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BBEJEHHE

_umnn_,_ﬁmqﬁ:w,ﬁoag TEOpeTHYECKHE OCHOBBI I IIPAKTHYECKHE METOIbI
umooﬁ:wommzﬁ TeNeKOMMYHIKAIMOHHBIX CHCTEM M ceTell B 4acTH pacHe-
TOB =mﬁmzoq__uom ceTeil cBs3y W anaiusa Tpaduka. eas u 3afadu NpoeKTH-
poBaHusl CeTel CBA3M — O3HAKOMHTE CTYNCHTOB C 0COOEHHOCTAMNA MPOSKTH-
popasius 1Hppossx ATC ¢ ACNONL30BAHUEM IP-testepOHMM, H3YIHTh ITPUH-
LML IPOEKTHPOBAHNSA M IKCILTyaTalii cetell ¢BA3m 00ILErO MOMBL30OBAHNA.

OcHoBHO1 yueGHOM 1HTepaTypoii HO MPOCKTHPOBAHHIO ceTel CBA3M
apamoTes [1...7]. B 321898 KypcoBOTo MPOSKTHPOBAHHAA BXOMAT: pa3BHTHE Y
CTY[EHTOB HABEIKA HAYYHO-UCCIIENOBATENBCKOH 1 TPOCKTHO-KOHCTPYKTOP-
cko#t paboTsl B 0GNacTH CO3NAHMA CHOTEM CBA3M, nocTpoeHne HH(POBLIX
anekTpoHHbIX ATC, 03HaKOMJIEHHE C MPOTOKOJIAMM CTEKA OKC-7, 3HaKoM-
CTBO C METOaMH NPOEKTHPOBAHUSA CeTeH Hw-e.maoe.umxa H KOpPNOPaTHBHBIX
cereit [8...12].

B pamkax MpOEKTa CTYAEHTb 00fA3aHB! MPOW3BECTH pacieT Koiuie-
ctBa TpaktoB OKC-7, pacueT BpeMEHH 3a/ICpiKH, MHTEHCUBHOCTA H K03(-
duLMeHTa HCMOIB30BAHIA CUCTEMBL; H3YTHTH HAYYHO-TEXHUHYECKYIO JIKTE-
parypy. Peinaembie B paGoTe 3a1a4i HaNPaB/ICHRL HA W3ydeHHe ¥ 3aKperuie-
Hie 3HaHMi B 06IACTH MPOEKTHPOBaHMUsA CeTel CBA3M.

B xo0e BbITOJHEHUA MPOSKTHPOBAHNA ceTell CBA3H CTYAEHT HODKEH!

1) H3y4MTB BOTPOCH! pacueTa MPOM3BOAUTEILHOCTH y3iid JlocTyma,
TpeboBaHus K NPOM3BOJUTENBHOCTH MYIbTHCEPBUCHOTO y3i1a JoCTyTa;

2) 03HAKOMHTBCSI C TIOCTPOCHHEM LH(POBBIX HMEKTPOHHELX ATC;

3) NpoBECTH NMPOEKTHPOBAHHE CETH CBAM € naxeTHOI mepenaveii
IaHHBIX.

1. TEOPUSI TIPOEKTUPOBAHUA LIHPPOBBIX
CETE# CBA3U

1.1. TlpoekTuporaHne HHTE/LIEKTYAIbHbIX ceTeil CBS3H

B faHHOM paziene KypcoBOro NPOSKTUPOBAHHS PaccMaTpUBACTCA
Pymxumonupopanue LATC B pexume y3ia kKoMMyTalll yeayr SSP (Service
Switching Point) uHTeANEKTYaNbHOH CETH (UC, Intelligent Network) (puc.

L) [2s)

INAP

i

Puc. 1.1. - CTpYKTYpa HHTE/LIeKTYANBHOM CETH CBS3H
B uentpe UC HaxomuTes y3ell ynpaBieHus ycayrami SCP (Service
Control Point), cocpenoTOUABAIOIMIT BECh HHTEJINCKT CeTH H B3aUMOJIEH-
creyromuit uepes cetb OKC-7 ¢ KOMMYTaLMOHHBIMHU y3JIaMH 1 CTAaHLHAMH,
KoTOpbie B Tepmutax VC cTaini Ha3biBaThCA y3/laMH KoMMYyTauun ycayr SSP
[10,22]. B kommsiorepax SCP, Hapany ¢ Bazoii JaHHBIX, NPOrPaMMHPYETCA
11 TaK HasbiBaeMast TOTHKA YCHYT, COCTOSIIAA H3 CLCHAPHEB, ONHCHIBAIOMIMX

5




Ty WIIN HHYIO YCyTy. APXHTZKTYpPa WC BxnovaeT B cels eile ape na)Hbie
CHCTEMbL — Y3€M Cpefibl CO30aHMA YCIyr SCEP u y3en 3KCIIyaTauHoHHOTO
ynpasienua ycayrama SMP, kovopbie CTykat AfMA NPOTPAMMHEPOBAk
YCIYT ¥ 5718 PACCHUIKH NPOrpaMi il AaHHBIX, HeoOXOMMMBIX DT UX BBINOJL-
HEeHMSI, TI0 JTOTHYECKUM 0FBEKTaM, YUACTBYIOUHMM B MPOLIECCE NPeAocTaB e
His yesiy . JeTanbHo KOHIEr 1as UC uznowena 8 [1...18]. [lna moanepkKy
MHQOPMAUMOHHBIX [OTOKOE MEMULY Y3IaMy HC crneunduuposaH NpHKITAL-
HOM TPOTOKON HMHTEINEKTYANsHOH  CeTH INAP (intelligent Network
Application Protocol), koTopbili onpesemsisT CHHTAKCHC W CEMARTHIY BbI1bI-
_BAEMBIX Crnepaluil, Ha3HaYEHHEe 1 MOPANOK HX o6paborkn. IMporokon INAP
BBIPOC M3 TPAH3AKLUKH, MOMUEPKNBAIONINX BIAUMOACHCTBHE MENULY MO
oit ATC w 6asoit nanHbIx uepes ceth OKC-7. B HacTOsILEe BPEMA CH Ga3n-
pyercs Ha NPUKIAIHOM TPOTORONE MOAMCPIKKA tpanzakuuii (TCAP) 13
CTeKa NPOTOKOTIOB CUCTEMBI CHIHLIH3AINH OKC-7 (8, 21]. TIpoekTHpOBaAIHE
¥ PacueT CeTH CUrHANM3ALFY B COOTBETCTBHN C {117 nposonATCA WA ONpe-
fenenns obbema ofopyiosanus, Habopa MOACHCTEMBI CHIHAJKGAlH
OKC-7 w TabauL CHrHAMBHELIX MAPLIPYTOR HA KAKAOM MYHKTE CHIHAMKSA-
1. Pacuer CeTH CHIHATIM3ALMY BRINO/HASTCA UM K&XKACT0 ONepaTopa CeTi
CBA3M B OTENBHOCTH, a 3aTeld Mesi; Ay B3aUMOIENCTBYIOMHMH ONepaTopaMit
cereif ¢Bs13u. Mertoauka paceera ceti OKC-T BiuiouaeT CAeayrolns yraibl
[21].

1. Brop HCXOAHBE NAHHEIX.

2 TMocTpoerye NepEHUHOH TONONOTHH CETH T CHANH3ALM A,

3 PacueT cHrHAN:HOW HArpy3Kn.

4. OnpeneneHne OParMeHToR CeTH, NOANEKALKX U HE 01
NeKaax ONTHMH3AUR Y,

o Brifop BapHarTe MaplipyTHIaUMK 403 Qparvienta ceTi,

6. PacueT KaueCTRCHHBIX X2PaKTePUCTUK M YHCHA 3BEHLED
CHTHEAIHU3ALMK BO BCeX TWWUKAX (parmesa,

Ji Iporepka Pe3ynLTATOR ONTHMHU3ALUK.
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Tpu npoexrupoanun HC Tpefyercs NPOBECTH pacueT yucaa
curHansHbIx Tpaktos OKC-7 mexay SSP u SCP. C a0l UeNBIO HeobX0-
avmo [20]:

1) OTIPESeUTS CPEiHee YHCAC TPaHIAKLMHA Ha OZIHH BI30B;

2) onpenenunTs cpessee yncno IN AP-TpaH3akumui B ce-
KyHIY, NepelaBaeMbiX B OIHOM HANPaBICHUH,

3) PACCHMTAThL KONMUECTBO TPAKTOB OKC-7 mexay SSP u
SCP.

1.2 Tpoextuposanne cetu IP-renedonun

IP-Tenedorus — TeAeQOHHAS CBA3L 110 NPOTOKOTY IP. MMog [P-rene-
donneit nogpasyMenaeTcs HAG0P KOMMYHUKAUHCHEBIX NPOTOKOI0B, TEXHO-
TOTHiT ¥ MeTonoB, 00eceYUBAILHX TPAAHIHOHALIC 114 tenedonuy HaGop
HOMEpA, J03BOH ¥ IBYCTOPOHKEE [ON0COBOE obiierye, a Takke pupeoolule-
uue 10 cetd UuTepHeT win mo0biv apyruym [P-coTam. CurHan no KaHamy
cBA3Y MepeaaéTes B dPOBOM BHE H, KK NPaBUIIO, EPea nepeaaqeii npe-
obpazossiBaeTes (CxuMaETea) € TEM, yToBb! YBANUTE H30BLITOK HHpOpMa-
MK ¥ CHU3UTH HATPY3KY HA CeTh fepenaqs AatHbIX. Ceru IP-tenedosun
MPEeAOCTABAMOT BOIMOKHOCTH L5 BHI3OBOS HETHIPEX OCHOBHBIX THIIOE [9].

1. «Ot renedoHa K Tenedony». Beizos HAET ¢ TenedOHHOro arnapara
(TA) k ATC, Ha O/lMH U3 BBIXOLOB KOTOPO# TOJK/IFOYLH HUT03 [P-1enedo-
uuy, 1 Hepes IP-ceTh JOXOAUT 10 APYrOre mimosa, KOTOPBIH OCYIUECTBIAET
oGparHble NPeodpasoBanns.

2. «OT KoMnbIOTEPA K TesehOoHY». Mynp1MeaniHbii KOMIBIOTEP,
uMelomuil nporpaMMHoe  obeciieeHue [P-Tenie()OHMHM, 3BYKOBYIO IUIaTy
(amarTep), MEKPOGOH U AKYCTUMECKHE CHETEMDL, nopxmoyaercs k [P-cetn
MaK K cetnt MiTepHeT, i ¢ Ipyroi CTOPOHb: LLHO3 [P-TeneOHHH HMEET CO-
enuuenne uepes ATC ¢ TA.

CreayeT OTMETHTD, HTO B COEAMHEHILIX {-1'0 1 2-ro TUnoB BMECTO TA
MOTYT GbiTh BRIOUEHS! (akcHMIITbHBIE aNApatsl, A B 3TOM ciiydae ceTh IP-
renedoim goiKHa obecnepaTe epenay (paxcuMuIBHBIX COODLEHHH.
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3. «OT KoMIBIOTEPA K KOMIBIOTEPY». B 3TOM Chiyuae coennnenie
ycTaHaBiuBaeTes uepes IP-ceth MEXKLY NBYMA MYIbTHMEAUHHBIMH KOMITH-
joTepaMy, 060pyJOBaHHBIMH AMNApaTHEIMA W NPOTPaMMHLIMH CPEACTBAMH
ana pabotsl ¢ [P-Tenedonueit.

4. «Ot WEB-6paysepa x Tenedony». C passutsem cetd HHTepHET
CTasl BO3MOXEH JOCTYM | K peyeBbiM yciyram. Hampumep, Ha WEB-ctpa-
HULle HEKOTOpOil KoMnaHuu B pasnene «KoHTakTbDy pasMelaeTcs KHOTKa
«BBI30BY, HAYKAB Ha KOTOPYIO, MOXKHO OCYLIECTBUTL PEYEBOE COSAMHEHHE ©
npeJcTaBuTENeM IAHHON KoMITaHHH Ge3 HaGopa TeneporHoro Homepa, Cro-
MMOCTB TAKOrO 3BOHKA [ BbI3BIBAIOILErO MOL30BATE/A BXOAHT B CTOM-
mocTh paboTsl B ceT MHTEpHET.

Kasapiit Tepmunan B cetid TCP/IP umeer anpeca Tpex ypoBHEH.

I, dmsnueckuit (MAC-agpec) — JokambHbIH ajpec ysna,
onpe/ieAeMblil TEXHOJIOrHEeH, ¢ MOMOILBI0 KOTOPOI MOCTPOeHa OTACIbHAA
CeTh, B KOTOPYIO BXOAWT JaHHBIH y3en. Jlnist y3/i08, BXOQALIMX B JOKAIbHbIC
cern, — ato MAC-ajipec ceTeBOro ajanrtepa wix nopTa MapumipyTH3aTopa,
nanpamep 11-A0-17-3D-BC-01. Dty anpeca Ha3Ha4AIOTCA NPOUIBOAKTE-
naMi 060pYHOBaHUS W ABIAIOTCS YHUKaIbHBIMM aIpeCamu, TaK Kak ynpas-
JAIOTCA LEHTPaI30BaHo0. JI1A BCeX CYILECTBYIOUIMX TEXHOJOTHI JOKAb-
HbIx ceTelt MAC-anpec umeer opmar 6 Galtroe: crapiuue 3 Gaiita — HleH-
tidukaTop GUPMBI TPOM3BOANTENS, & MIafuue 3 OaifTa HASHAYAIOTCA YHU-
KaTbHBIM 0Opa3oM camuM mpoussonutenem, s y3nos, BXOAAWHKX B 70
Ganbisle ceTH, kmouaa X.25 nnu frame relay, nokanbHeld agpec Ha3zHava-
eTcs aAMHHHCTPATOPOM rinobanLHOM ceT.

