1

MUHUCTEPCTBO H®POBOI'O PA3BUTH A, CBA3U
1 MACCOBBIX KOMMYHMKAL POCCUMCKON ®EJEPALIN
Cesepo-Kaska3zckuii ¢puman
opnena Tpynosoro KpacHoro 3namenu ¢enepanbHOro rocy1apCTBEHHOTO
OIO/KETHOTO 00pa30BaTEIBHOTO YUPEKACHHUS BBICIIETO 00pa30BaHUs
«MOCKOBCKHI TEXHUYECKUI YHUBEPCUTET CBA3H U HHPOPMATHKID

Kadenpa
«MH)OKOMMYHHUKAIIMOHHBIC TEXHOJIOTUHM i CUCTEMBI CBSI3H»

MCTOI{I/I‘ICCKHC YKa3aHuil K IPAKTHYCCKHUM 3aHATUAM

AHanu3 cnoco0oB koMmmyTanuu B TK-ceTsix

I[I/ICIIHHJII/IHLIZ Cetn CBHA3U, My.m)Tnceancnble CE€THU CBA3MH,

MoaeaupoBanue

Hanpasnenne noarorosku 11.03.02
«MH(POKOMMYHHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBI CBSI3M»,
npoduib MHOOKOMMYHUKALIMOHHBIE CHCTEMBI U CETH

PocroB-Ha-/loHy
2022



CocraButens: goueHT kadgeapsl «KUTCCy», K.T.H., 1o1eHT PenieTHrKoBa
n.B.

JlaHHOE MeToJIMYecKoe TocoOue MpeaHa3HAuYCHO JJIsi 00ecreyeHus
POBEJCHUS TaOOPaTOPHBIX PabOT CO CTYACHTaMH HAIpPaBJIEHUS TOJATOTOB-
ku 11.03.02 UHOKOMMYHHUKAIIMOHHBIE TEXHOJOTHM M CHCTEMBI CBSI3H,
npoduibr MHHOKOMMYHHUKAIIMOHHBIE CUCTEMBI U CETH, KBaaupuka-
U «OaKamaBpy.

[Tocobue oOecrneunBaeT MOJYYEHHE HABBIKOB IO OCHOBOIIOJIAraro-
IIMM BOIIPOCaM M3y4aeMOMl TUCIUTUINHBI.

Penienzent: 3aB. kadgeapoit UTCC, k.T.1H., nouent FOxuos B.1.

MeTtoaudeckoe mocodre pacCMOTPEHO U YTBEP)KIEHO Ha 3aceaHuH
kadeapet UTCC 19.12. 2022 r. TIpotoxon Ne5



COJIEPY)KAHUE

I LIETB BaAHATH]. ...ttt e e e et e e e e e e e eeeiiaaaeess

2 TeopeTHUECKUE TMPEIITOCHITKH . ... uveeneeenneeenneeneeenneenneennenns

2.1 KomMyTalmsi KaHaJlOB U KOMMYTaIlUsl TaKEeTOB.
2.2 KomMmyTanus KaHaJIOB

2.3 KommyTanus cooO1eHui

2.4 KomMyTanus nakeToB

2.5 IlocTosiHHAS ¥ TMHAMHU4YECKasi KOMMYTAaLUs
2.6 [lenitarpamMMHas nepeaada

2.7 BuprtyalibHbl€ KaHaJIbI B CETSIX C KOMMYTAllE€N TAKETOB

3 (00033 () 1 (<P
4 CpaBHenue 3Q(HEeKTUBHOCTU CIIOCOOOB KOMMYTAIIUH. . .. .
5 Pacuér BpeMeHu nepeauu nmakera MexXy y3JaMu CETH...........

6 COCTaB UCXOIHBIX JAHHBIX ... ernneeeneeeeeeeennaeeennn.
7 3aganue Ha npakTHdyeckoe 3ansTre — aHaau3 cetu KK.......

8 3aI[aHI/Ie Ha IIPAaKTHYCCKOC 3aHATUC — aHAJIN3 CCTU KII....



4

[IpakTruueckue 3aHATUA
«AHanu3 crnoco0oB kommyTanuu B TK-ceTsx»

1. Ilens 3aHATUN. U3yueHue croco6oB aHanm3a GpyHKIMOHAILHBIX Xa-
PaKTEpUCTUK TEIEKOMMYHHUKAIIMOHHBIX CETEH C pa3UYHBIMU CIIOCOOAMH KOMMY-
Tallid U OCBOCHHE METOJIMK pacyéTa mapaMeTpoB 3Tux cetei. [IpoBenenue cpas-
HUTEJIBHOTO aHAJIU3a CIOCOOOB KOMMYTAIIHH.

2.  Teoperuueckue NpeanoChUIKU

2.1 CnocoObl KOMMYTAIUU B TEIEKOMMYHHUKAIITMOHHBIX CETAX

B coBpeMeHHBIX CceTsX B pa3HOM CTENEHU UCTOIB3YIOTCS CIEAYIOIINE CIO-
COOBbI KOMMYTAITNH:

- KOMMYTallHs KaHAJIOB;
- KOMMYTaI¥si COOOLICHMUI;
- KOMMYTalMsl TAKETOB.

CeTu ¢ KOMMYyTallME€l KaHAJIOB UMEIOT OoJiee 6oraTyro ucroputo. OHU co-
3/TaBAJIMCH JUIsl TEPBBIX TeJIE(POHHBIX CETEW U JOJT0€ BpeMs 0e3pa3ienbHO roc-
MOJICTBOBAJIA B MUPE, IOCKOJIBKY HE TPEOOBAIIN CIOKHBIX AJIEKTPOHHBIX CXEM.
JIns ux peanuszanuu JOCTaTOYHO OBLIO UCIIOIb30BATh OOBIYHBIE pesle WK 0oJiee
CJIOXHBIE, HO BCE )K€ AJIEKTPOMEXAHUUECKHE YCTPOUCTBA (HanpuMep, 1eKaaHO-
[IaroBbI€ WJIK KOOPJIUHATHBIE UCKATEIIN).

Certu ¢ KOMMyTaluel COOOUIEHUI U TaKETOB CPABHUTEIBHO MO0 bl. OHH
MOSIBUIIUCH B KOHLIE 60-X TOAOB KaK pe3yibTaT 3KCIEPUMEHTOB C IEPBBIMU TJIO-
OaNbHBIMU KOMITBIOTEPHBIMU CeTSAMH. OOIIMM ISl 3TUX CIIOCOOOB SBJISIETCS MO-
JTanHas rnepenaya MHGoOpMaluu OT OAHOI0 KOMMYTALMOHHOIO y3/1a K IPYTOMY C
00s13aTeIbHBIM XpaHEHUEM €€ B aMsATH y3Ja. Paznuune mMexy cnocodaMu KoM-
MYyTaIlMy COOOIIEHHI U MTaKeTOB, B OCHOBHOM, KacaroTcsi popMaToB nHMOpmaIu-
OHHBIX MOPLUHI U aNTOPUTMOB X 00paboTKu. [Ipu 3TOM B MHTEpecax MOBBIIICHUS
3¢ HEeKTUBHOCTH pabOTHI CETH AITOPUTMBI 00PAOOTKU CTPEMUTEIBHO YCIOXKHSI-
JIUCh U TpeboBasu JJisl CBOEH peanuzaiuu Bcé 6osee ciioxHbx Mukpocxem (BUC,
CBUC), a B nasibHEMILIEM U MUKPOIPOLIECCOPHBIX TEXHOIOTUH.

Kaxxap1it u3 3THX CIIOCOOOB MMEET CBOM JIOCTOMHCTBA M HEJIOCTATKH, OJTHA-
KO, Oyylee MpuHaAJIEKUT CIOCO0Yy KOMMYTAllUH MMAKETOB, Kak 0ojiee THOKOMY U
YHUBEPCAIbHOMY U CHOCOOHOMY B MEPCIEKTUBE CTaTh €IMHCTBEHHBIM CIIOCOOOM
I TIepeiauu Bcex BuoB nHpopMaruu (Tak HaseiBaemoe All IP).

2.2 KomMyTarus KaHaJioB

Kommyranus kanamos (KK, circuit switching) — opranu3saius cocraB-
HOTO KaHaJla 4epe3 HECKOJIBKO TPAH3UTHBIX y3JI0B U3 HECKOIBKUX MOCIIEI0BATEIb-
HO «COCTMHEHHBIX» KaHAJOB Ha BpeMs Mepeaadn COOOIIEHUs (onepamuenas Kom-
Mymayus) WIM Ha 060Jiee JUTUTENBHBIN CPOK (HOCMOAHHAS/001208DeMEHHAS KOM-
Mymayus. — BpeMsi KOMMYTAIIUH ONIPEIEIIACTCS aIMUHACTPATUBHO ).

[Tpr KOMMyTaIMK KaHAJIOB KOMMYTAITMOHHAS CETh 00pa3yeT MEXy KO-
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HEYHBIMH Y3JIJaMU HENPEPbIBHBIN COCTaBHOW (pU3MUECKUN KaHa U3 MOCIIEe10Ba-
TEJIbHO COCAUHEHHBIX KOMMYTAaTOPAaMH IPOMEKYTOUYHBIX KaHAIBHBIX YYaCTKOB.
VYcnoBrueM TOro, 4To HECKOJIBKO (PU3UUYECKUX KaHAJIOB IPU MOCIEA0BATEIBLHOM CO-
eIMHEHUHU 00Pa3yIoT eauHbINA (PU3HMUECKUN KaHaJ, IBJIAETCS PABEHCTBO CKOPOCTEH
nepesayn JaHHBIX B KKIOM U3 COCTABIISIIOMINX (PU3NYECKUX KaHAIOB. PaBEHCTBO
CKOpOCTEHl cetyeT U3 Toro, 4To KOMMYTaTOphl Takoi ceTu He Oydepu3syroT nepe-
JIABAEMBIE TAHHBIE.

B cetu ¢ xommyTaIueit kaHaloB niepes nepeaaueii JaHHbIX BCeria HeoO-
XOJIMIMO BBITOJIHATH NPOLEAYPY YCTAHOBIICHHS COEAUHEHNS, B IIPOLIECCE KOTOPOU
U CO3JACTCs COCTaBHOU KaHaJl. M TOJIBKO IOCIE 9TOr0 MOKHO HAYMHATh IIepe/a-
BaTh JJAHHBIC.

Pucvyuok 2.1 Cxema 6-1 y3JI0BOU CETH

Takas nporeaypa st 6-u y3noBoi cetu (Pucynok 2.1) nmpeacraBieHa Ha
pucyHke 2.2 . 371ech COCTaBHOUN KaHAJI YCTAHABJIUBACTCS MEKAY TBYMsI aOOHEHT-
CKHMH ITYHKTAMH.

Yaen 1 Yaen 2 Yaen 3 Yaen 4

3apnepxra
coBOWHEHWA
A Havano —;l-—/

3anpoc

~ '
dapepxka Janpoc \3
Epemsa| pacnpocTpaHWeHWA Janpoc
COoSJUHEHKWA t pacap
Curnan ofpaTHoi cBAan
\ Il
Epema —
nepenaqu
OaHHbIX
—3

Puc. 2.2 Ilpouenypa ycTaHOBIEHUSI COCTABHOTO KaHaia


http://www.intuit.ru/studies/courses/1/1/lecture/12?page=1#image.6.1

2.3 KommyTarus cooO1eHui

Kommyranus coobmenuii (KC, message switching) — paszouenue uadop-
MaIii Ha COOOIICHHUs, KOTOPBIE TIEPEIAIOTCS TIOCTIE0BATEIBHO K ONIMKaieMy
TPaH3UTHOMY Y31y, KOTOPBIHA, IPUHSB COOOIIEHUE, 3aIOMUHAET €T0 U TepenaéT
Janee caMm TakuM ke oopasom. [lomyuaercs HeuTo Bpoae koHBekepa. CooOmieHue
(3TO MOXET OBITh, HAIIPUMEP, TEKCTOBBIM JJOKYMEHT, (hail ¢ KOJIOM IPOTrPaMMBI,
9JICKTPOHHOE TIMChMO) HMMEET ITPOU3BOIBHYIO JUTHHY, KOTOPas ONpeesieTcs He
TEXHOJIOTHUYCSCKHUMH COOOPKESHUSIMH, a COJIepKaHneM HH(POPMAITUH, COCTaBJISIO-
HIEN COOOIIIEHHE.

