AHann3 cocTosIHUS| POCCUMACKMX MPEANnpUITUA —
npouseoguTenei TeNeKOMMYHMKALMOHHOro obopynoBaHus

(no cocrosiHmio Ha IV keaptan 2009 ro.qa)

Pacemarpusaetes mMHAMHKA M3MEHEHHS POCCHICKMX MPEMPHSTIN, 30HUMAIOLLMXCS BOMPOCAMM paspabOoTKM M Mpoms-

BOZCTBA TEIEKOMMYHUKALMOHHOTO 06OpPYnoBaHMs. [PMBOLSTC paKTOpLI, KOTOPbIE, MO MHEHMIO SKCTIEPTOB, MOITM Bbi

crnocobcTeoBaTH CO3A4AHNIO COBPEMEHHOTO KOHKypeHTHOCﬂOCO6HOI' O MPOM3BOACTBA TEJIEKOMMYHMKALIMOHHOTO O60py-

nosaHus B Poccum.

Hokyuaes B.A,,
A.TH., npogeccop

[MpOLLNO NOYTH AECSTH IET C MOMEHTA NOCTIEAHEN NMYBRMKALWM ABTO-
pa, NOCBALLEHHOM AHANM3Y POCCHIACKOTO PbIHKA PA3PABOTYMKOB M Mpo-
U3BOLMTENEN TENEKOMMYHUKALWOHHOTO obopyaosanus [ 1-6]. Mpowea-
LuMe rofibl GbUIM O4EHb HEMPOCTBIMM it GONBLLUIMHCTBA KoMraHMid. CHa-
yana ¢rHaHCOBbIN KpM3anc koHua 90X T, 3aTem mobanbHbIA KpU3MC
2008 r. NHrepecto, uto IEEE Hassan kpuaic peesiHocbix "renebomba”
[7]. MpramHbl €ro B TENEKOMMYHHUKALWMOHHOM OTPACIM AETANLHO U3yde-
Hbl M MPOQHAM3MPOBAHbI 3AMOAHBIMU QHQTMTUKOMM, HO MPAKTHHECKH
MOMHOCTBIO MPOUMHOPMPOBAHbI HAMM. AMEPUKAHCKVE QHASUTUKM OTME-
YQKOT, YTO OCHOBHBIMM MPMHMHAMM KPH3MCA KOHLIA P0X B TENeKOMMyHI-
KOLWMOHHOM BM3HECE CTQNM: OTCYTCTBME BHSITHOM 3OKOHOAATENBHOM M
TEXHUYECKOM NOMMTUKU FOCYAAPCTBA, CTPEMIEHWE PYKOBOACTBA KOMMG-
HUA MIIOBbIMU CPEACTBAMM K KAMMTANM3ALIM NPEANPUSTHIA 1 XOPOLLIEH
ByXranTepCKOM OTYETHOCTU Mepes, AKLMOHepaMM, Ge3yaep>kHbiii pocT
YMCIC KOMMOHMIMA NPEMAIQIOLLX OfIHM M TE XE MPOLYKTbI U YCITyTH, POCT
TaprOB HA YCy, MPOBEmb! MOATOTOBKM KBATMULMPOBAHHBIX KO-
poB 1 Tn. K coxaneHmio, Mbl MOBTOpsiem Takue e owmbku. Pacemor-
PMM, KOK 3TH 1 ApyTHe coBbiTVst 30 MPOLLEALLIME AECSTb JIET OTPA3MINCH
HO OTEHECTBEHHBIX KOMMCHHSIX, 3AHUMOIOLLMXCS! BOMPOCAMI paspaboT-
KW M MPOM3BOACTBA TENEKOMMYHMKALWOHHOTO OBOPYAOBAHMS, 1 HTO Ke
NPOM3OLLIIO C HAMM 301 STOT NEPHOA.

Jletom 2009 1. o MHMupaTBE HEKOMMEPHECKOM OpraHmaaLpn "Ac-
coumaups npomssopmteneit obopyaosanua casau’ (HO AMNOC) 6Gbin
NPOBEAEH OMPOC PSIA POCCUIACKMX KOMMOHMHM, 3AHMMAIOLLMXCS pa3pa-
BOTKOM W MPOM3BOACTBOM TENEKOMMYHMKALMOHHOTO OBOPYAOBAHMS
(nanee — npepnpusTa otpacnmn). OrosopuMcs cpasy, 4To B OMPOC He
BOLLUTM TaKWE Npeanpusivs Kak koHuepHs! "Cossespe’ u "CurpoHmkc”,
NPEANPMSITIS, BIMYCKAIOLLME MOYTOBOE OBOPYAOBAHME, O TAKKE Mpes:-
NpUSTUS KOTOPbIE PAHbLLIE 6le'|0 MPHHATO OTHOCUTDL K NPEANPUATUAM NOo-
AotyeTHbIM Mutncrepcrey pagmonpomsinertoct (MPT). Opyrmin
CIIOBOMM, GHANM3MPOBANACH CUTYALMS C MPEANPUSTUSIMM, KOTOpbIE 30-
HUMQIOTCSl B OCHOBHOM BBIMYCKOM KOMMYTOLIMOHHOTO OBOPYAOBAHMS,
CHCTEM MEPEAAYM W YCTAHOBOYHOTO TENEKOMMYHMKALIMOHHOMO 0bopy-
AOBAHMS 1 KOTOPbIE PAHbLLE OTHOCHIMCH Bbl K MUHICTEPCTBY MPOMBILLI-
nenHoctv cpeacts casan (MIMCC).

[MNepBbiit BbIBOA, KOTOPbIM MO3BOMMIM COENATL PE3YSETATb OMPOCd,
COCTOWT B TOM, 4TO B CTPAHE MO COCTOsHMIO Ha KoHel, 2009 r. HacumTbl-
Baetcst nopsaka 40 oTedecTBEHHbIX KOMMAHMI (pasnuuHbix Gopm cob-
CTBEHHOCTH), PEQUIBHO 3AHUMGIOLLWXCS BOMPOCAMM paspaboTki M npo-
M3BOACTBA OBOPYAOBAHMS CBAM.
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BepxHsist oLieHKA YCTIEHHOCTH PABOTAIOLLX HA AOHHBIX MPEPHS-
ax Ha kowew, 2009 r. coctasnseT nopspka 6 Thic. yenosek (puc. 1) u
konebnercs 8 npegenax ot 20 ao 1300 venosek.

Takim 0BPA3OM, MPHXOAMTCS! CAENATL HEYTELUMTENbHBIN BLIBOL, YTO
¢ Hauana 90X IT. MPOLLIOro CTONETHS YUCTIEHHOCTb PABOTAOLLYX HA
NPEANpUSTHAX OTPACTM coKpaTUnack npumepHo Ha 15-20 Tbic. yeno-
BEK.

[ns npumepa npusenem anepytoluye Lydpbl. C MOMEHTA OCHOBG-
wus npeanpusus OAO "Annapatypa pansheii cesian” (Yanosasi, Tyne-
ko obnactv) B cepemHe 60x ropos ao Hauana 90x rogos psopuaTO-
rO CTONETHSI CPEOHETOAOBAs YUCTIEHHOCTb COTPYAHMKOB COCTOBNSUIA MO-
psiaka 2 Tbic. yenosek. B Hactoswee spems — 530. YueneqHocts pabo-
TAIOLLWX HO YPQIbCKOM riarMaHe pocauiickmx cuctem nepeaain OAO
"MopwuoH" (Mepms) 8 2009 r. cokpammnacs ao 250 yenosek, a koraa-To
Ha Hem paboTano Ao 10 Thicsiy COTPYAHMKOB.

Mo YNCIIEHHOCTV 3QHSITOTO HO MPEAMPHSITHSX OTPACTM HOCENEHMS BCE
MPELNPHATIS OTPACTM MOXHO PA3BMTL HO! TPU OCHOBHBIE MPYMIMbL: CBbILLE
150 yenosex, or 40 ao 150 venosex u merbiue 40 yenosex (puc. 2).

K nepso rpynne (17% npepnpusmii) oTHocsTcs GblBLume cepuiiHble
NPeanpUsTMS, OPUEHTUPOBAHHLIE HA MOJHLIN TEXHONOTUHECKMIA LIMKI
MPOM3BOACTBA OBOPYLOBAHMS M KOMIAHMM CO3AAHHbIE HA WX Base. K x
4mMcITy MOXHO otHecT paree ynomuHasluvecs OAO "ALC" u "Mopu-
oH", OAO "AJICUTEK" (Caparos), 3AO "MckpaYpanTen" (Exarepmn-
6ypr), OAO "BCC" (Boprcomebek, Boporexckas obnacts), OOO
"Snrexc" (Hosocnbrpek), OAO "Mexosckmit sason ALC", OAO tOps-
es-Nonsckmit sasog, "Mpomeesass” (Brnopmupcekas obn.), PIYM "Kany-
ranpvbop" (Kanyra) 1 psg gpymix.

Bropyto rpynny (54% npeanpusmii) cocTaensitoT B OCHOBHOM Npea-
MPUSTHS, 30HAMAIOLLMECS COBCTBEHHO PA3PABOTKAMM TENEKOMMYHMKA-
LMOHHOTO OBOPYAOBAHMS M MCTIONb3YIOLWME HAPSdY C CODCTBEHHbIMM

CpeaHss YNCNeHHOCTb paboTalowWwmnxX Ha NpeanpUsATUAX
oTpacnu
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Knaccud mkaumsa npeanpusaTin o YMCIeHHOCTU
COTPYAHUKOB

17%

@ cbiwe 150 yen.
m Ao 150 ven.
0 MeHbLue 40 yen.

Puc. 2

MPOM3BOLCTBEHHBIMM MOLLHOCTAMM CXEMY OTEYECTBEHHOTO aYTCOPCHH-
ra. K wmeny takmx npepnpusiiin moxHo otHect SAO "Mhrencer TCC',
OAOQ "Cynepren", PIYMN "Macwra6" (Carkr-MNetepbypr), 3AO "Mo-
Tec", OAO "CCKTE-TOMACC" (Mockea) v gpyrve.

W, HakoHew, Tpetbs rpynna npeanpustvit (29%) sarmmaetcs npe-
MMyLLIECTBEHHO Pa3PABOTKAMM M B KAMECTBE MPOM3BOLCTBEHHOM GA3bI
MCTIOMb3YET CXEMbI OTEYECTBEHHOrO M 3apybeskHoro aytcopeuHra. K
HUM MOXHO OTHECTW Takue kommaHmi kak 3AO "Mynsmikom CI16"
(Carikr-Metepbypr), HMO "Tenexom" (Mxesck), OOO "Iu-Dc-[xu"
(Ipynna Cetesbie Cucremsl), OOO "tOnuren", OOO Pupma "Tene-
codt" (Mocksa), 1 gpyve.

M3 koraa-To cozaanHbix MIMTCC coBMeCTHbIX NMpeanpHsiT1il B HACTO-
swee spemst Tonsko 3AO "MekpaYpanlen” peanbHo npogomxaet pa-
Gotats 1 HapawwBeaTb nopTdens npeanaraemoro obopyaosaxms. A3
YMCIIA HOBBIX MIPOKOB Ha pbiHke credyet otmetmts PIYIM "Kanyranpu-
60op", MPUCTyNMBLLEE K BbIMYCKY KOMMYTOLWOHHOTO OBOPYAOBAHMS
Hicom (paspabotka komnarmmi Siemens).

C coxarneHem NpUXOaMTLCS! KOHCTATUPOBATS, HTO B CUITy HECOBEP-
LLIEHCTBA MPABOBbIX 1 PMHAHCOBBIX OTHOLLIEHMH B LivKNE "HayKa — Mpo-
M3BOACTBO", MPAKTUHECKM MCHE3IIM TOKME OTEHECTBEHHBIE PA3PABOTUMKM
TenekoMmyHHKaLmorHoro obopyaosarus kak OAO HIMO "OanbHsa
cBazb" 1 "KpacHas 3aps”, psn otpacnessix HAM.

AHQMM3 NONYHEHHbIX OTBETOB OTHOCUTENBHO KOOPOBOrO COCTOBA
pPABOTAIOWMX HA MPEOTPUSTUSX OTPACTM MOKA3A, YTO CPEHWIA BO3-
POCT 3QHSTBIX HO MPEANPUSTUSIX OTPACTM HaXoauTes B npeaenax ot 30
po 52 net v coctaensiet 44,8 1. (korew, 2009 r.). Otmenm, 4o s1a Limd-
pQ SIBNAETCA MPAKTUYECKM NOCTORHHOM 30 nocnearue 4 roga (puc. 3).

K coxaneHuto, He yaanock nomyumTs NOMHOM MHGOPMALK MO MPo-
eccHoHANBHOMY COCTOBY PABOTAOLLIX HA MPELANPHSTHSIX, T.K. BO MHO-

CpeaHun Bo3pacTt paboTarowmx Ha
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VX CIy4asiX AGHHbIE MO OBLLEN YMCTIEHHOCTU COTPYIHWUKOB MPEANPUSTHS
HE CXOMINC C CYMMAPHOM YUCTIEHHOCTBIO COTPY/AHMKOB MO OTAENbHbIM
npodeccisim.

OnHako, HeCMOTPs HO 5TO YAANOCH BbINENMTL [iBE NOATPYMMbI —
NPEANPUSITHS CO CPEOHEN YMCIIEHHOCTBIO OIMMHMCTPATMBHOTO ANNAPa-
1a 30% OT 0BLUEH YUCIEHHOCTV M MPEANPUSTHS, LISl KOTOPbIX AHATOTY-
HbIi nokasaters coctasnsieT 3,6%. OTMETUM, YTO y MepBOM NOATPYMMbI
MPEANPUSTHIA YUCTIEHHOCTb OIMMHMCTPATMBHOTO AMMAPATA 30 NEPUOL, C
2006 no 2009 rr. NpaKT14eCKM HE U3MEHWIIACH, O HA MPEANPUSTHSIX BTO-
POV MOAFPY bl BLIPOCIIA MOYTH B 2 pA3a.

MpumepHo 5,5% ot oblueit YCeHHOCTH paboTaloLLMX HO Nper:-
NPUSITUSIX OTPACTIM COCTABNIIOT MHXeHepbi-koHcTpykTopsl. K 2009 . nx
CPenHsisl YCTIEHHOCTL cokpaTnacs o 4,5%.

YucneHHocTs MHxxeHepos-TexHosoros Ha koHel, 2009 r. coctasnsier
Ha pasHbIx NpeanpusTHsx ot 1,5 1o 9%, uHkeHepos v MHkeHepoB-pas-
pabotumkos — ot 2 go 12%, WcreHHOCTb paboumx PasHbix CeLMaTb-
HOCTe! (BKIIO4AS BCOMOTATENbHbIE CITy>KEbi) HO PA3HBIX MPEATPHSTHSIX
cocrasnsiet ot 16,5 go 70,5% ot obLuero wcna pabotaiowmx.

Kak 310 He MOKaxXeTCs CTpaHHbIM, [ONs pABOTAIOLLMX HA MPeapH-
sTvsx nepsort rpynnsi (cebiwe 150 yenosek) MHxeHepoB-Nporpammmc-
TOB OKA3QIACh O4EHb HE3HAUMTENBHA M COCTABTISIET MPMMEPHO 1%, B TO
BPEMSI KOK Y OTAENbHbIX MPEANPUSTTHIA BTOPO#M M TPETHIA TPy MPOLEHT
HXeHepoB-porpammicTos aoxoaut oo 30%.

Ommenm, uto cabite 85% NpennpusiTiii OTPACTM MMEIOT CBSI3W C
Y4EOHbIMU 30BEAEHMAMM — B OCHOBHOM MPOECCHOHQITbHBIMM KOSUER-
xamu n yrueepeutetamu. [pu stom 30% pecrioHaeHToB oTBETUNO, YTO
"He ynosneteopeHs!" npodeccoHabHbIM YPOBHEM BHOBbL MPMHMMAE-
MbIx Ha paboty cotpyanmkos, 60% oteetnm "B Bornbluei creneHm ynoe-
NIETBOPEHBI, YEM HET", OCTArbHbIE — "3aTPYaHSIIOCH OTBETUTL'".

WHrepecHble pesynbTaThbl MOy MICh B PE3YSILTATE OHAIM3A OTBe-
ToB Ha Bonpock! "KaKoB ypoBeHb CTapeHHst OCHOBHBIX MPOM3BOACTBEH-
HbIX MOLLHOCTE Ha npeanpusne 1 "Kakos poct pacxomos Ha snexT-
posHepruio npeanpusTusie”. o nepsomy BOMPOCY NPAKTUHECKU BCeMM
ONMPALLMBAEMBIMM OTMEUOETCS MyCTb M HE3HAUUTENBHOE, HO HEYKOCHM-
TenbHoe cTapermre 0bopyaoBaHKs. 1o BTOpomy BOMPOCY NPAKTUYECKM
BCE PECMOHAEHTbI OTMETWIIU POCT POCXOHOB HA SEKTPOSHEPIUIO, CBS-
3QHHBIM C BO3POCLUMMM TAPHUPAMM.

Onpoc nokasan, yto nopsiaka 60% npeanpusTviA OTPacn No Tem
WM MHBIM MPUUMHOM HE MOSb3YIOTCS YCITyTaMM KPEAMTHBIX OPTaHM3ALIA
(prc. 4). Mpu s1OM TonbKO OKOMO 25% MPEANPUSTUI NOML3YIOLLMXCS
KPEeamTamu CMOMM € TpyAoM nonyumTs nx B 2009 .

WHrepecHble pesynbTaThl NOsyueHbl OTHOCUTESTLHO CyLLECTBYIOLLEM
CHCTEMbI MOATBEPXKAEHMS COOTBETCTBMS! BbIMYCKAEMOTO OTEYECTBEHHbBIMM

Jons npennpusTHii, NONb3yIOWMXCS KPEAUTAMM
(npouenr)

40% Oa

60% Het

Puc. 4
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npennpusTamn obopyaosanms (cepmdmkauys). Ha sonpoc: "Yaoene-

~ ~ 1
OTBeTbl NPeAnpUATUI Ha Bonpoc "Bo3MOXHO Nu cozgaHue TBOpeHbI 1M Bbl cyLecTytoLLeit cuctemon ceptdmraLmue” oteeTsl pac-

Puc.5

B Poccum achpekTMBHOrO NponsBoacTBa npenenvnmcs crepytolpm obpasom: 60% oteetnnm "o wm "B Gonb-
TenlekOMMyHMKaLMOHHOTO 0GopyAoBaHUs?" weit crenenu da, yem Het", 35% — "Het" u octanbhble oteetnm "3a-
TPyaHsitock otBeTMTL". To ecTb nout 65% PECrOHAEHTOB OTBETUIM, YTO
MPAKTUYECKM YAOBIETBOPEHD! CYLLECTBYIOLLEN CHCTEMOM CepTUpMKa-
un. OpHako Ha sonpoc "Cumtaete m Bol 060CHOBAHHbIMM CylLLECTBY-

10% fOLLME LiEHbI HO MPOBEaeHUe CepTURMKALMOHHBIX UCTIbITaHMIAES" Gonee
90% "3atpyaHstoch

. . 80% pecnoHperTo oteBeTMio "Her".
BoamoxHo oTBETUTL"

Ha Bonpock! OTHOCHTENBHO OPraHU3ALIMM M YHOCTUS MPEANPUSTHIA
OTPAC/M B TeHaEPAX Ha rocsakasbl 20% pecroHpeHToB OTBETUIO, YTO
nmbo "He npuHumaert yuactve" B Takux TeHaepax, mmbo "3arpyaHsiocs
otsetvTb", 20% otBeTMIM, 4TO "B BOMBLLEN CTEMEHN YAOBNETBOPEHDI, YEM
HET OpraHM3aLelt Tenaepos Ha rocsakassl” u 60% oteetny, yto "He
YOOBMETBOPEHL!'".

MpenanoxeHus npeanpUsiTUiA MO COBEPLLIEHCTBOBAHUIO Mep, HAMPABNEHHBIX HO CO3AaHMe 3¢ PEKTUBHOTO NPOU3BOACTBA
TenekoMMyH1KaupoHHoro obopyaosanms B Poccuitckoit Denepaumm

Heobxommo paspabotars COBMECTHO C PErySIMPYIOLLMMIM OPIAHAMM, ONEPATOPAMM CBS3M M APYTVMU BELOMCTBAMM FOCYAAPCTBEHHYIO NPOTPAMMY
MO PASBMTUIO MPOM3BOACTBA TENIEKOMMYHIMKALWMOHHOTO 0bopynosaHit B Poccuiickoi Pefepalii, COOTBETCTBYIOLLENO COBPEMEHHbIM MEXYHAPOIHbIM
CTOHOOPTAM M OTBEHTIOLLIETO MOTPEGHOCTAM roTpebuteneit.

Heobxommo cosnats MHHoBaLmoHHbIA LieHTp passuTys cicTem v cpencTs cesian B BUaE YOCTHO — FOCYAAPCTBEHHOTO NOPTHEPCTBA, MOPYUMB EMY

B PAMKOX FOCTPOMPAMMbI KOOPAMHALMIO AESTENLHOCTU NPEANPHSTUI PA3PABOTUMKOB M M3FOTOBMTENEN, O TAKXKE ASSTENBHOCTH MO BHELPEHHIO,
COMPOBOXAEHUIO W YTIM3aLmm cpeacTs caasn. OpHoi 13 sapad aaHHoro LieHTpa Moset crats coBMecTHas ¢ PeroHanbHbIMM opraHamu Biactu
paboTa Mo OMpeneneHMio SKOHOMMYECKO# M TEXHUHECKOM LIENeCO0BPA3HOCTU MOKYTIKM PEMMOHAMM COOPOUHBIX 30BOAOB MO MPOM3BOACTBY
TENEKOMMYHMKALWMOHHOTO 0BOPYLOBAHHMS.

Paspaborarts npospadHbie eauHble [ BCEX YHOCTHMKOB MPABMIIA MPOBEAEHHS TEHOEPOB HO MOCTOBKY TENIEKOMMYHMKALMOHHOTO OBOPYHOBAHMS.
MpencrasnseTcs LienecoobpasHbim ATL MPHOPHTETHOE MPABO HA MOCTABKY OBOPYAOBAHMS, MPM MPOUMX PABHBIX YCSIOBHSIX, MPOM3BOAMTENM AAHHOTO
0BOPYAOBAHMS, B CIyHAE, €T OHU MPMHUMGIOT YHACTUE B TEHAEPE. STO MO3BOMMT UCKITOHMTL 13 MOCTABKM OBOPYLOBAHMS LIEMOUKY MOCPEIHMKOB, YTO
NPMBELET K CHIKEHMIO CTOMMOCTV OBOPYAOBAHMS M, CTIEAOBATENLHO, CHUXEHMIO CTOMMOCTH YCITyT MPEAOCTABIIIEMbIX HO ero 6a3e, a TaKKe MPHBEAET K
CHUKEHMIO YPOBHS! "KOPPYMLMOHHOCTU" MW MPOBENEHMM TEHIESPOB.

[ MPOUMX PABHBIX YCTIOBMSIX, MPEACTABHIETCS LIENECO0BPA3HbIM MPEIOCTABMTL MPENMYLLIECTBO POCCHICKIM MPOM3BOIMTETSIM TENEKOMMYHUKOLMOHHOTO
0BOPYHOBAHMS, NP BLIGEPXMBAHMM MMM TEXHUHECKMX M LIBHOBBIX XOPAKTEPUCTHK OBOPYLOBAHMS, MMEIOLLErO MHOCTPAHHbIE aHanor. aHHas Mepa
MO3BONMT NMOAEPKMBATL M PASBMBATH MMEtOLLMECS B POCCHM MOHTCKHO-COOPOUHBIE MPOM3BOACTBA, B TOM HUCTIE M Te HO KOTOPbIX 0BOPYACBAHUE
NPOM3BOZNTCS MO MALIEH3MM MHOCTPAHHBIX UPM.

Heobxommo MpopomkuTs M OBECTH A0 NOMMYECKOTO KOHLIA PABOTHI MO FAPMOHM3AILIM CTABOK BBO3HBIX TAMOXKEHHBIX MOLLTMH HO FOTOBOE
0BopynoBAHME 1 Er0 KOMIIEKTYIOLLKE (B NEpBYIO O4epenb, Mo TOBAPHOI rpyrne 85).

OtHocHTENbHO OMEPATOPOB CBSI3M B YCTABHOM KAMMTASE KOTOPbIX MPMCYTCTBYET OMTS, MPMHOIEKALLOS FOCYACPCTBY, PErYSIMPYIOLLMM OPraHOM
LIenIecoobpasHO PACCMOTPET BO3MOXKHOCTL OBS3ATENBHOM MOSTAMHOM 30KYTKM MMMOPTO3AMELLCIOLLIEFO OTEYECTBEHHOTO TENIEKOMMYHUKALMOHHOTO
obopynosaHms, komrnoHeHTos 1 1O pns foBeaeH s NPOLIEHTHOTO COOTHOLEHMS HepeanaeHToB Ha yanax cesan ¢ 90 — 100 % po 10% kak

B paseuTbIx cTparHax Esponbl (Axrus, Tepmaris, Vranms, Vicnanms, @parups) n Ceseproin Amepukn (CLLIA u Kanaaa).

CogmectHo ¢ MuHucrepctBom obpasosarms Pocciickoi Pepepaupi Mposect paboTsl Mo COBEPLIEHCTBOBAHMIO OBPA30BATENbHBIX CTAHAGPTOB MO
MOArOTOBKE KBANMULMPOBAHHBIX KOLPOB BCEX YPOBHEM (CreLMAanbHOe cpeaHe — TEXHUHYECKOE M BbiCLLee OBPA3OBAHME) C YHETOM pearbHbiX
notpe6GHoCTel npeanpusTiA oTpaciu. [MpoaomkMTL PaboTs MO PA3PABOTKE W BHEAPEHMIO HO MPEAMPHSTHSIX MPOGECCHOHAbHBIX CTAHAAPTOB.

B monrocpouHoit nepcnexmee (nocne 2015) Heobxommo opraxiaosars Ha Tepputopuin Poceuiickoi Peaepaumn npennprsimis (BoamoxHo
COBMECTHBIE C YHOCTMEM MHOCTPAHHBIX NAPTHEPOB) MO BbIMYCKY COBPEMEHHOM SIEMEHTHOM 6a3bI (M30EMMI MUKPOSNEKTPOHMKH). PeanbHyto otaauy,
COOTBETCTBYOLLIYIO TPEGOBAHMSIM PA3PABOTUMKOB TENEKOMMYHMKALIMOHHOTO OBOPYAOBAHMS, OT TAKUX MPEANPHSTUIA He criemyeT oxuaats paree 2015 ¢
370 MOXET BbiTb OCYLLIECTBHMO TOSLKO MPM YCTIOBMSIX, 4TO PABOTHI MO MX CO3AAHMIO ByayT HAYATI HE3AMEIIMTENBHO M M3HAYATEHO GyET MOCTABNEHA
30040 MX BBIXOLA HO MEXIYHAPOIHbIA PbHOK (0Bsi3aTenbHoe ycrioBie 3ddeKTMBHOCTU 1x paboTbl Ge3 KOTOPOro CO3AABATH TAKME NPEANPHSTHS
6eccmbicnenHo).

B kpatkocpouHoi u cpeaHecpouHoit nepcnexme (2012 1 2015 rr. cootseTcTBEHHO) HEOBXOMMMO CO CTOPOHBI FOCYAAPCTBA OBECTIEUMTb MPABOBYIO,
BMHAHCOBYIO M OPrAHM3ALMOHHYIO MOABEPXKKY PA3PABOTHMKOB M NPOM3BOAMTENEN TENEKOMMYHHUKALWMOHHOTO 0BOPYLOBAHHMS, KOTOPbIE YXKe CeroaHs
SIBIISIOTCA CHITbHBIMM "HULLMBLIMA'" MIPOKOMM, 151 SKCTIOPTA POCCHICKOTO TENEKOMMYHHKALWOHHOTO obopynosaHus. B nepsyto ouepeab — B crparsi CHI
HeobxommMo oTMETHTL, HTO MOMMMO 5iBHBIX PUHAHCOBBIX BLIMOZ, /15l FOCYAAPCTBA B BIE YBENMMHMBLMXCS HOSIOTOBBIX MOCTYIIEHMIM, SKCTIAHCHS
POCCHIACKOTO TENEKOMMYHUKALIMOHHOTO OBOPYAOBAHKS HA MOCT-COBETCKOE MPOCTPAHCTBO MPMBEAET K:

® NPONAraHAEe PyCCKOro si3bIKal (TEXHMUECKAs JOKYMEHTALWS MO MOHTADKY, HAVIGLIKE M SKCTUTyaTaLMM 0BOPYHOBAHMS);

* npwuToky cnetpamicros 13 crpaH CHI Ha obyuerie no pabote ¢ obopyaoBaHUEM;

® BO3PACTAHMIO MHOPMOALIMOHHOM BE30MACHOCTM OKPY>KAIOLLIETO CTPAHY MEOMOMMTUHECKOTO MPOCTPAHCTEA.
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Ha eonpoc "Cumnraete nm Bbl BoamoxHbim cosparme 3¢ddekteHoro
MPOM3BOACTBA TENEKOMMYHMKALIMOHHOTO obopyaosaHis B Poccune"
nopoensiollee BONMLLIMHCTBO pecrioHaeHTos (Gonee 90%) oteetmno
"[a" u 10% ocropoxHo oteetin — "3ampyaHsiocs oteeTuTs (puce. 5).
[Mpu 3ToM MHOTVE CHOPMYTIMPOBAIM PSIAL, YCIIOBMIM, MPK KOTOPbIX Opra-
HM3ALMS TAKOTO MPOM3BOACTBA OCYLLECTBUMA.

OrtHocHTensHO Mep, KOTopbie HEOBXOAMMO BbINO Bbl MPEANPMHSITS,
4TOBbI CO3AATL IPPEKTUBHOE MPONU3BOACTBO OTEYECTBEHHOTO TENEKOM-
MYHUKALWMOHHOTO OBOPYOOBAHMS, MOCTYMMIM CIEfylOLUME NPED/IoXe-
HMSI, KOTOPbIE MOXHO CBECTU K CriefiytoLLieMy (cm. Tabmly).

Ommetm, 4to, popMynMpysi MPMBEAEHHbIE BbILLE MPEIOKEHHS,
NPEANPUSTTS OTPACIM, BbICKA3AIM CBOIO FOTOBHOCTL HE TOMBKO B HAYY-
HOM M TEXHUYECKOM YHOCTUM MO MX PEQIU3ALIMM, HO M FOTOBHOCTb MpM-
HSITb Y4ACTHE B MX HUHAHCHPOBAHMM.

Yuutbieasi passepHysLuytocst B koHue 2009 . ayckyccuio otHocu-
TENMbHO TOTO, KAKWE MPEANpUSTHS ClIEdyEeT OTHOCHTD K "OTEHECTBEHHBIM
npom3ssopuTensm”, B Xofie MPOBEAEHHOTO OMpoca Gbinu NOMy4eHbl crie-
LytoLLME PESYTETATbI.

Ha sonpoc "[avtre onpeaenenye "Orevectsentbit (Pocomiickiii)
npouseoguTent” obopynosats cesian” 90% pecroHpeHToB Bbaenmio
CleflytoLLyEe OCHOBHbIE MPM3HAKM:

* "OreyectBeHHbIM MPOM3BOMMTENEM" MPU3HAETCS IOPUAMYECKOE
JIMLIO, 30PEMCTPUPOBAHHOE Ha Tepputopiiu Poccuiickoi Pepepatym B
COOTBETCTBMM C 3akoHopaTenscTBom Poccuiickon Pepepam v nmeto-
Luee Ha TeppuTopii Poccim MporsBoaCTBEHHbIE MOLLHOCTU M TEXHOMO-
Muyeckoe 0BOPYHOBAHME 15 MPOM3BOACTBA TENIEKOMMYHMKALMOHHBIX
CMCTEM, CPEICTB M YCTPOWCTB B cootBeTCTBIM ¢ Poccuitckimn TexHmuec-
KVMM PETIOMEHTaMY;

* [laHHOE IopHaMHECKOE JIMLIO AOMKHO OBNIAAATS MOSHBIM KOMIEK-
TOM [OKYMEHTALIMM A1t MPOM3BOACTBA M SKCTUTYATALMM OBOPYIOBAHMS,
O TOK X€ MCXOAHBIMM TEKCTaMM MPOTPAMMHOTO 0becrieyeHms st Mpoms-
BOACTBA W YMPOBIIEHS OGOPYLOBAHMEM 1 €70 MOHUTOPMHIG B MPOLIEC-
Ce SKCruyaTaLpy,;

* [laHHOE toprapHecKoe Lo JOMKHO MMETb BO3MOXHOCTL obec-
MEYEHMs FAPAHTUMHBIX M MOCTIFAPAHTUIHBIX OBSI3CTENBCTB MO MOCTABIS-
€MOMy OBOPYHOBAHMIO 1 OBECTIEHEHMIO 3AMHACTEM L1 HETO HA TeppH-
Topum Poceuiickorn PenepaLym.

CriepyeT oTMETUTS, 4TO Bbinvt U CrIEAYIOLLME NPEIIOKEHMS MO ACH-
HOMy BOMPOCY:

* "OrevectBeHHbIM MPOM3BOMMTENEM" MPU3HAETCS TONBKO MPEANpU-
SITE, B YCTBHOM KAMMTAIE KOTOPOTO A0S FOCYAAPCTBEHHOM COBCTBEH-
HocTH cocTaBnseT He MeHee 5 1%;

* "OrevectBeHHbIM NMpon3sopuMTenem” MPU3HAETCS NPeanpUsTHe, Y
KOTOPOTO MECTO MPOMCXOXKAEHMA KOHCTPYKTOPCKOM M MPOTPAMMHOM
[OKYMEHTOLMM HA BbIMyCKAEMYIO MPOLYKLIMIO, O TAKXKE MeCTo noTpebrie-
HMsl NPOMYKLMM HE MMEET OMPEENSIOLLIErO 3HAYEHMS);

* Onpenenenue "OTevecTBeHHbIN MPOU3BOIUTENL" JOIKHO MPHME-
HSITBCS K KOHKPETHOMY MPEAMPHSTUIO 1 K KOHKPETHOMY MPOM3BOAMMOMY
1M OBOPYLOBAHMIO, T.K. OBHO M TOXE MPEATPHSTUE MOXET OFHOBPEMEH-
HO MPOM3BOIMTL HECKOSLKO BIIOB MPOZYKLIMM, Byydn Mnm HeT npaso-
obnaparenem aBTOPCKMX MPGB.

Ha sonpoc "Hawre onpenenenme "OrevectserHoe (Poccuitckoe)
obopyaosanus casan” 90% pecnoHpeHtor oteeTno: "Poccuiickim
[OMKHO MPU3HABATLCS OBOPYAOBAHHE, PA3PABATLIBAEMOE M MPOM3BO-
mmmoe Orevectsentbim [ponssoanrenem'”.

B xone nposeneHs onpoca Takxke Gbia BbickazaHa npocsba npo-
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CpeaHerogoBow 06beM Npoaa) POCCUUCKOro
TeneKoOMMyHMKaLMOHHOro o6opyAoBaHusA
B nepuopg 2006-2008r.r. (Mnpa. py6.)

0,58

2,72

@ cBbiwe150 yen.
m o 150 ven.

O MeHbLue 40 ven.

Puc. 6

KOMMEHTMPOBATH NPESIOXEHHMS! MO ONPEEEHMIO CTATyCa "oTeyecTBeH-
HbliA MPOM3BOAMTENL" HA OCHOBOHMM CrIEMytOLLIEN POPMyJTbl, OMpeners-
IOLLIeI YPOBEHb NTOKQNM3ALIAM NPOM3BOACTBA:

Yn=(1-1/C)*100% npu ycnosmm, uro 0 <M < C,

rae Yn — ypoBeHb JIOKAnM3aLy npodyKuym; M — eaniotHas croumocTs
MMMOPTUPYEMOTO Chipbsi, MATEPUAIIOB M KoMriekTytoLyx; C — npous-
BOACTBEHHAS CEBECTOMMOCTb €MHMLIB! MPOLYKLIM.

BOMbLUMHCTBO PECOHAEHTOB OTBETUIIO, YTO MPUMEHEHME AAHHOM
bopMmyribl HANPSIMYIO HE NPEACTABAETCS LENeCOObPA3HbIM TX. B CPE:-
HECPOYHOM MEpPCEKTUBE HE ClIEMlyeT OXMAATL PE3KOTO CHIKEHMS [IOMK
MMIMOPTHBIX M3HENMMIA MUKPOSNEKTPOHMKM B POCCHIACKOM TENEKOMMYHM-
KALWOHHOM OBOPYAOBOHWM W, CIIEIOBATENBHO, MOBLILLEHS YPOBHS J10-
kanmaawm. HaeepHoe, 6bi10 Gbl LENECOOBPA3HO BBECTH MOSTAMHBIN
MOKA3CITETb YPOBHS! JIOKANM3ALMM MPOM3BOLCTBA, KAK 3TO CAETAHO, Ha-
MPMMEP, B ABTOMOBMITLHOM MPOMBILLIIEHHOCTH.

B sakmioueHm o camom masHom — 06 sddekteHoCTM paboTbl
OTEYECTBEHHbIX KOMMAHMI OTPACIA.

Jnsi npoBeneHs AHAMM30 SKOHOMUUECKOM SPEKTBHOCTU PaBOTLI
OTEYECTBEHHBIX MPOU3BOLMTENEN TENEKOMMYHUKALMOHHOTO 06opyao-
BAHMs! BbUk MCTIOMNb30BAHbI NMPEAOCTOBIIEHHBIE MPEATPUSTHSIMA AGHHbIE
Mo CpenHeronoBomy obbeMy MPOayKLK, MpoaaHHoi 3a nepuog, 2006
— 2008 . [Ins npennpwsm1it nepBoi rpynnbl STOT NOKA3ATENb B CPEA-
Hem coctasun 400 MH. pybneit B rof, A7ist MPEnNpHSITUiA BTOPO# rpynIbl
— 170 mnH. py6. 8 ro v ans TpeTbeit rpyninsl — 50 MiH. py6 B rog,

B nepuon 2006-2008 . poceuiickue npepnpustvis Npoussen m
PEQ30BANM ONEPATOPAM CBsi3M M MHTepHeT-NpoBaipepam obopyao-
BAHMSI M YCTPOWMCTB  CBSI3W MPUMEpPHO Ha cymmy 6,97 mnpa. pyb. B rop
(puc. 6).

[Mprxommrest oTMeTHTS, 4To Mo Mtoram paboTsl 8 2009 r. oxmpacertcs,
4TO STOT NoKA3aTENb ByAET KK M HAMYM B 2,5 pasa MeHbLLe.

OreyecTBeHHbIMM NPOU3BOAMTENAMM TENEKOMMYHMUKALMOHHOTO
oBopynoBaHMs 3a nocneaHme 4 rofa NOCTABIIEHO HA CETU CBA3K ObLLEe-
ro NoNb30BAHMS M KOPMOPATHBHbIE ceTh (nopsiaka 85% — Ha cetn Poc-
anickon Pepepaupm n nopspka 15% - 8 Kasaxcran, benopycentio v Ha
YkpanHy): cabie 3,0 MH. TOPTOB KOMMYTALIMOHHOTO OBOPYAOBAHMS
(c KoMMyTOLWEN KAHATNOB M NAKETOR); CUCTEM NEPEAAUM ABOHEHTCKOrO
HOCTYTNA M MaMCTpanbHoro yposs (aHanorossix, KM m ormaveckmx)
HQ CyMMy cBbiLue & MIpg,. pyBei; NaCCHBHOTO TENEKOMMYHMKALIMOHHO-
ro obopyacBaHKs (Kpoccosoe 0BOPYAOBAHIME, TENEKOMMYHUKALIOH-
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Hble LLKAbI, KOPOBKH 1 CTOMKM PASTIMYHOTO HAZHAYEHMS, YTMIHbIE Te-
NEKOMMYHMKALMOHHBIE KOMOALbI) MOCTOBAEHO HA CyMMy CBbilue
2,2 mnpp, pyb.; nout Ha 200 MiTH. py6. NOCTOBNEHO M3MEPHTENBHOM
QNMapaTypbl, CUCTEM YNPABIIEHMS M MOHUTOPMHIQ.

Kpome 310ro B HOMEHKIIOTYpE BbIMYCKAEMOTO MPEAAPHSTHIMIA OT-
paciiv 06opyaOBAHVS MPEACTABNEHbI PA3TMYHBIE THbl KOMMYTATOPOB U
MOpLLPYTU3QTOPOB Afisl CETEM NEPEeaayy AAHHbIX, MOAEMOB, PAAMOCHC-
Tem, 0BOPYOOBAHME 3ALLATBI, GUITIMHIOBBIE CUCTEMBI M OBOPYROBAHWE
[pYroro HO3HAYEHMS.

He Hecst npakTMyecki HUKAKOrO MHBECTULMOHHOTO GPEMEHH, KA3HA
Poccuiickorn Pepepaummn B nepuon, 2006-2008 . nonyumna ot npex-
npusui otpaciiv Tonbko 8 e HIOC nopsiaka 1,25 mapa, py6. & rog.

B 3akniouerme etlie pas noayepKHEM, HTO NPELMPUSTTS OTPACIU o~
TOBbI MPWHSTE OKTMUBHOE Y4OCTUE B PEQNM3ALMM BCEX MEP, HAMPOBNEH-
HbiX Ha cospanue B Poccuiickor Penepauyn BbiICOKOIPPEKTUBHOTO
MPOM3BOACTBA TENEKOMMYHUKALMOHHOTO OBOPYHOBAHMS, CNOCOBHOTO
YCMELLHO KOHKYPUPOBATL KOK HA BHYTPEHHEM, TAK M HO MEXYHAPOL-
HOM PbIHKOX.
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MepcnekTneHble Tpe6OBAHMS K CETEBOI CUHXPOHM3ALUM
U pacnpepeneHmnio CUrHANoOB TOYHOTO BPEMEHM

B cucTteme ceasy PO

[MpounsseneHa paspaboTka nepcrexTHBHbIX TPEGOBAHMH, MPEABIBISEMbIX K CETEBOM CUHXPOHM3ALMM M PACTIPESENE-

HMIO CUTHQIIOB TOYHOTO BPEMEHM B chcTeMe casiau PD, B Tom Ymcie ¢ NpUMEHEHHEM POCCHIACKOR CrTyTHUKOBOM payo-
HasurawmoHHoM cuctemsl (CPHC) ITTOHACC.

Muwenkos C.J1., Cmupros H.U., Kapasaes I0.A,,
MTYCU

Beepenue

CUHXPOHM3ALYM B LPOBBLIX CETsIX cUcTEMbI CBsian PD pomkHa co-
BEPLUEHCTBOBATLCS B CBSI3W C PA3PABATLIBAEMON B HACTOSILLEE BPEMs
MHTEPUPOBAHHOM TPAHCMOPTHOM ceTh areaytoLuero nokonerus (NGN
— Next Generation Network), o6bemuhsioLLei B enpmHoi CTpyKType He-
30BUCHMBIE POHEE CETU C ACUHXPOHHBIM NAKETHBIM PEXAMOM Nepeaaq
(AP, ATM — Asynchronous Transfer Mode — acuhxpoHHbIN pexim ne-
penaum) u cem cmHxporHoM Lmdpoeoi nepapxm (CLIM, SDH —
Synchronous Digital Hierarchy — curixporHas widposas vepapxus) ¢
CMHXPOHHBIM MAKeTHbIM peskvmom nepeaaum (CPT). Ecrn nepabie cetm
(APT) Mormn pyHKLMOHUPOBATb MPK BECHMA YCIOBHbIX TPEBOBAHMSIX K
cnHxpormnaaym, To sTopsie (CPIM) moryT cywuectBosams TOMBKO NPH Xe-
CTKMX TPEBOBAHMSIX — HO YPOBHE MEPBLIX AECSTU HAHOCEKYHE, Ve
obbepmrenms ceteit APIT 1 CPIT npueogmT K HEOGXOMMMOCTH BpEMEH-
HOM YNOPSAOYEHHOCTU ACUHXPOHHOM M CUHXPOHHOM CUCTEM HA YPOBHE
CTBIKOB CMCTEM MPH YCIIOBMM CAMOTO BLICOKOTO YPOBHS BpemeHHow (<10
HC) M 4ACTOTHOM CTABMABHOCTH TAKTOBOM CUHXpoHM3aLmu (<10-12 —
10-13). Cucrems! Takrosoit cetesoi cumxpormaa (TCC) u cuctems
€IMHOTO BPEMEHM, CyLLIECTBOBABLLME B CETSIX CBSI3M HE3GBUCMMO APYT OT
APYra, B CUCTEME HOBOM MOBAnbHOM MHPACTPYKTYPbI A0MKHb! 0Bbeam-
HUTBCS B EMHYIO CUCTEMY YOICTOTbI M BPEMEHH BLICOKON METPONOMEC-
KOW IOCTOBEPHOCTM.

NGN — koHuenuusi nepcnekTMBHOM rno6anbHOI
MHTErPUPOBAHHOM CUCTEMbI CBAI3U

B HacTosiupe Bpemst aKTMBHO Pa3pabaTbiBAETCS KOHLEMLMS CO3Aa-
HUS MOBANBHBIX MHTEMPUPYIOLLMXCA B eduHyio ceTb cuctem [1,2] u
CPEACTB GOPMUPYIOLLMX YCITYTH, O TAKKE OBbEAMHEHME B SOMHYIO MH-
¢ppactpykrypy cucrem APTT i CPIM & crpykrype NGN.

CoBpeMeHHbie TEMMbI PA3BUTHS MOBAITLHBIX CETEN XAPAKTEPU3Y-
IOTC LIMKIIOM OBHOBIIEHHMS MPOTPAMMHOTO OBECTIEYEHNS OIWH Pa3 B
MONroAQ, GNMAPATYPHOTO MAPKA — OfyH PA3 B ABC FOAM, KOHLIENLM —
OfMH Pa3 B NATB-LUECTb NIET U YBENUUEHMS BbICTPOAEHCTBIS HO 22% KaX-
bl rog,

B cosnanmm cuctemsl NGN 3anoskeHb criegytolupe KOHLENTyab-
Hble baKTOPbI PA3BMTHS:

— CO3MaHME MOBAbHBIX CETEH, CUCTEM M UX MHPACTPYKTYPbI;

— AoBeneHue NMoBbIX yyr Tpebyemoro Ka4ecTa Ao Kaxporo abo-
HEHTQ;

— MOBMIBHOCTb 1 OMEPATMBHOCTb MPENOCTABIIEHHS YCIyT;

— coapaHWe mobanbHbix ceTei, cuctem ubpactpyktyp (G, IN,
ISBN, B-ISDN, EACC, mynsmcepauchbix cetert, ATM, NGN, Gll Ha
6aze IPv gp.);

— niobast ycryra nobomy ABOHEHTY Hy)XHOTO KaYecTBa 30 Mpuem-
TIeMyIO TUICITY.
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KoHuenTyanbHble $haKTopbl peanuayiotest TeXHONorueckmumi bak-
TOPAMM PA3BUTHSE TAKMMM KOK: MPOMYCKHAS COCOBHOCTL (M3UHECKMX
Cpef, MPOMyCKHAS! CrIOCOBHOCTL ONMTOBOSIOKHA M TEMMbI €70 OCBOEHMS,
POCT TPAPHKA, KOMIMBIOTEPHBIE TEXHOMOMM, SMEKTPOHMKA, MUKPO3IIEK-
TPOHMKQ, KBAHTOBAS,/ OMTMYECKAS MEKTPOHMKA, BUO3NEKTPOHMKA 1, KaK
CNIEACTBUE, MAHUATIOPU3ALS, YMEHbLLEHIE CPOKOB PA3PABOTKM, Mac-
COBOE MPMMEHEHME.

YKa3aHHble GAKTOPbI PA3BUTHS B MEPBYIO O4EPEb MUHMATIOPH3Q-
L annapaTHbIX CPEACTB, NOBbILLEHWE YAETbHOIO BECA MPONPAMMHOIo
obecriedeHmst BIeKyT 30 COBOM MHTETPALIIO PYHKLAM, KOTOPbIE HA MyTH
k NGN onpegensitot criefytoLupe OCHOBHBbIE TEHAEHLM PA3BUTHS:

— PA3BMTUE TPAHCTIOPTHBIX CETEM M MX CUHXPOHM3ALMM,

— paspeneHre TPAHCTOPTHBIX PYHKLM 1 PYHKLIMAIM MPEROCTaBNe-
HMs yCnyT;

— POPMM1POBAHWE EAMHOM CETEBOM MHPPACTPYKTYPbI, NOAREPXM-
BOIOLLIEI MHOTOUMCIIEHHBIE MPUIIOKEHMS], YCITyTH;

— MEPEexop, OT KOHKYPEHLIM MEXTY ONepaToOpaMM K KOHKYPEHLMM
YCITyT OIHOTO OMepaTopal.

OcHOBHO TeHAEHLMEN COBPEMEHHBIX TPAHCMIOPTHBIX CETE ABNAET-
cs1 BbiecHeHue TexHonorid ¢ CPI v nepexos Ha nakeTHyto nepenavy —
npuHLpn "sce vepes IP" ("All IP").

DBOMIOLYS TPAHCMIOPTHBIX CETEM TECHO CBSI3OHA C PA3BMTUEM METO-
[I0B CETEBOW CUHXPOHU3ALMM MOTOKOB MHPopMaLyn. Cetn CHHXPOHM-
30LMM MOSIBUMC M PASBMBAIOTCS KOK CPEACTBO PELUEHMS KOHKPETHBIX
304Q4 MEPencyM 1 KOMMYTALWM. TPOIMUMOHHBIE 30AA4YM CHHXPOHM3G-
LMM: CETEBQS], TAKTOBASH M LMKIIOBOS CUHXPOHU3ALMS; CHMHXPOHM3ALMS
MOKETOB; CMHXPOHM3ALS HacToT saaatoLmx reHepatopos ACT1.

C paseumvem korsepreHLym B Hanpaener NGN akryansHbimi B
0BNACTH CUHXPOHU3ALM CTAHOBSITCS CTIEAYIOLLME 30CHM:

— CHHXPOHM3ALMS MOKETHBIX CETEM M KX CTbiko. ¢ cetsimu CPTT;

— CMHXPOHM3ALWS CETeM MOBMIbHOM CBsian 3G M CriefiytoLLyX MOKO-
NEHUN;

— CMHXPOHM3ALMS MyTNETUMEAMMHbBIX MPMIOKEHUM;

— Nepeaaua CUrHanoB TouHoro Bpemenu (mpotokonst NTP, PTP);

— CHQIM3 COCTOSHMS LIM(POBBIX CETEN CBAM.

B TexHonorvsix nepenaum mHpopMaLmm cOPMMPOBANMCE fBe
rPYNMbI TEXHONOMMIMA:

— ce CPIN — MUK, CLUK, SONET, NG-SDH, MSC2G u gp.;
OCOBEHHOCTU CHHXPOHHOTO PEXIMMA: MOCTOSHHAS CKOPOCTb MEPEACHM,
LMKITMHECKAS! MEPEAYA CUTHAUA, COBIMHEHNE KOHAMOB;

— cet AP[1 — ATM, Ethemet, IP (TCP/IP), MPLS, |/P MPLS u ap;
0COBEHHOCTU 3TOTO PEKMMAL: MEPENAYA MOKETOB, HEOPUEHTUPOBAHHbIE
COEMMHEHMSI, BO3MOXHC MHIEKCALWS YCITyT.