2 Ceresoit (IP-anpec), cocrosuuit 13 4-x Gaiit, HanpuMep
109.26.17.100. Dot afpec UCMonb3yeTcs Ha ceTeBoM yposHe. OH Ha3Haua-
eTcsl aJMHMHHCTPATOPOM BO BpeMs KOH(UIypHPOBAHHS KOMIIBIOTEPOB H
MapuIpyTH3aTopoB. [P-afpec cocTouT W3 IBYX YacTeii: HoMepa CETH | HO-
mepa y3na. Homep ceru Moxer Geuih BbiGpan aaMHUHHCTPaToOpPOM MPOis-
BO/bHO MIM HA3HAYEH MO PEKOMEHIALHM CHeLuansHOro MOAPAsICICHs
Internet (Network Information Center, NIC), eciiu c€Tb fomKHA paboTath
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KaK cocTaBHas yacTb Internet. O6bIuHO MpoBaiinepsl ycayr Internet mony-
YaKOT IMana3ons! aapecos y noapasaencHuit NIC, a 3atem pacnpenensroT nx
MeX 1y CBOMMH aboHEHTaMH,

Howmep y3na B npotokone IP HazHayaeTcs He3aBUCUMO OT JIOKa/IbHOTO
anpeca ysna. [enenue IP-anpeca Ha roie HOMEpa CETH i HOMEpa y3J1a — rub-
KO€, ¥ FPaHKIIa MEX/Y THMH MOAAMM MOXKET yCTAHABIIMBATHLSA BECHMA MPO-
U3BONLHO. Y36l MOKET BXOAUTL B Heckonbko [P-cereit. B 3ToM ciiy4ae y3en
JIOTKEH MMETb HeckoJ1bko IP-aapecos, 1o uucity cetesbiX cBaseil. Takum 06-
pasom, [P-azpec xapakTepusyeT He OTAE/bHBLI KOMILIOTEP WK MapIIpyTH-
3aTOp, @ OJIHO CETEBOE COEAUHEHHE.

3. CumponbHblli (DNS-1uMs) — HOEHTUHUKATOP-HMs, Hanpu-
mep SERV1.IBM.COM. Drot ajpec Ha3HA4aeTes aAMUHUCTPATOPOM M CO-
CTOMT M3 HECKONbKHX YACTEil, HanpHUMep UMEHH MaluHHbI, UMEHH OpraHu3a-
umu, uMeHu nomena. Takoil anpec, Ha3bIBAEMBIH TAKKe DNS-umeHeM, Hc-
noap3yeTcs Ha MPUKIAJHOM YPOBHE, HarpuMep B MNPOTOKOJAX FTP wm
telnet.

IP-anpec umeer AnuHy 4 Gaiita H 0OBIYHO 3aMMCLIBAETCS B BUAE He-
TBIpEX YHCEN, NMPEeACTaBIAKIINX 3HAYEHUA KaX10ro Daiita B AECATHUHOMH
dopMe ¥ pa3feneHHbIX Toukamu, Hanpumep: 128.10.2.30 — TpaauUMOHHas
pecsiTMuHaa Gopma npencTasienus agpeca, 10000000 00001010 00000010
00011110 - gpouuHas (opma NpeacTaBIEHHs ITOrO Ke afpeca.

AZIPEC COCTOMT M3 JIBYX JIOTHYECKHX YacTell — HOMepa ceTH 1 HOMEpa
y3na B cetd. Kakas yacTh agpeca OTHOCHTCS K HOMEpY CETH, @ Kakas K HO-
Mepy y3na, OnpeaeNsercs 3HauCHUAMH NepBBIX GHTOB ajpeca.

« Ecnu appec HauuHaetes ¢ 0, TO ceTh OTHOCAT K KJlaccy A u HOMEp
CeTH 3aHMMaeT oMY Oaitt, octansHbie 3 6aliTa HHTEPTIPETHPYIOTCA KaK HO-
mep y3na B ceT. CeTH Knacca A HMEIOT HOMEpA B [HanasoHe oT 1 po 126.
(Homep 0 He HcnonbayeTes, a Homep 127 3ape3epBHpOBaH [T ClICLHATbHBIX
uenei, 0 uem OyeT ckasaHo Hike.) B ceTsx kiacca A KOJIHHECTBO Y3/10B
[0JKHO 6b1TE GoJibiie 216, HO HE NpeBbIIIaThH 224,




« Beny nepsbie npa OuUTa aapeca PaBHBL 10, To cers orHocHTCH K
knaccy Ei v sIBIAETCA CEThIO CPeLiHAX PasMEpOB C HHCIIOM Y3108 28 -216.B
ceTay knacca B moj aapec ceTH W Mof aapec ysiia OTBOAHTCA 1o 16 6uroB,
T.e. no 2 Gaiira.

« Ecnm ajipec HauHHIeTeA ¢ ToCnenoBaTe/IbHOCTH 110, To 310 CETH
knacca C ¢ umcrnoMm y37ios He Gonbiue 28. [Toa anpec ceTi OTBOLHTCA 24 Hura,
a mox aapec ysaa — 8 GuTon.

« Ecsu afpec HaMHHaeTCs ¢ MocNnel0BATE 1bHOCTH 1110, To oH ABJIA-
eTea aapecom kiacca D u 06o3HauaeT ocoObil, TpynnoBoH aapec — multicast.
Ecnu B NakeTe B KAYECTBE #jpeca Ha3HauyeHMA ykasaH aJlpec Kiacca D, To
TaKOH TAKEeT AOJIKHBI TIONYEHTE ECE Y3/bl, KOTOPbIM MPUCBOSH JaHHbI aj-
pec.

» BEcny afipec HaUHHACTO ¢ NOCASH0BATENBHOCTH 11110, To 3t0 aa-
pec kmacca E, oH 3ape3epsapoBaH W Oy ryiux npuMeHeHuil.

B rtaGnuile TIpUBEIcHL! NRAMA30HbI HOMEPOB ceTell, COOTBETCTBYIO-
LIMX KAACHOMY KJlaccy ceTed.

Knace Haumenbsuimii agpec HauGonsmmii aapec
A 01.0.0 * 126.0.0.0
B 128.0.0.0 191.255.0.0
C 192.0.1.0. 223.255.255.0
] 224.0.0.0 239.255.255.255
E 240.0.0.0 247.255.255255

B noporokone IP-ampec ysna, T.e agpec KOMMbIOTEPA Wik MOpTa
MapIIpyTH3aTOpa, Ha3HauasTCd MPOHM3BOJNBHO ANMMHUCTPATOPOM COTH H
MPAMO HE CBA3AH ¢ ero JIOKLIbHbIM a/IpECOM. TMoaxox, ucnonab3yemeld 3 1P,
yaoGHEO HCrONb30BaTh B KPYITHELX CETAX H MO NPHIMHE ero He3aBHCHMOCTH
oT hopMaTa JIOKANBHOrO 3/peca, W No MpHUHHE cTaBUIBHOCTH, TAK KaK B
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NPOTHBHOM C/ly4ae MpH CMEHE HA KOMMbIOTEPE (ETEBOro ANANTEPA ITH H3-
MEHEHUs HOMKHB! Obl GBUIM YUHTHIBATH BCS aAPECaThl BCRMMPHOA CeTH
Internet (B ToM cliydae, KOHEYHO, €C/IH CETh NOAKTIOHEHA K Internet).

JloxanbHblit aapec HCnonb3yercs B npoTokone IP ToNEKO B np2aenax
NIOKAIILHOI ceTH npyu o0OMeHe NaHHAIMA MEHLLY MappyTH3ATOPOM H y3/10M
37O ceTH, MapiupyTH3aTop, NOMy4MB NAaKeT 114 ¥3/1a OJIHOH U3 ceTeH, Heno-
CPeACTBEHHO NOAKTIOYCHHBIX K €rC MOpTam, A0MKeH AfiA nepeaati nakera
chopMupOBaTh Kaap B COOTBETCTBHM C TpeGOBAHUAMH NPUHATOH B 3TOH CeTH
TEXHOIOTHM H YKa3aTh B HeM JIOKQ/IbHBII a1pec vina, HanpuMep ero MAC-
azpec. B npuieinem makeTe 3TOT apec He yKazaH, N03TOMY Nepel Mapii-
PYTHZaTOPOM BCTAET 3a/1a4a MONCKA ero N0 HIBECTHOMY [P-appecy, KoTOpbIH
yKa3aH B l1aKeTe B KAaYeCTBE alpeca HasHAICHWA. C ananorudHol 3anadeit
CTANKWBAETCA H KOHEYHBIN y3e/l, KOTAa OH X04eT OTTPABUTDH NaKeT B y lalCH-
HYIO CeTh Uepe3 MaplIpyTH3aTOop, NOAKIOHCHHDI i1 1 TOl JKe TOKaIbHOM CeTH,
YTO W JaHHBIH Y31

Jlna onpeneneHns JIOKaNbHOTO afpeca fo [P-agpecy MCIOAL3YETCH
npoToKon paspelienusa aupeca Address Resolution Protocol, ARF. Cyuue-
CTBYET TakiKe TIPOTOKOJ, Peliaroii obpariyio 3agauy — HaxoxaeHue [P-
ajipeca Mo U3BECTHOMY JIOKAIBHOMY aipecy. OH Ha3LIBAETCSH PEBEPUHBHBIH
ARP — RARP (Reverse Address Resolution Protocol) # ucnone3yercs npy
crapre 6e3NMCKOBbIX CTAHLMi, HE 3HAIOWKY. B HauanbHbli MOMEHT CBOETO
[P-apipeca, HO 3HAIOLIMX aJpec CBOSro CETEsNro afanrepa.

V3ej1, KOTOPOMY HYKHO BBINOAHATS OTOGpaXKeHHE [P-anpeca Ha Jo-
kanbHbiA agpec, popmupyer ARP-3anpoc, BinaapiBaeT ero B Kaap nporo-
KOJIa KaHANBLHOrO YPOBHS, YKasbiBas B HeM u3BecTHblit IP-ampec, i paccei-
NAeT 3anpoc LMpokoBellaTeNtHo. Bee yinnl NOXANBHON CETH MOJIyualoT
ARP-3anpoc ¥ CpaBHMBAIOT Yka3aHHbIl TaM [P-anpec ¢ coberBermbiM. B
ciydae ux copnanenus ysen gopmupyer ARP-0TBET, B KOTOPOM yKa3EIBaCT
cBoit IP-anpec ¥ CBO#i JOKaIbHBI agpec W OTIPABISET €ro yXke Haflpas-
JeHHo, Tak kak B ARP-3anpoce OTpaBHTC/b yKa3bIBACT CBO# JIOKANbHBIH
anpec. ARP-3anpockl i OTBETbI HCIOJIBL3YIOT ONMH H TOT ke (popmar nakera.
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Tak Kak NOKAbHbEIE Apeca MOTYT B Pas3/IM4HbIX THNAX CeTel uMeTh pa3ind-
HYI0 JMHY, To (popmar nakera npotokona ARP sasucut or tina cetu. B
r106anbHBIX CeTAX AIMUHUCTPATOPY CETH Yallle BCero MPHXOAUTCS BPYUHYIO
dopmuposath ARP-Tabnuiibl, B KOTOPLIX OH 3aJaeT, HANPAMEpP, COOTBET-
cteue IP-anpeca agpecy y3na cetd X.25, KOTOPbIit HMEET CMBICII JIOKANILHOTO
anpeca. B nocnenHee BpeMsa HaMETH/IACh TEHACHIIAA ABTOMATH3A LMK paboTbl
npotokona ARP u B rnobanbHeix ceTax. [Uis 5T0i Lemyu Cpean Beex mMapii-
PYTH3aTOPOB, NMOKIIOUEHHBIX K KaKOH-/THG0 r10GanbHOM CeTH, BbIAEIACTCS
CrielManBHBI MapuIpyTH3aTop, kotopeiii Bener ARP-tabnuuy mns Beex
OCTAbHBIX Y3/I0B M MapIIpyTH3aTOPOB 3710l ceTH. [Ipi TakoM LeHTpanu30-
BAHHOM TOAXOMAE [UIA BCEX Y3IOB M MapLIPYTH3ATOPOB BPYMHYHO HYMHO 33~
naTh TONABKO [P-aapec W NOKaIbHbIA aApec BbIAEAEHHOI0 MaplpyTH3aTopa.
3aTeM KaxIblil Y3€/ 1 MaplIpyTU3aTOP PErHCTPHPYET CBOU aJipeca B Bbiae-
JIEHHOM MapLIpyTH3aTope, a NpH HEOOXOAUMOCTH YCTaHOBICHUA COOTBET-
cTBUs Mexay [P-ampecom ¥ JTOKanbHBIM aIpecoM y3en 00palliaeTca k Bblie-
JIEHHOMY MapLIpyTH3aTOpy € 3anpocoM M aBTOMAaTH4ECKM MONYy4aeT OTBeT
6e3 yqacTHa aAMHHUCTPATOPA.

Ha naHHbI MOMEHT CYUIECTBYET HECKOJBKO CTaHIApPTH30BAHHbLIX
MPOTOKOJOB, HAa 6a3¢ KOTOPHIX CTPOATCA CHCTEMBI [P-tenedorun. Pacemor-
pum obbexTsl mpotokona H.323, onpeaensiomero 0a30By10 apXHUTEKTYPY
CETH TepeIadu My IbTHMENHATaHHBIX (PHC. 1.2) [9...19].

