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MHO®OPMALUUN B IP-CETAX

Abstract: The stages of IP-networks development and voice transmission technologies are considered in the article,
a possibility of integration of existent public-call networks and IP-networks is shown, a possibility of external VolP
gateways to increase the scope of audience of naotification is analyzed and criteria of operative voice data distribution
are formulated.
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AHomauis: Y cmammi po3ansHymi emarnu possumky |P-mepex i mexHonoeii nepedayi 8 HUX 20710Cy, oKa3aHo
Moxnueicmb iHmeapauii icHyro4Yux menegoHHUX Mepex i IP-mepex, npoaHarizogeaHO MOXIUGICMb 8UKOPUCMAaHHS
CMOPOHHIX witosie VOIP ma cghopmynibogaHi Kpumepii ornepamugHoO20 PO3M08CHOXKEHHST 20J10C080I IHGhopmaUuii.
Knroyoei cnoea: po3nosctodxeHHs1 20510c080i iHghopmauil, IP-mepexi, VolP, onepamueHe onosiweHHs, NGN,
merneKoMyHikauiliHi cucmemu.

AHHOMauusi. B cmambe paccmompeHbl amarisl pasgumus |P-cemel u mexHonoauu repedadyu 6 HuxX 2orsoca,
rokasaHa 803MOXHOCMb UHMe2payuu cywecmsyruux menepoHHbIx cemel u |IP-cemel, npoaHanu3uposaHa
B803MOXHOCMb  UCIMOMb308aHUS  CMOPOHHUX  WIT0308 U CQOPMYnuUpos8aHbl  Kpumepuu  oriepamusHo20
pacrnpocmpaHeHus 20510c080U UHgopmayuu.

Knroueenie cnoesa: pacripocmpaHeHue 2onocoeol uHgpopmayuu, IP-cemu, VolP, onepamueHoe ornoseuwjeHue, NGN,
meJieKoMMYyHUKaUUOHHbIe cucmeMbl.

1. BBegeHue

3apava onepaTMBHOIO OMOBELLEHUSA ABMASIETCS KPUTUYECKM BaKHOW BO MHOrMX cdepax 4YenoBeyeckomn
XusHegesaTenbHoCTU. IMEHHO OT OnepaTMBHOCTM OMOBELLEHWS 4YacTo 3aBUCUMT Ge3onacHOCTb Ntoaewn,
0COBEHHO B MeCTax C MOBbILLEHHOW Yrpo30M BO3HUKHOBEHUS CTUXUNHbIX G6eacTBUN, aaepHbIX aBapui,
MoXapoB, B3PbIBOB W XMMWYECKMX BbIOpOCOB. NHpopmMaumus 0 NpupoaHbIX KaTaknuamax U BO3MOXHbIX
TepakTax, pacnpocTpaHeHme CoumarnbHO BaXKHOW MHOpMaLny, anngeMmnonorniyeckne npeaynpexneHus,
CUTyaUMOHHOE yMpaBrneHve pacnpegernieHHbiMu  cnyxbamMmym M opraHuM3auuMsiMi,  OMOBELLEHune
PYKOBOZSILLErO U NIMYHOINO COCTaBa BOWHCKUX (pOpMUPOBaHWIA — BCe 9TO Aareko He MOSHbIA MepeyeHb
XXU3HEHHO BaXHbIX CUTyaLun, TpebyoLnx CBOEBPEMEHHOMO OMNOBELLEHNS.

Pa3Butne coBpeMEHHbIX WHMOPMALUNOHHBIX TEXHOMOrMA [ano CUMbHENWUA TOMYOK K
MCNONb30BaHUIO HOBLIX CPEACTB KOMMYHWKaLMM AMs OnepaTMBHOW OOCTaBKWM rOMOCOBON WHMOpMaLnN.
Tak, Hanpumep, WMPOKOE pacnpoOCTpaHEHME COTOBOW CBSI3M MNO3BOMAWUMO MWHUMU3NPOBATb BpeMms,
Tpebyemoe O5is OMOBELLUEHUS KaXZoro KOHKPETHOro 4yenoseka. B To xe Bpemsa ucnonb3oBaHue IP
(Internet  Protocol)-teneoHnMn OTKpbIBAEeT HOBblE BO3MOXHOCTM ANa  9(dEKTUBHOIO  peLLeHus
paccmaTtpvBaemMon 3agayn. brarogaps cBoew rnobanbHOcTW, IP-ceTb mpu onpeaeneHHbIX YCroBUSX
MoXeT obecneuntb AoBedeHVEe BaXXHOW MHAOpPMaLMU LernoMy MHOXeCTBY abOHEHTOB, cpeaun KOTOpbIX
MOryT ObITb He TONMbKO Bnagenblbl CTAUMOHAPHbIX M COTOBbIX TernedoHOB, HO M MoMb3oBaTenu,
noaknoyeHHole K Internet. B cBasM ¢ atum IP-ceTb obnagaeTr OrpoMHbIMU NpenmyLlecTBamu npwm
OCYLLLECTBMNEHUM MAaCLUITabHbIX ONepaTMBHbLIX OMOBELLEHU.

Llenbto ctaTtbn siBnsieTcs aHanu3 CyLWeCTBYOLWNX MeTOAOB U cpeAcTB IP-TenedoHun ¢ TOYKM

3peHVst MPUMEHEHNS UX OJ1S1 PeLUeHUst 3a4a4M OnepaTMBHOIO pacnpoCTPaHEHUs FONIOCOBOW MHGOPMaLUN.
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2. NpeumyectBa IP-tenecgoHun

IP-TenedoHus, unu TexHonorus VolP (Voice Over Internet Protocol), o6beanHseT B cebe npenmyluecTsa
NPUBbLIYHOM FOSIOCOBOM CBA3WM CO BCEMM BO3MOXHOCTAMU LMPpOBOM nepedaym gaHHblx. Ee nossneHue
aatnpyetca 1995 rogom, koraa komnanua VocalTec BbinycTuna nepeyo nporpammy ans IP-tenedoHuy,
HasBaHHyl Internet Phone, koTopasi no3Bonsana ocyLwecTBASATb 3BOHKM C AOMaLLHero komnbtiotepa. OHa
npegnonarana nepegavy AaHHbIX MO KaHanam Internet, koTopble u3HavanbHO ObinM 060cobneHbl OT
nyénuyHo TenedoHHow ceTtu. [loHMMass MowHbIM noTeHuman IP-tenedoHun, KpynHenwne
npousBoauTenun cetesoro obopyanoBaHus, Takme kak Cisco u Nortel, B TeueHne cneayromx HECKONbKMUX
neT Hayanu BbliNYCK KOMMYTaTOPOB C noaaepkon VolIP.

