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JIABOPATOPHASI PABOTA Ne 1
Hecaenosanue VoIP-ceTH ¢ MCIIOIb30BAHHEM DHCP-cepsepa Ha
6ase nporpammei Cisco Packet Tracer

[leas paboThbi
O3HAKOMHTBCA C© OCOOCHHOCTAMH TIOCTPOCHHSA W coctaBom VolP-
cety. Tlonyuurh HaBbIKH paboTsl € nporpaMMoii MPOCKTHPOBAHHA VolP-
CeTH.

1. TeopernyecKas 4acThb

IP-resedonus

VolP (nepejaua rooca rno [P-npoTOKOJTY) MK [P-renedonns - 370
TeXHONOTHA, KOTOpas ofecrieyuBaeT nepeaady ronoca B Cersx ¢ NaKeTHOH
xomMyTaumeii no npotokoity IP, YacTHBIM CIIyHaEM KOTOPBIX ABJIAIOTCA CETH
VinTtepHeT, a TaKke ApYrHe [P-cetH (HanpuMep, BbUICICHHBIC undpoesie
ananst). [lna ceszn cetn Mureprer (IP-ceth) ¢ TeneOHHOH CeThIO 001Iero

,  KoTOpas OTHOCHTCH K rnobanbHbIM  CeTIM C
KOMMYTauueH KaHalOB, HCOOIb3YIOTCA crienmaibibie asanorossie VoIP-
wioskl. Cetw MutepHer uepes uHpoBbie  LUTIO3BI VolP cesasaHbl C
unGpoBHIMA  TEIEGOHHBIMH  CETAMH ISDN (uudppopas cerb CBA3M C
KOMILIEKCHBIMI yrtyramu). Kpome Toro, WHTerpats VolP B ceti COTOBOH
CBS3H ABJIAETCH TPAKTHYCCKH HEH3OEKHBIM MPOLECCOM. Dra MHTErpanus
obecriedut OoONee HHU3KYIO, MO CPaBHEHHIO C TPAAHLIHOHHOH COTOBOI
reneoHHe, CTOMMOCTh PasroBOPOB.

[onocopoli curnan w3 kanana VolP moxker HEMOCPe/ICTBEHHO
noctynath  Ha IP-tenedoH, noakmouennsii  k  [P-cetw,  WiIH
MapIpyTH3HPOBATLCA HA MOOH/ILHBL TenedoH MOOHIBHOIO OnepaTopa.
Bo3MOMKeH BApHAHT, KOFZIA TONIOCOBOH CHIHAN [OCTYIIAET HA AHAJOTOBbLIA
TenedoH, NOMKTIOYCHHBIH K obsianol Tenedonoi cetn PSTN, wi Ha
wadpposoii Tenedonibiil annapar, NOAKIIIOUEHHBIH K UAQPOBOH CETH €
urrerpaimeit yeayr ISDN.

[P-renedonns obecneynBaet fepenaty FONOCOBBIX CHIHANOB C
KOMITBIOTEPA HA KOMIIBIOTED, C KoMibiOTepa Ha TenedoH (ananorosbii
teneon, uupposoii Tenedon, IP-resrehon, MOOHIbHBIHA Tenedon) H €
teneona Ha Tenedon. 3BOHKH OCYLIECTRIAIOTCS Hepes nposaiizepa ycuyr
VolIP. KauecTBo nepejay ronoca 3agueut o1 VolP-nposaiinepa 1 cniocoba
noaxaouenns K Muarepuery.

OnHo M2  NPEHMYINECTB [P-renedpornu - ITO  IKOHOMHA
(pUHAHCOBBIX CPEICTB Ha BEICHHC MEKAYHAPOAHBIX H MENAYTOPOAHAIX
TenedOHHBIX [EPEroBOpoB 3a CHeT TOTO, YTO 3HAYMTENIBHYIO 4acTh
PACCTOSHHA MeXiy abOHeHTaMH ronocooil cHraan B mudposoM Buie (B
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CKATOM COCTOSIHHH) MPOXOAMT IO ceTsM NAKETHOW KoMMyTaluK (1o ceTH
WnTtepHeT), a He 10 tenedoHHBIM CETAM C KoMMyTaumeil xananos. B
HacroAliee BpeMA [P-renedonust  ofecrieunBaeT CambIC nelieBpie  MIH
GecruiaTHble MEXIYrOpOAHBIE H MEKIYHApOJHBIC 3BOHKH, I 9T0F0
HEOOXOAHMO TOMBKO OIUIATHTE ucnonp3opannbii Tpaduk MuaTepHer-
nposaniepy.

CetH ¢ KOMMYyTaluell TakKeToR 3 pexTHBHO HCHONB3YIOT CeTh
PSTN, TaK KaK NakeTsl nepeaioTes no pazfensieMoi cpee (obmemy A
BCEX PasroBOPOB KaHaily fiepeiatn sanubix). KOMMyTauus Makeros — 570
KOMMYTaLHs COOOMIEHHH, MPEICTABNSEMBIX B BHIC ajipecyembiX MaKeToB,
KOr/1a KAHAN NEPeAayn JaHHBIX 3AHAT TONLKO BO BpEMsi Tepeaayy nakera u
110 ee 3aBEpIICHHH OCBODONNALTCA JUIA fiepenaun Jpyrux raKeros. Takum
o6pazom, nayssl B IP-ceTiax HE OIAYBAKOTCS, TIOITOMY Nepeata rojoca
no IP-ceTaM Aeese, YeMm fno cersam PSTN.

Kak cliejiyeT U3 CXeMbi CeTH Ha PHC. 1.1, aBoHeHTbl pa3HbiX FOPOAOR
¢ OOBIYHBIX TENe(OHOB, NOAKMIOMEHHBIX K FOPOACKOH CeTH, MOFyT
obaThcs Mexay coboH uepes MEK/LYHAPOHYIO TeNeqOHHYI0 CCTh WIH
cets Mureprer. Ho cTonMOCTh [IEPeroBOPOR HEPE3 UnrepHeT 3HAYHTEIBHO
HIDKE, YeM Yepe3 MEK/yHapOAHYK TeneOHAYIO CETh.

i) e
Tedng it ——— — Twtnohorw
? roposceen M (YHAPOAH AR 2 Fapopcrn
it o ven HAR CETL vhvelsssres  aian
;mku.. - (PSTH) o PSTN) 0 el
1§ e’ A | { -
& 811
T it oo TapPanrs

Puc. 1.1. YnpollenHas cXema ceT co LUTIO3aMH

B nacrosuiee BpeMs CyLeCTByOT cneayiomue VolP-cepBreat.
IP-renedonms MO KAPTOUKaM, KOTOPEIS NpOAAOTCH B marasyHax juii
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3BOHKOB ¢ OBBIMHOTO TenedoHa; kommeiotepHas VolP (IP-tenedonus), B
KOTOPOH  HMCHONB3YETCHA chelManbHas  nporpamma, paboraiouias  Ha K
(mporpaMMHBI reneon  VoIP); reseponnas  VoIP (IP-tenedonus), B
KOTOPOH OOBIMHBIH renedosnbiii annapar noaKitodaercs K crielHaibHOMY
azanTepy, MMEIoueMy BBIXOL B WutepHeT, MK B xoropoii IP-tenedonb!
(annapatnbie VolP- Teniedotbl) NOAKMOUAOTCA K Wsrrepuety 4epes nposaiiiepa
(1]

Certh Internet mocTpoeHa Ha OCHOBE creka MpoTOKOJIOB TCP/IP.
Kaxcopiit TepMusan B cetu MHTEpHET COrIacHO CTEKY MPOTOKONOB TCP/IP
JMeeT aipeca Tpex ypoBHeH (4, 5].

duanuecknii (MAC-anpec) — JIOKANLHBIH aapec y3ia, onpesiessAemMsIi
TEXHOOrHeH, C MOMOLIBIO KOTOpO# TOCTPOEHA OTAEIbHAA CETh, B KOTOPYIO
pxoauT JanHbii yen. Jiia yanos, BXOJALIMX B JIOKAIbHbIE CETH, — 3T0
MAC-azpec CeTeBoro ajantepa Wit fopTa MapuipyTM3aTopa, Hanpumep
11-A0-17-3D-BC-01. Omn axpeca HAZHAYAIOTCA  TPOU3BOIMTEIAMH
06OpY/IORAHKA W ABIAIOTCH YHHKQThHBIMH JIpecamy, TaK kak YIPABIAOTCA
newrpanusopano. JiiA Beex CyIIECTBYIOLIHMX TeXHONOTHH JIOKANBHBIX ceTei
MAC-azpec umeeT dopmat 6 Gaitoe: crapuue 3 6aiita — uaeHTHUKaTOp
HMPMBI MPOH3BOAMTENH, @ mnamuue 3 Gaiita Ha3HAYAIOTCH YHHKATBHBIM
o6pazoM caMMM MPOH3BOIIATEIEM. Jlnst yanoB, BXOJAIIHNX B robaibHbIe CETH,
pmoyas X225 wm frame relay, JIOKATBHBIA ~ IPeC Ha3HA4ACTCA
AIMMHACTPATOPOM rrobatsHol ced [4].

Ceresoii  (IP-anpec), coctosmuii w3 4 OGaiit, Hanpumep
109.26.17.100. D1oT ampec HCHONL3YeTCH na ceresom ypoHe. OH
nasHauaeTcs  AAMMHMCTPATopoM  BO ppeMst  KOHQUIypHpOBaHUA
KOMMBIOTEPOR W MapHIpyTH3aTOPOB. [P-agpec COCTOMT M3 JBYX yacTen:
HOMepa CeTH W Homepa ys3ia. Homep cet MOxer ObiTh BhIOpaH
AIMUHHCTPATOPOM  MPOM3BOIBHO  HIIH HazHaueH TO PEKOMEHJaunH
CTICLHANBHOTO NOAPA3AEeHHA Internet, eciv ceTh AQDKHA pabotarh Kak
cocrapnas uacts Internet. OGBIMHO npoBaiepbl yCIyr Internet nony4aioT
JIMATA30HB! aIPECOB Y noapanenenuit NIC, a 3areM pacnpe/ieNaioT uxX
MEsKITY CBOMMH aBOHEHTAMH [4].

Homep y3na B TpOTOKOIE [P na3HavaeTcs HE3aBUCHMO OT
noxaneHoro ampeca ysna. Jlenenue [P-azpeca Ha noje HOMepa CeTH M
Homepa yana — rnOkoe, H rpaHMLa MEAy ITHMH TONAMMH MOKET
ycTaHaBInBaThes NPOH3BONBHO. Vies1 MOKET BXOIAWTH B HECKOJIBKO IP-
cereii. B 5ToM criyyae y3ell JIO/DKEH HMCTb HeckobKo TP-apecos no Ynciy
cetebix cpazeit. Takum o6pasoM, [P-ajpec XapakTepH3yeT HE OTAENbHBINA
KOMIBIOTEP WK MapUIpyTH3aTOp, 8 O/HO cerenoe coemunenue [4].

Cumeoneubiii  (DNS-ums)  — uneHTH(UKATOP-HMS,  HATPHUMED
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SERV1.IBM.COM. 10T a/pec HA3HAYACTCA AMHHHCTPATOPOM H COCTOMT W3
HECKONBKMX 4aCTeH, HANpUMEp HMCHH MALIMHBI, MMEHH OPraHn3aiiH, HMCHH
nomena. Tako# aapec, HA3LIBAEMBIH TAKOKE DNS-uMeHeM, HCHoNB3yeTes Ha
NPUKIIAIHOM YPOBHE, HAnpHMep B ITPOTOKOJIAX FTP wm telnet [4].

[P-agpec uMeeT JUTHHY 4 Gaiita ¥ OOBIYHO 3AMHCHIBACTCA B BHE
yeTHIPEX YMCEI, MPEACTABNAOLINX apavenus Kaxjoro baiita B NECATHIHOM
dopme 1 pasacneHHBIX TOMKAMM, HAIIPHMED: 128.10.2.30 — TpaAHLUHOHHAA
necsTwanan Gopma npescTasIeHIA anpeca, 10000000 00001010 00000010
00011110 — nBonunas Gopma NpeACTARIECHHSA ITOr0 KE ajpeca. Ha puc.

1.2 nokasana ctpykrypa [P-anpeca [4].
Knacc A

(o T N com I Nyana_ ]
Knacc B

[Cf:10-1 N cetH | E\I\L
Knacc C =t

I W N cath I N yana ]
Knacc D

S ) [ 1 " appec rpynni: multicast =}
Knacc E A

s O A O | ~ 3apesepeuposad ]

Puc. 1.2. Crpykrypa [P-anpeca

1.1. Mporpamma Cisco Packet Tracer
IIporpaMmHOe  PeUICHHE Cisco Packet Tracer TO3BOMACT
MMWTHPOBATH PaboTy pasiittiHbIX CeTeBbIX YCTPOHCTB: MapuipyTH3aTOpoB,
KOMMYTATOpOB,  TOUCK GecnpoBOAHOrO.  JA0CTYyNa, nepcoHalbHbIX
KOMIIHIOTEPOB, CETEBBIX TPHHTEPOB, [P-tenedoror ¥ TA. Pabora ¢
MHTEPaKTHBHBIM CHMYJIATOPOM JlaeT BeCchbMa npaBAoNoo0HOe OUIYHICHHE
HACTPONKH peanbHON CETH, cocTosmed M3 JECATKOB HIM JIAXKe COTEeH
YCTPONCTB.
Hacrpoiiky, B CBOIO OHCPEb, 3aBHCAT OT Xapakrepa YCTPOHCTE:
OlHH MOMHO HACTpOMTH C MOMOUIBIO KOMAHA ONEpPaLHOHHOM CHCTEMB
Cisco 108, apyrue — 3a cHET rpaHuecKoro pe6-unTepdeiica, TPETHH —
qepes KOMamJHYIO CTPOKY ONEpaUHOHHON CHCTEMBI WK rpaduueckye
Menio. bnarofapa TakoMy ceoiicrey Cisco Packet Tracer, Kak peXuM
BH3YATH3ALMHA, NONIE30BATEID MOKET OTCHIEIHTD NEPEMELICHHE JaHHBIX no
ceTH. NOABNEHHE H H3MEHEHHE TIapaMeTpoB [P-niakeToB MpH NPOXOAKIACHHH
NAHHBIX Yepe3 CeTeBble ycTpolicTBa, CKOPOCTb W TyTH nepemenenns IP-
naketoB (puc.1.3.) Ananus COOBITHIT, MPOHCXOALIMX B CETH, no3BOJACT
[OHATH MEXAHW3M e¢ paboThl H 0GHAPYXUTh HEHCTIPABHOCTH.
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Puc. 1.3. Pexnm BU3yaTH3alHH

¢ nomomsio  Cisco Packet Tracer noJb3oBareilh —MOKET
CHMYJIHpPOBaTh MOCTPOCHHE HE TONBKO JIOTUMECKOH, HO H du3znuecKoi
MOZGIH CETH |, ClIeIoBaTeNbHO, NOTYHaTh HABBIKM MPOCKTHPOBAHHA.

CuMyiaLMs, BHSYaIH3ALH, MHOFONO/B30BATEALCKHHA  PeKHM U
BOAMOKHOCTE [POCKTHPOBAHKS AIAIOT Cisco Packet Tracer YHHKajJbHbIM
UHCTPYMEHTOM Juisl 00yHeHHA CETEBBIM TEXHOIOTHAM.

1.2. nTepdeiic nporpaMmel

WUnrepdeiic amyaaTopa ceti mepeniaun AaHHBIX HHTYHTHBHO MpoCT.
Kak u BCe NpOrpaMMHbIe 06oI0uKH. HHTEpdENC BKIIOHACT B cebs pabouce
nose (Work space), KOTOpOe COCTOMT W3 JOrHUECKOH H du3nUecKoi
obnacteit. Jlauxas (OpMYIHPOBKA [o/lpa3yMeBaeT, 41O fporpamma
nossonsier coynasare CIIJL € IpUBA3KOA K JOrUYECKON CXeme CeTH
(cTpyKTypa CETH THId KOILUO», CTOMKA-TOUKA», «TOUKA-MHOrOTOUKa»,
«3pe3nay W p.) W ¢ PHBA3KOH K KOHKPETHOH MECTHOCTH (ropos, panoH,
nocenok), obwekty (opucHOE 3IAARME, AKWION JIOM), TMOMCILEHHIO
(ceppephas, ofuc, KBapTHPA, MOHTaKHas CTOHKA WIH wxag). OpHaxko
Haubosice HacTO MOCTPOCHME CETH HaUMHACTCS C JIOTMUECKO obnacT
(ckeneTHpil  MIPOCKT CIIJl), a mpn ee YCrewHOM 3aBepIIEHHH CETh
[IEPEHOCHTCH Ha PrINIECKYIO 06aaCTh (CHTYAUHOHHBIH TIAH CI1J1).

