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BBEAEHHUE

B uenax noesimeHus 3¢ (GpeKTHBHOCTH peaTH3alMH KOMIUIEKCHBIX ﬂp;rp:rx
no BHeApeHmio coepeMeHHBX IT TexHonornit B Y3Gexucrase ynenser " Bk
MaHHEe TNPOCKTHPOBAaHMIO M NPaKTHIECKOMY BHEAPCHHIO KOMMYHHKALM .
ceTefl nepesady JAHHBIX C LIEJTBIO ONMTHMHA3ALHMH OCHOBHEIX CETEBBIX :ag:x;r HH;; ”
CTHK: MpOIyCKHad crnocobHOCTS, npomso:;;rﬂe.::t:c;;;:,l CTOHMOCTb, BPp

PKKH H TOTIONIOTHYECKas peanu3auus K .

e Ormxoii BakHetmei ¢ypm<uueia komMyHuKkaupoHHO#H cetn (KC) cBasH sra-
€TCH CO3[aHHE ONMTHMATLHBIX 3¢y EeKTHBHBIX CeTeil KOMMYHMKALUY IAHHEIX,

KommMyTaums — nponecc coeaunenns aGorenros KC gepes CeTEBhIE Y3IIbL.
AGoHeHTaMH MOTYT BBICTYNATh NOJL30BATENECKAE KOMIBIOTEPH], CETEBBIE KOM-
TIOHCHTEI, CCTMCHTEI JIOKANLHBIX ceTel, cpenctea [P Tenedonmm. B cetn npume-
HAIOTCSA OMpE/IENICHHbIE CIOCOOLI KOMMYTALMH aGOHEHTOB, KOTOPIE PA3NENIIOT

nMeroiuecs GHu3HIeckie KaHambl MeXTY HeCKOJBKMMH CeaHCaMy CBA3U H Mexay
a6oHEeHTaMH CeTH.

B Hacrodimee BpeMA KOMMYTaLMA NAHHEIX OCYMIECTRISETCS C TOMOMIEIO
KOMMYTalHH KaHaJJoB, COOOIIEHHH M MaKeToB.

Llentto JaHHOTO NOCOGHS ABNAETCS MOATOTOBKA CTYAEHTOB K TeoperHde-
CKHM 1 NMPAKTHIECKUM 3HAHHAM, W YMEHHIM IIPH HCTIONB30BAHNN KOMMYHHKALU-
OHHOr0 060pYHOBaHMA H NPOrpaMMHBIX CPEACTB B OCYINECTRICHHH KOMMYHHKa-
LIMM NaHHBIX.

HanoxeHne MarepHana Bo Bcex IJlaBax ONMpaeTcs Ha TIpHMEpE], Moce
KaKACH Fi1aBbl MPEACTABNIEHB! KOHTPOJbHEIE BOTIPOCH! AJis 3aKpervieHus
M3yHCHHOIO TEOPETHIECKOro MaTepHana, TeCTH! JUI CAMOKOHTPOJIA, 2 Taloke CIIH-
COK pPEKOMEHIYEMOH JIHTEPaTyph! IJis H3ydeHHs Kypca.

B nepeoii rnaBe yueGHOro mnocoGus npHBeNeHE!
KOMMYHHKAlMH NaHHBIX, TPH Crocoba KOMMyTamMu: ko
KOMMYTalliA NAKETOR ¥ KOMMYTalluA coobuieHnis. B kagecrs
CeTh HCMONB3YIOTCA TAKMe Kak, KO
(Token Ring, Arcnet).

Bo Bropo# riaBe NpUBOAKTCSH KoM
poB 2,3,4 ypoBHeii, no3BonstowMx 065
NoKaNbHBIX CeTel W uneTpoBars

KOMITOHEHTEI
MMyTalHs KaHaIOB,

€ METO/IOB NOCTYna B
HKypeHTHbI# (Ethernet) u mapkepbiii JocTyn

MYTalkd NaHHBIX Ha OCHOBE KOMMYTaTO-
COMHATD CErMEHTHI Pa3sHBIX TEXHONOTHI
TpaduK nepenauu maHHEIX Ha YpoBHe
W, TOKasaHa TpaHCIAUMeH NpoToKonoB
¥ co cneunduxaupert IEEE 802.1H u
OBaTENILCKHX (QUILTPOB, OCHOBAHHBIX Ha
MAC - anpecax.

! Va3 Mpesugesra PecnyGnuxn Vabexnctan «O me

Pax Mo JanbHeAMeMy COBEpmMEHCTBOBAMMIO
cepsl HHPOPMAUMOHHEIX TCXHONIOrHIt M KOMMYHHKALHI) NelTr1-3549, 19.02.2018.



B 1perseii rnase nokaszana [P MapmpyrAzanma Ha OCHOBE MapIIpyTH3aTo-
POB TPErsero YpoBH#, MNO3BOJNAIOMAs# ONHOBPEMEHHO NOARACKHBATL Cpasy
HECKOJIBKHX CESTEBRIX . [IPOTOKONIOB M HECKOJNBKHX IPOTOKOJIOB MapImpyTH3aIHH,
BO3MOXKHOCTb NpHOpHTeTHOH o6palotkn TpapHka, paspeneHHe QyHKumH
NOCTpOeHHs TaGmmuu MapipyTH3aUMH H IPOABIKEHHA NAKeTOB MEXIy
MapiOpyTH3aTOpPaMH pa3Boro Kilacca Ha 0CHOBE MOTOBHIX TaGNAIL MapIIpyTH3AIHH.

B geTBepTOii rnase omMcaHsl NPHHLMIE] PabOTH AUCTAHIMOBHO-BEKTOPHBIX
MPOTOKONOB JHHaMudeckoil mapmpyThzauuu OSPF, EIGRP, RIP, BGP B 3aBHCH-
MOCTS OT pa3MEpOB MapLIpyTH3HPYeMO# ceTH.

B 3akmoyeHue, aBTOP BHIP@KACT NPH3HATENLHOCTh PELICH3EHTY W Hayd-
HOMY pPeAaKkTOpY 3a BHHMATEJIbHOE NPOYTECHHE PYKONHCH U 3aMedaHms, Crnocod-
CTBOBaBINHE YIIyIMICHHIO Ka9eCcTBA MpeiaraéMoro noco6us.



IVIABA 1. KOMIIBYOTEPHBIE KOMMYHHUKAIIMH

B pensx o6ecnedeHus YCKOPEHHOTO HHHOBALMOHHOIO pasBUTHA Bcex
OTpaciiell 5KOHOMUKH M COUMaNbHOH cephl Ha OCHOBE NEPENOBOro 3apyGesKHOro
ONBITA, COBPEMCHHBIX JOCTIDKCHMH MHPOBOH HAayKH, WHHOBALMOHHEIX HJEi,
pa3paboTOK W TexHONMOrui pa3sBHTHE KOMMYHHKALMOHHBIX CeTel NO3BOJIAIOT
obecreaHTs 3¢ PeKTHBHYIO Nepenady pasHOPOIHOH HH(}OPMAIIHOHHBIX HAHHBIX.

1.1. KoMnoHeHTb! ceTy mepeaauyn JAHHLIX

OCHOBHBIMH KOMIIOHEHTaMH CETH SBJISIOTCH paGodue CTaHLMH, CEpBepHI,
nepenaromas cpesa u ceteBoe obopynonanne. PaGoueit cranHupeii HA3BIBAOT Kax-
Hpif M3 KOMILIOTEPOR CETH, Ha KOTOPOM TMOME30BATENH PEIaloT CBOM 3a1adH, a
CEpBEpOM - aNMapaTHO-NPOrPaMMHYI0 CHCTEMY, NMpeNHA3HAYeHHYIO A yrpaRe-
HHs pacrpeneeHleM CEeTEBBIX pecypcos obero jgocryna.

Tpouecc nepenadn maHHLIX MO CeTH OMPENENAIOT WECTH KOMIOHEHT™
1. KoMIBOTEp-HCTOTHHK;

2. Bnok nporokona;

3. Mepemarank;

4. dmsudeckas KabenbHas CeTh;
5. ITpnemnunk;

6. Komnerotep-azmpecar.

KomnboTep-HcTouHnk MoXeT GuITh paboueil crammett, daiir-cepsepoM,
OUTO30M HNH JHOOBIM KOMIBIOTEPOM, NONKIIOUEHHBIM K CETH. Bok MPOTOKOJIa
COCTOHT M3 HabOpa MHKPOCXeM M MPOrpaMMHOrO ApaiBepa Ui [UIAThl CETEBOro
uHTepdetica. Biok npoTokona oTBedaeT 3a NOrHKy Nepenag no CeTw.

IlepenaTiHK NOCHUIAET SMEKTPHIECKHH CHrHAN Yepe3 GHUBMUECKYIO TOMoNo-
FIYECKyto cxeMy. TIpHEMHHK Pacnio3HAaeT M NpHHHMaET CHTHA, NEpeAALMiics
no CeTH, W HalpaRAAET €ro i npeobpasosatms B 610k NpoTokona. Liukn mepe-
J@9¥ NAHHBIX HATHHAETCA C KOMITBIOTEPA-MCTOYHMKA, TIEPEHAIOIIEro HCXOMHbIE
RaHHEIe B 670K MPOTOKONa. BJIOK MpPOTOKONa OpraHu3yeT NaHHBIE B NakeT mepe-
Aadu, CONepXKaLIKH COOTBETCTBYIOLIMHA 3aMPOC K 06CTYKHMBAIOLIMM YCTpOHCTRAM,
uHpopmaLmio no o6paboTke 3anpoca (BKIOYAS, €CTH HEOGXOANMO, azgpec noJry-
qaresid) ¥ HCXOZAHbIE NaHHbIE 11 NepeadH.

ITaxer 3arem Hanpasisercs B nepenaryuk i NpeoGpasoBanMa B CETEBOH
curnan. Tlaker pacnpocrpansercs no ceresoMy kaGemmo noka He NONANAET B MPH-
C€MHHK, Ta¢ NEpEKOAUPYETCA B HNaHHBIE. 3[eCh YNpaBlIeHHE NEPeXOAUT K 6noky
NPOTOKOJ1a, KOTOPBIH MPOBEPAET NaHHBIE HA COORHOCTD, NepeNaeT KKBUTAHLIHIO» O
NpHeMe MAaKeTa HCTOYHHKY, NMepediOpMHPOBHIBACT MAKETH! M MEPEfaeT HX B KOM-

? Benuxoe A.B. KoMmuioTepHble ceTH: y4. nocobue no aOMHHHUCTPHPOBAHHIO JIOKANLHEIX H
obvenunentrix cevelt /A.B.Bemmxos, K.C. Ctpounmkos B.K. Jleontses. — M.: 3A0 "Hoepi#t
ma. goM", 2005. — 304 c.



meoTep-ampecar. B xone mpouecca nepefadn 610K TIPOTOKONA yMpaBJser JOorH-
KO nepeiauy o CETH Jepe3 CXxeMy NoCTyTa.

JInA coeIMHEHN KOMITbIOTEPOB B CETH MOTYT GHITH HCMOJNB30BaHbI paznud-
HBlE TIPOBOJALINE CPEMbl, HIH JIMHUM CBA3N. OCHOBHOM XapaKTEepHCTHKON JTMHHH
CBSI3M ABNAETCS NPOIYCKHAA CNOCOGHOCTB, T.€. MakCHMAIIbHAst CKOpOCTS nepena’n
npdopmarym. Mamepsercs oxa B 6ur/c, knobut/c, merabur/c. [Ipomycknas cno-
COGHOCTE 3aBHCHT OT BHAA JIMHHUM CBA3H. OCHOBHEIMA BHAMH KAHANIOB CBA3H AB-
JIAOTCA:

1. Buras napa — NpOBOZHOH KaHail CBA3H, cofiepkalui JiBe Hapsl CKPYYECHHBIX
MONapHO MpOBOJHMKOB. IleperuieTenue MpOBONOB Heo6X0oAUMO Afid 3alOWTHI OT
3/IEKTPHYECKHX NIOMEX, HABOIMMBIX COCEAHUMH [POBONAMHA H HHBIMH BHEIOIHHMH
HCTOUHMKAMM. PaznuyatoTcs HESKpaHHpOBaHHad M 3KPAHApOBAaHHAs BHTask mapa.
Buras napa obnanaer OTHBOCHTENBHO Majiofl MpOMYCKHOH CIOCOGHOCTEIO, ee
HeNb31 MCTOJB30BATh MUl NEPEAadN JaHHBIX Ha Gonbuine paccroduus. besycnos-
HBIMH JOCTOMHCTBaMM BHTOM Naphl SBJMIOTCA JCIIEBH3HA H NPOCTOTA NOMKII0TE-
HuA.

2. KoaxcuanbHuiit kabenb obnanaer cpeHei nporycKHOH crioco6HOCTEIO, 06ecne-
yypaeT GONBIOYIO NANBHOCTh MO0 CPABHEHHIO C BUTO# napo#i. OH COCTOHT U3 LieH~
TPANLHOTO LEBHOTO WM BUTOrO MPOBO/IHHKA, OKPYIKEHHOTO CNOEM AHNCKTPUKA.
Bropoit npoBonAwmMi Clio# u3 MeTaUIMIecKol OfUIeTKH, amoMunHesol ¢onbry,
WK Ke UX KOMOGHHAUMM OKDYXaeT AMANIEKTPUK H BBITIONHAET OAHOBPEMEHHO
$YHKUMIO 3KpaHa NPOTHB NIEKTPHUECKUX HABONOK. Baeinso0 06onouxy kabes
o6pasyeT 06muii H30ANpYIOLIHH CIIOH.

4. ONTOBOJIOKOHHBIH Kabesh 06JanaeT caMmoif BHICOKOHM NPOMYCKHOH CrnocoGHO-
ctei0. Hocurenem aHHbIX B HEM ABJIAETCS CBETOBO# Jyd. CurHan B kabese mpak-
THYECKH HE 3aTyXaeT, 4TO NO3BOJIAET NepefaBaTh GonbiIne 00BeMBI IaHHEX C BBI-
coko# ckopocTbio. [IToMHMO 3TOTO, TAaKol B CBS3H YCTOHYHMB K BHEUIHNM 3JIeK-
TpudeckiM nNoMexam. C MOMOLIBIO ONTHYECKOTC BOJIOKHA MOXHO Nepeiasarh
JAHHBIE TOJKO B OHOM HANpaBJIECHHH, MO3TOMY Kabelb COCTOMT U3 ABYX BONO-
KOH C OTHENbHHIMM KOHHeKTOpaMH. OIHO M3 HUX HCMOJIB3YeTCA A nepenats,
BTOpOE - IUIA nprema curnana. HemocrarkaMu ONTOBOJIOKOHHOTO Kabensa ABIA-
JOTCA BEICOKAs CTOMMOCTb U CJIOKHOCTb IIOACOCAHHECHMNA.

BecnpoBoHble JOKaTbHEIE CETH. B HHX MHOpMAaMs nepenacTcs B CBU-
AuanasoHe, 1160 C MOMOLIBI0 MR(pPAKPacHBIX JydeH. BecnpoBoankie ceTH, Ges-
YCIOBHO, ABJAIOTCA O4eHb YAOOHBIMH, NOCKOJILKY HE TpeGyIoT mpoxnankH kKabe-
Tieii. IMEIOT OHYM ¥ CBOH HEROCTATKH. Tak npH y/aneHHH CeTeBbiX YCTPOHCTB Apyr
OT Apyra ckopocTb paboThl ceTd AOBOJBHO GricTpo najaer. [lomumo 3roro, 3a-
1MTa fiepe/iaBaeMbIX NAHHBIX OT Mepexsara TpeSyeT NONONHHTENbHOH HameKHOH
CHCTeME! 6€30T1aCHOCTH CETEBOro B3aUMONEHCTBUA.

Cery Ha TenedoHHBIX nuHMsX. [IpH OPOSKTHPOBAHWM ceTeli Takoro THHa
ClleflyeT YUHTHIBATD, 9TO JANIEKO HE BCE TeNleOHHEIE JTHHAM HalleH CTpaHbi OTBE-

9aloT CTaHpapTaM KadecTBa 3anaiHbIX CTpaH, B pacucTe Ha KOTOpBIC paspaﬁa'rbl-
BaJIOCh CETEBOC 060[))(}1053““6.



CeTH Ha OCHOBE 3JIeKTPONpPOBOAKHU. JIji1 paboThl B TaKHX CETAX MCIOJB3Y-
FOTCH CeTeBbie KapThl, NOFKIIOYAIOLIHEC] K PO3ETKaM 3JIEKTPONPOBOIKM C ITOMO-
MpBIO CNELNAIBHBIX pazbeMoB. HeocTarkaMH ceTell Ha OCHOBE 3JIEKTPONPOBOAKH
SIBJIIOTCA 3MEKTPHIECKHE IIOMEXH, BbI3BaHHBIe paGoToii oc6opyoBaHHa H ciaabas
3aMMINEHHOCTh COoOOImeHtii OT mepexBara C MOMOINBIO NOCTOPOHHErO0 KOMIIBEO-
Tepa.

OcHoBHbIE XapaKTepHCTHKH KOMMYHHKALHOHHOA cerr’:

1. CxopocTh Nepeaaay AaHHBIX 0 KaHATY CBA3H (H3MEpAETCA KOJHIECTBOM OHTOB
‘B €[MBHLY BPEMEHH, 11 aCHHXPOHHBIX MOJEMOB H TesleoHHoro kaHaima — 300-
9600 Gur/cek, A CHHXpPOHHBIX — 1200-19200 6uT/Cek; BOJIOKOHHO-ONTHYECKAs
CBA3b M TEXHOJIOFMH CMEKTPaIBHOINO YIUIOTHEHHs KaHAIOB mepenaroT motoku 10
I'6ur/c 1 Gonee — no 100 I'64T, a NOCKONBKY B ONTOBOOKOHHOM CBETOBOZE Ka-
HaJI0B MOXKHO «Hape3aTs» GoJiee COTHH, TO MOXCHO I'OBOPHTH O Mepexoe ¢ Tepa-
OUTHEIM CHCTeMaM L pOBOA CBA3H.

2. IlpomyckHas CNOCOGHOCTh KaHana CBA3H (KOJHYECTBO 3HAKOB B CEKyHAY,
BKJT0Yad Ciy>keOHEIe CHMBOIIbI), H3MEPAETCA KOJIHIECTBOM 3HAKOB B CEKYHIY);

3. MoctoBepHocTh nepefayn HHGopMauuH (€AMHHMUA MBMEPEHMS — KOJIHYECTBO
owubox Ha 3HaK, 06LYHO B Npeaenax 10° — 10”7 omubok na 3HaK). '

4. HanexHoCTh Kanana CBS3M M MofieMoB (Onpemeisercs au6o nonei BpEMEHHU
HCTIPaBHOro COCTOsiHMA B 061meM BpeMenH paboTsl, 1n6o cpennuM BpeMeHeM 6e3-
OTKa3HOH paboTel, OTCIOAA €AMHHALA H3MEPEHHA — CpelHee BpeMs Ge30TKA3HOM
paboTE1 — B gacax.

OCHOBHEIMH BHAAMH CETEBbIX KOMIIOHEHT ABNAIOTCA:

CereBrie kapTh (ceTeBble aanTephi) NOAKIOYAIOTCH K CIOTaM pacinupenHs
MaTEPHHCKO¥ IUIaThl KOMILIOTEPA M NpeAHa3HAYeHb! [yl COEOUHEHHS KOMIIEIO-
Tepa ¢ ceTeBbiM kabeneM. C NOMOMBIO CETEBOH KapTHl OCYMECTRIAETCS MOArO-
TOBKA IAHHBIX JUIA MX NEPERadH B CeTh, MEPeaaia CHIHaNA, PUEM CHIHAIOB U3
CETH 1 MX paciu(ppOBKa, a TAlOKe YNparJeHHe MOTOKOM JaHHBIX MENITY KOMITbIO-
TEPOM H CETHIO.

KonuenTparops (Hub) HcromssyioTes AN COSNHHEHAS CErMEHTOR JIOKAIb-
HOH ceTr. KOHIEHTpaTop MMeeT HECKOMBLKO MOPTOB, K Ka&KIAOMY M3 KOTOPBIX NOA-
KnrotieHa CBOs uHMA. Korna Ha OZiMH U3 [IOPTOB NPHXOMMT NAKeT, OH KOMUPYETCs
H 1EpECLUIaCTCA Ha BCE OCTANbHBIE MOPTHI, TAKUM 06pa3oM, BCe NOAKIIOYEHHEIE K
xaly YCTPOHCTBa CeTi MOTYT BHAETE Bee NEPE/iaBacMble NAKEThI. KontienTpaToprl
TO/Pa3NENAIOTCA: aKTHBHEIC ¥ NAaCCHBHEIC. AKTHBHbIE KOHLCHTPAaTOPhl YCHIH-
BAIOT NOJIy9eHHEIC CUTHAE! H NEPEAAIOT UX, B TO BPEMs Kak NACCHBHBIE KOHIICH-
TPaTOphl TOJILKO NpPOITyCKAOT Yepe3 Ceda CHUIHaJ, He MPOM3BOAT Haj HAM HHKAKHX
HelicTBuii.

Kommyraropr: (Switch) no ceoeMy HasHadeHMIo cXommsi c KOHIEHTPATO-
paMu. K HuM nopxmouaeTcs Heckonbko JHHMA. ITpHHUMIMAILHOE OTIMaIMe co-
CTOMT B TOM, ITO B KOHLCHTPaTOPE CHrHal, NOCTYIHBINMI HA OAMH MOPT, NOMa-

? Koumioteps, cetrt, Mirrepuer: suannconems / Hopuxos 1O., Hosswos J1,, Yepemason A, Yypram B. - CTI6 :
Tarep, 2002, - 928 ¢



JiaeT BO BCe OCTANbHBIE MOPTHI KOHUEHTPATOpa, a B KOMMYTATope MPOHCXOOHT
npsAMoe CBA3BIBAHHE NMOPTOB OTIPABKKM H Ha3Ha9eHUs Sepe3 BHPTyalbHEIH KaHall.
Bce ocranbHEIe NOPTH HE BOCIPHHMMAIOT TOT cHrHai. Takum oGpa3oM, KOMMY-
TaTop ABJAETCA MMPOrpaMMHO-YMpPaRIEMBIM YCTPOHCTBOM CETH, IMO3BOJIFIOLIAM
COKPaTHTb CeTeBO TpafHk 3a CHET aHANM3a NPUINEHINEro NaKeTa C Ledbio onpe-
JeNeHns afipeca ero HasHadeHHs H Nepefadd JAHHBIX ToJbko mnosydaresmo. Mc-
IO/Ib30BaHHE KOMMYTATOPOB MO3BOJAET MOBHICHTH MPOIMYCKHYIO CIOCOGHOCTH
CeTH M YNYQIIHTL e 6€30nacHOCTb, NOCKOJIBKY NEpeXBaT NepefiaBaeMEIX NAHHBIX
MOXeT GLITL OCYIMIECTRIIEH TOJBKO Ha OTAEILHOM MapIipyTe CeTH.

MapinpyTisarops! (Router) SBISIOTCA CTaHAAPTHEIMA YCTPOHCTBAMH CETH,
obecnearBaroMMH BEIOOp MapiIpyTa nepenady 6J10KOB JAHHBIX MEXIY HECKOJIb-
KHMH CETAMH, HMEIOIHMH Pa3IMIHYI0 apXUTEKTYPY WIH NPOTOKOJBI. MapiupyTu-
3aTOpkl paGoTatoT Ha CETEBOM YPORBHE.

[osTopHTeny (repeater) MpefHasHaq9eHb! M YCHIEHHA H BOCCTaHORIEHHA
ucxonHol GOpMBI CHrHana ¢ UEJBIO YBEJIHYCHHMA pAcCTOSHHMA €ro nepeaadn
MEKIY CTAaHUMAMH JWIM CETeBBIMH 3eMeHTamu. [lopropurtens paGoraeT Ha
3MEKTPHUYECKOM YPOBHE Ij11 COSMHEHHA JBYX CEFMEHTOB CETH.

Mocrts (Bridge) ucnons3yiotcs ang coefMHeHHs ABYX OTASIBLHBIX CErMeH-
TOB OJIHOH CeTH, OFParRHYEHHBIX CBOeH dimuueckoll AnuNOH, HIN HECKOJBKHX JIO-
KaJbHBIX CeTeH, HCMOMB3YiOMMX OAKHAKOBEIE MPOTOKOMbI. [TOMHMO 9TOTO, MOCTH
MOTYT YCHWJIHBATh CHIHAJIBI, YTO AAeT BO3MOXHOCTE YBENH4HThL pa3sMep CETH, He
Hapylyas OrpaHH4eHHil Ha MaKCHMAaNbHYIO OJIMHY Kabejis, KOJHYECTBO NOIAKIIO-
YEHHBIX YCTPOHCTR M KOJIMYECTBO NOBTOPHTEJIEH Ha CETMEHT CETH.

Ilmo3n (Gateway) SBISIOTCS NPOrpaMMHO-aNNapaTHHIMH KOMILIEKCaMH,
o6ecneqHBAOIAMHA COEINHEHHE PA3HOPORHBIX CETEH WIH CETEBLIX YCTPOHCTB.
1ilmo3 u3BNeKaeT AaHHbIE M3 NPHIIEQMIEro CUrHana Y 3aTeM Npeodpa3oBEIBAET MX
B $opmar, nelcTByromyit Ha CTOpOHE NoNydarens. HMcnosmp30BaHKe MUTO30B 1103+
BOJNISIET pewIaTh NMpo6ieMs!, BO3HUKAIOLME W3-33 Pa3iiMuMA NPOTOKOJIOB HIH CH-
CTeM afipecalun.

TepmuHaTop npencTariser co6oif pesucTop HoMHHaIoM 50 OMm. Tepmuna-
TOPEl HCTIONB3YIOT Ml oOecrneueHns 3aTyXaHHi CHrHana Ha KOHLIAX CerMeHTa
ceTy.

MynETHILIEKCOPBI 06ECTIEYNBAIOT COBMECTHOE HCTIONB30BaHHE NIPOBOIAIIEH
cpenbl NBYMa M Oonee kaHanamu. JlocThraerca 3T0 3a CYeT IpyNNUpOBaHHA
(MynbTHILIEKCHPORAHMA) CHIHANIOB OT HECKOJIbKHX MCTOYHHMKOB JUIA WX fepenadd
no ofHoOMy KaHaty. B Hactosinee Bpema pasiMMalOT TPH BHIAA MyJAbTHIDIEKCHpPO-
BaHMA: NMPOCTPAHCTBEHHOE, BpEMEHHOEe M 1acTOTHOe. TIpH NMpOCTPaHCTBEHHOM H

BPEMEHHOM MYJIbTHIDIEKCHPOBAHHH MPOHCXOAHUT TIOC/ICAOBATENbHAT UMKJTHIECKas
TIEpe/iaya CHTHANIOB HECKOJIBKMX KaHAJIOB N0 O0meMy KaHamy, a MpH 9acTOTHOM
MYNBTHINIEKCUPOBAaHHM OCYIIIECTRISETCA ONHOBpPEMEHHas nepelada NAHHBIX Ha
Pa3NHIHBIX YACTOTAX.

Bpanamaysph (firewall, MexxceTeBrle 9KpaHH) NpeHa3Hade bl A obecre-
qenns HRGOpPMalHOHHON Ge30MacROCTH CeTel M OTAEbHBIX KOMIBIOTEPOB Ha OC-
HOBe KOHTPOJI HaJl mepenasaeMoii u mpuHHMaeMoit nHbopmanmeit U oGecnedn-
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BalOT 3alUTY NMOCPEACTBOM (HILTPALMH JAHHBIX HA GCHOBE PalIM9HBIX KpHTE-
pHeB (comepkuMoro, anpecos H T.4.). BpaHAMay3pel MOTYT GBITH IPOTPAMMHBIMH
Wy ammapatHeiMy. Kak npasuio, GyHKIMOHUPOBaHHE GPaHaMAay3pOB OCHOBEI-
B2ETCA Ha TPaNHUHMOHHBIX MOJEJIAX pa3srpaHHYEHHS NOCTYTA, COTNIacCHO KOTOPhIM
cy6nexTy (nosnp3osaresno, nMporpaMme, NPOLIECCY HIH CETEBOMy MaKeTy) paspeLia-
€TCs WIN 3anpelaeTcsa JOCTYN K KakoMy-ubo o6rexty (daiiny mwnn y3ny cetn) Ha
OCHOBaHHMH HEKOTOPHIX 3aJaHHBIX NPaBHIL.

1.2. Coocofb1 KOMMYTAITHH

B moGoii cern cBA3n Bceraa NMPUMEHAETCA Kaxok-mu6o cnoco6 KoMMyTa-
My, ofecnequBaromuii ¢ MOMOINBIO KOMMYTaTOPOB AOCTYHHOCTh HUMEHOLIMXCH
$uzireciix kaHATOB OXHOBPEMEHHO A HECKONBKHX CEaHCOB CBA3H MeXIy aGo-
HEHTaMH CETH, KaXABIA M3 KOTODEIX COeNUHsAETCA ¢ GMDKalmmM KOMMYTAaTo-
POM HHIMBHIYaNbHOM JIMHKeH CBs3M. B yio60# MOMEHT BpemeHM 3Ta JMHHS Hc-
TONL3YETCA TONBKO OXHMM aGOHEHTOM, a MEXIY KOMMYTAaTOpaMH JIHHMH CBS3H
HCTIOJB3YIOTCA COBMECTHO MHOTHMH a00HEHTaMH.

HcnonessyroTes TpH NPMHUMIMANEHO pasiMaHBLIX CHOCOGa KOMMYTALMK

" aBOHEHTOR B CeTsX: KOMMYyTauHsi KaHanoB, KOMMyTalUMs coobmeHnii H KOMMYyTa-
ups nakeros®.

Cetn ¢ xoMMyTaumel coO6mEHHH M KOMMYyTalHeli HAKETOB OTHOCATCA K
THITY CeTel ¢ MPOMEXYTOYHEIM XpaHEHHeM TepenaBaeMoii vHpopmaunn. Cerd ¢
KOMMyTaune# KaHaJlOB W KOMMYyTaLMeH NaKeToB pasmeNsmioTcd, KpoMe TOro, Ha

. IiBa Kjlacca - Ha CeTH C NUHAMHYECKOH KOMMYTALHEH H CETH C NOCTOAHHON KOM-
MyTalueli.

B cemax ¢ nunamiveckoli komMMyTauMel coeluHeHHE aGOHEHTa C JOGHIM
ApYr¥M yCTaHABIIHBAETCA CETHIO 10 MHHLMATHBE aGOHEHTa, POAOIDKAETCA ONpe-
AeJICHHOE BpeMs (OT HECKOMNBKHX CeKyYHJ O HeCKONBKHX 9acoB) 3apeplnaercs
Take N0 HHULMATHBE a0OHEHTa NO OKOHYaHWH o6MeHa mH(popmauuel. Taxoi
PexHM paGoTel NOANepKHUBAIOT TeNleOHHEIE CeTH 06IIero MOJIb30BAaHMA, JIOKAIIb~
HEIe ceTH, ceti TCP/IP.

B cemix ¢ nocrosBHOl KOoMMyTanuel coeuHeHHe MexIy B3aHMOOEHCTBY-
JOMHMH MOJIB3OBATENAMA YCTAHABJIMBAETCA TECPCOHATIOM CETH Ha IUIMTENbHOE
BpeMA (HECKOJBKO MeCAIER K Bonee). PerxciM NOCTOAHHON KOMMyTanum nonyJs-
PpeH B cetiax TexxHonorun SDH, rne co3naioTcs BhUIENEHHbIE KaHANbI CRA3H C npo-
IyCKHOH CMOCOGHOCTEIO B Heckoimko I'6uT/c.

Hexoropeie cetu nonnepxusator 062 pexcima paGoTe, Hanpumep cern X 25
u ATM.

KomMyraumus xaHa108B. [Ipy kOMMYTalMH KaHATIOB MeXTy CBA3LIBACMEIMH
KOHEIHBIMH MYHKTAMH Ha NPOTDKEHHH BCETO BPEMEHHOTO HHTEPBaNIa COeMHEHUS
ofecniequBaeTcs OGMEH B pealbHOM MacurraGe BPEeMEHH, npudeM GuTh nepena-

* Mycaes M.M. “Kowuiotep TovMIepH B2 Tapuoxaapw”’. Tomxenr.: “Aloqachi” nampuéry, 2013 s, 8 606. 394
Ger. ~ Omiii xys ropTaspy yayR Ky /umanma.
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I0TCA C HEH3MEHHOH CKOPOCTHIO MO KAHAMY ¢ NOCTOABHOMK MOJIOCOH NpOITyCKaHAd.
Mexny abOHeHTaMHM YCTAHABIAHMBAESTCA CKBO3HOM COCTAaBHOH KaHan CBA3H MO
Havasla nepenadn HHGopManuH. 3TOT Kaval GopMupyeTcs U3 OTAENBHBIX Y9acT-
KOB C OAWHAKOBOH MpOMYCKHOH crnocoGHocTEIO. [TpoxXokaAeHHEe OTAEIBHOIO CHM-
Hana BHI3OBa 0OecnedHBAeTCA ¢ MOMOMBIO NOCNEROBATENIBHOIO BIIIOYECHH He-
CKOJIbKMX KOMMYTALHORHBIX YCTPOHCTB, pasMelnaeMbIX B LICHTPaX KOMMYTALHH
Kananos (L[KK). Kaicmoe ycrpoiicTBo pesepeupyer 3a cofoii ¢usnueckoe
COEIMHEHHE MEXTy ONHHM BXOAAIIHM M OAHHM HCxoAsmuM kaHanaMH. Ecim npu
YCTaHORJIEHHH CKBO3HOIO KaHAJa CBA3M 3aHATAa BLI3kIBaeMas CTOpOHa HilH XOT 6b1
OIHO H3 KOMMYTAUHOHHBIX YCTPOHCTB B LienodKke MPOXOXKHCHHA CUTHAIA BBI30BA,
nocsienHHH Oyner 610KkUpoBaThC, U aOHEHT, HHMUMHPOBABIIHHA BHI30B, NOJDKEH
CIIyCTst HEKOTOpPOE BpeMsA €ro NOBTOPHTS.

Bpems ycTaHOBNIEHHsS CKBO3HOIO KaHajua CBA3H OORMHO OpiBaeT OOMBIINM
H3-32 HeoOXOIMMOCTH OpraHH3alli¥ B3auMOJEHCTBHA 3HAYMTENLHOrO YHCHA
ycrpoiicts komMMyTaumu. ITocne ycraHossienns takoro kanana LIKK eeinonmstoT
MHHMManbHOE 9MCio QYHKUWMHA, XOTA npU 3TOM MOXeET nepeaaBarscs 00NbIIOH
o6beM nHdpopmauuy. CiefoBaTeNsHO, NP HCNOAB3OBaHNM METOAR KOMMYTAaLHH
KaHanoB nepenava mHdopmaumy obecrnearBaercs ABYMsS OCHOBHLIMH COCTaBILIIO-
UiMMH B PaCXOAHO#H YaCTH PeCypcoB: pecypcaMi IUld OpraHW3allHH BhI3OBA M pe-
cypcamu Iuia noaaepxanus B LHKK KOMMyTamMOHHBIX YCTpONCTB WIH IUIA Opra-
HH3alUHM Pacnpene/icHna BpeMeHHbIX KaHanoB. [Tepsas cocrasnsioman He 3aBHCHT
ot obpema nepenaBacMoi HHGOpMaliM, a BTOpad MPAMO NPONOPLHOHANBHA HH-
TEpBaJIy BPEMEHH, B TCYEHHE KOTOPOTO APOHCXOAHT COCAMHEHHE.

KomMmyTaTops! ¥ coefHHAIOIMKE X KaHANb! NOJDKHBI 06€cnedHBaTs OAHO-
BPEMEHHYIO nepenady JAHHBIX HECKONBKHX a0OHEHTCKHX KaHaOB, [I0ITOMY OHH
JOMKHE! OBITH BHLICOKOCKOPOCTHBIMH M TOLACPXKHBATh OJAHY M3 IBYX TEXHHMK
MYJIBTHIUIEKCHPOBaHHA a60HEHTCKMX KaHaloB:

* TEXMHKY YacTOTHOrO MynbTHIviekcuposanua (FDM - Frequency Division
Multiplexing - YacTOTHOE YIUVIOTHEHHE KaHAIOB), KOrAa A1 paszeieHns abOHEHT-
CKHMX KaHAUIOB MCMONb3YeTcs MOAYAALMA BHICOKOIACTOTHOrO HECYLNEro CHHYCOH-
JANLHONO CHrHANIA HH3KOYACTOTHHIM CUTHAIOM, MOPOXKAAaeMbIM 3BYKOBRIMH KOJle-
G6annamu (4aCTOTHOE pasfieNieHne XapakTepHO I3 aHAIOroBOH MOMYJIALIMM CHIHa-
JI0B);

* TeXHHWKY  MYJBTHIUIEKCHpOBaHus ¢  pasgenenweM  Bpemens (TDM -
Time Division Multiplexing - MynbTHIUIEKCHPOBaHHE C PasHENieHHEM BpEMEHH),
korna annaparypa TDM-cereii (MyJBTHILIEKCOPEL, KOMMYTATOPh], A€MYJIbTHILIEK-
COpbl) paGoTaeT B peKUMeE pasAeicHUsA BPEMEHH, 00UepenHo ofcmykuBas B Te-
HeHHe [uKa cBoeii paGoTel Bce aGOHEHTCKHE KaHAIR. — BpemenHoe pasnenesue
XapaxkTepHo A nHdposoro xopuposanui.  Ceru TDM TpeGyIOT CHHXpOHHOH
paboTsl Bcero oGopynoBaHMA, MOITOMY TaKad TEXHHKA MYJIbTHIUICKCHDOBAHMA
HMeeT W Jpyroe HasBaHHe -TeXHHKA CHHXPOHHOIO pexuMa nepepadd. B nacros-
Imee Bpemsi MPaKkTHIeCK! BCe AaHHBIE (FoJioc, H300pakeHne, KOMINBIOTEPHRIC KaH~
Hele) nepenatotcs B LEdpooit ¢opMe, o3TOMY BhIHC/ICHHEIE KaHams TDM-Tex-
HOMNOruHM, obecnednBalompe HIDKHUN YPOBEHb Ul Mepenadn MA(MPOBLIX AaHHBIX,
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ABIMIOTCA YHHBEPCAIBHLIMH KAHAIAMK 171 NMOCTPOeHMa ceTel moboro Tuna: Te-
J1eOHHEIX, KOMIBIOTEPHEIX, TE/ICBU3HOHHBIX.

BupryanbHble Kasanel B CeTAX ¢ KOMMYyTanueH makeros. Cymec'mye:r
PEKHM paboThl ceTu - mepefiada NakeToB [0 BHPTYaIbHOMY KaHaiy (virtual circuit
wnu virtual channel), rae ycraHaBnuBaeTcs BHPTY&IbHBIH KaHaI MexOy HBYMS
KOHeJHEIMH y3J1aMH, KOTOPEIi NpeAcTaBiieT co6oi eNHHCTBEHHbI MapmpyT, CO-
CAMHAIOMMI TH KOHEedHbIe Y3Ibl. BUpTyanbHEl KaHan MoxXer ObITh AUHaMude-
CKUM HJIH TIOCTOSHHEIM.

JvHamideckuii BUPTyanbHBIH KaHal YCTaHABJIMBAETCA ITyTeM 3anpoca Ha
YCTaHORJIEHHE COEAMHEHHs C MOMOLIBIO CNELMAIBHONO NaKeTa, KOTOPHIH HpOXo-
AMT 9€pe3 KOMMYTaTOpPh] M «OPOKJIANBIBAET? BUPTYAJbHBIA KaHal, T.€. KOMMyTa-
TOPBI 3aNOMHHAIOT MapLIPYT AJ14 JaHHOrO COCAMHEHHS H MPH MOCTYIUICHHH IIO-
CICAYIOIHX MTAKETOB NAHHOIO COCHMHEHHA OTNPABAIOT HX BCErAa No NpOJIOKeH-
HOMY MapuipyTy.

ocrosuneie BHpTyansHsle KaHanbl CO3NALOTCA ANMHHUCTPATOPAMH CETH
ITyTEM PY4HO# HacTpoHKH Kommy'r«rmpons.

Kaxaniii pexxum nepemaus makeroB WMeET CBOM NPEMMYLIECTBA M HeENO-
cratku. [Tpu nepenage naHHbIX AefirarpaMMHBIM METOZIOM, T.€. Ha OCHORBE [1AKETA,
nepeaBaeMoro Jepes CeTh HE3aBHCHUMO OT APYTHX NMaKeToB 6e3 yCTaHOBNEHHA J10-
THIECKOro COCAUHEHNA U NOATBEPKACHMA TNMpPHEMa, M Nno3ToMy paboraer 6e3 3a-
Aepxkyn mepes nepenadeil NaHHLIX. 3TO O0COGEHHO BLINOAHO AN Mepepavd He-
Gosb1Ioro 0GbemMa AaHHbIX, KOrIa BpeMs YCTAHOBJIEHHA COENMHEHHS MOXKeT GbIThb
COM3MEPHMEIM CO BpEMEHEM fnepepasd AaHHeIX. Kpome Toro, meiftarpamMmubiii
MeToA ObicTpee aganTHPYeTCs K M3MEHEHHAM B CETH.

Ipu ncnoms3oBanny MeTona BUPTYanbHEIX KAaHANOB BpeMs, 3aTpayeHHOe Ha
YCT2HOBNICHHE BHPTYaIbHOIO KaHana, KOMIEHCHpYeTcs mociemyroued 6s1cTpoit
nepepadeii Bcero noToka naxeroB. KOMMYTaTOph! pacrio3HalOT MPHHALIEXHOCTD
TNAKeTa K BUPTYaIbHOMY KaHally No CreLHaibHOH METke - HOMepy BUPTYalbHOTo
KaHaa, a He aHATM3MPYIOT a/ipeca KOHEYHBIX Y3IOB, KaK 3T0 [enaeTca npH Aeifra-
rPaMMHOM MeTOJie.

B kauecTBe HEOCTATKOB METOAA KOMMYTALIHH KAHATIOB MOYXKHO YKasaTh clie-
myroiue:

* Gonblnoe Bpema YCTaHOBJEHHMA CKBO3HOTO KaHANa CBA3M H3-3a BO3MOXHOTO
0XKHMAAHNA 0CBOOOMIEHNA OTACIIBHBIX €r0 YJacTKOB;

*  Heo0X0AMMOCTb NOBTOPHOM NepeNayy CHIHANA BHI3OBA M3-3a 3aHATOCTH Bbl-
3bIBaCMOH CTOPOHbI WIH KaKOro-14G0 KOMMYTALMOHHOTO YCTpoticTea B Hefogke
TPOXOXCICHHA 3TOTO CHrHANA (B CBA3M C ITHM CHCTEMA, B KOTOPO# peanmsyerca
METOZ KOMMYTalH KaHAJIOB, OTHOCHTCA K KIIaCCY CHCTEM C NOTepeii 3anpocoB Ha
o0 CHTyxHBaRuKeE);

°  OTCYTCTBHE BO3MOXHOCTH BEIGOpa ckopocTel nepenaan uagopmanmy;

. HapamusaHue QyHKiHii 1 BO3MOXKHOCTEll CEeTH OrpaHHieHo;

B A B. K PHBIO CCTH]: Y. no PHp JIOKATLHEX 1 OSBemMHEIHEX coteli
/ A. B. Bemuxos, K. C. Crpounros, B. K. Jieowses. - M. : 3A0 "Hossdl san. mou®™, 2005, - 304 c.
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He obecnequBaeTCs PaBHOMEPHOCTS 3arpy3KH KaHAMIOB CBA3H (BO3MOXHOCTH
MO CIJIDXUBAHHIO 3arpy3KH BECbMa OrpaHW9eHE).

IpermymecTsa METO2 KOMMYTALM. KaHaJIOB:

0TpaGOTaHHOCTh TEXHONOTHH KOMMYTALMH KaHaJoB (1epBOe KOMMYTAUHOH-
HO€ YCTpO#CTBO NMosBUIOCH eme B KoHue XIX Beka);

*  BO3MOXHOCTb PaGOTHI B IUAJIONOBOM peXHME M B peaTbHOM MacinTabe Bpe-
MEHH;

*  obecnedeHne kak 61TOBO#H Mpo3pagrOCTH, TAK W MPO3PAYHOCTH MO BpPEeMEHH
He3aBHCHMO OT YHCJIa KOMMYTal[hil Mexxy aGOHeHTaMH;

* TrapaHTHpOBaHHasA MpOMYCKHas CMOCOOHOCTH CETH NOCE YCTAaHORJIEHHUSA CO-
eflHeHns (3TO BOKHO NpH Nepefade ronoca, uofpaxeHus, ynpaBnesus o6bek-
TamMH B peallbHOM Maciirabe BpeMeHn);

+  DOBOJBbHO HIMpOKas 065acTh NpuMeHenws. CeTH ¢ KOMMYTalUel kaHaloB Xo-
poLIo mpHcnocoBIeHs! Ul KOMMYTAlMH MOTOKOB A3HHBIX MOCTOSHHOHN CKOPOCTH,
KOrja efMHMIEH KOMMYTAalUH SBJIAETCA AOJNIOBPEMEHHSBIH CHHXPOHHHIH MOTOK
JIAHHBIX MEXJY B3aHMONCHCTBYIOIIUMH a00HEHTaMH.

KovMyTanus ¢ npoMe:KyTodHLIM XpaHeHHeM. CKBO3HOH KaHAl Mexuy
OTIpaBHTeNeM M MONyHaTesieM He ycTaHarnuBaeTcs. BeisbiBarouuit o6bekT no-
cpeacTBoM Habopa HOMEpa WiN Yepes BHUICNIEHHYIO JIMHHIO CBA3LIBACTCA TOJIBKO C
Emwiaiitiim y3noM CeTH W mepenaeT eMy HHpopMalHOHHBIE 6WThl. B kKaxnoM
y3J5le HMEETCH KOMMYTAaTop, NOCTpOeHHbIH Ha Gaze KOMMyHuxauxHoHHo# OBM ¢
3anoMHHaouM ycrpoiictBom (3V). TlepenaBaemas nadopMauua J0DKHA Xpa-
HUTBCS B KDKAOM Y3JI€ T10 IyTH K MYHKTY Ha3HadeHwd, NpHIeM 3aJiepKKa B Xpa-
HEHUH, KaK NpaBwio, 6yner paznudaHo# ana yanos. Hammaue 3V B mpoMexyTod-
HBIX y37aX CBS3H NpPEROTBpalIaeT NOTEpio Nepenasacmol HHGopMaluy, BCNeA-
CTBHE Y€ro CHCTEMBI, PEANM3YIOMHE PaccMaTPHBACMBbIe METO/IbI KOMMYTAlUH, OT-
HOCATCA K KJIacCy CHcTeM §e3 noTeph 3anpocop Ha oGcnyxunsanne. OIHHM U3 no-
KasareJiell 3THX METOIOB SBNAETCH BO3MOXKHOCTb COIJIaCOBAHMA CKOPOCTEH mepe-
Da4yy BAHHBIX MeX Xy MyHKTaMH OTTMpABJICHHs M HasHadeHMs, KoTopoe obecneun-
BAeTCA HanWuMeM B ceTH 3QQEKTHBHEIX pa3Ba30K, peanusyeMbIX co3liaHuem Gy-
theprrix 3Y B yanmax csasu. HakoHrew, nns cereil ¢ MpoMeKyTOIHEIM XpaHEHHEM
o6s3aTeNbHEIM TpebOBaHKEM ABIAETCA GHTOBas IPO3PATHOCTD.

KovmyTauus coofmennii. OroT MeToq nepenass AaHHEX 61 npeotna-
nmaromuM B 1960-x - 1970-X Fr. ¥ 0 CHX MOp MCHONL3yeTCs B HEKOTOPEIX ofna-
cTiaX (B :me!crpom!oﬁ TI0YTe, ANEKTPOHHBIX HOBOCTAX, TNIeKOHEepeHIMAX, Tene-
cemunapax)®. Kak U Bce MeToas! KOMMYTAlHH C NPOMENCYTOUHBIM XPAaHEHHEM,
TEXHOJIOrud KOMMYTAUNH CooGINeHN I OTHOCHTCSA K TEXHOJIOTHH THNA (3alOMHHTD
n nocinatb». KpoMe Toro, TeXHONOrHs KoMMyTalHH cooOiieHHi o6sMHO npexy-
CMaTpHBaeT OTHOMICHHE (TJIABHBIH - NOJYUHEHHEID), KoMmyTaTop (KOMMYHHKa-
mmoHHass 3BM) B ueHTpe KoMMyTaimn coobmennii (LIKC) BrimonHAeT perucrpa-
LMIO W BHIGOp NPH YNpaRJIeHH: BXOAAIMMH W BEIXOIAMMH NOTOKaMH. 34eCh He

€T, K «K

'

PE SIS CErMEHTa NEPEAATH AAHHIX My eTHCEpEHCROHN Metro-cemt FTTBy aypuan
«IIMPOKOTIOIOCHEIC MYSTETHCEPBACHES ceTiny, 2009,



PaccMarprBaloTCs HHTEPaKTHBHBIA peXciM H paGoTa B peaibHOM MacimTabe Bpe-
MEHH, OZHAKO NAHHKIE Tepe3 KOMMYTATOp MOTYT NepeaBaThca Ha OdeHb BRICOKOH
CKOPOCTH ¢ COOTBETCTBYIOUIHM OMNpejieJIeHHeM ypoBHeii MpHOpHTETOB A pas-
JNIBYHEIX THIOB NOTOKOB JAHHBIX. BRICOKONPHOPHTETHEIE NMOTOKH 3aACPIKHBAIOTCA
B odepenn Ha obcmyxupanme Ha Gojee KOpPOTKO€ BpemdA IO CPaBHEHHIO C HU3-
KONPHOPHUTETHEIMU TIOTOKaMH, 9ITO TO3BOMAET OOECHETHTH HHTEpaKTHUBHBIE TIPH-
KIajHLIe 33129y,

Baxo ormernts, 910 TIpH KOMMyTalHy coobmennii coobinenne, He3aBH-
CHMO OT €ro LmHHE! (pa3bpoc B mIMHe cooGmennii MokeT 6bTL ZOCTaTO9HO Be-
JIHK), HETMKOM COXPaHSET CBOKO LEJIOCTHOCTS KaK eHHHIHEI OOBEeKT B npoliecce
€r0 MpOXOIAEHHS OT ONHOTO Y301 K APYTOMY BITIOTH 710 NYHKTa HasHadeHus. Bo-
Jie¢ TOro, TPAH3KTHEINA y3el He MOKET HAYHHATE JanbHEHAITyro mepefiady 9acTH
co00ImeHnd, ecliM OHO eme pnaEMaetcs. Ilo ceoeMy RIMAHHIO Ha 3aEPXKKH 3TO
PaBHOLICHHO HU3KOMY YPOBHIO HCIIOThb30BAHMS PecypcoB ceTH.

Tasim 0Gpasom, KommyTamma coo6imennii npenHasHadena s opraHuza-
I B3aMMOZEHCTBHS TIONB30BaTeNel B pexume off-line, npu koTopoM He oxHaa-
€TCS HEMEIUICHHOH PEaKIH Ha IPHAATOE COOGIEHHME.