TexHruKa KOMMYTAIMH COOOIICHNUI TTOSIBUIIACH B KOMITBIOTEPHBIX CETSIX
paHbIIle TEXHUKH KOMMYTAITH TAKETOB, HO IMOTOM Obljla BBITECHEHA ITOCIIECTHEH,
Kak 0osiee 2 GEKTUBHON IO KPUTEPHUIO MPOITYCKHOM CITOCOOHOCTH CETH U Kaue-
cTBy cepBuca Qo0S).

2.4 KomMyTarius makeToB

Kommyranums nakeros (KIT, packet switching) — pa3zouenue cooOrieHus Ha
«TaKEeThD», KOTOPBIE MEepEaloTCsa OTACNIbHO. Pa3HuIla MEXTy COOOIIIEHUEM U TaKe-
TOM: pa3Mep MaKeTa OrpaHudYeH TEXHUYECKU, & pa3Mep COOOIIECHUS] — JIOTHYECKH.

OTa TexHUKa KOMMYTalli1 Oblja CIIEIUaIbHO pa3padboTana st 3P peKTuB-
HOM mepeayn KoMIbIoTepHOTo Tpaduka. [lepBbie maru Ha MyTH CO3aHusI KOM-
MBIOTEPHBIX CETEeW Ha OCHOBE TEXHUKH KOMMYTAIIMH KaHAJIOB IMOKa3aju, YTO 3TOT
BUJI KOMMYTAIIMU HE TIO3BOJISIET JIOCTUYh BBICOKOW OOIIIE MPOIYCKHOM CIIOCOOHO-
CTH CETH.

TunuvHbIe ceTeBhIE MPUIOKECHHS B KOMITBIOTEPHBIX CETSIX TCHEPUPYIOT
TpaduK 0YCHb HEPABHOMEPHO, C BRICOKMM YPOBHEM MYJIbCAIIUH CKOPOCTH Tepe/ia-
yu naHHbiX. Hanpumep, npu oOpaiieHuu K yaajieHHOMY (aillioBoMy cepBepy
MI0JIB30BATENh CHaYajIa MPOCMATPUBACT COICPKUMOE KaTajgora 3TOro cepBepa, 4To
MOPOXKIACT Mepeaady HeOOMbIIOro 00beMa JaHHBIX. 3aTeM OH OTKpPHIBAaeT TpeOye-
MBIi (paiiil B TEKCTOBOM PEIAaKTOPE, U 3Ta OMEpaIiys MOKET CO3/1aTh JOCTATOYHO
WHTCHCUBHBI 0OMEH JaHHBIMU, OCOOCHHO eCJIi (haiia CONEepKUT 0OBEMHBIC Tpa-
dbuueckue BrrodeHUs. [locne oToOpaskeHnsI HECKOJIBKUX CTpaHuIl (haiiia moib30-
BaTeb HEKOTOPOE BpeMsi paboOTaeT C HUMH JIOKAJIBLHO, YTO BOOOIIIE HE TpeOyeT me-
penadr JaHHBIX MO CETH, a 3aT€M BO3BpallaeT MOAUGUIIUPOBAHHBIE KOITHH CTpa-
HUI[ HA CEPBEP — U ATO CHOBA MOPOKIAET MHTEHCUBHYIO TIepeaady JaHHbBIX 110 ce-
TH.

KoaddurmenT nynscanuu tpaduka OTAEIBHOTO MOJIb30BATENS CETH, PaB-
HBIN OTHOIIICHUIO CpeIHEN HHTEHCUBHOCTH OOMEHA JJAaHHBIMH K MaKCUMAJIbHO
BO3MOYKHOM, MOXeET gocturath 1:50 nnu naxe 1:100. Ecnu g Hekotopolt ceccuun
OpraHU30BaTh KOMMYTAIIMIO KaHAJIa MEX]Ty KOMIIBIOTEPOM I0JIh30BaTENS U CEPBE-
poM, To OOJIBIITYIO YaCTh BPEMEHH KaHal OyIeT MpocTanBaTh. B TO e BpeMst KOM-
MYTaIllMOHHBIC BO3MOXXHOCTH CETH OYIyT 3aKperyieHbl 3a JaHHOW Mapoi abOHEH-
TOB U OyAYT HEJIOCTYITHBI APYTUM TOJIb30BATENISIM CETH.

HpI/I KOMMYTallUU IMMAKCTOB BCC IICPCIABACMBIC ITOJIB30BATCIICM C006IlIeHI/IH
p336I/IBaIOTC$[ B UCXOJHOM Y3JIC Ha CPAaBHUTCIILHO HeOOJIbIIINE 4aCTH, Ha3bIBACMbIC


http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BC%D1%83%D1%82%D0%B0%D1%86%D0%B8%D1%8F_%D0%BF%D0%B0%D0%BA%D0%B5%D1%82%D0%BE%D0%B2
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nakeramu. HamoMuum, 4To cooOIIIeHnEM Ha3bIBAETCS JIOTMUECKH 3aBEpIICHHAsS
MOPLHUSI TAHHBIX — 3aIpoOC Ha nepenavy Qaiiina, 0OTBET Ha 3TOT 3aMpoc, COAEPKa-
il Bech daiin u T.1. CooOleHrss MOTYyT UMETh TPOU3BOJIBHYIO ITTUHY, OT He-
CKOJIbKMX OaiT 10 MHOTUX Merabaiit. HanmpoTus, makeThl XOTS M MOTYT UMETh T1€-
pPEMEHHYIO JJINHY, HO B Y3KUX Mpefenax, Hanpumep oT 46 mo 1500 GaiT kak B
texHosoruu Ethernet. Kaxmpiif maket cHa0kaeTcsi 3aroJIOBKOM, B KOTOPOM YKa3bl-
BaeTcs azpecHas nHPpopmalys, HeoOxoauMasi JJisi JOCTAaBKH MaKeTa B y3€J Ha3Ha-
YEeHHsI, a TAKXKE CBEJICHUS, UCTIOIb3yEeMbI€ ITYHKTOM Ha3HAYEHUS JUIsi COOPKH CO-
OOIIEHUS U3 MOCTYMUBIINX K HEMY ITaKETOB.

Cers ¢ KII 3ameiser mporiecc B3auMoIeHCTBYSL KOHKPETHOM Mapbl a0OHEH-
TOB 10 cpaBHEHMIO C ceThlo ¢ KK, HO moBBIIIaeT MpormycKHy0 ClIOCOOHOCTh CETH B
LEJIOM.

B cetsax ¢ KII cerogus npuMeHsieTcs 1Ba pekuma NepeIadn MakeToB:

- IeiTarpaMMHas epeayva,

- BUPTYaJIbHbIE KAHAJIbI.

2.4.1 JlenTarpaMMHBIN PEXKUM B CETSIX C KOMMYTAllEN ITAKETOB

JleiitarpaMMHBIi crioco0 nepejaun JaHHBIX OCHOBAaH Ha TOM, YTO BCE Mepe-
JlaBaeéMble aKeThl 00padaThIBAIOTCS HE3aBUCHUMO JIPYT OT JAPYTa, MaKeT 3a MaKe-
ToM. [IpHHaIIEKHOCTD MTaKeTa K ONPEAEICHHOMY IIOTOKY MEXIy IBYMsI KOHEU-
HBIMHU y3J1aMU U ABYMsI IPUIIOKEHUSIMH, PaOOTAIOIIMMHU Ha 3TUX Y3J1aX, CETEBBIM
YPOBHEM (YPOBEHb MApPIIPYTU3aTOPOB) HUKAK HE YUUTHIBAETCS.

Br16op creayromero y3ina — Hanpumep, kommyTartopa Ethernet wim mapi-
pytuzatopa |P — mpoucxoaut Tonbko Ha OCHOBAaHUU aJpeca y3ja Ha3HAYEHUs,
COJIEp>Kalllerocs B 3aroJIoBKe MakeTa. Perenue o Tom, KakoMy y3Jy nepeiarhb
MPUIIEANINI TaKeT, MPUHUMAETCS] Ha OCHOBE TaOJIMIIBI, COAEpIKaIIe Habop aape-
COB Ha3HAYEHUS U aIPECHYI0 MH(OpMAIMIO, OTHO3HAYHO ONPEAEISIONIYIO CIIEeTy-
IOLIMHI (TPaH3UTHBIA WM KOHEYHBbIN) y3en. Takue TaOauIbl UMEIOT pa3Hble Ha3Ba-
HUS — Hanpumep, 1 ceteit Ethernet onu 00bIUHO Ha3bIBAIOTCS TaOIHUIICH TIPO-
newkenus (forwarding table), a st ceTeBBIX MPOTOKOJIOB, TakKMX Kak |IP, — Ta0-
JMIIaMU MapIipyTtu3saiuu (routing table).

B tabnune mapuipytuzaiuu (TM) u1st 01HOTO M TOTO Ke ajpeca Ha3Haue-
HUS MOXKET COAEPIKATHCS HECKOJIBKO 3aIMCEN, YKa3bIBAIOIINX, COOTBETCTBEHHO, Ha
pasnuyHbIE aJpeca CASAYIOIEro MapmpyTu3aropa. Takoi Moaxo UCIOIb3yeTCs
JUTSl TIOBBILLIEHUSI TPOU3BOAUTEIILHOCTH U Ha/IKHOCTH ceTH. B mpumepe Ha
pUCYHKe 2.3 maKeThl, MOCTynammue B Mapmpytusarop R1 ais y3na HazHaueHus ¢
aapecom N2, A2, B niessix 6anaHca Harpy3Ku pacupeiesisiioTcs M0 MyTsIM MEXIY
cienytouumu Mapuipytuzaropamu — R1-R2-R4 u R1-R3-R7-R4, yto cHmxkaer
Harpy3Ky B COOTBETCTBYIOLIUX MYTSX, @ 3HAYUT, YMEHBIIAET OUEPEAUN U YCKOPSIET
JIOCTaBKY. AHAJIOTMYHOE pa3ziesieHHe MyTel (Tak Ha3bIBaeMOE PACCIOEHUE TOPH-
30HTa) npoucxoauT u Mexay y3namu N3 u N2 (myte R5-R3-R7-R4 u nyts R5-R7-
R4).

