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Cetu SDH uenecoolpa3Ho ucnonL3osats B Kauyecrse TPaHCNOPTHbiIX cereu, caaauaamﬁwé hno-
KanbHbIe CeTW nepenaun panHbIX. Ponk ‘ceved SDH pacyeT’ B cuh:w ¢ paaaw"‘rwem FEXHONOTHN
ATM, KOTOpas CTAHOBUTCS CBA3YIOWIUM 3BEHOM Mex,uy noxansHLIMU KOMMNbIOTEPHBIMU CETAMW
1 rnobanbHeIMU TPAHCNOPTHLIMKU ceTaMu SDH. C oaHOIM CTOPOHLI, yXe Ceivac CyuleciByioT
ATM xOMMYTaTOpBI, COBMECTUMbIE G cetamu Ethernet, ¢ Apyroi CTOpoHw, ATM, notok uamﬁo-
nee noaxoauT Ang ero TpchmopmpoeaHmn B cetax-SPH. I ¢

i
)

B kHure wuanoxeHel 6a30Bble NPUHUMNLL U TEXHONOTUW CUHXPOHHLIX undposbix ceteét SDH:
MYNLTUNNEKCUPOBAHME NOTOKOB AaHHbIX, UKM, nepapxun ckopocTten. PacCcMOTpeHbl apxuTek-
Typa, TOMONOrMMK, CTPYKTYPa AWHERHLIX, PaauansHO-KONbLUEBLIX, PA3BETBNEeHHLIX ceTted SDH.
OnucaHbl GQYHKUMOHANbHBIE MOOYAW. MYNLTWIVIEKCOPDE, KOHUEHTRATOPL, DereHepaTopsbl, KOM-
MYyTaTOPbl, peanu3aumm Mynetvnnexkcepos STM-1, STM-4, STM-4/16. Nposenensl aHann3 u
cpasHexue o6opymnosanna SDH paanmynbix npouasogutenen. Ocoboe BHUMaHWE yneneHo
cranpaptuaaummn 8 cetax SDH Ha BGa3e crangaptoB cepumn G.7xx. NoapobHo paccMOTpeHbl
npPMHUMNG ynpasnenns SDH cevamu: GyHKUMOHMPOBaHWE, agMuHNCTPUpOBarue, obcnyxusanve.

Khura coagepxuTt CnpaBOYHbie AaHHLIE O CTaHAApTax, UCnonbayeMbix B cetax SDH, a Takxe
ab6epesvatypbl u 0603HAUBHUS, NPUHATLIE B CTAHAAPTAX N TEXHUYECKUX mavepuanax. OHa
MoxeT ObiTh NOMe3Ha 3KCNepTaMm U CNeunanycTaM no CNCTemMaM CBA3U U KOMNLIOTEPHLIM Ce-
TAM, acnupaHTam, CTyYAeHTaMm.
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NPEAUCIIOBUE

WHTEHCMBHOE Pa3BMTUE HOBLIX WHGOPMALIMOHHBIX TEXHONOMMA B CeMuaecaTuie rofibl Npueeno k GypHomy
PA3BUTUI0 MUKPOMPOLLEGCCOPHOM TEXHUKK, KOTOPaa CTUMynupoBana passutme undposbix METOAOB nepeaayv
ronoca v OaHHbIX, YTO B KOHEYHOM CHETe NPUBENO K CO3AAHWMI0 HE TONBKO TEXHONOTWIA NOKaNbHLIX CeTei:
ARCnet, Ethernet, Token Ring u FDDI, HO v HOBbIX BLICOKOCKOPOCTHBIX TEXHOMOrMA rnobanebHbix ceteii: PDH,
SONET, SDH, ISDN, Frame Relay n ATM.

Ecnu onucaHue TEXHONOrWiA NOKaNbHbLIX CeTeli HAa PYCCKOM Si3bike NOABUIOCH AOCTATO4HO BbICTPO,
YYUTBIBAA MX LIMPOKOE PACNPOCTPAHEHWE U OPraHM3aumio U3YHeHWS Ha Pa3nMyHbIX YPOBHSX, TO ONUCaHue
pAaa HOBLIX TEXHONOMUA rnobGanbHbIX CEeTeR NOSBMNOCL CPABHWUTENBLHO HEAABHO B NEpPBYD oYepenb B Hayuy-
HO-NONYNSIPHLIX U3AaHusX. B UENOM, 33 UCKNIOYEHVEM PeXHMa acuHXPOHHOW nepepayn ATM, oHO OT-
CTaBaN0 OT HA4aBIIEroCA WWPOKOrOo BHEAPEHUS 3TUX TEXHONOMMA, HaNpPUMED TaKUX, KaK CUHXPOHHAS LM~
¢posasg uepapxus SDH (CLIN).

WHtepec k TexHonorun SDH cpepu cBasucToB 0ByCnoBneH Tem, 4TO 3ta TEXHONOrva npuwna Ha
CMEHY MMIIYIbCHO-x0Q0BOK mMogynaywn PCM (UKM) n nneanoxpoHHoi uyngpososi mepapxuun PDH
(MLM) 1 cTana WHTEHCUBHO BHEAPATLCA B pe3ynbTate MACCOBOW YCTAHOBKM COBPEMEHHBLIX 3apyBexHbix
undposbix ATC, NO3BONAIOWMX ONEPUPOBaTL NOToKaMu 2 MOUT/c, 1 CO3AaHUS B pPernoHax ROKanbHbIX KO-
neu, SDH.

B atoi cuTyauumn CyuIeCTBEHHOE OTCTABaHUE PA3BUTUA OTEYECTBEHHON TEXHUKU CBA3W OT HOBbLIX Me-
penioBbIX TEXHONOMNIA CKa3anoCh M Ha Nybnukauuax. STn TeXHONOrMKM NPakTMHeckn He Gbinu 40 nocnegHero
Bpemenu (korew, 1995r.) onucaHbl B OTEYECTBEHHON NMTepartype 3a UckmodyeHueM napel nybnukaumiz [5,6],
U HeBONbLLWNX CneunanbHbiX CTaTelh B OCHOBHOM OD30pHOr0 MAW pPEKNamHOrQ Xapakrepa, OnWChIBAIOLLNX
KOHKPETHbIE peanu3aumn Komepyeckux ceten [7-11] (BepomcreernHoe udpaHue [12], kak u otyers LLHNAC,
K coXaneHuto, He MoryT, Byayun HepOCTYNHBIMW ANS MACCOBOrO YUTaTeNs, 3aMEHUTb KHUXHO-XYDHa/IbHbIE
nybnukauun).

B Poccun uHxXeHepbl Npy OCBOSHWU HOBOW TEXHONOMMW NONL3YIOTCA UCKNIOYUTENBEHO OPUTMHANbHLIMA
matepuanamu 3anagHbix ¢GupM, NOAYHEHHLIMM BMECTE C annapatypoi, W, HaduHas ¢ 1991-1992 ropos,
npoxoaunu obOy4eHue 3TUM TexHonorvsm Ha 3anage. Apyrum WUCTOHHUKOM BbiRC OrpoOMHOE KONVHEecTBO
OpPUTMHANBHOIO MaTepuana, CoAepPXalleroca B PeKOMeHAaUMAX U CTaHAapTax No AaHHbIM TEXHONOTUAM (U B
nepsyio o4yepenb nNo texHonormm SDH). OCHOBHbIe CTAHAAPTLI, YNOMSAHYTHIE B CNUCKE nuTepaTtypb [13-25],
TOABLKO 4aCTb TOFO, YTO €CTb U MOXET ObiTb UCNONBL30BAHO. YUUTLIBAA XOTS U 3ano3fasiblif, HO NEepeBos 3TUX
CTAaHOAAPTOB HA PYCCKMA A3LIK, BBINONHAEMBIA POCCUMIACKON cexumein MCD, nonoxeHne MOXHO Obino Obl cuu-
TaTb TAXENbLIM, HO TEPNUMBIM.

OpfHako, B CBA3KU C pa3sBUTUEM KOPNOPATUBHBIX, PErMOHaNbHLIX U rnoBanbHbiX KOMNLIOTEPHLIX CeTen 1
WWUPOKUM UCNONbL30BaHWEM ceTeir SDH B ka4yecTBe TPAHCROPTHLIX CETeN, CBA3LIBAOWIMX NOKAILHLIE CEeTh
nepeaaYn AadHbiX, 9Ta TEXHONOrvMA 3auHTepecosana BOMblWyi0 ayaAUTOPUI0 CMEUNanvCTOB MO NMOKANbHLIM
KOMMNbIOTEPHBIM CETAM (OT aAMUHUCTPATOPOB CETEN A0 pa3paboTunkos). ITOT MHTEPEC NPOACNXaET pacTu
ewe v B cBA3W C BypHbiM pa3BuTMEM TeXHONOrMu ATM, KOTOpasi CTAHOBUTCS CBA3YIOLUMM 3BEHOM Mexay
NOKANBHBLIMU KOMNBIOTEPHBIMK CeTAMKU U rnoBantHeIMA TPAHCNOPTHEIMKW SDH cetamu. C 0QHON CTOPOHSI
yXe cendac cyuwecteyiot ATM kOMMyTaTopbl C MOAYNSMW, COBMECTUMbIMM C niobbiMn ceTamn Ethernet
(nperMMyLIECTBEHHO pacnpocTpaHeHHoi TexHonorvein JIBC 8 Poccwm), ¢ apyron cTopoHs: ATM noTtok Hau-
fonee nNOOXOAUT ANS ero TpaHcnopTupoeaHua B cetax SDH, yunTbiBas Hanudmne paspaboTaHHbIX cTaHaap-
TOB MHKaNCYNSUUK DaHHbIX NPAaKTUYECKU AN\ BCEX CTaHaapTHbIX ckopocTten PDH n SDH nepapxuii.

B aToM cutyaumm pegakuumn xypHanoe “Cetu” n “Cetn n cuctemol CBA3U" Havanm nybnukaumio cra-
Tel C NONynApHLIM u3noxeHnem texHonormn SDH. Cratbm [26-29], onucbiBalolMe OCHOBbLI 3TOI TEXHONO-
rMv ANS LWMPOKOTO Kpyra CneuuannucToB 8 061acTh NOKasibHLIX CETei, BOSMOXHO Crnagunn OCTpoTy 9TOM
npobnembl, HO He pewnnn ee. B 3TOM CBA3N BLINYCK KHAMM C CUCTEMATU3NPOBAHHLIM U NOCNEA0BATENLHBIM
U3NOXEHMEM 3TON TEXHONOFUWU N €& NPUMEHEHUS ANs NOCTPOeHUs robanbHbIX TPAHCNOPTHLIX CeTel, npea-
CTaBNAETCA aBTOPY CBOEBPEMEHHLIM 1 UENeCo0bpasHbIM.

BuinonHWuTL NOXenaHve uspgarens No CO3AAHUIO TakOW KHUIM B AOCTATOMHO KOPOTKWI CPOK 0KA3anoch
BNs aBTOpa AOCTATOMHO CMOXHOM 3303a46i, YYUTLIBAR OTPOMHOE KONWYECTRO (ThICAYM CTPaHWL) OpuruHanb-
HOro Marepuana (B OCHOBHOM MEXAyHapOAHble PeKOMeHAAUMU KU CTanaapTthl). ABTOpP 3apaHee W3BUHAESTCS
nepes 4urTatenamu, eCNn OHU HANAOYT ero USNOXEHNE MecTaMu U3NULLIHe KOHCMeKTUBHbIM, cnabo nogkpen-
NEHHbIM NPAaKTUYECKUMKU Npumepamu. BMecTe ¢ Tem aBTOp HaOeeTcs, YTO 3Ta KHMIra NOMOXET yuTaTenam
pa3oBpaTbCA B OCHOBaxX TEXHONOrMM SDH 1 aBUMHYTLCA Aanblue No NyTh ee akTUBHOMO MCNONb30BaHUA.

AsTOp ByAeT npusHaTeneH Bcem, KTO NPULWINeT CBOU 3aMe4anus, KOTopbie MOryT BbiTb Y4TEHbLI B NOC-
neayowmnx U3gaHusx,

KHura cocTout U3 npesucnosnd, BBEAEHUA, YeTbIpEX rnaB u 3akniodeHus. B nepsoi rnase paccmor-
peHbl OCHOBbLI UMGPOBLIX TEXHONOrMA: METOAbI MYNLTUN/IEKCUPOBAHUA OaHHLIX, OCOBEHHOCTN KOAWPOBAHWUA
AaHHbix 8 KM cuctemax, obume napameTpbl HEKOTOPbLIX M3BECTHLIX Tunos UKM cuctem v CTaHAapTHbie
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undposbie nepapxum ckopoctei nepenaqn PDH n SONET/SDH.

