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[lpeancnosue

Oaraxnabl Jlebenp, Pak aa LLyka...
U.A. Kpbinos

lMocne 3HakomcTBa C pykonucbio «CeTn CBA3U» MHE 3ax0oTenocChb
nocnenoBaTtb NpUMepy aBTOPOB WM NpenBapuTb NpeaucsioBne anur-
padom. Bo3MOXHO, ymTaTenm BCNOMHUAN 3aBeplueHne 6acHn MeaHa
AHppeeBunya KpbinoBa: «[la To/bKO BO3 U HblHE TaM», HO OyayT He COB-
ceM npaBsbl. Bbibop anurpaga cef3aH ¢ TeM, YTO KaxXapll N3 aBTOPOB
Hanmcan HeCKOJIbKO KHUI — B OOANHOYECTBE UM COBMECTHO C ApYrMMin
Konneramn. 3ta KHUra — nx NepBbIi COBMECTHLINV Tpya. M3BECTHO, 4YTO
nucatb BMECTe He Bcerga npocTto. MiHoraa — o4eHb HEMPOCTO. JTO yT-
BepXAeHue 1 onpenenuno Beldop anurpada.

Jlekumn no OCHOBHbLIM acrnekTam MOCTPOEHUS, NPOEKTUPOBAHUS U
akcnnyataummn cetenn cBa3u B CaHkT-INeTepbyprckoM rocyaapcTBeH-
HOM YHMBEPCUTETE TeNeKOMMYHMKaUUA YnTatloT npenogaBaTenm ABYX
kadeop - «Ceteir cBa3u» n «CucteMm KomMmyTaumm m pacnpegene-
HUS nHdopmaumn». 3aBegylowme atumun kadenpamm, npodeccopsbl
I T. AvoBcknin n B.C. TonbawTenH, a Takke NPUCOEaNHUBLLUNCS K HAM
npodeccop kadeapbl «CMcTteM KOMMyTaLMM U pacnpeneneHns MHPop-
Maumn» H. A. Cokonos, B3 Ha ceba HENErkni Tpya, — HanucaTtb KHUMY
«CeTun cBsA3M», KOTOopas OyaeT nosesHa u kak y4ebHuK.

MocnenHuin pa3 y4ebHUK nogodbHoro poga obin onybnmkoBaH 6onee
ABaguatn NAaTun neTt Hal3aa. |-|OH9|THO, 4TO npousownn pagukalbHble
M3MEHEHNS MPAaKTUY4ECKM BO BCEX 3JIEMEHTax ceTen ceBa3n. bonee
TOro, NnoABMJINCb HOBblEe CETU N TE€JIEKOMMYHUKALIMOHHbIE TEXHOJIOINN,
O KOTOpPbIX ABaauaTb MATb €T HUKTO HE MOMBbILLNIAI. He Tonbko HOBble
MOen N COBPEMEHHbIE TEXHOMOrMKU CTUMYNMUPoBanm aBTopos. Chopmu-
pOBaNNCb HOBbIE MOAXOAbl K 0OY4EHUIO, a TaKXe MHble NpaBwunia npea-
CTaBeHusd I/IH(DOpMaLI,I/II/I B yqe6H|/|Kax. 3TN nsaMeHeHuda NPOANKTOBaAHbI
MMPOBbIMU UHTErpaLUnoHHbIMK NpoL,eccamMu, 3aTPOHYBLLUMMU U BbICLLYIO
LLUKOJ1Y. YyebHuK oTBEYaeT COBpPEMEHHbIM TpGﬁOBaHI/IFlM TEXHNYECKOro un
MeTOJ0JIOrMYEeCcKoro xapakrepa.

MHTepeceH 1 NpoaykTMBEH BbIOpaHHbI aBTOPaMM NOAX0[, K U3S10XKe-
HUIO CXOXMX aCMNEKTOB B CETAX TPEX BUAOB: PUKCUPOBAHHOM TenedOHHOMN
CBSI3M, MOOUNBbHBIX KOMMYHUKAUUIA U OOKYMEHTaIbHOW 3/1EKTPOCBSA3N.
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lpeavcnosne

AKTyaneH BaxHbIA MOCTYNaT W3NaraembiX MOSIOXKEHUN, KacaloLMics
conmkeHnsa Tpex cetenn cea3n. CHopMynmMpoBaH OCHOBHOWM MPUHLMN
Takoro o6beONHEHNS — MEPEX0, K CETU CBSA3U CNeayloLero nokoneHus,
n3secTtHo no abbpesuatype NGN (Next Generation Network).

ABTOpam yaanochb JIOrMYHO, KOMMAKTHO M COBCEM HE CKYYHO U3110-
XUTb 6230BbI€ NONOXEHNS TENEKOMMYHUKALIMOHHBLIX TEXHONIOMUNIA U Cce-
TEBOW apXUTEKTYpPbI, BKJIOYAs CaMble COBPEMEHHbIE. [1prnyemM caenaHo
39TO AOCTATO4YHO MPOCTO U MOHATHO. [03TOMY KHUra OyaeT OAMHAKOBO
nonesHa CTyaeHTaM, MHXEHepaM, MeHeoKepam, Noasam, padoTaoLwmm
B TENEKOMMYHUKALIMAX NN XENAIOLLMM MO3HAKOMUTLCS C 3TO OypHO
passuBaloLLericsa nigyctpueii. lNpoueccy yCBOEHUA NPONAEHHOrO Ma-
Tepuana, HECOMHEHHO, OyayT crnocobCTBOBaTb MOMELLEHHbIE MOCHe
KaXO0W NeKuUn KIoYEBbIE C/I0BA, KOHTPOJIbHbIE BOMPOCHI, 3a4a4yu U
yNpaxHeHus, 0ONONIHUTENbHAS NnTepaTypa.

BHMMaATENbHO NPOYUTAB 3Ty KHUrY, 1 HE MOl HE UCNbITaTb FOPAOC-
TW 32 TO, YTO OHa POAMSIAaCb UMEHHO Y Hac — B CaHkT-leTepbyprckom
rocygapCTBEHHOM YHUBEPCUTETE TEeJIEKOMMYHUKAUUA UM. MPood.
M. A. BoHu-BpyeBunya. PasymeeTcs, y4eOHUK HanucaH NpuU3HaHHLIMU B
oTpacnu cneuyanmcTtamu, npodeccopamMmm, LOKTOPaMn Hayk, ee BbICO-
KA YpOBEHb NOATBEPANIN PELLEH3EHTLI, TOXE Npodeccopa 1 4oKTopa
Hayk. HO neno He TobKO B 3TOM. HyBCTBYETCS, 4YTO KHMUra nucanach yB-
JIe4eHHO, B NOUCKaX, B ONCKYCCUAX U NMPOCTO C YOOBOJSIbLCTBUEM, YEMY,
X04eTcsl BepuTb, cnocobcTBOBasna 1 atMocdepa Hawero ooLiero ¢ aB-
TopamMu YHMUBepcUTETA.

Tenepb oeno 3a ctyaeHTamu. YutanTte, 3agaBanTte aBTopam BONPOCHI
(ansg sTOro MMM 1 AaH aapec canta B VIHTEPHET), caMU HAXOAUTE OTBEThI
B 3TOW KHUre. lMoMHUTE, YTO TOT, KTO 3HAET, kak paboTaloT COBPEMEHHbIE
TeNIEKOMMYHUKALNOHHbIE CETU, BCEraa HanaeT cebe paboTy, a TOT, KTO
3HaeT, moYemMy OHu Tak paboTatoT, OyaeT y Hero HadyanbHUKoM. KHura ata
W ons Tex, N Ans opyrux.

A.A. [orosb,

pektop CMN6ryT um. npod. M. A. boHy-BpyeBuya,
3aCNy>XEHHbI AesaTeNb HayKu,
LOKTOP TEXHNYECKNX HayK, npodeccop



Nlekuunsa O
BeoaHas

Y106bI HTO-TO Y3HATb, HYXKHO YXKe 4TO-TO 3HaTb.
CranuvcnaB Jlem

0.1. MpeamOyna

OTa KHMra HanncaHa ans CTyAeHTOB, N3ydaloLmx Kypc «CeTn CBA3U».
Ona 6yneT nofie3Ha acnupaHTam, UCCNIeA0BaHUsA KOTOPbIX MPSIMO 1N
KOCBEHHO 3aTparmBaloT Pa3Hble acneKkTbl MOCTPOEHMS, SKCMlyaTaumm 1
pPa3BUTUA TENEKOMMYHUKALIMOHHBLIX ceTeil. VIHXeHepbl U MeHeaxXepbl,
paboTatoLiye B 06/1aCTn 3/1EKTPOCBA3M, TOXE HaAMAyT Ans cedbsa nones-
Hble CBeaeHuS!.

TepmuH «CeTb CBA3M» MOXHO pacCMaTpPMBaTb C ABYX TOUYEK 3PEHUSI.
Bo-nepBbixX, CETb CBA3U, KAK CAMOCTOATESIbHbIN 0OBEKT, NPeACTaBNAET
CcOoB0l KOMMIEKC TEXHUYECKMX CPEeACTB, NpeaHa3HavyeHHbI onas obme-
Ha MHPopmMauuen. Bo-BTOpPbIX, CETb CBA3N — OAVH N3 BaXHbIX KOMMO-
HEHTOB rnobanbHOM MHPOPMALMOHHON uHpacTpykTypbl (FTMN). Moc-
negHee noHATUE BBeAeHO MexayHapoaHbiM COIO30M 3/1eKTPOCBA3N
(MC3)' B koHLe XX Beka, koraa 6bin 3aBepLIEHbl OCHOBHbIE PaboThbl MO
dopMMPOBaAHNIO HOBOW NapaamnrMbl COBMECTHOIO pa3BmTtua nHgpopma-
TUKN 1 anekTpoceasun. NN paccmaTpuBaeTcs Kak COBOKYMHOCTb CETEN
CBS3M, 060pynoBaHVs nonb3oBartenen, MHPOPMALMOHHBIX N JIIOACKNX
pecypcosB.

3apaya N'MU 3akniovaeTcs B obecrnevyeHmn Joctyna K nonae3Homn nH-
dopmMaumn n cea3n Mexay aboHeHTaMU, a Takke B CO34aHUM KavyecT-
BEHHO HOBbIX YCJI0BUI 4519 paboTbl, 00y4eHNs U pa3BiedveHnin. PyHKumMo-
HanbHblEe BO3MOXHOCTU TN O0nXHbLI — B NepcrnekTnee — nNnpenoctas-
NATbCS HE3ABMCMMO OT BPEMEHM U MECTA, N0 NpueMnemMbiM Tapudam v
BO BCEMUPHOM MacLuTabe.

" B kHMre wucnonb3yeTcs abbpeBuatypa Ha aHrmwmitickoMm a3bike — ITU (International
Telecommunication Union).
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CeTb B NOMeLLEHUN

Customer Premises

HayHem ¢ mopenun, npeanoxeHHon ITU ona aHannsa tenekoMmy-
HUKALMOHHOW cucTemMbl Nioboro Buaa. dta Moaenb, NpeacTaB/ieHHas
Ha puc. 0.1, copepXnT YeTbipe KOMMOHEHTa, N30OPaxXeEHHbIX B BUAE
obnakos.

Cpegnctsa
noaaepxku ycnyr

nonb3osarens Cetb foctyna BasoBas ceTb

Access Network Core Network Service Nodes

Network

Puc. 0.1. Mopgenb TeIeKOMMYHUKaLMOHHOK CUCTEMbI, NpeasioxxeHHas ITU

BHyTpu kaxxgoro obnaka HanmcaHo ero ooLLEenpuHATOe Ha3BaHMe Ha
aHrmmnckoMm s3bike. CBepxy npmeeneH nepeBos, KOTopbli 0OblYHO UC-
MoNb3yeTCHa B OTEHECTBEHHOW TEXHNYECKOW nuTepaType. TepMUH «CeTb
CBSI3M» OTHOCUTCSH K TEM OBYM KOMMOHEHTAM MOAENN, KOTOPbIe BXOASAT
B cpepy oTBETCTBEHHOCTM Oneparopa CBA3N.

B aTOW KHUre oCHOBHOE BHMMaHMe akLueHTUpyeTcs Ha obnake «Core
Network» — 6a3oBoW ceTu. Horoa aTa ceTb Ha3bIBAETCS «TPAH3UTHON»,
a B psae paHHux matepuanos ITU — «TpaHCNOPTHOM».

CornacHo npuBedeHHOMY B KadecTBe anurpada Tesucy, crneayer
YMNOMSAHYTb O HEKOM MUHUMYME MWHMMOpYMe (minimum minimorum)
3HaHWIN, 6e3 KOTOPOro 4YTeHwe KHUrnm Oyaet ManodddeKTUBHbLIM.
Bo-nepBbiX, N3 WKONLHON GUINKU XKeNaTelbHO NMOMHUTb MeTpUuyeckmne
NPUCTaBKM U NX 3KBUBANEHTbI, CBEAEHHbIE 3aeck B Tabn. 0.1.

Ta6nmua 0.1. MpucTtaBku, ucnosib3yemblie B METPUYECKOW cucteme mep

MpucTtaeka Oﬁosuaqeuwe2 3HauyeHune
Kwnno K/K 102 (1000)
Mera M/ M 106 (1 000 000)
lvra r/G 10° (1 000 000 000)
Tepa T/T 102 (1 000 000 000 000)
Meta n/pP 10" (1 000 000 000 000 000)
Okca S/E 108 (1 000 000 000 000 000 000)
3eTtTa 3/Z2 102" (1 000 000 000 000 000 000 000)
MNoTTa n/y 1024 (1 000 000 000 000 000 000 000 000)
Munnn M/m 10-%(0,001)
Mwuikpo MK /L 10 (0,000-001)
HaHo H/n 10-°(0,000-000-001)
Muko n/p 10-'2(0,000-000-000-001)
demTo ob/f 10-'5(0,000-000-000-000 -001)

2 Yka3aHbl 0603Ha4eHNs, NPUHATLIE B OTEYECTBEHHOIN 1 3apyBexHOl nuTepaType; OHu
pasaeneHbl 3HaKOM «/».
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Onsa nnnioctpaumn nogodHbIX 3HAaYEHU NpuBeaemM oLeHKU MHPopP-
MaLMOHHbIX YPOBHEW LMBUIN3aLUM, OCHOBAHHbIE HA KOMYECTBE MNpPOo-
M3BOAUMOWN NMHPOPMaLMN. DTU OLLEHKN BbINK NpeasioxeHsl B [53]:

e ypoBeHb 0 — NHHOpPMaLMOHHAs EMKOCTb MO3ra OTAEIbHOro YesioBe-
ka, cocTaBnsiow,as 10 Méut (107 6utoB);

e ypoBeHb 1 — yCTHOE OOLLEHNE BHYTPU OBLUMHBI AEPEBHU UK NJie-
MEHW, OJ11 KOTOPOro 06bEM LMPKYIMPYIOLLMX CBEAEHUIA COCTaBNsSeT
nopsiaka 1 révt (10° 6uTtoB);

® YpPOBEHbL 2 — NUCbMEHHAs KyJbTypa, NPMMEPOM KOTOPOM MOXET Cly-
XUTb AnekcaHapuickasa ombnmoTteka ¢ ee 532 800 cButkamm, B KOTO-
pbix cogepxanucb 100 Mont (10" 6utos);

e YpPOBEHb 3 — KHUXHasA KynbTypa, BKoYaloLwas B cebs Takke rasethbl
N XypHanbl, CyMMapHbIi 06bemM KOTopon oueHnsaeTcs B 100 MouT
(10" 6utoB);

e ypoBeHb 4 — nHPOPMaLIMOHHOE OBOLLECTBO SNEKTPOHHOM 00paboTKn
naHHbIX 06beMoM 10%° GUTOB, KOTOPOMY €LLLE He MPUCBOEHA ObLLE-
NPUHATasA NPUCTaBKa (peyb UOeT O Benn4mHax B gecstkm MottabuTos
cornacHo ta6n. 0.1).

Bo-BTOpbLIX, KaXObli1 N3 KOMMOHEHTOB pacCMaTpUBaEMON MoLenmn
COCTOWUT U3 HEKOWM COBOKYMHOCTW 3/1IEMEHTOB, XapakTepHbIMK NpuMe-
paMn KOTOPLIX ClyXaT CUCTEMbI Nepefadn U KOMMYyTauun, a Takxe
JINHeNHO-KabenbHble coopyxeHus. Cneayst N3BECTHLIM 06LLECUCTEM-
HbIM MPUHLMNAM, 3TN 3NIEMEHTLI MOXHO paccMaTpmBaTb Kak «4epHble
AWMKW». NS NONHOLEHHOIO BOCMPUSATUS MaTepPUanoB, N3NOXEHHbIX B
cnenyloLwmx TpMauaTn IEKUNSX, LLenecoobpasHo 3HaTb OCHOBHbIE MPUH-
umnbl GYHKUMOHMPOBAHUSA pafa «YepHbIX SAWMKOB» — 000pynoBaHUs
pacnpeneneHns MHbopmauum M cUCTeM nepefayun, MCMOSb3YIoLMX
pasHble cpenbl pacnpoCcTPaHEHWSI CUTHASOB.

B-TpeTbux, nonesHo 3HaTb 6a30Bble MONIOXEHUS, onpeaensioume
BaXHeNLLME NMpoLecChl nepenayn, obpaboTkM U pacnpemeseHns UH-
dopmMaummn B COBPEMEHHBIX CETAX CBA3N. OT yMTaTens, Nnoxanyn, ewe
noTpebyeTcs COOTBETCTBME OCHOBHbIM TPEOOBAHMAM, KOTOPbLIE NPMBE-
OeHbl, Hanpumep, B [30]:

e 00WWIA YPOBEHb MHTENNEKTA — YMEHME MOHUMATb MaTepuan, Ccro-
COOHOCTb BOCMPUHNUMATb abCTPaKTHbIE MPUHLMUMbI, YMEHWE PACCYX-
0aTb 1 OLEHMBATh;

e B/afleHME CJIOBOM — CMOCOOHOCTb MOHUMAaTb 3HAYEHUs CIIOB N 3(-
GEKTUBHO NOJMb30BaTLCH VMU, BblpaXaTb SCHO CBOU MbICAW;

e BJlafeHME YMCIIOM — CMOCOOHOCTb ObICTPO N BEPHO MPOU3BOAUTb
apudmMeTmnyeckmne 4encTeunsg;

® yYMEHne 6bICTpO 4nTaThb, CNocoBOHOCTb BOCMNpPUHMMATb CYLLECTBEH-
Hble OeTasin B peyn, B TabINYHbIX Martepumanax, ne4aTHbIX TEKCTax.

OTMeTMM, 4TO COOTBETCTBOBATL 3TMM 6A30BbLIM Tpe6OBaH nam coBcemM
He NpOoCTOo. Ham, aBTopam, 0 Takmx YNTaTeNsIxX MOXHO TONbLKO MeyTaThb.

2. TonbaWwTenH
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K 3Tum 06wmm 6a30BbIM 3HAHUSIM M HaBblKaM MOJIE3HO NMPUBaBUTL
Teopemy KoTenbHmkoBa 1 oblime nogxodpl K ctaHaapTusauum ceTen
CB$131, YeMY MOCBSLEHbI CNeaylowme pasaesbl 3TON NEKUUN.

0.2. Teopema KotenbHukoBa

MHorve onepauun, Kacawowmecs 0d6paboTkn, nepenadm 1 pacnpe-
heneHvs nHdopmMaunun, 3aMeTHO YNpPOLLAIOTCS, €CNU 3NEKTPUYECKNA
CUrHan npencraB/ieH B ABONYHOM dopmMe, TO eCTb 06pal3yeT nocneno-
BaTENIbHOCTb Hynen u egnHuy,. MpuHUMnbl Npeobpa3oBaHMs aHanoro-
BbIX QYHKLNIM B ANCKPETHbLIE U3YYalnCb, N0 KpanHen mepe, ¢ koHua XIX
Beka. VI3BECTHbI, B 4aCcTHOCTW, paboTbl MAaTEMATUKOB — aHrIMYaHnHA
domyHpa Yuttekepa n dpaHuysa Omuns bopensi, onybnMKoOBaHHbIE B
Ha4vane NPoLUIOro cToneTus.

B pBapuatom ctoneTum Oblna gokasaHa Teopema, KOTOPOWM Mbl
nonb3yemcs B HacTtosilee BpeMmsi. [lokaszaTenbCTBO TeOopeMbl Oblnio
CAeNnaHo He3aBMCMMO APYr OT Apyra WBeACKUM cneumannctoMm Mappu
Hainkesunctom, paboTasLUunM B 3HamMeHuTon JlabopaTtopun benna, Halwmnm
COOTEYECTBEHHMKOM akageMnkom Bnagummpom AnekcaHOopoBUYEM
KOTENbHMKOBBIM U aMepuKaHCKMM Yy4deHbiM Knogom LleHHoOHOM. B
OTEYECTBEHHOW TEXHUYECKON NnTepaType valle APYrmx UCnosb3yeTcs
Ha3BaHue «Teopema KotenbH1UKOBa».

CyTb Teopembl KoTeNbHMKOBA MOXHO CPOPMYNMPOBATh CleayoLWymM
obpasomM. [lonycTum, YTO aHaNOroBbI CUrHAN UMEET CMEeKTP, OrpaHu-
YEHHbIN CBEPXY YaCTOTOW Fmax. Takol curHanm MoxeT ObITb OAHO3HAYHO
npeacTaBfeH ANCKPETHbIMU OTCYETAMU, KOTOPbLIE B3SATbl C NEPUOLOM
paBHbIM

o
2XF,,,

OTcyeTbl aHaNOroBoro cMrHana, B3aTble 4epes3 NPoOMeXyTKN BpemMe-
HW, KOTOPble KpPaTHbI Nepmoay ANCKPEeTM3aumn, 00bIHHO OKPYINSOTCS
00 Gnmxanien BenninHbl N3 MHOXeCTBa GUKCUPOBAHHbBIX ANCKPETHbIX
3Ha4YeHMn. DTa npouenypa Ha3blBaeTCs KBaHTOBaHMeEM. B ceTax Tene-
bOHHOI CBA3KN NCMNONb3YETCHA KaHa TOHaIbHOW YaCTOThl, 4151 KOTOPOro
Fmax=3,4 kly. Ona ynpoLweHna yactoTa AUCKpeTn3auum npuHMMaeTcs
pasBHo 2x4 KM'u=8 k.. VIHbIMK cnoBamu, Kaxayro CEKyHAY NPON3BOAUT-
cs 8000 oTcyeTOB aHANOroBOro curHana.

B pesynbtate NpOBEAEHHbIX WCCNEAOBaHUI OblO YCTAHOBMEHO,
4TO ON9 HOPManbHOM TenedOHHOW CBA3WM KOMMYECTBO (UKCUPOBAH-
HbIX OMCKPETHbIX 3HAYEHUI CUrHaNa MOXHO OrpaHUyYmTb YUCoM 256.
na nepexoga OT ANCKPETHOrO curHana K umdpoBOMY Kaxapblii OTCHET
MOXHO KOAMPOBaTb MpPW MOMOLLM BOCbMUW 3NEMEHTOB (6MTOB). 3TO
03HayaeT, YTO BMECTO aHasIoroBOr0 cCurHana MoxeT ObiTb nepepaHa
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NnocnenoBaTeNbHOCTb OUCKPETHBIX CUFHANOB CO CKOPOCTbI, PaBHOM
nponaeegeHunio 8 kl'y, Ha 8 6UTOB, TO ecTb 64 KBUT/C.

0.3. CranpapTu3sauusa B 06J1aCTU 3J1IEKTPOCBA3N

ITU - crapenwas mexayHapoaHas opraHm3auusi, 3aHMMaioLasics
pa3paboTkon pekoMeHaaLNi, KOTOPbIe NPU3BaHbl 00eCneYnTb B3anMo-
DencTeme TeNIeKOMMYHUKALMOHHBIX CeTell pasHbix cTpaH. dopmanbHo
3TN peKoOMeH4auMn Henb3s cymTaTb cTaHgapTamMn. TeM He MeHee, MNo-
hasnsiouiee 60NbLUIMHCTBO CTpaH paccmaTpuBaeT pekomeHgaunmn ITU
VIMEHHO Kak cTaHaapThl. Takas npakTuka no3songet Onepatopam ceTen
3NeKTPOCBA3UN 9KOHOMUYHO 06ecneynBaTb B3aMMOLENCTBUE TENEKOM-
MYHUKAUWNOHHbIX CUCTEM, a Nnpou3eoamTensmM obopynoBaHus — MNpo-
JaBaTb ero Ha pblHKax Opyrux ctpaH 6e3 CyleCTBEHHOW aganTaumm K
HaUMOHAIbHbIM CTAHOAPTAM NN CTUXUIAHO MPUHSATBIM PELLEHUSIM.

B mae 1865 roga B Napuxe 6Gblna nognMcaHa KOHBEHLMSA O cO34a-
HUM MexayHapoaHoro TenerpadHoro Coto3a — International Telegraph
Union. Poccust 6bina 0gHOM 13 CTpaH, KOTOpblE YY4peaunn 3Ty MeX-
NPaBUTENbCTBEHHYIO oOpraHn3aumio. KoHdepeHumsi, CcocTosBLUAACSH
B 1932 rooy B Mapgpuge, pewwuna obbeanHuTb MexayHapoaHbii
TenerpadHoin Co3 C aHanoOrnMyHom opraHu3aumnen, 3aHnUMaloLEeNn-
ca BonpocamMum paguocea3vn. B pesynbtate MNosIBUNIOCH Has3BaHWe
ITU - International Telecommunication Union. lNpumeyatenbHO, 4TO
31O npeobpaszoBaHMe He NOTpPeboBasio N3MeHeHN abbpeBmaTypbl Ha
aHrnuinckom a3bike — ITU. C 1947 roga ctatyc ITU nameHnncsa. OH cTtan
cneumanuanpoBaHHbIM yypexaeHnem OpraHmzaunn O6beanHEHHbIX
Haunin. LWTa6-kBaptupa ITU ¢ 1948 roga pacnonoxeHa B >XeHese.
B HacToswee Bpema (nocne paaa CTPYKTYPHbLIX UBMEHEHN) OCHOBHbIE
paboumne opradbl ITU NnpeacTaBneHbl TPEMS CEKTOPAMM:

e cTaHpapTmsaumm anektTpoceasn (ITU-T);
e paanoceasu (ITU-R);
e pasBuUTUg anekTpoceasu (ITU-D).

B kaxgoM 13 Tpex cekTopoB 00pa3oBaH psif, MCCnenoBaTesbCKUx
KOMUCCUN, B KOTOPbIX BEAETCH OCHOBHAsI AEATENbHOCTb, CBA3aHHAs C
pa3paboTkon pekoMeHgauuii n nHbix gokymeHTos ITU. CnegyeT oTme-
TNTb, 4TO ITU paboTaeT B TECHOM KOHTaKTE C PAOOM APYrMxX MeXayHa-
POAOHbIX, €BPOMENCKMX, CEBEPO-aMEPUKAHCKMUX N a3NaTCKUX OpraHu-
3aunii, NPSMO UM KOCBEHHO BOBJIEYEHHbIX B paboTbl, OTHOCHLLMECS
K CTaHgapTu3aumm B 061acTu CBS3N.

C TO4KM 3peHMst BOMPOCOB Pas3BUTUS TENEKOMMYHUKALMOHHbIX CeTein
HanbONbLUNA NHTEPEC MNPEeACTaBNAIOT PeKoMeHOaLMM CeKkTopa CTaH-
AapTn3aumm 3N1eKTPOCBA3MN.
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lMepeyeHb nccnepoBaTesbCKMX KOMUCCUM CEKTOPA CTaHAapTM3aumnm
3NIEKTPOCBA3M U Ha3BaHUS Cepuin pekoMeHgauni, Bbinyckaemsbix ITU,
MOXHO HanTu Ha canTe: http://www.itu.int. Tam Xxe pasmeLLeHbl Noaes-
Hble AOKYMEHTbI, pa3paboTaHHble ITU.

B 1988 rony 6bin yupexaeH EBpONenckuin MHCTUTYT TENEKOMMYHU-
KauMOHHbIX cTaHaapToB — ETSI. Ero ctaHgapTel npn3BaHbl 06ecneynTb
COBMECTUMOCTb Pa3HbIX HaLVOHaNbHbIX CUCTEM 3J/IEKTPOCBS3U, YTO, B
CBOIO 04epe b, paccMaTpmBaeTCs Kak O4HO U3 YCN0BUN 3PPEKTUBHOC-
TW MHTErPaLMOHHBIX NpoLeccos B EBpone.

dopmanbHo ctaHgapThl ETSI 06513aTenbHbl TOSILKO AJ1S EBPONEnCcKnx
cTpaH. Pan opraHmsauuii, KOToOpble pacrnosioXeHs! 3a npegenamuv EBpo-
nbl, cTanu yaneHamm ETSI. 97101 pakT 06ycnoBneH psgomM NpuymH, cpeam
KOTOpPbIX cnegyeT oTMeTUTb apPeKTUBHOCTbL PaboTbl ETSI 1 BaxHbIN
BKnazg EBponbl B pasBuTUe MeXayHapoaHbIX TENIEKOMMYHUKALNA.

OcHoBHaa pabota ETSI B o6nactu cTaHgapTM3auum BedeT-
ca TexHndyeckumm kommtetamm. UX nepeyeHb nNpuvBedeH Ha caunTe:
http://www.etsi.org. Ha 3ToM Xe caliTe MOXHO HaiTM NOAPOOHYIO UH-
dopmaumio, KacaroLLyCst OPraHN3aLUNOHHBbIX U TEXHUYECKMX acNekToB
paboTkl ETSI.

ITU n ETSI no mHorum npobnemam paboTaloT cornacosaHHo. Kpome
TOr0, OHM MJIOAOTBOPHO COTPYOHUYAIOT C OPYrMMU MeXAYyHAapOAHbIMU
opraHmndaumsamm. B yactHocTu, ITU n ETSI koopanHupytoT cBOU paboThl
¢ MexngyHapogHow opraHusaumen ctaHgaptusauun (ISO), ¢ Mexay-
HapOAHON anekTpoTexHudeckon komuccumen (IEC), ¢ opraHusauuven
IETF (Internet Engineering Task Force), oTBeuvaiowien 3a pa3paboTky
CTaHOapTOB ONa ceTn MHTEepHEeT, a Takke C PSAOM KOHCOPLIMYMOB U
HOpPYMOB.

MpuHUMNBI NOCTPOEHUS N SKCyaTauMm OTE4YECTBEHHbIX TENEKOM-
MYHUKALMOHHBLIX ceTelr onpenensioTcd AoMuHucTpauven cesasu Poc-
cun. C BecHbl 2008 roga atm GyHKUMM BeINOAHAET MUHUCTEPCTBO CBA3U
1 MaCCOBbIX KOMMYHUKaumin Poccuinckoii @enepaunu.

0.4. KoHBepreHuus ceteu CBA3u

Cnepnyet 06paTnTb BHUMAHNE HA TOT YPOBEHb PA3BUTUS TENEKOMMY-
HUKaLNIA, KOTOPbI COOTBETCTBYET BPEMEHU NYOAMKALMN STOA KHUTW.
O6paTtumca k puc. 0.2. OH UNNIOCTPUPYET TPU BaXHbIE da3bl 9BOIOLMN
CeTel 3N1eKTPOCBA3U, 0OecneynBalomX UHTEPAKTUBHbLIE YCIYrKn, TO
€CTb BO3MOXHOCTb 06MeHa HdopMaumein®,

K Havany XXI Beka CyLleCTBOBaIn TPW OTAEJbHbIX CETU 3NEKTPOCBS -
3un. Nx paspeneHmne 06ycnoBneHo GpyHKLUMOHANbHBIMU 3a4a4amMum, XOTS
3TM CEeTU MHOrAA NCMNOoNb3YIOT 00LLME pecypchl (Hanpumep, LMdpoBbie
TpakTbl, CO34aHHbIE B OOAHOM Kabene).

3 Cetn 3BYKOBOro v TeNeBU3NOHHOIo BeUlaHns, npeaHasHa4eHHble Ona pacnpeneneHnsa
VIH¢LODM8LI,I/IVI, TO €CTb A1 OOHOCTOPOHHEWN nepenadn ee OT UCTOYHMKA K nonydaTensm, B
3TOUN KHUTe He pacCMaTpuBaroTCA.
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Puc. 0.2. STanbl 3BOJIIOLMU CeTel 3IeKTPOCBA3N

Tem He MeHee, TenedoHHas ceTb 00wero nonb3osaHusa (THOM),
ceTb noasuxHon ceasn (CIMNC) n ceTb AOKYMEHTANbHOMN 3N1EKTPOCBSA3N
(CO3)* — Tpn pa3Hbix 0ObekTa. TakoBa peasibHOCTb MUpa TeNekoMMYy-
HUkaumn Havana XXI Beka. B kHUre kaxxgomn ns atux tpex ceten (ToOrl,
CNC n CA3) nocBsLLEHO MO AECATb NEKLNIA.

B Hauane TekyLlero CToneTms Havanocb coONMxXeHne Tpex pasaesb-
HbIX ceTel. Takon NPoLecc Ha3blBalOT KOHBEpreHumer. OnpeneneHns,
KoTopble 6bnn npennoxeHsl ITU ons TEpMUHOB «KOHBEPreHTHas CeTb»
N «KOHBEPreHTHbIE YCNYrn», NO3BONSIOT cAeNaTb BbIBOA, YTO peyb NAET
0 npoueccax obbeanHeHns (MHTerpaunmn) ceTtei. LleHTpanbHasa YacTb
puc. 0.2 oTpaxaeT cerogHsLHI0 a3y KOHBEPreHunn ceTen 3a cyeT
4aCTMYHOr O (BecbMa HEBOJIbLLOr0) NepecevyeHnst Tpex 3JINMNCOB, KOTO-
pble cooTBeTcTBYIOT TpOIM, CMNC n CO3.

PesynbTatoM npouecca KOHBEPreHUMn CTaHeT MPakTUY4ecku Mnos-
Hoe 0ObeaMHeHVE ceTel — NpaBas 4YacTb paccmaTpmBaemoro puc. 0.2.
B ntore copmupyeTtca ceTb cneayioulero nokoneHuns (CCI1), noka 60-
Jlee n3BecTHas No aHrnossbl4Hom abopesuatype NGN (Next Generation
Network). B kHure 6yneT, B OCHOBHOM, UCMOJb30BaTbCS COKPALLLEHNE
NGN, npuBbIYHOE A1 OONbLLUNHCTBA CNEeLnanmcToB.

lMpoueccy KOHBEPreHuun B 3NEKTPOCBA3N CBOWNCTBEHHbI OYEHb
WHTEPECHbIE SIBNEHUS, KOTOPbLIE CNyXaT COBPEMEHHLIMU MpUMepamm
3aKOHOB pa3BUTUSA BOJILLLMX U CNIOXHbLIX CUCTEM. B YyacTHOCTH, No Mepe
cTaHoBneHus C3 cBA3WCTbI MbITAIMCb C MOMOLLLIO Pa3HOOOpPa3HbIX
MOAEMOB, Pa3MELLAEMbIX OTAENbHO WUAM BHYTPU TenedOHHbIX anna-
paTtoB, GaKCUMWUJIbHBIX TEPMUHANIOB U NEPCOHAsbHBIX KOMMbIOTEPOB,
nepegaBatb AUCKPETHYIO nHdopmaumio yeped TpOIT n (nosxe) CIIC,
CO34aHHbIE MEPBOHAYAsbHO A1 Mepenayn peyn.

B koHue XX Beka Hayancs obpaTHbll MPOLECC: nepexon K rnpeob-
pa3oBaHMIO PeYn B AaHHble U UX nepegada no uMdpoBbIM CETAM, N3-
HaYyanbHO OPMEHTUPOBAHHLIM HAa OOMEH AMCKPETHOMN MHGOopMaUMeEN B
dopme nakeToB.

4 Takoe Ha3BaHWe ceTn onpenenieHo obpa3oBaTesibHbIM CTaHAapTOM. B TexHuyeckom
nuTtepaType 0ObI4HO NCMOJIb3YETCS TEPMUH «CETU Nepenaym AaHHbIX>.
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Ewe oanH nepexon — OT uHPoOpmMauum ogHoro Buaa (media)
K My/ibTumeama. Peub ngeTt o BO3MOXHOCTU 0OMeHa HECKOJIbKUMN BU-
bamu nHpopmMaumm U 0 NepcoHasbHOM yrnpaBieHUn TEeM, YTO MMEHHO
NCnonb3yeT abOHEHT s KOMMYHUKaLUUU, KOraa OH 9TO UCMONb3YeT U
B KaKOM co4veTaHun. B 3aBUCMMOCTU OT CUTyauMn U INYHBIX NPEeanoy-
TEHUI abOHEHT AenaeT CBOW UHAMBUAOYasbHLIA BbIOOP U3 PasfnNyHbIX
dopm npencrtaeneHns nHpopmaummn. OH MOXET, HaNpUMep, ycbilwaTb
TEKCT NeKuMn B ayautopun, NpoymTaTb €ro Ha aKpaHe, NOCMOTPETb O
HEM BMAEO03anUCb UIN UCMONb30BaTb HEKOTOPbIE KOMOWMHALMU 3TUX
BO3MOXHOCTEWN.

0.5. O0 aTou KHUre

O TOM, [4/19 KOro aTa KHura, Obl1o cka3aHo B caMOM Havasie nekumn.

O 4em oHa, nokasaHo Ha nepBoM pucyHke (puc. 0.1). Haxoaswieecs
B €ro LUeHTpe 1 BblAe/IEHHOE YTOLLEHHOM NuHnel obnako Core Network
COCTaBNSET paccMaTpuBaeMblil B KHUFe 0ObEKT.

LleHTp cnepytowero pucyHka (puc. 0.2) noka3sbiBaeT, B Kakoi Bpe-
MEHHOW Nepuog, CneayeT yntatb 9Ty KHUMY. DTO OTHIOAb HE O3HAYaET,
yto nocne 2020 roga B Hee He OyOeT Hyxapl 3arnsabiBaTtb. ECTb BCe
OCHOBaHua cunTatb, 4to Tpu cetu: THOI, CMNC n CA3 npocywecTByioT
3HAYMTENBHO J0bLUE, KaK Obl HAM, CBA3UCTaM U abOHEHTaM, HU XOTe-
JI0Cb YCKOPUTb NPOLLECC UX KOHBEPTrEHLUN.

KHura HanucaHa Tak, 4TO €e MOXHO 4uTaTb Kak BA4OJIb (nekumn ¢
HY/IEBOV NO TPUALUAaTb NEPBYIO NMOCNen0BaTENbHO), Tak U rnornepek. 310
BblCKa3blBaHWE 3acnyxmBaeT 6onee nogpobHOro noscHeHus. Ans yte-
HWS BAOJIb BCA KHUIa pasfesieHa Ha TpW YacTu No AecsTb nekuni (rnas)
B K&XKO0M.

MepBas yacTb (nekumm 1 — 10) nocesalleHa TenedOoHHbIM ceTsaM 06-
LLEero Nonb30oBaHus, BTopble aecatb nekuuin (¢ 11 no 20) — cetam noa-
BUXHOI CBSA3U, a MOCNeaHAd, TpeTbda YacTb nekuyint (¢ 21 no 31) — cetam
OOKYMEHTaNIbHOW 9N1EeKTPOCBA3N.

KHury moxHo untatb n nornepek. B nekumax 1, 11 n 21 paccmoTtpe-
Hbl 3BONIOLMSA U OCHOBHbIE NMOoHATUSA ceTen TPOI, CINC n COA3. Tam xe
BBOASATCS OCHOBHbIE TEPMWHbI /11 COOTBETCTBYIOLLMX CETEN, paccMmaT-
puBatloTCA MexXayHapoaHble pekoMmeHgaumm n ctaHaaptsl (ITU u ETSI B
nekuum 1, a B gononHenme K Hium — 3GPP B nekuyn 11 m IETF B nekuumn
21).

CeteBbiM acnektam TdOI, CMNC n CA3 nocesweHbl nekuum 2, 12
n 22, a ceTeBble TEXHONOrMN PacCMOTpPEHbI B nekumax 3, 13 n 23. MNpn
3TOM nekums 2 NOCBSLLEHa apxXnTeKType GUKCMPOBAHHOM TeNedOHHOMN
ceTn, a nekuus 12 — n3 BTOPOI HaCTM KHUIMM — OXBaTbIBAET Pa3Hble NOKO-
NleHus ceten noaBuxHom ceasn 1G, 2G, 2,5G n 3G.
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Nekuma 13 uennkom cocpeaoToveHa TONbKO Ha OHOW CEeTEBON TeX-
Honorun — TexHonorun GSM. B TpeTbel YacTu nekumsa 22 onucbiBaeT
BUObl CETEBOW apXUTEKTYPbl C BUPTYasibHbIMUK KaHanamu, a nekums 23
Lennkom nocesiuieHa npotokonam TCP/IP, onpenensiowmym apxXuTekTy-
py cetn IHTepHeT.

MpOTOKOSbI CUrHANM3aUun CeTen CBA3M Nocie4oBaTeNbHO ONMMCaHbI
B nekumsax 4, 14 un 24, a nekumn 5, 15 1 25 nocesilWeHbl HyMmepauum n
agpecauun — B TOI1, CMNC n CO3 coOOTBETCTBEHHO.

Tema nekuuin 6, 16 n 26 — TeXHONOrMN NOJAEPXKKN HOBbIX TENIEKOM-
MYHUKaUMOHHBIX yenyr. Ana TpOIl — 910 paccmaTtpuBaemMble B nekumn 6
TEXHOJIOrNN LMDPOBOM CETU MHTErPaNbHOro ob6cnyxmeanns, MHTennek-
TyasnlbHOM CeTU N KOMNblOTEPHOM TenedoHunn. Jlekumsa 16 npakTnyecku
NONHOCTbLIO NOCBSLLEHA cpeacTeam nogaepxkm ycnyr CrC TpeTtbero
nokoneHns UMTS, a nekumsa 26 — nogaepxke nepepadun peyn (VolP) n
TenesugeHnsa (IPTV) no IP-ceTam.

Camn xe TeNnekoOMMYHUKALMOHHbIE YCIyrn paccMaTpuBaloTCcs
B nekumax 7, 17 n 27, a npobnembl OLEeHKU KadecTBa 0OCyXMBaHUS
(QoS) - B nekumsx 8, 18 n 28. AcnekTbl UCCNeOOBaHNSA N pacyeTa ce-
Tel cBA3WN paccmaTtpuBatoTca B nekumsax 9, 19 u 29, a sasepluatolime
Kaxaylo n3 Tpex yacten nekuum 10, 20 n 30 nocesilLleHbl nepcnek-
TmBam TpOM, CIMNC n CO3. B nocnegHen nekuyn 31 ynomsiHyTo TO,
4YTO HE YMECTWIOCb B Npeaplaylmx nekumsix. B npononHeHne kK atomy
«MPOAO0SIbHO-MNONEPEYHOMY>» MOOX0AY B KHUIe ecTb elle HeKoTopble
0CcoOeHHOCTUN. ABTOpPbI BMECTe (Aa W Kaxablii B OTAENbHOCTU) CTOJIbKO
JIET YNTAIOT KYPChl JIEKLMIA MO CETAM CBSA3U, YTO C YHETOM HAKOMIEHHOMO
onbiTa NO3BONMAN cebe HEeCKONbKO OTCTYNUTb OT Tpaauumin. B KoHue
(a He B Hauane, kak genaetcsa 00bIYHO) KaxOoh Nekuun NpuBOASTCS
ncnonb3dyemble koyeBble cnoea. OHM MO3BONSIOT YATATENIO elle pas
OCMBbICINTb COAEPXXaHME N OCHOBHbIE MOJSIOXEHUSI NPOYNTAHHON NeK-
unn. NMocne KNYEBbLIX CAOB B KOHLE KaX40W nekummn (Kpome 3Ton) npu-
BOAATCH — TOXE OTMEYEHHbIE CreLumanbHbIMN 3HAYKaMU — KOHTPOJTbHbIE
BOMPOCHI, 3aa41 U YNPaXHEHWS, a TakKe nepeyvyeHb A0MNOSTHUTENIbHOMN
nnTepaTypbl K KaXA0W Nekuum.
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KnioueBbie cnoBa

?
ij KoHTponbHbIE BONPOCHI

@ 3apauu v ynpaxHeHus

@ Jiutepatypa K nekummu

Bonee noapobHbIN CNMCOK UCMOJIb30BAHHbLIX UICTOYHUKOB NPUBEOEH
B KOHLLE KHUIN. Tam XXe NoOMeELLEHbl UMEHHOW U MPELMETHbIV yKasaTenu.

B npononHeHue K aToMy Ha canTe http:// www.niits.ru MoxHo HanTn
pekoMeHaaumm n obcyanTb pasHble acnekTbl BbIMOSIHEHUS YNPaXHEeHWN
N peLleHns 3agad, NPMBEAEHHbIX B KOHLE NEKUMIA.
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JNlekumsa 1

Dsonouus
TenedOHHbIX CEeTEN

Ab initio.
(C camoro Ha4yana)

1.1. Ba3oBble NOHATUSA

TepMuH «tenedoHns» OaBHO MCMONL3YETCA B NPOMECCNOHANIbHOM
nekcukoHe ceasucToB. ITU-T onpepenset tenedoHUIO Kak BUA, anek-
TPOCBSA3U, NpeAHa3Ha4vYeHHbI, Npexne Bcero, nns obmeHa nHpopma-
umen B popme pedn. TenedoHHas CeTb yCTaHaBIMBAET COEONHEHUS,
no3BosgOLLME NepegaBaTb NpakTUYECKN Ntoby MHGopMauUIo B NO0-
ce nponyckaHus KaHana ToHanbHOM YacToThl (TH). OTa nonoca onpeae-
neHa B ananasoHe ot 0,3 no 3,4 klu.

ITU-T npeoycmatpmBaeT BO3MOXHOCTb UCMNONb30BaHUA Tak Ha3blBa-
€MOW LLUIMPOKOMNONOCHOM TenedoHun, Koraa peyb rnepegaeTcs B Nosoce
NPOMyckaHug, KoTopasa npesbillaeT aguana3oH kaHana TYH (Hanpumep,
o1 0,1 po 7,0 kl'u). Takasa ycnyra NnpenocTaBnseTcs, B HaCTHOCTU, und-
pOBOW ceTbto MHTerpasnbHoro obcnyxmnsaHms ISDN (Integrated Services
Digital Network), npuHLMnbI NOCTPOEHNS KOTOPOK paccMaTpmuBaloTCs B
LLIEeCTON NeKkunn.

B nepBbix gecaTtn nekumax paccmatpumaetcsa THOIMN — TenedoHHad
ceTb obLyero nosb3oBaHus. NocnegHve oBa CroBa, BblOENEHHbIE KYp-
CMBOM, NOAYEPKMBAIOT TOT PakT, YTO K CETU MOXET NOAKIIOHNTLCS Jt0-
6oi aboHEHT, cobnojatoLwmin Npasmaa, KOTopble OroBapUBaKTCS CTaH-
JapTHbIM gorosopomM ¢ OnepaTtopom (aKCnnyaTaLnmoHHON KOMAAHNENR).

Takoi NPUHUMN NOAKNOYEHNS K CETU MHOTOA Ha3bIBAIOT HEAUCKPU-
MUHaLMOHHbIM. CyllecTByeT pan TenedoHHbIX ceTen, npeaHasHaYeH-
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HbIX 0N 0OCNYXVBaHUS OrpaHMYeHHbIX rpynn nonb3oBatenen. C Tex-
HMUYECKOWM TOYKU 3PEHUS NPUHUMUMNbLI CO3OAHUSA N PA3BUTUSA 3TUX CETEN U
TdHOI o4eHb CxoXN.

TpOIl cTana nepBol ceTblo, KOTopas obecneymna ananor (tenedoH-
HbI Pa3roBop) B peasibHOM BpeMeHu. 10 apPeKTUBHOCTN KOMMYHUKA-
U1 TenedOoHHbIM pas3roBop YCTynaeT TONbKO ANCKYCCUMN Y «KITACCHOMN
DOCKU».

LOpyras BaxHasa ocobeHHocTb TdOIlN 3aknoyaeTcss B TOM, HYTO OHa
npuHocnt OnepaTopy CBA3M BeECbMa CYLLECTBEHHbIE J0X0Abl. Moka nx
BeJINYMHA NPeBbILIAET A0X04bl OT BCEX OCTalIbHbIX BUAOB CBA3U. [0BOPS
o poxopax TpOIl, nogpasymeBaloT TpaduK pedn, KOTOpPbIN co3aaeTcs
TepMuHanaMmn GUKCUPOBAHHON U MOOUNBLHOWM CBA3W. ACNeKTbl co3aa-
HUS ceTun, KoTopas nogaepXxueaeT GyHKLMN MOBUBHOCTY TepMuMHana,
paccmaTpuBaloTCA B 0MHHAOLATON Nekunm.

MoHuman nn AnekcaHap benn, kakas cyapba yrotoBaHa ero m3ob-
peTeHnto? [1o Hac He AoLWn AOCTOBEPHbIE CBEAEHUS O €ro rmnoTesax,
KacatoLLMXCa BO3MOXHbIX NyTen pa3smutua TenedoHHom cea3n. MNpaeaa,
3a00/ro A0 n306peTeHns TenedoHa TBeEpAYO YBEPEHHOCTb B BO3MOX-
HOCTU O0LLEeHNS Noaen, HeB3mpas Ha 6onbLINe PACcCTOSHUS, Bbipadn
Neonapno oa BuHun'. NpopoyecTBo reHns cobinock B XX Beke.

Bazosble NpuHUUNbLI co3ganua THOI nanoxeHsl B psae MOHoOrpa-
duin, onybnnkoBaHHbIX Oofiee ApaauaT NaTy nNeT Hasan. B aTon kHure
paccmaTpuBaroTcs NpUHUMMBLI nocTpoeHus THOIT ¢ yueToM N3MeHEeHU,
npoun3oLleaLmnX B NoceaHe AeCcaTuneTus.

Bo BBOAOHOW nekumy ObisI0 OTMEYEHO, YTO OCHOBHOE BHUMAaHWE yae-
naeTcd TOMy 3JIEMEHTY TeﬂeKOMMyHVIKaLI,I/IOHHOVI CNCTEMblI, KOTOprI7I
Ha3BaH «ba3oBow ceTbio» — Core Network B aHrMoA3bIYHOM TEXHNYECKOWN
nitepartype. Tem He MeHee, HEKOTOPble CBeAeHus, Heobxoaumble O
N3N0XEHNA MaTepuana, coaepxart MHGOPMaLLMIO O TPEX APYrvX 3/IEMEH-
Tax TGHEKOMMyHMKaLLMOHHOVI CNCTEMDI.

1.2. KpaTtkuiit ncrtopmnyeckmii aKCKypc

Haty, korgpa Havanocb dopmupoBaHme TPOI, ycTaHOBUTL He Tak
npocto. M3BecTHO, 4To B 1876 roaoy Anekcanap paxem benn nony-
4Yun naTeHT Ha M3obpeTeHme anekTpoMarHuTHoro TenedoHa. Bekope
nosiBUAUCHL nepeble TenedoHHble cTaHuuK. Yxe B 1878 roay B ropozae
Hbto-XelBeH (CLUA) oTkpbinach nepeasi B Mupe TenedoHHas CTaHums.
B Poccun Ha psge 3aBogoB YpuMckom rybepHum TenedoHHbIe CTaHLMN
ONs1 YacTHOro NpuMeHeHuns Obinn yctaHoBnenbl B 1880 roay. Mpaeaa,
COBOKYMHOCTb NOAO0BHbIX CTAHUMI BPSA, I MOXHO paccMaTpmBaTh Kak
CETb.

'Miogn 6yayT pasrosapueaTb APYr C APYrOM M3 CaMblX OTAANIEHHbIX CTPaH W Apyr apyry
oTeBeyaTb. (JleoHapno poa BuHum).
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MepBble B Poccun ropoackme tene@oHHble CTaHLUMK 0OLWEro nosb-
3oBaHus nosieunmcek B 1882 roay B CankT-lMeTepbypre, Mockee n Oaec-
ce, aB 1885 roay — B Knese. MIx MOXHO cumMtatb anemMeHTamm dyayLiein
TpOI Poccun. Havanocb dopmMupoBaHMe ropoackux TenedOoHHbIX
ceten (I'TC). 31O 03HA4YaeT, 4YTO ObINMM CO3aaHbl BaXHble KOMMNOHEHTHI
TPpOIl, HO OTCYTCTBME BO3MOXHOCTU MEXAYropoAHOM CBA3KU (M1, TEM
Bonee, MeXAYHAPOAHOWM) HE MO3BONSIET rOBOPUTL 0 poxxaeHun THOIT.

31 nekabpsa 1898 ropa coctoanock oduLManbHOE OTKPLITUE MEX-
aoyropogHon nuHum tenedoHHom cBasm mexay CaHkT-Metepbyprom
n MockBom — camMon OJIMHHOM B TO BpeMsd B EBpone. 3Ty gaty MOXHO
cuynTaTb Havyanom noctpoeHusa poccuiickonn TPOI. NocTeneHHO BCeM
aboHeHTam 'TC cTana goctynHa MexayropoaHas TenedoHHas CBA3b.
Heckonbko no3xe Takassi BOSMOXHOCTb NOSBMAACb y abOHEHTOB Ceflb-
cknx TenedoHHbix ceten (CTC). 3TM ceTu cTanu co3gaBaTbCs MNO3xe,
4yeM OblI NOCTPOEHbLI NEPBbLIE IMHNN MEXAYTrOPOAHON CBA3N.

B kayecTBe paTbl POXAEHUS MeXAyHapO4HOW CBA3W vaule ApYyrux
ynomuHaetcs 25 nekabps 1900 roga. B aToT AeHb 6GbIO yCcTaHOBIe-
HO NepBoe coeanHeHne n3 ropopa Kn Yact (wtat dnopuga, CLLUA) B
ctonuuy Kybbl. PaccTosiHne mexay aTuMu ropogamu ObU10 MeHbLUE,
yem onvHa nuHmm mexay CaHkT-MNeTepbyprom n MockBol, BBEOEHHO
B 9KcCnJlyataumio Ha aBa roga paHbwe. dopmansHo B Poccum nepeas
MeXayHapoaHas NMHMS Havana cBoto padoTy B 1927 roay mexay Mock-
BOV u Bapwason. lNpaBga, cBA3b cToNUubl Poccuinckon nMmnepum c
enbcuHropcom (HblHe cTonnua PUHNSHOUM — XeNbCUHKN) Oblna BBe-
[eHa B KOMMepPYeCKyIo akcrnyaTaumio ewle B mae 1917 roga.

3a Bpemsa 6onee yeM cToNeTHero cyllecTeoBaHusa ThOI npounsoLu-
M pagvikanbHble U3MEHEHNS B TEeXHUKEe TenedOoHHOM CBA3M, 3aMEeTHO
YBENINYUIIOCL KONIMYECTBO OBCNyXMBAeMbIX abOHEHTOB, Ha4yanochb
NCMNONbL30BaHNE PECYPCOB CETU ONA NPeaocTaBneHua 00CNyXnBaHNS
OPYrux BUOOB (Hanpumep, Ona nepenadn hpakCUMUbHbIX COOBLLIEHW
n obMeHa OaHHbIMU). KOMMYTaLMOHHYIO CTaHUMIO NtoBoro Ttmna, Kak
N OONBLLUMHCTBO CJIOXHbLIX CUCTEM, MOXHO NPeAcTaBuUTb B BUAE OBYX
B3aMMOCBSA3aHHbIX 6/I0KOB: yNPaBsioLEro 1 yrnpasBigemMoro yCTpOUCTB.
NcTopusa pasBuTus YCTPOMCTB STUX OBYX BUOOB O4EHb UHTEPECHa.

[MepBble KOMMYTALMOHHbIE CTaHUUM NpeaycMaTpmBaan py4yHoe yn-
paBsieHNe YCTaHOBJ/IEHNEM U 3aBEPLUEHNEM COeAMHEHNN. B aTnx CTaH-
LMaxX PyHKLMM ynpaBneHus BbINonHsAn onepatop. OH npuHMMan Ha Cnyx
nHdopmMaLmio o HoMepe NN UHOM UOEHTUDUKALMOHHOM NPU3HAKe Bbl-
3bIB2aEMOro aboHeHTa 1 onpenensiy COBOKYNHOCTb Onepauuii, no3Bons-
IOLLMX ONTUMaNbHO OBCAYXUTb BbI3OB. Jlornyeckne GyHKUMN BbINOHSAN
4eNOBEYECKNI MO3I — caMO€e COBEPLLEHHOE YCTPOMCTBO yrpasieHns C
TOYKU 3PEHUS NHTENIEKTYasbHbIX BO3MOXHOCTEN. He cnyyainHo B psae
CaMbIX COBPEMEHHbIX CUCTEM TeNIe(OHHOW CBA3M BCE ELLE COXPaHAETCA
py4YHOE 0OCNyXNBaHME.
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Mo mepe passutmna THOI nposBuncs psaa oTpuLLaTeNbHbIX CBOUCTB
py4yHOro cnocoba ycTaHOBNIEHUs coeauHeHuin. [epexon Kk aBToMaTu-
3auum ToOIT 6611 06ycnoBneH, No KparHen Mepe, AByMs dakTopamu.
Bo-nepBbix, K paboTe Ha TenedOoHHbLIX KOMMyTaTopax MPULLMOCH Obl
MPUBAEYb CAMLLKOM MHOrO nogein. Bo-BToOpbIX, YETOBEK HE MOXET CO-
BepLlaTb onepaummn Tak Xe ObICTPO, Kak aBTOMAaTUYeCKOe YCTPOMCTBO.
VMHbIMK cnoBamu, CKOPOCTb YCTaHOBIEHUS COEAMHEHUSI nepecTana
YOOBNETBOPATL TPeObOBaHUAM aboHeHToB THOIT.

CoBepLUEHCTBOBAHME YCTPOMCTB YNpPaBieHns 6b110 TECHO CBA3AHO C
NOsIBSIEHNEM HOBbIX MOKOJIEHMNI aBTOMATUYECKMX TeNEdOHHbIX CTaHLUUIN
(ATC) anekTpomMexaHuyeckoro tuna. [nsg kaxgoro Takoro NnoKOJIeHUs
(MalnHHbIE, AeKagHO-LWwaroeble U KoopamHaTHele ATC) 6binm pa3pabo-
TaHbl CBOM YCTPOWCTBA ynpaeneHuna. ioges npuMeHeHns nporpaMmMHoOro
ynpaesfieHns poaunacbk B TOT Nepuon BPEMEHU, Korga AanbHenliee
COBepLUEHCTBOBaHME koopauHaTHbIX ATC okasanochb Heuenecoobpas-
HbIM.

lMpakTnyeckn B 3TO Xe camMOe BPeMd OCHOBHble 3Tanbl passBuUTUA
yrnpasngaowmx 1 yrnpasngemMblx YCTPOWCTB MNepecTtanu coBnagatsb.
YcTponcTtea ynpasnieHus, crnenysa Jorvuke pasBuTus BblHYUCINTENIbHOMN
TEXHWKU, MPOLLIN MYTb, KOTOPbIA MOXHO NPEeACTaBUTb TakoW Nocnieno-
BaTENbHOCTbLIO: LEeHTPanM3oBaHHbIE, OeLeHTPpaNIn30BaHHbIE U pacnpe-
OeNleHHble.

KnaccuounumpoBaTb ynpasBfisiemMble YCTPOWCTBA Jydlle BCEro ro
crnocoby NMOCTPOEHUs KOMMYTALIMOHHOIro rnons. epBbiM LLIMPOKO UC-
Nosib3yeMblM KOMMYTaLMOHHLIM MOfIeM, MO BCEW BUAMMOCTW, cTana
nocka Nmnenanpa. OHa obecneyvBana 0gHOMNPOBOAHYIO KOMMYTALMIO.
Onsa nekapHo-warosbix ATC 6binn paspabdoTaHbl nckatenn. OHn genu-
JINCb Ha ABa TMNa: WaroBble N AekaaHo-waroBble. B aTux uckartensax yn-
paBnsoLlee 1 yrnpaensieMoe yCTPoncTea Obiin 00beANHEHBI B €AMNHbIN
npunoop.

Cnepnyouwee nokoneHne ATC — koopavHaTHbIE CTaHLUMK CTPOWIIOCH
Ha coeamHuTenax. Kaxablh KOOpAUHATHBIN COEOMHUTENIb MOXHO pac-
cmaTpuBaThb Kak MaTtpuLly C m BXogamMu U n BbIXOOAMM.

B koopauHatHbix ATC ynpasnsiowme (pernctpbl M Mapkepbl) U
ynpasnsieMble (COeOVHUTENN) YCTPOMCTBA OblIN KOHCTPYKTUBHO OT-
JeneHbl opyr ot gpyra. iaes noctpoeHua ynpaengdemMoro ycTtpomcrea
Ha MaTPMYHbIX NPUHUMNax Oblla NCNob30BaHa 1 B ClieayloweM NokKo-
nennn ATC — KBa3U3NEKTPOHHbIX CTaHUMAX. Kaxaplii KOMMYTaLMOHHBIN
aneMeHT Nogo6HOro ycTponcTBa (repKoH UK re3akoH) npencTaBnsn
Cco00M MUHMATIOPHBIN CTEKIISAHHBIA 6annoH, BHYTPU KOTOPOro 6biin no-
MeLLeHbl KOHTaKTHblE NPYXMHbI. Takoe pelleHne CyLLeCTBEHHO yny4LlIu-
J10 Ka4ecTBO Lenu, 06pa3oBaHHON NMpPY 3aMblKaHUN KOHTaKTOB repkoHa
Wn res3akoHa.
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LincdppoBasa TexHuka, peann3oBaHHaa paHee B cMcTemMax nepenaym,
npuenekna BHAMaHue cneumannucToBs B obnactu kommyTaumu. MNMocnea-
HUI 3Tan pasBUTUSA TEXHOIOIMM KOMMYTaLIMW KaHaNOB CBSI3aH MCKIIO4U-
TenbHO ¢ umdppoBbiMn ATC. TeopeTuyeckoin 6a3oi ans undpoBbIX Me-
TOOOB Nepeaayn u KOMMyTaLum ctana pacCMOTPEHHas B npeablayLiein
nekumm Teopema KotenbHunkoBa.

Lindposusauusa ToOIT ctana BaxkHO BEXONM B Pa3BUTUM BCEN CUCTE-
Mbl 351eKTPOCBA3U. OHa NO3BONUA PELLUNTL MHOIME SKCMlyaTauMOHHbIE
npo6nemMsl, a Takke BBECTU Psi HOBbIX YCITYT, B KOTOPbIX OblV 3anHTE-
pecoBaHbl aboHeHTbl THOTT.

CHavana KOMMYTaUMOHHbIE CTaHUMM MECTHbIX TENedOHHbLIX CeTei
CBSI3bIBA/ICb MexXay cobor GUanYeckmmm LensaMm, opraHn3yembiMu B
BO34YLUHbIX UK KabeNbHbIX IMHUSAX CBA3U. 3aTeM NOSBUINCHL aHanoro-
Bble CUCTEMbI Nepeaayn.

Torpga cTaHAapPTHBLIMUK TPAHCMOPTHLIMU pecypcammn s 3eKTpoMe-
xaHu4yecknx ATC ctanu kaHanel TY. OHK paboTanu no GpuUsnyecknm Le-
nsM, paguopenenHbiM IMHUSM U CUCTEMaM CNYyTHUKOBOW CBA3N.

Mepexon K unMdppoBbIM CUCTEMaM Mepegadm M KoMMmyTauum CTu-
MynupoBan pas3paboTky HOBOro cTtaHgapTa A9 kaHana cBaA3u. Um
cTan OCHOBHOM uudpoBon kaHan (OLKK) co ckopocTbio nepepayu
64 k6uTt/c. Ana TenedoHHO CBA3M OH MOXET CYMTATLCH 3KBUBANIEHTOM
kaHana TY. NMommnmo OLK BaxxHbIM anga TpOIll ctaHaapToM cTan undpo-
BOW TPaKT CO CKOpOCTbIO nepenayn 2048 k6ut/c. OH XOPOLLO N3BECTEH
no obo3HayveHnio E1. Xapaktepuctmkmn Tpakta E1 onpepensaiot napa-
MeTpbl nHTepderica undposon ATC gns B3aMMOAENCTBUS C OPYrMMU
KOMMYTaUMOHHBbIMU CTaHUMSAMMU.

Lindposblie cnctembl nepegayn npownuv aea stana passutus. CHa-
Yana NosIBUINCbL CUCTEMbI Mepejadqn nne3noxXpPoHHOMN mnepapxuun. Ux
CMEHUN CUCTEMBbI Mepenaym CUHXPOHHOW mepapxuun. TN CUCTEMBI
npegHasHavyeHbl ns paboTbl Mo kabento ¢ ONTUYECKMMU BOJIOKHAMM
(OB) nnun No MOLLHBIM pagmMopeneHbiM INHUSIM.

3agada opraHusaumm undpoBbIX KAHANOB AN CBA3U KOMMYTaLMOH-
HbIX CTaHUMIM BXOOMT B nNepedeHb GYHKLNI TpaHCNOpPTHOM ceTu. B paage
nyGankaumin aTa cCeTb Ha3blBaeTCs NEPBUYHOMN.

1.3. OCHOBHbIE TEPMUHBI

BonblWMHCTBO 0O6BSACHEHWIT paccMaTpBaeMbIX HUXe TepMUHOB Oa-
3UPYyeTCH Ha TPeX NCTOYHUKAX:

e C/I0OBapb OCHOBHbLIX TEPMWHOB W OMNPEOEeNeHnin U3 PYKOBOAALMX
OOKYMEHTOB MO NOCTPOEHUNI0 POCCUIACKON TENEKOMMYHMKALMOHHOWM
CUCTEMBI;

o pekomeHgaumn ITU u ctanpaptel ETSI;
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e OTe4yeCcTBEHHas U 3apybexxHasi Hay4HO-TexHMYeckas nuTepaTypa, nps-
MO WS KOCBEHHO CBSI3aHHas C TEPMUHOIOMMYECKUMIM BOMPOCaMMU.

Ons BBegeHus 6a30BbIX TEPMMHOB LLEECO0BPaA3HO pPacCMOTPETb
moaenb poccuiickon ToOIll, npeactaBneHHyto Ha puc. 1.1. B ee coc-
TaB BxoguT 'TC, cTpykTypa KOTOPOM TUMMYHA OAs KPYMHbIX rOpOAoB,
n CTC.

MepBblit y310BO paioH BTopoii y3anoBoii paiioH

yuc1 | YBC2 TA2604
TA1501 ' on

(&)

PATC 15

cn

TA1542 K154

1
1
|
YATC157 :
|
|
1

0C903  TA9037 . 0C912

CTC AN

Puc. 1.1. Mopaenb poccuiickoit THpOn

Mogenb 'TC cocTouT 13 ABYX Y3/0BbIX paroHOB. HoMep y3n10BOro
panoHa ykasaH B Ka4eCTBE NepBO Ldpbl BCEX YCTAHOBEHHbLIX KOMMY-
TALMOHHbIX CTAHUMI N MOAKOHAaEMbIX K HUM Tene@OHHbIX annapaToB
(TA).

B cocTtaB kaxgoro ys3noBOro paroHa BXOAAT Y3/bl MCXOASLLEro
(YUC) n Bxopsiwero (YBC) coobuieHnsa. Ecnn kommyTauyoHHoe 060-
pyaooBaHue ucnonb3dyetcs B kadectee YVIC n YBC, TO OHO Ha3blBaeTCs
Y3510M UCXOASLLEro U Bxoasuwero coobueHus (YUBC).

B neBoit yactn mogenu nokasaHa Bcero ogHa panoHHas ATC (PATC).
En npucBOEH ABYyx3HauYHbIN HOMep «15». NepBasa undpa naeHTuduum-
pyeT HOMep Y3/10BOro paoHa, a BTopasi — NoOPsSaKOBbIA HOMEP KOMMY-
TaUMOHHOW CTaHLMW B 3TOM parioHe.

TepMmuHanbl aboHEHTOB nofakitoveHbl k nsatoii PATC nepsoro yas-
JIoBOro panoHa Tpems cnocobamu. MNep.biti 13 TepMmuHanoB (TA1501)
coeaguHseTca ¢ PATC vHaomBmayanbHol abOHEHTCKOW nuHuein (AJ).
Lndpa «0» B TpeTben No3mumm o3HavyaeT OTCYTCTBME NPOMEXYTOUHbIX
YCTPOMNCTB KOMMYyTauUum Mmexay TepmuHanom n PATC.
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BTopoiri TepmuHan (TA1542) BKJIIOYEH B YETBEPTLIN KOHLIEHTPATOP
(K). OH cBsi3aH ¢ PATC15 nyykom coeanHUTENbHbIX MHUIA (CJ1). B ToM
cnyyae, korga coeguHeHume no CJ1 yctaHaBnMBaeTCs TONbKO B OOHY CTO-
POHY, COOTBETCTBYIOLLASA JIMHUS HA BCEX PUCYHKaxX cHabXaeTcsa CcTpern-
koi. Tpetuin TepmuHan (TA1573) BknoueH B yudpexpaeHyeckyio ATC
(YATC), KOTOpOIA NPUCBOEH CeAbMOW HOMEP CPean aHaNOrMYHbIX YCT-
POWCTB KOMMYTaLMN, PACNONOXEHHbLIX B 30He obcnyxmnsaHus PATC15.

Ona PATC15 nokasaHbl Takke ABa BapMaHTa BbixoAa K y31y cneum-
anbHbix cnyx6 (YCC). OH obecrneymBaeT NOAKIIIOHEHNE K SKCTPEHHbIM
N MHPOPMALMOHHO-CNPAaBOYHbIM CNy>XbaM, KOTOpble OpPraHnM30BaHbI
B ropoae. YCC aHanm3npyeT HOMep, HabpaHHbI aDOHEHTOM, U yCTa-
HaBNMBAET COeAVHEHME C COOTBETCTBYIOLLMM LLIEHTPOM OOCY>XMBaHUS
BbI30BOB (LIOB).

[ns BTOPOro y3noBoro paroHa nokasaHbl NpuHUMnbl cBasn PATC26
C aBTOMaTU4ECKON MexayropogHonm TenedoHHon ctaHumen (AMTC).
Mcxopsawee mexayropogHoe COeAMHEHVE YCTaHaBAMBAETCH Mo nyd-
Ky 3aka3HOo-coeauHuTenbHbix nuHmin (3CJ1).  [Ona Bxoasiwen ceasu
ot AMTC co3gaeTtcs y3esn BXOOSLWEero MexXxayropogHoro CooOLeHus
(YBCM). OH cBsisdaH ¢ AMTC n PATC ny4ykomM CO€OVHUTENbHbIX IMHUI
MexayropofHon cesdn (CJIM). YT1ob6bl He yCcnoxHSATb Mogens ThHOI
Ha puc. 1.1 He noka3aHbl 3CJ1 n CJIM gna PATC15, a takke CJ1 mexay
YCC n PATC26.

MpaBbli HAXHWIA pparMeHT UANIDCTPUPYET obLLmMe NPUHUMMILI NOCT-
poeHnsa CTC. B kaxa0oM CelbCKOM aaMUHUCTPATUBHOM paioHe ycTaHaB-
nunBaeTcs ueHTpanbHas ctaHuusa (LLC) unn y3en cenbcko-npuropoaHomn
ceasu (YCI). Ux paznuyme 3aknioyaeTcst B TOM, 4To Ha LIC BO3/10XeEHbI
Takxke PyHkumnm PATC paliOHHOIO LieHTpa.

Ona peeaTon LIC nokasaHbl NPUHLNIbI BKITIOYEHNS OKOHEYHbIX CTaH-
umn (OC). PaznuyaloT pagmanbHylo 1 paguanbHO-y310BYIO CXEMY MOCT-
poeHunsa CTC. B yacTtHocTh, TpeTbs OC BKIlOYEHA MO paguasnbHOM CXEME.
LUndpa «0» BO BTOpPOW No3numm ee HoMepa ykasblBaeT Ha OTCYTCTBUE
yanosoii ctaHuum (YC) mexay LIC n OC. Nepeas v BTopast OC BKIOYEHbI
no pagmnanbHO-y3noBon cxeme. OHKM cBA3aHbl ¢ YC, KoTopasa obecrne-
YMBAET YCTaHOBNEHME coednHeHnn mexay aboHeHTamu pasHbix OC, a
Takxe Bbixoq K LIC.

MpuBeneHHbIE TEPMUHBI U UX abbpeBmnaTypbl COAeEpPXaTcs B CO-
BapsiX, KOTOpble BXOAAT B COCTaB pPsfa PYKOBOAALLMX OOKYMEHTOB MO
NOCTPOEHUNIO POCCUINCKOM TENEKOMMYHMKALMOHHOM CUCTEMBI. OTU O0-
KYMEHThI HE NepecMaTpuBanCh B TedeHne aecatn n 6onee net. Kpome
TOro, B NPOLECCEe X COCTABJIEHNS HE B MOJIHON Mepe y4nTbiBancs 3apy-
©eXHblii oNbIT pa3paboTk COBPEMEHHOW TEPMUHOSIOMNN.

LUndposusauusa ToOIM noTpeboBana nepecmoTpa psaa NnpUHUMNOB
noctpoeHus 'TC n CTC. MNpwn paspadoTke 3TUX NPUHLINMOB OblN1 BBEAEH
psa HOBbIX TEPMUHOB. OHU CTanm LWNMPOKO NPUMEHSATLCS B OTEYECTBEH-
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HOM TEXHNYECKOM NnTepaType, NOCBSLLEHHON, B NEPBYIO 04epenb, BOrM-
pocam noctpoenus umdposbix ITC. BMecTo abbpenatypsl PATC valle
cTano BcTpeyvatbes cokpauleHne OlNC — onopHas ctaHums. bbin npea-
JNIOXXEH TePMUH «TpaH3uTHas ctaHums» (TC), yke yCTOSBLUMIACS B @HI0-
A3bIYHOWN TexHMYeckon nutepartype. LndpoBoe koMMyTaumMoHHoe 060-
PyLOBaHWE MNO3BOJIIET CTPOUTbL KOMOVMHMPOBAHHbLIE CTAHLMK, TO €CTb
TC n OMNC. OHu nony4ynnu HaseaHne «OnOPHO-TPAH3UTHBLIE CTaHLUU»
(OMTC). ConmxeHne TEPMUHOB, UCMOJIb3YEMbIX B OTEYECTBEHHOW U B
3apybexHou nnTepaTtype, N03BONSET PELUUTb P, CePbe3HbIX NPobnem,
obecneynTb ydlliee B3auMONOHUMaHne Mexay cneumanncramm.

B Tpex ctonbuax tabn. 1.1 npuBeaeHbl OCHOBHbIE abbpeBMaTypbl,
4aCcTO WCMOJNb3yEMblE B TEXHMYECKOW NuTepartype no TenedoHuun.
B nocnepgHem ctonbue copepxatcs NpuMMepbl TEPMUHOB, KOTOpPbIe
MOXHO PEKOMEHAO0BATb ANS JallbHENLIErO NPUMEHEHNS POCCUNCKMMM
crneunannucTamu,

Ta6bnuua 1.1.  Mpumepsl yHudukaumm TepMUHOB, NUCMOJIb3YyEeMbIX
B TenedoHun
Poccuiickas TpOnn 3apybexHas YHUIULUPOBAHHBIVI TEPMUH
AHanorosas Uundpporas Toon ansa poccuiickoin Tpon

MopctaHums (MC) K C KoHueHTpaTop (K)
PATC, OC ornc CO, LE MecTtHasa ctaHuusa (MC)
YUC, YBC, YMBC, YC |TC, ONTC TE TpaH3uTtHaga ctaHums (TC)
CJ1, 3CJ, C/1IM CJ1, 3CJ, CJIM trunk CoeanHutensHas nuHus (CJ1)

Mopenb, npeactaBneHHas Ha puc. 1.2, nnmocTpupyeT NPUHLAMBI
NCMNONb30BaHNSA PECYpPCOB eANHOW TPAaHCMOPTHOM (MepBUYHON) CeTn
Ans opraHusauum tenedOoHHON CBA3U M apeHAO0BaHHbIX KaHAaNoB. JTO
0O3HayYaeT, 4TO TPAHCMOPTHLIE PECYPChI NpeaHa3Ha4YeHbl AN ABYX QYHK-
LMOHAJIbHO Pas/inyHbIX KOMMYTUPYEMbIX ceTen. NHorga KkoMmmyTupye-
Mble CeTWN Ha3blBaOT BTOPUYHBLIMMU.

Puc. 1.2 coctont n3 aByx pparmeHToB. JIeBbIN pparMeHT UAIOCTPN-
pyeT NPUHUMMbLI NOCTPOEHUS rmnoTeTndeckon N'MC, cocToawen n3 Natn
PATC. lNpaBblii pparMeHT NOKasbIBaeT UAEK MOCTPOEHUS CETU apeHa0-
BaHHbIX KaHaNoB, 0O6pasyemMoi YeTblpbMs y3namn. HuxHue vactn ne-
BOro 1 NpaBoro parMeHToB MOEHTUYHbI, Tak Kak 0ToOpaxatoT 0bLLYyHo
TPAHCMNOPTHYIO CETb, KOTOPasi COCTOUT U3 3/IEMEHTOB OBYX OCHOBHbIX
TUNOB — ceTeBbIX Y310B (CY) n 06beANHSAIOLWMX X NIMHUIA Nepeaayun.

MicTopuyeckn cnoxunochk Tak, 4To obopyanosaHue CY pacnonaraet-
CHl B TEX X€ 3[aHUAX, FIe ycTaHaBMBaeTCsl KOMMYyTaLUWoHHOe 060opyao-
BaHue TpOT. Mo aToi npuymrHe Ynucno CY B paccmaTpueaeMoin Moaenmn
paBHO konudecTtBy PATC. MyHKTUPHBIMU NnHUAMU ana CY2 nokasaHbl
3NeMeHTbl ABYX KOMMYTMPYEMbIX CeTeil, KOTOpble pacrofiaralTcs B
OJJHOM U1 TOM Xe MOMELLEHNN.

3. lonbawTenH
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Kommytupyemsbie
PATC2 cetun Ysen 2

PATC1 / \

PATC3 Y3en 1

Yaen 3

/
PATC4 \ / Y3en4
\ /
\ /
a) TenegoHHas ceTb \ / 6) CeTb apeHoBaHHbIX KaHaNoB
\ /
\CY2/
Y1
C NnHns nepepayun cv3

TpaHcnopTHasa CeTb

CY5 Cy4

Puc. 1.2. TpaHcnopTHas U KOMMYTUPYEMbIe CEeTU

Hapuc. 1.2 noka3aHa KkonbLEeBas CTPyKTypa TPaHCHOPTHOMN
ceTu, yawe  gpyrux  peanusyemas Onepartopamn  TpOIl.
AnnapaTtHo-nporpaMMHble  cpeacTtBa COBpPeMeHHbIX CY cnocoO6HbI
dopmmpoBaTb KOMMYTUPYEMbIE CETU NOOONM CTPYKTYPLI 3a CYeT ycTa-
HOBJIEHNS MOJIYNOCTOSAHHBIX COoeanHeHui. Jlesbin pparMmeHT puc. 1.2
nokaabiBaeT cTpykTypy ['TC, B koTOpOW BCe PATC cBsizaHbl Mexay coboii
Nno NPUHLMNY «Kaxkaas ¢ Kaxaon». FlmnoteTnyeckas ceTb apeH0BaHHbIX
KaHanoB — NpaBbll GparMeHT MOOENN — COAEPXUT YeTbipe y3na, obpa-
3YIOLLMX CTPYKTYPY TMNa «3Be34a».

Mogoenu, nzobpaxeHHole Ha puc. 1.1 n 1.2, u Tabn. 1.1 no3sonsaoT
BBECTW P, onpeneneHunii, KacaloLnXcst OCHOBHbIX TEPMUHOB, KOTOPbIE
MCNOJIb3YOTCA B COBPEMEHHOM TENedOHUN.

lMepeyeHb TEPMUHOB COCTaBNeH No Takown cxeme. CHavyana npmBo-
ONTCS TEPMUH Ha PYCCKOM f3blke. B ckobkax ykasbiBaeTCs COOTBETCT-
BYIOLLUMA TEPMUH HA aHrMACKOM 43blke, €C/1M, KOHEYHO, TakOBOW
nmeetcq. anee npepnaraercs onpenesieHne TepMuHa, KoTopoe, npu
HeoOXOAMMOCTW, COMPOBOXAAETCA MPUMEYaHMEM, 4TO MO3BONSeT
YTOYHUTb HEKOTOPbIE AeTanu.

CereBoni y3en (Network Node) — koMAnekc TEXHMYECKNX CPEACTB,
obecneumBaloWLnii GOPMMPOBAHNE U MONYNMOCTOSIHHYIO KOMMYTaLMIO
KaHaI0B M TPAKTOB Nepenaymn, KOTopble NCNOJb3YTCA KOMMYTUPRYEMbI-
MW CETAMW SNEKTPOCBA3N.
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JInnus nepepayqm (Transmission Line) — COBOKYNMHOCTb CTAHAAPTHbIX
KaHanoB 1U/WUnu TPaKTOB nepeaadm, COEAMHSIOLLNX CETEBbIE Y3bl MEXAY
cobon.

TpaHcnoptHas cetb (Transport Network) — coBokynHOCTb CY 1 nuHui
nepenaym, obecneymBaoLLas KOMMYTUPYEMbIE CETU KaHanamu u/unm
TpakTamMu ans obmMmeHa nHdopmMaumnein.

KommyraumoHHas ctaHums (Switching Exchange) — coBokynHOCTb
annapaTtHo-NporpaMMHbIX CpeacTB, obecneynBailoLmx yCTaHOBIIEHNE
COeAMNHEHNI Mexay TepMUHanamMmn Nosb30BaTenen.

MectHas ctaHums (Local Exchange) — KOMMyTauuOHHasa cTaHuus,
obecneymBatoLLLas NOAKIIOYEHNE K CETU aDOHEHTCKMX TEPMUHASIOB.

TpaHauTHas ctaHums (Transit Exchange) — koMMyTauMOHHas CTaH-
ums, npegHasHavyeHHas ong yctaHOBNEHUS COEOMHEHVIA MeXAy APYrn-
MU CTaHUMNSMMN.

KombuHupoBaHHas ctaHums (Combined Local/Transit Exchange) —
KOMMYTaUMOHHAs CTaHUMS, BbINONHSAOWAA GYHKLUNK Kak MECTHOMN, Tak
M TPAH3UTHOW CTaHLUMUA.

Kommytupyemas cetb (Switched Network) — onpeneneHHas coBo-
KYNHOCTb KOMMYTaLMOHHbIX CTaHLNIM 1 KaHaN0B CBA3U (4aCTb PECYPCOB
TPaHCMNOPTHOW CEeTW), KOTOpPbIE MpeaHasHayeHbl ans obMeHa UHPOp-
Mauuen ogHoro nnu 6onee BuaoB. KommyTupyemble ceTu MOryT ObiTb
knaccudunumpoBaHbl MO OCHOBHOMY BMay nepegaBaemMon MHpopma-
umn (TenedoHHas, Nepenadn OaHHbIX U Opyrve) uam no cnocoby ee
pacnpegenenna (KoMMyTauua KaHanoB v NakeToB).

TenegpoHHas cetb (Telephone Network) — kommyTUpyemas ceTb,
KOTOpas npegHa3HayeHa, B OCHOBHOM, OJ191 YCTAHOBJIEHUS COEOVHEHUI
Mexay TenedoHHbIMK annapaTtamu abOHEHTOB.

LinppoBass cetb uHTerpasabHoro ob6cayxusaHus (Integrated
Services Digital Network) — ceTb uHTerpanbsHoro obcnyxmBaHusl, Ko-
Topas obecrneynmBaet UMPPOBbLIE COEOUNHEHUS 4Yepe3 UHTepdENChl
nonb3oatenb-ceTb (UN) n cetb-cetb (NN).

Kommyraums (Switching) — npouecc opraHusaumm coeauiHeHus
Mexay AByms (unu 6onee) TepMUHaNaMmn UM mMexany TePMUHaNIOM U
pabo4YrM MECTOM LieHTpa 006CTyXXVBaHWS BbI3OBOB.

Kommyraumsa kaHanos (Circuit Switching) — npuHuMn opraHusaumn
CBSI3M MexXay TepMMHaNamMm, OCHOBAHHbIN HA TOM, YTO Pecypc, Heob-
XOAMMbIA onst o6meHa nHdpopmMaumeit B 060Mx HanpaBneHusx, 3akpen-
ni9eTcs 32 YCTAHOBMEHHBIM COEANHEHNEM HA BCE BPEMSA CeaHca CBA3MW.
Pecypc octaeTcs B 6e3pasaeibHOM pacnopsi>kKeHUM NOSIb30BaTENEN BHE
3aBUCMMOCTM OT TOrO, NepenatoT M OHU MHDOPMALMIO NN «MONYaT».



36

Jlekums 1. Bosoumst TenepoHHbIX ceTeri

ABOHeHT (Subscriber) — puanyeckoe nnun pnanu4eckoe Lo, KOTOPO-
My MpeaocTaB/ieHa BO3MOXHOCTb UCMOMb30BAHUA YCIYr 3NIEKTPOCBA3MN.
B nocnenHee Bpems Yalle Ucnosib3yeTcs TepMuH «ofb3oBaTesb» — nepe-
BO/, aHITIMINCKOro cnoBa «Users».

Oneparop (Operator) — akcnayaTauMoHHAA KOMMaHUS, 3akioyalo-
lasa ooroBop ¢ aboHeHTaMu Ha NpeaocTaBiieHMe TeNleKOMMYHMKaUy-
OHHBbIX ycnyr. OnepaTop MOXeT caM co34aBaTb CETU 3NIEKTPOCBA3N UMK
apeHOoBaTb PECYPChl, HeOOX0AUMbIE ONA NOAAEPXKN TENEKOMMYHMKa-
LLMOHHbIX YCNYT.

Psan TepMunHOB, MeHee 00OLLEero xapakrepa, oyaet, npu Heobxoau-
MOCTW, BBOOUTLCHA B 3TOW U B APYrnX nekumsax. BollwenepeyncneHHole
TEPMUHBI ByoyT KOHKPETM3NPOBATLCS NPU U3TOXEHUN NPUHLMMOB NOCT-
poeHus TpOrl.

1.4. EouHana ceTb 3/1IeKTPOCBA3U

Poccuinckon Pepepaunu

depepanbHbiM  3akoHOM  «O  CBA3W» MNPeayCMOTPEHO Hanuyve
B cocTaBe EpuHoli cetn anektpoceBasum Poccuiickoii depepauynm
(ECO PD) ceTteit 4eTbipex BUOOB:

e CceTb CcBA3K 06uero nonb3osaHusa (CCOIM);
e Bblae/IeHHble CETUN CBA3U;

® TexHONnornm4eckmne cetn ceB43un, npncoeamHeHHble K CeTn CBA3N 006-
Liero noJib30BaHuA;

e CeTu CBA3U CreuuanbHOro HasHavyeHus U Opyrvue ceTu CBA3U Ons
nepena4v MHGopmMaLMn NPU NOMOLLM 3NEKTPOMArHUTHbLIX CUCTEM.

Hanee 0yoet paccmaTtpuBaTtbesa Tonbko CCOIM. Tem He meHee, 13-
JIOXXEHHbIE COODpaXxeHNs1 TEXHNYECKOro xapaktepa (HO He opraHmaa-
LIMOHHOIr0) BO MHOrOM CrpaBeavBbl U Ol CETEN TPEX APYyrux BUOOB,
BxoOsAwWwmx B ECO P®.

B 31O 1 B cnenylowmx nekumax KHArm OCHOBHOE BHUMaHMe yaenseT-
cs1 TpOIlN — OCHOBHOMY KOMMOHEHTY CETM CBSA3U 0OLLLErO NOJSIb30BAHUS.
Ycnyramu ceTtu CBsi3M OOLLEro nosib30BaHNUs MOXET BOCIMOJIb30BaTbCS
no60oI aboHeHT, HaxoasaLmica Ha TeppuTopun Poccuiickon depepa-
umn. EctectBeHHO, OH 06513aH cOO0AaTL BCE YC/I0BUS, OnpeaensiemMble
OnepaTopomM ceTu CBA3M OOLLEro nojib30BaHUS.

Ecnu aBoHeHT OTNpaBnseT TenerpaMmmy, To 3T1 yCA0BUS Noapasyme-
BalOT COCTaB/IEHME TEKCTA C COOMIOAEHNEM 3TUHECKNX HOPM U OTCYTCT-
BME CBEAEHU, Nnepefada KOTOpbIX 3anpeLeHa poCCUNCKMMIM 3aKoHa-
MU, a TakxXe CBOEBPEMEHHYIO OrnnaTy NPegocTaBieHHON YCyri.

Ons nogkniodeHua Kk TGO aboHeHT 3akntoyaeT ¢ OnepaTtopom ao-

roBop, rae oroBapmBatoTCAd Kak yCnoBusa onathbl, TaK 1 BCE TE Tpe6OBa-
HNA, KOTOPbIE AOJIKHbI cobntopatb 0be CTOPOHbI.
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1.5. Cratuctuka renecdoOHHON CBA3MN

YpoBeHb pa3sutnsa TpOl B 3HA4UNTENBHON Mepe onpeaenseTca reo-
rpadpunyecknmMmm, gemorpadpuieckumMm n 9KOHOMUYECKMMU NoKa3aTens-
MW CTpaHbl. [loaToMy, Npexae BCEro, cneayeTt paccMoOTPeTb COOTBETCT-
BylOLLME CcTaTUCTMYeckue aaHHble. OHU NyOAnKYOTCS, Hanpumep, Ha
caritax AopMuHmucTpauum ceasu Poccum (http://www.minsvyaz.ru) n ®e-
nepanbHol cnyx6bl rocygapcTBeHHOM ctatucTuky (http://www.gks.ru).

OcHoBHbIMK Nokasatensamm pazsutua TOI cumTaoTcs ee eMKOCTb
n TenedoHHasa nnoTHocTb. K Havany 2008 roga KOnmM4eCTBO OCHOBHbIX
TenedoHHbIXx annapatoB (OTA) npeBbicMN0 YPOBEHb 45 MiH. Bonee 75%
OTA ycTaHOBNEHO B Tak Ha3blIBAEMOM KBapTUPHOM CEKTOpE.

TenedoHHasa NNOTHOCTL COCTaBNgeT npuMepHo 31,8 TepMmuHanos Ha
100 xwutenen. MNMpumepHo 88% emkocTtn TpOIl ycTaHOBNAEHO B POCCUIA-
CKUX ropogax.

Jonsa ropoackoro HaceneHus B Poccuun coctasngaet nopsaka 75%.
OTO 0O3HayaeT, 4TO CylecTByeT amucnpornopums (oHa Habnopaetcs
NpakTn4eckn Bo Bcex cTpaHax) B pa3sutum [TC n CTC.

CyLliecTByeT Takxke pasnuyne B yposHe uudpposusaumm THOTrl. Ypo-
BEHb LippoBmn3aLmmn 3Ha4mTenbHo Beille B F'TC. TenedoHHO NIOTHOC-
TWU TakKXe CBOWCTBEHHA HepaBHOMepPHOCTb. Hanpumep, B Mockse 1 B
CaHkT-lNeTepbypre oHa 3aMeTHO MPEBbLILLIAET CPeAHECTATUCTUYECKUN
ypOBEHb A1 Poccuu B LIESIOM.

KnioueBble cnoBa: aBTomatuyeckas TenedoHHas ctaHuusi, aboHeHTckas
JINHUS, COeaUHUTENBHAsA IMHUS, TPAHCNOPTHAsA CETb, KOMMYTMPYEMas CEeTb, TeNedOoH-
Hasi ceTb 00LEero Nosib30BaHUs, eauHas ceTb anekTpoceaadun Poccuiickor depepaumn.

?
ij KOHTpObHbIE BONPOChHI

1. CeTu Kaknx BaoB BXoaaT B coctaB ECO PD?
2. K kakomy Buay ceteri otHocutcsa TopOrn?
3. KakoBa wupmrHa nonockl NponyckaHns kaHana ToOHabHOM 4acToThl?
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. C KaKoW CKOpOCTbIO MpoucxoauT nepenaya nHdopmMauum no 0CHOBHOMY
umdbpoBomMy KaHany?

. \BeHTNYHO N KONNYECTBO TPaH3UTHbIX CTaHumn mexay PATC u AMTC

Npn yCTaHOBNEHUN UCXOAALLMX N BXOOALINX COEANHEHNN?

B yem 3akno4aeTcs CMbIC AeNeHUst CUCTEMbI CBSAA3U HA TPAHCMOPTHYIO

1 KOMMYTUPYEMYIO CETU?

KakoB NpoLLEHT OCHOBHbIX TeNedOHHbIX annapaToB, BKIIOYEHHbIX B FOPOACKNE
TenedoHHble ceTn?

@ 3apauv v ynpaxHeHus

1. TenedoHHas NIOTHOCTb MHOIAA N3MEPSETCH B KONIMYECTBE OCHOBHbIX
TenedoHHbIx annapaTtosB Ha 100 4OMOXO3ANCTB.
MpoaHannanpymnTe NPenMyLLECTBA N HEQOCTATKMN TAKOW OLLEHKN NO CPaBHEHUIO
C MEpPON, BbIHMCNAEMON KakK KONMYECTBO OCHOBHbIX TeNedOHHbIX annapaToB
Ha 100 xuTenen.

@ Jintepatypa Kk nekuum 1

1.1. OaebigoB 6., PormHckuii B.H., TonyaH A.A. CeTn anekTpoceasn. —
M.: Ces3b, 1977.

1.2. Bennamn Ox. Undpoeas tenedonus: MNep. ¢ anrn. / MNopg pea. A.H. BepnuHa,
lO.H. YepHbiweBa. — M.: 9ko-TpeHas, 2004.



JNlekuuns 2

Crpykrypa
Tene¢poHHOM ceTH

obLero nosib30BAHMUS

Ea maxime conducunt, quae sunt rectissima.
(Hanbonee nonesHo 1o, 4To Hanbosiee CripaBea/MBo)

2.1. YpoBHM nepapxum B TpOIl

B nio6oi KpynHOM CETU NPUHATO BbIOENSATb MEPAPXMYECKME YPOBHU.
OTOT NpoLLECC MOXHO paccMaTpmMBaTh Kak knaccudukaumio no onpene-
JIEHHOMY MpuU3HaKy (TakcoHy). Ha ¢ppoHTanbHoW rpaHu Kyba, nsobpa-
>KEHHOro Ha puc. 2.1, nepevmncneHbl OCHOBHbIE YPOBHU nepapxum TpOTT.
Ha 6okoBoW rpaHun kyb6a nokasaHbl ABa KOMMNOHEHTA (KOMMYTUPYEMast 1
TpaHCNOPTHas CeTn), KOTOPbIE C TOYKM 3PEHNS PELLAEMbIX UMU (PYHK-
LMOHaNbHbIX 3a4a4 MMEIOTCS Ha BCEX nepapxmyeckmx ypoBHax THOTI.
BepxHaa rpaHb, npy HEOBXOANMOCTU, MOXET ObITb UCMONb30BaHa sl
BBEAEHUS OOMNOSHUTENBHOM Knaccudumkauym no Kakum-nmbo apyrum
npu3Hakam.

B kayecTBe HUXHErO YPOBHS Mepapxmmn nokasaHa CeTb B NOMeLLEeHUN
nonb3oBaTens. BoobLie roeops, ee co3gaHne n NoaaepxKa He BXoaaT
B komneTeHuuio Onepartopa THOTI. Takoh noaxoa MOXHO CYMTaTb Or-
pPaBOAHHBIM B TEX CITy4asix, KOrga TO, YTO HA3BAHO «CEThIO B MOMELLEHUN
nonb3oBaTens», NpeacTaBnseT cobor TenedOoHHbIN annapaT unn Tep-
MUHan nto60M CNOXHOCTU B COBOKYMHOCTU C aOOHEHTCKOM MPOBOAKOW.

MHoOrmne coBpemMeHHble NpeanpuaTmsa ucnonbadytoT YATC, nokanbHble
BbluncnuTenbHble cetn (JIBC) n TeneKoMMyHUKaLMOHHbIE CUCTEMBI
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noaaepXkm 6nsHec-nNpouUeccoB. B NoaoOHbIX CiyyYasx KOMMOHEHT «CeTb
B MOMELLEHUN MNosb3oBaTens» Lenecoobpas3Ho BkOYATb B COCTaB
ypoBHel nepapxum THOTr.

Cnepnywowmin nepapxm4eckuin ypoBeHb — CeTb AocTyna. Ee aHanns He
BXOOUT B NepeYeHb BONPOCOB, pacCMaTpMBaeMbIX B 3TOM kHUre. MoaTo-
MYy LOCTaTO4YHO YNOMSAHYTb, YTO CETb A0CTYNa CAYXUT «CBA3YIOLLM 3Be-
HOM>» MeXay OBYMS nepapxmyeckumm yposHamun. Ee 3agada coctomT B
opraHmsauunm cea3m mexay obopynoBaHMeM rnonb3oBaTtensa u 6asoBom
CeTbIO.

JononHutenbHble

KnaccudurKaunoHHbIE
NPU3HaKK (TakCOHbI)
MexayHapoaHas TenedoHHas ceTb 2
2| 8
MexayropogHasa TenedoHHas ceTb 8 s
x T
[ =
I o
3o0HoBas TenedoHHas ceTb z )
S o
) I
MecTtHas MexcTaHUMOoHHas ceTb E s
TenedoHHAs [ --mm-mmmmmmmmmmmmmmmoe g =
s
CeTb Mexy3noBasi ceTb o
X o
Q
& O\é‘
CeTb mocTyna P
& \%
S K
S
CeTb B MoMeLLeHU o/1b30BaTess @r&; ep‘;@v{z’
Q

Knaccudukaumsa no nepapxmyieckomy
MPUHLMMY NOCTPOEHUS CETH

Puc. 2.1. Uepapxuueckue ypoeuu B THpOI

BbasoBas ceTb Ha puc. 2.1 pasgeneHa Ha YeTbipe nepapxmyeckmx
YPOBHS. HNXXHUIN N3 3TNX YPOBHEN COOTBETCTBYET MECTHOM (FOPOACKON
nnm cenbckon) tenedoHHom cetn. [ TC co3gaeTcs B rpaHnLax ropoaa, a
CTC - Ha TeppuTOpPUM CENBCKOIr0 aAMMHUCTPATUBHOIO panoHa. B paae
'TC n CTC, B CBOIO 04epenb, MOXHO BbIAEANTb ABA YPOBHS MEPAPXUN.
Ha puc. 2.1 oHn 0603Ha4YeHbl Kak CETU MEXCTaHLMOHHOM N MeXy3/10BOM
cBaA3n. MprHUMNBLI X NOCTPOEHUS U3JOXEHbLI B CNEOYIOWEM pasnene
aTOM Nnexkuunn.

3oHoBas TenedoHHas ceTb 0ObLIYHO CO3AAETCS B rpaHMuax cyobek-
Ta Pepepauyn. EcTb psag UCKIIOYEHUIA, KOrOa Ha TEPPUTOPUM OOHOMO
cybbekTa PepepaLmm co30aeTcs HECKOJIbKO 30HOBBIX CETEN.

CooTBeTcTBYIOWME NMPpUMeEpPbl OyayT npuBeaeHbl B NeKUMN, NOCBS-
weHHon Hymepaumn B TOOI. OTnmynTEnbHbIN NPU3HAK 30HOBOW Te-
NedOHHON CeTn — NPUCBOEHME €N YHUKANBbHOIO Koga Ans BXoAsLen
MEXIyropoaHol cBa3n, obo3Havyaemoro 6yksamu ABC.
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TunnyHas 30HOBasA CETb COCTOUT M3 HECKOJIbKUX MECTHbIX CeTen —
F'TC n CTC. Mexay coboin MeECTHbIE CETU CBA3aHbl KaHaaMm BHYTPU30-
HOBOI CBSA3M. DTU KaHanbl KOMMYTUpYtoTcs B AMTC mnmn B 30HOBOM Te-
nedoHHom y3ne (3TY). MNpuHUMNbI OpraHn3aLmnm 30HOBOM CBA3M TakXe
paccMaTpuBalOTCA B HACTOSILLLEN NTIEKLNN.

Ha cnenyouwem yposHe mnepapxmn TpOIT pacnonoxeHa mMexayro-
poaHas TenedoHHasa ceTb. OHa obecneynBaeT CBA3b Mexay 30HOBbIMUA
TenedoHHbIMK ceTammn. Kpome Toro, B 3agaqm MexayropoaHon Tene-
dOHHOI ceTn BxoamT obecneyeHne OocTyna K MexayHapoaHbIM LIeHT-
pam kommyTaumm (MLK). 3Tu LeHTpbl NpeacTaBnaoT COO0M 3NEMEHTDI
BepxHero ypoBHa wmepapxun TOIl — mexayHapoaHor TenedoHHOM
ceTu. MNMpunHUMNam NOCTPOEHUS CETEN MEXAYFOPOLAHON U MEXOyHapo., -
HOW TenedOHHON CBA3M NOCBSLLEHA NOCNEeAHSs YaCTb 3TOM TIEKLUN.

2.2. MecTHble TenedOoHHbIe ceTu

2.2.1. Topopckue TenedoHHbIe ceTn

B koHue XIX 1 B Hayane XX Beka Bce 'TC co3maBanncb 3a CYET yC-
TaHOBKW BCEro ogHou tenedoHHOM cTaHumn. POCT paga ceten npmsen
K He0OXO0OMMOCTN YCTAaHOBKW BTOPOW, TPETLEN N NOCNeayoWmnx Tene-
GOHHbIX CTaHUMi. TeM He MeHee, B HEGOJbLUMX TOpOoAax 4acTo PyHK-
umoHupyet ogHa ATC - puc. 2.2.

ATC

LLP2

f

a4—— MaruncTpanbHbiin
y4acTokK
ceTu goctyna
JInHua mexuikadpHom
LIP3 CBA3M P4

Puc. 2.2. CyuwiecTByioWasa HepalioHUPOBaHHaA ropoackas
TenedoHHasa ceTb

MopnobHble ceTn HasbiBalOT HepalioHMPoBaHHLIMU. [py NCNONL30-
BaHMM AeKafHO-LIaroBbIxX U KoopanHaTHbIx ATC Takon cnocob nocTpoe-
Hua 'TC cunTancsa paumoHanbHbIM, €CN MakKCUMasbHOE KONNYECTBO
obcnyxmnBaemMbix aboHeHTOB He npesbiwano 8000. [NpumeHeHne
LMPPOBbIX KOMMYTALMOHHbLIX CTaHUWI NO3BONAET 3KOHOMUYHO CTPO-
UTb HeparoHnpoBaHHblie TC eMKOCTbIO B HECKOJIbKO AECATKOB ThICSY
HOMepoB. B atom cnyyae B coctaBe ['TC MCNONb3ylOTCS BbIHOCHbLIE
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Moaynm ATC — koHueHTpaTopbl. HeparoHupoBaHHasa 'TC coctouT 13
KOMMYTAUMOHHOM CTaHUMM M CeTn pocTyna. Ha puc. 2.2 nokasaHbl
yeTblpe pacnpegenutenbHbix wkada (LLUP). Mexay kaxabiMm wkapom um
ATC nponoxeHbl MarnctpasnbHble kabenn. O6bIYHO NPUMEHSIIOTCS MHO-
ronapHble aboHeHTckmne kabenu. 3ToT pparMeHT ceTn AoCTyna Hasbl-
BaeTCsa MarnctpasbHbiM y4acTkoM. OBbIYHO HAa MarucTpanbHOM y4acTke
ceTu goctyna dopmMmpyeTcs 3Be3a000pa3Has Tonosnorms. B HekoTopbix
cnyyasx UCnosnb3yTcsa TMHUM MexLikadHon cBasun. Ha puc. 2.2 Takas
JINHUSA NokasaHa Mexay TPETbUM 1 YeTBEPTbLIM Wkadamu. Hannune nn-
HUN MeXLWKadHOM CBA3U NO3BOUT B NEPCNEKTUBE NEPENTU K KOMbLE-
BOW CTPYKTYpE CeTK gocTyna. Takas Tononorus o6ecnevymBaeT BbICOKYHO
HaAEXHOCTb CBA3M KOHLEHTPATopoB ¢ ATC.

Ha puc. 2.3 nsobpaxeHbl ABE CTPYKTYPbl NEPCMNEKTUBHOM HEpamo-
HupoBaHHon ['TC, B kOTOpOW ycTaHoBneHa undposaa ATC. 3pecb u
hanee Kpyxku, COOTBeTCTByOLWME LundposbiM ATC, OyaoyT OKpalleHbl
TEMHbIM UBeToM. dparMeHT (a) NANICTPUPYET NPUHLUMIMBI MTOCTPOEHMS
TPaAHCMOPTHOW CeTu, KOTOpas NpeacTaBfieHa B BMAE COBOKYMHOCTU
Tpex koneu. Hyneeoi CY pacnonaraetca B 3gaHum ATC. Homepa Bcex
ocTanbHbix CY coBnagaloT ¢ HOMepamMm TeX KOHLLEHTPATOpPORB, ANs KO-
TOPbIX OHU GOPMUPYIOT TPAHCMOPTHLIE PECYPCHI B BUAE CTaHAAPTHbIX
uMdpPOoBLIX TPAKTOB. Beibop uncna CY n MeCT nx pasMeLLeHns — ogHa n3
KNlacCnYeCcKkmx 3aa4 NPOEKTUPOBAHNA TENEKOMMYHUKALMOHHbBIX CETEN.

CY6 K6
CYy5

Konbuo Il

Cy3 Cvy4
a) CTpykTypa TPaHCMOPTHOM ceTn 6) CTpyKTypa KOMMYTHMPYEMOI CETU
Puc. 2.3. MNepcnekTuBHas HepanoHUPOBaHHasA ropoacKas

TenedoHHas ceTb

CTpykTypa KOMMYTUPYEMOM CETM Moka3aHa B MpaBOW 4acTu
puc. 2.3 — ¢pparmeHT (06). OHa npeacTaBnsgeT cobor Tononornio TMna
«3Be3aa». O4eBnaHO, 4To Mexay ATC v kaxabiM KOHLLEHTpaTopom 6na-
rogaps KonbLEeBOM CTPYKTYPE TPAHCNOPTHOM CETU CYLLLECTBYIOT ABa He-
3aBUCUMBbIX (C TOHKM 3PEHUS HAAEXHOCTWN) NyTM 0OMeHa MHpOopMaLen.
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MocTtpoeHmne 'MC ¢ NPUMEHEHNEM BbIHOCHbIX KOHLIEHTPATOPOB UME-
€T psg NPeuMyLLECTB, CPean KOTOPbLIX CleayeT Has3BaTb COKpalLEeHne
cpegHen onuHbl AJT (4TO, B CBOKO O4Yepedpb, YMEHbLUaeT 3artpaTbl Ha
NOCTPOEHME CeTN JOCTyNa 1 yrnpoLlaeT BBeAEHNE Psaaa HOBbIX YCIYT) U
CHUXeHMe 3aTpaTt Ha 0OHOB/IEHME BepCcuii NnporpaMmMHoro obecnevyeHms
umncpposon ATC. Mcnonb3oBaHne O0OHOW KOMMYTALMOHHOW CTaHUuM B
ropojaax co cpeaHen n 60nbLLIOM NNOLAaAbio NPUBESO K 3aMETHOMY pPOC-
Ty cpeaHen annudbl AJ1. Hanpumep, ons ropoga, popma KoToporo npea-
CTaBMMa KBagpartom, CrpaBedJIMBO CliefyloLee COOTHOLWEHNE Mexay

cpeaHen annHoii AJ1/ v nnowaabio NPUCTaHLUMOHHOIO yyacTka S:

[~ 0,388/S . (2.1)

OueBMOHO, 4YTO OIS KPYMHbIX rOPOAOB, TEPPUTOPUSA KOTOPLIX U3-
MepPSIETCA COTHAMU KBagpaTHbIX KMNOMETPOB, gnmHa AJl cTaHOBUTCS
TakoW, 4TO n3-3a 60NbLIOr0 OCTATOYHOrO 3aTyXaHMs 1 CONPOTUBIIEHMS
wnenda ee NCNONbL30BAHNE CTAHOBUTCH MPUHLMMANANBHO HEBO3MOX-
HbIM. Pa3yMHbIl BbIXO[, N3 TAKOrO MOJIOXKEHUSA — YCTAHOBKA HECKOJb-
kux ATC. JeneHne Tepputopumn Ha GparMeHTbl, B KaXA0M N3 KOTOPbIX
ycTaHaBnmBaeTcsa ATC, Ha3biBaeTcs panoHnpoBaHuem. 3t ATC ctann
MMeHoBaTbCs panoHHbIMKU. OTcloaa 1 cokpalleHme — PATC.

PATC2

PATC5 PATC4

Puc. 2.4. PaiioHupoBaHHas ropopackas tenedoHHas ceTb

Ha puc. 2.4 nokazaH npuMep parioOHMPOBAHHOW CeTU, B KOTOPOM yC-
TaHoBneHbl NATb PATC. Bce naTb KOMMYTALMOHHbBIX CTaHLUWIA CBA3aHbI
Mexay cobol No NpuHUMNY «Kaxaas ¢ Kaxaon». B nepuon pa3sutus
'TC Ha 6a3e aekagHOo-LaroBbIx 1 koopanHaTHbix ATC aToT cnocob noc-
TPOEHUS CETU UCMONb30BAJICH, ECNN MakCUMasnbHOE KONMYECTBO 06-
cnyxmBaemMbix aboHeHTOB He npesbiwano 80000. Mpu undposmsaummn
'TC Takas CTpyKTypa MeXCTaHLMOHHOM CBA3M MOXET NPUMEHATLCS A5
C034aHuA 3HAYNTENBHOW YaCTN MECTHbIX TenedoHHbIX ceTeln. cknoue-
HMeM moryT ctatb 'TC B Meranonucax.
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TA1501

TA1

542 K154

EcTecTBeHHO, 4TO B cocTaBe kaxaon ATC MCNonb3yioTCS BbIHOCHbIE
KoHueHTpaTopbl. [TC 0gHOM 1 TOM Xe eMKOCTU MOXET BbITb MOCTPOEHA
3a CcYeT ycTaHoBKM pas3Horo yncna PATC. Mpu 3TOM cpeaHsas eMKOCTb
PATC nameHsieTcs. 3apgaya Bbibopa emkoctn PATC paccmaTpuBaeTcst
B AeBaATon nekumn. Mpn 6onbwiom ynucne PATC konmnyecTtBo nyykoB CJ1
CTaHOBUTCS Ype3MepHO 6onbluM. VX eMKOCTb HEBENUKA, YTO NPUBO-
OUT K HU3KOMY MUCMONb30BaHMio kaxaoi CJ1. TpaHCNOPTHOW CETbIO C
Bonbimm konmyecTBoM nydkoB CJ1 cnoxHee ynpaenatb. [Mpu nocTpo-
eHnn 'TC Ha BGase OekafgHO-LaroBbiX U KOOPAMHATHBLIX CTAHUUIA Mpu
emkocTu cetun cBbile 80000 HOMeEpPOB CaMO 3KOHOMUWYHOM Oblna nNpu-
3HaHa cTpykTypa cBa3u PATC yepes YBC. MNMpumep ceTtn ¢ YBC nokasaH
Ha puc. 2.5. Npegnonaraetcs, 4To B coctaBe 'TC BbioeneHo Aga y3no-
BbIX parioHa. B nepBomM y3n10BOM paioHe pacnonoxeHsl Tpyu PATC. Ona
CTaHUMKM NoA, NATHaAUAaTbIM HOMEPOM NoKasaHbl TPU TUTMMYHbIX BapuaH-
Ta BK/OYEHMs TenedOoHHbIX annapaTtoB. Bo BTOpOM y3/10BOM parioHe
ycTaHoBNeHbl Ae PATC. Bce PATC oaoHOro y3nioBoro panoHa CBsi3aHbl
Mexay coO0oi No NPUHLMNY «Kaxaas C KaxXaon»,

MepBbI y3n0BOW paioH BTopow y3nosom parioH

PATC11

PATC23

TA1573 cn U e . PATC29

PATC17

YATC157

Puc. 2.5. lopoackas TenedoHHasa ceTb € y3namm
BXOASLLEro CoooLeHns

Mpn 60NbLLIOM B3aUMHOM TSATOTEHUN U NPU HANMMYUN TEXHUYECKOMN
BO3MOXHOCTU Mexay HekoTopbiMn PATC pasHbix y3n0BbIX pariOHOB
MOryT MCNONb30BaTbCs NpsiMble (He npoxogsiwme yeped YBC) nyuknm
CJ1. Takol BapuaHT NMoKasaH LUTPUXNYHKTUPHOW nuHmnen ana PATC17
n PATC29. Ina obecrnevyeHnst BbICOKON HaaexXHoOCTU ceTn obopynoBa-
Hue YBC ycTaHaBnMBaeTCs, Kak MUHUMYM, Ha OBYX MiOLaaKax. dTu
naoLwankn pacnosioXeHbl B 30aHMsX, rae pasmeLtaercs obopyaoBaHmne
PATC.

B kpynHbIx ropogax npumeHeHue YBC He obecneyrBano 9KOHOMUNY-
HO€E NoCTpoOeHne TenedoHHbIX ceTell. B pedynsrate npoBeaeHHbIX UC-
cnegoBaHui OblNO YCTAHOBEHO, 4TO Npu emkocTn 'TC cebiwe 800000
HOMEPOB LenecoobpasHo Ncnonb3oBaTh y3nbl AByx TUNos: YVC n YBC.
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TA
P

TA1542

TA1573
L g

ANl

O6opynosaHune YNC 1 YBC B kaxxg0M y3110BOM paioHe AJ1 NoBbILLEe-
HUSI HAAEXHOCTM CBA3U PA3HOCUIIOCH, KaK MUHUMYM, Ha ABE MOLLaOKW.
TunnyHasa cTpykTypa cetn ¢ YUC n YBC npuBegeHa Ha puc. 2.6. Moka-
3aHbl ABa Y3N0BbIX palioHa. B nepBoM y3n10BOM paiioHe n3obpaxeHa
Tonbko ogHa PATC. Ing Hee, Kak 1 Ha NpeablayLemM PUCYHKe, UIIOCT-
PUPYIOTCS TPM OCHOBHbIX BapmMaHTa BKIIIOYEHUS TEPMUHANOB. Bo BTopom
Y3N10BOM parioHe HacuuTbiBaeTcs Tpu PATC. OHuM cBsA3aHbl Mexay cobomn
Nno NPUHUMNY «Kaxaasa ¢ kaxpor». MNMydok CJ1 mexay YNC2 n YBC22
obecneymBaeT Takxke €elle OAMH MapLUPYT YCTAHOBJIEHUS COEANHEHUS
mexay PATC BTOpOro y3/10BOro parioHa.

MepBebiii y310BOM paioH BTOpOI1 y3n0BOW parioH

PATC221

501 YUC 1 YBC22 chn

PATC15

36

K154

YATC157 PATC223

Puc. 2.6. lopoackasa tenedoHHasa ceTb C y3namm
NCXoasLLero v BXoasiLero coooweHns

BbiOGop onTMManbHOro KonnyecTea y3N0BbIX PAiOHOB U onpeaene-
HUEe NX FPaHnL, O TepPUTOPUKM ropoaa — CNoXHas 3agaqda, ans peLlieHus
KOTOPOW MCMNONb3YIOTCA COBPEMEHHbIE 3KOHOMUKO-MaTemMaTuieckme
MeToapl. [pUHUMNBI pelleHnsa Noao0HbIX 3a4a4 nsnaralTcs B AEBATON
Niekumn.

2.2.2. Cenbckue TenedoHHbIe ceTn

B cooTBeTCTBUM C OCHOBHbIMWU NMpuHuunamm EC3 P® HasHayeHue
kaxgon CTC cocTtomT B TOM, 4TOObI 0becneunTtb obcnyxmBaHue abo-
HEHTOB, KOTOPbIE pacnosiaralTCcsd B rpaHnLAx OOHOro CeNbCKOro My-
HUUMNANBHOro (aAMWHUCTPATUMBHOINO) panoHa. Ha HavyanbHOM aTane
paseutusa CTC ooHOWM 13 MaBHbIX 33434 cYMTanacb OpraHM3aums BHYT-
p1npon3BOACTBEHHOM TeNnedOHHOW CBA3N, YTO Npeaonpenennno npu-
MEHEHNE KOMMYTaUMOHHbIX CTaHUMA Manon emkocTu. CooTHoweHne
Mexay BenndnHamm emkoctm F'TC n CTC TakoBo: npumepHo 88% emkoc-
T TpOI ycTaHOBNEHO B POCCUNCKMX ropoaax. 1o KonuyecTBy 3KCny-
atupyemsbix ATC ctatmuctmnka nHas. Ceblile 60% Bcex KOMMYTALMOHHbIX
CTaHUWN YCTAHOBJIEHO B CEMbCKOM MeCTHOCTM. Elle ogHa BaxHasa 0co-
6eHHocTb CTC 3akso4yaeTcs B TOM, YTO ee pecypchbl (B OCHOBHOM, peyb
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WAET O TPAHCMOPTHOWM CETU) akTUBHO UCMOJIb30BaNMCh AN1g Tenerpad-
HOI CBA3M, NoAauYm NporpaMmm 3ByKOBOIO BELLLAHNSA U 0OOMeHa AaHHbIMU.
TunnyHasa ctpyktypa CTC npuBegeHa Ha puc. 2.7. OHa unmocTpupyeT
nBa ncnonbdyembix B CTC cnocoba ceasmn mexay OC v LC: pagnanbHbii
1 pagmanbHo-y3noson. 0C902 n 0C903 coeamHeHbl ¢ LIC HenocpeacT-
BEHHO. OTOT cnocob cBA3KM Ha3biBaeTcs paananbHbiM. OC911 1 OC912
BKto4eHbl B YC, YTO COOTBETCTBYET paanasibHO-Y3/10BOW CXEME.

AMTC
wnn 3TY 0C911
3CN/CIM  yogq CI

LICO (YCM9) CJl

0C912

C
0C902 0C903

Puc. 2.7. CTpyKTypa TUNUYHOI CeNnbCcKol TenedoHHOol ceTu

LLUITPUXNYHKTUPHOM NWHMEN Ha puc. 2.7 nokasaH npamon ny4ok CJ1
mexay asymsa OC. Takag BO3MOXHOCTb NpeayCMOTPeHa NMpUHUMNaMm
NOCTPOEHUS CUCTEMbI CE/TIbCKOWN CBSA3U, HO Ha NPaKTUKE MCNOJb3yeTCs
O4YeHb peaKo.

B psage pykoBoAsLLMX OOKYMEHTOB BCTPEYancs TEPMUH «KOMOUHK-
poBaHHasa ceTb». OH Mcnonb3oBasica Anas Toro, 4ToObl OTMETUTb BO3-
MOXHOCTb CO34aHus B paioHHOM LeHTpe ['TC. Toroa Ha Tepputopumn
CeNbCKOro agMMHUCTPATUBHOIO panoHa GopMasibHO COCYLLECTBYIOT U
CTC, nI'TC. B opmumanbHbix AOKYMEHTaxX, onyob/IMKOBaHHbLIX B MOCE/ -
HWe rodpl, TEPMUH «KOMOVHMPOBAHHAA CETb>» HE NCMOMb3YyEeTCs.

2.3. 30HoBble TenedoHHble ceTu

TepMnH «30HOBasi TenedoOHHass CeTb» MOSIBMICS KakK CneacTeme
paspaboTkm cMcTeMbI 1 NnaHa Hymepaummn TPOIl. 3t acnektbl THOTI
paccMaTpuBatoTCa B NATON Nekumn. TepMUH «30HOBas CETb» HE MCMOJIb-
3yeTca B 3apybexHON TEXHUYECKOM nuTepatype. TeM He MeHee, ero
NCMONb30BaHME B PYKOBOASALWIMX OOKYMEHTaxX AOMWHUCTPaALUU CBSA3U
Poccnn MOXHO cunTaTb NornyHbiM. Ha puc. 2.8 n3aobpaxeHbl OCHOBHbIE
KOMMOHEHTbI 30HOBOW TeNedOHHON CeTW, NoATBEPXAAOLME LLeneco-
06pasHOCTb BblAENEHNSA OAHOMMEHHOIO YPOBHS nepapxum B TOIT.
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30HOBbLIN TENEdOHHbIN y3en

3CJ1/CIM

3CJ1/CnM
3CJ1/CNM

3CJ1/CnMm

'TC B KpynHbIX ropoaax CTC, Bknioyass 'TC
cybbekta Pepepaunn B PaMOHHbIX LIeHTpax
Puc. 2.8. OCHOBHblEe KOMMNOHEHTbl 30HOBOI TenedoHHOM ceTn

BaxHenwnm KOMMNOHEHTOM 30HOBOM TeNedpOHHOM CETU cyYMTaeTCH
I'TC, pacnonoxeHHas B LUeHTpe cybbekta Pepepauun. Myykamum 3CJ1
n CJIM ata ceTb cBadaHa ¢ 'TC Bcex KpynHbIX ropoaoB, KOTopble — af-
MWHUCTPATMBHO — 0ObIYHO NOAYNHSAIOTCS LIEHTPY cyObekTa Penepaunu.
MpennonaraeTcs, 4TO B cocTaBe cyobekTa Penepaumm co3gaHo K Takmx
I'TC. C ueHTpom cybbekTa Penepaunm cBadaHbl Takke L CenbCckux ce-
Ten. B ux coctaB BXxoaaT n 'TC paoHHbIX LeHTPOoB. MNpu 6onblLoM B3a-
nMHOM TaroteHnn mexgay I'TC kpynHbix ropoaos 1 LIC HEKOTOpPbIX cETEN
CenbCKoW CBA3M MOryT co3gasatbesi npsmble nydkm 3CJ1/CJIM. Ha
puc. 2.8 Takon ny4ok 3CJ1/CJIM nokasan gns k-ovi 'TC n nepson CTC.

Ha puc. 2.9 nokasaHbl OCHOBHbIE BUAbI COEANHEHW, yCTAHABMBA-
eMbIX Npu TenedOoHHON CBA3M BHYTPU OAHOWM 30HbI. TN COEANHEHUS
MOXHO NPOWANIOCTPUPOBATL O/ TPEX TEPMUHANOB, BKJIOYEHHbLIX B
PATC, LLC n ogHy n3 OC.

ocC

3CJ1/CNM

-, -
CIIM amTC 7Y
YBCM nnn 3TY TA2

Puc. 2.9. Buabl coeanHeHnin npn TenedoHHON CBA31 BHYTPU 30HbI
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Mpu yctaHoBneHun coeamHeHus mexay TA1 u TA2 Tpakt obmeHa
nHdopmaumen bynet yctaHoBneH Yyepes PATC, AMTC (mnun 3TY) n LC.
B naHHOM cny4dae B 'TC paiiueHTpa nogpalymMmesaeTcs yctaHoBka LIC.
Ecnn B CTC mncnonbayetcsa YCI, To TA2 BkntovaeTcs B ogHy n3 PATC,
Bxoaswwmx B coctaB 'TC palioHHOro ueHtpa. MNMpu yctaHoBNEHUU CO-
eanHeHns mexay TA1 n TA3 pa3roBOpHbIN TPaKT NPOXOAUT Yepes NATb
KOMMYTaLMOHHbIX cTaHuui: PATC, AMTC (unnm 3TY), UC (unn YCI),
YC n OC. CoeaunHeHune mexay TA2 n TA3 ycTtaHaBnMBaeTCs BHYTPWU
CTC.

2.4. MexpayropogHasa u MeXxayHapoaHas

TenedoHHblIe ceTn

B TedeHme XX Beka mexayropogHas n mexayHapopHas tenedoH-
Haqa cBa3b B Poccum npepocrasnanacb ogHuMm Onepatopom. B Havane
XXI Beka Havanacb 4EMOHOMNOMN3AUNS PbIHKA MEXOYrOpOAHON U MeX-
OyHaponHon TenedoHHOM cBsA3n. CBA3b aOOHEHTOB, BKJIIOYEHHbIX B
pasHble [TC «A» n «B» Ha puc. 2.10, MOXeT ObITb YCTAaHOBJIEHA Yepes
NoByIo0 N3 HECKOJIbKUX CETE MEXAYrOpPOAHOM CBS3N, KOTOPbIE 3KCMTY-
aTtmpyloTcs pasHbiMu Onepatopamu. [1na paccmMmaTtpmBaemMonr Mogenm
n3obpaxeHo M ceTeil MexayropoaHoi cesa3n. AcnekTbl Bbibopa cetu
019 YCTaHOBJIEHUS MeXAYropoAHblIX COEAMHEHMNN pacCMaTPUBAIOTCS B
NATON NeKUnn.

CeTu onepaTopoB MEXAYropoAHON CBA3U

o

Puc. 2.10. CoBpeMeHHble NPUHLUMbI OpraHn3auumn MeXxayropogHon
TenedOoHHON CBA3MN
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Llenecoobpa3Ho BbIOENUTb [OBa BaXHbIX acnekra Mexayropomn-
HOW TenedoHHON cBA3U. Bo-nepBbix, Poccunsa pacnonoxeHa B Aecatn
yacoBbIx nosicax. MosToMy y HEKOTOpPbIX cyobekToB dDeaepaumm KOM-
dOPTHLIV NEpUoa, BpEMEHWN ANt MEXAYropOAHbIX TenedOHHbIX pPasro-
BOPOB CYLLECTBEHHO MEHbLLE, YeM aHaNOrMYHbIN Nepuog, Ans pasroBo-
pPOB B MECTHbIX CETSX. BO-BTOPLIX, COOTHOLLUEHME KaNUTasbHbIX 3aTpat
Ha KOMMYTaUMOHHbIE CTAHUMM U COEOUVHSIOLIME UX KaHamlbl (BMecTe
C cuctemMamm nepegadn) angd mMexayropogHom M MECTHbIX CeTeln, Kak
NpaBwo, CyLLECTBEHHO pa3nuyaetcs. B yacTtHoCTM, nNpu NocTpoeHum
'TC ocHoBHasa nonsa nHeecTmumini Onepartopa HanpaeiseTcs Ha NpMoo-
peTeHne 1 yCTaHOBKY KOMMYTaLMOHHOro o6opynosaHus. Mpun noctpoe-
HUN MexXayropoaHon TenedoHHOM ceTn (0CoBeHHO MexXay ropoaamu,
3HAYMTENbHO YAaNeHHbIMM OPYr OT Apyra) OCHOBHas nons 3arpart One-
paTopa NpuxXoaAmnTCS Ha KaHasibl MeXay KOMMYTaUUOHHBIMU CTaHLUMSIMU.
MoaToMy ONMTUMMU3ALMOHHbLIE 3aJayn, PeELlaemble Mpu MOCTPOEHUU
MEXAyropoaHOM U MECTHLIX CETEN, UMEIOT ONpeaesieHHbIE Pasnnyns.

CTpyKTypbl CeTeNn MeXAyropoaHon Tened@OHHOM CBSA3M pPa3HbIX
OnepaTtopoB MMeT MHOro obuwero. Mo 3Tol NpuYMHEe A0CTaTOYHO
paccMOTpPEeTb CTPYKTYPY CETM MeXAyropogHow TenedOHHOW CBSA3W,
CO34aHHON 00 AEeMOHONoNu3aummn pbiHKa ganbHen ceasn. Ee mogens
npuBegeHa Ha puc. 2.11. OHa UNMIOCTPUPYET MyTK, NO KOTOPbIM MOXHO
YCTAHOBUTb COEAMHEHVE MeXay abOHeHTamMu, HaxoAsWMMUCH B rO-
ponax «A» n «B». na paccmatpuBaemoro ¢pparmenta TpOIlT nokasaH
ydacTtok mexay agymsa AMTC.

YAKA1 YAK?2

YAK4 YAKS

O6X0AHBIN NMYyHOK

AMTC2
[MpsamMon ny4ok

MEeXAyropoaHbIX
KaHanoB

CJIM 3CJ1 C/IM 3Ch
(ropon «A») (ropopn, «B»)

Puc. 2.11. CTpyKTypa 3KCniyaTupyemoi ceTu MexayropoaHom
TenedOoHHON CBA3MN

4. TonbawTenH
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Kpome apyx AMTC nokasaHbl TakXe y3J/ibl aBTOMaTUYECKO KOMMY-
Tauun (YAK), BbinonHswowme GyHKUMM TPaH3UTHBIX CTaHumin. O693a-
TeNbHblE HaNpaBNEeHNS CBA3U BblAeNEHbI CNIOLWHBIMU ANHUAMN.

LUTPUXNYHKTUPHBIE  JIMHWM COOTBETCTBYIOT TEM HanpasieHUsM
CB$131, KOTOPbIE CO34al0TCS NPU COOTBETCTBYIOLLEM TEXHUKO-3KOHOMM-
yeckoM 060CHOBaHUMN.

Bce YAK coeamHsioTcs Mexay coboii Mo NPUHLMNY «Kaxabli C Kax-
ObimM». Jliobas AMTC gonxHa ObiTb CBA3aHa, Kak MUHMMYM, ¢ AByMs YAK.
Mpwn 3HaunTeNsHoM Tpaduke mexay AMTC MoxeT OblTb OpraHM3oBaH
NPSMON NYYOK MEXAYrOPOAHbIX KAHA0B.

OO6bIYHO EMKOCTb TaKUX NMY4KOB PACCYUTHLIBAETCS Ha BLICOKYIO BEPOAT-
HOCTb NoTepb. Toraa 3T Ny4YKN UCMONBL3YIOTCA BECbMa NPOAYKTUBHO, a
N30bLITOYHAsA Harpyska 06CNyXnBaeTcs 3a cHEeT 0OXOAHbIX NYTENA.

Cpean BO3MOXHbIX MapLUPYTOB BbIAENAIOT MyTh NOCNenHero Bolbo-
pa (MMNB). OH BbIOMpaeTCca B TOM Ciy4yae, Koraa CoeguiHeEHNE HE MOXET
ObITb YCTAHOBJIEHO MO MHOMY, Bofiee «KOpoTKOMYy>», MyTn. OObI4HO MMNB
npoxogut yepes asa YAK.

Mopenb, nokasaHHas Ha puc. 2.11, no3BonseT onpenenmTb BO3MOX-
Hble BapuaHTbl YCTAHOBNEHUS COeAMHEHNS MeXay aDOHEHTaMM, BKIIO-
yeHHbiMU B 'TC ropopoBs «A» n «B». Mexay asyms AMTC mMoryT ObiTb
YCTaHOBJIEHbI COEANHEHNSA TaKuUX BUOOB:

e AMTC1 - AMTC2 (ecnm cyLecTBYyET NPSMON My4OK KaHaNoB);

e AMTC1 - YAK3 — AMTC2 (ecnu cyLiecTByeT 00XOAHbIN My4OK KaHa-
noB);

e AMTC1 - YAK4 — AMTC2 (ecnu cyLiecTByeT 0O6XOAHbIN Ny4YOK KaHa-
noB);

e AMTC1 - YAK4 - YAK3 - AMTC2.

Tpadpuk ganbHen cBs3M NOCTOSAHHO PacTeT, 4HTO CTUMYJIMPYET opra-
HMU3aLMI0 MHOXECTBA MNPSAMbIX My4KOB MeXOyropoaHbiX KaHanos. UNe-
papxuyeckne NPpUHUMMbI, MCNOJIb30BaHHbLIE NPY GOPMUPOBAHNN CTPYK-
Typbl MEXAYrOPOAHOW CEeTU, CTAHOBATCA Mao3dDEKTUBHBLIMUA.

O6LWme NpUHLMMBLI OpraHM3aummn MexayHapoaHon TenedoHHOM CBS-
31 nokasaHbl Ha puc. 2.12.

PaccmaTtpuBaemasa moaenb coaepXxunt Tpu MUK, 3Tu ueHTpbI pasme-
LLAOTCA B Tpex pasHblx cTpaHax. Ceasb mexay MLK, pacnonoxeHHbIMn
B CTpaHax «A» 1N «B», MOXeT NPOXOAUTb MO NPAMOMY My4Ky MeXayHa-
POAHbLIX KAHANOB UAN YePEe3 TPAH3UTHbIW LIEHTP, KOTOPbLIM HAXOAUTCH B
cTpaHe «C».



Yactb 1. TenepoHHasi ceTb 00LLEero rnosb30BaHus 51

TOI cTpaHbl «C»

TdOIM cTpaHbl «A» TdOIMM cTpaHbl «B»

Puc. 2.12. CBS3b MEeXAYHapPOAHbIX LLEHTPOB KOMMYTaLumn

MpsaMon Ny4yok KaHanoB cO34aeTcs NPU 3HAYUTENbLHOM YUCHe coe-
OVHEHWI, KOTOpble YCTaHaBNMBAIOTCS MeXAy TepMuHanamu aboHeH-
TOB OBYX CTpaH. Ecnn pesynbraTthl TEXHUKO-9KOHOMMYECKOro aHannsa
He MnoATBepPXAalT LenecoobpasHOCTb OpraHM3auum npsiMoro ny4yka
KaHanoB, KOTOPbIN HENOCPEACTBEHHO cBA3biBaeT MUK aByx cTpaH, TO
NCMOb3yeTCst BOBMOXHOCTb CO34aHMS TPAH3UTHbIX CBA3EN. DTN CBA3U
MOryT YCTaHaBNIMBATbLCS U B TEX Cllydasx, KOraa npsiMoi ny4yok mexay-
HapPOAHbIX KAaHANOB HEQOCTYMEH.

PexkomeHpaumsa ITU-T E.171 orpaHnynBaeT KOMYECTBO TPAH3UTHbLIX
MexayHapoaHbix kaHanos mexay MUK aByx ctpaH. VIx omxHoO 6bITb He
6onee yeTblipex. IATO O3HAYAET, HTO B COEANHEHNN HE OOJIKHO Y4acTBO-
BaTb 6onee Tpex TpaH3nTHbIXx MLK.

CoobpaxeHunsi, N3N0OXEHHbIE BbILLE, CBUAETENLCTBYIOT O TOM, YTO
ons ToOIM onpeneneH Habop BO3MOXHbBIX CTPYKTYP Ha BCEX Mepapxu-
yeckmx ypoBHsix. CMC v CL9, 0 CTpyKType KOTOpbIX ByAeT roBOpPUTLCSH
B ABEHAOLATON M ABajLaTb BTOPOW NEKUMSX, OCHOBAHbl Ha CETEBbIX
apxuTtekTypax. 9Tn CeTn Ha4anu co3aasaTbes No3xe. Mpu ux NnpoexkTm-
poBaHUN BblNN Y4TEHBI OYHKLIMOHAsbHBIE BO3MOXHOCTU COBPEMEHHbIX
CpeacTB nepegayn, kKoMmMyTaumm n ob6paboTkn nHpopmaumm, a Takxke
NCNOMb30BaHbl HOBbIE PE3YNbTaThl UCCNEA0BAHNN, OTHOCALLMXCS K Bbl-
B6opy oNTUManbHOM CTPYKTYpPbI CETU.

CTpykTypbl TENEPOHHBLIX CETEN BCEX YPOBHEN NEPAPXUN MOCTENEH-
HO U3MEHSIIOTCS, YTO 0OYCNOBIEHO PSAOM NPUYNH. B nepsyto ovepedp,
cnegyeT BbIAENNTb MPUYMHBI BHYTPEHHErO XapakTepa, CBSI3aHHbIE C
passutmnem THOT1.

BaxxHenwen ns tTakmx npuymMH MOXHO cumTaTb UMppPOBU3aLVIO TeNe-
$OHHOI ceTu. ITOT NPOLIECC pacCMaTpPMBaETCA B NIEKLMKW, KOTOpas Ha-
3BaHa «CeTeBble TeEXHONOrn». BHELLIHNE NPUYMHBI UBMEHEHUSI CTPYKTY-
pbl TOIN obycnosneHbl nepexoaom K NGN.
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g KniouyeBble cnoBa: cTpyktypa cetu, panoHUpoBaHue, ypoBHN nepapxun,
TPaH3UT, CETb AOCTyNa, KOHLEHTPaTop, MecTHaa TenedoHHasa CeTb, ropoackas Te-
nedoHHas ceTb, cenbckaa TenedoHHasa ceTb, 30HOBasA TenedOoHHas CeTb, MEXAYro-
poaHas TenedoHHas ceTb, MexayHapoaHas TenedoHHasa ceTb, Onepatop cBA3N.

?
n KoHTponbHbIe BONpPOCHI

1. CKONbKO Mepapxm4eCcknx ypoOBHEN MOXHO BblAENNTb B POCCUNCKON TeNehOHHOMN
ceTn o6Lero NonbL30BaHNA?

2. OonycTtum, 4to Bce PATC, nokasaHHble Ha puc. 2.4, CNOCOOHbI BbINONHATb
bYHKUMN TPAH3UTHBIX y310B. CKONbKO BAPUAHTOB YCTAHOBNEHUS COEANHEHNS
mexay PATC1 n PATC3 moxeT ObITb MICNOJIb30BAHO?

3. o kakon emkocTn N'TC ncnonb3oBancs cnocod CBA3U KOMMYTALIMOHHbIX
CTaHLNM «Kaxaasa C Kaaon»?

4. Csblwe kako eMkocTu 'TC 6b11 9KoOHOMUYeckn 3addeKTUBEH BapuaHT
npumeHenus YNC n YBC?

5. Kakux cTaHumin 60nbLUe: FOPOACKMX UMU CENbCKNX?

6. Hanagute, ncnonb3dysa CTPYKTYPY CETU, MOKA3aHHYI0 Ha puc. 2.11, camblii «4NNH-
HbI» NyTb Mexay AsyMst AMTC npu yCTaHOBIEHUN MeXOYyropoaHOro CoeanHe-
HUS.

7. Bcerga nn mexayHapoaHble LEHTPbI KOMMYTaLMM OBYX CTPaH CBA3aHbl MEXAY
coboi HenocpeacTBeHHO?

o
' 3apaum v ynpaxHeHus

1. PaccuutanTte Konm4ecTBO Ny4KOB COEANHUTENbHbIX IMHUI B TENE(POHHOW CETH,
COCTOSILLEN U3 NATUAECHATU CTaHLMIA, KOTOPbIE CBSA3aHbI MeXAy coboli No
MPUHUMINY «Kaxaas ¢ Kaxaor». B TenedoHHy0 CTaHUuIO, 00CNYXMBAKOLLYIO
TEPPUTOPUIO B BUAE Kpyra C paanycom R, BKIIIOYEHbI TPU aDOHEHTCKME NIMHUU.
Mx onviHbl paBHOMEPHO pacnpeaeneHsl Ha otpeske ot 0,1 o 0,9 R.

HainpguTe cpenHiown AnnHy aboHEHTCKOW NNHU.

Jintepartypa K nekuum 2

2.1. Teopwus ceTelh cBsA3U: YuebHMK ons By30B cBs3u/PornHckumii B.H.,
Xapkesuy A.A., LHenc M.A. v gp.; MNMopa pea. B.H. PornHckoro. —
M.: Pagyo n cBa3b, 1981.

2.2. CokonoB H.A. TenekoMMyHUKaLUMOHHbIE ceTu. — M.: AnbBapec MabnuiuiHr,
2004 (http://nicksokolov.narod/ru/lib/html).



Jlekuyusa 3
CeTeBble TexXxHONOrMM

Faciant meliora potents.
(T1yCTb, KTO MOXET, CAENAET JIyHLLE)

3.1. UcTopus pa3BuTUs ceTeBbIX TEXHONOMMMn
B TdOI

TepMUH «TexXHONorus» NPUMEHUM AJ19 OnMcaHus psga rnpoLeccoB
bYHKUMOHUpoBaHus kak TPOI B Lenom, Tak 1 60bLIMHCTBA UCMONb3Yye-
MbIX B HEl TEXHUYECKUX cpencTs. B nekumm paccmaTpmBaloTCs TONbKO
TE€ TEXHONOrMKU, KOTOPbIE NEPEYNCIIEHBI B NPSAMOYrofibHMKax Ha puc. 3.1.
Bo3MOXHbI pa3Hble cnocobbl knaccudurkaumm TeNekoMMYyHNKAUMOHHbIX
TexHonornm. B npennaraemMon knaccmdukaumm akLeHT caenaH Ha Tex-
Honorusix nepenaydn n kommytaumm. OCHOBHOM Matepuan 3Torn nekumm
NOCBSILLEH CEeTEBbIM acnekTam LmMdpoBo KOMMyTaLMN.

TexHONOrMN Nepepayun, Kkak ynomMmHanocb paHee, LenecoobpasHo
paccmMartpuBatb NPUMEHNTENBHO K TpaHcnopTHOM ceTn. C npakTnyec-
KOW TOYKM 3peHunst (B HaCcTHOCTU, Npu npoekTuposaHumn THOI) npobne-
Mbl NepeaaYqm n KoMMyTaLmm pa3gennTsb He Tak NpocTo. CnenyeT ynomsi-
HYTb eLle OOVH KJ1acC TEXHOJIOTNIM, HENOCPEACTBEHHO HE OTHOCALLMINCSA
K ceTeBbIM. Bosnee Toro, aTOT KNACC TEXHONOMVIA MPAKTUYECKN HE BINAET
Ha npuHUmMnel moaepHndaummn TpOrll. Tem He MeHee, OH Cbirpan Ki4e-
BYIO ponb B MmoaepHm3auum THOI B nocnegHen yetBepTn XX Beka. Peub
MOET O NPOrpaMMHOM yripasneHnn. icnonb3oBaHue NporpaMmmMHOro yri-
paBfieHnsa 3aMeTHO pacLunpuno GyHKLMOHaNbHble BO3MOXHOCTU THOIT,
a TakxXe NOoBbICUI0 3PPEKTUBHOCTb CUCTEMbI TEXHNYECKOW 3KCrJyaTa-
uMm 060pyooBaHMS Nepenayn n KOMMyTauuun.
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CeTteBble TexHosoruu B THpOI
TexHonornn nepepayn TexHonorum
nHbopmaumm KOMMYyTaLMN KaHanoB
C ucnonb3oBaHnem
Mo pmsnyecknm uensgm  r-—— —» py4HOro Tpyna
onepaTopoB
Mo kaHanam
aHaNoroBbIX CUCTEM — — ABTOMaTH|ECKaR
nepenaiu aHanorosas
Mo kaHanam
ABTOMaTMYECKaA
LUNPPOBLIX CUCTEM |—— L omaruniecka
nepenayv undposas
Puc. 3.1. Knaccudukauusa TrexHonoruit, ucnonb3yemsix B TpOI

3.2. TexHonoruu nepepa4ym uHpopmaumm

Ha 3ape passutus THOI1 cuctem nepegaydm He cyuectesosano. Ang
nepenayn peyeBbiX CUrHAN0OB NCMNOJIb30BaNUCh GU3MYECKne Lenum, op-
raHM3o0BaHHbIE MO BO3AYLIHbIM U kabenbHbIM NUHUAM cBa3n. CHavana
nPMMEeHANNCb OOHOMPOBOAHbLIE JIMHNN. Takoe pelweHne n3BeCTHO Kak
CXema «MpPoBOA — 3eMs». 3aTEM Havyancs nepexon, K ABYyXnNpPOBOAHbLIM
Lensam Ha abOHEHTCKOM y4acTKe, a A MeXCTaHLMOHHOM CBA3U CTanm
NMPUMEHATLCA N TPEXNMPOBOAHbIE JINHNN.

MosiBneHne cuctem nepenayqm o6ecrneynso BO3MOXHOCTb OpraHn3a-
uMn TenedoHHOM CBA3M Ha BonbluMe paccTosiHUSA. MocTeneHHo duan-
yeckue uenm Obin «BbITECHEHbI» Ha YPOoBEeHb ceTn goctyna. OHu npo-
[0J1KaloT UCMOJb30BAaTbLCS U B PSiAe ropoaCKUX TPAHCNOPTHbLIX CETEN.

TenedOHHbIV TepMUHanN npeobpasyeT akycTudeckme konebaHus B
CUrHanbl nepemMeHHoro Toka. OHM-TO KU NepeaarnTcsa No PU3NYeCKUM
uenam. JlononHutenbHoe npeobpasoBaHWe CUrHANOB MNEPEMEHHOro
Toka He TpebyeTcsa. CnekTp TenedOoHHOro curHana He orpaHN4YMBaeTCs.
MpounsBoanTCa — NP HEOOBXOOUMOCTUN — UBMEHEHME YPOBHS CUTHana,
YTO OnpeaensaeTcs XapakTepucTukamm MCrnonb3yemMom Guandeckon
uenu. Takon noaxon, NoaodeH NPUHUMNY: «As is» (Kak ecTb).
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AHanoroBble cUCTEMbI Nepeaayn, NosiBUBLLUMECH B Havane XX Beka
(nepBbIt 06paze, 661 cosgaH B 1915 roay), npegHasHavyanuch ang Te-
nedoHHowm ceasun. OHM popmunposanm kaHanbl TH. C 3TOW Lenbio CAekTp
TenedoOHHOro curHana ¢ NoMoLLblo GUnbLTpa orpaHNYNBaeTCs anana-
30HOM 300 — 3400 l'u. Mpoueaypbl MOAYNALMN U GOPMUPOBAHUS TPYM-
MOBOr0 CUrHana no3BONSAIOT YMJIOTHUTbL TPAKT oOMeHa MHpOopMaLen.
Ycunutenu, pasmMellaemMsie B MHUK CBA3M, 0OecneyvmBaloT nepegady
rPyrnnoBOro curHana Ha 6onbluMe PACCTOSHUS.

MpuMeHeHne aHanoroBblX CUCTEM MHOMOKaHasIbHOM nepeaymn
CrnocobCTBOBASIO aKTUBHOMY PA3BUTUIO CETEN MEXAYrOPOAHON U MEX-
ayHapogHom ceasu. ng Poccun, ¢ y4eTOM pasMepoB ee TeppuUTopun,
CUCTEMBbI Mepenayn ctannm HeobBXxoOMOCTbIO U AN NOCTPOEHUS CeTeN
cenbCKom cBA3un. B npouecce Npon3BOACTBa U 3KCMyaTauum aHanoro-
BbIX CUCTEM Mepenayn BbISBUIICA PSL UX CYLLLECTBEHHbIX HE4O0CTaTKOB.
Hauancsa nepexon k umdpoBeiM cuctemam nepegaum (LICIM). Moka B
poccuiickon ThOIl npooomkaeTcs akenayaTtaumns 1 paHee yCTaHOBMEH-
HbIX aHaI0rOBbLIX CUCTEM Nnepeayn.

Hatoin nossneHns nepson LCI moxHo cumtatb 1870 roa, koraa
B KOMMEPYECKYIO aKcrnyataumio Oblna BBeAeHa annapaTtypa ois o6-
MeHa TenerpadHbiMM coobLLeHnsIMU. B ee cocTaB BXOOWUAW 3NEKTPO-
MexaHu4eckne pereHepatopbl. O4EBUAHO, YTO 3NEKTPOMEXaHNYECKME
NPUHUMNAbI pPEereHepaunn He MOMM MCNONb30BaTbCs B TenedoHuu.
LICM ana TenedoHHOM cBA3M ObIIN pa3paboTaHbl HA OCHOBaHUN Teo-
PEeTUYECKUMX MOJIOXKEHN Npeobpa3oBaHMs aHaIOroBbiX CUrHAaNOB B
umdposble. MNpakTnyeckoe npumeHeHne Hawnm LCI, ncnoneayowme
MMNynbCHo-kogoBy moaynaumio (MKM). Mepebie LUCI oTHOoCUNUCb
K TaKk Ha3blBAEMOMN NNe3noxpoHHonm nepapxum. LICI aTtoro cemencrtea
CTanu LWUMPOKO UCMONb30BAaTbCs Ha BCEX ypoBHAX nepapxun TdOrll. B
oTedecTBeHHbIX ['TC valle opyrmx NpUMeHsININCb CUCTEMbI, 00 beaNHEH-
Hble 0OwmMn HasBaHuaMn MKM-30 n MKM-120. Ha mexayropogHom
YPOBHE 06bI4HO NpumMeHsinmck LICIM ¢ 6onbluein nponyckHoOM cnocob-
HoCTbIO — MIKM-480. B CTC npuMeHAanuUCb Ny4kn Manom eMkocTu. Noa-
TOMYy, Hapsay co ctaHgapTHeiMu LLCT tnna MUKM-30 n UKM-120, ctanu
yctaHasnmeatbes LLCIM, o6pasyowme natHaguaTts OUK. 31m LICI nony-
ynnu Ha3saHune NKM-15.

MponyckHasa cnocobHocTb LICIM Buaa MKM-30 n MKM-120 pasnu-
yanacb 6onee 4eM B YeTbipe pasda. TakoBbl MPUHLNMBI MYSILTUMIEKCU-
poBaHUA Ans nne3voxXpoHHown uepapxum LICI. B HOBOM nokoneHun
LICIM, nonyuynBLIEM Ha3BaHUE CUHXPOHHas umppoBasn nepapxmsa (SDH —
Synchronous Digital Hierarchy), npuHSTbI MHbIE NPUHUMNLI MYLTUMNNEK-
cupoBaHus. HoMuHanbl NPOMyCKHOM CMOCOOHOCTU COCEeAHNX YPOBHEN
pasfnnyaroTcs POBHO B YeThbIpe pasa. B cnctemax nepenaym nokosieHns
SDH BBeaeH Takke psaa Apyrux UMeHeHU, KOTopble 3aMeTHO YJTyHLLIN-
JIN 3KCnyaTaumoHHbIEe NoKa3aTesnm TPaHCMOPTHOM CeTu.
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OnHuM 3 BaxxHenwnx ceoicTi LICI cumTaeTcs Bbicokast MTOMexoyc-
ToM4mBOCTb. Mpu Npreme UMPPOBOro curHana, NnapameTpbl KOTOPOro
npu pacnpoCcTPaHEHUN MO IMHUN N3MEHSIOTCS U MUCKaXaloTcs Mn3-3a
BNUSAHUSA MOMEX, He0OX0AMMO PEeLUUTb: 4TO OblI0 NepeaaHo — «HOJb»
Wnn «eguHuLa». Takas cutyaumsa oOycnoBfieHa TEM, YTO LMPPOBON CUr-
HaM MOXET UMETb TOJIbKO ABa COCTOAHUA. lPpUHATME peLueHus npy npue-
Me aHa/loroBOro curHana npencraensetcs 6onee cnoxHoeiM. OH nmeeT
HECYETHOE YNCJI0 COCTOSHUN.

C ppyroin CTopoHbl, Npu GOPMUPOBAHUM LMGPOBOro CurHana He-
nM36eXHO BO3HMKAIOT UCKAXEHUS1 kBaHTOBaHuS. Mpu 6onbLIOM ymcne
npeobpasoBaHnii Tuna «aHanor-umdpa» 3TM UCKAXEHUs HakarnaMea-
loTCA. B pesynbrate MOXET C/IOXKMUTLCS MOJIOKEHUE, Korga npenmy-
wecTtea LICI1, cea3aHHbIE C BBICOKOM MOMEXOYCTONYMBOCThIO, OKaXYTCS
He CTONb CYLLECTBEHHbIMU. ITO O3HA4YaeT, 4yTo npeumyecTtea LICI B
NMOJSTHOM Mepe packpbiBalOTCAa B Tex cnyyaax, korga TdOIN noctpoeHa
C MMHMMANbHbIM YUCNOM Npeobpal3oBaHMn TuUMNa «aHanor-uudpar.
HeobxoanmbiMm ycnosmem peanmaaunm npemmyuiects LICI ctaHoBUTCS
umMdpoBas KOMMYTALMA, HO 3TOro He goctatoyHo. CneayeT paspabo-
TaTb CUCTEMHO-CETEBbIE PELUEHNd, NO3BONSIOLME PA3YMHO COYeTaTb
uMdpoBblie METOALI Nepeaaydm n KOMMyTaLumn.

3.3. CuHxpoHu3auusa

MpumeHeHmne LLICIM noTpeboBano pewmnTb pag HOBbIX 3a4a4, KOTOpble
He BO3HWKaNM Npu UCMoJSIb30BAaHUN aHaNIOrOBOM TEXHMKN Nepeaadn u
KOMMYyTaUMK. ITU 3a4ad4m YCNOXHUIUCL npu umdpposmzaumm THOTIl.
Peub naget o cuHxpoHusauumn. MNopa CMHXpoOHM3aLmer NoHMMaeTcs Npo-
Lueaypa corfiacoBaHus Mexay (QyYHKUMOHANbHLIMW 3/IEMEHTaMn CeTu
CB$131 BPEMEHW BbINOJIHEHUSI HEKOTOPbIX BaXKHbIX MPOLIECCOB Nepenayn,
KoMMyTaummn n 06paboTkn MHdopmMaunmn. TEPMUH «CUHXPOHU3ALUMS» UC-
Nonb3yeTcs AN ONUCaHNs pasfNyHbIX MPOLECCOB PYHKLMOHMPOBAHNS
CETU CBA3U 1 ee OTAESbHbIX 9N1IEMEHTOB. [MPUMEHUTENBHO K LMMPOBOWA
TdOIM uenecoobpasHo paccMaTpmMBaTh TPU aCMekTa CUHXPOHU3ALMN:

® TaKTOBasd CUHXPOHN3ALUA,
® LIMKNOBad CUHXPOHN3aLUNA;
e ceTeBad CMHXPOHMN3auund.

TakToBas CMHXPOHU3ALMA OCHOBaHA Ha BblOENEHUN CUrHana CUHX-
poHM3aUMn 13 obLlero notoka 6mTos. OHa Heobxoavma Ansa cornaco-
BaHWSA BO BpeMeHU paboTbl YCTPOWCTB Nnepenayn u npuemMa Ha ypoBHe
OUTOB (TaKTOBLIX MHTEPBanoB). LiMknoBas cMHXpoHu3aLUma Heobxoanma
Ona onpeneneHus B o0LeM notoke BUTOB HavYana u KoHua 6J10KOB UH-
dopmaumn, NocTynawLLen oT pasHbiX MCTOYHUKOB, OJ1S NPaBUIILHOIO
pacnpeneneHns ee Ha npneme. CeTeBas CUHXPOHN3ALUNSA NoaOepPXNBa-
eT 3aJaHHbIe NokasaTeNnn A0NrOBPEMEHHOM TOYHOCTU N CTabUIIbHOCTU
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TaKTOBbIX CUrHASIOB B pa3HbIX TOYKAxX CETU (B TOM 4Mcne, Npu MexXayHa-
POOHbIX COEAUHEHUSIX) C TEM, YTOObI 06ECneYnBanoch BbICOKOE Ka4eCT-
BO nepenayun nHdopmaumu.

Lns ceTeBom CMHXPOHM3ALMN NCNONb3YIOTCS KBAPLEBbIE U aTOMHbIE
reHepaTopbl. OHM BbIpabaThiBAOT STAIOHHBLIE CUIHAMbI C BLICOKOW TOY-
HOCTbIO. Hanpumep, ctabunbHOCTb 0OLIYHOIO KBAPLIEBOIro reHepartopa
cocTtaBnsieT 10 3arog. CtabunbHOCTb aTOMHbIX FEeHepPaTopoB, NoAPas-
hensieMbix Ha pybuameBble, LEe3MeEBbIE U BOOOPOAHbIE, CYLLIECTBEHHO
Bbille. B yacTHOCTM, ue3neBblii reHepaTop obecneynmBaeT CTabUIb-
HocTb 10" 3a rog,.

3.4. TexHONornm KOMmMyTaLuum KaHasoB

KommyTauus, BeinonHgaemas onepatopamMmu (tenedoHncTamm), B Ha-
CTOsILEE BPEMS MUCMOJSIb3YEeTCH NPENMYLLECTBEHHO B pasnnyHbix LLOB,
TO ecTb B Tex anemeHTax TpOI, KoTopble ObIN Ha3BaHbl «CpeacTBamm
noaaepxku ycnyr». K nogobHbIM cucteMmam MOXHO OTHECTU U HEKOTO-
pble cnydam ncnonb3oBaHus YATC, koraa BXxogsiluye BbI3OBbI LENECO-
06pasHo NpUHMMAaTb cneumasbHO Ha3HavYeHHbIM onepaTopam. B ceTax
MEXAYyropoaHON N MeXAyHapPOoaHOM TenedOHHOW CBA3MN NPOA0IKAETCS
(HO B MeHbLUMX 06bEMax) MCMOb30BaHNE KOMMYTaTOPOB, 0OCNyXMBa-
eMbIX onepaTopamMm. ITO CBA3aHO C PSAOM NpudmH passutms TOM n c
noanepPXKom A0NOSHUTENbHbIX YCYT HEKOTOPbIX BUAOB.

Mpoueccbl YCTAHOBNEHUSI COEOMHEHUI B MECTHbIX TenedOHHbIX
CeTax MNpPakTUYeckM MONHOCTbIO aBTOMaTU3MPOBaHLI. Mcnonb3yloTcd
OBEe TEXHONOrM1 KOMMyTauUmMn: aHanoroeasa n undposas. Mix ocCHoBHoe
pasnnyme nokasaHo Ha puc. 3.2. BepxHuin dparMeHT mogenm ns3obpa-
XaeT rMMnoTETUYECKYID KOMMYTAUMOHHYIO CTaHUMIO, KOTopas AO0/KHA
coeanHUTb BXoA, «1» ¢ BbIXOOOM «N». B HMXHEN yactn mogenu nokasa-
Hbl YNPOLLEHHbIE CNOCOObLI peLleHnst 3ToM 3aaa4u ANng AByX TEXHONOrMin
KOMMYyTaLNN.

B aHanoroso KOMMYTaUMOHHOW CTaHUUN COeOMHEHNE BXoaa «1» C
BbIXOAOM «/N» MOXET ObITb NPEACTABNEHO Kak MPOLLECC 3aMblKaHUS Kito-
yenm K1 n K2. B pesynbrate Mexay 3apaHee 3a4aHHbIMN BXOA0M U BbIXO-
nom obpasyeTtcs TpakT o6meHa nHdopmaumein. na TdOIM npu aHanoro-
BOW KOMMYyTauUuun 3TOT TpakT obecrneynBaeT Npuem u nepegadvy nHbop-
Mauum B nonoce nponyckaHmsa kaHana TY. MNMpouecc cBsa3m Bxoga «1» ¢
BbIXOA0M «N» B ULMPPOBO KOMMYTALMOHHOM CTAHLLMU MOXHO ONucaTb C
NOMOLLLIO 3aNMOMUMHAIOLLEr0 YCTPOMCTBA, B KOTOPOM CUrHaN 3a4epxu-
BaeTCH Ha BpeMs, onpeaensemMoe yCTPOMCTBOM yrnpasneHns. B mooenn
npegnonaraeTcs, 4TO Ans CBA3U BXxoaa «1» € BbIXogoM «N» curHan norn-
XeH 3aaepxuBaTbcs Ha Bpems Nt. CKopoCTb nepenaym B yCTaHOBMIEH-
HOM COoeAMHEHMM ONpenenseTcs CKOPOCTbio 0OMeHa MHGopMaLMeit No
OLK - 64 kbuTt/C.
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Puc. 3.2. AHanoroeas n uuppoBasa kommyTtauus B TopOTn

TexHonorn4yeckne n aKcnayaTaumoHHble npenmyliecTesa umdposom
KOMMyTaumMn cpasy CTanm O4YEBMOHbI BCEM Y4aCTHUKAM TEIEKOMMY-
HMKaLUMOHHOIO pblHKA. 3agada cocTosifia B TOM, 4TOObl BbiOpaTb Orl-
TUMaNbHYIO CTpaTermio MPUMEHEHUS UNPPOBOr0 KOMMYTALMOHHOIO
obopynoBaHusa. ns mexayHapoaHoW 1N MexXayropoaHon TenedoHHbIX
CeTen BO3MOXHa TONIbKO OfHa CTpaTterns — 3amMelleHne aHasnoroBbiX
AMTC n MUK undpposbimu ctaHuyamun. Ina N'MC v — otyactn — CTC Ta-
KO Noaxod, NpencTaBnsieTcs He ONTUMasibHbIM, & B HEKOTOPbIX ClydYasnx
1 HEBO3MOXHbIM. B yacTtHocTn, B I'TC ¢ y3namm HEBO3MOXHO obecne-
YNTb BbIMOSIHEHNE HOPM, YCTAHOBJIEHHbIX A/ AONYCTUMOro 3aTyxaHus
curHana B pasroBOpHOM TpakTe.

3.5. Uudposuzaumua ropoackux renedoHHbIX ceTen

Ons undposmzauum I'MC Gbina paspaboTaHa KOHLEMUNUS «HaNIOXEH-
HOW ceTn», KoTopasa no3sondeT 3pPeKTUBHO NCMNO/Ib30BATb OCHOBHbIE
npeumyllecTea umdposon kommyTtaumm. CyTb 3TOM KOHUENUMU CO-
CTOUT B TOM, 4TO ONS CBA3U MexXAy uMdpOBbIMU KOMMYTALMOHHbLIMMN
CTaHUMSIMN He [OOJIKHbl MCNOJSb30BaTbCH MapLUpyThl, Npoxoasuime
yepes3 aHanoroBble TPAH3UTHbIE Y35bl. B HuXHen nnockoctu puc. 3.3
nokasaHa Mogaenb parioHnpoBaHHom ['TC, KOTopas COCTOUT N3 YEThIPEX
aHanoroBbix PATC. lNpepnonaraeTcs, 4TO BCE 3TU CTAHUMK CBSA3AHbI
mMexay coboin nydykamm CJ1, KoTopble 06pa3oBaHbl GU3NYECKUMU LIENS-
MW 1IN KaHanaMm aHanoroBbIX CUCTEM Nepefayn. 3agaya 3akyaeTcs
B Bbibope MeToda undposmsauum 'MC, KOTOPLIA NO3BOANT NO3TAMHO
3aMeHNTb BCE aKCnyaTMpyemMble aHanorosbsie PATC.
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HanoxeHHas ceTb

PATCS

dkcnnyatmpyemas ceTb

Puc. 3.3. MepBbI 3Tan undpposnsauumn paioHnposaHHon NMC

B BepxHel nnockocTu, roe ganee OyaoeT WNIOCTPMPOBaTbCS MPo-
uecc GOPMUPOBAHUS «HANOXEHHON CETU», N306paxeHa HoBast LUNG-
poBasi KOMMyTaUMOHHaa cTaHumsa. Ei npuceoeHo o603HavyeHne PATCS.
MoXxHO paccmaTpmBaTb U BapuaHT 3aMeHbl OOHOW M3 3KCnyaTupy-
embix PATC. MpuHUMnbl cO34aHNS «HANMOXEHHOW CETU» MPU 3TOM He
MeHsaTca. [na cobnogeHns HOPM 3aTyXxaHust U BbICOKOrO KayecTBa
TenedOoHHON CBA3M HOBAsi KOMMYTALIMOHHAA CTaHUMS CBA3aHa CO BCe-
Mn aHanoroebiMn PATC umdpoBbIMU TpakTamu (34eCb U Janee OHu
nokasaHbl MyHKTUPHLIMU AnHUAMMK). Ha kaxpgor aHanorosoii PATC yc-
TaHaBAMBaeTCca 060pyaoBaHME aHanoro-umdpoBoro npeobpasoBaHms
(ALLT). OHO HeobXxooMMO ANs CONPSKEHUS LUPPOBLIX M aHANOroBbIX
CUCTEM KOMMYTaLUN.

LUndposusauuio THOI cnegyet OCyLLECTBAATD LeNeHanpPaBieHHO.
OTO O3HayaeT, YTo HeobOXOAMMO 3apaHee OMnpenenuTb U CTPYKTYpYy
ceTun, KoTopas obpasdyeTcs nocjie 3ameHbl Bcex aHanoroBbix PATC, n
OCHOBHbIE N0Ka3aTenum, KOTOPbIM AOJIKEH OTBEYaTb MOAEPHUINPYEMBbINA
dparmeHT TPHOI1. MNMpennonoxum, 4To B pe3ynbrate NPoBeAeHHbIX UG-
cnegoBaHuM HanpgeHa ontuManbHasa cTpykTypa TdOrll. OHa noka3aHa
Ha puc. 3.4. B coctae I'TC BxoamnT ogHa PATC, copepxalliasa 4yeTtbipe
BbIHOCHbIX KOHLIEHTPATOopa.
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Puc. 3.4. OnTuMmanbHas CTPYKTypa MmoaepHusnpoBaHHom IN'MC

Cnepytowpme atansl undpposuzaumm MNMC gomkHbl 6biTb HanpaeeHbl
Ha OOCTMXEHNE KOHEYHOW Lenu — GopMUPOBaHUSA HepanoHNPOBAHHOMN
CeTn, B KOTOpon dyHKUMoHMpyeT ogHa ATC C 4eTblpbMs BbIHOCHBIMMA
KOHUEHTpaTopamu.
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Puc. 3.5. Bropoi aTan umdpposusauum paoHnpoBaHHom NMC
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Ha puc. 3.5 nokasaHbl Te UIBMEHEHUS, KOTOPbIE MPOUCXOAAT Ha BTO-
pom atane yndbposuzaumn 'TC. JemoHTmnpyetca PATC4. Ina obcnyxu-
BaHNS aOOHEHTOB 3TOW CTaHUMM YCTaHaBAMBAETCHA KOHLEHTPATOP NOA,
HOMepom 51.

MexcTaHUMOHHas cBA3b Mexay aHanorosbiMn PATC He nameHsieT-
cq. Mpu co3gaHnm coeguHeHnst Mexay TepMuHanamn, BKIIOYEHHbIMMN
B PATC5 1 ee KOHLEHTpaTop, PasroBOPHbLIN TPAKT HE NPOXOAUT Yepe3
aHasioroBoe KOMMyTauUMOHHOe 0bopydoBaHME — Kak U TpebyeTcs B
KOHLEMUMN «HANOXEHHOM ceTu». [pu CBA3M OABYX TEPMUHANOB, BKJIO-
YEeHHbIX B aHanorosoe v undpoBoe KOMMyTaLMOHHOE 0B6opyaoBaHue,
HeobxoaMM NULLb OOVH Nepexon ¢ aHanora Ha undpy um ¢ undpbl Ha
aHanor. 9To Takke OogHO 13 dyHOaMeHTanbHbIX TPEOOBaHMI, KOTOPOEe
onpeaeneHo B KOHLENUMN «HANOXEHHOW CETN».

Kaxabin cnegytowmin atan undposusaumm MC 3aknoyaeTca B 3a-
MEHe OLHOW M3 OCTaBLUMXCS B 9KchayaTtauum aHanorosbix PATC. Ha
puc. 3.6 n 3.7 nokasaHbl UBMEHEHUS, KOTOPbIE CBA3aHbI C AEMOHTaXeEM
PATC2 n PATC1 cooTtBeTcTBEHHO. BMECTO kaxaon n3 atux PATC BBo-
OUTCA B 9KCMyaTauuio BbIHOCHOWM KOHLIEHTpATop.

HanoxeHHas ceTb

K52~ PATC5
K51
~ ~
/ \ O
/
/ \
7
/ \
/ \
/
AL
PATC3

PATCA4

PATC1
akecnnyaTupyemas CeTb

Puc. 3.6. TpeTuii atan undpoeuszauum parioHuposaHHoi N'MMC
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Mocne 3ameHbl PATC3 KoHuUeHTpaTtopoMm K54 npouecc undpposu-
3aumm F'TC 6yneT nonHocTbio 3aBeplueH. Ctpyktypa uudposon I'MC
MOSIHOCTbIO COOTBETCTBYET OMNTUMAabHOM TOMoOMornu, kotopas Obina
BblOpaHa 3apaHee. OHa npueeaeHa Ha puc. 3.4.

Mpun umndposmzaumm IMTC ¢ yanaMmm UCMONL3YIOTCA aHaNOrMYHbIE
npuHumMnbl. Pasnnumna 3aknioyaioTcsa B cnocobax NpakTnieckomn peanu-
3auum KOHUEMUNN «HAIOXEHHOW CEeTU». bonee CnoxHbiM CTaHOBMUTCS
BbIOOp TOoW CcTpykTypbl 'TC, KOTOpas GyaeT ONTUMANbHOM K MOMEHTY
3aBepLUeHns NpoLLecca MOAEPHN3ALIMN CETH.

HanoxeHHas ceTb
Q.
K52 >  PATC5
q K51
- ~
O O
\
K53 \
A\
PATC2 ALIM
382 PATC3
PATC1 ZXZ
zgz PATC4
akennyatmpyemasi CeETb

Puc. 3.7. YeTBepTbiii 3Tan undpoBusauum panoHuposaHHom NMC

Puc. 3.8 nnnioctpupyet nepsbin atan umdpoBmM3aLmm CeTr, NOCTPO-
eHHon ¢ YVC n YBC. AHanoroBas 'TC npeacrtasneHa AByMS y3/10BbIMA
parioHamu. B kaxaom parioHe PATC cBadaHbl apyr ¢ opyrom yepes YNC
n YBC. lNpeanonaraercs, 4To cHadvana 3ameHaetca PATC12. B nnockoc-
TN «HANIOXEHHas CEeTb» MOKa3aHo BKo4eHme undposon PATC12 8 TC1,
KOTOpasa cneumanbHO yCTaHaBNMBAETCS A 06eCrneyeHns ConpskeHns
CO BCEMU aHANOroBbIMK y3namu akcrnyatupyemon I'TC. 3oeck 1 nanee
ob6opynosaHue AL He noka3aHo, 4TOObI HE 3arpoMOXaaTh PUCYHOK.
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HanoxeHHas ceTb

PATC12 TC1

OkcnyaTupyemas ceTb

Puc. 3.8. MepBbii 3Tan uudpposnsaummu cetn c YUC n YBC

Kak n B npenblgayliemM npumepe, npeanonaraetcs, 4To 3apaHee
onpepeneHa cTtpyktypa 'TC, onTumanbHass K MOMEHTY 3aBepLUEHUS
npouecca AeMOHTaXa BCEX aHANIOrOBbIX Y3/10B 1 cTaHuuii. CTpykTypa
3TON ceTn nzobpaxeHa Ha puc. 3.9. OHa COCTOUT N3 ABYX TPAH3UTHbIX
CTaHLMIA, B KaXAYI0 N3 KOTOPbIX BKITOYeHbI Tpy PATC. Bo Bce umndpoBbie
PATC MoryT ObITb BKJTIOYEHbBI BBIHOCHbIE KOHLEHTPATOpPbI. Ha pncyHkax,
kacatowuxcs undposusaumm cetm ¢ YVIC n YBC, BbIHOCHbIE KOHLEHTPA-
TOPbI HE NOKa3aHbl.

HanoxeHHas ceTb

Puc. 3.9. OnTuMmanbHas CTPYKTypa MmogepHu3npoBaHHou N'MC
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Ha puc. 3.10 npeactaBneHbl UBMEHEHUS, KOTOPbIE BbIMOSHSAIOTCS
Ha BTOpPOM aTane undposudauum 'MC ¢ yanamm. JeMOHTUPYIOTCA OBe
PATC, pacnonoxeHHble B pa3HbIX Y3/10BbIX parioHax. [T0aToMy B cocTaBe
«HaJNI0XEHHOM ceTn» ycTaHaBnmBaeTcs eule ogHa TC. OHa npegHasHa-
YyeHa ana nogxnodeHus umdpoBbix PATC, koTopble ByayT ycTaHaBIm-
BaTbCsl BO BTOPOM Y3/10BOM painoHe. CTpykTypa «HaNOXEeHHOW ceTn»
CTaHOBUTCS B0Jiee NOXOXeN Ha Ty TONONOrvto, kotopas 6bina BbibpaHa
B Ka4eCTBe onTumManbHon — puc. 3.9.

HanoxeHHas ceTb

PATC21

PATC1 2382
PATC13 ZXZ

Jkcnnyatnpyemas cetb

Puc. 3.10. BTopoi aTtan uudppoeusauum cetn c YAC n YBC

B nepBoM y3110BOM paiioHe B 3KCrnjlyaTtauum octaeTcst TOJIbKO OaHa
aHanoroas PATC. Ins ee paboTbl 4OJIKHO NPOA0XKATbCA GYHKLNOHM-
posaHne YNC1 n YBC1. Takoe pelueHne He BCceraa npuMemMnemo C y4e-
TOM COCTOSIHMSI aHaNI0roBOro y3/10Boro obopyaosaHust. B psae cnyyaes
npuxoamTca nepeknioyaTs aHanoroebie PATC B undpoBbIe TPAH3UTHLIE
CTaHumun.