OCHOBHBIM MHCTPYMEHTOM  YIPAB/ICHUA IMYAATOPOM  ABAACTCS
KOHTEKCTHOE MEHIO. COJIEpIKAILIEe romananbie mexio File, Edit, Options,
View, Tools, Extensions, Help:

- MCHIO File sxito4aeTt CTaHAapTHBIN :N@Oﬁ KOMaHJI: CO3aHue HOBOTO
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JIOKyMEHTa, COXpaHuTh, COXPaHUTh KaK, MeHaTh, GubHOTeKa JOKYMEHTOB,
BBIXOZL;

. Edit — TaKKe CTAHAAPTHOE And BCEX [porpaMM MeRio, B HETO
BXOAMT CHEAYIOLIHi HaGop KOMaHJ: KOMHPOBATH, BCTABHTH, OTMEHA
JIeHcTBHI, BO3BpAT JIEHCTBHA,

- Options — MEHIO OMIMOHAIBHBIX ~ HACTPOCK NpOrpaMMBbl,
prmoyaiouiee noaMeio Preferences, User Profile, Algorithm Settings:

- wmeno Preferences (HacTpoiiKH)  BKIOHACT clelyonme
MHCTPYMEHTApHK:

- Interface - IMOJMCHIO HACTPOHKH NOJBL0OBATENBLCKOTO unrepdeiica
NporpaMMbl: yNpaBieHHe rpauuecKnM oTOOpaKEeHHEM DJIEMEHTOR cnn
(IP-anpec  0GOpYAOBAHMA, mapaMeTpbi  (PU3HUECKHX nuTepdecon
obopysosanus, vlan's, CHCTEMHBIE 3BYKH, aHHMaums MapLIpyTH3alnH
NaKeToR, BKIIOYEHHE OTOOpaXKEHHA napameTpoe COEIMHUTENLHON JIHHIH H
T.A.);

- Administrative — mMerio Ge30MacHOCTH (nactpoiiku 6e30nacHoCTH
nporpaMMei:  GNIOKMPOBKA M3MEeHEHUs TIO/B30BATEIbCKIX HACTPOCK c
[IOMOLIBIO NApoNA);

. Hide — ele OIHO AIMHHMCTPATHBHOE MEHIO, NpeHa3HauCHHOE B
Gosbieli CTENEHH NPENoaBaTe/iM, ¢ [HOMOWIBIO KOTOPOTO MOKHO CKPBITE
or 06yuaeMoro HEKOTOpBIE gacTpoiiki (HanpuMep, A BBITIOIHEHHA
nabopaToOpHBIX pator [OCEIOBATENBHOM TEeMaTHKH);

- Font — HHCTPYMEHTapHii HACTPOHKH nipudyros (THn, pasmep, UBET
T); :

. mento User  Profile - MHCTPYMEHTApHit ~ H3MCHCHWA
IOMNb30BATENBCKUX HACTPOEK (niporpamMma HOUIEPAKHBAET
MHOTONONB30BATENbCKUH peRUM);

. wmenio Algorithm Settings - MHCTPYMEHTAPHH CLeHapHs CO3AAHHON
CIIJ1 (MCo KOMMYTHPYEMBIX H BO3MOKHBIX COSHHEHHH, I'B3);

- menio View — MeHI0 «Bu» - TaKOe XKe CTanJapTHOE, KaK ¥ JUTA BCEX
IpOrpaMMHBIX 06ONOYEK, BKIOYAET HHCTPYMEHTHL Zoom (macurraG nosis)
1 Toolbars (BK1/BHIKI NaHENCH);

- menio Tools — nasens HHCTPYMEHTOR pHCOBaHHA (Drawing Palette),
Custom Devices Dialog — 1uanorosoe OKHO BHIGOPA CO3JIAHHOTO CETEBOTO
snemenTa. C  MOMOUIBIO  MAHEIH pHCOBAHMA ~MOXHO ~ CO3AABATL
onpeneneHnble 06nacTH B JIOPMUECKOM TOJIE ¥ CHTYALHOHHBIC 06BeKTHl B
(PU3NUECKOM NOJIe;

- menio Help cOCTOMT U3 NOAMEHIO Contents, KOTOpoe 1OCTPOCHO B
dopmare HTML-cTpanmiibl W odopmsieHO B BHAC CTPYKTYPHPOBAHHOTO
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MHTEPAKTHBHOTO PYKOBOACTBA C HOHATHRIM rpadHuecKHM unrepdeiicom. B
HeM MOKHO HAHTHOLIaroBoe Ornyucanue paGorsi B Packet Tracer. Takxe B
MEHIO MOMOWH BXOAWT MOAMEHIO Tuturials, BKIaJKH A0CTyNa K OHTIAMH-
pecypcam TiporpamMmbl Online Resources, Report on Issue — BKJIaaKa
[0CTYNa K OHJIaHH-PECyPCy nomoiH (coobuieHne o posHHKIeH npobaeme,
06 oummMbKe NporpamMMbi), BKIALKA About — B Heli MOKHO FMpOYECTh
HIEH3HOHHOE COOBLIEHHE NO/b30BATENA fporpamMmel;

- pacHiMpeHHOE MEHIO Extensions BKO4aeT MHCTPYMEHTapHH
MHOrOnoJb30BATENILCKOrO pexumMa Multiuser, MEHIO NPUIOKEHHH 1PC,
uHCTpYMEHT 0030pa cobprruii  (Log) ceccHH — UpuP Multiuser,
MHCTPYMEHT OOHOBIEHHA BepcvH NMPOrpamMMbl — PT Updater. CambiM
JHAYHMBIM LA :va:ohwmn_dnvoxos JEATELHOCTH ¥ OGyueHHs ayAHTOPHH
ABNAETCA HHCTpYMEHTapHii Activity Wizard;

- menio npunoxkennii [PC nossoazer TIPOCMATPHBATD 3ArPYKEHHBIC H
BCTPOGHHBIE NPHIOKCHHA Cisco Packet Tracer, yAanaTh CyUECTBYIOUIME,
NpOU3BOANTH KOH(UIypHpOBaHHUE NAPaMeTPOB NPWIOKEHHH, 3arpyxath
HOBBIE MPHIIOKESHHA.

| OGopy/10BanHe H JHHUHA CBS3H g Cisco Packet Tracer
1.3.1. MapmpyTH3aTopbl
MapuipyTH3aTOphl  HCTONB3YIOTCA A MOMCKA ONTHMATBHOTO
MapuipyTa TNepesaud JaHHBIX HA OCHOBAHMH CTIELMATIBHBIX AITOPHTMOB
MapuIpyTH3aLIHH, HANpPUMEP peibOp MaplipyTa (myTH) C HAUMEHBUIUM
YHCIIOM TPAH3UTHBIX Y3II0B.

MeHiO CONEP/KHT:  MapuIpyTH3aTOpB! (puc. 1.4) Cisco Systems
1841,2620XM, 2621XM, 2811, Generic (c60pHBbiit) [2,3].

sepees>

Puc. 1.4. MeHIO MapiupyTH3aTOpOB
1.3.2. KommyTaTopbl
KommyTaTtopsl = 3T0 yerpoiicTea, paboraiomue Ha KaHATLHOM
ypOBHE MOZEH OS] # npeaHa3HA4CHHBIE A 0OBEIUHEHNUA HECKONbKHX
y3I0B B TIpEJieNaX OHOro Wi HECKONBKUX CErMEHTOB CETH. KommyTraTop
nepenaéT nakersl Ha OCHOBaHWH BHYTpEHHEH tabnuipl - TAOMMLBI
KOMMYTAlluH, CleA0BaTenbHoO, Tpaduk MAET TOMBKO HA Tor MAC-anpec,
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KOTOpOMY OH npeaHa3zHa4vacTen, a HE MOBTOPALTCA HaA BCEX noprax Axwx Ha

xonuentparope) [3].
MEHIO CONEPKHT. KOMMYTATOPBI (pHC. 1.5) Cisco Systems 2950-24,

2950T. 2960, 3560-24PS, Generic.

it wd |t it (ud| @ e
2950-24 | 29507, 2980 Generic! ‘Ganeric Generie

KommyTaTopbl

Puc. 1.5. MeHio KOMMYTaTOpOB

13.3. KonueHTpaTopbl

KOHIIeHTpaTop NOBTOPAET MaKeT, MPHHATHIH Ha OXHOM nOpTY, Ha
Beex ocTanpHbIX moprax. PaGoraer Ha nepeoM (mauyeckom) ypoBHE
ceresoil monenn OSI, perpaHciupys BXOISLIMHA CHTHAA C OAHOTO M3
[IOPTOB B CHIHAJN HA BCE OCTAlbHBIC (MOAKMOYEHHBIC) MOPTHI, peanu3ys,
takum oGpasoM, ceoiicteennyio Ethernet rononoruio «obuas wuHa» ©
paz/ie/ieHUeM MPOIYCKHOI CIOCOGHOCTH CETH MEXLY BCEMHU yCTpOHCTBAMH
u paboToii B pexnMe nonyaynickea [3]. Menio COaepKHT: KOHLEHTPATOP,
perHTep H KOAKCHATTLHBIFH CTUTHTTED (pHC. 1.6).

[ KonuenTpaTopsi
Puc. 1.6. MeHio KOHIIEHTPAaTOpPOB

1.3.4. Koneunbie yCTPOHCTBA
3nece npencrasnenst: [TK, noytOyk, cepeep, TCICBU30D, Tenedon,
IP- KoMMYTaTOp, GECIPOBOAHON TUIAHIIET, KOMMYHHKATOP, 6eCnpoOBOAHBIE
toukn gocryna, VoIP ycrpoiictsa [3] (puc. 1.7).

474

d i g

Gaeerc  Gantre' Gesark  Geawle  IPPaM  Decce

| ’ TOIBALWIC2T
Puc. 1.7. MEHIO KOHEYHBIX YCTPOHCTE

1.3.5. BecnpoBoaHbIe yCTPoiicTEa

Memo  comepxut:  WI-FI  poyrep, LinkSYS,WRT-300N,
Gecrposoaubie poyTepst (puc. 1. 8).

becrnpoBofiHble Generlc  Generic  Generlc  Linksys

Puc. 1.8. MeHio GECTIPOBOIHBIX YCTPOHCTE

1.3.6. JlnHuH CBS3H
MEHIO CONEpHKHT: KOHCONb, MEIHbIH [PAMOI, ME/IHBIH KpOCCOBEp,
onTHYecK i, TenedOHHBIH, KOAKCHATBHBIH, cepuiinsiit DCE (puc. 1. 9).

3 v i

CoearHEHUR

i O R A 3 i R e

Puc. 1.9. MeHio THHUHA CBA3N

Jla naGoparophoii paGotst Gyaer HEOOXOAMMO MCIIONb30BaTh /IBA
una kabensa: TeneOHHEI W MEIHBIH NPAMOH. XapakTepHCTHKH JaHHBIX
xaGeneii cesizu npusenens B Ta6a. 1.1. C NOMOIMIBIO STHX KOMIIOHEHTOB
CO3NAOTCH COCNMHEHNsA Y3JOB B CJIMHYIO CXCMY. Kaxnapii Tan kabens

MOYKET GbITh COSMHEH JIHIID C ONPEie/ICHHBIMU THIIAMH unTephencos.
Ta6nuua 1.1. Xapaktepucruka kabesnei

Tun kabean | Onucanue

Mesiii JroT THI Kabens ABJIAETCA CTAHARPTHOM Cpejlo# nepeilait
npamMoi Ethemet /Uifl COCAMHEHHS YCTPONHCTB, KOTOPhIC PYHKIUHOHHPYIOT
Y ua pasubix yposuax OSI. On pomker ObITH COCTHHEH CO
\ | CIGLYIOUAME THITAMH NOPTOR: meansii 10 M6ur/c (Ethernet),
seubit 100 Méwr/c (Fast Ethernet) i meabii 1000 Mour/c
(Gigabit Ethernet)

Tenedounstii o
CoejuiHenne  depe3  TEACPOHHYIO  JTHHMIO MoKeT ObiTh

i OCYILECTBICHO TONBKO  MEXIY yCTpOVCTBAMM, MMCIOIMMH
i | MofieMHbie 11opTh. CTaHAApTHOE NPC/ACTABICHHE MOJIEMHOIO
‘. COCAMHEHHA - ITO KOHEYHOE YCTPOHCTBO (nanpumep, 1K),
[103IBAHMBAIOIICECH B CETCBOE 001AKO

[NoNL30BATENLCKHE COCAMHCHHI
VeTpoHeTBa MOKHO KOMILIEKTOBATH caMocTosTeNbHO. BO3MOKHO

CO3aBATHIIPOM3BO/ILHEIE MOAKITIOYCHHA (puc. 1. 10).
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Puc. 1.10. MeHio nons30BaTe/IbeKHX coeMHeHHN

2. 3apanue

Buifparh 10 3a1aHuio npeno/japaresis OfMH H3 papuantos VoIP
ceTei, NpeUIOKEHHbIX B Tabn. 1.2, ¢ HCHOIB30BAHHEM DHCP-cepeepa [3].

BapuauT | I\J,w%_.wz,_. 2

TaGauna 1.2. BapHanThl CXEM VolIP cereit

=

oY

11

DHCP (anrn. Dynamic Host Configuration Protocol — npotoxoll
AMHAMMYECKON HACTPOHKH y3na) — ceTeBOM TNPOTOKOL, NO3BONAOIHI
KOMIIBIOTEpaM ABTOMATHYECKH 110.1y1aTh [P-ampec W Apyrue napameTpbl,
HeoBxoanMble IS paboThl B CETH TCP/IP. lanustii npotokon paboraet no
MOZEII  CKITMEHT-CEPBEPY. Jias  aBTOMATHYECKOH KOH(HTypatnu
KOMNBIOTEp-KITHEHT HA dTane KoH(pUTypaLuu CETEBOro yCTpoiicTBa
obpamaeTcs K cepeepy DHCP # nony4aet OT Hero HyAKHbIC apamMeTpb.

Cetenoif  /[MWHHCTPATOp MOXKET 3anarb Hana3oH  aapecos,
pacnpeie/AEMbIX CCPBEPOM CPEAHt KOMIBIOTEPOB. TO NO3BOMACT u3bexarh
pYuHOi HACTPOAKH KOMITBLIOTEPOB CeTH 1 yMeHbIIaeT KOIHIEeCTBO omnboK.
[Tporokon DHCP nenons3yercd 8 Gonpuiuncrse cereil TCP/IP.

B nepBoM BapuaHTe paccMaTpuBaeTCA CTaHJapTHAA cers VolP,
KOTOPYIO MOXKHO BCTPETHTE B MarneHbKoM ofuce.

BoO BTOPOM BapHaHTe paccMaTpUBACTCA CeTh VolIP ¢ no6asnexune [P-
TV:

B TpeTheM BapHaHTe paccmarpuBaercs CceTh C nobaesienne WI-FI
poyTepa H IByX FakeTOB.

B ueTBepTOM BapHaHTE paccMaTPHBAIOTCA  PasHiHBIE crocobbi
coenunenus cetit VOIP ¢ pasiudHbiMi anuaparami.

B nauHLIX BAPHAHTAX CETEH MCTONB3YETCA mapuupytusatop 2811,
TaK KAK OH obecrneunBact HAMUTENBHEI TPRPOCT NPOH3BOANTEILHOCTH,
HOBble WHTErPUpOBaHHBIE CEpBHCHl  H JHAYNHTENBHO  YBEITHUCHHYIO
IOTHOCTH HHTEPdEACOB TMPH COXpAHCHUH 0BpaTHON COBMECTHMOCTH C
Gonee yeM 90 CyIEecTBYIOUMMH HA CETONHA MOILYJIMH.

Kommytatop 3560-24PS  maeanbHo fIONXOAUT OPraHM3alHAM,
HCTIONB3YIOWMM  CETEBYIO uHdpacTpyKkTypy AMA  BHC/IPEHUA HOBBIX
NPOAYKTOB, HAanpumep [P-resedhoHOB, TOUEK  PAIHOAOCTYNA, CHCTEM
yrIpaBeHHs JIAHHEM, BH/COKAMEP. :

3. TlpaKkrHuyeckas 4acTh

1. O3HAKOMHTHCA C TEOpHEH No NPOSKTHPOBAHHIO CeTeH
IP-TenedoHuH.

2. 3anycTuTh Ha paboyeM CTOC nporpammy Cisco Packet Tracer.

3. B wmeunwo obopyzopaHud H JMHMIT CBA3H LUCIIKHYTH JieBo#
KHOMKOJ HA MEHiO MapupyTH3ATOPOB, B HEM pRIOpaTh MapuipyTH3aToOp
2811, UIENKHYTH JICBOH KHOMKOM MblllIH HA NAaHHOM MapuipyTH3aTope H
nepenecty ero B paGouyio ofnacTs.

4. B MEHI0 KOMMYTAaTOpPOB BRIOpaThH MHOTOYPOBHEBBIH KOMMYTaTOp
3560-24PS, TaksKe, KaK H MapLipyTH3aTop, niepenecty ero B pabouyio obnacThb.
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5. B MEHIO KOHEYHbIX YCTPOHCTB BBIOpaTh cepBep, HoyTOYK, 2 IP-
Teneona, aHaNOroBbIH tenedon, VolP-ycrpoiicTsa (VoIP Device), no
AHAOPMH C MApIIPyTH3aTOPOM M KOMMYTAaTOpOM MCPEHECTH AaHHbie
Js1eMenTHI Ha pabouyio 061acTh.

6. PacnonoXuTh AMEMEHTHl CETH Ha paboveM MpOCTpaHCTBE Tak,
4TOOBI MOXKHO OBUIO MPOBECTH Kabesnn oT “Switch”(koMMyTaTop) KO BCeM
YCTPOUCTBAM CXEMBI (MY ¢060if HEMEHTHI HE COSTMHAIOTCH).

7. JUis COSAMHEHHA MEXIY 3IeMEHTaMH BpIGPaTH B MEHIO JIMHKH
CBAZM MEJTHBIA NIpAMO# Kabeiib.

8. IllenxHyTh JIEBOI KHOMKOH MBIIH HA phiGpanHoM Kabene w
nepeHecTH €ro K “Switch” 1 weakHyTs 10 HeMy, B NOABHBILIEMCS OKOILKE
BpiGpath cBoGoaHs nopt (puc. 1.11). Jlanee nopTel BHIGHPAIOTCA MO MEpe
BO3paCTaHHA.

9.  Coemunurs “Switch” ¢ cepsepom. [lpn coepuHeHud C
CepBepOM TIONBUTCA OKHO, B HEM BEIGpaTh “FastEthernet” (obulee Hazpanue
18 Habopa CTAaHAApTOB MEpesiayi NaHHBIX B KOMMBIOTEPHBIX CETAX 1O
rexnonorun Ethernet co ckopoctsio 10 100 MouT/c).

10. Tlo asagoruy C TNPEABUIYHIMM  NYHKTOM  COCAHHHTDH
octanshbie ycrpoiictsa ¢ “Switch”. CoeanHATh HANPAMYIO “Switch” ¢
aHaNoroBeiM TejeOoHOM HeNb3sd, HYKEH npeobpazoparenb. Jlns 310r0
aHaoroBbil TenedoH ¢ MOMOUIBIO TeNeOHHOro kabens (MeHIO JMHMI
cBA3M) coeauHHTh C VOIP-yCTpPOHCTBOM. Jlanee VoIP-ycTpoicTBO €
[TIOMOLLBIO MEJTHOTO NPSMOro Kabess COeMHHUTD C “Switch”.

R Ceovois
(G wemsashaermait's
5 resmtwerross
[  Fectonemewys
2] ressmmermert/d
3 rewrthenewys
3 resmwmemewse
servac-T LI vesBoarnaeor 7
Barvera [T Festimnemeys
[ Veamveoreiors
(5] FestEsnermeos 10
(5] Festlisnemreos 1y
| ER restmemress 12
| ) fessvremewo/ 15
| £ resswarmmorre
| G Sasimientor 1
1 FastEserneoys 16

Puc. 1.11. BuiGop cBoGOAHOrO NOPTA IPH COSAMHEHHH ME/THBIM Kabenem

11. Tlocne Toro KaKk COCAMHEHWA ObUIH  YCTAHOBJIEHBI,
1HEOOXOMMMO HACTPOUTH BCE YCTPOHCTBA CETH.

_
.._
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12.  llleakuyTs J€BOH KHONMKOM MblIM HA “Server-PT”, B
oTKphIBIIEMCH OkHe BhiGpate Binanky “Config”, Haxarh Ha NapameTp
“INTERFACE” u geiGpars “FastEthernet”. B naHHOM pazjiene nponucarh
P-anpec u macky noacery (puc. 1.12), nanpumep: IP-anpec - IP-1.1.1.1, a
MacKa [I0ICeTH 3anuckiBaetcs kak 255.0.0.0.