Henocrarku metona KOMMyTauuH coobennii:
. HEOGXOAMMOCTE peanusanmy nocraroano CEpbe3HEBIX TpeboBaHU K EMKOCTH
6ydepHrix 3V B y3nax ceasu FJ1A npHema GosblNx coobuenHui, 9To obycnorin-
BaeTCH COXPaHEHNEM HX LIENIOCTHOCTH;
°  HENOCTaTOYHbIE BO3MOXHOCTH 0O pealB3allii IHANOrOBOro pexuma i pa-
60Te! B peanbHOM MacinTabe BPEMEHH NpH niepeade NaHHLIX;
*  BLIXOX W3 CTPOA BCeH CeTH MpH oTKase KOMMYTaTOpa, Tak Kak 9Jepe3 Hero
NPOXOZAT BCE MOTOKH AaHHBIX (3TO XapakTepHO A CTPYKTYPEI ITIaBHBI ~ MOA-
YHHEHHBIH);

*  KOMMYTarop COOOINEHHH SBIAETCH MOTEHUHATLHO Y3KHM MECTOM Mo npo-
HYCKHOH CTIOCOOHOCTH; .
*  KaHAIbl NepeliaTn NaHHbIX HCTIONB3YIOTCS MeHee 3BMeKTHBHO Mo CPaBHEHHIO
¢ IpyruMH METONlAaMH KOMMYTaliH C IIPOMEXYTOTHBIM XpaHeHHeM.
IpenMymecrsa MeToza:
*  OTCYTCTBHE HEOOXOAMMOCTH B 3abnaroBpeMeHHOM (0 Havana nepenaqy gaH-
HBIX) YCTaHOBJIEHHH CKBO3HOTO KaHa/la CEA3H Mexnay aboHeHTamu;
* _ BO3MOXHOCTh (JOPMHPOBaHHA MApIIPYTA M3 OTAETHHBIX Y9IacTKOB ¢ pasyiud-
HO#H MPOMYCKHO#M COCO6HOCTEIO;
*  PeaMsalliid pasNiaHbIX CHCTEM OGCITY)KHBAHHAA 3aIIPOCOB ¢ Y9eToM MX OpHo-
PHTETOB;
*  BOSMOXCHOCTL CIN@KWBAHMA MHMKOBBIX HArpy3oK MyTEM 3anoMHHAHUS HI3-
KOMPHOPHTETHBIX NOTOKOB B MEPHOMB 3THX HAIPY30K;
¢  OTCYTCTBHE NOTEPH 3aNpPOCOB Ha OGCITyKHBaHHe.

KommyTamma nakeros. [Toseupmasics B 70-x T, XXB. KOMMyTa-
L9 MAKETOB COICTACT B cefe MpeMMyINecTBAa KOMMYTAUMY KaHANOB | KOMMyTa-

mHH coo6mennii’. Ee ocHoBHRIe uestH: obecniedeHue NMONHOM AOCTYNHOCTH ceTh u

? Shinder D.L.Osnovy of computer networks: ~ M.: Williams, 2002, - 656 with,
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TIpeMIIEMOr0 BPEMEHH PeakliHH Ha 3anpoc VI BCEX MONB30BATENEH, CrilakHBa-
HHe aCHMMETDHYIHBIX MOTOKOB MEXIY MHOTHMH NOL30BaTe/iMH, oGecniedeHHe
MYJIETHIUIEKCHPOBAHHA BO3MOMHOCTEH KaHAIOB CBA3M M MOPTOB KOMIEBIOTEPOB
CeTH, PaCcCPEHOTOYEHNE KPHTHYECKHX KOMIOHEHTOB (KOMMYTaTOPOB) CeTH.

[Ipx KOMMyYTaLMH NMAKETOB MOJIL30BaTe/ILCKHE JaHHbIe (CoobInenusa) mepexn
HagqaJoM nepeaasy pasOMBalOTCA Ha KOPOTKHE MaxeTH (PHUKCHPOBAHHOH IJIHHEL
Kaxnpiii naker cHabaeTcs mpoTOKOIbHOM HHGOpMAaLHeli: Kol Hayana H OKOH-
YaHMs [1aKeTa, afpeca OTNPaBHTE)A W NOJNyJaTells, HOMEpP MaKkeTa B COOOLIeHNH,
uHbopMaIF I3 KOHTPOJIA JOCTOBEPHOCTH NepefaBacMEIX AaHHBIX B MPOMEXY-
TOYHBIX Y3/1aX CBA3H M B MMYHKTE Ha3HaueHus. ByAyus He3aBUCHMBIMH eJHHVIAMH
rudopmanyy, nakeTs!, NPHHANIOKAIIHE ORHOMY H TOMY € COOOIIEHHIO, MOTYT
fiepeZiaBaTbCA ONHOBPEMEHHO MO PA3IMIHBIM MapIIpyTaM B COCTaBe JeirarpaMm.
VYnpaenenne nepenaded 1 06paboTkoii nakeroB B yanax CBA3H OCYIIECTRIMAETCA
ueHTpamn koMMyTauun nakeros (LIKIT) ¢ nomoutsto koMmbroTepoB. JUHTebHOe
xpaneHue nakeros B 1IKIT He mpennonaraercs, N0O3TOMy nakeThl AOCTARILIOTCH B
IYHKT HasHaueHHd ¢ MUHHMAILHOH 3afepXKOH, rae u3 HHX (opMHpyeTCs NEpBO-
HauaJibHOE coobloeHue.

B oramaue or KOMMYTaunH CcooblIeHH TEXHONIOrHA KOMMYTalHH NakeToB
NMO3BOJACT.

*  YBEJIHYHTH KOJIMYECTBO MONKIIOYAEMBIX CTAHUMH (TepMHMHANOB), TaK Kak
3zech 6osbloe KOMMYTaTOpOB;
*  Jierie npeojoieTh TPYAHOCTH, CBA3aHHbIE C NOMUIOYECHUEM K KOMMYTaTopaM
JONOSIHUTEIIbHBIX JIMHUHA CBA3M;
. OCYILICCTBHTh ALTEPHATHBHYIO MapiupyTH3auyio (B 06xXox MmoBpexACHHBIX
WIH 33HATHIX Y3JI0B CBA3W M KaHANOB), YTO CO3A3eT NOBBINEHHbIE YROGCTBA i
NoAL30BaTeNeH;
*  CYWIECTBEHHO COKDaTHTh BpeMA Ha Mepenady no/b30BATEBCKMX IAHHBIX,
NIOBBICHTD [POITYCKHYIO CNOCCOHOCTE ceTH M 3(deKTHBHOCTE HCIONB30BAHMI Ce-
TEBBIX PECypCOB. .
OnHoii U3 KOHUENUMA KOMMYTAllMH NAKETOB ABJIAETCA MYJBTHIVIEKCHPOBa-
HHE C NOMOIIBI0 pa3feNIeHHa BPpEeMEHH HCHOJIB30BaHHA OJHOTO H TOTO e KaHajua
MHOTHMMU MMOJIb30BATE/IMH, YTO NOBHIMAET 3((EKTHBHOCTL PYHKLUMOHHPOBAHHA
TKC. Jloruka KOMMYTaUMH NaKeTOB NO3BOJSAET MYJILTHIUIEKCHPOBATh MHOTHE
NoNL30BATENILCKHE CEaHCH! Ha OIHH MOPT KoMmbioTepa. [Tonm3oBaTens BOCOPHHN-
MaeT MOPT KaK BBIOGNCHHBIM, B TOXKEe BpeMa KaKk OH MCMONb3yeTcs Kak
pasnencHHblif  pecype. MynbTHINIEKCHPOBaHHE MOpPTa M KaHaja
Ha3BLIBAIOT BUPTYAILHBIM KaHAAOM, a TakoH peskum paloTsl - nepenadeii makeTos
Mo BUpPTyanbHOMy KaHamy. KommyTranys nakeroB M MYJIBTHIUIEKCHpOBaHHe
obecneurBatoT Cr1aKMBAaHHE aCHMMETPHIHBIX NIOTOKOB B KaHA/IAX CBA3M.
CrouMOCTh OpPraHM3aliNM BHI30B2 IA I1aKeTHOH KOMMYTAIMH HIDKE IO
CPaBHEHHIO C COOTBETCTBYIOIIEH XapaKTepHCTHKOH METOAa KOMMYTAlHH KaHAJIOB.
Ho ¢ ypemmenuem ofvema nepenasaeMoii MHOOpMaLHH CTOMMOCTHai XapaKTe-
PHCTHKA JJ11 MaKeTHOM KOMMYTalUHH BO3pacraeT OhICTpee, YeM IS KOMMYTAalHH




KaHaOB, 910 OGBACHACTCA HEOOXOAMMOCTEIO GOJLIHX PECypcoB 1 06paGoTKH
nepecsuiaeMoii HHGOpManiu.

B Hacrosmee Bpemsa nakeTHas KOMMYTallMs ABISETCS OCHOBHOM A Mepe-
Da9M JaHHBIX. .

CuMBONIBHAY KOMMYTALWA: CyOTakeTHas KOMMYTaLUA, HWIH MeToXA o6imero
NaKkeTa npeacTaiseT coboi pasHOBHAHOCT NakeTHOH KoMMyTauuH. OHa npuMe-
HACTCA B CITydae, KOAA NaKeT COUEPHT HHGOPMALIHOHHEIE GUTE, IPHHALIEKA-
IMHe pa3li9HELIM NOJTB30BATEAM.

Ipn maxerHo# KOMMyTalMH NPHXOANTCSA HAXOAHTH KOMIOPOMHCCHOE peme-
HHE, YNORNETBOpsoLIee IBYM NPOTHBOPEYMBLIM TpeGoBanuaM. Ileproe U3 Hux -
YMCHBINCHHE 3aNepXKKH MAKeTa B CETH, OGECMeYHBaeMOe YMEHLIIEHHEM ero
ZUIHHBL, B BTOpOE - oGecneyenne NoBLINeHns 3pQeKTHBHOCTH nepenaun HEdoOp-
MauuH, 0CTHraeMoe, HaoGOPOT, yBENIEHHEM IHHDI NTakeTa (NpH Manoi niuHe
TIAKETa JVIMHA €ro 3ar0JIOBKA CTAHOBHTCA HEMpHeMIEMO GONBLIOMN, 9TO CHIDKaeT
SKOHOMHUECKYI0 3¢¢exTHBHOCT: nepenaan). B ceru ¢ naxerHoi KOMMYyTauHei
MaKCHManbHO paspelleHHBIN pa3Mep MaKkeTa YCTAaHARIMBAETCH Ha OCHOBE Tpex
¢axropos: pacnpenenenns mmn NAaKeTOB, XapaKTEPUCTHKH Cpelpl Iepenadn
(rmaBHBIM 06pazoM cKOpoOCTH nepesfayn) M CTOMMOCTH. Jina kakao# nepenaroweii
Cpenel BEIOHpaeTcs CBOi OnTHMANbHbIH pa3smMep nakera.

Ipu MCnoNb30BaHHN CHMBONBHON KOMMYTALMH ONTHMAIBHEL pasmep na-
KeTa i KOHKPETHOH nepeparoineii cpelbl COXpaHAETCA © OIHOBPEMEHHEIM
YMEHbIICHHEM BPEMEHH 3a[IepikKH MaKeTa B CeTH. DTO NOCTHraeTCs 3a caer npu-
€Ma OT HECKONBKHX M10JIb30BaTeNell 0 HeGOoMbUIOMY KOJIH4€CTBY CHMBOJIOBR (MH-
¢$opmaunonusIx 64T) N 3arpy3KkH UX B OQMH NakeT obwero Jocryna.

AHaNK3 paccMOTPEHHBIX KOMMYTALMOHHBIX TEXHOJIOrHil NO3BOJIAET CAEIAaTh
BBIBOJL O BO3MOXXHOCTH Pa3spaGoTKi KOMOHHMPOBAHHOIO MeTona KOMMyTanuu, oc-
HOBaHHOTO Ha HCMO/L30BAHMH B ONPENEIECHHOM COYETaHHH NPHHUKNOB KOMMYTa-
UMY COOOILEHUH, NaKETOB M CHMBOMBLHOI KOMMYTalUMH U obecnieanBaromero 60-
Ttee addexTrBHOE ypaBieHye Pa3HOPOAHBIM TpadHKomM.

1.3. Meroas! nocryna B KOMNLIOTEPHBIX CeTSIX

Kaxpas ceresas OC HCMOJb3yET ONPEAENEHHYI0 CTPATETHIO Aocryna or
OIHOTO KOMIBIOTEPA K ApyroMy. IIpu KOHKypeHTHOM MeTone AoCTyna aboHeHT
Ha%YMHACT nepefady NaHHbIX, €CIH 0GHapyXHBAeT CBOGOIHON JINHHIO, WIH OTK/Ia-
AbIBACT NCPENATY Ha HEKOTOPEIH NPOMEXYTOK BPEMEHH, eCiH JIHHUs 3aHATa Apy-
ruM abonenTom. Ilupoxo UCTOJIb3YI0TCA MapKepHble METOAB! JoCTyna (HaspIBae-
MEI€ CEJIEKTHBHOH nepenaseit), korga KOMIIBIOTeP-aGOHEHT nonywaer or UeH-
TPAILHOTO KOMIIBIOTEPA CETH TaK HA3hIBAEMBIH MapPKEP — CHrHaJ nepenagu B Te-
9€HHC ONPEACNICHHOrO BPEMEHH, NOCNIE Yero MapKep mepeaaercs Apyromy a6o-
HEHTY.

HanGonee 9acto npumMeHAIOTCS IBE OCHOBHEIE CXeMbr®:
* koHKypeHTHad (Ethernet);

* . Omadep B. . Kosmsioteprste corm. [Ipumpnsy, Texsonorss, nporoxons: Mirrep, 2005.- 672 ¢,
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* ¢ MapkepHBIM AocTynoM (Token Ring, Arcnet).

Meroa pecryma CSMA/CD. B cersix Ethernet HCNONB3yEeTCa METOH RO-
CTyna k cpeie epefiaii NaHHEIX, HasbiBaeMblH METONOM KOJLIEKTHBHOTO AOCTyNa
C Ono3HaBaHWEM HeCyWleH H OOHapyxeHMEeM KOMWM3HH (carrier-sense-multiply-
access with collision detection, CSMA/CD).

3TOT METO/ HCTONB3yeTCA HCKTIOYHTENBHO B CETAX ¢ oOMmeH uHOH (x xo-
TOPLIM OTHOCATCA M PaiHoceTH, NOPOAMBIIME 3TOT MeTox). Bee KoMIbIoTepH! Ta-
KO# CeTH MMEIOT HEMOCPEACTBEHHBIN IOCTYT K 06mel IOIHHE, NO3TOMY OHAa MOXET
6bITE HCMOMTE30BaHA A7 Nepefavy NAHHBIX MEXIY MOGHMH HBYMA Y3JIaMH CETH.
[Tpocrota cxems! noakmouenns - 310 onmuH M3 HaKTOPOB, ONpPENENMBIIMX ycmex
crayapra Ethernet. l'oopsT, 910 Ka6ens, K KOTOPOMY MOMUTIOGEHE! BCE CTAHLIMH,
paboTaeT B pexcumMe KoJUTeKTHBHOrO focTyna (multiply-access,MA).

Bce nanHsle, nepenaBaembie 1o CeTH, MOMELIAIOTCA B KalPEl OMpeReeH oM
CTPYKTYPE! U CHa(XAlOTCA YHHKWILHBIM afpecoM CTAHLMHM HA3HAYEHHA. 3areM
Kanp nepepaerca mo KaGemo. Bce CTanuuW, noAKmodeHHble K kabemo, MOTYT
pacnosHars $akT nepejauy Kagpa, ¥ Ta CTAHLWUA, KOTOpas Y3HAET COGCTBEHHBIN
aIpec B 3aroNIoBKax Kajpa, 3anKChIBaeT ero COACPKHMOE B CBOH BHYTpeHHHIl 6y-
(pep, o6pabarbiBaeT nosyueHHbIe AaHHBIE H IOCHUIAET MO KaGeio Kap-OTBeT.

Anpec CTaHUMH-HCTOYHHKA TAlOKe BKIOYEH B HCXOMHBIH Kaap, Mo3ToMy
CTaHUMA-NONYYaTeNlb 3HAeT, KOMY HYKHO Nocnare OTBerT. [IpH onHCaHHOM
nosxone BO3MOXHA CHTyalHs, KOrJa JBE CTaHLUMH OJHOBPEMEHHO MBLITAIOTCS
niepesaTh Kaap AAHHBIX N0 0BmeMy kabemio (puc. 1.1.).

AnA yMeHBILIEHHA BEPOSTHOCTH 3TOM CHTYaUMH HENOCPENCTBEHHO mepen
OTpaBkofi Kanpa nepejaolas CTaHIHA CITyaeT KaGerb, 910651 OGHAPYXKHTE, HE
niepefiaeTcs JM Yxe 510 Kafento kanp NaHHBIX OT ApYroi CTaHLUH.

A naamaem nepedacanmn Xadp

Juut

teat

B xavuxcem nspedasavs xadp

B obrapy acusasm xosrurne
—

ST
te
-
4 obxnapy acucasm Koazu U
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Ecin onosnaerca Hecymas (carrier-sense, CS), T0 craHmMi OTK/IambIBaeT
nepexady CBOero kafpa IO OKOHYAaHHMA 9yXKOH Nepenadd, M TOJNLKO NOTOM
THITacTCA BHOBbL €ro mnepefiaTs. Ho Jake NMpM TakoM aliropHTMe IOBe CTAHLIAM
OIHOBPEMEHHO MOTYT PEIHTH, UTO MO IOWHE B HAHHBIH MOMEHT BpEMEHH HET ITe-
penadu, u HagaTh ONHOBPEMEHHO IepelaBaTh CBOM Kanpkl. IIpH 3TOM npoHcxomnT
Kommusua, Tak Kak coaepxuMoe o00HX KaNpoB CTaIKMBAeTCd Ha obmeM kabene,
9TO MPABOAHNT K HCKDKEHHIO HRGOpMAaLH,

Uto6Hl KoppekTHO 06paloTaTh KOIM3HIO, BCE CTAHLMHM ONHOBPEMEHHO
HabJIONAIOT 32 BOHMKAIOIMMMHM Ha kalese curHanamu. Ecnu nepenasaembie u
HalJIofaeMble CHTHANBI OTIHIAIOTCA, TO PHUKCHPYETCs OOHapY)KeHHe KOJUIH3HH
(collision detection, CD). Jina yBendeHHs BEPOATHOCTH HeMEIEHHOFO o6Hapy-
JKEHNS KOJUIM3HH BCEMH CTAHIMAMH CETH, CHTyallis KOJUIM3MM YCWIMBAETCsl IO-
CBUIKOH B CETb CTaHLMAMM, HAYaBIIMMH Nepefady CBOMX KaApoB, CIIELHATLHOMN
TIOCIIEAOBATENBHOCTH OUTOB, KOTOpas Ha3hIBaeTCA jam-NoCIe0BaTENbHOCTRIO.

INocne o6HapyxeHns ko/1H3HM Mepefaromas CTaHLMA 06A3aHa MpeKpaTuTh
epenady u 0OXHAATH B TedEHHE KOPOTKOIO CITydaiiHOro HHTEpBAa BpEeMEHH, a 3a-
TEM MOXET CHOBA CAeNaTh MOMBITKY Mepemady Kampa. U3 onucanus meroma mo-
CTyna BUMHO, YTO OH HOCHT BEPOATHOCTHBIN XapaKTep, H BEPOATHOCTE YCIEIHOTO
TOJTy4eHNs B CBOS pacrnopspkeHue obuIel Cpeibl 3aBUCHT OT 3arpyKeHHOCTH CETH,
TO €CTb OT HHTEHCHBHOCTH BO3HHKHOBEHMS B CTAHLWMAX NOTPeGHOCTH nepemaum
KazpoB. ITpu paspaGoTke 31010 METOAa NPEANONAraloch, 970 CKOPOCTH repenadn
AauHEIX B 10 M6/c ouens BEICOKA 110 CPaBHEHMIO C NOTPEOHOCTAMH KOMIIEFOTEpOB
BO B3aUMHOM OOMeHE JaHHBIMH, I0O3TOMY 3arpy3ka ceTH GyzeT Bcerma HeGOJb-
INoi.

Meron CSMA/CD onpeziensier 0CHOBHEIE BPEMEHHBIE H JIOTHIECKHE COOT-

HOINCHH, rapaHTApPYIOMmHe KOPPEKTHY!O paboTy BCEX CTAaHLIMIA B CETH:

. Mexay nByms nocrenoarebHO NepefaBaeMBIMM 1o o6mel wIMHe Kan-
PaMu HHOOpMALMK [OJDKHA BRUIEPKUMBATLCA 11ay3a B 9.6 MKc; 3Ta naysa Hy)KHa
AV NPHBEJIEANA B HCXO/IHOE COCTOSHHE CETeBBIX AlIANTEPOR Y3JIOB, a TAIOKE JUIS
TIPENOTBPAINCHHA MOHOMOJNBLHOIO 3axBara cpenpl neépenayr JaHHBIX OOHOM CTraH-
e,

. Ilpu oGHapyxkeHuH KOJUIH3MM (ycnoBua ee OOGHApYKEHMS 3aBHMCAT OT
TipHMendeMoi ¢usimeckoli cpembl) CTaHLMA BEIAAET B cpeny cnelManibHylo 32-x
GuTHYI0 jam-nocrenoBaTeLHOCTS, YCHIHBAIONIYIO ABNEHME KOMIMBMH M Gosee
HaNEeKHOTO pacTio3HaBaHHA ee BCEMH Y3JIaMH CETH.

. TNocne obnapyxenns koMM KDKIBIH y3€II, KOTOpEIH Mepexasan kaap u
CTOJIKHYNICA ¢ KOJIU3MEH, Mocie HeKOTOPOH 3a/iep’kKH MBITaeTca NOBTOPHO nepe-
JlaTh CBOW Kamp. Y3en pmenaer MAKCHMAIBHO 16 MOMLITOK TNiepeRavy 37oro kagpa
HHOpMaLHA, NOCNe Yero oTKA3HIBACTCA OT €ro nepenaqn. Benmauna 3amepsicku
BBIGHPAETCA KaK PaBHOMEPHO PAacTpeHelIeHHOE CYHalHOE HCIIO B3 MHTepBana,
JUIHHA KOTOPOIO SKCHOHEHUMAIBHO YBEIMIHBAETCA C KakAoH MOmBITKo#. Taxoi
MOpNTM BEIGOpa BENHMIHHEI 3aIEPXKH CHIKZCT BEPOATHOCTh KOLTH3MH M
YMEHBIIaET MHTEHCHBHOCTD BBIIA9H KaZpOB B CEThb MPH ee BRICOKOH 3arpyske.
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YeTkoe pacnmo3HaBaHWe KOJLIM3MII BCEMH CTAHIMAMM CETH ARIAETCH Heob-
XOAMMBIM YCIIOBHEM KOppeKTHOH paboTsl cetn Ethernet. Ecnu kaxas-nu6o nepe-
DAOIIasn CTaHLMA HE Pacro3HAET KOJUIH3MIO M PEUIMT, ITO KaAp AaHHMIX €0 nepe-
JaH BepHO, TO 3TOT Kalp JaHHEIX GyaeT yTepsH, Tak Kak HHOpMallia Kaapa HeKa-
3UTCA H3-32 HANOXKEHHs CHHANOB OPH KOJUTH3HM, OH OGyZleT oTGpakoBaH MpHHM-
Matome# craHnyel (H3-3a HECOBNAAEHHA KOHTPOJIBHOM cyMMEl). KoHeaHo, Hcka-
xKeHHad uHopMauusa GyaeT NOBTOPHO MepefjiaHa KaKHM-IHGO IPOTOKONIOM Bepx-
HEero ypoBHs, HanpHMep, TPAHCNOPTHHIM WIH NPMKIaAHEIM, pafoTatomum C ycra-
HOBRJICHMEM COE[IMHEHHs M HymepalmeH ceoux coobmesnmii. Ho nosropnas nepe-
Jaya coo6ieHH NPOTOKONaMH BEPXHMX YPOBHEH NpOH3OiAeT depes ropasno 6o-
Jiee AUTeNbHBI HHTEPBI BpeMeHH (JECATKH CEKYHI) MO CPaBHEHHIO ¢ MHKpOCE-
KYHOHLIMH MHTEpBaIaMHi, KOTOpPsIMH onepupyer npotokon Ethemet. IToaromy,
ecJIi KOJUIM3MH He OYIyT Hane)KHO pacHo3HaBaThea y3naMH cetd Ethernet, To 310
MPUBEAET K 3aMETHOMY CHIDKEHHIO TIOJIE3HOH NPOITYyCKHON CIOCOOHOCTH MaHHOM
CeTH.

Bcee napamerpn nporokona Ethernet nono6pamsl Taxum 06pa3oM, 9To6bI
npH HOpManbHoOli paboTe Y310B CETH KOJUIM3MH BCErAa 9€TKO Pacho3HABAIMCh.
ViMeHHO Ans 3TOFO MHHHMAalbHas JVIMHA 110J14 AAHHBIX Kagpa NOJDKHA OLITH He
MeHee 46 Gaiir (9TO BMeCTe CO CYKEOHBIMH MOJIAMH AaeT MUHHMAILHYIO AJIMHY
Kazpa B 72 6aifra wiu 576 6ur). Jnuna kabenbHol CHCTEMBI BHIOUPAETCS TaKHM
o6pasoM, 9To6Hl 32 BpeMs nepefay Kaapa MHHUMAILHON OJIMHBI CUrHAN KOJUTH-
3HM ycnen Gbl PacNpOCTPAHHTECA A0 CAMOT0 JanbHEro y3na ceTH. [lostomy mns
CKOpOCTH mepenauH AaHHeX 10 M6/c, ucnonesyemoii B craHpaprax Ethernet, mak-
CHMa/IbHOE PAacCTOSHHE MEXKAY HBYMS JIIOOBIMM Y3/1aMH CETH He BOJDKHO NpPEBbI-
warp 2500 meTpos.

C yBeIM4EHHEM CKOPOCTH Mepefauyd KagpoB, YTO MMEET MECTO B HOBBIX
cranpapTax, Gasupytouuxcs Ha ToM xe Metone nocryna CSMA/CD, nanpumep,
Fast Ethernet, MakxcHManbHad JUIMHA CETH YMEHBIIACTCA NPONOPUHOHATILHO yBe-
JIAYEeHUI0 CKOPOCTH nepenayn. B cranaapre Fast Ethernet ona cocrasnsger 210 M, a
B ruraburHom Ethernet orpanuuena 25 merpamu.

HesasucumMo ot peanusauny ¢usmdaeckoii cpearl, Bce cerr Ethernet nosokne!
YIOBNETBOPATH ABYM OTPaHHYECHMAM, CBA3aHHBIM C METOZIOM AOCTYMA:

. MaKCHMAaILBOE PaCCTOHHE MEXCTY NBYMs JIFOOEIMU y3/1aMH He IOJDKHO Tipe-
BBIDATH 2500 M,
. B CeTH He JOJDKHO 6bIrh Gonee 1024 yanoB.

Kpome Toro, kaxapiii BapuaHT ¢puznueckoi cpeapt no6asiser K 3THM orpa-
HHYCHUAM CBOH OTpaHH4eHHs, KOTOPbIE TaloKe JOJDKHBI BRINONHATHCS.

CraHuma, KoTopass XodeT mepeaaTs Kajp, AOJDKHA CHadala C NOMOLIEI0
MAC-y3na ynakoBaTh AaHHElE B Kanp COOTBETCTBYIOLIEro ¢opmara. 3arem i
NpEeAOTBPANEHN CMeIleHNA CATHAJIOB ¢ CHIHAJIaMH Jpyrol mepexaiomei cras-
i, MAC-y3en nojDkeH ApOCAYLIMBETH EKTPHYECKHE CHTHAIN Ha kabene H B
ciydae ofHapyxeHns Hecymed gactors! 10 MI'U OTIOXKHTE mepefady CBOEro
Kampa. ITocie OKOHYaHMA MepenavH no Kabemo CTaHIWA NOJDKHA BEDKIATL Be-
Gonpinyi0 AONOJNHUTENLHYIO Naysy, Ha3HBREMYI0 MEKKaOpPOBBIM HHTCPBAJIOM

19



(interframe gap), To nozponser Y3JIy HasHa4YeHHA NPHHATHL H 00paboTars nepema-
BacMBIH Kazip, H NIOCAIe 3TOr0 HavaTh Nepenady CBOEro Kazpa.

OnuoBpeMenHo ¢ nepenayeii GuroB KaJipa NpHEMHO-TIepeNaloIee yCTPo#-
CTBO y3jla CNEAHT 3a NPUHMMAEMBIMH N0 obineMy Kabermo 6uramMu, 9To6B! BO-
BPeMA OOHAPYXKHTH KOUIH3HIO. ECiH Komwusus He oBHapyxeHa, To nepenaercs
BECh kanp, none 4ero MAC-yposeHs y3ia rotos MPUHATPE KaOp 3 ceTH Jubo ot
LLC-ypoBHs.

Ecnu ke ¢uxcupyercs komnzus, T0o MAC-ysen npekpawaer nepenagy
Kaflpa 1 MOCHUIAET jam-NOCIeA0BaTeIbHOCTD, YCWIHBAIOUIYIO COCTOSHME KOJUTH-
3un. [Tocne nockuiky B cets jam-nocnenoBarenbHOCTH MAC-y3en genaer ciyuqaii-
HYI0 Nay3y H MOBTOPHO NBITAETCS NEpeaTh CBOi Kazmp.

B cmyuae nosropHbX KosmmM3mMii CYIIECTBYeT MaKCHMAIBHO BO3MOMCHOE
JHCJI0 TOMBITOK NOBTOPHOH Mepenayu Kazpa (attempt limit), koTopoe pasHo 16.
[Ipyn moctivkennu sroro npenena ¢uxcupyercs omnGka nNepefaud Kaapa, coob-
LEeHHE 0 KOTOpO#H Nmepenaercs NPOTOKOJTY BEPXHEro YpOBHA.

Hna Toro, yto6p1 YMEHBUINTL HHTE€HCHBHOCTH KOUIM3HH, kaxawii MAC-
Y3€ C KOKAOH HOBO# DOMBITKOfH CJIy4alHEIM 00pasOM YBENHUYMBAET IUTHTENb-
HOCTb May3kl Mexy nombiTkamMu. Bpemenunoe pacnucaHve WINTEIBHOCTH Nays3bl
ONPENENIAETCA HAa OCHOBE YCEYEHHOrO ABOMYHOLO SKCMOHEHUMANLHOTO ANFOpPHTMA
OTCPOYKH (truncated binary exponential backoff). [Tayza Bcernma cocrarnser nenoe
HCIIO TaK HA3bIBAEMBIX HHTEPBAIOB OTCPOYKH.

Hnreppan OTCPOYKH (slot time) - 310 Bpems, B Teuenue KOTOpOrQ CTaBUMs
TapaHTHPOBAHHO MOMET y3HATE, YTO B CETH HET KOLTHAMH. ITO BPEMs TECHO CBsl-
3aHO C NpyrHM BXKHBIM BpeMeHHBIM NapaMerpoM CETH - OKHOM KOJUTH3Hii
(collision window). Okso kowH3Mil PaBHO BPEMEHH ABYKPATHOIO MPOXOXAEHHA
CHrHala MeXy CaMbIMH yaaneHHBIMH Y3/1aMH CETH - HaMXyqlleMy CAYYaro 3a-
ACPHKH, IPH KOTOPOH CTAHIMA elwe MOXeT 06HapYXHUTH, YTO MPOM3OLLIA KOJUIH-
3ui. Miurepsan orcpoakn BHIOMpaeTCs PaBHBIM BEMYHHE OKHA KOJUIM3HI IULOC
HEKOTOpas NONOJNHUTENbHAY BeIHYHEA 3aHePXKKH 711 rapaHTHH:

HMHTEPBAJI OTCPOUKH = OKHO KOJUIH3MHA + NONONHATENLHAS 3anepxka

B cranpaprax 802.3 GONBUINHCTEO BpeMEHHBIX HHTEPBANOB H3MEPAETCA B
KOJIMECTBE MEXGHTOBBIX MHTEPBANOB, BeNMYHHA KOTOPBIX 711 GHTOBOH CKOPOCTH
10 M6/c cocraenser 0.1 mic i PaBHa BpeMeHH nepenadt OAHOro GHra.

Benumynna uurepsana OTCpo4KH B cTaHnapte 802.3 onpezesena pasHoit 512
61ToBEIM WHTepBanaM, U 3Ta BeHYHHA PacCcuHTaHa A1 MaKCHMalbHOM AJIHHBI
KoaxcHanbHOro Kkabens B 2.5 kM. Benuunna 512 onpenesseT H MHHUMAIBHYIO
MIHHY kanpa B 64 Gaifra, Tak kax TIPH Kazpax MeHblOeHl JUTMHB! CTAaHLA MOYKET
Nepenarb Kanp H He ycreTs 3amerHrs (aKT BO3HHKHOBEHHA KOLTH3HH H3-33 Toro,
HTO MCKDKEHHBIC KOIMK3HeH CurHamy ROHIYT 10 CTAaHUMM B HAHXY/ILIEM Cilydae
Tocuie 3aBepiuenns nepenaun. Takoki kanp Oyzer npocto noreps.

Bpems nayset nocie N-ois KOJL1H3HK moj1araeTca paBHbM L ueTepBanam or-
CpouKH, rfie L - ciywalinoe uenoe aucrno, PaBHOMEPHO paclipefienneHHoe B AHana-
3one [0, 2N]. Besiumna auanazona PaCTeT ToNbko 10 10 MOMBITKM (HANOMHHMM,
UTO HX HE MOXET ObITh Gosbine 16), a nanee mmanaszon ocraercs pasaemM [0, 210],
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10 ects [0, 1024]. 3HadeHus OCHOBHRIX NApaMETPOB npoLeAyph! Nepefadu Kaapa

cranpapra 802.3 npuBeeHb! B TabNHuE 1.1.
Ta6auua 1.1. OcHOBHBIE NapaMeTphb! Kanpa

[Bmonax CKOpOCTh ‘ ’ [10 Mob/c B o i
.‘anepnan OTCpOYKH ‘ (512 6HTOBBIX HHTEPBAJIOB \
lidexcxanponbm HHTEpBaN B 9.6 MKC
\‘Maxc:y;manbﬂoe 9HCTI0 MONEITOK NEpenatt [16 B 1
| Maxcumansoe ancno BospacTanus 10
|uanasowamaysel _2‘1
Llllnuﬂa jam-nocnefoBaTeNbHOCT! [32 6ura [‘
'MakcumanbHas finHa kanpa (Ge3 1 1518 Gaifros f
i npeamOyJipt) | i
o e s |
%Muﬂumanbuaa mnuHa kagpa (6e3 | 64 Gaitra (512 64T) ;
,‘l'lpeaMﬁlebl) A :
‘ Jinupa npeam6yns 1r64 6ura Il

VuuTpiBas NpHBEJCHHBIE NapaMeTpel, HETPYAHO paccuuTarh MaKCHMaJTb-
HYIO MPOM3BOIHUTENBHOCTE CETMEHTa Ethernet B TaKHX eqUHHHAX, KaK IHCIIO nepe-
NIAHHBIX TIAKETOB MUHMMAJIbHOH JUTHHEI B CeKYHIY (packets-per-second, pps). Ko-
N4ecTBO 00pabarbiBaeMbIX NaKeToB Ethernet B cekyHIy 9acTO HCHONb3YETCA PN
yKa3aHMH BHYTPEHHEH NPOW3BOAMTENBHOCTH MOCTOB A MapIpyTH3aTOpOB, BHO-
CSIOMX NONOJIHUTENbHBIE 3aJIEPXKKH NPK 06MeHe MEeXIy y1aMH. [MoatoMy HHTE-
PECHO 3HaTh YHCTYIO MaKCAMAIbHYIO NpOU3BOANTENLHOCTb CETMEHTa Ethernet B
uoeabHOM CIydae, KOrha Ha kadene HeT KOJUIM3HHA M HeT HONOJHHUTEJBHBIX 3a-
JAepsKeK, BHOCHMBIX MOCTaMH ¥ MapLIPyTH3aTOpaMH. '

Tak KaKk pasMep AaKeTa MUHUMAQILHOH ANMHBI BMECTE C npeambynoit co-
crapisier 64+8 = 72 Gaitra unu 576 GUTOB, TO Ha €ro nepefady 3aTpadMBacTCi
57.6 MKc. C y9eTOM MEXKaIpOBOr0 HHTEPBAIA B 9.6 MKC MEpHOJ CIICIOBAHNA MU-
HMMaITbHbIX NIAKETOB paBeH 67.2 MKC. OTO COOTBETCTBYET MAKCHMATBHO BOSMOX-
HOIf MPOITYCKHOM CMOCOGHOCTH CerMeHTa Ethernet B 14880 r/c.

MapkepHsiii Meroa Aocryna. CeTH ¢ MapKepHEIM JocTynom o6brHO 60-
nee MeUIeHHbIe, HO OHH JaloT Gonee MpeAcKasyeMbIMH CBOMCTBaMH, €M KOHKY-
penTHsie. ITo Mepe pocTa ducia noJym3oBareneli y ceTeif ¢ MapKEPHBIM JOCTYIIOM
lapaMeTpel YXYALIAIOTCA MeJIeHHee, YeM Y KOHKypEHTHBIX cereil. Dddex-
THBHOCTb CETH 3aBHCHT OT BEJIMUWHBI LIOTOKa COOGICHHH, KOTOpH1i Heoba3a-
TeNbHO CBA3aH C YACIOM aKTUBHBIX pafodmx craunuii. ITo KOHKYpeHTHOH cxeMe,
KOTAA MHOro paGodMX CTaHUMi ONHOBPEMEHHO MBITALOTCA Mepecnarh LaHHbIE,
BO3HHKAFOT HAJIOXKEHHUA.
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TaruM o6pa3oM, eciH Gosbiias 9acTh 06paGoTKH NAHHBIX B CETH BBIIONHA-
ercs JIOKaIBHO (HamphMep, eciin pa0ovde CTaHUMH 3aHATHI, IJIaBHBIM 00pa3soM,
JIOKR/IBHOM NOATOTOBKOM TEKCTOB), 3 (PeKTHBHOCTE CeTH 0CTaeTCs BRICOKOMH, Aake
€CJIM K CETH NOJKIOYEH0 MHOIO M0Jib30BaTesel,

[Ipn cxeme ¢ MapkepHBIM JOCTYnoM 3Q(EeKTHBHOCTL HENoCpeACTBEHHO
onpenendeM YUCIOM aKTHBHBIX pafodHX CTaHLMH, a He NOJIHBIM NMOTOKOM co06-
IeHHuH, nepeAasaemMblM o ceTH. Kaxmpli nonoaHUTENbHBIH nojbs30BaTeNb 10-
Garnser ewe OOMH ajpec, 0 KOTOpOoMYy OyAneT nepefaH MapKep HEe3aBHCHMO OT
TOrO, HYXKA2eTCs HIH HeT pabodas CTaHLMA B HEpEChUIKE cooOlneHus. ANropurM
IOCTYMa K Cpeie WUNOCTPHPYETC BpEMeHHOH aHarpaMMoH (puc.1.2.),

N cramgm
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s A
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]

mEky
ml

FaY
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Puc.1.2. Anropur™ focTyna k Cpeae ¢ MapKkepHEIM JOCTYIOM

3peck N0Ka3aHa nepenaya naketa A B KOJIbLE, COCTOALIEM H3 6 CTaHIMiA, OT
craHumy 1 k craHuuy 3. Tocne MpoxoiAEHUA CTAHUMH HasHAadeHns 3 B makere A
YCTaHaBIIMBAIOTCA B2 MpH3HAaKa - MPH3HAK PACMo3HaBaHHA afpeca M IPHU3HaK
KOMupoBaHWA Nakera B Oydep (470 Ha PHCYHKE OTMEYCHO 3BE3NOYKOH BHYTPH
naxera). [Tocne Bo3ppamenus nakera B cTaHwmo 1 oTnpasHTe D pacnos3Haer cBoii
[IAKET J10 aApeCy HMCTOYHMKA M YHANMET MakeT M3 KOJblA. YCTaHOBJIEHHBIE
CTaniuel 3 NPH3HAKN FOBOPAT CTRHUMU-OTIIPABUTENIO O TOM, UTO MAKET AOMEN KO
azipecara H Gbu1 YCTIeUIHO CKOMMPOBaH MM B CBO# Gydep.

Cers Ethernet ucnomesyer pna YynpaBieHH1 nepepadeil NaHHBIX MO ceru
KOHKyPEHTHYIO CxeMy. dneMenTs ceTi Ethernet MOryT 65ITh COEAMHEHBI N0 MIMH-
HOH HIIH 3BE3HOM TOMONOrHH C HCMOMb30BAHMEM BUTEIX f1ap, KOAKCHANIbHBIX HITH
BOJIOKOHHO-OIITHYECKHUX Kabesieii.

OcHOBHbIM npenmyiecTsoM cereit Ethemet ARserca KX GcTponeHCTBHe.
Obnanas ckopocTEio nepepaau or 10 o 100 M6ut/c, Ethernet aBnsercs ofHOMi U3
CamMbIX GRICTDEIX CPeH CYIECTBYIOMMX NOKANBHBIX CeTeli. OHAKO TAKoe GEICT-
POACHCTBHE, B CBOIO OYepens, BBIZLIBACT ofpefieicHHble NpoGJIeMbl: H3-3a TOTO,
9TO MPEIIBHEIC BO3MOKHOCTH TOHKOIO MEINHOIO Kafels JHING He3HATHTEILHO
MpCBRINAIOT YKAa3aHHYIO CKOPOCTh nepemadd B 10 M6ur/c, nake HeGoyminue

3JICKTPOMAarHUTHEIC IIOMexu MOIrYT 3HaYMTENBHO YXYOIOUTh NPOH3BOANTENEHOCTE
CCTH.

Kak nokaspiBaer ux HauMeHoBaHue, cetd Token Ring ucnonssyior s ne-
PeAain JIaHHBIX CXEMy C MapkepubM moctynom. Cerh Token Ring ¢usimeckn
BBINOJIHEHA IO CXeMe «3Be3nan, HO BeleT ce6sl KaK KOMbLEBas. Hpyrimu cnopamu,
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TaKeThl JAHHBIX MEpenaloTcsa ¢ onrol pabodeil cTaHLMM Ha APYTYIO NOCIENOBa-
TeJBHO (KaK B KOJIbLIEBOM CeTH), HO MOCTOSHHO NMpPOXONAT Yepe3 LEeHTpaIbHBIA
KOMITBIOTEP (KaK B CETAX THNA «3Be3da»). Cetn Token Ring MoryT ocymectsisTs
nepenady Kak 10 He3alHIMECHHBIM H 3aIRMINEHHBIM BUTHIM MPOBOXHEBIM MapaM, TakK
H N0 BOJIOKOHHO-ONTHIECKNM KabestsiM.

Cetu Token Ring cymecTByIoT B ABYX BEpCHAX: CO CKOPGCTHIO TiepeNadH B
4 n B 16 M6nt/c. OnHako, XOTH OTHEJILHBIE CeTH paGoTaloT Ha CKOpOCTAX JH6o 4,
aubo 16 Mbur/c, BO3MOXKHO COENMHEHNE Yepe3 MOCTH! ceTeif ¢ pasHBIMH CKOpO-
crsmu nepepadd. Cern Token Ring Hanexwbl, 061afaloT BBICOKOH CKOPOCTBIO
(ocobenno BepCHs CO CKOPOCTHIO Nepenaynd 16 MOHT/C) M MpOCThI 19 yCTaHOBKH.

Cetb ARCnet nenom3yer cxeMy ¢ MapKepHBIM JIOCTYTIOM M MOXeT paGo-
TaTh KaK B INHHHOM, Tak ¥ B 3Be3HOi Tomonorul. Cxema 3Be3ia» o6braHO obec-
TIEYHBAET JIYGUTYIO TTPOH3BOAHTENBLHOCTD, TaK KaK MpH 3TO#H TOMONOTHH BO3HHKAET
MeHbIe koH(nuKTa Mpyu nepenade. ARCnet coBMecTHMa ¢ KOaKCHaNLHBIMK Kabe-
JISMH, BUTBIMH T1apamMi H BOJIOKOHHO-ONITHIECKAMH KabemaMu.

Cucremsl ARCnet ABNAIOTCS CPaBHUTENHHO MeMJICHHBIMH. Tlepenaya ocy-
IMECTBASETCS Ha CKOPOCTH Juimb 2,5 M6ur/c, 9T0 3HAYHUTENBHO MEHbIIE, YEM B
Ipyrux tHnax cereff. HecmoTps Ha manoe Owictpoaeiicteie, ARCnet coxpaHsger
CBOIO TIOMYJIPHOCTb. Ee ManeHbkas CKOpOCTh NMepefavl ABRIAETCA B CBOEM poe
KomrneHcauueii 3a 3¢ dexTiBHLIN MeTO nepenaul curHanos. ARCnet — cpaBHM-
TenbHO Hefioporas U rubkas CHCTeMa, KOTopas IErko YCTaHaRINBAECTCA, Pacivpa-
€TCA W MOABEpPraeTcs N3MEHEeHHI0 KOHpUTrypaLyn.

Brisoanb!

B npoiiecce nepenass AaHHBIX NO CETH 3aNeHCTBOBaHb). KOMIBIOTEP-HCTOY-
HMK, OJIOK NPOTOKONA, MepefaTdmk, (usnueckan kabesbHas CeTb, NPHEMHEK,
KOMILIOTEp-aApecar.

B cerax mii coeqBHeHUs abOHEHTOB HCMONL3YIOTCA TPH METOAa KOMMYTa-
LHH: KOMMYTallA KaHaJloB, KOMMYTaLHA TAKETOB M KOMMYTaLHsA CooOIeHnH.

B cerix ¢ xoMMyTaumeil kananoe aGOHEHTOB COESAMHAET COCTABHOMN KkaHai,
o6pa3yeMelif KOMMYTaTOpaMH CeTH O 3aNpoCcy OAHONO B3 aGOHEHTOB.

JIins cOBMECTROTO pa3fielleHHA KaHAIOB MEKIY KOMMYTaTOpaMH CeTH He-
CKOJILKNMH a0OHEHTCKMMH KaHalaMH HCTIONB3YIOTCA ABE TEXHONOTHH: 9aCTOTHONO
pasnenenns kanana (FDM) u pasgenenus xaHana o pement (TDM). HactoTHoe
pasnesieHye XapakTepHO U1 aHANoroBoH MOMYJIALUMH CHTHAIOB, 3 BPEMEHHOE -
ans ¢ poBOTo KOOMPOBAHMA.

Cern ¢ KOMMYyTaluHell KaHaJlOB XOpomo KOMMYTHPYIOT MOTOKH JaHHBIX
MIOCTOSHHON HWHTEHCHBHOCTH, HAaNpHMEP MOTOKH AAHHBIX, CO3AABAaCMbIe pasroBa-
PHBAOILTHMHA IO TeslehoHy cobeceNHMKaMH, HO HE MOTYT NepepacnpenesiiTs npo-
AYCKHYIO CNOCOBHOCT: MAarHCTPaNbHEIX KaHANOB MEXCAY MOTOKAMH afOHEHTCKHX
KaHAJIOB JMHAMHICCKH,

CeTH ¢ KOMMYTanueli akeToB GLUTH CrielHanbEo paspaGorannl aa 3¢dex-
THBHOM Mepeady MybCUPYIOIIEro KOMIBIoTepHOro Tpaduka. Bybepusauua na-
KETOB pPa3HBIX aGOHEHTOB B KOMMYTAaTopax NMO3BOJMIET CIVIANHTh HepaBHOMEpHO-
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CTH MHTeHCHBHOCTH TpadHKa KOKIOro abOHeHTa N paBHOMEPHO 3arpy3uTh Ka-
MMYTaTOpaMH.

- Exgg.:?m:amaeﬁ n:!ceros 3} ¢eKTHBHO paGoTal0T B TOM OTHOIIECHMH,

910 06BeM nepejaBacMbIX HAHHBIX OT BCEX aG0HEHTOB CeTH B eIMHHLY BPEMEHH

6oMbIme, Yem np MCmOMB30BAHAM CETH C KOMMyTaupel xananos. OniHako

KaKNO# napr1 aGoneHTOB NpPONYCKHAT CTIOCOGHOCTE CETH MOYKET OKa3aThCsA HIDKeE,

9EM Y CETH ¢ koMMyTaLpell KaHAIOB, 33 CYET OUepenieli MakeToB B KOMMYTATOpax. '

Cety ¢ komMMyTanyeli IaKeTOB MOTYT PaboTaTh B OHOM M3 IBYX PEXHMOB:
ReHTarpaMMHOM pexHMe WM peKHMe BHPTYaTbHBIX KaHaroB.

B IelfTarpaMMHEIX TPOTOKOJIaX OTCYTCTBYET NpOLEAypa MpeABapHTEIEHOTO
YCTaHORNeHUs coemuuenys. [103TOMY CpOTHBIE JaHHEIE OTNPaBIAIOTCA B CETh 6e3
3afepiKeK.

TIpoTOKONME! ¢ ycTaHOBNEHMEM COCAMHEHMS MOryT ofMaxars MHOrMMH
BONONHHTENLHEIMH CBOMCTBaMA, OTCYTCTBYIOIINMH y AeffTrarpaMMHBIX MPOTOKO-
J10B. Han6onee gacro B HAX peannsyeTcs Takoe CBOHCTBO, Kak CIOCOGHOCTEL BOC~
CTaHABAWBATL HCKaXEHHEBIE H TIOTEPAHHBIE KanpEl.

Pasvep makera cymecTBeHHO MIMSET Ha MPOM3BOAWTENLHOCTb CETH.
OG6bI9HO nakeTs! B ceTax HMEIOT MAKCHMATBHEIA pasmep B 1-4 K6air.

KommyTaups coofmenuii mpefHasHaueHa JUIA OpraHus3alMH B3anMogpeil-
CTBHA MoNL30BaTeNel B pesKuMe off-line, Korna He OxMNaeTcss HeMEeANeHHO pe-~
AKUMM Ha cooGenne. ITpu 3TOM METOAS KOMMYTauu# coobieHHe mepenaercs
1€PE3 HECKONBKO TPaH3WTHLIX KOMITLIOTEPOB, rie OHO uenukoM Gydeprsyercs Ha
JUCKe.

HanGonee yacto npuMensmoTcs 1Ba METOA IOCTYNA B CETh: KOHKYPEHTHbIH
(Ethexnet) 2 mapxeprsiit nocryn (Token Ring, Arcnet).

1.4. Bonpocs! u ynpaskseHHAst

L. Moryr nu unbdpoBbIe IMHUHA CBA3Y NEPEAaBaTh aHAJIOMOBBIE AAHHBIE?

2. Onpenenure TIPOITYCKHYIO CHOCOGHOCTD KaHana CBA3H Ajist KRKOOro 13
HanpaBiexHii Iy I1eKCHOro pexcMa, eClTH H3BECTHO, 9TO €ro MoJioca NPonycka-
HuA paBHa 600 K™y, a B MeTOIe KOAMPOBAHNS UCHONB3YeTCs 10 cocToAHEKH CHr-
Hana.

3. Paccauraiire 3aiepKKy pacnpoCTPaHEeHHs CHIHANA M 3a0ep)KKY Mepenadn
ZIAHHBIX 14 Cilydas nepefavy naxera B 128 Gaiir:

o 7o Kabemo BuToi napet pyrmkHo# B 100 M npu cxopocrn nepefaqy 100 M6ur/c;
o KkoakchansHoMy xaGemo JTHHOM B 2 KM IIPH CKOPOCTH nepeadu B 10 M6ur
4. ToacHwure, w3 xaxmx coobpaxenuit BLIGpana nporyckHas crioco6HOCTS 64
K6ut/c anemenraproro kanana 1UppoBrIX TesedoHHbBIX ceTeil?

5. Cerb ¢ kKOMMyTaIMeli NaKeTOB HCILITHIBAET neperpysky. Jing ycrpareHms roif
CHTYyallii pasMep OKHa B NPOTOKOIAX KOMITLIOTEPOB CETH HY)KHO YBEIMIHTD HWIH
YMEHbINNATE?

6. Kax BIuseT HANEKHOCTD JIMHMIA CBA3H B CETH Ha BbIGOD pasMepa OkHa?

7. B gem nposensercs mGrrrounocTs TDM-TexHonoruu?
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8. Kakoit crioco0 KoMMyTauuH Gonee 3¢ dexTrBeH: KOMMYTalHA KaHATIOB HIIK
KOMMYTaLA NakeTos?