O6e Textonorm, SDH 1 ATM, xopoLuo otpaboTaHs! 1 cTaHaapT-
30BOHbI, B TOM YMCTIE M B HOCTU CHHXPOHM3ALMK. [Tuk pasemTvs ceteit
CHHXPOHM3ALYM — BTopas nosnosnHa 90-x ropos. [Mpw sTom Gonbluyio
ponb urpatoT Aga cregyiolyix daktopa: 1) texronoms SDH moxer pe-
QUIM30BATb BCE CBOM CBOMCTBA M MPEMMYLLECTBA TOMBKO OMMPASCh HA
pacnpegeneHie HOOEXHOTO CHHXPOCHIHANG Bbicluero kavectea QL1
(pex. G.811 — PRC); 2) nosiereHie rmobasnbHbIX CyTHIMKOBbIX HABMG-
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uoHHsix cctem (TCHC) GPS, IMOHACC v ap.

Tex+onoms SDH ceropmst LMpoko pacnpocTpaHeHa, criocoberso-
BAIA OTPABOTKE OCHOBHBIX MPABMIT MPOEKTUPOBAHMS CETEH CUHXPOHM-
30LMM 1 COXPOHSIET CBOM MO3MLMM [0 HACTOSILLIETO BPEMEHHM, AAAMMPY-
5iCb K HoBbIM peanmsam (koHuenys NG-SDH).

Textonoms ATM ocraemna 6a30Bble MPMHLMMLI M MPAKTMYECKMe
HOPABOTKM: AMdPEPEHLIMALMIO TPADUKA MO YPOBHIO KAYECTBA; MPOBiM-
101 B3OMMOIEMCTBHS CETEBbIX SIEMEHTOB; MOMHLMM KOMMYTALWMM MO MET-
kam. Bee 10 ceropHs peanmayetcst B TPAHCMOPTHOM TEXHONOMM MHOTO-
MPOTOKOMEHOM koMMyTaLK o MeTkam MPLS, npetenayioLLeit Ha ponb
ocHosHoi 8 NGN.

TpebosaHms K cuHxpormaaupm B cetn ATM Bbinn npubmkerbl K
ypostio ceteit SDH. 1o obecrneunBaet HeobXomMyIO CTABUIILHOCTL
npu s3ammogerctemm cetert ATM 1 SDH no cuerapiio APIT uepes CPIT.
Mpu sTom obecneumsaetcst nepepada sueek (naketoe) ATM uepes
TpaxcrnoptHsle cett CLIM m TLUM. C pacnpoctpaHeHrem cueHapys
s3anmopeiictams CPI — yepes APl Heobxopmmo npubrivxerme Hopm
HO KQYECTBEHHbIE MOKA3ATENM MAKETHBIX CETel K Hopmam ceteit SDH.
Takasi nosuumst otctameaetcs B npoekte Pekomerpaupit MCO-T
G.pactiming (pex. G.8261), NOCBALLEHHOM CHHXPOHM3ALWM NAKETHBIX
ceTen.

[Ny STOM BOSHUKAET 30AAMA TPAHCTIOPTUPOBKM M PACTPEASTIEH)MS
CHTHATNOB CHHXPOHM3aLMKM B naketHoi cpede cett NGN ¢ kadecteom
He Xy>ke, YeM B CeTsiX npegpiayLuero nokoneHws. Ha ceroaxst npepnoxe-
HO [1B0 METOLA PELLIEHMS 304U TPAHCTIOPTUPOBKM TAKTOBBIX CHTHOUTOB:
amHxporbii Ethernet (SyncE) u cetesble npotokonsl ¢ nepenaveit epe-
MeHHbIX meTok (NTP 1 PTP).

B HacTosilLee Bpems MPOMCXOAMT O4EPENHON STAN MHTErPOLIMM TeX-
HOMOMMIA LMPOBOI CBSI3U C KOHBEPTEHLIMEN METOLOB 1 CMOCOBOB, 0
HOCTOSILLErO BPEMEHW PA3BUBABLLMXCS HesaBucmo — ceteit APMT u
CPT. Srot 5TaN KOHBEPreHLM NOCTABMI 3AAAYY COMACOBOHMS TPAHC-
nopTHsIx ceTeit no Hanpasnenuio ot APTT k CPI u, Haobopor. Ha nym
K STOM MPO3PAYHOCTH CTOMT NPOBIEMA YCTAHOBIIEHMS! €MHBIX MOAXOLOB
B cmHxpoHmsauwm B APTT u CPIT. B ocHoBy cKBO3HOM CUHXPOHM3ALM
BbiGMpaeTcs cictema otpabotku B CPI 1 nepeHocuTest Ha CHXPOHM3a-
umio ceteit naketHon nepenaum APMN. Ha takom nym Gyzet crpoutses
nepCreKTMBHAs MoBATbHAsH MHGPACTPYKTYPA TENEKOMMYHUKALMM Ore-
PATOPCKOrO KIACCa, AOCTYTHAS JItoBOMy OMepaTopy, MPeoCTaBnsio-
LLeMy JtOBble MHTEMPUPOBAHHBIE YCITYTH CBSI3U.

CuHXpOHM3aLMS TeXHONOTUYECKMX LMdPOBBIX CETEH CBA3N

Pacemotpim ocoberHoc amctemsl TCC oBLUEHALMOHANBHOTO
3HaueHws. KauecTBo curHaioB crHXpoHmM3aLym [epsudHbie STanoHHble
mctounky (T3M), exopslume B COCTAB NEPBMUHBIX STANOHHBIX FeHEPa-
Topos (13l 1 Benomsix saaatowmx rereparopos (B3l obecneumsator
OTHOCHTENBHYIO NOTPELLHOCT YacToTsl He Gonee 1-10-12 (mpu Hopme
1-10-11) 30 12 — 15 net[3].

IMpu noakmoueH K N3 CUHXPOCUTHATTBI COOTBETCTBYIOT NEPBOMY
knaccy npucoemmHenms, k B3I — sTopomy Kknaccy, a k mysisTUniekco-
pam CLIM — tpetbemy Kraccy NprcoeamHeHMs M COmacytoTes ¢ Tpebo-
BaHuamm "TlprcoemmHermMe ceTelt onepaTopoB Cesiau K 6A30BOM CeTU
TOKTOBOM CeTeBOM cHHxpoHm3aumn’ (MurmHdopmessan Poccun, Mock-
a, 2001 ).

HanexHocts mxveydects cucrem TCC. AnnaparypHas HagexHocTs
M3l obecneumBaEeTCS HAMMUMEM B COCTABE KOXKAOTO M3 HUX "B ropsauem
pexmme’ Tpex — ABYX BOAOPOIHbIX CTAHAAPTOB HOCTOTbI M ABYXCHCTEM-
Horo npuemrmka GPS/TTIOHACC c ynpasnsiembim pybuamessiv mc-
TOYHWKOM YaCTOTHI. [ TpK MPOMOAAHMS BCEX OMOPHBIX CUTHASOB AMMAPa-
Ty NEPEXOMMT B PEKMM YASPKAHHS M OBECTIEYMBAET BbIMOSTHEHME TPe-
6osaHuit Pekomerpaum MC3-T G.811 (1-10-11) & Teuerue peyx —
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TPEX CYTOK B TEUEH)ME KOTOPbIX YCTPAHSIIOT HEUCTPABHOCTM.

Bce B3I ¢ y4eTom OCHOBHOTO 1 pe3epBHOTO CHHXPOCUTHASIOB MME-
10T TPEXKPOATHBIA peseps 1 moryT pabotars & pexuime M3 (peskim "pac-
npenenettHoro M3I), ucronbays cUrHANbI CYTHKOBLIX HABMFQLWOH-
Hbix cuctem GPS/TITOHACC. Mpu nponaaaHim Bcex onopHbIX CUrHa-
nos B3I Taicke nepexopsit B peskmm yaep>KaHMs QHANOMMYHO YKA3OHHO-
My BbILLIE PEXMMY.

HapexHoctb 1 xuBydects cuctemsl TCC rapaHtvpyetcs cieyio-
LUMM: OIHOPOZHOCTBIO CETH CBSI3M; HAUTMUMEM MPSIMBIX 1 PE3EPBHBIX My-
Tei CUHXPOHM3ALMM; HOUMUMEM KOMBLIEBBIX CTPYKTY; PE3EPBHBIMM CU-
Hanamu ot npvemumkos GPS/TITIOHACC; mcronbsosaHiiem B aBapHii-
HbIX CHTYGILIVSIX KOMOMHMPOBAHHBIX PEXMMOB paboTsl cuctembl TCC.

PacnpepeneHne cMrHanos TOHHOTO BpeMeHH
Mo UMPPOBLIM CETAM 3NIEKTPOCBS3N

SddeKTBHAS NEPERAHA CUTHASIOB TOYHOTO BPEMEHM MO HA3EMHbIM
CETAM SMEKTPOCBA3M B LMPPOBLIX CETAX CBSI3N OCYLLECTBINETCA M BO3-
MOXHA TOMBKO MPK KauectBeHHbix cuctemax TCC.

Ceropts B Hawwew ctpaHe $yHKLyoHMpytoT ase cuctemsl TCC obiue-
HaLyoHanbHoro 3HaueHws. [epsas — 6asoeas cuctema TCC, criocob-
HOst 0BECTIEUMTL CUHXPOHM3ALMEN TPEDYEMOro KAUeCTBa Bee LyidpoBble
ce cesian, B3ammoperctaytolpe ¢ ECS Poccum. Peluerem fockomie-
o no anextpocesian N2 11 or 27.09.00 r. 6asoeoit amcremoit TCC
EC3 Poccum sensietcs amcrema TCC OAQ "Pocrenexom” [3]. Bropas cu-
crema — TCC 3AO "Komnarms TparcTlene-Kom" obecrieumsaer cuHx-
pocurHanamu ece Lpposbie cet cesian OAO "PXKI" Muttpatca Poc-
CHM M NPEOCTABISET CUHXPOCUTHATBI OSBKHOTO KAYECTBA ONEPATOPaM
umpossix cetert ECS Poccum.

Cucrema TCC "Pocrenexkom” iiouaer nsime pervioHos: LieHtpans-
Hbiit, Ceepo-3anagHbiid, KOxHbIH, Crbupckmii n JansHesoctouHbii. B
ObLLEei CNOXHOCTM B HMX ycTaHoeneHo wects [19  pupMbl
"Oscilloquartz", ykomnnextosarHbix M. CuHxpocurHans no peroHy
pacnpoctpatsiorcs yepes cuctemsl CLIM 1 ML, Boccrarosnerme
MoANePXaHME HEOBXOAMMOTO KAUECTBA CHHXPOCHIHONOB MPOMU3BOAMT-
e ¢ ucronssosanvem 20 B3I dupm "Oscilloquartz” 1 "Siemens'"

YiazaHHble cuctembl TCC paboTaioT He3ABUCMMO, B MCEBLOCHH-
XPOHHOM PEXIME, HO TEPPUTOPUAITEHO AOMOSHSIOT APYT APYTA 1 MO Cy-
LLECTBY COCTOBJISIIOT OCHOBY HOLMOHANbHOM cuctembl TCC, noka He
odopmieHHyto topramdecki. 30[a4a cosnaHMs eauHoit cictembl TCC
EC3 Poccmm 1 nymn ee peanmaaym Gbii copMyIMPOBAHbI B PYKOBO-
[OsILLEM AOKYMEHTE OTPOCIM, FE MPEYCMOTPEH B3AMMHbI OBMEH CHHX-
pocurHanamu cetert TCC OAQO "PXXI" 1 6asosor cet TCC EC3 Poc-
o 12 nyHkrax ot Mockes! 5o XabOpOoBCKa M MOAKIIIoEHy S OObEaMHEH-
Hoit cictembl TCC K rocyA0PCTBEHHOMY STQUIOHY YOCTOTbI M BPEMEHM.

OpraHusaupts eamHoi HauoHansHoM cuctemsl TCC nossonmr cy-
LLECTBEHHO MOBBICHTL HOIEKHOCTL M XMBYYECTb CUCTEMbI CUHXPOHM3A-
wn EC3 Poccim, rapaHTMpoBaTL KaYecTBa yCiyr MO CUHXPOHMU3ALMM U
YOCTOTHO-BPEMEHHOM MHPOPMOLIMM, YMEHBLLIMTb PACXOfb! ONEPATOPOB
CBS131, PEQUT3OBATb HO3EMHBIN CETMEHT FOCYACPCTBEHHOM CCTEMBI €~
HOTO BPEMEHM.

B M3I OAQ "PXI" peanmsoBaHa dyHKLS, MMEIOLLAS MPUHLMMMA-
QUIbHOE 3HAYEHME 15l PECIU3ALMM CUCTEMbI EIMHOTO BPEMEHM, Criue-
HMSI YOICTOT STQUIOHHBIX CUTHQUTOB CO LLIKQUTOM BCEMMPHOTO KOOPAMHMPO-
BAHHOTO BpeMeHM ¢ cronb3osaHvem npuemnmkos [TTIOHACC/GPS.

B cooreetcraim ¢ Pek. MC3-T G.811 u cranpaprami ETSI 300-462-
3 n ETSI 300-462-6 s LytpoBbix CETEM MEKTPOCESI3N OTHOCUTENBHOE
OTKIIOHEHHME YOCTOTbI CMHXPOCMTHOSIOB OT €8 HOMUHOUTLHOTO 3HAYEHHMS! Ha
ebixonax 131 3a ero cpok cyx6el He pomkHo npesbiats 10-11.

TpeboBaHMs K CMHXPOHM3AUMU CHCTEM MOBMIBHOM  CBSI3W
GSM/EDGE 1 UMTS (UTRAN) onpeneneHs B TexHmueckux criewyidu-
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kaumsax opranusaumum 3GPP no cranpaptmsaumm cuctem 3-ero
MOKOMIEHMSI.

Basoebie craHLym GSM Hcnonb3yioT eAMHCTBEHHIA MCTOYHMK Yac-
TOTbI C OBCOMIOTHOM TOYHOCTBIO JyuLuie Yem 5+10-8 anst obomx uactoto-
30ACIOLLMX CHCTEM PATMOHACTOTHOM M TAKTOBOW. TOT 5Ke CaMbIi MCTOY-
HMK [IOSDKEH MCMONb3OBATLCS i BCEX HECYLLMX HYOCTOT 6A30BOM CTOH-
. ns knacca nuko 6a3osbix craupmit GSM abcontotHas TouHocTb
emsiriaeTcs 1o sHaueHys 1+10-7.

TpeGosarms k cuHxporuzaupn cucrem UMTS(UTRAN). Pacnpege-
JieHMe TOYHOM OMOPHOM YACTOTbI HA SriemeHTs cet B UTRAN ¢ TouHoc-
ThiO YOCTOTLI MyuLue, Yem 5-10-8.

Cuhixpormaaupm cuctem UMTS npenycmaTpueaer BOSMOXKHOCTb
CHHXPOHM3ALMM BA30BLIX CTAHLMIA C MOMOLLBbIO NpremHukos GPS w1
Galileo.

TouHoe BpeMs K ero UcTouHMkK. CpencTea onpeneneHys U XpaHe-
HMsi BDEMEHW MHOFOKPATHO COBEPLLIEHCTBOBAUTMC, TOYHOCTL M3MEPEHHS
cekyHgbl 3a nocnearme 60 net namennnacs ¢ 10-3 fo ceropHsiwtmx 10-
15 (uesmesble yacki).

CToHOOPTHOM LUIKQUION BPEMEHM, MCTIOfb3yeMO B BGONbLUMHCTBE
ctpaH Mupa, ¢ 1 sHeaps 1972 r. sisnsietcs BecemmpHoe KoopaMHMPOBaH-
Hoe spemst (Coordinated Universal Time, UTC). LLlkana UTC o6pasyer-
o w3 wkansl MexayHapogHoro atomHoro spemeni (Infernational
Atomic Time, TAl) B pesynsTtate ycpenHeHMs MOKA3QHMA MHOXECTBA
QTOMHbIX HOICOB MO BCEMY MUPY.

Lkana UTC obpasyercs nyrem
nobasnenms k wiane TAl no Mepe
HEOBXOAMMOCTH  [IOMONHMTENLHOM

nomotupto LICSC, BynyT umets TouHocTs He xyxe 10 He. JocnxeHme
TAKMX XOPOKTEPMCTUK TOYHOCTM SIBNISIETCS OIHMM M3 HOMPOBNEHMIA CO-
BEPLUEHCTBOBAHMS! [OCYOPCTBEHHOM CUCTEMbI 6OMHOTO BPEMEHM M STa-
JIOHHBIX YOCTOT BbICOKOM TOYHOCTH.

Xapakrepmctnkn |l knacca TouHoc cootsetctaytor CB, nonydae-
mbim or CPHC mnm o mctounmka | knacca ¢ nocneaytolumm pacnpoct-
panetmem no cett CLIN. CB knaccos Il v IV MoryT Gbitb cdopmuposa-
Hbl CPEACTBAMM LUMPOKO PACTPOCTPAHEHHBIX CETEM NePEeac M AAHHBIX
TCP/IP, exniovast MkrepHer, 1 npu pacnpoctparenmn curianos | u I
KIAICCOB YMPOLLEHHBIMM METOLAMM.

MeTOJJ,bI nepepayu CUrHaNoOB BpeMeHU U HaCTOTbl

CrcTeMbl Nepeaaym TOYHOTO BPEMEHM MMEIOT AfIMTEMbHYIO WUCTO-
pHio. B Mype 1 Hawwel cTpaHe CylLecTByeT MHOXECTBO TaKMX cucTem. B
cootsercremm ¢ Pekomerpaupert MCI-RTE101 1-1 B 1a6n. 2 npepcras-
NeHbl OCHOBHbIE, CyLLECTBYIOLMX B HOCTOSILLEE BPEMS BbICOKOTOUHbIE
CPencTBa Nepeaam CUrHaNoB Bpemeru 1 yactotsl. [pu esibope meto-
AQ NepPeaqM CUTHANOB BPEMEHM M YOCTOTbI YUUTLIBAETCS 30HA MOKPbI-
THSI, CTOUMOCTb M Ap.

Hamebicwas TouHocts CB, obecnedneaemas crctemamu snektpo-
CBA3M, NP HENOCPEACTBEHHOM Mepeacye CHMHOA MO OMTOBOAOKHY
(OB) cocrasnser 10-50 nc (nokansHo, Ao 50 kM), no koakcuansHoMy
Kkabenio, MUKPOMONOCKOBOH JIMHIM WM CETW HO3EMHOTO TenesmaeHMs

Tabnmua 1
CeKyHgb! 15 TOro, YTODbI pacxoxae-
te UTC ¢ BcemipHbim BpemeHem Knaccbl TouHocT curianos touHoro spemeqn CB
(Universal Time, UT1), ocHoBOHHbIM - )
O6o3navenne knacca touHoctn CB | 11 11 v
HO MOPOMETPAX BPOLLEHMS 3emiu, y o 5 =
Jlonycrumoe oTKIOHEHHE BPEMEHN <1-10™® 1-10%1-10° 1-10°-1-10 1-107-1-10
He npesbiwasio 0,9 c. e
OT ITANOHHOH WEKAILL, ©
B NPEAENax OTHENbHOO rocy- (10 He) (10 He -1 MEc) (1 mrc -0,1 mc) (0,1 mc -10 mc)
[OPCTBA AEMCTBYET HALMOHAIILHAS
LLIKQIO KOOPAMHMPOBOHHOTO Bpeme- Ta6ruua 2
HM, POPMMPYEMas roCyAapCTBEH- CpaBHeHWe pasnnuHbIX METOAOB NEPEAAUN CUTHAIOB BPEMEHM M YOCTOTHI
’
HbIM 3TanoHoM. [ns Poccum 310 Lwika-
MeTton nepenayun cMrHanos Tunogast TOUHOCTh BPEMEHH Tunuunasn
na UTC(SU). B 1998r. loccranaap- oTHOCHTELHO Bpemenn UTC CTabHIBHOCT
Tom Poccin yreepskaeH Hoebil focy- ZAcTOTH Tepefat
. . ) reosore BY e - P—
ACPCTBEHHBIN MEPBMUHBIN STCNOH Certb 3BykoBoro BY semanmns l1...10 mc 10 no IQ (Donee
yem Ha | JieHb)
- 10 11
SAMHMLL BPEMEHM, HACTOTBI M HALMO CeTb 3BYKOBOIO BElAHU 1 mMc 10 nmo 10
HOMBHOM LLKQUIbI BPEMEHM. STOT 3Ta- ceepxuinuHoBonHoBoro (C/B)
JIManazoHa
NIOH HOXOpMTCS B BefieHn [ocyaap- 3
. Hapuraunonnsle pajHocTaniium 1 MKc 10
CTBEHHOMU Cny>K6bI BPEMEHU U HaCTO- mHHoBoaHOBOTO (JIB) nnanazona
ol (FCBl-I). (UMY JIbCHAS ) - -
TeneBH3HOHHBIE HAZEMHBIE 10 e 10 g0 10 (Gonee
CurHansi TouHOTo BpemeHu (CB) BELIATEILHBIE KAHAIbI yesm Ha | eHs)
wkansl UTC wnm HaupoHansHoOM m o E
u HapuraumoHHsiii cnyTHHK, 50...500 ue 10 go 10
LLUKQUTbI PACMPOCTPAHSIKOTCS METOAA- IIHPOKOBEATEBLHAA PajinoOnepeaada
pacnpoctp ((;IPS i [JIOHACC)
MU MMEIOLLMMM  PASAIMYHYIO TOY- - - B I
Hapuraumonusiii cnytiuk, (GPS u 5...20 He 10 g0 10 (ot 1 mo
HOCTb, BKIIIOHOS  POAMOCTAHLIMM, ITIOHACC) 50 ameii)
CPHC, tenedoHble M 1 "Bo3m- =
" Jlpyrue reoctaunoHapHsle 20 Mxc 5-10
Mbl€ HaCbl" M AD.. PETPAHCIALUHOHHBIE CITY THHKH
Knaccel ToyHoro Bpemenu. [Mpu 14 =
ny , OIBY?> it B ’
PACCMOTPEHMM pacrpereneHis CB CryTHHK CBA3H, ABYXCTOPOHHMI 1...10 He 107" 10 10
no L"Md)pOBbIM CETAM SNEKTPOCBA3N Tenedounble THHIH CBA3H 1...10 mc 10" (Gonee uwem 1
(LIC3C) nombaytotcs  noHsTem JICHD)
KIIOCCA TOYHOCTM 3TUX CUTHASOB (CM. OnroBonokHo, 10 50 kM 10...50 nc 10" no 1077
Ta6n.1). - - ”
T 6 CB Onrosonokuo, donee 2000 km 100 e 107" no 107" (Oonee
aK1m 0bpasom, CAMOTO Bbl- uem 1 1eHb)
cokoro — | knacca To4HOCTH, KoTo- JInHUS MHKPOBOJIHOBOH CBA3H 1...10 ne 10" 1o 107"
Pbiv MPpeanonaraeTca pean1sosars C Koaxcuansueiii kabenn 1...10 He 10" g0 107"
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HaxomTes B granasore 1-10 He.

Ceiuac LUMPOKO MCMONb3YIOTCS BPEMEHHbIE CHMHAbI, HAMPHUMEP,
CryTHWKOBBIX HaBurauyorHbix cuctem ITTOHACC,/GPS ans onpegene-
HMsi MECTOMONOXEHHS! B MPOCTPAHCTBE M XPOHMPOBAHMS MHOMX HO3EM-
HbIX CMCTEM.

Cucrema pacnpepenenmns CB n ee Bsaumopneiictene
c cywecTeyloleit cucremoit TCC

Mpu pacnpeneneqn CB no LICSC, a takxe ¢ Lenbio XpaHeHws
LLKQUTbI BPEMEHM, LIENeCOOBPA3HO MCMONb3OBATH BbICOKOCTABMILHOE re-
HepaTopHoe obopynosatme cnctem TCC, a cTpyKTypa c1ctems! pac-
npeneneris CB pomkHa BbiTb MEPAPXMUYECKOM, AHANIOMMYHOM Cc1cTeme
TCC, To eCTb Ha CeTM AOMKHbI CyLLECTBOBATH Y3fbl pacripeneneHis CB
NEpBOTO, BTOPOTO M TPETHETO YPOBHE#, COOTBETCTBEHHO KIIACCAM TOHHO-
cm CB. B cootBeTcTBiMM C AQHHON MEPAPXMIECKOM CTPYKTYPOH, Y3fibl
NEpPBOTO YPOBHS AOMKHLI Momy4ats curHansi CB ot stanoros TCBY, ys-
Jlbl BTOPOTO YPOBHS! — OT y3/10B MEPBOrO YPOoBHsi v OT nipuemtikos CPHC
[TIOHACC/GPS. Yanbl TpeTsero yposHs A0MKHbI NONY4QTb CUTHATbI OT
Y3I10B BTOPOTO YPOBHS! MITM OT Y3/10B MEPBOTO YPOBHS, HO MO YMPOLLIEH-
HbIM CXEMOM, MO cpaBHeHMto ¢ nepenayeit CB k ysnam sToporo yposHsi.

CMHXPOHMSGUMﬂ ceTeil HOBOro NOKOMEHMS

Ha cemt NGN Hapsigy ¢ tpeboearmsmm "oneparopcekoro kiacca”
BO3/ArQIOTCS TAKKE PYHKLIMM POACTPEAENUTENbHBIX CETEN TAKTOBOM CUH-
XpoHmaaLym [4]: kadectseHHbIe NOKa3ATENM CUTHANOB CHHXPOHM3ALKM
[OMXKHb! Y[OBNETBOPSTH KECTKMM TPEOOBAHMSIM TRCTMLIMOHHBIX MOSb30-
sateneit TCC; curHabl TAKTOBOM CHHXPOHM3ALIM AOMKHbI NEPenaBaTL-
518 cesix ¢ APT], NpepbIBUACTBIM TPADUKOM M 3HAUMTEbHBIM PA3BPOCOM
3amepxek.

Ha ceroppsiLHmit ieHb NPeokeHo ABA METOAA PELLEHMs 3aAa4M
TPOHCMIOPTUPOBKY TAKTOBBIX CMTHOMOB BbICOKOM CTOBMILHOCTU B MAKET-
How cpege: cnHxpoHHbi Ethemet (SyncE), 1 cetessie npotokonsi ¢ nepe-
Aaven spemenHbix metok (NTP 1 PTP).

3apnaua texronomn SyncE — obecnieveHne nepenaym craburbHo
YOCTOTBI HO PM3UHECKOM YPOBHE B COCTABE MHGOPMALMOHHOTO CHHG-
na Ethernet. [na poctibkerms 5Toi Lienu MCronb3oBaHb! TEXHMYECKWE pe-
LLIGHMSI, XOPOLLIO 30PEKOMEHIOBABLLME CEO1 B TOQIMLIMOHHBIX CETSIX CUH-
XPOHM3ALMM C PACTIPEAENMTENBHOM CETbIO Ha 6ase cictem SDH. Ha ce-
rogsiLiHMiA aeHb SyncE npedctaBnser 4OCTATOHHO XOPOLLO OTPABOTAH-
Hyto 1 cTaHpapTMoeakHylo MC-T texHonomo.

B tpammumorHom obopyaosarim Ethemet gonycimaon TourocTs co-
craensier £ 100 ppm, a B SyncE gonycmmas TouHocTs Bospactaet fo +
4,6 ppm, poctras nokasarenei obopyaoearms SDH.

Ele opmH nepcriektmBHbIM MeTO, 0BecredeHmsi CUHXPOHU3ALMA B
MOKETHbIX CETSX — CETEBbIE MPOTOKOMbI C NEPEAAUEN BPEMEHHbIX METOK:
NTP (Network Time Protocol) — cetesoit npotokon nepenau Bpemen;
PTP (Precise Time Profocol) — npotokon nepeaaum TouHoro spemeH no
cranpapry [EEE 1588 (sepeus v1 nv2).

Tourocms nepemurbix NTP cepsepos ogHako He MpeBbiLLIGET He-
CKOSTBKMX MUSUTMCEKYH, YTO OFPOHMYMBOET MX UCTIONb3OBAHMS.
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Mpotokon PTP coemectm ¢ npotokonamm IPv4 1 IPv6, kotopbie
0BbI4HO McnonbaytoTcst B coBpementbix ceTax IP/MPLS. PTP nossonser
[OCTUYb TOYHOCTU HOCTOTbI MOPSIIKA MMKPOCEKYHIbI, O MCTONb3OBAHME
BPEMEHHbIX METOK MO3BOSSIET YHECTb BPEMst 3GASPKKM M MPOBECTU KOP-
pexumio dassl 40-50 pas B cekyHay, YTO MO3BOMSET MOBLICHTL TOYHOCTb
nepenaym MeTk1 1o 1 He.

Kpome BbiLLIeyKA3QHHbIX PELLEHMIA A1 CUHXPOHM3ALM CETE HOBO-
ro nokoneHus nepcriektmeHo wmcrionsaosaHe MHCC. Mcnonbayior
THCC-npreMHMK KaK MCTOMHMK st HaCTOThI, a3bl M CMHXPOHM3AILIAM
TouHOro BpemeHn. COBPEMEHHOE COCTOSIHME CMHXPOHM3ALMM MO
GPS/IMOHACC -npremHWKam NO3BOASET NOMY4MTb TOYHOCTb YACTOTbI:
10-12 (6onee uem 20 000 c) 1 TouHocTs Bpemerm 50 He oTHoCHTeNsHO
UTC. [JoCTOMHCTBOM STOTO peLLeHMs SIBNISIETCS 3Pesast TEXHOMOTS M MHO-
rokpatHoe Hammune THCC cuctem (GPS, Glonass, Galileo, Beidou).

BuiBogpi

1. SBonioLys TpaHcnopTHbIx ceTeit B Hanpasnern k NGN mget no
MyTW MEpPexoaa K MAKETHbIM TEXHOSOMMSIM HO KOHQUTLHOM M CETEBOM
YPOBHSIX.

2. PaseuBatoLuosicsi cMcTemMa LMPOBOM CHHXPOHHOM MEPOPXMM
Tpebyert ckBo3HOM Mo Beeit cet PP nepenaum AaHHbIX CUHXPOHM3ALMM
Ha yposHe 1 knacca TouHocTH.

3. s peanmaaLptm cHCTEMbI CKBO3HOM CHHXPOHU3ALIMM HeoBXomm-
MO CO3[0HME COMOCTOSITENBHOM CUCTEMBI PACTIPEAETIEHHS BDEMEHM, MO~
CTPOEHHOM MEPAPXMYECKM OT FOCYAAPCTBEHHBIX STANIOHOB.

4. Curixpormsaups ceteit NGN nepcrnektBHA ¢ MOMOLLBIO TEXHO-
normi cukxponHoro Ethemet u npotokona pacnpepeneHis TouHoro epe-
merm PTP, a Takke moBanbHbIX HABUTGLMOHHBIX CTyTHUKOBBIX CUCTEM
(THCC), koTopble AomkHbI PACCMATPHBATLCA KAK MCTOMHUKM 4ACTOTbI M
TOHHOTO BPEMEHM /151 PEMMOHQUTLHOM CUHXPOHM3ALIMM B POMKAX BHYTPM-
Y3/I0BOM CHHXPOHM3ALAM M OBECriedeH st MOOBKKHOM CBSI3M.

5. Llenecoobpasto paccMoTpeTs npobriemy MOBbILLEHMS TOYHOCTH
CyTHUKOBO#M c1HXpoHmaaLym no cucteme [TIOHACC go yposhs nep-
BOTO KIGICCA B MPOLIECCe eErocreytoLLE MOAEPHU3ALMM M B PAMKAX
CO3AAHMSI CUCTEMBI POCTIPEAENIEHHS] CUTHATIOB TOYHOTO BPEMEHM MEPBO-
ro knacca, kotopas crasuTes nepen locynapcTseHHoi cyx6oi Bpeme-
HM M 4aCTOTbI.
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AHanus npotokonos mappyTtusaummn B cetax NGN

I'Ipowsso,qmcn QHAIM3 CTATUHECKMX M AMHAMUHECKMX MPOOTOKOIOB MAPLLPYTHM3ALMM B CETAX

CBSI3U C MOKETHOM KOMMYTALIAEN.

Anekcees E.B., Jauunoe A.H., Marsees B.A., lpow A.O.,
MTYCUH

[naBHbIM NapameTpom npm MapLupyTmsam naketa e cetsix NGN
sensetcs |P-anpec ero mecta HasHadenms [1-3]. Mpobnema ommmarns-
HOM MOPLUPYTU3ALMM B COBPEMEHHBIX MAKETHBIX CETSX, HOCHMTLIBAKOLLIAX
yxe 6ornee MMApPAA y31oB, BecbMa cioxkHa. [onHas Tabnmua map-
wpyTos Moxet coaepxats 109! samcedt (3necs | osHadaer sHak dpak-
TOPMQNQ), YTO He MO Medy He TOMbko ceropHswHMM SBM. Brewrme
MOPLLPYTU3ATOPbI OBBIHHO WLLYT OMTUMAITBHBIN MyTh MEXIY CETAMM, O HE
otgensHbiMi DBM. Tem He MeHee, pasmepbl MOPLLPYTHbIX TABML, pac-
TYT SKCMOHEHLMQUIBHO 1 TPOIMUMOHHBIE CXEMbI M PELLIEHHMS CTAHOBSITCS
HespdekTBHBIMM. B 0BLuem cnyyae ans popM1POBAHKS OMTUMANBHOTO
MapLUPYTQ HYXHO BAGAETb MCHEPMbIBAIOLLEH MHOpMALWEH 060 Beex
CETEBbIX CETMEHTAX. STO PEQUTLHO TOSBKO ISt IOKQUTbHBIX CETEN MAOTO
wn cpenHero pasmepos. CrieflyeT TaKKe YHUTbIBATL, YTO CUTyaLMS B Ce-
TW MOCTOSHHO MEHSIETCSI M MOPLLPYTU3CTOPbI IS PELLEHMST MX 3CACH
MMEIOT OrPaHMUEHHbIE PECYPChl BpemeHn. Ha npakmuke onmmmaaLys
OCYLLECTBIIETCS 151 OTPAHMYEHHOM OBIOCTH CETMEHTOB, TORIA M OBbem
[QHHBIX, MOAeXamx obpaboTke, COKPALLAETCS HA MHOMME NOPSIEKH.
[MOHSITHO, YTO KOMMPOMMCChI 3HECh HEM3BEXHBI 1 PE3YNBTUPYIOLLMMA
MapLLPYT B 3TOM Cly4de OTHIOAb He Beeraa Byaet ormmanbHbim. Coop
ACHHBIX O CETEBbIX CETMEHTAX U MAPLLPYTAX BbIMOMHAETCA MyTEM O6Me-
HQ 3TOM MHpOPMALEN MexTy MapLupyTisatopamu. [lepeappecaLys
Xe [EeMTOrPaMMbI JOSMKHA OCyLLECTBAsSTLCA 3a Bpems 1-20 mumce-
KyHIL, KOTOPOE 3CBMCHT OT [yTHbI O4epeay B Gydepe.

OpnHo 13 pammkarbHbIX MEP peLLeHMs MPoBeMsl — reorpaduec-
KOst MOPLLPYTM3AILMS, KOTOPQS CTAHET BO3MOXHOM MPM MACCOBOM BHE-
pernn appecauym IPvé.

[Mpw reorpadmyeckom MPHHLMME KAKAOS M3 CTPAH MOMy4aeT paB-
Hble N0 uicneHHocTv 6ok [P-agpecos (CLLUA 1 Avgoppa nonyuar pas-
Hoe uncrnio appecos). Mpn 32-6utax agpeca Takas cxema Bbina Heocy-
LLECTBUMAL.

B Hauane 90-x ronos Gbino MPUHSTO peLLIEHWE BBECTH MOHSTUE AB-
TOHOMHOM cncTembl (AS). ABTOHOMHGS CUCTEMA — 3TO COBOKYMHOCTS /10~
KQUIbHbIX CETEH, MMEIOLLIC OBHOTO CIMMHICTPATOPA M EMHYIO MOPLL-
pYTHyt0 nonmTuky. Beeperme AS nossonmno Heckornbko COKpPATUTL pas-
Mep MAPLLPYTHBIX TABIMLL, TOK KAK MAPLLPYTH MOXHO BbINO MPOKICb-
BQTb Y HE MEXTY JTOKQITbHBIMM CETAMM, O Mexly Boree KpyrHbiMU 06-
POA3OBAHMSIMM — CIBTOHOMHBIMM cUCTeMaMM. CaMO HOBBAHME TAKMX Ci-
CTEM MOAYEPKMBAET MX HE3OBMCMMOCTb M TONBKO IOBPOBOBHOE COTPYA-
HMYECTBO MOMOTGET BCEM YHOCTHMKOM PELLaTb OBLLyte Mpobrems.

IP senvr Bce DBM Ha MapLupymaatopsi 1 obbiuHbie DBM (host), no-
cIenHme, KOK MPOBUIIO, HE PACCHUTCIOT CBOW MOPLLPYTHbIE TABMMLBI.
[MNpeanonaraeTcs, YTo MOpPLLPYTU3ATOP BIGHEET MCHEPTBIBOIOLLIEN MH-
bopmaLyeit 0 NPABUIIbHBIX MAPLLPYTAX (XOTst 3TO M HE COBCEM Tak).
O6biuHast DBM vmeet MUH1MansHy1o MapLIpyTHYtO MHbopmaLytio (Ha-
MpUMep, aapec MOPLLPYTM3ATOPA JIOKANBHOM CETU M CEPBEPA MMEH).
ABTOHOMHOSI CHCTEMO MOKET COLEPXATb MHOXECTBO MOPLLPYTU3ATO-
OB, HO B3AMMOMEMCTBME C APYTMM AS OHO OCYLLIECTBIISET TOSBKO Ye-
pes opMH MAPLLPYTU3ATOP, HA3bIBAEMBIM NorpaHMuHbIM (border gate-
WAy, MMEHHO OH fan Hassakme npotokosy BGP). MorparnuHbi Mapiu-
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PYTU3ATOP Hy>EH NLLIb TOTAQ, KOTAC ABTOHOMHAS CUCTEMA MMeeT bonee
OBHOTO BHELLHErO KAHANG, B MPOTUBHOM CiTy4ae ero dbyHKLM BbINONHS-
€T MOpT BHELHero nopktioderms (gateway). 3aecs 1 panee Gynem mc-
NOJSIb30BATL AOCTATOYHO I'IpOCI'ble Ha I'IepBbIH B34, MOHATUSA BHELLHUX U
BHYTPEHHMX KQHQIOB, BHELLHMX M BHYTPEHHUX MPOTOKOMOB MM MApPLL-
PYTU3ATOPOB.

Ecnm appecar goctvokiim Gonee Yem OBHUM MyTem, MAPLLPYTU3ATOP
OOMKEH COENATh BbIOOP, 3TOT BLIGOP OCYLLECTBASETC HO OCHOBOHWM
OLIEHKM MapLUPYTOB-KaHAMAATOB. OBbINHO KAKAOMY CErMEHTY, COCTAB-
NSIOLLEMY MAPLLPYT, MPUCBAMBAETCS HEKOTOPASH BEMMYMHA — OLIEHKA
a10ro cermenta. Kadxkabii MpoToKon MApLUPYTU3ALIM MCONb3yeT CBOIO
aMcTeMy oLieHku MapLupyToB. OLEHKA CErMEeHTA MAPLLPYTA HA3bIBOET-
€S METPUKOW. 3pech criedyeT oBpaTHTb BHUMAHWE HA TO, YTO NP BbIGO-
e MOPLLPYTQ BCEM CETMEHTAM MyTH [OMKHbI GbiTh AQHBI COMOCTABUMbIE
3HaueHms MeTprKi. Hegomycmmo, YToBbl OfiHM CErMeHTbI OLIEHMBANMCH
YYCTIOM LLIATOB, O APYTHE — MO BENMUMHE 30EPKKU B MUIITMCEKYHAAX. B
MPEnenax ABTOHOMHOM CUCTEMbI STO OBBIMHO HE CO3AAET Npobrem, Befib
3TO 30HQ OTBETCTBEHHOCTU OAHOTO GEMMHWCTPATOPQ, HO B PETVOHAIb-
HbIX CETSIX, rae paboTaeT MHOrO GIMMHMCTPATOPOR, NPobnema BbIGopa
METPHKM MOXKET CTATb PEQUTBHOM TPYAHOCTBIO. VIMEHHO Mo STOM nprumHe
B TOKMX CETSIX YOCTO MCTIOMb3YETCS BEKTOP PACCTOSHMS,, MCKITOHQIOLLAMA
CyBBEKTUBHOCTb OLIEHOK METPMKM.

MOMMMO KICICCHHECKOM CXEMbI MAPLLPYTU3ALIMK MO GAPECY MECTa
HQ3HQAYEH)s, YACTO UCMONb3YETCsl BAPMAHT BLIGOPA MAPLLPYTA OTNPa-
BUTENEM (AAHHBIM BAPMOHT NOMyuMi AQbHELLEE PA3BUTME NPU BBEae-
Hun cranaapTa IPv6). B stom cryuae IP-naket copepxut cootsetcayio-
LU KOZ, OMLYM M CIIMCOK MPOMEXYTOUHBIX QIPECOB Y3MOB, KOTOpPbIE OH
LOMKEH MOCETHTB MO MyYTH K MECTY HO3HAYEHMS.

CyLLeCTBYIOT M ApYTUE CXEMBI, HAMPUMEP, UCMIOMB3YIOLLME LIMPOKO-
BewaTensHule metoas agpeca (flooding), rae kaxxabii npuxopsLLi
MAKET NOCHITAETCA MO BCEM MMEIOLLIMMCS MCXOASILLMM KAHAMAM, 301 1C-
KIIOYEHMEM TOTO, MO KOTOPOMy OH nomydeH. C Tem YToBbl MCKIIOUNTL
BecnpepentHoe PasMHOXeHe NAKETOB B 3ArONOBOK BBOAWTCS Mofe-
CHETUMK YMCNa LLAroB. B kaxpom yane copepximoe nonst yMeHbLLAETCs
Ha egphmuy. Korga sHaueHWe moms CTHOBMTCS PABHBIM HySO, NAKET
NMKBUMPYETCA. VcxopHoe 3HAYEHWE CHETUMKA ONpedensieTcsl pasme-
pom cybcety. [pennpuHMMaloTcs CNELMAnbHLIE MEPbI MPOTHMB BO3MOX-
HOTO 3aLKIMBaHMS NakeTos. CylLecTByeT yCOBEPLUEHCTBOBAHHOS BEP-
OV LIMPOKOBELLATENBHOM MAPLLPYT3ALYM, HOSBIBAEMOS! CENEKTUBHOM
LUIMPOKOBELLIATENLHON PACChUTKOM. B 5ToM anroputme paccsinka npows-
BODWTCS HE MO BCEM BO3MOXHBIM HOMPOBIEHMSM, O TONLKO MO TEM, KOTO-
pble MPEANONOXMUTENLHO BEdyT B MPaBMIbHYIO cTopoHy. LLinpokoselua-
TerbHbIE METOfbI HE OTHOCSTCS! K LUMPOKO MPMMEHMMbIM, HO OHW MCMOSb-
3yIOTCS TAM, A€ Hy)KHQ MPEENbHO BO3MOXHAS HAAEXHOCTb, HANpUMEp
B BOEHHbIX MPUIOXEHMAX, KOTAO BECbMA BEPOSTHO MOBPEXAEHWE TEX
WM MHbIX KOHONOB. [aHHbIE METOmBI MOTYT MCMOMb3OBATLCA MMLLL MPH
bOPM1POBAHIM BUPTYQNLHOMO KOHANA, BEAb OHM BCEraa obecneymea-
10T HOMKPATHQMLLIMI MyTh, TAK KaK NEpeBMpatoTcsl Bce BO3MOXHOCTH. Ec-
117 nyTb 3AMM1CbIBAETCA B NAKETE, I'IOJ'Iy"IOTeJ'Ib MOXET Bbl6pGTb OnTMMarnb-
HbIl NPOXOL, M YBEAOMMTL 06 STOM OTMPABMTENTSI.

BONbLUMHCTBO QNFOPHTMOB YUUTHIBAIOT TOMONOMMIO CBSI3EH, A HE X
KauecTBO (MPOMyCKHYIO CMOCOBHOCTB, 3arPy3Ky W Mp.), HO CyLUECTBYIOT
MoAXoMb! K PELLEHMIO MPOBEMb! CTATAYECKOM MAPLUPYTU3ALIAM, YUMTbI-
BalOLLE KOK Tononomio, Tak u sarpysky (flow-based routing). B Hexoro-
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PbIX CETSIX NOTOKM MEXY Y3NOMM OTHOCHTENEHO CTABMMbHBI W MPeAcKka-
3yembl. B 5Tom cryuae MosenseTcst BOBMOXHOCTb BLIMMCTMTb OMTAMATb-
HyIO CXEMy MOpLLPYTOB 3apaHee. 3aech Ha OCHOBE TEOPHH MACCOBOTO
0BCITyXMBAHHS MPOM3BOAMTCS OLIGHKA CPEAHEN 30AEPXKM AOCTOBKM 1S
KOKAOM CBsi3u. Tononoms MapLLPYTOB OMTUMM3MPYETCS MO 3HAYEHMIO
30[ePXKU AOCTABKM NAKETA.

Cramnyeckie npoTokonsl (IPUMEPOM PEQnM3ALMK  CTATUHECKMX
MPOTOKONOB MOXET CyXWTb MepBasi BEPCHS MAPLUPYTU3ATOPA
Netblazer) npeanonarator, 4to nobble MameHeHs B MAPLLPYTHbIE Ta6-
ULl BHOCHT GEMUHUCTPATOP CeTU. [JMHOMMYECKas MOpLUPYTU3aLMS,
0Bnapas OYEBMIHBIMU MPEVMYLLIECTBOMM, K COXANEHMIo, obrieriaeT 3a-
FQUy XOKEPY, MbITQIOLLEMYCSt IPOHWKHYTb B CETb.

PaccmoTpyv nst mpumepa cetb, M3obpaxeHHyto Ha pue. 1.

TMPUMATUBHOS TABAMLI MOPLUPYTU3ALWM A5t MPUBEAEHHOTO M-
Mepa MOXET MMeTb Bua, (st mapLupymsatopa G2) (pue. 2).

Cem-agpecar  MapLupyT K 310¥ ceTH
193.0.0.0 Mpsimast foctaeka
192.148.0.0 Mpsimast joctaeka
192.0.00 Yepes appec 193.0.0.1
19216600  Yepes ampec 192.148.0.7

Puc. 2. Mpumymisras ToBAMLG MApLLIPYTU3ALMA

30METHO COKPALLIGKOT PA3MEP MAPLLPYTHOM TaBMLEI MAPLLPYTHI
Mo yMOm4aHHto. B 3ot cxeme cHaUANA MLLETC MOPLLPYT B TABAMLAX, O
€CIIM OH He HAMAEH, MOKET MOCHUIOETCA B Y3€f, CrIELQIIbHO BbIOGPAHHI
A5t AAHHOTO CITyuast. TaK, KORAO MMEETCs TOSbKO OfiMH KOHG 301 pybex,
HeYQ4HbIA NMOMCK B TabrnLe maplupyTos no Poccun ostavaer, yto no-
KeT CriedyeT NOCIATh MO STOMY KAHAUTY M MyCTb TOM C HUM PA3BHPaioTCs.
MapLupyTb! MO YMORHAHHMIO MCMOML3YIOTCS OBLINHO TOAQ, KOTAA MOPLL-
PYTM3ATOP MMEET OTPAHMYEHHbI OBbEM NAMSITU M MO KOKOM-TO MHOM
MPUUMHE HE MMEET MONHOM TaBMMLBI MapLLPYTM3aLmi. MapiupyT no
YMOSTHQHMIO MOXET MOMOYb PECUTM30BATL CBSI3b AACKE MPU OLIMOKAX B
MOPLUPYTHOM TOBMLE. DTO MOXKET HE MMETb HUKAKMX MOCTEACTBMIA Afis
MaribIX CETEM, HO [I/151 PETMOHAITBHBIX CETEM C OFPAHUYEHHOM NPOMYCKHOM
CMOCOBHOCTBIO TAKOE PELLIEHME MOXET MOBMEYb CepbesHble MoCIeACT-
Bus1. ANropuTm BbLIGOPA MAPLLPYTA YHMBEPCONEH M HE 3ABUCHT OT MPO-
TOKONA MOPLLPYTU3ALMM, KOTOPbIMA MCTOMNb3YETCs SLLIb 1 POPMMPO-
BAHMS MAPLLPYTHOM TABAMLIEL.

"Mpospaursie” backbone He pabotator ¢ agpecamn knacca C (sce
0BbEKTbI TAKOM CETU AOMKHbI MMETb OfIMH QIPEC, A sl C-KIACCA YMCIO
OBBEKTOB CMLIKOM orpaHuueHo). "TpoapauHbie MocTsl TpyaHo ama-
FHOCTMPOBAT, TOK KK OHM He cregytot npotokony ICMP (komaraa ping
He paboTaer, B nociefHee Bpems Takme obbeTbl cHabxatoTest snmp-
MOAAEPXKOM). 3aTO OHM NO3BONSIOT NEPEPACTPEAENSTL HArPY3Ky Yepes
HECKOJbKO MAPLLPYTH3ATOPOB, HTO HEBOMOXHO /151 GOSLLIMHCTBA MPO-
TOKOJIOB.

[MpoToKoNbl MAPLLPYTM3ALMKM OTIMHAIOTCA APYT OT APYTA TeM, fie
XPOHUTCS M KaK bopmUpyeTcs MapLUpyTHas MHbopmaLys. Ormumars-
HOCTb MOPLLIPYTO IOCTIXMMA JIMLLI MM MOSHOM MHdopMaLi 060 Bcex
BO3MO3HbIX MAPLLPYTAX, HO TOKUE AAHHbIE NOTPEBYIOT CIMLLKOM 6orib-
LLIOro OBBEMA NAMSIT.

193.0.0.2 —192.148.0.7

’7 192.0.0.1

192.0.0.0 T I

Cetb

EY 192.166.0.0

193.0.01— 192.148.0.3 192.166.0.5—

Puc. 1. Cxema ans uinioCTpaLyiv METOAMKM COCTABIEHHMS MOPLUPYTHbIX TABMML,

G1, G2, G3 — mapLpymsartopel
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Puc. 3. Mprmep B3aMMOREMCTBIS 30H C PA3HBIMM MPOTOKONIAMM
MOPLLPYTU3ALIM

[NonHas MOPLLPYTHASt MHPOPMALWR JOCTYMHA A4St BHYTPEHHMX MPO-
TOKOJIOB MPK OrPAHMHYEHHOM OBbeme ceT. Haluie MPUXOaNTCS MMeTb Ae-
TIO C PACTIPEAENEHHOM CXEMOM MPEACTABNEHV MOPLUPYTHOM MHOPMA-
Ln. MapLupyTM3aTop MOXET GbiTb MHPOPMUPOBAH SLLIb O COCTOSIHMM
BIMINEXKALLYX KAHAMIOB M MOPLLPYTU3ATOPOB.

PacecmoTpum auHamudeckue MpoTokonsl (0BbIMHO MCMomb3ytoTes
umeHHo onm)[4,5].

B Moplpy™3aTope ¢ AMHOMMYECKMM MPOTOKONOM (HampuMep,
BGP-4) pesvneHTHo 3arpyseHHas MpOrpaMMa-apaisep MaMeHseT Tab-
TIMLIBI MOPLLPYTU3ALYM HO OCHOBE MHPOPMALIMM, MOMyHYEHHOM OT COCeN-
HUX MapLupyT3aTopos. B O9BM, pabortatowei nog UNIX 1 ebinonHsio-
LU PYHKLM MOPLLPYTU3ATOPG, 3Ty 30AAHY HOCTO PELLAET PE3MOEHT-
Has nporpamma gated mm routed (nemon). Mocneanss — nopnepxmea-
€T TOMNbKO BHYTPEHHWE MPOTOKOSbI MOPLLPYTU3ALYM.