{ ._oﬂ..:..ba'/
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Puc 1.2. Bosmoxnas erpykrypa H.323-cetn
K umcny oObektoB mnporokona H.323 OTHOCATCA: TEpMUHaj
(Terminal), wwmos (Gataway), ycTpoHCTBO ynpaBieHHA KoH(pepeHnaMu
(Multipoint Control Unit - MCU) u npuBpaTHHK (GateKeeper). Tepmunan —
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OKOHEYHOe MyabTuMeauiinoe H.323-ycTpoiicTBO nonb3oBaTensa MoxKeT 6biTh
KaK MporpaMMHbIM (MPUIIOKEHHe Ha KOMIbIOTEpe), Tak U annapatHbiM — TA.
TepMuHanamM MOTYT Ha3HAUATHCA OQMH WIIM HECKOJILKO MCEBAOHUMOB (HO-
mepa TenedoHoB, Hazpauua). 11Imo3 — ycTpoHCTBO, NpenHasHauYeHHOe MJis
conpsbkeHus pasHopoaHbix cetell. Tak, pexomengauuu ITU-T conepxat mH-
topmaumro no conpskenuio H.323-yerpoiicts ¢ yerpolicTeamu cereii ISDN,
ATM n TOOIL YerpoiicTBo ynpaBieHns KoH(pepeHLUMAMH 1peIHa3HAUEHO
WIS OCYLIECTBIEHHS LEHTPaju30BaHHOM koH(epeHu-ceaiu. Ilpn sToM
YCTPOHCTBO yNpaB/ieHHs KOHTPOIUPYeT MPOLECce co3faHusA KoHdepeHUuH,
MOJKIIOUEHHE HOBLIX YUACTHUKOB, MUKUIMPOBaHWE ayaHO- W BHJEO MOTO-
KOB, a TAKXKE NPOLIECC paspyLieHns koHpepeHHH, TIpUBpaTHHK — OCHOBHOH
ynpasistoinit sneMent cet H.323 [9], KoOpAHHHPYIOWWE H KOHTPOJIHPY-
owmuit paboty Beex ee yerpoiicts. K ero 3afadam oTHoCATCA: ayTeHTH(HKA-
LMA; aBTOPU3aLUA; PaspellieHHe HMEH; ynpaBieHHe NPOIyCKHOM crnocobHOo-
cThio, ucnonbayemoit H.323-ycrpolicreamu. Kak npasuno, cete H.323 pas-
OuBaetcs Ha "30Hb1" [11], B KXK/I0it U3 KOTOPLIX OPUCYTCTBYET MPUBPATHUK,
yNpaB/IAOIINIT BBepeHHBIMY eMy ycTpoiicTBamu, JIng obecrieuenus Golib-
weif HaieHOCTH OHY "30HY" MOTYT OGC/IY)KMBATE HECKONBKO NPUBPATHH-
KOB, TOTNIA OJWH U3 HUX Ha3kIBaeTCs "TNaBHbIM', a ocTalbHble — "aNbTepHa-
THBHBIMI". [ToMHMO yMpaBieHus U LEHTPAIH30BAaHHOTO pa3pelueHus HMEeH
abOHEHTOB, MPUBPATHUKM TAKXKE MOTYT MPEAOCTaB/ATH JONOIHUTENIBHEIE
BO3MO)KHOCTH, HAIPHMED BbINOJIHATE (YHKUHH NMPOKCH-CEpBEpPa LA CHr-
HalbHBIX H MyJbTuMeHanansblX. Cepsep MCU, npesHazHaueHHbIH 115 0p-
raHM3ally KoHQepeHUH ¢ YHCaoM yyacTHUKOB Oonee 3-X, KOOpAHHHPYET
nepenavyy yrnpapisioueil U ONUHOHANBHO MYJbTHUMEIHIHHOV HHpOpMaly
MEXIY Y94acTHUKaMH KoH(epeHLnii.

s ITpoekTHpOBaHHE KOPNOPATHBHOI CeTH ¢BA3H

KoprniopatupHas ceth — KOMMYHUKALHOHHAs CHCTEMA, NPUHAIeNa-
as W/WIKA ynpaeaseMas eJuHOH opraHuzalueil B COOTBETCTBUM C IMpaBu-
JiaMM 3Toit oprasuzanuy [22,29]. KopnopaTHBHAs CeTb OTAMYAETCA OT CETH,
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Hanpurep, UnTepHeT-npoBaiizepa TeM, 4TO MpaBuia pacnpenenexns 1P-al-
pecos, paGoTsl ¢ MHTepH2T-pecypcaMit B T. 1. €INHbL 1A BCSH KOpropaTHs-
HOl CETH, B TO BPEMs KaK NpoBaiifep KOHTPOIHPYET TONLKO MarucTpas bHbIH
CErMeHT CETH, MO3BOMNAA CBOMM KIHEHTAM CAMOCTOSTENBHO YMpaBiaTh HX
CerMeHTAMM CEeTH. DTH CEerMelyTsl MOTYT Kak ABJIATHCA HaCThiO AAPEcHOTO
MpoCTpaHcTBa NpoBainepa, Tak ¥ ObITh CKPHLITBIM MEXaHM3MOM CETEeBOH
TPAHCIALMHK APECOB 3a ONHUM HIH HECKO/ILKIMHU afipecaMy nposakiaepa.

OCHOBY MHOOPMELHMOHHON CHCTEMEI KOPMOPATHBHOM CeTH COCTaB-
NAET BHIMUCIUTENBHAA CHCTEMA, BKIIOYAIOUIas TakHe KOMITOHEHTBI, KAK Ka-
GenbHES CeTh ¥ aKTHBHOE ceteroe 000py/l0BaHME, KOMIIBIOTEPHOE H NEPH-
depuitnoe o6opynoranue, 000pyA0BAHHE XPaHEHHA NaHHBIX (6ubnuorexy),
cHCTeMHOE nporpamMmHoe ofiecnedenie (OrnepaiHoHHbIC CUCTEMBI, CHCTEMBI
ynpasiieHns GasaMu JaHHbIX), CTiELMaibHOE MPOrpaMMHOE ofecnevenue
(ITO) (cHcTeMbl MOHHTOPHHE ¥ YNPaBAeHNs CeTAMM) H B HEKOTOPBIX CITy-
yasx npuknaasoe [0, Kak npasuio, B KOPIOPaTHBHON CETH MCTIONB3YETCA
LEHTPATH3OBAHHAS CHCTEMA yIpaBienns ceTbio [22]. Snpo ceTi npescTas-
et coGoil MapIIPYTH3ATOP | CepEEph pasauuHoro HasHavexus. Ha Mapu-
PYTH3aTOpE XPAHWTCA M PACCUNTLIBACTCH TAONHIA MapLIpyTH3aLHM. o
npuHuATaM GOpMUPOBaHAA TAGNHIBI MappyTH3aUWMK OBIBAIOT CTAaTHYE-
ckue u puHamuuecke [20].

Tpu MOAENUPOBAKAH KODNOPATHBHOA CETH PEKOMEHIYETCA HCIIOb-
30EATH CTATHUECKHE TabauLbl MapIIpyTH3AUMY, TaK KaK KOJIHYECTBO MapLl-
PYTH32TOPOB B CPeIHEM He NMpeRbILIaeT Tpex. [Ipu nocTpoeHHn Bosee kpyn-
HbIX CETEl CO CIOMKHOI koHpHrypauueil 060pyI0BaHUA LETECO00PasHO HC-
Moae3¢BaTh AHHAMMUECKY) MapUpyTH3aLHIo. .HHOQJ\: nosae3oBareled K
A0pYy CeTH OCYLWIECTBIAETCA HEpe3 KOMMYTaTopbl, OpPraHH3yIOLIHE JTOKalb-
Hble ceTH. OCHOBHOMN TEXHOJIONIEH A7 ITOCTPOSHUs KOPNOPaTHBHOM ceTH B
HacTos1ee Bpema apigerca Ethernet.

B HacTos1ee BpeMa MpORKTUPOBAHKE KOPIOPATHBHEIX CeTel Npous-
BOMMTCS € MOMOLIBIO Nporpasmuoro naketa Riverbed Modeler Academic
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Edition [7], xoTopsiii npeacTasiseT ¢o0Oi BHPTYAILHYIO CPEAy s MONE-
AMPOBAHMS, AHANN3A H TIPOPHO3HPOBAHMA NPOU3BOAHTENLHOCTH UT-urppa-
CTPYKTYPBI, B TOM HHC/E NPUIOKEHHIA, CEPBEPOB 1 CETEBLIX TEXHOJIOTHH,
PexoMeHaaluH N0 MPOeKTHPOBAHKIO KOPNOPATHBHLIX ceTedl

()CHOBHbIE CETEBbIE MPOTOKOMbL H TEXHOMOTHI PEANU30BaHbl B MpPo-
rPaMMHbIX ¥ aNAPATHBIX CPEACTBAX PAAA (PHPM, 1 5al1aud NPOSKTHPOBLINKA
ceTH (CHCTEMHOTO MHTErpaTopa) — MPaBWwibHO BHIOpATh 3TH CPEACTBA IS
3afAHHLIX YCAOBHI KOHKPETHOTO [PENpHATHA, 00ecrieu B Tpebyembpiii ypo-
BEHb MPOM3BOANTENBHOCTH 1 HANEHKHOCTH NPH MUHIIMU3ALMH 38TPAT. [ocne
ONpefeneHAs OCHOBHBIX MPOrPAMMHO-ANMNAPATHBIX CPEACTB BBIMOMHAIOTCH
ITAMbI:

- COI7ACOBAHKE MPOEKTa M cOCTaBa 00D DYACBAHMS;

- mocTaBka o6opyAOBaHN;

- TeCTHpOBAaHWE CETH;

- KOH(HUrypupOBaHHE NOPTOB KOMMYTATOPOB,

~ Clla4d B 3KCIUTyaTauuio,

Cpefti OCHOBHBIX PEKOMEHIALMMA CIIENYRT YIIOMAHYTh CIIEAYFOUINC.

|. MuopmaTysaliks U aBTOMATU3ALI [I€ATEN1BHOCTH NPEANPUATIA
JIOJDKHBI HAYMHATHCS ¢ AHATU3a MPOLIECCOB (Y HKLMOHMPOBAHHUA €ro Mojpas-
nenexuit, HeoGX0AMMO BBIABHTh HH(OPMALKCHHEIE NOTPEOGHOCTH NOAPA3-
JeneHuii, pelaeMble 3afauy, HHPOPMALMOHHBIZ MOTOKA MEKAY MOAPA3IL-
NEHUAMH, YCTAHOBHTb, KaKUe NPOLECChl TpeOyIeT aBTOMaTH3ALMH i KOMITE-
JOTepH3ALMY U B Kakylo odepesib. LlenecoofpasHo NpoBOANTL 3Ty paboty
COBMECTHO C mummo,mxxzmzs CamMHx H._Oh_umubmb@::ﬂr ¢ caMorg Hadana Bblie-
NUTh COTPYAHUKOB MPEANPHATHA, KOTOpbe OyIyT NMOAIEPKNBATE U Pa3Bid-
BaTh HHPOPMALHOHHYIO CTPYKTYPY, BLIYUCINTENEHBIE U CETEBBIE CPEACTRA.

9 B CeTh CO3NAETCA 3aHOBO (0COOEHHO E 1HOBBIX 30aHMSX), Lieje-
coobpaseH KOMIUIEKCHBI MOAXOA K NPOEKTUPOBAHIIO KabenbHOW CUCTEMBI
cetH, [Ip1 5TOM B MPOEKTE HYHKHO YHHTHIBATE NPOKIALKY HE TOJIBKO KOMMY~
HUKAL@it JUI TIepeniaui JAHHBIX, HO H OHOBPEMEHEO COeJIAHeHAH] teneon-
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HOH CBA3H, IPOBOIOB NOKAPHO# M OXPaHHOH CHTHANU3ALWH, KabebHOTO Te-
JNEBUIEHUS W T.0., @ BO3MOXHO, H HCNOJL30BAHAE OIIA 3THX Leseil HeKoTo-
poix 061HX KabeabHBIX COeIMHEHAH.

3. Tpu Beibope THMA JTHHUH CBA3H MEXKAY OTACNBHO CTOALIMMH 318~
HUAMU HEOOXOAMMO MPOBECTH CPABHUTENbHBIH AHANN3 POBOAHBIX THHIH H
pagnHoKaHaloB,

4. KabenbHas cucTeMa NPOEKTHPYeTCs kak Hesaphcumast. B Haubosee
nomyasgpHoii cxeve kabenbHOH CHCTEMbI U PasMeLIeH!s KOMMYTaLMOHHOTO
06OpyIOBaHKs BHYTPH 31aHUS PEKOMEHIyeTCs MO KOMMYTAaUHOHHOE 000~
py/IOBaHHe OTBOJMTH NOMEILEHHE Ha ITaXkKe ¢ MAKCHMATbHBIM YUCIOM pabo-
YUX MECT WK C OrPaHUYSHHBIM DOCTYNOM TIOCTOPOHHHX KL, FOPH30HTAIb-
HYI0 (3TaXKHYH0) [IPOBOJIKY BBITIONHATE BUTOH Napoi kareropuu 5 (UIMHa 10
90 M) MIM KOAKCHaJIbHBIM KabeneM, BepTHKANbHYIO MPOBOAKY (MEKITaXK-
Hy10) — BOJIC nim koakcuanbHbIM Kabenem.

5. OTHOCKTENBLHO BEIGOPA OHOTO U3 JBYX Hanbo/ee MOy apHbIX Ba-
puanToB nocrpoerns moacereit (JIBC) — Ethernet uin Token Ring oaHo-
3HAYHbIE BLIBO/L! OTCYTCTBYIOT, Ecilu HAarpy3Ka moJceTH MOXKeT NpeBbIllaTh
35 % (r.e. 6e3 yueTa kOH(IHKTOB Mepeaaya JAHHBIX B ceTH 3aHuMaeT 35 %
BpeMeHH), To Jydiie ucrons3oBath Token Ring. Tlpu menbiueil sarpyske
npeanoututensHee Ethernet, Tak kak 06ecne4nBaOTCA MEHbBIIHE 3aAEPIKKH.
Bapuant Ethernet MOXKHO NpHMeHATH U Npu GonbileM Tpaduke, HO TOrAA
HY)KHO npeaycMoTpeTs pasaenenue JIBC Ha noaceTd ¢ MOCTOBBIM COEAHHE-
HMeM Mexay HuMu. Ymcno nojcereit W pacnpeseneHue pabouux MecT Mo
MOCETAM PEKOMEHIYETCs OnpeaenTs o npasury 80/20, no kotopomy 80%
Tpaduka JOKHC COCPEOTOUMBATECA BHYTPH TOJICETH U ToNbko 20 % cre-
JyeT OTBOAUTH BO BHe, utHaue s¢exruHocTs Ethernet 6yner HeBbICOKOH.
Cnenyer Takke pacCMOTPeTh Liesieco0bpa3HOCTh HCMONE30BaHMA BUPTYallb-
Hbix JIBC.