HexoTopas "pa3mbITOoCTh" MyTEl ClieTOBaHMS TAKETOB C OJTHUM U TEM XKeE
aJpecoM Ha3HAYEHUS YEPE3 CETh SABISETCA MPSMBIM CIIEICTBUEM IIPUHLIMIIA HE3a-
BHUCUMOM 00paOOTKH Ka)KJOT0 MaKeTa, MPUCYILEro JeHTarpaMMHbBIM POTOKOJIAaM.


http://www.intuit.ru/studies/courses/1/1/lecture/14?page=3#image.7.4
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[lakeTsl, cienytonme o OJHOMY U TOMY e aipecy Ha3HayeHus, MOTYT J100U-
paThCs 0 HETO pa3HbIMU MYTSMU U BCIEICTBUE U3BMEHEHUS! COCTOSIHUS CETH,
HaIMpUMEP BO3PACTAHUSI OUEPEId CBEPX JIOMYCTUMBIX MPEEIOB UM OTKA30B B CO-
OTBETCTBYIOIIUX MYTSIX.

d Tabnwua I
MapLpyTH3IaLMn R1 Yaen ) .
Net |NextHop C]| N4,A4 =l Vsen
N2 [R2 mm— ‘| N2 A2
N2 |R3 | =
N4 _|R2 A |

o A7

/| R2 T qf

v

i

I

LATNZAT g
1 :"‘ |I|' \
8 | \

R =
45

LJ |."F \ ..

\r_]i |||'|l o II HE

; HS“--.._‘__‘_“ -

% @ R6 \
— 5 \,
&

. |
1 Vaen Y3aen
N3 A3 @ N5 A5

Pucynok 2.3 JlefiTarpaMMHBI{ IPUHLINI MIEPEIAYX MAKETOB.

[Ipu neiitarpaMMHOM PEKHUME TTAKETBI MOTYT TEPSITHCS, TOBTOPATHCS WU
MIPUXOUTH B HEMPABUIILHOM MOPSAKE. 3aTO pacnapaiyIcIMBaHUE MyTeH B ATOM
MPOTOKOJIE 0OecreurnBaeT 0oJiee OBICTPYIO T0CTaBKY HH(POpMALIIH.

2.4.2 PexxuM BUPTYAJIbHBIX KaHAJIOB B CETAX C KOMMYTAIMEN MMaKETOB

Pexum BuptyanbHbix kananos ( virtual circuit wmm virtual channel ) cozmaer
B CE€TU yCTOMYMBBIE MyTH cieaoBanus Tpaduka yepes cetb ¢ KII. Ecnu nensio sB-
JSieTCS MPOKIIAJIKa JIJIsl BCEX MaKeTOB MOTOKA €IMHOTO MyTH Yepe3 CeTh, TO HEOO-
XOJIMMBIM (HO HE BCErJa €IMHCTBEHHBIM) IPU3HAKOM TAKOTO MOTOKA JIOJKHO OBITh
HaJIM4Me JJIsl BCEX €ro MakeToB OOLIMX TOYEK BXO/A U BbIX0Ja U3 ceTh. IMeHHO
JUTS Iepe/lay TAKUX MOTOKOB B CETU CO3JAI0TCA BUPTyalbHble KaHabl. Ha pu-
CYHKe 2.4 oka3aH ()parMeHT CETH, B KOTOPOU MPOJIOKEHBI 1BA BUPTYaIbHBIX Ka-
Hasa. [IepBbIii MPOXOAUT OT KOHEUYHOTO y3J1a ¢ aapecoMm N1, Al 10 KOHEUHOTO y3-
na ¢ agpecoMm N2, A2 yepe3 npoMeKyTouHble MapipyTu3atopsl cetv R1, R3, R7 u
R4. Bropoii obecrieunBaeT npoABUKeHNE TaHHBIX OT y3i1a N3, A3 nmo mytu RS —


http://www.intuit.ru/studies/courses/1/1/lecture/14?page=3#image.7.5
http://www.intuit.ru/studies/courses/1/1/lecture/14?page=3#image.7.5
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R7 — R4 — N2, A2. Mexy AByMsl KOHEUHBIMH Y3J1aMU MOXET OBITh MPOJI0KEHO
HECKOJIBKO BUPTYaJIbHBIX KAHAJIOB, KaK IMOJIHOCTHIO COBIAAIONINX B OTHOIIICHUN
MyTH CJICIOBAHUS Yepe3 TPAH3UTHBIC Y3JIbl, TAK U OTIHYAOIIUXCA.

| Y3en e ] |
\ /) N4 A4 1 Ysen

Yaen
)) N5,A5

R \
X h

".76',-'-‘,;,1 F
S

Pucynox 2.4 ITpuHimn paboTsl BUPTYaJTIbHOTO KaHAJIA.

CeTb TOJIBKO 00ECrIeYrBaET BOZMOXKHOCTh Nepeaun Tpadrka BJ0JIb BUPTY-
JIbHOTO KaHaJia Ha YPOBHE MAaKETOB, a KAKUE UMEHHO MOTOKHM OyAyT nepeaaBaThCs
10 3TUM KaHaJlaM, PeIIaloT CaMU KOHEYHBIE Y3JIbl. ¥Y3€]l MOKET UCTIOIb30BaTh
OJIMH U TOT € BUPTYaJbHbIMA KaHaJ JJIA Iepe/ladyn BCEX MOTOKOB, KOTOPHIE UMEIOT
oOIIue C TaHHBIM BUPTYaJIbHBIM KaHAJIOM KOHEYHBIC TOUKH, HJIM Ke TOJIBKO YacTH
u3 HuX. Hanpumep, 1715 moTOKa peaibHOro BPEMEHU MOKHO UCIIOIb30BaTh OJIMH
BUPTYaJIbHBIN KaHal, a Jisl TpauKa dJIEKTPOHHON MOYTh — Apyroi. B mocnen-
HEM CJIyyae pa3Hble BUPTyalbHbIE KaHANbI OYIyT MPEAbABIATH pa3Hble TpeOoBa-
HUS K KQ4eCTBY 0OCITy)KMBaHUSI, U yIOBIETBOPUTH UX OYyJIET MPOIIE, YEM B TOM
cily4ae, Korja o ogJHOMY BUPTYaJIbHOMY KaHally nepeaaeTcst TpaQuk ¢ pa3HbIMU
TpeboBaHUSIMU K mapameTpam QoS.

BaxxHolt 0COOEHHOCTBIO ceTel ¢ BUPTYaJbHBIMU KaHAJIAMU SBJISIETCS HC-
M0JIb30BAHUE JIOKAJIBHBIX aJIPECOB MaKETOB NP MPUHATUH PELICHUS O Iepeaaye.
BmecTo 10cTaTtoyHO JUIMHHOTO aJipeca y3Jia Ha3HaueHus (ero JJIMHa JOJHKHA M03-
BOJISITh YHUKATHHO UIEHTU(UIIUPOBATH BCE y3JIbI U TTOJCETH B CETH, HAIIPUMED
texHosorust ATM onepupyet aapecamu JyirHON B 20 6aiiT) MPUMEHSETCS JTOKATb-
Hasl, TO €CTh MEHSIOLIASCSA OT y3Ja K y3J1y, METKa, KOTOPOU ITOMEYaroTcs BCE MaKe-
ThI, IEPEMENIAEMBIE IO ONPEIEIEHHOMY BUPTYaJbHOMY KaHaTy. DTa METKa B pa3-
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JIMYHBIX TEXHOJIOTHSX HA3bIBAETCS MO-PA3HOMY: B TEXHOJOTUU X.25 — HOMED JIo-
ruueckoro kanaia (Logical Channel number, LCN), B rexnomoruu frame relay —
uaeHTH(GUKATOP coeAMHEeHUs ypoBHs KaHana qaHabix (Data Link Connection
Identifier, DLCI), B Texaonorun ATM — uieHTU(UKATOp BUPTYaILHOTO KaHaja
(Virtual Channel Identifier, VCI). Onnako Ha3Ha4YeHHE €€ BE3/Ie OJJUHAKOBO —
IPOMEXKYTOUHBIN y3€J1, Ha3bIBAEMBII B 3TUX TEXHOJIOTHSIX KOMMYTAaTOPOM, UNTAET
3HaYCHHE METKH U3 3aroJIOBKA MPHILEIIIETo MakeTa ¥ MPOCMAaTPUBAET CBOIO Tal-
iy kommyTtanuud (TK), B KOTOpo#l yKa3bIBa€TCsl, HA KAKO BBIXOJHOW MOPT HYX-
HO TIepeiaTh MaKerT.

TK comepKuT 3anmcu TOJIBKO O MPOXOAAIINX YEPE3 JaHHBIA KOMMYTaTOP
BUPTYaJIbHBIX KaHalaX, a He 000 BCEX UMEIOIINXCS B CETH y3J1aX (UM MOJICETSX,
€CJIM IPUMEHAETCS uepapXuueckuii crnocod aapecaiuun). OOBIYHO B KPYITHOM CeTH
KOJIMYECTBO MPOJIOKEHHBIX Yepe3 y3el BUPTYAJbHBIX KaHAJIOB CYIIECTBEHHO
MEHBIIIE KOJMYECTBA y3JI0B U MOJCETEH, mo3Tomy 1o pazmepam TK nHamHoro
meHsblie TM, a, cieoBaTesbHO, IPOCMOTP 3aHUMAET TOPa3/io MEHbILIE BPEMEHU U
HE TpeOyeT OT KOMMYTaTopa O0JIbIION BEIYUCIUTEIHHON MOLTHOCTH.

Nnentuduxatop BUPTyaTbHOTO KaHaNa (MMEHHO TaKOE€ Ha3BaHUE METKH Oy-
JIET UCIIOJIb30BAThCS Jajiee) TaK)Ke HAMHOTO KOpoUe aJpeca KOHEYHOTo y37a (1o
TOM K€ MPUIHHE), TOITOMY M H30BITOYHOCTD 3ar0JIOBKA MAKeTa, KOTOPHIN TeTeph
HE COAEPKUT JIFIMHHOTO a/Ipeca CYIIECTBEHHO MEHBIIIE.

3 MapuipyTHbie TaOIUIIbI
3.1 Tabnuuel mapupytuzanuu (TM)

Mapmpytuzarop (npog. sicape. pdyTep)) — creluaTn3upOBaHHBIA CETEBOU
KOMITbIOTEP, UMEIOIINM KaK MUHUMYM OJIMH CETeBOM MHTep(hElc U epechliato-
IIUI MAaKEeThl TaHHBIX MEK/y Pa3JIUYHbIMU CETMEHTAMU CETH, CBSI3bIBAIOIIUI pa3-
HOPOJIHBIE CETU PA3JIMYHBIX APXUTEKTYP, MPUHUMAIOIIUNA PEIICHUSI O EPEChIIKE
Ha OCHOBaHMM MH(OPMAILIUK O TOMOJOTUU CETU U OTIPEAEIEHHBIX MPaBUII, 3aaH-
HBIX QJIMUHUCTpPATOpoM. MapiipyTtu3atop padboTaet Ha 00jiee BLICOKOM «CETEBOM
ypoBHe 3 ceTeBoi Moaenu OSI, Hexenu KOMMYTaTop (MU CETEBOW MOCT) U KOH-
LEHTPATop (Xab), KOTOpble pabOTaIOT COOTBETCTBEHHO HAa YPOBHE 2 U ypOBHE |
moznenu OSI.

Tabnuiia MapipyTuzanuu — 3JaeKTpoHHas Tabnuna (dain) unu 6a3a gaH-
HBIX, XPaHAIIAsICS HA MapUIPYTU3aTOPE WIK CETEBOM KOMIBIOTEPE, KOTOPas OIH-
CBIBAaCT COOTBETCTBUE MEXKy aJpecaMu Ha3HaueHUs U uHTepdencaMu, yepes Ko-
TOPBIE CJIEYET OTHPABUTH MAKET JAHHBIX JI0 CIEAYIOMIEro Mapuipyrusaropa. TM
SBJISIETCSI IPOCTEHTIIEH POPMOIT TIPABUIT MAPIITPYTHU3AITIH.