[NprMeHeHEe AMHOMMYECKOM MOPLLPYTU3ALMK HE M3MEHSIET Quro-
PUTM MapLLPYTU3aLMKM, ocyLuecTenseMon Ha |P-yposHe. MNporpamma-
APArBEP MPK MOMCKE MOPLLPYTU3ATOPA-OPECATA MO-TPEXHEMY MPO-
emaTpueaeT Tabnmubl. JToBoi MOpLLPYTU3ATOP MOXET MCMONb3OBATL
[BA MPOTOKONA MAPLUPYTU3ALIMM OFHOBPEMEHHO, OfWH [UIS BHELLHMX
CBSI3€M, APYroM — Afist BHYTPEHHMX. Lsi CTHIKOBKM BHELLIHETO MApLLPYTG
C BHYTPEHHMM B GOSbLLMHCTBE MPOTOKOMOB MPEyCMATPUBAKOTCS CrieLt-
QnbHblE CPERCTBA.

MoxxeT BoaHHKHYTb BOMPOC, OTKYAC BO3HMKIO OMPAHUHEHHE HA YMC-
JIO BHELUHMX M BHYTPEHHMX MPOTOKONOB MPLUPYTH3aLmKe [nasHast npw-
YMHO — COITIACOBOHME METPHK CETEBBIX KAHANOB. C BHELLHAMM NPOTO-
KOMOMM BCE OTHOCHTENBHO MPOcTo. Bo-nepsbix, Mx Marno, Bo-BTOpbIX,
MPAKTUYECKU BCE OHU MCTIOMNb3YIOT 151 OLIEHKM KOHQOB BEKTOP PACCTO-
SIHMSI, 4TO MOTEHLWCBHO MOXET BOOBILLIE CHSITb PACCMATPMBOEMOE Orpa-
HudeHme. A Kak BbiTb ¢ BHyTpEHHEN MapLupyT3aLmei? Bedp cywectsy-
toT MpoToKOMbl, GasupytoLmecs Ha ektope paccrostms (RIP), 1 Ha co-
crostHmm karana (OSPF ynmn IGRP). Mpepnonoxim, 4to B ogHo# 30He ce-
™ pabotaet RIP, re KaHAN OLEHMBOETCA YMCIOM LLATOB AO LEnM, a B
apyroi — OSPF ¢ oLieHKO#M COCTOSIHMS KAHANT, BbINONHEHHOM OIMMHIC-
TpaTopom ce. Ecriv MapLLpyT CORepXMT pparMeHTs! nyTH, Nponerato-
Lme yepe3 0be YKA3aHHbIE 30HbI, BOHMKAET MPoBrema OLEHKU TaKOro
ryTH. Kak crioxuTts METPUKH 3TX yHACTKOB, Beb OHI HECOBMECTVMBIS B
MPMHLMIE 30040 MMEET PELLIEHIE, AfIsh STOTO HA IPAHULIOX 30H C pas-
HbIMM MPOTOKONIOMU  MAPLLPYTU3ALMM PA3MELLAIOTC  CrIELMATbHBIE
MOPLLPYTU3ATOPbI, KOTOPbIE OMTUMMUBMPYIOT MyTH ISl KADKAOTO M3 Mpo-
TOKOMNOB (M 30H) HE3ABMCUMO, HO M B STOM CITy4aE BO3MOXHBI TPYAHO
paspeLummble cuTyaLym. OfrH 13 TAKMX BAPMOHTOB MOKA3AH HA puc. 3.

[MycTb Ha pyc. 3 B CETEBbIX 30HOX, OBO3HAYEHHBIX KPYraMI MCTIOMb-
ayetcst npotokon RIP, a B ocransHom npoctparctee — OSPE 9BM obo-
3HQYEHDI MATUYTONBHUKOMY, BHYTPEHHWE MOPLUPYTU3ATOPbI MPAMO-
YTONMBHMKOAMM, O OKPALLEHHBIE MPSMOYTONbHMKW OTMEMTIOT MOMPaHMY-
Hble MOPLLPYTU3ATOpPbI 30H. JTioBble MapLLPYTHI M3 30HbI A B 30HY b npo-
6rIEM He BbI3OBYT, TOK KOK BHYTPM 30HbI MOPLLPYTbI OMTUMM3UPYIOTCS
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RIP a mexay soHamm — npotokonom OSPE Pacemotpum npoknaaky
MapLupyTa 13 3oHsl b B 30Hy B. 3peck criemyet paccmoTpets BAOpUaHTbI
ny depe3 3oHbl [ 1 [. BaxHo To, 4o npu BeiGope onmmarnisHoro myTm
MPMAETCS KAK-TO y4uTbiBaTs MeTpuku kak OSPF-uactn nymm, Tak u dpar-
MEHTbI TPOAH3UTHOTO MyTH BHYTPM 30H. [ oM STOM HOLIO MPMHSITL PeLLIeHMe,
C KOKMMM BECOMM CKIOIbIBATL METPMKM PA3HBIX MPOTOKOSOB. 3T Mpo-
61EMA CHUMQOETCS], €CTIM KAKASH 30HO MMEET TONBKO OfYH MOMPAHMYHbIA
MapLpyTM3aTop. MapLUpyT NPoKIGaBIBOETCA MEXaY MOMPAHMYHBIMM
MOpPLLPYTU3GTOPAMM, O PA3NMYME MOPLLPYTOB BHYTPM 30H UTHOPHPYET-
cst. Ketamm, MMEeHHO 5Ta NomKa SIEXHT B OCHOBE PEKOMEHTALMM [ifist OB-
TOHOMHOM CHCTEMbI MMETb TOMBKO OfH MOTPAHMYHbIA MOPLLPYTU3ATOP.
[MosicHMM 3TO Ha MpPKMEpPe, MOKA3AHHOM Ha pyC. 4.

Paccmotpim npoLenypy esibopa mym ot 9BM-1 k 9BM-2 13 as-
TOHOMHOM cuctembl AS 1 B aBTOHOMHYIO cicTemy AS2. Mmetotcs MeTpu-
KM, XapaKTepu3yloLLyte MyTb A0 Mappytaaropos GW1 n GW2 (M1
1 M2). Cywectsyer metpuka nym ot GW 1 1 GW?2 o astoHomHo#M cn-
cremsl AS2 M3 1 M4 (oHm coBcem HeoBsi3aTeNnbHO PABHBI MEXY CO-
60H). B pesynsTare Mbl UMEEM XQPOKTEPHCTVKM ABYX MyTEi MEXTy O3~
HaueHHbIMKM MaLmHam M1, M3 1 M2, M4. Ecm eryTpeHHMM npoTo-
kornom MapLupym3aatym sensetcss OSPF i IGMP, o cknopsisats M1
1 M4 (cootsetctaerto M2 1 M4) Henbas, Tak kak B ogHom cyuae (M1,
M2) 310 xapakTeprcTUkM COCTOsHMS KAHANOB (EMUHMCTPATOP HA3HA-
4un v, Hanpumep, pasHbiMi 35 1 55), a Bo BTopom (M3,M4) - 310 wmc-
11O LLIQFOB [0 ABTOHOMHOM cvcTembl AS2 (MyCTb OHW PaBHBI, HAMPUMEP,
6 1 4). 3opa4a COMOCTABNEHMA METPMK B STOM MPOCTOM CIyHaE MOXKET
oKa3aThCs He Mo Mredy aaxe cynepSBM.

Ecrm b1y AST Bbin TosbKo ofH NOrpaHMuHbIN LWTto3 (HaNpUMep,
GW1), To sapaya peuanacsk Gl asTomatHdecku. [pyrim nopxopom
MOXET BbiTb AeNeHie MOBANLHOM CETU HA ABE YACTH, OOHA AENAETCA J0-
crynHoi Tonbko Yepes GW 1, a sropast - yepes GW2.

Jliobas asToHoMHas amctema (AS, acTema mapLIpyTM3aTOpOE,
SBM i ceTer, MmeroLas euHyI0 NOMMTUKY MOPLLPYTU3ALIK) MOXET
BbIBPATb CBOM COBCTBEHHIN MPOTOKON MOPLLPYTU3ALIA.

Hpyroit npobnemoit IBRSETCs CUTY ALY, My KOTOPOM MAPLLPYTM3O-
TOP OKA3QICS BPEMEHHO OTKIIOHEH OT CETU MEPEMEHHOTO TOKG 1 Bbir Ne-
pesarpyxeH. B 5Tom cnyyae oH He BygeT 3HATH, KAKOM HOMEP Kappa
anepyet oxupats. Kpome Toro, BriosiHe peamcTMYHO MPEANONoXHTb,
yto 30 136 et cYeTUMK MOKETOB B MOPLLPYTU3ATOPE MOXET COUTHCS.
[NoCnencTBust MOTYT OKA3QTLCS MUIAYEBHBIMAM.

[ns peluerms Bcex 3THX MPOBIemM MOXHO BBECTH MOMUMO HOMepPd
elLIe ¥ BO3PACT NAKETA M YMEHBLLATb €0 HA EAMHMLY Pa3 B cexyHy. Kor-
[0 BO3PACT CTAHET PABHbIM HYSTH0, MOPLLPYTHASt MHOPMOLIAS M3 MOPLL-
PYTM3aTOPA YAQISIETCS M MPOLEAYPA HOUMHAETCS C HyTIs.

Jpynm peLueitem MOXET EbiTb CXeMa, NP1 KOTOPO# BXOAHOM Ma-

g
5, 3BM-2
AS2 (

WHTepHeT

AS1
{A
, IBM-1 /

Puc. 4. MpoknaasiBarie MOPLIPYTQ MEXAY MOMPAHW4HbIMA
MOPLLPYTU3ATOPAMM
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Puc. 5. Mpumep Tonononm cet, AOMYCKAIOLLEH OCLSILMIO MAPLLPYTOB

KT, NPeOHA3HAYEHHbIM 1Sl PACCHITKM, MOCHUIOETCA COCEISIM HE CPay,
Q BbiIEPXMBOETCS HekoTopoe Bpewmst B Bydepe. Ecnm 3a Bpems Bbineps-
K MPMOET O4EPEHOM MAKET, TO MX MOPSIKOBbIE HOMEPA CPOBHUBAIOT-
csi. Ecrm onm pasHbl, To aybnmkar otbpacsiBaetcst. [pu pasHbix Home-
pax otbpackiBaeTcs Gonee crapbiid. st obecrnedeHms HOLEXHOCTU Mo-
y4eHWe KOpa C MOPLLPYTHOM MHGOPMALMeH 0BS13aTesbHO MOATBEPX-
AQeTCs.

Crenyert yumTbIBATS, HTO KAKIOMY CETMEHTY MyTi MOXET BbiTb npu-
CBOEHO [BA 3HOYEHMSI METMKM, MO OIHOMY /15t KCKLOTO M3 HaNpaese-
HMiA OBMEHa.

BHyTpeHHuit npotokon mappysawm IGP (Inferior Gateway
Protocol) onpenensier MapLLpyTbI BHYTPH GBTOHOMHO# crcTembl. Hanbo-
nee nonynspHsit IGP — RIP (Routing Information Protocol, RFC-1058),
paspaboran Popaom, Pankepcorom 1 Benmatriom (Grpma XEROX) &
1957-62 ropax v Mcnonb3yeT B KAUeCTBE METPHKM BEKTOP PACCTOSHMS.
IMpotokon Bbin 6asoebim B pamkax npoekta ARPANET. B kadectse meT-
PHKI MOSKET BbIGMPATLCS BPEMS! JOCTYTC, YMCIIO MOKETOB B OYEPEM, HO
0BbI4HO — 3TO YMCIIO LLATOB O MECTA HasHadeHms. Ecm 1o Lenut me-
€TCS OfIUH MPOMEXYTOUHbIN MAPLLPYTU3ATOP, TO YMCIO LLIATOB CYUTAET-
cst pasHbim 2. Pacctosiie o nioboro ms cocepeit PABHO OAHOMY LY.
B sTom npotokone Bceraa BbIBUPAETCS MyTb C HAMMEHBLLMM YUCTIOM LG
roB A0 Lem (HaMMeHbLLee 3HaueHWe MeTprki). MapLupymsalys Ha oc-
HOBE BEKTOPA PACCTOSHMS B MPMHLMME MO3BOMSET MOMYUMTb MOMOXKM-
TeNbHbIMA PE3YNLTAT B I06OM CHTYALMM, HO OHO MMEET OfHYy OCOBEH-
HOCTb — MPOLIECC CXOMTCS BLICTPO MpK OBHAPYXEHMM HOBOTO Bosee
KOPOTKOTO MyTH 1 PABOTAET KPAIHE MEIEHHO MPU MCHE3HOBEHMM NYTH.
ASrOpHTM BEKTOPA PACCTOSHMS HESIBHO MPEAMOSATAET, YTO BC KAHAbI
MMEIOT PABHYIO MPOMYCKHYO COCOBHOCT.

Cywectsyet npotokon OSPF (Open Shortest Pass First), 6aaupyio-
LUMICS HO OLIEHKOX COCTOSIHMIA KaHAOB. Kak BO BCeX MAPLUPYTHBIX Mpo-
TOKOJIAX, MCTIOMb3YIOLLMX COCTOSHWE KAHASIO, MHOTOE 3QBMCHT OT TOrO,
KaK BbluMcnsieTcs MeTpuka. Ecm onpegensitolyv baktopom BbIOPATH
MOSIOCY MPOMYCKAHMS KAHAG, TO MPM OMPEaeneHHbIX OBCTOSTENLCTBAX
MOTYT BO3HUKHYTb TPYAHOMPEOAONMMbIE Mpobnemsl. Paccmotpum toro-
JIOMUIO CETH, MOKA3AHHYIO HA PKC. 5.

3pecs ape cybeett A u b coepmHenbl apyms karanamm 11 2. Kpy-
XKOYKAMM OBO3HAUEHB MOPLLPYTH3ATOPLI. ECM B MCXOBHBIA MOMEHT
BPEMEHM OCHOBHOW MOTOK MEXy CETSIMM MPOTEKAET MO KAHAsTY 2, OH
MOXET OKA3TLCS MEPErPYXKEH, B TO BPEMS KOK KAHA 1 MOSTy4mMT MeHb-
Lee 3HAYEHME METPUKM M3-30 OTCYTCTBMS 3arpy3ku. [Tpu ouepenHoi
OLieHKe KHQIOB ByEeT MPUHSTO PeLLeHMe NEPEKIoMTb MOTOK MeXay
ceTamu Ha kaHar 1. Tocne sToro Hynet neperpyxeH karan 1 v Tak mo-
XET MOBTOPSITLCS 10 HECKOHEYHOCTH. TaKAs CUTYOLMS HO3BIBOETCS OC-
LWIISILME MOPLLIPYTOB M €€ XenaTesbHo nsberats. MapLupyTHsie 1ab-
JIMLibI B MAPLLPYTM3ATOPAX OKTYCQUTM3YIOTCS BAOSb MyTH C 30METHBIMM 30-
FEPKKAMM M OTHIOAb HE CUHXPOHHO. TKME OCLMIITSILMM MOTYT B PAI3bl MO-
HM3UTb MPOMYCKHYIO CMOCOBHOCTb CETH, HTO HEODXOMMO YHMTLIBATH,
BbIGMPAS NAPAMETPBI MPOTOKONOB MapLLPYTM3aLyM. Ha npakmke sto-
ro He NPOMCXOOMNT, TAK KaK MeTpuku cermeHTam Myt B8 OSPF npuceam-
BOET CETEBOW QIMMHMCTPATOP.

Hambonee crapsie cucremst (IGP) ucnonssyior npotokon HELLO.
Mpotokon HELLO noppepsxveancs dpupmoit DEC, B kauectse metpukm
OH MCTIOSb3YET BPEMS], O HE YUCIIO LLICIOB [0 LI,

Mpotokon IGRP (Interior Gateway Routing Protocol) paspatorar
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komnanmen CISCO g Gonblumx ceTeit co CoKHOM TONONomMeN 1 cer-
MEHTOMM, KOTOpbie 0BNIaAAIOT PASNMYHOM MOSIOCOM MPOMYCKAHHMS M 30-
[EPKKOM. DTO BHYTPEHHMIA MPOTOKOM MOPLLPYTU3ALMU MMEET HEKOTO-
pble yepTs cxopctea ¢ OSPF

IGRP 1crionb3ayeT HecKombKO TUMOB METPMKM, MO OBHOM HO KAKABIA
i QoS. Metpyka xapakrepuayetcs 32-paspsigHbim dmicriom. B ogHo-
POOHBIX CPEACX STOT BIE, METPMKM BLIPOKAAETCS B YUCIIO LLAFOB AO Lie-
. MapLupyT € MUHMMOIbHBIM 3HAYEHWEM METPMKH SIBISETCA MPEearo-
YTUTESTbHBIM. AKTYQIM3ALMS MOPLLPYTHOM MHGOPMALMK Afist STOTO Mpo-
ToKona npomssoguTcs kakable 90 cexyHa, Ecnm kakoit-nmbo mapLupyt
He MoATBEPXAaET cBoer pabotocnocobHocTv B Teuetne 270 cek, oH
cunTaeTcs HepocTynHbiM. Mocne cemu utknos (630 cek) akryanmaaumm
TOAKOM MOPLLPYT YAQIAETCs 13 MapLLPYTHbIX Tabnmu, IGRP aHanomuHo
OSPF npomssopuT pacyet MeTpuku1 ans kaxxaoro supa cepamca (TOS)
oTaenbHO.

[ns B3OMMOLENCTBIMA MOPLLPYTU3ATOPOB MCMONb3YIOTCS BHELLHME
npotokons (EGP — Exterior Gateway Protocols).

Ogront us pasHoemaHocteit EGP sensetca npotokon BGP (Border
Gateway Protocol).

Mpotokon IDPR (InferDomain Policy Routing Protocol) npeacraenser
coboi pastHosmaHocts BGP-npotokona. Mpotokon IS-S (Infermediate
System fo Infermediate System Protocol) siensietcs ete ogHmm BHyTpeH-
HMM MPOTOKOSIOM, KOTOPbIA Mcrionb3yetcs ast MmapLupymmaaym CLNP
(Connectionless Network Protocol). IS-IS nmeer mHoro obuero ¢ OSPF

Cpasy nocrie BKIOUYEHUS MAPLLPYTUSATOP HE UMEET MHPOPMALMM
0 BO3MOXHOCTSIX COCEHMX MapLLPYTH3aTopos. Cramiyeckue MOpLUPYT-
Hble TABMMLI MOTYT XPAHMTLCS! B MOCTOSHHOM MOMSITU Wik 3ArPYXATHCS
13 KaKOro-To ceTeBoro cepaepa. [o s1oi npuumte nepeeiilueit sopaden
MOpLLPYTM3ATOPQ SBSETCA MOMy4YeHUe MAPLLPYTHOM MHPOPMALMM OT
cocefiei, O Ayish HOUAA — BbISIBIIEHME HOUYMSA COCEAEMN M X CIPECOB.
s s70¥ Lenu nocsinaeTcs crewmansHi naket Hello yepes kaxapiit 13
CBOMX BHELLHMX MHTepdeiicos. B oteer npeanonaraercsi nosyums or-
KWK, COLEPKALLMIA MOBHTUBMKALIMOHHYIO MHPOPMALMIO COOTBETCTBY-
folero MapLupymmsaropa. Korga aga uim Gosiee MOpLLPYTUM3ATOPOB
06bEIMHEHbI YEPE3 NIOKATTbHYIO CETb, CUTYAILIMS HECKOSBKO YCTIOKHSIETCS.

[ns MPOTOKONOB, YUMTLIBAIOLLMX COCTOSHUE KAHQAIA, XENATESbHO
MMETb MCHEPMbIBAIOLLYIO MHPOPMALMIO O Hem (3arpyska, 3apmepxka,
MPOMYCKHAsH CMOCOBHOCTB, HOAEKHOCTb, CTOMMOCTb U T.4,). Hekotopsie
13 NePeUMCrIEHHbIX NOPAMETPOB AOBOSILHO JIETKO U3MEPHTL, HAMPUMEP,
sapepxky. [ns atoro srionte npuropet npotokon ICMP. K coxanenuio,
MHOTVE 13 YKA3AHHBIX NAPAMETPOB [OBOSTLHO CUITbHO KOPPENMPOBAHHbI
1 nopsepXeHbl PryKTyaLysim. B yacTHoCTH pesyrbTarTbl M3mepeHis 3a-
AEPXKM 30BMCSIT OT 30rPY3KM KAHANA (BAPMALWS BPEMEHM OXMAAHMS B
ouepem).

Mtorue coBpeMeHHble MPOTOKOMbI MOPLUPYTUSALMM HE MMEIOT
BCTPOEHHbIX CPEACTB AyTEHTUDMKALYM (KOHTPONS fOCTynal), YTo Aenaet
WX YSI3BUMBIMM [/151 POSNMUHBIX 3M0YNOTPEbIEHM.

B niokasibHbIX 11k KOPMOPATUBHBIX CETSIX MHOM PA3 BOSHUKAET HEOD-
XOIMMOCTb PA3OCSIATh HEKOTOPYIO MHGPOPMALMIO BCEM OCTQUTbHbIM
SBM-ronb3osarensm cet (LLTOPMOBOE NpefynpeskaeHite, M3MeHeHe
KYPCQ OKLH, TenekoHepeHLyM ¢ GOMLIMM HYMCTIOM YHOCTHUKOB M T.4.).
OrmpasuTento AOCTATONHO 3HATL appeca Beex N 3aMHTEPecoBAHHbIX
MOSb30OBATENEN M MOCNIATL MM COOTBETCTBYIOLLEE coobLUeHMe. [laHHas
CXema KpaiHe HeshdEKTHBHA, Beab OObINHOS LIMPOKOBELLIATENLHAS Ofi-
pecaumst npegnaraet petuenue B N pas ydLlie ¢ TOYKM 3peHis 3arpy3-
kv ceTt (nocsinaetcs ogHo, a He N coobLuennii). LLinpokosewarensHos
appecaLys cpaboTaeT, eCrn B JIOKATBHOM CETU HET MAPLLIPYTU3ATOPOB,
B MPOTUBHOM CITyHae LuMpokoseLLaTerbHble agpeca MAC-Tuna samets-
totcst Ha IP-appeca (4T, BNpOUEM, He CIMLLKOM U3SILLHOE peLueHme) i
MPMMEHSIETCS! MyTIETUKACTUHT- appecaLys. st MyssTUKACTUHT- oppeca-
LMK B IMOBQIBHOM CETU MCTONb3YIOTCA CrieLparibHble appeca D-kiacca.
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Takie appeca nossonsitoT opraHmsoeats Ao 250 munMoHOB rpynn aa-
pecatoB, GyHKLMOHMPYIOLLMX OBHOBPEMEHHO. [Tpr nockike nakeTa o
TOKOMY OfPECY OCTOBKA HE TAPAHTMPYETCS M HEKOTOpbIE WieHbI Py
Mbl MOTYT HE MOMYYMTb STOT NakeT. MapLUpYTM3aLMs A7t MyTIETUKACTUH-
ra npeacTaBseT coboi otaenbHyto saaavy. Bedp 3neck Hapo nponoxus
MOPLLPYT OT OTMPABMTENS K GONBLLIOMY 4YKCITY nostyyareneit. Toopmupon-
Hble METO/Ibl MAPLLPYTU3ALIMM 30ECh MPUMEHWMBI, HO IO KPAMHOCTU He
sbdextmebl. [ Lienei BbIG0Pa MAPLLPYTA MOXHO C YCMEXOM Np1Mme-
HWTb anropuT™ "epeso cessei” (spanning free; He MMEET LMKITMYecKUX
ctpykryp). Koraa Ha Bxoa MapLUpyTM3aTOpa MPUXOAMT LUIMPOKOBELLC-
TesbHbIN MAKET, OH NPOBEPSIET, SIBNAETCA M MHTEPdENC, Yepes KOTOpbIN
OH MPWLLEN, OMMMASTbHBIM HAMPABIEHWEM K MCTOMHMKY nakeTa. Ecin
5TO TOK, MOKET HAMPABMSETCS YePe3 BCE BHELLHME MHTepdeich! Kpome
TOrO, Yepes KOTOpbI OH NpuLLeNn. B npotBHOM ciyuae nakeT urHopmpy-
etcst (Tak Kak, ckopee Bcero 31o AybnuKkar). SToT anroprTm HasbiaeTcs
Reverse Path Forwarding (nepeanpecavms B obparHom HanpasneHy).

[Mpu nepenaye MyNbTUMEOMA-MHOPMALIM, XAPAKTEPHOM Ayt ce-
Teit NGN, 1crionb3sytoTest IPUHLMIMAUILHO ApYTHE NPOTOKOSbI MAPLLPY-
TU3ALWM. 30ECh MyTb NPOKICALIBAETCS OT NOMYHATENS K OTMPABUTENO, O
HE HOOBOPOT. 3TO CBSIBAHO C TEM, YTO TAM MPM AOCTABKE MPUMEHSIETCS
MySIbTUKOCTMHIOBBIA METOg, 3AECh, KK MPABMIO, OfIMH OTNPABMTENb MO~
CbUICET MAKETbI MHOMM noTpebuTensm. Mpu sTom BaxkHO, YTobkI pas-
MHO>XEHME MAKETA MPOMCXOAMIIO KAK MOKHO Brinie K KIacTepy appeca-
T08B. TaKasi CTPATErst MHOM PA3 YIJIMHAET MOPLLPYT, HO BCENAA CHIKOET
Pe3yNLTUPYIOLLYIO 3arPYy3KY CETH.

B nocnen+ee epems Bce GonblLe Noaei 0B30BOISTCS KOMMAKTHbIMM
nepeHocKMbiMi IBM, kotopeie oHM GepyT ¢ coboit B AenoBble noesg-
KW, M XOTENM Bbl UCMONb3OBATH B MPMBBLIYHOM PEXMME Afisi PABOTHI B F10-
6arnbHoi ceTi. KoHeuHo, MOXHO 30CTABUTL MOAEM [O3BOHMTLCS IO BA-
LLIErO MOJIEMHOTO MyJial B OHCE, HO STO HE BCENI JTyHLLEE PELLIEHNE KOK
MO HOIEKHOCTH, TAK M MO LigHe.

[Nonb30BATENM C TOUKM 3PEHMS X MOABKHOCTM MOTYT BbiTb Pa3ae-
NeHbI HQ TPM Py MMbI:

® CTOUMOHOPHbIE, POBOTAIOLLME BCErAA HO CBOEM MOCTOSIHHOM Me-
CTe B JIOKQUILHOM CeTH;

* MUrPMPYIOLLME, MEHSIOLLIME BPEMSI OT BPEMEHM CBOe pabovee Me-
CTO B POAMKOX JIOKQUIBHOM CETH M ACKE NEPEXOMSLLME U3 OBHOM o-
KQUIbHOM CETH B APYTYIO (301 BPEMSi CECTHM MepeMeLLIeHs KOMMLIoTEPa
He MpoMcxoauT);

® MOABMXHbIE, MEPEMELLCIOLIMECS B MPOCTPOHCTBE M KeNaioLLye
paboTaTh B MPOLIECCe NepemeLLISHMS.

[NpennonaraeTcs, YTo BCe STM NOMb3OBATENM MMEHOT CBOKO MOCTOSIH-
HYIO MPMMMCKY K KOKOM-TO CETM 1 COOTBETCTBYIOLLMIA NOCTOsHHBIN [P-ap-
pec. Ha puc. 6 NokasaHa cxeMa NOAKIIIoHEHHS MOMBXKHBIX MOSTb30BATE-
neit K mobansHo# ceTi. B 1ol cxeme npeanonaraetcs Hasmmume B Kak-
OV 0BNIACTM CETM BHELLIHETO AreHTa, 0becrneymBAIOLLIEro AOCTY K STOM
30He noasnxHbix IBM (Ha prcyHKe TaKOM QreHT MomMedeH HOBMMCHIO
"yyxas LAN"). Hocryn MoxeT ocylectsnsiecs Yepes MoBuribHytO Tene-
doHHyio cem. [pegnonaraercsi Takke HaMuYME COOTBETCTBYIOLLETO
areHta 8 "nomawHer” LAN, Kyaa CTOUMOHOPHO MPUMMCOHA AAHHAS
SBM. [JoMaLLLIHMI QreHT OTCNIEXMBAET BCE NEPEMELLISHMS CBOWX MOSb3O-
BATENEN, B TOM YMCTIE M TeX, KTO nopktodaetcs K "dysxmm” LAN.

Koraa K nokansHoM ceTv noakioHaeTcst HoBbIH NONb30BATEb (Herno-
CPEACTBEHHO U3MHECKM MM HEPES MOAEM COTOBOM TeNedOHHOM ceTH),
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Puc. 6. Cxema nopkmntoderms K rmobanbHOM ceTM MOABMXHbIX OBbEeKTOB
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OH [IOMKEH Tam 3aper1cTpupoBaTkes. [poueaypa pervcrpaumn eistio-
yaer B cebs cneayioLLe onepaLym:

1. Kookoplit BHELLHMIA OreHT MepuOaMuecku LIMPOKOBELLATENBHO
paccbinaeTt naket-coobiuerme, copepxaltee ero IP-oppec. "Brosb npu-
6bisLucs SBM" MoxeT nogoxaaTh TaKoro coobLueHms WM cama no-
C1OTb LIMPOKOBELLATENbHBIA 3QMPOC HANMUMS! BHELLIHETO CreHTA.

2. MoburbHbIf NOMb30BATENb PETUCTPMPYETCS BHELLHMM QreHTOM,
coobuuasi emy csoi IP- 1 MAC-appec, a Takxe HekoTopble NapPAMETpPbI
cMCTeMbl HE30MACHOCTH.

3. BHewuHuit areT yctaHasnmeaet cesisb ¢ LAN nocrosiHHoM npum-
K 30PEMCTPUPOBAHHOTO MOBMITLHOTO MOMb3OBATETs, COOBLLAS HEOb-
XOIMMYIO GIPECHYIO MHBOPMALIMIO M HEKOTOpPbIE MAPAMETPbI Ay TEHTH-
brikaupm.

4. [JoMOLUHWi CreHT AHONM3MPYET MOPAMETPb! QyTEHTUMKALMMA M,
€C/1 BCe B MOPSIKE, MPOLEAYPA YCTAHOBSIEHMS CBSI3M OyLeT MPOROIKEHA.

5. Korga BHELLHMIA QreHT Nomy4aeT MosioKUTENbHbIM OTKIMK OT 40~
MOLLIHEro areHTa, oH coobLuaet MmobunbHOM DBM, yto oHa sapemictpu-
POBGHA.

Koraa nonbsoearenb nokuaaet 3oHy oBCmy>KMBAHMS AGHHOM 1O-
KQUTbHOM Wi PEMMOHOSLHOM CETH, PEMCTPALIMS JOSBKHA BbiTb AHYNMPO-
BaHA, a DBM fomKHA BbiTb OBTOMATUYECK)M 3APETUCTPMPOBAHA B HOBOM
3oHe. Korga nocbinaetcs naket MobunbHOMy MOmb3oBaTento, "aomalL-
Hsist LAN", nonyums ero, MOpLUPYTU3MpYeT NAKET BHELLHEMY AreHTy, 3a-
PEMCTPMPOBABLLEMY JOHHOTO MOML3OBATENS. STOT AreHT NepenpPaBUT
nakeT appecary.

[MpoLeypb! NepeaapecaLyy BbINOMHSIIOTCS C MPMBASYEHMEM TEXHO-
nornm |P-tyHHeneid. [IoMaLLHWIA areHT NpeiaraeT oTNPABMTENiO NOCh-
NOTb NOKETbI HEMOCPEACTBEHHO BHELLHEMY QreHTy 0bnacTH, rae 3aper-
ctpuposaHa nopsmkHast IBM. CyluecTsyer MHOrO BAPUAHTOB peasi-
30LMM MPOTOKONA C PA3HbIM PACTIPEAENEHMEM PyHKLIMI MEXIY MOpLL-
pym3aropamu 1 IBM. CyLuiectBytoT cxeMbl C BpEMEHHbIM BbiIENEHUEM
pesepsHoro IP-agpeca noggiwkHoMy nonbsosatenio. MexayHapoaHbii
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CTOHOOPT 1 peLLeHys npobriembl pPaBOTbI C MOABKHBIMM MOSb30BATE-
TIIMM MOKA He Pa3paBOTaH.

[Mpu wipokom eHeppernn IPv6 ¢ npaktieckn HEOTPAHMYEHHBIM
pecypcom appecos npobnems! BbineneHmst IP-appeca Boobiwe He Byaer.

B nocnenHee Bpems koHbUrypHpOBaHMe ceTeBoro 0bopyaoBaHHs
(mapwpymaatopos, DNS 1 nodrosbix cepsepog) ycrnoxHunocs Ha-
CTOJIKO, UTO STO CTQUIO COCTABSSTb 3AMETHYO YACTb M3AEPXEK MK Gop-
MMPOBCHMM KOMMYHMKOLIMOHHOTO Y311d. 3GMETHOTO YNPOLLSHMS M yae-
LUEBIEHMS MAPLLPYTM3CTOPOB MOXHO OXMOQTH MpM BHeOpeHun [Pvé.
CrenyioLMM LLIAroM CTAHET BHEPEHIe 0BbEKTHO-OPUEHTVPOBAHHOTO
93bIKA OMMCaHMs MappyTHoit nommtikn RPSL (Routing  Policy
Specification Language). 3pecs koHdpuryprposarie mapLupymsaropa
6yneT OCyLUECTBASTLCS HO OCHOBE OMUCAHHON MAPLLDYTHOM MOSITUKA.

Xotenoch Gbl €lle OTMETUTL LIENECOOBPASHOCTb MCTOSb30BAHMS
PACCMOTPEHHBIX MPOTOKOSOB MOPLUPYTU3ALMM /IS MOBILLEHHS Spdex-
TMBHOCTM MEPenaym MynbTimeamitHoro Tpadmka B cetsix NGN.
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PapuopeneitHoe ob6opyaoBaHMe c NAKETHOM TeXHonornei

nepepayn AAHHbIX

B Hacr OsiLLiee BPEeMs MPOUCXOOMT 3BONIOLS TOAHCMOPTHBIX CeTel:t, B TOM 4Mcne, NPeaHA3HAYeHHbIX s MOBUILHOM CBS13M, B CTO-

POHyY rnepexona Ha NAKeTHbIe TEXHOIOMM. 310 CBA3AHO C XeNaHem norpe6t4r ©J14 MOy 41Tb LUMPOKOHOHOCHbIﬁ AOCTYyn K MHTEP-

Hety. [Mepexon k cetam casian 3G no3BOMT MosyuMTb TaKME yCym aKe ABOHEHTY MOBWITLHOTO TenedoHa. CUrHAbI M3 LieHT-

pa Ha 6asossie craHum (BC) crannapra 3G 6yayT noaasaTses no HoBbIM LPOBLIM pagHopeneiHbim mmHmam casau (LIPPIT) ¢

nakeTHoM nepegavedt. Lienb cratei — obrerumts BbIGOP TMNA pagopeneiHoro 06opyaoBaHHS MOCTABLUMKAM yCITyT CBS3H.

Kupuk IO.M.,
MTYCH

MetpeHko AA,,
Alcatel-Lucant

Ha ceropHaLuHMiA fieHb POCT YMCa ABOHEHTOB COTOBOM CBSI3W 3a-
MELMINCS 1 BIM3OK K CBOEMY HACHILLEHMIO. TO CBA3AHO C TEM, HTO MO~
BuribHble TenedoHbl, 0BECNeUMBAIOLLE TONOCOBYIO CBSI3b, MMEIOT MOYTH
100% Hacenetys. [MoroHs 3a MprbBbITbIO  BbIHYXAET ONEPATOPOB CO-
TOBOW CBA31 MCKATb HOBbIE CMIOCOBbI pacLLMpeHHs criekTpa yanyr. B Poc-
CHM, MO CPOBHEHMIO C APY MMM CTPOHAMM, MPOLIEHT MPOHUKHOBEHMS MH-
TEPHETA M MySIbTUCEPBUCHBIX YCITYT MO MOBMIIBHOM CBSI3U O4EHb HW3OK.
S0 0BBACHAETCA Tem, YTO CyluecTByloLme ce 2-ro nokonerus (GSM)
MOTyT 0BeCreunTb AOCTYM B UHTEPHET JILLIb C HU3KUMM CKOPOCTSIMM. BHe-
ApeH/e CeTel CBA3M 3-T0 MOKOMEHMS NO3BOSIAET B PA3bl YBEMUMTL CKO-
POCTb AOCTYNA B MHTEPHET, K IP-TV, ApymiMm ycyram ¢ MoMOLLbIO MpmBbI4-
HbIX MOBMITBHbIX TernedoHoB. OnbIT BEAyLLMX OMEPATOPOB COTOBOM CBSI-
311 nokazan, 4to 3anyck cetert 3G NPMBOMT K PEKOPAHOMY POCTY kK-
TUBHOCTW MOJIb30BATENE.

Paseive ceteit 3G 8 Poccim coepxveanock M3-3a orpaHmyeHiii Ha
HEOBXOIMMBIE POIMOHACTOThI. HenocpeacTBEHHbIM MOBOAOM 1S HAMM-
COHMSI AHHOM CTATBM sIBUNIOCH coobLuerme nocneaHmx aHeit 2009 ropa
0 ToM, 4To POCKOMHOM30p BbIQU MABHBIM POCCUICKMM OMEPATOPAM
pa3peLLEHIE HO MCTIONb3OBAHWE POAMOHACTOT AfI PO3BEPTLIBAHMS Ce-
Tey COTOBOV CBsi3n TpeTbero nokonerms 8 Mockee [ 1]. Mpw sTom moxHo
ByLeT 3aMyCTUTL HECKOSBKO ThICSIH HOBbIX 6A30BbIX CTAHLMIA. LlaHHOe pe-
LueHMe BbIIO MPHHSTO HO CAMOM BbICOKOM YPOBHE PYKOBOACTBA CTPAHI.

BosHukaeT Bonpoc, Kak HammyHLIMM OBPA3OM OCYLLECTBHTL MOAAYY
naketHbix Ethernet coobiuerni Ha Hoeble 6a30Bbie CTaHLYME

o c1x nop OCHOBHbIM CPEACTBOM MOAAUM SBASIMCh TPOMLMOHHBIE
LIPPT1 ¢ BpemeHHbiIM mynisTnnekcuposanuem (TDM), kotopeie nepena-
BAMM HO 6A30BbIE CTAHLMM NoKoneHus 2G NOTOKM MIe3MOXPOHHOM Lipt-
bpoeoit vepapxuu (PDH). Ecim Heobxomymo, nakeTHbIM Tpadmk nepe-
ACBAICS €ro MHKancysnsiumen B notoku PDH ¢ nomolupto BHeLwHMX ycr-
po¥icTB. Takasi cUcTeMa He SPPEKTUBHA C TOUKM 3PEHMS MCTIOSb3OBAHMS
MOMOCkl POAMOHACTOT. DTOMy eCTb Age nMpunHbl. OpHa — npy nepeso-
e naketos Ethernet 8 TDM Heus6exHsl notepu. [pyras, masHas, 3gecs
HE YUYMTBIBSIOCH TO, YTO MAKETHbIM TPADMK MMEET MyTbCUPYIOLLMI X
POKTEP C SPKO BBIPCKEHHBIMM MAKCHMYMOMM B HOC HAMBOSbLIEN HO-
MPY3KM M M HMMYMOMM B HOUHbIE Yackl. [Tpu MCnonb3oBaHMmM cTaHaapT-
Hbix TDM TexHonomit oneparopam MpHUXOAMTCs MOCTOSHHO PEe3EPBUPO-
BATb MOKCMMQUTBHYIO MOSIOCY C YHETOM HOMBOMBLLEN HArPY3KM, HTO SIBAISI-
€TCs ABCOMIOTHO HEPEHTABENBHBIM PELLEHMEM C TOYKW 3PEHMS 3CTPAT
nonockl pagmoyactor u aener. Takve LIPPIT Gynyt sensteca caoeobpas-
HbIM "y3kmm ropriom” pu Heapennn 3G. S npocteitwme TDM peneit-
ku, kotopbie ele 10 neT Hazag Bbiv NOCNEAHNM CIIOBOM TEXHMKM, Ceit-
4OC CHAMQIOTCS C MPOM3BOACTBA, XOTs B SKCTUTYATALYM MX ELLIE MHOTO.

Bropoit pacnpoctpaHeHHo# TexHoNOMel sBRseTcs nepeaaya no
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coBpemenHbiM LIPPJT curHanos cuHxpoHHOM  LdppoBoit  Mepapxim
(SDH). 3pech, ¢ MOMOLLBIO MHOrOYPOBHEBOM MOBYISILMHM, AOCTUIAETCS
BbICOKOE OTHOLLIEHWE CKOPOCTH MEPEAOUM K 30HMMAEMOi nonoce. Tn-
MU4HBIM MPKMEpOM sensetcs nepeaada 155 M6wuT/c e nonoce 28 ML
npu mogynsn 128QAM. Beog, nakeTHbix coobLuenmit B MynbTUnnek-
cop SDH npomcxomur poctatodHo spekTvaHo. CoBpeMeHHOs TEXHUKA
[ENnaeT 370 NPAKTMYecku 6e3 NoTepb C MOMOLLBIO MPEABOPHTENBHOM
nogrotoeku Ethernet cooBiuermii no texronorm GFR [2]. darHsie LIPPIT
LUMPOKO MPUMEHSIOTCS MPH MAMUCTPAIBHOM CBSI3U € GOSBLUIMMM MOTOKA-
MM M TOM, FAE CITIOKEHb! BpeMeHHble Mk Harpyaku. OpHako 31 peneit-
kvt He uHTennektyansHbl. OHW He "OyMaioT", eCTb HArPY3Ka MK HET, 1
MPOAOKAIOT 3aHUMATB B 3mpe nosocy 28 MITL faxe, koraa HeT Tpa-
duka. [NoMexo3aLMLLIEHHOCTb M3-301 CTIOKHOM MOZYNALM 30ECh HU3-
kast, 3Tv LIPPIT nomkHb ipoektMpoBaTses ¢ 6ombLLMM 30MOCOM HA 3aMM-
PQHMS MPK AOKISX.

Tpemit nonynsipHbIM BapMaHT cylecTsytolwpx LIPPIT sonnoweH B
CHCTEMOX, i€ HA BXOZ, BHYTPEHHETO 6oka 0BopyaoBaHKs NOACIOTCS W
curHans TDM u currans Ethernet. MakeTHbie curHans Mynstinnexkcupy-
totcs ¢ cmrHanam TDM B 0B cUrHan, MMEIOLWMI, MO CyLLECTBY,
crpykTypy TDM, KOTOpbIi MOZYMPYET POBMOHECYLLYIO M B TAKOM BMAE
noctynaet B 3¢mp. JoCTOMHCTBA  NMOAOBHBIX CHCTEM BbUT OMMCAHDI B
[3]. Hecmotpsi Ha ouesmanbie yao6CTBa SKCMAYATALMM M HA TO, YTO MO~
TPeBUTENo He HORO, KPOME Penemku, MOKyMATb MHOO OBOPYAOBAHHMS,
MPM TAKOM MOCTPOeHMM Bee Hepoctatku TDM anst nepepaum naketHoro
TPadHKa OCTAIOTCS.

MNepeiinem K paccMoTpeHHIo peneek ¢ aBCOMIOTHO HOBbIMI TEXHO-
norvamu. 310 06opyHoBaHME ByAeT SBISTLCS HACTbIO OBLLENM MOKETHOM
TPOHCMOPTHOM CETH, OCHOBOHHOM HA CETEBbIX MPOTOKOMAX KOHTPOSS
kauecTtea, Takux, kak |P/MPLS. Mpw 1cnonbaoearmy AaHHORO NpoToko-
70 Pe3epPBHPYETCS TONMBKO YOCTb MAKCUMATTBHO BO3MOXHOM MOSOCh! C
YHETOM CTATUCTUHECKMX M3MEPEHMIA. B crtyiae MaKeMarbHowM Harpy3ku
HO TPOHCTIOPTHYIO CETb OPraHM3YIOTCS TOK HO3bIBOEMbIE O4EPEM TPC-
bMKa, COMACHO KOTOPbIM MAPAHTUPOBAHHBIN TPAMK, HAMPUMEP MOTO-
kv E1, nponyckaetcst 6e3 3opepkek, 0 HETAPAHTUPOBAHHBIN TPADHK,
HOMPUMEP MOKETbI MOMb3OBATENEN, OCYLLECTBISIOLLMX AOCTYM B MHTEP-
HeT, BydepuanpyeTcs 1 nepenaeTcs ¢ HebOMbLLOH 30AEPKKON, He3a-
METHO¥ sl KoHeuHbIx noTpebuteneit. Mepexon k IP/MPLS ebiHyxnaet
MPOM3BOIMTENEH, O TAKKE ONEPATOPOB COTOBOM CBSI3W PABMOPENEMHbIX
CMCTEM MOMEHSITb KOHLIEMLMIO PA3BUTHUS M MOCTENEHHO 3AMEHSITb YCTO-
pesiuvie TDM cicTembl Ha HOBEVLLIME MAKETHbIE YCTPOMCTBA.

CeropHs HO TENEKOMMYHUKOLMOHHOM PbIHKE MPEAIANAETCs TPM
MPUHLMIMAIBHO PA3HBIX PELLEHKS! B OBNACTU MOKETHBIX PEreeK:

MM6punHas papropeneiiHas cuctema

B akux crctemax ncnonbayeTes fisa npoLeccopa fis obpaboTki U
KOMMYTOLWM TPadHKa — B pammoHTEpdeice OTAENbHO MepenaeTcs
TDM tpadmik (notoku E 1), otaensHo — naketHbin Tpadwk (Ethernet). S
nea Tpaduka He "nepemelumsaioTcs’ Mexay coboi, a nepeaatoTca B
OfHOM paavoKaape ¢ pasaenermem Bo Bpemen. [Nepenaya TDM tpa-
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dbuka ocylecTBseTcs No aHanormm ¢ npedpiayiymin TDM pagmope-
nemHbiMu cuctemam, Etheret tpadmk nepenaetes ¢ pasamaHsiMmi npu-
OPUTETAMM 1 B PA3HBIX O4epefsix. [ lpomssoamTent Takmx TMros obopy-
[OBOHYS 3CSIBSISIOT, HTO TOSLKO TOKMM OBPA30M MOXKHO AOCTWYb MOEQTL-
HOM cuHxpoHmMaaLym notokos E1 npu nepenaye. Cucremst PDH ouetb
YyBCTBUTESbHbI K TOYHOCTU TAKTOBOM CMHXPOHM3OLMM M CTABMIBHOCTL
TOKTOBOW YOCTOTbl — Heobxopmmoe yanoeme anst pabotsl PDH. Ogra-
KO, KOK By[eT MOKA3AHO HMKe, CYLLECTBYIOT MHbIE METOA! MEpPeaam
CHHXPOHM3ALYM, KOTOpbIE SIBISIOTCS Gonee MPOCTBIMUA M HOAEXHBIMM.
OCHOBHbIMM HELOCTATKAMM TMOPHIHOTO OBOPYAOBAHMS SBIIHETCS HAUT-
4¥e [IBYX MOTPMLL, KOMMYTALMM A1 PA3HBIX TUMOB TPAPMKA, O TAKXKe He-
obxommmocTb buanueckoit kpocamposku E 1 notokos, uto sensietcs Tpy-
[OEMKMM MPOLIECCOM Ayist OBCITY>KMBAIOLLIETO MEPCOHANA OMepPaTopoB
COTOBOM CBA3M.

nOﬂHOLI,eHHGﬂ nakeTHAaA panuopeneﬁﬂqﬂ cUcrtema

B stom obopynoeaHmi B pagmomHTepdeiice nepenaeTcs Tosbko
Ethernet nakeTHbIN TPAMK M HA BXOA TAKMX YCTPOMCTB MOAKITIONAIOTCS
Tonbko curHans Ethermnet. OBopynosatime 3a cuet npropwTesaLym 1 co-
30QHMS O4epenei ONmMM3MPYeT TPAdHK 1 NepeadeT BorbLuMe OBbEMBI
MHPOPMALIM B MQTbIX NONIOCAX MpOMyckaHmst. [laHHoe petueHite ormi-
ManbHO Afisi HTepHeT-MpoBainepos, onepatopos WIMAX u gpymnx
cnyx6, pabotatowyix Tonsko ¢ Ethernet ceramu. Oprako, nonHoueHHas
MOKETHAS POAMOPENIEMHAS CUCTEMA HE MPMEMIEMA [if1sl CyLLIECTBYIOLLMX
onepaTopos coToBOM CBsian. Kak M3BeCTHO, ceTh cBsi3n 3-ro MoKoneHMs
CTPOSITCA HO OCHOBE CYLLECTBYIOLLIEH MHpaCTPyKTypb! ceteit 2G, cre-
[OBATENBHO, HO KCKIOM COMTE YXe YCTQHOBIIEHO OFHA WM IOKE He-
CKOSbKO BA30BbIX CTAHLMIA MPEpOYLLEro NOKONEHMs C MHTepdeitcamu
E1. [Ins nopkiouermst Takmx MHTephECOB K MAKETHbIM peneikam no-
Tpebyiotcs pononkuTenshble E1-Ethemet mynsmnnexcopst (Cell Site
Aggregators), a cnegoBaTeNsHO AOMONHUTENbHBIE BIIOXEHMS CPEACTB U
TPYAO3ATPATbI.

MakeTHas paamopeneiiHas cucTema ¢ BO3MOXHOCTbIO
arperauuu Tpaduka u Ethernet paguonntepdericom

JaHHoe petueHre Ha CErOaHSILLHMI AEHb SBIISETCS OMAMAbHBIM HO
PbIHKE TENEKOMMYHMKALIMOHHOTO OBOPYAOBAHMS. 3a CHET CBOEM TMBKO-
CTV OHO MO3BONSIET YLOBIIETBOPMTb NOTPEBHOCTH KOK OMNEPATOPOB COTO-
BOM CBSI31 CO CMELLAHHbIMM TUMAMM TPADUKA, TOK 1 MHTEPHET-MPOBAN-
[EepoB C NakeTHbIM Tpadukom. Ha Bxon obopynosaHms MOXeT nocty-
nats TDM tpadm (notokn E1 — suras napa), Ethernet ipadmik (mkrep-
dericl Base-T wnm SFP), ATM tpadmk (ATM sueitkv nosepx nHtepdei-
ca E1) v aaxe SDH tpadmk (Hrepdericsl STM-1). Brytpu obopynosa-
HMA HOXOMMTC MOTPMLIO OBPABOTKM 1 KPOCC-KOMMYTALMM, KOTOPGS!
npeobpasyet Beck BxogsLLyit Tpadwk B naketsl Ethemet 1 nepencert &
paavotpakr. Mpu uHkancynaum TDM e Ethemet npovexopur aononku-
TerbHbIA BIMIPBILL B 3AHMMOEMO MOMOCE, TOK KAK MPK TenedoHmm He-
3QHSITbIe BPEMEHHBIE MPOMEXYTKM yaansioTcs. [Tpobnema cHXpoHU3a-
um notokos E1 pelucetes nepenayeit c1HaIoB TAKTOBO#M YACTOTbI MO
OTHENbHbIM TAPAHTUPOBAHHBIM KOHQNIOM B POIMOMHTEPQENCE, TAKKe
BO3MOXHQ CMHXPOHM3ALMS OT BHELLIHMX MCTOMHWUKOB CHMHXPOHM3ALYM
(GPS, TIOHACC) 1 gpymx 1cTouHmkos. [omonHMUTEnbHbIM MIOCOM pe-
NEKM C arperaument sBnsieTcst YAoBCTBO CTLIKOBKY C pYTMM STIEMEHTA-
My TpaHcriopTHoM cetu. B crapsix TDM petueHmsix B Kakaom MecTe CTbl-
KO [IBYX YCTPOMCTB HEOBXOAMMO BbIO YCTAHOBMBATL KPOCC f1sl BCEX
notokoe E1, B gaHHOM cnyuae Bech Tpadmk nepenaetcs B naketax
Ethemnet 1 goctaTouro npocto noakmioumTs Ethemet uHtepdeiic mexay
YCTPOMCTBOMM.