Physical Config Deskrop

GLOBAL “FastEthemet 73
Settings Fort Status & on
).oohq;"ﬁ MHS. Fandwidth 2 Auto
At 10 Mbps . 100 Mbps
anee Puplex 4 Auto
Trve Full Duplex o Half Duplex
oo PMAC Addrous 0000, BCOS. 082
BYSLOG 1P Configuration
ALA K OHCE
T & Static
eMalL e Addrons
i Subnat Mask
INTERFACE
Fastetharnet 1Pvé Configuraticn
Link Local Addrass:
5 DHCR
y Auto Config
@ Stanc
NE—— | . SV P 2 : >

Puc. _._M. OKHO HACTPOHKM CepBepa

13. AHAJIOFHYHO NMpEabIIyLIEMY NYHKTY HACTPOHTHL “Router™.

14. LllenkHyrs JICBOH KHONKOH MbIDIH  Ha “Router”’, B
OTKpHIBIICMCS OKHE BHIOpaTh BKIAIKY “Config”, HaxaTe Ha MapameTp
“INTERFACE” w seibpars “FastBthernet” 0/0. B manuom pasaesc
nposucarh [P-anpec n Macky MOJACETH. IP-aapec u MacKy HOACETH MOXHO
MponucaTh, HanpuMep: [P-1.1.1.10, a Macka MOJCETH 3alHChIBACTCA KaK
255.0.0.0.

15.  Ocranpssie yeTpoiicTsa Oy Ay T HACTPOCHbI ABTOMATHYECKH.

16, Pexum cHMyJISLH 2anycTHTs Hakartnem Shift+S.

7. B ortkpeismemcs okme “Event list” maxath Ha “Auto
Capture/play” u MpOCIEANTS JABHIKEHNE NTAKETOB 10 CCTH.

8. JIga NpocMOTpa COACPKMMOIO MMAKeTa M TOro, HTO C HAM
NPOMCXONHT, ILENKHYTh ABa pa3a JICBOMH kHONKOM MbiH Ha meHio “Info”
onpeaenénnoro ugera (8 okue “Event list”), Kaxapii KBagpar - 310
OTIENLHEI NAKeT, B 3aBHCHMOCTH OT TOrO, KAKOro uperd nepealomuiics
naker. Takum ke uperom oyaser “Info” (puc. 1.13). 3anucats, Kakue
nporokonkl [3] A nepeaatn NakeTos HCMONB3YIOTCA (noapasnen Type).

19.  Tocne sridopa “Info” orkpoercs okuo (puc. 1.14). B nepeoi
piraake “OSI model” MOXHO NOCMOTPETh, HA KaKOM H3 CCMH YPOBHEH
mozenu OSI mammsiii NPOTOKON 3aAeHCTBOBaH, a BO BTOPOH BKIAAKE
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“Qutput PDU Details” MOXHO [OCMOTPETh, K3 Hero CocToHl NaxKer.
O3HAKOMWTHCS M OTPasuTh B OTHETC, HA KAKOM M3 CeMH YPOBHCH KaKxoh
[POTOKOJ HCMOJIB3YETCH. Crenarh CKPHHILOTH! CTPYKTYph! NakeTd.

S

1845
Route

=

Analog-Phone PT
Analog PhoneO

Lagtopl

Puc. 1.13. Peskum CUMYJISIHH NEPEIATH NAKETOR

20. JlanHas CHUMYNALMA 1O YMOIIHAHKIO IPOBOARTCA C 3a/EPAKON,
4T00Bl YOpaTh 3AACPKKY, 1E0OX0MMO YOPaTh ralotky ¢ “constant delay”.

21. Bpems nepeaiy MakeToB MOKHO nocMoTpeTs B okHe “Event
list* B paspene “Time”. 3anucarsb B OTYET MIMCHCHHS BPEMEHH repeaativ
1O CeTH NAKeToB NPH 3alepKKe H 6e3 3a1epiKKH.

22. Ha OCHOBaHMM TYHKTOB, NPHBEJICHHAX Bhilne, cobpath
OCTANBHBIE BAPHAHTH] CXEM.

Al
o [[oET masel || Suseund ro Gt ] i

I tmweew - Y- - 7
{ - avar 21 DHCH Trmrme seevear: 0.0.0.0. l_

e e ———

| iR e—— - — — e — e = — —_

e e eer
Leyer 4: LGP S Poit: 68,

Tayer 3: 1@ Homdaer Src. 191 0.0.0.0,
Dast, 169 255 255 230 255

Z1 Eahecnet 11 rioader
DECH. SHB6 > PEEPLPITE TR

| 1. The DHEP cliant Consmructs & fleleanse pucket Brd wands it out.

Challanos Me [== v s eaa Lavat == |
- > [== Pravious Leyer | | N3 ver == _|

Puc. 1.14. Avanus CeMUYPOBHEBOH MOIEIIH OS]

g eIt L8 S L IETERR———— gf

SR
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23. Jing coenwHSHUS IP-TV eoibpats “Cable-Modem-PT” u
nepeHecTH Ha  pabouyio 061aCTh, COCIHHUTE C MOMOLIBIO MEIHOTO
npamoro kabens ¢ MHOTOYPOBHEBLIM KOMMYTaTOPOM 3560 24PS. [anee
“Cable-Modem-PT” coeauuuTh © “CoAxial Splitter-RT” u ¢ TV-RT ¢
HEMOHIBIO KOAKCHABHOTO Kabens.

24, Jlna coeqmnenna ¢ WI-FI poyrepoM epi6pate WI-FI poyTep ¥
COEHHATR €70 € MOMOLIBIO MEIHOTO NPAMOTo kabens ¢ MHOTOYPOBHEBBIM
xoMmyTatopom 3560 24PS.

4. Copepaanue 0THCTA

Ormyer 0 JabopatopHoii paboTe HomKeH coaepKarh:

- CTPYKTYPHYIO CXeMY CHCTEMEI CBAH,

. ONMCAHME MPOTOKOIOB, HCTONB3YIOUMXCA MpH nepesaye MakeTos;
- CKPMHLIOT BKJJAIKH H OTHCAHHE YPOBHEIT HCIIO/b3YEMBIX TIPOTOKOIOR;
- CKPMHILIOT CTPYKTYPbI MAKETA;

- CKPHHIUOThI H3MEHCHUS BPEMCHH, MTPH QTCYTCTBHH 3AEPKKH.

KouTpoJibtbie BONPOCH!
Kaksie OCHOBHBIE OCODCHHOCTH MOCTPOSHHA cercit IP-renedonnu?
2. 3a cqer uero obecneuHBaeTCA Bonblias 3IKOHOMHUYHOCTL TPH
nepeaate rojocosoro TpaduKa B CeTAX IP-tenedonun?
3. [TokazaTh TP YPOBHS CETEBRIX ATPCCOB.
4. 1lepeunciuTh OCHOBHBIC VolP-cepBHCHI.
5. OfpacHnTh cTpyKTYpY IP-anpeca.

J'—-'_Jl
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5. httpz/www.intuit.ru/.
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JIABOPATOPHAS PABOTA N 2
Tipoexruposanne IP-cetn ceasy Ha ocnose ATC Asterisk

Hesan padorst
Mayuenne TCOpeTHYECKMX OCHOB cerei IP-tenedonnn ¥ nmporokona
ynpassenus ceccuamu SIP. [Monyuenne npakTHaIeckix HaBbIKOB paGoTsi ¢
nporpammuoii IP-ATC Asterisk, a Takske onbita Hactpoitkn [P-renedonos.

1. Teopernueckas 4acTh
1.1, [P-renedouns

B uacrosmee ppems [P-renedonus (Voice over Internet Protocol)
WMPOKO MCTIONB3YeTCs KAk — YaCTHBIMM  MONb3OBATE/NAMH, TaK W
NPEANPHATHAMM, OPraHN3ALMIMH B KOPIOPATHBHOM cexTope. I'onocosas u
BHIEOCBA3B, HCNOAB3YIONAs Npotokos [P, craja nonyjispHa BO BCEM MHpe
¢ nayana XXI sexa. [P-tesieonns Bce Gonbile BRITECHIET TPAJAHLHOHHBIE
TeneOHHbIE CETH 3a CHET JIFKOCTH Pa3BEPTLIBAHMS, HH3KOH CTOMMOCTH
IBOHKA. NPOCTOTHI KOHPHUIYPHPOBAHHSA, BBICOKOTO KayecTsa CBAM M
CPaBHMTENBHON  GE30MACHOCTH  COCAMHEHNWS,  HCHOTH30BAHHA  yKe
nposokenHsIX nuHui ceazu Ethemnet.

Apxutextypa npotokosia TCP/IP cTpouTCs Ha OCHOBE NPHHIHNOB
yranonnoii moxenu OSI (Open Systems Interconnection). OcHosHas
NpeAnockUIKa ucnonszopanusa VolP — nakeTHpoBaHue ay/aHONOTOKOB JUiA
TPAHCHOPTHPOBKH 1O ceTaM, Hcrnonesyromum nporokoa [P, Curnan
JIOJKEH He TOJIBKO HOCTYNUTE B TOM ke dopme, B Kakoii 611 nepesan, Ho
€ro TPAHCIIOPTHPOBKA JO/DKHA 3aHATH He Gonee 150 mc.

[lpoilecc pasroBOpa ¥ MPOCHYUIHBAHMA COCTOHT M3 PETPAHCIALMM
[I0TOKA ayJIHOCHTHAJIOB, TOIZIA KAK CETEBbIC NMPOTOKO/b! paspaboTanbl Tak,
YTO OHH BCE paz0HBAIOT AYMHOCHTHAIL! HA YacTH, 3aKMIOYAIOT SAHHUILbI
uHOpMalHK B THICAHH NAKETOB M 3aTeM JIOCTABISIOT KIIGIA Naker Ha
AanbHHi KOHEL THHIWH CBSI3H JTIOOBIM BO3MOKHBIM IYTEM.

1.2. Miporoxon SIP

Cymiectyer Muoxkectso nporokonos VoIP. H.323 nonroe Bpems
ylepKuBa MAMpyIoume nosuimi 8 cdepe euaecokondepenuceszu. Ho B
ocneHee BpeMa IO CTATHCTHKE Bee GOALUIYIO NOMYJISPHOCTD HA PhIHKE
uabupaet nipotokon SIP, koTOpHIi yike UOAACPKAH MHOIMMH KPYTHBIMH
NPOM3BOAMTENAMH, BK/IIOUas peutenns Polycom u Cisco [1].

IpoTokon HHHIHKHPOBAHUA CEAHCOB - Session Initiation Protocol (SIP)
ABASETCA [POTOKONOM TMPUKITANHOTO YPOBHA H MpPEAHA3HAYAeTCA i
opraHusauMM,  MOAM(MKAIMM M 3aBEPUICHUS  CEAHCOB  CBA3M:

o

1%

MYALTUMEAMAHEIX  KOHQepeuunii,  TeneOHHBIX  COEJMHEHWH M
pacnipeseneaus MyneTHMenniHoN uHpopmauun, [lonp3osatenn MoryT
MPUHUMATE YHACTHE B CYIIECTBYIOUIMX CEAHCAX CBA3H, IPHITIAINATE APYIHX
nonk3osatenel ¥ ObiTh NPUPIAUNIEHHBIMH HMH K HOBOMY CEaHCy CBA3H.
INpurnaienuss MOryT OBITh ApecOBAHE! ONPELCTCHHOMY MONB30BATEIN,
rpynne nons3opatencii uou BeeM nosmesosarensM. SIP HezaBMCHM OT
TPAHCTIOPTHBLIX TEXHONOrMH, ONHAKO NPH YCTAHOBIEHWH COCHMHEHMS
NpeANOYTHTENRHO Henonb3osats UDP.

CoriacHo apXMTeKTYpe «KIMEHT-CEpBEp» BCE COOOLICHHS NENATCA Ha
3anpockl, MepeaBaeMele OT KiIMEHTa K CEpBepy, W Ha OTBETHI Ceppepa
kaenty. Hanpumep, 91o8bl WHMUMHPOBATH YCTAHOBNEHHE COCAMHCHMS,
BbIZLIBAIOIIHHA ONB30BATENDL JODKEH COOOUIATEL CEPBEPY Pl NapaMeTpos,
B YaCTHOCTH, @UPeC  BHI3LIBAEMOIO  fIOAL30BATENS,  NAPAMETPHI
MHPOPMALMOHHBIX KAHATOB W AP. ITH napaMerpbl nepejlalores B
cnenmansiom  SIP-zanpoce. Or  BBI3BIBAEMOrO  MOjb30BATENS K
BLIZHIBAOILEMY TIEpPEiaetcs OTBET HA 3anpoc, Takke COAepKalMil psa
napameTpoB. Bee coobuwenns nporokona SIP (3anpockl W OTBETHI)
npeacTapafaioT  coboi  NOCNENOBATENBEHOCTH  TEKCTOBBIX  CTPOK,
3aKONMPOBAHHBIX B COOTBETCTBUYM ¢ Aokymentom RFC 2279. Ha puc. 2.1
NpeACTABICHA CTPYKTYpa coobiueruii nporokona SIP.

]

[ CrapToBas ¢Tpoka
F umﬁo:omxs
_T

lyctan cTpoka
Teno coobueHna

Pyc. 2.1. Cipykrypa coobuiensit nporokona SIP

CraproBas CTPOKa NpeAcTaBiser coboi HauanbHylo ¢Tpoky aiodoro SIP
coobiuenns. Ecianm coobnienne ABASETCA 3aMpocoM, B ITOH CTPOKe
YKA3BIBAIOTCA THII 3aMpoca, aIpecar W HOMEp BepcHM npotokosa. Eciw
COOOLIEHNe ABTASTCA OTBETOM HA 3anpoc, B CTapTOBOH  CTPOKE
YK&36IBAlOTCA HOMEp BepecHH NPOTOKONA, THII OTBETA M €ro KOpoTKas
pacinpoBKa, NpeiHazHAUeHHAR TOJLKO JUIA NOJIB30BATEA.

3aronoBKi coobLIEHN coaepKar cBejiehns 00 OTnpaguTele, aapecare,
f1yTH CUSAOBAHHS H JP., B 0611eM, IepenocaT HHPOPMaLKIo, HeOOXOMHMYO
U5 ODCIYKMBAHUA JaHHOTO coobinenns. O THNe 3arojloBKka MOXKHO y3HATh
no ero umeny. Ono He 3apucuT OT peructpa (r.e. OyKBb MOIYT ObiTh
MPONMCHEIE W CTPOUHBIE), HO OOBMHO UMA NHUIYT ¢ SOMLLION OYKBBI, 32
KOTOPOI HAYT CTPOYHbIE.
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Coobiuenns mporokona SIP moryT cojepikarh TaK HAa3bIBAEMOE TENO
coobuienns. B sanpocax ACK, INVITE w OPTIONS Teno coobmeHns
CONEPAKMT ONHCAHHE CEAHCOB CBA3M, HANPHMED, 8 (opmare MPOTOKONA
SDP. 3anpoc BYE rena coobuienmns He conepiont. C oTRETAMM ACAO
oBcrouT HHave: MoGbie OTBETH MOTYT COAEpKaTh TENO coobienns, HO
CONEPKHMOE Tejla B HUX OBIBACT Pa3HbIM.

B nporokose SIP onpeaeneHa 4eThipe BHAA 3ar0JIOBKOB:

e OBIIHE 3ArOJIOBKH, MPHCYTCTRYIOUINE B 3aNPOCAX # OTBETAX;

® 34roJIOBKH COACPIKaHHsA, MEPEHOCALIHE HHQOPMALIHIO O pasMepe
Tena coobuienus waM 00 MCTOYHMKE 3anpoca (HRYMHAKOTCR CO CJIOBA
«Content»);

® 3aroNOBKH 3anpocoB, nepeiaune JOTIOTHUTENBHY IO
WH(OPMALHIO O 3anpoce;

e 3arONOBKH OTBETOR; NEPEAAIOIIHE JOTIONHATENBHYIO nH(popMauno
06 oTBere. 3arofOBOK CONEPKWT HA3BaHWE, 33 KOTOPHIM, OTAENCHHOE
JBOETOYMEM, CJIEAYeT 3HAYEHHC 3aro/iopKa. B nojie 3uaueHus COACPKaTCH
epe/iaBaeMBIC JAHHbIE.

3aronopok Call-ID - yHHKanbHBLA wueHTHGUKATOP Ceanca CBA3H WiIH
peeX perucTpaluii OTAENBHOTO KIMEeHTa, OH nonoGen MeTKe CoeMHEHNA
(call reference) B CHTHalH3aLUKK DSS-1. 3nauenue wAeHTHPAKATOPY
PUCBAMBAET CTOPOHA, KOTOpas MHHWUMMPYET peios. 3aronosok Call-ID
COCTONT W3 GYKBEHHO-YHCOBOTC 3HAYCHHA H MMCHA paGoucii CTaHiui,
KOTOpas [IPHCBOMJIA 3HAYCHUE ITOMY nacHTndukatopy. Mekuy HHMH
NOMKeH CTOATH CHMBON (@, Hanpumep 101@elastix.ru  Boamoxna
cleaylomas CMTyauMsa: K OMHON  MYJIBTHMEIHIHOMN KoHgepeHLH
OTHOCATCA HECKONBKO COSAMHEHMWH, TOraa BCC OHH GyayT MMeTh pasHbie
unentuukarope Call-ID.

Jaronosok To - onpeaensier anpecara. Kpome SIP-anpeca, 3/1eCh MOKET
CTOATH TapameTp «tag» s WaeHTH(MKALMA KOHKPETHOrO TepMHHAlA
[oNbI0BATENs (HATIPHMEP, IOMALIHEro, pabovero Wi COTOBOFO TEEHOHA)
B TOM Clyuae, KOTJa BCE ero TepMHHAILI 3apErHCTPUPOBAHDLI NOI OAHUM
anpecom SIP URL.

3aronopok From - wuaeHTH(MUMPYET OTNPABHTENS janpoca; 1o
CTPYKTYpE aHAJIOTHYEH TIOMO To.

Cseq - yHHKaNbHBIT WACHTHHKATOP 3anpoca, OTHOCSHILErocs K OAHOMY
coenHentio. OH CAyKHT /UIA KOPPEISIIHH 3a11poca ¢ OTBETOM Ha HETO.

Jaronopok Via CHOyKHT ans TOro, 4robbl n3bexkaTh CHTYanWwH, B
KOTOPBIX 3AMpPOC MOHJET MO 3aAMKHYTOMY MyTH, & TAKAKE A TEX CJiy"aes,
KOrja HEOOXOMUMO, YTOOE! 3a1POCHl H OTBETE 06A32TENBLHO MPOXOJINIH [0
ONHOMY H TOMY K€ MOyTH (nanpumep, B ciyvac HUCNONB20BAHMS
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meskcereroro skpana - firewall). B 3aronoeke Via yKa3piBaeTos Bech nyTh,
FIPOHACHHbIH 3aMPOCOM: Kazk/bili NPOKCH-CEPBEP nobagnseT noie co CBOMM
a/IpecoM.

