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1 3AT'AJIBHI BITOMOCTI
1.1 Texnoaoris frame relay

IIpocra, ane B TOH ke 4ac eeKTUBHA I BOJOKOHHO-ONTHYHHUX
mHIA 3B’s3ky TexHomoris Frame Relay Bigpasy mnpuBepHyma yBary
BEAyYMX TEJIEKOMYHIKalliiHUX KOMIaHii 1 opraHizamiil o craHaapTU3arii.
B cranpaprusanii miei rexHomorii kpim komitery CCITT akTuBHY y4acTb
npuiiManu Gopym 1o perpancisinii kaapiB Frame Relay Forum i xomirter
T1S1 inctutyty ANSI. A Texnonorist Frame Switching tak i 3anummnachk
CTaHAAPTOM, IKHH HIKOJIU HEe OYB IIUPOKO PO3MNOBCIOAKCHIM.

OcHoBHa BinMiHHICTE Mepexk Frame Relay Bin mepex X.25 nonsrae
B TOMY, II0 B HUX BHKJIIOUEHA KOPEKLis MOMHJIOK MK BY3JIaMH MEpExKi.
3amavi BiHOBJICHHS TMOTOKY IH(oOpMAIli MMOKIaNalThCsd Ha KIHIIEBES
yCTaTKyBaHHS 1 TporpamHe 3a0e3leueHHs KOPHCTYBadiB, MO MOTpedye
BUKOPHUCTAHHSI JOCUTD SIKICHUX KaHANIB 3B’ S3KY.

HactymHoro BigminHicTIO Mepexx Frame Relay e Te, mo ceoromHi
NPakTUYHO B YCIX MOJIOHMX Mepekax pealli3oBaHO TUIBKH MeEXaHi3M
noctiHuX BipryanbHux kaHaiiB (PVC). Ile o3nauae, Mo miaKITIOYar09nCh
JI0 TAKHX MEPEX KOPUCTYBady HEOOXIIHO 3a3/aJieri/ib BUSHAYUTH, JI0 TKUX
camMe pecypciB BiH Xode orpuMmaru AocTym. Texnomoris Frame Relay
BU3HAUa€ JBa TUIM BIpTyaJlbHUX KaHajiB — mocTiiiHi PVC i xomytyroui
SVC. lle BiamoBimae moTpebaM KOpPHCTyBada, TaK SK IS 3’ €THAHB, TI0
akuM Tpadik mepenaetscst 24 roauHu Ha 000y, Maibke 3aBXAW Oinblie
MiIXOIATE MMOCTIHHI KaHAIH, a JUIA 3’ €MHAaHb MOTPEOYIOUHX JIUIIE ASKITbKa
TOIMH B Micsib — KoMmyTyrodi. OnHak oOJNagHaHHS MiIATPUMYIOYE
KOMYTYIO4l BIpTyalibHI KaHaJdW, 3 SBIJIMCS HA PHHKY 3 BEJIHKOIO
3arpuMkoto. Came ToMmy TexHojoris Frame Relay wacto acouitoerbes
TUTBKH 3 TIOCTIHHUMH BIpTYyaJTbHUMH KaHAJIAMU.

Frame relay (anra. «perpaHcisimisi KaapiB») — HPOTOKOJN
KaHaBFHOTO piBHS MepekeBoi moneni OSI. KananpHuil piBeHs — i€ piBeHb
MIPU3HAYSHUHA NI 3a0e3TMeUeHHsT B3aEMOIil Mepexk Ha (i3MYHOMY piBHI #
KOHTPOJIO 3a IOMWIJIKAMH, $IKi MOXYTh BHHUKHYTH. KoXeH piBeHb
00CIIyrOBy€e CBOIO YacTHUHY MpOLECY B3aeMOJii. 3aBISKH TaKiid CTPYKTYpi
CHiJIbHa poOOTa MEPEKHOTO YCTaTKyBaHHS Ta MPOTPAMHOTO 3a0e3MeYeHHs
cTae Habararo mpocrima i mpo3opima.

TexHomorist perpancisnii kaapie Frame Relay BuHuKia 3aBAsku
noTpedi CHOMy4eHHs JIOKaIbHUX MEpEeX KaHajlaMH IJI00aJbHUX MEpEex,
MOEHAHHS TEPUTOPIaAIbHO PO3PI3HEHHUX JIOKATBHUX MEPEK KOopropaii B



€IMHY IIBUIKICHY KOPIIOPaTHBHY MEpEXy, a TaKOX BIIPOBAIKCHHIM
HOBITHIX JOCATHEHb B TEXHOJIOTil mepenadi rioOalbHUX Mepex. binpm
panni npotokomn WAN, Taki sk X.25, po3poOieHi B TOW dac, KOJH
nepeBayKaJId aHAIOTOB1 CUCTEMH Nepeaadi JaHuX 1 MigHI HOCII.

i xananm mepenadi MaHUX HE HAAIMHI B MOPIBHAHHI 3 BOJIOKOHHO-
ONTUYHUM HOCiEM 1 LM(POBOIO mepedauero NaHWX. Y TaKUX KaHauax
nepefadi JaHUX MPOTOKOJIM KAaHAIBHOTO PIBHA MOXYTh NOTpeOyBaTH
3HaYHUX THMYAacOBHX BHUTpPAT Ha alITOPUTMH BHIIPABJICHHS MTOMMJIOK.
OTxe, MOXJIMBI OUIBII TPOMYKTUBHI Ta e(EeKTHBHI CHOCOOM IS
miaTpuMKy 1inicHocTi iHdopManii. Came 1 MeTa mepeciigyBanacs MpH
po3po6ii Frame Relay. Frame Relay moxHa po3risaary i sk CIpoOIeHHA
BapianT X.25 uId HamiHHUX MEPeX Ta BUCOKWX IIBHIKOCTEH mepenadi
nanux. ['oJ0oBHA BiAMIHHICTG I1i€l Mepexi Bix X.25 — 1e Te, Mo KOPEKI[io
MOMHJIOK BUKOHYIOTH HE IPOMIKHI, a KiHIIeB1 BY3JIH.

Byson mepexi Frame Relay BukoHye Taki nIBi TOJIOBHI (hyHKIIi:
nepeBipsie MUTICHICTh Kaipy (SKIIO Kaap CIIOTBOPEHUM, HOTO BiIKHAIAIOTH);
nepeBipsie TMpaBWIBHICTH aapecd (SIKIIO ajgpeca HE BioMa, Kajap
BIIKHAIAIOTH). 3aB/ISIKM 3MEHIIICHHIO Yacy Ha OIpAIfOBaHHS y MPOMIKHUX
By3J1ax 3arpuMKa Ha By3ii Frame Relay cranoButh 01u3bK0 3 MC, TOZI SIK
aHasoriune 3HaueHus i X.25 — 50 mc. [IIsunkicts mepemaui Frame Relay
HaOyBae pi3HUX 3HaYeHb — Bifg 56 Ko/c mo 1.544 MO/c 3anexHO Bij
MIPOITYCKHOT 3IaTHOCTI Ta KiJBKOCTI 3aMissHUX KaHauiB. TexHomnoris Frame
Relay He Haknmamae oOMeXeHb Ha MAaKCUMallbHY IIBUAKICTH MepenaBaHHA.
Frame Relay 3abe3meuye MOXIHMBICTH Tepedadi NMaHUX 3 KOMYTAITIEIO
nakeTiB uepe3 iHTepdeiic Mixk npuctposmu kopuctyaua DTE (nanpukman,
MapmipyTu3aTopaMy, MocTtamu) 1  oOmamHanHsM — Mepexi DCE
(mepeMuKalOYuMH BY3J1aMH).

Crammaptn Frame Relay BuW3HagaioTe JBa THIM BipTyaJIbHHX
kaHaiiB: PVC, (Permanent Virtual Circuit) noctiiiHuii BipTyanbHUI KaHaJ,
IO CTBOPIOETHCSI MK JIBOMa 009KTaMH 1 iCHY€ MPOTSATOM TPUBAJIOTO Yacy,
HaBiTh MiA 4ac BimcyTHOCTI manux ans nepenaqi. SVC (Switched Virtual
Circuit) - BipTyaJbHHWIi KaHal, IO KOMYTY€E, CTBOPIOEThCS MDK IBOMA
00nKTaKMH Oe3MocepeiHbO Mepe]] Nepenaveio JaHuX 1 PO3PUBAETHCS MiCs
3aKiHYEeHHS CEaHcy 3B'SI3KY.

