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1 JABOPATOPHA POBOTA.
Graphical Network Simulator-3

MeTta po00TH: O3HAHOMHUTHCS 3 OCHOBHHMH MOKIIHBOCTSIMHU
nporpamu  emynaropa GNS3 mnpu mpoexkTyBaHHI Ta MOJCIIOBaHHI
KOMIT FOTEPHUX MEPEK.

1.1 TeopeTnuni BitomocTi

GNS3 — rpadiunuii eMynaTop, KM J03BOJISIE MOZICIIOBATH CKIIAIHI
Mmepexi. g 3a06e3nedenns moBHoi emydanii, GNS3 € TicHo noB's3anuM i3
HACTYITHUMH KOMITOHEHTaMHU:

— Dynamips — siapo nporpamu, sike 103BoJisie emyaroBati CiscolOS;

— Dynagen — TekctoBwuii inTepdeiic A Dynamips;

— PEM emymsrop 6panamayepa CiscoPIX Ha ocHOBI Qemu.

GNS3 € rapHMM JIOJIaTKOBUM IHCTPYMEHTOM TIIPH BHKOHAHHI
nmabopaTopHuX pobiT B cepemoBuili Cisco IS MEpEKEBUX IHKCHEPIB,
aZIMiHiCTpaTopiB 1 THX, XTo Oaxae mpoitu ceprudikamito CCNA, CCNP,
CCIP i CCIE. BiH Takox MOXe OyTH BHUKOPHCTAHHWM JUIsl TIPOBEACHHS
excriepuMeHTiB B Cisco 10S abo miis mepeBipku HaJlaITyBaHb, SKi IIOTPiIOHO
3aCTOCYBaTH Ha pealbHUX Mapmpytu3aTopax. GNS3 € mpoektom i3
BIIKPUTHM BUXIJIHUM KOJOM Ta OE3KOIITOBHOK MPOrPaMol0, SIKy MOXKHA
BUKOPUCTOBYBATH Ha 0araThboX omepaniiHuX CHCTeMax, BKIoUaun Linux,
MacOS i Windows. EMynsiTop 103BOJISIE CTBOPHTH MOJIENTb KOMIT'IOTEpa abo
IHIIOTO TIPHCTPOIO 1 3alycKaTH BCEPEJUHI OpHUTiHANBbHE TpOTpamMHe
3a0e3rnedyeHHs. EMyroI0ThCsl BCI OCHOBHI KOMITOHEHTH MPUCTPOIO, B TOMY
YHUCITi TPOIECOP, TIAaM'SITh 1 TPUCTPOi BBOILY/BUBOJY.

VY Bunaaky 3 Cisco, eMyIaTOp CTBOPIOE MOJIENb MapIIpyTH3aTopa i
3aIycKae BCepeuHI peaybHy omnepaiiiny cucremy Cisco [0S, TakuM ynHOM
MH MaeMO TOBHO(MYHKIIOHAIBHUN Mapripytusarop. ToOTo, 3amyCTHBIIH
Mmapipytuzarop Cisco, MOKHa BUKOPUCTOBYBATH MPAKTHYHO BCi (DYHKIIIT,
SIK1 TIPAIIOIOTh Ha peajbHOMY MapiipyTusaTopi (y cepemouri Cisco Packet
Tracer 3HauHa uvactuHa (YHKI[IOHATY € HEJOCTYIHOI, TOMY IO IIe
CEpEIIOBUILIE € JIMIIE CUMYIITOPOM).

Takox y emymsaropi GNS3 MoxHa nojmaBath KOMITIOTEpPH i3
omneparniiianmu cucteMamu Windows a6o Ubuntu. ITpu isomy OC Windows
Server abo OC RedHat BuKOpHCTOBYIOTH B ILiii CXeMi, CIHpalO4YKCh Ha



texHoJyorii Bipryamsarii (VirtualBox abo VMWare) abo migkIFOYABITH
GNS3 g0 peanpHOoi Mepexi. TakuM YHHOM MOXXHA TEpEBIPUTH
BcTaHoBiaeHuH VPN, ayreHTu(ikalilo KOPHUCTYBauiB dYepe3 cepBep Ta
BHKOPHCTOBYBATH CIIPaBKHIN Opay3ep IpH IMiIKIoueHH 10 [HTepHeTy.

HenonikoM pmaHOro mnporpamMHOro 3a0e3NeYeHHsS € BiJCYTHICTh
MO3KJIMBOCTI IOBHOLIIHHOI cUMyJIAIil koMmyTaTropiB CiSCO apyroro piBusa. Y
IIbOMY BHUTIAAKY, IJIS BHUKOHAHHS JTAOOpAaTOpPHUX POOIT 3 BUKOPHUCTAHHSIM
KOMYTaTOpiB JPYTOro piBH:, 3aCTOCOBYIOTH B)KE€ BIJOMHU BaM CHMYJISITOP
Cisco Packet Tracer.

Io ckmamy GNS3 me Bxomats obpasu IOS/IPS/PIX/ASA/JUNQOS,
OCKIUTBKH BOHH € YaCTHHOIO KOMEPIIIHHUX IMPOIYKTIB BiAIOBIIHIX KOMIIaHIH
Ta HE MaIOTh OJTHOIO MPsAMOro BigHOMmEHHs A0 npoekty GNS3. Ha nanwmii
MOMEHT IIe BXK€ He € MpoOJIeMO0, OCKUIBKH 3apa3 He CKIaJHO 3HAUTH
HeoOXiTHUI 00pa3 B MEpeKi.

IIle oAHMM BaKJIMBUM HEAONIKOM € JOy)XKe BHCOKI BHMOTH JIO
cucteMHUX pecypciB. Omnak 1ie He npoodimema GNS3, a npobieMa oOpasis
MIPUCTPOIB, SKi 3aITYCKAIOTLCSA B EMYJIATOPI Ta IMMOTPEeOyIOTh 6araTo pecypcis.
GNS3 na Bigminy Bim Cisco Packet Tracer mpaltoe i3 peaabHUMH
NPOIIMBKAMK NpPUCTpoiB. Hampuknaza, mist 3amycky oOpa3y oO0iajHaHHS
Cisco ASA mnotpiben 1I'0 onepatuBHOI maM'sTi. A SKIIO BU X04eTe 310patu
kimactep? A axmo B cxemi npucyTHii Cisco IPS, skomy motpiden me 1167
A SKIIIO B TOTIOJIOTiI0 HEOOX1THO JI0JIaTH IiIe TIapy CepBepiB?

Tomy 3apa3 MiHiMaIbHI cucTeMHi Bumoru aiasi GNS3 11e HasBHICTH
4I'6 omepatuBHOI maM'siTi. Ale, SKIIO BU IUIAaHyeTe 30UpaTH CXeMH
KOPIOPATUBHUX MEPEK, peKoMeH10BaHo MaTu 81°0 Ta OinbIire.

He 3Baxkaroun Ha HEHOJIKH, OJHIEIO 3 HAWIIIKABIIINX 0COOIMBOCTEH
GNS3 € MOXIHUBICTD 3'€AHAHHS TOMOJOTIi MEpeXi, siIKa MPOEKTYEThCS 13
peanbHOO Mepexero. lle Hamae yHIKaNbHY MOXJIMBICTH TEPEBIPUTH Ha
NPakTUIl OyAb-KWU TMPOEKT, 03 BHKOPUCTAHHS pealbHUX MPHCTPOIB.
Takox BukopuctanHs Wireshark no3Bosnsie mpoBecT MOHITOPHUHT Tpadiky
BCEPEAMHI Mepexi, sika MPOEKTyeThes. | 1ie Hagae monaTKoBy iH(OpMaIlio
JUTSL PO3YMIHHS TEXHOJIOTIH, SIKi BUBYAIOTHCS y JAHOMY KYpCi.

1.2 YcranoBka emyasitopa GNS3
Jns BcranoBneHHs nporpamu emynsropa GNS3 tpeba orpumarn

foro nuctpuOytuB. lle Moxna 3poOutu 1BOoMa crocobamu: abo
CKOpHUCTaTHCA THM, L0 € Ha KOMIT'IOTEpi B ayAuTOpii, abo 3arpy3ut 3



odiriasbHOro caity gns3.com (Ipu LbOMY 3TiIHO 3 MOJITHKOI CalTy BaM
NMoTpPiOHO 3apeecTpyBaTHCH). Y 3B’A3Ky 3 THM, IO Bepcil MOCTIHHO
OHOBJIIOIOTKCS, B €Talax YCTaHOBKYM HABOAWUTHCS TijbkU abperiaTypa GNS3
0e3 HalaHHS Bepcii IPOrpaMHOTO TPOIYKTY.

Jlayi BUKOHAEMO HACTYIIHI Jii:

— 3amyckaemo Tporpammy-BcraHoBmoBad — GNS3 — win32-all-in-
one.exe,

— vy Bikai GNS3 Setup Welcome to the GNS3 Setup Wizard
HaTHCKaeMo Ha KHOmKy ''Next";

— vy Bikai GNS3 Setup License Agreement uutaemo JineH3iHHY
yromy Ta TOTOJDKyeMocs 3 Hew. Jlami HaTHCKaeMO Ha  KHOIKY
"l Agree";

— vy Bikai GNS3 Setup Choose Start Menu Folder narickaemo Ha
kHOTIKY ""Next";

— vy Bikai GNS3 Setup Choose Components samuimaemo Bce 3a
3aMOBYYBaHHSM Ta HATUCKAEMO Ha KHOTIKY "'Next";

— vy Bikai GNS3 Setup Choose Install Location 3amumaemo 3a
3aMOBYYBaHHSM Ta HaTHCKaeMO Ha KHorky "Install”;

— y Bikni WinPcap 4.1.x Setup WinPcap 4.1.x Installer naTuckaemo
Ha kHOTIKY "Next";

— vy Bikai WinPcap 4.1.x Setup Welcome to the WinPcap 4.1.x Setup
Wizard naruckaemo Ha kHonky "Next";

— y Bikai WinPcap 4.1.x Setup License Agreement uurtaemo
TiIeH3iiHy yroJy Ta HaTUCKaeMO Ha KHomky "l Agree";

— vy Bikai WinPcap 4.1.x Setup Installation options 3amumaemo
Biamivennm Automatically start the WinPcap driver at boot time Ta
HaTHUCKaeMo Ha kHomky "Install”;

— vy Bikai WinPcap 4.1.x Setup Completing the Win Pcap 4.1.x Setup
Wizard naruckaemo Ha kaomnky "Finish";

— vy BikHi Setup — GNS3 Virtual Box Edition Completing the GNS3
Virtual Box Edition Setup Wizard natuckaemo Ha kaomnky "Finish";

— Iepe3aBaHTAXYEMO KOMII IOTeEP.