B oTnmuve oT TpaguuUMOHHBIX TenedOHHbIX PELUEHUR, KOTOpble ONMUPAKTCA Ha BblAENeHHbIe
KaHanbl CBSI3W, OObeAVHALWME KOMMYTAUMOHHbIE Y3nbl, peweHus |P-TenedoHnn 6asvpyloTcd Ha
nHppacTpykType IP-ceTen, koTopasi cama no cebe sBnsieTcs AeueHTpanvM3oBaHHOW. B To e Bpems
MCMNonb3oBaHWe KOMMYTaATOpPOB MpW nepegadve MHAOpPMaLMu OrpaHuMdMBaeT anbTepHaTWMBHbIE MyTW ee
nepegayn u B criydyae BbIxoda U3 CTpPosA KaHanoobpasylouwmx marucrpanen MoxeT nosnedb 3a cobow
nonHbl OTKa3 B npegocTaBrneHun TenedoHHon ycnyrn 6onbliomy dncrny aboHeHToB. B ¢BA3u ¢ aTum
HabnogaeTca TeHAeHUUs K NOCTENeHHOW 3ameHe MHAPACTPYKTYpbl KOMMYTUPYEMbIX ceTen eanHoun IP-
CeTbto 1 NporpaMmMHbIMU KOMMYyTaTopamu (softswitch) ans ynpasneHns ronocoBbiM TPagUKOM.

OpHako CyLeCTBYHOT He TOMbKO apXMTEKTYPHbIE, HO U KOMMEPYECKME NMPUYUHBI ONepPEXaloLLero
pa3sutus IP-tenedoHun. Mpu opraHmMsauum Tpaduka obbIYHBIX MEXAYHAPOAHbLIX 3BOHKOB MCMONb3YHTCA
LUMTHO3bl KOMMAaHWIA 3NEKTPOCBA3N, KOTOPble MMEKT OBYXCTOPOHHME OTHOLLUEHUS MO OOMeHy Joxodamu B
paMKax CMCTEMbl MeXAyHapoOHbIX cornaweHun. B 1o xe Bpemsi B apxutektype IP-ceTen ctaHoBWTCA
BO3MOXHbIM CO3[aBaTb PErnoHanbHbI U Jaxe MeXAyHapoAHbI ronocoBow Tpadwuk B 0bxon Y3nos,
yrpaBnsiemMbIX O4HOM KOMMNaHWeWn. JTO NO3BONSAET BblIOUpATb CaMbli MPOCTOM MapLUPYT, MUHYS "y3Kue
mMecTa". OTKPbITOCTb apXWUTEKTypbl, OTCYTCTBUE €OMHOro YnpasBnslooLllero LeHTpa, Nnerkun [octyn wu
Hanuuve apPeKTUBHON MapLUpyTM3aUun Mexay ABYMS KNueHtamu IP-ceTn no3BonstoT CTPOUTb rmbkue
pelweHus no nepegayve 6onbwnx 06bEMOB roflocoBon MHGOPMaLMM BOMbLIOMY KONMMYECTBY KOHEYHbIX
nons3oBartenem.

KpynHenwine onepatopbl, BUAS NEPCNEKTMBHOCTb U npemMmywecTtBa |IP-tenedoHumn, nocTeneHHo
HaYMHalOT peann3oBbIBaTb CBOW MaHbl N0 NepeBoay CBOMX TENEKOMMYHUKaLMOHHbIX ceTen Ha IP-ocHoBY.
HeobxoaumocTb npeaocTaBrneHns HOBbIX MYNbTUMEAWUMHBLIX YCryr u cepBucoB 6e3  yBenuyeHus
NPOMyCcKHOM CNOCOBGHOCTM KaHanoB JaeT BO3MOXHOCTb CYLLUECTBEHHO YyAelleBUTb FONIOCOBYK CBSA3b U
3acTaBnsieT TeNeKOMMYHMKALMOHHbLIE KOMMNaHWW WU3MEHATb CBOM OusHec-mopenn, 4Tobbl agekBaTHO
oTBeYaTb NoTpebHocTaM pbiHKa. MowHoe pa3BuTue Internet-komnaHmin Skype, Yahoo, Google, Youtube
yXKe TMO3BOMWMO 3HAYMTENbHO CHU3UTb CTOMMOCTb MYNbTUMeAMWHbIX |IP-ycnyr gns  KOHeYHOoro
none3oarens [1].

Takmum obpasom, HeocnopuMble NpemmyLlecTBa IP-ceTen No3BONsOT MM B CKOPOM BPEMEHN CTaTb
0©a30BOM TPaHCMOPTHOM WHAPACTPYKTYPOWN, MO3BOMSAIOLWEN YOOBNETBOPSATbL TPeboBaHUA KOHEYHbIX
nonb3oBartenein kak kK Habopy NpeaoCcTaBAsSEMbIX TENEKOMMYHUKALMOHHbLIX YCAYT, TaK U K UX CTOUMOCTH,

rMBKOCTH, pacLUMPAEMOCTU U HAOEXHOCTH [2].
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3. basoBble TexHonorum IP-tenedoHnn

[ns opraHusauun TenedoHHON cBA3KM No IP-ceTam ucnonbayeTtcs cneumansHoe obopyaoBaHve — LWNo3bI
IP-TenedoHUKn, KoTOpble, C OOHOW CTOPOHbLI, MOAKIYAKTCA K TenedOoHHbIM fUHUAM, a, C LPYron
CTOpPOHbI, K IP-cetn. Wno3bl npy noctynneHun curHana c TenedoHa ouudpoBbIBAOT €ro, ecrim OH
N3Ha4anbHO He LUMdPOBON, CKUMAIOT MOMYYEHHbIN LUGPOBON NOTOK, UCNOMb3Yys pasnuyHble anropuTMbl
KoMnpeccun, pa3buBatoT ero Ha nakeTbl U OTNPaBAST 4Yepes IP-ceTb Ha Apyron w3, Ha npuemHomn
CTOPOHE MPOUCXOAMT obpaTHas onepaums OEKOAMPOBaHWS CUrHamna M3 MnocrnefoBaTeNbHOCTU MaKkeToB.
Mpouecc Bxoaa curHana B TeneOoHHY CEeTb U ero BbIX0oA U3 Hee, UMes MUHUManbHbIe 3adepXKku, JaeT
BO3MOXHOCTb 0BecneyvmTb NonyaynneKkCHbIN pasroBop.