Jaronosok Content-Type onpenenser Gopmar ONUCAHUS CeaHca CBs3H.
Camo OnMcaHMe CceaHca, HanpHmep B dopmare npoTOKOIA SDP,
BKITIOUAETCA B TENO COODUICHHS. 3aroioBoK Content-Length ykaspinaeT
pasmep Tena cooGLICHHS.

1.3. 3anpockt nporokoaa SIP

B HAacTOANCH BEPCHH TPOTOKOAA SIP onpefencHo INecTs THIOB
sanpocor. Kakapii W3 HAX npejiHasHayeH A BRINOTHCHHUA JIOBONTBHO
IMPOKOTO Kpyra 3ajav, Wio ABIACTCA 4BHBIM JIOCTOMHCTBOM [TPOTOKOJIA
SIP. tak kak Omarojapa 3TOMY YHCNO CcoODUIeHHH, KOTOPBIMH
OBMEHHBAIOTCK TEPMAHANDBI 1 CEPBEPBL. CBEACHO K MuHAMYMY. C NOMOUIBIO
3anpOCOB KIHEHT COODMIACT O TEKYLICM MECTOMOJOKEHHM, TIpHIIAmaeT
onb30BaTENEN NPHHATH YYacTHE B CeaHcax CBA3M, MoauUIHpYeT YAKE
YCTAHOBJIEHHBIC CEAHCHI, 3aBEpLIACT ax u 7.4 Cepeep Onpeieniet THi
NPHHATOO 3apOca NO HA3BAHHIO, yKa3aHHOMY B CTAPTOBOH CTPOKE.

B TOW ke CTpoke B roie Request-URI  ykasaH SIP-aapec
0GOpYIOBAHHS, KOTOPOMY 3TOT 3afpoc anpecosan. Cozepxanue noneit To
u Request-URI moaer pasnndaThed, nanpumep B none To MoxeT ObITH
yKasaH nyGauKyeMblil AApec aGonenta, a B nosne Request-URI - TEKYIUI
anpec HoL3oBaTes.

3anpoc INVITE nparsiaiact OBIOBATENS MPHHATE Y4ACTHE B CCAHCC
cBA3H. O OOBMHO CONCPXKMT OIMCAHWE ceauca CRA3M, B KOTOPOM
yKkasbiBaercs BUI npuHMMaeMoi  HHdOpMALEH | napameTphbl  (CIMCOK
BO3IMOJKHBIX ~ BapHanTOB flapaMeTpoB), HEoOXOAMMbIE 1A nprHema
HHGOPMALIHH, 3 TAKKE MOXKET yKa3biBaTHCS BHIL uHdopManny, KOTOpyl
BLI2BIBAEMbIH TTOJTB30BATENb KeJIaeT Nepe/lapars. B otBere Ha 3anpoc THNa
INVITE ykazwipactcs BWI undopmaumn, Kotopas Oyner HPHHAMATECS
BHIEIBASMEIM TIONb20BATENIEM, H, KpOME TOro, MOXET yKa3bIBATECA BHIL
yndopMalis,  KOTOpYIO pLibIBaEMbIfE  monk3oBaTens  coGupaercs
nepenaBath (BO3MOKHBIE papameTpel nepeaain ungopmanuu). B aToM
COOGUIEHHN MOTYT CONepXaThes Takke MaHHBIC, HeoGXxoauMBIC U
ayreHTHpUKALHM AGOHeHTA, W, CIEJOBATENLHO, JOCTYNa KIHEHTOB K SIP-

cepBepy-

3anpoc ACK noarsepaaeT npHem orsera Ha sanpoc INVITE. Cnenyer
oTMeTHTS, 4to 3anpoc ACK HCronb3yeTca TONLKO COBMECTHO C 3aIpocoM
INVITE. T.e. 3THM COODLIEHHEM oBOpYIOBaHAE  BBI3BIBAIOILCTO
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[1OTH30BATES MOKA3BIBAET, YTO OHO NOJYHHIO OKOHYATENLHEHT OTBET HA
cpoii zanpoc INVITE.

3anpoc CANCEL ormenser 06paGoTky panee repe/iaHtbix 3anpocos ¢
TeMH xe, 4o ¥ B 3anpoce CANCEL, 3HaucHrsivMu noiei Call-ID, To, From
# CSeq, HO HE BIMAET HA T€ 3aNpockl, 06paboTKa KOTOPHIX yKe 3aBEPUICHA.
Hanpumep, 3anpoc CANCEL npuMensercs TOrAa, KOIa MpoKCcH-CCpEep
pasMHOXKAeT 3anpochl A MOMCKA TONE30BATENS [0 HECKOJIBKHM
HANPABJICHHAM W B OJTHOM H3 HHX €r0 HAXOMNT.

3anpocom BYE oGopysopadue BEI3LIBACMOTO HIIH  BbI3hIBAIOUIETO
noab30BaTeN 3apepiaet coejuHenne. CTOPOHA, MOMYYMBLIAA 3anpoc
BYE, jomkHa mnpekpaTuth nepepaty peuesoil  ( MYJBTHMEIHHABON)
un(opMAIHH 1 OATBEPANTE Er0 BHIIOTHEHHE OTBETOM 200 OK.

[1pu nomoww 3anpoca tuna REGISTER nons3osatess coobuaer cBoe
Tekyuee Mectononokenne. B 31oM coobienny coaepkares Cileayioniue
noas:

eniosie TO COAEPHKHT ANPECRYI0 HHPOPMAUMIO. KOTOPYK Halo
COXPAHKTE WM MOIH(PHIMPOBATE Ha CEPBEPE;

® riosie From COoAepKHT aipec HHHUHATOPA PerHCTPALMK;

o nosie Contact COAEPKUT HOBBIH aJpeC NOJIL3OBATENA, 110 KOTOPOMY
_JIOTKHBI NEPeasaThes BCe JabHeune 3apochl INVITE;

ep none Expires ykaspiBaerTcsi Bpems B CEKYHJIAX, B TeUCHHE
KOTOPOI0 PerHCTpaLus ACHCTBHTENBHA.

3anpocoM OPTIONS  BbizbiBaeMblii  MOAb30BATENb  3aNpalineacT
prdopMaiiio 0 (PYHKIHOHAIBHBIX — BOIMOKHOCTAX — TEPMHHATLHOIO
0GopyIOBaHNA BHI3BIBAEMOrO MoAk30RaTeNs. B o1BET Ha 10T 3anpoc
obopy/loBaHHe  BBI3EIBACMOrO  MONL3OBATENS " coobwaer  Tpedyembie
ceenenns. ITpumenenue 3anpoca OPTIONS OrpaHuyeso TEMH CAyqasmu,
Korna HeoOXOmAMMO  y3Hath O  (QYHKUMOHAIBHBIX  BO3MOKHOCTAX
obopyoBaHuA 10 YCTAHOBJICHHA COCAHHCHUA. Jns  ycraHossiieHHA
COeMHEHMs 3anpoc JTOro THNA He wnenonwsyercd. Ilocne wuenbiranuil
npotokona SIP B peanbHbIX CETAX OKA3ANOCh, HTO A1 PEICHUA piiia 3a/1ad
BHIEYKA3aHHKX UIECTH THNOB 3aMPOCOR  HEAOCTATO'HO. [Moatomy
RO3MOXKHO, YTO B NPOTOKON OyAyT BBEIEHHL HOBHIE COOGIIEHHA. Tak, B
Tekyiueii Bepeun nporokona SIP He npeaycMOTpeR cnoco® nepcaain
HHOOPMALUHE  YNPABJICHHS COCIMHEHHUEM HITH apyroli uHpopMauuH RO
gpems cearica csan. Jlia peienus 310# 3a4aunu Gbil NPEIOKEH HORBIH
Tun 3anpoca - INFO. O MOKeT HCNONL30BATECA B CHCAYIOUIHX CIly FasX:

« 1 nepeHoca curHaabHbix coobuenuit THOIL i ISDN cereil
MEKILY LITI03aMH B TCHEHHE PA3IOBOPHON CECCHH;

» w18 niepenoca curianog DTMFE 3 Teuenue pasrOBOPHOH ceccuu;
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« 1A nepeHoca GUIIMHIOBOH HHpOpMaLH.
PaccMOTpMM B KauecTBe NpHMEpa THIMYHBIA 3anpoc THITA INVITE
(puc. 2.2).

DNVITE sip: server@elastix.com SIP/2.0 Via: SIP/2.0/UDP server-elastix.cem
From: Phone 1 <sip: 1¢1{@eiastix.com> To: Phone 2 <sip: 102@elastix.com=
Call-ID: 102@sarver-elastix.com Cseq: 1

INVITE

Content-Type: application/sip Conteni-Length: ...

v=0

o=elastix 53655765 2343687637 IN P4 12&.3.4.5

C=IN IP4 server-alastid.com

m=gudio 3456 RTP/AVP 0345

Puc. 2.2 Ipamep sanpoca INVITE

B srom npumepe nonkzoearens Phone 1 (101@elastix.com) BbI3BIBAET
nonkzosarens Phone 2 (102@elastix.com). 3anpoc nepeaactes K MpokCH-
cepeepy (server@elasrtix.com). B noasx To u From nepej aipecoM CTOMT
3amHCh, KOTOPYIO EBIMBIBAKOLIMI 0/b30BATENb JKCIACT BBIBCCTH HA
JMCIIeli BhI3BIBAEMOTO Nonb3oBaTensd. B 1ene coobienns obopynoBaHmne
BEIZBIBAIOIIENO MCIB30BATENs YKazpiBaeT B (hopMaTe npoToKoia SDP, uro
OHO MOXeT TpHHHMaTh B Topry 3456 peueByio nHpopMaLHIo,
ynakopaunyilo B naketkt RTP ¥ 33aKONHPOBaHHYIO MO OHHOMY M3
CHEAYIOMHX ANTOPUTMOB KOAHPOBAHUA! 0-PCMU, 3 -GSM, 4-G.723 u
5-DVL

1.4. Veranosienie CoeTHHeHHS ¢ yHaCTHEM NPOKCH-CepBepa
AIMMHHCTDATOP CETH COOGUIAeT AAPec ITOTQ CEpBEPa NOME30BATEILIM.
Buispisatoumii onssosarens mepenaer sampoc INVITE (1) na ampec
npokcu-cepaepa u nopt 5060, HCTIONB3YEMBIil O YMOIHaHHIO (PHC. 2.3).




22

Connop oripane- B mmaowsi

1. 1NATI | 7. 3unpoc ONDANBAMMY
- 3. Oveur

4 INVITE

foee B MOMNgng
8.2000%

T ACK
> T ACK

e e U ——

i 9.2000K
CemamD vrsn
3 Orwerse
Puc. 2.3. VcraHog/eHHE COEAMHEHNS C yuacTHeM NPOKCH-cepBepa

B 3anpoce nonsioBatens yKazbiBaeT  M3BECTHBIN emMy ajapec
Bbi3bIBaEMOro nonezosaresss. [pokcu-cepsep sanpammsaer tekymmii anpec
BEI3BIBACMOrO MOJIL30BaTENS Yy CEpBepa ONnpeeeHns MeCTON0I0KEH A (2),
KOTOpBIH ¥ coobuiaer emy aror aapec (3). Jlanee (IPOKCH-CEPREP niepenaeT
sanpoc INVITE HenocpencTeenno BrizsiBaeMomy obopynosanuo  (4).
Onats B 3anpoce CONEPKATCA NAHHEIC O (YHKIHOHATEHBIX BOIMOKHOCTAX
BHI3BIBAIOILETO TEPMHHAIIA, HO NPH STOM B 3anpoc Aobasasercs none Via ¢
ANpECOM NMPOKCH-CEPBEpA JUIA TOr0, YTOGhI OTBETELI HA OOPATHOM ITYTH LLTH
uepes wero. Ilocne upuema wu  obpaGorkm 3anpoca BEIBBBaEMOE
000pyaoBanHe COOONIAET CEOEMY MONBIOBATENI) O BXOAAILEM BhI3OBE, a
BCTPEUHOH cropone niepeaaer orser 180 Ringing (5), konupys & nero uz
sanpoca nons To, From, Call-ID, CSeq u Via. Ilocne npuema Bhizosa
OJIb30BATE/IEM BCTPEYHOH CTOpOHE nepenaercs coobutenne 200 OK (6),
coaepkallee JaHHbE O (YHKUHOHUILHBIX BOIMONKHOCTSX BBIZLIBACMOrO
TepMuHana B dopmare mnporokosa SDP. TepMHHAN BHIZBIBAIOLETO
TIONB30RATENA NOATBEPAKAACT NpHeM orsera 3anpocoM ACK (7). Ha stom
(asza ycraHOBNICHHS COENMHEHHS 3aKOHYEHA M HAYMHAETCH pasroBopHas
aza. Ilo 3apepuieHnu pasroBopHOi (ha3el OMHOH M3 CTOPOH NepeaacTcs
sanpoc BYE (8), koropeiii noarsepxaaercs orsetom 200 OK (9). Bee
COOGUMIEHHA  MPOXOMST  Yepe3  NPOKCH-CEPBEP,  KOTOPBI  MOKeET
MOAHDHIMPOBATH B HHX HEKOTOPKIE MO,

-

il
N
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2. ONTHCAHME JIABOPATOPHOI'O MAKETA

B sannoii naGoparopuoii paGore uiywaercs pabota ATC Asterisk -
nporpammuoii ATC, xoropas npeacrasnser co6ol npoaykr ¢ OTKPBITBIM
HCXOIHBIM KOIOM I O(PUCHON TelieQOHHON CTAHHMH C BHIXONOM B
odmyio cers. Mpunoxenne paGoraer na ONepauMOHHBIX cuctemax Linux,
Windows, OpenBSD, OS X u up. Pa6ora ATC ocnopana Ha MpOTOKONAx,
oBecie HBAIOUINX Tiepesaty rooca uepes ceTn, GYHKUHOHMPYIONIHe Ha [P
npotoxone (VoIP). Henonesys Hemoporoe (Mo Mepkam KNacCHUeCKHX
ATC) obopynopanue, Asterisk Moxker paGorats NPaKTHYECKH C H0OBIM
obopynosanvem s [P-tenedonnu, KOTOpPOE MCMONb3YeT CTaHAapTHbLIC
npotoxoss! aius VolP.

Asterisk npepocrasaser ¢ymkiun ronocoroii moursr (Voicemail),
KOH(EPCHII-CBAIN, MHTEPAKTUBHOTO ronocoporo meni (IVR), HEHTPa
obpabotku Bhiz0BOB M X 0Opabotku (Call Queuing). OHa Takke umeer
NOANICPKKY TAKMX CCPBICOB, KaK MEPEBOA BBI3OBOB APYroMy aGoHeHTy,
CCPBHC ONpEACNeHHs W MEpPelaqn  Bbi3bIBaEMOMY aboHeHTy HOMepa
seizbiBatowero adonenra (callerlD), nporokonsi ADSI, SIP, H.323 (kak B
PeKMME TEPMHHANA, TAK W B peXXHMe reitoanus ), MGCP (tonbko ans call
manager) u SCCP/Skinny (#e noanocteio). I HOKOCTH — OCHOBHAS nApHYHHa,
1o KOTOPOH Asterisk HCKITIOUHTEBHO peHTabenbHa Ans GRICTPO pacTyiero
OuzHeca; AnA Hee He cyulecTBYeT >((EKTHBHOIO MAaKCHMATLHOIO WIH
MUHUMATTLHOTO pasMepa, KOTOPhiH CISAYeT YYMTHIBATE NPH COCTABICHUM
CMETBl Ha nokynky. Takum obpazom. croumocts Takoii ATC 3asmucur or
MHOrMX  (aKTopoB  (KOMHYECTBO  KAHAIOB, MAKCUMAILHOE  HHCIO
OMHOBPEMEHHBIX COCANHEHHH, eCTh /I KOH(DEPEHI-CRA3h, BHIGOP Koaeka
T.A4.).

B nannoii naGopatopuoii pabore ucnonkayercs nnardopma s
YHUPHUMPOBARHBIX KOMMYRHKAUMA ©  OTKPHITBIM HMCXOZHBIM  KOJAOM
«Elastix», BKJTIOYMAIO AR IP-ATC Asterisk.  Jlua yaobcTea
anmurucTprporanns IP-ATC ycraHaBinBaeTCs Ha BUPTYAIBHYIO MAlUUHY.
A TaKke Henonbsylorca tenedonst Linksys SPAIXX (puc. 2.4).
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Prc. 2.4. Buewnnii pua IP-tenedona Linksys SPA942

3. HPAKTHYECKAS YACTD

B HPAKTHHECKOH YacTH CTY/ICHTBI MONYHAlOT  HAaBBIKH
nporpaMMupoBanis cranunn M IP-tesieonoB, a Takke M3YHAIOTCA WX
HEKOTOpHIE (DYHKUMOHAILHBIE BO3MOXHOCTH.

1. Orkpoiire nporpammy smyasunn Oracle VM VirtualBox.

B OTKpbIBLIEMCS OKHE BbIOCPWTE ¥ 3aMYCTHTE NPOrpaMMHYIO
nnargopmy «Elastix», aoxkpurecs sarpyzku. Beeunre B none Elastix login:
root, noaTepanTe kHonkoif Enter. B nose password: 000000 (Buumanue,
OC Linux e mokaswiBaeTt BBeACHHBIH naponb). [Tporpamma ykaker cpoi
anpec B suae hitp://192.168.1.6. OH MOXKET MCHATLCA B 3aBHCHMOCTH OT
ero 3aHSTOCTH B CeTH.

2. Orxkpoiite Gpaysep (Internet Explorer) u Brnuiumre B aapecHyro
cTpoky aapec, ykazauusiii B ATC «Elastix», npono/mknre oTKphiTHe BE6-
caiita.

Jlia Bxona B BeG-uurepdeiic IP-ATC «Elastix» mncnonbayiire
CHCAYVIONIYIO AAHHYIO KOMOMHAUMIO:

Wms nonszoparens: admin

IMapons: 0000000

Ha rnassom menio seG-untepdeiica Bo pknanke Cucrema -> dashboard
orobpaxenst ocHoBHbIe pecypesl IP-ATC u ux 3arpyXeHHocTh. 3anuiunme
ITH 3HAYECHHS B OTHET.

CreToRoil HHIMKATOP JBOHKA
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IMepeiimire wa skunanky PBX-> PBX Configurations-> Trunks (B
MPaBoil YacTH CTPAaHMIbLl HAXOAMTCA CITHCOK TPAHKOB) WM oTkpokte VoIP
TpaHK — 2T0 BupTyalbHbii kanan mexay IP ATC knuenra n IP ATC
onepatopa. Tak kak HCronb3yercs jokanbhas cets, To [P ATC oana. 3aecs
NoKazatbl HaCTPOHKH, KOTOpbie HEOOXOMHMBI IUiA alpecalliy cepsepa M
tenedonon. IP-anpec cepeepa (host) u I[P Elastix aomxuel 6wITh
ojiuHaKoBEIMU (puc. 2.5). B kauecTBe npuMepa Ha pHCYHKE NMOKa3aHbi HM3
BUDTYAILHOIO Kanana u aapec cepeepa ATC.