1.3 Kondirypysuus emyasaropa GNS3

[Ticns nepe3aBaHTaXEHHST KOMIT FOT€Pa, BUKOHAEMO KOHQIrypyBaHHS
BCTaHOBJICHOTO porpamMHoro npoaykry GNS3.



Jnst mboro HeoOXiaHI HACTYIHI ii:

— mpu mepmomy 3amycky GNS3 3'sBuBcs setup wizard. Bin
CKJIaJaeThCs 3 JBOX KpokiB (puc. 1.1);

— TtucHemo "Step 1";

— nani 3axoqumo Ha "General™;

“% Setup Wizard @@
Step 1
Configure and test the path to
1 Dynamips. Also check that
the working directory is valid.

Step 2

2 Add one or more uncompressed
10S images.

Pucynok 1.1 — GNS3 setup wizard

— wa Bruaami Terminal Settings 3i crimcky Preconfigurated terminal
commands o6upaemo Putty (Windows, included with GNS3) Ta HaTrckaemo
kHOTIKY "Use";

— HaTuckaemo kHomky "Apply";

— maiti 3axoaumo Ha "Dynamips”;

— wa Bkiaami Dynamips B Executable path Bkaszyemo uwisx o
BUKOHABYOTO (aiiry dynamips-wxp.exe (3HaXOIUThCs TaM Jie BCTAaHOBJICHA
nporpama);

— BKa3yeMo LUISX 10 poO0Y0T TUPEKTOPIT;

— HatucHeMo KHonky 'Test”, skmo orpumanu: “Dynamips
successfully started", To Bce 3po0iieHO paBHIIBHO, SIKIIO Hi, TO EPEBIPIEMO
HaJIANITyBaHHS;

— HatucHemo KHomky "Apply";

— mnepexoaumo jo "Capture”;

— obupaemo pobouy aupekropito ais capture files;



— wmatucuemo "Apply";

— mepexoaumo Ha "Qemu’;

— obupaemo IIIAX 10 BUKOHABUMX (DAiiIiB emuwrapper.exe, gemu,
gemu-img ta m0 po6ouoi TeKH;

— mHatucHemo ""Test";

— SKIIO BHJA€ TO3UTHBHE TIIOBIOMIICHHS, TO HAaJAlITyBaHHSI €
npaBHIBHUMH, 1aiti TucHemo "Apply";

— moBepTaemMoch 1o SetupWizards i o6upaemo "Step 2";

— na Brmaamni 1OS Images B moxi Image file obupaemo o6pas
HEOOXiAHOT0 MPUCTPOIO (00pa3 KOMIIOEMO B TEKY 3 00pa3aMu, Ky BUOUpAIH
B Step 1);

— HaTHUCHEMO Save.

1.4 CrBopenns Haiinmpoctimoi Texnosorii B GNS3

Ha mactynmHOMY etari cTBopemMo Hainpocrtiinry TexHomoriro B GNS3
3 BUKOPUCTaHHIM MapIIpyTH3aTopy.

J1ns bOro BUKOHAEMO TaKI Jii:

— mnepenocumo Router ¢7200 3 Nodes Types Ha rojioBHe moJe;

— HATHCHEMO IPaBy KJIABIIIy MHII HAa 0OpaHOMY MapIIpyTU3aTOpi 1
o0epemo 3i cricKy KoMaHay Start;

— Temep 3HOBY HATHCKAaEMO TMpaBy  KJIaBily MUIII  Ha
MapIpyTu3aropi tTa ooupaemo komany Console;

— JUId 3MCHIICHHS HaBaHTa)KEHHS Ha Tpolecop Tpeba MmpucBoiTH
fiomy 3nauenns "ldle PC™;

— HE BHUXOASYM 3 KOHCOJI HAaTHCKAEMO TpaBy KJIaBilly MHIII Ha
MapIpyTu3aropi ta Bubupaemo komany "ldle PC™;

— 3i ciucky Bubupaemo 3uaveHss "ldle PC" 3 mo3naukoro *;

— TIOBEpPTAEMOCS 10 KOHCOJI, BBOAMMO KoMaHmy: "'enable", morim
"configurate terminal”, a6o "config t";

— gmajgl MOXHA BBOJWTH Pi3HI KOMaHIH, SKi JO3BOJISIOTH
HaJAMTyBaHHs (3MIHUTH XOCT-iM’s1 IpucTporo, IP-aipecy, Toio);

— HaTHCHEMO IPaBy KHOIKY MHILI Ha MapLIpyTU3aTOpi Ta o0epeMo
komau 1y "Stop", micis mbOTo BiKHO KOHCOJIi 3HUKAE.



1.5 Pexomenaanii mo 3anycky GNS3 na IIK 3 maiaum 06’emom OII

VY naHomy po3AiJii HaIalThCs PEKOMEHAAIIT I0I0 3aIyCKy Ta POOOTH
GNS3 Ha koMmm’10Tepax 3 MajauM 00’ €MOM OIEepaTHUBHOI IIaM STi.
3aranpHi HanamryBanHs GNS3 ta mopaau:

"Edit" > "Preferences” > "Dynamips” > "Hypervisor Manager",
3HATH To3Hauky 3 myHkty "Allocate a new hypervisor per 10S image"” ta
BcTanoButH "Memory usage limit per hypervisor” 128 MB;

— Tepex IMOYaTKOM 1 y mporeci poOOTH HE BIOKPHBATH KOJTHUX
CTOPOHHIX TpOrpaMm Ta He mocmimaru BukoHyBaru nii y GNS3, 60 uepes
mannit 06’em OIl mporpama mnpaifroe moBiIBHO.

HanamryBanHs o00pa3iB poyTepiB i BIpTyadbHOI MAaIIMHU
BUKOHYHTE 13 ypaxyBaHHSM TOTo, IO y JabopaTtopHux pobotax GNS3
BUKOPHCTOBYIOTBCS JIBa 00pa3u MapmpyTuzaropiB, a came ¢7200-
adventerprisek9_sna-mz.150-1.M.bin Ta ¢3640-jk9s-mz.124-16.bin.

s ¢7200-adventerprisek9_sna-mz.150-1.M.bin:
"Edit" > "10S images and hypervisors" > "Default RAM" > " 512
MB;
— BukoHatu BuOip 3HaueHHs "IDLE PC" i3 *, 3rimHO MeToAMmYHMX
BKa31BOK.

s ¢3640-jk9s-mz.124-16.bin:
"Edit" > "10S images and hypervisors" > "Default RAM" > " 128
MB;
— BukoHatu BuOIp 3HaueHHs "IDLE PC" i3 *, 3rimHo MeTOAMYHHX
BKa3iBOK.

SIKmo He BAAETHCSA 3aIyCTHTH 00pasu poyTepiB, abo HE Mpalroe
CUMYJISILIS (32 YMOBH, L0 BOHA MpaBHJIbHA), COIpoOyHTe 301IbIIHUTH 00’ €M
OTIEPATUBHOI MaM’ITi, SIKUH BUALICHO ITiJ] pOYTEPH Ta THIIEPBi30p.

Hpumitka. Haronomyemo, mo kopektHa pobGora GNS3 Ha
KOH(]irypamii, sfka He BiJNOBia€ MIHIMATBHUM CHCTEMHUM BHMOTaM
(Tabn.1.1) He rapaHTyeThcs, Ta OyJb-Ka CTBOpEHA CHMYJISIS MOXKe
NpaIIoBaTH He KOPEKTHO, HE 3BAKAal0UYH Ha MPABUJIbHICTD 11 HANAIITYBaHb.
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Tabmuus 1.1 — Cucremui Bumoru 1o GNS3

IMpeamer Bumorn
Onepaniitna cucrema Windows 7 (64 bit) abo Hosima
[Iporecop Bix 2 200 OiNTBIIE JIOTIYHHX SACp
BipTyaunizaris migTpumka AMD-V uu INTEL VT-X
[Tam'saTE Big 4 I'0 OI1
CxoBuiie Big 1 ['0 BUIBHOTO MicIa

1.6 3micT 3BiTY

— xig pobotu;

— Ppe3yJIbTaTH, [0 OTPUMAaHI B MPOIIEC BAKOHAHHS 3arajibHUX CTalliB;

— mepeBarn Ta Henoniku emymnaropa GNS3 B mopiBHSAHHI i3
cumystopom Cisco Packet Tracer.

— KOPOTKMH  OmHUC  yCiX  KOMaHJ  KOHTEKCTHOTO  MEHIO

MapuIpyTU3aTopa.
1.7 KouTpoabHi nuTanus

1. Jlns goro BukopuctoByeTbess GNS3?

2. Tlpusnauenns Dynamips?

3. Jlnst 4oro BUKOPUCTOBYIOThCs 00pasu 10S?

4. OnuwiTk nporec HajamTyBaHHA nIpocToi Mepexi B GNS3.

2 IABOPATOPHA POBOTA.
VoIP na 6a3i Graphical Network Simulator-3

Meta po0oTH: 03HalOMHUTHUCS 3 TexHOsorie0 VoIP Ta HaBuuTHCs 11
eMYJIIOBaTH B MporpaMHomy 3ade3neuenHi GNS3.