Mpeobpa3oBaHMe [OBYHarNpaBfieHHOW aHanoroBom peun B UudpoBylo ¢GOpMy BHYTpU
KOAMPYHIOLLIEro U OEKOAMPYIOLLEro YCTPOWCTBa (KOdeKa) M yrnakoBKa ee B MakeTbl, KOTOopble nepeaatTes,
ncnonb3ys 0cobble NPOTOKOMbI Nepeaayn OaHHbIX, ABIISOTCS OCHOBHbIMY onepaumnsavn |P-tenedoHuu.

PaccmoTtpum GasoBble TexHonorum IP-TenedoHnn, onmpascbk Ha dopMarnbHble ONMCaHUsi CeTemn
cnepyouwero nokonenmss NGN (Next Generation Network), koTopble dakTnyecku obbeanHSIT ny4wne

TeHaeHuun B obnacTtu nepegayvn gaHHbIX, B TOM Ynucne un rosioCoBOW I/IHd)OpMaLI,I/II/I.

3.1. Apxutektypa NGN
Cetb NGN — 3TO0 MynbTUCEpPBUCHAsA TENEKOMMYHMKAUWOHHAs CUCTeMa, peanuaylollas npuHUuN
KOHBepreHummn (06beanHeHusi, CXOAMMOCTU) ycnyr cBs3u. [aHHas ceTb OTnM4yaeTcsd OT TPaauLMOHHbIX
npeacTaBneHnin TeNeKOMMYHUKALMOHHOW CeTU pasgeneHneM UupKynupylowen B Hern mHdopmauum Ha
OBEe KaTeropuu: CUrHanbHyl0 WHGOpMauMilo W daHHble, HecyliMe CMbICTNIOBYO Harpysky (puc. 1).
CuvrHanbHas uMHdopMauus Heobxoauma Ans KOMMyTauuu aboOHEHTOB W NPeAoCTaBfEHUS PasfnnyHbIX
Tunos ycnyr [3].

OCHOBHbIMW TEXHOMOrMAIMK, Ha KOTOpbIX pa3BopaduBarTca cetu NGN, asnsawotca TCP/IP wu
MPLS (Multiprotocol Label Switching — MynsTunpoTOKonNbHas KOMMYTauus NO MeTKam), a Ha BbiCLUEM
YPOBHE — curHanbeHbIN npoTokon SIP, 3ameHaowWwmn yxe yctapeswnn H.323, pekoMeHaoBaHHbIA paHee
CEKTOPOM CTaHOapTU3aLMN 3NEKTPOCBA3N MEXAYHAPOAHOro cot3a anekrpocesasn (MCI3-T/ITU-T) [4].

Pa3BuTre napagunrmbl koMmyTauumn naketoB B TeniedoHnn (ISDN, x.25, ATM) n B ceTsix nepegaydm
OaHHbIX nNpuBeno K yTBepxaeHuto nportokona TCP/IP  caktnyeckum ctaHgaptom rnobanbHoum
TenekoMMYHUKaLMOHHON MHpacTpykTypbl — IP (Internet Protocol) TenedoHun. MNpotokon MPLS 06bi4HO
HasblBalOT MPOTOKONMOM 2.5 ypOBHSA MOLENW B3auMOAENCTBMSA OTKpbITbIX cuctem (OSI), Tak Kak OH
pabotaeT mexgy BTOpPbIM (KaHanbHbIM) WM TpeTbuM (ceTeBbliM) ypoBHAMM. OH wucnonb3dyetca AN
obecneyeHns yHMBepcanbHOW Cry0bl Nnepedadn JaHHbIX Kak Ans CeTen ¢ KOMMYyTauuen KaHarnos, Tak u
nakeTtoB. PakTnyecku, ncnonbsys MPLS, moxHO nepepaeatb Tpaduk IP-naketoB, ATM (Asynchronous
Transfer Mode — acuMHXpPOHHBIN pexum nepegayn) wn  kagpel Ethernet. B npotokone MPLS
MapLUpyTU3auusa nakeToB Mpou3BOOUTCHA Ha OCHOBE MeTOK, 6e3 aHanm3a 3arofnioBKOB nakeToB (agpeca

HasHa4yeHus).
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Puc. 1. Cxema pyHKUMOHMPOBAHUST TENEKOMMYHUKALMOHHOW |P-ceTu

OCHOBHbIM YCTPOMCTBOM Ansa ronocoBbix ycnyr B ceTax NGN saBnsetca SoftSwitch —
nporpaMMHbIA  KOMMYyTaTop, KOTOpbI ynpasnseT VolP ceccuamu, peanunsys cBasb cetem NGN ¢
CYLLECTBYOLMMN  TpaguMUMOHHBIMM ceTamm TDM (Tine Division Multiplexing — BpeMeHHoe
MynbTUNNEKCUPOBaHUE) nocpeacTsamM curHansHoro (SG) n megua-wno3sos (MG), koTopble MOryT BbiTh
BbINOSHEHbI B ogHOM ycTpowictee [5]. ObopyaosaHue SoftSwitch no3BonseT ocylWecTBNSATL NOCTENEHHYIO
asonouunto o1 TDM Kk IP, coxpaHsisi NpvBbIMHYIO AN Onepatopa apxXWTeKTypy ceTel, B TOM uucne
pa3BepHYyTbIX Ha 6a3e TexHonormi H.323, SIP, ATM.

