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Tpebosarus x nadestcrnocmu nepedasy aHHT NPU OPLAHU3GUUL BHLYUCAUMEADLHO20 NPOUECCH 8 CMPYKMYPE NPO-

U3B00CMBEHHHLT NPOUECCO8 YHCECMOUAIOMCA KA POoHE NAPAALEALHO20 Poca 0bBema nepedasaemus dannnr. Bec-

CUCMEMHOE UCTOND30BAHUE MELHON02UL 0y6/LUp06aHu.ﬂ KaAHaN08 CB8A3U pewaem 3a8(my HaodescrHocmu nepe&a%u

darHoir. 3amena KaHaA08 c8A3U Ha bosee buicmpodelicmeyroujue no36oAAEM NOJHAMD CKOPOCTL nepedayt, daH-

Hox. B mesucax pacemampusaromca CO8PEMEHHDLE noda:odu, no3eonAUUE pewams obe 3a0aMu KOMNAEKCHO.

BBEAEHUE

C ToUKM 3peHUsi peIeHus 3aa9l KOMMYTa-
muu B Ethernet-cersix mcmonb3oBanme m36BITOTHO-
CTH KAHAJIOB CBSI3U SIBJIAETCS CEPHE3HON IIpobIIe-
Mmoit. B ortnmuuame ot IP-makeros, xampor Ethernet
He COJIepKaT arpudyT <<Bpemst xkuzuu>> (TTL).
IlosiBneHMe < <ITE€TJIEBBIX JIMHKOB>>> CO37Ja€eT CUTY-
anuio, B KoTopoit kKaapel Ethernet 6eckonedno pe-
TPAHCIUPYIOTCS O CO3IAHHOMY KOJIBILY, HAKAILIU-
BAIOTCs B OUYEPEsIX U 3aMeJISIOT Iepeiady I0Jie3-
Horo tpadura. CoBpeMeHHbIe 00pa3Ilbl UHTEJJIEK-
TYaJIbHBIX YCTPOMCTB CETEBOH KOMMYTAIUNA BKJIIO-
9ai0T B COCTAB CBOEH OIEpaIMOHHON CHUCTEMBI IIH-
pOKHUii HAOOp MHCTPYMEHTOB [IJIsi OPTAHU3AINH Pe-
eHus KOHMJIINKTOB CETEBOM CTPYKTYPHI.

I. M3BBITOYHOCTHL KAHAJIOB CBSI3U

Eciiu B cetu npennpusitTust ycrpoicTBa KOMMY-
TAIlUA TIPEJINOJIATAIOT WCIOJIb30BaHUE €TUHCTBEH-
HOrO MAapIIpyTa IepeIadn JAHHBIX — TaKas CeTh
HaJIe’KHON He siBjsercs. [loBpexxaenue ob6oro m3
KaHAJIOB CBS3M MPUBEJIET K HAPYIIEHUIO BBITUCIIU-
TEJLHOTO TPOIECCa, CBIA3aHHOTO C CETEBBIMU CEP-
BUCAMU, OJTHOTO WJIU OOJIBIIEr0 YUCJIa Y3JIOB CETH.
AnajiornyHasi CUTyalusi BO3HUKHET, €CJIU BMECTO
KaHaja CBA3U OYyJeT MMOBPEXKIEHO JII0boe u3 ceTe-
BBIX yCTPO#CTB. B 3aBMCUMOCTH OT TOYKN BO3HUK-
HOBEHU:A BO3MOXKHOI aBapuiiHON CUTyalluu CTPYK-
Typa ceTu JejauTcd Ha <<JIOMeHbl BOBHUKHOBEHUSI
cbosi>>. Ecam pasmep Takoro JIoMeHa JJis KaHa-
na cBs3u crpemutes K 100% BosuukaeT HeoOXOIU-
MOCTh BHECTH U30BITOYHOCTD B CTPYKTYPY KAHAJIOB
CBSI3M.

CrencrBueM IAaCCUBHON M30OBITOYHOCTH KaHa-
JIOB CBSI3M SIBJISIETCS BO3HUKHOBEHUE TIETEH KOM-
MyTamuu. V3-3a merejib KOMMYTAIMA MOT'YT BO3HH-
KaTb: HecTabuIbHOCTL 6a3bl nanabix MAC-aapecos
B NpUBS3KE K IOPTY YCTPOWCTBa; MHOTOKPATHAS
nepegada KaJapoB OTHOAIPECHON PACCHLIKH; MHO-
TOKpaTHAas Iepejiada MUPOKOBEIATEIbHBIX KA/ IPOB
(IMUPOKOBEIATENBHBIH TIITOPM ).