Po3rnstHeMO mpUHIMI TEXHOJIOTIT epeaayi faHux. lnes, ska JexuTh
B ocHoBi Frame Relay monsrae B ToMy, mo0 HamaTH KOpHCTyBadam
MOXJIMBICTE OOMiHIOBatHcs iH(opmamiero Mix asoma DTE mpucrposmu
yepe3 DCE. [lani HaBeneHO, MOKPOKOBO. BCe HEOOXiIHE i TOT0, 100 JBa



DTE — npucTpoi MOTIM BCTAHOBUTH 3B 30K OAWH 3 oMHUM. OCh 5K IIe BCE
npoxoauTh. MepeskeBe 00agHaHHsI KOPUCTYBaya BiANPABIIse OSSIKHNA Kaap
B JIOKaJbHY MEpekKy. B 3aroyioBKy mporo KaJpy BKa3yEThCsl amapaTHU
azpec MapuipyTuzaropa (LDII03 32 3aMOBUEHHAM). MapuipyTusarop
OTpUMY€ TIeW Kajp, BUJIy4a€ 3 HHOTO TAKET, MCIS YOT0 BiAKUIAE Kajap.
Ilicns BimkumanHs Kaapy BiH 3HaxoauTh I[P-ampec oTpumyBaua, SIKHiA
pO3TamIoOBaHO B CepenuHI TakeTy 1 Mo Tabimumi MapIipyTu3amii
HAMaraeTbcs BH3HAYMTH, SKUM UYMHOM MOXHA JOOpaTHCA OO Mepexi
orpumMyBava. [loTiM MapmipyTH3aTop BiINpasise AaHHI depe3 iHTepdelic,
KW, K HOMY 3/1a€ThCs, TO3BOJIUTh 3HANTH BiANaNeHy Mepexy. SIKmo x
MapHIpyTH3aTOp HE B 3MO3i 3HAUTH TOTPIOHY HOMY Mepexy B CBOIH
TaONMUIIl MapHIpyTH3allii, TO BiH BiIKHIA€ Bech MakeT. Tak K y JaHOMY
BUTIAJIKy BHKOPHCTOBYETHCS TIOCHIIOBHUI iHTep(eiic, iHKancyiboBaHUH
mis Frame Relay, To MapmpyTtuzarop BiInpaBUTh TaKeT 3a aapecoro
Mmepexi Frame Relay y Burnsiai inkancynpoBaHoro kaapa ais Frame Relay.
Bin pmo6aBute B HphOro DLCI-HOMep, sKuii BiAmoBigae maHOMY
nocnigoBHoMy iHTepdeticy. DLCI Bu3Ha4Yae HOMep BipTyaJbHOTO KaHATy
PVC abo SVC, skuii Beme mo MapuipyTH3aTopa i KOMyTaTopa, SKUi
BXOJIUTh JI0 CKJiaay Mepexi Frame Relay.

[Ipuctpiit o6cnyroByBanns kanaiy - (Channel Service Unit, CSU) ta
npucTpiit oociyropyBanns aanux - (Data Service Unit, DSU) oTpumyioTs
A POBUI CUTHAJ 1 IEPETBOPIOIOTH HOTO B CHCTEMY IMU(POBUX CHTHAIIB,
sika Oyne 3po3ymina maius komyraropa PSE (Packet Switching Exchange —
00MiH KOoMyTylounX TakeriB). PSE oTpuMye 1udpoBuii CUTHAN i BUTATYE
orpuMani mo miHii 3B’s3Ky ommHuui i Hynmi. CSU/DSU 3B’s3anuii 3
nemapkamidHoto  (demark)  miHi€l0, BCTaHOBIEHOIO  TPOBalIEpPOM
MEpEeXEBUX MOCHyr. JleMapkaliifHOIO JIiHi€I0 3a3BHYall CIYXUTh HpoOCTa
po3erka RJ-48S, sika BCTaHOBIIOETHCS HEMOMATIK BiJl MapIIpyTH3aTOpa
CSU/DSU [emapkauiiiHa JiHisg 3a3BU4ail IPeICTaBIse COOOI0 BUTY Mapy,
SKa 3’ €THYETHCS 3 JIOKATBHOIO METIICIO.

JlokanpHa meTys 3’€THYETHCH 3 HAMOMMKINM LEHTPATHHIM O¢icoM
(Central Office). CO otpumye kazpu i nepecuiiae ix uepes «xmapy» Frame
Relay otpumyBauy. Ll «xmapa» Moke CKJIamaTHUCs 3 OECATKIB
komytytounx o¢iciB. CO Hamaraetbcs Bu3Hauutu [P-ampecy 1 DLCI-
HOoMep. 3a3Buyail Braetbcsi BuzHauuth DLCI-HOMEep BuaaneHoro
npucTporo i3 Bianopiauoi Tadmuii IP i DLCI.

Hns Frame Relay Taki TaOnmuIi CTBOPIOIOTBCS ~ CTAaTHYHO
NpOBaiepoOM TOCIYT, aje MOXYTh CTBOPIOBATHUCS MapIIPyTH3aTOPOM i



nuHamigHO 3a momomoroio IARP (Inverse Address Resolution Protocol —
NPOTOKOJ AMHAMIYHOTO 3BOPOTHOTO MepeTBOpeHHs aapec). [licus Toro, six
KaJp JOCATAaE KOMYTYIOYOro o(icy BiH 0/pa3y MOCHUIIAETHCS B JIOKATBHY
nermo. Kamp mnpoxomutre  ngemapkauiiiny minmiro 1 CSU/DSU.
MapipyTu3aTtop B CBOIO YEpry BUTATYE 3 KaJApy makeT, abo aedTtarpamy i
PO3MILIy€e el MakeT B HOBOMY Kaiapi — KaJp JOKAIbHOI Mepexi, SKuil i
JOCTABIISIETHCS OTPUMYBady. Pyxarouuch 1Mo JIOKabHIH Mepexi KaJip Mae B
CBOEMY 3aroJIOBKy KiHIEBHMH amapaTHUi aapec BimnpaBHuka. Lleit aapec
BHIIy4yaeThes 3 ARP-kemna.

1.2 Ctpykrypa mepe:ki frame relay

[Iporokon perpancsiii GpperimiB 3a0e3reuye MakeTHO-KOMYTYHOUHH
OOMiH JaHWUMH, SKHA TPOXOJUTH MO iHTep(elCy MiK MPUCTPOIMHU
KOpHCTyBaua (TaKHUMHU SIK MapIIPYTH3aTOPH, MOCTH 1 XOCTH) 1 MEPEKEBUM
oOnaHaHHIM (TaKUMU SIK KOMYTYI0Ui BY3JIH).

Sk Oyno ckazaHO paHille, MPUCTpoi KopucTyBada HazuBaroTh (Data
Terminal Equipment, DTE), a mepexeBe oOiamHaHHs, B3aEMOJil0YE 3
DTE, Ha3uBaeThcsi 3aBeplIeHMM oOyafgHaHHsIM KaHany paanux (Data
Circuit-Terminating Equipment, DCE).

1.3 TexHoJiorisa nepeaayvi jaHux 3 Bukopucranusam VC

FR momyckae 3MiHHY TOBXUHY Kaapy — Bill KiTbKoX OaittiB mo 2000
Oaiit. ['Hydka 3MiHa JOBXKHHHM KJpPy Na€ 3MOTY HAJAIITOBYBATUCS IO
3MIiHH HaBaHTaXeHHSA. 3 iHmOro OOKy, BOHA NPHU3BOJWTH N0 3MIHHOL
3aTpUMKMA y TIepelJaBaHHi iHpopMamlii Ta HEMOXJIHMBOCTI pPoOOTH 3
I30XpOHHUMH TIOTOKamMHu (Bimeo Ta aymio iHdopwmariis). Frame Relay
BUKOPHUCTOBYE TOCTilHI BipTyanbHi kaHamu (Permanent Virtual Chennel,
PVC). Y Bumanky posipBanHs 3Bs3ky Frame Relay aBromaTmano
nepeMapmpyTu3oBye 3'eqHanHs. PVC aBToMaTHYHO BHIUISIFOTHCS i Yac
MPUETHAHHS 10 MEPEXKIi.

Ilepen  mouatkoM 3'eAHAHHA  KOpPHUCTyBady  3a0e3MeuyroTh:
rapaHToBaHy IIBUAKICTh nepeaaBanus iHpopmanii (Commited Information
Rate, CIR) — mBuzakicth 3 sKOW Mepexa Oyjae TmepenaBaTH aHi
KOPHCTyBaua; rapaHtoBany BenumuuHy mynbcanii (Committed Burst Size,
Bc) — makcumanpHa KinbKicTh OaWTiB, SIKYy Mepexa mepenae BiJ JaHOTO
KOpUCTyBada 3a iHTepBaJ Yacy T, sSKAi HA3MBa€EMO YacoM IIyJbCallii,



MOTPUMYIOUHCH TapaHToBaHOi mBHAKOCTI mepemaBanHas CIR; momomikaa
BenmunHa mynbcarii (Excess Burst Size, Be) — MakcuManbHa KilbKiCTh
OaifTiB, sKi Mepexa Oyne mpoOyBaTH MepeaBaTé 3i 3BepX BCTAHOBIIEHOTO
3HaueHHs Be 3a intepBan yacy T.

Skmo mpuBeneHi BUIE BEIWYWHU Bimomi, TO 4ac T BH3HAYa€ThHCS
HACTYMHOO (HOpMYIIOIO:

T=Bc/CIR (1.1)

OCHOBHUM TapaMeTpoM 3a KM a0OHEHT 1 Mepexa 3aKITtovae 3roay
npu 3’€IHAHHI BIpTYaJbHOI'O KaHaly, SBJSEThCS T'apaHTOBaHA IIBUIKICTH
niepenadi qaHux. [ MOCTIHHMX BipTyallbHUX KaHAIIB IS 3r0Jia SBISIETHCS
YaCTMHOK KOHTPAKTy Ha KOPHUCTYBaHHsS mociyramMmu Mepexi. [lpu
BCTAHOBJICHHI 3’€IHAHHS KOMYTYIOYOro BipTyaibHOTo Kanary (Switching
Virtual Chennel, SVC) 3rona mpo skicTb 00CIyroByBaHHS BCTAHOBIIIOETHCS
aBromatnuHo. [loTpiOHI mapameTpu mepenaroTbCs B TAKETi 3alUTy Ha
BCTaHOBJCHHs 3’€aHaHHs. IlIBuakicTh mepemayl MaHUX BUMIPIOETHCS Ha
KOHTPOJIbHOMY iHTepBajii yacy T, Ha SIKOMY NPOBIpPSIOTHECS YMOBU 3TOJH.
ToOTo KOpHCTYBau HE OBUHEH B IIbOMY iHTEpBaJli epeJaBaTh B MEPEXKY
JIaHi 3 CepeIHbOI0 MBUIKICTIO OinbIoro 3a CIR.

SKImo K KOPUCTYBau MOPYIIYE YMOBH 3rOJIM, TO Mepexa He
rapalTye IOCTaBKY Kaapa i MoMivae el Kaap O3HaKOI0 TOTOBHOCTI JO
Buganenns — DE=1.

