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JIABOPATOPHASI PAGOTA N 1
Hecaenopanue VolP-ceTH ¢ MCTI0Jib30BAHHEM DHCP-cepsepa Ha
6aze nporpammei Cisco Packet Tracer

[leas paboThbl

O3HAKOMHTECA © OCOOCHHOCTAMM TOCTPOCHHS W COCTABOM VolP-
cerw. Tlonyanrs HABHIKH paboTel ¢ nporpaMMoii MPOCKTHPOBAHHA VolP-
CeTH. -

1. TeopernuecKas “acTb
IP-remedonus

VolIP (nepejaua roioca no IP-npoToKoy) HiIH [P-tenedonus - 10
TeXHONOTHSA, KoTopas obecrieyusaeT nepejady ronoca B Cersx ¢ NaKeTHOH
KoMMyTaLmeii no npotokouy IP, HacTHLIM CyHacM KOTOPBIX ABIAIOTCA CETH
VinTepHeT, a Takxe Apyrue [P-ceT (HAmpHMEp, BbUICJICHHBIC undporsie
kananst). [ina ceasn cet Mureprer (IP-cetn) ¢ TeneOHHOM ceThio obiero
nonbsosanus PSTN, Kkoropas orHOCHTCA K rnobabHBIM  CETAM C
KOMMYTalMeH KaHaloB, HCOOMb3YIOTCA CreuMaIbHBIE aHAIOrOBBIE VolIP-
wioasl. Cetnt MinrepHer depes WH(ppOBbIE ULTIOIBI VoIP ceazaHbl C
unuGpoBEIMA  TEACHOHHBIMH  CCTAMH ISDN (uudposas cerh CBA3M C
KOMILTEKCHBIMI yctyramu). Kpome Toro, HHTerpatus VolIP B ceTH COTOBOH
CBS3M ABJIAETCH NMPAKTHYCCKH HEM3OEHKHBIM MPOLECCOM. Dra MHTErpauHs
obecreuuT Goliee HU3KYI0, MO CPABHEHHIO C TPAIHLHOHHON COTOBOH
TenedoHHe, CTOMMOCTL PasroBOpOE.

[onocosoii curnan u3 kanana VoIP moxer HEMOCPEICTBEHHO
noctynate Ha  IP-Tenedon, poakmouennbiii  k  [P-cetn,  wiH
MapLIpyTH3UPOBATLCA HA MOOH/LHBIT TenedoH MOOGHIBHOrO oneparopa.
Bo3MOXKEH BAPHAHT, KO/ TOOCOBOH CHIHAN [OCTYNAET HA AHANOTOBbIH
TenedoH, NOMKMOYCHHBIH K obuianoii Tenedonnoi cern PSTN, wi Ha
wapposoil TenedonHbli annapat, NOAKITIOUEHHBIH K UnGpoBOi ceTH ©
uirerpaiei yeayr ISDN.

[P-renedonns  obecrnedHBaeT fiepenayy rofOCOBBIX CHTHANOB c
KOMITBIOTEpPA HA KOMIBIOTEP, € KommbioTepa Ha Tenedon (ananorosbii
renedon, undposoii Tenedou, IP-teseoH, MOOHIBLHBIA tenedon) H ©
renedpona Ha TeneoH. 3BOHKH OCYLIECTRAAIOTCS Hepes nposaiizepa ycayr
VolIP. KauecTso nepeiauy ronoca 3aBHeHT o1 VolP-nposaiinepa u cnocoba
nopkoyenns k Hareprery.

OnHo W3 NPEHMYLIECTs [P-renedporun - 3TO  IKOHOMHA
(pUHAHCOBBIX CPEICTE Ha BEJICHHE MEKAYHAPOIHBIX H MEXIYTOPOIHAIX
teneOHHBIX [EPEroBOpoOB 3a CHET TOro, HTO 3HAYMTENBHYIO HacTh
PACCTOAHHA MEKILY aBoHeHTAMM TONOCOBOH CHIHAN B unbposoM BuIe (B
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CHKATOM COCTOSIHHH) MPOXOAMT [0 CETAM faKeTHOM KOMMyTaluu (no ceTH
MurepHer), a He MO TenedoHHBIM CETAM C KOMMYyTaliMed KaHajOB. B
HacToslliee BpEMA [P-renedonus ofecreduBaeT CaMble AelieBble MK
GecriaTHBIE MEXAYropoaHbie H MEXIYHAPO/IHBIC 3BOHKH, JUIA OT0FO
HeOOXOMHMO TOMBKO OMJIATHTD ucnionp3opannsiii Tpadux MnTepHeT-
nposaiaepy.

Cet ¢ KOMMYyTauueil NaKeToR addexTHBEO HCHONB3YIOT CETh
PSTN, TaK KaK MakeThl MEpeAaioTes Mo pazziensiemMoi cpeac (obwemy A
BCEX PasroBOPOB KaHany fiepeaatn nanusx). KoMmyTauus nakeros — 310
KOMMYTALIHs COOOIIEHHH, Mpe/ICTaBNAEeMBIX B BHIC ajipecyeMbix MaKeToB,
KOr/1a KaHA/ NEepefiaun JAHHBIX 3aHAT TONBKO BO BpEM3 fiepeaayy nakera v
no ee 3aBepleHIH 0CBOOOKAALTCA JUIA fiepenady ApyruxX nakeros. Takum
obpazom, nay3st B [P-ceTaX HE ONNAYMBAIOTCA, TIOITOMY Nepe/ada rosoca
1o [P-ceTAM JeLIeBJie, YeM MO CeTiM PSTN.

Kak creJiyeT U3 CXEMbi CETH Ha PHC. 1.1, aGoHeHTE! pasHbiX TOPOAOE
¢ obbuHBIX TenedOHOB, NOAKMIOMEHHBIX K FOpOACKOH ceTH, MOryT
obaThes Mexkay coboi uepes MEAIYHAPOAHYIO TeneoHHYIO CeTh WIH
cets Wureprer. Ho cTouMOCTh [IEpPeroBOpoB Hepes HHrepHeT 3HAUHTEIBHO
HIDKE, HEM HEPE3 MEKYHAPOIHYI0 TenepoHHYIO CETh.

— e

AT s -
simtloni-an

Me HAPOAHaR
Temn HAA CETh
PSTN)

Puc. 1.1. YnpoliesHas CXema ceT €o LLTIO3aMH

B HacTosee BpeMs CYLIECTBYIOT cneayiouime YolP-cepBHCEL.
IP-renedionMs MO KAPTOUKaM, KOTOPEIC NPONAIOTCA B MArasHHaX s
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ABOMKOB ¢ OOBIMHOTO Tene(oHa; KOMIEIOTEPHAA VoIP (IP-tenedionus), B
KOTOPOH HCHONE3YETCA  ChelnanbHal nporpamMma, paboTaioiiad Ha K
(mporpaMMHBI tenedon  VoIP); tenedonnas VolP (IP-tenedonus), B
KOTOpOH OOBIMHBIH renedoHHbli annapar foaK/ioYaeTes K CrelHatbHOMY
ajanTepy, MMeloweMy BbIXOL B MuTepHeT, MM B KOTOPOH IP-tenedonbi
(anmapatubie VoIP- Tesnedotbl) NOKTI0HAIOTCA K Wurepuety Yepes npoBaiiiepa
(1]

Cers Internet mocTpoeHa Ha OCHOBE CTCKA nporokosios TCP/IP.
Kaxpplit TepMHHAN B CETH WHTepHET COrNIacHO CTEKY NPOTOKOJIOB TCP/IP
HMeET ajipeca Tpex yposueii [4, 5].

Omuecknii (MAC-anpec) — JIOKANLHED agpec yana, onpeesemsIi
TEXHONOPHEH, ¢ MOMOILBIO KOTOPOH [I0CTPOEHA OT/ENbHAA CeTh, B KOTOpYIO
pxoauT KaHubii ysen. Jlia y3ios, BXOJALIMX B JIOKATbHbIE CETH, — 3T0
MAC-ajipec CeTeBoro ananrepa WIH MOPTa MapuipyTH3aTopa, Hanpumep
11-A0-17-3D-BC-01. Ot anpeca HAZHAYAIOTCA  NPOH3BOAMTENAMH
0BOpPYIOBAHUA W ABIAIOTCH YHHKTBHBIMH QIpecamMy, TaK KaK YIpaBIOTCS
LEHTPaIH3OBAHHO. Jina BCcex CyNIECTBYIOLIHX TEXHOMOMMH JOKAIBHBIX CeTeH
MAC-aapec umeeT dopmat 6 Gaiitoe: crapumme 3 Gaiita — uaeHTHUKATOP
dHpMBI MPOHIBOAMTENH, & muamuse 3 Gaiita HA3HATAKOTCA YHUKATBHBIM
06pazoM CaMMM MPOH3BOJHTEIEM. Jlns yanos, BXOJAIIMX B riobansHLIe CeTH,
pomoyaa X225 wm  frame relay, JOKATBHBIA ~ QIPeC HA3HAYAETCA
ATIMMHACTPATOPOM r100aIIBHOH CeTH [4].

Certesoit  (IP-anpec), coctosmiuit w3 4 Oalt, HAnpHUMEp
109.26.17.100. DTOT anpec WCHONLIYETCH wa ceresom ypopHe. OH
Ha3Hadaercs  AAMHHMCTparopom  BO ppeMs  KOH(HTYpHPOBAHHA
KOMMBIOTEPOR W MapHIpyTH3aTOPOB. [P-agpec COCTOMT H3 JABYX yacTei:
HoMepa CeTH H Homepa y3aa. Homep ceTH MOXET 6piTh  BHIOpaH
AIMMHACTPATOPOM  MPOU3BOIBHO  HIIH HazHaueH [0 PeKOMEHAaLMH
CTICLHANBHOTO NOApAsACnenns Internet, eciiM ceTh AQMKHA pabotarh Kak
coctaBuas wacte Internet. O6p1MHO npoBaiinepsl yeuyr Internet nony4aioT
JIHana3oHs! aJIpecoB y nonpaznesnenuit NIC, a 3aTeM pacnpeAesiorT HX
MeskiLy CBOHMH aGOHEHTaMH [4].

Homep y3na B TPOTOKOIE [P na3zHauaeTcs HE3aBUCHMO OT
noxanpHoro anpeca yana. Jlenenne [P-azpeca Ha none Homepa ceTH M
womepa yaia — rubkoe, H paHMLa MEAIy ITHMHM TIONAMH MOKET
YCTAHABIWBATHCS NPOH3BONBHO. V4esl MOKET BXOAWTE B HECKOJBKO IP-
ceteii, B 5ToM ciyuae y3en J0/KEH HMETh Heckosko [P-anpecos no wnciy
cetepbix cpaseil. Takum oGpasoM, [P-asipec XapakTepH3yeT HE oTAeNbHbIA
KOMIIBIOTEP WK MAPLIPYTH3ATOP, @ OLHO cetenoe coemuuenue [4].

Cumponeimiii  (DNS-uma)  — paeHTH(MKATOP-HMS,  HANPHMED
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SERV1.IBM.COM. Srot a/1pec HA3HAYACTCS AMHHMCTPATOPOM H COCTOMT M3
HECKONBKUX HACTeH, HaNpAMEp HMCHH MAILIHHB], HMEHH OpraHH3aLuH, HMCHH
nomena. Taxko# anpec, asbipaemetii Taloke DNS-HMEHEM, pcnons3yercs Ha
NPUICIAIHOM YPOBHE, HarpHMep B NPOTOKOIAX FTP wm telnet [4].

[P-anpec AMeeT JUTHHY 4 Gaiita u OOBIYHO 3afMCHIBACTCA B BUzIE
qeTsipex uucesn, MPECTABRIOUINX SHAUCHNA kaskioro Gaiita B AECATHIHOM
dopme 1 pasacneHHbIX TOYKAMM, HATIPHMED: 128.10.2.30 — TpaAHLUHOHHAA
necaTHaHaA opma NpeJICTaBICHHA anpeca, 10000000 00001010 00000010
00011110 — nponusas Gopma NPEACTARAEHHA ITOFO HKE anpeca. Ha puc.

1.2 noxasana ctpykrypa [P-anpeca [4].
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Puc. 1.2. Crpykrypa [P-anpeca

1.1. Mporpamma Cisco Packet Tracer
[lporpaMmHOe  PEeUICHHE Cisco Packet Tracer mO3BOJCT
HMHTHPOBATh paboTy pasiMiHbIX ceTeBbIX YCTPOHCTB: MapuipyTH3aTOPOB,
KOMMYTATOpOB,  TOUCK GeCnpOBOMHOIO  JIOCTYIIA, NepCoHAIbHBIX
KOMITBIOTEPOB, CETEBBIX TPHHTEPOR, [P-reneporor H T.A. PaGora c
MHTEPAKTUBHBIM CHMYIATOPOM jaeT BechbMa MpaBIONORo0HOE olIymeHHe
HACTPOHKH peanbHOH CETH, cocTosmell W3 JECATKOB HIH Jaxe COTEH
YCTPOHCTB.
HacTpoiiki, B CBOIO O4CPE/lk, 3aBHCAT OT XapaKTepa YCTPOHCTE:
OlHH MOMHO HACTPOMTE € [OMOLIBI0 KOMaHI OfepaHOHHO# CHCTEMbI
Cisco 108, npyrue — 3a cHET rpaHUEcKoro pe6-unTepdeica, TPETHR —
yepes KOMaH/IHYIO CTPOKY OnEpaLMOHHONH CHCTEMbI HIH rpauueckue
menio, bnaronapsa TakOMY ceolictey Cisco Packet Tracer, Kax PeXKHM
BHAYAIN3AIHH, 0JIE30BATEIb MOMKET OTCIIEIMTH TEPEMELICHHE JaHHbIX no
ceTH. NOSBNEHHE H H3MEHEHHE TIapaMeTpoR [P-niakeToR NpH MPOXOKIEHHH
NAHHBIX Yepe3 CETEBbLIC YCTPOHCTBA, CKOPOCTH ¥ NYTH nepeMerleHuA IP-
naketos (puc.1.3.) Ananus COOBITHI, MPOHCXONALIMX B CETH, No3BOIACT
[OHSTH MEXAHW3M ee paboThl H 0BHApYKHTh HEHCTIPABHOCTH.
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Puc. 1.3, Pesxkum BU3yanH3aliu

¢ nomoisto  Cisco Packet Tracer noJib30oBarellb MOMKET
CHMY/IHPOBaTh MOCTPOEHHE HE TONBKO JIOTHYECcKO, HO H uznueckoit
MOIE/IH CeTH i, CIIeI0BATEIBIO, OAYHATh HABBIKHM IPOEKTHPOBAHHA.

CuMyiaLMs, BU3YAIH3ALHA, MHOTONOAB30BATEIBCKHUIA  PeKHM  H
BO3MOKHOCTE [POEKTHPOBAHUA ACNAOT Cisco Packet Tracer YHHKaJIbHbIM
WHCTPYMEHTOM U1 06y4eHHS CETEBBIM TEXHOMOTHAM.

1.2. Hurepdeiic nporpammel

Mntepdeiic IMyasTopa ceTn nepenati AAHHBIX MHTYWTHBHO MPOCT.
Kak ¥ BCC MPOrpPAMMHEIE 000NI0UKH, uuTepdeiic BnotacT B cebn pabouce
none (Work space), KOTOPOE COCTOMT W3 JOrMYecKoi H du3uuecKon
obnacreit. Jlanwas (opmyTHPOBKA fojpalymeBaet, 41O fporpamMma
nossonser cosnasate CIIJL ¢ NpUBAZKOH K OFHYECKON CXxeme CceTH
(crpyKTypa CETH THIA KOMBIOP, CTOMKA-TOUKA», «TOUKa-MHOrOTOUKaY,
«3Be3na» u ap.) u ¢ NpHBA3KOH K KOHKPETHON MECTHOCTH (ropog, paioH,
nocesiok), OoOBeKTY (oucHoe 3aHME, SKHJIOH  JIOM), NOMEILEHHIO
(ceppepHas, ofuc, KBapTHPA, MOHTa/KHas CTOHKA WIH wxad). OnxHaxo
paubonce HacTO MOCTPOSHHE CETH pauMHaeTcs C JIOTHYECKOH obnacTh
(ckeneTHpiil TIPOCKT CIlJ]), a mpu e¢ YCIeHOM jaBepIleHHH CETh
[IEPEHOCHTCH Ha duanteckyio 061acTh (CHTYALMOHHBIN TIAH CI1JL).