Ha Tpetbem aTtane undpposusaumm N'C - puc. 3.11 — npegnonaraet-
cs aeMoHTax aHanoroeson PATC11. 9To o3Ha4vaeT, 4HTo He0O6X0AMMOCTb
B ganbHenwen akcnnyatauum YUC1 n YBC1 otcyTtcTByeT. 9TO 060pYy-
noBaHune Takke aemoHTupyetcs. CoxpaHsatotca YNC2 n YBC2 ana noa-
nepxku padotbl PATC22 n PATC23.
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HanoxeHHas ceTb

O‘ PATC21
PATC11

’/
PATC120<- ‘a%‘ _____ Q
PATC1SO‘

\
PATCT 1382 zgi \ ) ZXZPATCZ
\
ynct \
PATC12 zgi \\ PATC22
PATC13 ZXZ PATC23

akcnnyatupyemasi ceTb

Puc. 3.11. TpeTnii aTan undpposusauum cetu c YAC n YBC

3aeepuwaowmin atan undpposunsaumn cetn ¢ YIC n YBC nogpa3sy-
MeBaeT 3aMeHy ABYX aHaNoroBbiX KOMMYTALMOHHbLIX cTaHUuin: PATC22
n PATC23. OpgHoBpeMeHHO aemMoHTupyetcs obopynoBaHne YUC2 n
YBC2. B pesynbrate popMMpyeTcs CTPYKTypa ceTtu, kotopas bbina no-
kasaHa Ha puc. 3.9. BoaMoXHbI 1 apyrne BapuaHTbl MogepHu3aumm I'C
C y31aMu, HO OHM He MEHSIIOT CYTb U3JI0XKEHHbIX MPUHLIMMNOB MOCTPOEHUS
«HaNOXEHHO ceTun».

3.6. UndpoBusaumusa cenbCckux tenedoHHbIX CeTeEN

Mpouecc undposusauum CTC coBnan ¢ HEOOXOOMMOCTbIO pagu-
KasibHOM MOOEPHU3aLnM BCEN CUCTEMbI CeNIbCKON CBA3U. BHegpeHne
UMPPOBOro KOMMYTaALIMOHHOIO 060PYAOBaHNSA B CE/TIbCKON MECTHOCTMU
HeobxoaMMOo Ha4mMHaThb ¢ ypoBHS LIC. Moao6HbIN Nnoaxoa cOOTBETCTBYET
MAE0NOrnv PasBUTUS CETU, HA3bIBAEMO «CBEPXY — BHU3». Ero ncnonb-
30BaHMe 060CHOBAHO ABYMS (pakTopamMm.

Bo-nepBbix, ycTaHoBka uudposon LIC rapaHTMpyeT cobniogeHue
3a[aHHbIX NoKa3aTenen kadyecTsa nepegaqn nHbopmMaumn (B Nepsyto
oyepenp, AONYCTUMOE 3aTyxaHue).

Bo-BTOpbLIX, CO3aatoTcs 6naronpusTHbIE YCNOBUSA AN MOOEPHN3a-
umn 'MC panoHHOro ueHTpa.

5. lonbawtenH
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Ha puc. 3.12 nokazaHa auHamuka umdposusauum CTC. CTpyKTy-
pa aHanoroBoW CETU NpeacTaBieHa B NEBOV BEPXHEN 4YaCTM PUCYHKA.
Mpennonaraetcsa, 4To umdposmdaumio CTC MOXHO NPOBECTU B TpwU

oTana.
K1 KAMTC
K10
OnTumansHoe
pelueHne 4
K9
K7
K2 K3 K5
K8 K6

Oran il

K1 KAMTC

Oranll

K3
oc12 Ké

Puc. 3.12. Tpu 3aTana umdppoBnsaunm cenbckom TenedoHHON ceTn

Kak n npn aHanmse npoueccos passutus 'MC, cHavana onpepens-
eTCcd onTMMasibHoe pelleHne. Ero npumep nokasaH B NpaBOM BEPXHEM
dparmeHTe paccMmaTpuBaeMon Mogenu.

ApXMTEKTYpa CeTH, BbiIOpaHHas B Ka4eCTBE ONTUMasIbHOW, COOTBETC-
TBYET OOAHOMY M3 CaMblX MNEPCNEKTMBHbLIX BapuUaHTOB MOAEPHU3ALNU
CTC - ee uHTerpaumm ¢ 'TC panoHHOro ueHTtpa. B pesynerarte Takoro
pelweHuns Bce cenbckne ATC 3aMeHSII0TCA KOHLLEHTpaTopamum, KOTopble
Bk/toYeHsbl B LIC.

Ha nepBom atane umdpposunsaummn CTC nukemnampyetca YC1. [ee
OC (ogmHHaguaTas M TpUHaduaTas) 3aMeHsIloTCS KOHLEeHTpaTopaMu.
OpHoBpemeHHO aemMoHTupyetcsa PATC1. BmecTo aToi ctaHumu ycTa-
HaBNMBAETCSH NEepPBbIi KOHLEHTPaToP.
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Opyras YC neMoHTUpyeTCcs Ha BTOPOM aTane undposmnsauum CTC.
Mpennonaraetcs, 4To Bce Tpu obcnyxunaemble OC cpasy xe 3aMeHs-
I0TCS1 BLIHOCHBbIMUM KOHUEHTpaTopamu. B peaynstate popmupyeTtca pa-
ananbHas ctpykTypa CTC. 3ameHsieTcs Takxke n PATC2 B coctaBe 'TC
paoHHOro ueHTpa. ABOHEHThI, BK/lo4YEHHbIE paHee B PATC2, Tenepb
006CnyXnBaloTCs HeTBEPTHIM BbIHOCHBIM KOHLEHTPATOPOM.

Tpn ocTtaBwwmecs B akcnnyataumu aHanoroBole OC 3amMeHaTCs
KOHUEHTpaTopamMu Ha TpeTbeM atane umdposusaumm CTC. Tem cambiM
3aBepLuaeTca GopMmMpoBaHMe CTPYKTYPbI CETU, KOTOpas Oblna BbibpaHa
B Ka4eCTBe ONTUManbHOM A0 Havana undposmnsauum CTC.

BoamoxHbl 1 gpyrve BapuaHTbl undposusaumm CTC. Ux Bbibop
onpeaendeTca C y4eTOM peasibHbIX XapakTepUCTUK aKCnayaTupyembix
ceTen 1N NPOrHo3npyemoro cnpoca Ha ycnyrm HOBbIX BUOOB. TeM He Me-
Hee, BCe NPaKkTUYeCKM 3Ha4YMMble BapuaHTbl pa3sutus CTC onvpatoTcs
Ha KOHUenuuto «HANTOXXEHHON CEeTU».

LindpoBsble TexHONOrMM nepegadm u KOMMyTauum, a Takke Ncnosb-
30BaHWE MAEN NPOrpPaMMHOr0 YNpaBieHUs CYLLECTBEHHO WU3MEHUN
o06nuk THOI, obecneunnm BO3MOXHOCTb BBEAEHUSI psiaa HOBbIX BU-
0OB obcnyxuBaHus. Mpouecchl ganbHeNWero ncnosib3oBaHns HOBbIX
TEXHONOIrMIN He NPUBENU K Ka4eCcTBEHHO MoaepHu3aumm THOI. MNHasn
cutyauus xapaktepHa gnsa CMNC v CA3. Tam HoBble TexHONOrmM obec-
neymBaloT pPsid BaXHbIX UBMEHEHUI, KOTOPbIE CYLLLIECTBEHHO PACLUMPSIOT
BO3MOXHOCTW 006CNyXX1BaHNS aOOHEHTOB.

KniouyeBble cnoBa: 1exHonornsa KoMmmyTaumm, KOMMyTauma KaHanos, umd-
poBu3aums TenedoHHON CETU, HANTOXEHHAs CETb, aKCrlyaTUpyemMast CeTb.

?
ij KoHTponbHbIE BONPOCHI

1. HasosuTe npenmyLlecTBa NpOrpaMMHOro ynpasneHns npu passutum ToOTT.

2. Yem 06ycnoBneH BbIGOP CTpATENMN «HANOXEHHAsA CETb» NPU MOAEPHU3ALNN
ropoackmx TenedoHHbIX ceTen?

3. KakoBbl oTpuLaTeNbHblE MOCNEACTBUS UCNOJIb30BAHNS HECKObKMX
npeobpazoBaHnii «aHanor — unudpa» n «umdpa — aHanor»?

4. I3mMeHseTcs N KONMYEeCTBO KOMMYTALMOHHbBIX CTaHUMI Npy undpoBusaumm
rOPOACKUX N CENbCKNX TeNnedOHHbIX ceTen?

5. Cnepnyet nu opraHn3oBbiBaTh LMGMPOBLIE KaHabl MEXAY TEMU aHaNoroBbIMn
ATC, KOTOpbIE MPOAOIKAIOT 3KCMIYAaTUPOBATLCS, A0 UX 3aMeHbl LUPPOBLIMA
KOMMYTaLMNOHHBbIMU CTAHLMSMWN?



68 Jlekums 3. CeTeBbie TeXHO10rum

6. Moyemy HeLenecoodbpasHO MCNONb30BaTb CTPATENMIO «HaNOXEeHHas CeTb» Npu
MOZEPHM3aALMNN MEXAYrOpOaHON TenedoHHOM ceTn?

7. BnngeTt nu KOAMYECTBO 3TanoB NpU 3aMEHE aHanoroBbIx cenbcknx ATC
Ha xapakTtep cTpatermn undpposmzaumm CTC?

@ 3apaunm ynpaxHeHunsa

1. CocTasbTte anropnt™ undpoBmM3aumm ropoackomn TenedoHHOM CeTH,
B KOTOPOW NCMONb3YeTCs TPW y3na BXOASLLEro coobLeHus. Vicnonbayiite
CNeayoLLyIO T’MNoTe3Y: B KXAbIA Y3N10BOM ParioH BKTIOYEHO no Tpu PATC,
3ameHa kaxgoro YBC — otaenbHbil aTan MogepHM3aummn cetu,
npv 3ameHe kaxaoro YBC Bce aHanorosble PATC 3ameLuatoTcst 0aHOW LMPOBOM
KOMMYTaLMOHHOW CTaHUMEN.

2. Nonpo6yiiTe AONONHUTL KNaccUdUKaUMio TEXHOOMMIA, MOKa3aHHYIo
Ha puc. 3.1, TEMU KOMMNOHEHTaMK, KOTOpPbIE NPeacTaBnaloTCcs Bam BaXKHbIMU
ons passutusa TOOIM.

JNlutepatypa Kk nekuum 3

3.1. MNepcnekTBHbIE TENEKOMMYHUKALMOHHbBIE TEXHONOIMN. MNoTEeHUManbHbIe
BO3MOXxHocTn // Mop pea. J1.4. PeimaHa, J1.E. BapakuHa. — M.: MAC, 2001.

3.2. CokosnoB H.A. 9Bontoums MecTHbIX TenedoHHbIX ceTel. — MNepmb: TOO
«Tunorpadwus «KHnra», 1994 (http://nicksokolov.narod.ru/lib.html).



Nexkuusa 4

Cucrembl
curHanusauum TpOIl

Imperare sibi maximum imperium.
(Bnactb Han coboii — HanBbICLLasi BacTb)

4.1. Ponb curHanusauuvm B TenedoHHOM ceTu

OnpepeneHne TepMmHa «CMrHanusaumsi» NpUBeaeHO B PEKOMEHAA-
umsax ITU. Mop curHanmsaumnen noHMMaeTcss 06MeH MHdopMaumeit (Npu
aBTOMaTUYeCKOM CBA3M), CneunasnbHO NpegHasHa4eHHOoN A1 YCTaHOB-
JNIeHVs N 3aBepLUEHUs COeAMHEHNS, a Takxke A9 ynpaBneHns CeTbio U
obcnyxmBaHMeM Bbl3oBa. B TexHMYeckon nutepaType MOXHO HanTu
MeHee CTporve onpenefieHnsd, aMOoLMOHaNbHee BblOENsaoWwmne pPosib,
KOTOPYIO CMCTEMA CUMHANMM3auUum UrpaeT B CETAX 3NeKTPOoCBA3N. B yacT-
HOCTW, B OOHOI 13 psiga nybnukaumii posib CUrHannM3aumm cpaBHMBaloT C
OYHKUMAMU, KOTOPbIE BbINOJIHAET HEPBHAs CUCTEMA YesloBeKa.

C TO4kM 3peHUnst CETEBOI nepapxumn B TeNedoHUM NPUHATO BbIAENSATb
0Ba B1aa cUrHann3aumm: aboHEHTCKYIO M MEXCTaHLUMOHHYI0. HYacTo BBO-
ONTCS eLle OOMH KNacc — BHYTPUCTAHLMOHHAA curHanmsaums. B kHure
OCHOBHOW akUeHT caenaH Ha 6a30BOM CETU, N OCHOBHOE BHUMaHME B
3TOV NeKunn yoenseTcs MeXCTaHLMOHHOW CUrHanmM3auuu.

Ewe oamH nonesHblin cnocod knaccudukaumm CUCTEM CUTHaNM3a-
UMM OCHOBaH Ha YHKLUMK nepenaBaemMbix coodLleHun. C 3TON ToYKN
3peHns 00bIYHO BbIOENSIOT TPU BUAA CUTHASIOB:
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e aKycTM4eckue, MHpopmmpylolime aboHeHTa 006 OCHOBHbIX ¢a3zax
obcnyxmnBaHus Bbi3oBa (Hanpumep, «OTBeT cTaHUuU» U «KOHTPOIb
MOCBLINIKN BbI30OBA»);

® JINHEWHble, onpeaenalme COCTOAHUA KaHaNoB U YCTPOWCTB KOM-
MyTaLuM B NpoLecce YCTaHOBNEHUS N 3aBepLLUEeHUs coeauHeHus (B
4acTHOCTHU, «3aHaTne» n «OTBeT aboHEHTa»);

e ynpasndilowye (PErMCTPOBLIE), cogepXxaline nHGopmaumio 0 Home-
pe unu agpece, kKotopas Heobxoayma aJis OpraHM3aLUmm CBA3N.

PaccmartpurnBaemble B 3TON NEKLUUN CUCTEMbI MEXCTAHUMOHHOWN CUr-
HanNM3aunm UCMNOoNb3YIOTCA B CETAX PUKCUPOBAHHOM TeN1eOHHON CBA3N
C KOMMyTaumen kaHanos. Mbl NMpogo/KUM U3y4EHME CUCTEM CUrHa-
nm3aummn ang ceteit MOOUNbHOWM CBSA3M B YeTblpHaAUATOM nekuum, a B
TPETLEN HYAaCTUN KHUIM HE pa3 BEPHEMCS K 9TOMY BaXHEWMLLEMY acrekTy
OYHKUMOHNPOBAHUSA CETEN CBA3N.

OpHa 13 BaXHbIX TEHAEHUMI pa3BUTUS TenedoHMN 3akioyaeTcs B
CYLLIECTBEHHOM YCJIOXKHEHNN €€ KOMMYTaUUOHHbIX CTaHLUMIA. DTOT Npo-
LLECC XapakTepeH 1 ans cuctembl curHanm3aumn. NepevyeHb QyHKLUNINA,
KOTOpPble BO3JI0XEHbl HA CUCTEMY CUTHANM3aLMN B COBPEMEHHOM Tene-
doHUn, Becbma obLMpeH. OH Mano NOX0X Ha TOT Habop PYHKUUNA, KO-
TOpbI OblN XapakTepeH Ans HavYanbHOro atana astomatusaumm TpOIT.

4.2. IdBOoNOLUA CUCTEM CUTHaANU3aLun

MNepBble TenedoHHbIe CTaHUMK 6bin pyyHble. CoeanHeHns ycTaHaB-
nmBanu onepatopbl. Habop nepegaBaeMbix CUrHaNoOB 6bl1 MUHUMANEH.
Jns opraHMsaumm cBsiav abOHEHT NoCbinas Bbi3bIBHOM CUrHan onepaTo-
py. OnepaTtop BbICHSAS Y HEro UMS HYXHOro aboHeHTa Uan ero HoMep.
Janee onepatop nocblnan curHan Bel3oBa 3TOMy abOHEHTY, a Nocrie ero
OoTBETa yCTaHaBAMBan CoegnHEHME.

B aBTOMaTnyeckom anekTpocea3n TenedoHHas curHannsauma crtana
npumeHaTbea ¢ 1890 roga, korga AnMoHomM CTpoyaxepom Obina co3aa-
Ha ATC ¢ waroBbiMu nckatensamm. CtaHuUMM 3TOro Tuna crocodHbl Npu-
HUMaTb TeNnedOoHHbIN HOMEpP B BUAE NOCNeaoBaTesibHOCTU MMMNYJIbCOB U
nay3. B TeyeHne cnepyowmx cta neT pa3Butne CUCTEM CUrHann3aumm
NPONCXOANN0 NapanfiefibHo C 3BOJIOLMEN KOMMYTALUWMOHHOro 060pyno-
BaHus. Ho 0o 80-x rogos XX Beka Asis Bcex cuctem tenedoHHON CUrHa-
nnaaumm bbIn XxapakTepHsbl crneayolme obLime CBONCTBRA:

e 0OMEH CuUrHanbHoOWM MHdOpPMaLMen NPoOUCXoann ToNbKo Mexay abo-
HEHTCKUM TepMUHaNoM 1 Toi ATC, B KOTOPYIO OH BKJIIOYEH (aOOHEHT-
ckaga curHanuaaums), nnu mexagy ATC (MeXCTaHUMOHHAsa curHannsa-
umsa);

e CUrHanNM3aumMs OPUEHTUPOBANacb Ha TPAAULUMVOHHbIE TenedoHHbIe
YCNYyrn, N3BECTHbIE B aHINOA3bIHHON TEXHUYECKOW nuTepaTtype no
abbpesuatype POTS (Plain Old Telephone Service);
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e cuUrHanusauma Obla OpuUeHTUpPOBaHa Ha YyCTaHOBJIEHME U 3aBepLue-
HWEe coeMHEHNa Mexay ABYMS TepMuHanamm aboHEHTOB;

e curHanbHas nHdopmauusa nepeagaBanach No TOMy Xe KaHasy, KoTo-
pbI UCMONB30BAaNCH A COeaMHEHMS.

Mpouenypbl MEXCTAHUMOHHOM CUrHanM3aumm anas OEeKafHO-L1aroBbIX
N MawwurHHbIX ATC 6blIM HaMHOMo GMXe K MCXOOHOMY 3HAYEeHUIO CroBa
«curHanudauus». bnokm anekrpomexaHnyeckux ATC, ydacTeyloLme B yC-
TaHOBJIEHNN TeNedOHHOro COeaVHEeHVs,, 0OMEHNBAIMCH 31EKTPUYECKMMMU
curHanamm rno Tomy e KaHasy, KOTopblii 6bin BbIOpaH o8 COeaUHEHUS.
Takoii cnoco® obmeHa MHdOpMauMeln Has3biBaeTCsa CurHannsaumen
B NOJIOCE 4acToT TenleddOHHOro kaHana unun, 6osee KpaTko, BHYTPUMNO-
JIOCHOW CUrHanusaumen.

Pa3roBopHblii kaHan \3 TN

Curnanusaums /. =

PasroBopHbIii KaHas ./\
T +———— oo
CurHanusauus /

KommyTauus n KommyTauus n
yrnpasneHue ynpasneHue
ATCA ATCE
Puc. 4.1. CurHanusauus no TenedoHHOMY KaHany

Ha pwuc. 4.1 3TOT nNpuHUMN curHanan3auum nokasaH pgns yc-
TaAHOBJNIEHNS COEOMHEHUA Mexay TepMuHanamm [OByX CTaHuui
A b. Pa3aroBopHbI U CUrHasIbHbIA KaHasibl 06pa30BaHbl B OAHON 1 TOWM
xe dunamyeckon uenn. 3Tn uenu Oblnn OByX- UM TPEXNPOBOOHLIMU.
OpHonpoBOAHbIE LEenn (Tak HasbiBaemMasd Cxema «MNpOoBOA, — 3EMIISI»)
npu asToMaTn3daumm TenedOoHHbIX CETEN yXe He NCNOoJib30Bannch. ns
opraHm3aumm curHanbHoro kaHana kaxagas CJ1 obopynoBanach nuHen-
HbIM KOMMNNEKTOM. Ha 3ape aBToMatnsaumm atm KOMMNIEKTbl COCTOSNN,
B OCHOBHOM, 13 anekTpomexaHmyeckux pene. OTcioga n 4acto BCTpe-
yaloleecs Ha3BaHue 3Tux komnnekToB — PCJ1 (pene coeauHUTENbHbIX
JINHWI).

Mpoeto obMeHa nHdpopmaumein no BblaeIeHHOMY CUrHANIbHOMY KaHany
(BCK), nosiBnBLUYIOCA OAHOBPEMEHHO C KoopanHaTHbiMK ATC, nnniocT-
pupyeT puc. 4.2. BCK cBa3biBaeT Mmexay cobor yCcTpoMcTBa ynpase-
HUS KOMMYTAUMOHHbIX CTaHumin A u 6. B koopamHaTHbIX ATC dyHKUMK
YCTPOWCTB ynpasfieHUs BbIMONHSAIOT PErMCTPbI U MapKkepbl. CyLwecTByoT
pasHble BapuaHTbl peanm3aummn obMeHa MMHENHBIMU N YNPaBASIOLWLMMMN
curdanamm no BCK. Tem HE MeHee, BCEM 3TUM BapuaHTam MnpucyLle
0HO 00LLiee CBONCTBO: KaX bl Pa3roBOPHbLIN KaHan OAHO3HAYHO CBS-
3aH ¢ BCK (ogH1m vnn gymsi, B 3aBMCUMOCTM OT TUMNA UCMONb3YyEMOM
CUCTEMbI CUTHaNM3aumn).
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Puc. 4.2. O6meH uidpopmaumeii No BbiaeNneHHOMY CUrHaslbHOMY KaHany

OT0 CBOWCTBO HarnsaHee otTpaxaeTcs B Ha3BaHum BCK B aHrnoa3bIy-
HOI TexHuyeckon nutepaTtype — Channel Associated Signaling (CAS).
BTopoe cnoBo nogyepkmBaeT accoumatnHocTb BCK 1 pasrosopHoro
kaHana. Hanpumep, Kaxapli HOMVUHAN 4YaCTOThbl UM HOMep GuTa B LLIECT-
HagUaTOM kKaHanbHOM uHTepBane Tpakta MKM-30/32 npuHagnexunT
BCK, npegHazHauyeHHOMY A5st 06CNy>XMBaHMS BbI3OBOB, KOTOPbIE YCTa-
HaBIMBAKOTCS MO aCCOLMUPOBAHHOMY C HUM Pa3roBOPHOMY KaHary.

B HacToswee Bpemsa B TGOl ncnonbdyerca curHanmaauysi C OoHUM
n ¢ oeyms BCK. B Tex cnyyasx, koraa TpaHCNoOpTHasi CETb MOCTPOEHA Ha
6ase LICI1, 06bl4HO NnpuMeHseTcs curHanuaauus ¢ asyms BCK. [ns op-
raHn3aumn BCK ctaHgapTnaoBaH anroputM pacnpeneneHns pecypcos,
KOTOpble 06pa30BaHbl B LUECTHAALLATOM KaHallbHOM MHTepBasie TpakTa
MKM-30/32.

Mepenaya HoMepa, KOTOPLIM HabupaeT BbI3blBAIOWMA aAOOHEHT
NOCpPeacTBOM MMMYLCOB M Nay3, 3amMennsieT Npouecc yCTaHOBEHNS
coeauHeHnn. [Insg ycTpaHeHus aToro HegocTatka Oblnia BBeAeHa MHO-
royactoTHas curHanuaaums. MiIcnonb3yemble B HEW CUrHasbHblE KOM-
OUHaAUMN MHOrOYaCTOTHOrO KOoAa COCTOSAT M3 OBYX CUHYCOMOANbHbIX
curHanos. NepegaBaemMble CUrHaNbI UCNONbL3YIOT ABa Pa3HbIX HOMUHanNa
4acTOT U3 LWECTMN BO3MOXHbIX. COOTBETCTBYIOLLMIA CNOCO6 YacTo Ha3bl-
BalOT KOOOM «2 13 6».

Jlioboi nepenaBaemMbliii CUrHaN COAEPXUT OAHO U TO XEe KONUYEeCTBO
4acToT, 4YTO ynydllaeT NOMeExXoyCTOMYMBOCTb koda. BoamoxHoe konum-
4eCTBO KOAOBbIX KOMOWHALMIA B MHOMOYaCTOTHbIX KOJAX Takoro Ttuna
onpegensaeTcs KONMY4ecTBOM codeTaHmi. Anga koga «2 n3 6» OHO BbI4YUC-
nseTcs Tak:

, 6
¢ _2!><(6—2)!_15' (4.1)
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Ona wectn ucnonb3yemMblx  4HacTOT YCTaHOBJIEHbI chneayloLine
3HavyeHuqa: =700 Iy, =900 Iy, f-=1100 I, f,=1300 1y, f=1500 4 n
f;1=1700 4. Ihpekcbl B Ha3BaHUSX YacTOT NoaodpaHbl Tak, YTO UX CyM-
Ma B Kaxaon koMmbuHauumn onpegenseT Ty umdpy, kotopas Obina nepe-
naHa. NcknovyeHue cocTtaBnseT ToNbKo uydppa «0».

MeTop 06MeHa ABYXHACTOTHbIMU KOMOMHAUMSIMU N3BECTEH KaK «MM-
MyJIbCHBIV YEe/THOK». Takoe Ha3BaHne 0OYCNOBIEHO CXOXECTbI0 MeToaa
C NPSMbIMU 1 0OPATHLIMU OBUXEHUAMU TKaLKOro YyesiHoka. OOMeH Tak
Ha3blBaE€MOW pPEerncTtpoBon uHdoOpMaUMen mexay KOOpAUHATHbIMU
CTaHUMSAMM MPOUCXOANT CreayoLLmm obpa3om:

® perncTp NoaxyaeTcs K Mapkepy 1 coobLLaeT o CBOE FOTOBHOCTHU
nepegartb MHOOPMaLNIO;

e Mapkep rnochbl1IaeT curHasn 3anpoca, a B OTBET HA HEro PerncTp nepe-
[aeT HEKOTOPYIO YacTb MHGopMaLmu;

e 3aTeM OT Mapkepa BHOBb MOCTyNaeT CUrHan 3anpoca (UM curHan
NOATBEPXAEHNS NpuUemMa), B OTBET Ha KOTOPbLIN PErncTp nepeaaet
c/ieayoLLyio Nopumio MHdopmaumy;

e Mepenas BCIO UHGOPMALIMIO, PEMMCTP 0CBOBOXOAeTCS.

Mpn Takom cnocobe nepegayn MHGOPMaLMN MOBLILLIAETCS ee [0-
cToBepHocTb. C Apyroi CTOPOHLI, BO3pacTaeT BpemMsi oOMeHa cwur-
Ha/lbHOW MHpOpMaLumei. Ecnu HeobxoaMmMo nepenasaTb HAKOMIEHHYHO
nHdpopmaumio ¢ Oonee BbICOKOM CKOPOCTbIO, MPUMEHSIETCA METOZ
«UMIY/IbCHbIV nakeT». OH Hallen NpUMeHEHNE 151 CBA3U MECTHbIX KOM-
MYTaLMOHHbIX cTaHumii ¢ AMTC. HakonneHHble KOgoBble KOMOUHALMN
nepegaloTcs Nogpsa ofHa 3a ApYroi ¢ MHTepBaiiaMun, KOTopble Heob-
XOOUMBbI 4191 YCTONYMBOIO npuema nHopmMaumu.

Ona peanusauun npouenypbl aBTOMaTUYECKOro onpeaeneHns Ho-
Mepa (AOH) Bbi3biBaoLllero aboHeHTa Obl1 BbibpaH MeTon nepenadyu
C ele 6oJiee BbICOKOW CKOPOCTbIO. OH Nosnyynn Ha3BaHue «6e3bIHTep-
BaJlbHbIVi UMMYJIbCHbIV nakeT». PaspeneHne KOLOBbIX KOMOMHALMA Ha
NPWEMHOI CTOPOHE OCHOBAHO Ha OOHaPYXEHUN U3MEHEHUS COCTaB/IA-
OLLMX UX YacToT. Ecnun B nepegaBaemMoit NocnenoBaTebHOCTU KOLOBbIX
KOMOUHaUWIA ABE UM HECKOJIbKO KOMOMHaLMIA Noapsd, OANHAKOBLI, TO
BCE YETHbIE OAMHAKOBbIE KOMOMHALMU 3aMEHSIIOTCA cuUrHanom «lMoe-
TopeHue». Hanpumep, TpedbyeTcsa nepenatb Homep 5543333. BmecTo
BTOPOWN M3 ABYX WAYLLUMX NMOAPSS «NATEPOK», Kak U BMECTO BTOPOW U
4YeTBEPTOl U3 YeThIPEX UAYLLUMX NOAPSS, «TPOeK», OyaeT nepenaH cur-
Han «MoBTopeHne». OBo3Ha4yMm ero 6ykBoW «n». Toraa Homep 5543333
OyneT nepenaH kak 5n43n3n.

CtaHgaptmdauuss CUCTEM CUrHanmM3auym — OOHO U3 BaXXHENLnX
HanpasneHnn B geatensHocTn ITU. Ona TenedoHHom ceasm ITU-T pas-
paboTan HeCKOJIbkO cneuudukaumini CUCTEM CUrHannsaumu, nepeas n3
KoTopbIx nosisunack B 1934 roay. Kaxpaa cnepyowias cneunbukaums
yuuTbiBana HoBble TpeboBaHnsa THOI 1 HOBble BO3MOXHOCTU UCMOJIb-
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3yeMbIX TEXHNYECKUX cpencTB. K coxaneHuo, MHOro et Ha3an AoMun-
HucTpaunsa ceasu CCCP npuHana pelleHme o co3gaHny U NpUMeHeHun
COBCTBEHHOW CUCTEMbI CUTHANM3aumMn. B Hell ncnonb3yloTcs pellenns,
3aMMCTBOBaHHbIE 13 crneumdunkaunin cpasy ABYX PEervoHasbHbIX CUC-
Tem curHanusaumm, npuHateix ITU-T: R1 u R2. Ha npodeccrnoHansHOM
cneHre cneundukaumsa oTe4eCTBEHHOM CUCTEMbI CUTHaNu3aummn nme-
HyeTcsa «R-nontopa», a nmweTtcd Tak: R1.5.

MosiBneHMe KOMMYTaUMOHHBIX CTaHUUWIA C NPOrpaMMHbIM yripaBne-
HUEM CTUMYNIMPOBAO pa3paboTKy Ka4eCTBEHHO HOBOW CUCTEMBbI CUr-
Hanu3auuun. I3To ObIIO 0OYCNOBAEHO PAAOM MPUYUH, CPEean KOTOPbIX
uenecoobpasHo Ha3BaTb CreayoLme:

e BbICOKAs CTOMMOCTb 000pYA0BaHUS CUFHANMU3aAUMN U HU3KNIA KO-
OULMEHT NOAE3HOI0 OENCTBUS JIMHENHBLIX KOMIMIEKTOB;

e CylLleCTBEHHOe BpeMsi pPaboTbl OCHOBHbLIX YCTPOWCTB rnepenaqn u
npuema nHpopmaumu;

e OrpaHMYeHHbI COCTaB CUIHaNOB, KOTOPbIMM MOryT 0OMeHNBaTbLCS
KOMMYTaUNOHHbIE CTaHLUN.

Hn3kuin K03 OUUMEHT NOSIE3HOIO LENCTBUS JIMHENHBIX KOMIMIEKTOB
0OBACHAETCS TEM, YTO OHU AENCTBYIOT TOJIbKO HA 3Tanax yCTaHOBIEHUS
1 3aBepLueHns coeanHeHuns. CymMmapHoe cpeaHee BpeMs 3TUX 3Tanos
t,il) CYLLECTBEHHO MeHbLUe, YeM MaTeMaTnyeckoe oxugaHve npoaos-
XXNTENBbHOCTN Pa3rosopa t)(}) . OueBnOHO, 4TO KO3 ULMEHT NONEIHOIO
OEeNCTBMA IMHENHBIX KOMIMJIEKTOB 1 ONpenenseTca cnenyowuym obpa-
30M:

t(l)
n="0n ; - 4.2
1, +t, (4.2)

OO6bI4HO BeNMYMHA n He npeBblwaeT 10%. 3To 04YeHb HN3KMIA KOAD-
OUUMEHT NOAE3HOr0 AENCTBUS AN TEXHUNYECKON CUCTEMBI.

Mpu ncnonb3oBaHMM PACCMOTPEHHBLIX CUCTEM CUMHaNN3aumn BpeMS,
HeobxoaMMoe A5 ynpaBfeHns cCoeaMHEHNEM, B PSfie Cllyd4aeB 3aMeTHO
Bo3pacTtano. OCoOEHHO CyLLECTBEHHbI Oblnn 3a4ep>Xkn B 0OCNyXMBa-
HUW MeXAyHapoOHbIX BbISOBOB, a TakKXe Npu 3akase yc/yr HEKOTOPbIX
BNOOB. Takas cutyaumna Bena K CHVMXEHUIO KaydeCTBa OﬁCJ’Iy)KI/IBaHVIﬂ
Bbl3OBOB.

HoBble BuAbl yCnyr, a Takxke CTPEMJIEHME UCMOJb30BaTb PECYPChI
CUCTeMbI CUrHaNn3aummn onsa peLleHns 3aaad, kacarLyxcs, Hanpumep,
TEXHWUYECKOW aKcnyaTaunu, TpeboBanm pacluMpeHns cocTaBa nepena-
BaeMblx curHanoB. CooTHoLleHme (4.1) noka3biBAET, YTO BO3SMOXHOCTH
BBEAEHNSA HOBbIX CUTHANIOB OrpaHMyeHbl. BBeaeHne HOBbIX HOMMHANOB
nepenaBaeMbix HaCcTOT IWLLb HA BPEMS pellaeT BO3HMKaoLme 3a4a4n,
a TexHum4yeckasa peanm3auus NoaoOHbIX PeLleHun — OoporocTosLlas
M CNoXHas npolenypa.
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YuntbiBasg nogobHble coobpaxeHus, ITU-T pazpabotan cneundu-
Kaumio NpMHUMNmManbHO HOBOW cUcTeMbl curHannsauum. OHa ocHoBaHa
Ha ncnosb3oBaHMKM obuero kaHana curHanmsaumm (OKC). NMpumeHeHne
OKC no3BonsieT NofHOCTbIO YOaIUTb BCE 9N1IeMEHTbl CUCTEMbI CUrHaNN-
3aumm 3 pa3roBOpHOro kaHana.

4.3. O0OwWwmit kKaHan curHanusauum

CHayana 6bi1a paspaboTaHa cneundukaums, NonydmeLIas Ha3BaHue
cucTtembl curHanuadaumm Ne6. OHa npegHasHavanach s ceTein Mex-
OyHapoaHom n mexayropogHom cea3u. B kasectse OKC mornu ncnonb-
30BaTbCH aHasIoroBble N LMdpPoBble KaHanbl. BCckope BbISCHUNOCH, Y4TO
cuctemMe curHanusaumm Ne6 cBOMCTBEHHbLI HEKOTOPbLIE CYLLLECTBEHHLIE
HepocTaTtkn. C Apyron CTOPOHBI, CTano 04EBUOHbIM, YTO cama naes cur-
Hann3auum no OKC — oveHb npusBnekaTenbHa.

Cneundukaumsa cuctembl curHanmsauum Ne6 Obina yTBepXaeHa B
1968 roay. HYepes natb net ITU-T npuHan pelieHne o pa3paboTke HOBOM
CUCTEeMbI 00OLIEKaHaNbHOM CUrHanuM3auum, oTBeYaloLllen nepcrnekTns-
HbIM TpeboBaHuaM kak THOI (Npuyem, Ha BCEX YPOBHSAX ee nepapxun),
Tak U Opyrmx ceTen anekTpocBa3n. ITa CUCTEMA CUrHanM3auum ctana
0HOW 13 caMblx yaayHbIx paspadoTok ITU-T. Ee cneundukaums n3eec-
THa kak cuctema curHanmdauum Ne7. lanee, ncnonb3ys abbpesmatypy
«OKC», Mbl byoem noapasymeBaTthb 0OLMIA KaHan CUrHanmM3aumnm, cooT-
BeTcTBYOLWMI cneundukaumm ITU-T ansa cuctemsl Ne7 (OKC7).

ATC A ATC b

PasroBopHbI kanan 1

Pa3roBopHbIii kaHan 2

PasroBopHbIn kaHan N

KommyTauus KommyTtaums
3BEHO curHanusaummn
YnpaeneHve | OKC |f-f-=—=========———-- - - OKC |+ VYnpasneHue
Puc. 4.3. CurHanusauus no o6emy kaHany

B KBa3nanekTpoOHHbIX N UUEPPOBLIX KOMMYTALMOHHbLIX CTaHLMAX
OYHKUMKM yripaBieHUss — BHE 3aBUCUMOCTU OT UX apXUTEKTYpPbl — BO3-
naraamcb Ha annapaTtHO-NporpaMMHbie CpeacTBa, KOTOPble MOXHO
paccMaTtpuBaTth Kak Creumann3npoBaHHyo 3BM (anekTpoHHas BblYUC-
nnTenbHas MallnHa) Uan BblICOKOMPOU3BOAMNTENbHbLIN KOMMbIOTEP.
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Ona adpdekTMBHOro B3aMMOOENCTBUS KOMMYTAUMOHHbBIX CTaHLWN
Heobx0aMMO NPSIMOE 0OLLIEHNE TEX KOMIMBIOTEPOB, KOTOPbIE BbIMOJHAIOT
DYHKLUMKM CUCTEM yNpaBieHns. 3To oOLLeHne obecrnedymBaeT Ny4oK CUr-
HaslbHbIX 3BeHbEB. 104 CMrHaNbHBIM 3BEHOM MOHMMAETCs napa npoTu-
BOMOJIOXHO HanpaeneHHbix OKC, HenocpeaCTBEHHO CBA3bIBAIOLMX ABE
KOMMYTaUMOHHbIE CTaHUMN N 06ecnevymBatoLLMX ABYXCTOPOHHUIN OOMEH
CUrHaNbHOM NHGOPMaLUMen Mexay HUMN.

Obwme NpUHUMNBLI OBLIEKAHANIbHON CUrHaANM3aumn nokasaHbl Ha
puc. 4.3. O6opynoeaHue ogHoro OKC ucnonedyetca ang nyydka CJl, coc-
Tosuero n3 N pasroBOpHbIX KaHaNoB. 9TO 06CTOATENBCTBO NO3BONAET
paccMaTtpuBaTth KaHan CUrHaInM3auum Kak ooLLmiA.

MpuHUMNbI BblAeNeHna OYHKLUMOHASbHbIX YPOBHEN B MOAENN CUC-
TeMbl 0O6LUEKAHANBHOW CUrHANU3auMm UMeT psag crneumdudeckmx
ocobeHHocTen. CneacTtesmemM 3Toro Ctajo ee OTn4Me OT M3BECTHOWN
moaenu ISO, koTopasa cooepXxmnT cemb ypoBHen. Ha puc. 4.4 nokasaHa
MoJeflb CUCTEMbI 00OLLeKaHaNbHOW CUrHanmMaauum n o603HayYeHbl ee
OT/INYNA OT aHaNIONMYHOM CTPYKTYPbI, NPUHATON MEeXAyHapOoa4HOM Op-
raHm3aumen no crtaHgapTusauuun. 9Ta CTPYKTypa, CoAepXallas CEMb
YPOBHEN, XOPOLLO U3BecTHa no abopesmatype OS| — moaens B3anmMmo-
CB$131 OTKPbITbIX CUCTEM.

YpoBHu OKC YpoBHu OSI
MAP CAP OMAP INAP
DUP| |HUP MUP i 7y i 7y
ISUP TUP 4-7
Y Y Y Y
TCAP
A A y
__ Y Y Yy LI 1 L____
A A A
SCCP
A
3
A\ A\ Y Y
MTP3: CeTb curHanusaumm
MTP1: 3BeHo curHanmsaumm 2
MTP1: 3BeHo nepenayn AaHHbIX 1

Puc. 4.4. Mopaenb cuctemsl o6LeKaHaNbHON CUrHaNu3auum
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Tpu HMXHUX ypoBHA cuctembl OKC oOGpasyet nozacucrema
nepeHoca coobieHnri MTP (Message Transfer Part). ®yHkuuo-
Ha/lbHble BO3MOXHOCTU 3TuX ypoBHen MTP Obinn O0CTaTOYHbI OIS
06CNYXMBaHNSA CUTHANIbHOW Harpys3km Tpex paHee CyLL,EeCTBOBABLUNX
rnoacuCcTemM-rnosib30Baresen:

e ceTun nepegayun gaHHbix — DUP (Data User Part);
e npouenypbl xaHposepa — HUP (Handover User Part);
e TenedoHHom cetn — TUP (Telephone User Part).

Moacuctembl DUP n TUP B poccuinckon cetn CBA3M HE UCMNOJIb30-
Banncb. MHpopmaums o npouenype XaHaoBepa npmBeaeHa B NeKUmsX,
MOCBSLLIEHHbIX CETAM MOABWXHOM CBA3W. Tam Xe ynoMuHaloTcs noa-
cuctembl HUP 1 MUP, opmeHTUpOBaHHbIE HA aHaNoOroBbIM CTaHOAPT
noasuxHon ceasnm NMT-450. B HacToslee BpemMs noadep)ka BCexX
3TMX NoacucTeM nepectana bbiTb akTyasbHON.

Moaocuctema ynpaBneHUsa CUrHanbHbiIMKU coeguHeHusmmn SCCP
(Signalling connection control part) gpononHser &yHkuum MTP3
0o ypoBHsi 3 mopenun OSI| n Heobxoguma ans paboTbl Cneaylolmx
noacucCTeM-nonbL3oBaTenen:

e noaBuxHomn ceadn ctaHgapta NMT-450 — MUP (Mobile User Part);

e UMPPOBON CETU MHTErpanbHoro obcnyxueanmsa — ISUP (ISDN User
Part).

dDyHKUMOHanbHble BO3MOXHOCTU SCCP ncnonb3yotcs Takke npuk-
nagHoW noacucTtemMon noadepXku Tpansakumii TCAP (Transaction
capabilities application part). NMoacuctema TCAP, B cBOWO o4epenp,
Heobxoamma AN GYHKUMOHMPOBAHUS CReaylowmvx NpuknaaHbix nog-
CUCTEM:

e MoOuNbHOM cBA3M cTaHgapTa GSM — MAP (Mobile Application Part);

e 3KcnyaTtaumoHHoro ynpasneHus — OMAP (Operations, Maintenance
and Administration Part);

e WHtennektyansHon cetn — INAP (Intelligent Network Application
Protocol);

e npotokona CAMEL - CAP (CAMEL Application Protocol).

MHdopmauua gnsa ee nocnenyowen nepeaaydm GopmmpyeTca B BUAE
CUIHaNbHbIX COOOLLLEHNI onpeneneHHoro gpopmara. [na nepegayv no
OKC coobuieHne npeobpasyeTcsa B curHanbHyio eamHuuy (CE). 9toT
NPOLECC MOXHO NPeACTaBUTb Kak AOMOJIHEHME CUTHANIbHOro coobule-
HUS BUTaMK, KOTOpble HEOOXOANMBI AN AOCTOBEPHON N HAOEXHOW ne-
penayn nHpopmaumn. Ctpyktypa CE npencrasneHa Ha puc. 4.5.
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F B
F CK CIF (Mone curHanbHoit nHdpopmaumm) | SIO LI I [FSN| I |BCN F
B B
8 16 8n, n>2 8 2 6 1 7 1 7 8

F - ¢dnar, CK - npoBepoyHas kombuHaums, SIO- 6aiiT cnyxebHon nidopmaumm, "/"- pesepBHbie 6UThI,

LI - nhamnkaTop ounHbl, FIB - 6UT MHaMKauumn NpsMoro HanpasneHns (nepepadya curHana), FSN - nopsaakosblin
HoMep nepepasaemoii CE, BIB - 61T nHaukaumm 06paTHOro HanpaeneHus (nepefaya noaTBepXaeHNs),
BSN - nopsiakoBbIi HoMmep noaTeepxaaemori CE

Puc. 4.5. dopmaTt curHanbHO eanHULbI

CurHanbHoe coobuleHne (nonesHas MHdopmMauurs) COAEPXUTCH B
none CIF. AnnHa 3TOro noss — nepemMeHHas BefndmHa, kpatHasi 6anTy.
Mo aTom npuynHe CE Takke nmeet nepeMeHHyIo OJnHy, KoTopas Kpart-
Ha 6anTy Gnarogaps CTPYKType OocTasibHbIX Nnosien. HasHayeHmne aTux
nonei npuBenoeHO B MOHOrpadpusax, MOCBSALLEHHbIX 0OLLEKaHANbHOMN
curHanusaumn. Mx nepeyeHb npuBeneH B CNMUCKE PEKOMEHOOBAHHOMN
nnTepartypsbl.

4.4. CeTb CUrHaNIN3auum

KOMMyTaLMOHHYIO CTaHUMIO C NPOrPaMMHbIM YNpPaBiEHNEM MOXHO
paccMaTtpuBaTth Kak rMyHKT curHaamdauuy. B TexHnyeckom nutepartype
00ObIYHO MCMONb3yeTCs aHrI0A3bl4HOE COKpalleHUe TepMuHa «MyHKT
curHanusauum» — SP (Signaling Point). MyHKT curHann3aumun BbInon-
HAeT dyHKuMM HGOPMMPOBAHMS, Nepeaayun, NpuemMa u nHTepnpetTayum
CUrHanbHbIX co0OLLEeHMA. HekoTopble MYHKTbl CUrHanM3auumn BbINos-
HAOT OyHkuMM nepemelteHns CE n3 ogHoro 3eeHa curHanmsaumm B
apyroe. OHM Ha3bIBADTCA TPAH3UTHBIMU NYHKTaMU curHanmaaumm —STP
(Signaling Transfer Point). CoBokynHocTb SP 1 STP, a Takxe cBA3bIBalO-
LLMX X CUTHAJIbHbIX 3BEHbEB, 0Opa3yeT cBoero poaa cetb. OHa Ha3biBa-
€TCS CEThbIO CUTHaNM3aumun.

Jliobble gBa SP, mexny KOTOpbIMW BO3MOXEH OOMEH CUrHasbHOM
nHdopmaumen, HaadbiBaloTCs cBsiI3aHHbIMK . CBA3b ABYX SP MoxeT 0bec-
neymBaTbCst MO0 NPSMbIM MYYKOM CUTHaNbHBLIX 3BEHLEB, MO0 CPEACT-
BaMu CeTU CUrHann3aumu ¢ opraHmsaumen TpaHsuTa npu nomowim STP.
B nepBom cnyyae gea SP (C TOYKM 3pEeHUs CTPYKTYpPbl CETU CUrHanmaa-
UMW) ABNAIOTCHA CMEXHbIMU, BO BTOPOM — HECMEXHbLIMU. Hannyne B cetn
CUTHanNM3aunm N CMEXHbIX, 1 HECMEXHbIX SP 06yClIOBNEHO TEM, YTO B
HEN BO3MOXHO, B MPUHUMNE, UCMNOJIb30BAHNE PA3HbIX PEXNMOB QYHK-
LMOHMPOBaHUS.

B coBpeMeHHOW ceTu curHanm3auum MoryT NPUMEHSTLCS TPU PeXin-
Ma paboTbl: CBSI3aHHbIV, HECBSI3aHHbIV N KBa3mMcBsi3aHHbIV. KBa3nces-
3aHHbIA pexmnm npencTtaBnsieT codo YaCTHbIM cnyyalh HeCBS3aHHOMO
pexuma.
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MyTb, N0 KOTOPOMY CUrHaNbHaa MHGOPMaLMS NPOXOANT YEPES CETb,
Ha3Ha4yaeTCsa 3apaHee U F9BAFETCS Ha HEKOTOPbIM Nepuopd BPeMeEHU
dunKCMpoBaHHbIM. Ha npakTuke cetn curHanmsaumm noanepXxuBaioT
CBSI3@HHbI N KBA3MUCBSA3aHHbIN pexumbl. B TexHnyeckonm nutepartype
Ha3BaHWe pexmnma padoTbl 0ObIHHO OTOXAECTBAAT C BUAOM CETU CUr-
Hanusauun. NHbIMKU CAOBaMU, Pa3NMYaloT CBSI3aHHbIE N KBAa3MCBSI3aH-
HblE€ CETU CUrHanM3auun.

Mpumepbl opraHu3aumm CBA3aHHOM 1 KBa3UCBA3aHHOW ceTen npuBee-
OeHbl Ha puc. 4.6. lna 06oux BapnaHTOB nNpennofiaraeTcsd, 4To cuctema
obLeKaHanbHON curHanu3auun cospaetcs ons tenedoHHON ceTu, B
KOTOPOW YCTaHOBJIEHbI NATb KOMMYTAUMOHHbIX CTaHuMin. Bce ctaHuun
CBSI3aHbl MeXAy COOO0M N0 NPUHLNMY «KaXAas C KaxOon». ITy TONono-
rMI0 MOBTOPSIET CBA3aHHAsA CETb CUrHaNM3aLum.

SP1 SP1

SP2
SP4 opa SP4 sP3
a) CBa3aHHas ceTb CUrHanM3auum 6) KBasunceasaHHas ceTb curHanmaaumm
Puc. 4.6. CTpPYKTYpbl CETU CUTHANU3auun

B KBasncBA3aHHOW ceTu yCTaHOBNEHO YeTbipe STP. OHM CBSA3aHbI
Mexay coOoW Mo MPUHUMNY «Kaxabli ¢ Kaxabim». Jlobon n3 natn SP
onupaetcsa Ha aga STP. Takoe pelieHne obecrneymBaeT BbICOKYIO Ha-
0EeXHOCTb ceTu curHanmsaumun. NomMmMMo BbICOKOM HAOEXHOCTU CEeTb
cuUrHanusaumm OosikHa Ttakxke obecrneymBaTb ObICTPOE MPOXOXAEHMe
CUrHanbHbIX COOOLLEHU. DTO TpeboBaHMe OOYCNOBNEHO CYLLECTBEH-
HbIM B/IMSHMEM 330€PXKWU CUrHasbHbIX COOOLLUEHUI Ha nokalaTenu
kadyecTBa 06cnyxmBaHua Tpadpuka B THOTT.

CeTb curHann3aumm — BaXKHbli KOMMOHEHT TETEKOMMYHUKALIMOHHOMN
cuctembl. OHa cospaeTca Oons pelleHus 3a4ad, 4acTb KOTOPbIX BbIXO-
OVT 3a pamkm npobnem cuctembl TenedOHHON CBA3U. ViccnenoBaHuio
pPasnuyHbIX aCrekToB CEeTN CUrHaANM3aLUnm NocBsALWeHbl MOHOrpadum n
ancceptauun. lNepexon K ceTaM CreayoLLero nokosieHus nopoaun psg,
HOBbIX MHTEPECHbIX 334a4, KacatloLLMXCSH COBEPLUEHCTBOBAHUS CUCTEMBI
CUrHanusaumu.
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KnioueBble cnoBa: curHanvsauus, pasroBOpPHbI kaHas, CUrHanbHbI Ka-
Han, oOLWMI KaHan CUrHanM3auum, CeTb CUrHaNN3aLUmMmn, CBA3aHHbIE U KBA3MCBA3aH-
Hble CeTU CUrHanmM3aumn.

?
ij KoHTpOnbHbIE BONPOCHI

1.

n

ook w

Kakune Bnabl curHanndaumm eoiaensitoT B THOI ¢ TOUKN 3peHUs CETEBOW
nepapxmn?

Korpa npumeHsieTcs cnocob nepegaym CUrHanbHo nHdopmaumm
«B6e3blHTepBasibHbIA UMMYNbCHbLIV NakeT»?

CKONbKO KOAOBbLIX KOMOMHALMI MOXHO MOMYy4YnTb, Nepeias K cnocoby «3 n3 6»?
B kakOM none CUrHanabHOM eANHULLBbI COAEPXUTCA nonedHas nidopmaumnsa?

B yemM npenmyLlecTBa 1 HegoCcTaTku CUCTEMbI 0BLLEeKaHaIbHOM cUrHann3aummn?

HasoBuTe pasnuunsg mexay o00bl4HbIMU U TPAH3UTHBIMU NYHKTaMM
curHanuaauum?

KakoBbl NpenmyLLecTBa 1 HeA0CTaTKM CBA3AHHOIO 1 KBa3NCBA3aHHOIO PEXVMOB
paboTbl CETU CUrHANM3aLMN?

@ 3apgayum v ynpaxHeHus

. NMpoaHanusunpyiite cmbicn Gopmynbl (4.2) Npu Nnepexone kK cucteme

obLLeKkaHanbHOW CUrHanM3auum.

CocTaBbTe BblpaXeHns ois OLEHKN KanuTasbHbIX 3aTpaTt Ha NOCTPOEHNE
CBSI32aHHOW N KBA3UCBSA3aHHOW ceTen curHanndauunmn. NpoaHannsnpymnte
MoJly4eHHbIE BbIPAXEHUSA C TOYKN 3peHnNs 9P HEKTUBHOCTN KBA3UCBA3AHHOM
ceTu curHanusaumu.

JinTepatypa Kk nekuuun 4

4.1. TonbowTenH B.C. CurHanmnsaumsa B cetax ceasu. Tom 1. 4-e napa,. —

M.: Paguo v cBasb, 2005.

4.2. PocnsakoB A.B. OKC Ne7: apxuTekTypa, MPOTOKOJIbl, MPUMEHEHME.

M.: Oko-Tpenas, 2008.



Nlexumnsa 5

Cucrema
N NIGH HyMepauun

In aedificiis lapis male positus non est removendus.
(KaMmeHb, r1710X0 roJIOXEHHbIV B CTEHY, YXKe HE BbIHELLIb)

5.1. HekoTopblie onpepeneHus

Mop, cuctemon Hymepaunn (numbering system) NOHMMaEeTCHa CO-
BOKYMHOCTb NpaBwuf, MO3BONAAIOWMX UAEHTUdUMUMpoBaTb CeTU, UX
dparMeHTbl, a Takke BbI3blBAIOLWMX W BblI3bIBAEMbIX MOJSIb30BATENEN.
B TenedoHHbIX CETAX TEPMUH «HOMEP>» UCMONb3yeTca A9 0003Ha4YeHUS
TO NnocnegoBaTesibHOCTM UMdp U CMMBOJIOB, KOTOPas OAHO3HAYHO On-
penensieT MecTo NoAK/YeHUs K ceTn TepmuHana, YATC, LLOB n gpyrux
YCTPOWCTB.

Cnepyouwiee BaxHOE NOHATUE — «M1aH Hymepauuu» (numbering
plan). OH onpegensieT dopmaT 1 CTPYKTYPY HOMEpPA, KOTOPbIN A0/IKEH
HabpaTb BbI3bIBAIOLWMIA aOOHEHT OJ1 YCTaHOBNEHUs TpebyemMoro co-
eauHeHud. JecatnyHole Undpbl (M CUMBOJSIbI), ONpeaensiemMble NiaHoMm
HyMepauuun, 06bIYHO CErMEHTUPOBAHbI B rpynnbl, KOTOPbIE NO3BOASAOT
BblAENATb MHPOPMALMIO, OTHOCSLLYIOCS K CTPaHe, K CETU U K TEpMUHANy
aboHeHTa, onepartopa YATC unu LLOB. MNnaH Hymepauuu He Bko4aeT
B cebs npeduKchl 1 APYrylo AONOJIHUTENbHYIO MHbOpMaLnio, HEOBX0-
OVMYI0 Onsl yCTaHOBREHUs coeanHeHns. Npedukebl n 4ONONHUTENbHAsA
nHdopmauma onpenensioTcs npasuiamy Habopa Homepa (dialling
plan). Hanpumep, aboHeHT YATC cobupaeTcs no3BOHUTb B KOMIMaHMUIO
Nno HOMEpPY, KOTOPbLIN M3BECTEH U3 peknambl. JonycTum, 4TO HOMEpP

6. lonbawTenH
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Bbl3bIBAEMOI0 aOOHEHTa COCTOUT U3 cemun Umndp — 2345678. 3Tn undpsl
YyCTaHOBJIEHbI B COOTBETCTBUN C MAaHOM HyYMepaL/Mn Toii MECTHOW ceTw,
B KOTOpPY!o BktoveHa YATC. NnaH Habopa Homepa byaeT TakmM:

e cHayvana aboHeHT YATC HabupaeT npeduKc BbIXO4a B MECTHYIO TeNe-
GbOHHYI0 ceTb, B Ka4ecTBe KOTOPOro pekoOMeHAyeTCs UCMNosb30BaTb
unopy «9»;

e 3aTteM HeobxoaMmo HabpaTb ceMb UMdp (2345678), KOTOPbLIX MOXET
0KasaTbCs BMOJSIHE JOCTAaTOYHO ANS YCTaHOBNeHMs TpebyeMoro coe-
OVNHEeHUS;

e B HEKOTOPbIX Clyvasix Bbl3blBalOWMA abBOHEHT MosyYaeT peyveByto
noackasky, B KOTOPOW, Hanpumep, COAEPXUTCA NpeasioxeHue ne-
pPenTN B peXrM MHOro4acToTHOro Habopa n HabpaTb Homep «555»
ONsl Nony4eHns NoApoOHbIX CBeAEHNI O NpeanaraemMbix ToBapax Unm
ycnyrax.

Mpedukc Bbixoga ¢ YATC B MECTHYIO TENE(POHHYIO CETb, CUMBOJT «k»
ONs nepexoaa B PexXmMM MHOro4acTtoTHOro Habopa u umdpbl «<555» B
OAaHHOM criyqae BXoOsaT B aTpubyThl nnaHa Habopa Homepa. NnaH Hyme-
pauum coaepXnT TONbKO CEMb YNOMSHYTbIX undp — 2345678. MNpedunkc
B 00LLLEM Cly4ae COCTOMUT U3 ogHom nnun 6onee umdp. OH, B 3Ha4YNTE b-
HOIM Mepe, onpeaenseT CTPYKTypy Habupaemon ganee COBOKYMHOCTU
umdp 1 cUMBONOB. MNPUHATO BblAENATbL NPEPUKCHI MEXAYTOPOAHON Y
MeXyHapOHO CBA3W.

B poccuiickoin TpOIl noka B ka4ecTBe 3TUX NPePUKCOB UCMONb3YIOT-
cs umdpa «8» n kKomonHaums «8-10» COOTBETCTBEHHO.

Mnan Hymepauum ona MexayHapoaHon TenedOHHON CeTU U3JTOXEH
B pekomeHgauumsax ITU-T cepun E. OcHoBHaa nHpopmaumna ang TpOrl
coaepxuTca B pekomeHaaumu E. 164.

Pa3paboTtka ontumanbHoro nnaHa Hymepauun TpOIl — ogHa 13 ca-
MbIX CJTIOXHbIX 3a4a4, BO3HMKaLWMX neped ADMUHUCTPALNAMU CBA3N.
MameHeHMe nnaHa Hymepauum CBSI3aHO C pelleHMeM psiga opraHmaa-
LLMOHHbIX, 9KOHOMMYECKMNX, TEXHNYECKMX U, B HEKOTOPbLIX ClyyasX, Ncu-
XONIOrnM4ecKknx 3anaud.

Mnan HymMepaunnm B TEeJIEKOMMYHUKALMOHHbIX CETAX U 4aCTOTHbIN
CMEeKTp B PaAMOCBA3U UMEIOT Psf, CXOXux 4epT. U 1o, u gpyroe npea-
cTaBnsieT cobor NpuMep NPMMEHEHNST OrpaHNYEHHbIX pecypcoB. MNMocne
TOro Kak 3TN pecypchbl UcyepnaHbl, He06X0AMMO OCBamMBaTb HOBbIE Ana-
MasoHbl (HYyMepaumn 1 CrekTpa COOTBETCTBEHHO). ATOT npouecc Tpeby-
eT 6OJ'IbLIJI/IX I/IHBeCTI/ILI,VIVI M1, Kak npaBwuio, CornpsaxeH ¢ "SMEHEHNAMU B
aKCnIyaTpyemMom 060pynoBaHum.

OCHOBHbIE 0COBEHHOCTM MJflaHa HyMepaLun, UCMOoNb3yeMOro B POC-
cuiickon TPOI, 6binn onpeneneHbl AomuHucTpauuen ceasn CCCP.
AAMUHUCTPALUUM CBSA3U OONbLUMHCTBA Pa3BUTbIX CTPaH CTPEMUIUCH
paspabaTbiBaTb MjaH HymepaLumn, pacCHUTaHHbIA HAa HECKOJIbKO Aecs-



Yactb 1. TeneoHHasi ceTb 00LLEero rnosb30BaHus 83

TuneTmin. Hekotopble AOIMUHUCTPaUMK Oaxe AeKknapupoBann nepuog,
nencTeua cuctembl Hymepaumm ot 50 go 100 net. PazButne anekTpo-
CBS13M MPUBESIO K TOMY, YTO 3a MOCNeAHNE rogpl niaaHbl Hymepauum Bo
MHOIMMX CTpaHax NpeTeprnenn 3aMeTHble U3MeHeHUs. AHaNoruyHble
NPOLLECChI XapakTepHbl 1 ansa poccuinckon THOIT.

5.2. [AewcTtBylowmi nnad Hymepauum ECO PO

MnaH Hymepauum, ncnonb3dyemolin B otevectseHHom TOIl, onpene-
ngeTca paaoM PyKOBOAALLMX AOKYMEHTOB, NPUHATLIX ADMUHUCTPaUVEN
cBsA3u Poccumn. OCHOBHbIM U3 3TUX AOKYMEHTOB cuuTaeTcs «Cuctema u
ninaH HymMepaunn Ha CeTSX CBA3U 7-1 30Hbl BCEMUPHOW HyMepauun».
OTOT pykoBOOAWMIA OOKYMEHT yTBepxaeH B 1999 roay. B HasBaHuu
dUrypumpyloT CrnoBa «7-s1 30Ha BCEMUPHOM HymMepauum». 3TO CBA3AHO C
Tem, 4To ITU-T Bolgenun umdpy «7» B Ka4eCTBE MeXAyHapoaHOro koga
ons cea3un ¢ TenedoHHol ceTblo 6biBlwero CCCP. B HacToswee Bpems
unodpa «7» UCnoab3lyeTcs O/ BXOASLWENn MexXayHapoAHOW CBSA3M C
TdOMN Poccun n pecnybnmkn KasaxcrtaH. Mpumepbl HOMEPOB, NCMOJIb-
3yemMbix B ECO PD, npuBeneHsbl Ha puc. 5.1.

A B C a b X X X X X

D E F d e X X X X X

6) Homep aboHeHTa ona HereorpadrUyeckoro niaHa Hymepauum

B nepcnekTtnee
0 y nnm 0 y z _ 1 m n

B) Hymepauus ons Bbixoga K 3KCTPEHHbIM
1 UHHOPMALMOHHO-CMPABOYHbIM ClyX6am

Puc. 5.1. Mpumepsbl aeiicTBylOWEro NnaHa Hymepauum B ECO PO

TdOlM B Poccum penutca Ha 30HOBLIE CETU, KaXAOW U3 KOTOPbIX
Bbloensetcs kog ABC (Koa, aBTOMATMYECKOWM MexXayropogHOW CBA3N).
B kavecTBe 3HauyeHuUl OykBbl A HE MOTYT MCMNOMb30BaTbCS UUPbI «1»,
«2» 1 «0» '; Ha 3Ha4YeHns B 1 C orpaHMyYeHuns He HaK/1aapiBaloTCS.

HaumoHanbHbIn HOMep aboHeHTa poccuiickoi TPOIM cocTtont K3
necatn undp — dparMeHT (a) Ha puc. 5.1. OB6bIYHO ero ob6o3HavaloT

T B HacTosllee BpeMs A1 POCCUNCKMX 30HOBbIX CETEW UCMONb3ylTcs koabl ABC,
HaunHatowmecs ¢ undp 3, 4 n 8.
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cnepyowmm obpasom: ABCabxxxxx. Kop, ABC «npusizaH» K TEPPUTO-
pun cybbekta Penepaumn. Mo 3TOM NPUYMHE ero uHoraa HasbiBaloT
reorpadunyeckum KogomM Hymepauumn. bonblwnHcTBY cybbekToB Pene-
pauun BblaeneH oaviH koa ABC. B HOBbIX opuLMaNbHbIX OJOKYMEHTaX
AgMuHMCTpauum ceasm Poccrn, KOTOpble KacaloTCs MSMEHEHMIN NaaHa
Hymepaumm B THOTI, ko ABC oTHOCUTCS K reorpadudeckn onpeaense-
MO 30HE HyMepauum.

Homep abxxxxxx Ha3bIBAeTCS NOSHLIM MECTHBIM HOMEPOM abOHEHTA.
OH BCcerga cocTouT u3 ceMu uydp Npm MexayropogHom n MexayHapon-
HOW CcBA3W. [pn MecTHON TenedOHHOM CBA3M MOXET TakXe UCMNOoJb30-
BaTbCH MATW- UIN LLECTU3HAYHbIN NiaH Hymepauuu. B aTtom cnydae npu
BXOAALLEN MEXAYrOPOAHON N MEXAYHAPOAHOW CBSA3M OTCYTCTBYIOLLME
B HOMepEe umdpbl a nnm ab JoMKHbI 3aMEHATLCA LUdPaMU «2» NN «22»,
COOTBETCTBEHHO.

B MeCTHbIX TefledOHHbIX CeTAX UCMNONbL3YITCA ABa BUAA CUCTEMBbI
HYMepaumn: 3akpbiTas 1 oTKpbITasd. [pn 3aKpbITON cUCTEME HyMepaLmn
B Npefenax MeCcTHOW CeTu (3a UCKITIOYEHNEM BbIXOLa K 3KCTPEHHbIM U
MHPOPMaLMOHHO-CMNPaBoYHbIM cnyxbam) Bcerga HabupaeTcs 0OHO U
TO xe ymcno umodp. B I'TC Bcerga ncnonb3yercs 3akpbiTad CMcTeEMa Hy-
mMepaumn. OTkpbiTas cuctema Hymepaumm npumenseTcsa B CTC. CywiecT-
BYIOT [Ba BapuaHTa OTKPbLITON HYMepaunm — ¢ MHOEKCOM Bbixoaa 1 6e3
nHaekca Bbixoaa. MHaoekc Bbixoaa rno3BOSISET OT/IMYUTL COEQVHEHVE B
npegenax ATC oT coeanHeHus, yCTaHaBNMBaeMoro ¢ Apyrom CTaHuMen.

C 37Ol TOYKM 3peHus npasuia 0OCNY>XMBaHMS BbI30BA CXOXN C an-
ropuTtMomMm, npuHaTbiMm ana YATC. B cucteme 6e3 nHaekca Bbixoaa pas-
numMe Mexay Bbi30BaMK onpenensieTcs nyrem aHanmsa Habupaemblx
umdp. B tabn. 5.1 npmBeaeHbl NpMMepbl HyMepaumn Npu YCTaHOBNEHUA
coeanHeHnn pasHblx BUAOB. Npegnonaraetcs, 4to ana CTC ncnonbay-
€TCsa 3akpbiTagd NaTu3Ha4yHasa cuctema Hymepauuun. naH Hymepauum
'TC — cemnaHayHbIn. B kayecTBe npumMmepa Hymepaumm Npm Ncnonb3o-
BaHuM YCC B 9TOM 1 B ABYX Cleaylowmx Tabnuuax npmeeaeHsl uudpsbl,
HabupaeMble s CBA3K ¢ onepatopomM MuHMCTEpPCTBa MO Ype3Bblyaii-
HbIM cuTyauusam (MYC).

Ta6bnuua 5.1. LUudpsbl, HAaOUpaemblie NpU 3aKPbITON NATU3HAYHOMN
cucteme Hymepauum B CTC

MecToHaxoxpae- Hymepauus npu Bbi3oBe aGOHEHTa unm oneparopa
HUe Bbi3biBaloOLLe-
ro aGoHeHTa rmc CTC FTC unn CTC ycC
cBoen cBoen Apyron (M4C)
30HOBOW CETU 30HOBOW ceTun 30HOBOW CETN

PATC BITC abxxxxx 8 — 2 — abxxxxx 8 — ABCabxxxxx 01

OCBCTC 8 — 2 — abxxxxx X000 @) 8 — ABCabxxxxx 01

YATCBITC 9 —abxooxx |9-8-2-abxxox% | 9-8-ABCabxxxxx %’ | 9-019
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MpumeyaHus:

a) NpeanonaraeTcsl, YTO BbI3bIBAEMbI aOOHEHT BKJIKOYEH B OAHY U3
KOMMYTALMOHHbIX CTaHuumin aton xe CTC;

0) npedukc «9» MoXeT He HabnpaTbCs, eC/IM Takoe peLleHne peannaye-
MO B ncnonb3dyemon YATC.

AnekTpomexaHmnyeckmne ATC HEKOTOPbLIX TUMOB, UMEIOLLNECS B CEJb-
CKNX TenedOHHbIX CETHAX, NOOAEPXMBAIOT TONbKO OTKPbITbIE CUCTEMBI
HymMepaunn — ¢ MHOEKCOM Bbixoaa 1 6e3 Hero.

B Takmx cnyydasx ncnonb3yoTcs cneumdunyeckme ninaHbl Hymepaumn.
MpuMepbl OTKPLITOM CUCTEMbI HyMepaLumn 6e3 nHaekca (npedpukca) Bbi-
xoaa npuBeneHbl B Tadn. 5.2.

Bxopsawas cBa3b OT aBOHEHTOB OPYrMX 30HOBbLIX CETEN HE UMeeT
cneunduku (Bceraa Habupaetcs komomHauus 8 — ABCabxxxxx. Mo3aTo-
My HyMepaums ons Bxodsilien ceasm B Tabs. 5.2 He npnBoguTcs.

Ons BHYTPUCTAHUMOHHOW CBSI3M BbI3blBaOLLNM aOOHEHT HabupaeT
TPY uMdpsbl, a 4as MeXCTaHUMOHHON — NaTb. ABOHeHThl LIC ona mecT-
HO1 CBA3M BCerga HabupatoT NATb UMPP, TO eCTb MCMOJb3YIOT 3aKPbITYHO
CUCTEMY Hymepauuu. B kayecTBe «x» MOXET MUCMNOJSIb30BaTbCA Ntobas
uvdpa.

Ta6nuua 5.2. Ludpbl, HaBupaembie NPU OTKPbLITOA CUCTEME HYMepaLmn
6e3 nHpekca Bbixopa

CraHuus Hymepauusa npu Bbi30Be aGOHEHTa uiau onepartopa
BbI3bIBalOLLLEro
aGoHeHTa = LLC nnun apyrux YCC (M4C)
CBOe€ CTaHuuu cranumii CTC
LIC Bcex TMnoBs cxxxx @) CXXXX 01
YC BCex TMMoB dxx 9 CXXXX 01
OC Bcex TMnos axx CXXXX 01
MpumeyaHus:

a) B KayecTBe 3Ha4YeHUs C He OO0JHKHbI UICMOb30BaTbCs LNGPbI, C KOTO-
pbIX HA4YMHAKOTCHA COKpaLLeHHble HOMepa (TO eCTb C#d);

6) 3HaYeHUs ¢ 1 d He O0KHbI coBMNaaaTh ¢ umMdpamm «8» n «0»,

MpuMepbl OTKPLITOM CUCTEMblI HYMepauun C MHOEKCOM (npeduk-
coM) BbIxoga npuBepeHbl B Tabn. 5.3. Mpedukc Bbixoga 0603HaYveH
cumBonoMm IT . [Ins BHYTPUCTAHLMOHHOW CBA3M BbI3biBAIOLLNIA aOOHEHT
HabupaeT gge nnn Tpu UNdpbI, a ons MeXCTaHUMOHHOM — NATb (nocne
MHOeKca BbIxoaa).

ABoHeHTbI LIC anga mecTHo cBa3n Bcerga HabupatoT naTb undp, To
€CTb UCMNOMNb3YIOT 3aKPbITYI0 CUCTEMY HYMepaumn. B kayecTBe x MOXET
NCnonb30BaTbCs Ntobas undpa.
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Ta6bnuua 5.3. LUundpbl, HAOMpaembie NpU OTKPbITOA CUCTEME HYMepaLuuv
C MHO,EKCOM BbIXxoga
CraHuus BbI3bIBalO- | Hymepauus npy Bbi3ose aGOHEHTa Wam onepartopa-tenedoHucTa
wero abonenta cBoeii ctaHuuu | LC vnn apyrux ctaHumin CTC 2 YCC (M4C)

LIC Bcex TvnoBs XXXXX XXXXX 01

YC BCcex TMnoB XX, XXX NN dxx HM — XXXXX I1,,- 01

OC nepsoro Tvna @ XX, NI XXX HM — XXXXX I, -01

OC BToporo Tuna o dxx I, - xo00x I, - 01

MpumevaHus:

a) Kk OC nepBoro tuna OTHOCATCA CefbCkMe CTaHuuM BCEX TMUMOB, 3a
ncknoyeHnem ATCK-50/200M, ATCK-100/2000, n Bce ATC ¢ npor-
pPaMMHbIM yripaBiiEHNEM;

6) k OC BTOpOro Tmna otHocATca ATCK-50/200M, ATCK-100/2000 un
Bce ATC ¢ nporpaMMHbIM YNpaB/ieHUEM;

B) B Ka4eCTBE MepBOro 3Haka CoKpalleHHOro HoMepa He A0JKHa UC-
nonb3osaTtbcs undpa, BulaeneHHan ana niaekca Il
B koHue XX Beka Ha4anoCb MHTEHCUBHOE Pa3BUTUE COTOBbLIX CETEN

1 GopMMPOBaHUE NNATEXECMNOCOOHOro CNpoca Ha HEKOTOPbLIE YCyru,

nopaepxuveaemble VIHTennektyansHom ceTbio (IN — Intelligent Network).

9710 cTUMynuMpoBano BBeAEHUE Hereorpaduyeckmx KOOOB, KOTOPbIe

NPUHATO 0603Ha4YaTb NaTUHCKMMK OykBamu DEF. 9TuMm noavepkmBa-

eTca ux otnnyme ot KoaoB ABC, onpeaensieMblx C y4eToM reorpadu-

4eckoro nosioxeHust cyobekta MPepepauun. B ocTtansHOM CTPYKTYpbI

0EeCATU3Ha4YHbIX HOMEPOB CXO0XWU — dparmMeHTbl (a) n (6) Ha puc. 5.1.

Kogpl DEF npuceamnsatoTcs reorpaduyeckm He onpenensemMboiM 30Ham

HyMepaLunu.

Kaxagpin kog DEF, BblgeneHHbin Onepatopy COTOBOW CETWU, NO3BO-
N9eT — TeopeTnyeckn — NPOHYMEPOBaTb BOCEMb MUJIJIMOHOB MOJIL30Ba-
Tenen. CylweCcTBEHHO TO, YTO 3Ta EMKOCTb MOXET pacnpeaensarbcd rno
BCEW TEpPPUTOPUUN, rPaHNLLbI KOTOPOW OnpenenieHbl NMNLEH3NEN, BblOaH-
Ho OnepaTopy. B HacTosilwee BpemMs B kKa4eCcTBe 3Ha4eHns cumeona D
OJ1s1 CeTeli COTOBOV CBA3M 00bIMHO NCMONb3yeTcs undpa «9».

Onsa ycnyr IN 1 HEKOTOPbIX APYrnX NPUAOXKEHNIN Hereorpadpuyeckuin
kon, DEF HeceT nHdopMaLnio, onpenensioLlyo xapakrep obcnyxmba-
HUS Bbi3oBa. CeMb LMdpP, cneayoLmx 3a Koaom DEF, MHTepnpeTupyioT-
CS1 KaK NOrM4yecknii Homep, KOTOPbIN 0ObIYHO HMKAK HE CBSI3aH C MECTOM
BkntoveHnsa B TpOIT kakoro-nmbo TepmumHana. Bece YATC, noakntovae-
Mble K KOMMYTauUMoHHbIM cTaHumsamMm 'TC unnm CTC, oomkHbl MCNOJb-
30BaTb MfaH HyMepauuun, NPUHATBHIA AN COOTBETCTBYIOLLEN MECTHOW
cetTn. B npenenax YATC MOXeT MCNOJSIb30BaTbCA COKpallleHHas Hyme-
pauus. nsa Bbixona aboHeHTOB YATC B MECTHYIO CETb PEKOMEHAYEeTCS
NCNOoNb30BaTb NPedUKC «9»,
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Onsa Bbixoga aboHeHToB 'TC u CTC K 9KCTPEHHbIM chyxbam noka
NCNonb3yTCcs ABYX3Ha4Hble HOMepa (01 — npu noxape, 02 — Mmuanums,
03 - ckopasi MmeamumHckas noMmolp, 04 — aBapuitHas cnyxba razoBom
ceTtun). Ha pparmenTe (B) puc. 5.1 3T Homepa 0603HaYEHbLI CUMBOMAMMN
Oy. JocTyn K MHOOPMAaLIMOHHO-CNPAaBOYHbIM CNy>X6amM 0ObIYHO OpraHu-
3yeTcs 3a cHeT Habopa Tpex3HavyHbIXx HoMepoB Buaa Oyz.

B eBponenckmx cTpaHax ang BbIXoga K 9KCTPEHHbIM M K
MHPOPMALIMOHHO-CNPaBOYHbLIM C/TY>KOaM MNPUHAT NiaH Hymepaunun Buaa
1mn — npaBas 4acTb pparmeHTa (B) Ha puc. 5.1. «Cnyxbe cnaceHusi» BO
Bcewn EBpone npuceoeH egnHbin HoMmep — «112». B koHue 2003 ropa
OblSI0 NPUHSATO pPeLLeHMe 0 CO3AaHNN POCCUINCKON «Cnyxx0Obl cnaceHns».
En ToXe npucBoeH obLeeBponenckmin Homep «112»,

5.3. Ocob6eHHOCTU HYyMepaumn B POCCUNCKOM

TenedoHHON ceTun

B nepBoi1 nekuymn Bbina ynomsiHyTa npaktmka HapyleHus ooenpu-
HATLIX HOPM Npu NocTpoeHun TPOIT. DTN HOPMbI HE ONPEAENSAIOTCS HU-
KaknMun MexayHapoaHbiMn ctaHgaptamm. OHm chopMUpoBanmch B pe-
3ynbTaTte aHanm3a 9BOJIIOLMOHHbIX MPOLECCOB, XapakTepHbIx anga ThOrl.
Mpw pa3paboTke CUCTEMBI 1 NNaHa Hymepaumu poccuinckoi TeOIN Gbin
JonyueH pag owmnbok. HekoTopble OwWMBKM paccMaTpuBaloTCs B 3TOM
pasgene. B nepsyto ovepenb, LenecoobpasHo pacCMOTPETL pasnnyme
niaHoB Hymepaumm B Poccumn n B apyrmux ctpaHax Eesponsl. OHn nepe-
yncneHol B Tabn. 5.4. CnegyeT NoavyepKHyTb, YTO B GnvkanmMe roabl
npegnonaraeTcs NPMBECTU NMaaH Hymepauum poccuinckon TpOIT B non-
HOE COOTBETCTBUE C EBPOMNENCKMMM HOPMaMMU.,

Ta6nuua 5.4. Pa3nuunsg nnaHoB HymepaLumum pocCUNCKON
un eBponeiickou THpOn

Ha6upaemble koMmGuHauumn umdp B Poccun B EBpone
Mpedukc BbIxOAa B MEXAYTrOPOLHYIO CETh 8 0
MpeduKc BbIxOAa B MeXAYHAPOOHYIO CeTb 8-10 0-0
MepBas undpa oocTyna K 9KCTPEHHbIM clyx6am 0 1

OyeBMOHO, YTO MO TPEM NEPEYMUCAEHHBIM NO3ULUSAM NMPUHLNNDLI HY-
Mepauun pasnunyHbl. Ha camom gene pasnuuuns 6osiee CyLeCTBEHHbI,
Tak Kak acnekTbl HyMepaLummn TECHO CBA3aHbl C NPUHLMNAMN YCTaHOBE-
HUA coeamHeHuin B TpOIN. OBLENPUHATLIM nNogxon npeaycMaTtpuBaeT
HakonneHne Bcex Habupaembix Lungp B PATC — puc. 5.2. Nocne aHannsa
aTnx undp PATC BbIOMpPaeT onTUMasbHbIi MapLUPYT AJ1s1 YCTaHOBIEHUS
coeanHeHnsa. PATC B poccuinckon TpOIl — nocne Habopa npegdukca
BbIX04a B MeXAYropoaHyto Tene@OoHHYI0 CeTb — HE y4aCTBYET B Bbibope
MapLupyTa ans yCTaHOBNEHUS COEANHEHNS.
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8-ABCab 0-ABCab N
PATC O LRADOX () AMTC PATC “ADTLAD000X =O
8-DEFdexxxxx
S
X
X
)
E 0-DEFdexxxxx
w
Q
MSC ©
a) poccuiickasa TpOr 0) runoTteTnyeckas esponerickas ToOr
Puc. 5.2. MnaH Hymepauum u MapLIpyTU3aLnsa BbI3OBOB

Mpwn ycTaHOBNEHUM COEANHEHMS YePEe3 LIEHTP KOMMYTaLumM MoOuIb-
Hom cBa3u (MSC — Mobile Switching Center) ¢ ncnonb3oBaHmem Home-
pa Buaa 8 — DEFdexxxxx MapLupyTu3auuvs Bbi3OBOB B POCCUIACKON 1 B
runoteTuyeckon esponerickoin THOI ocyllecTBASETCS No-pasHOMY.

B oteuectBeHHoM TpOIN nocne Habopa npedurkca «8» NpoksoyaeTcs
TpakT o AMTC. Janee nMeHHO MexayropogHasi CTaHUUS BbINOJIHAET
OYHKUMM MapLUIpyTM3auun.

B runotetnyeckon esponerickon THOI Homep DEFdexxxxx aHanu-
3upyetcsa B PATC. [danee coeguHeHne MOXeT OblTb YCTAHOBAEHO MO
npamomy ny4yky CJ1 mexay PATC n MSC.

C paccmatpuBaemMbiM NPMMEPOM CBsI3aHa elle ogHa 0COBEHHOCTb
poccuiickoin TpOIll, obycnoBneHHan OTCTYM/EHUEM OT MeXAyHapos-
HbIX HOPM. Peub naet o Bbibope OnepaTopa ganbHen (MexayropoaHomn
/N MexayHapoaHOW) CBA3U.

Mpu aHannse Bcex undp HabpaHHoro Homepa B PATC peanusaums
dyHKuMi Boibopa OnepaTtopa ynpouwaetcsa. OObI4HO C 3TOW Lenbio UG-
NOJSIb3YIOTCHA KaTErOpPMn OKOHEYHbIX YCTPOWCTB.

B poccuiickon THOI, B cnny npuHATLIX paHee peLueHnn 06 obeny-
XVBAHUM BbISOBOB, HAYMHAKOLIMXCS C UMdpbl «8», TaKOW NOAXOA, pea-
NIN30BaTb O4YEHb CJIOXHO. Ha HavyanbHOM aTane BBeOEeHUS YHKLUMNA,
KacawLwuxca Bbibopa OnepaTtopa gajsbHeEn CBA3M, UCMNONb3yeTca O0-
NOSTHUTENBHbIN NPedUKC, KOTOPbI HAbupaeTcs nocne undpbl «8».

Kak npaBuno, OTCTynaeHnsa OT MeXAyHapoaHbIX HOPM BEAYT K POCTY
3atpaT OnepaTtopa, KOTopble CBA3aHbl C pekoHCTpykumen TpOrl, Heob-
XOJJ,VIMOVI ana nognep>XXkn HoBbIX BUOOB O6CJ'Iy)KVIBaHVI9|.
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5.4. lMepcnekTUBHLbIN MJ1aH HyMepauum ans
EC3O PO

MepcnekTuBHLIN NnaH Hymepauun pasdpabdartbiBanca ansa TpOIll c
Y4ETOM BCEX HOBbIX TPEOOBAaHMIN, CBA3AHHbLIX C yCyramu Tene@oHHOM
cBa3n. OCHOBHbIE NPUYMHBI UIBMEHEHWUIA B NNAHE HyMepaumn PoCCuin-
ckori TGOl MOXHO CBECTU K CNEQYIOWMM:

® UMHTEerpauus ¢ eBpOnemnckom m MMpPoBON MHPOKOMMYHUKALMOHHOM
cucteMaMm nogpasymMeBAET BHECEHME HEKOTOPbLIX W3MEHEHUA B
nnaaH Hymepauuu;

® pPOCT €MKOCTU HekoTopbix TC CTUMyNMpyeT yBennyeHue uyucna
unpp, KoTopble 0O0Pa3yldT MECTHbIM HOMEpP, 4YTO MOPOXOAeT psng,
npo6nemM ans KPyMnHbIX CEeTE;

® aKTMBHOE pa3BUTUE CeTeill MOOWNbHOWM CBA3WN TPebyeT BblaesieHns
3HAYNTENBbHOrO pecypca HoMepHon emkocTn TpOIT;

e HeobOXOAMMOCTb NPEAOCTaB/eEHNS abOHEHTY BO3MOXHOCTM BblbGopa
OnepaTopa nNpu yCTaHOBIEHMN MEXOYTOPOAHbIX N MEXAYHaPOAHbIX
CcoeanHeHun;

e nmMbepanusaumsa UHPOKOMMYHUKALMOHHOTO pPblHKa ToXe Tpeldy-
eT BblaeneHus HoebiM OnepaTtopam pecypca HOMEPHOWN eMKOCTU
TpOIT;

e MpenocTaBfieHVe YCYr HeKOTOPbIX BUAOB OPUEHTUPOBAHO Ha He-
reorpaduyeckue Koabl, KOTOPbIE PaHee He NpeaycMaTpuBanch;

e VHTErpaunoHHbIE MPOLECCHI B 9N1EKTPOCBA3N CTUMYIMPOBAIM pas-
paboTKy KOHLLeNuMn, N3BeCTHOM No abbpesuatype ENUM (tElephone
NUmber Mapping)?.

CneumanbHasa komuccus EBponeinckoro coobuiectBa paspaboTa-
Nla NepcnexkTUBHbIA NfiaH Hymepauuu, KOTOpbIA y4yuTbiBaeT Tpeboea-
HUS, XapakTepHble Ans MHPOKOMMYHUKALUVMOHHOW CUCTEMbI B Havane
XXI Beka. M3 atux TpeboBaHuin cneagyeT BblAENUTb OCOOEHHOCTU, Cy-
LWEeCTBEHHbIE AN PasBUTUS niaHa Hymepauum B poccuinckon ToOIrT.
OHu 6biNV NepeymncneHsl B Tabn. 5.4.

OpHa 13 BaxkHbIX 0COBEHHOCTEWN NEPCMNEKTUBHONO NiaHa HyMmepaumm
3aKJIl04aeTCs B TOM, YTO B HEM Yy4TEHbl NOTPEBHOCTN B HYMepaumn Tak
Ha3blBaeMbIX r7106asbHbIx yeayr (Global Services). 9To HOBOe NoHATUE
BBEAEHO OJ151 TEX BUO0B 0OCY>XMBaAHUS, KOTOPbIE, KaK MPaBuiio, He CBS-
3aHbl C reorpadunyeckmm MecToHaxoxaeHmnem aboHeHTa nnu LLOB.

XapakTepHbili npuMep rmMobdanbHOW YyCayrm — MobunbHas CryTHUKO-
Basi CBA3b. Bce cywecTByowme cetm MobunbHoM cBA3n obecnevmBatoT
obcnyxmBaHme Ha CpaBHUTENbHO HEOOMbLLIOW YacTN MOBEPXHOCTU 3EeM-
Horo wapa. OHK He NpeaHa3HavyeHbl A1 CBA3U B MOPSIX M OKeaHax (Kak
M Ha HEKOTOPLIX KPYMHbIX pekax), a Takke Ha BO3AyLUHbIX cyaax. Cucte-
Ma MOOUIIbHONM CMYTHUKOBOM CBSI3M CBOOOAHA OT 3TUX HEAOCTATKOB.

2 KoHuenuws EMUM paccmaTpuBaeTcs B nekumm 25.



90 Jlekuwms 5. Cuctema v ninaH Hymepaumm

B nepcnekTMBHOM nnaHe HyMmepaummn y4TeHa NoTpebHOCTb B pacLun-
peHun emkocTn TpOIll, koTopas cBOWCTBEHHA psaay cTpaH. NMpobnema
peLllaeTcs 3a CHET yBENMYEHUS yncna umdp B NoOaHOM (MexayHapoa-
HOM) HoMepe aboHeHTa. OCHOBHble OCOOEHHOCTM MNEepPCneKTUBHOMO
nnaHa Hymepaumn UnaCTpupyloTes Ha puc. 5.3. Ero BepxHuin ¢par-
MEHT O0TOOpaXxaeT CTPYKTYPY MeXaAyHapoaHOro HomMepa ans reorpadu-
YeCKKMX 30H.

MexayHapoaHbivi Homep Anga reorpadunyeckmx 30H

CcC NDC SN

N undp < HaumoHanbHbI HoMep: Makcmym (15-N) undp

< Makcumym 15 umncpp >

CC - kop, cTpaHbl onsa reorpadpunydecknx 3oH (N=1, 2 naum 3),
NDC - HaumoHanbHbIl Ko, 30HbI, SN-HOMep aboHeHTa

MeXxayHapogHbiii HomMmep OJis rnob6anbHbIX yCnyr

CC GSN
3 undpebl Makcumym 12 umdp
> [t
< Makcumym 15 unpp

CC - kop cTpaHbl Ans rnobanbHbIX YCAyr,
GSN - rnobanbHbI aBOHEHTCKUIA HOMED

Puc. 5.3. Mpumepbl NepCNeKTUBHOro nnaHa Hymepauumu ansa Tepon
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Onsa Poccun BbigeneHa ogHa umdpa koga ctpaHbl — cemepka. ITo
O3HAYaeT, 4TO OJIMHA HALUMOHAIbHONO HOMEpPa MOXET AOCTUraTb YeTbIp-
HaguaTtu umpp. HanomMmHUM, 4TO paHee AsiMHa 3TOro HOMepa COCTaB/s-
na gecsatb unop.

HaumoHanbHbeih ko, 30Hbl (NDC) onpepensietca Tpems umdbpamu.
CnepoBaTtenbHO, MECTHbIA HOMep abOHeHTa MOXEeT coaepXaTb A0
OOMHHaAUATV Unodp.

Jdonyctum, 4to cemMn umodp L9 MECTHOIO HOMepPa B POCCMUINCKON
TdOIM gocTato4HO (UMEHHO CTOJIbKO 3HAKOB UCMOb3YETCH B KPYMHbIX
I'TC). Torga ons Beilbopa OnepaTopa fasnibHer CBA3M MOXHO UCMOMb30-
BaTb 00 YeTbipex unop.

HuxHUn dparmMeHT puc. 5.3 MNNIOCTPUPYET CTPYKTYPY MeXayHa-
pOOHOro Homepa ang rmodanbHbIX yenyr. Koa cTpaHbl B JaHHOM clyvae
BCeraa CoCTouT 13 Tpex Undp. DTO 03HAYaET, YTO MakcuMasbHas anmHa
rnodanbHoro aboHeHTckoro Homepa (GSN) cocTtaBnseT aBeHaauaTb
undp.

®dyHKUMOHaNbHble BO3MOXHOCTU NMepcnekTUBHOIO NjaHa Hymepa-
UMM B NOJSIHOW Mepe MOXHO peanu3oBaTb TONbKO B umndposon THOTIl.
Tem He meHee HekoTopble HoBble ycnyrn THOI moryT 6bITe BBEAEHBI U
[0 3aBepLueHna npouecca ee uudpoBm3aumn.

KnioueBblie cnoBa: Homep, cucTema Hymepauun, niaH Hymepaumm, 7-1 3oHa
BCEMUPHOWN Hymepaumu, npedpukc, pekomengauus ITU-T E. 164, ko, 30HbI HymMepaumn
ABC, Hereorpadudeckuin kog, DEF, MHTennekTyanbHaa ceTb IN, HauMOHanbHbINA Kop4,
30HbI NDC, rnobanbHblii aboHeHTckmii Homep GSN.

?
itl KoHTponbHbIe BONPOCHI

1. B yem paznuume mexay CUCTEMOM U NAIaHOM HyMepaumn?

2.

3.

Ckonbko KkogoB ab onsa ugeHtTndurkaumm yctaHosneHHbix PATC MOXHO
ncnonb3oBaTb B [ TC ¢ ceMU3HAYHbIM NMNaHOM HYMepaumm?

Kakoi npedpukc pekomeHaoBaH o aboHeHToB YATC C Lenbio Bbixoaa
B MECTHYIO CETb?
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IN

»

. Kakon npedukc 6yaoeTt ncnonb3osaH B 6yayuiem ans Beixoga K AMTC?

. Kak nameHunTcsa konmyecTtso HOMEPOB A1 Pa3HbIX YCAYT MPY NEPEXOe K NX
Hymepaumn Bnga 1mn?

. B yem 3akniouaetca pasnmune mexay kogamm ABC n DEF?

. Ckonbko aBOHEHTOB MOXET ObITb NAEHTUPULMPOBAHO NPY NCMONb30BaHUN
MaKCUMaJIbHOM AJIVHbI r106a/1bHOro aGOHEHTCKOro Homepa GSN?

@Sanaqu N ynpaxHeHus

. NoacunTtante makCcmanbHOE KONNMYECTBO TeNedOHHbIX TEPMUHAN0B, KOTOPOoe
MoXeT obcnyxunsaTtb poccuinckasa TpOI 6e3 nameHeHns CUCTEMbI HyMepaLnn.
MoxeT nu ObITb peasibHO JOCTUIHYTO 3TO YNCO?

2. OueHnTe MakcManbHOE KOJIMYECTBO HOMEPOB, KOTOPbLIE MOTYT OblTh BblAENEHbI
ons rnobanbHoi yenyru, ecnu B none GSN (puc. 5.3) ae nepsble LUdPbI
MCMNOJNb3YIOTCA Kak Cy>XebHble.

@ JintepaTtypa K nekummn 5

5.1. Mapgep H.C. Hymepauusa TenedoHHOI ceTu 06LLero noib3oBaHus
Poccuitckon depepaumn. — M.: UPUAC, 2002.

5.2. Cokonos H.A. TenekoMMyHMKaLUMOHHbIE ceTu. — M.: AnbBapec MabnuiuHr,
2004 (http://nicksokolov.narod/ru/lib/html).
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CpeactBa
noaaepXKn ycnyr

Sine pennis volare haud.
(bes nepweB nerars Henerko)

6.1. MpUHUMNbI NHTErpanbHOro 06CNy>XNBaAHNS

Ana koHuenuumn MHTEerpajabHOro O6CJ'Iy>KI/IBaHI/IF|, C TOYKU 3peHud

NoOAeP>XKW YCYT, CYLLLECTBEHHbI CReayioLLmMe MOMEHTHI:

0B6MEH curHanbHOM nHGOpPMaLMen NPON3BOAUTCS MO CNeUVanbHOMY
KaHany, 4To no3BonseT 3PpPeKTMBHO BBOAUTb HOBbIE COOBLLEHMS,
HeoOxoaMMble oSl NOAAEPXKN YCIYr pa3HbIX BUOOB;

LUMPPOBON MNOTOK A0BOAMNTCS A0 TEPMUHANIBHOrO 060PYya0BaHMS, YTO
yNyylaeT kKa4ecTBO nepegaqm nHdopmaumm 1 noebIWAeT (Mo cpas-
HEeHUI0 C pecypcamMu kaHana TY) nMponyckHytd CroCOOHOCTb CeTu
[ocTtyna;

Kaxadpli Nofib3oBaTeNb MMEET BO3MOXHOCTb MOAKNIOYATb K CBOEN
JINHUM OKOHEeYHOoe 0OOopyOOBaHME HECKOJIbKMX pasHbiX BUAOB, HTO
NO3BONISIET BbINTU 3a paMKW YCAYr, NPeaoCTaBASIEMbIX CPeaCTBaAMM
TenedoHHON ceTu.

Bo mHorux nyénukauusx 80-x ronos XX seka nges ISDN paccmatpu-

BaslaCb Kak OCHOBHOW NyTb passutusa umppoBon TenedoHun. Teneps,
Korga cuTyauusi M3SMeHunacb, HEKOTOpPble CMeuuanucTbl CTanu pac-
cmaTtpuBaTb ISDN kak owmMBOYHYIO cTpaTernio pasBuUTUS LMPPOBLIX
TenedoHHbIX ceTen. Bpsaa nu aTo BEPHO.

ISDN Haluna cBOO HULLY, XOTH 1 6onee CKPOMHYI0, YeM 0XUAanocb

paHee. Kommepueckas akcnayataumsa o60pyAoOBaHUSA UHTErpasbHOro
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06CcNy>XMBaHMS MO3BONWA HAKOMUTb MOJNE3HbIN oNbIT 1 OnepaTopam
TdOTMM, n nonb3oBaTensaM. HakoHew, psa nccnenoBaHuii, BbIMOJHEHHbIX
ons ISDN, 6bin BocTpeboBaH s Apyrux TEXHONOMMIA.

B yactHoCTH, padpaboTaHHbie and ISDN TexHonornm nepegayn und-
POBOro NOTOKa No ABYXMPOBOAHOM LEMNn HALLIM NPpMMEHEHne B 000py-
noBaHum cemencTea xDSL. 9ta abbpeBmaTtypa Mcnonb3yeTcs Ans rpyn-
Mbl TEXHOJIOMMIA, MO3BONAKOLLNX OPraHM30BaTh UMMPOBY aOOHEHTCKYIO
nunHuio (Digital Subscriber Line).

Bua KOHKPETHOW TexHoMornMm obo3HavYaeT CUMBOJ «x». CTpoOro ro-
Bops, ISDN Henb3g cuntatb CaMOCTOATENIbHON KOMMYTUPYEMOW CETHIO.
CnoBo «CeTb» B aHMONA3bIYHON TEXHUYECKOW NUTEpaTtype uHorga umc-
NoJIb3YETCSH HECKOJIbKO B MHOM CMbIC/E, YEM B OTEYECTBEHHbIX Ny6n-
Kaumsax. Haiwe oHo nooyepkrBaeT HekmMe HOBble PYHKLMOHAaSIbHbIE BO3-
MOXHOCTU. ISDN MOXHO paccmaTtpuBaTh kKak ¢pasy pa3sutmg LumdbpoBomn
TdOTl, Ha KOTOPOI NONBL30BATENSIM AOCTYMNHbI LOMNONHUTENbHbLIE YCYr
HOBbIX BUAOB. C 9TOM LEenbio MOAEPHU3MPYIOTCA CETb OCTYNA, a Takxe
annapaTtHo-nporpaMMHble CPeacTBa B COCTaBe UMEOPOBLIX KOMMYTa-
LMOHHbIX CTaHUMA. 3HA4YNTENbHbIE U3BMEHEHNS NPOM30LLAN B CUCTEME
obLuekaHanbHOW cUrHanusaumm: Ha cMeHy npotokony TUP, Hanpumep,
npuvwen ISUPR, 0 4em yxe roBopmnnoCh B HETBEPTON NEKLMN.

Lindposble kaHanbl, ncnosibayemsblie B ISDN, MOXHO pa3aennTtb Ha aBe
OCHOBHbIE rpynnbl. B nepeyto rpynny BXoasaT D-kaHanbl, NpeaHa3HavyeH-
Hble, B OCHOBHOM, Ans o6MeHa nHpopmMauurein, Kotopas CBsi3aHa c pa-
©60TOol cucTemMbl curHanuaaunun. Takor noaxoa no3BonsieT «0CBOOOANTL
MHPOPMaLIMOHHbIE KaHaNbl 0T PYHKLUMIN 0OMeHa cnyxebHoM MHpopmMaum-
ein. Ansa D-kaHanoB cTaHAAPTU30BaHbl ABE CKOPOCTN 0OMeEHA AaHHbIMU:
16 kKbuT/C 1 64 KOUT/C.

Bo BTOpYIO rpynny BXOOAT B-kaHanbl 1 H-kaHanbl, npegHasHavyeH-
Hble UCKJTIOYNTENbHO ANt oOMeHa none3Hon nHdpopmaumen. CkopocTb
nepepayn udopmaummn no B-kaHany Bcerga pasHa 64 k6ut/c. Nonb3o-
BaTeN0 NPeaoCTaBAseTCad BO3MOXHOCTb MUCMOJSIb30BAHUS HECKOJIbKUX
B-kaHanoB. Takasi BO3MOXHOCTb 0603HavaeT Tak: Nx64 kount/c. Obbl4HO
2<N<30. MponyckHas cnocobHOCTb H-KaHanoB NpeacTaBMMa Cneayio-
wmm obpa3om:

e Hy— 384 KOUT/C (4TO IKBMBAJIEHTHO NPOMNYCKHOW CNOCOBHOCTY LIeC-
Tn B-kaHanos);

e H,y — 1472 KOGUT/C (4TO BKBMBASIEHTHO MPOMYCKHOW CMOCOBHOCTU
ABajuaTtu Tpex B-kaHanos);

e H;, — 1536 k6UT/C (4TO SKBMBAJIEHTHO MPOMYCKHOM CMNOCOBHOCTH
OBaauaTh YyeTblpex B-kaHanos);

e H;, — 1920 k6UT/C (4TO 9KBMBAJIEHTHO MPOMYCKHON CMNOCOBHOCTH
Tpuauatn B-kaHanos).
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KaHan H;, ctaHpapTM30oBaH CeBepoamMepurKaHCKON opraHusauunein
ANSI. OH He BkNtoYeH B nepeyeHb kaHanos ISDN, onpeneneHHbI peko-
mMeHpauvamu ITU-T. Kanan H;; B8 ECO P® He ncnonbsyeTtcs.

Ina o6bacHeHus koHuenuum ISDN 00blYHO NCMONb3yeTca MoAesb, B
KOTOPOW NMPUHATO BbIAENATb (PYHKLUMOHANbHBIE 3/1IEMEHThI U 3TaNIOHHbLIE
TOYKU — nHTepderchl. NMNogobHas Moaenb Noka3aHa B BEPXHEN 4acTu
puc. 6.1. B HUXHEN YacTy 3TONM Xe UAnKcTpaumm npueBeaeH npumep
peanuzauun goctyna ISDN.

|31 c
o
1<
El
_|

a) OyHKUMOoHaNbHbIe anemMeHTbl ISDN

MepcoHanbHbIn Lindposon TenedoHHbIN

KOMMbIOTEP annapar c afleMeHTaMun CTaHLMOHHbIE MOAYN
TA, NT12 ISDN c anemeHTamu
LTnET

I | ﬁ ﬂ,BerIpOBO,D.HaFI a60HeHTCKaFI JINHNA _
: RS232 sassssss |

6) ABOHEHTCKOE 1 cTaHUMOHHOe obopyaoBaHue ISDN

Puc. 6.1. DyHKUUOHaNbHbIE 3JIEMEHTbI U 3TaNIoOHHbIe To4kn ISDN

dyHKUMOHaNbHLIN anemeHT TET (Terminal EQuipment) cOOTBETCTBYET
obopyaoBaHuio, KOTOpoe oTBevaeT BceM TpedboBaHuam ISDN. na ato-
ro o6opynoBaHUS CTaHOAPTM30BaH YeTblPEXNPOBOAHLIN UHTepdeic S.
Monb3oBatens ISDN vMeeT BOSMOXHOCTb MOAK/HYEHUS TEPMUHASb-
Horo o6opynoBaHus TE2, koTopoe He SBNSeTCs CTaHAAPTHLIM C TOYKM
3peHns pekoMeHgauuii, paspaboTtaHHbix ana ISDN. Onsa nomobHoro
obopynoBaHus onpeneneH pag nHtepdeiicos R. [1ns KOHBEPTUPOBaHUS
napameTpoB 3TOro nHtepdenca, BkoYass NPOTOKOJbI CUTHaANM3aumu,
yCcTaHaBnmBaeTca QYyHKUMOHaNbHLIN anemeHT TA (Terminal Adapter).
Ha Bbixoae TepMuHanbHOro agantepa dopmmpyertcsa nHrepdgenc S. ns
00beanHEeHnst TEPMUHANIBHORO 0O0PYA0BaHMNSA HA CTOPOHE MOoJib30BaTe-
na Heobxoanm dyHKUMOHanbHbIM anemeHT NT2 (Network Termination).
OH, npn HEOBXOAMMOCTHU, BbINOSHAET OYHKLUMN MYNLTUMIEKCUPOBAHUS
n/mnun KoHueHTpauumn. Ha Beixoge NT2 ¢popMupyeTcs YeTblpexnpoBoa.-
HbIn uHTepdenc T. B psaae cnydyaeB OyHKUMOHANBHbIN anemMeHT NT2
OoTCyTCTBYET. Toroa roBopsaTt 06 uHtepdeiice S/T.
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DyHKUMOHaNbHLIN aneMeHT NT1 cnyxuT ans opraHusaummn obmeHa
MHpOpMaLMeNn C KOMMYTaALMOHHOM cTaHumen. Yacto ans obmeHa UH-
dopmMaumen ncnonb3yeTcs ABYXNpoBoaHas aboHeHTckas nuHus. Toroa
3aja4va CBOAUTCS K CO34aHUI0 AYNNEeKCHOro Tpakta no ABYXMNPOBOLAHOWN
dunsnyeckom uenu.

CyliecTByeT HECKOJIbKO BapMaHTOB peann3aunn Takoro obmMmeHa u,
COOTBETCTBEHHO, psa cneundunkaumi nutepdenca U. MHorga GyHKUMO-
HanbHble anemMeHTbl NT2 n NT1 06beauHAI0TCSA B eAnHbIN Moaynb NT12.
B KOMMYTaUVOHHOW CTaHUUM yCTaHaBnmBaeTcs GyHKUMOHANbHbIN 3ne-
MeHT LT (Line Termination). ®yHkumm LT n NT1 o4eHb cxoxu. Mexay
dyHKUMOHanbHbIMU anemeHTamu LT u ET (Exchange Termination) pas-
MeLLaeTCs 9TanoHHasa To4ka V.

Mpwn peannzauumn obopyaoBaHus ISDN dyHKUMOHANBHBbIE 31EMEHTbI
00bIYHO BXOAAT B COCTaB TEPMUHAJIOB U NaT KOMMYTaUMOHHOW CTaH-
umn. B HMXKHEM YacTum puc. 6.1 nokasaH OAnH U3 BO3MOXHbIX BAPMAHTOB
noctpoeHus ISDN. B cocTtaB umppoBoro tenedoHHOro annapara BxoaaT
ceTteBoe OkoH4YaHMe NT12 u TepmumHanbHbii agantep TA. B aTom agan-
Tepe B Ka4yecTBe MHTepdenca R ncnonb3yetca cTolk RS232, 4T0 No3-
BONSIET NOAKNOUYUTE K TA NEPCOHAsbHbIN KOMIMbIOTEP, UCMOJIb3YS CTaH-
DapTHbI kabenb. CTaHuMoHHbIe Moaynn ISDN o6bl4HO pa3mellatoTcs B
eanHoM 6noke, o6beanHsaoWweM GYyHKUMOHaNbHbIe anemMeHTol LT n ET.
BaxHasn ocobeHHocTb ISDN — noaaepykka LUMPOKOro CrnekTpa ycnyr npu
NMOMOLLUY OrpaHuM4yeHHoro Habopa MHTEePdECcoB «Nosib30BaTESb-CETb>.
S1nmun uHtepodercamm B ISDN cnyxart aTanoHHble Toukn T unn S/T.

ITU-T (a Bnocnencteuu n ETSI) cneundunumposan ana ISDN Tonbko
OBa nHTepdenca «nosb3oBaTesib-CeTb». [1epBbli NHTEPPENC B PEKO-
MeHgaumax ITU-T HadeaH Basic Rate Interface (BRI).

B oTe4yecTBEHHOW TEXHMYECKOW NuTepaType 4yalle APYrux MCnob-
3yeTca TakoW nepesoa: «MHTepdeinc 6azoBoro goctyna ISDN». Pexe
BCTPEYaloTCs Apyrue TPakTOBKU — MHTepPdEeNCc 6a30BOro ypoBHSA U UH-
Tepdeiic Ha 6a3oBoi ckopocTu. OBbLIYHO 3TOT MHTEPPENC 0O03HaYalT
B Takol popme: 2B+D. 3To 03HAYaET, HTO OpraHn3yloTca Apa B-kaHana
n ogunH D-kaHan.

MponyckHas cnocobHocTb D-kaHana — 16 K6uT/c.

Btopoin nHtepdenc B pekomeHgaumsax ITU-T HazeaH Primary Rate
Interface (PRI). 310 cnoBoco4veTaHne 06bIYHO NEPeBoaANTCS Kak AOCTymN
ISDN Ha nepBMYHOM CKOPOCTM.

Onsa EC3 P® atoT nHTepdeinc obosHavaeTca Tak: 30B+D. Ans noc-
Tyna Ha NepBUYHON CKOPOCTM NPOMNyckHasi cnoco®HoCTb D-kaHana co-
cTaBnset 64 kout/c.

Mpumepsbl ycnyr, [OCTYNHbIX Nonb3oBatenam ISDN, paccmatpuBaioT-
CS B CneayoLen nekuun.
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6.2. KoHuenuusa UHTennekTyanbHOM ceTun

Ctumynom ans paspaboTku KoHuenuun MHTennekTyanbHOol ceTu
(nanee mncnonb3dyetcs abbpesuaTtypa IN, BBeoeHHas B npenblayliemn
nekunm) ctan KOMMEPYECKNIA yCnex yCnyrn, NnpeaycMaTpuBatowen on-
narty coeiMHeHns Bbi3blBAeMbIM aOOHEHTOM. JTa ycryra B aHM1093bl4-
HOM TEXHMYECKOW NuTepaType u3secTtHa kak Freephone.

B opyrux nybnukaumsax yaiie BCTpeyaeTcsa TepMuH «Ycnyra 800».
Takoe Ha3BaHMEe CBA3aHO C TeM, 4YTO nocrne npedukca Boixoga Ha AMTC
aboHeHT HabupaeT Tpex3HayHbIn kog DEF «800».

CeMu3HayHbIi HOMEp, KOTopbln crnenyeT 3a kogom DEF, Ha3sbiBa-
0T norudeckum. OH, KaKk NpaBuio, HE onpenensieT MecTo BKIIOYEHUS
COOTBETCTBYIOLLEN aBOHEHTCKON nuHMK. CeTb JOMKHA «nepecynTaTb
NOrnM4ecknii Homep B GU3NYECKUIA HA OCHOBAHUWN 3apaHee 3adaHHbIX
npaeun. Kak m ISDN, WHTennektyanbHyld CeTb HeuenecoobpasHo
paccMaTpuBaTtbh B KQ4eCTBE CaMOCTOATENIbHOro koMrnoHeHTa EC3 PO.
dakTnyeckn annapaTtHO-NporpamMmMHble cpeactsa VHTennekTyanbHOM
ceTn NpeacTaBnsaloT cobor Hekylo HaacTponky Hag TdOIl. OcHoBHOe
Ha3Ha4YeHne 3TOM HaACTPOVKKM 3akiioyaeTcs B 9P HEKTUBHOM NOAOEPXK-
Ke psioa ycnyr.

Mpumepbl ycnyr, KOTopble peann3oBaHbl B IHTennekTyansHom cetu,
npuBeneHbl B cnepyowen nekumm. MyHkumoHanbHas mogens Hten-
NeKTyanbHOWM CeTn npueeneHa Ha puc. 6.2.

CeTtb I
SMP | nepefayn faHHbIX | SCEP

ssp | X s X | ssP

Puc. 6.2. dyHKkunoHanbHasa moaenb UHTennekryanbHol ceTn

7. lonbawTenH
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B HWXHeN yactn mogenu pacnonoxeHsl aea SSP (Service Switching
Point) — y3nbl kommyTaumm ycnyr. B 0Te4eCTBEHHOW TEXHMYECKOW K-
TepaType BCTPEYaAETCA HECKONbKO BapWaHTOB MepeBoja TepMuHA
«SSP». BMecTo cnoBa «y3en» MHOraa roBOpsIT «CPeacTBa» UM «MyHKT».
AnnapaTtHo-nporpaMmmMHblie cpeactBa SSP MoryT 6biTb HaCTbio KOMMYTa-
LMOHHOM CTaHLMW, 4TO XapakTepHO 4S5 NOCegHNX BEPCUN LNPPOBLIX
ATC, nnn aBTOHOMHbIM 0bOopyaoBaHuem. B niobom cnydyae SSP MOXHO
paccmaTtpmatb Kak wino3d mexay TPOIM 1 annapaTHO-NporpaMMHbIMM
cpeactBamu IN. OcHOBHbIE 3aga4mn SSP cocToAT B 06HApYXEHUM BbI30-
BOB, 006CNYXNBaHNE KOTOPbIX OOMKHO Npon3eoanTbes B IN, u o6paboT-
K€ Takmx BbI3OBOB B COOTBETCTBUM C MHCTPYKUUSIMU, MOSYYEHHBIMU OT
SCP (Service Control Point) — yana ynpasneHus ycnyramu.

SCP copepxunt 6a3y AaHHbIX ¢ HeobxoauMon nHgopmalmen, B3a-
MMOOENCTBYET CO BCEMW KOMMOHeHTaMn WHTennektyasnbHOM CeTn n
ynpasnseT umn. OcHoBHble GyHKUMK SCP 3aknoyatoTes B pa3paboTke
VMHCTPYKUMA ans obpaboTku Bbi3oBa B SSP, a Takke B BegeHun 6a3bl
DaHHbIX, KoTopas Heobxoanma gns paboTsl IN.

O6opynoaHune SSP n SCP moxeT coBMeLlaTbest, 06pasys cpeacTtaa
KoMMyTaumm mn ynpasnexduns ycnyramm (SSCP). OagnH SCP moxeT 006-
cny>mBaTtb HEeCKoNbkOo SSP. Kaxabin SSP MoXeT B3aMmMoaeNCcTBOBaThL C
HeckonbkuMmu SCP, ecnu nogo6Hoe peLleHne NpeacTaBnseTcs Leneco-
0o6pasHbIiM. Takasi cUTyauust MOXeT BO3HUKATb, ecnn oanH SCP npepno-
CTaBASIET YCNYIN, XapakTepHble ans denepanbHoro ypoBHa (Hanpumep,
TEeNerosiocoBaHmMe No BaXHbIM a5 CTpaHbl Bonpocam), a BTopon SCP
ncrnonb3dyetcs ans obpaboTkm npenonnadyeHHbIX KapT, SMUTUPYEMbIX
pervoHasnbHbIM BGaHKOM.

CpenctBa cospaHua ycnyr SCEP (Service Creation Environment
Point) npepgHasHayeHbl onsa pa3paboTky, CO3JaHUS U TECTUPOBAHUS
nporpamMmmHoro obecneyenus IN. 31o nporpaMmMHoe obecrneyeHne cos-
[aeTcsi, B OCHOBHOM, Ansi GOpPMMPOBaAHUA HOBbIX MM Moaudukaumm
y>Xe UCMOoJb3yeMbliX YCIyr. 3adayn, pellaemMble cpeacTeamm aKcnyaTa-
LUMOHHOro ynpasneHus ycnyramm SMP (Service Management Point), no-
HSTHbI U3 Ha3BaHWSA COOTBETCTBYIOLLErO PpyHKLUMOHANbHOro 610ka. 3Tn
cpeacTBa HeobXoaMMbI A1t NOAAEPXKKM MPOLLECCOB BHEAPEHUS YCIYT,
HauncneHus nnaTbl, cbopa cTaTUCTUKU, TECTUPOBaHUSA 060PYO0BaHMS U
ynpasneHma Tpadukom IN.

Ycnyrn HekoTopbIX BUOAOB MOrYT NpPeaocTaBnsTbCs Kak C UCMOJib-
30BaHMEM pecypcoB VIHTennekTyanbHOW ceTu, Tak u paspadoTaH-
HbIMM paHee crnocodamu. Hanpumep, aboOHEHT MOXeT YCTaHOBWUTb
y cebsa annapatypy AOH, 4Tobbl prkcnpoBaTb MHPOPMALINIO O BXOOSA-
WMX Bbl3oBax. Bo3aMOXHOCTU NHTennekTyanbHOM CEeTU NO3BOASAIOT MNO-
JlyyaTb aHanormyHyto nHdopmaumio 6e3 yctaHoBku annapatypbl AOH.

OtnnuntenbHass 0COBEHHOCTb PACCMOTPEHHOM MOoAeNn COCTOUT
B TOM, 4YTO BBEAEHNE HOBbIX YCNYI, KaKk NpaBuio, He TpebyeT HUKaKmx
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n3mMmeHeHuii B obopyaosaHun THOI. MHbIMM cnoBamMm, OCHOBHbIE NPO-
ueccobl passutmnsa THOIM (Hanpumep, POCT EMKOCTM, 3aMeHa CTapbiX
KOMMYTaUMOHHbIX CTaHLUNI) N BBEAEHUS HOBbIX YCYr CTAHOBATCS He-
3aBUCMMbIMN. BaxHO Takxke 1 TO, 4TO NPOLECC NPEeaOCTaBAEHNS YCIYT
«pacnpocTpaHsaeTca» npakTnyeckn Ha Bcto TPOTI. Opyrre nnatdopmebl
He Bceraa cnocobHbl 06ecneynTb Takyto BO3MOXHOCTb.

6.3. CpeactBa KkoMnbloTEpPHOU TenedoHnun

Pycckomy TepmMuHy «komnbloTepHasa TenedoHns» B aHMOA3bl4HOM
TexHM4eckom nutepatype cootTBeTcTByeT abbpesumaTtypa CTI (Computer
Telephone Integration). B pekomeHpauuax ITU-T, kacalowmxca KOMMbIo-
TepHou TenedoHumn, ncnonbdyertcsa Tepmun Service Node (SN) — y3en
nogaepXkn yecnyr nunu cepBucHas nnatdopma.

Mo pagy GyHKUMOHAsNbHLIX BO3MOXHOCTEN KOMMbIOTEPHAA Tene-
doHna yctynaet NHTennektyanbHOM CEeTW, MOCTPOEHHOM B MOJIHOM
COOTBETCTBUM C NPUHATBIMU CTaH4APTaMU, HO CYLLLECTBEHHO BbIUIPbI-
BaeT NO CTOMMOCTHbIM nokasatenam. Onepatop TdOIl gomkeH oue-
HUTb NOTEHLMANbHbIN PLIHOK YCIYT U NPUHATL peLleHne o BbIbope Toro
ob6opynoBaHUsl, KOTOPOe 06eCNEYNT EMY MaKCUMaJbHYO NPUBLIIL NpK
MWUHUMaNbHOM PUCKE.

CepBuCHble NNaTdOPMbl KOMMbIOTEPHOW TenedoHUn 4acTo OpPUEH-
TUPOBAHbI HA PeLLEHWE OnpeaeneHHon rpynnbl 3aaad. Mo aTon npuinHe
ONs1 peanusaumm LMPOKOro CrekTpa ycnyr NpUMMEHSIETCS HECKOJIbKO
cepBUCHbIX nnatdopm. TeMm He MeHee, Takol noaxod, Kak npaBwuso,
OKa3blBAETCS 9KOHOMUYECKM onpaBAaHHbIM. Ha puc. 6.3 npuBeneHa
CTPYKTYpa MHOrOMYHKLUMOHANBLHOIO UeHTpa 00CNy>XMBaHUS BbI3OBOB
MpoTen PB, ncnonbsayemoro psaom BY30B B ka4ecTBe YCTaHOBKW A1
nabopaTopHbIX paboT No 3TOM TEME.

TpakTbl E1 Pabouee mecTo
(Toorm) Tom-t] | ﬁ‘CD | AIS“ | L1 CTapLuero oneparopa
v Y Y v
1 ] ]
PesepBupoBaHHas
flokanbHasi ceTb
v Y v vy_ ¥ v Y

!

Tp_?qléT(;,;_ID TCMI‘ l ACD ‘ l 'S ‘ :i_sl MapLupyTusaTop
¢ JlokanbHas ceTb

Paboune mecTa onepaTopOB

Puc. 6.3. CTpykTypa MHOro(pyHKLIMOHANIbHOIO LLeHTpa
006CcnyXVBaHUS BbISOBOB
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KommyTaumoHHbeii mopyne TCM-l npepctaBnsietr cobon w03
IP-tenedoHun. B Hero BkaoyatoTcs Tpaktbl E1, no kotopbim 13 ThOI
nocTtynatoT Bbi30Bbl. O6opynoBaHme moayns TCM-I, kak n Tpex apyrmx
KOMMOHEHTOB MHOrodyHkumoHansHoro LLOB, ay6nuposaHo. Bce moay-
m 06MeHMBaloTCs MHpopMaUnen Hepes Pe3epPBNUPOBaHHYIO TOKasTbHYIO
ceTb, koTopas paboTaeT no ctaHaapTy Ethernet. 3T1o o3HavaeT, 4To Ha
Bbixoge moayns TCM-| Bce peyeBble cuUrHanbl NPeaCcTaBneHbl B BUOE
IP-nakeToB. Mogynb ACD (aBTOMatnyeckoe pacnpegeneHme BbLIS0BOB)
npegHasHayeH ass opraHn3aunm ob6cnyxmBaHns 3asBOK, MOCTYNaOLLMX
B MHOrO(dYHKUMOHanbHbIM LLOB. 3T10T Moaynb dopMupyeT ovepeam Ha
obcnyxmBaHue. YnpaBneHne odepeasMn MoXeT ObiTb OpraHM30BaHO
pasnnyHbiMK criocobamm, YTo NO3BOJISIET NPUMEHSATb MHOMOMYHKLMNO-
HanbHbIV LLOB ons o6cnyxxmBaHus Tpaduka noboi npupoapl.

MHpOopMaLVOHHLIA cepBep IS cooepXuUT HEeCKONbKO MNOACUCTEM:
XpaHEeHUs [OaHHbIX, Meama-pecypcoB, aBTOMH(OPMATOPOB, TEXHU-
yeckoro obcnyxmpaHusl. MNoagcucrtemMa XpaHeHUs OaHHbIX COOEPXUT
MHbOpMaLMIoO O KOHpUrypaumm obopyaoBaHus, CTaTMCTUYECKNE AaH-
Hble, KacalLwmecs ero GyHKUMOHNPOBAHUS 1 0OCTyXXEeHHOro Tpaduka.
Mopcuctema meamna-pecypcoB NnpeaHasHavyeHa ans XxpaHeHus 3anucen
neperoopos onepatopos LLJOB B undposon dopme. CyulecTByeT BO3-
MOXHOCTb NPOCNYLUMBAHUS 3TUX NEPEroBOPOB C paboyero mecTa cTap-
wero onepatopa. ABToMHMOPMATOpPbI CNyXaT a1 nepenadn aboHeHTam
COO0OLLEHUI, NO3BONSIOLWMX MOBLICUTL 3OPEKTUBHOCTb OOCNYXXNUBAHUS
Tpaduka. Nogcnucrtema TEXHNYECKOrO 0BCNYXXMBAHUS peann3yeT (yH-
Kuum KoHpwurypaumm LLOB, amarHoCcTuku oOopyaoBaHUs, ynpaBiieHus
yCTpaHEeHVEeM 0TKa30B, reHepaLnn OTYETOB U apxX1BaLMN.

Paboune MmecTa onepaTtopoB BK/OYAIOTCS B JIOKANbHYIO CeTb. Yepes
MapLupyTM3aTop Kk paboynmmM mMectam MocTynalT Bbl30Bbl, TpebyoLlme
obcnyxmBaHus. Yncno paboynx MecT — B 3aBUCUMOCTU OT Ha3HaYeHus
MHOrogyHkuUMoHaneHOro LIOB — MOXeT cocTaBnaTb OT eAuHULL, A0 He-
CKOJIbKMX COTEH. ApXUTEKTYpPa CUCTEMbI HE UBMEHSAETCS.

Moyt BCe cpencrtsa NOOAEPXKWU YCIyr, PaCCMOTPEHHbIE B 3TOW
NEeKUMN, B OCHOBHOM, Oblnn paspaboTtaHbl ans THOM. Tem He meHee,
OHM MOFYT ncnonb3oBaTtbecs aboHeHTamu CIMC 1, B MEHbLLEN CTEMNEHMW,
nonb3oBatenaMmn CA3. C yyetom ocobeHHocTel CMNC n CA3 co3naHbl
(v aTM paboTbl NPOAOKAITCHA) COBPEMEHHbLIE CPEACTBA MOAOEPXKKM
YCNyr, OPUEHTUPOBAHHbLIX Ha TPeboBaHMA MOTEHLMANbHBIX KIIMEHTOB.
OTn BONPOCHI paccMaTpuBalOTCS B LLIECTHAALATON 1 ABaALaTh LWEeCTOon
NeKUUSIX.
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KnioueBble cnoBa: uvHTerpanbHoe ob6cnyxusaHue, ISDN, uHTepdeiic
«NoNb30BaTeNb-CETb», B-kaHan, D-kaHan, MHTennekTyanbHas ceTb, KOMMNbIOTEPHAs
TenedoHus, LLEHTP 00CNYXNBaHMS BbI3OBOB.

?
ij KoHTponbHbIE BONPOCHI

1.

N

HazoBuTe OCHOBHbIE CPEACTBA NOAAEPXKKN YCIYT, KOTOPbIE MOTYT ObITh
ncnonb3osaHbl B THOIT.

. MoxHo nu cumntaTb ISDN camocToATeNbHOM CeTbio?
. B yem 3aknoyaloTcs nocbl U MUHYCbl CPEeACTB NOAAEPXKKM YCIYT, KOTOpble Obn

PacCMOTPEHbI B 9TON NeKuumn?

. MoxHo nv o6ecneunTs yenyru, xapakTepHsle ans VIHTennekTyansHoli cetu, npu

NMOMOLLM MHBIX anmnapaTHO-NPOrpaMMHbIX CPeACTB?

. Kak MoxHO onpenennte Homep Bbi3blBaioLLEero aboHeHTa 6€3 CMoNbL30BaHNS

obopynoBaHus AOH?

. Anayero npeaHasHa4yeH MoAy/lb aBTOMaTU4eCKoro pacnpegesieHna BbI30OBOB

(ACD)?

. KakoBo HasHauveHue LieHTpa 06CnyxXmMBaHns BbI3OBOB?

@ 3apayu v ynpaxHeHus

1. Monpo6yliTe coCcTaBUTb aNropuUTMbl 06CNTYXXMBaHUS BbI30BA 3KCTPEHHbIX CIYX0

(Hanpumep, «02» npyn nomowm cpeacTs NHTennektyansHom cetu n LLOB).
HazoBuTe xapakTepHble pa3nnyuns B npouecce 06Cny>XnBaHus Nogo6HbIX
BbI3OBOB.

. Onpepenute ycnoBusi, Npu KOTOPbIX MHOrOMYHKLUMOHASbHBIA LEHTP

ob6cnyXnBaHNs BbI3OBOB He CNOCOOEH BbIMNOJIHATL TpebyeMble onepauuu.
Kak n3amMeHsIloTCs 3TV YCNOoBUS, ECNN OAHOBPEMEHHO MOIYT 0TKa3aTb OAVH, [Ba,
TPy pyHKLIMOHABHBIX Br1oKa.

@ JlntepaTtypa kK nekuuu 6

6.1. Tuttens 3., Oxenmc C., Muckutenno 4., Ndandep J1. ISDN npocTo

n goctynHo.— M.: JIOPU, 1999.

6.2. lonbawTerid 6.C., Expuens .M., Pepne P.1. MHTennekTyanbHble CETU. —

M.: Pagno n ceasb, 2000.

6.3. TonbawrTentH B.C., ®peiiHkmaH B.A. Call-ueHTpbl 1 KOMNbOTEPHAas

Tenedonus.— Clo6.: Uspatenbcteo BHY, 2002.



Nexkuunsa 7

Ycnyrn,
noanepXmBaemble
TpOIl

Post malum segetem serendum est.
(IMocne rnnoxoro ypoxas Bce-takun Haao CesiTb)

7.1. Knaccudukaumsa ycnyr, npeaocraBiisseMbiX
Tpon

O6LwenpuHAaTon knaccudukaumm ycnyr 97eKTPOCBA3M Moka He Cy-
wecTeyeT. Teopus knaccndumkaumm (TakCOHOMUS) OPUEHTMPOBaHa, B
OCHOBHOM, Ha pusnyeckme oo6bekTbl. B kHure MHca Cenbe «OT MeYThI
K OTKPbITUIO» OTMEYaeTCs, 4TO knaccudbukaumsa — camblii APEBHUN U
camblli NPOCTON HayyHbln MeTod. OHa CNyXUT OCHOBOW TEOpeTuyec-
KMX KOHCTPYKLMIA MHOIMMX TWUMOB, BKJO4Yasa Npouenypy yCTaHOBIEHUS
NPUYNHHO-CNeaCcTBeHHbIX cBA3en. MaHc Cenbe ygayHo cHOpPMYIMpo-
BaNl OLEHKY pasHbiX BApMaHTOB Knaccudwukauumn. Jlyduwen cymtaercs
Ta, KOTopasa 00beaUHAET HanbosbLLee Y1COo GakTOB CaMblM NPOCTbIM
N3 BO3MOXHbIX cnocoboB. B aToM paspgene nNpenioxXeHO HECKONbKO
Cnoco60B kNaccudmrkaLumm, OCHOBaHHbIX HA Pa3/IMYHbIX TaKCOHax (xa-
pakTepHbIX NpM3Hakax). Takon noaxomd no3sonsaeT 6onee NonHo chop-
MMPOBATb NPeACTaBieHns 00 ycnyrax 97ekTPOCBA3M, HO CHavana ue-
necoobpasHo obcyanTb NpegmeT knaccudukaumm. Cnegyet OTBETUTb
Ha Bonpoc: «4To Takoe ycnyra cea3m?». B nocnegHee Bpemsa nepeq,
CNOBOM «yCJlyra» 4aCTO WUCMNOMb3YTCH CO3BYYHbIE OMNpeaeneHns: «Te-
JIEKOMMYHUKAUMOHHAsA» N «MHPOKOMMYHUKALMOHHas». Heobxoommo
0OBACHUTbL pasnuyne 3TUX TEPMUHOB.
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B sHUmMknonegusx n TONMKOBbLIX CNOBapsiX TEPMUH «ycllyra CBA3U»
0ObSACHAETCS KakK MNpOAyKT AEeSATEe/IbHOCTU, CBS3aHHOW C MpUemMom,
o06paboTKol, nepenadert 1M OOCTABKOM MOYTOBbLIX OTMPaBNEHWUIA WUnn
coobueHnn anekTpocea3n. Ha canmte ITU copepXuTcs HECKOSbKO
onpeaeneHni TEPMMHOB «yCcnyra» (Service) u «ycnyra anekTpocBs3u»
(telecommunication service). OHn onpeaeneHbl B pa3HbiXx pekoMeHaa-
umax ITU-T n oTpaxaloT BaXHENWLLINE aCcnekTbl YCAYr C TOYKN 3PeHUs
BOMPOCOB, KOTOpPblE BXOAAT B cdepy komneteHumn UK, npepnoxms-
Wwen TpakToBKY TepMuHa. Ecnu nonbitatbcs 0606WMTE BO3MOXHbIE
TOJIKOBAHUS pacCMaTpPMBaEMbIX TEPMUHOB, TO MOXHO CHOPMYIMpPO-
BaTb cneaylollee onpeaeneHne: ycayra — a1o Habop GyHKuUu (B Yac-
THOCTU, MHMOPMALIMOHHbIX PECYPCOB M MPUJIOXEHWI), npeanaraemMbix
nosb3oBaresisim ambo Oneparopamm ceTeri cBsi3n, 1Mb0 KOMMNaHUsMmn
TE/IEBU3VIOHHOIO WM 3BYKOBOIO BeELUaHus. JTO onpegesieHne nos-
BONIAET YTOYHUTb TEPMUHBI «TEIEKOMMYHUKALIMOHHASA ycnyra» N «uH-
HOKOMMYHUKALMOHHAsA ycnyra». MHOOKOMMYHUKAUMOHHAs cuctemMa
npencraensier coboii CUMOMO3 TENEeKOMMYHUKALMOHHbLIX CeTen U
annapaTtHo-NporpaMMHbIX CPeACTB NOy4YeHus, nepeaayn n obpaboTku
nHpopmaumn. C 3TON TOUKM 3PEHUS TEPMUH «MHDOKOMMYHUKALIMOHHAs
ycnyra» NpeacTaBnsieTcs yHMBepcanbHbiM. Ecnm paccmartpuBaTth 00bly-
HOoe coeamnHeHne apyx TepMmuHanos B THOI, To oocTyn K Kakum-nmbdo
MHPOPMALMOHHBLIM pecypcam OTCYTCTBYET. OTO O3HAYAET, YTO YCNyry
MOXHO paccMaTpmBaTtb Kak TeNeKOMMYHMKaUWOHHY0. MIHorga 4yeTkyto
rpaHuuy mexay MHOOKOMMYHUKAUMOHHBIMU N TENEKOMMYHUKALMOH-
HbIMW yCNyraMmmn npoBecTn HEBO3MOXHO. B mogo0bHbIX cryyasix TEPMUH
«MHOOKOMMYHMKALMOHHAA ycnyra» npeactaBnsieTcs npeanoytTuTesb-
HbIM.

Bce MHPOKOMMYHUKALMOHHBIE YCITYTN — C TOYKM 3PEHUS TEXHOSI0MNKN
pacnpeneneHvs nHgopmaumm — MoryT 6biTb pa3geneHsl Ha Tpy 60Jb-
wuve rpynnsl. YCayrn nepsomn rpynnsl NPesoCcTaBAdiOTCS Mpy NOMOLLN
TEXHOIOMMN «KOMMYTaLUS KaHanoB». XapakTepHbllii npumep — nosyye-
HVYe curHana o NOCTYMNJEHUM HOBOrO BbI30Ba B MNpoLecce pa3roBopa
(Call Waiting). Ycnyrmn BTOpOW rpynnbl NPeaoCTaBAsOTCS 3a CYET UC-
NOJSIb30BaHNA TEXHOJIOMMN «KOMMYTaLMSA NaKeToB». IP-TeneoHnio MOX-
HO CYMTaTb TUMNYHbBIM NPUMEPOM BTOPOM FPynnbl YCAYr. YCIyrn TpeTbein
rpynnebl 6a3upyloTcs Ha 06ENX TEXHOOMMAX KOMMYTaLMN. XapakTepPHbIN
npumep — noctyn B MHTepHET C NOMOLLbIO MOAeMa, TO €CTb YCTaHOB-
NeHne KoOMMyTupyemoro coeamHeHus yepe3 ToOI n nocnenyowmi
0O6MeH AaHHbIMU B BUAE NakeToB. C TOUKN 3PEHUSA NMPAKTUKU, CIIOXNB-
wenca B TenedoHun, Bce MHPOKOMMYHUKALMOHHbIE YCyru OenaTcs
Ha ABE rpynnbl: OCHOBHblE U AononHuTteneHble. Ona THOI ocHoBHas
ycnyra 3ak/io4aeTcs B YCTaHOB/IEHUM COEANHEHUS Mexay OBYMS Tep-
MUHanamMmm. 3T0 KOMMYTUPYEMOE COEANHEHME MOXET OblTb MECTHbIM,
MeXAyropoaHbIM, MeXAyHapOLHbIM.
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Onsa THOI Bce Te ycnyrm, KOTOpble He BXOAAT B rPYMNy OCHOBHBbIX,
cunTaloTCca OONOJIHUTENbHBIMU. B HEKOTOPbLIX OTEYECTBEHHbLIX MyOnn-
KauMsX OHM MMEHYIOTCS OOMONIHUTENbHbIMM BuaaMu 00CnyXnBaHus
(4BO).

Ewe oguH cnocob® knaccudukaumm  ycnyr OCHOBaH  Ha
npUHUMNax MapLlipytmsaumm, Kotopble npuHatel B TdOIM. O6bIMHO
Takas knaccudwukaumsa WHTepecHa AN  AONOSHUTENbHbIX  YCNYr.
Llenecoobpa3Ho BbIAENUTb TPU XapakKTEpPHbIX TPynnbl ycayr: 6e3
M3MEHEHNS MpaBui  MapLipyTu3auum, C W3MEHEHMEM MpaBui
MapLlipytmsaumm, co cneumdudeckor peanusauyen. Ycnyru 6e3
W3MEHEHNS MPaBuU MapLIpyTU3auuM BbI3OBOB OCHOBAHbl HA HOBbIX
GYHKUMOHANbHBIX  BO3MOXHOCTSAX TepMUHaNbHOro  060pyaoBaHus
N/VAn KOMMYTaLUMOHHbIX CTAHUUA C NPOrpaMMHbIM yrnpasBfieHUEM. Xa-
pakTepHbIA NpuMep — yxe ynomsaHyTtas ycnyra Call Waiting — nonyue-
HMUE curHana O NOCTYMJIEHMN HOBOrO BbI30Ba B MPOLIECCE pa3roBopa.
K ycnyram, onsg nopAaepXkym KOTOPbIX MOXeT noTpeboBaTbCsd M3Me-
HEeHVe npaBui MapLpyTM3aumn, OTHOCATCS BUAbl OOCNYXMBaHMWS,
obecneumBaemble B MHTennektyanbHon cetu. MNpumepbl Takmx ycnyr
NPUBEAEHbI B LIECTOM nekumu. Ycnyrm co cneumduyeckon peanu-
3aumein TpebyloT YyCTaHOBKM AOMOJIHUTENbHLIX CPEACTB Mbo B Tep-
MUHanbHOM 060pyaoBaHUK, NMOO B CTaHUMAX KoMMyTaumn. Mpumep
yCcnyr Takoro poga — obecrneyeHne kKoHduaeHumManbHOCTU CBA3N. Ha
puc. 7.1 nokasaHbl Tpy crnocoba knaccupukaummn ycnyr, NpeasnoxeH-
Hble B 3TOM pa3aenie. OHM He OXBaTbIBAlOT BCE BapuaHTbl Knaccupu-
KauMn, BO3MOXHbIE W WMHTEPECHbIE C MNPAaKTUYECKOM TOYKU 3pEeHUs.
B yacTHOCTU, M3N0XeEHHbIE cNOCOobbI knaccudukauum MoryT 6biTe 0O-
NOJIHEHbI NPU3HAKaMu, kacarLwumMmuncs ncnonb3osaHus YCC.

Knaccudwukaums ¢ To4KM 3peHns npasun
MapLipyTu3aLmm, NpuHATbix B TGO

/Bes M3MEHEHVSI MPaBUI MapLLpyTU3aumm,
/C N3MeHeHveM npasun MapLupmisaumm//
g
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KommyTauus naketos a 5
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1 KOMMYTaLWIsi NaKeToB Rty
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Knaccuoukaums ¢ TOHKM 3peHnst < K
TEXHONOrMM pacnpeneneHns
nHdopmaumn
Puc. 7.1. Tpwu cnoco6a knaccudpukauumn

I/IHqJOKOMMyHI/IKaLWIOHHbIX ycnyr
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Ona TenedoHHON CBA3M, Kak NpaBuio, KOMMYTUPYIOTCS KaHanbl TY.
3HaunTenbHasa Oong ycnyr Takke npenocTaBiseTcs 3a CYET UCMNOMb30-
BaHWS TPAHCMOPTHbLIX PECYPCOB KaHana TH unn AByxnpoBOAHbIX GU3U-
4yecKkux uenen, obpasyomx ceTr gocTyna.

Ha puc. 7.2 npeactasnena knaccmdukauus BuaoB 006CayXMBaHWS,
peannsyembix Ha 6a3e TdpOIll. OHa OoCHOBaHa Ha pasNMYHbLIX BUOAX
cBA3K, onupatowmxcsa Ha pecypcbl THOI. CnenyeT noaYepkHyTb, HYTO
npeanaraemas knaccudpukaumsa secbMma ycnosHa. B wactHocTn, CIIC,
KOTOpPOW MOCBSILLEHA BTOpas 4aCTb 3TOM KHUIM, MOXHO MOJIHOCTbIO
«YNOXUTb» B 610K «MOOUABHLIM AOCTYM», HO BPSA 1N Takon npuem by-
OEeT MeToO0/I0rMyeck onpaBaaH.

Buabl 06cnyxunBaHus, NnpefocTaBiaseMble 3a CYET UCMONb30BaHus pecypcos TdOMM

Mepenava
ApeHpa TenedoHHas pea O6MmeH OxpaHHas
dakCUMUNBbHbIX
KaHanos CBSI3b o OaHHbIMU curHanusaums
coobLweHni
o o Mpn nomowm
DUKCMPOBAHHBIN Mo6unbHbIi Mpwv nomowm P L
obopyaosaHus
poctyn pocTyn Moaema xDSL

Puc. 7.2. Knaccudukauusa BuaoB o6cnyxusaHus, nogaepxuvsaemoix TON

CnoBo «service» B aHMUNACKOM £13blK€ UMEET, KaKk MUHMMYM, OBa
3HauyeHua: ycnyra u obcnyxmBaHme. Bbibop agekBaTHOro BapuaHTta
nepeBoaa MOXeT ObITb CAEeNaH TOMbLKO B MPOLIECCE aHanmM3a TeKcTa Ha
AHITIMNCKOM 413blke. B 3TOM nekumm TepMUH «0BCNYXMBAHNE» NCMNOJb-
3yeTcs ansg 0603HaYeHMs Buaa CBA3un. [1na kaxaoro Buaa CBA3M MOXET
ObITb onpeaeneH Habop ycnyr. C 3TOM TOYKM 3PEHUS TEPMUH «0OCYXN-
BaHMe» cnepyet cumtatb 6onee obwmm. C apyroii CTOPOHbI, HEKOTOPbIE
yCnyru (B HaCTHOCTU, MyJIbTUMEAMNHbBIE, MPEAYCMaTPUBAIOLLME, HAMPU-
Mep, OOHOBPEMEHHYIO Nepeaayy peyu U AaHHbIX) NpegoCTaBnaTCd 3a
CYET HECKOJIbKMX BUAOB CBA3M.

Ons onvcaHusa ycnyr MCnonb3yloTcs Tak HaldblBaeMble aTpubyThl.
OHK 06bIYHO coaepXXaT KONMYECTBEHHbIE XapakTepPUCTUKK (Hanpumep,
CKOpOCTb nepejayn uHGopMaumMm 1 BpeMs OOCTaBKM COOOLLEHMSN).
Kpome Toro, atpubyramm mMoryT OblTb U CNOBECHbLIE YTBEPXOEHUS (B
4aCTHOCTU, «a», «HET», «yCJlyra BDEMEHHO He NOLALEPXKMBAETCS»).
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7.2. AlononHUTenbHble ycnyru B tenedoHnum

J1eBbl HUXXHWI BNIOK Ha pUC. 7.2 BKIloYaeT B cebst MHOXXECTBO A0MN0I-
HUTENbHbLIX yCnyr, nogaepxmneaemoix THOIM. 3T ycnyrn Moryt npeno-
CTaBNATbCHA NONb30BaTENAM Pa3/IMYHLIMK annapaTHO-NPorpaMmMHbIMA
cpencTeamu.

[o nosBneHns KOMMYTAUMOHHBLIX CTaHUMIA C NporpamMMHbIM Y-
paBfieHWEM MepeYveHb AOMNOMHUTENbHbIX YCAYr, OOCTYMHbIX abOHEHTaM
TdOTM, 6bin orpaHNYeH QYHKLMOHANbHBIMY BO3MOXHOCTAMMW Cleayto-
Lwero poaa:

e BbI30B OrnepaTopa OAHOWM N3 3KCTPEHHbIX CNYXO (noXxapHas KOMaH-
0a, opraHbl OXpaHbl NPaBonopsaaKa, ckopas MeguLUnMHCKas MOMOLLb,
aBapuitHas 6puraga ra3oBom ceTn) unm xe o6beamnHeHHoM «Cnyxobl
cnaceHus»);

e [0CTYN K MHPOPMALMNOHHO-CMPaBOYHbIM ClyXbam pa3HOro HasHa-
YeHus1 ANs nosly4eHnss HeoOXo0AMMbIX CBEAEHNIA;

® BbIXOO K Oonepatopy Me)KJJ,yFOpO,EI,HOVI n Me)KHYHapOﬂHOﬁ TenedoH-
HOW CBA3K OIS yCTaHOBJIEHUA Tpe6yeMoro coeanHeHnd.

BBeneHne B KOMMEPYECKYID SKCMjyaTauuio KOMMYTALMWOHHbIX
CTaHUMI C MNPOrpamMMHbIM yrpaBfieHMEM MO3BOSINIO CYLLUECTBEHHO
pacLLUMPUTb CMEKTP AOMONHUTENbHbLIX YCNYF, KOTOPbIE CTanu AOCTYMHbI
aboHeHTam TpOIl. Hanpumep, B ceBepoamepukaHcko THOI wmpokyto
NONYyNSAPHOCTb MNOMYYUN A0MNONHUTESIbHbIE YCIYrN YeTbIPeX BUOOB:

1. YBegomneHme o nMOCTYNJIEHMM HOBOrO Bbi30OBA B MpOLECCE pa3ro-
Bopa (Call Waiting). Ycnbilwae cCOOTBETCTBYIOLMIA CUIHAN (TUKKEP)
abOHEHT MOXET OTBETUTb HA HOBBIN BbI3OB. YCTAHOBJIEHHOE paHee
coeguHeHne coxpaHaeTcs. OTBETUB Ha HOBbLIN BbI3OB, aDOHEHT MO-
XET BEPHYTbCSH K MPepBaHHOMY Ha BPEMS Pa3roBopy.

2. MNepeagpecauns Bbl30BA MO 3apaHee 3agaHHoMy Homepy (Call
Forwarding). Bce BxogsiLupe Bbi30Bbl aBTOMATMYECKM HaNpPaBsitoTCs
Ha OpPYyroi HoMep, KOTOpbIi 3apaHee BbiOpaH aboHEeHTOM. JToT
HOMEpP XPaHUTCHA B KOMMYTaUVMOHHOW CTaHUMM B TEHYEHNE BPEMEHM
DeNcTBUA JAHHOW yCryri.

3. MNopknoyeHne K yXe YCTaHOBNEHHOMY COEAMHEHUI0 TepMuHana
TpeTbero aboHeHTa (Three-Way Calling). 9Ty ycnyry MOXHO pac-
cMaTpuBaTbh KakK NMPOCTENLLMA BapuaHT KOHdepeHuun. Ycayra nos-
BOJISET 3P PEKTUBHO pPELLNTL 3a8a4M, B KOTOPbIX HEOOXOAMMO y4u-
TblBaTb MHEHWNE TPEX CTOPOH.

4. CokpallleHHas Hymepaumsa [Oas Bbi30Ba OMPEOENeHHOW rpynnbl
aboHeHTOB (Speed Calling). 3Ta ycnyra no3BosiSeT COKpaTuUTb Bpe-
Msl YCTQHOBJIEHUS] COEAMHEHUS, @ TAKKE YMEHbLUNTb BEPOSTHOCTb
OoLWMBOK, KOTOPbIE HEN3OEXHbLI NPy Habope 60NbLLIOro Y1ucna unodp.
B cBA3KM c paclumpeHnemM ¢yHKLMOHANbHBIX BO3MOXHOCTEN Tene-
GHOHHbIX TEPMUHANOB MHTEPEC K 3TOW yCnyre cTan nagatb.
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MpuMepbl ApYrx LOMNONHUTENBLHBLIX YCNYT, MCNOJIb3yeMbIX abOHEHTa-
Mu TpOI, moryT ObITb NPeACTaBEHbI CNEAYIOLLVM NEPeYHEM:

e repeagpecaumst Npu 3aHATOCTU JIMHUM BbI3bIBAEMOro aboHeHTa
(oamH n3 BnpoB ycnyrm Call Forwarding);

e BpPEMEHHbIN 3anpeT BXOAsLLEN CBA3M (BCEX BbISOBOB WM TOJIbKO
MECTHbIX), YTO MOXET OKa3aTbCs MONEe3HbIM B NepMo[, BbIMOJHEHUS]
BaXHOW paboThl;

e 1CXOOsWasa CBA3b MO Naposio (BblI30Bbl BCEX BUOOB, WU TOJIbKO
K MAaTHbIM CIyX06aMm, a Takke MexayropoaHble U MexXayHapOaHbIE);

e onpepeneHne Homepa Bbl3biBatollero aboHeHTa 6e3 ycTaHOBKM ar-
napatypbl AOH psoom C Bbi3biIBaE€MbIM TEPMUHANOM.

Peannsauns atux n psaga opyrmx ycnyr BO3SMOXHA Pa3HbIMU CNOCO-
6amu. Ha puc. 7.3 nokasaHa knaccudukaums annapaTHO-NporpaMmMHbIX
CpenCcTB, KOTOpbIEe MOIYT ObITb MCNOJIL30BaHbI AJ15i NPeA0CTaBeHUs 40-
NoNHUTENbHbIX yenyr aboHeHTam THOTT.

AnnapaTHO-NporpamMMHble CpeacTBa ANs NOAAEPXKN AONONHUTENbHBIX yenyr B THOIM

YcTpoiicteo Y3en Mnatdopma CpeacTsa 5 OBopyaosaHue
ynpasneHusa cneunanbHbIX IN KOMMbOTEPHOM ISDN
ATC cnyx6 TenedoHumn
OKCTpeHHbIe NHdopmaumoHHo-
CNyx06bl CMpaBOYHbIE CITYXObI
Puc. 7.3. Knaccudpukauusa annapatHo-nporpaMmmMHbIX CPEeACTB

ANS NoAAEPXKN A0NOAHUTENbHbIX yenyr B TdOMN

JononHuTtenbHble yCnyrm MoryTt npefoctaBasTbCs YCTPOMCTBaAMU
ynpaeneHus ATC 06e3 MUCnofb30BaHUSA KakuUX-NMOO AOMONHUTENbHbIX
annapaTtHo-NporpaMMHbIX CPeacTB. Hanpumep, YyeTbipe npuBeaeHHbIE
BbllLE AOMOJIHUTENbHBIE YC/YrM MOTMYyT ObITb NPEenoCTaBieHbl 3a cYeT
GYHKUMOHANBHBIX BO3MOXHOCTEN, MPUCYLLUX KOMMYTAUWUOHHbBIM CTaH-
LUMSIM C NPOorpaMMHbIM ynpaBneHnem. bonee Toro, COBpeMeHHbIe Lng-
poBbie ATC cnocobHbl npenoctaenate yenyrn CENTREX, no3sonsiowme
npeanpusatuio 6e3 ycTaHoBKM 060pYyAOBaHUS KOMMYTaLMK MNOSAYYUTb
BCe YHKUMOHaNbHblE BO3MOXHOCTU YATC.

B ropoackux n cenbCkux Tene@oHHbIX CEeTSX Mason eMKOCTU O0-
CTYMN K 9KCTPEHHbLIM 1 K MHPOPMAaLMOHHO-CNPaBOYHbLIM Cnyx6am Takxe
obecneymBaeTcs 3a cHET TeX PYHKLUMOHANbHbLIX BO3MOXHOCTEN, KOTO-
pble NPUCYLLM COBPEMEHHBIM KOMMYTAUMOHHLIM CTaHUMAM. B Takumx
cnyyasax co3gaeTcs CBOero poga BupTyanbHbeii YCC. B 6onblumMHCTBE
rOpPOACKUX U CENbCKUX TENTEMOHHbIX CETEN A5 BbIXOAA K 9KCTPEHHbLIM U
MH$OpPMaLMOHHO-CNPaBOYHbLIM CyX6aM ycTaHaBnmMBaeTcs 06opyanoBa-
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Hue YCC. B HacTosLee BpeMs 01 CBSA3U C ornepaTopamMm 3KCTPEHHbIX
cnyx6 HabupatoTcs ase umdpbl, KOTOPbIE NOEHTUYHbI HA BCEN TEPPUTO-
pun Poccun. 1ng Bbixoga K onepatopam MHOopMaLMoOHHO-CAPaBOYHbIX
cnyx6 06bl4HO HabumpatoTcs Tpu undpsbl. B kauecTe nepBoin Undpbl Bbl-
xoga K YCC noka ncnonbdyetcsa umdpa «0». B nepcnektnee, cornacHo
obLeeBponenckum TpeboBaHUAM, HyMepaums BCEX OOMOHUTENbHbIX

ycnyr 6yaeT HaumHaTbes C UMdpbI «1»,

B wecton nekumn n3noxers! npuHumnel noctpoeHus IN (MHTennek-
TyanbHON CeTun), annapaTHo-nporpamMmmHblx cpencTte ISDN (umndgposon
CETU UHTEerpanbHoOro o6¢cny>xmBaHms) n 060pyaoBaHUSA KOMIMbIOTEPHOW
TenedoHnn. OHM obecnednBaloT AOCTYNn abOHEHTOB K SKCTPEHHbLIM U
K MHPDOPMaLMOHHO-CNPaBOYHbIM ciyxbam (nHorga — 6onee adpdek-
TUBHbIN), HO MaBHOE MPEeuMYLLECTBO 3TUX annapaTHO-NPOrpaMMHbIX
CpencTB COCTOMT B BbICOKOW KOHKypeHTocrnocobHocTn Onepartopa
TdOIM Ha pblHKE MHHOKOMMYHUKALIMOHHbIX YCYT.

KoHuenuus «<MHTennekTyanbHas ceTb» 0060 addekTUBHA Ans rnpe-
DOCTaBNEHUS YCNyr, KOTOpblEe NpPeaycMaTpuBalT U3MEHEHUE MpPaBui
MapLUpyTM3aLmMn BbI3OBOB — BEPXHSAS rpaHb Kybuka Ha puc. 7.1. Mpu
NCMNOSb30BaHMN CPEeACTB KOMMbIOTEPHOM Tene@oHun nogobHble BO3-
MOXHOCTWN OrpaHuyeHbl. 1o 3TOW NpuynHe CpeacTBa KOMMbIOTEPHOMN
TenedoHnn MHorga HasblBalOT OHOCTAHUMOHHOW VHTennekTyanbHOMn
ceTbio (oneswitch intelligent network). MNpu paspaboTke KoHUENUMK
ISDN OCHOBHOE BHUMaHWe yaensnocb AOMOMHUTENbHbIM YCyram, Ko-
TOpble HE OTHOCATCH K TenedoHnn. TemM He MeHee, pPsih MHTEPECHbIX
Bo3MOxHocTeln ISDN npeanaraet v anga TenedoHHON CBA3N.

JononHutensHole  ycnyru, 3bdeKTMBHO nognepxvsaemble
annapaTHo-nporpaMmMHbIiMu cpeacTteamm MHTennekTyanbHom cetu, Mo-
ryT OblTb NPeACTaB/EHbI C/IEAYIOLLMMN NMPUMEpPaMMU:

1. Onnara coeanHeHus: Bbi3biBaeMbiM aboHeHToMm (Freephone). lMpe-
OOCTaBNieHNe 3TOW YCNyrn rnoapasymeBaeT Habop TpPex3Ha4yHOro
Kofa (B HacTosLwee Bpems MHormmmn Onepatopamu TpOIT anga atoro
BblaeneHa komouHauua «800») n cemMnsHayHOro Homepa. HabpaH-
Hble CEMb LUMNOP, Ha3blBaEMbIE JIOMTMYECKUM HOMEPOM, ONnpeaensoT
TONbKO BUA, yCnyru (Hanpumep, 3aka3 nulubl U1 6poHMpOBaHuE
aBuabuneTta). AnnapaTtHo-nporpamMmmHble cpeactea SSP un SCP, B
3aBNCMMOCTU OT BPEMEHM CYTOK, MHTEHCUBHOCTU Tpadunka n apyrmnx
$akTopOoB, ONPenensioT Ty TOUKY (PU3nyecknin Homep), kyaa cneny-
eT HanpaBuTb BbI3OB. B psae cnydaes (B HaCTHOCTU, A4St OpOHMpoOBa-
HUS aBMabuneTta) coegmHeHne MOXEeT OblTb YCTAHOBMIEHO C paboymm
MEeCTOM ornepaTtopa, KOTOPbI HAXOAUTCS B APYroM ropoge 1 naxe B
Opyroi cTpaHe.

2. InopmaLmoHHast ycnyra ¢ Ha4ucaeHneM AOMnOIHUTEbHON 1aTbl
(Premium Rate). MNpn 3aka3e HEKOTOPbIX YyCNyr aboHEHT OOJIKEH
3annatuTb He TONbKO 3a Tpaduk, HO U 3a NOJIYYEHHYIO MHpOpPMa-
umio. lMonyyeHHble AeHbrn genatca mexay Onepatopom TgpOTl
M MOCTaBLUMKOM WMHGPOPMALMOHHBIX PECYPCOB B COOTBETCTBUU C
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3apaHee yCcTaHOBNEHHbLIMY NpaBunamu. B paage ctpaH ong atom ycny-

MM B KQ4eCTBE TPEX3HAYHOr 0 Koaa Ucrnosib3yeTcs KoMouHaums «900».

Mo aTOM NPUYMHE B TEXHUYECKON NNTEPATyPE NOSBMIOCHL Ha3BaHME

«Ycnyra 900».

3. BuprtyanbHas 4actHas cetb (Virtual private network). Cytb aTon yc-
nyrmn — ncnonb3osaHune pecypcoB THOI onsa opraHmsaummn koprnopa-
TUBHOW CETU, B KOTOPON MOryT OYHKUMOHNMPOBATb HECKObKO YATC
n/mnun obCnyxXnBaTbCcsa abOHEHTbI 32 CHET PYHKLMOHAbHLIX BO3MOXX-
HocTert CENTREX.

4. TeneronocoBaHue (Televoting). 3Ta ycnyra no3BonsieT NpoBecTy on-
poc 06LWeCcTBEHHOro MHeHUS ¢ ncnosib3oBaHnem ToOOM. ns pasHbix
BapWaHTOB OTBETA HA3HA4aKTCs pasHble HoMepa. Kaxabl y4aCTHUK
roslocoBaHnst HabmpaeT TOT HOMEP, KOTOPbIi COOTBETCTBYET €ro
MHeHMI0. BO3MOXHO MCMNoNb3oBaHne eaMHCTBEHHOIO TeNe@OHHOro
HOMepa, Habpae KOTOPbI YHAaCTHUK FOJIOCOBAHMS NOJy4aET PEYEBYIO
noackasky u coobLiaeT CBOe MHEHME MO0 NyTeM JOMONHUTENBHOIO
Habopa, nMbo B peyeBOM auasnore.
lMpuBeneHHbIE 4YeTbIpE MpUMEpPa YCAYyr — TEOPETMYECKU — MOryT

ObITb peann30BaHbl 1 CPeacTBaMm KOMMbIOTEPHOM TenedoHun. Yenyra

Freephone, ecnn peyb ngeT o 3akase nuubl, 3a CYET CPEACTB KOMMbIO-

TepHOW TenedpoHUn peannsyeTcs, No BCEN BUOUMOCTU, 3KOHOMUYHEE.

Lns opraHmsaumm 6poHNPOBaHNSA aBMabunneToB B TPAHCHALVOHAbHOM

KOMMaHn HeobOXO0OUMO LIEHTPanM30BaHHOE ynpasfieHne uHdopma-

LMOHHbIMK pecypcamun. B nogobHbIX crnyyasix Bbibop nnatdopmbl «MH-

TennekTyanbHas CeTb» MNPEACTABASAETCS NPeanoyYTUTENbHbIM. Takum

obpa3oM, cpeacTBa KOMMNbIOTEPHOM TENePOHNN, CKOPEE BCETO, OPUEH-

TUPOBAHbI HAa YCIYrn, KOTOPbIE NPEOOCTABASAIOTCS B Npeaenax MeCcTHOM

TenedOoHHOM CeTWN. XapaKTepHbIE MPUMEpPbI TEX YCNYI, KOTOpPble addek-

TUBHO NOALEPXMBAIOTCA CPEeAcTBAMU KOMMNbIOTEPHOM TenedOoHnmn, Mo-

ryT 6bITb NPEACTaB/IEHbl TAKUM NepeyvyHeM:

1. Mcnonb3oBaHue nNpeaonnadyeHHbix (prepaid) kapT ass pa3HbiX BUOOB
obcnyxmBaHus.

2. ObecneveHne CBA3M C ONepaTopamu n aBTOMaTUYeCKMMM YCTPOMNCT-
BamMmu B LJOB pasHoro HasHa4yeHus:.

3. OpraHmzauus cUCTEMbl PEYEBOI NOYTbI ANl aBOHEHTOB (PUKCUMPO-
BaHHbIX 1 MOOUNBbHbLIX ceTen TenedOoHHO CBA3N.

Cpenn ycnyr ISDN uenecoobpasHo BblAeNnTb Te BO3MOXHOCTU, pea-
m3aumst KOTopbix 0ByCcnoBneHa AoBeaeHMeEM UMPPOBOro rnotoka Ao
TEPMUHANOB NONb30BaTeNd. XapakTepHbIMU MpUMepamMmn yecnyr Takoro
pona cnegyet cumtaTthb:

1. TenedoOHHYIO CBS3b C KOOVMPOBAHMEM CUrHana B rnosioce nporycka-
HUs 7 kI, 4To o6ecnednBaeT 6osiee KOMPOPTHOE BOCMPUATUE PEYM.
[nga ceasm npm aTOM MCNOMb3YeTCs CTaH4APTHLIN B-kaHan.

2. Nepepaya cMrHanbHbIX COOOLLEHMIA MEXOY TEPMUHANAMU MOJb30Ba-
Tenen gna obmMeHa HeboNbLWKMKU 6aoKamMm HOOPMaLNK.
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CnekTp ycnyr, kotopble Onepatop TdpOIl npepnaraetr ceBoum abo-
HEeHTaM, NOCTOSAHHO pacLuMpsieTcs. HekoTopble ycnyru He noJib3yloTcs
CMPOCOM; MOCTENEHHO OHU MUCYE3AI0T M3 NEPEYHs NoAAepPXNBAEMbIX
DYHKUMOHANbHBLIX BO3MOXHOCTEN. [1oSBASAIOTCA HOBblE BUAbl YCAY.
MepcnekTyBbI Pa3BUTUS PbiHKA YCIYr pacCMaTpuBaloTCs B KOHLE 3TOMN
nekymn,

7.3. OcobeHHOoCTN NpepocTaBneHus ycnyr B CTC

Cucteme cenbckon TenedOHHOM CBA3M CBOMWCTBEHHbI HEKOTOPLIE
0COBOEHHOCTU, Cpeau KOTOPbIX BaXHasi posib NPUHALNEXUT 3KOHOMMU-
4eCKnM, reorpadunyecknm, gemorpadu4eckum 1 NICTOPUYECKNM PakTo-
paM. B MnpoBoi npakTnke 0Obl4HO BbIAENSAIOT ABA TUMWYHbLIX PparmMeH-
Ta cenbCko MeCTHOCTU. [epBbiii pparMeHT BKlo4YaeT B cebs cenbckme
HaceneHHble MyHkTbl. CTPOro roBopsi, UMEHHO AJ1g Takmx GparMeHToB
paccMaTpuBalOTCA MNPUHLNMBLI MOCTPOEHUS CenbCkow (rural) cBA3wn.
Btopon dparmMeHT — Tak Ha3blBaeMble yAaneHHble (remote) NyHKTbI.
OpraHmzaums cBs3u ons yoaneHHbIX MyHKTOB TpebyeT BeCbMa CyLLeC-
TBEHHbIX KanuTasbHbIX 3aTpart. ng opraHnsaumm CBA3WN C yaasieHHbIMN
NYHKTaMW, KOTOPbIE, Kak NpaBuio, ABNSIOTCA U MaslOHaCceNeHHbIMN, YC-
TAHOBJIEHbI MPUHLMIMbI «YHUBEPCANTbHORO 0B6CAYXXVBAHUS».

depepanbHblli 3akoH «O CBA3U» COOEPXNUT OTAESIbHYIO raBy «YHU-
BepCasibHbIE YCNYrn CBA3U», MOCBSALLEHHYIO 3TUM NpuUHUMNamM. 3aKkOHOM
«O cBA3N» NpeayCMOTPEHO, YTOObI XXNTEeNb YAaNeHHOro nyHkTa Mor 6e3
MCNONb30BaHNSA TPAHCMNOPTHbLIX CPeaCcTB He 6oJiee 4em 3a Yac gobpaTb-
ca o TakcodoHa. B HaceneHHbIx NyHKTax C YNCAEHHOCTbIO Xutenen
CBbILLIE MATUCOT YesIoBeK A0JKEeH ObiTb XOTA Obl OANH KOJIIEKTUBHbIN
NyHKT goctyna B NHTepHeT. OTaensHasa nporpaMmma npegycmaTtpusaeT
opraHusauuio goctyna B IHTepHeT anga kaxaon wkosnbl. Ewe ogHa oco-
OEHHOCTb CUCTEMbI CENbCKOM TenedOoHHON CBA3KM 3aK/io4YaeTCs B TOM,
YTO B HEN YK€ OABHO, pPaHbLUe YEM B ropoaax, Ha4yasimcb UHTErpaLmnoH-
Hbl€ MPOLECCHI.

XapakTrep 39TUX NPOoLLECCOB UAMIOCTPUPYeTCca Ha puc. 7.4. Ha atom
pUCYHKe nokasaHa cxema opraHusaumm ceasu mexay LIC n OC. Mpen-
nonaraetcs, 4To o6e cenbckne ATC OTHOCATCS K aHanoroBblM KOMMYyTa-
LMOHHbIM cTaHumaM. OHM cBs3aHbl Mexay coboi TpakTomM E1, KoTopbIn
06pasyloT ABe UMdpPOoBbIE CUCTEMbI Nepepayn. N3 Bcero kommnniekca
CUCTEM Nepefayvn Ha CXeMe N300paxeHbl TONIbLKO aHanoro-umdpoBkie
npeobpasoartenn. na obmeHa TenerpadHbiMU COOBLLEHMSMU U NO-
0a4n nporpaMmm 3BYKOBOIO BELLAHUS B CENbCKUX TPAHCMOPTHBLIX CETSX
NCNOMb3YITCA crneunanbHble O10KM BBOAA U BbIBOOA CUMHANOB. ITU
B/10KN «MepexBaTbiBAOT» JIMHEMHbIA TPAKT CUCTEMbI Nepenayu, 4Toobl
3aHATb 3apaHee BblOpaHHblE KaHasbHble MHTEpBasbl. KaHanbHbIA WH-
TepBas, NpeaHasHayYeHHbIN 419 nepegadn TenerpadHbIX COOBLLEHNIA,
npu HeoB6XOAMMOCTIN, MOXET ObITb YNJIOTHEH 060PYA0BaHMEM OS5 Op-
raHM3aunmn HECKONbKNX TPakTOB 0OMeHa ANCKPETHOM MHDOPMaLIMEN.
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CoepuHutenbHble | Auanoro- . AHanoro-
oc NVHUN LMPOBOI JInHelHbIV TpakT cucTemsl nepepayun E1 LUMpPOBOIA
npeobpa3so- npeobpaso-
BaTenb BaTenb
JuncneTtyepckuii
KoMMmyTaTop Bnok BBOAA Bnok BBOAA
1 BbIBOAA 1 BbIBOAA
curHanos curHanos
Cuvrnansi Curnansl Curnansi Cuvrnansi
TenerpadHom 3BYKOBOIro TenerpadHom 3BYKOBOIo
CBSA3N BeLaHus CBA3N BelaHma
Puc. 7.4. MpuHUMNbI NOAAEPXKU PSAA YCNYr 3a CYET UCNOJIb30BaHUSA
pecypcoe CTC

Ona nopayn nporpamMmm 3BYKOBOIO BELLAHUA WCMOJSIb3YETCH He-
CKOJMbKO KaHaslbHbIX MHTEPBasoB. VX KONMYeCcTBO onpenensaeTcs Knac-
COM kaHana selaHus. CoeguHnUTENbHbIE NMHUK (BCE MW MX YaCTb) Ha
ctopoHe OC MoOryT BKJOYaTbCS YEpPe3 AUCMETYEPCKUN KOMMYTaTOp,
npegHasHayeHHbIn ona MHOOPMAaLMOHHOM NOAOEPXKU MPOLLECCOB Y-
paBfieHNs CesIbCKOXO3ANCTBEHHbBIM MPOM3BOACTBOM. [ucnetyepckuin
KOMMYTATOP MOXET Takxe «nepexsaTbiBaTb» TPAHCMOPTHbLIE PECYPChI B
BUAe coeaHUTeNbHbIX IMHUIA. Moao0HbIA cnocob opraHn3aunn CBA3n
NCMNONb3YyeTCH B TEX Clyvyasax, korga Nnpon3BOACTBEHHbIE MPOLLECCHI Tpe-
OYIOT HaNIMYMA MOLLHOM JNCNEeTYepPCKoMr Cnyxobi.

7.4. MNepcnekTusbl pa3Bntus pbiHka ycnyr TpOTrl

JanbHenwee pasBuTMe pbiHKa ycnyr, npegocTtasnsemsix TgOrl,
OyoeT NpoMCXoanTb MO HECKOJIbKMM HanpaeneHusMm. LlenecoobpasHo
BblOENNTb TPU OCHOBHbIX NYTU Pa3BUTUS TEX YCNYT, KOTOPbIE NPSAMO 1N
KOCBEHHO CBSA3aHbl C TefiepOHUEN.

lMepBoe HanpaBneHne — pacluMpeHmne cnekTpa ycnyr, npeLocTaBng-
€MbIX COBPEMEHHbIMUN CETAMU TenedpoHHON CBA3U. HoBble BUABI YCiyr
nosiBnstoTCA Kak cneacteme passutus TpOIT n noa BO3AENCTBUEM 3BO-
JIIOLUMOHHBIX MPOLLECCOB, NPOTEKAKLWUX B ApYyrux cetax. B yacTtHocTw,
CTano u3BecTHo, 4To Onepartopbl MOBUIILHOW CBA3M NOy4aloT CPpaBHMU-
TENIbHO BbICOKME [0X0Abl 32 CHET YCYr nepenaymn KOPoTKMX COOBLLLEHNT
SMS (Short Message Service). 9T0T dakT cTMMynMpoBan pas3padboTky
TenedoHHbIX annapaTtoB C aHa/IOrMYHbIMM BO3MOXHOCTAMU, NpenHa-
3HAYeHHbIX ang npumeHenus B THOT.

BTopoe HanpaBneHne pas3BuTuUS pbiHKa YCyr CBSA3aHO C npougecca-
MW KOHBEPreHLUnn, XxapakTepHbIMU A1 COBPEMEHHON MH(POKOMMYHU-
KauMOHHOM cuctembl. OQHO U3 MHTEPECHbIX HaMpaBleHMN NPOLECCOB
KOHBEpreHumn — conmxeHne GyHKLUMOHANIbHbIX BO3MOXHOCTEN CeTeln
DUKCMPOBAHHOM 1 MOBUIIBHOM CBA3U. XapaKTepPHbIM MPUMEPOM MOXET
CUYMTaATbC MOOUIIBHOCTL (XOTSA 1 OrpaHnyYeHHast) HOBbIX BUOOB OECLLHY-
poBbix (cordless) TenedOoHHbIX annapaTtoB, KOTOPblE NMpegHa3Ha4YeHbI
ona TpOrll. Cpeam ycnyr, CBA3aHHbIX C MPOLLECCaMU KOHBEPreHumnm,
cneayeT BbIAENUTbL Tak Ha3biBaeMblii 6ECLUOBHbLIN (Seamless) nepexon,
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U3 0QHOM ceTn B Opyryto. 9Ta ycnyra no3BosnsieT aboHeHTaM CHU3UTb
CBOM pacxodpbl Ha CBSA3b Mpu nepexone n3 cetm MoOunbLHOM CBA3UN B
TdOT. Mpn obpaTHOM Nepexone BakXHbLIM CBOMCTBOM paccMaTtpuBae-
MO yCyrn CTQaHOBUTCHA BO3MOXHOCTb HE NpepbiBaTh CEaHC CBA3U.
TpeTbe HanpaBneHne oOyCNnoBEHO OJHOW U3 BeayLMx TeHAeHUuN
pa3BuUTnsa BCeN MHOOKOMMYHUKALIMOHHOM CUCTEMBI. Peyb nget o nepe-
xone Kk NGN. HecomHeHHOo, B anoxy NGN, 0CHOBaHHO Ha MaKeTHbIX TEX-
HOMOrvsaX Mepenadn n KoMmyTaummn, TenedoHHas CBa3b OyOeT urpatb
BaXKHYIO POJib Kak 04HO U3 3 PEKTMBHbBIX CPEACTB KOMMYHUKaUWii. Bon-
pPOC 3akJlo4yaeTCcs B CleaylolweM: KOPPEKTHO NN roBOpuUTb 00 ycnyrax
TenedpoHun npu nepexone K NGN? OTBeT Ha 3TOT BOMNPOC — YAaCTUYHO —
COAepXnTca B 3akntounTensHon nekuym o TpOIl, a Takke BO BTOPO U

TPETbLEN YAaCTSX 3TON KHUTI.

KniouyeBble cnoBa: oCHOBHbIE YCyru, AOMOSIHUTENbHbIE YCIYri, undpoBas
CeTb VHTErpanbHoro obcnyxusaHus, VIHTennekTyanbHas ceTb, oniata coeauHeHns
BbI3blBAEMbIM 2O0OHEHTOM, MHDOPMALIMOHHAS YCyra C Ha4MCIEHNEM AOMNOSIHUTENb-
HOW NnaTtbl, BAPTyasibHas YacTHas CeTb, TENIEr0N0COBaHUE.