Tabnuiia MapmpyTHU3auu 0ObIYHO COACPIKUT:

- aJIpec CeTH WM y3j1a Ha3HAYCHUS, JIN0O YKa3aHWe, YTO MaPIIPYT SBISICTCS
MapuIpyTOM IO YMOJTYAHHUIO;

- MacKy cetu Ha3HaueHwus (s IPv4-cereit macka B Buze /32 wiun
255.255.255.255 no3BojseT yka3aTh €IMHUYHBIN Y3€Jl CETH);

- IUTI03, 0003HAYAIOIIMM aJIpec MapILIpyTU3aTOpPa B CETH, HA KOTOPBIA HEOO-
XOJMMO OTIIPABUTh MAKET, CJICIYIOMIMNM 10 YKa3aHHOTO aJipeca Ha3HAYEHUS,



http://ru.wikipedia.org/wiki/%D0%96%D0%B0%D1%80%D0%B3%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%BE%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D0%B9%D1%81
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B3%D0%BC%D0%B5%D0%BD%D1%82_%D1%81%D0%B5%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%B0%D1%8F_%D1%82%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%BC%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%B2%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D1%81%D0%B5%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C_OSI
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%BE%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BC%D1%83%D1%82%D0%B0%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%BE%D0%B9_%D0%BC%D0%BE%D1%81%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%BE%D0%B9_%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%BE%D0%B9_%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%A2%D0%B0%D0%B1%D0%BB%D0%B8%D1%86%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%88%D1%80%D1%83%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB
http://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
http://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%88%D1%80%D1%83%D1%82%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%A3%D0%B7%D0%B5%D0%BB_%D1%81%D0%B5%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D0%B9%D1%81
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D0%BA%D0%B0_%D0%BF%D0%BE%D0%B4%D1%81%D0%B5%D1%82%D0%B8
http://ru.wikipedia.org/wiki/IPv4
http://ru.wikipedia.org/wiki/IP-%D0%B0%D0%B4%D1%80%D0%B5%D1%81#.D0.91.D0.B5.D1.81.D0.BA.D0.BB.D0.B0.D1.81.D1.81.D0.BE.D0.B2.D0.B0.D1.8F_.D0.B0.D0.B4.D1.80.D0.B5.D1.81.D0.B0.D1.86.D0.B8.D1.8F
http://ru.wikipedia.org/wiki/%D0%A3%D0%B7%D0%B5%D0%BB_%D1%81%D0%B5%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:ERS-8600.JPG
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:ERS-8600.JPG
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- uHTepdeiic (B 3aBUCUMOCTH OT CUCTEMBI, 3TO MOXKET OBITh OPSAKOBBIN
Homep, GUID unu cuMBOJIBHOE UMSI YCTPOMCTBA)

- METPUKY — YHCIIOBOM [TOKA3aTENb, 3a/1al01UI NPEAIOYTUTEIbHOCTD
MapuipyTa. Yem MEHbIIIE YnCII0, TeEM 00JIee IPEANOYTUTENIEH MapIpyT (MHTYH-
TUBHO TPEJICTABISIETCS KaK PACCTOSIHHE).

B tabnuiie mokeT ObITh OZIMH, @ B HEKOTOPBIX OMEPAIMOHHBIX CUCTEMaX U
HECKOJIBKO IIJIF030B 110 YMOJIYaHUIO.

[Tpumep TM st pparmenTa ceTu, npeacTaBICHHOTO Ha pucyHke 3.1 moka-
3aH B Tabnuie 3.1. OO6paTtuTe BHUMaHKUE HA TO, YTO CaM MapIIPyTU3aTOP HE UMEET

IP-anpeca. IP-anpeca npucBauBarotcs Toipk0 HHTEpdelcam (mopTam) MapIpyTH-
3aTopa.

89.223.67.131 K 60.48.85.155

v

1
1
1
I}
1
I
1

192.168.23.1

Pucynok 3.1 Cxema unrepdeiicoB Ay pparmMeHTa cetu

Tabnuua 3.1 Crpykrypa Tabnuiisl Mapiipytusanuu (TM)

Anpec cetu umn Macka cetu  Agnpec cieayrouiero BeixonHoit uarep- Merpuka
yCTpOWCTBa MapupyTusaTtopa ¢eic 1aHHOTo
MapHIpyTH3aTOpa
0.0.0.0 0.0.0.0 89.223.67.129 89.223.67.131 20
60.48.85.155 255.255.255.255 89.223.67.129 89.223.67.131 20
60.48.172.103 255.255.255.255 89.223.67.129 89.223.67.131 20
60.48.203.116 255.255.255.255 89.223.67.129 89.223.67.131 20
127.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 1
164.77.239.153 255.255.255.255 89.223.67.129 89.223.67.131 20
192.168.23.0 255.255.255.0 192.168.23.1 192.168.23.1 20
192.168.23.1 255.255.255.255 127.0.0.1 127.001 20
224.0.0.0 240.0.0.0 89.223.67.131 89.223.67.131 20
224.0.0.0 240.0.0.0 192.168.23.1 192.168.23.1 20
Default Gateway: 89.223.67.129

Tabnuiia MapIIpyTH3alud MOKET COCTABIISATHCS IBYMS CIIOCOOAMH:

- cTaTUYeCKasi MapIIpyTU3aIis — KOT/Ia 3aIUCH B TaOJIUIIC BBOJIATCS U U3MEHSI-
I0TCS BpY4HYH0. Takoii crmocod TpedyeT BMemaTeabCTBa aIMUHUCTPATOPA KaK I
pa3, Koraa MpoOUCXOIAT U3MEHECHHSI B TOITOJIOTHH ceTH. C Ipyroi CTOPOHBI, OH SIB-
JsieTCs HanOoJiee CTaOMIIBHBIM U TPEOYIOITUM MUHUMYMa almapaTHBIX PeCypcoB
MapuIpyTu3aropa JJjist 00CayKMBaHUs TaOJIUILIBI.

- TMHAMHAYEeCKasi MapIIpyTU3aIus — KOTJa 3alicy B TaOIHIle OOHOBIISIFOTCS
aBTOMATHYECKH ITPH ITOMOIIM OJTHOTO MJIM HECKOIBKHX MPOTOKOJIOB MapIIPyTH3a-
i — RIP, OSPF, IGRP, EIGRP, 1S-1S, BGP, u ap. Takoii crmocod moctpoeHus



http://ru.wikipedia.org/wiki/GUID
http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
http://ru.wikipedia.org/wiki/%D0%A8%D0%BB%D1%8E%D0%B7_%D0%BF%D0%BE_%D1%83%D0%BC%D0%BE%D0%BB%D1%87%D0%B0%D0%BD%D0%B8%D1%8E
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D0%BA%D0%BE%D0%BB_%D0%BC%D0%B0%D1%80%D1%88%D1%80%D1%83%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D0%BA%D0%BE%D0%BB_%D0%BC%D0%B0%D1%80%D1%88%D1%80%D1%83%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/RIP2
http://ru.wikipedia.org/wiki/OSPF
http://ru.wikipedia.org/wiki/IGRP
http://ru.wikipedia.org/wiki/EIGRP
http://ru.wikipedia.org/wiki/IS-IS
http://ru.wikipedia.org/wiki/Border_Gateway_Protocol
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TaOJIMLBI [T03BOJISIET AaBTOMATHUUECKH JIEpKaTh Ta0IMIly MapLIPyTHU3aLUHU B aKTy-
AJIbHOM COCTOSIHUU Y BBIYUCIIATH ONITUMAJIBHBIE MApIIPYThl HA OCHOBE CETEBOU
UH(pOpPMAIIMU O TEKYIEM COCTOSIHUU ceTh. OTHAKO JUHAMMYECKas MapIIpyTU3a-
L[5 OKa3bIBAET JOMOJHUTEIBHYIO HATPY3KYy HA YCTPOMCTBA U CETh, 4 BBICOKAs He-
CTaOMIBLHOCTH CETH MOXKET MPUBOJUTH K CUTYAIUsIM, KOTJ]a MapIIpyTH3aTOPhI HE
YCIIEBAIOT CHHXPOHU3HUPOBATH CBOU TAOJHIIBI, YTO MPUBOIUT K IPOTHBOPEUHBBIM
CBEJICHMM O TOIIOJIOTHM CETH B PA3JIMUHBIX €€ YACTIAX U MOTEPE MEPEIaBaACMBbIX
JTAHHBIX.

3.2 Tabauna kommytaruu (TK) 115 BUpTyaabHBIX KaHAJIOB

Jist mpoABM>KEHUS TAKETOB M0 BUPTYAIbHOMY KaHAITY Y3€JI KOMMYTalluu
JOJKEH UMETh KOMMYTAIlMOHHYIO TaOJIuUILy, COACPKAIIYIO CIETYIONIUE CBEICHUS:
- BXOJIHOM uHTepdeiic (mopt) y3ia;
- BXOJIHOM HIeHTU(UKATOP TAKeTa;
- BBIXOJIHOM UHTEpPeEiic (mopT) y37a;
- BBIXOJHOU UACHTU(UKATOD MaKeTa.

Pa6ora y3ma komMmyTanuu (MapupyTH3aTOp WK KOMMYTaTOp) COCTOUT B
TOM, 4TOOBI IO Mape BXOJHBIX JIaHHBIX (ITOPT, UACHTU(HUKATOP) HAUTH COOTBET-
CTBYIOIIYIO CTpOKY B TK 1 o HEl onpeaennuTh BEIXOAHOW NOPT U HOBBIW HJICHTH-
¢dbukatop nakera. Takum 00pa3om, Bce UJICHTU(PUKATOPHI UMEIOT TOJIBKO JIOKAJb-
HBIM XapakTep, T.€. IEUCTBYIOT TOJIbKO HA YYACTKE CETU MEXKY IBYMS y3JIaMHu.

Crpoxu TK (Tabnuua 3.2) hbopMupyIOTCS NPU MPOXOKIESHUHN IO CETH CUT-
HAJIBHOTO MaKeTa, OPraHU3YIOUIEro BUPTYAJIbHbBIN KaHall, 1 OCBOOOXKIAIOTCS 110
OKOHYaHHUH COEIMHEHUSI.

Tabnuua 3.2 Crpykrypa tabnuisl kommyTaiuu (TK)

Bx. nHTep- BXx. nnenru- Brix. unTep- BoIX. naen-
detic buK. detic TU(DUK.
192.168.23.1 917 89.223.67.131 403

192.168.23.12 701 192.168.23.1 210

3.3 [IpuHuuns! Mapmpytu3anuu B cetax Kl

OCHOBHOI NPUHLIUIT MAPUIPYTU3ALMH B CETH 3BYUUT JOCTATOYHO MPOCTO —
HY’KHO BBIOMPATh KpaTyallInil MyTh MEXIYy JBYMs MyHKTaMmu ceTh. [IpoOiemMsl
HAYMHAIOTCA MPU JKEJIAHUU ONPENIETUTh OOBEKTUBHYIO METPUKY JITMHBI ITyTH, T.€.
YTO UHTEPECYET IMOJIb30BATENS — KUJIOMETPBI, CeKyH 1bl, MOUT/C, HaZIE&KHOCTD,
CTOMMOCTb MJIM BCE Cpa3y B pa3HbIX BECOBBIX ITponopuusax. PaccMorpum 3t Bo-
MIPOCHI TIOJIpoOHEe.