9.

[¢]
o
o

O6BACHHTE PasHULYY MEATY TPeMs MOHATHAMMU:

Jorudeckye COCINHEHNAA, HAa KOTOPhEIX OCHOBAHEl HEKOTOPBIC NMPOTOKOJNE];
BHpTya/bHblE K2HAIEI B CETAX C KOMMYyTauyeil 1akeToB;

cocTaBHblE€ KaHaJBI B CETAX C KOMMYTalueii KAaHAIOB.



I'JIABA 2. HOCTPOEHHE JIOKAJNBHBIX CETEN HA
KOMMYTATOPAX

B nensax noesimenns 3¢¢dexTHBEOCTH peant3aliy KOMILIEKCHBIX porpaMm
0o BHepenmo coBpeMeHHBIX IT TexHonornii B V3bekucrane yaenterca 6omsmoe
BHHMaHHE NPOEKTHPOBAHHIO M NPAKTHIECKOMY BHEAPEHMIO ONTHMANbHEIX
KOMNBIOTEPHbIX CeTell NpEANpHATHA HAa KOMMYTAaTOpaX, 9TO MHO3BOJIMT
ONTHMH3HPOBATL OCHOBHBIE CETEBLIC XapaKTEPUCTHKH: NPOIMYCKHas CNOCOBHOCTS,
TIPOH3BOANTENBHOCTE, CTOMMOCTb, BPEMEHHBIC 3aJepiKH H TONOJOrHYecKas
peaH3aLisl KaHAJIOB CBA3M.

2.1. DpuHuHnGL PaGOTHI KOMMYTATOPOB JIOKAJBHOM CeTH

KommyTatop (cBuMTH) — OCHOBHOe YCTPOHCTBO aKTMBHOrO THNA, NpHUMe-
HAEMOC B Ka9€CTBE LEHTPANbHOIO y3Ja WA NOMKIOYeH s KOMNLIOTEPOB B ce-
T#X, OCHOBAHHLIX Ha TONOJIOFHH «3Be3hay’.

DYHKIHOHATLHOCTH KOMMYTAaTOp 06s3aH npoTokonam, paboraioinmum Ha
KaHATLHOM ypOBHE, JTO MO3BOAAET H36EXaTh JMIIHEro TpadHka, koraa Heo6xo-
AMMO NEpEAaTh NaHHBIE OT OTNPABHTENA KOHKPETHOMY KOMIILIOTEDY, He 3arparu-
Bai MpH 3TOM OCTa/IBHEIE KOMITLIOTEPDL. 32 CYET 3TOrO AOCTHIAETCH BLICOKAS CKO-
POCTB NepeAaqy NaHHLIX. '

KomMyrarop npencrasiser co6oii AOCTaTOYHO  HHTEJTICKTYalLHOE
YCTpOHCTBO,  KOTOpOE choco6HO obyaarscs. OH Hcnonmsyer MAC-anpeca
YCTPOHCTB, npuyeM 3TH anpeca komMMyTaTop 3anomuHaet. Hanpumep, kornoa kom-
TLIOTEP NEPERACT NAHHEIE APYTOMY KOMILIOTEpY, KOMMYTaTOp 3anoMuHaeT MAC-
aflpeC OTNPABATEIIA U OTNPABIAET NAHHBIE Cpasy HA BCE AOpThl, TO ecTh paoraer
KaK KOHUEHTpaTop. OOHAKO 3TO0 MPOMCXOAMT TONbLKO HA nepBrix mopax. Kax
TOJIBKO KOMMYTATOp CMOXeT onpefenuts MAC-anpec Kamoro KOMNBIOTEpa,
TIOMIUIOYEHHOIO K €ro MopraM, NaHHble cpasy ke SyayT OTNpaBIATECA Ha KOH-
KpPETHBIH NOPT, T€M CaMbiM yMeHbInas BpemsA ROCTABKH, a 3HAYHT, YBeJIHYMBAs
CKOPOCTD Nnepeaadn JaHHEIX.

KommyTartops! - ycrpoiicrea KaHAJIBHOIO YPOBHA, COEAMHAIOIUME HECKOJIbKO
(U3NIECKIX CErMEHTOB JIOKANLHOM ceTH B oxHy Gobimyto ceThb (cM. puc.2.1.).

KommyTanms JOKanbHBIX cereit ofecneauBacT B3aUMONEHCTBHE CeTeBbIX
YCTPOKCTB 1O BBUIENCHHOM NuHMM 6e3 BO3HHKHOBEHHS KOJUIM3HH, ¢ napai-
JIeNBHON nepesavell HeCKOMbKMX TIOTOKOB NAHHEIX IYTEM OAHOBPEMEHHOIO CO-
€IUHEHU MEXIY pasHEIMY TIapaMH NOPTOB KOMMYTATOpA.

IMpu nepenage naxera 1€Pe3 KOMMYTATOP B HEM CO3NAETCA OTAENbHbIN BHp-
TyanbHbIA KAHAT, O KOTOPOMY MaHHble NepechUIAIOTCS HANPAMYIO OT MOpTa-HC-

TOYHHKA K NOPTY —~ NOMYYATENIO ¢ MaKCHMAILHO BO3MOYKHOM AT MICITOJIB3YeMOii
TEXHOJIOPMH CKOPOCTIO (puc.2.2.).

° PyosoacTso nomaosarens. KommyTaropu nosamsmsnc cerefi D-Link. Yacbroe nocobue 2004 r, 89 ¢,
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Puc. 2.1. KomMmMyTaTop nokamsHOMH ceTn

Takolf mnpuHIMN paboTl NONY9wal Ha3BaHWE (MHKpPOCETMEHTalHA»,
KOMMYTATOpH! MOMY4YWIH BO3MOXHOCTh (YHKIHOHHDOBaTb B PEXKHUME MOJHOTO
nmyriekca (full duplex).

"‘m‘“ Yoz Ruvynre i
__...._D I . D
— |
—0 § =
t—vi1 | -~
—] \ T =
____D R D

| — . .

Puc. 2.2. MukpocerMeHTanus

D10 NO3BOMAET KKAOH pabouelf CTaHIMH OAHOBPEMEHHO MepeAaBarb H
NpUHAMaTh JaHHBle, WCTOAB3YS BCIO ToONOCYy mpomyckaHus B obomx
HanparneHmax. PaGouell cTaHumu He KOHKYpPHpYeT 3a NOJIOCY TNpOIyCKaHHsi C
IpYrMMH YCTPOKCTBaMH, B Ppe3YJbTaTe 9ero He MPOUCXOAMT KOUIH3HA H
fIOBbILIAETCS NPOM3BOAKNTENLHOCTb CETH. ‘

KomMyTaTophl NoKanbHeix ceTeif 06pabarbiBaioT Kapbl HA OCHOBE anro-
pHTMa Npo3padHoro Mocra (transparent bridge), kOTopEI# onpefeNneH CTaHAapTOM
IEEE 802.1D. ITpouecc paGoTh! anropuTMa Npo3pagHoro MOCTa HA9HHACTCA C 110~
cTpoenus TabnuLel koMmyTamu (Forwarding DataBase). [Tpy Brmo9eHHH nuTa-
HWS KOMMYTATOP HadMHAeT M3yYaTh PacToNoKeHWe palodunx CTaHUMH BCeX
NPUCOEIMHEHHBIX K HeMy ceTelt myteM aHanusa MAC-aipecoB HCTOYHHMKOB
BXOMLX Kagpos. Hampumep, ecny Ha nopt 1 KOMMyTaTopa NOCTYNaeT Kaap oT
y3na 1, ToO OH 3aMOMHHAET HOMEp MOPTA, HA KOTODHWI 3TOT Kalp mpHen H
mobasnser 3Ty uWHQopMammo B Tabmumy kommytauwuu (forwarding database).
Anpeca M3YdaOTCA JAMHAMHYECKH. JTO O3HAYACT, 9T0, KaK TOJBKO 6yner
npouMTaH HOBHM anpec, To OH cpasy OyAeT 3aHECCH B KOHTEHTHO-afpecye-
Myto namaTs (content-addressable memory, CAM). Kaxpi#t pas, npH 3aHeCeHHH
ampeca B TaGNMIy KOMMYTalWW, eMy [PHCBauBaeTCH BPEMEHHOH mMTaMil. 3TO
TI03BONIAET XPAHMTH afpeca B TaGmvme B TEYeHWE ONMPENESICHHOTO BPEMEHH.
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Puc.2.3. [MocTpoerne Ta6nuLpbl KOMMYTALHH

Kaxmetii pas, xorna umer ofpaiieHue mo 3TOMY afpecy, OH nosyJaer
HOBBIf BpeMEHHOH mTaMn. Afpeca, N0 KOTOpHIM He ofpammanucs ponroe
Bpemst, U3 Tabmiip! ynanstorea (puc. 2.3.).

KommyTrarop ucrosmeayer Ta6numy kOMMYTAuMH Afis NeEpPechUIKH Tpa-
¢nka. Korna Ha 0HH M3 €ro NOPTOB MOCTYNAET NMaKeT JaHHBIX, OH U3BJIEKAET H3
Hero ungopmammo o MAC-anpece NpHEMHHKA C IOHCKOM 3TOTO MAC-anpeca
B CBOcH Tabnuue xommytaumn. [Tpu o6Hapysenun B Tabnuue 3anucn MAC-an-
PeCa Ha OIHOM M3 MOPTOB KOMMYTATOPa, Kaip MeEpEeChUIaeTCA Yepe3 3TOT MOpT.
Ecom Taxoit accoumauuu e, xanp nepenaercs Yyepes BCe MOPTHE, 32 HCKINOYEHHEM
TOro, Ha KOTOpEIH OH MOCTYNMwI. OTO Ha3HIBAeTCA JIABMHHBIM PacnipoCTpaHEHHEM
(flooding), ato smndercs omuo#t 3 npo6iem, orpaHHIHBAIOIA NPUMEHEHHE
KOMMYTaTOpOB. B ciryuae ecni B pe3ynsTaTe KakHx-nHG0 NPOrpaMMHBIX M arn-
MapaTHEIX COOEB MPOTOKON BEPXHETO YPOBHA WIM CaM CETeBOi ajanTep HauHer
paboTarh He NpaBUIbHO, ¥ GyHET NOCTOSHHO FeHEpUpOBaTh LINPOKOBEINATENIbHbIE
Kanpel, KOMMYTaTop B 3ToM Ciydae GyAeT nepenaBaTh Kaipsl BO BCe Cer-
MEHTEI, 3aTaiiMBas CeTh ONMGOYHBIM TpaduKoM.

Takad curyanms Hasnmaerca IIMPOKOBeLNATENBbHBIM ITOpMOM (broadcast
storm). KomMyTatoprl Hapexso H30JIHPYIOT MEXCErMEHTHEIH Tpaduk, ymeHs-
1024 TakiM 00pa3oM Tpaduk OTHENBHBIX CErMEHTOB. DTOT fpouecc HasbiBa-
erca guikTpammei (filtering) u BBINONHAETCA B ciydasx, korma MAC-agpeca
MCTOHHKA M NIPHEMHHKA NPHHAIVIEKAT ONHOMY CerMeHTy. OGBIIHO $bwisTpanms
TMOEBBINAET CKOPOCTH OTKIIMKA CETH, OINYIMAEMYIO [IOMb30BATENEM.

KommyTaTopr! noxampubix cereit MOAZICPXUBAIOT JBA PEXKHMA pa-
60THI: oMY AYTUIEKCHRIN peskiv H AYIUIEKCHEBIN pexyM.

TosyaynneKcHE! peskHM — 3T0 PEXHM, NPH KOTOPOM, TOJILKO OZHO
YCTPONCTBO MOXET NEpEHaBarh NaHHEIE B JEOGON MOMEHT BPEMEHH B OINHOM
ROMCHE KOJUTH3HIA.

HynnekcHbill pekuM —3TO pexxuM paGoTsi, KOTOpEI# obecnieanpaer
ONHOBPEMEHHYIO ABYXCTOPOHHIOIO Tepefady MAHHBIX MEXIY CTAHLMEH-
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oTnpaBuresnieM M craHupeii-monydareneM Ha MAC - nogypoese. I[Ipn pafore
B IYIIEKCHOM peXHMe, MEXIY CETeBHIMH YCTPOHCTBaMH MNOBHIMAETCA KOJM-
9ecTBO nepenasacMoli HEGOpMaLHE. 3TO. CBA3aHO C TeM, ITO AYIUIEKCHAA mepe-
JaJa He BLI3KIBACT B Cpene INepeliadH KOUIM3MiA, He TpelyeT coCTaBICHMA
pacnucanus MOBTOPHbIX Mepenad ¥ Ao0aBieHna GHTOB paciHpeHHT B ROHeD
KOPOTKHX Kanpos. B pesyibTaTe HE TONBKO YBENMMMBACTCA BpeMs, NOCTYHHOE
U4 nepenadd J@HHEIX, HO # YNBAMBACTCA MONE3Had MONOCA MPOIYCKAHHS
KaHana, HOCKONbKY Kakmblii KkaHan ofecmeduBaeT NONHOCKOPOCTHYIO OJHO-
BPEMEHHYIO JIBYCTOPOHHIOIO Mepenady.

Hymnexcupil pexeM paGoTsl TpeGyer Banmuus Takol MONONHHTENb-
HOH QYHKUMH, KaK YnpaBNeHHWe NOTOKOM. OHa NO3BONAET NPUHAMAIOMEMY
y3iTy (HarnpuMep, NOpPTY CETEBOro KOMMYTATopa) B Ciydae IIEpenoJHEHHs NaTh
Y3Iy-MCTOUHHKY KOMauay (Hanpumep, ¢aiinoBoMy cepsepy) DpHOCTAHOBHTS .[ie~
penady xafpoB Ha HEKOTOPHI KOPOTKHI NPOMEXYTOK BpPEMEHH. YIpamneHue
ocymecTrisercs Mexay MAC-ypoBHAMH C TMOMOMBIO Kagpa-fiay3s!, KOTOPBIH
aBTomMaruuecky Gopmupyercs npunuMatolmM MAC ypossem. Ecnu nepenonse-
Hye Gyner JHMKBHOMPOBAHO N0 HCTeYeHMA [EPHONA OXKHMAAHHA, TO IJIT TOTO,
9TO0B! BOCCTAHOBHMTL NEpeAady, OTHpABIAETCA BTOPOH Kaap-nay3a ¢ HyJeBEIM
3HAYEHHEM BPEMEHH OXHAAHHA (CM. pHc. 2.4.).

Kommyrarop
Gigabit Ethemna)

Puc.2.4. TlocneposarenshHocTs ympasieHns notokoM IEEE 802.3x

. Hymnexcrpi# pexuM paGoTl H CONYTCTBYIOmEEe €My YIpaBieHHE

TIOTOKOM JBJIOTCA HONMONBHTEIBHEIMH pexuMaMu ana Bcex MAC-yposreid
Ethernet Ke3aBHCHMO OT CKOPOCTH MepefadH.

HymnekcHeli pexuM paGoTHl M CONYTCTBYIOIIEE €My YIIPAaBIICHHE

NOTOKOM ABNAIOTCA JONOJHUTENBHBIMM pexHMamMu ana Bcex MAC-yposdei
Ethemnet He3aBHCHMO OT CKOPOCTH HepefiadH.
Kanpoi-nayssl  uuoeHTHQMUMpYIOTCA, Keak ynparnsmompe MAC-kazps 0o
AHOMBAAYaNbHEIM (32pe3epBHPOBAHHBIM) 3HAYEHHAM MOONA UIMHEY/THHA, MM
Talke NpPUCBaMBACTCA 3ape3ePBUPOBAHHOE 3HAYCHHE anpeca NPHEMHHKA,
9T06E HCKIOYHTE BO3MOXKHOCTH NMEpENadH BXOAAMIETO KafApa-ray3bl MpOTOKO-
JlaM BepXHHMX YPOBHeH WIH Ha NpyTHE IIOPTEI KOMMYTaTOpa.
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2.2, TexHOJIOrHH KOMMYTaHH

KoMMyTaTophl JIOKQIBLHBIX Cereif MOXKHO WiaccHpunupoBaTs B
COOTBETCTBHH C YpoBHAMM Moaesid OS], Ha KOTOpHIX OHM MepenaroT, GWILTPYIOT
H KOMMYTHDYIOT mpm”. PaznpqatoT KoMMyTaTopml ypoBHa 2 (Layer 2
Switch), komMMyTaTopel ypoBHA 2 co cBoiicTBamu ypoBHA 3 (Layer 3 Switch)
MHOTOYPOBHEBbIE KOMMYTATOPH.

KoMmyTarops! ypoBHA 2 aHAIM3MUPYIOT BXOAAIIME Kaipel, MPHUHAMAIOT
pewieHMe 00 Bx mambHelimeli nepeaage ¥ NepeAaroT UX MyHKTaM Ha3HadeHNs Ha
ocaose MAC — ampecoB kaHanbHOro ypoBHs Momenn OSI. OcHOBHOE npeHMy-
INeCTBO KOMMYTAaTOPOB YPOBHA 2 — IpO3padHOCTh IS MPOTOKOJIOB
BepXHero YPoBHsl. [TockoibKy koMMyTaTop (yHKIMOHHPYET Ha 2-M YPOBHE, €My
HeT HeoGXOAMMOCTH aHANIW3HPOBaTh MHQOPMALMIO BEPXHMX YpOBHEH Monenu
OSIL.

KommyTauus 2-ro ypoBHa — annaparHas. OHa obnanaer BBICOKOH
NPOM3BOAMTENPHOCTEIO, NOCKOMBKY NaKeT AaHHBIX HE NpETepIeBacT H3MEHEeHMIA.
Tepenaga kanpa B KOMMYTATOpe MOXKET OCYIIECTBIMATHCA CleUanu3upOBaH-
HbIM KOHTpPOJUIEpOM, Ha3mBaeMeIM Application-Specific Integrated Circuits
(ASIC). 3ta TexHonorna, paspaboTaHHas i1 KOMMYTaTopoB, nossoyier obec-
TI€IMBATE BBICOKHE CKOPOCTH KOMMYTAaLUHH ¢ MHHHMAIbHBIMH 33I€pKKaMH. Cy-
IECTBYIOT 2 OCHOBHBIE NPHYMHBI KCHOJL3OBAHUA KOMMYTATOPOR 2-10 YPOBHA —
CerMeHTallks ceTH M obbenuuHeHne pabounx rpynn. Bhicokas MpoM3BOAMTENb-
HOCTb KOMMYTATOPOE INO3BOJIET pa3paboTyukam ceTell 3HAYMTENbHO YMEHb-
I0HTE KOJIMYCCTBO Y3NOB B (H3UMEecKOM cermeHre. Jenenue kpymHo# ceTH Ha
JIOFH4ECKHE CerMeHTH] MOBBIIIAET MPOH3BOAUTENILHOCTE CETH (3a cYeT yMeHblie-
Hua o0beMa mepelaBaeMEIX NAHHBIX B OTHENBHBIX CerMeHTax), a Taloke rHO-
KOCTh TOCTPOCHMA CETH, YBEJMMHMBajA CTENeHb 3allUTHl IAaHHBIX, W oGjerdyaer
ynpaeJjieHHE CEThIO.

HecMoTpa Ha npeuMymecTsa kOMMyTauuu 2-rO YpOBHsS, OH2 BCE JKe
HMEET HEKOTOphie OrpaHuuenna. Hanuune KOMMYTaToOpoB B CETH HeE NpensT-
CTBYET PAaclpOCTPaHEHHIO IHPOKOBEINATENLHEIX kanpos (broadcast) no Bcem cer-
MEHTaM CETH, COXPaHsA €€ NpOo3PavHOCTb.

Takum 06pasomM, OueBHIHO, YTO Ul NOBHIUEHHA NPOH3BOMAMTEILHOCTH
cetd HeobxomuMa ¢yHKIMOBATLHOCTE 3-I0 yposusi OSI mogenu. Kommyrarop
TOKaNbHOH CeTM ypoBHA 2 ¢ (QyHKUMAMH YPOBHA 3 (W KOMMYTaTOp 3-ro
YPOBHA) MPHHHMAET peiNeHWe O KOMMYTAIMH Ha OCHOBAaHMM GOJNBINErO KOJM-
yecTBa HHGopMaumy, 9em npocro MAC-axpec.

KoMMyTaTope1 3-ro ypoBHS OCYIIECTRIAIOT KOMMYTALMEO M duneTpa-
Ipio Ha OCHOBE anpecoB KaHALHOro (YPOBEHD 2) M CETEBOro (ypoBeHb 3) ypoB-
el OSI monemy. Takne KOMMyTaTOpE! AHHAMMYECKH PeIIAOT, KOMMYTHPOBATH
(YposeHb 2) W MapIIpyTH3RpPOBATH (YPOBeHb 3) BXomamMil Tpaduk. KommyTa-

*® Kubilinskas E. Designing Resilient and Feir Multi-layer Telecemmunication Networks. / Kubilinskas E. - Lund
Institute of Tecknology, 2005
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TOpH! 3 YPOBHS BEHIONHAET KOMMYTALIHIO B Npefenax pabodei rpynmb: B Mapupy-
TH3ALMIO MeXXAY paGodrMH rpynnamMu.

KoMmyTaTopsi 3-r0 ypOBHS BHITIOJIHAIOT (GYHKLHM:

* onpeleiieHHe ONTHMANBLHLIX NyTeH Nepenadd JaHHEIX HAa OCHOBE
JIOTMYECKHX afpecoB (anpecoB CETEBONO YPOBH!, TpanuuponHo [P-anpecos);
* ynpasJieHHe MIMPOKOBEIATE/LHEIM H MHONOAAPECHBIM TpadHKoM;

* dwisTpawms Tpadrka Ha 0CHOBE HHQOpMaUMK 3-r0 YPOBHS;

* IP- dparmeHTaIMA.

OCHOBHOE OT/IHYHE MEXCIY MaplIpPYTH3aTOpaMM W KOMMYTaTropamH 3-
O YpOBHs 33KJIOYAETCA B TOM, YTO B MapIPYTH3aTOpaX obmiero HasgaueHHs
NpUHATHE PEmeHNA O MEepechUIKe NAKeTOB OOLIYHO BHIMONHACTCA NporpaMM-
HEIM 0Opa3oM, a B KOMMYyTaTopax oOpabarmiBaeTcs ChenManH3MpPOBaHHBIMH
konrpouepamMi ASIC. 310 no3BonseT KOMMYTaTopam BHINONHATE MapmipyTH3a-
LHIO MAKETOB Ha CKOPOCTH KaHana CBA3M.

KommyTauus 4-ro  ypoBHS CUMTAaeTCs TeXHONOTHeH amnapaTHOM
KOMMYTALIHK YpOBHA 3, KOTOpad MOXET YUHTHIBATh MCHONb3YEMOE NpunoxeHHe
(Telnet wnu FTP), a Tatoke HCNONB3YIOT HOMEpAa MOPTOB, Haxonsilidecy p 3aro-
JIOBKE TPAHCMOPTHOTO YPOBHA NpM CO3NAHHHM CIIMCKOB AOCTYNa AN uibTpa-
LMK JaHHBIX TPOTOKOJNIOB BEPXHETO YPOBHS, IPOrPaMM H NPHIIOKEHNH,

MHOroypoBHEBBIE KOMMYTATOPB! COYETAIOT B Ce6€ TeXHONOTHY KoMMYTa-
uuK ypoBHeit 2, 3 u 4. [TpuHATHE pelieHHs O Mepefade AaHHBIX OCYIRecTRIACTCH
B TAKMX KOMMYTaTOpax Ha OCHOBe crenytoineii nHGpopmauun:

« MAC - apece UCTOYHHKA/MPHEMHHKA Kaipa AAHHBIX;

+ [P-agpece MCTOYHMKA/MPHEMHHKA M3 3arojlOBKa CETEBOrO (3-ro) YPOBHS;
* THNa NPOTOKOJ1A B 3arojI0BKE CETEBOrO YPOBH;

*+ BOMepa MOpTa HUCTOYHUKA/TIPHEMHHKA B 3arONIOBKE TPAaHCMOPTHOrO
YPOBHs.

KoMMyTaTOph! BEICOKOrO Kjlacca JIOIKHBl 00ECnedHBaTh BRICOKYIO
NPOU3BOAMTENBHOCTh M TUIOTHOCTH MOPTOB, @ TAKOKe NOAREPKMBATH WIMPOKHH
crexTp ¢yHKuMi ynpasnenns. Takue YCTPoHCTBa 3a4acTyi0 KpOME TpagHLIHOH-
HOH KOMMYTauuy Ha MAC-ypoBHE BBIMONHAIOT (QYHKUME MapiOpyTH3aLKH.
KoMMyTaTophl, peamisyiolHe Taioke GYHKIMI CETeBOro YpoBHs (MapmpyTH3a-
uHI0), OCHalMeHH!, Kak npasuno, RISC-npoueccopaMu s BHINONHEHNA Pecyp-
COEMKHX MPOrpamMM MapmpyTH3aLHH.

Konrponnepp ASIC ina komMyTaropoe JIC penarcs Ha 2 Knacea -
6onbine ASIC, cioco6HbIe OOCITY)KNBATL MHOMKECTBO KOMMYTHPYEMBIX IOPTOB
(omMu KoHTpOJIEp Ha YCTpoiicTBO) M HeGombmne kOHTposwteph! ASIC,
o6CyKHBaIOIHE HECKONBKO MOPTOB M O0BeluHseMEle B MaTpHLBI KOMMYTa-
LHH.

Cymecrbyer 3 BapHaHTa apXHTEKTYPE! KOMMYTAaTOPOB:

* Ha OCHOBE KOMMYTAUMOHHOH MaTpHIEI (cross-bar);
* ¢ paszieseMoil MHONOBXOOBOH mamMaAThio (shared memory);
* Ha OCHOBE 06LIell BHICOKOCKOPOCTHOM MIHHEL

YacTo 3TH TPH crocofa B3aUMOHEHCTBHA KOMOMHMPYIOTCS B OJIHOM

31



KOMMYyTarope.

KomMmyTauponnas Marpuua (cross-bar) - OCHOBHOH H caMblit GBICTpHIH
CroCco6 B3aUMONEHCTBHS NpOLECCOPOB MOPTOB. ONHAKO, PeATH3AMS MaTpHLIb!
BO3MOXHA TONBKO IUl1 OMNMpPEREJICHHOINO 9YHCIa NOPTOB, NpPHUEM CIOXHOCTE
CXEMBl BO3pAcTaeT NpPONOPOMOHAILHO KBANpaTy KOJHYECTBA NOPTOB KOMMYTa-
Topa.

B mo6o#i MoMeHT Takoii KOMMyTaTOp MOXeET 0GecTIedHTh OpraHH3aLI0
TOJIBKO OTHOTO CoeNMReHud (apa moproB). [Ip# HeBHICOKOM YpOBHe Tpaduxa
He TpelyeTcs XpaHeHHe NAWHEIX B IAMSATH NEpef OTTPABKOM B NOPT Ha3HAYEHNA.
Onpako, KOMMyTaTOpBI Cross-bar TpeGyloT Gy(epH3audH Ha BXOLE OT KKIAOTO
NOpTa, MOCKOJILKY B CIlydae HCMONB30BAHUA EAMHCTBEHHOTO BO3MOXKHONO CO-
€UHEeHNs KOMMYTaTop GIokupyercs.

KomMyTauponsas marpuna paGotaer 1o TIPHHUMITY KOMMYTallui KaHa-
JoB. Ilpn mocTynenun xampa B xako#-nu60 nopt npoueccop EPP (Ethernet
Packet Processor) Gydepusyer HeckoNbkO mEpBBIX GalfT Kajpa, ITOGE! MPOUHTATH
anpec HasnadeHwd. Ilocne nonydenns apeca Ha3HaueHMA NMPOLECCOP CPa3y KKe
TpUHHMAET pEeHNe O nepesave nakeTa, He JOXHAAICH PHXOMA OCTANBHBIX GalfT
kanpa. ins 3TOTO OH NMPOCMATPHBAET CBOH COOCTBEHHDIN K3t afpecHo TabNuip!,
a ECIIA HE HaXOIMT TaM HY)XHOTO afipeca, 0GpallaeTcs K CHCTEMHOMY MOMYJIO, KO-
Topelll paboraer B MHOrO3ZamavuHOM pexxrMe, NapavleNibHO 0BCHY)KHBas 3anpockl
BCex mpoueccopor EPP.

Cucremnniii Momynn mpomsBoAKT npocMoTp ofmeit agpecHol TabmuLEl W
BO3BpaIlaeT npoueccopy HalHeHHyI0 CTPOKY, KOTOpYo ToT GydepHsyeT B cBOEM
IoIe UL NOCHEAYIomero ucnoimb3osanus. [loce Haxoxnenus aapeca HasHaue-
Hua npoueccop EPP 3uaer, uro HyxHO mambime penars ¢ NOCTYMAOMMM KagpoM
(B0 Bpems mpocMOTpa apecHoi T26MHILI npoLeccop mponomkan Gydepusanmro
NOCTynaoIMX B MOPT GaifToB Kaapa). Ecnu kagp HyxHO OT$HUNETPOBaTH, IpoLEC-
COp NpOCTO MpekpamaeT 3anmuceBath B Gydep Gaitre! Kanpa, ouHmaer G6ydep u
KACT MOCTYIUIEHUA HOBOro kajpa. Eciu xe Kalp HyxHO mepenarh Ha Apyroi
TIOPT, TO NIpoHeccop obpamaeTcs K KOMMYTALMOHHON MATpHLE H [BITAeTCH ycra-
HOBHTB B Hell TyTh, CBA3RIBarOmuMii €ro TIOPT C MIOPTOM, 9epe3 KOTOPBIH HIeT
M2apmpyT K anpecy Ha3sHAYCHHA. .

KomMyTammonsas Matprua MoxeT 310 caienaTh Tombko B ToM ciyqae,
KOTZia OpT afipeca HasHA9eHH B ITOT MOMEHT CBOGOLIEH, TO eCTb He COCIOMHEH C
ApyraM noproM. Ecmm xe OOpPT 3aHAT, TO, Kak U B JEoGoM ycrpolicTBe c
KOMMyTauuel KaHA/IOB, MATPHLIA B COEIMHEHHH OTKA3LIBAET.

B arom cnygae kanp momHocTeio GydepHsyercs mpoueccopoM BXOZHONO
TOpTa, NOCJE 9ero Mpomeccop OXHAACT OCBOGOMCHHS BEIXOJJHOTO TOpT2 H
o6pa3oBaHns KOMMYTALHOHHOM MaTpHUeH Hy>KHOro HyTH (cM. pHc.2.5.).

Tlocne Toro kax HyxwH myTs YCTaHORNEH, B HETO HanpaBJMIoTe 6ydepu-
30BaHHbIe GalfTsl kanpa, KOTOphIe NPHHHMAIOTCA NPOLECCOPOM BBIXOLHOTO mopra.
Kak Tomko nponeccop srxonnoro MOpTa NoNy4aeT AOCTYN K NOMIOIEHHOMY K
HeMy cermenty Ethernet mo amroputmy CSMA/CD, 6Gaitrs: Kafipa cpasy ke
Ha9MHAIOT NepeaBaThCa B CETh.
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Puc.2.5. Ilepenaua kanpa qebea KOMMYTALIHOHHYIO MaTpHUY

[Tporieccop BXORHOIO MOPTa TNOCTOSHHO XPaHMT HECKOJNBKO OaifT
TpHHMMaeMoro kazpa B cBoeM Oydepe, 9T0 HO3BONSET €My HE3ABHCHMO H
aCHHXPOHHO NMPHUHHUMATH U NepenaBars 6aifTei Kagpa.

KomMmyTatopsl ¢ paspensemoit namartsio (shared memory switch) mveroT
obmnit BxomHoil Gydep mna Bcex nopToB. Bydepnsammua nmanHeIX nepen HX
PAcChUIKOH NMPHBOAMT K BOSHMKHOBEHHIO 3alepXKH. OIHAKo, KOMMYTATOpHI C
paspmeinseMol maMATBIO, KaK IOKa3aHO HA pHCYHKe 5 He TpeGyioT opranmsa-
LMH CHeUHanbHOH BHYTpPeHHed MarucTpany mis mNepefjaud JAHHEIX MEXIY
NOpTaMH, YTo oGecneanBaeT MM Gosiee HU3KYIO LICHY MO CPaBHEHHMIO C KOMMYTa-
TOpaMH Ha 6a3e BEICOKOCKOPOCTHOH BHYTPEHHEH LTHHEL.

KoMmyTratoprl ¢ obmeit wmuHoii (backplane) ucnomesyror ana cBasu
MPOLIECCOPOB TOPTOB BBHICOKOCKOPOCTHYIO INHHY, HCNONB3YEMYIO B PEKHME
paspmesieHus BpeMeHH. ITocse TOro, Kak AaHHpIe NpeobpasyloTes B npHeMIeMbli
IUIs mepefadd 1o mmHe (hOpMaT, OHM NOMEINAIOTCA Ha MIMHY H Aalee nepena-
KOTCSA B MOPT Ha3HaYeHHs.

Jns toro 9ro6sl muHa He OpuUIa Y3KHM MECTOM KOMMYTAaTopa, €¢
NPOM3BOMIHTENLHOCTh HOJDKHA OBITH BbIE CKOPOCTH MOCTYIUIEHHMS NAHHEIX BO
BXOAHBIE GJIOKH MPOLIECCOPOB NOPTOB.

3,'C x2Méur/c

roe: N — konugectso noproB, Cpi.- MaKCHMaTbHAd NPOU3BOAMTEEHOCTD

OpOTOKONIa, NOJNEPIKMBAEMOTO i-M MOPTOM KOMMyTaropa. KpoMe 3TOro, Kaap
JAOJDKCH ImepenaBarbCa MO IIHHE HeGONBIDAMH 9acTAMH, [0 HECKOJBbBKO 68131‘,
gT06BI Tepelaya KaJpoB MEXHY HECKOJbKMMH MOpTaMH NMPOHCXOAMNA B [ICEB-

(2.1)
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JONapavIeNlbHOM peskHMe, He BHOCA 3aliepXeK B Mepenady Kampa B LEJIOM.
Pasmep Tako#l sdeiikH JaHHBIX ONpenesIseTcs MPOM3BOJHTEIEM KOMMYyTaropa.
MNockombky IOHHAZ MOMNeT ofecreuuBaTh ONHOBDEMEHHYIO Mepefady MOTOKa
JaHHEIX OT BCEX MOPTOB, TaKHe KOMMYTaTOPE! 9acTO HA3bIBAIOT «HEGJIOKHpYe-
. MemmB» (non-blocking) — oHM He co3naI0T NPO6OK HA MYTH NEpENAYH JAHHBIX.

2.3. XapaxrepucTHKH KOMMYTATOPOB

TIpoM3BOAHTENLHOCTE KOMMYTATOPA — XapaKTEPHCTHKA, Ha KOTODYIO
CETEeBBIe AHTErPaTOpHl H ONLITHBIE aAMHHHCTPATOpE! 06palaroT BHHMaHWe B
TICPBYIO O4epelb PH BEIGOpe ycTpolicTBa.

OCHOBHEIMM NOKA3aTeNIMA KOMMYTATODa, XapaKTepH3YIOIUMH €ro
TIPOH3BOIMTENLHOCTS, SBIAIOTCH' ' : '

* CKOpocThk GHILTpanmH Kaupos;
* CKOPOCTb POLBIDKCHHS KaApos;
* MpPOINYCKHad CoCOOHOCTS;

* 3aiepKKa NepenavTy Kaapa.

Heckonbko xapakrepucTuk kOMMyTaTOpa, KOTOphle B HamGombliel cre-
TIeHH BIWSIOT Ha YKa3aHHBIE XapaKTepHCTHKH ITPOM3BOAHTENBHOCTH:

* THII KOMMYTaUMH;

* pasmep 6ydepa (6ydepos) kanpos;

* NpPOM3BOJNTENLHOCTE BHYTPEHHEH ITHHDI;

* TIPOH3BOAMTENHLHOCTD MPOLIECCOPA WIN MPOLECCOPOB;
* pasMep BRYTpeHHell anipecHoit Tabmuus!.

CKopocTh GUABLTPANAH H CKOPOCTL MPOXBHIKEHHS. Cropocts reTpa-
MM M TPOABKCHMS KaNpOB — 3T0 JBE OCHOBHBIE XapaKTEPHUCTHKH
NpOUSBOAWTENIHOCTH ~ KOMMYTaTopa.  3TH  XapaKTepUCTHKH ABJISIOTCH
MHTCTPANLHLIME  MOKA3aTEIMM H HE 3aBHCAT OT TEXHWYECKOH peannsamuu
KOMMYTaTopa.

Ckopocrs ¢wibTpaumm (filtering) OMNPEAEIIET CKOPOCTh, C KOTOpOi
KOMMYTaTOp BEITIONHACT CEAYFOIOHE 3Tankl 06paboTKH KapoB:

* npHeM Kanpa B cBoii 6ydep;

* MpOCMOTP aApeCHOH TabNHIBI ¢ LETLI0 HAXOXCIEHHA TIOpTa 1A
afpeca Ha3HaYeHHs Kanpa;

* YHWITOXCHHE Kafipa, €ClIN ero [IOPT Ha3Ha9eHHs M NMOPT HCTOTHHKA
NpHHAIEKAT ONHOMY JIOTHIECKOMY CErMEHTY;

* CKopocTh QHILTPAAM MPaKTHIECKH Y BCeX KOMMYTAaTOpOB ABJAETCS
HEOMOKHPYIOIEH — KOMMYTaTOp ycneBaeT otT0packiBaTh Kaapsl B
TeMIle HX NOCTYIUICHHS.

CKOpPOCTE NIPOABIDKEHHS (forwarding) ompenenser ckopocts, ¢ KoTOpOii
KOMMYTATOp BBITIONIHAET Clleylomue ITamb 06paGOTKH KalpoR:

* FpHEM Kanpa B cBOil Gydep;

*! Pyxosogetso nomsoparens. Kousyrarops noramssmax cereli D-Link. Ye6uos nocoSue 2004 r. 89 c.
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* MpPOCMOTP aApecHO TaOJHiEl © UeNbI0 HAXOXKAEHWA NOpTa WA
azipeca HasHa49eHHs Kanpa;

* mepenaya Kaapa B CeTh Uepe3 HalneHHEIA No agpecHoi Tabnune nopr
Ha3Ha9CHMA.

Kax cxopocTs GHWIBTpauiH, Tak ¥ CKOPOCTh TPOABIDKEHHA H3MepACTCA
o6BMHO B Kampax B ceKkyRNy. EciM B xapakTepHCTHKax KOMMYTaropa He
yTOgHAeTCA, A KaKOro NPOTOKONa M 418 Kakoro pasMepa Kanpa NpPHBENCHB!
3Ha4eHHs CKOpOCTel GWIETPALMH H NPONBIKEHH, TO N0 YMOTIAHHIO CUMTAETCH,
YTO 3TH MOKAa3aTeNH pnaloTcs mii npoTokona Ethernet v kampoB MuUHHMAaD-
HOTO pa3sMepa, TO eCTb KalpoB JIHHOI 64 Gaift (6e3 npeamOybl) ¢ noseM AAHHBIX
B 46 Gaitr. TIpuMeHeHHe B KadecTBe OCHOBHOrO mMoKasarelis Ckopocrd oGpa-
GOTKH KOMMYTaTOpOM KaJlpOB MHHUMANbHOM UIHHBI 0GBACHACTCA TEM, YTO TaKHe
KaJpbl BCETa CO3NAOT V1A KOMMYTaropa HauGonee TAKENBIH pexuM paboTEl
0 CPaBHEHHIO C Kaiipamn Apyroro dopmara npu paBHo#t nponyckHo# cnocobHo-
CTH MEpe/IaBaeMEIX MONB30BATENbCKUX JAHHBIX. [ToaToMy mpH nMpoBefeHHM Te-
CTHpOBaHMA KOMMYTaTOpa P&XHM MEPEad KAIpoB MUHUMAILHOH JANHHEI HO-
nomb3yercs Kak HauGosee CNOKHBIA TecT, KOTOphli HOJDKEH MpOBEPHTH CMO-
wOBHOCTh KOMMyTaTopa paboTaTh INpH HAUXYAUIEM COYETAHWH T1apaMeTpoB
TpadHka.

IponycikHas cnocoGHOCTH KOMMYTATOPA H3MEPAETCS KOAHIECTBOM
[0JIb30BATENLCKUX AAHHBIX (B MerabuTax mnu ruraburax B cexynmy),
KOTOpbIE NEPENAIOTCA B EQMHMLY BPEMEHH depe3 ero mopTel. Tak Kak KoM-
MyTaTop paoTaeT Ha KaHAIbHOM YPOBHE, LA HEro MONL3OBATEILCKHMU JaH-
HbIMM SBJIAIOTCA TE JaHHbIE, KOTOphIE NEPEHOCATCA B M0Jie AAHHEIX KagpOB MpOTO-
KOJIOB KaHanbHOro yposna — Ethernet, Fast Ethernet 1 T.i. MakcuManbHoe 3Ha-
yeHue NPOIMyYCKHOH crnocoGHOCTH KOMMYTATOpa BCErZa NOCTMraeTCA Ha Kanpax
MaKCHMAIBHOJ JUIMHBI, TaKk Kak HpH JTOM Jojid HAKNARHBIX PAacxXofoB Ha
clyxe6HyI0 MH(OPMalHIO Kanpa ropasfio HIDKE, 4eM WUI1 KanpoB MUHMMaNbHOH
IVIMHBL, @ BPeMd BLITIONHEHMS KOMMYTATOpOM omepaliii no obpaGoTke kanpa,
npuxopsweecs Ha omun GaHT NOAB30BaTeNbekofl MHGOpMaLMH, CYINECTBEHHO
MeHbine. ITo3ToMy KOMMYTATOp MOXeT 6xITh GOKMpYIOINUM M- KafApOB MH-
HUMAIBHOH JNMHBI, HO MpH 3TOM HMETh OYEHb XOpOWle MOKA3ATENH Mpo-
MyCKHOM COCOGHOCTH.

3ajepiKa mepenadd Kajpa M3MepAeTCs KAk BpeMs, Mpoliejuee ¢ Mo-
MeHTa NpHXofa mepsoro GafiTa xagpa Ha BXONHON MOPT KOMMyTaropa Jo
MOMEHTa OSRJIeHHs 7Toro OaifTa Ha €ro BEIXOAHOM MOpTy. 3ajepika Ciuia-
IOpIBaeTcd M3 BpPEMEHH, 3arpavyHBacMoro Ha 6ybepusaipio Oalir Kampa, a
TAIOKE BpEMeHH, 3aTPauMBacMOTO Ha 06paGoTKy kajpa KOMMYTAaTOPOM, Ipo-
cMOTpa anpecHoM TaGJNMIBl, DPHHATHI pellieHnd O NPOJBIDKEHHH M TOJTyde-
HMA JOCTYNa K Cpeje BHIXOIHOTO NopTa. BeniauHa BHOCHMON KOMMYT&TOPOM
3aNepXKH 3aBHCHT OT pekuma ero paborel. Ecim koMMyTalisl OCYINECTRILA-
ercs Ges Gydepusauu, TO 3aNEPKKH OGBITHO HEBEJIMKH H COCTaBIIOT OT 5 JI0
40 MKc, a mpy nonHo# Gydepn3aunn KanpoB — oT 50 zmo 200 mkc (N KanpoB MH-
HHMAIHHOM AJIMHEI).
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Pasvep appecHoli Ta6nuubl. MakcuManbHat €MKOCTH anpecHON Tab-
JIMIIBL OTIpeAenseT mpefebHoe KoNHIecTBO MAC-anpecoB, ¢ KOTOPHIMM MOYET
OIHOBPEMEHHO OIEPHPOBATh KOMMYTaTop. B Tabnuue KOMMyTauHu Ijia Kaxk-
JOFO NOpTa XpaHATCA TONLKO Te HaGOpE! aZipecoB, ¢ KOTOPEIMH OH paSoTal B
nocnenHee Bpems. 3HadeHHe MakCHMaibHOro 4mucna MAC - anpecos, koTopoe
MOJKET XpaHHTbCA B Tabnuue KOMMYTalMH, 3aBHCHT OT o0nacTM HpHMeHeHus
KOMMyTaTopa, M3MEpAETCd B THiCAYax 3amHceit, HampmMmep 4K — 4 Tricaau an-
pecos. Kommyraropel D-Link mis pafounx rpynn M Manbix opucOoB 0GBIIHO
nopnepxxuBator Tabnmmy MAC anmpecoB emxoctsio ot 4K o 8K. Kommyra-
TOPb! KPYNHEIX pafodHX rpynn NOANEPKUBAIOT Tabnniy MAC agpecos eMKOCTBIO
ot 8K o 16K, a xoMMyTaTophl MarucTpaieii cereil — kak npasuno, ot 16K no
32 K appecos u Goxnee.

HenocrarogHas eMkocTh afpecHOl TaGNUUBI MOXET CITY:KUTH NpHYH-
HoOH 3ameuieHHs paboThl KOMMYTaTOpa M 3aCOpeHHs CETH M3GBITOYHBIM Tpa-
¢uxom. Ecnn anpecHad Tabnuuma KOMMYTAaUMM MOJNHOCTBEO 3afojIHeHa, a MopT
BCTPEYaeT HOBLIH a/ipec MCTOYHMKA B MOCTYIMBINEM MaKeTe, KOMMYTATOp JOJDKEH
BBITECHUTD M3 TabNMLB! Kako#H-nyb0 cTapbiff ampec M MOMECTUTH Ha €ro Me-
CTO HOBEIA. DTa onepauys caMa MO cebe OTHMMET 9JacTh BPEMEHH, HO IJIaB-
Hbie [OTEpH NPOM3BOAMTENILHOCTH OymyT HaOMODATECH NpH  MOCTYIUIEHHMM
kanpa ¢ anpecoM Ha3HA4Y€HHA, KOTODPBIA MPHIUIOCH YAAINTL U3 aapecHoif Tab-
Jmupl. Tak kak anpec HasHA9eHWs Kaapa HeUW3BECTEH, TO KOMMYTATop JOJDKEH Ie-
Penarth 3TOT KaJp Ha BCe OCTajbHbie MOPTH. OTa omepauus OyHeT co3zapaTh
JIMIIHIOIO PafoTy A8 MHOTHX MPOLIECCOPOB MOPTOB, KPOME TOTO, KOMHH TOr0
Kazpa 6yayT nmonanarh M Ha CErMEHTR! CETH, Ile OHM COBCEM He 0693aTe/ILHEL,

O6nem Oydepa xappos. BHyTpeHHsa GydepHan pmamsts KOMMyTaropa
Hy)KHa I BPEMEHHOro XpaHeHusd KampoB JAaHHBIX B TeX Cy4asX, KOTHA MX
HEBO3MOXXHO HEMEIVIEHHO NepeaTh Ha BRIXOAHOH nopr. Bydep npemmnaznauen
Ani CriiaXHBaHuA KPaTKOBPEMEHHbIX Mysbcauui Tpaduxa. Hanmpumep, Tpadux
MOXET B TEYEHHE HECKOJILKMX AECATKOB MHUIMCEKYHJ MOCTYNaTh OOHOBpe-
MEHHO Ha BCe BXOIbI KOMMYTaTOpa, He HaBas eMy BO3MOXKHOCTH MepefaBath
NpPHAMMAEMEIE Kafph! Ha BLIXOAHEIE NOPTEL.

[Ipu xpaTkOBpeMEHHOM MHOIOKPATHOM MNpEBbIIEHUK CpenHero 3Hage-
HHA MHTEHCHBHOCTH TpathHKa (a 11 JJOKANBHBIX ceTell 9acTo BCTpeYaloTCs 3Ha9e-
Hua koshduupenTa mymbcauuy Tpaduka B JuanasoHe 50-100) BoaMoskHBI 1IO-
Tepd kaapoB. OgHMM u3 MeTon0B GOpHOEl C 3TUM cayxur 6ydpep Gonpmoro
obrema. Yem Gombile oOBemM 310 mamATH, TeM MeHee BEPOATHE! TIOTEPH
kafpor NpH neperpyskax. Jipyroii MeTOx — ynpasieHue noTokoM (Flow control).
OGBIYHO KOMMYTATOPHI, NpeAHA3HAYECHHBIE VI paloTHl B OTBeTCTBEHHBIX
9acTAX CETH, MMCKT OydepHYlo NaMmsaT B HECKONBKO MECATKOB MM COTeH
sunoGaiT na nopr. JononHurensHeIM CPEACTBOM 3aLIHTHI MOYKET CITYXKHTL OOMIMii
i Beex mnoproB Gypep B momyne ynpasnenus KomMyTaropoM. Taxois
6ydep o6BraHO BMeEET 06BEM B HECKONBKO Merabaiir.

Kommyrauusa «ma Jery» mau ¢ 6ydepusanpeii. [TpoussomurensHoCTD
KOMMYTaTOpa Taloke 3aBHCHT OT CnocoGa mepesadu nakeToB - «Ha JIeTy» Wi ¢
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6ydpepmsaimeii. KomMyTarophl, Nepearolnne MakeThl «HA JIETY», BHOCAT MEHbIINE
3a[epXXKH Nepefadn KafpoB Ha KAKIOM MPOMEKYTOYHOM KOMMYTATOpE, O3TOMY
ofimee yMeHbINEHHe 3a0epKKH DOCTaBKH JAHHBIX MOXET OBITh 3HAYMTEINILHBIM,
970 ABJAETCA BOKHBIM i MyNbTHMEHITHOrO Tpapuka. Kpome Toro, BEiOpaHHbIi
Cnocof KOMMYTALINH OKa3kIBACT BIMAHHE HAa BO3MOXKHOCTH PEaTH3ALHH HEKOTO-
PBIX MOJIE3HBIX NOMONHHUTENBHBIX QYHKUMH, HAPAMED TPAHCIMILHIO NPOTOKONOB
KaHaNbHOrO YpoBHs. B Tabn. 2.2 naercs cpaBHeHHe BUSMOXHOCTeH ByX cnoco6oB
KOMMYTalMH.

Tabnnua 2.2. CpasHeRHe cioco00B KOMMYTALMH

DyHKIMA Ha nery C Oydepusanmeii
3amuTa IUIOXHX KafpoB Het Ha
TMonnepxka pazHopoAHbX ceTel Her Ha
(Ethemet, Token Ring, FDDI, ATM
3apepxka nepefadu NakeToB Huzkan (5-40 Mkc,

CpEIHAA TIPH BHICO-

KO Harpyske
TTonnep)xka pe3epBHBIX cBs3ei Her Ha
OyHKUMK aHanu3a Tpaduka Her i Ha

Cpennss BesMUHHA 3aIePPKKH KOMMYTATOPOB, pafoTaomMX «Ha JIETY», NpH
BBICOKOIt Harpyske oGBACHAETCA TEM, YTO B ITOM CIlydae BLIXOAHOH MOPT YacTo
GBIBaeT 3aHAT NPHEMOM APYrOTO NAKETA, 03TOMY BHOBE MOCTYNHMBIINH NakeT i
[AHHOTO MOpTa BCe pasHO NpuxoauTces Oydepusosars. KommMyrartop, paGoTaroimuit
«HA JETY», MOXET BHINOJIHATH NPOBEPKY HEKOPPEKTHOCTH MEpeaaBaeMbiX Kapos,
HO HE MOXET M3BATH MUIOXOil KAIp M3 CETH, TaK KaK 4acTh ero Gaifr (u, kak npa-
BUIIO, 60MbINas 4acTh) YrKe NepenaHsbl B CETh.