HanbHenwasg apontouma ceterr NGN npusena k nosisneHuto IMS-apxutektypbl (IP Multimedia
Subsystem - mynbTMMegumHas nogcuctema |P), koTopas (akTU4ecKum COCTaBriSieT KOHKYPEHLMIO
SoftSwitch B obnactu ynpaeneHusi nonb3oBaTenbCkuMmn ceccnsimm u ycnyramm. OgHako IMS, B otnnune
ot SoftSwitch, He npegHasHaveHa ans paboTbl B KOHBEPreHTHOW cpede, a opueHTupoBaHa Ha All-IP
nHdpacTpykTypy — Oyayuiee, K KOTOPOMY MOXHO NpUOMM3NTBCS, TOMbKO NWb Nponas nepuog
KOHBepreHummn ceten n ycnyr. lNMoaxoa IMS nogpasymeBaeT opraHusaumnio e4MHOW CeTU, OCHOBAHHOW Ha
npotokorne SIP, npun aToM 3deKTUBHO COBMELLAOTCS BO3MOXHOCTW KakK (DUKCMPOBAHHOMW, Tak M

MOOUMNBHOW CBA3MN.

3.2. MpoTtokonkl SIP, H.323 n RTP
MpoTtokon yctaHoBnenusa ceccun SIP (Session Initiation Protocol) B mogenu OSI aBnsieTcs NPOTOKONIOM
NMPUKNagHOro YPOBHSA WM WUCMOMNb3yeTcs AMns yNpaBneHus MynbTUMEOUAHBIMA  KOMMYHMUKALMOHHLIMU
ceccusammn, obecnevmBas CoeMHEHUst NMpU Nepefadve ronocoBbiX U BUOEO3BOHKOB 4vepes3 IP-ceTb. JT0T
NPOTOKON OnpefensieT cnocobbl JOrOBOPEHHOCTM MEXAY KIMEHTCKUMMW MNPUIIOKEHUSIMA O Hadarne
COEOUHEHUS, UCNOSb3YS YHUKANbHOE NMS YOANEeHHOro KIneHTa.

Ha TpaHcnopTHOM ypoBHe 06MEH MOXET MPOUCXOAUTE HAa OCHOBE APYrMX NPOTOKOMOB, Hanpuvep,

RTP (Real-Time Protocol — npoTokone peanbHOro BpeMeHu), KOTopbii obecnevmBaeT B TeYEHNE ceaHca
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yrpaBneHue OTKpbITbIMU KaHanamu (gonyckaetcs ux gobaesneHve n yaaneHue), a Takke NoAKnYeHne u
OTKINIOYEHME AONONMHUTENbHbIX KMUMEHTOB, YTO, B CBOK Oo4Yepeb, MO3BOSISIeT OPraHM30BbIBaTb KOH(epeHLL-
cBA3b. Tak kak npotokon RTP pacnonaraetcs Ha MpuKnagHOM YpOBHe, B KadecTBe TpaHcrnopTa OH
ncnonb3yet npotokonn UDP (User Data Protocol — nonb3oBaTenbCkuiA MPOTOKON AaHHbIX). Cpeawn
ocobeHHocTen npotokona RTP MOXHO OTMETUTb M TO, YTO OH HE MMeeT COOCTBEHHbIX MEXaHW3MOB,
rapaHTMpyoLWmMX CBOEBPEMEHHYIO AOCTaBKy MakeToB UNWN ApYyrie napaMeTpbl Ka4yecTsa YCnyr, a Takke He
obecneunBaeT YHKUUM MO WUCNPABREHMIO OLWMBOK MW ynpaBneHuto NOTOKOM. [1o3TOoMy OH 06bIMHO
ucnonb3yet Ang atoro cnyx6bl npotokona UDP. MaBHoM e ocobeHHOoCTblo paboTel npoTokona RTP
SABNAETCHA BblUMCINEHNE CPedHEN 3adepXKu HeKoToporo Habopa MpUHATbIX MakeToB, OCHOBbIBAACH Ha
BPEMEHHbIX MeTkax MakeToB. [ns yny4yleHus kayecTBa CBs3W nMpoTokon RTP moxeT ob6beuHsTbCs C
NPOTOKOSIOM yNnpaBneHusi nepegadven B peanbHoMm BpeMeHn RTCP (Real-time Transport Control Protocol
— TPaHCMOPTHbLIA MNPOTOKON peanbHOro BpeMeHW), KOTopbl obecrneynBaeT CBEOEHUSAMW O uyucre
nepegaHHbIX U NOTEPSHHbIX MNAKeTOB, 3a4epXKe U ApYyrux napamerpax KayecTtBa nepefayun AaHHbiX. 3TO
JaeT BO3MOXHOCTb OTMpaBUTENO MOAMMULMPOBATL MapaMeTpbl nepefayn C Lenblo ee ynyylleHus.
HecmoTps Ha TO, 4TO naketel UDP HymepyloTcsi No NOpsiAKOBbIM HOMEpaMm WM NpuMHMMatolas CTOpoHa
MOXeT onpeaenntb hakT noTepu naketa, RTP He npeanpuHnmaeT mep Ans ero BOCCTaHOBNEHUS.

Mpotokon H.323 paspabartbiBanca Ha ocHoBe OWHapHOro npoTtokona curHanusauum ISDN
(Integrated Services Digital Network — undpoBast ceTb ¢ KOMMMEKCHBIMU YCIyramu), YTo NpuBHecCno B IP-
TenedoHno nNpobnembl TpaguunoHHon TenedoHuun. MNpu paspaboTtke SIP Obiny B3ATbl MPOTOKOSbI, YXKE
ucnonb3ytowimecs B IP-ceTax n ngenHo ocHoBaHHblE Ha noaxoge “sanpoc-oteeT’. PakTnyeckm H.323 —
370 TenedOoHHbIV NpoToKon Ans IP-ceTen, 4To 1 obecneunno emy ae-akTo NMANPYOLLINE NO3ULUN.

O6meH 3BOHKaMM C  MCMOMb3oBaHMEM npoTokona SIP  MOXHO onucaTb  criegyrollen
nocrnenoBaTenbHOCTLIO: MEPBbIN NONb30BaTeENb MHULMMPYET COeauHEHWe, yKasblBag HOMep agpecaTa;
SIP-knueHT reHepupyeT curHan INVITE (npurnaweHue); y agpecaTta NosBRSETCS CUrHan BXoAsLero
3BoHKa 180 (Ringing), oH 6epeT Tpybky, a SIP-knueHT BblgaeT coobuieHne 200 (OK); nHmuuatop 3BoHKa
noceinaet curHan ACK (noatesepxaeHue); ganee criegyeT nepegaya roriocoBOro curHarna rno npoToKony
RTP, a no okoH4YyaHuu pasroBopa SIP- knneHT nockinaet curHan BYE.