6. [pu BLIGOPE THMOB KOMMYTAaUMOHHOTO 00OPYAOBAHUS MONE3HO
OPHEHTHPOBATLCA HAa CPEICTBA, MPEAOCTABIAEMbIS ONHOMH (hupmoit, uHaue
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BO3MOYKHBI HECTBIKOBKH, HECMOTpPS Ha OOLIHOCTH MCTIONBL3YEMBIX CTaHAap-
TOB, MOT'YT BO3HUKHYTh 3aTPYAHEHHUs MPH TOCIEAYIOLEH dKeIIyaTalli 1
Pa3BUTHH CETH.

7. Ecnu ceTh CBA3BIBAET yAANEHHbIE APYT OT APYra 31aHus, B YaCTHO-
CTH pacrioJIOKEHHBIE B pa3HbIX roponax, 1o BO3MOZKHBI BApDHAHTHI HCITIOJIB30-
BaHMs BBINENEHHBIX KAHAJOB CBA3H WM ceTel oOWEro MoOAb30BaHHA
(npexne Bcero Internet). Bropo#t BapuaHT 0OXOAMTCA 3HAYMTENBHO Je-
wieBJIe, HO B 3TOM Ccllyyae HyXHO o6paTuTs ocoboe BHIMaHuE Ha obecnede-
Hue nHpopMaMoHHOH Ge30macHoCTH (pasrpaHHyerne A0CTyna, yCTaHOBKa
3ALLUUTHBIX 3KPAHOB — OpaHAMAay3pOB | T.IL.).

8. JInst KOPPEKTUPOBKH K BepuUKaLUH TPOEKTa CETH HYIKHO HCITO/Ib-
30BaTh UMEIOLLHECS CPENCTBA HMUTALMOHHOTO MOIETUPOBAHMA,

ITpuMepaMu MpOrpaMm aHANK3a H MOJIEJIMPOBAHYS BbIYMCITHTE/IbHBIX
ceteii MoryT ciykuts COMNET III u OPNET.

9. PaspabatbiBaeTcs KoH(Hrypauus ceti. Bee ysnbl ceTH pacnpene-
AS10TCA No paBounM rpynmaM, a 3ateM pabouse rpynmsl — ro nogcersm. C
YYETOM OLEHOK MPOrHO3UPYEMOro Tpaduka H ero xapakrepa, 4ucna y3nos 1
noaceTell BHIOUPAETCs CTPYKTypa CeTW M THIIbI CETEBOrO 00OPYAOBaHM.
Eciii HET YBEPEHHOCTH B TOM, YTO COCTaB nonb3oparefe B pabouux rpyn-
nax Gymer crabWiIbHBIM, TO LENecoofpasHo HCHONb30BaTh BUPTYATbHBIC
JIBC. Heob6xonumMo yuecTb BO3MOXKHOCTH MaciiTabMpoOBaHHs CETH, €CiH
0KHAAETCs ee pacliMpeHHe B MPOLECCe IKCTUYaTalnH.
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2. MPOEKTHPOBAHUE LIM®POBBIX CETEN
CBSI3H

2.1. Pacyer koammyectea Tpaktos OKC-7 ans coepunenus
crannpn SSP n yana SCP UC caasn

[IpoBecTH pacyeT Hlic/a CHrHabHbIX THHKOB OKC-7 B COOTBETCTBUH
¢ BapMaHTAMM 3aiaHuii, HeOOXOIUMBIX Ui COeIMHEeHNs CTaHLMK SSP 1 y3na
SCP UC (npunoxenue 1): [ojasiii nepevens yeayr MC nokasad B [14].

B kauecTse npHMepa TpeiokeH pacder ¢pparmenta UC, peanusyio-
wero caeaytomue yenyri: 6eciuiathsiit Boizos FPH (Freephone), Bbi30B o
kpeanTHoi kapre CCC (Credit Calling Card), Bbi30B Mo npeponnayeHHoH
kapte PCC (Prepaid Calling Card), Teneronocosanue VOT (Televoting), Bbi-
30B 110 pacuerHoii kapte ACC (Account Calling Card), Bbi30B 3a 10TIOIHH-
tenbHyo miaty PRM (Premiurn Rate). BapuanTel 3ajanuit naHbl B Npuio-
HKeHun 1,

Jiia pacueta MPHHATH: ey =1 Mwce =1 Mmace = 15 Paece = 75

n =1; Npam =1; L,, =140 6aiit; o, =0,7.

mpVOT ng 7 ke
PaccunTaTh CPEAHEE YHCIIO TPAH3AKLMI HA OIHH BBI30B M0 QopMyJe
[21]:
= * -
By = M B *PisTp s (2.1)
JEH PRM PCC,
ACC 000 K0T

roe 4., — CPemHee YUCHIO TPAH3AKLHIL Hi ONMH BBI30B KayKAOH YCIyrH,
mp mu

P — 0511ee UHCIO BBI3OBOB KA® IO yCyry u3 001IEro Yucna BbI30BOB.

»

Onpenenurs cpeatee uyncno INAP-tpansakiuii B CeKyHAy, nepena-
BAeMBIN B OJIHOM Hanpap/ie HHM (MHTEHCHBHOCTh Tpan3akuuii), no gopmyne
[7):

Axn,,
NE.«.. = Imu|0|“du\n, AN.MV

rne A — obliee KOMUYECTEO BLI3DBOB 1o seem yeayram B YHH (cymma _ﬂ‘. ).
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Komuuectso nuuuit OKC-7 mexcay 55P u SCF pasHo:

n,. = Max |- ; (2.3)

rae L,, — cpeanss annxa oaHoit INAP-Tparsakumm; p,,. ~ kod(duuuent
sarpysku OKC-7; Max u _” — OKpYTNIEHHE /10 LeJ0ro B MaKCHMAallbHYIO CTO-
POHY,

2.2, [poexTupopanne cetn |F-Tejtehonun

2.2.1. TlocTanoBKa 3a1a4H MPOCKTHPOBAHHS

TMpu npoexruposanuu cety [P-renedonnn HeoOX0aMMO BBITIONHUTE
CHEeAVIOUIUE ITATbL.

1. Cuenath pacy&r 4ucna NaKeToB 0T neppoH rpynrisl (TenedoHnsa).

2. IMpoBecty pacuérT duc/ia NaKeToB 0T BTOPOH rpynmel (TenedoHnd 1
Hnreprer).

3. [lpoBecTy pacuéT Yucia MAKETOE OT TpeThell rpynnsl aGoHEHTOB
(triple play, npu 3TOM NONB3OBATE/NAM 10 OJHOMY Kales:0 WHPOKONOANC-
HOTO DOCTYMA MPefOCTaBAALTCA OJHOBPEMEHHO TPH CEPBHCA — BBICCKOCKO-
pocrso#t moctyn B MHTepHer, kaGenbHO: TeleBHAECHHE M TeNe(pOHHAS
CBA3b).

4. Ouenuts TpeboBaHus K MPOU3IBOAMTENEHOCTH MapLIPyTH3aTODA,
arperupymiero tpaguk MyasTHCEPBHCHON ceTu noctyna NGN.

5. Paccuurars Bpems 3alepiKKH, HHTEHCHBHOCTH W ko3(pduuventa
HCIOJIB30OBAHKA CHCTEMBI.

6. Cnenarth BbIBOMIBI 110 NIpOJENaHHoii pabote,

HcxoaHele JaHHBIE AJis pacHeTa NpHEeieHbl U KaXKAOro BapraHTa
B Tab:1MLe B MPWIOIKEHUH | B BHIe 3HAUEHKH ClTeyIOINHX apaMeTpOB CETH
IP-te;tepoHuu: HoMmepa konekop — K, nons aboxen1oB 1-fi rpynmsl — py; n0as
aGoHeHTOB 2-i IPpYNIbl — P2; A0XA A00HEHTOB 3-H IpynMbl — P3; KONHYECTBO
BBI3OBOB B 4ac - fi; cpeaHsas AMUTeNbHOCTE Pa3roBopa — t MHHYT; 00REM ne-
penaHHbiX ganubix B UHH - Vi, M6aiit/c; 00b€M nepefaHHbIX JAHHBIX B
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YHH - Vi, M6alit/c; Bpemst npocMoTpa BUEO B Yac HanbobIlieil Harpy3ku-

TB, MHHYT; MYJIbTHCEPBHCHBII y3en noctyna obcnyxupaeT N aGoHEHTOB.
PaccuuntaTh 4KC/I0 NAKETOB, CO3AaBaeMbIX MoNb3oBaTensMu cetu IP-

TenedOHHH, HCTONB3YIOHUMH KOJEeKH peueBbiX curaajos (tabm. 2.1).
Tabauua 2.1. [apameTpsi Koaekos ceteli IP-Testedonnn

Homep | Komex | CxopocTh Pasmep | 3a- | Ouenka | Cym-
MoTOKa makera, | aep | MOS map.
MC KKa, NoTOK
MC
1| G.711 64 xbut/c 20 0 4.4 81.2
2 | iLBC 15,2 kbut/c | 20 4 29
0
3 | iLBC 13,3 kbur/c | 30 4 28
0
4 | GSM 13 x6ut/c 20 3.3 354
0
5 | G.729 | 8 kbut/c 20 5 4.07 312
6 | AMR 7.40 xbur/c | 20 [ 20 34
7 | G.723.1 | 6,3 xbut/c 30 7.5 3.87 21.9
8 | G.728 16 x6ur/c
9 | Speex 2.15 kbur/c
10| G.723.1 | 5,3 x6ur/c 30 ik 3.69 20.8

2.2.2.  Pacuér mpou3sBOAWTENLHOCTH y3aa JOCTyna ¢ y4érom
CTPYKTYpB!  HATpY3KH, noctynaioweii or  aGoHeHTOB,
HCIIOJIL3YIOINX PasIHYHbIE YCIYTH

Paccuntate napameTphl CETH /Ul KOAEKOB COIIaCHO BapUaHTy 3a/1d-
HuA. JnurensHocTe AeltarpaMmbl Tppy paBHa 20 MC cOrnacHO pekoMeHja-
umu RFC 1889 [23]. TIpu 3TOM B ceKyHAY mepefaéres caeyrollee Koauye-
cTBO Kaapos[9]:
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n=1/ Tpp, =1/20-107 =50 kampos b cexyHmy. (24)

PasMep nakeTH3UPOBAHHBIX AAHHBIX ONpenensercs no gopmyne:

hy= v; Ty, (2.5)
rae vj— CKopocTh KoaupoBaHus, Gair/c, hj— pasmep MaKeTH3UPOBaHHbIX
nanHpix; Tepy — JUTHTEABHOCTH OJHON peueBoii BEIOOPKHU (AIUTENBHOCTD A~
KeTa).

Paccuurars vj — CKOPOCTh koauposaHus, Gaitt/c; hj — pasmep nakeTu-
3UPOBAHHBIX JAHHBIX 711 ABYX BbIOPaHHBIX COIIACHO BAapUAHTY KOACKOB
(MHAEKC j COOTBETCTBYET | — AN MEPBOro KOAeka, 2 — Ui BTOPOro KOJIeKa).

[Tpy KCMOJB30BAHMK KOJEKA CKOPOCTh KOAMPOBAHMA U pasmep rake-
TH3MPOBAHHBIX JAHHBIX OMPEAEAOTCA N0 GopMynam:

v, = R, /8 (Gaiit/c), h;= v, - Ty (baiir), (2.6)

rae R, -ckopocth notoka u3 Tabn.2.1.

Jlns onpefe/ieHus pasMepa naketa HeoOXOAUMO y4¢CTh 3arOJIOBKH

[11]: Ip — 20 Gaiir; UDP — 8 6aiit; RTP — 12 Gaiir.
CyMMapHbIii pasmep nakeTa s kKoJeka Onpeensaercs no popmysne:
hg = h;+1p +UDP+RTP. (2.7)

Jins ompejesieHns YMCia NAKeToB, MeHEPUPYEMbIX NEpBOl rpynnoH
aboHeHTOB, HEOOX0AMMO YUECTh UX [0JH0 B O0IIEH CTPYKType Hojb3oBare-
Jeld, KOJIMYECTBO BLI30BOB B uac HaubGonburei Harpysku (HHH), cpennioo
IUTHTEMLHOCTh Pa3roBopa, T.e.

Z:.H ::‘P.m.vﬁ.z» (2-8)
rae Njj — YMCII0 MaKeToB, reHepupyeMoe Nepeoii rpynmnoii none3opatesiei B
YHH; ny; — 4MC/I0 NakeToB, FEHEPUPYEMBIX B CEKYHIY OAHHM aboHEHTOM;
t; — CPENHAA [THTEIBHOCTD PA3roOBOPa B CEKyHAAX /14 MepPBOi rpynist abo-
neHtoB; fj — umcno Beizosos B YHH nna nepsoit rpynnsl aGOHEHTOB; pr —
nons monk3oBaTenedl meppoii rpynmbl B 061eil crpykType eboHeHToB; N —
oblnee YMCIIo [0Nb30BaTeNei.
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JLnst pacuéra uMcia NaKkeToB, BO3HUKAWIMX B Pe3yJ/IbTaTe NobioBa-

HHA roJfiOCOBbIMH CEPEHCUME, U ma,OﬁOw__ TPYyIibl aboHEeHTOB BOCTIOJIB3Y-
eMces TICTydeHHO# panee HOpPMyNoil Wi riepsoil rpynnsl aboreHTos [12]:

Nygp=nt fp,- N, (2.9)

rae N, ; — YMCIIO MAKeTOoB, FeH2pUpyemMoe BTOpO# rpynmoit nosip3osaTenei

B UHH i1pu HCTIONB30EaHII TONIOCOBBIX CEPBUCOB] Nij — YHCIIO MAKETOE, re-
HEPUPYEMBIX B CEKYHIY O1HHM aDOHEHTOM; f2 — CPEAHsA LIHTEAbHOCTh pas-
roBOpa B CEKYHAaX s BTOPOi rpymibl a00OHEHTOB; f; — 4KCNO BHI3OBOB B
YHH ans sropoil rpynnsi aGcHEHTOB; p2 — [O/A MOMb3oBaTeneil BTOPOi
rpynusi B o6uieit cTpyKType abonentos; N — obulee YHCHO NOab3oBaTe. 1ei.