Tak KaKk Kaxgpiii cocod ¥MeeT CBOM NOCTOMHCTBA U HEAOCTATKH, B TEX MO-
JensxX KOMMYTAaTOpOB, KOTOPBIM HY)KHO TPaHCIHPOBATh NMPOTOKONEI, HHOTAA NpH-
MEHAETCA MEXAHU3M afanTUBHOM CMEHB! pekuMa pafoTl KoMMyTaTopa. OCHOB-
HOM PEXKHM TaKOTO KOMMYTaropa - KOMMYTallsi «Ha JIETY», HO KOMMYTATOp Mo-
CTOSHHO KOHTpONHMpyeT TpadHK H MPH NPEBBHINEHUA MHTCHCHBHOCTH NOARJICHUA
TUTOXMX KANpPOB HEKOTOPOTO NOPOra MEPEXOMIHT Ha PEXHM MONHOH 6ydepr3anuu.
3aremM KOMMYTATOp MOXET BEpHYTBCA K KOMMYTALMH KHa JIETY.

B03MOKHOCTH KOMMYTATOpPOB Mo GuibTpanvu Tpaduka. MHorue koM~
MYTATOphl TIO3BOJAIOT ANMMHHCTPATOpPaM 3a0aBaThb NOTIONHMTENIbHEIE YCIOBUS
$uibTpauun kanpos. [ToMb30BATENBCKHUE GWIETPEI NpeAHa3HA9EHDBI U1 CO3AAHHA
HOTIONHHTENIbHBIX 6aphepoB HA MyTH KAAPOB, KOTOPHIE OTPaHWMHMBAIOT ROCTYH
ONpeNIesieHHBIX TPyNI NoJB30BaTeNeH K ONpeAeNeHHbM cimyx6aM ceTH.

Hayfonee npoCTHIMH SIBISIIOTCA TOJIB3OBATENLCKHE (UWILTPEI Ha OCHOBE
MAC - ampecos cranmmii. Tak kak MAC aapeca — 310 Ta HH¢opMauud, ¢
KoTopoll paforaeT KOMMYTaTop, TO OH TO3BOJET 3aJaBaTh TakHe GumTpEl B
yno6Ho# s amvunuctparopa gopme. Ilpu oM pomb3oBarermo, paboTaromemy
Ha KOMMEoTepe ¢ AaHHEM MAC  ajpecoM, MONHOCTRIO 3alpeImaeTcs AOCTYN K
pecypcaM Ipyroro cerMeHTa CeTH.
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Yacro apumncTparopy Tpebyercs 3anats Goslee TOHKHe yCIOBHA GHIBTpa-
MY, HaNpHMEp, 3anpeTHTh HEKOTOPOMY MOJB30BATENI0 NEYaTaTh CBOM HOKY-
MEHTEI Ha ONpefieNienHoM cepBepe nedatn NetWare 9yxoro cerMenTa, a ocTais-
HBEIE PeCypchl 3TOTO CErMEHTa CAeNaTh JOCTYNHBIMH. U1 peammaigii Takoro
$uNLTpa Hy>KHO 3anpeTHTh Nepeaady KanpoB C onpenenenHsM MAC - anpecom, B
KOTOpLIX BIIOXKeHBI nakeTs! IPX, B rosie «HOMep cokeTa» KOTOPEIX Gyner ykasaHo
3Ha4¢HHe, COOTBETCTBYIOMEe ciryxOe negard NetWare.

KomMyTaropsl Be aHanM3HpYIOT NpOTOKONLI BEPXHHX YPOBHEH, TakHe Kak
IPX, nosroMy amMHHHCTpaTOpy NMPHXOAMTCA WIS 33laHUA YCIOBHHA TakoH (HIs-
TpauH BPY3HYIO ONpPEAeIIsTE FI0JIe, 110 3HA9EHHIO KOTOPOr0 HyXHO OCYINeCTBIISTE
bwiETpamnio, B Bupie Maphl «CMEINEHHE - PasMep» OTHOCHTENBHO Hagana Iojis
HaHHBIX Kalipa KAHATHOrO YPOBHA, a 3aTeM elle YKa3aTh B LIECTHANIATEPHIHOM
¢opmare 3HageHHe 3100 MONA ANA CIY>KOBI N1EIaTH.

O6BraHO ycnoens GHIBTpaLHH 3aMHCHIBAIOTCA B BUAE GyieBbIX BEIP@KEHHIA,
¢dopmupyemeIx ¢ noMomBIo Norueckux oneparopos AND 1 OR. Hanoyense no-
DOJHHTENBHEIX YCIOBHH QWIETPAMH MOXKET CHH3HTH NPOH3BOAHTENLHOCTD KOM-
MyTaropa, Tak Kak BRMHCICHHE OyneBhX BblpakeHni TpeGyeT npopenmeHus
ZONOJNHNTENBHEIX BLITHCIICHHUI MpoLleccopamMH NOpTOB

IIpuopurernas o6paGotia Kaapos. [TocTpoeHHte ceTeil Ha OCHoRe KOMMY-
TaTopOB MO3BONAET MCHONb30BATh MPHOPHTETHOCTL 06paGoTKH TPaduka Hesaru-
CHMO OT TeXHONOTHN CETH. JTa HOBadA BO3MOXHOCTH ARJAETCS CIEACTBHEM TOTO,
9TO0 KOMMyTaTopsl 6ydepHsyroT Kanpel mepell MX OTHPaBKOH Ha Hpyroit nopr.
KoMMyTaTop 06br4H0 BeAeT IWist KOKAOr0 BXOJHOTO M BBIXONHONO NOpra He oAHY,
2 HECKONEKO OdepeneH, MpHdeM Kakhas od9epedb HMeEET CBOH NMPHOpyrer o6pa-
GoTky. [Tpu 3TOM KOMMyTaTOp MOXKET GBITH CKOHQHTYpHpOBaH, Halpymep, Tak,
IT0GkI MlepeaaBaTh OAMH HI3KONPHOPHTETHLIN NaKeT Ha kaxapie 10 BEICOKOMPHO-
PHTETHBIX NIAKETOB.

Tonnepxxa npropuTeTHOM 06paboTKM MOKET HCIOME30BATHCT INS TIpHIo-
KeHuH, NPEeNbABIAIOIMX pazTHuHBe TpeGOBaHMA K FOMYCTHMBIM  3a3pepsKKam
KazIpoB H K NMpOMYCKHOH COCOGHOCTH CeTH /A HOTOKA KAApOB.

Bonee npuopurerseie kanph 6yxyT 0bpabaThiBaTECs paHbIIE Meyee npHo-
PUTETHDIX, IO3TOMY BCe NOKA3aTeNTH Ka9ecTBa OGCITY)KUBAHMA Y HHX SynyT BEIDE,
€M y MEHEe NpHOPHTETHBIX. I'apaHTHH KayecTBa OGCITYKHBaHUA nator mpyrre
CXEMBI, KOTOphIE OCHOBAHEI Ha MPENBAPHTEINIBHOM Pe3ePBUPOBAHHH KayectBa 06-
cmypkueanvs. Hanpumep, Takue cxeMEl HCnombsyrotcst B TEXHONOTHRX rnoGank-
HEIX ceredi frame relay n ATM win B nporokone RSVP nas cereit TCp/[P. Oc-
HOBHEIM BOMPOCOM NMpH NMpHOpHTETHOM 06paboTke Kanpos KOMMYTaTOpamy sBAd-
€TCs BONpPOC HA3HAYEHUH Kaupy mpuopHTera. Tak Kak He Bce MPOTOKONL] KaHANIE-
HOTO YPOBHA NOINCPXHBAIOT NONEe NPHOPHMTETAa Kanpa, HampHMEp y KampoB
Ethernet oo otcyrcreyer, TO KOMMYTaTop HOJDKEH HCIONB30BaTh Kakoi-niGo
HOMONHUTENBHBIA MEXAHH3M [UIA CBA3KIBAHMA KALpa C €10 MpHOpHTETONM, Hanbo-
J16¢ pacHpoCTpaHEeHHkIH C1OCO6 - mpHImCHBaHHe NPHOPHTETa HOPTaM KOMMYTa-
Topa. [Ipu 310M CriocoGe xomMyTaTOp MoMemaer Kazip B o9epe/h KaApoB cooTBET-
CTBYIOLIETO NMPHOPATETa B 3aBHCHMOCTH OT TOTO, Yepe3 KaKOH IOpPT HOOCTyNH
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Kagp B KOMMyTaTop. Crioco6 HECIOXHEIA, HO HENOCTATOIHO rMOKuA - ecnm K
NOPTY KOMMYTaTOpa MOMKIIOUCH He OTACILHBIH Y3e/l, a CerMEHT, TO BCS Y3NbI
CErMEeHTa NOTy9aloT OHHAKOBBLH IPHOPHTET.

Bonee ru6xuM ABIAETCA Ha3Ha49eHME NPHOPHTETOB KaApaM B COOTBETCTBHH
¢ mocTarouso HobM cranaaproM IEEE 802.1p. Dror cranpapr paspabarbmBanca
COBMECTHO co craHaaproM 802.10, KOTOpEIH pacCMaTpPHBAeTCs B CIIEAYIOMEM pas-
[efie, NMOCBALIEHHOM BHPTYILHBIM JIOKAIBHBIM CEDIM. B o6oux craHpaprax
npemycMoTpeH o6muii HONOJHUTENLHEIH 3ar0i0BOK IS KalpoB Ethemet, cocro-
AnpAi u3 AByX GaifT. B 3TOM JONONHHTEIHHOM 3aroJioBKe, KOTOPSIH BCTABNISETCS
nepel MoNeM NaHHbIX Kampa, 3 6MTa MCOONB3YIOTCA V1A ykasanus NMpHOpHTeTa
Kkaapa. CylecTByeT NPOTOKOJ, N0 KOTOPOMY KOHETHRIA Y3€J MOXET 3anpOoCHTh ¥
KOMMYTATOpa OJIMH M3 BOCLMH YpOBHeii npuopuTera kagpa. Ecim cererofi anan-
Tep He nopfepkupaeT crannapt 802.1p, To KOMMYTATOP MOXET HasHagaTh npro-
PMTETH! KaIpaM Ha OCHOBE NOPTa NOCTYILICHUA Kajpa. Takue noMedeHHbIe KaAphl
GYAyT 06CITyKHBATHCA B COOTBETCTBHH C X MPHOPUTETOM BCEMH KOMMYTAaTOpaMH
CETH, a He TOJILKO TeM KOMMYTaropoM, KOTOPBIif HENOCPEACTBEHHO NPHHAT Kazp
OT KOHEYHOro y3fna. l'[pu nepepavye Kagpa CETCBOMY AQnanTepy, He NoAACpIKHBalo-
memy cranpapt 802.1p, [ONOJIHUTENBHEI 3ar0IOBOK KOJDKEH 6bITE yAaneH.

Nporpamvuoe obecneucHHe KOMMYTaTOPOB. BTOphIM  KOMIIOHEHTOM
KOMMYTHpYeMOil MEXKCETEeBOH MOZENH ABIAETCA MpOrpamMMHoe obecnedgenne
KxommyTaropos [18]. ITporpamMmHoe ofecnieuenne  kommyTtaropoB D-Link
NpeoCTaBNAeT MOJHbIA HAGOp MPOrpaMMHLIX  CEpBHCO, HeoOXoAMMBIX g
BBINOJIHEHUA B YCJIOBHAX COBPEMCHHBIX cereil TakuX ¢yHKUMH, KaK ynpasieHue
CeTeBoil 6e3onacHocThio, Q0S M NPEROCTABICHHE NOMONHUTENBHEIX CEPBHCOB,
06ecnequBaloIMX OTKa30yCTOHYHBOCTD  CETH. Kpome TOro, mporpaMmHoe
obecrieueHne KOMMYTATOPOB B3aUMOJEHCTBYET C TNPHIOXKEHHAMH CETEBOro
MOHHMTODHHFA M YNpaBeHHA HCDONb3YIOLX nporokon SNMP, nanpumep D-
Link D-View. DTH ynpaglmiollue —MpOrpaMMbl  NOANEPKHBAIOTCA Beel
JMHeHKOM ynpamiseMblX KOMMYTAaTOpOB D -Link.

CucremHoe MpOrpaMMHOe obecredeHHe pacnojaraercs BO Flash-na-
MATH KOMMYyTaTopa, pasMep KOTOpO# BapbHpYeTCA B 3aBHCHMOCTH OT MOICHH,
o6E1uHO 8-16 M6. Ora NaMiTh MOXET CONEPKATH HECKONBKO obpasoB cu-
CTEMHOIO TPOrpaMMHOTO ofecredeHus, KoKAbIA M3 KOTOpHIX MOxeT Owmh
BBI6OpOYHO 3arpyskeH B YCTPOHCTBO. Tatoxe Bo Flash-mamsaru XpaHurca 3arpy-
30YHBI MOJY/b, OTBEAIOLIMH 34 LCPBHIHOC TecTHpoBaHue (QYHKIHOHATBHBIX
KOMIIOHEHTOB KOMMYTaTopa TOCie MoiatH IHTaHH, ofiecnedenne 3arpy3kd k
sanycka ucnonmsemoro Qaiina. Texyias konpurypauns YCTpOHCTBa XpaHHTCH
B HeproHesapucumol maMaTH NV-RAM, coxpansommeH HHHOpMaLysO NP OT-
K/FOYCHHNH NHTaHHA.

Tperuit ¥ NOCTEAHHA KOMINOHEHT KOMMYTHpYeMoii MexceTeBol Mo-
IeNK — CpeacTBa M NPHIOKEHHA CETEBOro YIPaBJIeHHMA. ITOCKONBKY KOMMYTa-
TOpBI MHTETPHPOBAHE! B CeTh, CETEBOE YNPABICHHE CT2aHOBHTCS aKTY&lbHO Kak
nna paGodeil rpymmel, Tak H U4 MarHCTpalH CETH.
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2.4, BapTyanbHble JIOKaAbHbIE CeTH

BceM. KOMMYTHpyeMbIM CeTAM MpHCYlle ONHO oOrpaHuueHue. [lo-
CKOJIBKY KOMMYTaTOp AB/AETCS YCTPOHCTBOM KAHANLHOIO YDOBHS, OH HE MO-
MET 3HaTh, KyJa HANPAB/ATL IOMPOKOBELNATENBLHBIE AKETHI MPOTOKONOB CETe-
BOro ypoBHd. XOTA TpaduK C KOHKPETHHIMH aipecaMH (COENHHEHHs “TouKa-
TO4Ka") H30JIHPOBAH NMapofi MOPTOB, IIMPOKOBELIATENBHbIE NAKETHl MepeNaloTes
BO BCIO ceTh (Ha Kaxmbii nopr). IllnpokoBelnaTensHEIE MAKEThl — ITO NAKeThI,
NepefaBacMeic HAa BCE Y3ibl ceTH. OHHM HeoOXomuMBbl ia paboTel MHOTHX ce-
TEeBBIX MPOTOKONOB, TakHX kak ARP, BOOTP unu DHCP, ¢ ux nomowsto paGo-
9ad CTaHUMA OMO3CUIACT APYTHE KOMILIOTEPHI O CBOEM IMOSABNIEHUH B CETH, TaK JKe
INHPOKOBEINATENEHBIC TAKETEI MOTYT BO3HHKATP H3-3a HEKOPPeKTHO paboTaloinero
CETEBOrO amanTepa.

IlnpokoBewaTensble nakeTs] MOFYT NPHMBECTH K HACHIULEHHIO NO-
JIOCH NPOMYCKaHuA, OCOGeHHO B KPYNHHIX ceTax. Jns Toro, 4robnl 3TOrO He
NIPOHCXOMIWIO BKHO OTpaHHYHTL O0NAacTh pacmpoCTPaHEHHs
HIHpOKOBEIIATENbHOMO Tpaduka (31a 061aCTh Ha3BIBAETCS LIMPOKOBEINATEILHBIM
HOMEHOM) — OpraHH30BaTs HeGOJBIINE LIHPOKOBEIIATE/bHbIE JOMEHBI MIH
BupTyanbHeie JIBC (Virtual LAN, VLAN)'2,

BupTyanbHo#i cersto HaskiBaeTCA JIOTM9ecKas rpynna y3joB CeTH,
TPaduK KOTOpOH, B TOM guCHe M IIHPOKOBEINATENbHbIH, HA KAHATLHOM YpPOBHe
TOJIHOCTBEO H30NHPOBAH OT APYTHX Y3/IOB CETH. DTO 03HAYAET, 9TO NEpenasa Kag-
POB MEXTY pasHbIMH BUPTyalbHbIMH CETAMH Ha OCHOBaHMM MAC-anpeca He-
BO3MO%HA, HE3aBHCHMO OT THNA AAPECca — YHHKANBHOIO, TPYMMNOBOTO WIH
LIMpOKOBLINATENBHOTO. B To e Bpems, BHYTpH BHUPTYy&IbHOH CETM Kaph!
MEpEAAIOTCA 110 TEXHONOMHM KOMMYTALHH, TO €CTh TOJIBKO Ha TOT OPT, KOTOPHIH
CBA3aH C anpecoM HasHadenus kanpa. Takum o6pazom, ¢ MOMOIBIO BHPTYJIbHBIX
ceTefl pelllaeTcs NpodieMa pacnpOCTPaHEHMS INMPOKOBEIATENbHEIX NAKEeTOB H
BBISRIBAEMBIX HMH CIEACTBUH, KOTOPbIE MOTYT PasBUTHCA B MIMPOKOBEILATEIbHbIE
WITOPMBI H CYLICCTBEHHO CHUBHTH MPOH3BOAMTE/ILHOCTD CETH.

VLAN 06125210t criemyromums peuMyiecTBamu:

* Iubxocre BHeNperma. VLAN ABnsmoTcs 3bQpeKTUBHEIM cniocoGoM
TPYNIHUPOBKH CETEBLIX Nonp3oBaTeNiell B BUPTyaibHbie paGouHe
FpYNIiel, HECMOTPA Ha X (u3HYECKOE pasMELIEHHE B CETH,

* VLAN 06ecreauBalor po3MoXHOCTh KOHTDONA LIMPOKOBELNATENBHBIX
COOGIIEHMH, ITO YBEMIHBaeT NONOCY NPOMyCKaHHA, JOCTYNHYIO Jyis
[0JIB30BaTeJIA;

* VLAN D03BOJIIOT YCHIINTE Ge30nacHOCT CETH, ONIPEREIIUB C NOMOLIBIO
GUILTPOB, HACTPOGHHBIX ha KOMMYTATOPE IIH MApUIpYTH3aTOpe,

TONUTHKY B3aHMONEHCTBUY nonb3oBareneli M3 PasHBIX BHPTYRILHEX
cerei.

* @oprenbepy T. IpoerTip BHPTY&IBHEIX YacTHEX ceTeli b cpene Windows 2000. Biwmamc,
{RUS,320.,2002].
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B xoMMyTaropax MOTYT HCIOJb30BATRCA TPH THNA VLAN:
» VLAN Ha 6ase nopTos;
» VLAN Ha 6a3ze MAC—anipecoB;
» VLAN Ha OCHOBE METOK B JIOTIOJHHTENBHOM MOJI€ Kanpa— CTaHxapT
[EEE 802.1Q.

Tpyu ucnomssosanni VLAN Ha Gase nopTo, Kakiuifi MOpT Hashada-
ercs B ompenenesHylo VLAN, He3aBHCHMO OT TOTO, Kakoif MoJNB30BaTEIh WM
KOMMBIOTEp MOMUTIOYEH K 3TOMy MOPTY. STO 03HATaeT, IT0 BCe MOIB30BATEIH,
NOAKIOUEHHEIE K 3TOMY NOpTy, OyayT WieHaMH omioii VLAN. Kongnrypanus
MIOPTOB CTATHYECKaA 1 MOXKET 6bITE H3MEHeHa TONLKO BPYIHYIO (cM. puc.2.6).

VLANS

VLAN VLAN2 VLAN3

Pnc.2.6. VLAN na Gasze noproB

Eciiu  HeoGXOAuMO OpraHM30Bark HECKOJBKO paboaux rpynn B NMpefeax
HeGoJIBILON CETH Ha OCHOBE OJIHOTO KOMMYTaTopa, TO pEIeHHe VLAN Ha 6aze
NOPTOB ONTHMANbHO NOAXOMHT T JaHHOW 3aHauH.

MpocroTa HacCTPOHKH. Co3maHue BHMPTYAIBHBIX ceTell Ha OCHOBE
rpYNNMpOBaRHUs TOPTOB HE TpefyeT OT alMAHKCTPAropa Gonpmoro o6veMa
pyaso#i paGoTel — AOCTATOTHO K&KIOMY TOpTY, HAXOnAmeEMycs B OAHOM
VLAN, npHCBOHTE OAMH ¥ TOT XK€ npentnduxarop VLAN (VLAN ID) .

Bo3MOXHOCTh M3MEHCHHS JIOTMUECKOH TOTIONOTMH CeTH 6e3 dusnue-
CKOTO TiepeMelleHus CTaHLH — I0CTaTOaHO BCEr0 JIMIOb H3MEHWTH HaCTPOHKH
nopra, ¢ onuoii VLAN (nanpHMep, VLAN TeXHHUeckoro OTAena) Ha APYTyro
(VLAN otgena npoiax) H pabouas CTaHUMA Cpasy e MONYHaeT BO3MOX-
HOCTB COBMECTHO HCIIOJIE30BaTh PECYPCH! C LeHAMH HoBo#t VLAN.

Taxum o6pasom, VLAN obecnequsaior rubKOCTh TpH NepeMelleHHsIX,
H3MEHEHNAX | HapalHBaHuH CeTH. Kaxzpiii MOPT MOXET BXOXHTh TONBKO B
omu VLAN. Tlostomy Mis 06beIMHEHHs BHPTyIbHBIX nopcereli ~ Kak BHYTpH
OJIHOTO KOMMYTATOpa, TaK H MEXY HABYMs KOMMYTaTOpaMH, HYXHO HCIIONB30-
BaTb CETEBOH YpOBEHD (TpeTHil ypoBEHD mogpenu [SO/OSI). Onu 13 NOpTOB
kaxno#t VLAN nommo9acTcs K maTepdeiicy MaplIpyTH3aTopa, KOTOpEIH co-
3aeT TaGNWLY MApLIPYTH3ALMH MUl NIEPEChUTKH NaKeTOR H3 onHOHM NMOACETH B
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ApyTyto, nipu a1om IP anpeca mopcereit nomKHEI ObITH pasHeIMU (cM. puc. 2.7).

Puc.2.7. O6nemunenne VLAN Ha (a3e MopToB Ha OCHOBE MapuipyTusatopa

Henocratkom Taxoro PEIICHIA SBIAETCSA TO, 9TO OMIMH NMOPT Kaxaok VLAN
HEOGX0MMO mommogaTs Kk MapLipyTu3atopy. 3TO NPHBOOMT K HOTONHHTENE-
HBIM pacxofam Ha MoKynKy kabeseii u MapIIpYyTH3ATOP, MEOC MOPTH KOMMY-
TaTOpa HCMOB3YIOTCS OYeHb  PaCcTOTHTENBHO. Pemuts  nammyio mpo6Gnemy
MOXHO ZIBYMs CrIOCOGAaMH: HCNONB3OBATE KOMMYTaTOpE!, KOTOpEIE Ha OCHOBe
dbupmenroro PEIIEHHI MO3BOJMIOT BKJFOYATH nopr B Heckonbko VLAN wiu
ucrions3oBars KOMMYTaropoB ypoBus 3.

VLAN na 6ase MAC-aapecoB. Cnenyrommii crnocob,  KoTopEIii
MCNOML3yeTC A  06pasoBanus BUPTYanbHBIX CeTeH, OCHOBaH Ha rpynmu-
poske MAC-anpecor. [Tpu CYINECTBOBAHHH B CETH GONBUIOrO KOJHYECTBA y3-
JIOB 3TOT CrOCO6 TpeSyer BEIMONHEHHS Goneloro konuwecrsa PY9HBIX oOne-
paumii or AIMHHUCTpaTopa. OfHaKO OH OKa3kIBaeTCH Gonee FHGKMM TpH HoCTpo-
CHUH BHPTYAIILHEIX CeTelf Ha OCHOBE HECKOJBKIX KOMMYTaTOpOB, 4YeM CHOcO6
TPYNIHUPOBKE  MopTOB. I'pymnuposanme MAC-agpecoB B cerh Ha kakmom

ONHAaKO, TpebyeT BEMONHEHHT GOIbIOro KOJIMYECTB2 PY9YHEIX oOmepauMit Mo
MapkHpoBke MAC-ampecop Ha KaXJIOM KOMMYTaTope CeTH.

Ulnpokosemaremsuyie AoMeHEI Ha 6asze MAC—anpecos, rospossoT
usyaecku nepememars, CTaHUHIO (NOMKOYATH K JH0GOMY NOpTy KOMMyTaropa),
TO3BOIAA OCTAaBAThCA el B OXHOM M ToM e IIMPOKOBEINATENIFHOM JOMEHE
6e3 kaxux—1u60 u3MeHeHmuis p HacTpodikax koHbpuryparmu

Hacrpoiika BHPTyaNbHOR ceTH Ha OCHOBe MAC-anpecos MoxeT oTHITSH
MHOTO BpEMEHM — NPE/CTaBbTe ceGe, ¥TO Bam notpebyercs cessate ¢ VLAN
anpeca 1000 ycrpoiicrs. Kpome Toro, MAC-anpeca «HamIyxo 3amuTRE B 0G0~
PYAOBaHHE, H MOXKET NOTPeGOBATLCH MHOTO BPEMEHH Ha BbIICHEHHE afpecoB
YCTPOHCTB B 60NLINOH, TeppHTOpHa:HO pacrpeneneHHoH cet (cM. puc.2.8.).
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VLAN Ha 6aze merox — crangapt IEEE 802.1Q. OnucanHbie IBa
[OJXONa OCHOBaHE TOJBKO Ha JOGAaBIECHHH JOTIONHUTEILHON HHQOpPMaUHH K
ampecHsIM TabnuuaM KOMMYTaTopa M He HCIIONE3YIOT BO3MOXXHOCTH BCTpauBa-
HUA BHDOPMALMH O NPHHAMIEKHOCTH Kanpa K BHPTyalbHOH CeTH B nepenasae-
MBI KafIp.

Puc.2.8. VLAN Ha 6aze MAC-anpecos

Merton OpraHH3auuH VLAN Ha OCHOBE METOK — T3IOB, HCHONB3YET
TIOMONIHMTEJIbHBIE 110/ Kajapa A xpaHesna HHGOpMaUMK O NPHHAIIIEKHOCTH
Kampa MpH ero nepeMereH X MeJy KOMMYTaTOpamMH CETH.

Cranpnapr IEEE 802.1Q ompefe/iieT HSMEHEHHs B CTPYKType KaIpa
Ethernet, nossoJsgiomue nepeaasarsd uagopmano 0 VLAN o cetn. C  TO9KH
spenns ypoberBa M TMOKOCTH HACTpOCK, VLAN Ha OCHOBE METOK ABIIAETCA
JIYUILOMM pellleHHEM, TI0 CPABHEHHIQ C PAHEe OMHCAHHBIMH 0IXOAMH.

Ero oCHOBHblE NPEUMYIIECTBa: MHOKOCT M YNOGCTBO B HAaCTpofike M
M3MEHEHNH — MOXHO CO3/1aBaTh HEOOXOmMbIe komOuHanuy VLAN Kak B rpene-
J1ax OHOTO KOMMYTaTOpa, TaK H BO Bceli ceTH, MOCTPOSHHOM Ha KOMMYTarTopax
C TOAmepHKKOH CTaHapTa IEEE 802.1Q. CrnocobHocts po0aBneHHA METOK
nossoser VLAN pacnpoCTpaHATECH TEpe3 MHOXKeCTBO 802.1Q—COBMECTHMBIX
KOMMYT2TOPOB 110 OZHOMY ¢usmaeckoMy coenunenmo. [lossonser aKkTHBH3KPO-
Barh IMOPUTM MOKpHIBAIOMIErO Jicpesa (Spanning Tree) Ha Bcex noprax  paGo-
TaTh B 06bMHOM pesxuMe. [TpoToKon Spanning Tree oka3sBaeTca BeChMa Mones-
HbIM [yl IPUMEHEHHA B KPYNHBIX CETAX, MOCTPOCHHBIX Ha HECKONBKHX KOMMY-
TaTopax, M MO3BOJAET KOMMYTATOPaM ABTOMATHIECKH ONpENEITH ZIpeBOBHA-
Hyl0 KOH(uUrypauHio cBA3ell B CETH NpPH IPOM3BOJIBHOM COEGAMHEHHH IOPTOB
Mexnay coboit. na HOpMaIbHON paloTHl KOMMyTaTopa TpeSyerca OTCYTCTBHE
3aMKHYTLIX MapmpyToB B CETH. 3T MapupyTH! MOTYT CO3AABATHCA ANMHHY-
CTPaTopoM creuyanbHo Wik 06pa3oBaHus pe3epBHBIX CBA3CH HIM XK€ BO3HMKATb
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CIy3aifabiv 06pasoM, STO BIOJIHE BO3MOXHO, eClM CeTh HMEET MHOTOUHCIIEHHEIE
CBA3M, a KalenLHad CHCTEMA IUIOXO CTPYKTYpHpOBaHa WIM AOKYMEHTHpOBaHA.
C nomompio nporokona Spanning Tree komMyTaTopel MOC/€ MOCTPOEHHS
CXeMBI cCerd ONOKHMpYIOT H3OBITOUHBIE MapmpyThl, TakKHM 0OpasoM,
ABTOMAaTHYECKH NpeJoTBpaINacTCs BOSHHKHOBEHHE NETeNb B CETH.

Cnoco6uocts VLAN 802.1Q n06aBiaTs i u3BiiexaTh METKH H3 3arojios-
KOB nakeToB nossoyiger VLAN paboTare ¢ KOMMyTaTopaMH H CETEBHIMH alamn-
TepamH cepeepoB i paGoYHX CTaHLMH, KOTOpble He pacro3HAaIOT METKH. YCTpoi-
CTBAa pasHEIX NpOM3BOAMTENEH, MOMAEPKHBAOWME CTaHAAPT MOTYT paboTarh
BMECTe, He 3aBHCHMMO OT Kakoro-in0o ¢HpMenHoro pemenns. Yrobrnl ces3aTh
HOJCETH Ha CETEBOM yPOBHE, AOCTATOYHO BIUIOYUTH. HY)KHBIC NOPTHI B HECKOJILKO
VLAN, 9710 o6ecnegur BO3MOXKHOCTb OOMeHa TpapuxoM. Hampumep, mns op-
raHM3alMM focTyma K cepBepy H3 pasiuuHbIX VLAN, HYXHO BKIIOYUTH AOPT
KOMMYTaTopa, k KOTOpOMY MOZKIIOUEH Cepsep BO Bce NoAceTH. EnuHcTBenHOE
OrpaHHveHHe — CeTeBOM afanTep CepBepa NOJDKeH nopaepxusats cTannapt IEEE
802.1Q.

2.5. JonoauurenbHbie GYHKIHH KOMMYTaTOpPOB

Tak kak kommyraTop NpeACTaBIfeT co00if CrOKHOE BBHITHCIIKTENBHOE
YCTPO#CTBO, MMerOlMee HECKOJIBKO IPOLIECCOPHBIX MoHdyJed, TO eCTeCTBEeHHO
HarpysuThb €ro MOMHMO BHIIOJIHEHMA OCHOBHON (YHKUMHM NepesadH KafpoB C
MOPTa Ha TMOPT NO ANrOPUTMY MOCTA ¥ HEKOTOPLIMH JOMOJHHUTEIBHBIMH (yHKLM-
AMH, NOJIE3HBIMK NP NOCTPOEHUH HAIEKHBIX ¥ THOKHX ceTel.

Honpepxxa anropurma Spanning Tree. ANropuTM NOKPHIBAIOIIErO He-
peBa — Spanning Tree Algorithm (STA) nossonser KOMMYTaTopaM aBTOMAaTHIECKH
OIPEACNATL NPEBOBHAHYIO KOHGHUIYPALHMIO CBsA3€i B CETH MPH NMPOH3BOJLHOM CO-
€IMHEHM NopTOoB Mexxy coboi. Kak yxe oTMeuanocs, Ui HopManbHoOkH paGoTel
KOMMYyTaTopa Tpefyerca OTCYTCTBHE 3aMKHYTHIX MapiIpyTOB B CETH. STH Mapli-
PYTBEI MOTryT CO3haBaThcd aZMUMHHMCTPETOPOM CIeLuaibHO 414 OGprBaHHﬂ pe-
3€PBHBIX CBA3EH WM jxe BO3HUKATH CIyJaliHbIM 06pa3oM, YTO BIOOJHE BO3MOKHO,
€C/IH CeTh MMEeT MHOro4MC/eHHbIE CBA3Y, a KabensHad CHCTEMA IUIOXO CTPYKTY-
PHPOBaHa WM AOKyMEHTHPOBaHa.

HNonnepxusaromue anroputm STA KOMMYTaTOphl ABTOMAaTHUECKH CO3AAIOT
AKTHBHYXO APCBOBHAHYIO KOHGUIYpaLMIO CBsA3eli Ha MHOXKECTBe BCeX CBA3ei ceTH.
Taxas kongurypanns naseiBaeTcs NOKPHBAIOIIMM AepeBoM — Spanning Tree, ko-
TOPEIH omucaH B craupapre [EEE 802.1D.

KomMyTaToph! HaxozaT nokpsiBalolee Aepero afanTHBHO, ¢ IOMOMILIO 06-
MeHa Cy)ke6HEIMH nakeTamu. Peanmsaiys B koMMyTaTope anropurma STA oueHsb
BaxtHa 14 paboTh B GONBMNX CETAX — €CIIM KOMMYTATOpP HE NOANEP)KUBALT 3TOT
AIrOpHTM, TO AAMHAUCTPATOP NO/DKEH CAMOCTOATENHHO ONPENEIKTD, KAKHE NOPTHI
HY’KHO MepeBecTH B 3a0JIOKMpOBaHHOE COCTOfIHME, 9T00B HCKTOUMTh meTnn. K
TOMY e IIPH OTKa3e Kakoro—jIH6o kabess, mopra win KOMMYTaTOpa aAMHHHMCTpa-
TOpP NODKeH, BO-fIepBEIX, OOHapyKuTp ¢hakT oOTKa3a, a BO—BTOpHIX,
JIMKBHIMPOBATH MOCHEACTBHA OTKAa3a, [EPEBEAd pe3epBHYIO CBA3b B paboumii
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PEOKHMM yTeM aKTHBH3aLMH HeKOTOpIX nopToB. [Ipn nonaepikke KOMMYyTaTopamu
cety mpoTokona Spanning Tree 0Tka3sk! 06HapyXHBalOTCA aBTOMAaTHYECKH, 33 CYeT
NOCTOAHHOTO TECTHPOBAHHA CBA3HOCTH CETH CMYXEGHBIMHM maxetamu. Iocie
OGHapy»eHHs M0TEPH CBA3HOCTH MPOTOKON CTPOHT HOBOE MOKPHIBAIOILNEE IGPEBO
M ceTh aBTOMaTHIECKH BOCCTaHaBIHBaeT paboTocnoco6HoCTs.

Asroput™ Spanning Tree onpefieNseT aKTHBHYIO KOH®HIypaumio ceTu 3a
TpH dTana.

1. CHavana B CeTH onpefeNsercs KOPHeBoH KoMMyTaTop (root switch), or KoTo-
poro crponrrcs nepeso. KopHeBoit KOMMYTAaTOD MOXeET GBITh BBIGpaH apTOoMaTHde-
CKM WM Ha3HadeH aMuuycTpatopoM. IIpH asToMatHgeckoM BriGope KOpHEBHIM
CTaHOBUTCS KOMMYTaTOp ¢ MeHbiaM 3HaueHneM MAC — anpeca ero 6roka ynpas-
JICHMA.

2. Jina K&KAOTO KOMMYTaTtopa ONpeeNAeTCs KOPHEBOH mopr (root port) — 310
TOPT, KOTOPHI HMEET N0 CETH Kparyaiiliee PacCTOSHHE N0 KOPHEBOTO KOMMYTa-
TOpA.

3. JUis K@KAOTO CEeTMEHTa CeTH BRIOWPAETCA TaK HA3hIBAEMEIH HAIHAYECHHHIH MOPT
(designated port) — 310 nopt, KOTOpKIH MMEET KpaT4aiiliee pacCTOSHNIE OT JAHHOTO
cerMeHTa JI0 kopHesoro xommytaropa. Ilocie onpenenenns kophesbx M HasHa-
YEeHHBIX [TOPTOB KAXKIBIH KOMMYTATOP 6noKUpYET oCTanbHbie NOpPTHI, KOTOpPHIE HE
nonajy B 3TH ABA KJj1acca nopToB.

[TonaTHE paccTOAHNA HrpaeT BAKHYIO POJib B NOCTPOCHHH MOKPRIBAIOLIETNO
nepeBa. FIMEHHO NO 3TOMy KpDHTEDHIO BHIOHPAaeTCs €NMHCTBEHHEIt NOPT, COEMH-
HAIOMUHM KOKABH KOMMYTAaTop C KOPHEBBIM KOMMYTaTODOM, W €IHMHCTBEHHBIH
TIOPT, COEAMHAIOLIMNHA KaXIEIA CErMEHT CETH C KOPHEBBIM KOMMYTATOPOM.

Ha puc. 2.9 nokasad npuMep NOCTPOEHHA KOH(HMrypanyuy MOKPHIBAIOMIETO
nepeBa Wi CeTH, cocTodmedl U3 5 CETMEHTOB H 5 KoMMyTaTopoB'®, KopHesbie
TOPTH! 3aKpalleHk! TeMHLIM LBETOM, HA3HAYCHHBIE MOPTHI HE 3aKpalleHb, a 3a-
6NIOKMPOBAHHBIE MOPTHI MEepedepkHYTH. B aKTHBHON KoHQHrypauum koMMyTa-
TOpPhI 2 H 4 He KMEIOT MOPTOB, NEPEAAVIUHX KaAphl JAHHBIX, IO3TOMY OHH 3aKpa-
IIEHBI KaK pe3epBHLIC,

PaccTosute /10 KOpHS 3TO CyMMapHOE YCIIOBHOE BPEMs Ha Nepeiady OHOro
61Ta JaHHBIX OT NOPTA JAHHOTO KOMMYTAaTOpa N0 NMOPTa KOPHEBOTO KOMMYTATOpa.
VCII0BHOE BpeMs CErMEHTa PaCcCYHTHIBACTCA Kak BpeMs, 3aTpadmuBaeMoe Ha fepe-
nagy onHoro 6uta wngopmalyy B 10 HAHOCEKYHIHBIX eAMHMIAX MEXIY Hero-
CPEACTBEHHO CBA3AHHLIMH MO CErMEHTY CETH TIOpPTaMM.

Tak, mna cermenra Ethernet 370 BpeMs pasHO 10 yCNOBHHIM eHHHLAM, &
s cermenTa Token Ring 16 M6ut/c — 6,25. (Bce cermenTsi paGoTatoT Ha OfHOH
CKOpOCTH, IO3TOMY OHH HMEIOT OAMHAKOBbIE YCIIOBHEIE PAaCCTOSHHUA. )

IIns aBTOMAaTHdeckoro onpefielieHus HavJanbHOH aKTHBHOM KOH(}pHrypaLusn
JiepeBa Bce KOMMYTATOpEI CETH NOCe HX HHHLMATIH3AUMK HA9HHAIOT NEPHORHIC-
CkM OOMEHMBATECH CHEHMAILHBIMH TaKETaMH, Ha3HBAEMBIME HPOTOKONLHBLIMH

bt Tapacos K. «[KoMMYTATOPH 1A CErMENTa NEPEAATH AAHHEIX MyIBTHCEpBHCHOH Metro-cetst FTTB» wypHan
" (ILIMpOXOTIONOCHEIE MyMLTHCEPBHCHK® CETID, 2009.
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6nokamu nanELx Mocta — BPDU (Bridge Protocol Data Unit), ato otpaaer daxr
DepBOHaYANLHOH paspaboTky anropumMa STA /11 MOCTOB.

1.8-j1¢

Puc. 2.9. Moctpoenue NoKprisaromero AEPEBa ceTw no anropurMy STA

TMaxers: BPDU nomemaioTes g noje nanHbIX KaApOB KAHATLHOTO YPOBHS,
Hanpumep xanpos Ethernet wi FDDI, Jing ofHOBpEMEHHOH PacchUIKH KampoB
BPDU Bcem komMyTaropaM ceTu pce KOMMYTATODHl JIOJDKHEI TIODICIKHBATD
06wl rpynmoBoii axpec. 0111 Nakera BPDU riepeaMCeHE! HIDKe.
. Vinentuduxarop Bepcunm Mporoxona STA — 2 Gaifra. KommyTtarops!
ROJDKHBI TONEPXUBATL OJHY H Ty xe pepcHi0 mpoTokona STA wiu Moxer
YCTaHOBHTLCA akTUBHAA KOHGUrYPauusa ¢ nernamd.
. Tran BPDU — 1 Gaitr. Cymectsyior gpa THna BPDU — koH(HIypaumoHHEIH
BPDU, 10 ects 3a1Bxa Ha BosMOXHocTs, craTs KOPHEBHIM KOMMYTATODOM, Ha OC-
HOBaHHH KOTOPOfi MPOHCXOAMT OMPenieNenne aKTHBHON KoHHTYpamm, H BPDU
YBELOMIICHHS O PekOH(HrypaiH, KoTopoe NoCHUIAETCH KOMMYTATOPOM, 0GHapy-
KHBIOHM CoGbrTHe, TpeGyromee Nposenenys peKOHGHIypauum — OTKa3 JTHHHM
CBA3H, 0TKA3 NOPTa, U3MEHEHHE TIPHOpUTETOB KOMMYTAaTOpa HIIH [TOPTOB.
. ®nary - 1 6atit. Opuu 6mT comepxuT ¢IIar H3MeHeHHa kOH(HUTypalun,
BTOpofi ~nar noxreepiaeHns H3MeHerus KOH(HUrypanpu.
* Mnemmuduxarop kopresoro kommyratopa - 8 6aifr.
. Paccrosmme 1o koprs — 2 aitra,
+  Hnewradmxarop xommyTaTopa — 8 Gaitr.
. Hnentuduxarop nopra — 2 Gaitra.
*  Bpema xmuu coobmenns — 2 6agra, Hiamepsercs B eauHMnax mo 0,5 c,
CHYKHT JULA BHARNEHHS YCTapeBmMX coobmennit. Korna maker BPDU NPOXOAuT

9€PE3 KOMMYTarop, TOT HOGABISET KO BpeMEHH XVSHH MaKeTa BpeMS ero
3aNepHIH NaHHEIM KOMMYTATOPOM.



- MakcumansHoe BpeMs JKU3HM cooOmeHma — 2 6adira. Ecm naker BPDU
HMeEET BPEMs >KHM3HH, NMPEBBINAIEe MAKCHMANBHOE, TO OH MTHOPHPYETCst KOM-
MYTaTOpaMH. :

. HUurepsan hello, aepes koTopriii nockuiaioTea naketsl BPDU.

. 3anepika CMeHBI cocroaHHi — 2 Galita. 3amepKKa onpeaenieT MUHNIMAIIb-
HOE BpeMs Nepexoia NIOPTOB KOMMYTaTopa B akTHBHOE COCTOAHMe.

Takas 3agepxkia HeoOxommma, 9To6Bl MCKIIOYHTH BO3MOXKHOCTH BpEMEH-
HOTO BO3HMKHOBEHMA I€Telb TIPH HEOAHOBPEMEHHOH CMEHE COCTOAHHI NOPTOB BO
ppeMs pexoHdurypaupu. YV nakera BPDU ypemomienns 0 peKoHQHrypalmH oT-
CYTCTBYIOT BCE TIOJIs1, KPOME NBYX IIEPBBIX.

HnenTudukarops! KOMMYTaTOpoB cocroaT M3 8 Gailfr, npudem mnamumue 6
apnsorcs MAC — agpecoM 670ka ynpasienus koMMyTaTopa. Crapinge 2 Gaifra B
HCXOJHOM COCTOSHHM 3allONHEHbl HYJAMH, HO afMHHMCTPaTOp MOMEeT H3MEHHTDb
3HageHHe ITHX 6aifToB, TEM CaMbiM Ha3HAYHB OMpPENCICHHBIH KOMMYTAaTOp KOpHe-
BBIM.

[Tociie MHUNMATH3AUMH KOKABIH KOMMYTaTOp CHavana CaATaeT cebs KopHe-
oM. [TosToMy OH BaguHaeT yepe3 unrepsan hello remepnposars uepes Bce CBOH
neptsi coobuienna BPDU koHgurypauoHHOro Tuna. B HHX OH ykaspiBaeT CBOH
HIOEHTHOHUKATOP B KadecTBe MIeHTHPUKATOpPa KOPHEBOrO KOMMYTaTOpa (K B Kade-
cTBe MAeHTH(HKATOpa JAHHONO KOMMYTATOpPa TAlOKe), PAcCTOSHUE 10 KOPHs yCTa-
HaBiMBaercs B 0, a B Ka4eCTBe uaeHTU(PHKATOpa NOpTa YKa3sIBaeTCa HacHTHuKa-
TOp TOTO NOPTa, Yepe3 KOTOphiii nepepaerca BPDU. Kak TobkO KOMMYTaTop 110~
nyaaer BPDU, B koTOpoM HMMeeTcs HASHTH(HKATOP KOPHEBOIO KOMMYTaTOpa, CO
3HAYEHHEM, MCHBIUIMM ero COGCTBEHHOTO, OH MepecTaeT NeHEpHUpOBaTh CBOM Cob-
cTBeHHble Kanpsi BPDU, a HauxHaer peTpaBCaHpOBarb TOJBKO Kaapbl HOBOTO
TIpeTeHIEHTa Ha 3BaHME KOPHeBOro KoMMyTaropa. IIpH peTpaHCIALMH KafpoB
KaXIbIi KOMMYTATOp HapaiMBaeT PacCTOAHHE N0 KOPHA, yKasaHHOe B INPHIICA-
wem BPDU, Ha yclioBHOE Bpems CErMEHTa, N0 KOTOPOMY NPHHAT NaHHBIA Kanp.
Tem cambiM B kaape BPDU, no mMepe NPOXOXACHNA Yepe3 KOMMYTATOPHI, HaKarl- -
JNMBAETCA PacCrogHue A0 KOPHEBONO KOMMYTaropa. Eciy caurars, 4TO BCE cer-
MEHTHI PAaCCMaTPHBAEMOIO NpUMEpPa ABJMAIOTCA CerMEHTaMH Ethernet, TO KOMMY-
Tarop 2, NpUHAB OT KoMMyTatopa BPDU no cerMeHTy 1 ¢ pacCTOsHHEM, paBHBIM
0, napamusaer ero Ha 10 exmHH.

‘ PeTpaHcimpys Kaapbl, K&KIbIH KOMMYTATOp Ul KKOrO CBOEro Nopra 3a-
MOMHMHAET MMHMMAIBHOE PaccTOsHUE [0 KOPHs, BCTPEeTHBIICECA BO BCEX NpHHA-
THIX 3THM NopToM kagpax BPDU. [Ipn 3asepineHHH NpOLERYPE! YCTAHOBICHUA
KOH}UrypauH nokprisatouero Aepesa (1o BPEMEHH) KDK/ABI KOMMYTaTop Hax0-
IMT CBOH KOPHERO#M MOPT — 370 MOPT, sl KOTOPOro MUHHMAILROE PacCTORHHE o
KOpHA OKa3aJioCh MeHbIIE, 9eM y APYFHX HOpToB. Tak, KOMMYTaTop 3 eeiGupaer
HOPT A B KadecTBe KOPHEBOTO, NOCKOJIBKY 110 MOPTY A MHHUMAILHOE paccTosHue
70 XopHsa pasHo 10 (BPDU c TakaM pacCTOAHHEM NPHHAT OT KOpPHEBOTO KOMMYTa-
Topa gepe3 cerMent 1). [Topr B kommyTaTopa 3 o6Hapy»KH1 B TPHHUMACMBIX Kall-
pax MHUHUMAIBHOE paccToaHye B 20 eauHul — 3TO COOTBETCTBOBAJIO CIIY4alo npo-
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XOXCIEHHMA Kaipa OT nopra B KopHeBoro mocrta gepe3 cerMeHT 2, 3areM gepes
MOCT 4 ¥ CEeTMeHT 3.

KpoMe KOpHEBOTO NOpTa KOMMYTATOphl pacnpefesieBHbIM 06pasom BhIGH-
PAIOT U1 KOKIOTO CerMeHTa CeTH HasHa4eHHbH nopr. s 3T0oro oHm Hcxmo-
Qal0T M3 PacCMOTPEHMA CBOH KOPHEBO#H NOPT (W11 CerMeHTa, K KOTOPOMY OH IOoA-
KII0YeH, BCerAa CyLIecTByeT APpYTol KOMMYTAaTop, KOTOPBIH 6MiDke pacmosoxeH K
KOpHIO), @ 1A BCEX CBOMX OCTABIOMXCH MOPTOB CPABHHBAIOT HPHHATHIE 10 HUM
MHHHMaJIbHbIE PACCTOAHHA JO KOPHA C PacCTOAHHEM A0 KOPHA CBOEro KOpPHeBoro
nopra. Ecnu y kakoro—u6o CBOero nopra NpHHATHIE MM PacCTOSHHA 0 KOPHA
Gosble, 9eM pacCTOsHWE MapIIPYTa, NpoJierarolero Yyepes CBoi KOpHEBO# MopT,
TO 3TO 3HAYMT, YTO IjI1 CEIMEHTa, K KOTOPOMY MOAK/IOYEH JaHHbIH HOpT, Kpar-
qaiflnee paccToAHME K KOPHEBOMY KOMMYTaTOpy BEHET MMEHHO Yepe3 OaHHBIA
nopt. KoMMyTaTop HENaeT BCE CBOH MOPTHY, Y KOTOPBIX TaKOE YCIIOBUE BEIMOJIHA-
€TCs, Ha3HAYEHHbIMH.

Ecnu B mpouecce Bri6opa KOPHEBOro MOpPTa WM Ha3Ha9€HHOTO MOpTA He-
CKOJIBKO 1I0PTOB OKA3HIBAIOTCA PABHBIMH N0 KPUTEPHIO KPATYAiIIEro paccTosHuA
10 KOPHEBONO KOMMYTAaTopa, TO BeIOHpaeTcs NOPT ¢ HANMEHBIIMM HACHTH(HKA-
TOpOM.

B kadecTBe mpuMepa paccMOTPHM BLIGOP KOPHEBOFO MOPTa M KOMMYTa-
Topa 2 ¥ HasHA49eHHOTO NopTa MIA cermenTa 2. Moct 2 npH BeifOpe KOpHEBOro
fI0pTa CTONKHYJICA ¢ CHTyaliHeif, kora HOpT A U nopT B uMeroT paBHOe paccrosn-
Hue JI0 kKopHa — o 10 eauuuy (MOPT A mpHHMMaeT Kafps! oT nopta B kopxesoro
KOMMYTaTopa 4epe3 OfHH NPOMEeXCyTOuHBIH cerMeHT — cermeHT 1, a mopr B mpu-
HMMaeT Kaapsl OT NIOpTa A KOPHEBOro KOMMYTaTOpa Taloke Yepe3 OfHH MpOMEKY-
TOUHBIH CErMEHT — uepe3 cerMeHT 2). MaeHrnduxarop A MMeer MeHblnee YHCIO-
BOE 3Ha9eHKe, YeM B (B cuiy ynopso4eHHOCTH KOJOB CHMBOJIOB), I03TOMY NOPT
A cTant KOpHeBBIM NIOPTOM KoMMyTatopa 2. [Ipu nposepke nopra B Ha cimyyaii, He
ABIIACTCA JIH OH HA3HAYEHHBIM JUIA CErMEHTa 2, KOMMyTarop 2 oGRapyxun, yro
9epe3 ITOT NOPT OH MPHUHHMAJ KAZIPs! C YKAa3aHHBIM B HHX MHHHMAIBHEIM Paccto-
anuem 0 (310 6suIH Kanps! oT nopra B kopHeBoro komMyTaTopa 1). Tak Kak co6-
CTBEHHDIH KOpHEBO#i OPT y KOMMYTAaTOpa 2 HMeeT paccTosHHe 10 Kopha 10, 1o
nopr B He ABnAeTCA Ha3HATEHHEIM JJ1s CErMeHTa 2.