Tak kak agpecauuss y SIP nornyeckas, To B KadectBe SlP-agpeca MOXHO WCNONb3oBaTb,
HanpuMmep, agpec SNeKTPOHHOW MnoyTbl. [loaToMy dopmaT agpecoB, UCNONb3yembix NpoTokonom SIP,
HanoMmunHaeT opmat E-Mail-agpeca: ums@uaeHTudukatop_xocta. B Havane apgpeca craButcd
npuctaska "sip:" (HanpumMep: sip:user@host.com). B kavyectBe naeHTUdUKaTOPa XOCTa MOTYT CRYXUTb €ro
IP-agpec, nomeH unu umsa xocta (IP-agpec onpeaensieTcs ¢ ucnons3osaHnem DNS, Tak 4To B Utore Bce
paBHO nony4yaetca obpalleHve no agpecy sip: nma@lP-agpec). Agpec JonyckaeT pasfvuyHble
napameTpbl: MOXHO YyKa3aTb ropoAckon TenedOHHbI HOMepP, MOOWUNbHBLIN TenedgoH MM napameTpbl
MoZeMHoro coeauHeHusi. Kpome Toro, B npotokone SIP wumetotcs dyHKUMM OOMeHa KOPOTKMMM
coobweHnammn (messaging) n onpegeneHnst coctosHuA aboHeHTa (presence). bnarogapsi M, MOXHO
HacTpouTb SIP-okpyXeHne aboHeHTa Tak, 4Tobbl NpM BXOAsLlEeM 3BOHKE onpeferieHHoro aboHeHTa cam
3BOHOK MepeagpecoBbiBancsd, B 3aBUCMMOCTU OT HeobxoguMOCTW, Ha MOOUMbHbIA TenedoH,
nepcoHanbeHbIn KoMnbloTep, HOYTOYK unu KK, nossonsasa aboHeHTy 6bITh BCcerga Ha CBA3U, YTO OCOBEHHO

BaXXHO Npu peweHnn 3agadm no onepatnBHOMY OonoBeLLEeHUIO.
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Takum o6pa3oM, cpedy OCHOBHBLIX [OOCTOMHCTB npoTokona SIP Heo6xoOAMMO OTMeTWUTb €ero
M3HayanbHyl0 MyNbTUMEOUAHYI0 HanpaBeHHOCTb, KIMEHT-CEPBEPHbIA XapakTep, He3aBUCUMOCTb OT
TPaHCMOPTHOrO YPOBHSI, BO3MOXHOCTb pearMpoBaTb Ha COObITMS M camoe BaKHOe — MOBUIbHOCTb,
KOTOpasi 3aKn4yaeTcsi B BO3MOXHOCTM TOSyYeHUs CepBuca BHE 3aBUCMMOCTM OT MECTOTMONOXEHUS!

aboHeHTa [6].

3.3. Skype, Google Talk

MonynsipHble U LWMPOKO pacnpocTpaHeHHble peweHus Skype m GTalk ABNsOTCA KOMMeEpPYECKMMM
peanu3aunsamm IP-tenegoHun, No3Bonss coBepluaTbh 3BOHKM Ha CTauMOHapHbIE U MOBUIbHbIE TENEMOHbI.
Tak, Hanpumep, cepsuc GTalk-to-VolP [7] npegoctaenseT ycnyru IP-tenedoHun ¢ nomowpbto Google Talk
N, NO CyTu, peanusyeT PYHKUMIO LWo3a mexay nodbiMmu SIP-npoBangepamu n GTalk. Skype, B cBOMO
oyepenb, npegnaraet APl gna uHTerpaumm nobon npuknagHowW nporpammbl co SKype-kKnmeHToMm, a
HeKoTOpble CTOPOHHME pa3paboTyukM npegnaralT  YXe roTOBble MNporpamMmHble pelleHns  Ans

peanu3auuu wnw3a mexagy Skype, SIP, IAX2 n H.323, Hanpumep, PSGw n MeSSiX ot RSDevs.com.

3.4. ATM
TexHonorna kaHanbHoro yposHs ATM opueHTMpoBaHa Ha NOCTOSIHHOE CoeAUHEHWe U MO3TOMY nepen
nepegaven coobueHnsa popMmmpyeT BUPTYanbHbIA KaHar, AEACTBYOLWMIA 40 MOMEHTA OKOHYaHWs ceaHca.
Bbnarogaps Takomy nogxogy, ygaetcss npubnM3nTbCA MO XapakTepucTuMKaM KadyecTBa nepejadn K
TPaAWLUMOHHBIM 3NEKTPOCETAM, TaK Kak dopmMupyembli kaHan obecnevmBaeT BblOENEHHY Monocy
MponycKkaHus C 3apaHee onpederieHHbIMU xapaktepuctukamu. Npu aTom Becb Tpadumk pa3brBaeTcs Ha
48-6anToBble A4enkn ¢ gobaBneHnem 5-6aMToBbIX 3aronoBkoB. B oTtnuume ot TexHonorum TDM, ATM
no3sonsieT AMHaMUYeCKn U3MEHATb XapakTepPUCTUKM MOMOChl NPOMyCKaHUs Ans onpefeneHHoro noToka
OaHHbIX C Lenbto bonee ahpekTMBHOrO NCNONb30BaHNA KaHana CBA3W.

TexHonorma ATM MoOXeT cTaTb NpeanodTUTENbHOW ANs TpaHCcnopTupoBkM |IP-Tpadmka no
rnobanbHbIM ceTsaM, obecrnednBas kadecTBo obcnyxmBaHus (QoS — Quality of Service) npu nepepave

rosIoCoBOM MHpopMaLmu.