Elue onHmM, WICTO papmopeneitHbiM, MPErMyLLIECTBOM YCTPOCTE C
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MOKETHOM TEXHONOMMEM Mepeaayu AAHHbIX SBASETCS HAMYME aOaNTMB-
Hon mopynsiyn. C yXyALeHWEM NOrOAHBIX YCTIOBMA (AOXab, CHer, Ty-
MaH), B OBOPYAOBAHMM € MKCHPOBAHHBIM YPOBHEM MORYRALMM, NP
MOHMKEHMM CUTHQUIA HUXKE MOPOTOBOTO YPOBHS MPMEMHMKA, HAUMHAIOT
BO3HMKQTb OLLMOKM, BrUIOTb A0 MOMHOTO OTKIKOHEHMS! PEEki M MOTEPH
BCex iaHHbIX. COBPEMEHHbIE CHCTEMbI C OIICIMTUBHOM MOLYTISILIMEN C 13-
MEHEHMEM MOTOfIHbIX YCIOBMIA OBTOMATMHECKH, 6€3 PA3PHIBA CyLLECTBY-
IOLLMX COBMMHEHMH, MEPEKIIIONTIOTCS HO MOmymsLMIO Boriee HU3Koro
yposHs B guanasore ot 256QAM go QPSK. U Haobopor, npu ynyy-
LUEHMM POIMOCUTHAIIA YPOBEHb MOMYTISILMM PACTET M YBENMUMBAETCS
nponyckHas cnocobHocTs LIPPIT. Hanpumep, ans cranaaptHoro kaHana
28 MIu npu yeenmuermmn mogynsupm ot QPSK go 256QAM, nporyck-
Has cnocobHocTs ysennumsaetcs ot 40 M6éur/c go 180 M6ur/c. Op-
HOKO, MPM HOCTPOWKE CACINTUBHOM MOIYTISILM, HEOBXOAMMO YUHTBIBATH
FOPAHTUPOBAHHBINA TPAGHK — MUHMMQUTEHYIO MPOMYCKHYIO COCOBHOCTH
LIPPJT npy MUHMMArnbHO paspeLLieHHOM MogymisiLym (3opaeTcs oneparo-
pom). Becs fononHuTenbHbIf Tpadmk Byt CYUTATBCA HErAPAHTMPOBAH-
HbIM M MOXET He MepeaaBATLCS MPU HU3KOM YPOBHE MPUHUMOEMOTO CHr-
Hana.

BbinrpbiLL OT nepexopa Ha QEANTUBHYIO MOLYTALIMIO MOXHO KOUECT-
BEHHO WIIIOCTPMPOBAT CriefytoLLM 0Bpasom. [Tpu LMpokom paseep-
ThIBAHMM HOBbIX BC BO3HMKAIOT NPobrieMbl ¢ pagyoUaCTOTaMM it pe-
neek. B Mockse yxe ceiuac orpanmueHo npumeHetme vactotst 13 Ty,
u ebipensitorcst Yactotsl 18 T m ebie. OgHAKO 3HAUEHME MHOXMTENS
ocnabreHusi B yCrioBusiX 0COKOB BbICTPO PACTET C YBEMMUEHMEM YaC-
ToTb. 370 NOKA3aHO Ha rpadmke (prc. 1), NOCTPOEHHOM HaMM Mo AaH-
Heim [4] ans tpacesl grmkon 10 km. Tpn mkTeHersHocT poxas 30
MM/4ac (Takue ocapku xapakTepHsl Ans cpeatedt nonocs Pocam B
0,05% Bpemenn) peneika Ha yactote 18I, uMetoLLas Takue e napa-
METPbI MO MOLLHOCTU MEPENATYMKOB, YCHIBHUIO QHTEHH M1 UyBCTBMTESb-
HOCTM MPMEMHIMKOB, 4TO M 0bopyaoBaHme Ha yactote 13 [y, notpeby-
et sHepreTmyeckoro 3anaca Ha 10 ab Gonbiuero. OpHako B HOBOM pe-
Tl ke MOXHO He 30KIObIBATL AOMOMHMTESTLHOTO 3aMACd, CBS30HHOTO,
HOMPMMEP, C HEOBXOIMMOCTBIO YBEMUEHHMS| MOLLIHOCTH MEPEAOTYMKOB.
"UnrennexryansHoe" 0BOPYAOBAHME NOHU3NT YPOBEHL MOZYSISLIM BO
Bpems aoxas, Hanpumep, ¢ 128 QAM po 16 QAM. Hacts naketHow
HpopmaLmm nonaget B Gydep, Ho TenedoHms NPoiaeT 6e3 3aaepxek.

Ha puc. 2 nokasaHo noctpoeHre popMopeneiHbiX CHCTEM C NOKET-
Hoit TexHonormei. Cnenyet 0BpaTUTL BHIMMAHME, YTO B TMOPMAHONM cic-
Teme TDM u Ethemet tpadmku nepenatotcs napaniensHo, B AByx apy-
mx TMnax obopyaosakus TDM  tpaduk  uHkancynmpyetcs s Ethernet
nMBO B CaMOM peneike, Mbo Ha APYToM STarte.
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Puc. 1. 3Hauerme MHoxwTens ocnabnerus B ycnosusx ocopkos (R =10 km)
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TEXHONOMTMU MHOOPMALIMOHHOIO OBLLEECTBA

PaccmoTtpeHHble B faHHOM CTaTbe cro-
cobbl noctpoetust LIPPIT nokassisator, yro
NPM PA3BMTHM CBSI3W TPETLETO MOKOSEHMS
npegnnovTeHre Bynet oTAaBATLCS NEepCrek-
TMBHBIM TPOHCTOPTHBIM CETSIM, BBINOSHEH-

[ cem | [ copwsm |

BasoBan craHumMs

HbIM C yueTom npotokonos IP/MPLS, npu-
YEeM COCTOBHOM YQCTBIO 3TUX CETEM CTOHYT
pappMopeneitHbie fMHMM, PA3paboTaHHbIe
HO OCHOBE MAKETHbIX PELLEHMI C BO3MOX-
HOCTBIO QIPErALMM PA3HBIX TUMOB TPAPUKA
1 QQNTUBHOM MOZYNSLIMEN.
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Puc. 2. Tpu na noctpoetmst naketHbix LIPS
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TexHonorns MmobunbHOM ceaan yetBeptoro nokonenus LTE.
OcHoBHble 0cOBeHHOCTU U NepCneKTUBLI BHEAPEHMUS

B Poccuu

Menbhuk C.B., Metpoea E.H.,
3A0 "HTL, "Komcet",

melnik@komset.ru

Cmuphoe H.M.,
MTYCH

Tex+onorms LTE — 310 coBoKynHOCTL foCTUXeEHWIM B 0bnact1 paguo
1 nposopHoit cessu 3a nocnepHue 10 — 15 net. Sta TexHonomms ume-
€T CrIefiytoLLME MPUHLMMACTBHBIE OCOBEHHOCTH:

1. MBKoe 1Cronb3oBAHME BEINEMNSEMON MONOC! YACTOT — BO3MOX-
HO nprmeHerre pommomnttepderica LTE B nonoce 1,5 MIy, 5 My, 10
ML, 20 MIL,. Hem wmpe mcnonbayemas nonoca 4actot, Tem 6onbium-
MM MOTEHLMAITbHBIMM BO3MOXHOCTAMU PACTIONAIQET POAMOMHTEP]ENC.

2. Ucronb3osaHue s nepenoym MHPOPMALMM  TEXHOMOMMM
OFDM B COBOKYMHOCTU C TPEMSI BO3MOXHbIMU CXEMAMM MHDOPMALI-
OHHOTO KOAMPOBOHMS CUIHOMA B 30BUCMMOCTU OT OTHOLLIEHMSI CHr-
Han/LLyM HO BXOAE MPUEMHMKA

3. Ucnonbaosanme koHuenum All IP — nepenaua Beeit uudopma-
UMM C MPUMEHEHMEM TEXHOTIOTMM KOMMYTALMK riakeTos. [octpoerme
HO3EMHOTO CEMMEHTA CETU C MHTENPALIMEN B CYLLECTBYIOLLME CETU HOBO-
ro nokonenus (NGN).

4. [Ins xaHAOBEPA 1 POyMUHIa Mcnonbayetcst kouenums Mobile IP
YTO NO3BOSIET YHUPULMPOBAT OBCITY)KMBAHWE ABOHEHTCKUX TEPMIHA-
JIOB 1 MHTEMPUPOBATH CTYXKEBHYIO MHPOPMALIMIO MOBMITBHOM CeTH B 06-
wyto cnyxebHyio uHbopmaumio NGN.

5. [nsi yBenmueHy s OBHOBPEMEHHO OTKPBITbIX CEAHCOB CBA3M € 6OSb-
LUMM KOMMYECTBOM OKOHEYHBIX M MPOMEXYTOUHBIX YCTPOMCTB MCTIOSb-
3ayetcs npotokon [P vé.

6. McnonbaosaHie GOMbLIOMO KOMMYECTBA "MPOMEXYTOUHBIX" YCT-
POMCTB — L0308, MHTETIEKTYQITBHBIX MAPLLPYTU3CTOPOB, BANaHcHpoB-
LLMKOB HAPY3KH, FEMATKMMMEPOB M T4, 15 OPrOHU3ALYM COBMECTHOM Pa-
60TbI BONBLLIOTO KONMHECTBA OBOHEHTCKMX YCTPOMCTB M MPUIIOXEHHHM.

FDD Bands TDD Bands
! 1920 - 1980/2110 - 2170 anc 2]
I 1850 - 1910/1930 - 1990 a 1900 - 1920
i 1710 - 1785/1805 - 1880 2010 - 2025
IV 1710 - 1755/2110 - 2155 b 1850 - 1910
v 824 - 849/869 - 894 1520 - 1500
VI 830 - 840/875 - B85 g 1910~ 1930
VIl 2500 - 2570/2620 - 2690 I L

VIl 880 - 915/925 -960
IX 1749.9 - 1784.9/1844.9 - 1879.9
X 1710 - 1770/2110 - 2170

Puc. 1. HacrotHble aranasoHs, creupdmLpoBaHHbIE NOK BO3MOXHOCTb
mcnonb3oeaHms LTE

T-Comm, #7-2010

7. Tp1MeHeHMe CHCTEM YNPOBNEHMS M MOHUTOPHHIG OBOPYAOBA-
HUS C BO3MOXHOCTAMM M3MEHEHHS HOCTPOEK B 30BUCMMOCTH HE TOSBKO
OT NOTPEBHOCTU 3AMYCKAEMOTO MPHIOKEHMS], HO M OT MHPOPMALIMM, MO-
CTYNAIOLUEH C YPOBHS YMPABEHHS BU3HECOM.

[MbKoe Mcromnb3oBaHKe Mosnock! Yactot penaet cetb LTE coemecti-
MOM (Mo BO3MOXHbIM Mcronb3yembim nonocam) kak ¢ UMTS, tak u ¢
CDMA 2000. lMonockl  4actor, cneumbrpOBAHHbIE MOL, BO3MOX-
HOCTb MCMOMb30BAHMS papmonHTepderica LTE ¢ yactotHsiM M- Bpemeh-
HbIM [yriNIEKCOM, YKA3aHbI HUke Ha puc. 1.

[ns nepenayn MHPOPMALMK MO PATMOKAHAITY MCMOMB3OBAHA TEX-
Honorns OFDM.

B saBMCHMOCTH OT yCTIoBUIM MPUMEMT, MPESYCMOTPEHbI TPH CXEMbI
uHpopmauporHoro koguposaris: QPSK; 16QAM; 64QAM. 3o nos-
BOSISIET YBEMMUUTb MHPOPMOALMOHHYIO CKOPOCTb MO CPOBHEHUIO C KO-
HQUIbHOM COOTBETCTBEHHO B 2, 4 1 6 pas. HeM Bbilue OTHOLIEHWE CHr-
Has/LuyM HO BXORE MPUEMHMKA, Tem BOree MIOTHYHIO MOFYTAILMIO MOX-
HO MCMONb3OBATb M NOMy4aTh GOMbLLYIO MPOMYCKHYO CriocobHOCT. Mo
3pPEKTUBHOCTU MCTONB3OBAHHMS PATMOHACTOTHOTO CMEKTPA TEXHONOMMs
LTE omHa 13 cambix myHLLmX M Ty HLLOS CPEAM TEXHONOMI 1t MOBMIBHOM
cesian. borbLuyto NAOTHOCTE MOAYSSILKM MMEIOT TOMBKO CHCTEMBI BIIM3KO-
ro u ceepx6nmakoro aemcrems, a Take PPITc 128QAM.

Wenonssosarue npuHumna All IP aaet BoamoxHOCTb MHTerpuposaTh
LTE, kak ommH 13 urtepdericos ceteit NGN. 310 He osHauaer, 4to mo-
BMIbHOR CETb TEPSIET CBOM OCOBEHHOCTH, HO YMPOLLET BOMPOC obLue-
ro NOCTPOEHMS! [OBATBHOM CETU U UHTEMPALMKM MOBMIIbHBIX MPMIOXE-
Hui npu noctpoermn IMS (IP Multimedia Subsystem), peanusawm RCS
(Rich Communication Suite) 1 M NOROBHBIX TEXHOMOMMA.

Ha pyc.2 nokasara cxema xarpoeepa (handoff) & cemn LTE. B otam-
44K OT CETeN NPEnbIdYLLMX MOKONEHMH, IAE MCMONb3OBANMCH KOMMYTG-
LMOHHbIE CTOHLWM, 30ECh MEXOHM3M NEPEeaayM YPABIEHHS! OT OBHOM
BC k Apyroi Npon3BoanTCs COOTBETCTBYIOLLMMM LUMTO30MM (gateways)
Ha ocHose TexHonomi mobile IP 1 IPV6.

Cemm LTE ¢ camoro Hauana npeanonaranmcs [ MCnonb3oBaHKs B
cpepe IMS. Ha puc.3 nokasaHa apxutektypa cicTemb ynpasne-
Hus,/ MoHuTopwHra ans cetw LTE.

VPLMN HPLMN
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Puc. 2. XsHposep & cetsix LTE
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TEXHONOMTMU MHOOPMALIMOHHOIO OBLLEECTBA
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Puc. 3. Apxurextypa ynpasnenisi/ MoruTopuHra cetsio LTE

Mpexnnonaraetcs, 4To ynpaeneHue oBOPYAOBAHMEM CETW CBA3M
FOMXHO OCYLLECTBNATECS C BU3HEC — YPOBHS. DTO O3HAUaET Mbkyio
BOBMOXHOCTb M3MEHEHMS! TAPUHBIX MNAHOB M YCTIOBMI 0BCNyXWBa-
Hus aborenTos. [Mpumensetcs kowuenums OSS/BSS (Operation
SubSystem/Business SubSystem).

Buieopei

[ns sddextmBHOro BHEAPEHHS CeTen MOBMIBHOM CBS3M C TEXHOMO-
rveit LTE heobxomymo:

90

055 055

1. Hanmume ceoboptbix nonoc yacrot wimputoi 10 — 20 Mlu,

2. Torosast uHdpactpyktypa ceteit NGN ¢ All P

3. Hanmuve BONOKOHHO-OMTHYECKMX CETEN [iisi MOCTPOEHMS HO3eM-
HOTO CErMEHT.

4. Hannuve HopmaTHBHOM 6a3bl [t pABOTbI CO BCEMM HOBBIMM TEX-
HOMOMSIMM, KOTOpble NpMMeHsitoTcs B cesix LTE.

5. HoBbii1 nopxof K MOCTPOEHMIO  MOPKETHHIA 1 B13HEC-MOpENH
ONEePATOPCKMX KOMMOHMIA.

T-Comm, #7-2010



OueHKa B3AMMHOTO BAMSIHUS NAPAMETPOB NOTOKOB 30SIBOK
npu opraunsaumu VPN Ha oblieM kaHanbHOM pecypce

B cywectBytowpx anropumax eibopa mapLupyTos npu opranmsan VPN Kputepmi BbI6OPA He yHMTLIBAIOT XAPAKTEPMCTHK

Ka4ecTBa npegocTasneHus yciym. [anee Gyper nokasaHo, uTo

npu MCrosb30BAHMM  BbICOKOHAIPYXXEHHOro o6u4ero

KAHQITEHOTO Pecypca HEOOXOAMMO MPOBEPHTL OLIEHKY B3AMMHOTO BIIMSHMS KQYECTBA CyLLIECTBYIOLLEN M opraHu3yemoi VPN

Cagenkos [O.10,,
MTYCH

Mocranoska 3anauu. Mo Mepe passuTvs ceTeBbIX TEXHONMOMMI M
OBLLEM TEHAEHLIMM K BLIHECEHMIO BICOKOMPOM3BOMTENBHOM, OTKA30YC-
TOMYMBON MHPOPMALMOHHOM MHPPACTPYKTYPbI HA CELMASIbHBIE MIO-
LonKy, BCcebosee aKTyarbHbIM CTOHOBMTCS BOMPOC KAYECTBA MPefo-
CTOBNIEHMS YCITyTW BUPTYQNbHbIX YacTHbIX ceTedt (Virtual Private Network
— VPN), ocylLecTensioLpx fom4eckoe 0BbeaMHEHNE BbIHECEHHbIX Pe-
cypcos. [nst oreparopa OCHOBHBIM BOMPOCOM SIBIISIETCSE pa3paboTka
MapLupyTa opranuaaym VPN, ¢ orosopeHHbIM KauecTBom 0bCiy>kmBa-
Hus (Service Level Agreement — SLA). B cesian ¢ yenuuermem Harpyski,
npu opratm3aLym Hoeoi VPN onepatopy HEOEX0aMMO MUHUMM3UPO-
BATL 3QTPATHI CeTeBbiX pecypcos. CyLLECTBYIOT QnropHTMbl ONMTUMM3A-
wn mapupyTos [ 1-3], kotopbie noseonsiot Harmv aepeso VPN ¢ Miki-
MAarbHbIMM 3ATPATaMM CETEBOTO pecypca. Beibop nyuLuero gepesa ocy-
LLECTBIISIETCS HO OCHOBAHMM OBBEMA JOCTYMHOMO KAHATIBHOMO pecypcd
1 obbema pecypca, HeobxommMoro st opraHmaaLym Hoeoi VPN. He-
[OCTATOK STUX METOLOB B TOM, YTO OHU HE YUUTBIBAIOT TPEGOBAHMS! K KO-
yectBy yanyrm VPN, ofHim 13 nokasarenei KoToporo siBRseTcst Konnue-
CTBO I'IOTepﬂHHbIX 304BOK.

[na oLEHKM BOBMOXHOCTU MPUMEHEHMS PA3MUHBIX QTOPUTMOB
MapLupymaayim VPN ¢ pasnmuHbiMy TpeBOBAHMSAMM K KAHECTBY MPeno-
CTOBIIIEMOM YCITyTM PACCMOTPMM MPUMEP BLIGOPA MesKay ABYMS! BOPH-
QHTaMK MapLUpyTa Mexay yanamu S u F (Puc.1). MexopHas nponyckHas
cnocobHocTs B 0bomx cnyuasix pasta 100 Méur/c. B sapuante N21 8
kaHane nponoxero 5 VPN. [ns opranmaaLym kaxpor tpebyetcs npo-
MyckHas cnocobHocTs paetas 10 Méut/c. B sapuarte N22 nponoxe-
Ha ogHa VPN, ana eeopranmsawm tpebyetcs 50 M6ut/c. [ns oueHkm
B3QMMHOTO BIMSIHMS CyLLIECTBYIOLLEM W opraHuayemor VPN npymerim
pononHutensHyto VPN, kotopoit Tpebyetcs 20 M6ur/c.

Onmcarve Mogen. [ns aHanm3a BnmsiHS NAPAMETPOB MOTOKOB Ha
kauecteo npepoctaeneHis yayr VPN, Gbin peaniaoBaH pekypcueHbii
QUITOPMTM PACHETA OCHOBHOWM MOLENM LiudpoBoi muHim [4]. Mogens co-
CTOUT U3 N MHd)OpMGUMOHHbIX NOTOKOB, 30sBKA KOTOprX I'IOCI'YI'IGIOT B
COOTBETCTBMM C 3aKOHOM [TyaccoHa, ¢ MHTeHeMBHOCTBIO A 1 cpemHee
Bpems obcnyxuearms sasieku 1/l e k= 1,..,n — Homep notoka.
OBbeM MCXORHOTO KAHALHOTO pecypca 0603HauMM V, obbem kaHarb-
HOTO pecypca, HeobXxomMblit fis 0BpaBoTKM OfHON 3aseku k-ro noTo-
ka— b, (b, — HeotpuuaTensHoe Lenoe wicro).

[ns npoBeneHms PACYETOB B PACCMATPHMBOEMOM MPMMEPE 30 eIy
HULy KaHansHoro pecypca npumvem 1 M6uT/c. Takvm obpasom, uexor:-
HbIA 0BGbEM 1 Kabkaoro BapuarTa Byaet coctasmsims V=100 kaHab-
HbIX efuHML, anst BapuaHta N2T umcino egpHuL, kaHanbHoro pecypced,
HeoBXoOMMOe [N OPraHM3ALMM KAXKOOTO KAHANQ COCTABASIET
b,=b,=b;=b,=b;=10 karansHbix emHmy (puc.1,a). B sapuarte N22
MMHCTBEHHOMY MOTOKY Y8 OBCITyXMBAHMS 3asBki Tpebyetcs b, =50
KaHabHbIX eaukmy, (pre. 1,6). ns obcnyxiBarms 3as8KM BHOBb OPraHi-
3yemoit VPN Heobxommo 20 KaHAbHbIX €AMHML, COOTBETCTBEHHO.

T-Comm, #7-2010

[ns ynpoLueHs 3am1cH BIPOXKEHMI MHTEHCMBHOCTb MOCTYMQIOLLMX
305BOK 3QMMCHIBAETCS B SPAAHTAX (4MCNIO 305BOK, MOCTYNQIOLLKX 30
CPEAHIOI MPOAOMKMTENBHOCTL NEPEACHM, KOTOPAs MPUHSTA 30 €OMHM-
uy). Kpome toro, o= A, /1, k=1,..,n. Bynem cuurarts, uto spemera ne-
PERCYM 30SBOK MMEIOT SKCMOHEHLIMAIBHOE PACMPERENneHre 1 He 30BM-
(o213 p,pyr oT ,u,pyra M BXOOHbIX MOTOKOB, XOTs anBeﬂeHHble yTBep)K,D,eHMﬂ
CMPABEMBbLI MPU MPOM3BOIEHOM PACTPERENEHNH BpeMeHr obpaboT-
kv 3asBok. [MocTynaioLye 3asBKK OBCITYKMBAKOTCS HO OCHOBE MOLENH C
sHbIMK noTepsmi. OBiLee YMCTIO eanHUL, pecypca LIMDPOBOH MHMK,
3QHSTBIX OBCIYXMBOHMEM 3QSBOK I, OMpenensietcs no ¢opmyne:
r=b] i +b2i2+...+bnin, i€ ij, — “MCIo 3a5BOK k-ro notoka, HaxomsLLMXcs Ha
OBCIYXMBAHMM.

B cooteetcramm ¢ pesynstatamu [4], sHauerme craupoHapHoit Be-
POSTHOCTU 3AHSATOCTM I AMHML, KAHQIBHOMO PECYPCa MO 0BTy XMBAHMIO
Bcex 3asBok Plr), r=0, 1,.., V 6ynet onpenenstscst COOTHOLIEHWEM:

0, r<0,
Pr)=11, r=0,

o (1)
Y a,b,P(r—b,) 1>0.
7 =1
[pHUMHOM NOTEPM 3CSIBKM SIBTISETCS HEXBATKA CBOBOAHOMO KAHWTb-
Horo pecypca: r + by, > V. BepostHocTs HacTynnieHmst AAHHOTO cobbims
TC}, ONPENENSETCS COOTHOLLEHMEM:

< k=1 2
pe= 2P0, = e g
)‘:V—bk+l

rae p(r) = A{r)/N — Hopm1poBaHHOE 3HAUEHME BEPOSTHOCTU OBCITYXM-
BOHMS  3a5BOK; N = 2 o P(r) — HOPMAPOBOUHOS KOHCTOHTA.
r=

BenumHa Harpyski Ha OfIHY NEPEfATONHYIO eMHMLY L POBOM
JIMHMM T| ONPEOENSETCsl COOTHOLLEHMEM:

1 n
3= —Zak b, (3)
V k=1
Ha ocHosarmu (3), anst ynpolueHms pacyeTtos, npu ycrosmu, uTo
a,b; = a,b, =.= a b, 6ino nonyuero cootHowwerme oy, =M V/nb,
k=1,.,n.
B Ne1 — A by = 10, 1/,
apuaHT Ne — Ay by = 10, 1/,
p Cyu_[eCTBy}O-LLl.Me e
NOTOKM: — -0 _:
HoBbIh NoTOK S —" Ay bs=10, 1/p —p
A bg = 20, 1/u1
a)
0
BapunaHT Ne2 Cyuecrayioume
HoBbIn noTok NOTOKM: = by =10, /i, —p
Ay by =20, 1/, S
6)

Puc. 1. Bapuarsi opramaaym Hosor VPN: a)Hossi notok gobasnsetcs
k 5 notokam b= 10; 6) HoebIit noTok aobaensetcs k notoky b= 50
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Pesynbtarel BbluMcneHuid. B
Ka4ecTBe MPUMEPA PeaTM3aLIMM
CyLLIECTBYIOLLMX QUIFOPUTMOB Op-
ranmzaupm VPN, pacemarpysa-
€TCS MOIEPHM3MPOBAHHBINA Jpe-
BOBMAHbIN QIITOPUTM, 0603HAYaE-
mbiit MTRA [2]. B [3] npusogres
OBOCHOBAHME TOTO, YTO ACHHbIMA
QIrOPHTM OBECTIEUMBAET JTyuLLiee
pacrnpepeneHme pecypcos. da-
HbIA QUIIFOPMTM MPM MOMOLLY MO-
MCKA B LUIMPHHY CTPOMT [EPEBO
VPN. [lnst kenkporo aepesa pac-
CUMTLIBABTCS HArPY3KA Ha Pebpa,
BBIOMPOS  MUHMMQUTBHYIO  CyMMy
TPebyemoro KAaHQILHOrO pecyp-
€a ¢ opHoM M3 cTopoH pebpa. s
TOro, 4tobbl BLIGPATL MAPLLPYT
opranmsaupm VPN ¢ muHumans-

HbIMM 3ATPATAMM KaHarbHOro pecypca anroputv MTRA Beibrpaer ae-

PEBO C MUHMMALHOM Cymmoii C:

&R
c=Yy—,

rie Q — konmyecTeo yanoe, sapeticreosanHsix B VPN; R, — Tpebyemblit
0bbem kaHarkHoro pecypca s pebpa i; B, — obbem pocTynHoro ka-

HabHOTO Pecypca ans pebpa i

B pacemarpueaemoit sapae Bcero aga ysna, nostomy aepeso VPN
CoCToUT M3 opHoro pebpa. st HAMAAHOCTH OBbLEM JOCTYMHOTO Pecyp-
ca gns iro BapuaHTa 0bo3Haumm Yepes B, a Tpebyemblit obvem ka-

el o ..'I—'_'_ﬂ
A 01 e S e 30T HINPEEL L o
E o :_;‘_L,;--E"""ﬂr
= e
a "'_.Q_ —-—
= e
§ 0.01 E//*f
T
) e <~ == loTok b=50
%0 001 "J/ g o< [MoTok b=50 (¢ noTokom b=20)
/ML o +—+ +=+loTok b=10
R crersti[loTok b=10 (¢ noTokom b=20)
R4
r 7
0.0001 V4 /
0.2 03 0.4 0.5 06 0.7 0.8 09

Harpyska Ha 0JTHY ¢/IHHHIY KaHaJTBHOTO pecypea

Puc. 2. BrnsiHue notoka ¢ tpeGosatiem B 20 euHuL, KaHABHOTo pecypca

KAHQUTBHOMY PECYPCY CYLLIECTBYIOLLIMX NOTOKOB, O TAKXKe OT TpeboBaHKs
K KGHQUTbHOMY PECYPCy OPraHM3yeMOro NOTOKQ, MPM OJMHAKOBOM Ha-
rPY3Kke Ha OfiHY KAHGbHYIO €MHMLIY, BEPOSITHOCTb MOTEPh HOBOTO NOTO-
(4)  Ka MOXeT CyluectBeHHO oTmuaTbCs. Kpome Toro, 13 rpadmkos BraHo,
4TO €CIM HAPY3KA HA OfHY EMHMLY KaHasbHoro pecypca meree 0,6,
TO [if151 OPrOHM3ALMM HOBOTO MOTOKA NpeanovTHreneH apmaHT N21, co-
oTBETCTBEHHO Nyt Harpyske Gonee 0,6 — apuanT N22.

Takim 0BPa3soM, sl PACCMATPMBOEMOTO MPUMEPA MAHUMOUTBHOE
YBEsIMIeHMe MoTepb 3051BOK ByAeT JOCTUTHYTO MK PEQN3AILIAM BOPMOH-
10 N21 ¢ Harpyskoi Ha ofiHY KaHAMbHYHO eHMLY He Gonee 0,6 v He me-
Hee 0,4.

HANBHOro pecypca ana AONONHUTENBHOrO NOTOKA Yepe3 R.

Hns sapuarta N21 npu opraxmsaumm Hoeoi VPN ¢ pebosatmem

3aknioyenne

OfHOM KaHabHOM emuHMLbl R= by = 20, cymma (4) Gyaer pasHa:

o R b,

20 Ecnm kavecteo npepoctaensiemoit yayrm VPN onpepeneto coma-

Hns Bapuarta N22 npu opraxmsamm Hoeoi VPN ¢ pebosatmem
OfHOM KaHAbHOM emuHMLbl R= b, = 20, cymma (4) Gyaer pasHa:

100-50

B, V-b

Takim 06pasom, BEIBPATE MUHUMANEHOE 3HQUYEHME 13 Pe3ySISTATOB
cooTHoLweHM# (5) 1 (6) HeBOZMOXHO, B CHTY MX POBEHCTBA, YTO O3HAYA-
er, uto ans anroputma MTRA gsa BapraHTG pOBHOZHAUHSI.

M3 cootHowwenmit (5)-(6) creayer, uto anroputm MTRA, ommmman-

"B V(b +b,th tb,+b) 100-5%10

(5)  enmem SLA, B KOTOPOM OrOBAPMBAIOTCH AOMYCTUMBIE NOTEPH, HEBO3-
MOXHO MPUMEHSITL KPUTEPUM CYLLIECTBYIOLLIMX QUIITOPUTMOB MAPLLPYTH-
saupn VPN, He yunTbiBaoLMX TPEBOBAHMS K KAHECTBY MPEAOCTOBEHMS
ycryrm VPN. To3ToMy HO OCHOBOHWM MPMBEAEHHBIX POACYETOB MOXHO
cpenarts Bbieog, 4To Arist opratmsaupi VPN Ha BbICOKOHArPY>KeHHOM 06-
(6)  Luem KaHanbHOM pecypce, HEOBXORMMO OLEHWBATL W MPMHMMATL BO

BHUMOHME B3AMMHOE BIMSHME HO M3MEHEHME KONMYECTBA MOTephb 30-

4.

SIBOK, KOTOpbIE SIBMAIOTCH KPUTEPUEM KAYECTBA MPENOCTABNEHMS YNy
cyLectsytolmx 1 opranmayemoit VPN. OueHky pekomeHayeTcs ocyLie-
CTBISTH MPM MOMOLLM PEKYPCHBHOTO CITTOPUTMA PACYETA OCHOBHOWM MO-
[enn UPOBOM IMHWM.

PYIOLLI 3arpy3Ky KaHQUTHOTO PECYPCA, HE YUMTLIBET TPEBOBAHMIA Cy-

LLIECTBYIOLLEM HAMPY3KM Ha KAHAMEHBIM pecypc. Pasnmyms paccmarpuea-

Jlureparypa

€MbIX BAPMaHTOB peanmaaiym Hosoit VPN paccmotprm Ha mpumepe

rPAHKOB BEPOSTHOCTU NOTEPS 30SIBOK (2) OT HAMPY30K HA OAHY KAHAb-

HYIO €MHMLY Pecypca.

M3 rpadmkos Ha puc. 2 BUOHO, HTO 15t PA3NMUHBIX BOPUAHTOB pe-
QUIM3OLMM HOBOTO MOTOKQ, MOTEPM 3CSIBOK CYLLECTBYIOLLX MOTOKOB By-
AT PasnuuHbiMu1. M3 311X ke rpadmKoB criedyer, YTo Mpu Harpyske Ha
OfHy KQHQUIbHYIO eauHuLy He npessiatoleit 0,4 fis MUHAMASOLMM
roTepb 3asBOK CyLLECTBYIOLLMX MOTOKOB Gonee NpeaodTHTeneH Bapy-
aHr N22. B npot1eHom cyuae Gonee BoirogeH sapuat N21.

M3 rpadmkos Ha Puc. 3 BUaHO, 4To B 30BUCHMOCTH OT TPEGOBAHMS K
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AcumnToTUYECKME MOAENM OLeHKM NoKa3dTenei Ka4ecTsd
obcnyxueanus eeizoeos call-ueHtpamu

MCCﬂeﬂOBaHbl ABE MAPKOBCKME Mofenn qbyHKLMOHMpOBGHMﬂ ca”-uempos, YHHTBIBAIOLLE BO3MOXHOCTb MOBTOPEHMS BbI30OBA

MPM 3AHATOCTH BCEX OBCITY XMBAIOLLWX YCTPOMCTB M MECT OXMAAHHMS 06CTyxuBaHms. [TokasaTen ka4ecTsa 0BCTyKMBAHHMS Bbi-
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Mwennynmnkoe A.l., Crenarnos M.C.,,
MTYCH

BeepeHnue

Beicokoe kauecTBo 06Ty XMBAHMS KITMEHTOB SIBMAETCA BAKHBIM KOH-
KYPEHTHBIM MPEMMYLLIECTBOM KOMMOHMM 1 HEOBXOMMMBIM YCIIOBMEM CO-
XPOHEHMS €€ MO3MLYM HA PbiHKE. 115 MHOMX KOMMAHMI, B13Hec KoTo-
PbIX BLICTPAMBAETCS HO KOHTAKTOX C GOMBLUMM YMCTIOM KITMEHTOB, MEXQ-
HU3MOM TaKOro B3ammogeicTams sensiotcs call-uertpbl. Onu ucnonb3y-
I0TCA BO MHOMMX cdepax Brareca, Byap To TOProeblie KOMAAHMM, MHdop-
MOLMOHHO-CMIPBOYHbIE CTyX6bl M ApyrMe NOOBHbIE MM CHMCTEMBI.
O60ob1weHHas apxvrextypa call-uertpa npeactaenena Ha puc. 1.

BaxHbiM OKTOPOM, BAMSIOLLYM HO XAPOKTEPMCTMKM MPOMYCKHOM
CMOCOBHOCTU MHOPMALMOHHO-CPABOYHBIX ClyX6 C AOCTYNOM Yepes
ONEPATOPOE, SBMAETCS YYET SKOHOMMYECKWX acnekTos. MssectHo, yTo
OCHOBHYIO 4OCTb SKCMTYQTALMOHHBIX PACXOAOB HA WX COREPXAHME CO-
cTaenseT 3apaboTHas nnata oneparopos. Huakas foctynHocTs HekoTo-
pbix cepsrcos call-LeHTpa BbiHyXAAET ABOHEHTOB AESNATH MHOTOUMCIIEH-
Hble MOBTOPHbIE BbI30BbI. [1OCKONbKY OBOHEHTHI, BO BCAKOM CITyyae [0
ONPEaEneHHOro BPEMEHM, MPOSBAIOT HACTOMYMBOCTb B CBOEM XENaHMM
[O3BOHWTLCA A0 CITyGbl, 3TO BIEYET 30 COBOM NOSIBNEHHME GONBLIOO Mo-
TOKQ NOBTOPHbIX 0BpaLeHui B call-LueHTp, Ha koTopble TpaTMTC Cylue-
CTBEHHOS [OMA BPEMEHW pabOTbl CUCTEM, YNPOBASIOLLYX YCTAHOBNEHM-
€M COEINHEHMM.

Heynobcrea, cesizaHHble ¢ HEOBXOAMOCTBIO MOBTOPEHMS 3CSIBKH,
MOTYT BbITb YMEHbLUEHbI MyTEM OPraHM3aLMK 0BTy XMBAHMS ABOHEHTOB
Mo CUCTEME C OXMEAHWEM. YUET POCCMOTPEHHBIX OCOBEHHOCTEN dyHK-
LMOHMPOBAHMS MHPOPMALMOHHO-CMPABOMHBIX Iy MPOBOMTCA C UC-
MONb30BAHWMEM MOLENEN C MOBTOPHBIMA BbISOBAMM M OMPAHHHYEHHBIM
YMCITOM MECT OXMAAHMS 0BTy XMBaHKMS [2-5].

AFOHEHT

MHTepHET

My mrmseguinen PO

CMERATOROE nec

Martematuueckas mogens

PaspaboTke MaTEMATMHECKOM MOZEnM MPEeAecTByeT MpoLecc
bopmanraaLym paboTsl CUCTEMBI CBA3H, MO KOTOPbIM GYHEM NOHUMATH
BbIGENEHWE NepedHs COBBITHM, MEIOLLYX CYLLIECTBEHHOE 3HAYEHME MPH
MCMONB30BAHMM YCITYT MHGOPMALMOHHOM cucTembl. [omrmMo cocTaene-
HUS NepeyHs COBLITUI HEOBXOMMO YKO3ATb MX B3AMMOCBSI3b, T.€. Mocre-
BOBaTENBHOCTL peanmaauyy. COOTBETCTBYIOLLOR CXEMA NPHBEAEHA HA
puc. 2[1].

Maremamueckas Mogens CTPOMTCS B COOTBETCTBMM CO CXEMOM, MO-
KQa3QHHOM Ha pyc. 2. MMeeTcs MonHOAoCTYMHAS cUCTeMa M3 V) 06aTyxu-
BAIOLLYIX YCTPOMCTB (onepatopos) ¢ | Mectamu ans oxmaaHms obayxim-
BaHus. Ha cuctemy noctynaeT myaccoHOBCKMi MOTOK MEPBUYHBIX BbIZO-
BOB C MHTeHCHBHOCTHIO A.. Ecin obcnyxuearoLee ycrporicteo ceobog-
HO, OHO 3OHMMOETCA HO CITy4aMHOE Bpems OBCTyXWBaHMS (BbIBauM
CMPABOHHOM MHOPMALYH), MMEIOLLIEE SKCMOHEHLWANEHOE pacipene-
nexue co cpepHum 1,/0L. Ecm Bce obcnyxuBatoLLyie YCTPOICTBa 3aHs-
Thl, HO MMEETCH CBOBOLHOE MECTO OXMAAHMS, TO 30BIOKMPOBAHHBIN Bbi-
308 3aHMMaeT ero. s ynpoleHms mogen Byaem B AanbHeMweM npes-
MONAraTh, YTO 3aHsTHE CBOBOAHBIX MECT OXMAHHMS MPOMCXOIUT C BEPO-
STHOCTBIO POBHOM euHMLE. Bpemsi oXuaaHMs orpaHnieHo cydanHom
BENMUUMHOM, MMEIOLLIEH SKCMOHEHLWMQIBHOE POCTPEAENEHNE CO CPEAHMM
1/p. Ecnv 3aHsimbl Bce 06y XMBAtOLLME YCTPOICTBA M MECTA OXMACHMS
WU HEYAQYHO 30BEPLLMIOC BPEMS OXMAAHMS 0BCTyXH1BaHUs, To abo-
HEHT C BEPOSITHOCTBIO H MOBTOPSET BLIZOB Yepes CTyHaiHOE Bpems, MMe-
IoLLee 3KCMOHEHLManbHOe pacrpeneneHue co cpepHnm 1/V, a ¢ po-
MONHUTENBHOM BEPOSTHOCTHIO 1 — H nokuaaeT crcteMy HeOBCTy XEHHBIM
M He BO3OBOHOBISET BbIZOB.

MNocTpoerHas Mogenb B3aMMOBEMCTBMS aboHeHTa ¢ MHbOpMaLyt-
OHHOI CHCTEMOIA omcsIBaeTcst Mapkoackum npoueccom & (1) = (j(f), i) ¢
6ECKOHEUHBIM YMCITOM COCTORHMI S, 30AABAEMBIM COOTHOLLIEHMSIMM

(,i)eS, j=0,1,... i=0,1,..,0+1,

rae () — wicno aboHerToB, nosTOpSIiO-
LLWX B MOMEHT BPEMEHM f BbI3OB MO Mpu-
YWHE 3QHSTOCTM BCeX OBCITyXXMBOIOLLMX
YCTPOMCTB M MECT OXMACHMS, O TaKKe

M3-3a HEYAQ4YHOro 3aBepLUEeHMA Bpe-

MeHHM OXMAAHHS OBCTY>KMBAHMS,
ilf) — cymmapHoe 4crno 3aHsTbIX B MO-
MEHT BpeMeHM t MECT OXMaaHMs 1 Ob-
CIY>XMBAIOLLMX YCTPOMCTB.
MccnenoBarme MoCTpOEHHON Mo-
Aenvt Bynem BECTH B CTALMOHAPHOM pe-
xime. [ns ero cyluecTBoBaHMs AOCTO-
TOYHO YBEMTLC B HAMMYMM CBOMCTBA

Puc.1. O606wwenHHas apxurextypa call-uerrpa
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3PrOAMHHOCTU Yy MOPKOBCKOTO MpOLEC-
ca &(f). Viccnenosanme sToit npobnem
obneryaetcs Tem 0BCTOSTENLCTBOM, YTO
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KnueuT asoHuT

Bea kaHare
FEHATHI?

Oneparop
OOCTYRHT

HrmexT

MoaTop
NGNLTEMW?

IWEHT NOKMOASET
CACTEM

o[ — CpenHee Y1CNO 3aHATbIX MECT OXMAOAHMSA

oo Dt/

L= P(j,ii-v).

Jj=0i=v+1

Bo3MoXHOCTL TOYHOTO YMCIIEHHOTO AHAMM3A MOCTPO-
€HHOM MOFIENM PEANM3YETCS TONBKO LISt MAUTbIX 3HAYEHMM
CTPYKTYPHBIX NAPAMETPOB: YMCIA ONEPATOPOB M MECT
oXuaaHKs. VHxXeHepHble 30004M PELLAIOTCA HO OCHOBE
NPUOMMKEHHBIX METOROB. BorbLLMHCTBO MpMBMMKEHHbIX
METOIOB, MPMMEHSIEMbIX B TEOPMM TENETPADHKA, OCHOBA-

OCTRETCAT

XD M2 fa

FrnwaaHT Moet

Hbl HO ACMMMTOTUYECKMX CBOMCTBAX ncanegyemblx mope-
neﬁ, KOraa B KA4eCTse OLIEHOK BEPOATHOCTHbIX XApaKTe-
pUCTMK 6epchs| MX NpeaenbHble 3HAYEHMS, NOSTyYeHHbIE
npu CTpemneHnm OOHOro WM HECKONbKMX BXOAHbIX
NAPAMETPOB K CBOMM NPEAESbHBIM 3HAYEHUAM. Bbl60p
NAPAMETPOB, MCMOJb3YEMbIX NS MOCTPOEHUSA ACUMITO-

CHEPEIWT

Oneparop
A0CTYTEHT

KnuedT oficnyseH

Puc. 2. Briok-cxema ycTaHoBneHms coeuHenns aborerta c oneparopom call-uertpa

aBCoNOTHO HaCTOMUMBLIMK T.e. H < 1. D10 03HauaET, YTO KaK Bbl CHrlb-
HO CHCTEMO He BbINA 3ArPYXKEHa, C BEPOSTHOCTBIO, CTPEMSILLEMCS K eayt-
HULE, ABOHEHT, MOBTOPSIOLLYAM BbI3OB, MOKUHET CHCTEMY HEOBCITyXKEH-
HbIM, MPOBEMS B HEM BPEMS], MMEIOLLIEE OFPOHMYEHHOE CpeaHee.

[Mpm ycnoim BeINONHEHKS CBOMCTBA SProaHHOCTM A1t MOPKOBCKO-
ro npouecca &(f) MoXHO BbINMCATb CUCTEMY YPOBHEHMI CTATUCTMYECKO-
O POBHOBECHS, CBSA3LIBAIOLLYIO CTALMOHAPHbIe BepostHoc i) Ha-
XOXAEHMS MAPKOBCKOO MPOLIECca B cocTosHMM (ji).

3nech B CTALWOHAPHOM COCTOSIHMM:

j — WCnIo ABOHEHTOB, MOBTOPSIOLLMX BbI3OB MO MPUUMHE 3AHATOCTH
BCEX OBCIYXKMBAIOLLMX YCTPOMCTB M MECT OKMEAHMS, O TAKKE M3-30 He-
YOQHHOMO 3CGBEPLLIEHNMS BDEMEHU OXMAGHMS;

i — YMCIO 3QHSTBIX OBCITYXMBAIOLLMX YCTPOMCTB M MECT OKMACHMS.

Mokasatenu kavectea OsCﬂyXMBOHMﬂ 3As1IBOK U UX OL,eHKa

OCcHOBBIBOSICL HO PMIMHECKOM CMBICTE XAPAKTEPUCTUK KAHECTBA
oBcnyXXMBaHMS 30SIBOK B UCCTIENYEMOM MOLENM, AGIMM MM onpenene-
HIME Yepe3 3HQYEHS JONM BPEMEHM MPEBLIBAHKS MOLETM B PA3MYHBIX
COCTOSHMSIX (M3 TEOPMM M3BECTHO, YTO 3TO — 3HAYEHMS CTALMOHAPHBIX
BEPOSITHOCTEN COOTBETCTBYIOLMX COCTOSIHMM) 1 HEPES OTHOLLEHME MH-
TEHCMBHOCTEM COOTBETCTBYIOLLMX MOTOKOB. [Tp1 MpakTMyeckom merons-
30BOHMM BBE[EHHOM MOAENM MPEACTOBNSIOT MHTEPEC CreMyloLe
XAPAKTEPHCTHKMA:

* Tt — ko3dHLMEHT 0BLYX MOTePs (MM A0S BCEX MOTEPSHHBIX
BbI30BOB), OMPELENAEMbIA OTHOLLEHMEM CyMMbI MHTEHCUBHOCTEM MOTE-
[PsiHHBIX NEPBUYHBIX M NMOBTOPHbLIX BbI3OBOB, A TAKXE BbI3OBOB, YLlen-
LMX C OXMACHMS OBCIY)XMBAHMS, K MHTEHCUBHOCTW MOCTYNNEHMs nep-
BUYHbIX 1 NMOBTOPHbIX BbI3OBOB

b v+l
S| PGLHDA+ M)+ Y, PULINI—V)p
o= Jj=0 i=v+1
¢ oo U+ >
A+ 3 P(j.i)jv
j=0i=0
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TUHECKMX METOLOB, [MKTYETCSl TeM, HOCKOSbKO ObnacTb
M3MEHEHMS BXOfIHBIX NAPAMETPOB OHANIM3MPYEMOM MO-
AenM BNM3KA K COCMMMTOTUYECKOM, KOKOBA YMCIIEHHOS!
CNOXHOCTb OLIEHKM XAPOKTEPMCTUK MOMyHOEMOM Yrpo-
LLIEHHOM MOJENM, O TAKXKE TeM, YEMY PABHA NOMPELLHOCTL
pacyeta. [ToHsTHO, YTO pelLeHMe STHX MPobrem BO MHO-
TOM OMMPAETCS HA KAYECTBEHHbIE CBOMCTBA MOfIENM, KO-
TOpble OBCYAMM MPU PACCMOTPEHUM KOXKOOTO KOHKPET-
HOTO CTOPMTMA.

Pacuet nokasareneii kayecrea o6cny)|(MBch|
3as8BOK A1 ManbIX 3HAYEHUI V

W3BectHo, 4o npu vV —> () NOTOK MOBTOPHbIX BbI3OBOB MO CBOWCT-
BAM MPMOMMKABTCS K MYCACCOHOBCKOMY C HEKOTOPOM HEM3BECTHOM MH-
TEHCUBHOCTBIO [2-5]. [TOHSITHO, 4TO TOYHOCTL METOAA 3CBMCHT OT BENMM-
Hbl V. YeM MeHblLe V, Tem oHa ebilue. [Tpr peanmsapm meToaa BaxkHo,
4TOBbI 30BMCMMOCTL MEKIY MOMEHTOMI MOCIEAOBATENbHBIX MOCTYTUIE-
HMIA MOBTOPHbIX BbI3OBOB OT OIHOrO ABOHEHTA CTPEMMIIACH K HYJSTIO, MO-
3TOMY XOPOLLYIO TOYHOCTb METOAC MOXHO OXMAATL M 1Sl AOCTATOYHO
BOMBLIKX V, ECIIM HO MHTEPBAIE BPEMEHH b 1/V crcTema HacTo ms-
MeHsieT cBoe cocTosiHue. [locnenHee CBOMCTBO BHINONHSETCS i MOfe-
1e¥ CO CIIOKHOM CTPYKTYPOi: GOSBLIMM YMCTIOM KAHAIIOB M BXOAHBIX MO~
ToKOB. IMeHHO Takas cuTyaLys xapakTepHa ans mogenu call-uentpa.
31 OBCTOSATENBCTBA MO3BONSHOT OXMAATL XOPOLLYIO TOYHOCTb OLIEHKM
XAPAKTEPMCTHK, HTO 1 ByaeT fasee NOKA3AHO HA YUCTIEHHBIX NPMMEPCIX.

PaccmoTpim crctemy, cocTosilLyto 13 'V 0BCyXMBAIOLLMX MPMEO-
OB, HQ KOTOPY!IO MOCTYNAET MYCCCOHOBCKMI MOTOK BbISOBOB HEM3BECT-
HOM MHTEHCMBHOCTM X. BXOOHOM NOTOK COCTOMT M3 MyacCoOHOBCKOrO No-
TOKO EPBMYHbIX BbIBOBOB MHTEHCMBHOCTH A, M MyQCCOHOBCKOTO NOTOKG
MOBTOPHBIX BbI3OBOB MHTEHCMBHOCTM X — A. 4T0BbI ynpocTHTh 3anmch
MPOMEXYTOHbIX BBIKIIOLIOK M OKOHYATENbHBIX POPMYT, MPUMEM Aaree,
€CIM 3TO He OroBOPEHO 0COB0, B KAYECTBE EMHMLIbI BPEMEHI CPEMHIOD
MPOROMKMTENBHOCTL BBIAAMM CMPABONHON MHdpopmawyi 1/0L. Takim
06pa3oM, Bpemst 3aHsTH OBCITYXMBAIOLLETO YCTPOWCTBA MMEET SKCMo-
HEHLWMANLHOE PacrpeneneHte C NapaMETPOM, PABHBIM EAMHMLIE.

Ecm cBoBopHbiX 06CIYXMBAIOLLMX YCTPOMCTB HET, TO BbI3OB 30HM-
MaeT opHO 13 | MecT oxuaaHms. Bpemst oxuaaHis orpaHiyeHo cyyar-
HOM BENUUMHOM, TAKKE MMEIOLLIEI SKCMOHEHLMAILHOE pacrpeneneHme,
HO C NapaMeTPoM P. Ecin no 3aBeplLueHi M STOro BpeMeHM BbI3OB He No-
nasn Ha 0BCITYXXMBAHME, TO OH NOKMAAET cicTemy. Byaem cumTars, 4o Bbl-
30BbI BHIBMPAIOTCS HO OBCIYXMBAHME B MOPSIIKE MOCTAHOBKM B OYepeib
(nepebiit NpMLLEn, NepebIi NOCTYNAET Ha OBCTYXMBAHME).