OmHak Taki Kaapyd TIOMIYEHI TaKOI O3HAKOI BHIAISIOTHCS 13
MEpexi B TOMY BHIIAAKYy, KOJH KOMYTAaTOPH MEpEXi MepeHABAHTAXKCHI.
SIKmo mepeHaBaHTaXEHHS HEMae, TO Kaapu 3 o3Hakoro DE=1
JIOCTaBJISIFOTHCSI ajjpecary.

Taka moBemiHka MepeXi BINIIOBITAE BHUIAIKY, KOJHM 3arajibHa
KUIBKICTh JTaHUX TEpeaHuX KOPUCTYBadueM B Mepexy 3a mepiox T, He
nepeBulye 3HadeHHs BctBe. SIkio k 1iel mopir mepeBHICHUNA TO Kajp
He moMivaeThes o3Hakoro DE, a HeraitHO BumanseThes.

Pucynok 1.1 moka3ye BHIIaiOK, KOJM 3a iHTEpBaI 4acy T B Mepexy
Mo BIPTYaTbHOMY KaHay moctymwio 5 kaapiB. CepenHs HIBHIKICTh
HA/IXOJKCHHS JJaHUX B MEPEXKY Ha I[bOMY IHTepBai ckiaaae R 0Oit/c i BoHa
BusiBuiack Oinbina 3a CIR. Kanpu F1, F2 i F3 nocraBunm B Mepexy naHi,
3arajbHa CyMma, SKHX He MepeBHIIa nopory Be, ToMy 1 Kaapu milnim
nmani 3 o3Hakor DE=0.



Ei A
_ f — BLIKHEYTO
Bc - Bc
1, (DE = 1)
Be f, (OE = 0)
f, (DE = 0)
f, (DE = 0)
CIR
0 L

Pucynok 1.1 — T'apantyBaHHs miepenadi

Jani xanpa F4, nobGaeneni no nmanux kaapis F1, F2 i F3 yxe
NepeBUIIIIN Topir Be, ane e He nepesuinmiu nopory Be+Be, Tomy kaap
F4 Takox mimos nani, aie yxe 3 o3Hakoro DE=1. [lani kagpa F5 no6asnewni
JI0 TIONepenHix KafpiB, mepesummwin mopir Be+Be, Tomy neit kagp OyB
BUJIAJICHUH 13 MEPExKi.

1.4 OcnoBui npuaounu po6otu Frame Relay
1.4.1 VC, inentudikania VC

Koxnue 3’empannas PVC 1 SVC imeHTH(IKYETBCS 3a ITOMOMOTOIO
ineHtudikaropa kanainy nepenaui manux (Data-Link Control Identifier,
DLCI). DLCI cxoxuii Ha TenedoHHHA HOMEp. Pi3HUI mossIrae B ToMy,
mo cdepa Horo Jii 0OMEKYEThCS TUTBKH JIOKAILHOK JIJISTHKOK MEPExKi.
3aBAsSKH THOMY pi3HI MapIIpyTH3aTOPH B MeEpPeki MOXKYTh ITOBTOPHO
BukopuctoByBaTH Toi camuii DLCI, mo no3Bossie Mepexi miaTpuMyBaTH
BEJIMKY KUTBKICTh BIpTyaJIbHUX KaHAIB.

Tabnumi nepexpecHux 3’e€HaHb (cross-connect tables) mommproBani
MK BciMa Komyraropamu Frame Relay B Mepexi, BCTAHOBIIOIOTBCS MiXK
Bxinaumu i1 Buxiznumu DLCI. Ha pucynky 300paxeno tpu ysBHuX PVC,
omun Mix Illtab-kBaptuporo i PerionambHuM neHtpoM 1, Apyruii Mix
[lTa6-kBapTHpoIO i PerioHansHUM 1eHTpoM 2 i TpeTiit Mix PerionansHuM
nentpoMm 1 1 PerionansHum nentpom 2. s nocunanHsa Ha cBiii PVC 3
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IlIta6-kBapTupoto, Perionansanii nentp 1 BukopucroBye DLCI 15, B Toit
xe vac LlrtabG-xBapTupa BHKOpHCTOBYe 1uia miei x wimi DLCI 25. [ns
nocwianaga Ha cBiit PVC 3 llraG-xBaptuporo, PerioHampHmii 1eHTp 2
BukopuctoBye DLCI 12, B Toii ke wac LllTa0-kBapTpa BUKOPUCTOBYE IS
miei x mim DLCI 25. AHanmorigHo 1€ MPOXOAUTH 1 71T TPETHOTO YSIBHOTO
PVC.

1.4.2 Ctpykrypa FR-kaapy

Crpyktypa kazpy Frame Relay mnokazana wna pucynky 1.2.
“TIpanopelnp” — BKa3ye Ha IMOYATOK 1 KiHEIb KaJpy 1 TOYHHAETHCS 3 TAKOO
nociaigoBHicTio  01111110. Jlma 3amoOiraHHs BHUIMAAKOBOI  IMiTallii
nocmigoBHocti “Ilpanopens” B cepeAnHi Kaapy NpW Tepenadi MpoBipsie
BMICT MDK JBOMa TIPAMOPISIMH 1 TICIS KOXKHOI TIOCTITOBHOCTI, sKa
CKJIQJIAETHCS 13 IT’SITH CIIAYIOYUX Tiapsa OiTiB “1” BcTaBiseThes OiT “07.

[onar]  Agpec | Damumbie (qo 4056 6aint) | CRC [ dnar |

DLCI C/R | EAO
DLCI |FECN|BECN| DE | EA1

DLCI |C/R |EA |DLCI |FECN |BECN |DE EA
(6 Bit) |(1Bit) |(LBit) |(4Bit) |(1Bit) |(LBit) |(1Bit) |(lBit)

Pucynok 1.2 — Ctpykrypa kanpy Frame Relay

L npouenypa HazuBaethes Bit Stuffing. Bona € 060B’s13x0B00 npu
¢dopmysanHi nr06oro kaapy Frame Relay, mpu orpumanni ui Oitm “0”
BIAKHOAIOTHCS.

“IlaHi” — ToJIe 3MIHHOI TOBXWHH, BMINTye B cOOi iHKAICyJhOBaHI
JlaHi IPOTOKOJIiB BEPXHIX PiBHIB.
“CRC” — mepeBipovHa IOCITIIOBHICT KalIpy, BHKOPHCTOBYETHCS

JUTSE 3a0€3MeUYeHHS IUTICHOCTI TIepe/IalounX TaHuX.
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“3aromoBoK” — BKazye [OBXKHHY aJpPECHOTO TIOJISA. 3arojoBOK
MPOTOKOJY peTpaHCIIALii ppeliMiB MarOTh JOBXKUHY 2 OaliTa. Bochmuii OiT
KOXKHOTO 0aiiTy aJipecHOTO IMOJIsi BHKOPUCTOBYETHCS JIJIsl BKa3aHHS aJIPECH.
CrpykTypa 3aronoBka FR-kaapy.

“DLCI” (Data Link Connection Identifier) — imerTudikaTop
KaHaJIbHOTO 3’€THaHHS cKkiaanaerbes i3 10 OiTiB, M0 103BOJIsIE BUKOPUCTATH
o 1024 BipTyanbHUX 3’€THAHHB.

“CR” (Command / Response) — mepeHoce NpH3HAK KOMaHAU
Command, a6o Biamosimi Response.

“EA” (Extended Address — posmmpenuii agpec). Skmo Oit
PO3IIMPEHHS aJipeca BCTAHOBJICHUH B HYJIb, TO MPU3HAK Ha3uBaeThest EAQ 1
O3Hayae, MO B HACTYNMHOMY OalTi 3HAXOAUThCA MPOJOBKCHHS TMOJIS
ajzipeca, a AKIO OIT PO3MIMPEHHs aJpeca BCTAHOBICHHN B OJWHUIIIO, TO
moJte HazmBaeThesa EA1 1 03Hadae 3aKiHUCHHS TOJIS aapeca.

“FECN” (Forward Explicit Congestion Notification) — npsime siBHE
TOBiJOMJICHHSI ITPO TIEPCHABAHTAXKECHHSI.

“BECN” (Backward Explicit Congestion Notification) —3BOpOTHE
SIBHE MOBIIOMJICHHS TIPO NEPEHABAHTAKCHHS.

“DE” (Discard Eligibility) — o3Haka TOTOBHOCTI 1O BHUIAJICHHS.
Sxmo DE=1, Tto ui kampu MOXyTh OyTH BUIAJICHI JIHIIE B TOMY BHAIKY
KOJIM KOMYTaTOPH Mepexi epeHaBaHTaXKEHi.

1.4.3 B3aemognis DLCI 3 IP-aapecoro (Invers - ARP)

Inverse Address Resolution Protocol (mpoTokon pimieHHst aapec) -
MEPEXKHUI MPOTOKOJ KAHAIBHOT'O PiBHS NMPU3HAYCHUH /IS TIEPETBOPEHHS
IP-anpec (agpec mepexnoro piBaa) B MAC-aapecu (agpecu KaHaJIbHOTO
piBas) y Mepexax TCP/IP. Lle#t mpoTOK0JI B OCHOBHOMY BUKOPUCTOBYETHCS
B Frame Relay i ATM. ARP mportokon - nyxke poO3MOBCIOKEHHH 1
HaJ[3BUYaliHO BAYKJIMBUI MPOTOKOJL

Koxnwuii By3011 Mepexi Mae ABi aapecu: Qi3udHy aapecy i JOTiYHY
anpecy. Y wMepexi Frame Relay ans imentudikamii BignmpaBHHKa i
oTpuMyBaya iH(opMalii BUKOPHCTOBYeThCSl 00MIBI aapecu. IHdopmariis
BifIlpaBJieHa BiJl OJHOTO KOMIT'IOTEpa iHIIOMY MO MEpeXi MICTHTh y co0i
¢isnuHy anpecy BignpaBHuKa, [P-agpecy BigmpaBHuka, (Bi3MUHy aapecy
onepxyBaua i IP-anpecy onepxxyBaua. ARP-IIpoTokoun 3abe3neuye 3B'130K
MiX MU ABoMa aapecamu. Icaye gotupu trrmm ARP-IToBinomnens: ARP-
samuT (ARP request) ARP-Bigmosine (ARP reply) RARP-3amut (RARP-
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request) RARP-Binmosigs (RARP-reply). JIokaapHHI XOCT 3a JOIIOMOTOIO
ARP-3anury 3amurye izudHy agpecy XxocTta-oTpUMyBaya.