BTopas rnasa NOCBSILIEHa PacCMOTPeHuto coBeTeeHHO TexHonorum SDH. PaccMoTpeHbl 0COBEHHOCTH
NOCTPOEHUA CUHXPOHHOW LWGPOBOW Mepapxvm v ee 3BOMIOUMA B NPOLECCE NPaKTU4YECKON peanvsauum
NPeanOXeHHbIX PEKOMEHAALMMA, a TAIKE OCHOBHBIE 3NIEMEHTLI CTPYKTYPLI MYNbTUMNEKCUPOBAHNA U (yHKUM-
OHanbHble Moayni cetein SDH. OnncaHbl 0cHOBHbIE (6a30Bbie) Tononoruu ceteid SDH 1 Ha ux OCHOBe pac-
CMOTPEHbl OCHOBHLIE TWIMbl apXUTEKTYPbl TakuxX CeTei u O0COBEeHHOCTU OpraHu3auvn CTPYKTYPHOW 3awmThi
KONbLEBbIX TOMONMOMWIA CeTn OT OTKa30B. [IpuBeAeHbl CXEMHBbIE pPeann3aumu UM XapakTepUCTUKA OCHOBHbIX
TUNOB CUHXPOHHBIX MYNbTUNNEKCOPOB, a Takke aaH 0630p obopyaosaHus SDH pa3snuuHbix npowssoauTte-
nein. PaccMOTpeHbl OCOBEHHOCTH peanusauun paguopeneiiHbix aMHeiiHbix cuctem SDH, a Takxe ¢usnuec-
KMe U INeKTPUHECKNe XapakrepucTuku OCHOBHOro nHtepdeica cuctem SDH - G.703 u Bonpock! nogkniove-
HUS1 TAKOW CETU K annapartype nonL30Barens.

B koHue rnagbl 2 (2.7.3.) pacCMOTPeH pa3BepHYTLIA NPaKTUHECKUA NpUMEpP 3CKU3HOrO NPOeKTUpoBa-
HUs sueucToi cetn SDH, Bknovalowuin pacyeT ceT Ha OCHOBE Tabnuubl NOTOKOB MEXCTaHUMOHHOIO B3aw-
MoaeicTeMS (npeanonaraemoro Tpaduka), sulbop Tononornm u 06opyaoBaHUA CETN 1 ero KoHGUrypaumu,

B TpeTbeit rnase pacCMOTPEHbI METOALI, MOAENU U CXEMbI YNPABNEHUS CETbio BooOWe 1 ceTeio SDH
B 4YacTHOCTW. PaccmoTpeHa o000weHHas mopaenb ynpasneHus CeTbio TenekommyHhukauuin TMN, obuwas
cxema ynpasneHusi ceTolo SDH (Bknioyaa obuime dyHKUMU ynpasneHus, NPoToKONsl, uHTEepdelChl 1 BHYT-
pUCHCTEMHBIE B3aMMOOEACTBUA), NPaKTUHECKUE METOALl ynpasneuma cetblio SDH (Bknioyas ynpaeneHue no
kaHanam DCC u cnyxebHbiM KaHanam, MeToabl CUHXpOoHU3aummu ceteit SDH, a Take nporpamMmHbie CPeacTtea
ynpasneHus - SN1leMEHT-MEeHeaxXep N CeTeBO MeHexep.

B rnase 3 npoaoOnkeHo PacCMOTPEHWE MNPAKTUHECKOrO nIpMMepa NPOEKTUPOBAHUS SHEUCTOW cetu
SDH, B 4acTHOCTH, MeToabl aapecauyn n GopMmuposaHve CxeMbl ynpasneHus cetoio (n. 3.5., n. 3.5.1.),
NOCTPOEHUE CETU CUHXPOHU3AUMK Ana BeiOpaHHOW Tononoruu ¢ pasbueHnem Ha cekumn (n. 3.5.2.), coean-
HEeHue 1 KOHOUIypUpoBaHWE y3N0B U MapwpyTudaums notokos (n. 3.5.3.).

B sakniountencHoi rnase 4 nposeneH Kpatkui 0630p CTaHAApTOB UMGPOBLIX CUHXPOHHLIX CeTeil M
npuBeaeHa CTPYKTYPHas NOrvM4eckas Cxema npouecca MynbTUNNEeKCUPOBAaHUR, B3ATaA U3 PACCMOTPEHHbLIX
CTaHAapTOB. Y4UTLIBAA BAXHOCTL UCMONL3YEMO TEPMUHONOTUK, aBTOp NONbLITancs 060CHOBATL UCNONbL3Ye-
Mble BapWaHTbl TEPMWHOB, H4TO OOKHO MOMOYb 4YUTATENAM pa3obpaTtbCh B MHOroo0pasv NPUMEHSeMbIX
TEPMWUHOB.

B kHure (kak 1 B cTaHaapTax, Ha KOTOPbLIX OHa OCHOBaHA) UCNONb3yeTcs GonblIoe KOANYECTBO COK-
pawexuin. Ana yaobcrea yaTatens B KOHUE KHUMM NPUBEAEH CMMCOK 3TUX COKPALWEHWt ¢ paclundposkoi
aHrMWIACKOro 3KBMBAMEHTA U COOTBETCTBYIOLWMM PYCCKMM NepeBoacM. ABTOP nonaraer, YTo 3TOT Marepuan
06NerynT YTEHME KHUrKM, NO3BONUT NYYLE NOHUMATbL TEKCTbl OPUTrMHANBHLIX CTaHaapToB no SDH, 4T0 B KO-
HEYHOM CHETE NOMOXET 3auHTEPECOBAHHOMY uuTaTenio rnybxe nayunts TexHonornio SDH.

Ana noMowm YutaTenio B nocnenyiowem UsydeHuu pacCMOTPEHHON TEXHONOrMYU NPUBELAEHLI CCLIIKW
Ha nocnegHue Bepcun (no aekabpb 1996 roaa) AeicTBYIOWNX CTAHAPTOB.

Kuura pacuvTtaHa Ha cneuuanucTos rno ceTam Moboro ypOBHS, XenawiuMx pacluMpuTbe CBOU NO3Ha-
Husa 8 06nacTu rnoBanbHbIX CETEBbLIX TEXHONOMMNA.




BBEAEHME

C momMenTa n3oBpetenmn Tenedona 8 1875 ropy, CTaBwiero OTNPABHOW TOYKOW B pPassuTUK TenedOHHOM
CBA3K, METOAO0B W TEXHONOrWiA Nepenayn ronoca, NPOWNo CTo net npexae yem B 1975 rogy nossuncs nep-
asiil MUKpoKOoMNbloTep. Bce 31O BpeMs CUCTEMBI CBA3W Bbiny aHanoroBbiMK (B MUMPE - NPakTUYecKu BNNoThL
no cepeavHul 60-x, B Poccuu o cepeautsl 70-x ronos) [1,2]. Lindpoebix CUCTEM CBA3W NPaKTUYECKU He
GLn0, HECMOTPA Ha To, 4To UKM 6bina uasectHa ¢ 1937 ropa [3], a cneumanuavposarHbie LMGPOBLIE KOM-
neiorepbi - ¢ 1939 ropa. HecMoOTpsA HAa TO, YTO UMMYNbCHBIE METOAB MOAYNSIUMN MHTEHCUBHO Pa3sBuBanuch
¢ vavana 40-x B cBA3n C pas3sutuem paauwonokauuu [4], KM He Haxoauna tMpoOKOro npaktndeckoro npu-
MEHeHWA BBUOY FPOMO3AKOCTU undpoBoro obopynoBaHus, BNNOTL N0 noseneHua B 1959 rogy komnbioTe-
pOB BTOPOrO NMOKONEHMA, UCNONL3YIOWWX TPAH3MCTOPL! B KAYECTBE ANEMEHTHOW Ga3bl.

Hayano ncnonb3osaHuA UndPOBLIX TEXHONOIMIA B CETAX nepeaayn AaHHbiX ceA3aHo ¢ UKM, a nmen-
HO, C cUCTEeMamMn undposoin TenedoHNY Ha ocHoBe kabenbHbIx ceTel CBA3KM, UCNONL3yeMbiIMK ANs nepena-
u® ronoca.

MepBoit KOMMEpHeCKoh UMdPOBOA CUCTEMOM nepepaLwn ronoca, ucnonb3ylowein UKM n mertoas
MYNbTUNNEKCUPOBAHWMS C BPEMEHHbIM Pa3feneHWEM KaHanos, CHMTaloT cucTemy komnanum Bell System
(CLUA), ycTaHoBneHHy0 B Yukaro B 1962 roay. Cuctema nasana BO3MOXHOCTbL nepeaasaTb 24 ronoCoBbix
KaHana no meaHomy kabenio, NPONOXEHHOMY Mexay Oducamu komnanuu Bell System. Kaxawi ronocosow
KaHan UCNoMbL30BaNn CKOPOCTL Nepenaun 64 kbut/c, Bce kanansl 06BLEANHANUCE C NOMOLULIC MY/IbTUNIEKCO-
pa B eauHbIA NOTOK ABOMYHBIX AAHHBIX CO CKOpocTbio 1536 k6ut/C, a C yd4eTom cnyxebHoro kavana (8
k6ut/c) aToT noTok npuobpertan ckopocTb 1544 xGut/c. On, Gnaropaps nocneapyloWen craHaapTU3aumm, v
cTan w3BecTeH Kak xaHan DS1 wnu T1, npudsToil panee 8 CLUA 32 nepBblit (N1 NEpBUYHLIA) YPOBEHDL
MYNbTUNNEKCUPOBaHNA Ans cucteM undpoBoit TenedoHun. 310 6uiN0 yxe Bpems nosenedns IBM Tpetwero
nokonexua (IBM System 360, 1963 ropa), npuHecwmx ¢ co60i kOHUENUUIO KaHana BBOAA/BLIBOAA C Pa3Bu-
TOI CUCTEMOIR MYNbTUNNEKCOPOB BBOA/BbIBOAA, WUCTMONL3YEMbIX ANS OPraHn3auMn KOMMEPHECKUX KOMMbIO-
TepHbLIX cUCTeM UndPOROI Nepeaayn AaHHLIX, a Takke anA 00beanHEHUA KOMNbIOTEPOR B NOKaNbHLIE CETU.

OnHaKo TONBKO CTPEMUTENbHOE Pa3BUTUE MUKPONPOLIECCOPHOM TEXHUKU WU TEXHONOruW, 3apoavs-
weitca 8 1971 rogy C nNosBAEHUEM NEPBOr0 MUKPONpoUEeccopa Komnaduu Intel, coenand BO3MOXHBIM pe-
ansHoe BHeapenne uudPOBOA TeXHUKU B TENEKOMMYHUKaUMOHHbIE CUCTEMbI U NPVBENO K WWPOKOMY pac-
NPOCTPAHEHUIO U PA3BUTUI0 KOMNLIOTEPHLIX CETEW, AABLUMX BTOPUYHBIA MOLHbBIA UMNYNBEC PasBUTUIO CeTei
nepenayun faHHbIx Ha ocHoBe UKM.

CeTtesbie KOMNLIOTEPHbIE TEXHONOTMK, paspaboTaHHble NepBoHa4YansLHO Ha OcHOBe IBM obuiero Has-
HAYEHWS, U M3RHGPERAMOB, BOT YXe 0kono 15 neT npumeHsioTca ana 06beaMHEHNA B CETb NepcoOHaNnbHbIX
komnbiotepos, wnu MK, Wnpokoe ucnonb3osaHne CeTeBbiX TEXHONOMMIW CTano AOCTYNHO TOMbKO TOrAa, Kor-
Aa NPOU3BOPUTENBHOCTL U GYHKUMOHANBHLIE BO3MOXHOCTU MUKPONPOUECCOPOB BEIPOCNM HACTONbLKO, 4TODbI
YBOBNETBOPUTL BLICOKMM TpeGoBaHMAM NO YNpPaBneHWo CeTbio CBA3M.

CeteBble undpoBbIe TEXHONOTMM PA3BUBANWCL A0 NOCNEAHEr0 BpEMEHW napannensHo ans rnobanb-
HbIX U NOXaNbHLIX ceTeln. TexHonormm rnobanbHbix ceTen B HanpaBieHbl B OCHOBHOM Ha passuTue und-
poBbixX TenedOHHLIX CeTelr, UCNONb3yeMbiX ANA nepepayn ronoca. TeXHONOrMK NOKaNLHLIX CeTel - Hanpo-
™8, UCNONL30BANNCL, B OCHOBHOM, ONA Nepeaayn AaHHbIX.

Pazsurne undpospix TenedoHHbIX CeTel WNO NO NUHUM YNIOTHEHUS KaHANOB, KaK 3a CYET MYnbTu-
NNEKCUPOBAHNS HU3KOCKOPOCTHLIX NePBUYHbIX KaHanoe T1, Tak U 3a cyeT ucnonb3osanmsa Gonee paumo-
HaNbHbIX METOROB MOAYNALMK, HANpUMEpP, UCNONL30BaHMA auddepeHumansHoili KM 1 ee moaundukaunii,
nO3BONMBIUKX MPUMEHATL ANA Nepeaayn ronocoBoro curHana ckopocty 32, 16 u 8 kbur/c.

PaasuTe CxeM MyAbTUMIEKCUPOBAHUA NPUBENO K BOSHUKHOBEHMIO TPEX LMMPOBLIX Nepapxuit ¢ pas-
HbiMK (ONR Pa3HLIX rPynn CTpax) yPOBHAMKM CTRHAAPTU30BAHHbLIX CKOPOCTEl nepepayn unu kaHanos: DS2
uwi T2/E2, DS3 nnu T3/E3, DS4 nnu T4/E4. DT uepapxvn, Ha3BaHHbIC NAE3MOXPOHHBIMM (T.€. NOYTH
CHHXPOHHbIMW) undpoBbiMK Hepapxuamiu PDH (ML), wnpoko ncnonk308anncek M NPOAOIKAIDT MCRONL30-
8aThCA Kak B Unbdposon TenedOHUK, Tak U gns nepeaayn OaHHbIX.