Jlns pacuéra uucna nakeros B YHH HeoGxonumo 3anarhes 06bEMOM
nepenanHbIX AaHHbIX. [Ipennookum, 4To abOHEHTbI BTOPOI IPyinbl 0THO-
cares k MurepHer-cépdepam, 1.2, B OCHOBHOM NpocMmarpueator Beb-¢Tpa-
HuLel. Cpenuuit 06BEM NasHBIX, TIEPeJaHHBIX 32 Yac NMPH TAKOM criocobe
MOAKCUEHHSA, COCTABUT OKONo V2, 4To Heo6xoauMo BeIpa3nTh B Gutax. To
ectb Va (M6aiit) = 8-1024-1024. Yucno naxeros, nepenannuix B YHH abo-
HEHTaMU BTOPOH KaTeropui, OymeT paBHo:

N, 5= Py NV, /hy, 3 (2.10)
rae N, , — KOIMUECTBO IAKETOR, FeHepUPYeMbIX B YHH aboseHTaMu BTO-

pO¥ Cpynmbl MPH HCMOAL30BAHAM CEPBUCOB MEpeiauu JaHHBIX; Pz — NOJA
noJTb3oBarenielt BTopoii rpynnb! B o61wei cTpykType aboHeHToB; hyj— pasmep
oM JAaHHBIX nakeTa; N - 001mee 4ucsio ronb3osareneii.

CyMMapHOe 4iCII0 TIAKeTOB, TreHePAPYEMBIX BTOPO# IPYINOii Mojib-
soareneii B cets 8 YHH, Oyaer paBHo:

Ny= N, 5+ Ny - (@.11)

AHanoruyHsie (GOPMYIEI MOTYT NPHMEHATHCA K CEPBUCAM nepenavn
ronoca, a MMeHHO:

Ny =0yt fpe N, 2.12)
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rae M, ;- YHCIO MAKETOB, FEHEPHPYEMOE TPETHE if rpynnoi nonk3oBarenei

B YHH npy ¥cnonb30BaHHK FOJIOCOBBIX CEPEMCOB; Nij — YHCIO MAKETOR, I'e-
HEPUMPYEMbIX B CEKYHLY OJHMM a00HEHTOM; f3 — CPEHAR MIUTEIHOCTb pas-
rogopa B cexyunax; f3 — uucao seriopos B YHH; p; — gomst nonssosareneit
TpeTseit rpyrnsl B o6iueii cTpykType aGonenTos; N — oblee uneno nos3o-
paresieil. ITpeanonoxum, 4To aGOHEHTBI TPETheH IPYTbl OTHOCATCS K (ak-
THBHBLIMY MOJB30BaTeNAM UHTepHeTa, T.€. NCTIONL3YIOT He TOMbKO http, HO 1
fip, a Taoke OpubEralOT K ycayraMm MHPUHIOBBIX cereii [12]. O0BéM mepe-
JAHHBIX M NPHHATHIX JAHHBIX NP TAKOM Herofnb3osanuu MHTepaeTa co-
crasnger 1o Vi . Yucno nakeros, nepenanrsx 8 THH, Gyner pasHo:
N, 5= py' NV, /h;. (2.13)
Jina pacuéTa 4HC/a MaKeToB, FeHEPUPYSMBIXN MONb30BATE/IAM H BHICO-
ycayr, BOCHONB3yeMcs COOOpaeHHsAMU OTHOCHTENLHO pasMepa Makera,
npuBeAEHHBIMK B MPEIBLLYLEM ITyHKTe. Pasiep nakeTa He MOMKeH Npesoc-
xomuTh 200 (120) Gaiit (BMecTe ¢ HAKIAAHBIM Y PacKopamu). Hanpumep, npu
ckopocTH nepeadn v=2048 kOuT/C U pasmepe rONE3HON HArpy3ku naxeta
h; uKCI0 NAKETOB, BO3HUKAIOIWIMX MPH TPAHCIALNN OQHOTO KAHAMA, PABHO:
ny= v/ h. (2.14)
KonmuecTso NakeToB, nepesasaemsix 1o kaHanamu 8 YHH, cocrasur

[19]:
Ny g=ps Nomyty (2.13)

3 B

rae N; g —UHCIIO MAKETOB, FeHEPUPYEMOE TPeThel rpynno# noab3oeaTenei

B UHH npu Menosis30BaHUH BUIEOCEPBUCOB] N3j — YKUCMIO MAKETOB, IeHEPH-
PYeMBIX B CEKYHIY OAHMM a00OHEHTOM MpPH NPOCMOTPE BUAEO, CKATOrO MO
craujiapty MPEG2; tz g — cpeanee Bpems npocvoTpa kananos B YHH, ¢; ps —
J07A MONB30BaTeNel TpeThelt rpynmbl B ofriel cTpykType aGoHenTos; N —
ob11ee 4reo 10Jb3oBaTenei.

CyMMapHOe 9UC/I0 NaKeTOB, TEHePUDYeMELX TPeThel rpynmnoii nojis-
soarenieli B cer B YHH, 6yner pasuo [12]:
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Ny=N, 5 +N; 5+ N; g (2.16)

2.2.3. Pacver  TpeboBaHuii K  TIPOH3BOAHTENLHOCTH
MYJIBTHCEPBHCHOTO Y3/1a A0CTYNA

MyJIbTHCEPBHCHBIH y3en I0CTyna I0MmkeH o6eayxuBarh Tpaguk oT
BCEX TPEX rpynn noa3opareseit. Kpome TOro, MMEHHO y3ea n0cTyna Aoj-
el o0ecreyuTh NOANEPIKY KauecTBa 00CIyKMBAHUA ITyTeM NPHOPUTE3A-
umu Tpaduka, KOTOPas JOKHA OCYLIECTBIATHCA HE3ABHCHMO OT UCHONB3Y-
€MOii TEXHONIOTVIM TPAHCTIOPTHOM ceTH focTyna. CyMMapHOe HHCII0 aKeToB,
KOTOpOE RosmkeH 06paboTaTh My TbTHCEPBUCHBLH y3ea1 A0CTY 1, Oy eT paBHO
[22]:
Ny = No (ot £+ (P Vy+pyVa)/hy) + pyrNony ty 4. (2.17)

CpenHee 4MCIO NMAKETOB B CEKYHAY PaccHHTbIBaeTCA MWIA ABYX Bbl-
OpaHHbIX KOJEKOB H PaBHO:

N; = Ny /3600. (2.18)

>R |

JlaHHbIe OKA3aTe N TIO3BOAIOT OLIEHUTH TPeDOBAHUA K NPOH3BOMIH-
TENLHOCTH MaplLpyTH3aTOPa, arperupylouero*Tpaguk MysbTHCEPBUCHOH
cern poctyna NGN [22]. TlpoaHanusupoBaTh, Kak M Kakue rpymnmbl ceTd
GOlNbIe BCEro 3arpykalT CHoTeMy [ PACCUMTHIBAEMBIX [UIMH TAKETOB.
Jlnst 5TOro NojyueHHsIe faHuble 3aHecTH B Tab. 2.2. Ilo 3anoeTHeHHoH Tab-
JIHLIE MOCTPOHTE JUarpaMMbl H CleaaiTe BBIBOJ O 3arpy3Ke CETH [10/1b30Ba-
TeasMH TpexX rpynn aboHeHTOoB.

Tadnuna 2.2. KoauuecTBo nepejaBaeMbix NAKETOB B CEKYHAY

Homep rpynirib! Konu4ecTBo nepeiaBaeMblX MaKeTOB B CEKYHAY

Kopex 1 Koznek 2

INepsas rpynmna (p1),%

Bropas rpynna (pz) ,%

Tpetss rpynna (ps) ,%
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2.2.4. Pacuer BpeMeHH 3AMEPICKH, HHTEHCHBHOCTH
1 K03 PULUHEHTA HENOIL30BAHNA CHCTEMBI

Jlnist BLITIOJAHEHUA JAHHOrO MyHKTa teobxouumo cnenyouee [11].

1. Paccuntarh cpeaHee BpeMs 3aIEPHKM NakeTa B CETH A0CTY A,

2. PaccuuTaTh MHTEHCUBHOCTE O0CTY KHBAHMA IAKETA [PU HOPME 3a-
JAEPKKH ¢, =5 MC 4 ABYX THITOB KOJEKOE.

3. TTocTpouTH 3aBUCHMOCTh MAKCHMAIIbHOH BEJMUMHBI NS CpenHeH
IIMTENBHOCTH OOCTY)KHBAHMA OAHOrO MakeTa OT CPEJHEro BPEMEHH 3a-
HepiKKH B CETH JIOCTYIIA.

4, Onpegenutb KOIQHUIMEHT HCIONEIOBAHIS CHCTEMBI A5 CITYHAEB
C pazTu4HBIMHU KOASKAMH.

5. [ToCcTPOUTH 3aBHCHMOCTH MAKCHMANbHOH BETUYNWHE! CPENHEH 1TH-
TeNbHOCTH 06C/YKHBAHUA OJHOTO TIAKETA OT CPeiHEro BpeMeHH 3a/1ePIKKH
B CETH HOCTYNA ¢ MOMOLUBIO MpukiaxHoli nporpammsl MathCad.

TpeGoBanus K MONOCE NPOIyCKAHMS ONPEALNMIOTCH TAPAHTHIMH Ka-
yecTna OBCIYKMBEHMS, TPeNOCTaBIAEMBbIMI OTEPATOPOM MOJB3OEATENIO.
IMapamerpst QoS onwcanbi B pexovennaunt ITU Y.1541 [24]. B wactHoCTH,
3ajepikKa pacmpoCTPaHeHWs W3 KOHL@ B EOHELl MpW mepejade pevu He
no/bkHa npesbiiath 100 MC, a BEPOATHOCTE MPEeBbILISHHS 3aAEPHKH nopora

B 50 Mc He nomkHa npesocxoauts 0,001, T.e. I <100 mc,
p{t, > 50 mc} <0.001 [11].

3aeprkKa U3 KOHLA B KOHET, CKNIabIBASTCA N3 CJIeIYIOUUX COCTaRIA-
HOLIFX:

S S, ) (2.19)
rae t, — BpeMsa nepeiady NakeTa i3 KOHL@A B KOHED, tnaker — BPEMS NAKETH3A-
LMK (3aBMCHUT OT THNA TpaduKa ¥ KONEKa), s — BPeMs 3a1ePIKKH MPH TParC-
NOpTMpOBKE B CeTH AocTyna. [lorycTHM, 40 3a/epiKa CeTH AOCTyna He
[0o/KHA MpeBIaTE 5 Mc. Bpemsi o6paGotky saronoska I[P-nakera BM3KO0 K
NIOCTOAHHOMY. PactipesiefieHue HHTEPBaIon MexIy MOCTYIUIEHAAMI TaKe-
TOB COOTBETCTBYET IKCIOHEHUHAILHOMY 3aKoHy [19].
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Jlna manHoii Mojeny u3BecTHa (opMyna, Onpemessionas cpenHee
BpeMs BbI30Ba B cucteme (popmyna IMonnaueka — Xunanua) [22]:

5 2
t.=1,(0+CH/20- A7), (2.20)
e 7,— CPelHAs NIHTENbHOCTD obcnyxkuBaHus onHoro nakera; C m — KBaj-

par ko>(duuventa sapuatun, C; ¥ 0,2; A, —CyMMapHbiii OTOK.

3aBUCHMOCTh MAKCUMATbHOM BEJTMUMHEI CPeHe JMHTeIbHOCTH 00-
CY)KMBAHHA OJHOTO TIAKETA OT CPENHEro BPeMEHH 3alep)KKU B CETH HO-
cTyna:

7, u&_? +_”_+Q_U\N&. @21)

[TocTpouTh AAHHBIE 3aBHCHMOCTH C MOMOIIBIO NPUKNAAHON Mpo-
rpammbl MathCad. Bpems 7, QOMKHO BBIOMPAaThCA Kak MHHHMAIbHOE M3

ABYX BO3MOJKHBIX 3HauYeHuii. [TepBoe 3Ha4YeHHe — BeIHYMHA, ONy4eHHaA U3
nocneanei hopmyJisl. Bropoe 3HaueHne — Ta BEJIMYHMHA, KOTOpPas onpeaens-
eTcA W3 yC/IOBHMA OrpaHU4eHHsl 3arpy3ku cucreMsl, — r. OGbYHO 3Ta BENH-
yuHa He fojvkHa npesbiiuare 0,5, TIpy cpensem 3HaueHNH 33A€PKKH B CETH
jpocryna 5 Mc ko2 (GHUHEHT HCIONb30BAHHsA PABEH!

p=4,T;. (2.22)

Paccunratsh K03(PUUHEHT KCTIONB30BAHHA LA ABYX Kozekos. ITpu
BBLICOKOM YPOBHE 3KcIUiyaTauun HeGomnblune QIyKTyauuy napaMeTpoB Mo-
YT [PUBECTH K HeCcTabubHO# paboTe cucTeMbl. ONpeaeanm napamMmeTphl CH-
cremsl npu eé ucnonb3oanuy Ha 50 %. CpejHsia AIATEIBHOCTh 00CTYKU-
BaHusa Oynet onpenenaTocs GopMyIoit:

7,=p,[4 . (2.23)
I1p#u 3TOM MHTEHCHBHOCTb 00CIIyKHBAHNA PaBHA:
h‘. = ~\ 7. (2.24)
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PaccuurbiBaTh BepostHOCTh p(t)= 1—exp(—(1/7 —A)) npn u3sect-

HBIX A H T HelenecoobpasHo, Tak kak B crauaapre Y.1541 [24] BepoaTHoCTh
P{t>50 mc} < 0.001 onpenenexa ans nepepaun w3 xoxua B koxen, Ipu us-
BECTHOM CpefHeM pa3Mepe makera h; onpenenuts Tpebyemyio mojocy npo-
nyckanus no ¢opmyne [19]:
;= Bh; ourlc. (2.25)
TIpennonoium, 4T0 B CTPYKTYPHOM cocTage abOHEHTOE OTCY TCTBYIOT
rpynnbl _._Ohru_n_wmﬂﬁhmm. HCMONB3YIOLKUX BHIEO. Eﬁm 3TOM B INPHBEACHHOM
BblIIlI€ aHATH3E CNIENYET ONMYyCTHTh ﬂmarmmq_ YHCITa NaKeTOB, BOZHUKAKUIWX MIPH
MCIONb30BaHWH CEPBHUCOB BBICOKOCKOPOCTHOM Mepefaud AaHHBIX W BHIEO-
yenyr [22]. Yucno reHepupyiouiix naketos, Bosuukatouwx s YHH, Gyner
paBHO:

N=N =N-(nt+py V,/h), (2.26)
rae Nii — YHCIO NakeToB Tele(oHHH, reHepHpyeMoe BCEMH MOJb30BaTe-
namu B YHH; Ny — umcno naketos MHTepHeTa, reHepupyemMoe BTOpOH rpym-
noii nmons3osareneii 8 YHH; p; y — mons nons3osaresiel BTOPOi rpynsl B
obwel cTpykType aGOHEHTOB; Nj— YMCIO MAKeTOB, FEHEPUPYEMBIX B Ce-
KYHIY OIHMM aGoHEeHTOM TpH ucnonbs3oaHun kozeka G.711u; t— cpennsas
IUTENIBHOCTE pa3rosopa B cekyHgax; N — obiree YMCIO NMOJb30BATENEH.