2.1 TeopeTnyHi BizomocTi

VoIP (voice over IP) — TtexHonoris mnepeiadi Mejia IaHUX B
pealbHOMY dYaci 3a J0IOMOror cimeiictea mporokomiB TCP/IP.
IP-tenedonis — cuctema 3B'SI3Ky, B K aHAJIOTOBUI 3ByKOBUH CHUTHAN Bij
OJTHOTO a0OHEHTa JUCKPETH3YEThCs (KOMyeThbcs B IM(POBUE BUTIISN),
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CTHUCKAETHCA 1 TIEPECHIIAETRCS 10 ITU(GPOBUX KaHAIAX 3B'SI3KY IO IHIIIOTO
aboHeHTa, 1€ MPOBOAUTHCA 3BOPOTHA oOmepalis — JEKOMIIpEcis,
JEKOYBaHHS 1 BiATBOPEHHS aHAJIOTOBOTO CUTHAITY.

OcuoBy Texnouorii VoIP ckiamatots mporokon RTP (real time
protocol), mobynosanuii moBepx mpotokoniB UDP/IP, a Takox mpoTokonu
KOJIyBaHHS MeJia AaHuX. [cHytoThs posmupenHs (mpodini) nporokory RTP,
taki sk SRTP (secure RTP) Ta immmi.

IIporokonu 3abesmeuyioTs peectpamito [P mpuctporo (mmmro3,
TepMminan abo IP-tenedon) Ha cepBepi abo reiTKinepi nposaiiaepa, BUKIHUK
i/abo Tmepeampecallifo BHUKJIWKY, BCTAaHOBJEHHS TOJIOCOBOTO 3'€THAHHS,
nepenavy iMeHi i/abo Homepa aOOHEHTY.

B naHuii yac mMpoOKOro MomMpeHHs HaOydM HACTYIHI MPOTOKOIU
VolP:

— SIP — 3abe3mneuye mepeaady rosocy (aas cHrHamI3aIll 3a3BHYal
BUKOpUCTOBYE nopT 5060 UDP);

— H.323 — npotokon, 6inbll MpUB'A3aHUA 10 CHCTEM TPaAHULiHHOT
tenedonii, uum SIP (curHamizamnis mo nopty 1720 TCP);

— |IAX2 — curnamizaris i Mezlia BAKOPUCTOBYIOTH opT 4569 UDP;

- MGCP;

- SIGTRAN;

- SCTP;

- SGCP;

— Skinny/SCCP;

— Unistim — 3akpuTHii MPOTOKOJI Tiepeaadi CUrHaabHOrO Tpadiky B
npoaykrax kommanii Nortel.

Jxepenom iHpOpMAIIfHUX NaHUX € MOBHHMH CHUTHAJ, MOXKIJIMBOIO
MOJIEJUII0 SIKOTO € HECTAl[lOHApHWH BHIAJKOBUI mpouec. Y Nepuomy
HAaONMMKeHHI MOJXKHA BHJIUIMTA TakKi THIMW CHTHAIBGHUX (parMeHTiB:
BOKaJIi3yBaHHs, HEBOKAJII3yBaHHsI, epexiaHi 1 mays3u. [Ipu nepenayi ronocy
B IUGPOBii GopMi KOKEH THIT CUTHATY TPH OJHIN 1 Till k€ TPUBAIOCTI 1
OJTHAKOBIH SKOCTI BUMArae pi3HOro 4rcia OiT s KOJyBaHHS i iepe/iadi.

OTxe, MBUAKICTh TIepeliadi Pi3HUX TUIIB CUTHAITY TAKOX MOXE OyTH
Pi3HO0, 0 0OYMOBIIIOE 3aCTOCYBAHHS KOJIEKIB 13 3MIHHOIO IIBUJIKICTIO. B
pe3ynbTaTi mepeada MOBHUX JAaHHX B KOKHOMY HampsiMi AYIUIEKCHOTO
KaHaJly pO3IIIAJAETHCS SIK Nepefadya acHMHXPOHHUX JIOTIYHO CaMOCTIMHHX
(dparmMeHTiB 1M(POBUX MOCHIJOBHOCTEH (TpaH3akIliif) 3 JararpaMmHOIO
CUHXPOHI3AIEI0 YCEePEeIUHI TpaH3aKIlii, HAMOBHEHOi OJoKaMH pi3HOI
JOBXKHHU.
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B ocHOBI K0o/1eKa MOBH 31 3MiHHOIO IMTBUIKICTIO JISKHUTH KiTacu]ikaTop
BX1JIHOTO CHTHaJy, 10 BU3HAYAE CTYIiHb HOTO iHQOPMATUBHOCTI 1, TAKUM
YMHOM, 3a/1a€ METOJ KOIyBaHHS 1 IIBUAKICTH Mepeadi TOJ00BUX JAaHHX.
Haii6inpmr mpoctum Kiaacudikaropom ronocooro curxaiy € VAD (Voice
Activity Detector, neTekTop MOBHOT aKTUBHOCTI), SIKUil BUALISE Y BXiJTHOMY
CUTHAJIi aKTUBHY MOBY 1 may3u. @parMeHTH CUTHaly, M0 KIAaCH]iKyIOThCS
SK aKTHBHA MOBA, KOTYIOThCS SKIMOCH 3 BIIOMHX aJITOPUTMIB (SIK IIPaBHUIIO,
Ha 06a3i meromy Code Excited Linear Prediction — CELP) 3 6a3oBoro
mBUAKicTIO 4 — 8 Kbit/c. ®parmenTy, kinacu(ikoBaHi K May3u, KOAYHOThCS
1 mepemaroThbes 3 Hu3bkoro mBuakictio 0.1 — 0.2 Ko6it/c, abo He mepenaroThes
B3araii.

Komu cnpaupoBye VAD, Ha mnpuiiManbHid CTOpOHI MOXKe
ABTOMAaTUYHO TEHEPYBATHCS TaK 3BaHUN "KoMQOpTHHH mmym" ™00 ¥y
criBOeCiIHWKa HE BWHHUKAIO BIOUIYyTTA mpomaxi 3B's3ky. llpm 1mpomy
nepenavi  MiHiManmpHOI iH(QOpMamii Tpo ¢parMeHTH TMay3 HagaeThCs
nepesara. /lana crparteris JO3BOJISE€ ONTHMI3YBaTH MIBHKICTh KOAYBaHHS 2
— 4 Kb6it/c ipu mocTaTHi SKOCTI MOBH, IO CHHTE3yeThesA. s 0cobmmBo
KPUTHYHUX (PparMeHTiB MOBHOTO CHUTHANy BUILIAETHCS BEIWKA IIBHIIKICTh
nepeayi, A1 MEHII BiAMOBINAJIbHUX — MEHIIIA.

Bokoznep BHOCUTH J0JAaTKOBY 3aTpUMKY 15 — 45 Mc, ska BUHHKAE 3
HACTYNHUX HPUYHH:

— BUKOpUCTaHHS Oydepa Ui HAaKONMMYEHHS CHUTHATY 1 OOJIKY
CTaTUCTHUKH MOAATBIINX BIITIKIB (aITOPUTMIYHA 3aTPHMKA);

— MAaTeMaTH4HI NEePeTBOPEHHS, 10 BHUKOHYIOTHCS Hal TOJIOCOBUM
CHUTHAJIOM, BUMAararoTh IPOLIECOPHOrO Yacy (0OUUCIIIOBAIbHA 3aTPHUMKA).

ITpoBeaeHwmii B pi3HUX JTOCIIITHUIIBKUX TPyIIaxX aHaJIi3 IKOCTI repeaayi
roJOCOBHUX JaHUX uepe3 Mepexy IHTepHeT ©oKa3zye, L0 OCHOBHUM
JOKEpEIOM BWHUKHEHHS CIIOTBOPEHB, 3HW)KEHHS SKOCTI 1 po30ipIuBOCTI
CHHTE30BaHOT MOBH € NEpEPUBAHHS MOTOKY T'OJIOCOBUX JaHUX, BUKJIUKaHE
BTpaTaMH TaKeTiB TpHU Tepefadi Mo Mepexi 3B'I3Ky Ta MepeBUIICHHIM
JOITyCTUMOTO Yacy IOCTaBKH MAKETY 3 IIMMH JTaHUMHU.

e BuMmarae pimeHHsS 3aJavi ONTHMi3allii 3aTPUMOK B Mepexi i
CTBOPEHHSI AITOPUTMIB KOMIIpecii MOBH, CTIHKHX JIO BTpaT TIaKeTiB
(BiAHOBNIEHHS BTPAaYE€HUX IAKETIB).

3 ypaxyBaHHSIM MOKJIMBUX BTPAT IaKETiB B MEPEKi I BiTHOBICHHS
rOJIOCOBOTO MOTOKY Ha MPUUMAIIbHIN CTOPOHI BUKOPHUCTOBYETHCS IIPOTOKOI
peansHoro wacy — Real Time Protocol (RTP). V¥V 3arosoBky naHoro
NPOTOKOJNY, 30KpeMa, NepelaloThbcs dYacoBa MiTKa i Homep makery. Lli
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mapamMeTpH JO3BOJISTIOTE TIPH MiHIMATBLHUX 3aTPUMKaX BU3HAYUTH TTOPSIOK 1
MOMEHT AEKOAYBaHHS KOXXHOTO MaKeTy, a TAKOX IHTEPIOIIOBATH BTPayeHi
nakeTd. BimHOBIIEHA MOCTIAOBHICTh, 13 MOMXJIMBUMH TPOIYCKaMHU SIK
OIMHOYHUX ITAKETiB, TaK i TPYT MaKeTiB, TOCTYIA€ Ha iekoaep. Jlekoaep mae
3a0e3MeYnTH BiTHOBJICHHS MOBHOI iH(opMalii, 3anoBHeHHs Nay3 (HOHOBUM
OIyMOM, @ TaKOX €XO-KOMIICHCAIll0 KOAOBAaHOTO CHUTHAIY, BUSBICHHS 1
JIETeKTyBaHHS Tele()OHHOT CUTHAII3AIIi].

