTPEHHEH XUJIbl AU3JIEKTpUye-
CKO#t u3osisiiveil. BHelHsis J)xuia urpaet ABOSIKYIO POJib — IO Hell nepeaaloTcsi MHbopManu-
OHHbBIE CUTHAJIbl, U OHA SIBJISIETCS] IKPAHOM, 3AIMUIAOIIMM BHYTPEHHIOIO XUJY OT BHELIHUX
3JIEKTPOMArHUTHBIX 10Jied. CyIecTByeT HECKOIbKO TUIOB KOAKCUAIBHOTO KabeJisl, OTIMYai0-
UIUXCS XaPAKTEPUCTUKAMU U 00JIaCTSMU IPUMEHEHUS: ISl JIOKATbHBIX KOMITBIOTEPHBIX CETEN,
1151 TI06AIbHBIX TEJIEKOMMYHHUKAIMOHHBIX CETEM, 11711 KabeJbHOTO TeJIEBUAEHHS U T. 1.

CornacHO COBpPEMEHHBIM CTaHIaPTaM, KOAKCUAJIbHbBIM Kabesib He C4UTAETCST XOPOILMM BbI6OPOM
NP NOCTPOEHHUH CTPYKTYPUPOBaHHOM KabeabHOM cucTeMbl 3nanuit. [lepeuncaum OCHOBHBIE
THIbI X XaPAKTEPUCTUKH ITHX Kabesreit.

O <«ToacThlii» KoakcHabHbII KaGesb paspaboTaH a1 ceteit Ethernet 10Base-5 ¢ BoHOBBIM
conporuseHreM 50 OM 1 BHEIIHUM IMaMETPOM 0K0JI0 12 MM. DToT kabesib MMeeT J0CTaTOY-
HO TOJICTbI BHYTPEHHHI TPOBOAHUK AUaMeTPOM 2,17 MM, KOTODBIi obecriedyrBaeT Xopoliue
MeXaHM4eCKHe U 3JIeKTPUYeCKHe XapaKTePUCTHKY (3aTyxaHue Ha yactote 10 MITt — He xyxe
18 1B /xm). OaHako 3TOT Kabenb CI0KHO MOHTUPOBATH — OH IIJIOXO THETCSI.

QO <«Toukuii» KoakcHaabHbIil Kabepb npeaHasHaye ajs cereil Ethernet 10Base-2. O6sanast
BHELIHUM JMaMeTPOM OKOJIO 5 MM U TOHKMM BHYTPEHHUM NpoBoAHUKOM 0,89 MM, aToT
kabeJib He TAK NPOYEH, KAK «TOJICTBIN» KOAKCUaJl, 3aT0 obsaaet ropasao 6obien rubko-
CTbI0, YTO y106HO npU MOHTaXe. « TOHKHil» KOAaKCHaJIbHBII KabeJib TaK)Ke HMeeT BOJHOBOE
conpotusierne 50 OM, HO ero MexaHU4ecKHe U 3eKTPUYeCKUe XapaKTePUCTHKH XyxKe, 4eM
Y «TOJICTOrO» KOAKCHAJIBHOTO Kabesisl. 3aTyXaHHe B 3TOM THIle KabeJist BbILIE, YEM B «TOJI-
CTOM» KOAKCHAJIBHOM Kabesie, YTO PUBOANT K HEOOXOAMMOCTH YMEHbUIATD JJINHY Kabesst
AJIs1 TOJIyYeHUs] OIHAKOBOTO 3aTYXaHUsl B CETMEHTe.

O TenesnauoHHbIH Kabesib C BOMHOBBIM CONPOTHBAeHHEM 75 OM LIMPOKO NPHUMEHSIETCS
B KabeibHOM TesieBuaeHnU. CyIIeCTBYIOT CTAHAAPThI JIOKAJIbHBIX CETEH, NO3BOJISIIOIINE UC-
M0JIb30BaTh TAKOM Kabesb /s epeaayu JaHHBIX.

0 TeuHakcHaIbHBIA KabeJb [10 KOHCTPYKIMH MI0X0X Ha KOAKCHAIbHBIN Ka0eJib, HO OT/IN4aeTcst
HaJMYMEM JBYX BHYTPEHHUX NPOBOAHUKOB. Takoil Kabesb MPUMEHSIETCSI B HOBBIX BBICOKO-
cxopocThbix ctanaaptax 10G u 100G Ethernet ans nepegauy aaHHbIX Ha HebGOIbIINE pac-
CTOSIHMSI — pacnapajule/IMBaHue NOTOKOB AaHHBIX MEX/Y ABYMs IPOBOJHUKAMH YIIPOILAET
JOCTH)KEHHE BbICOKOI CYMMapHOH CKOPOCTH.

BONOKOHHO-ONTUYECKUK Kabenb

Bos10KOHHO-ONTHYECKHIl Kabeab COCTOUT U3 TOHKUX (5—60 MUKPOH) TMOKUX CTEKJISITHHBIX
BOJIOKOH (8010KOHHBLX C8€MOB0008), 10 KOTOPbIM PACIIPOCTPAHSIOTCS CBETOBbIE CUTHAJIBL. ITO
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HauboJiee Ka4eCTBEHHBIN TUI Kabesia — OH ofecrieunBaeT nepeayy AaHHbIX ¢ O4eHb BbICOKOI
ckopoctbio (10 100 ['6uT/c 1 Bbiie) Ha GoJbire paccrosnust (80—100 kM 6e3 npoMexKyTOUHO-
0 YCUJIEHUS ), K TOMY K€ OH Jiy4ilie APYTHX TUIOB NepeAalouieil cpebl 06ecneynBaeT 3aluTy
JNAHHBIX OT BHEIIHUX MOMeX (B CUJIy OCOGEHHOCTEM PacIpOCTPaHEHUsT CBETA TAKME CHTHABI
JIETKO 3KPAHMPOBATH).

Kaxaplii CBETOBO/J COCTOMT M3 LIEHTPAJIbHOTO NIPOBOAHUKA CBeTa (Cepdeunuka, Ui cepoyesu-
Hbl) — CTEKJISIHHOTO BOJIOKHA M CTEKJISTHHOM 000JI04KH, 06J1a1aI01IeN MEHBIINM MTOKa3aTeeM
npeJioMJIeHUs], YeM cepAlieBHHA. PacnpocTpaHsisich 1o cepALeBUHe, IyYH CBETa He BBIXOAST 32
ee MpejieJibl, OTPAXKasiCh OT MOKPBIBAIOLIETO €105 000JIOYKH, TAK KaK OHA MMeeT HoJjiee HU3KH
K0a(hbuIMEHT npesoMieHHs. B 3aBUCHMOCTH OT pacmpenesieHust NOKa3aTest NpeJoMIeHUs
Y BeJIMYMHBI IMaMeTPa CEpAeYHUKA PAa3INYaIoT:

O MHOroMo0BO€ BOJIOKHO CO CTYMEeHYaThIM MU3MEHEHHEM MOKa3aTessl MpeJoMJeHHs
(puc. 6.20, a);

O MHOroMoz0BOE BOJIOKHO C IJIaBHBIM H3MEHEHHEM TMoKa3aTess npeomiaenus (puc. 6.20, 6);
Q oaxomoaoBoe BOJIOKHO (pHc. 6.20, 8).
[TonsTHE «MOJA» ONUCHIBAET PEXKUM PACHPOCTPAHEHHUSI CBETOBBIX JIyYeil B CEpALIEBHHE Kabetsl.

B oanomogosoMm kaGene (Single Mode Fiber, SMF) ucnosib3yercst ueHTpabHblil IPOBOIHUK
OYeHb MAJIOTO JMaMeTPa, COU3MEPUMOTO € IJIMHOM BosiHbI cBeTa — OT 5 A0 10 Mxm. [1pu atom
MPAKTUYECKU BCE JIYYH CBETA PACIPOCTPAHSIIOTCS BAOJb ONTHYECKOM OCH CBETOBOAA, HE OT-
PaXKasiCh OT BHEIIIHEro MPOBOAHUKA. MI3roToBjIeHHE CBEPXTOHKMX KaYeCTBEHHBIX BOJOKOH IS
O/IHOMOJIOBOTO Kalesis TIPeACTaBIIsieT COO0M CI0XKHBINA TEXHOJIOTMYECKUH MIPOLECC, YTO Je1aeT
OJIHOMOJIOBBIi1 KabeJib 10CTaTOuHO JoporuM. Kpome Toro, B BOJIOKHO TaKOTO MaJIEHBKOTO 1a-
MeTpa TPYJHO HAlPAaBUTh IIyYOK CBETA, HE MOTEPSIB IPH 3TOM 3HAUMTEJIbHYIO YACTh €ro IHEPTUH.
OaHOMO/I0BBIN Kabesib 00/1aaeT O4eHb HusKum samyxanuem — npumepto —0,2 1B /xm aist oknHa
[PO3PaYHOCTU BOJIHBI pa3mMepoM B 1550 HM.

B mMHoromozaoBsix kaGensx (Multi Mode Fiber, MMF) ucnoab3ytorcst 6oJiee iupokue BHY-
TPEHHME CEePAEYHUKH, KOTOPbIE JIerye M3roTOBUTb TEXHOIOTNYeCKH. B MHOroMo10BbIX KabeJsix
BO BHYTPEHHEM [IPOBOAHNKE OTHOBPEMEHHO CYLIECTBYET HECKOJIBKO CBETOBBIX JIyueii, OTpaxa-
IOIMXCST OT BHELIHETO TPOBOAHUKA MOA Pa3HBIMM yI1aMH. YTOJI OTPa’ke€HUs Jyya Ha3blBAeTCs
Mool y4ya. B MHOroMoz10BbIX KabeJisix ¢ IJIaBHBIM H3MeHeHHeM K03GbbHLMeHTa IPeIoMIeH ST
PEKUM OTPaKEHUsI JIydeil IMeeT CJI0XKHbBIN xapakTep. BosHukarouiast mpu 3toM nHTepdepeHunst
yXyauiaeT Ka4ecTBO NepeaBaeMoro CUrHania, YTO NPUBOAUT K MCKAXKEHHUSIM IepeflaBaeMbIX
UMy ibcoB. 1o 3Toil NpUYKHe TeXHUYECKHEe XapaKTEPUCTUKN MHOTOMOJOBBIX KabeJielt xyxe,
4eM OJTHOMO/IOBBIX.

YuuThIBasi 3TO, MHOTOMOZIOBbIE Kabeau MPUMEHSIOT B OCHOBHOM [1Jisl TlepeJayy AaHHbIX Ha
ckopocTsx He 6osee 10 T6uT/c Ha Hebobire pacctosiHus (10 300—2000 M), a oTHOMOIOBbIE —
1151 TIePe/layy JaHHBIX CO CBEPXBBICOKMMH CKOPOCTSIMM [I0 COTEH TUTabMTOB B CEKYHAY (IIpH
ucnoab3oBaHun TexHoaornd DWDM — 10 HeCKOJIBKUX TepabUTOB B CEKYHY) Ha PACCTOSTHUS
10 HECKOJIBKUX [IECSITKOB M JadkKe COTEH KUIIOMETPOB (JaJIbHSISI CBSI3b).

B KauecTBe UCTOYHUKOB CBETA B BOJIOKOHHO-ONTHYECKUX KabeJsIsiX IPUMEHSIIOTCS:
O ceeroamoanl, uau ceetousnydaromue auogs (Light Emitted Diode, LED);
O no/rynpoBOHUKOBbIE JIa3ePbl, MK JA3€PHBIE THOBI.

lIJIH OJHOMOJOBbBIX Kabesneit MPHUMEHSIOTCA TOJIbKO J1a3€pHbI€ AUO/Abl, TAK KaK ITDHA TAKOM MaJIOM
JAAaMeTpe ONTUYECKOro BOJIOKHA CBETOBOU IIOTOK, CO3/1aBaeMblI{ CBETOIUO/I0M, HEBO3MOXKHO 6e3
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Puc. 6.20. Tunbl onTuyeckoro kabens

GOJTBIIMX MOTEPb HANIPABUTH B BOJIOKHO — OH MMeeT Yepecuyp IHMPOKYIO [HArPaMMy HaIlpaBJIeH-
HOCTHU M3JIy4eHHs], B TO BpeMsl KaK Jla3epHBIN Aol — y3Kyio. bosiee gelieBbie cBeTOAMOAHBIE
H3JIy4aTeN UCIIOJIb3YIOTCS TOIBKO 111 MHOTOMOZOBBIX Kabesieil.

CTOMMOCTh BOJIOKOHHO-ONTHUYECKUX Kabeseil HEeHaMHOTO IIpeBbIIAECT CTOUMOCTD Kabejiell Ha
BHTOM Iape, HO ITPOBEACHNE MOHTAXHBIX pa60T C OIITOBOJIOKHOM O6XO}II/[TC$I HaMHOTO J1OpOXe N3-
3a TPYAOEMKOCTH onepaum?l Y BBICOKOH CTOUMOCTH INPUMEHAEMOro MOHTaXHOTO o6opy1101aaﬂnﬂ.

IToHsITHO, YTO HECMOTPSI HA OTJIMYHBIE XapaKTEPUCTUKHU Mepeiayd CBETOBbIX CUTHAJIOB, BOJIO-
KOHHO-ONITUYECKHE Kabes He SIBJISIOTCS WAeaJbHBIMH CpelaMi U BHOCSIT MCKa)XXeHHS B repe-
JlaBaeMbId CUTHAJL.

Hcxaxcenus cuznana 8 6010KOHHO-ONMUYeckux kabeasx UMEIOT KaK JMHEeHHbIi, TaK U HeJTMHER-
HBIN XapakTep (JIMHEHHOCTD B JaHHOM CJIy4ae ONpeziesIsieTcs] 10 OTHOLIEHUIO K MHTEHCUBHOCTH
CBETOBOTO CUTHAJIA).
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K nuHenHbIM MCKaXKEHUSIM OTHOCSITCSL:

0 3aryxaHue onTHYECKOTrO CHMrHajsa. MOIHOCTb CUTHA/IA YMEHBUIAETCS M3-3a MOTJIOIEHHs
CBeTa MaTepHaoM BOJIOKHA M MPUMeECSIMH, PACCEMBAHUS CBETA U3-32 HEOJHOPOAHOCTH
IJIOTHOCTH BOJIOKHA, a TAK)Ke M3-3a KaOeJIbHBIX UCKaXKeHHH, 06yCIoBIeHHbIX Aedopmaninen
BOJIOKOH IIpY NPOKJIajike Kabess. 3aryxaHue uamepsieTcs B 15/KM, UMeeT TUIIMYHbIE 3Ha-
yenusi ot —0,2 1o —0,3 (ananazon 1550 um), ot —0,4 1o —1 (auanazon 1310 HM) u oT -2 10
-3 (anana3oH 880 uHM).

O Xpomaruueckas aucnepeust (Chromatic Dispersion, CD). CurHa uCKaXaeTcsl u3-3a Toro,
YTO BOJIHBI Pa3/IMYHOU JJIMHBI PACIIPOCTPAHSIOTCS BAOJIb BOJIOKHA € Pa3JIMUHOM CKOPOCTHIO.
Tak Kak MpsIMOYTOJIbHBIN UMITYJIbC UMEET CTNIeKTP HEHYJIEBOI LIIMPHHBI, U3-32 XPOMATHYECKON
AMCIIEPCUM COCTABJISIOIIME €T0 BOJHBI IIPUXOJST Ha BBIXO/] BOJIOKHA € PA3/IMYHOM 3a/1eP>KKOH,
Y GPOHTBI UMITYJIbCA OKA3bIBAIOTCSI «Pa3MbITBIMHU». /[Be cocTaBiIsiiolMe BHOCST CBOM BKJIA/
B XPOMAaTHUECKYIO MCIIEPCUIO: MaTepHAIbHAS, OTPAXKAIOLIAsI 3aBUCUMOCTb Ko3dduIeHTa
IpeJIOMJIEHHs] MaTepuaJjia cepJleYHUKa OT AJIMHBI BOJIHbBI, U BOJHOBO/HAS, BbI3BAHHAs pa3-
JIMYHBIM NIOBeleHUEeM BOJIH Pa3/IM4HOM UIMHBI HA TPaHULIE MEXJLY CePAEeYHUKOM 1 000I0YKOH,
TO eCTb TaM, I7ie U3MeHsieTcst Ko3(phULMEHT NpeJioMIeHHsl. XpoMaTHUeCcKas JUcnepcus olle-
HMBAETCs1 OTHOLIEHUEM Pa3HULbl BpEMEHU PAaCNpOCTPaHEHHUsI ABYX BOJIH (B MMKOCEKYH/AX )
B BOJIOKHE OTIPe/ie/IEeHHOM JUTMHBI, 00bIYHO 1 KM, K pa3HHMIIE JJIMH BOJH (B HAHOMETPAX ), TO €CTh
B IIK/HM * KM. MaTtepuasibHasi COCTaBJISIIOLIAs] XPOMATHYECKON IMCIIEPCUH SIBJISIETCS] HIOIOKU-
TeJIBHOM /7151 BOJTH B OKHe npo3payHocTy 880 HM (TO eCTh B 3TOM [UaNa3oHe JJTMHHbIE BOJHbI
PacnpoCTpaHsIOTCst ObICTPeE), M OTPULATENBHOM [J1s1 BOJIH B OKHe NPO3payHocTh 1550 HM.
B oxHe 1310 HM BOJIHBI UMEIOT BIU3KYIO K HYJIIO JAUCTIEPCHIO, TIPU 3TOM HYJIb JOCTHTAETCS
HeIocpeJICTBEHHO B OKPeCTHOCTH BoJIHBI 1310 HM (Takasi BOJIHA HA3bIBAETCsI JJIMHOMN BOJTHBI
HYJNeBOM AMCTIEPCUM Ay IaHHOTO Kabesist). Tumnytble 3HAYEeHUsI XPOMATUUECKOM JUCTIePCHH
Juist okHa 1310 HM He NPeBBILAIT 3—5 1C/HM X KM, a 17151 OkHa 1550 HM — 20-25 nc/HM X KM.

O Moaspusauuonnas moaosas aucnepcus ( Polarization Mode Dispersion, PMD). Csetosas
MO/Ia IM€eT /IBe B3aIMHO TepIeHINKYJIsIPHbIE MOJISIPU3aIMOHHbIe COCTaBsoLIKe. B BoHO-
BOJI€ C M/I€A/IbHBIM TIONEPEYHbIM CEUEHUEM, TO €CTb MPEACTABISIONMM OO0 OKPYIKHOCTD,
9TH COCTABJISIOLIME PACTIPOCTPAHSIIOTCS! C OANHAKOBOM CKOPOCTbIO. Tak Kak peanbHble BOJIHO-
BOJIbI BCEr]a MMEIOT HEKOTOPYIO OBAJIbHOCTD, TO CKOPOCTU COCTABJISIIOIIMX OTJIUYAIOTCS, YTO
HPUBOAMT K MOJSIPU3ALMOHHON JIMCTIEPCHU. DTOT BU/ IUCIIEPCHUH PACTET NPONOPIUHOHATBHO
KBaJ[PaTHOMY KODHIO JJIMHBI KabeJisl, [103TOMY U3MEPSIeTCsl B TMKOCEKYHAaX, OTHECCHHBIX
K KBAJ[PaTHOMY KODHIO JUIMHBI KabeJisi, To ecTh B 1ic/ kM. Tunuunsie snadenns PMD e-
xaT B ananazone 0,1-0,5 1c/V kM. [TonspU3aLMOHHAS IUCTIEPCHST BHOCUT MEHBLINI BKIAT
B MCKaKEHUs ONITUYECKUX UMITYJIbCOB, YEM XPOMATHUeCKasi, HO ee BKJIaJl BO3pACTaeT npu
yBeJIMYEHNH YACTOTbI MOAYASIIIMM CUTHANA.

O HeauHeiiHble HCKaX€HUs UMEIOT PA3JIUYHYIO IPUPOAY U 00YCI0BIEHBI 3aBUCUMOCTBIO
koaddunmenTa npejJoMIeHHns cpelbl OT THTEHCUBHOCTH cBeTa (3ddexT Keppa), a Takxke
acddexTamu paccestHUsI CBeTa B ONTHYECKOM BOJIOKHe (paccesinne Pamana, paccesinue bpui-
mosHa). HesnmHeitHast 3aBUCUMOCTD TakKuX 3 (HEKTOB OT MHTEHCMBHOCTH CBETOBOTO IIOTOKA
3aTpyZAHsieT uX KoMreHcaluio. Ha npaxkTuike 3To nNposiBJisieTcsi B OrPaHHYEHNH AJTUHbI CEKLUH
BOJIOKOHHO-ONITMYECKUX ceTeil Ge3 Ipeodpa3soBaHust OITUYECKOTO CUTHAIA B 3IEKTPUYECKHUI
1 006paTHO (TaKast orepaiysi Ha3bIBAETCS pereHepaurei ONTHYECKOTO CUTHANA).

Cmandapmui 8010K0OHHO-onmuyeckux xabereu paspabarbipatorcs B ITU-T. Pekomengaunn
G.652, G.653, G.655 onUCHIBAIOT XapaKTEPUCTUKH OAHOMOLOBBIX, a G.651.1 — MHOrOMO/10BBIX
BOJIOKOHHO-OMTHYECKUX Kabesel.
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CTpyKkTypupoBaHHana kabenbHas cucrtema 3paHum

CTpykTypupoBaHHasa kabenbHaa cuctema (Structured Cabling System) apanHus — aTo Habop KOMMY-
TaUMOHHbIX 3NeMeHTOB (kabenen, pa3bemMoB, KOHHEKTOPOB, KPOCCOBbLIX NaHenen u wkados), a Takxe
MEeToaMKa UX COBMECTHOrO MCNONbL30BAHUA, KOTOPAR NO3BONSET CO3AaBaTh PerynspHbie Nerko pac-
LUMPSAEMbIE CTPYKTYPbl CBA3EN B BbIYMCNUTENBHbIX CETSX.

CrpyKTypupoBaHHast KabeJibHasi CUCTEMA 30aHUSI — 3TO CBOETO PoJa «KOHCTPYKTOP», C HO-
MOIL[bIO KOTOPOTO MPOEKTHPOBILUK CETH CTPOUT HYXKHYI0 eMy KOH(MHUIYypPaALHMIO U3 CTAHAAPTHBIX
KabeJiel, CoeIMHEHHBIX CTAHAAPTHBIMU Pa3beMaMH U KOMMYTHDPYEMbIX Ha CTAHAAPTHBIX KPOC-
COBBIX MAHEJISAX.

3uanue npeactabisieT co00ii JOCTATOYHO PETYJISIPHYIO CTPYKTYPY — OHO COCTOMT M3 JTaxeli,
a KaK/blif 3TaX, B CBOIO OYepelib, COCTOMT U3 ONpeleJIeHHOTO KOJIM4eCcTBa KOMHAT, COeITHEeH-

HbIX Kopugopamu. CTPYKTypa 37aHUs NPeAoNpeeasieT CTPYKTYPy ero KabeJbHONU CUCTeMBbI
(puc. 6.21).

KoMMyHHKaUNOHHbIe
cpeacTea npeanpusTUs

BeptukansHble
noacucTeMb!

[ ] [opu3soHTanbHble
(oTaenbHbIe)
noacucTeMsl

555000 0 60

Puc. 6.21. Mepapxus CTpykTypupoBaHHOM kabenbHon cuctembl

Tunnunas CTpyKTYypUpOBaHHAsE KabeIbHAs CUCTEMa CTPOUTCS 110 MEPAPXMYECKOMY NIPUHIIHITY,
BKJIIOYAsT:

a 20pu3onmanvHsvle noacucmesz, COOTBETCTBYIOIIME 3TAXKaM 31aHHsA, — OHU COEAUHSAIOT KPOC-
COBbIE l.IJKaCbe 9TaXa C pO3eTKaMH1 MoJIb30BaTeNeH;

Q sepmuxanvrvle nodcucmemol, COETUHSIONIME KPOCCOBbIE LIKa(dbl KAXKIOTO ITAXKA C LIEHTPAIb-
HOIi anmnapaTHoO 31aHus;

Q nodcucmemy xamnyca, 0ObeANHSIONIYIO HECKOJIBKO 3/IaHUIA C TJIABHOM anmapaTHO BCETO
KamIlyca Wiy HHOrO KOMILJIEKCa 3/1aHuit (3Ta YacTh KabeIbHOU CUCTEMbI OOBIYHO HAa3bIBAETCS
MaruCTPaJIbIO).
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Hcnonp3oBanne CTPYKTYPHUPOBAHHOM KaOeIbHOM CHCTEMbI BMECTO Xa0THYECKH IIPOJIOKEHHBIX
KabeJiell aeT NPEANPUSATHIO MHOTO MPEUMYILECTB — NP NMPOJAYMAHHON OPraHU3alMU OHA
MOJXKET CTaTh YHUBEPCANLHOU CPedoli TIepelayl KOMIIBIOTEPHBIX IaHHBIX B JIOKAIbHOM BBIUKC-
JINTEbHOM CeTH, OPraHU3aluu JOKaJIbHOU TesaedOHHOM ceTH, nepefadyu BUAeoMHGOpPMaLH
M laXe Tepejlaun CUTHATOB OT JaTYMKOB MOXAaPHON 6G€30MacHOCTH UJIM OXPAHHBIX CUCTEM.
[Mopo6Hasi yHUBepCAIM3aUMs NO3BOJSIET ABTOMATU3UPOBATh MHOTHE MPOIECCHl KOHTPOIS,
MOHHMTOPMHTA U YIIPABJIEHUs] XO3IHCTBEHHBIMU CJIYKOAMU U CUCTEMaMK XXH3HeobecTIeyeHUsI
HpPeANpPUATHUS.

Kpome Toro, mpumeHeHue CTPYKTYPUPOBAHHOW KabeJIbHON CHCTEMBI JIENIAeT 601ee IKOHOMUUHDLM
nobaJieHe HOBBIX I10J1b30BaTeJE U U3BMEHEHUE UX MeCT pa3MelleHusi. VI3BeCTHO, 4TO CTOU-
MOCTB KabeJIbHOM CHCTEMBI ONPEEJISIETCS] B OCHOBHOM HE CTOMMOCTBIO KabeJisl, a CTOMMOCTBIO
pabor 1o ero npokazake. [103ToMy BbIrogHee U3HAYAIbHO NPOBECTU OJHOKPATHYIO paboTy 110
HPOKJIajiKe Kabesist, BOBMOXXHO, ¢ GOJIBIIMM 3aMaCOM [0 [JIMHE, YeM B [ajIbHeN1LIeM HECKOJIbKO
pa3 BBIMOJIHSTH MPOKJIA/IKY, HApAIIMBast IJIMHY KabeJis.