Pa3suTe TexHONOruil CKOPOCTHRIX TENEKOMMYHUKAUMIA Ha ocHOBe PDH npvBeno K NOsSsneHuwio B no-
cnepHee BpeMs OByx Hanbonee 3HaYMTENbHbIX HOBbLIX LMMPOBLIX TEXHONOrWA, CHHXDOHHONW ONTHYECKOH
cern SONET (COC), n cuHxponHoi ungpoBoi uepapxuu SDH (CUWN), nHorga paccmarpueaeMsix Kak
eavHan TexHonorvs SONET/SDH, pacwmpuBwan avanasoH UCNonb3yemblX ckopocTen nepepauv no 40
réur/c. 3T TexHonormyu Bbink OPUEHTUPOBAHBI HA WCNONL3OBAHUE BONOKOHHO-ONTUYECKUX Kabeneir (BOK)
B Ka4ecTBe cpeabl nepepayn,

TexHONorMn NoKanbHbIX CeTell, OPUEHTUPOBAHHLIX Ha NepeAadvy AaHHbIX, @ He ronoca, PassvMBannch
He NO NVHWW YNNOTHEHUSA KAHANOB, & N0 AVHUK YBENUNEHUS NONOCH NPONYCKAHUA KAHANOB NepeaaLsn aaH-
HbiX, HEOOXOAMMOM ANA Nepeaayy He TONbKO TEeKCTOBbIX, HO U rpaduHecKUX AaHHbLIX, a CeA4ac M AaHHbIX
MynsTUMeaua. B pesynsTate WCNONb3yeMble Ha HAYUILHOM 3ATane pasBuTUA ceTeBble TexHonorun ARCnet,
Ethernet n Token Ring, peanu3ylowme ckopoCcTu nepenaymn 2-16 M6ut/c B nonyaynnekcHoM pexmme u 4-32
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MO6uT/C B AyNNEeKCHOM pexume, yCTynunn MECTO HOBbIM CKOPOCTHLIM TexHonoruam: FDDI, Fast Ethernet u
100VG-Any LAN, MCnoNb3ylowmM CKOpOCTL nNepesaqn AaxHbix 100 M6BuT/C 1 opueHTUpoBaHHbIX B Gonbluei
4acTu CBOei Takke Ha npumeHeHne BOK. Anodeosom atoro passutnsa BuauMo Gyper xoeas texHonorus 1
réut/c Ethernet.

Co3naHue KOMNbLIOTEPHLIX CeTeid Macwrtaba npeanpusaTvs, KOPNOPATUBHBLIX, PErMOHANbHLIX U FNO-
GanbHbiXx CeTei nepenayYn NAHHbLIX, CBSA3bIBAIOWMX MHOXECTBO NOKANbHLIX KOMMNLIOTEPHbLIX CETeA, B CBOIO
oyepenb NPUBENO K CO3AAHUIO TaKuUX TPAHCAOPTHLIX TEXHONOMWMA nepepadn naHHbix kak X.25, ympposas
CeTs MHTerpHUpOBaHHOro obcayxmsanns (W ¢ nHrerpaumeii cnyx6) ISDN (LLCUO wan UCKUC) u per-
paHcnsyusa xaapoe Frame Relay, pewaswnxX 3T 3apa4n NepeoHAYaNbLHO HA CKOPOCTAX 64 kbut/c - 144
K6UuT/C - 1.5/2 MBUT/C COOTBETCTBEHHO.

JdancHenwee pa3BuTHME 3TUX TEXHONOIMWIA TaKKe W0 NO NMHMK YBENMYEeHUA CKOPOCTeR nepepaduv n
NPUBENO K TPEM BAXHBIM pe3ynbTaram:

~ NOCTeNeHHOMY OTMMpaHuio (B nnaHe GecnepcnekTUBHOCTM PAa3BUTHA) CYLLECTBYIOLBH ele TexHO-
norum X.25;

— YBENUYEHWIO CKOPOCTU nepepaun AaHHbIX, peanu3yeMomy TexHonorueid Frame Relay, no ckopoctu
T3 (45 Mbur/c);

— MOSIBNEHUIO B HEJpax TEXHOMOrMM WMpoKononocHoin ISDN (B-ISDN) HoBoli TexHonorun ATM, unu
pexumMa acMHXPOHHON nepegays, KOTOPas NPUHUNINANEHO MOXET NPUMEHATHCS Ha Pa3NYHbIX
ckopocTax nepepaum (o1 1.5 M6ur/c no 40 '6ut/c), 6narogaps MCNONL3IOBAHUIO TEXHUKU WUHKanN-
CYNSLUM JaHHbIX.

B nutepaTtype Hanbonbluee BHUMaHue YASNaeTCA B HACTOALIEee BpeMs TOALKO TexHonoruu ATM, Tor-
ha kak B Poccun, no cBeAEHUAM aBTOopa, CyUeCTBYIOT TONLKO M3ONMPOBAHHO PYHKUMOHUPYIOWNE KOMMep-
yeckue cetn ATM u akCnepuMeHTanbHLIe yHaCTKu CeTeit, Ha KOTOpbiX aTa TexHonorus ortpabarbiBaetcsa. B
0TnMuMe OT 3TOro B8 POCCuM pa3BepHyThl U NONHOMAaCIUTabHO GYHKUMOHKPYIOT, HauuHaa ¢ 1993 roaa, aecaTku
KpynHbix ceTeit SDH. TexHonorus SDH asuHynack B peruoHbt. Ha ee 0CHOBE npomncxoanT KpynHoMaciuTat-
Hoe nepeobopynoBaHUE CTapoOid aHANOroBoOM CeTU CBR3U Poccum B LMPPOBYI0 B3auMOyBR3aHHYIO CeTb CBA-
31 (BCC) [137], ucnonb3youlyio caMmbie nepenosbie TeXHONo K.




1. OCHOBbI LLIUDPOBbIX TEXHOJIOTMA NEPEQAYM AAHHbIX
1.1. OCOBEHHOCTU KAHAJIA CBA3U

[ind nepefayn rosi0ca vnv QaHHbIX, paccMaTpuBaemsix 8 06LEM CNyyae Kak CHrHaz, UMEIoLWnia onpeae-
NEHHLIE XapaKTepUCTUKK, UCNONLIYETCA KaHas CBS3M, OPraHU3yeMmblii MEXAY TepemarynKkoM M npuem-
nuxomM. OOMH U3 OCHOBHbLIX BOMPOCOB 3aK/IOYAETCA B TOM, MOXET M 3TOT curHan Obitb npuHaT 6ea ucka-
¥EHWI. ECn HeT, TO HACKONbKO OH UCKAaXAETCA NPWU NPOXOXAEHWU NO KaHany CBA3u. YPOBEHb AOMYCTUMbIX
HCKa)XEHUM CHrHana, a TOMHEee OTHOLWUEHWE CMIHasn/WyYM, COrNacHO W3BeCTHOW ¢opmyne LleHHoHa-
Xaptnn [1], onpenensier, Hapsgy C LWUMPWHOIA NONOCHI NPONYCKaHWA, eMKOCThL KaHana CBA3W uin AonycTu-
MYIO CKOPOCTb Nepefayn curHana. AHanorosbiit CUrHan, HenocpPeACTBEHHO NepeAasaeMsbiii N0 KaHany ces-
31, MOXET ObiTb UCKAXEH MO amnnuTyae, dase u 4actoTe unu BpeMeHHOMy macwraby. 3Tu nckaxeHus
ABNAIOTCA CNEACTBUAMM €CTECTBEHHbIX UM UCKYCCTBEHHBLIX OrpaHUYEeHnin Kanana CBf3u, HanpuMmep Ha au-
HaMM4ECKMIA AMana3oH 1 NONOCY NPONYCKaHWs.

flpyn nepepaye CUrHana Ha AansHUe pacCTOAHWUA 3HEPreTUHEeCKM BbIMOAHO WCMOJb30BATL BbICOKOYAC-
TOTHYIO HECYLYY!0, NapameTphl KOTOPOR MOAY/IMPYIOTCH NEepeNasaeMbiM CMraasiom. [1na nepenaqu rono-
ca No KkaHanam cBA3n oOLIMHO MCMONL3YIOT ABA METOAA MOAYNAUMW Hecylen: amnauryaHyo (AM) w gac-
rotHyo (YM). B npouecce moaynaumu (a 3T0 onepauus HenuHEenHasn) CUMMETPUHHO Hecywien fy nosens-

I0TCS neskle M npasbie GOKoBble 4acToThl fy £ NAf, anecb Af - OCHOBHas noAoca 4acToT, 3aHuMaemas
curranom. ns AM n = 1, onsa YM n 3aBUCUT OT MHOEKCA MOYNALMKN 1 MOXET BbiTb NPUHATO PaBHbIM, Ha-
npumep, 7 [1]. Monoca 4acToT, 3aHUMaeMas MOQYNMPYEMbIM CUrHANOM (WU ero CnekTp), KoTopas u co-
craBfseT B 9TOM Cnyyae TpebyeMylo LWMPUHY NOMAOCH 4YaCTOT KaHana nepepayn, paeHa ans AM 2Af, a

ana UM 14Af. YM nepegada MO3BONSET CYWECTBEHHO YMEHbLIUTL WMCKAXEHUA NepesaBaemoro curHana,
0co6EHHO B KaHane C napasvTHON amnanTyaQHON MOAyAsiuMen 1 3aTyxaHuAMU aMmnanTyabl, Kakum fRNSeTcs
paproadup, oaHako TpebyeT 1 CyWECTBEHHOTO (B HAalWeM cnyyae B 7 pa3) pacwupexus Tpebyemon nosaocs
4aCTOT KaHana csa3nu. Ha aTo nayT, ecan nepegasaemMeit CUrHan OauH, kak Harnpumep 8 YKB 4M TpaHcns-
UMK, KoTopas no3BonaeT nepepasaTsh 15 kU peyeBoro cnekrpa, HO Tpebyet nonoce kaHana 210 kly [1].
AM TpaHcnsiuMs NepepaeT OCHOBHYIO NONOCY 4acToT - 5 ki, Tpebys nonockl kanana scero 10 kI,

CuCTEMbBI CBA3M aCCOUMMPYIOTCA Y HAC ¢ cucTemMamu nepegayv ronoca unu TenedoHHON CBA3K, KO-
TOPLIE TONBLKO B NOCNeaHee BPeMsa B CBA3W C PassuTUeM MOAEMHON U GakCUMUNLHON CBA3W CTanu UCNOoNb-
30BaTLCA IS NEepenayu OaHHbIX. ACHO, YTO 3TU CUCTEMbl PACcCYUTLIBANUCL U ONTUMKU3NPOBANUCE Ha nepe-
pady pedn. U3 axoHOMUYecKkux coobpaxeHuit cuctemsl TeNePOHHON CBA3N CTPOWIUCL KaK MHOrMoKaHasb-
Hble CHMCTEeMbi, UCMONbL3YIOWMWE Pa3nuyHbie MEeToAbl YNMOTHeHUR KaHanoB ana nepenasu no kabenwo Bce
Bonblwero v Bonbwero yucna kaHanoe (TenedOHHbIX pa3roBOPOB) OAHOBPEMEHHO. M3 NPUBEASHHOTO Bbille
npuMepa fACHO, 4TO Npu BbiBOpe MeToda MoaynsumK npeanodTeHe 6eino otTaaHo AM. Bonee TOro OCHOB-
Has NONOCa 4acToT NepesaBaeMoro PeveBoro cnekTpa Gbina ONTUMW3NPOBaHA NO MHAEKCY apTUKYNaunn
(npuHaTOoMy paBHbiM (.7), COOTBETCTBYIOWEMY YPOBHIO pa3BopymBocTM cnos 85-90%, u cocrasmuna 3100
Mu. 9Ta monoca pasmewanacs 8 guanasone 300-3400 Iy [1].

YynuTeiBan, YTO yKasaHHas nosnoca 4acTtoT AONXHA UNLTPOBLIBATLCA pPearbHbiM, @ HEe WOealbHbIM,
aHANoroBLIM NOAOCOBLIM PUNLTPOM, MMEIOLLUM KOHEYHYID KPYTM3HY CNafa 4acTOTHOW XapakTepucTuku B
nepexofHo nonoce, GbINC NpeanoXeHo UCNONL30BaTL NONOCY B 4 kI 8 KAYeCTBe pPacHeTHOW WHMPUHBLI OC-
HOBHO NONOCLI CTAHRAPTHOro TeNe@OHHOro KaHana (3aWWTHan Nonoca Mexay OABYMSA COCEAHUMW Ka-
Hanamu npu atom coctasnser 900 'u).