?
i] KoHTponbHbIe BONPOCHI

N —

o » ©

No

Y10 Takoe «aTpnbyThl yCNyrmn»?

Kakune ycnyrmn npegoctasngaiorcsa B TGOl npym nomoLLm y3na cneumanbHbixX
cnyx6?

KakoBbl 0COGEHHOCTU peanm3auunmn OONOJIHUTENbHBLIX YCIYT B CENTbCKMX CETSX
TenedoHHO CBA3N?

HasoBuTe YeTbipe AONONHUTENbHbIE YCAYrX, nonynspHbie B TOIM

CeBepHo AMepUKMU.

B yem 3aknio4aloTCcsa NnpenMyLLLeCTBA U HEAOCTATKM UCMOMb30BaHWS CPEACTB
MHTennekTyanbsHOM ceTn ans BBEAEHUS HOBbIX BUAOB YCAyr?

Ha30BKTE OCHOBHLIE NEPCNEKTMBLI pa3BuTus ycnyr ToOr.

HanguTe npruMepbl KOHBEPreHLMN MPU UCMONb30BaHUN MOBUIIbHBIX TeNe(hOHOB
1 TepmmHanos DECT.

@Sanaqu M ynpaxHeHusi

1. MNpoaHann3npymnTe NOOXUTENbHbIE CBOMCTBA YETbIPEX AOMNONIHUTENIbHbLIX YCNYT,

B

BeLEHHbIX B ceBepoamepukaHckon THOIT, ¢ Toukm 3peHust aboHeHTa.

2. MNMpoaHannaunpynTe NOAOXUTENbHbIE CBOMCTBA YEThIPEX AOMNONHNTENbHbIX YCAYT,

B

BeJEeHHbIX B ceBepoamepukaHckoi ThOTl, ¢ Touku 3peHma Onepartopa CBA3N.

@ Jintepatypa Kk nekuum 7
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2004.
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Dilatio est queadum negatio.
(lNpomenneHve — Bua otkasa)

8.1. OCHOBHbIE NOHATUSA

TepMuH «ka4eCcTBO 0OCYXXMBaHUS» 4YaCTO BCTPEYAETCS B TEXHMYEC-
Ko nuTepartype. B nybnmkaumsax Ha aHIMMNCKOM s13blke eMy COOTBETCT-
ByeT cnoBocoveTaHne Quality of Service (QoS). TepMUH «KayecTBO
obcnyxmBaHns» ynotTpebnsaeTcs npu onmcaHUm pasfnyHbiX acnekToB
DYHKUMOHMPOBaHUA TenedoHHbIx ceTen. B pokymentax ITU-T Tepmu-
Hbl, OTHOCSLLIMECHA K KayeCTBY OOCyXWBaHWS, OMNpenensiioTcs peko-
Menpaumen E.800. Mokasatenn QoS B o710l pekoMeHaaumMmn paccmar-
puBalOTCA KaK pe3ynbTaT COBMECTHOrO MPOSIBIIEHUS XapaKTepuCTUK
obenyxmBaHus. Ha puc. 8.1, 3aMmcTBoBaHHOM 13 pekomeHaauum ITU-T
E.800, nokasaHa mogenb, koTopasi onpenensieT KOMMOHEHTbl Ka4yecTea
06CNYy>XMBaHNSA N UX B3aUMHbIe CBA3U. [TyHKTUPHAA NHUS AeNNT pUcy-
HOK Ha ABe YacTu. B BepxHei 4acTu NpmBeaeHbl OCHOBHbIE XapaKTepuc-
TUKM KayecTBa 0OCNYy>XMBaHUA. XapakTepPUCTUKN CETU NEPEUYNCEHbI B
HUXXHer yacTn moaenun. Bo Bcex 6nokax ykasaHbl TO/IbKO Ha3BaHUS Ha
PYCCKOM S13bIKE.

B TekcTe nocne puc. 8.1 npuBeaeHbl TEPMUHLI U HA A3bIKE OPUTNHA-
na. 9t TepMuHbl NnpuMeHnMsbl kak anga TeOrll, Tak 1 ang apyrux cetemn
CBS13M, pacCMaTPUBAEMbIX B 9TOW KHUTE.

8. lonbawTenH



Jlekums 8. Ka4ectBo o6cnyxuBanus B TOI

AcnekTbl ka4ecTBa 06cnyxuaHms B CINC n CA3 n3noxeHbl B NeKLN-
ax 18 n 28 cooTBETCTBEHHO.

KayecTBo obcnyxuBaHns

XapaKTepucTuku
NOAAEPKKMN
obeny

XapaKkTepuctukm
ypo6cTea

o6eny

XapaKTepucTuku
[IOCTYMHOCTN
yenyr

XapaktepucTukn
cTabunsbHocTM
obcnyxuBanus

XapakTepuctukm
MONHOLEHHOCTN
obcnyxuBaHns

XapakTepucTuku
6e3onacHocTn
obcnyxuBaHus

A A

A A

XapaKTepucTuk1 NpeaocTasneHns 06CnykuBaHus

\ KauectBo o6cnyxunBaHus

XapaKTepucTuku cetu

XapakTepucTuku
obcnyxusaHus
Tpacuka

XapaKTepucTuku
HayucneHunsa nnatbl

XapaKTepucTuku
nnaHMpoBaHus

XapakTepuctukn
rOTOBHOCTY XapakTepucTuku
cpefbl

pacnpocTpaHeHus

XapakTepucTukmn |
npefocTaBneHns [ [ |
yenyr

XapakTepucTuku
NoAAEPKKN
TEXHUYECKOro
obcnyxuBaHus

XapaKTepucTuku
BOCCTaHaBMM-
BaeMocTU

XapaktepucTuku
aamMuHucTpa-
TUBHOIo
ynpasneHus

XapaKktepucTuki
HagexHocTn

XapakTepuctuku
nepepaun
curHanos

Pecypcbl 1 06opyaoBaHve DyHKUMOHaNbHas HaAEXHOCTb

Puc. 8.1. Mogpens ITU-T, o6bscHSAIOWAA TEPMUHDbI B 061aCTU

KavyecTBa 00CNy)XuBaHus

O)KI/I,EI,aeMbIIZ YPOBEHb OGCﬂy)KVIBaHI/Iﬂ MOXET OUueHUBaTbCd TakKMMU
XapaKkTepuctmnkamm:
e nogaep>ka obcnyxuBaHus (service support);
e ynobcTBO 06CNyXMBaHUA (service operability);
e penocTaBnieHne obcnyxmnBaHus (serveability);
e 0e30nmacHOCTb 06CYXMBaHWA (Sservice security).

XapakTepucTuku noanepxkm oOCIyXuBaHUs OTpaxalT Cnocob-
HocTb OnepaTtopa (MM MHOrO y4acTHUKA MHGPOKOMMYHMKALMOHHOIO
pblHKa) NpPenocTaBUTb YCIYrn U CcnocoBCTBOBAaTb UX WUCMOSIb30BaHMIO.
XapakTepuctnkn ynobcrtea 06CNyXKMBaHUSA OLLEHMBAIOT YCMELWHOCTb U
NPOCTOTY MOJIb3OBAHUS yCnyramu. XapakTepucTuUKU npenocTaBieHns
obcnyxnBaHus, B CBOIO o4epesb, OeNSTCA Ha TPy rpynnbi:

e [OCTYMHOCTb ycnyr (service accessibility);
e CTabUNbLHOCTb 0OCNYXUBaHUS (service retainability);
® TMOJIHOLEHHOCTb 06CNyXMBaHMS (service integrity).

XapakTepucTmkmn OOCTYNHOCTU YCAyr OLEHMBAIOT BO3MOXHOCTb WX
nosy4yeHus rno TpedboBaHuIO NoJsib3oBaTens (C 3apaHee cneunduumpo-
BaHHbIMU O0MNYyCKaMu M ¢ cobBnaeHneM Opyrmx 3afaHHbIX YCOBUIA)
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N NpoAo/IKeHUs 06CNY>XMBaHUS B TEYEHNE 3anNpoLLIEHHOrO MHTepBana
BpeEMEHUN 6e3 OLLYTUMOro yxXyaleHnsl. XapakTepucTukm yCTOM4YMBOCTHU
0b6CcnyXnBaHNsa ONpeaenstoT BO3SMOXHOCTb MOJIb30BAHUSA MOJTyHEHHOW
YCIyrow ¢ 3agaHHbiMU aTpubyTamMmm B TEHEHME 3aMpPOLUEHHOIo NMHTepBa-
Na BpeMEHU. XapakKTepuUCTUKN MOSIHOLEHHOCTM 00Cy>XKMBaHUS — 0bLas
Mepa TOro, 4To o6cnyXxueaHue, 6yayyn nosy4eHHbIM, NPoMcxoouT 6e3
3HAYUTENbHOIO YXYALIEHUS.

XapaktepucTtukm 6e30nacHOCTU OBCNYXMBAHUS CBSA3aHbI CO Che-
aylowmmMmn acnektamm QyHKUMOHUPOBAHUA CETU 3NEKTPOCBA3UN: He-
CaHKUMOHMPOBAHHBIN  MOHUTOPWHN, XYJIbHUYECKOE UCMOJIb30BaHME,
3/I0HaMepPEHHOE NOBpPEeXAeHMe, HeNpaBuibHOE NPUMEHEHNE, ownbka
yenoBeka, CTxXuiHoe 6eacTeume.

Bce nepeyncneHHble BbilLe XapakTeEPUCTMKIN 06CNY>XMBaHNS 3aBUCAT
OT KayecTBa paboTbl CETU, @ TaKXKe OT ee PYHKLUMNOHASIbHbIX BO3MOXHOC-
Tell. COOTBETCTBYIOLLME CBS3M MOKa3aHbl HA pUc. 8.1 HMXe MYyHKTUPHOW
JIMHUN.

XapakTepuctmnkm Hauucnenus nnatbl (charging performance) oue-
HUBaIOTCS B TeKkCcTe pekoMeHnaaumn E.800 npouwle, 4Yem B psae Opyrux
MeXAyHapOOHbIX A0KYMEHTOB. OHM ONpeaensoTcs Yepes BEPOATHOCTb
KOPPEKTHOrO Ha4YUCNEHUs MnaTbl C TOYKN 3PEHUS BUAA CBSA3U, MyHKTA
Ha3Ha4YeHns1, BDEMEHU CYTOK N OJINTENbHOCTU COEOVHEHNS.

Xapaktepuctukm obcnyxuBaHusa Tpaduka (trafficability perfor-
mance) onpeaensaT CNOCOOHOCTb TEXHUYECKMX CPEOCTB 0OCIYXMBATb
Tpaduk c onpeaeneHHbIMU NapaMmeTpamMmn. ITU XxapakTEPUCTUKU pasae-
NeHbl Ha Tpy BonbLuMe rpynnbl.

TepMuHbI 4ns nepBoi rpynnel — «Pecypcbl 1 o6opygoBaHme» — elue
He onpegeneHsol. 1o BCe BMOMMOCTW, OMpenefieHns Ona xapakTte-
pUCTUK NnaHupoBaHusa (planning performance), npenoctasneHns yc-
nyr (provisioning performance) v agoMWHUCTPATUBHOIO YrpaBfieHUS
(administration performance) 6yayT pa3paboTaHbl B Gnmxaiiiee Bpems.

Btopas rpynna HasBaHa  (MYHKUMOHANIbHOW  HAOEXHOCTbIO
(dependability). 9ToT cobupaTtenbHbIi TEPMUH yKa3blBaeT Ha xapakTe-
PUCTUKN FOTOBHOCTM (paboTOCNOCOOHOCTM), YUNTbIBAs OCHOBHbIE BNW-
aoLwme gpakTopbl. BblaenaTcsa YeThipe BaXHble XapakTepUCTUKNA:

e OTOBHOCTb (availability) — cnocoOHOCTb TEXHNYECKOro CpeacTBa Bbl-
NOJIHUTb TpebyeMble GYHKLUMN B AAaHHbIA MOMEHT BPEMEHW UK B Jt0-
601 MOMEHT BHYTPM 3aaHHOro MHTepBasa BpeMeHn (Npu Hann4mm
COOTBETCTBYIOLLMX BHELLHUX PECYPCOB, EC/IN OHN HEOOXOAUMbI);

e HapexHocTb (reliability) — cnocoBHOCTb TeXHW4Yeckoro cpeacTsa
BbINOJIHATb TPebyeMmble QYHKLNM NMPU 3aaHHbIX YCITOBUSAX B TEYEHME
OonpeaeneHHoro MHTepBasna BPEMEHU;

e BOCCTaHaBnmMBaeMocTb (maintainability) — cnocobHoCTb TexHuyec-
KOr0 CpencTBa B YCTAHOBJIEHHbLIX YC/IOBUAX €ro WMCroJsib30BaHUA
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noaaepXatb BOCCTAHOBNEHNE Takoro ero COCTOSIHMS, B KAKOM OHO
MOXEeT BbINOMHATb TpebyeMble DYHKLMN NPY YCIOBUKN, 4TO TEXHUYEC-
koe 0OCnyXnBaHMe NPOBOAUTCS C MPUMEHEHMEM YCTAHOBIEHHbIX
npoueayp n pecypcos;

e rnoggepxka TexHMYeckoro obcnyxmBaHus (maintenance sup-
port) — cnocoBHOCTb 3KCMyaTauMOHHOM KOMMaHMM NpU 3afaHHbIX
NpPaBuUIax TEXHNYECKOrO 0OCTyXMBaHUS N0 TPeboBaHMIO NCNONb30-
BaTb pecypchl, Heobxoammble s obecrnedyeHns paboTocnocobHOC-
TW OnpeaesieHHOro TeXHMYEeCcKoro CpeacTea.

K TpeTben rpynmne OTHOCATCS XapakTepUCTUKM nepenayqn CurHa-
noB (transmission performance). OHM ONpenensiTCs Kak YPOBEHb
BOCMNPOU3BELAEHNS CUrHana, nepenaHHoro 4epes3 CUCTEMY CBS3U, KO-
Topas HaxoauTcs B paboTocnocoBHOM cocTosiHuM. B pekomeHzaumm
ITU-T E.800 BbigeneHbl xapakTepuUCTUKN cpedbl pacnpoCTpaHeHus
(propagation performance). OHM onpenensioTcs CroCOOHOCTLIO 3TOMN
cpenbl obecneynBaTb NPOXOXAEHME CUTHaNa ¢ 3aflaHHbIMM A0MNYyCKaMu
6€e3 MCKYCCTBEHHOIO pPeryanpoBaHns 3Toro npoLLecca.

OueBNaHO, YTO MCCneaoBaHMe BOMPOCOB KayecTBa OOCYXWBaHWUS
B THOI, kak 1 B ntoboii Opyron ceTn anekTpocBa3n, TpebyeT peLueHns
KOMMJiekca B3anMOCBS3aHHbIX 3a4a4. TeM He MeHee, noaxon, Npenno-
XeHHbIN ITU-T, N03BONSIET BbIAENUTL PAf, 3a4ady, PeLleHne KOTOpbIX —
npumeHnTenbHo K THOI — MOXHO paccmaTpmBaTb Kak CaMOCTOATE b-
Hble npobnembl. OgHa M3 BaXHbIX 3aga4 noctpoeHua THOI cocTtonT
B TOM, 4TOObI 0OCNyXMBaHME BbI30Ba, KOTOPOE BK/lOYaeT B cebs psas,
3TanoB, MPOUCX0OWN0 C CobMAeHMEM BCEX YCTAHOBJIEHHbIX HOPM,
a npu tenedoHHOM pa3roBope cobnaanvMcb 3afaHHble nokasaTtenu
KayecTBa nepegayqm pedym. 3t HOPMbl 1N NOKa3aTeNM B KaXgoMm CTpaHe
pernameHTUpyTCa HauuoHanbHOM AgMUHUCTPaumen cea3n. Nx coeo-
KYMHOCTb, a TakXe COOTBETCTBYIOLLNE YNCTIEHHbIE 3HA4YEeHNS 6a3npyIoT-
cs Ha pokymeHTax ITU n ETSI.

Lns poccuitckon THOI nokasarenu ka4ecTsa 00CNyXnBaHUSA Tpaan-
LMOHHO Oensatcs Ha ABe 6onblume rpynnel. B nepByto rpynny BXoasaT no-
KasaTenm kayecTBa 0OCNyXMBAHUS BbISOBOB. 3HAYNTENbHASA YaCTb 3TUX
nokasarenen BxoamT B 610K, Ha3BaHHbIN Ha pUC. 8.1 xapakTepucTmkamm
npenocTaBfieHns o0CnyXrBaHus. XapakTepHble NpMMepbl NokasaTtenemn
KayecTBa 06CNyXMBaHUS BbISBOBOB paccMaTpuBalOTCS BO BTOPOM pas-
nene. MNMapameTpbl, onpeaensowme Ka4ecTBo nepegayn peyun, obpa-
3yl0T BTOPYIO rpynny nokasatenen. B Tpetbem pasgene npuBeOgeHbl
COOTBETCTBYHOLLME NPUMEPDI.
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8.2. KayecTtBO 06CNYy)XMBaHUS BbI3OBOB

[ns oueHkn kavyecTBa 06CnyxmnBaHms Bbi3oBoB B TPOI vawe apyrmx
NCMONb3YyOTCHA ABE Mepbl: BEPOSATHOCTb C/ly4aiHOro cobbITUS U BpeMS
BbIMOJIHEHUS CBA3AHHOIO C 3TUM COObITUEM npouecca. JnMTeNbHOCTb
BbIMOJIHEHNST GONBLLUMHCTBA MPOLECCOB, KacaloLlmMxcs 06CcnyXnaHus
BbI3OBOB, ABMSIETCS CAy4YalHOM BEANYMHON. [10 9TOM NpUYMHE OHA TOXE
OLEHMBAETCS NMPY NOMOLLM XapakKTePUCTUK, NPUHATLIX A8 ONUCaHUS
CNyYanHbIX BESINYMH.

Ha puc. 8.2 nokasaHo rmnoTeTn4eckoe CoeanHeHne Mexay OBYyMS
TenedoHHbIMM annapaTtamu, yctaHosneHHoe B TdpOIl. Cnesa nokasaH
TenedoHHbIN annapaTt Bbi3biBawoLWero aboHeHTa. lMonb3oBartens, Ko-
TOpbIN MHUUMKUPYET coeguHeHne B TPOI, 0O6bIMHO UMEHYIOT abOHEeH-
TOM «A». ABOHEHTOM «b», COOTBETCTBEHHO, Ha3blBalOT BbI3bIBAEMOIrO
nonb3oBaTensi. Ero tenedoHHbI annapaT n3obpaxeH B NpaBon 4acTu
puc. 8.2. HUXHUN MHOEKC MECTHOW CTaHLMK COOTBETCTBYET BMay abo-
HEHTa (BbI3bIBAOLLMI UK Bbi3biBaeMbIN). lNpegnonaraercs, 4To coean-
HeHune ycTaHoBNEeHO Yepe3 N TPaH3UTHbIX CTaHUUN, a 06a TenedOoHHbIX
annapara BKJ/IOYEHbl (Kaxabli B CBOKO CTAHLMIO) MO MHOAVUBUAYAbHbIM
OBYXNPOBOAHBLIM aOOHEHTCKUM JIMHUAM.

TA MC, TC, TCy MCg TA
ﬁ () R\ ' M ﬁ
ABOHEHT «A» P Q=1-H T ABOHEHT «B»

: P,
¢ >
Puc. 8.2. YcTaHOBNEHHOE coeanHeHue mexay TenedPoHHbIMU

annapatamMmm gByx aboHeHTOB

Ha ocHOBaHMK TEOPETUYECKMX NCCNEOOBAHNI N PE3YNIbTAaTOB U3ME-
peHunin B TGO Obinn yCTaHOBNEHbI HOPMbI, KOTOPbLIE ONMPEaEensioT Nno-
KasaTenm kadyecTsa 00CNyXMBaHUS BbI3OBOB [AJ1 CETU B LenoMm. [anee
COOTBETCTBYIOLLME HOPMbI YKa3bIBaAlOTCS C HUXKHUM MHOEKCOM «0»,

Ha puc. 8.2 ykazaHbl TONLKO [Ba TakMx nokasarens: P, — BepOATHOCTb
notepu Bbi3oBa U T, — cpegHee BpeMsi yCTAHOBNEHUSI COEAUHEHUSI.
OO6bI4HO NokasaTenu KkadecTsa 00CyXXMBaHMS BbI30BOB HOPMUPYIOTCSH
ons yaca HanbonbLuen Harpy3ku (HHH).

ns mecTHO CTaHuMKU, B KOTOPYIO BKJIIOYEH aBOHEHT «A», mokasa-
Hbl ABa BO3MOXHbIX MCX0Qa MpoLecca YCTaHOBAEHUS COEdNHEHUS.
C BEpPOATHOCTLIO P, BbI30B B MC, TepsieTca. 91O O3HAYaET, 4TO C BEepOoAT-
HOCTblO Q=1-P; coeanHeHne NpofoxaeT ycTaHasnneaTbes. Ecnv Be-
POATHOCTM 0OCNY>XMBAHUS BbI30BA BO BCEX KOMMYTaALMOHHbIX CTaHLMAX
ABNSAIOTCS B3AUMHO HE3ABUCUMbIMU CITyHaNHbIMW BEJIMYMHAMMU, TO 3HA-
yeHve P, onpenensaercs no takon popmyne:
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p=1-][a-Pr). (8.1)
{3
Ha YCTaHOBJIEHNE COEAMHEHNA MeXAay TepMUuHaliaMu a6OHeHTOB
«A» 1 «b» Kaxaas KOMMYTaLMOHHAsA CTaHUMS 3aTpavymBaeT BpeMﬂTk(1).
BennunHa T0(1) onpeagendaeTca Kak mateMaTtnyeckoe oXxmngaHme cyMmbl
CllydanHbIX BEJINHNH:

L =>T1" (8.2)

{K}

JonycTrmasi BEPOSATHOCTb NOTEPb BbIOMPAETCSH C y4eTOM ABYX OC-
HOBHbIX coobpaxeHuii. C oaHOM CTOPOHbI, BofbluMe NoTepu AenatoT
HenpuemMnemMbiM 0OCY>XXMBaHME C TOYKM 3peHus aboHeHToB. C apyromn
CTOPOHbI, Npu noctpoeHnn THOI ¢ o4eHb ManbIMU NOTEPSAMU CYLLLECT-
BEHHO yBenuuumBaloTcs 3atpatbl Onepatopa. B pedynbrate OH BbiHYX-
OEH yCTaHaBNMBaTb BbICOKME Tapudbl, YTO TaKXe HEMNPUEMAEMO O
aboHEeHTOB. JTO 0O3HaYaeT, 4TO HEeOoOXOAMMO HaWTU KOMMPOMUCCHOE
peLleHune.

HopmaTumBHble AOKYMEHTLI AOMUHUCTPauun cBa3m Poccun, Oencr-
BylOLLME B HACTOALLEE BPEMS, ONPEAeNaioT BESIMYNHY Py A9 TUMUYHBIX
COEOVHEHNIA MexXay TeEpMMHaNnamm aboHEHTOB «A» N «b». B yacTHOCTH,
ONs COeaMHeHui B npegenax MecTHol TenedoHHOM ceTn Oblnn ycTa-
HOBNEHbI CreayLme AONYCTMMbIE BEPOSITHOCTWN NOTEPD:

e pu CBSA3M ABYX aODOHEHTCKNX TepMuHanoB ogHon 'TC - 2,0% 1;

e pu cBsA3M aboHeHTckoro TepmmHana F'mC ¢ YCC - 0,1%;

e nipu cesA3m YCC ¢ paboymm MecTom onepatopa 3KCTPEHHbIX CIyX6 —
0,1%;

e npu ceasn YCC ¢ paboymm MecTtom onepatopa MHOOPMaLIMOHHbIX
1 cnpaBoYHbIX Ciyx0 — 3,0%;

e npu cBA3N ABYyx aboHeHToB oaHon CTC - 7,0%.

CneposatenbHo, npu cBs3n aboHeHToB THOI gonyckatoTcs BeposaT-
HOCTU noTepb B HHH, namepsiemble eanHuLamMm npoLeHToB. MNpu obpa-
LLLIEHNW K onepaTopy 3KCTPEHHbIX CyX6 npeanosaraeTcs HOpPMUPOBa-
HVE NOTEPb, COCTABMSIOLLMX 40N NPOLEHTA.

Bbl6op cpefHux 3Ha4YEHU OJINTENBHOCTU YCTAHOBMIEHUS cOoeaMHe-
HUSI N OTAENbHbLIX 3TAMNOB 0OCAYXMBaHUSA Bbl30BA OCYLLECTBSIETCS C
y4EeTOM TEX XXe CO0bpaxeHur, KOTopbIMU pykoBoAcTByeTcs OnepaTtop
019 YCTAHOBJIEHUS OONYCTUMBbIX NOTEPbL. [1pn HOPMMPOBaHUN BEJNTNHUH
T,, Hapsagy co cpepHum 3Hadenmem — T, uHorna ycranaenusaetcs u
KBAHTUNb COOTBETCTRBYIOLEN DYHKLUNM pacnpeaeneHns. IT0 0O3HAYaET,
4YTO ONpenensgeTcd BePOATHOCTb, C KOTOPOW paccMarpmBaemMas cry4daim-
Haa BeNnYMHa He J0JKHa NpeBbiwaTth Hekui nopor — T,. Kak npasuno,
3Ta BEPOATHOCTb — 3HaYeHne GyHKUUNM pacnpeneneHmns ciny4yamHom se-
JINYUHBI — BblIBUpaeTcs Ha ypoBHe 0,95 nnun 6onee.

1 .
WHorpa HOpMUpPYEMble BEPOATHOCTU YKa3blBalOTCH B MpoMuUniie (OTﬂaTI/IHCKOFO «pro mille» 6yKBaJ’IbHO —-K TbICHHe»).
Ans nepexoaa K npoMusie HOpMy B NpoLEeHTax cneayet yMHOXUTb Ha AeCATb.
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Torpa cnpaBeaiMBO TakOe HEPABEHCTBO:! Tk(” <T..

BbI30OB HaunHaeTcsa ¢ NOAHATUS MUKpoTenedoHHOM Tpybku. HYepes
cny4ariHoe Bpems — T, aOOHEHT YCIbILIWUT akyCTUY4eCKuii curHan «OT-
BET CTaHumm». ITU-T pekoMeHayeT, 4TOObl 419 STANIOHHOM Harpy3kun «A»
OblIN YCTAHOBJIEHbI CNIEAYIOLLME HOPMBI:

* CcpeaHee 3HaYeHue ANUTENIbHOCTU MHTepBasa BpemMeHn T . He [N0/X-
HO ObITb BbiLle 400 mc;

® C BEpOATHOCTbIO 95% ONIMTENbHOCTL MHTEpBana BpemeHn T,. He
noJkHa npesbiwatb 600 mMc.

AkycTnyeckmin curHan «OTBeT CTaHuuM» MOCbINaeTcs aboHEeHTY
ceoert MC. MNoatomy B dopmyny (8.2) BXOOUT BCEro OHO cnaraemMoe.
Mpu pacyeTe BpeMEHU yCTaHOBNEHUA coeanHeHns dopmyna (8.2) by-
OEeT cogepXaTb MakCMMasbHOE YMCHO cnaraemMblx. PaccmartpuBaembiii
OTPEe30K BPEMEHU HauynMHaeTcs nocne Habopa nocnegHen UUPPbI HO-
Mepa BbI3bIBAEMOr0 abOHeHTa. 3akaH4YMBaeTCsa BPEMS YCTAHOBJIEHUS
COeOVHEHNS NONYYEeHNEM akyCcTmnyeckoro curHana («KoHTposb NocbIIKK
BbI30Ba» UM «3aHATO»). DTOT CUTHaN OnpeaenseT CoOCTOAHNE TepMu-
Hana Bbi3biBaeMoro aboHeHTa. B page 3apybexHbix THOI ans aToro
oTpeska BpemeHu — Tyc NPy MexAyropoaHOM COeAMHEeHUM BbiOpaHsbl
Takne HOpMbI:

* CpefHee 3HayYeHne JJIMTENbHOCTU NHTePBana BpeMeHu Ty He [oK-
HO ObITb BhiLLe 2,5 C;

® C BEPOATHOCTbIO 95% ANUTENBHOCTL MHTEPBANa BpemeHu Tyc He
noJkHa npesbiwatb 4,0 c.

YuCneHHble 3Ha4YeHUs 3TUX HOPM OnpeaeneHbl Ang CTpaHbl C He-
OonbLUON TeppuTopuen (Korga BpeEMEHEM pPacrnpoCcTpaHeHUs curHana
MOXHO NpeHebpeyb) U NP YCIOBUM Nepeaadm CUrHanoB ynpaBineHus n
B3anmMogenctemna no cetn OKC. C apyron CTOPOHbI, NPUBELEHHbIE BE-
JINYUHBI BbIBPAHbI C YYETOM peakumn aboHEHTa Ha AJINTENLHOCTbL Bpe-
MEHM YCTaHOBJIEHUA COeauHeHNd. 10 aTOM NpUYMHE NX MOXHO CYUTaTb
B6M3KUMK K TEM, KOTOpble YHMBepCcasbHbl ans THOI noboli cTpaHbl.

Benuunkbl TV, kak anemeHTsl MHOXecTBa {K}, MOTYT GbITh CBA3AHbI

Mexay coboli Yyepe3 BecoBble KOIDPULMEHTbI — Bk, CyMMa KOTOPbIX
paBHa eguHuue. 9T KoadduumeHTbl onpenensioTcs Onepatopamu
TpOIll Ha oCHOBaHUKM AOBOJIBHO NPOCTLIX COObpaxeHui. Torga BeNuyu-
Hbl Tk“) onpenensaoTcs no ¢popmyne (8.2) TpuBmanbHoO. B neByio 4acTb
(8.2) nopctaBnsieTcs cpegHee 3HaYeHNUE BPEMEHWN YCTAHOBJIEHUS COe-

(1
AviHeHus — T, 1.

CyLLeCTBEHHO ClOXHee «pacnpenenntb» 95%-i KkBaHTUIb GYHKUMN
pacnpeneneHuvs (B paccmarpuBaeMoM npumepe oH paeseH 4,0 c) no
anemMeHTam ceTu. MeTtopn pelleHnsa noaobHbIX 3a0a4 NpMBeaeH B chne-
OYIOLWEN Nekumn.
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BaxHas 0COOEHHOCTb MokasaTenen KkadectBa OOCNyXMBaHUS
B TpOI — mx nocTteneHHoe uUameHeHue. ITOT MpoLecc obycrnoBneH
OBYMS OCHOBHbIMU TeHAeHUusMK. [epBas TEHOEHUMS CBSi3aHa C TEM,
4TO OONBLLUNHCTBO aOOHEHTOB NPEeabABNSET Bce bonee xecTkme Tpedo-
BaHWS K Ka4ecTBY 00cnyXneaHus Tpadpuka. Bropas TeHaeHUmna popmu-
pyeTcs BCNeACTBUE PacCOeHUs KIMEHTCKOM 6a3bl. HekoTopble rpynnbl
aboHeHTOoB, NpuHocawmx Onepatopy TdOIl camble BbICOKME OOXOAbI,
npenbsaBASaOT 0codbble TPeboBaHUS K NokasaTensam 006Cny>XnMBaHus Tpa-
duka. Onepatopbl THOI 6e3ycnoBHO 3anHTEPECOBaHbl B TOM, YTOObI
Takne abOHEHTbI He YL K KOHKYpeHTaM. B kauecTBe Mepbl yaep>XaHus
abOHEHTOB C BbICOKMMU O0X0OaMU (MOBbLILLEHUS UX NOSNIBHOCTU) UC-
NoNb3yeTCcs MNpakTuka 3akioyYeHus cornaweHuin o6 ypoBHE OOCTYXU-
BaHWs, Oonee N3BECTHLIX MO aHMoA3bIYHOM abbpeBmaType SLA (Service
Level Agreement).

OavH 13 xapakTepHbIX MPMMEPOB TEX NokasaTenien, KoTopblie 00bly-
HO BXOOAT B COCTaB cornaweHus o6 ypoBHE 0O6CNyXmBaHus, — 610K
«DyHKUMOHaNbHAs HAOEXHOCTb>» (LeHTpasibHbI dparMeHT B HUXHEN
yactu puc. 8.1). B yactHoCTU, ons KoadppuLmMeHTa rOTOBHOCTU — A npu
3aknoyeHun cornaweHus SLA yctaHasnusaeTtcs ypoBeHb 0,99999. B
TEXHUYECKOW nuTepaType NosSIBUNIOCh BbipaxeHune «[paBuno natu ge-
BATOK». KOS GMLMEHT rOTOBHOCTYM 3a nNepuog Bpemenn — T, onpenens-
€TCS OTHOLLUEHMEM BPEMEHU HAXOXAEHNSA pacCMaTPMBaEMOro oobekTa
B paboTocnocobHOM cocTosaHun — T, k BennduHe T,. NpennonaraeTcs,
4TO B Te4YeHue BpemeHn T, nccnesyemblit 00bekT HaxoauTcs nmMbo
B paboTOCNOCOOHOM COCTOSHUU, NMOO BbIBEAEH U3 IKCMIyaTaLuu.
OnntensHOCTb Nepnoaa, Korga pacCMaTpMBAEMbI OOBEKT HE 3KCMITY-
atnpyetca paeHo T.. Torga BelpaxeHue ans pacverta kosadpduumeHTa
rOTOBHOCTU MOXET ObITb MPeACTaBNEHO CreayoLmmM 06pa3om:

TA

=—4 (8.3)

T,+1T,

MoacTtaenas 3aHaveHne A=0,99999, MoXHO onpenennTb A0NyCcTUMOe
3HaveHuve T N9 BbIGpaHHOro neprojaa aKcrulyartaumm. 3a rog uckomas
BeNnYMHa cocTaBnsgeT okoso 5,3 MUHYTHI. 15 BbIMOJIHEHWS TAKO HOP-
Mbl 4acTo TpebyeTcs pe3epBUPOBAHNE MHOIMMX 3JIEMEHTOB CETU. ITO
O3HayvyaeT, 4YTO NPOrHO3npOBaHME TEX UBMEHEHUI, KOTOPbIE CBA3aHbl C
nokasatensamMm ka4ectsa 006CNyX1BaHNSA, CTAaHOBUTCS OHOW U3 BaXXHbIX
3apad, ctoswmx nepeg Onepatopamum ToOI.

8.3. KauyecTtBO TenedoOHHOM CBA3MN

MokasaTenun ka4yecTBa 0OCNYXMBaAHUS, PACCMOTPEHHbIE B Npeabiay-
LWeM B pasaene 9Ton Nekummn, MHTePECHbI — MPY NCMOJIb30BAHUU TEXHO-
NormMm «KOMMyTauUUsa KaHanoB» — A7 9TanoB YCTAHOBEHMS U Npekpa-
WweHusa coeguHeHnn B TpOTr.
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CooTBeTCTBYIOWME ONepaLmn BbINOJHAOTCS 40 U NOC/IE OCHOBHOIO
aTana o6cnyXunBaHus BbI30Ba — TeNnedOHHOro pa3roBopa AByx abOHEH-
TOB (B 00LLEM crydae — 0OMeHa nHpopMaumein Mexay TepMmuHanamn).
Ha aTtom aTane anga aboHeHToB TdOI cyLecTBeHHbI NOKa3aTenun Kavyec-
TBa TenedoHHoM cBsa3n. OHM ONpeaenstoTCs XapakTepPUCTMKaAMM TPaHC-
MOPTHOWN CETU N KOMMYTALIMOHHbIX CTAHLINA.

BaxHenwen oueHkon kadyectBa TenedOHHOW CBA3UM cyMTaeTCs
MHeHne aboHeHTa. B kayecTBe mepbl kayecTtBa peun ITU-T ncnonbay-
€T CPeaHIo 3KCMEepTHYIO OLLEeHKY, M3BECTHYIO0 No abbpesuatype MOS
(Mean Opinion Score). OHa onpegensieTcs NO NATUOANNLHON LIKane.
B ctanpaptax ETSI ons oueHkn kadyectBa TenedOHHON CBA3N UCMOJb-
3yeTtca BenmumHa R. OHa cBsaidaHa ¢ oueHkor MOS HenmHelHoh 3aBu-
CUMOCTbIO. B npakTtnyeckm 3aHadmmom guanasoHe MOS (ot 2,5 oo 4,4)
npumMmeHsieTcs NpocToe npaeuo nepecyeta: MOS=R/20. Jnsa OCHOBHOWN
Maccbl abOHEHTOB Npuemnema oueHka R>70. Ceasb BennyviH R ¢ abo-
HEHTCKOW OLLeHKOI TenedOHHON CBSA3N MIIOCTpUpyeTcs Tabn. 8.1.

Ta6namua 8.1. CesA3b BennynH R c aGOHEHTCKOW OL,eHKOM
TenedOHHOW CBA3U

AwvanasoH R KaTeropus kauectBa peum Y0oBneTBOPEeHHOCTb aGOHEHTOB
90 -100 Hawnydwas (best) YAOBNETBOPEHbI B BbICLLENM CTENEHN
80-90 Bbicokas (high) YOOBNETBOPEHDI
70-80 cpenHsas (medium) HEKOTOpPbIE HE YOOBNETBOPEHbI
60-70 Hu3kas (low) MHOTI1e He YA0B/IETBOPEHDI
50-60 nnoxas (poor) MOYTUN BCE HE YAOBNIETBOPEHDI

C TOu4KM 3peHnst BOCMPUATUS 3BYKOBOM MHMOPMaLMM ocoboe 3Have-
Hue npuagaeTcsa nokasatento LSQ (Listener Speech Quality) — kayecTBy
peun gnsa cnywatouiero aboHeHTa. Bennumnbl LSQ, kak n 3HavyeHns R,
onpeaensaTcs cybbekTMBHO. TeM He MeHee, CYLLECTBYIOT U 0Obek-
TUBHbIE OLUEHKWN kayecTBa TenedoHHOoM cBsa3n. OHM NPSIMO WM KOCBEH-
HO CBfI3aHbl C CYObEKTUBHLIMU OLEHKaMU KayecTBa Mnepefadn pedu.
OOBbEKTUBHbIE OLIEHKM, KakK NpaBuio, OTPaxXatoT OAUH WM HECKOJbKO
acnekToB kadecTBa TeNiepOHHON cBA3KU. LIeHHOCTb MOAO0BOHbIX OLIEHOK
3aK/I4aeTCca B TOM, 4TO OHWM NO3BONSOT NnaHmpoBaTtb THOI ¢ yueTom
TpeboBaHMN K KadyecTBy nepenayn pedn. Ons 0ObEKTUBHbLIX OLLEHOK
00bI4HO NCNOMb3YIOTCS XapakTEPUCTUKM, KOTOPbIE MOryT BbITb N3Mepe-
Hbl B npouecce akcnayatauum ToOr.

OueHkun, nogobHble NpPMBEOEHHLIM B Tabn. 8.1, MHTEPECHbI Takxke
onsa CrNC v CA3. MNMpaepa, onsa obecneyeHns 3aJaHHOro YpOBHS Nnokasa-
Tenen KkayecTsa 0OCNYXMBAHUSA B 3TUX CETSX NPUXOAUTCS pellaTb psg
opyrmx 3agad. OHM paccmaTpuBalOTCs B BOCEMHAALATON U OBaOLaTb
BOCbMOW NeKUusX.
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Ha puc. 8.3 npueeneHa moaenb Tpakta oOMeHa MHpopMauyen mex-
oy TenedoHHbIMM annapatamMu Ogpyx aboHeHTOB. Kak v ang mopenu,
pPacCMOTPEHHOM paHee, NpeanonaraeTcs, YTO0 CoOeauHEHNE YyCTaHOB-
neHo 4yepe3 N TpaH3UTHbIX CTaHLMIA, a BKoYHeHe 000mnx TenedOoHHbIX
annapaTtoB OCYLUECTBSAETCA MO WMHAMBUAyaNbHbIM ABYXMPOBOAHBLIM
abOHEeHTCKUM nHUAM. s nokasaTtenen, onpenensiemMblx Mexay abo-
HEHTCKUMM TEPMUHANAMU, B KQYECTBE HUXKHEro MHOEKCA NCMONb3yeTCs
umncppa «0». B apyrux cnyvaax BBOAATCS OykBEHHble 0O03HAYEHUS Npn
HOPMMPYEMBbIX NMOKa3aTensx.

TA MGy TC, TCy MCg TA
= ) ~ A o
i ) ) (O— ) 75

By

>
v}

A
Y

Puc. 8.3. TpakT o6meHa unpopmaumeii mexay TenedoHHbIMU

annapatamMmu aByx aGoHeHTOB

OOHMM 13 BaXXHEWLWIMX nokasaTenen kadectBa TeNedpOHHOW CBA3U
cunTaeTCs BeNMYMHA OCTATOYHOro 3aTyxaHusi mMexny abOHEHTCKUMMU
TepMmunHanamu — A,. OHa onpegenseTcs Kak pasHOCTb MeXAy YPOBHS-
Mn curHana yactoton 1020 Ny, Ha BXOAE M Ha BbIXOAE KaHana, KOTOpbIn
OpraHn3oBaH mMexay aboHEeHTCKUMU TepMuHanaMmn. CHUXEHUE YPOBHS
NPUHUMAEMOro curHana (Npu 3Ha4YUTENIbHOM OCTAaTOYHOM 3aTyXaHumn)
yxyaliaeT BocnpusatMe pedn. B coyetaHuu ¢ gpyrumm mellarowmmin
dakTopamm (B HaCTHOCTU, C LLyMamMm) POCT OCTATOYHOI0 3aTyxaHUs MO-
XEeT NPUBECTU K HEBO3MOXHOCTU TeiedOHHOrO pasroBopa.

TpebosaHusa aboHeHToB TpOl K 0CTAaTOYHOMY 3aTyXaHUIO Pa3roBOpP-
HOrO TPakTa MOXHO OLLEHMTb NP NOMOLLM CPAaBHEHWS C OBLLLEHMEM ABYX
4yenoBeK, HaXOAALLMXCA HA PpacCTOAHUM Apyr OT Apyra. [Npouecchkl, CBS-
3aHHblEe C BOCMPUSATMEM peYun, 04eHb CXOXN. B 0bounx cnyyasx curHan
ocnabesaeT. B Tabn. 8.2 npmBeaeHsl AaHHble 06 M3MeHeHn TpeboBa-
HWUIM aOOHEHTOB K Ka4ecTBY Tefle(POHHOWN CBA3N.

Ta6nuua 8.2. U3meHeHue TpeGOBaHUI1 aGOHEHTOB K ,ONYCTUMOMY
3aTyxaHuio
Bua coeauHeHus OKBUBaNEHTHOE PACCTOSIHUE NPU 06bIYHOM OOLLEHUUN, M
sToon 1923ron | 1933ron | 1950r0n | 1985roa | OntumansHoe
MecTHoe 14 8,3 3,5 2,0 0,6
MexayropogHoe 25 11,7 5,0 2,0 0,6

O4eBVaHO, YTO BEIMHYNHA OCTATOYHOr O 3aTyxaHus A, B NpoLEeCcce Mo-
nepHnzdaunn THOIM gonmxHa ymeHbwatbes. MNpu undposusauum ToOr
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Takad BO3MOXHOCTb O0OCTUraeTCqd 3a CHEeT UCMNOJNIb30OBAHNA KOHLUenunn
«HaNIOXEHHOM CETU», PACCMOTPEHHON B TpeTben nekuun. Ana undpo-
Boro ydactka TpOIl (mexay apymsa ALIM) ocTtaTo4HOoe 3aTyxaHue uene-
coobpas3Ho ycTaHaBnAMBaTb Ha ypoBHe 7 Ab. OTa BenuynHa OTHOCUTCS
K 6a30BOW CeTUN, O KOTOPOW rOBOPUIIOCH BO BBOAHOW nekuun. Toroa B
umndpposon TpOI (puc. 8.4) ocTaToUHOE 3aTyxaHMe Pa3roBOPHOro Tpak-
Ta 6ygeT onpeaensatbca napameTpaMmu abOHEHTCKMX JIMHNIA.

Ba3oBas ceTb

TA TA

ABOHeHTCKas ABGOHeHTCKas =
ﬁ TINHNS A_(7.0.45) TIMHNS g

A,(19,045)

5C
A, (6,045) K’\_/_/ I< A,,(6,045) :l

Puc. 8.4. PacnpepeneHue octaTo4yHOro 3atyxaHus B LuppoBon
TenedoHHON ceTn

B ckobkax ans kaxxaoro 0603Ha4yeHnst OCTaTOYHOr 0 3aTyxaHus (Mex-
Ay TepMuHanammn aByx aboHEHTOB — Ay, @ODOHEHTCKON NNHUN — A, 1
6as0BoW ceTn — Ags) NPUBEAEHLI T€ NEPCNEKTUBHbIE HOPMbI, KOTOPbIE
pekomeHaytoTcs gnsa umdposon THOIM. Cneagyet 3amMeTUTb, YTO MNOBbI-
LEeHne O0nyCTUMOW BENIMYMHBI OCTATOYHOrO 3aTyxaHus Onst aboHEHT-
CKOW NUHMN (paHee OblI0 HOPMUPOBAHO 3HaYeHne 4,5 ob) moxeT npu-
BECTU K npobnemam ¢ npumeHeHnem TexHonoruii xDSL. Kpome Toro,
YBENMYMBAIOTCS 3aTpaTbl HA MOCTPOEHME CETU AOCTyna. OTK BOMNPOCHI
paccmaTpuBaloTCA B CAEAYIOLLEN NeKUNN.

Ewe ogHMM BaxkHbIM NokasaTeneM kadecTtBa TenedOHHON CBA3M B
unpposon THOI asnaeTcs KO3PPUUNMEHT uUckaxeHuin outos — BER
(Bit Error Rate). B psage nybnukauyin sToT KO3dpPULMEHT Ha3blBAETCS
4aCTOTOW MOSIBNEHUS UCKAKEHHbLIX OUTOB. YBENIMYEHME KONMYECTBa Ta-
KX OUTOB MOXET 3aMETHO MUCKaXaTb Pe4YeBON CUIHaN N CYLLLECTBEHHO
BINATb Ha NMpouecchl 0OMeHa JaHHLIMU NMPU UCMOSIb30BaHMUM PECYPCOB
TdOMM anga nepepadm guckpeTHor nHdopmaumn. Kavectso Tpakta E1,
coeguHsaoWwero undpoBble KOMMYTALNOHHbIE CTaHUMM MeXay cobon,
cunTaeTcs XopownMm, ecim KOaDPUUMEHT UCKaXKEHHbIX BUTOB He mnpe-
BbllLaeT ypoBeHb 1076,

KauectBo 06CnyXuBaHUS CTano ovyeHb 3PdEKTUBHBIM CPEOCTBOM
D151 NOBLILLEHUST KOHKYpeHTocnocobHocTn OnepaTopa cBasun. o aToi
NpUYNHE UCCNeaoBaHUI0O XapakKTEPUCTUK KadecTBa OOCNYXWUBAHUS U
pa3paboTke METOAOB ero yny4leHns yaensieTcs cepbe3Hoe BHUMaHMe.
OavH N3 NnpMepoB, KacaloLUXCs COBPEMEHHbIX MCCNEA0BAHNNA Xapak-
TepucTuk kadectsa obcnyxmaHusa B TOOI, npuBeneH B cnenyoLllei
nekumn.
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Knio4yeBble cnoBa: kayectso 00CNyXMBaHMA, XapakTepPUCTMKM 1 NnokasaTenm
KayecTBa 0OC/yXNBAHUS, TOTOBHOCTb, HAAEXHOCTb, BOCCTaHABINBAEMOCTb, NOTEPU,
3afepXKn, 3aTyxaHne, KOdbODOULNEHT NCKAXKEHHbIX BUTOB, GYHKUNS pacnpeneneHus,
KBaHTUSIb.

?
ij KoHTponbHbIE BONPOCHI

(¢

. Kaknmu xapaktepucTnkaMmm MoXHO OLEHUTb 0OXNOAeMbIli ypOBEHb 006CTY>XKUBAHUA?

. Ha xakne tpu rpynnel ITU-T gennt xapakTepucTukn NnpeaocTaBieHns
obcnyXxnBaHma?

. C kaknmMun acnektamm yHKLMOHMPOBAHMWS CETU SNIEKTPOCBA3M CBA3AHbI
XapakTepucTnk 6e3onacHoCTn 06CnyXnBaHna?

. Kak nameHsitotcs co BpemeHem TpeboBaHusi aBOHEHTOB K MoKasaTensm
kayecTtBa 06CnyXmBaHma?

. B yem cmbicn HOpMKMpPOBaHUS KBAHTUAS DYHKUMK pacnpeaeneHna?

6. B kakux cllydaax MOXeT ObITb yBeJIN4EeHO A0oNyCTUMOE 3aTyxaHne aboHeHTCKoM

1.

NNHUN?

@ 3apaum v ynpaxxHeHus

Onpegnenute no dpopmyne (8.3) AonycTrMoe 3HadeHne Tp3a OAVIH rof, npu
A=0,9999. U3ameHunTCSa N1 NoNyyYyeHHas BENMYMHA, eCNN A0NYCTUMOE BPEMS
COIIacoOBaHHbIX pernaMmeHTHbIX paboT cocTaenseT 1 yac 3aron?

. Ecnn cnyvanHasa BennumHa t pacnpegeneHa no aKCnoHeHumanbHOMY 3aKOHY

—1/(V 1
F(f) =1-e , (roe t( ) mMaTemMaTnyeckoe oXxunaaHme), To KaKOBO 3Ha4YeHne
95%-ro KBaHTUNSA.
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Jlekumnsa 9

3aaauu aHanumsa
N NPOEKTUPOBAHUS

TON

Plus usus sine doctrina, quam citra usum doctrina valet.
(MpakTuka 6e3 Teopum LIeHHee, Yem Teopusi 6e3 rNpakTvKm)

9.1. OCHOBHbIE HanpaBseHUs uccnenoBaHuUmn
B TesnieoHUmn

OT1a nekuusa NoCBsLLLeHa acrnekTamM UCnosib30BaHNS Pe3ybTaToB Ha-
Y4HbIX paboT Ans aHann3a, NPOEeKTMPOBAHMSA N 3KCMyaTaUuMOHHOro yn-
pasnenus TpOIl. NccnenoBaHus, NPOBOAUMBIE C LIENbIO JaNIbHENLLErO
pazeuTtusa TOOI 1 gpyrmx TeNeKoMMyHUKALMOHHbBIX CeTeil, MoryT ObiTb
npeacTaBfeHbl MHOXECTBOM PasHbIX HanpaeneHuin. Ha puc. 9.1 noka-
3aHa Kaccudunkauusa HanpasneHNin OCHOBHbIX UCCeL0BaHUN, UMEIO-
LKMX CYLLLECTBEHHOE 3HayeHne anga noctpoeHns TpOIl, ee TexHn4eckom
akcnnayaTtaumu 1 ganbHenwero pa3sutmga. CTpykTypa CeTu CyLeCTBEH-
HO BAUSIET HA MHBECTULUMW, KOTOPbIE HEOBXOOUMbI OJ1 CO3AaHUSA CUC-
TeMbl TenedoHHoN cBA3K. Mo aToM NpuyYnHe 3aga4un Bbibopa CTPYKTYpb!
CeTWN COCTaBNAIOT O4HO N3 BaXKHENLLMX HAaNpaBieHN B UCCEN0BaHUAX,
KOoTOopble npoBoaaTcs cneumanmctamum no THOI. Cpeam 3agay Beibopa
CTPYKTYpbl CETU CreayeT BblAeNUTb TPW rpynnbl Npobem:

e onpenesieHve Yncna yYpoBHEN nepapxmm B CETH;
e ONTMMU3ALMA CTPYKTYPbl TPAHCMOPTHOM U KOMMYTUPYEMOW CETH;
® [OMCK MeCTa YCTaHOBKM KOMMYTaLVOHHOW CTaHUMN.
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HanpaBneHus 0CHOBHbIX UCCNEN0OBAHUN

Y

h J

Y

PacueT nponyckHoi
AHanms xapakTepucTumk
— BbiGop cTpyKkTypbI CETU CMocoBHOCTM CeTU 1 ee —
KayecTBa 06CNyXvBaHUs
NpoV3BOAUTENBHOCTHU
AHanus HopmuposaHnue
-] Onpepenexve yncna 1 o
. Npon3BOANTENIBHOCTUN nokasareneii kayecTsa
YPOBHei nepapxum
CcUCTEM KOMMYyTauUmm obCcnyxXmBaHns
OnTMM3aums CTPyKTypbl OnTMMM3aums NPoLLECcCcoB
. p}/ TYP OueHka HeoH6X0aAMMBIX . p l'l
1 TPaHCNOPTHOW N B TEexXHM4eckomn
= . TPaHCMOPTHbLIX PECYPCOB
KOMMYTUPYEMOW ceTen akcnnyaTtauun THOnM
MporHosmpoBaHne MporHo3nposaHne
[Mounck mecTa ycTaHOBKM o o o o
- ~ M3MEHEHWI NPOMYCKHOW L 13MeHeHun TpeboBaHUit K
KOMMYTaLMOHHOM CTaHLMKN
Ccnoco6HOCTUN ceTH KayecTBy 06CNyXMBaHUSA

Puc. 9.1.

Knaccudpukaumsa oCHOBHbIX Hanpas/EeHU UccnenoBaHni,

cBa3aHHbIx ¢ THpOn

CyLwiecTBeHHass 0CO6EHHOCTb 3a4a4, OTHOCSLLMXCS K BbIOOPY CTPYK-
Typbl CETU, COCTOUT B TOM, YTO BO3HMKAIOLLME OLLIMOKN UCNPaBnUTb, Kak
NPaBwnO, OYEHb CIIOXHO, @ B HEKOTOPLIX Cly4Yasx — HEBO3MOXHO. 1o
3TON NpUYMHe MaTemMaTmyeckme MetToabl Bbibopa cTpykTypbl THOI pas-
pabaTbiBaNMNCb O4EHb TLLLATENBHO.

BTopoe HanpaBneHne WCCneooBaHUM, CBSI3aHHbIX C BOMpPOcamu
noctpoeHus n passutusa TpOIl, npeacTaBneHo 3agayamm pacyeTa rpo-
MyCKHOVi Cr1oCOBHOCTY WU MPOU3BOANTE/IbHOCTM KaK CeTU B LIESIOM, Tak
N ee OCHOBHbIX KOMMOHEHTOB. DTW 3a4a4n CTanu CTUMYSIOM PasBUTUS
TEOPMM MACCOBOro OOCNYXMBaHUS — MATeEMaTMYeCKOM OUCLIMMNAVHGI,
yCMewHOo NCMAOoMb3YyEMON CReuuanucTtaMm MHOIMMX OTpacien 3HaHWMN.
Cpean TenedoHMCTOB HOJSiee M3BECTHO APYroe HasBaHWe — Teopus
Tenetpaduka. 3agaum pacyeta MnpPornyckHOM CrMOCOBHOCTUM ceTu Ha
puc. 9.1 npeacTaBneHbl cneayoLwmmMm NpuMepamMm:

e aHanu3 NPOMnyCckHOM CIOCOOHOCTU CUCTEM KOMMYTaLNN;

e OLEeHKa HeoBX0AMMbIX TPAHCMOPTHLIX PECYPCOB;

® TPOrHO3MpoOBaHNE N3MEHEHNI NPOMYCKHOM CMOCOOHOCTUN CETU.
Mpon3BoANTENBLHOCTL CUCTEMbI KOMMYyTaUMM B TenedpoHun yaule

BCEro BblpaXxaeTcs KOMYeCTBOM BbI3OBOB, KOTOPoe obpabaTbiBaeTcs

B nepuo HanbosblUen Harpy3ku (B obLiem crydyae — B eguHuLy Bpe-

MeHK). B kayecTBe Mepbl Takoro nepuoga obbIMHO BbIOMPAOT OAMH

yac. 9TuM 00OYyCNoBNEHO BO3HMKHOBEHME TepMUHa «4ac HambosibLuei
Harpy3kmn» — YHH. MOXHO cuuTaTtb, YTO 3a4a4M OLLEHKM NPOW3BOAN-
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TeNIbHOCTWN CBA3aHbl, B OCHOBHOM, C MUCCJiedOBaHNEM XapaKTepUCTunkK
yCTpOI7ICTB ynpasieHnda cuctemamm KoMmmMmyTaumm n ceTdaMm B LLEJIOM.

MponyCckHylo CNOCOBHOCTL OLEHMBAIOT Pas3HbIMU BEAUYMHAMKU. [ns
KOMMYTaUMOHHbIX nonen 1 nydykoB CJ1 nponyckHasi CNOCOOHOCTb 00bIY-
HO n3mepsieTcs B OpsiaHrax. B nocnegHee BpemMsa oasi TPAHCMOPTHBIX
PECYPCOB B KQ4e€CTBE MEPbI MPOMYCKHOW CMOCOBHOCTN MCMONb3yeTCs
KonmyecTBo nHdopmMaumu (Hanpumep, 6uToB nam 6anToB), NepenaH-
HOM 3a eguHULLYY BPEMEHU (Kak npaBuio, 3a cekyHay). B aTom cnyvae
eaVHULBI N3MEPEHNI NPOMNYCKHOM CNOCOOHOCTM U CKOPOCTU nepeaaymn
conagaT. OueHKy obbemMa HeOBXOOVMbIX TPAHCMOPTHLIX PECYPCOB
MOXHO CYMTaTb OAHOM U3 NepBbIX 3a4a4, BOSHUKLLEN NP NOCTPOEHUN
parioHNPOBaHHbIX TeNedOHHbIX ceTel. Ee pelleHne 6bi10 NpeanoxeHo
A.K. DpnaHrom. Ha pesynbrartax, NoJy4eHHbIX 3TUM Y4YeHbIM, 6asupyeT-
Csl O[iHa N3 BaXHeLLNX BETBEN Teopun TeneTpadumka.

Passutne TpOIl, nossneHne HOBbIX TEXHOMOrMM, GopMUpPOBaHME
cnpoca Ha pasfnyHble Buabl YCAYr 3aMETHO BAUSAIOT HA MPOMYCKHYIO
CNocoBHOCTbL ceTu. N5 pelleHuns 3aaa4d, KOTopble CBsi3aHbl C MPOMyCK-
HOI CMOCOBHOCTLIO CETU, HEOOXOAMMbI NPOrHOCTUYECKME oueHkn. Me-
TOAbl MPOrHO3MPOBAHMS B 9NEKTPOCBA3N CTaNN OOHUM U3 BaKHENLLMNX
WHCTPYMEHTOB UCCNEA0BaHMNA.

TpeTbe HanpaBfieHWe nccnegoBaHuii B 06n1actm tened@oHnn — aHanma
XapakTepUCTUNK kayecTsa obcnyxuBaHus. AGoHeHTbl TOIT dopmupytoT
CyObEKTMBHOE MHEHME O KayecTBe (PYHKLMOHMPOBaHUSA TenedOHHOM
ceTn. BaxHenwmne acnektbl Bocnpuatusa aboHeHtammn TpOIlN kavyecTBa
ee paboTbl HEOOXOAMMO COMOCTABUTL C PSAOM NokKasaTenen, KOTopble
MOTYT ObITb M3MepPEHbI UM OLUEHEHbI MHBIM CMTOCOOOM. 3TN NokasaTenu
OOJIKHbI ObITb HOPMNPOBAHbLI B BUAE OpULIMaNbHbIX 4OKYMEHTOB, rapaH-
Tupyrowmx aboHeHtam 'TC n CTC ycTaHOBNIEHHOE Ka4eCTBO 0O6CNyXMBa-
HUS BbI3OBOB. K TpeTbeMy HanpaB/ieHUIO UCCeq0BaHNI, XapakTepHbIX
ona TpOTll, oTHOCUTCS Takke ONTUMM3auus MPOLECCOB TEXHNYECKOWN
akcnnyataumun. Cnuctema TEXHUYECKOW SKCryaTaumm BKIIOYAET B cebs
COBOKYMHOCTb TEXHNYECKMX N aAMUHUCTPATMBHbLIX OENCTBUIA, obecne-
ynpawowmx nopgaepxaHme THOOI (a Takke ee OCHOBHbIX 3/IEMEHTOB) B
COCTOSIHMWN, B KOTOPOM OHa MOXET BbINOJSIHATbL 3a4aHHble pyHKUun. B
HacToswee BpeMs nagepxkn Onepatopa TpOIll, KoTopblie CBA3aHbI C
peLeHmeM 3aga4d TEXHMYECKOM aKCyaTaummn, BECbMa CYLLECTBEHHBI.
MIMEHHO No 9TOW NPUYMHE ONTUMM3aLMSa COOTBETCTBYIOLLMX MPOLECCOB
cTana aktyanbHa. TpeboBaHust aboHeHTOB TPOIl Kk kayecTBy 06CNy-
XMBaAHUSA MOCTOAHHO M3MeHaTcs. Tabnuua 8.2, koTopas npuBedeHa
B nMpeablaylien nekunm, — HarnggHas uiniocTpaumsa 3Toro npouecca.
MocnegHuin NnpumMep paccmMaTpmMBaeMoro HanpasneHus nccnegoBaHuin
CB$I3aH C NPOrHO31UpoBaHNEM NOA0OHbBIX USMEHEHUIA.

B Tpex cnegyowmx pasgenax ans kaxgoro n3 nepedncneHHbIX Bbllle
HanpaBfieHMN CCNeaoBaHUN pacCMaTpPMBaETCA PS4 XapakTEPHbIX NpU-
MepOoB.



128

Jlekumsi 9. 3anaum aHann3a v npoekTuposaHus TPOI

9.2. MecCcTO YCTAaHOBKU KOMMYTAaLMOHHON CTaHUUU

n ee eMKOCTb

3apaya, paccMaTpmBaemMas B 9TOM pasfene, BO3HUKIA Ha NepBOM
aTane nocTtpoeHus NMC, koraa Hago 6bI10 NPUHATL PELLEHE O MeCTe
pasMeLleHns — noka eanHCTBEHHON — TenedoHHOoM cTaHuun. O4eBna-
HO, 4YTO MEPBOE PELLUEHNE 3TOW 3aga4m gaTnpyertcs KoHuom XIX Beka.
MIMeHHO B KOHLLe NO3anpoLuUnioro Beka Obin co34aHbl NepPBblE HEPANO-
HupoBaHHble [ TC. TeM He MeHee, B TEXHUYECKOM nuTepaType aTy 3agadvy
00bI4YHO CBA3LIBAIOT C UMEHEM YYEHOI0, KOTOPbLIA MPEASIOXWUI €€ peLle-
Hue B cepeauHe XX Beka. B pesdynbrate NnosBmMiIoCh BbipaxeHne «3agada
Panna». B oTe4eCTBEHHOI TEXHMYECKOW nMTeEpaType 40 nybnukauunii
Panna (Y. Rapp) 6bin HaneyataH psg paboT, B KOTOPbIX Npeaiaranncb
NMHTepecHble cnocobbl peLLeHns 3a4a4m Beibopa MecTa Ans yCTaHOBKM
KOMMYTaLMOHHOM CTaHLUuN.

B nocnepHue rogsl nyénukaumm, npsiMmo Uamnm KOCBEHHO CBA3AHHbIE C
pelieHnem 3aga4m Panna, nosensioTca kpaHe peako. OCHOBHas nNpu-
YMHa OOBACHAETCH, N0 BCEW BMOAMMOCTU, ABYMS 0OCTOATENbCTBAMM.
Bo-nepBbix, ana 6onbwinHcTea N'MC n CTC penko BO3HUKAET 3agaya
BBEAEHNSA HOBO KOMMYTALIMOHHOM cTaHumu. Obbl4HO npobnemsl One-
patopoB TPOI 3aknoyaloTCs B pacLUMPEHNM eMKOCTU SKenyaTupye-
MbIX KOMMYTALIMOHHbIX CTAHUUI, a Takke B X 3aMEHe COBPEMEHHbIMI
annapaTtHO-NporpaMMHbIMK cpeacTBamm. Bo-BTOPbIX, CTOMMOCTb CETU
[0CTyna, NOCTPOEHHOM C BbIHOCHBLIMW KOHLIEHTpATOpaMn, He CTOJb CYy-
LLLeCTBEHHO 3aBUCUT OT TOYHOCTM BbIbOpa MecTa AJ/1s1 yCTaHOBKW KOMMY-
TAUMOHHOM CTaHLMN.

OTO OTHIOAb HE O3HAYAET, YTO NPaKTMYECKas LLEHHOCTb PELLEeHMWs Or-
TUMN3ALMOHHBIX 33434 CHaeTcs. o mepe aonmouunu ThOI nameHs-
eTCs xapakTep onTUMM3auMoHHbIX 3aga4. O4eBnaHoO, 4To HeoBXoaMMo
CTaBWTb U peLuaTb Nogo6HbIe 3agadm gnsa Tex anemenTos THOIN, peanu-
3auus KOTOPbIX CBSI3aHa C MakCumMabHbiMU 3aTpatamu OnepaTopos.

Ewe opoHa BaxHas 3afada, BO3HMKalOLWaAn Npy yCTaHOBKE KOMMYyTa-
LWIOHHOM CTaHumu, — BbIGOP ee ONTUMasbHOM eMKOCTU — N .

Ha puc. 9.2 nokasaHbl TpM TUNWYHbIE PYHKLUUN fj(N), onucblBawoLLme
TEHOEHUNN NBMEHEHUNS CTOMMOCTU OCHOBHbIX 3/IEMEHTOB MECTHOM Te-
nedoHHOM ceTu Npu n3ameHeHnn ee emkoctu — N. Bce pyHKLMM onpeae-
NFI0T 3aTpaTthbl HA NOAKMIOYEHWE OAHOIrO TEPMMHANA K KOMMYTaLMOHHOM
CTaHumun.

CyMMapHble 3aTpaTtbl Ha NOAKIOYEHNE OAHOro TepMMHaNna K KOM-
MyTauUMOHHOW cTaHuum — F(N) onpegensioTcs o4eBUOHbIM COOTHOLLE-
HMEM:

F(N)=Fy(N)+fo(N)+f5(N). (9.1)
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3anaTbI Ha nogkntyeHne oaHOro TepmuHana

CyMMmapHbie F(N)
3aTpathl

CtoumocTb
fi(N) aboHeHTCKoM
JIMHUK

U

CtoumocTb nopTa
KOMMYTaUMOHHOM
cTaHuumn

CroumocTb
f3(N) COEANHUTENBbHOM
NVHUN

|
|
|
|
N

\
z

Nopt

Puc. 9.2. 3aTpartbl Ha NOAK/II0YEHNEe TEPMUHaNa K KOMMYTaLWOHHOMN
cTaHUuMn

Ina onpegeneHns onTUManbHOM €MKOCTU KOMMYTALMOHHOW CTaH-
LMK HEODXOAMMO HANTM NPOU3BOAHYIO PYHKUMM F(N) 1 NpupaBHATL ee
Hymt0. PelleHne Nony4yeHHOro ypaBHEHWS MO3BONSIET NOJy4nUTb SKCTpe-
MyMbl YHKUMK F(N). Ona 6onblUMHCTBA PYHKLWIN fj(N), annpoKCUMmnpy-
IOLLMX CTOMMOCTHbIE 3aBUCUMOCTM OTAENbHbLIX 3N1IEMEHTOB TENe(DOHHOMN
CceTu, CYLEeCcTBYET OAMH MUHUMYM pyHKLUNK F(N).

VIHTEpEeCHbI TakxXe nccnenoBaHus, CBA3aHHbIE C UBMEHEHUEM (yH-
KUNI fj(N) NnpY CMEHe TEXHONOrMn Nnepefayn n KOMMyTauum, a Takxe
B C/lydae MCNOJSIb30BaHMA HOBbIX Cpef, PacrnpoCTPaHEeHUa CUrHasoB.
Cratnctnyeckme faHHble O Pa3BUTUN MECTHbIX TeNEe@OHHbIX CETEN 3a
py6exxoM CBMOETENBLCTBYIOT, YTO B NOCefHee AecaTuneTe npom3oLw-
N0 3aMeTHOE CMelLieHVe BeUMHbl Ny BNpaBo.

9. lonbawTenH
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9.3. OueHKka He0OX0ANMbIX TPAHCMOPTHbLIX

pecypcos

OpHa 13 nepBbIX 3a4a4 OLEHKN HEeoOX0AMMbIX TPaHCMOPTHbLIX pe-
CYpPCOB BO3HMKNA Npu onpeneneHnm eMmkoctn nydka CJ1 mexay AByms
KOMMYTaUMOHHbIMW  CTaHuus M. MHorme cneumanucTbl, 3aHuMmalo-
LLMECHA NCTOPUEN INIEKTPOCBA3U, CHUTAIOT, HTO BOSHUKHOBEHME TEOPUN
Tenetpadurka cBI3aHO MMEHHO C 3ToM 3agaden. B 1917 ronoy matckun
yuyeHbiii A.K. SpnaHr onybnmkosan cBoto padoTy «PelleHne HEKOTOPbIX
npobnemM Teopum BEPOATHOCTEN, 0COBEHHO BaXHbIX AJ1 aBTOMATUYeC-
Kux TenedoHHbIX cTaHuuin». B aTolh paboTe coaepxanacb Gopmyna,
KOTopasi ICNOAb3YyeTCs 1 B Hawu gHW. OHa onpeaensieT BEPOSTHOCTb

notepwu BbizoBa — T B ny4ke CJ1 eMKOCTblo V KaHanoB, KOTOPbIA 06Cny-
XMBaET Harpy3Ky ¢ MHTEHCUBHOCTbLIO Y. COOTBETCTBYOLLASA MOAENb N0~
KasaHa Ha puc. 9.3 (BO3MOXHOCTb OTKa3a B CaMOM YCTPOMNCTBE KOMMY-
Tauum B 3TOM MOAENM He yunTbiBaeTcs). B TexHnyeckon nutepartype oHa
4acTo Ha3bIBAETCH MOAENbI0 NMOMHOAOCTYMHOMO Myyka kaHanoB. Takoe
Ha3BaHWe 0OYC/IOBIEHO TEM, YTO BbI3OB MOXET ObITb 0OCYXEH NOOLIM
CcBOOOAHBLIM KaHaNoM.

VY

({
(

ABOHeHTCKME
JIMHUM

Cuctema MaccoBoro
o6cnyXmnBaHus

s Yerpoiicteo [T 2 A(t) B D(t)
KOMMyTauum - 1_1"

. ——V
) ’KiP(l‘)

Myuyok CJ

(
(

Puc. 9.3. Mopaenb NONHOAOCTYNHOrO Ny4Ka KaHanoB

JleBas 4yacTb pucCyHKa WIMIOCTPUPYET MOAENb MOSMHOAOCTYMHOMO
nyyka C TOYKU 3PEHUS Er0 TEXHMYECKON peann3aumn. TepMrHanbl, Y1uc-
JIEHHOCTb KOTOPbIX paBHa N, BKJIIOYEHbI MO UHANBUAYASIbHbIM 200HEHT-
CKUM NIMHUSIM B HEKOE YCTPOMCTBO KOMMYyTauuu. 3TO YCTPOMCTBO Mpwu
NOCTynieHnn Bbi3oBa mweT ceobogHyio CJ1. Bcero B obGcnyXuBaHUm
HaxopaTtcs V CJ1. Ecnv BCce OHM 3aHATHI, TO BbI3OB TEPSIETCA.

B npaBoi 4acTu nokasaHa Moaenb NoJIHOAOCTYMHOIO ny4ka C TOYKM
3peHusa Teopum TeneTpaduka. ATOT Ny4OK MOXET PACCMaTPUBATHCS Kak
cucTeMa MacCoBOro 06Cy>XMBaHUS, HA BXO, KOTOPOW MOCTynaeT NoTok
BbI30OBOB. B Teopunu Tenetpadurka nx NnpuHATO Ha3bliBaTb 3asiBKaMu 1IN
TpeboBaHMamMn. MoTok 3asBOK NpeacTasnseT cobol cnyyaliHblil Npo-
Lecc.
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YacTo oH MOXET ObITb ONMMcaH C NOMOLLbIO GYHKLMK pacnpeaeneHns
ONINTENBHOCTM MHTEPBANOB MeXAy MNocTynalwmmun 3asskamm — A(t).
Bpems obcnyxuBaHus 3assBOK OObIYHO SIBASIETCA CYYaWHOW BENMYU-
HOI ¢ yHKUMen pacnpepenenus B(t). C BeposaTHOCTbIO T 3asiBka Oy-
DEeT notepsHa n3-3a oTcyTcTBUS cBO60oAHbIX CJ1. ITO 03HAYaAET, 4TO C
BEPOSATHOCTbIO 1-7T BbI3OB OyAeT ycnelwHo oocnyxeH nydkom CJ1. Oba
BO3MOXHbIX MCX0Aa MOTyT ObiTb NpeAcTaBfeHbl PYHKUMAMM pacnpene-
nexns P(t) n D(t) COOTBETCTBEHHO.

A.K. BpnaHr nccnegosan Moaesb NONIHOAOCTYMHOrO nNyyka, Npeano-
narasi, 4to PyHKunm A(t) u B(t) 98na10TCA 9KCNOHEHUMASIbHBIMU:

A =1—e", B(t)=1—e", (9.2)

BenuunHa A — MHTEHCUBHOCTbL BXOASLLEro notoka 3asasok. OHa pas-
Ha cpegHemy KOMM4YecTBY 3adBOK, MOCTyNaloWuX B eOuHULYY Bpeme-
HU. MatemaTuyeckoe oxuaaHue (cpegHee 3HadeHue) OJINTENbHOCTU
WNHTEPBAJIOB MEXIYy MOMEHTAMM MOCTYMJIEHUS COCeOHNX 3asdBOK (OHO
06bl4HO 0Go3HadaeTcst kak A1) unu 7, ) onpepensietcs cnenyiowmm
COOTHOLLEHNEM:

A(l) — t_A :§ . (9.3)

BenuumHa | — MHTEHCMBHOCTb OBCNYXMBaHUA 3asBOK. OHa m3me-
PAETCH CPEeOHUM YMCIIOM 3aBOK, KOTOPOE 0BCNYXMBAETCS B €AMHMLY
BpemeHu. MatemMaTuyeckoe OXuaaHue AJMTENbHOCTU 0GCaYXMBaHMS
sassok (B unun 7, ) onpenensertcs no Takoi popmyne:

Bm:g:l. (9.4)

0
MepeMeHHyto A nHorga onpeaensioT NPou3BedeHNeM NHTEHCUBHOCTU
NoTOKa BbISOBOB OAHOI0 UCTOYHMKA — C 1 Ymncna 3Tux MCTOYHUKOB — N. UH-
TEHCUBHOCTb MOCTynalouwieit Harpy3km — Y ¢ y4eTOM BBEAEHHbIX BbIlLE
00603Ha4YeHn onpenenseTcs NPon3BeneHNemM Tpex BeINYMH:
Y=NCB(), (9.5)

BennumHy MHTEHCUMBHOCTU HArpysku CTann OLEHMBaTb B dpniaHrax
(cokpauleHHo — apn). Ana moaenu, nokasaHHo Ha puc. 9.3, A.K. 9p-
nanr B 1917 rogy onybnunkoBan cneayoLlyto Gopmyny:

YV

P
=rL (9.6)

e
i~ 1!

MHorpa ee Ha3biBalOT B-popMynon IpnaHra nnm nepeoi Gopmynomn
OpnaHra. BmecTto 6ykBbl T B psiae MoHorpaduii BcTpeyaloTcss 0603Ha-
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yeHus B n E(Y). Kak nosgHee nokasan B.A. CeBacTbsiHOB, COOTHOLLE-
Hue, nonydyeHHoe A.K. DpnaHrom, cnpaBepnvBo Ans noboro 3akoHa
pacnpenenenvs oanTesbHOCTN 06CNYXXMBAHNS 3asABOK.

CnoxHocTb aHann3a cuctemM Tenetpaduka 3aBMCUT OT BUAA PYHKLNIA
A(t) n B(t), a Takxe oT anropmutma obcnyxmBaHus 3asaBok. CyliecTtBeHeH
Takke 1 cnocob HOPMMPOBaHUS NoKa3aTenern kayecTsa 00CNyXNBaAHUS.
Ecnu nokazatenb kayecTBa 00CIYXMBAHUS HOPMUPYETCS TONbKO Cpen-
HUM 3Ha4YeHMEM (MaTtemMaTuyeckmm OXMAaHMEM), TO aHau3 CUCTEM
Tenetpaduka 06bIMHO HE CNOXeH. Ecnn HopmMmupyeTcs napamMmeTp, Ans
KOTOPOro HeOo6xoAMMO 3HaTb BUA pacrnpeaeneHns Cly4yanHon Benmym-
Hbl, TO YaCTO TPEOYIOTCA CNIOXHbIE NCCNE0BAHMS.

9.4. HopmupoBaHue nokasaTtenei Ka4ecTea

o6cnyxusaHus B HHH

Hopmupyemble nokasatenu kadectBa obcnyxuBaHus BbiOMpatoTcs
Tak, 4ToObl OHM MO3BONSANM PeLnTb pPaa 3aaay4. Bo-nepBbix, nepeyeHb
BblOpaHHbIX NokasaTenen Ao/XeH ObiTb AOCTATOYEH AN obecrnedyeHns
OPraHU3aLMOHHBIX U TEXHUYECKMX MEPONpUNATUIA, HanpaBieHHbIX Ha
TO, 4TOObI yooBneTBopuTb aboHeHTOB TpOI kayecTBOM paboThbl CETU.
Bo-BTOpbLIX, 3TN NOKasaTenu A0XHbl KOHTPOMPOBATLCS MMEIOLLVIMNCS
B PACMOPSXKEHMUN IKCMyaTaLUMOHHOW KOMMAaHUM TEXHUYECKMMU CPeac-
TBaMu. B-TpeTbux, 3aTtpatbl OnepaTtopa, CBA3aHHbLIE C KOHTPOJIEM MO-
KaszaTenieil kayectsa OOCNYXUBAHUSA, OOMKHbI OblTb MPUEMIEMbIMU C
TOYKW 3PEHUS OOMYCTUMOM CYMMapPHOIA BENNYMHBI 3KCMyaTaLMOHHbIX
pacxonoB.

Ha puc. 9.4 nokazaHa Moaenb, ncnonb3lyemas ans 00bsCHEHVS psaa
NPUHLKUMOB, KOTOPble 3PPEKTUBHLI MPU HOPMUPOBAHUN NoKasaTenemn
kayecTBa obcnyxuBaHus. B mogenn BBOAUTCS HOBbI TEPMUH — y3en
kommyTaumm (YK). OH npumMmeHsieTca Kak obuiee NoHATUE 411 KOMMYyTa-
LIMOHHbIX CTaHUWI BCex ypoBHen nepapxuu B THOTI.

TA1 yK1 YK2 st yK4 TA2
B0 Or—&
_/ _/
@ =1-P, —» 7 fe—
PI
R.T" Rufta 20},
Puc. 9.4. Mopenb coegnHeHus aByx TepmuHanos ToOIMN anga Hopmu-

pOBaHUg NokKasaTresein KayecTea 06CcnyXuBaHus
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MpepnonaraeTca, 4To coegvHeHne OyAeT yCTaHaBNMBATbLCA 4Yepes
yeTbipe YK, B KaXO0OM M3 KOTOPbLIX peanM3oBaHa «KOMMYyTauUus KaHa-
noe». B TpOIl, ncnonbaylowen aTy TexHoNoruio, buina ycrtaHoBeHA
(c y4eToM MHeHMsa abOHEHTOB) COBOKYMHOCTb MokasaTenei kadecTtsa
obcnyxmBaHua. B HukHern yactu puc. 9.4 ykasaHbl Tpu nokasaTens:
Po, To'" 1 Ryfty, to}, KOTOPBIE ONPEAENSIOT:

o BEPOATHOCTb NOTEPU BbI3OBA AJ19 CETU B LIEJIOM;
L4 cpeaHee 3HavyeHne BpeMeHn yCtaHOB1eHNA COeJUHEHUS,

. BEPOSATHOCTb TOr0, 4TO BPEMS YCTAHOBJIEHUSA COEOUHEHUS
t,— NPEBbLICUT HEKNIA YPOBEHb — fj.

B BOCbMOW Nnekumm, NOCBSALLEHHOM KayecTBy obcnyxmBaHus B ThOIT,
Obinn npuBeneHbl dopmynbl (8.1) n (8.2), no3eonsgowmMe paccumTaTb
Benniunbl Py u Tyl cootBeTcTBEHHO. NSt HOPMMPOBAHWS NPEACTaB-
nSieT MHTEpec v obpatHas 3apada: no Hopmam P, u Ty'") onpenenuts
TpeboBaHus ko BceM anemeHTam THOT. Hanpumep, ona coeamHeHus,
KOTOpOe nokasaHo Ha puc. 9.4, Heo6x0aMMO HaWTM OONYCTUMYIO Cpe[-
HIOIO 3a1€PXKY YCTAHOBNEHUS COeaMHEHNs B KaxaoMm k-om YK — T, 1.
Ona coeguHeHus, Bkitoyawowero B cebsa yetoipe YK, dopmyny (8.2)
MOXHO MepenucaTb B Cneayowen peaakumm:

4
k=1

MpocTenwwii cnoco6 onpepenexus sHadsequin T,\") coctout B Tom,
4TOGbI cneumduLMPoBaTh UX KaK MAeHTUYHbIe. Toraa 3agada Beibopa
Hopm ans Benuumibl T,V pelwaeTcs anemenTapHo:

(9.8)

TakomMy noaxoay CBOMCTBEHEH CYLLECTBEHHbIN HepocTaTtok. YK, Ko-
TOpble y4aCTBYIOT B MPOLIECCE YCTAHOBNEHNS COEOAVNHEHUS, BbIMOJIHAIOT
pa3HbIli 00beM ornepaLLni, BIUSIOLWMX HA BPEMS 330€PXXKN Tk“). MoxHo
YCTaHOBUTb BECOBbIE KOIPDULMNEHTbI Tak, YTODbI YYMTBLIBANCS «BKIad»
kaxporo YK B cymmapHyio sanepxky To' .

CyweCcTBEHHO CNIOXHEE pelwnTb Ty Xe 3ajady nas nokasarenemn
KavecTBa obcnyxusaHusa suaa Ry{t,=fo}. Takon nokasatesb B HeKoW
TOouke ty onpenensetr 3HadyeHne GYHKUMK pacrnpeneneHns BpeMeHU
3a[lePXKM B NMPOLLECCE YCTAHOBNEHUS coeauHeHus. NpUMEHNTENBHO K
paccMatpuBaemMoin MoAeNn HeoBX0AMMO HANTU BbIPAXEHUS AN PyHK-
LMY pacrnpeneneHns NCCneayemMoi crydyaHon BennduHel — Sy(t). Onum-
TENbHOCTb YCTAHOBMIEHUS COEeAMHEHNS AN pacCMaTpMBaeMor Moaenm
CckJlaablBaeTCs U3 4eTblpex KOMMOHEHTOB. KaXablil KOMMNOHEHT — 3TO
BpeMsi, Heobxoammoe ans BbinonHeHusa onepaunii B YK. Mpegnonoxmm,
4YTO 3HAYEHUS BPEMEHU BbIMOSIHEHUSA HEOOXOOMMbIX Onepauuii B Kax-
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nom YK — B3aMMHO He3aBMCUMbIE Clly4aHble BENNMYUHBI. ECnn dyHKUmA
pacnpegeneHns OnmMTenbHOCTU YCTAHOBEHNSA COEAUHEHUSI AN Kax-
0Oro j-ro KOMMNOHEHTa U3BECTHA — Sj(t), TO cnpaBeaIMBO crieayollee
COOTHOLLUEHME:

Sp() =5, (D) O S,(N O S(H O 5,(0) . (9.9)

Cumeon [ ykasbiBaeT Ha onepauuio cBepTku GpyHKumin. Jaxe npea-
MONIOXMB, 4TO BCE PYHKLMN Sj(t) MOEHTUNYHbI, BECbMa CMOXHO BbIBECTU
nckomoe pacnpeaeneHune Sy(t). OagHMM 13 cnocoboB peLleHns 3aaaqn
CNYXuUT nepexon kK npeobpasoBaHuio Jlannaca-Ctuntbeca, 4To No3BO-
N9eT ynpoCTUTb HaxXoXAeHWe CBePTKU GyHKUUA. Hanprumep, ana camomn
npocTton mogenn YK B BUAE OOHONIMHENHON CUCTEMBbI NPWU YCIOBUU, YTO
pacnpeneneHus A(t) u B(t) onpenensioTca dopmynon (9.2), npeobpa-
3osaHue Jlannaca-Ctuntbeca ¢pyHkumnn Sy(t), 0603Ha4aemoe kak S*O(s),
npeacTaBMMo cneayowym obpasom:

(it = Ay = Aty — Aty — A) .
[s + (uty — ADIES + (ty — A0S + (g — AL + (g — A)]
(9.10)
Bennunter w, u kj onpenensitoT MHTEHCUBHOCTb OOCIY>XMBAHUS U
nocTynneHus 3asaBok ansa j-ro YK cootBetcTBeHHO. Ecnu napameTpsl
Tpaduka gnsa Bcex YyeTtblpex YK naeHTuYHbl (BMNoJsiHe IOrMyHoe nNpeano-

NIOXEHWE), TO HUXHVE UHAEKChI NP BENMYMHAX LL; 1 7\,J. MOXHO ONyCTUTb.
Torpa BbipaxeHue (9.10) ynpollaeTcs:

Sy(s)=

- -
So(S)I(M—)L* : (9.11)
[s +(r—A)]
Ob6paTHoe npeobpas3oBaHMe MNO3BOMISIET MOJNYYNTb BblpaXeHue ans
pacyeta pyHKuMmM Sy(t). OcyLiecTsnas HeOOXoAUMbIE onepaLmmn, MOX-
HO BbIBECTU CleayioLLyto Gpopmyy:

So )=1- e*(/ﬂ)zz [(:u(l__)‘l))t'] -~ . 9.12)

i=1

Ha puc. 9.5 npuseneHbl rpaduvkm apyx OYHKUMIA pacnpeneneHus.
DyHKuns Sj(t) NOOYUHSAETCSH 9KCMOHEeHUMaNbHOMY 3aKOHY pacrpenerne-
Hus. DyHKumA Sy(t) onpenenseTcs BbipaxeHnem (9.12). ina obownx rpa-
¢$nKOB BBEOEHbI UOEHTUYHbIE yCcnoBua U=1, a A=0,5. Npepnonaraetcs,
4TO AN PyHKUMM Sj(t) HopMKpoBaHa BePosATHOCTL 0,95, ¢ KoTopoWi Bpe-
M$1 YCTAHOB/IEHNA COEAVHEHNS HE [OMKHO NPEBbLILLATL 3Ha4eHue t,. 310
O3HavaerT, 4To BBeAeHHas paHee BEPOATHOCTb Ry{t,, 2o}=0,05.
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CDyHKLI.VIVI pacnpeneneHna BpeMeHn yCtaHoBNeHNA coeanHeHns
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Puc. 9.5. dyHkuun pacnpeneneHms BpeMeHU yCTaHOBIEHUS COeAUHEHUS

Ana pyHkumnm Sj(t) TO 3Ha4eHwe f;, KOTOPOe He JO/MKHO ObITb MPEBbI-
LeHo ¢ BepodATHOCTLIO 0,95, nerko onpeaensercs rpadpunydeckn. 3Haqe-
Hue t. MOXeT OblTb MOJSTYYEHO N aHANUTUYECKM B pe3yfibTaTe peLleHns
ypaBHEHUA Sj(t)=0,95 OTHOCUTESIbHO NepemMeHHoNn t. Tako noaxod, Mo-
XeT ObITb MCNONL30BaH NPY YCNOBMM, 4TO AN GyHKUmM Sy(t) onpenene-
Hbl BCe NapameTpbl Tpaduka (HanpumMmep, HeobxoanumMas MUHTEHCUBHOCTb
obcnyxmBaHusa L oSt U3BECTHOM MHTEHCUBHOCTM BXOASLLErO NMOTOKa
3as1BOK A).

Krnio4yeBble cnoBa: nponyckHas cnocobHOCTb, NPOM3BOAUTENILHOCTb, OMTU-
MM3aLms, MPOrHO3MPOBaHME, BEPOATHOCTb, MaremaTudeckoe oxuaaHve, QyHKUmUS
pacrnpeneneHns, HOpMPOBaHME.
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?
ij KoHTponbHbIE BONPOCHI

1. BamseTt nm CTOMMOCTb aDOHEHTCKUX IMHUIA HA BENNYMHY ONMTUMasbHOM EMKOCTH
ATC?

2. K kakomy HanpaeneHuto nccnenosaHuin TOI oTHOCATCA 3a4a4m aHanmsa
NPoOn3BOAMNTENILHOCTN CUCTEM KOMMYTaUnmn?

3. Kak onpenensietcs MHTEHCUBHOCTb TENEPOHHOM HAarpy3kn?

4. Ona kakor mogenn A.K. SpnaHr BbiBen Gopmysy, NO3BONSIOLLYIO pacCcinTaTb
BEPOSATHOCTb NOTEPU BbI3OBOB?

5. MOXHO N1 cCyMMUPOBaTb CPeaHNEe 3HAYEHNS OIUTENTbHOCTM 3a0ePXKN
ycTaHoBNeHus coeanHeHns B ATC, 4ToObl onpenennTbs MaTeMmaTnieckoe oxunaaHme
3TOl CNyYalHO BENMYUHDI A1 CETU B LLENIOM?

6. BepHo nu cnenytollee yTBepxXxaeHme: ecnm B kaxxaon ns apyx ATC mexay
TepMunHanamm aboOHEHTOB BEPOSITHOCTb NOTEPU BbI30BOB paBHa 0,01, To
BEPOSAITHOCTb YCMELIHOro YCTaHOBNEHUS coeanHeHnst coctaensaet 0,987

7. Korga npuMeHsieTcs onepaums cBepTkm GyHKUUI pacnpeneneHnsa?

@ 3apaum v ynpaxHeHus

1. Onpenenute BEPOSTHOCTb NOTEPU BbI3OBOB B TpakTe 13 wectn YK, ecnun
B kaxaom YK nonsa ycneLwHblx NonbITOK YCTAHOBUTL coeanHeHne pasHa 0,99.

2. Ucnonbsysa dopmyny (9.12), paccuntanite BEPOSATHOCTb TOr0, H4TO
JJ,JWITeJ'IbHO1CTb 3a4epXKn 3as9BOK MPEBbLICUT ABe CeKyHAbl Npu Ll=1 ¢~
ni=0,5¢1.

@ JlutepaTtypa K nekuum 9

9.1. Teopwus ceTel cBsA3U: Y4ebHUK ans By30B cBs3n / PoruHckuii B.H.,

Xapkesuy A.[., LUHenc M.A. v ap.; MNMog pea. B.H. PornHckoro. —

M.: Paguo n cBa3b, 1981.
9.2. Knelinpok J1. Teopusi maccoBoro obcnyxusanusi. — M.: MawmnHocTpoeHue, 1979.
9.8. OcTtpeikoBckuii B.A. Teopusi HagexHocTn. — M.: Beicwias wkona, 2003.



Nexkuunsa 10

[lepcnekTuBbl
passutusa TpOIl

Futura sunt in manibus deorum.
(Byayiuee B pykax 6oros)

10.1. HanpasneHus asonounmn tenedpoHnmn

Ona TenedoHHON CBA3M HaYnHaeTca apyras anoxa. 1o Bcen sBuan-
MOCTM, TenedpoHUs CTaHeT OOHUM U3 MPUNOXEHUA MYIbTUCEPBUCHOMN
CeTn, KOTopasl, B CBOIO o4yepenp, ByaeT KayeCTBEHHO U3MEHSTbCS B
npotecce ceoen apontoumn. NMoaobHoe yTBepXXaeHNne OTHOCUTCA K A0N1-
rOCPOYHbIM NPOrHo3am. oka e UMeeT CMbICNT OrPaHNYUTLCA Brmxan-
LWNMK NATbIO-AECATHLIO roAaMu.

OBonoumio TenedoHnNn MOXHO pacCMaTpuBaTb C HECKOJIbKMX TO-
yek 3peHus. lMpuunHamun paseutua TenedoHnn, Kak n Opyrux BugoB
3JIEKTPOCBA3MN, CIY>XUT COBOKYMHOCTb (pakTOpPOB, KOTOPbLIE LLenecoob-
pa3HO pa3gennTb Ha ABe OonbLUMe rPyMnbl: BHYTPEHHME W BHELLHME —
puc. 10.1. BHyTpeHHne ¢akTopbl NOPOXAAITCA NpoueccamMm ecTec-
TBEHHOrO pas3BUTUS TenedoHUM Kak OOQHOr0 N3 BUAOOB 9N1EKTPOCBSA3U.
BHellHue ¢akTopbl 0OYCNOBAEHbl NPOLECcCaMu, UCTOKM KOTOPbIX, Kak
npaBuo, HAXOAATCH BHE CUCTEMbI TENE(POHHON CBA3MN.

BHyTpeHHWe dpakTopbl ONpeaensioT pan CUCTEMHBIX M CETEBLIX peLle-
HWIA. MpUMepbl CUCTEMHBIX PELLEHUIA NpeacTaBeHbl NpobiemMamMmm ydeTa
Tpadwuka n Hymepaumm, a Takxe BBeAEHNA HOBON OYHKLMOHANLHOM BO3-
MOXHOCTU, CBA3AHHOW C ONepaTuBHO-PO3bICKHON AeATENIbHOCTbIO.
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OcCHOBHbIe HamnpagJieH1s 9BOJOLMN COBPEMEHHO TenedoHumn

BHyTpeHHune pakTopsbl . BHelwHne dakTopbl

M3meHeHne npuHumMnos
— CucTtemHble pewleHns — CeTeBble peLleHms - onepaTopckom
neaTenbHoCTn
neepcundukaums
CuncTtema NnoBpeMEHHOro MpogomkeHne npouecca Anzep ¢’v .
® H- ® a THon i KNMeHTCKoM 6a3bl
yeTa Tpaduka umdposmzaumm
y P P Onepatopa TdHOTI
Mpouecchl nHTErpaunm
MogpepHuzaums cetn
—»  Cuctema Hymepauum - B 1 KOHBEPreHLmmn
poctyna
B 9/1EKTPOCBA3N
CuncTtema onepatmBHO- ®dopmuposaHne
YHuBepcanbHoe
L PO3bICKHbIX L Ly npennocbOoK Ang
. obcnyxnBaHne
MeponpuaTuii nepexoga k NGN

Puc. 10.1. Knaccudukaums oCHOBHbIX HanpaBneHuii pa3suTus TenepoHumn

M3 ceTeBbIX pelleHnin paccMaTpmuBaloTCa TPU HanpasfieHUs: Mnpo-
nonxeHune npouecca umdbposuzaummn THOI, mopepHUsauma cetn ao-
cTyna un nogaepxka yHMBepcaslbHOro 00CNYXMBAHUS, YTO BK/IOYEHO B
depnepanbHblit 3akoH «O CBA3W».

Ha panbHenwee pasutne Tened@oHUM 3HAYUTENbHOE BAUSIHUE
0Ka3bIBaKT BHELWHME pakTopbl camMOro pasHoro poga. M3 Hux B gaH-
HOA JIeKUMM OCHOBHOE BHUMaHWE YyOensieTcs YeTblpeEM BOMPOCAaM.
Bo-nepBbiX, CTAHOBATCS CYLLECTBEHHLIMU U3MEHEHUS, KOTOpPbIE CBSI-
3aHbl ¢ opraHusaumenr Onepatopckoi peatenbHocTu. OHM, B CBOIO
oyepenp, NPOUCXOOAT BCNEACTBME TpaHCchOopMauMm 3KOHOMUYECKUX
OTHOLUEHWUn. Bo-BTOpbIX, 06pa3ytoTcs rpynnbl aOOHEHTOB C 3aMETHO
pasnuyarowmmMmnca TpeboBaHnaMMN K MHHOKOMMYHUKALIMOHHBLIM YCIy-
ram. OTOT NPOLLECC TakXe CBS3aH C 0OBLEKTUBHBIMMK MpoueccaMn pas-
BUTUSI BKOHOMUKWN. B-TpeTbux, yCcunnBaloTCsA MPOLLECCHlI MHTerpauum
N KOHBEPreHumn, CBONCTBEHHbIE COBPEMEHHOMY YPOBHIO PasBUTUS
3NeKTPOCBA3N. B-4yeTBepTbIX, GOPMMPYIOTCS NPEONOCbLIIKK ANs nepe-
xoga kK NGN, 4To — oT4acTn — 0OyCnoBNeHO NpoLeccaMm UHTerpaumn
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N KOHBEpreHumn (No aToN npuymMHe Mexny COOTBETCTBYHOLIMMU 610-
kamum Ha puc. 10.1 nyHKTMPOM Noka3aHa cTpenka). BHelHne dpakTophl,
cynsi Mo BCEMY, NPUBEAYT K TOMY, YTO TennedOoHHas CETb B €€ HbIHELLHEN
dopme NepecTaHeT CyLecTBOBaTb. BO3MOXHO, OCTaHYTCS HEKOTOPbIE
NPUBbIYHbIE TEPMUHbI, OTAABAs AaHb OAHOMY U3 BENMYANLLMX OCTUXKE-
HUI HayKnN 1 TEXHUKM KoHUa XIX — Havana XXI Beka.

10.2. CucteMHble acneKkTbl pa3BuTuga TenedoHHOn
CBA3U

V|CTOpI/HeCKI/I CNOXWNOCb Tak, 4TO B Poccumn nnata 3a coegunHeHunda
B Npenenax ogHOM MeCTHOM TenedOHHOM CeTU He 3aBucesa oT 06b-
ema Tpaduka. ITO NPaBUIIO0 HE KacanoCb MCXOOALEN CBA3W C TakCo-
dOHOB, a Takke coeguHeHUI ¢ onepaTopamMm paboynx MeCT MaaTHbIX
NH(OPMaLMOHHO-CNPaBoYHbIX cnyx6. CyliecTByeT psig, NOJoXUTeNb-
HbIX M OTpULATESIbHBIX PE3ynbTaToB NogoOHOM NpakTUkK. OTO NoaT-
BepxXaaeT 1 3apyO0eXXHblin OMbIT.

Ha npoTsixxeHnn 6onee 4eM CTONETHE NCTOPUN Pa3BUTUS OTEYECT-
BeHHoW TPOI He pa3 npeanpuHUManNUCh NOMbITKN BBEAEHUS CUCTEMBI
noBpeMeHHOro ydyeta coeamHeHuin (CMYC), HO npakTnyeckasa peanu-
3aums 3Toro MacluTabHoro npoekTa Hayanacb HegaBHO. Moka CNOXHO
OLUEHUTb LEenecoobpasHoCcTb N 3DPEKTUBHOCTb 3TOM akUUM, HO MOXHO
roBOPUTb O MOTEHUMASIbHOM PACLUMPEHUN PYHKLMOHANIbHLIX BO3MOX-
HOCTEeN cuctemMbl TenedpoHHon cBaA3n. lpu rpamoTHOM peanu3auumn
CNYC nosiBnsieTcst BO3MOXHOCTb NMOJSTy4EeHUst CTAaTUCTUYECKNX AAHHbIX O
Harpyske Tex BUA0B KOMMYTaLUWMOHHOro 060pya0oBaHusl, KOTOPbIE He CO-
nepxart cpefcTB ans cbopa cooTBETCTBYOLEN nHdopmaumu. MNMonyya-
eMble CTaTUCTUYECKNE JAaHHbIE HYXHbI 411 NPOrHO3NPOBaHUs Tpaduka,
ONs1 NNaHMpPOBaHUS CETU U ANa psaa apyrux uenen.

MN3meHeHns B cucteme Hymepaumun TpOIl obycnoBneHbl HECKOJb-
KVMMW NPUYMHAMU, KOTOPbIE MOXHO Pasfenvtb Ha OBLME U YacTHbIE.
O0Lwme NpUYNHBI CBOMCTBEHHBI BCEM MECTHBLIM TeNEe(dOHHbIM CeTAM. Mx
TUMNYHBIA NPUMEP, YNOMSHYTBIA B NATOM NeKUnU, — Nepexon Ha nnax
HyMepaunmn, NnpuHATeI B EBpone. OH TpebyeT 0cBOOOXAEHUSA NepBOW
uneppbl «1» B nnanax Hymepauum ecex N'TC n CTC. YacTHble NpuynHbI
CBSI3a@Hbl C YCNOBUSMU, CNOXUBLUMMUCS B KOHKPETHbIX MECTHbIX TeNe-
(MOHHbIX CETHX.

MocnegHuin NpyuMep U3MeHEHUS CUCTEMHbBIX PELUEHU, MPUHSATBIX B
TdOT, ceaA3aH ¢ NnpoBeaeHMEM ONMEPATUBHO-PO3bICKHBLIX MEPONPUATUIA.
Ons addekTnBHOM paboTbl MUHUCTEPCTB U BEAOMCTB, 3aHNMAIOLLIMXCS
OXpaHol npasonopsaka M obecnedyeHnem 6e3onacHOCTU (rpaxaaH
N rocygapcrea) BO MHOMMx CTpaHax BBeAEHa B 9KCryaTaumi Cuc-
TemMa oOnepaTuBHO-PO3bICKHbIX Meponpuatuin (COPM). Ona npepayc-
MaTpuBaeT BO3MOXHOCTb mnepexsata MHOopMauuu npu nosayvyeHum
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oduvumnanbHoro paspeuwenus. Peanusauus ¢yHkumn COPM - 064-
3arenbHoe TpeboBaHne. O4eBMOHO, YTO OHO HE U3MEHSIET OCHOBHbIE
dyHKUMOHaNbHbIE BO3MOXHOCTU TPOI. TeM He MeHee, OHO NO3BONSET
BBecTu B TOI1 HoBbIE yCnyru.

10.3. CeTeBble acnekTbl pa3BuTug TesnieoOHHON

cBA3nN

Jo npuHatna AoMuHucTpaumen cBa3m Poccum okoHYaTesbHOro
pewleHns o npuHumnax nepexona k NGN 6yaet npogonxkarbcs uppo-
Budaums TpOrl. B ncropum undposmnsdaumnm poccurickon TpOI MOXHO
BbIAENNTb, MO KpaiHern Mepe, NaTb aCNekToB, KOTOPbIE He OblN CBOIC-
TBEHHbI NPOLLECCaM MOAEPHMN3ALMM BONbLUMHCTBA OPYrvMX HaLMOHasb-
HbIX TenedOHHbIX CETEN.

Bo-nepsbix, unpposuzauma THOIl anutensHoe BpemMs NpoBoaAnIach
NPeMMyLLECTBEHHO B ropogax. Bo MHormx crtpaHax umdpoBOe KOM-
MyTauMOHHOE 000pyaAoOBaHME B MEPBYKD OYepedb YCTaHaBMBaIIOCh B
MexayropoaHon tenedoHHon cetn. B poccuinckon THOI aHanornyHbIn
NpoLLecC Havyancs nosxe (o0THocuTenbHo ctapTa umndposusaunm I'TC),
HO Obln 3aBepLLEH B CxaTble cpoku. [paBaa, BcneacTeune reorpadpuyec-
KUX OCOBEHHOCTEN CTpaHbl TPAHCMOPTHAs CETb HE Morna ObiTb MOAep-
HM3MPOBaHa CTOJIb e BbICTPO.

Bo-BTOpbLIX, TEMMbI UMDPOBM3ALMN, MO Pa3HbIM OOBLEKTUBHBLIM U
CyOBbEKTMBHBIM MPpUYMHaM, OblIM U OCTAIOTCS HE CTOMb BbICOKMMU, Kak
Obl xoTenocb Onepartopam 1 opyrum y4acTHMKamMm MHOOKOMMYHUKaLM-
OHHOro pblHKa. 3a ABaauaTth IeT C MOMEHTa YCTaHOBKM NepBOM Lnd-
POBO KOMMYTaLMOHHOW cTaHumn B 1984 roay ypoBeHb LydpoBusaumm
poctur otmeTtkmn 60%. Temnbl undpoBusaunm B 60NbLUMHCTBE APYruX
CTPaH ObIIN CYLLLEECTBEHHO BbILLIE.

B-TpeTbnx, 4OCTUrHYTbIA ypoBeHb undposusauum ThpOIl 3ameTHO
pasnnyaeTcs no ypoBHSM nepapxuun. B mMexayropogHon cetn npakTu-
yeckn gocturnyta 100%-9a umdposusaums. 3aTto B CENbCKO MECTHOC-
TN 3TOT NOKa3aTesib Ha NOPAO0K HUXE.

B-ueTBepThIX, B ropoaax — no KpamHenm mepe, B Havane npouecca
uMppoBM3aUNMN — NPENMYLLLECTBEHHO NCMNOJb30BaNMCh KOMMYTaLMOH-
Hble CTaHLUWN TAaKON Xe eMKOCTU, 4TO 1 aHanorosble ATC. MNpakTnyeckn
BO BCex Agpyrux ctpaHax Onepartopbl cTann yctaHaBameaTb LMGPOBLIE
KOMMYTaUMOHHbIE CTaHUMN 6ONbLLION EMKOCTU, UCNOMb3Ys A5 NOCTPO-
€HKNS CeTn 4OCTyNna BbIHOCHbIE KOHLEHTPATOPbI.

B-nartbix, CNoNb30BaHME HECTAHAAPTHLIX (OTHOCUTENBHO PEKOMEH-
noBaHHbIX ITU-T) cuctemMm curHanmaaumm npueesno K HeobXoaumMoCTu
[00pPaboTKM NPOrpaMmMHOro obecneyeHmns UMNOPTHBIX KOMMYTALMOHHbIX
CTaHUMn. STO NpMBENO K POCTY 3aTpaT Ha KOMMYyTaLUMOHHOe 060pyao-
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BaHue. C HEKOTOPLIM OMo34aHMEM Ha4aioCb NpUMEHeHne B LMQpPOBOI
yactn TpOIll cnucTembl 0OLLLEEKAHANTBHOW CUTHANM3aLnn.

MoOXHO cka3aTb, 4TO K Hadany XXl Beka OGOJIbLUMHCTBO OT/INYUNA,
NEePEeYNCNEHHbIX BbILLE, YXX€ HE CTOJIb CYLLECTBEHHbI. TONBKO HU3KUE
Temnbl undposudaumnm CTC 1 He CTONb YaCTOE NPUMEHEHMNE KOMMYTa-
LMOHHbIX CTaHuuMin 60nbLioi emkocTu B ' TC ewe CBONCTBEHHbLI POCCUI-
ckon TpOIrl. 3aBepumnTcs nm npouecc undpoBmn3aLmm B TOM Xe BUAE,
KaKoWM MOXHO Obl10 HabnogaTb B OObLUMHCTBE PA3BUTLIX CTPAH? OTOT
BaXKHbI BOMPOC OyaeT 00CyXOaTbCs B 3aK/IIO4UTENBHOM pa3aene 3Tomn
nexkuum.

Lndposusauma MeCTHbIX Tene@OHHbIX CETEN NPakKTUYeckn He 3a-
TpOHyna cetTu AOoCTyna. ITOT KOMMOHEHT TeNnedOHHON CeTU NMMEET psif
cneumounyecknx ocobeHHocTeln. KanuTtanbHble 3aTpaTthbl Ha ero peanu-
3auuio coctaensioT 20 — 30% OT cyMMapHbIX MHBECTULMIA HA NOCTPOe-
Hue TdOTl. Ucnonb3oBaHne aTnx JOPOrnx PecypCcoB OCTABASET XenaTb
nyywero: B YHH aboHeHTCKasn NMMHUS, B CpeoHEM, 3aHATa LUECTb MUHYT
(aTa BenuumnHa 6onee M3BecTHa No MHTEHCMBHOCTKU Tpaduka 0,1 Spn,
KOTOpasi UCMoJib3yeTCcsd Npu nNaaHMposaHmmn cetn goctyna). Kpome toro,
ceTb JocTyna npeacTtaBnsieT coboi OANH U3 CaMbIX HEHAOEXHbIX KOM-
noHeHToB TPOI. Mo MexayHapoaHor cTatucTuke 25% Bcex HapyLle-
HWUI cBSA3M 0BYCNOBNEHO OTKa3amMu B CETU AOCTyna.

Cetn poctyna cospgaBanucb Onepatopamu TpOI ans nepepaym
peyn. ITO 03HAYAET, YTO IKCMJlyaTUpyeMble CETU OOCTyNa npeaHasHa-
yanucb ansa oobmeHa nHdopmalmen B nosioce nponyckaHnsa kaHana TY.
Takoe nonoxeHune 6b110 BAOJSIHE NPMEMSIEMO NPU UCMOJIb30BAHUN CETU
[ocTyna ang tenedoHHOM CBSA3M, a TakXke Kak TPaHCMOPTHbLIX PECYPCOB B
CMCTEMaxX OXpaHHOW CUrHannaauym, aboOHEHTCKOro TenerpadupoBaHus
1 CpeaHEeCKOPOCTHOW nepenayn AaHHblx. Cutyauus pagnkanbHO name-
Hunacbk B KOHUE XX Beka, koraa chopMUPOBasICS — Yy HEKOTOPOW Fpynnbl
aboHeHToB TPOI — nnaTexecnocoOHbIM CNPOC Ha LUMPOKOMONOCHbIN
nocTyn. B pesynstate nossBUNOCh CEMENCTBO TexHonormin xDSL.

Ewe ooHum BaxHbIM HanpasneHvem pas3putus TPOIll, oTHeceH-
HbIM Ha puc. 10.1 K ceTeBbIM peLleHnsaM, cTana peanusauns yHuBep-
canbHOro obcnyxuBaHus. B 3akoHe «O cBA3N» OHO HA3BaHO YHMBEpP-
canbHbiMK ycnyramm. COOTBETCTBYIOLLEMY aAHITIOA3bIYHOMY TEPMUHY
«Universal Service», cyast No ero MCnosb3oBaHMio B gokymeHTax ITU u
B psge nybnukauuvin, B nocnegHee BpemMs NpuaaeTcsa HeCKOJIbKO NHOW
CMBbIC/ — 0gMHaKoBOe 06cnyXuBaHne. 3To C/I0OBOCOYETaHMe TpakTyeTcs
KaK MOEHTUYHOCTb 06CNY>XMBaHUS aOOHEHTOB rOpPoOAa N CENbCKON MeC-
THOCTU, BKJIIO4Yas ee OTAaNeHHbIe MYHKTbl, B KOTOPbIX MOXET NPOXWBaTb
HECKOJbKO YeJI0OBEK WU Aaxe OOMH.

O4eBMOHO, YTO CIOXHOCTU peanu3auum yHUBEepCasbHOro o6cny-
XMBaHUSA MNPOSABASAIOTCA MMEHHO MPU aHann3e BO3MOXHbIX pPeLUeHni
0N oTOAaNeHHbIX MYyHKTOB. [lonoxeHwe, Kak npaBwuio, ycyryonsercs
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npob6nemamm ¢ obecneyeHnem yCToMYMBOro aNeKTPoOnNUTaHns CpeacTs
0OCTyna u ¢ opraHn3aumein TEXHNYECKOro 06CnyXnBaHns yCTaHOBIIEH-
Horo obopynoBaHua. na opraHu3aumm CeBA3M B OONbLUVMHCTBE OTAa-
JIEHHbIX MYHKTOB HEBO3MOXHO WM HelenecoobpasHo MUCNonb30oBaTb
KabenbHbIE JIMHUN CBA3U.

B HacTogLLee BpeMs 419 BBEAEHWS YHUBEPCANIbHOIO 0O6CNYXXNBAHNS
npegnonaraeTcs ycTaHOBKA TakKCO(OHOB, A0 KOTOPbIX MOXHO A00-
paTbCa B TeyeHue 4yaca 6e3 MCrnoib30BaHMA TPAHCMOPTHLIX CPEACTB.
B noceneHusix C YMCNOM XWUTenern CBbIEe MNATUCOT YENIOBEK OOKEH
ObITb OPraHM30BaH, Kak MUHUMYM, OAMH KOJITEKTUBHBIA MYHKT OOCTY-
na B MIHTepHeT. [pobnemsbl, Bo3HMKaowme nepen Onepatopom TpOIl
npv opraHnsauum CBSA3u B OTAANIEHHbIX MYHKTAX, OT/INYAIOTCS BbICOKOMN
CNOXHOCTbIO. B psae cTpaH npuHATBI nporpaMmmbl pa3paboTku onTu-
MaJibHbIX PELLEHWI AN BBEAEHUS YHUBEPCANIbHOI0 0OCAY>XMBAHUS. DTN
BOMPOCLI HaxoaaTcs B none 3peHus ITU. Um npeonoxeH psag BapuaH-
TOB SKOHOMMWYHOIO PELLEHNS 3a4a4 OpPraHM3aumn CBA3M B OTAANIEHHbIX
MyHKTax.

10.4. Npumep BO3AENCTBUSA BHELWHNX PaKTOPOB:

nepexon K NGN

Ha puc. 10.1 nepeduncneH psaa BHeLWHUX ¢pakTopoB pa3sutusa TpOIT.
MepBblii N3 HUX CBA3AH C UBMEHEHUAMN NPUHLUMNOB OnepaTopCcKon aes-
TeNnbHOCTU. MHTEepecHbI ABa npouecca.

MepBbIi Npouecc — nosieneHme Hoebix OnepaTtopoB THOI B Hava-
ne 90-x ropoB XX Beka. 9T Onepartopbl 0O6CAYXMBAIN CPABHUTENBHO
MasiouMCneHHbIe abOHEHTCKME FPyNMbl, NPEAOCTaBAsSs UM, B MEPBYIO
oyepenp, BbICOKOKAQYECTBEHHbIE KOMMYTUPYEMbIE COEAMHEHUS ONiS
TenedoHHOW CBA3N, Ana nepegadn GakCUMUIbHbIX COOOLLLEHNI 1 AN
MOOEMHOIro goctyna B IHTEpHET.

BTopoi npouecc ces3aH ¢ AEMOHONON3aUNEN PbIHKA MEXOYrOpOA-
HOIM 1 MexayHapoaHon TenedoHHoM cea3un. Oba npouecca npueenu m
K NOJIOXKUTENBLHBIM, U K OTpULATENbHBLIM NOCNeACTBMAM. B Lenom, oHn
cnocobctBoBanu passutuio TpOIll, HO He cTUMynMpoBann Tex paau-
KaJIbHbIX UBMEHEHNN, KOTOPbIEe XapakKTepHbl 4719 APYrvX BHELIHNX dak-
TOpPOB 3BoOUMK TenedoHnn. PaccnoeHne knmeHTckom 6assl Oneparto-
pa THOI MoxHO paccmaTpuBaTb C ABYX TOYEK 3peHus. Ecnn geneHuve
abOHEHTOB Ha rpynmnbl CBA3aHO TOJIbKO C AONel A0X0A40B, MOPOXAAEeMbIX
pa3HbiMM 06beEMaMK UCXOAALWEro Tpaduka 1 ycnyramm, Kotopble xa-
pakTepHbl ansa TenedoHumn, TO pagnkanbHble ndameHeHns B TpOI spag
JIN HYXHbI. Ecnn xxe peneHne aboHEHTOB Ha rpynnbl 00yCNOBAEHO Tpe-
B60BaHUAMM YCNYr, BbIXOAALWMX 32 Npeaenbl GyHKUNOHAIbHbIX BO3MOX-
HocTel THOI, TO BO3MOXHbI 4BA OCHOBHbIX PELLUEHUS.
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MepBoe pelleHne — NOCTPOEHME €eLle OOHOMN CeTu AN NoAAepPXKM
TeX YCNyr, KOTopble HEBO3MOXHO MKW HeLlenecoobpa3Ho NoaaepXuBaTb
3a cyeT moaepHusaummn THOTI1. He nckntoyeHo, 4To NpuaeTcs co3gaBaTb
HECKOJIbKO TaKuxX CeTEN.

BTopoe peweHne 3akno4aeTcd B panunkasibHOWM MOAEepHM3auumn
TdOT, koTopaga AomkHa OblTb HaNpaBieHa Ha NOAAEPXKY NPAKTUYECKU
HeorpaHunyeHHoro Habopa ycnyr. bonee Toro, B «06HOBNEHHOW» TPOIT
cnegyeT NpenycMoTPeTb BO3MOXHOCTb 3akjiodyeHuss SLA, 0 KOTopbIx
rOBOPW/IOCH B NpeablayLLnX JIEKLMSIX.

Onepatopsbl THOIT, kak, BNpo4eMm, 1 Apyrme y4acTHUKN MHHOKOMMY-
HUKALMOHHOIO pblHKa, CKIOHSOTCA KO BTOPOMY pelueHuto. Lilenecoob-
Pa3HO BbIAENNTb HECKONBKO BaXHbIX ABVKYLLMX CUA, CTUMYNINPYIOLLMX
nepexon kK NGN. 3akniodyeHune cornaweHnii SLA oTpaxaeT CTpeMneHue
onpepeneHHom rpynnsl abOHEHTOB (MX YaCTO Ha3blBAOT HOBATOPamMM) K
HOBOMY YPOBHIO 06CY>XMBaHNS (C TOYKM 3PEHMS KAYECTBEHHbIX NOKa3a-
Tenemn) n K LLMPOKOMY CNeKTPy MHPOKOMMYHUKALMOHHbLIX YCIYT.

M3 mMHoXecTBa apyrux OpuxyLimx cun nepexoga kK NGN cneoyet
BbIAE/IUTb MPOLLECChI NHTErpaLmn 1 KOHBEPreHLUMM, CBOMCTBEHHbIE COB-
peMeHHOMY aTany pasBuUTUSA 3J1IeKTPOCBA3N. COBPEMEHHbIE MHTerpaLm-
OHHbIE MPOLIECChHI, B NEPBYIO 04epe/ib, BbIPpaXaloTCa B 9KOHOMUYECKO
LuenecoobpasHOCTV 00beaMHEHUSA CeTen Unn ux pecypcos. B nocnen-
HEeM cryyae, BEpOATHO, YMECTHEee roBOpUTb O KOHCOIMAALMM, KOTopas
BbIpaXaeTCcs B YaCTUYHOM UHTErpaLmmn ceTein nam cucTem.

MpmMepom NepBbiIX UHTErpaLMOHHBLIX MPOLECCOB MOXHO CYMTaTb
CUCTEMHO-CETEBbIE PELLEHMs N0 OpraHM3auumn CBA3U B CEJNbCKOM MecT-
HOCTW, KOTOpPbIE ObINN N3NOXEHbI B CEAbMOI NIEKLNM.

LUndposusauysa TpOIlN MHOrMMK cneuumanmctamm paccMmaTpmBaeTcs
KaK NpoLuecc NHTerpauym cUcTeM nepenadm n Kommytaumun. Takaga Tpak-
ToBKa umdposmsaummn BcnencTeme nepesoga ALLM n3 obopynosaHus
nepenaym B aBOHEHTCKMI KOMMIEKT MECTHOW CTaHUUKW BMOJIHE NMpaBo-
MepHa. CaMbIiM XapakTepPHbIM NPUMEPOM UHTErPaLMOHHbIX NMPOLECCOB
cnyxnT koHuenuma ISDN. B Helt 3anoxeHa BO3MOXHOCTb MHTerpauum
HECKOJIbKUX CETEN.

KoHuenunsa ISDN noHadany paccmarpuBanacb kak OCHOBHOE Ha-
npasnenue passutua TPOIll. Beckope ctano o4eBUAHBLIM, YTO PbIHOK
ISDN orpaHunyeH. B nepByio ovepenb, 9TO KacaeTCsd YMCAEHHOCTU
aboHeHTOB TdOIll, KOTOpble FOTOBbLI OMayMBaTb QYHKLMOHANbHbIE
BO3MOXHOCTM ISDN. B pesynbrate K MHTErpauyoHHbIM MApoLeccam
CTanm OTHOCUTLCA C HEKOTOPOM HACTOPOXEHHOCTBLIO. B yacTtHOCTU, Npun
dopmupoBaHmn koHuenumm NGN TepMuH «uHTerpaumsa» craparTcs
He ynomunHaTtb. C gpyror CTOPOHbI, 0aHA U3 OCHOBHbIX Lenen NGN —
puc. 10.2 — knaccuyeckas nHTerpaums CETen.
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CeTun, KoTopble OblNM MOCTPOEHLI AN TenedoHHOW CBaA3K, obme-
Ha OJaHHbIMW, a TakXe TENEBU3MOHHOIO U 3BYKOBOIO BELLUAHUS, MOIyT
CNUTbLCA B OAHY CETb, OCHOBaHHYIO Ha koHuenumn NGN (3Tn BOnpocChl
YACTUYHO OTPAXKXEHbI B ABAALATON N TPUALATON NEKLUSX).

CyuwecTtBeHHO 1O, 4To NGN cnocobHa obcnyxmneaTb Tpaduk peun,
OaHHbIX 1 BLUAEO. Takaa BOSMOXHOCTb nopoawuna TepMuH «triple-play
services», ykasbiBalowwuin Ha crnocobHocTb NGN nogaepxuBaTb ycny-
rn, CBsI3aHHbIe C TpemMs dopMamm NpeacTaBneHns MHpopMauumn: pedb
(3BYK), AaHHbIE 1 BUOEO.

CeTtb ons
TenedOHHOM CBA3N

peyb
faHHbIe NGN: triple-play
CeTtb ans services
—_—
o6MeHa faHHbIMU
BUAEO
CeTb onga
TENEBU3NOHHOIO
1 3BYKOBOIO BELLAHWSA
Puc. 10.2. KoHuenuua NGN kak npouecc niHrerpauum ceten

Yawe artot acnekTt koHuenuuu NGN cBs3bIBalOT C npoueccamu
KOHBepreHuum. 3To He COBCEM KOPPEKTHO C TOYKM 3PEHUST OCHOBHOIO
3HA4YeHUSa TEPMMNHA «KOHBEPreHLUs», KOTOPOE onpenensercs Kak Bo3-
HMKHOBEHWE CXOACTBA B CTPOEHUN N PYHKUUSAX Y CUCTEM, N3HAYANTbHO
hanekmnx no nNPOUCXOXAEHMIO N HAa3HA4YeHUIO. [1pouecChbl KOHBEPreHUNN
MOXHO paccMaTpuBaTth Kak conmxkeHmne GyHKLUMOHaIbHbIX BO3MOXHOC-
Ten pasnnyHbIX CeTen B npouecce ux asoniouun. nHamumky npouec-
COB KOHBEPreHuun MOXHO MNPOCNeanTb Ha NpUMepe pPasBuUTUS OBYX
ceTenn — GUKCUPOBAHHOM U NOABMXHON CBA3K. NMpn 3TOM ANng Kaxaon
ceTn uenecoobpasHo BBECTM ABa 3Tarna ee 3BOJIOLNK, YCIOBHO onpe-
nensieMblX CUCTEMOM NOHATUN «BYepa U cerogHsa». B tabn. 10.1 npuse-
OEeH psag NpMMepoB peanusaunm yenyr B 06emx ceTax Ha AByX aTanax nx
pa3sutua. [Ina cetm nogsuKHOM CBA3N MCNOJIb30BaAHbl AAHHbIE, MPUCY-
wme ctaHoapty GSM.
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Ta6nuua 10.1.

Peanusauus ycnyr B ceTax GUKCMPOBAHHON U NOABUXHON

CBA3U
Bup ycnyru CeTb hUKCUPOBaAHHON CeTb NOABMXHOMN
3NeKTPoCBa3n CBf3n CBAsn
Ortanl Oranll Ortan | Sranll
TenedoHHasn CBA3b Oa? Oa? Oa Ja
obMeH JaHHbIMU:
CO CKOPOCThIO 10 56 KOUT/C He Bcerpa ® Oa® Het Oana
CO CKOPOCTbIO BhilLie 56 KOUT/C Het Oa Het Ha~e
nopnepxka ycnyr ISDN Het Oa® Het Ha®
nogaya nporpamMmm TeneBnaeHns Het JIERY Het YacTtuyHo ¥
MOOWSILHOCTb TEPMUHANA Het YactuyHo ¥ Ja [a

MpumeyaHmsa k Tabnnue 10.1:

3 noppasymeBaeTcs TenedoHHas ceTb OOLLErO NOJIb30BAHUS;

5 gaTtan | cBsSI3aH C NepMoaoM BpeMeHU, Koraa He NoanepXnsannch yc-
nyrn ISDN;

® aT1an Il HaunMHaeTcs ¢ MOMeHTa BBEAEHNSA PYHKLMOHASTbHBIX BO3MOX-
HocTeln ISDN;

0 atan Il HaumHaeTcsa ¢ BBeaeHus dyHkumii GPRS;

A yHbopMaLmMsa O TEXHONOMMSX NPMBEAEHA B NEKUMSX N0 MOOMIBHON

CBA3K;

) npepgnonaraetcs, 4YTo BBeaeHbl GyHkUunn EDGE v Wi-Fi;
*) peanuayeTcs B CETAX Nepeaayn nporpaMmm TeneBnaeHns n — 4yacTmy-

HO — B NIHTepHeET;

3 yCNnyru noaaepXmBaloTcs He B MOJIHOM 0O0beMme;
" MOBWNBLHOCTbL TEPMUHANA OrpaHMiYnBaeTCs cTaHgapTomM 6ecnpoBos-

HOI CBA3W.

CeepneHus, npuBeaeHHble B Tabn. 10.1, oTpaxaloT OCHOBHOW CMbICH
KOHBepreHuumn: yHKUMOHASIbHbIE BO3MOXHOCTU CeTell PUKCUPOBaH-
HOW M MNOABWXHOM cBA3M conmxatoTcs. O4eBMOHO, YTO HeKoTopble
GYHKUMOHANBbHBIE BO3MOXHOCTU CTAHOBATCA WAEHTUYHbIMU. Takas
CcUTyaums cknaablBaeTcsl, HanpuMep, CO CKOPOCTbIO 0OMeHa AaHHbIMU.
C Opyron CTOPOHbI, pasnMyne pa3mMepoB AUCries MoOUIbHOro Tene-
¢$OoHa 1 3KpaHa NepcoHasbHOro KOMMNbOTEPA HE NO3BOJIIET CPaBHUBATL
3P DEKTUBHOCTb MHOTMX BUOOB paboThl A1 3TUX TEPMUHANOB. TOYHO
Tak Xe M MOCTOsIHHOe paclunpeHme GyHKUMiA MOBUNBLHOCTM TePMUHA-
noB GUKCUPOBAHHOM CETN HE KOPPEKTHO CPAaBHMBATb C aHANOMMYHbIMU
BO3MOXHOCTSIMU COTOBbIX TEN1E(OHOB.

Bnnsoctbe MHOMMX GYHKUMOHASIbHBIX BO3MOXHOCTEN 19 TEpMUHA-
NI0B GUKCMPOBAHHON 1 MOABUMXHOW CBA3W OTKPbIBAET HOBblE BO3MOX-
HOCTM NX COBMECTHOI0 Ucnonb3oBaHuns. OguH N3 xapakTepHbIX Npume-
pOB — CM€EHa CEeTU Npu NepemMeLLEHNN TeEpMUHana — pacCMaTpuBaETCH B
NeKUMaX rno NogBUMXKHOMN CBA3N.

10. lonbawTenH
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B npenbloyuiem pasgoene 3ton nekuum oObin cpopmMynmpoBaH BOM-
poc o0 3aBepLueHnn npouecca undposunsauum TpOIl B Poccuu. dernicT-
BUTENbHO, Y Onepatopa TPpOIll ecTb ABa OCHOBHbLIX MYTU Pa3BUTUSA
aKcnayaTmpyemMom UHOOKOMMYHUKALUMOHHONM cucTeMsbl. [lepBblil 13
HUX COCTOUT B NCMNONb30BaHUM BapmnaHTa mogepHundaumm ToOIrl, anpo-
OMpPOBaHHOIo B pasBuTbIX cTpaHax. CHayana NofHOCTbLIO 3aBEPLUMICS
npouecc uudpposmnsaumn TPpOIll. Bckope nosAsBUAMCE OOLEKTUBHbIE
npeanocbiikn ans dopmmnposanms NGN. BTopoit nyTe 6a3mpyetcs Ha
Tak Ha3blIBaEMOM «MPENMYLLLECTBE OTCTalOWEro». 3TO C/IOBOCOYETAHME
O3HayYaeT, YTO MAYLLMA C ONO34aHMEM MOXET NpoaHann3npoBaTb BCE
DOCTOMHCTBA M HEeOQOCTaTku Tex, KTO Wwen Bnepeaun. B pesynbrate, OH
MOXET NpMHUMaTh 60nee B3BELLEHHbBIE PELLEHUS.

MpakTnyeckasa peannsaumsa «nNpenmmMyLLLecTsa OTCTalOLWLEero» UICT-
pupyetcs Ha puc. 10.3. B BepxHe 4acTu pMCcyHka Noka3aHbl OCHOBHbIE
aTanbl MepBON cTpaTerum mMoaepHmM3auum MHPOKOMMYHUKALMOHHOMN
cuctembl. OHM OTPaXaloT UCTOPUIO 3BOJIOLUM CUCTEMBI TENEdOHHON
CBSI3M B Pa3BMTbIX CTpaHax. B HUXHEN 4acTu puUCyHKa M300paxeHsbl
OCHOBHbIE 3Tanbl BTOPOM cTpaTternv mMoaepHnsaummm MHGOKOMMYHMKA-
LMOHHOM cucTeMbl. ATa cTpaternsa 6osiee Noxoxa Ha BEPOSTHLIN NyTb
asositounm TpOI1 B Poccum.

Undposnsaumsa THOM Moctpoexne NGN

-

T T T Bpemsa

a) MepBas cTpaTernsa MmoaepHN3aunmm NHPOKOMMYHUKALMOHHON CUCTEMBI

Lndposunzaumsa THOI MocTtpoeHne NGN

A

'
' -

T

-

T T5 T6 7 Bpewms

6) Bropas cTparerns mogepHMsaumm MHGOKOMMYHUKALMOHHO CUCTEMbI

Puc. 10.3. Ase cTpaterum nepexona ot TpOI k ceTn cnepyowero
rnokoneHus
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Ona nepBon cTpaternm mexay TOo4kamMu 3aBeplLleHus npouecca
umdposmzaummn TOI — Tg n Havanom popmupoBaHnst NGN — T4 MOXHO
BUAETb HEKOTOPYIO Nay3y, B TEYEHNE KOTOPOW OTCYTCTBYIOT pagukab-
Hble Npeobpa3oBaHUS MHPOKOMMYHUKALMOHHOW CUCTEMBbI.

Ona BTopon cTpaterum pasBUTUS UHPOKOMMYHUKALMOHHOM CUC-
TeMbl XxapakTepHa uHas cutyauus. @opmupoBaHne NGN HaumHaeTcs
3a401ro 40 MOMEHTa 0XUOaemMoro 3aBeplueHnd npouecca unpposu-
3auum TOOI — Toukm T4 n Tg COOTBETCTBEHHO. BO3HMKAET PE3OHHLIN
BOMPOC: He crefyeT I B HEKOTOPOM To4Yke Tg NpekpaTuTb LnppoBmn3a-
umio THOMM, dpopcuposar co3paHne NGN? dakTnyeckn Takom noaxopm,
(oH 0603HaYEH TOMAHOWM NMHMER CO CTPENKOWN) O3HAYaeT paamkanbHOe
M3MeHeHue npuHumnos moaepHudauumn TpOIlT 3a cHeT HOBbIX TEXHOMO-
rmin KOMMyTauum u nepegayn. C opyron CTOPOHbI, Er0 MOXHO CYUTATb
NPUMEPOM «MpPeuMyLLeCcTBa OTCTaloLero». Torga yoacTcs CoKpaTuTb
OTCTaBaHUE B PAa3BUTUM HALMOHASIbHON MHHOKOMMYHUKALMOHHOW CUC-
TeMbl. OTO O3HA4aeT, 4TO npouecc 3aeepieHna dopmmposaHus NGN
(Touka T7) MOXeT ObITb YCKOPEH.

OTBeT Ha NocTaB/IEHHbIM BOMNPOC MOXHO CUMTaTb YTBEPAUTENIbHbLIM.
MpakTuyeckass LEHHOCTb PACCMOTPEHHOro peLleHnss B 3HA4YUTENIbHOMN

mepe OyaeT onpenenaTeca BennunHon AT=Ts — T4. Ecnv oHa cyuwiect-
BEHHA, @ TOYKU T U Tg O6N3KM OPYr K APYrY, TO CMbIC/ pa3paboTkm KOH-
uenumn popcmpoaHHoro co3gaHusa NGN Tepsietcs. C y4eTOM HbIHELL-
HUX, CPaBHUTENILHO MEeJIEHHbIX, TEMMNOB UNPPOBN3aLUN POCCUNCKON
TdOTl ncnonb3oBaHne «<NPEMMyLLLECTBA OTCTAOLEro» NPeacTaBnseTcs
NEePCNEKTUBHbIM.

CoobpaxeHusi, N3NOXEHHbIE B 3TOM NEKLUMN, HE OXBaTbiBAOT BCEX
acrnekToB, KOTOpPble NPSAMO MM KOCBEHHO CBA3aHbl C NepcrnekTuBamMm
pasBuTus TenedoHnn. Tem He MeHee, OHM JaloT NpeacTaB/ieHne O rnaB-
HbIX HanpaBneHusx pa3sutna THOIM Ha Bnvxkariliee gecatTuneTue.

KnioueBbie cnoBa: unbposmsaums, MHTerpaums, KOHBepreHums, crparerns
mMogepHusaummn ToOrll, cornaweHne o6 ypoBHe 0OCIYXMBaHUS, My/bLTUCEPBUCHAS
CeTb, CeTb CNeAyloLEero nokoieHmsl, MHPOKOMMYHMKALMOHHAs cucTema.

?
ij KoHTponbHbIe BONPOCHI

1.

2.

[MepeuncnuTe BHELWHME N BHYTPEHHME DaKTOPbl, CTUMYMPYIOLLIVE Pa3BuTme
TenedoHun.

Coxpanutcs nm TpOIT kak NOMHOCTbIO CAMOCTOATENIbHAs CETb B I0IFTOCPOYHOM
nepcnekTuee?
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w

. Kak nosnusaioTt cornaleHuns 06 ypoBHe 06CNyXBaHUS HA Pa3BUTME CETEN CBA3N?

4. Kakol ypoBeHb nepapxum TpOIl npakTn4eckm NosHOCTLIO NOCTPOEH Ha 6ase

UMPPOBOM KOMMYTALIMOHHOWN TEXHUKN?

. CMOFyT N nepedHn ycnyr, npengocrtaBndaemMbiXx CETAMUA d)I/IKCI/IpOBaHHOI‘/JI
1 MNOABUXHON CBA3U, CTaTb npakTn4eckn NOJIHOCTbIO MOEHTUYHBIMN?

6. 3a cyeTt 4yero MoxeT 6bITb YCKOPEH Nepexo, K CETM CNeayoLLero NoKoaeHns?
7. Kakune ka4eCTBEHHO HOBbIE BO3MOXHOCTM CYLLLECTBYIOT B CETU CNEAYIOLLENO

1.

1

1

1

NOKOJIEHMS MO CPaBHEHMIO C ycnyraMmu, nopgaepxmnsaemoimm TOM?

@ 3apaun u ynpaxxHeHus

[eTtanusnpyite mogenb, nokasaHHyto Ha puc. 10.1, onpenenne 0OCHOBHbIE
npoveccol Ans Tex GakTopos, KOTOPbIE paccMaTpUBaNNCh B NpenblayLmnx
NeKumsx.

. Monpobyiite chopmynmpoBaThk cueHapuii pazsutus TOI, oTnnyaiowmincs
OT KOHLLEMNLUMWN CETU C/IeayIoL,Eero NokoieHus.

Jlntepartypa k nekuum 10

0.1. Kox P, AHosckuii [T, QBonioums 1 KOHBEPreHums B 31eKTpocssaan // M.: Paguo
1 cBsA3b, 2001.

0.2. Cokonos H.A. TenekoMMyHUKaLUMOHHbIE ceTu. — M.: AnbBapec MabnuiiuHr,
2004.

0.3. baknaHoB N.I. NGN: npyHUMnbl NOCTPOEHUS 1 opraHn3daumn. — M.: 9ko-TpeHas,
2008.
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Dsonouus
CUCTEM PAAUOCBA3N

lycTb pacuBeTaioT CTO UBETOB Y COMNEPHNYAIOT CTO LLIKO/.
KoHpyumi

11.1. KoHBepreHuusa ceteit noABNKHOMN
n puKCcUpoBaHHON CBA3U

VMIMEHHO MO aHanorum ¢ ykasaHHbIiM B anurpadpe Te3ancom passuBa-
JINCb 1 conepHMYann pas3HoobpasHbie TEXHONOMM NMNOABUXHOW pPaano-
cBA3N. HecMoTpsa Ha UX OTHOCUTESNIbHYIO MOJIOAOCTb, CETH MNOABUXHOM
cBs3u (Cl1C) NnpOHMKNM cerogHs Bo Bce chepbl XXNSHU — B ObIT, NONNTA-
Ky, 6u3Hec, paspfniedyeHusi, 6e30nacHoOCTb U Tak ganee. Nx BnvsHne Ha
COBpPEeMEHHOEe NOCTUHAYCTpManbHOe OOLLECTBO TPYAHO NEPEOoLEeHUTb,
KOE-KTO MOXET CUYMTaTb 3TO BAIMSAHME MOTEHLUMaNbHO NarybHbIM (Hanpu-
Mep, MeHblLEe CTAaHOBUTCSH BO3SMOXHOCTEN AN YHaCTHOW XWU3HU, TO eCTb
ONg TOro, 4TO cenyac 4acTo Ha3biBaKOT NpanBecK), HO BCE COrNacsaTcs,
4YTO OHO SIBNSIETCS PEBOJIIOLMOHHBIM.

Hapsay ¢ aTum peBoNtounoHHbIM BaMsiHuemM CIMC nmeeT MecTo elle
ofHa TeHaeHuMs, onpeaensiowas énmxanwee dyayliee CeEroaHAWHNX
TENeKOMMYHUKaAUWIA — KOHBEPreHumsi GUKCUPOBAHHBLIX U MOOUIbHbIX
ceTten (Fixed-Mobile Convergence, FMC), 0 KOTOPOW rOBOPUIOCL BO
BBOOHOW NeKLMU 1 KOTOpas NnpeacTasneHa 1am Ha puc. 0.2.

He Tak rpomMko, HO BCe Xe BeCcbMa akTUBHO 0BcyXxaaeTcs u apyras
abbpesuatypa — FMS (Fixed-Mobile Substitution) — 3ameHa dukcupo-
BaHHbIX CeTelr CeTsaMm NOABMXHOW CBA3W. ITO OTHIOAb HE O3HA4aer,
YTO npeaplayLime OecaTb Nekumnii yactnm 1 MOXHO cpady Xe 3abbiTb, a
€VNHCTBEHHO BaXHbIMU ABASIOTCS Kak pa3 Nekuum 4actm 2.
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OTAnYUTENBHBIMU XapaKTepPMCTUKaMN BCErO Klacca CMCTEM NOABUXK-
HOW paaMoCBA3N ABNAETCA MOBOUIBHOCTb XOTS Bbl 0AHOIO N3 aDOHEHTOB
M OTCYTCTBUE NPOBOAHOIO COEANHEHUS MexXay abOHEHTCKMM TepMUHa-
JIOM U KOMMYTaUMOHHbIM 000pyaoBaHMEM CeTU CBA3U. Npu HEKOTOPOW
OrPaHMY4EHHOCTM 3TOr0 YTBEPXAEHUS OHO UCYEPIbIBAIOLLE ONMUCLIBAET
NPUHUMNNANbHbIE OTNNYUSA CReayloLWUX OECATU NeKuuin oT MmaTepuana
yactn 1. Cam knacc cuctemM COBPEMEHHOM paanoCcBa3M BeCbMa LLMPOK.
MOoMNMO BbIHECEHHbIX B 0OLLUIA 3arofioBOK CeTer NoABUXHON CBA3U B
3TOT KNacC BXOASAT CUCTEMbI, KpaTKO paccMaTpuUBaeMbIE B CeayOLEM
pasgene aTon nekumu.

11.2. CuctemMbl pagnoceasn

11.2.1. BecwHypoBbie TenedoHHbIe CUCTEMbI

MosienBLUMECH B caMOM Hadane 80-x rogoB NpoLuioro seka 6ecLuHy-
poBble TenedOoHHbIE CUCTEMbI BMECTO NPOBOAOB MexXay TenedOoHHbIM
annapaTom 1 TpybKoi NCNoNb30Banu pagnokaHas, CoxXxpaHss GyHKLMO-
HaJIbHble BO3MOXHOCTM U KQ4eCTBO CBSA3M 0ObIYHOMO NPOBOAHOIO Tene-
¢doHa. 30Ha paamonoKpbITUA 6a30BOM CTAHLUMM B CUITY Masiol MOLLIHOC-
TW NocnegHen orpaHMyMBanach NPOCTPAHCTBOM oduca Unn KBapTuphbl.

Hanbonee n3BecTHbIM CTaHOAPTOM OeCcrnpoBOAHON TeNnedoHUN ABNIS -
eTcsa pa3pabdoTtaHHaa ETSI ungpposas ycosepliueHcTBOBaHHasi 6ecrpo-
BoaHas cesi3b DECT (Digital Enhanced Cordless Telecommunications),
cMeHuBLIaa 6GecnpoBoaHble TenedoHbl BTOpPoOro nokoneHua CT-2
(Cordless Telephony-2).

Mepsble cneundukauum DECT 6binn onybnukosaHbl ETSIB 1992 T, a
B 1997 r. nosBuncs 6a3osbii npoduns DECT, nogaepxmBalowmi Tene-
dOoHHYI0 cBA3b B Anana3oHe 1880-1900 Mru.

11.2.2. NeiAp)XUHroBble CUCTEMbI

lNevimpknHrosele (paging) cuctems!, 0dULManbHO Ha3blBaeMble CUC-
TemamMM NepcoHasibHOro paanoBbi3oBa, obecrneynBaloT OAHOCTOPOH-
HIOIO CBS3b OT LLEHTPaNbHOM 6a30BOI CTaHLUMN K MOOUIIBHOMY aB0OHEHT-
CKOMY nenaxepy, Kyaa 1a nepecbliaeT agpecoBaHHble Bnagesblly 3Toro
nengxxepa coobuieHna. CoobLLeHre MMeeT BUA, NociieqoBaTeibHOCTHU
OYKBEHHO-UMPPOBLIX CMMBOJIOB.

11.2.3. TpaHKNHIroBbl€ CUCTEMbI

OcCHOBHbIe 061aCTV NPUMEHEHUS TPAHKUHIOBbIX CUCTEM MOLABUXHOM
CBSI31 — KOPMNOpaTUBHbIE U BEOOMCTBEHHbIE CETU, TAKCU, MUNLUS, aBa-
pUHbIE CNY>XObl, aBTOMOOW/IbHBIE KOMMaHUM U T.N. B Takon cucrteme
npegycmatpusaeTcsd onpefesieHHoe KONMYecTBO paamokaHanos Ans
BCEX ee nosb3osBartenen; n3 3Toro KoNn4yecTsa OaviH pajmokaHan sbiae-
NFETCsa KXA0MY aOOHEHTY Ha BPEMS COEANHEHMS.
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MepBas coBeTckas TPAHKUHIroBasi cuctema paguotenedoHHOW CBA-
3n «AnTan» Havana 3KcnayaTupoBaTbcs B cepeauHe 60-x romos npo-
Lnoro Beka, Habpae kK koHLy 80-x rogos 6onee 20 Thica4 aOOHEHTOB.
Hanbonee pacnpoCTpaHEeHHbIMWU aHaNoroBbiMm NMPOdECCUOHaNTIbHBIMM
TPaHKUHIOBbIMU CUCTEMAMU ABASIINCE cucTeMbl cTaHgapTa MPT 1327,
noanepXvBeaoLlme MeTon AOCTyna K CUCTeMe, Ha3blBaeMbI CUHXPOH-
Has ALOHA ¢ guHamudeckou gnimHoun kagpa (Dynamic Framelength
Slotted ALOHA).

Lndpoeble TpaHkuHroeole cuctemol TETRA (Trans European
Trunked Radio) ctaHoapTu3oBaHbl ETSI B Hayane 90-x rogos. OHuM npe-
OyCMaTpuBaIOT Nepenavy kak peyun, Tak u AaHHbelx, obecneymBas 6onee
BbICOKYIO CMeKTpasibHYyl0 3@PEKTUBHOCTb MO CPABHEHUIO C aHaNOrOBbI-
MU TPAHKMHIOBBIMW CUCTEMAaMMU, JTydLLIee NCMOJIb30BaHME 4acToT, bonee
BbICOKYIO CKOPOCTb Nepefayun AaHHbIX, LMGPOBOE KOAUPOBAaHME peyn C
BO3MOXHOCTbIO wudpposaHusa. TETRA no3songeT kKoMMyTupoBaTb Ka-
Hanbl N NakeTbl, NepefaBaTb KOPOTKME COOOLLEHUS, NOy4yaTb OOCTYN
B VIHTEpHET, nogaepXxmeaTb YyCNyrn TenemMeTpumn, nepenady gaHHbIX U
BUOEOUHGOpMaLN.

11.2.4. BecnpoBOoAHble KOMMNbIOTEPHbIE CeTn

Kak n B 6ecLuHypoBbIx TenedoHax, 6ecnpoBOAHbIN OOCTYM K IOKasb-
HbIM KOMMNbloTepHbIM ceTam WLAN (Wireless Local Area Networks) xa-
pakTepmnayeTcs OrpaHUYeHHOM 30HOM NOKPLITUSA N HEDObLLOW N3ny4yae-
MO MOLLHOCTbIO. Bonee wnpokoe pacnpocTpaHeHne, B TOM 4YuUcCie n
B ObITy, npnobpen craHgapt Bluetooth, Ha3BaHME KOTOPOro nNpouc-
XOOUT OT UMeHU pgaTtckoro koponsa CuHeldyba, npaBuBLUErO B X BEKE.
YctpowcTea Bluetooth pabotaior B ananasoHe 2.45 [Ty, npu manom
paguyce OeNCTBUS M BCTPauBAIOTCA B NEePCOHasIbHbIE KOMIbIOTEPHDI,
MP3-npourpsiBatenu, GOTo- U BUAEOKaMepbl, MOOUIbHbIE TENEdOHbI.

11.2.5. CnyTHMKOBas CBA3b

B 1947 roay n3BecTHbIl nucaTesnb-dpaHTact ApTtyp Knapk ony6amko-
BaJ1 HAy4HbIN OOKIa4, B KOTOPOM BbiCKa3sasn npearonoXeHne, 4To cpeamn
BO3MOXHbIX OPOMT CMYTHUKOB HA Pa3HOM ydaneHUn OT NMOBEpPXHOCTU
3eMnu ecTb Takme opOUTbI, HA KOTOPbIX CIMYTHUK CMOXET CJTY>XXUTb XOPO-
LUNM NHCTPYMEHTOM [AJ1 PaANOKOMMYHUKaUMn. YyTb no3xe Oblnin Ha-
YyaTbl MEPBbLIE 3KCMEPUMEHTbI CO CMYTHMKAMMN HA HU3KUX OKONO3EMHbIX
opbuTax: TO eCTb CMYTHUKM HAXOAUINCh Ha CPaBHUTENIbHO MaioM yaa-
JIEHMN OT 3eMHOW MOBEPXHOCTM N BpaLLANNCb BOKPYr 3emin ropasno
ObicTpee, YeM 3emJsis BpallaeTcsa BOKPYr cBoei ocu. Knapk Bbickasan
Maeto nocnaTtb CNyTHUK HAa 60Nee BbICOKYO, Tak Ha3biBAEMYIO Fre0CTaLMO-
HapHy0 opouTy, roe oH OyaeT BpalaTbCA BOKPYr 3emMn TOHHO C Takom
K€ CKOPOCTbIO, C Kakon 3eMns BpallaeTcs BOKpPYr CBOEW OCU, TO eCTb
MOXET SBMAATbCA KOMMYHUKAUVMOHHBbIM Y3/10M, (aKTUY4ECKU BUCSALLUM
HEenoABMXHO Han 3aJaHHOW TOYKOM 3eMnu.
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B cootBeTtcTBUM ¢ 3TON Teopuen B CCCP, a 3atem n B CLUA yxe
B KOHUEe 50-x rogoB ObLIM 3anylleHbl MeEpPBble 9KCNEepPUMEHTasbHbIE
cnyTHMKK. C Tex nop Ha opbuTy OblNo BbIBEAEHO OOMbLLIOE KOMYECTBO
KOMMEPYECKNX CMYTHUKOB OIS noaaepXkm tenedoHnn obuiero nosb-
30BaHKs, a Takke TenesnaeHus. N ecnm nepeble CAYTHUKM CBA3U MOTN
obenyxmaTth nuilb 240 TenedOoHHbIX KaHaNoB, TO CEroAHsA C MOMOLLIbIO
CMYTHNKOBOW CBA3N 0OCY>XXMBAETCS 3HAYMTESIbHAsA HaCTb MEXAYrOPO/.-
HOro TenedoHHOro Tpaduka u NPaKkTUYEeCKU BCe Tenenepesayn.

11.2.6. Cucrtembl COTOBOI CBA3U

VIMEHHO O COTOBOW CBA3K, pa3paboTaHHOM Ans NoadepPXKnm MO-
OunbHOCTN abOHEHTOB U OIS YBENIMYEHUS MPOMYCKHOW CMOCOOHOCTU
pagnotene@oHnUM MyTeEM MCMOJIb30BAHUS HECKOJIbKMX MNepeaaTimkoB
N MPUEMHNKOB OrpaHMY4eHHOW MOLLHOCTU M OrpaHUYeHHOro pagmyca
DEeNCTBUSA, HO C MHOIOKPaTHbIM WCMOSIb30BAaHMEM 4YacToT, OyaeT pac-
CKasaHo B C/IeayoLLNX OEBATU NEKUUAX YacTn 2.

11.3. KpaTtkuit nctTopnyeckni aKCKypc

OnbIThl C Nepefayen pagnocuUrHanoB Ha PacCcTosiHUE, KOTOPbIE Ha-
yan B 1888 roay leHpux l'epy, (1 KOTOPbIE NOCAYXUAU OCHOBAHUEM Me-
pPeVMEHOBaHMSA B €ro 4ecTb eAMHNLBI HacTOTbl, paHee 0603HavYaBLIencs
KaK KOJIMYEeCTBO UMKIIOB B CekyHAy), YCMELWHOo nposomkunm Hukona
Tecna, Anekcanap lNonos, lN'ynbensmo MapkoHu.

Bnaropaps nx n3obpeTteHnsiM K MOMEHTY BO3HUKHOBEHUS MOBWIb-
HOW pagnoCBs3n BCe TEXHMYECKM BaXHOE 4151 HEE YXe OblI0 N3BECTHO.
B 20-x rogax npoLunoro Beka npomn3oLLen HOBbI/ MPOPbLIB B TEXHOIOMNAX
6ecrnpoBOAHOM CBA3U — MOSIBUIINCb CUCTEMbI CBA3M C aMMANTYAHON MO-
aynauuen (AM), a 3atemMm — 1 ¢ 4HaCTOTHOM Mmoaynauuen (FM).

MepBble crny4yan NpuMeHeHns MOOBMIbHOM PaaNOCBA3M C HaCTOTHOM
Moaynsaumen nmenm mecto yxe B 1940-x rogax n nomoranun obecneyn-
BaTb CBA3b BO BpeMsi BTopoi MMPOBOI BOWMHbLI. 3TK pa3paboTkm Bbinim
NpoOosixXeHol B MUpHoe BpeMs, 1 B 1950-x rogax ycnyra MoOusbHOM
TenedoHNN B OrpaHNYeHHON CTENeHW cTasa OOCTYMHON B HEKOTOPbLIX
B60NbLWNX rOpoaaX.

OpHako Takme cuctemMbl obnaganu HeBOJbLUOK E€MKOCTbIO, MMEenn
MECTO CYLLUECTBEHHbIE OrpaHNYeHns n B reorpadum, n B NpUMeEHEHU-
SIX, CBSI3@HHbIX C MOOWIIbHOM PaaMOCBA3bi0. AT OrpaHNYeHns Bblam
obycnoBneHbl NpobnemamMmmn obMeHa pagnocmrHanaMmn ¢ eAMHCTBEHHOW
LEeHTpanbHOW CTaHuuen, obcnyxueaBwen HebosnbLloe KONMNYEecTBO
abOHEeHTOB, aHTEHHbI KOTOPLIX B HALLEN CTpaHe ykpallaau B CBOE Bpe-
MSl KpPbILLIM Hanbosee NPecTUXHbIX B Te rogbl aBTOMOOUIEN — YEPHbIX
«Bonr». OBbMeH pagnmocurHanamm ¢ O4HOM M TOW Xe UeHTPanbHOM pa-
OMOCTaHuMeln CyLecTBEHHbIM 0O6pa3oM CAEPXMBaAN pasBnTne Mobusb-
HOW paanocBaA3n.
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MpuHUMNWanbHbI NPOPLIB B YCTPAHEHUN 3TUX OrpPaHWY4EHUin cTan
BO3MOXEH 6naroaaps n3obpeTeHnio COToBOV CBSA3U. IMEHHO NPUHLINMbI
COTOBOW CBS131 MO3BOSINAN MPEOAOSIETb OrPaHNYEHNS, HakNaablBAEMbIE
MOOUIbHOM PaANOCBA3bI0, HE BHOCS HUKAKMX CYLLLECTBEHHbIX N3MEHE-
HWIA B paanoaocTtyn. Mi3amMeHunach «ToNbKO NULLIb» CETEBasl apXUTeKTypa
(B KHUre yXe He pa3 NoAYepPKNBaIOCh U cernvac onsaTb Noa4YeEpPKMBaETCS
onpepensiollee 3Ha4eHne MMEHHO CeTeBOro acrekra, M3y4yaemMoro B
Hawem Kypce «CeTun cBsa3un»). Takum oOpasom, ceTb NOABUXHOW CBA3N
cTana CTPOUTbLCS Ha COBEPLUEHHO HOBbIX CETEBbLIX MPUHLMNAX:

e paspeneHme o6nacTn oxeata MOOUBHOWM PaaVOCBA3bIO HA OTAESb-
Hbl€ 30Hbl, HA3blIBaeMble COTaMWU;

e HaJnmdynme 3Ha4YnTeJsIbHOro Kosm4dyecTtBa pagunonepesaTimnkonB (KaK
MWUHUMYM, MO OOHOMY Ha COTY') HU3KOM MOLLHOCTU C HEGONbLUMMU
30HaMM nepenayYm CUrHanos;

e MOBTOPHOE MNPMMEHEHNEe HYacTOT B HECMEXHbIX COTax, NO3BOSIAOLLEE
NMOBbLICUTb S(D(DeKTI/IBHOCTb MCnoJsib3o0BaHNA BblOe/1IeHHOIro 4HaCTOTHO-
ro AnanasoHa;

® LIeHTpannm3oBaHHOE YynpassieHne O6Cﬂy)KI/IBaHVIeM BbI3OBOB O514
obecnevyeHnss MOOUIBHOM CBA3U NPU NEepPeEMELLEHNN MOABMXHOIO
aboHeHTa 13 COTbl B COTY.

11.4. OCHOBHbI€ NOHATUA U TEPMMHbI

PaccmartpumBaemMsble B HaCTu 2 CETU CBA3U B TEXHUYECKOW nnTepartype
Ha3bIBAOTCHA CETAMU MOABUXHOM, MOOMIIbHOV NN COTOBOV CBA3KU. Bece
TP TEPMUHA, KaK NpaBusiio, UCNOJb3YIOTCH Kak CUHOHMMBbI, XOTS B Ca-
MOE€ nocfiefHee BpeMS HAMEYalTCH HEKOTOPbIE PACXOXAEHUS.

Oeno B ToMm, 4To 6ECMNPOBOAHbLIE TEXHONOMMM, HAPSAAY C COTOBLIMU
TenedoHaMn 1 cMapTPoHaAMU, aKTUBHO OCBaMBAIOT OrPOMHbIA PLIHOK
HoyTOYyKoB 1 KIMK, nonb3oBaTensamMm KOTOpbIX HE0OXoaMma BbICOKas CKO-
POCTb Nnepenayn gaHHbIX MPU OrpaHNYeHHOM MOOUIILHOCTN B OTHOLLIE-
HUN KaK CKOPOCTU NepeaBUXeHNs, Tak 1 HenpepbIBHOCTUN CBA3MW.

34eCb BO3SMOXHOCTM PYCCKOro s13blka [Al0T HaM MNPeasioXeHHy B
[18] BOBMOXHOCTb Ha3blBaTb MOOU/IbHLIM BCE, HTO MOXHO MEepPeHOCUTb
1 Yepes3 4TO MOXHO BbIXOAUTb B CETb CBA3M B NIOOOM MECTe, a rnoaBuXx-
HOM — TPAANLVOHHYIO COTOBYIO CBA3b.

TepmunH cotoBas (cellular) o3Ha4aeT, 4TO CeTb pas3fgenieHa Ha psg
COT — d4eek, reorpaduryecknx y4acTkoB, Kak nokasaHo Ha puc. 11.1.
Kaxaor coTe Ha3Ha4yaeTCcs YHaCTOTHbIN Amnana3oH, KOTOPbIA MOXHO NOB-
TOPHO NCMONIb30BaTh B APYrMX COTax.

B kaxpoi coTe nmeetcsa cBost 6a3oBas ctaHums BS (Base Station),
KOTOpas CoOAEPXnUT paamonepeaaioLLee 1 pagmonpmemMmHoe obopynosa-
Hue n obecneuymBaeTt PaanocBeaA3b C TEMU MOOUNbHBLIMU TeJ'IerOHaMl/I,
KOTOpble OKa3bIBAIOTCA B JAHHOW COTE.

' Bo BCex CoBapsix IMTEPaTypHOro PYCCKOrO $i3bika CIOBO COT — MY>CKOro poJa. Tem He MeHee,
4TOObI ObITh MOHATLIMM YATATENISIMU, AaBTOPLI CleAylOT YCTOABLUENCS B OTPACAM TEPMUHOSIOMN,
rAe 3TO CJIOBO MPUHSATO YNOTPEDBATL B XEHCKOM POAE — COTa.
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Puc. 11.1. CotbiBCIC

30Ha oxBaTa COTbl 3aBMCUT OT psaa Taknx GakTopoB, Kak MOLLHOCTb
nepenatymMka 6a30BOM CTaHUMMK, MOLIHOCTb Mepenadn MoOWSIbHOro
TenedoHa, BbICOTa aHTEHHbLI 6a30BOW CTAHLMK, TONOJIOMMSE MECTHOCTH.
Kpome TOro, pasmepbl COT BapbMpPYyIOTCS M NOTOMY, 4TO Kaxaasa coTta
MOXeT 06CNyXnBaTb TONIbKO OrPaHNYEHHOE KOIMYECTBO COTOBLIX TENE-
(dOHHBIX annapaToB, KOTOPbIE HOCAT Ha3BaHME MOOWJIbHBIX TEPMWHA/IOB
nm MobusbHbIx cTaHuuii MS (Mobile Station)?, o6b14HO — 0T 600 0 800,
TO €CTb COTbl CTAHOBSITCA MEHbLLE B 30Hax C 6oee BbICOKOW MAOTHOC-
TbiO HaceneHus. OxBaT COTbl MOXET NiexXaTb B Nnpeaenax OT BCEro Nuilb
100 MeTPOB [0 AECATKOB KUOMETPOB. MOSICHUM NpUYMHY BeIGOpa LLEeC-
TUYrosibHOM GOPMbI COT, Kak 3TO NpeacTasneHo Ha puc. 11.1.

C nepsoro B3rnaaa, 6onee ecteCTBEHHbIMU MOMK Obl MOKaA3aThCS
KBaapaTHble COTbl UK, HANPUMEpP, COTbl, COOTBETCTBYIOLLIME KBapTaiam
ropoackol 3actponkm. OgHako kaxaas keagpaTHas s4yelika co CTOpOo-
HOIM @ OyaeT UMEeTb YeThbIpe rpaHnYaLlme G Hel CTOPOHbI A4YEenKn Ha pac-
CTOSIHMN @ OT ee LieHTpa [0 LIeHTPOB 3TUX YEThIPEX AYeekK, a Takke eLle
yeTblipe Apyrue rpaHuyallime ¢ Hei a4eiikn, paccTosiHue OT ee LieHTpa
[10 LIeHTPOB KOTOPbIX Mo Teopeme Mudaropa pasBHo a+/2 .

Takasi KOHPUIrypaums co3aaeT O4EBMOHbIE MPOOIEMbI AN NEPEKIIO-
YEHUS! Ha HOBYIO aHTEHHY abOHEHTa NPW ero ABMXEHUN OT LIEHTpa AaH-
HoM auerikn. O4eBUAHO, YTO AN 9P DEKTMBHOIO NEPEKIIIOYEHNS BECbMA
XenaTenbHO, YTOObI LLIEeHTPbI BCEX SiYeeK, rpaHnYalmx ¢ aHHOM, Oblnuv
Ha OANHAKOBOM PACCTOSIHUM OT €€ LLEeHTpa.

M3 LKONLHOIo Kypca reoMeTpun U3BECTHO, YTO PaBHOE PaCCTOAHNE
MeXAay LeHTPaMM CMEXHbIX a4eeK JOCTUraeTCa Npu LECTUYroNbHOM UX
KOHpUrypaumm, koraa paanyc o OKPYXXHOCTU, ONUCAaHHOW BOKPYT LLIEC-

2 B TEXHNYECKOW nMTepaTyBe Yallle Cnosb3yeTcs TEPMUH MOBUIIbHAs CTaHLUMS , TO ECTb NPSIMOIA
nepeBog aHrnminckoro Mobile Station (MS). Cmbicny 9TO KHUMM, ONUCIBAIOLLEN KOHBEPTEHLMIO
ceteinn TpOMM, CO3 n CIIC, 6onee COOTBETCTBYET TEPMUH MOBWLHBIN TepMUHanN, KOTOPbIA U
MCNoNb3yeTcs 30eCh.
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TUYrOSIbHNKA, PABEH OJIMHE CTOPOHbI LUECTUYIOIbHUKA W PACCTOSIHMIO OT
LLEHTPA WEeCTMNYrofbHOM S4erkn 40 Kaxgon n3 ee BeplunH. MNMpu Takon
CETEBOV KOHOUrypaumm paccTosiHMe Mexay LEHTPOM SHYENKN U LLEHT-
POM OO0 CMEXHOWM A4Yelikn paBHAETCS a3 , @ aHTeHHbI rpaHmMyaLLmx
C HEW A4YeeK HaxXoasATCH Ha PaBHbIX PACCTOSHUAX APYr OT Apyra BHE 3a-
BUCUMOCTW OT HanpasJ/ieHNs NepeMeLLLEHNS MOOUNBLHOIro abOHEHTA.

Heckonbko 6a30BbIX CTaHUMIM NOACOEOVHEHbI K KOHTPO1epy 6a30-
Bbix cTaHuwii BSC (Base Station Controller), KOTOpbIi COOEPXUT NOTNKY
yrpaBneHns Kaxaom ns atux ctaHuuin. Bce BSC noacoeanHeHbl K LIEHT-
py KoMmmyTaumn rnoasmxkHovi cesa3m MSC (Mobile Switching Center),
KOTOpPbIA yrnpaBnsieT YCTaHOBIEHWEM COEOVUHEHUN K MOBOUbHLIM abo-
HeHTaM 1 oT Hux. MSC npepocTaBngeT Te xe PYHKUMOHAsbHbIE BO3-
MOXHOCTU, 4TO N PACCMOTPEHHBIN B 4aCcTN 1 CTaHAAPTHbIM KOMMYTATOP
TpOIl, HO elle NnoaaepXnBaeT U psaa, cneumanbHbiX GYHKUWA ONns MO-
BunbHoM cBasn. B yactHocTn, MSC pomkeH copepxxaTb COOCTBEHHYIO
NIOTUKY, 4TOObI UMETb AEN0 C MOBUITbHBIMM CTAHUMSMU 1 MOAAEPXKMBATb
DYHKUNU X3HA0BEPA N POYMUHIA.

Ecnu BO Bpems coeaviHeHnst MOBUIbHbBIV aDOHEHT NepemMeLlaeTca n3
OOHOI COTbI B APYrYIO, O4EBUOHO, HTO yNpaBieHue 06CnyXnBaHNEM Bbl-
30Ba O0JIXKHO nepenopy4yaTbcs HOBOW coTe (To4yHee, ee 6a30BOI CTaH-
uMm). STOT NPOLLECC 1 Ha3bIBAIOT xaHA0BepoM (handover nnn handoff).
3ameTuMm, 4To TepMuUH handoff 06bIMHO NCMONBL3YIOT NMPUMEHUTENIBHO K
ctaHgaptam AMPS 1 D-AMPS, peydb 0 KOTOpbIX B Iekumn 12, a TEpMUH
handover ncnosnb3yeTcs NPUMEHUTENIBHO K pacCMaTpuBaeMon B nek-
umn 13 cucteme GSM, HO 0b6a 3TN TEPMUHA ABNSIOTCA CUHOHUMaMM.

Mpumep cueHapus xaHagoBepa n3obpaxeH Ha puc. 11.2. 3ToT pucy-
HOK MIIOCTPUPYET PEBOJIIOLUMOHHOE 3HAYeHME X3HA0BEPA, NO3BOMMB-
Lee BMECTO 4acTo OObIrpblBAEMON B CTapblX AETEKTUBHbIX dUIbMax
cuTyauum, Korga repoii no ykasaHuio 3/10yMbllUieHHKa nepebderaet
OT OOHOro yJAn4yHOro TesiepoHa-aBToMaTa K APYromy, CroKOMHO pas-
roBapmBatb 3TOMY repoto no MobusibHOMY TenedoHy B ABMXYLLEMCS
aBTOMOOMUIE.

dakTnyeckn, xaHgoBep 03Ha4YaeT nepeksovyeHne aboHeHTa ¢ 0aHO-
ro pagmokaHana u/unmM BpeMeHHOro MHTepBana Ha Apyroi paguokaHan
W1 BPEMEHHOI UHTepBaJ, kak npaBuio, 6e3 yBeaomneHns aboHeHTa
06 3TOM n3MeHeHUn. Ecnv MHTEHCUBHOCTbL CUrHana nagaeT HUXe 3a-
OaHHOr0 YPOBHS, TO €CTb, NO-BUAMMOMY, N0JIb30BaTE b NEPEMELLAeTCs
B APYryl0 COTY UM NpubnmxaeTcs K rpaHuLe Tekyllein coTbl, TO Npo-
BEPSETCS, HE MPUHNUMAET N COCeaHNAs coTa curHan ¢ 6onee BbICOKUM
YPOBHEM, 1 eCNKn 3TO TakK, 0OCcNyXXnBaHMe MobUNbLHOro aboHeHTa nepe-
K/I04aeTCs Ha Ty COTY.
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Puc. 11.2. XaHposep

B coBpeMEHHbIX TEXHONIOrUSAX A1 3TOro UCMNOJb3YeTCs Tak HasblBae-
MbIt meTon, MAHO (Mobile Assisted Handover), B KOTOPOM MOOWNbHbIN
TepMMHaN camMm NepuoamyHeckn namepsieT ypoBeHb CUrHasa n Ka4ecTBo
CUrHanNoB, NPUHATbLIX Kak OT 00CNyXnBaloLLeln aToro aboHeHTa 6a30BoM
CTaHUuMK, Tak U OT coceaHux 6a30BbIX CTaHLM, 1 NepenaeT B CeTb CO-
oTBeTCTBYyOLIME CO0bOLLIEHNS 00 n3amepeHusax. CeTb aHaNMU3MpPyeT 3Tn
COO0OLLEHMS N NPUHMMAET PeLLeHNe 0 TOM, HY>XXHO I MPON3BOAUNTb X3H-
Z0Bep MexXay CoTaMMu.

B 3aBMCMMOCTM OT CUTYaLINMU X3HAOBEP MOXET MMEeTb MECTO MexXay
OBYMSI CEKTOpaMu OOHOWM M TOW Xe 6a30BOI CTaHUUM, Mexay OBYyMS
koHTponnepamn BSC, mexay aBymsa ueHTtpamm MSC, npuHagnexa-
wmmMn ogHomy Onepatopy, unn gaxe (Npu onpeaeneHHbIX YCIoBUsX)
Mexnay AByMs ceTamum pasHbix OnepaTtopos.

TexHonornsa NOABMXHOW CBSA3U, KaK y>XXe 0OTMe4YasioCb B 3TON NIEKLUU,
npegnonaraeT, 4YTo aDOHEHTbl MOryT cBOOOAHO NepemMellaTbCs U3 CoThbl
B COTY B Npefdesniax CeTu, a Takke U3 oaHom ceTu B Apyryto. Heobxoammo
Takxe, 4ToObl CeTb OTCNEXnBana MeCTOHaxXoXaeHne aboHeHTa C HEeKO-
TOPOW TOYHOCTbIO, Aabbl aapecoBaHHbIe aOOHEHTY BbI30BbI MOXHO Oblf10
emy goctaBuTb. ObLLEee pelleHne 3Tol 3a4a4m COCTOUT B CIEAYIOLLEM.

Bo-nepBbix, Korga aboOHEHT NepBOHaYasIbHO BKJIOHAET CBOW MOOUIIb-
HbI TEPMUHAN, 3TO YCTPOMCTBO CAMOCTOSTENIbHO NOCLINAET perncrpa-
LIMOHHOE coobLleHmne K MecTHoMYy MSC.

B coctaB co0OOLLEHMNS BXOOUT YHUKalbHbIA naeHTudukatop abdo-
HeHTa. Ha ocHoBe aToro naeHtudukatopa MSC moxeT onpenenutb
pernctp HLR, koTopomy npuHagnexmt aboHeHT, U nepeaatb peruc-
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TpaumoHHoe coobuleHne B HLR, 4To6bl MHPOPMUPOBATL Er0 O TOM,
kakoh MSC B naHHOe BpeMms obcnyxneaeT aboHeHTa. [Nocne atoro HLR
nepenaeT coobLleHne oTMeHbl pernctpauum B ToT MSC, KoTopbln a0
TOro obcnyxmpan aToro aboHeHTa (ecnn TakoBOM MMeeTcs), U MocChkl-
naeT NoaTBepXaeHne B HOBbINM obcnyxuBaowmin MSC. BonblUMHCTBO
3TUX COOOLLLEHUI crneuuduUMPoBaHO B NPOTOKONE curHanusaumm MAP
(Mobile Application Part), 0 4emM Mbl NOrOBOPUM B fiekuun 14,

11.5. Cnoco6bl poctyna k ClNC

Kak y>xe roeopmiocs BbllLe, CBA3b MOABMXHbIX aDOHEHTOB CO CTaLMO-
HapHbIMK 6a30BbIMKY CTaHUMAMU U MSC ocyLLLEeCTBNSIETCS MO paguoka-
Hasy. Cnocobom goctyna k pagmokaHany B nepsbix CIMC Obin MHOXECT-
BEHHbIN 4OCTYI C YaCTOTHbIM pa3sgeseHnem kaHasios FDMA (Frequency
Division Multiple Access). MNpu Takom crnocobe Kaxaplii kaHan 3aHMMaeT
CBOIO 4YaCTOTHYIO nosaocy, Hanpumep, 30 k. HekoTopble U3 3TUX KaHa-
JIOB BblAeNeHbl ANF curHanmsauumn, a gpyrue, HasblBaemble pedyesbiMin
KaHanamm, OTBEAEeHbl A9 Nepenayn peyu.

Lindposusaumsa MobunbHoOM cBA3M NoBAEKa 3a cCOO0M NpUMeHeHne
BPEMEHHOI0 pasgeneHmsa kaHanos TDM, korga Kaxabih Takom KaHan
pasfeneH Ha BPEMEHHbIE MHTEPBAJIbl, B K&XA0M M3 KOTOPbIX OCYLLECT-
BNISIETCS OAMH ceaHc cBA3n. nsa umdbposbix CMNC xapakTepHbl ABa METO-
0a JocTyna K paguokaHarny.

TexHonorus CDMA, npu KOTOpPOW BCe aDOHEHTbl OAHOBPEMEHHO UC-
NOMb3YIOT OAHY M Ty Xe MOJIOCY YacTOoT, a 4TOObI BbIAENTL CUFHAN onpe-
heneHHoro aboHeHTa U3 BCexX OPYrmx CUrHanoB, nepegaBaembix B TOM
Xe nosioce, 3TOT CUrHan MOAYMPYETCS YHUKANbHOW KOOOBOWM nocne-
[0BaTeNbHOCTLIO. YTOOLI M3BEYb CUrHAN HA NMPUEMHOM KOHLIE, HY>KHO
3HaTb NCNOMb3YEMYIO AJ19 HErO KOAOBYIO MOCAE0BaTENIbHOCTb.

MpomebiwneHHyto Bepcuio CDMA npoaeMoHCcTpupoBana KoMnaHus
Qualcomm u3 CaH-Auero, wrat KanndopHusa, B 1989 roay, a B kHUre
OHa By[eT KpaTKO PaCCMOTPEHA B CleAyloLLen Nekummn.