NNMABA 7 KoaupoBaHue
N MynbTUNJIEKCUPOBaHUue
DaHHbIX

Buabl koanpoBaHua

B npeabiayiiei riaBe Mbl pACCMOTPEJIM OCHOBHbBIE TIOHSITUSI KOAMPOBaHUST HHOOPMALIMH IPU
nepe/iaye yepe3 JIMHUM CBsi3u. Tenepp M3yuynM HauGoJiee pacnpoCcTpaHeHHbIe CIIOCOOBI KOAUPO-
BaHust 6oJiee eTATbHO, HAYaB C KPATKOM KIACCUPUKALuy BUI0B KOAUPOBaHUs. JTa Kaaccu(pu-
KalUsl yYUThIBAeT Ba (DaKTOpa: XapaKkTep nepegaBaeMoil MHGOPMALIMU M XapaKTep CUTHAJIOB,
UCIIOJIb3YEeMBIX AJIsS KOAMPOBAHHUSI.

Nupopmauusi MoxkeT ObITh AUCKPETHOM (JBOMYHBIE JaHHbIE KOMIIBIOTEPOB) UJIM aHAIOTOBOM
(3BYKOBBIE KOJIEOAHUS], 3JIEKTPOMarHUTHbIE KOsieOaHHsl, HHTEHCUBHOCTb cBeTa). TOUHO Tak xe
CHTHAJIBI, HCIIOJIb3yeMbI€ [T KOAMPOBAHUS MCXOAHON NHMOPMALIMH, MOTYT UMETb AUCKPETHYIO
npupoay (Hanpumep, 3JleKTPUYECKHe CUTHAJIBI C HECKOJbKUMH 3HaYE€HUSIMU MTOTEHLMAJIA) UITH
aQHAJIOTOBY10 (3/1EKTPUYECKHE CUTHAJIBI, PAJAMOBOJIHbI, CBETOBBIE BOJIHBI).

Tun nepepasaemon MHOpMaLun Tun curHana

Puc. 7.1. Tunb tndopmaumm 1 CUrHanos Npu KOAMPOBaHUN
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B pesysbrate Bce TUIBI KOAMPOBAHUS CBOJSTCS K YETbIpeM ciayyasiM (puc. 7.1):
1) KomupoBaHMe AMCKPETHOH MHQPOPMAIMK C NOMOLIBIO AUCKPeTHBIX curHanos ([1-/);
2) KOAMpPOBaHWE AMCKPeTHOI HHGOPMALMH C TOMOUIbIO AHAJIOTOBBIX curHanos ([-A);
3) KOAMpOBaHME AHAIOroBO MH(OPMAIMH C MOMOILBIO aHAJIOTOBBIX CUTHANOB (A-A);
4) KoxMpOBaHME aHATIOTOBOI MHGOPMALIMH C MOMOUIBIO AMCKPETHBIX CUrHAOB (A-/).

Ecau anst npeacraBiennst uHGOpPMaLMK HA TMHUM CBSI3M UCIOJIB3YIOTCSI AaHAJIOTOBbIE CUTHAJIDI,
TO IIPUMEHSIOT He TOJIbKO TEPMUH «KOANPOBaHHE», HO U «MOAYJISIUMS». ITH TEPMUHBI MOXKHO
CYMTATh CHHOHUMaMH, U B laJibHeli1eM Mbl Oy[eM UCIIOIb30BATh TEPMUH «KOAMPOBaHUE» KAK
o6uIMi 17151 06OTO THUMA CUTHAOB, @ «<MOAYJISILMSI» — KaK YaCTHBIN cJyyail KoAUpPOBaHuUS,
KOT/Ja Hy’KHO MOAYEPKHYTh aHATIOTOBBIIT XapaKTep NPUMeHsIEMbIX /TSl KOAMPOBAHUS CHTHAJIOB.

KoaunposaHme auckpetHon nHpopmMmaumm

JTanbl KOAUPOBAHUSNA

OCHOBHbIE COCTaBJISIONIHE MPOIECCA KOAMPOBAHUS AUCKPETHON HHGOPMALMH [10KAa3aHbl Ha
puc. 7.2.

Puc. 7.2. OcHOBHbie COCTaBAsAOWME Npouecca KOANPOBaAHUA

Ha Bxo/ nepegaTymka nocTynaeT OUcKpemmuas uHQopmayus, To ecTb roCIe10BaTeNbHOCTD Hy 1€l
u eaunu. [IpuMepoM mepesaTyvka MOXeT OBITh CETEBON aganTep KOMMbIOTEPA, HA KOTOPbIil
yepe3 BHYTPEHHIOIO LIMHY KOMIIBIOTEPA NOCTYIAIOT JaHHble, BbIpaboTaHHbIe HEKOTOPOH Mpo-
TPaMMOH.
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[Tepenaruunk paboTaeT ¢ onpeseleHHON MAKMOBoU ¥acmomotl, NOChLIAsi IPUEMHUKY MAKMOoebie
umnyavewt ¢ iepuosioM T. B Halllem mpuMepe B KaXKI0M TakTe nepenaeTtcst OuH 6ut uHdopma-
LMK, TO €CTb BbIOPAHHBIN UHPOPMAUUOHHBIU CUZHAN NMEeT [1BA 3HAYEHHs] MHGOPMALIMOHHOTO
napameTpa.

[TepenaTunk renepupyer Hecyusuil cuzua, KOTOPBII B HallleM TIPUMepe SIBJSIETCS] CUHYCOMaITb-
HbIM 3JIEKTPHYECKUM CUTHAJIOM € YacToTolt f u meprogom T,.

B kaxxaoMm TakTe nepeaaryuk M3MeHsieT (MOAYJMPYeT) HeCYIMi CUTHA B COOTBETCTBUU CO
3HaueHHeM OUTa HHPOPMAIINHM, NePeIaBaEMOTO Ha ITOM TakTe. Mhpopmayuonnvim napamempom
B HallleM [IPUMepe SBJISETCS aMIUINTY/1a CHHYCOMAAIBHOTO CUTHAJIA, KOTOPAst MOKeT NPHHUMATD
ABa 3Hauenust — Al u A2. 3navennem Al koaupyercst Hysb, a A2 COOTBETCTBYCT €/IMHULIE.

Takm necyweu wacmomuot T, BbiOMpaeTcst TaKMM 06pa3oM, YToObl HHPOPMAIIMOHHBIN NTapaMeTp
CHIHATA, B IAHHOM CJTyYae ero aMIUIMTY /1, CMOT ObITb YCTOHYHBO PACMO3HAH IIPHEMHHKOM (B Ha-
uIeM MpUMepe OH B [1Ba Pa3a MEHbILE TAKTA l1lepeAayn MHGOpMaIun).

MoaynupoBaHHbId MTHQOPMALIMOHHBIA CUTHAJ MepelaeTcs Mo JUHUU CBSI3U U TIPUHUMAETCS
NPUEMHHUKOM.

Xors B leHBe[[eHHOﬁ CXeMe HUCIT0JTb3YeTCS KOAUPOBAaHNE AaHAJIOTOBbIM CUTHAJIOM, €€ OCHOBHbIE
JJIEMEHTbBI ClIpaBeAJIUBBI U /I KOJIMPOBAHUA TUCKPETHBIMU CUTHAIAMH.

CnekTp uHGOPMaALMOHHOIrO CUrHana

Jlnst ycnentHoro pacrmo3HaBaHUs IIPMEMHUKOM AMCKPETHOM MHGOPMALIMHY, IepelaHHoI mepe-
JIaTYMKOM (CM. paHee), HeOOXOAUMO, UTOObI CIIEKTP MHGOPMALIMOHHOTO CUTHAJA YKIaAblBaICS
B 110JIOCY NPOMYCKAaHUS JTMHUH CBSI3H.

Mo3TOMy WUPKMHA CNEKTPa HGOPMAaLWMOHHOrO CUrHanNa 1 ero NONOXEHNE Ha YaCTOTHOM OCK ABNAIOT-
CA OAHUMU U3 rNaBHbIX GaKTOPOB, KOTOPbIE NPUHUMAIOTCA BO BHUMAaHWE NPU GO3AAHUM HEKOTOPOro
METOAa KOAMPOBAHUA.

CriexTp pe3y isTUpyoLLero HHGOPMALMOHHOIO CUTHAIA 3ABUCHT OT MUNA KOOUPOBAHUS U 4ACTNO-
Mbl UIMEHEHUS. UHPOPMAUUOHHO20 Cueara (HATIOMHUM, OHa U3MepsieTcst B 6ozax). ITa 4acTota
SIBJISIE ICs1 TAKTOBOM YaCTOTOM MepeaTInKa.

CpaBHMM CTIEKTPBI AUCKPETHOTO M aHAJIOTOBOT0 KOAMPOBAHUSI C OAMHAKOBOM TAKTOBOW YaCTOTON
1 IOCMOTPHM, KaKie TpeGOBAHNS NPEBSBISIOT 3TH THIBI KOAHPOBAHHSI K TIOJIOCE IIPONYCKaHMS]
KaHasa.

PaccMOTpUM cHavasa cnekmp unopMayUOHHOZO CUZHANA NPU OUCKDEMHOM KOOUPOBAHUN.
B kayecTBe THIIMYHOTO PECTABUTESI ITOTO TUIIA KOZOB BO3bMEM KOOUPOBAHUE NOMEHUUAIOM
ANEKMPUUECKO20 CUZHANA C 08YMS cCOCmOsHUsMU. [1yCTh TOrMYecKas eIMHULA KOAUPYeTCs 10-
JIOXKUTEJIbHBIM TIOTEHLMAJIOM, a JIOTMYeCKHIf HOJTb — OTPULATEIbHBIM MOTEHIIMAIOM TaKOii ke
BeJIMUUHBIL. [[J1s1 yIIPOILEHHMsI BBIUMCIIEHUI TTPEATNIOI0KUM, UTO TIepeaaeTcss MHpopMauus, cocTo-
siiast U3 6ecKOHeYHOI N0CIeA0BaTeIBHOCTH YePEAYIOIMXCsI eqUHNL 1 HyJ el Pesyisrupyio-
i UHHOPMALMOHHBIIA CUTHAJ UMeeT BHJ] NIOCJ1eJ0BATEIbHOCTH NPSIMOYTOIBHBIX HMIYJ1bCOB
yepeayoleicst NOTSPHOCTH.

Jl/1st TAKOTO BM/A CHTHAJIA CIIEKTP MOXET ObITh TOJy4YeH aHATUTHYeCKH U3 hopmya Dypee st
nepuodeckoit pyHkimu. [IycTh AUCKpeTHbIE JaHHBIE TEPENAIOTCs ¢ TAKTOBOM YactoToit N 6ox.
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Taxk Kak OTeHLHAIbHBIHA KO UMEET Ba COCTOSIHUSA CUTHAJIA, TO U GUTOBAasi CKOPOCTH Mepejadyu
naHubix 6yaer paBua N 6ut/c. CHEKTp TaKOro Koa COCTOMT M3 MOCTOSHHON COCTaBJsAIONIEH
HY.1€BOH 4acTOThI U GECKOHEYHOTO Psiia FTAPMOHMK ¢ Yactotami fo, 3fo, 5f0, 7/, ... TE fo = N/2.
AMIUTUTYIBI 3TUX TAPMOHMK yOBIBAIOT ZOCTATOYHO MednenHo — ¢ Koadduuuenramu 1/3, 1/5,
1/7, ... OT aMIIIUTY B! TADMOHUKH fo (puc. 7.3, @), a 3TO 03HAYAET, YTO 0/ KAUECTNBEHHOU Nepe-
O0auu NOMEHUUAILHOZ0 KOOA HYNCeH KAHAN C OMHOCUMENbHO WUPOKOU nonocot nponyckanus. Ha-
TIPUMED, U151 TTepe/Iavyd HaHHBIX, 3AKOJNPOBAaHHBIX TAKUM CIIOCOOOM, co cKopocTbio 100 M6ut/c
KaHajl I0JDKEH UMeTh nostocy nponyckaaus oT 50 MI't go 350 M, eciu cuurtath, 4YTO OCHOBHOM
BKJIaJ B OpMy CHrHasa BHOCSIT TOJIBKO [IEPBbIe YETHIPE TADMOHHKH.

Ha pucyHke nokasaHa roJioca IponyckaHusi HEKOTOPOTo KaHasia, KOTOPasi XOPOILO MPOITyCKaeT
TOJIbKO TepBbi€ IB€é TADMOHMKHU MOTEHIMATBHOTO CUTHAJIa. 3HAYUT, CUTHAJ Ha Bbixoje Oyaer
CHJIbHO HCKAXEH, TO €CTh JAHHDIH KaHaJl He MOAXOAUT A BbIOPAaHHOTO THMA KOAHPOBAHMSI
M TaKTOBOM YaCTOTbI. 3aMeTHM, YTO LIMPUHA CIEKTpa MOTeHInaabHoro curdana (N/2, 7N/2),
paBnas 3N, npsiMO IPONOPLHUOHATIbHA TAKTOBOM yactore nepeaaryuka N. [Ipu HeBo3aMoxHOCTH
3aMEeHUTb KaHAJ CBSI3U MONPOOYeM YMEHbUIUTh TAKTOBYIO YaCTOTY MePefaTIMKa M A0OUThCS
YCTOWYHUBOII Nepefayd JaHHBIX C MeHbLIEH CKOPOCThIO. [{/s Hallero npumMepa yMeHblleHHe
TAKTOBOH YaCTOTHI B TPU Pa3a NPUBEJIET K XKeJTaeMOMY Pe3YJIbTaTy, TaK KaK TOr/a [epBble YeThipe
rapMOHMKH OYAyT YK/Ia/(bIBaThCA B 110JI0CY TPOMYCKAHUS KaHAJa.

AA Monoca nponyckaHus AL Monoca nponyckaHus
+ NUHAK NNHUK
_/\ Cnexrp CnekTp
NOTEeHUWaNbHOro MOAYNMUPOBAHHOTO
kopa curHana

fc_ fm fc"’ fm

L,

fo= % 3f 56 £ fc — vactora Hecywe# F
fn— 4acTOTa MoyNALMK
a 6

Puc. 7.3. CnekTpbl CUrHaNoB Npu NOTEHUMANbHOM KOAUPOBAHUN U aMNNNTYAHON MOAYNALMK

[Tpy ananu3e cnekTpa NOTEHUHANBHOTO CUTHAIA MbI C/IEIAJH TIPEIITON0KEHNE, YTO TEPEJAeTC s
yepeIyolasics Nocjae10BaTeIbHOCTb eAMHHUL M HyJIel, — 3TO yIIPOILlleHHE MTO3BOJINIIO HaM HalTH
aHanuTHYecKyo (popmyJty AUIst Bcex TapMOHMK criekTpa. Ha mpakTuke Takast cuTyanusi Habuo-
JaeTcsi He BCEI/a, a 3HAYMT, U CIIEKTP curHata Oynet apyruMm. Hanpumep, nepenaya aimHHOM no-
CJIeI0BATEJIbHOCTH HYyJleil MW eIMHMIL C/IBUTAeT CIIEKTP B CTOPOHY HU3KHMX YaCTOT, a B KpaiiHeM
c.1y4ae, KOr/ia nepe/aBaeMble JaHHBIC COCTOSIT TOJIBKO U3 eIMHULL (UJIH TOJIbKO U3 HyJiei), CIeKTp
COCTOUT U3 FTapMOHNKH HYJIEBOIi yacToThl. I1pH nepenaue yepeayoUMXCs eAMHUIL ¥ HYJIei 110-
CTOSIHHAsI COCTAaBJISAONIAst OTCYTCTBYeT. [103TOMyY GoJiee afleKBATHBIM SIBJISIETCSA yTBEPKAEHHE
0 TOM, 4TO CITEKTP MOTEHLMAJIbHOTO CUrHAJA ITPU Iepefiaue NPOU3BOJIbHBIX JAHHBIX 3aHUMAET
T0JIOCY OT HEKOTOPOH BeJIMYMHbI, O1M3KO0M K HYJIIO, 10 TpuMepHO 7fy. TapMOHKMKaMu ¢ yacToTa-
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MH Bblle 7 fo MOXKHO peHebpedb U3-3a MX MAJIOro BKJIaJa B pe3yIbTUpyooLuii curias. To ectb
CIEKTp MOTEeHLUATbHOTO Koaa uMeeT rpanuisl (0, 7N/2), BKI0Yaoe HU3KHE YaCTOThL. JTO
006CTOSATENIBCTBO A€1AET ET0 MATIONPUIOAHBIM ISl IIePeAaYl KOMIIbIOTEPHBIX JAHHbIX [0 A00HEHT-
CKMM TesleOHHBIM KaHasIaM, I7Is1 KOTOPBIX XapakTepHa nosoca npomyckanust (300 I, 3400 I).

Tenepb paccMOTPUM cnexmp UHGOPMAUUOHHOZ0 CUZHALA 8 CAYUAe AHAL0Z08020 KOOUPOBAHUL.
B kayecTBe TUMOBOTO NMPEACTABUTEJSL ITOTO KJIACCA KOJUPOBAHUSI BO3bMEM AMILIUTYAHYIO
MOZYASILMIO CHHYCOMATIbHON Hecyiied. Bua pesyastupyiomero nahopMallMOHHOTO CUTHAMIA
MOKa3aH Ha puc. 7.3, 6. CexTp CUrHajIa TAKOTO BUZla MOXET ObITh NPeACTaBIeH TapMOHUKOM
YaCTOTHI f; M ABYMs1 GOKOBbIMU rapMOHUKamu (f; + f) v (fe — fm ), THE frn — YACTOTA U3MEHEHUST
MHGOPMALIMOHHOTO MapaMeTpa CUHYCOU/BI, TO eCTh TAKTOBasl 4aCTOTa NepeJaTyuKa, f,, = N.
MouHOCTb rapMOHHK 60J1e€ BBICOKMX YaCTOT YOBIBAET OBICTPO, UMK MOXKHO NipeHeGpeynb. OTciona
cJlelyeT, YTO aMIIMTY/IHAsl aHAJIOTOBAsT MOAYJISILIUS UMEET CIIEKTP CUTHaJa WUPUHOH 2N, 4To
yoKe, UeM CIIeKTP MOTEHIMAJbHOTO KOZIA C TOM )Ke TaKToBOM yacToToi, 2N < 7N/2. Hanpumep,
npu TakToBo# Yyactore 10 MI11 noTeHuMaIbHBIN KO OyZET UMETD CIIEKTP IIMPUHOM B 35 MITy,
2 aMITMTYIHO-MOAYTMPOBAaHHbIN curHan — 20 MTIir.

CHCKTp AMIUVIUTYAHO-MOAY/JIMPOBAHHOI'O CUTHAJIA HE TOJIBKO YK€ CIIEKTPA IIOTEHIUAJIbHOI'O KOAa,
HO U MOXeT ObITh IEPEMEIEH T10 OCH YAaCTOT B 30HY ITOJIOCHI ITPOITYCKAHUA JIMHHUU CBA3U Iy TEM
BAPpbHUPOBAHUA YaCTOTOU fc HeCyIlero CUurdaJa. 310 AenaeT aMIVINTYAHYIO MOAYJIAUHIO 6oaee
NMOoAXOAAIIUM cnocobom nepeaayn IUCKpPETHBIX IaHHBIX 10 Te]le(bOHHbIM KaHaJlaM.

Bbibop cnocob6a koaupoBaHus

[Tpu BbIGOpE crIocO6a KOAUPOBAHMSI HY)KHO OHOBPEMEHHO CTPEMUTHCS K AOCTHIKEHHUIO He-
CKOJIBKHUX LIeJIeH:

MUHUMU3NPOBATb HIMPUHY CIIEKTPa CUTHAJIA, IIOJTYY€HHOIO B pe3yJJabTaTe KOAWUPOBAHUSA;
O6eCﬂe‘{HBaTb CUHXPOHHU3AUHIO MEXY NEpEAaTYNKOM U TPUEMHHUKOM;

obecreyrBaTh yCTORYMBOCTD K IIYMaM;

06HApYKMUBATh U [0 BO3MOXKHOCTH UCIIPABJIATH OGUTOBBIE OUTMOKY;

ooO0o0oo

MUHUMHU3UPOBATH MOIIHOCTD Ie€peaaTyrKa.

Bonee ysxuii cnexmp cuznana no3BosisieT Ha OHOM U TOM >Ke IMHUU (C OMHOM U TOM >Ke MOJIOCOM
ponycKaHus) 1o6MBaThCst GoJiee BHICOKOW CKOPOCTH Mepesayr JaHHbIX.

Kak mbl Busienu paHee, CIIEKTP CUTHaJIa IIPU HEKOTOPOM Bbl6paHHOM METOoA€ KOAUPOBAHUSA ITPO-
NMOPHUUOHAJIBHO YBEJIUYNBAETCA ITPU YBEJIUUEHUN TaKTOBOMW YaCTOTBI nepeiaTynkKa, HallpuMep,
A1 TOTEHIMAJIBHOTO KOAWPOBAHUA 3TA 3aBUCUMOCTD MIPAMO IMMPONOPIIMOHAIbHA. HOSTOMy, 3a-
(l)I/IKCI/IPOBaB cnocob KOAVNPOBAHHUA, Mbl MOXXEM MOBBIUIATb TAKTOBYIO YaCTOTY IepeJaTiuKa H,
CJIe10BaTEJIbHO, 6HTOByIO CKOPOCTb nnepefaBa€MbIX TUCKPETHBIX JaHHBIX 10 HEKOTOPOI'o nmpeae-
Jia, 10 T€X MOPp IIOKA CIEKTP CUTHaJIa elle IMMOMEIAEeTCA B IMOJIOCY MPONMYCKaHUA JIMHUHA. bonee
BBICOKOM OUTOBOIA CKOPOCTH IPU JIAHHOM MeTOA€ KOAMPOBAHUA AOCTHUYDb HEJIb3s, TaK KaK MpH
JaJbHEHUIIEM MOBBIIIEHUN TAKTOBOM YaCTOTHI nepeaaTyuka 60KOBbBIE COCTaBJIAIOUIHE CIIEKTPA
6y[[yT O6peBaTbCﬂ JIPIHMBI‘;I, 13-3a YETO CUTHAJIbI HAYHYT NPUXOAUTDb Ha IPUEMHUK UCKAKEHHbI-
MH, TaK YTO IPUEMHHUK HE CMOXET Ha/le)KHO pacrio3HaBaTb OUTHI nepe.aaBaeMoﬁ I/IH(bOpMalII/II/I‘

[ToBBICHTD TAKTOBYIO YACTOTY K0 GOJiee BHICOKOTO Tpe/esia BO3MOKHO, NPUGETHYB K APYTOMY
METOLY KOAUPOBaHMsI, KOTOPBIN IPH TOM e TAKTOBOW 4aCTOTE MPUBOAMT K CUTHasaM OoJee
y3Koro cnekTpa. M eciy HOBBIH ¥ cTapblif METOIBI KOXUPOBAHMS UCTIOJIB30BATH OHO U TO XKe
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YHCJIO COCTOSTHMIA CUTHAJIA, TO MbI J0ObEMCSI BBIMIPBILIA B OUTOBOM CKOPOCTH — BO CTOJIBKO Pas,
BO CKOJIBKO TPH OJIHOI ¥ TOM XK€ 4aCTOTe CHEKTP HOBOTO METO/Ia KOAUPOBAHUSI yKe CTaporo.

Cunxponusayus nepedamuuxa u npuemMHuKa HyxHa [jig TOro, 4ToObl TPUEMHHUK TOYHO 3HAJI,
B KaKOW MOMEHT BpeMeHH CUMUTHIBATb HOBYIO NMOPLHIO HHMOpMALUK ¢ IMHUA cBsi3u. [1pu nepe-
Aade AMCKpeTHON NHGOpPMaLK BpeMst Bcerzia pa30MBaeTCst Ha TAKTHI OAMHAKOBOM AJIMTEIbHOCTH,
Y NPUEMHUK CTapaeTCsl CYUTATb HOBBIA CUTHAJ B CepeliHe KaXJO0ro TaKTa, CUHXPOHU3UPYsI
Tak1M 06pa3oM CBOU AEHCTBUS C NEPEAATIUKOM.

[Tpo6JieMy CHHXPOHH3ALMHU YCTPOICTB, CBSI3aHHBIX CETHIO, PELIUTH CI0XKHEE, 4eM CHHXPOHM3a-
LMIO YCTPOHCTB, GJIM3KO PACTIONOXEHHBIX APYT K APYTY, HANPHMED, 6I0KOB BHYTPU KOMIIbIOTEpA.
Ha HeGobIIMX PACCTOSTHUSIX XOPOILO PabOTAET CXeMa, OCHOBAHHAs Ha OTAEJbHON MaKmupyio-
wyeli TUHUYU C8sI3U, TAK YTO MH(POPMALMsI CHUMAETCSI C IMHUH TOJIbKO B MOMEHT MPUX0/1a TAKTOBO-
TO UMITyJIbca. B ceTsx 1cnosb30BaHMe 3TON CXeMbI BbI3bIBAET TPYAHOCTH M3-32 HEOAHOPOJAHOCTH
XapaKTePUCTHK POBOIHUKOB B KabeJtsix. Ha Go/bluMX paccTOsSHUSIX HEPABHOMEPHOCTb CKOPOCTH
pacnpocTpaHeHHs! CHTHAJIA MOXKET MPUBECTU K TOMY, YTO TAKTOBbII MMITYJIbC MPU/IET HACTOJIBKO
TTO3’Ke WU PaHbllle COOTBETCTBYIOIIETO CHIHAJIA AAHHBIX, YTO OUT AaHHBIX OyIeT NpoIyILileH K
CYUTaH MOBTOPHO. /[pyroi NpUYMHOM, 110 KOTOPOH B CETSIX OTKA3bIBAIOTCS OT MUCIOJIb30BAHUS
TaKTUPYIOILIUX UMITYJIbCOB, SIBJISETCS 3KOHOMHS IPOBOAHMKOB B JOPOTOCTOSILINX Kabessx.