3aTeM Bce NOPTLI, KPOME KOPHEBOTO M Ha3HAUEHHEIX, NEPEBOAATCH KOKIBIM
KkOMMyTaTopoM B 3a6/10KMpOBaHHOE CocTOsHMe. Ha 3T0M mocTpoeHne nokpuipa-
IOIIEro iepesa 3akaHYMBaeTcs. B nponecce HopMansHOM paboT KOPHEBOM KoM-
MyTarop NpOAOIDKACT reHepupoBarh CiyxceOHble kagpst BPDU, a ocranbusie
KOMMYTaTOPE! OPOZO/DKAIOT MX NMPHHHMATh CBOMMM KODHEBBIMH NMOPTaMil M pe-
TPaHCiIHpoBaTh HasHa4eHHEIMH. ECiii y KOMMyTaTopa HeT HAa3Ha9eHHBIX MOPTOB,
KaK y KOMMYTaTOpOB 2 U 4, TO OHM BCE PaBHO IPOACIDKAIOT MPHHUMATE YIacTue B
paote mporokona Spanning Tree, NpHHUMas CITy)keOHble KAJPH KOPHEBLIM IOp-
ToM. Ecomt no ucregenuu TaliM—ayTa KOPHEBO#i NOPT J060ro KOMMYTaToOpa CeTH
He noiyqaet cyxebHsrit kanp BPDU, To 0B MHHLMANU3HUPYeT HOBYIO NPOLIEAYpY
TNOCTPOCHUA MOKPLIBAIOIIEro AepeBa, onoBeinas o6 3TOM ApYrue KOMMYTaTOpE!
BPDU ygenomnenua o pexondurypauus. Momyuue Taxoif kamp, Bce KOMMyTa-
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TOpbl HAUMHAIOT CHOBa reHepupoBath BDPU KoH@UrypaumoHHOro Tuna, B pe-
3yJIBTATe 9Ero YCTaHaBIHBACTCA HOBadA akTHBHAY KOH(Hrypaus.

BeiBoani

JlorudeckHe CerMeHTHl, MOCTPOSHHEIE HA OCHOBE KOMMYTATOPOB, ABJIAIOTCA
CTpOHTE/ILHBIMY 37ieMeHTaMu Gonee KpynHbIX ceTel, 00beMHACMEIX MapIIpyTH-
3aropaMH.

Kommyratopst —  HauGonee  GBHICTPOACHCTBYIOIOME  COBpEeMEHHEIE
KOMMYHHKALIHOHHbIE YCTPOHCTBA, OHH NO3BOJIIOT COSIHHATEL BHICOKOCKOPOCTHEIE
cermeHTHl 6e3 GJIOKHpOBaHHsA (YMeHBbIIEHH NPOIYCKHOH CrocoOHOCTH) Mexcer-
MeHTHOro TpadHKa.

IMaccuBHBIN crioco6 nocTpoeHus ampecHod TabiHUE! KOMMYTaTopaMH — C
[OMOLIBIO CIEKEHHS 32 MPOXOIAIIMM TPapHKOM — HPHBOAUT K HEBO3MOXKHOCTH
paboTs! B CETAX C NETNEBUAHBIMHU CBA3AMH. [pYyrHM HEROCTATKOM CeTeH, NocTpo-
€HHbIX Ha KOMMYTaTOpax, BJETCA OTCYTCTBHE 3aUIUTHI OT ITMPOKOBEIIATELHOMO
HITopMa, KOTOPEIH ITH yCTPOHCTBa 00s3aHEI NepeaaBaTs B COOTBETCTBHM C alro-
pHUTMOM paboTEL

INpHaMeReHHe KOMMYTATOPOB TO3BOJLIET CETEBLIM afanTepaM HCNOIb30BaTh
FI0JIHOXYIUIEKCHBIH pexkuM paGoThl MPOTOKOJIOB JiokaibHbiX ceTell (Ethernet, Fast
Ethernet, Gigabit Ethernet, Token Ring, FDDI). B atom pesxume OTCYTCTBYET JTall
[OCTyna K pasfenieMoli cpene, a ofial CKOPOCTs Nepeiayd AAHHEIX yABauBa-
ercs.

B nonHOAYyIUIEKCHOM pexkume s 60pe6rl ¢ neperpyskaMH KoMMYTaTOpoB
MCHIONB3YETCA METOA YNpaBieHHa MOTOKOM, ONHCaHKbl B cTaHnapre 802.3x. OH
MOBTOpAET AIFOPUTMbI MOJIHOW NPHOCTAHOBKM TpadHKa MO CrenManbHOH Ko-
Manfie, M3BECTHOM U3 TEXHOIOrHH [JI00AIBHBIX CETEH.

[Tpx noMymyIeKCHOM pexuMe paGoTHI KOMMYTATOPEI HCMOMB3YIOT JJIA
ynpas/ieHHs IOTOKOM NPH neperpyskax Ba MeTO/a: arpeCCHBHbI 3aXBaT CPelp! U
ofpaTHoe [aBneHHe Ha KOHEYHBIH y3es. [IpUMEHEHHE ITHX METOJOB I03BOJAET
JOCTATOYHO FHOKO YNpaBiIATH MOTOKOM, Yepedysl HECKOJLKO MepefasaeMbIX Kaj-
POB C OJHHM NPHHHMAECMBIM.

KoMMyTaToph! CBA3BIBAIOT NPOLIECCOPH] IOPTOB NO TPEM OCHOBHBIM CXEMaM
— KOMMYTaLMOHHaA MaTpuna, ofias WKHa K pasAeiisieMas NaMATb.

I nopmepkaHns HeBNOKHPYIOLIEro pexHMa paGoTEl KOMMyTaTopa obiad
IIMHA WM pa3fenseMas namaTh JOJDKHBI 06nafaTh HPOH3BOANTENbHOCTEIO, Npe-
BHIIDAIOLIEH CYMMY NIPOM3BOAUTENBHOCTEH BCEX MOPTOB MaKCHMANILHO BEICOKO-
CKOpOCTHOTO Ha0opa Moy e, KOTOphle YCTaHABIMBAIOTCA B IACCH.

OCHOBHBIMH XapaKTepHCTHKaMH NPOH3BOAMTEIEHOCTH KOMMYTATOpa ABJlA-
FOTCA: CKOPOCTh GWILTPALMH KaApoB, CKOPOCTE MPOIBIDKEHNUA KaipoB, 06mas
NpOMYCKHAas CNOCOGHOCTE IO BCEM MOpTaM B MeraGHTaxX B CEKYHJLy, 3afiepka ne-
penadm Kaapa.

Ha xapaKkTepHCTHKH IPOH3BOAHTENLHOCTH KOMMYTATOPa BIIMAIOT: THI
KOMMYTALMM — HA JIETy» HWIH C ToNHO# Gydepusaimeli, pasMep anpecHol Tab-
Juupl, pasMep Gydepa kanpoB.
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JU4 ABTOMATHIECKOro HOAIePHKaHHs Pe3ePBHBIX CBA3eH B CNIOKHBIX CETAX B
KOMMYTATOpaX peanusyeTcs aIropHTM MOKPHIBRIOLIEro Aepesa = Spanning Tree
Algorithm. 3toT anropum ocHoBas Ha NepHOAMIECKOH reHepatiy CIYKEOHBIX
KalpoB, C MOMOIIEIO KOTOPBIX BEIABMAIOTCA U GJIOKHPYIOTCA NETIEBHHbIC CBA3U B
CeTH.

KoMMyTatops1 MoryT 06heAHATE CErMEHTH! PasHEIX TEXHOJIOTHH JIOKAIb-
HEIX CeTell, TPaHCIApY MPOTOKONB! KAHANLHOTO YPOBHA B COOTBETCTBHH CO Crie-
muduxaumeit [EEE 802.1H.

KoMMyTaToph! nojepxkuBaloT pasHoOOpasHLIe NOJE30BATENLCKHE us-
Tp&I, 0OCHOBaHHble Ha MAC — afipecax, a TaloKe Ha CONCPIKHMOM noneii MpoTOKO-
JIOB BEPXHHX YPOBHEH. :

KomMyTaTopr! o6ecnieanBaloT NOANEPHKKY KadecTBa oBciTy)xuBaHus ¢ NOMO-
L0 MPHOPHTETHOM 06paGoTKy Kanpos. Cranxapt 802.1p onpenenieT
ZIOTIOTHHTEIIEHOE TIoNe, COCTosINee W3 3 OWT, /1A XpaHeHNd MpHOpHTETa kanpa
HE3aBUCHMO OT TEXHOJIOTHH CETH.

TexHoNMOrUs BUPTYaNnbHEIX NOKAIBHBIX CeTeH (VLAN) nosgonseT B CETH,
TIOCTPOEHHOH Ha KOMMYTATOpaX, CO3AaTh H30TUPOBAHHEIE IPYMITH! Y3NIOB, MEXITY

KOTOPBIMH He niepeiaeTcs MoGoii THN Tpadyka, B TOM YHCIE H IIHPOKOBEIIATENE-
HBIHA,

2.6. Bonipoce1 1 ynpasKHeHAs

1.  Kakum 06pasom MOCT/KOMMYTATOp CTPOUT CBOIO BHYTPEHHIOKO TaGnHLy?
2.

YTO CITy4mTCH, eciy BO BpeMa paGoThl MOCT/KOMMYTaTopa POM3OHAeT pe-
KOHQHIypauma cery, Hanpimep, GYAYT NOAKTOYEHb HOBBIE KOMILIOTEDbI?
3. B obnactu ceteBbix TexHONOrMi ABHO HAMETHIIACH TEHACHIMA K
MCTIOJE30BAHMIO MHAMBHIYANBHBIX CBA3EH KOMIBIOTEPOB C KOMMYHHKALMOHHBIMY

yCTpOHCTBaMH (B oTIMGHe OT HOAKTIOYEHNS K NOPTaM cerMeHToB). C 9eM 310 CBi-
3aH0?

4.
pax?

5. Kaxum 06pazom xomMMyTaTop MOKET YNPaBIATH [OTOKOM MaKeTOB,
BOCTYNAIOMKX OT CETEBBIX aANTepOB CTAHLIMIA ceTu?

6.  MoxHO 51 co3pars koMMyTaTOp, KOTOPHIH criocoGen paboTaTs B peskuMe
KOHIEHTPATOPa Ha TeX e MOpPTax, Ha KOTOPLIX BEINONHsAETCS MapiIpyTH3auuA?
7.  MOXHO 1M COeMHUTE TPAHCIMPYIOIUM KOMMYTATOPOM CETMEHTI, B KOTO-
PhIX YCTAHOBIIEHO PasHOE MaKCHMAIBHOE 3HAUEHHE MO JAHHBIX?

8.  HMeercs im cneuuduxa B HCNONE30BAHAN MOCTOB H KOMMYTATOPOB?
[pyBenyTe NpUMepsl, KOTIa 3aMEHa MOCTa KOMMYTATOPOM He MOBLIDACT MPOH3-
BOAMTENLHOCTH CETH.

9. Tovemy Henoporue KOMMYTATOpL, BHIIOMHSIOLIME OrPaHHIEHHOE YHCIIO
¢yHrumH, 065HO paGoTaoT o GEICTPOMY aNropUTMy 06pabOTKH NAKETOB «Ha
neTy», a IOPOrue KOMMYTATOpE], C GOMBIIHM YKCIOM yHKuMA — Mo Gonee Men-
NIeHHOMY aroput™y 6ydepusauyy nakeTos?

Tlouemy nonuopynnexchrii Ethernet He noamepXUBaeTCA B KOHLEHTPATO-
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10.  Kaxaq uH(poOpMAalHsi CONEPIKHTCS B Ta6THIIAX MOCTOR/KOMMYTATOPOB H

MaplopyTH3aTopoB?
11.  [Moschure onpenenenne: «KBHpTyabHas JIOKANBHAA CETh — 3TO HOMeEH

pacnpocrpaHeHHs MHPOKOBEMATENBHEIX COOOIIEHHID).
12. B xakHx cilygadx NOARIAETCA HEOGXOMMMOCTD B CO3AHNH BHPTYaNbHEIX

cerMeHToB? IIpHBEqUTE IPHMEDBI.
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TJIABA 3. IP - MAPINPYTH3AIIMA

B nessix noBimeHus 3h¢eKTHBHOCTH peamn3ayy KOMILTCKCHBIX TporpamMm
[0 BHEPEHIIO COBPEMEHHBIX HH(OKOMMYHHKAIHOHHBX TeXHOJOTHH YACACTCA
GoJbInoe BREMaHHe MPaKTHIecKoMy BHEIPEHHIO CII0%HON HHpOKOMMYRHKAIM-
OHHO# ceTH, 0ObeMHeHHOR MapIIpyTH3aTopaMH. IT0 MO3BONWT OpraHH30BaTh N

9eTKO OTIANATH B3aHMOEHCTBAE MEXIY PA3HBIMH ee COCTABHBIMH JacTAMH, npe-
BpATHB KX B CIMHYIO CHCTEMY.

3.1. IpuUHUHMTE] MAPIIPYTH321HH

MapmpyTHsaius — NpPOLeCC ONMpefeNieHns B CETH HAWTyqIero yTH,
110 KOTOpOMY AKET MOXET JOCTHTHYTb ajpecata. B ocHose MaplupyTh3aimy Jjie-
JKHT KOMMYTAUHs NTaKeTOB — ITO NepeMelieHHEe NIaKeTOB Yepe3 pOYTEp.

MapimpyTH3satop wiu poyTep (router) o6beIMHSET NepCoHaNbHEIE
KOMITBIOTEPH! B NIOKANBHYIO BBIMHCIUTENLHYIO CSTh, NEPECEUIAET ITAKETh! JaHHBIX
MEX/IY PaNTHUHEIMH CETMEHTaMU CETH B paboTaeT Ha TpeTheM (CETEBOM) YPOBHE
mozemn OSI (open systems interconnection basic reference model — 6azoBas 3ra-
JIOHHAs MOJIENb B3aMMONEHCTBIA OTKpLITLIX cuctem)' [3,5].

CymecTByer 2 BAAa MaplIpyTH3alHK: CTATHYECKas U AHHAMHEECKasd Mapii—
pyrusaups. CraTHdeckad MapuIpyTH3auma HCIONbL3yeTCs pefko B JIBC, Tak Kak
MapIpyTH HACTPAUBAKOTCA BPYdHYIO (aIMMBHMCTpatopom ceTH) M JnoGbie
U3MEHeHWs CeTeBOH TOMOJNOTHH TpeOyloT y9acTHd agMHHMCTpaTopa A
KOPPEKTHPOBKY Taliui MapmpyTH3aLwy, a B Gonbimux ceTax moaobHas pydHas
paboTa CTaHOBUTCA rPOMO3NIKOH.

TTpu HacTpoiike cTaTHIECKOro MapmpyTa YKa3ssBaeTed:

* a[pec CETH, Ha KOTOPYIO MapIIpyTH3HPYeTCca TPaduk; :

 MAacKa CeTH, N03BOJIMI0Las Y3HATh Kakast 4acTh [P—afpeca MpHHAVIEKHUT CETH, a
Kakas — XOCTY;

* azpec mUo3a (y3na).

Jlunampdeckasd MaplipyTH3anud — BHA MaplIpyTH3alH, NpH KOTOPOM
TabJua MapIIpyTH3aliMi PENAKTHPYeTCs MPOTpaMMHBIM CNocofOM W HCHOJNB-
3ylOTCA  NPOTOKONBI AMHAMMYECKOH MapIIpyTH3aUuW, KOTOpHE OOMEHWBAIOT
csoeili MapmpyTHoit nHbopmauyeli 110 ONpPeNCJICHHBIM NPaBIiIaM.

[P-MapwipyTusaugs — 3T0 npouecc npompikenns [P-Tpaduka
COOTBETCTBYIOLIEMY afipecaTy B cocrasHoit IP—ceT ¢ npousBosbHON TONONOTHEH,
T.e. 3TO NpOLecC NMPOJBIDKEHMA MAKETOB OT XOCTa-HCTOYHMKA K XOCTy—alpecaTy
9epe3 pAf MPOMEKXYTOGHBIX MapiIPYyTH3ATOPOB.

Jins ynpolmeHus npouecca NPONBIDKCHUA XOCT-MCTOYHMK H KOKHBIH
MappyTH3aTOp NMPHHUMAIOT pellieHHe O NPOABIDKEHUH Ha OCHOBE COACPKUMOTro

CBOMX JIOKaSTbHBIX TaOnuL [P-mapmpyrazauyn. 3anuck Tabnuus! [P-MapmpyThsa-
LMY CO3ARIOTCA TPEMSA OCHOBHBIMH HCTOYHHKAMM:

1 Mumapimo A,®. «Mapmpynnaropu Cisco. llocobue ans

OSTEIILHONO H3Y , 2005.
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. nporpaMMHbIM  obGecnegenuem creka TCP/IP  (Transmission Control
Protocol — NpoTokon yrpaeieHus nepeaadei), NpeAcTapamomGas coboit 3amicu o
HENOCPEACTBEHHO NOMIUTIOYEHHBIX CeTAX M OCHOBHBIX LUIO3aX, HHGpopmauus o
KOTOpHIX BBOAMTCA NpH PYYHOIl HAacTpoiKe CETEBBIX NOMKIOYEHHHA KOMIbIOTEpa
aIMHHUCTPATOPOM ITyTeM KOHGHIypHpOBaH#s CTAaTHIECKHX MaplOpyTOB;

. OPOTOKONAaMM  MapinpyTH3alMM, HaopuMep @POTOKOIOM  mepeaas
MapmpyTHoii ungopmaunu (RIP; Routing Information Protocol).

CymectByror aBa THna [P—mapmpyTH3auli — npsaMasi H KOCBeHHas:

Ipsiman mMapmpyTa3auMsa. EcIH XOCT-UCTOYHMK MW XOCT HazHaYeHws
HAaXoOATCA B OOHON (H3udeckoii cern, To IP—nakeT MOKeT ObITE MOCNIaH Heno-
CPeACTBEHHO MyTeM yNakoBKH B Kaap ¢u3Hdeckoi cetu. DTO Ha3bIBACTCA MpAMOH
JocTaBKOM WM nNpaMo# MapiapyTHsaudei.

KocBennas mapuipyrusausd. Takasd MaplupyTH3aliis BEIDOJIHACTCA TOra,
KOrZAa XOCT Ha3HA9eHHA He HaXONMUTCA B CETH, HENOCPEICTBEHHO NOAKIIOYeHHOH K
XOCTYy—HCTOYHHKY. ENMHCTBEHHBIH €noco® AOCTHYB anpecara — MepeAars NnakeT
uepe3 oAMH Wik 6onee IP-MapIpyTH3aTOPOB. AZIpeC NepBOro H3 ITHX MapiupyTH-
3aTOpOB (ampec NepBRoro nepexona) Ha3pBaeTCd KOCBEHHBIM MapUIPYTOM M — 3TO
enAMHCTBEHHan uHpopMalyda, HeoOxonumas XOCTy—HCTO4HHKY. HUuorna onHa cerb
HeJUTCA Ha Heckonbko noacereii. Ecau XOCT Ha3sHa4eHHd H XOCT—HCTOYHMK
OTHOCSTCA K OJHOM CeTH, HO PacloJIOKEHb! B PasHBIX NOACETAX, TO HCMOJL3YeTCH
KOCBEHHas MaplipyTusauus. [IpH 3ToM TpadHk MEKZY MNONCETAMH JOJDKEH
NPOABUIaTLCA MapUIPYTH3aTOPOM.

Tabnuua MapuipyTHzanuy — 370 6a3a AaHHBIX MapuIPYTOB, XpaHAIIasics B
mamsT Bcex IP—y3noe. Kaxaas 3anuch, WIM MaplipyT, KOTODEIH COAEpPXHTCA B
Tabnuue MaplpyTH3aUMH, CONSPKUT HHPOPMALMIO O MPOMABIDKEHHH 1 HEKOTO-
poii obnactu IP—ampecoB HasHadenus. Llens TaGnuup! [P—-mMaplopyTH3alud —
npemocTasuTh M [P-anpeca HasHaueHUs KaKIOro NPOABUracMOro Makera HH-
dopmammo o6 urTepdeiice cnemyromero nepexona u IP-anpece cnexyowero ne-
pexona:

Hurepdeiic caeayomero nepexosa — 310 aapec nurepdeiica, aepes KOTo-
phlii nosbkeH 65Tk Nociad [P—naker.

IP-azpec cleAyIomero nepexoia — 31o [P-aapec y3na, KOTOpOMY HOJDKEH
651Th Hanpaenen [P-naker. ns npsamMoii nocrasku [P—anpec cnenyrowero nepe-
xona sBasercs [P-anpecoM HasHaueHus nepenasaemoro IP—nakera. Jina kocseH-
Ho¥i mocrasku [P—azpec cnenyromero nepexona — 310 [P-anpec HenocpenCTBEHHO
JIOCTIDKMMOTO [IPOMEKYTOYHOFO MapuIpyTH3aTOpa, KOTOPOMY JOJDKeH GBI
HanpagneH [P—aker.

Kaxxnas 3anuch B TaGnvue [P—mapiipyTA3aUMH COOEPIKUT NOCTAaTO9HO HH-
dopmauun 1A nAeHTHOHKAUKMH COOTBETCTBYIOLIErO anpecara, uHTepdeiica cie-
Ayiomero nepexona U [P—anpeca cieRylomero nepexona, a Tarmke M BriGopa
HAWIYdINero MaplipyTa IpH HaJHYMH HECKOJLKHX MaplOpyToB K ONHOMY anpe-
carty.

IMporokon IP, LEHTPaILHOI YaCTHIO KOTOPOro ABIETCA Tabimiia Mapmpy-
TOB, MCTIOAB3YeT 3Ty Tabnuily NPH MPUHATHH BCEX PEMICHHH O MapmpyTH3aUMH
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[P—nakeroB. Conepikanue TabnuLUbl MapLIPYTOB ONpeendercs aMHHKCTPARTOPOM

CETH.
PaccMotpumM npocTyro [P— cets Ba puc.3.1., cocTodman H3 3 KOMMILIOTEPOB:

A, B n C. JIna nepenadu NakeTOB HCOOMB3YeTCA npamad Mapmipyrmsauus. Kaxk-
Das ceTeBad Kapra 3THX KOMIBIOTepoB HMeer cBoii Ethernet-anpec. Menemkep
CeTH HO/DKEH MPHCBONTH MM yHHKANbHEIE [P-azpeca.
T
Ehamet1 ~ °

P . cerb “development”
NMpocran P-cetn

Puc.3.1. Ilpocras [P—cets
Korna A moceuraer [P-naker B, To 3aronosok [P—nakera coaepxur B noje

ornpasurens [P-anpec yana A, a 3aronook Ethernet—xanpa (MAC anpec) conep-
s*ur B nose otnpasutens Ethernet-ampec A. Kpome aroro, [P-3aronoBok conep-
JKHT B 0OJIe noiydarest [P-anpec y3ia B, a Ethernet—3aronoBok coaepkuT B none

nony4sarens Ethernet—-anpec B.
Ta6n.3.1. Anpeca B Ethemet—kanpe, nepegatomue IP-naker ot A k B
Ione oTnIpaBUTENA HoJxe nosxyyarens
IP—3aronoBok A IP-3aronoBok B
Ethernet-3aronosok A Ethernet-3aronosok B

Korpa nonygarens B nomyqaer [P-naker ot A, oH conocrasmser [P-ampec
MECTa Ha3Ha4Y€HHd CO CBOHM H, €CIM azipeca COBMNAjaloT, TO MepefaeT
HmeifrarpaMMy NpOTOKONY BepXHero YypoBHdi. B paHHOM ciydae mnpu
B3auMojieHcTBHH A ¢ B ncnone3yercs npsamas MapmpyTH3aums.

Koceennan mapmpytisanus. Ha puc. 3.2. npeacrasnesa ceth, CoCTOAWAA
u3 Tpex ceredi Ethernet, na 6a3e koTopsx paboTator Tpu [P— ceT, 06beIHHEHHbIE
trosoM D. Kaicnan [P-cerp BTOYAeT 4eThIpe KOMIBIOTEPa, KOTOPHIE HMEIOT
cBoH co6cTBerHsle IP— v Ethernet anpeca.

Mogyns ~ 370 nporpamMma, B3aUMOZEHCTBYIOLIAs ¢ OpaiBEPOM, CETEBBIMH
HOPHKIAZHEIMH porpaMMaMB WK ApYFHMH Momynamu. Jlpalisep cereBoro apan-
Tepa M, BO3MOMKHO, pyrie MOLynH, crieukduaHsle oid (U3HIEcKol ceTH nepe-
Aa9M NaHHEIX, NPENOCTAaRIIMOT CeTeBOH HHTEpdEHC Uil NPOTOKOMBHBIX MOXyei
‘cemeficrea TCP/IP. Llno3 D coenunser Bce TPH CETH H, CIENOBATENIBHO, MMEET
TpH [P-anpeca u Tpu Ethernet-anpeca, a Taloke HMeeT cTex nporokonop TCP/IP
cocToAmu# M3 Tpex Moxyeli ARP (Address Resolution Protocol ampecsiif npo-
TOKOJ) M Tpex Zpaitepos Ethernet. MeHemkep ceTH npHCBauBaeT Kakmol ceTH
Ethemet yHUKa/IBHEI HOMep, Ha3bIBaeMEIH IP-nomepom cern. Ha puc.3.2. [P—Ho-
Mepa He MoKasaHbl, BMECTO HHX HCNIOJB3YIOTCA HMEHa ceTelf. Korna koMmboTep A
noc;mae'r IP-naker koMmbtoTepy B, To mpoLEcC NMepeaadH HAeT B npenenax oz-
Holi ceTns.
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LT l

-0 ] 0— -0—0 0 ——0—
Ethernet 1 Ethernet 2
[P - cers “development” P - ceth “accounting™
H 1 J
—0 o 0 ~———0—
Ethernet 3
19 . cers actory™

Pnc.3.2. Cern, cocrosinas u3 Tpex [P—cereif
Mapmpymizanus [P-nakeroB BhnosiHAercs Momymamu IP M smnserca
mpo3paunoi mns Momyseit TCP, UDP u mpuiiagHeix mpoueccoB. Ecm
KOMIBIOTEp A noceinaer kommsiorepy E [P-naxer, To [P-anpec u Ethernet-anpec
OTMpAaBUTEIIA COOTBETCTBYIOT afpecaMm A, [P-afpec MecTa HazHaueHHA ABIAETCA
anpecom E, Ro mockonbky moxyins IP B A noceinaer [P-naxer depes D, Ethernet—
aZpec MecTa HazHaueHuA sBngeTcs agpecom D.
Tabn.3.2. Anpeca B Ethernet—xanpe ¢ [P-naker ot A k E (no mwmo3za D)

Hose oTnpasuTens IMone nosydarens
[P—3aronoBok A IP—3aronosok E
Ethernet—3aronoeok A Ethemet—saronosok D

Monyne [P B uunose D nomygaer IP-naker u nmposepser [P-agpec Mecra
HasHauenna. Onpenenws, 9T0 310 He ero [P-aapec, mwno3 D nockutaer arot IP-

naker npamMo k E.
Ta6n.3.3. Anpeca B Ethernet—kanpe ¢ [P-naker ot A k E (mocne mmos D)

Ilone oTnpaBHUTENSA Iose monyuaTens
IP—3aronoBok A [P—3aronoBok E
Ethernet—3aronosok A Ethemet—3aronosok E

Hrak, npn npamoit mapwpyrnsaunn IP— n Ethernet-anpeca ornpaBurens
COOTBETCTBYIOT afpecaM TOro yana, kotopelil nocyan [P—naker, a [P— u Ethernet—
azipeca MecTa HasHaYeHHs COOTBETCTBYIOT aipecaM noiydarens. [Ipu xocseHHOH
Mapmpytusauui [P n Ethernet-ampeca ne o6pasyioT Takax nap. PeanbHble ceTH
MOryT GBITH FOpasmo CAOKHEe, TaK Kak MOTYT CONEpIKars HECKOJLKO LIUTI030B H
HECKOJIbKO THNOB (PM3MYECKHX cpel mepenadn. B mpHBEemeHHOM NpEMEpe He-
ckoneko ceteii Ethernet 00BeqMHEAIOTCS IUTFO30M IJIA TOTO, YTOOK! JIOKATH30BATH
IIMPOKOBEINATeNbHEIH TPaHK B KOKIOMH CeTH.

3.2. IIpasuna mapmpyTusauyu B Mmoayie IP

HasBanne 610ka NaHHBIX, NEPENaBaEMOro MO CETH, 3aBHCHT OT TOro, Ha Ka-
KOM YPOBHE CTEKa ITPOTOKOJIOB OH HaXOAXTCA. BNOK MaHHEIX, ¢ KOTOPHIM HMEET
Aeno cereBoit uHTepdelic, HazpBaeTCa KAupoM; €ciM OJIOK MaHHBIX HaXOIWTCA
Mexmy ceteBbIM HHTepdeiicoM u MomymeM IP, T0 oH HasbiBaerca IP-makeToM;
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ecii OH — MesiTy MofyieM IP 1 MoIyneM UDP, 10 - UDP-neifrarpaMMOoif; eciiH
Mexcy Momynem IP 1 MomyneM TCP, To — TCP—cerMeHTOM (WM TPAHCTIOPTHBIM
cooGmenyem); ecn 670K NaHHBIX HAXOAXTCA Ha yponnle CETEBBIX MPHKIAAHBIX
MPOLIECCOB, TO OH HA3bIBACTCA MPHICIAHEIM COOOIMEHHEM .

Jina OTMpaBIieMBIX IP—-nakeToB, MOCTYNAOMAX OT Moayne#l BEpXHEro
YpOBHA, MOAYJb IP polbkeH ONpENeNnHTh cnoco® mocTaBKM — MpAMOH HIH
KOCBeHHbIli — M BHIGpaTh cereBoli HHTepdelc. Dror BHIOOp MeNacTCd Ha
OCHOBAHHM pe3yJIbTaTORB NOHCKA B rabnuue MapmpyTos. JUisi MpUHIMACMbIX P-
[1aKeTOB, MOCTYMAOIMX OT CETeBbIX ApaiBepoB, MOAYIDL [P poiDkeH PpellvTh,
HYXHO JIi perpaHcnuposats [P-naket mo Jpyro#i ceTH wia mepeiars ero Ha
pepxunii ypoBewb. Ecnu momyns I[P peuHT, €TO [P-naker Jo/mkeH ObITh
PeTPaHCIMPOBaH, TO JanbHeHImas paboTa ¢ HHM OCYIECTBILACTCA Taloke, Kax ¢
ornpasiademMbiMi  [P—makeTamu. Bxopammii  [P-maker  HUKOrAa  HE
PETPaHCIHPYETCA TePes TOT ke CeTeBOH unTepdeiic, depes KOTOphIA OH ObU1 HpH-
AT PemmeHne 0 MapIIpyTH3alHy NPHHAMAETCA JI0 TOro, Kak IP—naker nepenacTcs
ceTeBoMy ApaiiBepy, H IO TOrO, Kak MpOHCXOAUT oOpalneHHe K ARP-tabnune.

Ioxcern. AnpecHOe INpPOCTPAHCTBO CETH MOXET 6bITH  pasAciieHo Ha
HerepeceKalomuecs NOANPOCTPAHCTBA —~ "rnoaceTy”, ¢ KOKNOH U3 KOTOPBIX MOXCHO
paGorars kak ¢ oObraHo# cetsio TCP/IP. Takum obpasom, emuHas [P—cerhb
OpraHu3allil MOXXET CTPOHTBCA KakK ob6beaunenne noncereil. Kak mnpaswio,
noAceTh COOTBETCTBYET oOnHOH (u3HYecKol CeTH, Hanmpumep, omHOH CeTH
Ethernet. KoneqHo, MCMONBb30BaHHe MOACETEH HEOOA3ATENBHO. MoKHO TIpOCTO
HA3HAYNTH I KKOOH HU3Maeckol ceTy CBOH ceTeBoi HoMep, HapHMEp, HOMEp
wnacca C. OnHako Takoe pelleHHe HMeeT [iBa HENOCTaTKa. Tlepsriii, H MeHee
CYIeCTBEHHbIN, 3aKIHOYACTCA B MyCTOH Tpare CeTeBBIX somepos. bonee
CcepbesHblil HELOCTATOK COCTOHT B TOM, YTO €CNIM HMEETCS HECKOJIBKO CETEBBIX
HOMEpOB, TO MAIDMHEI BHE €€ MOJDKHEI MOIePXHBATh 3amuchH O MaplupyTax
ZocTyna K KaxRoit n3 arux [P—cereil.

Takum ofpazom, CTpykTypa [P—ceTi OpraHM3aund CTaHOBHTCHA BUAUMOH
s Beero mMupa. [Tpy Kakux-—1u60 usmeHeHusx B IP—ceTn uu(opMaums O HHX
okHa ObITh ydareHa B KaKOOH M3 MaliuH, MOAACPKHMBAOLIMX MaplipyThl
mocryna kK ganHo# IP-ceru. IToaceTH MmO3BOJMIIOT n3bexarpy 3THX HEXOCTATKOB.
Heo6x0AMMO MONYYMTh OAMH CeTeBOH HOMEp, HampHMep, HOMEp Kiacca B.
Crannaptsi TCP/IP onpenensior crpykrypy IP—aapecos. Jlia [P-anpecos kiacca
B nepBbie fBa OKTeTa ABNAIOTCA HoMepoM ceTH. Ocrasmadcs gacth [P-aznpeca
MOXET HCIIONB30BATHCA Al TPETHEr0 OKTETa — 3TO HOMEP NOACCTH, a 9ETBEPTOro
OKTeTa — HOMep y3na B Hell. Heo6xoauMo onMcarh koHpurypawmo noaceret B
daiinax, onpefensiomyx MapmpyTiasaio IP-nakeTop. 310 ONMCaHHE ABIACTCH
JIOKaNBHLIM H He BHOHO BHE €¢, T.e. BCE MALIMHbI BHAAT ofHy Gonbuayio IPcets.
CrnenoBareyibHO, OHHM [AO/DKHBI MOANEPKHBATh TOMBKO MapmpyTel AOCTYNa K
HUTI03aM, COSAHHAIOMIM Bauly [P—ceTh ¢ OCTAILHBIM MHPOM.

15, Pykosoactso Cisco 10 MEKIOMEHRON MHOTOSpECHOH MEPIPYTHIAINM. . — M.: «Brmancn, 2004. — 320c.
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Kak Ha3zHauyaTh HoMepa cereil H moacere. ITpy ucrione3oBaHuM noaceTn
win MHOoxecTBO IP-cereii HeoGXommMo Ha3zHaauTh MM HoMepa. Kaicnoi
dusmaeckoit ceru, Hanpumep, Ethernet wm Token Ring, HasHagaeTca OTAEbHBIN
HOMEp MOZCETH WiIH HOMEP CETH. B HEKOTOPBIX CIy9asiX MMEET CMEICH HasHadath
OnHOM (u3MMecKOl CETH HECKONbKO MoOAceTeBbX HomepoB. Hampumep,
NPEeAnoNoXHM, 9T0 HMEETC CETh Ethernet, oxsarpiBaiolias TpH 3manus. Ilpu
YBEJIHYEHHH 9MCIa MallHH, NOAKIIOYEHHBIX K 3TOH CeTH, MPHAETCH ee PasaesIuTh
Ha Heckonbko oTAeNbHBIX cereil Ethernet. Jina Toro, 9r006B H30ekars
HeoGxoapuMocTy MensTh IP—aapeca, Korza 3T0 npousoliner, MOXKHO 3apaHee
BBUIENHTD IJ11 3TOH CETH TPH NOJCETEBRIX HoMepa — Mo OAHOMY Ha 3nauue. (Takas
ajipecaua NO3BOJAET CPa3y ONPENENIHTE, Te HAXOAMTCA Ta WM HHaj MallvHa.)
Onuako mpexe, 9eM BHIAEAT TPU PamIHAHBIX TOACETCBEIX HOMEpa ONHOMH
dusugeckolt cerd, HeoGXOAHMMO MNPOBEPHTH, TTO BCE NpOrpaMME CNoCcOOHEI
paboTaTh B Takoit cpene, a Tatoke BHIGpaTh "Macky noaceTH”. OHa HCnonE3yercs
CeTeBbIM MpOrpaMMHbIM ofecreueHueM MU BBIAICHHS HOMepa noaceTH us [P—
anpecoB. Bursl IP-anpeca, onpeaesiolHe HOMEp IP—ceTH, B Macke [OHCETH
LOJDKHBI GbITH paBHBI 1, a GHTHI, ONpeAC/AIOLINE HOMED Y3J13, B Macke NOACETH
nesmkHbl 6erre pasrel 0. Kak yxe omvevanocs, crannaprst TCP/IP onpenensior
KONMYECTBO OKTETOB, 3ajarolnux Homep cerH. Yacro B IP-anpecax knacca B
TpeTHii OKTET KCNOJIL3yeTCA s 33/1aHKA HOMEPa NMOJCETH. JTO MO3BOJIAET UMETh
256 nopceteli, B KXHOH W3 KOTOPBIX MOXET OBITh 10 254 yanos. Macka noacets
B TaKoj cHcTeMe paBHa 255.255.255.0. Ho, ecnu B ceTH nomxHO GbITe Gourbine
nozcerei, a B Kwkaol noaceru 6yner 60 y3noB, TO MOXCHO HCHOJIE30BATh MacKy
255.255.255.192. Dro nosposier Mmers 1024 mopcetH U A0 62 y3ioB B KaxnoH.
[Mporoxonet TCP/IP no3BoMsiOT TAIOKE 3aNPalUHBATh 3TY HHOpMaMIO IO CETH.

Hmena. B manenskux cerax uHpopMaLma o COOTBETCTBHM HMeH IP-anpe-
cam xpanuTca B (aiinax "hosts” Ha kaxznoM ysne. B Gonbiuiux cersx aTa uH¢op-
Maljsl XpaHWTCS Ha cepsepe M JIOCTyNHa no ceT. Heckombko CTpOK H3 daitna
"hosts" MOryT BHIFIAAETh NPAMEPHO Tak: :
223.1.2.1 alpha
223.122 beta
223.123 gamma
223.1.24 delta
223.1.3.2  epsilo
223.142 iota

B nepsom cronbue — [P-azpec, BO BTOPOM — Ha3BaHUE MAlIHHEL

B GonbwuHCTBe ciyyaes aiims "hosts” MOTyT OBITH ONMHAKOBEL Ha BCEX
yanax. B yane delta B 31oM ¢aiine ecTh Bcero OAiHa 3aHCh, XOTA OH HMECT TpH P-
anpeca. Yaen delta poctynes no JmofoMy M3 3THX P—anpecoB. Kakoit U3 HEX
HCTIOJIB3YyeTCsl, He HMeeT 3Ha4YeHHA. Korma ysen delta nomygaer IP-naker n
nposepser [P—ampec Mecra HasHaueHWd, TO OH ONMO3HACT mo6o# U3 TpeX CBOMX
IP—anpecos. [P-ceTH Tatoke MOTYT UMETh NMEHA. Ecii y Bac €CTh TpH IP—cetn, TO
(aiur "networks" MOXET BHINARETH MPHMEPHO TAK:

223.1.2 development
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223.1.3 accounting
223.1.4 factory

B niepBoii KOJIOHKE — ceTepoii HOMep, BO BTOpPOiil — MM CETH.

B panHoM npuMepe alpha sensercs yanom Homep 1 B cetu development,
beta sBieTCA YoM HOMep 2 B cetu development 1 T.4. [TokasaHHBIA BhNE datin
hosts ynOBIETBOPAET NOTPEGHOCTH MOMB3OBaTEsIEH, HO VI YIPARICHHA CETHIO
internet ynoGHee HMETh Ha3BaHMA BCeX CETEBBIX nurepdeiicoB. MeHemkep cer,

BO3MOXCHO, 3aMEHHT CTPOKY, OTHOCAINYIOCH K delta:
223.1.24  devnetrouter delta

223.1.3.1 accnetrouter
223.1.4.1 facnetrouter

OtH TpH CTpoKku daitna hosts 3aparor kaxmomy [P-aapecy yama delta
CHMBO/IbHBIC HMe€HA. Dakrudecku, nepspii [P-afpec MMEET J[Ba HMEHH:
"devnetrouter” u "delta”, koToprie sBsoTcs chHoHMMamu. Ha npakTuke uma
"delta" ucnome3yercs kak 06meynoTpe6uTeNEHOE UMA MALIHHE], @ OCTAILHEIE TPH
HUMEHH — I7is aIMMHHCTPHPOBAHHUSA CETH.

®atinel hosts 1 networks HCHONMB3YIOTCA KOMaHaaMH QAMHHHCTPHPOBAHHA H
NPHKIANHEIMH TIPOrpaMMamH.

IP-rabauna mapmpyros. Kak Mogym IP y3Haer, Kakoil HMEHHO ceTeBoii
uHTepQeic HYXKHO HCMONB30BaTh nna OTmpamiedns IP-nakera, OCYyLIeCTEiaseT
mouck B Tabmuue MapuipyroB. Kmodom noucka cuyxuT Homep IP—cern,
BbiieNieHHBIA 13 [P-anpeca mecra nasHauenms [P—nakera. Ta6nWua MaplopyToB
COREPIKMT M0 ONHOHA CTPOKe MiA Kakaoro mapuwpyTa. OCHOBHLIMH CTONGUAMK
Ta0AHLE MapIIPYTOB ABIAIOTCA HOMep ceTH, ¢nar npAMoil KM KOCBEHHOH Mapi-
pyrusaumy, IP-anpec mwmo3a u Homep cereporo uHTepdelica. Ota Tabnuua uc-
nonb3yercs mMomyiaem [P npu o6paborke kakporo ornpamisemoro [P-nakera. B
GONBIIMHCTBE CHCTeM TabilMua MapuIPyTOB MOXET ObITh H3MEHEHa C MOMOMIbIO
KomaHIp! "route”. Copeprxanne TaGnuubi MapiIpyTOB OMpEAENAETC] MEHEMKEPOM
CETH, NIOCKOJIEKY MEHEDKED CeTH MPHCBANBAET MAIMHAM IP-azpeca'® [9].

PaccmoTphM Gonee noapo6Ho, Kak MPOMCXOAMT NpsiMas MAapLIPYTH3aLKs B
oaHOH PH3MIECcKOil ceTh.

aigha beta
223.:.2.1 223.11.2.2

[ I

06— g

Ethernet 1

P-cors “development”
22312

Puc.3.3. Onna dusmaeckan cers

%€ Jlermsana A., Tauczs B Kondurypuposarnte mapmpymsaropos Cisco. — 2-¢ msn— M:Hannom«Bisanicn,
2004. — 368¢.
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Tabn.3.4. [IpaMep TaONHIEI MapIIPYTOB

Cersb ¢nar Buga Development (223.1.2)
MapUIpyTH3alHu npsaMas

OU03 <IyCT0>

HoMep HHTepdeiica 1

opsagokx npsamMoii MapmpyTasanaH. Y3ex alpha noceuiaer [P-naker y3iry
beta, Haxonsmuiica B Moayne IP yana alpha. [P-agpec Mecta HasHadeHns paBeH
[P—ampecy beta (223.1.2.2). Monysns IP ¢ NOMOIIBIO MACKH MOLCETH BRIAEIACT HO~
Mep ceTd u3 [P—ampeca 1 MINET COOTBETCTBYIOIIYIO €My CTPOKY B TaONHIE Mapid-
PYTOB (nepeas crpoka). OcranmeHas MHGOPMaUMs B HaHICHHOH CTPOKE YKashIBaeT
Ha TO, 9TO MAMmHHbI 3TOH CETH NOCTYMHEI HANPAMYO Yepe3 unTepgetic romep 1. C
nomoinsto ARP-tabnnups1 BeimonHsercs npeoSpasopanne [P-aapeca B coOTBET-
creyrowuii Ethernet—-anpec u gepes unrepdeiic 1 Ethernet—kanp nocsutaercs yimy
beta. Ecnn npuinianHas nporpaMMa MBITaeTCs Iocnarh RaHHbIE no [P-anpecy, ko-
TOpHIi He npuHanIexHuT ceTH development, To Moxyss [P ot6packiBaeT IP—f1aker.

IMopaaoKk KOCBeHHOH MapmpyTH3amHH. Ysen alpha noceuaer [P-naker
y3ny epsilon, uso6paxensoi Ha puc.3.4.

della
223.1°.2.4
alpha 223.1.4.1 epstion
223.424 223.1.3.1 223.132
1 12 3 1
— | b
Ethernet 1 Ethernet 2
(P.cerh "dovelopment™ IP-cets “accounting®
2342 2313
iota
223.1.4.2
Ethemé 3
P.cert “racl.ocy“

Puc.3.4. [Togpo6Has cxema Tpex ceTei

Oror naker Haxopwrcs B Moxyne IP yana alpha, m IP-anpec Mmecra
HasHa4deHus pasen [P—aznpecy y3na epsilon (223.1.3.2). Monyns [P Brigenser cere-
Boit Homep u3 [P—anpeca (223.1.3) 1 HIET COOTBETCTBYIOINYIO €My CTPOKY B Tab-
Jmue MapumpytoB. COOTBETCTBHE HAXOAWTCA BO BTOpOH CTpoKe. 3amnMch B 3TOM
CTPOKE yKa3kIBaeT Ha TO, YTO MalmWHBI TpeSyeMoH ceTH NOCTYNHEI 9epe3 LULUIO3
devnetrouter (Tabnuma 3.5, 3.6).

Tabmuna 3.5. Tabnuna MapmpyTos B yaie alpha
Cers - development accounting _ factory

MapIIpyTH3aLs npsMas KOCBEHHAas KOCBEHHad
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IUTO03 <mycTo> devnetrouter devnetrouter

HOMEp nmepcbgﬁca 1 1 1

Ta6n.3.6. Tabnuua MapmpyToB B y3ie alpha ¢ HomMepamu

Cerp 223.1.2 223.1.3 223.14
MapmpyTHanus apaMas KOCBEHHas KOCBEHHasA
o3 <mycro> 223.1.24 223.1.24
HOMep HHTepdetica 1 - 1 1

B cronbue "mwno3" TabmuLE MapuIpyToB yauna alpha ykassipaercs [P-anpec
TOYKHM cOoeAuHeHns yana delta ¢ cersio development. Monysns IP B yane alpha ocy-
mecTrieT noMck B ARP-tabnune, ¢ noMompsio koroporo onpeaenser Ethernet—
anpec, cooTsercTByromuii [P-anpecy devnetrouter. 3arem IP-naker, conepaunuit
[P-appec Mecra HazHadeHuq epsilon, nockulaercs gepe3 uHrepdetic 1 o3y
devnetrouter. [P-makeT nmpuHIMaeTcs ceTeBEIM HHTepdeiicoM B y3ne delta n nepe-
naerca mogymo IP. [Tposepsercs [P-aznpec MecTa HazHa9eHNs, M, TIOCKOJIBKY, OH
He COOTBETCTBYET HH OJHOMY H3 coOcTBeHHBIX [P-anpecor delta, mmo3 pemaer
perpaHciupoBats [P~naker. Moxysis [P B y3ne delta Beizienser ceteBoii Homep U3
[P-ampeca Mecta HasHadeHna [P-naketa (223.1.3) 1 HIKET COOTBETCTBYFOULYEO
3armich B Tabnuue MapmpyTos (Tabnyma 3.7., 3.8).

Tabn.3.7. Tabnuua MapiopyToB B y3une delta

Cers ¢nar puna development accounting factory
MapIipyTH3aLus npaMas KOCBEHHast KOCBEHHas
IIUBO3 <mycro> <fycTo> <mycro>
Homep nHTepdeiica 1 2 3

Ta61n.3.8. Tabnuna MapmpyTtos B yane delta (c Homepamu)

Cerb ¢nar Buaa 223.1.2 223.1.3 223.14
MapLipyTH3alus npsamMas KOCBEHHas KOCBEHHas
HUTO3 <ImycTo> <mycTo> <mycTo>
HoMep uHTepdeiica 1 2 3

CooTtBercTBHE HaXoauTCa BO BTOpoii cTtpoke. Teneps Moxyss IP HanpaMyro
nocsuiaer [P-mnaker y2my epsilon gepes nurepdeiic Homep 2. [Maker copepxur [P—
¥ Ethernet-anpeca Mecta HasHadeHMs paBuble epsilon. V3zen epsilon npuHuMaer
IP-naker, u ero moayns IP npoeepser IP—anpec Mecra HasHadeHus. OH COOTBET-
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crayer [P-anpecy epsilon, nosroMy comeprkameeca B IP-naxere coob1meHne nepe-
paeTcs NpOoTOKOJIbHOMY MOAYJIIO BEPXHEIO YPOBHA.

3.3. ®yHEKOHA MADPIIPYTH3ATOPA

OcHoBHas GYHKUMA MapIIpYTH3AaTOpPa — YTEHHE 3aroJIOBKOB NAKETOB CETe-
BLIX INPOTOKOJIOB, KOTOpHIE NPHHUMAIOTCS KakAEM ero noprom (IPX, IP,
AppleTalk) ¢ mociexyloIUM NPHHATHEM pelicHUA O JambHeiileM MapmpyTe
CNE[IOBaHMA DAKETa [0 €ro CETEBOMY aApecy, HMEIOMHe HOMEp CETH H HoMep
yana. OyHKIHH MaplopyTHzaTopa MoryT OBITH pasOMTel Ha 3 rpymm! B
COOTBETCTBHH € ypoBHAMH Mozaenu OSI (prc. 3.5).

Yposens unTepdeiicos. Ha HibkHeM ypoBHe mapmpyTusarop obecnedu-
BaeT u3naeckuil HaTEpdeiic co cpelo#i nepenaun, BIUKOYAd COTJIRCOBAHHE YPOB-
Heif 2eKTPHIECKHX CHFHANIOB, JIMHEHHOE H JIOFHIecKOoe KOAUPOBAHHKE.

C KaKOBpIM HHTEpdeHicoM 1A MOAKIIOYCHH JIOKAIBHOM CETH HEPa3pEIBHO
CBA3aH ONpEHENICHHBH NPOTOKOJ KAaHAIBHOrO YpoBHA — HanpuMep, Ethernet,
Token Ring, FDDI.

I mnwmenﬁm —l

$
Vaanemme napmx Begeane oxepenei
T I S gt i
AsuTirs % MoTRGTXATIR .
CETES070 SATCRONES PaImSTPIIMa maKeT2 MSapuwpyTIrsani
T i I ¥porem cetesoro
Tepeasna ypomoe TpoTOROTA
S2rONOSKA MRAATHEOTO maTepdtizon: Bame
yposRR nepenswanigerd | | 1. [Tasera. cerenuro anpeca
Ypesmo 2. Ampeca caeayromero enemyomero
[ ¥apmpyTIAICEA. opmpyTRSITOpR
3. Hoaepa Broxoancro nopra y
L 3
I TTpaes it paCTPATEIERRS JRMNME 1O Q0PN | mi”f‘f”
e L 4

I LLC noaypozems I
) (] ]
$03 MAC [ 3023 MAC [ W25MAC | [LapB | LanF | LaPD |
[

neayposeas | moxyposens | sonyposess
10BASE-T | 10BASE-2 UTP V.35

Puc. 3.5. ®yBKusoHansHas MO MapIIPYyTH3aTOpa

Hurepdelickl MapuipyTHsaTopa BHIMONHAIOT NOMHEI Habop ¢yHKumil
¢u3MIEcKOro H KaHANBLHOTO YpOBHEH No mepejade Kanpa, BI0Yasi MONYYeHHE
JOCTyna K Cpefe, GpopMupoBaHue GHTOBBIX CUTHAJIOB, PHEM Kajpa, NOACYET €ro
KOHTPOJIBHOM CYMMBI H nepefady NOJNA AAaHHBIX KaApa BEPXHEMY YPOBHIO, B
CJyuae eciii KOHTPOJIbHaA CyMMa HMeeT KOPPEKTHOS 3Ha9eHHe.

