MH(popMaLMOHHbIE CeTn
N KOMMYHUKaLUN

—



[1naH nekuunu:

1 MapuwpyTtusaunsa IP

1 3agayn U NpuHUMNBLI MapLupyTmsauum
1 Tabnuua mapuwpyTusauum

1 Buabl mapwipyTtmnsauum

1 TpaHCNOpPTHLIN YPOBEHb

1 HasHayeHne UDP n TCP

1 3aronoskn TCP n UDP

0 [pnHUMN yCcTaHOBMNEHUA CBA3U

1 OkHo TCP

\



MapLlipyTusauuma

MapwpyTtunsaumsa (Routing) — npouecc onpegeneHvs mapLipyTta
cnepoBaHnsa MHAOPMaLIMK B CETSX CBSA3N.

MapLupyTmnsaumss COCTOUT U3 ABYX OCHOBHbIX LUAroB:
1 HanpaBneHne nakeToB Ha cneaylowuni nydy (oT BXOOHOMO K
BbIXOOHOMY UHTEpdency B TPaaULIMOHHON NMPOBOOHOWN CEeTW)
1 OnpegeneHne TOro, Kak HanpaensaTb MakeTbl (MOCTpOeHue
Tabnuubl NN onpeaeneHne mapLupyTa)

Jlerko HanpaBUTb NaKkeTbl, O4HAKO TAXEeno y3HaTb
kyna (ocobeHHO caenaTb 3TO 3 (PEKTMBHO):
1 Hantm npnemMHuk
1 MMHUMM3nMpoBaTb KONMMYECTBO ny4ven (anuHy nyTin)
01 MnHMMKM3NpPOBaTL 3a0EPXKKY
0 MnHMMKM3MpPOBATL NOTEPU MAKETOB
1 MUHMMKM3NpPOBATL CTOMMOCTb




3aZavyv U NpUHUUNbI
MapuipyTtu3aumu

aba
13

Tabanua
MmapwpyTtusayum M1
[CeTt ] - [IIopT ] - [lnos ]
[1-0]1-[1-31-[1-3]
[2-0]1-[2-11-[2-1]
[3-01-[2-11-[2-2]

1-1 aaa

1-1

DBB

aaa
32

Tabauua
MapL pytmsaummn M2
[CeTt ]- [TIopT |- [limo=]
[1-0]-[2-2]-[2-1]
[2-0]-[2-2]-[2-2]
[3-0]-[3-2]-[3-2]

1-1 aaa

3-3 aba

3-3

DFV

3-3 bde




Tabnuua MapLipyTUsaLunm

Tabnuua mapwpyTrMsaumm — SNekTpoHHas Tabnuua (dann) wunu 6as3a AaHHbIX,
XpaHsALWasca Ha MapLlupyTusaTope UM CETEBOM KOMMbIOTEPE, OMNUCbiBatoLLas
COOTBETCTBME MeXOYy afpecamMun HasHayeHust u uHtepdencamm, 4Yepes KoTopble
cnegyeTt oTnpaBUTb NakeT AaHHbIX A0 crneaylowero maplpyTtusartopa. Asnsietcd
npocTenwen opmon rnpasusi Mapuwpymusayuu.

Tabnuua MapLwpyTmn3aunm 00ObIYHO COAEPKHUT.

O

agpec ceTM WNU Yy3na Ha3HavyeHuA, MO0 ykasaHuMe, 4YTO MapLlpyT
ABNSETCA MapWpymom o yMOT4aHUKo

MackKy ceTtu HasHadeHus (onsa IPv4-ceten wmacka /32 (255.255.255.255)
NMO3BONSET yKa3aTb eAUHNYHbINA y3en CeT)

w3, o603HaYalWnn aapec MaplipyTusatopa B CeTW, Ha  KOTOpbIi
HEOBXOANMO OTNPaBUTL NaKeT, creayoLLMn A0 yKasaHHOro aapeca HasHavyeHus

uHTepcdenc (B 3aBUCMMOCTM OT CUCTEMbI 3TO MOXET ObITb MNOPSAKOBbLIN
Homep, GUID nnu cumBonbHoOe Mms yCTpOMCTBA)