1.2. UMNYNbCHO-KOAOBASR MOAYNALNUA (UKM)

Hapsany ¢ MCnonb3oBaHMeM aHanoroebix (AM) MOXHO MCMNONL30BaTb UMIMYNLCHLIE METOAbl MOOYNALUK, B
43CTHOCTH, aMNAUTYAHO-UMNYNLCHYI0O MOaynsunio (AUM), 4TO NO3BONAET YAYYLIWTL 3HEPreTUMecKUe xapak-
TEPUCTUKM Npouecca nepefaysu B LIeNOM, ECnuU YY4eCTb, YTO ANMMTENBHOCTL U3NAYHAEMOro MMMyNbCa MOXET
6biTo Mana nNo CPaBHEHWIO C NEPUOAOM Hecyweld. UMNyNsCHbIE METOABI MOAYNALMWM OCHOBAHLI Ha Npouecce
AXCKpEeTH3aymn nepenasaemoro aHanorosoro CUrHana, T.e. UCNONb3OBAHUN NOCNEeROBATENbHOCTH Bbi-
6opox (BbIGOPOUHBIX 3HAYEHUIY) AHANOFOBOrO CUrHANA, B3ATbIX NEPUOAUHECKN C YaCTOTONH AUCKpeTH3a-
ymn . OHa BLIGUPETCA U3 YCROBWA BOSMOXHOCTY NOCASAYIOLEro BOGCCTAHOBNEHUS aHaNOoroBoro curHana
6es uckaxeHwd U3 OUCKPETU3NPOBAHHONO CUrHana ¢ NOMOWBI0 PUALTPA HUXKHUX 4acToT. AN curHana ¢
OrpaHU4YeHHbIM CNEKTPOM, K KOTOPOMY OTHOCUTCS U CUrHan CTanAapTHOro tenedOHHOro KaHana, nMmeowmni
4acToty cpe3a fo, = 4 kfu, npuMennma Teopema Kotenbhukosa-Haikencra, onpepensiowas f, = 2 f,.
Otclopa nonydaem, 4To Ana CTaHBAPTHOrO TenedOHHOro KaHana 4actoTa AUCKpeTU3aumn coctasnset 8 klu,
(r.e. BIGOPKI aHANOrOBOrO CUrHaNa CReayioT ¢ NEPUOAOM ANCKPETU3aumm Ty = 125 mxc).
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CnenyoumMmM NOTUHHLIM LIATOM MOXET ObiTb KBAHTOBAHME aMNATYA UMNYNbCHBIX BHIGOPOK - Npo-
uecc onpeaenenns pNst Kaxaon BoiOOPKN IKBUBANEHTHOrO € YMCNEeHHOro (Un@dpoBoro) 3HaveHns. Yka-
3aHHbie [B8a Wara (OUCKPeTUaauus M KBaHTOBAHUE) ONpeaensioT NPOUECChl, OCYLECTBASIeMbie NpU HM-
nynscHo-kogoBo# mogynaumn. OHW NO3BONAIOT NEpPeiTn OT aHaNorosoro NPEencTaBNeHUs Pe4eBoro cur-
Hana k yugpposomy.

YucneHHoe 3HaueHWe kaxaooi BbiOOpkM B 3TOM cxeme MoxeT ObiTh fanee npeacTasNeHo
(3axogupoBaHo) B BUAE 7 Mnu 8 OUTHOrO ABOMYHOro xO4a (Ha NPaKkTUKe NPV WCNONb30BAHWU AHANOIrO-
uudposbix npeobpazosatenein (ALM) asouyHoe KOAMPOBAHUE OCYLLECTBNSETCH HENoOCPEeaCTBEHHO MPU KBaH-
ToBaHWM). Takoe xoaupoBaHue (4acTO HasbiBaemoe xogmdpuxayueir) NaeT BO3MOXHOCTL nepeaats 128
(27) nnn 256 (28) aUCKPETHLIX YPOBHEN aMNAWUTYALI PEYeROro CurHana, 06ecneymBas KaueCTBEHHYIO nepe-
Aauy peuvt $opManbHO C AMHAMMYECKUM AManas’oHOM nopsaka 42 wnn 48 gb. YuutbiBas, 4TO BbIGOpKU
RONMXHBI NEepenaBaThCs NOCNea0oBaTeNnsHo, NosyyaeM ABOUHHLIA LMGDPOBOA NOTOK CO CKOPOCTLIO 56 kbut/c
(8 kl'y x 7 6uT) B cny4ae 7 6uTHoro koamnposaHust unu 64 kbut/c (8 xy x 8 6uT) B cnyyae 8 GUTHOrO KO-
pOBaHus.

YkasaHHbie waru npe-
obBpasosaHus gna GopMupo- r“
BaHua WKM npepcrtaBneHbl - - - - -

Ha puc. 1-1.

Ucnone3loeaHue WKM
(w3secTHoOt ¢ 1938r., HO pea-
M30BaKHON Tonbko B 1962r.)
B Ka4eCTBe MeTOAa nepeaaqn
OaHHbIX NO3BONACT:

s pna cucrem ymdposoi d
TenedoHun - NNKBNONPO- t
BaTb HEAOCTAaTKW, NPUCy- —

]

|
I~
|

4
1280,
MCoK*
e aHasioroBbiM  MEeTO-
[aM nepenayn, a MEeHHO:
— ybpaTtb cywiecrseHHoe
3aryxaHue cwurHana u Homep euGopk
€ro U3MeHeHWe B CeaH- Yposews xeamoea'y 1) / 7] \sc
I

Ce CBA3U M OT ceaHCa K

:
L]
]
;
2

4 5 8 7 8 ]

\M{wl\ 70 68

4 - ~
CeaHcy; 4:mm€omou}|omozkoombuoohoomno Asowsbiii Ko
—~ NPaKTU4ecKu y6path -
MOGTOPOHHUE LWYMbI; o o % o 1 1t 1 1 o 1 )
- ynywwuTs  pasbopamn- —_J_LU_TLLF_J—\_U_ BunomApusA Koosu
BOCTL peus u ysenu- .
YuTh DVHAMUYECKWIA l, 5.18 moex l

OManasoH nepenaum;
e ANR cHCcTeM nepegaym

AaHHBIX - 0OpraHn3oBathb Puc.1-1. ®opMUpOBaHKE NBONHHOMO

kKaHan nepepain AaHHLIX noToka npy UKM ¢ 7-6uTHbiM
Ha ckopocT 56 wnu 64 KOAMPOBaHNEM
kbuTt/c.

1.3. METOAbI MYJIbTUNNIEKCUPOBAHUSA NOTOKOB AAHHbIX

MNepsbie cnctembl TenedOHHOR CBA3KM UCNIONb30BAAN OTAE/bHbIE NMHUK NepenaqYy QNS OPraHu3auum Kaxpo-
ro kaHana. Mipeu opraHvsauuu nepenayun HECKONbKUX TenerpadHbix KaHANOB NO OQHOW NUHMM wnu vaen
MynbTUNNEKCUpPOBaHua Obinu Bnepsble OCYUIECTBACHL! etwe B 1918 € NOMOLLBIO MEXAHMMECKOrD KOMMYTATO-
pa. loa MynsTunnexcupoBasunem (CBA3UCTLI UCNOAL3YIOT TEPMUH yNnoTHeHue) ByaeM noHuMats obbe-
OVHEHUE HECKONIbKMX MEHbLWWX MO eMKOCTW BXOAHbIX KAHANOB CBSI3V B OAWH KaHan Bonblieird eMkocTn ans
nepena4v nNo OAHOMY BbIXOQHOMY KaHany cBa3u. Mpu peanuaaumn 1akoro ob6bseguHeHuss TenedOoHHbIX Ka-
HANOB OAHON M3 OCHOBHLIX 33034 ABNASTCA YCTPAHEHUE BIAMMHOI0 BAMSIHMUSA COCeprVX kaHanog. [lo noc-
NefHero BpemMeHy WnpoKo UCnonb30Banuch ABa METOAA MYNbTUNAGKCUPOBAHWS:
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o MYNbTHINIEKCMPOBAHNE C YaCTOTHBIM Pa3feNeHNeM KaHanoB (4acTOTHOE MYNLTUNNEKCK-
poBaHue/ynNnoTHEHUE);

e MYNbTHUNNEKCHMPOBaHHWE C BPEMEHHbIM Da3nReneHUueM KaHanoB (BPEMEHHOe MYNLTUNNeKCU-
poBaHne/ynnoTHeHue).

1.3.1. HacToTHOE MyAbTUNIEKCUPOBAHME

Mpu 4acTOTHOM MYNLTUNNEKCUPOBAHMM NOAOCA YACTOT BLIXOAHOrO KaHana AEnuMTCs Ha HEeKOTOpPOe 4UCHOo
nonoc (NoaKaHanoB) n, COOTBETCTBYIOLMX MO LUMPUHE OCHOBHOI NONOCe CTaHAAPTHOrO TenedOHHOro Kaha-
na 4 xfu. Hanpumep, Ha puc.1-2 nokazaHa Takas rpynna v3 YeTbipex kaHanos ¢ nonocon 4 kfu, orBeneH-
HOW MOA KaXKAbIA KaHan, U YactoTamu, CABUHYTbIMK HA 60 k'L, B pe3ynbTaTte aMmnavTyaHON MOAYNAUUMK.

YpoBeHb curHana
CurHan Kaxanoro kaHana
npONYcKaerca Hepes 76  C 7T Vcnonbayemas WMPUHA
NONOCOBOM GUNLTP Kanan 4 l f Conann A4
12 S ST

o Kanan 3

o 68 P g e 3awwmTHan nonoca
Ecnu curtan poctarouHo g Kawan 2 :
MOLHBIA ¥ NpoHKaeT T 64 [ A,
B COCEAHVIA KaHan - mm ey~
BOSHMKAET NepeKpecTHas oo Kawani1 —— §
HaBoAKA HWXHaR rpaHudHas 4acTota

Bpems

Puc.1-2. Bua kaHanbHOW Fpynnbt, NONYYEHHOW B pe3ynbraTe YaCTOTHOrO MyibTUNNEKCUPOBaHUA

Kaxabid kaHan umeeTt ¢akTudeckylo nonocy nponyckanus 3.1 ki v dopMUpyeTcs NONOCOBbIMW
dunbTpamMy ¢ HacToTamMm Cpesa, CABUHYTBIMU Ha 4 KU OTHOCUTEeNbHO Apyr Apyra. Hanpumep, ¢punbTp nep-
BOTO KaHana umeeT 4acToTol cpe3a 60.3 n 63.4 My, sToporo - 64.3 n 67.4 x'u. Npu 60nbIKMX YPOBHAX CH-
rHana B KaHanax 3awutHon nonockl 900 My Mexay kaHanamMn HeROCTATOYHO ANA YCTPaHEeHUst NepekpecTHOM!
HaBOAKKU (TenedOHHOro PA3rosopa) OT COCEAHMX KAHANOB.

Ona dopMuposBaHna KaHanbHbLIX rpynn ucnonb3yercs npouenypa OBN-NH - moaynupoBauua Hecy-
wei n noaHecylmx No aMnNAUType C NopasneHneM ogHoW GOKOBOH nonochl (NeBoit wnu NPasoit) U no-
Aasnennem Hecyiged. Cxema GOPMUPOBAHNA KaHANLHBIX rpym moxeT GbiTb pa3Hoi. CtaHpapt CCITT
PEKOMEHAYET CNeaylowyio cuctTemy rpynnuposanus [1]:

* OCHOBHAas KaHaNbHAasa rpynna (HasbiBaeMas CBA3NCTaMU NEepPBMYHOR rpynnoi) - 12 craHaapTHbIX
TenedOHHbIX KaHanos;

e OCHOBHas cyneprpynna (Ha3biBaemMas BTOPUHHOWM rpynno#) - 5 kaHanbHbix rpynn (1.e. 60 kana-
nos);

o Macreprpynna (Ha3biBaeMas TPETU4HOW rpynnoi) - 5 cyneprpynn (1.e. 300 kaHanoB) unu 10 cy-
neprpynn (1.e. 600 kananos), win 16 cyneprpynn (T.e. 960 kaHanos)

PaanuyHoe 4vcno MacTeprpynn v cyneprpynn moxeTt 6uiTb MCNONL30BAHO B NPOUECCE rpynnupoBa-
Hus, oOpasys MynbTMMACTEPrpynnbl (HA3biBAEMbIE YETBEPTUYHBIMU Fpynnamu). dopMupoBaHne OCHOBHOMN
KaHaNbLHOW rpPynnbl MOKA3aHO Ha pPUC.1-3, rae NCNONL3YETCA ABYXCTYNEHYaTas cxema: Ha nepson GopMupy-
e1cs rpynna u3 Tpex (npasbix) kaHanos OB - nytem moaynsumu nogHecywmx 12, 16 u 20 kM, Ha BTOPOIA
- KaHanbHasa rpynna n3 12 (nesbix) kaHanos OBMN - nytem moaynaumm noaHecyiwmx 84, 96, 108 u 120 ku.
B pesynbTate GOPMUMPYETCA KaHaslbHaA rpynna ¢ WwupuHoi nonocsl 48 ky, (60-108 kMy), xOTOpaa nenons-
3yetca s Mmoaynsumn 5 Hecyiumx (420, 468, 512, 564, 612 «'u) npu GOpMUPOBAHKUK CyNeprpynnbl C LWn-
puHo nonocel 210 'y, (312-522 kl'u) w.1.4.
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12xly 12 16

Mxl’nr"_] _‘4
R S
18y 16 20 1'2 16 2'0 2.‘ 84 xf'x 60 72 84
0-4 xry r’j 1A | A14 rL] NS
| S

20uy 20 24

Gdﬂné I‘I

12 24 98k 12 84 95

ltaqa r
'“f iy 96 108 /
12 24 120 xTu 1q3
120
LA
b Bardy /
60 xl'y 12 xaHanos 8 TY :

108 «I'y

Puc.1-3. Cxema $OpMMPOBaHUS OCHOBHOM KaHaNLHOR rpynns

1.3.2. BpemeHHoe MynbTUIJIEKCUpOBaHMe

HaCTOTHOE MyNbTUINNEKCUPOBaHUE [OCTATOHHO CNOXHO B peanu3aumy 1 HaCTpOiKe (Kak N BCE aHanorosbie
mMeToabl). Npu ncnonsaosann UKM Hanbonee yaoGHOM ABRSIETCR CxemMa MYNbTUNNEKCUPOBAHWUA C BPEMEH-
HbIM PasfeneHUeM KaHanos, WK, KPaTKO, CXeMa BPEeMEeHHOIro MyAbLTHNIeKCUMPOBAaHMS, WIn cxema C
pasgeneHneM pecypcos C NOMOWbIO KoMMyTaTopa (Ha nepepaiouieit CTOPoHe), KOTOPLIN fiocneaosaTens-
HO NOAKNIONAET KaXAbIA BXOQHON KaHan Ha onpeaeneHHbii BpeMeHHOW MHMTepBan (ero HasbiBaioT Takke
“TanM-cnoT” nnyn “vuHTEpBan KOMMYTaumMK”, unu “umkn”), HeoBxoaMMbBIA ANA NOCBUTKN BEIBOPKKM (MK KAKOMN-
TO GMKCMPOBAHHOW 4aCTU) CUrHana B [aHHOM xaHane. ChopMupoBaHHbiii Takum 06pasom noTok BuiBopok
OT pa3HbiX BXOAHbIX KAHANOB HanNpPaBNAETCH B Kanan CBR3W. Ha ero npyeMHON CTOpPOHE 4eMYnbTHIIAEKCoD
C NOMOWbBIO AHAIONMHHOTO KOMMYTaTopa M ¢GUALTPOB HWXHMX 4AaCTOT BbIAGNSET OTAENbHbie BbIOOPKM w
pacnpegensier nx N0 COOTBETCTBYIOUMM KaHanam. BaxHO TO, 4TO KOMMYTATOPbLI Ha nepepaioulei u npue-
MHOW CTOPOHAaxX AOMXHbI PabOTaTh CUHXPOHHO, T.€. AOMKHbLI ObiTe CHMHXPOHNIUPOBaHBI. CXEeMa BPEMEHHO-
ro MynbTUNNEKCMPOBaHUA BLIOOPOK NpuBeaeHa Ha puc. 1-4.