BeeneHHas mopenb onmchIBAETCS MOPKOBCKMM NPOLIECCOM POoXae-
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HMSt 1 TMBETK, NOSTOMY PACHET €€ XAPAKTEPHCTUK HE BbI3bIBAET GOSbLIMX
3aTpyaHeHMA. Bocnonb3oBaBLLMCh YNPOLLEHHOM MOAEMBIO, BbIMMLLIEM
OLIEHKM /151 OCHOBHbIX XAPAKTEPUCTMK MCXOIHOM MOLENH, 0BO3HAUMB MX
TEMM K& CUMBOJIOMM, KOTOPbIE BbUIM MCTIOMNBb30BAHBI B OCHOBHOM MOfie-
mm. TMycts Pli) — cTauoHapHos BepOSTHOCTb TOTO, HYTO B YNPOLLEHHOM
ciCTeMe 3QHSITO | OBCTY>KMBAIOLLMX YCTPOMCTB 1 MECT OXmaaHMs. Toraa
MCKOMBIE OLIEHKM HOXOASTCS! M3 COOTHOLLIEHMH

v+/
xP+D)+p Y, Pi)i—v)
T, = i=0+1 :
X
v+
L= P(i)i-v).
i=v+1

BennumHa X HaOXOZUTCS M3 peLLIEHHs! HESIBHOTO YPOBHEHMS!
o A+ pHL(x)
1-Hrm (x)

rae L(x) u Tt(x) — saBucALMe OT X 3HQUEHMS, COOTBETCTBEHHO, CpeaHero
YMCIIA OXMACIOLLIX 1 OBCITYXXMBOIOLLX ABOHEHTOB W 0NN BPEMEHH 30-
HSITOCTM BCeX OBCIYXMBAIOLLX YCTPOVICTB M MECT OXMAAHMS.

MpoBedem YMCTIEHHOE MCCNEHOBAHWE TOYHOCTM POCCMOTPEHHOM
BbIYUCIATENBHOM MPOLEAYpPbl. PesyrnbTarl BbMMCIEHMM MOKA3AHBI HO
prc. 3 HO MPUMEPE MOLENM CO 3HAYEHMSIMM BXOOHBIX MOPOMETPOB:
v =50, /=30, p=1,H=0,8, o.=1, A = 50. Bennumra uameHseTcs ot
0,1 mo 1. Tourbie 3Haqerus kospduumerTa obuyix noteps T Haltae-
Hbl MOCTE PELLEHMS CUCTEMbI YPOBHEHMIA POBHOBECHS! MTEPALIMOHHBIM
MeTopoM. Benmunta napametpa N, orpaHMUmMBAIOLLErO MAKCHMATBHO
BO3MOXHOE 4YWCTIO QBOHEHTOB, OIHOBPEMEHHO MOBTOPSIOLLMX BbI3OB,
6bina npunsa pasroid 800. MpubnxeHHoe sHaueHHe TT . MOKA3aHO Ha
PHCYHKE NPSIMOW FOPUBOHTAUTLHOM HMEN. [TostyueHHble pesynsTarsi ro-
BOPSIT O XOPOLLIEN TOYHOCTU NPUBIMKEHHOM MPOLIEaypbl.

Pacuer nokasateneit kauecTea 06cnyXMBAHMs 3a5BOK
Ions 6onblUMX 3HAYEHUN V

Ecnm sHaueHme BeposTHoCTH NoBTOPEHNS 3asiBKM H MeHbLLe eapHu-
Libl, TO C YMEHbLLEHWEM AFIUTENEHOCTU MHTEPBANC BPEMEHM MeXy Mo-
CNEAOBATENbHBIMA MOBTOPEHMSMM, QBOHEHT C BEPOSTHOCTBIO, CTPEMS-
LLMMCS K €OMHMLIE, OTKO3BIBOETCS OT MOMbITKM coeamHerms. B aanHoM cit-
TYQLMM A7ist MPUOIKEHHOTO PACHETA MOXHO MCTMOSb30BATb HOCTHBIN
Ty Qi UCCTIEyEMOM MOLENH, KOTAQ BEPOSITHOCTL MOBTOPEHMs 3a60-
KMPOBQHHOM 30IBKM MPMHSTA PABHOM Hyso. COOTBETCTBYIOLLIAS MOZENb
OMMCBIBAETCS MAPKOBCKMM MPOLIECCOM poskaeHmst 1 mbenu. [Nokasare-
1M KQ4ECTBA OBCIYXMBAHMS 30SIBOK MOTYT BbITb HOMAEHBI C MCTIOMNB30BA-
HMEM MPOCTBIX PEKYPPEHTHBIX COOTHOLLIEHMIA. Halnem sHaueHms Bxop-
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HHTeHCHBHOCTL MNeETOPEHHA 3AABKH ATDOHEHTOM

Puc. 3. TouHbIi 1 MPUERMKEHHBIA PACHET AOMM NOTEPSIHHBIX 305IBOK
MPM MQTbIX 3HQAUEHMSIX V

T-Comm, #7-2010

HbIX MOPAMETPOB YMPOLLEHHOM MOAENH. PaccMoTpeHHbIi noaxos siensi-
eTcst 0BOBLLEHVEM Pe3ynbTaTOB, NoMyueHHsIX B [3,4].

B ynpoLueHHo# Moaenu nmeeTcs L onepaTtopos v [MecT ans oxuaa-
HMA 3067IO0KMPOBAHHBIX 305IBOK. VIHTEHCMBHOCTb MOCTYMUIEHMS MEPBIY-
HbiX 305B0K paBHa A. [Tpu v —> o aBoHeHT nocre HeyAa4HOro 3a-
BEPLLEHMSI BDEMEHW OXMICHMS C BEPOSTHOCTBIO H OMsiTb 30HUMOET Me-
CTO OXMaaHMS. HToBbI yHecTb AaHHBIM Nepexod, Byaem npeanonarars,
4TO B YMPOLLEHHON MOAENM MHTEHCMBHOCTL YXOAQ M3 O4EPEAM MPUHM-
maer sHavenre P(1 — H). AHanomnyHo paccMoTpeHHOMY paHee ackmr-
TOTUHECKOMY CITyHQKO MQTON MHTEHCHMBHOCTM MOBTOPEHMS MPHMMEM, YTO
Bpemsi OBCITy>KMBAHMS 305IBKM MMEET SKCMOHEHLIMAIIBHOE pacnpeserne-
Hie C TapameTpom paeHbim 1. BocronbaosasLuvcs ynpoLueHHoM Moae-
Jb{O, BBIMMLLEM OLIEHKM 15l OCHOBHbIX XAPOKTEPMCTVK MCXOIHOM MOge-
111, OBO3HAUMB VX TEMM XE CUMBOSIOMM, KOTOPbIE BbUIM MCTONL3OBAHDI B
ocHoBHo#M Mogenu. [Tycts Pli) — craupoHapHas BeposTHOCTb TOro, HTO B
YMPOLLEHHOM CUCTEME 3AHSTO | OBCIYXMBAIOLLMX YCTPOWCTB M MECT
OXMAaHMS.

Ecnm paccmoTpets MexoaHyto Mogerb B CHTYOLIM, KOTAQA BENMUMHA
V —> oo NPU YCIOBMM, YTO 3HA4EHWE H MeHbLLIE E[MHMLIE, TO MOXHO YT-
BEPXQTb, YTO KOXKACS 30BNOKMPOBAHHAS MEPBHYHAS! 30SIBKA MPUBOLMT
K nosiBnieHmio B cpeaHem M nosTopHbix saseok. Bennunty M e pacema-
TPMBAEMOM CICCUMITOTUHECKOM OBACTU MOXHO MPUOMMKEHHO HOMTH
W3 BBIPCKEHMS]

M:ZPkxk:(1—H)><0+H(1—H)><1+H2(1—H)>< 2+...+:L,
k=0 1-H

roe Pk — BEPOATHOCTL TOro, YTO aboHeHT CAenaeT poBHO k MOBTOPHbIX
MNOMbITOK.
ﬂ,]'lﬂ OLIEHKU [0 NOTEPAHHDBIX 3A5BOK MCMOSb3YETCA BbIPAXEHME

_ HMHTCHCUBHOCTb 3a6HOKI/IpOBaHHbIX TICPBUYHBIX U MOBTOPHBIX 3a4BOK

¢ HWHTCHCHUBHOCTD IMOCTYNUBIIUX IEPBUYHBIX U TOBTOPHBIX 3a4BOK

Halinem oTnenbHble KOMMOHEHTHI, yHaCTBYIOLLME B 3QMMCH MpuBe-
AeHHOro BoipaxeHmst. [ycTb B ynpolLeHHoit mogen senmamta P(u + |)
0603HAYTET [OMIO MOTEPSHHBIX MEPBUYHBIX 3ASBOK M3-30 3QHSTOCTH
ONepaTOPOB M MECT OXMAAHMS, A L — YMCIO 3QHATBIX MECT OXMAQHMS.
Haurem ¢ uicrmrenst. Toraa MHTEHCUBHOCTb 3AIBNOKMPOBOHHBIX MEPBIY-
HbIX 305IBOK onpepensieTcs 13 ebipakeris AP(L + 1); uHteHcierHOCTS 30-
BIOKMPOBAHHBIX MOBTOPHbIX 3CSIBOK OMPEAENSETCs M3 BbIPDCOKEHHMS
AMP{L + 1); UHTEHCMBHOCTL MOTOKA 3SIBOK, MOKMHYBLUMX MECTA OXMAC-
HUsl, HOXoMTCs M3 BbipakeHus LP. Tenepb paccMoTpum 3HamMeHaTerb.
MHTEHCHBHOCTL NOTOKA NEpPBMYHbIX 305BOK paBHa A. MHTeHcueHOCTb
MOTOKA MOBTOPHBIX 305IBOK CKIARIBAETCS M3 MHTEHCMBHOCTM NOTOKA 30-
BROKMPOBAHHBIX MOBTOPHBIX 3asiBok AMP(L + 1) 1 noToka nosTopHbIX
3Q51BOK, NOMABLLMX C OXMACHMS ONsiTb Ha OXMaaHKe, — Lp H. B urore no-
nyyaem

_AP(+D)+AP(+)M +Lp
¢ A+APO+)M+LpH

MpoBemeM YMCTIEHHOE MCCNEHOBAHME TOYHOCTM POCCMOTPEHHOM
BbIYUCTIATENBHOM MPOLEAYPbI. Pe3yrnsTatsl BbIMONHEHHbIX BbIMMACIIEHHHA
MOKA3CHbI HOl PUC. 4 HO MPUMEPE MOZESM C TEMM XKE 3HAUEHMSIMI BXOL-
HbIX MOPAMETPOB, KOTOPbIE Bbik MCMONL3OBAHBI MPM PACYETE ACHHbIX,
MpuBeaeHHbIX Ha puc. 3. BenmunHa L usmetsiercs or 10 go 100. TouHble
3HauEHMA KOBhPHLMEHTA OBLX NMOTePb TT_ HOMAEHS! NOCTE PeLUeHHs
CHCTEMBI YPABHEHMI PABHOBECHSI MTEPALIMOHHBIM METOROM. Benuumnta
napametpa N, OrPAHMYMBAIOLLETO MOKCHMAIEHO BO3MOXHOE 4UCIIO
QBOHEHTOB, OAHOBPEMEHHO MOBTOPSIOLLYX BbI3OB, GbUIA MPUHSTA PaB-
Hoit 50. MpubmxeHHoe 3HaueHMe T NOKA3AHO HA PUCYHKE MPSMON
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WHTEeHCUBHOCTb NOBTOPEHUA 3asiBKM aGOHEHTOM

TouHbIN pacyeT

MpuBnvKeHHbIR
pacyet

OTepeHHbIX 3aABOK

Oon

Puc. 4. Tounbii 1 NPUBRKEHHbIA PacUeT FOnM NOTEPSIHHBIX 30BOK
NPy BOMBLLMX 3HAUEHHSIX

TOPU3OHTALHOM SIMHWEN. [TpMBEAEHHbIE HO PUCYHKE PE3yILTOTbI FOBO-
PSIT O XOPOLLEN TOHHOCTH MPHBIIKEHHOM MPOLIEapSI.

3aknoueHne

JanHan pabota nocesieHa paspabotke M UCCIENOBAHMIO  MO-
neneit byHKUMOHMPOBAHKS call-LeHTPa, YHMTLIBIOLLMX BOSMOXHOCTD
MOBTOPEHMS BbI30BA M HASIMYME OFPAHMYEHHOTO BPEMEHM OXMAAHMS.
Jna MprBIKEHHOTO PACHETA XAPOKTEPMCTUK MAPKOBCKOM MOAEIH
NPEmNIoXeHb! ABA QNIFOPUTMA:

* ANropuT™, OCHOBOHHBIIM HO MCMIONB3OBAHMM YMPOLLEHHOM Mope-
W, NPU MOCTPOEHMM KOTOPOM MPELNIaraeTcst 3AMEHMTL NOTOK MOBTOP-
HbIX BbI30BOB HO MyCGCCOHOBCKMM C HEKOW HEM3BECTHOM MHTEHCMBHOC-
ThiO, [T BbIYUCIIEHMS KOTOPO#H HEOBXOMMMO PELLMTL HESIBHOE YPOBHE-
Hue. ANTOPUTM MPENHA3HOYEH /1A PACHETA MOAENM B OBNIACTU MATbIX
3HQYEHMIM MHTEHCUBHOCTM MOBTOPEHMS 3ASBOK.
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* ANropuT™, OCHOBOHHBIM HQ MCTIOMb3OBAHMM HOCTHOTO CITyHOst MC-
ey eMO MOLIENH, KOTAQ BEPOSITHOCTb OBTOPEHHMS! 30I6IOKMPOBAHHO
3QSIBKM MPMHSITA PABHOM Hysio. [okasaTenu kavectsa obcykmBaHMs
3QSIBOK MOTYT GbiTb HOMEHBI C UCTONb3OBAHUEM MPOCTBIX PEKYPPEHTHBIX
COOTHOLLIEHMIA. ANTOPUTM MPENHA3HAYEH A/iSl PACYETA MOAENM B obnac-
M GOMBLLIMX 3HAYEHMIt UHTEHCMBHOCTM MOBTOPEHMS! 30SIBOK.

[NpennoxeHHsle ANroPHUTMbI OTIMHAIOTCS XOPOLLEN TOYHOCTBIO. Tpy-
JIOEMKOCTb PEQU3ALMM PACYETHBIX CXEM CPOBHMMA C MHOTOKDOTHBIM
(8 cpeaqemor 10 go 20 pas) mcnonb3osaHmem popMyn OLEHKM Xa-
POKTEPHUCTUK MOLIETNIEH, OMMCHIBOEMBIX MPOLIECCOM POXAEHHMS M TMOEN.
Takitm 0Bpasom, paspaBOTAHHBIA METOR OLIEHKU XAPAKTEPUCTHK Obec-
MEYMBAET BPEMS CHETA MOPSIAKA HECKOIBKMX CEKYHE, HO COBPEMEHHBIX
BBIMMCIIUTENbHBIX CPEACTBOX MPM KONMMUECcTBE PABOUMX MeCT oneparo-
OB, M3MEHSIOLLIMXCS OT HECKOMbKMX [IECSTKOB fIO HECKOJTBKMX COTEH.
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[pepocrasneHne MHPOKOMMYHUKALMOHHBIX YCnyT
HQ CEeTAX CBA3M CNEAYIOLLEro NOKONEeHMs

B HacTosiee Bpems Ha ceTsix 3apyBexHbIX M POCCHICKMX OMEPATOPOB CBSI3M HABMIOAAETCS MPOLIECC OObeIMHEHMS PUKCHPO-

BAHHbIX CETEN C KOMMyTCIL[Meﬁ KQHQUIOB M ceTey ¢ Komyrauneﬁ NaKeToB, A TaKXe MOBMITbHBIX CeTer C Lienblo NMpenocCTaBieHms

nonb30BATENSIM €OMHOIO HG6OPG yHM¢MWpOBGHHbIX ycanyr cBasp. ﬂJ‘lﬂ obecrieyeHms COBMECTUMOCTM PA3/IM4HbIX CETEBbIX TEX-

Honommi HeO6XO,E(MMO CO3[0HNE QPXMTEKTYPbI KOHBEPIEHTHbIX ceTes. ,ﬂClHHCIﬂ QPXUTEKTYPA MOTy4MIa HA3BAHWE CETU CBA3M

CNenyOLLIEro NnoKoneHms.

BacskuH 1O.A.,
MTYCH

CraHpapTt1saums ceTei CBsisu CrnefyIoLLero noKosneHus

C pasenmiem MHPOKOMMYHMKALIMOHHBIX TEXHOMOMMI MOSIBUANACH
BO3MOXHOCTb CO3AAHMS APXMTEKTYPbI MYTIETUCEPBMCHBIX CETEH, KOTO-
pble B PAMKOX €0MHON MHDPACTPYKTYpbI ByfyT NPEnoCTaBNSTS YTy
CTaupoHapHbIX TenedoHHbix cetei, cetet CINC 1 naketHbix cetert. [pu
5TOM KOHBEPTEHLWS CETEN CBA3M MOPOAMIIA ABE OCHOBHBIX TEXHMYECKMX
npobnems:

— B3QWMMOMEHCTBIME PA3HOOBPA3HBIX CMCTEM CMTHAMM3ALIAM KOK-
L0/ M3 OBbeOMHSEMBIX CETEN;

— PA3BHTHE HOBBIX MHPOKOMMYHMKALMOHHBIX YCITYT C YHUBEPCQITb-
Hbim goctyrnom us TdOM/LICKUC/wHrennexryansHoi cem u IP-cemn [ 1],

ApxuTeKTypa ceTH, NO3BONSIOLLOS MPEROCTABASTL YTy MOMb30BA-
TENSAM PASNMYHBIX CETEN, O TAKXKE YUMTBIBAIOLLAS 06€ NPUBEOEHHBIE Bbl-
Lue NPoBnembl, MOy 4N HA3BOHWE CETH CBSI3M CTIEAYIOLLIErO MOKONEHHS!
(Next Generation Network, NGN). B texrononim NGN s nonvoit me-
pe PEeanU3yeTca TEOpHs KOHBEPTrEHLM, SBNAIOLLOSCS TEOPETUIECKOM
OCHOBOM 11 PA3BUTUS CETEM CBA3M, B CYTU CBOEM NOAPA3yMEBAIOLLIOS,
MPeXAae BCEro, MaKCMMAIBHO BO3MOXHOE MCTIONb30BAHWE BCEX [AOCTY M-
HbIX PECYPCOB A5t OBy XUBAHMS OBbIX BUAOB TPadmKa [2].

B cooteetcteim ¢ onpenenetvem, npuseaeHHbiv B [3], ceTio caaan
CNIeAyIOLEro NOKONEHUsS HA3IBAETC CETb C KOMMYTOLMEN MOKETOB,
oBecreumBaIOLLOs MPEROCTABNEHME YCIyT CBSI3U C 3GAAHHBIM KaYecT-
BOM C MCTIONb30BAHWEM PA3AMYHBIX TPAHCTIOPTHBIX TEXHOMOMMA.

B Hactosiuee Bpemst ocHOBHbIE PaBOThI MO CTAHAAPTU3ALIM CETEN
NGN nposogst MC3-T, Esponeickmit MHCTUTYT CTAHAAPTOB 3IEKTPO-
cesian (European Telecommunications Standards Insfitute, ETS) n Komurer
Mo MkKeHepHbiM npobnemam Mteprer (Inferet Engineering Task Force,
[ETF).

[PMHLMMBI MOCTPOEHHS M BYHKLWMOHMPOBAHMS CETEN CIedyIOLLEro
MOKOMeHus npeacTasneHsl B pekomeHaauysx MCI-T cepum Y.

Esponevickuit MHCTUTYT cTamaapTos snektpocesisn (European
Telecommunications Standards Institute, ETSI) - Hesasucnman Hekommep-
4ECKOs OPraHM3aLYs, 30AAHEN KOTOPOM SBNISIETCA CO3AAHME CTAHAAPTOR
3NEKTPOCBSI3W [1sl CErOIHSLLHMX W ByyLUMX NoTpeBbHOCTEM.

B ETSI crannopmsaupent cetert NGN 3aHMMaeTCs TEXHUHYECKUI KO-
MUTET MO KOHBEPTEHLMM Ciyx6 1 MPOTOKONOB ceTer casian  MHtepHet
Ans ycoeepLUeHCTBOBAHHbIX ceTel (Telecommunications and Internet con-
verged Services and Protocols for Advanced Networking, TISPAN). Ko-
mutet TISPAN 06pasosancst B pesynstarte CrivsiHus ByX KOMUTETOB: KO-
MUTETA MO KOOPAMHALWM B3AMMOAEMCTBMS MPOTOKONOB CETEM CBA3W
Wureprer (Telecommunications and Infernet Protocol Harmonization
Over Networks, TIPHON) 1 komuTeta no ycmyram v mpoTokonam s
YCOBEpLUEHCTBOBOHHLIX ceTelt cBssn (Service and Protocols for
Advanced Networks, SPAN).

Komuter no urxeHepHsim npobnemam Wuteprer (Internet
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Engineering Task Force, |ETF) sisnsietcs oTkpbiTbiM MexayHApopHbim 06b-
eIyHeHMEM Pa3PABOTYMKOB CETEBBIX MPOTOKOIOB, ONEPATOPOB, MPOM3-
BOIWTENEN M UCCTIENOBATENEN, PABOTAIOLLX HOL, PA3BUTHEM APXUTEK-
Typbl MHTepHeT 1 BecnepeboitHoro GyHKLMOHMPOBOHKMS CyLLECTBYHO-
weit undppactpykrypsl. Crpykrypa |ETF npencraensier coboit paboume
FPYNMbl, OTBETCTBEHHBIE 30 PA3MYHBIE ACTIEKTBI APXUTEKTYPbI VHTEpHET.

Onmcatme npotokonos NGN & |ETF ny6nukyetcs 8 Biae sanpocos
ans kommentapues (Requests for Comments, RFC), umetowyix paanmy-
Hble Homepa U ctatyc. Peerve o nyGmkawm RFC npunumaet penak-
wa RFC, nopumHsioLasica apxuTextypHoMy cosety Muteprer (Infernet
Architecture Board, |AB).

B pamkax craHpopmsawm ceteit anepytoluero nokonerus |ETF 3a-
HUMQOETCS BHEPEHMEM MPOTOKONA YCTOHOBIIEHHMS M 30BEPLLEHMS MyJTb-
TUMenMIHbIX ceaHcoB casiau (Session Initiation Protocol, SIP). Kpome Toro,
B IETF cosnaHa crewanbHas paboyas rpynna mns paspaboTky CTamH-
[QPTOB, OMMCHIBAIOLLMX MPUHLAMEI 0BPABOTKM CUMHAMBHOM MHGOPMA-
LM, NepenaBaeMON M3 CETEM C KOMMYTALMEN KAHAMOB B CETU C KOMMY-
Taupeit naketos (Signaling Transpor, sigtran).

Mommmo MCS-T, ETSI u IETF, yuactve B paspabotke craHpopTos
NGN npuH1MatoT pasnnuHble pervioHasibHbie opranmnaaumm. K Hum, Ha-
npuMep, OTHOCATCA ATbSIHC N0 PA3PaBOTKE peLLEHMi B 06NaCTH Tene-
kommyHmkauwin ATIS (CLLIA), Accouaums craHaaptaamyi snextpo-
ceszn Kurass CCSA, AccoumaLss TenekoMMyHUKALMOHHBIX TEXHOMOTMIA
TTA (tOsHas Kopesi), KomuteT TenekoMMyHUKALMOHHBIX TEXHOMOMM
TIC (SnoHws) v gp.

ApXM1TeKTypa ceTei CBS3M Cnepyiowwero NOKoNeHus

Konuenupss NGN, B nepsyto ovepens, XApaKTepu3yeTcs HeTkiM
PA3fenEH1EM TPEX YPOBHEH COBIMHEHHMS B COOTBETCTBUM C MX (yHKLA-
OHQUTbHBIMM 3CAHAMIM: 151 KOMMYTALMM M NEPENAUM PEHEBOM MHGOP-
MaLMM MCTIONb3YETCs TPOAHCTOPTHBIM YHKLIMOHAbHBII YPOBEH, A7ist Me-
PEAAYM CUTHAMBHOM MHPOPMALMM — YPOBEHL CUTHAIM3ALMM, O MPERO-
CTOBNEHWE YCIYT, OTIMYHBIX OT GA30BbIX, OCYLUECTBISETCS CO CTOPOHI
ypoeHs yenyr. [py 5Tom Mexay ypOBHSIMM onpeaeneHsl HTepdeicel,
KOTOpbIE SBAAIOTC OBBEKTOM CTaHAAPTM3aLYM [4].

3anayen TPAHCMOPTHOTO YPOBHS! SIBMSIETCS KOMMYTALIMS 1 MPO3pad-
HOS! Nepenaya MHOPMALMK MONb3OBATENS.

3anaueit ypoBHs YMpOBIEH/si KOMMYTALMEN M MEPEAaYEN SBNAETCS
06paboTKA MHPOPMALM CHTHANM3ALMHM, MAPLLPYTM3ALYS BbISOBOB
YMPABIEHWE MOTOKAMM.

YpoBeHb YNpaBneHus ycyramu ConepXUT GyHKLMM YrpaBneHmst
JIOTUKOM YCITYT U MPUINOXEHWH W NPEACTABNSET COBOM pacnpeneneHHyto
BBISMCTUTENBHYIO CPery, OBECMIEUMBAIOLLIYIO:

— MPEROCTABNEHNE MHPOKOMMYHMKALIMOHHBIX YCIyT,

— YNpaBreH1e ycryramu,;

— CO3OQHME M BHEAPEHWE HOBbIX YCIYT,

— B3QMMOLENCTBME PASTMYHBIX YCIYT.

Tpaxcnopthsii ypoeerb cett NGN crpourtes Ha ocHose ceteit ¢
KOMMyTAILY1e# MaKkeToB. OCHOBHbIMM TEXHOSTOTHSIMM, MCTONb3YEMBIMU HO
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TPOHCTIOPTHOM YpoBHe, siensitorcst ATM 1 [P

YeraHoenetme coepmrerms B cet NGN ocywecsnsietcs nog,
BHELLHWM YTMPABIIEHUEM YCTPOMCTBA, MOMYUMBLUETO HO3BAHME TMOKOTO
kommyTaTopa (Softswitch).

Mprmerenie Softswitch noseonsiet npeogoneTs Npobnems! B3anMo-
AeicTBusl Mexy COBOM TPAHCMIOPTHBIX LLIO30B C PA3HBIMM CUCTEMAMM
amrHanmaaum. Softswitch koopanHmpyet pevictens, obecneumsaioLme
COEMHEHMS C JIOTUHECKUMM OBBLEKTAMM B PA3HBIX CETSX, M Npeobpasy-
€T MHOPMALIIO B CUTHASTbHBIX COODLLIEHHMSIX C TeM, HTOBbI OHYM Bbik Mo~
HSITHBI B 5TUX ceTsx. Kpome s1oro mbkuit koMmyTaTop aomkeH obecrie-
YMBATb XPAHEHME M YMPABIEHWUE ABOHEHTCKMMM [OHHBIMM MOsb30BATE-
neit M B3OMMOLEMCTBME C CEPBEPAMM MPMIOKEHMIA 1 MPEOCTABNEHMS
POCLUMPEHHOTO CIIMCKA YCITyT NOMb3oBaTensm cem [4].

YCHYFM B CeTAX CBA3U cnefyloliero NokKosieHns

Mepexop, k koHuenym NGN npu noctpoeHm ceteit cesian npueen
K M3MEHEHMIO KOHLIEMLM MPELOCTABNEHHS! yCryr cBsiau. B Tpapmupon-
HbIX CETSIX CBSI31 OBbEM MPELOCTABISEMbIX YCITyT Gblnt GOMbLLMM, HO YC-
Ny’ HOCUITM CICUMMETPMYHBIN XapakTep. B npouecce npegoctaenetms
YCITyr Oneparop BbICTYMNA C OKTUBHOM CTOPOHBI, MPEAIAras ycnyr, o
MOJIb30BATEb GOMbLUEH YACTBIO BLICTYMCU KAK MOACCHBHbIN MOTPEGHTESb.

MameHeHne napommrMl B KOHLENLMK YCITyT, KOTOPOE Bbio cas3a-
HO € 0BLLMM MameHeHem KoHuenyn ceteit NGN, Bbipakaercst B nep-
BYIO O4epefb B TOM, YTO POSM ONEpATOpa U MOMb30BATESS CYLLECTBEHHO
nomeHseb [5]. B cesian ¢ MaMeHeHMeM CBOMCTB OKOHEUHbIX TEPMUHA-
JIOB, O TOKXKE C MOSIBIIEHMEM OBPATHOM CBSI3M MEX(y OrepPaTOpPOM M
MOJIb30BATENEM YCITYT CBSI3U COBPEMEHHbIE MOTPEBMTENM YTy CBSi3u
CTQUIM AKTUBHBIMM. [ TV STOM MOBBILLIGETCS YPOBEHb MHTEPAKTUBHOCTU yC-
TYT CBSI31 U YCIyIM CTAHOBSITCS NEPCOHQI3MPOBAHHBIMM.

Mepexop, ot uppossix ceTeit cesian k cetim NGN Takke nossomnmn
MOMMMO MEPELAYM PEUM 1 AGHHBIX OBECTIEUNTb NepenaYy BUIEOMHGOP-
mapn. KoHuenLys npenocTaeneHmst yatyr, 6asupyloLLpxcs Ha Komou-
HOLMW [iOHHBIX, peun 1 Buaeo, nonyumna Hasearve Triple Play (3Play). B
COOTBETCTBUM C AAHHOM KOHLIENLIMEN YTy MEPEAAUM PeUM, AAHHBIX U
BMLEOMHPOPMALIM UCTONb3YIOTCS B KauecTee 6asoeoro Habopa yanyr,
a nobast yaryra, npegoctaensiemast B cett NGN, siensiercst npoussog:
Ho ot 6azosoro Habopa yayr [6]. [aHbIi noaxop k npesocTaeneHmio
YCITyr MONb30BATENSIM MMEET CIEAYIOLLME MPEMMYLLIECTBA:

— yanym, npegoctaensiemsle B cett NGN, siBnsitorest yHupmLmpo-
BAHHbIMM, T.€. PEQIM30BAHbI Ha 6a3e egyHoro Habopa 6asoebIX yayr;

— A5l PEQIIM3ALMM HOBBIX YCITyT AOCTATOMHO PEQIM3OBATL MPEO-
CTaBrIEHMe Tpex 6A30BbIX YCIyr CBS3M;

— KOHLIEML NPEAOCTABIIEHMSI HOBBIX YCITyT SIBIISIETCA OTKPLITOM.

Ecm 6asosoro HaBopa yayr He XBATAET [yt PEQNM3ALIAM HOBbIX
yCnyr, B QHHbIA HOBOP BBOAMTCS [oMonHUTeNsHas Gasosas yayra. B
HOCTOSILLIEE BPEMS PA3BMTUE CETEH COTOBOM MOABWKHOM CBSI3M MPUBENO
K TOMy, YTO 3HQUUTENLHOE YMCIO OBOHEHTOB MCMONb3YIOT MOBMIIbHBIE
TepmmHansl. [pyn 3Tom Bce Goree BOCTPEBOBAHHBIMM SBIISIIOTCS NEPCO-
HUPHLIMPOBAHHBIE YCIYI CBSI3M, MPEAOCTABIIEHME KOTOPbIX HEOBXOM-
MO OBECTEUMTb B PASNMUHBIX TOYKAX CETH, T.€. HEOBXOMMMA MOATEPXKKA
POYMMHICl NEPCOHMPHLIMPOBAHHBIX YCITyr CBA3W. B cBsian ¢ 3Tm veTBep-
Toit Gasoeor ycnyron e koHuenwm 3Play crana yenyra obecnevenms
MoburbHocTH  aboHerTos. HoBasi koHUenuust nonyumna  HassaHue

Quadruple Play (4Play).
Mpeanocsinku nepexoaa Ha IMS
B kauectse TexHonomdeckon 6a3bl 4 PEOIM3ALM KOHLEMLMM

4Play BLIGPAHA TEXHONOMVS MyNIETUMEOMHHON NORCMCTEMBI Ha Base
npotokona IP (IP Mulimedia Subsystem, IMS).
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Hoeas napaamrma ycyr cesian 3aKToYaeTcst B YCTAHOBEHWM CO-
€MMHEHVS M NOCTIERYHOLLEro B3AMMOREMCTBIA MOBMITbHBIX YCTPOMCTB HA
6ase npotokona IP. S TepmuHAnsl MMEIOT AOCTATONHO BonblumMe Anc-
MAem C BLICOKOM TOHHOCTBIO M30BPAXKEHHS], BCTPOEHHBIE KAMEPbI M 3HA-
YUTENbHBIN Pecypc Afist obecrieder s PaBOTbI MPMIOKEHHH, C MOMOLLBIO
KOTOPbIX OCYLLECTBASETCS MPEAOCTABIEHME MHPOKOMMYHUKOLWOHHBIX
yenyr. [JaHHble YCTPOMCTBA MOCTOSHHO HOXOASTCS B PABOYEM COCTOSHMM
W noaKtioyeHsbl k cetn. [laHHoe 0BCTOSTENLCTBO NO3BOMAET MHAYE BITS-
HyTb Ha Mpunosxerms. [punoxeris GonbLue HeMb3s PACCMATPHBAT KAK
M30NMMPOBAHHbIE (PYHKLMOHCIBHBIE MEMEHTbI, KOTOPbIE OCYLLECTBASIOT
obMeH MHdopMaLeN ¢ nonb3oeaTensckim nHTepdeiicom. Mpunoxe-
HIS CTIEMYIOLLIErO MOKONEHMS MMEIOT BO3MOXHOCTb OBMEHMBATECS WH-
bopmawweit mexay coboit [7].

C 04K 3peHms 3BOMIOLIMK ceTelt nosieneie IMS — sakoHomepHb it
pesynbTaT OBLLEro ABVKEHMS MO MyTH KOHBEPrEHLYM COBPEMEHHBIX TEX-
Hornomi [6].

C nomowupio IMS nosienseTcs BOsMOXHOCT: NPeaoCTaBneHms criepy-
IOLLYX TMMOB NEPCOHANM3MPOBAHHBIX YCTyr QBOHEHTaM MOBMIbHBIX W
PHKCUPOBOHHbIX CETEN CBAM:

— Mepenaua rofloCoBO# M BUAEOMHGOPMALIMK, O TAKXE MyNbTUME-
AMiHBIX COOBLUEHMIM B PEasisHOM BpemeHH (ronocosast v erpeotenedo-
HUs);

— YCIy Qyauo M BUBEOKOHMEPEHLIMK;

— YCIyM Nepena M AGHHbIX;

— YCITyTM MOTOKOBOM NEpeRaYM AaHHBIX (Hanpumep, BUAEO Mo 3a-
npocy);

— YCnyra nepeacin MynsTmeauitHbix coobluerii [8].

CraHpaptusaups IMS

Apxurextypa IMS onmcaHa B TexHMYeckux creLydmkaLpsix KoH-
copumyma 3GPP (3rd Generation Partnership Project). MarauansHo npu-
MeHEHMe FAHHOM PXUTEKTYPbI MICHWPOBANOCh TOMBKO HA CETsX COTO-
BOM noapuxHoM cesian [9].

Mommmo 3GPP 8 npouecce craHaapmaawm IMS npuHmumator yua-
cve [pynna paspabotok cet Unreprer (Infernet Engineering Task
Force, |ETF), Orkpbimbiit MobunbHbit anssiic (Open Mobile Alliance,
OMA), ubi npeacTasutent paboTatoT HAg, OPraHM3ALMEN B3OMMOaEN-
CTBMSI PECYPCOB MOCTABLUMKOB YCIYT W ceTeit ¢ TexHonorver IMS, a Tak-
xe korcopuytym 3GPP2 (3rd Generation Partnership Project 2), & koto-
POM Pa3PABATLIBAIOTCS CTAHAAPTSI A MOBMILHBIX CETel CBA3M TPETbE-
FO MOKOMNEHHMS B CTPAHAX C ASMCTBYIOLLMMI CTAHAAPTAMA AMEPUKAHCKO-
FO HOLWIOHAIBHOTO MHCTUTYTA cTaHaapTos (American National Standard
Institute, ANSI) & 06nacTH TenekommyHMKaLAA.

Heobxommocs B obecneveH i MacLLITABHPYEMOCTH HOBOH MaT-
bOpMbI YCITyT, O TaKXE COKPALLEHMS CPOKOB pa3paboTky M BEOAA HO-
BbIX YCITYT B KOMMEPHECKYIO SKCTUTYATALMIO MPUBENT K HOBOMY MOAXOAY
B CTAHAAPT™M3aLWM yayT cesizu. CTapbii MOAXOA, MpK KOTOPOM B CTAH-
ACPTbI BHOCUIMC MOMHbIE CMIMCKM TENEKOMMYHUKALIMOHHBIX YCITyT, MpH-
NOXEHMIA W JOMONHUTENbHBIX YCTTyT GOMee He CHMTAETCS MPHEMTIEMBIM.

B Hactoswee spems 3GPP nposoaT craHaap™M3aLyio BO3MOXHO-
crert yenyr (Service Capability, CS). Bonee noapo6ras idbopmaLys ot-
HOCHTESIBHO HOBBIX NOAXOAOB K MpoBEReHHio craHaaptsaym CS npen:
crasneHa s [11].

Apxurektypa IMS
TexHonorvs IMS HaxopuTes Ha CTbike COBPEMEHHBIX MOBMITbHBIX Ce-
Teit TpeTbero nokonenms (3rd Generation, 3G) u Tak Hasbisaemoro no-

konerms 2,5 (2,5 Generation, 2,5G) v TeXHONOMM KOHBEPrEHTHbIX Ce-
Teit. B pesynbtate cuHTes 3Tux TEXHONOMMIM NOpoXadeT obbemHeH e B
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IMS Tpex Tex+Honommueckux nnactos [6]:
— TeXHOMOMM COBPEMEHHBIX MOBMIbHBIX Ce-

Tel, BKIIO4ASs BCIO CrieLyidrKy CMCTEM COTOBOW Mo-

OBUXHOM CBSA3M;

— TEXHOMNOMM OBbEIMHEHHBIX CETE C KOMMY-
Taueit kaHanos 1 ceteit NGN. Ciopa MoxHO oTHe-
CT1 KOHLEMLMIO COBPEMEHHBIX TOAIMLIMOHHBIX CHC-
Tem amrHammsaupn OKC7 1 ce pelueHis Ha ocHo-
ge IN v nbkoro kommyTaTopa;

— TexHonormn IMS, kotopasi npencrasnset co-
6OM KAYECTBEHHO HOBYIO TEXHOMOMIO, BOSHMKLLYIO
B PE3YTILTATE CMHTE3A MEPBbIX [BYX TEXHOMOMMA.

B npouecce paspabotku apxurextypsl IMS

HSS

BHeluHve cetn

SGW ﬁ\ C KOMMmyTauuen
AN nakeToB

AN

\MGCF
\

&L
MRFC U
T

BHelwHwve cetn

byHKUMOHAN CeTH Bbin NIOMUECKM PACMPERENeH Mo
pa3HbiM ypoBHsIM. Tak dyHKLMM Mo obecrieyeHnio

C KOMMyTauueun
KaHanos

TPAHCMIOPTa OTAENeHbl OT GyHKLMIA, obecnednsaio-
LUMX OBMEH CUTHAILHOM MHGOPMALMEN 1 yrpasre-
H1e ceccusiMi, a yHKLMM No obecnedeHuio yayr
PACTIONACIOTCS! HO COMOM BEPXHEM YPOBHE QpXV-
TexTypHoM Mogenm IMS (puc. 1). Obluee ommcarive
apxurekTypbl IMS 1 uhTepdeiicos mexay dyHKLO-
HQbHBIMM SMIEMEHTOMM NpHBEReHo B [6].

B IMS npumeHeH HOBbIM nopxop, K MpeaocTas-
NIEHUIO YCIYT, MO3BONSIOLLMIA ONEPATOPY BHEOPSTL
YCIyTH, CO3AHHbIE CTOPOHHMMI PA3PABOTUMKAMM
WM COMMM OTEPATOPOM, O HE MPOU3BOANTEISIMM TENEKOMMYHMKALOH-
HOro 0BOPYAOBAHMS. STO MO3BOMAET UHTETPUPOBATL PASMMYHBIE YCITYTU
1 MPELOCTOBSISIET LUMPOKME BOIMOKHOCTM MEPCOHAM3ALMM 1 YBEMMUE-

HUs KOMMYECTBA YCIyT.

DyHkupoHanbHble snemeHTs! IMS MoryT BbiTb pasaeneHs! Ha criegy-
IOLLYtE OCHOBHBIE MPYMMb:

— YMPOBEHHS CECCHAMM U MAPLLPYTU3ALAK;

— 603 AQHHBIX;

— B3QMMOAEWMCTBMS;

— OTBEYAIOLLYIX 30 NPEOCTABIEHHS YCTyT;

— noanepxKy;

— OTBEYAIOLLYMX 30 NPOBEAEHUE MIIATEXEN.

HetansHas nHdopmaups o6 apxutektype IMS, a Takxe ommcatme
OCHOBHBIX CLieHapHes byHKLMOHMPOBaHMS npveeaeHa & [10].

Textonorms IMS paspabarsiBanacs ¢ Lesbio 0GbemHEHHMS B OBHOM
bYHKLMOHABHOM CTPYKTYpE MPOBOAHBIX M GeCNpOBOAHBIX CETEN CBSI3M,
PASMMYHBIX YCITYT W PUIOXEHMI, O TAKKE OBECTIEYEHNS MOKCUMOTBHOM
TMBKOCTH NEPCOHUBUKALYN M yBOBCTBA KOHTPOSIS CO CTOPOHbI ONepaTo-
pa. JaHHOs KoHLenLys senseTcst BasoBoi s OCYLUECTBIEHVS KOHBEP-
FEeHLMM CETeM CBA3M.

OmuunrensHoi ocobeHHocTsio cnctem IMS sensietcs Mcnonbsosakme
pacnpegeneHHbix 603 AaHHbIX HO YPOBHE YMPaBneHK s ceccvamu. B npo-
LIECCe MPEROCTABNEHVA YCITYTH KCOKbIM 3AMpOC OT 060pYA0BAHMS MOMb30-
BOTENsi MPEACTaBNsET COBON NOCEOBATENLHOCTL TPAH3AKLIMIA C MCMONb-
30BAHMEM PA3MYHBIX KOMMIOHEHTOB IMS. S1a ocobeHHocTs BrieveT 3a co-
60¥ [OPABOTKM BPEMEHHOM CHHXPOHM3ALMK. Kpome Toro, Bonpocs! koH-
TPONIS, YNPOBAEHMs, IMATHOCTUKM PaCrpeaeneHHbix 603 AaHHbIX TaKKe
MMEIOT CBOIO CrIELWMKY, HTO AOIKHO YMUTBIBATLCS MPH MOCTPOEHWM CO-
BPEMEHHBIX CHCTEM YTIPABIEHYS, SKCTUTYCTALM, M3MEPEHMH 1 T4,

Buisogpi
* [Mepexon k koHuenwm NGN npy noctpoeHmm ceteit casian npu-
BEN K UBMEHEHMIO KOHLEMNLWW MPeaocTaBnerms ycnyr cesiau. [otpebure-

JIN yCnyr CBA3M CTANIN OKTUBHBIMM, MPKU STOM NMOBbLICUICA YPOBEHL UHTEP-
GKTMBHOCTM YCITyT CBA3K, KOTOPbIE CTANTM NEPCOHANUINPOBAHHBIMMA.
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Puc. 1. MHoroyposHesas apxurektypa IMS

* MMepexop, oT WidpPOBLIX CETEMN CBA3M C KOMMYTALMEN KOHANOB K
cetam NGN noseonin noMimo nepenayi peun u AaHHbIX 0BecneumTs
nepenayy BUAEOMHPOPMALIMK, YTO MPUBENO K NOSIBAEHMIO KOHLIEMNLM
Triple Play (3Play).

* B kauectse TexHonom4eckoi 6a3bl 1 PEQNM3ALMK KOHLENLK
4Play 6bina BLIBPAHA TEXHONOMVS MyNETUMEIMIMHOM NOACUCTEMBI HA 6a-
3e npotokona IP (IMS). C Touku apeHus 3sontoLmK ceTelt noseneH1e
IMS — 30KOHOMEpPHIN PeaynsTaT OBLLErO [BIKEHMA MO NyTH KOHBEP-
FEHLYM COBPEMEHHBIX TEXHOMOMMIA.

* C nomotupio IMS nosenseTcs BO3MOXHOCT NPEAOCTaBAEHMS yC-
Ny ceTelt CBA3W CTIELyIOLLEro NOKOMEHMS C y4eTom obecriederis dyHk-
LM MOBMIBHOCTU MOMb3OBATENS.
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Knaccndukaums ctpykTyp peluetyatbix ONTUHECKMX CETEM

CyLuechyiot.Lme CTPYKTypbl PELUeTHATbIX ONTUHEeCKUX ceTeli No3BonstoT peLunTb Pa3ninyHbie 304a4M, NMOCTAB/IEHHbIE HA

3TANaX MPOEKTMPOBaHMS. B poknane nposeneHa KnaCcUMKALMS PELLETYATLIX CTOYKTYP, PACCMOTPEHbI MX OCHOBHbIE

CBOVCTBA U npenMyLLIeCTBa, onpefesneHbl HEOCTATKH, A TAKXe MPOoBEeAeHO CPABHEHME C A4ENCT Ol CETbIO M0 KOBCI)(#MLWGHT)’

rorosHoctv K.

Paxmarynun AM.,
Acrmpant @Y UHANC,

hamson@mail.ru

KoHLuenuysi apxurexTypbl OTKO30YCTOMHMBOM PELLETHATOM OMTUHEC-
kow TpaxcrioptHor cetn (OPOTC) 3aKkmoqaeTcs B TOM, 4TO, B OTIMYMM OT
CYLLECTBYIOLUMX OPXMTEKTYP TPAHCTIOPTHBIX CETEH, MO3BOMAET OPraHM-
30BbIBATH OIMHOKOBYIO CTEMEHD 3ALLMLLEHHOCTM [l KODKOTO CETEBOTO
Y310, HE3GBUCMMO OT TOTO, i€ OH PACTIONArETCS — HA PAHHLIE CETH
WK B €€ LIeHTpE.

PelLetuarast ceTb SBNSIETCS ORHMM 13 BALOB TOPOMAQTbHBIX CETEN
NPeOCTaBseT coBON 2-X MEPHBIM HEOPHEHTUPOBAHHBIM, HEYMPOLLEH-
Hbii Top ¢ N psigamu u M konorkamu [1]. B otmnumn ot cett Marixer-
TEH CBSA3M MEXZY Y3NaMM CETU HEOPMEHTUPOBAHHSI [ 1,2].

Pewweruaras cetb npeactasnsieT coboi rpymnny perynsipHbIX KosbLe-
BbIX CTPYKTYP COPMUPOBAHHBIX B BUAE PELLETKM M MMEIOLLMX TOUKM Me-
peceyeHmst B BUfIE CETEBbIX Y3rI0B, T.0. KOXKAbINA Y3€er yHaCTByeT B GopMi-
POBAHWM KOK FOPM3OHTASBHOTO TAK M BEPTUKANBHOTO KOMbLQ, KOTOpbIE
B CBOIO 04epeb GOPMUPYIOT AOMONHUTENbHBIE TEXHONOTMYECKME KOSTb-
ua (prc 1).

Mcenenosarms [1,3] nokasanm, 4to npu GonbLumx MHGOPMALMOH-
HbIX HOMPY3KAX W BBICOKUX CKOPOCTSIX MEPEAAUM CETH C OPHUEHTUPOBAH-
HbIMM CBS3SIMM MEXTY Y3NIAMM OBNAAIOT GONbLUMMM MOKA3CTENSIMMA 301-
AEPKKH, YTO HE MOXKET He MOBIMSTb HO BPEMS! JIOKANM3ALIMM M BOCCTO-
HOBJEHMS MPU ABAPUIMHOM CUTYALIMKM HO CETH.

Yuntbias coBpemeHHbie TeraeHLym [4,5] v Tpebosarus, npeabss-
nsemble K TPaHCropTHbIM ceTam [6,7,8], a Taioke yakocnewpanmampo-
BAHHOCTb MEXQHM3MOB MAPLLPYTU3ALWK B TOPOMACTbHBIX ceTsx [3], 6o-
Tlee BbirofiHbIM BT MCONb3OBAHME GBTOMATUHECKOM KOMMYTALWM MO
metkam (GMPLS), 4o nossonuT oTHECTH peLLeTHaTyIO CETb K BTOMATH-
yeckn kommyTpyembim ceTam (ASON). OcHoBHbIE PyHKLYM OMMCaHbI B
[5,6,9,10].

Kak raro ms (puc. 1), kaxabii cetesoi ysen obnopaet 4 duamuec-
KVMM TTMHSIMM, YTO MO30BIISET OPrOHM30BATH 3aLWMTY TMNa 1+3, raoe Ha
1 paboumit sNEmMeHT NPUXOMTCst 3 Pe3ePBHBIX.
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Puc.1. Crpykrypa pelueruaroit cemn

100

Takas TononorMyeckas CTPYKTYpa PELLETHATON CETH MO3BONSET AO-
CTWYb BLICOKOM OTKQ30YCTOMHMBOCTU M HU3KOTO KOS PHLIMEHTA MPOCTO
(Kn), a cneposatensHo 1 AOBMTLCS BLICOKOTO KOIMGULMEHTA FOTOBHOC-
™ (Kr), koTopiit pacummbisaetcs no dopmyne:

K=1-K. (1)

[nsi CnoxHbIX CUCTEM PE3EPBMPOBAHKMS TMNA N+m, popmyna Ast
pacueta koadduumenTa npocros (K ) Gyner umeTs crienyiowwmin s

n A

p_ (n+m) « K ) « o
" X (m+1)! n+m (n+m)><lo+lp’

b (2)
FE N — YUCTIO PABOUMX SMEMEHTOB; M — YMCIIO PESEPBHBIX SEMEHTOB;
Ay — MHTEHCMBHOCTb OTKQ30B OfHOTO MEMEHTA CHCTEMbI MEPEaHM;
A, — VHTEHCHBHOCTL OTKA30B YCTPOICTBA NEPEKTIOUEHMs HA Pe3eps
[11].

Hanee, GyayT paccMOTpeHbl M KIOCCHPMLIMPOBOHbI OCHOBHbIE
CTPYKTYpbI PELLETHOTbIX OMTUHECKMX CETEH, a Takke ByaeT MpoBeeHo
CPOBHEHHE C IHEMCTON CETIO MO KO3PPHLMEHTY roTosHOCTH. Konndecr-
BO Y3/10B, X TOTMOJOMUYECKOE PACTIONOKEHHE, O TAKKE MOKAZATENM WH-
TEHCUBHOCTM OTKA30B (A) anemeHToB GyayT OfMHAKOBBIMM 1 PaBHbIMM O.
3HaueHme KoadULMEHTA MPOCTOR 3AMMCTBOBOHO 13 TPEGOBAHMI MO
HapextHoctm anst CMI ECS PO v Bynert pastbim 0,08. KoapduumeHt
rotosHocTH Kr st suencton cemn Gynet pacumTbIBATECS [is CETEBbIX y3-
FIOB HA FPAHMLIE U B LIEHTPE CETU.