[Ipexne Bcero — JuiMHa MyTH (HanpuMep, B KWJIOMETpax) MEHbLIE BCErO NH-
TEepeCcHa MOTPEOUTENIO CETEBBIX YCIyr. EMy BC€ paBHO: CO€IMHUIIM €TO IO CITyT-
HUKOBOMY KaHaiy (= 80 ThIC. KM) WJIH 110 KaOeto JJIMHON B 5 KM, pasyMeeTcs,
IIPU NPOYMX PABHBIX YCIOBUAX. BOIIPOC 0 paccTOSHUAX MEXIY y3J1aMH OYEHb Ba-
YKEH JJI CTPOUTEIIEH, TPOKIIAIbIBAIOIINX KaOeIb UJIM PACCUUTHIBAIOIINUX JaJTb-
HOCTb JI€UCTBUS paauo JuHUU. [locie Toro kak ceTh NoCTpoeHa riaBHbIMU Mapa-
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METpaMu CTaHOBSITCSI BpEMS 3aJIePKKU COOOIIEHUS B CETU U MPOIMYCKHAs CIIOCO0-
HOCTb CETH.

Ha pannux sranax pa3sutus TK-ceTel yaliie BCero Kpardami MapipyT
OIpEAEsUICS 10 MUHUMYMY 4ucia nepenpuéMoB. Hanpumep, nporokon RIP
(Routing Information Protocol). B manpHefiniem crainm HCIoIb30BaTh MPOTOKOJIBI,
YUHUTBHIBAIOIINE KaHAIbHBIE CKOPOCTH. Tak Hanbosiee MPUMEHUMBIN TPOTOKOJ
OSPF (Open Shortest Path First) mognep:xnBaer cTaHIapTHYIO METpHKY: Fast
Ethernet — 1; Ethernet — 10; E1 — 50 u 1. 1. ComocTaBbTe ¢ IPOITYCKHBIMHU CIIOCO0-
HOCTAMHU 3THX cTanaapToB — 100, 10 u 2 MOut/c. B cOOTBETCTBUM € 3TON METpHU-
KOM, €CJIM HE YUUTBIBATH 3a/IEPKKH B y3J1aX, TO IyTh (PUCYHOK 3.2) yepe3 4 mno-
cliefioBaTeNIbHBIX KaHaina Ethernet (amuHa 40) mpeamnouTuTenbHEe OTHOTO KaHaa

E1 (nmuna 50).
El
() e )

AO Al
Eth t

YK

vK Eth Eth

Pucynok 3.2 Cxema BbIOOpa KpaT4auiliero myTu

Ho srot xopommii mpoOTOKOJI UMEET OANH CYIIECTBEHHBIN HEJJOCTATOK — OH
HE YYUTHIBAET CTENEHb 3arpy3Ku KaHAIOB. Tak B cxeme (pucyHok 3.2), eciiu oJIuH
u3 4-x kanajioB Ethernet 3arpyxen Ha 90%, To ero peanbHas IPOMYCKHas CIIOCO0-
HOCTh coctaButT 10% ot 10 M6uT/c, T.€. Bcero 1 Mout/c. B aTom ciydae, ipu
cBoOoHOCTH KaHaia E1 sydiiie ncrnonp30BaTh BEpXHUM (Ha cXeMe) MyTh.

ITpotokon IGRP (Interior Gateway Routing Protocol) ucross3yer 0606-
HIEHHYIO METPUKY, YUYUTHIBAIOUIYIO KaK HOMHUHAJIbHBIE KAHAJIbHBIE CKOPOCTH T10
MapuIpyTy, Tak U CTENEHb 3arpy3Ku 3TUX KaHaloB. Hike naércs onuvcanue anro-
putMma IGRP, HeCckoIbKO YyHIPOIIEHHOTO B Y4EOHBIX HESIX.

JImHA yTH OMpEeNeNsIeTCs Kak CyMMa JIBYX CJIaraéMbIX, OJHO U3 KOTOPBIX
3aBUCHUT OT 3()(PEKTUBHOM NMPOIYCKHOM CIOCOOHOCTH KaHaia, a APyroe — oT Bpe-
MEHU 3aJIePKKU MaKeTa:

R= Rnpon_cn + R3anep>1<1<1/1 = K1 / Be + K2 Dc ) (1)
rae DC — Bpems 3aiepkku NakeTa B JaHHOM ITyTH ISl He3arpy>KeHHOM ceTu
(Mc);

Be — s dextuBHAS mpomyckHas CTOCOOHOCTH KaHala (CKOPOCTh JJISI CaMOT0
MeJIJICHHOTO KaHaja B mytn). Be = C (1 — Z);

C — HOMUHaJIbHAs KaHAJIbHAsI CKOPOCTB;

Z — cTeneHb 3arpy>KeHHOCTU KaHajla B JaHHBII MOMEHT.

Takum o6pazom Be — 310 MuHMMAaNbHas CBOOOHAS TIPOITYCKHASI CTIOCO0-
HOCTh KaHaja B BeiOpanHoM mytu (MOuT/c).

K1 u K7 — KOHCTaHTBI, onipeiesstonre Bec (3HaUuuMOCTh) MPOITYCKHOM CIO-
COOHOCTH M 3aJIeP>KKHU JIJIs1 pa3HbIX BUIOB Tpaduka. [Ipumem miis naHHON pabOThHI
Kl = 104, Kz = 1.
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Hanpumep, ecnu naket jymuHoi B 500 6aiT nepegaéres 1o myTH, COCTOS -
neMy u3 3-X He3arpy>KeHHbIX (o4epeid OTCYTCTBYIOT) BeTBer Vi, V2, V3 3a 70
MC, TO Rsanepracn = 70. [laniee, mycTh IpOnycKHbIE CHOCOOHOCTH BETBEM COOTBET-
ctBeHHO paBHbl C1 = 10 M6ut/c, C, = 100 Mowut/c, C3 = 155,52 Mbwurt/c, a crene-
HU 3arpy>KEHHOCTH KaHAJIOB B TaHHBIA MOMEHT paBHbl Z1 = 0,1, Z,=0,6 m Z3=
0,8. Torma momy4uum 3¢ HEeKTUBHBIE MPOMYCKHBIE CIIOCOOHOCTH KaHAJIOB PaBHBIC
Be; = 9 Mowurt/c, Be; = 40 Mout/c u Be; = 31,1 Mowut/c. Y3 aTux Tpéx mocnemnoBa-
TEJIHLHO BKIIOUEHHBIX BETBEH HAMMEHBIIIEH TPOIMTYCKHON CIOCOOHOCTRIO 00agaeT
nepBasi BeTBb — 9 Mout/c. UMeHHO 0Ha OyAeT OnpeAesaTh MPOMYCKHYIO CIIOCO0-
HOCTb Bcero myTu. I1oaromy i mepBoro ciaaraeMoro moiay4um 3Ha4€HUs Rupon cn
=Ki/Be; =10%9 =111, a o6mas mmna no popmyne (1) cocrasur 181.

AHanoruyHelie pacy€Thl HY>KHO ITPOBECTH JIJIs1 BCEX MyTEH, COSTUHSIONINX
JIB€ BHIOpAHHbBIE TOUKH, U MTyTh C HANMEHBIINM 3HadeHUEM R Oyner kpatyaiiimm
MapHIpyTOM 0 0000IIEHHOMY KPUTEPUIO: TIPOITYCKHAS CIIOCOOHOCTD + BpeMsI 3a-
JEPKKH.

4 CpaBHenue 3p(HEKTUBHOCTH CIIOCOO0B KOMMYTAIIHH

[Tpu ananuze a3ppextuBHocTr TK-cereit HEOOXOAMMO paccMaTpUBaTh JIBE
TPyl XapaKTePUCTHK:

- o011IeCeTeBbIE — MTPOITYCKHAsl CHIOCOOHOCTh, HaJIEKHOCTh, )KUBYUECTh, Ka-
nutaibHbie (CAPEX) u skcrutyatannonnsie (OPEX) 3arpatel, Bpems peakiinu Ha
U3MEHEHUS B CTPYKTYpE U MapaMeTpax CETU U JAPYTHE;

- I0JIb30BATEIbCKHUE (MHAUBUIYAJIbHBIE) — BpEMS 3a/IEPKKHU COOOILIEHUS B
CETH, BEPOSATHOCTH MOTEPU MAKETOB, BEPOSITHOCTh MCKAKCHHSI TAKETOB, BPEMSI
YCTaHOBJICHHSI COSIMHEHUS U IPYTHE.

Cnoco6 kommyTtanuu cooOennit (KC) MOXHO UCKIIOYUTH U3 AETAIBHOTO
aHaln3a, Tak Kak B MPOIIETyPHOM OTHOIICHUH OH OYCHB MOX0XK Ha KOMMYTAIIHUIO
nakeToB (Mo3TanHas nepegaya MHPOpMaluu OT y3J1a K Y31y € 3alIUChIO €€ B Ia-
MSTh y3J1a), HO MHOTOKPATHO YCTYIAeT € 1o rJIaBHOMY MapaMeTpy — BpEMEHHU 3a-
nepku B cetu. [Ipuuém 310 Bpems Tem Ooliblie, yeM 00Jbliie TPOMEXKYTOUHBIX
y3JI0B U YeM JUIMHHEE COOOIEHUE, TaK KaK 3alliChIBaTh COOOIIEHUE B MAMSTh y3-
JIOB MPUXOAMUTCA B KXKIOM y3ie. B cBs3u ¢ a3tum npumenenue crnocoda KC B co-
BpeMeHHbIX TK-ceTsx orpannuuBaercs nepeaadeii KOpoTkux coobmenuii (64-100
0ailiT) TAKUX KaK CUTHaJIbHAs HH(OpMAaLKs B IPOTOKOJIaX BCEX YPOBHEMH, Tee-
TpaMMBbI U T.1I.

Cnoco6 kommytanuu kaHanoB (KK) no3Bosiser Bcio AOCTYIHYIO MOJIOCY Ka-
HaJia pa3fAeNuTh MEXy aKTHBHBIMU MOJE30BATEISIMH, TTPEIOCTABUB KAXKIAOMY U3
HUX B MOHOIIOJIEHOE BJIaJIeHUE HEOOXOAUMYIO TIPOMYCKHYIO CITOCOOHOCTh Ha BCE
Bpems coenrHeHuss. Crocod KK Obu1 rocroacTByrommumM cnocoooM 6osiee cTa Jiet
He Tosbko oTomy, uTo st KC u KII He Ob110 COOTBETCTBYIOIIEH TEXHOJIOTHYE-
CKOM MOAMIEPIKKH, HO U IOTOMY, YTO OH UJCATBHO TOIXOAMII s Tene(OHHBIX
pa3roBOpPOB, T.€. AJis1 MOTOKOBBIX BUIOB Tpaduka. TenedoHHbIE CETH CTPOMIHCH Ha
0a3e TpakToB, COAEPKAIINX COTHH, THICSIUU U IaXKe IECATKU THICSIY y3KOMOJIOCHBIX
ka"asoB. Ho ecnu o Takomy kanany (Harnpumep, OLIK ¢ monocoit 64 x6ut/c) me-
penaBathb coobiieHrne oobEMoM B 4 MOaiiTa, To noTpedyercs 6os1ee §-MU MUHYT.
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B otnuune oT moTokoBbIX BUIOB Tpaduka (ay1uo, BUI€0), TpaduK JaHHBIX
MMeeT BCIIECKOBBIN XapaKTep, KOrjaa rnepeaayda uid npuém OOJbIIUX MACCUBOB
JAHHBIX YEPeIyIOTCSI MUHYTaMU WX 00pab0oTKU U aHanu3a. B aTom ciyyae meneco-
oOpa3Ha Takasi TEXHOJIOTHS, PU KOTOPOH BCs AOCTYIHAS MOJIOCAa KaHalla Ipe/Io-
CTaBJISIETCS HA KOPOTKOE BpEMs OJHOMY MAKETy (COOOIIEHHIO), IOTOM JIPYroMy U
T.1. MOXHO MpeacTaBUTh cede mocce, pa3ieaéHHOe Ha OT/AETbHBIC BETOCUTICTHBIC
nopoxku (KK), nmu To e mocce mo kotopomy muatcs ¢ypsl. To xe camoe co-
obmenue B 4 MGaiita no xkanany B 10 I'6ut/c Gyner nepegano 3a 3,2 mc.