PagskTmpoaath SIP Tpark

OC TOPCNCHG: 7707 Tt 14 CTOINY FETER SN WMVADY TN

DGR HATTRONO

Hoaa e THAKED
Woxnamummn W nowep
Ortimne Cader 10 (C10)
VA3 0L Y 4 KIRAT IO
Asterisk Trunk Dial Dptiear Gewtimme

Continue i Busy Crmcs
Dl ternon ity Tomme Basnsgwn e

a8 Uy P RT I

M amsnns srn

(rpwesmns )= cpmiweit | conrsme wanrois OB

« Aaanrre was Aae woSObenE  Oescowts At e

FOTOWMIO WABNOMI HIGORS O .
e Baw LOZA HA NVIMAID

ATH NN I HICTPC RN

Havnaree Tpales o tant

Puc. 2.5. Hactpoiiky BHPTYaNbHOIO KaHasa

3arem nepeiiute Ha Biiaaky Extensions, peibepure cripaga mo6oit u3
BHYTpeHHUX HOoMepoB (Hanpumep, telefonl <101>) (puc. 2.6).
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BHyTpeHHuH HOonep: 101

8 van

Puc. 2.6. Menio SIP BHyTpennero Homepa

3. Haseas KypcopoM MBIIM HA BONPOCHTENBHBIA 3HAK PAIOM C
napaMeTpamMv, MOXHO MNOJIYYHTH CIPaBKY O TOM, KakHe (YHKIHH OHM
BRINOMHAIOT. HeoOXOMMMBIMU HYHKTaMH HACTPOWHKH ABNSIOTCA: HOMEp
aboxeHTa (3anuceiaeTca npi neproM nodaesenun SIP ycrpoiictea),

OTOOpaXAEMOE UMA M secret (ITAPONE), MOKA3ZaHHLIA 1A puc. 2.7, JUIs 3TOro
Tesedona.

YETpofCT0 ACOONueT S Te0QIeiag

™ 12343k
amimode RFC 2033 =
canvorwe " » Har =

Puc. 2.7. Tlponomkesne MEHIO BHYTPEHHETO HOMEpa

4. Tlepeiiaute na srnaaky Cuerema. Haxmure Ha KIaBUILy HACTPOIKHY,
Haxopsmytocs Ha IP-tenedone, ¥ ¢ NOMOWBIO HABUTALMOHHBIX KiABMIL
BeiGepute nynkt Network. Ha nucnnee otofpasutes aeiiciryiomuit aapec
Tesieoua. OTkpoiite HORYIO Bkanky B Opay3epe M 3anHmMIe €ro B
QIPECHYIO CTPOKY. A 3aTeM BOMIANTE B PeXKUM aNMHHHUCTPATOPA, HAKAB HA
admin login (puc. 2.8).

9 Sipure SPA Conlugumat W Spor SO Conligumim | 25 Spurs SOA Config.

Linksye Telophone Configuretion

| e, i e L= [ R S,
| ™ leﬁl.wlf? K st

Puc. 2.8. Be6-nurepdeiic renedona
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5. Ha exnagke Info onucawa obuag undopmaims o nacrpoikax IP-
tenedona. Tlepeiines e Ext 1 — nactpoiiky jguunit. B nyukrte Proxy
BBOJIMTCH ajipec cepsepa, Ha kKortopom ycranosiaeHa ATC. B nosmsax
Subscriber information psoasrca: Display Name — ums, koropoe byzner
NOKa3kIBATLCH Ha dKpaHe TeseoHa pH coRepuieHMH 3BoHKa; User [D -
BHYTPCHHMI HOMEp, KOTOpLIF nNpHCBAMBaeTCs JAaHHOMY TenedoHy;
Password — mapons, coorsercrsyiommit User ID B IP-ATC «Elastix»
(1234ab) (puc. 2.9). Preferred Codec ycranasimpaeT OIMH M3 KOJAEKOB,
peryiupyouuii cxatie tHGpoBOro roJocoBoro MoToKA.

Linksys Telephone Configuration

Ui sae oo | panser

thifo System SIP Reglonal Phone EXC1 Exp 2 Bxr 3 Extd Lgar e Pt i
Geheral
Une -abia: v v
AT Sagtings
MAT Mapiing Enabi: mo WAT Kaag Alive Srabies g
SiP € gemoge
517 dne s000 STF Sebug Optron: rone -
Call Faative Settings
Message Welirg: ~ . Detuit Veg! k -
Madtcw (03
hegrso - yer -
Mave St Wikout Bag: o . Rugiter Bupront pLag
e Coll Without Rog: o -
ubscriber Irformation
y Wamat Uge 10 101

S e Autt, 1024 m -

0
Audc Confguration
Praterred Codan -2l TN use Praf Cocec Only) n v
Second Praferred Codee Unigucified - Therd Proferred Codec ursc achied v
Llance Suop brasie v DTV T Mothod: Soan .

Puc, 2.9. Hactpoiika ansuii

6. O63eoHNTE CoceAHME Tenedolbl 1abopaTOPHOro MaKeTa.

IMosgouute ¢ 101 renedoua wa 102 u ¢ 103 Ha 102 (cuumure TpyOKY,
HabepuTe HOMEP H HARMHTE HABHrALHOHAYI0 Knasvuy Dial). C nomoiusio
KJIABUIIY MEPeKMOMeHHs JInHKE (4) Ha 102 MOXHO OTBeHaTh W CTABUTH B
PEeXKHMM  OKMAAHHA JIpYrysd  nuuuio. HasurauwonHas wiasuina Dnd
nepeBoAnT TeaeOH B peKHM «He DeCnOKOHTH).

7. Oprauusyiire pexam koudepenimn IP- ATC Asterisk.

ITo nomepy, onpeznenernomy B I[P-ATC (6099), soiith ¢ KkaXxaoro

nedona, ucrnonszys PIN- kon 123 (puc. 2.10).
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Kondepenuns: 6055 T -,
Lo
w Vo

e 50 Sl
L0 F DAy W
Y omeacsateta

P AR AR TP

Puc. 2.10. Co3panue KoHpepeHIHH

B Gpaysepe Bo Binanke Elastix poiitn B PBX -> Conference. Otxpoiire
co3annyio kondepenumio, naxas Kypcopom Ha Participants 0/10-> More
options seiGupaiite Homep, npuraamaiite B konpepenumo Invite Caller.

4. COAEP)KAHUE OTHETA
Otver 0 nabopatopHoi paGoTte NOKEeH COAEPKATh:
- Lenb paboTsl;
- CTPYKTYPHYIO cXeMy 1abopaTopHON YCTAHOBKH;
- CXEMY YCTaHORJIEHHSA COCIMHEHMA,
~ CKPHHUIOT HACTPOEK BHYTPEHHErO HOMEPA OZHOTO M3 TeedoHOB.

5. KOHTPOJIbHBIE BOIIPOCHI

1. O6pscHiTe HPHHLMIELI apXHTeKTYps! nporokosa TCP/IP u Monenu
OSL

2. Iepeuncante ypoeun u ux Qpyuxumu 8 nporokone TCP/IP.

3. Yo rakoe nporokon SIP? Ilepeuncnnte 3arogoBkH U 0ObACHUTE HX
byHKiuMH.

4. Tepeuncnute 3anpocsi iporokosna SIP.

5. OObsicHuTe AJITOPHTM YCTAHOBICHHS COCAHMHEHHA C ydacTHeM
NPOKCH-CEpRepa.

BUBJUOTPAOHYECKHI CITMCOK

1. Fonpaurreiin b.C., 3apybun A. A., Camopesos B. B. Cnpasounik no
TeICKOMMYHHKALMOHHBIM npoTokosiam: «IIpotokon SIPy». — CTIG.:BXB-
Cankr-Tlerepbypr, 2005.- 456 c.

2. Foasawreitn 5.C., Munuyk A.B.. Cyxosuukuit A. JI. IP-renedonus.-
M.: Paamo cease, 2001.- 366 c.

3. Merrenren JIL.B., Mancen JI, Cmur JLC. Asterisk: Oyuyuiee
Tenedonnn. 2-¢ usa. — [ep. ¢ anmi. — CI16.: Cumeoa-Ilnoc, 2009. - 656 ¢.
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JIABOPATOPHAS PABOTA Ne 3
Hayuenue xonexos IP-renedonnn

eas paborh
Mayuenne TeopeTHHECKHX OCHOB ceteli [P-renedonun; KOAeKoB,
uenoie3yiommxes 8 reaeqounoii cessu. [lonyuenue HasbikoB paboTsi ¢
ANTOPUTMOM OOBEKTHRHOM OLEHKH KauecTBa peveBbix cHrHanoB PESQ,
NPOrPaAMMOI 11151 H3YUEHHS JEHCTBHA IYMOB B KAHAIC CBS3H HA OCHOBHbIE
konexu peun VOCDemo.

1. Teopernueckas 4acTh
1.1, ANropuT™ KOZHPOBaHHUS!

Haubonee copepuieHHBIM aJTOPHTMOM, MOCTPOCHHBIM HA ONUCAHHBIX
BHILIE NPHHLMNAX, ABNASTCA ANTOPHTM ananTusHOM AuddeperunansHol
uMnyascHo-kojoroit moayisaunn (AJIMKM), npemwtoxkenubiii ITU-T e
pexomenpaunn  G.726.  ANropuTM  NpEeAycMaTpPHBAET  BHIYHCICHHE
KO(huuneHTOR NpeJIcKazaHns NC KOPPeasilMOHHOH (YHKLHM peueBoro
CHI'HAJIA, BHIMHUCIIEHHE NPEJICKaZaHHAIX OTCHETOB, (JOPMHUPOBAHHE CHIHANA
OLIMOKH NPeACKa3aHus W ero MOCJASAYIoee aJanTHRHOS KBaHTOBaHUE.
Cyuwiectsyer  MoAW(HKalHa  3TOrO  ANrOpWT™Ma, B KOTOPOIf
HHPOPMALMOHHEIE OHTHE BBIXOAHOIO LHMPPOBOro NOTOKA OPraHM30BaHbl 110
HEPapXUYECKOoil CXeMe, YTO MO3BONIsSeT OTOPACKIBATE HAMMEHEE 3HAYHMYIO
HHPOPMALMIO, HEe YREAOMAA 00 3TOM KOAEP, H NMOAYHATh NOTOK MEHbLUEH
CKOPOCTH 3@ CYeT HEKOTOporo yxyamenus kayectsa. Cranpapr G.726
cricuupHUMPYET KoaupoBsanue npH ckopoctax 40, 32, 24 u 16 Kour/c, yro
cooTgercTRyeT nepeaave S5, 4, 3 wiu 2 dutor Ha orcyer. Kauectro peyw,
nepenasaemMoi ¢ ucnonbsoBanuem AJIMKM  G.726, npu ckopocti
32 K6ur/c coOTBETCTBYET, a NOPOH M TMPEBOCXOAHT KadecTBO pevH,
obecnieyupaemoe anropurmom koauporauus G.711. Tlpu gocrarouno
Xopouwnx xapaktepuctakax anroputma AJIMKM  npaktuueckn He
MPUMEHACTCA /LIS LICPEJAtii PeyH MO CeTAM C KOMMYTAlHEH NaKeTOB, TaK
KaK 9TOT airOPHTM OYeHb UYYRCTBHTENCH K NOTEpAM uenbix Oiokos
OTCYETOR. [POMCXOAAIMM Hpy nepesave ungopmaunu. B takux ciaybasx
HapyLIaeTCs CHHXPOHM3AUMA KOJEpa M JACKOAEPa, YTO MPHBOJMT K
KAaTacTpoOPHIecKOMy YXYAUIEHHIO KayecTBa BOCHPOM3BENCHHS PeuM Jaxe
NpPH Majol BEPOATHOCTH 1OTEPb.

B nepryfo ouepess HEOOXOAMMO MOHATH, KAKHMH KPHTEPUAMH HYXKHO
PYKOBOACTBOBATHCA NMPH BHIDOPE «XOPOMIETOY» KOAEKA A HCNOTB30BAHHS
B [P-renedorinm.
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1.2. Ouenka kavecrea
CkopocTh  miepenaus, KOTOPYIO HpEIYCMATPHBAIOT  HMCIONIHECSH
CErojIHA Y3KOMOJIOCHBIE KOJACKH, NexuT e npeaenax 1,2...64 Kéur/c. Or
3TOr0 MapaMeTpa NpAMO 3aBHCHT KAYeCTBO BOCHPOM3BOAMMOH peuH.
CymiecTyeT MHOXECTBO WONXOAOB K NpoG/ieMe ONpefenenis KauecTsa.

Knace XapakrepHcTHka Hopma
Ka4yecTsa pazGopumBocTy,%
Boicumit [lonumanne nepeasaemoil peun Ges >80

MAJICHIUIETO HANIPAKEHHA BHUMAHNA
I [Tonumanne nepejgasaemoii peuu Ges 56-80
3aTPYAHCHHH
It TMonumanse nepenasaeMoii peau ¢ 41-55

HanpsKeHHeM BHHManHs 6e3 nepectipocos
H MOBTOPEHM

11| [Monumanue nepenasaemoit peun ¢ 25-40
HEKOTOPBIM HaNPAKEHHEM BHHMAHHA.
_PEAKHMH IIEPECTipOCAMH H TTOBTODEHUAMH

v Ionumanse neperasaemoil peun ¢ <25
GONBLIIMM HATIPSKEHHEM, UaCTHIMHU
nepecripocaMu u NMOBTOPEHHAMHM

FOCT P 50840-95 npennosnaraer cleayioulse oueHkH KadecTsa petn.

HauGonee mupoko menonsyemsiit noaxon onepupyer ouenkoii MOS
(Mean Opinion Score), kotopas onpeneisercs wis KOHKPETHOIO KOACKa
KaK CpelHss OLCHKAa KavecTea OONBIIOH rpynmodt caymarenedi no
naTHGanIbHON wikane. s npocaymmBanns IKCHEPTAM NPEIbABAAIOTCH
PasHble 3BYKOBHIE (DPArMEHTEI - pedb, My2hika, peds Ha (OHe pazTHuiHOro
uryma # T4, OUEHKH HHTEPNPETHPYIOT CEAYIOUIHM 06pasoM:

* 4-5 - BHICOKO® KaueCTBO. aHATOTHYHO Ka4eCTBY nepenaqyu pevd B
ISDN unu euze Boie,

* 3.5-4 - xauectBo TGOIT (toll quality), ananoruno KAYECTBY peuM,
nepeiaBaeMoi ¢ nomompio kosexka AJTMKM npu ckopocti 32 K6ut/c,
Takoe kauecTro OGBIMHO OBecHEYMBASTCS B GONLUIMICTRE TenePOHHBIX
pa3roBopoe. MoOwibHbIE CeTH OBECTIeYHBAIOT KAYECTRO 9YTh Hike toll
quality:

* 3-3.5 - KauecTBO peun, No-mpexHEMy, YAOBAETBOPHTENLHO, OIHAKO
€TI0 YXYAIEHHE ABHO 3AMETHO Ha CAyX;

* 2.5-3 - peus pazbopunBa, oaHAKo TpebyeT KOHUEHTPAaUNH RHHMAHHA
s noHumaHna. Takoe KadecTBO OGBIMHO OGECHEYMBACTCS B CHCTEMAX
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CBA3H CHEUHAIRHOIO NpHMEHCHNA (HanpUMep, B BOOPYKEHHBIX cunax). B
paMKax Cymecrsylomux rTexHoiorud kavectso T¢OIT (toll quality)
HEBO3MOKHBO 00eCneuHTh HPH CKOpocTAX MeHee S Kont/c.
1.3. Bausinne npeobpaszosannii PC na kavecrso

Anropurtmst nopawienns nays (VAD, CNG, DTX). Ilpn muanore oauu
€ro YMacTHUK FOBOPUT B CPCAHEM TOJBKO 35 npoueHToB BpemenH. Takum
oGpazoM, eciy NPUMEHNTL AITOPHTMBI, KOTOPSIE NMO3BONAIOT YMEHBIIHTE
obbem HHpopMauuy, NepeaaBaeMoii B IEPHOALI MOJYAHUA, TO MOXKHO
JHAYHTENBHO  CY3uTh  HeoOXomumyio  nonocy  mpomyckauus. B
JIBYCTOPOHHEM Da3rOBOpE TaKHE Mephl MO3BOMAIOT AOCTHYL COKPALUCHHS
obbema nepenasaeMoii uHpopmauny a0 50%, a B JEUEHTPATHI0OBAHHEIX
MHOMOA/PECHBIX  KOHpepeHimax (3a  cyer Gonbliero  KOJHUECTBA
rOBOpsiiMX) - wu Oonee. Her HHKAKOro CMmeiCIa OpPraHW3OBBIBATH
MHOTOApecHble KOHDEPEHIME C YHCIOM YYacTHUKOB Gossie 5-6. He
NOJARIAN NEPHOLLI MONYaHMA. TexHonorus MojapneHns Takux NepuoaoE
HMEET TPH BaXKHbie coctasasiomme. HykHo oTMeTHTs, Yro OnpencieHne
TPaHHLy nays B peun O4YeHB CyllecTBeHHO WA AddexTusHOi
CHHXPOHH3ALHH NCPEAAOMEH U NPHEMHON CTOPOH: TIPHEMHHK MOMKET,
HE3HAYMTEABHO M3MEHSS UIHTENBHOCTH N1ay3, NMPOHIBOMAHTE MOACTPOHKY
CKOPOCTH BOCIPOM3BEAEHUA JUIS KaXIONO OTJANBHOIO CeaHca CBA3M, HYTO
HCKITKOMaeT HeOOXOAMMOCTL CHHXPOHH3ALMH TAKTOBLIX FEHEpaToOpoB BCex
JNIEMEHTOB CeTH, Kak 370 uMeeT Mecto B THOIL

Herextop pevesort axrusHoctd (Voice Activity Detector - VAD)
HeoOXOoAHM LIS ONPEISsICHHs NEPHOJOE BPEMEHH, KOIJa MOib30BATENb
ropoput. Jerekrop VAD somken ofianare MaibiM BPEMEHEM pPeakiliy,
4ToOkl HE HOMYCKATh NOTEPh HAATLHAIX CJTOB M HE yNycKaTh Gecrnonesnsie
(parMenTsl MONYaHHA B KOHLE NPEJIOKEHHIE, B TO XKe BPeMA ACTEKTOp
VAD ue nomken cpabarsiBath 0T Bo3AeicTEHA GoHOBOrO 1wyMa. Jlerektop
VAD oueHHBAaeT 3HEPrHi0 BXOAHOIO CHIHANA W, €C/IM OHA MPEBBILAET
HEKOTOPBIH  NOPOr, aKkTHBM3HpyeT nepepawy. Ecau O jpevexrop
otOpachiBai BCiO HHGOPMAIMIO J0 MOMEHTA, NOKA JHEPrHs CHrHaya He
CTajla BB NOPOra, TO NPOHCXOAHNC Gbl OTPe3aHHe HAYANBLHON HacTH
nepuosa akTuBHOCTH. Tloatomy peanusauun VAD 1pebyloT coXpaHeHus B
MAMATH  HECKONBLKMX  MWUMCeKyHA  undopmauuy, 91006l  MMETH
BOZMOKHOCTH 3allyCTUTh NEpeiaqy A0 Hayana [epHofia aKTHBHOCTH. JTo
YBEAHYMBAST B HEKOTOPOH CTENEHW 3aMepkKy NPOXOKICHHSA CHIHana,
ONHAKO ee MOXKHO MHHMMH3HPOBATHL MM CBECTH K HYIO B KOAepax,
paboraommx ¢ 6710KaMH OTCYETOB.

lMeanepxkka npepsisuctoit nepeaayn (Discontinuous Transmission -
DTX) nosposnser Koaeky NpekpaTuTh Oepeiady MakeToB B TOT MOMEHT,
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korna VAD ofnapyxun nepuos monyauus. Hexoropsie nanGonee
COBEPLICHHBIE KOJAEPHI HE NMPEKPAIAIOT Nepejiady NoJHOCTHIO, & NEPEXOIAT
B PEKMM rnepenayd  ropasio  MeHeiiero o0vema  midopmatmu
(MHTEHCHBHOCTD, CHEKTpaNbHbIC XapaKTEPUCTHKH), HYKHOH /U TOrO,
4TOGB! IEKOEP HA YAANCHHOM KOHIIE MOP BOCCTAHOBHTS (DOHOBBIH TIYM.