Ona UKM B TenedOHHLIX CETAX KOMMYTaATop A0MKeH 06pawatCa C NnepuoaoM paBHbIM nepuogy

avckpetnsauuu Ty, TOrAa MHTEpBan KomMyTauwu kasana Aty = T, / 1, roe n - YMCNO BXOAHLIX KAHANOB
mynbTUnnekcopa, Wy At, = 125 / n [mMkc]. Ecnv mynbTunnekcupylotcs 24 kaHana, 1o Al = 5.208(3) Mkc,

ecnu 32 kanana, 10 At, = 3.90625 Mxc. OfHako BBEAGHHOE NOHATNE WHTEPBAA KOMMYTaUMn Kak Gukcu-
pOBaHHOW BenU4UWUHbLI BEPHO B UAEaNLHOM Cnyvae. Ha npakTuke B pape cnyyaes OHO YCNOBHO, a cam npo-
LeCC KOMMyTaL MOXET BbiTb HEPaBHOMEPHbIM.

DeicTBUTENEHO, AN CUHXPOHU3AUMKM KOMMYTaATOPOB AOMKEH WCNONL30BATLCH HEKU CHHXPONM-
ayasc uau ero undpoBON aHanor (Hanpumep NOCNeROBaTeNLHOCTL BUAA “11...11" onpeaeneHHON AnWHL).
Ecnu OH nepenaeTcsl NO KAKOMY-TO BHEWHEMY KaHany ynpasneHusl, TO PaCCMOTPEHHas CXema uaeanbHoro
MyNbTUNNEKCUpoBanua abCoONIOTHO BEPHA, eCnu Xe UCNONbL3yeTca BHYTPUKAHANbHAs CUHXPOHU3auus, TO
NPoOUECC CUHXPOHU33ALMKN CBOAUTCA K BCTABKE AONOMNHWTENbLHOrO, TaKk Ha3biBAEMOro BbIPaBHUBAIOLLErO,
fura unu rpynnsl 6uT nocne m BuIGOPOK, NUBO opraHn3auun Gonee CROXHOR NOBTOPSKIOLENCS CTPYKTYPLI B
rnotoke suiGOPOK, BKovaoweh m sulopok u k noneit onpepeneHHon ANUHLL WAKM BbIPaBHUBAKOWMX 6UT.
Or1a cTpykTypa MOXeT ObiTb PA3HO, HO OHa HUKCHMPOBAHA ANA KOHKPETHOM Cxembl koauposanua MKM u
HOCWT HasBaHuwe Kagp vnuv ¢pesim (frame), B TepMUHONOrM CBA3UCTOB “UMkn”. Heckonbko $peiAMoB MO-
ryt o6weaunHaTscs B ewe 6onee obLLyio CTPYKTYpY Ha3biBaeMyio MyssTh@pesimom (multiframe), 8 Tepmn-

12



HONOrMKM CBA3UCTOB “ceepxumkn”. fMepuog nosropenns peéima - 3aTo Bpemsl, Tpebyemoe Ha oauH non-
HbIlA LMKN KOMMYTauUMyu C Y4ETOM BPEMEHM BCTABKWM BbipaBHUBAIOLWEN rpynnbl 6uT. Npumep ero BbiuMcneHus
fipM HANUYMKU BblpaBHUBAIOLLEEW rpynnbl 6ur paccmoTpeH Gonee noapobHo B8 1.4.2.
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Puc.1-4. O6006ileHHas cxema BPEMEHHOFO MYbLTUINEKCUPOBaHWUA

ApyruMm HEenpusbiNHBIM MOMEHTOM (B Ka3anock Obl ACHOW Cxeme BPEMEHHOIO MYNbTUNIIEKCUPOBAHWS,
MCTIONb3YEMON B KOMMLIOTEPHLIX CUCTEMAX) sBnseTca nnbo Hanuumne B none BuIBOpKN OMTa CHrHanu3aLmnm,
YMEHBLLAIOLWEro pa3psaHylio CeTky BuIBOpkM Ha oauH 6uT (¢ 7 po 6 unn ¢ 8 po 7), nmbo ucnosnL3osaHwe s
LEnei CUrHan3aumnm uesbix MHTepBanoB KOMMyTauuM niv TainM-cnoTos. bonee noapo6Ho cm. 1.4.2,

1.3.3. BpemeHHOe MyNbTUIVIEKCUPOBaAHUE ABOMUYHLIX NOTOKOB AAaHHbLIX

Mpy ucnonsb3oBaHuM CUCTEM UMGDPOBONA TenedoHUM ANA Nepefadr OaHHbIX HA BXOAE MYNbTUNNEeKcopa Her
PEYeBbLIX CUTHANOB, KOTOPbIE HYXHO AUCKPETU3UPOBATL M KBAHTOBATb, & €CTb YXe CHOPMUPOBAHHLIA NOTOK
ABOMNHBIX OAHHbIX. [ng HEero cxema BPEeMEHHOro MynbTUMIEKCUPOBAHUS MOXET ObiTb KOHKPETU3MPOBAaHA.
Ona npakTMuecku cosnanaeTt ¢ NPOUERYPOR MYNETUMNIEKCUPOBAHUA B KOMMbIOTEPHLIX CucTemax. Urak, Ha
8X0le MYNbTUNNEKCOPA UMEIOTCA 1 BXOAHBIX ABOWYHBIX NOCNEAOBATENBHOCTEN (NPOUCXOXAEHUE KOTOPbIX
MoxeT BbiTb U He CBA3AHO C BHIGOPKaMK), NOITOMY KOMMYTATOP MYNLTUMEKCOPa MOXET NOCNefoBaTeNbLHO
o1bupaTe M3 KaHanoe AIOBYI0 MOMMHYECKW OCMBICIIEHHYIO ANS AAHHOW CETEBOW TEXHONOrUW NOcneaoBaTesb-
HOCTb BWT, COCTaBNAN U3 HUX BLIXOAHYIO NOCNEAOBATENBHOCTb. ITOT NPOUECC HA3LIBAETCS MHTEPINBUHIOM
(interleaving), vnn YepegosaHueM. Pasnu4aioT cneayiowme BUabl MHTEPINBUHIA;
o OUT-MHTEPAUBUMHI VW YepeaosaHne GUTOB - Ha BbIXOQ NOCNEA0BATE/IbHO KOMMYTUDYETCS 10 OA-
HOMy OUTY U3 Kaxporo KkaHana;
o 6afT-UHTEPAUBHUHI VN YepeposaHne 6aiToB - Ha BbIXOZ NOCNEAOBATENbHO KOMMYTUPYETCs No
opHomy 6aiTy U3 Kaxnoro kaHana;
¢ CHMBONbLHLIA MHTEPANBMHI WU YEpPenoBaHWe CUMBONOB - HA BLIXOA NOCNEAOBATENbHO KOMMY-
TUPYETCA N0 OQHOMY CMMBONY (oawH HUGOR wnu none annHoi 7 But (ASCIl koA - amepukaHckas
sepcua), unu none anuHon 8 6ut - 6ait wnn okrer (ASCII kop - MexXayHapoaHas Bepcus) U3 Kax-
DOro KaHana;
o GNIOK-MHTEPNAMBUHI VM YepenosaHne BNokoB - Ha BbIXOA, NOCNeaosarTensHO KOMMYTURYETCS Mo Oa-
HOMY 6n0Ky (KOTOpbii MOXeT ObiTe BNMHOA B HECKONBKO 6aiToB v MOXeT ObiTb NONEM LEnoKpaT-
HbIM OpYroMy CTaHAAPTHOMY OpMaTy) U3 KaXAoro kaHana.
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CxemMa BPEMEHHOrO MynbTUMUIEKCUPOBAHUS YEThIPDEX ABOUYHLIX NOTOKOB AAHHBIX BXOOHbIX KaHanos 64
k6uT/C nokasaHa Ha puc.1-5. inga npumepa BbibpaH BapuaHT GUT-UHTEPNUBUHIA, TOE B UCNOMb3yembix 060-
HANEHUAX: T4, oo T4, ooy Big .. Bay - Pl 1, 2, 3, 4 COOTBETCTBYIOT HOMEPaM OWT, 3 UHPEKCHI - HOME-
pam kaHanoB. CTpenkon yka3aHo HanpasneHne notoka 6ur.

aHanoro-uMdpposon

npeoBpa3opaTens MYRLTHRAEXCOP, CBbEaNHAIOWMA
L - 125 us 4 xaHang 8 oavH
Kanan 1
. _m_ 1 1 1 ]
»> d e b a
—
125 -4 = 31.23 ,un
Kanan 2 _’l r_
2 2 2
Lﬁl— d je [b | afzfrfafalz]rlafsfa]r]afs]2]s
_— » did|djcjclc|c v oo ibia]e]a]a
Kanan 3 —
3 s a a K OKOHE{HOMY
P e N - [ o6opynoBaHUID
ANR nepeaaun
Kanan 4 A . P .
d [ b a MYNLTUNNEKCIPOBaHHEIR LdPOBOY
———— R CUHAN CO CKOPOCTLIO 256 K6GUT/C,
BWOHA NOCNeNoBaTeNbHOGTL DanTos
T npy GaiT-UHTEPANBUHTE

aHanoroBwe BXOAk!

peyeBbiX CUrHANOR OUNPPOBEHHBIE
pevesbie KaHan -
64 kbur/c, 4 Gaitta

Puc.1-5. BpeMeHHOe MynbTUNNEKCUPOBaHUE NOTOKA AaHHbIX
no cxeme ¢ BUT-MHTePNUBUHIOM
.

1.4. KOAWPOBAHME UMPPOBbLIX LAHHbLIX B UKM CUCTEMAX

1.4.1. MpakTnyeckune metoabl ¢popmuposaHna UMPpPOBOA Nocne[oBaTeNbHOCTU

PaccMOTpUM NPOCTOM npuMmep auckpetnsaumu B cucteme MKM ¢ n-kaHanbHbiM MYJNIbTANNAEKCUPOBaHN-
eM, BHYTPUKAHANLHOW CUHXPOHU3AUMENn (nyTem BCTaBKM CUHXPO-rpynnel w3 k 6MT nocne m ¢dpeimos) u
MNHEAHOrO CUMMETPUYHOIO KBAHTOBAHMS C YUCAOM yposHeWn I. Ons npumepa euibepem n=4, k=4, m=2,
I1=8. YcnoBuMCSH, 4TO MFHOBEHHOE 3HAYEeHWEe Curkana U3MeHsieTcs B mHTepsane (-4,+4). lNpumep unniocT-
pupyeTtca pvc.1-6. [Ina KOMNAKTHOCTW BCe NPOLECCHI ANCKPETU3aUUKN, KRAHTOBAHWUA, KOOUDWUKALUK, MYyNb-
TUNNEKCUPOBAHUS U BbIPABHUBAHWUS MOKa3aHbl HA OAHOM PUCYHKE.