C npyroii croponsl, mpu KK y aboHeHTa, MOayduBIIero KaHai, He OyeT
HUKaKUX HETPEIBUACHHBIX 3a/Iep:KeK (MMOBPEXKACHUS U IIpoYee 3/1eCh HE paccMaT-
pHUBaloOTCs) U nepegava coodienus oyner qoseaeHa 1o koHna. [pu KC wnm KIl 'y
y3J1a B HY>)KHOM HaIlpaBJIe€HUU UMEETCS TOJIBKO OJHMH (HO IIMPOKOMOJIOCHBIN) Ka-
HaJ, U €CJIU OH 3aHST Mepeslayeii Apyroro nakera, To ooOpazyeTcsi ouepeib, pa3me-
PBI KOTOPOM 3aBUCAT OT HOTOKOBOW CUTYyallUU. DTOT (PAKT SIBISIETCA TJIABHOM MPO-
OJieMo¥ 1J1 ceTell KOMMYyTaIlMy MAaKeTOB, B TOM YKcIie U i cetu Internet, tak
KaK IPUBOJIUT K HENPEJICKa3yeMbIM 3a/I€PKKaM B CETH.

CpaBHeHI/IC KOMMYTallu1 KaHAJIOB 1 KOMMYTAaIlUH IIaKCTOB

KommyTanus kaHanoB

["apanTupoBaHHas MPOITYCKHAs CIIOCO0-
HOCTb (T10J10Ca) SISl B3aUMOCHCTBYIO-
MUX a00HEHTOB

CeTb MOXKeT OTKa3aTh A0OHEHTY B yCTa-
HOBJICHUM COEUHEHUS

Tpaduk peanbHOTO BpeMEHH ITepeIaeT-
cs1 6e3 3a7IepIKeK

Anpec ucnop3yeTcs TONBKO Ha ATare
YCTaHOBJICHHSI COETUHEHUS

KommyTranus makeros

[IpomyckHasi CHOCOOHOCTH CETH ISt
a0OHEHTOB HEU3BECTHA, 3aJICPIKKHU Tepe-
Jlauyy HOCST CIy4alHbIA XapaKTep

Cetb Bcerzia roTOBa IPUHATH JaHHBIC OT
aboHeHTa

Pecypchl cetn ncnonab3yroTcs adhdek-
TUBHO TIPH Tepeaade MyIbCUPYIOIIETO
Tpaduka

AJipec niepenaercs ¢ KaxIplM aKeTOM

5 Pacuér BpeMeHHU nepeaur MakeToB U COOOIICHUM B CETH.

5.1 Ilepemaya nakeTa MEXy y3JIaMH CETH.

PaccMoTpum TUIIHYHYIO CXE€MY 3B€HA ME€peIavu JaHHbBIX, COCTOSIIETO U3
JIBYX Y3JI0B (KOMMYTaTOPbI WJIM MAPLIPYTU3ATOPHI) U COSTUHSIONIETO UX KaHaja

nepenaun aaHHbix (KII). Pucynok 5.1.

Jnuna maketa coctasisiet L 6aiTt, ckopocTs kaHana C OuT/c, paccTosiHUE

Mexay y3iaamu — R kM.
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V3en A 1101000100........ 01101 V3en B

A4

R =

Pucynok 5.1 Cxema 3BeHa niepeiayu JaHHBIX

J{nst onpeneIiEHHOCTH pacCuuTaeM BpeMs MEXITYy MOMEHTOM, KOT/1a IMaKeT
3amucasics B mamsiTh y3ia A (Ha pucyHke M), 10 MOMEHTa ero MOoJIHOM 3alucH B
namsTh y3i1a B. YponEnao 3To Bpemsi MOKHO IPUHSTH COCTOSIIUM U3 4-X ya-
CTEH:

Tnpn = t131)160pa + tO)KI/IIlaHI/ISI + tnepeMemeHHs[ + tpaCHpOCTp + tKaHaﬂa

rae teu6opa — BpeMst BBIOOpa HaIlpaBJICHUS JalbHEHIIeH Tepeiadu ocTy-
MUBIIIETO MaKeTa. DTO BpeMs, B IEPBYIO OUEPE/Ib, 3aBUCUT OT MPOU3BOIUTEIHHO-
CTH TPOIECCopa y3ja KOMMYTAIMU U OT 00bEMa ajpecHoi Tabnuiibl. OpueHTUpy-
SCh Ha TEXHUYECKUE XapaKTEPUCTUKU COBPEMEHHBIX KOMMYTATOPOB (MapIIpyTH-
3aTOpPOB), 00pabaTHIBAIOIIUX JIECITKU U J1a’K€ COTHU MUJIJIMOHOB MAKETOB B CEKYH-
1y (BO3MOYKHO C pacnapajuieIiBaHUEM MPOIEAypbl BHIYMCICHUMN 110 HECKOJIBKUM
MUKPOTIpOIIeccopaM), TpUMEM B JAIbHEHIITNX pacuéTax 3TO BPEMs PaBHBIM

tBLI60pa = 2 MKC.

{oxmmanns — BPEMS OXKHIAHHUS 10 OCBOOOKICHHUS KaHalla OT MepeIadyn paHee
MOCTYIHUBIIUX MAKETOB. ITO BPEMS 3aBUCHUT OT OUYEHb OOJIBIIOTO YKCIia TapaMeT-
pOB (MIOTOKU B CETH, TATOTCHUS MEXKTy aDOHEHTaMH, KOH(UTYpallUs CETH, TPHO-
PUTETHI U JIp.), pacCMaTpuBaeMbIX B aucuuiuinae Teopus tenerpaduka. [IpoBeném
Halll pacy€T B MPEANOJIOKEHNUH, YTO OUEPEAb OTCYTCTBYET U MAKET MOCIIE ONpee-
JICHHsI HAIpaBJICHUS Tepeaad HEMEIJICHHO MOCTYIaeT B KaHall, T.€. {oxunamus = 0.

tiepememenns — KaK MPABIIIO MAMSTH Y3J1a HE JIOKATH3YETCsI (GPH3UIECKH B OJ1-
HOM MecTe. /{151 pacnapaienuBaHus npoiecca 00padoTKU MaKeTOB MOPThI KOM-
MYTaTOPOB ¥ MapIIPyTU3aTOPOB CTPOSTCS MO MUKPOIPOLIECCOPHOM CXEMe, BKITIO-
YaIOIIyI0 NaMsATh MpUEéMa U BbIJa4 TAKETOB. ITO BpeMs 3aBUCHUT OT TPEOyeMOTo
OBICTPOJCHCTBHS y371a U, KaK IPaBUJIO, HEBEIUKO (OT HECKOJIBKUX MUKPOCEKYH/T
JI0 HECKOJIBKUX JIECSITKOB MUKPOCEKYHT). B nanpHeNmmnx pacuérax npuMeM 3T0

BpeMs paBHBIM lnepememenns = 10 MKC.

tpacpoctp — ATO BpeMst pacpOCTpaHEHUsI CUTHAJIA (3JIEKTPOMArHUTHOM BOJI-
Hbl) 110 pusnueckoii cpeae KII. Ono 3aBucut ot paccrosaust R Mexay y3namu u
OT CKOPOCTH pacnpocTpanenus IMB B cpejie, KOTOpyro 11 KaOeIbHbIX JTUHUM
4acTo MpUHUMAIOT paBHOM V = 200 ThIC. KM/C (/7151 paano JuHMM 3TO U3BECTHAS
ckopocTb cBeta — 300 ThIc. KM/C). Toraa Bpemsi pacipOCTpaHEHHsI ONIPEACIUTCS
KaK Upacrpoerp = RIV.

tkanana — TO BpeMsi IPOXOXKIICHHS MTAKETA Yepe3 KaHall, KOHKpPETHee — Yepe3
J1100YI0 €ro TOUKY, HalpuMep, 4epe3 TOUKy Bxoja B nopT y3ia B. MHorna sto
BpEMs Ha3bIBAIOT BpeMeHeM Oy(depusaiuu nakera ¢ OUTOBOW CKOPOCThIO IPOTO-
koja. OHO 3aBUCHUT OT JUIMHBI MTAKeTa U KaHAJIbHOW CKOPOCTH U PABHO
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tkanana = 8 L/C, e L — nnuHa makera B Oaiitax, a C — kaHaJIbHAsE CKOPOCTh B OU-
tax. Hanpumep, BpeMst npoxokaeHus nakera jyuHou L = 500 6aiiT uepe3 ToOuky
BxoJ1a B y3el B o kanany Fast Ethernet (100 M6uT/c) cocraBiset

txanana = 8*500/100*10°° = 40 mxc.

5.2 [lepenaya cooOIIEHHS B CETU C KOMMYTaIlMel KaHAJIOB

[Ipouecc nepenauu coobmenus B cetu KK cocrout u3 tpéx ¢as:

- YCTAHOBJICHUE COCITUHEHUS;

- iepegavya uHGpopMaluu;

- pa3beAMHEHUE.

Paccmotpum cetb ¢ KK, ipencrasiennyro Ha pucyske 5.1. Tepmunan AO
NOAKITIOYEH K Y311y Y 1 (MapuipyTHU3aTop, KOMMYTaTop, MyJIbTHUIUIEKCOP) KAaHAJIOM
noctyna E1 (2 Mour,c). AHaJIOTHYHBIM KaHAJIOM JIOCTYTa MOJKIIOUEH K Y31y Y5
tepMuHan All. MexXy3/10Bbl€ COETMHUTENbHBIEC JIMHUU COJIEPHKAT IMTyUYKH KaHAJIOB
E1l, yucio KOTOpbIX pacCYMTHIBAETCS B 3aBUCUMOCTH OT Tpaduka u TpeOOBaHUM 1O
KauecTBY OOCITyKMUBaHUSI METOJIaMU TEOPHUH TeJeTpauka.

[Ipennosioxum, 4to B MOMEHT BbI30Ba OT AO k All eTMHCTBEHHBIM ITYyTEM
Mexay y3namu Y1 u V5, conepxanium cBoOoaHbIC KaHalbl El, sBisieTcs mMyTh,
MOKa3aHHbBIA HAa CXEME KUPHBIMU JIUHUSIMHU.

Pucynok 5.1 Cxema cetu ¢ KOMMyTalen KaHaloOB

YcTaHoBIEHUE COEIMHEHUS TPOU3BOAUTCS C IIOMONIBIO MEPEAAUN MEKIY
y3JaMU KOMMYTallMU IO BBIOPAaHHOMY MapIIpyTy CUTHAIBHOTO COOOIIEeHUs (00b-
ém = 100 Oaiit), coaeprKallero agpec nojaydaresis U Ipyrue arpuoyThl, HEOOXOAH-
MbI€ JIJIsl UCMIOJIB3YEMOT0 MPOTOKOJIA. J[J11 OIIEHKH 3TOT0 BpEMEHHU HYKHO Ompe/ie-
JIUTH MYTh, TPOXOAUMBINA cUTHATKHBIM coobienrneM (CC) oT abOHEHTa OTIPaBU-
tenst (AO) o abonenta nonyuarens (All) uepes y3nel kommyTtarnuu (YK) cetu B
o0e cToponsl. B Hamem ciydae 3ToT myTh TPOUAET MO 1IeTovKe 3BeHbeB AO-Y 1-
V6-Y4-V3-V5-All-Y5-Y3-Y4-V6-Y1-AO, a BpemMsl yCTaHOBJIEHUS COEAMHEHUS
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(Tyer) ompenenurcs kak cymma BpeMéEH nepenauu (Trp,) B KaX10M 3BEHE, paccuu-
THIBAEMBIX 10 1. 5.1.