I'eneparop komdoprore wyma (Comfort Noise Generator - CNG)
CAYXMT JUIA reHepauun Qorororo wyma. B moment, korma B peun
AKTHBHOFO Y4acTHUKA Gece/ibl HAYHHACTCA NePHON MONYAHUSA, TEPMHHATEI
CAYWAIOUUX MOTYT NPOCTO OTKIOUHTL BOCHIpoM3Benenue 3syka. Oanako
210 G610 OBl Hepasymuo. Eciiu B Tpy6ke BosHMKaeT «rpoGOBas THIIHHAY,
T.€. (pOHOBBIA tIyM (LIYM YAHLEL W T.4.), KOTOpPHIl GBI CIBILIEH BO BpeMs
pasroBoOpa, BHE3AMHO HCYE3aeY, TO CAYIIAIOWIEMY KaXeTca, uTo
COCIMHEHHE MO KAKUM-TO NMPUYHHAM HAPYUINIOCH, W OH OOBIYHO HAYHHAET
CIPALIMBATE, CABLILINT JIH €ro cobeceIHuK.

leneparop CNG noseonsier u3bekars TakHX HENpUATHBIX 3ddeKToB,
TpocTeiimme KoACKH NPOCTO NPEKPALIAIOT MEpeaty B MepHO MOTYAHNS,
¥ ZIEKONEp reHepHpyeT Kako#W-nuGo yM ¢ ypOBHEM, pPAaBHEIM
MHHHMAJIBHOMY YPOBHIO, OTMEYEHHOMY B ITEPHOJ PEYeBOil AKTHBHOCTH.
boniee coepuiennbie koaeku (G.723.1 Annex A, G. 729 Annex B) umeior
BO3MOKHOCTE MPENOCTAaBIATL YAANCHHOMY AcKoxepy uudopMauuio s
BOCCTAHOBNICHMA [HyMa C rapameTpamM, OnHzKHMH K  (akTH9ecKn
HabIOIABHIHMES. -

BONBIIMHETBO  Y3KOMONOCHBIX  KOZEKOB  0OpabarbiBacr  pevenyio
utopmauuio GIOKaMH, HA3LIBAEMBIMH KajpaMH, H HM HEOGXOAHMO
MPOM3BOIUTL  NPCABAPHTENLHBIA  aHAMM3  OTCYETOB,  CHSAYIONIMX
HEINOCPEACTBEHHO 32 OTCYeTaMK B OJIOKE, KOTOPhIH OHH 8 HAHHLIH MOMEHT
KOAUPYIOT. Pasmep Kaapa BaskeH, TAK KaK MHHHMANBHAS TEOPETHYECKH
AOCTHKHMMAA  3aJiepKKa mnepenayd  wuHpoOpMauuu  (aIropuTMHuYecKas
3a/lepKKa) ONpejesseTcs CyMMON 3T0TO napaMetpa M iunbi Oydepa
NPE/IBAPHTEILHOrO anani3a. B nelcTBUTeNBHOCTH npoLeccopsi LG poBoii
06paloTKH CHIHA/IOB, KOTOPHIE BLITONHAKT ANTOPHTM  KOIHPORAHNA,
HMEIOT KOHEYHYIO MPOM3BOAMTENILHOCT, TAK YTO peanbHas 3aJepikka
CHrHajiia ABAseTCs Ooliblie  TeopeTwdeckoil. MoxHo, Kasanocs Obl,
3AKNOYHTH, YTO KOAEKH C MEHBIIHM pa3’MepoM Kaapa JIyuilie B CMbICie
TAKOTO BAKHOIO KPHUTEPHs KaK MHHHMM3aUMs 3anepkkd. OnHako eciu
YHECTh, YTO MPOHCXOAMT NPH nepeaade HHPOPMAUHM 1O CETH, TO Mbi
YBHIHM, HTO K Kaapy. cQOPMHPOBAHHOMY KOAEKOM, Jobamiserca
MHOKECTBO AONONHNTENLHOH HHpopMaunu — 3aronosku IP (20 Gaitros),
UDP (8 6Gaitros), RTP (12 6aitros). JUns koaeka ¢ JUIMTeIBH0CTHIO Kajapa 30
MC NOCHIIKA TAKHX KaApOB MO CETH npueena Gbl K nepeaave uabEITouHoil
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undopmanun co ckopoctbio 10.6 KGut/C, ¥TO TMpeBsIUaeT CKOpOCTh
niepenatin pedepoit uHGopMau y GONLIIMHCTBA Y3KONONOCHBIX KOIEKOB.
TToatoMy OOBIMHO HCTIONB3YETCA MEPEChUIKA HECKONBKUX KalpoB B :m_a.au
NpH  ATOM MX KOJHYECTBO OFPaHHYEHO MAKCHMAIBHO JOMYCTHMOH
3aliepKKoi. B GoNbUWHMHCTBE CAYHACR B OIHOM fiakeTe nepenaetcs A0 60 mc
peuenoif urdopmaimi. Yem MeHbUIC LTHTENBHOCThL Kaapa, Tem Gonbiue
KaZipoB TPHXOAWTCH YMAKOBRIBATL B OAHH NaKeT, T.e. 3alepiKka
ONpEACHseTCs BOBCE HE JUIMHON Kanpa, a HPAaKTHYECKH MPHEMIEMbIM
oBBEMOM 1107€3HON Harpysku B nakere. Kpome toro, xoieku ¢ Sonbuieit
JunHHONH Kkanpa Gonee >hdexkTHRHBL, Tak Kak 31ech JeHCTBYeT oOwmi
NPHHIAN: YeM [ofbiie HaGimonaeTcs sBjeHue (pedeBoi CHrHai), Tem
JIYSIHie OHO MOXKET ORITH CMOIEIHPOBAHO.

[ToTepH NakeToB ABIAIOTCA HeoThemuembiM atpubyTom IP-cereii. Tak
KAK TIAKeTHl COjfep)KaT Kazpsl, COPMHMPOBAHHBIE KOAEKOM, TO 3TO
Bbi3bIBAET fOTEpH KazpoB. Ho noTepu nakeTtoB M TNOTEPH KaapoB He
oBa3aTeIbHO HANPAMYIO CBA3AHBI MEXJly COOOH, Tak KaK CyHECTBYIOT
NOAXOAbI (TAKHE KAK NPUMEHECHMWE KOIOB C MCNpaBICHHEM OIMGOK —
forward error correction), NO3BONSIOIINE YMEHBLIIUTE YHCIO MOTEPSHHBIX
Ka/IpoB MPH JIAHHOM YHCIe NOTepAHIbIX naketor. TpebGyomasics wis 91oro
nonoHUTeNnbHAS  caykeOHas uMHbOpMauMs  pacnpesieNngercs  MExiy
HECKONMBLKMMH ITAKETAMH, TAK YTO MPH NOTEPE HEKOTOPOro HHCia NaKeToB
Kaape! MOryT GbiTs BoccTaHoBAeHbl. OJIHAKO NONOKUTENBHBIA sddekT or
BBEJICHHA H3OBITOIHOCTH /U1 GOpLOLI C MNOTEPAMH NMAKETOB HE CTOJb JIErko
JOCTHRKMM, MOCKONLKY motepu B [P-ceTaX NpPOMCXOAAT navykamu, T.e.
IHAYUTENLHO Bojee BeposTHO TO, YTO OyJeT NOTepsAHO Cpasy HECKOILKO
[IAaKeTOR MOAPI, HYeM TO, HYTO TNOTEPAHHBIE NAKETBI PACNIPEACHATCs B
MIOC/CIOBATEARHOCTH MEPSaHHBIX NakeToB Mo oiHoMy. Tak 410 eciu
MPUMEHSTE TNPOCTHIC CXEeMbl BBEJCHHS U3ORITOYHOCTH (Hampumep,
MOBTOPAA KOK/BIA KAJIP B ABYX MOC/EIOBATE/LHO MEPENaBaeMbiX NaKeTax),
TO B peanbHBIX YCIOBHAX OHHM XOTs W yBenuyar o0BbeM H3OLITOUHOM
HHPOPMALIHH, HO, CKOpEe BCEro, OKKyTCs GeCONesHIMA.

KpoMme Toro, BBEeHHE H3OLITOYHOCTH OTPHUATENLHO CKA3bIBACTCA HA
JAEPIKKE BOCTIpOH3BeneHus curnaina, Hanpumep, ecitn NOBTOPUTE O/IMH H
TOT e Kajp B HYeThIpeX nakerax foipsi, Ytobsl o6ecneqnts BOIMOKHOCTL
BOCCTAHOBJICHHWS WHGOPMAUMK TPH MOTEPE TPeX NOAPAA NCPeAaHHbIX
[AKeTOB, TO MACKOJAEP BHIHYKNEH nomlepkueath Oydep w3 uersipex
[AKeTOB. YTO BHOCHT 3HAYMTENIBHYIO [OTIOMTHHUTENBHYIO  3a/IEPKKY
BOCMIPOM3BENACHUS.  BiuAHUE  NOTEPL  KaapoB  Ha  KAuecTso
BOCTIPOMIBOAMMOH PEYH 3aBHCHT OT HCMONB3YEMOro Kojteka, Ecin notepsn
Kaznp, coctosuui w3 N pedesix oteueros koaeka G.711, 1o va npuemsom
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KOHUE OyJeT OTMEYEH MPONYCK 3BYKOBOIO (IParMeHTa LIHTENLHOCTHIO
M*125 mkc. Ecnu wenonwayercs 6Goniee coReprieHHsI Y3KONONOCHBII
KOACK, TO IOTEPs O/IHONO KalApa MOKET CKa3aThCs HA BOCHPOM3REACHHU
HECKOMBKHX CACAYIOMINX, TAK KaK Jekojepy noTpebyercd BpeMs A 1oro,
UTOOBI  OCTHYL  CHHXPOHH3ALMH C  KOJAEPOM -  moTeps Kajpa
ATHTENLHOCTBIO 20 MC MOXET NpUBOAMTL K cabiuumoMy sddekty B
Teyenne 150 mc u Gonee. Kogexn tuia G.723.1 pazpaGoransi Tak, 4ro oHu
(YHKUHOHHPYIOT 63 CYHIECTREHHOIO YXY/AMICHHS KauyecTha B YCIOBHAX
HEKOPPEIHPOBAHHAIX 1OTEPh 10 3 % KaZpoB, OAHAKO MPH NPEBBILEHRH
ITOFO MOPOra KAYECTBO YXYULALTCA KaTaCTPOPHUCCKHM.

1.4. Kosexn

Kosek G.711 - «menymika» Bcex uUMPPOBEIX KOACKOB PEYERbBIX
curnanos, osut ofobpen ITU-T B 1965 rony. INpumensiemeiii B em cnocod
npeoGpasoBatig AHANOTOBOTO CHrHama B UMQPORON C HCHONB3OBaHIEM
NOAYICrapHGMHIECKOH WKAMLI KBAHTORAHHS OBUI AOCTATOMHO noipobHo
onucan Beie, Tunmunas ouenka MOS coctapaser 4.2. B NEPBYIO OYepes
OTMETHM, 4TO, KaKk ¥ s THOIL, MHUHMMAALHO HEOGXOAMMEIM An4
oGopynoBanns VoIP senaerca MKM-konmuposanue G.711. D10 oznauaer,
4to  moboe yctpoiicteo VoIP  jomkHO momIepKUBATE  9T0T  THN
KOZAHPOBAHHA. R

Pekomenmamma G.723.1 yreepxnena ITU-T B wosGpe 1995 ropa.
Dopym IMTC BeiGpan konek (G.723.1 kak 6asoswiii s apunoxeHun IP-
tenegonnn. Konek G.723.1 npousBoaHT Kauphi AnHTeNsHOCTEIO 30 MC ¢
1 PONIONKHTEIIEHOCTBIO NPEABAPHTENBHOIO ananmza 7.5 MC,
[Ipenyemorpeno apa pexuma padorss: 6.3 Kéur/c (kaap umeer pazmep 189
GuroR, nononHerHkix 1o 24 Gaiitos) n 5.3 Kéur/c (kamp umeer pazmep 158
Huros, nononxerHbIX 40 20 Gaiitos). PexuM paboTsl MOKET MEHATHCH
AMHAMHYECKH OT Kaapa K kxaapy. O6a pexuma o0s3aTeNbHBI JUIS
peannsaiu. Ouenka MOS cocrasnsier 3.9 8 pexume 6.3 KGur/c u 3.7 8
pexkume 5.3 Kour/c. Konex cneundmunposan va ocrore onepaumii Kak c
TIaBAIONICH TOYKOH, Tak W ¢ (DMKCHPOBAHHOIN TOUKOH B BHAE KOJA HA
a3bike C. Peanusaums xozeka Ha npoueccope ¢ (hUKCHPOBAHHON TOUKO
TpebyeT mpousBommuTensHOCTH okomo 16 MIPS. Drm hyHKUMH
cneunduumpoBasl B npuioxkenun A (Annex A) k pexomernzannn G.723.1.
IMapameTpri (BOHOBOIO IiymMa KOAMPYIOTCH OHEHH MANCHBKHMA KaJipaMu
pasmepoM 4 Gaiira. Eciu napamerpbi uryMa He MEHSIOTCA CYUIECTBEHHO,
flepeaya NoAHOCTHIO NPEKPAIaeTCs.

Anroputv  koampoBanua A JIUKM (pexomenpauus  ITU-TG.726,
npuHaTas B 1990 r.) onmcan Beime. Ou obecneynpaer KOANpOBanue
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undposoro notoka G.711 co ckopocteio 40, 32, 24 wam 16 K6ut/c,
rapautupys ouenkn MOS ua ypoeae 4.3 (32 KGur/c), uro uacto
MIPHHMMAETCs 33 37a/l0H YPOBHA KadecTsa Tenedonnoi ceasu (toll quality).
B npuaomeanax IP-reneioHun 9TOT KOAEK MPAKTHIECKH HE HCTIONBAYETCs,
Tak Kak OH He ODeCredWBaeT JOCTATOMHON YCTOHYHBOCTH K MOTEpAM
uHpOpMaIH.

Konex (.728 HCnoNL3yer OpHIMHAIBHYIO TEXHOJOTHIO C© Masoil
sanepkkoit LD-CELP (low delay code excited linear prediction) u
rapantupyer ouenkd MOS, awanoruansie AJAMKM G.726 npu ckopocTH
nepefaun 16 K6ut/c. Jlanubiii Kojek clelHaibHO paspabareiBancs Kak
Gonee copepuictinad 3amesa AJIMKM sus ofopysosanus yrioTHEeHHA
TeneONHBIX KAHATIOB, NMPH TOM ObUIO HEOOXOUMMO 0GeCHeuuTs OYeHb
MAIYI0 BEIMHYHHY 3aiepkkM  (MeHee 5 mc), 4ToOBl  HCKJIOYHTH
HEOOXOMHMOCTE MIPUMEHEHHS IXOKOMNEHCATOPOR., D10 Tpeboranue ObLio
yenemno enimonHeno yyensimu Bell JLabs B 1992 roay: kouep umeer
IMHTRABHOCTH  Kajipa Toibko 0.625 mc. Peansno 3ajiepkka  MOXer
nocTHrarh 2.5 MC, TaK Kak JIeKOACp JIO/DKCH  MOIAepPKHBATH
CHHXPOHH3ALMIO B PAMKaX CTPYKTYPhl W3 Yerhipex kaapoB. HenocraTkamu
AIIOPHTMA ABJIAIOTCA BRICOKaS CIOKHOCTB - okosio 20 MIPS s xonepa w
13 MIPS fsst Aekojepa M OTHOCHTENBHO BBICOKAS HyBCTBHTENBHOCTH K
NOTEPAM KaLgpos.

Konex G.729 ovienb nonyasped B NPUIOKEHHIX MEpPeiavd peyun o
ceram Frame Relay. On ucnosniszyer rexnonoruio CS-ACELP (Conjugate
Structure, Algebraic Code Excited Linear Prediction). Kogek ucnonbzyer
Kamp murensHocteio 10 Me u obecniennpaeT ckopocTh nepenauu 8§ Kout/c,
Jlis  kopepa  HeOOXONMM  MpPEOBApHTENBHBIH  AaH@WIM3  CHrHana
NPOJAOIKHTEILHOCTRIO 5 MC.

CyumecTByroT IBa BapHaHTa KoJeKa:

* (5.729 (onobpen ITU-T e nexabpe 1996), tpebyrommii oxkomno 20 MIPS
s kozepa u 3 MIPS ana aexoxepa;

¢ ynpoutexHsiid BapuantT G.729A (omobpen ITU-T B nosGpe 1995),
Tpedyrotignii okosnto 10.5 MIPS mna peanusauuu xogepa n okono 2 MIPS
JUIA AeKoAepa.

B crneumdukauun G.729 onpenenctel asroputvbl VAD, CNG u DTX.
B nepuoan MoManua Kogep nepeaact 15-6urosnie kaaper ¢ ukdopmansei
0 (POHOBOM LIYME, ECITH TOMLKO IWYMOBas 00CTAHOBKA H3MEHAETCS.

1.5. Aaropntwm ouenkn kavyeersa peun PC PESQ

Asroputm PESQ npesacrasiser coboit MeTol OOBEKTHBHON OLICHKH
Ka4eorTsa,
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Ha puc. 3.1 npeacrasnen npouecc 06paboTKH CHIHANOB, TPOBOAHMbIH B
COOTBETCTBHH ¢ anroputmom PESQ.