TexHO10rvss MHOXECTBEHHOIO OCTYNa C BPEMEHHbLIM Pa3aeeHNeM
kaHasnoB TDMA (Time Division Multiple Access) ¢ BbiaeneHmemM cnorta
no TpeboBaHuo. 3aecb TpeboBaHUS MOCLUIAOTCA B KOPOTKUE UHTEP-
Basibl BPEMEHU, HA3blBAaEMbIE CIOTAMM 3amnpocoB, a NPWU KOAAN3NNAX
TpeboBaHus noBTOpsAoTcHA. bazoBasi cTaHuMs BbloenseT cBOOOAHbIE
MHPOPMALMOHHbIE CNOThI, COO0LWAas UX UAEHTUPUKATOPbLI UCTOUYHUKY
1 nonyyatento. ImeeTca HECKONIbKO OCHOBHbIX CTaHAAPTOB COBPEMEH-
HbIX LM poBbIX CIC, peyb 0 KOTOPbIX — TAKXE B CNEAYOWMX NEKLNSX.
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11.6. MexayHapogHblie
M HauMOHaJNbHbIE CTaHAAPTbI

11.6.1. Ewe pa3 o6 ITU-T

B aTOM pasgerne Mbl NPoA0IXUM Ha4aToe B IeKUMU 1 pacCMOTpPeHnEe
TENEeKOMMYHUKALUMOHHBIX CTaH4apToB, KOTOPble coAepxart cornaile-
HUS, OOCTUMHYTbIE COOTBETCTBYIOLMMN KOMUCCUAMU CTaHOapTu3aumm
B onpegeneHHom 061acTu TeNEKOMMYHUKaLMIA, 30eCb — B 061aCT MO-
OunbHOW cBA3KW. TOYHO Tak, Kak 3TO 06Cy>XAanock B 4acTn 1 oTHOCUTESb-
Ho cTangaptoB THOIl, cTaHaapTbl MOBUIBHONM CBA3M TOXE ABMSIOTCH
pes3ynbTaTOM COBMECTHbIX UCCIeA0BaHUI, ApaMaTUiYeCcknx UCKYCCUI
1 rmy®oKoro aHanmaa.

ITU-T, IETF, ETSI n gpyrne ynommHaemble B 3TON KHUFe OpraHnsaumn,
paspabaTbiBaloLiMe cTaHOapThbl, co3aaloT padoyne rpynmnbl, 3KCNepThb
3TMX pabouunx rpynn NpoBoaaT 0OCYXAEHUS!, COrNacytoT TOYKM 3PEHUS,
OOCTUraloT KOHCEHCYCa MO TEXHMYECKMM BOMNPOCaM, YTO MOYTM BCerga
BELET K YAy4LIEeHUo cneumdunkaumm no CpaBHEHMIO CO cneundunkaum-
eln, pa3paboTaHHOWN KakuM-TO 0gHMM npomn3soanTenem, Onepartopom
WM roCygapCTBEHHBLIM MHCTUTYTOM. ITOT NMPOLLECC XapakTepeH, npe-
Xae Bcero, ang pabot MccnepoBatenbCkux kommccuin MexxayHapon-
HOro col3a anekTpoceasn — ITU, — ¢ pesynstatamm OeATenbHOCTU
KOTOpPbIX YynTaTeslb yXXe HeOoOHOKpaTHO BCTpevasncs (u Oynet BCTpe-
4yaTbCs Janblle) Ha CTPaHULUAxX 3TOM KHUMM. YNOMMHANCS, B YHaCTHOCTMN,
paspaboTaHHbIi ITU cTtek npotokonos OKC7, paccMOTpeHne KOTOpPoro
onst TOrl/ISDN 6bi10 HavaTo B nekumun 4, a 3aecb 6yaeT NpoaosiKeHo
npoTtokonamu MAP u CAP B nekunn 14.

PaboTa ITU B 06nactn MobunbHOW TenedoHnn Benachb B pamMKkax rnpo-
rpammbl OyayLLeri CUCTEMbI HA3E€MHOV MOOW/IbHOM Tene@dOHHOV CBA3U
obuyero nosb3oBaHus FPLMTS, koTopas 3ateM Obina nepermMmeHoBaHa
B MeXAyHapoAHYylO CUCTeMY noaBmxHoV cBsiam IMT2000. B cnepyio-
LLMX NeKUMaxX NPOCexXnBaeTcs NyTb OT CTaHOAPTOB MOOUIIbHLIX ceTell
NnepBoOro NOKONEeHUs Yepes CeTM BTOPOro NOKONIEHUS K cTaHaapTaM Mo-
OUNbHbIX ceTeln TpeTbero nokonenms 3G.

11.6.2. Ponb ETSI B cTaHgapTu3aumm MoounbHoOM cBA31U

B cdepe mobunbHon ceasm Komucemsa EeBpocoiosa B 1985 romy
opraHmM3oBasia eBpPOMenckyto nporpamMmmy WccrenoBaHui B 06n1acTum
HOBEWLLMX TEXHONOrNM CBA3U — nporpammy RACE, — B pamkax KOTOpOW
poOaunCh UAen, a 3aTemM U KoHuenuum ctaHgaptoB GSM n yHuBepcanb-
HOI cucTeMbl MOBUIbHOM cBA3U UMTS, yemy nocesileHa nekuys 16.
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11.6.3. lNpoekT napTHepcTBa 3-ro NOKoJIeHUs

Ons paboT Hag cneumdukauussMm CUCTEM TPETbero MNoKoAeHus
MObOUNbHOM cBs3n 3G ObINO peleHo 00beEOVHUTL YCUNUS N PECYPChI
pasHbIX PEervoHasibHbIX OpPraHM3auui, 3aHMMaloLWKXcs pa3paboTkomn
cTtaHgaptoB B obnactm CIC. na 3TOro wwecTblo opraHnsaumsmMm us
NATU pasHbIX YacTen ceBeTa Obin co3amaH napTHepckuin npoekt 3GPP
( Third Generation Partnership Project).

3apaym n coctaB 3GPP nocTeneHHO pacLunpsaninch, ctana o4eBua-
HOW LLenecoobpa3HOCTb OPraHM30BaTb NPEEMCTBEHHOCTb C CUCTEMAMM
GSM, GPRS (General Packet Radio Service) v EDGE (Enhanced Data
rates for GSM Evolution).

PaboTa Hag passuTneM ctaHgapta GSM nocne MHOrmx neT ycnewu-
HOWM pa3paboTkm Takxke Obina nepeeneHa n3 ETSI B 3GPP, paBHO kak n
paboTbl Hag nokoneHnem 2.5G.

Mpouecc ctaHgapTnsauun B opraHnsaumm 3GPP cTporo pernameH-
TuposaH. Ctpyktypa 3GPP cocTtouT M3 rpynn KoopauMHaumMn npoekta
PCG (Project Coordination Group) n rpynn TexHU4Yeckmx cneumduka-
umin TSG (Technical Specifications Group), kKoTopble pa3pabaTbiBaloT U
nopnepxveaioT cneundukaunm 3GPP.

Kaxnabin TexHnyecknii LokyMeHT 3GPP nmeeT yHUKanbHbI UOEHTU-
dukaTop, NokasaHHbIN Ha puc. 11.3. Ero ctpyktypa MoXeT okas3aTbCsl
NONE3HOM NS TeX MbITIMBLIX YNTATENEN, KOTOPbLIE MOXENaT 00paTUTb-
€S K MEePBOUCTOYHMKAM, YTOObLI MPOBEPUTL aBTOPOB, U, HAOEEMCS, HE
TONbKO Ans at1oro. Puc. 11.3 cneyyanbHO ong HUX.

Homep nokymeHTa B BUae aa.bbb nnn aa.bb

N

3GPP TS 23.040 V5.1.0

e ~

Tun pokymeHTa Bepcusa pokymeHTa B Buae Vxxyyz

TS: TexHudyeckas cneumbukaums X: OCHOBHasi BepCus nin BbiMyck
TR: TexHunyeckuri oT4eT

y: TexHu4eckas Bepcusi
Z: Bepcus peaakumm

Puc. 11.3. CrpykTypa nuaeHtudpukaropa cneuudpukauum 3GPP

NpeHTndukatopbl gokymeHtoB 3GPP, psag KOTOpbIX NpuBEAeEH
B COuMcke nuTepaTypbl, HadmMHawTca ¢ npedwukca ‘3GPP’, 3a koTo-
pbiM panee cnenyloT ABe OyKBbl, XxapakTepuaylowme TUMN OOKYMEHTA,
TS (Technical Specifications) pna TEXHUYECKUX cneundukaumn mam
TR (Technical Reports) opna TexHn4eckux otdyeToB. [locne Tmna aoky-
MeHTa cnegyeTr HoMep crneumdukaumm, KOTOpbIn MOXET NPUHUMATb
0OHY 13 cnenyowmx dopm: aa.bbb nnu aa.bb.
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B HOomepe cneumdukaumm aa ykasbiBaeT Ha npegHasHavyeHue Oo-
KymeHTa. B perucrtpaumoHHOM HOMepe 3a HOMEPOM Bepcuu crneayet
HOMep OokymeHTa B ¢popmaTte Vx.y.z. B aTom popmarte x npencrasns-
€T Bepcuio crneuydukaumun, y npeacraBngeTr TEXHUYECKYIO BEPCUIO U Z
npencTaBsiSeT BEPCUIO Peaakumi.

CornacHo npaBunam 3GPP cneundukauma s3amopaxuBaeTtcs pa3s
B rogd, NMpu 3TOM NPOAO/IKaeTcs ee gopaboTka, pe3ynbTaTbl KOTOPOW
BKJ1IOHAIOTCH B C/IEAYIOLLYIO BEPCUIO cneundoukaumn.

B 1999 roay 3GPP npuHano pellieHne, 4TO BEPCUMN, BbiNyLLEHHbIE
nocne 1999 ropa, 6onblle He OyayT MMEHOBATbLCS B COOTBETCTBUM C
rogom, a OyayT UCMOoJIb30BaTb B CBOEM Ha3BaHUW YHUKAJIbHbIA NOpsAd-
KOBbI1 HOMEP, NO3TOMY BEPCUS S CrieayeT 3a Bepcuen 4, kotopas naet
3a Bepcuen 99.

11.6.4. MpoekT 2 napTHepcTBa 3-ro NOKOoJIeHUs

OpraHmnsaumsa 3GPP2 BbinonHaeT ang cemMencrsa CTaHOapTOB
CDMA-2000 To4Ho Te xe pyHkuumn, 41o 3GPP BbinonHsaet ansa W-CDMA.
3a0ecb BegeTcs paspaboTka ctaHoapToB nokoneHus 3G ana Oneparto-
pOB, KOTOPbIE B HAacTosILLEee BpemMsi paboTtatoT B ctaHaapte CDMA (1S-95
nnn TIA-EIA-95). XoTta 3GPP n 3GPP2 aBnaioTcsa OTAeNbHbIMWU OpraHu-
3auMsaMKn, OHM TECHO COTPYAHW4YaloT B obnactu cneumdukaumm ycnyr,
KOTOpble B naeane OOMXKHbI OblTb OOHUMU U TEMU Xe (C TOYKN 3PEHUs]
nosnb3oBaTens), He3aBUCUMO OT MHDPACTPYKTYPbI M TEXHONOMMN JOCTY-
na. NMoapobHee pabota 3GPP2 B KHMUIre He paccMaTpuBaeTCs.

11.6.5. HaumoHanbHbIE cTaHAAPTDI

HaumoHanbHble cTaHaapThl 6a3upyloTcsa Ha pekoMmeHgaumsx ITU-T,
€BPOMNENCKMUX pervoHanbHbix crtaHgaptax ETSI, matepmanax 3GPP,
GSM-dopymaun obopmnsioTcs B Buae NOCToB MHOPMATUBHO-MNPABOBbIX
akToB (HI1A), Ha OCHOBaHMM KOTOPbLIX NPOBOANTCS cepTudurkauua Tene-
KOMMYHMKAUVMOHHOro 060pyn0BaHus, a Takke Ha APYrux perynvpyio-
LWKMX oTpacnb gokymMmeHTax. O HauMoHaNbHbIX cneumdmkaumsax NnpoToKo-
nos curHanusaumu B CIC mMbl noroeopum B nekumn 14.

KnioueBble cnoBa: cucrtemsl pagvocsasu, FMC, FMS, 6ecnpoBoaHbIn
paguonoctyn, DECT, nelnaXnHr, TpaHKUHI, CMYTHUKOBAsi CBS3b, aMMIUTyaHass MO-
aynauma AM, yactoTHaa moaynauma FM, coTta, nOBTOpPHOE MCMNOIb30BaHME 4acToT,
CDMA, TDMA, D-AMPS, 6a3oBas ctaHUusa BS, MobunbHbii TepMmuHan MS, KOHTpOSI-
nep 6a30BbIx cTaHUuin BSC, ueHTp KoMMyTaummn noasuxHomn ceasm MSC, xaHaoBep,
pomawHmii pernctp HLR, 3GPP, 3GPP2.

11. TonbawTenH



162 Jlekums 11. 9BosoLmst CUCTEM PaaNOCBSI3n

?
n KoHTponbHbIE BONPOCHI
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. MpryrHbI N1306peTEHNS COTOBOM CBA3N?
. Yto obwero mexay TpOM u CMNC?
. B yem paznuunga mexay TdOIM n CIC?
. B yem cocTtomT NpMHLMN MHOrOKPaTHOIrO UCMNONL30BaHWS YacToT
B COTOBbIX CETAX?
. YT0 03HavaeT NoOHATME «X3HO0BEP»?
. Kakasi reomeTtpunyeckas kKoHpurypaums cotel Hanbonee apdpekTneHa? MNovemy?
. CnekTp, OTBOAMMBbIN A5151 MOOWIIbHOM CBA3M:
a) HM3KWE YacTOoThl,
b) 3BykOBble 4HaCTOTHI,
C) BbICOKWE 4aCTOThl,
d) cBepxBbICOKME YACTOThI.
. Mpwn nepemewieHN MOBUNBHOM CTAHLUMKN N3 OOHOI COTbl B APYrYO BbINOSHAETCS
cnepyoLwas npoueaypa:
a) POYMWHT,
b) xanposep,
C) POYMUHI 1 X3HO0BEP,
d) HmTa, HM gpyras.
CraHpapt GSM paspaboTaH:

a) ITU-T,
b) 3GPP,
c) ETSI,
d) IETF

@ 3apayuum v ynpaxHeHus

1

1

1

. O6ocCHYITe reoMeTpUHecky BbIGop KOHGUIypaumm Mog4env CoTbl B BUAE
NPaBUIILHOMO LLIECTUYrOJIbHMKA.
MpviBeamTe MaTeMaTMYECKOe [0Ka3aTesbCTBO.

@ Jintepartypa Kk nekuun 11

1.1. 'pomakos KO.A. CTaHaapThl U CUCTEMBI MOABUXHOM PaaNOCBA3N. —
M.: Sko-Tpenas, 2000. — 239 c.

1.2. KapTtawesckuin B.I., CemeHoB C.H., ®dupcTtoa T.B. CeTn nogsmxxHom
cBasn. — M.: 9ko-TpeHaa, 2002. — 304 c.



Nexkuunsa 12

lNMokoneHus ceten
COTOBOMU CBSI3M

He tak s BOT v Mbl, ApYr Apyra He TasiCh,
Hert-Her, ga BcTyrnm B COTOBYIO CBSI3b?!
Bnagumunp BuuHeBckuvi

12.1. NepBoe nokoneHue 1G

B 3101 1 cnepyowmx nekumsax BTOpPon 4acTn KHUMM N3 BCe COBOKYM-
HOCTU CUCTEM PaaMOCBA3N PacCMaTPUBAKOTCH TOSIbKO CUCTEMbI COTO-
BOW cBA3W. Bonee Toro, 0OCHOBHOE BHMMaHWE yaensaeTcs TEXHONOrnsam
COTOBOW cBA3M nokoneHui 2,5G n 3G, xoTa 3HaKOMCTBO ¢ 60oJiee paHHU-
Mu cuctemamm 1G n 2G nmeet 60bLLOE 3HAYEHNE N MTOMOraeT HaM Mo-
HMMaTb, Kak Obln padpaboTaHbl pelieHus ansa cuctem CrC cneaylowimx
NOKONEHUN. VIHa4e roBops, BOCNPUHATb, Kak Mbl CIOAA NPULLAN U Kyaa
Mbl OeM pasblue, ropasao nerde, €Cnun 3Hatb, rae Mol Oblin.

CoToBasi cBA3b, Kak Mbl MOHUMaEM €€ CerofHs, peasibHo Ha4yanach B
camMoMm KoHue 70-x rogoB npoLuioro Beka. I3BecTHbl pe3ynbTaTthl OnbIT-
Hon akcnnyaTauum B Yukaro B 1978 roay cuctembl AMPS (Advanced
Mobile Phone Service) B apnanasoHe 800 MIy. OgHako notpeboBanoch
HeckoJibko JieT, npexae 4em B CoeamHeHHbIx LLTaTtax 6bina 3anyweHa
nepeas kommepyeckasa cucrtema AMPS, B TOM Xxe Yukaro, HO yxe B
1983 roay. Bckope 3a HUM nocnegoBanu apyrme KpynHole ropoaa CLLUA,
TakXe MCMNoJib30BaBLUVE HA TOM 3Tare aHanoroBble CUCTEMbI CTaHAApTa
AMPS.

Mexay aTumMn gBymMsi COObITUSIMM KOMMEpPYEeCKas CUcTemMa COTOBOW
cBA3M Obina 3anyweHa B 1979 rogy B Tokro. EBponeiubl nownv CBOUM
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nytem, n B LLBeunn, Hopeeruun, danmn n GuHnaHonm 6bina co3gaHa
B 1981 rogy nepsasa esponenckas cuctema NMT-450 (Nordic Mobile
Telephone System), paboTasLuas B ananasoHe 450 MI'y,. Bennkobputa-
Hua BHeagpuna B 1985 rogy opyryto TEXHOMOrMI0, KOTopasa Ha3biBasacb
TACS (Total Access Communications System), paboTana B auana3so-
He 900 Mlu v, B cywHOCTH, gBAgaacb MOANGULMPOBAHHON BEPCUEN
AMPS.

MobunbHyto cBsi3b B cTaHaapTe TACS nepBoHayanbHO npepgnaranm
onepartopbl MobunbHoM cBa3u BT, Cellnet u Vodafone.

Ha3BaHHbLIM MpuMepamM MocaenoBanm MHOrMe apyrme CTpaHbl, U
CKOPO yCnyrn MOBubHOM CBA3M PacnpOCTPaAHUINCL N0 BCEMY 3EMHOMY
wapy. 9To OTKPbITOE ANS 3KcnayaTaumm B camom Hadane 1980-x rogos
nepBoe NoKoneHne coToBOM cBaA3n 1G yxe NnO3BONSANO peann3oBaTb
YNOMMHaBLUMECS B NpeablayLllien nekuym KodeBble KOHLEeNUMn: rnoB.-
TOPHOE MCMNOJIb30BaHME 4acTOoT B COTaX, MOOUIBHOCTb TepMMUHANOoB
C onpeneneHnemMm Ux MeCTOHaxXOXAEeHUs B TOW WU UHOW coTe, Henpe-
PbIBHOCTb CBSI3U MPW NEPEMELLEHUN N3 COTbl B COTY — X3aHAOBep. To
€CTb yXe cuctembl 1G CMOMu peLunTb OA4HY U3 OCHOBHbIX Npobsiem bec-
NPOBOAHON CBA3M — Nepegadvyy yCTaHOBEHHOr0 COeaMHEHNs OT OOHOWN
paamocTaHumMmn K Apyron 6e3 notepu CBA3W.

Ewe ogHa npobnema 6bina pellieHa 6narogaps NOBTOPHOMY MCMOJb-
30BaHMI0 HacTOT, NO3BOINBLLUEMY OOCNYXMBATb 3HAYNTENBHO Bonee Bbi-
cokuih 06beM Tpadurka B 0aHOM reorpadmyeckoin 30He 00CNyXMBaHUS.
He BoaBascb B getann, OTMETUM, Y4TO cucTeMbl 1G OTHOCATCA K OAHOMY
N3 ABYX K/OYEBbIX CTAaHAAPTOB — ckaHamHasckomy NMT 1 amepumkaHc-
komy AMPS. O6a 3Tu cTaHgapTa KpaTko paccMaTpuBatoTCs HUXe.

Ho npexae Obi10 66l cnpaBegnBo OTMETUTL NpUCYLLME 0O6ENM 3TUM
cucTemMaM HepocTaTkn. Pedb maeT O BO3MOXHOCTUM MPOCYLINBaHMUSA
neperoBOpoB, BO3MOXHOCTU MU3rOTOBNEHUS KIIOHOB MOOWIIbHBLIX Tep-
MWHANoB, NepPEerpy>XeHHOCTN YaCTOTHOrO AMana3oHa BCNeaCTBME ero
He3hdEKTMBHOIO NCMOJIb30BaHNA. K TOMY e, CBOMCTBEHHOE aHanoro-
BbIM CMCTEMaM pPacrnpoCcTpaHeHne pagmoBOJIH B YCNOBUAX MHTEHCUBHbIX
ropoACKUX 3aCTPOEK NMPUBOAMT K BO3MOXHbIM 3aMUpPaHMAM, Bbl3BaH-
HbIM MHOrOJIy4EBbIM PACMPOCTPAHEHVMEM PaAVOBOMIH U NPUBOASLLNM
K YXyOLIEHNIO Ka4eCcTBa Nnepenaym peym.

M BCe Xe Henb3s ckasaTtb, 4To cuctembl 1G He onpasganv Bo3na-
raBLUMXCS Ha HUX OXWAAHWUA, UX POSib B pas3BuUTMM cerogHsawHux CMNC
TPYAHO NEepeoLLeHUTb.
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12.2. NMT-450

Kak cnepyeTt 13 HasBaHus, 3TOT cTaHAApT TexHonorun FDMA 6bin
COBMECTHO pa3paboTaH CckKaHAMHaABCKUMW cTpaHamu (Odanuen, Hop-
Bernen, Leeunenn n GuHnasguein) ona auanasona 450 MIy, a nocne
HacbllWeHnsa aToro amanasoHa — n ang 900 Mlu, nony4mB ob603Haye-
Hue NMT-900. B cocTtaB ceteBon apxmtekTypbl NMT BXOAST LEHTPLI
KOMMyTaumn noasmxHon ceadn MTX (Mobile Telephone Exchange),
6a3oBble cTaHUUM BS n aboHeHTCcKMe TepMmHarnbl. LLeHTpbl KOMMyTaumMm
MTX obecneumnBaioT CTbiKk C TeNiepOHHON CeTbio 0OLLEro noJjib3oBaHus
Ha MECTHOM, 30HOBOM N MEXOYropoAHOM YPOBHSIX. BasoBblie cTaHumMn
peannayiloT nHTepdenc mexay GUKCMpOBaHHOM YaCcTbi0 CUCTEMbI U MO-
OUNbHLIMN TEPMUHANAMN 1 CBSI3aHbl CO cTaHumMsAMM MTX no npoBOAHbBIM
W pagmnopenemnHbiM COEOUHNTENbHBIM IHUSM.

B Poccum NMT-450 6611 npm3HaH nepebiM peaepanbHbiM cTaHOap-
ToM. B 1991 roay Onepatop «ensta Tenekom» BBEN B 3KCMyaTauuto
nepeyto otedecTBeHHyto CINC B CankT-lNeTepbypre. NepBble MOOUIb-
Hble TenedoHbl ceTn «Jensta» ctounn nopaaka $2000 n secunm 5 Kr.
B 1995 roay 6b1710 NnognucaHo cornatwleHne o B3aMMHOM aBToMaTU4ec-
KOM pOoyMuHre permoHasnbHbix OnepatopoB NMT-450 B pamkax Hauu-
oHanbHoM ceTtu. CerogHsa cuctemy NMT noyTu NOAHOCTBIO BbITECHWUAN
ctaHgaptbl GSM n CDMA, skntoyasa n CDMA-450.

12.3. Cuctema AMPS

CucTtema ycoBepLIeHCTBOBAHHOW MOOUJIbHOU Tesne@dOHHOU CBSI3n,
AMPS (Advanced Mobile Phone System) texHonorumn FDMA, n306-
peTeHHas B 3HamMeHuTol JlabopaTtopum benna B 70-x rogax XX Beka,
BnepBble Oblna passepHyTa B Ymkaro, CLLIA B 1982-1983 rogax, a 3atem
pacnpocTpaHunack no scer CerepHoin n KOxHoM Amepuke u ABcTpa-
nnn. C 97O Xe CUCTEMbI HaYanacb UCTOPUS OTEHECTBEHHOM onepaTop-
CKOM KoMMnaHun «Beimnenkom» (Toproeas mapka buJlann), Bxogsiuien B
Tak Ha3biBaemyto «bonbLuyio Tpoliky» OnepaTtopoB COTOBOM CBA3U Poc-
cun. B 1992 roay B MockBe Oblna 3anylieHa nmnoTtHas cetb buJlarH Ha
200 aboHeHTOB, a ¢ 1994 Hayanacb KoMMepyeckas akcnayaTaums. Cuc-
Tema AMPS ncnonb3oBanachk Takxe B AHmunu, icnanmn, Knutae, Hoeon
3enananun, FoOHKOHre N HEKOTOPLIX APYrMX CTPaHax, rae oHa Ha3bliBanachb
TACS.

CywecTtBoBana Takke cuctema C-Netz, koTopas ncnonb3oBanach B
lepmanun, Asctpum, KOxHom Adpuke n NMoptyranmmn. HekoTopblie dyH-
JaMeHTaslbHblE XapakTepUCTUKM 3TON CUCTEMBI Dbl yHacnenoBaHbl
ee umdpoBbIM nocnenoatenem D-AMPS, OTHOCALUMMCS YXe K NMOKO-
nexwuio 2G.

Cuctembl 1G co3gaHbl NPUMMEPHO Ha OOHOM TEXHOMNOrMYECKOM
YPOBHE; xapakTepHbii ana cuctem 1G pasmep cotel B AMPS cocTas-
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nsaet 06bi4HO OoT 10 oo 20 KM, 4TO 3HAYNTENBHO OOMblLUE pa3mepa CoT
B umdppoBbIx cuctemax 2G. Kaxagas cota paboTtaeT Ha CBOMX YacToTax,
He nepecekalLmxXcsa C COCeAHNMUN, a UCTMOJIb30BAHME OOHUX N TEX Xe
4aCTOT B Pa3HbIX (HO HE COCEeAHMX) a4Yenkax AaeT 3HAYUTENbHO nydllee
MCNONb30BaHME YacTOTHOro pecypca. B kaxaoi coTe pacnonaraercs
cBos 6a3oBas ctaHUuUs BS, koTopas obcnyxmneaeT Bce MOOUIbHbIE Te-
nedoHbl, HaXOASLWMECS B 30HE ee AEeNCTBUS.

BbasoBas CcTaHUMS COCTOMUT U3 YNPaBASAOWEro YCTPOWCTBA U
npueMHunka/nepegaTynka, COegMHEHHOro ¢ aHTeHHON. OTHOCUTENBHO
HebONblIME pa3Mepbl COT O3HAYAKOT MEHbLUYIO MOLLHOCTb, Tpebye-
Myl0 OJ19 NepeaaTtynkoB. basoBble CTaHUMM COEANHEHBI C OOHUM WU
HECKONbKUMM LieHTpamMn kommyTtauum MSC (Mobile Switching Center),
nHorga HasbiBaeMbiMu Takke MTSO (Mobile Telephone Switching
Office). 3T LeHTPbl KOMMYTaLM COEOVHATCA C 6a30BbIMM CTaHLUSA-
MW, Opyr C APYroM 1 XOTS Obl C OOHUM KOMMYTALUVOHHBIM Y3/10M Tene-
dOoHHOM ceTu obuiero nonb3oBaHus THOT, pacCMOTPEHHON B YacTu 1.

12.4. Cuctema BTOpoOro nokosneHus D-AMPS

B oTnnume oT aHanoroBbiX CUCTEM MEPBOrO MOKOJIEHUS CUCTEMBI
BTOPOro MOKOJIEHUS ABAFIOTCA uUMdpoBbIMU. Vcnonb3oBaHve und-
POBOW TEXHONOTMN UMEET PSS NPENUMYLLECTB, BKIIOHYAA YBENYEHHYIO
€MKOCTb CETU, NYYLUYIO 3ALUMLLEHHOCTb 1 HOBbIE ycyru. Mogo6Ho cuc-
Temam NepBoro NokoneHns dbn paspaboTaHbl pa3Hble TUMbI TEXHOJO-
rn BTOPOro nokoneHusi. B yncno Tpex Hanbonee ycneLHblx BapuaHToB
TEXHONOrMM BTOPOro nokoneHus exogdar GSM, D-AMPS, CDMA.

MepBoOI U3 NepPeYNCNeHHbIX TeXHONOorMn — GSM UuenMkom NocesLLe-
Ha cnenyoLas Nekumst U NOTOMY B 3TOM NIeKLIMN OHa YNOMUHAETCS NNLLb
BCKOJ1b3b, @ HECKObKO NOAPOOHEE paccMaTpuBalOTCS OCTallbHbIE CUC-
TEMBI.

MonHocTeio unpposasa cuctema D-AMPS TexHonornn FDMA onu-
CblBAeTCA MeXAyHapoadHbIM cTaHaapToMm IS-136 v npegwecTsyOWMM
emy IS-54. OHa paspaboTtaHa Takmum 006pa3om, YTOObl YCMELIHO COCY-
wectBoBatb ¢ AMPS. Tak, D-AMPS mncnonb3yeTt Te xe kaHanbl 30k,
410 N AMPS, KOTOpPbIE pacnonaraiTcs B TOM Xe aguana3oHe. B Poccum c
1995 roga mockoBckasa ceTb buJlanH Hadana nepexon Ha DAMPS. Cto-
MMOCTb MOAK/IOYEHNA COCTaBnsANa pekopaHyio cymmy okono $6000.
Cuctema D-AMPS 6bina lwmpoko pacnpocTtpaHeHa B CLLA n, B HeCKOMb-
KO U3MeHeHHon popme, B AnoHnu. lNpakTnyeckm BeCb OCTasibHON MUP
ncnonb3dyet cnctembl GSM n CDMA. B Poccun B 2000 rony peLueHnem
'KPY 6b1no npeanucaHo k 2010 rogy npekpaTuTb aKCnayaTauuto coTo-
Bbix CIC ctaHgaptoB AMPS/D-AMPS 1 nepenatb 4acTOThI ANS pa3Bep-
TbiBaHMS ceTen undpoBoro teneBnageHns. B kayectse komneHcaumm
notepu 4yactot 800 MI'y, Onepartopam O6binn NpeaocTaBneHbl YacTOThl
nna GSM 1800.
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12.5. Ctanpapt CDMA

IBa Bunpa ctaHgaptoB — D-AMPS n GSM - TpagMunoHHbIE CUCTEMBI,
NCMOMb3YIOLVE YaCTOTHOE U BPEMEHHOE YMIOTHEHWE ANs pa3faefieHns
CMeKTpa Ha KaHanbl U pa3fefieHns KaHanoB Ha MHTepBasbl, O YEM ro-
BOPWJIOCH €Lle B Npeablaylien nekummn. CoBEPLUEHHO MHAYe YCTPOeHa
cuctema CDMA (Code Division Multiple Access), NpuHLUMNbLI KOTOPOM
nepeBepPHYNN NPMBbIYHLIE KAHOHbLI BECMPOBOAHOW CBA3N.

ST NpuHUMnbI, 6narogaps akTMBHOCTM NMPUAYMAaBLUEN X KOMMaHUM
Qualcomm, coenann CDMA pacnpoCTpaHeHHOW CMCTEMOIN MOBUNBHOM
cea3u 2G; B CLLUA ee nogoepXmBaeT KpynHenwasa oneparopckas Kom-
naHma Sprint (KoHKypupytowasa ¢ padoTtatowen Ha D-AMPS komnaHuen
AT&T Wireless), a B Poccun — onepaTtopckas komnanus CkanJIMHK.

OTa cuctema n3BecTHa cerogHs kak 1S-95 no umeHn onmceiBaoLwero
ee cTaHgapTa, a Takxe nog umeHem cdmaOne. Kpome Toro, TexHonorus
CDMA saBnsetcsa n 6a3on s cucteM TpeTbero nokosneHus 3G, o yem
Huxe. B otnnume ot NMT, AMPS, D-AMPS n GSM, BmecTo pasaeneHus
[OCTYMHOrO 4YacTOTHOrO AMana3oHa Ha COTHU y3kux kaHanos B CDMA
Kaxabpli TEpMUHAN MOXET Npu nepefgaye BCE BPEMS MONb30BaTbCH
BCEM BbIAENEHHbIM CMEKTPOM HYacTOT.

OaHOBpPEMEHHbIN MHOXECTBEHHbIN AOCTYN 06ecneymBaeTcs 3a cHeT
NPUMEHEHNA Teopun koamposaHus. B [44] npegnaraetcsa pacCMOTPETb
B ka4yecTBe aHanorum CDMA 3an oxugaHusa B asponopTy. MHOXecTBO
nap oXxwuBneHHo GecenyloT. BpeMeHHOe YyNIOTHEHNE MOXHO CPaBHUTb
C cuTyaumen, Korga Bce Nioay HaxoasaTcsa B LEHTPE 3ana 1 roBopsT Mo
oyepean. HacTtoTHOE YNIOTHEHME Mbl CPABHUM C CUTYyaUMen, Npu KOTo-
PO NIoAN HaXoAATCA B Pa3HbIX yrnax M OAHOBPEMEHHO, HO HE3aBUCHMMO
BEOYT CBOW PA3roBOPbl, KOTOPbIE HE CJbILLHbI OCTaSIbHbIM.

Ona CDMA nydywe Bcero noaxoauT CpaBHEHME C cuTyaumen, Koraa
BCe — B LEHTPe 3ana, 0gHaKo Kaxaas napa roBOpPSilLMX MCMNONb3yeT
CBOW A3blKk 06LEeHUs. Pycckoroopsiime obcyxaalT CBOM BOMPOCHI,
BOCMPUHMMAS YyXMe pa3roBOpbl HA OPYrnx sisblkax kak Lwym. IMeHHO
TakoM Noaxon, K BblAENEeHMIO MOSIE3HOro curHana npu UrHopupoBaHUn
BCEex OCTallbHbIX 1 aBNseTcs ko4yeBon naeein CDMA.

PaccMoTpuM 3Tu naen Heckonbko nogpobHee. Kaxablii HTepBan B
CDMA pas3buBaeTcs Ha m KOPOTKUX NeprvoaoB, Ha3blBAEMbIX 3J1€MEH-
TapHbIMU curHasamv vnn yurnamu (chips). Kak npasuno, B uHTepsasne
nomewtaotcs 64 unm 128 ymno. Kaxgomy MoGUIbBHOMY TepMUHany
COOTBETCTBYET YHMKaJIbHbI M-OUTOBLIN KOf, Ha3blBAOLUMIACH 3s1e-
MEHTapHOU rocsegoBaresibHoCTbI0. YToObl Nnepenatb 1 6UT, TepMuHan
NnocblnaeT CBOD 3JIEMEHTAPHYI0 MocnefoBaTesfibHOCTb. YTobbl nepe-
batb 6uT co 3HadyeHnem 0, HYXXHO OTMPaBUTb BMECTO 3JIEMEHTapPHOM
nocnenoBaTeNlbHOCTU ee OoMNosiHeHWe (Bce eanHuubl nocnenoBartesb-
HOCTW 3aMEHSII0TCS HYNsIMU, a BCe HyNn — eguHuuiamMmn). Hukakme gpy-
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rme KoMOMHaUMM nepenaBaTb He pa3pellaeTtcs. Takum obpa3om, ecnu
m=8 1 MOBMIbHOMY TepMUHany NPUcBoeHa 8-6MToBas anemMeHTapHas
nocnepoBatenbHocTb 00011011, To OUT co 3Ha4YeHMeM «1» nepegaeTcs
kogom 00011011 (4TO COOTBETCTBYET 3/IEMEHTAPHONM NocfegoBaTeb-
HOCTWK), a 6UT co 3Ha4veHnem «0» nepenaetcsa kogom 11100100 (nonon-
HEeHVe 3NeMeHTapHOW NOCNeaoBaTeNLHOCTN). B aTOM cutyaumm, 4tobsl
CKOPOCTb nepegayn nHpopmaumm coctaBmna v buUT/c, Hy>XHO OTMNpaB-
NATb MV YNMNOB NN 3JIEMEHTAPHbIX CUTHa/I0B B CEKYHAY.

12.6. Cuctembl 2,5G

Mpwn BCEM pa3HOOOpa3nmM CUCTEM BTOPOro MOKOJIEHUSI TEXHUYECKoe
pasBUTUE HA HMX HE OCTAaHOBUIIOCH. [pakTnieckm HemMeaieHHO Havyanm
NosIBNSATbCA CUCTEMBI, Ha3biBaeMble 2,5G, XOTs HEKOTOPbIE N3 HUX aHa-
JINTUKM cumTatoT Bonee ToYHbIM HadblBaTh 2,1G, a apyrue — 2,75G.

MoapobHee xe aTn cuctemsbl 2,5G OyayT obcyxaaTbcs B nekumn 17,
nocesueHHon ycnyram CI1C. Tam 6yaoyT paccMOTpeHbl cuctema EDGE
(Enhanced Data rates for GSM Evolution), dakTn4eckn coxpaHsaoLlas
TpaaMuUnoHHYIo TexHonornio GSM ¢ yBenmyeHMemM CKOpPOCTU nepeaayu
OAaHHbIX 3a cyeT Bonbluero Kkonuyectra 6utos Ha 1 'y, a Takke gpyras
cuctema 2,5G, pocturiiasa 6onbliero pacrnpocTtpaHeHmsa. OHa Ha3bl-
BaeTcs o0OLen ycnyro naketHol paanoceasn GPRS (General Packet
Radio Service), ctpouTcs Ha 6a3e kak GSM, Tak n D-AMPS, n no3sonseT
obmeHuBaTtbes IP-nakeTaMmm No peyeBbiM KaHanamM COTOBOW CBA3U, OIS
4yero onpeaesieHHble BDEMEHHbIE MHTEpPBasbl Ha oNpeaesieHHbIX 4acTo-
Tax pe3epBUPYOTCS NMoA NakeTHbIN TpapuK.

B nekuun 17 6ypeTt nokasaHo, 4To cmctema GPRS paboTaeT kak Haf-
CTpOiKa Hapg, CYLLECTBYIOLWEN CUCTEMOI COTOBOV CBA3U 2G, 1 ee MOXHO
paccmaTpmBaTb Kak BpeMeHHOe pelleHne, KOTopoe nepectaHeT ObiTb
nonesHeiM, koraa oynet BeegeHa B ctpon 3G.

12.7. MoOunbHas cBa3b TpeTbero nokoneuma 3G

PaboTbl Hag 3G HavYanucb OTHOCUTENBLHO AasHO: B 1992 rogy Mex-
OyHapOOHbI COK3 3NEKTPOCBA3U NPeanpuHan NepByto NMonbITKy chne-
uMdUUMpoBaTb CUCTEMY TpeTbero nokoneHus 3G 1 BbiMyCTUA NPOEKT
non HasBaHuem IMT-2000 (International Mobile Telecommunications).
B Hem ymncno 2000 oTpaxano cpasy Tpu acnekTa: BO-nepBbiX, OHO yKa-
3bIBaN0 Ha rof, B KOTOPOM NAaHNPOBANOCh BBECTU B 3KCMyaTaLmio 3TOT
NPOEKT; BO-BTOPbIX, UMEHHO B TaKOM Auana3oHe 4acToT B Merarepuax
JomkHa Obina paboTtaTb CUCTEMA; B-TPETbUX, B paamouHTepderice
npegnonaranocb NOAAEPXMBATbL KaK pad Takyld CKOPOCTb nepena4yu
B KOUT/C. HO HN OOWH N3 3TUX TPEX aCMNEKTOB OCYLLLECTBUTb HE YAANOCh.
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B 2000 rogy cuctema peannsoBaHa He Obina. Xotsa ITU n pekomeH-
[0Ban HaUMOHaIbHbIM aOMUHUCTPALMSAM CBS3U BCEX CTPaH Pe3epBUPO-
BaTb 4acTtoTy 2000 MI'w, (2 I'Tw) ona MexayHapoaHOro POyYMMHra, HUKTO
Kpome Kntas atoro He caoenan.

Kpome TOro, 6b1/10 0CO3HAHO, YTO NPAKTUYECKM HEBO3MOXHO BblAE-
NNTb KaXaoMy MOOUNbHOMY aBOHEHTY MOCTOSHHYIO MPOMYCKHYKO CMo-
COBHOCTb B 2 MBUT/C, 4TO ropasno pasdymMmHee AndpepeHLNPOBAHHbIN
nooxon: BbloennTb 2 MOuUT/C abOHEeHTy, KOTOPbIA HaxoauTcsa Aoma
nnn B opuce, 384 Kont/c — abOHEHTY, NPOryimBaloLLLEMyCa C OrpaHu-
YEeHHOW CKOPOCTLIO, U 144 Kout/c — abOHEHTY, eayLiemy B aBTomobune.
MpenoycmaTpmBanmce cnenyowye OCHOBHbIE YCAYI, AN KOTOPbIX U
3agymbiBanacb cetb IMT-2000: BbICOKOKA4YEeCTBEHHAs Nepeaaya peyu,
nocTtyn B VIHTepHeT, obMeH coobleHmnamn (e-mail, dakec, SMS, uar),
BUOEOKOHDEPEHLUNN, SNEKTPOHHbIE WUrPbl, MOOWUIbHAsS KOMMepLUUS
(ncnonb3oBaHMe MOBUNBHOrO TenedoHa AJs onnaTbl MOKYMOK), MyJb-
TnMmenma (Mysbika, BUAeo, eunombl, TenesmngeHme). K ycnyram 3G mbl
BepHeMcH B nekumm 17.

MpoekT IMT-2000 3agymMbIBancs Kak egmHas TEXHONOMMS; MMEHHO B
Takom kio4ve ITU 3anpocun TexHrnyeckme npensioxXeHns ot 3anHTepe-
COBaHHbIX OpraHn3aLmin U 3aTeM BbIBUpan nyyliee N3 MHOrOYUCIIEHHbIX
NpencTaB/IEHHbIX TEXHUYECKUX NMPeLSIOXEHU pagnonHTepdenca.

B 1999 roay ITU-T BbiOpan NaTb TEXHONOIMNI Afs1 HA3eMHOW COTO-
BOI cBS3M (He Ha cnyTHukoBol 6as3e): Wideband CDMA (W-CDMA),
CDMA2000 (pazsutme 1S-95 CDMA), TD-SCDMA (time division-
synchronous CDMA), UWC-136 (pa3sutue I1IS-136) n DECT. CeroaHs Ha
PO/b eAVHO NPeTeHaYIoT NepBble ABe TEXHONOMM.

Ha puc. 12.1 nokasaHbl CBA3U MexXay pasinyHbiM1 nnatdopmMamu,
KOTOpble coaepxaT rpynny cneumdmkauum IMT-2000.

IMT-2000

A

IMT-DS IMT-MC IMT-TDD IMT-SC IMT-FT
/ Direct Spread // Multicarrier // ULTRATDD // Single Carrier// FDMA/TDMA /
W-CDMA CDMA2000 1Xun 3X n TD-SCDMA TDMA DEC
(UMTS) EDGE/IS-136
“ /v/v “ /v/' 4
CDMA / / TDMA / / FDMA

Puc. 12.1. MnanuposaBwascs asonouusa kK IMT-2000
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M3 pucyHka BuOHbI TPYAHOCTU OAHO3HA4HOro onpegeneHus 3G
npY HaANYNUM HECKONbKUX KOHKYPUPYIOLIMX nnaTtdopM paamoaocTy-
na, kKotopble, OGyoemM HanesaTbCs, AOCTUIHYT MOMHOW YHUpUKaUMN
K nokoneHunio 4G wunm no3xe (ecnu Boobuwe mocTturHyt). OgHa u3
HuX, HasbiBaemas W-CDMA (Wideband CDMA), 6bina npennoxeHa
dupmon Ericsson, MCNOAb3YET pacLUMPEHNE CrekTpa C MNpUMEHe-
HMEeM Koda MpPSAMOI MocNenoBaTenbHOCTM M MONOCY MNPOMNyCKaHUs
5 MIy. OHa coBMecTMMa No MeXCeTeBOMY OOMEHY C CeTsaMUu CTaH-
napta GSM, 1o ecTb no3BonsieT MOOUIBLHOMY abOHEHTYy He npepbl-
BaTb CBA3b Npu Bbixoge n3 cotbl W-CDMA n Bxoge B sderiky GSM.
OTa cuctema npoapuraetca Esponerickum CoO30M MNoa HasBaHWMEM
YHUBepcasibHasi cucrema mMobunsHov cssiam UMTS (Universal Mobile
Telecommunications System) v nogpoOHO paccMaTpuBaeTcs B
nekunmn 16.

Dpyraa cuctema CDMAZ2000 npepnoxeHa Qualcomm un Toxe uc-
NONb3YyeT NPUHLMMN PACLUMPEHNS CNEKTPA C MPUMEHEHUEM KOAA NPSMON
nocnenosaTenibHOCTU M NONOCy nponyckanus 5 MIMy, ogHako He noa-
OepXnBaeT MexceTeBoe B3ammogencTeme ¢ GSM, To ecTb nepepaya
coeamnHeHus npu nepexone B coty GSM, paBHo kak 1 B coty D-AMPS, He
obecneunBaeTcs. Cpeaun TexHudeckmnx otnnumin CODMA2000 ot W-CDMA
CTOUT OTMETUTb UHYI0 CKOPOCTb CNeA0BaHNSA 3N1E€MEHTAPHbIX MOCLIIOK,
MHble KaZpPOBbIA MHTEPBAJ, MCNOSb3YEMbI CMEKTP U CNoCcoO CUHXPO-
HU3aumn. N1 Bce Xe 3Tu pasnuuuns He SBASIOTCA NPUHLUMMANbHBIMNA.
Ecnu 66l MOXHO ObINIO OpraHM30BaTb COBMECTHYIO PaboTy MHXEHEepOoB
n3 Ericsson n Qualcomm, noctaBmB MM 3agady BblpaboTaTb €AUNHYIO
CUCTEMY, OHM, 6E3 COMHEHUS, CNPaBUANCL Obl C 3TUM. B KOHUE KOH-
LoB, 6a30BbI NpMHUMN 06enx cuctem — 3To CDMA B KaHane ¢ nonocomn
5 Ml'u. Kak yntatenb He pa3 yXXe Buaen v ewe ysmanT Ha Apyrux ctpa-
HULLAX 3TON KHUTW, HACTOoSALWEN NPOBIEMON ABNSETCS OTHIOOb HE NHXE-
HEepHOE peLleHne, a NoONTUKA.

B maHHOM cnyvae EBpone TpeboBanacb cuctema, ymetouias pabo-
Tatb ¢ GSM; CoeanHeHHbIM LLTatamMm HyxHa Obilna cuctema, COBMEC-
TUMasa ¢ OOHOM U3 Hanbonee pacnpoCcTPaHEHHbIX TaM cucTem — 1S-95.
Kaxpaa ctopoHa noggepxvsana cBol KoMnaHuto, Ericsson Haxogutcs
B LLBeumn, Qualcomm — B CLLIA. B pesynbrate Ericsson cornacunacb
npuobpecTtn pa3pabotky Qualcomm, 06e KoOMMaHMM COrNacuancb Ha
eaunHbin ctaHpapTt 3G, 0gHAaKo C MHOXECTBOM HECOBMECTUMBbIX DYHK-
LUMiA, KOTOPbIE, BNpo4YeM, B OOJbLUOKA CTENeHN CBA3aHbl C AOKYMEHTa-
LuMen, a He C TEXHNYECKUMIN pas3nmunammn. K obcyxaeHunto eBponenckom
Bepcun 3G Mbl eLLe BepHeMcs B nekuun 16.

12.8. MoOGunbHaa cBA3b

yeTBepToro nokosieHua 4G

HecmoTps Ha T0, 4To ceTb 3G 40 CMX NOp He peann3oBaHa B NMOJIHOM
obbemMe, MHOrMe WUCCNenoBaTeny paccMmaTpuBaloT ee MosiBlieHne Kak
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CBepLUMBLLNICSA PaKT U yxXe paboTaloT Had CO34aHNEM CUCTEM YeTBep-
TOro MOKOJIEHUS!, KOTopble BYAyT XapakTepu3oBaTbCs 6onee BbICOKON
NPOMYCKHOM CMOCOBGHOCTLIO, MOSHOW KOHBEPreHumel ¢ NpoBOAHbLIMMU
IP-ceTamn, aganTyBHbLIM yripaBleHNEM YaCTOTHBLIM CMEKTPOM 1 BbICOKNM
KayeCcTBOM 00OCNYXMBaHMSI MyNIbTUMEONIAHOro Tpadurka. 3Tu uccnegoBa-
HUSA CTUMYJIMPYIOTCS TEM, YTO CEerogHsi NoOBCEMECTHO yCTaHaB/IMBaETCS
60J1bLLIOE KONMMYECTBO TOYEK AocTyna k 6ecnpoBoaHsiM JIBC ctaHpoapTa
802.11, ctpoarca xoT-cnotbl Wi-Fi n 30Hbl WIMAX 11 T.1.

B cBA3M C 9TUM HeEKOTOopble aHaNMTUKKU paccMartpuBaloT 3G Kak
MePTBOPOXAEHHOE NOKOJIEHNE CUCTEM, YTO, TEM HE MEHEE, HE NNLLIAET
ynTaTens HeobxoAMMOCTU N3y4nTb NocBsweHHylo UMTS nekumio 16.
A K BOnpocy nepcnekTnsBHbix ceten 4G Mbl ewwe BepHemcsd B nexkumm 20
KHUTN,

KnioueBble cnoBa: 1G, xangosep, AMPS, NMT-450, 2G, D-AMPS, GSM,
6as3oBas ctaHuusa BS, CDMA-450, 3G, IMT-2000, xot-cnot, WiMAX, 4G.

?
n KoHTpOsnbHbIEe BONPOCHI

1.
2.

o ko

Y10 03HauaeT 6ykBa G B «2G»?

OxapakTepunadyinte mexaHnambl genctemsa CINC nepBoro nokoneHus.
B yem, no-Bawemy, nx cnabolie mecTta?

Kakune ctangapTbl ceTen 1G npumeHanuck B coctaBe ECO Poccun?

KakoBbl paznunynsa mexgy COTOBbIMY CUCTEMaMU NEPBOrO 1 BTOPOro nokoneHma?

Onunwunte obLwme YyepThl 1 pasdnmyns CIMNC BTOPOro nokoneHus.
B yem, no-Bawwemy, nx cnaboie mecta?

Kakve ctaHgapTbl ceTein 2G npumMeHsitoTcs B coctaBe EC3 PO?
Kakune dpakTopbl, N0 BalleMy MHEHMIO, obecrneynnmn BceMupHblin ycnex GSM?
KakoBbl, Ha BaLwl B3rnsag, NpuU4mHbl BO3HMKHOBEHUS cuctem 3G?

Kakue ckopocTu nepenaqn B 3aBUCUMOCTU OT TPEX CTeneHeli MOBUTbHOCTHU
aboHeHTOB NpenycMoTpeHbl B 3G?

. CpaBHVITe CETU NOABUXHOM CBA3M MO BOSMOXHOMY YNCAY aboHEeHTOoB Ha COTY.
. CpaBHUTE CeTU NOABUXHOM CBS3N MO MHPOPMALIMOHHON 3alumTe.

@ 3apayuum v ynpaxHeHus

1. MpepncTaebTe rpaduyeckn aponoumio nokonenuit Crc ot 1G oo 3G.

B npunoxeHuu Kk rpadurky onuwimMTe nepuoabl NOSBIEHWS KaX40ro NoKoeHus,
XapakTep HOBbIX BO3MOXHOCTEN U YCNYr KaXA0ro CinenytoLlero nokoaeHus.

@ Jintepatypa Kk nekuumn 12

12.1. PatbiHcknin M.B. OcHoBbl coToBOM cBsdn / MNog pen. A.6. 3umnnHa. —

M.: Paguo n cBa3sb, 2000. — 248 c.



Nekuunsa 13

CeteBas
TexHonorua GSM

lMpm n3ydeHnn Hayk nPMMepPsbI rose3Hee rpasuil.
UNcaak HbtoTOH

13.1. BBeaeHue B GSM

BbibpaHHbIl B KayecTBe anurpada Te3nc 3aecb NPosiBASETCS B NOJI-
HOIM Mepe: N3yYyeHrne OOHOro 13 yNnoMsaHyYTbIX Ha NpeablayLen nekumm
NPUMEPOB TEXHONOIMM NOABMXHOM cBa3n 2G — TexHonoruu Global
System for Mobile Communications (GSM) — none3Hee opyrux, npnee-
OeHHbIX TaM. [leno B ToM, 4To xoTa GSM aBnseTcsa eBpONenckum CTaH-
0ApTOM, OH MONYYUST BCEMUPHOE NpU3HaHme, 0bnagaeT NnpuBnekarTesib-
HbIMW NpenmMyLLiIecTBaMun U Hanbornee LWMPOKOo pacnpocTtpaHeH B CI1C.

Korga B 1982 rogy BnepBbie Oblil MCMNofib30BaH akpoHUM GSM, oH
o3Havan Groupe Speciale Mobile — ¢dpaHuy3ckoe Ha3BaHuMe pabo-
Yen rpynnbl €eBPONEenCcKUX agMUHUCTPAUMKA NOYTbl M 3NEKTPOCBSA3MN
CEPT (Conference des administrations Europennes des Postes et
Telecommunications). MNepepn, 3TOM rpynnoi ctosana 3agada pa3padoT-
Kn cneumdunkaumii HoBoro unMdpPoOBOro ctaHgapTa MOOBUNBLHOM CBA3K B
avanasoHe 900 MI'y. Co BpemeHem (B 1989 roay) atu padoTtbl us CEPT
nepeLunm B HOBYIO opraHmn3daunio — ETSI, — roe padoTbl Hag GSM npo-
nomkanucek, n B 1991 rogy nepsble cuctembl GSM Oblv FOTOBbI K BBOAY
B 9KCMyaTaumio.

3HayeHne akpoHmmMma GSM K 9TOMYy BPEMEHUN N3MEHMUOCH, OH CTan
0603HavaTb rnodanbHyto cnuctemy MobunbHon cesasun Global System for
Mobile Communications. Yxe nop, 9TumM Ha3BaHMeM paboTa Hag GSM
nepewna B 2000 roay ot ETSI k naptHepcTBy 3GPP.
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OHem poxaenna GSM cumntaetca 1 uionsa 1991 roga, korpoa B ropo-
CKOM napke I. XenbCuHkU, PuHnaHaus, Obin caenaH nepsbll TenedoH-
Hbl1 BbI3OB B 3TON CUCTEME.

K 1992 roaoy MHorue eBpornemnckme ctpaHbl yXe MMenu B aKkcnyaTa-
umn cetn GSM, aTa TEXHONOrMS Havyana PacrnpocTPaHATLCS N0 BCEMY
MUpY 1 cTana gpaHTacTMYECKMM KOMMEPYECKMM YCNEXOM ee pa3paboT-
4ynkoB. B a1oT ycnex GSM 3HaunTenbHbI BKaa BHECIM Nnbepann3aums
MOHOMOSINKN Ha TenekoMMmyHukaummn B EBpone B 1990-x rogax n nocne-
[OBaBLUME 32 HEW KOHKYPEHLNS, CHUXKEHWE LIEH M paCLUMpPEHME PbiHKA, a
TakXe BbICOKUIA HaY4HbIM 1 NPOdECCUNOHASbHBIN YPOBEHb CNELNANUCTOB
Groupe Speciale Mobile. B Poccun nepsble CINC ctangapta GSM900
3apabotanu B 1994 rony Mockee (MTC) n B CaHkT-lNeTepbypre (Cese-
po-3anaaHbii GSM, HbiHewHn MeradoH). K Havyany 2002 roga B Mupe
HacuuTbiBasNochb yxe okoJio 500 OnepatopoB GSM, paboTtatowmx B 172
CTpaHax Mupa.

Cetb GSM cocTtouUT M3 Cneaylowmx OCHOBHbIX KOHCTPYKTUMBHbIX
6nokoB (puc. 13.1): 6a3zoBas npuemonepedatowas craHums (BTS),
KoHTponnep 6aszoBoi ctaHuum (BSC), 6nok nepekoampoBku 1 aganta-
ummn (TRAU), LUeHTp KoMMyTaumn NoaBuxkHon ceasm (MSC), mnomaluHuin
pernctp (HLR), roctesoin pernctp mectoHaxoxaeHus (VLR) u pernctp
noeHtTudukaumm obopynosanus (EIR), ueHTp ayteHTudukaumm (AuC).
B 06bI4HOM KOHDUrypauum Heckonbko BTS nogcoeanHeHsl k BSC, a He-
CKOJIbKO KOHTponepoB BSC, B CBOIO ovepenb, MOACOEANHEHDI K LLIEHTPY
kommyTaumm MSC.

B aTon nekunun Mbl yaenmm OCHOBHOE BPEMS ONUCAHUIO apXUTEKTY-
pbl 1 GYHKUMOHANBbHbLIX BO3MOXHOCTEN GSM, nmes B BUAY, 4TO UMEHHO
GSM saBnsietca pyHoamMeHToM psiga 60nee COBEPLUEHHbIX TEXHOJIOMMIA,
Takmx Kak oTHocsAwascsa K nokoneHuto 2,5G n paccmatpmBaemas B
nekuumn 17 texnonorna GPRS, a Takxe paccmartpuBaemas B nekumm 16
TexHonorusa UMTS. YTo6bl U3yuynTb 9TU TEXHOMOIMMU, LienecoobpasHo
nogpoobHee nNo3HakomMuTbesa ¢ GSM.

Kak oTmeyanocb B npeablaylien nekumun, texHonorus GSM npe-
OyCMaTpMBAET MHOXECTBEHHbIM AOCTYN C BPEMEHHbLIM pasfeneHnemM
KaHaNoB 1 OYMEKCHYIO CBA3b C YaCTOTHbIM MX pasaeneHuem. LLnpuHa
nonockl pagnokaHana coctasnsieT 200 kly, a npMeHeHne anropntMma
UMPPOBOro KOAUPOBAHUS PEeYM CO CKOPOCTbio 13 kKOUT/C No3Bonser
€034aTb B K&XA0M KaHane CBA3U in kagpe 8 BpEMEHHbIX MHTEPBAJIOB,
OOCTYMHbIX AN pacnpeneneHus.

ANropuntMbl KOOAMPOBaHUS C BOBOE MEHbLUEe CKOPOCTbIO CO3[aloT
16 BpeMEHHbIX MHTEPBAIOB B KaxxaoM kagpe. CtaHaapT GSM gonyckaeT
Tak Ha3blBaeMoe rnepeckakvBaHue 4acTtorT (frequency hopping), To eCTb
MOOUIBHBIN TEPMUHAN MOXET NEPEMELLATECA MEXAY BPEMEHHbLIMU UH-
TepBanamu, npegHasHavyeHHbIMU 4S9 npuemMa curHana, ero nepegadv
nnn ansa cny>xebHbix cooblueHnii B ogHoMm TDMA-uHTepBane, kak npa-
BMUO, NEpexoas Npu 3TOM C OQHOW YaCTOTbl HA APYrYIO.
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Puc. 13.1. ApxuTtekTtypa cuctembol GSM nokonenus 2G

Paccmartpueatb 3gecb Mbl 6ygem GSM-900, HO cama TexHonorus
GSM okazanacb HaCcTOJIbKO yAa4HOW, YTO Moc/ie He3Ha4YNTeNbHOW MO-
ondunkaumn oHa ycnewHo ucnonabdyetca B ananadoHe 1800 MIu noa
nmeHem GSM-1800 n B guanasone 1900 MI'y nog nmeHem PSC-1900
(Personal Communication Services), npenmyLIeCTBEHHO, AN pabdoThl
B CLLA. Mo oyeBmaHbiM nprninHaMm GSM-1800 otnnyaeTcs OT CUCTEMBI
GSM-900 meHbLUen MOLLHOCTbIO 6a30BbiX CTaHUUn BS n MoBUNBHbIX
TepMuHanoB MS n meHblWM pa3mepom coT. o mepe ocBOBOXAEHUS
COTOBbIMW CUCTEMamMM MEPBOrO MOKOJSIEHUS YACTOTHOro AmanasoHa
450 MI'y, B ETSI paccmaTpueanach cTaHgapTusauus cuctembl GSM ang
paboTkl B ananasoHax 450 n 480 MI'u nog HasBaHnem GSM-400, paBHO
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Kak 1 paboTta B ananasoHe 850 Ml'uy, (GSM-850), 4To, TEM HE MEHee, He
nony4uno pacnpocTtpaHeHus. CeTeBasa apxuTekTypa BO BCEX 3TUX Ba-
puaHTax ocTaeTcs NpPakTUYeCKn HEen3MeHHOW, No3TOMYy 3aiMeMcs ee
paccMoTpeHueM, He BaaBasicb 6onee B AeTanu YHacTOTHOro niaHa.

13.2. CtpykTypa cetu GSM

Ha puc. 13.1 nokasaHa 6a3oBas apxutektypa cett GSM, B koTopom
MOOWSIbHBIN TepMUHan MS cBa3blBaeTCs Yepes pagnonHTepdeinc ¢ ba-
30BOI NMpuemMonepegaoLleit ctaHumen BTS. 3TOT MOOUNbHbIA TEpMU-
Han MS cocTouT U3 AByX YacTen — camoin Tpybku, Ha3blBAeMOWN MOOUIIb-
HbIM oBopynoBaHuem ME (Mobile Equipment), n SIM-kapTbl aboHeHTa
(Subscriber Identity Module) — HebonbLLIOW KapTbl C MHTErpasbHOMn
CXeMOW, cogepxallen crneumanbHylo nHopMaumio O nosb3oBartene,
BKJIlOHas naeHTudmkaTtop aboHeHTa, MHdopmMaumio ons ayTeHTuduka-
UMM aboHEHTa N HEKOTOPYIO MHdopMauuio 06 06CcayXnsaHnm aboHeHTa.
TenedoHHbIV annapaT CTaHOBUTCSA MOOUIIbHBIM TEPMUHANOM 1 obecne-
ymBaeT ob6cnyxMBaHne aboHeHTa TOJIbKO TOrAa, KOrga B HErO BCTaBeHa
SIM-kapTa aToro aboHeHTa.

OpHa vnu Heckonbko BTS coeauHeHbl C KOHTPOJiepoM 6a30BOW
cTaHuun BSC, koTopbili obecrnedmBaeT psg, PyHKUUNA, CBA3AHHbLIX C
ynpasneHmem paguopecypcom RR (radio resource), ¢ nogaepxXkKomn
MobunbHocTU MM (mobility management) aboOHEHTOB B 30He oxBaTta
cTaHumn BTS, v paa ¢yHKUMA 3KCRyaTaUuMoOHHOMO yrnpaBieHns BCeln
paguoceTblo. BmecTte ctaHumm BTS u koHTponnepbl BSC HasbiBaloT
noacuctemMon 6asoBoii ctaHumn BSS (Base Station Subsystem). B 10
BpeMs Kak nogcuctema BSS obecneunBaeT paamonocTyn ans Moouib-
HOro TepMMHana, OCTajibHble CETEBbIE 3NIEMEHTbl OTBEYaloT 3a PYHK-
UMM ynpasneHns 1 3a 6a3bl JaHHbIX, HE0OX0aUMble A1 YCTAHOBJIEHUS]
coeanHeHnsa B cetn GSM, Bktoyas wWwnppoBaHue, ayTeHTUdUKaLuo mn
POYMUHT.

13.3. SIM-kapTa

Kak yxe ynomuHanocs Bbiwe, B GSM MOOWbHLIV TEPMUHAN COCTOUT
n3 camoro MobunbHoro tenedoHHoro annapara ME 1 cneuuvanbHoM
cMapT-KapTbl, U3BECTHOW NOA, UMEHEM MOAY/IS UaeHTudukaumm abo-
HeHTa SIM. Cuctema GSM Obina 0gHOM N3 NepBbIX CUCTEM, e Hallna
npumeHeHune SIM-kapTta ans otoeneHns naeHtTndukaTtopa aboHeHTa oT
naeHTudukaTopa o60pyaoBaHUS.

MpeacTaBneHHbln Ha puc. 13.2 mukpouun SIM-kapTbl, UMEKOWMA B
COOTBETCTBMU CO cTaHgapTom ISO 7816 pasmepbl 85,5x54x0,76 MM,
NOJTHOCTbIO YHMUBEPCANEH AN padHbliX MOOWSIbHBIX YCTPOICcTB GSM, 4To
obecneymBaeT MHOXECTBO YA00OHbIX QYHKLIMOHAbHbLIX BO3MOXHOCTEN,
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Taknx Kak BO3MOXHOCTb CO3aBaTb HOBbIA MOOUIbHbIN TEpMUHAN abo-
HeHTa NPoCTol 3aMeHon SIM-kapThl.

[ )

|/

Puc. 13.2. SIM-kapTa

Takmum ob6pasom, BcTaBMB cBoto SIM-kapTy B nioboe Opyroe mMo-
OunbHoe ycTponcTBO cTaHaapTa GSM, abOHEHT MOXeT NoJsib30BaTbCs
ycnyramm MoOubHOM CBA3M C nomollbio ntoboro GSM-tepmuHana.
MpumeHeHne SIM-kapT CyLLECTBEHHO OCNOXHSAET NOXULLEHNE UOEHTU-
GUKALMOHHBIX HOMEPOB N MOLLEHHNYECKNE Bbi30Bbl 32 YYXXON CHET.
SIM-kapTa 3awuileHa cneumanbHbIM MaposieM UAW NePCOHasIbHbIM
NAEHTUPUKALMOHHBIM HOMEPOM 1 COOEPXUT Tak Ha3blBAEMbI YHMKASb-
HblA MeXAyHapoaHbli naeHTudukatop aboHeHta IMSI (International
Mobile Subscriber Identity), KOTOpbIN NCNONbL3yeTCH ANs naeHTudmka-
umm aboHeHTa BHYTpPU CEeTU, a 006CcyxaaeTcs noapobHee B nekumm 15,
NOCBSALLEHHOW HYMepaLmu.

13.4. Moacuctema 6a3oBOIi CTaHLUUN

lNMogcucrtema 6a3oBovi ctaHumy BSS BknioyaeT B cebs ABe yacTu:
6a30By0 NpuemonepenatoLlyo ctaHuuto BTS v koHTponnep 6a3oson
ctaHuun BSC. dyHkums BTS, 30Ha AeliicTBusi KOTOPOW onpenensieT
rpaHuLbl COTbl, COCTOUT B TOM, 4TOObI MOAAEPXMBATbL PAaUOCBSA3b C
MOOWJIBHBIMU TEPMMUHANAMU C MOMOLLBIO CrleuuanbHbIX MPOTOKOJOB.
KoHTponnep 6a30BOI CTaHUMK OTBEYAET 3a CO3JaHME KaHana nepe-
0a4n OaHHbIX, MEePEKITIOYEHME YACTOT, a Takke 006CNy>XMBAHME BbI30BA B
npenenax ynpaesnaseMbix UM cTaHuuin BTS.

Ha puc. 13.1 npucytctByeT Takxe 6nok TRAU ( Transcoding and Rate
Adaptation Unit), 3apada koToporo npeodbpa3oBaTb CKOPOCTb Nepeaayn
KOOAMPOBAHHOW peydn B CKOPOCTb 64 kbut/c, npuHatyto ToOIl. deno B
ToM, 4TO B GSM peyb aboHeHTa 0ObIMHO KOAMPYETCHA Ha CKOPOCTU NNBOo
13 kbuT/c (nonHas ckopocTb, FR, Full Rate), nn6o 12,2 kbut/c (ynyd-
LeHHas nosiHasi ckopocTb, EFR, Enhanced FR).

B HekoTOpbIX Cny4yasix UCMob3yeTcs Takke KOANPOBaHME Ha Nono-
BWUHHOW CKOPOCTWU, paBHOW 5,6 KOUT/C, HO B KOMMEPYECKNX CETHAX 3TO
OblBaeT peako. Tak unm nHayve, CKOpoCTb KOAMPOBAHHOM peyn npu ne-
penaye ee K MOOUNBHOMY TEPMUHANY M OT HEro OT/INYAETCH OT CKOPOCTU
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64 kbuT/C, ABNSIIOWENCS OCHOBOM PACCMOTPEHHOW B NpeablayLinX
10 nekumsax dmkcmnmporaHHom ceTn. Ctporo rosops, TRAU MOXHO OTHec-
TV K nogcuctemMe 6a30BOI CTaHUMN, T.K. Pe4b K CETU U N3 HEE NPOXOANT
Ha ckopocTu 64 kbuT/c, a nepekoampoBaHme bepeT Ha cebsa aTa noa-
cuctema. OgHako Ha npakTuke TRAU 06bIMHO GU3NYECKN OTOENEH OT
BSC v pacnonoxeH B6nn3m MSC, 6narogaps 4emy cHMxaeTcs Tpeby-
emMas nonoca nponyckaHusa mexay MSC n BSC n akoHoMAaTCS pacxopl
Ha TPaHCMOPTHYIO ceTb, koraa BSC n MSC HaxoaaTcs Ha 3HAYUTENbHOM
paccTosHUM ApYr OT opyra.

13.5. Peructp HLR n ueHtp ayreHtnudunkaumm AuC

Ha puc. 13.1 nokasaH Takxe yXe ynOMUHAaBLUMNACS BbllUE PErucTp
HLR, copepxallumini OCHOBHbIE AaHHble 06 aboHeHTe. Kaxaasa ceTb noa-
BUMXHOW CBA3M TpebyeT Hannums 4oCTyna, no KparHenh mepe, K 04HOMY
pernctpy HLR kak K MOCTOSIHHOW NamaTn Afs XpaHeHUs OaHHbIX. OTa
KoHuenuus npegnonaraet, 4To HLR aBnsetcsa 6onbwoi 6ason. Yem
ObICTpeEe NPUXOANT OTBET U3 6a3bl AaHHLIX, TEM BbICTPEE MOXHO yCTa-
HOBWTb COeaMHeHne, 4To ocobeHHOo akTyanbHo ans HLR, o6pabaTtbiBato-
LLMX AaHHbIE AN COTEH ThiCsY aO0oHEeHTOB. Kaxabli aBOHEHT 3akpensieH
3a onpepgeneHHbiM HLR, kOoTOpbin OEeNCTBYeT KakK (UKCUPOBAHHLIN
CMPaBOYHbIN MYHKT N XPaHUT MHGOPMALMIO O TeKyLLLEM MECTOHaXO0X-
neHnn aboHeHTa, BKJ4Yas maeHtTudukatop pernctpa VLR, a Takxe
MH(OPMaLMIO O OOCTYMHbLIX 3TOMY aOOHEHTY ycyrax.

BbI30BbI U3 Apyrux ceten, B HactHocTu 13 THOI1, cHavana nocTynatoT
Ha Gateway MSC (GMSC). OcHoBHoe HasHa4yeHne GMSC - 3anpocuTb B
HLR paHHble 0 MecToHaxoxaeHnun aboHeHTa. 3aTemM BbI30B nepeaape-
cyetcsa U3 GMSC B MSC, obcnyxunsatowwmii aboHeHTa. B HLR xpaHaTcs
Takne cneuydunyeckmne gaHHble 06 abOHEHTaXx, Kak CEKPETHbIN KJoY ay-
TeHTUdMKaumMn Kj, KOTOpbI SBAETCA COCTABHOM 4acTbiO yrnpasieHns
3awmToin. OH HMKOrOAa He NepeaaeTcs HU B Kakow nHTepdgenc n sanmcax
Tonbko B HLR n B SIM.

AccoummnpoBaHHbii ¢ HLR ueHTp ayteHTudukauum AuC (Authen-
tication Center) Bcerga peanu3ayloT Kak COCTaBHyto 4acTb HLR, cogep-
Xalylo cneumanbHble AaHHble ayTeHTUdUKauMm aboOHEHTOB, BKOYas
BbilLeynoMsaHYThIN Kj. Xota B GSM npeaycMoTpeH nHTepdenc mexay
AuC 1 HLR, n y Hero gaxe eCTb CBOe HaumeHoBaHue (MHTepdenc H),
HO 3TOT MHTepdEenc HmMkorga He ObIN AOCTATOYHO MOAPOOHO cneuu-
duumpoBaH gnsa Toro, 4tobel AuC paboTtan aBTOHOMHO. Mcnonb3ys
CNy4YalHO€ 4MCno, Ha3HavyeHHoe ueHTpomM AuC aonsa onpeneneHHoro
aboHeHTa 1 nepenaHHoe B ero SIM-kapTy yepe3 HLR n MSC, SIM-kapTa
BbIMOJIHAET pacyeT napameTpa ayTeHTudukauum ¢ npumeHeHmnem K n
anroputMa ayteHTudukaumn. Ecnu pesynbrat pacyeta Ha SIM-kapTe
COOTBETCTBYET pe3ynbraTty B AuC, TO 9TO 3HAUYUT, 4TO aBOHEHT npoLlen
ayTeHTuduKaumio.

12. lonbawTenH
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13.6. locteBomn pernctp VLR

Pernctp VLR, nogo6Ho pernctpy HLR, Toxe aBnsetcs 6a3on naH-
HbIX, HO ero Ha3Ha4veHune nHoe. B To Bpems kak Ha HLR BosnaratoTcs,
no 6onbLuel Yactu, ctatmdeckme dyHkumm, VLR obecneunBaeT ynpas-
JieHne guHaMuieckummn gaHHbIMn 06 aboHeHTe. B nekuum 11 mbl pac-
CMOTPENN X3HAOBEP M TONLKO YNOMSHYAN NPo poyMuHr. Cenyac nopa
BOCMOJIHWUTbL 3TOT Npoben.

[aTtb KpaTkoe onpeaeneHmne poymrHra He CoBcemM npocTto. Hanbonee
pacnpoCcTpPaHEHHbIM ABNSIETCA ONPeaesIeHNe POYMUHIa Kak rnpoLeaypbl
npenocTaBsieHnst yCayr cBs3u MOBUIbHOMY abOHEHTY, HaxoAsLLEeMYCS
BHE 30HbI AEVICTBUSI AOMALLHEV CETU, MYTEM UCMN0J/1Ib30BaHMNSI PECYPCOB
apyrovi cetn. OgHako pakTU4eckn 3To onpeaeneHme onnucbiBaeT TOJb-
KO OOVH N3 Tpex BapuaHToB poyMuHra. [loaToMmy aBTopam npeacraBns-
eTcsa 6onee yaayHbIM C TEXHUHYECKOW TOYKN 3pEHNS Takoe onpeaeneHne:
POYMUHI — 3TO npoueaypa, KoTopasi COXPaHsieT NpeaocTaB/IeHNe yCiyr
CBSI3N MOOWIILHOMY abBOHEHTY Mpu U3MEHEHUN 30HbI 0OCJTYXUBAHUS
MSC. Torga onncaHme pasHbiX BUOOB POYMUHra OyaeT BbirnaaeTb Tak:

e BHYTPUCETEBOV POYMUHI 0Oecne4ymBaeTcs Npu nepeasuxeHmnn abo-
HeHTa Mexay 3oHamm obcnyxusaHua MSC cetn npomawHero Onepa-
TOpAa;

® HaUMOHasbHbIV POYMUHI obecnedymBaeTcs nNpu nepeapmxeHnn abo-
HEeHTa Mexay 30HamMu obcnyxueaHua MSC, HaxoosaWMMUCH B TeX
pernoHax cTpaHsbl, rge HeT ceTn gomalHero Onepartopa, HO Aeic-
TBYIOT MapTHEPCKME cornawlenmsa ¢ gpyrimmm Onepartopamm Cl1C;

® MeXAYyHapOAHbIi POYMuHI obecnedymBaeTcs Npu nepeaBuxkeHun
aboHeHTa B Tex cTpaHax, ¢ onepatopamu CIMNC KOTOPbIX 3aKoun
napTHepCcKue cornawleHmsa gomalwHmm Onepartop.

MosicHMM npouecc nogaepXkn poymmHra. Korga aboHeHT nepeme-
LaeTcs U3 ogHown reorpaduyeckon 3oHbl obcnyxueaHma MSC/VLR B
apyryto, n3 VLR mecTta ybbiTua aboHeHTa (ctaporo VLR) B VLR mecTta
ero npudbiTna (Hoebi VLR) nepepnatotcs aaHHble 06 aboHeHTe. bbiBa-
0T cuTyaumm, korga HoBbi VLR ponxeH 3anpawimeatb B HLR aboHeHTa
JononHuTenbHble gaHHble. Jeno B ToM, 4to HLR B GSM He HeceT OT-
BETCTBEHHOCTb 3a yrnpaB/iieHne TeMU abOHEHTaMM, KOTOPbIE B JaHHOEe
BPEMS HaXOAATCS B HENOCPEACTBEHHOW BIM30CTM OT Hero. Jaxe ecnum
abOHEeHT HaxoaMTCs B CBOEN COOCTBEHHOW 30HE, ero AuHaMuyeckue
naHHble obpabaTbiBaeT He HLR, a VLR 970l 30HbI, 4TO UANIOCTPUPYeT
cyuiectBeHHoe otnndme HLR ot VLR: peructpy VLR cTporo cootseTcT-
BYEeT orpaHmyeHHas reorpaduyeckas 3oHa 06CnyX1BaHUs, B TO BPeEMS
kak HLR nmeeT geno ¢ 3agadyamMum, KOTOpble HE 3aBUCAT OT MECTOHa-
xoxaeHus aboHeHTa. TepMuH «reorpaduydeckas 3oHa HLR» He umeeTt
cMbicna B GSM.
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CoBOKYMHOCTb reorpaduyeckunx 3oH obcnyxuaHma MSC n onpene-
nsaeT obnactb aencteua Onepartopa CIIC, 1o ecTb kaxayto CIMNC Mox-
HO paccmaTpuBaTh kak oOLLylo obnacTb oxBaTta noacucremamm BSS,
noacoeanHeHHbIMU K LeHTpam MSC. Mockonbky kaxabihi MSC nmeet
cobcTBeHHbIN peructp VLR, Bcto ceTb CIMNC MOXHO onucaTb Kak COBO-
KYNHOCTb Bcex reorpadpuydeckux 3oH VLR. 3ameTtum, 4yto VLR moxet
obcnyxmBaTb HECKOJbKO LieHTpoB MSC, Ho oanH MSC Bcerna ncnosb-
3yeT Tonbko oauH VLR. Takaa reorpaduyeckas B3anMo3aBUCUMOCTb U
nossonset uHterpmpoatb VLR B MSC.

13.7. UeHTp KOMMyTauumn MSC

C TexHnyeckom To4km 3peHnss MSC npeactasnseT coboii BCEro nnilb
00bI4YHYIDO KOMMYTALMOHHYIO CTaHUMIO C HEKOTOPbLIMU WU3MEHEHUSIMU,
OPUEHTUPOBAHHLIMU HAa MOOWJIbHYIO CBS3b. ITO HArNsSAHO WIIKOCTPU-
PYIOT NpakTUyYeckn Bce noctaBLmkn cnctem GSM, kKoMMyTaTopbl KOTO-
pbIX OAMHAKOBO ycneLwHo paboTatoT kak B THOT/ISDN, Tak n B CINC kak
ueHTpbl MSC. KomnaHnsa Hokma ¢ cuctemonm DX-200, Siemens ¢ EWSD,
Alcatel ¢ S12, SpukccoH ¢ AXE 9BnSIIOTCSA XOPOLLO N3BECTHBIMU NMPpUMe-
pamMm Takor KOHBEpreHuun.

OT1nunumsa xe ueHTpa MSC ot y3noB kommyTaumu THOI obycnosneHsl
cneumdnkon NOABUXKHOM CBSA3WU, B YAaCTHOCTW, Ha3HAYEHNEM MOJIb30-
BaTenam kaHanoB k BSS, 3a 4to otBevaeTt MSC, ynpaBneHnem xaHao-
BepoM u ap. K aToMmy MOXHO 006aBuTb GyHKLMIO B3anmoaencTeus IWF
pPa3roBOPHbIX M HE PA3roBOPHbLIX COEAMHEHWUI C BHELUHUMW CETAMM, a
Takke agantauum CKOpoCTy AN yCnyr nepenayn AaHHbIX, paccMaTpu-
BaeMYyIO HUXE.

B camom o6uiem Buae npouecc coeanHeHnsa B MSC BbirnaguT crne-
ayowmm obpaszom. Korga nonb3oBartesnb UHULMMPYET BbISOB, €ro Mo-
OunbHBIV TepMMHan obpalaeTcsa K bnmxanwer 6asoBon ctaHuum BTS.
KoHTponnep aTon 6a3oBon ctaHumm BSC ynpaensieT pagmopecypcamMmim
BO BBEPEHHOM eMy 061aCTK 1 oNpeaensaeT NyTb NPOXOXAEHUS CUrHana
K LeHTpy kommyTaumm MSC mobunbHoi ceasn. 3totr MSC nposoamT
ayteHTudukaumio IMSI-Homepa aboHeHTa, NPOBeEPSAS ero perncTpaum-
OHHYIO 3anmncb, KOTOpasa CoOAEPXNTCA B AoMaluHem permctpe HLR ceTtun
3TOro aboHeHTa. Mpu KaxX[0M BKIIOYEHUU MOBUNBLHOIO TEPMUHANA NPO-
ncxoauT oGHoBNEHNE MHDOPMaLIMK O MECTOHAXOXAEHNM abOHEHTa, CO-
nepxauerica B ero HLR n B cootBeTcTByOWEM VLR. KOMMYyTaLMOHHBLIN
ueHTp MSC HanpasnsieT 3anpoc, cogepxawuii IMSI-Homep aboHeHTa,
B permnctp HLR, 3atem mnHdopmauus o6 aTtom aboHEHTE nepenaercs
B yYKasaHHbI B 0TBeTe rocteBoi peructp VLR. N3 paHHbIX, cooepxa-
wmxca B HLR, y3en kommyTtauum MSC dopmMupyeT Takke cogepXxmmoe
pernctpa ngeHtudunkaumm obopynosaHusa EIR B uensx otcnexmBaHus
YKPaAEHHbIX, HECAHKLIMOHMPOBAHHO NCMOJIb3YEMbIX UM HENCTPABHbIX
MOOWNbHBIX TeNegdoHOB, YTO pacCMOTPEHO B pa3aene 13.9.
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13.8. dyHkuua szaumopencteua IWF

Interworking Function (IWF) ncnonb3dyeTtca ong ycnyr nepenayv aaH-
HbIX 1 PAKCUMUIbHBIX COOOLLIEHNI C KOMMYTaUWEN KaHanoB 1, B 0BLLMX
YyepTax, npencraBnseT coboi MoaeMHbIl nys. HanoMHUM, 4TO MOAEMBI
1 dakcuMUnbHble annapaTbl NpeobpasyoT LMPPOBbLIE AaHHbIE B aHaNo-
roebln popmat B pasrosopHou nonoce yactot 0,3 — 3,4 klu. Ansa und-
poBbix cnctem GSM TO Xe camoe HENOCPEACTBEHHO cAenaTb HENb3s,
NOCKOMbKY BCS nepegadya segetcs B umdporon dopme, U nepegasatb
JaHHble B paguounHTepdelrice Tak, Y4ToObl 3MyIMPOBaTb aHANIOroBbIl
curHan, He npeacTaBnseTcs BO3MOXHbIM. bonee Toro, yaaneHHbi Te-
NedOoHHbI MoaeM nnu GakCMMWAbHLIM annapart paccymTaH Ha Bbi30B
OpYyruM MoOgemMomM unnm pakcumuiabHbiM annapaTtom. No3aTomy BbI3OB,
Tpebylowmii nepepayn gaHHbIx, 3 MS noctynaet Ha IWF, a 3aTem yxe
MapLipytmampyetcsa n3 IWF ganbwie. Brytpn IWF gna obcnyxmnsaHust
3TOro BbI3OBA 3akpennsercs mogem. [na ycnyrm nepepadn $akcos
BMECTO MOAEMA AaHHbIX NCNOMb3yeTcs dakc-mogem. B knaccruyeckmnx
cetax GSM nogaepxuBaloTca ycnyrm nepegadm gaHHbix U ¢akcoB CO
CKOpoCTblo 9,6 KbUT/C.

13.9. Peructp upentudunkaumm
o6opynosaHua EIR

B cocTtaB o6opynoBaHus GSM BXxoguT Takke peructp naeHtndu-
kaumn obopynosaHusa EIR (Equipment Identity Register), cooepxawumn
MeXAyHapoaHbIn naeHTudunkatop MobunsHoro TenedoHa. Kak yxe ro-
BOPWJIOChH Bblillie, aDOHEHTa UAeHTUGULMPYET He TenedOHHbIN annapar,
a nHdopmaumsa Ha SIM-kapTe. [Mo3TOMy B 3HAUMTENBLHOM CTEMNEHU cam
ncnosib3yemblii aboHeHTOM TenedOoHHbId annapat He BaxeH. C apy-
rO CTOPOHBI, OJ1 CeTU MOXET 0Ka3aTbCsl HeoOXoAUMbIM NPOBEPUTD,
YTO KOHKPETHbIN TenedOoHHbIN annapaTt (MoOubHOEe YCTPOMCTBO) 1N
KOHKpEeTHas MoAesib 3TOro annapara gonyctumsl. Hanpumep, ceteson
OnepaTtop MOXET 3ax0TeTb OrpaHMyUTb JOCTYN C TenedoHa, KOTOPbIN
He Obln cepTMdULMPOBaH, UAK OrPaHMYUTb AOCTYN ¢ TenedoHa, Ko-
TOpbIn ObIN NoxulleH. B nekuyn 15, nocesLEeHHON Hymepauuun, byaoeT
nokasaHo, 4YTO B Kaxaon Tpyoke xpaHaTca 15 uudbp naeHtuoukaTopa
IMEI (International Mobile Equipment Identity) vin 16 undp IMEISV
(International Mobile Equipment Identity and Software Version Number).
Kak IMEI, Tak n IMEISV umeloT CTpyKTypy, KOTOopas comepxut Type
Approval Code (TAC) v Final Assembly Code (FAC).

Kogbl TAC n FAC 06beauHsioT, 4Tobbl ykaszaTtb cOOpKy M MOAENb
Tpybkun n mecto ee npomseoactea. IMEI n IMEISV copepxart Takxke cne-
umanbHbIN CEPUNHLIN HOMEP ang paccmartpusaemoro ME. EOVHCTBEH-
Hoe pasnuyne mexay IMElI n IMEISV - 310 ykasaHme HoMmepa Bepcumn
nporpamMmMHoro obecrnedyeHus.
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B EIR xpaHaTca Tpu crmcka — YepHbIA, cepbiii 1 6enbiin. 3T CNUCKK
copepxart 3HaveHus TAC n FAC, a B 4epHOM CNUCKE MOXET HaXOANTbLCS
1 NonHbIin Homep IMEI unn Homep IMEISV. Ecnu gaHHbii TAC, kKoMbuHa-
umsa TAC/FAC vnn nonHbii IMEI nosiBnsieTcs B 4epHOM CNUCKe, 3HAYUT
BbI30BbI C 3TOr0 MOOWJIBHOrO TEPMUHANa 3anpeLleHbl. Ecnn atm 3Have-
HUSI NOSIBNISIIOTCS B CEPOM CMUCKE, TO BbI3OBbI MOIYT ObITb, @ MOTYT U HE
ObITb 3anpeLLeHbl Mo ycMmoTpeHnto OnepaTtopa. Korga oHM NosiBASOTCS
B 6enom cnucke, Bbi30Bbl paspelleHbl. OBbIYHO BKIIOYEHHbIN B Oenbli
cnmcok kopa TAC ykasbiBaeT Moaenb TPpyoku, Kotopas bbina ceptudm-
umMpoBaHa ee npomdsogutenem. B ceoio ovepensb, EIR asnsetcsa onumo-
HasIbHbIM CETEBbLIM 3JIEMEHTOM, 1 HEKOTOopble OnepaTopbl NpeanoynTa-
0T He ycTaHasnmBaTthb EIR.

13.10. SMS-ueHTp

Ha puc. 13.1 nokasaH Takke LeHTP ycayr obMeHa KOPOTKUMU CO-
obueHnamn SMSC (Short Message Service Center), KoTopblii npe-
cTaBnsieT cobon y3en, NoaaepXMBAOLWMIA XpaHEHWE U MNEPECHIIKY
KOPOTKMX COOBLLEHUI K MOOUbHBIM TepMUHANaM M OT HuxX. OObIy-
HO KOPOTKME COOBLUEHNS — 3TO TEKCTOBble COOOLLEHUS OJAVHOW [0
160 cumBONOB NaTMHCKOro andgasuTa, Koraa onas KooMpoBaHUs TekcTa
SMS ncnonbayoTcs KOAOBbIE KOMOUHALWM C AJIMHOW paBHO 7. OTO CBS-
3aHO C TEM, 4YTO MakcumMasbHbIi 06beM SMS-coobLLeHns cocTaBnseT
1120 6uTOB, OTKYO@ W OMNpenenseTcsa MakCuMaNbHOEe KONMYECTBO
cumBosioB 1120/7=160. Kak Tonbko B TEKCTE COOOBLLEHUS NOSBASETCS
CYMBOJT KUPUWUANMUpBI, UCNOMb3yeTca koauposaHme Unicode ¢ AByms
fanTamn Ha cumBOJ. Torga MakcuMMalibHbli 0ObeM KOPOTKOro coob-
LweHns ctaHoBuTcs paBHbiM 1120/16=70. Ecnu coobLuieHne cooepxmT
6oJibLLIE CMMBOJIOB, OHO CEFMEHTMPYETCS, a NfaTa B3MMaeTcs 3a obLiee
KOSIMYECTBO CEMMEHTUPOBAHHbLIX COOOLLEHWIA.

Nornyecku ueHTp SMSC nmeeT TpU KOMMNOHEHTA:

e cam Service Center (SC), KOTOPbI XpaHUT COOOLLEHUNS U B3aUMO-
DEeNCTBYET C APYrMMU CUCTEMaMM, TaKUMM Kak 060pya0BaHNE dMek-
TPOHHOM NOYThI U PEYEBOM MOYTHI;

o w03 SMS-Gateway MSC (SMS-GMSC), KOTOpbIi NCMOJSIb3yeTcs
0N OCTaBKM KOPOTKNX COOBLLEHUIN MOOMSIbHOMY aDOHEHTY; N0 aHa-
norum ¢ GMSC ueHTp SMS-GMSC 3anpawwmaeT B HLR nHdopma-
LMI0 O MECTOHAXOXAeHUN aboHeHTa, a MOTOM NepechlIaeT KOPOTKoe
coobueHne Kk cooTBeTcTBylowemMy MSC, oTkyaa OHO oTnpaBsnsieTcs
abOHEeHTY;

e y3en SMS-Interworking MSC, NpuHUMaIOLLMIA KOPOTKME COOBLLEHUNS
n3 MSC, koTopbIli 06cnyXrBaeT aboHEHTa, NepeaatoLLEro KOPOTKoe
coobLeHne, NnepeckiaeT Takme cooblleHuns B SC, a TOT oTnpasnseT
NX 3aTeM B KOHEYHbIE MYHKTbl Ha3Ha4YeHUs.
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Bkniouenmne SC, SMS-GMSC 1 SMS-IWMSC B cocTaB 0gHOM 1 TOM
Xe nnathopMbl 04EHb PACHPOCTPAHEHO, XOTS HEKOTOPbLIE peanmaaunm
JonyckatT npuMeHeHne aBToHOMHoro SC. B Taknx peannsaumax GyHk-
uma SMS-GMSC moxeT ObiTb BkIo4YeHa B coctaB GMSC, a dpyHKkumsa
SMS-IWMSC - B coctaB MSC/VLR. K SMS-LEHTPY Mbl €LLIEe BEPHEMCS B
nekumm 17 npn obeyxaeHum yenyr Cl1C.

KnioueBble cnoBa: SIM-kapTa, MOOWAbHBIN TepMuHan MS, LeHTP KOMMY-
Taummn noasuxHom cea3m MSC, peructp HLR, rocteBor pernctp MeCToHaxoXaeHus
VLR, ueHTp ayteHTudukaumm AuC, pernctp maeHtndbdukaumm obopynosanus EIR,
6a3oBas ctaHuusa BS, koHTponnep 6a3oBoii ctaHumn BSC, SMS-ueHTp.

9
ij KoHTponbHbIe BONPOCHI

AW N =

. KakoBa cTpykTypa coBpemMeHHol cetn GSM?

. M3 kakmnx noacmctem n 6nokoB coctont cetb GSM? OB6bSACHUTE NX HAa3HAYEHME.
. Y10 03Ha4yaeT NOHATNE «POYMUHI»?

. Ctanpapt GSM paspaboTaH:

a) ITU-T,

b) 3GPP,

c) ETSI,

d) IETF.

Kakoi aneMeHT cTpykTypbl ceTn GSM oTBevaeT 3a npouenypy xaHaosep?
Kakoii u3 pernctpoB cetnt GSM oTBeYaeT 3a xpaHeHne NHpopMaLmn

0 MeCTOHaxoXxaeHun aboHeHTa?

. Kakyo ndopmaumio cogepxaT 4OMALUHUIA 1 FOCTEBOW PErMCTPbI?

@Sanaqu n ynpaxHeHusi

1.

CobepuTe B ceTu VIHTEPHET CTAaTUCTUKY pacnpocTpaHeHus cetein GSM
B8 Poccun, B mupe.

@ﬂlﬂepawpa K nexuum 13

13.1. 3akupos 3.T., Hagees A.®., PainzynnuH P.P. CotoBas cBa3b cTaHgapta GSM.

CoBpeMeHHOEe COCTOsIHME, NMePexo, K CETIM TPETbLErO NOKONEHUS. —
M.: Bko-TpeHas, 2004. — 264 c.

13.2. Makapos C.b., MNeBuos H.B., NMonos E.A., Cusepc M.A.

TenekoMMyHUKaLMOHHbIE TexHonornn. Beeaerne B texHonorum GSM. —
M.: Akapemus, 2006. — 256 c.



Jlekumna 14

Cucrembi
curHanusauum ClI1C

Kaxapivi IeHb 4TO-TO HOBOE B MUPE BEPLLNT HEOOCBOI,
lNepen yem oTCTynaeT J0LCKOM OCTPOYMHbIV PACHET.
Myxammen Azzaxupu Ac-CamapkaHam

14.1. MoOunbHbIe NPUNIOXEHNS CTEKA
npoTtokosios OKC

Bpsaa nu paxe camble OCTPOyMHbIE Noau, pa3paboTaBluMe CTeK
npoTtokonoB OKC7 B 70-x rogax NpoLLioro Beka, CTPOUan pacyeT Ha ero
MCMONb30BaHME AN19 3a4ay NoanepXku poyMuHra n xaHgosepa. Torga
3TK 3a4a4m TPYAHO ObIIO NPEeABUAETb, HO KOraa CTanu CTPOUTBLCS CEeTH
GSM, a notom — UMTS, ctek npoTtokonos OKC npuwencs kak Henb3s
6onee kctatn. TOYHO TaKylo Xe 3aKOHOMEPHOCTb OTpaXKaloT HanMcaH-
Hble eule B Xll Beke CTPOKN BENKOro Nepcuackoro noata, BeiopaHHbIe
B KayecTBe anurpada kK atom nekummn. Ee xe nnnocTpupyeT n nctopus
psga Apyrux TeIEKOMMYHUKALMOHHBIX TEXHOIOTUIA U3 9TOr0 y4ebHMKa.
M Bce xe paspaboTtka cteka OKC7 BbigenseTca u3 obuwero psga. OHa
okasanacb HacTofbKO yaadHomn, 4to B ITU yxe He npeanpnHUManncs
nonbITkM paspaboTaTb Kakylo-HUbYab cuctemy curHanuaaumm Ne8'. Tak
N OCTaNMCb B UCTOPUM CEMb MEXOYHAPOOHbLIX CUCTEM CUrHaANU3auum
o1 Ne1 no Ne7 nntoc ase pernoHansHele R1 1 R2, 0 4em roBopuiocs B
nekumu 4.

"Mpes OKC Ne8 BbickaabiBanack B ITU snoHCKUMM Koiieramm, B CBOe BpeMsi npeanaraBLun-
MU crneumbnumpoBaTb CKOPOCTb B CUrHanbHOM 3BeHe 2048 kbuT/c, HO Takasa pa3paboTka
He NpoBoanach.
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B ctek OKC opraHuyHo Bnucancs wu npotokon MAP (Mobile
Application Part), nepBas Bepcuss KOTOPOro nosiBMnacb B npouecce
pasBuTUS MobunbHOM cBa3u ewe B 1988 roay. To e npom3oLwno un ¢
apyrum npotokonom CAP (CAMEL Application Part) cteka OKC7, pac-
CMOTPEHNE KOTOPOro Mbl OTAIOXUM A0 nekuyn 17, NOCBSALLEHHOW yCny-
ram CI1C.

To xe cnpaBeanBo 1 B OTHOLLEHUN pa3paboTaHHoro ang CeBepHo
Amepuku npotokona ANSI-41, kOTOpbI OYHKUMOHANBHO UAEHTUYEH
MAP 1 pacnonaraetcsi Ha TOM Xe ypoBHe B cTeke npoTtokonos OKC7,
npeacraBneHHOM Ha puc. 4.4. Mndopmauna MAP n ANSI-41 TpaHcnop-
TUPYETCS M VMHKAMNCYNMpyeTcsa MPOTOKONaMM HUKENexallunx ypoBHEN
MTP1, MTP2, MTP3, SCCP n TCAP, pacCCMOTpPEHHbIMU B iKUK 4.

Mpotokon MAP mncnonb3dyetca onsa onpegeneHns onepaunin mexay
ceTeBbiMu KOMNoHeHTamMmu CIC, Takmmun kak MSC, BTS, BSC, HLR, VLR,
EIR, MS, a Takxe SGSN/GGSN B GPRS (General Packet Radio Service).
Bcero ¢ uenbio nogaepxkn GSM onpeneneHo nate npunoxexHnin MAP
ona noacuctembl kommytaumnm (MAP-MSC, MAP-VLR, MAP-HLR,
MAP-EIR, MAP-AuC) n npunoxeHne BSSAP (BSS Application Part) pns
KOHTposnnepa 6a30BbIX cTaHumin BSC.

OcHoBHble ycnyri MAP cneundguumposanbl ans ceten GSM, a 3a-
TeM HeckoJibko onepauuin 6bi1o nobasneHo ansg nognepxkn GPRS n
onsa cetenn 3G, 0 4eM pedb NonaeT B nekumsax 17 n 16 cCOOTBETCTBEHHO.
Moacuctema MAP npeactaBnseT coboin NPoTOKOJ, KOTOPbIN NO3BONAET
y3nam cetm GSM obmeHnBaTbCcs MHPopMaLmen Apyr ¢ APYrom C LeNbto
npenocTaBfieHNs TaKUX YCIYT, KaK POYMUHT, XaHO0BEP, MapLUpyTU3aLms
BXOASLLUMX BbI3OBOB U SMS, ayTeHTUduUKaLma aboHeHTa.

14.2. Mogenb npotokona MAP

Bazoin ona aToi pa3paboTky Nocnyxuna Moaesb CETU NOABMXKHOMN
CBSA3U, Ha3BaHHasi MOAeJIbIO «TPexX cocucok» (puc. 14.1), kotopas onu-
CblBaeT MeToj, NnepeBoda ynpasfieHnst 06CNyXnBaHMEM BbI30Ba (X3H-
[OBep) OT OOHOro LeHTpa KoMMyTauum K gpyromy, n npotokon MAP,
noaaepXnBaoLLMin MOBUIBHOCTL aOOHEHTOB MeXAY Pa3HbIMU CEeTAMM
NOABUXHON CBA3WN. Ponb «cocmcok» Ha puc. 14.1 BLINOAHAIOT ABe pas-
Hble CMNC n dukcrMpoBaHHas ceTb CBA3U — TenedoHHas ceTb 0bLero
NONb30BaHUSA, M3yYeHHasa No nekumsam Hactu 1 kHurn. Cama mMopgens
NOJSIHOCTbLIO aBCTPaKTHA, He 3aBMCUT OT ucrnonbayemoi B CIMNC TexHono-
U 1 OT GU3NYECKON CTPYKTYPbI CETEN.

MosicHnm mMopaenb, NokasaHHyto Ha puc. 14.1. PaHee B nekumsx yactm 1
noapasymMeBasnochb, YTO MeCToHaxoxaeHne aboHeHTa SABNSIeTCSA NOCTO-
SIHHBbIM N ONPEnEnseTcs NaaHOM HyMepaumm, KOTOPbIA NCMOJSIb3yeTcs
B ceTu. B ceTax e noaBuXHOW CBA3N MEeCTOHaxoXaeHue aboHeHTa
MOXET CYLLECTBEHHO W3MEHATbCA 0e3 crneuuanbHOro yBeaoMJieHUs



Yactb 2. CeT NnoABMXHOV CBA3N 185

ceTn — Hanpumep, abOHEHT MOXET BbIK/IIO4YNTb CBOW COTOBbLIN TenedoH
B a9pOrnopTy, a Yepes napy 4acoB cHoBa BkoUUTb ero B CIMNC coBcem
Apyron ctpanbl. Anga Bxoaawmx K MOOGUbHbIM abOHEHTaM BbI3OBOB He
CYLLECTBYET HENOCPEACTBEHHOW CBSA3NM MeXAy MEeCTOHaxXOXAEHWUEM
aboHeHTa M1 HOMEPOM COTOBOro TenedoHa?.

-
(Ol O)

CeTb cUrHanusaumm

OKC7

MAP, ISUP

()

i(

B?
«

Puc. 14.1. Mopaenb ynpaeneHus o6¢cnyxmeaHnem Bbi30BOB MeXAY
a6oHeHTamu aByx CINC u Tpon

Mepen TemM kak OpraHM3oBaTb nepepnavyy Bbl30OBa K MO6MJ’IbHOMy
TepMMHany Bbl3biIBAEMOIo aboHeHTa, HY>XHO nNOony4nTb B peaJibHOM
BPEMEHU MHPOPMALINIO O EFO MECTOHAXOXOEHUUN U Opyryio Cﬂy>K€6Hle
nHdopmaumio, a NMOTOMY TakKmne BbI30BbI Tpe6yr0T obmeHa 60nbLLMM KO-
nn4yeCcTBOM CJ'Iy)Ke6HbIX CUrHanos, HE OTHOCALLMXCA HEMOCPEACTBEHHO K
Bbl30BY n/vnm K CeaHCy CBA3N.

Cama nzobpaxeHHasa Ha puc. 14.1 mogenb nosiBMnach elle o pas-
paboTkn ctaHgapta GSM v nepBoHaYanbHO Obina BBeEAeHA 1S yNOMU-
HaBwmxca B nekumm 12 cuctem NMT-450. Yxxe B cetax NMT-450 6binu
BBeEHbl 6a3bl AaHHbIX OBYX TUMOB: rocTeBon pernctp VLR n gomaliHuin
permnctp HLR.

Kak y>xe obcyxaanocs Bbille, kaxabiri VLR o6cnyxmBaeTt ogHy 30HY,
B rpaHu1LLax KOTOPOoM MOBUSIbHBIE TEPMUHASLI MOTYT NepemMeLLaTbcs 6e3
0OHOBNEHUSA OJAHHLIX O CBOEM MeCToHaxoXaeHun. OBHoBNeHne 3TUX
OaHHbIX NPOU3BOAUTCSA Npu nepexone aboHeHTa M3 0OHOI 30HbLI 06-
cnyxmBaHus B gpyryto. Peructp VLR coaepxut nidopmaumio 060 Bcex
MOOUNbHBLIX TEPMUHANax, KOTOpble HAXOAATCS B AAHHbIA MOMEHT Ha
TEPPUTOPMM ero 30HbI 0O6CYXUBAHUS, U MHDOPMaLMIO, HEOOXOOVUMYIO
ONs yCTaHOBNIEHUS COEANHEHUI C 3TUMN TEPMUHANAMU.

29T1a cBa3b 06Cyxaanach B nekumm 5, nocesiweHHon Hymepaumm B ToOl. Hymepauums B
CrIC paccmatpuBaeTcs B nekumn 15.
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Kpome Toro, VLR ynpaBnseTr npoueccoM KOMMyTauMn B LIEHTPE
MSC, aBngscb B 3TOM CMbIC/ie aHaNIoroM y3na yrnpasfieHUs ycnyramm
MHuTennekTyanbHon cetn SCP, o6cyxaaBLierocs B nekumn 6. OceexuTb
3HaHWS, NOJIy4YeHHbIE B NTIEKUUM 6, BECbMa YMECTHO, NMOCKOJIbKY B CETAX
NOABWMXKHOM CBSI3W ynpaBfieHne OMo3HaBaHWEM, OOHOBJIEHME AAHHbIX
0 MECTOHax0oXAeHUN MOOWILHOrO TepMuMHana, ynpaeieHue mapLupy-
Tusaumen n AoNONHUTENbHBIMU YCAyramMun — BCE 3TO NOAOEPXNBAETCS
npouenypamu, aHanornyHsimu npouenypam IN.

HLR aBnsgetca 6a30i gaHHbIX, B KOTOPOW coaepXmtcsa nHdopmaums
06 ycnyrax 1 BO3MOXHOCTSX, NPeaocTaBnsieMbiX MOOUTbHOMY abOHEH-
Ty, @ TaKXKe 0 ero MeCTOHaxoXaeHnn B HacTosLee BpemMs. Konnmyectso
HLR onpepnensietca emkocTbio ceTnt GSM (4alle Bcero 3To TOJIbKO OAMH
HLR Ha ceTb).

KonnyectBo VLR B ceTn 06bI4HO onpepensietcs ymucnoMm MSC. Kak
nokasaHo Ha puc. 13.1 npegbiaywien nekummn, kpome HLR n VLR ecTb
eLle 1 Apyrve CeTeBbIe 3NIEMEHThI: PErUCTPLI MAeHTUdUKauMmM obopy-
poBaHuna EIR, cnctembl peyeBon no4ytbl, SMS-LEHTPbLI, KOTOPbIE TOXE
coeauHsoTcsa ¢ MSC 1 mexay coboli ¢ nomoLubio npotokona MAP (nyH-
KTUPHbIE NUHUK Ha puc. 13.1).

14.3. UuTtepdencel Abis, B, A

Ha puc. 13.1 nokasaHbl kaHanbl Nepenaym CUrHaabHOM 1 NMob30Ba-
TenbCkon nHdpopmMmauum (peyvesoit, SMS 1 gp.) CANOWHBLIMU IMHUAMN,
a KaHasbl nepegayqm T051bkO CUrHANbHOW MHPOPMALNMU — NMYHKTUPHBLIMU.
Kak BngHo Ha puc. 13.1, curHanbHasa nHpopmaums nepenaeTca Mexay
MS un ceTblo, Mexay CETEBbIMU 3SIEMEHTAMM U MPU B3aMMOOENCTBUMA
C Opyrumun cetsimm. B OCHOBE NpPOTOKOJSIOB CUMHaNM3auum NexmnT CTek
OKC7 v npotokon LAPD cetu ISDN. PaccmoTpum ceTeBble acrnekThbl
3TUX NPOTOKOJSIOB U COOTBETCTBYIOLLUNX MHTEPPENCOB HECKOSIBKO MOJA-
pobHee (puc. 14.2).

NuTepdenc mexay BTS m BSC HaswiBaloT Abis-uHTepgericom.
BONbWKWMHCTBO CBOMCTB 3TON0 MHTEP@dENCca CTaHaapTU30BaHO, KpomMe
TOM YacTu, KOTOpas CcBA3aHa C KOHUrypaumen n ¢ TEXHUYECKON 3KC-
nnyaTtaumen ctaHumin BTS, ns-3adero BTS 06bi4HO coeamHsaeTcs ¢ BSC
TOrO Xe NPon3BOAUTENS.

OauvH nnn HeCKonNbKo KOHTponnepoB BSC coeanHAOTCS C LLEHTPOM
KOMMYyTauMm NoasmxHoi cesa3n MSC, ynpasnsiowymM ycTaHOBIEHNEM
COedMHEHNsA, MapLupyTM3aunein Bbl30Ba 1 MHOTUMU APYrMMN DYHKLN-
amMmn. N3-3a Toro 4yto aboHeHTbl CIMC nepemewatorcss, MSC — nommmo
pPacCMOTPEHHBIX B nekumax YyacTn 1 3agad obbivHom ATC — 0693aH obec-
neynBaTth psig, CNeunanm3npoBaHHbIX GYHKLUWIA, CBA3AHHbIX, B YACTHOC-
TN, C onpeneneHnemM MeCTOHaxXOXAEHNS MOBUIIBHOrO TepMUHana.
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Puc. 14.2. Crteku npotokonos ClMNC

dopmanbHo wuHTEpderic mMexgy MSC u VLR, HasbiBaembliit
B-unHTepgpencom, crtaHOapTU30BaH, HO HUKTO U3 NPOM3BOAUTENEN
obopynoBaHus, Kak NpaBwuio, He pa3pabdaTtbiBan aBToHOMHble VLR: 06a
oHun, MSC 1 VLR, Bcerga cogepxarcs Ha O4HON 1 TOW xe nnatdopme, n
nHTEpdEnc Mexay HUMU ABNAETCA BHYTPUPUPMEHHbLIM.

Mutepdennc mexay BSC u MSC wusBecteH noa Has3BaHMEM
A-uHTEepgeric n npenctaBnsaeT cobon nHTepdeinc Ha 6ase OKC7, nc-
nonb3aytowwmin npotokon SCCP, koTopblii 0bcyxaanca B nekuun 4. Han,
HUM B CTEKE CUrHanM3aummn Haxogutcs nogcuctema BSSAP - npoTto-
KOJ, UCNONb3yeMblil AN KoMMyHukauum mexay MSC n MS. INockonbky
MS obmeHuBaeTca nHpopmauyen ¢ BSC n MSC paspensHo, BSSAP pe-
JNINTCS Ha [BE YacTu: NpoTokon ynpaeneHns BSSMAP (BSS Management
Application Part), koTopbli o6ecrne4ymBaeT NpoLeaypbl MHTEprpeTaLmnmn
pe3ynsTaTtoB 006paboTkM TEKYLLMX BbI3OBOB W YMNpaBSieHNs pecypcamm
noacuctemMbl BSS, 1 npoTokon ckBO3HOM nepenadn coodbuieHnin DTAP
(Direct Transfer Application Part).

Mpotokon DTAP comepXuT Te cooOLUeHus, KOTOpble MNpo3padvHo
npoxoast Yyepe3 BSS ot MSC k MS nnun Hao6opoT. CTEKn 3TUX NPOTOKO-
OB NpeACcTaBeHbl Ha puc. 14.2, KOTOPLIN ABNSETCS, B ONpenesneHHOM
CMbICNe, paclumpeHmnem puc. 4.4 ns nekumn 4.

B otnnume ot puc.13.1, Ha puc. 14.2 cnaowHbIMY IVHUGMM NOKa3a-
Ha nepefaya CUrHaabHOW MHGOPMaLMK, a MYHKTUPHBIMWU — nepeaada
peyeBoin nHopmMaLmun.
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B ocTtanbHOM xe puc. 14.2 MOXHO cumMTaTth pe3ynbTatoM obbeanHe-
HUS OBYX PUCYHKOB: CTEKA CUrHaNM3auum Ha puc. 4.4 n CTPyKTypbl CETU
GSM Ha puc. 13.1.

14.4. OOHOBNEHue AaHHbIX O MeCTOHaXOXAeHUU
aboHeHTa c nomowbio MAP

Bbilwe oTMevanocb, 4TO OCHOBHbIMU npoueaypamm MAP aBnsoTcs
n3mMeHeHne aboHEeHTCKMX AaHHbIX B permctpax HLR v VLR, nepenaya
MHpOPMaLMM O HAYNCNEHUN MNaTbl, PerncTpaumsd MecTOHaxoXaAeHus
aboHeHTa O/ COXpPaHEeHUsi BO3MOXHOCTM Mepefayn UCXoasawmx u
npuema BxOoAsLLMX BbI30BOB (06ecrneyeHne BO3MOXHOCTU POYMUHIa),
nepeperncTpauusa n cTupaHue npenbiayuein nHipopmaumm o0 MectoHa-
XOXAEHMM abOHEHTa 1 Np.

PaccmoTpum nogpobHee npouenypy O6HOBAEHUS MHBOPMaLnn O
mecToHaxoxaeHun (Location Update) MobUnbHOro TepMmuHana B mc-
XOZAHOM COCTOSIHUM (6€3 CoeanHEHNS ).

Jeno B TOM, 4TO AN MUHUMKM3AUMKM oObema TpaH3akuuin ¢ HLR
3TOT PErucTp COAEPXMUT TONbKO WMHPOPMALMIO O MECTOHaxXOXAEHUN
MSC/VLR, K KOTOPbIM B A@HHbI/A MOMEHT NOAKIOYEH aDOHEHT, TOoraa Kak
a1oT VLR conepxuTt 6onee aeTtanbHylo MHHOPMaALINIO O 30HE MECTOHAa-
XoXxneHuss aboHeHTa, 0ObIMHO onpenensiemMon KoHTponnepom BTS.

Takum obpazom, VLR TpebyeT, 4Tobbl ero nHdopmMmaums o MecTo-
HaxoXaeHUM 0BHOBNSNACh Kaxabld pa3, Koraa aboHEHT MEHSIeT 30HY
mecToHaxoxaeHnus (Location Area), a HLR TpebyeT oOHOBNEHUs cBoe
MHPOpPMaLMM 0 MECTOHAXOXAeHUN abOHeHTa TONbKO Toraa, koraa ToT
MeHsieT 30Hy 0b6cyxunBaHus, T.e. MeHsieT VLR.

O6HoOBNEHNE 3TON NHPOPMALMM MOXET MPONCXOANTb, Koraa:
e  MOOUNbHBIN TepMUHaN MS TONbKO YTO BKJIIOHUIICS;

o MS nepemecTuncs B npenenax 3oHbl Toro xe VLR, HO B HOBYIO 30HY
MECTOHaxOXAEHNS;

e MS nepemecTunics B HOBYIO 30HY 06cnyxmneaHus (K Hosomy VLR);
e cpaboTtan Talimep 06HOBIEHMS MHDOPMALUU O MECTOHAXOXOEHUM.

Korga MoOWbHbLIN TepMUHan abOHEHTa BK/IOHaAeTCs MNepBbli pas,
OCYLLECTBSAETCSH CKaHNUPOBaHMe pagvoncurHana Ha npeameT Bblibopa
COTbl C Hanbonee MOLLHbIM NPUHUMAEMbIM CUIFHaNOM, 3aTemM AeKoam-
pyeTcs nHdopMaums, KoTopas LMPKYISpHO nepegaeTcs ctaHumen BTS,
N MOOWJIbHBIN TEPMUHAN PErmcTpupyeTcsl B cOTe C CaMbiM CUJIbHbIM
NPUHMMAEMbIM CUTHANOM (MPK YCNOBMK, YTO 3Ta COTa HE 3anpeLleHa).
Tonbko Nocfie 3TOro MOOWIbHLIM TEPMUHAN PErncTpupyeTcs B CeTH,
MHULUMMPYS NPOLUECC 0OHOB/IEHWSI MHGHOPMAaLIMM O CBOEM MECTOHaX0X-
AEeHUM, Kak NokasaHo Ha puc. 14.3.
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MS

MpencTtaBneHHas B cueHapuu Ha puc.14.3 nocnemoBaTenbHOCTb
Ha4YMHaAEeTCs 3anpPoOCOM KaHana. OTOT 3anpoc nepenaercs n3 Mobusb-
HOro TepMuHana B nogcuctemMmy BSS. 3anpoc BknioyaeTt B cebsl AaHHbIe
O MNPUYMHE YCTaHOBJIEHUS CBA3U — OOHOBJIEHUM CBEAEHUIA O MECTO-
HaxoxaeHnn MS. Oanee BSS HasHauyaeT kaHan SDCCH (Stand-alone
Dedicated Control Channel) pns 9T0ro MobuabHOro TepMmnHana n naet
eMy KOMaHay nepenTn Ha 3TOT Ha3HaAYeHHbIN KaHan, nepeagaBsas cooo-
weHne Immediate Assignment.

Mo nony4yeHnn sToro cooBLLEHNS MOBUIBbHBIV TEPMUHAN NEPEXOANT
Ha Ha3HaveHHbI SDCCH v nepepaeT 3anpoc 06HOBNEHUS MHDOPMaLMK
0 CBOEM MECTOHaxoXAeHnN. 3anpoc COAEPXMUT AaHHbIe, BKOYaoLLme
B ce05 MAeHTUOUKATOP 30HBI MECTOHAXOXAEHUS, MOJTYy4EHHbIA MOOUIIb-
HbIM TEPMUHANIOM, U MAEHTUPUKATOP MOBUABLHOIO TEPMUHANA.

NpeHTMdunKkaTtopoM MOOUMIIBHONO 060PYAOBaHUSA OObLIYHO CIAYXUT
nmbo naeHtndukatop International Mobile Subscriber Identity (IMSI),
nnéo noeHtndukatop Temporary Mobile Subscriber Identity (TMSI), o
4eM Mbl NOrOBOPUM B C/IEAYIOLLEN NEKLMN, NMOCBSALLLEHHOM HyMepaLuu.

O6cnyxuBaoLLmin Mpeabioyuwmin

BSS
MSC/VLR HLR /AuC MSC/VLR

Channel Request

__Immediate Assigment

Bl

Location Updating Request

Complete L3 Info (Location

B
-

Updating Request)

Send Authentification Info
. Send Authentification o
- Info RR

Authentification |Request

A

Authentification |Response

\

Update Location

Cancel Location

Y

_Cancel Location RR

<%

_ Insert Subscriber Data
Insert Subscriber Data RR-

_, Update Location RR

Location Updating [Accept

A

Clear Command

-
%

Clear Complete

Channel Release

Puc. 14.3. Mpoueaypa oGHOBNEHUS AaHHbIX 0 MECTOHAX0XAEHUN
aboHeHTa B ceTn GSM
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310T naeHTndmkaTop nepegaetcsa Yyepe3 BSS B MSC ¢ nomolbo
TunoBoro coobuieHna Complete Layer 3 Info, kKOToOpoe BXOOUT B COCTaB
SCCP Connection Request npotokona SCCP. Ecnn MobunbHbIN TepMIU-
Han NbiTaeTca 3aperncTpupoBaTbes ¢ nomollpto TMSI, a aToT TMSI He
n3eecteH B MSC/VLR, To MSC/VLR mMoxeT 3anpocuTb y MOBUIBHOIO
TepmumHana nepepadvy IMSIE. Kpome Toro, MSC/VLR moxeT 3anpocutb
y MOBUIBHOIO TEPMUHANA naeHTUdUKaTOP camMoro TenedoHHOro anna-
pata IMEI pna nposepku.

Mocne npmnema 3anpoca 06 naMmeHum nHhopMaLnur 0 MECTOHAX0X-
neHnn MSC/VLR mMoxeT mnonbiTaTbCs NPOU3BECTU ayTeHTUdUKauuto
TepmuHana. Ecnu MSC/VLR yxe He nmeeT nHbopMaunun onas ayTeH-
Tndukaumm, oH 3anpawmeaeT ee y HLR, ncnonb3ysa onepaunio Send
Authentication Info npotokona MAP. C nOMOLLbIO 3TOro Xe NpoTokona
nomawHuii peructp HLR/AUC nepepaet Return Result (RR) nopcuc-
TeMbl MAP ¢ HECKOIbKMMU BEKTOPaMM ayTeHTUdUKALNU, NSBECTHLIMUA
B GSM kak Tpunnetbl. Kaxagpli TpUnaeT COAEPXUT CyYyanHOE YUCIO
(RAND), a Takxe napameTp Signed Response (SRES). Y3en MSC nepe-
JaeT B MOOUNbHLIM TeEpMUHAN 3anpoc ayteHtTudukauum Authentication
Request, koTopbin cogepxnt Tonbko RAND.

B MOOUNLHOM TEpMUHae BhINMOSHAETCS TakOW e pacyeT, Kakow
obin coenaH B HLR/AuUC, 3atem oH nepepaet Authentication Response,
copepxawmii napametp SRES. B ceowo ovepenb, MSC/VLR nposepseT
cooTBeTcTBME SRES, NpnHATOro oT MOBGUNLHOro TEPMMHANa, NnapamerT-
py SRES, npuHaromy ot HLR/AuC. Ecnu cooTBeTCTBME NOATBEPXAAET-
cs1, MS cuntaetcs ayTeHTUDULMPOBAHHBIM.

Ha aton ctagun MSC/VLR, ecnu He obHapyxmBaeT y cebs B VLR
OaHHble 06 3TOM MOOWIBHOM TepMUHane, Ha4MHaeT onepaumio Update
Location npotokona MAP, 4Tobbl nHdpopmupoBaTb HLR 0 HaxoxaeHumn
aboHeHTa B CBOEI 30HE 0OCNYXMBaHUS.

CoobuieHune B HLR coanepxut IMSI aboHeHTa 1 Global Title Address
(GTA) ot MSC/VLR. Pernctp HLR nepepaet B VLR, roe paHee 6bin 3a-
pernctpupoBaH aboHeHT (ecnn TakoBo VLR mmeetcs), coobuieHue
Cancel Location (0TMeHa faHHbIX O MECTOHaxOoXAEeHvM) NpoToKona
MAP. Torga aToT npeabigywuin VLR yganaeTt Bce 3anmcaHHble OaHHbIe,
OTHocsLWwmMecs kK aboHeHTY, 1 nocbinaet B HLR curHan Return Result.

Pernctp HLR ucnone3yet komanny Insert Subscriber Data npoTo-
kona MAP pns toro, 4tobbl nHdopmMmupoBaTb obcnyxnsatowmini VLR o
COBOKYMHOCTWN OTHOCSILLIMXCS K paccMaTpuBaeMoMy aboHEHTY AaHHbIX,
KOTOpbIe BKJIIOHAOT B ce651 MHGOPMAaLLMIO O AOMOJIHUTENbHLIX yYCyrax. B
CBOI0 o4epeap, aT1oT VLR noarsepxaaeT nonyyeHme nHpopmaumn.

3atem HLR nepepaet Return Result, nocne nony4eHuss KOTOPOro
MSC/VLR nepepnaeT B MOOWUNbHLIA TEPMUHAN COODOLLEHME MPUHATUSA
0b6HOBNEHUs MecToHaxoxaeHus DTAP Location Updating Accept.

39T1a onuusa Ha puc.14.3 He nNokasaHa.
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3artem oH nukBuamnpyet coeauHeHne SCCP ¢ BSS. 310 3acTtasnsier
BSS ocBob6oantbes ot SDCCH nytem nepenayn B MOOUNbHBIA TEPMU-
Han coobuweHunsa Channel Release. Tenepb, ang o6o6uweHns matepua-
JI0OB YETBEPTOM NEKLMN YacTn 1 1 3TON Nekunm, pacCMOTPUM BXOOSALLMIA
N UCXOOaLLNIA BbI30BbI Npu cBa3u mexay CIrNC v TpOrl.

14.5. Bxopswumn Bbi3oB B CIMNC n3 Tpon

B cnyyae Bxogsiiero Bbl3osa K MOOUNbLHOMY TepMuHany (puc. 14.4)
aboHeHT TPOIl HabupaeT Homep MoOOUNbHOro aboHeHTa MSISDN
(Mobile Station ISDN Number), CTpyKkTypa KOTOPOro paccMmaTpuBaeTcs
B cnenytouen nekumn. Ha puc. 14.4 nokasaH 6a30Bbiii BXOASALLIWIA BbI30B
K MOOWSIbHOMY aboHeHTy 13 TdpOrl. OH HaYMHaeTCs C NOCTYMNJIEHNS Ha
GMSC coobuweHuns IAM npoTtokona ISUP, ynoMmnHaBLlerocs B nekumm 4.

3T0 coobLueHne CoaepPXNT CMNCOYHbIM HOMEpP Bbi3blBaeMOro abo-
HeHTa MSISDN, Ha ocHoBaHuK kKoToporo B GMSC onpenensieTcs cooT-
BeTCTBYOLUUIN 3TOMY aboHeHTY HLR 1 Bbi3biBaeTcs onepaunsa SRl (Send
Routing Information) npotokona MAP B HanpaBneHun Kk atomy HLR,
4TOObI BbIICHUTb MECTOHaX0XAeHMe MOOUIbHOrO TEpMUHaNa Bbi3biBa-
emoro aboHeHTa.

MHudpopmauusa SRI copepxut MSISDN aboHeHTa ansa onpeneneHus
IMSI. Bnaropaps 3apaHee npou3owealemMy OOHOBAEHUIO OAHHbIX O
MecToHaxoxaeHun aboHeHTta HLR 3HaeT ToTr MSC/VLR, KOoTOpLIV celi-
yac obcnyxmBaeT 3Toro aboHeHTa, n 3anpawmBaeTt B sTom MSC/VLR
onepaumnto PRN (Provide Roaming Number) npotokona MAP, koTopas
cooepxunt IMSI aboHeHTa. B3T1oT MSC/VLR Ha3HavyaeT n3 nyna Bpe-
MeHHbI Homep MSRN (Mobile Station Roaming Number) pna naH-
HOro BbI30Ba M coobuiaeT aToT Homep B HLR. B cBoio ouepenp, HLR
coobuwaeTr Homep MSRN* B GMSC. MNonyyeHHbin MSRN ana ToOrN
SIBNSIETCSA peasibHbiM (MepecymuTaHHbIM) HOMEPOM BbI3biIBAEMOro abo-
HeHTa. Ero MOXHO MCnosb30BaTh 41 MapLUIpyTU3auum Bbi30Ba 4Yepes
noodyio npomexyTo4Hyto cetTb Mexay GMSC n rocteebiMm MSC/VLR, uTto
dakTnyeckn n genaet GMSC. OH mapwpyTusmnpyet BbizoB K MSC/VLR
nytem nepegayv IAM ¢ MSRN B kaueCcTBe HOMepa BbI3bIBAEMOW CTOPO-
Hbl. [locne Toro kak aTo coobuenme IAM npuHato, MSC/VLR nonyvaet
ottyna MSRN, y3HaeT IMSI, ang kotoporo 6bi1 HasHadyeH MSRN, nocne
yero Homep MSRN MOXHO BepHyTb B Nyn O UCMOb30BaHUSA APYIUM
Bbi3oBOM. [Janee MSC/VLR HanpaensaeT coobuweHne Paging Request B
nogcuctemMy BSS, cOOTBETCTBYIOLLYIO 30HE MECTOHAaX0XAEHNA aDOHEH-
Ta, ANS NOCLUIKN BbI3LIBHOIO CUrHana mMobunbHOMYy aboHeHTy. lMocne
nprvemMa Bbl30Ba MOOWJIbHLIN TEPMUHAN MbITAETCA MOSYYNTb AOCTYN K
ceTn ¢ NoMOoLLbIO Nepenayn coobuenna Channel Request, Ha koTopoe
nogcuctema BSS otBevaet coobuieHrem Immediate Assignment ¢ yka-
3aHNMEeM MOOUNLHOMY TEPMUHaNY NnepekntounTbca Ha SDCCH.

4CtpykTypa HomepoB MSRN, MSISDN u IMSI paccmaTpuBaeTcs B nekuumn 15.
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BSS MSC/VLR HLR GMSC @

IAM
__SRI (MSISDN)
__PRN (IMSI) <
PRN RR (MSRN),_
" | SRIRR (MSRN)
1AM (MSRN)
_, Paging Request -t Paging
Channel Request
P Immediate
" Assignment
Paging Response,
¥"| Complete Layer 3 Infg
(Paging response)’
> Cipher Mode
_, Ciphering Mode - Command
- Command
Ciphering Mode
Complete Cipher Mode
P Setup Complete
Call Confirmed .
_Assignment Request
~Assignment Command+#
Assignment Completg
1 Assignment Complete
Alerting -
» ACM o
> ACM
Connect o >
» ANM o
» ANM |
> Connect Acknowledge gl
—— — —— —— — —

Puc. 14.4. Bbi3oB u3 TpOMN B CMNC

MoOwunbHbIA TEpMUHan nepekntodaeTcs Ha aT1oT SDCCH n nHdop-
MUPYET CETb, YTO OH OTBEYAET Ha BbI3OB. Toraa BSS nepeckinaet oTBET
B MSC/VLR. Ha aton ctagnn MSC nHnummnpyet wmndpoBaHme, Tak Kak
nepenaBaemMble Yepe3 pagnonHTepdeiic pedb U AaHHbIE JOMKHbI ObITb
3awmdposaHbl. [Mocne nonyyeHns coobiueHns Setup MOBUNBHLIN Tep-
MuHan nepepaet B MSC coobuwenne Call Confirmed, ykasbiBaloLee,
4YTO OH pacnonaraet HeoOXoOVMMOW AN YCTAaHOBMEHUS COEOMHEHMS
nHdopmaumnen.
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CoobuweHne Call Confirmed penictByeT Kak komaHga MSC ycTtaHo-
BUTb TPAKT A0 MOOUNIbLHOro TepmMuHana. Noatomy MSC HaumHaeT npo-
Lenypy HasHavyeHus, KoTopas ycTaHaBnmBaeT kaHan mexay MSC n BSS
1 kaHan mexay BSS n MS (smecto SDCCH).

lMocne co3paHns kaHana B MOOUbHbIA TEPMUHAN aOOHEHTA NOCHINa-
eTcs BbI30B, a B MSC nepenaetcs coobuueHne Alerting. 910 coobLueHne
WHULMNPYET reHepaumio akyCTUYEeCKOro curHana KOHTPOSS MOCbISKK
BbI30Ba U nepeaavy coobuieHmns ACM obpaTHo K ncxogswein ATC Tene-
dOHHOI ceTn obuiero nonb3oBaHusa Yepe3 GMSC.

Kak Tonbko Bbl3blBaEMbI NOJIb30BaTENb OTBETUT, MOOUIBbHLIN TEP-
MunHan nepegaeT B MSC coobuieHne Connect. OHO MHUUMNPYET Nepe-
navy n3 MSC coobiyeHmns ANM obpaTHo k ncxogseinn ATC n oTkpbiTue
OBYXCTOPOHHEro TpakTa. U, HakoHeL, B Bbi3blBaEMbIi MOOUIIbHLIN TEP-
MuHan nepepaetcs coobeHmne Connect Acknowledgement, n Ha4nHa-
€eTCs pa3rosop.

14.6. Ucxoaswmii Bbi3oB n3 CINC B TpOI

CueHapuii 5a30BOro Bbi30Ba, UCXOASALLLEro OT MOOMIBHOrO TEPMUHA-
na n agpecoBaHHoro aboHeHTty TpOIl, yntaTtento npegnaraeTcs paspa-
60TaTb CaMOCTOATENbHO.

Moackaxem TOMbKO, 4YTO Mocrne Toro kak BSS Beigenuna mobuib-
HoMy TepmuHany SDCCH, aTOT Bbi3blBaOLWNI TEPMUHAN OTNPaBASAeT B
MSC/VLR coobuweHne CM Service Request®, copgepxallee nHpopma-
LUMIO O TMMEe YCNyru, KOTOPYIO XO4YeT Bbi3BaTb MOOWIbHLIA TEpMUHAN
(B npegnaraeMom CLeHapum 310 BbI30B C MOOWIIBHOrO TepMMHana, Ho
MOXET ObITb TAKXe W Apyras yciyra, Hanpumep, otnpaska SMS).

Mo aHanoruu c puc. 14.4 cueHapuin UICXo4sLLEro BbI30Ba 3aKkaH4MBa-
€eTCd TEM, 4TO NOocCse oTBeTa C Bbi3biBaeMoro tenedona TpOIlT nepechi-
naetcs coobuieHne Answer Message (ANM). 3To NnpnBOOUT K OTKPbLITUIO
kKoHTponnepom MSC oByXCTOPOHHEro TpakTa 40 MOOUNbHOIro TepMUHA-
na, a Takxe Kk nepega4dye ns MSC B MOOUNbHbIN TepMUHaNI coobLLeHns
Connect.

Mocne npmnema coobLieHmnsa Connect Bbi3blBaOLWMIA MOOUIbHBLIN TEP-
MUHan oTeedvaeT coobuieHmnem Connect Acknowledge, nocne yero obe
CTOPOHbI BEAYT Pa3roBop, a C TOYKU 3pEHUS HA4YUCNEHUS NaTbl HA4aT
OTCYET BPEMEHU Pa3roBopa B CETU NOABUXHO CBA3MW.

53pnecb CM osHadaeT Connection Management.

13. lonbawTeinH
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KnioueBble cnoBa: crek npotokonos OKC7, npotokon MAP, mogens «Tpex
cocucok», HLR, VLR, nHtepdeicol A, B, Abis, nogcuctema BSSAP, npotokon ynpas-
neHns BSSMAP, nogcuctema ckBo3HoOM nepenadyn coobuieHnin DTAP, obHoBReHMe

MHPOPMaLMN O MECTOHaxXOXAeHUM aboHeHTa, BXOASLWME U UCXOAsLLIME Bbl30Bbl
Crc-T¢pOon.

?
itl KoHTponbHbIE BONPOCHI

Kak nosiBunca npotokon MAP?

Mexay kaknmm ceTeBbiMu anemeHTamum CIMC ncnonbadyetca MAP?
MokaxunTe cooTBeTcTBUE pUC. 4.4 1 14.2.

MokaxunTe cootBeTcTBUE puc. 13.1 1 14.2.

OnuwurTe NnocnenoBaTenbHOCTb COOLITMIN Ha puc. 14.4.

@ 3apauum v ynpaxHeHus

1. PaspaboTaiiTe cueHapuii, NogobHbI TOMY, 4TO M306paxeH Ha puc. 14.4,
HO OJ11 UCXOASALLEro Bbl3oBa 0T MOBUNLHOIO TepMuHana K Tenedony ToOr,
Ha4asno 1 KOHeL, KOTOPOro onucaHbl B naparpade 14.6.

2. Pa3paboTaiiTe cueHapwuii, NogoOHbIN CLEHAPMIO N3 NpeablayLLen 3aaayun,
HO OJ11 UCXOASLLEro Bbl3oBa C MOOUIIbHOIO TepMUHana Ha MoOWJIbHbIN
TepMuUHan.

@ Jintepatypa Kk nekuun 14

14.1. TonbawTenH B.C. CurHannsaumsa B cetax ceasu. Tom 1. 4-e usg,. —
M.: Paguo n ceasb, 2005. — 448 c.

14.2. PocnsakoB A.B. OKC Ne 7: apxutekTypa, MPOTOKOJbl, MPUMEHEHUE. —
M.: Bko-TpeHas, 2008. - 320 c.
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Jlekumsa 15

Cucrema
Hymepauum CIC

Ec n3 nHCTPYMEHTOB y TeBS TOJIbKO MOJIOTOK,
BCe I'lpOﬁﬂeMbl BbIMT1S 05T Kak reo34u.
®paHcuc dykysva

15.1. OTnnuma Hymepauum gnga MOOGUNbLHON CBA3MN

Moctynat, CcHOPMYINPOBAHHbLIA aAMEPUKAHCKUM  MONUTOSIONOM
dpsaHcucom PykysMoii, NOMHOCTbIO OOBACHAET MNPUHLIMN HYMEpPaLUK B
CNC. Odeno B TOM, 4TO BOSHUKHYB, €C/IM HE HENOCPEACTBEHHO B Cpeae,
TO B MOSIHOM OKPYXeHun TpaanumoHHomn TpOI, HoBble CIC He Mornu He
no3anmMCcTBOBaTb YXXe XOpOLLO NpopaboTaHHbIe NPUHLNTMLI TENEdOHHOMN
Hymepauuu, pa3Be 4TO 3aMEHMB PACCMOTPEHHbIE B NIEKLUMN 5 KOAbl 30H
Hymepaunmn ABC Ha Tak Ha3blBaeMble Hereorpaguyeckme koasi DEF. Pa-
OVKaNTbHbIX U3BMEHEHUIN B CUCTEME alpECOB, COBEPLLEHHbLIX B IHTEPHET
(0 4eM Mbl NOroBOPUM B NEKLMK 25 TPeTbelr YacTu KHUMM), MOBUIbHbIE
ceTn He caenanu. U Bce xe, camu opusndeckmne npuHUmMnbl MOBUNbLHOWN
CBSI3M, Kak U MeXAyHapoaHas WU poccuiickas npakTuka MOoCTPOeHUs
CIC, nopoannu onpeneneHHble pa3nmyims nnaHoB Hymepauumn. Cneay-
€T OTMETUTb 0COOEHHOCTN MOBUNBHOM TenedOHHON CBA3N:

e BblaeneHue pasHoiM Onepatopam CIC oTaenbHbIX NynoB aboHEHT-
CKMX HOMEPOB (Hanpumep, HomMmepa 92xxxxxxx ans MeradoHa, Ho-
Mepa 905xxxxxxx ans Beimnenkoma u T.1.);

e HeoOXOAMMOCTb NOAAEPXKN (YHKUMIA MOBUNBLHOCTM TepmMuHana
(XaHO0BEP Y POYMUHT);
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e BO3MOXHOCTb 00OpalleHUs K NAEHTUPUKALMOHHBIM OAHHbIM TEPMU-
Hana (IMEI) ana nonyyeHnsa nHdpopmaumm, Kotopas AOMNOSHAET CBe-
neHnsa 06 aboHeHTCKOM HOMepe, coaepxalluemes B SIM-kapTe;

e aKTyaNlbHOCTb PSiAa HOBbIX YCIYT, KOTOPbIE NOAAEPXNBAIOTCH B CETSAX
MOOWbHOW CBA3N.

MepeuncneHHble Bbile O0COOEHHOCTUM CBOWCTBEHHbI Tak Ha3blBae-
MbIM Ha3eMHbIM CETSIM MOABUXHOW CBA3U. Eciv nocMmoTpeTb Ha Tep-
pUTOPUIO, B rpaHmnLax KOTopon obecrnevymBaeTcs MoOUIbHas CBS3b, TO
HECNOXHO 0OHapYXUTb TpU dakTa.

Bo-nepsblX, MOOUIIbHas CBSA3b He AOOCTYynHa npun nepemMewieHmnn no
MOpPSM 1 OKeaHaMm (a B psae ciydaeB — NO KPYMNHbIM pekaM n o3epam).
Bo-BTOpBLIX, MOOWUIbHbIN TePMUHaJ1 HE MOXET pa6OTaTb BO BpemM4d noJsie-
TOB Ha BO3AYLWIHbIX cygax. B-TpeTbux, gaxe Ha Ccywle OCTaloTCHd O4€eHb
fonbluMe — No 3aHMMaemMon niowaam — TeppunTopmnn, B rpaHnLax KoTo-
PbIX MOOWSIbHas CBA3b HE paunoHalibHa.

Takas cuTyaums CTUMYNUPYET co3naHue MobasnbHOW CUCTEMBI
CMYTHUKOBOM MOOWIIbHOM CBA3U, KOTOpash Mo3BoOAsieT 00CnyXuBaTb
abOHEHTOB, TEPMUHANbI KOTOPbIX MOrNyT HaxoAMUTbCS Ha cylwe, BoOe
UAn B BO3AYLIHOM NPOCTPAHCTBE. VcKNoYeHUsaIMn, N0 BCEN BUONMOC-
T, 6yaoyT cuTyauum, Koraa TEPMUHAN HaXOAUTCS NoA 3eMsel (B LWaxTe
WM B newepe), noa Boaown (B noaBoaHOW NoaAKe UM B UHOM NOA00HOM
annapare) nnm Ha o4eHb OONbLLONM BbiCOTE (HanNnpuMep, B KOCMUYECKOM
npocTpaHcTee). Ona co3gaHus rmobasbHOWM CUCTEMblI CMYTHUKOBOW
MOOWNBLHON CBA3W NPeayCMOTPEeHbl cneunduieckme peLleHns B 4acTiu
nnaHa Hymepaumun. Nx npmmep npmBeaeH B HUXHEN 4acTu NOKa3aHHO-
ro B nekummn 5 puc. 5.3, KOTOpbIA UNNOCTPUPYET BO3MOXHOCTN HOBOIrO
NATHAALATU3HAYHOr O MjaHa HyMmepawum.

OTtmeTum ewe ogHo BaxHoe ans CIC obcroatenscteo. KommyTa-
LMOHHOE 000pyaoOBaHME, UCMOJb3YyEMOE B SKCMIyaTUPYEMbIX CETHAX
MOOWNbLHON TenedOoHHONM CBA3U, NpeacTaBnsieT cobo COBPEMEHHYIO
uMOPOBYID CTAHUMIO C MPOrpaMMHbIM yNpaBieHUeM. OTO O3HaYaerT,
4YTO Ha MiaH HyYMEepauuu He HaKNagbIBAlOTCA OrpaHMYeHusi, KOTopble
06ycnoBneHbl GYHKUNOHABbHBIMU BO3MOXHOCTSIMU @HANOroBbIX KOM-
MyTaUMOHHbIX CTaHUMiA. [IporpaMMHoe yrnpaBieHne No3BOAnIO0 peanu-
30BaTh 3P DEKTUBHLIN MaH HYMepauum, obecneynsaoLmin BBEAEHNE
HOBbIX YCNyr, M MNOLAEPXMBATb BCE HEOOXOAMMbIE AOMOSIHUTENbHbIE
ycnyru.

15.2. Hymepauusa B GSM

15.2.1. UpeHTudukarop IMSI

KaxgomMy aBOHEHTY NpUCBaMBaETCs YHUKaNbHbIA noeHTUdUKaTOP,
HasbiBaembli IMSI (International Mobile Subscriber Identity).
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OH gBnsieTCca OAHO3HAYHbIM UAEHTUDMKATOPOM abOHEHTa B CETU
GSM un xpanutcsa B SIM. O nnactukoBon SIM-kapTe cO BCTPOEHHOM
MNKPOCXEMOW, KOTOopasi COAEPXUT NoAPOOHbIE cBeaeHUS 06 aboHeHTe
1 obecneyvBaeT NpeaocTaBaeHME YCIYr, y>Ke rOBOPMIOCh B nekummn 13.
HanomHum, 4TO Oyaoy4m BCTaBIEHHOW B TenedOHHbIN anmnapaTt, oHa u
npeBpaLLaeT ero B MOOUIbHLIM TEPMUHAN U UCMONL3YeTCs Ans OUNNNH-
ra, ugeHTudukaumm aboHeHTa n ero aBTopusauym npu POyMUHre.

MoeHtndukatop IMSI cneumpuumposaH B pekomeHpauum ITU-T
E.212, a Takke B gokymeHTax GSM 03.03 u B 3GPP TS 23.003. Ero
CTPYKTypa nokasaHa Ha puc. 15.1.

IMSI| He 6onee 15 undp

- >
- NMSI >
MCC MNC MSIN
OnvHa
(4vcno undp) 3 23 10 makcum.

Puc. 15.1. Crpykrypa IMSI

Tpu undpbl koga MCC (Mobile Country Code) onpenensitoT cTpaHy,
Ha TEPPUTOPUM KOTOPOI HAXOAMUTCH AOMALLHAS CeTb MOBUILHOIO abo-
HeHTa. Kog MNC (Mobile Network Code) onpenensieT nomatuHtoto CINC
aboHeHTa. Homep MSIN (Mobile Station Identification Number) onpepe-
nsaet camoro aboHenTa. NMNonam MNC+MSIN npncBoeHO HaMeHoBaHMe
«mpeHTndukatop NMSI» (National Mobile Station Identity).

C y4eToM 3TOro YTOHHUM MOHATUE AOMalLHSIS ceTb. B npenplayLimx
NIeKUMsIX MOHUMAanNocCh, YTO 3TO CETb, Ha YCyrn KOTOPOI noanuchiea-
€TCs Nonb3oBaTesb, U KOTOpasi COAEPXUT MHpopMauunio 06 aboHeHTe
B cBoeM HLR. Tenepb K 3TOMy MOXHO A00aBUTb eLle 04HO ornpenene-
HUe JoMallHer ceTy Kak ceTu, rae koabl Mobile Country Code n Mobile
Network Code aBnsaioTCcs Takumm Xxe, kak B ugeHtugunkatope IMSI abo-
HeHTa.

AnMuHucTpaTuBHoe ynpaeneHne MNC BxoanT B 0653aHHOCTU Ha-
LMOHasbHbIX aMUHNCTPaUUA CBA3W, HanpuMep, MnHuctTepcTea CBA3N
N MacCOBbIX KOMMyHUKaumini Poccun, a ceteBble Onepatopbl 06bI4YHO
OTBeYaloT 3a opraHm3auuio U agMmuHncTpmuposaHmue MSIN B cOOTBETCT-
Bun ¢ MNC, KOTOpPbI Ha3HA4YMN PEryNMPYIOLLNIA rOCYAAPCTBEHHbIN Op-
raH. Huxe mbl paccmoTpum kogbl MCC 1 MNC.
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15.2.2. UpeHTudukarop TMSI

Npentudukatop TMSI (Temporary Mobile Subscriber Identity) on-
penensetca B SGPP TS 23.003 n dakTtnyecku aBnseTcs NCeEBAOHMMOM,
KOTOpbIN ucnonbdyet rocteson peructp VLR (a Takke SGSN B ceTsx ¢
BO3MOXHOCTMU GPRS) ons 3awmTbl KOHOUOEHUMANBHOCTY aBOHEHTA.
HanomHum, 4To 0 rocteBom perucTtpe VLR 6bi510 pacckasaHo B npefbi-
ayuwen nekumn. Woentndukatop xe TMSI BpeMeHHO ncnonb3yeTcs B
VLR kak 3ameHa IMSI, 4To6bl OrpaHnyYnTb KOMYECTBO pacchiiok IMSI
Yyepes paguonHTepdeic, nabbl 310YMbILLUAEHHUKM HE MOTIN UCMNOJb30-
Batb IMSI onsa noeHtndmkaumm aboHeHta GSM. NpoeHtndukartop TMSI
nprvcBanBaeTCs BO BPeMs Npoueaypbl OOHOBAEHMS AaHHbIX O MECTO-
HaxoxaeHun aboHeHTa, a VLR 1 y3nbl SGSN gonxHbl yMeTb yBA3bIBATb
atoT TMSI ¢ IMSI TepmmHana, KOTOPOMY OH MPUCBOEH.

O6bl4HO VLR HasHavyaeT TMSI gns aboHeHTCKOro TepmuHana BO
BpeMs HavasibHOW TpaH3akumm aboHeHTa ¢ MSC, Hanpumep, npu 06-
HOBJIEHUM OAHHbIX O €ro MecTtoHaxoxaeHun. MNMockonbky TMSI nmeer
TONbKO SIOKaNbHOE 3HAYEHKME (B rpaHmuax 30Hbl KOHTponupyemom VLR),
Kaxkabli CETEBOWN aAMUHUCTPATOP MOXET BblOpaTb ero CTPyKTypy B CO-
OTBETCTBUM CO CBOMMM HyXaamMun. YTobbl UCKITIOYUTL ABOMHOE Ha3Ha4ve-
HME B YCJIOBUSIX HEUCIMPABHOCTWN/BOCCTAHOBMIEHNS, OObIYHO CUMTaETCS
LenecoobpasHbiM NpUBA3bIBaTbL YacTb TMSI K TekyLLLeMY BPEMEHMN.

15.2.3. Homep MSISDN

MecCTHbIN ypOBEHb SN
HauuoHanbHbIN YPOBEHDb NDC SN
Me>ayHapoaHblii ypOBEHb CcC NDC SN

Homep MSISDN - 3TO HOMep, KOTOPbIN HabupaeT Bbi3blBAOLMIN
abOoHEeHT, 4TOObI CBA3AaTbCS C Bbl3bIBAEMOWM CTOPOHOW. [pyrummn cnoea-
MW, 3TO CMNCOYHBLI HOMEpP MOBUILHOro aboHeHTa. OH cneundUuMpo-
BaH B JokymeHTe GSM 03.02. 3T0T napamMeTp OTHOCUTCH K OOHOMY U3
HoMepoB ISDN, KoTopbIli NPUCBOEH MOBUTILHOMY aOOHEHTY B COOTBETC-
TBMN ¢ PekomeHpaumen ITU-T E.213. AOOHEHT MOXET MUMETb Ha CBOEM
SIM-kapTe Heckonbko MSISDN. Mpumepom cnyxaT MSISDN ans peun n
MSISDN ansa dakcos. Ha puc. 15.2 nokazaH dpopmat MSISDN.

Puc. 15.2. Crpyktypa MSISDN B cOOTBETCTBMU C peKOMeHAauuemn
ITU-TE.164
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Kop NDC (National Destination Code) onpegenset 30Hy Hymepauum
Ha TeppuTopumn cTpaHbl n/unn B cetn. Kog, CC (Country Code) onpe-
henseTt cTpaHy unu reorpau4yeckuin PermoH B njaaHe Hymepaumn Ha-
umoHanbHowm cetu cea3un. Homep SN (Subscriber Number) onpepensiet
abOHEHTCKWIA TEPMMHAN B CETU MU B 30HE HYMepaumu.

15.2.4. Homep MSRN

Homep MSRN (Mobile Station Roaming Number) cneundunumposaH
B gokymeHTe GSM 03.03 1 ncnonb3yeTcs UCKIIOUYNTENbHO A8 BXOAS-
wero Bbi3oBa. OH gBNSETCA BPEMEHHBIM NAEHTUHUKATOPOM, KOTOPLIN
CNY>XUT A9 MapLUpyTM3aumm Bbi3oBa oT wno3oBoro MSC k o6cnyxuBa-
towemy MSC/VLR, 10 ecTb Kk MSC/VLR, B 30HE 06CNYXMBaHUS KOTOPOrO
B JaHHOe BpeMs HaxoamTcsa aboHeHT. Pernctp VLR Ha3HavyaeT HomMep
MSRN, korga oH npuHMaeT oT HLR 3anpoc vHdopmaumm MapLupyTu-
3auumn. Korga coegnHeHme 3aBepluaetcs, MSRN Bo3BpalLaeTcs B nyn
cB0OOAHbIX HOMepoB VLR.

15.2.5. Upentudukarop IMEI

Kak otmeuyanocb B nekumn 13, kaxpoe abOHEHTCKOE YCTPOMCTBO
ME wnmeeT yHukanbHblin noeHtudukatop, IMEI (International Mobile
Equipment Identity), KOTOpbIN 9BNSETCH, NO CYTWU, 3aBOACKUM HOMEPOM
M MOCTOSIHHO XPaHUTCa B aBOHEHTCKOM ycTporicTee. IMEI conepxuT He
TOJIbKO TEKYLLMA HOMEP YCTPOWCTBA, HO U YKa3blBAET NPOU3BOAUTENS,
CTpaHy npomssoacTea n ceptudukat tuna ME.

Ctpyktypa IMEI cneumndpunumposaHa B GSM 03.03 n B oOKyMeEHTe
3GPP TS 23.003. C ncnonb3zosaHuem IMEI MOXHO npeanpuHaTb AeNC-
TBUS 4151 MOUCKa NOXULLLEHHOrO aBOHEHTCKOrO YCTPOCTBA, NMPOBEPUTL
npw BKJIIOYEHUM MOOWJIBHOIO TEPMUHANA ero OTCYTCTBUE WU MPUCYTCT-
BME B YHEPHOM/CEpOM Cnuncke, a Takxe otbpakoBaTb 060pyaoBaHNE MO
TEXHWYECKUM MPUYnUHAM 1U/mnn n3 coobpaxeHuii 6esonacHocTn. Bos-
MoxHOoCTM IMEI no3Bonsat0T oTCNexusaTb 1 nNpefoTspaLliars MOLEHHW-
Yyeckoe UCMNoJsib30BaHNe abOHEHTCKOro TepMuHana u, Npu HEKOTOPbIX
obcToATensCcTBax, NPOM3BOAMTL CHELManbHOE CETEBOE YNpaBiieHne
MOBOUIBHBLIMU TEPMUHANaMN ONpeaeneHHbIX TUMOB.

Ha puc. 15.3 nokazaHa ctpyktypa IMEI, roe koa ceptugpukaumm TAC
(Type Approval Code) onpenensieT cTpaHy (nepsble Ase undpbl TAC)
n unaeHtugukatop ceptudukara ME panHHoro tuna. Koa FAC (Final
Assembly Code) onpenensiet MecTo, rae TenedoH Obl1 codpaH.

TAC FAC SNR Peseps

Yucno undp 6 2 6 1

Puc. 15.3. CrtpykTypa IMEI
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SNR (Serial Number) asnaetcs nHguemayanbHbiM NOPSAKOBLIM HO-
MEPOM, OH OJHO3HAYHO WAEHTUPUUMPYET KaXAbliA MOOUIbHLIN Tene-
doH (c onpeneneHHbimMu TAC n FAC).

Koabl cb6opkn FAC 3akpensieHbl 3a Npou3BoaMTensMu TenedoHoB,
HanpumMmep, Homepa 07 n 40 — 3a Motorola, 10 n 20 — 3a Nokia, 30 — 3a
Ericsson, 40, 41 n 44 — 3a Siemens, 60 — 3a Alcatel, 80 — 3a Philips,
85 - 3a Panasonic. B passutue storo noaxona 3GPP B HacTosiLLee Bpe-
MS npeanaraeT USMeHUTb CTPYKTYpY coobuierus IMEI nytem ncnonb3o-
BaHWS LLECTHAAUATEPMYHOIO KOOUPOBAHUS, YTO NO3BOJINT HYMEPOBATb
16,7 MUNIMOHOB MOOWUITbHBIX TEPMMHANOB C MOMOLLIbIO O4HOW KOMOUHA-
unm TAC+FAC.

Y1o6bl y3HaTb IMEI cBOEro mobunbHoro tenedoHa, BBeaUTe KOM-
OuHaumto *#06# Ha knaBmaType. [one3Ho 3anncartb 3TOT HOMEep Ha TOT
cny4aii, ecnm MobunbHbIn TenedoH 6yaeT NOXULLEH.

15.3. NnaH Hymepauum B ceTax NOABUKHOMN CBA3M

Ha nepBom aTane pa3Butmnsa cetem NOABMXKHOW CBA3WN LIEHTPblI KOM-
MyTauum MSC noaknioyanucb K ropoackon tenedoHHOM ceTu Ha npa-
Bax paroHHon ATC. MobunbHOMY abOHEHTY Bblaensncst aboHEeHTCKUIA
HOMEp U3 pecypca HyMmepaLumMnm MECTHOW CETU, HA TEPPUTOPUM KOTOPOM
Haxoaunacb cetb Onepatopa MOOUBLHOW CBA3W. ITO O3HA4asno, 4YTo
onsa MSC B nnaHe Hymepaunm MecTHOWM TenedOoHHON CeTn BblOensics
koA ab. YToObl OTANYUTL 3TOT KO, OT KOMOUMHALMK LNdP, XapakTepuay-
towmnx PATC B I'TC u B CTC, ero nHoroa obosHadatot 6ykBamu de. MNpn
YCTaHOBJIEHUM COEOVNHEHMI B Npeaenax MeCTHOM CETH, BKJlOYAst CBA3b
C MOBWITbHBIMYK TEPMMHANaMu, Habmpancs cnenyoLwmnin Homep:

e abxxx nnn dexxx B MECTHbIX CETAX C NATU3HA4YHbIM MJIAHOM HyMepa-
unu;

o abxxxx nn dexxxx B MECTHbIX CETAX C LUECTU3HAYHbIM MJIAHOM HymMe-
pauum;

o abxxxxx NN dexxxxx B MECTHbIX CeTAX C CEMU3HA4YHbIM MJIAHOM HY-
Mepauuu.

B kavyecTBe cumsona d 0Obl4HO MCNOob30BaNu LUNGpPY «9». Ko 30HbI
(ABC) nnst aboHEeHTOB (pUKCMPOBAHHOMN 1 MOBUIBHOW CBA3M OCTaBasICs
eaVHbIM B 00HOW 30He Hymepauuu TpOr.

Mpwn BEIGOPE 3TOrO MnaHa Hymepauum Npeanonaranocb, YTO KO-
4ecTBO aBOHEHTOB MOOWIILHOM CBA3M HE BYyAeT CyLeCTBEHHbIM. Takown
BbIBOA, Obl/1 cAeNaH Ha OCHOBaHMM aHanm3a TapudoB, MCMNOJIb30BAB-
LUNXCS B CETAX MOBWJIBHOM CBA3M HA Ha4YaslbHOM 3Tane ux pasButus, u
YPOBHS Ba/IOBOr0 BHYTPEHHErO NPOAYKTa Ha AyLly HAaCeneHus.
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K Hauany XXI Beka cutyaumst Ha pbiHKke MOBUNBLHOW CBA3WN paanKalb-
HO u3meHmnaco. B pesynsrate BO3HUMKHOBEHUS OTKPbLITOrO KOHKYPEHT-
Horo pbiHka Onepatopos CIC, a Takke CyLWeCcTBEHHOrO Nporpecca B
obnactn co3gaHnst COBPEMEHHbIX arnmnapaTtHO-MpPorpaMMHbIX CPeacTB
N TEPMUHANBHOrO 0bopyaoBaHus, Tapnudbl MOOUNLHOW CBA3U 3aMeT-
HO CHM3MNUCb. B pesynbrate Havancs ObICTPbIA POCT YUCIEHHOCTU
aboHeHTOB CIC, TeMnbl KOTOPOro NPEB30LLIN CaMble ONTUMUCTUYHbIE
oXxuaaHus. Bckope konmyectBo aboOHEHTOB MOOUIIbHOW CBSA3U, 0ObIYHO
onpenensieMoe YNCNEHHOCTbIO aKTUBHbLIX SIM-kapT, APEBLICUAO CyM-
MapHYI0 EMKOCTb MECTHbIX TenedoHHbIX ceTen TpOIT.

CnoxuBliasica cutyaumsa notpeboBana KavyeCTBEHHbIX M3MEHEHUN
B NJjlaHe HymMepauumn, npegHasHa4YeHHOM OJ19 CETEN MOOUBHOW CBA3U.
Bbixon Obin HageH B BbioeneHnn OnepaTopamMm COTOBbIX CeTel He-
reorpapuyeckmnx kogos DEF, nCnosib3yeMbiXx BMECTO KOMOUHaunii ABC.
Kaxxgomy Onepatopy, UMeloLeMy TMUEH3NIO Ha NPeaoCTaBNEHNE YCYT
MOOWIbHOIM CBSA3U, NPUCBOEH OAMH NN HECKOJIbKO KoaoB DEF. dakTu-
4YEeCKM 3TO O3HAYAET, 4YTO A/ aBOHEHTOB MOOUNLHOM CBA3M Oblna BBEAE-
Ha 3akpblTas AecatnaHadyHas cuctema Hymepaumn. Kpome necstn 3Ha-
KOB — /1 yCTAHOBJIEHNS COeAUHEHNSA — He0OX0aMMO HabpaTb NpedurKc
BbIX0[a, B Ka4ecTBe KOTOporo B Poccum noka ncnonbdyetcs uyudpa «8».
B obuiem cnyyae, Npm yCTaHOBNEHMN CBA3M OT MOOWITbLHOIrO TEpMUMHana
K MOBUIbHOMY aBOHEHTY, NOANUCAHHOMY Ha YCyrn B CETU POCCUINCKO-
ro Onepatopa MOOWUbHOW CBA3U, A0/MKHA ObITb HAbpaHa KOMOUHaLMSA
+7(DEF)dexxxxx. 3aecb 3HaK «+» o3HadaeT npeduKC BbIXoga B CETb
MeXayHapoaHOW CBA3M (OH ObIBAET pa3HbiM B Pa3HbIX CTPaHax), a ung-
pa 7 — koa Poccumn n Kasaxctana. BoamMoxHoCcTb Habopa Homepa B BUAE
+7(DEF)dexxxxx B co4eTaHun C QYHKLUMNOHANbHBIMWA BO3MOXHOCTAMU
MSC nosBonsieT nCnonb3oBaTb eAyHbIe NMPoLeaypbl YCTAHOBIEHUS CO-
ednHeHuns, Haxogsick B Poccum nnu 3a ee npegenamu.

Jna 6onbluMHCTBA aBOHEHTOB MOBUNBLHOW CBA3U, UCMOJIb30BaBLLMX
paHee MEeCTHbIi HOMep Buaa dexxxxx, COoXpaHunacb BO3MOXHOCTb
yCTaHOBMIEHUSA BXOoAslWlel cBA3n Habopom cemu umpp. PopmanbHO
3TO O3HayvaeT, 4TO abxxxxx = dexxxxx. B oCcTanbHbIX ciydasx nogobHoe
PaBEHCTBO HENb3s CYMTATb BEPHbLIM. 119 YCTaHOBNEHUS UCXOAALLEro
coeanHeHns K aboHeHTaM GUKCMPOBAHHON CBA3U C MOOWITbHOIO Tep-
MunHana HabupaeTca npedukc Bbixoga Ha AMTC, a 3aTem HOMep BUAA
ABCabxxxxx. Ecnu aboHeHT MOOUNBHOM CBA3W HAXOAUTCS B AOMALLHEeN
CeTW, TO YCTAHOBJIEHNE COeaMHEeHNs K aDOHEHTY MECTHOWM ceTun, obcny-
XMBAIOLLEN Ty XXe TEPPUTOPUIO, YTO U AOMALLHAS CETb, BO3MOXHO MyTeM
Habopa HoMepa Buaa abxxxxx.

B 6nuxanwuve rogbl AoMuHUCTpaums cBasu Poccum nnaHupyet
BBECTU CEMU3HAYHYIO 3aKPbITYIO CUCTEMY HYMEpPALIMM BO BCEX MECTHbIX
TenedoHHbIX ceTax. Toraa nnaHbl Hymepauum B CETAX GUKCUPOBAHHOM K
MOOUBbHO CBA3M BYAYT MakCUMabHO YHUDULIMPOBAHbI.
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B HacTosulee BpeMs ANt pOCCUNCKNX KpynHenwmnx OnepaTtopoB Mo-
OunbHOM cBA3KM cTaHgapTa GSM (Tak Ha3biBaemMas «OonbLUasA TPorika»)
BblAeNeHbl cneayoume koabl DEF:

e OAO «Bbimnenkom»: 903, 905, 906, 909, 960 — 969, 970 — 979;
e OAO «MeradoH»: 920 — 929, 930 - 939;
e OAO «MobunbHble TeneCuctembl»: 910 — 919; 980 — 989.

B cetax dukcupoBaHHOW TenedoOHHOM CBA3U M3-3a psaa QyHKUN-
OHaJIbHbIX OrpPaHUYEeHUN 3NEKTPOMEXAHNYECKNUX CUCTEM KOMMYyTaLMK
KO3ddDULUMEHT NCMNONb30BAHUSA pecypca Hymepauum Obii onpeaeneH B
amanasoHe 50 — 70%.

CeTn NoaBUXHOW CBA3WN CTanM CO30aBaTbCHA Ha Oaze KoMMmyTauu-
OHHOro 060pyaoBaHMA ¢ NporpamMmMHbiM ynpaeneHnem. OHO No3BonseT
3HAYNTESIbHO MOBLICUTb KO3(PPUUMEHT UCMNONb30BAHUS BbIAENEHHOIO
pecypca Hymepaummn. TeopeTnieckn ceMb 3HaKOB HOMepa B CeTSX Nof-
BUXXHOM CBA3M MO3BONSAIOT HA3HAYUTb AECATb MUIIMOHOB YHUKAJbHbIX
KOMOUHaUMIA.

LOns onTManbHOW opraHM3auum psga 3KCcrjayaTauyoHHbIX NMpoLec-
coB aboHeHTam ogHoro cyobekta denepaunu, Kak NpaBulo, Npucea-
MBaAIOTCA HOMeEpa C WUAEHTUYHbIMU umMdpamu de noa eguHbIM KOOOM
DEF. NMoaTomMy 3HavyeHne KoapodpuumeHTa NCNosib30BaHUS pecypca Hy-
Mepauum XxoTa 1 meHblue 100%, Ho BbiWe, 4eM B ceTaxX GUKCUPOBAHHOMN
CBSA3MN.

15.4. Hymepauus ycnyr CINC

Ha ceTn noaBWXHOI CBSA3W pacnpoOCTpaHSaeTcs psig NPUHLUUIMOB Hy-
Mepauumn, npuHaTtbix ansa THOl. Hanmyme nporpaMMHOro ynpasieHus
NO3BOJISIET BBECTU PSIZ, COBPEMEHHbIX YCIYTr paHblLe, YEM B CETSX PUK-
CUPOBAHHON CBA3MN.

B yacTtHoCTK, HekoTopble OnepaTopbl MOOUIBHOWM CBA3U YXE BbiOe-
nmnun Homep 112 ans BbIxoAa K 9KCTPEHHbIM cnyx6am. Takoe pelleHue
006yCNnoBNEHO BO3MOXHOCTbLIO «nogMeHbl» B MSC Homepa 112 peanb-
HbIM HOMEPOM COOTBETCTBYIOLLEN CNYX0bl. CyLLeCTBEHHO TO, 4TO abo-
HeHTbl CI1C mMoryT 6bICTpEE NEPENTN Ha MaH HyMepauumn, MPUHATLIA B
EBponeinckom cotose.

Bce ycnyru, paspaboTaHHble O (PUKCUPOBAHHbLIX TenedOHHbIX
ceTelt, AOCTYMHbl U ¢ MOOUIbHBLIX TepMuHanoB. C Apyron CTOpOHbI, ne-
peYeHb JOMNOMHUTESbHbIX YCIYI B CETAX NOABUXHOW CBA3WN NPeacTaB/is-
eTcs 6onee BHYLLIUTESbHbIM.

Lna Hymepaumm HEKOTOPbIX YCYT, OTHOCALLMXCS K TaK Ha3blBAEMbIM
HeTenedOHHbIM Bnaam CBSA3M, UCMNONb3YIOTCS — B AOMNOSIHEHNE K UMG-
pamM — CUMBOJIbI «*» U «#», Hanpumep, aboHeHTbl KoMnaHum «MeradgoH»
Onsi pocTtyna K 6anaHcy CBOero cyerta HabuparT Takyio KOMOUHAaLUMIO:
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*100# (1 nonapaloT Ha MHTEennekTyanbHytlo nnatdopmy «lpoTei»,
YNOMMHaBLUYIOCS B niekumnmn 6). MHpopmaums B 3ToM cinydae otobpaxa-
eTCs B BUAe TekcTa n umdp Ha aucnnee TepMmHana. PedeBble kaHasbl
ans obmeHa nogobHon nHpopmMaumein He UCNOMb3YTCS.

Mpu nepenaye coobuieHnin SMS 1 MMS yacTo MCnonb3yTCs NMPo-
ueaypbl, dopmMasnbHO NpoTMBOPEYalume TeM NpasuiamMm OocTyna K Ao-
NMOJIHUTESNbHbIM yCcnyram, Kotopble npuHaTbl B THOI. CnenyeT y4ecTb,
4YTO B NOAOBGHBLIX CUTyaUUsX MOOUNBbHBLIA TenedoH UCMOoNb3yeTcsa Kak
TepMunHan obMeHa OaHHbIMU, a B HEKOTOPbLIX Clydasax — gaxe kKak ycT-
POWCTBO NonyyeHus BuageounHdopmaunmn. Toroga aboHEHTCKMe npoLle-
Oypbl, MO BO3MOXHOCTU, YHUPULUMPYIOTCH C TEMU NpaBMiamMun, KOTopble
MPWUHSATbI AJ151 COOTBETCTBYIOLLINX TETEKOMMYHUKALWMOHHbIX CETEN.

15.5. NepcnekTuBbl passnTna nJ1aHa
Hymepauum CINC

B 6nuxalime rogbl CETU NOOBUMXHOM CBSA3W OyayT pa3BMBaTbCs B
COOTBETCTBUWN C KOHLEMUMEN MOOUIBLHOW CBA3U TPETLErO MOKONEHUS
3G. Bbazosblie nonoxeHus koHuenuun 3G M3NOXEHbI B CrneayloLllen
nekumn. C TOYKN 3pEHUST HYMepaUWmW NEPCNEKTUBHBIE CETU MOBOUIIBHOM
CBS3U, cooTBeTCcTBYOWME naeonormn 3G, He OTANYAKTCA OT 3KCNANy-
aTUPYEMbIX HblHE cMCTEM. BO3MOXHO, 4TO pasnuyunsa 6yayT nexartb B
Apyron nnockoctu. Mpu nosiBneHnn rnobasnbHblX CMYTHUKOBLIX CETEN
MOOUNbHOM CBS3N GyAeT BBOAUTLCS HOBasi, YXXe pPEeKoOMeHAOBaHHas
MC3-T cuctema Hymepaumm, OCHOBaHHas Ha nnaHe NATHaauaTU3HaY-
HOI HYMepauumn, onncaHne KOTopo Bb110 AaHO B NATOW IeKUUN.

NHasa cutyauus OyaeT cknaablBaTbCsl NPU Nepexone K YHeTBepToMy
(4G) n natomy (5G) nokoneHnssM cnctem ModunbHON CBA3N. OTU NOKO-
JIEHNS1 OCHOBAHbI Ha NAKETHbIX TEXHOJIOMMSX N MakCUMasibHO YBSI3aHbl
C npeonorven ceten ceasun cnenyowero nokoneHns — NGN. Becbma
BEPOSITHO, YTO OJ1S TaKMX CUCTEM MOOWUNBLHOWM CBS3N ByOeT UCNOoMb30-
BaTbCA MiaH Hymepauum, KOTopbIi oTBeYaeT TpeboBaHNAM abOHEHTOB
NGN. Ckopee Bcero, 3ToT nnaH Hymepaumm oyaeT HeKMM CUMOMO30M
NPUHUMMNOB, NPUMEHSIEMbIX B TENEDOHNM U B CETAX OOMEHA AaHHbIMM.

C obeyxnennsa npuHumnoB agpecaumn B CI, HaumHaeTcs nekums 25.
Xopowo 6bl K TOMYy MOMEHTY, KOraa ynutaTens gobepertcs A0 3TUX iek-
UM, HEe 3a0biTb TEKYLUMI MaTtepuan, a Takke NPUHATb BO BHUMAHWE
NPUBBIYHBIA OAs HEro (Yitarens) cnocob Habopa HOMEpa Yepe3 MEHI0
MoOunbHOro tenedoHa. Takor Habop He TONbKO ynpollaeT Npouecc
YCTAQHOBJIEHUSI COEAMHEHUS N PAANKAIBHO CHMXKAET OWKnOKK No CpaB-
HEeHMIO C HAbOPOM BCeX LUMGP HAXATUEM KaBULL, HO U ECTECTBEHHBIM
06pa3om «nepeknabiBaeT MOCTUK» K paccMaTpuBaemMor B nekummn 25
cuctemMe agpecaumn B VIHTEpHET.
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KnioueBble cnoBa: ko 30HbI Hymepauun ABC, Hereorpapuyeckuii koa,

DEF, nnaH Hymepauun, SIM-kapTa, naeHtudukartop IMEI, kog ceptudpukaumm TAC,
kop, c6opkm FAC, nopsipgkoBbli Homep SNR, noeHtudgukatop IMSI, kog, ctpaHsl MCC,
kon, cetn MNC, Homep MSIN, naoeHtudpunkatop NMSI, OnepaTtopbl «60SbLIOA TPOW-
Kkn», Homep MSISDN, Homep MSRN, Hymepauums ycnyr CMNC, koa 112.

?
ij KoHTponbHbIe BONPOCHI

1. MosAcHUTe PyHKUMOHANLHOE Ha3dHavYeHne naeHTuoukatopa IMEL.
2. Kaknum 06pa3omM B Hymepaumm npeactaBiieH Npon3BoaMTeSNb COTOBOMO
TenedpoHa?

3. MNosicHnTe PpyHKUMOHANbHOE Ha3HavyeHne naeHtTudukaropa IMSI.

. MosacHuTe aBa onpeneneHns goMallHen CeTu.

5. Kakoe ceTeBoe yCcTponCcTBO npuceameaet ngeHtmndukartop TMSI
abOHEHTCKOMY TEPMUHANY?

. Kak ncnonbayercs Homep MSRN npu BXxoasiLLem 1 ncxogsiem BbI30Bax?

7. OnunwuTte Bawe npeacrasneHne 0 Hymepauumy B nepcnekTnBHbIX ceTax 4G.

@ 3apauu v ynpaxHeHus

1. PaspaboTaiiTe rpacdurieckoe npeacTtassieHne 3BOJIIOUNM HyMepauumn
(appecaumn) B CETAX CBA3M B 3aBUCUMOCTM OT BO3MOXHOCTEN aBOHEHTCKOro
TepMuHana. Pacnonoxmrte Ha 3ToM rpaduke BO3MOXHOCTU ANCKOBOIO
HoMepoHabupaTens, TacTaTypbl COTOBOro TenedoHa, knasmatypbl PAD,
peyeBoro Habopa, nepcoHasibHOro KomnbloTepa. ObOCHyITE NpeanaraemMyto
nocnenoBaTesibHOCTb.