[Tocne ycTaHOBIEHHS COEIMHEHNS HAYMHACTCSl COOCTBEHHO Tepeiaya co-
o01eHus, BpeMst KOTOPOH KaK Trpy = tpacnpocrp + tianana: 38€Ch: tpacnpocrp — BpEMs
pacnpoctpanenuss OMB no Bcemy nmyt oT AO 10 All a tganana — BpEMsI epegadu
COOOIICHHMS TI0 KaHAITY, ONPEACIIEMOE KaK txanana = 8Ll coosw /C, Tae C — KaHaTBHAS
CKOpOCTh (B HameM cirydae 2 Mut/c). HanmoMHNM, 9T0 HEOOXOIUMBIM YCIIOBHEM
paboTsl cetu ¢ KK siBisieTcst paBeHCTBO KaHATBHBIX CKOPOCTEH B Ka)KJIOM 3BEHE
MyTH.

Tak kak (haza pa3beIMHECHHS HE BIUSET Ha BPEMS JOCTABKH COOOIIEHUS 710
Al To MOXHO onpenesnuTsh 3T0 BpeMs KaK Trocric = Tyer + teanana. Bpems pacupo-
CTpaHEHHUsI OIIPECINIAECTCS B COOTBETCTBUU C MAaTPUIIEH MEXKY3JIOBBIX PACCTOSTHUMN
o ¢popmynam m.5.1.

Cetb ¢ KK ¢ Touku 3penus Teopuu Tenerpaduka GyHKIIMOHUPYET KaK CH-
CTEMa C MOTEPSIMU: €CJIH JI1 YCTAHOBIICHHS] COEIMHEHUS B MOMEHT BbI30Ba OTCYT-
CTBYIOT MapuIpyThl U3 BETBEH CO CBOOOIHBIMU KaHAJIaMU, TO BHI30B Oy/ET MmoTe-
psiH. BeposiTHOCTH NMOTEpPH BHI30BA — IVIABHBIN MOKA3aTe/ b KAaUuecTBAa PpadoThl
cetu ¢ KK.

5.3 Ilepenaya cooOIIEHHS B CETH C KOMMYTaIIUEH MMaKeTOB

5.3.1 PexuM BUpPTyaapHOIO KaHaja

Paccmotpum cets ¢ K11, npencraBienHyto Ha pucyHke 5.2. Ha cxeme Bo3ine
KaKJIOTO KaHajla yKa3aHa ero MpomyckHasi cnocoOHocTsh. [Iponieaypa opranuzanuu
BUpTYyaJIbHOTO KaHaya aHajnornyHa cetu ¢ KK. Takum xe 06pa3om, HO B COOTBET-
ctBuH ¢ nmpotokoiaom TCP, Bermaércs ciykeOHOe coobiieHue (IMaKeT) ¢ aapecom
MOJIy4aTesis, KOTOpOe MPOXOIUT IO CETH B COOTBETCTBUU C TAOJIMUIIEH MapIIPyTH-
3a1mH (T.€. MO KpaTyailleMy B JaHHbII MOMEHT myTH). Ha pucyHke 5.2 BeTBH BbI-
OpaHHOTO MapIIpyTa MOKa3aHbl KUPHBIMU JUHUSAMHU. [Ipr 0OGpaTHOM MPOXOXKIe-
HUU CUTHAJIBHOTO MaKeTa (POPMUPYIOTCS CTPOKH B TAOIUIIAX KOMMYTAIIMK BCEX
y3JI0B BBIOPAHHOTO MyTH (CM. 1I. 3.2).

@ 10G/s

1G/s

Pucynok 5.2 Cxema peanuszanuu pexuMa BUPTYaTbHOTO KaHalla
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[Tocne ycTraHOBIEHUS COEIMHEHNSI HAUMHAETCS MOCIEI0BATENbHAS TIepeaada
COOOIICHHS B BUJIE 1IIEMIOYKH MAKETOB, COJAEPKAILMX JaHHbIE U 3aT0JIOBOK C UJICH-
TuduxaTopom. Bpems nepenaun cooOuieHus: OyJeT ONnpeaessiThCs CaMbIM Y3KUM
MeCcTOM MapiipyTa. B paccMarpuBaeMoit cxemMe 3TO KaHallbl I0CTYyIIa ¢ Mojaocoi 1
['6ut/c. Ho 3T0 cipaBeyinBO TOJBKO /JIsl HE3arpy>KeHHOM ceTu. B peanbHOM cuTy-
alll¥ BIIOJIHE BO3MOKHO, UTO B HAIIPABJICHUHU Y 3-Y S MOUYTH BCs MOJIOCA 3ape3ep-
BUPOBaHAa U CBOOOIHBIM ocTanoch Tobko 0,3 I'6ut/c. Torma mapmpyt V1-Y6-V7-
V5 MoxkeT okazarbcest 0osiee MpeanoUYTUTEIbHBIM.

Cers ¢ KII ¢ Touku 3penus Teopun Tenerpaduka GyHKIIMOHUPYET KaK CH-
CTEMA C OKUJAHUEM: €CJIM BIOpaHHBIN [ IEpe/lay MaKkeTa KaHaJl 3aHsT, TO MHa-
Ke rnomMenaercs B 0ydep 0xuaanus TaHHOTO y3ia U Oy/eT rnepejaH nocie HeKo-
TOpOU 3aepKKU. JJIMTEJIbHOCTD 3a/IePKKU B CETH — IVIABHbIN MOKAa3aTe/Ib Ka-
yecTtBa padorsl cetu ¢ KII.

5.3.2 JleWtarpaMMHBIN pPEKUM
B neiitarpammuom pexume KII nepegada cooOiieHust HAUMHAETCS Cpa3y
nocJie nepeaaun naketoB B AO ¢ TpaHCIIOPTHOTO YPOBHS Ha ceTeBoi 0e3 ycTa-
HoBJIeHHs coennHeHus Mexy AO n All IIpu 3TOM makeTsl B 3aBUCUMOCTH OT
KOH(UTypalyu CETH U MOTOKOBOM OOCTAHOBKM B JJAHHBIM MOMEHT MOTYT Ilepeaa-
BaTbCsA MEXy BXOAHBIM YK 1 BeIXoaHbIM YK 10 OTHOMY WIJIM HECKOJIBKUM
mapupytam. Coopka cooOLIEeH!s TPOU3BOAUTCS HAa TpaHCIOPTHOM ypoBHE All B
co0TBeTCTBUH C IpoTokosioM UDP u nponomxuTenbHOCTh 3TOM cOOpKU onpee-
JIMTCSI BpEMEHEM IPUXO0/Ia CaMOro 3ar03aloro nakera (He o0s3aTebHO MOCIIe-
HEro MakeTa B COOOIIECHHH).
PaccMoTtpuM 3TOT nporiecc Ha npumMepe cetu pucyHka 5.3. [Ipu atom Oyzaem
CUUTATh, YTO OIPAHUYEHHUS HA KOJIUYECTBO BOPACHIBAEMBIX B CETh ITAKETOB C IO-
MOIIBIO MEXAHU3MA CKOJIB3SIIIETO OKHA HE HAKIIAbIBAFOTCSI.

I11,114,117,I110
@ 10G/s @

I11,112...1110

I13,115,118,119

1G/s

Pucynok 5.3 Cxema npox0KIeHHUS MTaKETOB B IEUTATPAMMHOM PEKUME
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ITycte AO nomxen nepenath B All coobiienue, cocrosiee u3 10-u makeros
—I11....IT10. [Ins ynpouieHus aHajii3a pacCMOTPUM Cllydai, KOrja makeTsl 1o ce-
TH MPOXOJIAT MO TPEM HE3aBUCHUMBIM MapIIPyTaM:

-AO-V1-VY2-V3-V5-AIl

-AO-VY1-VY4-V5-AIl

-AO-V1-VY6-VY7-VY5—-AIL

[IpomyckHbIe CTOCOOHOCTH KaHAIOB yKa3aHbl B [ out/c.

B naHHOM city4yae npoBeJIeHHEe TOYHOIO pacu€Ta BpEMEHHU JOBEACHUS CO00-
HICHUS ABIIETCS BechbMa Tpyao&éMKoi 3aaaueit. [loaToMy nmpoBeaém HEOOMBIION
Ka4EeCTBEHHBIN aHAJIU3.

[IpucBonm Tpém MapiipyTaM Ha pUCYHKE 5.3 HyMEpalHiO CBEPXY BHU3 —
M1, M2, M3. 1o kakuM-TO TIpuYuHaM (IIPOMYCKHBIE CIIOCOOHOCTH, OUepeu U Ip.)
B M1 6nu10 HampaBieHo 4 nakera, B M2 — 2 u B M3 — 4. PaccmaTtpuBas cxemy,
MO>KHO 3aMETHUTh, YTO MPOMYCKHAsi CIOCOOHOCTh MyTH M2 Ha MOPSAOK HIKE, YEM
y nyteit M1 u M3. 310 o0bsicHsieTca HanmuureM B M2 caMoro MeijIeHHOTO KaHaia
B cetu — 100 M6uT/c. Iloaromy MOMeHTOM Havaa cOopku coobmenus B All
MOXxHO cunTaTh puxo B All nakera I16, a Bpemst mepegauun Bcero cooOIeHus
HY>KHO MCUHCJISITH C MOMEHTa BBOAA B kKaHa foctyna AO makera I11. Toraa o6-
niee BpeMs nepeiaun COOOIIeHUST ONPEACIUTCS KaK

Trpa_coosm = t6_a0-v1 + tne vi-va + the va-vs + tne vs-an

rze: ts ao-y1 — BpeMs Iepefaun 6-u NakeToB N0 KaHaIy JOCTYIa;
tre vi-va , the va-ys , tne vs-am — BpeMeHa nepenauu nakera [16 mo cooTBeTCTByIO-
UM KaHaiaM. Bce BpeMeHa pacCUMThIBAIOTCS MO0 METOAUKE 1. 5.1.

Takue co’)KHOCTH BO3HUKAIOT Jake 0e3 y4éTa BO3MOXKHOCTH TIEPECCUCHHUSI
mapuipytoB. Hanpumep, naker 16, 3actaB kanan Y4-Y5 3ansteim naketom 112,
MOXeET 000THATh €ro TpaH3uToM Y4-Y3-V5, u Toraa Hadasno cOopku OyeT omnpe-
nensTbes mo MoMeHTy npuxoja B All makera I12. T.e. yacTHbIe cityyau, pa3ou-
paThesl B KOTOPBIX AaKe UMes TOUYHYIO MapUIPYTHYIO IPOLIEAYPY U OOIIYIO CXEMY
MTOTOKOB HE UMEET CMBICIIA.

JIist u3ydeHust 3aBUCUMOCTH (DYHKIHOHAIBHBIX XapakTepucTuk TK-cetu ot
e€ mapaMeTpoB U KOH(PUTYpAIIMH MOKHO UCTOJIb30BATh TOJIBKO METO bl UMUTAIIH-
OHHOTO MOJAEJIUPOBAHUSA. AHATUTUUECKUE METO/IbI, B TOM YKCIIE U TEOPHUS TEJIe-
TpaduKa, sl CTOJIb MHOTOMEPHBIX 3371a4 HE PUMEHUMBI.