OcHOBHUMU TiepeBaraMu TexHoJorii VoIP € ckopoueHHs HeoOXimHo1
CMYr'H TPpOIyCKaHHS, MO 3a0e3MeuyeThcsi OOJMIKOM CTaTUCTHUYHUX
XapaKTePUCTHK MOBHOTO Tpadiky:

— OnokyBaHHSM Iepenadi mays (A1aoroBuX, CKIAA0BUX, CMHCIOBHX
11H.), sIKi MOXKYTb ckianatu 10 40-50 % dacy 3aliHATOCTI KaHaIy Tepeayi;

— BHMCOKOIO Ha/IMipHICTIO MOBHOT'O CUTHAJTy 1 HOTO CTUCHEHHSIM (0e3
BTpPAaTH AKOCTI Ipu BigHOBIEHHI) 10 piBHA 20—40 % MOYaTKOBOTO CUTHAIY.

3 iHmoro 6oky, Tpadik VolP kpuTHyHWIA 1O 3aTPUMOK IaKeTiB B
MEpexi, alle TOJIEpaHTHUH (CTIMKHIA) MO0 BTpaT OKpeMuX makeTiB. Tak
BTpaTa 10 5 % MakeTiB He MPU3BOAUTH 10 NOTIpIIEHHS PO30ipIrBOCTi MOBH.

2.2 YceranoBka Cisco IP Communicator

Cisco IP Communicator € momatkoM poOOYOro CTOMY, SKHiA
MEPEeTBOPIOE  KOMITIOTep B MoBHOGYHKIIoHANbHUI [P-tenedon Cisco
Unified, 30 mosBomsie 3mificHIOBaTH 1 OTPUMYyBAaTH I3BIHKH, a TaKOXK
BUKOHYBATH 1HIII omeparlii 00poOKH BUKIIHKIB.

[Ipu BcTaHOBICHHI IPOrpaMu Ha HOYTOYII MOYKHA BUKOPHUCTOBYBATH
Cisco IP Communicator (i3 yciMa mapameTpamMH HaJaIITYBaHHS [UIs
TeneOHHX CUCTEM) B OYb-SIKOMY MICIIi, ¢ € MOXKJIMBICTh 3aCTOCOBYBATH
3'€THAHHS 31 CBOEIO KOPIOPATHBHOIO MEPEXKEIO.

Matoun migkroueHHs 10 mepexi [arepuer, Cisco IP Communicator
MOYKHa BHUKOPUCTOBYBATH Ul NMPUHOMY BUKIHMKIB Ta TPOCITYXOBYBaHHS
rojiocoBux moeigomiieHs. [Iporpama IP-tenedonii Takox mpamroe i3 Cisco
Unified Video Advantage, iHmMM J0OIATKOM, SIKHH JOJAaTKOBO HAJIa€e
MOJKJIMBICTb I€pPEIaBaTH BiJ€O JaHi.

s yeranoBku Cisco IP Communicator BukoHaeMo HacTymHi Jii:

— obupaemo Cisco IP Communicator Setup.exe ta TucHemo "Enter";

— yBikHi Cisco I[P Communicator — InstallShield Wizard naruckaemo
knasinry "Next";
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— JaJTi 9MTaEMo JIIEeH31iHY yroxay, ooupaemo "I accept the terms in
the license agreement" Ta Hatrckaemo "Next";

— BHOHMpAEMO IIISAX 0 TEKH, Kyau Tpeba BCTAHOBUTH MPOTrpamy Ta
HaTucHemo "Next";

— tucHemo "Install";

— pmami "Finish";

— 1 mepe3aBaHTaXyeEMO KOMIT FOTep.

2.3 CtBopennsi loopback intepdeiicy (Windows)

Jns movatky crBopumo loopback intepdeiic B Windows, Ha sikomy
MH 30HMpaeMOCs E€MyJIIOBaTH Mapuipytu3arop. Jias IbOro BHKOHAEMO
HACTYITHI JTii:

— mnarucHemo "Ilyck" — '"llamens kepyBanHs" — "llpuHTepu Ta
iHIIe oOnagHaHHA" — "BceraHoBineHHs oOmagHands — " ami'",

— obupaemo "Tak, mpucTpiii Bxke mia’ eqnano” — "Jlam'",

— obwupaemo "JlomaBanHs HOBOTo npuctpor’ — "Jlami";

— obupaemo "BcraHoBneHHs oOmamHaHHS, OOpPaHOTO 3 TEPENiKy
Bpyuny" — "Jami";

— obupaemo "Mepexesi atu' — " Jlami";

— obupaemo imM’s BupoOHuka "Microsoft", a cnpaBa — "AmnanTep
Microsoft 3amukanns Ha cede” — "ami" — "Jlami" — "T'oToBo".

Boke Ha 11bOMy eTari MOKHA B3a€EMOJIISATH 3 BIPTYyaJbHOIO MEPEKEIO,
aJie JIMIIe 3 OJHOTO KOMITOTepa.

Ane 3a METy MU Ma€eMO BIIKpUTTS JOCTYITY IO Hei 31 BCiX KiHIIEBHX
NPUCTPOiB peanbHoi Mepexki. Tomy:

— 3axoaMMo B po3ain "MepexeBi 3’eaHaHHA, oOMpaeMo 00MBa
aJIarTepu: peanbHuUi, 3a JOMOMOTOIO SIKOTO BUXOJMMO B peallbHy MEPEXKY Ta
BipryansHuii "loopback”, skuit Mu cTBOpHIH;

— Hatuckaemo "CTtBopuTH MicT". B pe3ysnbTaTi oTpuMaeMo 3'€JHaHHS
tuna "'mict", sike m03BoJsie OOMiHIOBaTHCA TpadikoMm BipTyaJbHOMY Ta
peanbHOMY iHTEpdeiicam;

— IIpU CTBOPEHHI MOCTY CHCTeMa cama npu3Hadae Homy [P anpey,
SIKy HaM TOTpiOHO 3adikcyBaTH (3HATH);
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— nizHarucs IP-agpecy, sxky Windows mpru3HAYHMB MOCTY MOKHA 32
JgoromMororo  BBeneHHs komanmu ipconfig /all"  (ampecy moTpiOHO
3amam’staTH, abo 3arucaTH);

— 1 mepe3aBaHTaKUTH KOMIT FOTEP.

2.4 Emyasuis VoIP B GNS3

Temep modYHEMO CTBOpeHHsS MapuipyTuzatopa B GNS3 i
HamamTyBaHHs Cisco Communication Manager Express (CME).

st mboro HeoOXiaHI HACTYIHI ii:

— 3amyckaemo GNS3;

— CTBOPIOEMO HOBHH MPOEKT (B MPOEKTiI OyAEMO BHKOPHUCTOBYBATH
Router c7200);

— Ha TonoBHe moine mepeHocumo Router ¢7200 (o6pa3 sikoro mu
nomanu padime B J.p. Ne 1), HaTHckaemMo MpaBy KJIaBillly MHUIINI Ha
Router ¢7200 ta o6upaemo "Configure”, mepexoaumo Ha Biaaky "Slots” ta
obupaemo 3i cicky C7200-10-2FE, nani narucuemo "OK";

— Ha rojioBHe mosne nepenocumo "Cloud”;

— HaTHCKaeMo TipaBoto kiapimero muini Ha "Cloud" Ta obupaemo
komanay "Configure", HatucHemo Ha "C1";

— B NIO Ethernet BuGupaemo nam "MSLoopBack", nHaTrcHemo
"ADD" (puc. 2.1);

Clouds Cl node
a

NIC Ethernet | nioUDP | nioTAP | miounix | mIowDE | mIomuLL

Generic Ethernet NIO (Administrator access required)

lrpr_ap:mDevir.e\NPF,{ZE.ESEQSB—ZDCE—4634—QD34—OBSAB11849?‘F} : Metwork adapter 'Micros ']

r 'Microsoft MAC Bridge Virtual NIC' on local host: CeTesoil mocT Add Delete

nio_gen_eth\device\npf_{eal9e3ed4-327-4021 - bc2b-50117d0dd022}

Pucynok 2.1 — Koudirypysauus "C1 node”

— mHarucHemo "Apply";
— 3B’s3yemo mapuipytuszarop ta "Cloud" nvarucnysmm Ha "Addlink —
FastEthernet" (puc. 2.2);
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C1

Pucynok 2.2 — 3’ennanns mapipytusatopa ta "Cloud”

— HAaTHUCKAEMO TNPABOI0 KIABINICK) MHUIII HAa MaplIpyTH3aTopi Ta
obOupaemo komanay "Start";

— HATHCKAaEMO TPaBOI0 KIABINIEI0 MHIII HAa MapmipyTH3aTopi Ta
obupaemo komany "Console™;