METPUKY —  4YMCNOBOM  MoKasaTenb, 3adaloliuini  NpeanodTUTENbHOCTb
maplipyTta. Yem wMeHbllue uyucno, Tem 6Oonee npeanoyTUTENEH MapLlpyT
(MHTYUTUBHO NpeacTaBnsAeTcs Kak paCCTOFIHl/Ie)




dnaryn Tabnuubl MapLUPYTOB

dnarn 3anucen NpUCyTCTBYIOT TONbKO B Tabnuue Unix-mapwpyTtmsatopa. OHM ONUCHIBAKOT XapakTepPUCTUKM
3anucu:

1 U - nokasblBaeT, 4TO MapLipyT akTuBeH K pabotocnocobeH. AHaNOrMyHbiA CMbICIT MMeEeT rnone
«Status» B mapuwpyTtusatope NetBuilder.

1 H - npusHak cneumduyeckoro mapLupyta K onpegeneHHoMy xXocty. MapLpyT KO BCEN CETU, K KOTOPOU
NPUHAANEXNT AaHHbIN XOCT, MOXET OTNMYaTbCAa OT AaHHOro MapLupyTa.

7 G - 03HayaeT, YTO MapLUpYyT MakeTa NpoXoauT Yepe3 MPOMEXYTOUHbIN MapLupyTmM3aTop (gateway).
OTcyTcTBME 3TOrO doniara OTMeYaeT HENOCPEACTBEHHO MOAKMHOYEHHYIO CETb.

1 D - o3HauaeT, 4TO MapLipyT nony4deH n3 coobweHna Redirect (nepeHanpaenexHne) npotokona ICMP.
OTOT NPU3HaK MOXET NPUCYTCTBOBATbL TOSbKO B Tabnuvue MapLupyTnsauum KOHEYHOro ysna.

Hanunune dnara D o3HavaeT, 4YTO KOHEYHbIN y3erl B KakOW-TO npeablayllen nepefade naketa Bblbpan He
cambli pauMoHarbHbIA CReayrLwWMn MapLpyTU3aTop Ha NyTM K AaHHOM CETU, U 3TOT MapLuipyTusaTtop C
nomowbto npotokona ICMP coobwmn, 4To BCe nocrnegylolmne nakeTbl K AAaHHOW CETU HYXHO OTnpaBnATb
yepe3 gpyron cnegywowmi mapwpyTtmsatop. [potokon ICMP moxeT nocbinatb COOOLWEHMS TOMbKO Y3ny-
OTNpaBuTEND, MO3TOMY Yy MPOMEXYTOYHOMO MapLlpyTusaTopa 3TOT NPU3HaK BCTPETUTLCS HE MOoXeT. [MpunsHak
HWKaK He BNMUSET Ha NpouecC MapLupyTU3auumn, OH TONbKO yKa3bliBaeT aAMUHUCTPATOPY UCTOYHUK NOSABMAEHUNSA
3anucu.

B tabnuue Unix-maplpyTusatopa MCNoONb3ylTCa elle ABa Mons, UMEKLWMX cnpaBovyHoe 3HadveHue. [lone
«Refcnt» nokasbiBaeT, CKONbKO pa3 Ha AaHHbIA MapLUPYT CCbiflanuch Npu npoasmkeHun naketos. Mone «Use»
OTpaxaeT KONM4eCTBO MakeToB, NepefaHHbIX Mo AaHHOMY MapLUpyTY.




[Tpumep:

Ons oTtobpaxeHns MOXHO UCMNOMb30BaTb KOMaHAbl
netstat -rn vnn route print.

v Command Prompt

C:\Oroute add -p 18.0.8.8 MASK 255.255.255.0 18.8.1.2

C:\Jroute print

IPv4 Route Table
Interface Lx.t
MS TCP Loopback interface
UMware Accelerated AMD PCNet Adapter

Network Destination s > Interface Metric
8.8.0.0 8.0.0.0 P 3 10.9.1.25 10
10.86.0.90 255.255.255.98 . 18.0.1.25 1
19.6.1.8 255.255.255.8 .0.1.2¢ 18.6.1.25 18
10.0.1.25 255.255.255.255 . 127.8.6.1 10
10.255.255.255 255.255.255.255 .9.1.2 19.0.1.25 10
127.8.0.0 255.0.0.98 2a = 127.8.8.1 |
224.9.0.9 248.0.0.90 A - 190.0.1.25 10
255.255.255.255 255.255.255.255 10.6.1.25 186.08.1.25 |
Drf«ult C«truay 19 ﬂ 1 1
Persistent Routeﬂ'
Network Address Netmask Gateway Address
10.9.0.0 255.255.255.9 18.8.1.2




Buaobl MapLipyTusauummu

MapwpyTtmnsagymio  MOXHO  KnaccuduumpoBaTb  OBYMS
cnocobamu:

1 CTaTundyeckasa u ouHamMmmyeckas
0 BHelwHsaa n BHYTpeHHASA

BHewHaa HeobOxoouma Ana  mMaplupyTtmsauum mexay
aBTOHOMHbIMU cuctemamu (EGP, BGP).