B ceTsix my1st peuteHust npo6JeMbl CHHXPOHM3AIMK MPUMEHSIIOTCS TaK Ha3biBa€Mble CAMOCHH-
XPOHHM3HPYIOIHECS KO/bI, CUTHAIBI KOTOPBIX HECYT /IS IPUEMHHUKA YKa3aHUsI O TOM, B KAKOH
MOMEHT BPEMEHU Ha4yaTh PACIO3HABAHUE OYEPEAHOro OUTA (MM HECKOJIBKUX GUTOB, €CJIM KOJ
OpHEeHTHPOBaH GoJiee YeM Ha JBa COCTOSIHUA curHaza). JIo6oi peskuil mepemnaj curiana —
(bPOHT — MOXET CITy)KUTh YKa3aHHEM Ha HEOOXOAUMOCTb CUHXPOHU3ALMK IPUEMHHUKA C T1epe-
natyrkoM. [1py ncnosib30BaHMM CUHYCOMA B KAUECTBE HECYILETO CUTHAJIA PE3YJIBTUPYIOUINEI KOJT
06J1a1aeT CBOMCTBOM CaMOCHHXPOHU3AIUH, TAK KaK U3MEHEHHE aMILIMTY/Ibl HECYIIEH YaCTOThI
JaeT BO3MOXHOCTb NPUEMHHUKY OIpeeIUTh MOMEHT O4ePeHOTO TaKTa.

Pacnosnasanue u KOpPEeKYUI0O UCKAHCEHHBIX OAHHBIX CIOXKHO OCYLIECTBUTDH CPeACTBaMU (pusu-
YECKOT0 YPOBHSI, IO3TOMY Yallle BCETO 3Ty paboTy GepyT Ha cebs BbllleIexKalllue TPOTOKOMNbL:
KaHIbHBI, CeTeBOM, TPAHCTIOPTHBIN HJIM MPUKJIAAHOM. B TO e Bpemst pacnio3HaBaHue owub0K
Ha (pU3NYECKOM YPOBHE IKOHOMUT BPeMsI, TAK KaK NPHEMHUK He JKIET MOJIHOTO [IOMeUIeH s Ka-
apa B 6ycdep, a 0TOPaKOBBIBAET €T0 Cpa3y NPH PaClio3HABAHMU OIIMOO0YHBIX OMTOB BHYTPH Kajipa.

Tpe6OBaHPI$I, IIPpEADBABJISIEMbBIE K METOIaM KOAWPOBAHUA, ABJAOTCA B3AUMHO IMMPOTUBOPEYUBBIMU,
MO3TOMY KaXXIbli 13 paCCMaTpUBaE€MBIX Jlajiee MOIMYJIAPHBIX METOAOB KOAUPOBAHUA 06]13[[36T
CBOMMH JOCTOUHCTBAMHU U HEIOCTATKAMU B CDaBHEHUH C IPYTUMU.

KoauposaHue auckpetHoin unbopmaunm
OUNCKPETHbIMU CUrHanamm

MoTteHunansvHbIin koA NRZ

Pucytok 7.4, a nimocTpupyeT yxe YIOMSIHYTHIN paHee METOA NOMEHUUATHHOZ0 KOOUPOBAHUSA,
Ha3bIBAaEMbIN TaKXXe KOAMPOBaHueM 0e3 BoaBpauieHus K Hyo (Non Return to Zero, NRZ).
[Tocnentee Ha3zBaHUE OTPAXKAET TO OOCTOATENBCTBO, YTO, B OTJMYHE OT APYTUX METOAOB KOAUPO-
BaHMsl, [IPU Nlepeziaye TocJ1eJ0BaTeIbHOCTH eIMHUL CUTHAJI He BO3BPALAETCsl K HYJTIO B TeYeHHe
TaKTa.
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Puc. 7.4. Cnoco6bl AUCKPETHOrO KOAUPOBAHWUA AAHHbIX

K pocrouncrsam Meroga NRZ otHocsaTCS:

O IlpoctoTta peanuzauuu.

Q Xopouras pacno3zHaBaeMocTs Koa (61aroapst HAINYUIO IBYX PE3KO OTJIMYAIOIIUXCS MO~

TEHLUAJIOB).

O OcHoBHast rapMOHHUKA fo UMEET AO0CTATOYHO HU3KYI0 YacToTy (pasuywo N/2 I, kak 6bL10

MOKa3aHOo B MPEbLIYILEM Pasjiesie), YTO MPUBOAUT K OTHOCUTETBHO Y3KOMY CIIEKTDY.

Hepnocrarku metona NRZ:

O Merox He 06aanaeT CBONCTBOM CaMOCMHXPOHU3aLMU. [[JIMHHAS OC/I€10BATENBHOCTD €{UHULL
WJIY HYJlei IPUBOJUT K TOMY, UTO CUTHAJI He U3MEHSIEeTCS] B TeYeHHe MHOTHUX TaKTOB, TAK YTO

NPUEMHHMK HE UMEET BO3MOXXHOCTU CHHXPOHU3UPOBATHCA C II€peAaTYNKOM.

O U3-3a HATMYMS HU3KOYACTOTHOM COCTaBJISIIONIEH, KOTOpas npn61114>1<aeTcsl K IIOCTOAHHOMY
CUTHaJ1y IIpU nepeaavde JJIMHHbIX MOCJIe10BaTEIbHOCTEN eIMHUI] UJIH Hyﬂeﬁ, JIMHUU CBA3H,
HE O6eCHe‘{I/IBalOIIII/Ie NPpAMOTIO rajlbBaHH4Y€CKOIro COEANHEHUA MEXAY MTPUEMHHUKOM U UC-
TOYHUKOM, HaCTO HE NOAJAECPIKUBAIOT 3TOT BU/] KOJAMUPOBAHUA.

KomnpoBanne NRZ npumeHsieTcs Kak Jist 31€KTPUYECKUX, TaK U JIJII CBETOBBIX CUTHAJIOB, B I10-
CJIe/IHEM CJIydae CUTHAJIOM SIBJISIETCS] He yPOBEHbB MOTEHIIMAJIa, 3 HATMYUe WM OTCYTCTBUE CBETA

B OIITHYECKOM BOJIOKHE.
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BunonapHoe koguposanue AMI

Onnoit u3 Mmogudukauuii Merona NRZ aBisiercss MeTo GUIIOJISAPHOTO KOAHPOBAHUS C ajbTep-
HaTuBHOI unBepcueil (Alternate Mark Inversion, AMI). B 3ToM MeToa€e NPUMEHSIOTCS TPH
YPOBHS MOTEHIL[MAMA — OTPULATENbHBIN, HYJIEBON U MOJOXUTEIbHBIN (CM. pUC. 7.4, 6). [Ias
KOZIMPOBAHUSI JIOTUYECKOTO HYJIsSI MCIIOb3YeTCsl Hy1eBO MTOTEHIIMA, a JJOTMYecKasi eJMHULA
KOAUPYETCst TMOO MOJIOKHUTETbHBIM [OTEHUHMAIOM, IMO0 OTPULIATENbHBIM, IPU 3TOM IIOTEHIHA
KaK0H1 HOBOI e JMHUIIB! IPOTHBOIIOJIOXKEH MOTEHI[HATY TIPedbIAyLIeH.

[pu nepenave orunnbLx nocredosamenviocmeil edunuy, kog AMI yacTuuHO pemraer mpo6.1eMbl
HaJTMYUsI TIOCTOSTHHOM COCTABJISAIONIEN ¥ OTCYTCTBUS CAMOCHHXPOHHM3aLUUH, mpucyuive koay NRZ.
B 311X ciryyasix CMrHAJI Ha JIMHUM NIPEZICTABIISIET B0 MOCIIeI0BATEIBHOCTD PA3HOTIOISIPHBIX M-
ITyJIBCOB C TEM JKe CIIEKTPOM, 4To U Y koaa NRZ, nepezatoitiero uepeayoumecsi HyJiu U € IMHUILBI,
TO ecTb 6e3 NOCTOSHHOI COCTaBIIsIOLIel ¥ C OCHOBHOH rapmorukoit N/2 I (rae N — 6utoBas cko-
POCTb IIepeIaYu AaHHbIX). Jnunnbie nocredosamenvrocmu wye nis koga AMI cToJib xKe OnacHbl,
Kak U 111 kofia NRZ, — curHan BbIpoXJaeTcst B MOCTOSIHHBIN NMOTEHIIMA HYJIEBOU aMILIUTY/IbL.

MNoTteHunanbHbiK koA NRZI

IorenunanbHblii Koz ¢ uuBepcueit npu equnune (Non Return to Zero with ones Inverted,
NRZI) npu nepenaye Hyist COXpaHsieT NOTEHIIMA, KOTOPbIi ObLT YCTaHOBJIEH Ha IPeablayleM
TakKTe, a NPY Nepeiaye eIMHUIBI MHBEPTUPYET Ha MPOTHBOMOJIOXHBIM.

Koa NRZI obnagaet nyyuieit caMmocuHxponusaiueit, yem NRZ, Tak Kak npu nepeaye e1MHUIIbI
CUTHAJ MeHsieTcsl. TeM He MeHee IIPU Nepefiaye JJIMHHBIX MOCJIeI0BATEIbHOCTEN HYJIei CUTHA
He MeHsieTcs (HallpUMep, U repeiaue NOCAeHUX TPeX HyJieil Ha puc. 7.4, @) U, 3HaYMT, y IpHU-
eMHHKA MCYe3aeT BO3MOXKHOCTh CHHXPOHM3AIIMHU C epelaTYNKOM HA 3HAUUTENbHOE BPEMSL, UTO
MOJXET NPUBOAUTH K OLINOKAM Paclio3HaBaHUsL JAHHbIX.

BuNoNApHLIA UMNYNBLCHbIA KOA,

[ToMUMO nomenyuarvHblx K0008 B CETAX UCTIONb3YIOTCS UMNYIbCHbIE KOObL, B KOTOPBIX IaHHbIe
TNPE/ICTAB/IEHBI OTHBIM UMITYJIBCOM HJIH K€ €T0 4acTbio — pporToM. HanboJee mpocTbiM Kogom
TaKOTO POJIa SABJISIETCA OMNOJAPHDIA UMIYJIbCHBIN KO, B KOTOPOM €IMHMIIa IIPEACTaBASETCSA
HUMILYJIbCOM OJHOM TIOJISIPHOCTH, @ HOJIb — APYTo# (cM. puc. 7.4, ¢). Kaxxablit UMIyJIbC ATUTCS
nosioBuHy Takta. [logo6HbIi Koz 06J121a€T OTJIMYHBIMUA CAMOCUHXPOHU3UPYIOLIMMH CBOUCTBAMH,
HO IOCTOSTHHASI COCTABJISIIONIASI MOXKET MPUCYTCTBOBATD, HAPUMEP, TIPU Nepeaye AIUHHOMU No-
CJIeI0BATEbHOCTH eIMHHIL UK HYJleil. KpoMe Toro, CieKTp y Hero 1upe, 4eM y MOTEeHIUAIbHBIX
kozoB. Tak, pu nepezaye Bcex HyJel UM eIUHMII YACTOTA OCHOBHOU rapMOHMKH KOJ/la paBHA
N Ty, uto B 2 pa3a Bblllle OCHOBHOI rapMOHUKH Koga NRZ v B 4 pa3a Bblille 0CHOBHOM FApPMOHUKU
koaa AMI npu nepenaye yepeayomuxcs eIMHUL U HyJ1eit. M3-3a CIMIIKOM HIMPOKOTO CIeKTpa
OUIOJNSAPHBIA UMITYJIbCHBINA KOJ UCIIOJIb3YETCS PEIKO.

MaHuyecTepckun Kopa,

B s0Ka/IbHBIX CETSIX 10 HEJABHETO BPEMEHU CAMbIM PAclPOCTPAHEHHBIM OBl TaK Ha3bIBAEMBbIii
MaHYeCTePCKHii Ko (cM. puc. 7.4, 2), npumeHsieMblil B TexHosioruu 10 M6ut/c Ethernet.

B MaH4Y€eCTEepCKOM KOJ€ A KOAUPDOBAHMA €AUHULl U HyJIefI HCITIOJIB3YETCA I€penaa MOoTeHIN-
aJja, TO €eCTh Cl:)pOHT HUMITYJIbCA. HpP[ MAaHYE€CTEPCKOM KOAMPOBaHUHU KaX/[blil TAKT J€JIUTCS Ha
JB€ 4aCTH. MH(l)OpMaLIHH KOAUPYETCA NEPENaJaMU NMOTEHIHAJIA, TPOUCXOAALIUMHU B CEpenHe



Maga 7. KoavposaHue n MynsTUNNEKCUPOBaHWE JaHHbIX 223

Kaxaoro TakTta. EqnHuIa KxoaqupyeTcs nepenajaoM OT HU3KOTO YPOBHSI CUTHAJIA K BHICOKOMY,
a HOJIb — OOpaTHBIM IepenagoM. B Hauase KaX/[10ro TaKTa MOXET MPOUCXOAUTD CI1yKeOHbII
Tnepenaj CUrHaja, eC/IM Hy KHO NPeJCTaBUTh HECKOJIBKO eANHUL UM HyJel noapsia. Tak Kak,
CHUTHAJI U3MEHsIeTCs, [0 KpaiiHeil Mepe, OIMH Pa3 3a TAKT NepeJadd OAHOTO GUTA JAHHBIX, TO
MaH4YeCTePCKHii Ko 06/1a1aeT XOPOIIMMYU CaMOCUHXPOHU3UPYIOIMMU cBoiicTBamu. [losioca
TIPOIYCKAaHMsI MAaHYECTEPCKOTO KO/ YKe, YeM Yy OUITOJISIPHOTO UMITyJ IbcHOro. KpoMe Toro, y Hero
HeT MTOCTOSIHHOM COCTaBJIsIIONIEH, K TOMY 2Ke OCHOBHAsl TApDMOHUKA B XyZLlIeM ciaydae (IIpH repe-
Jlaye NocJe0BaTebHOCTH eMHULL UM HYJleil) uMeeT yactoTy N 111, a B iyyiieM (npu nepesnaue
YyepeayoWuxcs eAuHul u Hyseir) — N/2 Iy, kak u y konoB AMI u NRZ. B cpennem mupuna
M0JIOCHI MaHYECTEPCKOTO KOJA B MOJITOPA Pa3a yxKe, 4eM y OUITOIAPHOTO UMITYIbCHOTO KO/,
a OCHOBHasl rapMOHMKa KoJebaercs BOau3u 3HadeHust 3N/4. Mandectepckuil Ko uMmeer ele
OJIHO TIPEUMYILIECTBO Tiepe]l OUIOJISPHBIM UMITYJIbCHBIM KOLOM: B IIOC/IE/IHEM /ISl [Iepefaun
JAHHBIX UCMOJIb3YIOTCSl TPH YPOBHSI CUTHAJIA, 3 B MAHYECTEPCKOM — /[Ba.

N30bITOYHbIE KOAbI

N 36bITOYHbIE KOBI OCHOBAaHbI HA Pa30HMEeHUH UCXOIHOM [10C/IeI0BATENBHOCTH GUTOB Ha MOPLIUH,
KOTODBIE YaCTO HA3BIBAIOT CUMBOLAMU. 3ATEM KaXKIbI UCXOAHbBIM CUMBOJI 3aMEHSETCS HOBBIM
¢ 6GIBIIMM KOJIMYECTBO OUTOB, YeM UCXOAHBIH.

Hamnpumep, B ornueckoM kozne 4B /5B, ucnonnayemom B Texnosiornu Fast Ethernet, ucxoaubie
CHMBOJIBI IIMHOM 4 6UTA 3aMEHSIOTCS. CAMBOJIaMK IUTHHON 5 6UT. [T0CKOIbKY pe3yabTupyio-
1€ CUMBOJIbI COAEPKAT U3OBITOUHDBIE OUTHI, O6IEe KOJUIECTBO GUTOBBIX KOMOMHALIMIA B HUX
Gouiblite, 4eM B UCXOAHBIX. Tak, B kone 4B/5B pesysbrupyonme CMMBOJIBI MOTYT COEPXKATh
32 6uTOBBIE KOMOMHALIMY, B TO BPEMsI KaK HCXOAHbIE CAMBOJIbI — TOJBKO 16 (Tab:1. 7.1). [Tostomy
B PE3YJITUPYIONIEM KOJIE TIOSIBJISIETCS BO3MOXKHOCTB 0TOGPaTh 16 TakMX KOMOMHANNT, KOTOpbIE
He cozepKat O0JIbLIOr0 KOJMYECTBa HyJIeH, a OCTabHbIE MOCYMTAThH 3aNpPelleHHbIMH KOaMH
(code violations). [ToMuMO ycTpaHeHUS TOCTOSTHHOM COCTABJIAIOIIEN Y IPUAAHKST KOAY CBOMCTBA
CaMOCHHXPOHU3ALNH, U3OBITOYHBIE KO/IbI MO3BOJISIOT IPUEMHUKY PACIIO3HABATD MCKAKEHHbBIE
6uThl. Eci MpHEMHMK IPMHUMAET 3aMpPEeIeHHBIN KO/, TO 3TO O3HAYAET, YTO Ha JIMHUM TIPOU30-
1IJI0 UCKaXKeHHe CUTHAJIA.

Ta6bnuua 7.1. CooTBETCTBUE UCXOOHBIX U PE3YNLTUPYIOWMX Koaos 4B/5B

Hcxoaubiit koa Peayabrupyioummii Kox Hcxonubiii kox PeayabTupyromuii xox
0000 11110 1000 10010
0001 01001 1001 10011
0010 10100 1010 10110
0011 10101 1011 10111
0100 01010 1100 11010
0101 01011 1101 11011
0110 01110 1110 11100
0111 01111 1111 11101

[Mocne pazbuenus nonyuuBLIkiicss kox 4B/5B mnepenaercst no JMHKUM MyTeM nMpeoOpasoBaHuUs
C TIOMOIIIBIO KAKOTO-TMO0 U3 METOIOB MMOTEHIIMAJBHOTO KOAMPOBAHMS], YYBCTBUTENBHOTO TOJIBKO
K JVIMHHBIM T10CJIEI0BATEIbHOCTSIM HyJlel. TakuM kozoM saBnsieTcst, HanpuMep, NRZI. CumBosbl
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kozta 4B/5B nnHoi#A 5 6UT rapaHTUPYIOT, YTO IIPH JIIOOOM WX COYETAHUM HA IMHUK HE BCTPETATCS
6ouiee Tpex HyJIed OAPSIA.

NPUMEYAHUE

Byksa B B nazanuu koaa 4B/5B o3Hauaer, YTo 3/1eMeHTapHBIN CUTHAJI UMEET /1Ba COCTOSIHUSL (OT aHIJIHI-
ckoro binary — gBonuHbIil). IMeIOTCs1 Tak)Ke KOABI M C TPEMsI COCTOSIHMSIMHM CUTHAJIA, HAIPUMep, B Koje
8B/6T nnst kogupoBaHusi 8 GUT HcXoaHOH MHPOPMALIMK MCTIOB3YETCS KO U3 6 CUTHAJIOB, KaX/Iblil U3
KOTOPBIX UMeeT TpHU cocTosiHusl. M36piTouHoCTh Kona 8B /6T Bhitie, ueM kozxa 4B/5B, Tak kak Ha 256 uc-
XO/HBIX KOJIOB NPUXOAUTCS 36 = 729 pe3y IbTUPYIOLMX CHMBOJIOB.

Hcnonb3oBanue TabInIIbl IEPEKOANPOBKH SIBJISIETCS] OYEHD IPOCTOM OIEPALIME, TOITOMY ITOT
IOJXO0/ HE YCJIOXKHSIET CEeTeBbIE aflanTepbl U HHTEPGeHCcHbIE 6JI0KM KOMMYTATOPOB M Mapuipy-
THU3aTOPOB.

st obecriedeHnst 3aJaHHON TIPOMYCKHON CMOCOGHOCTH JIMHUY NIEPEAATYHMK, UCTIOb3YIOIMN
U30BITOYHBI KO/, JOJDKEH paboTaTh C MOBBIIIEHHON TaKTOBOM yactoToi. Tak, /st nepegayu
ko108 4B/5B co ckopocteio 100 M6ut/c tpeGyercs takroBas yacrora 125 MTw. Ilpu atom
CNEKTP CUTHajIa Ha JIMHUH PacIlUpseTcs 10 CPAaBHEHHUIO CO CIy4yaeM, KOT/a [0 JIMHUH NTepeaeTcst
He u30bITO4HBIH KoA. TeM He MeHee CIEKTP M30bITOYHOTO MMOTEHMATBHOIO KO/Ia OKA3bIBAETCsI
YK€ CIIeKTPa MaHYeCTEPCKOTO KOJa, YTO OMPABAbIBAET AOTOJHUTENBHbII 9TANl JIOTUYECKOTO
KOAMPOBaHMUs, a TakKe paboOTy NpUeMHMKa U NlepeJaTynKa Ha MOBbIIIEHHOM TAKTOBOM 4acToTe.

Yem 6a1Ke K eAMHHUIIE COOTHOIIEHHE YUCJIA UCXOMHBIX CUMBOJIOB K 00ILIEMY YMCITy CUMBOJIOB,
TeM He3HaYMTeJIbHee CTAHOBUTCS NOBbILIEHWE TAKTOBOM YaCTOTHI IepeaTyMKa. B ckopocTHbIX
Bepcusix 10G Ethernet u 100G Ethernet npumMensiercst uabpitounsiit koa 64B/66B.

CyLiecTBYIOT /B2 METO/, YIYYINAOINX GUIIOASPHBINA Koo AMI 1 0OCHOBaHHBIX Ha MCKYCCTBEH-
HOM HMICKa)KeHHH NOCJIeI0BATEIbHOCTH HyJIel 3anpelieHHbIMU CHMBOJIAMHU.

PucyHok 7.5 MIUTIOCTPUPYET Ucnob3oBaiue Metona B8ZS (Bipolar with 8-Zeros Substitution)
u Meroga HDB3 (High-Density Bipolar 3-Zeros) ais koppektupoBku koga AMI. Vcxoatbiii
KO/l COCTOMT U3 JBYX JUIMHHBIX 110CJIeJOBATEJbHOCTEN HyJIel: B IEPBOM CJIyyae — U3 BOCbMH,
a BO BTOPOM — U3 MSITH.

Kon B8ZS ucnpaBisieT TOJIbKO MOC/I€0BATEIBHOCTH, COCTOsIMe U3 8 HyJeil. /s aToro oH
MocJie NMepBbIX TPEX HyJeil BMECTO OCTaBUIMXCS BCTaBJseT nsath nuudp: V-1*-0-V-1*. 3unecy V
0603HaYaeT CUTHAJI eIMHULIBI, 3AMPELEHHOM 151 IAHHOTO TAKTA IOJISIPHOCTH, TO ECTh CUTHAJI, HE
U3MEHSAIOIUN NIOJISIPHOCTD NpeAbIAYIIeN eIUHULIbL, 1* — cCUrHaI eAMHULbI KODPEKTHOM M0JIsIp-
HOCTH (3HaK 3BE30YKH OTMEYaeT TOT (haKT, YTO B UCXOJHOM KOJIE B ITOM TaKTe Obljla He eTUHUIIA,
a Housib). B pe3ysisrate Ha 8 TakTax IPpHEMHUK HAOMIOAAET 2 MCKAXKEHUST — OYEHb MATOBEPOSITHO,
4TO 3TO CJAYYUJIOCH M3-32 IIyMa Ha JIMHUM WM ApYrux cboeB nepegauu. [103TOMy npreMHUK
CUMTAeT TaKue HapylleHUs KOAUPOBKOH 8 IoCIeIoBaTeIbHBIX HYJIel U II0c/ie pUeMa 3aMeHsieT
nx ucxoaubimMu 8 HyssiMu. Kox B8ZS nocTpoen Tak, 4To ero NoCTOsIHHASI COCTABJISIIONIAst paBHa
HYJIIO TIPK JIIOOBIX NOC/IEA0BATEIbHOCTAX ABOUYHBIX IUGD.

Koz HDB3 ucnpassiet jiobbie YeTbipe NOAPSIA MAYIUX HyJIsl B UCXOIHOM NMOC/IE0BATEIBHOCTH.
[TpaBuna ¢popmupoBanust koga HDB3 6osee cnoxublie, yeM kona B8ZS. Kaxabie uetbipe Hyist
3aMEHSIIOTCS YeTBIPbMSI CUTHAJIaMH, B KOTOPBIX UMeeTCsl OANH curHas V. [IJ1st nofaBaeHus mno-
CTOSIHHOI COCTABJISIIONLIEl MTOJIIPHOCTh CUTHANA V YepelyeTcs IPH NMOC/Ie/10BaTebHbIX 3aMEHaX.
Kpome Toro, ajist 3aMeHbl UCIIOJb3YIOTCS ABa 06pa3lia YeThIPEXTaKTOBbIX Ko10B. Eciiu nepen
3aMeHOI UCXOHBIN KO/ COZIepKal He4eTHOE YUCJIO eIMHUL], TO 33/IeMCTBYETCSI TOC/Ie10BATE b-
HocTb 000V, a ecit ync/10 eAMHUL ObLTIO YETHBIM — MOCJe40BaTeNbHOCTD 1*00V.