MKM cuctema nocnegosaTtenbHo BbINON-

4 fa) chy .
T 33 HAET crieaylolume CTaHAAPTHLIE YHKLMN:
§2E‘ Taitm-cnome _ - [AMCKPETU3aUMIO CUrHana B Kaxaom
g ‘2 £ ~ KaHanos "‘"_"'_ 1“3 yetblpex kaHanos (k1 - k4) ¢
gc 15 2 3 4 !\\ 2 .?"’f- "l'}(' o yacToToi f, (KOHKpeTHOEe 3HaueHue He
2% /,\\ P — \\\Bmm__ urpaer ponv) B NOCNeAoOBaTeNbHLIE
: 17 e ~ - . HOPMMPOBAHHbLIE MOMEHTHLI BpemeHu 0
32N ot .X\\ . (k1), 1 (k2), 2 (k3), 3 (k4), 4 (K1) M T. .
3;_1’_ N - \ c&‘ ~~o Npu OTCYTCTBMU BbIpaBHUBaHUSA
4-&.’/ <z ~-/‘\d/. Se—— BoIbOpk 6epyTca  nepuoaoudecku
(TiT1]§700] 1071 [ 0017 7011107001 0000 {0000 ] 1001 | 111700101 0001 [ 1013 [00T0] NepUOAOM AUCKPETU3ALMN 4 envHuubl,
4 nanpuMep, ana kt - B mMomenTol: 0, 4,

FX1 2 3 4 1t 2 31 4,F 1 2 1
BupasHusanve xanpa 8,12, ..., anak2: 1,5,9, 13, ...uT

0., 4TO COOTBeTCTBYEeT  dpenmy,

N cocrosiwemy u3 4 TalimM-cnoTos;
Puc.1-6. MNpaktuydeckuit npumep

MynbTunnekcuposanua B KM cucteme — KkBaHTOBaHMe BbIOOPOK CUrHanNa Kax-
[Or0 kaHana, T1.€. oTobpaxeHne He-
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npepsIBHOro MHOXECTBA 3HAYeHWn amnanTyg 8eiBOpoK @ w3 uHTepsana (-4,+4) Ha gUCKPETHOEe MHO-
XecTeo u3 8 yposHen kBaHToBaHus, nmbo 0, 1, ..., 7 - OQHOCTOPOHHEE (HECUMMETPUYHOE) OTOBpaxeHue
(ogHononapHelil curHan), nubo, Hanpumep, -3, -2, ..., +4 - ABYCTOPOHHEE (CUMMETPUYHOE C TOYHOCTLIO
D10 YPOBHA) OTOOpaxXeHne (ABYXNONSIPHLIA CUrHan);

ABOMYHOE KOgMpOBaHMHMEe, Wi kogmduxaymio (CM. TepMuH B 1.6.) KBAHTOBaHHbIX 3Ha4eHuid. Mpu
cXemMe KOAMPOBAHNS. 3HAK-HOMED YPOBHS M 8 YPOBHSIX KBAHTOBAaHWSI 4OCTATOMHO 4 6uTa Ha BbiBOpKy: 1

3HaKoBblih 6UT U 3 6uTta Ha HOPMUPOBAHME ABOMYHOIQ HOMEPa YPOBHS (23 = 8). Ucnonb3yem npocToit
anropuTM OTOBPaXEHUA MHOXECTB, WK anroputm xoauduxaymwn:. ecnm n-1 < a < n, 10 a = n anq
Bcex a. CnegosarensHo, ecnv @ = 3.55, 10-ecTb, ectn 3<a< 4, 10a=4,aecnma = -0.78, re. -1
< a<0, 10a=0.B pesynstate TpebOBaHU CUMMETPUYHOCTN KBAHTOBAHWUA, NONy4aem noTok Gur, no-

KasaHxei Ha puc. 1-6, rae -3 — 1011, ..., 0 — 0000, ..., +4 — 0100;

- MYSTHINEKCUPOBAHME KaHANOB No cxeme: ofveanHeHne 4 KaHanoB Ha BXOAE B OfVH KaHAaN HA BbIXO-
ae - 4:1 - 1.e. ¢ yepeaosaHueM BbIGOPOK OTAENbLHBIX KAHAMNOB ANA CO3AaHUA noToka BUT BbIXOAHOrO Ka-
Hana. bes y4yeta CUHXPOHU3ALMK NPOLECC MYNbTUMNEKCUPOBAHWUSA CO303ET PerynapHblit NOTOK ¢GperiMoB,
COCTOAWMX U3 4eThipex BuiOOpoK. Ero perynspHOCTb Hapywaetca HeoOXOOAUMOCTbIO CHMHXPOHM3ALNMA,
KOTOpasA NPy BHYTPUKAHANbHOW CUHXPOHN3ALMK CBOAMTCS K BCTABKE CUHXPOrpynnbl nocne m ¢$peimMos -
3TOT NPOUECC Ha3biBAaSTCA BripaBHUBaHneM ¢pedma. [Ins BeipaBHUBAHMA NO HaWwel cxeme Heobxoan-
MO chopMupoBaTL MystbTudpeidm - CTPYKTYpPY COCTOALLYIO U3 ABYX dpeimoB, 4TO ewe 6onbe ocnox-
HAET NPoUECC MYJIbTUNNEKCUPOBaHUSA,

- BbipaBHuBaHMe PpesiMa (a TouHee MynbTudpPeinMa) ocyuwecTenseTcs nyrem GopMUPOBaHUA N BCTABKM
nerko uaeHTuuMpyeMon cuHxporpynnsl “1111” (He ncnonb3yemoi B npouecce koandwukauuu) nocne
OBYX perynsipHeix Gppeiamos, ANns 4ero BLIAENAETCH OAMH AONONHUTENbHBLIA TaiiM-Ccnot. B pesynetaTte Ha
NPUEMHONM CTOPOHE NPOUCXOAUT CUHXPOHWU3ALMA NPUEMHMKA C NepeaaTyvkoM, a NOBTOPSAIOLAACA CTPYK-
TYpa - pe3ynsTHPYIOWMK MynbTudpedM - npuHuMmaeT Bua: 8 BuiBOpPOK + CuHxporpynna = 9 TanMm-
cnotoB. MOXHO BBECTU TaKkKe MOHATVE pe3yabTupyloiwmid ¢peim - bopmanbHbId napaMeTp, pasHbLINA
9/2=4.5, nokasbiBAOWMIA, 4TO NEPUOA NOBTOPEHUS PerynapHoro ¢ppeima nameHunca ¢ 4 oo 4.5 ranm-
CnoToB. M3 3TOro ACHO, 4TO MYNLTUNNEKCUPOBRZHUE OCYLLECTBASIETCA “PEerynsapHO B cpeaHeM”, ¢ nepvo-
OOM nOBTOpEHYs 4.5 cnota, GOPMUPYA 33 LUKN OOUH Pes3ynbTUpyiowmnii dpeitM. duanyeckun xe MHOP-
MauuoHHbIE BbIBOPKM POPMUPYIOTCA HeperynapHo. Hanpumep, suibopku B k1, 6epytca Tenept B MOMEH-
Tot Bpemeru 0, 4, 9, 13, 18, 22, 27, n 1.4. .

O6wwuii BUA, yeTbipex BXOAHbLIX CUrHAaNoB, ¢ BbiBOPKaMK, B3STbIMW NOCNEAOBATENLHO B MOMEHTHI Bpe-
meun 0, 1, 2, 3, U T. 4., ¥ UX KBAHTOBAHHLIE 3HAYEHWS, NONYYEHHbIE B pe3ysibTaTe KOAWUKALUMN, C YHETOM
BbIPABHUBAHWA, NOKa3aHbl Ha puc.1-6. CHOopMUPOBaHHLIA TakuM 0BpPa3oM NOTOK OUT NpusefeH B HUXKHEN
4acTy pPUCyHKa.

Ha npuemMHO CTOpOHE NpoOUCXoaAUT AEMYNLTUNNEKCUPOBAHWE YKA3aHHOW NOCNenoBaTenbHOCTM Tak,
4TO B KaHan k1 NnonaayTt TONbKO KBAHTOBAHHbIE KOAUMUUUPOBAaHHbIE BLIGOPKN, B3ATbIE B MOMEHTHI: 0, 4, 9,
13, 18, 22, ... . 3 Hux 3aTeM (ecnu HyXHO) n ByAyT BOCCTAHOBNEHLI C NOMOWbLID GUnbTpaunm GpunsTpamm
HKHMX 4acToT (PHY) MCXOAHBIE aHANOrOBbIE CUrHaNbI.

1.4.2. MeTOoAbI ABOVM4HOro KOAUPOBaHUS ¥ OLUMOBKM KBaHTOBaHNA

Ans unpPoBLIX CUCTEM, KaK U ANS aHANOrOBbIX, CYWECTBYIOT LWYMbl KaHANA CBA3M U WYMbl, BO3HUKAOWME B
npouecce npeoBpa3oBaHns CUFHaNA, a 3HAYUT M K HAM NPUMEHUMBI TaKUe NOHATUS, KAK OTHOLUEHWE CHr-
Han/IyM v AMHaMHUYNECKUI QNANTA30H.

Cneunduueckumit Ans uudpoBLIX CUCTEM ABNSIOTCS WYMBLI KBAHTOBaHMs. Ha puc. 1-7, HanpuMmep,
nokasaHa pasHOCTb MEXAY MAEeanbHbiM U peanbHbiM NPeobpasoBaHHBIM CUrHANaMy - UCKaXEeHue, KBan-
GUUMPOBAHHOE KakK WYM, BO3HMKAIOWMA NPU NUHEAHOM KBAHTOBaHWKW. HenpuaTHOM 0COGEHHOCTLIO fABNseT-
CA TO, 4TO aMNSIUTYAA UCKAXKEHWUI He 3aBUCUT OT aMNiMTYAbl CUrHana, aAenaa Hanbonee yaseuMOl nepena-
4y CUTHANOB HW3KOrO YPOBHA. FAACHO, HTO ANR YMEHLLUEHUS WUCKAXKEHWUA HYXHO YBENUYMBATbL YACNO YPOBHE
KBAHTOBAHMA, HO, B OTNIMUME OT 3BYKOBbIX Hi-Fi cuctem, rae ucnoneayerca 16, 18 n 20 61T Ha BbIGOPKY, B
umMdppoBeIx cMCTEMAX CBA3Y Bbile 8 6MT Ha BLIBOPKY NPaKTUHECKM HE MCNONL3YIOT, YTOOLI HE YBENUUMBaThL
MaKCUMaNbHO HeOOXOAVMYIO CKOPOCTbL nepeaaqin.
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Ana ynydwenua cuTyauuu MCNonbL3y-
A, 10T MEeTo4bl HEeNMHEeHHOro [BOWYHOIO
S KOQMPOBAHUA TPV KBAHTOBAHUWN (Hesm-
g BxoaHoi curnan He#How xoguduxaymu). Onun uaenHo oc-
i HOBaHbl HA METOAAX KOMITAHAEPHOro pac-
Ut WMPEHUS AMHAMUYECKOro gwanas3oHa npu
T KBaHTOBaHHMI nepepaye no KaHany C8A3U C OrpaHnYeHHbLIM
¥ BLIXOQHOW CUrHan OVHAMWYECKMM AMana3oHoM, UCTONb3YeMblx
’ B aHasIoroBhLiX CUCTEMax (Hanpumep, B CuC-
~ TeMax MarHUTHOW 3anucu). B HUX Ha Bxoae
r CUCTEMb! CUrHAN CXWMAETCA C NOMOLLIO
z Komnpeccopa RO YPOBHA, MPUEM/IEMOrO
/ DJIA Nepefayn no KaHany CeBs3n, a Ha BbiXO-
e 13 xaHana CBfA3u CMrHah ¢ NOMOLLLIO 3C-
naHpepa (ocyuwecrtensiowero  obpatHoe
npeobpa3oeaHue) BOCCTAHABNMBAETCA (CM.

Owmbxa puc.1-8).
KBAHTOBaHWS JNf peanu3aumm Takoi CXEMbl HEnu-

k J\ R k HelHOM koaudmkaLumn, AOCTAaTOMHO BuiGpaTh
l N N \,l A\ Tpe6yeMyio CTeneHb KOMMPECCHM M 3aKOH

HenuHeHoro npeobpasosBaHus, a 3aTem
pewuTb npobnemy annpokcuMaumn ¢GyHK-

BoixogHO# curHan nexoaepa
~
N

BxoaHo# curHan

Puc. 1-7. Bblxop,HolZ CICI'HaJ'I W LUYM KBAHTOBAHUS LMW, COOTBETCTBYIOWWEN BLIGPAHHOMY 3aKOHY
npu NUHenHon koaudukaumn Npeo6pa3osaHus. .
BxopHoW BeixoaHoi
wbpoBOhA NOTOK cUrHan
AT | C I VP S S N S l_/ —p
CXatoro curdana
NMHENHbIA JIMHEAHbIA
KOLEP LEKOOEP  3CnAHOEP
KOMRPECCOP VKM VKM

Puc. 1-8. Cxema KOMNaHAEPHOW CUCTEMbI C KOMNPECCOPOM W 3CNaHAEePOM

[na HenuHelHbix (Npsamoro u 06paTHoro) npeobpasosaHMii BXOAA/BbIXOAA MAEANbHO NOAXOAWT napa
exp(x) - In(x). Ee v anpoKCUMUPYIOT 3aTeM no MeToay 6N13KOMY K NUHERHOW HepasHOMEPHOW aaanTUBHOM
annpoKCUMaunn, ONTUMATLHO BLIOUPAs YNCNO ¥ HAKNOH NMPAMONUHENHLIX annNPOKCUMUPYIOLLMX CerMeHToB.
B peaynbTarte NoAy4aloT HEKwWiA 3aKOH, KOTOPbIA, Oyayyn CTaHRApTU30BaH, MCNONL3YETCA B KOMMEPYECKNX
cucTemax. Mcnonb3yioTCa ABa TakMX 3aKOHa AN CUMMETPUYHOrO BXOAHOro curHana: A-3axoH (napamerp
A) n li-38K0H (NnapameTp [l), HUXe X - BXOA, Y - BbIXOA:

A-3axoHn: y=sgn(x)[z/(1+inA)], rge z=A /x/ ana 0sx<1/A unu z=1+InA /x/ ana (1/A)< /x/S1;
U-3axon: y=sgn(x)[in(1+u | x I )/In(1+p).