2. PaspaboTaiiTe cBOW anroputMm 60pbObI C XULLEHUAMU MOBUIbHBIX TENE()OHOB
C UCNOMIb30BaHNEM BO3MOXHOCTEN Hymepauum Cl1C. [lokaxmnTe TEXHUYECKYIO
peannu3yemMocCTb 9Toro anroputma. CaenanTte oueHKy 3KCnyaTauMOHHbIX
pacxonos.

@ Jintepartypa k nekuum 15

15.1. Mapgaep H.C. Hymepaums B ceTsix 9N1eKTpoCcBA3M 06LLEero nosib3oBaHns
Poccuitckon depepaumn. — M.: UPUAC, 2004. — 232 c.
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Jlekumsa 16

TexHonorum n ycnyrum
ceren UMTS

3AKOH NMPO®ECCOPA TAPAHTOIM: HUKTO HU4ero He YnTaeT;
€CJIV YNTAET, HNHEro He NMOHNMAET, €C/IN NOHUMAET, HeMEJIeHHO 3a0bIBaeT.
CraHuncnaB Jlem

16.1. Npeanocbuikn nepexona Kk 3G

B cOOTBETCTBUM C MpPMBEOEHHOM B KayecTBe anurpada 3aKOHOM
npodeccopa TapaHToru, CTpeMuTeNbHbIN POCT NOTPEBOHOCTH B yCnyrax
nepenayn OaHHbIX Okal3ancs BHe3anHbiM ypapom anga ClIC. Yxe He-
CKOJIbKO NeT Ha3apj, 419 9Toro CyLleCTBOBaIM O4EBUAHbBIE NPEANOCHII-
KU1, HO K pe3KOMY POCTY crnpoca Ha IP-Tpaduk cuctemsl 2G, BkoYaa u
GSM, okasanuncb He roToBbl. [loka OCHOBHbLIMM Hanbosiee BOCTPeboBaH-
HbIMW MOBUBLHBIMU MPUITOXEHUSMN ABMSIOTCS Nepeaaya peyn n cnyxoba
KOPOTKUX co0bLLeHnr i SMS, HO TpeTbe nokoneHme 3G yxxe NpUBAEKIIO U
npoJomKaeT npmeaekatb 60bLLIOE BHUMAHNE MMEHHO Kak CPeacTBO,
jalouiee BO3MOXHOCTb MNPEACTaBUTb HA PbIHKE MOOUIBHOW CBA3U
BbICOKOCKOPOCTHYIO mMepefadvy OaHHbIX. YXxe B Hadane texHonoruu 3G
obecneumBany g MOOUbHBIX MPUIOXEHUA BbICOKOCKOPOCTHYIO ne-
penadvy OaHHbIX Ha ckopocTu 144 kKbuT/c Npu noesake Ha aBTomobune,
384 kbuT/Cc Npu cKOPOCTM Newexona, a Takke 2 MonT/c B noOMeLLeHUN.

OBONOUMA Nepexoaa K TakuM TEXHOSIOMMSAM Ha PacCMOTPEHHbIX B
aTon kHure atanax 1G, 2G n 2.5G otobpaxeHa Ha puc. 16.1. Mono-
XeHHble B OCHOBY pelueHust 3G, nokasaHHble Ha puc. 16.1, paspaba-
TbIBa/INCb Pa3HbiMY rpynnamMy cTaHgapTn3aumm U OTHOCATCS K Pas3HbIM
TEXHONOMMAM: B UX YACNO BXOOAT Kak peweHnd ¢ TDMA, Tak n pelueHus
¢ CDMA, a Takxe pelweHnus FDD ( Frequency Division Duplex) n peweHus
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TDD (Time Division Duplex). B paboTte EBponerickoro nHctutyta ETSI
npeobnapano peweHne W-CDMA ¢ ucnonb3oBaHnem FDD. B AnoHun
TOXe 6b110 npeanoxeHo peweHne W-CDMA kak ¢ onumeii TDD, Tak n ¢
onuuen FDD. B KOxHon Kopee 6b11n npepnoxeHsl pewenns CDMA nsyx
pPa3HbIX TUMOB; OHO — aHANOrMYHOE EBPOMNENCKOMY 1 ANOHCKOMY Npes-
JNIOXEeHUsaM, a apyroe — aHanormyHoe npeanoxeHuto CDMA ons Cesep-
Ho Amepukun, To ectb CDMA2000, npeacTtasnstollee cobon pa3sutmne
IS-95. Takmm o6pas3om, BeayLume rpynnbl cNeunanmcTos padboTanm Han,
BECbMa CXOXUMW TEXHOJIOMMAMU, N CTana COBEPLUEHHO OYEBUOHOMN Lie-
necoobpa3HOCTb 06beANHEHNS PECYPCOB. OTO U NMPUBESO K CO3AaHUIO
OBYX ynoMuHaBsLLuuxcs B nekuum 11 otaoenbHbix opraHnsaumin — 3GPP,
paboTatower Hag UMTS, n 3GPP-2, koTopas padoTtaeTt Hag CDMA2000.
Mo o4eBMAHbIM NPUYMHAM B 3TO NEKLMN OCHOBHOE BHUMaHWE yaoeneHo
€BPONencKkoMy HamnpaBeHUo pas3BuTUa — TexHonornm UMTS.

M '

GSM (1800)

[F=f
[~

1S-136
(1900)

(J-STD-008)
(1900)

CDMA2000 CDMA2000
pa

IDEN (800)

1G 2G 2.5G 3G

Puc. 16.1. Myt apontouumn Kk UMTS
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TexHonormna UMTS cerogHs BHegpsieTcs poccumnckumm Onepatopa-
M «BonbLUO Tpolku». Ha npoeeaeHHbix B 2008 rogy TeHaepax Ha noc-
TaBky o6opynoBaHus UMTS BO3MOXHOCTb YCTAaHOBKM 000PYAOBaHUS B
cetax OAO «MeradoH» nonyumnnn komnaHmm Nokia-Siemens n Huawei,
B ceTax OAO «BeimnenKom» — Ericsson u Huawei, a B cetnn OAO «MTC» —
Ericsson 1 Nokia-Siemens.

16.2. Cetun UMTS

Cuctema UMTS B 3HauMTeNbHOM CcTeneHn npeacrasnseT coboi pas-
BUTME pacCMOTPEHHON Ha nekumm 13 cuctembl GSM gna noonep>Xku
dyHKUMI TpeTbero nokonenus 3G. 3aecs, B nekumn 16, mbl 6onee noga-
po6HO paccmoTpuM UMTS U1, Kak NMPUHATO B 3TOW KHUIe, COCPEeA0TOUYNM
BHMMaHME HEe CTONbKO Ha paguounHTepdencax, CKOJSIbKO Ha CETEBOWN
apxutektype. Tem He meHee, He0OX0ANMO YNOMSHYTb, YTO CETb Paauo-
noctyna RAN (Radio Access Network) 3necb CyLLeCTBEHHO OTIMYAETCH
OT PACCMOTPEHHBIX B APYrux nekumsax texHonorun GSM, GPRS n EDGE
(Enhanced Data Rates for Global Evolution).

Paguopoctyn ana UMTS HasbiBatoT UTRA (Universal Terrestrial Radio
Access). 9ta TexHonornsa Ha 6aze W-CDMA BkJito4aeT B ce651 pexumbl
kak FDD, Tak n TDD. Noatomy cetb RAN ana UMTS HasbiBaioT UTRAN.
YT10 e kacaeTcs 6a30BOI CETU, TO B CUJTY LUMPOKOrO PacnpoCTPaHeHUs
cuctem GSM 6b1J10 NPU3HAHO LenecoobpasdHbiM CTPOUTL 6a30BYIO CETh
UMTS kak passuTtue 6asosoint cetn GSM. MNMoaToMy nepBoHayabHbIl
BapmaHT UMTS (3GPP Release 1999) dakTtnyeckm ncnonb3yeTt Takyto
Xe apxuTekTypy 6a30Boli CceTu, kakas Gblna pacCMOTPEHA Bbllle A4S
GSM, x0Ts 1 ¢ HeKOTopbIMK pacLuMpeHusamn. bonee Toro, 6asoasi ceTb
HYXHa ans NoaaepxXkm ceten pagmogoctyna kak UMTS, Tak n GSM (To
ecTb, UTRAN u BSS GSM). K Tomy Xe, He NpekpaTuaoCbk U pasButne
BSS GSM: ons Hee pa3paboTaHo Takoe paclumpeHue, kak EDGE.

C yyetom npoponxeHusa asonoumn GSM n 6n1m3octn TpedboBaHUin
GSM n UMTS nopaepxka cneundukaumin GSM ocyulecTBnseTcs ycu-
nuamu naptHepctBa 3GPP, koTopoe Tenepb BmecTo ETSI oTBeuvaet
kak 3a cneundpukaumm GSM, Tak u 3a cneumdpukaunm UMTS. lMNMepB.o-
Ha4yanbHo 3GPP npopgonxano Taktuky ETSI ¢ exerogHbiMn pennsamm
cneundpukaunin GSM (penuns 1996, penus 1997, penus 1998), noatomy
nepsbin penua cneundukauuin, noarotosneHHblin 3GPP, Ha3biBaeTcs
penn3 1999. B cocTaB 3TOro penm3a BXoamn He TOJIbKO HOBbIE Creuy-
dukaumn ana nogaepxkn goctyna UTRAN, HO Takke 1 pacluMpPEHHbIe
BEepCcuKn CyLLIEecTBYOLWMX cneundukaumin GSM (B 4aCTHOCTW, Ans Nof-
nepxkn EDGE), cTtaBLume npeaMeToM KOPPEKLMIA, MOCKOJSIbKY BO BPEMS
TECTUPOBAHUSA W BHEOAPEHNS 060PYAOBaHUS BbISSBUIMCH OLUNMOKN N OT-
CYTCTBME COBMECTUMOCTMN.
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Cnepnytowuin penns cneundukaummn 3GPP cHavana 6bin Ha3BaH pe-
nmn3om 2000 (3GPP Rel’00) u Bkntoyan B cebsi BaXHble UBMEHEHUS B 6a-
30B0W ceTn. OgHaKo 3TN M3MEHEHMUSI OKa3aNIMCb HACTONBKO 3HAYNTESb-
HbIMW, YTO X HENb35 ObINIO BbINONHUTL BCE 32 OAMH wWar, u penn3 3GPP
Rel’00 pasgenvnu Ha apa pennsa: 3GPP Rel’4 n 3GPP Rel’5, npekpaTtuB
TeM camMbiM TPaAMLMIO FOA0BbIX PENVN30B.

Cneuudukaumn penmsa 4 onpenennnm namMeHeHus B 6a3oBoin cetn
UMTS ¢ koMMyTaLMen KaHanoB 1 K HACTOSALLLEMY BPEMEHN «3aMOpOXKe-
Hbl» (4YTO O3HA4Ya€eT CBeAEHME U3MEHEHWI B crieumndukaunsx nnilb K Nc-
npaBfieHU0 OWMBOK UM HECOOTBETCTBUIN, @ HOBblE PYHKLMOHANbHbIE
BO3MOXHOCTU 6onbLue He gobasnaTcs). B pennse 4 BBeAeHbI MOHATUS
Meanawno3a MGW, cepeepa MSC n wnio3a curHanmsauum SGW, 4to
MO3BOJINIO NOMMYECKN Pa3aeNsaTb N0O/Ib30BATENbCKNE AAHHbIE U MHDOP-
MaLMIio CUrHaNM3auum B UeHTPe KOMMyTaumm noasuxHom ceasn MSC.
Tam xe ocyulecTBneHbl ycoeplieHcTeoBaHus UTRAN, koTopble obec-
neymnm noanepxky BbICOKMX CKOPOCTEN nepepaydn ans nogsuidkKHbIX
nonb3oBaTenen.

B penuse 5 npenycMoTpeH nepexomn K nakeTHowm ceTu, BBeaeHa HoBas
MOenb Bbi30Ba, AoMalHui peructp HLR 3ameHaeTca/nononHsaercs
cepBepom HSS aboHeHTOB AoMallHeri ceTy, BBeOeHbl YCOBEPLLUEHCT-
BoBaHus UTRAN, o6ecneumnBatowme adpdeKTUBHbIE YCIYr MySbTUME-
ava Ha 6ase IP B UMTS, ycOBepLUEHCTBYIOTCH YCNyrn onpeneneHus
MecToHaxoxaeHus LCS. B penuse 5 nosiBngeTcs Takke 4pe3BblyarnHO
BaXkHas koHuenuus IP-mynstumeana nogcuctemsl IMS, paccmartpuBae-
MO noppobHee B 3akitounTensHor nekummn 20 yactm 2. Ho cHavana
paccmoTpum Tpaduk K yenyram UMTS, asnstowpyinca OCHOBOM AJ1d BCex
Cny4yaeB MOAEePHU3aLUN CETEN CBA3MN.

16.3. Tpaduk B UMTS

Cneuudukaummn UMTS onpenenstoT 4yeTbipe knacca Tpaduka cetu
UMTS.

PeuyeBori TpaduK xapakTepmnsyeTcs HU3KOM OOMYyCTUMON 3a4ePXXKOMN
N HU3KUM OXnTTepom. [na peyeBoro Tpadumka obblyHO He TpebyeTcs
O4YeHb BblCOKAA CKOPOCTb Nepenayn faHHbIX, HO CKOPOCTU Nepenayn B
060uXx HanpaBneHUsaX JOMKHbI BbITb 0AMHAKOBbLI. BuaeokoHdepeHuun,
KOTOpbIe BK/OYAIOT B cebs 0OCnyXrBaHue pevyeBoro Tpaduka, npenb-
SIBNAIOT aHanornyHble rnepepadye pedm TpeboBaHUS K 3adepxke, HO
6onee 4yBCTBMTENBHbI K OLIMBKaM 1 06bIYHO TPEDYIOT 60oiee BLICOKOM
CKOPOCTU Nepenayu AaHHbIX.

Tpadvk UHTEPaKTVBHbLIX YCJyr COCTaBNAOT TpaH3akuuu TuUna
BOMPOC/OTBET; OH XapakTepPU3yeTCs BbICOKUMMN TPEOOBaAHNSMU KBEPOST-
HOCTM OLUIMOOK, HO MeHee YyBCTBUTENEH K 3aZepXkam, 4eM peyveBoi
Tpaduk. IxntTep He co3gaeT 60bLINX NOMEX AJ11 NHTePaKTUBHBIX YC-
Nyr Npu ycnoeuu, 4To obLias 3agepxka He CTAHOBUTCS YPE3MEPHOMN.
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lMoTokoBbIVi TPadUK OTHOCUTCS K OQHOHANPAaBEHHbLIM YCAyram, nUc-
NOb3YIOLLNM pa3Hble CKOPOCTU NepenaYun, N YyBCTBUTESNIEH K OLLMBKaM
B OonbLUEN CTEMNEHU, YeM K 3a[epXKam 1 oxuttepy. MNocnenHee ces-
3aHO C TEM, YTO NMOTOKOBbIE AAHHbIE, KaK NpaBuio, 3anncCbiBalOTCS B
Oydep 1 TONIbKO 3aTEM BOCMPOM3BOASTCS MOb30BATENO. TUMNYHLIMA
npuMmepamMmun Tpaduka 3TOro Buaa ABASIOTCS NOTOKOBOE ayamo 1 NoTo-
KOBbl€ BUAEO.

®oHoBbIN Tpaduk xapakTepusyeTcsl HEBbICOKMMU TpeboBaHUAMU K
3apepxke. Peyb nget, Hanpumep, 0 Tpaduke 3N1eKTPOHHOM NOYThl Un
SMS.

16.4. Apxutektypa 3GPP penus 99
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TPAHCMOPTHbLIX TEXHOJIOMNI, TEXHONOIMIA YCNyr (KOHTPONS CoeauHe-
HUI) N NONbL30BATENLCKMX NPUNOXEHMN. MepBbIN War Ha 3TOM NyTn —
penns 99 — Hanbonee 6N30K NpeaLecTeyoLlen emy cetnt GSM. CTpyk-
Typa cet 3G B 3TOM NepBoM komnnekTe cneundukaunii 3GPP gns
UMTS nokasaHa Ha puc. 16.2.
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Puc. 16.2. CeTteBag apxutektypa cornacHo 3GPP Rel’99
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Penns 99 pewan rnasHyto npobnemy UMTS - BBeaeHme HOBOMO
MeToaa paguopoctyrna W-CDMA n coxpaHeHue NMpeemMCTBEHHOCTU C
ceTblo GSM - «B nob»: apxutekTypa Rel’99 ynpolueHHO npeacTaBnsaeT-
CS1 UMEHHO Kak MobubHasa ceTb Ha NpuHumnax GSM, cogepxallas ase
pa3Hble ceTn goctyna — ans Tpadmka ¢ KOMMyTaumen KaHanoB 1 ans
Tpaduka c KOMMyTaLMEN NaKkeTos.

B otnnumne ot usyyaswerica B nekumm 13 cet GSM MOBUNBHbLIN
TepMuHan nonb3oBartens HasbiBaeTcd B UMTS He MOOUIbHOM CTaHUEN
MS, a obopynoBaHuem nonb3oBatens UE (User Equipment), HO, Kak ”
B cetn GSM, cocTomT n3 MoBUIBHOro abOHEHTCKOro ycTponctea ME
(Mobile Equipment) n mogyns ugeHtudunkaumm USIM (UMTS Subscriber
Identity Module) — 4vna, B KOTOPOM COLEPXMTCS OnpeneneHHast UH-
dopmaumsa 06 aboHEHTE MOC KMOY 3aLUMTbl, aHaNOrMyYHble cogepxa-
Huto SIM-kapTbl B cucteme GSM.

OTkpbITble MHTEPdEcel UMTS BkitoyatoT B cebs pagnonHTepdelic
Uu mexpay obopynosaHuem nonb3oatens UE n cetbto UMTS, dusu-
Yyecku peanusyembin paguokaHanom texHonorun W-CDMA. Onsa B3a-
nMmoaencTemsa ¢ 6a3oBoli ceTblo ceTb paamogoctyna GSM ncnonb3yet
nHtepoenc A, a cetb pagnogoctyna UTRAN — nHtepdeiic lu.

B cneundpukaumax 3GPP 6azoBas ctaHuma UMTS nepBoHa4anbHO
Ha3biBanachk y3s10m B (Node B), n 3T0 BpeMeHHOe HanMeHOBaAHUE CO-
XpaHunock BO Bcex cneundunkaumax. Kaxasii Node B nogcoegmHeH K
oaoHomy koHTponnepy RANC (Radio Network Controller). KoHTponnep
RNC ynpaBnseT paamopecypcamMm noacoeamHEHHbIX K HemMy y3noB B
(6a30BbIX CTaHUMIA) N 9BNSETCa aHanorom koHTponnepa BSC B cetn
GSM. UnTepdpeiic mexay Node B n RNC sasnsaetcs nHtepdeincom lub.
B otnnyme ot aHanorn4yHoro nHtepgeiica Abis B cetnn GSM nHtepgeic
lub moNHOCTLIO CTaHOAAPTU30BaH, OTKPLIT U 06ecnevymBaeT COBMECTU-
MOCTb 6a30Bbix cTaHUU 1 RNC pa3HbIx Npon3BoauTene.

UTRAN nogcoeguHeHa Kk 6a30Boi ceTn yepes uHrepdenc lu. 3tot
nHTepdenc nmeeT aga pasHbix komnoHeHTa. CoeamHeHve oT UTRAN
K moacucteMe ¢ KOMMyTauyven kaHanoB 6a30BOMN CETU NPOU3BOAUTCS
yepes nHtepdenc lu-CS, kotopslih noacoeanHsaeT RNC kK cooTBeTCTBY-
lowemMy y3ny kommyTtaumm kaHanoe MSC/VLR. CoeguHenune ot UTRAN
K nmogcucteMe C KOMMyTaumen naketoB 6a3oBon ceTtu, T.e. oT RNC «k
SGSN, npoxogut Yepes nHtepdeic lu-PS.

Bce nntepoencel UTRAN no cneuudukaumm 3GPP penus 99 opueH-
TUPOBaHbI Ha TexHonorunio ATM (Asynchronous Transfer Mode), ynomun-
HaeMylo B 4acTn 3 KHUTW U CHMUTABLLYIOCH NMEPCNEKTUBHOW BO BPpEMEHA
paspaboTkm penmsa 99. B ocTtanbHOM, Mo BO3MOXHOCTU, COXpaHAETCs
apxutekTtypa 6asoBoi cett GSM/GPRS. 310 caenaHo npegHaMepeHHo,
4YTOObI HOBAsA TEXHOMOMMS PaaMoaoCcTyrna Morfia NoaaepPXmMBaTbCs yXe
YCTaHOBJIEHHOW, anpoOUpPOBaHHOW, HAAEXHOW TexHoJsiornmen 6a3oBoi
ceTu. MpepycmMaTpmBaeTcs BO3MOXHOCTb OOHOBJIEHMS CYLLLECTBYIOLLEN
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6a3oBoii cetn ana nogaepxkn UTRAN, 4ytobbl ognH MSC mor coean-
HATbCA kak ¢ UTRAN RNC, tak u ¢ GSM BSC. ®akTtuyeckun, cneunduka-
umn UMTS BkntovatoT B cebs noaaepkKy XecTkoro xaHgosepa ot UMTS
K GSM 1 Hao60pOoT. ITO BaxkHOE TpeboBaHMe, MOCKOJIbKY LLIMPOKOE pac-
npocTpaHeHne 30H oxeata UMTS notpebyeT BpemMeHu, 1 noka B 30HaX
oxeaTta UMTS ocTtatoTtcs npobensl, xenatenbHo, 4ToObl aboHeHT UMTS
nony4an oocnyxuneaHme cetm GSM ¢ ropasno 60blUen 30HOW oxBaTa.
MpenycmaTpmnBaeTcs Takke BO3MOXHOCTb noaaepxku yanom SGSN vH-
Tepdencos ansa B3aMMOAENCTBUSA C KOHTPOIepamMm 6a30BbIX CTaHLMIA
nByx ctaHgapToB — lu PS Kk RNC n Gb k BSC.

16.5. Apxutektypa 3GPP penns 4

Ha pnc.16.3 nokasaHa apxutekTypa 6a3oBoi ceTu gns cneundunka-
umn 3GPP Rel’4. OcHoBHOe pasnuune mexny apxutektypoih Rel’99 un
apxutekTypoii Rel’4 cocTouT B TOM, 4TO 6a30Bast CeTb CTAaHOBUTCS pac-
npeaeneHHomn ceTblo. BMecTo Toro 4tobbl UMeTh TpaanunoHHsble MSC ¢
KOMMYyTaLMen KaHanoB, kak 3To Obl10 B NpeabiayLLeln CeTeBON apXmTek-
Type, BBOANTCH apxXUTEKTypa pacrnpeneieHHbiX KOMMYTaTOpPOB.
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Puc. 16.3. PacnpepeneHHas ceTeBas apxutektypa cornacHo 3GPP Rel’4
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dakTnyeckn MSC noapasnensetca Ha cepBep MSC, KOTOpbIi CO-
DEepXUT BCe ynpaBfieHne MOBUTLHOCTBIO U NIOFMKY 0OCNYXXUBAHUS Bbl-
30BOB, coaepXxawuecs B TpaauumoHHom MSC, Ho 6€3 KOMMYTauUVOH-
HOM MaTpuLbl, U meauaLunn3 MGW, koTopbiM ynpasnseT cepsep MSC
M KOTOPbIN MOXET HaxoamnTbes Ha yaaneHnn ot MSC. ObmMeH curHanamm
ynpaeneHus gns BeisoBos npouncxoant mexay RNC n cepeepom MSC, a
pasroBopHbI TpakT coeanHsaeT RNC n MGW. O6bivHo MGW npuHumaeT
BbI30Bbl 3 RNC 1 MapLipyTnamnpyeT 3Tu BbI3OBbI K MyHKTAM Ha3Ha4YeHus
yepes3 NakeTHYK OMOpHYD ceTb. OnopHas nakeTHas CeTb UCMONb3yeT
TexHonoruto ATM mnnn npotokon RTP (Real-Time Transport Protocol)
noeepx IP, KOTOpbIN paccMmatpuBaeTcs B Niekuum 26 TpeTbel 4acTu.
Kak BuaHo Ha puc. 16.3, Tpaduk nakeTHbIX gaHHbIX npoxoanT 3 RNC k
SGSN n yepe3 GGSN BbIXOOUT B OMOpPHYIO IP-ceTb.

IOns B3anmopeiicteus cepeepa MSC ¢ ceTamum ¢ KoMMyTauuven kaHa-
N10B (CeTb NOABUXHOMN PaaMOCBA3N C KOMMYTaLMEN KaHanoB nnu uk-
CcupoBaHHas TenedoHHas CeTb C KOMMYTaLMEN KaHANOB) NCMONbL3YyeTCA
wumo3 curHannsaummn SGW(Signalling Gateway). Ha panbHeM KoHUe, rae
HY>XHO OyaeT nepenaBaTth BbI30OBLI B APYrylo ceTb, Hanpumep, B TpOI,
paboTtaeT meamawno3d MGW, kOoTopbli nod ynpaBfeHnem cepsepa
wno3oBoro GMSC (Gateway MSC server) 6yneT npeobpa3oBbiBaTh Na-
KETU3NPOBAHHYIO PeYeBY0 MHPOPMaUUIO B CTaHAapTHY0 dopmy UKM.
MpoToKONOM ynpaBfeHUs B3auMOAENCTBMEM Mexay cepeepoMm MSC
nnn cepeepom GMSC n MGW aensetcs nportokosn MEGACO/H.248,
paccMaTtpuBaeMblli B nekumsax yactu 3.

16.6. ApxutekTtypa All-IP no 3GPP penus 5

Cnegyowmn war B asonounn UMTS — 970 BHegpeHue Mmynstucep-
BMCHOW apXUTEKTYpPbl CETU, paamkaibHO WU3MEHSIOLWEN 6a30By0 MO-
Jenb Bbl30Ba OT MOOUIIBHOIO TepMMUHaNa NoJsib30BaTess 40 KOHEYHOIO
NMYHKTa HA3HA4YeHWs B HANPaBi€HUN KOHBEPreHUMW peyds U OaHHbIX.
Xopowo HaMm 3HakoMbIr no nekumn 13 o GSM gomawHuin pernctp HLR
nmeet B penuse 5 ceon ananor B Buage HSS (Home Subscriber Server).
Mpn obwen YHKUMOHANIBLHON SKBMBANEHTHOCTM WMEIOTCH BaXKHbIE
pasnnuma mexay HLR n HSS. B HSS coaepxatcs aboHeHTCkMe aoaH-
Hble IMS-aboHeHTOB. HLR/HSS mMoxeT paboTaTb MO NPOTOKOJY CTeka
OKC7 nnn yepes wnio3 curHanndaumm SGW (SS7 gateway), nogoepxm-
BalOLLMI HA OOHOWM CTOPOHE cTaHdapTHyo curHanusaunio OKC7, a Ha
OpYyro CTOpOHe — TpaHCNopTUPOoBKY coobueHnii OKC7 yepes IP-ceTb
no npoTtokonam rpynnbl Sigtran. BaxHoe oTnnyne pennsa 5 oT npeapl-
OyLnMX — OTCYTCTBUE OTAENbHbBIX MHTEPDENCOB AN peyn 1 A5 LAHHbIX.
EovHeii nitepdeiic lu obenyxmnsaeT Bce BUAbl Meama, B 6a30BOW CETU
aToT MHTepdenc noaknoydeH K SGSN, a oTaenbHbI TPAHCMOPTHbLIN
w03 oTcyTtcTByeT. K ToMy Xe, B paamonHTtepdence Rel’5 noasnaercsa
6onee ckopocTHOM (80 14 MBuT/C) pexunm nepegayn NakeTMpoBaHHbIX
DaHHbIX HSPA (High Speed Packet Access).
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I'IpMHumnmaanoe oTAn4yne pennsa 5 — nogBneHne HOBbIX CETEBbIX
anemMeHToB: Call State Control Function (CSCF), Multimedia Resource
Function (MRF), Media Gateway Control Function (MGCF), Transport
Signaling Gateway (T-SGW) 1 Roaming Signaling Gateway (R-SGW),
KOTOpble Mbl 06cyaum B nekumn 20.

TpaHcnopTHbIn w3 MGW paboTaeT nog ynpaeneHuem MGCF no
npoTtokony MEGACO/H.248, kak n B penuse 4. Ana obmeHa nipopma-
umern MGCF ¢ CSCF BbibpaH npoTtokon SIP. LLn3 T-SGW nogaepxu-
BaeT NpOTokosbl Sigtran n obecneymBaeT B3auMOAENCTBME CUMHANW-
3aumm OKC7 ¢ TpOIl, a wno3 R-SGW obecneymBaeT B3aMMOAENCTBME
CUrHanusauum C CyLeCTBYIOLLUMMN MOOWMIIBHBIMU CETSMU, TakXke UC-
nonbayowmmu OKC7. Yanel SGSN n GGSN aBnai0oTCs pacLUMpeHHbIMUA
BEPCUSMU TEX XE Y3M0B, ncnonbdyemoix B GPRS v B UMTS pennsos 99
1 4, HO Tenepb 3TU y3Nbl, B 4OMOJIHEHVE K YCTyram rnepenayv AaHHbIX,
NoAnEPXVBAIOT PeYeBbIE YCAyrv, KOTopble paHee GOpPMUPOBaAIUCH B
pexume KOMMyTaumu kaHanos. Eule ogHuM HOBOBBeAEHMEM penn3a 5
siBNsieTCs paclumpeHue Bo3amoxHocTen UE, npespaltaiowmx ero gaktm-
yecku B SIP-TtepmunHan. CootsetctBeHHO, CSCF pnencrTeyeT aHanorm4Ho
paccmatpuBaeMoMy B HacTu 3 npokcu-cepeepy SIP-cetn v ynpasngaeT
YCTaHOBMIEHNEM, OOCNYXXNBAHNEM U NPEKPALLLEHNEM MYBTUMEONAHBIX
ceaHcoB kK UE n o1 Hero. lomeH IP-Multimedia (IM) no3sonseTt nepechi-
natb yepes ceTb IP kak peyb, Tak U JaHHbIE BO BCEM CKBO3HOM COeaMN-
HeHun oT UE no UE c ucnonb3oBaHuem ans uenein TpaHCrnopTUPOBKN
ycnyrn pomeHa PS.

16.7. Paseutue UMTS B Rel’6, Rel’7 n Rel’8

PaboTbl 3GPP no pennsy 6 cocpenoToyeHsbl, B MEpPBYO o4epenb, Ha
nanbHenwem pa3sutum IP-mynbtumeaua nogcuctemsl IMS, kK 4emy Mbl
BepHeMcs B nekuum 20, a Takke Ha NOoBbILLEHUM MPOMYCKHOW CNoco6-
HoCcTU cuctembl UMTS, Ha pa3BuTMmM cepBuca «Touka-rpynra Toyek»
MBMS (Multimedia Broadcast Multicast Service — BellaTenbHble/MHO-
roagpecHble MyfbTUMeOunHbIe ycnyri), Ha nuterpaummn UMTS n 6ec-
NPOBOOHbLIX JTOKAJIbHbIX CETEN.

B cneundukaumax Rel’7 npepycmartpuBaeTtca texHonorus MIMO
(Multiple-Input  Multiple-Output) ¢ MHOrokaHasbHbIMW BXxOo4amu/
BbIXOQaMu ONS gasbHenwero ygenndeHmns ap@ekTnBHOCTM NCNOMb30-
BaHMS paguocnekTpa. B aTom pennsde onpegenena rnaargpopma MMTel
(Multimedia Telephony Service) kak eauHasi KOHBEPreHTHas apXUTEKTY-
pa ¢ MynbTUMEANIHOM CBA3bIO, ncnonbayowasn IMS ang MobunsHoOro n
HUKCUPOBAHHOIO GpParMeHTOB CETU.

B cneundukauyuax Rel’7 n Rel’8 passuBaiotca mexaHusmbel VCC
(Virtual Call Continuity), o6ecne4mBaloLme HENPEPbLIBHOCTb MYJbTUME-
OVHBIX CECCUM NPU NCNONb30BaHuKM pa3Hbix ceTen goctyna (WLAN, 3G,
LTE), 0 4em Mbl TOXe eLLe norosopum B nekuum 20.
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KnioueBble cnoBa: apxutektypa UMTS, knaccel Tpaduka k ycnyram UMTS,
MobunbHble npunoxenus, 3GPP, moaynb mpeHtudpukaumm USIM, cepsep HSS
abOHEHTOB AOMAaLUHen ceTu, CUrHanbHbIi W3 SS7 GW, Tpaduk pedeBbIX YCAyr,
IP-mynsTMegua nogcuctema IMS, NOTOKOBbLIN TpaduUK, CEPBUC «TOYKa-rpynna To-
yek», IMT-2000, TexHonorna MIMO, nnatdopma MMTel, pexxum nepepayn nakeTun-
3MpPOBaHHbIX AaHHbIX HSPA.

2
ij KoHTponbHbIE BONPOCHI

. Nepeuncnnte nutepodencel HSS 1 nosicHMTE nx Ha3Ha4YeHue.

. KakoBebl knto4veBble pasnuyng mexay cotoBeiMu cuctemammn 3G n 2G?

. Chopmynupyiite npuHumnel paguogoctyna ansa UMTS.

. Kakyto ckopocTb nepenayn nigpopmaummn obecnednsaetr UMTS ansa
aboHeHTa, KOTOPbIN HAXoAUTCS A0Ma, AN abOHEHTa, KOTOPbIN
nporynveaeTcs no napky, 1 ans aboHeHTa, KOTopbIli eAeT B aBToMobune?

@ 3apayu v ynpaxHeHus

1. Onwucatb noruyeckyto mogens HSS Ha puc. 16.5. Yka3aTb OCHOBHbIE GYHKUNN,
conpsixeHne 1 nHTepdelickl ¢ 5a3oBON CETbIO.
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Puc. 16.4. dDyHkuuun HSS n untepdeiicsl 6a3oBoii cetTn

Jintepartypa Kk nekuum 16

16.1. BonkoB A.H., PexkoB A.E., Cusepc M.A. UMTS. CtaHgapT COTOBOW CBS3U
TpeTbero nokoneHusa. — Cl6.: spatenbcTBo «JlnHk», 2008. — 224 c.



Nexkuna 17

Ycnyrm,
nopaepxusaemsbie CIMNC

06 ycryre nycTb paccka3blBaeT He 0Ka3aBLLNi, a NoyHUBLLINI ee.
CeHeka

17.1. Ycnyru cetenn 3G

MpuBeaeHHbIV B anurpade APEeBHUA NMPUHLUN peanm3yeTcd Ha Ha-
LIMX rna3ax NoCTOSHHO KOHKYpUpYIoLWWMN Mexay coboii OnepaTtopamm
MOOUIIBHOWN CBA3U, KaXAblA N3 KOTOPbLIX NPOABUIraeT HOBbIE OPUrMHAlb-
Hble YCNYrn B 0XeCTO4YeHHOM 6opbbe 3a kaxaoro aboHeHTa. TOT xe
yKa3aHHbIN B anurpade npropuTeT OLLEHKU MPUBEKATENbHOCTA YCyr
UX MNoTpedbutTensaMm SBUICS TNaBHbIM MNPENSTCTBMEM NPOOBUXEHUS
nokoneHna 3G, KOTOPOMY LEeNVMKOM MOCBSALLEHA MpeaplayLlas nekumus
16. VIMeHHO HepooLleHka NoTeHuMaNnbHbIMU NoTpebutenaMmmn npegna-
raembix um ycnyr 3G onpegenuna Heyaady ¢ nokynkamu nuueHsnn 3G
B EBpone. M Bce xe aBTOpbLI C ONTUMNU3MOM CMOTPAT B OyayLiee 1 no-
TOMY 3Ty NIEKLMIO OHW HAYMHAIOT UIMEHHO C NPenoCTaBNSEMbIX CETAMU
3G ycnyr BbICOKOKa4e€CTBEHHOM nepenayn pedn, CKOPoOCTHOro goctyna
B VIHTEepHeT, oOMeHa MyNbTMMeauiHbiMKN coobuieHnsmn MMS, nepe-
hayn Bnaeo, Mysbikn, GunomoB, TB-nporpamMmm, BUOEOKOHMEPEHLMNIA,
onnaTbl NOKYMOK C UCMONb30BaHMEM MoOOUNbHOro TenedoHa, Tenenpe-
3eHTaumMin, rpynnoBbIX 3NEKTPOHHBIX P U LENOro psaa opyrux.

Bce a1 ycnyru 3G MoryT 6bITh KaccndULMpoBaHbl MO CReaylowmm
KaTeropusm:

e MepcoHasibHas CBA3b,
e pasBlieyeHus,
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e MOOUIbHbIE TPAH3AKLN,
* NHPOPMALUOHHbBIE YCNYIK,
e OU3HEC-yCnyru.

Huxe Mbl paCCMOTPUM Pa3sINYHbIE NPUIOXEHUS A1 HA3BaHHbIX Ka-
Teropuii. Cnenyet o6patnTb BHUMaHME Ha TO, YTO BCE 3TU NPUIIOXEHMS
COOTBETCTBYIOT TpaduKy TOr0 UM MHOMO TUNa: Ppa3roBOPHOMY, MOTOKO-
BOMY, (POHOBOMY WU MHTEPAKTMBHOMY, YTO, B CBOIO O4epeab, COOTHO-
CUTCS C Knaccamu kadecTBa obcnyxmeaHus QoS, paccMaTpmnBaeMbiMm
B CJIe[lylOLLEN NEKLNN,

MepcoHanbHas CcBA3b, TO €CTb YAOBJETBOPEHWE MOTPEOHOCTU
0o6LeHna nonb3oBaTens ¢ APyruMm ogbMm NMpu NoMOLM MPUIIoxXe-
HWIA OBYX TUMOB: «TOYKA — TOYKA» M «TOYKa — rpynna Toyek». 3To MoryT
ObITb Takme NPUNOXeHus, kak Tened@oHusl, BuaeotenedoHns, KOpoTKne
coobuieHmna SMS, mynstumeauiiblie coobuieHns MMS n mobunbHas
3NeKTPOoHHas noyta. NMpunoxeHnem, KOTOpoe, kak oxuaaeTcsd, Oyaer
CTUMYNMPOBAaTb OObIYHLIX MONb30BaTENEN NepenTn oT CeTen BTOPOro
nokoneHuns Kk 3G, MOXeT okasaTbCs BUaeoTenedoHus.

MoOunbHble pa3BneYeHns — KaTeropus ycnyr, Kotopble, No Bcemn
BEPOSATHOCTU, ByAyT HaxoOuTb BCce OOJbLUMIA CNPOC NOoJib30oBaTenei u
obecneumBaTtb goxon OnepatopoB. Ycnyrn 3TON KaTeropmm MoryTt OT-
HOCUTbCS K TakUM BUAAM:

e urpbl (HGOHOBLIN TPADUK NN UHTEPaKTUBHBIA TpadUK NpU OHNan-
HOBbIX Urpax), onsa 4yero cosgatotca Web-06pay3epbl ¢ noaaepxKomn
NpPoTOKONa Java n MOAEepPHN3NPYIOTCH NOJIb30BaTENbCKUE TEPMUHA-
nbl PDA;

® [10TOKOBOE ayamo/BUAEO NO 3anpocy (NOTOKOBbLIM Tpaduk). Monb3o-
BaTeNb MOXET 3aKasaTb nepenadvy My3blku, PpaanuonporpamMmmsl Un, K
npumMepy, Hanbosnee SPKUX MOMEHTOB PyTOONILHOro Matya. KoOHTeHT
Ha4YMHAET «MPOUrpPbIBATECS» B MPOLLECCEe 3arpy3km. OTa ycnyra, B
3aBUCMMOCTU OT NMPOUCXOXOEHUA HOCUTENHA UHGOPMALNKA, JINLEH-
3NOHHbIX NnaTtexen n apyrnx GakTropos, MOXET ObITb NAATHOW UK
ecnnatHow;

e BuAeo/ayono ¢GpOHOBOro knacca no 3anpocy (POHOBbIN Tpadwuk).
Ycnyrn aToro Buaa BkJo4aloT B cebs «ckaunBaHue» ayamo- Unun Bu-
neodaiinos, KOTOPblIE MOXHO COXPaHUTb B aDOHEHTCKOM TepMUHane
M Npourpartb No3xe;

e 3JIEKTPOHHBIE KHUMKN (POHOBLIN TpadukK), rae popmat KHUI Npeobpa-
30BaH 4J151 HTEHWS HA MaNEeHbKUX AMcnnesx, n ap.

MoGunbHbIE CrPaBKU, K KOTOPbIM OTHOCATCA PUHAHCOBLIE U3BEC-
THA, CNopT, noroaa, MHgpopmauma 06 aBTOMODOUIIbHbLIX NPOOKax, pasHbIe
CcnpaBoYHbIE YCNYrK, B TOM YMCIEe, 1 YOOBNETBOPSIOLIME 3aMnpoCh! Noslb-
3oBarenei Ha OCHOBE CBeaeHUi 06 ux MmecToHaxoxaeHun. K npumepy,
aboHEHT, eayLLUMii Ha aBTOMODOUIE MO HE3HAKOMOMY PanoHy, MOXEeT 3a-
NPOCUTb MHPOPMALMIO 0 BMXKaNLLMX 6EeH303anpPaBOYHbIX CTAHLUAX.
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B atom cnyyae mMobunbHas cnpaBo4vHas cnyxba npefocTaBUT emMy
ajpeca 1 KapTbl, MOKa3bIBaOLME PACMONIOXEHNE BAvXanmx 3anpa-
BOYHbIX CTaHuui. llonyyeHne Takon mHbopMaumMnm MOXET MPOU3BO-
ouTbca yeped Web-6paysep (MHTEpakTUBHbLIA Kiacc), B 3TOM Clyyae
NoJSib30BaTENN NNATAT TOJIbKO 32 AOCTYN K ceTn. MOXHO peanm3oBaTtb
Nosly4eHne 3Ton MHPOPMALMIO N Kak YCYry, Ha KOTOPYIO NOib30BaTeNn
MOryT nognmcaTbcs (POHOBbLINM Kacc).

Ycnyru Ha 6ase onpepeseHUss MeCTOHAXOXAEHUS MOJIb30-
BaTesNif CYLIECTBEHHO LuMpe npumepa ¢ 6eH303anpaBOYHbIMU CTaH-
uMsaMu, NpuBeaeHHOro Bobiwe. lNpexae Bcero, Ha 6ase onpeaeneHus
reorpaduryeckoro nosoXeHus Nosb30BaTeNs MOXET ObiTb OPraHM30-
BaHO nNpepocTaBneHne 60bWoro oobema peknamel. OnepaTtopsbl, 3Has
MEeCTOHax0XAeHVE NONb30BaTENA U ero nepcoHasbHble AaHHble, MOTyT
noJsly4aTb 3HAYUTESNIbHLIA O0X0M4 OT aApecHon peknamsl. Hdopmaums,
npennaraemMasi B 3aBUCMMOCTU OT MECTOHaxXOXAEeHUs Nosib3oBaTens,
MOXET PacnpPOCTPaHATLCS MO ero NoANMCKe v B Ka4eCTBE PEKNAMHbIX
006BbABNEHNI, KOTOPbIE OMIAYMBAIOTCS peEKiaMogaTensmMu.

MoOunbHas koMmMepuus, BKoYaowas B cebs MobubHble 6aH-
KOBCKUE, nnaTexHble GUHAHCOBbIE Onepauum, onepauum ¢ HannYyHbIMU,
MOOUIbHbIE MOKYMKN B TOProBbIX aBTOMarax, MarasuHax, OGuUneTHbIX
kaccax. K MoGuIbHOI KOMMeEpPLMU OTHOCATCS mtobble NPOBOAMMbIE
no MOBWNBLHOM CETU TPaH3aKUUKU, MMEIOLME OEHEXHOE BbipaXeHue,
B CBSI3M C YEM MOOWJIbHbIE TEPMUHAMBI CTAHOBATCHA Tak Ha3blBAaeMbl-
MW SAEKTPOHHbIMU KoLlenbkamMn. [Monb3oBaTtenb MOXET, K NpUMeEpY,
npuobpeTtaTb TOBapbl, CTOMMOCTb KOTOPbLIX OyAeT BblYMTATLCH U3 ero
3NEKTPOHHOro KoLlenbka (Tak Ha3blBaeMble MUKPOMIATEXM), NN, ONS
[OPOrocTosiLLMX NOKYNoK, MOOUNbHbIA TepMMHan aboHeHTa MOXET UG-
NONb30BaTbCA AN UHULMMPOBAHUS TPaH3aKLUWi NO KPeaAnTHOM KapTe C
aBTopusaumein PIN-koga, ans yero y mobunsHoro Onepatopa A0JIXKHbI
ObITb JaHHbIE O KPEAUTHOW KapTe 3Toro aboHeHTa.

OcTaBuM YMTaTENO BO3MOXHOCTb MPOAOSIKATb 3TOT NEepeyeHb Aab-
LLIe HACTOJIbKO, HACKOJMbKO 9TO MO3BONISET ero daHTa3ns, U HaNOMHUM,
4yTo HoBble ycnyrn CIMC n anroputMbl Nx peann3aummn SBASIOTCS, Kak
npaswno, KOMMepyecknmMmn TariHamu OnepaTopoB MOBUIbHOM CBA3U. To
Xe, 4TO 3aZlyMaHO Kak yHuBepcanbHas ansa scex OnepatopoB MoOusb-
HOM U (PUKCUPOBAHHON CBA3W apXMTEKTypa MNpeaoCTaBfeHUs YChyr, u
ecTb yXe ynomuHasLuasacs IP Multimedia Subsystem (IMS) nna ycnyr 3G.
Mpu aToM 3aaymara IMS HacToNbKO MHTEPECHO U NePCNEKTUBHO, YTO e
nocesLLeHa 3Ha4YnTenbHoe MecTo B nekumun 20, 3aBepLualoLLel 4acTb 2.

B aTol xe nekumn mMbl 06CyOuM HUXe Lenbii Habop Ypes3BbiyariHO
NONE3HbIX 1 BOCTPEOOBAHHBIX YXXe CerofaHs ycnyr, npuaymMmaHHbix One-
paTopamu MOBUNBLHOWM CBA3M Ha TepHUcToM Nyt oT 2G Kk 3G n 06beau-
HEHHbIX YC/IOBHbIM Ha3BaHnem 2.5G.
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17.2. Ycnyru ceten 2.5G n texHonornsa EDGE

K ycnyram 2.5G MOXHO oTHecTn goctyn B NHTepHeT yepe3 GPRS/
WAP, a takke SMS 1 MMS, ycnyru 3arpy3ku nonynsipHbIX 10roTMnoB v
MeNnoamin 3BOHKOB, «KBA3MNHTEPAaKTUBHbIE» YCIYr, NMOCTPOEHHbIE Ha
SMS: 3HakOMCTBAa, 3anpoc CApPaBOYHON MHOPMaLMN 1 op.

Mpexnoe Bcero, 3amMeTuM, 4To TepMuH 2.5G BecbMa YCNOBEH, CKen-
TUKN N SHTY3MACTbl TEX NN UHBIX YITOMSIHYTbIX 34EChb YCNYr U TEXHONO-
i OTHOCAT MX KTO K 2.1G, kTO K 2.75G unun gaxe k 2.9G. NepBoi Takon
TEXHONOrMen ctana cucTemMa ¢ NoBbILLEHNEM CKOPOCTU nepeaayn naH-
HbIX OT 9,6 KOGUT/C, NnpenoctaensemMblx GSM, oo 57,6 K6bUT/c ¢ npume-
HEHNEM TEXHOJIOT M BbICOKOCKOPOCTHOM Nepeaayun AaHHbIX B PeXMe C
komMmMmyTaumen kaHanos HSCSD.

Cnenyowas, 6onee apdekTnsHaa TexHonorua HasbiBaetca EDGE,
4YTO CHa4yana paclmndpoBbiBanochb kak Enhanced Data rates for GSM
Evolution, a 3atem, B CBI3W C ee pacnpocCTpaHeHVUeM 3a npenensl
cetenn GSM, — kak Enhanced Data for Global Evolution. 9ta cuctema
npeacTtasnseT cobon 06bI4HY0 GSM ¢ yBENNMYEHHbBIM YMCTIOM OUTOB Ha
1 'y, TO ecTb No3BOJIAIIOWASA NepenaTb 6onbLie GUTOB B CEKYHAY B TOM
xe kaHane 200 k'y n TDMA c BoCeMblO BPEMEHHbIMU KaHanamu, o6-
cyxaaBwunricsa B nekuym 13. 910 4OCTUraeTcs, B NEPBYIO 04epeb, 3a-
MEHOI CXEMbI FayCCOBOM MOAYASILMN C MUHUMabHbIM caBurom GMSK
(Gaussian Minimum Shift Keying), npumeHsemon B pagmnouHtepderice
GSM, 8-nosuumoHHonm ¢dasoson mopynaumen 8-PSK (8 Phase Shift
Keying).

B pesynbrate, EDGE TeopeTnyeckn MOXET NoAAepXMBaTb CKOPO-
ctn po 384 kbuT/c, 4TO B TpM pasa BbilLe, YEM B pacCcMaTpMBaeMoin B
cnepywouem pasgene GPRS, xoTa n He pocturaet BO3MoxHocTen 3G,
KoTopble 06CcyXaannchk B NpeablayLLein nekumm. TeM He MeHee, BOMpPoC
0 WwunpokomacLiTabHomMm BHeapeHn EDGE aBnseTcst OTKpbITbIM, TakK Kak
yxe B cetn 2.5G pasBepHyTa HECKOJIbKO paHbLue nakeTHas ceTb GPRS,
nossosgwollas Ha 6ase cyuwlecTByowelr cetm GSM obmeHunBaTbecs
IP-nakeTamu no pe4veBbiM pagnokaHanam.

Huxe mbl paccmoTpum padoty GPRS Heckonbko noapodHee, HO
cpasy npenynpeaum, 4To nockonbky cuctema GPRS paboTtaeTt nuulib
KaKk HaacTpolika Haf, cyulecTtsyoulen cuctemonn GSM (unn D-AMPS,
HanpuMep), ee cneayeT paccMaTpuBaTh Kak BPEMEHHOE peLleHne, T.€.
Kak MPOMEXYTO4YHbIN BapuaHT A0 pa3BepTbiBaHMUS 0OCYyXaaBLIENCs Ha
npeablaywen nekumm 3G, npmn kotopon HapobHocTb B GPRS nocteneH-
HO MCYE3HET.
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17.3. NakeTHasa ceTb GPRS

Ycnyru nepepgayun gaHHblx B cetax GSM dasbl 2G 6a3vpoBanmch Ha
OAMHOYHbIX COEAMHEHMSAX C KOMMYTALMEN KaHA0B CO CKOPOCTbIO nepe-
naun 9,6 kKbuT/c. Takast CKOPOCTb Nepeaayn AaHHbIX CErOAHS, NPU HaNn-
ynm NHTEpHET, NpeacTaBngeTCs yapydatoLle HU3KOM N HX B KakOW Mepe
He OTBEYaeT COBPEMEHHbLIM TpeboBaHUaM. 10 3TONM NpUYMHE HAYaNUCb
paboTbl B 06/1aCTU CTaHAAPTU3AUMM C LIeSIblo NOBbICUTb (PYHKLIMOHASb-
Hble BO3MOXHOCTU YCAyr nepeaayn AaHHbIX B ceTax ctaHpapTta GSM.
PesynstatoMm 91O CTaHgapTmM3auum cTtana cneumdukaunsa rnaketHom
paaunocnyx6bl GPRS (General Packet Radio Service).

Cetb GPRS (puc. 17.1) npenctaBnset cobow ceTb C KOMMYyTaUVeNn
nakeToB (OomMeH PS), HanoxeHHylo Ha cyuiecTsylollyo cetb GSM, n
BBOOUT OBa OOMOSIHUTENbHbLIX Y312, 8 UMEHHO LW1o30Bov y3en GPRS
(Gateway GPRS Support Node — GGSN) v o6cnyxuBatouinii yaen GPRS
(Serving GPRS Support Node — SGSN).

Y3en SGSN BbinonHsAeT GyHKUMM ayTeHTUdUKaUMu, agTopmaaumu,
KOHTpONs goctyna, cbopa y4eTHbIX AaHHbLIX O NMOSIb30BaHUM yCiyramm
Ons nocnenylowmMx pacyeToB 3a yCiyrm CBs3u, MapLIpyTM3aumm nake-
TOB M ynpaBfieHUs MOOUNBHOCTLIO. Takum obpa3om, SGSN asnseTcs
aHanorom MSC/VLR B oOMeHe C KOMMYyTauUMen KaHaNoB N BbIMOJHAET
3KBMBANEHTHbIE DYHKUMM B AOMEHE C KOMMYyTaUMEln MakeToB. 30Ha
obcnyxmnBaHma SGSN penutcs Ha 30HbI MapLlupyTudaumm RA (Routing
Areas), KOTOpble aHaNornmyHbl 30HAM MECTOHAXOXAEHUS B OOMEHE C
KOMMyTaumen kaHanoB. Koroa MOOWIbHbBIA TepMUHa NepemeLlaeTcs
13 ogHoi RA B Apyryto, BeINOMHAETCA 0OHOB/IEHME 30HbI MapLUpyTU3a-
LMK, KOTOPOE aHaNorM4yHO OOHOBIEHMIO AAHHbLIX O MECTOHAX0XOEeHUN B
JOMEHE C KOMMYyTaumMen KaHanos.

OpHako ecTb 0QHO OT/INYME — MOBUBbHBIN TEPMUHAN MOXET BbIMNOJI-
HATb OOHOBNEHNE 30HbI MApLLPYTU3aLMM BO BPEMS NPOLAOJIKAOLLLErOCH
ceaHca nepenaym AaHHblX, KOTOpbIM B TepmuHax GPRS HasbiBaeTcs
koHTekcToM PDP (Packet Data Protocol). MNpu oka3aHnUn abOHEHTY yC-
Jyru nepegayn peyn B JOMEHE C KOMMYyTauMel kaHanoB 0OHOBNEHWE
DaHHbIX 00 M3BMEHEHMN 30HbI MECTOHAXOXAEHMWS OCYLLECTBASETCH TOSIb-
KO MO OKOHYaHUU COEANHEHUS.

MuTtepdeinc mexay SGSN n BSC obosHavaetca Gb v ncnonb3yet
npoTtokon BSS GPRS protocol (BSSGP) nna nepega4n nHpopmaumm
CUrHanusauum n yrnpaeneHus, a Takke Tpaduka AaHHbIX NMoSib30BaTENS
kK SGSN nnn ot Hero. Kpome Ttoro, SGSN B3anMoaencTByeT 4epes UH-
Tepdeiic Gr ¢ peructpom HLR no npotokony MAP, paclumpeHHoMmy s
nopnepxkm GPRS, o yem roeopunocs B nekuumn 14. ntepdeic Gr nc-
nonb3yetca SGSN ana obecnedyeHns obHosneHuii B HLR nipopmaumn
0 MecToHaxoxaeHnn aboHeHToB GPRS n noucka cesizaHHo ¢ GPRS
nHdopmaLmm 06 aboHEHTE, KOTOPbI HAXOAUTCS B 30HE 0OCTYXMBaHUS
SGSN.



220 Jlekums 17. Yenyru, noanepxmsaemsie CIN1C

I BSS |
' | @
[

[
| 1]
| Abis |
A |
| [
| s BTS Bsc/PcU |
| [
I [
__________ -
—————————— 3
I RAN I
I
| [

[
| IN/t/ o |
: % | luPS
| [
| UE Node B RNC l
| [
| [
I [

Puc. 17.1. Cetb GPRS

B pononHeHue k aToMy SGSN MOXeT Takxe B3auMOOenCcTBOBaTb
¢ MSC uepes nHtepgderic Gs ¢ ncnonb3oBaHmem npoTtokona BSSAP
nosepx SCCP cteka OKC7 (nekumsa 4), koTopbili npeactaBnseT cobomn
Moamdukauuio nogcuctemol Base Station Subsystem Application Part
(BSSAP), ncnonbzyemonn mexagy MSC n BSC npu nepepayin peuw.
HasHauyeHne nHTepdeinca Gs — obecnednBaTb KOOPAMHALMIO MeEXAy
MSC/VHR 1 SGSN ans tex aboHEHTOB, KOTOpble MOAAEPXMBAIOT Kak
ycnyrm ¢ koMmMmyTaumen kaHanoB, ynpaensemble MSC/VLR (nepepaya
peyun, Hanpumep), Tak 1 YCNyrn ¢ KOMMyTaLMen nakeTos, ynpaBnsiemble
SGSN.

SGSN B3aumogencTeyeT ¢ ueHTpoM SMSC uepes nHrepdenc Gd (Ha
puc. 17.1. He nokasaH), 4To no3eonseT aboHeHTam GPRS nepepasaTtb
1 NpUHUMaTb KopoTkue coobueHus no cetn GPRS. NHtepdeiic Gd uc-
nonb3yeT Takke npotokon MAP 13 nekuun 14.

Kaxabin SGSN MoxeT B3anMoaencTBOBaTb C OAHUM UM HECKOJTbKU-
Mun yanamu GGSN 4vepes nHtepdeiicel Gn. 3TK nHTEPdENCH NCNONBL3Y-
0T rpoTokos1 TyHHeampoBaHus GTP (GPRS Tunneling Protocol) Ha 6a3e
IP ons nepenaym curHanos 1 AaHHbIX nonb3osartens. Ysen SGSN moxer
B3anmMoaencTeosatb ¢ apyrumm SGSN ceTw.
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NHTepdeinc Blanmopericteus mexay SGSN Takke Ha3biBaeTCcs UH-
Tepdpeinicom Gn n Toxe ncnonbdyet GTP. OcHoBHaA GpYyHKUUS 3TOrO UH-
Tepdelica — obecneymBaTb TYHHENMPOBaHME NAKETOB OT NpPeablayLLero
SGSN k HoBomy SGSN, korga nmeeT MecTo OOHOBNIEHNE 30HbI MapLU-
pyTM3aumn BO BpeMsi npopospkaiouierocs koHtekcta PDP. OtmeTtum,
4TO Takasi nepecsklyika naketToB oT ogHoro SGSN k apyromy npoucxoauT
O4YeHb HeJoNro — TONbKO Ha BpeMms, noka HoBbih SGSN n GGSN ycTa-
HaBNMBalOT KOHTEKCT PDP HenocpeacTBeHHO Mexay coboi, nocne 4yero
npeablaywmn SGSN He yyacTByeT B COeAUMHEHMN. DTOT NPOLLECC OTNU-
yaeTcs OT XaHA0BEPA AJ19 BbI30Ba C KOMMYTaLUMeEN KaHanoB, rae nepsbii
MSC obcnyxunBaeT coeguHeHne 40 ero OKOH4YaHUS.

Y3en GGSN npeactaBndeT cobon W03, obecneynBaioLLnin B3an-
mMoaericTeme ¢ IP-ceTblo, 1 B OONbLUNHCTBE Cly4aeB BXOOUT B nHppa-
CTPYKTYpYy cetn NHTepHeT-nposanaepa. Ana s3aumogenctansd GCSN ¢
pernctpom HLR MOXHO ncnonb3oBaTb nHtepdenc Ge. 3ToT nHTtepdenc
TakKxe NPMMeHsIeT pacCMOTPEeHHbIN B nekuun 14 npotokon MAP.

JaHHbI nHTepdeiic 0bblvHO ncnonbayioT, koraa GCSN gosxeH on-
penensatb SGSN, o6cnyxunBatoLwmin aboHeHTa, Nog0OHO TOMY, Kak LUO-
30Bori MSC (GMSC) 3anpawwmsaeTt B HLR nHdopmaumio mapLupyTtunsa-
UMM 4N PEYEBOro Bbi3oBa K MOBUIbLHOMY TepMuHany. OgHako Mexay
CLEeHap1saIMn UMEETCS OHO Pasfinyine, a UMeHHO, CeaHC nepeaayn naH-
HbIX 0ObIYHO YCTaHaBNMBaET MOOWJIbHBIA TEPMUHA, @ HE BHELLHSAS CETb,
n GGSN 3HaeT, kakoih SGSN obcnyxmneaeT 3TOT MOOUIIbHLIM TepMUHa,
NMOCKOJIbKY TPaKT 0T MobunbHoro TepmuHana k GGSN npoxoauT 4yepes
obcnyxumsatowmin SGSN.

Y3en GGSN 3anpaiwmaeT y HLR nHgpopmaumio o MeCTOHaxoXaeHUn
MOBWIbLHOIrO TEPMMHANA JMLLIb B TEX Cllydasix, KOraa ceaHc UHULMNPYET
BHELLIHASA CETb Nepeaayn AaHHbIX. ATO — ONUMOHaNIbHAs BO3MOXHOCTb, U
OnepaTtop ceTy MOXET BblOpaTb OTMEHY ee NoAAEPXKKM, YTO 1 MPOUCXO-
OWT BO MHOTMUX CETSIX, IAe Takas BO3MOXHOCTb HE peannayeTcs.

17.4. BbiICOKOCKOPOCTHasA nepepada AaHHbIX
HSCSD

OcHoBHOoe pasnuune mexay GPRS v ycnyron BelICOKOCKOPOCTHOM
nepenayv faHHbIX ¢ KOMMyTaumen kaHanoB HSCSD (High-Speed Circuit
Switch Data) coctomTt B TOM, 4TO HSCSD mncnonb3yeT CyLIECTBYHIOLLYIO
CeTb C KOMMYTaLVEN KaHaNOB, a ANs yBENNYEHNS CKOPOCTU nepeaayn
OAHHbIX MCMNONb3YET HECKONIbKO BPEMEHHbIX KaHaN0B OAHOBPEMEHHO.
Ecnn kaxabii KaHan cMctemMsl C KOMMYTaLMEN KaHaN0B MOXET nepena-
BaTb JaHHble CO CKOPOCTbIO 9,6 KOUT/C, TO TOrAa LWeCTb arperMpoBaH-
HbIX KaHanoB MOryT 06ecneynTb Ty Xe CKOPOCTb, YTO U BONbLUMHCTBO
MoaemoB, dial-up s NPOBOAHbLIX IMHWIA, T.€. 56 K6UT/C.
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17.5. Ycnyru WAP

Mpunoxenne Wireless Application Protocol (WAP) npeooctaBndeT
MOOUJIbHbIM aBOHEHTAM BO3MOXHOCTb 4OCTyNa B VIHTepHET 1 ABnsieTcs
YHUBEpPCabHbIM OTKPbITbIM CTaHAAPTOM OGecnpoBOAHbIX TenedoHOB
n PDA ons gocTtaBku KOHTEHTA MHTEPHET 1 ApYrnx AONOSHUTENbHbIX
ycnyr. BaxHo oTMeTuTb, 4To x0T WAP no3BonsieT nonb3oBaTesnto nepe-
0aBaTb U NPUHMMATb TEKCT, 3TO MPUIOXEHNE N ABASETCH TEXHONOMMEN
2.5G ons BBICOKOCKOPOCTHOM 6eCnpoBOAHON OOCTABKN JAHHbIX.

17.6. Ycnyru SMS

Bpsag nu cpeam ymtaTtenei HangeTcs KTo-nnbo, He 3HaKOMbIN C Mo-
HATUEM ycJsyra KopoTkux coobLyeHunii SMS (Short Message Service). Mo
NonNynsipHOCTM OHa MO NpaBy MOXET NepBOI NpPeTeHAoBaTb Ha cTaTyc
killer application n3 Bcero, npegoctaBnsgemoro OnepartopamMun ceTen
2G. B koHue nekuum 13 yxe obcyxganacb ceteBas apxutektypa SMS.
3amMeTuM, 4TO MCTOYHMKOM KOPOTKOIr0 COOBLLIEHMS MOTMYT ObITb Kak MO-
OUNbHbIA TepMUHa, Tak U KOMMbIOTEP, COeAMHSIIOWMIACA C LLEHTPOM
obcnyxmnBaHma SMS yepes MHTepHeT. JocTtaBky coobuieHnii ot SMSC
Ha MOOWNbHLIM TepMuHan BbiNonHAeT SMS-GMSC (Short Message
Service — Gateway Mobile Switching Center), B To BpeMsi Kak AOCTaBKY
coo0LEeHns OT MOBUIbHBLIX TepMuHanoB kK SMSC obcnyxueaeT 610k
SMS-IWMSC (Short Message Service — Interworking Mobile Switching
Center); 06 aTux 6110Kkax roBOpMIOCH B nekumm 13.

Bonee nogpobHo cTpykTypa kagpa SMS-cooblieHuii, oTnpaBnse-
MbIX C MOBWILHOIrO TEPMUHaNa 1 NPUHMMAaEMbIX MOOWUITbHBIM TEPMUHA-
nom, onucaHa B [10]. 3aecb xe, B pa3BuUTME PpaCCMOTPEHHOM B NEKLNN
14 curnannsauum CrNC, otMeTnm, 4To NpoaBmxeHne SMS-coobLueHus,
NMOCNIaHHOI0 OT OAHOro MOBULHOrO TepMUHaNa K ApyroMy MOBUIbHO-
My TEPMUHANY, TPEBYET 3HAYNTENILHOrO 0OMEHA CUTHaNbLHOM MHGOpMa-
umein B nodaBneHme K caMoMy COOOLLIEHMIO.

3ajgadvy HapucoBaTb CLieHapuii obMeHa CUrHasbHbIMU COOOLLIEHU-
aMu npu nepegadye SMS oT MOBUNBHOIrO TepMuUHana A K MOBUNbHOMY
TepmuHany b, koTopbll cHaYana oTKOYEH, a MOTOM BKJIIOYEH U FOTOB K
npuemMy 3Toro KOPOTKOro coobLLEHNS, OCTAaBUM YMTATENAIM B Ka4ecTBe
ynpaxHeHUs K 3Toi nekumn. A 3aecb NpuBeAeM NMLlb KpaTkoe onuvca-
HWe Takoro cueHapust.

UTak, coobuieHne SMS dopmmpyeTcs MOOUIIbHBIM TEPMUHANOM A
1 NonagaeT B UeHTp obcnyxmBaHmsa SMSC, KOTOpbIV NPOBEPSIET BPEMS
XU3HU COOBLLEHUS, EFO MPUOPUTET, a Takke J00aBnseT K COOOLLEHUNIO
OTMETKY BPEMEHU U MHDOPMUPYET OYHKUMOHANbHBIN 610k SMS-GMSC
0 TOM, 4YTO COOBLIEHNE HEOOXOOVMMO OOCTaBUTb ONPEAESIEHHOMY MO-
ounbHomy TepmuHany b. bnok SMS-GMSC 3anpawwaeTt y HLR agpec
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MSC, B 30He 006CNy>XMBaAHUS KOTOPOro HaXOAUTCHA B TEKYLLMIA MOMEHT
Tpebyembiii MOBUNbLHLIN TepMuHan MS-B, a nonyumB mMHdopmMauuio
¢ agpecoMm MSC, SMS-GMSC ¢ nomoLLplo cooBLLEHUI NOACUCTEMBI
MAP nocbinaet coobuleHmne B aToT MSC. B cBoto ovepenb, MSC on-
penenset 30Hy mMecToHaxoxaeHuss MS-b B cBoem peructpe VLR, un
SMS-coo0bLeHne foCTaBNAeTcss abOHEHTY NO CUTHANIbHOMY KaHary.

Ecnu nonyyatens SMS — MoGunbHbIVi TepMuHan b — HaxoamnTca BHe
30HbI MOKPLITUS CETU UM BbIKJIIOYEH, COOTBETCTBYIOLLAA MHpOopMauus
nepepnaetcsa B HLR gna yctaHoBKM ¢nara, oTMe4atoLero, 41o gns gaH-
HOro aboHeHTa CyLecTByeT He goctaBneHHoe SMS, n 8 SMSC, roe co-
06LLEHME XPAHUTCS 0 TEX NOp, Noka He ByaeT 4OCTaBEHO UK MOKa He
cpaboTaeT Tanmep, onpeaenaowmin Bpems xpaHeHus SMS.

17.7. BuptyanbHaa gomawHas cpepa VHE

OtTmMeTuM Takxe chopMynMpoBaHHylo B cneundpukaumsax 3GPP
KOHLENUMIO BUPTyanbHOW pgomaiwuHen cpeabl VHE (Virtual Home
Environment), onpeaensieMyto kak BO3MOXHOCTb NepeHoca nepcoHasb-
HOI cpeabl aDOHEHTCKMX YCNYr Yepes rpaHuLbl MeXay CeTSIMU U xapak-
TEPU3YIOLLYIOCS 0OLLMM MEXaHM3MOM A0CTyNa K ycryram, cpeacteamm
C0O34aHu1s YCIyr U X BOCCTAHOBJIEHUS! B Cllydae HeobxoammocTu. Mpes
BUPTYaslbHOM OOMalUHeNn cpenbl noapasymMeBaeT NepcoHaIN3nNpPOBaH-
Hble YCNyrv, NepcoHanM3npoBaHHbIE AaHHbIE O MOJsib30oBaTene u noc-
TOSIHHbI HABOP YCNyr, HE3aBUCUMBbIX OT MECTOHAaXOXAEHUS aDOHEHTa B
TOM NN NHOWM rOCTEBOM ceTu. Ana peannsaumm Takomn BO3MOXHOCTU, B
yacTHOCTU, co3naHa TexHonornsg CAMEL.

17.8. CAMEL v npoTtokon CAP

B pamkax ocyuwiectensiemon 3GPP cTpaternm pa3sutnsa n MogepHu-
3aumn GSM B HanpasneHun k UMTS pobasneHbl v npoaosnxkatoT obas-
NATbCS ycoBepLueHCTBOBaHUS 2.5G.

BymMs Hanbonee CyLLeCTBEHHbIMU U3 TakMX YCOBEPLUEHCTBOBAHWNI
SIBNAIOTCS paccMoTpeHHas Bble cnyx6a GPRS v uHauBuayanbHO
3aKa3bIiBAEMbIE TPUIOXEHNS )1 PACLUMPEHHOM JIOMMKW CEeTer Mnoa-
BmxHou ces3u CAMEL (Customized Applications for Mobile Networks
Enhanced Logic). C y4eTOM MaTepunana ceapMoi nekuum MOXHO Cka-
3aTb, 4yTo CAMEL BHOCUT B ceTb GSM naeonoruio pacCMOTPEHHON TaM
VIHTennekTyanbHOM CETN, a TaKXE YNMOMSHYTYIO B NpeablayLlem pasaene
3TOW NEKUMN Naeto BUpTyanbHOM gomMallHen cpepl. BHeapeHne CAMEL
nenaet IN-nogobHble ceTeBble YCyry Npo3payvyHbiMK )19 NoNb30oBaTe-
Jieli BHE 3aBMCUMOCTM OT MX MECTOHAXOXOEHUS.

Mpumepom Takor IN-nogobHOM ycnyru B MOOWMLHOW CeTu SBNS-
eTcs AOCTyNn K peyeBou no4vte. BonbLWMHCTBO COTOBLIX CETEN Cenyac



224

Jlekums 17. Yenyru, noanepxmsaemsie CIN1C

NpPenocTaBnstoT AOCTYN K peY4EeBOMY MOYTOBOMY SILLMKY NyTeM Habopa
cneuyanbHOro KOpPoTkoro koaa (Hanpumep, MeragoH MCnonbL3yeT HOo-
Mep 0525). Koroa aboHEHT nepemeLaeTcs No COTOBOM CEeTU ApPYroro
OnepaTtopa, OH HE MMEET BO3MOXHOCTW MOJIb30BATLCHA 3TUMN KOOAMU.
Mpobnemy noseonset pewntbs CAMEL, nHpopmunpys obo BCeX BXO-
OSAWMX N NCXOASLMX BbI30Bax abOHEHTa, MoanucaBLUIerocs Ha ycnyru
CAMEL, yepes cpeny CAMEL-ycnyr CSE (CAMEL Service Environment).
Ob6ecneumBaeTcs 9TO C MOMOLLbIO YNOMUHaABLUErocs B nekumn 14
npuknagHoro npotokona CAP (CAMEL Application Part) cteka OKC7.
Takmm 06pa3oM, B FOCTEBYIO CETb, e BPEMEHHO HAXOANTCH abOOHEHT,
nepepaetca nHpopmaums o noanucke Ha CAMEL-ycnyrn SCI (CAMEL
Subscription Information), 1.e. cBeneHusa o Tex ycnyrax CAMEL, Ha Ko-
TOpble MMEET NOAMNNCKY STOT aOOHEHT.

17.9. Ycnyra Push-to-talk

Ycnyra Push-to-talk over Cellular (PoC) — a10 amynsauus padoTbl
00bl4HOM paumm Ha coToBOM TenedoHe, korga aboHeHT co3jaeT B
CBOEM TepMMHaNe Onuuio AnAs rpynnbl, TOXE UMEIOLWEN NPaBo Nofb-
3oBaTbcs ycnyron PoC. YTo6bl 06ecneyvnTb nonyayrniekcHylo paamo-
CBSI3b C HUMUK, aBOHEHTY JOCTATOYHO HaxaTb KHonky Push. B oTnuyne
OoT 06bI4HOW KOHdEpeHL-CBA3U, B ycnyre Push-to-talk peub nepepaetcs
B MakeTHOM pexnmMe, 4TO 06xoamnTcs abOHEHTY AeLleBne, YeM coean-
HEeHVEe Yepes3 TpaaMUMVOHHbIE CETUM C KOMMyTaumeln kaHanos. K Ttomy
xe, npu push-to-talk n3eectHa nHdpopmaums o ctatyce aboHEHTOB B
rpynne: Online, Away, Occupied 1 T.n. Takum 06pa3om, NOJb3YOLLNIACS
3TOV ycnyrov abOHEHT 3HAET HE TOJIbKO BCEX, KTO MOTEHLMASIBHO MOXET
€ro ycnbllwaTtb, HO U TEX U3 HUX, KTO B AAHHbLIA MOMEHT HE rOTOB C HUM
obuaTbes.

Ecnn cpaBHutb POC ¢ comamepumon no CTOMMOCTU YCNyron nepe-
nadyn MynbTUMeauinHbix coobuleHnn MMS, To TaM 3HaTb O COCTOSIHUN
Opyrnx aboOHEHTOB HEBO3MOXHO. K ToMy Xe, 0OMeH MynbTUMEaNAHbI-
MU COOOLLEHNSIMU UOET C CYLLLECTBEHHOWN 3a[EP>XKON MO CPaBHEHWUIO
¢ Push-to-talk: aBoHeHT cHavana 3anucbiBaeT pevyeBoe coobLleHue,
3aTeM nepegaeTt ero OAHOMY WM HECKOSIbKMM aboHeHTaMm, nony4ya-
TeNb, B CBOK O4Yepenb, CHayana nNpuHMMaeT COOOLUEHME LENIMKOM U
TONbKO MOCJIE 3TOr0 MOXET ero npocnywatb. B cnydae xe Push-to-talk
3a0epPXKM MUHUMAaIbHbI, OHU ONPEeAenstoTCs NULLb 3a0ePXKKON B CETH
nepenayn naHHbix U B PoC-cepBepe, NpeaoCcTaBAsIiOWEM 3Ty YCyTy.
MpakTnyeckn cpasy nocne Haxatmsa aboHeHTOM kKHoMNkM Push ero peub
HaYMHaeT NepenaBaTbCA BCEM NosyyaTensm.
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KnioueBble cnoBa: o6meH MynbTUMEAMIHbIMU coobLieHuamu MMS,
cnyxba KopoTkmnx coobuieHnii SMS, nakeTHasa ceTb GPRS, TexHonorua EDGE, BbiCcO-
KOCKOPOCTHas nepepaya aaHHeix HSCSD, noTokoBoe ayano/BUAE0, BUOEOKOHPEPEH-
LMKn, MOBUIbHAA KOMMEPLUS, YaT, FPYMNMoBble 3/IEKTPOHHbIE UIPbl, MUKPOMIATEXMW, YC-
nyra Push-to-talk, nepcoHanbHas cBsidb, MOOUIbHbIE pa3BfiedeHus, npunoxeHune WAP,
BUpTyanbHasa pomMawHas cpega VHE, yenyrmn Ha 6ase onpeneneHnst MECTOHAX0XAEHWS
aboHeHTa, CAMEL n CAP.

?
ij KoHTponbHbIE BONPOCHI

1. PacckaxuTte 0 knaccudunkaumm Tmnos Tpaduka k ycnyram 3G.
2. Kakune ewe ycnyrn 3G, nOMMMO ONUCaHHbIX B 17.1, MOXHO Npeanoxmtb?

3. OueHnTe NepcnekTnBbl UCMOJIb30BaHNSA MOBWITbHLIX TEPMUHASIOB B
B KQYECTBE 3/IEKTPOHHbIX KOLLENbKOB. Kakrne npobiembl MOryT
BO3HUKHYTb NP LUMPOKOM PacnpoCTPaHEHUN MUKPOMIaTeXen?

. OnuwunTe nutepdeiicel GPRS Ha puc. 17.2.

5. Kakue anemMeHTbl NogcucTeMsl KoMMyTauum cetm GSM yyacTByioT
B MPOLLECCE NaKETHOW Nepeaayn AaHHbIX?

. MosicHNTE MeEXaHN3M C NPOMEXYTOYHbLIM XpaHeHWEM npu nepeaade SMS.
. Ouenute nepcnekTuebl WAP. OB0CHYITE CBOE MHEHME.

8. OnuLwmMTe NPUHLMIMbLI BUPTYasIbHOM AOMaLLHeln cpepl.
Kak aTa koHuenumsa cesa3aHa ¢ CAMEL?

9. Kakoti aHanor ycnyru Push-to-talk wimpoko npuMeHsieTcst CeroaHs.
B yem pasHuua mexay aTum aHanorom m ycnyro 3G?

IN

~N O

@ 3apaum v ynpaxHeHus

. Pacnonoxwute Ha wkane ot 2,1G go 2,9G onncaHHble B NEKLMN TEXHONOMNKN
npeaoCTaB/IEHNS YCYT. 0600Hyv|Te pacnonoxenne GPRS, EDGE, HSCSD.
CpaBHWTE MakCMMasbHbIE NOKa3aTeNn CKOPOCTU Nepenayn JaHHbIX 9TUX
TEXHONorMn n TexHonorum 3G.

2. Hapwucyriite cueHapuin 06MeHa CUrHanbHbIMU COOBLLEHUAMM Npu nepegadye SMS
OT MOBUNBHOIO TEpPMUHAna A kK MobuibHOMyY TepMUHany b, koTopsblii cHavana
OTKJTIOYEH, & MOTOM BKJIKOYEH M FOTOB K MPUEMyY 3TOro KOPOTKOrO COOBLLEeHUS.

@ Jintepartypa Kk nekuumn 17

17.1. 'pomakos tO.A., CeBepuH A.B., LLIeBuoB B.A. TexHonornv onpeneneHuns
mecTononoxeHuns 8 GSM n UMTS. — M.: Dko-TpeHnas, 2005. — 144 c.

15. lonbawTenH
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Kauectso
obcnyxueanus B ClNC

B ppaHTactunyeckux pomaHax rinaBHoe — 310 6bi10 paavo. lNpy Hem
OXunAasnock cHacTbe YesioBedecTBa. BoT paano ects, a cHacTbs HeT.
Unbsi nbg

18.1. OCHOBHbIE NOHATUA

Tenepb, KOrga KOAMYECTBO MPOAAHHBIX poccuinckumu Oneparopa-
MW COTOBOM CBA3U TeNePOHHbLIX HOMEPOB MPEBLICUIIO YUCIEHHOCTb
HacesieHNs CTPaHbl, Mbl Y3HaNU, 4TO 4S9 CHACTbA Maso MPOCTO COTO-
BOW CBA3W. [1Ns cHacTbsl 3Ta CBA3b, KAK MUHUMYM, OOKHA ObITh eLle 1
BbICOKOKA4eCTBEHHOV. YToObl 0CO3HaTh cneundurky npodem kayecTsa
MOOUIIBHOI CBSA3N (M C YYETOM TOro, YTO Mbl Y3HaNM B nekummn 8 npo
xapakTepucTuku kadectsa B TpOI), yntartento xopoLuo Obisio Obl NOrMbI-
TaTbCs BCMOMHUTbL, KOrAa OH NOCNeaHUin pa3 CHAN TenedoHHY0 Tpyoky
CTauuoHapHOro TenedoHa 1 He ychbllwan CUrHan roToBHOCTU K NpUemy
umdp Homepa. HeT comHeHuin, 4TO Nogasnsiowlee GONbLUMHCTBO He
CMOrYT BCMOMHUTb Takyl CUTyaLuIO.

B ceTax noaBuxHOW cBA3M Aena oOCTOAT HECKOJIbKO MHadve. Pasy-
MeeTCsl, eCTb eCTECTBEHHbIE OrpaHNyYeHns 30HbI NpMemMa pagmocurHa-
na ot gBuxyuierocs aboHeHTa CMC n kK HeMy, HO NpobemMbl KayecTsa
obcnyxmnBaHma B MOOUIIbHOWM CBSA3M 3TUM He orpaHunymeatotcs. MNpexae
BCEro, clieayeTt cka3aTb HECKOJIbKO C/IOB 00 ONepaTtopCcKOM Kiacce 1
NPO NPECIOBYTbLIE NATL AEBATOK B GUKCUPOBAHHON TENehOHHOM CBA3N.
KonnyecTBeHHO 3TO CBA3aHO C OOHOW U3 CTapeunmx HOPM, CyLLeCT-
BOBaBLUKMX elle B TexHunyeckmnx ycnosusax (TY) ona gekagHo-LlaroBbixX
ATC, a oTTyaa nepeko4yeBasLuen B TY Ana cneaylowmx NnoKONEeHN y3nos
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KoMMyTaumm, — 2 yaca npoctos 3a 20 neT. YkasaHHbI B 3TOM nokasaTe-
ne cpok 20 net co BpemeH LU ATC cokpaTuncs ¢ nepBoHa4YanbHO 3a-
nUcaHHbIX Tam 40 neT, HO HaAEeXHOCTHbIE KPUTEPUN KOMMYTALIMOHHOMN
TEXHUKM OMNEepaTopCKOro Kfiacca BO BCE BPEMEHA SIBNS/INCb OCHOBOM
TENEKOMMYHUKALMOHHBIX CEeTEeN 0OLLEro NMOMb30BaHUS U COCTaBASN
BCE Te Xe «MNATb AEBATOK», T.e. KodadpPuumeHT rotoeHocTn 0,99999, yto
COOTBETCTBYET MPenenbHO JONYyCTUMbIM 5,3 MMHYTamM NPOCTOS B roA,.
MpencraBnseTcs None3HbIM NPUBECTU CrieaytoLlyto Tabn. 18.1.

Ta6nnua 18.1. CBsA3b MeXxAay K03 ULMEHTOM roTOBHOCTU 1 NEPUOAOM

npocros
Koa¢dpduumeHT roroBHocTH Mepuop npocrtos

0.9 (opHa peBsiTka) Lo 36 gHeli 3a rog,

0.99 (oBe neBaATKN) [o 89 yacoB 3arop

0.999 (Tpw AeBsaTkn) [o 9uacoB3arog

0.9999 (4eTblpe OeBATKN) Jo 53 MmuHyT 3a rog

0.99999 (naTb OEBATOK) [0 5,3 MUHYT 3a rop,

CobniogeHne napameTpoB nocneaHen ctpokm Tadbn. 18.1 ceasaHo
C BeCbMa NMpOCTbIMU, HO HE BCEraa, K COXaneHWto, BbIMOHALLINMUNCS
npasunamu, COCTOSILLIMMU B TOM, YTO:

e KOrga Bbl HAbVpaeTe HOMEpP, COeANHEHME YCTaHABNMBAETCA B COOT-
BETCTBMU MMEHHO C 3TUM HOMEPOM;

e KOrga Bbl 3aBepluaeTe Habop HoMepa, TenedoH Ha NPOTUBOMOJIOX-
HOM CTOPOHE HAYMHAET 3BOHUTb, a Bbl CAbIWNTE CUrHan «KoHTPOsb
NOCbINIKN BbI3OBa» (MW, B XyOLEM Ciyyae, 3yMMep «3aHATO») He
nosxe 4eMm yepes 2 — 3 CeKyHabl Noc/ie OKOHYaHMs Habopa;

e B COCTOSIBLUEMCS MOC/e OTBETA BbI3BAHHOIO abOHEHTa pPasroBOpe
Ka4yeCTBO PEeYU 1, B HACTHOCTU, ee pa3bopyMBOCTb COOTBETCTBYIOT
Hopmam ITU, 6e3 npocnylumBaHus axa, 6e3 OLyTUMbIX 3a4epXeK 1
6e3 NOCTOPOHHUX LLYMOB.

PasymeeTtcs, ons nepeymcrieHHbIX Bbille XapakTepPUCTUK CYLLLECTBY-
IOT MHOrOYNCNEHHbIE HOPMbI, CTaHOAPThI, peKkoMeHJauun, MeToauKn
pacyeToOB U U3MEPEHWUN, a B CEroaHsILLHMX YCNOBUSAX KOHBEPreHumn
YCNyr 1 ceTen cBA3N — ropasgo 6onee MHOrovyncneHHole Npobnemsi
onpeneneHns KpUTEPUEB N OLIEHOK, OTKPbLITbIe AN UccnenoBaTenen.
Hwuxe B 9TOWM NeKuUnM Mbl TOSIBKO Clerka KOCHEMCSA 3TOMN 4pe3BblH4anHO
MHTEepecHol NnpobnemaTmku Kadyectsa obcnyxuaHusa (QoS) nonb3oBa-
Tenem MobunbHoOM TenedOHHON CBA3LIO.

18.2. CtaHpapTu3auusa Ka4yecTBa

o6cnyxusaHusa B CINC

B nekummn 8 yxe paccmaTtpuBanocb ornpeneneHne Kkadectsa ycnyr
cBsA3n QoS, paHHoe B pekomeHpaumm ITU-T E.800. CornacHo aTomy
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onpeneneHunto nos Ka4ecTBoM ycsyr MobusibHou ¢Bsian QOS noHuMa-
eTcsl CyMMapHbI 3¢ PekT psina napamMeTpoB 00CyXUBaHUS, KOTOPbIV
orpenenseT cTerneHb yA0BAETBOPEHUS M0/Ib30BATESIS MPEeaoCTaB/eH-
HbIM 06CcyXvBaHneM. 3a npegenamm 3To KHUMM OCTaBJIEHbl aAMUHUC-
TpaTMBHbIE COCTaBnaoLWME cucTteMbl obecnedyeHnss QoS, a OCHOBHOEe
BHMMaHNE COCPeaoTO4YeHO Ha onpeaeneHnn XxapakTepucTuk KkadyecTasa
YCNyr, YCTaHOBNEHUU A1 HUX HOPM N O0BEeAEHUW KavyecTBa yCcnyr Ao
HOPMAaTUBHbIX NOKa3aTenen.

B mononHenme k E.800, Bonpocbl Q0S coctaBnaiT coaepxaHue
pekomeHpgaumn E.860 «CtpykTypa cornaweHuss o6 ypoBHe o06cny-
XuBaHus», pekomeHgaummn ITU-T E.430 «AcnekTbl OLEHKM KadecTBa
obcnyxmBaHus», pekomeHgauum ITU-T Y.1514 «MapameTpbl paboThl
ceTeln ang npenocTaBaeHns yenyr cBasun», pekomengaumm ITU-TY. 1540
«[MapameTpbl kKa4ecTBa nepeHoca IP-nakeToB», a Takxe pekoMmeHaaumn
ITU-T Y.1541 «Hopmbl ceTeBbix paboumx XxapakTepuUCTUK AAs YCAyr Ha
ocHoBe npoTtokona IP», 0 yem Mbl TOroBOpUM NogpobHee B nekunn 28.

CyuwiectBeHHas paboTta no sonpocam QoS Bepnetcs B ETSI, n B ee
pes3ynabraTte noaBunuchk TexHundeckme otdyetsl ETR 003, onpenensiowmin
obwme TpeboBaHUsA K Ka4yecTBy ycnyr cesadu, n ETR 138, onpenensio-
WM MmHorune nokasartenu QoS ansg GUKCUpoBaHHLIX ceTen TenedOoHHON
CBSA3U (KONNMYECTBO Xanob Ha aBOHEHTCKYIO JIMHUIO 3a FoA, OONS Heyc-
NeLUHbIX BbI3OBOB, BPEMS YCTAHOBIEHUS COEAMHEHUNS], CPOK BbINOAHE-
HWS 3aKkasa yCTaHOBUTb TenedoH, A0N9 Taknx 3aKa30B, BbIMOHEHHbIX
B CPOK, BPEMS YCTPaAHEHUs1 HEMCNPABHOCTENW, AONS HENCNPABHOCTEN,
YCTPaAHEHHbIX B OFOBOPEHHLINV cpok). Ona CMNC atn nokasaTtenm gonosn-
HeHbl HabOpOM MapamMeTpPOoB, YYUTLIBAKOLLMX Creumduky MoOunbHOM
CBSI3M U pacCMaTpuBaEMbIX fanee B 3TON nekumn. ITW nokasatenu
y4MTbIBAIOT TaKXKe MaTeMaTn4eckyto E-moaens pacyeTa kayecTsa nepe-
[aBaeMon peyn, No3BOJSIOLLYIO MPUHSTbL BO BHUMaHWe CyObeKTUBHbIE
oueHkn kadyecTtsa. Ob6 3TO METOAMKE Mbl ELLLE MOrOBOPUM B Niekummn 28.

PaspaboTku, BeinonHeHHble 3GPP B 06nactn QoS, Bkao4atoT B cebs
3GPP TS 23.107 — o koHuenunu n apxutektype QoS B cetn UMTS, a
Takke 3GPP TS 29.208 - 0 ka4yecTBe yc/nyr B CKBO3HOM COE€AVHEHUN
mMexnay nonb3oBartenamu cetn UMTS.

na poccuinckmx ceter NogsuXHOW CBA3K pa3paboTaH pykoBOAOS -
WM gokymeHT «CeTn cOTOBOW NMOABWXHON CBA3W. HopMbl ons noka-
3aTesnien ka4ecTBa yCnyr CBs3u U METOANKM NPOBEAEHNS UX OLLEHOYHbIX
ncnbiTaHni» ot 1 aueapsa 2002 roga. Cpeam OUEHMBAEMBIX COMIaCHO
3TOMY OOKYMEHTY NapamMeTpoB: [0S HEYCMELUHbIX BbI3OBOB B 0OLLEM
4Yucrne BbI30BOB (00 5%), 00N CeaHCOB CBA3M, 3aKOHYMBLUMXCS Pa3b-
eOVHEeHMeM He Mo nHmumaTruee aboHeHTa (0o 5%), oons BbLI3OBOB C 3a-
OEepPXKOM cuUrHana KOHTPOsS NOChISIKM Bbi3oBa cBbiwe 10 ¢ (8o 5%).
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18.3. Kputepum kauecTBa oo6cnyxusanua B ClNC

PaccmoTpeHune kayecTsa ycnyr MOOUAbLHOM CBA3M HAYHEM C NoKa3a-
Tens kadecTtsa goctyna Kk ClC, koTopblh He 3aBUCUT OT TpebyioLlencs
ycnyru, 6yab 10 Tenedonusa, SMS nnn MMS. Peyb naget o 40CTyrnHOC-
™ cetn NA (Network Accessibility) na pekomeHgaunm E.800, koTopyto
B KOHTEKCTe ctaumoHapHol cetn TpOIl mbl obcyxaann B nekummn 8.
Ona CMNC nop, AOCTYNHOCTbIO CETU MOHMMAETCH BEPOATHOCTb TOr0, 4TO
nonb3oBaTenio OyaoeT npenocTaBneH AO0CTYN K yciyram MoOUSIbHOM
CBS13M NPY HANNYMK Ha gucnnee ero MobuIbHOIo TEpMMHaNa CooTBeTC-
TBYIOLLEro nokasaHus nHaukartopa cetu. B cootBeTcTBUM ¢ paboTtamu
BbILLEYMOMSAHYTbIX MEXAYHAPOAHbIX OPraHM3auyin MOXHO Ha3BaTb Cre-
ayoLime KpUTepumn oLLEHKM KavyecTsa YCiyr MOBUITbHOM CBA3N:

e [OCTYMHOCTb CeTu, npeanonaratwLlas AoCTyn Nonb3oBaTtens K go-
MaLLUHEeN U1 POYMUHIOBOW CETU C KOJIMHECTBOM HeyCMeLUHbIX Norbl-
TOK, HE NPEBbILLAIOLLINM 3a4aHHYIO BENNYNHY;

e [OCTYMHOCTb YCJyrn, OMuUCbIBalOLWas BO3MOXHOCTb MOJIb30BaTENS
noNy4YnTb OOCTYM K ycnyre, npepocrtaBnsemor OnepaTtopomMm wunm
KOHTEHT-NMPOBANAEPOM;

e HenpepbIBHOCTb YCNyru, oTpaxaioLllas 3aBepLIeHHOCTb NpeaocTas-
JNIeHVs yCnyr BNaoTb A0 ee npekpaLleHns rno XenaHuio Nosb3oBaTe-
N4, a He n3-3a cbos B CETYH;

® [OJIHOLUEHHOCTb YCIYrn, XapakTepm3aytoLlast Ka4eCTBO YCyr B Npo-
LLecce ee okasaHus.

18.4. Noka3aTtenu kauyecTBa o6cnyxmeaHus B CINC

MokasaTensim kayecTBa ob6cnyxmBaHus Tpaduka peyn B CINC ceoiic-
TBEHHbI 0COBEHHOCTU, KOTOPbIE OOBLACHAOTCA ABYMSA OCHOBHbIMU MpU-
ynHamun. Bo-neps.bix, CIMC, cTporo roeBopsi, He nNpeacTaBnsieT cobomn
CaMOCTOSITENbHYIO CeTb CBA3M. OHa, B 3HAYNTENbHOW Mepe, UCNOMb3y-
eT pecypchl pukcuposaHHoi TpOIll. Bo-BTOpbIX, MOOUNBHOCTbL TEPMU-
Hana, npucywas CrC, TpebyeT y4mThiBaTb psig, aCnekToB, KOTOPbIE He
OblNN CyLECTBEHHbI AN18 pukcmposaHHo THOIN 1 He paccMaTpmBainch
cneumanucTamm no Ka4ecTry 0OCNYXNBAHUS.

Ha puc. 18.1 npuBeneHa moaenb TENEKOMMYHUKALMOHHOW cUcTe-
Mbl, y>Xe 00cyXaaBLuasicst BO BBogHoW nekuumn. Ha puc.18.1 ata moaenb
aganTupoBaHa K ndydaeMomMy 006bekTy — CeTh NOABUXHOM CBA3M.

LleHTpbl KOMMyTauum mobuneHon cea3um MSC BkoyaloTcsa Ha 30-
HOBOM YPOBHE M B3aUMOOENCTBYIOT C MECTHbIMU KOMMYTALMNOHHBLIMA
CTaHUMaMnN GUKCUPOBaAHHOM TenedoHHoM cetn n ¢ AMTC ¢ukcupo-
BaHHOM TenedOHHOM CeTU, BKIIIOYEHHbIMM HA 30HOBOM YPOBHe. [1nga op-
raHu3aumm MexayropogHon U MeXOyHapOoaHOW CBS3U UCMONb3YTCSH
TakKXe TPaH3UTHbIE MeXAYropoaHble/MexayHapOaHbIE Y3/ibl CBA3U.
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MoaTomy cpeacTBa NOAAEPXKN YCYT LIENeCO006pa3Ho pa3aennTb Ha
nBerpynnebl. [epBasirpynnanpencrasnsgeT coboriTe cpeacTeanoanepx-
KM yCnyr, KoTopble ncnosbaytotca B THOI n 4ocTynHbI Takke aboOHEeHTaMm
CrIC. Ko BTOpOW rpyrnne OTHOCATCS Te CPeAcTBa Noaaep>XKm ycnyr, Ko-
TOpble CO30al0TCs TOSbKO Ans obcnyxmneaHus aboHeHTos CIC.

CpepncTtea noaaep>xku
ycnyr TpOon

CeTb B NOMeLLeHnn CeTb aoctyna Ba3oBas ceTb chOﬂ
nonsb3oBatens CINC cnc

CpepncTtBa noanepxku
ycnyr CMC

Puc. 18.1. Mopaenb TeNneKOMMYHUKaLMOHHOW CUCTEMBI,
apanTupoBaHHasa k CMNC

YnomMsaHyTble 0COOEHHOCTU CUCTEM CBS3U C NOABMXHBIMU OObEeKTa-
MU YCNOXHSAIOT (MHOrAa — OYEHb 3aMETHO) HOPMKMPOBAHME MNokasaTe-
nen kayecTBa OOCMYXVBAHUS U aHaNM3 psioa BaXHbIX XapakTepucTuK
dyHKumoHmnpoaHus CI1C. NosTomy npobnemsl, KacaloLmecsa kKayecTea
ob6cnyxumaHma B CIC, cnoxHee aHanornyHeix 3agad B TOOIl1. 31o mn-
noctpupytoT Tabn. 18.2 n 18.3, coaoepxalluye npumMmepbl nokasaTtenemn
kadyecTtBa CI1C no n3noxeHHbIM B MpeabIayLLEM pasaene KpUTEpPUsMm.

Ta6nuua 18.2. TexHuuyeckume nokasaTenu Ka4yecTBa Ansg tenePoHumn
BCINC

Ycnyra Kputepum kayecTBa Mokasartenb KayecTBa

JOCTYynHOCTb yCnyru
BpeMFI yCTaHOBNEHNA coegnHeHna

JocTyn K 06CnyxXnBaHuio

TenedoHus

MonHoLEeHHOCTL 06CNYXMBAHUS KayecTBo nepepayn peyun

HenpepbIBHOCTb 06CYXNBaHUS Jlons ycnelwHbix BbI30BOB

Ta6nmua 18.3. TexHuueckue nokasaTtenu KavyecTBa ana ycnyr SMS

Ycnyra Kputepum kauecTBa NMokasarenu kauyecTBa

JocTtynHocTb SMS-ycnyrun

JocTyn K 06CnyXnBaHMio Y it
Bpems 3agepxku goctyna

SMS MOAHOLEHHOCTb OBCAYKNBAHNS Bpems poctaBkn SMS mexay nonb3osa-
TeNnAMun
0J151 YCMNELLHO BbIMOSHEHHbIX Nepeaay
Hen bIBHOCTb YXXNBAHUSA A
enpep 0CTb 06CnyXMBa SMS B ceTn
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BesycnoBHO, MOOWLHOCTL TEPMUHANA CYLLECTBEHHO YCNOXHAET
obecneyeHne 3afaHHbIX NokasaTenen kayectsa 06cnyxmpaHmsa. Mox-
HO NPUBECTN BHYLUMTESbHbIN NepedeHb GakTopoB, CMNOCOOHbLIX CHU3UTb
kadyecTBO cBsA3M B CI1C no cpaBHeHuto ¢ THOI. B cnenyouem pasaoene
Mbl OCTAHOBUMCSHA TOJIbKO Ha TPEX N3 HUX.

18.5. OcobeHHocTu CIC ¢ ToOukM 3peHnn
KavyecTBa 00CNy)XnBaHUS

B nepsylo o4epenp, cnenyer ykasaTtb Ha CPaBHUTENbHO HOBYIO — 414
NpUKNagHom Teopumn teneTpadurka — xapakTepUCTUKy: NHTEHCUBHOCTb
HarpysKku, OeNEeHHYI0 Ha eaMHULY nnowaaun. B TexHnyeckom nutepatype
Takas BennunHa —Ys 0ObIYHO M3MEPSIETCS B 3pJlaHrax Ha KBaapaTtHbIl
knnomeTp. JIOrM4yHo NpeanonoXuTb, YTO BENMYMHA Ys MakCMMasibHa B
LLeHTpanbHOW (AenoBOon) YacTu ropoaa 1 ybuiBaeT no mepe npmbnmxe-
HMS K OKpamHamMm — Tak Ha3blBAEMbIM «CMNasibHbIM panoHam». JencTeu-
TENbHO, OOLLNI TPEHA, Takon 3aBUCUMOCTU, NOKa3aHHbIN Ha puc. 18.2,
MMEET UMEHHO TaKon xapakTep. ApryMeHT L — paccTosiHue, onpenens-
loLLee yaaneHHOCTb OT LEHTPasibHOM YacTu ropoaa.

Ys
A

L

Mpumep GyHKUAN Ys=F(L)

06t TpeHn,

Puc. 18.2. U3meHeHue Y'S no mepe ynaneHHoCTH OT LieHTpa ropoaa

CtyneHuyaton dyHKUMeERn Ys =f(L) nokasaH NnpumMep peasbHOn cuTya-
umn B ycnoBHom ropoge N. OBan, naobpaxeHHbIN LUTPUXNYHKTUPHOMN
JINHWEN, yKa3blBAeT Ha OAHY U3 06nacTein USMEHEHU BENNYNHDI L, Ansg
KOTOPOI CBOWMCTBEHHbI CYLLLIECTBEHHbIE OLUMOKN B ONpeaeneHnn Benu-
YnHbl Ys. CNOXHOCTb NAaHMPOBAHNS CETU MOOUILHOW CBA3U — B OTNU-
yne ot TpOIT — cocToOUT B CneayloLeM.

Bo-nepsbix, 0O NpOBeAeHNA U3MEPEHUIA (T.€e. 40 BBOAA CETU B 3KC-
riyataumio) CNoXHO onpeaenntb xapakrep GyHkumn Ys = f(L).

Bo-BTOpbLIX, 3Ta GYHKUMA NOLABEPXEHA KPATKOCPOYHLIM (B TeYeHue
CYTOK) WU AOJITOCPOYHLIM (B TEYEHME HECKOJIbKMX JIET) M3MEHEHUSAM.
BTopoi ¢akTop CBA3aH C TeM, YTO B HEKOTOPbIX Clly4asix (akTuBmM3aums
TepMuHana nocne BbIK/IHYEHUS, POYMUHT 1 PAA, Npoueanyp, CBA3aHHbIX
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C [OCTYNOM K AOMOJSIHUTESNIbHLIM YCiyram) BO3pacTaeT KOJIMYECTBO
onepauuin, KoTopble HEOBXOAMMO BbIMONHUTL OOOPYAOBAHMIO CETU
ONs opraHn3auun cBssu. 9TO MOXET NPUBOAUTbL K POCTY BPEMEHM YC-
TaHOBJIEHNSI COEOMHEHUN, YTO, KOHEYHO, CHUXAET YPOBEHb KAyecTBa
obenyxmeaHua B CIC. PeweHne BO3HMKAOLWIMX 334a4 OOCTUraeTcs
NOBbILLEHNEM NPOMNYCKHOM cnocobHocTn CMNC n npon3BoOANTENbHOCTHA
ee 3/1eMeHTOB. Kpome Toro, BaxkHbIM CPEeACTBOM ClefyeT cumTaTth Mno-
Ny4yeHne 6osiee TOYHbIX MPOrHOCTUYECKMX OLL,EHOK CNpOCca Ha YCyrn Tex
BNOOB, NPeOOCTaB/IEHNE KOTOPbIX CBA3AHO C BbIMNOJIHEHMEM BOMNbLLIOIO
ob6bema Iormyeckux onepauun.

Tpetnii dpakTop 0OycnoBreH HeoOXO0AMMOCTbIO COBMECTHOIro WC-
NONb30BaHUA ABYX Pa3HbIX NMOAXOAOB (M PA3HOro MareMaTn4eckoro
annapara), paHee UCnob30BaBLUNXCS HE3aBUCUMO. Peyb nget o npuH-
umnax pacyera NponyckHOM cnocoBHOCTM CEeTU, C OOHOW CTOPOHbLI, U
YaCTOTHO-TEPPUTOPUANBHOIO MAaHUPOBAHUS — C APYroi CTOPOHbI.
KoHcTaTtaums aToro ¢akra — TONbKO «BeplunHa ancbepra», nccneno-
BaHWIO KOTOPOIro MOCBSLLEH pPag MOHOrpaduin n ctatert POCCUNCKUX U
3apyOeXHbIX y4EHbIX.

CTIC, ¢ To4kM 3peHuns kadyecTBa 0O6CNY>XMBaHUSA, UMEET OOHO BaXXHOE
NPenMyLLLEeCTBO Nepen cetTaMmn GUKCUPOBAHHOW CBA3KW. JJonyCcTuUM, 4TO
ceTb PMKCUPOBAHHOW TenedOoHHOM CBA3WM yCMeLwHOo yCcTaHOBMAA CO-
€JVHEHME B MOJSIHOM COOTBETCTBUM CO BCEMM MoKalaTenssMm KkadecTea
ob6cnyxmBaHmsa. OTO He O3HA4aeT, YTO yOacTCcsa NOroBOPUTb UMEHHO C
TEM YENTIOBEKOM, C KOTOPbIM HEODOXOAMMO OOMEHSTLCS MHPOPMaLMEN.
Takas cuTyauust MOXeT UMeTb MECTO, €C/IM COEANHEHME YCTAHOBNEHO
C TenedOHHbIM anmapaTtoM B KBApTUPE, rOe MPOXMBAET HECKOJIbKO
yenosek, Unu B opuce, B KOTOPOM pabOTAET HECKONbKO COTPYAHMKOB.
MoGUNbLHBIA TEPMUHAN, KakK NPaBWO, SBASIETCA NepCOHasbHbIM YCT-
poncTBOM. [M0OSTOMY OTBET BbI3bIBAEMOIr0 MOOWILHOIO TEPMMHANa C
O4Y€Hb BbICOKOM BEPOSATHOCTbIO O3HA4YaeT BO3MOXHOCTb pa3roBopa C
HY>XKHbIM YEeNTOBEKOM. B pe3ynbrare CHMUXAeTCst KOIMYEeCTBO CBOMCTBEH-
HbIX THOI NOBTOPHBLIX MOMBLITOK YCTAHOBIEHUS COEANHEHUS, KOTOPbIE
HEeNPOM3BOOUTENBLHO 3aHMMAIOT pPecypcbl ceTu. Llenb yctaHoBneHus
COeOVHEHNS UMEHHO K TpebyeMOMy Nonb30BaTesio Obiia nocTaBneHa
OAaBHO, A0 WMpPOKOro pacnpocTtpaHeHma CI1C. MexayHapoaHbli COoo3
3NEeKTPOCBA3N pa3paboTan KOHLENUUIO YHUBEPCAIbHOM NEPCOHANbHOW
CBSA3M, NpeaHa3Ha4eHHOW AN YCTaHOBNEHNSI COEAMHEHUI B CETAX DUK-
CMPOBAHHO CBA3U C TeEM aOOHEHTOM, KOTOPbIN AEACTBUTENTBHO HYXEH.
OpnHako Tonbko no mepe pas3sutusa CIrC aTa uenb 6bina AOCTUIHYTa Ha
npakTuKe B MNOJIHOM O0ObeMeE.

18.6. MHCTpyMeHTanbHbIe cpeacTea

Ang oueHkun QoS

CyliecTByeT HECKOJIbKO CNOCOOO0B OLEHKM Ka4yecTBa 00CTyXMBaHWS
B CIC. MNepBbiM1 TakuMn cnocobamu SIBASIINCL TECTbI B pPOLEcce
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nepemeteHuns. KomaHga ncnonHuTenemn, Kotopyto opraHmayet Onepa-
TOp, €30UT NO 3apaHee 3afaHHbIM MapLipyTamMm B CETU U Nepuoamyec-
KN MHUUMUPYET BbI30Bbl. Pe3ynbtaTthl (HanpuMep, He COCTOSIBLUMINCS
X3HOOBEP, MoXasi ClbILMMOCTb, MPEepBaHHbIE COEOVMHEHUS U T.M.)
nepenalTcs U3 MOOWJIbHBLIX TEPMMUHAJIOB 3TOW KOMaH4bl B CNeuyanmau-
POBaHHbIM KOMMNbIOTEP A9 CTAaTUCTUYECKOMN 00paboTKU. STOT BUA, N3-
MepeHUin NpeacTaBnsaeT Ka4eCcTBO CeTn Hambonee 6IM3KO K TOMY, C YEM
CTankMBalTCS peasibHble aboHeHTbl. OgHaKo HeJOCTATOK 3TOro MeToaa
COCTOUT B TOM, YTO YAAETCS NPOBEPUTL TOJIbKO OrpaHNYeHHYo 061acTb
1N HeBONbLLIOE BPEMEHHOE OKHO, MPUYEM CaMO TECTUPOBAHWE CTOMUT
ypeaBblyariHo goporo. MoaTomMy co3paloTcs pasHble U3MEepUTESNbHbIE
NprbopbI 4N OLIEHKN XapakTepncTuk QoS, KOTopble MO3BONSAIOT CYAUTb
0 KayecTBe CBSA3U Bosiee nnn MeHee 0O6bEKTUBHO 1 B peasibHOM BpeMe-
HW, UCMONBb3YIOTCS aHanu3aTopbl curHanmsaumm knacca SNTIlite, koTo-
pble Nepuoanyeckn NoACOeauHSAIOTCS K uHTepdencam ctaHuuii BTS,
koHTponnepos BSC n ueHTpoB kommyTaummn MSC, a Takke MUTaTopsbl
Harpy3kn knacca ABVCTEH n opyras KOHTPONbHO-U3MepuTesnbHas an-
napartypa.

BecbMa nepcrnekTnBHbIMK MPEeACTaBASIOTCS MeToAbl, 6asnpyowme-
€S Ha CUCTEMAax CETEBOro MOHUTOPUHIa knacca CMANAEP [17]. Mepu-
depuiniHbIE MOOYN CUCTEMbI MOHUTOPUHIA MOAKM0HAOTCA K CETEBOMY
obopynosaHuio CINC n nytemMm yoaneHHOro goctyna codbupaioT AaHHbIe
ONs LeHTPA ynpaBneHuns. YCTaHaBNMBaEMbIE B CETEBbIX 3/IEMEHTaxX CUC-
TEMbl MOHUTOPUHIa pPasHOOOpa3Hble CHYETYMKM BCEBO3MOXHbIX COObI-
TUIA NOCTOSIHHO CHABXaloT LLEHTP ynpaBneHns nHpopMaLmen o CocTos-
HUM CETM N O KayecTBe OOCNYyXMBaHUSA, KOTOPOe OHa obecrnevnBaer.
Mpumepamun Taknx NOACYUTHIBAEMbIX COOLITUIA MOTYT SIBASITbCS KONU-
YECTBO BXOASLMX U UCXOOSALMX XOHOOBEPOB; BbI30BbI, MPEpPBaHHbIE
00, BO BpEMS 1 NOCNe OTBETA Bbl3bIBaEMOro aboOHEHTa; BbI3OBbI, MOTEe-
PSIHHbIE N3-3a OTCYTCTBMS CETEBbIX PECYPCOB. BaxxHoe npenmyLLLecTBo
pe3ynLTaToB M3MEPEHNI C MOMOLLbIO CUCTEMbI MOHUTOPUHIA COCTOUT
B TOM, 4TO obecneymBaeTcs MHPopmMaLmsa O Ka4eCTBe BCEW CeTU, a He
eOuHWYHBIX cTaHuuin BTS, koHTponnepos BSC wnu y3nos MSC. 3ta
nHpopmaumsa bonee 0OBbLEKTUBHA, Tak KaK OHa B HAMMEHbLLEN CTeneHn
3aBUCUT OT cneundnyYecknx 0COBEHHOCTEN TEX UM NHBIX aDOHEHTOB.
Bonee TOro, B LEHTP ynpaBieHNss MOryT ObITb 3arpy>XeHbl 3TAJIOHHbIE
daiinbl TPACCUPOBKN AN\ CTAaTUCTUYECKOW oueHKu. Ecnn obHapyxuBa-
loTCS NPO6GEMBI, peanbHbIli N 3TANIOHHbIN danibl TPACCUPOBKM MOXHO
aHanm3upoeaTtb 6onee TwaTenbHO U Aaxe BPy4YHyto. Takoe coyeTaHue
pe3ynLTaToB U3MEPEHUST CUCTEMON MOHUTOPUHIa, TECTOBOro obopy-
[OBaHVS 1 aHann3a NPOTOKOI0B M CaMOro A0POroro — TeCTUPOBaHUS
B OBWXEHUM — MO3BOJISET CAENaTb KBAMPUUMPOBAHHOE U OObLEKTMB-
HOEe 3ak/lloYeHne O peasibHOM kayecTBe obcnyxmBaHusa QoS B ceTtu
MOABUXHOW CBSA3U.
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KnioueBble cnoBa: o6¢cnyxmBaHue onepaTopckoro kiacca, ka4ecTtso o6cny-
xunBaHus QoS, KoaPOULMEHT rOTOBHOCTU, NSATb AEBSATOK, A0S HEYCMNELIHbIX BbI30BOB,
BpeMsi yCTaHOBNEHUs1 coeamHeHusi, E-mogenb, KOHUEnuMs yHMBepcasibHOW Mnepco-
HasnbHOM cBA3n, pekomeHgaumn E.800, E.860, E.430, Y.1514, Y. 1540, Y.1541, pnocTtyn-
HocTb ceTu NA, 4OCTYMHOCTb YCIyr, HEMPEPbLIBHOCTb YCIYrU, MOHOLEHHOCTb YCYri,
ETR 003, ETR 138, HopMmupoBaHue nokasatener QoS, MmobunsHocTb TepMmuHana, 3GPP
TS 23.107, 3GPP TS 29.208, aHanunzatop curHannsauum SNTlite, nmmutaTop Harpysku
ABUCTEH, moHuTopuHr cetv CIAVMOEP, namepenns QOS, MHTEHCMBHOCTL HArpyskiu Ha
eanHULY nnowiaau, dpnaHr Ha kBaapaTtHbI KunomMeTp, naaHmposaHue CIIC.

ia KoHTpoOnbHbIe BONPOCHI

1. MNpuBeanTe NpMMepsl, COOTBETCTRYOLLME CTpokam Tabn. 18.1.
MokaxuTe, Kak paccYMUTLIBAOTCS 3HAYEHUS NPaBoro cronbua.

. Kakune daxkTopbl, TOMMMO HaAEeXHOCTU, 0Ka3blBAIOT BMsiHME Ha noTepu B CMNC?
. YkaxuTte pekomeHgaumm ITU-T o kayecTBe 06CayXnBaHNS MOBUNLHOM CBA3bIO.
. Kakue nokazatenu QoS paccmartpmBatotcs B padboTtax ETSI n 3GPP?
. Jarite onpegeneHns 4OCTYNHOCTU CETU, AOCTYNMHOCTU YCAYrv, HENPEPBLIBHOCTU
N MONHOLEHHOCTN 0BCNYXNBAHUSA.
. B yem pasHunua TexHMYeCKMx nokasaTenen kaiyecTra ansa ycnayr renedoHnn n SMS?
. YTo Takoe «apnaHr Ha KBagpaTHbI KUIOMETP»?
8. Kakuve nHctpymeHTanbHble cpeactsa namepeHns QoS npumensiotcea B CMNC?

apbhowON

~N O

@ 3apaun n ynpaxHeHus

1. Cpenalite aHanM3 N3MEHEHUN Harpy3Kkn Ys No Mepe yaaneHHOCTU OT UeHTpa
ropoga cornacHo rpadpuky Ha puc. 18.2. HanuwuTte anropmMtm pacyeTta Harpyskm
CETU NOABUXHOW CBSI3N B OAHOM ropofe. B 4em OCHOBHbIE OTNNYMS TAKOrO
anroputma ot pacdeTa Harpy3kn [TC dukcnpoBaHHOM TeNedOHHON CETU.

@ AononHutenbHas nuteparypa K nekuun 18

18.1. babkos B.1O., MonbiHueB INM.B. YcTioxaHnH B.U. KauecTBo ycnyr MOOUIbHOM
cBa3n. OueHka, KOHTPOsb 1 ynpaeneHue. MNoga pea. npodeccopa A.A.forons. —
M.: lopsyasa nuHnsa-Tenekowm, 2005. — 160 c.

18.2. TuxsuHckunin B.O., BonognHa E.E. MNoaBuxkxHas CBA3b TPETLENO MOKOJIEHNS.
OKOHOMMKA M Ka4eCTBO ycnyr. — M.: Paano 1 cBadb, fopsayas nnHus-Tenekom,
2005. -240c.

18.3. butHep B.W., Monoe I"H. HopmnpoBaHne ka4yecTBa TENEKOMMYHUKALMOHHbIX
ycnyr: YuebHoe nocobue. Mopg pen. npodeccopa B.IM. LLyBanosa. —

M.: lopsyasa nuHmnsa-Tenekom, 2004. — 312 c.



Nlekumnsa 19

3apauu
pacyeta CI1C

B n1t060vi Hayke CTOJIbKO UCTUHbI, CKOJIbKO B HEVi Maremartuki.
WimmaHynn KaHt

19.1. OcobeHHOCTH pacueTa ceTen CINC

3agaym pacyeTa ceTer NoABMXHOM CBA3N, TaK Xe, Kak 1 CETEN CBA3N
B LLeJIOM, MOryT ObITb pa3aesieHbl, Kak OTMe4eHO B JieKUnn 9, Ha TOono-
normndyeckue 3agaydyun, 3agayvm oueHknm ka4ecrtBa O6CJ‘Iy)KVIBaHI/IF| n 3agavn,
CBsI3aHHbIe C pacyeToOM NPOMNyCcKHOM cnocobHocT. OgHako cneundurka
FIOJJ,BI/I)KHOVI CBA3N BeaeT K onpeageneHHbiM, BeCbMa CYLECTBEHHbLIM
ocobeHHOCTSAM B 3apadax pacyeta CIC.

3T 0coBEHHOCTN CBSI3aHbl, B NEPBYO 04epenb, CO CBOMCTBaMU pa-
anouHtepdenca (Ha ysactke MS — BTS), onpegensembiMu Cpeaon ¢ or-
paHMYeHHbIM YacTOTHbIM pecypcoM. KoHeyHas nosioca pagmocnekTpa,
BblAENSIeEMOro ons nepenadm v npuema, NnpuBoAuT K HEOBXO0AMMOCTU
NOBTOPHOIO UCMOJIb30BaHMUSA HYaCTOTHbLIX PECYPCOB (3agada YacTOTHO-
TEPPUTOPMASIBHOIO MAIAHMPOBAHUS) U K MPUMEHEHUIO NEPCNeKTUBHbIX
MeTOA0B MOAYNSALMM 1 KOAMPOBAHWUS (3a4a4a NOBbILLEHWSI NPOMYCKHOMN
CMNOCOBHOCTU CUCTEMBI, OTArOLLEHHAs HaNMYMemM pagmokaHana, u, cne-
[oBaTenbHO, 6osiee HU3KOM NMOMEXOYCTOMYNBOCTBIO, YEM B NPOBOAHbIX
cucTemax CBs3n).

Y10 Xe KacaeTcs OLEeHKM napaMeTpoB KayecTBa OOCNyXMBaHUSA, B
3apadax pacyeta ClC dyHKUMOHMPYIOT ABa TMNa CUCTEM MacCOBOIro
06CNyXnBaHUSA: CUCTEMbI C NoTepsiMu (Hanpumep, cuctema GSM ans
nepenayn peum) n CUCTEMbI C OXnaaHmem (Hanpumep, cuctema GPRS ¢
nakeTHOM nepenayen JaHHbIX).
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B nepBoM cnyyae HeoOXoauMO OLEHNTb BEPOSATHOCTb MOTEPU BbI30-
Ba, TOrAa Kak BO BTOPOM — 334€P>XXKN 1 NOTEepU NakeTos.

B aTOI nekuym Mbl pacCMOTPUM 334a4U1, OTHOCALLMECSH K Npobneme
NOBTOPHOI0 UCMOJIb30BaHMUSA YaCTOTHOINO pecypca, K pac4eTy eMKOCTU
CIC u K oueHKe NponyckHoW cnocobHocTu yana kommyTtauum GPRS.

19.2. NoBTOpHOE ucnonb3osBaHue 4YacTtoT B CINC

Kak yxe oTmMevanoch B NpeabiayLmx nekumax, noceaweHHbIx ClC,
OCHOBHbIM MPUHLUMMNOM MOCTPOEHUSA COTOBbLIX CETEil CBA3U ABNAETCA
MOBTOPHOE UCI0/Ib30BaHUE 4acToT.

MpUHLUMN NOBTOPHOIro MCMNOJIb30BAHNS 4YACTOT COCTOUT B TOM, 4TO B
cocegHunx (CMeXHbIX) cCOTax CUCTEMbI NOABMXKXHOW CBA3N MCMNOJIb3YOTCA
pasHbI€ MNOJIOChI YACTOT, @ B HE CMEXHbIX COTax Npu JOCTaTO4YHOM yaa-
JNIEHUU MX Opyr OT Apyra UCnosib3yemMble NOMA0Chbl HaCTOT NOBTOPSIOTCS.
Takor NpPUHUMN NO3BOASIET NPU OrPaHMYEHHOM 4aCTOTHOM pecypce,
Bblaensemom Onepartopam CI1C, 0XxBaTUTb COTOBOW CETbIO CKOJIb Yroa-
HO OOJbLLYIO 30HY 0OCNYXXMBAHUSA NPU AOCTAaTOYHOM Yncne aboHEHTOB.

PacnpepneneHue 4yacToT Mexay 6a3oBbiMu cTaHUuuaMK BTS aBnseTcs
OJHOW 13 noa3anay obLler 3afa4m 4aCcTOTHO-TEPPUTOPUASILHOIO 1a-
HUpoOBaHWS pPagnmoceTy, BKIoYalowelh B cebsa Takxe onpeneneHue
MecT pacnonoxeHus BTS, BbIGOp Tuna aHTEHH 1 BbICOTHI X NoABeECA
1 onpeneneHne MOLWHOCTM NepeaaTinkos.

B 60MbLWMHCTBE KHUI O COTOBbIX CETAX CBA3W paccMaTpuBaloT-
CSl BO3MOXHbIe NOAX0A4bl K PeleHnio 3a4aqynm 4acToTHO-TepPpPUTo-
puasbHOro NJaHMPOBaHMA, OOQHAKO pelleHne 3TOoW 3a4adyun B NoJi-
HoM obGbeme npeacTaBnsieT coboW BecbMa CJ/IOXHYO npobiemMy u
NPOBOANTCS C UCMOJIb30BAaHMEM CrneumnasnbHO pas3paboTaHHbIX Nake-
TOB MPOrpamMm, ABASIOWMXCA COBCTBEHHOCTbIO GUPM 1 He Nybnnkye-
MbIX B OTKPbITOM NeyaTn. B aTom naparpade mMbl pacCMOTPUM TOJIbKO
npo6aemMy NOBTOPHOIO UCMOJIb30BAHMSA HaCTOT.

Beenoem noHatue Kractep pnga onpeaeneHnd rpynnbl COT, B KO-
TOPbIX NCMNONb3YKTCA He coBnagalowme 4aCTOTHble MOJ10ChI (I/IJ'II/I

yacToThl). Knactep xapakTepu3yeTcsi BesIM4MHOM 1|, Ha3biBaemMomn
KO3 PULMEHTOM NMOBTOPHOI0 MUCNoJib30BaHus YacToT. Ha puc. 19.1
npeacraBieHa cxema pasMelleHns CoT Ha obcnyxmBaeMon Teppu-

TOpUW ANa cny4yas, korga napamMeTp 1 paBeH 3 ayenkam.

OaonHakoBbIMM OYKBEHHbIMU CUMBONaMU OOO3HAYEHbI AYENKM,
B KOTOPbIX MCMNOJMb3YIOTCS OAMHAKOBBLIE MONOCHLI 4acToT: (A, B, C).
O6uwee ymcno siyeek, KOTOpPbIE MUCMONb3YIOTCA B 9TOM WabnoHe,
paBHO 9.
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M3 pucyHka cnenyert, 4To N = 3 ABASETCH MUHUMasIbHO BO3MOXHbIM
3Ha4YeHnem KoadpodunumeHTa NOBTOPHOI0 UCMONL30BaHMA YacToT. [pun
Takon CTPYKType knacTepa B/NSHUE CUrHANOB OOMHAKOBbLIX 4acTOT
M3 COCefHUX KacTepoB (ABNeHMEe cOoKaHanbHOW MHTEpdepeHunn)
ABNAETCH MaKCUMaJIbHbIM.

O4eBUAHO, 4TO YeM BosbLLEe NapameTp 1], TEM PEXE NOBTOPSIOTCA
NCNONb3yeMble 4acToThl. TakuM 06pasoM, ASI8 CHUXEHUA YPOBHSA
coKaHaNbHOW uHTepdEepeHLUNUn paccTogaHue Mexay coTamMn C
O[MHAKOBLIMW 4acToTamMM B pasHbIX KacTepax [OO0/KHO ObiTb Mo
BO3MOXHOCTU GonblunM. C Apyroii CTOPOHLI, yBENNYEHME YMucna coT B
OJIHOM KJlacTepe BeAeT K NPOonopLUUOHaNbHOMY YMEHbLLEHWUIO 4acToT,
NCMNONb3yeMbIX B OHOM COTe, U, Kak CIeCTBUE, K yMEHbLLEHUIO Y1ucna
aboOHEHTOoB, 06CNyXMBAEMbIX B O[HOI COTe.

Puc. 19.1.  Knactep wa6nouaT] =3

Ha npaktnke B ropogax v 065acTsX CO CrIOLWIHbIM COTOBbIM
NOKPbLITUEM TMPUMEHSIOT KNacTepbl, FOe Kaxayl CoTy OensaT Ha
3 cekTopa, NCMoJib3yst aHTEHHbI HANPaBNEHHOrO U3TyYEeHNS C LUMPUHOA
amarpamMmbl HanpaeneHHocTu 120°,

CtpykTypa knactepa c wabnoHom 3/9 (Tpu CcOTbl Knactepa OenaTcs
Ha 9 CeKTOPOB, B KAXA0M N3 KOTOPbIX MCMOJIb3YETCHA HEMOBTOPSIOLLINIACS
B KJlacTepe Habop 4acToT), nokasaHa Ha puc. 19.2. Mpu npoekTupoBaHn
CIC, kpome wabnoHa 3/9, Mcnonb3yoTCHa CTaHAAPTHbIE WabnioHbl 4/12
n7/21.
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Bba3oBble cTaHUMK, B KOTOPbLIX Pas3peLleHo NOBTOPHOE UCNOAb30Ba-
HMe 4acToT, yaaneHbl Apyr OT Apyra Ha pacctosHue D, namepsemoe
MeXay LUEHTPaMU LLIECTUYIOfIbHbIX SHEEK M HA3bIBAEMOE 3alLUNTHbIM
WHTEpBa/ioM. Wcxoasn U3 reoMeTpuUHYeckmx COOOpPaXeHUn, MOXKHO
onpegenntb napameTp D B cnenyoLlem suae:

D=R3, (19.1)

roe R — paguyc OKpy>KHOCTU, ONMUCaHHOM BOKPYr NPaBuiibHOMO LLIEC-
D
TUyronbHunka. OTHOLLIEHWE E onpenenaeTcsa Kak KOapPULMEHT yMEHb-

LHEeHNA COKaHaJIbHbIX MOMEX.

Puc. 19.2. KnacTep c wa6noHom 3/9

Kaxnpov BTS Bbioensetcs Habop n3 N kaHanoB ans o0cnyXmBaHus
aBOHEHTOB C LUMPUHOW NOJSIOCHI HaCTOT KaXa0ro kaHana, paBHoM Fy.

Torga obuias WwuprHa Nonockl YacToT Fyz, 3aHMmMmaemadq CI1C, cocta-
BUT:

F=nNF,. (19.2)

3Hasa 00LLyl0 BENNMYMHY YAaCTOTHOIO AuanasoHa, BblAensemMoro ans

OnpeaenieHHoOn COTOBOW CETU, MOXHO OMpenennTb YMCNO KaHaslioB B
coTe:

_ FZ
N_U_Fk' (19.3)
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19.3. PacuyeT emKoCTU ceTu NnOoABMXHON CBA3N

Mo eMKOCTbIO CeTU MNOABUXKHOW CBA3M NogpasyMeBaeTCs KONIMYeCT-
BO aOOHEHTOB A, KOTOPOE CeTb CNOCOOHA 0B6CNYXXNTb NPU 3aaHHbIX:

e BEPOSTHOCTU NOTEPb Pjgss (BEPOSATHOCTL OTKa3a B YCTAHOBAEHUU
COeauHEHNS);

* yucrne GmM3ndecknx kKaHanos Ha coTy N;
® yucrne coT M Ha TeppuUToOpPUM NOKPLITUS.

B cucteme GSM peub nepegaetcs B peXxXnmMe KOMMyTauum KaHanos,
NOSTOMY BEPOSITHOCTb MOTEPb OLEHUBAETCA B COOTBETCTBUM C
B-popmynori OpnaHra, pacCMOTPeHHOW B nekuum 9. BeposTHOCTb
notepb Pioss B ceTn GSM o06bl4HO 3apaetcs B npegenax ot 0,01 go
0,05.

3apava pacyeta €MKOCTM CUCTEMblI COTOBOM CBSA3M pELLUAETCH B
ciieayouiem nopgaake.

1. 3Has YNCNO KaHaI0B Ha COTY, MOXHO ONpenennTb U3 Tabnuupbl onsg
B-popmysibl QpnaHra aonycTuMoe 3Ha4YeHne MHTEHCUBHOCTU Tpaduka
Yc B OpnaHrax, o6cnyxnBaemMoro B cote npu 3agaHHON BEPOATHOCTU
Pioss-

2. VIHTEHCMBHOCTb Harpy3km ogHoro aboHeHTa Yj oueHMBaeTcs B
nepuvog HanbonbLLer Harpy3kn Npu U3BECTHbLIX CPEOHEN AJINTENbHOCTHU
OHOr0 3aHATUS N KONMYECTBE BbIZOBOB. OTOT MNapameTp 06blYHO
M3BECTEH NPU pacyeTax Harpy3kn U ero BENNYMHA Ha Ha4YasbHbIX 3Tanax
pPasBUTUS CEeTE NOABMXKHOW CBA3U NpuHUMaeTca pasHor 0, 015 spn.

3. KonnyecTtBo aboHEHTOB, KOTOPbLIE MOTYT ObITb 06CY>XEHbI B OAHOM
COTe, OLLEHNBAETCS OTHOLLEHMEM CNEAYIOLLEro BUAA:

Y

c

7i .

a= (19.4)

4. KonnyecTBo aBOHEHTOB A, KOTOpbIE MOTYT 6bITb OBCNYXEHbLI BCEN
COBOKYMHOCTbIO M COT (Npn yCNOBUN NX PAaBHOMEPHOW 3arpy3ku) pas-
HO:

A=aM (19.5)
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19.4. OueHka NPonNyCKHOM CNOCOOHOCTH
TpaHcnopTHou ceTn B GPRS

PacuyeT nponyckHoi cnocobHOCTM TpaHcnopTHoii cetn GPRS
(nomeHa PS) onpepensietcs TpeboBaHMAMKW K nokasaTensm kadecTsa
06CNyXnBaHMS, B HaCTHOCTU, K BENIMYMHE 33 PXKM.

Cuctema GPRS, kak n niobasi ceTb CBSA3M, MOOENMPYETCS CUCTEMOW
mMaccoBoro ob6bcnyxueaHus (CMO), m npu pacuyete npOoMnyckHOM
CNOCOOHOCTM NCNONb3YITCA GPOPMYIbl, COOTBETCTBYIOLLINE BbIOpPAHHOMN
mopenun. MNockonbky cnctema GPRS vcnonb3yeT pexum KoMmyTauum
nakeToB, And MogenmnpoBaHuAa Tako CUCTEMBbI NMPUMEHATCA CUCTEMDbI
C oyepeasimu.

CucteMbl C ovepeasmn Gonee [OeTasbHO paccMaTpuBaloTCs B
nexkumm 29, a 30ecb Mbl BOCMOJIb3yeMCS FOTOBbIMU peaynbTatamu OJis
3TUX CUCTEM W MPUMEHUM UX O OLEHKM MPOMYCKHOM CMOCOBHOCTU
npu YCNOBUK, YTO cpeaHee BPeMs 3aepXKN B TPAHCMOPTHOM ceTn He
NPEeBbLICUT AOMYCTUMOE 3HaYeHue.

Mcnonb3ysa cTtatmctu4ecknme p[aHHble O XapakTepe MNOTOKOB B
TpaHcnopTHom ceTn GPRS 1 npuHaB BNONHE pa3yMHbIE NPeanonoXeHu s
0 pa3mepe namatm B y3nax cuctembl GPRS, mbl ucnonb3dyem ang
MoaenvpoBaHua kommyTtatopa GPRS cuctemy M/G/1 (nyacCOHOBCKUM
NOTOK Ha BXo4e, 001 BUA, pacnpeneneHmns, BpeMeHN 06CnyXnsaHms,
oanH obcnyxunsaloLwmii nprubop, 6eckoHeyHbIl pa3mep Bydepa).

CpenHsa  3apepxka MPOTOKOJIbHOrO ©Osioka B Takoh cucTeme
paccuntbiBaeTcs No ¢opmyne XuHumHa-lNonsyeka, K KOTOPOM Mbl
BepHemMcs B naparpade 29.2:

P 2
tq:g:t l+p—1+CA )
A 2(1—p) (19.6)

N

roe

¢ — CpeaHsas AnvHa o4epeam B paccMaTpuBaemMor cuctemMe (B Yncne
NPOTOKOJbHbIX 6110K0B MB);

A
P= ; — MHTEHCUBHOCTb Harpy3ku cuctembl M/G/1, pasymeeTcs,
p<l;

A, L — 3HAYEHUS MIHTEHCUBHOCTW NOCTYNIEHUs 1 o6cnyxumeaHus MNb B
cucTemMe, COOTBETCTBEHHO;

{5 — cpenHee Bpems o6cnyxneaHua MNb B cucteme;
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Cv2 — l)_(tsz)
@)

obcnyXnBaHus, paBHbIi OTHOLLEHUIO ANCIEPCUN BPEMEHN 06CyXMBa-

— KBagpaTtn4Hblil KO3OPULNEHT BapmaLmm BPpEMEHN

HUA K KBagpaTy ero MmateMatmn4eckoro oXxmagaHm4.

Ina pacyeta 3agepxek Mbl OO/KHbl 3HATb CKOPOCTb Nepenadu
naHHbIX B Ha Bbixoae y3na GPRS, koTopas onpenensieT MHTEHCUBHOCTb

obCcnyxmnBaHma Kak M:L’ roe — /cpepHas pnvHa MB. C gpyron
B
CTOPOHBbI, EC/TV U3BECTHbLI HOPMbI CPEeAHEN 3a0eP>KKM, TO BCErga MOXHO

HanTK U3 ypaBHeHus (19.3) Tpebyemylo CKOPOCTb Nepeaayn.

Mpegnonoxmnm, 4to Ha Bxod KommyTtatopa GPRS noctynaet
MyaCCOHOBCKUI TMOTOK, BpeMs OOCNyXuBaHUS pacnpeneneHo o
3KCMOHEHUManbHOMY 3akOHy, namsaTb OeckOHeYHa U WUCMNOoJb3yeTCs
OOVIH BbIXOOHOW KaHan (cuctema maccoBoro obcnyxmsanna M/M/1).
B sTtom cnyyae, ¢ y4eTOM 3HA4YE€HUN KBaAApPaTUYHOro kKoadpduumeHTa
Bapuaumn, npuBeneHHbIX B Tabn. 19.1, BoipaxeHme (19.6) npuHumaet
cleaylowmn Bma;

ty =1 l—I—L, p<l. (19.7)
I—p
Mytem HecnoxHbix npeobpasoBaHuii dopmynbl (19.6) MOXHO
NOJSTy4NTb HEPABEHCTBO AN OLEHKM CKOPOCTU Nepenayn B BbIXOOAHOM
kaHane y3na GPRS npu BeibpaHHOM Moaenu:

B>\ (19.8)

Mockonbky y3en GPRS ob6cnyxuBaeT nakeTbl, €ro MOXHO
MOOEeNMPOBaTb CUCTEMOW C MOCTOSIHHbIM BPEMEHEM 06CNY>XUBaHUSA
Tnna M/D/1. Torga ypaBHeHue (19.6) npuHMMaeT cnenyowmi Bua;:

_r
2(1—p)|

M3 BblpaxeHns (19.9) MOXHO MONyYNTb NPUBAVNXKEHHYID OLLEHKY
CKOpOCTU nepeaaymn Ha Bbixoae y3na GPRS:

B>ﬂ. (19.10)
2

Eq:;s 1+ p<l. (19.9)

16. lonbawTenH
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[Ins To4yHOro pacyeTta CKOPOCTM nepefadn u3 ypasHeHus (19.6),
KPOME MHTEHCUBHOCTU A (B 4MCNE NPOTOKOMbHbLIX BIOKOB B €AMHULLY
BPEMEHW) N cpedHen OnnHbl NPOTOKOSIbHOro 6510ka (B GuTtax Ha 6n0Kk),
HeoOXOAMMO 3HaTb BENMYUHY KBaAPATMYHOrO KoadppuumeHTa CS2
pacnpepneneHns oanH 6J10K0B, a TakKe HOPMbl CpeaHeN 3a4epPXKKU.

B tabn. 19.1 npuBeaeHbl cpefHMe 3HaYEeHUS 3a0ePXXEK TPEX KacCOoB

0b6CNyXnBaHUS, pasnnyaloLLMXCs NPUOPUTETOM (B3STbl N3 CTaHOAPTOB
ETSI gnga cuctemsl GPRS).

Ta6nuua 19.1. 3HauyeHusa 3aAepXXeK A9 Pa3INYHbIX KNaccoB

oGcnyxusaHus
Knacc CpepHsasa 3apepxka, c, CpepHsas 3apepxka, c,
0GCNYKUBAHUS Pa3mep SDU Paamep SDU
y paBeH 128 GaiiToB paBeH 1024 Gaiita
1 <0,5 <2
<5 <15
3 <50 <75

B 1abn. 19.1 onpeneneHo 3 knacca 3a4epxXku B 3aBUCMMOCTU OT
HOPM 019 3a0€PXKM U OT OJIMHbI NaKeTa.

Hauvsbicwunii npuoputeT umeet Knacc 1, HOpMasibHbIA NPUOPUTET —
Knacc 2, HaumeHbLunii — Knacc 3. Mmeetca Takke Knacc 4, He noka3aHHbIN
B Tabnvue.

B Knacce 4 3agepxkn He onpeaeneHbl, MOCKONbKY 00CNyXnUBaHue
nakeToB 3TOro kjlacca NpomM3BoaAnTCs No NpuHuunny best effort (npnHumn
«HaWy4Llen NonbITKN»).

3HaYeHNs MHTEHCUBHOCTW MOCTYMIEHUS NakeToB A MOryT ObiTb
BblOpaHbl HA OCHOBE CTAaTUCTUYECKUX UccneaoBaHuii. Kak nokasbiBaet
CTaTUCTMKA, YMUCNO MAKEeTOB, MOCTYNaloWMX B eOUHULYY BpPeMeHU Ha
Bxon, komMmyTaTtopa GPRS, MOXeT MeHATbCS B LUMPOKUX npenaenax ot
COTEeH NakeToB/C BO BXOAHbIX y3/1ax 40 HECKOJIbKMX ThiCSY MaKeToB/C B
MarmcTpasbHbIX y3nax.

Ta6nuua 19.2. CkopocTtu nepegaum B SONET/SDH

CkopocTu nepegaumn, Mout/c Cucrembl nepepauv
2,048 PDH E1
8,448 PDH E2
34,368 PDH E3
155,52 SDH STM-1
622,08 SDH STM-4
2488,2 SDH STM-16
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B T1abn. 19.2 npuBeaeHbl 3HAa4YEHNST CKOPOCTU Nepeaayn, KoTopble
MOryt ObiTb peanu3oBaHbl Ha Bbixoge kommyTtatopa GPRS B
3aBMCUMOCTW OT €ro MecTa B CeTu.

B o6cnyxmBatowmx yanax GPRS (SGSN) moryT 6biTb MCNOSIb30BaAHbI
TpakTel E1 nnesnoxpoHHOM UuMPPOBON UEPaAPXUM CO CKOPOCTLIO
nepepaun 2,048 MowuTt/c, Torga kak B MarmctpanbHbix y3nax GGSN,
roe arpermpyeTtcs Harpy3ka 60/bLIOro 4ymMcnia UCTOYHUKOB MaKeTHOro
Tpaduka, MOryT UCMONIb30BATLCS CUCTEMbI STM CUHXPOHHOM LIMGPOBOIA
nepapxum.

KniouyeBble cnoBa: nponyckHas CnocoBHOCTb, oOueHku QoS,

YaCTOTHO-TEPPUTOPUAJIBHOE MIAHMPOBAHME, CUCTEMA C MNOTEPSAMU, CUCTEMA C OXU-
JaHuem, knactep, KoadPULMEHT NOBTOPHOIO UCMNONL30BAHNSA YAaCTOT 1), 3aLUUTHbIN
vHTepsan D, BepoATHOCTb NoTepb Plggs, B-dopmyna Spnadra, KBagpatuyHbIN
KO3 PnuUMeHT Bapmaumn, popmyna XmHumnHa-rNongyeka.

ia KoHTposbHbIe BONPOCHI

1.

2.

w

B yem cneuunduka pacyeta ClNC no oTHOLWEHMIO K pacyeTy PUKCUPOBaHHOM
TenedOHHOWN CEeTU N CETU Nepefayn JaHHbIX?

Onpepennte OCHOBHbIE 3a0a4M HaCTOTHO-TEPPUTOPUANIBHOIO MJIAHMPOBAHUS
pagmoceTu.

. Onpe,u,enl/lTe NMOHATNE «KJNTaCTep».
. Kakvne coo6pa>|<eH|/|9| HeobxoanuMo npMHMMaTb BO BHUMaHMe rnpu Bbl60pe

napameTtpan?

. OBBACHWTE NOHATUA «3aLUMTHBINA MHTEPBaN» N «KO3PDOULMEHT NOBTOPHOIO

MCNoNb30BaHNA HaCTOT».

. Kak ceaigaHbl mexay cobon Harpys3ka ogHoro aboHeHTa COTbl M YMCo abOHEHTOB,

obcnyxneaemblx CMNC?

. Kak yunTtbiBaeTcs KBagpaTUyHbIi KOSDDOULMEHT Bapnaummn B pacyeTax

NPOMNYCKHOWM cnocobHocTn kommyTaTopa GPRS?

. O6bsacHuTE, Noyemy B cucteme M/M/1 ckopoCTb NeEpefiaym Ha BbIXOAE

KOMMYyTaToOpa NPMMEPHO B ABa pasa BbiLLUEe CKOPOCTU Nepenaym B ysne,
Mogenupyemom cuctemowm M/D/1.
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@ 3apaum v ynpaxHeHus

. PaccuuTaiite uncno 4acToTHbIX KAHANIOB B COTE MPU CNEAYOLINX NCXOOHbIX OAaHHbIX:
nonoca 4acTorT, Bblaensemsblx ans CrC, — 25 MIy; oauH 4aCTOTHbI KaHan
3aHumaeT 200 kI'y,; KoadDUUMEHT NOBTOPHOIO NCMNOSIb30BAHNS YaCTOT PaBeH
TPEM.

2. PaccuuTtaiite KoapPUUMEHTbl YMEHbLUEHNS COKaHaNbHbIX MOMEX A1 3HAYEHWUI 1,
npuBeaEHHbIX B 3TON NeKUUn.

3. Pewunte 3apavy onpeneneHns emkoctn CMC Ha OCHOBaHWM Cneayowmx AaHHbIX:
BEPOSITHOCTb NOTepPb Plggs = 0,02; yaenbHasi UHTEHCUBHOCTb HArpy3ku 0OHOro
aboHeHTa paBHa 0,02 3pn; 4MCNo KaHaJIOB B COTE paBHO 8; obLLiee YMCo CoT
paBHo 100.

4. OnpepnenuTte CKOPOCTb Ha Bbixoae kommyTaTopa GPRS onst TMNUYHBLIX 3HAYEHUM
OJIMHBI NPOTOKOJIbHOrO 6/10Ka U UHTEHCUBHOCTU BXOASALLIENO MOTOKA.

@ JlutepaTypa Kk nekuum 19

19.1. Makapos C.b., MNesuos H.B., NMonos E.A., Cusepc M.A.
TenekoMMyHUKaUNOHHbIE TexHoNornn. BeeaeHne B TexHonorum GSM. —
M.: Akagemus, 2006.

19.2. Monoe B.N. OcHoBbI coTOBOW cBA3K cTaHaapTa GSM. — M.: 9ko-TpeHas, 2005.
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JNekumnsa 20

[NlepcneKkTusbl
passutua ClMNC

lfocrnoaun, B UHTUMHOM pPasroBope
Aep3kue rnpocTy Mov CJ10Ba,
C/1840CTb YTOMNYECKUX TeOPUI —
npobyri Tbl Ha aBTOpPax criepsa.

. N'ybepmaH

20.1. NMNepcnekTuBbI ceTeil NOABUKXHOW CBA3MN

XXanb, 4To npuBedeHHbIn B anurpade coeT [ybepmaHa He yc-
Nblwanu couckartenu nepsbiX NMueH3nm Ha cetn 3G. Torga MeHblue
ObINo 6bl MOTPAYEHO AEHEr W HarneyaTaHO TEKCTOB C BOCXBasSIEHUSIMU
BUOEOKOHPEPEHLL-CBA3M Ha bery. Ho Bce e, Nponcxoasiini y Hac Ha
rnaszax /laBMHOOBOPAa3HbIN POCT YMCIIEHHOCTU MNob3oBaTenein Mobuib-
HOIM CBSI3blO 3acCTaBNseT 60Nee CepPbe3HO OTHOCUTLCS K KaXyLlemycst
YTOMMYECKMM MPOrHO3y PasBUTUS OMepaTopckon CeTU MNOABUXHOM
cBSA3M AnoHun Ha Gnuxainwee Oyayuiee, caenaHHomy Kenpxkn Taum-
KaBa — NPE3NAEHTOM SMNOHCKOM coToBOM komnaHum DoCoMo - ewle
Ha BbicTaBke «Tenekom-2003» B XeHeBe. Ero nmporHos npuBeneH B
Tabn. 20.1.

ATOT NPOrHO3, NOMUMO (PaHTACTUYECKOrO KONIMYECTBEHHOIO POCTa,
WISTIOCTPUPYET TaKXe OBVXKEHUE OT 3Pbl KOMMYHUKALINIA «4eJI0BEK — Ye-
JIOBEK» K 3P€ «4eSIOBEK — MaLUNHa» 1 AaXe «MalunHa — MallvHa.

PaHOMO3HOCTL 3TUX HOBbLIX BO3MOXHOCTEN 00YCI0B/IEHA TEM, YTO B
HaCTOosILLEE BPEMS MJIAHETY HACENSIOT MUIMAPALI IOAEN, @ KONNYECT-
BO MUKPOMPOLLECCOPOB yXe COCTaBnseT AecaTku munnmapnos. Ceroa-
HSl HUKOrO HEe YOVBISET Y4Mn MOBUNLHOM CBSA3U, BCTPOEHHbLIN B CUCTEMY
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OXpaHbl aBTOMOOWUNA, 3aBTPa He OyaeT yaAMBAATb TaKOM Xe Y1, BLUNTbIN
B OLLUENHUK NtobumMoir cobakn, nnu obMeH AaHHbIMU Ballero Mooub-
Horo TtenedoHa ¢ AOMaLLUHUM XON0AMNIbHUKOM BO BPEeMs MOoCeLleHns
yHUBepcama.

Ta6bnuua 20.1. TMMporHo3 pa3eutus CMNC 9noHumn

Jioan 130 MnH. HOMEpOoB
ABTOMOGUNN 100 MNH. HOMEpPOB
Benocunepbl 60 MIH. HOMEpPOB
Mo6unbHbIE NEPCOHAbHBIE KOMMbIOTEPSI 50 MSIH. HOMepOoB
Cobaku 1 KoLK 20 MIH. HOMEPOB
Kopabnu, MOTOLMKIbI 1 NP. 10 MIH. HOMepoB
TeneBn3noHHbIE NpucTaskn STB 90 M/IH. HOMEPOB
Lindposblie doToannapaTtsl 30 MJIH. HOMEpPOB
Bupoeokamepbl 20 MIH. HOMEPOB
XonoannbHUKN 40 MNH. HOMEpPOoB
JomatuHne cnyx6bl pa3niMyHOro 3Ha4yeHns 30 MIH. HOMEPOB
NT1oro 580 MJIH. HOMEpPOB

TexHunuyeckme ycTporcTea 06nafaloT BCe OONbLUMMU UHTENNEKTY-
aNIbHbIMU BOSMOXHOCTSIMU, @ OOHUM U3 CBOWCTB MHTEJIEKTYaNIbHOCTH
SIBNSIETCSH CNOCOOHOCTh Yy4aCTBOBATb B KOMMYHUKaLMSAX. [1OCKOMbKY MUP
YCTPOMCTB C BO3MOXHOCTSIMM KOMMYHMKALWM pa3pacTaeTcs, pacTteT v
obbeM Tpaduka Mexagy HUMN.

Mo nporHo3am aBTOPOB CErofHsLUHWE pa3paboTkyM MpuUBEOYT K
TOMy, 4TO 3aBTpa Oonbluas YacTb Tpadumka OyaeT co3maBaTbCs MeX-
MalVHHBIMXN  KOMMYHUKAUUAMU, a TPaguUVOHHbIE KOMMYHUKaUMn
«4eI0BEK-YENOBEK» COCTABAT NMLUb HEBGOJbLUYIO YaCTb CETEBOr0O Tpa-
duvka. PazymeeTcs, 1a Xe TeHOEHUUS UMEET MECTO U B PUKCMPOBAHHOMN
cetn TenedOHHON CBHA3M, PAaCCMOTPEHHOW B MepBbIX OECATW aBax
3TON KHMIMK. U B elle 6onbluel CTENEHN — B KOMIMbIOTEPHbIX CETSX, KOTO-
PbIM MOCBSILLEHbI CReayowmne OecaTb ekumin yactn 3.

C y4eToMm TOro, 4TOo CKOPOCTb Nnepenayvm AaHHbIX B PUKCUPOBAHHbIX
CeTaAX NnpeBbillaeT BO3MOXHOCTM COTOBOM CBA3M MPaKTUYECKM Ha Mo-
pSOoOK, BrOJSIHE BO3MOXHO cliefylollee pa3Butme cobbiTuin. MeHHOo
yeped TPOIT (yacTb 1) B CKOPOM BPEMEHMU YXKE HE Noau, NPOXMBaloLme
B KBAPTUPE, a UX AOMALUHUI XONOANBbHUK CaM NMO3BOHUT B LIEHTP cep-
BUCHOIro OBCNYXXMBAHUS, NN CBSXETCS C 3TUM LEHTPOM 4epes3 CeTb
nepenayn AaHHbIX (4acTb 3), COOOLWNT Tak UM MHAYE O CBOUX TEXHU-
yeckux npobnemax, 1 pewnT aTn npobnemsbl ¢ nomolbio Web-areHTta
LEeHTpa 3a40/ro Ao Toro, kak KTo-To M3 Nofaen BooOLLe 3aMeTuT, 4TO
4YTO-TO He B NOpsiaKe.

Y10 Xe kacaeTcs monrocpoyHblx nepcnektme CIC (yactb 2), To
MMEHHO COBMECTHOE UCMOJIb30OBaHME PECYPCOB ceTeli MOOUNBHOM n
HUKCUPOBAHHOW CBA3M SABMSETCS KIOYEBOM KOHLENLUME COBPEMEHHO-
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ro atana koHBepreHuun FMC, 0 4emM roBopmiocb BO BBOOHOW NEKUUN U
nokasaHo B Hel Ha BblaeneHHom yactu puc. 0.2.

C yyeTom 9TOro npouecca KoHBepreHumm B OyayuiemM mMobunbHas
cBs3b B pamkax FMC 6ypet npogomkate 9pPEKTUBHO AOMNOSHATLCS
TexHonorvsaMn 6ecnpoBOAHOrO LWMpOoKononocHoro goctyna Wi-Fi u
WIMAX, ob6ecne4ymBaloLiMMn BbICOKOCKOPOCTHOM AocTyn B WHTepHeT
NP MEHbLINX MOBUIBHOCTN U AanbHOCTU. HenocpeanCTBEHHO 3BOJIO-
LMW TEXHONOIMIN MOBOUIBHOM CBA3M NOCBSLLEH CNeayloLWnii pa3gen.

20.2. Osonoumna texHonorun CIcC

Mpoaonxas BbiICKa3aHHYO BbILLE MbICJIb O MPUOPUTETHOCTN YCAYT Ne-
penayn AaHHbIX B NPOLEecce pasBuTua MoOWITLHOM CBA3K, PACCMOTPUM
aBosoumio TexHonoruit CrcC (B Tom yncne Tex, 4To OblSI OCBELLEHb! B
npeablayLmnx AeBaTY NEKLMAX 4acTu 2), OTMETUB Ha NorapudmMmnyecko
LIKase noaaepXxmBaeMblie MMM CKOPOCTX nepeaaym — puc. 20.1.

CkopocTb
KOouT/c WccnepoBartenbckue
A nnaxbl ona 4G

LTE>100 M6uTt/c
3G HSPA/MIMO 40 M6uT/c

3G HSPA 14 M6MT/CV
10 000

3G UMTS 2048 kbut/c

100 000

EDGE 384 kbut/c

1000

GPRS 170 kbut/c

GSM /9.6 kbut/c

10

1991 ! " 2001 "2011!

Flonbl

Puc. 20.1. SBONIOLUNA TEXHONOrMii MOGUILHOW CBA3U

Ha 3TOM puCyHKe OTMeYeHbl rofbl Hayasia BHeAPeHWst TO NN NHOMN
TEXHONOIMM, HO OTHIOAb HE ee KOHLA. ABTOPbI NonaratoT, 4TO YCMeLHo
dyHKkumoHmpytowasa cerogHa GSM pgoxmseT npumepHo go 2020 roana,
4yTO NapannenbHo ¢ Hel ByaeTt passuBatbcd UMTS, 4TO BO3MOXHOCTU
GSM/UMTS B ycnoBusix orpaHMyeHHOn MOOBUAbLHOCTK OyayT pacLuu-
patbca TexHonornamm Wi-Fi n WiMAX.
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B 2011 rogy oxuagalTcsa nepBble LWarn KOMMEPYEecKol akcniya-
Tauuu CeTe Ha OCHOBE TEXHONOMUIM C MHOroobeLlaLWmmM HaMMeHo-
BaHnem LTE (Long-Term Evolution), koTopble NO3BONAT 06ecneynTb
CKOpPOCTb nepeaayun aaHHbix ot 100 u mo 300 M6éuT/c.

20.3. TexHonorum 4G

Mpennockblkn MOBWBLHBIX CETEN Y4ETBEPTOrO MOKOJIEHUs 6a3u-
pyloTcs Ha OEeCLIOBHOM WHTErpaumMm LWMPOKOMOSIOCHOro 6ecnpo-
BOOHOro pgoctyna u mobanbHoOn MobunbHOCTU. [MpeaBecTHUKamm
4G MOXHO cumTaTh npeactaBneHHble Ha puc. 20.1 cMCTEMBI C MHO-
rokaHanbHbiMn Bxogamu/Bbixogamun MIMO (Multiple Input Multiple
Output) n gpyrme cpeacTtsa, NO3BOMSIOWIME Pa3BMBaTb BO3MOXHOC-
™M MoOunbHOWM cBaA3W. YTo kacaeTtca paavouHTepdeiicoB, TO 30eCb
NEepPCNeKTUBHOM NPEACTaBASETCA TEXHONOIUS MHOXECTBEHHOro /Ao-
cTyna C OPTOroHaslbHbIM HYacTOTHbIM pasaeneHnem kaHasnos OFDM
(Orthogonal Frequency Division Multiple Access), obnagatowas
YCTOMYMBOCTBIO K YXYALUEHUMIO TaKUX XapakTEPUCTUK KaHanoB, Kak,
Hanpumep, 3atyxaHue. nsa 6ecwoBHon uHTerpaunn B 4G paspabo-
TaHa TEXHOJIOrMs NPOrpaMMHO-ONpPeaen eMoro paamoobopyaoBaHus
SDR (Software-Defined Radio), no3Bonsiowias padbotaTb C HECKOJIbKU-
MW MeTogaMn MOAyNAUMK, CKa4kooOpasHOo NMepecTPOoKon HacToThl,
6e30NacHOCTbIO CBSA3M, POYMUHIOM W YCAyramu LUMPOKOMOSIOCHOW
Mob6unbHoM cBA3n. Kpome Toro, naptHepctBo 3GPP yTBepanno craH-
napT LTE B KayecCTBe 4-ro NOKONEHNA COTOBOWV NOABUXHOMN PaaMOCBA3N.
CornacHo mexayHapogHoMy pernamenTy, ang LTE BbiaeneHo 2 nonocsl
yactoT. OgHa 13 HMX coBnagaeT ¢ nonocown and ceteit UMTS - 2T, BTO-
pasi nonoca aoskHa ObITb pacnonoxeHa B agnanasoHe 760-870 MIu.

Insa 6onee rnybokoro maydeHus nepcnektns CIMC pekomeHayeT-
ca ctatbs [19], roe paccmaTpmBalroTCa He TONbKO MepPCneKTUBbl, HO U
€CTEeCTBEHHble OrpaHn4yeHns MobunbHow cesa3n. O nocnegHeM B 3TOW
NIEKUMM MOYTU HUYEro He roOBOPUTCS, XOTSA YMTaTeno, Habnogaouemy
CerofHsaLWHNA OypHbIA POCT 3TO MHOYCTPUWN, HE BPEAHO HarNoOMHUTb
M3BECTHbIE ELLE N3 LLIKOSIbHOIO Kypca GU3nKN BELLN: OFrPaAHNYEHHOCTb
4aCTOTHOrO pecypca, yMeHbLIEHNE OanNbHOCTM PacnpoCTpaHeHns pa-
OMOBOJIH C YBEIMYEHMEM HACTOTHI (2 crieaoBaTenbHO, COKpaLleHne pas-
Mepa COT U yBENIMYEHME KONNYECTBA X3HAOBEPOB), adpdekT Lonnepa,
HakoHel,. Tam e, BNpo4yem, NPUBOAATCSH N HEKOTOPble 06CyXaatoLm-
€Ccsl CerogHs naen npeogoneHns aTnx GU3nNYeckmnx orpaHnYeHnin, cno-
CcoOHble NogaepXaTb 3HTY3Ma3M YMTaTENst OTHOCUTENIbHO NepPCcrneKkTUB
Cric.

30€ecb Xe 3aMeTMM, YTO B OT/IMYME OT PACCMOTPEHHbIX B Npeapl-
aywmyx nekumsax nokoneHuin 1G, 2G, 3G nepcnekTuBHOe nokoneHue
4G He CBSAA3bIBAETCH C KAKOW-TO OJHOW onpeneneHHon TeXHONornemn n
paccMaTpuBaeTcs kak TEXHONOrM4eckn HesaBsucumoe. bonee Toro, Bbl-
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LIEen3oXeHHoe AeMOoHCTpupyeT 4G Kak HeKylo KOHBEPreHUuto «4ncTo
MOOUNbHBIX» TexHonormni Tuna OFDM 1 SDR 1 LULMPOKOMONOCHbIX TEXHO-
noruin Wi-Fi n WiMAX ¢ BecbMa OrpaHuUyYeHHOM MOBUNBHOCTLIO. KecTaTu,
aKkcnepumeHTanbHo ceTbto Ha 6ase WIMAX B Cankt-leTtepbypre
aBTOpPbI Y>Ke YCNeLlHO Nonb30BanCh Npu padoTe Had, 3TOW KHUIFOW.

B npepnBepun HauMHAOLWENCS CO Cneaylolwen nekumm yactm 3,
MOCBSLLEHHONM CEeTaM Mnepefayn AaHHbIX, K 3TOMYy cnenyeTt o6aBuTb
eLle ogHo npuHumnmaneHoe otnudne ceten 4G ot 3G: TexHonorusa 4G
MOSTHOCTbIO OCHOBAaHa Ha MPOTOKOMIAax MaKeTHOW Mepefayn OAaHHbIX, B
TO Bpemsa kak 3G Bce elle coeauHsieT B cebe KOMMyTaLMIio KaHaNoB U
KOMMYTaLMIO NAaKeTOB.

Ha aToi onTMMMNCTMYECKOW HOTE Mbl 3aBepLUMM Bosliee YeM KpaTkuii
00630p NepcnekTMBHbIX TPAHCHOPTHLIX TexHonorunii CrC n nepeiigem K
He MeHee BaxKHOI TeMe — nepcnekTueam ycnyr CMC, yto 66110 obelta-
HO eLe B ekunun 17.

20.4. KoHuenuua IMS

BaxHenwen KoHuenuuen nepcnekTUBHbIX ceTein MOOUIbHO CBSA3MU,
PaBHO KakK M HaxoAsLLMXCS B NPOLLECCE KOHBEPreHUMn C HUMU CETEN
GUKCMPOBAHHOW CBSI3WU, SABMSETCS YXe YNOMWHABLIAACS KOHLEenuus
IMS. Cama aTa KoHUenuus NosiBuIacb Ha OCHOBE BECbMa NEPCNEKTMB-
HOW (1, B OTAMYME OT CKa3aHHOrro B anurpade, COBCEM HE YTOMNNYECKON)
Teopun AeKoMno3numm, NpeanoxuBLLen GUandeckn pasnenntb GyHK-
UMM ynpasneHns o6Cny>XKMBaHMEM BbI30Ba U OYHKLMM YCTAHOBNEHUS U
noanepXaHus ceaHca CBA3U. DNEeMEHTbI AEKOMMO3ULMKU Obinin BUOHbI
He TONIbKO B npouecce aponouum nokoneHnni 1G, 2G, 3G MobunbHoOM
CBSI3M B NMPEeObIOYLLMX NEKUUSX 3TON YaCTU, HO U NPU PACCMOTPEHUN B
nekumsax 4actn 1 aTanoB y3KOMONOCHbIX LMGPOBbLIX CETEN MHTEMPAsIbHO-
ro obcnyxueanus (ISDN), MHTennekTyansHon cetu (IN), wumpokononoc-
HbIx ceTen ISDN (B-ISDN) n rubkmx kommyTtatopoB Softswitch. EctecT-
BEHHbIM NPOAOIIKEHNEM 3TOV PaboThbl 1 CTana KOHUENUUS MoACUCTEMBbI
MYJIbTUMEANIHBIX yCayr Ha 6a3e IP — IMS (IP Multimedia Subsystem),
ONUCbIBAIOLLLAA HOBYIO CETEBYIO apXUTEKTYPY, OCHOBHbIM 3J1IEMEHTOM
KOTOPOW SIBNSETCS NakeTHasi TpaHCNOpPTHasa CeTb, NOAAEepPXMBaKOLLas
BCE BO3MOXHbIE TEXHOMOIMM [OCTYNa n obecneymBaloLLLas peannsauuio
NPaKTUY4EeCKM HEOTPAHNYEHHOMO YMCIA HOBbIX MHPOKOMMYHUKALMOHHbIX
YCNyr.

Kak y>xe ynoMuHanoch B nekuum 16, ata KOHUENUns n3HavasnsHO pas-
pabaTbiBanacb 3GPP npumMeHnTenbHO K NOCTPOEHMIO CeTU NOABMXKHOMN
cBsA3m 3G, nosiHoCTbio Hasupyiollencsa Ha npotokone IP u Ha3BaHHOW
All-IP, Ho, B cuily TPYAOEMKOCTU 3afayun, ee pelleHne 6bina paséuto
Ha Rel’4 n Rel’5. OnucaHHbili B naparpade 16.5 penna 4 6bi51 3akoHYeH
6e3 BBeaeHus koHuenuun IMS, a ero OCHOBHbIMW HOBOBBEAEHUSIMU
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CTasin 3BOJIIOLUMS AOMEHA KOMMYTAaLMY KaHanoB B HanpasjieHnu pasge-
JleHns TpaHcnopTa 1 ynpaeneHms. Takum obpasom, yxe B Rel’4 caenaH
nepBbIA LWar B 4eKOMNO3MUUM MOHOANTHOro MSC Ha dyHKUMK TpaHC-
NMOPTHOrO W103a, KOTOPbIE BbINONHAET mMeanaLnio3 MGW, v dyHkuun
ynpasneHus obCcnyXnBaHMEM BbI3OBOB C MOAAEPXKONM MOBUIBLHOCTH,
BO3J10)XeHHble Ha MSC Server. 31o 06cyXaanoch B nekunn 16 n nnnoc-
TpupyeTca Tam puc.16.3.

B penuse 5 pyHkumn MSC noapasnenstoTcs Ha ABa OCHOBHbIX QYH-
KuMoHanbHbIX 06bekTa: Call Session Control Function (CSCF) cooepxuT
BCe YHKUMW, OTHOCSALWMECHA K YMPaBAEHMIO COCTOSIHUSIMW CEAHCOB
cBsA3n, a Media Gateway Control Functions (MGCF) BkntodaeT B cebs
dyHKUMK, HeobxoauMble Ons ynpaBieHust MegualwniosaMn. B aTom
Xe pennse Oblna BnepBsble npeacTaBneHa KoHuenumsa IMS. Tam 6bina
chopmMynmpoBaHa OCHOBHAsi LEfb HOBOWM KOHUENUWUW — rnogaepxka
MYSILTUMEANIHBIX YCITyr B MOBU/IbHBLIX CETsX Ha 6ase npoTtokona IP —
1 6N cneudULMPOBaHbl MEXaHM3Mbl B3aMMOOENCTBUS MOBUITbHbIX
ceteln 3G ¢ 6becnpoBogHbiMK ceTamn Wi-Fi u WIMAX, 6asnpytowipecs Ha
apxutekType IMS.

ApxutekTtypa cetein 3G B COOTBETCTBUM C KOHUenuuen IMS vmeet
HECKOJIbKO YPOBHENM (NJI0OCKOCTEN) C Pa3aeneHneM no nioCKOCTaM Me-
OVaLLN030B 1 A0CTYNa, yNpaBneHUs U NPUIoXeHUN.

Mopcuctema IMS CTaHOBUTCS MOSHOCTLIO HE3ABUCUMOW OT TEXHO-
floruin gocTtyna v gosmkHa obecneynBaTb B3aMMOLEWNCTBME CO BCEMU
CYLLECTBYIOLLMMUN CETAMU — MOOWIIbHBIMU N PUKCUPOBAHHBIMU, TENEe-
GOHHBIMU, KOMNBLIOTEPHLIMU U T.A. B pennae 5 pabota Hag IMS He Gbina
3aKkoH4YeHa: 6bi N1Lb NPopaboTaHbl OCHOBHLIE MOMEHThI I HAMEYEHDI
nyTV pa3BuUTUS B HanpaeneHun Kk penndy 6. M Bce xe, B Rel’5 6bina co-
30aHa NoNIHOCTBIO 6asupyowasacs Ha IP apxutektypa IMS, onpeneneHsi
€€ CeTeBble 3/IEMEHTbl N MHTePdENChbl Mexay HUMU, a Takke QyHKLUN
HaAYMCNEeHNa NnaTbl.

Rel’6 6b1n Npy3BaH IMKBUOMPOBATb BO3MOXHbLIE HeaopaboTkn Rel’'5
1N 0o6aBUTb HECKONBbKO HOBbIX GYyHKUMIA. B nokymeHTe 3GPP Rel’6 (oe-
kabpb 2003 r.) psa NonoXxeHun KoHuenuum IMS Obin yTo4HeH; bl Oo-
6aBfieHbl BOMPOCH B3aUMOAENCTBUSA C 6ECNPOBOAHbLIMU JIOKaNbHbIMK
CeTAMU 1 3aLUUTbl MHPOPMaLMN (UCMOSIb30BaHME Kitlo4ei, abOHEHTCKNX
cepTnopukaTos).

Rel’7 koHuenuun IMS paspabaTbiBaeTCcs Y€ COBMECTHO C KOMW-
TeToM TISPAN (Telecommunications and Internet converged Services
and Protocols for Advanced Networking), ETSI, 6narogaps 4emy B HEM
paccmMaTtpuBaeTcs B3anMoAeNCcTBME MOOUIIbHbIX 1 PUKCUPOBAHHLIX Ce-
TEWN, T.e. cAenaH NepBbili peasbHbIi LWar B HanpaB/ieHUW KOHBEPIreHLUN
atux cetein. MNMpoekT TISPAN nosiBuncsa B ceHTss6pe 2003 rona kak pe-
3ynbtat cnusaHna npoekta SPAN (Services and Protocols for Advanced
Networking) n ynomuHasLierocs Bbile npoekta TIPHON.
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Cneumndukauns Rel’7 nobaBnaeT nBe OCHOBHblE PYHKLMN, KOTOPbIE

ABNAOTCA KJIl04EBLIMU B q)I/IKCI/IpOBaHHbIX ceTax:

20.5.

dyHkuma Network Attachment, koTopas obGecnedyMBaeT MexaHU3Mm
ayTeHTudukaumm aboHEHTOB M Heobxoanma B (OUKCUPOBAHHbIX
CeTsX, NOCKOJIbKY B HUX OTCYTCTBYIOT SIM-kapTel naeHtndukaumm
nonb3oBaTens;

dyHKums Resource Admission, pe3epBupytoLlas CeTEBbIE PECYPChI B
PUKCMPOBaHHbIX CETSX AN 06eCcnevyeHns CeaHCOB CBA3M.

Apxutekrtypa IMS

Mo cywecTtry, IMS BO3HMKNA, KOrga o6MacTb yNpaBleHUs MyJlb-

TUMEeOUNHLIMK ceaHcaMun Ha 6a3e npoTtokona SIP 6bina gobasneHa k
apxutektype cetenn 3G. Cpean OCHOBHbIX CBOMCTB apxuTekTypbl IMS
(puc. 20.2) Bblgenum cneayioLlme:

MHOroypOBHeBasd apxmTekTypa CeTW, KOoTopas pasfendeTr ypoBHMU
TpaHcnopTta (MeguaLwiin3oB 1M O0CTyna), ynpasieHns 1 npuioxe-
HUWA;

He3aBMCMMOCTb OT Cpefbl AOCTyna, KoTopas no3sonset OnepaTo-
pam 1 cepsuC-npoBangepam OCyLLECTBNATbL KOHBEPTeHLMI0 GUKCH-
POBaHHbIX 1 MOBUbHLIX CETEN;

nogaepxka MynsTUMEOUNHOro NepcoHanbHoro obmeHa nHoopma-
LUMen B peanbHOM BPEMEHM (HanpuMep, peyb, BuaeotenedoHns) n
aHanornyHoro obmeHa nHdopmaumen mexay noapbMu 1 KOMMbloTe-
pamu;

NoJSIHasA MHTerpauus MynsTUMEANNHbBIX NPUIIOXEHNN PeanibHOro N He
peanbHOro BpeMeHu (HanpmMMmep, NOTOKOBbLIE NPUJTIOXEHUS 1 4aTbl);
BO3MOXHOCTb B3auMOOENCTBUSA YCNYyr pasHbiX BUAOB (Hanpumep,
ycnyr npucyTcTeus Presence wim obMeHa MrHOBEHHBIMU COOOLLEe-
HusaMu Instant Messaging);

BO3MO>XXHOCTb OpraHmn3aunmn HeCKOJIbKUX ycnyr B Oa4HOM ceaHce Unn
opraHmn3aunmm HeCKOJIbKUX OOHOBPEMEHHbIX CUHXPOHUN3MPOBAHHbIX
CeaHCOB.

TepmuH «nogcuctema» (subsystem) B Ha3BaHMK koHuenuum IMS (a

Ha3BaHWe KOHLUENLUMN NnepeBeneHo 3aech kak nogcmucrema IP-opuneHTu-
POBaHHbIX MYJLTUMELNVIHBIX YCJYIr) MOXHO TPakTOBaTb Kak Ha3BaHuMe
4acTv CETU, BIEMEHTblI KOTOPOW PacrnofioXeHbl HAa MAOCKOCTU ynpas-
JIeHns Mexnay MAOCKOCTbI0 Meamawiio30B U JOCTYNa U MNA0CKOCTbIO
NPUNOXEHNIA.
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Puc. 20.2. YnpoweHHasa apxutektypa IMS

Ha puc. 20.2 nokasaHa CeTb, MMEIOLLLAA TPEXYPOBHEBYIO apXUTEKTY-
py, KOTopas BK/oYaeT B cebs TP NIOCKOCTU — NMIOCKOCTb MeauaLlio-
30B 1 JOCTYNa, NN0CKOCTbL ypaBfieHUs U NI0CKOCTb ycnyr. MNoacucrtema
MYNbTUMEANNHON CBSA3W pacnosioXeHa B MNI0OCKOCTU ypaBieHUsl, KOTO-
pas siBnsieTcs OCHOBHOM B apxutektype IMS. Ha aTom pucyHke nokasa-
Hbl TaKXX€ OCHOBHbIE anemMeHTbl nnatdopmel IMS, KoTOpble onpenens-
IOTCSl HE KaK YCTPOMCTBA (4TO XapakTepHO Ans TPaAULMOHHBIX CETEN), a
Kak flormyeckme QyHKLUNN.