225

aea 7. KogupoBaHue n MynbTUNNEKCUPOBaHUE NaHHbIX

111|0|0]J0)JO]JOJjO|O|Of1|[1|]Of[0O]O|]O}JO]|1]|0O
B BunonsipHbiit koa AMI L
B8ZS

HDB3

[-
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Puc. 7.6. Cl'IeKprI noTeHuuanbHbIX U UMNYNbCHbLIX KOAOB

YydieHHble OTEHIMATBHBIE KOJIbI 00J1a/IAI0T IOCTATOYHO Y3KOM MOJIOCOM POIYCKAHUS JIsT IO~
ObIX TOC/IENIOBATEBHOCTEN EIMHHUIL U HYJIel, KOTOPbIE BCTPEYAIOTCS B epeiaBaeMbIX faHHbIX. Ha
puc. 7.6 mpuUBeeHbI CIIEKTPHI CUTHAJIOB Pa3HBIX KOJIOB, TOJIyYeHHBbIE [TPU Nepejaye MPOM3BOJIBHBIX
[aHHBIX, B KOTOPbIX Pa3/IMyHble COUETAHUsSI HyJIed Y eAMHUI B UICXOJHOM KOJIe PABHOBEPOSITHBI.
[Tpu nocTpoerny rpadMKOB CIIEKTP YCPEAHSIICS IO BCEM BO3MOXKHBIM HAG0pPaM MCXOHBIX TI0CJIe-
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noBatesnbHOcTel. EcTecTBEHHO, UTO pe3y IsTHPYIOLIIe KOAbI MOTYT UMETb U IPYTOe pacrpesiesieHre
HyJeii 1 equHuL. W3 pucyHka BUAHO, YTO OTEHIMATbHBINA Koa NRZ 06/1aaaeT XOPOLIMM CIIEKT-
POM C OIHUIM HEeJJOCTaTKOM — Y HEro UMeeTCsl IIOCTOsTHHASI cocTaBJsiiontast. Komsl, nostyyeHHble
U3 NOTEHLMATBHOTO MyTeM JIOTHYECKOr0 KOANPOBaHUsI, 00JaaloT GoJiee Y3KUM CIIEKTPOM, 4eM
MaHYeCTepCKUH, Jaxke NMPY MOBBIIIEHHON TaKTOBOW YacToTe (Ha pUCYHKe creKTp koaa 4B/5B
J0JiKeH ObL1 Obl IIPUMEPHO COBMAAATh ¢ KoAoM B8ZS, HO OH cABUHYT B 061acTh 60J1€€ BICOKUX
YacTOT, TaK KaK ero TaKTOBas 4YaCTOTa MOBbIILIeHa Ha 1/4 110 CPABHEHUIO C IPYTUMH KOZIaMH ). ITUM
00BSICHSIETCSI IPUMEHEHHE TIOTEHIINATBHBIX H3OBITOUHBIX M CKPeMOIMPOBAHHBIX (CM. HUKE) KOZOB
B COBPEMEHHBIX TexHOsorusx, nonobusix FDDI, Fast Ethernet, Gigabit Ethernet, ISDN u . 11.
BMECTO MaHYeCTEPCKOrO ¥ OUIOISPHOTO UMITYJIbCHOTO KOAMPOBAHUSL.

V136aBUTBCST OT AIMHHBIX MMOCJIEI0BATENBHOCTEN HYJIEH B KOJIe IOMOTAeT TaKOM NpueM, KaK
CKpeMOIMpOBaHHe — «IlepeMellBaHue» OUTOB KOAAa B COOTBETCTBUU C OIPENEJIEHHbIM a/ro-
PUTMOM, IIO3BOJISIOLIMM NPUEMHHKY BBITOJHUTH 00paTHOE IpeoOpa3oBaHue.

(S) Cxpembaupoeanue u komnpeccus danmwix

KoauposaHue auckpeTtHoi undopmaumm
aHaNoroBbiMu CUrHanamm

le/l nepengaye HI’ICerTHOf/'I mncbopmauuu NOCpeACTBOM AHAJIOTOBBIX CUTHAJIOB €IAHUILIBI X HYJIH
KOAUDYIOTCA USMEHEHUEM!

Q ammuTyas! (kak B mpuMepe Ha puc. 7.3);
Q yacrotsr;
O um da3bl HecyLIero CUHYCOMJAJIbHOIO CUTHAA.

B ciyuyae, koraa Moy IMpOBaHHBIE CUTHAIBI TIEPEAAIOT OUCKpemy0 WHGOPMALIUIO, BMECTO Tep-
MHHA «<MOJYJISIIMSI> MHOT/IA UCIIOMbB3Y€ETCS TEPMUH MAHMITYJIALMA: AMIUTUTYIHAS. MAHUTTY JISIIIUS]
(Amplitude Shift Keying, ASK); yacrornas mauunyasinus (Frequency Shift Keying, FSK);
dazosas mannnyssiuust (Phase Shift Keying, PSK).

IMoxxasryii, caMblii UI3BECTHBIN IIPUMep NPUMEHEHUS MOAYJISILIMH DU Nlepefave JUCKPeTHON HHGOp-
MalUH — 3TO Nepeziaya KOMITbIOTEPHBIX JaHHBIX 10 TeJeOHHBIM KaHaIaM C TOMOLIbIO MOJIEMA.
TunuuHast aMIIMTYHO-4ACTOTHAS XapaKTePUCTHKA KaHAJIA TOHAJIBbHOM YaCTOThI NPe/ICTaB/IeHa
Ha puc. 7.7. ITOT COCTABHOI KaHAJI IPOXOIUT Yepe3 KOMMYTATOPbI TeieDOHHOM CETH M COeAUHSI-
et TesedoHbl aboHeHTOB. KaHan TOHAIBHOM YacTOTHI HepeaaeT YacToThl B Auanasone ot 300 1o
3400 Iy, To ecth nostoca nponyckanust pasHa 3100 [ Xots1 nosoca mponycKaHusi TOHATBHOTO
KaHaJ1a y>Ke CrieKTpa rosoca, cocransiouiero npumepro 10 k11, oHa focTaTOYHA /17151 KAYECTBEH-
HOU mepezayy roJioca (B 4eM MbI yOexaaeMcst, pasroBapusas 1o tejedony). OxHako, Kak 66110
NoKa3aHo panee B pasziesie «CnekTp MH(pOPMAIIMOHHOTO CUTHATIAY, OHA He NOAXOAUT /ISl Tlepeayunt
KOMITBIOTEPHbIX JAHHBIX B BU/IE IPSMOYTOIBHBIX HMITYJIBCOB C IIPUEMJIEMOI OUTOBOI CKOPOCTBIO.
Peurenne npobsieMbl ObLIIO HalIEHO 61aro1apsi aHaIOTOBON MOZYJISILMK. YCTPOMCTBO, KOTOPOE BbI-
noJHseT GYHKIUMIO MOOYIAYUY HECYILEH CUHYCOMJIBI Ha TIEPEAIOIEN CTOPOHE M 0OPaTHYIO (QyHK-
UMIO JeMOOyisyuY Ha IPUEMHOM CTOPOHE, HOCUT Ha3BaHWe MOAeM (MOYJISTOP-AEMOLYASATOD).

Ha puc. 7.8 noka3aHbl pa3iMyHble TUITBI MOAYJISILIUH, TPUMEHsIEMbIE TIPH Mepeaye AMCKPETHOM
uHpopmanuu. VicxonHast nocieoBaTe/IbHOCTh OUTOB NepesaBaeMoi HHGOOPMALUK NPUBeeHa
Ha auarpamme (puc. 7.8, a).
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NPUMEMAHMUE

Kak Mbl 3HaeM, IMPHHA CIEKTPa aMIUIMTYIHO-MOAYIMPOBaHHOrO curHaza paBHa 2N, rae N — TakToBas
YaCcTOTa NepeJaTyMKa, PaBHasi CKOPOCTH Nepefauy AaHHbIX. [IInpyHa criekTpa 10/KHA OBITh YKe MOJIOChI
MPONYCKaHUs TOHAJABHOTO KaHaia, To ecTb 2N < 3100 I'n. OTclona ciaeayet, 4To MPU aMIIMTY THOH MO-
AYJISIMY C ABYMSI COCTOSTHUSIMU Ha TesleOHHOM KaHajle CKOPOCTb Iepe/laTYMKa OrpaHHYeHa 3HaueHeM
1550 6ut/c. MoaeMsl, KOTOpbIE ZOCTHTAIOT GOJIee BHICOKMX CKOPOCTEH, HCIOMB3YIOT APYTHE BUAbI aHAJIO-
rOBO MOZLYJISILIMH.

A ﬂ‘ Monoca nponyckanus 3100 My

»

300 3000 3400 4000

Puc. 7.7. AMNAINTYOQHO-4aCTOTHAsS XapakTepucTuka kaHana TOHaNbHOM YacToTbl

1 0 1 0 1
a >
t
A1
A2
6
t
f f,

o | IHHHI AN mmnl AN HHIHH AviTA nmm
WU RYAVAVAVA UL UL U RVAVAYAVA UL UL U RVAVAVAVLLLL

e AN AN NN
VAVARVAVVAVARVAVYAY *

Puc. 7.8. PaznuyHbie TMnbl Moaynaumm

[Ipu amnaumyonoid MoOyAsyuw 11 TOTHIECKOH eIMHUIBI BHIOMPAETCS OMH YPOBEHD aMILIUTY-
JIbl CUHYCOM/Ibl HECYLIEH YaCTOTBI, a A/ JIOTMYECKOTO Hyist — APYyro# (puc. 7.8, 6). toT ciocobd
PEIKO HCIIOJIB3YETCs] B YUCTOM BHE Ha IPAKTHKE U3-32 HU3KOHM IIOMEXOYCTOMYMBOCTH, HO BECbMA
4aCTO MIPUMEHSIETCSI B COYETAHUH C IPYTUM BUIOM MOLYJISUMHN — (HAa30BON MOAYISHEH.
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[Ipu vacmommou MOOYAAYUY 3HAYEHUS HYJISL U eIUHUTIBI HCXOAHBIX JAHHBIX TIEPEAAIOTCSA CHHYCO-
MJAMH C PA3JIMYHOM YacToToil — fo 1 f1 (puc. 7.8, 8). ITOT c11ocob Moy AsALUH He TpeGyeT CII0K-
HBIX CXEM U OOBIYHO PUMEHSIETCS] B HA3KOCKOPOCTHBIX MoeMax, paboTalouinX Ha CKOPOCTAX
300 u 1200 6ut/c. [Ipx UCIIOJIb30BAHUU TOJIBKO ABYX YaCTOT 32 O[IMH TaKT [E€PeaeTcs OAUH OUT
nHGbOPMAILINK, IOITOMY TAKOM CHIOCO0 Ha3bIBAETCS JBOMYHOI 4aCTOTHOM Manumyasiuueit (Binary
FSK, BFSK). MoryT Takxe MCIob30BaThCsI YeThIpE PAa3IMYHbIE YACTOTHI /151 KOAUPOBAHUS
ABYX 6MTOB MH(OPMALMHU B OJIHOM TaKTe — TaKOM Criocod HOCUT Ha3BaHHME YEThIPEXyPOBHEBOM
yacrotHoit Manunyasinum (four-level FSK). I[IpumensieTcs Takxke Ha3BaHUE MHOTOYPOBHEBast
yacrotHas Mauunyasuus (Multilevel FSK, MFSK).

[Tpu ¢dpa3oBoii Moayasuuu 3HayeHNsIM NaHHbIX 0 1 1 COOTBETCTBYIOT CUTHAJBI OJAMHAKOBOM
4acTOTHI, HO pa3an4YHOH (a3pl, HanpuMep, 0 1 180° wm 0, 90, 180 u 270° (puc. 7.8, 2). B nepom
cJIy4ae Takasi MOLYJISIIUsI HOCUT Ha3BaHKe ABOWYHOM ¢a3oBoit Manunyasuuu (Binary PSK,
BPSK), a Bo BTopoM — KBapaTypHoii pa3oroit Manunyasuuu (Quadrature PSK, QPSK).

715t TOBBIILIEHNST CKOPOCTH IepeAayu AaHHBIX NpuberaloT K KOMOHHHPOBAaHHBIM METOAaM
Moayasuun. HanGoJiee pacpocTpaHeHHBIMY SIBJISIIOTCS] METO/bI KBaPATyPHOM aMILIMTY AHOM
moayasauuu (Quadrature Amplitude Modulation, QAM). 9Tu MeTozbl OCHOBaHbI Ha COYETAHUH
¢azoBoii 1 amnuTynHON MoayasuuH. Ha puc. 7.9 nokasana ¢asoBasi auarpaMmma OfHOTO U3
BapHAHTOB KBAIPATYPHOM aMIUIMTYAHON MOAYJISILINH, B KOTOPOM HCIHOJIb3YETCS BOCEMb Pa3/Iny-
HbIX 3HaYeHHU# ($a3bl ¥ YeThIpe 3HaYeHUsT aMIIUTYAbl. OnHAKO U3 32 BO3MOXKHBIX KOMOMHALUH
CHTHaJIa 3a/1eiCTBOBAHO TOJBKO 16, Tak KakK pa3pellleHHble 3HAUYEHUsI aMILIUTY/l Y COCEHUX
da3 nomxHbI oTiMYaThess. Hanpumep, eciu (A2, 07) siBsieTcs pa3pellleHHOM KOMOMHaKeH, TO
(A2, 45"y — 3anpeiueHna, Tak Kak 0" ¥ 45" siBysI0TCS cCoceiHUMHU (azaMu. ITO NOBBILIAET IOMe-
XOYCTOMYMBOCTD KOJA, HO BABOE CHIKAET CKOPOCTb Nepefayy AaHHbIX. Kaxzaas kombuHanms

Puc. 7.9. KBagpartypHas amMmnnantyaHas Moaynsums ¢ 16 cocTosHusaMu curHana
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siBJIsieTcs1 OAHUM U3 16 cocTosiHMIT MHGOPMALIMOHHOTO TapaMeTpa — 3a KK/l TaKT epeJaeTcst
4 6ura ganubIx (0000 uau 0001... wau 1111).

Hapsiny ¢ da3oBbIMU fyiarpaMMaMH CYLIECTBYET U APYTOH THIT AMArpaMM, Ha3bIBaeMBbIX AMArpaM-
mamu co3Be3auit (constellation diagram) QAM, koTopBIe OKa3bIBAIOT He (a3bl ¥ AMILIUTYABI
pe3yJILTUPYIOIINX CUMBOJIOB KoJa QAM, a aMIIUTYABI ABYX CHUHYCOM, C IOMOIIBIO KOTOPBIX
00BIYHO Ha [TPAKTHKe IMOJIY4al0T CUTHAJIBI 3TOro KoAa. HecsioxkHble TpUroHOMETpUYECcKUe npe-
00pa30BaHusl MOKA3bIBAIOT, YTO ISl TIOJYYeHUs] CUMBOJA Koaa QAM MOXHO CyMMHUDOBaTh
IBE CHHYCOM/bI, OHAa U3 KOTOPBIX MMeeT a3y 0, a apyras casunyTa Ha 90°, TO ecTb UMeeT
KBaJpaTypHyIo a3y (0TCI04a U MPOU3O0LLIO Ha3BaHUe MeToZa). MeHsisl aMIUIUTYABI 3TUX CO-
CTaBJSAIOIIUX CHHYCOM/, MOKHO MOJYYUTh 33[JaHHYIO0 aMILIUTYAY U $a3y pe3yJIbTHPYIOIIETo
curHaia-cuMBosia QAM.

Jpyrum pellieHyeM, MOBBIILAIOIIMM Hale>KHOCTb KOJIa 32 CYET BBEIEHUs U3OBITOYHOCTH, SBJISIIOT-
Cs1 TaK Ha3bIBaeMble pelleTyarbie Koapl. B aTHx komax K KaXxasM yeTbipeM Outam nHGOpMaLH
106aBASETCS MATHIH OUT, KOTOPBIIA aXKe MPU HAIMYUHU OIIHUGOK MO3BOJSAET ¢ GOMBIION CTENEHbIO
BEPOSITHOCTH OMpeeTUTb PAaBHIbHBIN HabOp YeThipex MHGOPMALMOHHBIX GUTOB.

OOHapyxeHue n Koppekuus omnobok
MeTtoAabl 0OHapyXxeHus onobok

MeTtoab! o6HapyxeHust olMOOK OCHOBAHBI Ha Niepeaye B cOCTaBe GJ10Ka IaHHBIX U3OBITOYHOM
cayke6HOM HHGOPMALUH, IO KOTOPON MOXHO CYyUTb C HEKOTOPOU CTENEHBIO BEPOATHOCTH
0 JOCTOBEPHOCTH NIPUHSTHIX JaHHBIX. B CeTsX ¢ KOMMyTalKeii MaKeTOB TaKoii eAnHULEH HH(OD-
MaLMH MOXKeET OBITh IPOTOKOJIBHAS AMHHULIA JAHHBIX JI0OOT0 YPOBHSL, HO /1JIsl ONIPENEIEeHHOCTH
OyaeM CYUTATh, YTO Mbl KOHTPOJIMPYEM KaJIPHl.

N36bITO4HYI0 CyXeOHYI0 HH(POPMALMIO NPUHATO Ha3bIBATh KOHTPOJBHOM CYMMOM UM KOH-
TPOJIBHOI NocIeaoBaTeabHOCTBIO Kagpa (Frame Check Sequence, FCS). KoutposnbHas cymma
BBIYUC/ISIETCS KaK (PYHKUMS OT OCHOBHOM MHGMODPMALIUH, TIPUYEM He 0643ameNbHO Nymem CYMMuU-
posanus. [IpuHUMalonIast CTOPOHA OBTOPHO BBIYKC/ISIET KOHTPOJIBHYIO CYMMY Kajipa [0 U3BeCT-
HOMY JITOPUTMY U B CJIyYae ee COBNAJIEHUs C KOHTPOJIbHOU CyMMOIA, BBIYMCIIEHHOI Mepe/alolieil
CTOPOHOIA, I€JIaeT BBIBOA O TOM, YTO IaHHbIE ObLIM NIepeaHbl Yepe3 CETh KOPPEKTHO. PaccMoTprm
HECKOJIbKO PacIPOCTPaHEHHBIX AJITOPUTMOB BHIYMCIEHUSI KOHTPOJIBHOM CyMMbI, OTJIMYAILIAXCS]
BBIYHCJIUTENBHOM CJIOXKHOCTBIO M CTOCOGHOCTBIO 0GHAPYKHUBATh OIUMOKH B JAHHBIX.

KoHTposb no napurety npeacrasiser co60ii Hau6GoJiee IPOCTO METOJ KOHTPOJIS JaHHBIX.
B 10 ke BpeMst 3TO HavMeHee MOILHBI aJITOPUTM KOHTPOJISI, TAK KaK € ero MOMOIIbIO MOXHO
06HapyKMBATh TOJbKO OAMHOYHbIE OIMOKM B IPOBEPSAEMbIX AaHHBIX. MeTo/ 3aKioyaercs
B CYMMHMPOBAHHUH 110 MOAYJIIO 2 BCcex 6UTOB KOHTpo/MpyeMod uHdopmauuu. Hetpyato 3a-
METHTD, 4TO /151 UH(OPMALNH, COCTOsIIEl U3 HEYETHOTO YUCJIA eAMHUL, KOHTPOJIbHAsI CyMMa
Bcerzia paBHa 1, a mpu yeTHOM yucie equnul — 0. Hanpumep, ans ganueix 100101011 pesyns-
TATOM KOHTPOJIBHOTO CYMMHUPOBaHUs OyzeT 3HayeHue 1. Pe3yasraT CyMMHUPOBaHUS TaKKe
NpPeACTaBJsIET COO0M OMUH AOMOJHUTENBHBIA OUT NAHHBIX, KOTOPBIN IepechllaeTCs BMECTeE
¢ KoHTposupyeMoit uHdopMmauueii. [Ipu MckaxxeHHH B MPOIlECCE TIEPECHIIKHU JHOOOr0 OHOTO
OWTa MCXOAHBIX JAHHBIX (MM KOHTPOJILHOTO pa3psiia) pe3yJbTaT CyMMHUPOBaHUs OyleT oT-
JINYATHCSI OT IPUHATOrO KOHTPOJBHOTO Pa3psifia, 4YTo roBopHUT 06 omubke. OnHaKO ABONHAS
oumn6ka, Hanpumep 110101010, 6yneT HeBepHO TIpUHSATA 32 KOPPEKTHbIE AaHHble. [ToaToMy
KOHTPOJIb 10 TIAPUTETY MPUMEHSETCS K HeGOIbLUIMM NMOPLUUSAM AaHHBIX, KAK MPABUIIO, K KaX-
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oMy 6aiTy, 4TO ZAET st ATOrO MeToza KoadduumneHT usbbitouHoctu 1/8. OTMETHM, METOA
PEZKO UCIOJIb3YETCS B KOMIIBIOTEPHBIX CETSIX U3-32 3HAYUTEIbHOM U3OBITOYHOCTH U HEBBICO-
KMX IMarHOCTHYECKUX BO3MOXHOCTEMN.

BeprukabHbIit U TOPU3OHTAIBHBINH KOHTPOJIb NIO MAPUTETY IIPEICTABIISAET COH0I MOAUUKAIIUIO
onucaHHoro Meroaa. Ero otnnyme cocTout B TOM, YTO UCXOAHbBIE IaHHbIE PACCMATPUBAIOTCS
B BH/€ MaTPHILbl, CTPOKH KOTOPOM COCTABJAIOT GaiThl AaHHbIX. KOHTPOJIBHBIN pa3psia noa-
CYMTHIBAETCSI OTAENBHO AJIs1 KaXAOW CTPOKH U ISt K&XKIOTO CTOMOUA MAaTPULBL. ITOT METO 110~
3BOJIsIET OOHAPYXXUBATh OOJIBILYIO YaCTh ABOMHBIX OMIMOOK, OAHAKO OH 06J1axaeT ele 60blel
u30bITOYHOCTHIO. Ha npakTuKe 3TOT METOZ cefiyac Takke MOYTH He IPUMEHSAETCS IIPH Tlepeade
MH(}OpPMALKH 110 CETH.

Iukanyecknii ua6prrounbiit Koutpoas (Cyclic Redundancy Check, CRC) siBnsiercst B Ha-
cTosiiee BpeMsi HanboJiee MOMy/ISIPHBIM METOIOM KOHTPOJISI B BLIYMCAUTENbHBIX CETAX (M He
TOJIbKO B CETSIX — HAMPHUMeP, 3TOT METO/ IMPOKO IIPUMEHSIETCS ITPU 3aMMCH JaHHBIX Ha rTHOKUe
1 XKeCTKHe AUCKH ). MeToa OCHOBaH Ha MTPe/ICTABJI€HUH UCXOAHBIX IAHHBIX B BUJIE OHOTO MHOTO-
paspsiiHoro ABou4Horo uunciaa. Hanpumep, kanp cranpapra Ethernet, coctosiumit uz 1024 Gair,
paccMaTpUBAETCst KaK OHO YucJio u3 8192 6ut. KoHTposibHOM MH(OPMAaLIMeN CYUTAETCS OCTATOK
OT ZleJIeHUs 3TOTO YUCJ/IA HA M3BECTHBIN AesnTesb R. OObIYHO B KaYeCTBe [eJINTelsl BBIOUpaeTcst
CeMHAAUATU- WM TPUALATHUTPEXPA3PSIAHOE YHUCTIO, YTOOBI OCTATOK OT JEJIEHUs UMEJ JJIHHY
16 paspsinos (2 Gaiita) wiu 32 paspsina (4 6aiita). IIpu mojyyeHU Kaapa AaHHBIX CHOBA BbI-
YHCJISIETCSE OCTATOK OT JIEJIEHHSI HA TOT JKe JeJIUTENb R, HO TIpU 3TOM K JaHHBIM Kaapa A06aBisi-
€TCsl collepaKalllasicss B HeM KOHTpoJibHast cymma. Eciint octaTok ot genenusi Ha R paBeH HyTO,
TO JeJIaeTCsl BbIBOJ 00 OTCYTCTBHUY OWIMGOK B MONYYEHHOM Kajpe (B IPOTUBHOM CJIyYae Kajp
CUUTAETCS] HCKAXKEHHBIM ).

Ator Meto obiiaziaeT GoJiee BHICOKOM BBIYMCIUTENBHOM CI0KHOCTHIO, HO €10 IMarHOCTHIECKYE
BO3MO’KHOCTH rOpa3/o BbIlIE, YeM y METOJ0B KOHTPO.IA 1o naputety. Meron CRC nossossier
06HapyKMBATh BCEe OAMHOYHBIE OMWNOKY, ABOWHBIE OIMOKN ¥ OWIUOKK B HEYETHOM YHUCIIE
6utoB. KpoMe Toro, MeTos o6.1afiaeT HEBBICOKOH cTeneHblo u3bbiTouHoctTi. Hanpumep, anis
kazpa Ethernet pasmepom 1024 6aiitTa KOHTpobHAst MHPOPMALUS AINHOU 4 6aiiTa COCTaBIsAET
Tonbko 0,4 %.

MeToabl KOoppekuun ownbok

TexHuka KOQUPOBAHUS, KOTOPasi MO3BOJISIET IPHEMHUKY He TOJIBKO MOHSATH, YTO NPUCJIAHHBIE
[aHHbIe COAEPXKAT OLIMOKY, HO M UCIIPABUTH UX, HA3bIBAETCSI MPAMOI KOppeKUHel omnGoK
(Forward Error Correction, FEC). Kozsl, KoTOpble 06€CTIe4nBAIOT NPSAMYIO KOPPEKIHIO OLIH-
60K, TPeOYIOT BBeleH!sI GOJIbIIel H3OBITOYHOCTH B TIEpPeaBaeMble JaHHbIE, YeM KO/IbI, TOJIBKO
o6HapyXUBAOLIKE OLKOKH.

ITpu npuMeHeHNH J1060ro H3GBITOYHOTO KO/Ia HE BCe KOMOMHAIINM KOJIOB SIBJISIOTCS Pa3pelleH-
HeiMH. HanpuMep, KOHTpOJIb 10 MapuTeTy AejiaeT pa3pelieHHbIMU TOJBKO MOJOBUHY KOZOB.
Ecsin Mbl KOHTpOJIMPYeM TPy HHGMOPMAUMOHHBIX O6MTA, TO Pa3pelIeHHBIMU 4-OUTHBIMU KOJaMU
C IOTIOJIHEHMEM [0 HEUeTHOTO KOJIMYECTBA eAUHNIL OYAYT Caenyolme:

0001,0010,0100,011 1,1000,1011,1101, 1110

To ectb Bcero 8 kon0B 13 16 BO3MOXKHBIX.

Y106BI OLIEHNUTDH KOJIUYECTBO AOIMOJTHUTE/bHBIX 6MTOB, Tpe6yeMbIX U1 UCITPABJIEHUA 0[].[]460}(,
HY>XHO 3HATb TaK Ha3bIBa€MO€ PaCCTOAHUE XeMMuUHra MEXAY pa3pelIeHHbIMU KOMOMHAIMAMU
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xona. PaccrostiueM XeMMMHra Ha3bIBa€TCS MUHUMAJIBHOE YUCJIO OUTOBBIX Pa3PsiZIOB, B KOTOPBIX
orsiyaercs Jobas mapa pa3pereHHbIX KOgoB. [[J1s1 cxeM KOHTPOJIS [0 TIADUTETY PacCTOsTHUE
XeMMHMHTa PaBHO 2.