MapipyTHsaTtop AODKeH NOJNEPKHBATh BCE NMPOTOKONLI KAHATHHOIO M
(r3KgecKOro YPOBHeH, HCIIONB3YEMEIC B KaKIOH M3 cerel, K KOTOpPHIM OH OyAeT
HEMoCpeCTBEHHO npucoemiiieH. Ha puc. 3.5 nokasaHa ¢yHKUHOHAILHAT MOAETH
MapIIpyTH3aTOPa C YeThipbMA NOPTAMH, PEAIH3YIOLHMH CIICAYIOmuUe ¢duzHIeckne
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uHTepdeticer: 10Base-T n 10Base~2 mns mByx nopros Ethemet, UTP mns Token
Ring & V.35, Ham KOTOpEIM MOryT paboTars nporokoims! LAP-B, LAP-D wm
LAP-F, obecneanBas noawnodenue K certaM X.25, ISDN win frame relay.

Kanpe1, koTopsie nocTynaioT Ha NOPTEI MapLIpYTH3aTOpa, Nocie 06paboTku
COOTBETCTBYIOIIMMY NPOTOKONaMH (H3MYECKOIO M KAHAILHOIO YPOBHeH, OcBO-
GOXAAIOTCA OT 3ar0/IOBKOB KAHANLHOTO YPOBHA. M3RIeueHHEIE M3 MO JaHHBIX
KaJipa NaKeTs! fIepeaaloTCs MOLYIIO CETEBOTO NPOTOKOA.

YpoBern ceTeBoro mporoxona. Cerepoil MPOTOKON B CBOIO Odepens H3-
BJIEKACT M3 MaKETa 3aroJIOBOK CETEBOrO YPOBHA W aHANH3HUPYET COIEPKHMOE ero
ToJIef: MPOBEPAETCA KOHTPOJIbHAA CYMMa, M eCJIH NaKeT NPHIIEN [TOBPEXIeHHbIM,
TO OH OTOpackIBaeTCs. BLINONKACTCSA MPOBEPKA BPeMs JKN3HM NAKeTa, NpH  Mpe-
BBIOCHAM NOMYCTHMOIO BPEMEHH makeT Taioke oTOpackiBaerca. Ha stom srane
BHOCATCA KOPPEKTHPOBKH B COEPKHUMOE HEKOTOPHIX NOJeH, HallpUMep, Hapaluy-
BaCcTCA BpeMs HUI3HH MaKeTa, [IePeCUHTHIBACTCA KOHTPOJIbHAY CyMMa,

Ha cereBoM ypoBHe BEINONHAETCH ONHA W3 BOKHEHIIMX $yHKkuni Maplopy-
TH3aTOpa — QuiIkTpaums Tpaduka. MapmpyTusatop, o6nanas Gomee BLICOKHM HH-
TEJUICKTOM, 9eM KOMMYTaTOphl, NO3BOJIAET 3a/laBaTh M GoNiee CIOXHEIE MpaBwiIa
$unsTpawm. MapupytizaTopsi, nporpaMmHoe obecrieqedHe KOTOPbIX CONEPHHT
MOZYJIb CETEBOrO MPOTOKOMA, CIOCOGHB! IPOM3BOAMTL Pasbop ¥ aHammz OTHeNb-
HbIX nonel makera. OHM OCHAMAIOTCA PA3BUTHIMH CPENCTBaMH [0JIb30BATE b~
CKOro uHTepdeiica, KOTOpLIE MO3BONAIOT anMHHHUCTparopy Ge3 ocoleix ycumuik
3ajasath COXHbIE npasmia GuibTpawym. OHH, HAIPUMEp, MOTYT 3aNpPETHTH fnpo-
XONCHUE B KOPNOPATUBHYIO CeTh BCEX MAKETOB, KPOME [1aKETOB, MOCTYMAIOIIAX
¥3 NOACeTeH ITOro e npeanpusrna. GWISTPALMA B JaHHOM CiTy4ac NpoU3BO-
AMTCA 10 CETEBRIM anpecaM, M BCE NaKeThl, apeca KOTOPHIX He BXOHAT B paspe-
WeHHLIA 1ana3oH, oT6pachiBaoTcs.

ITporpammuoe o6ecneuenue MapuIpyTH3aTOpa MOKET peal30BaTh pazivd-
HBIE MCLMILIMHE! 0GCITY)KHBAHHA OYepenel NaKeToB: B MOpsAKe MOCTYIIeHHs 10
TPHUHIMIMY «NepBBIA npumen — nepebiM o6cmyxen» (First Input First Output,
FIFO), ciyuaiinoe paHHee oOHapyxenue, Koraa o6CTyKHBaHHe HOET 1o npaBHITy
FIFO, Ho npu mocTikenum mimnoH ouepeay HeKOTOPOro NOPOroBOro 3HaA4YEeHUs
BHOBD NOCTynajoluye nakeTs otGpackisatorcea (Random Early Detection, RED), a
Taloke Pa3NigHLIe BAPHAHTE! PHOPUTETHOTO OGCITY)KHBAHMS.

K cereromy ypommio orHocHTCa ocHoBmas ¢yHkuus mapmpyrtuszaTopa —
OfpeAevienre MaplupyTa nakera. ITo Homepy ceT, VBBIIEYEHHOMY M3 3arojIoBka
TakeTa, MOAYJIb CETEBOro NPOTOKOMA HAXOAKT B TabNHue MaplupyTH3auMM CTPOKY,
conepkallyio ceTeBoi anpec ciemyromero MapIipyTH3aTopa, 1 HOMep MOpTa, Ha
KOTOpb1ii Hy)kHO nepenars naumEi naker. Eciu B Tabmuue OTCYTCTBYET 3alHCh O
CCTH HA3HAYCHHA NaKeTa H 3aMMCH O MApUIPYTH3ATOPE, TO NAHHEIA MaKer otbpa-
CEHIBaETCH.

IMepen Tem xak nepenate ceresoif anpec Cneayrolwero MapuIpyTU3aTopa Ha
KaHALHE ypoBeHs, Heo6Xomumo npeoGpasoBaTh €ro B JOKANLHEIA anpec TOMH
TEXHOJIOMHH, KOTOpas UCNOIB3yeTcs B CETH, COAepHKAlleH Cllenyrompii Mapipy-
TH3aTOp. JUI1 3TOTO CeTeBoit MpoTOKON obpauaercs k IpOTOKOJTy paspemeHHs aj-
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pecoB. TaGiHua COOTBETCTBUA JIOKANBHEIX AiPECOB CETEBHIM anpecaM CTPOHMTCA
OTAESIBHO [yl KXKIOro ¢eTeporo nurepdeiica. IIpoTOKOE! paspemeHns anpecos
33aHUMAIOT MPOMEKYTOTHOE MOJI0KEHHE MEXXITY CeTeBbIM H KaHANLEEIM YPOBHAMH.
C cereBoro ypoBHs NaKeT, JOKANBHBIA afipec CEAYIOMErN0 MapmpyTH3aTopa H
HOMeEp NMopTa MapIpyTH3aTopa NepeaaoTcs BHH3, KAHAIbHOMY ypoBHIO. Ha ocHo-
BaHHUM YKA3aHHOTO HOMEpA M0pTa OCYMECTRIETC KOMMYTALMA C OHAM M3 MH-
TepdeiicoB MapUIpyTH3aTOpa, CPENCTBAMHE KOTOPOrO BBINONHAETCSA YNAKOBKA I1a-
KeTa B Kazip cOOTBETCTBYtomero ¢opMara. B none anpeca Ha3sHA9GHMA 3arONIOBKA
Kazipa romemaercd JIOKQIbHBIN anpec CNeAylomero MapiopyTusaropa. I'oToBsif
KaJIp OTTIpaBISETCA B CETh.

YpoBeHb NMPOTOKOJIOB MaplIpyTH3alwK. CeTeBble NMPOTOKONL! aKTHBHO HC~
MOJL3YIOT B CBOEH pafoTe TabnHLy MaplopyTH3alMy, HO HH ee NOCTPOCHHEM, HH
nopepKaHueM ee COAEPKHMOro He 3aHHMAtoTCA. DTH (QDYHKIHMH BEINONHAIOT po-
TOKOJIbI MapIOpyTH3alKH. Ha 0CHOBaHHM 3THX NPOTOKONOB MapIpyTH3ATOPH 06-
MeHMBaloTCA HH(OpMaLHell 0 TONONOrMH CeTH, a 3aTeM aHATH3NDYIOT MOJy4eH-
Hble CBeJIeHNA, ONpeAEis HAWTYJIIHE 10 TeM HIH HHBIM KPHTEPHIM MaplipyThl.
PesynbTarh aHamu3a M COCTARIAIOT CofiepXKHMOe TafiIiL MaplUpyTH3aIHH.

[ToMHMO nepedHCHeHHEIX Bhllle GiyHKUHH, Ha MapIIPYTH3ATOPH! MOTYT
6BITE BO3NOKEHBI W ApYrHe O0A3aHHOCTH, HANpHMEpP ONEpallH, CBI3AHHBIE
(parmeHTanueit.

Brisoabr
. Tunu9aHEIR MapIOpyTH3aTOp NMpPERCTaBiIseT CO00 CI0MKHEIH CHenHANH3HpO-
BaHHBIHA KOMILIOTEDP, KOTOPHIHA paboTaeT nox yiparieHAHeM crielHaTA3HPOBAHHO)
OMepaLMoHHOA CHCTEMBI, ONTHMM3KPOBAHHON A BBHINONHEHHA OMEpalHi mo-
CTpoeHHs TabJIHI MapIIPYTH3ALIHK 1 NPOMBIDKEHHA NIaKETOB Ha MX OCHOBE.

. MapIupyTH3aTOp 9acTO CTPOMTCS 1O MYJBTHITPOLIECCOPHOH CXeMe, IpHIeM
KCIIONb3yeTcA CHMMETPHIHOE MYJBTHNpOLeCCHPOBaHHE, aCHMMETPUIHOE MYJb-
THIPOLIECCHPOBaHHe M UX codeTaHne. HanGonee pyTHHHBIE onepauyn obpaborku
TIAKETOB BHINOJIHAIOTCS MPOrpaMMHEIMH— CIeHMANH3UpOBaHHBIMH NPOLIECCOPAMH
WIH anfapaTHEIMH GOJILINHMH HHTErpaEHEME cxemMamu (BUC/ASIC). Bonee BEi-
COKOYPOBHEBbIE NEHCTBHS BBIMOJHAIOT NpOTrpaMMHbIE YHHBEPCAILHEIE MpOLiec-
COpBI.

. [To ofnacTaM NpUMEHEHHs MapINpyTH3aTOPh! AEATCA Ha: MarHCTpanbHbIE
MapIOpyTH3aTOpEl, MapIIPYTH3aTOPE! PETHOHAILHEIX NMOApasAe/icHHMN, MapIIpyTH-
3aTophl yAANEHHEIX O(PHCOB M MapIIPYTH3aTOPH! JIOKATBHEIX CeTelf — KOMMYTa-
TOpH 310 YpOBHA.

. OCHOBHEIMH  XapaKTEPHCTHKAMHM MapIOpyTH3aTOpPOB ARIMIOTCA: o6mai
NPOU3BOJIUTENLHOCTD B MaKETaX B CEKyHIy, HaG0p NMOAHEpKUBAEMBIX CETEBERIX
NPOTOKOJIOB H IPOTOKOJIOB MaplOpyTHsaliy, Habop MONREpKHBAECMBIX CETEBBIX
HHTepdeiicoB rnobaabHbIX H JIOKAIBHBIX CeTel.

o K unciry nononHHTeNbHEX QyHKIMIE MAPIIPYTH3aTOPa OTHOCHTCA OHOBpE-
MeHHas NOAJepXKKAa Cpa3y HECKOJNBKMX CETEBbIX IPOTOKONOB ¥ HECKOBKHX
MPOTOKOJIOB MapHIpyTH3aiHH, BO3MOXXHOCTE NPHOPHTETHOH 06paboTku Tpaduka,
paznenenpe (QyHkuMi TmOCTpoeHMA TaONWLl MAapUIPYTH3AOHH W NpOIBMKEHHA
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TIaKeTOB MEKAY MapIIpYTH3aTOPaMH Pa3sHOTNO KIacca Ha OCHOBE NOTOBBIX TaGIHILL
MapIIpyTH3aMHH.

. OCHOBHOH 0COGEHHOCTEIO KOMMYTAaTOPOB 3—10 YPOBHS SBIAETCA BBHICOKAT
CKOPOCTh BHIIOIHCHAS ONepauMii MapmpyTH3alHA 33 CUET HX NepeHeceHmA Ha
anmaparHelii yposeHb — ypoBeHb BHIC/ASIC.

. Meorue ¢upMb1 paspaGoTamd COGCTBEHHEIE NPOTOKOMLI YCKOPEHHOM
MapRIPYTH3AHHA JOJITOBPEMEHHEIX NOTOKOB B JIOKAIBHBIX CETAX, KOTOPHIE Mapii-
PYTH3HDYIOT TOJIEKO HECKOJIbKO MEDBEIX MAKETOB IOTOKA, a OCTATbHbIE MaKeTHI
KOMMYTHDYIOT Ha ocHoBe MAC — ampecos.

3.4. Bonpocel ¥ ynpaxHeHus

1. Cpasuure Tabmmly kommyraropa ¢ Tabnunel MapmpyTusatopa. Kaxum
ofpasoM oxu gopmApytoTca? Kakyio madopmarmmo cofeprxar? OT 9ero 3aBHCHT
ux obpemM?

2.  Tabnuua MapmpyTH3ALMA CONEPIKUT 3aITHCH O CeTAX HasHaueHHs. J[o/DkHa
JIA OHA CONEPKATH 3aIHCH 000 BCEX CETSX COCTABHOM CETH MIIH TONEKO O HEKOTO-
poix?

Kakue n3 ciepyromux yTBep>KAeHHH BEpHLI Bceraa?

Kakmpiii nopr kommyTaropa umeer MAC — anpec.
Kake1ii KOMMYTaTop HMEET CETeBOH afpec.

Kakmpiit nopT KOMMyTaTopa UMeeT CETeBO# afipec.
Kaxap1i MapiupyTHsaTrop HMeeT CeTeBOH azpec.
Kaicapiii nopr mapmpyrmsaropa mmeer MAC — azpec.
Kaxgpiii mopT MapmpyTH3aTopa HMeeT CeTeBoit afipec.

Iycts nocramc yciyr Internet uMeeT B CBoeM PacoOpsKeHHHR alpeC CeTH
Kknacca B. Jins anpecauun y3inos cBoelf co6CTBEHHOMH CETH OH Henomb3yeT 254 an-
peca. OnpezienaTe MAKCHMAILHO BO3MOMKHOE SHCIIO a6OHEHTOB 3TOTO NOCTABIINKA
yesiyr, ecii pasMepsl TpeGyeMBIX Ul HHX ceTeli CooTBETCTBYIOT Kiaccy C? Kakas
Macka NO/DKHA OBITH YCTaHOBJEHA Ha MaplIpyTH3aTOpe MOCTAaBIMMMKA YCIYT, CO-
€MHAIOIEM €ro CeTh € CETAMH a00HEHTOB?

5. [Touemy naxe B Tex CIIydasx, KOrAa MCIOJNB3YIOTCA Macku, B [P-mnakere
Macka He niepenaercs?

6. Ornuaaercs nmu ©o6paboTia nons MAC — anpeca kanpa MaplOpyTH3aTOpOM H
KOMMYyTaTopom?

7. CpaBHure QyHKOHH MapHIPyTHBaTOPOB, KOTOphle  MOANEPKHBAIOT
MapIipyTH3aUMIO OT HCTOYHHMKA, ¢ QYHKUMAMH MaplIpyTH3aTOPOB, NOJKEpIHBa-
FOMIHX ITPOTOKOJIbI QNATHBHOM MapmpyTH3anuy.

8. Kaxne MerpHKM paccTosHHA MOryT GbITB HMCMOME3OBAHBI B aNropuTMax
c6opa MapmpyTHO# HEGOpMaLIH?

9.  Kaxue 3/1eMEHTEI CETH MOTYT BEINOJNHATD ¢parMerTamzo?

A.  TOIBXO KOMIEIOTEPEL,

B.  TOmBKO MapmpyTH3aTOpEL;

C.  KOMIBLIOTEPH], MAPIIPYTH3ATOPEI, KOMMYTATOPEL,

FIMOOW> P
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D. KOMNBIOTEPH! H MapIOpPYTH3aTOPLI.

10. Yro nmpomsoiiner, eciiM NpH nepepave nakera oH 61 pparMeHTHpOBaH H
OMMH ¥3 (DparMeHTOB He [OMeN O Y314 HG3HAYCHHs NOCNe HCTedeHnd TaiiM-—
ayra?

A. Momyms IP yana-oThpaBWTeNs NOBTODHT Nepenady Hefomemmero ¢par-
MEHTa; ,

B. wmonyms IP yana—ornpasurelld NOBTOPHT Tepefady BCEro nakera, B COCTaB
KOTOpOTO BXOAMI Henomexmni GpparMenT;

C. momym IP yana—nomydarens oTGpOCHT BCe MOJyIeHHbIE (parMeHTE! nakeTa,
B KOTOPOM TIOTEpSUICA OJMH (parMeHT; Momyis [P yana-oTmpaBHTeNd He 6yner
NPEATPHHAMATh HHKaKHX AeiiCTBHH M0 TOBTOPHOi Nepenade makera JasHoro na-
KeTa.

11. Kaxum o6paszoM momkeH 65ITh CKORGUIYPHPOBaH MapmpyTH3aTop, 97061
OH NpPEROTBPALIAN KITHPOKOBEIIATeNbHBIH IITOpM»?

12. 3a cyeT uwero KOMMYTATOphl TPETbEro YPOBHA YCKOPAKOT MpOLECC

MapmpyTH3alHH?



IIABA 4. IPOTOKOJIBI BHYTPEHHEHA JHHAMAYECKOM
MAPIIPYTH3AIIAA

IlpoTokosmsl MapwpyTzamuu — paspaaTsBaioTcs A 3¢deKTHBHOH
nepeAady MyJbCHPYIOIIEro KOMIMBIOTEPHOro Tpaduka. Talnuue MapiopyTH3alHH
DO3BOJAIOT  ONTHMHM3MPOBATh  HEPABHOMEPHOCTh HMHTEHCHBHOCTH  TpadHka
KDKAOTO abOHEHTA © pPAaBHOMEPHO 3arpy3HTh KAHANSI CBASH  MEXNIY

MapmpyTU3aTOpaMH.
4.1. Hpo'roxoh mapmpyrusanuid OSPF

OSPF (Open Shortest Path First — ri6op kpargaiimero myTu nepeLIM) —
BHYTPEHHHH MPOTOKON AMHAMHIECKOH MapmpyTH3aLMH, OCHOBAHHEIH Ha
TEXHOJIOTHH OTCNEXHMBAHHA COCTOSHMA kaHana LSA (Link-State Technology),
HCTIONB3YIOIMH VI HAaXOXIEHUA KpaTdaifliero MyTH C MOMOIMIBIO anropuTMa
Hetikctpel s 3¢pdexTnrON MapmpyTnsamun [P-nakeror B GONBIIMX CETSX
€O CJOXHOMH TOmMoJIorHel, BKirouaromeit netau'’.

Anroput™ HeHKCTpLl — anroput™ Ha rpadax, HaXomuT KpaTuaifmue myTH
OT OAHOMH M3 BepmMH rpada O BCEX OCTAIBHBIX. Hporokon OSPF 6wu1 pas-
paGoTaH kak 3aMeHa AMCTAaHUMOHHO-BEKTOPHOIO MPOTOKONA MapupyTH3alHH
RIP. Ha nauHmif MOMeHT cymecTmyer TPH BEPCHH MpoTokona. Bropas Bep-
cua OSPF noanepxusaer IPv4, a Tpersa nopnepskusaer [Pve.

OSPF npoToKON OpPHEHTHPOBaH Ha MPHMEHEHHe B GOMbIINX reTeporeHHbIX
cerax. I'eTeporeHHrte cetm — 310 ceTH, cocrosmme W3 PasIKIHbIX
ONEPALMORHEIX CHCTEM W TPWIOKEHHH, UMEIOLIME CMEIIaHHYI0 TOTOJOTHIO M
paboTaloliie MO PpasfIMIHEIM CETeBBIM nporokonam. OSPF  He wcmoms3yer
TPOTOKOM  TPAHCMOPTHOTrO YpOBHA, Tak Kak nakersi OSPF  oTmparmiioTca
nocpencreom  IP.  Ipotokon OSPF  mucnomssyer hello-naketsl, yTo6bt
O0HapyXHTb coCefiel,, YCTaHOBHTH CMEXHOCTD ¢ COCEHHMH  y3MaMH,
pacnpocTpaHiTe Napamerpel M T. A. [lakeTsi omnpammsrorca xaxaele 10
CEXyHN B CErMEHT MyJNBTHIOCTYNIA M B CErMEHT TOYKA-TOYKA, M Kakmble 30
CEeKYH/L B CErMEHT HEMHMPOKOBCINATENLHOIO MYJIETHIOCTYMA.

MepTBEII MHTEPBAI — 3T0 OXHAaHHE Mapwpytnsaropa SPF paspsiBa
CMEXHOCTH C COCeaIOM. MepTBEIit HHTepBan B geThIpe pasa npeppNIaeT UHTEPBA
hello no ymomanmo (uHTepBan cocrammser 120 cekyMz). Jnd cerMeHToB
MyJIBTHAOCTYNIa H CETMEHTOB TO9Ka—~TOYKa, 3TOT fepHop, cocrariser 40 CEeKyH/.

Anroput™ paGoThi IPOTOKOMIA OCHOBAH HA HCMOMNb30BAHMH BCEMHU Mapipy-
TH3aTOpaMH eMHOH 6askl NaHHEIX, ONMCEIBAIOINEH, C KAKMMH CETAMH CBS3aH
KOKIOEIA MapuipyTHsaTop. ONMCHIBas KKIYIO CBA3D, MapHIpyTH3aTOPH CBS-
3BIBAIOT C HEl METPHKY.

Mertprka — 3T0 3Ha%eHHe, XapakTepH3yIoliee «KA9ECTBOY KaHANA CBA3M,

*? ®edir C. TCP/IP. ApxsrexTypa, BPOTOKOREL, peamsaips. — M.: Jlopy, 2015, - 424 ¢ 5.
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KOTOphie MO3BoJLieT 6ojiee OOBEKTHBHO OLECHMBAThL MapIIPyTH, a NPH HAIH-
quu BbiGopa, npuHuMarh 3ddexTHBHOE H HenecoobpasHoe pemenne. DTo mo3-
BoyeT MapuipyrisaropaM OSPF yuuTLIBaTE peabHYI0 NMPONYCKHYIO CHOCO6-
HOCTh KaHana, Halle)XHOCTh, 3arpy)KCHHOCTD, BEJIMMMHA 3aICPKKH pacopoCTpaHe~
HUA CHIHQIA B KaHane H BHMBAATH HAWIydIOMe MapupyThl. BaxHoil ocoGenHo-
cTeio nportokona OSPF aBingercas To, 910 MCHOOJIB3YyeTCs TIpynnosad, TO €CTb,
Harpy3ka KaHajloB MEHbLIe.

LSA coobmenusi OTTIPaB/LIOTCA, TOMBKO €CHH NPOM3OLUIN KaKHe—JHG6o
H3MEHEHHs B CeTH, HO pas B 30 munyT LSA cooOmeHM oTHpamRnsioTcs B
NPHHYAWTETPHOM NOpAIKe.

CywecrByer 7 THnos LSA:

1. Router LSA — 06BsARIEHNHE O COCTOSHHH KRHATIOB MapLIPYTH3aTOpa.

2. Network LSA — o6BaBiIeHRE O COCTOAHMH KaHANOB CETH.

3. Network Summary LSA — cymmapHoe 00baBIIEHHE O COCTOAHHH KaHa—

JIOB CETH.

4. ASBR Summary LSA — cymmapHoe 06BsBIIeHHE O COCTOSHHH KaHAIOB
NOrpaHHIHOr0 MapLIPyTH3ATOPA aBTOHOMHOM CHCTEMEL.

5. AS External LSA — 00BaBlIEHHsA O COCTOSHHM BHEIIHUX KaHAJIOB aBTO—
HOMHO#H CHCTEMB!,

6. AS External LSA for NSSA — o6®aBneHus 0 COCTOSHHH BHEIIHHX KaHajloB
aBTOHOMHOH cHcTeMB! B NSSA 30He.

Jins npeofioneHHs HEAOCTarka ORICTPOro YBEJNHYMEHMA CETH, OPOTOKOA
peajusyeT [eNieHHe aBTOHOMHOM cucTeMEl Ha 30HBI (areas). Mcnons3osaHHe 30H
TI03BOJIAAET CHH3UTH HArPy3Ky Ha CEThb M MpPOLIECCOPE! MapLUPYTHU3ATOPOB H YMCHB-
WIHTH pasMep Ta0nuL MapUIpyTH3aLMH.

B OSPF npouecc nocrpoexus TabnHupEl MapIIpyTH3aluu pa3suBaeTcd Ha
IBa KpynHuIX 3Tana. Ha nmepsoM 3Tane kaxaeili MapLIpyTH3aTop CTPOMT rpad
cBA3eil CeTH, B KOTOpOM BepiIMHaMM rpada ABJSIOTCA MapuipyTHsaTophl U [P—
cetd, a pebpamu — HHTEpdeHcH MapmpyTH3aTopoB. Bce MapmpyTH3aToph! UL
3T0ro OGMEHHBAIOTCA CO CBOMMH COCefiiMHM Tol uH(popMaumeii o rpade cerH,
KOTOPO# OHH PachoNaratoT K HAHHOMY MOMEHTY BPEMEHH. 3TOT MpOLECC MOXO0XK
Ha MpOLIECC PACcIPOCTPaHEeHHa BEKTOPOB paccTosHMH N0 cereit B mpotokoie RIP,
OfHaKo cama MHGOpMauws KadeCTBEHHO Jipyrad — 10 HE(OpMauKs O TONONOruy
cetn. DTn cooblueHHa HasbiBaIOTCA router links advertisement — oGBaABICHHE O
CBA3AX MapupyTH3atopa. Kpome Toro, mpu nepenade TOMOJOTHIECKOH
MB(GOPMALMH MapLIpYTH3aTOPH ee He MoAM(HIHMpYIOT, Kak 370 Aenator RIP-
MaplIpyTH3aTOpl, @ MepejaloT B HEM3MEHHOM Buie. B pesyibTare
pacnpocTpaHeHua TONONOrknIeckodi HRpOpManHH BCe MAapIIPYTH3aTOPhl CETH
pacnonaraloT MEEHTHYHEIMH CBENCHHAMH O rpae ceTH, KOTOphle XpaHgTci B
TonoJyiorudeckol 6aze MaHHLIX MapIIPyTH3aTOpA.

Bropoil 3Tan COCTOMT B HAaXOXKAEHHM ONTHMAIGHBIX MappYyTOB C
TOMOIIBIO fI0JIy9eHHOro rpada. Kaxmpiii MapmpyTH3aTop camTaer cebs UeHTpoM
CETH M HIIET ONTHMAILHBIH MapIIPYT A0 KXAOH H3BECTHOM eMy ceTH. B xaxnom
Hal{iACHHOM TakuM 06pa3oM MaplupyTe 3allOMHMHAETCd TOJBKO OJIHH 10ar — [O cie-
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ZYIOIEro MapmpyTH3aTOpa, B COOTBETCTBMH C NPHHIHIIOM OMHOIIArOBOH Mapin-
pymusaul. JaHmHble 06 3TOM mare H MoNagaioT B TabIMIYy MappyTH3aupH. 3a-
Jada HaXOXACSHHA ONTHMATHLHOrO MyTH Ha rpade ABIAETCA HOCTATOYHO CIOKHOMN
n TpynoeMkoii. B nporokone OSPF s ee peinenns HCAONB3yeTcs HTepaTUBHEIM
amropu™ JlefikeTpsl. ECnu HECKONbKO MapLIPYTOB HMEOT OUHAKOBYIO METPHKY
10 CeTH Ha3HaYeHM, TO B TaONHlie MApIOpYTH3aNUM 3allOMHHAIOTCA fIEPBLIE INary
BCEX 3THX MapImIpyTOR.

[focne nepBoHaYaiLHOTO  MOCTPOEHMA  TAabNMUBI  MapIIPYTU3ALHH
HeoGX0MMO OTC/IKHBATE H3MEHEHUA COCTOAHMA CETH B BHOCHTb KOPPEKTHBH! B
Tabnuuy MapupyTusauuu. [ KOHTpONA COCTOAHMA CBs3zel M COCEIMHX
MapmpyT3aTopo  OSPF—mapipyTusatopsl He HcnomssyroT o6MeH monHo#
Tabnuuel MapmpyTH3aMH. BMECTO 3T0T0 OHH NepenaloT crenHaTbHEE KOPOTKHE
coobmenuss HELLO. Ecim cocrosmuMe ceTH He Mensercd, T0 OSPF—
MapUIpyTH3aTOPEl  KOPDPEKTHPOBKOH CBOMX Ta0NMI MapmpyTHBalM  He
3aHHMAKTCA H HE NMOCKUIAIOT coceniaM oOBABNEHH O CBA3sX. EciH ke cOCToAHHe
CBA3H H3MCHWIOCH, TO OMIDKaHIDAM COCeaAM MHOCHUIAETCH HOBOE OOBARNEHME,
kacaromieecs TOJMLKO [AHHOH CBA3H, YTO, KOHEYHO, IKOHOMHT [POIYCKHYIO
CcnocoGHocTE cerH. [omyyus HOBoe o6BABNEHHE 06 U3MEHEHHH COCTOSHHA cBA3H,
MapipyTH3aTOp mnepecTpauBaeT rpad CeTH, 3aHOBO HIIET ONTHMAJIbHBIE
MapupyTs (Ae 06A3aTEILHO BCE, a TONBKO T, HA KOTOPBIX OTpa3WIoCh JaHHOE
H3MEHEHHE) U KOPPEKTHPYET CBOK TabMHLy MapuipyTusampy. OIHOBPEMEHHO
MapIpyTH3aTOP PETPaHCHHpyeT OOBABNCHHE KAKAOMY H3 CBOMX Ommialfimux
cocezeii (kpoMe TOro, 0T KOTOPOro OH MOJMYIHIT 3TO obbsaBnenue). IIpn NogBICHHH
HOBOH CBfA3H MWJIM HOBOIO cocela MapipyTH3aTOp Yy3HaeT 00 3TOM M3 HOBBIX
coobmenuit HELLO. B coo6wennax HELLO YKa3bIB2ETCH JOCTATOYHO HETAIb-
Had MHQOpMAlMI O TOM MapuipyTH3aTOpE, KOTOPHIH nocnain 310 coobimenue, a
Taloke 0 ero GnmKalimpx cocensx, Iro6b AaHHEI MapuIpyTH3aTOp MOXHO OBUTO
OZIHO3HA4YHO MAeHTH(HAMpPOoBaTs. Coobmenns HELLO OTNPARJLIOTCA Yepe3 Kak-
meie 10 cexyBn, 9T06bI NOBBICHTE CKOPOCTS AXANTALMH MapmpyTH3aTOpOB K H3-
MEHCHWAM, NpOMCXOAAIMM B ceTH. HebGonplol o6beM atx coobmennii aenaer
BO3MOXHOH TakOe 9acToe TECTHPOBAaHHE COCTOSHHA cocenell U ceasel ¢ HUMH.
Tak kak MapWpPYTH3ATOPH! ABIAOTCA OJHHMH H3 BepliuH rpada, T0 oHH 06s3a-
TIIBHO IOJDKHbI HMETh HACHTHUKATOPEL.

IIporokon OSPF  o6LmuO HCNOJIB3YeT =~ METPHKY, YIHTHIBAIOLIYIO
TpONyCKHYIO CHOCOGHOCTE ceTelt. KpoMe Toro, BO3MOXHO HCHOB30BAHHE ABYX
APYIBX METpUK, YIUTHIBALOIMMX TPeGOBAHMA K KA9eCTBY OGCNYKMBAHMA B [P—
TI2KETE, — 3anepiky nepefiavy NaKeTOB M HANSKHOCTH NEpENauy NakeTOB CETHO.
Ana xaxnod w3 Merpuk mporoxon OSPF CTPOMT OTAEILHYIO Tabmuiy
MaplipyTHsauun. BEIGOp HyHOH TaGNHMILBI NPOHCXONMT B 3aBHCHMOCTH OT
TpeGoBaHUi! K KauecTBy 06CTyKHBanms npHINemuero maxera (cM. puc. 4.1).
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201,106.940 201108150
Puc.4.1. [Moctpoenue TaGNULB! MapIIPyTH3ALMHU 1o npoTokoiy OSPF
MaplopyTH3aTophi COeAMHEHB! KaK C JIOKATIbHBIMI CETAMH, TaK A HEIoCpen-
CTBEHHO MEXIY CO6OH MMoOanbHBIMM KaHAlaMM THMA «TOYKa-TOYka». JaHHOH
CETH COOTBETCTBYeT rpad), MpHBeACHHRIH Ha puc. 4.2.

IMpotokon OSPF B cBOMX OOBABIEHMAX PacHpoOCTpaHAET WHpOpPMALMIO O
CBA3AX JABYX THNOB: MapIIPYTU3ATOP — MAPIUPYTH3ATOP H MAPIIPYTH3ATOP — CETh.
TpiMepoM CBs3HM MEpBOTO THMA CITYXKHT CBA3b «R3 — R4», a Broporo — caasb «R4
—195.46.17.0». Eciin kaHanaM «Todka—Touka» nats IP—anpeca, TO OHH CTaHYT J0-
NOJIHUTENEHBIMK BeplUMHaMH rpada, Kak ¥ JokalbHbie cetH. Buecre ¢ [P—-aape-
COM CETH nepefaeTcs Takke WHGOPMaLg O Macke CeTH.

IMocne unuuanu3auuu OSPF—MapiopyTH3aTOphl 3HAIOT TOJIBKO O CBA3X C
HETNOCPENCTBEHHO NMOAKIOYEHHEIMH CETAMH, Kak B RIP—mapmpyTusaTopel. OHH
HAYMHAIOT PacHpOCTPAHATh 3Ty HHpOpMAUMIO CBOMM coceliaM. OnHOBpeMeHHO
OHM MOCHUIAIOT coobinesus HELLO no BceM cBouM HHTepdeiicaM, Tak 4TO NOYTH
cpasy e MapLpyTH3aTop y3HaeT HAeHTHOUKATOPH CBOMX GmbkaHmmux coceneh,
YTO MOMOJHAET ero TOMONOrHYecKylo 6asy HOBOH HHpopMauuel, KOTOPYIO OH
y3Hal HenocpeCTBeHHo. [anee TononorHieckas uHbopMauya HaTMHaeT pacnpo-
CTPaHATBCA 0 CETH OT COCeNa K COCEAY M 9epe3 HEKOTOpoe BpeMs SOCTHraeT Ca-
MEIX YJAMEHHBIX MapLIpyTH3aTOPOB.

Kakmas cBsisb xapairepusyercs MeTpukoii. [Tporokos OSPF nonnepxusaet
CTaHIAPTHEE 1A MHOIHMX MPOTOKOJIOB (HampHMEp, i1 NPOTOKOIA Spanning
Tree) 3HAYEHWA PacCTOAHHMH i METPHKH, OTPDKAIOMEH HPOMSBONHTENLHOCTE
cereit: Ethernet — 10 emumn, Fast Ethernet — 1 eqpmnna, kanan T1 — 65 equnmn,
Kanan 56 K6ur/c — 1785 enuann 4 T. 4.
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Ipr BHGOpe ONTHMAILHONO MyTH Ha rpade ¢ KaxmpmM peGpom rpada
CBA3aHa MeTpHKa, KOTopas aobaBndercs K HyTH, €Cli JaHHoe peGpo B Hero
Bxonwt. IlycTs Ha mpHBENEeHHOM NprMepe MapmpyTH3aTop RS cea3an ¢ .R6 u R7
kananaM Tl, 2 R6 u R7 casanel Mexxy coboif kanaioM 56 Koéur/c. Torna R7
ONpeNejiNT ONTHMATLHBIM MapmpyT xo cetH 201.106.14.0 kak cocTaBHOIM,
MpOXONAINMH CHaJaia 9epe3 MapmpyTusaTop RS, a 3ateM gepes R6, nockomeky y
3TOro MapmpyTa MeTpuka 6yaer paHa 65+65 = 130 eqnrym. HenocpencreeHHsrit
MapmpyT qepe3 R6 He Gyner onTHManbHBIM, Tak Kak ero MeTpHka paeHa 1785.

IIpotokon OSPF paspemaer XpaHuTe B TaOnumlle MapiopyTH3alu
HECKOJBKO MapHIpPYTOB K OIHOH ceTH, ecli¥ OHHK 00afaroT paBHEIMH METPHKAMH.
Ecym Takue 3alHcH 06pasyroTcd B Talimile MaplupyTH3AlMH, TO MapIpyTH3aToOp
peamusyer pexxuM Oanadca 3arpyskn mapmpyrtoB (load balancing), ormpariss
AlaKeTH! MOTIEPEMEHHO N0 KKAOMY U3 MapIIpyTOB.

V kaxnoil 3aNHCH B TONONOrHYECKOH 6a3e AAHHBIX MMEETC CPOK GI3HH,
KaKk H y MapmpyTHBIX 3anucell mpotokona RIP. C kakpo# 3amichio O CBA3AX
CBA3aH TaiiMep, KOTOPHIH HCNONB3yeTcd I KOHTPOJIA BPEMEHH KH3HH 3aIHCH.
Ecna kakag—1HO0 3aIich TOMOJIOrHIeCKol 6a3k MaplOpyTH3aTopa, MOJNydeHHad
OT Ipyroro MapiipyTH3aTopa, ycTapeBaeT, TO OH MOXKET 3alpoOCHTh €€ HOBYIO
KOMHIO C MOMOMIBIO CrienuansHoro coobmenns Link-State Request mpotokona
OSPF, ma xoTopo¢ polbkeH moctymuth oTBer Link—State Update ot
MaplOpyTH3aTOPa, HEMOCPEACTBEHHO TECTHPYIOUIEro 3anpoleHHYIo cBA3b. IIpu
HHALMANH3ABY MapIIpyTH3aTOpOB, a Taloke MIa Oojiee HalexHOM CHHXPO-
HP3a0MH TOMONIOTHIECKHX §a3 MapIpyTH3aTophl NMEPHOAMIECKH OOMEHHBAIOTCH
BCEMH 3aImHCAMH 6a3bl, HO 3TOT MepHOA CymecTBeHHO Gonbine, aeM y RIP-mapm-
PpyTH3aTOpPOB.

IMeprome! HecrabwibHOM pabotl B OSPF—ceTAX MOTYT BO3HYKATE.
HampuMep, NpH 0TKa3e CBA3H, koraa uHpopMalws o6 3TOM He JOoULIa KO KaKOro—
b0 MapIIpYTH3aTOpPa H OH OTMpaBJseT MaKeTHl CeTH Ha3HAYeHHs, CINTas 3Ty
cBa3b paoTocnocobHO. ONHAKO 3TH MEpHOME! NPONOIDKAIOTCA HENONTO, IIPHIeM
MaKeTH! He 3aUMKITHBAOTCA B MapIIPYTHHIX NET/IAX, @ MPOCTO OTOPAckIBAIOTCA TIPH
HEBO3MO)KHOCTH UX [epearh Jepe3 HepaGoToCnoCOOHYIO CBA3E.,

K nepocrarkam npotokona OSPF cileayer OTHECTH €ro BEMHCIMTENBHYIO
CJIOXKHOCTB, KOTOpas GBICTPO pacTeT ¢ yBesIHdeHHEM PasMEPHOCTH CETH, TO €CTh
KOJNMYECTBa ceTeH, MapmpyTH3aTOpoB H cBA3ell Mexay HuUMH. s npeomoneHus
3TOro HEEOCTaTKa B npoTokosie OSPF BBonwTCcs noHATHE obracmu cemu (area).
MapmpyTH3aTopsl, NpHHAAEXAMKUe HeKkoTopoi obmacTH, crpost rpad caseit
TONBKO A1 370 0671aCTH, UTO COKpaIaeT pa3MepHOCTh CeTH. Mexmy o6acTAMH
madopMauid O CBA3IX He mepefacTcd, a MNOrpaHAYHBle ia obnacTei
MapmpyTH3aTOpH oGMenmBatoTcs Tonbko nHpopMaumeli o6 ampecax cerel,
AMelomMUXcA B KOKNOK u3 ofyacreli, W pacCTOSHHEM OT MOrPaHAIHOIO
MapImpyTH3aTOpa N0 Kakno# cetn. IIpH mepenade NMakeToB Mexcay o6NacTAMH
BHIGHpaeTCa OIOMH M3 MOTPaHHIHBIX MapIIPYyTH3aTOpOB O6JIaCTH, a MMEHHO TOT, Y
KOTOpOro PaccTosdHHE N0 HyKHOM CeTH MeHbIe. DTOT CTHIbL HaNOMHMHAET CTHIb
paGote: mpotokona RIP, Ho HecTaGHNBHOCTB 3H€Ch YCTpaHgercd TeM, ITO

70



neTaeBHIHble CBA3M MEKAY obnacTAMH 3anpemeHbl. [IpH nepepmade ampecoB B
opyryio obnacte OSPF-mapmpyTH3aTOphl arperapyloT HECKONbKO anpecoB B
OZINH, ecii 00HAPYXKMBAIOT y HMX oOmui mpedHKc. :

OSPF—MapuipyTH3aTophl MOTYT NMpHHHMATh ampecHyio HHopmammo ot
JAPYTHX NPOTOKO/IOB MapLIPYTH3ALMK, Hanmpumep oT npotokona RIP, 9ro monesso
mns  paboTel B rereporeHHRIX cersX. Takad aapecHas mHQopMaumsa
o6pa6aTeiBaeTcs Tak ke, KaKk H BHEMHAA HHOpMAIMA MEKHY pasHEIMH
obnactamu.

B ofopynosanun Cisco MpHXOOHTCS HCHONE30BaTh OOPATHYI0 MacKy
(wildcard mask). IIpy onucanum cereit B mporokone OSPF Hcnomesyerca
obparHasd Macka, TO ecThb He 255.255.255.0, a 0.0.0.255. [ina nonydedns ofpat-
HOM Macku nOpomsBoauTcs nepeeod M3 10 CHCTEMEI CUHCNICHMA B 2-30:
255.255.255.252=11111111.11111111.11111111.11111100. Jlanee  npoH3Bo-
nutca uuBepens: 00000000.00000000.00000000.00000011. Ilocne nomydeHHbH
pesynTaT nepepoauTcs B 10 cucTeMy cuMCiIeHHd H nojysaercss ofparnas mMacka,
KoTOopas 3aHocHTea B mpoTokon OSPF: 0.0.0.3.

I[IpsaMas Macka onepHpyeT ceTsiMH, a obpaTHas — xoctamu. Hanpumep,
HCNONb3ys 0OpaTHYI0 MacKy BBIUISIHTH XOCTHI C KOHKPETHBIMH 8ipecaMy ! paspe—
wHuTs MM aoctyn B MHTepHer.

4.2. Ilporoxon mapmpyrusanun EIGRP

EIGRP (Enhanced Interior Gateway Routing Protocol) — yco-
BEpINEHCTBOBAHHbI BHYTPEHHHI MHCTAHLMOHHO—BEKTOPHBIA NPOTOKON AWHA-
MHuecKoi MapiupyTH3auui. [[pakTEdeckH Heucnons3yemeri npotokon IGRP 6k
nepepa6oTan u ymydmeH mocne mossnennd OSPF, xomnanms Cisco mpencrea-
pwia npotokon EIGRP. CyinecTByroT IBe OCHOBHbIE BepcuH mporokona EIGRP
— Bepens 0 u 1'%, TIpotokon EIGRP Bepcuu 1 Gonee crabunen u 3 dexruse.
Jna Toro uro6s EIGRP-nporokon xopomio maciorabupopancs H obecnedusan
oueHb GBICTpOE BpeMs KOHBEPreHLMH NPH MHHAM&ILHOM CETeBOM TpaduKe, OH
JOJDKEH GBITh MCNOMB30BaH B XOPOINO CIPOEKTHPOBAHHOM CETH.

IIpotoxon EIGRP Gonee npocT B peanmsaly B MeHee TpeGOBaTelleH K
BHIYMCIIHTEIIBHBIM PECYpCaM MaplupyTH3aTopa, dem npotokon OSPF. ¥V EIGRP
Goree NPONBMHYTHIH AITOPHTM  BHMHCIEHMS METPHKH  (HCTIONB3YeTcs .
MHHHMaNbHas NPOMYCKHad COCOGHOCTE, YTO MO3BONAET OMpefeNATh Gonee
TOYHO BHIFOAHBIA MaplIpyT M YCOBEPHICHCTBOBaHHai (JOpMyNa BEIMHCICHHA
METpHKH TI03BOJAET YUHTHIBATH 3arpy3Ky ¥ HAIEKHOCTb HHTEpQeHCOB Ha NyTH).

Iporokon EIGRP B ormunn or OSPF He HCHONb3yeT BEIENCHHEIH Mapm-
pyTH2aTOp 1ANd PacChUIKH MapIIpyTHOMH unopMauyH B J;ommoﬁ CeTH, HO
fI03BOJIET CYMMHPOBATSH MapIIPYTEI BPydHYIO Ha JE0GOM MapIIpyTH3aTOpe B CETH
1 6anaHCHpOBAaTh HAarpy3Ky KaK 1o MapiIpyTaM C PaBHO#, Tak H N0 MapuIpyTaM ¢
oTAWdaroLeiica MeTpHKO.

1% pyrosoncTso Cisco no sexnoserHol poroanpecnofi uapmpyTHsamEn. . — M.: «Bumsncn, 2004, — 320c.
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Henocrarkom npotoxona EIGRP sBmserca ero orpaHHdeHHOCTP B €ro
MCMONB30BaHHH TONBKO Ha oOopynoBawmm komnaumu Cisco. EIGRP-
MapIIpyTH3aTOphl MepechUlAlOT OPYr IPYTy KaK NOJHble, TaK H YacTHYHEHIE
06HOBIICHHA MapIpyTRO# HHpOpMaUMH,

Hporokon EIGRP BxmodaeT QYHKUMM, KOTOpble OOBIIHO OTCYTCTBYIOT
B APYTHX IHBCTaHIHOHHO—BEKTOPHEIX MPOTOKOJIaX Mapmpyrm3auuH, kak RIP u
IGRP. 211 QpyHKUMH BKDOYAKOT:

* RTP (Realtime Transport Protocol) — pa6oTaer Ha npHKIagHOM YpOBHE M
KCTIOJIb3YeTCA NpH Nnepenade Tpaduka peanbHOro BpeMeHy;

* OrpaHHYeHHble OOHOBICHHA;

e DUAL (aurn. Diffusing Update Algorithm) — muddysuonssii anro—

PHTM OOHOBJIEHHA; .

* YCTaHORJICHHE CMEXHGCTH;

* Tabnuupl cocenei;

* TabnMua TOnosoruy.

Ina pacuera mMeTpuk Mapmpythsauuu npotokon EIGRP menomsyer mu-
HUMaNbHYIO NpOMYCKHYIO CHOCOOHOCTH MaplupyTa [0 KOHEJHOro azpeca, a
TaloKe CyMMapHYIO 3anepikKy. MO)KHO Taloke HaCTPOHTD M ApYTrHe METPHKH.
MeTpHxn npomyckHO#i CMOCOOHOCTH M 3ajilep)KKH OMNpEACAIOTCA Ha OCHOBE
3Ha4yeHHH, YCTAHOBIECHHBIX Ha HHTepdeficax MapLIPYTH3aTOPOR, KOTOPHIE ABJIA-
FOTCS 4aCThIO MapIIPyTa K CETH Ha3HaYeHus,

Mertpuka npotokona EIGRP paccuursiBaerca no dopmyne:
Merpuka = ((10000000/MITIT) + K3) x 256.
MITI — 310 MHHKMaIBHAA NOJIOCA NPOMYCKanns (B KW10GHTax B CEKYHIY),
K3 — kymynaTuBHas 3anepikka Ha MapiipyTe,

Tpu ocHOBHBIX 3Tana paGoTs! IPOTOKONA:

1. OfHnapyxenne coceuux ycrpoiicts. EIGRP-MapupyTu3aTtops
(MapmpyTH3aTOpPL], B KOTOPHIX 3amylieH npouecc EIGRP-mapmpyTHzaumu H
KOTOpble MOAKTIOYEHHI K OJHOM M ToH »xe moacerH) paccwuiaioT hello—
coobmenns, 9To0b OGHApYXMTh COCE[HHE MaplIPYTU3ATOPH H HPOBEPHTh HMX
OCHOBHBIE KOHQHTYpalMOHHbIE TAPaMETPEIL.

2. O6men Tonmonorudeckolt Hudopmanueil. CoceiHie YacTo Ha3LIBaEMEIE
CMEXHBIMH YCTPOHCTBA 0OMEHHBAIOTCA MOMHOM HBdopmaumeif 0 TONONOrHH CeTH
TIpY BKIOYCHHH, a BOOC/NCACTBHH MEPECHUIAIOT APYr APYry TONLKO YaCTHUHBIE
aHOHCEI, copepxauiie HHGOPMALHIO 06 HIMEHEeHNAX B CETEBO TONOJIOTHH.

3. Bui6op onTHMabHBIX MapmipyToB. Kakabiit EIGRP-mapmipyTH3aTop
aHWIM3HPYeT TOMNONOTMICCKYI0 TabNuiy W BHIGMpaeT u3 Hee MapIpYTH ©
HanMeHbIne#t MeTpHKoil K Kaxao# noaceru [28]. B mMapmpyTrsarope XpaHarcs
TablHUL MapIIpYTH3aUMH COCENHMX YCTpoiicTB (aHrn. neighbor table),
TONOJOrMH W MapuipyTH3aumd. OnruManbHad TabiMua MaplupyTH3aLMH
COCeNHMX YCTPOHCTB 0GecneunBacT HANESKHYIO M YNOPAROYEHHYIO HOCTaBKY
[IAKETOB.

MorenuuansHemu  EIGRP—cocemiMu  cauraioTcs ycTpokicTBa, OT KOTO-
PEx nonyuexo hello-coo6iienue, a naee MpoBepmOTCs ClEMYIOMME NAapaMETPhL:
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* ayreHTH}HKAIMIO (COBNANEeHHE Naposid);

* coBnafieHue HoMepa aBTOROMHOM CHCTEME;

« IP anpec ycrpoiictea EIGRP—cocena no/wkeH HaXOAHTECA B TOH jie non-—
CETH.

ITo yMommanmio hello—fakeTs! OTNPABIIAIOTCA KOKIbIe 5 CeKyHI ANA yCTa—
HOBJICHHA OTHOIIEHMI COCEACTBa, HO C HeOONBIDMM CIYYaliHEIM OTKJIOHE-
HHeM, KOTOpOe HCTIONB3YETCs WIS TOro, 9To0bl MEKAY MapIpYTH3aTOpaMH He
GbLIO0 CHHXPOHM3AUMH B OTNpaBKe NakeroB. Ecnn 32 nmepHon yAepaHHA OT CO-
CeJlHero MapIOpyTH3aTopa He npumen Hu onuH hello—makeT, To oR cauTaercs
HEeNOCTYNHBIM.