Bo u3bexkaHne BOSHUKHOBEHUSI TI€TEJIb KOMMY-
Taruu Tpebyercsi yIpaB/ieHue HECKOJBKIMU MapIIi-

pyTaM# CO CTOPOHBI caMoro ycrpoiictsa. st oc-
HOBHOT'O pexKnMa pabOThl BHIOUPAIOTCS ONTUMAJIb-
Hble MapIIPYThl, U AJbTEPHATUBHBIA MapIIPyT aB-
TOMATHYECKN aKTUBHUPYETCs B ciydae cOOsi OCHOB-
woro mapipyta. [1] Husa yupasienuss uzbbirou-
HOCTBHIO KAHAJIOB CBS3U HCIIOJIB3YIOTCS TPOTOKOJIBI
STP, PVST+, Rapid PVST+, MSTP (Multiple
STP), SPB (Shortest Path Bridging).

Merom, paboThl 9THX TPOTOKOJIOB — 3a0JI0KU-
pOBATh AKTHBHOCTH AJHTEPHATUBHOIO KAHAJIA BO
BpeMs ItepeJiatn JanubIx. Hate:kHoCTh ceTn yBeu-
YUBAETCsI, HO CKOPOCTDH CpabaThIBaHUS MEXaHU3Ma
aKTHUBAINH aJbTEPHATUBHOTO KaHAJA Pa3IHIacTCs
B 3aBUCUMOCTH OT TUIIA IIPOTOKOJIA, PEXKUMa €r0 Pa-
6OTBI 1 OCOOEHHOCTEH pean3aIuu ero KOHKPETHBIM
[IPOM3BO/INTEJIEM CETEBOTO 0DOPYIOBAHUS.

HormosanrenbHbiM  (HaKTOPOM, KOTOPBIH Ciie-
JIyeT YUUTHIBATH, S$IBJISETCSl BPEMsl IOJIIOTOBKU
ycrpoiicrBa K pabore. OHO yBeIUIHBAETCS JIJIst COO-
pa mpeIBapuTebHON HHMOPMAIIAN O TOIOJOTHH Ce-
TH, paclpeleseHus poJieil MexK 1y IIOpTaMU yCTPOI-
CTBa 1 Ha3HAYEHUA UX PE2KUMOB. 9Ta 3a/1ep2KKa MO-
JKeT CKa3aThCd Ha PabOTOCIOCOOHOCTH psijia ceTe-
Bbix cepsucos (nanpumep, DHCP pacupemesnenus).

Heyupasnsembie ycrpoiicTBa He mpeijara-
10T IIEPCOHAJY, OOCIy>KUBAIOIIEMY CETh, U3MEHSATH
BHYTPEHHUII aJrOPUTM pPabOTHI, [OITOMY JIJIsI pe-
aJIM3aIlUi  U30BITOYHOCTH KabeJbHOM CTPYKTYPbI
PEKOMEH/ IyeTCsl HCIIOIb30BATh HHTEJEKTYAJbHBIE
KOMMYTHUDPYIOIIIE YCTPOICTBA C yIPABJIEHUEM IIO
KOHCOJIH, JTHOO Yepe3 PeKUM YIAJEHHOTO ITOIKJIIO-
JEHUs.

II. PE3EPBUPOBAHUE MHTEP®ENCA
MEKCETEBOT'O ITEPEXOJIA

B cnydae cbost ceTeBoro ycTpoiicTBa MM €ro
unrepdeiica (IP-agpec koroporo ucnonbsyercst B
KadecTBe IMLII03a [0 YMOJYAHWIO), BCE Y3€Jbl Ce-
THU IPEIIPUSTHUS, JIJIsT KOTOPBIX HACTPOEHO UCIIOJIb-
30BaHUE 3TOrO ILI3a 1O YMOJTIAHUIO, M30JIUPY-
10TCsl OT BHemHux cereit. Hammvane asnbrepHarus-
HOTO MapHipyTa o0paboTaTh 3aTPYIHUTETHLHO U3-
3a OIPAHUYEHUN CETEBOrO CTEKa OIEPAIMOHHBIX CH-
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CTEM W MEXAHW3MOB COTJIACOBAHUS CETEBBIX Mapa-
meTpoB mporokosa DHCP.