OCHOBHBIM MHCTPYMEHTOM  YTPAB/ICHHA AMYAATOPOM  ABJIACTCH
KOHTEKCTHOE MEHIO, COepIKALIEe womananbie menio File, Edit, Options,
View, Tools, Extensions, Help:

- mento File prnovacT cranaapTHEN Habop KOMAHIL CO31aHHE HOBOTO
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JOKYMEHTa, COXpaHuTh, COXPaHUTh KAK, Mexath, GuBMoTEKa AOKYMEHTOB,
BBIXO;

. Edit — TakKke craHpapTHOe [ Bcex MporpaMM MeHEo, B HEro
BXOAWT CrHeAyiommii Habop KOMawi: KONHpOBaTh, BCTABHTE, oTMEHa
JelcTBHSA, BO3BpAT nencTBUA;

- Options — MeHIO OMIMOHANBHBIX  HACTPOEK ~ MPOrpaMMbl,
prmovaloniee noamewio Preferences, User Profile, Algorithm Settings:

- wmemo Preferences (HacTpoiiKH)  BKIIOHACT cleaytoLHe
MHCTPYMEHTapHK:

- Interface - TNOJMCHIO HACTPONKH M0/T30BATENBLCKOTO unrepdeiica
NpOrpaMMbl: ynpasieHue rpaduaecknm oroOpakeHueM SNEMEHTOR crin
(IP-anpec  OGOpYAOBAHHA, napaMeTphl  (PH3HUECKHX nuTepdeiicon
obopyloBaHH, vlan’s, CHCTEMHBIE 3BYKH, RHHMAlWA MapLupyTH3aLmnH
NAKETOR, BK/IIOYEHHE OTOOPAKEHHA napaMeTpoB COeTMHHMTENRHON JTHHHH ¢
T.A.);

- Administrative — MEHIO GesonacHoCcTH (HACTPOAKH fe30nacHOCTH
niporpaMMei:  GNOKHPOBKA WAMEHEHHS TOJE3OBATEIIbCKHX HACTPOCK ¢
[IOMOLIBIO NApoNs);

. Hide — eue OJHO AIMHHHCTPATHBHOE MCHIO, MpejiHasHa4eHHoe B
Gosibielt CTENEHN NPENONABATEAM, C [HOMOLIBIO KOTOPOrO MOKHO CKpRITL
or 00yuaeMoro HEKOTophie HacTpoiiki (Hanpumep, A BBITONHEHHA
naBopaTopHbIX padoT HOC/EOBATEABHON TEMATHKHA);

. Font — RHCTPYMEHTapHil HACTPOHKH mipudyToB (THI, pasMep, UBET H
TAL); :

. memto User Profile - MHCTpYMEHTApHi  M3MCHEHHA
[IONB30BATEIBCKHX HACTPOEK (nporpaMma MOCPKHBAET
MHOFOMOME30BATENIBCKHI PEKHM);

- wmenio Algorithm Settings - MHCTpYMEHTapHii CLUCHAPHA cO3AaHHON
CII/L (4Mcno KOMMYTHPYEMBIX H BO3MOKHBIX COEIHHEHHH, I'B3):

- menio View — MeHi0 «Bra» - Takoe ke cTanapTHOe, Kak W U BCEX
nporpaMMHBIX o6onoueK, BKIIOYAET HHCTPYMEHTR Zoom (macurrab noss)
1 Toolbars (BK1/BEIKI naHenei);

- menio Tools — nasens HHCTPYMEHTOR pHCOBaHUA (Drawing Palette),
Custom Devices Dialog — Ma10roBoe OKHO pBIGOpPA CO3NAHIONO CETEBOTO
snementa. C  MOMOUIBIO  MaHenH PHCOBAHMS ~ MOXHO  CO3AABATL
onpeneneHnble 061acTH B JIOPMHECKOM TOME M CHTYalHOHHBIE ofBeKTHl B
(HUIHIECKOM MOTIE;

- menio Help cocToMT U3 NOAMEHIO Contents, KOTOpOE HOCTPOCHO B
popmare HTML-cTpaniubt 1 odopMiICHO B BHAE CTPYKTYPHPOBAHHOTO

m|lau\\ f
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MHTEPAKTHBHOTO PYKOBOACTRA € MOHATHRIM FPadHUECKHM unrepdeiicom. B
HeM MOMKHO HaHTH MOIIAroBoe OMuUCaHHe paboTbl B Packet Tracer. Takxe B
MEHIO MOMOWIA BXOAWT MOAMEHIO Tuturials, BKIaAKH A0CTyNa K OHIAlH-
pecypcam TporpamMmbl Online Resources, Report on Issue — BKIaaKa
AOCTYNA K OHNaHH-Pecypey oMo (coobiente o posHukKinei npobaeme,
06 omMbKe NporpamMMmbi), BKIAIKA About — B Heil MOXKHO MpOYECTH
IHLEH3HOHHOE COODIIEHHE NOJTB30BATEA MporpaMMmb;

- pacHiMpeHHOe MCHIO Extensions BKIIOHAET WHCTPYMEHTapHH
MHOrONONL30BATENIBCKOrO peaumMa Moultiuser, MeHIO NPHIOKEHHH 1PC,
uHCTpYMeHT 0030pa cobpiruii  (Log) ceccHn — UpuP Multiuser,
MHCTPYMEHT OGHOBJIEHUA BEPCHH nporpammsl — PT Updater. CampiM
JHATHMBIM AJA HpENoAABATENLCKOH JCATEIBHOCTH 1 OOyUeHHs ayMTOpHH
ABJAETCA HHCTPYMEHTapHH Activity Wizard;

- MEHIO TPUIOKEHHH [PC no3posseT npocMarpHBath 3arpyKeHHbIC H
BCTPOCHHBIE TIPHIIOKEHHA Cisco Packet Tracer, yAansaTh CyLIECTBYIOIHC,
TPOM3BOAMTS KOHQUIYPHPOBAHHE napaMeTpoB NIPHIIOKEHUH, 3arpyxarh
HOBBIE NIPHIIOKEHHS.

| 5 8 OGopy/10Banne ¥ THHUH CBS3H B Cisco Packet Tracer
1.3.1. MapmpyTH3aTOpb!

MapuipyTH3aTophl  HCTIONE3YIOTCA A MOWCKA ONTHMANBHOTO
MapuipyTa nepesauH JaHHbiX Ha OCHOBAHHH CTIELHANBHBIX ANrOpHTMOB
MaplipyTH3aLHH, HanpHMep peifop MaplupyTa (nyTH) C HAUMEHBUIHM
YHCJIOM TPAH3UTHBIX Y3108,

MeHI0 CONEPIKUT:  MapuIpyTH3aTOpE! (puc. 1.4) Cisco Systems
1841,2620XM, 2621XM, 2811, Generic (c6opHbii) 2,31

smaess

MapuwpyTvsarops |

Puc. 1.4. MeHIO MapipyTH3aTOPOB
1.3.2. KomMMyTaTopbi
KommyTtaropel - 3TO yCTpoicTBa, paGotatoiue Ha KaHANLHOM
ypoOBHE MOJCIH OS] # npeHa3HAYEHHbBIE UL o6BbeIMHEHHA HECKONBKHX
y3I0B B TpEJeNax OHOro Wi HECKONBKUX CErMeHTOR CETH. KommyTtaTop
nepenaéT NakeThl Ha OCHOBaHWH BHYTpEHHEH Tabnuupl - TAOIHUB!
KOMMYTallU|, C/Ie0BaTelbHO, Tpaduk MAET TOMBKO HA TOT MAC-aapec,
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KOTOPOMY OH MPEIHA3HAYACTCH, & HE MOBTOPACTCA HA BCEX noprax (Kak Ha
kounenTparope) [3].

MeHIO COIEPHKAT: KOMMYTATOPBI (pHC. 1.5) Cisco Systems 2950-24,
2950T. 2960, 3560-24PS, Generic.

o

KommyTaTophl

| (| @
2950-24 | 29S0T | 390  Generc' Ganeric. Generic,

Pue. 1.5. Menio KOMMYTaTopoB

133, KonuentpaTopsi

KotiieHTparop NOBTOPAET MaKeT, NPHHATHI Ha OXHOM NOpTY. HA
peex OcTanpHBIX noprax. Pabotaet Ha nepsoM (huauueckom) YpoBHE
cetesoii monenn OSI, perpaHciupys BXOHSLIMH CHTHAA C OAHOTO M3
[IOPTOB B CHIHAJ HA BCE OCTATLHBIC (noKmouEHHbBIE) MOPTH, peanusys,
rakum obpasom, ceolicteenHyio Ethernet Tononoruio «obuias wHHa» ©
pasne/IeHHeM NPOMYCKHOI CIIOCOOHOCTH CETH MEKITY BCEMH ycrpoicTBaMu
u paboToii B pekHMe TNOJyaynIeKca [3]. Menio comepKUT: KOHUEHTPATOP,
pefuTep 1 KOaKCHabHbI CIuTTep (PHC. 1.6).

_\ KoHueHTpaTopbl
Puc. 1.6. MeHIO KOHUEHTPATOPOB

1.3.4. KoHeunbie YCTPOHCTBA
3nece npencrasiensr: [1K, HoyTOyK, cepsep, TeAeBU30D, Tenedon,
[P- koMMyTaTOp, 6ECIPOBOAHON TUIAHIIET, KOMMYHHKATOP, GecrnpoBoiHEIE
Touk# foctyna, VoIP yerpoitersa [3] (puc. 1.7).

d DA w4
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=

1841 WIC-2T
Puc. 1.7. MeHIO KOHEYHBIX YCTPOHCTE

1.3.5. BecnpoBoaHbIe YCTPoiicTRa
Memo  comepxur:  WI-FI  poyrep, LinkSYS,WRT-300N,
Gecnposoausie poytepst (puc. 1. 8).

_ Generlc  Generlc  Generlc Linksys

[ BecnposogHble
Puc. 1.8. MeHio GeCrpOBO/IHBIX YCTPOHCTE

1.3.6. Jlupny cBA3H
MeHIO CONEPAKHT: KOHCONb, MeIHbIH rnpAMOi, MEIHBIH KpoccoBep,
onTHYeCKHit, TeneOHHBIH, KOAKCHaNBHBIH, cepuitnpiit DCE (puc. 1.9).

.(U!‘EH\—_U\ \\..\ !&. \ -...v “ “.ﬁ “
CoeauHEHWR 1 LHAES
Puc. 1.9. MeHio nuHni CBAZN

Jlna naGopatopHoii paGorst Gyaer HeoOX0MMO HCIOJB30BaTh JIBA
tHna kabens: TeneOHHBIH 1 MEIHBIH npaMoii. XapakTepHCTHKH NaHHBIX
kaGeneii cesizn npusenens B Tabn. 1.1. C NOMOUIBIO STHX KOMIOHEHTOB
CONAIOTCA COCJIMHEHHs Y3JIOB B EIMHYIO CXCMY. Kaxiwiit Tan kabens
MOKeT GuITh COENMHEH JIHIID C ONPE/ICICHHBIMK THIIAMH unTepdencos.

Ta6nuua 1.1. XapakrepucTaka kabesiei

Tun kabenn | Onucanue

Meibii roT THI KaBeNs ARIAETCA CTAHAAPTHON CPe/lol NepeaUn
npaMoi Ethernet /i COC/IHHEHRA YCTPOACTS, KOTOpBIE (hyHKIUHOHHPYIOT
P~ ua pasubix yposuax OSI. On pomkeHn ObiTh COCAHHEH CO
\ _ Clie/lyHOUIAMY THIIAMH NOPTOR: meamsii 10 M6ut/c (Ethernet),
metubtii 100 M6ut/c (Fast Ethernet) u meubii 1000 Mour/c
(Gigabit Ethernet)

Tenedonnsii :
Coejiene  depes  TEICQOHHYIO JIHHMIO  MOKET ObiTh

- OCYIMECTBACHO TONBKO  MENKIY ycTpolicTBaMM, HMCHOIHMH
" Monemubie noprel. CTaHAApTHOE NPEACTARICHHE MOJIEMHOTO
‘ coeqMHeHHA - 9TO KOHEMHOE YCTpoicTBO (nanpumep, [TK),
[103BAHMBAIOIICECH B CETCRBOE 001AKO

Noas30BaATENbCKHE COCAHHCHHSA
VeTpoHcTBa MOKHO KOMILIEKTOBATh caMmocToaTeNbHO. BO3MOKHO

CO3/aBaTHIPOM3IBONLHEIE MOMKITIOYCHHA (puc. 1. 10).
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mobuﬁc.wm._‘mh borcoe coeny

Puc. 1.10. MeHio nonb30BaTesbCKHX coeaMHeHHR

2. 3apanne
Buifpars No 3ajl@Hyio NPENo/asaTeii ommu w3 sapuantos VoIP
ceTeli, NPEANOKEHHBIX B Ta0M. 1.2, ¢ HCTIONBL30BAHHEM DHCP-cepeepa [ 3].
TaGauua 1.2. BapHanTst cXeMm VoIP cereit

Bapuaur | i "y = n__wmvxm:q 2 S

11

DHCP (anra. Dynamic Host Configuration Protocol — npoTokoil
JAMHAMMYECKON  HACTPOHKH yana) — CeTeBOH NPOTOKOI, NO3BOTNAKOILHH
KOMIBIOTEPaM ABTOMATHYCCKH MOJy4aTh [P-anpec W Apyrue napamerpel,
HeoGxomnmble s paboThl B CETH TCP/IP. Nauustii npotokos paboraet no
MOMENH  «KITHEHT-CEpBEPY. Jlns  aBTOMATUMECKOH KOH(HrypaiHH
KOMOBIOTEP-KIHEHT HAa JTane KoH(Urypauus CeTeBoro yCTpoiicTBa
ofpauraeTcs K cepeepy DHCP u nony4aet 0T Hero HyAHbIC napameTphl.

Certesoif  AIMMHHCTPATOP MOMET 3anarb IMAA30H  aapecos,
pACHpEAEIACMBIX CEPBEPOM CPEAH KOMITBIOTEPOB. DTO MO3BOMAET HIOEKATH
PYSHOH HACTPOFIKH KOMITBIOTEPOB CETH ¢ yMEHBIIAeT KOIHIECTBO omn6oK.
IMporoxon DHCP nenonk3yerc B gonsiuscree cereit TCP/IP.

B nepBoM BapuaHTe pPaccMaTPHBACTCR craunaprHas cets VoIP,
KOTOPYIO MOKHO BCTPETHTE B MAIICHEKOM otpuce.

Bo BTOPOM BapHaHTe PaCCMATPHBACTCA CETH VolIP ¢ no6aenenue IP-
TV:

B TpeTheM BapuaiTe paccMarpHBacTCH ces ¢ nobaenenne WI-FI
poyTepa H IByX FAILRETOB.

B ueTBepTOM BapHaHTe paccMaTpHBAIOTCA  PaziHiHEIE criocobel
coenuuerns ceti VOIP ¢ pasnidaHbIMA antiapaTami.

B nauusIX BApHAHTAX CETel MCMONBIYETCA mapuwpytazarop 2811,
1aK KAK OH OGECHeuMBAeT 3HAUHTENbHEI MPHPOCT NPONIBOIHTENLHOCTH,
HOBbIC HMHTCTPHpOBAHHEIE CEpBHCHI M JHAYNTENBHO  YBEIHUYCHHYIO
[UIOTHOCTH HHTEPdEHCOR MpH COXpaHCHHH 06paTHOl COBMECTHMOCTH €
Gonee uem 90 cymecTBYIOUIMMH HA CETOHA MOILYJISAMH.

Kommytatop 3560-24PS  MAcaTbHO MOJIXOAWT OPraHH3alHAM,
HCMIONB3YIOWMM  CETEBYEO undpacTpykTypy N4 BHEAPCHUA HOBBIX
NPOAYKTOB, ~HANpHMEP [P-resiepOHOB, TOMEK ~ PAIMOAOCTYMA,  CHCTEM
yTIpaByieHys 31aHHEM, BHACOKAMEP- ;

3. Tpakradeckas 4acTh

. O3HaKOMHTHCH C TeOpHe#i MO NPOSKTHPOBAHHIO cetei
[P-TenedoHun.

2. 3anycTuTh Ha paboueM CTo/IC nporpammy Cisco Packet Tracer.

3. B wmeunwo obopynopaHud H AWHWIT CBAZH LIEJKHYTH JEBOH
KHOMKOM HA M0 MapuipyTH3aTopoB, B HEM BRIOPATE MapLIpyTH3aTOp
2811, WIENKHYTE JIEBON KHOTKOM MBIl HA 1aHHOM MapHIpyTH3aTope H
fiepenecTH ero B pabouyo obnacTh.

4 B MeHio KOMMYTATOPOB BRIOpaTh MHOIOYPOBHEBBIH KOMMYTATOP
3560-24PS, TaKKe, KaK H MapLipyTH3atop, fiepeHectH ero B pabody1o obnacTb.
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5. B MeHIO KOHEMHBIX YCTPOICTB BHIGpaTh cephep, HOYyTOYK, 2 IP-
TeneoHa, AHAIOTOBbIH tenedon, VolP-ycrpoiicTsa (VoIP Device), no
AHANOFMM C MapUIPYTH3ATOPOM M KOMMYTAaTOPOM MCPEHECTH AAHHEIC
asteMenTh Ha pabouyio o6nacth.

6. PacronoxuTh MEMEHTH CETH Ha paboyeM NMpoCTpaHCTBe TaK,
wTOBB MOKHO OBUIO MpOBECTH KabeH ot “Switch”(koMMyTaTop) KO BCEM
yeTpOHCTBAM CXeMBI (MEXLY COGOI EMEHTRI He COEIMHAKOTCS).

7. JU18 coeAMHEHHA MEXIY 3IeMEHTaMH BbIGpaTL B MEHIO JIMHHA
CBA3H ME/IHBIHA pAMOii Kabetb.

8. IlleskuyTh JICBOI KHOMKOH MBIIH HA BHIOPAHHOM kabese M
MepeHecTH ero K “Quwitch” ¥ WeAKHYTs MO HEMY, B MOABHBLIEMCH OKOIIKE
BBIGpaTH CBOGOAHKIN NMOPT (PHC. 1.11). Manee moprhi BuIGHpaOTCA MO MEpe
BO3pacTaHus.

9. Coemunurs “Switch” ¢ cepsepom. [lpu coenumernd ¢
CepBEpOM TIOABUTCS OKHO, B HEM BbIGpaTh “FastEthernet” (oGuiee HazBatue
1A HaGopa CTAHAApTOB Nepeiaus JaRHbLIX B KOMIBIOTEPHBIX CETAX MO
rexnonorun Ethernet co ckopoeTsio 10 100 MGu/c).

10. Tlo aHanoruM ¢ NPEALIIYUIHM  TNYHKTOM  COGIHHHTEH
octansHbie ycrpoiictsa ¢ “Switch”. CoeanHATh HaNpiMylo “Switch” ¢
aHATOroBBIM TeslePOHOM HeNb3s, HyKeH npeobpazosareiib. Jing sroro
awanorossii Teneon ¢ noMoumpo TenedorHoro Kadess (MeHIO AHHMI
cBasu) coeuHnTs ¢ VOIP-ycTpolCTBOM. Jlanee VoIP-yctpoiicTBO C
HOMOILBIO MEIHOTO NPSMOro Kabess coetuuTs ¢ “Switch”.

| - B
|G, Pemeivbrainad s |
L
Fas Bt $
P T O
P e W

Servar-eT
Servert

100000080000000608
i
i
é

Puc. 1.11. BuiGop cBoGOAHOr0 NOPTa NPH COSAMHEHNH ME/IHEIM Kabenem

11. TIlocne Toro Kak COCAWHEHH: ObLUIH  YCTAHOBJIEHBI,
HeoGXOIMMO HACTPOHTH BCE YCTPOHCTBA CETH.

_
_
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12.  lleakuyTh J€BOI KHOMKOM MBlUM HA “Server-PT”, =B
oTKphIBIIEMCS OKHe BhiGpate Briaaky “Config”, namars Ha napameTp
"INTERFACE” u seiGpars “FastEthernet”. B nasHoM pasnene nponucath
P-anpec  Macky noaceru (puc. 1.12), nanpumep: IP-anpec - IP-1.1.1.1, a
MACKa [IOCeTH 3anuckiBaetcs kak 255.0.0.0.

Pwyeical Config Dasktop

BLOBAL FastEthemet -~
Swtihge Port Status 3 on
moorwen Bomoes | bandwideh & A
R, 12 Hbps - 100 Mbps
R PuRies 54 Auto
e Full Duplen - Half Duplex
Dl poAC Addrons 0000, BCOS.0BE2
=YSLOG 1# Configuration
ey KTy DHCE
HTE & Static
EmalL P Addrass
i [Subnat Mask
imrEuFACE
FastEtharmnet Pwve Configuraticn
L ink Local Addrann:
3 RHCR
s Auto Confiy
[# Stanc
—— Y ra ot

Puc. 1.12. Okno HACTPOHKM CepBepa

13.  AHAIOCHHMHO NMpeakyIylieMy NMyHKTY HaCTPOHTD “Router”.

14. Llleakuyrs J€BOH KHONKOH MbIIM  Ha “Router”’, B
OTKpHIBIICMCS OKHE BhIOpaTh BKIAMKY “Config”, HakaTh Ha Mapamerp
“INTERFACE” w spibpats “FastEthernet” 0/0. B nansom pasaene
nponucarh [P-ajpec n Macky rMojaceTy. IP-azpec 1 Macky MOACETH MOXKHO
nipormcars, Hanpumep: IP-1.1.1.10, a Macka NOACETH 3aNHCHIBASTCA Kak
255.0.0.0.