5.4 TenneHMKu MPUMEHEHHUS CTIOCOO0B KOMMYTAITUH

B Hacrosmee Bpems onpeaeniiach 4€TKas TEHAECHIN K KOHBEPTeHIINH
Bcex BUI0B MHGopmanroHHoro oomena B TK-ceTsx Ha 6a3e KOMMyTaluu mmaKe-
toB. Jlozynr All IP o3nauaet «Bcé uepes IP». 'maBHoe npeumyinectso KIT mepen
KK — Gonee BbicOKU KOA(DPUIIMEHT UCTIOIB30BaHUS KaHAIbHON €MKOCTH, UTO SIB-
JSIeTCS CIEICTBUEM PUMEHEHUS CUCTEM C OKUIAHUEM, KOTOphIe Beerna ahdex-
THBHEE CUCTEM C MOTEPAMU. A JIydlllee UCITOIb30BaHUE KAHAIBHON EMKOCTH BEAET
K OOJIbIIIEN MTPOIYCKHOM CITOCOOHOCTH CETH B LIEJIOM.
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Cnoco6 KK noxka emé rocrnoctByer B Tea€(OHHBIX CETAX OOIIETo MOJb30-
BaHMs, HO aKTUBHO BHepsieTcs |P-tenedonus. TenedonHbie onepaTophl XKIYT,
MoKa uMeroIeecst 000pynoBaHNue BoIpabOTAET CBOM pecypc, YTOObI MEPEUTH K
texHosoruu [P Multimedia Subsystem (IMS). B CIIIA 2018 rox 0603Ha4eH Kak
cpok nukBuAanuu Beex cucteM ¢ KK.

Ho e nazno 3a6wiBaTh 1 0 rmaBHOM HepocTaTke ciocoda KII - nenpenckasy-
eMble 3aJIep>KKU B Mpoliecce nepefayuu. J(eiao B ToM, 4To B OOIBIINX CUCTEMaX TH-
na Internet ¢ MmuIMOHaMU OJTHOBPEMEHHO MEPEIABAEMbBIX COOOIIEHUI HEBO3MOXK-
HO MPEJCKA3aTh, IJ€ U KAKHE BO3ZHUKHYT O4YEpPEIH.

ITo npumenumoctu nporokoaoB UDP (aeitrarpammusiii pexxum) u TCP
(pekuM BUPTYaJIbHOTO KaHalla), 0’KUJAETCsl, 4TO OYIyT UCTIOIb30BaHbl 00a. B
HACTOSIIIIEe BPEMsI IO CTATUCTHUKE:

- TCP ucnomnb3zyercs B 90% cinydaeB. B 0OCHOBHOM 3TO KIIMEHT-CEPBEPHBIC
OOMEHBI, TJIe BUPTYaJIbHbIN KaHaJ rapaHTUPYET OoJiee HaIEKHOE JOBE/ICHUE;

- UDP ucnons3yercs B 9% ciaydaeB. B OCHOBHOM 3TO MOTOKOBBIE BH/IbI
Tpaduka (ayauno, BUIEO), T/e 00Jiee BAXKHBIM SIBIISIETCA OBICTPOTA JIOCTABKH HH-
dbopmanyu 3a CUET pacnapaiIeIMBaHUs TOTOKOB, ITYCTh JAK€ U C HEKOTOPOH TO-
TE€pEU MAKETOB;

- ceTeBas ciry:xeOHast uHpopmanus — 1%.

6 CocTaB UCXOMHBIX JaHHBIX

J1st mpoBeIeHUS IPAKTUICCKUX 3aHATHA HEOOXOAMMO ONIPEICTUTh U BbI-
OpaTh CIeAyIOMNe UCXOTHbBIC TaHHbIC:

- KOH(UTYpaIUs aHATH3UPYEMON CeTH;

- MaTpHLA PACCTOSIHUM;

- MaTpuIla KaHAJIbHBIX CKOPOCTEH;

- MaTpUIla 3arPyKEHHOCTH KaHAJIOB;

- CKOpOCTH pacrpocTpaneHuss IMB B kabesix: B KaHamax JOCTyIa —
1,8*10° km/cek, B MarucTpanbHbIX KaHanax — 2*10° km/cek;

- BEPOATHOCTH IOTEPHU MakeTa B cetd — 1073;

- MapaMeTphl IepeaaBaeMoro coooienus — pororpadus 00bEMoM B 4
Moaiira;

7 3amaHue Ha MPAKTUYECKOE 3aHsATHE — aHAIN3 ceTn KK
7.1 llpunsaTh KOHGUTYPAIUIO CETH, TPEICTABIICHHYIO HAa PUCYHKE 5. 1.
7.2 CocTaBUTh MATPUILy PACCTOSIHUM, IPUHSIB:
- U151 KaHasoB poctyna — 100 m;
- TSI MEXKY3JIOBBIX JIMHUN — pacCTOSTHUE BBIOpATh MMPOU3BOJILHO B Mpeeax
1O 1 10 3 THIC. KM.
7.3 BriOpaTh nMpou3BOJILHO 3HAYEHNE KaHATLHON CKOPOCTHU CETU U3 JIMHEEK
PDH, SDH unu Ethernet.
7.4 PazaMep CUTHAJILHOTO MaKeTa MPUHSITH PABHBIM Loy = 100 Oaidt.
7.5 Pa3zmep niepenaBaeMoro cooOIEeHHs B3STh 10 11. 6.
7.6 CoctaBuTh TabMUILy BbIOOpa ImyTH I Kaxkaoro YK s ykazanHoro Ha
cxeme All. B xauectBe aapeca All BeiOpaTh mMpOU3BOJIBHBIN Tene()OHHbIN
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HoMmep. HanpaBnenus Bbigaun nepeHyMepoBaTh NPOU3BOJIBHO.

7.7 BeiOpatb kpatyaiimmii (o Bpemenu) nytb o AO no All

7.8 OnpenenuTh BpeMsl yCTAaHOBJICHHS COSTUHEHUS

7.9 OnpenenuTs BpeMs NepeIadn JaHHBIX

7.10 OnpeaenuTh BpeMs JI0BEICHUS COOOIIEHHUS IO CETH

7.11 Onpenenuth BpeMsi TOCTABKH COOOIIECHUS MEKTy a0OHEHTaMHU.

7.12 Ilosroputs nm. 7.1.7 -.7.1.11 nns ciay4yas OTCYyTCTBUS KaHAJIOB B KpaT-
YalIlIeM ITyTH.

Tabmuma 7.1. Tabnuna Be1Oopa nytu y3na Y4

Anpec Howmep namnpabienus JlmuHa yTH TI0 BpeMe-
ATl BBELJAYU HH, MC
863-211- 3 29

11-12

8 3agaHue Ha IpaKTUYECKOe 3aHsATUE — aHanu3 cetu KII

8.1 Onpenenenre NCXOIHBIX JTaHHBIX

8.1.1 IIpuHATH KOH(UTYpALIUIO CETH, IPEACTABICHHYIO Ha pUCYHKE 5.2.
8.1.2 CocTaBUTh MaTpUILly paCCTOSHUM, IPUHSB:

- U1 Ka"anoB goctyna — 100 m;

- JIUISl MEXKY3JIOBBIX JIMHUN — PAacCTOSTHUE BBIOPATh MTPOU3BOJIBHO B MPEACIIax
To 1 10 3 THIC. KM.

8.1.3 CocTaBUTh MAaTPUILy KaHATBHBIX CKOPOCTEM, BEIOMpAs MPOU3BOIHHO
cTaHmapTHbie 3Hadenus u3 nuneek PDH, SDH u Ethernet.

8.1.4 CocTaBUTh MAaTPUILy CTETICHH 3arpy>KEHHOCTH KaHAJIOB, BEIOMpAst MPO-
W3BOJIbHBIC 3HaUeHUA B nipeaenax ot 0,2 o 0,8.

8.1.5 Pazmep cUrHaJIbHOTO MaKeTa MPUHSTH PABHBIM Loy = 100 OaifT.

8.1.6 Pazmep nepenaBaeMoro cooOIIeHHs B3SITh M0 II. 6.

8.1.7 CocTaBuTh TabIUIy MapUIPyTU3ALMHK MO M. 3.1 1711 HECKOJIBKUX TOTY-
YyaTeJen.

8.1.8 Onpenenuth 001Iee YMCIIO TAKETOB B COOOILIEHUH B MTPEANOI0KEHNUH,
9TO JyTMHA MHPOPMAITMOHHOW YacTu nakera coctasisieT S00 0alToB.

8.1.9 CoctaBuTh TaOIUIy KOMMYTAILIUH 110 1. 3.2.

8.2 Iepenaua coobmenus crocooom KIT (TCP)

8.2.1 IlpuHATH ANIMHY 3arojI0BKa HHPOPMAIIMOHHOTO TTAaKeTa PaBHOM 2-M
Oatitam. Takoii 3aroJI0BOK MCIIOJIB3YETCS, HAPpUMeEp, B TexHosoruu Frame Relay.

8.2.2 PaccumTaTh BpeMsi OpraHu3alid BUPTYaJIbHOrO KaHala

8.2.3 PaccunTarh BpeMsl JOCTABKM OJJHOI'O MaKeTa JaHHbIX Mexay All

8.2.4 PaccumTaTh BpeMsl TOCTaBKH Bcero coodieHus: Mexay All.

[Tpumeuanue. BpeMms nepenadu cooOImeHus 0 BUPTyaIbHOMY KaHaly, B
OCHOBHOM, OTIPEICIIACTCS KaHAJIOM ¢ HAUMEHBIIEH MPOMYCKHON CITIOCOOHOCTBIO.
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8.3 [lepenaua coodmieHus ciocooom KIT (UDP)

PaccmotpeTs npouecce nepenaun cooOuieHust u3 20-1 MakeToB 10 ceTH (pu-
CYHOK 5.3), 0003Ha4iB MapUIpyT ABMKEHUS KaX10To nakeTa. Vcrnoib30BaTh Mak-
CUMAJIBHO BO3MO>KHO€ YHCIJIO MapuIpyToB. [IpoBecTr OpUEHTHPOBOYHYIO OLIEHKY
BPEMEHM JOBENECHUS CO00IIeH . [UIMHY 3aroJIoBKa OMPEEIIUTh 110
[Ipunoxenuro B

[Ipunoxenne A
Crartuctuka 1o jnuHaM |P-makeToB B 0aHKOBCKOM CEKTOPE

JlnuHbI makeToB, OAlTHI Hounst, %
0-63 25
64 — 127 28
128- 255 15
256 — 511 7
512 - 1023 2
1024 - 1517 23

[Tpunoxenue B
CraTtucTtuka 1o Bujaam Tpaduka

Bune! Tpaduka |
ois, %
KommbroTepst u Internet 3
3
Pa3Bneuenus 1
8
HoBoctu u CMU 9
busnec 7
My3bika 5
OcransHoe (ABTO, TOM, OTJIBIX, CIIOPT, HayKa, 00pa30BaHUE, CBA3b, 2
TPaHCIIOPT, MyTEIMIECTBUSA, KyJbTypa, HCKYCCTBO, JIUTEpATypa, 370POBhE, 8
00IIECTBO)

[Ipunoxenne C
CrpykTypa nHhOpMaIIMOHHOTO MakeTa (Kaapa)

K CrpyKTypa Kajapa |
Crpykrypa maketa ————>|
MAC- IP- TCP- JlaHnHbIe
azipec azapec aapec KonTp.pasp.

14 Gaiit 20 Gaitir 20 OaiitT ITo cutyauuu ITo npoTokoiry