Ynicso NakeToB B CEKYHAY onpeaensercs no gopmyne [22]:

N; ;=N/3600=N-(n, t-f+py, -V2/h)/3600. (2.27)

Cpennee BpeMs 06cnykuBaHus OJHOTO MakeTa NPH HOPME 3a€PHKH
5 mc 6yner pasHo [11]:

+N,

tel int

in

7,(0,005) = 1/(N; , +(1+0,2)/(2-0,005)). (2.28)
KoadduimenT ucnonb3opanus onpejensercs no popmyie:
p; =A;-7,(0.005). (2.29)

[Ipu 3ToM HeoGXoauMmas mpoIlyckHas cnocoOHocTh cetn IP-
Tene)OHUH paBHa:
@,= B, xh, , 6ur/c. (2.30)
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2.3, MpoekTHPORAHNE KOPTIOPATHBHOI CETH

B maHHOM TIYHKT: KypSOBOTO MPOEKTa HeoOXONMMO OCYIIeCTBUTH
NpoeKTUPOBAHHE KOPOPATHBHOI CeTH ¢ MOMOLIBIO MPOrPAMMHOTO nakera
Riverbed Modeler Academic Edition [29, 30]. IlporpaMMHBIii naKkeT cka4aTh
¢ caiita [30], NpeABapUTE.TLHC 3aPErucTPUPOBABLIHCD. KoMmmnaHus npeso-
CTABJIART CTYACHTaM Oec/1iaTHbIH 03HAKOMHTEIBHBLA JOCTYI K 3TOMY NpO-
rpaMMuioMy NpoaykTy. MeTonwKa perucTpauuu NpHBEICHa HIDKE. Tlocne
Mepexo/1a Ha COOTBETCTBYOULYIO CChUIKY MOSBHTCA OKHO (puc. 2.1)

Tlanee HEOGXOTUMO NPOITH PETHCTPALUIO (BBOL NEPCOHANBHBIX AaH-
HbIX) 1 MOATBEPAMTH BBEISHHYH) MH(POPMALIMIO MO 3NMeKTPOHHOM modre, HA
KOTOPYHO AOIDKHO MpuiiTi cooBiuenue oT aIMUHICTPaTOpa caiita (ecnH co-
oflLueHHe He TIPULUO0, HY/KHC TIPOBEPHTH MAMKy cnam). [Tocne mepeditu K
ckaunsanmio mporpammsl Riverbed Modeler Academic Edition 17.5, a sateM

K €€ YCTAHOBKE.
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Puc. 2.1. Caiit paspaboTunka
VeraHoBKa NPOrpaMme! nokasaka B [31], a npumepsr paboTel ¢ PO~
rpaMmoii mpusesiers! B [29], OGopynoBaHUHE U KONHYECTBO abOHEHTOB KOp-
ropatipHoit cetd N, CleayeT BoIOHPATE COTNACHO 3RO U3 MPHIIONKE-
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HUA |, a crieuuduKaLis MPeANoKeHHOTO ¢OopyI0BaHNA PUBEAEHA B TIPU-
noxenun 2. Io npuBeaeHHOMY B cneuu@iriauyy 060pyHOBaHHIO CAENdTh
BLIBOJIBI O €r0 3K0HOMUYeckoit sddekTurHocTH. Jlanee HeoOX0AUMO gLy~
HOLee.

1. Tonb3ysck NpeACTaBNE@HHBIMH B [29] npumepamMu, COCTaBHTb H3CKH3
CeTH W OMHUCATh MPEANpHATHE, cihepy AEATENLHOCTH, OPTAHM3ALOHHYIO
CTPYKTYDPY, OOBACHUTE HEOOXOMMOCTD B3aHMOIEMICTBUA MEXKITY OTLEIAMH,
a TakkKe ¢ BHELUHHMH OpraHusauuamu, obocHopars BIGOp obopynoBanus,
NPUAOKESHHIL, AITOPHTMOB MapLLPy TH3ALMH, IPCTPAMMHOIO obecrne eHus.

2. Cmopenuposath ceTh ¢ lpumeHenneM nakera Riverbed Modeler
Academic Edition. I[Tpu 06ocHOBAHUM MO/IE/TH CETH CHAYana HeodXONUMO
BOCMOMB30BATHCA MCXOMHBIMY IAHHBIMH H CLEEHADMEM, 0ATh HA3BaHIE MpO-
exty u cuenapuio (File-New — Haszanue npoekta) (puc. 2.2)

Puc. 2.2. Name project

Hlanee Heobxomumo Buibparh pasmep cetu (BeiGupare office) u
HakaTh KnaBuiny Next. Ha cnemyioiieM 3rane Heo0XoauMo BuiOparh KOH-
KpetHsie pazMepbl MecTHOCTH (M) (X=100, Y=100), Ha KoTOpO}i GyIleT pac-
nonaraThesa ceTh (MexaHusM BeIGopa pasMepoB MECTHOCTH AHAIOTHMEH Bhi-
Gopy pasmepa ceth). [lanee HEOOXOAMMO OTIPENEINTECA ¢ BbIGOPOM 050pY-
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JOBAHUS W TEXHO.10THIA, KOTOpBIE OyNyT NPEACTABIEHbI B MPOCKTE (B Kypco-
oM mpoexTe ucnonssyercs Sm_Int_Model_List-Yes). [lns 5T0ro B Crincke
BBUICATE HEOOXoMUMBIH nemenT, B niose Include noABUTCA HaAMUCh Yes,
03HAYAal0IasA, YTO ITOT MAKET BKIIFOYEH B ITPOEKT.

[Mocae naskaTua knasium Next nporpamMma npeviaraet yoeauTses B
NPABHIBHOCTHA BBEJCHHBIX JaHHbIX. [Tocne npoBepku napaMeTpoB CO3/1aBa-
eMOro MPOEKTa W HaKaTHA KJIaBHILH Finish nossnsorcs pabouas obnacTs,
rae GymeT co3NaBaThCs CeTh, M TANUTPa, B KOTOPOH orobGpaxaioTcs sJie-
MEHTBI, HCTIOb30BaHHEIE B npoekTe. Ecau Bee Gbu10 BEIOpaHO NMPaBHILHO,
JOIKHO TIONYYHUThCA o:mHQEEna none (puc. 2.3).

Puc. 2.3. Office
BriGop 31eMeHTOB nocpencTsoM HkoHkn Open Object Palette (puc.
2.4). DneMeHThl Ha pabouyio 00NacTh MEPEHOCHTD M3 NANTPEL. Jna aroro
BBIAESHTE 3JIEMENT B NAJIHTPE MIETYKOM 1eBoii KHONKH MBILIH, BTOPBIM aHa-
NOrMYHBIM LETYKOM, HO Yoke B paGoueii o6nacTy J06aBHTH d/eMeHT B pabo-
4yio 06s1acTh (HakaTHe MPaBoil KIaBULIM MBILLIA OTMEHAET MOBTOPEHHE 1e-

MEHTOB).

Kpome Toro, B mporpamMme ecTb BO3MOXKHOCTb CO31aHHA KkoMGUHHpO-
BAHHBIX IEMEHTOB U3 1abnonos [29]. [na 3Toro HeoGX0AMMO BbIOPATH Ha
nawenn urcrpymentos Topology -> Rapid Configuration u KoHGHIypupo-
pats wabnoH (puc. 2.5). CeTh pacnonokeHa Ha ABYX 3Taax, Ha KaxIoM
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JTaKe MONb30BATENH MOAKIIIOUEHB! K KOMMYTATOpaM, KOTOPBIE B CBOIO OYe-
pesib 00beJMHEHE! ¢ MapLIPYTH3aTOPoM. OHH KOMMYTaTOP COEAMHEH C Cep-
BepOM. PAZIoM ¢ cepsepoM A00aBlIeHb! 3/IEMEHTb], KOTOPbIE ONPEAENAIOT THII
Tpaduka B CeTH H uc.n :ﬁ:hoﬁam:n wmmo._,Eome B w._dm CeTH,

Fecgd Hlode

Focerd Node
Frend Nade
Froomd Movde
Fixmd hade

Puc. 2.4. O_unn Oc._ann -um_onh

ok | gaen |

Puc. 2.5. Star configuration
3. 3apare npoduny Tpaduka, HACTPOUTL 000pYAOBaHME U BbIODPATH
Tan cobupaemoit cratucTHku. [Uis HacTpoifku obopynoBaHua HeobGXOAUMO
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HAXaTh NpaBoit KMaBHIeH MeilH Ha n3obpakenue aToro odopynoBaHus H
Bbifpats B MeH1o MyHKT Edit Atiributes. B 3apucumocTy ot BetGpaHHoro 060-
pyaopadusa B pabouei cOnacty MOABUTCH OKHO C pasmuyHBIM HabopoM
HacTpalBaeMbiX napaMeTpoB. Janee ocylecTBIAOTC HACTPOHKH.

3.1. Hactpoiika mapmpytnsatopa. [Tpu nactpoiike 00opyaoBaHHs
NOCTPOATE CTATHUECKYIO Tabmily MaplpyTusaluM, 3anate HHTepheicsl,
BbiOpats Tun cobupaemoii cratuctiky. [lockonsky Mogenupyercs HeGonb-
[aA KOPIOPaTHBHAS CETh, COAEMKalasn He GOMbLIe TPeX MapUIpYTH3aTOPOB,
B KOTOpO# PEAKO NMPOMCXOALT HiMeHeH A (TOAKIIOYeHHE HOBOTO Y3/1a, H0-
DapieHi1¢ HOBOTO MaplIpPyTa W T.11.), Leeco00pasHo CTPONUTL CTATHUYECKYIO
Tabnuiy Mapuipytusaiv. [Tpi mocTpoeHdn KpynHOH ceTH, comepkaiuei
Tpu u Oojee MapIPyTH3ATOPOB, MCMOIL3YETCs NHHAMMueckas Tabiuua
MaplpyTusaguu. s HacTpolkd NapaMeTpoB MaplIpyTH3aTopa HY)KHO
HAXATh MpaBod KHOIKOH MbllUM HA ero Ha3zpaHue W BeiGparh rpady Edit
Attributes. B xonmoHke crnipasa 07 Application Definition, Haxats Ha (...)
BbiOpats Default; packpsirs cniacok Application Definitions, B cniucke pac-
kpeiTh Database Access (High); B rpade Name ykaszate Database Access
(Light); packpeiTe cimcok Description; B myrkTe Database yeranosuts Low
Load; naxkats Ok; KAMKHYTb NpaBOil KHOMKOH Mbitmk o Profile Definition;
B KOHTEKCTHOM MeHio BblICpats iTyHKT Edit Attributes; packpsits aepeso Pro-
file Configuration/Sm_int_Profilz/Application; 8 mynxre Numbers of Rows
ycranoputs | (ocTambHble NapaMeTpbl BRICTABATCS aBTOMATHYECKH); HAKATh
Ox (puc. 2.6).

(Jna noctpoenus craruueckol TaGIMLbLE MAPIUPYTH3ALME HE0GXO0-
OUMO BpyuHyro nponucath [P-zppeca n macku [21]. [Ing 3rvoro B mnone At-
tribute seidupaem mynxr [P - [ Routing Parameters — Static Routing Table.
B crpoxe rows ykasats KOJIHYeCTBO aKTHBHBIX WHTep(eHCOB MapiipyTH3a-
Topa. s kaporo narepgeiica (crpoku row) nponucats IP-ampec 0 MAacky.

“I1o0k1 3anaTh napameTpsl nHTEPdEiicos, B nose Attribute BriGupaeM
nyHxT IP - IP Routing Parameters — Interface Information, B koTopoM HOMEp
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CTpOKH (TOW) COOTBETCTBYET HOMepy MHTeppeica. [(na kaxmoro wHrep-
(eiica. COOTBETCTBYIOLIETO OAHOMY WIH HECKC!IBKAM AKTHBHBIM MOPTAM, 32~
pare [P-azpec ¥ Macky NOAKTIOMEHHOro0 0OOPYNOBAHHA. AHAIOTHYHO
HACTPOHTH roo@_umow _Em%moo

B wzn N m. >vu=am=== c_pms_:g i m._.a:_o Definition

Loopback Interface — 1o [P-untepdeiic ¢ anpecom s cetu 127.0.0.1,
KOTOPLIH HCMONE3YeTCA LTSl afpecaliy y3nom camoro cebs (Loopback, wH-
Tepeiic obparHoii cBszu). OGpamenue no aapecy Loopback Interface osna-
yaer ¢BA3bL ¢ caMuM cofoii (6e3 BbiXona NAKETOE JAHHBIX Ha YPOBEHb NO-
CTYMNa K CeTH); JUTS IPOTOKOJIOB Ha TPAHCMOPTHOM YPOBHE H BBILIE TAKOE CO-
eMHEHHE HEOTIHYHMO OT COEAWHEHHMS, TMEOXOMALIETO HEpe3 CeTh, HTO
y10GHO HCIONB30BATS, HATIPUMEP, Ui TecTHpoBaki cetesoro [10.