Ona IMS paspaboTtaHa MHOroypoOBHEBas apXxuTekTypa C pasaene-
HMEeM TpaHcnopTa Aasa nepeHoca Tpaduka u curHanbHom cetn IMS gns
ynpaeneHns ceaHcamu. Takum obpasom, 3GPP npu paspaboTke IMS
dakTn4eckn NpoaoKun Hadateln B Rel’4 nepeHoc Ha MOBUbHbIE CETU
OCHOBHOW naeonorun Softswitch.
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XoTa HekoTopble pyHKUMM IMS He Bcerga nerko OTHECTU K TOW unm
WMHOW NJIOCKOCTW, HO Takol noaxoa ob6ecnevymBaeT MUHUMAbHYIO 3aBU-
CMMOCTb MexXay NI0OCKOCTAMMU U, K TOMY e, 0B/ieryaeT aBTopam 3agady
paccMoTpeHns apxmTekTypbl IMS B 3TOM KHUre.

Ewe pas3 nogyepkHeMm, 4yto IMS cneuyduumpyeT He y3nbl cetu, a
bYHKUMW, COEOMHEHHbIE CTaHOApTHbIMKM uHTepdercamu. Pa3paborT-
4YMKU BripaBe 0ObEAVHUTE HECKOSIbKO DYHKUUA B OOAHOM (DU3NYECKOM
0b6beKkTe 1M, HaobopOoT, peann3oBaTb OAHY OYHKUMIO pacnpeneneHHo,
0HaKo 4alle Bcero Gpuan4eckyto apxuTekTypy CTaBAT B COOTBETCTBME
OYHKLMOHANBHOW 1 peannayioT Kaxayio GyHKLUMIO B OTAESIbHOM y3rie.

20.6. NMNnockocTtb ynpasneHus IMS

HoBbIM K/lO4EBLIM 3/1IEMEHTOM B apxutekType IMS aBnaetca ¢yH-
Kkumsi ynpasaeHuss ceaHcamu cBsiam (Call Session Control Function,
CSCF). ®yHkuua CSCF aBnsieTc OCHOBHOM (OYHKUMEN Ha MAOCKOCTU
ynpasnenmsa IMS-nnatgpopmbl. Moayne CSCF, mncnonb3ysas npoTOKON
SIP, BbinonHsAeT PyHKUMK, obecneynBaioLlme 4OCTaBKY MHOXECTBA YC-
Nyr peasibHOro BPEMEHU C UCMNONb30BaHMeM TpaHcnopTa IP. ®yHkums
CSCF uncnonb3yeTt avHamMmun4yeckyto MHpopmauuio ansa adpPekTUBHOro
ynpaBieHns ceTeBbIMU pecypcamm (MorpaHnYHbIe YCTPOMCTBA, LLO3bl
1N CEPBEPLI NPUIOXEHUI) B 3aBUCUMOCTU OT Npoduna nonb3oBaTenemn
1 npunoxeHun. Moaoyne CSCF BkNlO4YaeT B CBO COCTaB TPU OCHOBHbIE
dYyHKUMK (puc. 20.2):

e Serving CSCF (S-CSCF)
e Proxy CSCF (P-CSCF)
¢ Interrogating CSCF (I-CSCF)

®yHkumsa S-CSCF obecnedymBaeT ynpaBjieHne ceaHcaMy OO0CTaB-
KU MYNbTUMEONIAHbIX COOOLLEHUI C UCMosib30oBaHMeM TpaHcnopTa IP,
BKJ1IOYAS PermcTpaumio TEpMMHaNoB, AByXCTOPOHHEE B3aUMOOENCTBNE
c cepepomM HSS (nosiyyeHne OT HEro NOIb30BaTENbCKMX AAHHbIX), aHa-
N3 coobLUEeHUs, MapLLpyTU3auUuio, yrnpaBneHne CeTEBbLIMUN pecypcamm
(wno3amu, cepBepamm, NOrpaHMYHbIMU YCTPOWCTBAMM) B 3aBUCUMOC-
TV OT NPUNOXEHNM 1 OT NPOPUNA NONL30OBATENS.

dyHkumsa P-CSCF co3paeT NepBylo KOHTAKTHYIO TOYKY BHYTPU aapa
IMS ons TepmuHanoB IMS paHHol cetn. @yHkumsa P-CSCF npuHuma-
€T 3anpoc OT TEpMUHANA UM K TEPMUHANY 1N MapLUPYTU3UPYET ero K
anemMeHTam aapa IMS. ObcnyxuBaembliii TeEpMUHAN MONb30BaTeNs 3a-
kpennsetcs 3a dyHkumern P-CSCF npu peructpaummv B 3TO CETU Ha BCe
Bpemsa pernctpaunn. Mogyns P-CSCF peanusyeT GyHKUNU, CBSI3AHHbIE
C ayTeHTudMKaumen nonb3oBartens, GopMmpyeT y4eTHble 3annucu n ne-
penaeT Ux B CEPBEP HAYUCIEHUS MNaThI.
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OpHuMm 13 anemeHToB Moaynst P-CSCF aensietca Policy Decision
Function (PDF) — ¢oyHKums BbIGopa NONUTMKKU, ONepupytowas ¢ xapak-
TepucTukamm Tpaduka, TakumMm kak Tpedbyemas ons ero 06Cny>XmBaHms
NpPOoMNyckHasi CNOCOOHOCTb, NapamMeTpbl OrpaHUYEHUsT MOCTYMAOLLIErO
Tpaduka n T.4.

®yHkums I-CSCF co3paeT nepBylo KOHTAKTHYIO TOYKY BHYTPWU siapa
IMS gnsa BCex BHELIHUX COeOMHEeHUn ¢ abOHeHTaMm OaHHOW CeTn unn
¢ aboHeHTaMN 13 Opyrmx ceTen, BPeMEHHO HaxoOsaWMMNCs B OaHHOMN
cetn. OcHoBHas 3agadya moayns |-CSCF — ngeHTndumnkauuvs sanpatumsa-
€MbIX BHELLHUMW aBOHEHTaMM YCIyr, BbiIOOP COOTBETCTBYIOLLLErO CepBe-
pa NpunoXxeHnii n obecreyeHne OOCTyrna kK 3TOMy CeEpBepy.

Ewe oauH knoyeBon anemeHT apxutektypbl IMS - cepsep HSS
(Home Subscriber Server). Mo cytn, HSS npeactasnseT cobo UeH-
TpanM3oBaHHOE xpaHunuie nHdopmaumm 06 aboHeHTax u ycnyrax u
ABNAETCS 9BOMIOUMOHHbIM pa3sutneMm HLR n AuC, pacCMOTPEHHbIX B
npeaplayLLmx nekumsx atom yactu. B HSS xpaHutcsa Becsa nndopmaums,
KoTopasi MOXeT NoHaJ0bUTLCA NPU YCTAHOBNEHUN MYNbTUMEANAHOIO
ceaHca: nHoopMauma O MECTOHaxOXAeHUW nosb3oBatens, UHOOpP-
Maums ans obecnedyeHms 6e30MacHOCTU (ayTeHTUDUKaALMS U aBTOPU-
3aums), nHpopmauma 0 Nosb30BaTeNbCKUX Npodunsx, 06 obCnyxum-
Balowel nonb3oBatens S-CSCF 1 o TpurrepHbix Todkax obpalleHns K
ycnyram.

B3aumopeiictemne cepsepa HSS ¢ apyrumn anemeHtamm nnatdop-
Mbl IMS nokazaHo Ha pwuc. 20.3. Mnatdpopma IMS aBnseTca nepson
CTaHOAPTHOW apxXUTEKTYPOI, KOTopas NoaaepXMBaeT OTKPbITbIE MHTEP-
delicbl KO BCEM AaHHbIM aboHeHTa. Hanuune oTKpbITbIX MHTEPDENCOB
NO3BOJISET pa3HbiM CepBepPaM MPUIIOXKEHN COBMECTHO MCMOJIb30BaTb
nHpopmauuio 06 aboHeHTEe, HaNPMMEep, Takyto Kak cTaTyc NPUCYTCTBUS.

BeeneHne cepBepa HSS aBNSeTCs OCHOBHLIM OT/IMYUEM apPXUTEKTY-
pbl IMS oT 60nee paHHUX BapUaHTOB apXMTEKTYPbI NPeaOCTaBNEHNS YC-
nyr CMNC. UMeHHO 3TOT cepBep CO34aeT BOSMOXHOCTU Pa3BepTbIBAHUS
HOBbIX YCIyr Ha 6a3e apxutekTypbl IMS.

CeTb MOXeT coaep>xaTb 6bonee ogHoro HSS B Tom cny4vae, ecnm Ko-
IN4ecTBO aBOHEHTOB C/IMLLKOM BEJINKO, YTOObI NOA0EePXNBATLCSH OAHMM
HSS. Takas ceTb, Hapsay ¢ Heckonbkumu HSS, ponxHa 6yaet umeThb B
cBoeM cocTtaBe dyHkumio SLF (Subscriber Location Function), npen-
CTaBNAOLLYI0 cOO0M NPOCTYlo 6a3y AaHHbIX, KOTOPas XPaHUT JaHHbIe O
cooTBeTCcTBMN MHdopmMaumn HSS agpecam nosb3oBaTenen.

Y3en, nepegaswnii K SLF 3anpoc ¢ agpecom nonb3oBartens, nosy-
yaeT OT Hee cBeaeHus o ToMm HSS, koTopbli coaepxnt nHdopmaumio 06
aTom nonb3osatene. Kak HSS, Tak n SLF ncnonb3yioT ons B3aMmMoaenc-
TBUSA C NpounmMm anemeHTamu IMS nportokos Diameter.
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Ewe pBa CDYHKLI,I/IOHaJ'IbeIX MoAayna Ha MJOCKOCTU ynpasieHna
obecneynBaioT ynpasneHune MyanMMeLI,VIVIHbIMM MHOOPMaALMOHHBIMIN

noTokKamMu.

MepBbli U3 3TUX MOAYNEN — NPOLECCOP MYNLTUMELNNHBIX PECYPCOB
MSFP (Multimedia Resource Function Processor) — BbINMOJHAET rpynny
DYHKLUNA, HEOOXOOMMbIX 0151 NOAAEPXKN MYNTbTUMEOUNHBLIX CEaHCOB, B
TOM YMcne KOHPUrypmposaHme pecypcoB, CMeLLVBaHME pPasHblX Megua-
NOTOKOB (Hanpumep, OT HECKOJIbKMX aBOHEHTOB), FreHepaunio MynbTU-

MeOUNHbIX 00bABNEHNI, 00PaBOTKY MYNLTUMEANAHBIX MOTOKOB.

BTopoi, cBA3aHHbIN C nepBbiM, Moaynb MSFC (Media Resource
Function Controller) — koHTponnep GyHKUUN MYNBTUMEONIAHBIX PECYp-
COB — aHanusupyeT nHdopmaumio, npmxoasiwyo n3 AS n S-CSCF n,

COOTBETCTBEHHO, YNpaBnaseT HGOPMaLMOHHbIMY NOTOkamMn B MSFP.
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HSS
| YnpaBneHne nopnepxkoi MobunbHOCTH | | O6paboTka naeHTudurKaLmm |
|I’eHepauwﬂ KJoYen 3aWmThl VIHCbOpMaLI,VII/I| | Mopnepxka aBTOPU3aLN YCITYT |
|I‘Iop,,uep>KKa 6e3onacHoCcTn HOﬂbSOBaTenﬂ| | ABTOpM3auMsa ocTyna |
| Mopaepxka NpeaocTaBAeHns ycnyr | | Mopaepka ycnyr npunoXxeHni |
| Moppepxka ycTaHOBNEHNSt COEAMHEHMS |
(¢} D Wx Gr Gc Sh Si Cx
-
gsmSCF Cepsep.
| GMSC | | MSC/VLR | GGSN NpUNOXenni SIP

| OSA -SCS || M |@|

PS pomeH IMS

3GPP SGSN
AAA

cepsep

CS pomeH

Puc. 20.3. Jlornueckue ¢pyHkunmu HSS u ero cea3b c Apyrummn
anemeHTamu nnat¢popmsel IMS

dyHkuma BGCF (Breakout Gateway Control Function) — dyHKums
ynpaBneHus LWno3aMmn — ynpaeisieT NepPeCchINKoi BblI3OBOB MeXay A0-

MeHoM KoMmmyTaumm kaHanos (THOIM nnm CIr1C) n ceTbio IMS.

OTOT MOAYJb OCYLLECTBASIET MapLUPYTM3ALIMIO HA OCHOBE TenedoH-
HbIX HOMEPOB 1 BbIOMPAET W03 B AOMEHe KOMMYyTaumm kaHanos (CS),
yepe3s koTopbi ceTb IMS (roe pacnonoxeH cepeep BGCF) 6yneT B3aun-
mMogeincTeoBaTb ¢ ceTamm THOIM nnm GSM. 3pechb e Npon3BoanNTCS re-
Hepauus COOTBETCTBYIOLUMX YHETHbIX 3anucei ans HauyncneHus naatbl

aboHeHTam ceTtelnt ¢ CS.
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dyHkuma MGCF (Media Gateway Control Function) — ¢dyHKuus yn-
paBneHus wn3amu, obecnednsaeT npeodbpasoBaHme npotokona ISUP
1 NPOTOKOJIOB yrpaBfieHns coeauHeHnsasmMun B nogcucteme IMS.

Kpome Toro, aToT moaynb ob6ecrneyunBaeT ynpasiieHne COeANHEHNSI-
M B wnio3ax IMS, koTopble TEPMUHMPYIOT NOTOKM U3 AoMeHoB CS
nPS.

®yHkums IBCF (Interconnect Border Control Function) obecneum-
BaeT MNOJIHYIO YNPaBSIEMOCTb HA FPaHNLLE MeXAy CETAMM pasHbIX NpPo-
BanaepoB. OHa BbINONHSAET cornacoBaHue IPv4 n IPv6, MOXeT, B clydyae
HeobxoaMMocTn, obpalaTtbes K GyHkumn IWF, MoXeT ynpaBnsiTe OOCTY-
NMOM W Ha3HavyaTb NONOCY NMPOMNYCKaHMUsl B COOTBETCTBUM C COOCTBEHHOMN
NoONUTMKON, nnn obpawascek k nogcucteme RACS.

dyHkuua IWF (Inter-Working Function) obecnednBaeT B3anMoOenc-
TBMe npotokona SIP cetn IMS ¢ curHansHbiMn npoTtokonamu IP-ceten
Opyrmux npoeanaepos, Takumm kak H.323 unu gpyrue peanusauum SIP.

dyHkumsa I-BGF (Interconnect Border Gateway Function) ynpaBnseT
nepenaden AaHHblx 3 1 4 ypOBHEN Yepes rpaHnuy CeTen pasdHbiX Npo-
BanaepoB. ITa GyHKUNSA UFPAET POJib MEXCETEBOIO 3KpaHa, 3awmwaeT
A0p0 ceTu NpoBanaepa, uibLTPYs NakeTbl HA OCHOBaHUM MHpOPMaLIUKN
MIOCKOCTM MeamnaLlno3oB 1 AocTyna. OnunoHanbHbIMM BO3MOXHOCTSI-
mMu |-BGF aBnsioTca: mapkupoBka Tpaduka B Lensx obecrnedeHns QosS,
nonnTuKa yrnpaefieHUs LUMPUHOW MOMOCHI MPOMNyckaHUs U 06beMoM
CUrHanbHOM NHGOPMaLMN, N3MEPEHNE HArpy3kM PecypcoB 1 onpeae-
neHne napameTpos QoS.

B 3akniouenune paccmotpum MRF (Media Resource Function), aBna-
IOLLYIOCSt ICTOYHMKOM MegmanHdopmMaumn B JOMaLLHEN CETU 1 MO3BO-
NISIIOLLLYI0 BOCMPOW3BOAUTL pa3Hble NPUBETCTBUS U 0ObABNEHUS, CMe-
lmBaTb MeauanoToku, TpaHCcKoaMpoBaTb OMTOBbLIE MOTOKM KOOEKOB,
nonay4atb CTaTUCTUYECKNE OAHHbIE U aHANU3UPOBaTb MeagnanHpopma-
uunto. dyHkumsa MRF genntcsa Ha ase yactu:

e MRFC - Media Resource Function Controller
e MRFP — Media Resource Function Processor

MRFC B3anmogericteyeT ¢ S-CSCF no npotokony SIP. Micnonb-
3ys nonyyYeHHble wuHCTpykuum, MRFC ynpaBngetr no npoTokony
MEGACO/H.248 npoueccopom MRFP, HaxoaswmmMcs Ha N0CKOCTU Me-

OMaLno30B 1 JocTyna, a TOT BbINOJHAET BCE MaHUNynaumm ¢ megma-
nHdopmaumen. Cama MRF Bcerga HaxoguTcs B AOMALLHEN CEeTU.
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20.7. NMnockocTb NpunoXxeHuun (ycnyr)

BepxHuii ypoBeHb 3TaNOHHOW apxuTtekTypbl IMS copepxnt Habop
CEPBEPOB MPUSIOXKEHUIN, KOTOPbLIE, B MPUHLUMNE, HE ABASIOTCS 3/IEMEH-
Tamn IMS. 3TK anemMeHTbl BEpXHEN NNOCKOCTM BKJIIOHAIOT B CBOWM COCTaB
Kak MynbTUMeaniiHble IP-npunoxeHuns, 6asupyomecs Ha npoTokose
SIP, Tak 1 npunoxeHus, peanndyemMble B MOOUIbHbLIX CETSIX Ha 6ase BUP-
TyanbHON OOMALUHEN cpeapl.

ELLie 0OMH 3neMeHT NI0CKOCTU NPUNOXeHUn — cepBuc-bpokep SCIM
(Service Capability Interaction Manager), ob6ecneuymBaioLLMin yrpasne-
HVEe B3aMOAENCTBNEM MIIOCKOCTUN NPUOXeHuin n sapa IMS.

CepBepbl NPUIOXEHN MOTYT OblTb O4EHb Pa3HbIMU, HO B IMS NpuHs-
TO BblOeNsATb TPU TUNa CEPBEPOB:

e SIP AS (SIP Application Server) — knaccu4ecknin cepeep npuaoxe-
HWIA, NPEeaOCTaBNAIOWNIA MyNbTUMEaNHbIE yCnyrin Ha 6ase NpoTo-
kona SIP;

e (OSA-SCS (Open Service Access — Service Capability Server) npeno-
CTaBnseT nHTepdenc Kk cepsepy npunoxeHmnin OSA n GyHKUMOHNPY-
€T Kak cepBep NMpuioXeHnin co ctopoHbl S-CSCF n kak nHtepoderic
Mexnay cepsepom npunoxeHuin OSA n OSA API — ¢ gpyro CTOPOHbI;

e [M-SSF (IP Multimedia Service Switching Function) no3onsieT uc-
nonb3oBaTb B IMS ycnyru CAMEL, paspaboTtaHHble ans ceten GSM,
a Takke no3BonseT ynpaenawowen dyHkunm gsmSCF (GSM Service
Control Function) ynpaenatb IMS-ceaHcom. Co cTtopoHbl S-CSCF
cepBep IM-SSF pyHKUMOHUPYET Kak cepBep NPUIOXEHUI, a ¢ apy-
roWn CTOPOHbI — kKak dyHKuus SSF (Service Switching Function), KoTo-
pas B3aumogencteyeT ¢ gsmSCF no npotokony CAP, ynomMunHasLLe-
Mycs B nekumm 17.

MomMnmo 0ba3aTenbHOro AN BCeX CEPBEPOB NPUIOXeHU SIP-uH-
Tepdenca co cTopoHbl IMS, OHM MOryT Takke MMeTb MHTepdENChI K
HSS, npuyem SIP AS n OSA-SCS B3anmogernicTtBytoT ¢ HSS no npo-
Tokony Diameter onsa nonyyeHus OaHHbIX O MOJib30OBaTene WA Ons
0BHOBNEHUS 3TUX AaHHbIX B HSS, a nHpOpMaUVOHHLI 0OMeH Mexay
IM SSF n HSS Bepetca no npotokony MAP, paccMOTpeHHOMY B
nekuyn 14.

CepBepbl MPUIOXEHNIA MOTYT HAXOAUTLCS MO0 B AOMaLUHelr, nnbo
B MoOON Opyroi cetu, ¢ KOTOPOW y NpoBaiigepa eCTb CEPBUCHOE CO-
rnaweHune, HO B NOCNEOHEM Chyyae npsMoro nHtepdemnca ¢ HSS He
npegycMmaTpuBaeTcs.

17. TonbawTenH
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KnioueBble cnoBa: KOMMYHMKALUN «HeNOBEK-4esI0BeK», «4eIoBeK-MallnHa»
M «MawuHa-mawmnHa», FMC, texHonorusa LTE, cuctemol MIMO, TtexHonorus OFDM,
TexHonormsa SDR, koHuenuua IMS, ycnyrm npucytcteust Presence, ycnyra Instant
Messaging, komuteT TISPAN, ¢yHkumsa ynpaeneHna CSCF, cepeep HSS, npoueccop
MSFP, koHTponnep MSFC, ¢yHkuma ynpasneHus wno3damm BGCF, nnockocTb ycnyr,
cepsuc-6pokep SCIM.

?
ij KoHTponbHbIe BONPOCHI

1. Byayuiee pa3BuTne MoGUNILHON CBA3U:

a) nepexopn Kk 3G, 4G, 5G,

b) koHsepreHuus TpOM u CIC,

c) nepexof k IMS,

d) BCe 9Tu Tpu TEHOAEHUMN.

C uem Bbl cornacHsl, a ¢ 4em He cornacHbl B nporHo3ax 1aén. 20.17?
Kak Bbl noHnmaeTe koHuenumio IMS? YT1o o3HavaeT noHaTue nogcuctema B IMS?
MokaxunTe oCHOBHble dadbl aBoOUMM cneundukauni IMS.

Kakne @yHKUMM cooepXXnT NnockocTb ynpaeneHus IMS?

Yem ynpasnset dpyHkumnsa BGCF?

OnnwnTe NNOCKOCTb NPUAOXKEHNIM B KOHUENUuK IMS.

@ 3apaum v ynpaxHeHus

1. PaspaboTaiite nepeyeHb nHtepdeicos HSS. Mokaxnte obLume anemMeHTbl
n paznnumg HSS n HLR.

l@ Jintepartypa Kk nekuumn 20

20.1. TonbawTenH A.B., TonbawtenH 6.C. SOFTSWITCH. -
CIN6.: BXB-lMeTepbypr, 2006.
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Nekuunsa 21

DBONIOLUMS CeTEN
nepeaayYy AAHHbIX

lMporpecc — a1o nyyLuee, a He ToJIbKO HOBOE.
Jlone ne Bera

21.1. MpyHUMNBI KOMMYTaLUN NAKeTOB

Mporpecc BblUNCANTENBLHOW TEXHUKW MOPOANI HOBbIV BUA, 31EKTPO-
CBA3N — nepepadyy OaHHbiX. B Havane pasButmvsa nepemadn OaHHbIX
(koHeL, 60-x rogoB NPOLUSIOro CTONETUS) N MPUMEPHO B TedeHue 25 net
obbeM Tpadurka AaHHbIX COCTaBNSAN He Boflee 0aHOro — ABYX NPOLEHTOB
Tpaduka TenedoHHbIx ceTen. OgHako B cepeamHe 90-x rogoB cutyaums
Hayana N3MeHNATbLCA, MMPOBOM TPadUK AAHHbLIX CTan PacT 4OCTAaTOYHO
ObICTPO, N B NocnegHne roabl oobem Tpaduka OaHHbIX yaBamMBaeTcs
Kaxkable ABa roga.

foBops 0 pocTe Tpaduka JaHHbLIX, Mbl NOgPA3yMeEBAEM BCIO COBO-
KYNMHOCTb Tpadwuka, nepBoHavyanbHO 00CNyXMBaBLUErocs crneumanman-
pOBaHHLIMU CETAMU Nepenadn AaHHbIX, KOTopble HasbiBaloTcs Gonee
CcTporo B obpasoBaTesibHOM cTaHgapTe (U, crnemoBaTesibHO, — B 9TOW
KHUre) CeTaMun JOKYMEHTaIbHOM anekTpoceasu (CAJ), a B nepeBogHOM
nuTepaTtype — KOMMbIOTEPHbIMU ceTaMmu. He BoaBascb B aetanu, BCe
TPW NPUBEAEHHBIX TEPMUHA Mbl BYAEM CUNTATb CUHOHUMAMM.

LLInpokoe pasHooOpasue ycnyr nepenadn AaHHbIX B CETAX JOKYMEH-
TaslbHOW 3NEKTPOCBA3Y, B OT/INYME OT PACCMOTPEHHOMO B NpeablayLimX
NeKumMax pedyeBoro obmeHa, TpebyeT MNPUMEHEHUs MPUHLUNNANBHO
OPYroro MexaHnama A0ocTaBku nHGopmaummn, B oTnmM4mMe oT NPUHATOro
B TeNedOHHbIX CETAX METo4a KOMMYTALUN KaHasoB.
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OTOT MexaHU3M [0/IKEH OblTb a0anTUPOBaH HE TOJIbKO K pa3HO00-
pa3nio TUMNOB AAHHbIX N YCIYT, HO 1 K MA4Y€4HON CTPYKType Tpaduka, 4To
aBnaeTca xapaktepHon dyepton CLI. HazeaHHble dyHOaAMEHTaNbHbIE
pas3nnuug onpeaenmnu asa NpUHUMNManbHO PasHbiX BUaa CeTen:

e CeTu C KOMMYyTauMer KaHaa0B, No KOTOPbIM NepeaalnTCa HEMPEPbIB-
Hble MOTOKU MHPOPMALMN C MOCTOSTHHOW CKOPOCTLIO, Kak NpaBwuio,
paBHoOl 64 KOUT/C;

® CeTy C KOMMYyTaumel nakeTtos ¢ Na4e4Hon CTPYKTYpOon Tpaduka, ne-
penasaemble B LUMPOKOM Anana3oHe CKOPOCTEN, HaunHasa OT COTEH
6uT/Cc BNNOTb 80 AecsATkoB M6uT/C.

B nepsbIx OeCATU NEKLMAX 3TOW KHUIU (1, YaCTUYHO, B CNIeayoLmX
OEeCcATU nekuusix) paccMaTpuBaIncb NPOLLECChl TPAHCNOPTUPOBKU pe-
YeBbIX CUMHANOB MEeXAY CTaHLUMAMU B TeNedOoHHbIX ceTaX. OCHOBHLIM
CBOWCTBOM TakuX CEeTell ABNAETCA UCMOb30BaHMe NpUHLUMNa KoOMMy-
Tauun KaHanoB, B OCHOBE KOTOPOro NEXWUT 3aKperjeHne KaHanbHbIX
pPecypcoB 3a 00LLAaLWUMNCH TepMUHANaMKN Ha BCE BPEMs ceaHca CBS-
31, HE3aBMCUMO OT ero ANUTENLHOCTU. Takoe 3akpenneHne pecypcos
MOXET NPUBOANTL NPU ONPEAENEHHbIX YCOBUAX K Neperpyskam u, Kak
CcneacTBue, K 0Tkasam UK K OLLYTUMbIM 3adep>xkam B obcnyxmsaHmm. K
CcYacTbio A/19 aBOHEHTOB, PUKCUPOBAHHLIE TeNlePOHHbIE CETU NPOEKTN-
PYIOTCA Tak, 4TO NPAKTUYECKU HUKOTOA HE UCMONb3YEeTCHA NX NPOMNycKHas
CNocoBHOCTb, paccynTaHHaa Ha nepuoabl HanbonbLuen Harpysku. Ho,
C PYroii CTOPOHBI, TakMe ceTn He adpdeKTUBHLI NPU Nepeaade JaHHbIX.
ANbTepHaTMBHBIM NOAXO0M K MOCTPOEHUIO CeTY BasnpyeTcs Ha NpuHLmMNe
KOMMYTaLMK NakeToB. TexHnKa kKoMMyTaLmy naketos, passuraa B 70-x
rogax MpoLusioro CTONEeTUsl, OCHOBaHa Ha pasfefieHnun NoJIe3HOM Ha-
rpyskn (CoobLLeHui, nognexawmx nepegade) Ha MHOXECTBO MakeToB
nnn aueek. Mepen nepenayein K NyHKTY Ha3HaYEeHUA Kaxablit nakeT go-
NONHAETCH 3aro/10BKOM (CnyxebHas 4acTb CoAepXnMOoro nakeTa). B 3a-
roNoBKe MakeTa ykasblBaloTCA ero NopaaKoBblii HOMep 1 agpec nyHKTa
HasHaYeHns, a Takxe Apyrasa curHanbHas nHpopmaums. XoTs 3aronoBok
He NepeHOoCUT NONE3HYI0 Harpysky 1 paccmaTpuBaeTca npu nepenaye
OaHHbIX KaK PasHOBUAHOCTb HaK/IaAHbIX Pacxoa0B, HO Be3 CryXeGHo
NMHPOPMAaLLMM NaKeT HE MOXET NepeaaBaThca o ceTu. Mocnenosartenb-
HOCTb MakeToB, NPUHaAiexallUmx 0gHOMY COOBLLEHWIO, ONPenenaeTcs
Kak Jiormyeckuii kaHasa. Basupyacbk Ha MOHATUN NIOMMYECKNX KaHasos,
MOXHO FOBOPUTb O TOM, YTO KOMMYTaLMA NakeToB AenaeT BO3MOXHO
OpraHu3aLmio OMNpeaeneHHOro KOJMYecTBa NOrMyeckux KaHasioB B
o4HoM NuHUK nepenadn. Ecnm N naketoB, COOTBETCTBYIOLLIMX Pa3HLIM
NyHKTaM Ha3Ha4YeHus, NepesaoTcs No OAHON JIMHUK, 3TO O3HAYaET, YTO
B TAKOWM NINHNN CYLLIECTBYET 0AHOBPEeMeHHO N Iornyeckumx kaHanos. Mpu
OOCTUXEHUM 04epeHOro y3a ceTu NakeTbl BHayasle HakanamealoTcs, a
3aTeM MNocTynaloT B KOMMYTaTOP NakeTos.
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KoMmyTaTtop cyuTbiBaeT agpec MyHKTa Ha3HadyeHWs1 M3 3arosoBka
nakeTta W HanpasfseT MakeT K CreayllleMy y3iy B COOTBETCTBUM C
BblOPaHHbIM MapLUPYyTOM W NMpaBmuiamMm NpuopuUTETHOrO 06CNYXXNBaAHNS
Tpadwuka.

OnTManeHbIN MapLIPYT COOTBETCTBYET ONPeaeeHHOMY KpUTEPUIO,
HanNpMMep, MUHUMYMY 4YMcna KOMMYTALIMOHHBIX Y3/10B, MUHUMANIbHOMN
CeTeBOV 3agepXKe, MakCUMasbHO BO3MOXHOWM MPOMYCKHOW Cnocob-
HOCTU BbIBPAHHOIO MapLupyTa 1 Tak ganee. Ecnm, Hanpumep, cocegHumn
y3ern, BbIOpaHHbI MO ONpefeneHHOMY KPUTEPUIO, B OAHHbIA MOMEHT
3aHAT, MapLUPYT MOXET OblTb M3MEHEH NyTeM BbibOpa 6onee AJIMHHOIo
nyTu. Takon npoyecc KoMMyTaumm onpeaenseTcs Kak NPoLecc Hakorn-
neHusa n nepegaydn. OyHKUMA HAKOMIEHWS NAKeToB, U Oygepusaums,
ABNSETCS BECbMA MNOMIE3HON AN1F PELLEHNS NPo6aeM, BOSHUKAIOLLMX MPU
OOHOBPEMEHHOM MOCTYM/IEHNN NAKETOB B KOMMYTATOp NakeToB. B 00-
LWeM clydyae nocTynaioLme nakeTbl 0O6CAYXMBAIOTCS B COOTBETCTBUU C
npaBunom FIFO (nepBbiM npuLLes, nepBbiM 00CTyXeH), ecnn B bydepe
OTCYTCTBYIOT NakeTbl, MOCTYNMBLUME MO JIOrMYECKUM KaHanam C pasHbl-
MW NpeaBapUTENIbHO HA3HAYEHHbIMM YPOBHAMM NMpuoputeTa.

Puc. 21.1 nnnioCtpmpyeT NpUHLMNLI CETU C KOMMYTaLMer NakeTos.
OpHUM 13 Hanbonee BaXHbIX CBOMNCTB Takol CETU, Kak crneayeT 13 pu-
CYHKa, ABNSI€TCS TO, YTO NakeTbl OAHOr0 COOOLLEHNS MOMYT NpUbbIBaTh
B MYHKT Ha3Ha4YeHns B C/ly4aHOM Mopsake M3-3a pasdHbiXx MapLlpyToB
MX OOCTaBKM N 3afepXeK B HAKONUTENSX y3soB. [na BocCcTaHOBEHUSA
Tpebyemoro nopsiaka nakeTtoB B COOTBETCTBUN C MX HOMEpPaMu, Nosy-
YEeHHbIMU B MYHKTE OTNPaBfieHns, B MyHKTE HA3HA4YeHWA NPeayCcMoTpeHa
BO3MOXHOCTb Bydepunzauunu.

CeTb, B KOTOPOW NaKeTbl OAHOIr0 JIOMMYECKOro KaHana Ha nyTu K nyH-
KTY HasHaYyeHUs NPOXOOAT Yepes pasHbie NyTU, Ha3bIBAETCA CeThIo, He
OPVEeHTUPOBAaHHOV Ha coeanHeHus. B Takoli ceTn peanusyeTca mMaplu-
pyTU3aumsa, N3BECTHAsA Kak MapLUpyTu3aums aararpaMm, U COOTBETCT-
BYIOLLMIA PEXMM TPaAHCMOPTUPOBKM MakeToB MONy4yun HasBaHue gara-
rpaMmMHOro pexuma. B cetax Takoro Tuna BO3MOXHbI NOTEPU NakeToB
B NPOLEcce TPaHCNOPTMPOBKN MO PALY NPUYMH (Hanpumep, n3-3a ne-
PerpyskM KOMMYTaTOPOB UMM U3-3a OLMOOK MapLupyTu3aumm). B aTom
cly4ae B MyHKTE Ha3Ha4YeHusl MMeeTCa BO3MOXHOCTb MocnaTth 3anpoc
NoBTOPUTL Mepenady NOTEePSAHHbIX NakeToB. ANbTepPHATMBHLIA MOOAXOL,
K NMOCTPOEHUIO CeTell C KOMMYyTaLMe NakeToB COCTOUT B BblAeneHumn
O[IHOrO M TOrO Xe€ NyTu /1A NOCNen0BaTeNbHOCTY MaKeToOB, CBA3AaHHON C
OZIHVM U1 TEM XeE JIOTMYECKUM KaHasioM. Toraa nakeThbl JOCTUTaloT MyHKTa
HasHa4YeHUs B MPaBUIbLHOM MOPSLAKE, B COOTBETCTBMM C UX HOMEPaMMU.
Takne ceTu HasbIBaOTCH CETSIMM, OPUEHTUPOBAHHBIMU Ha COEANHEHUST,
B CETU peanu3yeTcs MyTb-OpUEeHTUPOBAHHAA MapLUpyTU3auma, a nyTb
nepenadYn nakeToB OQHONO COOOLLEHUNS Ha3blIBAETCHA BUPTYasIbHbIM Ka-
HasioM. BaXHO OTMETUTb, 4TO METOL, BUPTYasibHbIX KAHANIOB HE O0JIXEH
paccMaTpMBaTLCA Kak MoJIHbIA aHAIOr KOMMYTAaLMN KaHASIOB, MOCKOSIbKY
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nyTb AN NOcnenoBaTeNbHOCTU NakeToB ¢popMupyeTca Ha Gase Bblae-
JIeHUS NaMATU B y3/1ax KOMMYTaLMK, a HE 3a CYET Pe3epPBUPOBaHNS BCEX
PECYpPCOB MeXy UCTOYHNKOM U NoJslydaTenem.

MakeTbl, NnepeaaBaemMble B MyHKT A

> [T [ 7] [1]] (3T I[2T [T

KommyTatop p| KommyTtatop
naketos naxeTos > ( >
>
MakeThbl,
nepenaBaemble B NyHKT B yy

KommyTtatop
nakeTos

o

Y
®
Puc. 21.1. WUnniocTpaumsa npuHuMna KOMMyTaLum nakeTos

JOCTOMHCTBOM CeTei, OPUEHTUPOBAHHbIX HA COeAMHEHNS, ABNAeTCA
BO3MOXHOCTb YNpaBieHns NoTOKOM NakeToBs, 4To obecneynsaeT 6onee
BbICOKME MoKasaTenu kayecTtsa obcnyxumBaHua. Cpeau HeooCTaTkoB
NyTb-OPUEHTUPOBAHHOWN MapLUpPyTU3aUUn HeoOX0OMMO OTMETUTL Me-
Hee NofHoe, Mo CPaBHEHUI0 C MapLUpyTU3aLUvein gatarpaMmm, UCMob-
30BaHNe CeTeBOro pecypca.

CeTn ¢ kKOMMYyTaUMEN NAKETOB MOTYT ObITb UCMNOJIb30BaHbI AJ15 Nepe-
0ayn JaHHbIX U peyYn B CETAX BCEX TUMOB, HA4YMHas C JIoKasibHbIX ceTel
(Local Area Network, LAN) v KoHYasi KpyrnHoMacLLUTaOHbIMU FrOPOACKAMM
(Metropolitan Area Network, MAN) v TepputopurasbHO pacrnpenesieH-
Hbimu ceTamu (Wide Area Networks, WAN).

Ona peanusaumm npoueccoB TPAHCNOPTUPOBKN B TaKUX CETAX OOJXK-
Hbl ObITb ONpPeAeneHbl crneumnasnbHble NPOTOKOSIbI, B KOTOPbLIX ONUCHIBA-
I0TCS Npasuia MHULMMPOBaHUS BbI3OBOB, YCTAHOBJIEHUSA NTOMMYECKNX
COeaVHEHNN N 0OMeHa AaHHbIMU MEXAY 3NIEMEHTaMN CETEN.

M3BeCTHbI YeTblpe Hanbosee LMPOKO UCMOJIb3YEMbIX NMPOTOKOMNA AN
nepenayv nHdopmMaLmm B CeTaX C KOMMyTaLMen NakeToB — NPOTOKON
X.25, npotokon Frame Relay, npotokon ATM n npotokon IP. 3Tu npoTto-
Konbl 6yAyT onucaHbl B CNeAyOLWNX NEKLMSX.
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21.2. Uctopusa co3paHna KOMMNbIOTEPHbIX ceTen

NcTopnsa KOMMbIOTEPHBIX CETEN HaunHanacb B AreHTCTBE Mnepc-
NEKTUBHbIX MUCCNeaoBaTeNbCKUX MPOEKTOB, co3gaHHoMm B 1958 rogy
B BawwHrtoHe nop arupgonn MuHuctepctBa o06opoHbl CLUA. 310
AreHTCTBO M3BECTHO B KOMMbIOTEPHOM WU TENEKOMMYHUKALMOHHOM
coobLecTBe, HE3aBUCUMO OT MCMOJIb3YyEMOr0 A3blka, MO, Ha3BaHUEM
ARPA (Advanced Research Projects Agency). B cepegnHe 60-x ronos
NPOoLLSIOro CToNIeTUS NpobsieMamMun CBA3U Mexay yaaneHHbIMU KOM-
nbloTEPaMU aKTUBHO 3aHMMANNCb N CNEeUnanmcTbl N3 HaumoHanbHOW
duanyeckomn nadbopartopum (NPL) B AHrnum. Konnexktmebl n3 ARPA n NPL
MNPULLAN K MPUMEPHO OAVNHAKOBbLIM PEe3ynbTaTaM B OTHOLEHUU GOPMbI
npencTaBfieHns CoOOLLEHNI NPY Nepeaade Ux Mexay KOMMbioTepamu:;
Cco00LLEeHUs OOMXHbI OblTb pa3aenieHbl Ha CTaHAAPTHbIE B10KK onpeae-
NeHHoro gopmarta, BK/oHalLWwero B cebs 3aronoBoK U NPM3HaK KoHLA
onoka.

Pa3paboTka npuHumna cBA3n, NO3Xe Ha3BaHHOro KOMMYyTaLMen na-
KeToB, cBA3aHa c umeHamu . BapeHa (ARPA) n 4. Nasuca (NPL). Bmec-
Te ¢ TeM, paboTbl aMepuKkaHCckmnx crneuuanmctoB 3 ARPA 1 aHIMMNCKUX
uccneposatenet n3 NPL npueenu K pa3sutuio AByX METOLOB KOMMY-
Tauun nNakeToB — meroaa gararpamm (bapeH) u mMmetToaa BupTyasibHbIX
coeanHeHwyi (O3Buc). Pexunm BUpPTyasibHbIX COeOMHEHUA npepnona-
raeT pesepBupoBaHME pecypca (NycTb gaxe BUPTyasibHOMo) Ha BpeMs
ceaHca CBA3K U, B KAKON-TO CTErNeHn, HaNnoOMMHaeT MeTod, KOMMyTaLnn
KaHasnoB, NPUMEHSEMbIN B KNlaCCUYECKNX TenedPOoHHbIX ceTax. Hannyne
pes3epBUPOBAHHOIO pecypca MO3BOMISIET rapaHTMpoBaTb onpenesneH-
HbIA YPOBEHb KayecTBa 00CNYXMUBAHUA 1, €CTECTBEHHO, NoaXoauT A
NPUMEHEHUS B ceTaX 00LLLero nonb3oBaHns. Meton KoOMMyTaLMK rnake-
TOB, NMPeaNoXeHHbIN 3BNCcoM, Obln cTaHaapTU30BaH MexayHapoaHbIM
coto3oMm anekTpoceasn (ITU) B 1976 roay B Buae PekomeHgaumn X.25 u
pekomMmeHaoBaH ITU ana cetei nepenaym gaHHbIX OOLLEro rnoJjib30BaHuS.
Ha 6a3e npoTtokona X.25 BO MHOIMx cTpaHax, rae cBA3b Oblla MOHOMO-
Nnen rocygapcTea, NOCTPOMIM 3HAYUTENBLHOE YMCAO CETEN nepenaym
naHHbIx (M), kak 00LLero nosib30BaHMS, Tak U KOPNopaTUBHbIX.

B meTtome patarpamm bapeHa, ToXe OCHOBAHHOM Ha KOMMYyTauun
MakeToB, OTCYTCTBOBAJ MPUHLNN pe3epBMpPOBaHNS PECYPCOB, TO ECTb
OH He obecneuymBan rapaHTUPOBAHHOE KayeCTBO OOCNYXMBAHUSA U He
Mor ObITb MpUMeHeH B ceTax [, obwero nonb3oBaHUs. [MaBHbIM ero
[OOCTOMHCTBOM Oblla MPOCTOTa MexaHn3amMa nepegadm naketos. Metop,
nepegayn partarpaMmm Obin MONIOXEH B OCHOBY ripoTokosa IP (Internet
Protocol) n ycnewHo ncnosnb3osaH npu noctpoeHunn cet ARPANET un
psiaa opyrux KOpPrnopaTmMBHbLIX CETEN, B OCHOBHOM, B YHUBEPCUTETCKNX U
ncenenoBaTefibCKUX CTPYKTypax.

JHeM poXaeHns KOMIMbIOTEPHbLIX CETEN MOXHO cunTaTb 2 CeHTS6-
ps 1969 ropa, korga Obls1 OCYLLECTBIEH OOMEH COOBLLEHUAMN Mexay
nBymMs KoMmnbtoTepamu ARPA; oanH 13 KOMNbIOTEPOB OblN1 YCTAHOBIEH
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B KanndopHuinckom yHusepcutete Jloc-AHoxeneca, a BTOpon — B
CteHdopackomMm mccnepopatenbckom MHctutyte. K koHuy 1969 ropa
YK€ YEThbIPE KOMMbloTepa 6bliM 0O6beANHEHBI KaHanaMn CoO CKOPOCTbIO
nepepayn 56 k6uT/c.

B 1974 roay B ctaTtbe B. Cepda u P. KaHa, NOCBALLEHHOW MPOTOKO1Y
TpaHcrnopTHoro ypoBHs (Transmission Control Protocol, TCP), Bnep-
Bble Obl1 MCNonb3oBaH TepMUH «Internet». B cnepgylowem rogy rpynna
B. Cepda n P. KaHa paspaboTana cneumdurkaumm cteka npoTokosioB
TCP/IP. BnocneactBun TepMuH «MHTEpHET» WKMPOKO WUCNONb30Bas-
csl 4na onpepeneHns cetel, 6a3MpPoBaBLUNXCS Ha CTEKE MPOTOKOOB
TCP/IP; npu atom cetb ARPANET Bcerna paccmartpuBanach Kak poao-
HaYanbHULA BCEX NOCNeayLmx ceten MIHTepHeT.

CrapTtosaBwas kak ARPANET, ceTb HTepHeT Ha npoTsxkeHnn 70-x
n Hadana 80-x rogoB MCNONb30OBanacb MNPEUMYLLECTBEHHO amMepu-
KaHCKUM MpaBUTENIbCTBOM, a TakXe akageMUYeCKMMU N UCCNeaoBa-
TENbCKUMMK OpraHmaaumsamm. TexHonorms VIHTepHeT npuMeHsanach ans
CTPOUTENBLCTBA aKaAEMNYECKMX CEeTel U B psiae eBPOnencknx CTpaH.
OpHako ceTy Ha 6asde TexHosorum MIHTepHET Kak YacTb TeNekKoOMMYHU-
KaUMOHHOM MHPACTPYKTYpPbl BCE €Lle OCTaBanMCb B OTHOCUTESNIBHO
Yy3KOW HMLLE NPUNOXeEHUI, He Byaydn BocTpeboBaHHbIMK B cpene One-
paTopoB 0OLLEro rnofib30BaHMA 1 ycTynas no MacwTabam cetam X.25.
OTa cuTyaumsa coxpaHanacbk oo cepeguHbl 90-x rogos, Koraa NosiBUANCH
nepeble yao0b6HbIE NOJSIL30BATENIO NPUNOXeHUs B cpene WHTepHeT, B
TOM 4ucne, Takme Kak CUCTeMbl nomcka vHdopmaumm Mosaic, World
Wide Web (WWW), runeptekctoBbin 93blk HTML. Bbinn paspaboTtaHbl
Hepoporve MogeMbl Afs NoakoHeHns aboHEHTOB KBapTUPHOIO Cek-
TOpa K KOMMbIOTEPHbBIM CETAM U CO34aHbl BbICOKOCKOPOCTHBIE Marnc-
Tpanu, crnocobHble nponyckatb Tpaduk CO CKOPOCTSAMU HECKOJIbKO
cot MéuT/c.

B cepegviHe 1995 ropa Ha pbiHKE NOSIBMIACL ONepaunoHHast CUCTe-
ma Windows 95 ¢ nHterpmpoaHHbiM ctekoM TCP/IP, n ycnyru IHTepHeT
CTanu OOCTYMNHbl MHOTMM MUIMOHaM nosb3oBateneit. CerogHs ceTb
WHTepHeT npencrtaBnseTr cobolr BCEMUPHYIO CUCTEMY A0OPOBOJSIBHO
00beANHEHHbIX KOMMbIOTEPHBIX CEeTEeNr, MOCTPOEHHbLIX HA CTEKE MPOTO-
konoe TCP/IP. Haumnnasa ¢ cepeaunHbl 90-x rogoB nMpoLsioro ctoneTus,
pasBuTHne ceten IHTepHET HaNnOMMHAET B3PbIBOMOA00HBI Npouecc.

K cepeaunHe 2008 roga 4mcno nonb3oBatenenn MIHTepHeT B Mupe ao-
cturno 1,2 Mmunnmapaa, 4To o4eHb 6/IM3KO K Yucny aboOHEHTOB PUKCUPO-
BaHHbIX TeNIeOHHbIX CEeTeN, UCTOPUSA Pa3BUTUSA KOTOPbIX HACHUTbLIBAET
6onee 120 net. NponyckHas crnocobHOCTb rnobanbHol ceTn NHTepHeET,
n3mepeHHas B Gutax 3a CekyHay, NPeBbILLIAEeT CYMMapPHYIO NPOMYCKHYLO
CMoCcoBHOCTL rMobasnbHoM TenedOoHHON CeT B OECATKN pas.

CerogHs yepe3 ceTb MIHTEpHET OOCTaBNAKOTCA HE TONbKO OaHHbIE,
paan nepegadn KOTopbiX U Obln NOCTPOEHbI NepBble KOMIMbIOTEPHbLIE
CeTU, HO TakxXe peyeBas nHpopmaumsa n BULEO.
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21.3. Mopenb B3aMMOCBS3U OTKPbITbIX CUCTEM

Mpexae 4YeMm nepenTn K xapakTepucTuke MpoToKosoB, Ha 6ase
KOTOPbIX MOCTPOEHbI CeTu Mnepenayn AaHHbIX, PACCMOTPUM MOAEb
B3aMIMOCBSI3M OTKPbITbIX CUCTEM, COAEpXallytd Habop CTaHAAPTHbIX
YPOBHEN, Onpenensiiolmx NpoLecchl TPaHCNOPTUPOBKM N 00paboTku
MHPOPMaLMN B COBPEMEHHbIX TETEKOMMYHUKALIMOHHLIX ceTsx. B Hava-
ne 80-x rogoB npowwioro cronetus MexayHapoaHasi opraHmaaums rno
ctanpgaptusaumn 1ISO (International Standardization Organization) B co-
TpyaHudecTtBe ¢ ITU Havana pa3paboTky HOBOrO cTaHgapTa B 06/1acTtu
TEXHONOIUI ANt KOMMbIOTEPHLIX CETEN, MONYYNBLLENO B PYCCKOM A13blKe
HasBaHwue B3aaummocss3n OTkpbiTbix Cuctem (BOC), a B aHMNIACKOM
a3blke — Open Systems Interconnection (OS]).

B ocHoBe ctaHgapTa OSI, B pe3ynbrate pa3paboTkm KOToporo 6bina
co3paHa atasioHHas mogesns OSI, nexana uaes NoCTPOeHust obLuein
MOJENN PaCrOJIOKEHHbIX Ha PasHbIX YPOBHSX MPOTOKOSIOB, KOTOPbLIE
COOTBETCTBYIOT OCHOBHbLIM MPOLLECCAM B KOMMbIOTEPHbLIX CETAX U OMnpe-
DEensitoT B3anMoAeNCcTBME MexXay 3TUMM YPOBHSAMMU B PA3JINYHbLIX CUCTE-
mMax. Ctangapt OSI 661 npuHaT B 1982 rogy v, No CywecTBy, NpuUHATUE
Takoro cTaHgapTa 03Havyasno co3haHMe CETEBbLIX CTaHAAPTOB s obec-
nevyeHnss COBMECTMMOCTM 000pYyAOBaHUS pPasHbIX MNPOU3BOAUTENEN.
Cnepyet OTMETUTbL, Y4TO Nocne nNpuHaTusa ctanpgapta OSI Bce paboThl
no cTaHOapTU3aUMn NPOTOKONOB B34/ Ha cebsa ITU. 3TanoHHasa moaenb
OSl onpepenseT Npouecchl B KOMMbIOTEPHbIX CETSX Yepes3 CTaHOAPTHbIN
HaboOp YPOBHEWN, YNCNO KOTOPbIX B AokyMeHTax |ISO 6bi10 BbiIOpaHHbIM
paBHbIM CeEMWU. OTU CeMb YPOBHEW npeacTaBneHbl Ha puc. 21.2. OHn
dbopMMpYIOT MOAENb, B COOTBETCTBUM C KOTOPOW pa3Hble ceTeBble PyH-
KLUWM MOTYT ObITb peann3oBaHbl B Mepapxm4eckorm popmMe 1 B HY>XHOWN
nocneaoBaTesibHOCTH.

Ha BepxHem ypoBHE MOAENM PacrofioXeH YPOBEHb MPUIOXEHWUIA.
3TOT ypOBEHb ABNAETCH NepBbIM Mexay 06opyaoBaHMEeM MNoJib3oBaTe-
519 (HanpuMep, KOMMbIOTEPOM) 1 060PYA0BaHNEM CETU, MOCKOJIbKY 3TOT
YPOBEHb OMepupyeT C coaepXaHnem MHbopmaunmn, KoTopas OoskHa
ObITb NepenaHa OT NyHKTa OTAPAaBIEHUS K MYHKTY HAa3HAYeHs.

HWXHWIN, prn3n4ecknin ypoBeHb, rae faHHbIE TEHEPUPYIOTCH B 3J1EKT-
pUYeCKOm nam onTudeckoi dopme, Hanbonee yaaneH oT Nonb3oBaTesNs.
Kaxnablii ypoBeHb peanuayeTt cBoi Habop PyHKLUMIA C TeEM, 4TOOLI Npen-
CTaBUTb JaHHble Ha cneaylowuyin yposeHb. pu nepepaye tepmuHan
peann3yeT NpoLLEeCChbl CBEPXY BHU3, HA4YMHAA OT YPOBHSA MPUIIOXEHUN
(bopmupoBaHne copepxaHuss COOOLLEHMS, Hanpumep, MOAroTOBKa
3JIEKTPOHHOW MOYThI) U 3aKaH4YMBas reHepaumen «eguHNL» N <HyNen».
[MpuUeMHbIn TepMUHan peann3yeT NMpPoLEecChl CHU3Y BBEPX, HaYMHag C
OEeTEKTUPOBAHNA «€AUNHUL» N «HYNEeN», 3aKaH4MBas BbIBOAOM MHGOpMa-
LMKN Ha YPOBHE MNPUIOXEHUIA (BbIBOA, HA 9KPAH KOMIMbIOTEPA, BbIBOA, HA
neyatb U Tak gasnee).
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Puc. 21.2. STtanoHHasa mogensb OSI

PaccmoTtpum 6onee getanbHO QyHKUMM pa3HbIX YPOBHEN MOLENU

OSl.

dusnyecknini ypoeeHo (ypoBeHb 1) npeobpasyeT anekTpuyec-

Kne (ONTUYECKNE) curHasbl B CTaHOAPTHYIO GOpPMY C OnpeneseHHbIMN
3HAYEHNSMU HAMPSXXEHUS, 4YacTOT U AJINH BOSH. [Ans o6bmeHa nHdopma-
umen Ha yposHe 1 nmeetcs psag ctaHgaptos ITU-T, ncnonbdyemblx ons
nepegayn peyun un gaHHoeix: E1, T1, SDH, a Takke OTHOCUTENIbHO HOBLIE
NPOTOKObI, Takme, kak XDSL n WDM.

YpoBeHb 3BeHa AaHHbIX (YPOBEHb 2) NOAOEPXMBAET YNpaBieHne
NOTOKaMM AaHHbIX, 0OHAPYXEHNE N UCMNpaBfiEHNE OLNOOK U MyNbTU-
niekcupoBaHme Norm4ecknx kaHaaoB. Ha BTOpoM ypoBHE nakeTbl npe-
06pa3syloTcs B kKaapbl, pasMep KOTOPbIX CYLLECTBEHHO MEHbLLIE pa3mepa
nakeToB. B TO BpemMs kak nakeTbl cogepXaTt agpec NyHKTa HasHavyeHus,
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Kaap Ha ypoBHe 2 BKJOYaeT B CBOM COCTaB MapLUPYTHbLIA agpec Co-
cedHero kommyTtaTopa, K KOTOPOMY AO0J/IKEH ObiTb NOCNaH 3TOT Kaap.
Kanpbl pnaHkmMpyoTcs Ha 000KMxX KOHUAxX priaramMm, MCNoJib3yeMbIMU Kak
pasoenutenn kagpoB. CTpykTypa 6ainToB dnaroB BbiOMPAETCH Takum
obpa3om, 4ToObl OHa He NOBTOPSANACh B OCTaBLUelrcs YacTu kagpa. Ha
YPOBHE 2 UCMOJb3YIOTCHA, B YaCTHOCTM, TakMe NMPOTOKOJbl, Kak Frame
Relay, Ethernet, mapkepHblie npoTokonsl (Token bus, Token ring) n npo-
Tokon ATM (Asynchronous Transfer Mode).

CeTeBoW ypoBeHb (ypoBeHb 3) CBA3aH C QYyHKUMSMN MapLUPYTU-
3aummn (Bblbop Hambonee BGbICTPOro nyTn) 1 6opbbbl C Neperpyskamm
(MMHMMU3aUMS 3a0epPXeK B o4epensx KoMmyTaTtopos). MapLupytmnsa-
LUMSE MOXET ObITb CTATMYECKON U AnHamudeckon. Ctatmyeckas map-
LpyTM3aumsa 6asmpyeTcs Ha NPUHLUNE MUHMMAlbHOIO YMCra y3/10B Ha
MapLipyte (MMHUMANbHOE YMCIO CKA4YKOB), B TO BPEMS KakK AMHAMMU-
yeckasi MapLupyTu3aums BbIbMpaeT Hamay4dwuin NyTb B COOTBETCTBUMU
C peasibHbIMU AAHHBbIMK O HArpy3Ke B CETU. ITOT NPUHLNIM MOXET ObITb
peannM3oBaH NyTeM aHanu3a MapLUPYTHbIX Tabnumu, KOTOPbIMUA KOMMY-
TaTopbl 0GMEHMBAIOTCS APYr C ApYyroM. Takue Tabnuupl obecneymsaioT
y31bl MHPOPMALUMEN O HAarpy3ke Ha KaXkaoM KOMMYTALMOHHOM y3ne,
OOCTYNMHOCTM NOPTOB KOMMYTATopa U BO3MOXHbIX neperpyskax. Mpu-
MepamMn NMPOTOKOSIOB AN YPOBHS 3 aBASIOTCA NpPoToKosbl X.25 n IP.
Cnepylowe 4eTbipe YpOBHS peanm3yloT OyHKUUM B3aMMOLENCTBUS
ceTel. MNMpn paccMOTPEHUM 3TOW TPyMMnbl NOrMYECcKN LenecoodbpasHo
paccmaTpuBaTb XapakTEPUCTUKM YPOBHEN, HA4YMHAs C YPOBHSA 7 MO Ha-
NpaBfAEHUIO K YPOBHIO 4.

YpoBeHb NpunoxeHunii (ypoBeHb 7) OrnepupyeT CO CMbICJIOBbIM CO-
Jep>XaHneM JaHHbIX, nepenaBaeMblX Un NoJy4aeMblX KOMIMbIOTEPHbIM
TepMuHanom. Nprumepamm Takmx «CMbICIOBbIX» NPUITOXEHWN ABNAIOTCA
nogkntodyeHme kK Web-cantam v anekTpoHHasa rnoyrta. icnonb3oBaHne
NPOTOKONA Nepecobikn runeptekcTosBbix ¢annos HTTP (Hypertext File
Transfer Protocol) u npocToro npoTokona nepecbiikn noytel SMTP
(Simple Mail Transfer Protocol) o6ecnednBaeT BO3MOXHOCTb rnepenaym
CO00LLEHWNIT YEPE3 MMPOBYIO KOMIMBIOTEPHYIO CETh, HE3ABMCUMO OT TOr O,
KaK CKOHOUIyprpOoBaH KOMIMbIOTEP U K KaKUM MHTepdencam oH NoaKN0-
yeH. [lpyrme LWIMPOKO NCNOJIb3YEMbIE MPUIOXEHUS YPOBHSA 7 BKIOYAIOT
B CBOW COCTaB KOPMopaTuBHbIE CETU VIHTPaAHET, yaaneHHbl 40CTyn K
6asaM JaHHbIX (Hanpumep, no npotokony X.500 ITU-T), a Takke ynpas-
JleHne ceTaMu, HeobxoamMmoe OJ1si CUCTEMHbIX aAMUHUCTPATOPOB.

YpoBeHb npeacTtaeneHns (ypoBeHb 6) onpenenset ¢opmar koaa,
KOTOPbIN NCMOSIb3YETCH AJ15 KOAUPOBKN MHOPMaLMK, NOCTyNaloLLLen C
YPOBHS 7 (pexum nepegayun), unu ons OeTekTMposaHnsa nHpopmaumm,
NOCTyNawLen ¢ ypoBHa 5 (pexunm npuema). Hanbonee nonynspHbIM
koaoMm Ha yposHe 6 aensetcs kog ASCIl (American Standard Code for
Information Exchange). Ha aTom Xe ypoBHe MOXeT ObITb peann3oBa-
Ha npoueaypa 3awuTtbl AaHHbIX. KpoMe Toro, BO3MOXHa peanuaaums
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anroputMoOB cXatusi HopmMaumn, 4To 0COOEHHO BaXHO Mpu nepe-
bade n3obpaxeHun n suageouHdopmaumn. Hanbonee nomnynsipHbiMU
Ons 9TUX Lenen aABNATCH, COOTBETCTBEHHO, cTaHaapThl JPEG (Joint
Photographic Expert Group) u MPEG (Moving Pictures Expert Group).

YpoBeHb ceaHca (YypoBeHb 5) yrnpaBageT OTKPbITMEM, NOAAEPXKKOMN
N 3aKkpbITeM ceccuin. NoHATUe ceccum Hanbosnee XOpoLIO 3HaKOMO
NOJSIb30BaTENSIM NMEPCOHAIbHbLIX KOMMNbLIOTEPOB, MOCKOJIbKY OHO CBA3AHO
CO BCEM TEM, YTO MOXET NPONIONTN MEXAY BbI3OBOM N 3aKPbLITUEM ON-
peneneHHon nporpamMmmel. MNprumepom ceccun 9BageTcs NoAKIOYEHNE
K ceTu VIHTepHeT, BO BpPeMS KOTOPOro MOryT ObiTb YAOB/IETBOPEHbI 3a-
npocsl Bcex Bnaos (Web-nounck, 3arpyska ¢annos, oTnpaska NO4TOBOWN
KOppecnoHaeHunn).

TpaHCNOpPTHLINA ypoBeHb (ypoBeHb 4) obecrneymBaeT KOPPEKUUIO
oLwmnbOoK 1 ynpasiieHne noTokaMmu, B LESIOM oTBeYas 3a Ka4eCcTBO nepe-
baun. YpoBeHb 4 nogaepXmnBaeT Takke BO3MOXHOCTU Bbibopa Mexay
pasHbiMu ceTeBbiMU KoHUrypaumamm (WAN, LAN, TpOIrl...), ncnonb-
3ys CeTeBYyI0 agpecaumio. TPaHCNOPTHbLIN YPOBEHb MPUHUMAET OT YPOB-
HS 5 3anpocbl 00CNY>XMBAHMUSA HECKOJTbKMX OAHOBPEMEHHbIX CECCUIA NN
nogaepXveaeT OAMHOYHYIO ceccuio, obpabdaTbiBaeMyto O4HOBPEMEHHO
CeTaAMM Pa3HbIX TUMOB.

21.4. Cranpaptusauus B ceTax UHTepHeT

MapannenbHoO cTaHOApPTU3aUMK ceTeil 0OLLLErO NONIb30BAHUS C KOM-
MyTaLMel NakeTos, peanndyemoii nop arnpoii ITU, nposoamnmce pabo-
Tbl MO CTaHAApTU3auum ceten ViIntepHeT. OCHOBHOM MaccumB cneundun-
Kaumin ans ceten, NoCTpoeHHbIx Ha 6ase cTeka TCP/IP, 6bin pa3padoTaH
opraHuzauuen IETF (Internet Engineering Task Force).

Opranunzaums IETF 6bina co3paHa B 1986 rogy n duHaHcmMpoBanach
MpaButensctBom CLUA. B Hauyane 90-x rogoB XX Beka |IETF namenumna
CBOI cTaTyc, nepengs oT rocyaapcTBEHHOro pmMHaHCMpPOBaHUs K dop-
MaTy He3aBUCUMOI opraHm3aumn, paboTawowern nog arnagon Internet
Society (ISOC) — O6uwecTtea MHTepHeT, npeacraensiowero cobon He-
NPaBUTENLCTBEHHYIO HEKOMMEPYECKYIO opraHmnsaumio. B coctas ISOC
BxoaaT 6onee 100 opraHuzaumin (npoussoamtenenn obopyaooBaHus,
NOCTaBLLMKOB YCNYT, OpraHm3aumii, 3aHMMatoLLVXCa cTaHgapTu3aumen)
n 6onee 20 TbicaY MHAMBUAYANbHBIX YneHOB B 180 cTpaHax.

Cneuudukaumn, Bbinyckaemble |[ETF, napatoTtcs noa oobwmm Has3Ba-
HueM RFC (Request for Comments — 3anpoc KOMMeHTapueB) U Npu3Ha-
Hbl CErOOHS B Ka4eCTBe MexXAyHapoAHbIX CTaHAapToB. [lepBbln AOKY-
MeHT RFC, HanucaHHbIn cTyaeHToM KanngopHNinckoro yHmBepcuTteTa,
nosisuncsa B 1969 rogy npu obcyxaeHnn npoekta ARPANET. BHavane
RFC pacnpocTtpaHsanmcb B Buae 00ObI4HbIX MNUCEM, HO YyXe C aekabps
1969 rona RFC Havanu paccbinaTbCsl B 9N1€KTPOHHOM BUae.
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O6buwee uymcno RFC B HacTtosillee BpemMs HacyMTbiBaeT Oonee
6 ThicaA4 OokymeHToB. ocTyn kK gokymeHtam RFC oTkpbIT ansa noboro
xenatoulero Ha cante www.ietf.org. Cpean 60nbLLIONO KOIMYeCcTBa A0-
kymeHToB RFC cambimu nonynsapHbiMu aengaiotTca RFC, oTHocswmecs
K ceTeBomy npotokony IP (RFC 791), TpaHcnopTHbIM NpoTokonam TCP
(RFC 7983) n UDP (RFC 791), npoTokosny TPaHCMOPTUPOBKN 3/IEKTPOH-
Hol nouTbl (RFC 822), apxutektype MPLS (RFC 3031). Kak nsBecTHo,
dun3nkm Bcerga OblIM OCTPOYMHEe, YeM NMPUKU. DTO cnpaBeasiMBo U
ona MIHTepHeT-coo0bLwecTBa, B KOTOPOM O4YE€Hb MOMNYsiPHbI OMOPUCTU-
yeckue pokymeHTbl RFC. Tak, cylecTByeT Tpaguums Beinycka nepeoarn-
penbckux WwyTo4HbIX RFC, Hanpumep, RFC 1149 nosecTByeT 0 nepena-
4ye nakeToB |IP ¢ NOMOLLbIO MOYTOBLIX FONybe.

KnioueBble cnoBa: kommyTaLmsa KaHanos, KOMMYTaLMa NakeTos, KOMMyTa-
TOp NakeToB, MapLUpyTM3aums, gatarpaMmmMa, ceTb, He OPUEeHTUPOBaAHHAs Ha coeauHe-
HUS, CETb, OPMEHTUPOBAHHAA Ha coeanHeHnune, ITU, atanonHasa mogens OSI, IETF, RFC.

i\zl KoHTponbHbIe BONPOCHI

1.

2.

No oA ®

B 4emM OCHOBHOE pasnnyne NPMHLUMNOB KOMMYTaLMMN KaHAN0B U KOMMYTaLum
nakeToB?

[MoSACHNUTE NOHATUSA «CETb, OPUEHTUPOBAHHASA HA COEANHEHNSA» U «CETb,

HE OPUEHTMPOBAHHAsA Ha COEANHEHUNSI».

. Kakoi 6bina uenb BBegeHns atanoHHon moaenu OSI?

B yem pasHuua Mexay npoTOKOSIOM U MPOLECCOM?

. [JaliTe xapakTepucTuky ypoBHel aTanoHHoi mogenn OSI.
. NoacHute ponb KomuteTta IETE
. Yto Takoe RFC?

@ 3apaum v ynpaxHeHus

. Yncno yposHeri atanoHHol mogenu BOC 6bin0 BbIGpaHO paBHbLIM CEMMU.

JokaxuTe NnpaBOMEPHOCTb 3TOr0 pPeLLeHUst Ui NonpobdyliTe ero onpoBEPrHyTh.

. B 2001 roay rmobansHas ceTb MIHTepHeT obecneumBana o6paboTky Bcero Tpadumka

npu CyMMapHO NPOnyCcKHON CNOCOBHOCTN MarncTpasibHOW CETU, paBHOM
1 TéuT/c. Paccuntainte nponyckHy0 CoCOBHOCTbL CeTu VIHTepHeT, koTopas
notpebyetcsa B 2010 roay, yunTbiBasi, 4To TpaduUK AaHHbIX pacTeT B rog,
npumepHo Ha 50%.

.@ JlutepaTtypa Kk nekuum 21

21.1. TaHeHBayMm 3. KomnbioTepHble ceTu. 4-e nspg,. — CM6.: Mutep, 2005. — 992 c.



Nlekumnsa 22

Cetv Ha B6a3se
BUPTYQJIbHbIX
COeaUHEeHUuMn

Komnpomumcc Bceraa 06xoamTcs 4opoxe, Yem /iiobas N3 abTepHaTUB.
3akoH [DxyxeHn

22.1. Cetn Ha 6a3e npoTokona X.25

B aTol nekumMm paccmaTtpuBaloTCs CETEBblE TEXHOJSIOMMM Ha 6ase
BUPTYasIbHbIX KaHasoB, SABJFIOWVECS, B TON MU UHOW CTEMNEHU, KOMII-
POMNCCOM MeXAy CETAMU C KOMMYTaUMen KaHaloB N C KOMMYTauUVEN
nakeTos. Npexae BCcero ato oTHocuTcd Kk cetam ATM, HO paccMOTpeHne
Mbl HQYHEM CO cTaperiwen TexHonorum X.25.

Cetun ¢ kommyTaumeri naketos (KI) Ha 6a3e npoTokona X.25 6binn
pa3paboTaHbl B cepeauHe — koHue 1970-x roooB ¢ Lenbio obecneynTtb
nepegayvyy [AaHHbIX MeXAy [ABYMS YAANIeHHbIMU MYHKTaMK 4epes
aHanorosyto nepeaatoLyto cpeay. OCHOBHOW chepoit X NCrosib3oBaHUS
Oblna CcBA3b Mexay TepMuHanamu u paboynmMm  KoMMbloTepamm
(xoctamn). lNNpotokon X.25, pa3paboTtaHHbin B ITU-T, obecnednsaer
nepegayvy nakeToB 4Yepe3 CeTb, $SBASSCb MNPOTOKOJIOM TPETbEro
(ceteBoro) ypoHs mogenn BOC. ®parmeHT cetn X.25, BKIoYaoWwmin
B cebs pas3nuyHble ceTeBble anemeHTbl cetu KI1, npeactaBneH Ha
puc. 22.1.
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He nakeTHbIi TepMuHan MakeTHbI TEpMUHAnN

CeTb X.25

KommyTtaTtop
nakeToB

KommyTartop
nakeToB

He nakeTHbI TepMuHan

KommyTtaTtop
nakeTos

\)
Apyrue cetn X.25

Puc. 22.1. dparmenT cetn X.25

B cetn Ha 6a3e npotokona X.25 ycTaHaBNMBAKOTCS BUPTYaslbHbIE
coeanHeHNsI Mexny OKOHeYHbIM 06opyaoBaHnem gaHHbix (O0O/) pasHbix
nonb3oBaTenen, To eCTb TexHosorus X.25 sBnseTcss TEXHOJI0rmnen,
OPUEHTUPOBAHHOM Ha COEANHEHUS].

Pexum BupTyasibHbIX COEAMHEHWV XapakTepusyeTca Tem, 4TO
MeXay TepMuHanamMu abOHEHTOB CeTM He co3gaetcs Gpuanyeckoe
coedviHeHMe, a OpraHu3yeTcs  BUPTyasibHbI  KaHan  MNyTeMm
pe3epBMpoOBaHNSA NMaAMATM BO BCEX y3Nax CEeTU, PacCMOJIOXKEHHbIX Ha
nyT OT OAHOIro TepMmUHana K apyromy. lNpu aTom BUPTyasibHbIE KaHaslbl
MoOryT ObiTb komMmyTupyembivuy (Switched Virtual Circuit, SVC), kak B
TpOI1, nnun nocrosHHbIMY (Permanent Virtual Circuit, PVC), aHanormyHo
BblAEeNIEHHbIM UV apeHA0BaHHbIM KaHasaM.

B npotokone X.25 3apada COXpaHeHUst LLeSIOCTHOCTU COOOLLeHUN
BO3narajaCb Ha Ce€eTb, 4YTO AocTuraioCb nytem npuMeHeHnA
FIOMeXOyCTOVIHVIBbIX KOOoB, 3anpocoB n I'IOBTOpGHVIVI NnakeToB Mexay
y3namm ceTu.

Coenunnenne mexay OO v annapatypovi kaHana gaHHbix (AK),
BbiNosHAOLWEN PyHKuMM wino3a cetn K, obecne4ymBaloT TpU HUKHUX
ypoBHA mMoaenn BOC, a MMeHHO, ypoBHU: duauyeckuin (1), 3BeHa
DaHHbIX (2) u ceTeBom (3).

lMpoTokon, onpegensowni npoueanypy OOCTyrna Ha ypoBHaX (1) n
(2), HasbIBaeTCA npouenypovi aoctyna k 38eHy (link access procedure,
LAP). Ha ypoBHe 3BeHa gaHHbix 06meH mexay OO0, n AKL npoucxoant
Ha ocHoBe npoTokona HDLC (High-level Data Link Protocol) ¢ nomoLusto
NPOTOKOJbHBIX O/IOKOB, HAa3bIBAEMbIX KaApamMu.
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OnnHa kappoB MOXET BapbUMpPOBATbLCHA, OAHAKO PEKOMEHAO0BaHHAs
OnvHa BblbupaeTca B npegenax 128 — 256 6aritoB. OTMETUM, 4TO
dyHkumn OO peanmayloTca B TepMuHane aboHeHTa, a oyHkumn AK/L
00ObI4HO BbINONHAOTCA MogeMoM. Ha puc. 22.2 nokasaHa CTpyKTypa
Kagpa o4HOro 13 TMNOB — MHGOPMAaLMOHHOr0, NpeaHasHa4YeHHOro ois
TPaHCNOPTUPOBKM MOJIE3HOM HArpy3Ku.

B coctaB MHDOPMALMOHHOIO kKagpa BXOOAT CNyXebHble mons u
nosie nonesHon Harpyskn. CnyxxebHble Nons pacnonaralTcs B HaYane
1 B KOHUe kagpa. OTHOLIEHWE ONNH CIy>XeOHbIX Nonen K ooLwen anmHe
Kagpa onpenensieT B MPOoLEeHTax U30bITOYHOCTb MPOTOKOJIbHOIO B/10Ka.

3aroJioBoK
ynpas- nocnenoBaTeNibHOCTb
nar nonesHas Harpyska nar
¢ anpec | oine Py NpOBePKM Kagpa ®
16ant 16ant 16ant N 6ainToB 2 banTa 1 6anTt

Puc. 22.2. dopmaTt nHpopmMaLMoHHOro kaapa B npotokone X.25

Kaxabln kKagp OoTAensercsa OT APYyroro kaapa ¢ nomoulbio dgnara.
3atemM umaeTt OByxOAWTOBLIA 3arofoBOK, coaepxXxawmii 6anT agpeca
n 6anT ynpaBneHus. AOpecHblii 6anT onpenenseT, aBAAeTCs N1 Kaap
komaHgown (mexay OO0 v AKZL) nnn oTknnkom.

OT1a nHdpopmauus NO3BONAET MHTEPNPETUPOBATL BANT ynpaBieHus.
MmetoTca Tpu Tvna GanToB ynpaBneHus: MHPOPMaAUVOHHbIE (TOJIbKO
KOMaHabl) — OA8 KagpoB, MEPEHOCALUX MONE3HYI WMHPOPMaLUIO;
CYynepBn30opHbIe  (TONMBKO KOMaHAbl), coepXalime MHCTPYKUUKM
YNpaBieHnUss 3BEHOM [AaHHbIX; HEHYMEPOBaHHbIE (KOMaHObl/OTKIINKN),
NCMONb3yeMble O/ OOMOJIHUTENbHBIX  (QYHKUMIA  yripaBieHus.
lMpoBepoyHasa nocnenoBaTenbHOCTb (2 0Oanta) dopmupyeTcs B
COOTBETCTBMU C NMpaBuiamMm KOANPOBAHUS LIMKIINYECKUX KOOOB.

Mone nonesHol Harpysknm MMeeTcsl TONbKO B WHMOPMAaLMOHHbIX
kagpax. B aTom none pacnonaraloTCs AaHHble, MocTynawowme c
TPETbEro CeTeBOro YPOBHS.

3ajava CceTeBOro YpPOBHS COCTOUT B nepefavye npPOTOKOSbHbIX
O510KOB, MNOMYYMBLUMX Hal3BaHMe rakeToB. PekomeHpaumsa X.25
onpepensiet 6onee 20 TMNOB NAKETOB, BbIMOJHAIOLLMX KaK Cly>KeOHble
dYHKUMK, TaK 1 GYHKUMM NepeHoca NonesHoi nidopmaummn. N3 obuiero
ymcna BO3MOXHbIX GOPMAaToB MakeToB TOJSILKO TPM MCMOJb3YIOTCS Ons
nepeHoca None3Hom Harpy3kn. Ha puc. 22.3 npuBeaeH npumMmep nakerta
ONs1 TPAaHCMOPTUPOBKUN JAHHbIX.

Mpn yctaHoBneHun B cetn [ BUPTyanbHOro COEOMHEHUS UAN
NOCTOSAHHOIO BUPTYyanbHOro kaHana Ha cTeike OO/ — AK/], co3paeT-
CSl JIOrM4eckmii kaHas, KOTOPOMY NPUCBAMBaAETCH rpyrnnoBOn HOMepP

18. lonbawTenH
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(FTHJIK), meHbwunin unu paBHobii 15, 1 HoMep camoro kaHana (HJ1K),
MEHbLLNI UK paBHbI 255. TakumMm 0O6pa3oM, TEOPETUYECKN B OIHOM
dn3nN4EeCKOM KaHane MOXHO opraHnaosaTtb A0 4095 nornyeckmnx ka-
HanoB.

Homepa M HJIK n HI1K npnceanBaloTCa BUPTYyabHOMY COEAUHEHUIO
B ¢a3e ero yCTaHOBJIEHUS U COXPAHAIOTCH 3a HUM B TeyeHne ¢as
06MeHa AaHHbIMU 1 3aBepLIeHUs OOMeHa.

BUTLI OkTeTnl
8 7 6 5 4 3 2 1
nood FHNK 1
HJIK 2
P(R) M P(S) 0 3

JaHHble nonb3oBaTens

NOD - npeHtudpukaTop obwero popmara;

HJIK - rpynnoBoii HOMep NOrnM4eckoro KaHana;

HJIK - HOmep normnyeckoro kaHana B rpynne;

P(R), P(S) - Homepa npuHMMaemMoro v nepegaBaemMoro NakeTos;
M - cumBon «[pogomKeHne gaHHbIX»

Puc. 22.3. dopmaTt nakeTa gaHHbIX

Homepa MHJIK n HJIK cnyxaTt ngeHtnoukatopamm A0rm4eckoro
kaHana. lNMone gaHHbIX (MONE3HOW Harpy3kn) nakeTa coaepXuT MHPOpP-
MaUWOHHbIE OaHHble, MakKCMMallbHbIi 0ObEM KOTOPbIX HE MpeBbILIAET
1kbanT.

O6opynoBaHne OO/ npencTtaBnseT cobowr yCTPONCTBO, paboTatollee
B MAKEeTHOM pexmme, TO eCTb Ha Bbixoge OO, dopmMUpyOTCS NakeThbl
ONs nepegayun 1 NoCTynaloT NakeTbl B pexume npuema. Bmecte ¢ Tem,
MMeEeTCa BO3MOXHOCTb MOAKITIOYEHUS HN3KOCKOPOCTHBLIX HE MaKEeTHbIX
YCTPOWCTB AJ19 aCUHXPOHHOIr0 coeauHeHus ¢ ceTbio X.25. B 3Tom cny4yae
HeobXx0AMMO NCNONb30BaTb KOHLEHTPATOP, Ha3biBAaEMbIN COOPLUMKOM/
pasbopiumkom naketoB, CPI1 (Packet Assembler/Disassembler, PAD).
Kak cnepyet 3 HaseaHus, CPI1 noarotaBnMBaeT 1M pacrnakoBbLIBAET
kagpbl X.25 0T/K aCMHXPOHHbBIM TEPMUHANaM (CMoTpu puc. 22.1).

MpoTokon X.28 onpeaensaeTt npoueaypbl 0OMeHa MeXay aCUHXPOH-
HbIMU TepMUHanamm n yctporncteom CPI1. [poTokon, obecneymBaowmii
B3anmogpencteme CPI un yoaneHHoro OO/, n3BecTeH Kak NMpPOTOKON
X.29.
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KommyTtatop ogHoi cetn X.25 MoXeT OblTb COEAMHEH C KOMMYTa-
TOpoM gpyron cetn X.25 yepes nHtepodernic X.75.

OgoHMM M3 MaBHbLIX AOOCTOMHCTB MpoTokona X.25 qBnsetcs
BO3MO>XXHOCTb noaxknto4yeHuna OTHOCUTEJIbHO 6o0nbLIOro qyycna
TEPMUHANOB K KOMMYTaTOpy NyTEM Pa3fefieHns CETEBLIX PECYPCOB HA
CKOPOCTSX A0 OECATKOB KOUT/C.

Konunyectso noaKJo4aeMbIx TepMnHanoB onpepnenseTcs
NPON3BOANTENBHOCTBIO KOMMyTatopa wnu CPIl. Mpn atom mMoryt
NCMNONb30BaTbCH JIMHUX HEBBLICOKOITO Ka4ecTBa, MOCKOJIbKY MPOTOKON
npeanonaraeT KOPPeKLMO OLLNOOK.

OCHOBHbIM HeOoCTaTKOM npoTokKona X.25 aBnsietcs ero OTHOCU-
TeJIbHO HEBbLICOKOE 6bICTpO,£I,el7ICTBVIe.

Bo-nepBbix, peanusaumsa npotokona X.25 ceA3aHa ¢ Heobxoam-
MOCTbIO nepefayn 60nbLIOro Yncna KOMaHA, OTKIIMKOB, 3amnpOCOB U
NOATBEPXAEHUNA, TO €CTb BENMK OObEM «HAKNaOHbIX PACXOAOB», HE
CBSI3aHHbIX C Nepegadveinn Nones3Hon nHopmMaumn.

Bo-BTOpbLIX, navedyHas npupopda Tpaduka, xapakrepHaa aongd
KOMMBbIOTEPHBIX CeTenl, MOXET MNPUBOAUTb K neperpyskamMm Wu, Kak
C/ieCTBUE, K POCTY CETEBbIX 3a4ePXeEK.

HakoHel, B TenedOoHHbIX CeTHAX, AN KOTOpbiX U Obll pa3paboTaH
npotokon X.25, MMeeT MEeCTO BbicOKasa (4Na nepeaaydn AOaHHbIX)
BEPOATHOCTb owmnbkm ( 103 — 104 ), 4yTo BegeT K nmoTepe NakeToB U
HeoBOXOAMMOCTU MX MOBTOPHOW Nepefayn. PelueHne nepeyvmcneHHbix
Bbllle npobnem obecnednBaeTca TexHonorner Frame Relay,
npeacTaBnsioLLLen COOO0I YNPOLLEHHYIO BEPCUIO NpoTokona X.25.

22.2. Cetn Ha 6a3e npoTokona Frame Relay

Mpotokon X.25 paspabartbiBancss B KoHue 70-x rogoB v Obin
paccunTaH Ons NpPUMMEHeHUs B aHasnoroBbix TenedOHHbIX KaHanax,
TO ecTb B KaHanax BeCbMa HEBbICOKOrO KayecTBa, YTO Onpeaenusno
BbICOKYIO N3ObITOYHOCTb 3TOr0 NPOTOKONA.

B koHue 1980-x ronoB nosiBUAUCH CETU C LMGPOBLIMU KaHanamm m
uMdpoBLIMA y3niaMmu koMmMmyTaumn. Nepenada ctana 6onee HaoeXHOM,
coyeTas Oosiee BbICOKYD CKOPOCTb C MEHbLLEN YacTOTOW MOsiBNeHUs
oLnOOK.

lNpotokon Frame Relay (kommyTauusa/peTpaHcnauusa  Kaapos),
KOTOpbIn Obln cTaHgapTn3doBaH B Hadane 90-x rogoB XX Beka,
paspabaTbiBancs yXxe BO BPEMS LUMPOKOro MCMONb30BaHUS LIMPPOBbIX
KaHasoB CO 3HAYUTENbHO MEHbLLEN BEPOSTHOCTLIO OLIMOKM B KaHasne
(nopsiaka 1076).
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TexHonorua Frame Relay sBunacb nepBo TEXHONOMMEN, NONYYMBLLEN
LUMPOKOE pacnpoCTpaHEeHMEe B KOMMbIOTEPHbLIX CeTax ©Gnarogaps
TOMY, 4YTO B 3TOW TEXHOJIOMMMN UCMOJb30BaNNCh NPenMyLLeCTBa 6onee
HageXHOW uMpPOBON Nepeaayn.

Kak n TexHonoruns X.25, npotokon Frame Relay Takoke opyeHTMpoBaH
Ha ycTaHoBJieHMe coeamHeHnunii. MNMpoTtokon Frame Relay peannsyetcs
He Ha Tpex YPOBHSAX aTanoHHon mopenu BOC, a Tonbko Ha MnepBbixX
OBYX YPOBHSIX. B kauecTBe NpOTOKOMbLHLIX 6OKOB B TeExHONoruv Frame
Relay ncnonb3yotcs kagpbl, B KOTOPLIX AfIMHA N0 NONE3HON Harpy3Kkn
yBenuyeHa oo 4096 6ainToB No cpaBHeHUO ¢ 256 HanTamu KagpoB B
npotokone X.25.

Bonee BbiCOKad MOMEXOYCTOMHYMBOCTL UMPPOBLIX KaHaNoOB IO
CpPaBHEHMIO C aHaNI0roBbIMY NO3BOSIMNA MPU NCMOSIb30BAHNN TEXHOI0MUN
Frame Relay ocBob6oauTbCs OT psiga npouenyp, B 4acTHOCTWU, OT
HEeoOXOAMMOCTU MPOBEPKM LENIOCTHOCTU KaZApOB B MPOMEXYTOYHbIX
y3nax KOMMyTauuMm U, Kak cnencteve, oT GOMbLUOro ymcna Komasz,
3anpocoB M OTKJIMKOB, KOTOPbIMM OOMEHMBAIOTCS MexXay coboi y3nbl
kommyTaumm X.25.

B cetax Frame Relay 3apa4ya obecrneyeHuns LUenoCTHOCTM AaHHbIX
Oblna BO3/OXeHa He Ha ceTb (kak B cnydyae X.25), a Ha annapaTtypy,
YCTAHOBJIEHHYIO B MOMELLEHUM rMonb3oBatens. [pu o6HapyXeHun
Kagpa, coaepXallero owmbKkn, aToT Kaap oTdépackiBancs B NPMEMHOM
OKOHEYHOM YCTpOIiCTBE.

TexHonormnsa Frame Relay no3BonseT noctpouTtb 6051ee BbICOKOCKO-
POCTHbIE CETU Nepenayn faHHbIX (0T 56 kK6uT/c po 34 MouT/c). B ceTsax
Frame Relay npegnaraetcsa gononHuTenbHas ycayra rapaHTMpOBaHHOMN
MUHUMaNbHOMN OWTOBOW cKkopocTU (B oOTanume oOT cetn X.25),
onpenensieMon Kak rapaHTupoBaHHasi CKopocTb rniepeaayn (Committed
Information Rate, CIR).

Mpn oOTCyTCTBUM nNeperpy3kn Ans NoJSib30BaTenss MOXeT OblTb
OOCTYMHOW r0OBbILLIEHHas CKOPOCTb repenaqyn nHoopmaumm (Excess
Information Rate, EIR), n B pe3ynbrate CpegHssi CKOPOCTb nepenaymn
oyoet onpenenaTbes 3HadeHnamm mexay CIR v EIR.

B uenom, ¢ y4etoM OYHKUMIA OKOHEYHbIX YCTPOWCTB, MNPOTOKOS
Frame Relay no3sonsieT yoosneTBopuTb TpeboBaHMS Nonb3oBaTenen K
BPEMEHW OOCTABKU U K AOCTOBEPHOCTM MHPOpMaLUMM Npm oCTaTO4HO
BbICOKOM CKOPOCTU Nepeaayn.

OTn ceoicTBa oTMyaloT npoTokon Frame Relay oT npoTtokona X.25,
pa3paboTaHHOro ans ceten obLiero nonb3oBaHUs, 4YTo U obecneymno
LIMpOKOe npumMeHeHne npoTtokona Frame Relay npu opraHmsauuvn
BbICOKOA(MPEKTMBHbBIX HaCTHbIX CeTelr nepenayn AaHHbIX C BbICOKOW
NPOMYCKHOW CNOCOBHOCTLIO.
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22.3. Cetn ATM

22.3.1. BeegeHue

TexHonorms ATM  aBngeTcd  pesynibTatoM  3BOJIIOUMU  BCEX
PaCCMOTPEHHbIX BbILLIE TEXHOJIOMMIA (KOMMYTaLUM KaHanoB, NPOTOKON0B
X.25, Frame Relay). TexHonornsas ATM no3Bonsder nepegaBaTb
peyb, BUOeouHOOPMaLMIO U [OaHHble W MOAAEPXMBAET MeXaHU3Mb
obecneyeHus rapaHTupoBaHHoro Q0S ONns MPUIOXEHUN C BbICOKUM
npuopuTeToM, obecneynsas obcnyxmeaHme BUAEO U pedyeBoro Tpaduka
N nepegadvy 60nbLUMX MAaCCUBOB OAaHHbIX B peasisHOM BpeMeHu. Kak
n npotokon Frame Relay, ATM aBnseTcs npoTOKONOM ypoBHA 2. HO B
otnn4dume ot Frame Relay B ATM nepegaya AaHHbIX NPOUCXOANT HenKamm
HOUKCNPOBAHHOM AJINHbI, @ HE KaApaMu NepemMeHHON ONVHbI.

TexHonormnsa ATM 6bina paspaboTaHa Kak OCHOBHasi TEXHOJIOMMA Ans
LUMPOKOMOJIOCHbIX LUUPPOBLIX CeTel MHTerpasbHoro ob6cnyXnBaHus
(cetenn B-ISDN), ctaHpgapTtu3mpoBaHHbix ITU B kOHuUe 80-x romos
MPOLUNOro CTONeTUS.

B pycckosasbivyHOM nuTepaTtype TexHonormio ATM nHorga nepesogsaT
KaK ACUHXPOHHBIVI pexum foctaBku. 104, aCUHXPOHHBIM PEXMMOM
noapasymMeBaeTcs cnocob BbAeNeHNsa pecypcoB B ceTu ATM, OTAWYHbIN
OT UCMOJIb3YEMOr 0 B CETAX HA 6a3e CUHXPOHHOIO MYNLTUMIEKCUPOBAHUS
C BpeMeHHbiM pasgeneHmem (TDM), roe nonoca nponyckaHus
pacnpegensietcs  npu  MAaHWPOBaHMM UKW KOHPUIYPUPOBaHUN
cetn. B TtexHonormm ATM wmncnonb3yetcs NpuMHUMN CTaTUCTUYECKOro
MYNbTUMIEKCMPOBaHUS (Kak B npoTokonax X.25 n Frame Relay).

Mpotokon ATM 4BngeTca  MPOTOKOJIOM,  OPUEHTUPOBAHHLIM
Ha coeguHeHuda. B cetax ATM cCywecTBylOT [Ba OCHOBHbIX Tuna
BUPTYasIbHbLIX COeANHEHUIA:

e [locTtosiHHOe BupTyanbHoe coegmnHeHne (Permanent Virtual
Connection, PVC); PVC yctaHaBnuBaeTCs BPYYHYIO aaMWUHUCTPA-
TOPOM CETU N COXPAaHAETCH OO ero yaoasneHus TeM Xe NUUOM (Unun
JINLLOM, ero 3aMeLLaoLLnm).

o KommyTupyemoe BupTyanbHoe coeamHeHne (Switched Virtual
Connection, SVC); SVC aMHamunyeckn co3naeTcs, Korga KOHeYHbIN
NMYHKT 3anpaluvBaeT CcOo3JaHue COeAMHEeHUs C  OornpeneneHHbIM
agpecaTtoMm, 1 3TOT KaHas pa3pyLLIaeTcs Nocsie 3aBepLUEHNS CBA3N.

22.3.2. CTpykTypa a4eiikn ATM

Onpegennm gyeriky ATM kak nakeT GMKCUPOBaAHHOM onpeaeneHHon
OJIMHbI, B NPOTUBOMNONOXHOCTL Naketam n kagpam X.25 n Frame Relay,
VMEWMM NEPEMEHHYIO ANnHy. Ayenka ATM cocTouT n3 3aronoBka u
NoJss MONIE3HOMN HArpy3Ku.
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CraHpapTHas CTpykTypa sH4elriku npencrtaBneHa Ha puc. 22.4. B
COOTBETCTBMU CO cTaHgapTamu ATM, npuHateimu ITU, annHa a4enkm
cocTtaBngaeT 53 6arita. 3aronoBOK 1 NOJE MOJSIE3HON HArpy3KU SHEKn
COCTaBNAOT, COOTBETCTBEHHO, 5 6alToB 1 48 6aiToB. Kpome TOro, B
nose MOJIE3HOM Harpysku Takxke MOXET ObiTb HEOONbLIOW 3arosoBOK
OJIMHOM OT OoAHOro Ao Apyx OaiTtoB. B TepmumHax ATM paspeneHue
NoNb30BaTENbCKUX [OAHHbIX Ha OJIOKM MOME3HOM Harpysku HOCUT
Ha3BaHWE CermeHTaumn; nobaBneHMe 3arosioBka K TOMY WM MHOMY
610Ky NONE3HOM HAarpy3Kn onpeaesnieHo Kak NPoLEeCC NHKaNCynsaumn.

3aronoBok Mones3Has Harpy3ka

5 6anToB 48 6anToB

Puc. 22.4. CtpykTypa s4eiiku ATM

Onpenenum GyHKLUMM NoJIeit, pacnosioXeHHbIX B 3arofIoBKe B creny-
loLeM nopsake:

¢ OO0Owee ynpaeneHue notokom (General Flow Control, GFC), annnHa
4 6UTa; 9TOT MOEHTUOUKATOP PYHKLMOHUPYET TOJIbKO B UHTEpdEelice
nonb3oBatenb-ceTb. OCHOBHasA GYHKUMS 3TOro noas COCTOUT B
perynupoBaHnn Tpaduka Ha ypOBHE MYNLTUNNEKCUPOBAHUSA, TAE
4elnkn, npuxoasuime oT pa3HOro TepMMHaNIbHOro 000pPYAOBaHUS,
006beANHAIOTCS B €4VHbIM NOTOK AaHHbIX.

o WNpeHtTndukatop BuptyanbHoro nytm (mapuwpyta) (Virtual Path
Identifier, VPI), annHa 8 6uTOB; BUpTyanbHbI nyTb, B, (Virtual
Path, VP) npenctaBnset coboW MyNbTUMIEKCUPOBAHHYIO rpynny
BUpTyanbHbiXx kaHanoB (Virtual Channel, VC). AgpecHasa 4acTb
naeHTndukatTopa VP MoxeT ObiTb pacwumnpeHa ao 12 6utoB 3a cuet
nons GFC. 9T1o pacwwupeHve nossonset chopmuposaTtb o 212-
1=4095 noeHTUPUKaATOPOB BUPTYaSIbHbIX NYyTEN.

e WUpeHTndukatop BuptyanbHoro kaHana (Virtual Channel
Identifier, VCI), onnHa 16 6UTOB; BUPTYyasbHbIM MyTb COOTBETCTBYET
Nonb30BaTENbCKOMY aapecy Ha3Ha4YeHUs, K KOTOPOMY A0KHA OblTb
HanpasfieHa s4yenka.

e WUNpentnduxkatop tuMna paHHbix (Payload Type Identifier, PTI),

OnviHa 3 61Ta; 9T0 NnoJie BbIMOJIHAET HECKONbKO pyHKUMA. MmetoTcsa 8
BO3MOXHbIX 3Ha4YeHuri (o1 000 go 111) ona kognpoBaHmMa pasnnyHoOm
crneundunyeckon vHdopmaumn. Hanpumep, 3HadeHmsa ot 000 po
011 ykasbiBalOT OTCYTCTBME WM HaNUyMe Neperpyskym B CETU OT
NCTOYHMKA K nosyyaTesnto (Unv B 06paTHOM HanpasfieHnm); 3Ha4YeHUs!
100 n 101 nokasbiBaloT, FEHEPMPYETCH N sUelrika, COOTBETCTBEHHO,
KOHEYHbIM MOJIb30BATENEM UM CETEBLIM CEFMEHTOM U TaK Aanee.
Cnepytowmii no nopsaky 6ut pesepeupyetcs (none RES).
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MpuoputeT Nnpu notepe a4eiikun (Cell Loss Priority, CLP), pnvHa 1
6uT; 3Ha4eHne butaCLPykasbiBaeTHaTO, 40/IKHA NN ObITb OTOPOLLEHA
baHHasa auyenka (CLP = 1) nnm g4yeirika poskHa ObITb COXpaHeHa
(CLP=0) B cny4ae neperpysku kommyTaTopa nnmv ceTu.

KoHTpons owmbok 3aronoBka (Header Error Control, HEC),
onvHa 8 OwuToB; 3TO NOME BbIMOAHAET OYHKUMIO  KOPPEKUUU
OWnBOK C WCMOSIb30BAHMEM M30bLITOYHOIO LIMKIIMYECKOro Kkopaa,
obecneymBaloLLLErO NCMPaBIEHNE OANHOYHBIX OLLUMOOK B 3aroyioBke
N oOHapyXeHne MHOrokpaTHblXx owunbok. [lpu oBHapyXeHun
MHOrOKpPaTHbIX OLLMBOK 4elika OTOpachiBaeTCA.

22.3.3. OtanoHHasa moaenb npotokosios ATM

Mpotokon ATM pencTByeT Ha [OBYX NEPBbIX YPOBHAX MOAOENMU

BOC - Ha ¢usnyeckom (ypoBeHb 1) n Ha ypoBHE 3BEHa OaHHbIX (YpO-
BEHb 2). OTanoHHas moaenb npotokonos ATM TpebyeT 6onee geTasnb-
HOro OnMcaHus MPOLLECCOB B CBA3M C pasaesieHnemM dyHKUMIA Ha ypoBHE
3BeHa. Mopenb BkJtoHaeT B cebs crneayolme YeTblpe YPOBHS:

Cnyx06a BepxHEro ypoBHs (Bbllle YPOBHS 2) onpeaensieT nHdopma-
LMI0, KOTOpas OoJiXHa ObITb NepeaaHa Yeped cetb ATM. 3ta nHdpop-
Mauus MOXET ObITb CBA3aHa C TUMOM WUCTOYHUKA/NonydyaTens (peyb,
JaHHble, BUOEO), BUOOM ynpaBieHus (yCTaHOBAEHME U paspyLue-
Hne coeaunHeHni BK) u BnOgom ceteBoro MeHemKMeHTa (MOHUTO-
PWHI, KOHPUIypmpoBaHMe CETEBbLIX ANIEMEHTOB N CUrHannM3auus).

YposeHb agantaunm ATM (ypOBeHb 2) COAEPXMUT ABA NOAYPOBHS:

— MoAypoOBEHb CerMeHTauum U NOBTOPHOM cbopku (Segmentation
And Reassembly, SAR); 9TOT noaypOBeHb OTBEYAET 3a reHepaLmo
(npn nepenave) 48-6aiToBbIX CErMEHTOB (63 3arosloBKOB) U3
BXOOHbIX JAaHHbIX, MOCTyNaloLWmMX C BEPXHEr0 YPOBHS, a Takke 3a
obpaTHbIN NMPOLLECC (BOCCTAHOBNEHME WCXOOHbIX AAHHbLIX MpuU
npueme nosIe3HOM 4YacTn F4eeKk Nocne yaaneHns 3arofioBKOB);

— rnoaypoBeHb koHBepreHumn (Convergence Sublayer, CS);
3TOT NOAYPOBEHb pasnuyaeT 4YeTblpe knacca 0o6CnyXnBaHus,
COOTBETCTBEHHO, OT knacca A Oo knacca D; 6onee pgetanbHas
XapakTepucTuka KnaccoB gaHa HuxXe.

YpoeeHb ATM (ypoBeHb 2) noaaepXmBaeT crenyowme 5 QyHKUNIA:

— CTaTUCTUYECKOE MYJIBTUMIEKCMPOBAHNE AYEeK Ha nepepaye u
OEeMYNbLTUNIEKCUPOBAHME SHEEK HA MPUEME;

— ¢opMUpOoBaHME 3aroIOBKOB SHYEEK U MHKAMNCYNSALMIO;

— ynpasfieHue TPaHCMNOoPTOM s4yeek (kommyTauus Bl v BK, HasHave-
HUe naeHTuoukatopos Bl n BK);

—  naeHTUdUKaumio TMna noae3HoM Harpy3Kkun (d4erka nosib3osaTens
UM ceTeBas a4enka);

— KOHTPO/Mb MOTOKa SiYeeK C WCMOoJib30BaHMEM Nons obLiero
ynpasneHus GFC.
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o  dusnyeckunii ypoeeHb (ypoBeHb 1) obecrnedmBaeT pasaeneHue sye-
€K, CUHXPOHN3aLMIO, KOHTPOJIb BUTOBLIX OLLIMOOK (B MOJie 3arosioB-
Ka), MOOyNnAUMIO U OeTEKTUPOBaAHME CUrHaNOB, ckpemMbnmpoBaHue/
neckpembnupoBaHme, Npeobpa3oBaHne CUrHaNOB AJ1s1/0T ONTUYec-
KX IMHWIA N TPAHCMNOPT CUrHaNO0B.

Mpouecc reHepaunu g4eek, TPAHCMOPTUPOBKU UX 4epe3 CeTb U
npvemMa MoxXeT ObiTb MPOCTO NPEACTABMEH KaK MPOXOA Yepes3 CTeK
NPOTOKOJIbHLIX YPOBHEW CHayasa CBEpPXy BHU3, a 3aTeM CHU3Y BBEPX.
Cnyxba BEpXHEro ypoBHS nepenaeT MoSib30BaTENbCKME AaHHbIE Ha
ypoBeHb AAL; ypoBeHb AAL CeErMeHTUpyeT 3T AaHHble B 48-6anToBble
CerMeHTbl 1 nepenaet nx Ha yposeHb ATM; yposeHb ATM ¢dopmupyeT
3arofioBOK U YNakOBbIBAET CErMEeHTbl MOME3HOW Harpy3km B S4YENKM
ATM; 3aTtem a4einkn nepenalTcs Ha pn3nyeckmin yposeHsb. Nocne Toro
Kak s4enkn OyaoyT nepepaHbl yepe3 cetb ATM, Ha NPMEMHOM KOHLLE
peanu3yeTcs o6paTHbI NPOLECC, B Pe3ynbTaTe KOTOPOro NponcxoamT
BOCCT@HOBJIEHME MONb30BATENbCKNX [AaHHbIX B CNyX06e BepxHero
YPOBHS.

22.3.4. Knaccbl 06cnyxunsaHns Ha ypoBHe AAL

Bbllwe ObIO OTMEYeHO, 4TO ypoBeHb AAL, pacnonoXeHHbIN
HenocpeacTBeHHO Hag ypoBHem ATM, obecneymBaeT 4eThbipe kiacca
obcnyxnBaHus, onpeaeneHHblx Kak knaccbl A, B, C v D B pekomeHaauusx
ITU-T. 3T knaccbl OTAMYalOTCA OPyr OT gpyra B COOTBETCTBUM CO
cnenylowmMMm TpemMs KputepusamMm (cMoTtpm 1abn. 22.1):

e TPeBOoBaHUS K CUHXPOHU3ALMN MEXIY UCTOYHUKOM U MoJiydaTenem;
e CKOPOCTb MepenaUdu;
® pPEeXxmnm coegnHeHusd.

Knacc obcnyxuBaHua onpenenseT MpPoLEecCbl CerMeHtaumm u
VMHKancynaumm nosie3Hon Harpysku. Popmupyemble A4eiikn Ha3BaHbl
Nno MMEHW KnaccoB (CooTBeTCTBeHHO, AAL1, AAL2, AAL3/4 n AALS),
VMELWMX Creayolme XxapakTepucTuKu:

e AAL1: knacc obcnyxumBaHus A npefHasHaydeH nis noanepxku
TPaHCMNOPTUPOBKM  peyn/Buaeo C  MNOCTOSHHOM  CKOPOCTbIO
(Constant Bit Rate, CBR). [lpyroe npuHaTOE Ha3BaHMe Afa knacca
AAL1 — amyngauusa kaHanos, YTO COOTBETCTBYET COEOUHEHNIO B CETU C
KOMMYyTauUnen KkaHanos.

e AAL2: knacc obcnyxuBaHus B npepHasHadeH ans noaaepkkm
TPaHCMOPTUPOBKU pPeYn/ BUOEO C NepeMeHHOn CKopocTbio (Variable
Bit Rate, VBR). NMpumepamu BUOEO B 3TOM Kiacce 00CNyXuBaHUs
MOTYT CNYXWUTb HEMOABUXHbIE N30OPAXEHNSA N KOMMPECCUPOBAHHOE
BUAEO.

e AAL3/4: knacc obcnyxuBaHus C (OpMeHTUPOBaHHbI Ha COeaMHEHNS)
nnn knacc D (He OpPUEHTUPOBAHHBLIA Ha COeAMHEHUS) NpefHa3Ha-
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YyeHbl O/ MOAAEPXKU TPAHCMOPTUPOBKM MNaKeTOB MNepeMeHHOMN
OJIMHbI C ANMHOM o 65,5 k6anToB.

e AALS5S: knacc D npepHasHadyeH gnsi noanep>Xky TPaHCNOPTUPOBKU
NakeToB MEPEMEHHON AMHbI 6e3 YyCTaHOBAEHUS coenuHeHus. B
knacce D B otnnume ot popmata AAL3/4 HeT 3almTbl OT HApyLLUEHUS
nopsiaka cnefoBaHus syeek B NocnenoBaTesibHOCTU U MEHbLLE CIy-
XeOHOW nHpopMaumm, 4TO NMPUBOAMT K Bonblern apPEKTUBHOCTU
3TOro knacca oocnyxmeanus. NMoatomy knacc AALS paccmartpmBaeT-
csl Kak Hanbosiee NPOCTONM YPOBEHb aganTaumu.

B 1abn. 22.1 npeactaefieHbl NpUMepbl pas3nnyHbIX NPUIOXEHUIA B
COOTBETCTBUK C KilaccaMun 0BCyXMBaAHUS, B TOM YMCIE, NPUIOXEHMNS
X.25 n Frame Relay onsa knacca C n IP gnga knacca D.

Ta6nuua 22.1. Knaccbl 06cnyxuBaHus Ha ypoBHe agantauum ATM (ITU-T)

Knacc Knacc A Knacc B (:\(;\1!? (_:g /i (ﬂicg /3
- - ] = ’
oGcnyxusaHus (AAL-1) (AAL- 2) AAL-5) AAL-5)
CuHxpoHuzaums TpebyeTcsa TpebyeTcs He TpebyeTcs He TpebyeTcsa
CkopocTb MocTosHHas MepemeHHasn MepemeHHas MepemeHHasn
nepega4n
Pexunm OpueHTtupoBaH | OpueHTtupoBaH | OpueHTupoBaH | He opueHTupoBaH
COeaVHeHns Ha COeOMHEHNs | Ha COeAUHEHUs | Ha COeauHeHus Ha coeanHeHns
Mpumepsl Peub/Bnpeo Peub/Bnpeo Peub/Bnpgeo IP
NPUNOXEHW CBR VBR VBR, X.25,
Frame Relay

CBR - Constant Bit Rate, nocTosiHHas CKOpPOCTb Nepenayu;

VBR - Variable Bit Rate, nepemeHHas ckopOCTb nepeaayu.

22.3.5. Knaccbl o6¢cnyxuBaHua B cetu ATM

N noKa3aTeJin Ka4yecTBa OGCHV)KI/IBaHVI'iI

B npeapblaywem nyHkTe Oblv OnncaHbl Kiacchbl 0OCyXMBaAHUSA Ha
ypoBHe agantaumn AAL B COOTBETCTBMK C pekoMeHdaumamn ITU-T. 31n
Knaccbl OTAMYaTCs Apyr OT Apyra TpeboBaHMSMU K CUHXPOHU3aLNU,

CKOPOCTAMU nepefadn U CBA3HOCTbIO (OPUEHTMPOBAHbI WM  HEe
OPUWEHTMPOBAHbI HA COEeAMHEHNS).
Apyron noaxon 4ang onpegeneHns ceteBbix ycnyr ATM,

paspaboTaHHbIii Popymom ATM, OCHOBaH Ha KOHLEMLIMW UCMOJIb30BaHNSA
ceTn B peanbHOM BpemeHu (Real Time, RT) n He B peanbHOM BpeMeHMU
(Non-Real Time, NRT).
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BT1abn. 22.2 npeacraneHbl N9Tb BO3MOXHbIX KNIACCOB 0OCNY>XXMBAHUS
B COOTBETCTBUU He TOJIbKO ¢ npunoxeHnsammn RT n NRT, HO n ¢ Habopom
nokasarenenm kadectea obcnyxmeaHuss (QoS). [Mpueenem 6Gonee
JeTanbHOE OnucaHne 3TUX KNaccoB 06CNY>XKMBaHNS:

Knacc 1. locTtoaHHaa ckopocTb nepepadm (CBR) B peanbHOM
BpemMeHu: obecrneunmBaeT rapaHTUPOBAHHYIO [MMKOBYIO CKOPOCTb
nepenaun ssiyeek (Peak Cell Rate, PCR) v ycTONYnBOCTh K Bapuaunuu
3anepxkun sHeek (Cell-Delay Variation Tolerance, CDVT); Hanbonee
NOAXOAUT K MPUIIOXEHNSAM, CBA3aHHbIM C PEYbIO 1 BUAEO.

Knacc 2. lNepemeHHas CKOpOCTb Nepegadn B peasbHOM BPEMEHM
(VBR-RT): kakn CBR, o6ecneunsaet PCR1 CDVT, Ho ckopoCTb nepenayn
aganTupyeTcst B COOTBETCTBUM C TPebOBaHMSIMU peanibHOro BPeMEHM
npu rapaHTUPOBAHHOW MOALEPXKXMNBAEMOV CKOPOCTU nepenayn s4eek
(Sustained Cell Rate, SCR) n makcumasabHOM pasmepe nayvykm ss4eek
(Maximum Bursts Size, MBS); ncnonb3dyeTcs oss KOMNPECCUPOBAHHbIX
CUIHanoB peyn 1 BUAeO.

Knacc 3. [llepemMeHHass CKOpOCTb MNepefayn He B peasibHOM
BpemeHn (VBR-NRT): 6e3 orpaHuyeHuin, cBA3aHHbIX C 3aaepXkamu;
pekoMmeHOooBaHa nAna Tpaduka C GpKO BbIPaXEHHOW MNa4ye4vyHOon
CTPYKTYPOI, XapakTepHOro Ajsi NOKasbHbIX CETEN N ceTen VIHTepHEeT.

Knacc 4. He cneundouumpoBaHHas ckopocTb nepenaym (Unspecified
Bit Rate, UBR): 6e3 orpaHuyeHuii o BpeMeHu, noTepsam, 3agepxkam
M Mosioce MponyckaHusl; pekoMeHpoBaHa st 9JIEKTPOHHOW MOYThI,
nepenayn ¢Gannos 1 Opyrnx cly4aeB HENPMOPUTETHOrO 0OCyXNMBaHNUS
Tpadwuka.

Knacc 5. [loctynHasa ckopocTb nepegayn (Available Bit Rate, ABR)
ABR): Tak e, kaKk n knacc 4, HO C rapaHTUPOBAHHOW MMHUMAbHOWN
ckopocTblo nepegayun sdyeek (Minimum Cell Rate, MCR); B aTOoM knacce
npegnonaraeTcs BOSMOXHOCTb PE3epPBUPOBAHUS CETEBbLIX PECYPCOB
onst obecrneyeHnss MUHUMasIbHbIX MOTEPb IYEEK U MONOCHI NPOMNYCKaHWS;
nonoca npoOMyckaHMa pacnpegenseTcsas no MAPUHUUNY  Hauaydluen
nonbiTkn (best effort); pekomeHpooBaHa pgns nepepadn $annos,
3NIEKTPOHHOWM MNOYTbI, KPYrIOCYTOYHOIO MOHUTOPUHra CeTUm U Opyrux
CNyyaeB He NPUOPUTETHOIO 0OCNyXMBaHUSA TpadurKa.

KpomMe ykazaHHbIX napamMeTpoB A XapakTepuUCTUKN KacCoB
06CNyXMBaHNSA WNCMONb3YETCS €elle pPsa napameTpoB, Takux Kak
Bapwaums 3aaepxku sdeek (Cell Delay Variation, CDV), makcumanbHasi
un cpenHss 3agepxka sqyeek (Maximum and Mean Cell Transfer Delay,
max-CTD, mean-CTD) v BeposiTHOCTb rotepu siyeek (Cell Loss Ratio,
CLR).

B Tabn. 22.2 noka3aHo, HACKOJIbKO Pa3sHbI€ KNacChl YyBCTBUTENbHbI K
noTepsiM, 3a4epXKam 1 Noa0ce NPonycKaHus.
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Ta6nuua 22.2. Knaccbl 06cnyxuBaHus un geckpuntopbl QoS (ATM Forum)

Monoca
Knace RT/NRT Aeckpun- MNotepu | 3apepxka | nponycka-
o6cnyxuBaHus TOpbI s
CBR RT PCR, CDVT Hda Ha Ha
VBR-RT RT PCR, CDVT, Ja Ha [a
SCR, MBS
VBR-NRT NRT PCR, CDVT, Ja Da Ja
SCR, MBS
UBR NRT PCR, CDVT Het Het Het
ABR NRT PCR, CDVT, Ha Het Ha
MCR

KniouyeBble cnoBa: ceTb C KOMMyTauuer naketoB, npoTokon X.25,
BUPTYa/ibHbIA  KaHas, KOMMYTUMPYEMOE BUPTYaslbHOE COEeAMHEHUE, MOCTOSHHOE
BUPTyanbHOE coeguiHeHue, OKOHeyHoe obopyaoBaHue paHHbix OO/, annapaTypa
KaHana pgaHHbix AK, cboplmk/pas3bopwmk naketoB, npotokon Frame Relay,
rapaHTMpoBaHHasi CKOPOCTb Nepepayn, TexHonorns ATM, rapaHTMpoBaHHOEe
KQ4yecTBO o6CnyXuBaHus, sverika ATM, knaccbl 06cnyxmBaHus ypoBHs AAL, knacchl
obenyxunsaHus ATM.

N2
. KoHTponbHbIE BONpocChI

1. O6GbACHUTE NPUHLMIMN OPraHn3aunmn BUPTYasibHbIX COEANHEHWIA.

2. B uem paszHmua mexay KOMMYTUPYEMbBIMU 1 MOCTOSHHBIMW BUPTYaslbHbIMU
KaHanamm?

. HasoBuTE OCHOBHbIE AOCTOMHCTBA U HEQOCTATKM MPOTOKONa X.25.
4. Mo4yemy nosiBMNIaCb BO3MOXHOCTb nepexoaa oT NpoTtokona X.25
K npotokony Frame Relay
5. B 4eM OCHOBHble HegoCcTaTkm nNpoTokona X.25 no cpaBHEHMIO
¢ npoTtokonom Frame Relay?

w
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6. [lnsa kakoro HOBOro Buaa ceTel Obina pa3pabdoTaHa TexHonorms ATM?
7. Onpepenute GyHKUMN YPOBHEN 3TAIOHHOM Moaenu ATM.

8. O6bsAcHMTE pa3aesieHre Ha Knacchl 00CyXnBaHUs B COOTBETCTBUN
Cc pekoMmeHgaumamm ITU-T.

9. O6bsicCHMTE pa3aesieHne Ha Knacchl 00CyXnBaHMUs B COOTBETCTBUN
¢ pekoMeHgauuamm dopyma ATM.

@ 3apaum v ynpaxHeHus

. Onpenenute n3bbITOYHOCTbL Kaapa 1 nakeTa Asa nepeHoca nHpopmaumm
B NpoTokone X.25.

2. Kaknum ob6pasom B npoTokose X.25 obLee YMCNO BO3MOXHbIX BUPTYaSbHbIX
KaHasioB gocTuraeT BennumHel 40967

3. Onpenennte, CKONbKO Nap «MCTOYHUK-NONyYaTeNb» MOXET OblTb 334aHO
B oHOI avelike ATM?

@ JlutepaTypa K nekuum 22

22.1. TaHeHBayMm 3. KomnbioTepHble ceTu. 4-e nsa,. — CM6.: Mutep, 2005. — 992 c.
22.2. ATM: TexHuyeckune peLwieHns cosgaHma ceten. / A.H. Hasapos,
N.A. Pa3zxuneuH, M.B. CumoHoB. — M.: Topsyasa nmHnsa — Tenekom, 2001. — 373 c.



Nekumnsa 23

Cet™u Ha base
nporokonos TCP/IP

Kak ceTb cOCTOUT U3 MHOXEeCTBA y3J10B, Tak 1 BCE Ha 3TOM CBETE CBSI3aHO

y3namu. Ecam KTO-TO rosaraeT, 4To siHevika CeTy sIB/ISETCS HeM-TO HEe3aBUCUMbIM,
M30/IMPOBaHHBIM, TO OH oLumnbaeTcs. CeTb 1 Ha3bIBAETCS CETbIO, MOCKOJIbKY COCTOUT
U3 MHOXECTBA B3aMMOCBSI3aHHbIX IHEEK, U Y KaX0V S4elikv CBOe MECTO

v cBOV 06513aT€/1bCTBA 10 OTHOLLEHUIO K APYIrMM SiYeliKam.

byana

23.1. Cetu UHTEepHeT

Kak 6b1n10 oTMeuyeHo B nekuumn 21, B ceHTsibpe 1969 ropga B CLUA
cTapToBas MPOEKT Mo CO3aaHuo ceTn nepenayn gaHHbix ARPANET.

B cetn ARPANET TpaHCcnopTupoBKa AaHHbIX MeXAy KOMMbIOTEPaMM
OCYyLLEeCTBASIaCb METOA0OM KOMMYTaLMM NakeToB, NOJyYMBLUMM Ha3Ba-
HVWEe MeToAa gararpamMmm.

Mpoueaypbl TPAHCMOPTUPOBKM NAakeToB Mexay y3amu cetn ARPANET
onpegenanuce npotokosiom IP (Internet Protocol) — npoTOKONOM CETEBO-
ro ypoBHs — n npotokosiom TCP (Transmission Control Protocol) — npo-
TOKOJIOM TPAHCMNOPTHOro ypoBHS. LLnpokoe pacnpocTtpaHeHue IP-Tex-
HOMOrVK B NOCNegHME roabl ONpeaensieTcsa pagoM Kto4YeBbIX CBOMCTB,
cpeny KOTOPbIX Mbl OTMETUM Hanbonee CyLLEeCTBEHHbIE.

e YHuBepcanbHOCTb. [1poTOKONbI cemencTBa IP cerogHs ncnosb3ay-
IOTCH BO BCEX CETEBbIX CErMeHTax, Ha4nmHas OT JIOKaJIbHbIX U KaM-
MYCHbIX CETEN N KOH4Yas MarnctpasbHbiMu ceTssMu. TexHonorusa IP
ncnonb3yeTcs 41 Nnepenayn OaHHbIX, peyn U BugeonHdopmaumm.
Ha 6a3e IP-O0pMeHTMPOBaHHbLIX NMPOTOKOSIOB CTPOSATCS Kak (pUKCU-
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pOBaHHbIe, Tak U BGecnpoBOaHblE CeTU. Mcnonb3yembli BHavane B
KopropaTuBHbIX ceTsax, cTek TCP/IP Hallen lwmpokoe NpMMeHeHne B
CEeTSX CBA3U 00LLLEro Nob30BaHUS.

¢ MacwTtabupyemoctb. KpynHomacwitabHble cetTn A0JIKHbl MMETb
BO3MOXHOCTb JIerko pasBmBaTbCd. MacluTabmpyemoCTb ceTer Ha
6a3e |IP Oblna 0gHUM U3 OCHOBHbIX CBOWCTB, 3aJI0XEHHbIX MpU pa3pa-
6oT1ke ceT ARPANET, nockofibKy C caMOro Hadana ctaBuiach 3aga-
ya co3paTtb NMPOTOKOJ, NO3BOMAOLWMNA 00beaNHATL OONbLLIOE YNCNO
ceTein. KonnyecTBeHHbIE OLIEHKU, XapakTepPU3YIOLNE COBPEMEHHbIE
MacwTabbl VIHTEPHET, ABASIOTCS NMPennocbiKoi K CO34aHUI0 To-
6anbHOI ceTun.

e OTkpbITOCTb. CeTb MIHTEPHET Ba3npyeTcs Ha NPUHLUMUNE OTKPbITbIX
cucTeM. ITO 0O3HAYaET, YTO MPU BbINOJIHEHUN O4eHb HEBOJbLLIOIO
yucna npaBwa, oNpeaensiowmx CTPYKTypy NPOTOKONIOB U uHTEpdE-
COB, B CETU MOTYT B3aMMOAENCTBOBATbL PA3HOTUMHbIE annapaTHbIE U
nporpamMmMHble cpeacTtsa. NpaBuna NnpucoeanHeHns ceTei ¢ noodbi-
MW MPOTOKONaMU K ceTam IP OTHOCUTENBHO NPOCThLI U peann3yloTcs
Ha 6asze LWJ/O30B, 06EcneyYnBaloLLIMX COrlacoBaHME MPOTOKOJIOB.
Passutue muposon cetn NHtepHeT B 90-x rogax npoLwsioro CTo-
netTns aBNSeTCS NMpsiMbIM Pe3ynbTaTOM Mporpecca nporpaMmMHOro
obecneyeHnsi, MUKPOINEKTPOHUKM W BbICOKOMNPOU3BOANTESNbHbIX
CUCTEM CBA3U, N U3MEHEHUN B TEIEKOMMYHUKALMOHHOM 3aKOHO-
hatenbcTBe U perynupoBaHuu. PocTt macwtaboB cetn VHTepHeT
HaCTOMNbKO BrevaTnsieT, 4To cpean ceTeBbix OnepaTtopos, pa3paboT-
ynkoB 060pPYyO0BaHMS, MOCTABLUMKOB YCIyr (NpoBaigepoB) N gaxe
nosb3oBaTener NocTeneHHO GOPMMPYETCH MHEHME O BO3SMOXHOCTU
npeobpa3oBaHUs ceTu VIHTEpHET B HeKylo YHUBEPCAasibHYl0 CETb,
obecneynBaioLLyto NpeaoCcTaBieHne YCiyr BCeX BUAOB.

23.2. JTtanoHHaa Mmoaesib NPOTOKOJIOB

cetn UHTepHeT

CeTb NHTEpHET NpeaocTaBasieT yCcnyrm KOMMyTaumMn naketoB 6e3
YCTaHOBJIEHUST COEAMHEHWI, YTO SABNSIETCS dyHAAMEHTaNIlbHbIM CBOWC-
TBOM 3TOW ceTu. Kak Obl10 0TMeYeHO Bhille, MHTepHeT 6asnpyeTtcs Ha
OBYX OCHOBHbIX NpoTokonax — npotokone IP n npotokone TCP. CoBo-
kKynHocTb TCP 1 IP, a Takxe psaa conpoBoXaatoLLmMx NPOTOKO0B, onpe-
NensaeTcs Kak cTek rnpotokosioB IHtepHeTt TCP/IP.

PasHble ceTn Ha 6a3e TCP/IP coeguHaoTcsa apyr ¢ ApyromMm ¢ nomo-
Wbio MapwpyTnsatopos IP, popmupysa npoctpaHCcTBO MIHTEPHET.

Onpepenum ceTb NHTepHET kak Habop CBSI3aHHbLIX MEXAy cobo#
ceTeri, KOTopbI€ UCIOb3YIOT A1 KOMMyHuKkauui ctek TCP/IP, yHu-
KaJlbHOE aApeCcHOE NPOCTPAHCTBO VIHTEPHET U NPUHLNIILI MapLLUPYTU-
3aLmu npu TpaHCropTUPOBKe rnakeToB. B aToi nekummn Ml gaamm o63op
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CBOWCTB ceTel VIHTepHeT, HauynHasa co cteka TCP/IP n 3akaH4MBas ycny-
ramui 1 NpUNOXeHNAIMU MHTepHeT.

Ha puc. 23.1 npeactaBnena mogenb npoTokosnoB cteka TCP/IP, pas-
pabotaHHaa Komutetom IETF. lpexae Bcero, oTMETUM, YTO MoAesb
IETF cocTtouT n3 natm ypoBHen (a He n3 cemu, kak mogenb OSI). MNep-
Bbl€ [jBA YPOBHS COOTBETCTBYIOT GU3NYECKOMY YPOBHIO 1 YPOBHIO 3BEHA
JaHHbix mogenu OSI.

YpoBEHb NPUNOXEHUI YpoBEHb NPUNOXEHUN
FTP|HTTP|SMTP|SNMP|Telnet FTP|HTTP |SMTP|SNMP| Telnet
TpaHCNOpPTHBIN YPOBEHL TpaHCNOPTHBIN YPOBEHL
TcP |ubp | RTP | RTCP TcP [upp | RTP | RTCP
CeTeBoli ypoBEeHb CeTeBoll ypoBEHb
IP | ARP [RARP| RIP |OSPF IP | ARP [RARP| RIP |OSPF
ICMP|IGMP ICMP|IGMP
YpoBeHb CETEBOIO YpoBeHb CETEBOIO
nHTepdelica nHTEepdelica

®dusnyeckasn cpena

Puc. 23.1. Mopaenb cteka npotokonoe TCP/IP

MpoTtokon IP pacnonoxeH Ha TpeTbeM ypoBHe moaenu IETF, u gyH-
KUMM 3TOro MNPOTOKONAa COOTBETCTBYIOT (YHKUMAM CETEBOro YPOBHS
moaenu OSI.

MpoTokosnbHble 6nokK (nakeThbl) IP, Ha3blBaeMble gararpammami,
MMEIOT CYLLLIECTBEHHO BONbLLNM pa3mep, 4em nakeTbl X.25 (HO He CBblILLe
65,5 kbalToB), XapakTepuayloTcs NEPEMEHHON O/IMHOW 1 NepeaarTcs
No CETU HE3ABMCUMO APYr OT Apyra. B otanyme ot TEXHONOrNMU KOMMY-
TauMm nakeToB (TexHonormnsa X.25) n kKoMmyTaumm g4eek (TEXHONOorns
ATM), hocTaBka gatarpamMm Ha CETEBOM YPOBHE ceTel MIHTepHET Nnpons-
BOAMTCS METOA0M MapLLPYTM3aumn (CM. HUXE).

MpoTtokon TCP pacnonoxeH Ha 4eTBepTOM ypoBHe moaenu IETF un
ero GyHKUMM BO MHOroM noAo6HblI GYHKUMSAM TPaHCHOPTHONO NpPoTo-
kona mogenun OSI. MpoTtokon TCP obecneumBaeT CKBO3HOM KOHTPOJIb
nepegayn naketoB. Ha nsToM ypoBHE pacrofioXeHbl MOACUCTEMBI,
Ha3blBaeMble MPUIOXEHUSMU. DTOT YPOBEHb COOTBETCTBYET YPOBHIO
NPUNOXeHU (ceabMomMy ypoBHi0) moaenu OSI.

Janee paccmatpualoTcs 0CO6EHHOCTM NPOTOKOSIOB ceTn MIHTepHeT
Ha pasHbIX ypoBHAX mogenu IETF.
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23.3. NMpoTokonbl cteka TCP/IP

Mogenb IETF comoepxuT psa NOAYPOBHEN C COOTBETCTBYIOLLMMM
npoTokonamu u eyHkumMamMmn. B pesynstaTte pas3sutusa MHTepHeT obulee
4yncno IP-opueHTUpOBaHHbIX MPOTOKOJIOB BKJIIOYAET B CBOW cocTaB 60-
fiee COTHU cneundukauuin, 3tn cneundurkaumm, Kak obls1o OTMEYEHO B
nekumn 21, BbinyckaloTcsa opraHmnsaumeri IETF nog o6wmm Ha3BaHMEM
RFC (Request for Comments) n ceo604HO A0CTYMHbI B ceTU MIHTEPHET, B
OTAnYKMe OT CTaHAAPTOB Apyrux opraHnsauuii (ITU, ETSI v gp.).

Ha puc. 23.1 npeacraBneHbl OCHOBHbIE MPOTOKOJIbI, KOTOPbIE MOXHO
pasfenuTb Ha TpW TFPynnbl: NepBasi rpyrnna COOTBETCTBYET CETEBOMY
YPOBHIO, BTOpasi — TPAHCNOPTHOMY YPOBHIO U TPETbSI — YPOBHIO NPUIIO-
XeHun. B aTon nekuym Mol paccMoTpmM pyHKUMm npoTokonos IP, TCP u
UDP. OcTanbHble NpOTOKOMbI OyAyT ONMCaHbl B CNEQYIOLNX NEKLMSIX.

Ha TpeTbem (ceTeBoM) ypoBHe rnpoTokos IP (Internet Protocol) obec-
ne4ymBaeT:

e MapLpyTU3auMiO NAKETOB Yeped CeTb MO NPUHLMMY «HAUTYYLLEN Mo-
NbITKN» (CM. HAUXE);

® COEAMHEHMSs MexXay CETSIMU C pasfiMyHbIMM 6a30BbIMY NPOTOKOIAMM
(Hanpumep, X.25, ATM, Frame Relay, Ethernet);

e KOHTPOJIb NEPEerpysox.

Ha yeTBepTOM (TpaHCNOPTHOM) YPOBHE rnpoTokos1 TCP (Transmission
Control Protocol — npoTokon ynpaeneHus TPaHCNOpPTUPOBKON) obecne-
YMBAET:

e YCTaHOBJIEHNE HaOEeXHbIX COG,EI,VIHGHI/IVI Mexay KOHeYHbIMU MoJ1b30-
BaTenamMun (MHUUMMPOBaHWE, MNOATBEPXAEHME, nepenada/npuem,
paspylleHne cCoeanHeHnm);

® LEJIOCTHOCTb COOBLLEHNIA M KOHTPOJb OLUNBOK;
e BOCCTaHOBJIEHME PaBOTOCNOCOBHOCTM CETU NOCE CETEBbIX OTKA30B.

lMpotokon UDP (User Datagram Protocol — nonb3oBaTensCKnii Npo-
TOKOJ Nepeaayn gatarpamMmm) sBnsgetcs 6onee NpocToi, HO U MEHEE Ha-
nexHon anstepHaTueoi npotokony TCP. dyHkunm TCP n UDP onuncaHsbl
nanee B paspene «CtpykTtypa 3arosioskoB TCP 1 UDP».

23.4. NMNpuHUMnbl opraHn3auum cetm MHTEepHeT

Kak yxe Ob1s10 0TMe4YeHo, ABa nepsbiX YpoBHS IETF, 0603Ha4YeHHbIX
Ha puc. 23.1 Kak ypoBEHb CETEBOro nHTepderica, cCoBnagaloT C ABYMS
nepebiMn ypoBHaMn mopenn OSIl. Ha BTOpoOM ypOBHE peanm3yloTcs
npencrasneHne HpopmMaLnm B BUAE Ka4p0B U MOMEXOYCTONYMBOE KO-
OMpoBaHune AaHHbIX. Ha nepBomM ypoBHe o6ecneynBaeTcs coeguHeHne
C pU3N4eCKUM KaHasioM nepenayn.
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Ha  TpeTtbeM  ypOBHE  K/OYEBLIM  3/IEMEHTOM  GBASETCS
IP-mapLupyTn3arop, HasblBaeMblli Takxe [P-uuio3oMm. Yepesd Takon
nHTepdeinc Moryt ObiTb COEANHEHbBI CETU CaMbiX Pa3HbIX TUMOB — J10-
kanbHble ceTn (LAN), ropoackue cetu (MAN), kpynHomMacLuTabHble ceTn
(WAN). Paboune cTtaHumn, NnogkitoyaemMble K CETU, HAa3bIBAKOTCS XOCTa-
MU. B ceTn MHTEpPHET XOCTbl AENCTBYIOT UNW KaK KJIMEHTHI, W KakK MocC-
TaBumkn (npoBaviaeps!) ycayr. KnueHT npenctaBnset cobo 00bEekT,
3anpaluvBatoLumin Habop ycnyr. Npoeanaep, BbICTyNaoLWuWii Kak cepeep,
obpabaTbiBaeT 3anpochkl 1 obecrnevynBaeT peanusaumio 3anpallunBae-
MbIX ycnyr. Takum 06pasoMm, B CETK yCTaHaBIMBaETCs HAOOp OTHOLLEHUIA
Mexay MHOXeCTBOM XOCToB. Ha puc. 23.2 npeactaBneH pparMeHT ceTu
MHTepHeT, 00beanHSaoLWen Tpu CeTH.

Puc. 23.2. dparmeHT ceTn UHTEpHeT

23.5. Ctpyktypa 3aronoekos IPv4 n IPv6

CTpykTypa 3aronoBka gatarpammsl IPv4. Kaxpgas patarpamma IP,
nepeHoCcsLLan NonesHylo Harpy3Ky, BKOYAEeT B CBOM COCTaB 3arosioBOK
1 gaHHble. Ha puc. 23.3 nokasaH 3aronoBok gatarpamMmmel IP, cCOOTBETCT-
BylOLWWIN Bepcun 4. lNepsble peanndaunmn Bepcun 4 OTHOCATCA K Havany
1980-x rogoB, 1 aTa Bepcus HanboJsiee pacnpocTpaHeHa CeroaHs.

3arofioBok COCTOUT, Kak MUHUMYM, n3 20 6aiNTOB C BOSMOXHOCTbIO
paclmpeHus nytem gobasneHuns oo 4 6aiMTos, obecneymBaoLmMx pas-
Hble A0MOJIHUTESNbHbIE onunu. na ynobcTBa 3arosioBOK NpeacTaBfieH
B BMAe Habopa CTPOK, Kaxaas U3 KOTOpPbIX coaepXuT no 4 6anta. O6-
Lee YNCNOo TakMx Nosnen paBHo 5 unm 6.

19. lonbawTenH
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Laanm KkpaTkoe onmcaHmne 3Tmux nonen.

Mone «Bepcusi», 4 6buta, UaeHTUOUUMPYET 3aronoBok IP, B AaHHOM
cnyydae, Bepcutio IPv4. MNMone «lnuHa 3aronoBka» onpeaenseT pa3mep 3a-
ronoeka (20 unun 24 6aiita). None «Tun ob6cnyxmeaHua» (Type of Service,
ToS) coctouT n3 8 6utos.. lMNMepBbie 3 BUTa oNpeaensaT NPUOPUTET aa-
Tarpammsbl (000 — 6e3 npuoputeTa, 111 — ypoOBEHb YyNpaBAeHUs CETbIO).
Cnepyowue Tpy 6uta onpeaensaioT MUHUMAalbHYO 3a4ePXKY, BbICOKYIO
NPOMYCKHYIO CMOCOBHOCTb U BbICOKYIO HaAEXHOCTb (KaXabli OUT paBeH
eauHunue). lNMocnepHue aBa buta He npuMeHsitoTca. OTMETUM, 4TO B Ce-
Tax MHtepHeT 1990-x rogos none ToS He NCNOSIb30BaNOCh.

Butbl

0

3 7 15 18 31

OnvHa Tun

Bepcua | saronoska o6cnyxuBaHus MonHasa anuna

MaoeHTndunkaTtop ®narun Ykasartenb pparmeHTa

80141BQ 0g

Bpems xun3Hu MpoTokon KOHTposnbHas cymma 3arososka

IP-agpec otnpaBuTens

IP-apgpec nonyyatens

IP-onuun (ecnn numetoTcsl) 3anonHutenb

Puc. 23.3. dparmeHT 3aronoeka gatarpammsl IP (Bepcus IPv4)

Mone «MonHaa gnuHa», 16 6GuUTOB, onNpeaensieT NMoHy OJNHY Aa-
TarpamMmbl B 6aiiTax, BK/IOYas 3arofioBOK U AaHHble, NepefaBaemMble B
nakete. [ockosibky AJIMHa Nons paeHa 16 6utam, MakcumasnbHas oJiMHa
patarpammbl pasHa 216-1=65535 6aiitos. B 3aBMCMMOCTU OT ee au-
Hbl, faTarpaMm MOXeT ObiTb pasgenieHa Ha 6510kM (PparMeHThl) B TeX
cny4asx, korga MapLipyTn3aTopbl He MOryT o6pabaTbiBaTh gaTarpammel
NOJIHOro pa3mMepa.

Mona «NpeHTndpukatop», «Pnarn» n «ykasarenb gparmeHTa» uc-
NONAb3YIOTCA NPW BOCCTAHOBNEHMW JaTarpammbl U3 dparMeHTOB Ha
NPUEMHOM KOHLIE.

Mone «NpeHTndpukaTop», 16 GUTOB, NO3BONSET BOCCTAHOBUTL AaTar-
pamMmmMy 13 pparMeHTOB B MyHKTE HA3HAYEHUS.

Mone «dPnar», 3 6GuTa, TakKke UCMNoNb3yeTca A9 BOCCTAHOBIEHNS Aa-
TarpaMmmbl Ha NPUEMHOM KOHLLe. [NepBbIit BUT yka3biBaET, 4ONYyCTUMA SN
dparmeHTauma (0 cooTBETCTBYET OTCYTCTBUIO dparmMeHTaummn), BTOPon
ouT onpenenseT, ABNAeTCsA M pparMeHT NocneaHnm B NocnenoBaTesb-
HOCTW dparmMeHTOoB, NpMHaANexalmx ogHon gatarpamme (1 o3Havaer
nocnegHun pparmeHT, 0 — HannyYKre AONONHUTENbHbLIX PPArMeHTOB).
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Tpetnin 6UT He wucnonbldyetca. [one «YkasaTenb @parMeHTa»,
13 6uToB, onpeaenseT cMelleHne dparmMeHTa OTHOCUTENbHO Havana
NCXOOHOM paTtarpamMmbl. [MONHOCTLIO HYNIEBOE MOJie YKa3bIBaET, YTO Aa-
TarpaMmma He pparmMeHTMpoBaHa.

Mone «Bpemsa xnsHu», 8 6UTOB, onpeaensieT npeaesibHoe BpeMms,
B TeYeHMe KOTOPOro gatarpamMma MOXeT HaxoauTbCs B ceTu. Bpewms
XN3HWN, KaK NpaBuio, 3a0aeTcsd YUCIIOM MapLUpyTM3aTOpPOB (4MCIIOM
LIaroB), 1 Npu KaxaoM MpPOoxXoxXaeHnn Yepes MapLupyTnsaTtop 3ToT no-
KasaTesnb YMeHblUIaeTcs Ha eguHuuly. Korga 3HadeHme nons gocturaer
HyN4, gaTarpamma BblOpachkiBaeTCcs U3 CEeTU.

BocbmunbutoBoe none «[poTokon» onpenensieT NpoToKos, NCMOJb-
3YIOLLMACS Ha TPAHCMOPTHOM YPOBHE. 3HA4YEHMs1 B 9TOM MoJsie 3aJaio0T
npotokonbl TCP 1 UDP gnsa TpaHCNOpTUPOBKM MHMOPMALMOHHbIX Aa-
Tarpamm, a ICMP — ons ceTeBOro KOHTpons.

Mone «KoHTponbHas cymma 3aronoeka», 16 6uTos, npegHasHa4eHO
ONs1 KOHTPONSA OLINOOK B 3arofioBke (TONbKO B 3arojyioBke, a He BO BCell
patarpamme!) ¢ MOMOLLbIO LUMKAMYECKOrOo Koga. dTta NpoBepka Ocy-
LLECTBASETCS NPU NPOXOXAEHUM gaTtarpaMmmbl v ee pparMmeHTa yepes
Kaxkabli MapLIpyTn3aTop.

Cnepyowme aBa nons npegHasHayeHbl oas agpecoB OTnpaBuTens
1 nonyd4atens. OB6bI4HO NPUHATO 3anucbkiBaTh IP-aapeca B AeCATUHHON
dopme ¢ pazgeneHnem B Buae Toyek, T.e. B popme A.B.C.D. OgHako B
nonsax IP-agpeca otnpaBuTens n noayyatensa npeacrasneHsl IP-agpeca
B BONYHOW popMme.

Bo BpeMs NpoxoxaeHus gararpamMmm 0gHOro coobuieHms yepes ce-
TeBbLIE Y3/1bl 3TV aApPeca He U3MEHSIOTCS. Y3en-oTnpaBnTesb, UCXoas 13
TabNMUbl MapLLIPYTU3aLMK, 3HAET, K KAKOMY coceiHeMY Y3y Heobxoau-
MO nepepaTtb gatarpammy. B cBolO ouepenp, IP-mapwipyTnsatop 3HaerT,
K KaKkoMy crneayloLemy y3ny, UICxoas U3 agpeca ysna-nonyyarens, cne-
OyeT nepecnaTtb gararpamMmmy.

Mone «Onuun», Makcumym — 4 6aiita, nenaeT BO3MOXHbIM BBeAeHMEe
Pas3nUyHbIX GYHKLUUA TECTUPOBAHUS U KOHTPONS.

Mone «3anonHUTENb» MCMNOMb3YyeTCs A8 A0MNOSHEeHUS CTPoku «On-
UMKW>» 00 NOSHOW AnnHbl 32 6uTta. HeobxoaMmMo OTMETUTb, YTO Hanbo-
Jlee BaxXHOe CBOMCTBO npoTokona IP B ero ncxogHom Buae (4erseprasd
Bepcusl, 6e3 npumeHeHns nons ToS ansa KOHTPONs kadyecTsa 0OCyXu-
BaHWUS) COCTOUT B TOM, YTO gararpaMmMbl epenatoTcsi OT UCTOYHMKA K
rosy4aresio 6e3 ycTaHOB/IeHWS JII0O0ro COeanHEeHMs!, NPaKTUYeCcKn npu
OTCYTCTBMU yNpaBfieHNs NPOLLECCOM nepeaayn.

OueBungHO, 4YTO NpK Nepepaye dparMeHTbl gararpaMmm 1 gatarpam-
Mbl MOTyT ObITb MOTEPSIHbI UK COPOLLEHbI B y3nax ceTu, Uan, n3-3a
OoNbLUMX 3aEPXEK OTAENbHbIX PparMeHToB, AaTarpaMmmbl MOTyT ObiTb
noTepsiHbl NPy cOopke B MECTe MNojlydeHusi. TakuMm obpasom, pexmnm
IP npn mcnonb3oBaHMM YETBEPTOM BEPCUM B €€ MNepBOHA4YaibHOWN
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BuTbl

pepakumMm obecneymBaeT MUHMMASbHBIN YPOBEHb KayecTBa 00CIyXu-
BaHMS, NONYYMBLLNIA HA3BaHWE NPUHLUMNA «HaWy4LLen NonbITKm».

MpuHUMN «HauyyLWen NonbITKM» 3aK/T0HaeTCAa B TOM, UTO CETb bepeT
Ha cebs TONbKO MOMbITKM A0CTAaBMTb NOCTYNUBLUME NakeTbl 6e3 rapaH-
TUK BbINOJIHEHUS NIOOLIX HOPM, ONPeaensieMbIX NoKasaTensaMm Ka4yecTea
ob6cnyxmBaHna. Takom pexunm OOCTaBku Oblnl NpUeMNEM, KOraa B CETAX
NHTepHeT nepenaBancsa Tpaduk, He NPEAbABASIOLLMIA BbICOKUX TPeBO-
BaHWM K OOCTYMHbIM CETEBBLIM pecypcam (Hanpumep, nepecoiska ¢ai-
JI0B MNU 9NEKTPOHHas noyra).

OpHako B HacTosiLee BpeMs B ceTsx IP nepepnaetcs Tpadumk pasHbix
BWA0B, B TOM YMNCJIE UHTEPaKTUBHbIN TpadUK peasibHOro BpeMeHu, 4yBC-
TBUTEJIbHbIN K 3aep>KaM (pedb nosepx IP, BuaeokoHdepeHunmn, HTep-
aKTUBHbIE UIPbI U T.4.), @ TaKXe K HaAEXHOCTH, K 3amTe NMHpopmaumnm
OT HECAHKLUMOHMPOBAHHOIO AOCTyna 1 ap. 3Tn TpeboBaHUsA NpUBENN K
paspaboTke ang ceTen VIHTepHET HOBbIX MPOTOKOJIOB, B YMCIIO KOTOPbIX
BXOAMUT 1 NpoTokon IPv6.

CTpykTypa 3aronoeka gatarpammbl IPv6 (puc. 23.4). [poTokon
IPv4 6b1n peanu3oBaH B ceTsax NHTepHeT B 1980 roay. [saguatb net
cnycTs, B 2000 roay, nonoBuHa Bcex aapecoB VIHTepHeT Bblna ncnosib-
30BaHa, npuyeM 75% 13 Hux OblNn 3aKkpenseHsbl 3a Nob30BaTENIMN B
CeepHon AMepuke. HaumHas ¢ koHua 90-x rogos, Havancs B3pbIBHOM
npouecc pas3sutna VIHTepHeT, npoasuxeHne NHTepHeT B cTpaHbl A3un
C MUINNAPAHbIM HaceneHnem. B aTnx ycnosusx ctano 04eBUAHbIM, YTO
a[IpeECHOE MPOCTPAHCTBO, KOTOPOE MCMOMb3YIOT Kak aboHEHThIl, TaK U
pasHble YCTPONCTBA, OrpaHN4YMBaET NOBCEMECTHOE PaCnpoOCTpaHeHue
MHTepHeT. YTobbl ceTb MHTEpHET mMorna pas3BmBaTbCs, HEOOXOOAMMO
ObIJ10 YBENMYNTL JOCTYNHOE aAPECHOE NMPOCTPAHCTBO, YTO M MPUBENO K
paspaboTke HOBOW Bepcum npotokona IP, nasectHom kak IPv6. OgHako,
Kpome npobsiemMbl aapecos, Npu pa3paboTke HOBOW BEPCUN Oblfl yUTEH
eLle paa HeaoCTaTkoB YHETBEPTON BEPCUN.

3 11 15 23 31

Bepcus Knacc Tpaduika MeTka noToka

[nvHa noneaHoii Harpyakm Cnenyownit OrpaHuyenve
3aronoBok yucna waros

Anpec nonyyartens (128 6uTtos)

Anpec nonyyatens (128 61ToB)

Puc. 23.4. dopmart 3aronoeka gatarpammbl IPv6
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OCHOBHbIMW CBOWMCTBaMM YCOBEPLLEHCTBOBAHHOIro npoTtokona IPv6,

NMOJIy4EHHbIMW HA OCHOBE CTPYKTYPbl 3arosioBka, ABASAOTCSH:

e BBEOEHME HOBOrO pasmepa afpecHoro nons, obecrneynBaroLero
yBeNu4eHmne Yncna AoCTynHbIX IP-aapecoB v ynpoLlleHne npolecca
NX KOHGUrypaumu;

e pas3paboTka MEXaHM3MOB, MOAOEPXKMBAIOLLMX FAPAHTUPOBAHHOE Ka-
4eCcTBO OOCNYXMBAHUS;

e BO3MOXHOCTb MPUMEHEHUSI CPEACTB ayTeHTUdUKALUUM N 3almTbl
nHpopmaunu.

Kak BuaHo un3 puc. 23.4, nnuHa 3aronoska IPv6 pasHa 40 baiitam,
4yTO B ABa pasa 6osblue, 4em B Bepcun v4., MNMepsbie aBe cTpoku (8 6ain-
ToB) obecneunBaloT PYHKLMN KOHTPONS, U CTPYKTYypa 3TUX OBYX CTPOK
CYLLECTBEHHO OT/IMYAETCS OT CTPYKTYPbl CTPOK, PACMOSIOXEHHbIX Haf,
aapecHoO’ YacTblo 3aronoska IPv4.

Mone «Bepcusa», 4 buta, ykasbiBaeT, 4TO MakeT MMEET 3arojloBOK
IPv6.

Mona «Knacc Tpaduka», 8 6utos, n «Metka nortoka», 20 6uToB,
onpenenaT npeaBapuTenbHO Ha3HaYeHHbI ypoBeHb kayecTBa 006-
CNY>XUBaAHUS 0N OnpenesieHHOW napbl agpecoB UCTOYHMKA U MyHKTa
Ha3Ha4YeHus.

KauectBo ob6cnyxueaHus B NIHTepHET onpeaensieTcs rnponyckHOm
CNOCOBHOCTbLIO CETU, 3a0EPXKKON N OXUTTEPOM NakeToB, a Takxe noTe-
psiMU NakeToB. YPOBHW kayecTBa 00CyX1BaHWS ONpeaensioTcs AByMS
Kfiaccamm yenyr, M3BeCTHbIX Kak Integrated Services (MHTerpnpoBaHHbIE
ycnyrn) n Differentiated Services (anddepeHumpoBaHHbeie ycnyru). le-
TanbHOE ONUCAaHME STUX YCAYT AAHO HUXE, B ekuumn 28.

Mone «nvHa nons Nofe3Hon Harpysku», 2 6arTta, onpeaensieT anuv-
Hy nakeTa B OaliTax, UCKNyas OJnHY 3aronoBka. Tak Xe, Kak U B 4eT-
BEPTOW Bepcuu, AnvHa noas pasHa 16 6utam 1 MakcumasnbHas gjnHa
nakeTa pasHa 216-1=65535 Gaiitam.

Mone «Cnepytowmin 3aronoBok», 8 6UTOB, onpeaenseT TUMbl A0NO0J-
HUTENbHbLIX 3arofIoBKOB, KOTOPbIE AOJIKHbI CleaoBaTb 3a OCHOBHbIM
3arosioBkom IPv6.

Mons, B KOTOPbLIX pacnofiaralnTcs ONONHUTENbHbIE 3arofoBKU, pPas-
MeLllatoTcsa mexay 3aronoBkoM IP v 3aronoskamun TCP nnu UDP. Oo-
NOJIHUTESIbHbIE 3aroNoBKN BKOYAIOT B cebs 60/bLION HAbop PYHKUUNA,
TakuMx Kak mapwpytmdauusa, dparmeHtTaums, 3awmrta umHdopmaumm,
ayTeHTndunkaums.

Mone «OrpaHn4yeHne Yyncna waros», 8 OUTOB, BbIMONHAET Te Xe PyH-
KUUK, 4TO 1 none «Bpems xn3Hn» B HeTBEPTON BEPCUMN.

Anpeca oTnpaBuTeNs 1 noJjiydaTens UMetoT Kaxapli no 16 6aitoB
(128 6MTOB), TO €CTb NMPEBLILLAIOT aHANOrMYHbIEe MO YeTBEPTOl Bep-
CuK B YeTbIpe pasa.
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Yucno BO3MOXHbIX agpecoB B npoTtokone IPv6 paBHO
2128.1=3 4x1038. Mpu TakoM KONM4YECTBE aApEeCOB OYEBWOHO, YTO B
OyayLiemM Kaxaoe YyCTPOMCTBO HAa MUKPOMNPOLLECCOpax MOXET NOJy4YnTb
cobCcTBEHHLIV agpec. OTMeTuM, 4TO B npoTokone IPv6 patarpammbl
Ha3blBalOTCA naketamu IPv6; ceTEBbIE 3/IEMEHThI (MapLLPYyTU3aTOPbI U
XOCTbl) Ha3bIBAOTCA y31amu (nodes).

HecmoTps Ha TO 4TO paboThbl, CBSI3aHHbIE C BHEAPEHMEM NPOTOKONA
IPv6, BepoyTca yxe 6onee 10 net, HE06X0AMMO MMETL B BMAY, YTO OCHOB-
HYIO 4acCTb annapaTtHO-NPOorpaMMHbIX Moaysnen B ceTax IP peanunadyer
npoTtokon IP yeTBepTon Bepcun. B cBA3M ¢ 3TMM BO3HMKAeT npobnema
nepexofa Ha HOBOE CEMEWCTBO MPOTOKOJIOB, OPUEHTUPOBAHHbLIX Ha
Bepcuio IPv6.

Mo uHunumatmBe IETF Obina co3gaHa akcnepuMeHTasibHas CeTb
6Bone, oxsaTtbiBaBLuaa cTpaHbl CeBepHor Amepukun, EBponbl (B TOM
yncne un Poccuio), dnoHnio 1 BkoYaBwas B cebs HECKONbKO COTEH
ceten IP.

B ceTn 6Bone yacTb MapLupyTM3aTopoB noanepxveanu obe sepcum
npoTtokona IP, 06pasyst BUPTYasIbHYIO CETb, GYHKLMOHMPYIOLLLYIO MOBEPX
cetn IPv4 n obecneuunBatoLLyo nepegadvyy naketos rno npotokony IPve
Mexay paboyMMm CTaHUMAMM U MEXAY MapLLpyTU3aTopamu.

B 2004 rooy ceTb 6Bone 3akpbiTa 1 B HacTosiwiee Bpems B CLUA
aKTUBHO pa3spabaTbiBaeTcs HekOMMep4deckmini npoekT Internet2, kak
npoobpas NepcrnekTUBHbIX ceTel VIHTepHEeT o0LLero nonbL30BaHus, Ko-
Topble OyayT cTponTbes Ha 6ase npoTokona IPv6 (cm. nekuuto 30).

Bnarogaps 60nbLOMY HAOOPY HOBbIX PYHKLMOHANIbHbIX BO3MOXHOC-
Ten, npotokon IPv6, 6e3ycnoBHO, NONYYUT LUMPOKOE PacipoCTpaHeHNe.
OpgHako nepexo K HOBOMY MPOTOKOJy CBA3aH C CYLECTBEHHOW MOaN-
duKaLmen ceTeBbIX YCTPOMUCTB, YTO NOTPebyeT 3HAaYNTENbHbIX 3aTparT.

23.6. Ctpykrypa 3aronoskos TCP n UDP

MpoTtokon TCP (Transmission Control Protocol). [1ns noBbilueHus
HaAEeXHOCTU TPaHCNOPTUPOBKM B ceTax IP B 1974 roay 6bin pazpaboTaH
NPOTOKO TPaAHCMOPTHOro ypoBHA TCP, KOTOpbIh 06ecneynBaeT rapaH-
TUpOBaHHYI0 AocTaBky gatarpamm. NpoTtokon TCP asnaeTca opmneHTn-
poBaHHbIM Ha coeaunHeHus. NMakeT TCP Ha3biBaeTCcs Takke CerMmeHTOM.

Ha puc. 23.5 nokasaHa CTpykTypa 3arosioBka npotokona TCP, co-
aepxawasa nNatb CTPOK, kaxgasa no 4 6arita. K 3aronoBky MoxeT ObiTb
npubasneHa eLle ogHa cTpoka ans onumin. Ecnm npotokon IP paboTtaet
C agpecamu OTNpaBuUTENs U nofy4datens, To npotokon TCP yctaHaBnm-
BaeT COeAMHEHVE C MOPTaMu, NOEHTUDULNPYIOLLMMMW, KaKon TN Npu-
JIOKEHUSA B OKOHEYHbIX XOCTax MCMOJIb3YETCS B 3TOM COEANHEHUN.
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BuTbl

3 9 15 31

[MopT oTnpasuTtens MopT nonyyatens

MopsaakoBbIi HOMEP

3aronoska

JnHa
A Peseps dnarn Pa3amep okHa

KoHTponbHaa cymma YkazaTenb BaXHON nHdopmauum

IP-apgpec nonyyarens

Onuuu (ecnn umeroTcs) 3anonHutens

Puc. 23.5. dopmar 3aronoeBka NnpoTokonbHoro 6noka TCP

3aronosok npotokona TCP HaunHaeTcs ¢ nonen HOMepoOB NOPTOB
oTnpaeuTens u nonyyartens (2 6ainTa B kaxaom nose). Agpec IP BmecTe
¢ Homepom nopTta TCP Ha3biBaeTCSH OKOHEYHO TOYKOM XxocTa. KombumHa-
umsa nopta otnpasutens TCP, agpeca otnpasutens IP, nopTa HasHaye-
Husa TCP n agpeca nonyyatens IP onpenensieT yHukanbHOe COeANHEHNE
TCP, Ha3bIBaeMoEe COKETOM.

Mone «MopsigkoBbli HOMep», 4 GaiTa, onpeaensieT CMeLLeHNE Na-
KeTa OT Ha4asibHOro NopsiaKoBOro HOMepa, NCNoJsib3yemMoro B nepena-
BaeMoM cermeHte TCP ans Hymepaumm 6anToB. [MopsakoBblii HOMEpP
NCNOJIb3YeTCSH MPUEMHbLIM XOCTOM AN YNOPSA0oYEHMS NPUOLIBAIOLLMX
CermMeHToB. [1pn 3TOM NoTepsiHHbIE CErMEHTLI MOBTOPAIOTCA UCTOYHN-
KOM 1o TpeboBaHMIO CO CTOPOHbI Nosy4yaTens.

Mone «OnuHa 3aronoska», 4 6uta, onpenensieT NojHylo AJINHY 3aro-
noeka TCP.

Mone «Pe3epB» B HACTOSILLEE BPEMSA HE UCMNOSb3YETCS U O0JIKHO
OBHYNATLCS.

Mone «®narn», 6 6UTOB, onNpenensieT 6 UHAMBUAYASbHLIX GaroBs.
Kaxaplin dnar, MMetoLwmnini 3Ha4yeHne «1», ykasblBaeT Ha OnpenesieHHyo
npouenypy (BaXHOCTb MHDOPMaLMK, NOATBEPXAEHMNE TOIO, YTO HOMED
cnenylowero naketa sBASETCS NpaBuibHbIM, ObiICTpas nepepada WH-
dopmaumn NpUeMHUKy, npepbiBaHMEe CBA3K, 3anpOoC CUMHXPOHM3ALMK
nNpv yCTaHOBAEHNN HOBOro COEAMHEHUs, OTCYTCTBME HA nepenaioLLemn
CTOPOHE AaHHbIX Af19 nepenaqu).

Mone «Pa3mep okHa», 2 OaiTa, 3agaeT KONIM4ecTBo 6anNToB, KOTO-
pble MOryT OblTb MPUHATLI U HaKOMJIEHbl B Bydepe npuemMHuka nepeq
OTNPaBKON NOATBEPXAEHUS.
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Mone «KoHTponbHasa cymmax», 2 6airita, BbINONHAET QYHKLMK, aHano-
rM4YHble GYHKUMAM nonga «KoHTponbHas cymma 3arosioBka» B NPOTOKONEe
IPv4.

Mone «YkasaTtenb BaXHOM nHpopmMauum», 2 6anta, ykasosiBaeT HOMEP
nocnegHero 6amTa CErMeHTa, KOTOPbIA COAEPXUT BbICOKOMNPUOPUTET-
Hbl€ AaHHbIE.

Mone «Onuun» genaeT BO3MOXHbIM BBEAEHNE DYHKLMIA KOHTPONS U
MOHUTOPUHIa CETU.

Mone «3anofHUTENb» UCMNONL3YETCHA A9 A0MNOJHEHUA CTPOoKU «On-
Ln1n» 00 NOMHON AfnHbI 32 buTa.

Kak ©Oblno oTmeyeHOo Bbille, npotokon TCP ycTaHaBnuMBaeT CO-
eJVHEeHne MeXAy OBYMS OKOHEYHbIMWM TOYKaMu CeTU MM XoCTaMu.
OcHoBHbIMN dYyHKUUAMK npoTokona TCP aBngaiTcs nHUUMMpoBaHue
COeOVHEHNS, COornalleHne O TOM, Kakon nopT (Mnu nporpamma) Oy-
0eT Mcnonb3oBaTbCHa (Hanpumep, AN nepecbiikyu GannoB nnu gns
3/IEKTPOHHOM MOYThI), yNpaBfeHUEe nepenavyen CErMeHToB U 3aBep-
LWEeHNEe ceaHca CBA3M Mexay oObiMM ABYMSI OKOHEYHbIMU TOYKa-
Mn. CermeHtol TCP MOryT nepeHoCcuUTb COOOLLEHUS Pa3fINYHbIX TU-
NOB — MOJIE3HYIO HArpy3Ky, 3anpoChl yCTAaHOBJIEHUS/3aKPbITUS COeANHe-
Hua TCP, noaTeepXaeHus v ap.

MpoTtokon UDP (User Datagram Protocol) npeacraesnsieTr cobom
ApYyron npumMep TpPaHCNOPTHOro nNpoTokona B cetax MHTepHeT. Tak xe,
kak npoTokon TCP, UDP obecneuynBaeT AOCTaBKY gartarpamMm, O4HaKo
bYHKUMOHMPYET B pexmme 6e3 yCTaHOBIEHNSI COEANHEHNT MEXAY OKO-
HEYHBLIMW TOYKaAMMU.

Maket npotokona UDP, coaepxawmin 3arofiloBOK U Mone AaHHbIX,
Ha3biBaeTcd patarpammoinn UDP. lNMpotokon UDP He nopaepxuBaeT
HaAEXHYI0 4OCTaBKy AatarpamMm, NOCKOJIbKY B ero GyHKUMN HE BXOOAT
ynpasfieHne nepegaden gaHHbIX M NOATBEPXAEHNE NpMemMa. 3aronoBOK
JaTtarpamMmbl BKoYaeT B cebsi MopThl OTApaBUTENs U nonydyatens, nosne
OnvHbl gatarpammbl UDP 1 none KOHTPOsbHOM cyMMbl. Heobxoammo
OTMETUTb, YTO MNEpPEeYMCiEHHbIE Bbllle cBomcTBa npotokona UDP He
NO3BONSIOT NPMMEHNATL 3TOT NPOTOKOA A9 nepefadn faHHbIX, Npenb-
ABNAIOLWNX BbICOKME TpeboBaHUS K HagexHolh goctaBke. C gpyromn
CTOPOHBbI, HEOObLLOK 0O6BEM 3aroJioBKa 1, Kak clneacTeme, HebosbLune
HaknagHble pacxogbl (Hanpumep, no cpasHeHnio ¢ TCP) onpeaenunn
BO3MOXHOCTM €ro NPUMEHEHUS B HAOEXHbIX JIOKANIbHbIX CETAX.

B nocnegHue Heckonbko net npotokon UDP Hawen wupokoe npu-
MEHEHWE Npu Nnepegaye peyum B ceTsax VIHTepHET. XapakTepucTmka ycny-
rn «Peub nosepx IP» (Voice over IP, VolP) naHa B nekuun 26.
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KnioueBble cnoBa: crek npotokosioB NHTepHeT TCP/IP, npotokon IP, npo-

Tokon TCP, npotokon UDP, matarpamma, pparmeHT, IP-mapLluipyTnsaTtop, MapLipyTu-
3auusi, 3arosioBok npotokona IPv4, 3aronosok npotokona IPv6, npuHumn «Hanny4en

NnonbITKN>».

?
i] KoHTponbHbIE BONPOCHI

©O~NOUO A WN =

. NossicHnTe OCHOBHbIE CBOMCTBA ceTel IHTepHeT.
. B yem pasnunune atanoHHbix mogeneii OSIn IETF?
. O6BACHUTE MPUHLNI «HAWUJTYHLLIEN MOMbITKN».

B yem rmaBHoe otnnyme npotokona IP ot npotokona TCP?

. Yto o3HauvaeT none «Bpems xn3Hu» B 3arofioBKe gatarpaMmmbl?

MNMepeuncnnte 0OCHOBHbIE CBOMCTBA NpoToKona IPv6.
MosicHnTe Ha3HavyeHue Nnons «Tun 06CNYXNBaHUS».

. Yem xapaktepunayeTcs kauecTBo 06cnyxmnsaHus B ceTax MHTepHeT?
. B yem otnnune npotokona TCP ot npoTokona UDP?

@ 3apauu v ynpaxHeHus

. Onpenenute obLiee YMCno agpecos, AOCTYMHbIX MPU UCMOJIb30BaHNN

npotokona IPv4.

. Ckonbko ypOBHeW NpruopuTeTa gararpaMmmbl MOXHO ONpenennTb

B npoTokone IPv4?

@ Jlnteparypa Kk nekuyum 23

23.1. B.I. Onndep, H.A. Onndep. KomnbioTepHble ceTn: MNpuHUMNBI, TEXHONOMN,

npoTokosbl. 3-e naa. — Creé.: MNMurtep, 2008. — 960 c.

23.2. CemeHoB 0. A. MpoTokonbl MIHTepHeT. — M.: Topsyasn nuHus-Tenekom,

2001.-1100c.
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Cucrembl
curHanusauum VolP

ADPXUTEKTYpa — 3TO 3acTbIBLLas My3bIKa.
&. LlennvHr

24.1. Co3paHue apxuTteKTtypbl SIP

PaboTbl B 0611aCTV CO34aHUSA MPOTOKOJIOB CUrHaNn3aumm gias cucte-
Mbl VoIP Havanuce B IETF ¢ Beinycka cneundvkaumn draft-ietf-mmusic-
sip-00, roe 6bi1 onrcaH NPOTOKOoN Session Invitation Protocol, nony4ne-
w1 Bnocneactenm HaseaHue SIP/1.0.

OTOT AOKYMEHT cneundunumposan TobKo 3anpoC YCTaHOBNEHUS Ce-
aHca CBs31, 0gHaKo B NEPCNEKTUBE 3Ta cneumdukaums OpueHTUpoBa-
flacb Ha MHTErpauuio B CO34aBaBLUYIOCA B TO BPEMSA MYIbTUMEONNHYIO
apxXnTEKTYPY KOH(EepPeHUMin, 0 YeM CBMOETeNbCTBOBaNA abbpeBnatypa
MMUSIC B Ha3BaHWM 3TOro AOKYMeEHTa, KoTopas He Oblna HenocpeacT-
BEHHO CBfI3aHa C My3blkOM, a pacwudpoBbiBanack kak Multiparty
Multimedia Session Control.

Jlo6ONbITHO OTMETUTb, YTO A0 CO3AaHUs NepBoi cneumdbukaumm
rnpoTokKosia WHULNMPOBaHUS CeaHCOB, W3BECTHOro cenyac kak SIP
(Session Initiation Protocol), B 1996 roay B IETF conepHuyanu aga npo-
TOKOJ1a YCTaHOBJIEHUSI CEAHCOB CBA3U: YK€ YNOMSHYTbIN BbilLE W NPOTO-
kon Simple Conference Invitation Protocol (SCIP).

MepBbIi NPOTOKON NOAAEPXUBAs YCTAaHOBNIEHNE ceaHca, Obl pac-
CYMTaH Ha PaboTy TOJIbKO MOBEPX PACCMOTPEHHOro B nekuum 23 npo-
Tokona UDP, a onga onuncanma ceaHca ucnonb3oBan npotokon SDP, o
KOTOPOM Mbl MOrOBOPUM YyTb MO3Xe B 3TOWN IEKLNN.
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BTtopow npotokon, SCIP, no3sonsan obcnyxnBaTb CeaHC yXxe nocne
€ero yctaHoBneHus, 6a3mpoBascs Ha npoTtokosne TCP (cm. nekuunio 23) n
ncnonb3oBan npoTtokonbl Hypertext Transport Protocol (HTTP) u Simple
Mail Transport Protocol (SMTP), HO He npumeHsan npoTtokon SDP ang
OonncaHnsa CBOMX CEaHCOB.

MMeHHO 3Tn aBa NpoTokona 6biiv 06beAnHEHbI B MPOTOKON Session
Initiation Protocol, koTopbili N03anmMcTBOBaN NO3UTUBHbLIE UOEN Y KaX-
[0ro 13 CBOUX «pPOANTENEN».

Ot npoTtokona Session Invitation Protocol HOBbI MpoOTOKON BOC-
npuHan s3anmopgenctane ¢ UDP n ncnone3oBaHme SDP, ot npoTokona
SCIP - nognepxky TCP n npumeHeHne npotokonos SMTP n HTTP. BHa-
yasie HOBbIV MPOTOKON Nosly4mn HaseaHue SIP/2.0, 4ToObl OTANYUTL ero
ot SIP/1.0.

MepBasa cneundukauus npotokona SIP/2.0 6bina onybnmMkoBaHa B
RFC 2543, n BnocneacTBunM MMeHHO 3TOT NPOTOKOJ CTal U3BECTEH Kak
SIP.

C momeHTa nybnukauum cneumdukaums RFC 2543 npetepneBana
MHOrO4YMCEHHbIE MOAndUKauum; padoTa No fanbHENLIEMY YITYHLLIEHWNIO
npotokona SIP npopoonxaeTcsa n ceyac. B HacTosiLee BpeMs OenCcTBy-
towmm ctaHgapTom SIP aensetca RFC 3261. B ocHoBy npoTtokona SIP
NOJIOXEHbI CNneayoLe OCHOBHbIE CBOMCTRA:

® [lepCoHalJibHas MO6I/U'IbHOCTb ﬂOﬂbSOBaTeﬂelZ, OCHOBaHHa4a Ha npum-
CBOEHUM MOJIb30BATESNIO YHMKANIbHOIO uUaeHTUdUKaTopa, KOTopbIn
NMnO3BONAET eMy rnepemMeLlaTbCcd B rnpegesiax cetn n nojsyd4atb CBA3b
BHE 3aBMCUMOCTU OT MECTa, e OH HaxoauTcsa, cooOLLLaeMoro cep-
Bepy onpepneneHna MmeCtoHaxoXaeHunda npm nomMmolinm cneunasibHoOro
coo0bLeHns;

e MacLTabupyemMocTb CeTu, NOCTPOEHHOM Ha 6a3e 3TOro NPOTOKONA;

® OTKPbITOCTb IPOTOKOJ1a, Xapakrtepndyemad BO3MOXHOCTbIO A0MnoJi-
HATb ero GYHKUMAMU NOALEPXKM HOBbIX YCAYr M €ro agantaumm K
pa60Te C pa3/iMy4HbIMU NMPUITOXXKEHUAMN.

Bonee nogpo6HO ¢ NPOTOKONOM SIP MOXHO NO3HAKOMUTLCS B [14].

24.2. NpoTtokon SDP

MpoTtokon SIP mncnonb3yetcs Ans YCTAHOBJIEHMS CEaHCOB CBA3M
Mexnay nosib3oBatensamm. Ho Kpome 3Toro, nosib30BaTeNn A0SKHbI CO-
rnacoBaTb TWUMN W NpaBwia KOAWPoBaHMSA MHOOPMaLMN, KOTOPOWM OHWU
cobupatoTcs 06MeHMBaTbLCH, TO eCTb COBMECTHO MCMNOJIb30BaTh onvca-
HVe ceaHca Mexay HUMW. Takoe onMcaHme ceaHca CoCTaBnAseTCs B CO-
OTBETCTBUM C yXXe YNOMsIHYTbIM NpoTokonom SDP (Session Description
Protocol).
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MpoTtokon SDP npenctaBnset cobon A3bIK AN ONMCaHUS CeaHCOoB
cBaA3n. OH comepXuT nHpopmMauuio 06 y4acTBYIOLLMX B CeaHCe CTO-
poHax, AaTe U BPEeMEHU, Korga AO0J/KEH COCTOATbCA CeaHC, O Tunax
COBMECTHO UCMNOMNb3YEMbIX MEANAMNOTOKOB, @ Takke 00 NCMOb3yeMbIX
agpecax U Homepax NopToB. BnonHe BO3MOXHO, YTO OnmMcaHmMe ceaHca
MOXET OTHOCUTLCS K HECKOJIbKUM MeamanoTokaMm, Kak B BUOEOKOHDe-
peHuUMUn, roe OAMH MeauanoTok OTHOCUTCS K KOOMPOBAHHOW peuu, a
OpYyron — K KogMpoBaHHOMY BMAeOo. NMoaTtomy npotokon SDP cTpykTypu-
POBaH Tak, YTO OH MOXET NPEeACTaBNATb MHPOPMALUIO, OTHOCSLLIYIOCS K
ceaHcy B LLefIoM (HanpuMmep, UMs ceaHca), niatoc nHGopmMaumio, CBI3aH-
HYIO C KaXAblM OTAENbHbIM MOTOKOM (Hanpumep, dopmaT MeananoToka
M MPUMEHSEMBIV HOMEP NopTa).

Ob6begmHeHHOe ucnonb3oBaHMe npoTtokonoe SIP n SDP wnnoc-
TpUpyeT nNpuMep Ha puc. 24.1. 3TO BO3MOXHbIA BapuaHT CueHapus
YCTaHOBNEHUS coeanHeHns mexay User1@niits.ru, KOTOpkI 3aperncTt-
pupoBaH B areal.niits.ru, n User2@niits.ru, KOTOpbI 3aperncTpupoBaH
B area2.niits.ru.