MOoXHO I0Ka3aTh, YTO €CJIM Mbl CKOHCTPYHUPOBAIM U30OBITOYHBIN KOJ C PACCTOSIHHEM X€MMUHTa,
PaBHBIM 7, TO TAKO# Ko OYET B COCTOSIHUM Pacro3HaBaTh (n—1)-KpaTHble ONOKY 1 UCTIPAB-
Jsith (n—1)/2-kpatHble on6Ky. Tak KaKk KOABL C KOHTPOJIEM [0 TAPUTETY UMEIOT PACCTOSIHIE
XeMMHHTra, paBHOE 2, TO OHM MOTYT TOJbKO OOHAPYKHUBATh OAHOKPATHbIE OIUIUOKU U HE MOTYT
MCIIPABJISATb OLIHOKH.

Koapt Xemmunra ahdexTBHO 06HAPYKUBAIOT ¥ UCIIPABJSAIOT H30JHPOBAHHbIE OLIMOKH, TO
€CTb OT/EJIbHbIE UCKAKEHHbIE OUTBI, KOTOPBIE Pa3/IeIeHbl HOBIIMM KOJIMIECTBOM KOPPEKTHBIX
6utoB. OHAKO NIPH MOSIBIEHUH JTMHHOM N0C/IEN0BATEIbHOCTH UCKXEHHBIX OGUTOB (ITyJIbCallui
owrn60K) Kol XeMMHHra He paboTalor.

Hynbcaunu ommnb0oK XapaKTEPHBbI AJId 6667[[)080311&»&7 Kananos, B KOTOPbIX IPUMEHAIOT CBEPTOY-
HbI€ KO/IbI. HOCKOJIbe 1A paCnio3HaBaHUA Haubosee BE€POSITHOTO KOPPEKTHOIoO KOZa B 3TOM
METOA€ NMNPUMEHAETCA pelieTyaTasd AuarpaMma, TO TaKUe€ KOZAbI €llle Ha3bIBalOT pelieT4YaThIMH.
ITH KOJIbI NCIOJIb3YIOTCA HE TOJIBKO B 6eCI'[pOBOlIHbIX KaHaJj1aX, HO 1 B MOJEMaXx.

Mertoas! psiMoit KOppeKUUYU OUGOK 0COHEHHO 3(HEKTUBHBI 151 TEXHOIOTUH (PU3HUecKoro
YPOBHs1, KOTOpBIE He IOAJEePXKUBAIOT CJI0XKHbIE POy Phl IOBTOPHOH Mepelauy JAaHHbIX B CJIy-
yae UX UcKaxkeHus1. [IpuMepamu takux texnosnoruii siesiiorcss SDH u OTN (cM. rinaeet 8 u 9).

KoauposaHue aHanorosou nnppopmaumm

KoauwposaHue aHanoroso uHpopmaumm
aHanorosbiMM CUrHanamm

I/[CTOpVI‘{eCKH MOAYJIAUA HadadJla MIPUMEHATHCA UMEHHO /11 KOOAUPOBaHUA ananoz080u qu)Op-
Mayuu U TOJbKO MOTOM — IJIsA lIHCerTHOﬁ.

Heob6x0a1MMOoCTh B MOAYJISILUK aHAJIOrOBOM MH(MOPMaMK BO3ZHUKAET, KOTAA HYXKHO Iepe-
NaTh HUIKOUACMOMHbLY AaHAJIOTOBBIA CUTHAJ Yepe3 KaHaJl, HAaXOASUIMICS B BHICOKOYACTOTHOM
obJiactu cniektpa. [IpuMepoM Takoil CUTyalluu SIBJIsIETCA Nepeaya rojioca 1Mo pajuo HiH
teneBueHuI0. [on0c uMeeT cnekTp mMpuHON npuMepHo B 10 k11, a paaroanana3oHsl BKJIIO-
4a10T ropaszio 6osee Bbicokue 4actoThl, oT 30 kIt 10 300 MTu. Ewe 6osiee BbICOKHE YaCTOTHI
UCTOJIB3YIOTCS B TeseBuAeHMH. OYeBUAHO, YTO HEIOCPEACTBEHHO roJIOC Yepe3 TaKylo Cpeny
nepenaTh HeJb3sl.

st pelieHust npobJieMbl aMILIUTY 1y BHICOKOYACTOTHOTO HECYILETO CUTHAJIA U3MEHSIIOT (MO-
YJVPYIOT) B COOTBETCTBUY C U3MEHEHMEM HM3KOYACTOTHOTO roJ10coBoro curHana (puc. 7.10).
[Ipu 3TOM CrIEKTP Pe3yJBTUPYIOIIETO CUTHAJIA MIOTIAZlaeT B HY>KHBIH BBICOKOYACTOTHBIHM AXaMNa-
30H. Takoii TUI MOAYJISLIMY Ha3bIBAaeTCsl aMILIMTYAHOM Moy siueit (Amplitude Modulation,
AM).

B kayecTBe HHPOPMALMOHHOTO MTAapaMeTpa UCIIOIb3YIOT HE TOBKO aMILIUTYAY HECYLIETO CHHY-
COUJIAJILHOTO CUTHAJIA, HO M YAaCTOTY. B 3TUX ci1yyasix Mbl IMeeM J1eJ10 C YaCTOTHOM MoIyasiuuei
(Frequency Modulation, FM). 3ameTuMm, 4TO Npy MOAYJISIUMHK aHATIOrOBOI HHbOpMauuy dasa
Kak MH(OPMAILIMOHHBII TapaMeTp He IPUMEeHSIeTCsl.
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KoauposaHue aHanorosoit unpopmaumm
ANCKPETHbIMU CUrHanamm

B npenbiayitem pasaesie Mbl TO3HAKOMHUJIUCD € TIpe06pa3oBaHUEM IUCKPETHON (OPMBI IIpel-
cTaByieHUsI MTHGOPMALIUK B aHAJIOTOBY10. B 9TOM pasziesie paccMaTpuBaetcs peleHdue 00paTHOlM
3ajlauy — mepefayyl aHaJIOroBoii nHGopMaunu B AuckpeTHoit popme. Takast 3agaua peuraercs
B cucTeMax UG POBHIX TeaeDOHUH, PaANO U TeJEBUAEHUSI.

Haunnas ¢ 60-x rozoB npousioro Beka rojioc Hayaj MepeAaBaThCs MO Tese(OHHBIM CEeTSIM
B LLM(poBoii GopMe, TO €CTb B BH/E IIOCJIeJ0BATEIbHOCTH eJUHUL U Hyeil. OCHOBHas NpUYMHA
nepexozia — HEBO3MOXKHOCTD YJIyYllleHUsI Ka4eCTBa AaHHbIX, IEPelaHHbIX B aHAJIOr0BOii hopMe,
€CJIM OHM CYIIEeCTBEHHO UCKa3HINCh Npu nepenade. CaM aHaJIOTOBBINA CUTHA He 1aeT HUKAaKUX
YKa3aHUH HU Ha TO, YTO MPOU3OLLIO UCKaXKeHHe, HU Ha TO, KaK ero UCIPaBUTh, MOCKOJIbKY
(dhopMa curHaia MOXeT ObITh JI0OO0M, B TOM YHCJIe TAKOM, KOTOPYIO 3aMKCHPOBA PUEMHUK.
ViyuuweHue ke Ka4yecTBa JHUHUN, 0COOEHHO TEPPUTOPUAJIBHBIX, TPEGYET OrPOMHBIX YCHJIMI
U KanuTanoBsoxeHui. I10aTOMy Ha cMeHy aHaJIOTOBOW TEXHUKe 3alUCH W Mepeaayy 3ByKa
1 n300pakeHU I npuiLia (udpoBas TEXHUKA.

B 3Toit TeXHMKe UCIOJIB3YeTCs TaK Ha3biBaeMasl AHCKPETHAsA MOAYJIALMA UCXOLHBIX Helpe-
PBIBHBIX BO BpeMEHH aHAJIOTOBBIX IPOLECCOB. AMIIUTY/IAa UICXOHON HenpepbhIBHONW QYyHKIUU
U3MePSETCS € 33JaHHBIM [IEPUOJIOM — 32 CYET ITOTO MPOUCXOAUT OUCKDEMUIAUUS N0 BPEMEHU.
3areM Kax/blii 3aMep NPeCTaBIsIeTCs] B BU/E IBOMYHOTO YHCJIA ONpe/leIeHHOH Pa3psiAHOCTY,
UTO O3HAYAET OUCKDEMUIAUUIO N0 3HAUEHUAM — HETIPEPHIBHOE MHOXECTBO BO3MOXKHBIX 3HA4E€HUH
AMIUIMTY/IbI 3aMEHSIeTCSI AUCKPETHBIM MHOXKECTBOM €€ 3HaYEHHIA.

YcTpoicTBO, KOTOPOE BHINOJHAET M0A00HYI0 PYHKUHUIO, HA3BIBAETCS aHAAOrO-UM(POBHIM
npeoGpasosareseM (ALLIT). 3aTeM 3aMepbl NiepeAalOTCA M0 JTUHUSM CBSI3H B BUJIE NTOC/EA0Ba-
TEJIBHOCTH e[IMHUIL U HyJieil. [Ip1 3TOM NpUMEHSIOTCS Te e MEeTO/Ibl KOAUPOBaHUS (C HUMU MbI
NO3HAKOMMMCSI [103/IHee), YTO U [PU IlepeJiaye U3HAYAIbHO JUCKPETHOI MHGOPMALHH.

Ha npueMHoii cTOpoHe JMHUM KOAbI IPeoOpas3yioTcs B MCXOAHYIO NOC/IEA0BATENbHOCTD OUTOB,
a crenMasbHas annaparypa, HasbisaeMasi uupo-ananorossiM npeodpasosarenem (LIAIT), npo-
U3BOJUT EMOYJISILUIO OUMGPOBAHHBIX AMILIUTY/I, BOCCTAHABJIMBASI UCXOJHYIO HEMPEPBIBHYIO
(byHKUHIO BpeMEHH.
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YerpoiicTBo, KoTOpOe MoeT BRINOMHATH GyHkumu kak ALLIT, tak u LLATL, Ha3biBaeTcst kogeKkoM.

AuckpeTHas MoOAynsLmMs OCHOBaHa Ha TeopemMe otobpaxerus KoresbHukosa — Havikeucra. B co-
OTBETCTBUU C 3TOW TEOPEMOW aHANOrOBan HeNpepbiBHan GyHKUWA, NnepeaaHHan B Buae nocneaosa-
TENLHOCTU €€ [UCKPeTHBIX N0 BPEMEHU 3HaYeHU, MOXeT 6biTb TOYHO BOCCTAHOBNEHA, EC/M YacToTa
AvckpeTu3aumu Guina B Asa unu 6onee pas Bollue, YeM HacToTa Camo BbICOKOW rapMOHWUKM CnekTpa
WUCXOAHOW ByHKLUMM.

Ecnn ato ycnoBue He cob6M01a€TCsA, TO BOCCTAHOBJIEHHAs (DYHKIMS OYAeT OTIUYATHCS OT HUC-
XOJHOH.

[IperMyiecTBoM M(POBBIX METO/IOB 3AIIMCH, BOCTIPOU3BEEHUs U NepeAiadd aHaJIOTOBOM MH-
(hopmanuu sIBJISIETCST BO3MOXKHOCTH KOHTPOJISI JOCTOBEPHOCTH CYUTAHHBIX C HOCUTEJISI UJIM TOJLY-
YEeHHbIX N0 IMHUU CBSI3U JaHHBIX. [[JIs1 3TOr0 MOXKHO IPUMEHSITH Te K€ METO/BI, UTO U B CIIyyae
KOMIIbIOTEPHBIX JJAHHbBIX: BBIYUCJIEHHE KOHTPOJIBHOM CYyMMBI, IOBTOPHAsI MEPE/iaya HCKaXKEHHBIX
KaJIpoB, MPMMEHEHHE CAMOKOPPEKTUPYIOIUXCST KOJOB.

Jlns npeacrapienust rojgoca B ungpoBoii popMe UCIONB3YIOTCS PA3IHYHbIe METOABI €T0 AUC-
kpetusauun. Haubosee npocToit Meton oundpoBbIBaHHUS r0JI0Ca, B KOTOPOM IPUMEHSIETCS Ya-
CTOTa KBAHTOBaHMsl aMILINTY bl 3BYKOBbIxX Kosie6anuii B 8000 [, yxe 6bL1 KPaTKO PacCMOTPeH
B ryaBe 3 B pasaene «KomMyTtanus kaHanoB»>. OH U3BECTEH KaK METOJ MMIYJIbCHO-KO/OBOI
moayasuuu (Pulse Code Modulation, PCM).

O6ocHoBaH1e BHIOPAHHOMN YacTOTHI KBaHTOBaHUs B Metoge PCM nocratouno npoctoe. OHO
0ODBSICHSIETCS TEM, YTO B aHAJIOTOBOM TeJsieOHUM [J1st epejadu rosioca 6put BbIOpaH Anana3oH
o1 300 no 3400 Tt1, KOTOpPbIN JOCTATOUHO KAYECTBEHHO TNEPelaeT BCe OCHOBHbIE TADMOHUKHU
cobecennnkoB. B coorBercTBUM ¢ TeopeMoi HaiikBucra — KoTenbHMKOBA 111 Ka4eCTBEHHOM
nepeayu rojioca JOCTATOYHO BBIGPATh YaCTOTY AMCKPETHU3aUMH, B [1Ba Pa3a MPEBBILAOILYIO
CaMyI0 BbICOKYIO FADMOHHMKY HENPEPHIBHOTO CUTHANA, TO ecTb 2 X 3400 = 6800 ['u. BribpanHast
B leficTBUTEIBHOCTH YacToTa AucKperu3aunu 8000 [11 o6ecrieunBaeT HEKOTOPBIH 3aMac KauecTsa.
B metone PCM 06b14HO MCTIO/Ib3YeTcst 7 Wik 8 OUT KOfIa [J1sl PEACTAB/IEHHS] aMILTUTY bl OHOTO
3amepa. COOTBETCTBEHHO 3TO AaeT 127 wiu 256 rpagannii 38yKOBOTO CUTHAJA, YTO OKA3bIBAETCSI
BIOJIHE JIOCTATOYHO /I/IsS1 KAaYeCTBEHHOI Iepejayy royoca.

[pu ucnoab3oBanuu Meroga PCM 1151 nepegayu 0HOTO TOJI0COBOTO KaHasia He0OX0ANMa IIPo-
nycKHasi cnoco6HocTb 56 unn 64 K6UT/c B 3aBUCMMOCTH OT TOr0, KAKUM KOJIMYECTBOM OUTOB
npejcTaBaseTcsa Kaxabii 3amep. Ecan as1s aTux uesneit npumensieTcs 7 OUT, TO TIPH YacTOTE
nepeznayu 3amepos B 8000 Iy moryyaem: 8000 x 7 = 56 000 6ut/c, unu 56 Kéut/c; a ans ciayyas
8 6ut: 8000 x 8 = 64 000 6uT/C, unu 64 Kéur/c.

HanoMHuMm, craHaapTHbIM siBJisieTcst g poBoit kaHan 64 KO6uT/c, KOTOpPBIN Takke Ha3bIBAETCs
3JIeMeHTapHbIM KaHaioM uHdpoBbIx TeredoHHbIX ceTeld; kaHan 56 K6ut/c npumensiics Ha
PaHHMX JTaNax CyIecTBOBaHUs UUdpoBoil TesedoHNH, KOraa ofuH 6uT 13 6aiiTa, OTBEAEHHOTO
[JIs1 Iepeiayy JaHHbBIX, U3bIMAJICS JUIsl Iepefayi HOMePa BbI3bIBAEMOTro aGOHEHTA.

[lepenaya HENPEPBIBHOTO CUrHAJIA B IMCKPETHOM BUZE TPEOYET OT CETEl KECTKOro COOMIOAEHHUS
BPEMEHHOrO HHTepBaia B 123 MKC (COOTBETCTBYIOIIEro YactoTe AuckpeTusaunu 8000 Iiy) mexay
COCeIHUMH 3aMePaMH, TO eCTh TpeOyeT CHHXPOHHOM Nepeaayn JaHHBIX MEXAY Y3/1aMU CETH.
[Ipu OTCYTCTBUU CHHXPOHHOCTH NPUOBIBAIOIINX 3aMEPOB UCXOIHBINA CUTHA BOCCTAHABIUBAET-
Csl HEBEPHO, YTO NPUBOAMUT K HCKaXKEHHIO r0J10Ca, U300PaKEHHUS UK APYTOi MyJIbTUMEIUHHOIM
uHpopmaumu, nepeaaBaeMoi 1o uubpoBbIM ceTsiM. Tak, MCkaxeHre cMHXpoHU3auuu B 10 Mc
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MOJXKET IPUBECTH K 3P DEKTY «3Xa», a CABUTU MeX Ay 3amepamu B 200 MC NPUBOASIT K HEBO3MOX-
HOCTH PacCIlO3HaBaHUsI IPOU3HOCHMBIX CJIOB.

B TO ke BpeMs MoTepsi OIHOTO 3aMepa TPH COOMI0JEHHH CHHXPOHHOCTH MEX/Y OCTaIbHbIMH
3aMepaMH IIPAKTHYECKU He CKa3bIBAeTCsl Ha BOCIIPOM3BOJUMOM 3BYKe. TO POMCXOJUT 32 CHET
CIJIKUBAIOLINX YCTPOUCTB B LM(PO-aHAJIOrOBBIX 11peobpa3oBarelisix, paboTa KOTOPBIX OCHOBaHA
Ha CBOMCTBE MHEPLIMOHHOCTH JII060r0 PU3NIECKOro CUTHAIA — aMILIMTY/1a 3BYKOBBIX KOJIe0aHMH
He MO)KET MTHOBEHHO U3MEHUTBCSI Ha 3HAYMTEJIbHYIO BEJINUHHY.

MynbTUNAEKCUpOBaHNE U KOMMYTaLUA

[ns nospimenus: 3pHeKTUBHOCTH MCNOMb30BAHUS GU3NYECKON JIMHUU CBSI3H NPUMEHSIOT
pa3IMyHble METOJbl Pa3fieJIeHUsl 3TOH JIMHUM MEXTy HeCKOIbKUMH JOTUYECKUMH KaHalaMH
(TOTOKaMM) JaHHBIX [OJb30BaTe el ceTH. [ efiCTBUTENIBHO, YCIYTH ONITOBOJOKOHHOMN IMHUU
CBsI3Y, 10 KOTOPOM NapaJljie/IbHO NePefaloTCs JaHHbIe CEaHCOB CBSI3U MHOTHUX IMap MOJb30Ba-
Teseis, 6yAyT ropa3ao AOCTyIMHee, YeM MIPY ee HHAMBUAYAJIbHOM HCIOIb30BaHUHU. [Ipu atom
BO3HUKAIOT CJEYIOIHe 3a/aUH:

Q myrvmunnexcuposanue, To ecTh 06pa3oBaHMe U3 HECKOJIBKHMX MIOTOKOB OOLIETO arperupo-
BaHHOTO IOTOKQ;

a aemyﬂbmunﬂexcupoeauue — pa3aeJeHUuEe arperupoOBaHHOrO MOTOKA Ha COCTABJAAIOLINE €T0
IIOTOKH,

Q xommymayus — nepex0YeHE TOTOKOB MEXAY IIOPTAMH CETEBBIX YCTPOMCTB 15 COeJHe-
HUS [T0JIb30BaTe el CETH.

OueBHIHO, YTO CHOCOOBI PEATU3ALUY MYJIETUILIEKCMPOBAHUS, A€MYJIBTUILIEKCHPOBAHHS M KOM-
MyTalXK B OAHOM U TOM e CETH J0KHBI ObITh COTJIACOBAHHBIMM M NOCTPOEHHBIMH HA eIUHBIX
npuHuunax. Takoit o61iedt OCHOBOM A/t KaXI0M «TPOMKU» 3aad MOXKET CJAYKUTb OJMH U3
CJIeIyIOUIMX METO/I0B MYJIBTUILIEKCHDOBAHUSL:

Q yacrotHoe mysbsruiLiekcuposanue (Frequency Division Multiplexing, FDM);

Q BosnHoBoe MyasTumiekcupoBanue (Wave Division Multiplexing, WDM);

Q spemennde mynsrumekcuposanue (Time Division Multiplexing, TDM).

Metoast FDM u WDM npuroaHsl UCKJIIOYUTENBHO AJISI CETEN C KoMmymayuel kananos. Bpe-
MeHHOe MyJibTuIviekcupoBanie TDM uMeet aBe cynIecTBEHHO OTJIMYAIOIIMECs] Pa3HOBU/IHO-
CTH — aCHHXPOHHOE M CUHXPOHHOE pa3jieJieHue BpeMeH!. ACUHXpOHHBII MeTo TDM siBisiercst

OCHOBOMH naxemHuix ceTeld, a CAHXpOHHBIN BapHaHT T DM ucnosb3yeTcst B CeTsIX ¢ KoMMmymayue
Kananoe.

HpuMeHeHHe TOTO WJIM HHOTO METOJa MYJBTUIIJIEKCMPDOBAHUS BJIEYET 3a coboi NpUMEHEHUE
ME€TOJa KOMMYTAalluH, 633PlpyIOIIICI‘OCﬂ Ha TOM Xe€ NpUHUHIIE.

MynsTnnekcupoBaHme  KOMMyTaLUmMsa Ha OCHOBe
meTtonoe FDM n WDM

TexHuKa YacTOTHOrO MyJbTuILIeKcupoBanus (FDM) 6bia paspabotana aJist TeleOHHBIX Ce-
TeM, HO TIPUMEHSIETCS OHA U LIS APYTHUX BUIOB ceTeld, HanpuMep 6ecripoBoaHbIX ceTell. OCHOBHAsT
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uest METO/Ia — B BblZIEJIEHHH KAXIOMY COeMHEHHIO COOCTBEHHOTO MANA30Ha (110JI0ChI) YACTOT
B 0011€li T0JI0Ce MPONYCKAHUS JIMHUU CBSI3H.

Ha ocHoBe 3TOr0 Anana3oHa co3naeTcst KaHadl. ﬂaHHble, InepeaaBaeMbie B KaHa1e, MOAYJTUDYIOTCA
C IOMOLIBIO OJTHOTO U3 OMMUCAHHBIX paHEE METOAOB C UCITI0JIb30BAHUEM Hecylueﬁ YaCTOTbI, IIPH-
HaJaeXxauen ANAIla30HY KaHaJja. MyJIbTI/[HJIeKCl/IPOBaHMe BBINIOJIHAETCA C IOMOIIbIO CMECHUTEJIA
4acCToT, a AEMYJIBTUIIVIEKCUPDOBAHHE — C IOMOUIBIO Y3KOIIOJIOCHOTO (bld]lepa, HIMPpUHA KOTOPOTo
PaBHa UIMPpUHE 1HAlla30HA KaHaJIa.

PaccMoTpuM 0co6EHHOCTH 3TOrO Bi/a MYJIbTHILIEKCUPOBAHKS! Ha IPUMeEPE meiedOoHHOU cemu.

Ha Bxoast FDM-MyasTHIIIEKCOPA TOCTYMAIOT UCXOAHBIE CUTHAIBI OT aBOHEHTOB Tese(OHHOM
ceTH (B HaleM npuMepe ux 12). MyJabsTUIUIEKCODP MEPEHOCUT CUTHAJI KaXI0T0 KaHaJIa B BbIAEJIEH-
HYIO KaHaJTy MOJIOCY YacTOT 32 CUeT MOAYJISILIMM HOBOM Hecylleil YaCTOThI, MPUHAIeXalleii 3TouH
rosioce. YT06bI HU3KOYACTOTHBIE COCTABJISIIONIME CUTHATIOB Pa3HbIX KAHAJIOB HE CMELIMBAIUCh
Mexay cOOOH, ITOJIOCH! IeJIal0T IMpKHO B 4 KTy, a He B 3,1 K[ (MpPHHA MOMOCHI IPOITY CKAaHUA
KaHa/a TOHaJIbHOM YaCTOTBI), OCTaBJIsASI MEXKAY HUMHU CTPaXxoBOYHBIN mpoMexxyTok B 900 Tt
(puc. 7.11). B nunuu cBsasu mexay asymst FDM-ycTpoiicTBaM#i 0IHOBPEMEHHO T€PeNaKOTCst
curHaabl Bcex 12 abOHEHTCKUX KaHAJIOB, HO KXKAbIA M3 HUX 3aHMMAET 6070 MOJIOCY 4acTOT.
Takoit KaHa1 Ha3bIBAIOT YIUIOTHEHHBIM.

Puc. 7.11. MynsTunnekcuposaHne,/AeMynsTUNNEKCMPOBAHUE N KOMMYTauMa Ha ocHose FDM

Brixoanoit FDM-zemyasTuniexcop BblaessieT MOAYJIMPOBaHHbIE CUTHAJIBI KaX/0# Hecylei
YacTOTbI M NlepelaeT X Ha KOMMYTHUPYIOLIUH GJIOK, KOTOPBIi II€PEK/II0YaeT MOCTYUBIINE CUT-
HaJlbl Ha COOTBETCTBYIOLIME BBIXOAHbIE KaHaJIbl, K KOTOPbIM HEIIOCPEACTBEHHO IOJKJIIOYEHBI
aboHeHTCKUe TesieOHBDI.

FDM-koMMyTaTOpbl MOT'YT BBIIOJIHSATH KaK IMHAMHUYECKYIO, TAK U HOCTOSIHHYI0 KOMMY TallHIO.
TIpu dunamuueckoi Kommymayuu ofH aGOHEHT KHUIUKMPYET COeMHEHKe C APYTUM aGOHEHTOM,
TIOCBLTIasl B CETb €0 HOMEP, U KOMMYTATOP BbIAEJSIET IAHHOMY aOOHEHTY OHY M3 CBOOOAHBIX 11O~
JIOC CBOETO YIIJIOTHEHHOT'O KaHA/IA Ha 8PeMsi Ceanca 8s3u. TUMUYHBIM NPeICTaBUTENIEM JUHAMU-
4eCcKOro KOMMYTATOpa sIBJISIETCS] KOMMYTATOP aHAIOroBoi TejieoHHOM cTaHuuu. [1pu nocmosim-
HOU KOMMYmMAayuy AAMUHHCTPATOP CETH 3aKPEIUISIET II0JIOCY 32 aDOHEHTOM Ha 0UmeNbHbLiL CPOK.