— KOJIM MapuIpyTH3aTOp TOTOBHIA, BBOJMUMO HACTYITHI KOMaH/IH:

enable

config t

interface FastEthernet0/0

ip address 192.168.1.50 255.255.255.0

(inTepdeiicy motpibHO mpuBnacHutu IP azpecy, sika BXOIUTH B
CTBOPEHY MEpexXy, aje HE BHKOPHCTOBYETHCS IHIIUMH HPUCTPOSMH,
BKJIFOYAI0YH CTBOPEHUH MicCT)

no shutdown

— TMepeBipseMO MPaBHIIbHICTH HANAMITYBaHb, JUIS [ILOTO 3aX0MMO B
KOHCOJIb Ta TEPEeBipseMO 3B'SI30K 3 BIpTyaJbHHM MapHIPYTH3aTOpOM (ping
192.168.1.50), B KOHCOJIi MapHIPyTH3aTOpa IEPEBIPIEMO 3B'I30K 3
NPUCTPOSIMU HALIOT MEPEKi, HAPUKIAL!

ping 192.168.1.1

— Jalli mepexoJuMO 3HOBY JI0 KOHCOJI poyTepa Ta BBOJAMMO Taki
KOMaH/IH:

telephony-service

max—ephones 10

(xomanna max-ephones BCTaHOBIIOE MaKCUMalbHY KilbKicTh [P
TenedoHiB, siKi 00CIIyroByBaTUME JaHUN MapIIPyTU3aTOP)

max-dn 10

(max-dn, BiamoBigHo, MaKCHMaTbHa KiTbKICTH JIiHiiH)

ip source-address 192.168.1.50 port 2000
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(xomanma ipsource-address Bkasye 3 sikoro intepdeiicy CME nosuneH
NpUAMAaTH 3aUTH Ha I IKIIOYEHHS 10 HBOTO Tele(OHIB)

auto assign 1 to 10

(komanma auto assign 1 to 10 Bkasye MapmpyTuzaTopy ii, sKi
moTpiOHI, MO0 BiH aBTOMATHYHO INPHU3HAYAB, MITKIIOYECHUM Telre(oHaM,
ninii 3 Homepamu Bix 1 mo 10);

— HaNalTOBYEMO JIiHII — BBOAMMO B KOHCOJIb pOyTepa:

exit

ephone-dn 1

number 101

ephone-dn 2

number 102

(xomanoro ephone-dn cTBOPIOEMO JTiHI0, @ number MPUBIACHIOE ITiit
ninii TeneoHHUI HOMED).

CucTeMHi TIOBIIOMIICHHS, SKi CIUTMBAIOTh B KOMaHJHOMY pSJKY,
JIOTIOMOKYTh BaM 3pPO3YMITH, IO JTiHii aKTHBOBaHi 1 BKITFOUEHI.

2.5 TecTyBaHHS OTPUMAHMX Pe3yJbTATIB

Hactymauit etanm - BcraHoBieHHs Ta HamamrtyBaHHS Cisco [P
Communicator.

JI71s1 11bOr0 BUKOHAEMO TaKi [ii:

— 3amyckaemo Cisco [P Communicator, sikuii BcTaHOBHIIM padilie. B
pe3ynbTaTi 3’IBUThCA TeneoH, 10 300pakeHnit Ha PUCYHKY 2.3;

— HATHCKAaEMO TPaBOIO KIABIIIEIO MUII Ha HHOMY Ta 3aXOJHMO B
HaJIAIITyBaHHS,

— na Braaani "Network" B "Network Adapter" Bubupaemo amantep,
yepes SIKUH € MAKII0UYEeHHS 10 MepexKi (B HAIllOMy BHIAAKY — 1€ MICT), a B
"Use these TFTP servers" BBoIuMO aJipecy Hamoro BipTyalbHOTO POyTepa;

— micng  1poro TenedoH Tepe3aBaHTAXUTHCH, 3Haige CME,
ABTOPU3YETHCS 1 BUTTISIATUME SIK HABEJICHO HA PUCYHKY 2.4;
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B 4 53p 01/16/11

Pucynok 2.3 — Cisco IP Communicator

— BHUKOHABIIY TaKi K MaHIITyJIAIi1 HA JPYTOMY KOMITTOTEPi B MEPEXKi,
BU OTpUMAETe APYTHH TesneoH 13 BIAMOBIAHUM HOMEPOM, TOLIO. Takum
YUHOM, 30UITBIIYIOYM KIJBKICTh MPUCTPOIB y BIpTyalmpHIA Mepexi Ta
MiIKITI0Yatoun HOBi coPT(OHM Ha KOMITIOTEpaX, MOKHA TOOYAyBaTH JOCUTD
CKJIagHy iH(pacTpyKTypy.

10:02a 01/10/12

Pucynok 2.4 — Iigxnrouenuit reaedon VoIP

Mpumitka. Komynikatop Ta GNS3 maroTh mpairoBaTd 0JHOYACHO.
Ipu wamamryBanui "Cloud” migkmodaemMo  MepexeBuil — agantep
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"MSLoopBack". Tlpu HamamtyBaHHI KOMYHIKaTOpa — B HAJAIITYBaHHI
[HTEepHETY BKa3y€eMO MicT.

2.6 3micr 3BiTY

— xig pobotu;

— Ppe3yJIbTaTH, 10 OTPUMAaHI B MPOIIECi BAKOHAHHS 3araJIbHUX CTalliB;
— OIIKC MepeBar Ta HeJoJiKiB TexHoorii VolP;

— ocHoBHI eTtanu MmogemtoBadisa VolP B GNS3.

2.7 KoHTpoOJIbHI MUTAHHSA

1. fxi npoTOKOIM BUKOPUCTOBYE TeXHOJIOTist VOIP?

2. Onumite nepenady roiocy B mudposiit popmi.

3. 1o mexuTh y OCHOBI KOZIeKa MOBH 31 3MiHHOO IIBUAKICTIO?

4. Onumite QparMeHTH CUTHAITY, sIKi KJIacH(iKyOTbCs SK aKTHBHA
MOBa a0o fK may3a.

5. Jnst woro BukopucroByeThes Cisco [P Communicator?

6. Omumrite crBopenns loopback intepdeiicy B Windows.

3 JJABOPATOPHA POBOTA.
IIporoxoa MPLS

Meta pobotu: o3zHaiiomutucs 3 mpoTokoioM MPLS ta nHaBunTHCH
Horo eMyJtoBaTH B porpaMHoMy 3abesneuenHi GNS3.

3.1 TeoperuyuHi Bitomocri

MPLS (Multiprotocol Label Switching) — 6araTonporokoiasHa
KOMyTallis 1o MiTkax. BoHa uacTkoBO 3amiHioe IP-mapripyrusaimiro —
pilIEHHS PO TEPeCcWIIKy MakeTy (BUXiZHUH iHTepdeiic 1 HACTYMHHNA XOI
MapIIpyTy) NPUHAMAEThCA HE Ha OCHOBI mojiiB IP-3aromoBky (3a3Buuaii
ajipeca MPU3HAYEHHS) 1 TaOMUIl MapuipyTH3allii, a Ha OCHOBI MITOK, SKi
NPUKPITUIeH] 10 makeTy. Takui miIXiJ MPUCKOPIOE MPOIIEC MEPECHITKH, TOMY
II0 TOIIYK HAaCTYIHOI'O XOIla CTA€ 3HAYHO NPOCTIIIMM B IMOPIBHSIHHI 3
MOITYKOM MapuipyTy.
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EdexTuBHiCT, TIEpecHIIKM — HE OCHOBHa mepeBara MPLS. MPLS
BHOCHTB JI0 MEPEKEBHUX TEXHOJIOTIH SKICHO HOBI MOJIMBOCTI, HAIPUKJIA]
MapIIpyTH3allis 3a aapecoro mkepena. MPLS-mepecHiku BiIKIIOYaIOTh
00poOKy 3aroyloBKiB MepekeBoro piBHA (Hampukiazn, IP), Tomy nmii,
3aCHOBaHi Ha MepexXeBoMY piBHi, Taki ik NAT i ginpTpauii He MOXYTb OyTH
3aCTOCOBaHI JI0 THUX MAaKETIB, IO MEPECUIAIThCS 3 BUKopucTaHnHsaM MPLS
makeTiB. bynap-ski [ii, 3acHOBaHI Ha MepeXeBOMY piBHI, IOBHHHI
BHKOHYBaTHCh Ha BX0i abo Buxoi 3 xmapu MPLS.

VY unpocriii  ¢popmi MPLS MokHAa po3risgaTh SK HOJIMIICHHS
MapIIpyTH3aIlii: MITKHA pO3MOAUISIOTECS 32 JOIIOMOTO00 IMpoTokoy LDP mis
MapIIpyTiB, AKi € aKTHBHUMH 1 TIOMIYCHHUH TaKeT MPOXOJUTH TOH e MUISX,
SKH BiH OW MTPOMIIIOB, HAaBITh KO O He OyB MapkoBaHmid. LLInsax komyTariii
mo MiTkaMm 3a0e3nedye ImepeAady JaHUX Ha Buxig 3 xmapu MPLS.
Buxopuctanas MPLS rpyHTyr0ThCS Ha 6a230Bii KOHIIENIIIT IUIAXY KOMYTaIlii
o mitkam LSP (label switching path).

Konu MiTka HagaeThCs MaKeTy, BOHA 30UIbIIYE HOTo JOBXKUHY Ha 32
OiTu (4 Gaitrn). Li 32 6ita pO3MOAINAIOTECS TAKIM YHHOM:

— witka (20 6it) - BUOip BiAMOBIAHOTO MUIAXY KOMYTAIlii IO MiTKaX;

— yac xkurtsa (TTL) (8 6it) — aranor mouns IP- makery. IToTpi6HO, 11106
LSR ™mormm BimkwmmaTh TakeTH, TUIBKHM Ha ImifacTaBi iHdopmarii, ska
MicTHTBCS B 3arosioBKy MPLS, He 3BepTatouncs 10 3aronosky IP;

— wiac nocayru (Class of Service). TTone CoS (3 6iTn), crioyatky
3ape3epBOBAHO ISl PO3BUTKY TEXHOJIOTi], BUKOPUCTOBYETHCS B OCHOBHOMY
JUIs BKa3iBKH KJacy Tpadiky, 110 BUMarae neBHoro piBHs QoS;

— 03HaKa JTHa CTeKa MIToK (S), 3aiiMae 1 OiT.