3anpoc ceaHca SIP HaumHaeTca npurnawenmem INVITE, koTtopoe
yka3blBaeTcs B NepBOi CTPOKe 3anpoca. ITa CTpoka yka3blBaeT Takxe
agpec ob6bekTa, KOTOpPOMY nepenaeTcsa coobLlieHne, HasbiBaemblii UR/
(uniform resource indicator) 3anpoca. B npaHHOM cnydae coobLulieHue
nepenaeTcst HENOCPEACTBEHHO K aBoHeHTY User2'.

Mone 3aronoska Via BBOOUTCA KaXabIM 0O6bEKTOM B LIEMOYKE OT UC-
TOYHMKA COODLLEHMA [0 MNyHKTa HasHadeHusa. MNona 3aronoekoB From
n To ykasbiBalOT MHUUMATOpa U nosydatensa 3anpoca. danbHeliwee
onucaHue cueHapusa Ha puc. 24.1 Mbl OCTaBUM YUTaTESIO B Ka4yecTee
yNpaxHeHUs.

24.3. YnpaBneHme meguawsiio3amm

MpuHUMN oekoMno3uumMn LWID30B NpedycMaTpuBaeT pasbueHne
wno3a IP-TenedoHnn Ha CTPYKTYPHbIE 3NEMEHTHI.

MepBbIM NPOTOKONOM, Ba3NPYIOLWMMCS HAQ 3TOM MPUHLMIE N NONy-
YMBLLUMM LUMPOKOE pacnpocTpaHeHue, ctan paspaboTtaHHbil IETF npo-
TOKOA yripasaeHus wito3ammu Media Gateway Control Protocol (MGCP).

OTOT NpOTOKON NpeacTaBnsieT cobon obbeanHeHNE OBYX NPOTOKO-
JIOB — [IPOCTOro npoTokosa ynpasieHus uwuo3amu  SGCP
(Simple Gateway Control  Protocol), w npotokosna ynpaB/ieHus
IP-o6opynosaHnem IDCP (IP Device Control Protocol).

Pabouyas rpynna MEGACO B coctage IETF ycoBepLieHcTBOBana npo-
TOKOJ yNpaeneHus Wwn3amuv n npeanoxmna npotokon MEGACO.

"Ecnu mexay User1 n User2 ectb Npokcu-cepBep, TO 3anpoc cHavana nepegaercs K aTomy
cepBepy, KOTopbin 1 6yaeT ykasdbiBate URI 3anpoca.
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PaspaboTkoin npoTokona ynpaBfieHus Mmeaualuio3amMmn 3aH1Mmanacb
n Uccneposatenbckaa Komuccusa 16 (ITU-T), koTopasa paHblUe BBena
NPUHUMN AEKOMMNO3ULMN LUJIO30B B pekomMeHgaumio H.323.

]
=

User1@niits.ru User2@niits.ru

INVITE 5|5) User2@niits.ru SIP/2.0
Via: SIP/2.0/UDP area 1.niits.ru
From: sip:User1@niits.ru

To: SIF ser2@niits.ru
Call-ID:123456@area .niits.ru
CSeq:1 INVATE
Content-Length:168
Content-Type: application/sdp

v=0

o=User1 123456001 IN IP 4 area 1.niits.ru
s=vacation

c=INIP 4 area 1.niits.ru

=00

m=audio 4444 RTP/AVP 98

a=rtpmap 98 AMR/8000

SIP/2.0 180 Ringing

Via: SIP/2.0/UDP area 1.niits.ru
From: sip:User1@niits.ru

To: SIP User2@niits.ru
Call-ID:123456@areal .niits.ru
CSeq:1 INVATE
Content-Length:0

SIP/2.0 200 OK

Via: SIP/2.0/UDP area 1.niits.ru
From: sip:User1@niits.ru

To: SIP User2@niits.ru
Call-ID:123456@area .niits.ru
CSeq:1 INVATE
Content-Length:167
Content-Type: application/sdp

v=0

0=User2 45678001 IN IP 4 area 2.niits.ru
s=vacation

c=IN IP 4 area 2.niits.ru

t=00

m=audio 6666 RTP/AVP 98

a=rtpmap 98 AMR/8000

ACK sip: User2@niits.ru SIP/2.0
Via: SIP/2.0/UDP area 1.niits.ru
From: sip:User1@niits.ru

To: SIF User2@niits.ru

CaII D 123456@area1 niits.ru

Content Length 0

< CeaHc cBsi3n >

Puc. 24.1. Mpumep yctaHoBneHuns SIP-coeanHeHus
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OT1a ViccnepoBaTtenbckas Komuccus npeanoxmna MmoandumumpoBaTtb
MEGACO B HanpaBneHun 6onbluen coBmectumocTtn ¢ H.323, n ony6-
nmnkoBana pekomeHgauuio H.248.1. B pesynbtaTte Obll NPUHAT HOBbLIN,
COBMECTHO pa3paboTtaHHbiii IETF n ITU npoTokon, nonyy4nBlIni Ha3ea-
Hue MEGACO/H.248.

Insa nepeHoca curHanbHbiXx coobuieHnin npotokon MEGACO/H.248
MOXeT ncnosnb3oBaTb NpoTokonbl UDP n TCP, a Takke npotokon SCTP,
peYb 0 KOTOPOM MNONAET HUXKE B 3TOW NEKLUN.

BaxHoli ocobeHHocTblo npoTtokona MEGACO/H.248 aensietcs TO,
4YTO ero coobLeHNs MOryT KogupoBaTtbcs Asyms crnocobamu. IETF nc-
NoJsb3yeT TEKCTOBbLIN CNOCO6 KOANMPOBAHUS CUMHANIbHOM MHMOPMaUuK,
a ons onucaHusa ceaHca CBS3U — BbILIEYNOMSAHYThIM npoTtokon SDP. B
CBOIO o4vepenb, ITU-T npeaycmaTtpmuBaeT ABOMYHbLIN criocob npencras-
NeHns curHanbHom nHoopmaumm — ASN.1, a ona onucaHus ceaHcoB
CBA3N pPEeKOMEHAYET MCMNOJIb3YEMbII BO MHOIMMX APYrux MpoTOKOsax
TpOMn mn CNC mexannam TLV (Tag-length-value). Bonee nogpo6HO C
npotokonom MEGACO/H.248 MOXxHO no3HakoMuTbes B [3].

24.4. Npotokon H.323

lMepBo pekoMeHOauuven ons nocTpoeHus ceten IP-tenedoHun cta-
na pekomeHgauusa H.323. Tak kak ITU nctopmueckm 3aHmmasncs npobne-
mamu TpOIl, To n npepnoxeHHas pekomeHaaums dakTuyeckm onpe-
nensna cetb ISDN, HanoxeHHyto Ha IP-ceTb. B yacTHOCTM, Npouenypa
yCTaHOBNEHUS coeanHeHus B ceTu IP-tenedoHum no H.323 6asupyeTtcsa
Ha pekoMmeHgaumn Q.931 1 npakTMYeckn NaeHTUYHa ToM Xe npouenype
B ceTax ISDN.

OcHoBHbIMK yCTpOKicTBaMu ceTu H.323 aBnaioTca TepmuHan, LWmo3s,
npuBPAaTHUK W YCTPOVICTBO YripasB/ieHnss KoHpepeHunamy. B cBasn ¢
HEeOOHOKPaATHO YNOMWHABLUENCS B Npeaplaymx iekumsax npobdnemoii
MOOMIBHOCTU aOOHEHTOB OTMETUM, YTO B OTNIn4KMe oT TenedoHoB TpOIl,
TepMuHanbl H.323 He NMEIOT XECTKO 3aKPENIEHHOro MecTa B CETU U
noako4yatoTcs K tobdoii Touke IP-cetu. MNpu aTom cetb H.323 pa3bumBa-
€TCS Ha 30HbI, a KaX/0M 30HOW yrpasngeT NpuBpPaTHUK.

B pekomeHngaumio H.323 BXOOAT TPM OCHOBHbIX MPOTOKONA: [MPOTOKOJT
RAS (Registration, Admission and Status) B3anmoaervictB1ss OKOHEYHOro
obopynoBaHus C NPUBPAaTHUKOM, MPOTOKOJ YrpaB/ieHNss COeANHEHMSI-
Mu H.225 v npoToKOA yripaB/ieHus J10rn4ecknummy kaHasamm H.245.

OTU NPOTOKObLI, BMECTe ¢ npoTokonamm MutepHet IP, TCP, UDP, RTP
n RTCP, a Takxe ¢ npotokonom Q.931, npeacrasneHbl Ha puc. 24.2.

Kak BngHO Ha pucyHke, npotokon TCP ncnonb3yetcs ona nepeHoca
cuUrHanbHbiX coobuweHnin H.225 u ynpaenstowmx coobuweHnin H.245,
CcuUrHanbHble cooOLieHnss RAS nepeHocATCaS C MOMOLLbIO MPOTOKOoNa
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UDP, a pocTtaBka pe4yeBoi 1 BuaeonHGopmMaLum npon3BoamnTcs ¢ 1Uc-
nonb3oBaHuem npotokonos RTP/RTCP, Bxoaswmx B ctek TCP/IP.

apaHTpoBaHHaA AoCTaBka
vHpopmaumm no npotokony TCP

He rapaHTMpoBaHHas gocrtaBka

MHPO

pmaumm no npotokony UDP

[MoTokm peun

H.225
H.245 1 BugeonHdopmaumm
Ynpasnexue RAS RTCP RTP
coeaguHeHnem (Q.931)
TCP UDP

YpoBeHb 3BEHA AaHHbIX

dusnyeckunii ypoBeHb

Puc.

24.2. MpoTokonbl pekomeHgauun H.323

24.5. Curnannsauusa OKC7 noeepx IP

YHNBEPCANbHOCTb M NOBCEMECTHOE pa3BEPTbIBAHME CUCTEMbI 06-

wekaHanbHon curHanusauum OKC7, 0 yeM nogpoOHO roBOPUIOCH B
nekummn 4, a 3atem v B nekummn 14, cTuMmynupytoT paboTbl, HaNpPaBiEHHbIE
Ha ee MUCMosb30BaHME COBMECTHO C npoTtokonamm TCP/IP. 3apayamu
opraHmzauum nepeHoca coobuieHmnn OKC7 yepes ceTb IP 3aHMMaeTcs
pabouyas rpynna Sigtran, Bxoasuias B IETF. OcHOBoOI cTeka NpoTOKON0B
Sigtran onga HagexHon TpaHcnopTupoBku coobuieHnin OKC7 no cetam
IP (puc. 24.3) aBngaeTtcs npoTokos ynpasaeHus notokamm SCTP (Stream
Control Transmission Protocol), KOTopbiii Noaaep>XUBaeT NEPEHOC CUr-
HaslbHbIX COOOLUEHUA MeXAy KOHEYHbIMW MyHKTaMW CUrHannsauum B
cetn IP.

MpoTokonbl agantaumu
M2UA, M3UA, M2PA, SUA, IUA

Mpotokon SCTP

Mpotokon IP

Puc.

24.3. Crek npoTokonos Sigtran
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24.5.1. NpoTokon ynpaeneHusa notokamu SCTP

[na opraHusaunm CMrHanabHOM CBA3M OAMH KOHEYHbIV NMYHKT Npeao-
CTaBAsieT APYromy nepevyeHb CBOMX TPAHCMOPTHLIX aapecos (IP-agpeca
B covyeTaHum ¢ Homepom nopta SCTP). MNMpoTtokon SCTP no3Bonser He-
3aBMCUMO YNOpPSAA0HMBaATb CUrHasbHbIE COODLLEHMS B Pa3HbIX MOTOKAX U
obecneymBaeT NepPeHoC CUrHanbHON NHGOPMaLMK C NOATBEPXKAEHNEM
npuema, [OoCTaBky COOOLLEHMI KaX[0ro notoka ¢ COXpaHeHNeM oye-
PEOHOCTU MX CJiegoBaHus, BO3MOXHOCTb OOBbEAMHEHUS! HEeCKOJIbKMX
coobueHuin B oavH naket SCTP, ¢pparmMeHTaumio AaHHbIX Mo Mepe He-
06X0aAMMOCTH, YCTOMHYMBOCTb K Neperpy3kam u T.n.

24.5.2. NpoTtokonbl agantauuu M2UA, M2PA n M3UA

Ona peannsaummn GyHKUMOHASbHBIX BO3MOXHOCTEN PaCCMOTPEHHO-
ro B nekuumn 4 npotokona MTP B ceTax IP pabouyas rpynna Sigtran peko-
MeHaoBana Tpu HOBbIX NpoTokona — M2UA, M2PA n M3UA. Kaxabin n3
HUX KPaTKO paccMaTpmMBaeTCs HUXeE, HO Npexae npmeefeM OCHOBHbIE
TpebosaHusa ITU-T k nepeHocy coobuieHunii MTP kak no umdpoBbiM Te-
NedOHHbIM ceTsM, Tak 1 no IP-ceTam:

e /19 OOHOPAHroBLIX NMpoueayp ypoBHs 3 MTP Tpebyemoe Bpemsi OT-
KmnKa goMKHO HaxoauTbea B npegenax ot 500 mc ao 1200 mc;

e BEPOSTHOCTb NOTEPU COOOLLEHNS U3-3a OTKA30B HA TPAHCMOPTHOM
YPOBHE O0mKHa 6bITb He 6onee 1077;

e BEPOSTHOCTb HECBOEBPEMEHHOW A0CTaBKN COOBLLEHNS 13-3a OTKa-
30B Ha TPAHCMOPTHOM YPOBHE A0/MKHa 6biTb He 6onee 1079,

Mpotokon M2UA ypoBHSI agantaunn A7 M0J1b30BaTeneri YpPOBHS
2 MTP (MTP Level-2 User Adaptation Layer) npenycmaTtpuBaeT Habop
YCINyI, 3KBUBANIEHTHbIA TOMY, KOTOPbIM NPEeAoCTaBnseT ypoBeHb 2 MTP
ypoBHto 3 MTP B 06bi4HOM cetn OKC7.

MpoTOKON UCMONB3YETCHA MEXAY LLMIO30M CUTHANM3aUMn 1 KOHTPOII-
JlepoM TpaHCnopTHOro wo3a B cetdax VolP. LLUno3 curHanusaumv npu-
HuMaeT coobLueHns OKC7 yepes nHrtepdeinc yposHs 1 1 ypoBHa 2 MTP
OT KOHEYHOr O NN TPAH3UTHOrO NyHKTa curHanusauuu. LLnio3 asngaetcsa
okoH4yaHmneMm ansg 3seHa OKC7 Ha ypoBHe 2 MTP 1 TpaHcnopTUpyeT UH-
dopmaumio yposHs 3 MTP 1 BEpXHUX YPOBHEN K KOHTPONNEpPy TPaHc-
NOPTHOrO LLUO3a UK K APYrOMYy KOHEYHOMY NYHKTY ceTu IP, ncnonb3sys
npotokon M2UA nosepx SCTP/IP.

MpoTtokon M2PA ypoBHsi agantaunm A 0AHOPAHIOBbIX 10J/1b30Ba-
Teneni MTP2 (MTP2 User Peer-to-Peer Adaptation Layer), B oTnndne ot
npoTtokona M2UA, ucnonb3dyeTcsa onsa nonHomaclutabHon obpadboTkiu
coo0bLeHnin ypoBHa 3 MTP, koTopbiMy 0OMeHMBaOTCS ABa oObIX y3na
cetn OKC7, B3aumMoaencTByoLmx Yepes ceThb IP.

MyHKTBbI curHanndaunu cetn IP GyHKUMOHMPYIOT Kak 0ObIYHbIE Y3Jlbl
OKC7, ncnonbsys npotokonsl cteka TCP/IP.
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Kaxabl AyHKT curHanausauym CeTu C KOMMYyTauuen KaHanoB uiu
cetn IP nmeet koa nyHkTa curHannsaumm OKC7. Mpotokon M2PA npe-
aoycMaTpuBaeT TOT Xe Habop ycnyr, KOTOPbI npeaocTaBnsieT ypoBeHb
2 MTP ypoBHto 3 MTP.

MpOTOKON MOXET MCMNONb30BATLCA MEXAY LII030M CUrHanmM3auum
1N KOHTPOJIIEPOM TPAHCMOPTHOrO LW3a, Mexay Wio30M curHanmaa-
LMW U NYHKTOM curHanusaumm cetin IP, a Takxe mexay AByMSA NyHKTaMun
curHannsaumm cetn IP. TyHKTbl curHanm3aumm MoryTt KUChnonb30BaThb
npotokon M2PA onsa nepenaym n npmemMa coobueHunii ypoeHs 3 MTP no
cetn IP unn ypoeHb 2 MTP ans obmMmeHa 3TuMu CoOBLLEHNAMM NO CTaH-
OapTHbIM 3BeHbsAM OKC7.

MpoTtokon M2PA obGnerdaet nHterpaumio ceteii OKC7 n IP 6naro-
[apd TOMY, 4TO MO3BOJIFET y3N1aM CETU C KOMMYTaUMEN KaHaNIOB UMETb
pocTtyn Kk 6a3zam faHHbIx IP-TenedoHumn 1 k gpyrum yanam cetei IP, nc-
nonb3ys curHanudaumio OKC7. N, HaobopoT, npoTtokon M2PA no3BoJisi-
€T npunoxeHusm IP-tenedoHmm nony4aTe 4OCTYN K 6a3amM JaHHbLIX CETU
OKC7.

MpoTtokonsl M2PA n M2UA nmeloT cnegytowme pasnnyms:

e Mpu MCNoib30BaHMK NpoTokona M2PA w3 curHanMsaumm siBns-
etcs y3noMm OKC7 ¢ kogoM NyHKTa curHanmsauum, a npm ncnonb3o-
BaHMK npoTtokona M2UA w3 curHanmaaumm He S[BMSIeTCS y3/1oM
OKC7 n He nmeeT Koaa NyHKTa CUrHanmaaumm;

e B C/ydae npuvMeHeHus npoTtokona M2PA coeavHeHue mexay
LWIIO30M CUTHANM3auum 1 NMyHKTamm curHanmdauum cetn IP npepn-
ctaBnsieT coboii 3seHo OKC7, a B cnyyae npyMeHeHus npoTtokona
M2UA coeomnHeHne Mmexay L030M CUrHaNM3aumm v KOHTPOJI1epoMm
TPaHCNOPTHOrO Wio3a He aensieTca 3seHoM OKC7;

e pu ncnonb3osaHn M2PA W03 CMrHanmMsaumm MOXET BbIMOJHATb
dyHKUMKM BepxHUX ypoBHen OKC7, Hanpumep, dyHkumn SCCP, a npu
ncnonb3oBaHn M2UA winio3 curHann3aummv He BbIMONHAET QyHKLUUN
BepxHMx ypoBHer OKC7, nOCKObKY OH HE COAEPXUT PYHKLNI YPOB-
Ha 3 MTP;

e B C/lydae npuvMeHeHusi npoTtokona M2PA BeinonHeHne yHKUUN
aKcnyaTauMoHHOro ynpasneHus 6a3npyeTcs Ha COOTBETCTBYIOLLMX
npouenypax yposHa 3 MTPR, a B npotokone M2UA ucnonb3yloTcs
COBCTBEHHbIE NPOLIEAYPbLI SKCMJTyaTauMOHHOI0 yrpaBieHus;

e npu ncnosb3oBaHUM M2PA nyHKTbl curHanuaauum cetn IP obpaba-
TbiBAOT NPUMNTUBLI YPOBHS 3 MTP 1 yposHa 2 MTR, a B cnyyae M2UA
KOHTPOJI1IEP TPAHCMOPTHOIO LWI03a NepPeHOCUT NPUMUTUBLI YPOBHSA
3 MTP n yposHsa 2 MTP Ha ypoBeHb 2 MTP wino3a curHanusauum ans
1x nocnepyouleii o6padboTku.

20. TonbawTenH
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Mpotokon M3UA ypoBHSI apantaumu A7s1 10J1b30BaTeNEN YPOBHS
3 MTP (MTP Level-3 User-Adaptation Layer) cBfi3aH C NepeHOCOM
no cetn IP cpeactBamn npotokona SCTP curHanbHbIX COOOLLEHUNA
nogcucteM-nonb3oBartenen yposHsa 3 MTP (Hanpumep, ISUP, SCCP).
Moacuctema SCCP MoXeT NnepeHoCcUTb COODLLEHMS CBOMX MOJIb30BaTe-
nen (TCAP vnun INAP) ¢ nomoLlpsto nbo npotokona M3UA, nnbo apyroro
npoaykTa rpynnsl Sigtran — npoTtokona SUA, KOTOpbIl paccMaTpMBaEeT-
CS1 HUXE.

Mpotokon M3UA wucnonb3yeTcsa Mexay LWIo30M CUrHanusa-
UMM MU KOHTPOJINIEPOM TPAHCMOPTHOrO LW3a unu 6a30i OaHHbIX
IP-TenedoHun. OH paclumpseT gocTyn K ycnyram yposHs 3 MTP wnio3a
cuUrHanusaummn, oxeaTbiBasi yaaneHHble KOHe4YHble NyHKThI IP-ceTn.

24.5.3. Npotokonbl SUA n IUA

MpoTtokon SUA ypoBHs anantaumnm Ans noss3oBatesneri SCCP non-
nepxuneaeT nepeHoc no IP-cetn (cpenctesamu npotokona SCTP) cur-
HaNbHbIX cO0bOLLLEHUI NoNib3oBaTenen SCCP, Hanpumep, TCAP nnu INAP,
npeacTaB/iEHHbIX B YETBEPTOM NIEKUUN HA pUC. 4.4 1 B YETbIPHAALLATON
nekuummn Ha puc. 14.2. Mo aHanorum ¢ aTuMmn ABYMsi pUCYHKaMM NOKaXem
npumep npumeHeHns SUA Ha puc. 24.4, roe npotokon SUA ncnonbsyert-
Ccs Mexay LWN030M CUrHanmM3aumMm 1 KOHeYHbIM MYHKTOM CUrHanmM3aumm
IP-ceTun. Mpotokon SUA nopaepxmBaeT kak ycnyru SCCP 6e3 coeau-
HEHWS C HEYNMOPSAA0YEHHOW 1 YNOPSAA0YEHHOW AOCTAaBKOW, TaK N YCIYru,
OPUEHTMPOBAHHbIE HA COEAMHEHME, C ynpaBneHnem nnmn 6e3 ynpasne-
HUS NOTOKOM AaHHbIX 1 C OOHApPY>XXEeHNEM NOTePb COOBLLLEHUIA 1 OLLNOOK
BC/IeICTBME HECBOEBPEMEHHO A0CTaBKM COODLLEHUI (TO €CTb KNacehl
ycnyr SCCP ¢ 0 no 3). B cny4yae ycnyr 6e3 coeauHeHust npoTOKOsbl
SCCP 1 SUA B3anMoaeincTByYIOT B LLJIIO3E CUTHANn3aLumu.

C Tou4KkM 3peHuns nyHkTa curHanusaumm OKC7 nonb3osatens SCCP
HaxoamTca B wio3e curHanndauumn. CoobueHmna OKC7 HanpasnsiloTcs
K 9TOMY LWIO3Y HA OCHOBaHMN aHann3a Koga nyHKTa CUrHanusauyim um
HomMmepa noacuctembl SCCP, a ToT HanpaenseT coobueHna SCCP k yaoa-
JIEHHOMY KOHEYHOMY NYHKTY IP-ceTn.

lMpoTtokon ypoBHs agantaumn aasa ISDN-nons3osarens (IUA) noa-
nepxveaeT nepeHoc 4yepes cetb |IP coobuweHnii Q.931. Mpotokon IUA
WCKJIO4aEeT NCMNOJIb30BaHME B CUCTEME CUrHANMU3auum 4acTu NPpoToKoNa
MTP 1 no3BonsieT npuaoXeHnsiM BEPXHEr0 YPOBHSA HENOCPELCTBEHHO
B3aMMOAENCTBOBATb C TPAHCMOPTHbLIM NpoTokonom SCTP.

B 3akno4eHue 3aTon nekumn oTMEeTMM, 4To Sigtran aenseTtcs He
eJVHCTBEHHOI paboyeln rpynnon IETF, yyacTBylowein B onpeaeneHmm
HOBbIX NPOTOKONOB AN obecnedyeHns koHBepreHunu cetent TpOrM u IP.
CnepnyerT ewe ynomanyTtb rpynny PINT (PSTN and Internet Interworking)
B3anmogenctema ToOIM n NutepHeT mn rpynny yenyr SPIRITS (Service in
the PSTN/IN Requesting Internet Service).
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TpaH3UTHbIN MYHKT

KoHeYHbIN NYHKT LLno3 CUrHanu3auum
curHannaaumm curHanmaauum (STP)
DYHKLMS OpraHun-
TCAP 3aumm mexceTe- TCAP
BOro obMeHa
SUA SUA SCCP SCCP
Apgpecaums koga
YnpasneHue MTP3 MyHKTa MTP3
l———— P
SCTP dun3nHeckum SCTP
coeamHeHnem MTP2 MTP2
IP-agpec nyHkTa
IP P IP MTP1 MTP1
Puc. 24.4. Mpumep npumeHeHus npotokona SUA

CornacHo PINT ycnyru TpOIM akTUBM3NPYOTCA NyTEM 3arnpocoB U3
ceTn IP, koroa knueHT SIP co3paeT 3anpochbl MHULIMMPOBAHUS TeNedoH-
HbIX BbI3oBOB B TPOI. Llenblo aToro asnsetca obecnevyeHne TenedoH-
HOW 1 PaKCUMUBbHOWM CBA3U N3 NHTEPHET.

B pabotax SPIRITS ycnyru cetu IP akTMBM3nMpyoTCs NyTeM 3anpocoB
n3 TpOIl. SPIRITS obecneumBaeT Takme ycnyru, kak yBegoMsieHne O
NOCTYMJIEHNN HOBOIO BbI30BA B CETU VIHTEPHET, NPeA0CTaBNEHNE NOEH-
TndurkaTopa Bbi3bliBaOLWEro aboHeHTa n3 cetn MHTEpPHET U Nepeagpe-
cauus IP-BbI30OBOB.

Pabouyas rpynna IPTEL pa3pabatbiBaeT npotokon TRIP (Telephony
Routing over IP) mapwpytusaumn TenedoHHbIX BbI30OBOB Mo ceTtu IP.
OTOT NPOTOKON MHPOPMUPYET CEPBEPLI AAPECOB O AOCTYMHOCTU Te-
nedoHHbIX agpecaTtoB 1 obecrneynBaeT aTpMbyTbl MapLLIPYTOB K 3TUM
agpecatam. MpoTtokon TRIP no3sonseTr obmeHmnBaTbCca MHbOpMaLmeit
MapLUpyTM3aLmn, NCNOMb3ys CTaHOAAPTHbIE NPOTOKONbI IP.

Pesynbtathl padoyeit rpynnsl ENUM B cocTaBe |IETF, pa3pabatbiBato-
Len cxemy npeobpasoBaHus TenedoHHbIX HomepoB E.164 B IP-agpeca,
Mbl PACCMOTPUM B CEAYIOLLEN NeKUMN.
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KniouyeBble cnoBa: npoTokon nHuumMmposaHua ceaHcos SIP, ctek TCP/IP,
nepcoHanbHas MoBUILHOCTb, ONMcaHMe ceaHcoB, NpoTokon SDP, npoTokon ynpas-
nenHus wn3amm, npotokon H.248, curHannsauua H.323, npuBpaTHUK, YCTPOIACTBO
ynpasneHus KoHdepeHumsamu, npotokon RAS, pekomeHpauus H.225, pekomeHaaums
H.245, paboyas rpynna Sigtran, npotokon SCTP, npoTtokonkl agantaumm M2UA, M2PA
1 M3UA, npotokonsl SUA u IUA, PINT, SPIRITS, npotokon TRIP.

?
ij KoHTponbHbIE BONPOCHI

Kakne csownctea npotokonos SIP/1.0 n SCIP nepewnu B SIP?

Ha kakux npotokonax cteka TCP/IP 6a3upyetcs SIP?

O6bsiCHUTE ABOMHOE HanMeHoBaHWe npoTokona MEGACO/H.248.

B 4yem 3aknoyaeTca NpuHUMN 4EKOMMNO3ULNMA LWN030B?

HasoBuTe 4eTbipe OCHOBHbIX CeTEBbIX a5ieMmeHTa H.323.

HapucyiiTte n o6bscHUTe cTek npoTtokonos H.323.

Mouemy ncnonbaytotes npotokonbl OKC nosepx IP B cTeke npoTokonos Sigtran?
HapucyiTe n 06bacHUTE CTEk NpoTokonoB Sigtran.

@ 3apaum v ynpaxHeHus

1. MNpeacTtaBsTe nogpobHoe onucaHve cueHapusa SlIP-tenedoHuMn, nokasaHHOro
Ha puc.24.1, ¢ Bbi3oBoM OT User1@niits.ru, KOTOpbLIN 3apPErNCTPMPOBAH
B areal.niits.ru, k User2@niits.ru, KoTtopbli 3apernctpmposaH B area2.niits.ru,
1 onucaHne ceaHca CBs3M C MOMOLLbLO NnpoTokona SDP.

@ Jluteparypa Kk nekuum 24

24 1. TonbawTtenH A.B., lonbawTeinn 6.C. SOFTSWITCH. — CI16.: BXB-2007
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JNlekumnsa 25

Cucrembl agpecauum
N MAPLUPYTU3ALUM

B ClMNA

YepHasi koponea rokadasna rofloBou:

«Bbl, KOHEHHO, MOXETE Ha3BaTb 3TO HYLLbIO,

HO 51-TO BCTpeYana 4yllb TaKyto, 4TO B CPABHEHUUN C HEM
37a KaXXeTCsl TOJIKOBbIM CJ/I0BAPEM>,

J1. Kapposnn

25.1. Hymepauusa v appecauus

Hepoctatkmn agpecaumn B IP-ceTax, Hanpumep, OrpaHuyeHnsa uc-
NOSIb30BaHMEM TOJIbKO JIATUHCKOro andaemnta, He CTONb CYLLLECTBEHHDI
NO CPaBHEHUIO C OrpaHnNyYeHNAMN TeNedOHHOM HyMepauum, ONMCcaHHON
B nekumsix 5 n 15. lencTteutenbHo, Bpsg n TenedOoHHbIN HOMEDP, Npn
BCEeN ero NpuBbIYHOCTM, MOXHO CUYMTaTb YO0OHbLIM CPeacTBOM onpene-
NneHuns aboHeHTa. M Kak ToNbko BMECTO TacTaTypbl TenedoHa y noJib-
30BaTeNd okasanacb KOMMbOTEPHAs KraBmatypa, Hadanm nosiBAsSTbCS
6onee KoMpopTHbIE N adPeKTMBHbIE cpeacTsa naeHTudmkaumm. Pas-
paboTka niaHoB HyMmepauun B ceTAX GUKCMPOBAHHOMK U MOOUSIbHOM Te-
nedOoHHOW CBA3KM NPON3BOAMNACHL C YYETOM pPsiga OrpaHUYeHnin, cpean
KOTOPbIX CNeayeT BblAENNTb ABa acrnekTa.

Bo-nepBbix, Ha pOpMy HOBOrO MiaHa Hymepaumm 1 Ha ero GYHKLUMO-
HasIbHble BO3MOXHOCTW CYLLECTBEHHO BIUSAIOT PeLleHUst, MPUHATLIE pa-
Hee. Bo-BTOpbLIX, yCTpoWcTBa Habopa HoMepa B TepMuHanax TenedoH-
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HOI CBSA3M (0COBEHHO Ha HavyanbHOM aTane co3pgaHna ToOIT) n, raBHbIM
06pa3oM, BO3MOXHOCTU ODOOPYAOBAHMUS KOMMYTALMW HE MNO3BOMSN
BBECTU YA0OHbIN — C TOYKN 3peHNS aDOHEHTOB — MNJ1aH HymMepauun.

Cetb VIHTEepHeT ¢ camoro Ha4yana 6bi1a cBOOOAHA OT 3TUX OrpaHnye-
HUN, YTO CTUMYNIMPOBASIO Pa3paboTKy NPUHLUMNOB HyMepauun GakTu-
YECKM C «<4NCTOro NUCTa».

B cetn IHTEpHET BMECTO TepMUHA «HyMepauus» BBEAEHO MNOHATUE
«aapecauysi». GopmManbHO, Lenn Hymepauum nU agpecaumm CXOOHbI.
C opyron CTOpPOHbI, pasnuyns GyHKUUA, peanndyembiX B CUCTEMAX
HyMepaunu 1 agpecaumn, BeCbMa CyLleCTBeHHbI. [1paBaa, npoueccsl
KOHBEPreHuMn conuannm onepaumm, BbiNoJIHAEMblE abOHEHTaMU NpuU
paboTe B ceTsx TenedoHHON CBA3U (NpenmyliecTBeHHo, B CMC) n B
MHTepHeT.

Hanpumep, BbIGOP B 3aNNCHOM KHUXKE TeNlepOHHOro annapaTa uve-
HW Bbl3bIBAEMOro aboHEHTa O4YeHb MOXOX Ha aHANIOrMYHYI0 NpoLeaypy
3anonHeHmsa nonga «Komy» 059 NOCAeAyloLWEero CoCTaB/IeHNsa N1CcbMa,
OTNPaBASEMOro Mo «3/eKTPOHHOM no4Te». OgHaKo OeNCTBUA CETEBOro
060pyaoBaHNa B 3TUX ABYX Ciydasax 6yaoyT 3aMeTHO OTAnYaTbCca Apyr OT
Apyra.

25.2. MNpuHUMNbI Ha3Ha4YeHus agpecos B ceTax IP

B nekuun 23 npneegeHo onnucaHmne 3arosioeka npoTtokona IP Bepcumn
4 (IPv4), Bknioyatouiero B cebsa IP-agpec. [na 3annucu agpecos oTnpa-
BUTENS U nojlyyaTens B 3arofoBKe BblAesieHbl ABa NOJsS OAVHAKOBOW
OJIMHBI — OOHO MoJie ANg 3anucuK agpeca OoTnpasuTens, BTOPoe — AN
3anvcu agpeca noJsyyatens; AnvMHa Kaxaoro nons pasHa 4 6antam nnm
32 6utam.

MonHbilh IP-apnpec BknoyaeT B cebs aapec cetn (MaeHTngukaTop
cetu, netid) n agpec xocta (naeHTngukarop xocta, hostid). IP-appec
MOXET ObITb NPeacTaBeH Kak B ABOMYHOM, TaK U B AECATUYHOM Pop-
marte c pasgenieHnemM Todkamun. B npumepe, paccmatpruBaeMoM Huxe,
IP-appec 3anucaH B oecatudyHom popmaTte: nepsas 4acTb agpeca (asa
fainTa) npeactaBnseT cobon ceTeBOW aapec, BTopasi 4acTb (crnenyto-
Lwme apa 6ainTa) — agpec xocta. Hanpumep, agpec

136.104.53.11

COOTBETCTBYET CETU, MAEHTUDUUMPYEMO CeTeBbIM agpecom
136.104.0.0 (netid) n agpecom xocta 0.0.53.11 (hostid) BHyTpUu aTOM
cetu.

Onsa naHHoro npumepa IP-agpec B ABonyHOM dopmate 6yneT UMETb
cnepyowmin Bug, (6anTel pasgensatotcs npobesiom):

10001000 01101000 00110101 00001011
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Kpome Toro, npegnonaraeTcsa BOSMOXHOCTb NpeacTaBfiieHns agpe-
Ca B LUeCTHaaLuaTepun4Hom cCucTeMeE.

AnpecHoe npocTtpaHcTBo MIHTepHeT pasaenseTtcd no Kiaccam agpe-
coB A, B, C, D u E ¢ pagdHblM 4ncnom 61TOB, BbIOENSEMbIX HA CETEBbIE
ajpeca v agpeca xoCTOB B Kax0M knacce. PazgeneHve ceTei no knac-
cam onpenensieTcs nepBbIMM HECKOJIbKMMM OMTamMum CETEBOro aapeca B
OBOWNYHOM cncTEME.

Knacc A ngeHtudpunumpyeTcs nepebiM GUTOM CETEBOIO afpeca, paB-
HbIM «0». Knacc A meeT Tosbko 7 GUTOB OJ11 CBOUX CETEN, YTO O3HAYaeT
BO3MOXHOCTb NOJy4eHNs aapecos ana 27 — 2 = 126 «B6OoNbLLNX» CeTel;
naeHTndMKaTop xocTa 3agaeTtca 24 6utamu, 4To onpeaenset [224 — 2]
a[pecoB XOCTOB. BblunTaHue «2» B 9TUX BbIHUCNEHUSX ONpeaensaeTcs
TeM, YTO afpeca, B KOTOPbLIX BCE OUTbI — eAMHULBI U B KOTOPbIX BCE
OuTbl — HYNK, pe3epBupyloTcs. B kayecTBe nNpumMepa agpecoB knacca
A MOXHO NpUBECTU aapeca, NoJly4eHHbIE TaKUMN OPraHM3aumsaMm, Kak
IBM (9.0.0.0), ARPANET (10.0.0.0) n AT&T (12.0.0.0.).

Knacc B mnpeHTMdUuMpyeTcs OByMS MepBbiIMU BUTaMK, paBHbIMU
«10», Knacc B nmeet 14 6uTOoB ANg aapecos, NpuHagnexaliyx aTomy
Knaccy «cpeaHux» cetein ([2'4 - 2] agpecoB). [Ana aapecoB XOCTOB UC-
nonbaytorca 16 6utos ([216 — 2] agpecos).

Knacc C mpeHTnduumpyetTcsa nepebiMU TPeEMsS BUTaMK, PaBHbIMU
«110». Agpeca ceten Knacca C 3apaiotcsa 21 6UTOM 1 ToNbko 8 6UTOB
onpenensT agpeca XOCTOB, TO CTb TOJIbKO 254 xocTa MOTryT ObITb On-
peneneHbl B ceTnt Knacca C.

Knacc D ngeHtudmnumpyeTtcs 4eTbipbMst OuTaMmn nepeoro 6anta aa-
peca, paBHbiMn «1110». OcTaBwascs 4acTb ceTeBoro agpeca (4 6uta)
cooTBeTCcTBYeT 14 ceTeBblM agpecam, pasaenisieMbiM 60bLUMM YNCSIOM
xocToB ([216 - 2] appecos). Knacc D ncnonb3yeTcs onis nepenayv oa-
TarpaMm K OKOHEYHbIM YCTPOWCTBAM B PEXVME CENIEKTUBHOIO BELLLAHUSA
(multicasting, mynbTukactyHr). B otnnydme ot o6bI4HOIrO BELATENIbHOIO
pexuma, Korga oanH MCTOYHUK nepeaaeT MHPOpMaLUIO BCeM OCTUXU-
MbIM MoJiydaTensim, CeNneKTUBHOE BeLlaHne (N MynbTUKACTUHT) npes-
nosiaraeT BeLlaHne TOJIbKO OnpeaesieHHbIM MnojlydaTensim.

B nocnepgHue roabl 6611 4oOaBNEH eLle oaviH knacc — Knacc E, naeH-
TUOULMPYEMBIN NATLIO NEPBLIMM BUTaMK CETEBOIO aapeca, PaBHbIMU
«11110». 3TOT KNAcc pe3epBupyeTcsa ANns 6yayLLero NCNob30BaHMS.

Cuctematnsaumsa agpecHoro npocTpaHcTBa B nepsbix Tpex Knac-
cax A — C nossonsieT popmMmpoBaTb CETU Pa3HOro pasmMepa U KOHPU-
rypauumn, HadmHas oT HebonbLIOoro Yyncna ceten (126) n npakTmyeckn
HeorpaHu4eHHoOro 4ucna xoctoB (16,8 munnnoHa) B Knacce A (npea-
nonaraetcsa, 4to Knaccy A npuHagnexaTt Oonblune TepputopuanbHO
pa3HeceHHble ceTn) 0o bonblioro 4ymcna ceten B Knacce C (6onee
2 MUNJIMOHOB), KaXkaas N3 KOTOPbIX UMeeT 00 254 XOCTOB, HTO COOTBETCT-
BYET pa3mepam NoKasbHbIX CETEN.
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O6ulee 4Mcno agpecos, AOCTYMNHbIX B NepBbix Tpex Knaccax A — C,
COCTaBNSET BENNYMHY nopsiaka 4 MUAnvMapnoB. ATO YMCNO agpecoB
B HACTOSLLEE BPEMS MNEPEKPbLIBAET KOMMYECTBO MNONb30OBaTeNen: B
2000 roay umcno nonb3oBatenent coctasnsano 110 munnmoHos, B 2001
roagy — 200 munnmnoHos, B 2008 roay 4Mcno nonb3oBatenen aocTurio
1,2 munnuappa. Ha 3ape VIHTEpHET, korga YMcno ceTen v nosb3oBare-
Nnen 6b110 OTHOCUTENBHO HEBENUWKO, aapeca Knaccos A u B pazgaBanuchb
CcBOOOOHO OpraHu3auusiM, KOTopble HE MO LLENIMKOM 3anoiHUTb af-
pecHOe NPOCTPAHCTBO U, TaKnM 06pa3om, HaCTb a4PECOB, BblAENEHHbIX
0151 XOCTOB, OKa3anacb HEUCMNONb30BaHHON. B To e Bpemst ObICTPbIN
POCT YyMcna XoCTOB NMPUBOAUT K HEOOXOANMOCTU 6onee 3dpPeKTUBHOIro
1N 3KOHOMHOI0 UCMNOJIb30BaHUS aapPeCHOro NPOCTPaHCTRA.

Ha HavanbHOM 3Tane pas3sutua ceten IP ncnonb3oBancsa npuHunmn
(puUKCMPOBAHHON rpaHuLbl Mexay 4YacTaMu agpeca, COOTBETCTBYIO-
LWMMKN agpecy CeTn U agpecy xocTta. B aToM cnyyae kaxnas n3 certen,
He3aBMUCMMO OT ee knacca (A, B, C, D), nonyyaeTt makCMMasnbHOe Y1CNOo
afapecoB xOCToB. [Npyn TakoM XecTKkoM Noaxone 3agaya yaooBaeTBope-
HUS TpeboBaHUN K agpeCcHOMY NPOCTPAHCTBY CO CTOPOHbI HOMbLUMX K
ManbIX OpraHu3aumini He MoxeT ObiTb yCnelwHOo pelleHa. Hanpumep,
0O4EeBMOHO, YTO HE BCE OpraHmM3auumn, rnoJlydnBLUME HA HaYaslbHOM STa-
ne passutua ceten MIHTepHeT agpeca Knacca A, MMeloT 40CTaTtoyHOe
4YMCIIO XOCTOB, 4YTOObLI 3aNOSIHUTL NPOCTPAHCTBO, BK/OYaloLlee B ceb4
okono 17 MunanoHoB XocToB. B To xe Bpems, B ceTsax Knacca C yacto
BO3HMKAIOT CUTyaLMK, KOraa YMCro XOCTOB (He 6onee 254 nonb3oBaTe-
Jlen) CTaHOBUTCS SIBHO HEAOCTATO4YHbIM.

Co BTOpoi nonosmHbl 90-x rogoB XX Beka Nogxon, OCHOBAHHbLIN Ha
GUKCUMPOBAHHOW rpaHuLEe Mexay agpecoM CeTu M afpecOM XOCTa,
Obly1 NOCTEMNEHHO 3aMEHEH NMOAX0A0M, NCMOJIb3YIOLWNM KOHLEMNUMIO Tak
Ha3blBaeMown mMackm cetn (noacetu). Macka npencraBngdeTcd B LeCs-
TUYHON NN B ABOUYHON dopMme. B cnyyae ABONYHOIro npencTtasieHns
Macka CooepPXUT rpynnbl eANHUL, B TEX pa3psaax, kotopole B IP-agpece
COOTBETCTBYIOT HOMepy ceTu (netid). YToBbl nonyunTb agpec ceTu, 3Has
IP-appec n macky noacetu, He06XoAMMO MPUMEHUTL K HUM onepaumto
nopaspsaLHON KOHBIOHKUMK (norndeckoe UM). PaccmoTpum npumep no-
JlydeHus agpeca cetu, korga IP-agpec 1 macka npencrasneHbl B 4BONY-
HOM popMe:

IP-appec: 11000000 10101000 00000001 00000010 (192.168.1.2)
«W»

Macka cetr: 11111111 11111111 11111111 00000000 (255.255.225.0)

Apnpec cetu: 11000000 10101000 00000001 00000000 (192.168.1.0)

[na cTaHOapPTHBIX KNACCOB CETEN MAcku MMEIOT ClieayoLime 3Haqe-
HUS:

e KnaccA-11111111 00000000 00000000 00000000 (255.0.0.0);
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e KnaccB-1111111111111111 00000000 00000000 (255.255.0.0);
e KnaccC-1111111111111111 11111111 00000000 (255.255.255.0).

Moaxon K Ha3HAYEHUIO aapecoB C UCMOMb30BaHMEM MaCOK MO3BO-
N9eT 0TKasaTbCAa OT pasfefieHns Ha Knacchl U AenaeT cucTemy pacnpe-
JeneHns agpecos A0CTAaTOYHO rmbkoii. Mpu MCNonb30BaHUM Macku ce-
TEBOI aIMUHMUCTPATOP MOXET Pas3buTb agpecHoe NPOCTPAHCTBO CETH,
Bbl€NEeHHOEe eMy NpoBaiiaepoM, Ha HECKONbKO NoAceTel, He Tpebysa oT
npoeainaepa A0NoNHNTENbHbLIX aPEeCOoB.

KoHuenuusa Macok nerna B OCHOBY MeToa MEXA0MEHHOV 6eckac-
cosovi mapLupytudaumm (Classless Inter-Domain Routing, CIDR). Bonee
noapo6Ho o metoae CIDR MOXHO NpoYecTb B AOMNONHUTENIbHOM NnTepa-
Type K 3TOW fekuunm.

Ona ypobcTtBa nonb3oBatenenn B cetax WMHTEpPHET LWWMPOKO WC-
MONb3YIDTCA MMEHA XOCTOB, MOHSATHbIE MOSIL30BATENID, HaANpUMep,
info@mail.ru. 1 nmeHa, n agpeca OO/KHbI ObiTb YHUKaNbHbIMK, NpU
3TOM CeTeBble afapeca ABMSTCA rModasnibHO YHUKaNbHbIMUW, TOraa Kak
agpec xocTa ABNSETCH YHUKaNIbHbIM BHYTPU CETU, 3a KOTOPOM 3aKpen-
JIEH 3TOT XOCT.

Moyemy xe B ceTn VHTepHeT MCNObL3YIOTCH U MMeHa, U agpeca
(ckaxxem, B otnmume ot TdOI, rae ncnonb3yoTca TONbKO TenedOHHbIE
HoMepa)? NmeeTcs HECKOIbKO NPUYMH TakUX PELLEHNIA.

Bo-nepBbix, HEOOX0ANMMO, 4TOObLI agpeca MOrn ObiTb NPOYUTaHbI
KoMMbloTEpaMn, a Ojis aTOro agpeca A0JKHbl ObiTb NPEeACTaBEHbI B
undpposont dopme. C opyrori CTOPOHbLI, UMeHa B OyKBEHHOM dopme
yOO0OHbI NS X YTEHWS MOSIb30BATENSMMU.

Bo-BTOpbIX, MMEHa XOCTOB MOTyT MMETb MEPEMEHHYID OJINHY U
ObiTb OOBOJIbHO AJIMHHLIMKU. ECnn B ceTn Mcnosib3oBaTb MMEHA XOC-
TOB B 3aroJjloBkax NakeToB, MoJsi OTNPAaBNEHUS U HA3HAYEHUS1 OOMKHbI
MMETb NMEPEMEHHYIO 1N, BOBMOXHO, 0OJbLUYIO ASIMHY. DTO NPUBOAUT K
HE3(pHEKTMBHOMY MCMNObL30BAHUIO CETEBbLIX PECYPCOB, a TakXe K poC-
Ty CJIOXXHOCTM MapLUpyTM3aTOpPOB, KOTOPbIE A0MKHbI AelndpnpoBaTb
MMeHa, pasMellatb ux B Tabnuuax maplpytnsaumm n Tak ganee. Mc-
Nnosb30BaHVe aapecoB GUKCMPOBAHHOM OJINHbLI B 3arofioBKax NakeToB
anaeTcsa 6onee aPPeKTUBHbLIM.

OcTaHoBMMCA Ha nopsake HasHadveHua IP-apgpecoB. Tak xe, Kak u
TenedoHHble Homepa B TpOI 1 B MOBUIbHLIX CeTsX, agpeca B 60bLUMNX
ceTax VIHTepHeT JomkHbl ObiTb YHUKANIbHBIMU. YHUKANbHOCTbL CETEBbIX
a[pecoB onpenensieTca nyteM Mx LEHTParM30BaHHOrO pacnpepene-
HUS.

LleHTpanbHbIM OpraHoM permcrpaumm rnobasbHbiX aApecoB B CETAX
MHTepHeT aBngetca opraHusaumsa IANA (Internet Assigned Numbers
Authority), oencreyowas Ha HEKOMMEPYECKOM OCHOBE.
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PacnpeneneHnemM ceTeBbiXx afpecoB B KPYMHbIX TEPPUTOPUASTbHBIX
pernoHax 3aHMMalTCs HEKOMMepYeckne opraHusauum, HasbiBaemble
Regional Internet Registries, RIR.

K 2008 rogy vmenocb 5 RIR gna cnepyowmx pernoHoB: CeBepHas
Amepuika; EBpona, BavxHuin Boctok u LieHTpansHaga Asung; A3nsa u Tuxo-
OKeaHCKui pernoH; JlatuHckas Amepuka n Kapnbckuin pervoH; Abpuka.
30€eCb NONME3HO YNOMSHYTb O YaCTHbIX agpecax, PEKOMeHAyeMbIX Ofsl
ABTOHOMHOIO MUCMNOb30BaHus. CeTn YaCTHbIX aapeCOB Ha3HA4YalOTCs B
Tpex OCHOBHbIX knaccax — A, Bu C:

e KnaccA-cetb 10.0.0.0 (BCMOMHMM, 4TO 3TO NPOCTPAHCTBO aApPECOB
Obino BblaeneHo cetn ARPANET);

e Knacc B - 16 ceten B ananasone 172.16.0.0 - 172.31.0.0
e Knacc C - 256 ceTein B guanasoHe 192.168.0.0 — 192.168.255.0.

OTu YacTHbIE HOMEPA BblAENEHbI A1 UCMOJIb30BAHMS B @BTOHOMHbIX
cuctemax, npeacTaBngaoWmx cobon obbeanHeHNE HEeCKONbKNUX ceTen
nop, ynpaesfieHMemMm O04HOM afMUHUCTPATMBHOM CUCTEMBI (Kak NpaBuio,
npuHagnexatlemn noctasLmky ycnyr). Obuiee agpecHoe NPpoCTPaHCTBO,
0XBaTbIBAEMOE yKa3aHHbIMU aapecamMm, 40CTaTO4HO BENUKO. [Npn aToM,
XOTS agpeca XOCTOB B YACTHbLIX agpecax MOryT COBnaaaTth C agpecamu
CeTeli, Ha3Ha4YaeMblX LIEHTPaANIM30BAHHO, CreunasnibHble TEeXHO0rnn
obecneumBaloT 6€CKOH(ANKTHOE MNOAKNIOYEHNE XOCTOB aBTOHOMHbIX
cucTeMm kK cetn MIHTepHeT o0Lero nonb3oBaHus. Npumepom Takom Tex-
HOJNIOMN SABNSIETCA TEXHONOMUSA TpaHcasUum ceTeBbix aapecoB (Network
Address Translation, NAT"). HecmMoTps Ha kaxyLimiics 3anac OOCTYMHbIX
aJpecoB, YNCNO XOCTOB (TEPMUHASIOB), MPETEHOYIOWMX HA MOJIyYeHue
IP-agpeca, NOCTOSAHHO pacTeT 3a CHET «yMHbIX» AOMALUHUX YCTPOWCTB,
obecneuymBatoLLmx 6€30MaCHOCTb, KOHTPOJIb 340PO0BbS, ObITOBbLIE YCITY-
M, paboTy AOMALUHMX TENEBM30POB 1N PAANONPUEMHUKOB 1 Tak ganee.
Bce 370 BegeT K TOMy, 4TO OCTaBLUeecs NpoCTpaHCTBO IP-agpecoB fo-
BOJIbHO ObICTPO YMEHbLUAETCS.

Mo atoii npuninHe KomuteT IETF, Hapsay ¢ opyrummn npobnemamu,
HaumHasa ¢ 1998 ropa, 3aHMMaeTcd BONpocaMy MOAEPHU3ALUU CUC-
TeMbl agpecauunu, 4To NpMBeNo K paspaboTke HOBOM, LLECTON BepcUun
npotokona IP, nasectHoi kak IPv6.

B npotokone IPv6 nnuHa appeca cocTtasnsetr 128 6utoB. Obuiee
KONMYEeCTBO aApecoB A0CTUrAeT OrPOMHOro, TPYAHO NPencTaBMMOro
umncna nopsigka 1038,

Cpean oCHOBHbIX TPEOOBaHMIN K HOBOMY NPOTOKOJY OTMETUM Cleny-
loLMe: BO3BMOXHOCTb COCYLLLEECTBOBAHMS OBYX MPOTOKOJ0B (IPv4 1 IPv6),
YMEHbLUEHME YMCNa CETEBLIX KNACCOB /19 yNpoLleHns Tabamy, mapuu-
pyTusaumn mn psg oonosHUTENbHbIX GYHKUMIA (3awwmTta nHpopmauun,
nogaepxka kadyectBa oOCnyxmBaHUA U obecnevyeHne MoOUIbHOCTU
nosb3oBaTenen).

‘OetanbHoe onucanue TexHonorun NAT npuseneHo B «[JONONHUTENLHOW nuTepaTtype» K
3TON nexkummn).
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25.3. NMpoTokonbl noanep>XXKu CUCTEMbI
agpecauumn

lMpoTtokon ARP (Address Resolution Protocol — npoTokon npeobpa-
30BaHus aapecos, RFC 826) ncnonb3yeTcsl ANns 04HO3Ha4YHOro otobpa-
XeHus IP-agpecos (A.B.C.D) B pusunyeckme (annapartHbie) agpeca, no
KOTOPbIM MOrYT ObITb HaMAEHbl XOCTbl, PACMO/IOXEHHbIE B NOKasbHbIX
ceTax. Puanyeckmin agpec xocTta HasbiBaeTcs agpecom MAC (Media
Access Control).

MepeoHavanbHO ARP npumeHancs ansa nepesoga agpecos IP B agpe-
ca Ethernet. HeobxoaMmocTb Takoro npeobpasoBaHus onpeaenseTcs
TeMm, uto IP-agpeca Ha3zHavyalTCs HE3aBUCUMO OT GUINYECKMX aPECOB
XOCTOB.

B npoOTOKOJIE IPvd  ponuHa agpecHoro nong paBHa
32 6buTtam, Torga kak B TexHonorun Ethernet gpnuHa agpecoB nogkito-
YyeHHbIX YCTpOnCTB paBHa 48 6utam. Bnocnencteum ARP rcnonb3oBar-
Ccq 419 nony4eHusa agpecoB NpPakTUYeckn BCEX TUMNOB NPOBOAHbLIX J10-
KasbHbIX CETENV N ansa onpeneneHns agpecos B ceTsx «IP noBepx ATM».
B HacToswwee Bpemsa npotokon ARP npumeHseTca ang onpeneneHus
agpecos ceTten ctanpgapTa IEEE 802.11.

MNpeobpaszoBaHue aapecoB NPON3BOANTCS B COOTBETCTBUN C Tabnu-
Len, n3BecTHOM kak kaw-Tabamua ARP. Kaw-Ttabavua ARP ycTaHaBnn-
BaeT 0QHO3Ha4YHOe cooTBeTCcTBME Mexay agpecom MAC n IP-agpecom n
obecneynBaeT npeobpal3oBaHne aapecoB B 060X HanNpaBieHUSsIX.

MpoTtokon ARP pabotaeTt cneayowym obpasom. Korga Bxoasaiimi
IP-nakeT, HanpaBnsiemMbll K ONpPeaeneHHOMY XOCTY B JIOKaNIbHOW CETH,
npnobiBaeT B MapLipyTusaTop (L03), W3 MNpOCUT nporpaMmmy
ARP oTtbickaTb ¢pusmnyeckmii xoct nnn agpec MAC, COOTBETCTBYIOLLMIA
IP-appecy B npuweawem nakete. lNpoTtokon ARP npocmatpuBaer
kaw-Ttabnmuy ARP 1, ecnn HaxoomT UCKOMbIA agpec, obecnednBaeT
npeobpas3oBaHMe naketa B TpebyeMbii dopmMaTt 1 nepenaeT ero Hyx-
HoMy xocTy. Ecnu ang IP-agpeca He HangeH COOTBETCTBYIOLWNIA aapec
MAC, npoTtokon ARP nepenaeT B BellaTe/IbHOM pexume cneLnanbHbIin
nakeT 3anpoca KO BCEM XOCTaM JiokasibHOM ceTu. B 3Tom nakeTe 3anosn-
HEHbl BCE MNOJS, KPOME MCKOMOro pmn3nyeckoro agpeca. YCTPONCTBO,
ono3HaBLllee cBow IP-agpec, 3anonHaeT COOTBETCTBYIOLLEE MONE U MNOo-
CblfIaeT 3arnoJIHEHHbIN NMakeT 06paTHO K Wito3y. MOoCKoNbKY NPOTOKOSbI
pa3Hbix nokanbHbix ceten (Ethernet, FDDI, mapkepHoe KonbLO 1 Ap.)
oTnnyalTca apyr ot apyra, Nnpotokon ARP MOXeT nMeTb pa3nnyHbie
dopmaTtbl NaKeToB 3anpoca.

lpotokon RARP (Reverse Address Resolution Protocol, RFC 903) —
obpatHbIVi NMPOTOKOJ1 npeobpa3oBaHUs aapecoB, obecrneymBaeT 3ep-
KasibHYl0 NO OTHOWEHWUIO K nNpoTokony ARP onepaunto, COOTBETCTBYIO-
LLLYIO cnyyato, Koraa u3secteH punanyeckmin (annapartHblii) aapec XocTa,
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alP-agpec HemadBecTeH. Takasi cuTyauust MOXET BO3HUKHYTb, HANpUmep,
€CJIN XOCT HE MMEET CBOEM NAaMSATU U XPAHUT AAHHbIE HA YOaIEHHOM Ccep-
Bepe. 3anpochkl 1 oTBeTbl RARP 06pabdatbiBaloTCs aHaNIOrMYHO nakeTam
ARP.

25.4. MpvHUMNbI MapLIPpyTU3aunmn gatarpamMmm

B ceTax IP

MapLupytnsaumeri Ha3blBaeTCsa NMPoLecc Bbidbopa NyTn 4epes CeTb,
no KOTOpoMy ByneT nepenaBaTbCs ceTeBoi Tpaduk. MNMpouecc maplu-
pyTusaumm obecnedynBaeTcsl B CETAX MHOIMMX TUMOB, B TOM YUCHE B Te-
NnedOHHbIX N TPAHCNOPTHbLIX CeTAX. B aTon nekumn Mbl paccMaTpuBaem
MPOLECC MapLIPYTU3aLUN NPUMEHUTENBHO K CETSM VIHTEPHET.

B ceTn VIHTepHeT patarpamMmbl nepenaloTcst OT UCTOYHUKA K MYHKTY
Ha3Ha4YeHUsl, UCNoJb3yst afpPec NMyHKTa Ha3Ha4YeHUs1 B afpecHOM nosne
3aronoeka naketa. Kak 6blJ10 OTMEYEHO BbilLE, KIIIOYEBBLIM 3/1EMEHTOM
ceTn VIHTepHeT SBNSeTCs MapLupyTn3aTop, 3afjaqyeit KoToporo ABnsieT-
csl onpegeneHve Nyt (MapLwpyTa), No KOTopoMy OyayT nepeaaBaTbCs
JararpamMmbl OT UCTOYHMKA K nosyyaTtento. MapLupyTel AeNnaTcs Ha aBe
rpynnbi:

e cTarnyeckue mapLupyTsl (HanpuMep, N3MeHsoWwmecs no pacnuca-
HWIO);

& JIMHamMunydeckmne MapuipyTtsbl, BblHNCIIAEMbIE C MOMOLLbIO alIrOPUTMOB
MapLwpytmn3aumnm Ha OCHOBE MHdOpPMaLMKM O TOMOSIOTNM N COCTOAHUM
ceTn, I'IOJ'Iy‘-IeHHO|7| C NOMOLWbIO rNPOTOKOJI0OB MapLipytn3aunu.

Kaxaplin MmapLupyTnsaTop BoOAb NyTU Nepenaym naketos GopmMmupy-
€T COOCTBEHHYIO TabsmLy mMapLupyTu3aummi, B KOTOPON 3a0aloTca BCe
BO3MOXHbIE MYyTU K APYrMM MapLupyTu3artopam n xoctam B cetu. On-
TUMasibHble MapLLPYTbl ONPEOENSoTCS NO YACY MapLUPYTU3aTOPOB Ha
nyTM MeXAy UCTOYHUKOM M MnosyyaTeneM (ctatmyeckas mMmapLipyTmnaa-
LMs) UK NO CETEBLIM NapamMeTpam, TakMMm Kak 3afeP>XKN, HaOEXHOCTb,
NpOoMNyckHas CnoCcOBHOCTbL (AMHaAMMYeckas MapLupyTusauus).

MapLpyTrsaTop cHMTLIBAET aapec Ha3Ha4YeHUs U3 3arosIoBKa rnocTy-
NUBLLUErO NakeTa (KOTOPbIA MOXET ObITb Kak GParMeHToOM, Tak U MOSTHOMN
JartarpamMmon) u nCNonb3yeT Tabnnuy MapLipyTu3aumm oasa nepechbiikv
nakeTa K COOTBETCTBYIOLLEMY BbIXOOHOMY MHTEPdENCY.

Pasmep ¢parmeHTa onpegensieTca pa3mMepoM kKagpa Ha YpOBHe
3BeHa AaHHbIX. Tak, ona NpoTOKOosa ABYXTOYEYHbIX COEAUHEHUNN YPOB-
HAa PPP (ogHOro ns cambix pacnpocTpaHeHHbIX B ceTsax WHTepHeT) n
oana Ethernet makcumasnbHbIi pasamep kagpa (MakcmmalibHblA pasMep
NHPOopMaLMOHHOro 610ka Ha YpOBHE 3BEHA [AaHHbIX) HE OOMKEH npe-
BbilwaTtb 1500 6anToB (No cpaBHeHMIO ¢ 256 Garitamn onsa nNpoTokona
X.25).
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Ha puc. 25.1 nokasaH npuHUMn pparMeHTaumm gatarpamMm.

XocTt A cetn A noceinaet gararpammy D k xocTty B cetn B. B Tom
criydae, ecnn pa3Mep gartarpamMmbl npesbillaeT pasMep noss noses-
HOW Harpysku kagpa, 4ONyCTMMOro B MapLupyTmMaaTopax, gararpamMmma
¢dparmeHTpyeTcs (B HalleM npumMepe — Ha Asa ¢pparmenTa, D, n D,).
dparmMeHTbl 0gHONM gaTarpaMMbl NepefalTcs OT MapLlpyTu3atopa K
MapLUpyTM3aToOpPY MO HE3ABMCUMbIM MYTAM 1 3aTEM COOMPAIOTCS B Map-
LIpYyTM3aTope, KOTOPbIA OTHOCUTCS K CETWU Ha3HayeHus B. 3aronoBok
KaXxgoro dparmeHTa iBAFeTCs KOnmen 3arofioBka MCXO4HOM gatarpam-
Mbl, MOKa3aHHOI0 YEPHbLIM LIBETOM.

- MapLupyT1sarTop

Puc. 25.1. MpuHunn pparmeHTaumm gatarpamm

25.5. MpoToKOoNbl MapLWIpPYyTU3aLUN

lMpotokon RIP (Routing Information Protocol) — npotokos nHpop-
mMaumn 0 mMapLupyTmM3aumm, OTHOCUTCSA K AMHAMUYECKMM MPOTOKOJaMm
MapLipytmndauumn, NpoTtokon RIP obecneynBaet obMeH MHPOpMaUUei
MeXay MapLupyTmMaaTopamMm 0 MapLupyTax (nyTax nepenadm) n Koppek-
TNpyeT Tabnuupbl MapLupyTmaaummn kaxabsle 30 cekyHa.
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MaplpyTtmnaartop, ncnonb3ys npotokon RIP, nepegaeTt mapLipyTHyto
Tabnuuy (B KOTOPOW OTMEYEHbl BCE N3BECTHbIE MapLLPYTU3aTOPY Y3/ibl)
K Gnmxanwemy cocegHemy y3ny. CocenHuin y3en, B CBOKO o4epenb, ne-
penaet nHbopmMaumio K Cnenyouemy cocegHemy yany, noka Bce yasbl
BHYTPW CETU He noJlydaT 0aMHAKOBYIO MHPOPMALINIO O MapLLIPYTax.

Mepepaya HpOpMaLMM O MapLLpyTax Npon3BoamnTcH B GopmMe na-
KETOB, KOTOPbIE COAepXaT HAabop AVNCTAHLIMOHHO-BEKTOPHBIX Nap. Kax-
has napa (a, 1) Bkioyaet B ceba agpec IP-cetn (a = A.B.C.D) u yucno
y370B |, KOTOpble HEOOXOAMMO NPONTU, YTOObLI AOCTUYL OAHHYIO CETh.
Bbibop onTuManbHbIX NyTEN NPOM3BOANTCS MO KPUTEPUIO YNCA MapLL-
PYTM3aTOPOB, NEXaLLMX MeXay UCTOYHUKOM W nosiydaTenem (rno 4ymcny
nepenpuemMos).

OtmeTum, 4To RIP paccmaTtpumBaeTtcs kak addEeKTUBHbIA NPOTOKON
TOJIbKO N1 HEOOMNbLUWX CETEN, B YaCTHOCTU, NS CETEN, B KOTOPbIX UMe-
eTcsa He bonee 16 nepenpuemMoB. [1na ceTei 6onbLUero pa3mepa nepe-
haya MapLUpyTHbIX Tabnuu kaxable 30 cekyH, MOXET NPUBECTM K Nepe-
rpy3ke CeTu, Bbi3blBaloLLel 6onblune 3a0ep>XKK1 AOCTaBKM faTarpaMmm.

C yyeToM ObICTPO pacTyLmx MacLuTadbos ceTelt IHTepHeT paxe npu
paccMoTpeHun 16 nepenprmemMoB 06bEMbI MapLLUPYTHOMN MHpOPMaLUN,
nepenaBaemMomn Mo ceTu, CTAHOBATCS OrPOMHbIMUK. Kak anbTepHaTtuea
OMCTaHUMOHHO-BEKTOPHOro noaxoaa Obin npeanoxeH npotokon OSPF
(Open Shortest-Path First) — npoToKO/1 MapLUpyTU3aLUmnm rno rnPUHLNNy
«Kparyavumi nyTe BblOMpaeTcs rnepBbiM», 3PPEKTUBHO peLlatoLLni
npobnemMy neperpyskm ceten cnyxxedbHom nHpopmaumen.

Mcnonb3ys anHammnydeckmin npotokon OSPF maplipyTtnsarop, KoTo-
PbI N3MEHUN TabnnLy MapLpyTU3aLmMmn nnn 06HapyXun N3MeHeHns B
CEeTU, HEMEAJIEHHO NePefaeT B BELLLATENBHOM PeXMME MHPOPMaALMIO KO
BCEM COCEAHNM MapLLpyTM3aTopam CeTn C TeM, 4TOObI BCE OHU MMEN
OJHY U Ty Xe MapLUPYTHYIO TabnuLy.

B otnnume ot RIP, B COOTBETCTBUM C KOTOPLIM NepefaeTcs BCA Map-
WwpyTHas Tabnumua, B npotokone OSPF nepepaetcs TOJIbkO Ta YacTb
Tabnuubl, B KOTOPOW NOSIBUANCL M3MeHeHUs. pu 3ToM MHdopmaums
nepepaetcs He yeped 30 CekyHA, a TONbKO KOrga UMeloT MECTO N3MEHe-
Hus B ceTn. Kpome Toro, B otnnyme ot npotokona RIP, B koTopom BeIGOP
nyTen OCHOBAH Ha noacyeTe ymcna nepenpmuemos, B npotokone OSPF
NCMNOJIb3YETCH MOHATUE «COCTOSTHME 3BEHA»", KOTOPOE YYUTLIBAET Takme
napameTpbl, Kak 3a40ep>XKn, NPOryckHas CNoCcoBHOCTb, HAAEXHOCTb 1
apyrue.

«CoCTOSIHME 3BEHA» C MUHUMASIbHOWN 33a4EPXKON UM MakCUManb-

HOIA MPOMYCKHOM CNOCOOHOCTbIO M onpenensieT nyTb, BblOMpaeMbli
NnepBbIM.

B npotokone OSPF maplupyTtusaTopbl rpynnupyoTcs B HE3aBUCU-
Mble NOACEeTU, Ha3blBaeMble 30HaMu. B 30Hax MHpopmauus 0 MapLLpy-

‘Mo, 3B@HOM MOHNUMAETCS OAVH NEPENPUEMHBIA y4aCTOK.
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Tax U nepuoamyeckasl X KOppekumus NoaaepPXmMBaloTCs Ha JIOKabHOM
N aBTOHOMHOM YPOBHSIX. 9TO MO3BONSIET ONpPenennTb BUPTyasibHble
ceTeBble TOMONOrnK, He NMPUHUMALOLLIME BO BHUMaHME HE3HAYUTESbHbIE
N KPaTKOCPOYHbIE SloKasibHble AeTanun, CBA3aHHbIE C MPOLECCOM MapLu-
pyTu3auuu.

[ns nepepaym nakeToB OT OAHOr0 UCTOYHMKA MO HECKOJIbKMM aape-
cam B ceTax MIHTepHeT ncnonb3yetca nportokona IGMP (Internet Group
Management Protocol, RFC 3376) — npoToKoJ1 rpyrnnoBovi aapecaLmu.
OTOT NpoTOKON 0becneynsaeT MHOroaapPEeCHyo 4OCTaBkKy MHDOpMaUnmn
NO CXxemMe «To4Ka-rpynna To4yek» (MynstukacTuHr). Kak BugHo n3 pas-
nena 25.2 ston nekumn, IP multicasting (wnn IP-BeLlaHne) ncnonb3yeT
agpeca Knacca D.

Pexnm MHOroagpecHov nepega4qm no3sonseT O4HOMY XOCTy nepe-
haeaTb MHbopMaumio Habopy OPYrMx XOCTOB, KOTOPbIE MAEHTUDULN-
pYIOT cebs Kak yieHbl Takow rpynnbl. Korga HOBbIA XOCT XeNnaeT BOATH
B rpynny MHOroagpecHoOM paccblikM, OH NocbllaeT COOTBETCTBYOLLLEE
coobueHmne IGMP, koTopoe NpMxoauT Ha BCe MapLUpyTM3aTopbl, BXOOS-
LMe B MHOroapecHyio rpymnny.

BewaTenbHble MapLLIpyTU3aTopbl NoaaepXmnsaoT nHdopmaumio ob
y4aCTuUM XOCTOB B BELLLATENIbHOM CETU, UCMOSb3ys NEPUOANYECKNIA ON-
poc. 9Ta npoueaypa BbINOHAETCS 04eHb KOPOTKMMU COOBLLEHUSMU C
HeboNbLUVM Nepmnoaom (Hanpumep, 60 cekyHa). Takoe e NpocToe Nof-
TBEPXAEHNE OT XOCTa-ydacTHMKA AOCTATOYHO, 4TOOblI MoaAep>XMBaTb
pexunm BellaHus; Npu OTCYTCTBUN MNOATBEPXOEHWS NOCNe onpeneneH-
HOr 0 Yncna 3anpocoB BELLLAHNE K JaHHOMY XOCTY npekpawiaeTcs. Takum
obpazom, npotokon IGMP obecneynBaeT auHamMM4eckoe yrpasfieHne
IP-BewaHmemM ¢ npenoTBpaLleHeEM NepPerpy3ok MapLLIpyTM3aTopos.

MHoroagpecHbIn pexmnm MOXeT NPUMEHSATLCS 4N TakMxX Npuioxe-
HUI, KaK paccblfika HOBOCTEN B COOTBETCTBUM CO CMUCKOM, KOPPEKLUS
apeCHbIX KHUTI yaoaNleHHbIX nosb30BaTeNen n BellaHune nporpamm no-
TOKOBOro smnaeo and I'IOJ1b3OBaTeJ'IeI7I, npuncoegnHmMBLLNXCA K MHOroapg-
pecHo rpynne.

lportokon ICMP (Internet Control Message Protocol, RFC 792) —
rPOTOKOJT MEXCETEBbIX YIpaB/ISiOLLIMX COOOLLEHMI, NCNONb3YeTCs AN
TOro, 4ToObLl MHPOPMMPOBATL NEPEAtOLLYI0 CTOPOHY O NOTEPE NAaKETOB
13-3a 0TKa30B B CUCTEME MapLLUPYyTMU3aLMN.

CoobuweHuns ICMP nHkancynupytoTcs B gatarpammsl IP. [laHHble, ne-
pefaBaeMble B COOTBETCTBUM C NpoTokonom ICMP, nHdopmupyioTt mc-
TOYHKK O TUNAxX O0TKa30B, HaNPUMeEpP, Taknx Kak HeAOCTUXMMOCTb NyHKTa
Ha3Ha4YeHUs (XOCT He MOAKJIOYEH K CETU UK NonbiTka AocTyna 6bina
OTMEHEHA M3-3a OENCTBUS 3KpaHa 3awumTbl), Neperpyska npomexy-
TOYHOIr0 MapLIPyTU3aTopa, MPEBbLILLEHUNE «CPOKa XN3HW» AaTarpaMmmel,
HEKOPPEKTHOCTb YCTAHOBNEHHbLIX NapamMeTpoB |IP-3aronoska.
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MpoTokon ICMP MOXeT Takke UCMNoSIb30BaTbLCS, YTOObI MHDOPMUPO-
BaTb XOCT-UCTOYHMK O OCTMXKMMOCTM XOCTa-nony4dartens. Takas npoue-
Oypa OCHOBaHa Ha NPMHUMMNE NnoKaumn nyTem MnocbiIkM 3X0-3anpoca 1
NosTly4eHnn 9X0-0TBETA U peann3yeTcs C NOMOLLbIO NPOorpaMmbl, N3BEC-
THOI 1 B PYCCKONA3bIYHOW NnTepaType Kak ping.

25.6. KoHuenuua ENUM

Koxuenumss ENUM (tElephone NUmber Mapping) npeanonaraert, 4To
MOXHO 06ecrneunTb NpeobpazoBaHue TeNedOHHOro HoMepa OAHOMN CETU
B HOMEP NN aapec, UCMOJb3yEMbI B APYroi ceTn n obpaTHoe npeobpa-
30BaHue. Peub nget o npaBunax ycTaHOBIEHUS COOTBETCTBUSA MEXAY HO-
mepamu B THOI n Homepamu (agpecamm) B 3aTUX APYrmx ceTax. ABTopamm
KOHLENUUN YNOMWHAIOTCH, HanpmMMmep, HoMepa MoBUbHbIX TENE(dOHOB,
dakCMUBbHBIX annapaToB, TEPMUHANO0B NEPCOHANBHOrO PaAnOBbI3OBA
(paging), a Takxe agpeca IHTepHET 1 3N1EKTPOHHOM MOYTHI.

MonbiTka yHUdmKaumm pasnmyHbix HOMEPOB (M aAPEeCOB), UCNOJb3Y-
€MbIX OAHUM abOHEHTOM, NPeANPUHNMAETCs He BrepBble. B koHuenumn
«YHUBepcanbHas nepcoHanbHas CcBA3b», pa3padoTtaHHon ITU-T, Takxe
npegnonaraeTcs NCNosb30BaHWE eAMHOro HoMepa AJ1s PasHbiX BUAOB
cBaA3un. MpaBpa, ata KOHUEMNUMSA co3gaBanachb A0 akKTUBHOW 3KCMaHCUN
cetelnn NnTepHeT. o 3Ton NpuYnHE B HEN HE N3NOXEHBLI COBPEMEHHbLIE
BapMaHTbl OTOOPaXXeHUsi HOMEpPOB, Ha3HadYaeMblx aboHeHTam TPOIl
cornacHo pekomeHpauum ITU-T E.164, B JOMEHHbIE nMeHa ceTu WH-
TEPHET.

C ppyron ctopoHsbl, agpec IP coctonTt n3 uenoro ymcna 6antoB u
onpenensieTcsd COBOKYMHOCTbIO LMGP, TO eCTb GopManibHO NMOXOX Ha
HoMmep aboHeHTa TpOI1. 3agaven cMcTteMbl AOMEHHbLIX UMEH U IBNSIETCS
npeobpasoBaHmne Takux MMeH B agpeca IP. o 3anpocy, cogepxaiiemy
JAOMEHHOE MMSs XOCTa (KOMMbIOTEPA WM APYroro CEeTeBOro ycTpoWc-
TBa), cnctema DNS coobuiaeT maplupytusatopy agpec IP.

KoHuenuua ENUM obecneyvBaeT nonb3oBaTessiM BO3MOXHOCTb,
HabpaB B okHe Web-bpay3epa (cpeacTtBo NpocMoTpa MHdpopmMauum B
ceTtu Internet) Homep TenedpoHa, HaTKU COOTBETCTBYIOLWMNA NOEHTU-
dukaTop URL (eamHoobpasHbii uaeHTUdgMKaTop pecypca), agpeca IP
NN 3NEKTPOHHOM noyTbl. Cnocob Bxoaswiein cBs3n abOHEHT MOXeT
BbIOMpaTb, yKka3blBas BUA, TepMuHana, KoTopblin OyaeT y4yacTBOBaTb B
coeamHeHnn. KoHuenuus ENUM B HacTosiLLee Bpemst fopabaTbiBaeTcs
coBMeCTHbIMU yeunuamm IETF n ITU-T.

Mpoueaypbl NpeobpaszoBaHUsa TenedOoHHbLIX HOMEPOB CPABHUTENBLHO
NpPOCTHI.

Hanpumep, mexayHapogHoMy Homepy +7 (812) 315-4873 (LeHT-
panbHbIi My3el cea3n nMmenun A.C. lNMonoea B CaHkT-NeTepbypre) 6yaet
cooTBeTCcTBOBaThL Takon IP-agpec: 3.7.8.4.5.1.3.2.1.8.7.e164.arpa.
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Lindpbl MexayHapogHOro HoMepa 3anmncbiBaloTCs B NPOTUBOMONOXK-
HOM MOPSAKE — HAYMHASA C NocnegHen. 3To oTpaxaeT NPUHUMN GOopMU-
pPOBaHUS LOMEHHbIX UMEH.

B otnmnume ot kopga ctpadbl B THOI (nepsas unmdpa Homepa) B
IP-agpece aHanornyHble OaHHble MNPMBOOATCS B CaMOM KOHuUe. B
4YaCTHOCTM, MeXAayHapodHble Homepa aboHeHToB poccuickon TpOIrl
Ha4YMHalOTCs C UMPbI «7», a AOMEH «ru», TaKXXe CBUOETENbCTBYIOLLVN
o0 peructpaumn URL B Hawen ctpaHe, NOMELAeTcd B CaMOM KOHLE
IP-appeca. [lomeH «e164.arpa» BblaeneH anass HOMEPOB BCEMUPHON Te-
nedoHHon cetn. Obo3HaveHne «e164» ykasbiBaeT Ha pekoMeHaauuto
ITU-T, koTOpas nocesieHa nnaHy Hymepauum B TpOIT.

CnoBo «arpa» — Ha3BaHWE NCTOPUYECKN NEPBON CETU C KOMMYTaLM-
e NakeToB, B KOTOPOW nepefaBanncb gatarpaMmmsl (CM. nekumio 23).
KoHuenuusa ENUM MOoXeT cunTaTbCs XapakTepPHbIM NMPUMEpPOM NpoLuec-
COB KOHBEpreHuumn B cetsx cBa3n. OHa obecneynBaeT BO3MOXHOCTb
COBMECTHOW paboTbl ceTel TenedOoHHON CBA3U 1 MIHTEPHET, NoBkILas
nx 3¢ PEKTUBHOCTb.

KnioueBble cnoBa: agpecauus B ceTax MIHTepHeT, agpec ceTu, agpec XocTa,
K/1acchbl agpecoB, MapLUpyTU3aums, Macka, 6eckaccoBasi MeXaoMeHHas MapLIpyTm-
3auus, cTatnyeckas MapLipyTmMsauvs, guHaMmuyeckas MapLipytTmsaums, MmapLipyrtmsa-
Top, Tabnuua MapLpyTM3aumm, onTUMalbHbI MapLUPYT, cUCTeEMa OOMEHHbLIX UMEH,
KoHuenuma ENUM.

?
n KoHTponbHbIE BONPOCHI

HwNO =

D O

. Kakyto ponb nrpatoT knaccbl B cuctemax agpecaummn?

. Y70 Takoe «uKkcMpoBaHHas rpaHnLa» B aapecHOM NpocTpaHcTBe?
. C kakoii uenbto 6bina BBEAEHa Macka ceTn?

. Kakue kputepum ncnosnb3yoTca ang onpeneneHns MapLipyTos npu

OMNHaMW4YEeCKOon MapLupyTnaaumm?

. [na kaknx uenen ncnonb3yeTcs kaL-1abnmua B NpOTOKONax MapLupyTn3aumm?
. Yewm paznuyatotcs npotokonsl RIP n OSPF?

21. lTonbawTenH
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7. C kakow 4yacToTol nepenaeTca nHGopmMaLms o mapLipyTax B npotokonax RIP
n OSPF?

8. Kak ceTb y3HaeT, 4TO XOCT BbILLEN N3 FPyMnbl MHOroaapecHom nepegaym?

9. nsa kakux uenein 6bina paspaboTtaHa koHuenums ENUM?

@ 3apaum v ynpaxHeHus

1. 3apaH IP-agpec 234.32.115.10. 3anmwmnTe 3TOT agpec B ABOMHYHON CUCTEME.
OnpepennTte knacc agpeca, afpec CeT U aapec XocTa.

2. MocunTainTe, CKOJIbLKO ceTer MoXeT ObITb 3aaaHo B kiacce C.

3. OnpenenuTe YNCNO CeTel, BblAeNEHHbIX A1 aBTOHOMHbIX CUCTEM.

@ Jiutepartypa Kk nekuun 25

25.1. B.I. Onndep, H.A. Onndep. KomnbioTepHble ceTn: MNpuHLMNbI, TEXHONOIN,
npoTokonsl. 3-e n3g,. — Cr6.: Nurtep, 2008 — 958 c.



JNlekuunsa 26

TexHonorum nopaepxKu
HOBBIX YCNyT
B cetax NHTepHer

Ha crioBax T10/16K0 B /1106BM 0OOBSICHSIIOTCS, & O AeJiax C/IeayeT icarb.
lMetp Kanuua

26.1. Ycnyru IP-KoMMyHUuKauum

Mepenaye peym no cetam cBa3u HemHorum 6onee 100 net. MNepenaye
OAHHbIX MO CeTAM CBSA3U, BKOYas roflyouHYI0 NouTy, penbaberepe nx
MMNEePaToOPCKUX BENNYECTB, Tenerpad, cetb X.25 n MHTepHeT, ropasno
6onbwe. COBMECTHO Xe NPUMeHsATb o0a HasdBaHHbIX B anurpade
crnocob6oB obmMmeHa nHdpopmMaumrein — 00bACHATLCH Ha C/IOBaxX U NUCaTb O
Jenax — ctano BOSMOXHO TOJIbkO 15 neT Ha3an B eAUHON YHUBEPCabHOMN
IP-cpene, koroa K 351eKTPOHHOW no4yte aobaBunack TexHonorusa Voice
over IP (VoIP) vinu IP-Ttene@oHusi. TEXHONOMMMN, KOMNOHEHTbl CETEBOMN
APXMUTEKTYPbI 1 MPOTOKOJbI NOAAEPXKM 3TOW YCNyryu paccmMaTpuBaloTca
B nepBom, 6onbLLen YacTu 3ToM nekunm (pasgensl ¢ 26.2 no 26.8).

Hapagy c ycnyron nepepayn peyu nosepx IP, B cetax WHTepHeTt
pas3suBalOTCA  yCciayru nepegfadv  MynbTUMegunHoro  Tpadwuka,
BKJ/1IO4AIOLLEro B CBOW COCTaB BMAEO, ayaMo, TEKCT, rpaduky 1 AaHHbIE.
VIMEHHO COBOKYMHOCTb 3TUX TEXHOJIOTNIM NpPMBENa K 3aMeLLeHNIO yXxe
CTaBLUEro npuBbIYHLIM TEPMUHA IP-TesiepoH1sS HOBbIM TEPMUHOM.

IP-kommyHukauum. Hun o6 IP-tenedoHmn, HM, Tem OGonee, 06
IP-kOMMyHMKaUMSX elwe nonTopa AecaTka NeT Hasad npakTu4ecku
HUYero He 6b110 N3BecTHO. CeroaHs oaHa n3 TexHonorun — VolP, cymena
oTobpaTbh Yy PuUKCMPOBaHHbIX TenedOoHHbIX ceTer npumepHo 20%
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Tpadunka n paccMaTpmBaeTCs Kak CEPbESHbI KOHKYPEHT KNaCCUYeCcKom
TenedpoHun.

Opyraa TtexHonorua - [IPTV, Haxogdwaaca ewe B Hayane
paseuTud, nosdeonser Onepatopam NPeaoCTaBnsATb MEPCMNEKTUBHbLIE
MY/NbTUCEPBUCHbLIE YCNYru, CBSI3aHHbIE, B TMEPBYIO O4epeapb, C
BO3MOXHOCTAMM JocTyrna no TpeboBaHWio K pPasHooOpa3HOMY
unpposomy KoHTeHTY. Mopoaepxke ycnyrn IPTV noceswaerca BTopas
yacTb nekuun (pasgensl 26.9 n 26.10). Ho HauyHem C TexHonorumn
IP-TenedoHun.

26.2. TexHonorua VolP

TexHonorna nepegadn pedeBon uHdbopmaumm no IP-cetam
cyulecTByeT yxe 6onee 10 neT, HO TONLKO B NOCNEAHMNE roAbl OHa cTana
paccMmaTpuBaTbCA Kak anbTepHaTtMBa TPaAMUMOHHOW TenedOoHHON
cBaA3n. TepMmuH IP-tene¢oHunss 9BNSeTca  oOWUM  TEPMMUHOM,
onpeaensiowmm Habop TeXHONOrMN Ha 6ase npoTtokona NHTepHeT ans
obmMeHa pedvyeBbIMU N PAKCUMUIIBHBIMU COOOLLLEHUSIMN, KOTOPbIE 00
nosiBneHuns IP-tenedpoHnn nepegaBanmck Yyepes TenedoHHbIE CETU.

3a nocnegHve rogbl 0ObeM peyeBOro Tpaduka YBEAMHUICS
HEe3Ha4YnTesNbHO, B TO BpeMs Kak Tpaduk OaHHbIX pPacTeT C O4YeHb
BbICOKOW CKOPOCTbIO. Tpaduk n macwtabbl npumeHeHuns ceten IP Bce
nocnegHne rogabl MOCTOSIHHO PacTyT (YXCNO MoNb3oBaTenen, 0ObeEMbI
Tpaduka, NPUMEHMMOCTb ONA OONbLIOro 4ucna NpPUIoXeHun), a B
90-x rogax NpoLIoro Beka kK 3ToMy pocTty fobaBmnacb BO3MOXHOCTb
nepenayu pedeBoro Tpaduka 4yepes NHTepHeET.

MHTepec K 9TOM TEXHOJIOrMM Ha HadaJbHOM 3Tane BHELPEHUSs
onpepensanca 6onee HU3KOM CTOMMOCTbIO Tene@OHHbIX NeperoBopoB
(ocoBeHHO, MeXayropoAHbIX N MeXAyHapPOAHbIX) MPY NCMOSb30BaHUMA
cetn IP ona nepenaun peun bnarogaps 3pdeKTMBHOMY pasaesieHnio
ceTeBbix pecypcoB. OOHAKO CTOMMOCTb HE $HBASETCA [NaBHbIM
$aKkTopoM AN TOro, YToObl HOBYIO TEXHOJIOIMIO MOJIHOCTBIO MPUHSANN
Kak Nosib30BaTesnin, Tak 1 NOCTaBLMKN YCIyrT .

OcHOBHbIM TpeboBaHMEM 30EeCh ABNSETCS YPOBEHb Ka4yeCcTBa yCnyr,
obecneyMBaeMblii HOBOI TEXHOJIOTMEeNr, TMOCKOJIbKY MNOoNb30BaTenu
HE COrnacatcs Ha Xyallee KayecTBO Mepenadm pedm no CpaBHEHMUIO
C TEM, KOTOPOE OHM NpuBbIKNM nonyd4ate B THOI. B gononHeHme K
YMEHbLUEHNIO CTOMMOCTU TenedOoHHbIX YCAyr €CTb BCE OCHOBaHUS
oxmpatb, 4To VOIP 3HAYMTENbHO YCKOPUT MNPOOBUMXEHME HA PbIHOK
HOBbIX MYJIbTUMEOUNHbIX YCITYT .
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26.3. OcHOBHblIe PYyHKUUN, peannusyemMbie

B cetu VolP

Mepen Tem Kkak NEPEnTU K OMUCAHMIO apPXUTEKTYPbl CUCTEMBI
nepegayn peunm yepeid ceTb |IP, oO6CyauM OCHOBHblIE MPOLECCHI,
peanndyemsble B TexHonorum VolP. OuesmngHo, 4To cuctema VolP gomxHa
BbIMNOJIHATb MO OTHOLLEHUIO K PEYEBOMY CUTHANY Te Xe PYHKLUNMN, 4TO U
00blYHble TeNne@OHHbIE CETU. B UNCO 3TNX OCHOBHbIX GYHKLNI BXOOAT:

e Ha nepepgaroLiesi CTOPOHE — Npeobpal3oBaHME aHaNOroBON peyn
B uUnPOBOM curHan u npegcrtasfeHne uUUMdPOBOro curHana B
dopmaTte, HeobOXooMMOM O nepefadn yepes CceTb (B AAaHHOM
cny4dae yepes ceTb IP); nocnegHee o3Ha4vaeT, 4TO pedyeBown curHan
MHKanNcyanmpyeTcs B nakeTbl NnpoTtokona IP;

e B cetu IP — ynpaBneHue oOCnyXuBaHMEM TenedOHHOro BbI30Ba
(cospaHne coeguviHeHWs, MOAOEPXaHWe pPevyeBoro obmeHa,
pasbeuHEeHME) N TPaHCMOPTMPOBKA NAKETOB;

® Ha MPUEemMHOVi CTOPOHE — BOCCTaHOBJIEHWE aHasloroBOM peyn n3
NPUHATBLIX NAKETOB N AUCKPETHOIro CUrHana.

Ha puc. 26.1 wunnoctpupyetcss npouecc 006paboTKn pevyeBoro
curHana npu ero npoxoxaeHun vyepes cetb IP. 3geck B Buae 610K0B
npeacTaBfeHbl NEPeYNCNeHHble Bbile GYHKUMN — KOAMPOBaHWE,
npegcrasneHme B ¢opme naketos |IP, nepenaya naketoB 4Yepes CeTb,
pa3bopka NakeToB N BOCCTAHOBJIEHNE aHAIOrOBOIr0 PEYEBOr0 CUrHana.

&&=

JvckpeTnsaums
- \t 1 undpoBu3aLms
aHanoroBoro
peyeBoro curHana

Komnpeccusi
uMdppoBOro curHana
"1"m 0"

\

B COOTBETCTBUU
co ctaHgapTom ITU-T

WHkancynsumsa
umdpoBoro curHana
B LUMdpOBbIE NaKeThbl

@<

Mpeo6pasosaHve ﬁ
nakeToB B . llekomnpeccus . MpeobpasoBaHue - -
HenpepbIBHYIO gl o OBorgcmrHana ¥ umndposoro curHana
undposyto umop: B @HaNoroBbI
nocnefoBaTesibHOCTb
Puc. 26.1. OOpaboTka pe4yeBoro curHasna npv ero nepegaye

B cetun VolP

Mpexpae Bcero, paccMoTpuM Mpeobpal3oBaHNe pequ Ha rnepenaro-
e n npuemHori ctopoHax. Oba aTn NpoLecca peannaylTcs Koaeka-
My (CoKpalleHHas popmMa coyveTaHus kogep-aekonep).
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OTMEeTMM, 4TO BOJIbLUMHCTBO METOA0B TakOro KOANPOBaHUS OCHOBA-
HO Ha TexHonorun KM n xapaktepusyeTtcs TpebyemMon CKOPOCTbIO Mne-
penayn, 1, Kak ClneacTene, 3aHMMaeMom NONOCON NPONycKaHus. Tunbl
KOOEKOB pasfiMyaloTCs MO Ha3BaHUIO COOTBETCTRBYIOLLErO CTaHAaapTta
ITU-T, conepxaLiero cneundukaumo TOro am MHOro kogeka.

McTopuyeckn nepBbii TN KOAEKA, M3BECTHbIN kak G.711, npeob-
pasyeT aHanoroBbIii CUrHan B LM@PPOBON C O4EHb BbICOKMM Ka4€CTBOM.
OpHako npu aToM TpebyeTca 6onee BbiCOKas NPONyCckHasa CIOCOOHOCTb
NoO CpaBHEHUIO C KogekamMu OGofiee MO3OHUX MOKOJIEHUIA, B KOTOPbIX
obecneumBaeTcsa apPekTUBHOE cxaTtne nHbopmaumn. INpu co3gaHmm
nepBbix kKoaekoB (70-e rogpl XX CTONETUS) TEXHONOMMSA COBPEMEHHBIX
uMOPOBLIX CUrHANBHbLIX MNpoueccopoB DSP 6bina HepoctynHa. Ce-
rogHs Ha 6a3e DSP mMoxHO cTpouTb BeCcbMa 3ddEKTMBHbIE KOAEKN CO
3HAYUTENIbBHO MEHbLUMMMW TPEOOBAHUSAMU K MPOMYCKHOM CMOCOBHOCTH
TpakTa nepenaqn. PopmMmuposaHme nakeTos IP n3 umdpoBoro curHana
Ha rnepenaioLLen CTOpoHe 1 obpaTHoe Npeobpa3oBaHME HA NPUEMHON
CTOPOHE HE OTINYAETCS OT aHaNIOMMYHbIX MPOLLECCOB B OObIYHbLIX CETAX
IP. BbiIxogHOW curHan Kkogeka Ha nepegaoleinn CTOPOHe npeacrtaBngdeT
cO60V NOTOK A@HHbIX. ATOT NOTOK YNaKOBLIBAETCS B Aararpammsl IP (Ha
YTO 3aTpaymBaeTCs onpeaeneHHoe Bpems), n 3atem gatarpammel VolP
nepenalTcs K TepMUHaNy-npUeMHMKY, UCrofb3ys NPOTOKObI cTeka IP.

B T1abn. 26.1 npuBeOeH CNUCOK HEKOTOPbIX Hambonee
pacnpoCTPaHEHHbLIX TUMOB KOAEKOB, paspaboTaHHbix ITU-T. 3gechb
cnenyet 06paTuTb BHMMaHWE Ha KOMNPOMUCC MexXay 3DOEKTUBHOCTLIO
KOAMPOBaHMUS, Bblpaxaemol yepe3d Tpebyemylo CKOpPOCTb nepenadqu
(n, COOTBETCTBEHHO, MNOJOCY MPOMyCKaHud), W 3afepxKamu,
BO3HMUKaOWMMK Npu npeobpa3oBaHnn. BnvsHue KOAEKOB HA KAa4eCTBO
obcnyxmnBaHua pedeBbix coobLueHnin B ceTax IP 6yneT obecyxaaTbes B
nekuun 28.

Ta6nuua 26.1. MMapameTpbl OCHOBHbIX KogekoB ITU-T

Konek

Monoca nponyckaHusa ans
ABYHarpasBJIEHHOro
coeauHeHus, KMy

CkopocTb nepepa-
ymn, K6UT/C

3apepxka
rnakeTusauum, Mmc

G.711 64 174,4 1

G.726 32 110.4 1

G.729 8 62,4 25

G.723m 6,3 43,73 67,5

G.723a 5,3 41,6 67,5

Tenepb nepengem K yrnpasBieHWIO OOC/YyXUBAHNEM Bbi30Ba
(coeguHeHue, nopaepxaHue pedvyeBoro obmeHa U pasbeduHeHue).
Mo aHanornm ¢ TenedoHHOW cBA3blo B TexHonormn VolP Heobxoammo
YCTaHOBUTb COEAMHEHUEe Mexay aboHeHTamu. 3ITO peannayeTcs
CUCTEMON CUrHanM3aumu, C TMOMOLLbIO KOTOPOW TepMUHANbHbIE



Yactb 3. CeTy LOKYMEHTa IbHO 371EKTPOCBSA3N 327

YCTPOMCTBa OOLLAITCA B CETU, aKTUBU3NPYS U KOOPANHUPYSA paboTy
CEeTEBbIX 3/IEMEHTOB, HEOOXOAUMBbIX AJ11 00CNYXXMBaHWUS BLI3OBOB. B cetun
VoIP curHanusaumio obecnedmBaeT oOMeH gatarpammamu IP mexay
ceTeBbIMM KOMMOHeEHTaMn. OCHOBHbIE MPOTOKOJIbI CUrHANM3aunn gas
cucteM VolP paccmaTpeHsl B nekunmn 24. CoeauHeHne ycTaHaBNMBaeTCs
MeXay [OBYMSI OKOHEYHbIMWM MyHKTaMW, OTKPbIBAKOLWMMN  CeaHc
Mexay cobon. NaeHTudukauma aTUX NYHKTOB MPOU3BOAUTCS 4vepes3
crneuuanbHyilo 6a3y aaHHbiX. Kak ceTb THOI ncnonb3lyeT TenedoHHbIe
HOMepa, 4TOObl MAEHTUPUUMPOBATL OKOHEYHbIE MYHKTbI, TaK N CETb
VoIP ucnonb3yet ansa atoro IP-agpeca, xpaHawmecs B 6a3e OaHHbIX,
4yTo nMoapobHO obcyxaanocb B npeablaywen nekumn. TpaHcnopTu-
poeka patarpaMmm VoIP BbINOAHAETCA MNyTeM  NOCHAeaoBaTENbHbIX
nepenpruemMoB NakeToB peyn B mapLupytmusatopax IP.

26.4. Apxutektypa cetu VolP

OcHOBHbIE KOMMOHEHTEI ceTn VoIP peannayloT oyHKUMK, NoaobHbIe
dyHkumam cetn TPpOIll, n nossonaioT cetam VolP pewaTtb Te Xe
camble 3a4a4um, 4To N TenedoHHasa ceTb. BmecTe ¢ TemM, nmeetcs psg
CYLWECTBEHHbIX Pas3iNynuini Mexay 3TUMM CEeTSAMMU, HakIagblBaloWmX
onpenesneHHble 0COOEHHOCTM Ha apxuUTeKTypy cete IP.

OTtnnume TpakTa nepenadn pedn B cucteme VolP ot TenedoHHOro
TpakTa COCTOUT B TOM, 4YTO Ans peanu3aunm Tene@OHHbIX
pa3roBopoB ceTb IP gomkHa BkA4YaTb B COCTaB 000pyAoBaHUSA OBa
cneumann3npoBaHHbIXYCTPOMNCTBA. [lepBOe yCTPOICTBO, B3aBMCMMOCTH
OT cTaHaapTa, Ha 6a3e KOToporo nocTpoeHa cethb VolP, nMeeT HECKONBbKO
Ha3BaHWN: MPUBPATHUK, KOHTPOJIIEP LLUJIO30B, LLUJIIO3 CUrHaImM3aumm,
Softswitch. BMeCcTO BCex 3TUX Ha3BaHWI MOXET WCMNOSb30BaTbCS
TEPMUH cepBep 006paboTky BbI30BOB. 3ajada 3TOro YCTpPOWCcTBa
COCTOMT B Mepenavye CurHasbHbiX COOBLEHM N3 TeNedOHHON ceTn B
ceTb VoIP nHaobopoT. Bropoe ycTpoiCcTBO Ha3blBAETCA MEANALLISIIO30M.
OcHoBHas GyHKUMS Meanallio30B COCTOUT B cO3aaHMKn nakeTos IP 13
peyeBoro curHana n B o6paTtHoOM npeobpas3oBaHnM NAKeTOB B Pe4EBOM
curnan. B kayecTBe TepMuHanbHbIX YCTPOMNCTB B cuctemax VolP, kpome
CTaHAapPTHbIX Tene@dOHOB, MOryT MNPUMEHATbLCS [IP-Tene@doHbl nnn
YCTPOMCTBaA Ha 6a3e NepcoHasibHbIX KOMMbIOTEPOB.

26.5. CepBep 00paboOTKM BbI3OBOB

OcHOBHbIM  KOMNOHEHTOM cuctembl  VOIP  aBnsietca cepsep
00paboTkM BbI3OBOB, B KOTOPOM TEPMWUHUPYIOTCH BCE CUTHasbHbIE
cooOLleHus. YcTaHOBMeHMEe/paspyLleHe COoeaMHEeHMA 1 nepenada
NONE3HON PEYEBON HArpy3km PeanmsyrloTCs C NMOMOLLbID CUMHANIbHOMO
MexaHu3Ma. 3a UCKIIOYEHVEM PEYEeBOro Tpaduka, HanpPaBaSIeMoro K
Opyromy cepsepy 06padboTku BbI3OBOB, 3TO YCTPOMCTBO He 06pabathl-
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(H.225, H.245)

BaeT none3Hyi Harpy3ky naketoB VolP. lone3Has wvHpopmauus,
KOTOpOV OOMEHMBaOTCA Mexay coOOl TepMUHalbHblIE YCTPOWCTBA,
NepeHoCUTCA Mexay TepMuHaiamMmu B COOTBETCTBUM C MPOTOKONAMMU
UDP/RTP (npoTtokon UDP 6bin onucaH B nekuun 23, npotokon RTP
OyneT pacCMOTPEH HUXE B 3TOW NeKumnn).

CepBep 06paboTkM BbI3OBOB 06ecneynBaeT Takke npeobpa3oBaHne
Mexay CUCTEMOM agpecaunmn, ncnonb3yemomn B ceTsax IP, n tenedoHHom
HyYMepaunein, onpegeneHHon B pekoMeHpauum E.164 ITU-T, 4Tto
obcyxganock B npeapiaywiein nekumn. Cepsepbl 06paboTKn BbI3OBOB
00bIYHO peanuayloTcs B BUAE NporpaMMHOro npoaykra Ha nnatdopme
MaplpyTtmaatopa |IP, HO MoryT OblTb BbINOSIHEHLI B BUAE aBTOHOMHOIO
ycTporctea. Ha puc. 26.2 nokazaH cepBep 00paboTkyM BbISOBOB C
COOTBETCTBYIOLMMWN CUMHAJIbHBIMW MPOTOKOIAMMU.

Cepsep
06paboTku BLI3OBOB

ﬁ RTP, RTCP
—— P (OT 1 K APYrnum cepBepam

H.323 = 06paboTkn BbI3OBOB)
. | [ ]

SIP w———P

MEGACO/H.248 ¢———P ¢—— P SCTP

-

Puc. 26.2. CepBep 06paboTKM BbI3OBOB C OCHOBHbIMU CUTHaJIbHbIMU
npoTtokonamu VolP

26.6. LWWnio3

Kak Obl10 OTMEYEHO Bbllle, OCHOBHOM ¢yHkuMen wno3a VolP
siBnsieTcs NpeobpasoBaHne pevyeBoro curHana B dpopmy naketor VolP
MU nepepgadva naketosB 4epesd ceTb IP. Kaxapih TenedoHHbIn pa3rosop
ABNsieTCA ceaHcoM |IP, B KOTOpOM nonesHasa nHpopmaums nepeHocnTcs
c nomouwsio npotokonos UDP/RTP. B Ttom cnyyae, korga BMECTO
TEPMMHANBHOIO YCTPOWCTBA MCMNONb3YeTCA OObIYHBLIA TeNne@OHHbIN
annapart, LW/3 BbINOAHAET GYHKUMM  Kogeka: obecneymBaeT
aHanoro-un@posoe NpeobpasoBaHne, KOMMPECCUIO PeYn, NOAABIEHNE
9X0 M Nay3 B pevyeBoM curHasne. LLUno3bl MOryT 6biTb BbINOSIHEHbI B
BMOE CMEeunanm3npoBaHHOro 06opyaoBaHUs nnm OblTb Peann30BaHbl
nporpaMmMHO Ha 6a3e nepcoHanbHOro KommnbloTepa. Ha puc. 26.3
nokasaH LLI03 C COOTBETCTBYIOLWMMN CUTHANbHBIMW NPOTOKOIaMMU.
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LLinio3bl VoIP
MEGACO/H.248 Winios
SIP
———— P
H.323
P

-"ﬂ- SCTP

—

AL

1|

dakcMUNbHBbI DaKkCMMUIbHBIN
annapart G.3 annapart G.4
Puc. 26.3. LLNo3bl C OCHOBHbLIMUW CUTHANbHbIMUN nportokonamm

LLInto3bl, B 3aBMCUMOCTU OT BbINOJIHAEMbIX MU QYHKLUNIN, AENSTCA Ha
nBe 6onbLuve rpynnbl:

e MarmucTpasibHble (TPaHKMHrOBbIE) LW3bl, obecrneymBaloLMe WH-
Tepdenc mexay TenedOoHHON ceThbio 1 ceTbio VoIP; marnctpanbHbie
LWN03bl, Kak npaBuno, obpabdartbiBaloT MHPOPMALMIO B OOJbLLIOM
yncne uMPpPoBbIX KAaHANOB;

* LWIO3bI AOCTYNA, NoAAepXuBaoLne nHTepdenc aHasaoroBom 4acTun
ceTn ¢ ceTbio VOIP.

26.7. OcobeHHOoCTU Ucnonb3oBaHud ceTu IP anqa
nepepayv peum

OcobeHHOCTH ncnosib3oBaHns ceTu IP ans nepenayn peyn ceasaHsl
C TeMm, 4TO nHopacTpyktypa IP gonxHa rapaHTnpoBatb 4OCTaBKy peye-
BbIX W CUTHasNbHbIX MNAKETOB K 3anemeHTam cuctemsl VoIP. CeTb fonxHa
obpabatbiBaTb TPAdPUK peyun U Tpaduk JaHHbIX pa3HbIMK criocobamu.
Ecnn B cetn IP nepepaetcsa Tpaduk o6omx BUOOB, HE0OXxoaMmMo obec-
neynTb NPUOPUTETHOE 0OCnyxMBaHne Tpaduka peun. CyuiecTByeT
onpegesieHHoe COOTBETCTBUE MexXay KoMrnoHeHTamu cetu VoIP n Te-
NnedOoHHOWN ceTn, 0 aHaKo UMeETCS ropasno 6onblue pa3nuynin. B ceTsx
TdOIM mcnonb3lyetrcs NPUHUMA KOMMYyTauMM KaHasnoB, 4TO O3HavaeT
BblOeNIeHNEe KaHaNloB C rapaHTMPOBAHHOW MONOCOW MPOMycKaHua Ons
Kaxgoro ceaHca cBadu. Cetu IP ncnonb3yioT KOMMYTaLMIO NAakeToB, B
OCHOBE KOTOPOMN NIEXUT BO3MOXHOCTb CTaTUCTUHECKOIro YMJIOTHEHUS.
BBeneHne NOHATUS ks1acc 00CayxyBaH1s NpepnonaraeT, YTo nakeThl,
npuHagnexawme onpeneneHHolM MPUIOKEHNAM, UMEIOT 3afaHHbIN
npuoputeT. BBeaeHne NpuopuTeETHOM cMCTEMbI TpebyeTCs Ans Npuno-
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XeHni peansHoro spemenm (VolP), 4Tobbl rapaHTUpoBaTh, YTO Ha peye-
BOV Tpaduk He ByaeT BNnATb Tpaduk apyroro Tmna.

26.8. NMpoTtokon RTP

TpaHCropTHLIVI MPOTOKOJ1 peasibHoro BpemeHu RTP (Real-time
Transport Protocol), onncanHbin B RFC 1889 n RFC 1890, nooaepxmsa-
€T yCNnyry CKBO3HOM 0OCTaBKU JaHHbIX, NepeaasaeMblX B peasibHOM Bpe-
MEHMU, TaKNX Kak MHTEPaKTUBHbIN Tpaduk ayamo v suaeo. lNpotokon RTP
obecneymBaeT NOeHTUPMKALMIO TUMNA NONESHON HArpy3Kkn, HyMepaLmto
NnocCnefoBaTeNbHOCTU MakeToB, NPUCBOEHME METOK BPEMEHU W KOHT-
posb nocTtaeku. B npoTtokone npeaycMoTpeHsl cneayowmye GyHKUMn:

e 0bOHapyxeHune owmnobok,;

e 3awmTa nHdopmaumu;

e KOHTPOJIb BpEMEHU NpebbiBaHUSA NakeTa B CETU;
*  UOEHTUPUKALINSA CXEMbI KOOVUPOBAHUS;

e KOHTPOJIb AOCTaBKM.

Ina npoctaBkn peyeBoro Tpaduka wio3sbl VolP ncnonb3yoT NpoTo-
kon RTP. B cucrtemax VolP npotokon RTP ncnonb3yeTtcs noBepx NpoTo-
kona UDP 1 oTHOCKTCS K NPOTOKOAaM, HE OPUEHTUPOBAHHBLIM HA COeau-
HeHus. HecMoTps Ha 3TO CBOMCTBO, MPOTOKOJ NOAAEPXNBAET CUCTEMY
yNnopsiao4yeHnst NakeToB, YTO MO3BONSET OOHapyXuBaTb MOTEPSHHbIE
naketbl. MpoTtokon RTP MoxeT ncnonb3oBaTbCs NOBEPX NOOOro apy-
roro TPaHCMOPTHOro NPOTOKOJAa, B TOM YMUCle, OPUEHTUPOBAHHOIO Ha
YCTaHOBJIEHUE COeaMHEeHn (Hanpumep, npoTtokona TCP).

MpoTtokon RTP pabotaet BMecTe ¢ NpOTOKOMAOM yrnpaeneHnsa RTCP
(RTP Control Protocol), nepnognyeckn npenoCcTaBAsOWNM YripaBnsio-
Ly nHdopmaumio ansa npotokona RTP. NpoTtokon RTCP obecneynsaet
nepenavyy NakeToB ynpaBfieHust K ydacTHukam ceaHca VolP. OcHoBHas
bYHKUMSA NPOTOKONa COCTOUT B TOM, 4TOObI MHOPMMPOBATL Y4aCTHUKOB
06 ypoBHe kayecTBa 0OCNYyXWBaHUA, NMoaaepXMBAeMOM MPOTOKOJIOM
RTP. MpoTtokon RTCP cobupaeT nHdopmaumio 0 Yucne nepenaHHbIX U
NOTEPSIHHBIX MAKETOB, O 3HAYEHUSX 3a0EePXKM N mxuTTepa. Hanpumep,
nonay4mne MHGOPMaLMIO O CHUXEHUM NOoKa3aTesNen kayecTsa ob6cnyxmBa-
HUS, MeXaHU3Mbl KOHTPONA QOS MOryT OrpaHnUYUTb NOTOK COOBLLEHUN
VolP. Nocne BoCcCTaHOBNEHUS TpebyeMbIX 3Ha4YeHU nokasarenenn QoS
WHTEHCMBHOCTbL MOTOKA MOXET BOCCTAHOBUTLCS.

Ha puc. 26.4 nokasaHa obuiass cxema opraHm3aummn ceaHca VolP.
Monb3oBatenb Bbi3biBatoLLero TA HabpaeT HOMep BbI3biBaeMOro TA, 1
LLJIIO3 Ha NepepatoLleil CTOPOHE C MOMOLLBIO CUTHANBbHbIX COOOLLEHWNI
nHpopmMupyeT cepsep 06paboTkm Bbi30BoB (OB) 0 BXOASLLLEM BbI3OBE.
Cepgep OB aHann3npyeTt NpUHATBIA HOMEP U, UCMOJIb3YS CUrHANbHbIE
co00LEeHNs, MHOOPMMPYET LLJIO3 HA MPUEMHOI CTOPOHE O MocTynJe-
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HUM Bbi3oBa. 3atem cepBep OB paeT KOMaHAy LW3aM YCTaHOBUTb
npsamoe coeguHeHne RTP uyepe3 cetb IP. LUn3bl OTKPbLIBAIOT CEaHC
RTP, koroa nonb3oBaTtenb TA MyHKTa HasHa4YeHUs NogHMMaeT TPyoky.
B 3aBMCKMMOCTU OT BbIGPAHHOW CUCTEMbI CUrHanM3auum B KayecTBe
cepeepa OB moryT ncnonb3oBatbca npuspatHuk (H.323, ITU-T), KOHT-
posnnep wno3a (MEGACO/H.248, IETF, ITU-T) unu npokcu-cepsep (SIP,
IETF RFC 3261).

BoizbiBatowmii TA

26.9.

CepBep 06paboTkun
BbI30BOB

CurHanbHble
coo06LLeHns

Cets IP Bbi3biBaembin TA

-

N CoobueHuns RTP y

Puc. 26.4. OOwas cxema opraHmsauum ceaHca VolP

OnpepeneHune u oCHOBHbIe cBoncTBa IPTV

TexHonorus IPTV (IP Television) npenctaBnseT cobor TEXHONOMMIO

0OCTaBkKN MynbtumeaunHbelx ycnyr (TB, ayano/Bnago, TEKCT, AaHHbIe,
rpacduka) Ha 6a3e ceteli IP B MIHTEPAKTUBHOM PEXUME U B peXMMe Be-
waHua. TexHonorusa IPTV xapaktepndyeTtcsa cneayowmmMm 0CHOBHbIMUA
CBOWCTBaMM.

lMNogapepxka nHtepaktnsHoro TB. BoamoxHocTn IPTV nognepxmeaTb
OByHanpaBfeHHYD nepegady nossonsiotT Onepatopy/lpoBanaepy
00CNyXMBaTb LUNPOKNI CMNEKTP MHTEPAKTUBHbBIX NMPUIIOXEHNN: CTaH-
OAapTHOE TeneBnAeHUE, TeENEBUOEHNE BbICOKOM YETKOCTU, MHTEPAK-
TUBHbIE UIPbl, BBICOKOCKOPOCTHOWM A0CTYN K VIHTEPHET.

lNMepcoHannzaums. Cuctema IPTV nogaepXuBaeT ABYXCTOPOHHIO
CBS3b N MO3BOMISIET NOSL30BATENSM CaMOCTOSITE/IbHO PeLlaTb, YTO
M KOTAa OHM XOTAT CMOTPETL (Hanpumep, ycnyra B1zaeo ro tpeboBsa-
Huo VoD (Video on Demand) — TpaHcnsuus GuibMOoB U3 BUAEOCEP-
Bepa Oneparopa no 3aka3dy aboHeHTa).

OrtnoxeHHbIvi npocmoTp (Time Shifting). Kom6unauus IPTV ¢ Buaeo-
MarHMTodoHOM ob6ecneyrBaeT MexaHN3M s 3anncm KoHTeHTa IPTV
019 nocnenyoLwero npocmoTpa.
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doctynHoctb yenyr IPTV npu ncnoib30BaHnM TEPMUHAIOB Pa3HbIX
TmurnoB. MNpocmoTp KoHTeHTa IPTV He orpaHmynBaeTcs TONbKO Tene-
BU3MOHHBLIMU NpueMHukammn. Ona goctyna k ycnyram IPTV notpe-
OuTenn MoryT UCnosb30BaTb CBOM MEPCOHASIbHbIE KOMMbIOTEPLI U
MOOWIIbHbIE YCTPONCTBA.

26.10. Apxutekrtypa IPTV

Apxutektypa cuctembl IPTV B ob6wem Buaoe npencraBiieHa Ha

puc. 26.5. ApxmTekTypa BKJIIO4YAET B CBOWM COCTaB crenyowme GyHKUm-
OHaJsibHble B/IOKMN:

HNcTouHmKkm KOHTEHTA. ICTOYHUK KOHTEHTA ONPEenenseTcs Kak LLEHTP
HaHHbIxX IPTV, npyuHumMalowmin BUOAEOKOHTEHT OT MPOM3BOAMTENEN
(BewaTenbHble NporpamMmmbl, GUbMbl, UrPbl U T.4.). 3aTEM KOHTEHT
KOOVPYETCA N NepegaeTcs nofib30BaTeNs M UM HakanaMBaeTcs B
6a3e gaHHbIxX ang yenyr VoD.

Y3nbl yenyr IPTV. Y3en ycnyr npeacrtaBnsieT cod0i KOMIMOHEHT, Npu-
HYMAaIOLWMA BUOEONOTOKU B PasfinyHbIX popmaTtax. 3T BUAEONOTO-
KM 3aTeM MHKaNCyMpyloTCs B NakeTbl A1 nepenayn B ceTsb IP.

LUInpokorionocHele cetu. LLUMpOKONONOCHbIE CETW, BKIKOYaloLmne
B ceba MarucTpasbHble CeTU U CEeTU A0CTyMna, XapakTepusyloTcs
BbICOKOW MPOMYCKHOM CMOCOBHOCTbLIO, BLICOKMMMW MOKa3laTensamm
KayecTBa 0OCNYXMBAHUS U pPacCnpenenuTesibHbIMM BO3MOXHOCTSI-
MU. BaXHbiIM CBOMCTBOM Takux CETEN SBAFETCS MHOroagpecHasi
paccbinika (MynbTUKACTUHT), KOTOopas Heobxoamma Ans HageXHOoro
pacnpenenenus noTokoB AaHHbIX IPTV oT y3noB ycnyr Kk o6opyno-
BaHMIO nonb3oBartenen. MaructpanbHbie cetn IPTV peannsyorcs
Ha BOJIOKOHHO-OMTUYECKUX JIMHUSX, @ B CETAX AOCTyNa MOryT ObiTb
MCMNONb30BaHbI Pa3Hble LLUMPOKOMOJIOCHbIE TEXHOI0MMN — NPOBOAHbLIE
1 6ecnpoBoaHbIe.

O6opynosaHue rnosb3oBaress. B coctaB 06opyaoBaHMs Nosib30Ba-
Tensa IPTV BxogaT cpeacTea, hopmMumpylome nHTepdenc ¢ Wnpoko-
MOJSIOCHLIM CETEBLIM OKOHYaHMEM. 34eCb MOryT ObiTb MPUMEHEHbI
Wwo3bl, obpasylolme gomaliHme ceTn. MyHKUMOHaNbHLIN BnoK,
TepMmuHupylowmii Tpaduk IPTV B 06opyaoBaHuK nosb3oBaTens,
Ha3blBaeTcs kKnMeHToM IPTV. 3ToT 6510k 00bIYHO peanuayeTcs B BUAE
TB-npuctaBku (set-top box). OcHOBHble dyHKUMM TB-npucTaBku
BKJ1IO4AIOT B CBOM COCTaB YCTAHOBNIEHNE COEOVIHEHNS C Y3/IOM YCAYT,
DeKoaMpoBaHMe BUAEOMNOTOKOB, OTOOpaxXeHWe ynpasfieHst Co CTO-
POHbI NONb30BaTENS U NOAKIIIOYEHNE K MOHUTOPY.
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MarucTpanbHblie O6opyaosaHue
nonb3oBarenen

n gomMallHue cetn

Y

@ Cepsepbl VoD

LleHTp AaHHbIX
IPTV

CeTtun goctyna

BewarenbHble

cepBsepbl LLinpokononocHble

cetn

NcTouHmKkm Yanel ycnyr
IPTV

KOHTEHTa
YnpaBneHue ceTsaMn 1 ycnyramm

Puc. 26.5. YnpouweHHas apxutektypa cuctemsl IPTV

B cetax IPTV ucnonb3dyetca 60nbLION HAbOp CTaHOapTOB, pas3pa-
60TaHHbIX Pa3HbIMU MEXAYHAPOAHbBIMU OpraHM3aumsMu, B TOM YUCe
ITU-T, ETSI, IETF, MPEG (Moving Picture Experts Group) n gp. CraH-
AapTtel oxatvs TB-curHana (cemeincteo MPEG) no3BONSIIOT YMEHbLLNTD
Tpebyemyio MONoCy NPOMNyckaHUs B OECATKU U COTHW pal. Hambonee
pacnpoCTpPaHeHHbIMU cTaHaapTaMu LngpoBOro BeLjaHus SABNSIIOTCS
eBponenickmin ctaHpgapT DVB, amepukaHcknin ctangapt ATSC v anoH-
ckmin ctaHpapT ISDB. Cpegn 60/bLWOro Yyncna CeTeBbIX MPOTOKOJIOB,
noaoaepxXxuvBaroLwmnx npegocrtasnenme yenyr IPTV, Ha30BEM TONBKO HEKO-
Topble U3 HUX: TpaHcropTHbIe npoTokosibl UDP, RTP n RTCP, npoTtokosibi
curHann3aumm SIP, H.323, npotokosbl mapiupytusacmm RIP, OSPF, npo-
TOKOJ1 MHOroaapecHovi paccoliku IGMP.

B TpaHCNOpPTHbIX CEeTsX MUCMONb3yeTCHd, Kak NpaBwuio, TEXHOJIOMs
MPLS; TexHonornu, npuMeHsiemMble B CEeTAX A0CTyna, onpenenstoTcd
TMNoM GU3NYECKON cpeabl — BUTas napa, KoakcmnasibHbii kKabesb, BOJIO-
KOHHO-0MnTu4eckuii kabesib nam 6ecripoBoaHasl cpeaa.

B 3aknio4veHne aToro kpaTtkoro onucaHus IPTV oTMeTnm, 4TO ycnyrum
IPTV oTtHOcaTca Kk ycnyram Triple Play, B KOTOpbIX NpeaycMaTpuMBaeTcs
[ocTaBka Tpadumka BCex Tpex BUA0B — ayamo, AaHHbIX U BUAEO B PUKCU-
pOBaHHbIX ceTsx. B couyetaHnm IPTV ¢ MOBUNbHBIMK CETAMM 3Ta ycnyra
npespawiaetca B Quadruple Play.
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KnioueBble cnoBa: |P-tenedoHus, IP-kommyHukauun, VolP, kogek,
ynpasJfieHne 06CnyXnBaHUEM Bbl30Ba, LUJI03, MPUBPATHUK, KOHTPOJIEpP LW03a, CepBep
06paboTku BbI3oBOB, NpoTokos RTP, npotokon RTCP, TexHonorust IPTV, nHTepakTneHoe
TB, VoD, WUCTOYHMK KOHTEeHTa, y3en YCIyr, LUMPOKOMOJIOCHbIE ceTu, obopynoBaHme
nonb3oBartens, TB-npucTaBka, cCTaHOAPThbl CXaTus, CTaHAAPTbl LMQPPOBOro BeLlaHus,
TPaHCMOPTHbIE MPOTOKOJIbI, MPOTOKOJbI MapPLLPYTU3aLUN.

?
n KoHTponbHbIE BONPOCHI

Mo kakuM NpmnadHakam pasnuyatotcs kogeku ITU-T?

Ha3oBuTe 0CHOBHbIE DYHKLMK cepBepa 006paboTku BbI30BOB VOIP.

HazoBuTe ocHOBHbIE PyHKUMK Wo3a VoIP.

Ha3oBuTE OCHOBHbIE DYHKLIMM MArMCTPanbHOro LW03a U LW03a 4OCTyna.
MoxHo nu ncnons3osatb NpoTokon RTP ans koHTpons kayecTsa 06CnyXMBaHMA?
B yem pasHuua mexagy noaaep>Kkon MHTepakTneHoro TB n nepcoHannsaunein?
OnuwmnTe GYHKUNN OCHOBHbIX KOMMOHEHTOB cUCTEMBI IPTV.

@ 3apauu v ynpaxHeHus

1. OAnutenbHocTb nakeTa IP B cucteme VolP coctasngaet 20 mc. Paccuntante:
e KonnyecTtBo nakeToB B Te4eHne 1 ¢?

No oM~ ~

¢ Ckonbko 6GUTOB Ha OAMH NAKeT TPebyeTcs NPy NCMNONb30BaAHNN KOLEKOB:
G.711; G.729?
o CKONbKO BaliTOB Ha OAMH NaKeT HYXXHO A8 TeX Xe KOOeKOB?
2. Onuna 3aronoska IPv4 = 20 6aiitoB; gnavHa 3aronoeka UDP = 8 6aiiToB;
OnvHa 3aronoska RTP = 12 6ainToB. C y4eToM OnnHbI 3aronoBka npotokosa Frame
Relay (6 6aliTOB), NCNOL3YEMOr0 Ha YPOBHE 3BEHA AaHHbIX, paccunTante
TpebyeMyio NPONYCKHYI0 CNOCOOHOCTL A1 BbIOpaHHbLIX KOAEKOB U3 Tabn. 26.1.

‘@ JintepaTtypa K nekuumn 26
26.1. TonbawTeinH B.C., MNuHuyk A.B., CyxoBuukuin AJ1. IP-tenedonHus. 3-e naa. —
M.: Paguvo n cBa3b, 2006. — 336 c.

26.2. TioxtvH M.®. Cuctembl IHTepHET-TenesnaeHuns. — M.: fopsyas nuHms —
Tenekom, 2008. — 320 c.



Nexkuunsa 27

TpaauuuoHHbIE YyCnyTU
B ceTax HTepHer

ToT, KTO 3HaAET, HE FOBOPUT;
ToT, KTO roBOPUT, HE 3HAET.
Jlao-L{3bi

27.1. BBepeHue

Ycnyrun onsa Tex, KTo roBOPUT, Mbl NOAPO6HO 06Cyannm B NEKUUAX 7 1
17 ona GuKCnMpoBaHHbIX TeENe@OHHbIX CeTEN U CeTEN NOABUXHOW CBA3U,
COOTBETCTBEHHO. Bonee Toro, B nekummn 26 66111 PACCMOTPEHLI YCIYTK
019 TeX, KTO rOBOPUT 1 KTO CMOTPUT Yepe3 NHTEepHET — COOTBETCTBEH-
HO, ycnyru VoIP u IPTV. 3aecb xe cocpefoTodmMces Ha ycnyrax VIHTep-
HET, KOTOPble MOXHO paccMaTpuBaTh Kak TPaAULMOHHLIE.

OrpomHoe 4ucno naen, a He TOJIbKO CNeuuannucTbl U CTYOEHThI
TENEKOMMYHUKALMNOHHBIX 1 MIHOOPMALIMOHHLIX CNeumanbHOCTEN 3HalOT
CErofHs NpunoxeHus, peannsyemole B cetu NHTepHeT. B uncno atunx
npunoxeHun sxogat World Wide Web, WWW (Bcemupras lMaytuHa),
3N1IEKTPOHHas no4yta, obmeH coobLleHnamMn Yyepes NHTepHeT B peasib-
HOM BpeMeHMU (Tak Ha3biBaeMble chat rooms), NOTokoOBOE BUAEO, AOCTYN
K My3blKanbHbIM canTam. B cnydae ncnons3dosaHnsa VWWWV nonb3oBaTternb
BUOMT Ha 3KpaHe KOMMbiOTEpPA CTPaHMLbl TEKCTA U rpadpunyeckmx obb-
€KTOB, HXXVMAET KHOIMKY MbILLIN Ha BbIBPaHHOM 00bekTe, O KOTOPOM OH
XO4YeT y3HaTb 60blle, U COOTBETCTBYIOLLAA CTPaHMLA MOSBASIETCS HA
3KpaHe.

JpyrnmMm npunoxeHuem, noka eule He Tak nonynsapHoiM, kak WAV,
SIBNSIeTCS ycnyra NOTOKOBOro Buaeo. NoTokosoe BMAEO Npeanosnaraer,
YTO UCTOYHUK M NOJy4aTesNb UMEIOT COOTBETCTBYIOLLME YCTPOWCTBA AN
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BOCMNpOu3BeAeHNs Buaeo3anucen. BnoeonoTok nepecobinaeTcsa oT Uc-
TOYHMKA K MoJsiyyaTesnio ¢ MCNOoJSIb30BAaHNEM CPEACTB M NPOTOKONOB VH-
TEPHET. 3Ta ycnyra MoXeT pacCMaTpmMBaTbCA Kak OAHO N3 MPUIOXEHN
Buaeo no TpebosaHuio (Video on Demand).

XoT4 30eCb Mbl YNIOMSIHYSIM TOJIBKO ABa Npumepa — 3arpy3ky CTpaHuL,
n3 BcemunpHoii NayTuHbl 1 NOTOKOBOE BUAEO, — 9TU NPUMEPbl AEMOHC-
TPUPYIOT pasHoobpa3sne NMpUuoXeHuin, KOTopblie MOryT ObiTb CO34aHbI
Ha 6a3e npoTtokonoB TCP/IP, n roBOpsAT O CNIOXHOCTM MPOEKTUPOBAHUS 1
akcnnyatauum cetn VIHTepHeT. B 3TO nekunm Mbl paCCMOTPUM YCIYIu,
peannsyemsblie B IHTEPHET 1 CTaBLUME CEroaHs yXXe KIlaCCUYeCKMMN.

27.2. NpoTtokon nepecobisiku ¢painnos FTP

OOHUM 13 MeTOO0B AOCTYNA K yaaneHHbIM daiinam gaHHbIX, pacrno-
JIOXEHHbIX Ha yoaneHHOM cepBepe, SBAsieTcs nepenada konuu ganna
no 3anpocy knmeHTa. B ceTax NHTepHET ans 3Ton Lenn ncnonb3yercs
cTaHaapTHbIM npoTtokon FTP (File Transfer Protocol) — npotokon nie-
pecbiniku pariaos. NMpotokon FTP, aBSiOWWMACS OOHUM N3 CTapenLumx
NPOTOKONOB (OH Bbl/1 pa3dpabdoTaH B Havane 70-x rogoB NPOLLIOro Beka),
OTHOCUTCS K NPOTOKOIaM YPOBHSI MPUIOXEHWIA N UCMOSIb3YeT s nepe-
[a4n faHHbIX TPAHCMOPTHbIN npoTokon TCP.

MpoTtokon FTP ncnonb3yetcsa ana ooMeHa danamMmm AaHHbIX Mexay
KJIMEHTOM (rpynrnon KJIMEHTOB) U CEPBEPOM, XPAHSALWMM AaHHble (cep-
Bepom FTP), npnyem kaxxnas OKoOHe4YHas To4ka MMeeT BO3MOXHOCTU Ne-
penayn u 3anpoca/nonyyveHuns dannos. Takumn dannamm MoryTt ObiTb
TEKCThI, rpaduyeckne n3obpaxeHus, 3Byku, BUOEO U MyNbTUMeOnin-
Has nHoopmauus. MNpoTtokon FTP ncnonb3yetcs Takxke ns 3arpysku
NPOrpamMMHOro obecrneyeHns B KOMMNbOTEP KIMEHTA (MOonb30BaTenNs).
C nomoupbto FTP nonb3oBaTenb MOXET KOPPEKTUPOBaTb MoJlydaemMble
dannbl (yoanatb, NepenmMeHOoBbIBaTb, KONMPOBaTh UX U T.4.). Ha MHO-
rmx FTP-cepBepax cywecTtByeT kartanor (nog HasBaHMEM incoming,
upload 1 T. N.), OTKPLITHIA 4SS 3anNUCK U 0BECneYnBaoLWVA NOyYeHne
cepeepoM danno. 3TO NO3BOAAET NOSIb30BATENAM NOMNONHATL CEPBEP
CBEXUMW JAaHHbBIMU.

CeaHc FTP nHUuumpyeTcs KIIMEHTOM, KOTOPbINA OOIKEH BbIMONHUTD
onpefesieHHyo NocnenoBaTefibHOCTb KoMaH,. NNepBas komaHaa coe-
OVIHAET K/IMeHTa C yaaneHHbIM XOCTOM. BTopas komaHga obecneuyn-
BaeT NaeHTUdMKaUmMIo Nosb3oBaTens NyTemMm nepenaydm K Xocty MMeHu
nosb3oBaTens 1 ero napond. 3atemM KJIMEHT Yepes3 kaTanor BblbvpaeT
OOCTynHble ¢annbl U onpenenseT BUA, KOAa, B KOTOPOM A0JKHA OblTb
nponseeaeHa nepegaya pannos. Nlocne Toro kak gaisibl CKOMMPOBaHbI,
KJIMEHT OTCOEOUHSETCS OT yAANIEHHOro XocTa.

o Hayana 90-x rogmoB XX Beka Ha gonio npotokona FTP npuxoau-
JIOCb OKOJ10 NOMOBUHbLI Tpaduka B ceTn MIHTepHeT. MpoTokon n cerof-
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HS Mcnonb3yeTcs ans pacnpocTpaHeHus MO 1 gocTyna K yaaneHHbIM
cepBepaM 1 XocTam, 04HaKO eMy Ha CMEHY ObICTPO NPUXOAAT MeTOAbI
[0CTyna, OCHOBaHHbIE HA TeExXHONOrMK BecemupHoii MNMayTtuHbl (CM. cneay-
Iowun pasgen).

27.3. MNMpoToKon nepecbUsIKN rMNepTeKCTOBbIX
cooOwenunit HTTP n BcemupHas NMaytuHa

B 1989 roay ¢unsnk Tomac bepHepc-Jlu, paboTtas B EBponenckom
coBeTe no saaepHeiMm uccnegosaHuam (CERN) B XXeHese, npepno-
XXUJ NPOEKT, Tenepb U3BECTHbIN kak BcemupHas naytuHa (World Wide
Web). MpoekT npegnonaran nyénnkaumio rmMnepTekCToBbIX AOKYMEH-
TOB, CBSI3aHHbLIX MexAy cobol rmnepcceikamu, 4To obnerynno Obl
nounck nHdopmaumm ans ydeHbix CERN. [nga peanusauum npoekrta
T. BepHepc-Jn pa3paboTan Tpn OCHOBHbLIX MHCTPYMEHTa, 6e3 KOTOpPbIX
Henb3s NpeacTaBUTb cebe COBPEMEHHbIN VIHTepHET — naeHTndmKaTopbl
URI, npoTtokon HTTP n a3bik HTML. B pamkax npoekta T. BepHepc-Jin
Hanuncan nepsylo B Mupe nporpammy Web-cepsepa 1 nepBbll B MUpe
runeptekcToBbli Web-6pay3ep, Ha3BaHHbI World Wide Web. B 1991-
1993 ropax bepHepc-JIn ycoBepLIEHCTBOBAN UX TEXHUYECKME CNEeun-
dukaumn, n IETF npuHan cooTtBeTcTByOWMe ctaHgaptel. Odurymnans-
HbIM rOg0M poxaeHus BcemupHom MNaytuHel cuntaeTtcsa 1989 roa.

Ona noeHtndunkaumm pecypcos (3a4acTyto — GannoB nMnv nx 4acTten)
BO BcemupHoi MayTnHe ncnonb3yoTcs eanHoobpasHbie uaeHTuguka-
Topbl pecypcoB URI (Uniform Resource Identifier). Ons onpenenenus
MECTOHaxXOXOEHUs1 PECYPCOB B CETM UCMONb3YIOTCA eanHoobpasHbie
nokaropsl pecypcos URL (Uniform Resource Locator). Agpec URL
npeacrtaenseT coboli CTaHOapPTU30BaHHYIO CTPOKY CHMMBOJIOB, YyKasbl-
BalOLLYI0O MECTOHAxXOXAEHME AOKYMEHTA WM ero 4actm B VIHTEpPHET.
CTpoka HaumHaeTcs C yka3daHus TMna npoToKona, 3a KOTOPbIM cneayeT
NOEHTNPUKATOP KOHKPETHOM MHPOPMaLMM — UMS OOMEHA, KOTOPOMY
NPUHaONEXnT cepeBep, HasdBaHne opraHusaumm n URL-nyTb (MHPopma-
umsa 0 Mmecte pasmMelleHns pecypca). CerogHa URL npumeHseTcsa gns
00603Ha4YeHnst aapecoB NoYTN BCEX PECYPCOB ceTn NHTepHeT.

BcemupHas MNaytnHa obecneyvnna AOCTYNHOCTb pecypcoB IHTepHeT
CTONb BONbLUOMY YUCAY NIOOEN, YTO MHOMAA BLICTYMAET Kak CMHOHUM
ceTn NIHTepHeT. C TEXHNYECKOW TOYKM 3PEHUS MOJIE3HO pacCcMaTpuBaTb
WWW kak MHOXECTBO K/IMEHTOB 1 CEPBEPOB, KOTOPbIE 0OLLAI0TCS C Mo-
MOLLIbIO €AMHOr0 NMPOTOKONAa, U3BeCTHOro kak HTTP (Hypertext Transfer
Protocol). Ans obner4eHns co3naHns, XxpaHeHns n 0ToOOpaXkeHus runep-
TekcTa BO BcemMupHO nayTuHE MCnosib3yeTcs s13blk pa3MeTkn rmnep-
Tekcta HTML (Hypertext Markup Language). KomGuHaumsi npoToKO1I0B
HTTP n HTML obecne4nBaeT 4OCTaBKY TEKCTOB, rpaduKkn, 3ByKa, BUAEO
W APYrux MynbTUMeauinHbIX painnoB Yepes rmobasnbHyo ceTb VIHTepHeT.

22. TonbawTenH
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BcemupHyio TMaytnHy o6pasyiT munnmoHbl Web-cepBepoB WH-
TEPHET, PacnofioXeHHbIX Mo Bcemy mupy. Web-cepsep npeacrtasnsaet
coboi cepBep, NpuHMMatoLwwmii no npotokony HTTP 3anpoc onpege-
JIEHHOro MHGOPMAUMOHHOIro pecypca oT knmeHta. CepBep HaxoauT
COOTBETCTBYIOLMA paia Ha TOKaSIbHOM XECTKOM ANCKE U OTNpaBnsieT
€ro rno ceTn 3anpocuBLLEMY KOMIMbIOTEPY, MCMONb3YS TOT Xe NPOTOKON
HTTP.

Ina npocmoTpa nHpopmaumm, nonydyeHHom ot Web-cepsepa, Ha
KJIMEHTCKOM KOMMbIOTEPE MPUMEHSIETCSA CneumanbHas nporpaMmma
npocmMmoTpa AoKymeHToB B MHTepHeT, Ha3biBaemas Web-6paysepom.
OcHoBHas ¢pyHkuus Web-6pay3epa cocTomUT B 0OTOOpaXKeHUM rmnepTek-
cta. C MoMeHTa Hadana paboT no cospaHuio BecemurpHor MNayTrHbl Ob110
€030aHO Heckonbko BuaoB Web-6paysepoB. CerogHsa Hanbonee norny-
napHeimu Web-6paysepamu senaioTca Internet Explorer, noctaBnsemsiii
BMecTe ¢ Microsoft Windows, a takke 6ecnnatHble 6pay3epbl Mozilla
Firefox n Safari.

na onpegeneHnss MeCTOHaxXOXAEHUs PeCypCcoB B CETU UCMNOJIb3Y-
I0TCS, KaK Ob17I0 0OTMe4YeHo Bbille, agpeca URL, yepes KoTopble KIIMEeHT
nonydaeT goctyn kK Web-cepepy. Aopeca URL obecneumBatoT nHgpop-
Mauuio O pacrnosioxXeHnn o6bekToB BO BcemumpHoi MayTuHe; ata vH-
dopmauma BuIrmMAaNT NogoOHO creayoLlein 3anmncu:

http://www.seti.sut.ru

Mocne TOro, kak OObIYHBIA [AOKYMEHT npeobpadyeTrcss C MNOMO-
wbto HTML-paameTkn B runepTekcT, AOKYMEHT noMellaeTcs B ¢ann
N cTaHoBuUTCS O0CTynHbiM Web-cepBepy. 9Tn dannbl Ha3bliBAOTCS
Web-ctpanunuamu. Habop Web-cTpaHuu, obpasyet Web-caiir.

B runeptekct Web-cTpaHuu, o6aBNSOTCA rMnepTeKCTOBbIE CChIIKU
(vnn rmnepccbinkn). OCHOBHOE OTnYmMe ocTtyna K ¢annam Ha 6ase
HTTP oT onncaHHOro Bbille AocTyrna Ha 6a3e FTP 3aknioyaeTcsa B TOM,
41O annbl, NpeacrtasneHHble B ¢popmate HTML, moryTt comepxatb
CCbIIKN Ha gpyrue dainbl, KOTopble MOryT ObiTb N3BNEYEHBI N3 CETU B
pamMKax ogHOro ceaHca. Korga nonb3oBaTtesflb BBOOUT 3anpoC Kakoro-
nmbo danna, oTKpbIB onpeneneHHbii Web-cainT, oH MOXeT nepenTtu K
apyromy gainny, He 3aKpbiBas CeaHC, a «LWesnkasa» KypCOpOM MO CCbIKe,
pacnosioXXeHHOW B noaydeHHOM danne. Mlmnepccbiikm noMoratoT Nofb-
3oBatenam BcemupHom MNayTuHbl Nerko nepemMeLlaTbCcs Mexay pecyp-
camu (pannamu) BHe 3aBUCUMOCTU OT TOr0, rAe HaxoaaTcs pecypcebl —
Ha SIoKaslbHOM KOMMNbLIOTEPE UK Ha YOaNeHHOM CepBeEpE.

Web-6pay3ep peanunadyet ceaHc HTTP Ha 6ase npotokona TCP.
Bpaysep ocyuwiecTBngeT 4eTblpe OCHOBHbIX dTana ceaHca HTTP: oT-
KpbiTne coeamHeHma TCP, nepepaya 3anpoca K cepBepy, NonyyvyeHune
OTBETA OT CepBepa W 3akpbiTne coeamHeHuda. lNepsas sepcus HTTP
(1.0) npeononarana 3akpbiTMe COeOMHEHUs MOCcNe rnepegadn oTBe-
Ta Ha oamH 3anpoc. O4eBUOHO, YTO C TOYKU 3PEHUS MUCMONb30BaAHUSA
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CETEBbIX U CEPBEPHbIX PECYPCOB 3TO OblN1 HEAPDEKTUBHBI MEXAHN3M.
B nocneanen Bepcum HTTP (1.1) ncnonb3yetcsa MexaHn3m J0JiroBpe-
MeHHOro coeavHeHus (persistent connection), korga KNIMEHT N cepBep
MOryT 0OMeHMBaTLCS MHOXECTBOM 3aMpOCOB/OTBETOB B TEYEHNE OJHO-
ro coeguHenusa TCP. MexaH3M O0NrOBPEMEHHOIO COeAVHEHUS UMeeT
PS4 NPENMYLLECTB, CPeau KOTOPbIX HYXXHO OTMETUTb YMEHbLLUEHWE KO-
Nn4ecTBa ynpaBnsaolWmnx cooblleHni, 6narogapsa YemMy yMeHblUaeTcs
Harpyska Ha cepBep, U OTCyTCTBME (asbl MHOMOKPATHOro OTKPbITUS
coeguHeHnsa TCP.

27.4. MpoTOKON 3NEeKTPOHHOMU No4Tbl SMTP

OnekTpoHHast no4Ta ABASIeTCH OOHUM U3 CaMbiX CTapbIX MPUIOXe-
HUA B ceTax IP. CerogHs oOMeH COOOLLEHUSAMU Yepe3 3NEeKTPOHHYIO
NoYTy UCMNOJIb3YETCA MUJIMOHAMWN JIIOAEN eXeOHEBHO. ITOT 0OMEH,
ABNAOWNIACS elle ogHor dopMoi oOMeHa OaHHbIMU MeXAy KIMEH-
TOM N CEPBEPOM, peanmadyeTcsa C NoOMoLLbio npoTokosia SMTP (Simple
Mail Transfer Protocol — npocToy npoToKOJ1 AOCTaBKU OYTOBLIX CO-
obuernii). Cneundukauma RFC 822 onpepensietr ase 4dactm coob-
WeHns — 3aronoBok n Teno. O6e YyacTu KogupylTcs 7-pa3psgHbiM
kopom ASCII. IhamBmnayanbHbl€ NOYTOBLIE aApeca umeloT dopmaTt Buaa
<username@domain> (1MMa nonb3oBaTena@noaceTb). OTn agpeca
NOYTOBBIX ALLMKOB PACNO3HAKTCS Ha ypoBHe SMTP.

MouyToBOE CcoObLLEHNE OObLIYHO NepenaeTcs OT KMeHTa (MoJsib30Ba-
Tens anekTPOHHOM NOYTON) K nokanbHOMY cepBepy SMTP, KoTopblin OT-
BeYaeT 3a [A0CTaBKy NoYThbl N0 3anpocam KneHToB. Mpouecc obpaboT-
K1 NOYTbl B CEPBEPE 3aK/I04AETCS B HAKOMAEHMN NMPUXOOSLLNX CO0bLLe-
HUI, KaXa0e N3 KOTOPbIX COOAEPXUT agpeca OTnpaBuTens, nonydyarens,
a Takke BpeMsi oTnpaBneHus. JIokanbHbIi cepBep, NONYYNB UCXoOsLLEE
coobuieHne, noeHTnduumpyet IP-agpec yoaneHHoro cepesepa SMTP
B MYHKTE Ha3HA4YeHUs U NPOM3BOAUT MOMbITKY YCTaHOBUTL ceaHc TCP
C 9TUM yganeHHbIM cepBepoM. Nocne Toro kKak coeguHeHne ycTaHoB-
JIEHO, MOYTOBOE COODLLEHNE KOMUPYETCS B cepBepe HasHayveHus. Kak
TOJIbKO CepBep-OTNpaBUTENb MoJsyYyaeT MNOATBEPXAEHNE YCMNeLIHOM
nepenayn, cooblUeHVe yaanseTcss M3 namsaTu JIoKanbHOro cepBepa.
3aTeM yaaneHHbli NoNb30BaTe/lb MOXET MOJIy4UTb AOCTYN K CBOEMY
CcepBepy U NPUHATL AOCTaBNEHHOE CO0DLLEHNE.

HyxHO oTmMeTuTb cneayioulee. MNpn pa3padbotke npotokona SMTP
npegnonaranocb, 4YTO 3SNEKTPOHHAA no4yta OyaeT MCcnonb30BaThbCs
TONbLKO ANs nepegadn npocTtoro Tekcta. B 1993 r. cneundpukaums
RFC 822 6bina pacwunpeHa ans Toro, 4tobbl obecneunTb nepenadvy naH-
HbIX Pa3/INYHbLIX TUNOB — ayamo, Buaeo, aokymentos Word n gpyrux. ns
aTuUX uenen ncnonbdyetcs rnpotokos MIME (Multipurpose Internet Mail
Extension — mMHorouenesoe no4tosoe pacwmpeHne NHtepHet). MIME
onpefensieT MexaHu3Mbl Nepeaayn pPasnuyHbix TUMOB UMHOOPMaLMK
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C MOMOLLBIO 3NEKTPOHHOM MOYThI, BKOYAS TEKCT Ha A3blkax, Aas KO-
TOPbIX NCMNONb3YETCA KOAMPOBaHMe, oTnnyHoe oT koga ASCII, a Takke
My3bIKy, rpaduky n dunbmel. NpeobpasosaHne popmaTta MIME 06b14HO
NPON3BOANTCS MOYTOBLIMU CEPBEPAMMU WUITN KITMEHTCKOM NOYTOBOW NPO-
rpaMmmMon Npu nepeaaye 1 noy4eHnn 31EKTPOHHbLIX COOOLLEHNIA.

B 3aknioyeHne OTMETUMM, 4YTO MOMNYASIPHOCTb 3JIEKTPOHHOM MOYThI
CErofHsi HACTONbKO BbICOKA, YTO OHA MPAKTUYECKN 3aMeHUa NPOTOKON
FTP onsa nepenayv gaHHbIX BCEX TUMOB B pOpMeE NPUCOeJUHEHHbIX daii-
nos. BmecTe ¢ Tem, crneayeTt nMeTb B BUAY, YTO OJ19 NPeaoTBpaLLeHNs
neperpy3oKk HEKOTOPbIE MOYTOBbLIE CEPBEPHLI OrPAHNYMBAIOT nepenadvy
dannos 60bLINX OOBEMOB (HaNpMMep, MOryT 6bITb 3anpeLleHbl paninbl
06beMOM BonbLUE, YEM HECKObKO MGanT).

KnioueBble cnoBa: npoTokosn nepeckiikv (annos, eavHblii 1oKaTtop pe-
cypcoB, URL, BcemupHaa lMaytmHa, World Wide Web (WWW), HyperText Transfer
Protocol (HTTP), Hypertext Markup Language (HTML), Web-cepeep, Web-6paysep,
Web-cTpaHuua, Web-canT, runeptekcToBasi CCblfika, 31eKTPOHHAs noyTa, NPOTOKOJI
SMTP, npotokon MIME.

?
ij KoHTpoOnbHbIE BONPOCHI

A WON =

. Kakast pazHmua mexay HTTP n HTML?

. Yem pasnumyatotca Web-6paysep n Web-cepsep?

. [Ansi 4ero Hy>KHbl FTUNEPCChINKN?

. Yewm paznuyatotcsa sBepcun npotokona HTTP 1.0wm 1.17?

Moyemy ncnonb3zosanHme HTTP 1.0 ansetca HeaddEKTUBHBIM?

(&)}

. Onsa yero npegHasHavyeH npotokon MIME?

6. NHdopmaums kakmx BUOOB MOXET NepenaBaTbCs MO NEKTPOHHOM no4Te?

@ 3apauum v ynpaxHeHus

1. Hapucynte guarpammel ceaHcoB gnsi npotokona HTTP sepcuii 1.0 m 1.1.

@ JlutepaTypa K nekuum 27

27.1. CemeHos lO.A. MNMpoTokonbl MIHTepHeT. — M.: lopsyasa nuHusa-Tenekowm,

2001.-1100c.
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Kauectso
obcnyxusanus 8 CIMNJ

HetpyaHo ceectn olaas k Boge. Ho ecsv Bbl 3actaBute ee
rnnaBatb Ha CrYHE — 3TO 3HA4YUT, YTO Bbl HEro-T10 406MINCE!
(3akoHbl Mepgu: nepBbivi 3aKoH XapT/in)

28.1. OcHOBHbIe Npo06sIeMbl KayecTBa
o6cnyxusaHus B ceTax IP

B nekumsax 8 n 18, nocssweHHbIx ThOI n CIC, yxxe otMevanock, 4To
kadyecTBO obcnyxmneaHus QoS (Quality of Service) ocTtaeTcs npegmeTom
aKTMBHbIX WUCCNEeOBaHUM M CTaHapTM3aumMm C MOMEHTA CO3[aHus
ceTei cBA3un. 3a 6onee YeM CTONETHUIN NEPUOL CBOEN paboTel Mexay-
HapPOAHbIN COK3 9NEKTPOCBSA3UN BHEC CYLLLECTBEHHbIN BKa, B pa3sutme
pas3nnyHbIX acnekToB KoHuenuum QoS, Bkoyas pa3paboTky HOPM U
CTaHgapTU3aumio MexaHnamMoB, obecrneymBalowmx nx Nnoganepxky. Mpu-
MeHeHune IP-TexHonormm ctumynmpoBasio CYLWECTBEHHbLIVM MepecMoTp
BCeEN cucteMbl nokazatener Qo0S, a Takke MExXaHU3MOB MOAAEPXKKU
BbICOKOr0 kayectBa o6cnyxmnsaHms B ceTsax NGN.

B oTtnnume ot TeXHONOrnin, pacCMOTPEHHbLIX B nekumn 22 ana Cra
Ha 6a3e BMpPTyasibHbIX KAHAJIOB U B NIEKUMSX HacTel 1 1 2, NOCBALLLEHHbIX
TpOI n CIC, B knaccuyeckux ceTax IP npuMeHseTca MeTon JOCTaBKN
MHpOPMaLMN, HE OPUEHTUPOBAHHLIM HA COEANHEHUS — KaK Ha pusn-
yeckme, Tak U Ha BUPTyasbHble. DTOT METOA OCHOBAH Ha pPacceCblike
natarpamm. KayectBo A0CTaBkM B TPAAMLMOHHBLIX ceTax IP 6asupyeT-
cq Ha npuHunne best effort. KoHuenuua best effort npegnonaraet, 4To
nonb3oBaTeN cnpaBenIMBo Pa3aensatoT OOCTYMNHbIE CETEBbLIE PECYPCHI,
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Tpaduk nepenaeTcss CO CKOPOCTbI, MakCUMasibHO BO3MOXHOW Mpu
NMeloLLIENCSA Harpy3ke pecypCcoB CeTU, HO MPU 3TOM He rapaHTUpyeTcs
obecneyveHne nOOro NpeaBapuTeNbHO 3a4aHHOINO YPOBHS KayecTBa
06CcnyXnBaHMs. 3TO 03HAYAET, YTO HET rapaHTUM B TOM, 4TO NakeT OyaeT
[oCTaBsieH B TpebyemMoe BpemMsi Mnu 4TO OH BooOLLe OyneT AOCTaBEH,
npmnyem — BHe 3aBNCNMOCTU OT BUOa Tpa(DI/IKa.

KoHuenuums best effort 6oina goctatouHo apdekTMBHOM onsg npu-
JIOXEHU, rae MOXHO rnepefasaTbh OaHHble HE B peasibHOM BpPEMEHU
(HanpumMmep, aneKTpoHHaga noyTa M nepepada ¢annos). Kpome TOro,
M3BECTHbI MPUMEpPbLI NPUMEHEHUs ceTen IP ona MynsTUMMeauinHbIX Npu-
JNIOXEeHUI, (NOTOKOBbIE AaHHbIe (ayano/suaeo) n Web-Tpaduk).

OpHako Kak TONbKO BO3HWKAET HEAOCTaTOK PecypcoB, BEOYLUNA K
YBENNYEHNIO BEPOATHOCTN NOTEPb NAKETOB U POCTY UX 3a[epXeK, ons
NPWIOXEHUIA peanbHOro BpeEMeHN HeOBXoAMMbIE NOKa3aTeNN KayecTBa
obcnyxmBaHUs He MOryT ObITb 06ecnedeHsbl. [pexae Bcero, 3To 00bsc-
HAETCSH OCHOBHbIM NMPUHLUMNOM GYHKUMOHMpoOBaHus IP-ceTen — nepena-
Yeln JaHHbIX B gatarpaMMHOM pexume. C NosBAEHMEM HOBbIX NPUNO-
XEeHUM, 0COBEHHO MPWIOXKEHNIN pPeanbHOro BPEMEHN (MHTEPaKTUBHASN
nepegaya peyuv, BnaeortenedoHns U BUOEOKOHMEPEHUNIM), BONPOC O
rapaHTUpPOBaHHOM KadyecTBe 06CnyxmBaHus B ceTsx IP ctaHoBuTCS o4-
HUM N3 OCHOBHbIX. OTO OOBLACHSAET, MOYEMY KA4eCTBO 0OCY>XMBaHUS B
ceTax IP aBngetca npegMeTomMm NOCTOAHHOrO BHUMaHus ITU, ETSI, IETF
M OpYyrux opraHusaunii ctaHgapTm3auum B 3N1eKTPOCBA3N.

Ta6bnuua 28.1. YyBCTBUTENBHOCTb Pa3JIN4YHBIX MPUJIOXEHU K CETEBbIM

XapakTepucTtukam
YpoBeHb YyBCTBUTENbHOCTU K CE€TEBbIM XapakTepucTukam
Tun Tpacdpuka
Monoca nponyckaHus Motepu 3apepxka | Oxurrep
Peub CpepnHuin CpepHuin Bbicoknin Bbicokuin
ONeKkTpPoHHas KOMMep- o o o o
s P P Hunakunin Bbicoknin Bbicoknin Hwnakunin
TpaH3akuun Huakunin Bbicokunii Bbicoknii Husknin
OneKTpoHHas noyta Hnakuin Bbicoknin Hwnakuin Hnaknin
Telnet Huakunin Bbicokunii CpegHnin Husknin
Mowck B ceTn «oT chny- o o o o
Hnakun HUN HU
4as K CAYSaIon 3 Cpenl Cpenl Huzkunin
MoCTOsIHHbII NoMcK CpepnHunin Bbicoknii Bbicoknii Hnskun
B CETU pen
Mepechbinka dannos Bbicoknii Bbicoknii Hnakuin Hnakuin
BupeokoHpepeHuns Bbicokuii CpenHuin Bbicokuii Bbicokuii
MynbTMKacTuHr Bbicokuin Bbicoknin Bbicokuin BbiCOkui

[MaBHbIM CTUMYNIOM SIBASIOTCS YyXe He pa3 yrnoMUHaBLUIMECS B npe-
OblOywmx nekumax (HaumHaa ¢ puc. 02 BoO BBOAHOW NIeKLMKW) NPOLECCHI
KOHBEPreHumu, B CBA3N ¢ 4eM Heobxoammo B Oyayuimx IP-opneHTupo-
BaHHbIX ceTsax NGN paspaboTaTb HOBbIE NMPUHLWIbLI pacnpeneseHns pe-
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CYPCOB ceTel 1 ynpasneHus Tpadmkom, KoTopble OyayT rapaHTUpoBaTb
pasHble YPOBHU KayecTBa 06CNy>XmBaHMUS Osis 60bLIOro Yynucna pasHo-
06pasHbIX MPUNOXEHUI, peann3dyemMbliX KOHEYHbLIMU MONb30BaTENAMM.
Mpu 60NbLIOM KOIMYECTBE NPUNOXEHNI C CYLLLECTBEHHO pa3nmnyatoLm-
Munca TpeboBaHUAMN K paboynM xapakTepPUCTUKAM CETU (CMOTpPU Tabn.
28.1 1 28.2) pazpgeneHne pecypcoB 1 NPOLLECCHI YNPaBneHns Tpadmkom
DOJMKHbI BbITb KOOPOVHNPOBAHBI.

28.2. Pa6oTbl ITU-T no cranpapTtnsauum QoS
B IP-ceTax

B 2002 rogy 13-9 WUccneposaTtensckasa komuccus ITU-T ony6nunko-
Bana [ABe pPeKOMeHAaumm, kacawwmecs obuiero Habopa paboumx xa-
pakTepucTuk ceten IP u Hopm ans atoro Habopa. PekomeHpauus ITU-T
Y.1540 onucbiBaeT CTaHAAPTHbIE CETEBbIE XapakTEPUCTUKN Nepeaayu
naketos B ceTax IP. PekomeHgaumna ITU-T Y. 1541 3apaet HopMbl Ang xa-
pakTepuCcTUK 1 NapamMeTpoB, onpeaeneHHblx B Pekomernaaunm Y.1540.

28.2.1. Pexomenpauua ITU-T Y.1540

Cnepyowme naTb CETEBLIX XapakTEPUCTUK paccMmaTpusatloTcs B Pe-
komeHgauum ITU-T Y.1540 kak Hanbosnee BaxHble C TOYKM 3PEHUS CTe-
NeHn Nx BINSIHNSA HA CKBO3HOE Ka4yeCTBO 0OCNYXMBaHMS (OT MCTOYHMKA
[0 nony4yarens):

e MpOnyckHasi CrnocobHOCTb CeTH;

® HAOEXHOCTb CETMN/CETEBBIX 3/IEMEHTOB;
* 3a7epxkKa;

e Bapuauus 3a8epXku (OXXUTTep);

® [0OTEPU NAKETOB.

lponyckHas cnocobHOCTb ceTy (MNKU CKOPOCTb Nepeaadn AaHHbIX)
onpenensetca kak apdekTMBHas CKOPOCTb nepena4yn, n3amMepsiemas B
6uTtax B cekyHay. B pekomeHgaunm ITU-T Y.1540 He npmuBeaeHbl 3Ha4e-
HUSI NPOMYCKHOM CNOCOBHOCTM AN pa3HbIX MPUNOXEHU; HO BMECTE C
TEM, OTMEYEHO, YTO MapameTpbl, CBA3aHHbIE C MPOMYCKHOM Crnocob-
HOCTbIO, MOTyT ObITb OnpeaeneHbl ¢ NOMOLLb0 pekomMeHaauun ITU-T
Y.1221.

HapexHocTb ceTu/ceTeBbiXx 3JIEMEHTOB MOXET ONPenensaTbCs psi-
OOM MnapameTpoB, M3 KOTOPbIX Yallie BCEro MCnosb3yetcs koapodu-
LUMEHT rOTOBHOCTW, MNpeacTaBnsioWwniA coOoi OTHOLLUEHME BPEMEHWU
paboToCcnoCOOHOCTM O0ObeKkTa K BpeMeHn HabnwoaeHus. B naoeansHom
cnydae K0P PUUMEHT rOTOBHOCTM A0/MKEH ObITb paBeH 1, 4yTo o3Hava-
eT 100%-t0 roToBHOCTb ceTu. Ha npaktmke koadpPUUNEHT rOTOBHOCTM
OLLEHMBAETCHA YMCIIOM «OEBATOK» B COOTBETCTBUM C YX€ NPUBOOMBLLEN -
ca B nekummn 18 tabn. 18.1.
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MapameTpsl gocTaBku nakeToB IP. B o0LlieM, ceaHC CBA3M COCTO-
nT N3 Tpex ¢as — yCTaHOBNEHUS COeANHEHUS, Nepeaadn nHdopmaumm
1 pasbegmHenmnsa. B PekomeHgaunm ITU-TY.1540 ns atux ¢pas paccmar-
puBaeTcs TONbKO BTOpas — ¢asa gocTtaBkm naketos IP. Takon nogxon
oTpaxaeT npupoay ceten |P, He OpMEeHTUPOBAHHLIX HA YCTAHOBNEHNE
coeguHeHnin. PekomeHpauus ITU-T Y.1540 onpepensieT cnepywowme
napamMmeTpbl JocTaBku IP-nakeTos.

3anepxka agoctaBku naketa IPTD (IP packet transfer delay) onpene-
naeTcs Kak Bpems tr-t; Mexay AByMs COObITUAMM — BBOAOM MakeTa BO
BXOAHYIO TO4YKY CETU B MOMEHT t4 1 BbIBOJOM MNakeTa U3 BbIXOOHOM TOHKN
CeTU B MOMEHT Iy, rae tr >ty nits — 1ty < Tppae

B obuwem, IPTD onpenensetcsa Kak BpemMsi AOCTABKM nakeTa oT UG-
TOYHMKA K nosiydaTesnto ons Bcex naketoB. CpeaHsas 3aaepxka 4OCTaBKU
naketa IP onpepensetca kak cpeaoHee apudMETUYEeCKOe 3adep>Xek
nakeToB B BbIOpaHHOM Habope nepeaaHHbIX 1 MPUHATBLIX NakeToB. PocT
Harpyskn 1 yMeHblLIeHNe A0CTYMHbIX CETEBLIX PECYPCOB BEOYT K POCTY
oyepepner B y3nax CeTu 1, Kak cneacteme, K YBEIMYEHUIO CpeaHen 3a-
OEpPXKN OOCTaBKU.

PeyeBas vHdoOpmaumnsa n, oT4acTu, BUOEOUHDOPMALNSA SABASIOTCA
npuMepamn Tpaduka, Y4yBCTBUTENBHOIO K 3a4epXKkam, Toraa kak npu-
JIOKEHUS OAHHbIX, B OCHOBHOM, K 3a4€epXKaM MeHee YyBCTBUTEJIbHbI.
Korpa 3agepxka OOCTaBKM nakeTa npesbillaeT onpeaeneHHoe 3Have-
HUe T,y NaKeT oTOpackbiBaeTCcs. B NpnnoxeHmsax peanbHOro BpemeHu
(Hanpumep, B IP-TenedoHun, B cucrtemax BmMOEOKOHPEPEHUUN) 3TO

BEAET K YXyALUEHUNIO Ka4eCcTBa peyn.

MapameTp v, — Bapuaums 3aaepxkn IP-nakera IPDV (IP packet delay
variation) mexgy BXOOHOW U BbIXOOHOW TOYKaMu CeTu Onpenensetcs
KaK pa3HOCTb MeXAy BENMYMHON 3a0epXKM X, Npu O0CTaBKe nakera C
NHOEKCOM K, U d1,2 — MUHMMASIbHOWM BEIMYNHON 3aeP>XKU A0CTaBKM
naketa IP s Tex e CeTeBbIX To4ek: vy = X, — dq , . Bapnauys sanepx-
Ku naketa IP, Ha3blBaeMas Takxe JKUTTepoM, NPOABASETCHA B TOM, 4YTO
perynspHo nepegasaemMble NakeTbl NPMObLIBAIOT K MOJy4aTesNo B Hepery-
NSiPHbIE MOMEHTLI BpeMeHU. B cuctemax IP-tenedoHnm aTo, K npuMepy,
BeLET K UCKaXeHNAM 3ByKa U, B pe3ysibTaTe, K TOMY, 4TO peyb CTaHOBUT-
csl HepasbopUMBOIA.

KoappuumneHT noteps IP-naketoB IPLR (IP packet loss ratio) onpe-
0engeTcs Kak OTHOLEeHMEe CYMMAapHOro 4mcna rnoTepsiHHbIX MakeToB K
obLLEeMY YMCny NepefaHHbIX NakeToB B BblIOpaHHOM Habope nepepaH-
HbIX N NPUHATBLIX NAakeToB. Ecnu nakeTbl TEPAOTCA, TO Npu nepenaye
OAHHbIX BO3MOXHa MX MOBTOPHAA nepeaaya rno 3anpocy npuHuMatoLen
CTOpPOHbI. B cuctemax VolP naketsbl, npuweguivie K noayyareno ¢ 3a-
NEPXKOW, NpesbillatoLen T, 0TOpackIBAIOTCA, 4TO BEAET K NpoBa-
JlamMm B NPMHUMaEeMOM peyun.
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KoagppuumeHt nckaxeHuni IP-naketoB IPER (IP packet error ratio)
onpenensieTcs kak OTHOLLIEHUE CYMMapPHOro YMCa NakeToB, MPUHATBIX
C VICKaXEHUSIMM, K CYMME YCMELLHO NPUHATLIX NakeTOB 1 NakeToB, Npu-
HATBIX C UICKaXXEHUSMMU.

28.2.2. Pexomenpauua ITU-TY.1541

Pekomenpaumsa ITU-T Y.1540 onpenenseT ang napameTpoB YNCIIEH-
Hble 3HAYEHUS HOPM, KOTOPbIE AOJDKHbI BbINOAHATLCS B ceTsx IP npu
MeXAYHAPOOHbIX COeAMHEHUSX. DTU HOPMbI pasfeneHbl No Knaccam
QoS, KoTopble onpeaeneHbl B 3aBUCMMOCTU OT NPUIIOXEHUN U CETEBbIX
MexXaHNU3MOB, NMPUMEHSAEMbIX OJ19 00ecneyeHns rapaHTMPOBAHHOIO Ka-
yecTtBa 06cnyxmBaHua. B Tabn. 28.2 npeacrtaBneHbl HOPMbI A4S onpe-
DENEeHHbIX BbllLEe CETEBbIX XapaKTEPUCTUK.

Ta6anua 28.2. Hopwmbl ang xapaktepucTtuk cetei IP ¢ pacnpepeneHnem
Mo Kflaccam Ka4yecTea 006Cny)XuBaHus

CeTeBble xapakTepucTukun Knacckt QoS

paxTep 0 1 2 3 4 5
3anepxka AOCTaBkM NakeTa 100 mc 400 mc 100 mc 400 mc 1c H
IP, IPTD
Bapuviauua 3agepxkum naketa 50 mc 50 mc H H H H
IP, IPDV
KoadpunumeHT notepb NakeToB 1x10-3 1x10-3 1x10-3 1x10-38 1x10-3 H
IP, IPLR
KoadPurumeHT nckaxenuni 1x10~4 1x10-4 1x10~4 1x10-4 1x10-4 H
nakeToB IP, IPER

MpumeyaHne: H — He HOPMMPOBAHO

3HayeHns napameTpoB, NpuBeaeHHble B Tabs. 28.2, npeacTtaBnsioT
coboii, COOTBETCTBEHHO, BEpXHME rpaHulbl AN CPeaHUX 3adepXek,
IKNTTEpAa, NOTEPbL U UCKaXeHnn nakeToB. Pekomernpgaums Y.1541 ycta-
HaBIMBAET COOTBETCTBME MEXMY KilaccamMu Ka4yecTBa 0OCyXMBaHUSA U
NPUIOXEHNAMMU;

e Knacc 0 — lMpunoxeHus peanbHOro BPEMEHU, YyBCTBUTENbHbIE K
LKUTTEPY U XapakTepmn3yemble BbICOKUM YPOBHEM NHTEPAKTUBHOCTM
(VolP, BuoeokoHdepeHuun);

e Knacc 1 — lMpunoxeHus peanbHOro BPEMEHU, YYBCTBUTESbHbIE K
xnTTepy, nHTepakTueHble (VoOIP, BnagokoHpepeHumn);

e Knacc 2 — TpaH3akumu AaHHbIX, XapakKTepU3yeMble BbICOKMM YpPOB-
HEM MHTEPAKTUBHOCTM (HaNnpuMep, CUrHannusaums);

e Knacc 3 — TpaH3akumn OaHHbIX, MHTEPAKTUBHbIE;

e Knacc 4 - lNpunoxeHns, nonyckaroLme HU3KUin ypoBEHb NOTEPb (KO-
pPOTKME TPaH3akLMn, MacCuBbl JaHHbIX, MOTOKOBOE BNAEO);

e Knacc 5 - TpaanumoHHble BUObI NPUIOXeHUiA B ceTax IP.
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28.3. MexaHu3mbl o0ecneueHuda QoS B IP-ceTax

MomMKrmO onpegeneHns CeTEBbIX NapamMeTpoB 1 cneundunkauym Hopm
ons Hux, ITU-T npoBoamT B HacTosulee BpeMs paboTbl MO CTaHAAPTU-
3auUnn apXUTEKTYPbl CETEBbLIX MEXAHU3MOB O/ NMOOAEPXKM KavyecTBa
obcnyxmBaHus B IP-oprueHTMpOBaHHbIX ceTsx. Mpu pa3paboTke apxu-
TEKTYPbl CETEBbLIX MEXaHM3MOB A0J/IKEH ObITb Y4TEH TOT PaKT, YTO pas-
NNYHbIE ycnyrn 6yayT npeabsBisiTb pasHble TPeOOoBaHUSA K XapakTepuc-
Tukam cetn. Hanpumep, ong renemMeamumHbl TOMHOCTb AOCTABKM UrpaeT
Bonee CyLEeCTBEHHYIO POJib, YEM CyMMapHasi CpedHss 3aaepXka 1m
DKUTTEpP, Toraa kak ang IP-tenedoHnn oxnTrep n 3agepxka aBaaoTcs
KI0YEBLIMW XapakTEPUCTUKAMKN N A0MKHbI ObITb MUHUMN3NPOBAaHbI.

B HacTosillee Bpemsi onpenenieH HavanbHbli HaOOp MEexaHM3MOB,
CTPYKTYPUPOBAHHbLIX B COOTBETCTBUM C TPEMS JTIOTMYECKUMMU MIIOCKOC-
TAMU — NNIOCKOCTbIO YNpaBfieHUs, NJIOCKOCTbIO AaHHbIX (MHPOPMALIMOH-
HOW MJIOCKOCTbIO) 1 MNOCKOCTbIO MEHEAXKMEHTA.

28.3.1. MexaHn3mbl QOS B NJ1I0CKOCTU ynpaBneHus

MexaHnambl QOS KOHTPOJILHOM MIOCKOCTM ONEPUPYIOT C NYTAMMU, MO
KOTOpbIM NepenaeTcs Tpaduk Nosb3oBaTenei.

YnpasneHue noctynom npu coeamHeHun (Call Admission Control,
CAC). BDTOT MexaH1U3M KOHTPOMPYET HOBbIE 3a8BKM HA MPOMYCK Tpa-
duKa Yepes ceTb, onpeensis, MOXeT Jin BHOBb NOCTyNaloLWmin Tpapuk
NPUBECTU K Neperpyske cetm U K yxyaueHUo YPoBHS kadyecTBa 06-
CNYXVBaHUS Y>XE UMEIOLLLErocs B ceTn Tpaduka.

QoS-mapupytnzaumsa (QoS routing). MapuwpyTtmnsaumsa obecneuu-
BaeT BbIOOP NMyTW, KOTOPbIA yOOBNETBOPSET TpeboBaHNSM K KayecTBYy
06CcNy>XnBaHUS KOHKPETHOro NoToKa AaHHbIX. Kak npaBuio, npu Belbmc-
NeHnsix onTumasnbHoro Nyt B QoS-mapLipytmaaumm y4mTbiBaeTcs Unm
O[Ha ceTeBasi xapakTepucTuka, nin, MakcCumMym, ase (Npon3BoanTeNb-
HOCTb W 3a4epXKka, CTOMMOCTb U MPOM3BOANTENIBHOCTb, CTOMMOCTb U
3aaepxka nT.a.).

PesepsupoBaHne pecypcoB (Resource reservation). B IP-opueHTn-
POBaHHbIX CETAX Hambonee TUMNUYHBIM MEXaHM3MOM pe3epBUPOBAHUS
ABNAETCA MexaHM3M, Oasupylowmiics Ha npotokone RSVP, koTopbii
paccMaTpuBaeTCs HUXE B 3TON NEKLNN.