HpPlHL[I/ll'l KOMMYTallUM Ha OCHOBE pa3/ieJIEHUs YaCTOT OCTA€TCSA HEU3MEHHBIM U B IPYTUX, OT-
JIMYHBIX OT TeJqu)OHHbIX, ceTsiX. MeHsII0TCsI TOJIbKO IpaHU1bI IIOJIOC, BBIAECJISAEMBIX OTAC/IBHOMY
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a6OH€HTCKOMy KaHaJly, a TaKXX€ KOJIUYE€CTBO HU3KOCKOPOCTHBIX KaHaJIOB B BLICOKOCKOPOCTHOM
KaHaJ1e.

B MeTtozne BoHoBoro MyasruiiekcupoBanus (Texuosioruss WDM c ee AByMs1 pa3HOBUAHOCTSI-
Mu — CWDM u DWDM) ucnosb3yercst TOT e IPUHIIMIT YaCTOTHOTO pa3iesieHusi KaHaJIOB, HO
TOJIBKO B APYTOM 06/1aCTH 9/1€KTPOMarHuTHoro crnekrpa. s opranusauun W DM-kaHanos B Bo-
JIOKOHHO-OIITHYeCKOM KabeJle 3a/IeiiCTBYIOT BOJIHBI MH(paKpacHOro Auana3oHa aauHoM ot 850 10
1565 HM. B MarucTpabHOM KaHaj1e My IBTHILIEKCHPYETCSI 10 HECKOJIBKUX JECSTKOB CIIEKTPATbHBIX
kaHayioB. O1inuue cetreit WDM ot ceteit FDM 3axiouaeTcst B peieibHbIX CKOPOCTSIX Mepeaayn
undopmauuu. Eciu cetu FDM 06b14HO 06ecnie4nBalOT Ha MArMCTPaIbHbIX KaHAIaX OfHOBpe-
MeHHYI0 nepenady 40 600 pa3roBopoB, YTO COOTBETCTBYET CyMMapHOi ckopoct B 36 Mbur/c,
To cett DW DM 0611a1a10T POy CKHO#M CIOCOGHOCTBIO 10 COTEH TMTabUTOB M 1a)Ke HECKOJIbKUX
TepabuToB B cekyHay. TexHonorus DW DM noapo6HO paccMaTpuBaeTcs B r1aBe 9, a mpuMeHeHHe
CWDM onwucano B pasaenax riassl 10, HOCBAIIEHHON BBICOKOCKOPOCTHBIM BepcusiM Ethernet.

MynbsTnnekcMpoBaHme U KOMMyTaLnUsa Ha OCHOBe
metona TDM

FDM-mMyJibruniiekcupoBaHue pa3pabaTblBaioCh B pacyeTe Ha epeiady TOJ0COBBIX AHAN0Z08bIX
curHaos. [lepexon k yugposoi dbopMe npeacTaBieHus roJoca CTUMYJIMPOBal pa3paboTKy
HOBOHM TEXHMKHU MYJIBTHUIIEKCUPOBAHHUS, OPUEHTUPOBAHHOM HA AMCKPETHBIN XapaKTep nepe-
JlaBaeMbIX TaHHBIX U HOCSILLEeH Ha3BaHKe MYJIbTHILIEKCHPOBAHMS C pa3/ieJieHHeM BPeMeHH MU
BpeMeHHOro myibsruiLiekcupoBanus (TDM).

[IpuHLKIT BpEMEHHOTO MYJIBTUILIEKCHPOBAHUS 3aK/II0YAETCS B BbIIEJIEHUN KAHAIA KAXKAOMY
COeIMHEHHUIO Ha ONpe/ie/IeHHbIi Tepuo BpeMeHH. [IpuMeHsIoTCs 1Ba THIIa BDEMEHHOTO MYJIb-
TUIJIEKCPOBAHUSI — ACHHXPOHHBIM U CHHXPOHHBIN. C acCHHXpPOHHbIM pexkxumMoMm TDM Mmb! yoxke
3HAKOMBI — OH MPUMEHSIETCSI B CETSIX C KOMMYTalyeii nakeToB. Kaxaplii makeT 3aHUMaeT KaHas
omnpe/ieieHHOe BpeMsl, Heo0X0AMMOe /151 €ro Nepefayu Mex 1y KOHEYHbIMU TOYKAaMH KaHaIa.

Mexay pa3nuyHbIMU MHGOPMALMOHHBIMYA TIOTOKAMHU HET CHHXPOHHU3ALUUHU, KAXKIBII MOJIb-
30BaTeJib MBITAETCS 3aHITh KAaHAJ TOrAa, KOTAA ¥ Hero BO3HMKaeT MOTpeGHOCTh B Iepeaye
uHdopmauuu. Eciiv Takoii BO3MOXHOCTH HET, TO TIAKET LENTUKOM 6ydepusyemcs U 0XKUAAET
B ouepeau 6ydepa MOMeHTa 0CBOOOXXAeHUs KaHasla. Takum 06pa3oM, aHHbIE 110JIb30BaTEEH
CeTH ¢ KOMMYTallMeli TaKeTOB Pa3ZesAioT KaHaI BO BpEMEHH ACUHXPOHHO, HE KOODAUHUPYSI CBOU
JeACTBUS IPYT C APYTOM.

Paccmorpum teneps cMHXpOHHBIIH peskuM TDM!. B aToM pexxume 10CTyN BceX MOJIb30BaTENb-
CKHUX MHGOPMAIMOHHBIX IOTOKOB K Pa3/e/sieMOMY KaHALY CUHXPOHU3UPYEm s TAKAM 06pa3oM,
9TOOBI KaXKAblit HH(OPMALIMOHHBIH MOTOK NEPHOAMYECKH I10Jy4Yasl KAHAI B CBOE PACIOPsIKEHNE
Ha GUKCUPOBAHHBIA U OMHAKOBBIN /JIs1 BCEX IIOTOKOB IIPOMEXYTOK BPeMEHH, Ha3bIBaeMbli
TalM-CJIOTOM.

Anmnaparypa pasessieMoro KaHaia Imocjef0BaTeIbHO TPEJOCTABIISIET TAUM-CJIOT OYEPELHOMY
T0JIb30BaTEIbCKOMY TIOTOKY, KOTOPBIH B TE4€HHE 3TOr0 KBAHTa BDEMEHH IIePEJaET B pa3lesisieMblit
KaHaJI OPIIMIO IaHHBIX (HanpuMep, oauH Gaiit). [leproa BpeMeHH, B TedeHre KOTOPOTO BCE T10JIb-
30BaTe/IbCKUE MIOTOKHU MOJIYYaT 10 OAHOMY TAalM-CJIOTY OCTYNa K KaHaIy, HA3bIBAETCSI LUKJIOM

! Koraa a66pesnatypa TDM ucnonbsayetcst 6e3 yTOYHEHUsI pexXuMa paboThl, BCeraa noapa3yMeBaeTcst
CUHXPOHHBII pexkuM TDM.
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paboThl KaHasIa U aNmnaparypbl, ero obpasyoueii. Ce10BaTebHO, TAWM-CIOT PaBEH BETUYHMHE
LIMKJIA, IEJIEHHOU Ha KOJIMYEeCTBO MYJIETUILIEKCUPYEMBIX OJIb30BaTEIbCKUX OTOKOB. Hanpumep,
MPU MYJIBTHIIJIEKCHPOBAHUHM OLM(POBAHHBIX FOJIOCOBBIX KAHAJIOB IIMKJI paBeH 125 MKc, v ipu 24
abOHEHTCKHX KaHAIaX, 00CTyKMBAaEMbIX MYJIBTUILIEKCOPOM, TAUM-CJIOT OyIET COCTABJIATH 5,2 MKC.

[laHHbIe, TPUHATbIE OT BCEX NOJIb30BATEIbCKUX MIOTOKOB 33 OJMH IIUKJ, 00pa3yioT kaap. Kaap
MO>XeT BKJII0YaTh, KpOMe MH(POPMALMH I101b30BaTENbCKUX MIOTOKOB, U CJIyXeOHY0 nHbOp-
MalMIo, HalpUMep, CHHXPOOUTHI WJIM CMHXPOOANThI, 103BoJIsOIMe ycTpoiictBam TDM pac-
NO3HABATh HAaYaJI0 KaXK/0To KaJpa U, CJIeJOBaTeIbHO, IPABUJIBHO COOTHOCUTD JAHHbIE KAXKIOTO
TaiiM-c10Ta ¢ abOHEHTOM ceTH. BailT, CUUTHIBaEMBbIii U3 ONPeIeIEHHOTO MOJb30BATENBCKOTO
II0TOKA B KXK/IOM LIMKJIE, 3aHMMAeT B KaJipe 8cez0a 00Ky u my Hee no3uyuto. TeM caMbIM MOPSIIKO-
BbIii HOMep 6aiiTa B Kaape (1K1 0HO3HAYHO CBSA3aHHbIE C HUM NMOPSAKOBbIA HOMED TalM-CJI0Ta
60 HOMep uHTepdeiica) ABIsieTcs adpecom abOHEHTCKOTO MOTOKa B KaHasie. IMEeHHO Ha 3Tnux
ajipecax 0OCHOBaHa KoMMyTauus B ceTsix TDM.

[Tpuniun pabotst Myastuniekcopa TDM umoctpupyercs puc. 7.12.

MyneTunnexkcop TDM
6anT Bydep Bant Egg;ema 4
— . aboHeH-
LTl 1 bl DT Tl YT T | saar 709
DanHele aboHeHTa 1, GuToBas ckopocTs V Gut/c Bant :e:;a 2
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ManHble abonenTa 3, 6GuToBan ckopocTs V 6ut/c

[laHHble BLIXOAHOTO KaHana,

6ant Bygep 6utosas ckopoctb 4xV 6ut/c

! ) NobanTHoe unknuyeckoe
I ) I ERY I | Il [ Tl | |] MynbTUNeKCUPOBaHNE

[anHble aboHeHTa 4, GuToBan ckopocTs V 6ut/c

Puc. 7.12. MynbtunnexcmposaHue ronocoBbIX NOTOKOB Ha OCHOBE TexHnkn TDM

MyJIbTUILIEKCOD BXOANT B COCTAaB KOMOMHMPOBAHHOTO TEDMUHAIBHOTO YCTPOMCTBA, KOTOPOE
BKJIIOYAET TAKXKeE KOOeK, KOTOPBIA O1IM(POBbIBAET TOJOCOBbIE CUTHAJIBI YETHIPEX aGOHEHTOB, 1O~
CTyMNaoliye B aHAJIOrOBOM BHUJie Ha ero BxoAsl. Kogek mpousBoauT o ogHoMy 6aiiTy undpoBoro
KOJZIa T0JI0CA KaXA0ro aboHeHTa Kaxable 125 MKC, TaK Y4TO Ha KaXKIblii BXOJ MyJIBTHILIEKCOPa
nocTynaet 6UTOBBIA MOTOK CO CKOPOCThIO 64 K6ut/c. MyabTUILIeKCOp OMeIaeT ooYepesHo
110 0OHOMY 6afTy JAHHDBIX OT KaXIO0TO U3 YEeThIPEX I10J1b30BaTe el Ha BBIXOAHOM KaHa, pabo-
TaIOLMiA CO CKOPOCThIO 4 x 64 = 256 K6ut/c. BenunHa TaitM-cI0Ta, BHIAEIAEMOTO KaXI0MY
aboHeHTy B TeueHue uMkiaa 125 Mxc, paHa 125/4 = 31,25 Mkc.

Konek u MyasTunUIeKCOp paboTAIOT COTTACOBAHHO U CUHXPOHHO, TAK KAK SABJISIIOTCA GJOKaMU
OJIHOTO ¥ TOrO e KOMGMHUPOBAHHOTO yCTporcTBa. K MOMEHTY 3aBeplileHuUs IepBOro TalM-CJI0Ta
KOZIEK IIPOU3BOMT OAMT IAHHBIX BTOPOro abOHEHTA M IOMEUIAeT ero B 6ydep MyJIbTHILIEKCODa,
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OTBe/IeHHBIH [I/Is1 JaHHBIX BTOpOro aboHenTta. My sbruruiekcop uaBiekaer ero u3 6ydepa u nepe-
JaeT ero moOUTHO HAa BBIXOAHOW KaHAJ B Te4eHHe BTOPOrO TalM-CJIOTA UMKJA. DTOT NPOLEce
noBTopsieTcsi ¢ GaliTaMU TPETHEro U YeTBEPTOro aGOHEHTOB, Ha YeM LMKJ 3aBepluaeTcs. 3a
BpPeMsI LIMKJIa MYJIBTHILIEKCOP IEpPeias Ha BHIXOJAHOM KaHa Gail Tl Bcex aGOHEHTOB, TEM CaMbIM
3aBepIUMB [lepe/iavy Kajipa BBIXOJHOTO KaHala.

JeMyIbTHUIIEKCHPOBAHKE Ka[pa arPErMPOBAHHOTO KaHAIA BBIIOJIHSIETCS] B 0OPAaTHOM MOpsiiKe,
3a OIMH LHMKJI PabOTHI JEMYJIbTUILIEKCOPA OAUTHI 0 0Yepeay MPUHHUMAKTCS U3 BBICOKOCKO-
POCTHOTO KaHaJIa ¥ OMeIIaoTest B Oydepbl aG0HEHTCKUX KaHaloB. Butsl mepBoro Gaiita kaapa
NPUHUMAIOTCSI B TeYeHHe [IepBOro TaiM-CJI0Ta, BTOPOrO — B TeYEHHe BTOPOTO TAUM-CJI0TA U TaK
nanee. ITocsie NpUHSITHSI OYepeaHOro 6aifTa KofeK MPOU3BOAUT LK (PO-aHaAIOroBoe mpeobpaso-
BaHHWe KO/Ia ¥ [lepeaeT 3ByKOBO aHAIOTOBBIA CUTHAJ COOTBETCTBYIOUIEMY aboHeHTY. IHK.IbI
HOBTOPSIIOTCS, ¥ CUTHAJIBI KaX/0My abOHEHTY NoCTynaloT ¢ yactotoi 8 kI, nocrarouHoi, kak
MBI 3HaeM, /11 KayeCTBEHHOTO BOCIIPOM3Be/leHHUsI ToJI0ca.

Tenepb paccMOTpUM, KaKUM 00Pa3oM MTPOUCXOAUT KOMMYMAKUS KAHAJIOB B CETH, paboTarouieit
10 NPUHUHUITY CMHXpOHHOro TDM.

Puc. 7.13. KomMyTaums Ha ocHOBe pa3genenunsi kaHana Bo BpeMeHU

Ha puc. 7.13 nokasan ¢parmeHnTt undpopoit TesedoHHOM ceTH, ucnob3ylolei TexHnky TDM.
ITOT HparMeHT COCTOUT U3 KoMMyTaTopa S1 u MyssTUILIEKCOPOB M1 U M2, KOTOpBIE MYJILTU-
IJIEKCUPYIOT U AeMYJIbTHILIEKCUPYIOT OLU(POBAHHBIE TOJOCOBBIE JaHHbIe 24 aOOHEHTOB B CO-
OTBeTCTBUU ¢ TexHUKoit TDM.

AGoHEHTBI TOAKJIIOYEHB! K IOPTaM MYJIETUILIEKCOPOB, M HOMEPa II0PTOB MOAKIIOUEHHUS SIBIISIIOTCSE
UX UIEHTU(PHUKATOPAMH, HA OCHOBAHUM KOTOPHIX B CETH BBITNOJIHSIETCS KOMMYTaLKsl aGOHEHTOB.
Baitrel, npuHsTHIE OT BCeX 24 aBOHEHTOB B TeYEHHE OHOTO LIHKJIA, YITAKOBBIBAIOTCS B KAP B MO-
DPsiZIKe, COOTBETCTBYIOLIEM NOPSAAKY a00HEHTCKMX NOpTOB. Kaap cHaboxeH KOPOTKUM 3aro/I0BKOM
(Ha pUCYHKe He I10Ka3aH), O3BOJISIIOIIMM PAaClIO3HABATh HAYAJIO KajIpa, TaK, YTOObI IOHMMATb,
KaKoit 6aiT Kazpa KaKoMy TailM-CJIOTY ¥ COOTBETCTBEHHO KAKOMY a0OHEHTY MPUHAAIERKHNT.
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3azaua komMyTaTopa S1 cOCTOUT B cremyoumeM. AGOHEHT, MOAKIIOYEHHBIH K a00HEHTCKOMY
KaHany 1 MynsTumIekcopa M1, 1o/okeH ObITh CBA3aH ¢ aGOHEHTOM, MOAKIIOYEHHBIM K a60-
HEHTCKOMY KaHa/ly 24 MyJbTuILUIeKcopa M2, aboHeHT 2 MyJipTuiiekcopa M1 — ¢ aGoHeHTOM 1
MyJIbTUILIEKCOpa M2, a aboHeHT 24 MyasTuILiekcopa M1 — ¢ aborentom 2 myssruruiexcopa M2.

KommyTarop S1 npuHMMaeT Kaip 1o CKOPOCTHOMY KaHaJIy OT MyJIsTHILIeKcopa M1 1 3anmucsiBa-
€T KaX /bl OaiiT U3 HErO B OT/E/NbHYIO A4eHKy cBOel Oy (pepHOU MaMsITH, TOYHO B TOM MOPSIIKE,
B KOTOPOM 6aiiThl ObL/IM yNAKOBaHBI B Kap. [1Jis1 BBIIOJHEHHS] KOMMYTauuu GAiiTbl M3BJIEKAIOTCSI
n3 6yepHON NaMsATH He B MOPS/IKE MOCTYIJIEHHs], 3 B TOM MOPsIIKe, KOTOPbIil COOTBETCTBYET
HOJJEPKUBAEMBIM B CETU COeIMHEHHSIM aBOHEHTOB. B paccMaTprBaeMoM mpuMepe MepBbIM 13
6ydepHOil NaMATH 10JKeH ObITh U3BJIeYeH GallT 2, BTopbIM — 6aiT 24, a nocaegHuM — 6aiT 1.
«[lepeMewnBasi» HyKHbIM 00pa3oM OaiThl B Kaape, KOMMyTaTop obecriednBaeT TpeGyemoe co-
elMHeHne abOHEHTOB B CETH.

Myasruriekcop M2 peuaer obpatHyio 3a1a4y — oH pa3bupaeT Kaap Ha 6ailTel v pacripesessieT
MX 110 CBOUM HECKOJIbKMM BBIXOIHBIM KaHAJIaM, [IPH 3TOM OH TAaKXe CYHUTAET, YTO NOPSIAKOBBIi
HOMep GaiiTa B Kajipe COOTBETCTBYET HOMEDPY BBIXOJIHOTO KaHaJIa.

Mpbi paccMoTpeJiH OriepalMy MyJIBTUILIEKCH POBAHHUsI, KOMMYTalUKUU U 1EMYJIBTHILIEKCPOBAHUSI
B OJHOM HalpaBjleHuK — OT abOHEHTOB MyJibTHIUIEKCOpa M1 k aGoHeHTaM My ibTuILIeKcopa M2.
B o6paTHOM HampaBlIeHUH BCe ONEPALMHU BBITJISIASAT aHATOTMYHO.

PaGora TDM-060opynoBaHusi HATOMUHAET paboTy ceTeil ¢ KOMMYTallMed MAKETOB, TaK KaK
KaKIbIi GaNT ZaHHBIX MOXKHO CYMTATh HEKOTOPBIM 3/1eMEHTAPHbBIM NakeToM. OHAKO, B OT/INYMeE
OT NaKeTa KOMIBIOTEPHOH ceTH, «makeTs cetu TDM He umeer mHAMBUAYaIbHOTO agpeca. Ero
a/IpecoM sIBJISIETCSI IOPSIIKOBBII HOMep B KaJ[pe MJIM HOMep BbI/IeJIEHHOTO TaiiM-CJIOTa B MYJIb-
TUILIEKCOpe MU KommyTaTope. CeTH, ucnosb3youme TexHuKy TDM, TpeGyioT CHHXpOHHOM
paboTbl BCero 060py/10BaHHusl, YTO U ONIPEIETHIIO BTOPOE HAa3BaHHUE ITOM TEXHUKY — CHHXPOHHBIN
pexxum nepenauu (Synchronous Transfer Mode, STM).

Hapywenue cunxponnocmu paspyuiaem mpebyemyo KoMmMymayuio aborenmos, max kax npu
SMOM USMEHACTCA OMHOCUMENLHOE NOLONCEHUE MAUM-CLOMA, A 3HAYUM, MEPLEMCSL A0PECHASL
ungopmayus. IloaTomy onepaTHBHOe nepepacrpeeseHre TaiM-CI0TOB MeXAY Pa3JIUYHbIMU
kaHasamu B TDM-060pyaoBanuy HEBO3MOXHO. Jlaxke ecin B KAKOM-TO 1IMKJe PabOThl MyJib-
THIIEKCOPA TAM-CJIOT OZHOTO M3 KAHAJIOB OKa3bIBaeTCsl U3OBITOUHBIM, TO, IIOCKOJIBKY Ha BXOJIE
3TOro KaHajla B JaHHbIA MOMEHT HET JaHHbIX JIs Nepefadu (Hanpumep, aboHeHT TenedOHHON
CeTH MOJTYMT), OH MEPEAALTCS IIYCThIM.



NNMABA 8 TexHONOrMm nepBUYHbLIX
ceten PDH v SDH

MpuHUMNbI OpraHn3aumm NepBUYHbLIX CeTen

Oco006eHHOCTU NepBUYHLIX ceTen

MepBuyHbIie ceTn NpeaHasHa4eHbl AR CO3NaHUA KOMMYTUPYEMON MHPPACTPYKTYPbI, C NOMOLWLIO
KOTOPOI MOXHO AOCTAaTO4HO GLICTPO M rMBKO OPraHU30BaTh NOCTOAHHLIY KaHan 06MeHa AaHHLIMU
MexXAay ABYMS NONb30BaTENbCKUMWN YCTPOMCTBAMU, NOAKNIOYEHHLIMU K TaKON CeTH.

OcHOBHBI€ CBOICTBA IEPBUYHBIX CETEH COCTOAT B CIIEAYIONUIEM:
O Onu ocHOBaHbBI Ha TEXHUKE KOMMYMAYUU KAHANO8.

QO KaHasibl nepBUYHBIX CeTell SIBASIOTCS cmamuyeckumu (MIOCTOSTHHBIMM ), B OTJIMYUE OT JH-
HAMUYeCKUX KaHAIOB Tese(OHHBIX CETeM, MPEAOCTABIISISA YCAYTy KaHA/A «MoYKa — mouka»
MeX/1y ABYMsl OTpe/ie/leHHbIMU aGOHEHTaMU Ha TIPOTSXKEHHHU 6OJIbILIOTO MPOMEXYTKA Bpe-
MeHHU — Mecsll, TO/1.

O Ha ocHoBe kaHa10B, 00Pa30BaHHBIX IEPBUYHBIMH CETSIMH, PAOOTAIOT BMOPUUHBIC HANONCEH-
Hole (overlay) koMnblOTEpHBIE UK TeJIe(DOHHBIE CETH.

QO Kananbt NEPBUYHBIX ceTe SIBJISIOTCS MazucmpailvHviMu KaHaJ1aMH, OHHU o6paay10T BBICOKO-
CKOPOCTHbBIE KaHAJIbl — MaruCTpaji — ME€XAY KPYIIHbIMU LEHTPAMH, B KOTOPBIX COCpPE€I0-
TOYEHO GOJIbLIOE KOJTMYECTBO I'[OTpe6PITeJIeI7[, KOTOPBIM HYXHbI COEAUHEHUSA MEXAY ITUMHU
LHEHTpaMH. Mal"l/lCTpaJIbeIe KaHaJIbl TAKX€ HA3bIBAIOT arperaTHbIMA KaHa/IaMH, TaK KaK OHH
arperupylor 60/1b1LI0€E KOJUYECTBO I10/1b30BATENIbCKUX [TOTOKOB JAHHBIX.

Kanausl, mpesoctaB isieMble EPBUYHBIMH CETSIMU CBOMM I10J1b30BATEJISIM, OTJIMYAKOTCSI BBICOKOR
NPOMyYCKHOM c10co6HOCTI0 — 110 100-400 I'61T/C, 60bIION IPOTIKEHHOCTHIO, COCTABJISIOLIER
COTHH U THICSIYM KUJIOMETPOB, @ TAKXKE BHICOKUM KaYeCTBOM, YTO BbIPAXKAETCSl B O4EHD HU3KOM
npoueHTe 6uTOBBIX OMHKGOK. [l1st obecreueHns TAKUX CKOPOCTEN M TAaKMX PACCTOSIHMI B Hau-
GosbLIelt CTENIEHN TOAXOAUT ONITOBOJIOKOHHBII Kabellb, I03TOMY Ha3BaHHeE «ONTHYECKHE CETH»
MPOYHO 3aKPENHJIOCH B KAYECTBE ellle OAHOTO Ha3BaHUs IEPBUYHBIX CETEH, HECMOTPS Ha TO UTO
ONTOBOJIOKOHHbIE Kabe/d IPUMEHSIIOTCS M B APYTHX THUIAX ceTeit, Hanpumep B ceTsx Ethernet.

ITepBHUHbIE CETH TaKk)Ke Ha3bIBAIOT TPAHCIOPTHBIMM CETSIMH, TAK KAK OHU MPENOCTABJISIIOT
CBOMM KJIMEHTaM TOJIbKO TPAHCIIOPTHBIE YCIIYTH, TlepeliaBasi 0JIb30BaTeNbCKY0 HHGOPMALHIO
«13 myHKTa A B myHKT B> 6e3 ee nameHeHus. [lob3oBaTebckuM 060pyI0BaHUEM, UCIONB3Y-
IOILMM KaHAJIbl IEPBUYHBIX CETEH, SIBISIOTCS KaK TeedOHHbIe CTAHIMY (/151 KOTOPBIX 3TH CETH
1 GbITM EPBOHAYATIBHO NPUAYMaHBbI ), TAK U TAKETHbIE MAPILIPYTU3ATOPbI KOMIBIOTEPHBIX CETEM.
Yto6bl UCIOJIH30BATh KAaHAT HEKOTOPOM NMEPBUYHOM CETH IS COEIUHEHUS IBYX MapLIpyTH3a-
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TOPOB, NOCJIeIHNE L0JKHBl UMeTh (HU3NYeCKHe MOPThI, COOTBETCTBYIOIIHE CTAHAAPTY AAHHOK
IIEPBUYHOMU CETHU.