OpauM U3 cocoOOB JIJIsi yCTPAHEHUsI €JINHOM
TOYKM OTKA3a HA MUII03€ [0 YMOJYAHUIO SIBJISIETCS
peajim3alus BUPTYAJIbLHOTO MAPIIPYTH3ATOPA.

IIpu coBmecTtHOM wucnonb3oBanuu [P-ajapeca
u MAC-azapeca maBa uau 60jiee MapIIPyTU3ATOPOB
IPYIIBI MOTYT paboTaTh, KaK OJUH BUPTYAJHHBINA
MapIiipyTu3arop. IP-anpec BUpPTyaabHOTO MapIIl-
pyTH3aTOpa HACTPAMBAETCS B KAYECTBE IIII03a IO
YMOJTYAHUIO i PabOYuX CTAHIUNA B OTIEJIBHOM
cermente IP. [1]

IIpoTokombl, obecrieumBaronue JAaHHBIA pe-
xkuMm paborer: HSRP (Cisco), GLBP (Cisco) u
VRRP. Ilocneiaune nBa npejoararoT pacipe/iesie-
nue (6ajaHcupoBKy) TpaduKa uepe3 Bce Maplipy-
TU3ATOPBI TPYIIIIHI.

III. ATrPETMPOBAHUE KAHAJIOB CB43U

VBemdenne CKOPOCTH IMEPEIadu JTAaHHBIX Ka-
HaJIa CBA3U CETU IPEJIIPUITHS Yalle BCEro J0CTH-
raeTcs TMEepPexo/ oM Ha CTAHJAPT CBA3U C OOJIBIIH-
MU CKOPOCTHBIMHU XapakKTepuctukamu. J[jist peaJim-
3alMy TAKOTO IIePeXoja 3aKyIMaeTCsd HOBBIE CeTe-
BBbIE yCTPOICTBA, JUOO MEHSIETCS CMEHHBII MOIYJ/Ib
JEHCTBYIOIIET0 CEeTeBOr0 000PYIOBAHUS HA HOBBIM,
I10/1/IEP?KUBAIOIINI O0Jiee BBICOKHE CKOPOCTHBIE Xa-
pakTepucTuku. JIOMOJHUTEBHO IPUXOIUTCS BMeE-
[IUBATHCsT B KADEJIBHYIO CTPYKTYPY CETH, €CJIU OHA
HE COOTBETCTBYET TPEOOBAHUAM BHEIPSEMOTrO CTaH-
napta. Takas mporeaypa TpedyeT BpeMeHHOI ocTa-
HOBKU BBIYHCJINTEILHOTO IIPOIECCA B CETHU IIPEIIIPH-
SATHS W, KaK IIPABUJIO, JOIOJHUTEIBHOIO IIEPUOJIA
< <TOHKOI HAaCTPOUKH >> pabOThI CETH B HOBBIX
yCaoBuAX (CXOXKIEHUs CETH U [epebaaHCUPOBKU
rpaduka).

Takke TOIYJISIPHBIM CITOCOOOM  IIOBBIIIEHIST
CKODOCTH T€pPeJavdi JIAHHBIX SIBJIsIeTCS 00beu-
nenue (arpermposanue) aByX u OGosiee usmde-
CKUX KAHAJIOB CBS3U IIPOJIO’KEHHBIX MEXKIY Ce-
TEBBIMU YCTPOHCTBAMHU C IEJbI0 CYMMUDPOBAHUS
X TPOIyCKHOU criocobnocTu. IIpoTokosnbr arpera-
muu EtherChannel, Multi-Link Trunking (MLT),
DMLT, SMLT, DSMLT, R-SMLT u anaJsioruansie
UM BBIIIOJIHSIIOT CBOIO (DYHKITHIO 10 TpoTokosa STP
U €ro aHaJIOIOB, IIOTOMY OJIOKMPOBaHHE KaHAJIOB
CBSI3U BXOJSINIUX B IPYIILY He IIPOUCKOAUT [2].

ArperupoBanue KaHajoB CB3u 0bJanaer 60-
Jiee BbICOKOI HaJIE?KHOCTBIO, 4YeM << pa3roH>> Ka-
HaJa 10 OoJiee BBHICOKUX cKopocTeil. B rpymmy MoxK-
HO BKJIIOYATh pPE3epBHBbIE KAHAJIbI, KOTOPbIE OyIyT
aBTOMATUYECKH AKTUBUPOBATHCS IIPU BBIXOJE W3
CTPOsi KAKOT0-JTNO0 M3 OCHOBHBIX KAHAJIOB.