BHyTpeHHsAs — BHyTpu ogHon cuctembl (RIP, OSPF).

\



CtaTnyeckasa MmapLupytTusauus

CraTtunyeckas MapuwpyTtusauusa - By Maplipytmndauumn, rnpm KOTOPOM MapLlpyTbl yKa3blBakOTCA B
ABHOM BUAE MNpu KOH(*)MpraLI,I/IM MapLIpyTU3aTopB. Bca MapLwpyTmn3auund npum 3ToM nponcxoaunT be3
y4yacTuns Kakux-nmbo MPOTOKOJ10B MapLipyTnU3aunn.

OcCHOBHbIE OOCTOMHCTBA:

a0
o

a
u
o

NérkocTb oTnagkn 1 KOHPUIYpMPOBaHUS B MarblX CETAX.

OTcyTCcTBME OONOMHUTENbHBLIX HaKNagHbIX PacxodoB (M3-3a OTCYTCTBUS MPOTOKOSOB
MapLupyTu3auum)

MrHoBeHHasi roTOBHOCTb (He TpebyeTcs nHTepBan Ans KOHUrypupoBaHus/noacTponikm)
Hu3kasa Harpyska Ha npoleccop mMaplipyTusaTopa
MpenckasyemocTb B KaXAbli MOMEHT BPEMEHU

HepocTaTtku

a0

OueHb nnoxoe macwtabuposaHue (gobasneHne (N+1)-on cetn notpebyet caoenate 2*(N+1)
3anucen o maplupyTax, Npu4ém Ha GomnbLUVHCTBE MapLUpyTM3aTopoB Tabnuua maplupyTos Gyanet
pasnuyHon, npu N>3-4 npouecc KOHMUrypupoBaHUA CTAHOBUTCH BeCbMa TPYAOEMKIM).

Hu3kasa ycToMYMBOCTb K MOBPEXAEHUSAM NMHUIA CBA3N (0COBEHHO, B CUTyauusXx, korga obpbis

MPOUCXOAUT MEXAY YCTPOMCTBAMMU BTOPOrO YPOBHS M MOPT MapLUpyTusaTopa He nonydaet
ctatyc down).

OTcyTCTBME OMHAMMYECKOro banaHCMpoBaHMS HarpysKku

HeobxoonmocTb B BeAeHUN OTAENbHOW AOOKyMEeHTauunm K MmapLipyTtam, npo6nema CUHXPOHN3aLUNN
OOKyMEeHTauun n peasribHbIX MapLLUPYTOB.




OunHaMmunyeckasa MmapLipyTu3auuna:

OuHamMuyeckas MapLlpyTusauma — Bu4  MaplipyTMsaumm, npu  KoTopom Tabnuua
MapLpyTMsauum un pegaktupyetca nporpammHo. B cnydae UNIX-cuctem OemoHamu
Mapuwpymu3sayuu; B OPYrmx cuctemax — CryXebHbiM1 nporpamMmmMmamMin, KOTopble Ha3bliBaKTCS
NHave, HO (baKTUYECKM UrpatoT Ty Xe Porib.

[eMOHbI MapLupyTu3aummn obmMmeHmnsatoTcsa mMexay cobon nHgopmaumen, Kotopas NO3BONSET UM
3anosfiH1TbL Tabnuuy mappyTtusaumm Hanbornee onTuMasrbHbIMKM MaplupyTamu. [NpoTokonel, €
MOMOLLBID  KOTOpPbIX  npou3BoanTca  OobMeH  MHopmaumen  Mexagy — OeMOoHaMmu,
Ha3blBaETCS pomokKoamMmu OUHaMmu4yeckoU mMapuwpymu3ayuu.