OpraHmaum{ NMEPBUYHBIX ceTeit CYWIECTBEHHO OTJIMYAETCA OT OPTaHU3allM KOMITbIOTEPHBIX Ce-
TeH, pa6OTaIOI.I.Il/IX Ha OCHOB€ NPUHIIUIIA KOMMYTAllUU [TaKETOB. Hy)KHO NpeaynpeauTb YuTaTesid,
YTO OYEHb YACTO €r0 3HAHUS U3 001aCTH ceTel ¢ KOMMyTaI.II/Ieﬁ IMMaKETOB HE 6y}IyT noMoraTtb eMy
IMOHATb MEXaHU3MBbI pa60TbI HepBI/I‘{HOﬁ CETHU — HACTOJIbKO OHHM DA3JINUYHbBI.

B yactHocTH, ceMuypoBHeBas moaens OSI, xopoio noMorawiasi MOHsITh, Kak MPOTOKOJIbI
Pa3IMYHBIX YPOBHEHN OOCIYKUBAIOT APYT APYTa, YTOOBI JOCTABUTD OYEPEAHYIO IOPLMIO JAHHbIX
N0JIb30BaTeNIO, 31eCh He TpuMeHrMa. C ee TOYKY 3peHMsi, Bce MEXaHMU3Mbl U MTPOLIeNYPbI IEPBUY-
HOM CeTH OTHOCATCS K OJHOMY YPOBHIO — dusndeckomy. Jlaxke Kaip B TEXHOJOTHSIX TIEPBUUHBIX
ceTell MMeeT MaJIo 0OLIEro ¢ KaAPOM MaKEeTHBIX CETeM.

[TepBuuHbIE CETHU SIBJSIIOTCS CAOXHBIMUA CHCTEMAaMH, CHHXPOHHO TIePeIaoIIMMH OaiiT 3a GaiiToM
M0JIb30BaTEIbCKUX JAHHBIX OT BXOJJHOTO HHTeP(elica 1epBOro MyJIbTUILIEKCOPA CETH 10 BHIXO/-
HOTro uHTepdeiica NocJeJHeTO MYJIBTUILIEKCOPA HA MYTH OT OJHOTO MOJIb30BATEJsI [0 APYToro.
B rakoit ceTu He GbIBaeT May3 Mexy M0Jb30BATEIbCKMMU JAHHBIMHU, KAK 3TO NPOUCXOJUT
B KOMIIBIOTEDHOM CETH, KOTAa KOMIIBIOTED MOJIb30BATEJST MOXKET KAaKO€e-TO BpeMs He Bbipala-
THIBAaTh JAHHBIE IS epesayu mo cetd. CliaxeHHy0 paboTy BCeX YCTPOUCTB NIEPBUYHON CETH
MOXKHO CPaBHUTD € paboTOiT KOHBeHepa — B KaX/J0M TaKTe CBOeii paboThl KOHBeRep nepeMeniaer
00bEeKT, HaJl KOTOPBIM IIPOU3BOJISITCS ONepalMu COOPKH, OT OHOTO paboyero Mecta K Apyromy.
EcJin pabounii He ycrieBaeT BBIIIOJHUTD CBOIO ONEPALIMIO 32 BPEMSI TaKTa KOHBeepa, TO 0GbeKT
YXOMT OT HETo K cleflyiouleMy paboyemy MecTy Ge3 KakOHW-TO HY>KHOU JeTalu M UCIIPaBUTh
3TO y>kKe HEBO3MOXHO. Takke U B IEPBUYHOMN CETH — €CJIM OYEPEIHOM GAMT MOJb30BATEIbCKUX
JIAHHBIX He yCIes MOCTYNUTbh Ha BXOJHOW MHTep(deiic MyIbTUILIEKCOpa CETH BOBPeMsI U3-3a
pacCHHXpOHU3aUMK 060PYAOBAHUS [10JIb30BATE/S U MYJIBTUILIEKCOPA, TO B 3TOM TaKTe PabOThI
MYJIBTHIIJIEKCOPA OYepeHOi AT Ha BBIXOJAHOM UHTep(eice NOABISAETCS C «IIyCTHIM» COIEP-
aHneM. TakuM 06pa3oM, OH He HeceT M0JIb30BaTeIbCKOM MH(OPMaLIMH, a OABJISETCS Ha Bbl-
XOZIHOM HHTepdeiice TOJbKO HOTOMY, YTO MYJIBTHILIIEKCOP [JOJIKEH HepefaTh OaiT B 3TOM TaKTe,
HOCKOJIBKY 3TO NPEYCMOTPEHO MTPUHIIMITIOM CHHXPOHHOM paboThl CETH.

Tononormns n Tunbl o6opyaoBaHus

HauGosiee npocToii TONMOIOrMed NEPBUYHOM CETH ABJSIETCS COBOKYMHOCTb HECKOJBKHX OT-
ZeJIbHbIX JIMHUH CBSI3U «TOYKA — TOYKA», KAKAast U3 KOTOPbIX CBSI3bIBAET JIBE reorpaduuecku
pasHeceHHble TPYIIIbI nosib3oBaresent (puc. 8.1, @). OCHOBHBIMM y3/1aMU TaKOW CETH SIBJISIIOTCS
MYJIBTUIIJIEKCOPBI U 1EMYJIBTUIIIIEKCOPBI, PYHKIIMU KOTOPBIX YaCTO COBMEIIAIOTCS B OJHOM
YCTPOMCTBe, Ha3bIBAEMOM TaK)Xe TEPMHHAJIbHBIM MYyJbTHIUIEKcopoM (Terminal Multiplexer,
TM), Tak KaK OHM 3aBepILAIOT (TEPMUHUPYIOT) JIMHUIO CBS3U.

B HEKOTOPBIX CIyYasx BO3HUKAET HEOHXOAMMOCTD MOKIIOYEHHUS [10JIb30BaTEEM, PACTIONOKEH-
HbIX HE B KOHEYHBIX y3/1aX JJMHUU CBSI3H, TOYKA — TOUKA, 2 B HEKOTOPOM NPOMENCYMOUHOM TTYHKTE.
Hanpumep, B nyHkre R rpymnna noss3oBaTesieit uMeeT NOTPeGHOCTb B 0OOMEHE JaHHBIMHU C TOY-
kamu F u E. /115 pemennst 3Toit mpo6siemMbl MOrJIu 6b1 GBITh IPOJIOKEHBI 1BA AOMOJIHUTENbHBIX
kaHana F-R u R-E. OxHako, ecaint unciio nonb3oBaresieii B myHKTe R HEBEMKO, TO TaKoe peliie-
HHe BPsiJ JIM MOXeT ObITb 3 dexTuBHbIM. Bbixo/ 6b11 HaliieH nyTeM pa3pabGOTKM HOBOTO TUIIa
YCTPOMCTBA, HA3BAHHOTO MYJIBTHIIEKCOPOM BBOAa-BbiBoAa (Add-Drop Multiplexer, ADM)
(puc. 8.1, 6). MyJIbTHILIEKCOP BBOAA-BBIBO/IA TIEPBUYHOMN CETH MMEET JBA MaTMCTPaJbHBIX MOPTa
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Puc. 8.1. NpocTenwmne Tononornm nepBuYHbIX cetemn

U CPAaBHUTEJIBHO HEOOJIBLIOE KOJIMYECTBO OPTOB AJIsl IOKAILHO OAKIIOYEHHBIX M0JIb30BaTe e,
MynbsTHIIIEKCOD BBO/IA-BBIBOJIA MO3BOJISIET gbtsecmu (onepaiusi Drop) U3 MarucTpajibHOTIO Ka-
HaJla MOAKaHaJI, HallpaBMB ero JaHHble Ha BXOAHOU HHTepdeNiC JI0KaTbHOrO N0JIb30BaTesl, MU
seecmu (onepaiust Add) naHHbIe TOKAJIBHOTO MOJIB30BATENA B MATUCTPAJIbHBINA KaHAL.

Co BpeMeHeM HEKOTOPbIE MIEPBUYHBIE CETH Pa3pacTalOTCs, Y HUX yBEJMYMBAETCSA KOJUYECTBO
N0JIb30BATEJIEN M COOTBETCTBEHHO PACTET YHCJIO ABYXTOYEUHBIX JIUHUIA CBSI3H. JTO XKe MPOUC-
XOIUT [IPU CAUSTHUM HECKOJIBKUX TIEPBUYHBIX ceTel. Tomosmorust ceTu npruo6peTaeT CA0XKHBIA
«3anyTaHHbIA» s19eucThid BuA (puc. 8.2, a). Bo3HukaeT 06 beKTHBHASI HEOOXOAMMOCTD CBSI3bIBa-
HUsI [IPEUMYIIIECTBEHHBIX, MATHCTPAJIBHBIX HATIPABJIEHHMI MEXLY CO60M. My IBTUILIIEKCOPBI BBO-
J1a-BbIBO/IA yiKe He peliatoT 3Ty npobJiemy. KiroueBbIM 31eMEHTOM B 3THX CJIy4asiX CTAHOBUTCSI
uudposoii kpocc-konnektop (Digital Cross-Connect, DXC) — ycTpoicTBO, KOTOpOE UMeeT
HECKOJIbKO MArMCTPaJIbHbIX HHTEPGEMCOB (a He OJIMH, KaK Y TEPMHUHATIBHOTO MYJIBTUIIEKCOPA,
WJIM [IBA, KAK Y MYJBTUILIEKCOPA BBOAA-BBIBOJA) U MOXKET BBIMOIHATH KOMMYTALMIO JIOOBIX
MOKAHAIOB MaruCTPAIbHBIX KAHAJIOB C KaHAJIAMH T10JIb30BaTeJI€el I )K€ KOMMYTHPOBATh /(Ba
JMoOBIX MaruCTPAJIbHBIX KaHasa MexX Ay coboii (puc. 8.2, 6).

Kpome Toro, B cocTaB NEPBHYHOI CETH MOTYT BXOAHTh PEr€eHEPATOPbl CHTHAJIOB, HEOOXOAUMBIE
IJ1s1 IPEO0JIEHUSI OTPAHUYEHHUII TI0 PACCTOSIHUIO MEXIY MYJIBTHILIEKCOPAMHU. DTH OTPaHHYeHHsI
3aBUCST OT MOUIHOCTH ONITUYECKUX I€PEIaTYMKOB, UyBCTBUTENbHOCTH IIPUEMHUKOB U 3aTyXaHUsI
BOJIOKOHHO-ONITHYECKOTo KabeJsi. PereHepatop npeo6pasyeTr ONTUYECKUIA CUTHAJ B 3JIEKTPHYe-
CKHii 1 06pPaTHO, [IPK ITOM BOCCTAHABIMBAETCS (DOPMa CUTHAJIA M €r0 BPEMEHHBIE XapaKTepu-
CTUKU. PereHepanuio CUTHAJIOB MOTYT BBITIOJIHSITh TAK)KE MYJIBTUILIEKCOPBIL.

[Moptel MynbruILIekcopa (puc. 8.3) mesnsitcs Ha arperaTHble U TpubyTapHbie. TpuGyTapHsie
MOPTHI YACTO HA3bIBAIOT TAK)Ke MIOPTAMU BBO/JA-BBIBOJIA, 4 arperaTHble — JMHEHHBIMU UJIN Ma-
TMCTPJIbHBIMU MOPTaMH. JTa TEPMUHOJIOTHS OTPAKAET THIIOBbIE TOMOJOTUY IIEPBUYHBIX CETEH,
I/le MMeeTCsl sIPKO BbIpa)KEHHAst MarucTpasb B BUZE JIMHEIHOM LleNHM UM KOJIbLIA, II0 KOTOPOH
nepealoTCsi MOTOKK JaHHBIX, IOCTYNAOUIME OT 060PY0BaHUS N0JIb30BATENEH CETH Yepe3 TPU-
GyTapHble NOPTbI, BTEKAOIIME B arPErMpOBaHHbIN OTOK ( «tributary» J0C/I0BHO O3HAYaeT «IIpu-
TOK» ). IHOrna f/ist 0603HaY€eHuUs1 arperaTHbiX [IOPTOB MYJIBTHILIEKCODA UCIIO/B3YIOTCS Ha3BaHUsI



Maga 8. TexHonorum nepanyHbIx ceteit PDH 1 SDH 243

«Boctok» u «3anan» B COOTBETCTBUHU C UX PACIMOJIOXKEHHEM (JIEBbIM-TIPaBbIi) Ha AUarpaMme
ceTH. ArperatHble HOPThI COEAUHSIIOTCS BOJOKOHHO-ONTUYECKUMHU KabesisiMu, a TpUOyTapHble
[OPTHI B 32aBUCUMOCTH OT MX THIIa MOTYT pabOTaTh KaK Ha BOJIOKOHHO-ONITHYECKUE KabeIn, TaK
Y HAa MEeJIHBIE.

Llentp
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[T88, 31

Kpocc-

konrextop 3

LR ] Kpocc- #
KOHHEKTOP)
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Puc. 8.2. HasHayeHne KpoCC-KOHHEKTOPOB B NEPBUYHLIX CETAX

Puc. 8.3. MpocTeiwan nepsuyHas ceTb

CraTnyHOCTb Harpy3ku. Uepapxma ckopocTten

Eute oxHa 0COOEHHOCTH NEPBUYHBIX ceTeil COCTOUT B TOM, YTO HArpy3kKa, KOTOpasd nocrymnaer
B CE€Tb, HE MEHSETCA B Te€4Y4EHHE NOCTATOYHO 601b1IOTO nepuoaa BpeMeHHU. OcHoBHDBIE nmapame-
TPpblL 3TOU Harpy3Ku JOJI’KHbBI ObITh 3aparee N3BeCTHbI a/IMUHHUCTPATOPY CETH. OH 10./1KeH 3HATD
CKOPOCTDb KaXXJ0Tr0 U3 IOTOKOB, ITOCTYTIAIOUIAX Ha KaX bl TOPT MYJIBTUILJIEKCOPA, ABJIAIOTCS J1h
9TH JaHHbI€ CHHXPDOHHBIMH UJIW aCUHXPDOHHbBIMH, KOMY OHHU IIpeAHA3HAYAKTCA. Ha ocHoBanuu
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3TUX JAHHBIX JOJDKHBI OBITb CKOHQUZYPUPOBAHDBL BCE YCTPOMCTBA CETH, U MIOCJIE 3TOTO CeThb OyeT
paoTaTh B TAKOM aBTOMAaTHYECKOM PeXKMe 10 TeX MOp, OKa He BO3HUKHET MOTPeOHOCTD B U3-
MEHEeHUM HAarpy3kd. JTa 3a/jaya YIPOIIAETCs 32 CUET TOTO, YTO BUABI HArPY3KHU He SIBJISIOTCS
MPOU3BOJIBHBIMU. VICTOpUYECKH EPBUYHBIE CETH CIIELUATU3UPYIOTCS Ha Ilepe/jadye CHHXPOHHOTO
TpaduKa co CTPOro onpeeTeHHbIMUA CKOPOCTSIMH, KDAaTHBIMU CKODOCTH 3JIeMEeHTapHOTO KaHala
DSO0, nanpumep 2 M6ut/c (30 kananos DSO0).

ITosp30BaTesIbCKHE MOTOKU AAHHBIX MYJIBTUIIIEKCUPYIOTCSI B arperaTHble NIOTOKH TaKxKe ompee-
JIEHHOU CKOPOCTH, U CKOPOCTH arperaTHbIX IOTOKOB TaKXKe 06pa3yioT CBOIO HEPAPXHIO, 0OBIYHO
C IIOCTOSTHHBIM K03(h(pHM1IMEHTOM KPaTHOCTH, KOTZIa CKOPOCTb CJIEAYIOLLEro ypoBHsi B N pa3 Bbllie
CKOPOCTHU TIpe/IbIAYIEero YpoBHsi. Mepapxus ckopocmeti ¢ TOCTOSHHBIM KO3(hULIMEHTOM KparT-
HOCTH 06J1eryaeT OpraHu3auuio CHHXpoHHoro TDM-My /IBTHIUIEKCUPOBAHUST TOTOKOB, TaK KaK
BCET/la U3BECTHO, CKOJIBKO TIOTOKOB OIHOTO YPOBHS MOKET ObITh MYJIBTUIIEKCUPOBAHO B IOTOK
APYToro ypoBHSI.

[TepBnuHasi ceTb paboTaeT Ha OCHOBE MOCTOSIHHON KOH(MUTYpAIIMU CBOUX MYJBTHILIEKCOPOB.
ITo 03HAYAeT, YTO B KAXIOM MYJBTHILIEKCOPE aIMUHUCTPATOPOM CETU CO3AIOTCS TabIUIIbI
MYJIBTUIIJIEKCUPOBAHUS U KOMMYTALIMM, KOTOPBIe ONPeAessTioT, Kak M0Jb30BaTelbCKHe TIOTOKU
KaXxa0ro TpubyTapHoro nHTepdeiica 6e3 nay3 u 3aepieK MyJbTUILIEKCUPYIOTCS B arperaTHble
MOTOKH, KOMMYTHPYIOTCS Ha T€ WINA WHbIE BHIXOAHBIE MOPThL. TH TAOIMIBI YUUTHIBAIOT CKO-
POCTH KQXK/IOTO MIOTOKA, HaJIMYKe CBOOOAHBIX TAM-CIOTOB B ArPETATHBIX TOTOKAX, B KOTOPBIE
HYXKHO MYJIBTUILJIEKCUPOBATh 110J1b30BaTe/IbCKUE MOTOKH (€C/IM arperaTHbli IIOTOK PacCYMUTaH
Ha My.IBTUTLIEKCUPOBAaHHeE, HAalpUMep, 24 MOJIb30BaTENbCKUX MOTOKOB, TO 25- B HETO 100aBUTh
yKe HEBO3MOJXKHO), U BO3MOXKHOCTH KOMMYTalMK noTokoB. [locsie Toro kak koHdUrypamnms
KaXKI0ro MYyJIBTHILIEKCOPA OfpeJesieHa U COrJacoBaHa ¢ KOH(GUrypaluuen OCTaIbHBIX MYJIBTH-
[JIEKCOPOB CETH, CeTh MOXKET HayaTh paboty. Y eciiu KOHGUrypaluuu MyIbTUILIEKCOPOB ObLIH
onpejaeaeHbl AAMIHUCTPATOPOM CeTH MPABUJIbHO, TO KaXX/bIi MOTOK JAaHHBIX I10b30BATENS
OyzeT 11epeMeIaThCst M0 CeTH M MOCTYNUT K MOJIYYaTesio € TOM K€ CKOPOCTbIO, C KOTOPOM OH
HOCTYIHJI HAa BXOAHOM MOPT.

[TepBuYHas ceTh IPEACTABSET AOBOJBHO XKECTKYIO, CTATHYHYIO CHCTEMY, PabOTAIOIYIO B COOT-
BETCTBUM C OIHOM U TOM ke KOH(UTypalrei JoJroBpeMeHHbIX KaHaj10B. B mepBUYHOM ceTH He
CYUIeCTBYeT aHAJIOTOB ITPOTOKOJIOB MapPLIPYTH3aLMH KOMITBIOTEPHBIX CETeif, KOTOpble MTO3BOJISIOT
aBTOMATHYECKH JMHAMUYHO YYUTHIBATH U3MEHEHUS, IPOUCXO/ISILIME B CeTH, — 100aBIEHHE HO-
BBIX [10/1b30BaTeIel, ”3MeHEHHe MapLIPYTOB ITPOXOXK/AE€HUs! JAHHBIX B CeTH U T. . OTCyTCTBUE
[IPOTOKOJIOB MapUIPYTHU3ALMH CBSI3aHO C TeM, UTO U3MeHeHUs] KOHPUTYpaLuy NIepBUYHOM CeTH
HIPOUCXOIST PEAKO, TAK YTO A0OABIEHHE TAKUX MIPOTOKOJIOB K (DYHKIIUSIM X MYJIBTHILIIEKCOPOB
HE CYUTAETCS 11e1eCO06Pa3HBIM.

[TepBuyHas ceTh He Bceraa paGoTaeT ¢ MOJHOM HArpy3Kkou. Jlaxke B TOM HA€AJBHOM CJIyyae,
KOTJa KasK/bli MOb30BATEIbCKHIA TIOTOK IOCTOSIHHO NepeaeT 6ailThl, HeCylIre 0Je3HYI0 UH-
(opmauio (Mbl 3HaeM, 4TO [J1s1 KOMIBbIOTEPHOTO TpadrKa 3TO HEBO3MOXKHO, HO BO3MOXKHO /1715
TesiepoHHOrO TpadrKa B TEYEHHE CEAHCA CBSI3K), B CETH, CKOPee BCero, MMEIOTCS! arperaTHble
KaHaJbl, KOTOPble B HEKOTOPbIX CBOMX TalM-CJIOTAX MEPEHOCAT «IIYCTOTY», TO €CTb, 10 CYTH,
3TH CJIOTHI HE UCTIOJB3YIOTCSI. ITO NPOUCXOJUT U3-32 TOTO, YTO CETh BCEr/a MPOEKTUPYETCs
C yY4eTOM Pa3BUTHS, TO ECTh HE HA BIOJIHE ONpe/leJleHHOe KOJTMYeCTBO 110JIb30BaTeel ¢ BIIOJIHe
onpe/ie/IeHHbIMUA CKOPOCTSIMU CBOEro 060PYA0BAHUS, a C HEKOTOPBIM 3a[acOM, II03BOJISTIOLINM
NOAK/II0YATh HOBBIX MOJIb30BaTe el Ge3 HeoGXOMUMOCTH MOKYIaTh U YCTAHABIMBATH HOBbIE
MyJbsTUIIeKcopbl. [103TOMy arperaTHble KaHasbl BCeria MMeIOT 3anac, HanpuMep, M03BOJIsIsA
neperocutb AanHbie 2000 M0J1b30BaTEIHCKUX MOTOKOB ONpeieJIEHHONH CKOPOCTH, B TO BPeMst Kak
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y onepaTopa cBsi3u uMeetcsi okoJsio 1500 nosnb3oBareneit. B pesynsrate okoso 500 TaiimM-ci10TOB
MPOCTO He UCNOJIb3YIOTCS (JIOTKM KOHBeHepa NPUXO/ST yCThIMU ).

[Ipu npoexmuposanuu nepBUYHON CETH HEOOXOAMMO 3HATH WJIK YMETb NPEABUIETb HCXOAHbBIE
JlaHHBIE O TOM, B KAKHX reorpadMuecKrux TOYKax pacroJiaraloTcs MoJ1b30BaTeNd CeTH, KaKHe CKO-
POCTH MMEET 0JIb30BATEJbCKOE 0O0PYAOBAHHE, MEXAY KAKMMHU NOJIb30BATENSIMU HEOOXOAMMO
obecreynTh CoeMHEHMS ¥ KAKOH CKOPOCTH JOJDKHBI ObITh 3TH coeanHenusi. Ecau ncxoamsie
JlaHHble ObIJIM HEBEPHBI, TO B PE3YJIBTATE MOXKET OKa3aThCsl, YTO He BCE TPeOYEMbIE COENMHEHUST
MOXKHO BBIIIOJIHUTD N3-32 HEXBATKU MPOIYCKHON CIIOCOOGHOCTH B HEKOTOPOM y4acTKe CeTd. Ta
CUTyallUsl He3HAKOMa NPOEKTHPOBLIMKAM U aIMUHHCTPATOPaM KOMIbIOTEPHBIX CeTeH, TaK Kak
HeBepHBbIii BbIOODP MPOMYCKHOM CIOCOOHOCTH OT/IENbHBIX CETMEHTOB CETH MOXET IPUBECTH
K 3a/IepXKKaM 1 [IOTePsIM MTAKETOB 13-3a TePeNoIHeH s odepesiell B Oy(depax MapIIpyTH3aTOpoOB
1 KOMMYTaTOPOB, TO €CTb CHY)KEHHIO KauecTBa COeAMHEHUH, HO He K [IOJTHOMY HX OTCYTCTBHIO.

DyHKUMN MynbTUNNIEKCOpaA

K ocHOBHBIM (DyHKUMSIM MYJIBTUILIEKCOPA OTHOCSTCS: (POPMUPOBAHME KAAPOB, OTOOPaXKeHUE
MOJIb30BATEIbCKMX JAHHBIX B MI0JIe JAHHbBIX KaApa, CMHXPOHHU3alLMs! (BbIpABHHUBAaHKE CKOPOCTE)
Ka/(POB, MYJIbTHILJIEKCUPOBAHHE 1 KOMMYTaL[HSI.

Ha puc. 8.4 noxazaH TMIMYHBIN DparMeHT NePBUYHOM ceTH. PaccMOTpUM paboTy My IbTUILIEK-
copa A. OH umeeT 1Ba TpUOYTAPHBIX [IOPTA U [Ba arperaTHbIX MIOPTa TOM JKe CKOPOCcTH. B ero
3ajia4y BXOJMT Iepeaya I0Jb30BaTeIbCKUX AaHHbIX ¢ TPUOYTapHOro 1mopTa 1 Ha arperaTHbIi
nopt 1, a AaHHBIX ¢ TPUOYTAPHOTO MOPTA 2 — Ha arperaTHBIA MOPT 2.

PaccMOTpuM, Kak OH BBIIIOJIHSIET 3TY 3a1a4y AJ1s1 TpubytapHoro nmopra 1. Myssrunsekcop A npu-
HHMMAET N0C/eJ0BaTeNbHOCTh 6aliTOB MOJIb30BaTe IsI B TPHOYTAPHBIA [OPT, 06pa3yem u3 Hux
Kadpbi VI B BUJie Ka/(POB ITePeaeT Ha COOTBETCTBYIOIMI arperaTHbI IOPT.