BeipaBHUBaHNE 110 YPOBHIO
st KOPPEKTHOrO CpaBHEHUsA BXOJHOIO H BBIXOAHOTO PEUEBBIX CHIHAIIOB
MX YPOBCHD MOLIHOCTH HYXKHO BBIDaBHHBATH. ITO HEOOXOAHMO, DOCKONEKY
BXO/IHOH CHIHAI HE MOAKET ObITh KaKOro-iiMb0 ONpeaeieHHoro YypoeHs, i
KOODPHUHEHT YCHICHHA TECTHPYEMOH CHCTEMbI HEM3BECTEH A0
NPOBEACHHS HCIBITAHMHIA,
B PESQ npuusto, 4t0 ypoBeHs NPOCIyUINBAEMOro CHIHANA TIOCTOAHEH ¥
pasen 79 ab [MCD-T P.830]. Jlns noeeserns 10 yKasaHHOrO YPORHA
yeunmBaotes 06a CHIHANA — BXOHON H BBIXOIHOT.

Jauusiit npouece BKoMaeT B cebs caeayiomue craaun:
Franonneil cHrKan Ty~ S

- -
o Bupaa 0t Beanos | g Ceven
Bmpe T iean T orsiied Cugnxa
i e | Y. PESQ
vy (i N el comc: s o] S
o v i gung [ ‘ V:ﬂﬂﬁu troame{ #
Ackamennsiit crrRan ol \
BRI
.\u,y
R ooy
b
Puc. 3.1. O6paborka curuanoe no anropurmy PESQ

Bxopnas puasTpanus "
AHAIOrOBLIE COCJMHEHHS YaCTO B TON MIH HHOH CTeneHH bunLTpyIOT
nepejaBaemMble 10 HHM Ccurdansl. Hanpumep, nepeparomas vacte
TeneoHHOl TpYOKH OOBIMHO (UISTPYET pEYEBOH CHIHAN, HMEs
AMILTHTYIHO-4aCTOTHYIO  XapaktepHcTHky (AYX), koropas mnoxoxa na
cranfaptiyio AYX [MC3-T P.830]. Kak npasuno, 310 m0nycTiMo.
NOCKOMBKY TaKoro poja o6paboTka cHruana OKasslBaeT MCHBLICE BIMSHHC
HAa KAYeCTBO CBA3M, HEM HCKAKCHWS CHTHANA, BO3HMKAIOUIME IPH €ro
konuposarun. B anropurme PESQ) npeiycmoTpena koMieHcals moboro
BHA GUALTPOBAHHS, BCTPEYAEMOTO B CETH.

BuipasuuBanue 1o spemequ

B cHcTeme CBAZH MOKET HMETH MCCTO NEPEMEHHAR 3alepkika Nepeayn
CHIHANOB. YTOOK! KOPPEKTHO CPaBHHBATH BXOAHON M BLIXORHOMN CHIHAIBL,
OHH JIOIDKHEL ObITh BBIPABHEHK OTHOCHTEALHO JAPYr ApYra 1o BpeMenu. B
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PESQ wmozenupyerca npociymiuBanue curHana. Jns umaenTHHKAUMM
pedeBbIX vacTell curHana u orOpaceiBanus myma 8 PESQ eeisiBnsercs
ronoc.

BripasHuBaHue no BpEMEHH NPOM3BOMTCS B TPH F1ana.

e Ha nepsom srane PESQ eripasusaer Gonbuime QparMeHTs!
aKTUBHOI peuH, HaeHTHUIHPYEMbIE IETEKTOPOM ronoca. i (parMeHTs
MOTYT COIEpXKaTh fay3bl, JHTENBHOCTL KOTOPEIX HE [IPEBHILIACT 3apaHee
ONpeAesIeHHOro  noporosoro 3sxayenua (200 mc). B stom npouecce
BBIABAAETCA 3a/iepkka nepepaud  Oonbuimx (PpParMEHTOB  BBIXOAHOIO
CHI'HAJIAa, CPABHUBAEMOrO C BXO/IHBIM.

¢  Ha sropom stane PESQ BeipaBHuBaeT 4aCTHYHO COBNAJAIOUIHE 110
BpEMEHH HeOONbIIHE YYACTKH peyn (Kaapsl). DTOT Npolecc BeisBiser
3a/IEPXKKY, KOTOpas HEMmOCTOSHHA B TeYEHHWE nepefauu  GOMNbIIoro
(parMeHTa AKTHBHOH peuM, B MAKETHHIX CETAX TaKas 3aiepiKKa MOXKeT
ObITE BECEMA 3HAYHTEIILHOM.

e Tperu#i 3tan  MPOBOAMTCA MOCHE ONEPaUMH  CIYXOBOro
npeoOpasopanus. Ha 2roM 5Tane NOBTOPHO BHIPABHHBAKOTCS Tak
Ha3bIBAEMBIE (IUTOXHE MHTEpBaAb ((PparMeHTsl peun ¢ oveHb GONBIIMMH
MCK&KCHUAMM). DTOT 1ar NOBLILACT TOYHOCTH PaboThl AITOPHTMA [PH
ucnojk3oBanuK HeOonbIoro uHcna (Gaiinos, NpH nepenade KOTOPHIX
HEMpPaBHIILHO ONPENENAETCA BApHALMA 3aJICPKKH B XO/Ie NePBOHAYANBHOTO
MpoLecca BHIPABHHBAHHSA 110 BPEMCHH.

Cuayxosoe npeobpaszopanue

CpaBHEHMIO BXOJHOTO M BHIXOJHOrO CHFHAIOB TMPEJIIECTBYET MX
ciyxoBoe  npeofpazoBaHue, KOTOPOE  HMMHTHPYET  ONpeeneHHbie
0cODEHHOCTH  uesloBeweckoro ciyxa. 210 jgaer uHpOpMAUMIO ©
BOCIIPHHHMAEMOH TPOMKOCTH CHMIHAla B 3aBMCHMOCTH OT BpPEMEHH M
YacTOTHI, [IPE/ICTAERNAEMYIO KaK TMOBEPXHOCTh BOCHPHATHSA (sensation
surface).

Onpesesierne NApaMeTpos HCKAKEHHH

Pasnuia Mexay NOBEpXHOCTAMM BOCTIPHSTHSA BXOAHOIO M BBIXOIHOIO
(halnoB Ha3BIBACTCA MOBEPXHOCTHIO OIIMOOK; OHA YKa3blBAa€T Ha BCE
CHBIINMBIC PAIIHYHA B 3BYHaHHM O5THX (aiJioB, NOSBAAIOUMECS B
TecTupyeMoit cucreme. [ToBepxHOCTh OMMOOK aHANHZMPYETCA C YYETOM
BIMAHHA HA KAYECTBO CBA3M TeX HEOGOMBIINX HCKAKEHHH CHIHANA, KOTOphIe
He casnuHsl Ha  Qoue curHanoB Gonbuwioi  rpoMkocTH  (3ddexT
MacKHpOBaHHA ).

Ha ocnopanny vu(opMauuu O MOIUTHBHBIX M HEraTHBHBIX OLIMOKAax
PacCYMTBHIBAIOTCH JIBA MApaMeTpa MCKAKEHHH KakK HEJWHEHHBIC CpeaHue
3HAYCHUS O ONpejeieHHbIM O0JacTIM NOBEPXHOCTH OWMOOK. DTHMHU
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flapaMeTpamu ABIsIOTCS
®  abcomoTHpie (cvmmeTprunsie) UCKaKeHHs —
abconoTHyo CABIIHMYIO OIHOKY:;
. AONONHUTEBHBIC Amoszzﬁ,u:..:!ﬂ HCKaXKeHus —
CIBILTHMBIE OLUMOKH, KOTOpbIe 3HauHTEIBHO TPOMYE BXO/1HO!
Taxum obpazom, ANTOPHTM faer

Xapakrepusyior

Xapakrepusyior
TO CHIHana,
ABA MapameTpa HeKaKeHMil, p KOTOpBIX

2. IPAKTHYECKAS YACTB

2.1. Uayuure CTPYKTYPHBIE CXEMBI OCHOBHEIX Konmekos (G.711, G.726,
G.729A, G.723.1).

dlepenava peun no TpakTam cpsizy.
M

Ka4ecTBO CBA3M, 3aHeCHTE NONy9eHHbIC
Hnst aroro saiinure B BeG-uuTe
3anuce AAMHHHCTpaTopa (pue. 3:2).

AaHHBIC B TabnnLy.
pdeiic Tenedoua, BOHANTE B y9ernyio

| O Sunrom

Puc. 3.2. Be6-unrepdeiic renedoua

lepeiizure na Biaanky Expl (puc. 3.3

NPHMEHHTE HacTpoiiky. AHanormuro no
Teneona,

), BEIGepHTE HYXHBIH Kozek p
BTOpUTE NeHCTRUS it BTOpOro
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O:n:xm
cyObekTHBHAA)

Ouenxka i | o
«om.vozgw:wé \ |

2. Ouennre obbekTHBHOE Ka4€CTBO CcRy
alnapartHoH OLEHKK Kavectra PC PESQ).

2.1. Tponycrure CHTHAIL 4epe3 nporpammy VOCDemo, HCTIONB3Ys
KOACKH H3 Tabanis,

Orxpoiire fporpammy VOCDemo, B 3one Input naxmure Ha 2max
anku, BbiOepute MCXOAMbIE curhan, B 30He Output Takke HaKMHTE Ha

34 (¢ noMokio porpaMme!
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3HAK NANKH, YKXKHUTE, KYJa COXPAHWTL MONYYEHHBIH CHrHan. 3amycTHre
3anuck kHonkoi Play/Record.

2.2. Orxpoiite nporpammuoe cpeacteo Matlab. IMepeiianre B nanky
PESQ, ucnonsayiire KoMany:

>> pesq(8000,'zapl.wav',’zap2.wav'), rae zapl — 310 nepBHuHas
3annch, a zap2 — 3anMCh, NpoONyWleHHas Yepes koaek. [lposeante
QHANOTHYIHbIC ACHCTBHA CO BCEMU 3AMHCAMMU PasiHuHbiX KOACKOB.

2.3. Pesynwrathl BHECHTE B TaGIuULLy.

3. COAEPXKAHHUE OTYETA
Oryer o nabopatopHo# paboTe JOIKEH COMepXKarTh:
® ek paborst;
® CTPYKTYPHBIE CXEMBI HCCIIE/IYEMBIX KOJEKOB;
® CTPYKTYpHYIO cxema anropurMa PESQ;
® TabNUUBI M TpaQuKkn CYOBEKTHBHBIX M OOBEKTHBHBIX OLCHOK
Ka4ecTsa;

4. KOHTPOJIBHBIE BOITPOCHI
1. 3aKOHOMEPHOCTH NMOCTPOEHHS ANTOPUTMOR KOJHPOBAHH,
2. Yro takoe onenka MOS? Kak ona npouszsoantcs?
3. O6wacuure nonsTHe Kanpa. [MouyeMy MCronb3yeTcs mepechuika
HECKONLKHX KaZpoB B nakere?
4. Jlns wero BBoaat u3bbrounocts? Kak OHA BIMAET HA pedeBoit
curuan?
5. Ilepeunciure ocHoBHBE komekH PC M HX OTIHUHTENBHBIE
XapaKTepPUCTHKH.
6. OcHOBHBIE ONEpaLuH, MPOBOAMMEIE B anrOpHIME OOBEKTHBHOM
ouenkn kasecrsa PESQ.

BUBJIUOIPAOUYECKHI CITMCOK
l. Tompamrreitn B.C., Tlnnuyk A.B., Cyxopunxwit AJl. IP-
Tenedonus.- M.: Paauno ceszs, 2001.- 366 c.
2. Puxrep CI. Komuposanue M mnepefaya peyu B8 UUPOBbIX
CHCTeMaxX NOABMKHOM cBa3H. — M.: [opsuas nuuus — Tenexkom,
2010.-304 c.
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3. Cepreenko B.C., bapunor B.B. Cxarue nannbix, peuu, 3syka u
H300paXKeHHH B TCICKOMMYHUKAUMOHHBIX CHCTeMax. — M.:
PaqmoCodr, 2012. - 360 c.

JIABOPATOPHAS PABOTA Ne 4
H3yuenne KOJEKOB peHeBbIX CHIHANIOB B UHPPOBLIX CeTHX
HHTErPAALHOI0 00CY/KHBAHUS

Ileas paboret
3HAKOMCTRO €  OCHOBHBIMM  KOJEKaMH  PEYEBHIX  CHIHAJIOB,
HCTTONB3YIOUHMMHCS B CETAX CBA3H.

1.  TeoperHueckas 4acTh
I.1. Kopexu na ocuose HKM

OcHOBOJM wepapxui KaHAIOB LU(POBON CeTH WHTErpaTLHONO
obcnyxusanns (ICHO) ssasercs xaman 64 Koéwur/c. s  3toro
TenedORHBI CHIHAN, MOJIOCAa YAcTOT KOTOPOro orpaswdesa 3400 I'u,
AMCKpeTH3upyercs ¢ wactotoi 8 kI PazpsHocTs MMIYIHCHO-KONOBOI
moayasuiu (MKM) nipy HepaBHOMEPHOM KOZMpOBaHHM BHIOpaHa pasHoii § ¢
YUETOM JIONYCTHMOrO YPOBHS MCKaxenuit npu 14 wim 15 npeobpazopanusx
aHANOrOBOrO CHrHaNa B LM(POBOH B OJHOM TeNeOHHOM COCMHEHHH. D10
O0CTOATENBCTBO W ONPEACTHIIO CKOPOCTh Mepeayn pederoii uudopmanmu: §
(paspszor) X 8000 (l/c) = 64 (K6ur/c). Cxopoctu nepemaun 8, 16 n
32 Kb6ur/c wMoryr ObiTh MONyHMEHBI € NOMOIULIO  ANANTHBHOMN
mupdepentmanshoi UKM (AJTHKM).

Metozbl nH(POBOH MEpeaain peueBbiX CHIHANOR, B OOIIEM, MOXHO
pasaenuTs Haasa OONMkMX Kiacca. B oHOM W3 HMX MCHONB3YIOTCS TakHe
Ke croco0bl KOAWPOBAHKS KoNeOAHUH, KaK M [Uisl MPOU3BONBHBIX 3BYKOBbIX
curpaiop. K uum  orHocstes  MKM,  aensra-momynsums  (JIM),
mudpepentmansaas UKM (JIMKM) u apyrue. Boo Beex nepeuucieHHbIx
criocobax NpeAnonaraeTes, UTo HIMPHHA CIIEKTPa CHrHana OrpaHHueHa M
HUKAKHX APYTUX [PEi0NoKeHnH O CHIHAIE HE J1e1aeTes.

Metozsl 06paboTky, OTHOCAIIMECH K APYTOMY Kiaccy, B Gonblueii Mepe
CBA3aHbl CO CTPYKTYpOH pedeBbiX CHTHAIOB. OHU OCHOBBIBAIOTCH HA
MOACJIMPOBAHUM OPraHoOB pPeYM JIMHEHHOM CUCTEMONl €  MEUICHHO
M3MEHAIOWIMMHCH  napaMerTpaMu,  Bo30OYKIaeMOH  COOTBETCTBYIOWIMM
CHIHAJIOM.

[ndposoe npencrasienne 00eCneyMBacT YCTOHUMBOCTL K MOMEXaM,
SDPEKTUBHYIO PEreHepaluio CHIHAIA, MPOCTOS 3aCeKPeMHBAHUE, NO3BONAET
00BeAMHNTD (PYHKIMM Mepejiaun H KOMMYTALMKM, & TakkKe JaeT ellle OAHO
MPEUMYLIECTBO ~ ONUHAKOBBIA (HOPMAT JUTS PA3IHYHBIX THIIOB CHIHANIOR,
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HauGonee npocroe HpoBoe  npencrarneHe PEeYH COCTOHMT B
HETIOCPEICTBEHHOM TPENCTABIEHHH Gopmer  peueroro  curnana. Takne
meTonst, kak UKM, JIM, JIMKM ocrosankr Ha Teopeme orcueror Illennona
(Teopema Kotenbuukopa), cornacuo KOTOpsIM  Jn00OH  curuan ¢
OTPaHHYCHHLIM CHEKTPOM MOMKET BbITh TPEZICTARIICH M TOYHO BOCCTAHORJICH 110
€TI0 JIHCKPETHBIM OTCUETaM, TIEPHOAHYECKH TOBTOPSIOLIMMCA BO BPeMeHH, npH
YCJIOBHH, YTO HX 4acTOTa BIBOe GOMbiiie HAHGONbICH HacTOTHI CIEKTpa CHIHAA,

O6uas cxema uuppoBoro npencrasienus Pederoro curnana (puc.
4.1) coctout u3 Auckperusaropa (JI) u xBanToBarens (KB).

X(t) X(n) = X(nT) Xo(n)
i (Y - KB

Puc. 4.1. O6mas cxema uuppoBoro npencrasnenus PEYEBOro curnana

OBbiuHo B cHcTemax unpposoii  o6paborku PEYeBOro  curHana
HCTIONB3YETCH nepuoauiecKas AHCKPETH3aLMA BXOAHOIO CHrHANa X(t). Ha
BBIXO/IE JIKCKPETH3aTOPA OTCYETHI peyeBoro curaana X(n) B Toykax t=nT,
rae T - nepuon AHCKPETH3ALHH, MOTYTTIPHHUMATH HETIPEPBIBHOEC MHOXKECTBO
3HaueHHH. DYHKIMS KBaHTOBaTENs — npeobpazoearh cHrHan X(n) k Buny
Xo(n), NPHHAMAIOIIEMY KOHEYHOE MHOKECTRO 3HAYCHWH, T.. NpeiCTaBHTS,
Pe4eBoii CHrHas B LuppoBoii hopme.

Huckperroe npencrasnenue PEHEBOrO CHrHana cieayer us Teopemsi
B.A Korensumkora, B COOTBETCTBHH € KOTOPOH cHiHan X(t), nmeromeir
criektp So(i2) npu Q<2aF, moxer ObiTh BOCCTAHOBJICH C/IMHCTBEHHBIM
obpazom no TIOC/ICAOBATENBHOCTH  PABHOOTCTOAIIHX orcueros  Xo(nT),
- <n<oo, ecm 1/T>2F.