15. Ocransusie yerpoiicTsa Gy Ayt HACTPOCHb! ABTOMATHYECKH.

16,  Peskum cHMYJIALIH 2anycTHTS HaxarneM Shift+S.

7. B orkpeismemcs okme “Event list” Haxath Ha “Auto
Capture/play” ¥ NpOCIeANTH ABHIKCHHE [TAKETOR MO CETH.

18  Jlns npocMOTpa COAEPKMMOIO MaKeTa M TOro, HTO € HHM
NPOMCXONMT. ILENKHYTh ABa pasa JICBO kHonkoil Meiu Ha menio “Info”
onpejeéHHoro uBeTa (B OKHE “Event list”), kaxaelii kpagpar - 9T0
OTAebHE NaKeT, B 3aBHCHMOCTH OT TOFO, KaKOro upera nepeaaoiuics
[aker. Takum ke ugetom Oyaer “Info” (puc. 1.13). 3anucats, KakHe
npoToKoIk [3] uia nepeaatn NakeTos HCMONB3YIoTCA (nonpasmen Type).

19. [ocne epibopa “Info” orkpoeTcs OKHO (pHC. 1.14). B nepeoii
piaaike “OSI model” MOXKHO NOCMOTPETh, HA KaKOM H3 CEeMH ypoRHei#
mosenu OSI fanmsiii MPOTOKON 3aleliCTBOBaH, a BO BTOPOH BKAAAKE
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“Output PDU Details” MOKHO MOCMOTPETh, H3 HETO COCTOMT NaKeT.
O3HAKOMUWTLCS B OTPa3uTb B OTHETE, HA KAKOM M3 CeMH YPOBHEH Kaxo
[POTOKOJ1 HEMONB3YETCH. Cienarh CKPHHILOTH CTPYKTYpbI NAkeTa.

o
D
1841
RoGtert

0=
&.ﬁ« jwitchd
Analog-Phone PT 7950

Anplog Phonel e Phonel 7960
Puc. 1.13. Peskum CUMYSILMH NEPEAAn AKETOR
20, JlanHas cHMYNALMA NO YMOJIMAHHAIO NPOBOJIHTCA ¢ 3allepAKo.,
406Kl YOpaTh 3A/IEPKKY, HEOBXOAMMO YOPaTh ralovKy ¢ “constant delay”.
21. Bpewms nepejaiy NakeToR MOKHO MOCMOTPETE B OKHE “Event
list> ® paspene “Time”. 3anucarh B OTHET H3MCHEHHA BPEMEHHM fepeaatin
MO CETH MAKeTOB MPH 3aNePRKKE H 6e3 3a0ePKKH.

2. Ha OCHOBAHMH TYHKTOB, MPHBEICHHAX EBILIC, cobpath
OCTANBHBIE BAPHAHTE! CXEM.

u [ O51 model | “Sutbound POU Geteta |
| Ax Crewvicesi 1P P rariee 1

| | Soures: 1P Phonel

._r Cramtination: 288 .2A0. 256 2SS

| e s mrme e =

Layer 7r DHCP e Aarert GO0, |
ety 0.0.0.0

| =———— B T

= A Ui s Portl oS

Layer 3: IF Header Src, 10 0.0.0.0.
Dust, 1 255 2EE 233 Z83
Cawnr i Biharnat 11 Hioadar
OO0

DECS. SBEE == FFEAFITEITEE

|
| 1. The DHEP cliunt consructs s Aoleass pooket srwd wends ik out.

Chaliengs Me| [== Praious Leyar | | Mo Lo == |

Puc. 1.14. AHanus CEMHYPOBHEBOH MOJIC/IH 0sl

APy T uf«l'iﬂ..i.-lfn S s % .
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23, Jing coeauHeHUs IP-TV esibpats “Cable-Modem-PT” u
nepenectd Ha pabouyio o6nacTh, COCMMHUTHE € MOMOUIBIO  MEIHOTQ
npamoro kabens ¢ MHOTOYPOBHEBLIM KOMMYTaTOPOM 3560 24PS. Manee
“Cable-Modem-PT” coeauuuTh C “CoAxial Splitter-RT” u ¢ TVRT ¢
HOMOIBIO KOAKCHATIBHOTO Kabens.

24.  Jlna coeMHEHHA © WI-FI poyrepom BhiGpaTh WI-FI poyrep #
COSLMHATE €10 € MOMOUIBI) MEIHOTO NPAMOTO kabens ¢ MHOFOYPOBHEBBIM
komMmyTatopom 3560 24PS.

4. Cojepxanie oTHETa

Orver 0 1aGopaTopHoi paboTe A0MKEH COepKaTh:

- CTPYKTYPHYIO CXEMY CHCTEMEI CBAM,

- Onucanue :ﬂo._ﬁxc._._op :nao:r.u%mﬂ:,—xxna npH nepenave MAaKeTOB,
- CKPMHUIOT BKJAIKH H OTHCAHHE YPOBHEHT HCNOMB3YEMBIX IPOTOKONIOB;
- CKPMHIIOT CTPYKTYphI MaKeTa;

- CKPHHILOTHI H3MEHEHHUH BPEMEHH, NTPH OTCYTCTBUHM 38ACPAKKH.

KourpoJkabie BONpoch
_ Kaxuie OCHOBHBIE OCOOEHHOCTH MOCTPOSHIA cercii IP-tenedonun?
Ja cyer uero ofecmeumpaeTca OOMBMUIAA IKOHOM MUHOCTD  TIPH
jiepeaate roaocoRoro TpahuKa B CeTAX IP-renedonun?
3. [TokasaTh TPH YPOBHS CETERLIX AMPECOB.
4, llepeuuciiuTh OCHOBHBIC VolP-cepBichl.
5. O6bacHHTH cTpYKTYPY 1P-anpeca.

19 = -Lh
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JIABOPATOPHAS PABOTA N 2
Tpoexruposanne IP-cetn cessn na ocnose ATC Asterisk

Lenn paborst
Mayuenne TcoperHueckux ocHop cereii IP-resedonun 1 nporokona
ynpasienus ceccusimu SIP. [onyderne npakTHIecknx HaBbIKOB paGoTsi ¢
nporpammuoit IP-ATC Asterisk, a Takxe onbira nactpoiiks IP-reneonos.

1. Teopernueckan 4acTh
1.1. [P-vesedponna

B uacrosmee ppems IP-tenedonms (Voice over Internet Protocol)
WIHPOKO MCTIONB3YeTC KAk  HacTHBIMM  MONb3OBATENAMM, Tak M
NPEANPHATHAMH, OPraHN3aLAIMH B KOPHOPATHBHOM cexTope. I'onocosas u
BHIEOCBA3B, HCMONB3YIOWAA npotokos [P, cTana nonyjispHa BO BCEM MHpe
¢ nagana XXI sexa. IP-tenedonns Bce Gonbile BEITECHAET TPAANIHOHHBIC
TeaeOHHBIE CETH 3@ CYET NErKOCTH Pa3BEpTHIBAHMA, HH3KOH CTOMMOCTH
3BOHKA, NPOCTOTHI KOH(PHIYPHPOBAHHA, BBICOKOTO Ka4yecTpa CBASH M
CpPaBHMTENLHON  Ge30MacHOCTH  COSAMHEHHs,  NCTONb3oBaHMA  yKe
nponokenHsIx uHuii ceazu Ethernet.

Apxutektypa npotokojia TCP/IP crpodtes Ha OCHOBE NPHHIIHIOB
yranonnoii momgenu OSI (Open Systems Interconnection). OcHopuas
NpeMnockUTKA Ucnons3opanua VoIP — nakeTHpoBaHHe ayaHWONOTOKOB /i
TPAHCHIOPTHPOBKH MO cetaM, Hcnonesyromum nporokon [P, Curnan
JOJKEH He TOJNBKO NOCTYNNTE B TOH ke (opMe, B Kakoii 661 nepesian, HO
€ro TPAHCTIOPTHPOBKA NO/DKHA 3aHATH He Gonee 150 mc.

[lpouecc pa3roBopa M MPOCHYIIHBANMA COCTOHT M3 PETPAHCIALMM
MOTOKA ayJIHOCHTHANIOB, TOIZIA KAK CETeBBIC NPOTOKO/L! paspaboTaHbl Tak,
YTO OHH BCe Pa30HBAIOT AYJHOCHTHANEI HA YACTH, 3AKMIOYAIOT SAHHULE
HHOPMAIMKM B THICAYM NAKETOB H 3aTeM JIOCTABASIOT KAXbIA naxet na
AanbHHiL KOHE! JIHHIH CBS3H JII0OBIM BOIMOMKHBIM ITyTeM.

1.2. Mporoxon SIP

CymiecTeyer mHokectBe mnporoxonos VolP. H.323 joaroe spema
VIepKUBAII TMAHPYIOUINE T02uUMK B chepe BHACOKOH(EPEHLICBAZH. Ho B
MoC/e/Hee BPEMA 1O CTATHCTHKE Bee GOALLIYIO NOMY/IAPHOCTH HA phIHKe
uabupaet nportokon SIP, KOTOpEI yike HOMAACPKAH MHOIMMH KPYTHLIMH
npoHIBONMTENsAMH, BKTIOuas peitenns Polycom u Cisco [1].

TpoTokon HHHIMMpOBAHU ceancos - Session Initiation Protocol (SIP)
ABNseTcA MPOTOKOJIOM TMPHKITAMHONO YPOBHA W MpeaHa3HauaeTcs /A
oprasuzauMM,  MOAH(MKAIMH M 33BEPUICHHA  CEAHCOB  CBA3MW:

R T 5 S S 1~ i,

e

30

MYyALTHMEOHAHEIX  KOHQepeuuwii,  TeneoHHBIX  COEJMHEHWH M
pacnipeencuus MynbTHMEnnHONH uHpopmauun, [lonp3osaTesn MOryT
MPHHUMATE YHACTHE B CYILECTBYIOUIMX CEAHCAX CBA3H, IPHINAINATE APYIHX
nonk3oparened W ObiTh NPHIIANIEHHBIMH HMH K HOBOMY CEaHCY CBA3M.
[Mpurnamesust MOryT OLITh AipecoBaHbl ONPEIENCHHOMY MONB30BATENIO,
rpynne nons3oBartenedl uoM Beem nosesosarenam. SIP nezaBucHM OT
TPAHCIOPTHLIX TEXHOMOrMi, ONHAKO MpPH YCTAHOBJIEHHH COCIHHEHHA
NpeanoyTHTENRHO Henonb3osats UDP.

CorjacHo apXuTeKType «KIHEHT-CEpBEp» BCe COODUICHHS ACNATCS Ha
3aMpockl, MepefagaeMple OT KIMEHTa K CepBepy, M Ha OTBETHI Cepeepa
knnenty. Hanpumep, 91008l MHMIMHPOBATE YCTAHOBJEHHE COC/IMHCHHS,
BLILIBAIOIIMH MOJB30BATENL AOMKEH cOOOUINTL CEpBEPY PAZ MapaMeTpos,
B YaCTHOCTHM, AUPEC  BBI3BIBAEMOIO  fIOAL3OBATENN,  MAPAMCTPHI
HHBOPMALHOHHBIX KAHAIOB # JAP. OTH NApaMerTphl NepeflaloTes B
cremmansiom  SIP-zanpoce. Or  BBIZBIBAEMOrO  Mojb30BATENd K
BLISBIBAIOIIEMY TIEPENAeTCS OTBET HA 3ANpoc, TAKKE CONepKaWHil paa
napamerpos, Bee coobwenna npotokona SIP (3anpockl W OTBETHI)
NpeAcTapiaoT  coboif  NOCNENOBATENBHOCTH  TEKCTOBBIX  CTPOK.
3aKONHPOBARHEIX B COOTBETCTBHM C AoxymeHtom RFC 2279. Ha pue. 2.1
NpeACTABIECHA CTPYKTYpa coobienuii nporokona SIP.

3aronoskn
TycTan cTpoka
Teno coobueHna

[ Craprosan cTpoka
_.

Puc. 2.1. Capykrypa coobienuit nporokona SIP

CrapToBas CTPOKa NpeAcTaB/iseT co00i HauanbHylo CTpoKy Aiodoro SIP
coobienns. Ecnn  cooblienne ABISETCA 3anpocoMm, B 3STOH CTPOKe
YKA3BIBAIOTCA THI 3ampoca, @/PecaT M HOMEp BepchH npotokona. Ecim
CoOOIEHNe ABNASTCA OTBETOM HA 3anpoc, B CTaproBOH  CTPoke
YK436IBAOTCA HOMEP BEpCHH NPOTOKONA, THII OTBETA M €ro KOpoTKas
pacuiu)poBKA, NMpeHaZHAUeHHAR TOJBKO JUIA TIOJIE30BaTEeIA.

3aronoskil cooblIeHnii copepkar cejienns 06 oTnpagnTele, aapecare,
[1yTH CHEAOBAHHA M IP., B 061EM, IepenocaT nadopmanmio, HEODXOAHMY IO
U5 0BCAYKMBAHAA JauHoro coobinenns. O THne 3arojloBka MOXKHO y3HaTh
o ero umenu. OHO He 3aBHCHT OT peructpa (r.e. OyKBbi MOIYT ObiTh
NMPONHCHEIE W CTPOUHBIE), HO OOBMHO MMA MHUIYT ¢ GOIBUIOH OYKBBI, 32
KOTOPOH WAYT CTpOtHLIE.
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Coobuenns nporokona SIP moryT copepxkarh Tak HA3bIBAEMOES TENO
coobmenus. B sanpocax ACK, INVITE u OPTIONS Tteno coobuieHns
CONEPAKMT ONMCAHHE CEAHCOB CBA3M, HANPHMED, B (opmare npoToKona
SDP. 3anpoc BYE Tena coobuienus HE CORACPAMT. C orperamM NEN0O
OBCTOMT HHaue: Mobbie OTBETHI MOTYT COACPKATH TERO coobilienns, HO
CONEPKMMOE Tela B HUX OBIBACT PasHbM.

B nporoxone SIP onpepeneso 4eThipe BHAA 3Ar0JIOBKOB:

e OB1IHE 3aT0IOBKH, NPHCYTCTRYIOUHE B 3aNPOCAX H OTBETAX;

® 3AroJIOBKH COAEpHKAHUA, NEPEHOCALIAC uHdopmManuio 0 pasmepe
Tena coobuienus uaM o6 MCTOYHMKE 3anpoca (HAYMHAKOTCA €O C0BA
«Content»);

® 3aroNOBKH 3anpocos, nepejatoune JIOTIONHHTENBHYIO
HH(pOPMALHMIO O 3anpoce;

e 3arOJIOBKH OTBETOB; MEPE/aloliiie JONONHHTE/IBHYIO nHpopMaunto
06 OTEeTe. 3arojiOBOK COJACPKHT HalBaHue, 34 KOTOPbIM, OTACICHHOE
JABOETOMMEM, CIIEyeT 3HAUCHHC 3aroJioBKa. B noje 3saueHHs COmepKarcd
fIepeiaBaeMbic TaHHbIC.

3aronosok Call-ID - yHHKaABHBIE WIEHTHPUKATOP Ceatca CBAZH MM
BCeX PerucTpaumii OTAENBHOTO KIHEHTA, OH nonoGen MeTkKe COe/IMHEHHA
(call reference) B CHTHANH3ALKMM DSS-1. 3naucume waeHTHpAKATOPY
PUCBAMBACT CTOPOHA, KOTOpas MHHUHHPYET grisoB. 3aronosok Call-ID
COCTOMT M3 GYKBEHHO-MHMCIOBOTO 3HAYCHHA W MMCHA paboueii CTaHLliy,
KOTOpas [PHCBOMIA 3HAYCHUE 3TOMY waentudrkatopy, Mexny HHUMH
JOMKEH CTOATH CHMBON (@, Hanpumep 101 @elastix.ru  Boamoxna
clenylomas CMTyauHs: K OHON  MYJIBTHMEIHIHON KoHgepeHLH
OTHOCATCA HECKONBKO COSAMHEHWH, TOrAa BCE OHHM 6ynyT MMeTh pasHble
unentrdukatopsl Call-ID.

Jaronosok To - onpeaenser aapecara. Kpowme SIP-anpeca, 3/ieCh MOKET
CTOATH TapameTp «tagy I8 uaeHTA(UKALAH KOHKPETHOrO TEpMHAAIA
[ONbI0BATENA (HANPHMEP, IOMAILIHEro, pabovero Wi COTOBOFO TEedhona)
B TOM Cllyyae, KOTJa BCE ero TepMHHAIbI 3aperHCTPUPOBAHEL TOL OJHHM
agpecom SIP URL.

Jaronosok From - WACHTH(RMUUMpYET OTMPaBHTENA safipoca; 1o
CTPYKTYpE aHAJIOIHIEH TIONIO To.

Cseq - yHHKabHBIA HACHTH(HKATOP 3anmpoca, OTHOCHLLIErocH K OJHOMY
coetinenuio. OH ClyKHT AU KOPPEIALHH 3aI1poca ¢ OTEETOM Ha HEro.

Jaronopok Via CayKuT Ang TOIO, yrobp M3bekaTh CHTYANWH, B
KOTOPBIX 3aMpOC MOMIET MO 3aAMKHYTOMY MyTH, & TAKOKE JUTA TeX CliyHaes,
korna Heobxonumo, YTobel 3anpockl H OTBETE 06A32TE/IBHO MPOXOJIMIH 1O
ONHOMY H TOMY K€ MYTH (panpuMep, B CHy4ac HCNONE30BAHI
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meskcerenoro skpana - firewall). B aaronoske Via yKkaspiBaeTcd Bech MyTh,
PO Ie HHBIH 3aMPOCOM: Kakbili POKCH-CEPBEP nobapnseT nonae co CBOMM
aapecoM.

Jaronogok Content-Type onpenenser Gopmar OnHCaHud ceaHca CBs3H.
Camo ONMCaHMe ceaHca, Hanpumep B dopmare npoTOKOAA SDP,
BITIOUAETCA B TENO COODUICHHA. 3aroioBok Content-Length ykazsipaet
pasMep Tena cooOLIeHHS.