PerynsipHbie petLeTiaTbie CTPYKTYphl OMTUUECKMX CETEM
C COBMELLIEHHBIMM BOMIOKOHHBIMM KQJTBLIAMM

PerynspHoit peLLeT4aToi CTPYKTYPOM C COBMELLEHHBIMM BOSTOKOH-
HBIMM KOSTbLIOIMM HO3bIBAETCS TAKAS CTRYKTY[A, MU KOTOPO# KOKabIN Ce-
TeBOM y3en yuacTsyeT B GOPMMPOBAHMK fiByX korel,. B stom cnyuae,
KOKAOMY Y31y MPEROCTABNAIOTCA 4 BU3MIECKME MHMU 1 OPFOHM3YETCS
sawpma na 1+3.

Takim obpazom koadpduuyerT rotosHocTv ma (1) v (2) Bynet creny-
HOLLMM:

0,08*
6

,_ (n+m)
" (m+1)!

K =1-0,00000683 =0,99999317.

Kn(mH) — éx K:‘ = = 0,00000683,

Tak KaK B SHEMCTOM CeTH Y3nbl OBNCACIOT PA3HBIM KONMHYECTBOM du-
3MYECKMX JIMHMIA, TO 1 KOIDDULMEHT FOTOBHOCTU [iNIst KAXKEOTO y3na By-
[eT pasHbiM. B paccmatpreaemom cyuae yanbi Ha rpanuue ceti GyyT
06naaaTH 3 BUIMHECKHMMU IMHMAMM, O B LIEHTPE CETU MAKCUMQITBHOE KO-
NMYECTBO NMHMM ByaeT paBHbiM 8.

To. koadpdpumupenT rotosHocTv M3 (1) 1 (2) Gyret pasHbIm:

3

K!'=—xK; = 0.08

2
Jns rpaHUYHbIX Y3nos:

K =1-0,000256 =0,999744.

=0,000256.
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[ns y3noe B LeHTpe:

1 . 0,08

K}f = AN X Kﬂ =
40320 40320

=1,6777216¢7"°,

K =1-1,67772169.

Kak B1aHO 13 nosyyeHHbIX PesynbTaTOB SHENCTas CeTb He NO3BOTS-
€T JOCTUraTb OMHAKOBOTO KOS(PUUMEHTA FOTOBHOCTU [i/Isi Y3MOB HO
MPaHMLE M B LigHTpe ceTv. besycnosHo, ceteBble yanbl, HOXOmALLMECS B
LIEHTPE SHEMCTOM CETM OBNOAAIOT BOMbLLMM KO3BDULIMEHTOM rOTOBHOC-
TW, OHOKO MPU BLIXOIE M3 CTPOS OIHOTO TAKOTO Y3Nd CMEXHbIE C HUM
Y371kl IOTEPSIOT JOCTYN K OfHOM r3nieckoi kMM, B cpasHermn ¢ pe-
LLIETYATOM CETHIO C COBMELLIEHHBIMM BOSTOKOHHBIMM KOMBLIGIMM, BbIXOA, U3
CTPOS OLIHOTO Y310l B LISHTPE SIMEMCTOM CeTH 3ATPOHET B 2 pasa borblue
CeTeBbIX Y3roB.

PerynspHble pelueTtyarbie CTPyKTypbl € pa3HECEHHBIMM
BOJIOKOHHBIMM KOJ1bLIAMM

B cnyuae ¢ pasHeceHHbIMM BOTIOKOHHBIMM KOMbLIAMM KO ceTe-
BO y3en y4acTeyeT B pOPMUPOBAHIM 4 KONeL, — FOpU3OHTAINEHOM, Bep-
TUKQINBHOM, TOPU3OHTQIIEHOM C YETHBIMM/ HEYETHBIMM Y3NIaMM, BEpPTH-
KQbHBIMM YETHBIMM,/ HEYETHBIMM y3namu (puc. 2).

Kaxgoe M3 chopmMUpoBaHHbIX KOMEL, MCMOMb3yeT ofmMyeckue BO-
FIOKHQ, HOXOASLUMECS B PO3MYHbIX KABENsX, TaKMM OBPa3OM, KOXapIi
Y3en B PeLLeTHaToi ceT obnapaeT 8 dusmieckmi HUaMY, o Koad-
buLyteHT rotosHocTH Kaxgoro cetesoro yana w3 (1) u (2) craHosuTes
POBHbIM:

1 8

8
o= L g 008
40320 40320

=1,6777216¢7"°,

K=1-1,677721699,

B ommmumy ot siuencroit cew, rae TonbKo yanibl B LigHTpe ceT obna-
AQtOT 8 PUSMUECKAMM JIMHMAMY, B PELLIETYATOM CETU C PASHECEHHBIMM
BOJTOKOHHbIMM KOTBLIGMM TOKMM KONMHYECTBOM PU3MHECKMX COETMHEHMIA
obnapoeT Kok y3en.

KBQ3MpeLIJeT‘-IQTGS| ceTb

Keasupeluetiatas cets sBRSeTcs 2-X MEPHBIM HEOPHMEHTUPOBAH-
HbiM, yripoLLeHHbiM Topom ¢ N psigamu 1 M konorkamu. B otmure ot
PELLETYATON B KBASMPELLETYATON CETH CBA3b MEXTY OMPEaENEHHbIMM y3-
namu otcyTeryer (puc. 3).

7

o

Puc. 2. PerynsipHas peluetiaTas CTpyKTypa € PasHECEHHBIMM BOTIOKOHHbIMM
KOMbLIGMM
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Puc. 3. Keasnpewweriaras cetb

ComacHo neenenosamam [ 1,2] npu BbICOKIX TPODHKOBBIX HOMPY3-
KOX YMPOLLEHHbIE TOPOMAQITEHbIE CETV OBNAACIOT elLe Gornee MEHBLLMMM
30[EPXKaM1 MPH 0BPABOTKE M MAPLLPYTU3ALYIM MHOPMOLWOHHBIX MO-
TOKOB, YEM HeyMpOLLEHHble TopouaanbHbie cet. ORHOKO CTOMT yuuTbi-
BT, 4TO Ge3 BHEMPEHNS B CUCTEMY YNPABNEHMA CMIELMCUM3MPOBAHHBIX
MEXQHM3MOB MAPLLPYTU3OLYM, CETb AAHHOMO TN GyAET OfpaHMYEHa B
yHKLMOHANEHOCTH anropuTmami mapipymsauii GMPLS [12, 13].

HecmoTpst Ha To, 4To Mexay onpeaeneHHbIMA Y3lam1 KBa3UpeLLeT-
YOTO¥ CETM OTCYTCTBYIOT CBSI3M, KOXKAbIN y3en Tem He MeHee obnaaaeT
4-m5 DUBMHECKIMM TIMHMIMY, MIOTOMY MOKAZATENH KO3(GULMEHTA FOTOB-
HOCTM KBOBMPELLIETYCTON CETU He By/lyT OTAWHATBCS OT NOKO3aTeNei pery-
NAPHOM PELLETIATOM CETU C COBMELLIEHHBIMM BOTIOKOHHBIMM KOMBLIOMM.

PaccMoTpeHHble B AGHHOM AOKIGAE CTPYKTYPbI PELLETYOTHIX CETelt
MO3BOMAIOT AOCTUATb BLICOKMX MOKA3ATENeN HaAeXHOCTH, obnaaaior
AOCTATOHHOM TBKOCTBIO M MACLLTABMPYEMOCTBIO, O BHEAPEHME B CUCTe-
My YTPQBIEHHS TKUX CETEM CMIELIMANM3MPOBAHHBIX MEXAHW3MOB MApILL-
PYTM3OLMM MO3BOMHT YMEHBLUMTL 30[EPXKM NP Nepeac n MHPopMa-
LM W YBENMUYMT CKOPOCTb NIOKQNU3ALYM MOBPEXKAEHMI.
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OcHoBHble NpMHLUMNBI pa3paboTkM METOAOB
NPOEKTMPOBAHMS pPeLIeTYaThIX U KBA3UpPeLIeTYaThiX
ONTUYECKMX TPAHCMOPTHLIX CETeH CBSI3M

B Hacrosiee Bpems cyLecTsytoT paaiinuHble METOLb! MPOEKTUPOBAHMS OMTUYECKMX TPAHCTIOPTHBIX CETE, OBHAKO OHU He Yum-

ThIBAKOT MHOMUE OCOBEHHOCTU PeELLETHATLIX M KBASMPELLETHATbIX ceteit CBAI3M, MOTOMY MX MPUMEHEHME HE NMO3BOJIMT NMOSIHOCTLIO

[POCKPBITH MOTEHLAU TAKMX CETEM. B Aoknane paccMoTpeHbl OCHOBHbIE MPMHLMML! PA3PABOTKM METOLOB MPOEKTMPOBAHHMS pe-

LIeT4aTbIX M KBASMPELLETHATbIX CeTelZ, npoBeaeHo CpaBHeHUE C CyLLECTBYIOLLMM METOOAMM MPOEKTUPOBAHMSA ONTUHECKUX

TPQHCTOPTHBIX CETEM.

Paxmarynmn A.M.,
Acrmpant @Y LUHAAC,

hamson@mail.ru

Onmnueckas TPAHCNOPTHOS CETb B HACTOSILLEE BPEMS! SIBNETCS OCHO-
BOM ceTM CBA3K Nioboro Maclraba, MOSTOMy HQ STANAX MIAHMPOBAHKS
1 MPOEKTUPOBAHMSI HEOBXOAMMO MPOBECTU MAKCUMATBHOE KOMMYECTBO
MeponpusTviA A4t POPMUPOBAHMSI HETKOM KOHLEMLYM TPAHCMOPTHOM
CETH, YTO B ACIBHEHLLIEM NO3BOIMT M3BEXATb Lienioro psiad npobnem. K
TOKVM MPOBNEMAM MOXHO OTHECTU OTPAHWHYEHHYIO PYHKLMOHANBHOCTD
CETH, [OMONHUTENbHBIE KAMATANbHbIE 3ATPATBI HO OPFAHM3ALIMIO Pe3ep-
BA WM 30TPATHI HO 30MEHY MOPQIIBHO YCTOPEBLUEro OBOpPYAOBaHKS
[1,2].

Ha aaHHbIA MOMEHT pa3paboTaHo M OKTUBHO MpUMeHsieTcst Gosb-
LLOE KOMMYECTBO METOLOB MPOEKTUPOBAHMMS TPAHCTIOPTHBIX CETe, B
TOM YMCIIE W OMTUHECKMX, KCKAIM 13 KOTOPBIX PELLAET OMPERerneHHyto
3apavy. besycnosHo, Bce M3BECTHBIE METOBI MPOEKTUPOBAHMS OMTHYEC-
KMX TPOHCTIOPTHBIX CETe 0BAAAIOT OMPEaENneHHbIM KOMMYECTBOM 0b-
wpx stanoe [1,2,3,4,9]:

* Paspabotka TexHnueckoro 3aaaHms

* AHQIM3 11 OLIEHKA CYLLIECTBYIOLLYMX YCITYT, MPOTHO3MPOBAHME BO3-
MOXHbIX MEPCMEKTUBHBIX YCITYT, PACHET NPEANoNaraeMoro obbema ne-
PENOBAEMON MHOPMALIKM, O TAKKE ee KIIAaCCHbUKALs

* Buibop crpykTypbl cetm

* Buibop cpembl M TEXHONOMM NEPEACHM, O TAKKE COOTBETCTBYIO-
LLero TMna obopyAOBaHHMS

* AHanu3 1 onpeneneHie TPeBOBAHMIM NO KPUTEPMIO FOTOBHOCTH,
BbIGOP TEXHOMNOMMM PE3EPBMPOBAHMS

* Buibop noctasLLyikoB nuHeHoro kabenst

* Buibop noctasiytkos 0bopyaoBaHms

* Popm1poBaHKMe cocTaBa 0BOPYLOBAHMS HA Y3NIOX CBA3M

* Paspabotka cxembl OpraHmM3aLpm Cesiau
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* PaspaboTka cxembl CUHXPOHU3ALM OBOPYLOBAHMS

* PaspaboTka cxemsl ynpaeneHms

* Pacyet skoHOMUuECKOM 3¢pdeKTUBHOCTU

* OLeHKa HEOBXOAMMOTO YPOBHS SKCTUTYATALMOHHBIX MEPOMPHSTUIA

* Y4eT SHepro3aTpaT Ha KCKAOM Y3rie, O TAKKE CETH BLIESIOM.

KoHeuHo, B 30BMCUMOCTM OT NOCTOBNEHHBIX 30[A4 5TH STAMbI MOTYT
6bITb OOMOJSHEHbI UM U3MEHEHDI.

Hibke paccMaTpuBAIOTCS OCHOBHBIE MPUHLIAMBEI PA3PaBOTKM METO-
[IOB MPOEKTUPOBAHMS PELLETYATHIX M KBASMPELLETYATBIX OMTUYECKMX
TPaHCNOpTHBIX ceTer (puc. 1-2).

KoHuerLys Takvx TopomaaribHbIX OMUHECKMX TPAHCTIOPTHBIX CETEM
CBSI311 30KIIOHOETCS B OPrOHM3ALIM OIMHAKOBOW CTENEHIM OTKA30YCTOM M-
BOCTM 151 KODKIOTO CETEBOTO Y3/10, A PA3BMTBIE MEXOHW3MbI MOPLLIPYTH3A-
wn [5,6)], paspaboTaHHble fnis ceTeit STOro MR, NO3BOASKOT AOCTUYb Bbl-
COKOM 3EKTUBHOCTM MCTIOSb3OBAHMS AOCTYMHbBIX CETEBbIX PECYPCOB.

Yuubiasi crneundpuky QpXMTEKTYP TOPOMAANbHBIX OMTUYECKMX
TPaHCMOPTHBIX ceTer [7,8], cyluectsyioLye MeToabl MPOEKTMPOBAHMS
HE MO3BONSIOT PELLMTb PSfL 30/I0M, KOTOPbIE OMPEErneHb! KOHLIEMLMEN
OTKA30YCTOMYMBON PELLETYATON (KBASMPELLETYATOM) ONTUYEeCcKo
TPAHCMOpTHOM cetv cesian. K Takmm 3apauam oTHocsTest: GopMMpoBa-
HME CTIOXHOM CPXMTEKTYPbI CETH, OMPELENEHUE OMMAMAIIBHOTO MEXG-
HM3MQO MOPLLPYTU3OLMM, O TAKKE METOIbI €10 BHEAPEHMS B CUCTEMY Y-
POBIEHMS! CETBIO.

Paspabotka METOROMOMM MPOEKTUPOBAHMS PELLETHATBIX M KBO3M-
PELLETYATLIX CETEN 3OKIIIOHOETCA B QHQUM3E CyLLECTBYIOLMX METOLOB
MPOEKTUPOBAHHS, POPMHUPOBAHMM KPMTUUHBIX, C TOUKM 3PEHMS KOHLIEN-
LM, STAMOB NPOEKTMPOBAHMS, O TAKKE B 3AMMCTBOBAHMM y>ke paspabo-
TAHHbIX OBLLYIX STAMOB.

MTaK, BbgEnMM OCHOBHBIE MPMHLMMLI PABPABOTKM METOLOB MPOEK-
mposanms OP(K)OTC:

° MeTOJJ,bI JAOJKHbI NO3BOSIATb peLIJVITb 3a0a4m onpep,eneHHble KOH-
LierumMen OTKa30yCTOMUMBOM PELLETYATON (KBOSMPELLETYATOM) ormHyec-
kom TpancnoptHoi cetn (OP(K)OTC), a Takke obnanam onmmarnbHb-
MM MEXCHM3MOMM MX PELLIEHMS.

Puc. 2. Keasupetuetuaras cets
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* MeTogp! fomxHbI 0651GAATL OMPEAENEHHOM MEPAPXMEN, COCTOSI-
LI M3 HEKOTOPOTO YMCIIA KOMIMOHEHTOB, KAK/bIM 13 KOTOPbIX PELLCET
orpeseneHHyto 3aaavy.

* Mertogp! fomkHbI 0610AATE IMOKOCTBIO M BO3MOXHOCTBIO MOAM-
DULMPOBAHMS M MOTEPHU3ALIN.

Hanee, kaxxapiit 13 NPMHLMNOB ByaeT paccmoTpeH Gosee AETANbHO.

OcHoBHblE 307044, OMPEaENeHHbIE KOHLIEMNLME PELLETHATbIX 1 KBO-
3MPELLETYATBIX OMTUYECKMX TPAHCMIOPTHBIX CETEH, 3AKMIOHAIOTCS B Crie-
OytOLLEM:

* Kaxxapiit ysen cetv fomkeH 06nopaTh OAMHAKOBOM OTKA30YCTOM-
YMBOCTBIO.

* MexaH13mbl YMPOBIIEHHS CETBIO JOMKHbI NO3BONSTH JOCTUIATS Bbl-
COKMX MOKA3ATENEN NPON3BOUTENBHOCTA.

* CeTb flomkHA 0BNOAATH NEPCMEKTUBHOCTBIO PA3BUTHS M BOIMOX-
HOCTbIO MACLLTABMPOBAHMS.

e Cetb fomkHa 0bnopaT OMTUMANBHOM SKOHOMMHECKOH ddek-
TUBHOCTBIO.

MepapxiiHOCTb METOOB MPOEKTUPOBAHMS No3BonuT Gonee a¢-
dekmero peluats 3apa4n npoextposaria [1,2,9]. Ha aaHsit mo-
MEHT MOXXHO BbIIEMT TPM YPOBHS MEPAPXMHYECKON CTPYKTYPbI:

* YposeHb apxuTEKTYpSI

K AaHHOMY YPOBHIO MOXHO OTHECTH BLIBOP APXMTEKTYPI, POPMM-
POBAHME CXEMbI OPrAHM3ALN CBS3M, OMPEAENEHNE MEXQHM3MA Pe3ep-
BMPOBAHMS! M M.

* YpoeeHb obopynosaHs.

Ha aaHHoM ypoBHe npovexoput Beibop Tvna obopynosaHs, -
HEMHbIX KABETIE, X NOCTABLLMKOB, O TAKXKE MPOBOMATCS ONPeaeneHHble
pOCYETbI.

* YpoBeHb 3KCruTyaTaLpm.

Onpenenetite HeOBXOMMMBIX M3MEPHTENbHLIX NPUMOOPOE, BLIGOP
TPebyemMoro ypoBHs SKCTUTYaTALMM NPOEKTUPYEMOM CETHU U M.

BoaMoxHOCTb MOSMHLIMPOBAHMS M MOLEPHU3ALIM MO3BOSAT NOZ-

T-Comm, #7-2010

CTPAnBATL METOAbI NOA, ONPEAENEHHbIE HYXXAbI, A TAKXKE COXPAHUT MX K-
TyQnbHOCTb MO NPOLLECTBMN BPEMEHM.

PG3PG6OTKG HOBbIX METOAOB NMPOEKTUPOBAHMA PELLETHATLIX U KBO-
SUPELLETHATLIX ONTUHECKMX TPAHCMNOPTHbIX ceTeit nossonut bonee 3(1)-
¢eKTMBHO OCYLLIECTBJIATb NPOEKTUPOBAHNE TAKMX TUMOB ceTeﬁ, a Takke
NO3BOJIUT NOSTHOCTBIO PACKPbITL NX NOTEHLMAN.
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Bonpocsl npoektnpoBaHus ceteii IPTV

ﬂ,ﬂﬂ COXPAHeH1s KOHKypeHTOCﬂOCO6HOCFM HQ TENEKOMMYHMKALIMOHHOM PbiHKE cepsmc—nposaﬂaepbl HAOJ/IKHbI 304yMATLCA O

MPEAOCTABAEHNM NEPCOHANM3MPOBAHHBIX MEAMA- M MHTEPaKTHBHBIX Ycyr IPTV, kotopbie TpebytoT MHTerpaLym pasenekaresis-

HbIX YCITYT € KOMMYHUKGLIAOHHBIMM M MHTEPHET-TexHonomsmu. Bee kpyrHbie npoekTsi IPTV peanmayiotes Ha 6ase ceteit NGN.

Ab6aesa B.K,,

AO “ Kaszaxrenekom”

OcHoeHsle ycnyru IPTV

Textonorms IPTV nossonsiet addpekteHO NepenaeaTs TeNneBUsmoH-
HbIIA CUTHQU C IOMOLLILIO MHTEPHET-MpoTOKONA. B ommure ot Tpagyuyon-
HbIX BMAOB LM(POBOTO TeNeBmaeHHs (3pHpHoro, KabemnbHOro 1 CriyTHM-
koBoro) [PTV — MonHOCTbIO MHTEPOKTHBHbIM CEPBMC, (yHKLMOHMPYIO-
WM B PaMKaX MynsTicepencHbix cetedt Triple Play.  Texwonomnss IPTV
MPAKTUYECKU  HE UMEET OIPAHMUYEHHI MO KOSIMHECTBY KAHAMOB (4MCIo Mx
moxet goctrars ot 30 go 100 1 Gonee) u kadecty TpaHIMpyemMoro
KoHTeHTa. Bee 3aBUCHT MMLLb OT MporycKHOM CNocoBHOCTU ceT 1 Tep-
putopin ee oxaara. CryTHMKOBbIE 1 OBbluHbIE aHAsOroBbie TB-npo-
MPCMMBI TAKXE MOXHO NPMHMMATL C nomotLbio IPTV, ecin nepexopmpo-
BQTb MX 151 POCMOTPA B CETU.

Pakmndeckn cem IPTV — 310 nepcoHanbHble, MHaMBURYarbHble ce-
W, [1e KOOKIbIF MOMb30BATESb MOXET BbIOUPQATH KOHTEHT MO CBOEMY Xe-
naxmio. IPTV — 370 BewuaHme s ogHOro 3puTensi.

BosmoxHoctn [P-npotokona noseonsitor NpefocTasnsTb WMPOKHMIA
MOKET MHTEPOKTUBHBIX M MHTEMPMPOBAHHBIX YCITYT, TOAKMX, HAMPUMEP,
KaK:

— Bupeo no sanpocy (video on demand) - sanpoc v npocmoTp Bu-
neodunbmos, TB- nepenay B nioboe ynobHoe Bpems;

— ynpaensemas Ldpoeas sanmcs euaeo (network personal video
recorder) — coxparetie korTeHTa B ceT min STB (Set-Top Box — abo-
Hewtckas npuctaeka  IPTV) ¢ uensio nocneaytoluero MHayB1ayansHoro
MPOCMOTPC;

— BMCTAHUMOHHOE YMpaBNeHWe BuaeoMarHnTodoHom (remote
recording capabiliies) — cpencrea anst ynpasnerms cepemcami ¢ mo-
6unbHoro Tenedora, K m gpynix ycrpoiicts;

— oTnoxeHHbIit npocmoTp TB-nepenay (time shifing) — soamox-
HOCTb MOBTOPA MOHPUBMBLLMXCS PPATMEHTOB MEPEAAUHM C MOMOLLBIO KO-
HQUIQ, NEePENaIOLIEro KOHTEHT C 30f1ePXKKOM (oBbiuHO KPQTHOM OfHOMY
uacy);

— MHTEpaKTMBHBIE CepBuch! (inferactive services) — obecrieverme
[BYCTOPOHHETO KAHAIQ, OBPATHOM CBSI3M MEXY MOMb3OBATENEM M MPO-
M3BOMMTENEM KOHTEHTA, O TAKKE APYTMMM MOSb30BATENAMM B LIETISIX MH-
TEPAKTUBHOTO B3OMMOLEHCTBMS,

— noaaepxKa Heckonskux kamep (mulfiple cameral - BoamoxHocTs
aboHeHta "nepekouars” TB-kamepbl, MCMONb3yeMbie BO BPEMs TPOHC-
NN,

Tvnbl IPTV-y3nos

Tpaduk ycryr IPTV no ceoei nprpone MoxeT BbiTb pasaeneH Ha Asa
Kracca.

LLnpokosetuaTenbHbIi TPabMK NEPERAETCs OT OBHOTO I HECKOSTb-
KMX MCTOYHMKOB OHOBPEMEHHO A0 MHOXECTBA MpmemHikoe. K aaHHo-
My Ty TPADUKA OTHOCHTCS LUIMPOKOBeLLATeNbHbIM TV-Tpadmk, BUpTY-
QUIbHbIM KMHO3Q, O TaKKe CITy>kebHbIN TpadmK. [nst nepenaum LWmpoko-
BELLATENLHOrO TPAdHMKa HcronbayeTcs MHoroagpectas (mulficast) map-
LIPYTU3aLS.
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OcransHolt Tpadmk SBNsSETCs ABYHAMPOBIEHHBIM M NEepenaeTcs
0BbI4HbIM CMOCOBOM, TO ECTb C MOMOLLBIO ORHOGAPECHOM (unicast) Map-
wpymaaum. [anHsid Tpaduk nomettaetcs 8 aga P VPN, ogiH 13 ko-
TOPbIX CITY>KUT /ISt OPrOHM3ALMM OBMEHA MEXTY CepBEpPHbIM 0BOpYao-
BaHvem IPTV yanoe 1 abonertekim IPTV npucraekam (STB), a apyroi
— ans cesian IPTV yanos mexay coboit 1 cuctemMoi BunmH a.

Cywectsyert gga Tmna IPTV y3nos — LieHTpanbHbie 1 NoKarbHble.

LenrpansHbie [PTV yanbi (LLY) 06biuHO ycTaHABnMBAIOTCS B KPYMHBIX
FOPOLOX PEMMOHA M COBEPXKAT:

— obopyaosatime HE (Head End) ans nprema criymhmkosbix, sdup-
HbIX M KOBenbHbIX TV- CHrHAOB, MX KOHBEPTALMM B POPMAT, HeobXOaM-
MbliA 15l MEPEnQAYM MO CETH, 1 KOIMPOBAHMS KOHTEHTQ;

— cryxebHble cepeepbl ast ynpaeneHys STB;

— cepaepsl VoD (Video on Demand — eiaeo no sanpocy).

JlokarnbHble yaribl yCTOHOBNMBAIOTCS BO BCEX OCTAbHbIX FOPOACX U
KPYMHBIX HACENEHHbIX MyHKTAX, rae nnaHupyeTcs okasaHe yanyr IPTV.
B nokanbHbIX 310X YCTOHOBMMBAIOTCSE:

— cnyxebHble cepaeps! 4 yrpasneys STB (kpome LIY);

— cepeepsi VoD (kpome LLY).

B KpyMHbIX MEranosmcax yCTaHOBMBAIOTCS! SIOKQUTbHBIE Y37ibl, CO-
nepxaye Toneko VoD- cepeepsl. ns ynpaenenms STB ucnonesyercs
obopynoBaHmMe LIEHTPALHOMO y3na. LieHTpanbHbii ysen gomkeH Gbitb
MPMCOEIMHEH K MOTVCTPANbHOM ceT nepeaadn AaHHbx (MCTTA).

MNepenaya wrpokosellarensHoro Tpapuka

JaHHbIA ToabHK SBNAETCS MHOTOOPECHBIM, TO €CTb B OTIIMUME OT Of-
HOOLPECHOTO TPADUKA [OMKEH BbiTb AOCTABNEH HE OJHOMY, O MHOTVM
aapecaram. [Mostomy anst mulficast-rpadmka NprMeHsOTCA MPOTOKONBI
MOPLLPYTU3ALAM 1 QUTOPHTMbI KOMMYTOLMM, OTIIMUYHBIE OT MCTIOMb3ye-
Mbix st unicast-Tpadmia. OcHOBHOE TPEBOBAHUE K STUM MPOTOKOSIAM
QUITOPMTMOM COCTOMT B TOM, HYTO BHE 30BMCMMOCTM OT KONMHECTBA Oppe-
caroe mulficast-nakeT aomkeH NPoWTH Mo MOBOMy YHACTKY CETH TONBKO
omuH pas. [laHHoe TpeboBaHME MPOAMKTOBAHO HEOBXOAMMOCTLIO S¢-
bEeKTUBHOTO MCMONb3OBAHHMS CETEBLIX PECYPCOB.

Ins nepenaun muliicast-tpadmka mcronbayetcs npotokon PIM
(Protocol Independent Multicast). Ectb Heckonbko pexvmos pabots! mpo-
Tokona PIM (PIM-SM, PIM-DM u PIM-SSM). [Anst pacnpoctpanetms
IPTV-tpaduka Hanbonee nopxopseit sensetcs moguemkauys PIM-
SSM (Source Specific Multicast). PIM-SSM pa6oraer gnst yactHoro cry-
4asi, KOTA 30PAHEE M3BECTHbI CIIPECA CEPBEPOB, OCYLLECTBIISIOLLMX BE-
warme mullicast-rpadmka. Toraa PE- MapLupymsatop cmoxert cpasy no-
CTPOWTb MyTb 715 NOAKIIOYEHMS! HENOCPEACTBEHHO K MCTouHMKy. Otnapa-
et HeobxomMocTs paametuats & cet RP (Rendezvous Point). Manauans-
Ho PIM-SSM paspabarbiBarics 4st TEX MPUIOKeHMiA, KOTOPbIE MOTYT Ca-
moctositensHo npu nomowm IGMPV3 (Infernet Group Management
Protocol — npotokon ynpasnewyst rpynnamu MySIsTUBELLAHKS) MpOCHr-
HQIM3MPOBATL CAPEC CEPBEPA, C KOTOPOTO OHW XOTAT noyyats mulfi-
cast- noTok. st Tex kmeHToB, kotopble noaaepxmsatot Tonbko IGMPv2
i v1 (K HMm oTHocsTcs BonblumHeTeo STB), HeobxomMo 3apeicTBO-
gams Ha PE dyHkumio SSM-mapping, kotopas accoupmpyert rpynny co
CTATMHECKY OMPEAENEHHbIM CIPECOM MCTOHHMKA.

C TOuKM 3peHMst SipPA CETU 'y STOrO CNocoba eCTb OYH HEJOCTATOK
— HeOBXOAMMOCTb MMETL KOPPEKTHBIA MOPLLPYT HA CETb, B KOTOPO# HA-
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xopsitest uctoummku mulficast-rpadmka. Mockonsky PE-Maplupymmsarop
He obnanaet MHGOPMALMEHt O JOCTYNHOCTU BHELLHMX CETEH, OH He MO-
XET onpefenmTs, kyaa omnpasnsts PIM Join-coobueHits, yto npensircr-
BYeT NOCTPOEHMIO [epeBa pacnpoctpaHeris mulficast-tpaduka. Onst
peLLeHms 3Toi NPobremsl MAPLLPYTsI Ha McTouHWkM mullicast-rpadmka
6ynyT pacnpoctpansTses o IGP (Interior Gateway Profocol — npotokon
BHyTpeHHero Lniosa) 1 iBGP B Toi cetn, k KoTOpO# OHM HemocpeacTBeH-
HO MPUCOEAMHEHbI.

Pesepempoeatie nctounmkor muliicast-padmka moxet Gbims cae-
NIOHO ABYMS Pa3HbIMU criocobamu. [epabiit criocob mcnonbsyet TexHo-
norio IP- anycast, B KOTOPOH OAMHAKOBbIE CHHAbI TPAHCTMPYIOTCS C
HECKObKMX PUBMIECKU PASHECEHHBIX MCTOYHMKOB. Kabkapii KOHeuHbIM
PE-mapupymmsarop npu nonyyermn IGMP-3anpoca Ha KoHTEHT BbIGK-
paeT BAVKAMLLMIA MO OTHOLLIEHMIO K cebe UCTOUHMK 1 CTPOMT BETKY Ae-
peBa K HeMy. [Npu BbIXOAE M3 CTPOSI OBHOTO M3 MCTOHHUKOB, MHBOPMA-
LMt O HEOOCTYMHOCTU PACMPOCTPAHSETCs Mo ceti. MapLupymaaTopi,
MPMHMMOBLLIME OT HEro COOBLLIEHMS!, NEPECTPAMBAIOT ASPEBO K MCTOUHM-
ky apyroro [PTV-yana. B aaHHOM cnocobe pesepBrpOoBaHIE MCTOYHMKOB
BINONHsETCs cpeacTBamm camoi cet. CepeepHoe 0bopynoBaHUE He
YHOCTBYET B MPOLIecce 0BECTIeHeHMs OTKA30YCTOMUMBOCTU M pacripese-
nermn PE- MOpLLPYTM3ATOPOB MO MCTOUHMKOM.

Crieumdrka noctpoeHist IPTV-y3noB He NoseosisieT npumMeHsiTs onm-
COHHBIVA BbilLe Cnocob. [osTOMy A/1st Pe3ePBMPOBAHMS MCTOYHMKOB MPH-
MEHSIETCS PYrOi METOL, B KOTOPOM KCKabIH KOHeuHbIH PE-MapLupymsa-
TOP CTPOMT [iePeEBbsi KO BCEM MCTOMHMKAM A7t kaxkaoro mullicast-appeca.
BeLuiaHe Mo KOHKPETHOMY KAHQUTY MPOMCXOAMT TOSLKO C OHOTO MCTON-
Huka. [Tput BbIXOAE 13 CTPOSt AKTMBHOTO MCTOMHMKA CHCTEMA YMPOBIIEHHS
IPTV-yanamu BkritouaeT pesepsHbiit MCTOUHMK. [10STOMy B AGHHOM Crio-
cobe BAXHO FOPAHTUPOBATH, HTO B KAKAbIA MOMEHT BPEMEHM KOHTEHT
TPAHCIMPYETCS TONBKO C OAHOTO UCTOYHMKAL.

Kak 6bir1o ckasaHo paHee, NOCTPOeH#e AePeBa PACTPOCTPAHEHHS
mulficast- Tpadmka ocyluectansetcs ¢ nomowwsto npotokona PIM-SSM.
IMpotokon PIM pormkeH BbiTb BKIOYEH HO BCEX MHTEPdEICAX, CBA3LIBA-
touptx LT 1 12- mapupymmsartopst sgpa MCIL, Ha crbikax gnst nponyc-
ka IPTV-tpadmka mexay MCT1[] 1 pervoHanbHbIMM CETsIMM, O TOKXKE HA
BCEX MOPLLPYTU3ATOPAX PEMMOHASbHBIX CETEN, YHACTBYIOLLMX B epead-
ye multicast-rpadmka. CranaaptHo ans PIM-SSM npeaycmorpen avana-
3oH mulficast-agpecos. MNockonbky STB cUHANM3MPYIOT NOAMMCKY HA Ka-
Han ¢ nomoLwpto cooblueHni IGMPY2, B koTopbix oTcyTcTByeT MHpop-
Mauyts 06 mctouHmke, PE-MapLLIPYTM3ATOPLI PervoHarbHbIX CeTel, npu-
HUMQIOLLME TOKME 3aMPOCh, AOMKHbI YMETb MPeobpasoBbIBATL MX B
(S,G) coobiuetis npotokona PIM. Te mapLupymaaTops, kotopsie 06-
nagator yHkumern DNS- mapping (Domain Name System — cicrema
AOMEHHBIX MMEH), AOMKHBI BbITb HACTPOEHbI ClEAYIOLLM OBPA3OM:

* nomeHHoe 1M ans npeobpasosakms (*,G) s (S,G);

* DNS-cepeepbi;

* meTb IP-cesisHocTb ¢ ykasaHHbIMM DNS-cepaepamm.

MapiupyTusatopel, He nmetoLyte dyHKLmio DNS-mapping, Ho 06~
NIGACIOLLME BOIMOXHOCTBIO CTATUHECKOM MPMBSI3KM MPYMMOBbIX QLPECOB
K MCTOMHMKOM, MOXHO MPMMEHsTb i npedocTtasnenms yaryr IPTV.
CROXHOCTb QIMMHMCTPMPOBAHMS TAKMX MAPLLPYTU3CTOPOB BO3PACTAET
30 CHET TOTO, HTO MX HEOBXOAMMO NEPEHACTPAMBATL B CTy4aE M3MEHE-
HMSI COCTOBO! LUIMPOKOBELLIATENbHBIX KOHQMOB MM MCTO4HMKOB. Kpome
TOrO, TOKME M3MEHEHHS MPMAETCS! MPOM3BOMTL COMACOBAHHO CO BCEMM
PETVOHQIBHBIMU CETAMM, SKCTUTYCTUPYIOLLIMMM MOPLLPYTU3aTOPEI Ges
DNS-mapping.

MNepenaya opHoappecHoro Tpadpuka

B arcreme npepoctasnens yanyr IPTV unicast-tpadmk npepacrasns-
et coboit Tpadmk ynpasneHms STB, MHOMBMLYQrbHbIFA KOHTEHT, NOMy4a-
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eMbli KaKuM-Ibo aboHeHTom, Hampumep, VoD, a Takke cy>kebHbii
Tpadmk ysnoe IPTV. s nepenaun unicast-oadmka cnyxar ase BGP
(Border Gateway Protocol — npotokon rpanmdHoro witosa)/MPLS
(Multiprotocol Label Switching- mHoronpotokonsHas kommyTaLyst no
metkam) IP VPN (Virtual Private Network — suptyansHas yacTHos cets).

Tpaduk ynpasnerms STB, MHOMBMIYQIbHBIA KOHTEHT 1 HEKOTOPOS
yactb cnyxebHoro Tpadmka nepepaetcs 8 VPN IPTV UCAST. [jis obme-
Ha MapLupyTHoi uHbopmauweit B IPTV UCAST mexay AS, exopsitupmu
B ODLLYIO CeTb, BbIAENEHbI TPV TUMA MAPLLPYTOB, KOKAOMY M3 KOTOPbIX
HasHayveH caoi RT.

Kekapiit PE-MapLupyTMaaTop, yHacTsytoLLyii B MpedoCTaBReHMM yc-
nyr IPTV, aHoHcHpyeT MapLUPYT Ha npucoemuHeHHble cetu. [obasneHie
RT xenarensHO MPOM3BOIMTL HA MAPLLPYTM3ATOPE, MOPOXACIOLLEM
mapiupyr. ObmeH mapupytamu IPTV UCAST ocyluectensiercst Ha [PTV-
cmbikax 8 vpnv4 unicast AFl/SAFI. Liertpanshsie IPTV-yambl omkHb! viv-
nopmpoeats sce mapLupyTst IPTV UCAST. JlokanbHsie IPTV-yaribt vvetor
mapLupyTbl Ha STB cBOEro perMoHa Mo MPHUMHE HOXOXAEHMS B OfHOM
AS 11 mropTvpytoT MapLLPYTHI LIsHTPAbHLIX [PTV-y3nos.

Tpaduk mexay yanamu IPTV 1 cuctemoi unnmtra nometuer 8 VPN
IPTV MGMT (Management — ynpagnetie). Mostomy obmeH MapLupy-
Tamu m Tpadukom IPTV MGMT Gyget nponssoamtses yepes Cyluectsy-
toupe crbiki mexxay MCTL 1 peroHasbHbIMM CeTsiMuM.

O6ecneuerune kayectsa o6y XMBAHMS

Mapkuposka QoS (Qudliti of Service — kauectso ycnyr).

Mapxwmpoeka yenyr IPTV ocywectsnsietcs npum nomotup nonst DSCP
B IP saronoeke naketa. MapkupoBKa 3aBUCHT oT TMNa Tpadmka 1 npex-
crasneta B Tabmmue 1.

Tabmmua 1
Mapkuposka QoS
Tun Tpad Kaace rpad 3nauenne DSCP
CmBoabnoe Jecarnanoe Butonoe

Multicast- PeanbHoro BpesMeHn CS3 24 011000
Tpadwmk (Real Time)
VoD-mpadmr
Unicast-tpajmx | Napantuposanssii AF31 26 011010

WIACTHUHBI

(Assured Elastic)

Tpaduk ot yanos IPTV MoxeT GbiTb MOPKMPOBAH KOK HEMOCPEACT-
BEHHO HO CEpPBEPHOM OBOPYNOBAHMM, TAK M HA CETEBOM 0BOPYAOBa-
HMK, HOMPUMEP, HO KOMMyTATOPE WM MapLupyTaaTope. Meto map-
KMPOBKM MOXET BbiTb BbIOPAH MHIMBMAYastsHO st kapkgoro IPTV-yana.

Tpadwk oT npuctaekM 3aKaHUMBAETCA Ha SokanbHOM [PTV-yane 1,
KOK MPaBMIo, GyeT MPOXOAMTH B HE3ArPYXKEHHOM HAMPABIEHMM. Tem He
MeHee, XeNaTesbHO OCYLLIECTBITb MAPKUPOBKY STOTO TPAbMKa Ha 060-
pyaosarin goctyna (DSLAM, kommyTarop Ethemet 1 T.n.) unn 6mvxait-
LLIEM IPAHMYHOM MapLLpyTHM3aTope 3Hauerrem DSCP=AF31.

Hacrpoiika ouepeneit

I obecniedeHmst KauecTBa 0BCITYXMBAHMS B YCTIOBMSIX MEPEPY3KMA
Ha MCT1, 1 B perMoHanbHbIX CETsX HEOBXOAMMO HOCTPOMTL YrpaBse-
H1e o4epeimMu pusnueckmx nHTepdericos. Kak npasuno, Tpadmk kiac-
ca Real Time nomeLwaioT B MpuopwTETHYIO O4Epesb 1 Pe3epBUPYIOT Mo-
nocy, HeobxopMMyto ayst ero nepenaym. [ns octankHoro Tpadmka me-
MOSb3YIOT QUIFOPMTMbI, OCHOBOHHbIE HO BLIBOPKE MAKETOB M3 OYepenei
HO OCHOBE BbIAENEHHOM MOSOCh! i KXKAOM O4epey C BOMOKHOCTbIO
3QHSITYS HeMcnonb3yemoi emkocTi. B aartHoe Bpems ha MCI nerions-
3yeTcs cnefytolLee PACrpeaerneHme Mosiockl Cpeay oHepenei ans pas-
HbiIX Knaccos Tpadwka (tabn. 2):
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Tobnmua 2
Pacnpegaenenue nonocsi 8 MCINA

TMoaoca NponycKanua
na 10 GE-unrepdeiice

Moaoca NponycKaHus

Kaace rpagmia Ha GE-unrepdeiice

Real Time 1 I'our/c 100 MouT/c
Assured Elastic 3 I'our/c 200 Méut/c
Elastic 6 I'éur/c 300 Mbut/c

Tpadmk B pervoHaNbHOM CeTM HEMHOTO OTIIMUYAETCS OT TPAdMKA B
MCNL, sa cyet Gonbluero obvema Tpadmka knacca Real Time, obyc-
nosneHHoro Tpadmkom VoD. Kpome Toro, HyxHO yunTbIBATS, YTO Kace
Real Time nommimo IPTV-Tpadmka copepskmT Takke 1 ronocosoi Tpadmk.
C yuetom Toro, uto nonoca ans Real Time-tpadmka ycraroeneHa ¢ sa-
MOCOM MO OTHOLLIEHMIO K TPAMKY LLIMPOKOBELLIATESNbHBIX KAHATOB, Mep-
BOHQUQITEHO B PEMMOHOTbHBIX CETAX MOXHO MUCTONb3OBATH TAKOE e Pac-
npenenetue, yto v 8 MCITI,

Mepenaua Tpaduka B cetm goctyna no DSL-nmuuum

Ins nopkntoyeHmst kmentos mcnonbayetcst S-VLAN mogens. Sta
mogenb npeanonaraet, yro 8 DSL-uHtepderice mexay CPE (Customer
Premises Equipment — ofopyaosatie B NoMeLLIEHU Nonb3oeaTens) 1
DSLAM (DSL Access Multiplexer — mynsmnnexcop aoctyna DSL) opra-
Husyertcst Heckonbko PVC (nocrosiHHoe eupTyansHoe coeamHerme). Toa-
buk, nepenasaemblit no pastbiv PVC, umeet pasHoe dyHKUMOHATbHOE
HasHaderme. Ha upsiream-mHtepdpeiice DSLAM cospaetcs Heckonbko
VLAN (Virtual LAN — BupTyansHos nokarsHas ceTb) aist nepeaasn Tpadm-
ka pastoro na. DSLAM ocywuectansiet kommyTauio (GprmkiHr) mesxay
VIAN B upsiream-uHrepdeiice u PVC 8 DSL- nHtepdeiicax k aboHeHTaM.
Ogra 13 smx PVC merionsayetes st nepenasm padmka MHTepHeT Mex-
Ay Kommsiotepom nonssosarens 1 BRAS (Broadband Remote Access
Server — cepBep LLIMPOKOMONOCHOO YANEHHOTO AOCTYMA).

Msonsuus nonbsoeatenei opyr ot apyra

Jns crabunbHoi paBoTbl KIMEHTOB, MOAKIIOYEHHBIX MO TEXHONOMM
S-VIAN, HeobXomMMO MPEaNPUHAMATL MEpb, MPETSTCTBYIOLLE MPO-
XOXAEHMIO TPADUKA HAMPSIMYIO MEXY YCTPOMCTBAMM KiWeHTa. [Tomu-
MO 37010, 060pPYAOBAHME CETV AOMKHO NPEMSTCTBOBATb MOMbITKAM KITH-
€HTA HOPYLLMTL BYHKLMOHUPOBAHME CETU MyTEM OTMPABKM CITyXEBHbIX
nakeToB. OCHOBHOS HAMPY3KA MO OBECTIEHEHMIO TAKOM U30MSALMM JIOXMT-
cst Ha DSLAM. DSLAM B cocTosiHmi M30MpoBaTL TONBKO MOAKITIONEH-
HbIX K HEMY HaMpsiMyto KiueHToB. Eciin Heckonbko DSLAM nopxsiouator-
€51 K ce™M Yepes 0By L2-nomeH, To HeobxomMo obecreunTs msons-
wto kiveHTos pasHbix DSLAM apyr ot gpyra. [nsi storo npeanaraetcs
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MCronb30BaTL pasHsie Homepa unicast-VLAN (a ecnim Heobxommo, To u
Control-VLAN) anst pastbix DSLAM B L2-cem. Takim 06pasom, TOUKoH,
B KOTOPOM OBBEAMHSIIOTCS JIOTMUECKUE MHTEP(EMChI KIMEHTOB PO3HBIX
DSLAM, siBnsietcst PE-MapLLpyTM3aTOp, HO KOTOPOM MOXHO OTGMILTPO-
BATb HEHYXXHbIM TPADUK.

TpeboeaHus k DSLAM

Okasahue yenyr no pacrpoctpareniio IPTV-rpadmka tpebyer ot
DSLAM ronpepskky crienytoLLpx TEXHONOMIA:

* Heckonbko PVC B opHom DSL-uHtepdeiice;

* BoaMoXHOCTb 3aMpeTHTb Nepenaqy NaKeToB MesXay KIMEHTCKMMM
nopramun DSLAM;

e OrpaHuuermne kommuectsa MAC-agpecos (Medium  Access
Control — ynpagnetie focTynom k cpepe), kotopble MoryT GbiTb acco-
LmMpoBaHs! ¢ opHrm DSL-noprom;

* DHCP relay,/snooping ¢ 3anommHaH1em BbBQHHOTO KIMEHTY Of-
peca M MCMosb3OBAHMEM STOM MHDOPMALMK [ NpenynpexaeHms P
spoofing;

* MNoanepxxa DHCP (Dynamic Host Configuration Profocol — npo-
TOKON UHAMUHECKOM KOHMIypaLmi y3na) onym 82;

* 3auyra or MAC spoofing — otbpacsieariue naketos c MAC- ag-
PECOM OTMPABMTENS;, KOTOPbIA CCCOLWMMPOBAH C APYIMM MOPTOM
DSLAM;

* 3auyra ot IP spoofing — otbpacsisarme P naketos ¢ HekoppexT-
Hbim |P- appecom;

e 3oupra or ARP  spoofing — otbpacsisarie ARP-naketos c
IP/MAC-ampecom, He COOTBETCTBYIOLLMM NOPTY, MO KOTOPOMY MPHHSIT
nakeT;

¢ IGMP proxy (Internet Group Multicast Protocol — wwmpokosetwa-
TenbHbIN MPyNMoBoit Npotokon MkrepHer);

* Dykwym QoS kak MiHMym B downstream-Hanpaenermu. [pu
mcronbsosarmu opHoi PVC DSLAM posikeH MMETb BO3MOXHOCTB Kiac-
andbmupposaTs 1 nproputeanposats Tpadmk no 802.1p u/mnm DSCP
(Differentiated Services Code Point — none IP-naketa, onpenensioluee
knacc ero obcnyxmsarms). [pw nenonssosariu asyx PVC DSLAM gon-
xeH npuopwreamposars Tpaduk no VP/VCI (Vidual Path Identifier —
npeHtmkatop suptyansHoro Tpakta/ Virual Channel  Identifier —
MAEHTUMKATOP BUPTYansHOTO Karana) v Homepy VLAN.
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MogennpoBaHue TPAHCNOPTHOMN CETU PErUOHANBHOIO
oneparopa CBs3x C NOMOLLbIO rpadoBbix Mopaenen

P ACCMATPMBAKOTCA BOMPOCH MATEMATNHECKOIO MOAETMPOBAHMS TpGHCﬂOpTHOﬁ CeTn CBA3M C MOMOLLbIO rpad)osb:x mogenen

Aansa p(JC‘-léTG napameTpoB M HOAEXHOCTN CETH, HYTO MO3BOJIFET OLEHUTb BEPOSATHOCTb BbIXOAA M3 CTPOS KAK OTAEJbHbIX

S/IEMEHTOB, TaK U BCEH CETU B LIeJ/IOM, TeM CaMbIM YCKOPSET MPOLIECC MPOEKTUPOBAHMSA TPAHCTOPTHBLIX ceTel CBS3U.

Cemerikun B1.,
npodeccop kadenps! "Cesizb" ACTPAXAHCKOrO rOCYAAPCTBEHHOMO
TexHWueckoro yHusepcuteta (AlTY)

CkynueHko A.B.,
acrmpaHT kadenpsbl "Caasb" ACTPAXAHCKOTO rocyAAPCTBEHHOTO
TexHWueckoro yHusepcuteta (AlTY)

BeepeHnue

Mopemmposarme npencrasnsier coboi MOLLHbIA METOR, HY4HOTO
MO3HAHMSI, MPU UCTIONb3OBAHMM KOTOPOTO MCCIE Iy EMbIA OBLEKT 3aMEHS-
€TCs OBbEKTOM, HO3bIBOEMbIM MOAENbIO. OCHOBHBIMM PASHOBIHOCTSIMM
MPOLIECCA MOLETMPOBAHMS MOXKHO CHUTAT AIBA €70 BMAA — MOTEMATH-
yeckoe v dpuanueckoe mopenmposarme. MNpu dusmueckom (HatypHom)
MOZENMPOBAHMM MCCIIEMlyEMAsi CHCTEMO 30MEHSIETCS COOTBETCTBYIOLLEH
€M1 [pyroi MATEPUAEHOM CUCTEMOM, KOTOPOS! BOCTPOM3BOAMT CBOMCTBA
M3Y4OEMOI CHCTEMbI C COXPAHEHWEM WX dr3mndeckoi npupogpl. [orme-
[POM 5TOTO BUAQ MOLEMPOBAHMSI MOXET CITy)KMTb MANIOTHAS! CETb, C MO-
MOLLIO KOTOPO# M3YHOETCS MPUHLMMMQUILHAS BO3MOXHOCTb MOCTpOE-
HMA CETU HO OCHOBE TEX UM MHBIX KOMMbIOTEPOB, KOMMYHUKALMOHHbIX
YCTPOMCTB, ONEPALMOHHbIX CUCTEM M MPUTIOXKEHM.