AHaJIH3 CHIEKTPANBHONO CoCTaBa PEHCBONO CHIHANA MOKA3KIBACT, YTO B
Auanazore 0.3..3.4 Iy COCPENOTOYEHBI OCHOBHbIE (hOpMAHTEI peun. ITo
310 npuynne MCH-T PEKOMCHNIOBAII IaHHBII HATIA30H YacCTOT B KayecTse
TeePOHHONO KaHaMa CBS3M, 4 YacTora AHCKPETH3ALHH MEPBHYHBIX MOTOKOB
HCHO 6bina sriGpana 8 kT,

Hna yetpasenns uckaxenmii, CBASAHHBIX C HANOKEHHEM HacTOT npi
JAHCKpeTH3aLMH, HEOOXOnMUMO NPOIYCTHTL  peYeBol CHrian uepes GmisTp
HHAHUX  4acTOT ¢  4acroroif cpeza 34 «kl'u. TlocrenosaresbrocTs
HeTIpEPBIBHBIX BeymtuH X(n), NpeAcTassowas coboi cayyaiinsii npouecc
B ZIMCKPETHOM BpemenH, QopMmupyercs ma BLIXOZE JIMCKpeTH3aTOpa C
qacroroi 8 kI'u. Iepenava svoif MOCNIE/IOBATENTEHOCTH 110 uudpoBomy KaHay
CBA3H TPeCYeT NpeBAPHTENBHOIO KBAHTOBAHUS € WaroM Kaxaoro orcyera
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X(n) 10 KOHEHHOTO MHOKECTBA 3HaueHMH ¢ NOCIEYIONIHM NPECTARICHHEM
MHOKECTBA ABOHYHBIX CHMBOJIOB,

T.e. npoliecc NpeACTaRNECHUS MOCIEOBATEIHHOCTH X(n) B uudposom
BHAC BKIIOHAET STAllbl KBAHTOBAHMA, NPH KOTOPOM X(n) npeoGpasyercs B
focefoBatebHOCTs Xo(n), H KOAMPOBAHUA, KOTHA MOCENOBATEILHOCTH
Xo(n) cTasuTCs B COOTBETCTBHE KOIOBOE CIIOBO C(n).

Ananoro-undpopoii (puc. 4.2,a) u unppoananorossiii (puc. 4.2,6)
npeobpazosateny  TenedoHHOro curmana s MKM Ha3bIBAKOTCH
coorsercTBeHHO  Koaepamu (K) wu  nexomepamu (JK). B Jiexoziepe
OCYWICCTBAAETCA NpeodpasoBaHue HCKAKEHHBIX IYMAMH KOIOBBIX CJIOB
C’(n) B n0C/€E10BATENHHOCTS KBAHTOBAHHBIX 0TCYETOB X0’ (n).

HKM smisiercs  auGonee PACTIPOCTPAHCHHBIM METOZIOM  LH(POBOro
npeopasoBaHia aHAIOrOBbIX CHIHAIOB. [pu UKM, kak # npu apyrux
BHAAX UH(DPOBOH MOAYIALMM, NPOHCXOAMT JMCKPETH3alUA BO BPEMEHH
ICPENABAEMOr0  cuTHana. BenuMHbI AMCKPETHBIX OTCYETOR BBIPAKAIOTCH
TPYTNAMH KOZIOBBIX HMITYJ/IbCOB. ECIM Kadkihiit HMITYIIbC, BXOAAIWI B COCTan
KOJIOBO# IPYIIribl, MOXET MPHHAMATH JIO60E U3 M 3HAYCHHMIE ©, 1,2,.,m-1),a
KOZIOBasl 'PYMINA CONEPKHUT N HMITYJILCOB, TO BO3MOMKHO (opmupoBanue m B
CTENEHH N PANTHYHBIX KOOBBIX Ipymnm. Bennumka m - ocHoBanme kopa, n -
YHCIIO PA3PAIOB.

X(n) Xo(n) C(n) C'(n) Xo'(n)
e P ]2 S

b T

|A

N

Puc. 4.2. ALITT (a) u LIATT (6) anst UKM

AHANOroBbie CHTHANBI HA BXOAE uHppPOBOH CHCTEMBI nepenayy
NPHHUMAIOT JO0BIe 3HAYCHHA B Npenenax 3aJaHHOro AMIUTUTYIHOrO
Amanasona. MCrionb3ys n-paspsinbie KOAOBBIE TPYIINbL, MOKHO nepeaasaTs
uHpopManmio He Gomee ueM O m B CTeneHd n PAas/IHYHBIX 3HAYCHHAX
curnana. Ilostomy npu undporoii nepenave HeoGXOAHMO aMIUTUTYTHOE
KBAHTOBAHWE nepejaBacMoro curhana. Takum o6pazom, npy UKM
OCYUIECTB/IAIOTCA TPH BUJIA (IPe0BpazoBaHuii:

©  ZHCKPETH3ALIHA BO BDEMEHH HCXOAHOIO CHIHANA;

¢ KBAaHTOBAHHE AMILTUTY/l IMCKPETHBIX OTCUETOB CHIHAA;
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¢ KomMpoBaHWe,  T.e.  (GopMUpOBAHHE  KOAOBBIX rpynimn,

COOTBETCTBYIOMIMX KBAHTOBAHHBLIM 3HAYCHUSM JIMCKPETHBIX OTCHETOR

CHrHaNa,

Ipu HKM  undopmauns o BCJIMYHHE  YPOBHS  KBAHTOBaHMA
NEPEAETCA B hOPME rPYIT KOLOBBIX HMITYABCOR, 3aKoH, ycTanannBaoLmil
COOTHOLICHHE MEXKY BEIMMMHOH (MWW HOMEpOM) YPOBHS KBAHTOBAHMS M
CTPYKTYPOH KOZIOBOI TPYINMNbI, HAZBIBACTCH KOJOM. Konbi, uenonssyempie s
JIMHCHHBIX TPAKTAX CHCTEM HKM, eribupatores ns YCHOBHU  nepenaun
LHpPOBOH MOCHEAOBATENBIOCTH C BEICOKO JAOCTOBEPHOCTHIO,

M3-3a  necraunonaprocty npeodpasyemMsIX CHIHaNoB M (nnm)
HCIOCTATONHOCTH  anpHOPHBIX  CBeieHMit 00  nx CTaTHCTHKe
AMCKPETH3HUPOBAHHLIE ¢ nomoutsio MKM curaa JAYACTYIO OKA3bIBACTCH
H3OBITOUHEIM. M36kITounbIe Hannbie 3ATPY/KAIOT KaHa! CBA3ZM, YCTPOHCTBA
XpaHeHus HHOOPMALIHY ¥ TeM CAMBIM CHIDKAIOT axruseckyio nponyckuyio
CMOCOBHOCTL KaHana u eMKOCTS YCTpOHcTs Xpatenns. B nacrosiee Bpemst s
TIOBBILIEHUS YPHEKTHBHOCTH CHCTEM CRA3H, CHCTEM npeobpazosanus u
XPaHCHHA WHDOPMALMM NPUMEHAIOTCA ANAITTHBHBIC Bapuantel MKM, 8
KOTOPLIX MapaMeTphi CHCTEM JHCKPETH3AIHH MCHAKTCH, NOACTPANBAACE MO
AHCKpETH3HpYeMbIl curHan. K Taxum cucremam otHocsTCS JIMKM u JIM. B
HHX OCYIUECTBIACTCA PEryJIHpOBKa HAMa/la OTCHETa LIKATh] KBaHTOBAHUA,

L2, lupdepenunansnas UKM

[Tox creremoii ¢ JIMKM ( PHC. 4.3) QOHUMAIOT CHCTEMY C KBAHTOBAHMEM
W TIepenaucii OCTATKA NPENCKA3AHMA B MOMCHT Bpemenn §; S'npi -
fipeackasatioe snauenwe Si; Ei=Si-S'npi - ocratok npeackasanus; Q -
KpaHToBarenb; E'qi - suavenue ocrarxa TPEJICKA3AHNA HA BXOJE IMPHEMHHKA
JIMKM, Bosmoskto ormyaionieecs or Eqi wi-sa ommubok nepenauy; S'i -
OUCHKa  nepenaBaemoro  orcdera  Si, (opmupyemas  npuemmmkom;
S'npi - npenckazamnoe 3mayenme OUCHKH (MOXeT OmMYaThes or
COOTBETCTBYIOLIEH BE/MYMHBI B TIEpeJaTuHKe H3-32 OMIMGOK nepeavy u
PA3HBIX COCOGOB JOPMHPOBAHUS HA NTepeaIOMIEeM U NPHEMHOM KOHLIaxX),

B npuemnom  ycrpoiicrse NpousBoNATes  nudpoananorosoe
IpEOOPA3OBAHHE W CYMMMPOBAHHME OTIENbHBIX NPHpALICHUI TepeIaBaeMOoro
CHTHaJIa.

Monynsumonnoe 00OpyIOBaHHE B CHCTeMe ¢ JUKM  Heckonbko
CGioxHee, yem npu MKM (samuue CYMMATOPa, BRIMHTAKLIENO yerpoiicTea), C
YHETOM  Bbiieckazannoro JIMKM He wanuia UIHPOKOTO  NPUMEHEHHs Mpy
Tepesiatie peueBbiX CHIHAIOB,
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S Ei Eqi E'qi s

S'opi

Mepegarunx Mpuéntmn
Puc. 4.3. [lepenarommmii u NpHEMHBIHA 6110KkM cucremsr ¢ JIMKM
L3. Anantusuas mnddepenunansuas HKM

CTpyKTYpHas cXema CHeTeMbl AJIHKM npencraBnena na pHC. 4.4,
B cucreme AJTUKM Bo3mokHO NPHMEHEHHE KBAHTOBATENEH C ananTauueii
110 BXOAY M BBIXOJY.
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Puc. 4.4. Komupyoniee u sexoaupyiomee yCTpoicTea cuctemst ¢ AJIMKM

Tlpn ananranmm no BeIxosy He Tpebyercs nepejiasats HHGOPMALHIO
© INAre KBaHTOBAHHA HA NIPHEMHYIO CTOPOHY, HO BOCCTAHOBNCHHBIH CHIHAN
B ITOM Ciyqae OKasbIBACTCA GOsee YyBCTBUTENLHBIM K OUMGKAM B KaHae
CRA3H.

Texunka anamraumm  obecneunsaer NONYYEHHE  YIIYUYIIEHHBIX
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XApAKTEPHCTHK, MOCKOMBKY PasTHuHBIE riacHbie u 3BOHKHE COMJJaCHble
3BYKH HMEIOT SIBHO OTHYAIOLIMECs NOETOpstOWMEcs mabaoHsl. Y106k
NICPECTPAHBATE  LENM TIpeACKA3aHMs, B  Koueke AJIMKM  cuavana
OMpPEACNIACTCA BPEMA 3a/epKKH, MOLIexKamee HCMONB30BAHMIO  npH
MPEJICKa3aunK  (MEpHOJl OCHOBHOIO TOHa), a 3ateM kodddHuHEHTHI
B3BCLUMBAHMA WIS 3HAYEHHIl 3anepKaHHbix auckperos. Kosgduumenrs
MPEACKA3AHHS 3ABUCAT OT BpeMEHM a(k,n) u nepecamnrrisaoTcy uepes
Kaxzple 5...20 mc.

O6bruno amanmuBHBII KBanTORATENE OCYIIECTRIIACT PABHOMEpPHOE
KBAHTOBAHHEB Npeaenax auanazoqa MEXILy BEPXHUM H HIDKHHM NOpOramu
OTPaHHYEHUA, NPHYEM B npolecce PErY/IHPOBAHHA TIOPOrH MEeHSIOTCS
HE3aBHCHMO JIpyr oT gpyra. AHaNM3HpYIOTCS N NOCNeNI0BATENBHBIX
KBaHTOBaHHBIX OTCYETOB curHama. Ecimu uu OOHH W3 HUX He nonams Ha
TPalilly Nuanasona WM BHe AMaNasoHa, To MIOPOrH  yCTaHABIMBAIOTCH
CACAYIOUHMMH:  BEPXHMH mopor BbIOMpaeTcs  paeHbIM KBaHTOBAHHOMY
SHAYCHHIO, CTIOKEHHOMY CO 3HAYEHHeM BEPXHEro OXpaHHOro HHTeppaa. B
ClIydac, eciM CyMMa TpEBBILAET MAaKCHMATsHOE 3HaYeHHe nopora,
YCTAHABITHBACTC MaKCHMATBLHOE 3HAYeHMe. Ananoruuno peryaupyercs
HIKHHA 1Opor, ans wero HCTIONB3YIOTCA HAHMEHBILCE KBAHTOBAHHOE
3HAYCHHE OTCHETA ¥ HHKHHMIL OXpanHbiii uarepsan. Ecnu xors 6s1 ONMH M3
N AHATHIHPYEMBIX OTCYETOR BHLIXOAMT 34 JHANA30H HWIH TIONagaeT B OnuH
13 OXPAaHHEBIX HHTEPBAIOB, TO PETYTHPOBKA NPOXOAHT ClloRHEE.

B cucremax AZIUKM Boamoskmo H HEPaBHOMEPHOE ananTHBHOE
KBAHTOBAHHE. 3/IeCh MCMONK3YeTCH  KBaHTOBaTENS C KOMOeHcauwued
OCHOBHOrO TOHa. KBantoBarenn ocoBmoro TOHA, MOMUMO HECKONBKUX
HaCTO HCIIONB3YEMbIX BHYTPEHHHX YPOBHEH, comepxar eme apa pexe
HCTIONIb3YEMbIX BHEHIHHX  YPOBHS, NPEANA3HAYCHHBIX 1 GBICTPOro
PACUIHPEHHUS AHHAMHYECKOTO JMana3oHa B CllyHae NOABNEHUA UMITYIHCOB
OCHOBHOIO TOHA.

B pane ciyuaes cxema cucremst AJTHKM coctout uz JABYX 4acTeii:
lpeAckasarens va 6o/bioe Bpems u TpEACcKasaTens Ha Manoe Bpems. Ipu
ITOM CHCTEMa 3HAYHTENBHO YCIOKHSETCH H ee Ha3bIBAIOT CHCTEMOM ¢
A1aUTHBHBIM KOJIMPOBAHHEM H NPEACKA3aHHEM (AIIK).

Crenyer ormeryts, yto CHHKEHHE CYGBEKTHBHOMN rpoMKOCTH myma
MOXET CONPOBONKNATECA HEIHAYMTENbHEIM YMCHBUICHHEM OTHOILEHHS
curnan/mym. Tak, NIPH  OMHAKOBOM Kauecise 3BYYAHHA CHrHajia Ha
NpHEeMHOH cTopore B AJIUKM othomenne CHrHan/inym pasxo 20 b, a p
HUKM - 33 1B (npu Ckopocty nepenaun 8 MIKM 56 Kéur/c, a g AJTUKEM -
16 Koéur/c),

Taxum o6pazom, AJIMKM NO3BOJIAET CHUINTE CKOPOCTH nepenauu
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A0 24 - 32 KGur/c, npakTudccku Ge3 yXyAWeHHs kauectsa 3BYuaHus
CHIHAMA Ha NPHEMHOH CTOPOHE MO CPABHEHMIO CO craaaprHon MKM.
Kauecrso nepenauu npu s1om ¢1aGo 3asucur or KOHKPETHOTO HCTOYHMKA
uHpopmaiin (aGonenra, JIMKTOpa). 3a cyer azanTUBHOrO fpejickazanms
Konex ofnazaer OTHOCHTENBHOM YHHBEPCANIBHOCTBIO H MOXKET OBITH

HCTIONL30BAH JUTA NEPefayH APYIUX BUAOB HH(pOpMALMH, Hanpumep s
Nepeaym JaHHbIX 1 Tenerpadun.

2. Hpaxrudeckasn 4acrs

I. 3anmycrire nporpammy JiabopatopHoii pabotet CODER.

2. Bsenwre napamerpei curnana no YKa3aHUIO Npernofasaresns npu
CMCUICHHH CHIHAA OTHOCHTEIIBHO «HYI/IEBOTO) YPOBHS KBaHTOBATEJIA,
PaBHOro 0, ¢ yUETOM CEAYIOMAX BOIMOKHEIX BapHaHTOB:

= HECTalMOHApHBIIA Npouecc;

*  CHIHaJl C HOPMaILHBIM 3aKOHOM PacTipeie/ieHNs;

*  CHIHA C pacTipe/ie/ieHHeM 10 3aKOHY apKCHHYCA.

3. Hccaenyirre ksanroarens MKM NPH JTHHE KOOBOIO ¢ioBa n = §.
Iloctpoiire 3aBHCHMOCTS OTHOMICHMS cursan/imym G (orpy6iss no msyx
3HAKOB) OT BE/IMYHMHEI pa3Maxa CHrHaia U = 2-4-8-16-32-64-128-255).
Cnenaifre BLIBOZIBI.

4. Mccrnenyiite ksantosatens MKM c H-KOMMNAHAEPOM 1PN JUTHHE
KOROBOro ciiosan = §, p = 280 /18 HOPMANBLHOTO 3aKOHA pacrpeeneHus.
[octpoiire 3aBucumMocts otHOMWEHMS CHTHA/IYM OT BEJIMYHHBI pasMaxa
curnana. Onpenenute cpeanmit BLIHIDBIL B OTHOWEHUH CHIHAN/IIYM, W
CpasruTe ¢ kBaHToBateneM MKM. Caenaiite BbIBOMEL

5. Tloetopure 1. 4 npn wikHe KOXOBOTO C/ioBa N = 6, 5, 4. Cenaiire
BbIBOZL O BO3MOXHOM YMEHBLICHHH CKOPOCTH pabotsl komeka ¢ p-
KOMINaHIEPOM 110 CPABHEHHIO € KOIIEKOM C Krarroaresiem KM 1IpH UTHHE
KOZOBOro €i1oBa n = 8§ (1o KpHTEPHIO OTHOLICHUS CHIHAN/LIYM) Ha BBIXOaE
KBAHTOBATEIs.

6. Tlosropute 1. 4 y1s BXOMHOrO CurHama ¢ pacnpeziesienyeM no
3aKoHy apkeuryca. Caesaiite BbiBon 06 ddexTHBHOCTH NPUMEHEHHA
KOMNAHIHPOBAHHS /U1 KBAHTOBAHMS CHIHANOR C Pa3HBIMH 3AKOHAMM
pacnpeeyeHus.

7. Tloeropure mi. 4,5 14 KBaHTORA TR AJTHKM.

3. Coaepxanue oruéra
Oruer o naboparoproii paGore nomken COZIepKaTh: CTPYKTYpHBIC
CXEMBI  KONMPYIOIErO M [CKOAUPYIOLIETO YCTPOHCTB CHCTEMbI ¢
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AJTUKM, a taxoke Tabnuip rpadukH McenenoBanmii kozuexkor MKM u
AJTAKM.

4. Kourpousubie Bonpoch:

L. Kaxoii kaHan aBnseTcs ocHOBOI HEPApXUH KaHaloB
unpoBOi cetH HHTerpambHOro obCnyKHBaHHA?

2. B kakoii nonoce COCPEAOTOUEHE! OCHOBHbIE (JOPMAHTHI peun?

3. OGwacuuTe npuHuMI paboThl kogexa JIUKM.

4. Tlpunumnei pasHoMepHOrO 1 HEPABHOMEPHOIO aJaNTHBHOrO
KBAHTOBAHMS,

5. OGwschure CTpyKTYpHYIO cxemy kozneka AJIMKM.
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