IIpaBuibHasi H6ajaHCUPOBKA TpaduKa MEXKLY
KaHaJJaMU TPYIIbI TO3BOJISIET ODECIeYnTh OITH-
MaJIbHBII MAapIIPYT MPOJABUYKEHUS KAJPOB JTAHHBIX
K IYHKTY HA3HAYEHNU M MUHIMU3AIUIO IIOTEPU KaJl-
poB B ciry4dae cOost.

IV. ATIPETUPOBAHUE YCTPOICTB CBSA3U

Pacnpeiesienne kKaHaJIOB I'PyIIbI arperupo-
BAHHBIX KAHAJIOB CBSA3U MOYKET ITPOU3BOIUTHCS KAK
HA €JUHCTBEHHOM yCTPO¥CTBE, TaK W B TpYyIIIe
ycrpoiicts. B aToM ciydae 3a/iaua yBeJIMIeHUsT CKO-
pOCTH KaHAJA CBI3WM PEIIAeTCs C OJHOBPEMEHHBIM
yBeJINUYEeHNEM YPOBHSI HaJI€?KHOCTH CETU, TIOCKOJIBKY
KaHAJI PACIPEJIENIeTcs JUIsi OJHOBPEMEHHON MO/
JIEPXKKHU JBYMs U DOJiee yCTPOUCTBaMMU.

[Ipensaratorcs ciaemyromnre BapuaHTbl KOMOU-
Halluil KaHAJIOB CBSI3U:

- LAG (Link aggregation) — B rpynmy mop-
TOB BXO/ISIT IIOPTHI TOJIBKO OJHOI'O yCTPONCTBA
KOMMY TAIAH;

— MC-LAG (Multi-Chassis Link Aggregation
Group) — B IpyIIly IIOPTOB BXOJAT IODPTHI
HECKOJIBKHUX YCTPOWCTB KOMMYTAIUN, HAXOJIs-
IIUXCsI HA OJHOW CTOPOHE COeJWMHEHUs, MPU
9TOM YCTPOICTBa KOMMYTAIIMA HA MIPOTUBO-
IIOJIO?KHOM CTOPOHE CBA3AHBI CTPOrOH IOCITIe-
JIOBATEJILHOCTHIO TOPTOB;

— High Availability MCLAG — B rpymmy mopros
BXO/ISIT ITOPTHI HECKOJIBKUX YCTPORCTB KOMMY-
TaIUU, HAXOJSIIUXCS Ha OJHON CTOPOHE CO-
eJIMHEHUsI, TPU ITOM YCTPOWCTBA KOMMYTa-
MU HA TTPOTUBOIIOJIOKHON CTOPOHE CBABAHBI
[IEPEKPECTHOMN TIOCIIEI0BATEIBHOCTHIO TIOPTOB
MeXK/1y pa3/IMIYHbIMUA yCTpOfICTBa.l\/II/I.

3AKJIIOYEHUE

KowmrmutekcHoe perteHne opraHu3anun Ha1ewxK-
HOTO U CKOPOCTHOT'O KaHAJIA CBSI3U B CETH IPEIIIPH-
ATHS JIOJI)KHO YIOBJIETBOPATH CJIEIAYIOMUM Tpebo-
BaHUIM:

— pabora B ceTeBOil Cpejie, B KOTOPOIl B3aUMO-
JIEHCTBYIOT yCTPONCTBA PA3JIMIHBIX ITPOU3BO-
JuATesIei;

— MAaKCHMAJILHOE HCIIOJIb30BAHNE TEKYIINX TEX-
HOJIOTHH U ceTeBOl MHMPACTPYKTYPHI IIpeI-
[IPUSITHS;

— aBTOMAaTH3AIs MOIEPKKHA PabOTOCIIOCOOHO-
¢t U nepebaJIaHCUPOBKHU TpaduKa CO CTOPO-
HbI OTIEPAIMOHHBIX CUCTEM YCTPOMCTB KOMMY-
TaIH.

s paboTel B ceTsix crammapra Ethernet pe-
KOMEH/IyeTCsI WCIoJib3oBaHue mporokoaa MSTP
JJiss  pelmmeHusi — npobjieM ¢ <<IeTJIEBbIMU
JINHKaAMU>>>; pe3epBUpOBaHme uHTEepdeiica Mex-
cereBoro mepexoja 1o unporokoiay VRRP; arperu-
poBaHMe KaHaJIOB CBsA3u 110 mporokoy LACP u ar-
perupoBanue ycrpoiicts o cxeme High Availability.
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