3.5. IAX

MpoTokon IAX (Inter Asterisk Exchange), nogaepxvsaembin Asterisk—PBX (TenedoHHon cnctemon Ans
YacTHOro nomnb3oBaHusA), wucnonb3yeT oavH UDP-noTok aAna nepejayn [aHHbIX W CUTHANbHOM
WHpopmaumn. B aTom 3aknoyaeTcsa ero OCHOBHOe oTnnuyme oT SIP, B KOTOpOM ronocoBble [aHHble
nepepatotcsa B RTP-notoke. Takke cnegyeT OTMETUTb, YTO AaHHble B IAX nepepatoTcsi B GBUHapHOM BUAE.
Mpotokon IAX2, kpome Toro, noaaepXXuBaeT TpaHKMHT (trunking — rpynnoobpasoBaHne), koraa AaHHbIE U3
HECKONbKUX 3BOHKOB O0BbEeAMHSAITCS B €AuHbIA Habop makeToB, TO eCcTb ofHa IP-gatarpamma moxeT
OOCTaBNATb MHOpMaLmio o bornee yem OgHOM 3BOHKE.

MpoTtokon IAX wncnonb3yeT BHYTPEHHUWE CECCUM, KOTOpble MOryT 3a[enCTBOBaThb pasnuyHble
KOOEeKM npu nepefadve rorocoBoN WHGopMauum, n MOXeT ObiTb 3(PEPEKTUBHO MCMOMb30BaH Ans
yMeHbLUeHnss Tpaduka B mcnonodyemom kaHane. K umcny Hanbonee nonynsipHbIX KOOEKOB OTHOCSATCS
G.711, G.722, GSM0610, G.723, G.723.1, G.728, u G.729. OgHaKO Ka)KAbIl U3 HUX UMEET CBOI
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crneumduky no Tpebyemon wmpuHe nonockl nponyckaHus (Hanpumep, 64 Kéut/c gna G.711), 4to He
BCerga npuemrnemMo Ang ucnonb3oBaHusg B IP-ceTsax. Hanbonee npvemnembiMu Ans nepegaym ronocoBom
MHbopMaunn ABMSIOTCS KOAEKU C HU3KOW LLUMPUHON nonockl YyacTtoT: G.729 (8 Kéut/c) n G.723.1 (5.3/6.3
KoéwuT/c).

OpHako cnegyeT OTMETUTb, YTO, B oTnnyme oT SIP, roe nocne yCTaHOBKW COeAMHEHWS MOTOK
OaHHbIX MOXET MATW OT Nofb3oBaTens K nonb3oBaTento, MuHya cepsep SIP, B IAX n coegnHeHue, u
nepegaya ronocoBol WHopmaumm Bcerga npoucxogaTt depe3 |AX-cepep. 37O  yBenuumsaet
TpeboBaHMe K MpOMycKHOMW crnocobHOCTM kaHanoB And AlX-cepBepoB BO BpeMsi MHOXeCTBa

OQHOBPEMEHHbIX 3BOHKOB.

4. UHTerpauuns ceten |[P-TDM

IOna 6onee 3pEKTUBHOrO peLLleHNs MNOCTABMEHHOW 3afadn MO OnepaTMBHOMY pPacrnpoCTpaHeHUo
rornocoBov MHdopmauun HeobxogMmo peanusoBaTb OXBaT Kak MOXHO Oonbluero KomnvyecTsa
noTeHumarnbHbIX abOHEHTOB OMOBELLEHNs, YTO TpebyeT MCNONb30BaHUSA MHTErpPauMoOHHOIO KaHana unu
Wwo3a mexay TenedoHHbIMM ceTamu obuiero nomnb3oBaHus u IP-cetamu [8]. U 3geck moryT ObiTh

3a4enCcTBOBaHbI nporpaMmMHblIe U annapaTHble pelleHnd, paccMmaTpmuBaeMblie HNXKE.

4.1. Asterisk IP-PBX

[daHHOe npunoxeHne C OTKPbITbIM KOO4OM paboTaeT mog ynpaBleHVMeM OnepaunoHHbIX cuctem Linux u
FreeBSD. OHO o06nagaetT BO3MOXHOCTAMM Knaccudeckon ATC v nopaepXvBaeT TpU OCHOBHbIX
npotokona VolP: SIP, H.323, IAX. Obnagasi rubkMm 1 yHMBepcanbHbIM MHTEPdENCOM AN MHTerpaumm ¢
BHELWHUMKN cucTemamm obpaboTku paHHbiX (AGl—adjusted gross income) 3a cyeT WUCMNOMb30BaHWSA
pasnu4yHbIX anropuTMOB pacnpefeneHnst 3BOHKOB B odepeam No areHTam, Asterisk sBnseTcst MOLLHeNLEN
nnaTtoOpMon ANsi opraHunsauMm TeneKOMMYHWKaLMOHHOIO CepBuca, YTO WUrpaeT BaXKHYl ponb MNpu
opraHmsaumm cuctem onoselleHns noboro macwrtaba [9].

Mpn uHTErpaumm ¢ TenedoHHbIMKU CEeTsIMM 00LLEero nosfb3oBaHusa Asterisk MoxeT paboTaTb Kak ¢
aHanorosbiMn (FXO/FXS mogynun), Tak n ¢ uudpoBbiMm (ISDB BRI u PRI, notokn T1/E1l) nuHuamu.
AnnapaTHoe conpsbkeHue obecnevymBaeTCs KOMMbHOTEPHbIMM MfaTtamMu TakMx MNPOV3BOAMTENEN, Kak
Digium, Sangoma, OpenVox, Rhino, AudioCodes.

Asterisk ncnone3yet kogek G.729, KOTOpbIi MO3BONSET pasmellaTb Gonblle OOHOBPEMEHHbIX
BbI30OBOB B KaHarne C orpaHvyeHHOM NpOnyCKHOM CnOCOBHOCTbIO Ans nepefadn ronoca B IP-cetn 6onee
3KOHOMWYHBIM CrOcob6oM. B To BpeMsi, Kak TUMUYHbIA Bbi3oB NoTpebnseT 64Kbps nonockl nponyckaHus
ansa ronoca, G.729 cokpawaeT notpebneHne Tpaduka go 8Kbps ¢ yyetom gobaeneHuss obbivHoro IP-
3aronoBka. BoamMoxHoCTb wucnonb3oBanusa Asterisk ¢ G.729 no3BonsieT SKOHOMUTb TpadouK Mpu
NPOXOXAeHUW rofioca No goporum MapupyTam. B HacTtoswee Bpemsa Asterisk nopgepxuBaetr G.729
Bepcum A.