A-3akoH (A=87.6) ncnons3yerca B esponeickux cuctemax MKM n aaeT MuUHUManbHbIA Wwar KBaHTo-
BaHua 2/4096, [L-3aKOH MCNONL3YETCA B aMepukaHckux cuctemax MKM (D1 ¢ n=100 n D2 ¢ u=255), pasas
MUHUManbHbIA Wwar keaHToBaHna 2/8159 (cm. ITU-T Rec. G.711 [30]}. YkasaHHbiit noaxon naasonset aobu-

BaThCA OTHOWeHns curHan/wym (C/LU) 30 AB B aMHaMuueckom ananasoxe 48 nb, 4To COOTBETCTBYET 3KBU-
BaNEHTHOM CxeMe KoampoBanus ¢ 13 6uTtamu Ha BLIOOPKY.

1.4.3. NapameTpbl cTaHaapTHeIX UKM cuctem

CyuiecTByeT HeCKOnbLKO peanunaaumnii MKM cucteM, NpMaHaHHbIX B KAY4ECTBE CTaHAAPTHbIX:
- T1 (AT&T, CWA, 1962), no3pHee HassaHHaa Bell D1 - 24-kaHanbHas CUCTEMa C BbIXOAHbIM
notokom T1 = 1544 kbut/c;
D2 (Bell, CLLA) - 24-kaHanbHas cuctema, onucana B ITU-T Rec. G.733 [31];
U.K. (AHrnus) - 24-kaHanbHan cucTema C BeIXO4HbIM NOTOKOM 1536 k6ut/c;
CEPT (Espona) - 30-kanansHan cucrema ¢ BbixoaHbiM NOTOKoM E1 = 2048 xbut/c, onucana 8 ITU-
T Rec. G.732 [32].
MapameTpbl 3TMX CUCTEM CBeaeHbl B Tabnuuy 1-1.
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Tabnuua 1-1.
MapameTpbl OCHOBHbLIX CYLLECTBYIOWMX CTaHOapTHbiX cuctem UKM

MapameTrpsbi Bell D1 Bell D2 U.K. CEPT
YacToTHbIA AvanasoH, 'y 300-3400 300-3400 300-3400 300-3400
YacToTa auckpertusaumu, Ty 8000 8000 8000 8000
KsaHTtoBaHue: 6ut Ha BLIOOPKY 7 8 (5x8/1x7) 7 8
Kopndukauma: Gur-sHaveHne/3Hak 6/1 N 6/1 7/1
TaiAM-CnoT Ha oy 1H dpeitm 24 24 24 32
BuipaBHuBaHue: + 6UT Ha dpeim 193=192+1 193=192+1 192+0 256
®peitmoB Ha MynsTUdpEM - 12 4 16
UKM kaHanos Ha ¢peinm 24 24 24 30
BbixogHOM NOTOK - KBUT/C 1544 1544 1536 2048
EMKOCTb OCHOBHOFO UM$POBOro 64 64 64 64
KaHana - kbut/c
NoTOK AaHHbLIX Ha kaHan - k6ut/c 56 64 56 64
3akoH kopudukaumu, LL-3aKOH JL-3aKOH A-3aKOH A-3aKOH
3HaveHne napameTpa =100 =255 A=87.6 A=87.6
B0O3MOXHOCTb BHYTPUKaHaHamb- 1 6ut/kanan |1 6uT/6 kananos | 1 6uT/2 kanana |OTAENbHbLIW CNOT
HOM CUrHanM3auun 8 kbut/C 1.33 kbut/c 4 (2x2) xbut/c 2 kbut/c
CurHanuaauus no obuwemy He npenycMoT-| Tonbko BMECTO | He npeaycmoT- | OTaenbHbIA cnot
kaHany peHa BHYTPUKaHaNb- peHa 64 kbut/c

HOW, 4 k6uTt/c

YxasaHHbie B Tabnuue napameTpbl NPaKTUYECKN He TpebyIoT AOnONHNTENbHBLIX OOBLACHEHUNR. YKkaxem
TONBKO MX HEKOTOpbLIE UX OCOBEHHOCTW.

Cuctembi Tuna Bell D1 (kak moandukauma cuctemsl T1) A0 cux nop CYLWLECTBYIOT B CEBEPHON AMe-
puke B cuny GonLWON PacnpPOCTPAHEHHOCTH B NPOWNOM. ITU 4-Xx NPOBOAHLIE CUCTEMBI UCNONL3YIOTCH U
ANA nepeaaUv LuugpPOBbIX AaHHBIX CO CKOPOCTbIO 56 KBUT/C NO UMb POoBLIM KaHaNaMm, Ha4yano KOToOpoMy Gbino
nonoxeHo koMnanven AT&T (sManmo He paHbwe 1973 ropa, nocne BHeppeHua Tapuda “267"), npennoxu-
sweit ycnyru Dataphone Digital Service [1].

Cuctema Bell D2 8 otnnune ot D1 Gonee npoasuHyTa: ucnonbayer 8 61T Ha BoIBOpPKY B NaTepkax (1-
5un7-11) dpeitmos 1 7 6uT B 6-0M 1 12-0M Ppeiimax, peayumpyn 3akoH koandukauum npu nepexoge ¢ 8-
Ha 7-BuTHoe kBaHTOBaHue. Cuctema uCnonb3yeT BbiPaBHUBAHWE MynbTUQPERMOB (12 ¢dpeitmoBs) 1 aonyc-
KaetT curHann3aumio no obwemy kanany. B cuay wnpokoro pacnpocTpaHeHusa B cesepHoit AMepuke, Ano-
HUM W 107O~BOCTOMHOWM A3un, cucTema 6bina cTaHAapTM3oBaHa koMutetom CCITT [31].

AHnraunitickas cuctema, kak u D1, ucnonssyer 7-6uTHOEe koaupoBaHne, HO BbipaBHUBAHWE OCYLIECTB-
nser no MynbTucdpeinmy (4 dpeima), 4To nossonsaetr obontuck 6e3z 193-ro 6uta (otciopa ckopocTts 1536
k6ut/c). CucTeMa mMcnonb3yeT eBponeickuii 3akoH koandukaumm (¢ 1968 roaa), 4To BaKHO ANA UEnei Co-
sMecTUMOCTU. TipakTuyecku BuiTtecHaeTca cuctemoin CEPT.

Cuctema CEPT Havana pa3suBaThCA C Hayana 70-x rogos. Ona uenvkoM Gaamposanack Ha LBOVY-
HblX, @ HE HA ABOUYHO-AECATUYHbIX 3KBUBANEHTaX (Kak Tpu npeasiaywme). B pesynetate 6bina seibpana 8-
ButHas cxema kogudukauun n 32 (a He 24) kaHana Ans MEPBUYHOrO YPOBHA MyRbTUMIEKCUposaHua. OoumH
"3 kaHanos (Tainm-cnot 0) LUenMKOM MCTONbL3YETCA ANS CUHXPOHWU3auUK (BbipaBHUBaHWS GPENMOB) 1 nepe-
[ayu CUCTEMHOro craTyca, BTOpoi (Taim-cnoT 16) - nna opraHnsauvu o6LLEro xaHana curHanmsauuu - 64
kbut/c. Yucno dpeitmos B MynbTudpeiiMe Takke KpaTHO 2 1 3aBUCKT OT TMNa curHanusaumm. Mpu BHYTPK-
KaHansHOM CurHanusaumn mucnone3yetcs 16 dpeimMos Ha MyneTudperM, NPY UCMONbL30BaHuK obLlero ka-
Hana curHanu3auwm - 2 ¢penma Ha mynbTudpeinm. CxeMa BbiPaBHUBAHWA NPOCTa U KpaTHa 2: 8 6uT Ha
¢peiM Npu BbipasHBaHUK dperiMa n 8 6ut Ha 16 ¢ppeAiMoB Anst BuipaBHUBaHNa MynbTudbpeima. Cuctema
CEPT dakTudecku crana AOMUHUPYIOWENR He TOonbko B EBpONne HO 1 B Mupe.
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1.4.4. MpakTuyecKkue MeToAbl IMHEHHOro KoAMpPOBaAHUA
NOTOKAa fRaHHbIX B KaHane

CdopMupoBaHHan B pesynbTate MyNLTUNNEKCUPOBAHWA U BbipasHMBaHUMA UUGPOBas  ABOWYHO-
koanposaHHas UKM nocnepnoBaTenbHOCTh NORAETCA B KaHan CBA3MW, Ha BXOAE KOTOPOro, Kak npaswuno, uc-
MONb3yeTCA YCTPOWMCTBO COMPSXEHWA C KaHanom, wnu vHtepdencHoil 6nok, n coBCTBEHHC nepeaaTqwk.
YunTbiBas, 47O KaHan, paccMaTpuBaeMbiil Kak cpepa nepegaqun, Moxer ObiTb 3NeKTPUHECKUM, ONTHYECKUM
“NU pagro-KaHanoM, NONyYEHHYI0 NOCNEAOoBaTEeNbHOCTL NPUXOAUTCA eLle NO KpahHeh Mepe Asaxab nepe-
KOAMPOBATL AN ONTUMU3ALMU ee NPOXOXAeHUs yepes uHtepdenc (MHrepdercHoe KogupPoBaHHUE) N nn-
HWIO CBA3W (JIMHeHHOe koaupoBaHne). [1Ba opyrvx Buaa KOAMPOBAHUA: ITOMEXOYCTORYMBOE KOANPOBa-
Hue Ana obHapyXeHus U ncnpasneHus ownbok, BOZHUKAIOWMWX B NPOUECCe nepenayn, a Takke wudposa-
HMe AaHHbIX, NEpeaaBaeMbiX TAKOW NOCNeaosaTe/IbHOCTbLIO, 34EeCh HE PacCMaTPUBAIOTCS.

MoTtok 6MT, NONYyYEHHbLIA B PE3yNbTaTe KBAHTOBAHMA M ABOMYHOINO KOAMPOBaHUS (Koaudukauuu), on-
TUMANEH TONLKO C TOYKU 3PEHUS YMEHbLUEHUA OLIMOOK KBAHTOBaHUS,, HO HEMPUrOAeH ANA nepeaadyn no ka-
Hany CBA3WN NO paay NPUYUH, OCHOBHBbIE U3 KOTOPLIX Cneayiolme:

— BbIXOAHOW UMPPOBONA NOTOK UMEET LWKMPOKMA CNEeKTP, YTO 3aTPYAHSET ero nepefadvy no kaHany
CBAI3M C OrpaHMYEHHOW NOMOCOMA NPONYCKAaHMA W OCAOXHAET NPOUECC pereHepauuuv curHana
CUHXPOHU3auny, nepenaBaeMoro B KaHane, 0CO6eHHO B Cnyyae BOCCTAHOBNEHWUN MNOTEPAHHOrO
CHHXPOHU3MA;

— CNEeKTp CUrHasia UMEeT 3HaYMTENbHYIO AOMO HU3KOYACTOTHBIX COCTaBASIOWMX, KOTOpbe
MOryT UHTEpdEpMpoBaTh C COCTaBNNIOWMMIY NepefaBaeMoro HU3KOHYaCTOTHOMO CUrHana;

— CMNEKTP COAEPXUT GOoNbIUyIO MOCTOSHHYIO COCTABASIOUWIYIO, YCNOXHAIWYID GUIbTPauuio
HaNpPsXXeHUA CeTU NUTaHWs.

Ons onTuMMn3auMM cnekTpa CUrHana, NoaaBaemMoro B NUHWIO CBA3M, UCNOML3YETCA Tak HAa3biBaeMoe

nuMeiinoe kogmposanmue. OHO AonNxHO obBecnedunTsb:

— MMHUMAJIbHYIO CNEKTPanbHYKD NAOTHOCTb HA HYNEBOM 4acTOTe M €€ OrpaHWYEHUE Ha HUKHUX
4yacroTax;

— WHPpOpMauMio O TaKTOBOW 4acToTe nepenasaeMoro CArHana B BMAOE AUCKPETHOW COCTABNSIOLLEN,
nerko sblaenaemor Ha GOoHe HenpepsLIBHON YacTH CneKkTPa,;

— HENpepbiBHLIN CnekTp AomkeH BbiTb NOCTATOYHO Y3KOMONOCHBIM ANs NEPeaaym Yepes KaHan Ceasu
6e3 nckaxeHuit;

— Manyio #36bITOYHOCTb, NS CHWKEHUR OTHOCHUTENIbHONA CKOPOCTH NepegaYy B KaHane CBA3M;

— MWHUMANbHO BO3MOXHbLIE A/IMMbI O7I0KOB NOBTOPRIOWMXCA chHMBOMOB (“1” v “0") n
ANCNapMTeTHOCTh (HEPABEHCTBO 4Yucna “1” n “0” B kKOA0BbLIX KOMGUHALKMAX).