B Ta6nHle COCENHHX YCTPOHCTB CONEPATHCA CICAYIOHINE MOJLA:

» address — [P—anpec cocennero ycrpoicTsa, Hanpumep, 192.168.0.5;

* interface — nETEpdeiic K KOTOPOMY NOJIKITIOIEHO COCENIHEE YCTPOHCTBO,
Hanpumep, FastEthernet 0/0;

* hold uptime (BpeMs ynep)kaHWi) — BpeMA MO HCTEYEHHH, KOTOPOTO INpH
OTCYTCTBMM KakuX-7H60 CoOGIeHMH OT COCENHEro YCTPOHCTBA, KaHal
paccmarpuBaeTcs Kak HepaboTOCTIOCOOHEIH, HampuMep, 00:00:30 (cex);

+ SRTT (taiiMep uukia o6MeHa coobimeRusMH) — CpefHee Bpems, Tpebyemoe
Ijii OTUpABKH Takera COCEAHEMY YCTPONCTBY H TONyHeHUIO OTBETHOIO
Nakera oT Hero. C TMOMOIOBIO 3TOr0 WHTEpBaNa OMPEHENIeTCH HHTEpBan nNo-
BTOpHO#i nepenaan RTI (Retransmit Interval), Hanpumep, 40 (MWLIHCEKYHIBI);

* RTO (retransmission timeout) — WHTEpBaN MeXy OTNPABKOH unicast—
NaKeTOB, KOTOPBIE OTNPABAAIOTCS MOCIE TOTO KaK OT COCefa He GbUI0 nomyyeHo
NoATBEpXKACHHE 0 NoNydeHuH multicast—nakera, HanprMep, 1000;

*  queue count (CueTauK ovepenH) — MOKA3BIBACT YHCJO NAKETOB, KOTOPEIE
HaXo[ATCA B OUEPEAU H OKUAAIOT mepenadn. OGBIYHO ITO TUCIO PaBHO HYJIO,
€CIIH HET, TO 3HAYHT MApLIPYTH3aTOP HCTILITHIBAET Neperpysky, Hanpumep, 0;

* sec num (sequence number, HOMep NOC/ENOBATENBHOCTH) — HOMEP NOCIENHEr0
NaKeTa, MONYYEHHOro OT COCENHEro YCTPOHCTBa, MCMOMNL3yeTca B NPOTOKOME
EIGRP w15 NoATBepXACHMs MpHEMa [TakeTa, Hanpumep, 25.

B mnporokone EIGRP ucnonssyloTcs OGHOBJEHHS MapipyToB Ijisi
ob6Mena Tononorudeckoii MHGopMauuei. Takue coofmeHHa pacchUIaroTcs IO
broadcast agpecy 224.0.0.10, eciv yCTPOACTBO NepefaeT HHGOpMALIHIO MapLIpy-
TH3aTOpaM B TOM e CaMOH MOMCETH; eClN e 0GHORNEHNE MapIIpyToB repena-
€TCsi YCTPOWCTBY B ApYyro# MOACETH, TO OHO NEpEChUIACTC Ha unicast agpec KOH-

KPETHOro MapiopyT3aropa.

4.3. lMporoxon mapmpyrusamnyu RIP

RIP (Routing Information Protocol) — HauGonee pacnpocTpaHeHHBIH
BHYTPEHHMH IIPOTOKOJ, OCHOBAHHBIA Ha JIHCTAHIIHOHRBO—BEKTOPHOH Mapimpy-

TH3aIMH, IDMPOKO HCIONE3yeMBIH B CETAX MAIOro pasMepa, MCHONB3yeT ail-
roputm Bennmana—dopaa, ABIfEeTCA OHAM M3 CaMEIX MNPOCTHIX MPOTOKOJIOB
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mapmpyTisanud. Kakasie 30 cekynn oH mepenaer B ceTh CBOKO Tabnmmy
MapmpyTH3alHH.

IIpeUMymecTBO HaHHOrO NpPOTOKOJa — MPOCTOTa KOH(HrypHpOBaHMA.
Henocrarkn — yBenimdaenne Tpaduka nmpH NepHOAHYecKO pacchUTKe MMpPOKOBe-
IaTeJIbHBIX NaKeTOB U He ONTHMATBHOCTL HallIeHHOTO MapIupyTa.

Bepcuu RIP — RIPv1 u RIPv2, a Taroke s paGotsi B cpene IPv6 Gbura
paspaBorana Bepcus RIPng.

IpuHimn neficTBuA AMCTAHLMOHHO-BEKTOPHOTO AITOPUTMA: KAKIBI
MapIipyTH3aTOp MEPHOAWIECKH M [MMPOKOBEIIATENIbHO pAacCBUIAET MO CETH
BEKTOP, KOMIIOHEHTaMH KOTOPOTO ARAETCS PacCTOAHUS OT NAHHOTO MapIIpyTH3a-
TOpa 10 BCEX M3BECTHBIX MY METPHK.

RIP He sBiseTcs yHWBEpCAMLHEIM MPOTOKONOM BHyTpEHHEH MaplupyTi-
3amd. [IMCTaHIMOHHO—BEKTOPHBIE ANMOPUTMBI XOPOMIO paGOTAIOT TONBKO B
HEGONBIIMX CETAX, TaK KaK B GOJBIOMX CETAX OHH 3aCOpSIOT JIHHHM CBA3H
MHTEHCHBHBIM TpaduKkoM. [Tpotokon RIP 3ameHseT 3amuch O KakoH-nu6o ceT
- TONBKO, €clTd  HOBajd HMH(GOpMalMA HMeeT JYYUIYIO METPHKY (C MEHBIDHM
PaccTosHHeEM), YeM yike CyIIeCTBYIOMHA.

Mapmpyrusatopsr RIP ananTUpPYeTCs CIoXKHEEe K H3MEHEHHAM, CBA3aHHLIM
C moTepelf Kakoro-nmGo MapwipyTa (WIMTENbHBIE MEpHOIBl HeCTAGWIBHOM
paboTh), 4eM K NOABNIEHIIO HOBBIX MapupyToB. Bce 310 nmpoucxomuT H3—3a Toro,
4To B popMare coobimennii MpOTOKOJIa HET MOJIA AN yKa3saHus OTCYTCTBUA CETH.

[TpoTokon wumeer HeckombKO METOZOB JUI1 pelmeHus npobreM, o6-
P23YIOMHXC MEKAY COCEIHHMH MNETIIAMH.

1. Split horizon. Meron split horizon 3awmouaerca B TOM, YTO
MapiipyTHad uudopmauua o HEKOTOpOMf CeTH, XpaHamadca B TabjHie
MapImpyTH3aluuy, HUKOTJa He nepenaercs MapiipyTH3aTopy, OT KOTOpOro OHa
TIoJTy4YeHa.

2. Triggered update. Triggered update NOJY4US JaHHbIe 00 M3MEHEHMH
METPUKH 10 KakOH-/HGO ceTH, MaplIpyTH3aTOp He IET HCTedeHHs nepHona
nepefasy TabJMip!l MaplipyTwsalym, a nepenaer naHHble 00 W3MEHHBIDEMCH
MappyTe HeMELeHHO.

3. Hold down. Hold down BBonuT TalM—ayT Ha MPUHATHE HOBBIX JAaHHLIX O
TOJIBKO 9TO CTaBIel HeNOCTYNMHOMN ceTH M TIpENOTBpAINAET NMPHAITHE YCTapeBIIUX
CBeLeHUH B OTIHIMH OT triggered update u NiepeiacT ycTapeBuIne CBEAEHUS O ee
paborocnocobroct. B TeueHne TaliM—-ayTa 3aMOP®KMBAHHMA HM3MEHEHHH 3TH
MapIIpyTH3aTOPb] BEIMEPKHYT NAHHbIH MapIIPYT U3 CBOMX TabnuL, Tak Kak He [no-
JIy9aT 0 HeM HOBBIX 3amuceli U He GymyT pacrpocTpaHiTh ycTapeBuIylo HHpopMa-
MO,

RIP wucnomesyer IHpokosemarenbiele User Datagram Protocol (UDP)
TMaKETEl JAHHEIX Y19 0GMeHa MapUIPyTHOM HH(OpMauyeil. IMporpamMmBoe oGecrie-
dgeHHe Cisco I0S mocrmaer MapupyTHele OGHOBJICHHMA Kakmbie 30 cekywp,
3TO HA3BIBACTCA BEINAHWEM WIH pacchuikol. Ecnn MapmpyTH3aTop He NONydaeT
OOHOBJIEHNA OT Apyroro MapmpyTHsaTopa B Teuenne 180 cexynn win Gonee, oH
NIoMedaeT MapmpyThl, OGCTyXHBAaEMEIE HE OGHORJISEMBIM MapHpyTI3aTOpOM
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Kak HenpurogHsie. Ecnu gepes 240 cexyHI IO CHX NOP HET O0HORNIEHHA, MapHIpY-
TH3aTOp yRanser BCe 3alHCH B TaliHue MapIIpyTH3alHH He OOHOBRIAEMOro
MapipyTu3aropa’”.

[Tportokon RIPv2 ommgaerca or RIPv1 TeM, 910 MoxxeT paGotarh no Myss-
THKACTY, T.€. N0 MYJILTHKACT afpecy, a TAloKe MEpeAacT JaHHkle 0 MacKax cerefl.
RIPv] pacnpocTpaHfeT MeXAy MaplopyTH3aTopaMd HHGOpMaumio TOMBKO O
HOMepax ceTeli M pacCTOSHHAX IO HHX. B yydmenHo# Bepcun npotokona RIPv2
noeblOeHa 0e30nMacHOCTh T.K. ObLIa BBEAEHA nononmremuas MapLIpyTHas
HBGOpMaLHA.

B kauectBe paccTrosHHA OO CETH CTaHAapTel mpotokoia RIP pomyckator
pasnudHble BUAB METPHK, YUYHTHIBAIOIIHE TpPOMycKHyio cnocobHocrs T,
BHOCHMEIE 3auepkkd D m Hamexsoctbh cereit R (To ecTh cooTsercrByrommue
npusHakam D, T 1 R B none «KadectBo cepsuca» IP-makera), a Takoke moOkie
KOMOHHALUK 3THX METPHK. MeTpHKa o/bkHa 0651anaTh CBOHCTEOM alIHTHBHOCTH
~ METPHKa COCTABHOIO IYTH AOIDKHA OLITH PABHA CYMME METPHK COCTaBJITOMMX
sroro myrh. B GombmurcTBe peammsauun RIP ucmomesyerca npocreiinas
METpHKa — KOJMYECTBO XONOB, TO €CTh KOJHYECTBO MPOMENYTOIHBIX
MapLIpyTHU3aTOPOB, KOTOPEIE HY2KHO NPEOAI0/ETh NAaKeTy A0 CETH Ha3HAUEHHA.

PaccMOTpMM NpOLECC NOCTPOSHMA TAONMIEI MappyTH3alHy ¢ NOMOIIBIO
nporokona RIP Ha npuMepe cocraBHoOM ceTH, U306pakeHHOH Ha puc. 4.3.

Oran 1 — co3gaHHe MUHHMANbHBLIX Ta6aKu, B 310# ceTH UMeeTcs BOCeMb
IP—cereii, CBA3AHHBIX UETHIPbMA MapLIPYTH3aTOpaMH ¢ WaeHTH(UKaTopamu: M,
M2, M3 u M4. B xaxpoM Mapupytnsarope crekom TCP/IP aBromarHuecxd
CO3MAETC1 MHHHUMATbHAd Tabnuua MapuIpyTH3aUHMH, TIOE  YSHTHIBAIOTCA
HENoCPEACTBEHHO MOACOEAHHEHHblE CeTH. AJpeca {IOPTOB MapiupyTH3aTOpOB B
OTJIHYHE OT aIPECOB CETEH IOMEIUEHb] B OBAJIBL.

Puc. 4.3. Cers, OG’LB}J.HHGHH&S RlP-Mtipmpmia'ropamn

19 Sosinsky, Barrie, "TCP - UDP Port Assignmeats”. Networking Bible. Wiley Publishing. p. 851, ISBN 978-0-470-
43131-3. OCLC 471462746 — via Google Books.



Tabnuua 4.1. MunnMansHas Tabnuua MapmpyThzamuy Ml

Homep cetn Anpec cieqyomero IMopr Paccrosuue
MapipyTH3aropa

201.36.14.0 201.36.14.3 1 1

132.11.0.0 132.11.0.7 2 1

194.27.18.0 19427.18.1 3 1

Oran 2-paccbuika MEHHMAIBHBIX Ta0auu, [Tociie HEHIMaTH3AMH KaK-
JOTo MaplOpyTH3aTOpPa OH HauMHAeT NMOChUIATh CBOHM COCElsM COOOMEHHs mpo-
Tokosia RIP, B KOTOPBIX COREPIKHTCA €ro MUHIMaIbHas Tabnuua.

RIP—coobmennsa mepenarTcs B nakerax nporokosa UDP n BKMOYaOT 182
napamerpa Wi Kaxno# cetH: ee IP-aapec H paccTosHHE RO HEe OT nepeAalollero
coo0neHue MapImpyTH3aTopa.

Cocensamy ABIAIOTCA Te MApLIPYTH3aTOPHl, KOTOPBIM JaHHLIH MapmpyTusa-
TOp HENoCpeACTBEHHO MOXeT nepenars IP-nakeT no kako#-—nHO0 cBoeil ceTH, He
HOJIb3YACh YCITyraMH NpOMexKyTOUHbIX Maplnpyru3aropos. HanpuMep, nia Mapin-
pymasaropa Ml coceaamu ABIsAIOTCA MapiipyTHsartopsl M2 u M3, a g mapmpy-
TH3aTopa M4 — mapmpyTusarops M2 u M3.

Takum o6pasoM, mapuipyTuzarop Ml nepenaer mapiipytisatopy M2 u M3
cnegytouliee coobLeHHe:
cerh 201.36.14.0, paccrosnue 1;
cers 132.11.0.0, paccrosnue 1;
cetpb 194.27.18.0, paccrosxue 1.

Or1an 3 — noayuyenune RIP-cooGuieHuii oT cocexeii H oGpadorka moury-
yeuuoit uHbopmaumu. [locne nOJydeHHs aHAIOrMYHBIX COOOIIEHMA OT
mapwpyTHsaropoe M2 u M3  wmapupyrusatop Ml HapamuBaer Kaxgoe
HOJIy9eHHOE Mojleé METPHKHM Ha eAMHULy. MapinpyTH3atop 3anoMHHaeT, 4epes
KaKo#i OPT H OT KAKOro MaplupyTH3aTOpa MoaydyeHa HoBad MHpopmauua (agpec
3TOr0 MapupyTHsaropa GyJeT anpecoM CIeRYIOLIEro MapLipyTH3aTopa, eciiH 3Ta
3anuck OyaeT BHeceHa B TabnMIy MapmpyTH3aluy). MaplopyTH3aTop HaYHMHaeT
CpaBHUBaTb HOBYIO HMHpOpMAlLMIO C TOi, KOTOpas XpaHHTci B ero Tabnuie
MapiupyTh3auus (Tabn. 4.2).

Tabnuna 4.2. Tabnuua Mapiopyrusauug M1

Howmep cetu Azpec cneayrolmero Iopr Paccroduue
MapupyTH3aropa
201.36.14.0 201.36.14.3 1 1
132.11.0.0 132.11.0.7 2 1
194.27.18.0 194.27.18.1 3 1
132.17.0.0 132.11.0.101 2 2
194.27.19.0 194.27.18.51 3 2
202.101.15.0 194.27.18.51 3 2
132.11.0.0 132.11.0.101 2 1
194.27.18.0 194.27.18.51 3 2
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3anMcd ¢ versepTolfi MO  AEBATYIO MONydeHBl OT  COCEHNHMX
MaplIpyTH3aTOPOB, ¥ OHH APETECHAYIOT Ha NOMemeHue B Tabnuny. OTHAKO TONLKO
3aIMCK C YETBEPTOH MO CeAbMYIO MOMANAloT B TAaluIMIly, & 3aMHMCH BOCHMad M
JeBATas — HET. DT0 MPOMCXOAMT NOTOMY, 9TO OHH COICPXKAT JaHHEIe 06 yxe
umelommuxcss B Tabmuue M 1 ceraX, a paccrosHMe A0 HHX XYK€, 9€M B
CYIRECTBYIOHIMX 3aNHCAX.

[Tporokon RIP 3aMelnaer 3amich 0 Kakol—m6o ceTH TONLKO B TOM Cliydae,
€C/H HoBasa MHGOpMaLMs UMeeT JTYdIIyIO METPHKY (PacCTOsHHE B XOMaX MEHBILE),
geM MMeromasci. B pesynsrare B Talimlle MaplIpyTH3aUMH O KOKOOH ceTd
OCTaETCA TOABKO OfHA 3aAMHCh; €CIH XK€ HMMEETCs HECKOJILKO PaBHO3HAYHBIX B
OTHOMIEHHH PAacCTOAHHA MyTel K ORHOM M TOM Xke CeTH, To BCe paBHO B Tatumue
OCTaeTca OHA 3aMMCh, KOTOpas NPHIIIA B MApIIPYTH3aTOp MepBas no BpeMeHH.
Ins 3moro npaewia CylIecTBYeT MCKIIOUEHHE — €CliM XyAmad HHpopmaums o
KakoH-NM60 CeTM NpHUUIa OT TOr0 e MaplipyTH3arTopa, Ha OCHOBAaHHH
cooblenya KoToporo Gbijla co3naHa AaHHad 3anuch, TO Xympas HHbopmaims
3aMelaeT JTyqinylo. AHaNOrH9HLIE OnepaluH ¢ ROBOH HHGOpMAIMeH BEINOIHOT
H OCTaIbHBIE MapLIPYTH3aTOPhl CETH.

Sr1an 4 — paccblika HOBO#H TaGuune! coceasniM. Kaxapiil MapiipyTHsaTop
otchuUizeT HOBoe RIP—coobweHue BceM CBOMM cocefiaM. B 31om coofiienuu oH
NOMEIMAeT [aHHLIE O BCEX M3BECTHBIX €My CETAX — KakK HENOCPEOCTBEHHO
TOAKIOYEHHEBIX, TAK M YAANEHHBIX, O KOTOPHIX MaplopyTH3atop ysHan u3 RIP—
coo61enHit. ) :

Ortan 5 — nomyyexne RIP—coobimeruii ot coceneit 1 06paborka nomsyueHHO#H
nHopmauyn. 3tan 5 NOBTOPAET 3Tan 3 — MapIUpyTH3aTOPH mMpuHuMalT RIP—
coobiueHnn, 06pafaTHBalOT COASPKANIYIOCS B -HMX HHpOpMauMIo H Ha ee
OCHOBaHMM KOpPEKTHPYIOT CBOH Tabnuupl Mapmpyrusauui. Paccmotpum
NOCJIeROBATEMLHOCTS paboThl MapiipyTizaropa Ml (tabn. 4.3).

Ha sToM sTane mapuwpyrusatrop Ml momyuwn or Mmapmpyrusaropa M3
uHpopmauuo o cetd 132.15.0.0, kOTOpYIO TOT B CBOIO OYEPEAb HA MPEABIAYIICM
uute paGoThl nomy4wi OT MaplupyThsaTopa M4. MapmpyTH3aTop y:ke 3HaeT o
cerd 132.15.0.0, npudgeM crapas MHPOpPMAUMR HMEET JIydLIyI0O METpHKY, 9deM
HOBas, No3ToMy HoBai HHbopMauma 06 31oii ceTn oTOpackBaeTcs.

O ceryt 202.101.16.0 mapmpyTesaTop Ml y3HaeT Ha 3TOM 3rane BIEpBEHIE,
npuveM AaHHbIE O Hell MPUXONAT OT ABYX coceneit — or M3 u M4. Tlockonsky
METPUKM B 3THX COOOIIEHHAX yKa3aHbl OJHHAKOBhIE, TO B Tabnuily monajaioT
JIaHHbIE, KOTOPhIE NMPHILTH NEPBLIMH.

Tabnuua 4.3. Tabnuna MapimpyTHzaunun Mmapmpyrasatopa M1

Homep cern Anpec ciienyomero Iopr Paccrosanune
MapLIpyTH3aTopa

201.36.14.0 201.36.14.3 1 1

132.11.0.0 132.11.0.7 2 1

194.27.18.0 194.27.18.1 3 1

132.17.0.0 132.11.0.101 2 2

132.15.0.0 132.11.0.101 3 2
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1+32:15:0:0 194271851 3 3
202101-15:0-0— 194271851 3 2
202.101.16.0. 132.11.0.101 2 3
202101160 194.27.18751 3~ 3

B HamemM npumepe cuMTaercd, 49ro Mapupyrusatop M2 omepenmn
mapmpyTH3aTop M3 H nepeeiM nepecnan csoe RIP-cooGmerne MapmpyTH3aTopy
Ml

Ecnd  MapiipyTH3aTOphl NEpHUOAMYECKH NOBTOPAIOT 3Tambl PacChUIKH M
obpaborku RIP—coo6mennii, TO 32 KOHEYHOE BpeMs B CETH YCTAHOBHTCH
KOPDPEeKTHbIi  pekdM  MapmpyTh3auud. [Ion  KOpPPEeKTHEIM  peXXHMOM
MaplIpYTH3aliMH 31eCh NMOHHMAETCd TAKOE COCTOSHHE TaONHL MapiIpyTH3aLH,
KOTZa Bce cerd OyAyT HOCTIOKMMBI K3 JHOGOM CETH C MOMOIOBIO HEKOTOPOro
pauHoHaIbHOro Mapiipyra. [lakerst OymyT HOXomuMTh OO afpecatoB M- He
3alMKIMBATLCA B NETIAX, KOTopas obpasyercs MapiopyTHsaropaMu M1-M2-M3—-
M4.

Jns ananraiiyy K M3MEHeHHaM B cety npoTokon RIP ucnons3yer pan Mexa-
Hu3MOB. K HOBeIM mapuwipyram RIP-MapiopyTH3atopsl npucrocabnuBaoTes
NpOCTO — OHM MEPEAAIOT HOBYIO HHPOPMALMIO B OYEPEIHOM COOOIICHHYE CBOMM
COCelAM H INOCTEMEHHO 3Ta MHPOPMalMid CTAHOBHUTCI H3BECTHA BCEM
MAapIipyTH3aTOpPaM CeTH. A BOT K OTPHLUATENbHBIM M3MEHECHHMAM, CBA3AHHBIM C
notepeit kaxoro-mbo mapinpyra, RIP-mapmpyTtuzaropsl npucnocabiuBatoTca
coXHee. JT0 CBA3aHO C TeM, 4T0 B ¢opmare coob:meHuii npotokona RIP Her
nond, koropoe OBl ykasklBalO Ha TO, YTO NyTh K JAaHHOH cern Goibide He
CYILLECTBYET.

BMecTo 3T0r0 HCMOMB3YIOTCA [Ba MEXaHH3MA YBELOMJIEHHA O TOM, 4TO
HEKOTODLIH MapuIpyT HeAeHCTBUTENICH;

. HCTe4YeHHE BPEMEHH XKU3HU MapIIpyTa;
. YKasaHHe CreuuanbHOro paccrosHua (0eCKOHeJHOCTH) KO CETH, CTaBLueii
HEOOCTYIHOIA.

Hna oTpaboTku nepBoro MexaHM3Ma KaKan 3amuch TabnULb! MapinpyTH3a-
IMH (KaK ¥ 3aHCH TabNHLUE! NPONBIKEHNT MOCTa/KOMMYTaTOopa), NoJydeHHasd 1o
npotokony RIP, umeer spems xusuu (TTL). [Tpu nocrymnenun ouepentoro RIP—
COOGIIeHHA, KOTOpOE MOATBEHAET CIPABEMJMBOCTh JAHHOH 3armvcH, Tailimep
TTL ycranaenuBaetcs B HCXOHOE COCTOSHHE, A 3aTeM H3 HERO KOKIYI0 CEKYHITY
BBIYHTAeTCH eauuua. Eciu 3a Bpems TaiiM—ayTa He NPUAET HOBOE MAapMIPYTHOE
cooGienHe 06 3roM MapipyTe, TO OH NOMEYAeTCa KaK HeeHCTBUTENbHEII.

Bpemsa TafiM—ayTa cBs3aHO ¢ NepHOKOM pacchLIKH BeKTOpOB 1o cerd. B RIP
IP nepuon paccruky BriGpan paBHbIM 30 ceKyHAaM, a B KaueCcTBe TaliM—ayTa BhI-
6paHO INeCTHKPATHOE 3HAUEHHE nepHOaa pacceutkH, To ecth 180 cexyna. BriGop
AIOCTaTOYHO MANOr0 BPEMEHH NEPHONA PAacCHUIKH OOBACHAETCA HECKONBKHMHE
npuausiamy. LllecTHKpaTHENT 3anac BpeMEHH HyXEH 11 YBEPEHHOCTH B TOM, ITO
CeTh NEHCTBHTENBHO CTAla HEJOCTYIHA, a He NPOCTO NpPOM3OLLTA roTepH RIP-
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coobiennii (a 370 BO3MOXKHO, Tak Kak RIP HCHoMb3yeT TpaHCHOPTHEIM NPOTOKOJ
UDP, koTopstii He o6ecrieanBaeT HaueHOH HOCTaBKU cooOmenmit).

Ecnu kakoi-i60 MapuipyTH3aTOp OTKA3BIBAET M TIEPECTAeT Clarh CBOMM
coceiAM COOOLIEHHA O CETAX, KOTOphle MOXKHO JAOCTHYL Yepes Hero, To depes 180
CeKyHA BCE 3alliCH, KOTOphleé IIODOJWI 3TOT MapUIPYTH3aTop, CTaHyT
HeZlelicTBUTENIbHBIMM Yy ero OGmoxalmux cocemeif. Ilocne 3storo mpouecc
NIOBTOPHTCA Y)Ke s cocefieif Gnikalimmux cocenieff — OHH BEMEPKHYT NOAOCHEIE
3armcH yxke gepes 360 cekyHJ, Tak kak neperie 180 cexyHn Gnikaifimae cocemu
elIe nepeRasany CoobIeHns 06 ITHX 3anHCAX.

PaccmoTpuM  ciiydalf  3amMKIMBaHMA = TIAKETOB Ha TNpuMepe CETH,
uso6pakeHHol Ha puc. 4.3. [Tycts MapmpyTuzarop Ml o6Hapy»3HI, 910 €ro CBA3b
€ HeMOCPEACTBEHHO NOAKMIOYeHHOM ceTbio 201.36.14.0 noTepana (HanpHMep, 6o
npyuuHe OTKaza MHrepdeiica 201.36.14.3). Ml ormern B cBoeli Tabmmne
MapmpyThzauuy, yto cers 201.36.14.0 HemoctynHa. B Xynmem ciydgae OH
oGHapyXHJI 3TO Cpasy e Mocie OTNpaBky odepenHbx RIP-coobmeHuH, Tak 910
IO Hayaia HOBOTO LMKJIA ero oOBABNCHMi, B KOTOPOM OH JAO/DKEH COoOGIMTL
cocepaM, 9410 paccTrosuue no cetd 201.36.14.0 crano pasHbM 16, ocTaeTcs noITH
30 cexyHa.

Kaxppiii MapipyrusaTop paboTaer Ha OCHOBAHHH CBOEIO BHYTPEHHEro
TaliMepa, He CHHXPOHM3HMpys paboTy mo pacchulke ofbsBicHHil C APYTrHMH
MapmpyTH3aropamH. [103ToMy BechbMa BeposTHO, MapiipyTH3aTop M2 onepemun
Maplipyrusatop Ml K nepenan eMy cBoe coobmieHue paxbime, dem MI ycnen
nepenaTh HOBOCTh O HEROCTIKHMOCTH cerH 201.36.14.0. A B 3TOM cooOmeHun
HMeIOTCA  JaHHble, NOPOXICHHBIE CJHeMyIomed 3anuchio B Tabnuue
MapmpyTisauuu M2 (Tabn. 4.4).

Tabnuua 4.4. Tabnyma MapIIpyTH3alUHH MapupyTi3aTopa M2

Howmep cetn Anpec caenyiomero IMopr Paccrosnue
MaplopyTH3aTopa
201.36.14.0 132.11.0.7 1 2

Ota 3anuck Obula NosTydeHa oT MapmpyTH3aropa Ml 1 KOppeKTHa o OTKa3a
unTepdetica 201.36.14.3, a Tenepb oHa ycrapesna, HO MapiIpyTH3arop M2 06 3ToM
HE Y3Hall.

Tenmeps MapuipyTHsarop Ml nodydmn HOBYI0 WHAODMALIO O CETH
201.36.14.0 — 3Ta ceTb AOCTIDKHMA dYepe3 MapmpyTusarop M2 ¢ merpHxo#i 2.
Panbme Ml Tatoke nojydan 3ty mepopmaumo or M2. Ho urropuposan ee, Tak
Kak ero codcreeHHas merpuka mia 201.36.14.0 6suta styame. Teneps Ml nospken
OpHHEATH HaHHBIE 0 cerd 201.36.14.0, nonygennsie or M2, # 3aMeHHTDH 3amHCh B
TalbNHe MapmpyTH3aLMH O HEIOCTIDKMMOCTH 3TOH ceTH (Tabun. 4.5.).

Taborrina 4.5.TabinAna MapIIpyTH3a0yuH MapiopyTHsaTopa M1

Homep cern AJpec cnenyomero ITopr PaccrogHue
MapIpyTH3aTOpa

201.36.14.0 132.11.0.101 2 3
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13235:0.6——— 1194271851 3 3
20210115001 194271851 3 2
202.101.16.0. 132.11.0.101 2 3

3 3

202101160, 1194.27.18°51

B HameM mnpumepe cuuraercd, 9YTo Mapuipyrasatop M2 onepeaun
MapmpyTusaTop M3 1 neperm nepecian ceoe RIP—coo0menne MapmpyTHsaTopy
Ml

EcnmM MapuipyTH3aTOphl NEPHOAMYECKH MOBTOPSIOT 3Talbl PacChUIKM M
obpabotk  RIP—coofmennii, T0 3a KOHEYJHOE BpeMs B CETH YCTAHOBMTCA
KOPPeKTHHA  peXMM  MaplopyTh3auuH. [log  KOpPpPeKTHBIM  PEeXKHMOM
MaplpyTH3alHH 31€Ch NOHHMAETCd Takoe COCTOSHHE TabnHL MapiipyTH3aluH,
KOraa Bce ceTH OyAyT HOCTIKHAMBI U3 JIOGOH CeTH C NMOMOMIBI0 HEKOTOpOro
paLMOHAIBHOTO Mapmnpyra. [lakerht OymyT HOXOAMTH A0 aApecaToB M He
3aUMKIHBATECA B METNAX, KOTopas obpasyercs mapipyTusaropamu M1-M2-M3-
Ma4.

Jns aparratyy kK ©3MeHeHusaM B cetu npotoxon RIP ucnons3ayer pan mexa-
Hy3MOB. K HOBEIM Mapumipyram RIP-MapiopyTH3atopbl NpHCOOCaGNHBaOTCS
NpPOCTO ~ OHH NEPEAAlOT HOBYIO HH(OpPMaLMIO B O9EPEAHOM COOOINEHUM CBOMM
coceldM H NOCTENeHHO 3Ta uHPOpMauMd CTAHOBMTCS H3BECTHA BCEM
MapmpyTH3aTOpaM CETH. A BOT K OTPHL@TENLHBIM M3MEHEHHAM, CBA32HHBIM C
norepeH Kaxkoro-nu6o Mapmpyra, RIP—-MmapinpyTn3aropsl npycnocabmusarorcs
cloxHee. 3TO CBA3aHO C TeM, 4TO B hopmare coob:iieHHii nmpotokona RIP wer
o4, KOTopoe OBl yKasbIBaIO Ha TO, 4TO MyTh Kk AaHHOH cern Gonbine He
CYILECTBYET.

BmecTo 3T0r0 HCHONBE3YIOTCA B MEXAHU3MA YBEAOMSIEHHA O TOM, 9TO
HEXOTOPEIH MapIpyT HeAeHCTBUTEIEH:

. HCTEYCHHE BPEMEHH JKH3HH MapIUpyTa;
. YKasaHHe CHeUManbHOro paccrosHusd (OecKOHEdHOCTH) OO CeTH, CTaBlueii
HEZIOCTYNHOIA.

Hna oTpaboTki nepBOro MexaHu3Ma KDKAAT 3aMKMCh TAONKULE! MapIIpyTH3a-
K (KaK W 3a0HCH TabNuibl NPOABIDKEHMS MOCT2/KOMMYTATOPA), NOTyIeHHasl 110
npotokoiy RIP, umeet Bpems sxusun (TTL). [Tpn nocrymnenun ouepenroro RIP—
Coo0IeHH, KOTOPOEe MOATBEPIKHAET CMpaBEelIMBOCTL JAHHOM 3amucH, Taiimep
TTL ycraHaBiHBaeTCs B HCXOJHOE COCTOSHHUE, a 3aTeM U3 Hero KOKAYIO CEKyHIY
BBIAUTAETCA efuHHuLa. Eciu 3a Bpems TaliM—ayTa He NPHAET HOBOE MapMpyTHOE
cooGimenue 06 3ToM MapmpyTe, TO OH NOMEYaeTCH KaK HeeHCTBUTE L HEI.

Bpewms Talim—ayTa cBasano ¢ NEPHOAOM PACCHLIKH BEKTOPOB No cerd. B RIP
IP nepuox paccruiu BsiGpan pasHsM 30 CeKyHMaM, a B KaueCcTBe TaliM—ayTa Bbl-
OpaHo UIECTHKPATHOE 3HA9EHHe NMepHOAa PAacCHUTKH, TO ecTh 180 cexynz. BriGop
AOCTAaTOYHO MANIOI0 BPEMEHH HEPHOAA PACCEUIKH OOBACHAETCH HEeCKOIBKUMH
npranHamMy. IlecTHkparabii 3anac BpeMeHu HyXeH IS YBEPEHHOCTH B TOM, ITO
CeTh NCHCTBUTENBHO CTala HEJOCTYNHA, a He MpOCTO NPOM3ONUIH HotepH RIP-
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cooGennii (a 370 BO3MOXHO, Tak Kak RIP HCnoNb3yeT TPaHCHIOPTHEIH MPOTOKOJ
UDP, xotopttii He ofecneursaeT HafiexHOH KOCTABKH COOGINEHHIt).

Ecnu kakoii-J1n0o MapmpyTH3aTOp OTKashIBaET M NMEPECTaET CJiaTh CBOMM
cocelaM COODIIEHHI O CeTsX, KOTOpbIE MOXHO AOCTHYDL 9epes Hero, To depe3 180
CEeKyHI, BCE 3alHCH, KOTOpHIC IOPOAWI 3TOT MaplipyTH3aTop, CTaHyT
HEZIeHCTBUTEILHEIME Yy ero Gmmxafimux cocepeit. ITocne 3toro mponecc
NIOBTOPHTCA YiKe Iisi cocefieif Gmpialfiiux cocefied — OHH BEMMEPKHYT NMOA06HbIC
3armicH yxxe gepes 360 cexyHa, Tak kak fepBrie 180 cexynn Gninkaifimue cocenn
elne nepefaBaH coobmeHua 06 ITHX 3anHCAX.

PaccmoTpuM  ciiygali  3anuiUIMBaHMsA TNakerOB Ha npUMepe CeTH,
u306paxeHHol Ha puc. 4.3. [Tycrs MapupyTHsarop Ml oGHapyx i, 910 €ro cra3b
€ HENOCPEACTBEeHHO MommodeHHoM ceThio 201.36.14.0 norepana (HanpuMep, Mo
npudMHe OTKaza uHrepdeiica 201.36.14.3). Ml omvern B cBoeli Tabmume
MapmpyTH3aums, 4to cers 201.36.14.0 HemocTynHa. B XyameM cirydae oH
oBHapyXHI 3T0 cpa3sy Xe Nocje oTnpaBky odepeaHbx RIP-coobmennit, Tak ar0
JI0 Hayasla HOBONO LMKJIA ero OOBABRIEHHH, B KOTOPOM OH NOJDKEH COOGIMMTH
cocefiaM, 910 paccrosHHe 1o cetr 201.36.14.0 crano pasnbiM 16, ocTaeTes nouTy
30 cexynn.

Kaxmeiii MapinpyrusaTop paGoraeT Ha OCHOBAHHH CBOErO BHYTPERHEro
TaliMepa, He CHHXpOHM3HpPYs paboTy mo pacchuike OOBABRICHMHA € ApYrHMH
MapmpyTH3aropamy. Tlo3ToMy BechbMa BEPOATHO, MapiipyTHsatop M2 onepemun
MapiopyThzarop Ml n mepenan eMy cBoe coofuieHHe pausime, deM Ml ycnen
riepenaTh HOBOCTh O HeAOCTIDKHMOCTH ceTH 201.36.14.0. A B 3T70M coobmeHun
HMEIOTCS  JaHHBle, MNOPOXKACHHBIe CJeNyloled 3amiCh0 B Tabmuue
MapiapyTHzauuy M2 (tabn. 4.4).

Tabmina 4.4. Tabnnua MapIpyTH3alnl MapiapyTH3aTopa M2

Homep cett Anpec caemyromero Topr Paccrognne
MapLIpyTH3aTopa
201.36.14.0 132.11.0.7 1 2

OTa 3amick 6bu1a NoNTydeHa oT MapipyTH3aropa Ml 1 KOppekTHa 40 oTKas3a
unTepdeiica 201.36.14.3, a Teneps oHa ycrapena, Ho Mapinpyrhsarop M2 06 aToM
He y3HaI.

Teneph MapmpyTusatop Ml momyamn HoByio HHOpMAaUMIO © CeTH
201.36.14.0 — 3Ta CceTh NOCTIDKHMA depe3 MapmpyTHsatop M2 ¢ MeTpHko# 2.
Pansme MI Taloxe nosydan 31y nEdopmammo or M2. Ho urHopHpoBan ee, Tak
Kak ero coOcrBeHHas MeTprka mia 201.36.14.0 6suia yame. Teneps M1 gomken
[PHEATEL faHHbIe 0 ceTH 201.36.14.0, nomydeHusie o M2, ¥ 3aMeHHTL 3alHCh B
TabnHue MapmpyTH3aLHH O HENOCTIKAMOCTH 3TOH ceTH (Tabu. 4.5.).

Tabiina 4.5.TabiHAna MapIIpyTH3alHH MapmpyTH3aTopa M1

Homep cetn AJpec CIIeRyIOmero Iopr Paccrosnue
MapImpyTH3aTopa

201.36.14.0 132.11.0.101 2 3
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B pesynmetare B cetd o00pasoBalach MapmpyTHas MeWIs: MAaKeTsl,
HanpassieMbie y3nam cetd 201.36.14.0, 6yRyT NnepenaBaThCs MapHIpyTH3ATOPOM
M2 wmapmpyrmsatopy M, a Mapmpyrmsarop Ml 6ymer BosBpamare Mx
MapiopyTusaTopy M2. IP—makersi 6yAyT LIMpKYJIMpOBaTh Mo 3TOif meriie A0 Tex
TIOp, N0Ka He HCTEYeT BpeMs )KH3HH KDKIOro nakera.

Mapmpyrsas nerns GyZer CyliecTBOBaTh B CETH LOCTATOYHO AONrO.
PaccMOTpHM nmepHOZEI BpeMEHH, KpaTHBIC BPEMEHH )KH3HU 3amucedt B Tabmumax
MapIpyTH3aTOPOB.

. Bpema 0-180 c. IMocne orkasa unrepdetica B MapmpyrrsaTopax Ml u M2
OYAYT COXPaHATECA HEKOPPEKTHEIE 3aTIMCH, TPUBEJEHHEIE BHIITE, MapmpyTusarop
M2 no-mpexHeMy cHabwaer mapmpyrsaTop Ml cBoel 3anMCEI0 O ceTH
201.36.14.0 ¢ meTpuKoi 2, Tak KaK ee Bpems JKM3HM He HCTexo. [TakeTs! 3aumk-
JIMBAIOTCA.

. Bpemsa 180-360 c. B Hagane 3T0ro nepuona y MapimpyTysaropa M2 Hcre-
KaeT BpeMs JKH3HH 3amucH o ceT 201.36.14.0 ¢ MeTpuKoii 2, Tak kak MapmpyTu-
3atop Ml B npenpinyimmi neproa nockwian emy coobimenus o cetn 201.36.14.0 ¢
Xymmeli MeTpuko#, 9eM y M2, 11 OHM He MOIJIH TIOATBEPKAATD 3TY 3aIHCh. Teneps
MapmpyTimsatop M2 mnpunHmMaer or Mapmpyrusaropa Ml sanuce o ceru
201.36.14.0 ¢ MeTpuxoii 3 1 TpaHCHOPMHPYET ee B 3ailiCh ¢ MeTpuko#t 4. Mapu-
pyusarop M! He nonmydaer HOBBIX coobinenmii OT MaplupyThsaTopa M2 o cern
201.36.14.0 ¢ MeTpHKO# 2, NO3TOMy Bpems XU3HH €ro 3aniCH HATHHACT YMEHb-
marbed. [akers! NpoAoIDKaloT 3aUMKIIMBATECA.

. Bpemsa 360-540 c. Teneps y MapmpyTusatopa Ml HCTeKaeT BpeMA KH3HHU
3amHcH o ceth 201.36.14.0 ¢ Metpuxoii 3. Mapupytnsarops! Ml #1 M2 onats Me-
HAIOTCA poJMH — M2 chabiaer MI ycrapesimeit ungopMauyest o myt k cern
201.36.14.0, ysxe ¢ MeTpHKoii 4, koTopyio Ml npeo6pasyer B MeTpHKy 5. [TakeTs!
NPOAO/DKAIOT 3auuknuBarsci. Ecmu 6bt B mporokone RIP He 6GbUIO BHIGpaHO
paccTosHHe 16 B Ka9ecTBe HEAOCTIDKHUMOTO, TO ONMCAHHBLIH MPOLECC JUTHICA Gbi
B0 6ECKOHETHOCTH.

B pesynrrare Mapmpyruzarop M2 Ha OuepeHOM I3Tame OMHCAHHORO
npouecca moyygaeT OT Mapmpytusatopa Ml Merpuky 15, kotopas mocne
HapalBaHusi, NpPeBpaliaich B MeTpUKY 16, PUKCHpYET HEAOCTIDKIMMOCTD CETH.
Tlepuon HecrabmnbHOM paboTh cetr wwics 36 MHHYT.

Orpauuaenne B 15 xonoB cyxaer o6nacts npHMeHeHHs nporoxona RIP mo
CeTeil, B KOTOPBIX YHCIIO MPOMEXYTOTHBIX MapUIPYTH3aTOPOB He MOXET GbiTh
Goxsie 15. Jins Gonee MacuITaGHBIX ceTell HyXKHO HOpHMEHATD APYTHE NPOTOKOJIb
MaplOpyTH3alMK WIH pa36UBaTh CeTh Ha aBTOHOMHBIE 06JIacTH.

IlpuBeneHHbIA  npumep XOpOINO  WUTOCTPHDYET —IMIABHYIO NIPHIHHY
HECTaOHILHOM paGoTHI MapLIPyTH3ATOPOB, PaGOTAIOMKUX F10 npoTtokony RIP. Ora
TPHTHHA KOPCHHTCA B CaMOM MpHHLuNE paboThl AWCTAHIMOHHO—BEKTOPHBIX
TpOTOKOJIOB — NOJB30BaHMM HHGOpmaumel, TNOJYIEHHON M3 BTOPEIX PYyK.
HeftctarrensHo, MapmpyTisatop M2 nepeaan MapipyTusaropy Ml nndopmanmo

0 nmoctimkuMocTH ceTH 201.36.14.0, 3a HOCTOBEPHOCTH KOTOpPOH OH caMm He
OTBEYaeT.
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MeToAb! 60pLObI ¢ JIOXHLIMH MAPIMPYTaMH B NMpoTokoie RIP,

TTpotokon RIP He B COCTOAHHM MTOJIHOCTHIO HCKMIOYHTE NIepexoaHbie
COCTOSIHHA B CETH, MMeeTcs HeCKOJIbKO METOHOB, KOTOPEIE BO MHOTHX CITy9asx
pemaioT nono6HsIe MpoGIEMEL.

Curyauma ¢ nemielf, obpasyiomefics MeXIy COCCHHMMH MaplIpyTH3aTo-
paMy, ONMCaHBas B MpembIAyIEM pasfielle, HaAOKHO pellaeTcs ¢ MOMOINBIO Me-
Toja, NoMydHBIIEM Ha3BaHHe paciiervienus ropusoHTa (split horizon). Meroz 3a-
KIII0YaeTcs B TOM, $TO MapIIpyTHas HE(OopMalys 0 HEKOTOPO# CeTH, XpaHAIasCy
B TaiHue MaplLOpyTH3aUMH, HUKOFA3 He Mepenaercs TOMY MapmpyTH3aTopy, OT
KOTOpOro OHa MoJiydeHa (3To CACKYIomuit MapmpyTH3aTOp B JaHHOM MapiupyTe).
Ecsi mapupytuzatop M2 B pacCMOTPEHHOM BhIlIE NPHMEPE NOANECMKUBACT TEX-
HUKy paclIefUleHHd FOPH30HTa, TO OH He Nepenact MapumpyTusaropy Ml ycrapes-
myio uudopmauuto o cetu 201.36.14.0, Tak kak noAyIHWI ee HMEHHO OT MapLipy-
THzatopa Ml '

[NpaxTuYecky Bce CEroAHALIHHE MapIIpyTH3aTOPbI, paGoTatomue 1o npoTo-

kony RIP, UCrO/IB3YIOT TEXHHKY pacmieruleHHa ropu3oHTa.
Onnaxo pacieneHHE FOPH3IOHTA HE NOMOraer B T€X Clyganx, KOIAa NETNH
06pa3yloTcs He ABYMsl, @ HECKOJIBKMMM MaplupyTH3aTopaMu. PaccMoTpuM Gonee
LETaNbHO CHTYalLHIO, KOTOpas BO3HMKHET B CeTH, NMPHBENEHHOH Ha pHc. 4.1, B
ClTyyae MoTepH CBA3H MapiupyThsaropa 2 ¢ ceTsio A. [TycTh Bee MapIIpyTH3aTOPE!
3TO#i ceTH NOANEPKHUBAIOT TEXHHUKY paclieneHHs FOPH3OHTA. MapiupyTH3aTOpLI
M2 u M3 He 6yAYT BO3BpAINATL MapiOpyTH3aTopy B ITOH CHTyalUM¥ AaHHbBIE O
cetn 201.36.14.0 ¢ MeTpHKOH 2, Tak KaK OHH MOJYYHNH 3Ty uH(pOpMalmo oT
mapuipytisaropa Ml Opsako oHH GymyT nepenapaTh MapmpyTH3aToOpY upop-
MalIo 0 NOCTIDKUMOCTH ceTH 201.36.14.0 ¢ MeTpuKo# 4 gepes cebs, Tak Kak no-
Nysauy 3Ty HHGOPMALMIO 110 CIOKHOMY MapUIpyTY, & He OT MapiIpyTH3aTopa Ml
HenocpeacTeeHHo. Hanpumep, MapuupyTnsarop M2 noiryaun sty HHG}OPMALHIO 110
uenouke M4-M3-M1. [TosroMy MapiopyTusaTop Ml CHOBa MO>xeT ObITH OGMaHyT,
NOKa KaXABH W3 MapLIpyTH3aTOpoB B lenouke M3-M4-M2 He BbI9EpPKHET
3anuch, O JOCTIDKHMOCTH cetH 1 (a 310 mpomsofizier uyepes mepuon 3 x 180
CexyHm).

JIna npefoTBPANEHKs 3aLUMKINBAHNA NAKETOB MO COCTABHBIM METVIAM NpH
OTKazax cBA3ell NPUMEHTIOTCS IBa APYrHX MpHeMma, HashiBaeMble TPHITCPHEIMH
obHorneHnsaMH (triggered updates) 1 samopakuBanseM u3MeHennit (hold down).
Cnoco6 TpurrepHBX 0GHOBJIEHHH COCTOUT B TOM, YTO MapINpyTH3aTOP, NOJNY4IHB
JaHHBle 06 M3MEHEHHM METPHKHM IO Kakoi-nu6o cern, He KOET HNCTedeHHs
nepHoja nepenady TaGIuUE!l MaplIpYTH3AUMH, a NePEacT NaHHbe 00 M3MCHHB-
LIeMcs MapmpyTe HEMEIEHHO. JTOT MPHEM MOXKET BO MHOTHMX CITydadX mpeaot-
BpaTHTL Nepefady YCTApEBINMX CBEAEHMI 06 OTkazaBIleM MapmpyTe, HO OH nepe-
TPYKaeT ceTb CAYkeOGHEIMH COOGLIEHHAMH, NOITOMY TPHTTEpHBIC OOBARICHHA
Taloke nenaloTed ¢ HekoTopo# 3anepxxol. ITosToMy BO3MOXHA CHTyallHd, KOraa
perynspHoe 0GHOBJIERHE B KAKOM—IHG0 MapIpyTH3aTOPE TyTh ONEPEIHT MO Bpe-
MEHH MPHUXOZ TPUTTEPHOTO OGHOBIICHHS OT NMPEALUIYILETO B UEMOIKE MapIIpyTH-
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3aTOpa ¥ NaHHbIH MapUIpPYTH3ATOpP YCMeeT NepenaTh 10 CeTH YCTapeBIyIo uBRdop-
MalLMio O HeCYImecTBYIOMIEM MapIIpyTe.

Bropo#i npueM no3posiseT HCKIFOYHTH NoAoGHble cHTyauuu. OH CBA3aH ¢
BBEJEHHEM TaliM—ayTa Ha OPUHATHE HOBBIX JAHHBIX O CETH, KOTOPAd TOMBKO YTO
CTala HeAOCTYNHOH. JTOT TaliM—ayT NpeAOTBpalNacT NPUHATHE YCTapEBIIHX CBe-
AeHHH O HEKOTOPOM MaplupyTe OT TeX MapIIpyTH3aTOPOB, KOTOPHIEC HAXOAITCH Ha
HEKOTOPOM PacCTOSHUH OT OTKa3aBileil CBA3H H MepefaroT YCTapeBLIRE CBeIeHHs
0 ee paboToCcnoCOGHOCTH.

Hporokor BGP. Border Gateway Protocol (BGP) npennassasen nns
MapmpyTH3aLHH MeXIY aBTOHOMHBIMH CHCTEMAMI.. DTOT NPOTOKOJ BKIIOYaeT B
cefs 3alMTy OT "3aLMKTHBaRUA". ABTOHOMHas cHcTeMa (AC) — 310 Habop poyre-
POB, KOTOpBIe paGoTaloT 10J YNIpaBJICHHEM OFHOIO aIMHMHHUCTPATOPa, HWIH OAHOM
FpyTIb! AMHHHCTPATOPOB, H HCIIONB3YIOT OOIIYIO CTPATErHio MapLIpy TH3aLHMH.

Obwan cxema paGoTs1 BGP TakoBa. BGP-MapuIpyTH3aToph! coceHmx AC,
pewHBLI¥e 06MeHMBATECA MaplIpyTHOM MHbOpMauMed, YCTaHABIMBAIOT MEXTY
coGoi coenmpueHna no mpoTokony BGP u cranosatcs BGP—cocenamu (BGP-
peers). Janee BGP ncnoassyer noaxox nox HassarueM path vector, apnsromutics
PasBHTHEM AMCTaHUMOHHO-BEKTOpHOro nomxona. BGP—cocenu pacceuator apyr
Apyry BekToph nyte# (path vectors). Bextop myTeii, B oTame oT BekTopa pac-
CTOAHHH, COAEPKHT He NPOCTO anpeC CETH M PacCTOSHUE [0 Hee, a aiPeC CeTH u
crcok aTpubyros (path attributes), onuceBaromux pasnuaHsle XapaKTEPHUCTHKU
MapiipyTa 0T MapiIpyTH3aTOpa—OTIIPaBHTENs B YKA3aHHYO CETh.