OO6was cxema uHTerpaumm Asterisk ¢ VolP, Bkntoyasi ucnonb3oBaHWe annapaTHbIX KOMNOHEHTOB,

MOXET UMETb BN, NOKa3aHHbIN Ha puc. 2.
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Asterisk
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IAX SIP SIP E1
VoicePulse TelTel ®-1500
[NpoBaiaep VolP MNpoeaigep VolP Lindppoeaa ATC

Puc. 2. Obwasa cxema nHterpauum Asterisk ¢ VolP n annapatypoi

4.2. Mnatbl IP-TenecgoHnmn gna nurerpauum VolP ¢ TDM

Ha anmapaTtHOM ypoBHE CyLleCTBYWOT pasnuuyHble PC-kapTbl (Kak aHanoroBble, Tak M uudposble),
obecneunBatoLme nHTerpauuo TenedoHHblx ceten u IP-ceten. Cpeau npoussoanTenen CTOUT OTMETUTb
koMnaHum Digium n Sangoma, UMeloLe B CBOEM apceHarne LUMPOKUA acCCOPTUMEHT NnaT ANs peLleHus
notpebHocten IP-TenedoHnm [10].

Hanpuwmep, Digium TE220B (PCI Express kapta oT Digium) obecneunBaeT TepMUHaLMIO BNIOTb
0o 60 kaHanoB rofoca UnNn gaHHbIX Yepes ABa uHtepdenca E1 nnn T1/J1 nHtepdgencol B PCle x1 dopm-
daktope. OHa Takke Mo3BonseT MukwmpoBaHue E1 n T1. TE220 moxeT ObITb yCcTaHOBMNeHa B nobon
poctynHbii cnoT PCle 1.0 — x1, x4, x8 n x16 6e3 HeobxoaumMocTn Bbibopa HanpsKeHUss NN BENUYUHBI
MPOMycKHOM cnocobHocTn. TE220 MoOXeT Takke KOMOWHMpOBATbCA C MOAYNEM 3XONoAaBleHUst
VPMOCTO064 Octasic DSP-based ot Digium, koTopbin peanu3yeT anroputm G.168, gaBnsioLuincs
3TanoHHbIM TECTOM A5l MOAABIEHMS 3X0, U BbINOMHAET noaaBneHne axo 4yepes Bce 60 kaHanos anga E1
unu 48 kaHanos anga T1/J1. CnegyeT oTMeTUTb, YTO M3HavanbHO TE220 npoekTupoBancs And nornHom
coBmecTuMocTm ¢ Asterisk Business Edition, AsteriskNOW u open source Asterisk.

Tak kak Asterisk nporpammHo npeobpa3syeT kogek G.729a B nobor apyron Kogek, 3To obxoanTtcs
HedelweBo B nepeBoge Ha MIPS (MunnvoHbl onepauui B cekyHay) v TpebyeT 6onblIoro konmvyecTtea
NMpOLEeCcCOpHOro BpeMeHu. [ns noBbiweHus 3PQEKTUBHOCTM paboTbl AaHHOTO MNPUIIOXKEHUS MOXHO
ucnons3osatb Digium Wildcard TC400B — Habop, cocTodlMn M3 nonypasMepHOn HU3KONPOGUMbHOWM
PCI-2.2-coBmectumon nnatel TC400P un cneumnansHoro moaynsa ana obpabotku ronoca TC400M. lMnata
Digium Wildcard TC400B 6bina paspabotaHa cneuuwanbHO Ans npeobpas3oBaHMs KOLEKOB C BbICOKOW
KOMMpeccuen romnoca MOCPEACTBOM WCMOMNb30BaAHUSA [OOMNOSHUTENbHbIX BbIYUCIIUTENBHBIX PECcCypcoB
B3aMeH nporpamMHbIX npeobpasoBaHuin. NMnata Digium Wildcard TC400B npeobpasyet kogek G.729a
(8.0 kbuTt/c) nnn G.723.1 (5.3 kbut/c) B G.711 a/u-law n HaobopoT, G.711 a/u-law — B G.729a (8.0k6uT/C)
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nnn G.723.1 (5.3kbut/c). Kpome Toro, Digium Wildcard TC400B cnocobHa ocywecTtsnate 120

O[HOBPEMEHHbIX ABYHanpaBneHHbIX npeobpasoBaHui B G.729a unu 92 npeobpasoBaHus B G.723.1 u He

TpebyeT HMKaKoWM OOMOMHUTENBHONM ONMaTthl U perucTpaumn NMUEH3NI NPY UCMONb30OBaHNM 3TUX KOOEKOB,

4YTO BO3HUMKAET NpU NOKyrnke nporpaMmmHoro Digium G.729a kogeka.

4.3. Ucnonb3oBaHue cyliecTByOWMUX Wo3oB VolP-TDM

B cnyyae HeoGxoauMmocTu Goree LUMPOKOro oxBaTa aboOHEHTOB AMS OMOBELUEHUA NPW HeAOoCTaTOYHOW

MOLLLHOCTN COOCTBEHHbIX LUS30B cyuiectsyeT BO3MOXHOCTb WMCMNOJSIb30BaHNA KOMMEPYECKMX LLUMH30B

VolP-TDM npwu ocyLiecTBneHnn cneumansHon koHdurypaumm Asterisk-PBX.