MPLS mpamoe 3 KilacaMd €KBIBaJGHTHOCTI TIpH TEPECHIII
(forwarding equivalence class — FEC). Ipuknaau knacie FEC: maketu 3
OJTHAKOBOID MEPEIKCI0 TMPH3HAYCHHS, MAKETH 3 OJHAKOBOK MEPEKEIO
MPU3HAYCHHS 1 OJJHAKOBOIO MEPEKEI0 JUKEPENIOM; MaKeTH 3 OJHAKOBUMHU
MOPTaMH MTPU3HAYCHHSI, TOIIIO.

st maketiB 3 koxkHOTO Kitacy FEC MPLS npuzHavae cBoro cucremy
MITOK, IIIO JO3BOJIAE X OJTHAKOBO 00poOIaTH. [le O makeT He 3HAXOIUBCS B
MPLS-mepexi, miTka Bu3Haudae 10 sikoro FEC maker BiZHOCHTBCS 1 MOXKe
OyTtu 00podaeHuit 3anexHo Big FEC. Came us Bnactupicts MPLS BHOCHTB
MIPUHIIMIIOBO HOBY SIKICTh 3B’SI3KY JI0 CYYaCHHUX MEPEXKEBUX TEXHOJOT1H.
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3.2 Kongirypauis ta mogenwBanns mepe:xki 3 MPLS B GNS3

BukonaeMo kOH(ITYpyBaHHS Ta MOJICITIOBAHHS MEPEXKi 3 IPOTOKOJIOM
MPLS 8 GNS3. Jlnst iboro 3p00MMOo HaCTyITHE:

— 3amyckaeMo nporpamy GNS3;

— CTBOPIOEMO HOBHIA TIPOEKT;

— B maboparopHiii poboTi BukopucroByemo Router c3600 Ta
BiamoBiaHo ¢3640-jk9s-mz.124-16.bin;

— po3TalryeMo Ha rojJoBHOMY Mo Tpu ek3eMiusipu Router ¢3600;

— KOXEH MapuIpyTH3aTOp Ma€  HACTyIHI  XapaKTePHCTHKU
(maTHCHEMO Ha TpaBy KHOIKY MuIIi Ta ooupaemo komanay "Configure"):

R1: slot0=NM-4E
R2: slot0=NM-4E
R3: slot0=NM-4E

— 3’emHYEMO iX, SK TOKa3aHO Ha PUCYHKY 3.1;

edf1 e0f1 | = edf2 ed/2

Pucynok 3.1 — Cxema 3’eqnanns poyrepis 3600
— MOYMHAEMO KOHQIrypyBaTh MapIIpyTH3aTOPH: Ha  MaHemi

IHCTPYMEHTIB THCHEMO Ha ’, Jlayi TUCHEMO E
KOHCOJIi poyTepa R1 Ta BBOMMO KOMaH/IH:
enable
conf t
hostname R1
ip cef
mpls ip
mpls traffic-eng tunnel
interface LoopbackO
ip address 10.10.10.1 255.255.255.255
exit
interface Ethernet0/1
ip address 10.0.1.2 255.255.255.0

, TIEPEXOIUMO J0
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mpls ip

mpls traffic-eng tunnel

no shutdown

exit

router ospf 1

network 10.0.0.0 0.255.255.255 area O
mpls traffic-eng router-id Loopback0
mpls traffic-eng area 0

exit

interface Tunnell

ip unnumbered Loopback0

tunnel destination 10.10.10.3

tunnel mode mpls traffic-eng

tunnel mpls traffic-eng autoroute announce
tunnel mpls traffic-eng path-option 1 dynamic
end
— TepexoAMMO JI0 KOHCOJI poyTepa R2 Ta BBOJMMO KOMaHIH:
enable

conf t

hostname R2

ip cef

mpls ip

mpls traffic-eng tunnel

interface LoopbackO

ip address 10.10.10.2 255.255.255.255
exit

interface Ethernet0/1

ip address 10.0.1.1 255.255.255.0
mpls ip

mpls traffic-eng tunnel

no shutdown

exit

interface Ethernet0/2

ip address 10.0.2.1 255.255.255.0
mpls ip

mpls traffic-eng tunnel

no shutdown

exit
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router ospf 1
network 10.0.0.0 0.255.255.255 area 0
mpls traffic-eng router-id Loopback0
mpls traffic-eng area 0
end
— MepexoAMMO A0 KOHCOMi poyTepa R3 Ta BBogrMO KOMaHIH:
enable
conf t
hostname R3
ip cef
mpls ip
mpls traffic-eng tunnel
interface LoopbackO
ip address 10.10.10.3 255.255.255.255
exit
interface Ethernet0/2
ip address 10.0.2.2 255.255.255.0
mpls ip
mpls traffic-eng tunnel
no shutdown
exit
router ospf 1
network 10.0.0.0 0.255.255.255 area 0
mpls traffic-eng router-id Loopback0
mpls traffic-eng area O
end
— mnepeBipsemo HanamryBaHHI MPLS. Jns nporo Tpeba HaTUCHYTH
MPaBOI0 KHOMIKOKO Ha 3’€MHaHHS MiX poyrepamu R1 Ta R2, oOpatu myHKT
“Start capture”. V Bikui obpatu mopt Ethernet0/1 R2 ta marucuytu OK;
— BIJKpHEThCs BiKHO aHamizaropy maketiB Wireshark. B Heomy y
noumi “Filter” Bkazyemo ¢dinbtp icmp ta Hatrckaemo Enter;
— B KOHcou poyrepa R1 Bukonyemo komanay “ping 10.10.10.3”;
— y Bikni Wireshark 3aaxomumo Oynp-skuii naker exo-3anury “Echo
(ping) request”, B HmKHIA YacTWHI BikHa Mae Oyrtm 3aronoBok MPLS
“MultiProtocol Label Switching Header” (puc. 3.2);
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Flle Edit View Go Copture Anshze Statistics Telephony Tools Intemals Help

Eﬁﬁld\ngal‘f{@*@?&\BI@Q@B\WE@%\@

Fiter.  icmp Expression...  Clear Apply Save

Ne.  Time Source Destination Protocol  Length  Info
11 8.370589000 10.10.10.1 10.10.10.3 ICWMP 118 Echo (ping) request id=0x0001, seq=0/0, ttl1=255 (reply in 12)
12 8.414286000 10.10.10.3 10.10.10.1 ICMP 114 Echo (ping) reply 1d=0x0001, seq=0/0, tt1=254 (request in 11)
13 8.436403000 10.10.10.1 10.10.10.3 IcwP 118 echo (ping) request 1id=0x0001, seq=1/256, ttl=255 (reply in 14)
14 8.457410000 10.10.10.3 10.10.10.1 ICMP 114 Echo (ping) reply 1d=0x0001, seq=1/256, tt1=254 (request in 13)
15 8.467466000 10.10.10.1 10.10.10.3 IcMP 118 echo (ping) request id=0x0001, seq=2/512, ttl=255 (reply in 16)
16 8.478507000 10.10.10.3 10.10.10.1 ICWMP 114 echo (ping) reply 1d=0x0001, seq=2/512, tt1=254 (request in 15)
17 8.487578000 10.10.10.1 10.10.10.3 ICMP 118 Echo (ping) request id=0x0001, seq=3/768, tt1=255 (reply in 18)
18 8.500374000 10.10.10.3 10.10.10.1 Icwp 114 echo (ping) reply id=0x0001, seq=3/768, ttl=254 (request in 17)
19 8.508460000 10.10.10.1 10.10.10.3 ICMP 118 Echo (ping) request id=0x0001, seq=4/1024, ttl1=255 (reply in 20)
20 8.522404000 10.10.10.3 10.10.10.1 1CMP 114 echo (ping) reply 1d=0x0001, seq=4/1024, tt1=254 (request in 19)

@ Frame 11: 118 bytes on wire (944 bits), 118 bytes captured (944 bits) on interface O
ethernet II, src: cc:01:10:38:00:01 (cc:01:10:

= MPLS Label: 17

0000 0000 0000 0001 0001 ....

= MPLS Experimental Bits: O

= MPL5 Bottom of Label Stack: 1

1111 1111 = MPLS TTL: 255

Internet Protocol Version 4, Src: 10.10.10.1 (10.10.10.1), Dst: 10.10.10.3 (10.10.10.3)
@ Internet control Message Protocol

38:00:01), Dst: cc:02:12:b8:00:01 (cc:02:12:b8:00:01)

@ | MultiProtocol Label Switching Header (mpls... | Packets: 237 - Displayed: 10 (4.2%)

| Profile: Default

Pucynok 3.2 — IlepeBipka HasiBHOCTI 3aronoBka MPLS

3.3 3micT 3BiTY

— Xxig pobotu;

— pe3ynbTaTH, 10 OTPUMaHi B IPOLIECi BAKOHAHHS 3arajIbHUX €TaIliB;
— crarucTuka 3 Mapumpytuzatopa R1, 3i0pana 3a nmomomororo

HACTYIHHX KOMaHJ:
show ip interface brief
show ip route
show ip cef
show ip vrf
show ip rsvp listeners
show mpls forwarding-table
show mpls forwarding-table detail
show mpls interfaces
show mpls interfaces detail
show mpls ip binding
show mpls ip binding detail
show mpls ip binding local
show mpls ip binding summary
show mpls label range
show mpls 1ldp backoff
show mpls 1ldp bindings
show mpls 1ldp bindings detail



show
show
show
show
show
show
show
show
show
show

mpls
mpls
mpls
mpls
mpls
mpls
mpls
mpls
mpls
mpls

control

show

advertisements

mpls

1dp
1dp
1ldp
1ldp
1ldp
1dp
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discovery
graceful-restart
igp sync all
neighbor
neighbor detail
parameters

static binding

static crossconnect
traffic-eng autoroute
traffic-eng link-management

traffic-eng link-management

show mpls traffic-eng link-management

alloc

show
show
show
show
show
show
show
show

mpls
mpls
mpls
mpls
mpls

traffic-eng link-management
traffic-eng link-management
traffic-eng link-management
traffic-eng topology
traffic-eng topology brief
tag-switching forwarding-table
tag-switching forwarding-table detail
tag-switching interfaces detail

admission-

bandwidth-

igp-neighbors
interfaces
statistics

— crarucTHKa 3 MapupytusatopiB R2 ta R3, 3i6pana 3a nomomororo

HAaCTyIIHUX KOMaHJ:

show ip interface brief
show ip route
show mpls forwarding-table

3.4 KoHTpoJ/IbHI MUTAHHSA

1. IlepeBaru texnozorii MPLS.
2. SIki npotokonu BXoAsaTh y MPLS?
3. OcHoBHi koMaH/1 HanamrtyBanHs MPLS-mapmipytuzaTtopis.