1.3. 3anpockt nporoxoaa SIP

B HacToAlicil BEepcHH NpOTOKOA SIP onpeneneHo 1ECTs THIOB
sanpocor. Kamasii U3 HHX npe/iHasHayeH Ans BRINOJIHCHWA NIOBONBHO
MIKPOKOIO Kpyra 3ajay, Wio ABJIACTCH ABHBIM JIOCTOMHCTBOM [TPOTOKOJIA
SIP. tak kak Onarojapa O3TOMy HHCIO coobuieHni, KOTOPBIMH
OBMEHHBAIOTCH TEPMUHANDBI i CEPBEPDL, CBEACHO K MuHuMyMy. C NOMOUIbIO
3anPOCOB KIHEHT co0OWAeT 0 TEKYUIEM MECTOMOCKEHHH, TIPHIIAWALT
HoAL30OBATENER TPHHATE YYacTHE B CeaHcax CBi3d, MOAMPHILIHPYET YKE
YCTAHOBJICHHBIC CEAHCHI, 3aBepliacT HX w 1.1 CepBep ONpeaeNAeT THIl
NIPHUATOrO 3aNpoca No Ha3BaHHIo, yKa3aHHOMY B CTApTOBOH CTPOKE.

B Toll ke CTpoke B [MONC Request-URI  ykasan SIP-agpec
0GOpYNIOBaHHS, KOTOPOMY 3TOT 3afpoc anpecopan. Conepianue noneit To
1 Request-URI mozeT pasinyaThed, nanpumep B none To Mo&eT GbITh
yKasaH nyGauKyeMsiil AApec aGonenta, a 8 none Request-URI - TeKYILIHit
ajpec Nob30BaTeNs.

3anpoc INVITE npuraaiact [IONBIOBATENA TIPHHATH YHacTHE B ceaHce
cBA3n, OH OOBIMHO CONEPHHT OMHCARUC ceaHca CBA3M, B KOTOPOM
yKa3blBaeTCs BUA npunMMaeMoit  nHdopmaurK n napamerphbl  (CNMCOK
BOIMOUKHBIX ~ BapHanTOB flapaMeTpoB), HeoOxoaMMBIE AN TpHEMA
pH(OPMALINK, A TAKKE MOXKET yKa3bIBaTHCA BHIL HH(OPMALHH, KOTOPYIO
ALI2BIBAEMBIH TTOB30BATENb KeJIaeT NepeiapaTe. B oTpeTe Ha 3anpoc THMNA
INVITE yka3nBaetcs BHI uHdopMalMu, KOTOpas Gyner TMpPHHHMATHECH
BHIABIBASMEIM TIONb20BATENEM, H, KPOME TOIO, MOMKET YKa3blBaTheA BUI
uidopMale,  KOTOpYIO pLEIBAGMBIE  Tosb30BaTENs  COGMpaeTca
nepenasath (BO3MOKHBIE NapaMETPBI niepenayy ungopmanuu). B oTOM
cOOBUIEHHN MOTYT CONEpKaThCs Takke JAaHHBIS, HeobxXoAHMBIE  JUTA
ayrenruduiauni a0OHEHTA, W, ClleAOBATENLHO, AOCTYNA KiHeHToB K SIP-

cepBepy-.

3anpoc ACK noarsepiaact npueM orgera ua sanpoc INVITE. Crenyer
ormeTHTsh, wro sanpoc ACK Hernobsyercs ToNBKO COBMECTHO C 3aIpocoM
INVITE. T.e. 3TuM coobuteHneM oBOpYIOBaHHE  BbI3BIBAIOIUETO
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noak30BaTENd NOKA3LIBACT, YTO OHO NOAYHHIO OKOHYATENBHEHE OTRET HA
cpoii 2anpoc INVITE.

3anpoc CANCEL ormenser 06paGoTKy pakee nepe/laHibiX 3anpocop
Temu ke, uto u B 3anpoce CANCEL, 3navcHnsamu noaeit Call-ID, To, From
# CSeq, HO He BIMACT HA T 3aNPOCkl, 06paGoTKa KOTOPhIX YK 3aBEPUICHA.
Hanpumep, sanpoc CANCEL npumenseTcs Toraa, Korja npoKcH-Cepecp
pPaMHOKAET 3Anpochl JUIA  MOHCKA TONG30BATENS 110 HECKOJIBKHM
HAMPABIEHHAM W B OJIHOM H3 HHX €r0 HAXOMNT.

3anpocom BYE oGopyaoBauue BEI3LIBASMOTO WM  BbI3bIBAIOLIETO
noas30BaTen 3apepuwiaet coejnbenne. CTOPOHA, MOJYYMBLUAA 3anpoc
BYE, j0mKHA [peKpaTuTh nepenaty peveBoil  (MyJIsTHMEAMIHON)
uH(pOpMALIHY ¥ NOXTEEPANTE Er0 BHIIONHEHHE OTBETOM 200 OK.

[pu nomowu 3anpoca tuna REGISTER nonesosatens coobiaer cpoe
Tekylee mectornonoxkenne. B 3ToM co0GWEHHH COAEpAATCA Cilelylonine
non4a:

e niosie TO COAEPHKMT @PECHYI0 HHPOPMALHIO, KOTOPYIO HAaIo
COXPaHNTh HiIH MOAM(HIAPOBATE Ha CEPBEPE;

e fiosie From cofepiKHT aipec HHHUHATOPA PerHCTPau;

o nosie Contact CoAEPKUT HOBBIH aapec NoNb3OBATENA, M0 KOTOPOMY
JIOJOKHBI NEPENasaThes Bee Aansneiiume sanpocst INVITE;

ep none Expires yka3piBaercs Bpems B CEKYHJIaX, B TeuCHHE
KOTOPOTO PerHcTpalus AeHCTBHTEIbHA.

3anpocoM OPTIONS phizbiBacmblii  MOb30BATElL  3aNpalivuBacT
prdopMamio 0 (GYHKUAOHAILHBIX  BOIMOKHOCTAX — TEPMHHATLHOTO
06opyIIOBaHHA BHI3BIBAEMOrO TonB30BaTeNs. B OrBET Ha ITOT 3AMpOC
0BOpy/loBaHHe  BBI3LIBACMOFO  MOAL3OBATENA " coobwaer Tpebyembie
coenenns. [pamenenue 3anpoca OPTIONS OrpasHutieso TEMH CaydasmH,
Korma HeoOGXomMMo  y3Hath 0  (DYNKUHMOHAIBHBIX  BO3MOKHOCTAX
obopyloBaus O YCTAHOBNeHWA coeausenud. s ycrasosiesus
COeNMHEHHs 3anpoc 3TOro THNa He Menonksyercd. ITlocne UCTIRITAHUH
nporoxona SIP B peanbHbIX CETAX OKA3AN0Ch, 4T0 WU1F PEHIEHNA pAjla 3a1at
BhILEYKAZaHHBIX WECTH THNOB 3aNpocoR  Heaoctatouno. [loaromy
RO3MOKHO, YTO B NPOTOKON GY/YT BEEJEHEL HOBBIE COODLIEHUA. Tak, B
tekyiueit Bepcun nporokona SIP me npenycmoTpen cnocod nepcaatin
HHOOPMALIME  YNIPABNCHHS COCAMHEHUEM WIIH APYroi HHpopMaunH  BO
gpeMs cearca cBsau. Jlia pelueHns 510f 3aaaun Ghil NMPEUIOAEH HORBI
THn 3anpoca - INFO. On MOKeT HCNONL3OBATECA B CISAYIOUHX Gy qaAX:

« 478 mepeHoca cHrHadbHbIX cooOwenui THOIL win ISDN cetei
MEXJTY IIIO3aMH B TEHEHHE PA3rOBOPHOMH CECCiH,

» 115 nepenoca curranos DTMFE s teuenne PA3rOBOPHOH CECCHM;
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« 7iiA nepeHoca OUAMHIoBoH nHdopMaliu.
PaccMOTPMM B KadecTBE MPHMEpPa THNWMHLIA 3anpoc THIA INVITE

(puc. 2.2).
NVITE sip: serveri@elastbn.com SIP2.0 Via: STP/2.0/UDP server-elastix.com
From: Phone 1 <sip: 101 2elastix.com=> To: Phone 2 <sip: 102@elastix.com=>
Call-1D: _cu@aaﬂﬁ_ﬂn_sﬁ&rno_s Cseq: 1
INVITE
Content-Type: application/slp Conteni-1 engtht ...
v=0
o=elasiix 53655765 2353687637 IN P4 12&.3.4.5
C=1N IP4 server-elasti.com
m=audio 3456 RTP/AVP 0345

Puc. 2.2. Tipamep 3anpoca INVITE

B srom npumepe nonszoearens Phone | (101 @elastix.com) BBI3BIBAET
nosnssoarens Phone 2 (102@elastix.com). 3anpoc nepefaeTes K pOKCH-
cepeepy (server@elasrtix.com). B nonsx To u From nepeji aipecoM CTOHT
3anuch, KOTOPYIO BBIIBIBAIOLIMH [0/30BATENb JKEACT BBIBCCTH HA
AMCIIeil BhIZBIBAEMOTO Nonb3oBatens. B 1eae cooduienns obopynosaHne
BHI3BIBAIOIIENO MOAB30BATENS YKaspiBaeT B (hopmare npoTokosia SDP, uro
OHO MOXKEeT TpuHHMaTh B noOpry 3456 peuenyio nH(opMaLHio,
YNAKOBAHHYIO B TIAKeThl RTP ¥ 3aKkoQMpPOBaHHYIO M0 OIHOMY H3
CReYIOMIHX ANTOPHTMOB Koauposanni: 0 - PCMU, 3 -GSM, 4 - G.723 u
5-DVL

1.4. Veranosienne CoOeIHHEHHS ¢ YHaCTHeM NPOKCH-cepBepa
AZMHHHCTPATOP CeTH COOOLIAET AIPEC ITOTO CEPBEPA NOMEIOBATEILIM.
Brispisaoumii noas3osarens nepenaer sanpoc INVITE (1) wa anpec
npokcu-cepeepa u nopt 5060, HCHoAB3yeMsiii o yMonuannio (puc. 2.3).
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Puc. 2.3. YcraHOBNCHHE COEAMHEHHS C yHACTHEM NpPOKCH-cepBepa

B sanpoce nonwaoBatens ykaswBaer masecTHBI  eMy ajipec
BEISBIBAEMOrO nonb3oatess. [Ipokcu-cepeep sanpaumsaer Texyummii anpec
BRI3LIBAEMOrO MOJIB30BATE/IS ¥ CEPBEPa ONpe/eeHHs MECTONOA0KEHH!A (2),
KOTOpEIH ¥ coobmaer emy sror ampec (3). Jlanee npokcu-cepeep niepenaer
sanpoc INVITE wenocpencteenHo BuizsiBaeMoMy oGopynosanmio (4).
Onars B 3anpoce cosepkarcs Manbie 0 QYHKIHOHATEHEIX BOIMOKHOCTIX
BBI3BIBAIONIETO TEPMHHAIA, HO NPH 3TOM B 3anpoc Aobasasercs none Via ¢
AIpECOM TPOKCH-CEPBEPA JUIs TOro, YToGbI OTRETEI HAa OOPATHOM ITYTH LLTH
uepes mero. Ilocne npuema u  o6paBoTkH  3ampoca  BeBBIBAEMOE
000pyaoBaHHe COODIIACT CBOCMY MONB3OBATENIO O BXOJAILEM BHI30BE, 4
BCTPEHHOJi cropone mnepeaaet orser 180 Ringing (5), xouupys B nero us
sanpoca nons To, From, Call-ID, CSeq u Via. IMocnie npuema shizopa
MOJIb30BATC/EM BCTPEUHOH CTOpoHe mepeiaercs coobuienne 200 OK (6),
coaepiallee gaHHbie O (YHKUHOHUILHBIX BO3MOKHOCTAX BBIZBIBACMOrO
TepmMuHana B dopmare nporokona SDP. TepMHHAN BRBHBAIOWENO
TONL3ORATENA NMOATBEPKAACT NpHem orsera 3anpocoM ACK (7). Ha stom
(asa ycTaHOBJICHHS COGNMHERHS 3AKOHYCHA M HAYMHACTCH pasroBopHas
aza. Ilo zapepluennu pasroropHoi (hasbl ONHONH M3 CTOPOH Nepeaaercs
sanpoc BYE (8), koropeiii noateepxnaercs oretom 200 OK (9). Bee
COOGUICHHA  MPOXOAST — Hepe3  MPOKCH-CEPBEP,  KOTOPhI  MOXKET
MOAUGALHPOBATE B HAX HEKOTOPEIE 10711,

At
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2. OTUCAHME JIABOPATOPHOI'O MAKETA

B pannoii naGoparoproit paGore uaywaeres pabota ATC Asterisk -
nporpavimioli ATC, koropas npeactaBaser coGol NPOAYKT ¢ OTKPLITHIM
HCXOOHBIM KOJOM IUIA O(UCHON TelneOHHON CTAHHMH ¢ BRIXOIOM B
odmyto cets. [puoxkenne paGoraeT Ha ONEPALMOHHBIX CHCTEMAX Linux,
Windows, OpenBSD, OS X u ap. Pa6ora ATC ocnopana Ha MpoTOKONAXx,
obecneuHBaIONINX Niepesiaty rooca uepes ceTh, PyHKUHOHUpYIOiHe Ha [P
npotoxone (VolP). Hemonsays wenoporoe (mo MEpKaM KIaCcCHUECKHX
ATC) ofopynoanue, Asterisk Moker pabotaTh NpakTHYeCKH ¢ TOGHIM
oBopynosanuem mns IP-tenedonum, KOTOPOE HCNONb3YET CTAHAAPTHbIE
nporokons! s VolP.

Asterisk npepocrasaser QyHKUMH FONOCOBOH MOYTHI (Voicemail),
KOHDEPEHLI-CBA3M, MHTEPAKTUBHOTO TONOCOROTO MEHI) (IVR), uenrpa
00paborku 8130808 H MX 0bpabotku (Call Queuing). Ona Takke umeer
NOANIEPHKKY TAKMX CEPBIICOB, KAK MEPEBOA BHI3OBOB APyroMy aGoHeHTY,
CCPBHMC ONpEAC/CHHA W Mepeiadn  BbisbiBacMOMY aboHeHTy HoMepa
sei3biBaloLero adonenta (callerlD), nporokonst ADSI, SIP, H.323 (kak B
PeRUME TEPMHHANA, TAK W B peXXHMe refitopadus ), MGCP (tonbko ans call
manager) u SCCP/Skinny (#e nonxoctsio). ' H6KoCTs — 0cHOBHAS NpHYHHA,
1o KOTopoit Asterisk HCKIIOUHTENLHO penTabenbHa A1 GRICTPO pacTyilero
OusHeca; a1A Hee He cyurectByeT d(PEKTHBHOrO MAKCHMATLHONO MWIH
MUHUMAILHOTO pasmepa, KOTOPhIH CISAYET YYMTHIBATE NPH COCTABACHUU
cMeThl Ha nokynky. Takum obpazom, ctommocts Takoii ATC 3agmcuT OT
MHOIHX  GaKropoB  (KOJMMMECTBO  KAHAIOB, MAKCHMANLHOE  YHCITO
OAHOBPEMEHHBIX COCIMHEHHNH, €CTh /H KOH(EePEHL-CBA3b, BLIGOP KoAeKa
T.A.).

B naunnoit naGopatopuoit pabore ucnonkayercsd nnardopma s
YHUGHIMPOBAHHBIX KOMMYHHKAUHI C  OTKPBITBIM  HCXOIHBIM  KOZOM
«Elastix», BRITIOYAIOIUAA IP-ATC Asterisk. Hiia yaobcTsea
aaMHHUCTpHporana IP-ATC ycraHaBinBaeTcs Ha BUPTYAIBHYIO MallMHY.
A Taike Henonssyrores Tenedons Linksys SPAIXX (puc. 2.4).
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Puc. 2.4, Buewnnuit pua IP-tenedona Linksys SPA942

3. HPAKTHYECKAS YACTD

B HPAKTHYECKOH 4acTH CTY/ICHTHI NoAy4anT HABBIKH
nporpaMmupoBanis craduwin W [P-tesieporos, a Takke M3yHMaKOTCA MX
HEKOTOpBIe (hYHKUHOHATILHbBIE BO3MOKHOCTH.

1. Orkpoiire nporpammy amynsunn Oracle VM VirtualBox.

B OTKpbIBIEMCS OKHE BBIOCpUTE ¥ 3aMYCTHTE DNPOrPaMMHYIO
nnargopmy «Elastix», aoxknurecs sarpyzku. Beeunre p none Elastix login:
root, noaTBepanTe kHonkoii Enter. B noste password: 000000 (Buumanue,
OC Linux ne mokaswiBaeT BBeleHHbIH napons). [Iporpamma ykamer cpoif
anpec B Buae hitp://192.168.1.6. OH MOKET MCHATBCA B 3aBHCHMOCTH OT
ero 3aHATOCTH B CETH,

2. Orxpoiite Gpaysep (Internet Explorer) n Bnmiumte B agpechylo
crpoky aapec, ykasanusiii B ATC «Elastix», npoio/pknTe oTKphiTHE BeG-
caiira.

Jia Bxona B BeO-uuTepdeiic IP-ATC  «Elastixy  ucnonb3yiite
CAGAVIOILYIO AAHHYIO KOMOMHAMIO:

Hma nonezoparens: admin

Mapons: 0000000

Ha rnassom menio BeG-untepdeiica so piianke Cucrema -> dashboard
orobpaxens! ocHoeHbie pecypenl IP-ATC n ux sarpyxeHHocts. 3anuiunre
ITH 3HAYEHUS B OTHET.

CreToRofl HHIMKATOR 3BOHKA
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[Nepeiinure wa sraanky PBX-> PBX Configurations-> Trunks (e
fpanoiil YacTH CTPAHHIiBL HAXONHTCA CIIHCOK TPAHKOB) M oTkpoiite VolP
TpaHk — 3T0 BUpTYanbHbiit kanan mexay IP ATC knmenrta w IP ATC
onepatopa. Tak kak Hcnonsayerca jokaikHas ceTh, To [P ATC onna. 3necs
HoKa3albl HACTPOHKH., KOTOpbIe HeOOXOMMMBI IUIA AIPECALHM cepeepa M
tenedonon. IP-anpec cepeepa (host) u IP Elastix pomkusl  6uims
ojiuHakoBeiMK (pic. 2.5). B kauecTBe npuMepa Ha pHCYHKE MOKa3zaHbl HMA
BUDTYANIEHOTO Kanana u anpec cepeepa ATC.