BinmoBine (¢dhismunHa azapeca XoCTa-OTpMMyBaya) NPUXOIUTH Y
Burisini ARP-BiamoBimi. XocT- oTpuMyBada, pa3oM 3 BiANOBIiAIO, IILIE
tako’)k RARP-3anmr, aapecoBanuii BIANPaBHUKOBI, I TOTO, IIIOO
nepeBiputu Horo IP-agpec.

[Ticns mepeBipku [P-agpeca BigmpaBHUWKAa MOYHHAETHCS Nepemada
nakeriB gaHux. llepen THM, SIK CTBOPUTH MiAKIIIOYEHHS A0 SKOTO-HEOYAb
npuctporo B Mepexi [P-Ilporoxon mnepeipsie cBiii ARP-Kem, muio6
3'ACyBaTH, Y1 HE 3apEECTPOBaHa B HHOMY BK€ MOTpiOHA AT MiAKIIIOYEHHS
iHpOopMallis Ipo XocT- oTpuMyBava. Skmo Takoro 3amucy B ARP-Kemri ne
Ma€, TO BUKOHY€THCS INPOKOMOBHUA ARP-3anut.

1.5 TyHesoBaHHSA

TyHenroBaHHs - CHOCIO IHKAICYJSIii MaKeTiB JESIKOTO MPOTOKOITY
JIBOX TIOEHYBaHMX MepeX abo BY3JiB B MAKETH MPOTOKOIY TPaH3UTHOL
Mepexi. 3acTOCOBYEThCS - KOJIM TpPAaH3UTHA Mepeka HE MATPUMYE
MPOTOKOJ MeEpex, sKi 00'¢qHYIOThCS ab0 Xoue I130JII0BaTH TPAH3UTHY
MEPEXY BiJl IOETHYBAaHUX MEPEXK.

VY inkancynsanii 0epyTh ydacThb TPH THIHM HPOTOKOJIB: MPOTOKOJI-
macakup; HECyUYWid MPOTOKOJ, MPOTOKON iHKamcyssmii. [Ipu cranmapTHii
POOOTI CKJIAIOBOIO MEPEXKi - TPOTOKOJIOM- «IAaCAKUPOM» € MpoTokoi IP, a
HECYYUM MPOTOKOJIOM - IIPOTOKOJ KAHAJILHOTO PIBHSA MEPEX, 1110 BXOIITh B
cknaneHy mepexy (Frame Relay, Ethernet).

[IpoTokon iHKancynsmii - nporokon IP, 3 dyHKIiEO 1HKANCYISIIIi
JUISL KOKHOT TEXHOJIOTIi KaHanbHOTO piBHA. Ilpu TyHemoBaHHI MPOTOKOJ-
HacaXup - MPOTOKOJ IMOENHYBAHUX MEpPEexX (IIPOTOKOJ KaHAJIBHOIO PIiBHI,
SAKUH HE MATPUMYETHCS TPAH3UTHOIO MEPEKEI0 a00 MPOTOKOJI MEPEKEBOTO
piBasi (IPv6), BiAMiHHHUII Bil MPOTOKOJY MEPEKEBOTO PIBHS TPAaH3UTHOI
MEpexKi).

IMpuknax mepexi - tpadik Frame Relay - mo Ttynemo dyepes
Tpan3uTHy IP-mepexy (puc.l.3), kKaHanbHUI PiBEHB SKOI II0 TEXHOJOTiIO
He niaTpuMye (modymosanuii Ha Ethernet).
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Pucynok 1.3 — TynenroBanus tpadiky Frame Relay uepes IP-mepexy

[Iporokon-macaxup - mpotokon FR, Hecydnii mpoTOKOI - MPOTOKOIT
IP. Kagpu FR mnowmimaroThcst B mojie JaHuX makeriB [P 3a momomororo
MIPOTOKOJY 1HKATICYJISAIII.

Iakancymnsuis FR-kagpos B IP-niakeTn He € CTaHAapTHOIO Omepallieio
s [P-mapmpyTtuzaropiB - momaTkoBa (YHKIS OMUCYETHCS OKPEMHUM
CTaHAAapPTOM 1 OBMHHA MIATPUMYBATUCS TPAaHUYHUMH MapIIpyTU3aTOPaMu
TPAH3UTHOT MEPEXKI.

[HKanCysIif0 BUKOHYE MPHUKOPIOHHE MTPHUCTPiit (MapIipyTusarop
a00 1UI03) - Ha KOPIOHI MK BHXITHOK 1 TPaH3WTHOI MepexaMu. Bursr
MAKETIB-TIACAXKUPIB 3 HECYYMX IMAKETIB BUKOHYE JAPYry MPUKOPAOHHE
MPUCTPIH - 3HAXOAWTHCS HA KOPHOHI MK TpPAH3UTHOIO MEPEKEo 1
MEpeXer Npu3HavYeHHs. lIpurpaHudHi MapmpyTu3aTopu BKa3ywTh B IP-
makerax, sKi TepemaioTb Tpadik, cBoi IP-ampecm B sKocTi aapec
MIPU3HAYCHHS 1 JPKEpea.
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2 JlaGopaTopHa po6oTa Ne 1
KounirypyBaunsi 6e31poToBoi Mepe:xi 3 komyratopom, Wi-Fi
POyTepoM Ta cepBepoM

Meta po6oTn — MOJICIIOBAHHS Ta KOH(DIrypyBaHHS 0€3pOTOBOI
Mepexi 3 mpuctposimu 2 Ta 3 piBHiB mogeni OSI.

2.1 YcranoBka Packet Tracer

[lepen moyaTkoM MOJIEIOBAHHS MOTPIOHO BCTAHOBUTH CEPEIIOBUIIC
MOJICITIOBaHHS Ha BaIIoMy poO0YOMY MICITi, JIS ITHOTO:

— 3amyCTiTh IHCTATAMIHHME (aiin. J[ns poro 3aiiaite Ha auck C:\ B
ManKy iHCTansMmii mporpaM, B manky «MoaenupoBaHue ceTei» i KIMKHITh
neiui Ha PacketTracer601 Build11l_setup_no_tutorials.exe;

— mnpu nosBi BikHa «Setup — Cisco Packet Tracer 6.0.1» HaTucHITH
KHOMKY «Nexty;

— TIOTOJbTECs MPUUHSITH JILEH31HHY yroay;

— BBeAiTh mUIAX ycraHoBku Ha auck 3 OC Windows 7: G:\
Program Files\Cisco Packet Tracer 6.0.1, natucHiTs «Next»;

— mHa erami «Select Start Menu Folder» HaTuCcHITE «Nexty;

— TMOTOABTECS Ha CTBOPEHHS SIpJIMKA MPOTpaMu Ha poOOYOMY CTOJI;

— Ha erami «Ready to Install» HatucHiTh «Instally.

2.2 IloGynoBa moaesi Mepeski

3anycrith sApaMK Ha pobodomy cromi Packet Tracer ta 30epiTh
MEpexy 3a CXEMOIO, NPEACTABICHOI0 Ha PHUCYHKY 2.1, BUKOPHCTOBYIOUM
OCHOBHI TapaMeTpu KOMYTAlliiHOTO oOyajHaHHsA Ta iHTepdeiciB (Tabm.
2.1, 2.2). Iy bOTO BUKOHANTE HACTYIIHI Ji.

3 maneni npuianiB B podouy o0nacTh nepenecits 1 komyratop 2950-
24 (17151 bOTO HA TTAHEeJi MPUIIAIiB HEOOXiTHO BHOpATH MEPIIHii eIeMEHT —
Switches) (puc. 2.2).
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J
Q "X =

-]

Fali2

P
[ -
= 295_ -24
ol Swigcho

Fa0/6
St/ -~

Fa0/24

Linksys-WRT300N
Wireless Router0

Server-PT
Server(

Pucynok 2.1 — Moaens mepexi

Tabmung 2.1 — [Napamerpu inTepdeiicis

)
'lﬂ""l."“‘*‘|I\II\IHII\IIHIHHIIHIHHIHIIHH

Lapfop-P’T

)
PC4 D
—:’ ;
PC2 PC-PT
= PCE
] §
"
" o
Ll \_b
PC-PT =
PCS >
— §
e S it
BC1 Fa0/3 ‘am Fa0/5 § 1\\\\\\\\ Laptop.PT
/ Laptop0
Ll
C-PT
0

Laptepl

Device IP address Default Gateway DNS
(Hostname)
PCO 10.0.0.2/29 10.0.0.6 2.2.2.2
PC1 10.0.0.1/29 10.0.0.6 2.2.2.2
PC2 192.168.1.10/24 192.168.1.100 2.2.2.2
PC3 192.168.1.11/24 192.168.1.100 2.2.2.2
PC4 192.168.1.12/24 192.168.1.100 2.2.2.2
PC5 192.168.1.13/24 192.168.1.100 2.2.2.2
PC6 DHCP - -
Server0 2.2.2.2/30 22.2.1 -
LaptopO DHCP - -
Laptopl DHCP - -
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Tabmumst 2.2 — Tabmuis BipTyalTbHUX JOKAJBHUX MEPEX

Ports Assignment Network
Fa0/1-0/2 VLAN10 10.0.0.0/29
Fa0/3-0/7 VLAN20 192.168.1.0/24

Fa0/24 Trunk 192.168.1.100

Ll

Time: EI4 0611 | Power Cycle Devices Fast Forward Time

7 |
'?-"E'Wf N AR N

Switches ‘ 2950-24 | 29507 ) | 2960 | |Generic! |Generic 14p5 |Generic

Jgs |

Pucynoxk 2.2 — [anens o0nagHaHHS

Conper Cross-Over

Honaiite 6 xomm'toTepiB i1 3'emHaiite ix 3 kKomyratopom 2950-24
(xomm'oTepu 3HAXOMATHCS B posimi End Devices).