[MpoToKOMNbI AMHAMNYECKON MapLUpyTU3aLUum:
RIP

OSPF

EIGRP

BGP

IS-IS

O o o o &

[eMoHbl ANHaMMYeCKON MapLLPYyTU3aLINK:
Quagga

GNU Zebra

XORP

Bird

O o o &g




[IlpoTokon RIP

Mpotokon RIP (Routing Information Protocol — npoTtokon MapupyTHo nHdopmMaumm) Obin
OLHNM U3 NePBbIX NPOTOKOMIOB BHYTPEHHEN MapLIpyTu3aumm, npuMeHsasLunxcsa B VIHTepHerTe.
CBOMM MpPOUCXOXAEHMEM W Has3BaHMeM OH o00sa3aH apxuTektype XNS (Xerox Network
Systems). LLupokoe pacnpoctpaHeHne npoTtokona RIP Obino BO MHOroM Bbi3BaHO TEM, YTO OH
Obin  BkModeH B Bepcuto 1982 roga onepaumoHHon cuctembl  Berkeley  UNIX,
nopaepxusatollen ctek npotokonos TCP/IP. Mpotokon RIP Bepcun 1 onpenened B8 RFC 1058,
obpaTHO coBMecTMMasi Bepcua 2 atoro npoTokosna onpegeneHa B RFC 2453,

[MpoTtokon RIP paboTtaeT no amctaHUMOHHO-BEKTOPHOMY anroputmy. Bepcusi npotokona RIP,
cneundguumpoBaHHaa B RFC 1058, B kauyectBe eAuHUL M3MEPEHUS CTOMMOCTM MapLUpyTOB
NCMonNb3yeT KOMMMYECTBO PETPAHCAAUMOHHBIX YYaCTKOB, TO €CTb CTOMMOCTb KaXgou JUMHUM
cymtaetca pasHon 1. MakcmmanbHasi CTOMMOCTb MyTU OrpaHMyeHa 3HadyeHnem 15, Takum
obpasom, OnmamMeTp aBTOHOMHOM CUCTEMbIl, nogaepxmpaemon npotokoriom RIP, He moxeT
npesbiwaTb 15 peTpaHCNALMOHHbIX Y4aCTKOB.

B npotokone RIP oOmeH HOBbIMM CBegeHUAMW MexXay COCEAHUMMW MapLupyTusaTtopamu
npoucxoant NpmbnuantenbHo Yepes kaxable 30 ¢, ANg Yero MCNosb3yTCA Tak Ha3blBaeMble
oTBeTHble RIP-coobuweHus (RIP response messages). OteeTtHoe RIP-coobuieHnne, nockinaemoe
MapLLUpyTM3aTOPOM WM XOCTOM, COOEPXWUT CNUCOK, B KOTOPOM yKasaHbl Oo 25 ceten-
agpecartoB B npegeniax aBTOHOMHOM CUCTEMbI, @ TakKe PacCTOSAHUSA 00 KaXOdou N3 aTux ceTen
oT otnpasutens. OTeeTHble RIP-cooblieHuns Takke nHorga HasbiBatoT RIP-06bsaBReHusiMu.




[IpoTokon OSPF

Kak n RIP, npotokon OSPF (Open Shortest Path First — oTkpbITbI NpoTOKON BbiGOpa KpaTyaero MapLupyTa) UCNonb3yeTcs Ans
MapLUpyTM3aLmMM BHYTPM aBTOHOMHOM cucTembl. CrnoBo «Open» B Ha3BaHWM NPOTOKONAa O3Ha4YaeT, YTo crneuundurkaums npoTokona
MapLupyTM3aumm cBobogHO pacnpocTpaHseTcs (B oTnuymne oT, K npumepy, cneundukaumm npotokona EIGRP kopnopauun Cisco).
MocneaHsis (BTopas) Bepcusi npotokona OSPF onpegenena B RFC 2328.