PanskTMpoaath SIP Tpavk

@ Yramern vpans Ses

OC TOPTHIHCE: T9700 e e AT PETEN st i WAMVUDYT M

RN s HAETREN

Hata ke THaNED
Hortamummn W noesp i

Crianma Caler 10 (CI0) FATDwT Pacfiesy €0
P LT Y AT
Asterink Trunk Dial Dptions et

Cominue i Busy e
Bhia teric 91970 TRIME L

e 0 A PR B

"M s S

T L

(Aapsrstms )= speteel | conrasseis winenss OB

. etemarty mad damm melieeean D tm e 8 b
FoTowsis Walinors: Kalopa = SmisgenE e} v
Tpwdranc Bae LOSA WO NevHRID

ATE AU ICT T

Havame TRale bt

DTHLIH PEER

Puc. 2.5. Hactpoiiky BHPTYaANbHOrO KaHana

3arem niepeiiiuTe Ha Bkianky Extensions, peibepurte cnpaga mo6oii u3
BHYTpeHHHX HOMepoB (Hanpumep, telefonl <101>) (puc. 2.6).
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BHyTpeHHWI HOoMep: 101
P

u 23
IR T AT e s i T

Puc. 2.6. Menio SIP BHyTpesinero Homepa

3. Hasens KkypcopoM MBIUIIM HA BONPOCHTENBHBIN 3HAK PAIOM C
napaMeTpamMu, MOXKHO MOJYYWTh CIPaBKY O TOM, Kakne QyHKUHH OHM
BRINOMHAIOT. HeoOXOmMMBIME IYHKTaMH HACTPONKH SABIAIOTCA: HOMEp
aboHeHTa (3anuceipaeTca npi nepeom aobaenennn SIP yerpoiicrea),

oTobpaxaemoe UMA U secret (MAPONL), MOKA3AHHLIA Ha pHc. 2.7, 11g 3TOro
Tenedona.

CTPORC TN ACTONICT P TERGIOTA0
secret” 1234al
avimooe [T i
canvernae - ey =

Puc. 2.7. IlposonikeHie MEHIO BHYTPEHHErO HOMEpa

4. Tepeiinnre na srnanky Cucrema. Hammure Ha KNaBuIly HacTpOHKH,
HaxopsAmytocs Ha IP-tenedone, ¥ ¢ NOMONBIO HABHIALMOHHBIX KiABMIL
BiGepure nynkt Network. Ha mucinee otobpasures neiictryiomuit anpec
Tenedona. Oripoiite HOBYIO BKIAgKy B Opayiepe M 3anHWMTe €ro B
AIPECHYIO CTPOKY. A 3aTEM BOHIHTE B PeKUM AIMHHHCTPATOPA, HAKAB HA
admin login (puc. 2.8).

B Siguirs SPA Coanfigarati W Brpirn TP Configurmiiom | 5 Sprs B4 Config

Lankeye Telophone Cornfiguretion

| Tte e e L e PR v
| =) [ -

Puc. 2.8. Be6-unrepieiic renedona
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5. Ha pxnazgke Info onucava obuias undopmauns o uacrpoikax IP-
Tenedona. llepeiinem B Ext 1 - Hactpoiiky muunii. B nywkre Proxy
BBOJIMTCHA ajlpec cepsepa, Ha Kotopom ycraHoieHa ATC. B nossx
Subscriber information esoaatea: Display Name — umsa, xoropoe Gyaer
NOKa3kIBATHLCH Ha SKpaHe TenedoHa npu corepuienuy 3poka; User [D -
BHYTPEHHMII HOMEp, KOTOpBI NpHCBAWBACTCA JIAHHOMY TenedoHy;
Password — mnapons, coorsercreyiomsii User ID B IP-ATC «Elastix»
(1234ab) (puc. 2.9). Preferred Codec ycranarnusaer onuH M3 KOAECKOB,
peryinpyloumii cxaThe tHhpoBoro rolocoBoro noToka.

Linksys Telephone Configucation

tnfe t S nal  Pho Ext1 g = T4\ US| Babw | ayuiney
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Puc. 2.9. Hactpoiixa ansuii

6. O63ponnTe Coceanue Tenedonnl 1abopaTOPHOro MakeTa.

[Mosgouute ¢ 101 renedoua wa 102 u ¢ 103 na 102 (cuumure TpyoKY,
HabepuTe HOMEP M HAXKMHUTE HABMralMOHHYI0 Knasuwy Dial). C noMoiusio
[IaBMINY NepermoHenua annui (4) Ha 102 MOXKHO OTBEeHaTh M CTABWTL B
peXkMM  uKMAaHMA  Apyryio nuumio. Haesurauwonnas wknasmina  Dnd
nepeBoaHT Tenedon B peknm «He DecnoKoHTE.

7. Oprauusyiire pexam kondepenin [P- ATC Asterisk.

IMo nomepy, onpezenesnomy B IP-ATC (6099), poiith ¢ kaxnoro
tenedona, nenonbdys PIN- kon 123 (puc. 2.10).
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KoHDepehLWA: 6055 1 2 : TR
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Puc. 2.10. Coszpanue koHepeHiH

B Gpaysepe Bo sinanke Elastix roimn 8 PBX -> Conference. Otxpoiire
co3naxnyio kondepenunio, naxas kypcopom Ha Participants 0/10-> More
options eibupaiite Homep, npuraauiaiite B koudepenuuio Invite Caller.

4. COAEP)KAHUE OTHETA
Oryer o nabopatopHoil paboTte N0/IKEH COAEPKATE:
- uenk paboTsl;
- CTPYKTYPHYIO CXeMy 1abopaTopHOil YCTAHOBKH;
- CXEMY YCTaHORJIEHHA COCMHEHHA,
- CKPHHIIOT HACTPOEK BHYTPEHHErO HOMEPA OJHOTO W3 Teie)OHOB.

5. KOHTPOJIBHBIE BOIIPOCHI

1. OGbscH#Te TPHHLMIEI apxuTeKTypsl npotokona TCP/IP u Monenu
OSL

2, Iepeuncante ypoenn u ux Qpyuxuuu s nporokone TCP/IP.

3. Yo rakoe npotokon SIP? Ilepeuncinte 3arofoBkH M 00BACHUTE HX
byHKIHH.

4. TepeuncnuTte 3anpoctl nporokona SIP.

5. OObscHMTE AITOPHTM YCTAHOBIICHHS COEAHMHEHHA C Y4YacTHeM
NpoKCH-cepRepa.

BUBJIUOTPAOHYECKHH CIIMCOK

1. Tonsmureiin B.C., 3apybun A. A., Camopesor B. B. Cnpasousiik no
TeNCKOMMYHHKALMOHHBIM npotokonam: «[Ipotoxon SIPyn. — CIIG.:BXB-
Cankr-Tlerepbypr, 2005.- 456 c.

2. Foasmwrein b.C., Muuauyk A.B.. Cyxosuukuii A. JI. IP-renedonms.-
M.: Paawmo ceass, 2001.- 366 c.

3. Merrened JLB., Mancen JI, Cwmur JIL.C. Asterisk: Oyayuiee
tenedonnu. 2-¢ uza. — [ep. ¢ anr. — CI16.: Cumeon-Ilmoc, 2009. - 636 c.
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JJABOPATOPHAS PABOTA N 3
Hayuenne konexos IP-renedonnu

Ieas paboTel
Mayuenne TeopeTHHECKHX OCHOB ceteii [P-tenedonun; Komekos,
ucnoiesyiommxea 8 renedounoit ceasn. [Nonyuenue Hasbikos paborsl ¢
ANFOPUTMOM O0BEKTHBHON OLIGHKH kauecTBa peteBbiX cHrranoe PESQ,
APOrpaMMOit /s H3YUeHHs IEHCTBHA (YMOB B KaHAe CBA3H HA OCHOBHbIC
kojexn peun VOCDemo.

1. Teopernyeckan 4acTh
1.1, AnropsT™ KoaHpoBaHus

HaubGonee cosepuieHHBIM AITOPHTMOM, MOCTPOSHHBIM HA ONMMCAHHBIX
BBIIIE MPHHLMNAX, ABAASTCA ANTOPHTM ananTueHON AuddepeHimanbHOi
uMnyascHo-kopopoi moayinauun (AJIMKM), npeanoxenuwii [TU-T &
pexoMenpaumn  G.726. Anroput™  1peAycMaTpPHBAeT  BbIMHCNEHHE
KO PUIHEHTOB NpeJicKa3anii Me KOppesisiMOHHOH (DYHKLHM pedeBoro
CHI'Hana, DREYMMCIEHHE NMPEICKa3aHHLIX OTCHETOR, &Oﬁzlﬁcwb__zﬂ CHI'HaJIa
OLIHOKH NpeACKA3aHHA M €ro NocAcayriluee ajanTHRHOE KBAHTOBaHHE.
CyuiecTsyer — MOAW(MKALHR  3TONO  alrOpHT™Ma, B KOTOpOi
HHPOPMALHOHHLIE DUTHE BLIXOAHOIO HHPOBOIrO NOTOKA OPraHH30BaHbI MO
HepapXUteckoi CXeMe, YTo NO3R0JAET OTOPACHIBATE HAMMEHEE 3HAUHMYIO
HHOpMALIMIO, He YBEJOMAS 00 3TOM KOAep, W NOMyHaTh NOTOK MeHbLued
CKOpPOCTH 3a CHET HEKOTOporo yxyawmenus kadectsa. Cranpapr G.726
cricunpHIHpYET KoguposaHne npx ckopoctax 40, 32, 24 u 16 Kour/c, yro
cooTseTcTRYeT nepeaave 5, 4, 3 wiu 2 6utor Ha orcuer. Kauectro peyw,
nepenasaemoii ¢ ucnonpiopakvem AJIMKM G.726, npu ckopocti
32 Kb6ut/c cooTBeTcTRYET, A NOPOH M TMPEBOCXOAHT KavuecTBO pevn,
obecneunpaemoe anropurMom koauporauus G.711. Tlpu pocrarouno
xopownx xapaktepuctakax anropuiMa  AJIMKM  npaktuueckn  ne
MPAMEHACTCA /IR Nepeaaun peyH no ceTam C ?.OZZW_.N_.:__GQ NaKeTOB, Tak
Kak ITOT AIrOpuTM OYeHh YYBCTBHTENICH K MOTEpAM UenbiX Grokos
OTCYETOR. MMPOUCXOAAIMM 1pH nepesade wHgopmaunu. B takux cnyvasx
HapywaeTcs CHHXpOHH2ZalLHA KoJepa H JCKOAEpa, YTO MNPHBOAHT K
KatacTpoduyeckoMy yXyIQuIeHHIO KauecTRa BOCTPOHIBENACHHA pedH Jame
NpK Manoi BEPOATHOCTH MOTEPh.

B nepryio ouepels HEOOXOAHMO MOHATL, KAKHMH KPHTEPHAMH HYKHO
PYKOBOACTBOBATECA NPH BBIOOPE ¢XOPOWIETO» KOAEKA i HCMONb30OBaHHA
e [P-tenedonnm.
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1.2. Ouenxa kauecrea
CkopocTs  Tlepenaun, KOTOPYIO HpPEIYCMaTPHBAIOT — HMCIOIIHECH
CEroJIHA Y3KONOJIOCHBIE KOJAEKH, NlexuT B npemenax 1,2...64 Kéur/c. Or
STOrO MapaMeTpa MNpsAMO 3aBHCHT KAauecTBO BOCHPOMIBOMMMON peun.
CyliecTByeT MHOKECTBO NOAXOAOR K Mpobrieme ONpeNeNneHns KavecTsa.

Knace XapakTepHcTHKa Hopma
KA4ecTBa pazGopumBocTH. %
Bricumit llorumanne nepenapaemoil peun Ges =80

MAIEHIIEro HANIPAAKEHHA BHUMAHNA
I Tonrmanne nepesasaeMoii pevu Ges 56-80
3aTpyAHCHHH
Il TMonumanue nepenasaeMoii peau ¢ 41-55

HanpaxeHueM BHUMaHKs 6e3 nepecnipocon
H MOBTOPEHMI

(11} [Monumanmne nepenasaemoii peuy ¢ 25-40
HEKOTOPLIM HENPAKEHHEM BHUMAHNS,
PEAKHMH NEPECTIPOCAMM H TOBTOPEHUAMH

v Ionumanne nepenasaemoif peyn ¢ <25
GONLIIMM HATIPAKEHHEM, YACTHIMHU
MEPECTIPOCaMit U MOBTPPEHHAMM

TFOCT P 50840-95 npennonaraet cleayionye oueiky Ka9ecTsa petn.

HauGonee mupoko mcnonszyemsit noaxon onepupyer ouenkoii MOS
(Mean Opinion Score), kotopas onpenesnsercs wis KOHKPETHOro Kojaeka
KaK CpeiHAs oOLcHKa kavecTBa Oonbuwioil rpynmoit caywareneii no
MATHGATEHON wikane. Jlis npocayliMBanna JKcliepTam pENbABAAIOTCH
PasHbie 3BYKOBhIE (PPArMEHTHI - pevb, My2bika, peus Ha doue pPasIHYHOrO
wyma # T.1. OUEHKH HHTEPNPETHPYIOT CHIEAYIOUIHM 06pasom:

* 4-5 - BHICOKO® KAuecTBO, aHANIOTHYHO KaYecTBY mnepenadn pedn B
ISDN nnu emie Beie;

* 3.5-4 - xauectBo THOIT (toll quality), ananoriuno Ka4YecTBy peu,
niepeziasaeMoii ¢ momompio koaeka AJJUKM npu ckopoctu 32 Kéurlc.
Takoe kauecTro 06RIMHO OBecHeYHBAETCS B GONBUIMHCTRE TeneoHHbIX
pasroBopoB. MoOWibHBIE ceTH OBECHeMHBAIOT KAUECTRO 9YTh HWke toll
quality:

* 3-3.5 - KauecTBO peyn, mo-npexHemy, YAOBACTBOPHTE/ILHO, OAHAKO
€70 YXYAIEHHE ABHO 3AMETHO Ha CIIyX;

* 2.5-3 - peus pa3GopunBsa, oaHako TpebGyet KOHUECHTPAaUHH RHHMAHHA
uia nonumannA. Takoe kadecTBo o6bIuHO ofecnevMHBACTCS B CHCTEMax
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CBA3H CNEUHAILHOIO NPUMEHCHNA (HANPHMED, B BOOPYKEHHBIX cinax). B
PAMKaX CymecrByromux TexHonorui kavectso T¢OIl (toll quality)
HEBOIMOKHO OOece HTh HPH CKopocTax Mexee 5 Kbunt/c.

1.3. Baunnwe npeodpazosannii PC na kauecto

Anroputmbl nogawienus nays (VAD, CNG, DTX). Ilpun auanore oans
ero yHacTHHK FOBOPHE B CPeAHEM TONBKO 35 npoueHToB BpeMeHH. Takum
OQUNNO?_. ECIH MPHMEHHTL ANTOPHTMBI, KOTOpPLIE NOIBONHIOT YMEHBLUIHTH
obmem HiopMauuy, nepenaBaeMoii B IEPHOLI MOJYAHUSA, TO MOMXHO
JHAYHTENBHO  CY3WTh  HeoOXomumylo  monmocy  mpomyckauwus. B
JIBYCTOPOHHEM Pa3roBOpe TAKHE MEphl MO3BOAAIOT JAOCTHYL COKPALLCHHS
obbema nepenasaeMoit uHopmannn g0 50%, a B AEUEHTPAIUIOBAHHEIX
MHOrOaftpecHbIX  KOHepeHumax (3a cuyer Oonbliero  KoMHUECTBa
rogopstMx) - wu Oonee. Her HMKAkoro cmeicia OpraHH30BBIBATEH
MHOroajipecHple KOHpEpeHINH C YHCIOM Y4YacTHHKOB Gosbiie 5-6, He
NOJARIAN NEPHOALI MONYaHHA. TexXHONOrMA NMO/IABNEHNA TAKUX MEPHOAOR
HMEET TPH BaXHbIE cocTaBnsiome. HyKkHO OTMETHTE, 4r0 onpencrienne
TpaHHly nays B peun OvYeHb cyllecTBeHHO A addexTusHOl
CHHXPOHM3ALIHK [ICPENAIOEd H [IPHEMHON CTOPOH: TIPUEMHHK MOMKET,
HEIHAYMTENBHO M3MEHAS JIWTENBHOCTH Nay3, MPOH3BOAHTE HOACTPOHKY
CKOPOCTH BOCMPOM3BEACHUA JUIS KaXXIOrO OTJE/BHOIO CeaHca CBA3M, 4TO
HCKITHOMaeT HeoOXONMMOCTL CHHXPOHH3ALMN TAKTOBLIX FEHEpaToOpoB Beex
JNEMEHTOB CEeTH, Kak 370 uMeeT mecto B THOIL.

Herextop peuesoit aktueHoctH (Voice Activity Detector - VAD)
HeOOXOMHM /U1 ONpele/IeHHs NEpHONOB BpeMeHH, KOrja Mojib30BaTelb
rosoput. Merekrop VAD aomken ofanare ManbiM BPeMEHEM peakiluH,
4To0kt He J0NMycKaTh NOTeph HAYATBHSIX CIIOB W He ynyckaTh Gecnonezusie
(pparMenTsl MOIYAHHA B KOHLE [PEUIOKEHHIE, B TO ke BPEeMA ACTEKTOp
VAD ue pomxen cpabarsisath 0T BosjieicTEHA GoHoBoro wyma. derextop
VAD oueHnpaer 3Hepruio BXOAHOIO CHIHANA W, €CllM OHA NpPEBbILAET
HCKOTOPBIH  [OpOr, akTHBW3Apyer nepenady. Eciw Om  jgervexrop
otOpackiBai BCiO HH(OPMANMIO 10 MOMEHTA, NOKA SHEPrHs CHIHANA He
CTala BBILE MOPOra, TO NPOMCXoiMIe Obl OTpe3aHHe HAYaNBHOH HacTH
nepuoaa akrusHocTH. [lostomy peanmsauun VAD 1pebyior coxpaHenus B
MAMATH  HECKONLKUX  MMIMCEKYHU  uHbopmalnM, 91o6bl  MMETH
BOSMOMHOCTE 3allyCTHTE Nnepedavy a0 Havana NepHOOa AKTHBHOCTH. 2o
YBENHYHBAST B HEKOTOPOH CTENeHW 3alepkKKy NPOXOXKIEHHSA CHMIrHaja,
O/IHAKO ee MOKHO MHHHMHIHPOBATL MIM CBECTH K HYJIIO B KOJAepax,
paborarommx ¢ G10KAMH OTCHETOR.

lMeanepxka npepeisuctoit nepepayn (Discontinuous Transmission -
DTX) nozponser Koaeky MpekparTurh Oepeiavy MakeToB B TOT MOMEHT,
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korma VAD obuapykun nepwoa monuanws. Hexotopeie HanGonee
COBEPUICHHEIE KOIEPhI HE MPEKPAIalOT Nepeiavy NoAHOCTLIO, 4 NEPEXONAT
B PEKMM  MCpenaYn  ropasuo  MeHeliero  obbema  HHGOpPMAIHH
(MHTEHCHBHOCTb, CHEKTpaibHbIC XapAKTEPHCTHKH), HYXHOH U8 TOTO,
4TOGBI 1EKOAEP HA YAAICHHOM KOHIIE MOT BOCCTAHOBHTH (HOHOBBIA 1IyM.