Mpumirka. [Ing Bubopy mepexpecHoi abo HpsAMOi KpydeHoOi mapu
HEOOXIIHO HATHCHYTH Ha eJeMeHTH 3 a0o 4 (puc.2.3) BiAmoBiaHo.

Time: 00:29;35 | Powrr Cyole Dewceg_Fast l}orward&me

N> N
5 < |\ F/
dmild2a8 A1 A1 721

Connections |

6%“;

ol 4 s |

Serial DCE

Pucynok 2.3 — Bubip tumy kabeinto
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Jns Toro, mo6 3'eqHatw 2 iHTepdelicH pi3HUX MPUCTPOIB BUKOHANTE
HACTYITHE:

- BHOEpITh BIAMOBIMHUN KaOedb, IMCIA YOro IMOKKIUK MHUIII
3MIHUTHCH,

- Ja)i KIAKHYTH JIiBOIO KHOTIKOO TIO MIEPIIOMY TIPUCTPOIO, SIKUM BU
XOUeTe IiIKIFYNUTH;

- Yy CIJIMBAlO4OMY BIKHI KJIHMKHITHP 1O TIOPTY, 1O SKOTO Oyne
MAKJIFOYEHO Ka0eb,

- Temep MOTPIOHO 3a/JaTH KIHIEBY TOYKY MIAKITIOYEHHS KaOelmo:

BHOMPAEMO HACTYITHUI MPUCTPIil 1 aHANOTIUHO MiaKIoUYaeMo moptT (puc.
2.4).

’__'_-___- Bl Console

Z2950-24 FastEtherneti) 1
SwitchO ] !
[ FastEthernetojiz
[ ] FastEthernetofs
[ FastEthernetoyi<

[ 1 FastEthernstofs
FactFthermeniia

Pucynok 2.4 — IligxiroueHHs Kabemto

Hopnaiire Wi-Fi router Lynksys-WRT300N (3HaxoasTbcsi B pO3Iiii
Wireless Devices) 1 migkmrodite 1m0 KomyTtatopa (iHTepdeiic Internet
Connection). Jlomaiite PC6, Laptop0 Ta Laptopl. Ili xomm’torepu
HEOoOXimHO 3’eAHATH TO OE3ApOTOBOMY 3’€IHAHHIO (HAIAMITYBAHHSI
omucaHo nami). Takox gonmaiiTe MapuHIpyTU3aTop 1 3’€qHaiiTe HOro C
komyTtatopoM (iHTepdeiic Fa0/24). Jlo mapmpyTtuzaropa 2811 minkmodiTh
Server( (intepdeiic Fa0/1).

2.3 KondirypyBannsi 001aHAHHA Mepexi

[TpoBectn HacTynHe KOH(DIrypyBaHHS 00JIaHAHHS MEPEXKI.

Bigkputu HanamryBanas Switch0(2950-24) ta mepelTi y BKIAAKY
“VLAN DATABASE”. CrBoputn B 6a3i VLAN 3anucu nmpo VLAN 3 ID
10 (VLAN NUMBER) Ta im’sm VLAN10 (VLAN NAME), 20 — 3 iM’sim
VLANZ20. Ins PC2-PCS BianoBinHi noptu KomyTaropa CKOH(QIrypyBatu B
pexxum access VLAN20 ID 20, s PCO-PC1 - VLANI10 ID 10. (puc. 2.5)
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[Topt, no0 sxoro mimkmoueHo Wi-Fi router mepeBecTH B peXuM
access VLANZ20 ID 20.

[Topt, mo sxoro migkimoueHo poytrep Router 2811 1 (Fa0/24)
cKoH(IrypyBatu B pexxuM trunk Ta go3BonuTn nepenauy aumie 1D 10, 20

(3a  momomororo  rpadigHOoro  iHTEpdeiicy  KoHQIrypyBaHHS
KOMYTaTopa IOCTaBUTHU TAJI0YKK HanpoTH BianoBigHux VLAN ID).

B Switch0 = B =

| FPhysical | Config | CLI |

GLOBAL -
( Settings FastEthernet0/3
[Algerithm Settings
[ switeH Port Status on
INTERFACE Bandwidth Auto
[ FastEtherneto/1 10 Mbps @ 100 Mbps

[ FastEtherneto/2
FastEthernetd/3 | Duplex Auto
FastEthernet0/4 .
[:FastEthernetUr’S @ Full Duplex Half Duplex

FastEthernetd/6
FastEthernet0/7 | Access E]| WVLAN |20 E]l

FastEthernetd/s

FastEthernet0/s Tx Ring Limit [C] tidefaut
FastEthernet0/10  _ [ 10:vLAN1O

—_——
20:VLAMZ0

iéii.“'_al%”t 105 Commands

Witch|config) Finterface FESCECRErnetl;
Switch({config-if)§

Switch({config-if)§

Switchl{config-if) switchport access wlan Z0
Switch{config-if) g =

m|»

1

Pucynox 2.5 — Kondirypysanas VLAN

Bigkpurn wnamamrryBamas Wi-Fi  router Lynksys-WRT300N Ta

nepeitu y Briaaky “GUI”. 3niicHUTH HACTYIHI HaJlAIITYBaHHS:

Internet setup:

Static IP;

Internet IP - 192.168.1.140;

Subnet mask - 255.255.255.0;

Default gateway - 192.168.1.100;

DNS1-2.2.2.2.

Network setup (JroxamsHi MepeskeBi iHTepdeticn):
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Router 1p-172.16.0.1/24;

DHCP Server — Enabled;

Start 1p-172.16.0.2;

Max number users-5;

Static DNS-2.2.2.2

(ITicns  BBenenHss mapamerpis OBOBSA3KOBO HatucHyTH
SAVE SETTINGS).

V Bruaaii Wireless 3aminutu SSID Ha cisco_network. (puc. 2.6)

B Wireless RouterQ =T

| Physical I Config | GUI |

LINKSYS®

A Division of Giszo Systems, Inc.

Firmware Version: v0.93.3

Wireless-N Broadband Router WRTZ00
Access Applications

Administration Status

Wireless Setup | Wireless Security
Basic Wireless Setfings.

Restrictions B Gaming

Basic Wireless
Settings

Network Mode:

Network Mame (SSID): cisco_network

Radio Band: [Autc v]
Wide Channel:

Standard Channel: 1- 2.412GHz -

SSID Broadcast: @ Enabled ' Disabled

Save Settings Cancel Changes

Pucynoxk 2.6 — Hanamrysanus SSID

Hami HeoOximHo HanamrtyBatu PC6, Laptop0 Ta Laptopl s
3’enHaHHA 1o Oe3apoToBi Mepexi. BiakpuBaemo namamrysanus PC6,
BUMHUKAEMO MPHUCTPid, TO0CTaeMO MoIyib 3 moptoMm Ethernet ta Ha iioro
Mmicue 3 JiBOi maHesi meperackyeMo (MOHTyeMo) Moxayiab Lynksys-
WMP300N 10 HaImoro mpucTporo.
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[Ticns mporo Tpeba He 3a0yTH BBIMKHYTH TMPHCTPiH Ta mepelTH y
Briaaky Desktop i Bimkputn PC Wireless. [lepeiiti y Bkinaaky Connect,
HATHCHYTH KHOMIKY Refresh ta mimkmouutncs no mepexi “cicso _network”.

Takoxx HeoOXigHO momatu Oe3mporoBe obmamHaHHs g0 LaptopO ta
Laptopl. BimkpuBaemo HamamryBaHHS Laptop, BUMHKAaEMO TPHUCTpPIH 1
Buiimaemo Ethernet o0nagnenHs. 3 niBoi maHeni mepeTacKyeMO MOAYJb
Linksys-WPC300N no Laptop i Bmmkaemo #oro. (puc. 2.7). Jami
HeoOxinHo nepelitu y Bkiaaky Desktop i Binkputu PC Wireless. [lepetitu
y Bkiaaky Connect, HaTMCHYTH KHOMKy Refresh Ta mimkmouutncs m0
Mepexi “cicso_network” (puc. 2.8).

¥ Laptop0 — | = =] X

Physical | Config | Diesktop | SoftwarefServicas|

[ MODULES P Physical Device View
[ Linksys-WPC300N [ Zoom In ][ Criginal Size ][ Zoom Out
[ PT-LAPTOP-NM-14M
[ PT-LAPTOP-NM-1CE
[ PT-LAPTOP-NM-1CFE
[ PT-LAPTOP-NM-1CGE
[ PT-LAPTOP-NM-1FFE
[ PT-LAPTOP-NM-1FGE
[ PT-LAPTOP-NM-1W
[ PT-LAPTOP-NM-1W-&
PT-HEADPHONE
PT-MICROPHONE
PT-CAMERA
PT-USB-HARD-DRIVE —_———

m |
Customize Customize
Icon in Icon in
— Fhysical View Logical View
The Linksys-WPC300N module provides one 2.4GHz wireless interface -
=uitable for connection to wireless networks. The module supports f

nrotacnls that nse Fthernet for | AN access

m

[
[
[
[

Pucynok 2.7 — JlonaBanHst 0e3ApOTOBOTrO 00IaIHEHHS



21

= | =
Bopers » o33
Fhysical I Config Desktop | Software/Services

LINKSYS®

A Division of Cisco Systems, Inc.