Mpotokon OSPF cumTtaetca npeemHukom npotokona RIP 1 obnagaet psgom gononHuTenbHbiX dyHKUMA. OgHako no cBoen cyTwm
npotokon OSPF npepncrtaensieT cobol MPOTOKOS, OCHOBAHHbLIA Ha y4YeTe COCTOSHUWM JIMHUIA WU WUCMONb3YIOLWMIA MEeTon NaBUHHOM
paccbinkn Ans pacnpocTpaHeHus MHAOPMauUMM O COCTOSHUW NUHWA, a Takke anroputMm onpegeneHus nyTM HauMMeHbLUen
ctonmoctn [enkcTpbl. MapwpyTtnsatop, pabotarowmn no npotokony OSPF, dopmupyeT nomHyto TOMONOrMYECcKy KapTy
(HanpaBneHHbIn rpad) Bce aBTOHOMHOW CUCTEMbl. 3aTeM MapLupyTU3aTop JlOKanbHO 3anyckaeT anropuTMm onpegeneHus
KpaTyanwero nytn [enkcTpbl, YTOObl HANTK OEPEBO KpaT4yalliMX NyTEeN KO BCEM CETSM aBTOHOMHOW cucTeMbl. [lanee u3 3Toro
JepeBa KpaTyauwwmx nyten dopmupyetcst Tabnvua npoaBuKeHUst OaHHbIX MapllpyTmusaTopa. CTOMMOCTU NMHWIA HacTpavBatoTCs
ceTeBbIM agMUHUCTPATOPOM. AOMUHUCTPATOP MOXET YCTaHOBUTb CTOMMOCTW BCEX NWHUW paBHbiMW 1, B pesynbrate nyTb
HaMMeHbLUe CTOMMOCTU COBNageT C KpaTyauwum nyTeMm, WM YCTaHOBUTb BECOBOM KOIMMMOUUUEHT Kaxaow nuMHUM obpaTHo
NponopUNOHanbHbIM NPONYCKHOW CMOCOBHOCTU MMHMK, YTOOLI MapLLPYTM3aTOpbl CTapanucbk usberate IUHUA C HA3KOW MPOMNYCKHOW
cnocobHocThio. MNpotokon OSPF He 3aHumaeTcs onpeneneHMeM CTOMMOCTU NUHUA (3TO paboTa ceTeBOoro agMuHUcTpaTopa), a
N1LWb NPeJOCTaBIsAeT MexaHU3Mbl (MPOTOKON) onpeaeneHns Nyt HauMeHblen CTOMMOCTU Ans 3ajaHHoro Habopa ctoumocTen
NVHWIA.

MapwpyTtusatop, pabotatowmn no npotokony OSPF, nytem LwmpokoBelwlaTensHON pacchifiki nepenpasnseTr uHgopmaumio o
MapLupyTax BCEM MapLUpyTM3aTopaM aBTOHOMHOW CUCTEMbl, a He TONMbKO cocegHum. MapwpyTnsaTop paccbinaeT BCeM
MHGOPMALMIO O COCTOSIHUM JIMHUIA MPU KaXOOM WM3MEHEHUMM COCTOSIHUSI Kakon-mmbo v3 nuHuin (Hanpumep, nNpu M3MeHeHUn
CTOMMOCTM WK BKIHOYEHUW/OTKNIoMeHUN). OH Takke pacchbinaeT MHPOPMaLMIO O COCTOSIHAM NIMHWIA Nepuoguyeckn (Mo MeHbLUEn
mepe, pa3 B 30 MuWH), Jaxke ecnu COCTOsiHME JNMHUM He u3aMmeHunocb. B RFC 2328 ormevaetcsi, 4To «3TW nepuognyeckme
00OBbSABMNEHNS O COCTOSIHUSIX JIMHUA YBENWYMBAKOT YCTOMYMBOCTb anroputma, OCHOBAHHOMO Ha COCTOSAHMM NUHWUIA». OObsBNeHus
npotokona OSPF copepxatcst B OSPF-coobuieHunsax, Hanpsimyto nepeHocumblx IP-gentarpammamn, B none npoTOKONa BEPXHEro
ypoBHSA koTopbix npotokon OSPF o6osHauaetca kogom 89. Takum obpasom, npoTtokon OSPF gormkeH cam 3aHMMaTtbCs Takumu
BOMpOCaMM, Kak HaAeXHOCTb nepedadn COOOLIEeHU WM LMpoKoBellaTenbHas paccbinika WMHPOPMaUMM O COCTOSIHUM JIMHUA.
MpoTtokon OSPF Takke npoBepsieT paboTocnocobHOCTb NuHWMIA (npy nomowm coobweHus HELLO, nockinaemoro cocepy) u
nossonsietT mapipytusatopy OSPF nonyyatb nHopmauuio n3 6a3bl AaHHbIX COCEAHEro MapLupyTu3aTopa O COCTOSHUM TMHWIA
BCEW CETW.