I'eneparop komdopriore uiyma (Comfort Noise Generator - CNG)
CAYAHT JUI reHepauud (oHororo wyma. B moment, korma B peun
AKTHBHOIO Y4aCTHUKA Gece/ibl HAMHHACTCA NEPHON MONYAHUA, TEPMHHANE]
CAYWIAIOMHX MOTYT NPOCTO OTKMOYHTL BOCHpoussenenue 3syka. Onuako
210 ObU10 681 Hepasymuo. Eciiu B Tpyfike Bosnukaer «rpo6oBas THUIMHAY,
T.€. (DOHOBBIH 1IYM (IIyM YMIlEl B T.1.), KOTOPHI OBl CHBILIEH BO BpeMs
pasroBOpa, BHE3AMHO HCYC3aeT. TO CAYINAOMIEMY KaxeTca, 4To
COC/IHHEHHE MO KaKHM-TO NPHYHHAM HAPYUINIOCh, H OH OOBIYHO HaYHHACT
CHpALIHBATE, CABILIKT JIH ero cobeceHuK.

I'eneparop CNG nosgonsier usbexars Takux HenpuaTHbIX 3ddextos,
TlpocTeiime KoNEKH NPOCTO NPEKPALIAIOT Nepenady B mepHoll MOTYAHMA,
H AEKONCp TreHepupyeT KakoH-THOO WyM ¢ ypOBHEM, paBHEIM
MHHHMANBHOMY VPOBHIO, OTMEYEHHOMY B ITEPHOI pederoli aKTHBHOCTH.
boniee cosepuiennbie koneku (G.723.1 Annex A, G. 729 Annex B) umeior
BO3MOKHOCTDE [PENIOCTARIATL yAANCHHOMY Aekodepy HudopMaumio s
BOCCTAHOBJIEHHA IIyMa ¢ mapamerpamy, Onuzkumu K dakTHgeckn
Hab/01aBuIHMCS. !

BOIIBIIHHCTBO  Y3KOMONOCHBIX  KOJIEKoB  o6pabarbipacy peveByio
uHpopMaumio GIOKAMH, HA3LIBAEMBIMH KaapaMH, M HM HEOGXOAHMO
MPOH3BOUTE  NMPCABAPHTENLHBIE  aHAMM3  OTCHETOB,  CHCAYIOUIMX
HEMOCPEACTBEHHO 33 OTCYETaMH B 0JIOKe, KOTOPKIH OHH B JaHHLIH MOMEHT
KOAMpYIoT. Pasmep Kanpa BaKeH, TAK KAK MHHHMAJIbHAS TEOPETHYECKH
AOCTHXHMAA  3aJIEPKKa fepenayd  uHpopMaluu  (anropuTMHyecKas
3A[ePHKKA) ONPEIeNIAeTCs CYMMON 3TOTO Japamerpa W JiIHHb Oydhepa
Npe/IBapHTe/ILHOrO aiani3a. B meficTBHTENBHOCTH npoLeccopsi uupposoii
06paGoTKH CHrHAMOB, KOTOPBIE BBIIONHAIOT AINOPHTM  KONHPORAHKA,
HMEIOT KOHEHHYIO MPOM3BOAMTENLHOCTB, TAK YTO pPCabHas 3aJepikka
CHrHana sABnsercs Oonblile  TeopeTwdeckoi. Moxno, kasanoch Gbl,
3AKIIOUHTE, YTO KOAEKH ¢ MEHBLIUHM Pa3sMepoM Kaapa Jydile B CMbiCie
TAKOrO BaXHOrO KPHTEPHA KAK MHHHMM3AUMA 3aaepkkd. Onnako eciu
YHECTh, 49TO APOHCXOMAMT NpH nepegade HHMOPMAUHH MO CETH, TO MBI
YBHINM, HTO K Kaapy, cQOpPMHPOBAHHOMY KOAEKOM, JoGamngerca
MHOKECTBO JONONHHTENLHOH MHpopMauun — 3aronosxku IP (20 Gaitros),
UDP (8 Gaiitos), RTP (12 Gaitros). [lns koaeka ¢ IUTHTENEAOCTHIO kazapa 30
MC TIOCBUIKA TAKHMX KaJpPOB NO CeTH mpuBena Obl K nepesave wabeirouHoil
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undopmanmun co ckopoetbto 10.6 KOut/C, uTO mpeBblIUAET CKOPOCTH
fepeaaun peqeroil HHGopManny y GONLITHHCTBA Y3KONONOCHBIX KOIEKOB.
TToaroMy OGBIMHO HCTIONB3YETCA MEPEChUIKA HECKOMBKMX KAIpOB B niakete,
NpH  3TOM MX KOJHYECTBO OTPAHHYEHO MAaKCHMANBHO JOMYCTHMOM
3alep#Koi. B GonbMHCTBE CAYHACE B OIHOM flakeTe repenaeTcs jio 60 mc
peuenoit undopmaiyn. Yem MEHbUIE LTHTENBHOCTL Kajpa, Tem Gonbiue
KAZIPOB NPHXOAWTCH YMAakoBRIBATL B OAHH NAaKeT, T.e. 3alepKKa
onpeaensercs BOBCE HE JUTMHON Kajapa, a NpaKTHYECKH MpPHEMIEMBIM
obBeMOM 10Ie3Hoi Harpysku B nakere. Kpome toro, kojekd ¢ Goabmei
JIHHON kanpa Gonee sdhdexTHBHB, TaK Kak 31ech JielicTByer obwmi
NPHHITAN: YeM Jojsite HabmonaeTcs sBICHUE (peueBoit curuan), Tem
Ny9ile OHO MOKET OLITE CMOAENHPOBAHO.

I[lotepn nakeToB ABRNAOTCA HeorThemiembim atpubytom IP-cereii. Tak
KAK TIAKeTHl COjMEpKaT Kafpsl, cOPMHMPOBAHHBIE KOAEKOM, TO 3TO
Bhi3bIBAET noTepd kaapoB. Ho nortepu naketoR W noTepH Kaupoe He
oba3arelbHO HANPAMYIO CBA3aHBI MeXJly coboil, Tak Kak CYMECTBYIOT
noAXoAbl (TakWe KAaK NPUMEHEHHWE KOIOB C MCNpaBjieHHeM oimbok —
forward error correction), MO3BONASIOUIHE YMEHBIHTE YHCIO MOTEPAHHBIX
Ka/IpoB NPH JIaHHOM YMCle notepasibix nakeror. Tpebyromascs ans 91oro
jonoHUTeNEHas  cnykebHas  HHpOpMAlMA  pacnpeienderca  Mexiy
HECKONBKHMH TAKETaMH, TaK YTO NP NOTEpe HEKOTOPOro YMCIa NaKeToR
Kaaph! Moryt Guits BoccTaHoBiaensl, OtHaKo NONOKUTENbHEIA 3dderT or
BBEIEHHA HAOBITOUHOCTH [U1g GOpBOLI C NOTEPAMH NMAKETOB HE CTOMb JIErKo
JOCTHAKHM, MOCKONLKY rorepn B [P-ceTAX MPOMCXOAAT navykamu, T.e.
IHAYMTENLHO DoNee BepOSTHO TO, YTo OyIeT MOTepAHO Cpasy HEeCKOIbKO
NaKkeToR noapali, 4YeM TO, YTO NMOTEPAHHBIE TIAKCTHI pacnpeacnaTcd B
OCTeIOBATEALHOCTH EPeIaHHbIX MakeToB no onnoMy. Tak 4yro eciu
NPUMEHSTE TPOCTHIE CXeMbl BBEJIEHHS HM3ORITOYHOCTH (Hampumep,
MOBTOPAA KOK/IBI KAJIP B BYX NOC/EA0BATENBHO MEpe/laBaeMbiX MaKeTax),
TO B peanbHBIX YCIOBHAX OHHM XOTH W yBenuyar o0BeM H3IOHLITOUHOM
UHPOPMALIMH, HO, CKOPEE BCEro, OKAKYTCA GecrionesHbIMu.

Kpome Toro, BBe/ieHHe H3OBITOYHOCTH OTPHLATENLHO CKa3bIBAETCA Ha
3afiepIKKe BoCTIpouaBeneHus curnana, Harnpumep, eciin NOBTOPUTE OAHH H
TOT ke Kajp B HEThIPEX nakerax noupsaj, 4rober obecrnednTs BOIMOKHOCTL
BOCCTAHOBJICHHWS WHGOpPMAUMK NPH TOTEPE TPeX NOAPAN NEPeAaHHBIX
[AKeTOB, TO [EKOAE) BHIHYAIAEH nomiepkueate Oydep uz uersipex
MAKeTOB. YTO BHOCHT 3HAYUTENIBHYIO NOTIOMHMTENBHYIO  3aIepiKKY
BOCTIpON3BENEHMs.  Biamanue  MOTEPh  KaapoB  Ha  KauyecTso
mOnﬁUO—,—wthEZO_«_ peunr JARBHCHT OT HCOONBIYEMOTO KOJAeKa, Ecmm noTepan
Kazmp, cocTosumi u3 N pedensix o1cueTos koaeka G.711, 1o Ha npueMHom
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KOHUe OyleT OTMeueH MpONYCK 3BYKOBOIO (parMeHTa MIHTENbHOCTHIO
M*125 mkc. Ecnu ucnonwayercs Goliee copeprieHsi Y3KOMONOCHBIIT
KOZEK, TO NOTEPst OJHOIO KaJAPa MOKET CKA3AThCH HA BOCHPOHIREACHHH
HECKONBKHX CHICAYIONMX, TAK Kak Aekoiepy norpebyercd Bpems s 1oro,
4TOOBI  OCTHYL  CHHXPOWH3ALMM  C  KOJEPOM - 1OTeps  kwipa
JTHTENLHOCTEIO 20 MC MOXET NPUBOAHTE K CHBIIHMOMY spdexty B
Teyenne 150 mc u Gonee. Konexn tuia G.723.1 paspaGoransi Tak, 4ro oHu
(byHKUHOHHPYIOT Ge3 CYIIECTREHHOTO YXY/MCHHS KaYecTHa B YCIOBHAX
HEKOPPETHPOBAHHAIX TOTEPs 10 3 % KaipOB, OAHAKO APH NpPEBHILEHHN
ITOrO NOPOTa KAYECTBO YXYALIAETCA KaTacTPOHUICCKH.

1.4. Kopexn

Kopek G.711 - wienymka» Beex uudpossx Komekon PeyeRbIX
curnanos, osur ofobpen ITU-T B 1963 roay. [pumensiemelii B em cnocob
1peo0pazoBatng aHAIOrOBOIO cHrHama B UM(POROH ¢ HCHOABIOBAHHEM
NOAYACrapHOMHUYECKOH WKAIb KBAHTORAHHS GhUI IOCTATOMHO nozpobHo
onucan spune. Tunmunas ouerka MOS cocrasaser 4.2. B nepeyio oyepens
OTMETHM, 4TO, Kak u g THOIl, MHHMUMANEHO HEOOXOAMMEIM 714
oGopyaoBanns VoIP aenaerca MKM-konuposanie G.711. D10 oapauaer,
yro moboe  ycrpoiicteo  VoIP  jomkHo noniepkusate 10T THD
KOJHPOBAHHA. ]

Pekomennaima G.723.1 yreepxnena ITU-T = Hoa0pe 1995 ropua.
@opym IMTC eeibpan xonek G.723.1 kak Gasoswii ans npunokenni IP-
tenedonnn. Konek G.723.1 npon3BoAHT Kaupsl ATHTEIBHOCTSIO 30 MC ¢
HPONOIAKHTEIEHOCTBIO MPEeABAPHTENBHOIO aHanmaa 1.5 MC,
IpenycmorpeHo apa pexnma pabots:: 6.3 Kéur/c (xaap umeer pasmep 189
6utor, nononsenyiIx 1o 24 Gaiiros) n 5.3 K6ur/c (kanp umeer pazmep 158
GuroB, nononxenusx a0 20 Gaiiros). Pexum padoThl MOKET MEHATHCA
AHHAMHYECKH OT Kaapa Kk xaapy. Oba pexuma obssatenbub s
peannsaiu. Ouenka MOS cocrarnser 3.9 8 pexume 6.3 KGur/c u 3.7 &
pexkume 5.3 Kour/c. Konex cneundmumposan na ocrore onepavMii kak c
NIaBAONICH TOYKOH, Tak W ¢ (MKCHPOBAHHON TOYKOH B BAAE KONa Ha
a3bike C. Peanusaums xoneka Ha npoieccope ¢ (huKcHpOBAHHON TOYKON
TpebyeT mpomsBomMTeNbHOCTH okomo 16 MIPS. D thyuxunm
cneuduuupoBas! B nipunokenud A (Annex A) & pexomennaunn G.723.1.
TapameTpri (HOHOBOIO IlymMa KOMMPYIOTCH OQHEHB MANCHBKHMA Kajipamu
pasmepom 4 Oaiira. Ecin napamerpnl myMa He messioTcs CYHUIECTBEHHO,
fiepefaa NoNHOCTHIO NPeKpallaeTes.

Anroputm  koauposanua A JIUKM (pexomenpanus  ITU-TG.726,
npuHaTas 8 1990 r.) onucan Beime. O obecrieynpaet KOAupoBaHue
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undposoro notoka G.711 co ckopoctero 40, 32, 24 wam 16 K6ur/c,
rapautupys ouenkn MOS wHa ypoene 4.3 (32 K6ur/c), uro wuacto
FIPHHHMACTCH 3a HTaNOH YPoRHA KadecTsa TenedoHHol ceasu (toll quality).
B npuaoxednax [P-renedioHun 5107 KOAEK MPAKTHYECKH HE HCTIONBAYETCH,
TaK Kak OH He ODecTedWBaeT AOCTATOMHON YCTOHYMBOCTH K TOTEpAM
HH(pOpMAaLHIL.

Konex (.728 HCnonL3yeT OpHIMHAIBHYIO TEXHOJIOMHIO C MAajoil
sanepkkoit  LD-CELP (low delay code excited linear prediction) u
rapauTipyer oueskn MOS, ananornansie AJMKM G.726 nipu ckopocTH
nepefavn 16 K6ur/c. [lanustii kofek cneuManbHo paspabaTeiBancs kak
Gonee copepuicnan 3amena AJIMKM nns ofopyjosanus yrioTHEHHA
TeneONHBIX KAHAMOB, MPH TOM ObUI0 HEoOXOUMMO 0GEeCneYuTh O4YeHb
Malylo BEJHHMHHY 3aiepkkM  (MeHee 5 mc), 4TOOBRI HCKIHOYHTEH
HEOOXOAUMOCTE NIPHMEHEHHS IXOKOMNEHCATOPOB. D10 Tpeboranue Obiio
yenemno euinogHeno yuensimu Bell JLabs B 1992 roay: komep umeer
ANHTEALHOCTE Kajipa 7Toibko 0.625 mc. Peansno 3ajepika  Moxer
pocTHrate 2.5 MC, TAaK Kak JeKOACP [OMKCH  MOIIEPKHBAThL
CHHXPOHH3ALMIO B PAMKAX CTPYKTYPbl K3 Yerbipex kaapoe. HepocraTkamu
ANTOPHTMA ARIAIOTCHA BRICOKAS CIOKHOCTE - okosio 20 MIPS ana xomepa w
13 MIPS s nekoaepa M OTHOCHTEIBHO BBICOKAS HYBCTBHTENBHOCTH K
NOTEPAM KaLpOoR.

Konex G.729 osenb nonynaspes B NPHIOKEHHAX MEpesady pedn o
ceram Frame Relay. On ucnonssyer texnonoriio CS-ACELP (Conjugate
Structure, Algebraic Code Excited Linear Prediction). Kozek ucnonezyer
Kanp jumrensHoctuio 10 Mc u obecneunpaer ckopocTs nepeaaun 8 Kour/e,
Jlis  kopepa  HeoOXOOMM  MpEABADHTE/BHBIT  AHWIW3  CHrHana
NPOJIOIKHTEILHOCTRIO 5 MC.

CymecTsyior 1Ba BapHAHTA KOIEKA:

* (3.729 (onobpen [TU-T & nekabpe 1996), tpebyiommii oxkono 20 MIPS
s konepa v 3 MIPS nnx nexonepa;

« ynpotueHssii papuanr G.729A (onobpen ITU-T B HoaGpe 1995),
Tpebyiotiinit okono 10.5 MIPS nns peanusauuu Kogepa n okono 2 MIPS
AN eKoAepa.

B creunduxanun G.729 onpeneneusl aaropurvbl VAD, CNG u DTX,
B nepuoan Mmouanua kogep nepeaact 15-6uroseie kaapel ¢ uRpopmauei
0 (POHOBOM LEYME, ECITH TOABLKO WYMOBAs 0BCTAHOBKA H3MEHAETCS.

1.5, AnropnTm ouenky kaveersa peun PC PESQ

Asroputm PESQ npejcrasiger coboit MeTon 0OBEKTHBHON OLEHKM
Ka4ecTaa,
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Ha puc. 3.1 npeactasien npouecc 06pabOTKH CHIHANOB, NPOBOAHMBII B
COOTBETCTBHH ¢ anroputmom PESQ.

BripaBHuBaHHe 110 YPOBHIO
Jnsi KOPPEKTHOTO CPaBHEHHA BXOIHOIO H BEIXOAHOTO PEUEBbIX CHIHAIOB
HX YPOBCHL MOULHOCTH HYKHO BEIPaBHHBATH. ITO HEOOXOAHMO, MOCKONEKY
BXO/HOH CHIHAJI HE MOKET OBITE KaKoro-mbo onpeaesieHHoro YpoeHs, u
KOS(DHLIHEHT YCHICHUS TECTHPYEMOI CHCTEMBI HEM3BECTEH [0
NPOBEAEHHA HCNBITAHHI,
B PESQ npuuATO, 470 YpOBEHE NPOCTYUIMBAEMOrO CHIHANA [IOCTOAHEH U
pasen 79 ab [MC3-T P.830]. /lns noeesienns 0 yKasaHHOrO ypORHS
YCHIMBaloTes 064 CHIHANA — BXOJIHOM H BBIXOMHO.

Haunstit npouece Briouaet B ce6a caeayionue CTanm:

Iranomdeul cirvan ———— 7 -
- -

e B | S e L
" i..n.._a‘., I -.nu,.wr - Cugnxa
FoSrby s .Y PESQ
= P \ v vt [Owpama |

- 4.”..4“9 |.!“n.-q.. [ e -_.-_”.‘ e i 4-.4.‘!.4 » T
. L - . Lt b f.
Vickamenwsil crraan = ¥ !

= I-.Nv-.-?..- ) L]
fv/\
Puc. 3.1. O6paborka curuanoe no anropurmy PESQ

Bxojnas puasTpauns "
AHANOroBbIE COCMHCHUA YacTO B TOA MM HHON CTeneHH thunLTpYIOT
nepejaBaeMble 1O HUM curHansi. Hanpumep, nepenatomas gacte
Teneonnoi  TpyGku OOBIMHO (MALTPYET peueBOH CHIHAN, Hmes
AMILTHTYAHO-4ACTOTHYIO XapakrepHcTHky (AYX), koropas mnoxowka ua
crangaprayio AYX [MC3-T P.830]. Kak npasuno, 310 A0nycTHMO.
NOCKONBKY TaKoro pojaa obpaboTka CHrHaa OKasblBacT MCHbLIEE BIMAHHE
HAa KAYECTBO CBA3H, YeM HCKaKEHHS CHTHA/IA, BO3HMKAIOUIME IIPH €ro
konuposanun. B anropurme PESQ npegycMorpena komieHcauus ao6oro
BH/Ia GUALTPOBAHUS, BCTPEYAEMOTO B CETH.