Link Information Connect

Below is a list of available wireless networks. To search for more wireless networks, click
the Refresh button. To view more information about a network, select the wireless network
name. To connect to that network, click the Connect button below.

dsco_network 199% Wireless Mode Infrastructure
Network Type Mixed B/G/N
Radio Band  Auto
Security Disable
MAC Address 0009.7CCE.2306

(Cremesn ) comeot

Network Monitor v1.0 meaer 0. WPCIOON

Notebook Adapter Wire

Pucynok 2.8 — IMignkrouennst 10 Mepesxi wi-fi

Jami mnepexoauMo A0 HamamTyBaHHS MapmpyTtuzaropy (2811).
Hanuit npuctpiii HeoOxinHo koH(pirypyBatu uepe3 CLI intepoeiic. (puc.
2.9).

Jns nporo HEoOXiZHO MOYEProBO BBOAMTH KOMAHIW Yy TEPMIHAIH
(micnst koxxHOT KoMan ¥ Hatuckatn ENTER):
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o
&3

? Router) ==

Physical Caonfig | CLI |

I0S Command Line Interface

Houter (config-subifi) #ip address

Router (config-subif)$ip address 10.0.0.& 255.255_255._248
Router (config-subif) #shutw

Bouter (config-subif) #shutd

Bouter (config-subkif) §shutdown

SLINE-S5-CHAENGED: Interface FastEthernet(/0.10, changed state to administratively
down

Router ({config-subif) $no s

Router (config-subkif) #no sh

Bouter (config-subif) #no shutdown

SLINE-5-CHANGED: Interface FastEthernet0/0.10, changed state to down
Bouter (config-subif) fexit

Bouter (config) #inter

Router (config) #interface £
Router {config) finterface fastEthernet 0/0.20

RBouter (config-subif) #ip address 192.168.1.100 255.255.255.0

% Configuring IP routing on & LAN subinterface is only allowed if that
subinterface is already configured as part of an IEEE 802.10, IEEE B802.1Q,
or ISL vL&N.

m

BEouter (config-subif) fenc
Router (config-subif) fencapsulation dotl{ 20
Router (config-subif) =

| Copy | | Paste

Pucynok 2.9 — CLI inTepdeiic mapipyTuzaropa

Router>enable

Router#configure terminal

(Enter configuration commands, one per line. End with
CNTL/Z.)

Router(config)#interface fastEthernet 0/0.10

Router(config-subif)#encapsulation dot1Q 10

Router(config-subif)#ip address 10.0.0.6 255.255.255.248

Router(config-subif)#shutdown

Router(config-subif)#no shutdown

Router(config-subif)#exit

Router(config)#interface fastEthernet 0/0.20

Router(config-subif)#encapsulation dot1Q 20

Router(config-subif)#ip address 192.168.1.100 255.255.255.0
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Router(config-subif)#shutdown

Router(config-subif)#no shutdown

Router(config-subif)#exit

Router(config)#interface fastEthernet 0/1

Router(config-subif)#ip address 2.2.2.1 255.255.255.252

Router(config-subif)#shutdown

Router(config-subif)#no shutdown

Router(config-subif)#exit

Router(config)#ip route 2.2.2.0 255.255.255.252 fastEthernet 0/1

Router(config)#ip route 192.168.1.0 255.255.255.0
FastEthernet0/0.10

Router(config)#ip route 10.0.0.0 255.255.255.248
FastEthernet0/0.20

Router(config)#exit

*TIpumitka moao CLI intepdeiicy.

Kmagima TAB wmoxe Oyt BHKOpHCTaHA IJIsl aBTOMAaTUYHOTO
A0NMCYBaHHA KOMaH/:

Router(config)#in  -- Ha upoMy psaaky Oyiao HatucHyTo TAB.

Router(config)#interface — pesynbrar.

[TepeBipuTH 3B A3HICTH BCiX Mepek Midk c00010. 3poOHTH BiAIIOBITHI
BUCHOBKHM (He ckoH(irypoBani [IK Ta cepBep KOH(DIrypyrOTbCs 3TiTHO
tabmmumi 2.1). IlpocmigkyBaTd, SKi MPOTOKOJH TMPAIMIOIOTH TMPH OOMIHI
iHpOpMaLi€Io Ta IO 3MIHIOETBCS y CTPYKTYP1 AaHHUX MiJ 9ac MPOXOAXKEHH1
MaKeTiB uepe3 pi3Hi mpHUcTpoi (3a J0moMororo pexxumy Simulation).

2.4 3micr 3BiTY

— Xig poboru;
— IHAMBimyaJdbHA cXeMa 3 3a3HadeHHSIM KoH(iryparii iHnTepdeicis;
— BIJAMOBIII HA KOHTPOJIbHI MMUTAHHS.

2.5 KonTpoJibHi nMTaHHSA

1. Ax momatu Wi-Fi poytep Ta miAKIIOYATH HOTO JI0 KOMyTaTopa?

2. Komannu Ta kpoku HanamryBanas Wi-Fi poyrepa.

3. Bkaxire 3arajgbpHi eTamd Ta KOMaHAW NpU HaJlalTyBaHHI
MapIIpyTH3aTopa Baloi MEepexi.
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3 JlaGopaTopHa po6oTa Ne 2
Frame relay - kougirypyBanus. KoudirypyBauus ip-rynesro (as
vpn). ®yukuionyBanus dns

Merta poGotu - MOJCIIIOBaHHS Ta KOH(]IrypyBanHs Frame relay
MepexXi 3 BUKOPUCTAHHSM ip-TyHemto (st oprauizamii VPN 3’eaHanHs)
Ta TIOETHAHHA ii 3 Mepexkero, To0ymoBaHOI0 B poOoTi Ne 1.

3.1 KongirypyBanus Frame relay

[lpn BHUKOHAHHI 3aBJaHHS BHKOPHCTOBYEMO CXEMYy MEpexi, SKy
noOyT0BaHO B TIOTIEpe/HIi poOOTi.

Jns wxoHdirypyBanus Frame Relay Ham HeoOXimHI HacTyIHI
CIIEMCHTH:

— cloud-pt;
— router 2811.

Cnouatky 3axoumo Ha RouterQ y Bkiaaky config-global - settings i
tHcHeMO KHOTIKY NVRAM — Save (puc. 3.1).

? Router0 == B

Physical | Config | €L

GLOBAL fa
[ Settings Global Settings
Algorithm Settings Display Name Routerd
[ routing
[E Hostname Router
RIP
[m MNWRAM [ Erase ] [ Save ]
[ vLAN Database
[:I"TERFACE Startup Coenfig [ Load... ] [ Export... ]
FastEtherneto/1 Running Cunfig[ Merge... ] [ Export... ]
[ serialy/zio

Equivalent I0S Commands

e

Douterfconfigure terminal i
Enter configuration cormands, one per line. End with CNTL/Z.

Bouter (config)

2LINK-5-CHANGED: Interface Serial0/3/0, changed state to up

Pucynok 3.1 — 30epekeHHs HATAMTyBaHb MapIIpyTH3aTOPa.
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Hami HeoOximHo momatm mo mapmpyTmsaropa (Router(0) momymi
WIC-1T (ado WIC-2T) ta NM-4E.

Hpumitka. IIpu gomaBannHi MomayniB He 3a0yBaeMO BHMHKATH Ta
BMHUKAaTH MapIIpyTH3aTOPH.

Jlonatu mie OJMH MapIIpyTH3aTop i BCTAHOBUTH HA HHOTO MOJIYJb
WIC-1T.

HMomatn no wmamoi mepexi Cloud-PT Ta 3’e¢anati enmeMeHTH, SIK
noka3aHo Ha pucyHky 3.2. Kabems Tpeba BuOparu Serial DCE, Ttak sx B
inmomy Bunanky (Serial DTE) mgani npu xoudirypysanui frame relay ta
BBesieHHi komanmau ‘clock rate 4000000° orpumaere momunky ‘This
command applies only to DCE interfaces’.

N
Eﬂ-ll -_F“"::‘-_‘. — T/ . .
D s o e — B R
2d11

RojBsen/3/0

| ==
Sen,0,0 ——j Bs5ed
FaI:I,."I:I-H'l Cloud-FPT
FRogerl CloudO

Pucynok 3.2 — 3’eananns Cloud-PT

Kondgirypauis Router0.

HamamryBanHs nociioBHOTO iHTepdheicy:

IP agpeca 10.10.10.1/29

KoudirypyBauns frame relay.

Router(config)#interface serial 0/3/0 //a6o 0/0/0, 0/1/0, ... — 3amexHO
BiJ TOTO, B sIKMi 3 4 moptiB BMOHTOBaHO Iary WIC-1T (sxmo B mpaBy
KOMIPKY HH)KHBOTO psiy To Oyze Bimoopaskeno nopt 0/0/0).
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Router(config-if)#encapsulation frame-relay //meron inkamcymsii
Ha 2-My piBHi OSL

Router(config-if)#frame-relay interface-dici 101 // 3agaemo HOMEp
DLCI inTepdeiicy.

Router(config-if)#frame-relay Imi-type cisco // 3amaemo tumr LMI.

Router(config-if)#clock rate 4000000// 3a1aeMO MIBUIKICTh

HanamryBanHasi MapupyTu3auii.
Router(config)#router eigrp 100
Router(config-router)# network 10.10.10.0
Router(config-router)# network 192.168.1.0
Router(config-router)# network 10.0.0.0
Router(config-router)# network 2.2.2.0
Router(config-router)# end

Kondirypauis Routerl.