TMocne Toro Kak HacTpoiika 060pyIOBaHAS JaBepleHa, HeOOXOIUMO
yKa3aTh THO co0upaeMoil cTaTHCTHKH. [lng 31010 Ha HecneayeMom obopy-
[AOBAHHHK WM COSTHHUTENEHON NMHHH HAXKATE NPABOH KHOMKON MBILIY H Bbi-
6pats rpadry Choose Individual DES Statistics. [laree s Kaxnoro ceresoro
3/eMeHTa OCYIECTBUTL COOp pe3y/ibTaToR Moaeauposanus (puc. 2.7). [ns
MapLIpyTU3aTopa 06sM3aTeNbHO ¢oOpaTh CAeTyOLINE CTATHCTHYECKHE T0Ka-
3aTesi: 3arpys3ka npoueccopa, 00beM Tpaduka, NEpeJaHHoOro, NOTYHEHHOIO
1 0TOpOLIEHHOTO Mo npoTokony IP.
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3.2. Hacrpoiika kommyrtatopa. Kak mnpaBuno, NOTONHUTENbHAL
HacTpoiika KOMMYTaTopa He TpeOyeTcs, eciii OTCYTCTBYeT HeobxoauMOCTh
peKoH(UTypaLuti OPTOB WK HacTpoiiku VLAN. Jlns kommyTaTopa ykasaTh
i cOBGMpaeMOoil CTATHCTHKN — HAXaTh NPaBOHi KHOTIKOH MBILUIM Ha 06BbeKT U
BoiGpath rpady Choose Individual DES Statistics. [lanee ranoukamu Bbi-
6paTh HHTEpecyeMble napamMeTphl. [ koMMyTaTopa 0643aTebHO cobpathb
clefyiolMe CTaTHCTHYECKUe NoKasaTenn: o0beM Tpaduka mepeaaHHoro,
ILIEHHOTO.

Momy4eHHoro, 0TOpo
i rxio Resulls tap 06 K

i
IfF

e — [P

Puc. 2.7. CTaTHCTHKA

3.3. Hacrpoiika cepsepa. [Ipu HacTpoiike cepBepa HYXHO MPONKCaTh
Tun TpadMKa, reHEpUPYEMOro nosip3osatesiMu, CaMbie pacnpoCTPaHEHHbIE
THIBI TPaMKa: NaHHbIe, peyb, Buaeo. Kax bl U3 HUX MPeABABIACT Pa3yIny-
Hble TpeGOBaHMA K Nepeaye, 06ecneyeHnIo HeoOX0AUMOTro KauecTsa 06ciy-
JKHBAHWs, BbIIETEHHIO IOCTATOYHOH MPOMYCKHOI CIIOCOGHOCTH.

B 3aBUCHMOCTH OT HATPABJIEHHUs AeATENBHOCTH TIPEANPUs THS/ PHpMbI
no cetu Oyaer nepenasaThes Tpapuk pasnuuHoro poja. CooTBETCTBEHHO
NpH MPOEKTUPCBAHWHM BAXKHO MPaBHJILHO PAcCYUTATh 3arpys3Ky KaHaloB U
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oGopynoBarus. [IpoBepUTE PACUEThI [I03BOJIAST MOJICIHPOBAHME TLTAHUPYE-
Mot Harpysku. Tak, HanpuMep, peyub — 370 Tpaduk, 4yBCTBUTENbHAII K 32-
nepxkam, Ho He TpeSyromuit 60MbLOol NpomyCKHOH criocobHOCTH KaHana,
1o3ToMy 0c060€ BHUMaHHE MPU NPOEKTHPOBAHUH CETH CTOMT YICIUTh obec-
[eYeHHI0 HeoOXoauMOoro kadecTsa obcCIy)KMBaHHA NPH Mepefaue pedd, B
4aCTHOCTH MOYHO HACTPOUTH NpoToKosl RSVP wiu BbIGpaTh HU3KOCKOPOCT-
HOM KaHal.

Tun Tpadka 3aQaeTcs ¢ NOMOLULBIO EMEHTA NATHTPbI Application
Definition. Dnement Application Definition Heo6xoaumo nepeHecTy U3 na-
AuTpbl B paGouyio 06aacTh H Pa3sMeCcTHTL PALOM C CEPBEPOM. Application
Definition COZEKAT XapaKTEPHCTHKH MPUIOKEHHH, CO3ABAEMBIX B BHIC
TOTOKOB 1 MMEIONIUX COBCTBEHHBIE NapaMeTpb! Tpaduka. [iist co3fanmus mo-
toxos Ha Application Definition HyXHO HaXaTb NPapyi0 KHOMKY MbIIIK H
seIGpath rpady Edit Attributes, rae cosaabl 16 cTaHAAPTHBIX NOTOKOB ANA
takux crydaes. Cioja BXOZAT ZocTyn k 6azaM JNaHHLIX, obpaboTKa 3/1eK-
TPOHHOM MOTHI, Nepefaya (aiinos, pabora B MHTepHeTe U T.1. IMocne co-
30aHKS TIOTOKOB NPUIOXKEHHH HEOGXOIMMO CKOHGHIypHPOBaTh npoduinu
nosb3oBareneii, paGoTAIOUMX B CTIPOCKTHPOBAHHOM CeTH. Ty byHKIHIO
BhINONHAET 3neMeHT nanutpsl Profile Definition.

KaknoMy npoiiuio 1aTh Ha3BaHME W ONMHCATh PAJL M0Jb30BATE]Ib-
CKHX XapaKTepHCTHK: BpeMs Hauasa paboTel, NPONODKUTENLHOCTD, OKOH'a-
H¥ie, UHTEHCHBHOCTb €ro npedbiBanus i padoThl B CETH, @ TakKE KaKHMH H3
npenoKeHHbIX (CO3AaHHBIX) NPHIOKEHHIT OH MOJb3YETCA. YkasaHHbIE Na-
paMeTphI 3ajialoTest ananoruiHo Application Definition uepe3 MyHKT MEHIO
Edit Attributes. Tun coGupaeMoil CTaTHCTHKH YKa3blBA€TCsl TakdKe 4Hepes
nyskT Mexto Choose Individual DES Statistics.

Jlns cepsepa HEOOXOMMMO cOOpPaTh CCAYIOWIME TUILI CTATHCTHKH:
3arpy3ka npoueccopa, oGpatieH e K NPUIOKEHWIM CepBepa — NOJLy IeHHbIH
n ornpaeneHusi#t Tpaduk (Application Demand — Traffic Sent, Traffic
Received), sarpyska cepsepa FTP, HTTP, E-mail, DB, B pa3nene Requesting
Custom  Application  swiGpate  Application ~ Response, Total
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Request/Response Size, Traffic Received/Sent, OTMETHTh 3arpysky B
Responding Custom Application [29].

3.4. HacTpoika OKOHEHHBLIX nonssosateneii. [Tpu HacTpolike obopy-
NOBaNKA 119 OKOHEUHBIX Mosb3osaTeneii sanath [P-aapeca u Macky, ykasatk
HA3BaHIE M THO ToAk3osatesa. OKOHEUHBIW MoMb30BaTeslb MOMET 6bITh
NPErCTABJIEH ABYMA CIIOCo0aMH: SNEMEHTOM LAN, KOTOph! IMUTUPYET HE-
Kyt ceTb aGOHEHTOB, WK padoiei cTanLuel. B cnyuae korza snemeHT LAN
MOAKMIOUEH K MApIUIPyTHIATOPY, T.e. ABMAETCA FPYNNoH OKOHEUHBIX TOB30-
pareneii, HaCTpolika MapaMeTpOs AaHHOTO HEMEHTA NPOMCXOAUT clemyro-
M ofpasom.

Bui6path myskT Mewio Edit Attributes. 3anecTd Yucno roJb30Barenei
B rpapy Number of Workstations. C y4eToM 3T0r0 napamerpa 3anonHieM
rpady Application — Supportec Profiles, ykasbiBatoLLyto, CKOMBKO 1 KAKOT0
posa mojib3oBatenedt GynyT NPUCYTCTBOBATS B sTol mojceTH. 3hech aHalo-
FMMHO 2€PBEPY CO3AATH MOTOKVI, YUMTHIBAIOIIAC nonb3oBaTeeil ceTH, Ha oc-
HOBE MpoduieH, CO3MAEHBIX B SJIEMEHTe paGoue#i obnact Profile
Definition.

VkasaTh KOnHuecTEO npoduneit rons3qareneii B rpade Rows. [Ipo-
dun rions3oBaTeneit 06pea3yiOT NOTOKH Tpaduka onpeaenenHoro Tuna. [la-
fee [ KaKA0r0 CO3AAHHCT0 TakuM 00pa3oM NOTOKA yKa3aTk Ha3sBaHHE Mpo-
duns ¥ YHCI0 NONb30BATENeH.

Upcsio MONMb3oBaTeNel BCEX THIOB B MTOre AOMKHO OBITH PAaBHO
YUCIY NONb30BATENEH BCEH NCLCETH. IIpu Hactpoiike LAN MOXHO MpoOnH-
caTh CTATHHECKYIO TaGIHLYy MapIIpyTH3aLUy TaK Xe, KaK Ha MaplpyTH3a-
Tope. B ciyuae KOrjia Ox0HeY HhLIM MOTb30BATENEM ABNAETCA pabouas cTaH-
LK, HACTPOHKA 11aPaMeTpoB MHYUHLMIHATILHO HE MEHACTCA. TonbKo Konude-
CTBEO MoJb30BaTedel Bcerna Gyner pasxo 1. Tun cobupaenoit CTaTHCTHKY
yKa3pl3aeTcs uepes [yHkT menk Choose Individual DES Statistics [29].

s OKOHEUHBIX [IOTB30BaTENeH CHATH CAEAYIOLWYIO CTATHCTHKY:
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* 3aJIePXKKy, BapHaLMIO 3anepXKkH, o0beM Tpaduka, MOMYHSHHOTO,
OTMpaBAEHHOTO AMis TUNOB mpuaokeruit: Video Called Party, Video Calling
Party, Video Conferencing, Voice Application:

* 3arpysKy npoueccopa;

* KONWYECTBO 3arpyxkeHdsiX o0bekToE/cTpanuy  (Downloaded
Objects/Pages) ana Client Http;

+ pasmepsl 3arpyxentbix Qaiinos (Downloaded File Size) n Down-
loaded Response Time ans Client Fip;

» ofbeMbl  nodydeHHoro/nepefanHoro  tpagmka (Traffic  Re-
ceived/Sent) nna Client E-mail u Client DB;

* 3arpy3Ky, 3alepKKy, ofbeM MomyyeHHOrO/MEPeNaHHOro TpaduKa
(Traffic Received/Sent) B paziene Ethernet.

[pucTynKTh K CHMYJIALMH, MPEIBAPUTENSHO COXPAHMB MPOEKT,
HAXAaB B MeHI0 npoekTa kHonky Save. [Ipoexr 6yaer coxparen 8 C:\Docu-
ments and Settings\Guest\op_models. I1pu noeToproM 3amycke nporpaMmel
Riverbed Modeler Academic Edition anst OTEpBITHS CYIIECTBYIOIIETO PO~
exta HeoGxoanmo B Merio File BoiGpat Open u HAzEAHNE CBOErO MPOEKTA.

4. TIpouspecTH CUMYIALNI, OUEHHTE MOMYUEHHbIC PE3YIbTaTh.

ITepen HAYANOM MPOLECCA CHMYJIALMI HEOOXOAMMO HACTPOUTE HEKO-
TOpBIE apaMeTpPhbl CHMYJIALMH. J[1s1 3TOTO HA NAHENH HHCTPYMEHTOR HYXKHO
naxath kuonky Configure/Run Discrete Evert Simulation (DES) u solitu B
pesint cumynsuyn. Maker Riverbed Modeler Academic Edition npeniaraer
yKa3aTh NPOOJIKHTENBHOCTE PabOTHI CeTH (B AaHHOM Ciydae — 2 ). B cie-
AYIOIIMX 3aKTaAKaX HMEETCs BO3MOKHOCTh HACTDOWKH roOalbHBIX mapa-
METPOB CETH, MApaMeETPOB Moae/THpoBaHis U Kélj10r0 2NeMeHTa, BbiBOaa
OTHYETOB, AHUMALHK BO BPEMs MOJICTHPOBAHAA 1 IIp.

Jins panHo# cetd Tabnuua MaplopyTH3aldld MpomKUckiBaiack BPYY-
HYIO (CTaTMyeckas MaplIpyTH3alMs), ModTeMY HE0OXOAUMO BBIKIIOMHTE
NPOTOKONb! AHAMUYecKoi Mapupytusaunt RIP, OSPF, BGP. [ins aroro B
none Attribute ssi6pars RIP Sim Efficiency i1 ycTaHOBUTD €ro B 3HaueHMe
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Disabled (mns OSPF n BGP mpoussecTy aHanOrUHHbIE onepauuu). 3amy-
CTUTH TIPOLECC MOZETUPOBAHMA. YroObl 3aMyCTHTh CHMYJIALINIO, HYMKHO
pakaTs keonky Run. [Toce 3aBepieHns npoLecca CHMY AR HArpy3Ky Ha
ceTh 3aHEeCTH B OTUET, Mepeiias Ha 3aknazuky Progress Info (puc. 2.8).

Bo Bpems MOAEINPOBaHUA MPOLECCOB, NPOHCXONALULNX B MNOCTPOEH-
HO¥ CeTH, B pealbHOM BPeMEHH Ha SKpaHe CTPOUTCA rpaduK aKTHBHOCTH,
COCTOSIIMIL M3 ABYX KPMBBIX: CHHAA 0TOOpaXaeT CHTYalHio B Kaabli MO-
MEHT BpEeMEHHU (BpeMA OTKJIA/bIBACTCA MO OCH abcuuce), KpacHas nokasbl-
BaeT cpejHee sHaueHHe. JliA MpocMOTpa pesy ibTaToB MOZIeTMPOBaHHs pa-
60THI CeTH «MoA Harpy3Koi» Bebpath myHkr View Results [29].

f Smdrenimpass
i[ ERT __ o

St T 3 0 0 Evonat THARZ BES Log: acky
Frigna e |1t o]

SR
Puc. 2.8. Simulation Exection

Y1o6bl MPOCMOTPETh CTATHCTHKY WIS CEpBEpa, HYKHO BIOpaTh €ro
npasoil kiasuileil 1 BHIOpaTh View Result (puc. 2.9).