BoipaBuusanue 1o Bpemexn

B cnereme CBA3H MOKET HMETHh MCCTO MEpeMEHHa 3aepikka nepeayn
cHrHanoB. Yol KOPPEeKTHO CPABHHBATE BXOAHON M BRIXOKHON CHIHAIIBL,
OHH JODKHEI OBITh BHIPABHEHK! OTHOCHTEALHO APYT APYTa no speMenn. B
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PESQ wmonenupyerca npociymMBande curuana. Jis wmueHTHUKaLMM
peyeBLIX uyacTell curHana W orOpaceiBamus wyma B PESQ Beissnsiercs
rosioc.

WE_UNU—-INN.:IO Nno BpEMEHH NPOH3BOINTCH B TPH 3Tana.

e Ha nepsom srane PESQ emipasumeaer Gonbime ¢parMenTsi
aKTHBHOI peun, HaeHTHPHLMPYEMble IETEKTOPOM ronoca. TH (parMeHTsl
MOTYT CONEpkaTh May3bl, JNTEIBHOCTh KOTOPHIX HE MPEBBILIAET 3apaHee
onpeaejeHHoro noporosoro 3xavenuwa (200 mc). B stom npouecce
BRIAB/IAETCA 3a/epikKka nepefaud  OGoneumx (ParMeHTOB  BBIXOAHOIO
CHIHA/1A, CPABHUBAEMOTO C BXOIHBIM.

¢ Ha sropom s1ane PESQ BeipaBHMBaeT 9acTHYHO COBNAJAIOLIHE 110
BpeMeHH HebonbliHe Y4acTkH peud (Kaapel). DTOT NpoLecc BhisSBISET
3a/IEPXKKY, KOTOpas HEMOCTOSHHAa B TeYeHWe nepemayu  GONBLIOro
(parmenTa AKTHBHOH peuH, B NAKETHBIX CETAX TaKas 3alepikKa MOXKET
OBITH BECEMA 3HAYHTENIBHOM.

e Tperwit 23tan NpPOBOAMTCA MOCNE  ONEPalMH  CIYXOBOIO
npeobpasopanus. Ha o3rom ortane nNOBTOPHO BHIPABHHMBAKOTCS Tak
HA3BIBAEMBIE (IUTOXHE MHTEpBANLD) ((PparMeHTHl peun ¢ oveHb GONBIIMMH
MCKaKCHHAMH). DTOT War MOBBIUAET TOMHOCTH PaboThl WITOPHTMA MPH
HCIIO/IB30BaHMM HeGonbioro 4kcna (aiios, NpH nepenade KOTOPHIX
HEMpPABHIILHO ONpE/eNseTcs BapualHa 3a/epkKH B X0Jie MepBOHAYAIBEHOTO
MpoOLECca BRIPABHHBAHHA 110 BPEMEHH.

Cayxosoe npeofpazosanne

CpaeHEHMIO BXOJHOrO M BHIXOAHOrO CHTHAlOB MpEIIIECTBYET HX
ciyxoBoe  mpeofpaioBaHue, KOTOpOE  HMMMTHPYeT  OMNpeleneHHbe
ocoGeHHOCTH  YeNoBeweckoro ciyxa. 29710 jgaer HHpoOpMAUMIO ©
BOCTIPHHMMAEMOH TPOMKOCTH CHIHANA B 3aBMCHMOCTH OT BPEMEHH M
YACTOTHI, TPEICTARNAEMYIO KaK TNOBEPXHOCTh BOCHpPHATHA (sensation
surface).

Onpeesienne NapaMeTpos HCKAKEHHH

vbum——.:hﬂ MCHKOY NMOBCPXHOCTAMH BOCMPHATHA BXOAHOIO H BBIXOAHOIO
(aiinoB Ha3BIBAETCA MOBEPXHOCTHbIO OWHOOK; OHA YKa3blBaeT Ha BCe
CHBIMMBIE pa3iHuua B 3ByMaHMu 9THX (aiino, nosensoumecs B
TecTHpyemon cucreme. IToBepxHOCTh OWMGOK aHANTHIHMPYETCA C YYETOM
BJIMAHHA HA KAYECTBO CBA3ZM TeX HEOOMBIINX HCKKEHHIH CHrHaj1a, KoTophsie
He cabnuHel Ha Qoue curHanos Gonewoit  rpomkocthH  (3ddexr
MACKHpPOBaHHA ).

Ha ocnopanns uupOpMalny O NMOIUTHBHBIX M HEraTHBHBIX OLIHOKax
PAacCYHTHIBAIOTCA JBa napaMeTpa HCKAMEeHHH KaK HeNHWHeHHbIe CpeaHune
3HAYEHHA N0 ONpeacieHHBIM obmacTam NOBEPXHOCTH owHboK. DTHMH
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NapaMeTpamMu ABJISOTCS:
o abcomoTHgie (cummeTpn HHHIE) HCKaKeHHs —
abconmoThyo CABIIHMYIO OHGKY;
®  HONONHHTENbHBIE Amnszzﬁﬁxazr_& HCKaxeHns — Xapakrepusyior
CIBIUTAMBIE OLIHOKH, KOTOPBIe SHAYUTEMBHO TPOMYe XOMHOTO CHIHama,
Taxum o6pazom, ANTOPHTM jtaer apa NapameTpa Hekakenwii, p KOTOPBIX
MPOCYMMHPOBaHKEI 3HaYCHNS OWHOOK Kaxaoro Tyma. Ha xoneunom Taie
paboTsl anropurma AAHHBIE TAPAMETPH  HekaskeHyii npeodpasyiorcs n
Padt  ABIAETCA  JHHEliHOI KoMOHHanmei
bIX H aCHMMETPHYHEIX HCKaMKeHHii,

XapaKTepusyior

CPEIHUX 3HAYEHHT CHMMETPpHYH

2. IPAKTHYECKAS YACTB
2.1. Mayuure CTPYKTYPHbIE CXEMBI OCHOBHEIX Konexor (G.711, G.726,
G.729A. G.723.1),

Metossi onenin KatecTsa, pasbopunso

2.3. Bkmounre [P-ATC. 3aiiaure B YUETHYIO 3anuch anMHHHCTPaTopa

Asterisk. CmeHire KOHEKH Ha 2 Tenedonax, cyGBexTuBHO OlieHHTE
Ka4eCTBO CBA3M, 3aHecHTe NONYH9EHHbIC AaHHbIC B Tabnuuy,

s aroro saiigure p Beb-uuTepdeiic Tenedona, roiianTe p YHETHYIO
3AMHCH AIMHHHCTpaTOpa (pHe. 3:2).

Telephone Confi Jur

ion

Prc. 3.2, Bet-unrepdeiic Tenedoua

epeiinpre pa BKfa
NPHMEHUTE HacTpoiiku.
Tenedona,

Ky Expl (puc. 3.3), BriGepure HYKHBIH Komek u

AHanornuno HOBTOpUTE neifcTrus s BTOporo
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Puc. 3.3. Bknaaka Expl

Kosex G.726 (16

G.726 24 | G.726 (32
kbps) kbps)

Ouenka
(cyObexrasias)

G.723.1

Ouenxka
(cybnexTupnan
Ouenka
(obBekTHRHAZz)

2. Ouennre 06BEKTHBHOE KaUecTBO cBa3M (¢ noMmowkio fporpaMmel

AMNaparHoH oleHKH kayectra PC PESQ).

2.1. Tponycrure curnan €pes nporpammy VOCDemo, HCHONb3ys
KOACKH H3 Tabiamus,

Orkpoiire fiporpammy VOCDemo, B 3ome Input naxmure Ha 3max
Hank#, BLIOEPHTE HCXOAMBIE CHIHAa, B 3

oHe Output Takke HakMuTe Ha
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3HAK NANKH, YKaXKHTe, KyJa COXPAHWTL MOJY4EHHEBIA cHruan. 3amycrure
3aruchk kHonko# Play/Record.

2.2. Orkpoiite nporpammuoe cpeacteo Matlab. IMepeiinure B nanky
PESQ, ucnonbayire KoMaHy:

>> pesq(8000,'zapl.wav',’zap2.wav'), rae zapl - 310 nepsuuHas
3anuch, a zap2 — 3anmMch, NponyweHHas vuepes kozmek. [lposeamrte
AHANOTHYHbIC ACHCTBUA CO BCEMU 3aNHCAMH PasIMYHBIX KOAEKOB.

2.3. Pe3ynerathl BHECHTE B TAabIMLLY.

3. COAEPKAHME OTHETA
Oryer o nabopatopHoii paboTe NOIKEH COlepHKaTh:
 yenk paboTsl;
® CTPYKTYPHBIE CXEMbI HCCIIE/IYEMBIX KOJEKOB;
® CTPYKTYpHYIO cxema anropurma PESQ;
e TaObNuUBl M rpagukn CyOBEKTHBHBIX M OOBEKTHBHBIX OLCHOK
Ka4ecTsa,

4. KOHTPOJIbHBIE BOITPOCHI
1. 3aKoHOMEPHOCTH MOCTPOECHHSA ANTOPHTMOB KOJAHPOBAHHS.
2. Yro rakoe ounenxa MOS? Kak ona npouzeoanrca?
3. O6wbsckure noHsTHe Kanpa. [Touemy HMcnonb3yeTcs mepechuIKa
HECKONBKMX KaApOB B nakere?
4. Jlns uero BBoasT u3berrounocts? Kak OHA BAMAET HA pedeBoii
cHraan?
5. Ilepeuncnure ocHoBHble KomekH PC W HMX OTAHYHTEIbHBIE
XapaKTepHUCTHKH.
6. OCHOBHBIC Ollepaluy, MPOBOAMMEIE B ANTOPHITME OOBEKTHBHOI
oueHkH kadectsa PESQ.

BUBJIMOTPA®HYECKHI CIIHCOK
1. Tompamreitn B.C., IMnnuyk A.B., Cyxoeuuxwii AJl. IP-
Teneonus.- M.: Paano cesss, 2001.- 366 c.
2. Puxtep CI. Komuposanwe M mnepemaua peud B LH(POBBIX
cHCTeMax MOABHAKHONH cBa3n. — M.: Fopavas nunus — Tenexom,
2010.—304 c.
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3. Cepreenko B.C., bapunor B.B. Cxartue nannbix, peuu, 3syka u
H300paKeHnii B TEIEKOMMYHHKALHOHHBIX CHCTeMax. — M.
PapmoCodpr, 2012. - 360 c.

JIABOPATOPHASA PABOTA N 4
M3yuenue KOAeKOB peHeBbIX CHIHANOE B UH(POBBLIX CeTHX
HHTErPAALHOI0 00CHYKHBAHUS

Llens padors:
3HAKOMCTRO €  OCHOBHLIMH  KOJEKAMH  PEYEBLIX  CHIHANIOB,
HCTONL3VIOUHMHCH B CETAX CBAZM.

1.  Teopernuyeckas 4acth
I.1. Koaexwu ua ocuose UKM

OcHoBoit  wepapxun  KaHanoB HH(QPOBOH CETH HHTErpaTBLHOIO
obcayaxupanua (IICHO) saensercs xawan 64 Kowr/c. s astoro
TenedORHBI CHrHAN, [10/I0Ca YacTOT KOTOPOro orpatuueda 3400 I'u,
auckpeTnsupyercs ¢ vacroroil 8 kl'u. Paspaimocts uMnyiscHO-K0A0BOT
moyssy (MKM) npu HepapHOMEPHOM KOAMPOBaHHH BEIGpaHa pasHoii § ¢
YUETOM JIONYCTHMOrO YPOBHS HeKaxkenuil npu 14 unn 15 npeoGpazopanuax
aHaloroBOro CHrHana B UM(POBOI B ONHOM TeNelOHHOM COCIMHEHHH, o
O0CTOATENBCTBO H ONPEICIIIO CKOPOCTS Mepeayn pederoil uudopmatiuu: §
(pazpanor) X 8000 (l/c) = 64 (KGur/c). Cxopoctd nepenaun 8, 16 u
32 K6ur/c wMoryr OGbiTh NONYHMEHBI € NOMONIBLIO  ANANTHBHOMN
mudpdepentmansioin MKM (AJTHKM).

Metozb! uH(poBOi Mepeain peHeBkiX CHIHAIOR, B 0DIIeM, MOXHO
pasiennTh Haasa DokiMX Knacca. B oJIHOM W3 HUX WCHONB3YIOTCA TaKHe
e Crnocodsl KOAMPOBAHMSA KoMeGaHMi, Kak M JUISl [IPOM3BONBHBIX 3BYKOBLIX
curpanop. K uum  orHocates  MKM,  penera-mopyssums  (JIM),
muddepenumansias MKM (JIMKM) » apyrue. Bo Bcex nepeumcieHHbIx
crocofax ApeanonaraeTes, 4To UIMPHHA CIIEKTPA CHIHANA OrpaHHieHa M
HHKAKUX APYTHUX NPerionoKeHii 0 CHIHAIE He Ne1aeTcs.

Metoasl 06paboTky, OTHOCAILMECA K APYTOMY Kilaccy, B Gonblueii Mepe
CBA3AHBI CO CTPYKTYPOH pedeBbiX CHTHAIOB. (OHM OCHOBLIBAIOTCH HA
MOAEJIMPOBAHHUK OPraHoB peuM JIMHEHHOM cucTemoil ¢ MeUIeHHO
M3MEHAIOIIMMHCA  mapaMeTpami, Bo3DykKiIaemMOlf  COOTBETCTBYIOLIHM
CHIHAJIOM.

Lindposoe npencrapnenHe obeCeuMBaeT YCTOMMMBOCTE K MOMEXaM,
oeRTHBHYIO pereHepalMio CHIHANA, MPOCTOE IACEKPeuUBAHUE, MO3BONIET
00beAMHUTE (YHKIMM Mepeilaid H KOMMYTALIMM, @ TakKe J4eT ellle OfHO
NMPEUMYLIECTBO ~ ONUHAKOBKIH QOUKDA, JUTA paziiHYHEBIX THITOB CHIHATOB.
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Hawn6onee npocroe tpoBoe npeacrasienue PeYH cocToMT B
HENOCPE/ICTREHHOM Tpe/ICTABIEHHH dopmbt  peueroro chruama. Takne

(Teopema Kggzxzou&. COMIACHO  KOTOphIM  moboil  chrman ¢
OFPAHHYEHHBIM CIEKTPOM MOXET GLITH NPeICTARICH U TOUHO BOCCTAHORJICH 110
€10 JIICKPETHLIM OTCUETaM, TIEPHOIHYECKH MOBTOPSIOUIMMCS BO BPEMEHH, npy
YCJIOBHH, YTO HX 4aCTOTa B/Boe 6Obiiie HaHGONbmeH HacTOTEI CIIEKTPa CHIHANA.

Ob6urasn cxema uuposoro NPEACTAB/IEHHS PEYeBOro CHrHana (puc.
4.1) coctout u3 Auckperusatopa (/) u kBanToBarens (KB).

X(t) X(n) = X(nT) Xo(n)
e (il ] KB

Puc. 4.1. O6mas cxema uudpoBoro npencranenns PeYueBOro cHrHana

O6bHo B cHeTemax unpporoii  o6pabotiu PeueBOro  cHrHaia
HCTIONB3YETCA NePHOAMYECKAS AMCKPETHIAINA BXOMHONO curnana X(t). Ha
BBIXOJIE JINCKPETH3ATOPA OTCYETH] peveBoro curaana X(n) g Toyxax t=nT,
rae T - nepuon AHCKPETH3ALHH, MOTYTNPHHUMATE HETIPEPBIBHOEC MHOKECTBO
3HaveHud. DyHKuMs KBanTOBaTeNy — npeoGpazorats curwan X(n) k BHTY
Xo(n), MPHHHMAIOIIEMY KOHEYHOE MHOMKECTBO 3HAYCHWH, T.e. mpeacTasiT:
PeueBoii cHrHan B umgpporoii thopme.

MuckpetHoe npencraenenue PEHEBOro CHrHaNa ClieyeT U3 Teopembi
B.A Korensumkopa, s COOTBETCTBHH C KOTOPO# cHiHan X(t), umeromeit
crektp So(iQ) npn Q<2nF, mower Gums BOCCTAHOBJICH €/IMHCTBEHHEIM
obpazom no TOC/ICAOBATENBHOCTH  PABHOOTCTOSIHX  OTCHETOR Xo(nT),
-0 <p<oo, ecim 1/T>2F.,

AHaIH3 CTIEKTPANBLHONO CocTasa PCHEBOIO CHIrHANA MOKA3LIBALT, YTO B
Ananasone 0,3...3,4 kl'u cocpenoroyens OCHOBHBIE (popmanThl peun. [To
9TOH npuunne MCH-T PEKOMEHIOBANT AaHHBINR AHANA30H “aCTOT B KauecTee
TeNePOHHOIO KaHa/a CBA3H, a YacToTa OHCKPETH3AIIHH MEPBHUHBIX HOTOKOB
LICHO 6bina BeiGpana 8 kl'n,

Hna yerpanenns HCKKEHUH, CBA3AHHEIX ¢ HANIOXKEHHEM HACTOT npw
AHCKPETH3ALMH, HEOOXOMMMO NpOITyCTHTS PeueBOl cHrhan uepes duastp
HHAHUX 4acToT ¢  yactoroii cpeza 34 «klu. [Nocnenosarensnocts
HETIPEPBIBHEIX Bemaaun X(n), npeacrasisiomas coboii CiyqaiHsiif npouecc
B JIACKpETHOM Bpemenn, (opMupyercs Ha BRIXOZIE JIMCKpeTH3aTopa c
4actoroi 8 kl'u. Iepenava sroii MOCeI0BATEEHOCTH O uudpoBomy KaHamy
CBAIH TPeOYeT NpeBAPHTENLHOIO KBAHTOBAHMS C [IaroM Kaxaoro orcuera
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X(n) 10 KOHEUHOro MHOXKECTBA 3HAUCHMI ¢ MOCIEAYIONHM pe/ICTaRIEHHEM
MHOXKECTBA IBOHYHBIX CHMBOJIOB,

T.e. npouecc npescrarnenus nocieoBaTeHHOCTH X(n) B uudporom
BHAC BIUIOHAET STAlBl KBAHTOBAHHA, ripu kotopom X(n) npeoGpasyercs B
nocnepoBate/ibHocTs Xo(n), u KOMPOBaHUA, KOrJa MOCHen0BaTeIbHOCTH
Xo(n) cTasuTCA B COOTBETCTBHE KOOBOE CIIOBO C(n).