Amnajoriuno RouterO.

interface serial 0/0/0

IP anmpeca nociigoBHoro inTepdeticy - anpeca 10.10.10.2/29, Homep
DLCI-102

HanamryBanHas MapumpyTu3amii.
Router(config)#router eigrp 100
Router(config-router)# network 10.10.10.0
Router(config-router)# network 193.168.2.0
Router(config-router)# end

Kondgirypysanuns Cloud-PT.

B 3axmamui  Config BikHa koHgirypyBanHs Cloud-PT B
HajamTyBaHHAX iHTEepdelicy Serial) BBIMKHYTH TOpPT, BHOpaTH CTaTycC
LMI — CISCO, nomatm DLCI 101 name cisco; B HalamTyBaHHSX
inrepdeticy Seriall BBiMKHYTH TOpT, BHOpatn cratyc LMI — CISCO,
nonatu DLCI 102 name cisco.

B nanamryBanHsax Frame Relay nonmatu 3ammc B TaOIUI0 KOMYTAIil
PO KOMYTAIIi0 BipTyaabHUX KaHaiB (puc. 3.3).
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Physical | Config |

GLOBAL <
Settings

Frame Relay

TV Settings

[SeriaIU

v] [-:iscu v] ==

CONNECTIONS
Frame Relay
D5SL
INTERFACE
Seriald
Serial2
Serial3
Modem5s
Ethernets

’Serialﬂ

A ] ’cis-:cr A

Port Sublink

Port

Sublink

Sublink
CisCco

From Port
Seriall

To Port
Seriall

Sublink
cisco

Add

Remove

Pucynok 3.3 — HanamryBanus Frame relay

IlepeBipuTn HamamTyBaHHS Mepecwinaroud nakeT ¢ Router0 Ha
Routerl. Takox mepeBipUTH HaJAIITyBaHHs, I[EPECUIAIOYN IAKETH 3
pizaux PC Mix pi3sHUMH MepeXaMH.

3.2 KougirypyBanuns IP-tynenio

CKJIacTH CXeMy Mepei 3a HaCTYIHOO Toroorieto (puc. 3.4).
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MNipcAHaHHA Bo MepeXi 3 nonepegHLoi naboparopHoi ﬁ Fa0 mll

ﬁﬁiﬂa.---—-—imﬂ'“’iﬁoﬁ"""" ]

2811
1847
.woﬂarE RoGse0/ao
el
“'J-"-;..I r——ﬂ )
L seop Gt T
Fa/ib1 Cloud-PT
Roffert Cloud0
Server-PT
Serverl
Fal
PC-FT
PC-FT
pC7 PC3
Fa[Jfl'
l
Fal
Server-FT
Server?

Pucynok 3.4 — Tomounorist Mmepexi

Server-PT
Server)

CronpirypyBatu HajamtyBanHs IP 3rigHo 3 rtabmuneiro 3.1. Ha
MmapipyTtuzaropi Router] nanamrysaru interface Fa0/0 (193.168.2.1/24).
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Tabmums 3.1 — Iapamerpu inTepdeiicis

Device IP address Default Gateway DNS
(Hostname)

PC7 168.10.1.2/24 168.10.1.1 -
PC8 168.10.1.3/24 168.10.1.1 -
PC9 193.168.2.2/24 193.168.2.1 -
PC10 193.168.2.3/24 193.168.2.1 -
PC11 193.168.2.4/24 193.168.2.1 -
PC12 193.168.2.5/24 193.168.2.1 -
PC13 193.168.2.6/24 193.168.2.1 -

Serverl 168.10.1.4/24 168.10.1.1 -

Server2 193.168.2.7/24 193.168.2.1 -

BukoHaTH HaCTyIHI HalAIITYBaHHS HA MapIIPyTU3aTOPaXx.
Koudirypauis Router2.
Router>enable

Router#conf t

Router(config)#interface TunnelQ
Router(config-if)#ip address 10.11.254.253 255.255.255.252
Router(config-if)#tunnel source FastEthernet0/0

Router(config-if)#tunnel destination 209.165.200.2

exit

Router(config)#interface FastEthernet0/0
Router(config-if)#ip address 209.165.200.1 255.255.255.252

exit

Router(config)#interface FastEthernet0/1

Router(config-if)ip address168.10.1.1 255.255.255.0

exit

Router(config)#router eigrp 1

Router(config)#passive-interface FastEthernet0/1
Router(config-if)network 168.10.1.0
Router(config-if)network 10.11.254.252 0.0.0.3
Router(config-if)no auto-summary
Kondgirypauis Router0.
Router>enable
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Router#conf t

Router(config)#interface TunnelQ

Router(config-if)#ip address 10.11.254.254 255.255.255.252
Router(config-if)#tunnel source Ethernetl1/0
Router(config-if)#tunnel destination 209.165.200.1

exit

interface Ethernet1/0

Router(config-if)#ip address 209.165.200.2 255.255.255.252
exit

Router(config)#router eigrp 1
Router(config)#passive-interface FastEthernet0/0
Router(config)#network 10.11.254.252 0.0.0.3
Router(config)#network 10.0.0.0 0.0.0.7
Router(config)#network 192.168.1.0 0.0.0.255
Router(config)#no auto-summary

[lepeBipuTt poboTy TyHemro nepeciasmy naker 3 PC8 mo PCO (puc.
3.5).

Realtime

Fire LastStatus Source Destination Type Color Time(sec) Perodic Num Edit Delete
@ Successil PC PO 1Chp I 0.000 N 0 (edt) (delete)

Pucynok 3.5 — IepeBipka poOOTH TyHEIIO
3.3 ®yukuionyBannst DNS

B sakocti DNS cepBepiB 6ynemo BukopuctoByBatu Server(, Serverl,
Server2. Bubupaemo Server0) Tta mnepexoammo y Bkiamky config-dns
(Services — DNS (Cisco PT Student)).

HamamroByemo mapamerpu 3rilHO pUCYHKY 3.6.
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? Server( == =
Physical Config Desktop | Software/Services
GLOBAL s
= DNS
Settings
lstigonithmeSettings, DNS Service @ on © Off
SERVICES

HIETR, Resource Records
brice Name Tvpe
TFTP
DM Address

SYSLOG
=== Add ] [ Save ] [ Remove ]
NTP MNo Mame Tvpe Details
EMAIL 1 first.com A Record 2.2.2.2

ETE
FIREWALL
IPvE FIREWALL
INTERFACE
FastEtherneto
DNS Cache

V Braamii HTTP mamamryBaTu cepBep 3rigHO PUCYHKY

Pucynoxk 3.6 — Hamamrysauas DNS

3.7.

B Server® e
| Physical | Config | Desktop | Software/Services |
GLOBAL - HTTP
Settings
Algorithm Settings PN LTTPS
SERVICES
@ on o Off @ Oon ) Off
File Mame: index.html
<html=
<hi=
FIRST.COM
DMNS IS WORK
</h1l=
</html=
FIREWALL
IPvE FIREWALL
INTERFACE
FastEthernetd
-| Page: 13 L= JL = JL = JL x ]

Pucynok 3.7 — Hanamrysanns HTTP

Amnanoriuno HanamTyBaTH Serverl Ta Server2, aje 3aMiHUTH Yy
HaJIAIITYBAaHHIX aJpECH Ha BJIAacHI Ta 3MIHUTH TeKCT y Bkaamii HTTP.
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Buxonatn mepeBipky podotru DNS, Bimkpusmm Opaysep Ha PCO
(mpormcaru 'y HamamrtyBaHHsx DNS anmpecy 168.10.1.4) Ta nHaGpaBmm
second.com. SIkimo BM MpaBHJIBHO HAJANITYBald, TO BaM BilOOpa3sUTHCS
HactynHe (puc. 3.8).

¥ pCo = | & 58

Fhysical I Config Desktop | SDFtwarefService_sl

Web Browser
URL http:/fsecond.com Go Stop
‘second.com DNS IS WORK!! )

Pucynok 3.8 — Po6ora DNS second.com

Buxonatn mepeBipky po6otru DNS, Bimkpusmm Opaysep Ha PC6
HaOpaBmmm first.com. SIkmo BM NpaBUIBHO HANAMITYBAIX, TO BaM
BijioOpasuThes HactymHe (puc. 3.9).

=
[ Physical

Desktop | Software/Services | |

Web Browser

URL  http: /ffirst.com Go Stop
|FIRST.COM DNS IS WORK il

Pucynok 3.9 — Podora DNS first.com

Bukonaru mepeBipky pobotm DNS, Binkpusmm Opaysep Ha PC4
(mpommucatu DNS agpecy 193.168.2.7) nabpammu third.com. Skmo Bu
NpaBWIBHO HATAIITYBAIIM, TO BaM BinoOpasutkcs HacTynHe (puc. 3.10).

¥ pca =8| ®

FPhysical I Config Desktop | Software/Services |

Web Browser

URL  http://third.com Go Stop
'third.com DNS IS WORK ]

Pucynok 3.10 — Po6ora DNS third.com
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Pucynok 3.11 — 3aranbpHa TONOJNIOTiS Mepexi
3.4 InauBinyaJabHi 3aBIaHHS

BapianTtu camocTiiiHOi poOOTH (3riTHO CIIUCKY aKaJeMi4HOI TPYIIN)
KOXEH CTYJCHT BUOUpae 3 Tadnuii 3.2.
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Tabmumsa 3.2 — BapianTu 10 caMOCTiHHOT poOOTH

BapianT
Ne

3aBaanHsa

Honatu go Router 1 wifi router. ITigkarounth 10 1poro wifi
MmapmpyTuzaropa 2 laptop Ta 1 PC (uepe3 6e31p0oTOBY MEpeKy).
[TepeBipuTH HATXOKEHHS TTAKETIB JI0 X TPHUCTPOIB.