4. Yn BUKOPUCTOBYIOTHCS TaOIWILi
MapupyTusaTopax?

Mapupytuzanii B8 MPLS-
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4 JABOPATOPHA POBOTA.
KondgirypyBanns IP-tesnedonii

Meta po6oTH: BUKOHAHHS MOJEIIOBAaHHS 1 KOH(IrypyBaHHI MEpexi,
a TakoxX HanamTyBaHHs [P-Tenedonii.

4.1 IloGynoBa Moaei Mepe:xi

3amyctith  Packet Tracer. 30epiTh Mepexy 3a  CXEMOIO,
MpE/CTaBICHOI0 Ha pucyHKy 4.1, 3 OCHOBHHMH TapaMeTpaMu
KOMyTaIliiiHOTro 00JaHaHHs Ta iHTepdeiicis (Tadm. 4.1).

Jli1st bOTO BUKOHAWTE HACTYITHI JIii.

3 maneni npuianis B pobouy obaacts nepeHecite 3 komyratopu 2950-
24 Ta 3 poyrtepu 2811 (must bOro Ha MaHesi MPUIAIIB HEOOXiTHO BUOpATH

nepiuii enemeHt — Switches, motim enement 2811 nHa maneni Routers (puc.
4.2).

222030 =
=F S0 Fa1/o, (5 Fan/1 ! Fan/1, S
S Fa0/1 = |

L

2d Fatio 2dFaofo Faojoli

192.168.0.0 /24
192.168.1.0 /24 Fa0/2%
192.168.2.0 /24 | Fa0/24l
FaD/24 i
L F F'a'np!g‘
: FaD/4 lar
2 Fel F Fai
FRad iR

L Fad/6
; FiFaord Line numbers: 00=
FeFa0/4 Line numbers: 050
Line numbesr: *00
Fa Fa0

Fay Fa™\,
O &7
AN o ~ 0.
i Fa 7960 2] . Fal 7960
7960 ) 1P Phone3 PC-PT Faol IP Phones
PC-PT L a0y PC-PT {iP) {ir) S D Fa) (P)
Fe [:] D Fce 7960 7560 U - | B
=, = 1P Phonel 1P Phones pc2 e ' one
penT PC-PT PCo

PCa PCS 1P Phones

Pucynok 4.1 — Monens Mepexi

Honaiite 7 xomm'totepiB Ta 7 ip-tenedoHiB i 3'eqHaiiTe iX 3
komyratopom 2950-24, a KoMyTaropud 3’€qHalTe 3 BIAMOBIAHUMHU
poyTepamu 3riiHO 3 pucyHKoM 4.1 (komIr'toTepu Ta TesneOHH 3HAXOIAThCS
B posaini End Devices). lns mapmpyrtusaropa R2 HeoOXiqHO BCTaHOBUTH
NM-2FE2W mopyns, sk oka3aHO Ha pUCYHKY 4.3.
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Ta6mmms 4.1 — Iapamerpu inTepdeiicin

Device (Hostname) IP address
R1(fa0/0) 192.168.0.24/24
R1(fa0/1) 2.2.2.1/130
R2(fa0/0) 192.168.1.254/24
R2(fa0/1) 2.2.2.2/130
R2(fal/0) 3.3.3.1/30
R3(fa0/0) 192.168.2.254/24
R1(fa0/1) 3.3.3.2/30

4

Timme: 04:06:11 | Power Cycle Devices Fast Forward Time
M

- | -
2960 |Generic! |Generic! 2aps |Generic

A Z
3’; = W O = | [

| 12950-24 | 29507

Switches

_g s | Cobpe

Pucynok 4.2 — [1anenps o0naHaHHS

MODULES Physical Device View
NM-1E [
NM-1E2W
NM-1FE-FX
NM-1FE-TX
NM-1FE2W
NM-2E20/
L - NM-ZFE2W.
NPM-2W0
NM-4A/S
NM-4E
NM-BA/S
NM-BAM
NM-Cover
NM-ESW-161
HWIC-2T
HWIC-4ESW
HWIC-8A
HWIC-AP-AG-B Customize l

on in
WIC-1AM il Physical View

| »

Zoom In I Original Size I Zoom Out |

m

i~

>

Customize

-~
l e Icon in
Logical View
o]

The Module provides twe Fast-Ethernet
interfaces for use with copper media, in additicn to two
Wan Interface Card expansion siots. Ideal for a wide
range of LAN applications, the Fast Ethernet network
modules support many internetworking features and

Pucynok 4.3 — BcranopnenHst Moyiio Ha R2
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4.2 HanamTyBaHHsI KOMMYTATOPiB Ta MapIIPyTH3aTOPIB

Bci komyTaropu HeoOxigHo koHpirypysatu uepe3 CLI inTepdeiic:
Sl>ena

Sl#conf t
Sl (config)#interface range fastEthernet0/1-24
S1 (config-if-range) #switchport voice vlan 1

[epen HamamTyBaHHSIM MapIIPYyTH3aTOPIB CIIOYATKY 3KOH(IrypyeMo
DHCP:

Rl (config) #ip dhcp pool pool R1

R1 (dhcp-config) #network 192.168.0.0 255.255.255.0

R1 (dhcp-config) #default-router 192.168.0.254

R1 (dhcp-config) #option 150 ip 192.168.0.254

Rl (dhcp-config) #exit
Rl (config) #

BceranoBmroemo poboui cranmii B pexkum DHCP orpumanns agpec
(puc. 4.4) Ta nigkmoyaemo xuBieHHs 10 IP-tenedonis (puc. 4.5). Ilicus
IFOTO Bci poOoui craniii Ta [P-Tenedonn moBuaHI oTpumatn [P-agpecn.

Kondirypamis ans R2:

R2 (config) #ip dhcp pool pool R2

R2 (dhcp-config) #network 192.168.1.0 255.255.255.0
R2 (dhcp-config) #default-router 192.168.1.254

R2 (dhcp-config) #option 150 ip 192.168.1.254
R2 (dhcp-config) #exit
R2 (config) #

Kondirypamis ans R3:

R3 (config) #ip dhcp pool pool R3

R3 (dhcp-config) #network 192.168.2.0 255.255.255.0
R3 (dhcp-config) #default-router 192.168.2.254

R3 (dhcp-config) #option 150 ip 192.168.2.254
R3 (dhcp-config) #exit
R3 (config) #
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R ="
Physical Desltop Software/Services

IP Configuration
IP Configuration

) Static

IP Address 192.168.0.6
Subnet Mask 255.255.255.0
Default Gateway 192.168.0.254
DMS Server

Pucynoxk 4.4 — Bcranosnenns pexxumy DHCP

[ MODULES ] Physical Device View
(1P_PHONE_POWER_ADAFTER | (

Zoom In | original size || Zoom Out

Customize
Icon in
- Physical View

The Cisco VoIP power adapter

Pucynoxk 4.5 — ITifgkmroueHHs )KUBJICHHS 10 Tele)OoHY

[epexoaumo a0 xoHdpirypysanns IP Tenedonii na R1:

Rl (config) #telephony-service

Rl (config-telephony) #fmax-dn 10

R1 (config-telephony) #max-ephones 10

R1 (config-telephony) #auto-reg-ephone

R1 (config-telephony) #auto assign 1 to 10

R1 (config-telephony) #ip source-address
192.168.0.254 port 2000

R1 (config-telephony) #exit

Rl (config-telephony) #ephone-dn 1
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R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

config-ephone-dn) #number 001
config-ephone-dn) #exit
config) #ephone-dn 2
config-ephone-dn) #number 002
config-ephone-dn) #exit
config) #ephone-dn 3
config-ephone-dn) #number 003
config-ephone-dn) #fexit
config) #ephone-dn 4
config-ephone-dn) #number 004
config-ephone-dn) #exit
config) #ephone-dn 5
config-ephone-dn) #number 005
config-ephone-dn) fexit
config) #ephone-dn 6
config-ephone-dn) #number 006
config-ephone-dn) #exit
config) #

o o — — — ~ ~ — —~ o~

[Micas uporo xoxeH Tenedon ta Cisco IP Communicator moBuHEH
OTPUMATH BiAMOBIgHUI HOpMED (pHcC. 4.6 Ta puc. 4.7).