28.3.2. MexaHusmbl QOS B NJIOCKOCTU AaHHbIX

OTa rpynna MexaH1M3mMoB ONepUpPyeT HEMNOCPEACTBEHHO C NOIb30Ba-
TENbCKUM TpadUKOM.

Ynpasnexne 6ygpepamu y3noB (Buffer management). YnpaesneHune
Oydepamun (nnn odyepensmun) COCTOUT B yNPaBIEHUM NakeTamMu, CToN-
WM B ovepeau Ha nepepady. OCHOBHbIE 3a4a4K yNpaBieHns odyepe-
OSMN — MUHUMM3aUMS CpeoHeN AIMHbI o4epeamn npu OgHOBPEMEHHOM
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obecnevyeHnn BbICOKOrO MCMOJIb30BAHUS KaHana, a Takxke CrpaBef-
nmBoe pacnpepeneHne 6y¢pepHOro MPOCTPaHCTBA MeXAy PasHbiMU
noTokamm faHHbIX. CerogHs pacnpocTpaHeHbl MeXaHU3Mbl akKTUBHOMO
ynpasfieHnsa o4epensMmun; TUMUYHbIM NPUMEPOM SBASETCSH anropuTMm
BEPOSITHOCTHOIrO 3ab/1aroBpeMeHHOro obHapyxeHusi neperpy3ku RED
(Random Early Detection). Npwn ncnonssosaHunn anropmtma RED nocTy-
natowme B 6ydep nakeTbl 0TOPACHLIBAIOTCS HA OCHOBAHWM OLIEHKW Ccpef, -
Hel OnHbl odYepeaun. BepoaTHoCcTb cOpoca nakeToB pacTeT C POCTOM
cpeaHen annHbl o4epeu.

lNpenotBpalueHne neperpy3ok (Congestion avoidance). MexaHns-
Mbl MPeaOTBPALLEHNS NEePErpy30K NOAAEPXMBAIOT YPOBEHb HArPy3Kn B
CETM HUXE NPOMYCKHOM CNocoBHOCTM ceTu. OBbIYHbIN MyTh NPeaoTBpa-
LLEHUS MepPerpy3ok COCTOUT B YMEHbLUEHUU TpadurKka, NOCTYNAOLLErO
B ceTb. Kak mpaBuno, KOMaHAa yMeEHbLUUTL Tpaduk BAUSET B NEPBYIO
oyepenpb Ha HU3KOMPUOPUTETHbIE UCTOYHMKU. OOHUM M3 MPUMEPOB
MexaHu3Ma NpeaoTBPALLEHNS MEPErPy30K ABNSETCS MEXaHM3M OKHa B
npotokone TCP.

Mapkuposka naketos (Packet marking). MakeTbl MOryT ObITb Map-
KWPOBaHblI B COOTBETCTBUM C ONPEAENeHHbIM KacCoM 06CnyXnBaHus.
MapkurpoBka 06bIYHO NPOM3BOANTCS BO BXOAHOM Yy3ne, rae B crneuu-
anbHoe none 3aronoska (Type of Service B 3aronoske IP unn DS-6ainT B
3aronoske DiffServ, cM. H/1XE) BBOOUTCH OnpeaenieHHOe 3Ha4YeHme.

OpraHun3saums n nnaHnpoBaHue ovyepesneri (Queuing and scheduling).
Llenb mexaHnM3MOB 3TOW rpynnbl — BbIOOP NakeToB AJ1s nepenayqm n3 oy-
depa B kaHan. BoNbLWWMHCTBO AMCUMMNAWH 0OCYy>XMBaHUS (MNW NMaaHn-
POBLLVKOB) OCHOBAHO Ha CXeMe «MepBbl NpULLIEN — NEPBbLIN 0O6CNYXU-
BaeTcs». Ana obecrneyeHns 6onee rmbkux npoueayp BbiBOOA MakeToB
13 o4yepeam Obin NPennoXeH Psa cxemMm, OCHOBaHHbIX Ha GOPMMPOBaHUMA
Heckonbkux ovyepenen. Cpean HUX, B NEPBYIO o4yepedb, He0OXoaMMO
Ha3BaTb CXEMbl NMPUOPUTETHOIrO 0OCNyXunBaHus. Jpyron npumep rmo-
KOW opraHmsaumm o4yepeam — MEexaHu3M B3BELLIEHHOV CrpaBeasinBon
6ypepunzaumm WFQ (Weighted Fair Queuing), Korga orpaHuyYeHHas
nponyckHas crnocobHOCTb Ha BbIXOAE y3na pacrnpefensercs mMexay
HECKONbKMMM NOoTOoKaMu (o4epensimMn) B 3aBUCUMOCTU OT TPpeboBaHUIA
K MPOMYCKHOWM CNOCOBHOCTU CO CTOPOHbI KaXa0oro notoka. Euie ogHa
CXema opraHmsaumu o4yepeam OCHOBaHa Ha ksiaccuoukaLmm rnoTokoB
rno knaccy obcnyxumaHnsa CBQ (Class-Based Queuing). NoToku knac-
CcMdUUMPYIOTCA B COOTBETCTBUM C Kilaccamm 0BCNYy>XMBaHUSA U 3aTEM
pa3mellaloTcs B Oydepe B pasHbix odepennx. Kaxaon ovepeamn Bblae-
NseTcsa onpeneneHHas nons NPonyckHOM CnocobHOCTU B 3aBUCUMOCTU
OT KJflacca, 1 oyepean 06CnyXnBatoTCs No LMKINYECKON CXEME.

Knaccupukaums tpaguka (Traffic classification). Ha Bxonoe B ceTb
B y3fle pocTtyrna (norpaHM4HOM MapLupyTM3aTope) MakeTbl Knaccu-
duumMpyloTcs onsg Toro, 4ToObl BbIOENWUTb MakeTbl OAHOrO MOTOKa,
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XapakTepunsyemoro ooLymm TpeboBaHNAMM K Ka4EeCTBY 0OCYXXNBAHUS.
3aTtem TpaduK nogBepraeTcs npouenype HopMupoBaHUs (MeEXaHU3M
Traffic Conditioning). HopMmnpoBaHne Tpaduka npennonaraeT name-
peHne napamMeTpoB Tpaduka M CpaBHEHME PE3YNLTATOB U3MEPEHUN
C napameTpamMu, OrOBOPEHHbIMU B KOHTPakTe O Tpaduke, NU3BECTHOM
Kak cornalueHne o6 ypoBHe obcayxuBaHus (Service Level Agreement,
SLA), koTopoe paccmaTpuBaeTcs Huxe. Ecnn ycnoBuma cornatluenus Ha-
pyLLAIOTCS, TO YacTb NakeToOB MOXET ObITb OTOPOLLIEHA.

Ynpasnenne xapakrepuctvkamu Tpapuka (Traffic shaping). Ynpas-
JIeHVe xapakTepuctmkamu Tpaduka npegnonaraet KOHTPOJb CKOPOCTH
1 06bemMa NOTOKOB, MOCTYNAOLLMX HA BXOA, ceTU. Mpun NpOXOXAEHUUN Ye-
pes3 cneuyanbHble Gopmupyiome 6ydepbl yMEHbLIAETCH MAYeYHOCTb
NCXOQHOro Tpaduka, N ero xapakTepmucTuku CTaHOBATCS Bonee npen-
ckasyemMbiMun. N3BECTHbI ABa MexaHn3Ma obpaboTkm Tpaduka — Leaky
Bucket («geipsiBoe Beapo») v Token Bucket («Begpo c XxeToHamu»).
Anroputm Leaky Bucket perynupyeT CKOpPOCTb MakeToB, NOKNAAKLWMX
y3en. HezaBMCMMO OT CKOPOCTM BXOAHOIO NOTOKA, CKOPOCTb Ha BbIXOAE
y3na aBngeTcsa nocrtosHHon. Korga «Beapo» (Oydep) nepenonHseTcs,
NWHWe nakeTbl cbpacbIBalOTCS.

B npoTnBONONOXHOCTL 3TOMY, anroputMm Token Bucket He perynn-
PYET CKOPOCTb Ha BbIXOA4e y3na M He oTOpacbiBaeT nakeTbl. CKOPOCTb
NakeToB Ha BbIXOAE Y3/1a MOXET ObITb TakoW Xe, Kak 1 Ha Bxo4e, ecnv
TOJIbKO B COOTBETCTBYIOLLEM Oydepe («Beape») eCTb XXETOHbl. XKXETOHbI
reHepupyloTCs C ONpeaeneHHon CKOPOCTbIO U HaKanJInsalTCs B «Befl-
pe». ANropntM XxapakTtepusyeTcd OBYMSA napamMeTpamm — CKOPOCTbIO
reHepauum XXeToHOB N pa3MepoM «Bedpa» And Hux. [laketol He MOryT
NMOKWHYTb Y3€eJ, eciin B BeApe HET XeTOHOB. M Hao60poT, cpaly nayka
NakeToB MOXET MNOKUHYTL Y3€J1, U3pacxo0BaB COOTBETCTBEHHOE YMNCIIO
>KETOHOB.

28.3.3. MexaHuambl QOS B NJIOCKOCTU MEeHeA)KMeHTa

9Ta NNOCKOCTb BK/OYaeT B ceba mexaHuambl QOS, nmetome oTHo-
lieHne K akcnnyaraumnm, agMMHNCTPUPOBaHNIO N yNpaBJZIEHUIO CETbIO
NMPMMEHUTEJIbHO K A0CTaBKe MNoJ1ib30BaTEJIbCKOIro Tpacbmn(a.

Usmepenns (Metering). IamepeHns obecrneynBatoT KOHTPOJb Mo-
KasaTtenen obcnyxmBaHmsa Tpadurka — HanNnpumMmep, peasbHas CKOPOCTb
NOTOKa JaHHbIX CPpaBHMBAETCHA C cornacoBaHHoOM B SLA ckopocThio. Mo
pe3ynstTataM U3MEPEHU MOryT ObiTb peann3oBaHbl ONpefesieHHble
npoueaypbl, Takmue, kak cOpPoC NakeToB M MPUMEHEHNE MEXaHU3MOB
Leaky Bucket n Token Bucket.

CornaweHne 06 ypoBHe obcnyxuBaHus SLA (Service Level
Agreement). CornaweHne SLA, Ha3biBaeMoe B Psae UCTOYHUKOB KOHT-
pakToM rno Tpaduky, NnpeacTaBnseT cobor 4o0roBop Mexay rnosib3oBare-
neM n npoeargepom ycnyr. B cornawenum SLA onmcelBaloTCA OCHOBHbIE
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xapakTepucTuku (npodunb) Tpaduka, GopMmpyemMoro B 060pyaoBaHmnn
nonb3oBaTens, n napameTpbl Q0S, NnpeaocTaBasieMble MPOBANAEPOM.

28.4. OcHOBHbIe MOoaenu odbecnevYyeHus KayecTea
o6cnyxunBaHusa B ceTax IP

28.4.1. Mopenb NnpepocTaByeHUs UHTErPUPOBaHHbIX YCyr

Mpouecc npespalleHus cetn VHTepHeT B cepeamHe 90-x rr. un3
akageMm4eckom B KOMMEPYECKYo UHGPACTPYKTypy, POCT yucnia y3s-
JIOB N KOJ1nm4ecTBa HOﬂbSOBaTeﬂeVI, npuMeHeHne ceTun |/|HTepHeT and
pa3HOoOOpPa3HbIX MPUSIOXKEHUI C pPasHbIMU TPeboBaHUSIMU K KayecTBy
obcnyxmnBaHmsa — Bce aTu bakTopbl onpeaenvnu 6eicTpoe pa3sutne me-
xaHn3mMoB noaaepxkn QoS. Komutet IETF pazpabotan 60/bLUON Habop
MoZenen n MexaHM3MoB a1 obecrneyeHns kaiecTsa 0OCyXMBaHUSA B
ceTax NHTepHerT.

Pabouas rpynna uHTerpupoBaHHble ycnyru (Integrated Services
Working Group) paspabatbiBana Moaeflb NpefocTaBiieHNs UHTerpu-
pPOBaHHbIX ycnyr (/IntServ), OCHOBaHHYIO Ha MPUHLUMMNE UHTErPUPOBAH-
HOro pesepBupoBaHus pecypcoB. Moaenb IntServ 6bina pazpabdoTaHa
DN NOAAEPXKU MPUNOXEHUA PEeanbHOro BPEMEHU, YYBCTBUTESNbHbIX
K 3agepxkam. MexaHnambl rpynnbl IntServ oTHocATCS K rpynne mMeTo-
[OB, rapaHTUPYIOLLMX «KEeCTKoe» KadyecTBO 0OcnyxuBaHus. Hanbonee
JeTanbHO cpean MexaHnaMoB rpynnsl IntServ npopabotaH npoTokon
RSVP (Resource ReSerVation Protocol), cneundukauus Kotoporo 6bina
npuHata Komutetom IETF B 1997 1.

lNpotokon RSVP. MNMpotokon RSVP aBnsetca Hanbosee N3BECTHbIM
npeacTaBUTeNeM rpynnbl MEXaHW3MOB WHTErpupOBaHHOFO 0OCYXW-
BaHus. Mo cywectBy, RSVP npenctasnaet cobon NpoTOKON CUrHaNu-
3aumun, B COOTBETCTBUM C KOTOPbLIM OCYLLIECTBSIETCS Pe3epBUPOBaHNE
N ynpaBfieHMe pecypcamu C LEefblo rapaHTUM «KecTKOro» KadecTBa
obcnyXmnBaHus.

PesepBupoBaHme npoussBoamnTCcs Oas onpegeneHHoro nortoka IP-
MakeToB Mepen HavyanoM nepegadm 3toro notoka. Maentmndpunkaums
noToka (onpegeneHne nakeToB, MpPUHaZNeXaluyx OAHOMY MOTOKY)
NMPOM3BOAUTCS NO CneunanbHOM MeTke, pa3mMeLlaeMmoin B OCHOBHOM 3a-
ronoeke kaxgoro naketa IP. [ocne pe3epBupoBaHmS NyTn HA4YMHAETCS
nepenadya NakeToB 3TOr0 NOTOKA, OOCNYXXMBAEMbIX BO BCEM CKBO3HOM
(oT nepepaioLLero 40 NPUHMMAIOLLErO NOMb30BaTeNA) COeAUHEHUU C
3a4aHHbIM KaQ4eCTBOM.

MpoTtokon RSVP aBnaeTcs ToNbKO MPOTOKOSIOM curHanmdauun. ng
obecneyeHns Tpebyemoro kayecTa obcnyxmnsaHus Ha gpase nepeHoca
nakeToB TpaduKa OH A0JKEH ObITb A0MNOSIHEH OAHUM U3 CYLLECTBYIOLLMX
NPOTOKOJIOB MapLUpyTHU3auum, a Takxke HabopoM MexaHM3MOB yrpasJie-

" «KecTkasn» rapaHTia QoS npegnonaraet o6ecneyeHne HamMBbICLUMX NokasaTesiel kKayecTsa.
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HUS TpaduKoM, BKIOHAKOLWMX B cebs ynpaBieHne AOCTYNOM, Knaccu-
durkauuno Tpadwuka, ynpaBsneHne n nnaHMpoBaHME OYEPENEN U ApYyrue.

HecmoTpss Ha BO3MOXHOCTM MNPOTOKONOB rpynnbl IntServ, Hepo-
CTaTku, 3aJIOXEHHbIE B CaMOM MpuHuune mozenu IntServ (xectkue
rapaHTun KkayecTsa OOCNYXVBaHUS, HU3KUIA YPOBEHb MaclUTabupoBa-
HWS1), NPMBENN K HEOOXOANMMOCTU Co3aaHns 6onee rmbkrx MexaHM3MOB
obecneyeHuns QoS. NoaTomy BO BTOpOW nonoBuHe 90-x rr. MpoLsioro
Beka B IETF Hayanucb paboTbl MO CO34aHUI0 MOAENEN N MEXaHM3MOB
onddepeHLMpPOBaAHHOIO 0B6CYXXNBAHUS.

28.4.2. Mopenb npepocTtaeneHus aupPpepeHUMpoBaHHbIX YCIYyr

Mopenb puddepeHumpoBaHHbix ycnyr (Differentiated Services,
DiffServ) paspaboTtaHa rpynnoii Differentiated Services Working Group
Komuteta IETFE. eTanbHasa cneundukaumsa mogenm DiffServ 6bina onyo-
nunkoBaHa B cepeguHe 1999 r. OcHoBHasa naoesa mexaHusamoB DiffServ
cocTouT B anddepeHLMpoBaHHOM NpeaocTaBaeHnm yenyr ans Habopa
knaccoB Tpaduka, pasnmyalomxcs TpeboBaHNSMI K NoKkasaTensm Ka-
yecTBa ob6cnyxuBaHus. pyrumu cnosamm, metogpl DiffServ, B otindne
oT MeTomoB IntServ, o6ecneynBaldT OTHOCUTESIbHOE WK «MSIFrKOe» Ka-
4eCcTBO 0OCTYXNBaHMS.

Kak n B cnydyae mexaHnamoB IntServ, ona andpdepeHunpoBaHHOro
NpeaocTaBfEHNS YCIYT LMPOKO NPUMEHSIIOTCS MEXaHM3Mbl, BXoAsLwme
B COCTaB paCcCMOTPEHHON BhbllLEe apXUTEKTYpPbI Noaaepxkn QoS B ceTsx
IP. OgH1M 13 ueHTpanbHbIX NOHATUIA Moaenu DiffServ aenaeTcsa corna-
LueHme o6 ypoBHe obcnyxuBaHus, SLA, Bxoaslliee B COCTaB MeXaHU3-
MoB QOS Ha nnockocTn meHeakmeHTa. B mogenu DiffServ apxutekTtypa
CEeTV NpeacTaBnsieTcs B BUAE ABYX CErMEHTOB — NOrPaHNYHbIX yHaCTKOB
n aapa. Ha Bxoge B ceTb B y3ne AocTyna (NorpaHn4yHoM MapLupyTmnaa-
Tope) nakeTbl knaccudpuumpytotes (mexaHnam Traffic classification), n
Tpaduk HopmmpyeTca (MexaHnam Traffic conditioning).

Mpn HEoBXo0AMMOCTM MOTOK MAaKeTOB MPOXOAUT HYepes YCTPOMCTBO
npodpunmpoBaHnsa (MexaHmam Traffic shaping). MarncTtpanbHble map-
LWPYTN3aTopbl, COCTaBnsoWwme a4p0 ceTn, obecneymBaioT Nepechbinky
NnakeToB B COOTBETCTBMU C TpebyeMbiM ypoBHEM QOS.

TpeboBaHUs K HEOOX0AMMOMY Habopy XapakTepPUCTUK Ka4yecTBa 00-
CNyXVBaHWSA 3a4al0TCs B cneumanbHOM 04HO0anTOBOM Mosie Kaxaoro
naketa — B okteTe Type of Service (ToS) npoTtokona IPv4 nnu B oktete
Traffic Class (TC) npoTtokona IPv6. OtmeTum, 4to B mogenu DiffServ ato
none HasbiBaetca DS-6antom. CopepxaHune DS-6aiita onpepensiet
BN, NPEAOCTABSEMbIX YCITYT.

MepBble gBa GuTa onpenensioT NPUOPUTET NakeTa, creaylolme
yeTbipe — TpebyeMblil Knacc obcnyXnBaHusa naketa B yane n apa oburta
ocTatTca HeucnonbdyeMbiMu. Knacc obcnyxuneaHns 34ecb o3HavaeT
MexaHn3M 006paboTKu U NPOABMXEHNS NakeTa U3 AaHHOr o y3na kK cneny-
toemy yany (Per-Hop Behavior, PHB) B cooTBETCTBUM C HEOOXOANMBIM
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KayecTBOM 00CnyXnBaHus. Takum 06pasom, ¢ NoMoLLblo nonsa DS Mox-
HO onpenennTb 0o 32 pasHbIX YPOBHENM kKayecTBa 0O6CNYXMBaHUS.

B 1999 r. 6b111 onpeeneHsl Aga knacca ycnyr ans mogenu DiffServ.
B nokymenTe RFC 2598 onuncaHn knacc «cpo4Hom nocrtasku» (Expedited
Forwarding, EF), obecneunBaiowimini HaMBLICLLIUIA N3 BO3MOXHbIX YPOB-
Hel kadyecTBa obcnyxmneaHusa (Premium Service) n npumeHseMblin ons
NPUIOXEHU, TPEBYIOLMX AOCTaBKM C MUHUMANbHLIMU 334EPXKON U
DKUTTEPOM.

BTopoli knacc obcnyXuBaHUs, MOJSYYMBLUMA Ha3BaHWE «rapaHTu-
poBaHHOM goctaBkn» (Assured Forwarding, AF), npeacTtasneH B AOKY-
MeHTe RFC 2597. Knacc rapaHTMpOBaHHOM OOCTaBKW NoaaepXunBaeT
YPOBEHb Ka4yecTBa 06CNyXnBaHus 6onee HU3KMUIN, YEM KNTaCC CPOYHOM
[0oCTaBKK, HO bonee BbICOKMIA, YeM ODCNyXMBaHME NO NPUHLMNY «best
effort». BHyTpun aT1oro amanasoHa QoS knacc AF onpenensieT Yetbipe
Tnna Tpadunka n TpM YpoBHA OTOpPAChIBAHUS NakeToB. Takum o6pasom,
knacc AF obecneunBaeT BOBMOXHOCTb 00CNyXnBaHusa Ao 12 pasHoBua-
HoCcTen Tpaduka B 3aBUCMMOCTU OT Habopa Tpebyembix nokasaTesnemn
KayecTBa 06CNYy>XMBaHUS.

O6paboTka NakeToB B COOTBETCTBUN C OMpPeneNeHHbIMA YPOBHEM
npuopuTeTa nu TMNom Tpaduka OCYLLLECTBASETCS CHeLManbHbIMU Cxema-
MUK 06CnyXnBaHus odepenen, obecnevnBaloLLMMm KOHTPOSb 3a4ePXKeEK
N OXUTTepa NakeToB U UCKIIOYEHME BO3MOXHbIX noTepb. Cpean oc-
HOBHbIX MEXaHNU3MOB YrnpaBieHNsi oyepeasiMm 0OTMETUM MPUOPUTETHOE
obcnyxumsaHue (Priority Queuing), B3BelleHHOEe crnpaBenimBoe obcry-
xuaHue (Weighted Fair Queuing) n obcnyxmnBaHne B COOTBETCTBUN C
MmexaHn3amom PHB (Class-Based Queuing).

Cnepyet oTMeTUTb, 4TO MexaHn3Mbl DiffServ Bce xe He MOryT rapaH-
TUPOBATb TaKOW Xe ypoBeHb QOS, Kakor MOXHO NOSYyYUTb B LIMPPOBbIX
TenedoHHbIX CeTsaAx, 6ANPYIOLMXCS HA KOMMYyTauuM KaHanoB (Hanpu-
Mep, B ISDN). BmecTe ¢ TeM, MOXHO OXuAaTtb, YTO B ByOyLLIMX CETHX
BEC CNyx0, Tpedbylowmx «tenedoHHOe Ka4yecTBO», 6yaeT OTHOCUTENbHO
HebOobLWNM, TOrAa Kak ansg NPUIOXEHNN C MEHEE KPUTUYECKUMU Tpe-
6oBaHnsaAMM K QOS MoZenu n mexaHuambl AMdPEPEHLNPOBAHHBIX YCIYT
OynyT cnocobHbl 06ecneynTb HEODXOANMBIV YPOBEHb KayecTBa 0OCny-
XUBaHUS.

28.4.3. MexaHM3M MHOronpoToKOJIbHOW KOMMYTaLM NO MeTKam
(MPLS)

Ewe ogHMM mexaHu3mMoM obecnedeHus Tpebyembix nokasaTenem
kayecTBa 0OCNYXVBAHUSA ABASETCSH MHOIrOMPOTOKOJIbHAsE KOMMYTaLms
no metkam (Multi-Protocol Label Switching, MPLS). Texnonorna MPLS
npeacTaesnsieT cobon passuTue TexHonormm Tag Switching (kommyTa-
uMs Mo TeraMm UM No MeTkam), paspaboTaHHOM komnaHweln Cisco B
cepeaunHe 90-x rogoB npowioro cronetma. CywecTBo mexaHnama Tag
Switching coctouT B cnepyowem. BHavane kaxapii mapLupyTn3aTop
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cetn IP dopmumpyeT MmapuipyTHble Tabnmupl, NCNOMb3Ys CTaHOAPTHbIE
NPOTOKOMbI MapLipyTu3aumm (Hanpumep, npotokon OSPF). 3atem
KaXxaoMy MapLupyTy CTaBUTCS B COOTBETCTBUE (reHepupyeTcsl) MeTka
(label), koTOpas MoXeT onpenenaTb OAVMH MapPLUPYT UM Habop MapLu-
pyToB. Habop meTok popmMmnpyeT onpeaeneHHblin aHanor BUpTyanbHOro
COEOVHEHNS, HA3bIBAEMbIA «TPAKTOM, KOMMYTUPYEMbLIM MO METKam»
(Label Switched Path, LSP). Takum o6pa3om, METKM MOryT paccmar-
p1BaTbCS Kak ONpeaesieHHbI aHanor MAEHTUPUKATOPOB BUPTYasbHbIX
coeanHeHnn B TexHonornv ATM nnu ngeHTndmnkaTopoB N10rM4yeckmnx Kka-
HanoB B TexHonorusax Frame Relay nnm X.25. ChopmMmpoBaHHbIn Habop
METOK COOTBETCTBYET onpeaesnieHHoMYy Habopy MapLUPYTHbIX TabnuL,.

B TeueHmne 1996-97 rogoB KOMNaHUM-MPOU3BOOUTENN MapLUPYTU-
3aTopoB Ansa ceten IP npennoxunm 6onbLLIOe YNCIO BaPMAHTOB CXEM
KOMMYyTaUMmM No MEeTKaMm, YTO NMPUBENO K HEOOXOAMMOCTM CTaHOapTN3a-
LM MexaHn3moB aTol rpynnel. C aTton uenbto B IETF B 1997 roay 6bina
co3pgaHa cneumaneHasa padodas rpynna MPLS. NMepeas cneuydukaums
MPLS 6bina onybnmkosaHa B 1999 roay. lnaBHasg 0COGEHHOCTb TEXHO-
normm MPLS cocTouT B CYLLECTBEHHOM YMPOLLEHNM NpoLLecca MapLl-
pyTu3aumn naketa 3a cH4eT OTka3a OT HeobxoaMmmocTn aHanusa IP-aa-
PECOB B €ro 3arofioBke. 3TO NPMBOAUT K CYLLLECTBEHHOMY YMEHbLLIEHUIO
BpeMeHn npebbiBaHNS NAakeTOB B MapLLpyTM3aTope U, Kak CneacTeue,
K BOSMOXHOCTU NOAAEPXKN nokazaTtener QoS gns pasnmyHbIX BUAOB
Tpadwuka.

MpuHumn kommyTaumm MPLS ocHoBaH Ha o6MeHe meTkamu. Jliobon
nepenaBaemMblii MakeT acCoUMMPYEeTCa C OMNpenefieHHbIM «K/1aCCOM
aKBMBaneHTHOM nepecbinku» (Forwarding Equivalence Class, FEC).
B y3ne, yepes KoTopbin npoxoauTt LSP, kaxabin knacc naeHtuduum-
pyeTcs onpeneneHHon MeTKOW. 3HayeHne METKWU, pasMep KOTOpOoWn
cocTaBnsieT 32 6uTta, yHUKanbHO ons ydactka LSP mexay cocegHumMm
y3namu cetn MPLS, yepes koTopblie 3aT0T LSP npoxoauT. Y3nel MPLS
HasbIiBalOTCA MaplipyTnsatopamm LSR (Label Switching Router, LSR),
KOMMYTUPYIOLLMMKN N0 MeTkaM. Mapuwpytmndatopel LSR aHannaumpyiot
BMeCTO 3arosnioBka naketa IP (160 6uToB) meTky (32 6uta), 4TO NPUBO-
ONT K CYLLLECTBEHHOMY YMEHbLLIEHNIO BpEMEHU NnpebbliBaHWS NakeToOB B
MapLupyTmM3aTope.

28.5. OueHka kayecTBa 00CNy)XMBaHUSA B

cuctemax VolP

28.5.1. Cy0obeKkTuBHbIe U 00bEKTUBHbIE OLLeHKU KayecTBa 00Cny>XuBaHus

Mpw oueHke kavyecTBa ycnyr B ceTax |P HeobxoauMo yunTbiBaThb, HTO
TpeboBaHMA K CETEBbIM XapaKTepPUCTUKaM CO CTOPOHbI MPUIOXEHWNI
OaHHbIX U NPUIIOXEHNI, CBA3aHHbIX C Nepegaden peym, CyLLeCTBEHHO
pasnuyatotcs. Hanpumep, npu nepenaye 60JbLUNX MACCUBOB AAHHbIX
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Heobxoamma 6onbLuas nosoca 4acToT, NPy 9TOM AaHHbIE MOIYT He OblTb
KPUTUYHBIMU K 3adep>XkamM. B npoTMBONOMOXHOCTL 9TOMY, AJ1S MPUOo-
xeHuin VolP TpebyloTcs OTHOCUTENIbHO HEDOJbLLINE CETEBLIE PECYPCHI,
HO 3TM NPUJIOXKEHUS KPUTUYHbBI U K 3aep>XXKaM, U K Bapuaunm 3agepxex.
CnepnyeT yunTbiBaTb, 4TO pedeBoi Tpaduk nTpaduk gaHHbIX, epenaBae-
Mble Yyepes ceTb IP, He MoryT o6pabaTbiBaTbC 0QMHAKOBO B CUIYy psiaa
NPWYYH, B TOM YMCIIE TaKUX:

® [aKeTbl pevin N AaHHbIX Pa3JZIN4HbI MO OJIHE;
® MakKeTbl peydn N AaHHbIX nepegarTcd C pa3HbIM CKOPOCTAMUN,

® MaKeTbl peyn "N OaHHbIX O6pa6aTblBaIOTC9l B y3J1axXx N OOCTaBAIOTCA
nony4yartesito C MCNoJ1Ib30BAHMEM Pa3HbIX MEXaHU3MOB 1N NMPOTOKOJ10B;

e COOOLLEHMS 3NEKTPOHHOW NOYTbl UM MacCUBbI AAHHbLIX MOTYT ObITb
3a/lepXaHbl HA OECATKM MUHYT 6e3 BAUSHUSA Ha OLEHKY KadecTsa
obcnyxuBaHuUs, Toraa Kak 3aaepXku, paBHblIE HECKOSIbKUM COTHSAM
MWJINCEKYHA, MOTYT NPUBECTU K 3HAYUTENbHBIM UCKAXXEHUSIM peye-
BOro cuUrHana, JOCTaBNE€HHOro ¢ NOMoLLbIO TexHonorunm VolP.

B TeyeHne MHOrmx net 0ObLEKTUBHbIE KONIMYECTBEHHbIE OLEHKM,
KOTOpble onpenensnn 6ol Ka4eCTBO 0BCNYXXMBAHUS C YHETOM TOrO, Kak
OHO BOCMPUHMMAETCS Nonb3oBatenieM, 0TCyTcTBOBanu. OUeHKM Kadec-
TBa 0OCNyXuMBaHUSA OblM CyObekTUBHbIMU (Nnekums 8, mogens MOS).
B 1998 rony ITU ctaHaapTtusosan E-monens, B KOTOPOW Obinn npeno-
XeHbl OOBbEKTUBHBIE OLLEHKU KayecTBa, 6a3upyloLmMecs Ha N3MepPEHNN
dU3NYECKNX XapaKTEPUCTUK CeTeN U TEPMMHASbHbIX YCTPOMCTB. OTN
OLEHKM OCHOBaHbl Ha BbIYMCIEHNN TakK Ha3biBaeMmoro R-dakrtopa, on-
penensieMoro ¢ UCNonb30BaHMEM OOMLLLOro YMcna nokasaTtenemn, xa-
pakTepU3YIOLLMX KakK CeTb, Tak U TEPMUHANbI (3a4epPXKW, NOTEPU, TUMbI
KOOEKOB U T.A.).

Mbl paccMoTpuM, Kak npumeHstoTcs R-dgaktop n mogens MOS npu
oLeHKe kavecTBa obcnyxmnsaHms B TexHonorum VolP.

28.5.2. AHanus uckaxawwmx ¢akTopoB, BIUMIOLLUX HA KA4YEeCTBO
nepepna4yv peym B NnakeTHbIX CeTax

A. BninsgHue kogekoB Ha kKa4eCcTBO NnakeTu3npoBaHHOV peyn

Mpwn obpaboTke ayamo (1M BUAEO) MHPOPMALMN UCNONBb3YIOTCS Cre-
umanbHble YCTPOMCTBA — KOAekn. Ha nepegaioLuen cTopoHe KoAek npe-
obpasyeT aHaNoroBbli CUrHan B LUMQPOBOM, N HA NMPUEMHON CTOPOHE
KOAek BbINONIHAET o6paTHoe npeobpasoBaHune. CeroaHs meeTcst 60sb-
Lor Habop aPPEKTUBHBIX KOAEKOB C Pa3fINyHbIMUN XapakTepucTmkamm
(cmoTpwn Tabn. 28.3).

Twvnbl KOAEKOB Pa3NNYalOTCs NO HA3BAHMIO COOTBETCTBYIOLLLErO CTaH-
napta ITU-T, conepxawero cneundukauuio Toro Uanm MHOro Koaeka.
MepBbii N3 cneunduLUMPOBaHHbIX TUM Kodeka, U3BECTHbIN kak G.711,
npeobpasyeT aHanoroBbii CUrHan B UNGPPOBON C OYEHb BbICOKUM

23. lonbawTenH
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Ka4yecTBOM N 6e3 npumeHeHus onepauum cxatus. OgHako CKOpPOCTb
nepegayn Ha BbIXOAE WCTOYHMKA OKa3blBAETCS CYLLECTBEHHO BblIllE
CKOPOCTU Ha BbIXOAe KOAeKa, B KOTOPOM OCYLLECTBASIETCS CXaTue UH-
dopmaumn.

Mpwn co3paHnm nepBbix kKOoaekoB (70-e roapl NPOLLIOrO BEKa) Tex-
HOMOIrMS1 COBPEMEHHBLIX UMMPOBLIX CUrHAsNbHBIX MPOLECCOPOB 6bina
HepocTynHa. CerogHsa Ha 6a3e DSP MOXHO NOCTpouTb BecbMa adpdek-
TUBHbIE KOAEKU CO 3HAYMUTENIbBHO MEHbLUVMU TPEOOBAHNAMMN K NPOMyC-
KHOW CrMocoOOHOCTM TpakTa nepenadn. MeHbluass CKOPOCTb Nepenayn
nHpopMaLMM 03HAYAET, YTO MOXHO OpraHu3oBaTb OONbLUEE YUCIO
TenedOoHHbIX COEANHEHUIA MO OOHOMY U TOMY Xe TpakTy. OgHako npu
3TOM yMeHbLUaeTcs pa3bopynBOCTb peyn, BO3pacTalT 3a4epXKu, u
Ka4yeCTBO peyun CTaHOBUTCS 6onee YyBCTBUTENBHO K MOTEPE NakeToB. B
Tabn. 28.3 npencraBneHbl XapakTeEPUCTMKN KOOEKOB, a B Tabn. 28.4 —
OUEHKU KadecTBa peyn Ha 6a3e R-dpakrtopa n mogenm MOS gns HekoTo-
pbIX TUNOB KoAekoB ITU-T.

Ta6nuua 28.3. Tunbl peyeBbiX KOAEKOB U UX XapaKTepPUCTUKN

Cko- ann- 3a- Monoca 3apepxka B Teopetun-
Koaek pocTb Tenb- nepx- nponycka- oydepe axuT- yeckasi
nepepa- HOCTb Ka HUS OBY- Tepa, MaKcu-
uum, parar- nake- Hanpae- mc ManbHas
KOUT/C pamMmbl, Tu3a- JIEHHOro oueHKa
McC uum, coepuHe- MOS
Mc Hua, Ky
G.711 64 20 1 174,4 2 paTarpammel, 4,40
40 mc
G.726-32 32 20 1 110.4 2 patarpammbl, 4,22
40 mc
G.729 8 20 25 62,4 2 paTarpammel, 4,07
40 mc
G.723m 6,3 30 67,5 43,7 2 paTarpammel, 3,87
60 mc
G.723a 5,3 30 67,5 41,6 2 paTarpamMmmel, 3,69
60 Mc
Ta6anua 28.4. KauecTBO peum AN KOAEKOB Pa3J/IMidHbIX TUMOB (OLLeHKU Ha
6a3e R-¢pakTtopa nu mogenn MOS)
Kopek CKopocTb Nnepepauu, R-dakTop MOS
KOut/c
G.711 64 93,2 4,4
G.729 8 82,2 4.1
G.723.m 6,3 78,2 3,9
G.723.a 5,3 74,2 3,7
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b. 3anepxkun v pxxuTTep B ceTsx IP

3apepxka A0CTaBKM naketa pedum. Peub npencraensietr cobon
Tpaduk, YyBCTBUTENbHBIN K 3aeP>XKe, TOraa kak 60AbLIMHCTBO NPUo-
XXEHMIN OaHHbIX OTHOCUTENIbHO YCTOMYMBO K 3agepxke. Ecnu 3agepxka
[OCTaBKM MNakeTa pedn npesbillaeT onpefefieHHoe 3HayveHue (Hop-
MmMpoBaHHOe B PekomeHpauusax ITU-T), naket otbpackiBaetcd. B pe-
3ynbTaTte, Npy 60MbLIOM YUCIE OTOPOLLUEHHbIX MAKETOB KAYECTBO peyn
yXyaLaeTcs.

Kakas xe 3agepxka gonycTuma npu nakeTHom nepepade peyun? B
pes3yfabraTte UccnegoBaHMn KadyecTBa PeyYeBOro curHana ewe B 60-x
rogax XX Beka Oblj10 YCTAHOBEHO, YTO YENIOBEK HAYMHAET YyBCTBOBATb
3a4epXKM pevyeBoro cmrHana, npessiwamowme 150 mc, 1 owyuwiaet 3a-
MeTHbIN aMckoMdopT, ecnmn 3agepxka npesbilwaet 250 mc. MNosgHee,
npu nopaepxke ITU 6binn npoBeneHbl MaclutabHble MccnenoBaHUs
BNNSIHNSA CETEBOW 3a4EPXKM HA Ka4eCTBO TeNnedOHHOro pa3rosopa. 3tn
pes3ynbTaThl HaWAM oTpaxeHue B Pekomengaunu ITU-T G.114, B cooT-
BETCTBMM C KOTOPOW PEKOMEHAYEMBIV MOPOr 3a4epXKu Npu nepenadye
peun coctaenaeTt 150 mc. 3agepxkm Bbiwe 150 MC OCNOXHAOT Tene-
hOHHBIV pa3roBop, B YaCTHOCTW, NPU 3TOM 3HAYEHUWN 3a4EePXKM 06a
y4yacCTHMKA HA4YMHAKOT FOBOPUTb OAHOBPEMEHHO. Npun 3agepxke 300 mc
pasroBop pacnagaeTcd Ha pparMeHTbl, KOTOPbIE HEBO3MOXHO CBSA3aTb
B C/IUTHYIO PeYb.

PaccmoTpum, Kakme dakTopbl onpeaensior CYMMapHYIO BEJINHNHY
3a0EPXKN OOCTaBKM naketa. CkBo3Has 3aep>XkKa 0oCTaBkKU NnakeTa Dﬂ
onpeanendaeTca Kak CyMmmMma 4eTblpex COCTaBAAOLLINX!

Dp=Dp+Dpy*+DpptDgy,
roe:

Dp — 3apepxka pacnpocTpaHeHWUs: Bpems MPOXOXAEHNSA SNeKT-
puyeckoro curHana nmbo B kabene ¢ MeOHbIMU MPOBOAHMKAMU WK
onTU4YeckUMn BOJIOKHaMu, nnmbo B GecrnpoBoaHON cpede. B Bakyyme
BpeMs pacrnpoCTpaHeHUs curHana coctaBnsieT npumMepHo 3,3 MKC/KM,
B c/lyqae kabenen ¢ MegHbIMU NMPOBOAHMKAMU — MPUMEPHO 4 MKC/KM, B
kabensax ¢ oNTUYECKUMWN BOOKHAMU — MPUMEPHO 5 MKC/KM.

Takmm 06pa3omMm, B Cllydae opraHm3aumm ceaHca CBsi3M 4epes ChyT-
HUK, HaxoaaLWmMncs Ha BbicoTe 40 ThiC. KM, 3a4ep>Ka MPOXoXOeHUsS CUr-
Hana mexay OBYMS 3eMHbIMU CTaHLMAMU MOXET COCTaBUTb MOpsaKa
270 Mmc; 3apepxka pacnpocTpaHeHus Ha Tpacce MockBa — BnagmBoc-
TOK No Kabesno ¢ MeaHbIMM NPOBOAHNKAMWN paBHa NnpuMepHo 40 mc, no
BOJIOKOHHO-0OMTM4eckomy kabenio — 50 mc;

Dpi — 3aepxKa naketusaumm: Bpems, KoTopoe HeobxoaMMo 3aTpa-
TUTb B KOAeKe AN npeodpasoBaHMS aHaI0roBOro CurHana B LMgpoBomn
1 Ha dopMUpoBaHMeE NakeTa. Yem HMXKe CKOPOCTb CUrHana Ha BbIXode
KoOeKka, TeM BbllLe 3aaepxKa naketusaumm (cMotpu 1abn. 28.3);
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Dpp — 3apepxka nepeHoca nakerta: BpeMsi MPOXOXAEHUS nakeTa ye-
pes BCe YyCTPOWCTBA CEeTW, PACMOJIOXEHHbIE BOOJb MNYTU nepeaadyun na-
KeTa, BK/IIoYas MapLupyTM3aTopsl, LWI03bl, CETEBbIE 9KPaHbl, CErMEHTHI
CEeTU C OTHOCUTENBHO MasioN MPOMYCKHOM CMOCOBHOCTLIO B YCIOBUSAX
neperpysku v T.4.;

Dg; — 3apepxka Ha NnpremMHON CTOPOHeE B oydepe pxmtrepa. bydep
DKNTTEepa UCMNONb3YETCS AN YMEHbLUEHUSA BapuaLMn Mexny MOMEH-
TaMmy NOCTYNNEHNS NAKETOB Ha BXO[4, NPUEMHOro yctponcTea. bydep
MOXET HakarnaIMBaTb OT OOHOM A0 HECKONbKMX AaTarpaMmm. B cooTBeTc-
TBUWN C AaHHbIMU Tabn. 28.3 TunuuHbli Oydep axmTrepa HakanameaeT
ABe patarpammbl, 1 3anepxka Dg,; cocTaBnsier ot 20 po 30 mc B 3aBU-
CMMOCTM OT TUMNa Koaeka.

OueBNaHO, 4TO 3aepPXKKa PACNPOCTPAHEHUS, 3a0EPXKM B KOLEKE U B
Bydepe pxuTTepa ABASIOTCSA NOCTOSAHHBIMY BEANYMHAMW ON1si BbIGpaH-
HOro nyTu nepenayuv nakeTa, Torga Kak 3agepxka nepeHoca sBnseTcs
CJTly4aHON BENUYMHOMN, 3aBUCSLLEN OT YCIIOBUIA B CETU B TON UIN MHOMN
MOMEHT BPEMEHU.

PaccmaTtpurBasi BO3MOXHbIE KOJIMYECTBEHHbIE OLEHKM BCEX COCTaB-
NA0OLWNMX 3a0ePXKM OCTaBKM NakeTa, MOXHO BUAETb, 4To B ceTu HTep-
HeT 0OLLEero NoNb30BaHUSA 3a4epXKa PeYeBOro curHana MoXeT JIerko
npesbicnTb 150 MC 13-3a Neperpysok, nakeTnsauum, Hannunsa dydepa
IKNTTepa 1 NCNOoJIb30BaHNS CMYTHUKOBbLIX KaHasOB.

Ha puc. 28.1 nokasaHo, kak 3aaep>Xku BNusIlOoT Ha R-dakTop n noka-
3arenu MOC.

B 3aknioyeHne 3aMeTumM crieyioulee.

PeweHne 3apaun obecneyeHuss TpebyemMoro kadectsa OOCIYXW-
BaHWS B CETSX CJ/iedyloLlero nokoseHus, 6e3ycnoBHO, MOXET OblTb
OOCTUMHYTO MPAMbIM NYyTEM — Ha OCHOBE MNPEOOCTaBAEHUS FapaHTu-
POBAHHOM MONOCHI NPOMNYCKAHWS, MOBbILWEHNS NPOWU3BOANTENBHOCTHU
CETEBbIX YCTPONCTB — MapLUpyTU3aTOPOB W LUIIO30B, UCMONb30BaAHUM
MarucTpasnemn ¢ BbICOKOM MPOnyCKHOW CNOCOBHOCTbLIO.

OpnHako 6onee adpPpekTUBHbIM NPEACTABNAAETCA NPUMEHEHNEe rbKNx
METO/I0B ynpaBJfieHMsl pecypcamu, KoTopble o6ecneymBatoT Tpebyemble
nokasarenun Kkadectea 06cnyxunsaHus npu apdOeKTMBHOM UCMOIb30BaA-
HUW PecypcoB ceTu ans 6onbLIOro Habopa pas3nnyHbIX MPUIIOXKEHWA,
BKJIlOHas U Hanbonee KPUTUYHbIE ayamo- U BUOEONPUNOXEHUS peasb-
HOIrO BPEMEHM.
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Puc. 28.1. BnnsiHne BeNIMYMHbI CYMMapPHOW 3aAepPXXKn

Ha R-dakTop v oueHkn MOC

KniouyeBble cnoBa: nokasate v kayecTsa 00CNyXMBaHUA, CPEOHAs 3aaepXKa,
IKNTTEP, BEPOSATHOCTb NOTEpPb, KOHUenuusa «best effort», mexaHnamsbl IntServ n Diff-
Serv, TexHonorusa MPLS, E-mopnenb, R-dakTop, kogek, pekomeHaauum MC3 cepum G.

?
ij KoHTponbHbIE BONPOCHI

1. ConocTtaenas tabn. 28.1 n 28.2, onpenenute, kK kKakoMy knaccy o6cnyxmuBaHus
OTHOCUTCS Nepenaya peyn B ceTsx IP.

2. C kakol uenbto npooantcs obpaboTka Tpadmka B MNIOCKOCTU AAHHbLIX?
. B yem pocTomnHcTBa U HEQOCTaTKM MexaHn3mMoB IntServ?
4. B yem gocTouHCTBA M HegocTaTkn mexaHnamoB DiffServ?

w
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5. O6bscHUTE, kKakmm obpa3om TexHonorus MPLS obecneymBaeT BbiICOKNE
nokasatenu QoS.

6. Korma MoXHO ncnonb3oBatb NpuHUmMn best effort B cetax IP?
Mo kakuM napameTpam BbliOMpaeTcs TUMN kogeka?

8. O6bsicHMTE pa3HuLy B Noaxoaax kK oueHke nokasatenei QoS, 0CHOBaHHbIX
Ha MOS n R-gpakTope.

@ 3apauv v ynpaxHeHus

. Onpenenute avanasoH cpeaHux 3aaepxek B cucteme VolP, npu KOTOpbIX
obecneynBaeTcs NPUEMsIEMbIN YPOBEHb KayecTsa peyu.

2. Onpepennte, Kakme TUnbl koaeko ITU MoryT ObiTk MCNONL30BaHbI B cucteme VolP
npuv yCnoBun NpUeMsIEMOro Ka4yecTsa peum?

3. OnpepenuTe (NPUMeEPHO), kKakne BennymHbl R-daktopa n MOS MoryT 6bITb
obecneyeHbl Npu ncnonb3osaHum kogeka GSM co ckopocTbio nepepaymn 13 kbut/c.

4. PaccuuTanTe 3agepxkn pacnpoctpaHeHus Ha Tpacce Mocksa — CuaHen npu
NCMOJIb30BaHUN:

e MeaHoro kabens;
® BOJIOKOHHO-0MNTUYECcKOro kabens;
e CMYTHNUKOBOIO KaHana.

~

‘@ JlutepaTypa K nekuum 28

28.1. OxoHaTtaH 4., bxatua 4.M.M., Kannguugu C., Mykxepxwu C. OCHOBbI Nnepeaaymn
rosI0COBbIX AaHHbIX N0 ceTam IP. — M.: spatenbckunin oom «Bunbsamce»,
2007. -400c.

28.2. TonbawTeriH A.B., lfonbawTteinH B5.C. TexHonorus u npotokosnsl MPLS. — Cl6.:
BXB-MeTepbypr, 2005. - 304 c.
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3aaauu
pacueta CI/

lMono6HO TOMy, kak BCe NCKyCCTBa TSroTeloT K My3bIKe,
BCEe HayKu CTPEeMSITCS] K MaTeMaTtuKe.
. CaHTtasiHa

29.1. OcobGeHHOCTHU pacyeTa ceTen nepenpaumn
AAaHHbIX

3agayn pacyeTa ceTen nepenayn OaHHbIX NO CYLLECTBY He OoTin4a-
IOTCS OT aHANOMMYHbIX 3a0a4 pacyeTta Tene@oHHbIX CETEN U, KaK OTME-
YeHO B fiekuMn 9, MoryT ObITb pa3aeneHbl Ha TPY OONbLLNX HaNpPaBIEHUS.
lMepBoe HanpaBfieHMEe CBA3aHO C ornpeaeneHneM CTPYKTYPHbIX Xapak-
TEPUCTUK CETU, BTOPOE — C ONTUMMI3ALUUEN UCMNONb30BAHUS PECYPCOB
CeTUn, TPeTbe — C OLIEHKOW nmapamMeTpoB kKavyecTBa OOCNY>XMBaAHUS, TO
€CTb C aHaNn30M BEPOSITHOCTHO-BPEMEHHbIX XapakTepUCTUK paboTsl
CeTU, Takux Kak 3amepxku v rnotepu. lNepeble OBa HanNpaBieHUs U B
TenedoHHbIX CETSAX, U B CETAX Nepenadn naHHbIX 6a3mpyoTcs Ha 00LWmMxX
NPUHLUKMNAx, CBA3aHHbIX C PeLleHMEM TOMNONIOrMYECKUX 3a0a4, Pac4HeTOM
NMPOMYCKHOW CNOCOOHOCTM KaHasIoB 1 MPOM3BOAUTENBHOCTU Y310B. B TO
X€e BpPeMs Noaxoabl K OLUEHKE XapakTepuUCcTuK kadecTsa 00CyXMBaHUS
B CETSIX 0O0MX TUMOB, XOTSA 1 6a3NpPyOTCH HA TEOPUM MACCOBOro 0bcny-
XMBaAHWSA, OJHAKO, B KA4eCTBE aHaNIUTUYECKUX MOAenen Ons pacdeta
xapaktepuctuk ceten N4 ncnonb3yoTcs, B OCHOBHOM, CUCTEMbI C O4e-
pensmMu, Toraa Kak B Tene@doHHbIX CeTAX NPUMEHSIIOTCH, Kak NpaBuo,
CUCTEMBI C NOTEPSIMU BbI3OBOB.
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B ka4yecTBe OCHOBHbIX MapaMeTPOoB KadyecTBa oocnyxmneaHma (QoS) B
ceTax /] Ha 6a3e KOMMYyTaLMN NaKeTOB PACCUYUTLIBAIOTCS 3a0ePXKM U
noTepu (1 B yanax ceTun, N CKBO3HbIE). B aTOM nekumm mbl paccMOTPUM
HECKO/bKO 3a4a4, WIIIOCTPUPYIOLWLMX NOAXOAbl K pacyeTy 3adepXeK U
noTepPb MakeToB Kak B KJlacCUYeckmx ceTax VIHTepHeT, Tak u B ceTax P,
0b6CNyXMBAOLWMX MyNbTUMEANMHbIA TpaduKk.

29.2. PacuyeT 4NnTEeNIbHOCTU 3a4€EepPXXeEK B y3ne

KOMMyTaLuuUu1M nakeToB

PaccmatpuBaeTcda 3apaya pacdeta CpefHen  OJINTENbHOCTU
3aZepxeKk B y3/ie KOMMyTauMu NakeToB. TepMUH «y3es1 KOMMyTauumn
naketoB» O3Ha4yaeT 30eCb W KOHUeHTpaTtop (CTaTUCTUYEeCKUi
MYNbTUMIEKCOP), U Y3€/ BUPTyasnbHOM KOMMYyTaumMm nakeTos (ceTun X.25,
Frame Relay, cetn ATM), n mapwpytmndartop (cetn IP). Y3en kommyTtaumm
NakeToB MOXET OblTb NPeACcTaBieH B BUAE 3/IEMEHTA C MHOXECTBOM
BXOZHbIX KaHaN0B M OOHUM BbIXOAHbIM KaHAnOM (KOHLUEHTPAaTop) uam
3NIEMEHTA C MHOXECTBOM BXOOHbIX 1 BbIXOOHbIX KAHAOB (KOMMYyTaTOp/
mMapuwpyTtmzaTtop). C mcnonb3oBaHnem cumBonvkn KeHpanna Takue
ceTeBble 3/1IEMEHTLI MOTYT OblTb NPEACTaBEHb CUCTEMaMMN MAacCOBOI0O
obcnyxnanusa suga G/G/1 nnn G/G/n (Npon3BoJibHbIE BEPOATHOCTHLIE
pacrnpegeneHus, OnucbiBalowye U  BXOAAWMA  MNOTOK  3adBOK
(B Hawem crny4ae — MakeToB WM MNPOTOKOJbHbLIX ONIOKOB), N BpeMs
nx obcnyxmeaHusa. (OTMETUM, 4TO MpPU aHaaM3e y3/I0B KOMMyTauuu
NakeToB 4acTO WCMOJb3YOTCA MOOENN C OOHUM O0OCIYXVBaOLWUM
npmnbopom, To ecTb cuctembl G/G/1).

CpenHsis anmHa odepeau B cucteme M/G/1 (nyacCOHOBCKUIA
NMOTOK MakeTOB Ha BXOAe, MPOW3BOJIbHOE pacnpefesieHne BPeMEeHU
obcnyxmBaHms) npn 6eckoHeYHOM pasmepe bydepa paccyHMTbIBAeTCS
Mo Knaccu4eckom popmyne XuvHunHa-lNonsyeka:

- 1+ C?
d=ptptFC o,
2(I1=p) (29.1)

roe
A

P = — — Harpyska cuUCTeMbl MaccoBOro obcayxuBaHus (OTHoLle-
I

HNe MHTEeHCMBHOCTU BXOoAdALWero rnotoka 3adBOK K MHTEHCUMBHOCTU UX

obcnyxmnBaHus),
2 @) 5
Cl=— < KBaaparuyHbIti KO3 dUUMeHT  BapuaLmmn
()

pacnpeaneneHna BpemMeHn o6cny>|<|/| BaHNA,
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D(ts) — nmcnepcusa pacnpeneneHms BpeMeHn 06CnyXnBaHus.

t, — cpegHee Bpemsi OOCAyxXuBaHWsS MPOTOKOJILHOro 6s10Ka

(matarpamMmmebl, NakeTa, kagpa, A4enkn) B CUCTEME.

Ona onpepeneHnsa cpegHen OAUTENbHOCTU 3aLepPXKU B CUCTEME
M/G/1 Bocnonbdyemcs dopmynon Jlntrna, yxe durypmposaslUen B

nekumn 19:
q = \ly

Torpa cpeaHdaa AnTeNbHOCTb 3a4epPXK onpenennTcAa Kak:

- 1+C2

_4 1+C
A 2(1-p)

ty = ] (29.2)

Ina pacyeTta cpegHen ONMHbI O4epean U CpeaHen OMTenbHOCTU
3a0epPXKM HEOOXOAMMO 3HATb 3HAYEHUS ANCNEPCUM U MATEMATNHECKOIO
oxugaHnsa (unn koadduumeHTa Bapmaunm) pacnpeneneHns BPpeMeHmn
obcnyXmBaHuUs  MNPOTOKOJSIbHOro  6sioka  (Bpemsi  0OCNyXuBaHUS
NPOonopLMOHaNbHO AnvHe npoTokKofibHOro ©6noka). B Ttadbn. 29.1
NPUBEOEHbI BbipaXeHUs1 A1 pacyeTa KBaapaTudHbIX KO3MDPULMEHTOB
BapuaumMm HEeKOTOPbIX pacnpeneneHnii, NPUMEHSIEMbIX MPU OLEHKe
cpenHen onuTenbHOCTM 3a4ePXKkM B ceTax MIHTepHeT.

'MnepakcnoHeHUManbHoOe pacnpeneneHme ¢opmmpyeTcs nyTem
CYMMUVPOBAHUST  HECKOJIbKMX  9SKCMOHEHUMANbHBIX  pacnpeneneHun;
Kaxaoe BxoAslee B CyMMY pacnpeneneHne npm aToM B3BeLLMBaEeTCS,
1 CyMMa BECOB paBHa eguHuue. B Tabn. 29.1 runepakcnoHeHumansHoe
pacnpegeneHne npeacTtasfeHO ANS Clydad, Korga pesynbTupyollee
pacnpegeneHne CoOOepXuT OBe cocTaBnadwowme. Bec oaHonm
COCTaBNAOLWEN paBeH S, BeEC BTOPO cocTaBnsiiowern paeeH (1-S).

leoMeTpuyeckoe pacrnpenefieHne, npeacraenawllee B Tabnuue
€OVHCTBEHHOEe  OMCKpeTHoe pacnpegenexue BEPOSATHOCTEN,
NCMONbL3YETCA MPUMEHUTENBHO K HEKOTOPbIM MPUIOXEHUAM A5
onucaHua pacnpegesieHMss BpeMeHu npebbiBaHus CUCTEMbI B
onpeneneHHoM  cocTosHuW.  [eomeTpuyeckoe  pacrnpenesieHve
XapaKTepu3yeTcs BEPOSTHOCTLIO p; NPEObIBaHMS CUCTEMbI B 3TOM
COCTOSIHUM M BEPOSATHOCTBIO 1-p; HAXOXAEHUS CUCTEMbl B APYrOM
COCTOSIHUN.
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Ta6bnuua 29.1. KeagpaTtuuHbie K03 duULMeHTbl Bapraumm A HEKOTOPbIX
pacnpepeneHnin
PacnpepneneHune KoadbduuueHnrt C2
3kcnoHeHumansHoe (M) Cc?=1
1
SpnaHra C’= T ( k — nopsnok pacnpeneneHvs Spnaxra)
2
1-28+2S , <SS1
28(1-S5) 2

MinepakcnoHeHumnansHoe (H)

(S - NnapameTp runepakcroHeHUManbHOro pacnpeneneHms
L9 CJly4as CyMMbI [BYX SKCMOHEHT)

[eomeTpuyeckoe (Geom)

C?=p,0<p <l

(p, - NapameTp reoMeTPUHECKOTO pacnpeaeneHs)

MocTosiHHOEe Bpemsi 0BCNyxXu-
BaHWa 3aaBkn(D)

Cc?=0

MapameTpbl cuctem Buaa G/G/1 ¢ 6ECKOHEYHOW NaMsATbIo HEe MOryT
ObITb paccYMTaHbl TOYHO NPU pacnpeneneHnsx napamMmeTpPoB BXOAALLMX
NMOTOKOB, OT/IMYHBLIX OT NMyaccoHoBCcKoro. OaHako cyllecTByeT Habop
NPUONVXEHHbIX GOPMYN, MNO3BONAIOLLMX paccynTatb ovepean u
3anepxkn. Hmxe npueeaeHbl GOpMynbl ANS pacyeTa cpeaHein oavHbl
oyepean B cucteme G/G/1, oTkyaa JNlerko MOXeT ObiTb MoJsiydyeHa
cpenHss ANTeNbHOCTb 3aePXKN:

— C?* +C?
%=pU+£LLiéQL (29.3)
20-p)
— 1 pC2+C?
= _+—a S ; 29.4
q, p[Z 21— ) ] ( )
o 2 2
7 _ G +C (29.5)
20-p)

2
roe Cg 7] CS — KBagpaTtun4yHble KO3POUUMEHTLI pacnpeneneHns
BXOJSLLLErO NOTOKA NPOTOKOSbHBLIX 6JI0KOB U BPEMEHW X 0OCTYXXNBaHWS,
COOTBETCTBEHHO.

N3 popmyn ans oLeHKN cpegHuX AnnH odepenen (3agepxek) BuaHo,

4YTO B 3HAMeHaTene kaxaom Gopmysbl NPUCYTCTBYET MHOXUTENDb (1-P),
KOTOPbIN ABNSIETCS MNOSIIOCOM YPaBHEHMS.
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Mpwn NpUBANXKXEHNN P K ANHULLE MOJIIOC CTPEMMUTCS K HYJIIO 1 KPUBbIE
Ons oyepenen (3agepxek) CTpemMsaTcsa K 6eckoHe4YHoCTU (CM. puc. 29.2
B KOHLE Jiekuumn). ITO SABEHME OOJSIKHO Y4YMTbIBATbCHA Npu Bblbope
Harpysku, 4tobbl obecnevynTb rpaHuLbl OAMTENIbHOCTU 3adepXek B
COOTBETCTBUM C HOPMaMM KadecTBa 00CTyXVBaHWSI.

MpubnuxeHne (29.3) ceoautca kK popmyne XuHunHa-lNons4veka, To
€CTb ABISIETCS TOYHbIM Ansa cuctembl M/G/1. Vicnonb3oBaHue Ton nnm
VMHOM NMpunbnmxeHHOM GopMynbl AN pacyeTa odepean onpenensercs
TeM, HaCKOMbKO pacnpenefsieHne BXOAdLEero notoka OTiIM4aeTcsa OT
NMyacCOHOBCKOr0, a Takxke OT Harpy3ku oOCnyXuBaloLLEro yCTponcTea

p [24].

29.3. PacuyeT BEpoOATHOCTU NOTEPL B y3/51€
KOMMYTauum NakeTosB

Ewe ogHuM BaxHbIM NapameTpoM QoS B ceTax nepenaym OaHHbIX
ABNAETCA BEPOSATHOCTb MoTepb naketoB. Nmeetca pan hakTopos,
6narogaps KOTOPbIM MakeThbl HE JOCTABNAOTCA B MYHKT Ha3HAYEHUS.

Cpe,u,m OCHOBHBbIX MPNYNH OTMETUM NCKa>KeHWMe NMakeToB B rnpouecce
rnepenayn 4yepes CeTb, MNPEBbILUEHNE «BPEMEHW >XU3HU» MakeTos, a
Takxe OT6pOC NakeToB B y3J1aX NMpu OTCYTCTBUN CBOﬁO,EI,HOFO MeCTa B
6ydepHOM HakonuTene yana.

MocnepHee siBNeHME BCTPeEYAETCS B TOM Clly4ae, €C/M HaKOMUTENb
NMEET KOHEYHYIO EMKOCTb NamMsaTu. BeposiTHOCTL NOTepb onpenensieTca
Kak BEPOSITHOCTb NepenonHeHns 0ydepHOro HakonuTens.

B pmaHHOM pasgene  paccmaTtpuBaeTcs  3ajada pacdeTta
BEPOSITHOCTM MEPENOJSIHEHNS NaMsaTM B Yy3/e, KOTOpbli B 0OLEM
BUOE OMNUCbIBAeTCA CUCTEMOW MacCOBOro 0OCHAyXMBaHMS BuAA
G/G/1/N. HayHem ¢ moaenu nNpocTeilen CUCTEMbI C MyaCCOHOBCKUM
BXOASLLMM MOTOKOM U 3KCMOHEHUMANbHBIM pacrnpeneneHmemM BpeMeHun
obcnyXmBaHus, a 3aTeM paccMoTpum b6onee obuime Moaenn CUCTEMBbI
MacCcOBOIro 00CNyXVBaHWSI.

Cuctema M/M/1/N. BeposaTHOCTb NEPEenosIHeHUa namsaTu
onpenensieTcsa Ha OCHOBE NPOLECCOB rmbenn n pasMmHOXeHUsa 1 paBHa:

l—p
Bl = Wﬂ (29.6)

N
OuyeBMOHO, 4TO MPU 3HAYEHUaX P <1 pns cuctemsl M/M/1/N
MOXET ObITb MCNONb30BaHa CAeayloLas annpokCUMaLnA:

B, ~p" (29.7)
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. E+00
.E-02
.E-04 \
. E-06 \
.E-08
P=05 0.7 0.8 0.9
.E-10 i N
Puc. 29.1. BeposTHOCTb NOTepb Kak PyHKUUS pa3mepa 6ycdepHoro

HaKonuTens Npu pa3HbiX p

Ha pwuc. 29.1 npepgcrtaBneHbl 3aBUCMMOCTUM BEPOSATHOCTM ne-
penosiHeHns namatnm P, . OT pasmepa namatu Hakonutena N,
N3MepPSIeMOro B YNCI1e NPOTOKOJbHbIX B/I0KOB (MakeToB, KaapoB, A4yeek),
NpWY pasHbIX 3HAYEHUNAX Harpyskm L . BT 3aBUCUMOCTU PaCCHUTaHbI
no dopmyne (29.7). 3ameTm, 4TOo AN PUKCMPOBAHHOIO pasmMepa
Bydepa BEpPOATHOCTb NEPENOJIHEHNS BO3PACTAET NO MepPE yBENNYEHUS

Harpysku PO .

Mpu 3agaHHON BEPOSATHOCTU MEPEMOSIHEHUS NaMSATU CYLLECTBYET
MakCuMaNnbHOE 3Ha4YeHMe Harpysku yana, npu KOTOpPOW cuctema C
oyepenssMn yaooBneTBopsieT TpeboBaHWAM K BEPOSATHOCTU MNOTepb,
onpenensieMbix HOpMamMm AJisg 3TON BEPOSATHOCTM (CM. nekumio 28).

N3 ypaBHeHMA (29.7) MOXHO Takxke Mony4uTb HeobXxoauMmbii
pasmep Oydepa B y3ne, UCxoaa uU3 BEPOSTHOCTU MNOoTepb. PelweHue
ypaBHEHUs OTHOCUTENbHO eMKOoCTU Bydepa N BbipaxaeTcs creayoLlein
dopmynoi:

N % ln(B()SS)

29.
In(p) (=99
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Cuctema G/G/1/N. Tlony4yeHne TOYHbIX PELUeHUn B 3aMKHYTOW
dopme pns cUCTeM Takoro Tuna Mpu M3BECTHLIX pacnpeneneHusx
BXOASLLErO NOTOKAa U BPEMEHM 0B6CNYXXMBAHUS, 0COOEHHO NMPU KOHEYHOM
€MKOCTU HaKOMUTENs, COMPSXKEHO CO 3HAYUTESNIbHbIMU TPYAHOCTAMM.
Bonee adpPekTUBHBLIM ABMSAETCS MUCMONb30BaHWE MPUONMXKEHHbIX, HO
NPOCTLIX B MPUMEHEHUN OLEHOK, Oa3MpPYIOLLMXCA Ha KBaOpaTUYHbIX
koadduumeHTax Bapuauum  BXOASLWEro rnotoka W BPEMEHU
obcnyxumBaHma. MpunbnmxeHHas dopmyna s OueHKM BEPOSTHOCTU
noTepb B CUCTEME, ECNU 3TU NapameTpbl pacnpeaesieHnii BXOASLIEro
noToka N BPEMEHU OBCNYXMBAHUSA W3BECTHbI, Oblna MpenjoxeHa B
cepeguHe 70-x rogoB npownoro ctonetus B.B. JlunaeBbim n C.O.
ALIKOBBLIM N UMEET CReayloLuin Bua;

S N4 (29.9)

3Hagd pacnpeneneHnsa BXOAALWEro notoka n BpeMeHu ob6cnyxmnsaHns
W, TakuM 06pasom, MoyInB 3HAYEHUSA KBaapaTUYHbIX KOSPPULNEHTOB
Bapuaumm, MOXHO paccynTaTtb BEPOATHOCTb MOTEPb B [A0BOJILHO
cnoxHom cucteme. KoHeyHo, cremoyeT yuuTbiBaTb, YTO 3TU OLEHKM
OyayT NpUBAMXEHHBbIMW, HO MOXHO BCErga OLEHWUTb MOrpPeLlHOCTb
BblYMCNEHUI, NpoBeas VMMUTALMOHHOE MOAEeNnpoBaHUe BbliOPaHHOM
CUCTEMBbI, HAaNpUMep, C UCMONb30BaHUEM CUCTEMbI NS2.

PaccMoTpeHHble NpMepbl BbIYNCNEHNT OJINTENLHOCTU 3a4EPXEK U
BEPOATHOCTM NOTEPb NO3BONSIOT MPOBECTU OLLEHKN AJ151 U30JIMPOBAHHbIX
ceTeBbIXy3n0B. [TpeacraBngeT UHTEPEC TakXe U OLLeHKa Tak Ha3blBaeMbIX
CKBO3HbIX 3aiepPXeK 1 NoTepb. YTo KacaeTcs ANUTEeNbHOCTU 3a0ePXKU,
onpenensiemMon yasnamm, TO OHa cyMTaeTcs NPOCTbIM CYMMUPOBAHMEM
3aZlepXeK Ha BCex y3nax, BK/oYas M MybTUNIEKCOopPbl. Belumncnenve
CKBO3HOW BEPOSATHOCTM NOTEPb, YYUTLIBAIOLLEN TOSIbKO MOTEPU B y3riax
n3-3a MepernosiHeHNs namsaTu, aBngeTca 0osee CNOXHON 3agaqven.
OpHako npuHaB runoTedy J1. KneiHpoka 0 He3aBUCMMOCTHY y3/10B CETU
MHTepHET, MOXXHO CBECTM pacyeT NoTepb B CETU, cogepxawien K y3nos,
K NpocTon popmyne:

K

Plossm,, = 1_I_I(I_Ploss,{) (2910)
k=1

roe P — BEpPOATHOCTb CKBO3HbIX NOTEPbL ANd CeTn,

loss,,,

P

loss;,

— BEPOATHOCTb NMNOTEPDL B Yy3/1€ C HOMEPOM K.
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29.4. Oco6eHHOCTN aHanNn3a MyJIbTUME AUNHOI 0O
Tpaduka B cetax IP

CerogHa BeCb ceTeBOM Tpadpuk WMHTEpHET npakTudeckm MOXHO
pasgennTb Ha aBa knacca — Tpaduk, nepegaBaemMbliii No4 ynpaBneHnem
npotokona TCP, n Tpaduk, nepepaBaembiii non YynpaBneHNEM
npoTtokona UDP.

Mponopuun Tpaduka TCP m UDP un3MeEHSnMCb O4YeHb Mano B
TedyeHue nocnegHux 5-7 net. MNMpumepHo 90% Tpaduka nepenaetcs
yepe3 coeanHeHus TCP. MpunoxeHus, BavaowmMe Ha POCT Tpaduka
TCP, pas3BuBaloTCA 04YeHb ObLICTPO, B MEpBYHD o4epenpb, Gnaromaps
pa3Hoobpa3HbiM Web-npunoxeHusm U O0OHOPaHroBbIM (peer-to-per)
MEXCEeTEBbIM COeAMHEHUsSM. B To xe Bpemsi HabniogaeTcs pocT
obbemoB Tpaduka UDP B cBA3M HapacTaloLen NonynsgpHOCTbIO HOBbIX
npunoxeHnin, Takmx kak VolP, IPTV n gp. NpnmepHble 06beMbl Tpadurka
UDP ceroaHs cocTaBnsitoT okoso 9%, oaHako cneayeT oXunaaTth cyllec-
TBEHHbIV POCT 3TOro Kjlacca Tpaduka B Onvxarniume rogbl.

B cetax IP npucyTCTBYeT Takxe Tpaguk yrnpasieHus, KOTOPbIN
dopmMupyeTcs pasnndHbIMM NPOTOKONAMU CUrHANU3aLnU 1 yrnpasneHus
ceTblo. XoTa obpaboTka Tpadwuka ynpaBneHus Heobxoauma ang
HOPMaJsIbHOIrO GYHKLMOHMPOBAHUS CETU, EFr0 00 bEM OTHOCUTENBHO Man
(1 -1,5%) 1 He BAUSET HA XapaKTepUCTUKM paboTbl CETU.

Kpome pasgeneHna Ha Kiaccbl B 3aBMCUMMOCTM OT BMAaa
TPaHCMNOPTHOro NPOTOKONa, B CeTax WHTepHeT NpuHATO pasnuyatb
TpadpuK TPEeX OCHOBHbLIX TUMOB: 3/1aCTU4YHbLIA, MOTOKOBLIN N PeasibHOro
BpeMeHu. TepMUH  «3/1aCTUYHbIM»  MNPUMEHSETCAa K Tpaduky,
co3gasaeMoMy Mpu nepefade OaHHbIX NOL4 ynpasfieHMEM MPOTOKOoSa
TCP, n ero Ha3BaHMe CBA3aHO C TEM, YTO CKOPOCTb nepegayn MoxeT
N3MEHATLCHA B LUMPOKUX Mpeaenax B OTBET HAa U3MEHEHUS Harpysku
cetn. Tpadpuk 3TOro BMUAA YyBCTBUTENIEH K MOTEPAM U HE KPUTUYEH
OTHOCUTENbLHO 3a4epPKeK.

lMoTokoBbI Tpaguk NOPOXOAETCA MPUIOXKEHUAMUN, CBA3AHHLIMU C
nepenayeii ayamo- v BuaeonHGopmaummn. 3T NPUNoXeHNs reHepupyioT
NMoTOKM MaKeToB, WMeIoLIME OnpeaesieHHyl0 CKOPOCTb Mepeaayu,
KoTopaa Ao/mkHa OblTb COXpaHeHa BO BPeMsA CeaHca CBA3U MyTem
orpaHuMyeHus 3agepXxek, Ho NPy 3TOM AO0MNyCTMMbl 6onee AuTesbHble,
Mo CpaBHEHMIO C TPadUKOM peasibHOro BPeMeHU, 3a4epPXKM, U 3TOT TUM
Tpadurka OTHOCUTENIbHO Mano4YyBCTBUTENEH K MOTEPSAM.

Tpaguk peasbHOro BpeMeHy AonyckaeT OTHOCUTENbHO HebonbLUune
ONTENBHOCTU 3a4EPXEK N MaNIOYyBCTBUTENEHKNOTEPAM. Tpaduk 3TOro
Tuna co3gaetca B cuctemax IP-tenedpoHnm n BuaeokoHdEPEHL,-CBA3U.
M noTokoBbI Tpaduk, 1 Tpadunk peasbHOro BpeEMeEHM NepenarTcs nog,
ynpasneHuem npotokona UDP.
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B knaccuuecknx cetax I[P npucyTcTBOBan TONbLKO 3MaCTUYHLIA Tpa-
dUK, KOTOpbLI obcnyxueancsa no npuHuuny best effort. Ana coBpe-
MeHHbIX ceTenl IP, roe nmeetcsa Tpaduk Bcex Tpex TUNoB, TpebyeTcs
LUMPOKNIA Habop nokasaTenen napameTpoB KadecTBa 0OCNyXuBaHUSA,
HauYMHasa OT NapamMeTpPOB YPOBHS best effort n 3akaH4ynBas napameTpa-
MW, COOTBETCTBYIOLUMMU TPadUKy peanbHOro BDEMEHMU.

29.5. PacnpepeneHus ans pa3findHbIX
npunoxeHun B ceTax IP

Mpouecc NoOCTynneHMs MOTOKOB B S4p0 CeTu 0OblYHO NpeacTaBs-
nsaet coboi cynepno3numio 60osbLLIOr0 YMcna He3aBUCUMbIX CEeaHCOB
(ceccunn). CtaTucTMyeckMe AaHHbIe O XapakTepe MoTokoB B ceTax IP
CBUOETENBbCTBYIOT O TOM, HTO BO MHOIMX Cllydasix pacnpeneneHme, onm-
CblBaloLlee BXOASALMIM NOTOK N BPeEMSI 0OCNY>KMBAHUSA, MOXHO CYMTaTb
9KCMNOHEHUMANBHbIM.

BmecTe ¢ Tem, cTaTMCTUYECKME NCCefoBaHNs 31aCTUYHOro Tpadu-
Ka NoKasblBaloT, YTO HApsaay C NPOCTENLLMMN pacnpeneneHnsamm, npo-
LLeCCbl NOCTYIMJIEHNA N O6Cﬂy)KI/IBaHI/I9I MOTyT onmncbiBaTbCA N MeEOJIEHHO
3aTyxalowmnmm pacrnpeaeneHmamMmn.

CTpyKTypbl NOTOKOBOro Tpaduka n Tpadurka peasbHOro BpEMeHU BO
MHOIMMX NPUIOXEHUSAX TakXKe OMUCLIBAITCH MEAJIEHHO 3aTyxalowmMin
pacnpegeneHusaMmu. OTMETUM, YTO y TaKUX pacrnpeneneHnin gucnepcus
MOXET ObITb JOBOJIbBHO OOJIbLUIONM, TaK YTO KBaApaTU4Hble KO3ddULNEH-
Thl BApUaLMn 6yayT NpeBbILWATh eAMHULY (T.€. 3Ha4YeHne KoapdULMeH-
Ta Bapuaumu ang aKCnoHEHUMaNbHOro pacnpenenenus).

Cny4aliHble nMpouecChl, ONUChIBALINECS MEOJIEHHO 3aTyXaloLLMMMU
pacnpeneneHnsmMm, OTHOCATCA K KJlaccy camorofgob6HbIX MpoLEeCcCOos.
Hawnbonee pacnpoCcTpaHeHHbIMU pacnpeneneHnsaMm ykasaHHoro tmna
aBnsloTCsa pacnpenenenus [lapeto, Beibynna wn norHopmanbHoe
pacnpeneneHue.

B Tabn. 29.2 npmBeaeHbl 0600LLEHHbIE PE3YSLTATbl CTATUCTUHECKMX
nccnegoBaHun B ceTax IP anga pasnuyHbiX NPpUAOXeHW; 30ecb
yepe3 A obo3HayaeTcsa pacnpeneneHme BXOAsLLEro rnotoka, a yepes
B — pacnpegeneHune annHbl NPOTOKOJIbHbIX B/I0KOB.

M3 Tabn. 29.2 BMAOHO, 4TO MOYTOBbIA Tpaduk (npotokon SMTP)
ONUCbIBAETCA 9KCMOHEHUMAaNbHbIM  pacnpeneneHneM, Torga Kak
6onbWOMY  4YMCny  NonynsipHbix  IP-NpunoxeHnin  COOTBETCTBYIOT
Me[IeHHO 3aTyxatoLye pacnpeneneHus.
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Ta6bnuua 29.2. PacnpepaeneHuvs ang onucaHusa Tpaduka pasiniyHbiX
npunoxeHui B cetax IP

PacnpepeneHus
Tun Tpaduka YposeHb mopenu IETF

A B
VolP/UDP MPUNOXEHNIN/TPAHCMNOPTHbIN P P
FTP/TCP MPUNOXEHNIA/TPAHCMOPTHbIN P Wwn LN
SMTP/TCP MPUNOXEHN/TPAHCMNOPTHbIN M M
HTTP/TCP MPUIOXEHWIA/TPAHCHOPTHbIN P LNuP
IP ceTeBon P P
Ethernet 3BEHAa JaHHbIX P P

MpumeyaHune: P — pacnpegenernuve MNMapeTo;

M — aKCnoHeHuManbHOE pacrnpeaeneHne;
W - pacnpeneneHue Belibynna;
LN — norHopmanbHOE pacnpegeneHune.

29.6. 3agepXxkKu n noTepm B CUCTemMmax MaccoBOro

OGCHV)KI/IBaHI/Iﬂ, onucbiBaemMbiXx MenJieHHo
3atyxalouwmmmMmm pacnpepeineHnamm

PacueT cpeoHux o4epenen (3amepXek) n BEpOSATHOCTM MNOTEPb
B CUCTEME MACCOBOro OOCNYXMBAHUS C MEMJIEHHO 3aTyXaloLMMu
pacnpeneneHnaMn BXOASILLErO0 MNOTOKA UM BPEMeHU 00CNyXMBaHUS
MOXHO MNPOU3BECTU MO MNPUBAMXKXEHHBIM GOopMynam, MpPUBELEHHBIM
BblLLE.

Pe3ynbTaTbl pacyeToB MJINTENBHOCTU 3a0epXeK U BepOosaATHOCTU
noTepb AJs y3na KOMMyTauuMu, MOOENMPYEMOro CUCTEMON Buaa
G/G/1,no popmynam (29.3) 1 (29.9) cOOTBETCTBEHHO, MPeACTaB/IEHbI HA
puc. 29.2 1 29.3.

Mpw BbIMUCNEHUSX ONUTENBHOCTU 3a4EPXEK U BEPOATHOCTU NOTEPDL
HeoBXOAMMO 3HATb KBaZApPaTUYHbIE KOI(DPUUNEHTHI Bapuaumm Kaxaoro
pacnpeneneHns. Gopmynbl onsg pacyeta aTux KO3pOULMEHTOB CIIOXHbI
M 30eCb He NpMBOAATCA. BmecTe ¢ TeM, NpefCTaB/ieHHble Pe3ynbTaThl
pac4eToB MNO3BOMSIOT CAeNnatb psf NonesHbIX BblIBOAOB. Ha rpadukax
ONg 3afjepXek BUOHO BAUSHWME 3HaMeHaTens (1-p) Ha Xo4 KPWBbIX.
OnnTenbHOCTb 3a4epKeK U BEPOATHOCTb NOTEPL CYLLLECTBEHHO 3aBUCAT
OT pacnpefeneHnini BXOOsILLEro NOTOKa U BPEMEHU OOCNYXMBaHUS.
BaxHO oOTMeTUTb, 4YTO 3agepXkm wn nortepn B cucreme M/M/1
0OKa3blBaOTCH CYLLECTBEHHO MEHblUe COOTBETCTBYIOLWMX NapamMeTpoB
B CUCTEMax C Me[JIEHHO 3aTyxalLMMy npoLeccamMmmn n3-3a pasHuubl B
3HaYeHnsax KBagpaTn4HbIX KO3 OULMEHTOB Bapmaumn.
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tdelay 25
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3aBUCUMOCTDb AJIUTENIbHOCTU 3a4ePXKU B y3/1e KOMMYyTaLuumn
OT Harpy3Ku Npu pa3HbiX BUAax pacnpeaesnieHus xapakre-
PUCTUK BXOASLLEro NOTOKa U BpeMeHU 06CNy)XXUBaHNS
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3aBMCUMOCTU BEPOSTHOCTM NOTEPH B y3/ie KOMMYTauum
OT Harpy3ku Npu pasHbIX BUAax pacnpeaeneHns xapakre-
PUCTUK BXOASALLErO NOTOKA U BpEeMEHU 06CNyXUBaHUS
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KnioyeBblie cnoBa: BepoaTHOCTHO-BPEMEHHbIE XapaKTepUCTUKM paboThl ceTu,
y3e/q KOMMyTaumn nakeToB, CPeaHas ananHa odepean, dopmyna XuHunHa-lMongaueka,
cpenHas  ONUTENbHOCTb  3a4epXKu, KBagapaTuyHbll  KO3GOUUMEHT Bapuaumn,
BEPOSATHOCTb NMOTEPb, 3NACTMYHbIA TpadurK, NOTOKOBLIN Tpaduk, Tpaduk peanbHOro
BpPEeMeHN, MeASIEHHO 3aTyxaloLlee pacnpegeneHme.

-
i] KoHTponbHbIe BONpOCHI

1. B yem cneunduka pacyeta Clr/ no cpaBHeHUIO C TeNnedOHHbIMU CETAMN?

2. Kako napameTp y3na KOMMyTauum NakeTtoB MOXeET ObITb pacCUmUTaH
no ¢popmyne XnHumnHa-rNonayeka?
. OnpepnenuTte TEPMUH «KBaapaTUYHbIN KO3DDULIMEHT Bapuauunm».
. Yt0 o3HavaeT 3anucb G/G/1/N?
5. Ob6bsicHMTe noBeaeHne rpadrkoB BEPOSATHOCTU NepenonHeHns bydepa
B 3aBMCUMOCTM OT Harpysku n pasmepa bydepa.
6. B uyem cneunduka Tpaduka MynsTuMeguiiHbix ceTten IP?

7. B yeM 0COBEHHOCTb MeANIEHHO 3aTyXaloLLMX pacnpeneneHuii npu
pacyeTe 3aaepXeK 1 NnoTepb?

8. Kakune BbIBOAbl MOXHO caenatb U3 aHanm3aa rpadurkoB 3agepkek
1 notepb?

@ 3apauum v ynpaxHeHus

1. PaccuuTaiiTe n cpaBHMTE Mexay coboii cpegHue ovepeamn Ass CUCTEM
M/M/1, M/E5/1, M/D/1.

2. Paccuntante MakcMmasnbHO JOMYyCTUMYIO Harpy3ky B cucteme M/M/1/N npun
HOPMe Pjpgq A9 BEPOATHOCTY NOTEPb 1 Npu pasmepe Gydepa 50 NpoTOKOSIbHbLIX
OnoKoB.

3. PewwnTe a1y Xe 3a4ady Ha OCHOBE 3aBMCUMOCTEN, NPeACTaBNEHHbIX Ha puc. 29.1.

4. PaccuuTalite 1 cpaBHUTE Mexay coboii BeposiTHOCTU nepenonHeHns ydepa
ana cuctem M/M/1, M/Eo/1, M/D/1.

5. PaccunTanTe CKBO3HYIO BEPOSATHOCTb MNOTEPDL 415 CETU U3 TPEX Y3N0B,

KaXKabl N3 KOTOPbIX OnMcbiBaeTcsa cuctemon M/D/1.

H W

‘@ JiutepaTypa K nekuum 29

29.1. Jlvnaes B.B., Awkos C.®. 3dbeEKTMBHOCTL METOA0B OPraHn3aumnm
BblYMCIMTENBHOrO npouecca B ACY. — M.: Ctatuctuka, 1975.

29.2. AseH O.U., T'ypnH H.H., Koran 9.A. OugeHka ka4ecTBa 1 onTuMm3aums
BbIYMCINTENBbHBLIX cnctem. — M.: Hayka, 1982.

29.3. BuwHesckuin B.M. TeopeTnyeckne 0CHOBbI MPOEKTUPOBAHNSA KOMMbIOTEPHbIX
ceten. — M.: TexHocoepa, 2003. - 512 c.



Nexkuyunsa 30

[NepcnekTuBb
passutusa Cl1[

Meutbi cnabbix — 6ercTBo ot AeCTBUTEIbLHOCTH,
MEYTbI CUJTbHBIX POPMUPYIOT AECTBUTESIbHOCTb.
103e¢ bectep

30.1. NMpo6nembl pocTa ceTein nepenadm AaHHbIX

Mpn paboTe Hag nocnegHen nekumen 4actn 3, NMOCBSLLEHHON ce-
TAM Nepegadun AaHHbIX (2 HA caMoM gene — ceTam VIHTepHeT), aBTopsl
0OKa3anucb B AOBOJIbHO 3aTPYAHUTENBHOM MOJIOXKEHUN.

B nekumsax 10 u 20 yxe Obln onpeneneH BEKTOpP pasBUTUS
PUKCUPOBAHHBLIX U MOOUNBbHBIX Tene@OoHHbIX CeTel, N 3TOT BEKTOP
0HO3HA4YHO Obl HanpaeieH B CTOPOHY NOCTPOEHNS ceTel cneayloLero
NOKOMEHUs!, NCNOoNb3YLWMX B KadecTBe 6a3oBbiX NpoTokosbl TCP/IP.
B nekumn 10 TpaHCNOPTHLIN CErMEHT CEeTU CAenylollero rnoKoseHUs
CTPOUTCSH Kak CeTb C KOMMYyTaUMeN nakeTos, B nekumn 20 B Ka4yecTse
aapa npumMmensetcs IP Multimedia Subsystem (IMS) — mynsTumeamninHas
nogcuctema Ha 6ase cemelictia IP.

B oaTOM cuTyaumm ecTecTBEHHO BO3HMKAEeT BOMPOC — €Ccnun
nepcnekTuBbl TeNnedOoHHbIX CeTel OAHO3HAYHO CBA3aHbl C MOCTPOEHNEM
ceten |IP, B KakOM HanpaBneHnu B 3TOM Cllydae O0JIXKHA pa3BuBaTbCH
cama ceTtb MHTepHeT? Onpegenym Kpyr 3agad, CTOAWMX Ha nyTu
apontounm ceten Cl/ Ha 6a3e cemeincTea NnpoTokosnos IP.

CoBpemMeHHas ceTb VIHTEPHET, Kak yXe OTMedanochb Bbille, MMEeeT
copokaneTHio nuctoputo. Co3gaHHasa B KoHUe 60-x rogoB NpoLaoro
CTONEeTMS Ha 3ape Pas3BUTUS LMPPOBbLIX TEXHONOMMIN U NEPBLIX YCNEXOB
cucteM nepegadn Ha 6ase  BOJSIOKOHHO-OMTUYECKUX TEXHOJOrUM,
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MHppacTpykTypa VIHTEPHET, Hapsay C OrPOMHbIMU OOCTUXKEHUSMMU,
yHacnepgoBana 6o0nbLIOe 4Mcno npobniemM, B MepBylD o4vepenb, 00y-
CNOBMEHHbLIX PE3KMM POCTOM 4MCra Mofib3oBaTesie, KonmyecTsa WU
pa3HooOpas3us npuioxXeHuid, npegoctaensemoix Onepatopamu U
lMpoBanaoepamu.

MepBas npobnema onpepnenseTcs HebblBalbiIM  POCTOM
konmyecTBa rnosb3osareseri. Tonbko 3a nocnegHme 10 net (¢ 1998 no
2008 rog) umcno nonb3oBaTefiei, NOAKIIOYEHHbIX K MHTepHEeT yepes
dUKCMpPOBaHHbIE CETW, BbIPOCAO ¢ 50 MWANMOHOB MPUMEPHO A0
1,2 munnmapga. U3 3 munnnapaooB MoOOWMbHBLIX  NOSb3oBaTenemn
npumMepHo 20% nmetoT 4ocTyn K MHTEPHET, yBenmnymBas obLiee Y1Chno ee
nonb3oBaTenen Ao BennyuHel 1,8 munnuapga. NosaBrunoCb MHOXECTBO
YCTPOWCTB (KpomMe TenedOHOB U KOMIMbIOTEPOB), MNOAKIOYEHHbIX K
WHTepHET 1 «Tpebylowux» COBCTBEHHbIE aapeca (CM., Hanpumep,
Tabn. 20.1 B nekuyum 20). PocT ymcna nonb3oBartenen nNpuMBOOUT K
WNCTOLLLEHMIO AOCTYMHOrO agpecHOro NpocTpaHcTea npoTtokona IPv4 n
HeobxoaMMOCTM nepexoaa k NpoTokony IPv6.

BTopas npobnema B cerogHsilHmMx ceTax MHTepHeT onpenensercs
OrPOMHBIM pPOCTOM 06bEMOB Tpaguka, 00YCNOBAEHHBEIM KaK POCTOM
yncna notpedbutenen, Tak 1 yBeIM4EHNEM KONNMYECTBA N pa3Hoobpa3sus
NPUNOXEHNN.

MoTpebutenn wuHdopmaumm Bce 6onbllee BHUMaHUE yOeNsaoT
NMPUIOXEHNAM, CBSA3aHHbIM C MIHOBEHHOW Mepegayer CoOoOLLEHN,
coumansHbiMn U1 urposeiMu  Web-caritamn, 3arpyskoii Buaeo u
My3blKanbHbIX $Hannos.

Mo oueHkam komnaHum CisCo BMOEONpPUIOXeHus B WHTeEpHeT
3aHumatoT npumepHo ot 20 po 30% obuiero obbema Tpaduka.
Hanpumep, B CLLUA B 2000 romy obwnii o6bemM exemMecsa4yHOro
CYMMapHOro maructpasbHoro Ttpadpuka VIHTepHeT (reHepupyemoro
BCEMWU MpUNOXeHMaMN) coctaenan 25 MMbaiit, Torga kak B 2007
rogy TONMbKO eXxeMecsiyHble 00beMbl BUOgoTpaduka OLEeHWBANIMCH
BeNnnyuHom nopsaka 29 MNoéant.

BONBLLUMHCTBO HOBBIX MPUIIOXEHUI, TPEDYIOLWKMX B0NbLLOro oobema
CeTeBbIX PEecypcoB, MONlY4MNO Ha3BaHUE «1OXuUpaTesieri osoCkl».
OTBETOM Ha 3Ty Npodbnemy ABUNOCb BHEAPEHME TEXHONornm Ha 6ase
BOJIOKOHHO-OMNTUYECKNX CeTel, CYLIEeCTBEHHbIA POCT MNPOMNYCKHOMN
CNoOCoBHOCTWN BO BCEX CEMTMEHTax CETU VIHTEPHET — B MarncTpasnbHbIX 1
rOpoOACKUX CETSX, a TakXKe B CETSX JOCTyNa.

MponyckHas CcnocoBHOCTb MarnmcTpasnbHblX CErMeHTOB WHTepHeT
Bblpocna 3a npoweawme 10 net or coteH MOUT/C OO OECATKOB U
coTeH [6uT/c, n B COTHU pa3 BO3POCIN CKOPOCTU A0CTyrna B VIHTEPHET.
B0O3MOXHOCTHN, CBA3aHHbIE C BONIEe BbICOKMMU CKOPOCTSIMU, NPUBENU
K CO3OaHuio ayamo- 1 BMaeoapxmBoB (Hanpumep, YouTube), Tak xe,
KaK U K pasBuUTUIO OOHOPAHIOBLIX ceTen Ang pasgeneHns umdpoBoro
KOHTEHTA.
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MpoTtokon VoIP, ewe 10 net Hazan paccMaTpUBaBLLUMIACA KaK 9K30-
TUYyeckasl HOBMHKA, CErogHs OTBOEBaN y TPaAAULMOHHON TenedoHun
npumepHo 20% pedeBoro Tpadwuka. B cetn VIHTepHeT nonyy4unm
LLUIMPOKOE pacnpoCTpaHeHne BUAEOKOHDEPEHLNN, YCYr OnpeaeneHns
MECTOHAxXOXOEHUs, aHanM3 KapT, Hay4yHbIX [OAHHbIX, Pe3ybTaToB
M3MEPEHUIN OaT4YNKOB U T.4.

PaccmoTpum 6onee noapobHO BONPOChHI, CBA3aHHbIE C UCTOLLLEHNEM
aZpecHOoro NPOCTPaHCTBa U POCTOM Tpaduka.

30.2. Nepexoa Kk npotokony IPv6

B nekuun 23 paccmaTpuBanmcb CBOMCTBA NMPOTOKONOB IPv4 u IPV6.
BbiIo 0OTMEYEHO, YTO OAHMM N3 OCHOBHbBIX MUHYCOB npoTokona IPv4 Ha
COBPEMEHHOM 3Tane pa3BuTUsa rMobanbHOW ceTn NHTepHeT aBnaeTcs
HEeOCTaTO4YHbIN 0OBbEM uMcna agpecoB, OOYCNOBMEHHbLIA B3PbIBHLIM
POCTOM KONMYecTBa Nonb3oBaTtenen ¢ cepeantbl 90-x rogoB NPOLLIOro
CTONETUS U NMOsIBNEHNEM BOMbLLIOIO Yncna yCTPOMCTB, NOAKITIOYEHHbIX K
cetn IHTepHeT.

Mo ouenkam IETF, caenanHbiMm B 2006 roay, oxxmaoaeTcs, HTO OCHOBHOE
agpecHoe MnpocTpaHCcTBO, KOTopbiM pacrnopsxaetcs |ANA (Internet
Assigned Numbers Authority ), 6yaeT ncuepnaro k 2011 roay, a agpeca,
npuHagnexawme pernoHanbHbiM pernctpatopam (RIR), 3akoHyatcsa B
2012 rony. NoaTtomy nepBo 3agayen nepexona ot sepcum IPv4 K HoBoM
Bepcum npoTtokona IPv6 6b1110 pacluMpeHne aapecHoro npocTpaHcTBa.
PacwmpeHue nonen agpeca ot 32 6utoB B Bepcun 4 no 128 6uTtos B
BepCvU 6 NO3BOMIIO YBENYUTL YMCIIO aapecos ¢ 4x10° no 3,4x10%8.

Kpome pacwmpeHnss agpecHoro nonsi, B Bepcun 6 3HA4YUTENbHO
yBENMYEHA NOSHAA AAMHa 3aronoBka naketa — co 192 (IPv4) mo
320 6uTOB C Yy4eToM onuuii. ITO pacwmpeHne obecneymBaeT
pasfgeneHune cny>xedbHol YacTu naketa Ha OCHOBHOW 1 AOMNONHUTENbHbIN
3arofIoBKM U MO3BONSIET BbIHECTU P, ONLMOHANbHBIX MAapamMeTpoB B
OONOSHUTENbHbIE NOJIS.

B Bepcuu 4 onumoHanbHble NapamMeTpbl pasMeLLancb B OCHOBHOM
3arofioBKe, W MapLupyTu3aTopbl OO/KHbl  ObiiM  oOpabaTbiBaTb
3HaA4YUTENbHbIA 00BbEM HEHYXHOW WHpopmauun. B npoTtokone IPv6
npegycMaTtpuBaeTcsa psA Npoueayp, CHMXKAWWX Harpysky Ha
MapLUpyTM3aTopbl, 4YTO MO3BONISIET YMEHbLUTb BpPeMst 00paboTku
nakeToB. B uncno aTux npouenyp BXoOsT:

e arperauus agpecos, Beayllas K yMEHbLUEHUIO pa3mepa agpecHbIX
Tabnuy, 1, Kak cNneacTBmne, K YMeHbLLIEeHMNIO BPEMEHN aHanm3a un 06-
HOBNEeHUs Tabnuu;

® epeHoC PyHKUNI pparMeHTaumm NakeToB (B ciydyae UX C/ANLLKOM
©60/1bLLIOW ASIMHBI) B Y3/bl AOCTYNA (MOrpaHnyHble y3ibl);

" «lJANA (Internet Assigned Numbers Authority) — ADMUHUCTPaLMa agpecHoro NPoCcTpaHCTBa
VIHTEPHET, amepurkaHCcKas opraHm3aums, ynpasnsioowasa npoctpaHcTeamum IP-agpecoB v oo-
MEHOB BEPXHEr0 YPOBHS».
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® 1ICNOJIb30BaHME MexaHM3Ma MapLLIPYyTU3auumn oT UCTOYHMKa (Source
Routing), korpa y3en-ucTo4YHMK ONpeaensieT CKBO3HOM MapLupyT
NPOXOXOEHMSA NakeTa 4epe3 CeTb, a MapLUpyTU3aTopbl BHYTPMU
ceTn ocBoOOXAATCA OT Npoueaypbl ONpeaeneHns Cneaylowero
MapLupyTmM3aTopa ass 3Toro nakeTa.

LLecTtas Bepcusa npoTokona IP npeaycmarpmBaeT Takxke npuMmeHeHne
BCTPOEHHbIX MEXAaHU3MOB 3alnTbl MHbOpMaUuU, 06beanHSEMBIX
obwum HaseaHuem IPSec (IP Security), ons 4ero B 3arojioBOK
BBOAUTCHA OONOSHUTENbHOe none Encryption. Cneundwukauymn IPSec
ob6ecneymBaloT MEXaHN3Mbl ayTEHTUMUKALUM UICTOYHUKOB/NONyYaTenemn
MHpopmaummn, a Takxe WwndpoBaHue, ayTeHTUOMKaUMIO U LENOCTHOCTb
nepenaBaeMblX AaHHbIX.

Ewe opgHa npobnema, pelwaemasi ¢ NoMoLLbio npoTtokona IPv6,
obecneyeHne rapaHTUPOBaHHbIX NoKa3aTenen kayecTsa 06CyXnBaHms
C NOMOLWbIO ABYX NoOfen: «knacc Tpaduka» M «MeTka MnoToKa»,
peann3yemblx C [MOMOLLbIO MeXaHU3MOB AnddepeHLMPOBaAHHOIO
obcnyxmnBaHua. Bmecte ¢ TeM, CErogHs MOXHO KOHCTaTMpoOBaTb, YTO
Takne npunoxeHus, kak Skype n iChat, LEMOHCTPUPYIOT BOSMOXHOCTU
HaZleXHbIX ayano- 1 BUOEOKOHdEepeHUUA B peanbHOM BPEMEHU B CETU
MHTepHeT obLLero nonb3oBaHns, rae BCe eLe UCMOosb3yeTcs NPUHLMI
Haumny4wen nonbiTku (best effort).

30.3. B3pbiB Tpadumka IP, pocT nponyckHom

CNOCOOHOCTU MarucTpasnbHbIX ceTen
n ckopocTteun poctyna B UHTepHeT

Ha py6exe 80 — 90-x rogoB nNpoLuioro cTtofieTus, eLle Ao nosiene-
HUa ceten WMHTepHeT o6Lliero nonb30oBaHUs, MPOrHO3bl 0OBHLEMOB
Tpaduka Ha 2000 roa onpenensann CooTHoLleHne Tpaduka TenedoHnn
(ecTecTBEHHO, pUKCMPOBAHHON) 1 Tpadumka aaHHbIX kak 10:1.

C nosiBneHMeM KOMMepyeckmx ceteinn MHTepHeT Tpaduk AaHHbIX
Hauyan pactm, n B 2000 rogy obbembl Tpaduka peun, nepegaBaemMble
B (PUKCUPOBAHHLIX TENEdOHHbLIX CETSX, U 0ObeMbl Tpadurka B CETHX
IP cpaBHanucb. C atoro momeHta Tpaduk IP Havan cylecTtBeHHO
onepexartb Tpadwuk TpaguumoHHon TenedpoHun. WccnepgoBaHud
Tpaduka B CeTax VIHTEpHEeT, npoBOAMMBIE YHUBEPCUTETAMU W
ncenenoBaTenbCKMMN LEHTPAMM, MOKa3bIBAKOT, YTO CEroaHA OObEMBbI
MupoBoro Tpadpuka MHTepHeT pacTtyT npudnuautenbHo Ha 50 — 60%
B roa. AHanua Tpaduka, NPOBeAEHHbIN B YHMBepcuTeTe MunHHecoTa,
CLUA, gBnsiowlemMcs MpU3HaHHOW MeXAyHapoOoHOW OpraHmM3aumen
no MoHUTOpUHry Tpaduka IP, cBUOETENLCTBYET, YTO E€XEMECHYHbIN
obbemMm Tpadpuka WNHTepHeT B KOHUe 2008 ropa cocTaBnsin OKOJO
8 akz3abaritoB unn nopsaka 100 sk3abaritoB B rog. 3T HAbONOOEHUS
noaTeepxaarTcs komnaHuen Cisco’, No AaHHbIM KOTOpOW Tpaduk

“ Cisco IP over DWDM Solution: Transport for the Approaching Zettabyte Era. White Paper.
Cisco Systems. 2008.
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MHTepHeT OyneT yaoBamBaTbCs Kaxable ABa roga. B cooTteBeTcTBUMM C
baHHbiMM Cisco B 2012 roay cetn IP B Mupe OyayT TpaHCNOPTUPOBATb
44 sk3abanta B Mecsau, unn 528 ok3abalToB B rof, YTO HECKOJIbKO
Gonblle, 4YeM MOMOBMHA OAHOro pA3etrabanrita (ona nonyyYeHus
npeactaeneHnss 06 obbemax Tpaduka CM. MaTepuanbl BBOOHOW
nekummn). OTOT POCT BbI3BAH Kak POCTOM 4ucia Monb3oBaTenen,
TaKk N NOSIBNEHWEM HOBbIX MPUNOXEHUN, NPeabaBNAOLWNX BbICOKME
TpeboBaHMA K MPOMNYCKHOM cnocobHocTn ceten MHTepHeT. OObembl
Tpaduka B WHTEpPHET onpenensiioTcsa CleaylowmMm OCHOBHbIMUA
NPUNIOXEHNAMN:

o Web, oanektpoHHas no4yta, nepecbika ddannoe (6e3 yyerta
OJHOPaHrOBbIX MPUIOXEHUIA);

e opHopaHroeble npunoxenus (Peer-to-Peer, P2P) pacnpenenenus
dannos (Freenet, Gnutella, Morpheus, Kazaa v gp.)

e BUOEOMPUIIOXEHUS, BKo4Hasa BuaeotenedoHuio, YouTube, IPTV,
BUAEO Nno TpedoBaHMIo;

® TMpPUNOXeHNs 00paboTKM [OaHHbIX, B KOTOPbIX MNPOrpaMMHOe
obecneyeHne npPenocTaB/sAeTCA MNoNb30oBaTeno kak WMHTepHeT-
cepsuc («Cloud Computing»*);

® Urpbl, pacnpocTpaHsemblie Yepes NHTepHeT;

e MPWIOXEHUs, CBA3aHHble C Teneyyactnem (telepresence) -
TeneobyyeHue, TenemeanumHa.

Oxunpaetcs, 4to kK 2015 rogy o6bembl MMpoBoro Tpaduka NHTepHeT
Bo3pacTyT npumepHo B 20 — 50 pa3 no cpaBHeHuto ¢ 2007 rogom. 3tn
TeHaeHumn 3actasnaioT lNocTtaslmkoB ycnyr n OnepatopoB 3aHOBO
npooymMaTb CBOW MOAXoObl K apxuTektype cetu. [pu Takom pocTte
Tpadurka BO3HMKAIOT NPobnembl MacliTabnpyemocTn cetent IP ¢ Tem,
4yTOObI NoAAepXaTb TPeboBaHMS K FPOManHOM Noaoce NPonyckaHns B
onnxanLumne rogbl.

Kpome Toro, aTm TeHAEHUMM NOTPEObYIOT HOBLIX peLleHunit B o61acTtu
cucTem ynpasneHus Tpadukom, obecrneymBaiolmMx AUHAMUYECKOe
CKBO3HOE Ka4yecTBO OOCHyXMBaHUS AN oboin ycnyri, B JoOOM
MecTe, B Niloboe Bpemsi BO BCeX afnemMeHTax MIHTepHeT — B sape cetu, B
rOpoACKMX CErMEeHTax 1 B CeTsX AocTyna.

PeweHne HasBaHHbIX 3a4ad4 BO3MOXHO MNpPW  UCMNOAb30BAHUM
apxutekTtypbl IPODWDM, coyeTatowein ceonctesatTexHonorum IP n TexHo-
Nornn pasneneHnsa CETEBbLIX PECYPCOB Ha 6a3e MyNbTUMIEKCUPOBAHUS
no anvHe BosHbl (Dense Wave Division Multiplexing, DWDM) ¢ y4eTom
HOBbIX MHTENIEKTYyasIbHbIX CBOMCTB 06EMX TEXHOIOTUIA.

Cuctembl DWDM yBenuuMBaloT MPOMYCKHYD CMNOCOBHOCTbL On-
TUYECKMX BOJIOKOH MyTeM pacrpeneneHnsa BXOOSWMX OMNTUYeCKMx
NMOTOKOB, OTBevYawwwux ctaHgaptam SDH (Hanpumep, HECKOSbKO
notokoB STM-16/64), no onpeneneHHbIM OjanHaM BOJIH U MOCcneayio-
wero MynbTUNIEKCUPOBAHUSA 3TUX CUMHaANOB B BuAEe €OuHOro

CornacHo gokymeHTam IEEE (2008 r.), Cloud Computln(lg/]— 3TO KOHLLENUMS, B paMKax KOTOpPOn
MHdOPMaLMS NOCTOSHHO XPAaHUTCSl Ha CepBEPax B CETU VIHTEPHET U BPDEMEHHO K3LLMPYETCS
Ha KJINEHTCKOW CTOPOHE, HanprMep, Ha NePCOHasbHbIX KOMMbIOTEPaX, MIPOBbLIX NPUCTaBKaXx,
HOyTOYyKax, CMapT@OoHax 1 T.A.
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uMppPoOBOro notoka B OAHOM BoJlokHe. OObeanHeHWe TEexXHONormm
DWDM u pekoHOUrypupyembiX OMNTUHECKUX MYSbTUMNIEKCOPOB B
COBOKYMHOCTU C HOBbLIMM CBONCTBaMM TexHonorun I[P nossonser
nocTpontb cetn VHTepHeT crenylowero MnoKONeHus, oTBevalolime
HOBbIM TPEOOBAHUSAM.

B 2008 romy nponyckHasi CrOCOOHOCTb MarmcTpasbHbIX CeTen
IP, ncnonb3dyemasi gss nponycka BCEro MeXayHapogHoro tpaduka,
cocTtasuna npumepHo 20 Téut/c, Torga kak B 2000 rogy oHa paBHsNach
1 Tty B cekyHay.

CoBpemeHHble cuctembl DWDM, ncnonb3dyemble B MarnctpasnbHbIX
CeTsdx, MO3BONAIOT MPOMYCTUTb TOJIBKO MO OAHOW MNape BOJIOKOH 00
ofHoro TouTa B cekyHay. CyLeCTBEHHO BbIPOCN M CKOPOCTM JOCTyna
B MHTepHeT. 10 neT Hazan npakTUyYeckn BCe NOSb30BaTENM NOny4anu
[OCTyn NyTeM npeasapuTensHoro Habopa HoMepa MOAEMHOrO nyna (a
3TO0 03Havano 28 K6uT/c naum, B nydiem cinydae, 56 kout/c).

CerogHs 3Ha4yMTeNIbHAsA YacTb MOJIb30BATENEN UMEET BO3MOXHOCTb
OCYLLIECTBUTb LUMPOKOMOJIOCHbIA A0CTyn K WHTEepHeT, HayuMHas oT
ckopocTtel 1 — 4 MéuTt/c (c noMmoLlbio MoaeMoB cemencTBa XxDSL yepes
CTaHOapTHble abOHEeHTCKME JIMHUMM) OO0 CKOPOCTel [OeCATKM-COTHMU
M6éwuT/c (mocTyn 4Yepes3 KoakcuasibHble W BOSIOKOHHO-OMNTUYECcKne
cuctembl, cetn Ethernet, cuctemsl 6ecnpoBoOOHOro AoCcTyna).
Mo paHHbIM MeXayHapoaHoi opraHusaumm DSL  Forum (cwm.
www.broadband-forum.org) B koHue 2008 roma pocTyn u4epes
ycTpoiictea XDSL nonydyann 400 MunnmoHoB noTpebutenein, To eCcTb
okono 20% Bcex nosb3oBaTenen MHTepHeT, 6e3 ydyeta abOHEHTOB
LLIMPOKOMOJIOCHOrO A0CTYNa Yepes Apyrme CUCTEMbI.

B kauecTtBe npumepa apDEKTUBHOCTU LLUMPOKOMNOAOCHOro AocTyna
paccMmoTpuMm nepepgadvyy 4epe3d VIHTepHET BCEMMPHO W3BECTHOMN
BpuTtaHckon SHumknoneaumn (63), napganHon B 2000 roay Ha DVD.

B aTom ¢popmaTte B3 comepxut 4,5 [bainTa paHHbIX. ECcnn ana coegu-
HeHus ¢ VIHTepHET ncnosib3oBaTb MOOWIIbHLIV TenedoH ctaHpapTa GSM
(co ckopocTbio nepefay AaHHbIx 9,6 KO6UT/C), TO NPULLNOCK 6bl OXUAATb
oKoJ10 43 cyToK, 4Tobbl NoNy4nTb B3 Yepes ceTb. MNpu ncnonb3oBaHUK
duKcmpoBaHHo TenedoHHo ceTn u moagema 34 kK6UT/Cc HeobxoanuMo
Ob1110 6bl NOTPATUTL Ha 3arpy3ky b3 okono 12 cytok. B cnyyae npume-
HeHus gocTtyna Yyepe3 mogem ADSL co ckopocTbio 4 M6uT/c notpebo-
Banochk 6bl 2,5 yaca ansa 3arpy3km b3, a npu Hanuuum gocTyna Yyepes
KoakcuarsnbHbI kabenb ¢ mogemom 30 MOuT/c Mbl cMornn Obl NepenaTb
(1, COOTBETCTBEHHO, NPUHSATL) BECb darn 3a 20 MUHYT.
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30.4. MpoekrT Internet2
(ceTtb MHTEpHET cneaylowero noKoJeHns)

B cepeanHe 90-x romoB npowsoro Beka B IETF Havanucb
aKTUBHble paboTbl N0 co3gaHuio cneundukauuin ana ceten NHTepHeT
cnepyowero nokonenmsa. OgHUM 13 pesynbTatoB 3TUX MCCAea0BaHnN
Obina pazpaboTka npoTtokona IPv6, BHavyane n3BecTHOro kak npoTOKO
cnepytouwero nokonenma IPng (next generation). lMpumepHo B TO
Xe BPEMSI aMepuKaHCKMe YHMBEPCUTETbl co3daBanm ceTu Ha base
IP, cnocobHble NpeoaoneTb OrpaHUYeHUsl, CBSI3aHHble C A0CTYMHOMN
NPOMNYCKHOM CNOCOBOHOCTLIO.

HeobxoauMOCTb B CETAX C BbICOKOM MPOMYCKHOWM CMOCOBHOCTLIO
npueena k cospaHuio B 1995 roay cetn vBNS (very-high-performance
Backbone Network Service). B cospaHum cetu nNpuHaAM ydactue
amMepukaHckuii HauyoHanbHbI Hay4yHblii doHa (HC®P) u komnaHus
MCI — ogvH 13 kpynHenwmnx amepukaHckux OnepatopoB. KoHuenuums
«/IHTEepHET cnenyloLero noKoneHus» obina poxaneHa.

Cnepyet OTMETUTb, 4YTO WMEETCS OnpedeneHHas pasHuua B
TpakToBKE TEPMUHOB «CeTb VIHTEpHET cnenylowero MNOKONEHUS» U
«CeTb cnepylowero nokoneHus». NepBbli TEPMUH ONpeaensieT CeTb,
3a/1a4ei KOTOPOW ABNAETCH YiydLUeHUE XapakTepUCTUK TPALNLMNOHHBIX
ceten MHTepHeT, TOorga Kak BTOPOW TEPMMH OTHOCUTCH K CeTU Ha
6a3e npoTtokosioB cemeiictea |IP, koTopas [ofikHa OObLEeOUHATb
(KkOoHBeprvpoBaTb) BCE U3BECTHbIE CEeTU Nepeaaydn MHpopmaLummn.

B aT10 e Bpems (1996 roa) 6bin HayYaT Apyron nccnenoBaTesibCkum
NPOEKT, Kyda MepeLlunn npakTuyecku Bce y4aCcTHUKM npoekta VBNS
B CBSI3M C ero okoH4aHvem (1999 ron). Psag Beoylumx amepmukaHCKmx
yHuBepcuteToB (6oniee 200 By30B), NoaaepXaHHbIX NMpPaBUTEIbCTBOM
CLUA, obGpasoBan HekOMMepYeckuin koHcopumym Internet2, uenbto
KOTOpPOro 6bi1a pa3padboTka NepCcrneKTUBHbBIX TEXHONOM NI 1 NPUIOXEeHUI
C TEM, 4TOObI NPUBAN3UTL NOSBNEHNE «CETU NHTEPHET OyayLLErO».

KoHcopunyM akTUBHO COTPYAHUYAET C BEAYLLVMMU NPOU3BOANUTENSAMUN
TeNeKOMMYHNKALWMOHHOIO obopyaoBaHus " NpPOrpaMmmMHOro
obecneyeHus (Cisco, Nortel, Juniper, IBM, Microsoft) u Onepatopamm
(Level 3 1 Quest).

OCHOBHbIM  pe3ynbTatoM  OesTeNbHOCTM  KOHCOpuuyMa  ce-
rogHs aBngetcsa co3gaHme B 1999 rogy aKkCnepuMeHTasnlbHOM
BbICOKOCKOPOCTHOM ceTu Abilene, oxBaTbiBalOLLe BCIO CTpaHy W
VMEIOLLEN BbIXO, HA EBPONENCKNE CETU.

OTnnunTenbHbIMM  OCOBEHHOCTAMW  HOBOW  CETM  SIBASIOTCS
npuMeHeHne npotokona IPv6 n TexHonorum BewaTenbHOW nepenayu
baHHbIX (multicast), peannsauuna mexaHn3amoB QoS npu nepegaye Bnaeo
M peyeBoir nHpopmaumn. NponyckHas cnocoOHOCTb MarmcTpasbHOM
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cetm paBHa 10 [6uT/c, a B OTOENbHbLIX CErMeHTax [OocTuraet
100 MouTt/cek. MuHMUManbHaa CKOPOCTb A0CTyna K CeTM COCTaBnseT
100 MOuT/C 1 OCYLLIECTBNAETCS Yepes gigapops — BbICOKOCKOPOCTHbIE
wto3bl (Point of Presence, PoP).

Cetb IP noppepxwnBaet npotokonbl IPv4 u IPv6, a Takke gpyrue
YCOBEPLUEHCTBOBAHHBIE CETEBbLIE MPOTOKOJbI, MO3BONSAOWME TMOKO
YBENNYMBATbL MPOMYCKHYKD CNOCOOHOCTb M obecrneynBatb Tpebyemoe
kayecTBOo obcnyxmBaHusi. Ha 6asze cetn Internet2 npepoctaBnsercs
HaBOP yCyr, B YNCII0 KOTOPbIX BXOOAT:

e ycnyru IP (Ha 6a3e mapLupyTn3aTopoB KOMMaHum Juniper);
e YCNyrn OAMHAMMYECKON KOMMYyTaUMN ONTUYECKNX TPaKTOB (Ha Oase
KoMMyTaTopoB komnaHum Ciena);

e YCyrv JONTOBPEMEHHOMN KOMMYTaLMM ONTUYECKNX TPAKTOB (Ha base
obopynoBaHusa komnaHuu Infinera).

30.5. 3aknounTtenbHblie 3aMe4YaHus o oyaywiem

cetun UHTepHeT

MpoexT Internet2 nossonsieT BUAETb CBET B KOHLE TYHHENs, XOTS
BpeEMS OT BpEeMeHU TMOABAFI0TCA MNeCCUMUCTUYECKME TMPOrHO3bI,
npeageLlaoLlme 6nmMs3kuii KoHew, cetel VIHTepHeT (HanpumMep, aHanua
komnaHum Nemertes Research, onybnukoBaHHbili B 2008 roay). BmecTe
CTeM, HaNyTu pa3BuUTUs ceTtel VIHTepHeT UMeeTcs A0CTaTOYHO O0JbLLIOWN
CMNCOK HEPELLEHHbLIX 3aa4, Cpean KOTOPLIX OTMETUM crieayoLuime.

AnpecHast npobnemMa, kak OblI0 OTMEYEeHO W B 3TOW Nekuuu, U B
npeabIaywmx nekunsx, CoOCTouT B TOM, YTO UCTOLAETCS AOCTYNHOoe
ajpecHoe npocTpaHCcTBO npoTtokona IPv4 n HeobxoamMmmMo MOMONHATb
3TO NPOCTPAHCTBO 3a cHeT npoTokona IPv6.

OtmeTm, yTo HaumHaa ¢ 2003 ropa, OONBLWIMHCTBO BeAyLMX
npon3BoauTeneln TeNeKOMMYHUKALUMOHHONO 000pyaoBaHMS Havanm
MacCCOBbI BbINYCK CETEBbIX YCTPOMCTB C MOAAEPXKON NpPOTOKOona
IPv6. OueBugHO, 4TO B Onwxarwem 6yaywem B cetn WMHTepHeT
OyoyT nmcnonb3oBaTbCs ABa NapassieNibHbiX aapecHbiX NPOCTPaHCTBa,
onpepaensembix npotokonamu IPv4 n IPv6.

|_|O-BI/I,EI,I/IMOMy, OCHOBHbIM Tpe6OBaHVIeM K ceTaMm 4dBndeTcsd
COBMECTUMOCTb 000MX MPOTOKONOB C TOYKM 3PEHUSI afpecoB, C TEM
4yTOObI KaXablii NoSib30BaTesb OblN yBEpPEeH B JOCTYNHOCTM BCEX aApECOB
npwv NCNosb30BaHMN 060MX aApPeCcHbIX MPOCTPaHCTB. B oTcyTCTBUM 3TOM
COornacoBaHHOCTM YacTb aapecoBs IPv6 MoxeT 6bITb HeQOCTYNHA APYTrM
aZipecam, 4TO NoCTaBuUT Mog COMHEHVE NOEeI0 CO30aHNS CETU C MOJIHON
AOCTUXNMOCTbIO nonb30BaTeNen.
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BmecTe ¢ Tem, 4TOObI OrpaHnynTb 3P HEKT UCTOLLLEHNS aapPECHOro
npocTpaHcTea IPv4 Heo6Xx0aMMO YCKOPUTL BHEApPEHMe npoTokona IPv6.

Cetb WHTEpHeT npeBpatunacb B MN00anbHYI0 WHPPACTPYKTYPY,
MCrnoJib3yemyro OrpomMHbIM 4MCJIOM J'IiO,EI,GVI, Ana  KOTOPbIX A3bIKW,
OCHOBaHHble Ha NaTUHULE, He ABNSAITCS POAHbIMU. DTO — KUTaNLUbI,
pycckue, apabbl U opyrme Hapoabl.

B cBs3M c 3TMM BO3HMKAET npobsieMa co3paHus U permcrpaumm
OrPOMHOr0  AmanasoHa HEeNaTUHCKUX [OOMEHHbIX WMEH, MNpu4em
0XWNAAEeTCs, YTO MHOIME HenaTUHCKME MMeHa OyayT NpensioxkeHbl 4ns
rMaBHOIO YPOBHS, HE TOBOPS O BTOPbIX UK BoNiee HU3KMX YPOBHSX B
nepapxmm 4OMEHHbIX UMEH.

B neranusauum Ha3Ha4eHUSA JOMEHHbIX UMEH 1 aapecoB MHTepHeT
umnppoBblie Noanucu byayT urpatb Bce 6onee n 6onee BaxHyo POJib.
Y106bl peann3oBaTbh NPUHLMMbI 3aLLNUTbI JOMEHHbIX UMEH, HE0BX0AUMO
oyneT paspaboTaTb NpoLeaypbl ynpasneHus umdpoBbiMu cepTuduka-
TaMun NN ApyrumMm MexaHMamMammn ayTeHTudukaumu.

Yucno MobunbHbIX YCTPOMCTB C JOCTYNOM B NHTEpHET ByaeT BO3-
pacTtaTtb o4eHb ObICTPO. CKOPOCTM OOCTYyMNa yBenm4yaTcs, 4to obecnedunT
BBEeAEHVE BOMbLIOIrO YNCA HOBbIX MPUNOXEHUA U PACLUMPUT BO3MOX-
HOCTU YyXe CyLeCTBYIOLWMX yCnyr. byoeT pasBmMBaTbCA 3MEKTPOHHas
TOProBAs Npu yCNoBMUN YCTONYMBOro, 6€30MacHOro 1 HaoeXxHoro gyH-
KLIMOHMPOBAHUS CeTU VIHTEpHET.

CeTb VIHTEPHET MOXET CNYyXUTb Kak nosiesHas rnobanbHas MHO-
pacTpyktypa M B OOLUECTBEHHOW >XWU3HW, BKJOYas OOLLECTBEHHYIO
6e3onacHoOCTb, cBOOOAY CNOBa, 3aLUTY YACTHOW XU3HM N LMDPOBOIA
COOCTBEHHOCTW.

CerogHa noytv 1,9 munnvapga 4enosBek B MUPE UCMONb3YIOT
MHTepHeT. B TeuyeHune cnemyowlero AecATUNIETUS 3TO YMUCIO MOXET
NPUGAN3UTLCA K 6 MUNIMapaaMm.

CeTb NIHTEpHET OonkHa CNyXnTb NNaTpopMon, CO3aatoLLEN PaBHbIE
BO3MOXHOCTM, YTOObI YBENNYUTL OOraTCTBO HaLNA.
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KniouyeBble cnoBa: npotokonbl IPv4 u IPv6, agpecHoe npoCTpaHCTBO,
Tpaduk IP, cetn P2P, Bupeonpunoxernus, Cloud Computing, cuctemol DWDM, a3k3abaitr,
TéuT/c, Internet2, ceTb Abilene.

ﬂ KoHTponbHbIE BONPOCHI

1. C kaknmm npobnemamm ctankmeaeTcs ceTb IHTEPHET Ha COBPEMEHHOM 3Tane
ee pa3BuTna?

. B yem pasnununs npotokonos IPv4 n IPv6?

. Kak 6yneT pewartbcs npobaemMa NCTOLLEHUS aapeCcHOro npocTpaHcTea?

. Y10 Takoe «noxmpartenm noaockl»?

Kakne pononHuTenbHble BO3MOXHOCTW obecrneynBaeT NpoTokos IPv6?

Mpueegute undpbl NporHosa pocta Tpadrka B0 BcemmnpHon cetn VIHTEPHeET.

Ha3oBuTEe OCHOBHbIE NCTOYHUKN, ONpeaensioLwme pocT Tpadurka B ceTn MHTepHeT.

. OxapakTepu3yiTe OCHOBHblE 0COBEHHOCTU NpoekTa Internet2.

. HazoBuTe 3Ha4eHMsa NponyckHo cnocobHOCTU, pean3oBaHHble B ceTu Abilene.

©o N oA ®N

@ 3apaum v ynpaxHeHus

1. PaccuuTante, kakoe KONM4ecTBO aapecoB NpoTokona IPv6 npuaeTtca Ha Kaxabli
KBaZpaTHbIN METP MOBEPXHOCTM 3EMN.

2. OnpepennTte Bpems 3arpy3ku cogepxxaHmst ogHoro amcka DVD npu ncnonb3oBaHnn
TexHonoruii ADSL, Metro Ethernet n pocTtyna 4yepes ceTb Abilene.

@ Jluteparypa k nekuum 30

30.1. V. Cerf. A Decade of Internet Evolution. The Internet Protocol Journal,
Volume 11, No. 2, 2008. http://www.cisco.com/web/about/ac123/ac147/
archived_issues/ipj_11-2/112_evolution.html.
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3aknunTenbHas

Ecnm BbiCbinaTb COAEPXUMOE KoLLesbka cebe
B roOJI0OBY, €r0 Y>XX€ HUKTO Y BaC HE OTHUMET.
bermxamH PpaHKInH

31.1. Kpatkue utormn

Mepsbit pa3 Bbl nocneposanu NPenioXeHWO, NPUBEOEHHOMY B
anurpade, korga Kynunm aty kHury. Bropoin pas — korga goumranv ee oo
3TOW 3aK/oYUTENIbHOW Nnekuun. PagymeeTcs, aBTopbl NPpY HanMcaHum
KHUMM MoCcTapasnncb KOCHYTLCH BCEX OCHOBHbLIX aCrMekTOB COBPEMEH-
HbIX CETEN CBA3U, HO XWN3Hb HE CTOUT Ha MecTe. Paan yooBneTBOpeHus
XenaHvs ngen nonyyatb MHGOpMaLMIo BCIOAY W BCceraa, obarbecs B
pasHbIX ayamo-, BUOEO- U MynbTuMeana gopmartax npogosixaroT He-
NpPepbIBHO CO34aBaTbCA N Pa3BMBATLCSH CETU CBS3U.

CoBCTBEHHO roBOpPS, 3TO HEMOCPEACTBEHHO cneayeT U3 npeablay-
LLMX NEKUNIA, rae ObiNv N3N0XeHbl OCHOBHbIE acnekTbl CO3AaHuA U pas-
BUTUA CETel 3NeKTPOoCBA3U, NpeaHasHavyeHHbIX A9 NpeaocTaBieHns
NHTEPaKTUBHbIX U BellaTesNbHbIX YCNyr. B Tpex 4acTax KHUrn paccmar-
pUBanuCh:

o TpOIll (TenedoHHas ceTb 0OLLEro NoNb30BaHUSA);
e CIlIC (ceTb NOOBUXHON CBA3N);
e C/]1O (ceTb AOKYMEHTAIbHOM 3/1EKTPOCBA3N).

TenekoMMyHMKaLMOHHAsA cucTeMa toBOro Ha3Ha4YeHUs1 MOXET ObITb
npeacraBfeHa MOAENbio, COCTOSALWEN U3 YETbIPpeX KOMMOHEHTOB. JTy
Moaenb, NpeanoxeHHyto ITU, mbl paccMmaTpuBan BO BBOOHOM NEKLUN.
BocnpousBenem ee elle pas, BblAeNNB TOT KOMMOHEHT, KOTOPbLIM CTan B
3TON KHUIFe OCHOBHbIM.
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CeTb B NOMeELLeHUn
nosb3oBarens

CpepncTtea
noanepXku ycnyr

CeTtb AocTtyna Basoas ceTb

Customer Premises
Network

Access Network Core Network Service Nodes

Puc. 31.1. Mopaenb TeneKoMMYHUKaLMOHHOW CUCTEMBI,
npeanoxeHHas ITU-T

Bbibop KOMMNOHeHTa «ba3oBasi ceTb» B KQUECTBE OCHOBHOIO 06beKTa
ONs n3ydeHuns 6bin coenad no psaay NpUyKH.

Bo-nepBbiX, aBTOpaM MNoKasasoCb JIOTMYHLIM Ha4aTb KYPC NeKkuuin C
TOW 4aCTU TENEKOMMYHUKALUWOHHOM CUCTEMBI, KOTOpasi BXOOAUT B chepy
oTBETCTBEHHOCTM Oneparopa cBa3u. Bo-BTOpbIX, CneayeT BCNOMHUTb, YTO
CEeTb J0CTYrNa YaCTo Ha3bIBAIOT «MOCIeaHeN Munen». 113 aToro cnegyer, 4Tto
6a3oBasi CeTb 3aHMMAET — C TOYKM 3PEHUS ee MacluTaba — CyLECTBEHHO
BonbLuee NPocTpaHCTBO. B-TpeTbux, ¢ 6a30BOM CETU HAYMHANOCH NpaK-
TUYECKOe MNPMMEHEHNE HOBbIX TEXHOJIOMNM nepegaqym u KOMMyTaLnu.
B-4eTBepTLIX, NOCNE U3yYeHUSA MPUHLMNOB MOCTPOEHUS U Pa3BUTUSA
6a30BOM CETM METOAONIOrMYEeCKM MpPOLLE aHaNnM3MpoBaTb MPOLECCHI
MOAEepPHN3aLMN BCEX OCTasIbHbIX KOMMNOHEHTOB TeNIeKOMMYHUKALMOH-
HOM CUCTEMBI.

YeTblpe Ha3BaHHbIE NPUYMHBI HE YMANSIOT 3Ha4E€HNS OCTalIbHbIX KOM-
noHeHTOB Mozenu ITU. [No Bcen BUAMMOCTH, NOSIBATCH U Apyrue Kypchbl
NeKUM, NOCBSILLEHHbIE CETAM B MOMELLEHUN NONb30BaTENS, CETAM A0-
CTyna v cpeacTBaM NoAaEePXKKN YCIYT.

B o101 nekumm OCHOBHOE BHMMAHUE yOENSaeTCs psaay HanpaBieHuin
pa3BUTUSA ceTell CBA3U, 0OYCNOBJIEHHbIX BaXKHELLIEeN TeHaeHUMen pas-
BUTNSA TENEKOMMYHNKALMOHHOM CUCTEMbI — MOCTEMNEHHOMY NMepexoay K
NGN.

31.2. OBonouua ceten gocryna

M310X1Tb CYyTb 3BOJIIOLMOHHbIX MPOLLECCOB, XapakTePHbIX 151 ceTeri
JocCTyna, B OOHOM pas3fene HEBO3MOXHO. TeM He MeHee, criefyeT oTMme-
TUTb HEKOTOPbIE BaXHbIE MOMEHTbLI. Ha puc. 31.2 BblaeneHbl OCHOBHbIE
aTanbl pa3BUTUS CETEN JOCTyNa M CUCTEM KOMMYyTaLMW.
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A MN3ameHeHuns B ceTu noctyna
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XX Bek XXI Bex
A MN3mMeHeHna B cuctemax KOMMYyTaunm
Py4Hble JekagHo-warosble KoopauHatHbie LUndposbie
KOMMYTaTOpbl ATC ATC ATC
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Bpewms
XX Bek XXI Bek
Puc. 31.2. OCHOBHbI€e 3Tanbl Pa3BUTUS CeTell JoCTyna U CUCTEM

KoOMMyTauum

Ha4yHnem ¢ HmxHero rpaduka. PydyHble KOMMYTaTOPbI CTanm OCHOBOM
TpOI. Mo3xe OHU BbINU BbITECHEHbI aBTOMAaTUYECKUMU TenedOHHbIMN
cTaHumamun. Ha pucyHke nokasaHbl Tpy Tvna ATC: aekagHo-LaroBble,
KoopaMHaTHble N uMdpoBbie. B pa3Hoe BpeMsi OHW 3aHUMann nnaupyio-
LLee NosoXeHne Ha pbiHke obopyaoBaHms kommyTaumn. Kpome Toro, B
TenedOoHHbIX CETSX NPUMEHSNUCH Takxke MaluuHHble ATC.



384

Jlekums 31. 3aknountenbHas

Mexay koopauHaTHbIMU 1 uudpoBbiMn ATC Ha TeNneKoOMMYHUKaLN--
OHHOM PbIHKE — B HEOO/bLLINX 06 beMax — MOSIBUIOCh KBA3N3NEKTPOHHOE
KOMMYyTaUMOHHOe obopynoBaHue. LindpoBble cUcTeEMbl KOMMYTaLINWU,
no-euauMomMmy, — nocnenHee nokoneHue ATC. UM Ha cMeHy npuayT cuc-
TeMbl pacnpeaeneHns nidopmaumm, oTeevarome TpedosaHmsam NGN.

3a 6onee 4yem CTONIETHUI NepUo, B cUcTeMax KOMMyTauMn nepu-
0OMYECKN NPONCXOAMNNN 3aMETHbIE N3MEHEHMA. Passutnio ceten ao-
CTyrna CBOMCTBEHHbI MHble 3aKOHbI. [locne nosiBieHnsa OByXMNPOBOOHbIX
abOHEHTCKUX NIMHWIA HaYyancs nepuon, KOTopbli MOXHO cuuTaTb cTar-
Hauuen. [1ByxnpoBogHble PpU3MYECKME LIENN HAOAONr0o CTanm npakTun-
4eCcKn eOMHCTBEHHbIM CPEeOCTBOM MOCTPOEHUsS ceTen aocTtyna. bbeino
M3BECTHO, YTO TaKol cnocob NOCTPOEHUS CETU JOCTYNA S3KOHOMUYECKM
HE3hdEKTMBEH, HO NPMEMNEMOIO PELLEHUNS HUKTO He Hawen. B koHue
XX Beka Hauyan popMmnpoBaTbCs MIaTexXecnoCoOHbIN CNPOC HAa YCyru,
nogaepkka KoTopbix NoTpeboBana CyLLeCTBEHHOIrO PacLUMPEHUS MOS0~
Cbl MPOMYyCKaHMs CETU A0CTyna. ITW YCAyrn, B KOHEYHOM CYETE, MOX-
HO OTHECTU K (YHKLMOHANIbHBIM BO3MOXHOCTAM Triple-play services,
KOTOpble noapasymMeBatoT CNOCOOHOCTb K 0OMeHY MHdOopMaLmen Tpex
BWAOB: peyYb, AaHHbIE N BUAEO. YCNEXn TENEKOMMYHMKALIMOHHbIX TEX-
HOJIOrMIN NO3BONMAN pa3paboTaTb psig, HOBbIX BAPMaHTOB MOAEPHU3A-
uMn cetenr poctyna. B HEKOTOPLIX Ciy4asix NMOSIHOCTbIO WA 4YaCTUYHO
NCMNoJSIb30Ba/INCL 3KCMJlyaTMpyemMble MHOrornapHble kabenu. Lpyrue
peLLEeHUs ONMPannchb Ha UHbIe CPeabl PAacrpPOCTPAHEHUS CUFHAO0B.

Mepwvop, cTtarHauMm CMEHWICS NOYTU OAHOBPEMEHHbLIM MOSIBIEHVEM
MHOXECTBa peLLeHnii, cpean KOTopbIX Ha BepXxHeM rpaduke BblaeneHbl
TOJIbKO TPU KPYMHbIX HanpaBfeHust:

XxDSL — COBOKYMHOCTb TEXHOJNIOrMIA, MO3BONASIOLLMX OPraHn30BaTb
UMDPOBON TPAKT MO GUSNYECKUM LIEMSIM;

FTTx — psig pelleHwuri, nogpadyMeBalolmMx OOBeAeHue kabens ¢
ONTUYECKUMU BOJIOKHAMU [0 HEKOTOPOW TOYKU «X», MOCAE KOTOPOM
nHdopmauma nepefaeTcd ¢ MCNONbL30BaHWEM APYron cpenbl pacnpo-
CTpaHeHns CUrHanos;

BWA - LunpokKonosiocHble 6ecnpoBoaHbIe cpeacTBa AOoCTyna, opu-
E€HTMPOBAaHHbIE Ha NOAKIOYEHNE TepMMHANOB 6e3 NCNONb30BaHUS Ka-
Oenei ceBA3N.

BbiGOp ONTUMANbLHOrO peLleHns ois MOAepHU3aLmMM CeTu aocTyna
3aBUCUT OT MHOIMX hakTopPoB. B nepeylo ovyepenp, cnenyeT YACHUTL Te
TpGﬁOBaHVIﬂ TeﬂeKOMMyHVIKaLI,VIOHHOI7I CUCTEMDbI, KOTOPbIE NMpeabaBida-
IOTCHA K NepCnekTnBHbIM CeTAM goCcTyna. N3 Bcen COBOKYMHOCTU TaKnx
TpeboBaHui1 Lienecoobpa3Ho BblAENNTb CeayloLme TeHOSHUNN:

e POCT CKOPOCTW nepeaaqv nHbopmMaumu;

e yXecTo4yeHne TpeboBaHuii HEKOTOPLIX FPYNM Nofb3oBaTesei K noka-
3aTenam kadecTsa 00CNYXNUBaAHUS;
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e nopaepxka QyHKUMIM MOBMNIBHOCTM TEPMMHANa onga psga npuioxe-

HUI, BKtOYas GYHKLMOHAabHbIE BO3MOXHOCTW triple-play services;
e CHWXEHUe 3aTpaT, He0BXOAMMbIX OJ1 CO3AaHNS U AaNIbHENLLEro pas-

BUTUS BCEX 9IEMEHTOB MHHOKOMMYHUKALMOHHOM CUCTEMBI.

MpounniocTpupyemM NeEpPBY0 U3 YNOMSIHYTbIX TEHAEHLUMA NPy NOMO-
Wy rpaduka, KOTopbIr Obl1 MOCTPOEH HA OCHOBaHUKM NMPOrHO3a Komna-
Hun Technology Future Inc. gns nonb3oBaTtenen KBApPTUPHOro cekTopa
B CLUA. KpuBble, npuBeneHHble Ha puc. 31.3, oTpaxaloT BEPOATHbIN
TPEH, N3MEHEHNS TpeOOoBaHWNIM NOTEeHUMaNIbHbIX aDOHEHTOB K CKOPOCTU
obmeHa JaHHbIMKW Yepes CeTb AocTyna. MNporHo3 6bin caenaH B Havane
XXI Beka.

0N AOMOXO035CTB, %
A ,

100—
100 M6uTt/c
1 BbllLE
80 —
60 —
24 MéwuTt/c
40 —
6 MéuT/c
20 — 1,5 M6éut/c
| | | | | > foa
1995 2000 2005 2010 2015 2020 2025
Puc. 31.3. U3meHeHne Tpe6GoBaHMii K CKOPOCTU Nepesaym AaHHbIX

yepe3 ceTb AocTyna

CT1onb CYLECTBEHHBIN POCT CKOPOCTN 0OMeHa nHdpopmaunein obyc-

JIOBJIEH, B OCHOBHOM, ABYMSl TEHOEHLMSAMMU:

® pasBUTWE CUCTEMbI TENEBUAEHUS BbICOKOW YETKOCTU, OJ1S1 KOTOPOro
HEeobX0AMMbI LLIMPOKOMONOCHbIE KaHaslbl;

e TOBbLILIEHNE CKOPOCTM nepefadn AaHHbiXx B WHTepHeT ana noa-
OEepPXKN MHPOPMALIMOHHBIX YCIYr U UIPOBbLIX MPUIOXKEHMNA HOBbIX
BUOOB.

Cnenyet oTMeTUTb, 4TO ckopocTb 100 M6uT/C (BepxHUI Npenen ons
nocneaHen KPUBOIM) coBnagaeT ¢ MakCUMasibHOM CKOPOCTbIO nepenaymn

25. lonbawTenH
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nHdopMaLmMn B NEPCNEKTUBHBIX CETAX MOOWIbHOMN CBA3U. XOTH Takas
CKOpPOCTb Jaxe B OTOANEHHOW MepcrnekTuBe npeacrtaBnsgetcs 6onee
4yeM OOCTaTOYHOW, HEKOTOPLIE CNEeUManncTbl CHATAIOT, YTO ONpeaesieH-
HOI rpynne nosib3oBaTtesien NoTPebyloTCS pecypcbl AOCTyNa Nopsaka
1 Iowut/c.

31.3. Cuctema 3kcnnyaTauMoOHHO-TEXHNYECKOro

ynpaeneHuns

Cuctema akcnnyataumMoHHO-TEXHUYECKOrO YpaBaeHNs — eLe OanH
BAXHbI1 KOMMOHEHT TENNEKOMMYHUKALMOHHOIO MMpa, KOTOPbIN He pac-
CMaTpUBAETCSH B 3TOW KHUre.

B TexHuyeckon nuTepatype Ha aHMmMNCKOM 43blke cucTema
9KCMmyaTaunoOHHO-TEXHNYECKOIoO ynpaBsieHNA U3BECTHa MO TEPMUHY
management system. OHa, Kak n ceTb gocTyna, — Tema gas OTAEeNbHOM
KHUrn.

[na Kaxaoro sanemeHTa TEXHMYECKOM CUCTEMbI MOXHO OMpeaennTb
«KN3HEHHBIN LUMKIT» — BpEMSA C MOMEHTA 3apOXAeHMa naen 00 BbiBoaa
N3 aKkcnnyaraumm oGopynosBaHnsa, B KOTOPOM OHa Oblfia BOMOLWEHA.
BONbLIMHCTBO 3/IEMEHTOB TEIEKOMMYHUKALIMOHHBLIX CETel OTHOCATCH
K TaK Ha3blBaEMbIM KOHCEPBATUBHbIM CJIOXHbIM cucTemam. MogobHbIM
cucTemam npucyLLm Ase 0Co6EeHHOCTH:

e DJBOJIIOUMA B npouecce 3KcnnyaTau,vw|‘ nponcxoanTt CpaBHUTEJIbHO
Mea/1IeHHO N He CBA3aHa C paankasibHbIMN N3MEHEHUAMN,

e KaxAblil 3NIeMEHT CUCTeMbl NpeacTaBnsieT coboii CNoXHOe YCTPOC-
TBO, aHaNM3 KOTOPOro HEMb35 CBECTU K MPOCTOM 3ada4e.

Cuctema akcnnyatauyMoHHO-TEXHUYECKOrO YNpaBaeHus npegycmar-
puBaeT pelleHne paaa BaxHblx 3agad. OgHa U3 Takmx 3agad — TEXHU-
yeckoe obcnyxuBaHue. OHO BKIOYAET B ce65 KOMMIEKC TEXHNYECKNX
N OpPraHN3auUMOHHbIX MEepPONpPUATUN, BbIMONHAEMbIX B MPOLLECCe 3KC-
niayataumm TEXHUYECKUX OOBLEKTOB C LEsbio obecneyntb Tpebyemyto
3bPEKTMBHOCTL BbINMOAHAEMbIX DyHKUMA. B gokymeHTax ITU KOHKpe-
TN3NpPyeTcsa 3To onpeneneHne, pa3paboTaHHOe ANt CNOXHbIX CUCTEM
YHMBEPCANbHOrO HasHaveHusa. B yacTHoCTW, B pekomMeHgaumax ITU
cepumn M TexHnyeckoe obCnyxmBaHme paccMaTpuBaeTcsl Kak COBOKYIM-
HOCTb TEXHUYECKNX N aAMUHUCTPATUBHbIX AENCTBUI, 06ecrnevymBaloLLLnX
nogaepxaHue (Bkto4Yas BOCCTaHOBEHNE) 0ObeKkTa B COCTOAHUN, B KO-
TOPOM OH MOXET BbINONHATL TpebyeMble GYHKLUN.

Ha puc. 31.4 npuBeneHa npocTeiwas Moaesb, B KOTOPOW BblAENEH
9NEMEHT CeTU CBA3W, NPEeACTaBASIOLLMIA COOON — C TOYKM 3pPEHUs pac-
CMaTpMBAEMBbIX B 3TOM pasfesie BONPOCOB — OOLEKT yrpaBfeHns.

' Mopa, akcnyaTaumeit NoHMMAaEeTCs Ta YaCTb XM3HEHHOMO LMKa CUCTEMbI, KOTopas
HanpaBJ/ieHa Ha ee UCMOoIb30BaHME N0 HA3HAYEHMIO.
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Onsa atoro obbekTa, cornacHo pekomMmeHgaumam ITU-T cepumn M,
onpeneneHsl MHTEPdENChl aNekTPocBa3n (ans obmeHa nHdopmaumen
MeXay TepMnHanamMm nosib3oBaTesien) n TEXHMYECKOro 06CnyXnBaHus.
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Nutepdenc
TEXHNYECKOro
obcnyxuneaHms
Mepenaya nudpopmavmn 3anpoc nHdopmaumm
TEXHNYECKOro 0OCNYXNBHUS TEXHMYECKOr0 06CNYyXMBaHWS

Puc. 31.4. UHTepdeiicbl 00beKTa ynpaBneHus

Yepes WHTEpPPENC TEXHMYECKOro OOCNyXMBaHUS MPOUCXOANT
obmeH nHdopmaumen, kotopasa Heobxoguma Ons paboTbl CUCTEMBI
3KCMnyaTauyoOHHO-TEXHMYECKOro ynpaefieHus. B paccmaTtpuBaemon
Moaenu npegnonaraetcs GopMnUpoBaHMe CUrHANOB 3anpoca 1 nepe-
nadn nHdopmMaumm TEXHNYECKOro 06CnyXnBaHus.

Peanusaumio akcniyaTaumoHHbIX NMPOLLECCOB YacTo paccMaTpuBatoT
KaK COBOKYMHOCTb 3a4a4, peLlleHne KoTopbIiX Npon3BoanTCcAa ABymMa CUC-
Temamu, U3BecTHbiMK No abbpesnaTtype OSS/BSS (Operation Support
System/Business Support System). Peub nget o cucrtemax noanepxxku
aKcnyaTaumoHHbIX 1 BuaHec-npoueccos. Cuctemsbl OSS/BSS opueH-
TUPOBaAHbI HA MOJIHYIO WIN YaCTUYHYIO aBTOMATU3aUUNIO 3TUX npouec-
COB.

MHormne cneumanucTbl CBA3bIBAIOT AalibHElllee pa3BUTUE CUCTEM
0SS/BSS c¢ koHuenumer NGOSS (New Generation Operation System
and Software). C HekoTopbiMu gonyuieHuaMmmu NGOSS MoXHO cumnTaTb
cnenytoulen reHepaumeir cuctem OSS/BSS, oprueHTUPOBaHHOM Ha ceTun
NGN.

Mpoeonorna NGOSS paspaboTaHa MexayHapoaHOW He3aBMCUMOM
opraHmnzauunen TMF (TeleManagement Forum). OgHa n3 OCHOBHbIX 3a-
nad NGOSS 3akntovaeTcs B TOM, 4TOObI MPeaocTaBUTb OCHOBHbLIM y4ac-
THUKaM TeNEKOMMYHNKaLMOHHOIO pbliHKa CpeacTsa Asisi Co34aHns 1 Mo-
OePHU3aLMM COBPEMEHHBIX 3KCMyaTaLUOHHbIX 1 BM3HEC-MPOLLEeCCOB.
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31.4. Nno6GanbHaa nHpoOpMaLNOHHANA

MHpacTpyKTypa

Mbl XXMBEM B MUPE, B KOTOPOM MHGOpMaLma nmeeT 6onbLIoe 3Ha-
yeHue. ExeqHeBHO Yenosek noJiydaeT MHGOpMaLMIo 1 y3HaeT ansa cebs
4YTO-TO HOBOe. He Tak JaBHO 06LLaa CyMMa 4enoBevyecKnx 3HaHwum ya-
BamBanachb kKaxable NATbAECAT fieT. B Hawm gHn ob6bem uHdopmaumm
yOBanBaeTcs Kaxable Asa roga.

B 1994 romy Buue-npe3naeHTt CLLUA Anbbept lop obpartuncsa kK
CTpaHam-4yneHaMm MexayHapoaHOoro cot3a 3N1eKTPOCBA3N C npeasio-
XeHNeM 00beANHUTL HaUMOHaNbHbIE MHOOPMAaLNOHHbLIE MHPPAaCTPYK-
Typsbi. B pe3ynstaTte npoBeneHHomM paboTtel poamnnack ugesa N, ynomm-
HaBLUAsiCA BO BBOAHOW nekumn. B HacTosiliee Bpems pa3padboTaH psan,
cooTBeTCTBYIOLWMX pekomeHagauun ITU-T (cepusa Y). N3 onpeneneHni
'MW cnepyeT BbIOENUTL Takylo TPAKTOBKY: «COBOKYMHOCTb MHpOpMauy-
OHHBbIX 1 BbIHUCNTENBbHBLIX PECYPCOB, NPEA0CTaBASEMbIX A9 OpraHM3a-
LA /NN HACEeNEHUS, N CPEACTB A0CTyNa (B TOM YACHE — AUCTAHLUWOH-
HOro) K aTum pecypcam». Mogenb N'MW, koTopas npegnoxeHa ITU-T B
pekomMeHpaumsx cepun Y, npueeaeHa Ha puc. 31.5.

OHLMKIN0A
neons

MHdpopmaumsa I r MHdpopmaumsa
Mnatdopma Mnatdopma
noaAepxKn R Fq noaaepxKu
NPUNOXEHNN NPUNOXEHNN
nonnepn Cers cers nonean
AAED o cBA3W [| CBSI3U Anep .
KOMMYHMKauumn KOMMYHUKaunmn
NHdopmaLmoHHoe KOMMyHMKaLMOHHas MH¢°DM3}J-V'0HH°9
YCTPONCTBO nHdpPacTpykTypa yCTPpOMCTBO
Puc. 31.5. Mopaenb Mo6anbHoii THGOPMaLMOHHOK NHDPACTPYKTYPbI

B aTon mopenn mexay AByMSA UHPOPMALMOHHBIMW YCTPOMCTBAMM
pacrnonoxeHa KOMMYHUKAUWOHHas MH@PacTpykTypa, COCToswas u3
HECKOJIbKMX CeTeln CBA3W, KOTOPble MCMNOJb3YIOTCA B MpoLlecce nepe-
baun nHdopmaumm. O6meH nHdopmMaumnern MoXeT NMPONCXOOUTb MeXay
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noabMN, MEXAY YEeNIOBEKOM U KaKUM-/TIMBO0 TEXHUYECKUM YCTPOCTBOM,
a Takke 6e3 yyactus nogein. KoHuenuma NGN o6blYHO paccmaTpuBa-
€TCS Kak 0JHO N3 caMblX NEPCMNEKTUBHbLIX HANPaBIeHU NMPaKTUYECKOW
peanun3aumun naeonorum 'MN.

31.5. BmMecTO nocnecnosus

dyTyponorn yxe COLWIMCb BO MHEHMWW, YTO HblHELIHEE CTONETUE
MOXHO CYUTATb BEKOM MHMOKOMMYHUKaUmi. DTOT BBeAEeHHbIN ITU Ho-
Bbll TEPMUH nogpasymMmesaeT MHOOPMATUKY U PAL CMEXHbIX ANCLUMIIVH,
cpean KOTOPbIX BaXKHENLLAsA POJib OTBOAUTCSH TENEKOMMYHUKALNAM.

OTtciopa cnepnyeT, 4TO 3JIEKTPOCBA3b CTaHET OAHUM M3 JIOKOMOTU-
BOB 3akoHOMUKN XXI Beka. Mepepn cneunanmctamm B obnactu QN1EKTPO-
CBSI3N OTKPbLIBAOTCS 3aMaH4MBbIE MEepPCrnekTBbl MPOMECCUOHaNbLHOMN
nearenbHoCcT. MOXHO HE COMHEBATLCA B MOSIBIEHMN HOBLIX UOEN, B
pa3pa60TKe OpPUrMHanNbHbIX TEXHONOMNIM, B KQHECTBEHHOM OBOHOBNEHUM
BCEX NCMNOJIb3yEMbIX TEXHNYECKNX CPEOCTB.

Ecnu peweHnio BO3HUKAKOLWMX 3a0a4 OyaeT XOTb Kak-TO cnocobce-
TBOBATb 3Ta KHUIra, aBTOPblI CMOIyT CHUTaTb, 4TO TPYOAWJINCbL HE 3P4.

3aBepLuas KHUry, Mbl ¢ 61arogapHOCTbLIO BCMIOMUHAEM CBOUX Y4u-
Tenen. I HapgeeMmcs, 4TO Ham, B CBOK O4Yepenpb, yoacTCs BbIMOMHUTb
BEYHYIO 3aJauy: «YuynTesb, BOCrTam y4eHuKka, 4706 Obl10 y KOro rnoTtom
yunTbCs!» 2.

@ JlutepaTypa k nekuum 31

31.1. Kox P, AHoBckui I.T. 9BONOLUMSA N KOHBEPreHLUNs B aiekTpocBasn. — M: Pagno
1 cBa3b. — 2001.

31.2. TonbawrTeliH B.C. Cuctembl kommyTauuun. 2-e usg,.— Cr6.: BXB-IMetepypr, 2004.

31.3. Cokonos H.A. TenekoMMyHUKauWOHHbIE ceTu. — M.: AnbBapec MabanwmHr,
2004.

2 911 cnoBa npuHagnexar noaty EereHmio BuHokypoBy. MNpaBaa, B ero CTUXOTBOPEHU
MepBbIM CIOBOM 6bIN0 «XyA0XHMK». Tem He MeHee, B 06uxoa, Bowna ¢ppasa: «YuuTenb,
BOCMUTAW...»
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Cnucok cokpatueHuni

2G Mo6unbHbIe CETM BTOPOrO NMOKOMEHMS, BKIoYas TexHonorum GSM

2,5G YcoBepLUeHCTBOBaHHOE BTOPOE NokoJieHne umdposbix CMC

2BCK Cuctema curHanmsaLmm no AByM BblAENIEHHbIM CUrHAJIbHBIM KaHanam

3G Mo6unbHble ceTn 3-ro NOKONeHUs

3GPP Third Generation Partnership Project — napTHepcTBO B 0651acTn
TexHonorun 3G

4G YeTBepTOE NOKOSIEHME CETEWN NOABUXHOM CBA3N

AMTC ABTOMaTMHECKasa MexayropoaHas TenedoHHas cTaHuns

ATC AsTOMaTtmnyeckasa TenedoHHasa ctaHumsa

cnc CeTb NOABMXHON CBA3MN.

cas CeTb LOKYMEHTANbHOWM 3N1EKTPOCBA3N

rmc fopoackas TenedoHHas ceTb

EC3O PO EnmHasn ceTb anekTpocsaan Poccuiickoii @enepaunmn

3Ccn 3aka3Ho-coeanHUTeNbHas NNHNUS

3TY 30HOBbIV TeNedOHHbIN y3en

UKM MmnynbcHo-kopoBas moaynsums (PCM)

KNK KapMaHHbIl NepCcoHasbHbI KOMMbIOTEP

MPK MexpernoHanbHas KOMnaHms

MC MecTHas cTaHums

HMNA HopmaTtuBHbI NPaBOBOW aKT

OKC7 O6LekaHanbHas cuctema curHanuaaumm Ne7

onTC OnopHO-TpaH3uUTHasa CTaHUuMs

oC OkoHeyHas cTaHums

PATC PaiioHHasa ATC

chn CoeaunHuTenbHas NMMHUS

C/m CoeanHnTenbHasA MMHNS MEXAYropOAHONM CBA3N

COPM CucTtema onepaTMBHO-PO3bICKHbLIX MEPONPUATUA

CNAWAEP CucrteMa MOHUTOPUWHIa 1 ayauTa CeTU CUrHanm3aumm

cnc CeTn NoABMXHOW CBA3U

TA TenedoHHbI annapaTt

TC TpaH3uTHaa cTaHums

Toon TenedoHHas ceTb 06LLLEro NONbL30BaHUS

YAK Y3en aBTomMaTn4eckom KommyTaumm

YATC YupexpaeHyeckas ATC

YBC Y3en BXxoAsLero coobLieHns

YBCM Y3en Bxoasawero MexayropoaHoro coobLueHms

YUBC Y3en ucxogsiero v BXoasiero coobLeHmi

yuc Y3en ncxosuero coobLieHns

yC Yanosasi ctaHuus

ycn Y3en cenbCcko-nNpuropoaHOn CBA3N

YCC Y3en cneucnyxo

LoB LleHTp o6CcnyxnBaHns BbI30BOB

ucn Lindposble cnctemsl nepegaqv

uc LleHTpanbHasa ctaHums

YHH Yac HanbonblUen Harpy3Kkm

A UHTepderic mexay MSC 1 BSS

A-bis Nnutepdeic mexay BSC n BTS

ADSL Asymmetrical Digital Subscriber Line — acummeTtpuyHas undpoas AJl

AMPS Advanced Mobile Phone Service — ycoBepLLUEHCTBOBaHHbIE YCyr MOOWIbHOM
TenedOoHHOWN CBA3M (aHANOroBbIN CTaHAAPT, pa3paboTaHHbI B CLUA)

API Application Programming Interface — nntepdeinc npuknagHoro
nporpamMMmMpoBaHns

ARPU Average Revenue per User — cpegHuin goxon OnepaTtopa Ha ogHOro aboHeHTa

ATM Asynchronous Transfer Mode — aCUHXPOHHBIN PEXNM JOCTAaBKM

AuC Authentication Center — ueHTp ayTeHTUdUKaumm
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BSC
BSS
BTS
cC

CAMEL
CDMA
CDR
CT-2
D-AMPS
DECT
DNS
DSLAM

DTAP
DTMF
E1

EDGE

ENUM

ETSI

EV-DO
FDMA

FIB
FISU
FSN

FMC

FMS

FTTx

Gll

GGSN

GMSC

GPRS

GPS
GSM

Base Station Controller — koHTponnep 6a3oBoi CTaHUMN
Base Station System - cuctema 6a30Bbix CTaHLMIA
Base Transceiver Station — 6a3oBasi npremonepenatoLLas ctaHuus

Country Code — ko, cTpaHbl, onpeaensieT CTpaHy unuv reorpadpuyeckuii permoH B
nJjiaHe HymMmepaunn HaLI,I/IOHaJ'IbHOVI CeTn CB43n

Customized Applications Mobile Enhanced Logic — ycoBepLueHCTBOBaHHas 10run-
Ka MOBUIbHOM CBA3M A5 NOJIb30BATENbCKUX MPUNOXEHWNA

Code Division Multiple Access — MHOXECTBEHHbI LLOCTYN C KOAOBLIM Pa3feneHn-
€M KaHanoB

Call Detail Record - 3anucb napameTpoB BbI30Ba (y4eTHas 3anumchb)
Cordless Telephony-2 — 6ecnpoBogHble TenedOoHbI BTOPOro NOKOJSIEHUS

Digital Advanced Mobile Phone Service — undpoBas ycoBepLLIEHCTBOBAHHASA CUC-
Tema MobunbHon TenedoHHol cBsa3n. Moandukaumsa cuctemsl AMPS npu nepe-
X0[e K COTOBbIM cucTeMaM MOOWIIbHOI CBSA3N BTOPOrO MNOKOJIEHUS.

Digital Enhanced Cordless Telecommunications. Lindposas ycoBepLUEHCTBOBAH-
Hasi 6ecrnpoBoaHasi CBSI3b

Domain Naming Server — cepBep LOMEHHbIX MMeH. Cuctema npeobpas3oBaHns
nornyeckunx umeH B IP-agpeca

Digital Subscriber Line Access Multiplexer — mynsTrnnekcop gocrtyna ans und-
POBbIX 2OOHEHTCKMX JINHUIA

Direct Transfer Application Part — nogcuctema ckBo3HO nepeaayn coobLueHni
Dual-tone multifrequency — MHOro4acToTHbIN Habop HoMepa «2 13 n»

CtaHpapTHbI TpakT nepBuyHon LICI ¢ nponyckHOM cnocoBHOCTLIO
2048 kbut/c

Enhanced Data Global Evolution — noBbiLleHe CKOPOCTU Nepeaayn AaHHbIX ois
rnobanbHon aponoumn. MpoekT, passmBatoLwmini ctTaHgapT GSM 1 no3sonaoLWmin
YBEIMYUTbL CKOPOCTb Nepeaayn AaHHbIX 40 384 k6ut/c

tElephone NUmber Mapping — koHuenuus npeobpa3oBaHus TenedoHHOro
Homepa

European Telecommunication Standardization Institute — EBponenckuin IHCTUTYT
cTaHaapTu3aumm B 061acTu cBaA3un

Evolution, Data Only — ctangapT nepeaayn gaHbeix B CrNC

Frequency Division Multiple Access — MHOXECTBEHHbIN AOCTYN C YaCTOTHLIM pas-
heneHneM KaHanos

Forward indicator bit — 6uT nHamkaumm npsmoro HanpasneHus 8 OKC7

Fill-in signal unit — 3anonHsiowas curHanbHas eanHnua 8 OKC7

Forward sequence number — nopsaKoBbIN HOMEP NepeaaBaeMor CUrHanbHOM
eanHuupbl B OKC7

Fixed-Mobile Convergence — koHBepreHuns GUKCUPOBaHHbBIX 1 MOBUITbHBIX
ceten

Fixed-Mobile Substitution — 3ameHa GUKCMPOBAHHLIX CETEN CETAMUN NOABUXHOMN
CBA3U

Fiber To The «x» — BONOKHO 1O TOYKM «X»; COBUpaTenLHOe Ha3BaHWe AJjis psaa pe-
LLIEHWNIA MO UCMONBb30BaHMIO Kabensi C ONTUYECKMMU BOJIOKHAMW B CETU JOCTYNa
rnob6anbHas HPopMaLMOHHas MHPPaCTPYKTypa

Gateway GPRS Support Node — wnio3oBoi y3en nogaepxkm GPRS, ocyuiecT-
BJ'IFIIOLLI,I/IVI MapLwpyTn3auuto nakeTos, NOCTyNaloLWmnX B Hee N3 BHELWHUX NaKeTHbIX
ceten

Gateway Mobile Switching Center — Ln030BOM LEHTP KOMMYTaLUX MOOUIBHOM
CBA3Un

General Packet Radio Service — TexHOnorns nakeTHom paguonepenadn AaHHbIX.
MopaepHusauma ctaHgapta GSM, no3BonMBLIAs OpraHn30BaTh YCyry nepegayn
OaHHbIX Ha 6a3e TEXHONOrnN C KOMMYyTaLMEN NakeToB

Global Positioning System — rno6anbHas cuctema no3nLMoHMPOBaHUS

Global System for Mobile communication — rmo6anbHas cuctema MobubHOM
cBa3un. Lindposoii ctaHaapT OJ1si COTOBbIX CUCTEM MOOUBHOKN CBA3U, UCMONb3YI0-

wmx amanadoHsbl 4actoT 900, 1800 n 1900 MIMy, M GYHKLUNOHUPYIOLLMX MO NPUH-
unny TDMA
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HLR Home Location Register — ceTeBas 6a3a gaHHbIX, B KOTOPOW XPaHATCSA CNpaBoYy-
Hble faHHble 06 aboHeHTax, NOCTOSIHHO 3aPErnCTPUPOBAHHBIX B 30HE, KOTOPYIO
koHTponupyeT HLR (appeca, nidpopmaumsa o6 ycnyrax n ap.)

HTML HyperText Markup Language — 93blk pa3MeTku rmneprekcra

HTTP HyperText Transport Protocol — npoTokon nepega4yn runeprekcra

IAM Initial address message — Ha4anbHoe agpecHoe coobiieHne B OKC7

IETF Internet Engineering Task Force — unxeHepHas pabouyas rpynna HTepHeT

IMEI International Mobile Equipment Identity — yH1KanbHbI MeXAyHapPOAHbLIN MAEHTN-
durkaTop MOOGUILHOrO TepMUHana

IMSI International Mobile Subscriber Identity — MmexayHapoaHbIn UAEHTUPUKATOP MO-
OunbHOro aboHeHTa

IMT-2000 International Mobile Telecommunications-2000 — MexayHapoaHas nporpaMmma
ITU cospaHust cuctem noasmxHom ceasu 3G

IN Intelligent Network — UHTennekTyanbHas cetb. CeTb, KOTOpasi B paMkax TefiedoH-
HOW CeTu OBLLLEr0 NONb30BaHNS NMO3BONSIET pa3pabaTbiBaTh 1 BHEAPSTb HOBbIE
ycnyrn

INAP Intelligent network application protocol — npuknagHown npotokon VIHTennektyanb-
HOWM ceTun

1ISO International Standardization Organization — MexayHapoaHas opraHn3auus CTaH-
naptmsaumm

IP Internet Protocol — npoTokon (cemencTBo NpoTokonoB) MHTepHeT; TekyLLas Bep-
cus — IPv4, HoBas — IPv6

ISDN Integrated Services Digital Network — undpoBas ceTb MHTErpanbHoOro o6cnyxm-
BaHUsA

ISUP ISDN user part — nogcuctema-nons30eaTesb, NOAAEPXNBAIOLLAS CUrHAIN3ALMIO
TenedoHHOWN ceTn, ceT nepenadn AaHHbIX 1 LMPPOBOKM CETU MHTErpasbHOro
obcnyxumBanusa ISDN

ITU-T International Telecommunications Union — Telecommunication Standardization
Sector. MexayHapoaHbii Coto3 AnekTpocBadn — CekTop cTangapTMsauuvmn B
obnactu cBs3u

LAN Local area network — nokanbHas ceTb nepenaym AaHHbIX

MAC Medium Access Control, npoTokon KOHTPOJISt AOCTYyNa K cpefe — NPOToKOoJ nepe-
haun gaHHbix B Um-untepdenice cetn GPRS, obecneuymBaioLLmii ycTaHOBNEHNE
KaHana n MynbTUNAEKCUPOBAHME OAHHbIX

MAP Mobile Application Part — npuknagHas nogcvcrtema-nosib3osaTesb NoAnepPXnBato-
Las noaBmXKHYIO cBa3b cTaHgapta GSM

ME Mobile Equipment — Mo6unbHoe 060pyaoBaHue

MCC Mobile Country Code - Tpu uMdpbl kKoga CTpaHbl ONPeaensoT CTpaHy, Ha
TEPPUTOPUN KOTOPOI HAXOAUTCHA AOMALLHSAS CETb MOOUILHOIO abOHEHTA

MNC Mobile Network Code — ko, ceTu NoaBuXHO CBA3M ONpeaensieT JOMAaLUHIO
CrI1C aboHeHTa

MOS Mean Opinion Score — cpeaHss akCnepTHas OLeHka Ka4ecTsa pedn MoBUbHbIX
TEPMUHANOB

MS Mobile Station — MobunbHbLI TepMUHan

MSC Mobile Switching Center — LeHTp kKOMMyTaUUN MOOWBHOW CBS3M

MSRN Mobile Station Roaming Number — BpeMeHHbIi HOMep A1 POyMUHra

MSISDN Mobile Station International ISDN Number — MexayHapoaHbii ISDN — Homep Mo-
OUNbLHOro TepMMHana

MSU Message Signal Unit — 3Ha4awas curHansHas eguHuua B OKC7

MTP Message Transfer Part — nogcuctema nepeHoca coobueHuin B OKC7

MVNO Mobile Virtual Network Operator — OnepaTtop BUpPTyasibHOW CETU MOOWIbHOM
CBSA3N

NGN Next Generation Network — ceTb cneaytoLero nokoneHns

NMT Nordic Mobile Telephone — MobunbHas TenedoHUs 4J1 CEBEPHbIX CTPaH.
CoToBas cuctema MobunbHoOM cBa3u B ananasoHax 450 n 900 My,

NMT450 Nordic Mobile Telephone System — nepBas eBponenckas cucrema,

paboTaBLias B agnanasoHe 450 My,
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OMAP

osl
PICS

PIXIT

QoS
RAN
SCCP

SCP
SDH
SGSN
SLA
SMS
SHDSL

SIM
SNT
SMSC
SP
SSP

STP
TACS

TCAP

TDM
TDMA

TETRA
TUP

TRAU

UMTS

URL

VAD
VDSL
VLR

VolP
WAP
W-CDMA

xDSL

Operations, Maintenance and Administration Part — nogcncrema akcnayataumoH-
HOro ynpasneHus n koHTponse OKC7

Open systems interconnection — B3anMoaencTane OTKpbITbIX CACTEM

Protocol implementation conformance statement — BeOMOCTb COOTBETCTBUSA
npoTokony

Protocol implementation extra information for testing — sononHUTENbLHLIE AAHHbIE
0 peanusauumn npoTokona

Quality of Service — kayecTBO 06CNYXMBaHUSA
Radio Access Network — ceTb paguogoctyna

Signalling Connection Control Part — nogcuctema ynpaBneHus CUrHasibHbIMm
coeauHeHnsmu B OKC7

Service control point — y3en ynpasnexus ycnyramuv IHTennekTyanbsHomn cetu
Synchronous Digital Hierarchy — cuHxpoHHas umdpoas nepapxus LICI
Serving GPRS Support Node - o6cnyxuBatoumii yaen nopaepxkn GPRS
Service Level Agreements — cornalueHusi 06 ypoBHe 06cnyxXmBaHus

Short Message Service — ycnyra KOpoTkuUx CO0BLLEHNIA

Single-pair High-speed DSL - cummeTpuyHas undposas AJ1 No 0gHOM BUTON
nape

Subscriber Identity Module — moaynb naeHTndUkaummnm aboHeHTa, NiacTukoBasi
KapTa, BCTaBnasiemasi B MOOUbHbIV TEpMUHAN 1 o6ecneynsaloLas BO3MOXHOCTb
CaHKUMOHMpoBaHHoro goctyna B CINC

Signaling network testing — nnatdpopma MynbTUNPOTOKONILHOrO TECTUPOBAHUS
Short Message Service Center — LeHTp ycnyr obMeHa KOPOTKUMU COOBLLLEHUSMMN
Signalling point — nyHKT curHanudaummn B cetn OKC7

Service switching point — ysen kommyTtauuu yenyr HTennekTyanbHom cetu
Signalling transfer point — TpaH3UTHBIN NYHKT curHanndauum B cetn OKC7

Total Access Communications System — TexHonorus, paboTtasLuas B AnanasoHe
900 My,

Transaction capabilities application part — npuknagHas noagcnctema NnoanepP>XXKn
TpaH3akumin OKC7

Time Division Multiplexing — BpeMeHHOe pasfeneHve kaHasoB

Time Division Multiple Access — MHOXECTBEHHbIN 40CTYN C BPEMEHHbLIM pa3aene-
HUEeM KaHanos

Trans European Trunked Radio. LingpoBble TpaHKUHIOBbIE CUCTEMBI

Telephone user part — nogcucTtemMa-nonb30BaTeNb, NOAAEPXMBAOWASA CUTHANN-
3aumio TenedoHHOM ceTn

Transcoding and Rate Adaptation Unit — 610k nepekoanpoBKM 1 aganTauum CKo-
pocTu nepepayn

Universal Mobile Telecommunications System — yHuBepcanbHas cucrema mMo-
6unbHom cBA3un. KoHuenuus o6beamMHeHnss CTaH4apPTOB COTOBbLIX CUCTEM MOOUIIb-
HOV CBSI3N TPETLErO MOKONIEHUS B €OUHYIO MUPOBYIO.

Uniform Resource Locator — yHnduumpoBaHHbIn ykasaTesib MHPOPMaLMOHHOIo
pecypca

Value Added Services — nononHUTENbHbIE YCYTn
Very High-speed Digital Subscriber Line — cBepxckopocTHasa umdposas AJl

Visitor Location Register — ceteBas 6a3a JaHHbIX, B KOTOPOW XpaHATCS CBeAeHUS
0 nepemeLlleHnsx aboHeHTOB. HakonneHHas nHdopmaumsa XpaHUTcs 40 TexX nop,
noka aboHeHT HaxXoAMTCS B 30He, KOHTponnpyemoii MSC

Voice over IP — TexHonornsa nepepaym peyeoro tpaduka no IP-cetam
Wireless Application Protocol — npuknaaHoi npotokon 6ecnpoBoaHOro AocTyna

Wideband Code Division Multiple Access — LUMPOKONOMOCHbI MHOXECTBEHHbI
[0CTyN C KOOOBLIM pa3fesieHMEM KaHanoB

eXtended Digital Subscriber Line —ycoBepLueHcTBOBaHHas undposas aboHEHT-
cKas nMMHnsa
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