Honatu 1o Router 2 wifi router. ITigxmrounTt 10 uporo Wifi
MmapmpyTuzaropa 1 laptop Ta 2 PC (uepe3 6e31p0TOBY MEpeKy).
[TepeBipuTH HATXOKEHHS TTAKETIB IO IIUX MPHUCTPOIB.

Honatu mo Switch 1 me oquH cepBep, Ta HANAIITYBATH HOTO SIK
DNS cepsep 3 anpecoto 168.10.1.253. Hanamrysatu dns 3
iM’sIM 3TigHO Bamroro mpissumia. 3aitu 3 PCO 3a miero anpecoro.

Honatu mo Switch 2 me oquH cepBep, Ta HAAIITYBATH HOTO SIK
DNS cepsep 3 anpecoto 193.168.2.22. Hanamryaru dns 3
iM’sIM 3TiHO Bamroro mnpi3suma. 3aitu 3 PCO 3a miero anpecoro.

Homatu go Switch 1 wifi router. ITigkmountu g0 nporo wifi
MapmpyTuzaropa 2 laptop ta 2 PC (uepes 0e31p0oTOBY MEpEKy).
[TepeBipuTH HATXOKEHHS TTAKETIB IO X MPHUCTPOIB.

Honatu go Switch 2 wifi router. ITigkimrouuTu 10 poro wifi
MmapmpyTuzaropa 3 laptop ta 1 PC (uepe3 0e31poToBY MEpexy).
IMepeBipUTH HATXOPKSHHS TIAKETIB JI0 IIUX MMPHUCTPOIB.

JlomaTy Ta HaNAITYBaTH LI OJHY BipTyalbHYy MEpEexXy Ha
switch 0. Hasea Bipryansaoi VLANT7. ITigkmountu a0 1iei
BipTyanbHoi Mepexi 3 PC.

Jlonatyu Ta HaJaMTYBATH IIE OJHY BipTyallbHY MEpPEKy Ha
switch 0. Hazea Bipryansroi VLANS. ITigkmouutu a0 1iei
BipTyanpHoi Mepexi 2 PC.

JlofaTy Ta HAJIAIITYBATH 1€ OJHY BIpTyalbHy MEPEXKY Ha
switch 0. Ha3ea Bipryansroi VLANDO. IligkmrounTtu 1o miei
BipTyanpHoi Mepexi 5 PC.

10

JlopaTu Ta HaNAIITYBATH L€ OJHY BipTyalbHYy MEPEXy Ha
switch 0. Hazea Bipryansaoi VLANI10. [TigkirounTty 1o miei
BipTyanbHoi Mepexi 3 PC.

11

Honatu mo Switch 1 me oquH cepBep, Ta HANAIITYBATH HOTO SIK
DNS cepsep 3 anpecoro 168.10.1.111. HanamryBaru dns 3
iM’siM 3rizHO Bamioro npi3suma. 3aiitu 3 PCO 3a miero agpecoro.
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[Ipomosxenns Tabdmuii 3.2

12

Honatu mo Switch 1 me ogue cepBep, Ta HAAIITYBATH HOTO SIK
DNS cepsep 3 anpecoro 168.10.1.112. HanamryBaru dns 3
iM’siM 3rizHO Bamioro npi3Buma. 3aiitu 3 PCO 3a miero agpecoro.

13

Honatu mo Switch 2 mie oquH cepBep, Ta HANAMITYBATH HOTO SIK
DNS cepsep 3 anpecoro 193.168.2.11. Hanamrysatu dns 3
iM’siM 3ritHO Bamioro npisBuma. 3aiitu 3 PCO 3a miero agpecoro.

14

Honatu mo Switch 2 me oquH cepBep, Ta HANAIITYBATH HOTO SIK
DNS cepsep 3 ampecoro 193.168.2.15. HanamryBaru dns 3
iM’sIM 3TigHO Bamroro npi3suma. 3aiitu 3 PCO 3a miero ampecoro.

15

JlofaTy Ta HAJAIITYBATH 1€ OJHY BIpTyalbHy MEPEXKY Ha
switch 0. Ha3ea Bipryansroi VLANI1S. [TigkmounTy 10 mi€t
BipTyanbHOoi Mepexi 2 PC.

16*

Honatu mo Cloud-PT me oaua mapmpyruzarop. [ligkmroanti
1o Se3. Hanamrysatu mapuipyTtu3aiito 10 mepex: 193.168.2.0;
2.2.2.0; 10.0.0.0; 192.168.1.0. 3a uum poyTepoM MOOyayBaTH
Mmepexy 172.10.0.0, sx cxiagaerses 3 4 PC ta oqHoro DNS
cepBepa. HanamryBaTu 1iei cepBep, Ta 3aiTH 3a aipecoro
newdns.com 3 PC, sikuii 3HaX0AWUThCS B IHIIIH Mepexi.

17*

Honatu o Cloud-PT me onun mapmpytuzatop. [liakmounTtu
no Se3. HamamryBati MapmpyTtu3aitito 10 Mepex: 193.168.2.0;
2.2.2.0;10.0.0.0; 192.168.1.0. 3a uum poyrepom noOyayBaTH
Mmepexy 195.10.10.0, sk cknanaetses 3 7 PC. B miid mepexi
TaKOK 0JaTH 0e3IPOTOBUI MapIIPYTH3aTOP, 10 SIKOTO
migkmroueno 2 PC ra 2 laptop.

18*

Honatu mo Cloud-PT me oaua mapmpyruzarop. [ligkmroanti
1o Se3. Hanamrysatu mapuipyrusaiito 10 mepex: 193.168.2.0;
2.2.2.0; 10.0.0.0; 192.168.1.0. 3a uum poyTepom NMoOyayBaTH
Mepexy 31.11.1.0, sk cknagaerbes 3 2 PC ta ogaoro DNS
cepBepa. HanamryBaTtu 1ieil cepBep, Ta 3aliTH 3a aipecoro
desktop.com 3 PC, sikuii 3HaX0UTHCs B IHIIIH MEpPExKi.
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[Ipomosxenns Tabdmuii 3.2

19*

Homatu no Cloud-PT me onua mapmpytuzarop. [ligkmrountn
1o Se3. Hanamrysatu mapuipyru3aiito 10 mepex: 193.168.2.0;
2.2.2.0; 10.0.0.0; 192.168.1.0. 3a uum poyTepom MoOyayBaTH
Mmepexy 77.10.10.0, sk cknagaerses 3 5 PC. B wiii mepesxi
TaKOXK JIOJIaTH 0E3IPOTOBUI MapIIPYTU3ATOP, JIO SKOTO
migkmoueHo 4 laptop.

20*

Honatu no Cloud-PT mie oaun mapmpytuzarop. [igkirouantu
no Se3. HamamryBati mapmpyru3aiito a0 mepex: 193.168.2.0;
2.2.2.0;10.0.0.0; 192.168.1.0. 3a uum poyrepom noOyayBaTH
Mepexy 171.2.1.0, sk cknagaerses 3 5 PC ta ogaoro DNS
cepBepa. HanamryBatu 11eii cepBep, Ta 3aiTH 3a aJpecoro
learn.com 3 PC, sxuii 3HaXOIUTHCS B IHITIH MEpexi.

21*

3amicte ServerQ mogatu Router 2811. 3a num
MapipyTu3aropoM nodyaysaru mepexxy 131.31.10.0. [logatu
Ta HajamTyBaru 10 1iei mepexxi DNS cepsep. HamamryBarn
TyHenb 1o mepex 10.0.0.0; 192.168.1.0.

22*

3amicth Server0 nogatu Router 2811. 3a num
MapmpyTuzaropoM nodyaysaru mepexy 71.1.10.0. Hogatu no
miel mepexi wifi router, miAKIFOYUTH 10 HEOTO 2 laptop.
Hanamrrysatu TyHens go mepex 10.0.0.0; 192.168.1.0.

23*

3amictp Server0 nomatu Router 2811. 3a num
MapHpyTH3aTopom nodyaysatu Mepexy 82.81.11.0. Honatu Ta
HajamTyBaTH 1o 1€l Mmepexi DNS cepsep. HamamryBatn
TyHenb 10 Mepex 10.0.0.0; 192.168.1.0.

24*

3amictp Server0 nogatu Router 2811. 3a uum
MapmpyTu3aropoM nodyaysaru mepexy 195.51.15.0. logartn
1o uiei mepesxxi wifi router, miakmounTu 10 HHOTO 1 laptop.
Hamamrysatu tyHens g0 mepesx 10.0.0.0; 192.168.1.0.

25*

3amictp Server0 nogatu Router 2811. 3a num
MapHIpyTH3aTopom modyaysatu Mepexy 122.11.71.0. Jogatu
Io i€l Mepexi wifl router, TAKIIOYUTH 0 HHOTO 3 laptop.
Hanamrysatu TyHens go mepex 10.0.0.0; 192.168.1.0.
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3.5 3micr 3BiTY

— Xig pobotu;
— IHAMBimTyajdbHA cXeMa 3 3a3HaueHHAM KoH(iryparii inTepdeicis;
— BIJNOBII HA KOHTPOJBHI TUTaHHS.

3.6 KonTpoJbHi nuTanus

1. Hasgenits cTpyKTYpY Kaapa Frame Relay.

2. JSIxi Tunm BipTyaNbHUX KaHANIB BHKOPUCTOBYE TEXHOJOTiSA
Frame Relay?

3. TapantoBana mepemaui JaHuX 3 BUKopucTaHHsAM VC. 3araibHi
XapaKTEPUCTUKH.

4. Hapnaiire xapakrepuctuky noustrsm DTE, DCE Ta CSU/DSU.

5. Eranum oprasizanii TyHemnro yepe3 mepexy Frame Relay.
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