BoamoxHOCTU $r3miecKkoro MOENMPOBAHHMS AOBOMBHO OrPAHHUE-
Hbl. OHO MO3BOMISET PELLATL OTAENbHbIE 30AAUM MPK 30AAHWM HEGOb-
LLIOTO KOJMHECTBA COMETAHMI MCCIIEnyEMbIX MAPAMETPOB cHcTemsl. [Tpu
HOTYPHOM MOLIENIMPOBOHMM TPOHCMIOPTHOM CETW MPOKTUHECKM HEBO3-
MOXHO MPOBEPUTL €& PAbOTy [ BAPMAHTOB C MCTIOSb30BOHMEM PA3-
JIMHHBIX TUMOB KOMMYHMKOLIMOHHBIX YCTPOWMCTB — MAPLLPYTU3ATOPOE,
KOMMYTATOPOB 1 .M. [ TpOBEpKA HA MPAKTMKE OKOMO [ECATKA PA3HBIX TH-
MOB MOPLLPYTU3ATPOB CBSI3AHA HE TOSLKO C GOMbLLMMIM YCUITHSMM 1 BPE-
MEHHBIMM 3QTPATAMM, HO M C HEMQUTBIMU MOTEPUQUTbHBIMM 3ATPATAMM.
[NosTOMy, MM OMTUMM3ALIMK CETEN BO MHOTVX CITyHQsIX MPEANONTUTEb-
HbIM OKO3bIBAETCS MCTONb3OBAHME MATEMATMHECKOTO MOLIEMPOBAHMS.

Maremam1ueckas mogers npeacTanseT coboi COBOKYMHOCTL COOT-
HOLLEHMI (POPMyT, YPOBHEHMIA, HEPOBEHCTE, IOTMYECKMX YCIIOBHH), O-
PELETSIOLLMX MPOLIECC M3MEHEHHMS COCTOSHMSI CUCTEMBI B 30BMCUMOCTH
OT €€ NAPAMETPOB, BXOAHbIX CUTHAIOB, HAYAJIbHBIX yCl'IOBHl:i M BPEMEHN.
OcobbiM KIACCOM MATEMATUHECKMX MOLETIEM SIBNISIOTCS UMUTALIMOHHBIE
Mopenu. Takue Mofien MPEaCTABISIOT COBOM KOMMBIOTEPHYIO MPOTPaM-
My, KOTOPQS! LT 301 LLIGTOM BOCMPOM3BOIMT COBBITHS, MPOUCXOMSILLME B
peansHoi cucteme. [y UMUTALMOHHOM MOZENMPOBOHUM CETU He Tpe-
ByeTcs npuobpertarb goporoctosiiee obopyaoBaHue — ero pabota
MMMTUPYETCS MPOrPAMMAMM, JOCTOTOYHO TOYHO BOCMPOM3BOLSILLMMM
BCE OCHOBHbIE OCOBEHHOCTM M MAPAMETPbI TAKOTo 0bopynosams. B go-
KIIage Ha MprMepe TpaHcnopTHoi cet Actpaxatickoro duana OAO
"HOTK" paccmaTprBaeTcs MOLENMPOBAHIE TPAHCTIOPTHOM CETH pervo-
HQUILHOTO OMEPATOPA CBS3M C MOMOLLBIO rPAdOBbIX MOETEN.

OcHoBHbIE CBEAGHMS O CTPYKTYpe TPAHCMOPTHOM CeTH
ActpaxaHckoro ¢unuana OAQ "OTK"

Crpykrypy TpaHcrioptHoi cet Actpaxatckoro ¢ummana OAO
"FOTK" MoxHo pasgenuTs Ha aga yposhs (puc. 1):
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* Yposetb Arpervposarms (ot anrmn. Aggregate — o6bepmhss). Ha
5TOM YPOBHE MPOW3BOAMTCS KOHPMIYPHUPOBAHHME M OCHOBHOE YNpaBrie-
HUS BCEM PErMOHAIBHOM TPAHCNOpTHO# ceTbio. CeteBoe obopyaoBaHme
npeactasnero kommytatopamu Cisco Catalyst 3750 ME v mapLupym-
satopamu Cisco 7604 Chassis dpupmsr "Cisco Sysfems'’;

* Yposens docryna (ot aHm. Access — pocryn). OcHosHor saaa-
Yel CETEBbIX YCTPOWCTB STOO YPOBHS! SIBMISIETCS NOAKIIIOYEHNE KOHEUHBIX
nonb3osarenen k cett Actpaxarckoro ¢pummana OAO "FOTK". C nomo-
wio kommytatopos Cisco Catalyst 3560 dupmsr "Cisco Systems" obec-
neumsaeTcs obbemHere kopriopamverbix J1IBC, a Takke npegoctasns-
€TCs1 BECh MepeyeHb YCyr A4S KOHeuHbIX nonb3oeatene (VktepHer, IP-
Tenedonus, IPTV ut.g,). Yanyra gocryna k MktepHert no texHonomm xDSL
obecneunsaetcs mynsTunnekcopamu goctyna DSL (DSL Access
Multiplexor, DSLAM), noaxmiouaiowymmics B oguH 13 cBoGOaHBIX NOp-
o8 kommyTaropa Cisco Catalyst 3560 . Mcnonbayiotcs DSLAM dvpm
Nokia 1 Siemens.

YpoBeHb ArpervpoBaHMs MMeeT Konblieyto Tornonormio. KonbLo,
coepuHsioLee mapLupytmaatopsl Cisco 7604, umeet nponyckHyio cro-
cobHocts 10 61T/ ¢, a npomyckHOs CNOCOBHOCTb YHOCTKOB CETH MEXTY
mapwpymsaropamn Cisco 7604 u kommyTatopamn Cisco Catalyst
3750 ME pasHa 1 [6u1/ c. TpaHcopTHAS CETb CTPOMTCA C MCMONb3OBA-
HMEM TEXHOMOMMM  MHOTOMPOTOKOMLHOM KOMMYTALWM Mo MeTkam MPLS
(Mulfi-Protocol Label Switching) [1].

IP MPLS
Aggregate

Cisco 7604

1Gb

Cisco 3750 ME

Cisco 7604

Switch
Cisco 3750 ME

Switch 9ogunoog
CELEELLER=)

DSLAM G)

Cisco 3750 ME Cisco 3750 ME

706 Cisco 7604 ,\6‘0 IP MPLS
Aggregate
Cisco 7604
Sup-32
Cisco 7604
Sup-720
Cisco 7604 ES-20 10G
Sup-720
ES-20 10G

Puc. 1. Crpykrypa tparcrioptHoit cetn Actpaxatickoro ¢unmana OAO "tOTK™:
a) Ao MogepHM3aLMK; 6) Nocne MopepHU3ALYM
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B kayecTBe HONPOBMSIOLLX CUCTEM MCMONL3YETCS! OMTUYECKOE BO-
NoKHO, coepmHsoLLee obbekTs! anektpocesian (PATC, AMTC utg,). Ce-
TeBoe obopynosaHre pasmettiero Ha ATC ropoaa ACTpaxa.

MNpuMeHeHKe Teopum rpadoB Ans pacyeTa NApPAMETPOB CETH

INo TexHudeckmm xapaktepuctmkam mapLupymaaropsl Cisco 7604
0BeCreumBaIOT MPOMYCKHYIO CrocobHOCTs Ao 250 MITH. NaKeToB B ce-
kyHay, a kommytatopsl Cisco 3750 ME — 15 mnH. nakeTos B cekyHay.
CrenoBaTensHO, HA YPOBHE ArpErMpoBaHHs 0BeCnedmMBaETCS MPOMyCK-
Hast CNOCOBHOCTL OBOPYAOBAHMS (& MAPLLPYTU3ATOPOB 1 3 KOMMYTATO-
pa) 6ygeT pasHa:

6*250+ 15*3 = 1545 mnH. naketos,/cex.

Y7o6bi PACCUUTATH TeXHUYECKVE NAPAMETPSI CETH, YAOBHO MCMoMb-
30BQTb MATEMOTHHECKYIO MOEENTb CETH, MPEACTaBNeHHY!O B Buae rpada
(puc. 2), BrtouatoLuero nopmHoxecTea yanos 1 pebep [2].

JanbHeMLUMin pacyeT NOpAMETPOB CETM MPOBOAMTCA B CrieaytoLLei
MOCNEROBATENEHOCTH, MCnonb3ys matematndeckiid naket MathCad
annapart Teopui rpadoe.

OnpeneneHue MuHUMansHoro pakra rpaga cetu [2]

8
[ERE=Tr=1

1 - Marpuua ceAzHocTn rpadha,roe:
"1" - cywectayeT pebpo MexLy yanamu i u |
"0" - HeT pebpa mexgy yanamu i
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- e o
& = e

s & & -
]

o = e B e
oS e e oo oo
=T — T

Lo o011 0 = )
fo11211122Y
101222112 .
- PezyneTar BRIMMCNEHHIT:
110112211 ™" - nyTk coctonT ua 1-ro pebpa
2721012321 "2" - nyTk cocTouT na 2-x pebep
"3" - nyTk cocTouT M3 3-x pebe
LL=| 121101222 Y pebep
122210233
112322023
211223202
221123320
LEER] Ll - Haxoxpaenne MMHMManNkLHoTo KonuyecTea pebep,
for i= 0.8 obpasyrnx nyTe Mexay i-M W -1 yznom rpada
for je 0.8
Kjj«0
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z+ 0
for i= 0.8
for j= 0.8
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Kijel
Kjj«1
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KjieKij
for d= 0.8 if K;;j=0
for f 0.8
i 8 g- 8a5- 8 y=1
Kjje3
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K
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Puc. 2. PacuetHasi mogens cev B Bie rpada

Takum obpasom, B cysae paboTocrnocobHOCTU BCEX Y3NoB CETH,
MOKCMMQUTbHBIF PAHT rpada cetm paseH 3.

Pacuer Hagextocm cem
[ns pacyeta HapexHocT ceT Bbina HanmeaHa nporpamma "Pac-

yet HagexHoc cet v.1.0.3" (Paspaborumk: Abenbaaes b.P). Mexop-
HOE OKHO MPOrPAMMBI MPUBEAEHO HA pyC. 3.

| (e

@ PacyeT HafeXHOCTH CETH

CTPYKTYPS MPada LA MaTEMATHHECKOMD MOLENMPOEIHIA

Beon napamerpos

Pacuer

PesyisTars!

0 nporparare

Puc. 3. OkHo nporpamme! "Pacyer HopexHoctm cetn”

C NOMOLLBIO AGHHOM MPOTPAMMBI PACCHMTLIBAIOTCA BEPOSTHOCTU
paboTOCNOCOBHOCTH CeTM: BEPOSTHOCTL PABOTOCNIOCOBHOCTU  MyTH
Mexgy nobbimu [ByMs BepLuMHaMM rpada. [ns pacyeta HopekHOCTH
CETM HEOBXOMMMO OMPELENMUTb BEMAUMHbBI HATEXHOCTU KADKLOM BEPLLIM-
Hbl rpada 1 pebep rpada (puc. 4). Mocne storo onpepensioTes MaTpH-
LI BEPOSITHOCTH paboTocnocobHOCTU pebep rpada M MATPHLIA BEPOSTT-
HOCTH paBOTOCNOCOBHOCTH BepLuMH rpada (puc. 5).

Danee BbIBHPAIOTCS BE BEPLLMHI, 1 HAXOZUTCS MyTb MEXTY HAMM.
Mys MoxeT coctosttb 13 1, 2 unn 3 yuactkoe (patr nym). HapexHocts
nyTv ByaeT onpenensTbes COBOKYMHOM HOPEXHOCTBIO BEPLLMH 1 pebep,
BXODsLLX B Hero. Mopenmpyetcs cobbitie, M, MCxopst U3 BEPOSTHOCTU
3TOro CO6bITI/19|, Onpeﬂ,eﬂﬂeTCﬂ, ABNAETCA NI STOT nyTb HOOEXHbIM UM HET.
[ns kaokapix agyx BepumH npowmseopurest 1000 menbiranmit. Satem or-
peﬂeﬂﬂeTCﬂ I'IpOLl,eHT yCI'IeIJJHbIX MCI'IbITOHVIlji, n pe3y]'|bTGTbI 3AHOCATCA B
MaTpMLy HOREXXHOCTH ceTH, KoTopas oTobpaxaetcs B OkHe "Pesynbta-
bl MOgenmpoBarms” (puc. 6).
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@ Beog napameTpos rpada

Morowe!

[
/I7 / v
HageHocTe petipa
¢ 7 rpaka
®/ 2 v i nea
v

|
3 v
\p /
|7
\I7 v

BE0a aaHHbIx

@Pesvnbranﬂ MOOenHpoBaHnA o e

M ETPHLE HALEHHOCTI NYTEN MEKY BESPLIMHANMM Mpada

0989 0939 0878 08987 03983 0942 05962 0554
W aTphLa CEASHOCTI

0.33 - 0932 0932 0573 0331 0343 03955 0951 rpama

0986 0994 = 0923 0977 0578 0935 0952 0548

0983 0576 0589 - 0991 058 084 0951 0367 M 3TPHL BEPOATHOCTH
paGOTOCNOCOGHOCTH

05332 0579 0532 05984 = 0338 0456 0544 0543 pEGED rpama

0933 0978 0576 0877 0981 = 0953 0945 0552

05933 0957 0947 0955 05961 095 - 0841 0554

0961 05946 05458 03547 0551 0554 03954 = 0,944 Pesynerare:

MOAEAMPOESHKA
0353 0943 0551 0951 0947 0544 0954 0965

CpegHee = 0,964625

MakcumaneHoe = 0,934 MuHraneHoe = 0,935

MaTpHLa BEPOATHOCTH paBOTOCNOCOGHOCTH BEPLUMH Fpada
M aTpuLa BEpOATHOCTI

paSOTOCNOCOGHOCTH
EEPWKH rpada

|:D,99 033 083 0% 0% 033 055 055 U,SEJ

HagemHocTe y3na Iéj
Beequre wcno ot 0ao 1 Hanpusep: 0.93
Cancel
|n.35

Puc. 4. Beon napametpos rpada cetm

B e — e

MaTpuua BepoATHOCTH pafioTocnocofHocTH péfiep rpada

033 053 i} 033 053 053 1] 1]
Marpiua ceAzHOCTH

099 - 098 1} 1] 1] 033 053 1] (TR
083 083 = 053 083 1] 0 033 043

0 1] 099 - 033 1] 1} 1] 099 } T PMUE BEPOSTHOCTH

PafoTOCNOCOSHOCTH

099 1] 053 093 = 033 0 1] 1] S e
099 1] 1] 0 0.33 0 1] 1]
093 093 1] 1} 1] 1] 1] 1]

0 0% 08 0 0 0 0 0 Flasilsus)

MOLE NWPOBSHUA

0 1] 033 033 1] 1] 1] 1]

aTpuLa BEpOATHOCTI patoTOCNOCOBHOCTH BEPIUMH Fpaga
Marpiua sepoATHOCTH

patioToCNoCoSHOCTH
EEPLIWH rpada

|:D,38 033 093 083 033 0% 035 035 0,85]

Puc. 5. Pesyntamsi pacueta Matpu, BeposiTHocTH pabotocriocobHocTv pebep

¥ BepLUMH rpada

T-Comm, #7-2010

Puc. 6. OkHo "Pesynitatsl Mopenmposarms’”

3akniouenmne

Annapart Teopri rpadoB SIBNSETCS MOLLHOM 6030¥ [1s pacyeTa na-
pameTpoB ceTeit casisu. [poBeaeHHbIE PACUETEI MOKA3ANM, YTO TPAHC-
MOPTHYIO CETb JOBOTO BIAA MOXHO MPEACTABMTB KOK COBOKYMHOCTb BEP-
wmH 1 pebep rpada, a Takke mx Becos. Maremariueckoe mogenmpo-
BAHME TPAHCTMOPTHOM CETH C MOMOLLBIO MPAhOBbIX MOLENEN MO3BONSIET
OLIEHWTL BEPOSITHOCTb BBIXOAA M3 CTPOS KAK OTAENbHBIX JTEMEHTOB, TAK U
BCEW CETU B LIENOM, TEM COMBIM YCKOPSIET MPOLIECC NPOEKTUPOBAHMS
TPOHCTOPTHbLIX CETEM CBA3M.

Jlntepatypa
1. Tonwpumrein AB., Tonsaurein B.C. TexHonomns u npotokonsi MPLS. —
C6.: BXB — Catkr-MNetepbypr, 2005. — 304 c.

2. Cemeitknn BJ. Cemt cesian: kypc nexuyit / ACTPAXQH. FOC. TEXH. YH-T. —
Actpaxans: Uag-o AITY, 2006. — 256 c.
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TeHpeHUMN U METOAMKN PA3BUTHS
MHPOKOMMYHMKALMOHHBLIX CeTei Ha bnmxaiiwyio
M CpPeAHEeCPOUHYIO NepcneKkTUBY

P ACCMATpPMBAKOTCA BOMPOCH! TUMM3ALMM M POCTA MH4)OPMGL(HOHHOF 'O HAMOJTHEeHNs MHd)OKOMMyHMKGLMOHHbIX ceTeFt, A TAK XXe Ha-

MPQAB/EHMS MOTEPHA3ALMM MyTIETUCEPBMCHOM TENEKOMMYHUKALIMOHHOM CETU HA MPMMEPE KPYMHOM MOCKOBCKOM CETEBOM CTPYK-

Typbl "AKALO". [MokasbiBaeTcs 3aBUCUMOCTb MPOMYCKHO¥ COCOGHOCTH PA3MYHBIX YPOBHEN TENEKOMMYHMKALMOHHON MHGPa-

CTPYKTypbl OT IOTPEBHOCTEN ABOHEHTOB B PA3NMYHbIE MEPHOLb! M CIOCOBB! YCTPAHEHHS CKOPOCTHBIX OTPAHUYEHMH B MTIAHE OCBO-

©HMSs HOBbIX CEPBMCOB.

Acraxos 1B,
HauaneHuk ynpaenerms
OAO "KOMKOP" ("AKALO Tenexom"),

iastahov@akado-telecom.ru

CHauana Bo3HMKIA NOTPeBHOCTb, MoTom nosieuncst cepemc. Cepauc
obpen NApameTpb! 1 XAPAKTEPMCTUKM, KOTOPbIE MOHA4AITY MPOCTO 0be-
wwanmcs. [1oTom ke 3T NapameTpsl M XAPAKTEPHUCTUKM CTQUIM YXe ra-
POHTMPOBATHCS.

Ho B ntobom cryuae nepeuiHa MOTPEBHOCTL M, MPUMEHUTENBHO K
YCIYram CBsi3H, NMOTPEBHOCTL — 5TO MOTPEBHOCTL B 0BMEHE MHPOPMA-
Lytedt, NOsTyH4eHMM 1/ Uik Nepeacin MHPOPMaLMM.

[Ny NOCTPOEHMM CHCTEMBI CBSI3M OPOMHOE 3HAYEHWE MMEET THT e-
penaBaemoit MHbOPMALMM M ee konnuecteo. Kcxops M3 TMna MHdpop-
MOLWM CTPOSITCS KAHECTBEHHBIE MOKA3ATENN TENIEKOMMYHMKALWMOHHO
cem (TKC). OT nHTeHCMBHOCTH OBMEHA MHPOPMALEN 3ABUCST CKOPO-
CTHbIE MOKA3ATENM CHCTEMbI.

3a nocneaHMe rofbl 3HAUMTENLHO M3MEHMIICS COCTAB M OBLEM MH-
dopmaupm, nepepasaemoit no TKC. CornacHo uccneposaHmsm
Morgan Stanley so 2008 ropa B cetix oneparopoe cesizu Tpadmk Guz-
Hec-kmeHtos (B2B) npeobnagan Hap Tpadukom dusmueckux L
(B2C). B 2008 r. padmk cpastsincst 1, HaumHas ¢ 2010 ., cymmapHiit
TPADUK DUBMHECKUX THLL HAMHET 3HAUUTENBHO MPEOBAATL Ha TPAdH-
KOM BM3HEC KIMEHTOB.

1 Mobility

1l Business internet

|1 Business IP WAN

W Consumer intermnet

Consumer
W ety caty

2012

200
o005 2006

Tak e CHnbHO M3MEHSIETCA M BHYTPEHHMI cocTas Tpadwmka. Ecm oc-
HOBHbIM TpeHaom B 1993-95 m G ronocoeoit u FTP-tpadmk, 1o 8
1995-2000 rr. Hapsigy ¢ Temu xe ronocossiM 1 FTP, npeobnaaatoLuym
6bin yxe www-Tpadmk. B HactosiLee Bpems npakmiecky 6e3 ymeHb-
LUeHMs OBBEMOB TOSIOCOBOTO TPADMKA M MPM YBENMUYEHUM OBBEMOB
WWW, OCHOBHbIM Tpadmkom craHoswTcs Peer-fo-Peer.

CormnacHo NporHO3aM BEOyLUMX QHAUTMKOB B Grkaiuem Gymy-
LLieM BHOBb OXMACIETCS CMEHA IOMUHUpYioLLiero TpadwmKa. B nepwon ¢
2013 no 2020 rr. Ha nepsbi rnaH B 0bLLem obbeme NepesaBaemMoro B
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TKC tpadmka BIMaET, ckopee BCEro, BUAEO KaK B KAYECTBE YCITyT TPG-
[MUMOHHOTO TENEBUAEHMS, TAK M MHTEpaKTMBHBIX TB-cepaicos. [Tpu
5TOM OCHOBHOM BKIIG, ACICT MOBCEMECTHbIM MEPEXOL, HA TENEBUAEHME Bbi-
cokoit yeTkoctv (HD TV) 1, COOTBETCTBEHHO, KOHTEHT BLICOKOM YETKOCTM
(HD Video). Stomy 6yaet cnocoberBoBaTs NOsBREHME OFPOMHOTO KO-
4ECTBA YACTHBIX BUaeo ceparcos. Ho 1 Buneo Tpadumk, B ceoto ouepens,
HaunHas ¢ 2020 r, o4eBMIHO HAYHET CAABATL NO3MLMM B Yrogy MPUo-
KEHMSIM BUOEOKOMMYHUKALMM.

Video

Communication

Video
Content

2020+
2013-2020 ~ 4

<V

2000-2013

_— 1995-2000
1993-1995

BoaMoxHOCTM pocta TpadmKa M M3MEHEHWS €0 HAMOMHEHMS BO
MHOTOM OMPERENSIOTCA  YCTPOMCTBAMM, NOTPEBISIOLLMM STOT TPAPHK,
O MMEHHO KIIOCCOM OKOHEUHbIX MOSb3OBATENBCKMX YCTPOWCTB. PaHee anst
KOXKOOrO BMAQ TPAPHKA MCMONb30BAICS CBOM TMM ABOHEHTCKOTO YCT-
poiictea. TenedoHHbIM ANNAPAT — Af1s FONOCOBOrO CEPBMCA, KOMMbIO-
Tep — ans MHtepHer, Teneeunsop — Anst POCMOTPA MPOrPAMM, My3bi-
KQUbHbIM LIEHTP — 4151 MPOCITYLUMBAHMS AMCKoB M pagvo. Ho B nocnes-
Hee Bpemst KOHLIENLWS MOCTPOEHMS MOSb3OBATENBCKOTO TEPMUHANA BCE
Gonblue MPEAnonaraeT UCNOMb30BAHUE EIMHOTO YHUBEPCAHOTO Me-
[WQ LIEHTPA, MOAKIIOHEHHOTO K CETU. M Moka Torbko oTcyTCTBre HeobXxo-
[MMOTO MHTEPAKTMBHOTO KOHTEHTA OCTAHABMBAET POCT MOMYSSPHOCTU
MOAOBHLIX YCTPOWCTB M, KOK CIIEACTBME, POCT TPADUKA MOMIOKEHHH.

B cootsetcBUM € 0BBEMOM TPADHKA M HOBBIMM TUMICIMM MCTIONb3YE-
MbIX MPMIIOKEHHI [OMKHA MEHSITLCS W CETb ONEpaTopa CBSI3H.

BHauane craHoeneHus ycnym VHTEpHET s nepeaayn BCex TUrMoB
Tpadmka mcrnonbsosamcs cett SDH B pasnnuHbix koHburypamsix. 3o
BbINIO ECTECTBEHHO, T.K. AOMUHUPYIOLLWM TPAGHKOM TORAA etlie Bbin ro-
nocoeoi. OctansHbie TexHonomn — X.25, Frame Relay, IP v 7.4, Gbum
KK 6b1 BTOPUUHBIMM 1 MCIONb3OBAMCh 1St OPrAHM3ALIM TEX I MHBIX
yacTHbix cepemcos. [a u cam VHTepHET Toraa paccMaTprBancst MHOM-
M1 OMEPATOPAMM KOK BTOPHYHBIN.

B nepwon 6ypHoro passums MrepHer texHonorm Ha TKC Havuanm
BO3HMKATL Cepbe3Hble MameHeHus.. [TakeTHbIM Tpadmk HaYan CTAHOBMTL-
€51 NPeObOAIOLLMM W s €ro Nepenaymn TpeboBanock AOBABSTL B TPA-
pumonrsie TDM (SDH) cem pasnmunbie anemenrmsi "naketmaaiym”
(MapLupymaaTops). MoctosHHas HEOBXOmMMOCTS BbifeneHIs NoNock! B
knaccndeckx SDH-cetsix nop, "nakeTHbIA" TpadmK CTAHOBMNOCH He Bbl-
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TOOHOM, M TPeBOBANMCH APYTUE METOIbI NEPEAAUM, OPUEHTUPOBAHHbIE
CNeLMarnbHO Ha MAKETHYIO Mepeaady.

[Mpw nosieneHmm TexHonor ATM Bce apyHO 3aroBopuiv o ep-
HOW TEXHOMOMMM NEPENaYM AGHHBIX /15t BCeX BiaoB Tpaduka. OpHako B
TO BPEMS,, B CUITy POSMMYHBIX MPMUMH, STO He yaanock. CkasbiBanack
CNOKHOCTb COMOM TEXHOMOTMM, 1 IOPOTOBU3HA 3AMEHBI OBOPYHOBAHMS,
1 MHOTVE Jpyrve PaKTOpb, KOTopble He no3seonuim ATM npespamtbcs
B €IMHYIO YHUBEPCATbHYIO TEXHOMOTUIO MOCTPOEHMSI CHCTEM MEPEaUM.
Tem He MeHee, KOMIMHECTBO KPYMHBIX CETEH, MOCTPOEHHBIX MO TEXHOSO-
i ATM, Toraa B MUpe HACUMTLIBASIOCh AQUIEKO 30 COTHIO.

[Nosinexme TexHonomueckoro notexuyana IP, nossonsioLuero ocy-
LLECTBUTL C COPO3MEPHBIMM 3ATPATAMM MEPEXOL, BCEX TUMOB CEPBICOB
B 06nacTb IP-npunoxeHia ano onepaTtopy BO3MOKHOCTb OTKA3ATLCS OT
MCMOMb3OBAHMS MHOTVX YCTAPEBLUMX TEXHOSIOTUIA.

B Hactosiuee Bpemst xopolwo otpabotanHas TexHonorus [P/MPLS
MOXET PACCMATPMBATLCS KAK GA30BAS MPAKTMHECKH 15l BCEX MPUIIOXe-
HUiA, ncnonbayemsix Ha TKC.

Textonormst MPLS (MHOronpoTokosnsHas KOMMY ALt HO OCHOBE Me-
Tok) 3aHMMaeT BedyLee mecTo B ceroapsuHnx TKC kak HagexHoe cpeg-
creo g nepepaum IP-Tpadmka ¢ nopanepXKor POsMUHBIX KICGCCOB
yaryr.

B pamkax 3Toi TexHonomM norpaHiyHsie MapLupytaarope (Label
Edge Routers, LER) cHabxatoT nakeTsl cneLpansHoi MapkUpoBKoi (MeT-
KOM) 151 MEPEAYM MX K MECTY HABHOUEHMS! MO 30POHEE MPONOKEHHBIM
KoMMyTUpyembim MapLupytam (Label-Switched Path, LSP) ¢ saaaHHbim
knaccom yanyr. BaxkHo, uto texHonormst MPLS noseonsier cosnasars eup-
TyansHble yactHbie cet (VPN) Ha tpetsem (IP VPN) unmn stopom ypoe-
nsix mogen OS| (Virtual Private LAN Services, VPLS). Takve paclumperins,
kak 6bictpas nepemapiupymaaws MPLS (Fast ReRoute, FRR), obecne-
YMBAIOT BLICOKYIO FOTOBHOCTb M KOPOTKOE BPEMSi MEPEKITIONEHHs Mocre
otkasa. Ha nepexsioyeHme MapLUPYTOB, KOK M B Cly4de PAHEE LUIMPOKO
PACTPOCTPAHEHHOM Afist TOCTPOEHMS ceTei TexHonomn SDH, no-npes-
HeMy oTeopmTcs Bcero 50 me.

Pacrywiee pacnpoctpaHeHme MpUioXeHmi4 PEanbHOrO BPEMEHHM M,
B yactHocty, yenym Triple Play (nepenava aanHbIx, ronoca v Buaeo no
eaMHOMN MHPACTPYKType AOCTyNa) BbI3BANO NOBbILLEHWE TPEBOBAHHIA B
OTHOLLIEHWM CEPBMCA HE TONLKO B MAMMCTPAbHBIX CETSIX, HO 1 B CETSIX ar-
peraun 1 goctyna. C TEXHUYECKOM TOUKM 3PEHMs STO NOTPEBGOBAIIO Mit-
rPALMIO MEXaHM3MOB obecrievermst kauectea obcnyxusarms MPLS 13
SIPA HA YPOBEHb AOCTYNA. [10 CPABHEHMIO C KIIACCUHECKOM CETbIO AO-
cryna Ha 6aze Ethernet cets Ha 6aze TexHononm MPLS sensetcs, Gesyc-
JIOBHO, 60f1ee COBEPLLEHHOM, HO M, K COXAneHMto, oriee fOpPOTMM Ba-
PMOHTOM.

[o HenaBHEro BPeMeHHM TEXHOSOMM CETe OCTYNA BCErad 3ameT-
HO OTCTOBQUM OT MOTPEBHOCTE! NoTpebMTEneit. VIMeHHO 13-3a orpaHM-
YEHHBIX BOSMOXKHOCTEM CeTel [OCTYNA OMPEaensMCh CKOPOCTHbIE Xa-
POKTEPUCTUKA NEPEAABAEMOTO TPADHKA.

Cyuwectsytolupe yxe fonroe Bpems TexHosormn goctyria ADSL
DOCSIS v1 Ha pbiHke yenyr gns duanueckmx mu (B2C) He nossonsm
obecneumsats ckopocti 6onee 0,5-2 MéuT/c. Mpuuem ecnn 3t cko-
pocTeit Gosee MeHee XBATAUIO A1l OTHOCHTENEHO KOMGOPTHOTO THOBO-
O WWW-CEPdMHIa, TO 151 HOBBIX MHTEPAKTMBHBIX MPMIIOXEHHMH, NOSIBIIS-
IOLLXCA B MOCTIEAHEE BPEMS! , YK€ HE[IOCTATONHO.

Yro KacaeTcs 6ecnpoBOfHOrO AOCTYNA, TO 30ECh MMENUCh CBOM, He
MeHee CrIoXHble MPOGMEMbI.

B Pocauiickoint Pepeparym Wi-Fi kak TexHonomns aocryna B cermeH-
e B2C 10K 1 He BbILLIG 30 NPEeaesbl OPAHUYEHHOTO KOMMUYECTBA KBOP-
TUP 1 OPHCOB B OCHOBHOM M3-301 KECTKOTO PETYSIMPOBAHMS YOCTOTHOMO
pecypca co CTopoHbl rocyaapctea. Ho aaxe Te oneparopel, kotopbie
MOSTY 4TI HEOBXOIMMBIE YACTOTBI BO MHOMMX CIYHOsIX TAK M HE HAYQUTU
MOSHOLIEHHO OKA3bIBATb YCITYTH MO STOM TEXHOSOTMM.
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Ha poitike yenyr ans toprmmieckix muu, (B2B) Tak xe npumensiores
paznmuHsie TexHonorm goctyna — ADSL, PDH, BPON, a tak xe pagmo
poctyn. Mcrionbsyemble TEXHOMOMM MO3BOMSIOT JOCTHYL Bonee BbiCo-
KVX CpenHix ckopocTeit, Yem Ha peitke B2C. OpHako 1o obycnosneHo
BornbLLEN CTOMMOCTBIO OBOPYAOBAHMS! M, COOTBETCTBEHHO, MPEAOCTABIIS-
€MbIX YCITyT B LIENIOM.

B ntobom crtyuae MMEHHO TEXHOMOMMM JOCTYN SBMSUTMCL A0 HEAdB-
HEro BPeMeHH Tem "ByTbITOUHBIM FOPILILLIKOM', KOTOPOE OrPAHMYMBASTO
Tpebyemblit TPAdHK.

MarvcrpansHast ke coctasnsioLLOs ceTeit BCerna CTpOMNach C AUTb-
HM MPMLIENIOM M NO3BOMISUA, KK MPGBMIO, NPOMYCTUTL 63 KakuX-nbo
CIIOKHOCTEM BECh TPADHK, MOCTABIISIEMIA OPAHUYEHHOM MO BO3MOXHO-
cTm "nocneaHen muneit'”.

Ho tex+onomm goctyna, K cyacTsto, He cTosiT Ha Mecte. [osieneHie
B cermenTte B2C texronomit ADSL2, ADSL2+ y TpapmumoHHbIx onepa-
Topos (Hanpumep MITC) 1 DOCSIS v2 y kabenbHbix onepaTtopos
("AKALOO-Cronmua") ¢ BO3MOXHOCTIO MPEROCTABASTH KIMEHTY CKOPO-
cm o 20M6uT/ ¢ Banu peskui TONYOK PASBMTUIO MHTEPAKTUBHBIX CEp-
BMCOB.

Maccoeoe BHempeHMe LIMPOKOMONOCHBIX TEXHOMOMI AOCTyNa
DOCSIS v3 1 MetroEthernet Ha B2C peiHke, kak NOKa3bIBOET MPAKTUKA,
MO3BOMUT BOOBILLE OTKA3ATLCS OT CKOPOCTHBIX ONPAHMYEHMA Ha abo-
HEHTCKOM YPOBHE 11 NPEAOCTABSTH Af1si NPUIIOXEHMIA MMEHHO Ty MOMOCY,
KOTOpYIO HEOBXOMMO.

B cermetTe B2B ocHoBHOI TexHONOMMeEN JOCTYNA CEAYAC CTAHOBMT-
cst MetroEthernet. Hanpumep, & komnarmi "AKAIO Tenekom" yxe pas-
BEPHYTA CETb OCTYNA, MO3BOMSIOLLOS MPEAOCTOBSSTb YCITYT CO CKOPO-
ctmn g0 1T6MT/ ¢, 4TO B 3HAUMTENBHOM CTENEHW NEPEKPHLIBAET BCe CyLue-
CTBYIOLLME NOTPEBHOCTM.

Kak 6b110 YKA3GHO BbiLLIE OCHOBHbIM AJ15t BCEX KPYMHbIX ONEPATOPOB
CBSI3M CTAHOBMTCS TPADMK, OMPEOEnsiemblid YCTyramm, npefocTasnsie-
Mble PM3UHECKMM SIULIOM, B TOM YMCTE, TPODMK NEPENaUM TENEBU3MOH-
HOTO KOHTEHTA.

3a nocsiedHme Napy NeT NPOUCXOEMT NIBUHOOBPA3HOE yBeNMYeH e
TAKOTO TPAGMKA MUHUMYM B 1B Pa3a exeropHo. W s1o npu cyluectsy-
IOLLX CErOAHs! OTPAHMUEHMSIX B CKOPOCTM A1t KIMEHTOB 30 CHET MPOAC-
KM PA3HBIX MO CKOPOCTU YTy

CormnacHo  MCCIENOBOHMSIM, MPOBEAEHHBIM B TPYNME  KOMMAHMIA
"AKAIO", ecnut orpaHuueHmtsi o ckopocT ByayT CHsiTbl, G OHW B G-
XawLLee Bpemst ByfyT CHsITbI, TO CKOPOCTHbIE MOTPEBHOCTU YCPENHEHHO-
ro aboHEHTa, NPK KOTOPbIX OH ByAEeT KOMBOPTHO MCTIOMBL3OBATL BCE BO3-
MOXHble THrbl ceparcos, ByayT He merbiue 15-30 M6ut/c, a npuycro-
Bim ucronbaosakms HD TV u sce SOM6uT/c.

Bce 310 BbI3bIBAET HEOOXOMMMOCTL YCKOPEHHOM MOLEPHM3ALIMM,
KOK CeTel JOCTyNa, TOK M MOMMCTParnbHLIX ceTeidt. Beap ecnmn HepasHo
elue xsatano cosokynHown ckopoc 10-30 61t/ Ha coeppHerme ¢
BBILLIECTOSLLMMM VIHTEPHET NPOBAMAEPAMM M MMPAMM, TO CEMYAC, Ha-
npumep, B "AKAO Tenekom" cyMMapHOs eMKOCTb CoeiMHeHMiA Gonee
100 I6ur/c cumtaetcs easa nm poctarodHor. CamoycnokoeHie oTHo-
CHTESILHO MPOMYCKHOM CIOCOBHOCTU MAMMCTPAUILHOTO YHACTKA CETH CTa-
HOBMTCS! OMACHbIM. Ecrivt He MpeanpuHMMaTs yke ceropiHs HUKAKMX Mep,
TO B CKOPOM By/iyLLIEM MATUCTPQITBHASI COCTABMISIOLLICS CETH MOXET CTATb
HOBbIM "BYTbUTOUHBIM FOPILILLIKOM'".

Hns pelueHst BHOBb BOSHMKLLETO AEPULMATA MPOMYCKHOM Crocob-
HOCTM €CTb HECKOSTLKO BOPMAHTOB PELLISHMS.

OnH1M 13 CaMbIX MPOCTBIX TEXHONOMYECKHM, HO, HOBEPHOE, M CC-
MbIM JOPOMMM ByaeT BOPMAHT MPOCTOrO SKCTEHCHMBHOTO YBESMUEHMs
MPOIYCKHOM CMOCOBHOCTU HA BCEX YPOBHSIX: B CETU AOCTYIA, B Arpera-
LM M B MOMMCTPQIIBHOM YaCTH.

Hpyrim, 6onee PALMOHbHBIM BAPHUAHTOM NPEANONArETC QHO-
U3 U PerynmpoBaHme Tpaduka NOTPeBSIEMOro Mk reHepHPYEMOoro
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kverToMm. [NostyueHHble npu aHanmse Tpadmka MHTepHeT AaHHbIE NoKa-
3bIBAIOT, 4TO B HacTosLLee Bpems okono 80% scero obbema aaert Peer-
to-Peer-cepaucsl. [oropuTs o Peer-fo-Peer kak o nonHocTsio "nuparckom”
TPAdHKe TAK XE HEMb3sI, TK. YK MHOTME KOHTEHT-NPOBAMAEPbI MCMOSb-
3ytot Peer-fo-Peer-cetm kak criocob pacnpoctpaHeHyst neranbHoM npo-
Aykupmn. B Toxxe Bpems Tonbko 15% knmertos notpebnsior 85% Bcero
TPAbHKA. DTO O3HAYAET, YTO B Cy4aE AEPMLMTA NONOCHI MPOMYCKAHMS
HO MOMUCTPABHOM YPOBHE cylecTBytolyi Peer-fo-Peer-padmk 15%
K/MEHTOB HE MO3BOMSET KOMBOPTHO MOMbIOBATLCH MHTEPOKTMBHBIMM
cepBucammM ocTanbHbIM 85%. MMpruem criemyeT OTMETUTL, YTO TK. B OC-
HOBHOM MPMMEHSIIOTCS TAPMHBIE MNAHbI, HAMPYIOLMECS HA MCTIOMb3Y-
€MOJ1 MOFIOCE, TO W MVICTAT BCE KIMEHTbI MPMMEPHO OIMHAKOBO, YTO SIBHO
HECTPaBENMEO.

Ceituac y>xe MMEeeTCst OCTATOMHOE KOMMYECTBO CMELMAUTM3MPOBOH-
Horo obopyAoBAHHMS, KoTopoe nossonseT aenats online-aHanms Tpadu-
KO M MPOM3BOIMTL HEODXOIMMBIE MAHMIYNSILMM C KOHKPETHBIM BIIOM
TPADUKA BIIOTb A0 YHETA TUTOB MPMIIOXKEHMA.

CrenyeT 30MeTHTb, 4TO MEpbI MO YMEHbLLIEHMIO Harpy3ku oT Peer-fo-
Peer MoryT BbiTb KK 3QMPETUTENBHBIMM, TOK 1 TAPUPHBIMM.

3anpeLLaTh MOXHO KK TUMbl TPADHKA, TOK 1 BEOAMTL OTPAHMHEHMS
Ha obbem Tpadmka. Hanpumep, MOoXHO KK KPQMHIOK Mepy BBECTH Or-
paHuyeHre anst Beero Peer-to-Peer Tpadmka. MNpaeaa, B sTom cyuae
BO3MOEH OTTOK KIIMEHTOB K pYrOMy OMepaTopy, Y KOTOPOro HeT 3a-
MPETOB HA MOJOBHbIA CEPBMC.

Boree BbirogHbIM 151 OriepaTOpa BAPMAHTOM SIBAISIETCS paspaboTka
HOBOPA TAPMHBIX MIHOB, MPEAMONANCIOLLMX PA3MMYHBIE BOPMAHTHI
HabopoB TMNoB Tpadmka. Hanpumep, anst oaHoro kmeHta Hanbonee
nopxopsLLym Hynet www-tpaduk 1 nHoraa VolP, anst spyroro Heobxo-
Anm B Gonblueit crenenn VolP, petbemy Tpebyetcs Tor cambiit Peer-to-
Peer. CopemeHHbiit kiiace ycTpoiicTe Tvna online-aHanMsaTopos Tpa-
buka B cesiKe ¢ ApyriMM 0BOPYAOBAHMEM NO3BOSISIET YCTAHABSIMBATH CO-
OTBETCTBYIOLLYIO MOMUTMKY BIIOTb A0 KAXKAOTO KieHTa. Hannume y one-
paropa pasentoit OSS/BSS crcTembl NO3BONUT NPesoCTaBMTS KIMEHTY
BO3MOHOCTb COMOCTOSITENBHO BLIGMPATL B TOT MW MHOM MOMEHT HEOb-
XOIMMbIE MPHUOPHTETHBIE MPUIIOKEHMS.

O1penbHO CTOUT BbIBENMTL TEHIEHLMM PASBMTUS TB BELLIHMS 1 MHTEp-
QKTMBHOTO TENEBUEHMS KOK OCHOBHOTO TPEHAC HA BIIKAMLLIME rOfb!.

[ns onepatopos cesian, umetoLyix TKC ¢ yuactkom goctyna, 6a3u-
PYIOLLMMES Ha TexHonommsix, oTnurbix of DOCSIS, epHcteerHbIM crio-
cobOM [OCTABKM KimeHTy TB-curHana 1 BHedpeHie uHTepakmveHoro 1B
6ynet nepenaqa scero Tpadmka vepes IP/MPLS undpactpykrypy. Mpw
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STOM CrieflyeT MMETb B BIMY, HTO Y TOGMLIOHHBIX OMEPATOPOB C TEXHO-
norviert ADSL/ADSL2+ mmeetca duanueckoe orpaHuyeHe npomyck-
How criocobHocTv nopsiaka 24M6ut/c, a Ha peanbHo MeaHoOM nape 1
BOBCE MAKCMMQMbHOE 3HOueHWe peako pocturaet 15M6ut/c. Stoi
cKopocTH ke He fioctarouHo s nepeaadn HD TV-tpadmka.

[ panbHeMLLEero HOPALLMBAHMS CKOPOCTU HA MEAHOM MApe Heob-
XO[MMO OPrOHMU3ALMS MPOMEXKYTOUHBIX OKTMBHBIX Y3/10B 1 MEPEXOf, H
TexHonorvo VDSL2.

[ns onepatopos, UMEIOLLX PA3BEPHYTYIO BOSIOKOHHO-KOOKCHAUTL-
Hyto cets (HFC — hybrid fiber coax) apuarros passmmis moxer Bbitb
Heckonbko. OpuH 13 nytert — mogepHmsauys DOCSIS.

[MOBHbIM OTIMUMEM CETU AOCTYNA, B KOTOPOH Hcnonbayetcs DOCSIS
V2 ,SIBIISIETCS! OTCYTCTBME HEOBXOMMMOCTU MEPENEsoK M MOAEPHA3ALMM
kabenbHoM nHppacTpykTyps! npu nepexope Ha DOCSIS v3, nossonsio-
LLe¥ NPEfoCTaBMTL HEOOXOMMMBIE B ByayLLem CKOPOCTU.

B mvnoeom cyuae, opranmsaus TB-sewwarms 8 HFC cetn He npeg-
MOSIANAET HA MEPBOM STAMNE NEPeaaqy TENEBM3MOHHOTO CHrHAMA B Gop-
Mare P 1 ganbHeHLLEro ero BOCCTAHOBMEHMS, T.K. PACTPOCTPAHEHME Lk
bPOBOro KOHTEHTA MPOUCXOMT HEMOCPEACTBEHHO B YOCTOTHOM CMEKT-
pe. Mrrepakmvetbie TB-cepemcst ans HFC cen B cropoHy knmeHTckoro
YCTPOMCTBA TOK ke NepeAatoTcsi 6e3 MCONb3OBAHMS MPeobpPa3oBaHHMs
B IP 1 Tonbko 3ampocskl Ha noakioueHHe (nepekstioueHme) cepsucos or
YCTPOMCTBA MpOXosT no eHeluHei |P-uHdpactpykrype.

B 6ynywem DOCSIS v3 nossonmr Tak xe nepeiti Ha IP-seLuatie, no-
CKOTIbKY NepeBop, kaHaros 13 yactotHoro riada HFC-cem s IP TV nosso-
JIUT OCBOBOITH HOCTOTHbIE KOHOTbI, KOTOPbIE MOTYT NEPEACBATLCS st 60-
flee PALMOHAITLHOTO MCronb3oBaHus no npotokoty DOCSIS v3.

B Hacrosiwee Bpemst B komnatmm AKALO-Cronmua noctpoeHa ceTb
HFC ¢ mcnonbaosatmem DOCSIS v2, kotopas nonHocTsio rotoea Astst
eHeppeHus DOCSIS v3.

Takim OBPA3OM, TENEKOMMYHMKALMOHHOMY OrMEpPaTopY, €C/iM OH
HE XOUET OCTATHCS 30 HOPTOM TENEKOMMYHMKALIMOHHOTO PbIHKA, MPe:-
CTOSIT cepbesHble "Tenoapixerms” no mofiepHUsaLmm ero cetu. Bonpoc
LU B TOM, YTOBbI 5T0 MOAEPHM3ALYS, HE HAHOCKIA BOMLLIOTO SKOHO-
Mudeckoro yLuepba Ha sTarne npeobpasoearmit. M Byayiuee 3neck, Ge-
3yCSIOBHO, 301 MEPCrIeKTMBHOM TexHonorvei Byayiero — IP Ha Bcex
YPOBHSIX.

Jlureparypa

1. Marepuans! kordepeHum "Broadband Conference 2009", 03.12.09,
Mocksa.
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CokpalueHue notepb coobLueHui
B TPAHCMOPTHO-PACNPEAENHUTESNbHBIX CUCTEMAX

nOHy"leHbl GHQIUTUHECKME BbIDAXKEHMS, XAPAKTEPH3YIOLLME 3ABMCMMOCTU BEPOSTHOCTM OTKA30B U

MPOIYCKHOM CMOCOBHOCTU TPAHCMIOPTHO-PACTIPEAENMTENbHBIX CUCTEM KOK OT CTRYKTYPbI, Y/CIA Y3108,

TOK M OT BMECTUMOCTH By epHbIX HOKOMMTENEN HA BXOZAX.

Mrmupn [LA.,
MTYCH

Mpeanocsinku. MNosbierme nponyckHoi cnocobHoct (Me) Tparc-
noptHo-pacnpeaenmrensHbix cuctem (TPC) pocturaetcs nocpeacteom
YepenoBaHMs Bxoaos W Bbixonos [ 1]. Ecnn notok no pyre pasen W/T,
rae W — emectMocTs, T— neprop iBMKEHMs IPY30HOCHTENEH, TO Npo-
MyCKHOSH CMIOCOBHOCTb C YBENMYEHWEM YMCIIA MOP BXO[OB M BbIXOLOB
BO3PACTOET B Mpefiene B 2 pasa.

MpoLienypa oLieHKM NPOryCKHO#M CNOCOBHOCTM OCHOBAHA HA Onpe-
AeneHmm OBLIETO YMCTIal CO-efMHEHMIA Y, Harpysku ayr — 3, Beibopa s
wnx B OtHowerne Y/ v xapaktepusyert 3Haue-HMe MpomyckHOM
criocobHoc. Mockoneky Y > B, Tou 1<Tc < 2. MNe sensiercs dyHk-
LMelt OIHOM NepemeHHON — pasmepa ceT n. Takoe AoMyCTMMO, ecru
BMECTUMOCTb BypepHbIX HAKOMMTENEN, HEOBXOAMMBIX 15 PASMELLIEHHS!
ouepenen rpy3os Ha exogax TPC, cipemmTes k Geckoreuroct. [Mpaktit-
4ECKM M TEXHUUECKM STO PEQTU30BATL HEBO3MOXHO. OrpaHiieHie BMe-
CTMMOCTH BydpepHbIX HOKO-MUTENEN HEM3BEXHO MPUBOIMT K OTKA3AM M,
COOTBETCTBEHHO, K CHWKEHMIO MPOMyckHOM criocobHo-c TPC, Ho Ha-
CKOJIbKO — HEW3BECTHO.

BeposiTHoCTb BO3HMKHOBEHMS OTKA30B B y3ne 2 X 1 npu orpaHiue-
H1M BMECTUMOCTH BypepHbIX HOKOMMTENEH 0 3Ha4eHus E xapakrepy-
ayetcs Bbipaxenmem [1]:

P, =PP,/(1+p " +p>+p>+..4p"), 20e p=PP,/((1-P,X1-P,))

OnHAKO TAKOWM MOAXOL, HE YUMTLIBAET TOTO, YTO OTKA3b! MPHUBOIST K
CHWKEHMIO PEQBHOTO MC-XOMSILLErO MOTOKA M, COOTBETCTBEHHO, K
YMEHBLLEHMIO TPAH3MTHOTO MoToKa B y3ne. CymMa NoTokoB B y3ne cta-
HOBMTCS MEHbLLIE M3HAYQUTLHOM, MOLICET BEPOSTHOCTb OTKA30B, MOBbILLA-
€TCsl MPONYCKHAs! CNOCOBHOCTb  TPAHCMOPTHO-PACTPEAETUTENBHOM
CHCTEMbI.

300040 30KIIOHAETCA B YCTAHOBEHMM AHAMATUYECKMX 30BUCHMOC-
Tell BEPOSITHOCTM OTKA30B M MPOIyCKHOM CrIOCOBHOCTH HE TOSbKO OT
n — paamepa (wmcna yanos) TPC, Ho u ot E — emectumoctnt GydepHbix
HOKOMMTENEMN HO BXOAOX.

Orpatmuetms u porywienmst. [purimaen, 4o ysnsi TPC sinsiotes
obmeHHbiMM, TPC KonbLEBAS,, Oy OFHOHAMPOBMEHHbIE, MEXY3IIOBbIE
MOTOKM OfMHAKOBbI MO MHTEHCMBHOCTH. Y3/lbl CETU MOSIHOAOCTYMHBI KAK
MO MCXOMALLIMM, TAK M MO BXOZSILLMM NOTOKAM. B 0aHOHAMPABREHHOM Kosb-
Lie pasMepom N yanos obmeHa obiuee Ynao coemHeHnin Y = nin —1),
HarpysKka ayr no 4ncny coepuHermi 3 =n(n—1)/2, orciona Me=2W,/T
HE3QBMCMMO OT N — wmcna yanos obmera. Ecrm mpunsme W=1, T=1,
70 [Ne = 2. Orciona uexopsimi notok s lobom yane P, =2/n cknasi-
BOeTcs M3 (n-1) MEXy3noBbIX COCTABNSIOLYAX. TPAH3UTHBIM NOTOK B JHO-
GOM y3re paBeH:

B, =B~ (n=1)=(n-1)n-2)/2.