Teneps 3Ty CTATHCTHKY HEOOXOTUMO CPABHUTE C rnobaneHOMH CTaTH-
cTHKOM [ Beeil 061acTH, VT 3TOro NpaBoi KnasHiied HyXKHO HaXaThk Ha
paGouyto obmacTs, BbiGpate Choose Individual DES Statistics) u3 KoH-
TexcTHOro Mero. [TogBuTes okHO BhiGopa pesyibrata (Choose Result), pac-
kpbiTh aepeso Global Statistic, ety Ethernet 1 nocTaBuTh raotky 0K0J10

Delay (sec) ana c6opa naHHbIX, HAXKATh OK (puc. 2.10).

SidsonGncih |
|
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[Tocae NOMYHEHHOrO Pe3yabTaTa MOXKHO IIPUCTYNATh K YBEIHHCHHIO
ceTH i 10GABTeHHIO BTOPOTO KOMMYTATOPa H MapLIpyTH3aTOpa B HOBOM CLie-
Hapuu. J[in 3TOro Heo6XonMMO BHIOPATh MYHKT MEHIO (Scenarios/ Duplicate
Scenario...) ¥ BBECTH UM# HOBOTO crieHapus (puc. 2.11).[lanee MeToauka co-
3[AHMS CETH AHANOrMYHA CO3NAHMIO CETH C OJIHUM KOMMYTaTCPOM.

i it

{0 i i
FEEHRGS T

e

.___._.Wl

e [} | )

Puc. 2.9. CraTHCTHKA cepBepa

Puc 2.10. CpaBHeHHE CTATHCTHK
Jlns nepeKMO4eHHs MEKIY CLEHAPHUAMH HCMONB3YeTCs Manage
Scenarios B MeHI0 Scenarios.
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w:.n. 211 n;.uca:mm ceTH
anee nponssecTh nposepky cetu Topology/Verify Links (Ctrl+L), B
HoseMBIIEMEs OKHe BrIGpaTh Verify Links n HaxaTh Ok. CHATh HeoOX0au-
Mble Amum_ﬂ,&vxoqu: ¢ MHTEPECYIONINX 3IIEMEHTOB (pHC. m _8

Ay -uvai w ELoR g
T e S

Puc. 2.12. CpaBHeHHe NMOJIYYUeHHBIX CTATHCTHK
- ¢ cepsepa: Ethernet Load (bits/sec); Ethernet Load (packets); Ether-
net Traffic (bits/sec); 3aaepxiu Ethernet (sec) (Ethernet/Delay); 3arpyska
nponeccopa (CPU /Utilization); [P Number of Hops;
- moKasaHus co sceil ceri: 3amepkku Ethernet (Ethernet/Delay); 1P
Traffic Dropped; IP Number of Hops;

- grarTReTHRy Mapinpytmiatopa: 1P Multicast Traffic Sent (pack-
ets/sec); 1P Processing Delay (sec); IP Traffic Received (packets/sec); IP
Traffic Sent (packets/sec).

Jaa orofpanenua HeCKMIbKHX FPaIKoR B OJHON CHCTEME KOOPAH-
war B obnactii Presentation M3 packprisagmoro crimcka seidpare Cverlaid
Statistics. B oxne Results Browser 3eqeHbiME TAIOUKAMH MOKHO BblOparh
HHTEPeCYIOWMIi TUT CTATHCTHKYE Ha paznuyHoM 060pya0BaHHM, HANIPHMED
rpadrar koaudecTsa oTOPOIUEHERIX HA MapUIPyTH3ATOPE NAKETOB 3a CAH-
wnny spemedy (Traffic Dropped). Cuarts rpaduk Harpy3ku Ha KaHal, no Ko-
TOPOMY OLUEHHTE NPOMYCKHYIO CIIOCOOHOCTL KaHaNa.

nﬁbm—u..__ﬁm—.:—ﬂ oTHeTa KYPCOBOTO MpoeKTa

Ctuer 0 kypeoBom npoexte «IIpoexTHPOBANHME CeTel CBA3HY [lOMKEH
COLEPIKATS!

1. Texuuueckoe onucaHKe NPOSKTHPYEMbIX CETEH CBA3H.

2. Pacuer xonuuectsa TpakroB OKC-7, HeoOX0MMBIX IIA COEllMHE-
HHA MOIeNbEOM cTasuui SSP u SCP uHTesmekTyanbHoi ceTn CBA3H.

3. Pacyét npou3BOAMTENLHOCTH y37a HOCTYTA C YU&TOM CTPYKTYpPBI
HArpy3KH, NOCTynawuei or a0OHSHTOB, NOIB3YIOIIMXCA Pa3IMYHBIMUA BH-
JAMH YCITYr, BKiK4ad PacuéT Yiicsia NakeTos 0T nepsoii rpynel aGOHEHTOB
(Tenedonns), pacuét yMcna NakeTeB oT BIOPOH rpynnsl (Tenedonus u M-
TEpHeT), pacuéT MLCa NaKeToB OT TpeThel rpyniikt (triple play).

4. Pacuer rtpebopaHnii Kk NPOU3BOAMTENEHOCTH MYJIbTHCEPBHUCHOTO
yina nocryla.

5. Pacuer BpeMeHH 3aAepiKiM, HHTEHCUBHOCTH 1 KO (pHIIMenTa UC-
NOBIOBAHUSA CHCTEMBL,

6. PezynbraThl IPOCKTAPOBAHUS KOPTOPATHBHOH CETH C MOMOLIbIO
nparpaMMuore nakera Riverbed Modeler Academic Edition npeacrasuts B

BHae:
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. 5CKN3a CeTH, NPUMEPOB HACTPOHKH MapIpyTH3ATOPa, cepeepa; Tpa-
(pMKOB HArPY3KH Ha CETh, HECKOMBKMX THIOR COBUpPAEMOil CTATUCTHKH C J1i-
i 1 06OpYAOBAHNS, BHIBOJIOB M0 Pe3y1bTaTaM MOENHPOBAHHS,

- CTATMCTHHECKNX TIoKaszaTeneli MaplipyTHIaTopa, BKTIOUAIONIMX 32~
rpy3Ky nporueccopa, oonem TpaduKa, NepeaHHOro, NOJyHEHHOTO u orbpo-
menHOTO NO npoTOKONY IP;

- 06beMa repe;aHHoro, Moy 1eHHOro H 0TGpOLUeHHOrO TPaQuKa A4
KOMMYTATOPA;

- obbeMa 3arpy3ku mpoieccopa npu obpatieHuil K MPUAKEHIIM
cepBepa: 3arpy3Ka npoueccopd, obpaluenne K NpuIoKeHHAM cepBepa;

_ tpaduKa, NONYUEHHOro i OTNPaBICHHOrO (Application Demand —
Traffic Sent, Traffic Received), 3arpy3k cepsepa FTP, HTTP, E-mail, DB,
B pasenie Requesting Custom Application — Application Response, Total Re-
quest/Response Size, Traffic Received/Sent, 3arpy3xu B Responding Custom
Application;

- CTATHCTHKH /A OKOHEUHBIX nonb3oBaTeNel, BRIIOUAIOIIEH: 33~
NEpPKKY, BapHAlHIO 3a[CPXKKH, obbem Tpaduka, [ONyHeHHOTO, oThpaslieH-
HOLO I CNENYHOIHX THIOB npunoxenuit: Video Called Party, Video Call-
ing Party, Video Conferencing, Voice Application; 3arpy3xy TpoLECccopa,
s Client Http — Downloaded Objects/Pages, nns Client Ftp — Downloaded
File Size/Response Time, nas Client E-mail — Traffic Received/Sent, nnA
Client DB -- Traffic Received/Sent, 3arpysky Ethernet, Traffic
Received/Sent;

- THMNOB Eﬁo‘u«:mam?_ow CTATHCTHKH A Kapana Memay nmﬁmmﬁcg H
MapLIpyTH3aTOPOM.

7. OnucaHue NPUHIMNOB MOCTPOSHUA 1 TeXHONOrHY KOPNOPATHBHBIX
cereid.

8. OGocHosauue BbiGopa 0GOpynOBaHWUSA, ©TO KoHGUrypauyH,
HACTPOWKH H THTIOB CTATHCTHKH.
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9t

Ly

JNAHHBIE JIIsI PACYETA CETEN CBSA3H

NMPUJIOKEHHE 1

Ne P, P, 2 P, P, P, K P i3 P f Ml’.m ]\\:fizﬁ.f h\f{; :::H N, N, Dﬁopyrz:;:n;ue Cm.
FPH PCC ACC CcCC Vot PRM c (-
1]oi 03 | G, 0,2 0.1 § 02 1,2 16 | 16 1 80 i 10 |10 |50 110 Piooo | 1o | Ml DI RIL SL
82, SHL Et
7o 03101 0.1 02 | 0,1 § K 20 {10 |70 | 2 9 12 1558 12 | 1100 | 11 | M1, M2, D1 RIl,
S1, 82, SH, Et
3 104 02|01 0.1 01 | 0l 1,4 30 |10 | 60 |3 8 15 | 60 | 15 1200 | 12 | M1, DI, D2, Rl,
R2 S1, §2, SH, Et
4 105 0.1 10,1 0,05 {01 | 0,15 13 40 | 10 | 50 | 4 7 17 ¥ 65 F7 1300 | 13 | MI, D1. D2, Rl,
S1, 82, SH, Et
5104 0,1 | 0.1 0,1 0,1 |02 1,6 50 | 10 | 40 |5 6 20 | 70 |20 | 1400 | 14 | M2, D2, RI, S,
S2,SH, Et
6 102 02 10,1 0,1 01 | 02 1.7 60 | 10 |30 | 6 5 22 17y 122 1500 | 15 | M1, M2, D2, Rl,
S1,82, SH. Et
7 103 0,3 ] 0.1 0,05 | 02 | 005 2.3 70 | 10 |20 | 7 4 25 80 |25 | 1600 | 16 | M1, M2, D1, D2,
s R1, S1, 82, SH, Et
8 |01 01102 0.1 03 |02 2.4 80 | 10 | 10 | 8 3 27 185 | 27 1700 | 17 | M1, DI, R2, S1,
$2, SHLEt
9 10,05 0,1 103 0,1 03 [ 015 |25 107 205170 |9 2 30 | 90 | 30 1800 | 18 | M1, M2, D1 R2,
S1, 82, SH, Et
10 | 0.2 02103 605 |01 fols |26 10 |30 | 60 | 8 1 32 .19 |32 1900 | 19 | M1, D1, D2, R2,
$1, 52, SH, Et
11 | 0,1 03|01 0.3 01 | 0,1 2;7 10 | 40 | 50 | 7 1535 |97 |35 | 2000 |20 | M2, D2, R2, Sl,
S2, SH, Et
12 | 0,05 01102 015 |01 | 04 3,4 10 |50 |40 | 6 25|37 |98 |37 | 2100 |21 | ML, M2, D2, R2,
S1, 82, SH, Et
OxoHgaHHe IpHIOKeHH |
13 p:02 02102 03 000y 28 3.5 10 | 60 |30 |5 35 | 4] 110 40 2200 | 2 | M1, M2, D1, D2,
5 0 2 | R2, 81, 82, SH. Et
14 104 0.1 | 0.1 a05 102 | 915 | 36 10 | 70 | 20 | 4 45 | 4] 115 42 2300 | 2 | M1, M2, DI, D2,
2 31 R2 Sl S2, 83,
AD, Bt
i5 1 05 0,1 10,1 0.1 01 ] 01 F:7 10 | 80 [ 10 | 3 55 | 4] 120 45 2400 | 2 | M2, DI, D2, R2,
5 + 152
16 | 0,1 {1 103 0,15 02 | 0,15 4,5 10 80 10 2 65 | 4] 125 47 2500 | 2 iﬂi, 515,3;32‘?’1{51,
7 5 | 81,52, 83, AD, Et
¥R 1 02|03 015 | 0,1 | 0.05 | 4,6 20 | 70 1 10 | 1 7.5 | 5] 130 50 2600 | 6 | M1, M2, D2, R2,
0 S1,S2, 83, AD, Et
18 | 03 01102 0.2 0,1 | 0,1 4,7 30 |60 |10 |3 85 5] 135 23 2700 | 7 | Ml, M2, D1, R2,
2 S1, 82, 83, AD. Et
19 1 03 01|01 0.2 02 | 01 5.6 40 | 50 |10 | 4 95 | 51 140 33 2800 | 8 [ M1, D1, R2, SI,
5 S2, 83, AD, Et
20 | 04 0.1 ] 015 005 {902 | 0,1 o | 50540 110 15 5 5] 150 43 2900 | 9 | M2, D2, R2. S1,
7 S2, S3, AD, Et




CHEHUOHKAIIN OCHOBHOIO CETEBOIO OROPYIOBAHMA NPUNOKEHUE 2

TDbupyivsinne Hnrep{eiicnl OHCKH iieHbl,
v.e.
Input Output
Amanor | DS E1/PR1 Ether- E1/PR1 Ethernet
L L net
Y3ael focryna
MSANI (M1} 512 128 | 16(0KC-7, 2H{OKC-T, 1000 Base - TX
R1,5,R2) R1.5R2) ey =Tl
MSAN2 (M2) 128 A4 HOKC- 2{OKC-T, 1000 Bage - TX
7.R1,5,R2) R1,5R2)
f; PRE AN Her 48 | Her - Her 1000 Base - TX
DSLAMZ (D2) Her 32 | Her Her 1000 Base - TX
MapmpyTasa-
TOpBI ]
Router] (R1} Hey Her | Iler 2x1000 Base - TX Her 2509
| Router2 (R2) Jet Iler | ller 2x1000 Base - TX Her 1500
KommyTaropst 4
Switchl (SI) Her Her | Her 2x1000 Base - TX Her 1750
Switch2 (S2) Het Her | Her 2x1000 Base - TX Her 1250
Switch3 (S3) Her Her | Her 100Base - TX Her 100
Mopemul
SHDSL (SH) Het 1 | 1(OKC- 4Mb/s - Her 1000
TRLSRZ)
ADSL (AD) Her 1 Her 2Mb/s Her 100
| Komseproper :
Ethernet-El (Et) Her Her Her 1(OKC-7, Het Her 1500
" | RL,5R2)