[ns opraHusauumn 3BoHKa Yepes W3 Heo6XoAMMO onucaTb ero KOHTEKCT B KOH(UIypaLMOHHOM

danne extensions.conf, Hanpumep, cnegytowmm obpasom:

[globals]

IAXTRUNK1=IAX2/username:password@voicepulse

[voicepulse]

exten=>_81INXXNXXXXXX,1,ChanlsAvail(${IAXTRUNK1})
exten=>_81INXXNXXXXXX,2,Dial(${IAXTRUNK1}/${EXTEN:1}@VPWS)
exten=>_81NXXNXXXXXX,3,Hangup
exten=>_81NXXNXXXXXX,203,Congestion

Hanee HeobxoomMMo onucaTb KOHUrypaLuio caMmoro LWwn3a B daine iax.conf:

bindaddr=192.168.0.1
externip=asterisk-pbx.my.org
language=en
register=>in-username:password@gwiaxt01.voicepulse.com
[voicepulse]

context=VPWS
username=username
externip=asterisk-pbx.my.org
secret=password

auth=md5

type=friend

disallow=all

allow=gsm

allow=ulaw

allow=alaw

allow=ilbc
host=gwiaxt01.voicepulse.com
nat=yes

qualify=yes
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[nsa cosgaHus nnaHa 3BOHKA MOXHO MCMONb30BaTb MPOrpaMMy BU3YyarbHOMO MPOEKTUPOBAHMUS
Visual Dialplan for Asterisk [11]. Cam dhann 3BoHka umeeT pacwumpeHue .call n 3anyckaetcsa nocne
nepemeLLeHns B anpektoputo outgoing Asterisk. CTpykTypa gaHHoro cavina Moxet BbiTb crieqyloLen:
Channel: IAX2/ username:password@gw5.voicepulse.com /1<HawHomep>
Callerid: HawHomep
MaxRetries: 5
RetryTime: 60
WaitTime: 30
Context: gate-call
Extension: dial 8INXXNXXXXXX
Priority: 1

Taknm obpasom, MMesi y4eTHyto 3anucb Ha wrode IP-TDM npoBarigepa, MOXHO OUHAMUYECKU
dopmmpoBaTh dain 3BOHKa, MPOCTaBnas TenedoH MHTepecyroLwero Hac aboHeHTa, 1 MCMOSb30BaTb BECb
apceHan komaHg Asterisk ans peanusauumn camoro ninaHa 3BOHKa.

Opyrum cnocobom, noO3BONSAIOWMM OpraHu3oBaTb B3aumogencTesMe ¢ Asterisk, asnsaetcs
MCMonb3oBaHMe BHELHWX WHTepdencoB, Hamboree MONYNsPHbBIMU U3 KOTOpbIX sABNATCA Asterisk
Gateway Interface (AGI) [12] n Asterisk Manager API [13]. Asterisk Gateway Interface — 310 UHTEpdENC
ans gobasneHus yHKUMOHaNbHOCTM K Asterisk ¢ ucnonb3oBaHMeM MHOXECTBA Pa3fUYHbIX SA3bIKOB
nporpammupoBanus: Perl, PHP, C, Pascal, Bourne Shell. Asterisk Manager no3Bonsiet KImMeHTCKUM
nporpaMmmam MnoAcoenuHATBCS K ak3emnnsapy Asterisk, BbIMOMHATL KOMaHAbl M untatb PBX-cobbiTus ¢
ncnonb3oBaHnem npoTtokona TCP/IP. Takne nHtepgencsl yaa4yHo o0begmHATCa ApYr C APYroM 1 4acTo

o6beavHeHbl B 0gHYy 6ubnuoteky, Hanpumep, Asterisk-Java [14].

5. BbiBOAbI
1. MNpoBeaeHHbIN aHanuM3 MnokKasbiBaeT, YTO B HaACTosllee BpeMs CYLLEeCTBYIOT BCe Mpeanochbiniku And
peLleHnst MOCTaBMEHHOW 3adayn OnepaTUBHOIO PacrnpoCTPaHEHMs FONIoCOBOM MHGOPMaUMM Ha OCHOBE
nporpaMmHbIX U annapaTHbix pecypcoB IP-tenedoHnun. OgHako Tpebyetcs gononHnTenbHas pa3paboTka
cneunanbHbIX METOAOB rapaHTUPOBAHHOW OOCTaBKW ronocoBon MHdopMaunmn n acbekTUBHbBIX Npouenyp
pacchbInku Yepes3 MexaHM3mMbl B3aMMOAENCTBUS C PasHOPOAHbIMU TeNeOHHbIMU CETAMMU.
2. Ha ocHoBaHun ocobeHHoCcTen apxuTekTyp IP-ceTen n ceTen crneayloLllero noKorneHusi, B YacTHOCTH,
MOXHO NPeAnoXuTb CneayoLlne KpuTepmm, KOTopbiM JOMKHa COOTBETCTBOBATbL CUCTEMA, peanuayloLlas
ornepaTtMBHOE pacnpocTpaHeHMe ronocoBor MHdopmaumm:

— MacTabnpyemocTb NCTOYHMKOB pacnpocTpaHeHus (Voice Delivery Mechanisms);

— KOHconngaumsa goctyna Kk cetam IP-TDM,;

— obecneyeHne kauyecTBa nepegaydm ronoca (QoS).

CMUCOK JINTEPATYPbI

1. http://www.iks-media.ru/articles/425742.html.

2. http://www.globaltelecomsbusiness.com.

3. http://www.svpro.ru/dngag.htm.

4. NonbawTenH A.B. YcTporicTBa ynpasrneHusi MynbTucepBuCHbIMU ceTamu: Softswitch // BecTHuk cBasn. — 2002. —
Ne 4. — 225 c.

100 ISSN 1028-9763. MaTemaTnyHi MawumHm i cuctemu, 2009, Ne 1



5. TonbawTerH A.B., NonbawTenH B.C. Softswitch. — CIM6.: BXB, 2006. — 368 c.

6. NonbawTeniH B.C. n gp. Mpotokon SIP / B.C. MNonbawTenH, A.A. 3apy6uH, B.B. Camopesos. — CI16.: BHV-CaHkT-
MeTepbypr, 2005. — 455 c.

7. http://www.gtalk2voip.com/.

8. http://www.skomplekt.com/articles/voip _cnc.htm.

9. Meggelen J. et al. Asterisk™: The Future of Telephony, Second Edition / J. Meggelen, J. Smith, L. Madsen. —
O'Reilly Media, Inc., 2007. — 408 p.

10. http://www.voip-info.org/wiki/view/Asterisk+hardware.

11. http://www.voip-info.org/wiki/view/Visual+Dialplan+for+Asterisk.

12. http://www.voip-info.org/wiki-Asterisk+AGlI.

13. http://www.voip-info.org/wiki/view/Asterisk+manager+API.

14. http://asterisk-java.org/.

Cmamms Haditwna 0o pedakuyii 14.10.2008

ISSN 1028-9763. MaTemaTu4Hi MawimHm i cuctemu, 2009, Ne 1 101