[Mpennonoxmm BHa4ane, 4To BMECTMMOCTb BydepHbIX HaKOMMTENEH
paBHa Hysio, pasmep TPC n = 3, BEPOSTHOCTU UCXOMLLETO M TPAH3MT-
HOTO MOTOKOB B Y3rie B CyMMe cocTaBnsiioT emuhmuy (P, +Pr=1).
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MepexoaHbiit pexum. BepositTHocTs oTkasos B nioGom ysne
P_=P Pr.Tockonky n=3, 10 P,_= 2,/3 u conepxu ase cocrasrsiio-
uwe. Ecm Homep yana 1, 1o uexopsume coctasnsiouyte Py, 1 Py 5. Bys-
ne 1 3aKaHYMBAETCA OBCTYXMBAHME COCTABNSIOWMX P, 1 Py ;. ToaHau-
TOM mpoxomut omHa coctasmsiolas Py, = 1/3. B Takom cyuae
P_1=2/9.Buenomno TPCXP_=2/3. Takim obpasom, nportyckHas cro-
cobrocts TPC Ha 1-om Take coctamiser Mc=2 - XP_ = 1,33 rp/Takr.
PearbHbiit MoxopsLLmiA NoToK ¢ yueTom orkasos P, =2/3-P_=4/9=0,44.
BepositHocTs oaHoM coctaensioLLeit P,.’. =2/9=0,22.

Ha sropom Takte P, =2/3=0,67, BepOATHOCTL TPQH3WTHOTO MOTO-

ka (opHoM cocTaenstoLLEN) paBHa P£= 2/9 =0,22. BeposTHocTs oTka-

12
30 BYyane Ha 2-0M TaKTe Pm:g*ngzo.l 5; P"”:EZO"M .
IMponyckHas criocobHocts TPC Ha 2-omTakTe [7¢ = 12 =1,56.
2
2 4
BeposmHocTs Mexopsilwero rotoka Ha 2-omTakte Py, 2 = 3777 =0.52,
BepositHocTs opHol coctaensiowei p — P, = 7 =026
v 27
2.7 .
Ha tpemsemtakre £, =5 %55 =0.17 . Cymma BepostHocTei or-

ka3os no ecem Tpem yanam XP_ = 3P_ = 0,52. MponyckHas cnocob-
HOCTb HO TPETLEM TAKTE [7c = 2 — —— = 1, 48 Ip / TaKT.
81

Ha yeteeprom takte PM = 2/3, BEpOSTHOCTL PeanbHOro McxoasLLe-

ronotoka P

ucpd =

Z-—=0,49 . BeposiTHOCTb TPAH3UTHOTO NoTOKA

wep 4
2 40 120
=*p,, 5 =0.17; »'P,, =23 =04 -

MponyckHas cnocobrocts TPC Ha 4-omTakte 7.5 120 _ | 5.
243

Wamenerne notokoe B TPC 3a 6 TakTos nepexopHoro nepvona
npencraerneHo 8 tTabnmue 1.

BepostTHOCT MCXOLSILLETO NOTOKA NOCTOSHHA 1 HE 3QBUCHT HUY OT HO-
Mepa yana, Hu oT Homepa TakTa: P, _=2/3.

BeposttHocTs TpaHauTHOrO MoToka B yane (opHoM coctasnsioLuen)
Pr=(P,.— P_)/2. Beposit-Hocts oTka3a GepeTcst 13 npefbityLLero TokTa.

MponyckHas criocobHocts TPC T = 2 -2 P =2-3P .

Kak cnegyer 113 Tabr.1 BeposSTHOCTL OTKA3OB C YBENAHEHMEM YMTIA
TOKTOB CTpemmutcss K 1/6, CyMMa BEpPOSTHOCTEM OTKA30B —
k1/2,Mc® 1,5 p/7axkT.

YeraHoBmBLLMAC pexxvm. BeposiTHocTb TpaHauTHo# coctasnsioLLe
W, CNEfOBATENBHO, TPAH3UTHOTO MOTOKA B Y3fie BbICTPO CTABMIM3UPYET-
C5i M OMHAKOBA MPH MEPEXOE OT MOMEHTA BpemeHH fk momeHTy (t+T):
=P+,

Ycro CoCTABNSIOLLMX MCXOMSILLETO MOTOKA B OHOM M3 Y3/IOB Ais
TPC ¢ n'yanamu obmena B, = n— 1. Yucrio coctasnsiiowwmx TpaH3mTHO-
O MOTOKQ B OfIHOM M3 N y3nios obmeHa B,=(n— 1)(n - 2)/2.

BeposiHocTs opHoi cocTansitoLLen ¢ yueTom otkasos npu £=0:

(onHoi cocraensiowen) P, =P, /2= T 0.25 . BepostHocTb oT-

Ka308 Ha 4-oM TakTe P

om4

P =(P.-P) (n-)=(2-P,)/ (n-1)
n

BepositHocTb otkazo B opHom 13 n yanos TPC:

Pom = PM(‘ (P

uc

-Pom)(n-z)/ZZ(E_P(W)(}’Z'Z)/I’Z
n
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TEXHONOIMU MHOOPMALIMOHHOTO OBLLIECTBA

Tabnmua 1
JMHaMMKa NOTOKOB NEpexXomHOro Neproaa

N Pac Py Por Picp YPu [lc
1 0.67 0.33 0.22 0.44 0.67 1.33
2 0.67 0.22 0.15 0.52 0.44 1.56
3 0.67 0.26 0.17 0.49 0.52 1.48
4 0.67 0.25 0.17 0.5 0.49 1.51
5 0.67 0.25 0.17 0.5 0.5 1.5
6 0.67 0.25 0.17 0.5 0.5 1.5

Pewwenue storo ypasHenws st E= O npusopytes K uay:

Pom= n-2 ;zPomznPum
n(n-1)

—P_ 1 >1, uro nenonycmmo n apyroit P_, = 0,087 . lNostomy sepost-
HoCTb OTka13a B opHom M3 yanoe P =0,087. BeposHocts otkasos 8 TPC

(n=3):
P, =3P, =0,268; IIc=1,732.

_n-2

n-1

MponyckHas criocobHocts TPC pasmepom n yanoe obmeHa npu

o Ecnn emectumocts BydepHoro HakonmTens ysenmumnts E> 2, 1o ans
BMeCTMMOCTU BydepHbix HakonuTeneit E =0 pasa:

HOXxOXaeHust P HyxHO pewwmTb ypasHerue B ctenienu (E = 1). Bmecre c
n-2 n
HC=2-ZPGM=2- =

TEM ANs NOny4eHns P or MOXHO MPUMEHUTL YNPOLLIEHHOE SMNUPUHECKOe

n-1 n-2 n-2
Bbipakerue P, =—————  torpa 3P, =—————
P n(n-D(E +1) A (-I(E+1)

Aenve ans lNe ¢ yuetom P no obemm popmynam cocrasnsiet meHee op-

n-1
. Pacxox-

N MOXET MPMHMMATb LIENIOUMCIIEHHBIE 3HA4EHMS! OT 2 1 Gonee, Mpw
s710M [c ymenbluaetesi ot 2 1o 1, cyMMa BEPOSITHOCTEN OTKO30B BO BCEX
yanax sospacraet ot O go 1.

[ns ysenmuens [N Heobxommo pasmelLieHite BydepHbIX HaKOMM-
Tenei emectmoctsio Gonbie O. Pacemotpum TPC npnn=3, E=1.

BeposHocTs otkasa B opHom ua yanos p - A7 Ll

HOTO MPOLIEHTA.

Ogtako cramicka ummTawpm pabotsl TPC nokassiaet Gonee
3HQUMMbIE pacxoxaeHusi, ocoberto mpu  E = 1. Hanpumep, ecm
n=3,E=1,10% Prv =027, Y P7" =0.384, npnu3tom A=0,114,
Mc=1,616(ctar).Ecmn=4, E=1,70 Y P =034, Y P =0.48,
npustom A =0,14, Mec= 1,519 (crar).

2

LepT (PP

rae P, =2/3. Peanshbiit mcxopsupit notok Py =2/3 - P_ BeposHocTs

P, exniouaer 8 cebs P M comepXut opHy cocTaensiowyto

P,=P.=(P, = P_)/2. Mocne nonctaHosku srauernit P, u P, nonyuaem:
_ 2(9P02m -12P +4)
" 98-3P,,)

[Mpeobpa30oBaHKE STOrO BLIPAXEHMS AAET KBOLPATHOE YPOBHEHME
45P - 9Q6P_ + 8 =0, peleH1em KOTOPOro SBNISIOTCS ABA KOPHS: OfMH

OpHoHanpaeneHHoe KOMbLO C YepefoBOHWEM BXOHOB M
BBIXOAOB MMeeT [c, 30BUCSLLYIO OT M — YMCIA NAP BXOR-BIXOL, M HO-
pactaet ot eJJ{iHT_l 1{m=1) HO BBYX U m —> o . B takom TPC

m

mm
y=m’, B= — ¥ lIc = e BepositHocTb opHo# coctasnsitoLLei
11 2
Be3 yueta noTeps Ha OTKA3bl P, = ——= .
Yy m(m+l)

BepOﬂTHOCTb MCXOOSLLEro MOTOKA HA OAHOM M3  CTAHLMM

— * —_— - -
Po=F*m= . Ho peanbHbii uexopsiuin notok Gyaet meHblue

m+1
Tabnmua 2
IuHamunka nponyckHoi cnocobroctn TPC
E
0 1 2 3 4 5 6 7 8 9 10
m
s I m E 125 1.266 | 1.277 1.28 @ 1.295 133 E
1.08 1.19 122 1.25 1.265 | 1.274 1.29 1.293 | 1.294 1.3
s |y | 125 | 133 [ 137 | 14 | 142 | 143 | 144 | 1485 | 145 | 145
1.15 1.29 1.34 1.376 1.39 1.416 1.42 1.43 1.44 1.45
e | 1 | 13 [ 1e [145 [ 1e8 [ 15 | 151 [ 152 | 153 | 54 | Lse
12 1.36 1.43 1.46 1.48 1.5 151 1.52 1.53 1.53
s | 1 | 133|144 |15 [ 153 | 155 [ 157 | 158 | 159 | 16 | L6
1.24 1.4 1.47 1.513 1.53 1.55 1.57 1.58 1.59 1.6
6 | 136 ﬂ 1.53 1.57 1.595 ]_61 1.625 | 1.635 1.64 1.65
1.28 1.45 1:51 1.55 1.58 l. 1.615 1.63 1.636 | 1.642
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A —4— pacueTHbIE 3HAYCHUS
L1 g
Ao - ®- CTATUCTUYECKHUE 3HAY CHUS
l . T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
30BHMCHMOCTH MPOMYCKHBIX CMOCOBHOCTH OT BMECTUMOCTH By hepHbIx HaKOMMTENEM
2 ~ -
Ha senuanty P, nostomy Puc, =~ Pu, . Beposmocts P c yuetom CpaBHeHMe PACYETHBIX M CTATUCTYECKMX 3HAYEHMI MPOMYCKHOM
2
—-P o =7 -
noteps Ha P: p _Pes_ ] 1™ TpGHSUTHBI MOTOK HOl CTOHLAM cnocobroctn TPC (m=2 + 6) ¢ yepenosaHrem nap BXOJIOB U BLIXOfIOB
" m m m(m+1) mm-1) g MPU M3MEHEHUM BMeCTUMOCTH BydepHbix HakormTeneit ot O go 10 aa-
Bx0aa (Mo YMany coCTaBnSIoLLX) =M= PO o vapric. 1.
m-1
STHOCTL TOOH3WTHOTO NOTOKA P, = P8, =—— . BeposmHocTs
TPQH3UTHOTO MOTOKA C yueTom noTepbp,  —p, D _( 2 p (=D
o2 ml "2 BuiBogp!

IMpw BMecTMocT BydepHbix HakonuTenewn paeHoi Hymo (E = 0) sepo-

SITHOCTb OTKOI30B HOl CTAHLM BXOAA PABHA:
2 m-1

P =P %P =(——_P )——

om mp p uc m+ 1 om m +1

MonydeHo ypasHeHue c opHoi HemssectHoit — P_. Pewerme ero
FQET BEPOSTHOCTb OTKA30B HA BCEX M CTAHLMSIX BXOAA Y P, = mel
Orciona [N opHOHANPABNEHHOTO KOMbLA € YEPEAOBAHMEM onrﬁgsl "
Bbixogos npu E =0 e saBrcut ot m 1 pasHa egprmue. [Mpn E> O Bepo-
SITHOCTb OTKA30B ByEeM CYMTATB MO YNPOLUEHHOMY SMIMPHUYECKOMY Bbi-

PAXeHUIO:

_ml
(m+1)(E+1)

__m-l .
m(m+1)(E+1)’

om

2P

OTCIO,EI,C] Mc OAHOHAMNPABIEHHOrO KOJbLIA:

2m m-1

Illc= -
m+1 (m+1YE+1)

Ycrioeble sHadenus MNe ans m=2 + 6, E=0 + 10 npueeneHsbl B
Tabnmue 2. B sHameHaTene npueedeHbl CTTUCTMYECKMe 3HA4EHMs [c
OLHOHAMPABIIEHHOTO KOMbLIA € YEPEAOBAHMEM BXOFOB 1 BbIXORoB. Hau-
Gonblume pacxoxaenus Habmopaiot npu m=3; 4, E= 1. C ysenuueHu-
emM M E pacxoxaenmsi yMEHbLLAKOTCS.

T-Comm, #7-2010

1. MporyckHast CnocoBbHOCTL ORHOHAMPABIIEHHOTO KOMbLA C Y37a-
My OBMEHA PaBHA
Me=2-Yp, =2.— "2

(n-1)(E+1)

rie n — 4Mario ysnos obmena, E — BMecTMocTb BydepHoro Hakomm-
Tens.

2. MponyckHasi cocobHOCTb OAHOHAMPABAEHHOTO KOSbLA C Yepe-
JOBAHMEM BXOAOB M BbIXOLOB POBHA

_ 2m m-1
Tl miE+D

FAe M — YMCTIO NAp BXOMOB M BbIXoAoB. Bropoe craraemoe 8 obowmx cy-
4OsIX XAPAKTEPU3YET NoTepM (OTKA3bI) MPK OrPaHIMYEHUM O4Yepencit.

Jlureparypa

1. Mvuein A, Turos E.B. lNosbiluerie nporssoTensHocT cuctem copv-
poexy nocsinok // Mourosas cessb. TexHuka u Textonomy, 2003. — N28. —

C.79.
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Mogenb ¢byHKUMOHMPOBAHMS cepBepd NPUCYTCTBUS

B cetu NGN

Mpenocrasnenue ycnyrn koHtpons npucytctaus B cetix NGN 1 B yactHocTH, cooblueHus yBeaomneHms

NOTIFY, cunbHo yBennumBatoT obbem CUrHANLHOTO TPAPHKA M CO3AAIOT BOMbLLIYIO HArPY3Ky Ha ceTb. B go-

Knage aHanM3npyerca Mmoaenb ¢yHKuMOHMpOBdHMﬂ cepsepa npUCyTCTBus B BMAE CUCTEMbl MACCOBOro 06-

CIY>XMBAHMS TMNA M[X][G[ 1 ¢ nporynkamu npnbopa Ha Nepuoaax NPocTos, a TAKXe ee YacTHOro Cryyast

cuctemsl MXI| M| 1, uceneayiores napamertpsl nponssoautensHocT mogenm.

Mywunu H.M.,
acnupaHT kagenpsl cuctem Tenekommyrmkapi PYH,
nsangoumouchili@yandex.ru

Camyitnos K.E.,
3aBegytowmit kageapoi cuctem TenekommyHmkaumid PYH,
ksam@sci.pfu.edu.ru

Conun 2.C,,

maructp 2-ro ropa obyqenus kagpenpbi
cuctem TenekommyHmkaumid PYJH,
sopin-eduard@yandex.ru

Beenenune

OnHOM M3 KIIOYEBBIX YCITYT CETU CBSI3M CNEAYIOLEro NoKo-
JIEHUA CYMTAETCA yCnyra KOHTPONA NPUCYTCTBUA, KOTOPAA NO3-
BOJISIET MOJIb3OBATENIO NOMTYHYATh MHPOPMALMIO O JOCTYMHOCTH
APYrMX MOJb30OBATENEN, UX FTOTOBHOCTM K MHPOPMALMOHHOMY
06MeHY, HAOCTPOEHMM, 3AHSTOCTH U T.4. BHeppeHue s1oit yeny-
M YBENMYMBAET AOCTYMHOCTb MOMb3OBATENEN, UX KOMMYHMKA-
LMOHHYIO OKTUBHOCTb, O 3HQYMT, M [LOXOAbI ONEPATOPA CBSI3M.

Mccnepoaus yHKLMOHUPOBAHMSA CEPBEPA MPUCYTCTBMS
IMS [2,3] nokaseisaioT, 4To HAMBONbLYIO AOMIO HATPY3KM HQ

HEro CO3AaIOT NPoLEeaypbl OnoBeLueHus HabnopaTtenei ob us-
MEHEHMM CTATYyCa NPUCYTCTBUS HaBMoaaembix abOHeHToB, a
nmenHo coobuwenns NOTIFY. Bcnepcteue aToro ocHoBHOE BHU-
MQHWE NPU MOCTPOEHMM MATEMATUYECKOM MOAENH yAensercs
obcnyxusanmio nmeHHo coobennin NOTIFY.

MpuHUMN NpefocTaBReHUs YCyrM KOHTPONS MPUCYTCTBMS
npocr [1]: arent Habnogaemoro nonb3osatens MHGOpMUpyeT
cepBep NMPUCYTCTBMA O KAXAOM M3MEHEHWW CBOETO CTATYCA C
nomoubto coobuenns PUBLISH. Cepeep npucytcreus obpa-
6aTbIBAET MHPOPMALMIO 1 ONOBELLAET 06 STOM BCEX NOMb30BA-
TeneM, MOANMCAHHBIX HA HAGMIOAEHWE CTATYCa NPUCYTCTBUS
paHHoro nonb3osatens, coobwennsmn NOTIFY. Ha puc. 1
NPEeACTABNEHA YNPOLLEHHAS CXEMA YBEAOMIEHUs HabnoaaTe-
nei o6 U3MEHeHWH CTaTyca NPUCYTCTBUS HABNIOAAEMOro Nosnb-
sosarens.

Mogpenb $yHKUMOHUPOBAHUS cepBepa NPUCYTCTBUS

Mcxops 13 ouMarpaMmel nepefaun coobLueHmi, NoKasaH-
HOM Ha puc. 1, NocTpoeHa cxema 0BCIYXMBAHKS COOBLIEHMI
CepBepOM MPMUCYTCTBMS, NpeacTaeneHHas Ha puc. 2. Kak sua-
HO Ha cxeMe, nocTynatowee coobwenne PUBLISH numnummpyer
otnpaeky opHoro coobuetnns 2000K Habniopaemomy abo-
HenTy 1 X coobenunit NOTIFY Habmopatensm storo aboHeH-
Ta, rae X — Cny4anHas BENMYMHA KonuyecTsa Habniogateneit
aboHeHTa.

HudopmMaris npHeyCTBHA  P-CSCF S-CSCF Cepsep Habmiogarens  Habmomarens
N0L30BATENA TPHCYCTRAS 1 2
Bl
| subscribe

200 ok

Notify
publish

publish
publish
| 200 ok
2000k
200 ok -
Notify . §

Puc. 1. Cxema yBenomnenus Habniogatenei o6 M3MEHEHMM CTATYCA MPUCYTCTBMS NONb3OBATENS
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: g
/:’B' EUHSCRIEE

Puc. 2. Cxema obcnyximBaHmus COOBLIEHMI CEPBEPOM MPUCYTCTBUS

WMccneposanms nokaseisator [3], uto A, >> Ay a
M(X) >> 1. Onupasice Ha 3T AAHHbIE, A TAKXKE Y4YUTLIBAS TOT
bakT, uTo cepsep npucyTcTBus obpabaTeiBaeT U Apyrie coob-
LeHMs, OnUWeM Moaenb 0BCTyXMBAHWS CepBepa COoBLLEHM
NOTIFY & suae CMO tuna MX| G| 1 ¢ nporynkamu npubopa.
CoobLueHns NocTynaioT Ha NPMBOP NAYKAMM C MHTEHCMBHOC-
b0 A. CoobLieHus obcnyxumBatoTcs B Nopsaake MOCTyMAeHMs,
Bpems 06CNYyXMBAHWS ABNSETCA CTy4QiHOM BEAMUMHOM C dyHK-
umen pacnpegenenuns B(x) u cpeannm b. Bypem cuutats, uto
pasmep ouepeay He orpaHmyeH. B sanstom coctosHmm npubop
abconiotHo HapexeH. Ecnv B HEKOTOPLI MOMEHT BpemeHH
npnbop ocBoboAMCS OT OBCAYXMBOHUS 3ASIBOK, OH YXOAMT HA
NPOrysKy, ANMUTENbHOCTb KOTOPO# €CTb CTY4YaiHAs BENMUYMHA C
®P (byHkums pacnpepenenms) F(x). Mauka ¢ BepostHOCTbIO |,

COCTOMT M3 i 3051BOK, NQYKQ HE MOXeET BbiTb nycToit, T.e. |y = 0.

[ns o6ozHauenms MNJ1C (npeobpasosatme Jannaca-Crun-
Tbeca) byHKuMM pacnipepenenns Gyaem MCMOb3OBATL COOT-
BETCTBYIOLLME Marble rpeyeckue ByKBb ﬁ(?):j “d(B((x)) . Ma-
NbIMU TPEYECKMMM BYKBAMM C HIKHMM MH,D,eKCOM By 0y Bynem
0603HAYATb MHTErpanbl BUAA f3, = J e (/lx) 2 d(B((x)), Zﬂx =1.
MomenTbl pacnpenenenmit yaem’ 0603HOHOTb cooTBETCTBYIO-
WMMM MOSTBIMKM JIATUHCKUMK BYKBOMM C YKA3AHMEM MOPSAKA
MomeHTa caepxy, Hanpumep, 1), bl2),

3peck B, MOXHO MHTEPNPETUPOBATL KAK BEPOSTHOCTL MO-
crynnenms 8 CMO k nadek sassok 3a cnyyaitHoe spems Ha-
6niofeHne, pacnpepeneHHoe B COOTBETCTBME C PpyHKLMEN pac-
npegenenus B(x). AHanornuno onpepensetcs Py k> 0

Beenem cnyuaitnbiit npouecc &(f) — uncno saseok B CMO&®
momeHT Bpemenn t u E(f) — pnnna ouepepn 8 CMO & MomeHT
BPEMeHM I 1 onpeaenim pacnpeneneHms STUX Cny4yamHbiX Npo-
LLeCCcoB:

p, =lmPL (0=},

q,=limPE(,+0)= j},

rnet, n> O — MOMEHTbI OKOHYQHMSI OBCITYXMBAHMS 3ASIBKM, K-

j=0, (1.1)

j>0, (1.2)

60 OKOHYAHMSI MPOTYIKM.

O603Ha4YMM I’; BEPOATHOCTL TOro, 4To k navek cogepxar i
sassok. OueBmaHO, 4TO 3TO ecTb k-kpaTHAs cBEPTKA pacnpepne-
neHus I, M TOraa MOXHO YCTAHOBMTL CeflyioLLyio CBS3b COOT-
setctBytowx [1P (npoussoasiuas dyHkuus):

L.(2) =il/’.‘z-/ =(L©=)).

=0

(1.3)

Beenem Takxe BenmuMHbl p = 1“),3, [): AbOmoa=A-fO.
HetpyaHo ybepautbes, 4To BEepOSTHOCTH 9y j > O ynoenetsopsi-
IOT cneflytolen CUCTEME YPABHEHMIM:
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(1.4)

J j =
q;, =4, zlf(pk +2q[+lzlf—[ﬁk’ Jj=z0.
k=0 i=0 k=0
Mposens obbiuHbie ans NP npeobpasosaHms, nony4mm:
B2 = AL(2)) — 2¢(A = AL(2))
B~ AL(z) -z

Teneps, ncnonb3sys ceoiicteo Q(1) = 1, Haraem qp:

I-p
1-p+1a’

0(2) =4, , p<l, V<o, (1.5)

o =limO(z) = (1.6)

Hanee HalipeM cBa3b Mexay pacnpepeneHusmu q"p;

dx +

P_,-z ¢! qOJ'[l F(x)]e%x Zlk x)
(1.7)

+Zq,ﬂf[1 B ™ Z,k (/lx) |

rae C= %a'"(l_qo);l

YmHOXMM 0Be yactn ypasHenus (1.7) na i u npocymmupy-
em gns | > 0 [Mposens HecnoxHbie NPeobpasoBaHMs, NOMY4UM
okonyarensHo M ans pacnpenenenms p;

(1-2) -9 -2L(2))
(BA-AL(2))-zX1- L(2))

Tenepb HaMpem cpepHioio annHy ovepeam N:

f(z) 22 (I“’) b<2)+p(l(2’ M)
o 2(1-p) '

l—p_

P(z)= (1.8)

;u(l)

N =lim P'() =

(1.9)
WMcnonbsys popmyny JIuttna, Haxoamm cpefHee Bpems

ﬂpe6bIBGHMﬂ 3049BKUN B CUCTEME!

25O +b[ _1]
1
s" ) (1.10)

@)
: O+ / )
2(1-s"p)

— H0 _
v=>b +/ll‘”_b 2f“)+

YI'IpOLIJ,eHHOﬂ MaTtemaruyeckas Mmopenb

Tenepb ynpoctum Mogensb. Monoxum, 4o Bpems obpabor-
K1 3asIBKM HO NpMBOpPe pacnpeseneHo No SKCNOHEHLMANbHOMY
30KOHY M YTO PAa3Mep NAayku GpUKCHPOBAH M PABEH N.

O6osHaunm {S(f), t> 0} — cnyuaiHbIiM npouecc, NpUHUMa-
towmit 3Hadenme "0", ecnn npubop 3aHST 0bCnyXMBAHUEM 30-
asok, n "1", ecnu npubop Haxoamtcs Ha nporynke. lNycts
V(f) — uncno 3asBok B cucTeme B MOMeHT Bpemenn . Onpege-
MMM CreayioLme BEpOSTHOCTH:
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P =limPP()=i, S@)=0} i=15

(2.1)
Py =limP@)=i, S(@=1} i=0,B.
rae B — makcumanbheit pasmep 6ydepa. O6osHaumm

—=b", —= /Py BoiNuWweM cucTeMy ypaBHeHUit robansHo-

ro 6anawxca:

Aoy =Upos
. B
A+0)p,,, = lp(H)”J, i=l, H— I;
eps,o = A’B—n,l; (22)

(A TP, g = UPio + 2p[w,O +0p/,1 , i=n+l....B-L
A+W)pig=Upy+t0p,,, i<n
(A +:u)p3,o = }pﬂ—n.o +0PB.I’

OueBnaHO, YTO TAKO/ MPOLECC He SBNAETCS MPOLEeCcCOM
PA3MHOXEHMA-TMBENH, O 3HAUUT HENb3S HANTM BLIPAXEHUE A
cTaumMoHapHbix BeposTHocTer (2.1) B aBHOM BUae.

Ewe 6onee ynpoctum mogens. Monoxum n:= 1, A := n},
Torga cuctema (2.2) npumer eua;

Do = Upos

A+1)py=Up,y+0p,;

A+W)p g =Upigo+t Ao +0p,,, i=2,...
Hpgo=Apao +0ps;

A+&)p, =Ap_,, i=1..B-1

Ops, = APy, -

B-1;
(2.3)

B cratse [3] nokasaHo, uto pewenune cuctems (2.3) ouerb
HE3HAYUTENBHO OTIMYAETCS OT cucTemsl (2.2), nosTomy pelue-
Hue cucteMbl (2.3), KOTOPOE MOXHO MONY4MTb B SBHOM BUAE,
MOXET MCMONb30BATLCS KAK NPUBNMXEHHOE peLLeHMe CUCTEMI
(2.2). OpgHako, B oTnume ot pesynstatos pabotsi [3], mbl no-
Ny4unu sHauuTensHo Gonee koMNakTHble GOPMyNbl AN CTALM-
oHapHbix BeposTHocTen (2.1):

1) —_—

Pia (/1_'_9)]71'1, i=1,B-1

A& Bl
Pg ol Z+0 DPoys

~ i i+ l ﬂ, 1,|+ i i=1 .
Pip = m i—7-6|l2+0 1 P05

) AMv0)  (AY_Aa+e) (A ]”+u(/1+9) 3
P\ —hm—r-o)\n) “ou-z-0)2+0) 6u-n| "

(2.4)
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BepostHocTs Toro, uto B cicteme Haxogutes bonee K co-
obLeHwit, paBHa:

S Lo R

(2.5)

BepostHocTs Toro, uto 6ydep (ouepeas NOTIFY coobue-
HWI) Gbln NepenosHEH UM BEPOSITHOCTb MOTEPM 3ASBKM:
Py =Pp1t Psro (2.6)

CpepaHsis BMHA ovepean paBHA:

M’;—fe)[((BmB(“e){zie ) m]

B )] R A
Gy {((B N Bu{u) +/1]

0.1

=
|
=

(2.7)
3akniovyenue

B craTbe npeactasneHsl pe3ynsTaThl MCCNEQOBAHUI MO yn-
PABNEHMIO MEperpy3kamu cepeepa npucytctsun B cetn IMS.
PaspaboraHa Matematmyeckasi MOAENb B TEPMMHAX CHCTEMbI
MaccoBoro o6y XMBAHMS C rPYNMOBbIM NOCTYMIEHUEM 3ASBOK
 nporynkamu npubopos. o cpaBHEHMIO C M3BECTHBIMK pe-
3ybTATAMM MONYYEHBI HOBbIE POPMYbI ANiSl BBIYUCTIEHMS BEPO-
SITHOCTHO-BPEMEHHBIX XOPAKTEPUCTUK MOLENM, B TOM 4uCre,
O/19 €€ BOXHOrO YACTHOTO Cyyas.

Jlureparypa

1. 3GPP TS 24.141 v8.3.0 (2008-12) 3rd Generation
Partnership Project; Technical Specification Group Core Network and
Terminals; Presence service using the IP Multimedia (IM) Core Network
(CN) subsystem; Stage 3 (Release 8).

2. Abhayawardhana V.S., Babbage R. A Traffic Model for the IP
Multimedia Subsystem (IMS). // IEEE Vehicular Technology
Conference, 2007. VIC2007, 22-25 April 2007. — P783-787.

3 Chi C., Hao R., Wang D., Cao Z. IMS Presence Server: Traffic
Analysis & Performance Modeling. // Network Protocols, 2008.
ICNP 2008. IEEE International Conference, 19-22 Oct. 2008. —
P63-72.
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YycneHHbi aHann3 6nokMpoBOK ONTUYECKON CceTH
C MapLIpyTU3auUMeHn No [IMHE BOJHbI

Aranmampyetcs BmsHue 3¢pdekTa KOHBEPCHM [yIMH BOSH HA paboTy ommmdeckux ceteit casan. [Tpusommres

aHann3 3aBUCHMOCTH pG6OTOCﬂOCO6HOCTM cem (Beposm-:ocm 6HOKMPOBKM M 3arpyskm cem} OT KO/mM4ecTsa

nepenpm1emoB B COEAMHEHMM M OT YACNA AJIMH BOJIH B ONTUHECKOM 3BEHE.

Edpumywxmnn AB.,
Skcnepr LlenapTameHTa ceTesbix TeXHomom i

komnarmm ACTIVE TELECOM,

efimushkin@activetelecom.ru

Anan UTUYECKasa Mopesb

PaccMoTpr MpHBIMKEHHYIO OHANMTUYECKYIO MOBESTb 15 HOXOX-
[EHVs! BEPOSITHOCTH BITOKMPOBKM KAHAIA CETH € MPOM3BOSBHOM TOMONO-
rMem, Kak 6e3 BO3MOXHOCTH NpeoBpasoBaHKS [fIMH BOSH B Y3nie, TaK U
¢ Helt. [nsi sToro BBEAEM PSifl, NPEAMNONOXEHMA.

1) Kaxgoe 3seHo cem nmeet oppHakosoe wmcno W annH BosH.

2) Kakgomy 30mpocy Ha CoeamHeHHe Cy4aiHO HO3HQYAETC Ak-
HO BOMHbI M3 BCEX AOCTYMHbIX AivH BonH. Crpaterns ynopspoueHHoro
3QHSTUS CYLLIECTBEHHO CIIOXHEE A1 QHOUTUHECKOTO MCCIIEROBAHMS 1 B
ACHHOM paboTe He PACCMATPUBAETCS; AANEe UCCTIEdyeTcs CTpaTermst
CIY4AMHOTO 3CHSITVR MPM OTCYTCTBMM KOHBEPCMM ATIH BOSTH.

3) Kaxapiit yzen cem umeet W nepeacmimkos s MCxopsiLuero Tpa-
dUKa U MPHEMHMKOB Anst BxopsiLLero, e W ects unicio anmH BomH ne-
penaBaemMbix B BOSIOKHE (MO ORHOMY MEpenaTuMKy W MPHEMHMKY Ans
KODKAOM AMHbI BOMHI).

4) PaccmarpueatoTcs coepmHenms "Touka-Touka'".

5) B kaokabiit y3en cetm nocTynaeT MyQcCOHOBCKWIMA MOTOK BbI3OBOB,
Bpems OBCITY)KMBAHMS! BbIZOBOB PACTPEAENEHO SKCMOHEHLMAIEHO.

6) Bydepbi ans BxoasLLKX BbI30BOB OTCYTCTBYIOT. Bbi30B, KOTOPBIN HE
MOXET BbiTb OBCITyXKeH, GIIOKMPYETCS M TEPSIETCS, HE CO3AABASH NOBTOP-
HbIX BbI30BOB.

7) Harpyska Ha 38eHbs cetv Heaasucnma apyr ot gpyra. B aercram-
TENLHOCTU 3TO O4eHb BAKHOE MPETIONOXEHHUE, M TOHHOCTb MOBENH, MO-
CTPOEHHOW MPM STOM MPEAMONOXEHNH, 3ABMCHT OT TOMOSIOMMM CETU U MO-
fenn Tpadmka.

8) Crammueckan mapiupymsaws. [peanonaraetcs cnonbaosarme
O[HOTO M TOTO K& MOPLLPYTA il COEAMHEHMI MEXTY KCKIOM NOPOM Mc-
TOYHUK — NOMyHATENb. JMHOMUYECKas MOPLLPYTU3ALYMA AOET BOrbLLYyIO
MPOM3BOIUTENBHOCTb, HO €€ TEOPETUHECKMIA OHATM3 O4YEHb TPYAOEMOK.
Ha aaHHOM 3Tane B paboTe CPOBHMBAIOTCS CXEMbI MPH HATMUMM 1 OTCYT-
CTBMM KOHBEPCUM [fIMH BOTH B Y3MOX.

Ha nepBsom sTane paccMoTprm BEPOSITHOCTL GIIOKMPOBKHM BbI30BA
MPM OTCYTCTBMM KOHBEPCHM AMH BOMH. B AAHHOM cryuae BbI30B OT of-

u (k=Dp  ky

HOTO MONb3OBATENS K APYromy ByneT GIOKMPOBAH B ClTyHaE OTCYTCTBYA
OBHOM 1 TOM ke CBOBOAHOM AyIHbI BOMHBI HO KCOKAOM 3BEHE MAPLLPYTA
MeXay HAMM.

PaccmoTpim ceTb, coCTosILLYIO 13 NMOCTIEAOBATENBHO COBAMHEHHBIX
CTOHLMI C MHOXECTBOM 3BeHbeB J 1 kommiecTBom VW BOMOXHBIX SyiMH
BOJIH 151 MEpenaym Ha kaxkaom 3eeHe. [Nycts maplpyt RE=({1,2,....J}.

Bpems yaepaHus anst moboro BbI30BA MPUHUMOETCS SKCMOHEHL-
QnbHO pacnpereneHHsIM C NAPAMETPOM L, A, — MHTEHCUBHOCTL NOCTYT-
NEHVS BBI3OBA HO 3BEHO i MapLIPYTA. Toraa P, = A./|L MHTEHCUBHOCTL Ha-
rPysKku Ha 3BeHo , i = 1,..., J.

Mycts X — cryuaiivas BenmumHa, onpenensiowLas YMco 3aksTTbIX
L/WH BOJH HOl I-M 3BEHE,

p=PXY =k}, k=0,..,W.

NP1 PACCMOTPEHNM OEHOTO 3BEHA, €70 COCTOSIHMS MPU PASNMYHOM
e k 3aHSTBIX AIMH BOMH W MEPEXOfbl M3 COCTORHMS B COCTOSHUE MOX-
HO POCCMATPMBATH KK MPOLECC paamHoxeHus u mbenn [10,11],
puc.1.

Boimmwem cucremy ypasHenmii pasHosecis (CYP):

A =kupl, k=1,

rae k — YMCIIO 3aHSTHIX AIMH BOMH HA 3BEHE.
M3 CYP cregyer, uto

. Pi
(i _pi 0 _ k!
pk : - k' pO) - ‘w ’

roe p(,'z — BEPOSTHOCTb 3AHATOCTM k [MH BOAH HQ 3BEHE | MOPLUPYTA,
k=0,., Wi=1,.]

WMHreHcusHOCTL A, onpenensieTcsi OBLEIMHEHMEM BKIIGIIOB OT BCEX
MPEAIOXEHHbIX MOTOKOB HOl MAPLLPYTHI, COAEPXALLME 3BEHO i.

[ns BbI30BQ, HE HyXAGKOLLErocs B Nepenpremax (T.e. nocTynaioLLe-
FO HO MAPLLPYT, COCTOSILLMI M3 OFHOTO 3BEHQ), BEPOSTHOCTB Tt ero 6ro-
KMPOBKM POBHA BEPOSITHOCTU TOTO, 4TO W AfIH BOIH yXe 3QHSTO Ha 3Be-
He | paHee YCTAHOBNIEHHbIMM COSAMHEHMSAMM:

w
p
o) w!
T = p = "
B T
A
(k+Du Wi

Puc. 1. Mpencrasnetie cocTosiHmiA 38eHA CETU B BIAE MPOLIECCA PA3MHOXEHHS 1 TMBeni
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AHanus BnokMpoBoK HA NpMMepe ABYX3BEHbEBOrO
N1HeliHoro ¢dbparMeHTa onNTM4HECKO ceTH

Onpenenm Tenepb BEPOSTHOCT BIOKMPOBKM AN BbI3OBOB, NOCTY-
MQKOLLYIX HO MOPLLPYT, COCTOSILUMM 13 GOMBLIENO KOMMYECTBA 3BEHLEB.
Bo-nepbix, onpenenim BeposTHOCTs ), KaK BEpOSTHOCTL Hanums k
3QHSTBIX AIMH BOMH HO MEPBbIX N 38eHbAX MapLUPYTA. [og, 3aHsToM anm-
HOM BOMHbI HOl MOPLUPYTe GyieM MOHMMATb ATMHY BOMHBI, HE AOCTYTHYHO
XT3 Bbl HO OAHOM 3BEHE PACCMATPHBAEMOTO MapLUPYTA. [ins MapLupy-
Tq, cocTosiero u3 opHoro 3sexa, uveem gl ) =pl!), k=0,..,W.

Jns MapLIpyTa, CoCTOsLLEro W3 ABYX 38eHbeB a 1 b 0603HAWMM 3a
N,V Ny, KONMUECTBO CBOGOIHBIX [MH BOMH HAXOMSILLMXCS, COOTBETCTBEH-
HO, Hal 38eHesix a  b. BeposimHocts Pif| n,, ny) Toro, uto f aamn Bonk fo-
CTYMHbI A1 YCTAHOBIEHMS COBAMHEHMIA, SKBUBOIEHTHA BEPOSTHOCTH HO-
NU4MA OIHUX M Tex ke CBOBOAHBIX AIH BOMH, KK HA 3BEHE 0, TOK M Ha

ssere b [3-5].

, na+n —WSmein(na,nb),

b

O, B OCTAJIbHBIX CJTy4dasXx.

+n, —f<
Ha n, v n, HaknamwisatoTcs ciefiytoye orpammyeis n+ny f<w,
< <
0<n RS W
INo onpegaeneHHio YCIoBHOM BEPOSITHOCTH HAMAEM pacrpeaeneHme
3QHSITBIX [YIMH BOSH HO MOPLLPYTE M3 BYX 3BEHBEB

W W
a,", =2 > P(f1i.jp" P}
i=0 j=0

Beenem cneytolupe obosHadeHms.

O603Haumm yepes 1t0(n, W) BeposTHOCT: BOKMpOBKM MapLIPYTa
R, cocrosiwero na |R|=n sserbes, copepxawmx no W pnnn sonH 6es
KOHBEPCHM [ IMH BOSTH B Y3/aX.

O6os3Haumm yepes Tt(n, W) BeposTHOCTL BRokWpoBKM MAPLUPYTA
R, coctosiwero us | R|=n sseHbes, copepxatyx no W anmH BonH ¢ nost-
HOM KOHBEPCHEN [/IMH BOJIH B Y3NOX.

BeposiTHoCTb GNOKMPOBKI MOPLLPYTA M3 fBYX 3BEHbEB HE3 KOHBEP-
CMM [/IMH BOSTH B Y3/1OX B BEAEHHBIX BbiLLIE OBO3HAYEHHMSIX MOXHO Mpef-
craemts kak T0(2, W) = q(\%\)/.

MoxHO PaCTPOCTPAHNTL OMUCAHHBINA BbILLE GHOAM3 HO HOXOXAE-
HMe BEPOSITHOCTU BIIOKMPOBKHM BbI3OBA, MOCTYMAIOLLETO HA MOPLUPYT 13
n seeHbes, n > 1. Mo cywectsy Bynem MCMONb3OBATL PEKYPPEHTHYIO
dopmyry, onpenensiolLyio pacnpefeneHme 3aHITbIX JIMH BOMH HA
MOpLLPYTe M3 N 3BEHBEB YePe3 PACNPEAENEHME 3aHSTBIX A/IMH BOMH HA
mapuupyte u3 n— 13seHa. [ns n> 1 umeem

W W
ay’, =22 PV —fli.pa""p",

=0 j=0
[

z’(n,W)=q\"”

w-w*

Ecnmn B ceTm BoamoxHO MpeobpasoBaHMe 4H BOSH, TO OrpaHUye-
HWE HQ MCMOMNb30BAHME OBHOM W TOM XE AfMHBI BOMHbI 1 YCTAHOBIIEHMS
COeIMHEHMS OTMOAAET. BIOKMPOBKA BbIZOBA MPOMCXOAMT MPK AAHHBIX
YCIIOBMSIX TOMBKO B OTCYTCTBUM CBOBOAHBIX AfIMH BOSH HO KAKOM-TMEO 13
3BeHbeB MapLUpYTA. [To3ToMy B AAHHOM Crly4aEe MOXHO MCONb3OBATH
Pe3yLTaTHI KIACCHYECKON TEOPMU KOMMYTALMK KaHanos [6]. Bepos-
HOCTb GIIOKMPOBKYM Aisl COBAMHEHMHM, MOCTYNAIOLLX HO MAPLLPYT M3 N
3BEHbEB PABHA

120

7(n ) =1-T] A= p).

1| =
Ecrv cpennsist 3arpyska 3BeHbEB OAUHAKOBA, TO p(\}\/— Py v BEpOST-
HOCTb GIOKMPOBKM MOXET BbiTb BBIPOXKEHA B Bie

r(n,W)=1-(1-p,)".

YucnenHoit aHanms

PaccmoTpiv BEpOSITHOCTH GIIOKMPOBOK BbI3OBOB [l MOPLLPYTG,
COCTOSILLIETO 3 ABYX 3BEHBEB, B 30BMCHMOCTM OT YMCIA AJIH BOSTH B CITy-
yae OTCYTCTBMSI KOHBEPCHM AJIMH BOSTH B y3rniax cemu. [Tpeanonoximm, u4to
MHTEHCMBHOCTU HOMPY3KM HO KODKOOE 3BEHO CETM PABHbIMM EMHMLE

(p=1){rabn.1).

Tabmmua 1
BepostHocTH 6noKMpOBOK BLI3ZOBOB

14 z'(2,W)
| 0.75

2 0.44(0)
3 0.1914
4 0.0618
5 0.0153
10 0.000001

[Mpu CyLLECTBOBAHMM BO3MOXHOCTH KOHBEPCHM LfIMH BOSH B Y3NaxX
MOPLLPYTA, GHAMOTMHHbIE BEPOSTHOCTU MK TOM XKE 3HAHEHMM MHTEHCHB-
HOCTM HOMPY3KW HA 3BEHO CeTH ByyT POBHbI 3HOUEHMSIM, MPEACTABIEH-
HbiM B Ta6M.2.

CpaBHUTENbHBINM QHANM3 PE3yNBTATOB MOKA3CH HA PHC. 2.

AHanonuHbIM 06pa3oM paCCMOTPHM MpUMep anist Gonee [IMHHOTO
NIMHEMHOTO MOpLUPYTA. Bo3bMeM UKCHPOBOHHOE KOMMYECTBO AfMH
BonH (W= 5) u uccnenyem 1ameHeH1e BepOSTHOCTU BAOKMPOBKM MTHEN-
HOTO MAPLLPYTA MPH YBENMHEHMU KOMMYECTBA 3BEHBEB B MApLLpPYTE. by-
[EM PACCMATPMBATL OFMHAKOBYHO MHTEHCUMBHOCTb HOMPY3KW HA KAXKEOE
3BEHO ce™ paBHyto eguhmue (P = 1).

[MyCTb N — KONMYECTBO 3BEHLEB B IMHEMHOM MAPLLPYTE.

7t%(n, 5) — BEPOSTHOCTL NOTEPL HA MAPLLPYTE M3 N 38eHbEB 63 KOH-
BEPCHM [JIMH BOSH B Y3/IOX.

/4

I
026 \
0,5 \\
L\

0,3 \

/

0.2 >
0.1
\\;:
0
w
1 2 3 4 5 6

Puc. 2. NameHerme sHaueHmit BEpPOSTHOCTH GIOKMPOBKM BbIZOBA HO MOPLLPYTE
B 30BHCHMOCTH OT KONMYECTBA AIMH BOMH HA 3BEHE CETU
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Tabnmua 2
BeposiTHOCTH 6MOKMPOBOK BHI3OBOB

n 7' (n,5) n(n,5)
2 0,01535 0,006126
3 0,019537 0,009174
4 0,02487 0,012214
5 0,03166 0,015244
6 0,040303 0,01826
7 0,05131 0,021276
8 0,065313 0,024278
9 0,08314 0,027271
10 0,10584 0,03025
Tabnmua 3
BeposTHocTH noTepb
W a(2,w)
1 0.75
2 0.3599
3 0.1211
4 0.0305
5 0.0061
10 2.0275%10-7
7t(n, 5) — BEPOSTHOCTL NOTEPb HO MAPLLPYTE M3 N 3BEHLEB C KOH-

BEPCHEN [IH BOSH B Y3NOX.

[ns foHHOTO MPKMEpPQ BEPOSITHOCTM MOTEPb MOKA3AHBI B TAGN. 3.

CpaBHUTENbHBIA QHANM3 PE3YILTATOB MOKA3AH HA pHC. 3.

M3meHeHme BEPOSTHOCTU BIIOKUPOBKM JIMHEMHOTO MOPLLPYTA MPH
YBENMYEHMM YT AIiH BOMH W 1 MOCTOSIHHOM KOMIMYECTBE 3BEHBEB B
mapLupyTe pasHom aecst (n = 10) Gyaet MMeTb BKA, NPEACTOBAEHHbIH
Ha puc. 4.

TeM He MeHee, Ha NPAKTUKE 3HAYEHMS! UHTEHCUBHOCTEM HAMPY3K HA
3BEHES! B OBLUEM CIyHOE HE M3BECTHbI, O M3BECTHA MATPMLA TPADHKA,
KOTOPQSt XOPAKTEPU3YET NPELSIOKEHHYO MHTEHCUBHOCT HAMPY3KM MEX-
[y NApPAMK CTAHLMMA.

YucneHbin aHANM3 BrIOKUPOBOK OMTUHECKOM CETU HA MPUMEpe Ce-
MmN (N=6, J=8,W) c 138eCTHOM MHTEHCUBHOCTBIO MPEATIOKEHHOM Ha-
rPY3K MO3BOMSIET OLIEHNTL 3HQUEHHMS BEPOSITHOCTU BIIOKMPOBKY CETU OT
YMCIIO [IMH BOSH B Kakaom 3seHe W. Byner pacemarpuearscest Tonbko
cTaTMYeckas MapLIpyTM3aups. Ha pyc. 5 nprBopmTes GHANM3 MHTEHCMB-
HOCTU yMeHbLLEHMs BeposTHocTv Griokuposku ceti N (6,8, W) npuyee-
NMYEHMM Ynena grivH BonH W.

Kak BuoHO M3 rpadmka, MHTEHCMBHOCTH YBbIBAHMS BEPOSTHOCTEM
BOKMPOBOK CETH B 0BOMX CITyHasiX MOUTH OFMHAKOBBI, MPKMYEM AOMONT-
HUTENbHBIE MPEMMYLLIECTBA MO YITYHLIEHUIO MPOM3BOMMTENBHOCTU CETU
MPY UCMOMb30BAHMU KOHBEPTEPOB AfIMH BOSTH B Y3MCX CETU CXOAST HA HET
MPM 3HAUUTETNBHOM YBENMUEHMM I BOSH UCTIOTb3YEMbIX Af1sl NEpeaay
mHbopmaLmu no ceu. M3 nprseneHHOro aHANM3a MOXHO CAENGTb Bbl-
BOZ, B MOS1b3Y YAELLEBNEHWS CTOMMOCT MM MPOKIIOAKE HOBbIX OMTUYEC-
KVX CETel 30 CHET MPOKICHKM MHOTOBOSTOKOHHBIX OMTUYECKMX CETEN, TK.
MCrOMNb30BAHME OBOPYLOBAHMS KOHBEPCHM [UTMH BOMH B Y3/OX CETH SIB-
NIAETCA eLLE O4EHb [OPOTUM.
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Puc. 3. MameHeHie 3HQUEHMI BEPOSTHOCTU BHIOKMPOBKY BbI3OBA
B 3GBUCMMOCTM OT YBENMYEHMS IIMHBI MOPLLPYTA

T
0,9
08
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\ KOHBEpCHH
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Puc. 4. Vamererme sHaueHMit BEPOATHOCTH GNOKMPOBKM BbIZOBA
B 30BMCUMOCTM OT KONMYECTBA [fIMH BOJH B 3BEHE CETH

1 2 3 4 5 6 78 9 10 11
—®— ¢ KOHBe]CIIell JIIH EOTH B V31IaX ceTH
—— (ie3 KOHBEPCIIL [IIIH BOIH B V31X CeTIl

Puc. 5. AHanM3 MHTEHCMBHOCTW YMEHbLLEHMSI BEPOSTHOCTU BrIOKMPOBKM CETU

N (6,8, W) npu ysenmuermm W

121



3aknoyeHne

McenenosaHo erivsHme addekta KoHBEPCUM MK BOMH HA paboty
ONTU4ECKMX ceTen cesian. [poBeaeH aHAM3 30BMCUMOCTM BEPOSITHOCTH
BIOKMPOBKY M 3ArPY3KU CETH OT KOSIMHECTBA MEPENPMEMOB B COEIMHE-
HUM M OT YACIC IJTMH BOJTH B OMTUYECKOM 3BEHE.
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