Config GUI |

Pucynok 4.6 — Orpumannst Homepy Jinii Ha [P-tenedoni



Pucynok 4.7 — Orpumanns Homepy Jinii Ha Cisco [P Communicator

Kondirypamis gt R2:

R2 (config) #telephony-service

R2 (config-telephony) #fmax-dn 10

R2 (config-telephony) #max-ephones 10

R2 (config-telephony) #auto-reg-ephone

R2 (config-telephony) #auto assign 1 to 10

R2 (config-telephony) #ip source-address
192.168.1.254 port 2000

R2 (config-telephony) #exit
R2 (config-telephony) #ephone-dn 1
R2 (config-ephone-dn) #number 010
R2 (config-ephone-dn) #exit
R2 (config) #ephone-dn 2
R2 (config-ephone-dn) #number 020
R2 (config-ephone-dn) #exit
R2 (config) #ephone-dn 3
R2 (config-ephone-dn) #number 030
R2 (config-ephone-dn) fexit
R2 (config) #ephone-dn 4
R2 (config-ephone-dn) #number 040
R2 (config-ephone-dn) fexit
R2 (config) #
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Kondiryparmis ams R3:

R3 (config) #telephony-service

R3 (config-telephony) #fmax-dn 10

R3 (config-telephony) #max-ephones 10

R3 (config-telephony) #auto-reg-ephone

R3 (config-telephony) #auto assign 1 to 10

R3 (config-telephony) #ip source-address
192.168.2.254 port 2000

R3 (config-telephony) #exit
R3 (config-telephony) #ephone-dn 1
R3 (config-ephone-dn) #number 100
R3 (config-ephone-dn) #exit
R3 (config) #ephone-dn 2
R3 (config-ephone-dn) #number 200
R3 (config-ephone-dn) #exit
R3 (config) #ephone-dn 3
R3 (config-ephone-dn) #number 300
R3 (config-ephone-dn) #exit
R3 (config) #ephone-dn 4
R3 (config-ephone-dn) #number 400
R3 (config-ephone-dn) #exit
R3 (config) #

Jani HeoOXiZHO HANAIITYBAaTH MapIIPYTH3aIlil0 Ha KOXKHOMY POYTepi.

Rl (config) #router ospf 1

R1 (config-router) #network 192.168.0.0 0.0.0.255
area 0

R1 (config-router) #fnetwork 2.2.2.0 0.0.0.3 area O

R1 (config-router) #exit

Kondirypariis siamosigao s R2 ta R3:

R2 (config) #router ospf 1

R2 (config-router) #network 192.168.1.0 0.0.0.255
area 0

R2 (config-router) #network 2.2.2.

R2 (config-router) #network 3.3.3.

R2 (config-router) f#exit

.0.0.3 area O
.0.0.3 area O

o O
o O

R3 (config) #router ospf 1
R3 (config-router) #network 192.168.1.0 0.0.0.255
area O
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R3 (config-router) #network 3.3.3.0 0.0.0.3 area 0
R3 (config-router) #exit

Ilicns HanmamTyBaHHA MapuIpyTH3alii HEOOXiTHO TmepeBipuTH
HAJIXOKEHHA MakeTiB MK Mepexkamu. Jlami HeoOXigHO HalallTyBaTH
3B'SI30K MiX Tene)oHaMU Ta KOMMYHIKaTOpMH 3 pi3HUX Mepex. st mporo
BHUKOHA€MO HACTYITHI KOMaHIN Ha pOoyTepax.

[ BcTaHOBINIEHHS 3BA3KY MiXK Mepexamu poyTepiB R1 Ta R2:
Rl (config) #dial-peer voice 1 voip

Rl (config-dial-peer) #destination-pattern 0.0

Rl (config-dial-peer) #session target ipv4:2.2.2.2
Rl (config-dial-peer) #fexit

R2
R2
R2
R2

config)#dial-peer voice 1 voip
config-dial-peer) #destination-pattern 00.
config-dial-peer) #session target ipvé4:2.2.2.1
config-dial-peer) #exit

— e~~~

Ipumitka. HeoOxinno mpuminuté yBary mapamerpy destination-
pattern. [{ist R1 mu Bkazanu #ioro pisaum "0.0". Ile Tomy, 1mo HoMepa miHil
Ha poyTtepi R2 nopisarorots 010, 020, 030 i T.11. Bimnosixxo s poyrepa R2
neit mapamerp gopisaioe "00.", 60 HOMepa JiHii 3 Mepexi R1 mopiBHIOIOTH
001, 002, 003, 004 i T.x1.

3B'130K Mk poyrepom R3 ta R2:

R3 (config) #dial-peer voice 2 voip

R3 (config-dial-peer) #destination-pattern 0.0

R3 (config-dial-peer) #session target ipv4:3.3.3.1
R3 (config-dial-peer) ffexit

R2 (config) #dial-peer voice 2 voip

R2 (config-dial-peer) #destination-pattern .00

R2 (config-dial-peer) #session target ipv4:3.3.3.2
R2 (config-dial-peer) #exit

3B'sa30k Mix poyTepom R1 Ta R3:

Rl (config) #dial-peer voice 3 voip
Rl (config-dial-peer) #destination-pattern .00
Rl (config-dial-peer) #session target ipv4:3.3.3.2
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Rl (config-dial-peer) #fexit

R3 (config) #dial-peer voice 3 voip

R3 (config-dial-peer) #destination-pattern 00.
R3(config-dial-peer) #session target ipv4:2.2.2.1
R3 (config-dial-peer) #fexit

[Ticns nporo HeoOXimHO 3arenedoHyBaTH 3 KOXKHOI MEPEXi B KOXKHY
(puc. 4.8 Ta puc. 4.9).

) 02:35 a03.00033

Pucynoxk 4.8 — IlepeBipka KOPEKTHOCTI HaJalITyBaHHS
4.3 MopneaoBaHHS nepeaayvi maKeTiB

[licna mepeBipku 3B°sI3Ky, Ul MEPErNIsAy CTPYKTYPH MAaKETiB, IO
KypCylOTh MDK Teje)OHaMH, HEOOXIJAHO TMPOBECTH CHMYJIALIIO Ta
BiQiIBTPyBaTH IiI0YM MPOTOKOJIM Ta 3aJMLIMTH TUIbKM mpoTokon RTP
(puc. 4.10).
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shysical | Config | GUI |

[ Physical | Config | Desktop | Software/Services
ey | [ | [ | [, —]

IP Communicator

Pucynoxk 4.9 — IlepeBipka KOPEKTHOCTI HaJaITyBaHHS

Event List

Yis. Time(sec) LastDevice AtDevice Type Info
IP Phones RTP

4,586 --

"\ 4887 IPPhot| [Pt | IPWE

Miscf

1eset Simulation Constan

Flay Controls

Back ”_

[C] ACL Filter
[C] FTP

[C] HTTPS
[C] LACP

[C] PAgP
RTP

[C] SNMP
[C] SYSLOG
[C] TFTP

[C] vTP

O] cop ] DTP

[ H323 [] HTTP
[ 1PSec [] ISAKMP
[C] NETFLOW  [C] NTP
[] POP3 [] RADIUS
[[] sccp ] sMTP
[] s5H [] sTP

[[] TACACS [ TP

[] Telnet [] upp

Pucynok 4.10 — Bikno cumMyJisiii nepeaadi nakeTy
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Haruckaroun Ha kHOKy caption forward mu modnemo mepecyBaHHs
nakeTy mo mepexi. Bmict makery, mo chopmoBanuii nporokosom RTP,

HaBeJleHO Ha puc. 4.11.

Ethernet I1
[1] 4 =] 14 13 Bytes
PREAMELE: DEST MAC: SRC MAC:
101010...1011 0002.1686.1001 0050.0F6B.0914

TYPE: DATA (WARIABLE LENGTH) FCS:

0x800 0x0
1P
1] 4 8 1l 1% 31 Bits

4 I IHL I DSCP: Ox0 TL: 30

1D: 0x2be 0x0 0x0
TTL: 255 I PRO: Ox11 CHKSUM
SRC IP: 192.168.0.4
DST IP: 192.168.0.254
OFT: Ox0 I 0x0
DATA (WARIABLE LENGTH)

ucpe
[1] 1& 31 Bits

SRC PORT: 1026 DEST PORT: 2000

LENGTH: Oxa CHECKSUM: 0x0
DATA (VARIABLE)

21

2 CcC AUDIO

Pucynok 4.11 — Bwmict nakery, chopmoBanwmii mpotokoiom RTP

4.4 ITnauBigyajbHe 3aBIaHHS

3aBmaHHs U TEPILOro BapiaHTy: MiA’€IHATH IO MapIIpyTH3aTopa
R1 me omuH MapmpyTu3aTop 3 KOMyTaTopoMm Ta aBoma IP-tenedonamm.
[IpoBecTy Bci BiINOBIHI HANAIITYBaHHS, 100 MOXKHA OYJIO TeneOHYBaTH
31 CTBOPEHOT HOBOI MEpEeKi B 1HIII, Ta 3 IHIINX MEPEX B HOBY.
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3aBmaHHS 711 PYTOTO BapiaHTY: i’ €IHATH OO0 MapiipyTuzaropa R3
1Ie OAMH MapLIPyTU3aTOp 3 KOMYTaTOpOM Ta IBOMa pOOOYMMH CTaHLIISIMU.
[IpoBecTu Bci BiINOBIAHI HANAIITYBaHHS, 100 MOXKHA OyJO TeneOoHyBaTH
31 CTBOPEHOT HOBOT MEpEKi B 1HIII, Ta 3 IHIIUX MEPEXK B HOBY.

4.5 3micr 3BiTY

— Xim poboTH;
— Ppe3yNbTaTH, IO OTPUMaHi B TPOIECi BAKOHAHHS 3arajbHUX ETaliB

— CTPYKTypa CTBOPEHOI MEPexi;
— CTPYKTypa nakeriB, cpopMoBaHuX mporokoiom RTP.

4.6 KoHTpPOJIbHI MUTAHHS

BusHauyenHs Ta xapakrepuctuku VoIP.
ITpuknanu 3actocyBanus VolP.
Apxitektypa VolP.

[Ipotokonu VOIP Ta ix dyHKii.

el SN
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