HauHrbIX, comepaumpxcs B arpubyrax MmyTH, HDOJDKHO OBITH JOCTaTo4HO,
9T0GB! MapLIpyTH3aTOP—I0JTyqaTeNb, NPOAHATH3NPOBAB MX C TOUKH 3PEHHs [ONH-
THKH cBoefi AC, MOT NPHHATH pellleHHe O NPHeMSIEMOCTH WIH HenpHEMIEMOCTH
NOJTY9€HHOI0 MapLipyTa.

ITapa BGP—cocenel ycraHaBnuBaer mexay coGoli coemuHenune mno TpoTO-
kosry TCP, nopt 179. Coceau, npunamiexainue pasHpiM AC, JOIDKHEI GBITH 10~
CTyNHBI OpYT ApYry HENOCPEACTBEHHO; A cocenedi u3 onHoM AC Takoro orpaHu-
9eHHA HeT, NOCKONbKY MPOTOKON BHYTpeHHeH MapuIpyTH3aluu obecnequT Hanu-
que BCeX HeoGX0ANUMBIX MapIIPYTOB MEXAY Y3/JaMH OZHOMK aBTOHOMHOM CHCTEMBI.

[Torok nudopmauny, kotopsim o6MeHuBatroTcs BGP-cocemu mo MPOTOKOJTY
TCP, cocrour u3 nocaenosarensHoctd BGP-coobmennii. MakcuManbsHas ylHHa
coobmennd 4096 okTeTOB, MUHMManbHas — 19. HMeerca 4 Tuna coobmenuii.

Tanet BGP—coo6menuii. OPEN — nockunaerca nocne ycranornenus TCP—
coemuuenns’. OrseToM Ha OPEN smuserca coofmenve KEEPALIVE, ecnn
BTOpad CTOpOHA corlacHa crarh BGP—cocemom; uHade nocwuiaerca coobuenue
NOTIFICATION ¢ KoZOM, NOACHAIOLIMM NMPHIHHY OTKA3a, U COSAUHEHME paspel-
Baercs.

® Xenma I. Texsononm nepenan nasnsx. CII6.: [Mirep, 2003. 720 ¢.

?' Barr, M., Massa, AN, Programming embedded systems: with C and GNU
development tools / M. Barr, A.N Massa. ~ Sebastopol: O'Reilly Media Inc., 2006. - 302 p. ~ ISBN G596009836.
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KEEPALIVE — coofmeHne nmpefHa3sHadeHo il MOATBEPKACHHA COITIacHA
YCTaHOBHTL COCEACKHE OTHOINEHHS, & TAloKe Il MOHMTOPHHTa aKTHBHOCTH OT-
KPBITOrO coenuHeHus: i 3Toro BGP—cocenu o5MenHBaloTcs KEEPALIVE—co-
0GmeHHAMH depes onpee/leHH e HHTEPBAIT BPEMEHR.

UPDATE - coofmeHHe MpemHA3HA9eHO JUIA AHOHCHPOBAaRHA H OT3EHIBA
mapmpyroB. [locne YCTaHOBNCHMS COCHMHEHHS C MOMOMIBEO coofmenuit
UPDATE nepecsUialorcd Bce MapImpyThl, KOTOpEIE MapIIpyTH3aTop Xo49eT obp-
sButh coceny (full update), nocne gero NepecsUIAOTCH TONBKO HAHHBIC O nobas-
JICHHBIX WIH yIaleHHBIX MapIIpyTax Mo Mepe MX NOABNCHHA (partial update).

NOTIFICATION — coofimenue 3Toro THIIa KCMOMb3yeTca 18 HHGOopMupO-
BaHHs COCEAa O MpPYIHHE 3aKPEITHA coenpHeHus. [locne oTnpasnenus 3Toro co-
ob6merns BGP—coequHeHNe 3aKpEIBAETCA.

BriBoasl

IMporokon MapmpyTmsanud OSPF- 310  mpoTokon JMHAMUIECKOH
MapIIpyTH3aLH, KOTODBIH OCHOBaH Ha TEXHOJOTHH OTCNEKUBAHWA COCTOAHHA
kasana LSA M KCNOJB30BaHWHW anropHT™Ma JIeHKCTPEI, OPHEHTHPOBAHHONO HA
npuMeHeHHe B GOIbIINX reTeporeHHsx cetsx. OSPF He HCMOMb3YeT MpOTOKOI
TPaHCMOPTHOTO YPOBHA, Tak kak naxers! OSPF OTNpaBistoTCA MOCPEACTEOM
IP. Iporokon OSPF mucromssyer hello-nakerst i OGHApYMEHHS COCCAHIX
KOMITOHEHTOB CETH B paclpoCTpaHeHHs NapaMeTpoB H T. A

[MpoTOKON peanusyeT AceHHe aBTOHOMHO# CHCTEMB! Ha 30HRI, 9TO
M03BOJIRET CHH3HTH HArpy3KY Ha ceTh.

ITporokon EIGRP- 310 BHYTpeHHHiA JRCTAHIHOHHO—BEKTOPHBIA MPOTOKOI
OMHaMHYecKkol  MaplIpyTH3alMH, HMeeT MPOCTYI0 PpeajlH3allHio, MeHee
TpeGoBaTesieH K BBITHCIMTEILHEIM PeCypcaM MapIIpyTH3aTopa, deM MpOTOKOI
OSPF, a Taloke HCNOMB3YeT GoMee NPOABHHYTHIH ANrOPATM BEIMHCIICHHS METPUKH:
MHHEHMaIbHas TPONYCKHAA CHOCOGHOCTh. 3T0 MO3BOJAET ONPEAENATh 6onee
TO9HO ONTHMANBHBIA MAPIIPYT C Y4ETOM 3arpy3KH H HaJeXHOCTH HHTepeHcoB
CETH.

Hepocrarkom nporokona EIGRP aBndercs ero orpaHM4eHHOCTh B €TI0
HCIONB30OBaHHH TOJBKO Ha oGopymoBaHun kommanmu Cisco.

Jlna pacdera METpHK MapuipyThsauuu mportokon EIGRP mcnosmb3yer MH-
HUMaTLHYIO NPONMYCKHYIO CMOCOGHOCTh MaplpyTa N0 KOHEdHOro anpeca, a
TaloKe CyMMapHYIO 33lICPKKY .

RIP BHYTpeHHHUI MPOTOKOJI, OCHOBAHHEIA Ha HMCTAHLMOHHO—BEKTOPHOH
MapupyTH3aliH, [IJHPOKO  HCTIONb3yeMEi B  CeTdX Maioro  pasMepa,
HCToNB3yeT AIMOpHTM BewMasia—Qoppa, seisercs OAHHM M3 CaMBIX MPOCTBIX
npotokonos MapmpyTusauky. Kakasie 30 cekynn OH mepenaeT B CeTh CBOIO
Tabmay MapmpyTH3alUHH,

[TperMyIECTBO JAHHONO MPOTOKONA — MpPOCTOTa KOH(HIypHpOBaHHA.
Hepocrarku — yBenndeHue TpadHka pH MepHOAWIECKOH pacchUike IMHPOKOBE-
INaTeBHEX TTAKETOB M He ONTUMANLHOCTE Hal{ICHHOrO MapipyTa.

BGP — BHEHIHHI NMPOTOKOJ HpeRHasHadeH IR MApmIpyTH3alHH MEXIY
aBTOHOMHBIMH CHCTEMaMH HAa OCHOBE MAMCTAHIHOHHO—BEKTOPHOIO NOAXOAA.
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BexTop myrelf, B oTIIHUME OT BeKTOpa PacCTOSHHMN, COREPNHT afipec CeTH H
COHCOK aTpPHOYTOB, OMMICHIBAIOMIHX PAaIMYHBIE XapaKTEPHCTHKH MapumipyTra oT

MapMpyTH3aTOPa~OTNPABHTEIA B YKA3AHHYIO CETh.
4.4. Bonpoch! H yopakHesust

1. B uem cocToHT OTAMYHE 3a51ad, peMaeMbIX NPOTOKONAaMH CETEBOTO YPOBHA B
JIOKANBHEIX A TI00ANBHEIX ceTax?

2. CpasnnTe TabMMLy KOMMyTaTOpa ¢ Tabnuueli Mapmpyti3atopa. Kakim
o6pazom oHH dopmupyroTca? Kakyto ungopmatpiio conepxar? OT 9ero 3aBHcHT
HX o6pemM?

3. Tabnuua MapIIpyTH3aUKH COAEPHHUT 3aNACH O CeTAX HasHadeHud. JomkHa mu
OHa cofiepXaTh 3aHCH 060 BCEX CETAX COCTAaBHOM CETH WIH TOJIHKO O HEKOTOPHIX?
Ecii TONEKO 0 HEKOTOPBIX, TO 0 KAKUX UMEHHO?

4. Mosxer 11 B TabNHlie MapIIpyTH3aLHK MMETHCA HECKOJIBKO 3arHcedi o
MapupyTH3aTOpax 1o YMoJrdaHHio?

Kaxnpiii nopr kommyraropa mmeer MAC — anpec.

Kaxmeiif koMMyTaTop HMeeT ceTeBoH apec.

Kaxmeiii opT koMMyTaTOpa HMeeT ceTeBol azpec.

Kaxmprii MapmpyTizarop UMeeT ceTeBoii anpec.

Kaxnpiit nopr mapumpytusaropa umeer MAC — aapec.

Kaxmsiii nopr MapipyTusaropa HMEET CeTeBO#i anpec.

5. Otnugaerca nu o6pabotka most MAC — anpeca kaipa MapIIpyTH3aTOpOM U
KOMMYTaTtopoM?

6. CpasHuTe QyHKUMH MapIIPYTH3aTOPOB, KOTOPLIE MOANEPKHBAIOT
MapmpyTH3alHIO OT HCTOYHHKA, ¢ QYHKUMAMH MapIIpyTH3aTOPOB,
MIOAACKUBAIOLIMX MPOTOKOJTE! ARaNTHBHON MapLIpyTH3aLHH.

7. Kakue METpHKH PacCTOSHHS MOTYT GBITh HCNIONB30BaHEI B AITOpHTMax c6opa
MapupyTHoii nadopmanun?

8. CpaBHHTE HHTEHCHBHOCTS LIHPOKOBEINATELHOTO TPADHKA, TOPOIKAAEMOTO
npotokonamu RIP u OSPF.

9. Kakue aeMeHTHI CeTi MOTYT BbINOJIHATD (PPArMEHTALIMI0?

G.  TOMNBbKO KOMIBIOTEpHI;

H. Tomko MapwpyTusaropsi;

I xommbIoTEpRI, MapLIPYTH3ATOPEI, MOCTBI, KOMMYTATOPH;

J. KOMMEIOTePH! M MapIpyTH3ATOPEI.

10. Yro npouzoiiner, ecnu npu nepenade nakera o Guu1 pparMEHTHPOBaH H OIHH
13 (pparmMeHTOB He AoWIEN IO y3Na Ha3HAYEHN NOCHIe HCTEdeHNs TaiM—ayTa?

K. moayns IP yana—ornpasutesns noBTOpHT nepeady HeIOWIEEro
dparvenra;

L. wmonym IP y3na—ornpaBuTeis NOBTOPHT Nepeaady BCero NakeTa, B COCTaB
KOTOPOrO BXOAMII HeAomemuuii hparMeHT;

M. Monyms IP yaa-nosmyaarens 016pOCHT BCe NOMTySeHHbIE (ParMeHTHI MaKeTa,
B KOTOPOM NOTEPANCA ONUMH (parMeHT. '

HEYOw >

84



CIMCOK HCHOJIb30BAHHOM JIMTEPATYPBI

1. Vkas [TpesunenTta Pecybnnkn Vibekncrad «O Mepax no gansHe#meMy
COBEpUICHCTBOBaHMIO Chepbl HH(OPMATHOHHEBIX TEXHONOTHI H

KoMMyHuKaupiDy Nelll1-3549, 19.02.2018.

2. Anmnan JlensBaun, Bpioc ITuHckH, «KoH(HIypHpOBaHHE MaplIpyTH33aTOPOB
Cisco», 2001.

3. Benxos A.B. KoMmbloTephEie ceTH: yd. nocofue No agMHAHHCTPHPOBAHHIO
JokampHeIX H ofbenuHenHbix cereli /ABBemxos, K.C.Crpounmkxos B.K.
Jleoutses. — M.: 3AO0 "Hossiit u31. moM", 2005. — 304 c.

5. Oumapupo O.®. «Mapupytusarops! Cisco. [Tocofue w1 ¢aMOCTOSTENLHOIO
n3yueHus», 2005.

6. Kubilinskas E. Designing Resilient and Fair Multi-layer Telecommunication
Networks. / Kubilinskas E. — Lund Institute of Technology, 2005.

8. KommetoTeps!, cerd, Mureprer: summiutonenus / Hosuxos 10., Hosukos 1.,
Yepenanos A., Yypkun B. — CII6.: ITurep, 2002. — 928c.

9. Jleunsann A., ITuacky B. Kongurypuposanse mapuipyrusaropos Cisco. — 2—-¢
n3n -M:Han.nom«BuibiMon, 2004. — 368c.

10. Mycaes M.M. “KomnstoTep TH3MMIIapH Ba TapMOKAapa”. TOLOKEHT.:
“Aloqachi” Hawpuéry, 2013 . 8 606. 394 6er. — Onuit YKyB 10pTIapH yIyH
KY/u1aHMa.

11. HoBukos 10.B. JIokambHbie CETH: apXMTEKTYPa, aINrOPHTMBI, MPOEKTHPOBAHHE.
/ 1O. B. Hoeukos. — M.: 3KOM, 2000. — 312 c.

12. Onudep B. I'. KommstotepHrie cerH. [IpuHUMITLI, TEXHONOrHH, MPOTOKOJIB
ITurep, 2005. — 672 c.

13. Pyxoponcrso Cisco Mo MexOMEeHHOH MHOr0anpecHo! MapIupyTH3auMH. . —
M.: «Buipamon, 2004. — 320c.

14. PykoBOACTBO No/Is30BaTesa. KoMMyTaToph! lokanbHeix cereit D-Link.
Vyae6noe nocobue, 2004, — 89c.

15.Tapacos K. «KoMMYTaTOpE! JUIs CErMeHTa Nepeiady BaHHBIX
myneTHcepBucHO# Metrocetn FTTB» xypHan «MyasTHCEPBUCHBIE CeTHY, 2009.
16.Ctupenc V. Mporoxons: TCP/IP B nopnusHuKe. [TpakTHdeckoe pyKOBOJACTBO. —
M.: BHV, 2003. — 672 c.

17. ®eirr C. TCP/IP: ApXHTEKTYpa, IPOTOKOJIKY, peann3aums (Bnodas [P sepcuu
6 u IP Security) — 2-¢ ma. Copyright © 1997, 1993 by The McGraw-Hill
Companies, Inc. [SBN 0-07- 021389-5 McGraw-Hill H3paremscTBo *Jlopu",
2000, 450 c.

18. ®nunr I, JloxamsHeie cerdt [TK: NpuHLENIE! nocTpoeHn, peanusanns/.
Onuyr. — M.: OHHAHCH H CTATHCTHKA, 2001. — 359 .

19. dunumonor AJO. IMoctpoenne MynpTHcepBUCHBIX cereli Ethernet. CII6.:
BXB-ITerep6ypr, 2007. —592 c.

20. ®eirr C. TCP/IP. ApXHTEKTYpa, NPOTOKOIBI, peanisaima. — M.: Jlopn, 2015.
— 424c.5.



21. ®oprenbepn T. [IpoexTHpoBaHHe BHPTYaIBHBIX YACTHBIX CeTeil B cpene
Windows 2000. Bwipsamc. [RUS,320.,2002].

22. XennT'. Texuonornu nepenats ganueix. CII6.: ITarep, 2003. — 720 c.

23. Sosinsky, Barrie. "TCP — UDP Port Assignments". Networking Bible. Wiley
Publishing. p. 851. ISBN 978-0-470-43131-3. OCLC 471462746 — via Google
Books.

86



IJIOCCAPHI

Anpec Ethernet. 48-6uToBoe 3Ha9eHHe, SBIAIOMeEECS YHUKATbHBIM AACHTHOH-
KaTopoM ycrpoiictsa (nopra Ethemnet) B cets. OGBI9HO 3amHCEIBacTCS 12 mecT-
HaZUATepHIHEIMH LHbpamMH.

ABTOpH3aUHEs — NPOLIECC ONpEAEseHHs IpaB NOMLIOBATENSA B CHCTEME HITH CETH.
AIMHHHCTPATOp CeTH — TNOJE30BATEIND, OTBETCTBCHHL 32 IUIAHHPOBaHUE,
HACTPOfiKy M yNpaBlieHHe eXeIHeBHOH paboToH ceTH. ANMMHHCTPaTop CeTd
HA3bIBAETCA TAKKE CHCTEMHBIM AAMHHHCTPAaTOPOM. :
Anpec mamsTH — 9aCTh NaMATH KOMIBIOTEPA, KOTOPas MOXET OBITH BHIAEJNIEHA
YCTpPOISCTBY WM HCTIOJIb30BATBCA nporpaMMoii HITH OTIepalHOHHO CHCTEeMOH.
AnropuTM NOCTPOeHHS CBS3YIOHEro Aepena STA (Spanning Tree Algo-
rithm). AnropuTs, HCTONE3YeMbIH MPOTOKONIOM CBs3YIOIEro ACpesa Jjid
TIOCTPOEHHS CBA3YIOLIEro Aepesa.

Bajosas cmcTemMa BBOAa-BBIBOZA — Habop Gas’oBbIX NMpOrpaMM i NMPOBEPKH
o60pynoBaHHs BO BpeEMsl 3aNycKa, VLA 3arpy3kH OMEpaLHOHHOM CHCTEMEI, a TaloKe
IV NOAAEPXKKH 06MeHa JAHHBIMH MEXKIY ycTpoiicTBamMH.

Basa ynpasnsiomeii HHpopMaLUH MIB (Management Information Base).
Basa naHHBIX, T XPAHHTCS MHQOpMAlMA UL YNpamleHHs CETIO, KOTopas
MCTNOAB3yeTcs M MOMACPXKHBAETCA MPOTOKOIOM cereBoro ymparneHns SNMP.
3nauenye MIB-06bekTa MOXKET OBITh H3MEHEHO HAM H3BIEIEHO C NOMOIIBIO
komann SNMP 1 cereBoil CHCTEMB! YIPaBICHHA (sanpumep, D-Link D —View) ¢
GUI-nnrepdeiicom. MIB—00BeKTE 06pasyloT OpeBOBHAHYIO CTPYKTYpY ©
OTKPBITEIMH (cTanpapTHLIMH) H 3aKPEITHIMH (9aCTHBIMH) BETBAMH.

Ba3oBblii AHCK — QUBHIECKHH JIUCK, K KOTOPOMY MOXET obpamarsca MS-DOS u
BCe ONepaLOHHEIE CHCTEMBI cemeiictpa Windows.

BecnpoBoauas cBA3b — CBA3b MY KOMILIOTEPOM H JIpYrUM KOMNBIOTEPOM
WM yCTpoicTBOM 6€3 HCMOIB30BAHHA Kabenei.

Bur B cexynxy — YHcio 6HMTOB, NEpENaBacMEIX 3a CeKyHHY; HCIOJIB3YETCs B Kade-
CTBe eauuMIb] H3MEPEHHI CKOPOCTH, C KOTOpO# yCTpONCTBO, Takoe Kak MOZEM,
MOXeT nepenasarh HAHHBIC.

Bydep — o6nacts O3Y, npeaHasHaqeHHas VA BpEeMEHHOI0 pasMeINeHus JaHHBIX
NpH mepeHOCe W3 OJHOTO MECTa B JIpYroe, HampuMep MEXIy 06NnacThIO  MAHHbIX
OPHIOKEHHS H yCTPOACTBOM BBOJI2/BBIBOAIA.

Be6—cepBep — KOMILIOTED, o6 cimysiuBaeMBIil CHCTEMHBIM aIMHHHCTPATOPOM HIIH
MOCTABIMMKOM YCIyT HIHTEpHETa (ISP) n mpepHasAavenHbli A 06paboTkn 3a-
TPOCOB KIMEHTCKHX 0603peBaTeneHf.
BRpryanpuas noxanbHas ceTh — JIOTHIECKOe OOBeUHEHNE Y3/IOB ONHOH WIH
HECKONMBKHX JOKAJbLHBIX cerel, MO3BOITOIICE OpraHu3oBaThL B3aHMOAEHCTBHE
MEKIy y3naMu Tak, Kak eclii 651 OHH HAXORWIHCE B OfHO# Qu3HdecKoif ceTH.
BupryannLuas namaTs — BpEMEHHOE XPAHWIMIIE, HCMOJIB3yEMOE KOMILIOTEPOM
A0S BHINOJIHEHMs MpOrpaMM, MpPEBbINAIONIIX pasMep NOCTYNHOH oneparHBHOH

TIaMATH.
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BEPTYaANLHLI [P-agpec — [P-aznpec, COBMECTHO HCIOMB3YEMBI Y3lIaMAl KOMIIO-
HedTa «banancHpoBKa Harpy3KH CETID).

BremBuil KOMILIOTEP — KOMITLIOTED, HCTIONB3YIOIHI APYTYIO CUCTEMY OYepenH
coobmeHnii, onHako, 6aroxaps NpHIOkEHHIO—KOHHEKTOPY, COCOGHEI 06MeHH-
BaTBCA COOGMICHHIMHA C KOMIBIOTEpPaMH, pafOoTAIOINHMMM MOX YTpaBlIeHHEM CH-
creMsl «Ouepensp coobIneHMID).

BruresieHne pecypeoB — MPOLECC pacHpefielieHs BLGHCIMTENBHBIX CPENCTB CH-
CTEMEI MeXZY €€ KOMITOHEHTaMH, 00ecneInBaloImuii BLINOIHEHAE 3aaHHs.
I'pyomoBoii aapec (Multicast address). O6muii anpec, KOTOPHI OTHOCHTCA K
HEKOTOPO#H rpymiIe HECKOMBKUX CETeBBIX YCTPOHCTS.

I'mraaitr  (T6afit) — 1024 wMerabaifra, XoTa 49acTo NpHHHMAaeTc
NPHOJIH3UTENBHO 33 OMHH MAILTAApY GaiToB.

InaBubiit cepsep — opuumansHeli cepsep DNS i1 30Hp1 B 3aBUCHMOCTH OT nio-
pAnKa nojrydeHHs NaHHBIX 30HbI Pa3IHdaloT [Ba THIIA IIIaBHBIX CEPBEPOB — OC-
HOBHBIE ¥ IOTIONHUTENBHEIE,

I'noGanbHasa ceTh — KOMMYHHMKALMOHHAA CeThb, COGAMHAIOMAs reorpadudecky
YAaJIeHHBIe KOMITHIOTEPR], IPHHTEPH! U ApyrHe YCTPOHCTRA.

I'pynna — COBOKYNMHOCTD flO/b30BaTeNel, KOMILIOTEPOB, KOHTAKTOB M ADPYrHX
rpynn. I'pynnel MOTYT HCNOJB30BATHCA MA YHpPABJIEHAd JOCTYNOM WM B Kade-
CTBE CNHCKOB pPacChUIKM. I'PYNmEl pacnpocTpaHeHMA MPHMEHIOTCS TOJNBKO B
AICKTPOHHOMN rnoyvre.

MararpamMma — ofjMH nakeT (WM eAHHMLA) JAHHEIX, BKIOYAIOWHA CBELEHH o
JOCT2BKe, TAKHE KaK aApec MecTa Ha3HaueHud, Nepe/laBaeMblii 110 CEeTIM C KOMMY-
TaupeH makeroB.

HpaitBep ceresoit mnate! — ApaiiBep yctpoiicTsa, o6ecnedanBaowuii paGoty ce-
TEBOH ILT1aTh! (ABJIETCA MOCPEAHHKOM MeXTy IU1ATOH M ApaiiBepoM MPOTOKONa).
ApaiiBep ycrpoficTBa — nporpaMma, No3BOJMIOMAs KOHKPETHOMY YCTPOHCTBY,
TaKoOMy Kak MOLCM, CETeBOH afiarrrep WIH MPHHTED, B3aMMOAEHCTBOBATE ¢ Orepa-
LIHOHHO#H cHCTeMOi.

Aynnexcnan nepemaua (Full duplex). OnHoBpeMeHHas nepenada NaHHBIX
MEXJIy CTaHINHeH—OTNPaBUTeNIEM H CTaHUMeR— NONyJaTeNneM.

HLmos — ycrpoiicTso, coemHAeMOe ¢ HeckoMbkMY dusmaeckumH cetamu TCP/IP
H ofecnequBaromee MapmIpyTH3aLMIO M JOCTABKY NakeToB IP MEXIy STHMH ce-
TAMH.

JKecrknit AucK — yCTPOHCTBO, Copepikalee ONHY I HECKONBKO XKECTKHX TUia-
CTHH, MOKPLITRIX MarHHTHBIM MaTepyaoM, Ha KOTODBIH MOryT OKITh 3amMcaHbi
(MIV CYMTAHBI) NAHHEIE MIPH IOMOMXM MAarHUTHEIX TOMOBOK.

3aronoBoKk nakera — HpPEXyCMOTPERHOE CETEBBIMY NPOTOKONAaMH CTIELHANLHOE
nosie QUKCHPOBaHHOM IJIMHBI, HaxXoJflleecs B Hadane TakeTa H coAcpKamee
YTIpaBJIIOIHE NaHHBIE.

3arpyska cHCTeMBI — mpouecc 3amycka WA Oepesanycka Kommbiotepa. ITpu
BKIOYEHHH (CXONOMHAT» 3arpy3ka) Wiu cGpoce («Teruiasy 3arpysKa) KOMIBIOTEp
BBINOJIHAET NMPOTrpaMMHOE ofecnedeHne, sarpyaommee ¥ 3amyCKaoIee ero one-
PALMOHHYIO CHCTEMY, NIOATOTARIINBAA ¢ U1 AaIBHEHINero HCoNL30Ba M.
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HHCTHTYT HHXKEHEPOB IO JJIeKTPOTeXBEKe H pasuoiexrponnxe. IEEE
(Institute of Electrical and Electronic Engineers). [IpodeccronanbHas
oprasusauud, ocHOBaHHad B 1963 rofy it KOOpPOMHAUHM pa3spaGoTkh
KOMMBIOTEPHEIX H KOMMYHHKALHOHHBIX CTaHjnapros. VHCTATYT NOATOTOBHN
rpynny cranmapTos 802 mia JokabHEIX cerel. IToaxommurer 802 sBngerca da-
CTHIO TEXHMYECKOr0 KOMHTETa IO KOMIILIOTEPHBIM KoMMyHHKammsM (Technical
Committee for Computer Communications), ocHoassoro B 1980 romy mua
ofecredeHns COBMECTHMOCTH OGOpYAOBaHMS M MPOrpaMM pa3HdHBIX (QHPM.
Ynenamu IEEE sBasrorcs ANSI u ISO.

H3yuenue MAC-azpecoB (MAC address learning). Cnyx6a camooSyqatoine-
rocs Mocra, B KoTopoM Xxpanurcs MAC-aZpec MCTOYHHKA Jijid KOKHAOTO MO-
JIy9eHHOrO faKeTa. 3aTeM 3TH anpeca HCHOMB3YIOTCA A Nepeaain )
ClIe/TyIOLIHX N2KETOB TOBKO YePes T¢ MOCTOBEIE HHTepdeiicE!, TAie pacoNoKeHE!
atn apmpeca. [TakeTs! ¢ HEpPacNO3HAHHLIM aJpPECOM MEpenaloTcs Jepe3 BCe
MocroBele mHTEpeiicEl. OTa CXeMa NO3BOJMEeT YyMEHBIIHTh Tpaduk depes
npucoenuHeHHble JokameHeie cetH. Cuyx6a usywenus MAC-anmpecos

onpezenesa
8 cranpapre IEEE 802.1.
IP- nporoxou (Internet Protocol). Yacts crexka mporokonos TCP/IP,

onpenenexsoro B RFC 791 . OnuckiBaeT MpOorpaMMHyI0 MaplipyTH3ALMIO NaKEToB
H afpecauuio ycTpoicTs. CTaHNapT MCHOJB3YETCA [/ nepefadu €epes cers
6a30BbIX GJIOKOB AAaHHEIX H Aeitrarpamm [P, OGecneuusaer nepenavy nakeros 6e3
OpraHM3aHH coequHeHH ¥ rapaHTHH JOCTABKH.

IP-anpec (IP address). Anpec ana npotokona [P — 32 Gurosoe (4 Halira)
3uayenue, onpenenennoe B STD 5 (RFC 791) n ucnonssyemoe mns
npencTaBieHus TodeK nomonodenus B cetn TCP/IP. [P-aapec COCTOMT H3 HOMepa
ceru (network portion) 1 HoOMEpa XoCTa (host portion) — Takoe pasnenenue
[03BOJIAET CAENATh MapLIpyTH3aLo 60iiee 3¢pdexrusHoN. OGEMHO LA 3anHCH
[P—appecoB MCMONB3YIOT ACCATHYHYIO HOTALHMIO C pasfieieHHeM ToYkamu. Ho-
Bas Bepcusa nporokona [Pvé ucnonssyer 128—paspanubie anpeca, no3soAioIue
pewnTh NpodeMy HEXBATKA 2IPECHOro NPOCTPaHCTBa.

Huxancyiaous. MeTo, HCNoNb3yeMblf MHOrOYpPOBHEBBLIMH NPOTOKOJNIAMH, B
KOTOpLIX YPOBHM JIOGAaBIAIOT 3arOJIOBKH B MOAYJH JaHHEIX NPOTOKONA
(protocol data unit — PDU ) #3 BrImenexamero.

Kaap (Frame). ExuHuna uHGOpMalUMH Ha KaHalbHOM YPOBHE ceTeBOM
monenn. B JIBC Kalp MOpenCTaBNgeT co0OH enWHMLY NAHHEIX NOKYPOBHS
MAC, COZIEPXKALIYI0 ynpas/iOInHAC NaHHEIC H HaKeT CETEeBOro YPOBHA.
Kommyrarop (Switch). Ceresoe ycTpolcTBo, KoTopoe ¢umbtpyer, nepeckuiaet
H HampaRndeT Kaups B 3aBHCAMOCTH OT MX anpeca mpueMHKKa. KoMMyTaTtop
paboraer Ha KaHATLHOM ypoBHe MoaemH OSI. .

KommyTupyemas cerb (Switched LAN). Jlokanbtas cets ¢ koMMyTaropaMu.
Kownmsns Bosauxaer B cerd Ethernet, korma zpa ysna ommoBpemenmo semyt
nepenady. IlepefasacMble HMH 0 GU3HIECKOMY HOCHTEITO KaAPhI CTAIKMBAIOTCA

H paspymaoTCs.
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Konnusunonubiit aomen. Yacts cern Ethernet, Bce Y3UIH KOTOpO#i pacnosHaror
KOJUIH3HIO He3aBMCHMO OT TOro, B Kakol 9acTH CEeTH 3Ta KOJUTH3HMA BO3HHKIA.
Kaace obcmyxmBanusa. CoS (Class of Service). Xapaxrepucrhxa,
TNO3BOJIAIOMAs ONMPENENHTb, KAK NMPOTOKOJI BEPXHETO YPOBHS HCHONB3YET
TIPOTOKOJI HIDKHErO YPOBHA i ofpafotku ero coobmenuit. Jpyroe
Haspauue ToS.

Jlasunnan nepexada (Flooding) Cnioco6 nepenaun Tpaduxa, HCNOMB3yeMBIii

B KOMMYTaTopax M MOCTaX, NpH KOTOPOM MOJydeHHbIH uHTepdeficoM Tpadmuk
TIEPECUIAETCA BCEM ApYruM MHTepdeiicam aToro ycrpoiicrsa.

Jloxannuan cers LAN (Local Area Network). BricokockopocTHas
KOMILIOTepHast CETh, MOKPHIBAIOMIad OTHOCHTENHFHO HEGONBMYIO IUIomazs.
JlokanbHble ceTH O0BeNUHAIOT pafouMe CTAHUMHM, nepudepHitHEIE ycTpoiicTaa,
TEPMHHANIB! M APYTHE YCTPOHCTBA, HAXOAALONEC B OHOM 3AaHUH WIH Ha APYroi
He60oNB1IOM TeppUTOpAN.

LLC (Logical Link Control) noxypoBesb ynpaBieHHs JIOTHIECKAM
CoeaMHEHHEM. BrIciuii 13 IBYX NOXYPOBHEl KaHATHHOTO YpOBHS, ONpPEAENEHHEIN
IEEE. Vnparnser o6pa6ortkoli omub0K, MOTOKAaMH, KANPUPOBAHHEM, A TAloKe
anpecaupeit  MAC-nopypoBna.  HauGomee  pacnpoctpanessmm LLC-—
npoTokoioM smaiercas IEEE 802.2. CymecrByroT Bapuantsl IEEE 802.2 ¢
TIOATBEPXXACHHEM H 6€3 NOATBEPKIEHHS.

MeskcereBoit nporokon ynpasiemms rpynmavu IGMP (Internet Group
Management Protocol). [Mporokon, ucnone3yemelii [P-yanamp nna
YBENOMIIEHHA

CMEKHBIX IIHPOKOBEMATENbHBIX MaplIpyTH3aTopoB 06 HX y94acTud B
WHPOKOBeIaTeNbHbIX Mpynmax.

MAC (Media Access Control) ynpaenenue HOCTYNoM K mepenaromei

cpegie. Huswnii w3 MBYX NOAypoBHel kaHANLHOTO ypoBHs, onpeneaexHs1 [EEE.
MAC-nonypoBens  ynpaBiser JOCTYOM K COBMECTHO  MCIIONB3YeMbIM
HOCHTEJIIM.

MAC-aapec (MAC address). CranpapTHEIi anpec KaHaIHHOTO YDOBHS,
KOTOpbId TpebyeTcs 3amaBarb I KKAOTO IOPTA MM YCTPOHCTBa,
NOJKIIFOYEHROrO K JIOKANBHOMH ceTh. Jlpyrue yCTpo#HCTBa HCIONL3YIOT 3TH afpeca
A OOHapy)keHM CHeLMAIBHBIX CETEBBIX HOPTOB, a TAlOKE IVIA CO3AaHHA M
OGHOBNEHHA TaGNHL MapUIpyTH3AUMH H CTPYKTYp AaHubiX. JUmHa MAC-
anpeca cocramneT 6 6aifToB, a HXx COAEpPXKHMOe pernaMeHTupyerca IEEE.
MAC-anpeca Taoke Ha3HBAIOT aNNapaTHEIMY WIH GHIMIECKHIMU apecam.
Mapmpyrusauns (Routing). ITponecc Bsi60pa ONTHMAIBHOTO MyTH IIA
nepenavy coobmenns.

Monyne nepesaum MaxcuMannbuoro pasmepa MTU (Maximum Transmission
Unif). MakcumamsHsili pasMep (B GaiiTax) Nakera NaHHEIX, KOTOPbLi MOXHO
nepenars 9epes qaBHLIA HHTEpdeiic.

MHoroaapecnan paccsurka (Multicast). Pexim KOIMMPOBaHNA OAMHOYHEIX
NAaKeTOR M HX NepefaIy 3aJaHHOMY NOAMHOXKECTBY CETEBLIX apecoB. DTH ampeca
3afaroTes B nofie aapeca npuemHuka (Destination address field).

90



Mpuoroaznpecnaa rpynma (Multicast group). JluHamudeckH ompefesieHHas
rpymna [P—yzinoB, HaeHTH)HUAPYeMas OJHHM IrpymmoBsM [P—agpecom.
MHuoroaapecastii MapmpyTasaTop (Multicast router). Mapipymisarop,
Hcnonb3yemsiii s nepenadn IGMP—3anpocoB 2uis NPACOENHMHEHHBIX JTOKANLHEIX
ceteii. VYamei, npHHaIeKAMBe K MHOTOQNpPECHOH rIpynme, OTBEYalOT Ha
3anpoc nochuko#t IGMP—oTdeToB ¢ 0003HAaUeHHEM TEX MHPOKOBEMATELHEIX
TPYyMn, K KOTOpHIM OHH OTHOCATCA. MHOroanpecHsI# MapIIpyTH3aToOp OTBEYaeT 3a
nepefady pmeifrarpaMM OT JAHHOMH IDYNIEI KO BCEM CETAM, KOTOPBIE COMEPXAT
“UICHOB 3TOH rpyTmnbl.

Ethernet. Crannapr opraHH3alMH JIOKTHHEIX ceTel (JIBC), omHcaHHEN B
cnenudpaxanusix IEEE 1 Apyrax opraHusalpi.

ETTH (Ethernet to the Home). Lients pemenns ETTH 3akmouaercs B nepenade
JaHHBIX, pean H BHAEO MO NpocTod H Hepoporo# cerH Ethernet.

Ilaker — emunuaHbI Habop NBOMYHBIX JAHHBIX cereBoro ypors OSI (Open
Systems Interconnection), cocTosiHi U3 NepefaBaeMEIX JAHHEIX H 3aroJIOBKa, CO-
Jepamero MAeHTHGHUKALMOHHEIA HOMep, aipeca HCTOYHMKA M HasHaYeHud, a

Taloke JaHHbIe A KOHTPOA OKBGOK.
Maker naHABIX — eAUHHLA HEGOPMaLHH, NepeNiaBacMan Kak HeJioe MeKIY AByMS

YCTpoiicTBamMH B CETH.
Mapannensapiii HOPT — Pa3beM BBOAA/BBIBOAA Ll NIOAKIOYEHHA YCTPOHCTE na-
pawtensoro mHTepdetica. BOIBMHHCTEO MPHHTEPOB NONKIOYAIOTCA K napan-
JICIEHOMY MOPTY. .

Hepudepniinoe ycrpolicTBO — YCTPOHCTEG (Takoe KaKk AHCKOBHIH HaKOIHTENb,
NpHHTEpP, MOAEM WIH JDKOMCTHK), MOMKIIOYEHHOE K KOMITBIOTEPY M YNpaBIAeMoe
NpoLieccopoM KOMIMBIOTEPA.

N3Y — pocrosHHOe 3aNOMHHAOLIES YCTPOHCTEO, NONYNPOBOJHHKOBAT NaMATh C
NporpaMMaMi ¥ JAHHBIMH, PasMEINICHHAA B KOMIILIOTEpE HA CTAHH €r0 H3rOTOB-

Nenus. T13Y aocTynHO B TTeHHA, HO HE UL 3aITHCH.
Moacers — nonpasnenexye cerd IP. Kaxnas noacets HMeer coGCTBEHHBIH YHU-

KalbHE1 HOMep CeTH.
IosHoe umsa y3na — yRHKQIbHOS JOMCHHOS HMA DNS, ozHO3HaYHO ONpenensio-

lgee HeKOTOpOE MECTO B ACpeEBE NPOCTPAHCTBA HMEH JOMCHA.
Mons3oBaTenn — crnelnaibHad TPyNma, COXepkainas BCexX nonp3oBarene, HMe-

IOIHX paspemmeHKA NONB30BATENA Ha cepBepe.
MopT ~ paspey, k KoTOpoMY TOAKIIOUAOTCA YCTPOHCTEA, NIEPEAIONIHE AaHHIC C

KOMMB10Tepa 1 Ha Hero.
Mocnenoparenpupiii nopT — MOPT KOMIBIOTEPa Jli Oprammusauy nobaifrHol

ACHHXPOHHO#H CBs3H.
Mpuemonepenarumi — ycTpoHcTso, C0COGHOE NepenapaTh W NPHHMMATH CHI-

Han, _
HMponycknag crocofrocTs — PasHOCTS MEXAY MakCHMA:HOH H MHHHMATLHOH

Jacroroiy ro ZHANa30Ha B YCTPOHCTBE CBSA3H.
npomeﬂﬂy;(:;?%n{"qmpe ciryx6ws TCP/IP: Character Generator, Day-

time Discard, Echo n Quote of the Day.
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IpoToxon — HaGOP NpaBHI M COMIAINEHHI 1A Nepefiady JaHHBIX MO CETH.
Iporokon ARP — B npotokosie TCP/IP 3TOT MPOTOKO/ HCAONBE3YET MHPOKOBEINa-
TeNbHBI Tpad¥K B JIOKATHHON CETH JU1A paspelenys NOTHIeckH HasHageHoro [P—
anpeca B anmaparHbii anpec.

Hporoxon DHCP - nporokon ciyxOm TCP/IP, obecneunsaromui
IMEAMEYecKoe pacnipenenenne [P-anpecoB U ApYruX MapaMeTpoB KoHQUrypauuu
MeXAYy KINCHTAMH CETH.

Hporoxon FTP — omun 13 npotokosioB TCP/IP, renoms3yeMbifl 4 KONMHPOBaHHs
¢aiutoB ¢ 0ZIHOTO KOMITEIOTEPA Ha ApYyro# depes HuTepHer.

Hporoxon IP — MapmpyTH3HpyeMBIif IIPOTOKOJ1 CeMelicTBa TCP/IP, oTBeqarompuit
3a [P-appecaumio, MapIpyTH3aIMIO, @ Taloke 3a pa3bueHue Ha CEerMEHTH H 1o-
BTOpHYIO COOpKy nakeTos IP.

Nporoxon TCP/IP — Ha60p mMHPOKO HCMONB3YeMBIX B FIHTEPHETE CETEBRIX MPO-
TOKOJIOB, MOJIREPIKHBAIOIIH CBA3b MeXAY OObeIHHEHHBIMH CETAMH, COCTOAIHMH
13 KOMIBIOTEPOB PAMIMIHOM apXATEKTYphl H € Pa3HBIMH ONEPaLMOHHBIMH CHCTE-
Mamy.

Tpotexoa UDP — NononHMTeNsHE KoMNoHEHT mpoTokona TCP, nopnepkusa-
IOMHii BRINOAHAIMYIOCH 6e3 nomunodeHn ciryxby AararpamMM, He rapaHTHpY-
JOLLYEO HH JOCTaBKY, HA NPaBWIbHYIO NOCNEAOBATENLHOCTD AOCTABICHHDBIX MaKe-
TOB (aHaNOrHIHO npoTokony IP).

Hpocroii  mpotoxon SNMP (Simple Network Mauagement Protocol)
ynpaeieHus cersio. [IpoToKoN ympaBiieHHs CeTbIO, MCIONE3YeMBbIi ModTH
uewnoantenbHo B ceTax TCP/IP. SNMP npeocTaBiieT CpeACTBa KOHTPONA H
yNpaBneHHs CETEBLIMH YCTpolcTBaMH, KOHPUrypaupsiMu, NPOH3BOIMTENBHOCTEIO
1 6e30MaCHOCTEIO, 2 Taloke c6opa crarncTiaeckoll HHGopMaliH.

Hporokon ces3yromero gepesa STP(Spanning Tree Protocol). Mocrosok
TIPOTOKOJI, MCTIONB3YIOMMA aNropHTM CBA3YIOLIEro JiepeBa W MO3BOJIMIOMH
caMooGyJaroImeMycss MOCTYy AMHAMHMYECKH OOpa0arTniBaTh NETHH B CETEBOH
TONOJNOTHH MYTEM CO3JaHMs CBs3ylollero jepesa. MOCTEHl OGHapYXHBAIOT
meTiu myreM obOMeHa coobmenwsmMu BPDU ¢ OpyrHMH  MOCTaMM  H

JIMKBHAHPYIOT MX TOCPEACTBOM OJIOKMpOBaHHY BHIGPAaHHBIX MOCTOBBIX
uHTepbEHCOoB.

Cerment (Segment).

1. Cexuma ceTH, orpaHMdeHHas MOCTaMH, MapuIpyTH3aTOpaMH WiIH
KOMMYTaTopaMH.
2. BLAN ¢ muHHOH TOMOJIOrHeH — HenmpephiBHas JEKTpHIeckas Nelb,

9acTo COCAMHEHHad C APYTMMHM CErMEHTaMH IPH NOMOIIY TIOBTOPHTENCH.

3. TepmuH, Henonb3yeMmbli B cietmuxaumi TCP 471 onicand OMMHOYHOTO
MOJYJIS TPaHCTIOPTHOTO YPOBHS.

Ceancopbili yposens (Session Layer). Ypoeens 5 monemm OS],
ofecnieuHBaIOMHI CIOCOOE! BEREHHA YIPABIAIOIIEro ARAIOra MY CHCTCMaMH.
Cessyiomee aepeBo (Spanning Tree). Hempxudeckas 9acTe CeTeBoH
TononorvH. MeTooMKa KOMMYTALMH TaKeToB, COMNIACHO KOTOpOH  Kaziphl
NONHOCTEIO 06palaThiBaloTCcs mepe MX OTTpaBkoM depes
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COOTBeTCTBYIOMMiA NOpT. O6paboTKa BKHOYALT PacyeT CRC u mposepKy agpeca
npuemHuka. Kpome TOro, Kamphl HeoOXOUMO BPEMEHHO XpaHHTh JHO TexX
TIOp, MOKa He CTaHyT ACCTYNHBIMH CETCBLIC PECYPCHI (vanpumep, CcBOGOIHBIH
KaHan) s mepefadd  COOGIMEHM. OTa TEXHONOTHA [MPOTHBOMONIOKHA
KOMMYTaLmMH naxetoB Ge3 Gydeprsalian (cut-through packet switching).

Cereoii yponens (Network Layer). Vposers 3 mozeu OS], orseqatomuit

3a MapIpyTH3aLMIO, NIEPEKTI0ICHAE H JOCTYT K MOJCETsM depe3 Beto cpeny OSL
CSMA/CD (Carrier sense maltiple access/collision detection) MHOXECTBEHHEIH
IocTyn Kk cpefie ¢ OGHapYXCHHEM KOR(JIMKTOB M pacrio3HaBaHHeM HecymIeH.
MexanusM DocTyna, NpH KOTOPOM yCcTpoHCTRa, rOTOBHIE U1 NIEpeAaTH NAHHbIX,
CHaYana NMpoBepIOT HalIHe JacToTHL. Ecnu ee HeT B TeJeHHH HEKOTOpOro 3a-
HaHHOTO NpOMEXKYTKA BpeMEHH, TO yCTpo#icTBa MOTYT TNPHCTyNarh K Mepe-
Jage panHeix. [Ipu OHOBPEMEHHOA repenade €O CTOPOHEl ABYX ycTpoHcTs
BO3HMKAET KOJUTH3HA, KOTOPas MOXeET GHITh 00Hapy)KeHa BCeMU BLISBABIIVMMH €8
ycrpoiicteamu. Takad KOWIN3HA, B CBOIO Ouepel, 3a7epyKMBALT NOBTOPHYIO
nepenadqy faHHBX ITHMH ycTpoHCTBaMH Ha HekoTOpoe

TPOU3BONBHOE BPEMA. CSMA/CD —nocryn Henonsayerca B Ethernet u IEEE
CxBosnas kommyTams naxeros (Cut—through packet switching). Criocob
KOMMYTALH, TIpH KOTOPOM JaHHbIC MPOXOMAT Yyepe3 KOMMYTATOD TaKHM obpazom,
9TO Bemyluit Kpa#l nakera FIOKHAAET KOMMYTaTOp Ha BBIXOAHOM IOpTE cme
IO Toro, Kak 3aKOHYHTCS OpHEM MAaKeTa HA pXOAHOM NOPTE. Yerpo#crso co
CKBO3HOM KoMMyTaUMell NakCTOB CUHTLIBACT, oOpalaremaecT M TCpeAacT na-
KETEl cpasy mocie OMpeneyeHnd afipeca ApHeMHUKA M BHIXOJHOTO MoOpTa. 3TOT
CNOCOG TaloKe Ha3bIBAETCA ONEPaTHBHOH KOMMyTauHelH NaKeToR.

PaGogas rpynna — 06BeIUHEHNAC KOMIBIOTEPOB, MPeAHAa3HAYCHHOE MIA Ynpolie-
HMSL NOMCKA MO/b30BATEIAMH TAKMX 0GBEKTOB, Kak NPpHHTEPH! ¥ O01IME NANKH.
Tepmuuan — ycTpoicTBO, COCTOALEE U3 MOHKTOPA U KNaBMATYPH!, NCOOB3yeMOe

JUts o6MeHa aHHBIMH C KOMIOEBIOTEPOM.
epdeiica, K KoTopoMy MNOMKIIOUEHO YCTPOHCTBO

Tan xommyTaTopa — THI MHT
ISDN. Tun koMMYTATOpa Ha3hIBACTCA TAIOKE NpoCTO KOMMYTATOPOM.

Tonoorus — cucTeMa OTHOLICHHI MEXAY KOMIOHEHTaMH CETH Windows.
Tpancnoprabiii yposerb (Transport Layer). VposeHb 4 MoneH osl,
OTBEYAlOIHii 32 HAAEKHYIO nepenady AAHHBIX MEXIY KOHE4dHBIMH CHCTeMaMH.
Yianennui#t kommbioTep — KOMIBIOTED, HOCTYNHEH TOJL30BATENHO TOJBKO c
NPMMeReHHem KOMMYHHUKALMOHHEIX MBI 1 yoTpOHCTB, TAKHX Kak CeTeBai UiaTa
Y11 Mosiem. '

VY3en ceru — KOMIIBIOTEP C OmepauoHHO# crcTeMoH Windows, BRIIONHMOMAN

TIporpammy cepaepa WiH CTyKGY, HOMOMEIYEMYTo CETIO WIH yQNIeHHBIMH KIMet-
Tamu,

ycl'p‘"ﬁc'l‘lso — mo6oe oGopyA0BaHHE, KOTOpOE MOXET 6bITh NOACOEUHEHO K JI0-

Kanbuoi cern mnm KOMIBIOTEPY-
Opomo oprammsopaHBad CeTh — YPOBSHD CBASH,
PaGoty xnpenros B cetd 1 ¢ Active Directory.

AL Tpanms (Filtering) [Tpouecc MpoBEpKHU M2KETOB JIAHHBIX B CETH H
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ecaTos A4 TpAHATHA pelleHHs O JambHelwled mepeckbike
(?u?:::: 3{;{3’ ;ipanemm J'lBC)npwm OTOpacEIBaHMHM NakeTa. PHIETpanys makeToB
BRINOJIHACTCA MOCTAMH, KOMMYTaTOpaMH H MapIOpyTH3aTOPaMH.
Ynopasnenne noroxom (Flow control). Meromel, ucnoms3yemele s KOHTpOJIA
33 nepemadell MNaHHKIX MEXAY OBYMA TOYKAMH CeTM o HO3BOJIIOMIKE
M36erarTh NOTepH BaHHKIX B Pe3yIbTaTe NepenonHeHnd NpUeMHEIX Gydepos,
Tabmvma nepecsurkd  (Forwarding  table). Ta6mua, cozepxamas
MIEHTUQHUKATOPE! H 3Ipeca, a Taloke NPENENE! PACCHUTKH azpecos.

Dopmar 60x84 1/16. Meytner W2y
3akas No_ /¢ 7. Tupax_4¢ .
Orneuarano B «Pepaxumonro H3AaTeJICKOMY
oraese npn TYMT,
TamkenT ya. Amup Temyp, 108.



Vye6uoe nocobrue no npeamery Kommyuwukauus
AaHHBIX» Ana OakanaspoB 1o Hanpasnenwto 5330500 —
«KOoMMBIOTEPHBIH HHKHHHPUH

PaccMoTpeHo Ha 3acenanny xadeapn «KommnbiotepHsie
CHCTEMED)

ot «15» man 2018r [TpoTokon Ne 22

PaccMOTpeHO Ha 3acefaHHy daxynsrera
«KoMIBIOTEPHBIE HIDKHHHPHHM

oT «22» mas 2018r [TpoTokon Ne 34

PaccMOTPEHO M PEKOMEHAOBAHO K W3NAHMIO Ha
sacenaHun HaydHo-metonmaeckoro Cosera TYMT

or «27» monp2018 Mpotokon Ne 11(112)

CocraBHTellb # Hasapos A W

PeLieH3eHTHI: //2 Kaxxapon AA.

i TypcyHGaeB oK.
/}g

Koppekrop: Hocnanosa J1.Y.