Amuanoro-undiposoit (puc. 4.2,a) u unpoananorossiii (puc. 4.2,6)
npeoGpazoparenyu  TenedhOHHOIO  cHrHana mia MKM  masweiBarorcs
cooTBeTCTBCHHO  Kosepamu (K) u  nexomepamu (JIK). B Jiekofiepe
OCYMIECTBAAETCA NpeobpasoBaHue HCKLKEHHBIX MIYMAMH KONOBBIX CIOB
C’(n) B noC/e 10BATENBHOCTS KBAHTORAH HbIX0TCYETOB Xo0’(n).

UKM  seiserca mauGoniee pacnpoCTpaHeHHBIM METOHOM umpposoro
1peofipasoraHis aHANOTOBBIX CHIHAOB, [pu MKM, kak # npu apyrux
BHIAX UH(DPOBOH MOAYIALMM, HPOHCXOMMT JAHCKPETH3alUA BO BpEMEHH
NEPENABAEMOro  CHTHama. BenwuuHbi JIMCKPETHBIX OTCYETOR BBIPAKAIOTCH
FPYINAMH KOJOBBIX HMITY/IbcoB. ECiM Kavkuniit HMITYNIBe, BXONAIMI B coctan
KONOBOJ IPYIrbl, MOXET NPUHHMATH JIF060E U3 M 3HAYEHHIT 0, 1,2,..,m-l1),a
KOZOBas IpYIINa COAEPHKHUT N HMITY/IHCOB, TO BO3MOXKHO (hOPMHPOBAHHE M B
CTENCHA N PAalHYHLIX KONOBBIX Ipynil. Bennunna m - ocHoBamme Kojia, n -
YHCIIO PA3PAIOB.

X(n) Xo(n) C(n) C'(n) Xo'(n)
KB —» — K —»

e 2

Puc. 4.2. AT (a) u LIATI (6) ans UKM

AHAJIOrOBbIE CHTHANBI HA BXOAE UM(POBOH CHCTEMBI nepeaayn
MPUHAMAIOT JO0bIe 3HAYCHHS B Mpeaenax 3aJaHHOro aMILTHTYIHOTO
Ananasona. MCrons3ys n-paspsanbie KOfOBBIE IPYITB, MOKHO nepeaasarts
uHpopmanmio He Gomee ueM 0 m B cTeneHH n Pa3IHYHBIX 3HAYECHHAX
curdana. [lostomy npu undporoii nepenave HeoGXoaHMO aMIUIUTY IHOE
KBaHTOBaHHe mnepesaBaeMoro cursana. Takum oGpazom, npy HUKM
OCYIIECTB/IAIOTCA TPH BUAA peoGpasoBauii:

© AHCKPETH3ALHA BO BPEMEHH HCXOIHOIO CHIHANA;

¢ KBaHTOBAHME AMIUTHTY/l IMCKPETHBIX OTCYETOR CHIHANA;

P
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® KOMMpOBAaHME, T.e.  (oOpMHpPOBaHHE  KOHAOBBIX rpyn,

COOTBETCTRYIOMNX KBAHTOBAHHBIM 3HAYCHMAM JIMCKPETHBIX OTCHETOR

CHrHana,

Iph VKM  undopmaims o  senmusue YPOBHA  KBaAHTOBaHHA
nepenaercs B hopMe rpynm KoIoBkIx MMITYNILCOR. 3aKO0H, yCTaHaBnHBaioHil
COOTHOUWICHHE MEXULY BEMMYMHOH (WIM HOMepoM) YPOBHSi KBAHTOBaHHH M
CTPYKTYPOH KOAOBOM Ipymisl, Ha3siBacTes KojoM. Kozibt, uecnonsayemsie g
JIMHEHHBIX TPaKTax cHCTeM HKM, peibupaiores ns YCIOBKHH nepejaun
LHMPOBOH NOCHEAOBATENBHOCTH ¢ BEICOKO! AOCTOBEPHOCTHIO,

H3-3a HCCTALHOHAPHOCTH  MpeobpasyemMblX  CHIHANOE W (Him)
HENOCTATOYHOCTH  anpHOpPHBIX  cBesieMit 00  ux CTaTHCTHKE
AUCKPETH3UPOBaHHLIE ¢ noMomsio MKM curaan JAYACTYIO OKa3bIBACTCH
H30bITOuHBIM. M36EIrounsie nannbie Sarpy#aloT KaHan CRA3H, yCTpoiicTpa
XpaHeHus HHOOPMALINY M TeM CAMBIM CHIKAIOT (axrHueckyio nponyckyio
CrIOCOBHOCTL KaHaNa H eMKOCTh yeTpoiicTs Xpatenus. B nacrogmee Bpems /s
TOBBILICHUS SPHEKTHBHOCTH CHCTEM CRAIM, cHeteM npeobpazopanus u
XPAHCHHA MHQOPMAUMH NPUMEHSIOTCS ANAITTHBHbIE Bapuantel KM, &
KOTOPBIX MAPAMETPbI CHCTEM JIHCKPETH3AIMH MEHSIOTCA, NOACTPANBAACE Mo
AHCKpeTHINpYeMbIH curHan. K Takum cictemam otHocsTes JWKM u IM. B
HHX OCYIUECTRIACTCS PEryJIHPOBKA HAMA/A OTCHETA LIKATE] KBAHTOBAHUA,

1.2, Maddepennnansnas UKM

[Mon eucremoii ¢ JIMKM (puc. 4.3) gonumaror CHCPEMY C KBaAHTOBAHHEM
W Tepeiaveil  ocTaTka NpencKasaHus B MOMEHT Bpemenn §; S'npi -
NpeiCKasaHHoe 3HaueHHe Si: Ei=Si-S’npi - ocrarok npeackaszanus; Q -
kBawToBareib; E'qi - anavenne octarka npenckasasmst ua BXO/I€ MPHEMHHKa
JUKM, BosmokHO omMNalomeecs ot Eqi u3-3a ommGok nepenaum; S'i -
OlcHka  nepenasaemoro  oredera  Si, (opmupyemas  npuemsmkom;
S'npi - npesckazanHoe  3Hauenme OUCHKH  (MOXeT oOwmMuaThes or
COOTBETCTBYIOUIEH BENMYMHEI B Tiepejatunke Hi-1a OIMBOK mepenaun w
PA3HBIX criocoGos GopMUpoRatus Ha NEPEAAOIEM M MPHEMHOM KOHILAX),

B npuemiom  yerpoiicrse NPOM3BONATEA  1udppoananorosoe
NpeOOPA3OBAHHE M CYMMMPOBANHE OTIEBHLIX MpHpALIEHHTT repeaBaemMoro
CHI'Hau1a.

Monynaumonnoe obopynosanne B cucreme ¢ HUKM  Heckonbko
GiowHee, vem npu MKM (samuune CYMMATOpa, BRMHTAKOUIENO yeTpolicTaa), C
YHETOM  Bbieckasannoro JIMKM we wanuia UIHPOKOIO  MPHMEHEHHS  Mpu
MIEPENAYC pEYEBBIX CHIHAIOB,

s

Mepeaaaruns
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Puc. 4.3. Ilepenarommii u NpHEMHBIH G10K1 cueTempr ¢ JIMKM

L3. Ananrusuas mupdepenunansuas HKM

CTpyKTYpHAs cXeMa CHCTeMbI AJIMKM npencrasnena Ha puc. 4.4.
B cucreme AJTMKM Bosmoskuo NpPHMEHEHHE KBaHTOBATENEH C ananTaumeri

110 BXOy H BBIXOJY.

Puc. 4.

i iy e L R e = e =iy L b L | 1

— s

| !

! g
in] E g

| aHd ALL -« w.

!

__

] Cloegc waaar

|

! Kopep

“ ST Sy

_ npeatrnytess

_.IHn.u..H”..nu:”ll|.Hh.|If.ll.l!ll...ll....uﬂ..h..lllnllllll|||||ll|ll.||.l|

r

|

LI

r' m m. Npeacsavaters 1 o

L 1§

I3

L

“ Anartsuvs Hexogep

| npeAL IsaTend

|

4. Konupyrouiee u sexonupyioiee ycTpoiictea cuctemsl ¢ A JJUKM

Tlpn ananranum no BeIXoy He TpeGyeTcs nepenagats uHopMauuo
O [are KBaHTOBAHHSA Ha TNpHEMHYIO CTOPOHY, HO BOCCTAHORJICHHEII CHrHan
B 5TOM ciyvae oKasbiBaeTes 6osee YyBCTBHTEBHBIM K OMIHOKAM B KaHane
CEBA3H.

Texuuka apanraumm  obecneunpaert HONYYEHHE  YIyYIHEeHHBIX

L

e S,
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XApAKTEPHCTHK, MOCKOMLKY pAsNHYHEIE rMacHbie | 3BOHKHME COrJlacHbie
3BYKH HMMEIOT SIBHO OTMYalolIMecs NoBTOpsitommMecs mwabnount. Yrob
NICPECTPaHBATE UMM TpelCKA3aHWs, B  Koneke AIIMKM  cuavana
ONPEACNACTCA BPEMS  3a/epiKKH, MOMIexKamee HCTIONB30BAHMIO  NpH
NIpeJICKa3aHuH  (MEepHOJl OCHOBHOIG TOHa), a 3ateM ko>(dHUHEHTE!
B3BCLUMBAHHA IR 3HAYEHHI 3anepkaliubix AuckperoB. Kosdduumenri
TIpEACKA3aHHA 3aBUCAT OT BpeMeHH a(k,n) m nepecunTsiBaroTCH uepes
Kakzpie 5...20 me.

OBbiuHO ananmTuBHbIl KpaHTOBATENE OCYLIECTBIIAET PABHOMEPHOE
KBAHTOBAHHEB Npesienax auManazona MEXILY BEPXHUM H HIDKHHM NOporamMu
OFpPaHHYECHMH, NpHYEM B npolecce PErYIHPOBAHHSA FOPOTH MEHSIOTCS
HE3aBHCHMO Jpyr oT jpyra. Auanusupyiores n NOCNeNORATeNEHBIX
KBaHTOBAHHbLIX OTCYETOB cHrHana. Ecau uu OAHH M3 HHMX He nonag Ha
TPalully IManasona wiM BHE nuanasona, To NMOpPOrK  ycTaHaBiMBalOTCA
CICNYIOMUMH:  BEPXHHH nopor BeIOMpaeTcs  pasHbiM KBaHTOBaHHOMY
SHAYEHHIO, CIIOMEHHOMY CO 3HAYCHHEM BEPXHEro OXpaHHOro HHTeppana. B
CIIyHae, €ciM CyMMa TpeBBILAET MaKCHMAIbHOe 3HaYeHHWe mopora,
YCTAHABNTHBACTCS MAKCHMANTBHOE 3HAYECHME. AHIOTHYHO perynupyetcs
HEOKHHI rmopor, mns wero HCTIONB3YIOTCA HAHMEHBILEe KBAHTOBRAHHOE
SHAYCHHE OTCHETa M HIKHMI OXpaHHRIi uHTepsan. Eciu xors 661 onun 13
Ml AHATHIHPYEMBIX OTCYETOB BBIXOAMT 3a HANAZ0H WiTH nonagaeT B onHH
M3 OXpaHHEIX HHTEpPBANOB, To PETYNHPOBKA NPOXOJMT ClIoMkKHEe.

B cucremax AJIUKM BOSMOXHO M HEpPaBHOMEPHOE ANANTHBHOE
KBAHTOBAHHE. 31ech HMCHONB3yeTcs KBaHTORATENDL € KoMmeHcauwmeii
OcHoBHOrO TOHa. Keantosatenn ocopHoro TOHA, MOMHMO HECKONBKHX
HACTO  HCIIONIL3YEMBIX BHYTPEHHIX YPOBHEH, comepxar eme apa pexe
HCTIONB3YEMBIX BHEHIHMX  YpOBHS, NPEANA3HAYCHHBIX 15 GLICTpOro
PACIIHPEHHA IHHAMMYECKOTO [IMATIa30Ha B CI1yYae NoABNCHUA HMITY/IHCOB
OCHOBHOIO TOHA.

B pane ciiyuaes cxema cucremsr AJIHKM cocrout u3 JABYX YacTeii:
fpeickasarens Ha Gobioe BpeMs u TIpE/CKasaTeNs Ha Majoe Bpems. Ipn
ITOM CHCTEMa 3HAYHTENBHO YCNIOKHSETCS H ee Ha3LIBAKOT cHCTEMOH ¢
ANaNTHBHEIM KONTUPOBAHHEM M npeackasannem (AITK),

Crenyer ormeruts, uto CHHIKEHHE CYOBLEKTHBHON rpoMKOCTH uyma
MOMKET CONPOBONIATECA HEIHAUHTENbHEIM YMCHBLUICHHEM OTHOLIEHHs
curnan/mym. Tak, IIpH  ONHHAKOBOM Kauecise 3BYHAHHA CHrHajJa Ha
NpHeMHoi ctopore B AJTMKM othomenue CurHan/iym pasuo 20 4B, a g
HKM - 33 15 (npu Ckopocti nepenaun 8 UKM 56 K6ur/c, a s AJTHKM -
16 Kéur/c),

Takum obpazom, AJTMKM nossonser cunauts CKOpPOCThL nepenauu
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A0 24 - 32 K6ur/c, npaktuuccku Oes YXYAWEHHA Ka4ecTBa 3BYMaHUA
CHIHANA Ha NPHEMHONH CTOPOHE MO CPABHEHHIO €O crannaptHoi MIKM.
Kauecrso nepenauu npu 31om cnabo sasucur or KOHKPETHOTO HCTOMHMKA
HHpopmaunn (aGonenTa, AWKTOpa). 3a cuer aganTHBHONO fpecKazanus
KoNek obnajaer OTHOCHTENLHOI YHHBEPCAILHOCTEIO H MOXET ObITh
HCMIONE30BAH UM NMEPeAayu APYIuX BHOOB HHbopmaumnu, HanpuMep ws
nepenasn JaHHbIX i Tenerpadun.

2.  Hpaxtudeckan uyacrs

1. amycrire nporpammy nabopartopHoii paGorst CODER.

2. Beeawre napamerpsi curnana no ykazasuio nperogasaresns npu
CMELUCHHH CHTHANA OTHOCHTENILHO (HYINIEBOrO) YPOBHS KBaHTOBATeIs,
PaBHOro 0, ¢ YUETOM CHENYIOIHX BOIMOKHBIX BapHAHTOB:

- HECTalMOHApHbIi NpoLecc;

CHIHAII C HOPMaNIbHEIM 3aKOHOM pacripeeeHns;

- CHIHAN C pacipeiesieHeM 110 3aKOHY apKCHHYCA.

3. Mccaenyitre keanrosarems MKM NpH JTHHE KOIOBOFO CJ1oBa n = §.
Tlocpoiite 3aBHCHMOCTS OTHOLIEHMUS curvan/imym G (orpy6nss no mpyx
3HAKOB) OT BEJIMYMHEI pasMaxa CHrHaia U= 2-4-8-16-32-64-128-255).
Cnenaiire BLIBOZBI.

4. MHcerenyiite ksanTosatens HKM ¢ M-KOMIMAHAEPOM MNpH JUTHHE
KOROBOrO citoBan = 8, p = 280 /114 HOPMASBHOIO 3aKOHA pacrnpeneneHus.
[Toctpoiire 3aBucuMocTs oTHOWEHNS CHTHAVIYM OT BEMYHHBI pa3Maxa
cHriana. Onpenennre cpeaHmil BRIMIPBIN B OTHOLIE HHM CHIHAN/IyM, ¥
CpaehuTe ¢ kpanToparenem UKM. Cuenaiite Bbisoap:.

5. Tloetopure 1. 4 npu [IHHE KOJOBOIO C/I0BA I = 6, 5, 4. Cnenaiire
BBIBOL O BOSMOKHOM YMEHBIICHHH CKOPOCTH paborel komeka ¢ p-
KOMMAHIEPOM 1O CPABHEHHIO € KOJEKOM ¢ KBaHToBatenem MKM TpH [UTHHE
KOIOBOTO C1oBa i = § (MO KpHTEPHIO OTHOLICHMS CHIHAN/LIYM) Ha BhIXOzE
KBaHTOBATENS,

6. TlosropuTe N. 4 JyIA BXOJHOIO CHIHANA ¢ pacnpeneneniem o
3akony apkeuyca. Caenaiire Bbion 06 ddekruBHOCTH NPUMEHEHHA
KOMNAHIHPOBAHUS JUIA KBAHTOBAHMA CHIHAIOB C PasHBIMM 33KOHAMM
pacnpe/ienexus,

7. Toeropure mr. 4,5 a1 keaHTOBA TSNS AJITUKM.

3. Coaepxanue oruéra
Oruer o nabopatopHoil paGote HomKeH COAEpKaTh: CTPYKTYpHbIE
CXEMBI KONHPYIOIIEr0 M AeKOAMPYIOLLEro YCTPOHCTB CHCTEMBI C
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AJTKM, a Tatoke Tabanue u rpaduky HccnenoBanuii koznekor MKM u
AJTUKM.

4. Kourtpossubie Bonpock:

1. Kakoii xaHasi aensercs 0cHOBOI HEPApXHH KaHaloB
undpoBoii cetH uuTerpamsHoro obenykusanua?

2. B Kakoit nonoce cocpenorouens OCHOBHbIE opManTsl peyn?

3. OGwacuuTe nprHLMD PaGoTh Koeka JAHKM.,

4. Tlpunumne: pasHOMepHOro 1 HEPABHOMEPHOIO aaANTHBHOTO
KBAHTOBAHH.

5. O6wschuTe CTpyKTYpHYIO cxemy koneka AJIMKM.

Bubanorpapuuecinii cnucox

L. Wenyxun O.N., JNykbsnues H.®. Ludpoeas o6paborka u
nepenada pevn.-M.: Panuo u cesiss, 2000.-456 o

2. Kupunnoe C.H., Crykanos JLH. Lugipossie cucremps
00paGoTkH peueBsIX cHrHaIOB: yueb. nocobue. Pazaus: PTPTA, 1995 -80 .

3. Tpomaxos IO.A. Cranaaprsl u cHCTEMBI NOLBIAHOI
panuocssasu.-M.: Sxo-1penns, 1996.-239 c.

Conepaanne 2
JIABOPATOPHA 51 PABOTA No L. Hccnenosanne VolP-ceru ¢
Henonesosannem DHCP-ceppepa na Gase fporpammil Cisco Packet
JIABOPATOPHASI PABOTA Ne 2, lpoexraposanue IP-cety cpasn ua
Seent ATC RSN .o ooiwl > S, Vs e Wit sR] 16
JIABOPATOPHASI PABOTA N 3 Hsynenue konexos IP-renedonnn . 29
JIABOPATOPHA ST PABOTA Ne 4. Hsyuenne xonexon pevensix
CHTHANIOR B UH(POBBIX COTAX HHTEFPATEHOND obcaykupanus