Puc. 8.4. ®parmeHT nepBn4HON ceTN

BaxHO MOHMMATB, YTO MOHSITHE «KajIp> B CHHXPOHHOM MEPBUYHOMN CETH He cognadaem C 10-
HSITMSIMU «KaZIp» M «I1aKeT» B CETSIX C KOMMyTalueil nakeToB. BcnoMHKMM, 4TO Kaapbl/TIaKeTbl
B IAKETHBIX CETSIX ONPEAEJSIOTCS KAaK elMHHUILIBI IAHHBIX, KOTOPBIE MOTYT 06pabaThiBaThCS CETHIO
He3a8ucuUMO APYT OT APYTa, IBUTASICH TIPH 3TOM C Pa3HOU CKOPOCTBIO U IO Pa3HbIM MapUIPyTaM,
Gydepu3oBaTthcsi, 06roHATH APYT APYTa U T. A, PasieseHne 1aHHBIX Ha KaADPbl B NAKETHBIX CETAX
IpecJiefyeT LeJsib NOBbILIEHUs dhhekmuenocmu nepedauu HepasHomeprozo mpaguxa.
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CoBceM no-apyromMy oOCTOAT AeJ1a ¢ KazpaMH, GOpMUPYEMBIMHU B I1POLIECCEe CUHXPOHHOTO pas-
nenenus Bpemenu. Kaapsl cuaxpoHHoro TDM sBisI0TCSl HApe3KO# HeNpepbIBHOTO MOTOKA
JaHHbIX, MEePeaBaeMOro Mo COCTABHOMY KaHasly CeTH ¢ KOMMyTaluel KaHaioB. OHM Bcerzna
MMEIOT PaBHYIO BEJIMYKHY H CJIELYIOT CUHXPOHHO, 6e3 nay3 Apyr 3a ApyroM. B npocreliiieM cay-
Yae Kaipbl MOTYT COCTOSITb TOJIBKO M3 T10JIsI JAHHBIX 6e3 Kakoro-16o 3aro/ioBka. OHaKO B pas-
BUTBIX TEXHOJIOTHSX, UCNO/b3YI0IuX pa3zaenenue BpeMeny (PDH u SDH), kanpst TDM Toxe
CHAOXKAIOTCSI 3ar0JIOBKOM, KOTODBIN COAEPXKUT BCIIOMOTATENbHYI0 MH(MOPMALHNIO, HEOOXOAUMY 0
JJIs1 JIOKQUIM3ALMK ¥ UCTIPABJIEHUS! OIUMOO0K, PEKOH(UTYPUPOBAHHUS CETH, MOHMTOPUHTA Ka4eCTBa
paboThl ceTH, a TakKe CHHXPO6aiThI, HeOOX0AMMBIe U1l PACIIO3HABAHUS HAYa/la Kaapa U ero
CUHXPOHM3aL1U. TakuM 06pa3oM, OCHOBHOM LeIbIO eJIeHHsI TOTOKA Ha KAAPbl B TEXHOIOTUH
TDM sBnsiercs agpexmusrocms ynpaeienus cemuio.

Kanpser nepBUYHBIX ceTeil UMEIOT CBOM 0COOEHHOCTH He TOJIBKO MO COAEPKAHMIO, HO U 10 hopMme
npezcrasienus. [lociegoBatenbHOCTh HaUTOB KaApa MPUHATO U300PaXaTh B BULE MAMPULbL,
TaK KaK 3aroJIoBOK Kajipa pa3OUBAETCs Ha MMOPLUH, KOTOPBIE [IEPHOMYECKH BCTABJISAIOTCS MEXITY
HNOPUMSAMM JIaHHBIX, 4TOObI 06ecredynTs 60jiee paBHOMEPHOE NOsBJEHUE NaHHBIX Ha BBIXO/E
myabruriekcopa SDH, a He 3agepxuBaTh ux B 6ydepe Ha Bce TO BpeMsl, KOTOpoe Tpebyercst
TSI TIOJTHOTO TIPOXO’KAEHHUS 3ar0JI0OBKA Kazlpa.

Ha puc. 8.5, a nokasana cxema npeo6pa3oBaHust Kaapa TPaAULMOHHOrO hopMara, COCTOSILIETO
U3 MOJIst 3ar0JIOBKA U MOJISI AaHHBIX, B MaTpuuy. [lycts kaap cocrout uz 20 6aiiToB, yeTnipe
13 KOTODPBIX OTBEAEHBI MIOA 3aroJ0BoK: cuHxpobaiita C, moast /| unentudukaropa Mysisru-
TJIeKCOpa-OTIIPABUTEJIs] TIOb30BATENbCKUX AAHHBIX M ABYX 6aWTOB KOHTPO/IbHOM cyMMbr KC.
BaiiTsl 3arosioBka npu nepeziaye Kajapa yepe3 paBHble HHTEPBaJbl «BKJIMHUBAIOTCSI» B 10JIe
JaHHBIX, 00pa3yst Kaap ¢ paclielJIeHHbIM 3aroJOBKOM. JTa JUHENHHAst CTPYKTypa npeobpa-
3yeTcsi B MATPUILY, B KOTOPOH MepBblif CTONGEL COAEPKUT 3arolI0BOK Kaapa. 3aMeTUM, YTO
Npe/CTaBJIeHUe KaJIPOB C paclieNIeHHBIM 3ar0JIOBKOM B BUJIe MATPHUIBI 1€1a€TCsI TOIBKO /151
yno6CTBa IOHMMAHHUsI, B IeHCTBUTEJIBHOCTH JKe COAEPKUMOE KaIPOB BBIIAETCs HA IMHUIO CBSI3H
8 sude nociedosamenvHocmu 6umos.

a) Cxema npeacTaBneHvs kagpa B suae MaTpuubl

6) PaclumMpeHue nons 3aronoska B MynbTukagpe

Puc. 8.5. OcobeHHOCTN NnpeacTaBNeHNs KaapoB NEPBUYHBIX CeTen
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BaxxHO#1 0cOGEHHOCTHIO KaAPOB [IEPBUYHBIX ceTelt (CM. pUC. 8.5) SIBJISETCS TO, YTO 3HAYUTETbHAS
4acTh HHGOPMAIIMHU 13 3ar0JIOBKOB XapaKTepU3yeT He OT/AEJbHBIH KaZip, a TOTOK Ka/IPOB B 1IEJIOM,
TMOJI 3aT0JI0BKA MOTYT COIEPKATb 3HAYEHHUST, KOTOPBIE HE OTHOCATCS K MOJIb30BATEIbCKHM JaH-
HBIM, CJIEAYIONIAM HEOCPENCTBEHHO 32 3aT0JI0BKOM. TO HECKOJIBKO CTPAHHOE 00CTOSITENIbCTBO
CBS3aHO C HEMIPEPBIBHOCTBIO 06PabOTKH NOTOKA 6ANTOB CHHXPOHHBIM MYJIBTHILIEKCOPOM NEPBUY-
HOM cetu 6e3 Oydepusanuu. Tak, KOHTPOJIbHAS CyMMa I10JIb30BATENbCKUX JAHHBIX BBIUMCIIAETCS]
110CJ1e/10BaTeIbHO, 6AlT 32 6aAUTOM B TeMIlE UX [IOCTYIIEHUS! U CTAHOBUTCS] U3BECTHOU TOJILKO
110CJIe IpyeMa Beex 6aiiToB, 06pa3yIoIUX Kap, B HALLEM cilyyae — rnocJie npuema 20 o4epeaHbix
GaittoB. To ecTb K MOMEHTY BEIYMCJIEHHS] KOHTPOJIBHON CYMMBI Ka/Ip YK€ 3aKOHYMJICS U 10/KEH
HayaTtbCs caenyoiui. [loaToMy My IsTHILIEKCOP ITOMel{aeT KOHTPOJIbHYIO CYMMY aHHBIX Kajl-
pa 1 B 3arosIoBOK Ka/Jpa 2, Ipyroro BapuaHTa y Hero Her.

Jpyroi 0co6EHHOCTbIO KaJiPOB TIEPBUYHBIX CETEH SIBISIETCS] OPraHU3AIMS MYJIBTUKAAPOB.
MyJIBTUKAApP COCTOMT M3 HECKOJbKUX MOCJEA0BATETbHBIX KAAPOB, B HallleM IpHMepe — U3
Tpex. MyJIBTUKaAp NO3BOJISIET PACUIMPUTh HEKOTOPOE TI0JIE 3aT0JI0OBKA Kalpa, 100aBUB K HEMY
TaKye e 3ar0JIOBKU JAPYTUX KaJpOB, a 3aTeM 00bSIBUB MX OOIIMMHU [IJisI BCEX KaJPOB, BXOJS-
KX B MyJsTHUKaAp. PaccMoTpuM, HanpuMep, noste M/, B KOTOPOM XpaHNTCS HAEHTU(DHKATOP
MYJIBTUILTIEKCOPA, KOTOPBIN creHepupoBas kaiap. [IpeanonoxuM, 4To AnuHa UAEHTHU(HUKATOPA
3 6aiita. O1HAKO BMECTO TOTO, YTOOBI OTBOAUTH NOA MAeHTUDUKATODP 3 GaiiTa B KaXKI0M Kaape,
€ro c/leslajid PaBHBIM OJHOMY 6aliTy W pacrpeneuay 3to noJe no nojsim M/1 tpex kaapos
MyJIBTHKaZIpa — mepBbii Gaitt nosst /1 moMecTHu B epBbIi Kajp MyJIbTHKAAPa, BTOPOH —- BO
BTODOi1, TpeTuil — B TpeTuil kaap. Mudopmauus, Haxoaswascs B rose /1, He meHsieTcst ot
MYJIBTHKa/IPa K MYJBTHKAPY — OHA MPEACTABJISIET COGOM YacTh KOH(UTypaIlUHU CETH, KOTOPasi,
KaK 3aMeueHo, MeHsIeTCs1 PeIko. MyJIbTHUIIZIEKCOPBI CETH, NMOJTyYaoliye KaJpbl OT MYyJIBTHILIEK-
copa A, IepUOANYECKH CUNTBHIBAIOT GaiThI 1051 Y1/ M COCTABASAIOT NOJHBINA HAEHTU(MHUKATOP N3
JBYX MOC/IEA0BATENbHBIX GAATOB 3TOTO MOJIsl, TONYYEHHBIX OT ABYX KAAPOB, BXOAAIIUX B MYJIb-
tikaap. Ecau O6b1 naeHTHOUKATODP COCTOSIT He UX ABYX, a U3 20 6aiTOB, TO MyJIBTHKAAP HYXKHO
6b1710 6bI cOCTaBATH U3 20 MOCTENOBATENbHBIX KAJPOB.

B npouecce popMupoBaHus Kajipa OAHOBPEMEHHO ¢ f06aBIeHHEM K OaiiTaM Nosib3oBare/ist GaiiToB
3aroJIoBKa Kajipa MyJ/IbTHILIEKCOP BBINOJHSIET ONEePALUIO 8biPABHUBAHUS CKOPOCTH NOJIb30BaTEb-
CKHX JIAHHBIX MU CKOPOCTH KaJpa, KOTOPBIA MePeJaeTCcsi Ha arPEraTHBIA MOPT MYJIBTHILIEKCOPA.
HecMOoTpst Ha TO YTO 10.1b30BATEILCKOE 06OPYAOBaHHE [IEPBUYHOM CETH A0JKHO BbIPabaThIBATD
JIaHHBIE CO CTPOTO OMpeeIeHHOM CKOPOCTBIO, BCEr/ia CyUIeCTBYET BO3MOXXHOCTb HE3HAYMTENIbHOM
PACCMHXPOHHU3AIMH TaliMepa MOJIb30BaTENbCKOTO 000PYMOBaHUS U TaliMepa MyJIBTHILIEKCOPA.
Kpome Toro, Heo6X0AMMOCTDb B BbIPABHUBAHNH CKOPOCTEM BO3HUKAET B TOM CJIy4ae, eC/IM AaHHbIe
TI0JTb30BATEIST TIPU TIOCTYIUIEHUH HA BXOJ MYJIBTUIIEKCOPA GBUTH IEPEKOAHPOBAHBI, YTO H3MEHHJIO
ux 06beM (a 3HAUMT, U CKOPOCTD). [1is1 BBIDABHMUBAHUS CKOPOCTEH IPUMEHSIIOTCS TAKUE IPUEMBI,
KaK BCTABKA «I1yCTbIX» GAUTOB B I10JI€ Ka/Pa B TOM CJIy4ae, KOT/1a I0JIb30BATENbCKHUI IOTOK OTCTAET
OT MYJIBTHIIEKCOPA, UJIH XKe TIOMellieHHe GaiiTa oJ1p30BaTesIs B ClieUalbHO 3ape3epBUPOBaHHOE
110J1e 3aroJI0BKA Kajpa, Koraa NoJib30BaTeIbCKHiA HOTOK «CHELINT> U MOChLIAET GANT CIMIIKOM
paHo, KOT/1a BpeMs! ero OTIPaBKY Ha arperaTHblii UHTepelic elie He HaCTyNUO.

Mynemunnexcuposanue nomoxog Hy>KHO J1JIsl TOTO, YTOOBI BMECTO HECKOJIbKMX arperaTHbIX KaHa-
JIOB, KaK 3TO UMEET MECTO B IPUMeEPE MeXKIy MYJIBTHUILTIEKCOPaMH A U B, MOXXHO GBLITO TPUMEHNTD
TOJIbKO O/IH arperaTHblil KaHal, Ho paboTaioinil Ha 60Jiee BbICOKOM CKOPOCTU. ITO MO3BOJISET
9KOHOMMTD (pusnyeckue KaHaibl cBsidu. Ha puc. 8.4 arperatHsle kKaHaIbl C MyJIBTHUILIEKCUPOBA-
HUeM HCHOob3yTcs Mexay mysasruniekcopamMu B u C, C u D u gp. MyasruniekcupoBanue
BBINOJTHAETCS] B COOTBETCTBUH € TeXHUKOI TDM-MynbruniekcupoBanus (CM. IJ1aBy 7).
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TexHONOrMmn nepBuUYHbLIX ceTen

Cy1iecTBYeT HeCKOJIbKO TOKOJIEHUI TEXHOJIOTHIA TIEPBUYHBIX CETeil:
Q nsesnoxponnast undposas uepapxus (Plesiochronous Digital Hierarchy, PDH);

Q cunxponnas uudposas uepapxus (Synchronous Digital Hierarchy, SDH) — a1oi TexHo0-
run B AMepuke cootBetcTByeT cTanaapt SONET;,

O ynioTHeHHOe BOJIHOBOEe My sbTUILIeKcupoBanue (Dense Wave Division Multiplexing,
DWDM);

Q ourtuyeckue Tparcnopthbie cetu (Optical Transport Network, OTN), nossossiouiue onpe-
JIeJIATh CII0COOBI Mepeayu IaHHBIX M0 BOJHOBBIM KaHaiaM DWDM.

B rexnosnorvsix PDH, SDH u OTN nanHble nepeaatoTtcst B ungpoBoil opMe, a A7is1 paszelie-
HUS1 BBICOKOCKOPOCTHOTO KaHaJIa IPUMEHSIETCST 8pemeriie myrvmuniexcupoganue (TDM, cm.
raaBy 7). Kaxaast U3 3TUX TeXHOJIOTUH MOAAEPKUBAET HEKOTOPYIO Uepapxuio ckopocmei. ITo
CBOWCTBO I103BOJISIET CO3/1aBaTh CTPYKTYPHUPOBAHHbIE CETH C BbICOKOCKOPOCTHON MarucTpasbio
1 MeHee CKOPOCTHBIMH ceTsiMHU focTyna. [1ob30BaTesb TaKOH CETH MOXET BbIOpAaTh MOAXOMS-
LIYI0 €My CKOPOCTb KaHAJIOB JOCTYIA, K KOTOPbIM OH Gy/IeT NOAK/II0YaTh CBOE 060Py10BaHHE.

B texHonornn DW DM MysisTHIIeKCHPOBaHME BbINOJHSIETCS Ha yPOBHE CBETOBBIX BOJIH, TO €CThb
B OTHOM ONTHUYECKOM BOJIOKHE ITPOXOAUT HECKOJIbKO JeCSITKOB BOJHOBBIX KaHAIOB, KAXKIBIN U3
KOTOPBIX MOXET NIEPEHOCUTh MH(POPMALIHIO HE3aBUCUMO OT APYTUX. ITO MO3BOJIUIIO CYILIECTBEHHO
IIOBBICHTb POIYCKHYIO CNOCOGHOCTh COBPEMEHHBIX TEJIEKOMMYHUKAIIMOHHBIX ceTeld. [lepBble ceTn
DW DM nepenocuin curdanst SDH u paboraiu co ckopoctsimu 1o 10 [6ut/c Ha Kaxaoit BoJHe.
Bnocaeacrsuu ans 6onee a¢pHeKTUBHOrO UCTONB30BaHUST BOJHOBBIX KaHasioB DW DM 6bina
paspaboraHna texrosorusi OTN, KoTopast HO3BOJISIET MePeJaBaTh [0 BOJHOBBIM KAHAIAM CUTHAJIbI
J06b1x TexHosorul, Bkmoyass PDH, SDH, Gigabit Ethernet, 10 G Ethernet u 100 G Ethernet.

Cetu DWDM He sBAsA0TCS COOCTBEHHO IU(PPOBLIMU CETAMU, MOCKONBKY JIMILb MPEJOCTABSIOT
CBOUM M0JIb30BATEJISIM BbIJIEJIEHHYIO CBETOBYIO BOJIHY /151 epefayn HHbOpMaunu, KOTOpyio
Te MOTYT NPUMEHSITD 110 CBOEMY YCMOTPEHHUIO U NepeiaBaTh MO Hell JaHHble KaK B aHAJIOTOBOH,
Tak ¥ B AMcKkpeTHOoH (undposoit) popme. Ckopocts nepenayn DWDM 3aBucHT OT TOTO, Kakoii
AJITOPUTM JMCKPETHOrO KOAMPOBAHUSI IIPUMEHSIET TeXHOJIOTHs (0Jiee BBICOKOTO YPOBHSI Ha
Ka)K/IOW BOJIHE, HAPUMEP, 3TO MOXeT ObITh KoguposBanue NRZ texsonornn SDH uau amniu-
TynHo-(pasoBoe koanpoBanue TexHoaoruu OTN.

Ha puc. 8.6 npeacraByiieHa MoJeJib, B COOTBETCTBUM C KOTOPOil /IS ceTeil ¢ KOMMYyTaluen
nakeToB, HanpuMep ceteii Ethernet, nepsuyHbie ceT NPeACTABISIOT YCIyrY HUXKEIEXKALETO
(usuueckoro ypoBHs. Mexay TEXHOJOTUSIMU MEPBUYHBIX CETE TAKXKe CYILIECTBYIOT MHOTO-
ypoBHeBble oTHoleHus1. Tak, cetu PDH u SDH moryT npeaocTaBiasite TPaHCIIOPTHbII CEPBHUC
HENnocpeCTBEHHO (He npuberast K ycayraM NepBUYHBIX CeTel APYTUX TEXHOJIOTHIA), TIPH 3TOM
a1 yposus Ethernet ato 6yayt ycsyru PDH wim SDH. B 1o xe Bpems SDH MoxkeT nepeHocuTh
B cBoMX Kazipax Kaapsl PDH, toraa ais yposust Ethernet takas ycayra 6yaer Bbirjisinerb Kak
ycayra PDH, a ns agMmuancTpaTopa nepeuyHoi cetu — kak ycayra PDH/SDH. TexHonoruu
SDH u OTN moryT paborarts kak uudpossie o6oso0ukn DWDM, kpome toro, OTN moxet
nepeHocuth Kaapbl SDH. 13 prcyHKa Takxe BUAHO, uTo TexHoaorust OTN He MosxeT paboTathb
caMocTosTeNbHO, 6e3 yyactus DWDM, a PDH uukorzaa npsiMo He obpamaercs k DWDM. Ha
PUCYHKe B KayecTBe IpUMepa NoKa3aHbl Bce BapHaHTs! opranu3auuu yeayru SDH: SDH, SDH/
DWDM u SDH/OTN/DWDM. Yurare o npeaocTaBasieTcsi BO3MOXHOCTh CAMOCTOSITEIbHO
HaWTH Apyrve AOMyCTUMble KOMOMHALMK B3aNMOAENUCTBHS TEXHOJIOTHIi IEPBUYHBIX CETEH.
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Puc. 8.6. OTHOCMTENBHOE NONOXEHWE TEXHONOri NePBUYHbIX CeTelr B ceMUypoBHeson moaenu OSI

TexHonoruna PDH

Cuctema T-kaHanos

Cets PDH o6s1anaet BceMu CBOMCTBaMH, KOTOPbIe ObLIU MPUBEAEHBI B TIPEAbIAYIIEM Pa3aeie
TIPY OITMCAHUU NIEPBUYHbIX CeTell: 3TO CeTU ¢ KOMMYyTanMeil KaHaJIOB, C IPOCTeIlell TOMoJoTHel
ABYXTOYEYHBIX JIMHUI CBSI3H, C MYJITUIIEKCOPAMH B KaU€CTBE OCHOBHOTO BHA 000PYIOBAHMSI.
Bwmecte ¢ Tem, cetn PDH nmeior cBoio crierriduky, Ha KOTOPO# CielyeT KOPOTKO OCTAHOBUTHCSL.

TexHosorns mwieanoxpounoii uugpposoit uepapxuu (PDH) Gbiia paspabortaHa B KoHile 60-x
rogos komnannedl AT& T a1 peliernst npo6ieMbl CBA3U KPYIHBIX KOMMYTaTOPOB Tele(OHHbBIX
cereit Mexay coboit. Hauamo 6bu10 nosnoxeso paspabotkoii My asrumiekcopa T1, kotopsiii mo-
3BOJISL B IM(PPOBOM BUJIE MYJIBTUILIIEKCHPOBATD, I€PEJABATh ¥ KOMMYTHUPOBATh (HA I0CTOSTHHOM
OCHOBE) roJ10cOBOM Tpaduk 24 aboHeHTOB. Tak Kak aOOHEHTHI MO-TPEXHEMY MMOJb30BATUCh
0GBIYHBIMHY TeJIE(OHHBIMU ANNapaTaMu, TO ECTh Miepegada roJjoca liia B aHaJIoroBoit gpopme, TO
MyabTuniekcopsl T1 camu ocyiuecTsisiin ouudposbiBatue rojoca ¢ yactoroit 8000 'y u koau-
POBAJIH rOJIOC METOJOM MMIIYJIbCHO-KOAOBOM Moay asiiuu. [/ist pa3ziesieHust KaHasia UCI10J1b30-
BAJIOCh Mybmuniexcuposatue c pazoenenuem spemenu (TDM). B xaape T1 nociienoBatenso
HepeaaeTcst Mo OAHOMY GaiiTy Kaxa0ro aGoHeHTa, a mocsie 24 6aliToB BCTaBJIACTCS OAUH 6um
cunxponusayuu, utoro 24 x 8 + 1 = 193 6ura 3a 125 Mxc. B pesysbrate kax/abiii abOHEHTCKHM
KaHas 00pa3oBbiBas MGPPOBOH NMOTOK AaHHbIX 64 K6ut/c (DS0), a myasruniaekcop T1 odec-
ne4yuBa ero nepeaady Ha ckopoctu 1,544 Méur/c.
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B xauecTBe CpeaCTB MYJIBTHUILIEKCUPOBAHUS NPU COEIUHEHUU KPYITHBIX Te1e(pOHHBIX CTAHIIHIT
Kanajbl T1 MMean He0CTaTOYHYIO NPOMYCKHYIO CIIOCOGHOCTD, TOITOMY Oblja pealn3oBaHa
ujiess 06pa3oBaHUA KaHAJOB C uepapxuei ckopocmeti. Yetoipe kaHana tuna T1 o6bequHuIy my-
TeM 106alTHOrO BPEeMEHHOTO MYJIBTUILIEKCUPOBAHHUS B KAHAJI CJIEYIOIIEro ypoBHs LdpoBoit
nepapxuu — T2, mepenaninuii aHHbie co ckopocTbio 6,312 M6ut/c. Kanan T3, 06pasoBaHHbIH
nyTem oGbeIuHEHUsT ceMu KaHaoB T2, nMeeT ckopocTsb 44,736 M6ut/c. Kanan T4 o6benuusier
wecTb KaHanos T3, B pesy/ibTate ero cKopocTb paBHa 274 M6ut/c. OnucanHas TEXHOJIOTHS
MoJy4n/Ia Ha3BaHue cucteMnl T-kaHanoB (puc. 8.7).

TexHonorust cucreM T-KaHanoB Oblla CTaHAAPTU30BaHA AMEDUKAHCKUM HALMOHABHBIM UHCTH-
Ty1oM cTanaaptoB (ANSI), a nosxe — MexayHapoaHoi opranusauueit ITU-T. B peayssrare
BHeceHHbIX ITU-T uamMeHeHui BO3HHKIa HECOBMECTMMOCTb AMEPUKAHCKON U MEXAYHapOJAHOM
Bepciii ctannapra PDH. Ananorom cucreM T-kaHanoB B MeXIYHApOAHOM CTaHJapTe sIBJS-
1o1est kaHadbt Tuna E1, E2, E3 u E4 ¢ otnuatomumucst ckopoctsimu — 2,048, 8,488, 34,368
u 139,264 M6ut/c coorBercrBento. Kanan E1 onepupyer kagpamu mimnsoit B 32 Haiita, u3
kotopbix 30 npeacTassiioT Gaiitel 30 nosb3oBaTeabcKuX notokos 64 Ko6ut/c, a asa 6aiita co-
CTaBJSIOT 3ar0JI0BOK Ka/Ipa, B KOTOPOM U IIEPEHOCUTCA CJIyskebOHast undopManusi.

Puc. 8.7. Cuctema T-kaHanos

ITpu MYJIBTHIIEKCHPOBAHUU HECKOJIBKHX 10J1b30BaTEbCKHUX MOTOKOB B MYJIBTHILIEKCOPAX
PDH npunmensieTcst TEXHHKA, U3BeCTHast Kak Outcraduur. K 310i TexHuKe npuberarot, Kor-
Ja CKOPOCTD 110JIb30BaTEbCKOTO NOTOKA OKA3bIBAETCS] HECKOJIbKO MEHbIlE, YeM CKOPOCTb
00beiNHEHHOTO OTOKA, —- NOA0OHbIE TPOOIeMbl MOTYT BO3HUKATh B CETH, COCTOsLIEHR U3
$0JIBILIOr0 KOIMYeCTBA MYJIbTHIIJIEKCOPOB, HECMOTPsl HA BCE YCHJINS MO LEHTPAJIM30BAHHOM
CHHXPOHU3ALMU y3J10B ceTU. B pesyasrare myastumniaexcop PDH neproauyecku crankusaercs
¢ cuTyaurei, Koraa Kakoi-1mbo 13 o6beaHsIeMbIX NOTOKOB «OTa3/bIBA€T> U MYJIBTUILIEKCOPY
«He XBaT