[na ABOWYHOrQ KOAMPOBAHUA YMCNO YPOBHEA BXOAHOIO CUrHana m = 2, a YUCno YpPOBHEN BbLIXOAHOMO
curHana n MoxeT BbiTk 2 (gByXypoBHeBOe koaupoBaHue) vin 3 (TpexyposHesoe xogmupoBanue). [1sy-
XYPOBHEBOE KOAUPOBaHWE MOXeT ObiTb ogHononspusim (+1, 0) U ABYXNIOASPHBIM, W CUMMETPUHHBIM
(+1, -1); TpexypoBHeBOe - ogHONONspHLIM (+2, +1, 0) u asyxnonsapHeim (+1, 0, -1). Hanpumep, onTudeckne
NUHWK CBS3W TPeOYIOT 0AHONONAPHLIX METOAOB KOAUPOBAHUA, TOrOa KaK 3NeKTPUYECKUEe NIMHUK CBA3U MOMyT
YCNONb30BaATL KAk OAHOMNONAPHLIE, TaK U ABYXMNOAAPHLIE METOAbI KOAMPOBaHUS.,

B pasnuudbix METOAAX KOAMPOBaHWA “1” MoxeT ObiTe NPeACTaBNeHA MNONOXWTENBHLIM MPAMOYIO/b-
HbIM MMIYNbCOM Ha MONHYI0 WU Ha NONOBUHHYIO ANUHY NBOMYHOIO MHTEpPBana, MNu nepexoaomMm ¢ “+1” Ha
*0” uan "-1" (CTyneHeKOW BHWM3) B LEHTPE MHTepsana, a “0” - COOTBETCTBYIOWEN O/IMHbI OTPULATENbHLIM
UMNYNBECOM, UN OTCYTCTBUEM UMNyNbLCa, UNKu 06paTHLIM nepexo.u.om c "-1" uam “0” Ha “+1” (CTyNneHbKOn
BBEPX) B LEHTPE UHTepBana.

Ons orpaHuyeHns OnuHel 6710KOB NOBTOPAIOWMXCA CUMBONOB TUNa “11...11" unmn “00...00" ncnonbay-
eTca uHBepcus (“obpalleHne” nnn He3annaHupoBaHHoe (NpPeaHaMepeHHoe) U3MEHeHUE) NOMIAPHOCTN UM-
fyNbCOB PErynsipHON KOBOBOW nocneaosatensHOCTH, 0603Havaemana Huxke 6ykeoli “V”. Hapsagy ¢ uHeepcuein
VHOra WCRONL3YIOTCS BCTaBKM (DONOMHUTENbHbIE CUMBOMBI ONPEAENEHHOW NonsapHOCTY, 0Bo3Ha4YaeMmble
Huxe Byksoit B), nozsonaowme CoOXpaHuTb NapuTeT KOgoBoi kKoMBuHauum,

ANroputMmbl KOQUPOBaHUs B BONbLIMHCTBE Cy4aeB NPOCTbl ¥ MOTYT BbITb ONKMCaHb! CNOBECHO, OAHAKO
VCYepnbiBaloILEe ONMCaHWe AAETCS HanpaBneHHbiM rpacdoM COCTOAHUM, OMUCHLIBAIOLINM MHOXECTBO BCEX
BO3MOXHbIX COCTOSHUIA W Nepexoaos nu3 OAHOro B Apyroe.

Ha puc. 1-9 ana unnocTpauwy npusegeHbl HEKOTOPLIE NUHENHbIE KoAbl. MCNONL30BaHb cneayolme
obo3Ha4eHuns: (a) - nCxopHas ABOWHMHAA NOCNEeAOeBaTesIbHOCTb - B3SiTA M3 MNpuMepa, MpUMBEAEHHOro Ha
puc.1-6, (6)-(k) - coorBeTCTBYlOWME €1 uaeanbHbie GOPMbl HECUMMETPUYHBIX (OAHOMONSRPHLIX) U CUMMET-
PUYHBIX (OBYXNONSPHBIX) UMRYNLCHBIX NOCNEAOBATENLHOCTEW, NOAYYEHHLIE B pe3ynbTaTe NpuUMEHeHns cne-
uManbHbiX METOAOB KOAMPOBAHWA K WMCXOOHOW ABOMHHOW nocnegosBatensHocTu. Ha puc.1-9 npuseneHsl
crnenyiowme Koabi:

6) - opHononApHLIA koA 63 Bo3Bpawwerns k Hymo - NRZ;

B) - AByxnonspHein NRZ wnn cuMMeTpuuHblil TenerpadHblia Kog,;
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r) - ABYXNONAPHLIA KOA C BO3BPALLEHUEM K Hynio - RZ;

a) - KoA ¢ NOpaspaaHO-Yepeayolleinca nisepcuein - ADL;

€) - KOA C Yepenylowencs nHisepcuen Ha “1” - AMI;

X) - KOg C MHBEpPCHEe KOQOBLIX KOMGUHauui - CMI;

3) - ABYXNONAPHbLIA AByXypoBHeBbLIA kKog Munnepa;

n) - GUNONAPHLIA KOA BLICOKOW MNOTHOCTH nopsigka 3 - HDB3;

K) - OAHOMNONAPHLIA 3kBKUBaneHT koga HDB3 B onTuyeckoit NMHKUK CBA3M.

r K

Puc.1-9. MNprmepbl IMHENHOTO KOOUPOBAHUS B KAHANE CBA3U

Huxe npueeaeHsl paclundpoBKN COKPALLEHWIA U KpaTKMe onpeaeneHns anroputMos GopMUpoBaHKA
KOROB, NCNONb3YEMbIX B NpaKTuke Uunudposoi CBA3N;

1b2b - WKMPOKO MCNONL3YEMLIA YACTHbBIN Cay4ai knacca GOYHbIX KOROB (CM. HUXE), B KOTOPOM 1 OUT
ucxoaHoin MKM nocneposarencHOCTU AnuTensHocTelo T koaupyeTca kombubaumeit ns 2 our gnu-
TENbHOCTLIO T/2 (OTHOCUTENLHAA CKOPOCTb nepepayun B KaHane CBA3Y npy 3TOM Bo3pacTtaeT B 2
pa3a). K atomMy knaccy {¥3 npmMBeaeHHbIX Hamu) oTHocATCs kogel CMI n Munnepa.

AD! - Alternate Digit Invertion code - fBOVYHbIN KOB C MHBEPCUEN NONAPHOCTU CUrHana Ha Kaxmom
BTOPOM [OBOWYHOM paspaae (He BaXHO, kakoi oH: “1” nam “0”); B pesynerare popmunpyeTcs asyx-
NONAPHLIA ABYXYPOBHEBLIA KOA,

AMI - Alternate Mark Inversion code - aBowdHbiin koa RZ C uHBEpcuen Ha kaxpoit "1”, moxeT BbiTb
nony4eH M3 koaa AD! nyTem vHBepCUM KakaoW 4eTHOM “17; 8 peaynbTate ¢opMHUpyeTcs AByXno-
NAPHLIA TPexypOBHEBLIV KO,

B3ZS - Bipolar with 3 Zero Substitution code - 6uMnonaApHLIA KOO C NOBCTAHOBKOW a/1bTEPHATMUBHBIX
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6nokos BmecTo 6nokos M3 Tpex “07, 1.e. BMecTO 6noka “000” npomncxoanT noacTaHoBka 6Gnokos
“00V” wnn “BOV" ans CoxpaHeHus napureTa - aHanor kona HDB2 (cm. Huxe).

B62ZS - Bipolar with 6 Zero Substitution code - 6unonsipHLIA KOO € NOACTAHOBKOW &IbTEPHATUBHbIX
6nokos BMecTo 6nokoB u3 6-tu “0”, T.e. emecto “000000” 6nokos “OVBOVB".

BB8ZS - Bipolar with 8 Zero Substitution code - GMNONAPHLIA XOp, C NOACTAHOBKON anbTEPHATUBHLIX
6nokos BMecTO Hnokos u3 8-mu “0” , T.e. eBMecTo “00000000” 6nokos “000VBOVB”.

CMI - Coded Mark Inversion code - asyxyposHesbiit He3 BO3BpalEeHUs K HYNIO ABOWYHLIA KOA, Knacca
1B2B ¢ MHBEpCHEeR NORAPHOCTM KOJOBOW KOMOUHALUMKM HA NMORHLIA MHTEpPBaS Ha kaxaon “1” (T.e.
kaxgoi “1” crasutca B coorsetcrave ambo komburauma “11”, nubo “00”) u uameHeHuem nonap-
HOCTW B CepeavHe Kaxgoro wHrepsana “0” (v.e. kaxaomy “0” CTaBuTCA B COOTBETCTBME OUMNYNLC
“01").

High-Density Bipolar code of order 2 - gyxnOnsipHbliA KOA BbICOKOH NMAOTHOCTW nopsgka 2 -
kog, RZ ¢ uHBepcueit Ha “17 (aHanorudeH AMI), B kOTopoM kaxawiit 6nok “000" 3amenaetcs Ha
6nok “00V” nan “BOV", roe B - sctaBka umnynbca “1”, BoinonHsemas Tak, yrobbi yucno B um-
NynsCoB Mexay nocneaosatensHbiMK V umnynscamMu 6uin0 HEYETHbIM. B pesynstate dopmupyer-
CH TPEXYpPOBHEBbLIA KOA.

High-Density Bipolar code of order 3 - gByxnOnsipHbiiti KOO BhICOKOIA MNOTHOCTU nopsaka 3 -
Ko C WHBepcuei Ha “1”, B kOTOpOom kaxabtn Gnok “0000" 3amensetcs Ha Gnok “000V" wnu
“BOOV" , roe B - scTaBka umnynbca “1” BbinonHaeMan 1akK, Yytobbl YUCRO B uMnynbCoB MexXay no-
crnenosartenbHbiMKU V uMnynscamu 6bino HeyweTHbIM. B pesynetate GopmupyeTtcs TpexypoBHEBbIN
Koa.

mbnb - ofuiee obo3HaveHne knacca 6NO4YHBIX KO[QOB - rAe M - AnvHa (B Outax) 6NokoB, HAa KOTOpPbLIE
pa36usaetca ucxogHas KM nocneposatensHOCTs, @ 1 - COOTBETCTBYIOWAR UM AnuvnHa (B butax)
67I0KOB, COCTABNEHHbLIX U3 KOQOBLIX CMMBONOB. U3 HMX Haubonee LUMPOKO WUCNONL3YETCH Kace
1B2B (cM. Bbiwe).

NRZ - Non Return to Zero code - OCHOBONOAAraloWmiA ABYXYPOBHEBLIN KOA 6€3 BO3BPAaLYEHNs K HY-
M0, MOXET ObiTh KakK ABYNOASIPHLIM, TAK U OGHOAOAAPHBIM.
RZ - Return to Zero code - OCHOBONONaralowuiA TPEXYPOBHEBLIA KO, C BO3BPALEHHUEM K HYNIO.

Miller code - aBYNONApPHLIA OBYXYPOBHEBLIA KOO Munnepa xnacca 1B2B, nMeiowmit MHOXECTBO COCTOSHUA
{00, 01, 10, 11}, nepexoabl MexAay KOTOPLIMW ONUCHLIBAIOTCA TpadoMm,
npuseaeHHbiM Ha punc.1-10. Hanpumep, ans npusegeHHoW Ha puc.1-9

HDB2

HDB3

i

/ ucxopHow nocneposatenbHocT 1101101000000 ... nopoxaaemble rpa-

¢$om kopoebie koMBuHaumum umeerot Bua: 11 10 00 01 10 00 01 11 ..., a

0 /7 J caM npouecc reHepauun (nepexoga U3 COCTOAHUA B COCTORHUE) wumeet
BWf;

a1 - 0 1511-1510-0-00~1501-1510-0-00-1-501-0>11 uT. .

g HyxHO “meTb BBMAOY, YTO YKasaHHbLIe KoAbl MOryT OblTb MCNOAL3O-

7 BaHbl U KaK MHTEPdENCHLIe KOab!, U Kak NUHEeNHbIe Koabl. [ns anekrpuye-

70 CKUX NMHUIA CBRA3U MHTEPODENCHDbIE N NNHerHbIe KOAbl MOryT COBnagaTh,

ONS ONTUYECKUX, KaK NPaBWo, - HET B CUNY HEBO3MOXHOCTU HEnocpen-

Puc.1-10. Mpad bopmn- CTBEHHOrO WMCNOAL30BaHUS BUNONAPHLIX KOAOB B OMTU4ECKOM Kabene.

POBaHWS KOAOBLIX KOMGU- Hanpumep, npyu UCNONL30BaHUKM BUNoNapHOro wWHTepgencHoro Koaa

Hauui koga Munnepa HDB3 B ONTUHECKUX NWHWEX CBA3M MOMYT WUCNONbL30BaTbCs koAbl CMI,

MCMI (MoandurumposanHbii CMI) unn kop, Tvna mBnB, nnubo mncnone3o-
BaTbCHA €ro ONTUYECKUE aHanory, HanpuMep, OAHONONAPHLIA akBuBaneHT koga HDB3 (cm. 1-10,k).
Bonee noapo6HO O NMHENHOM KOAWPOBAHWM B KaHANax CBA3U CM. Hanpumep, B [33), rnasy 5.

1.5. ULWOPOBBIE UEPAPXWN CKOPOCTENA NMEPEJAYM

HoBble TEXHOMOrMN TENEKOMMYHNKAUWA CTan PassBMBaTLCA B CBA3K C NEPEXOAOM OT aHaOrosbix K UG-
POBBIM MeTOo4aM nepenaqy AaHHbIX, OCHOBAHHbLIX HA MYMIbTHIIEKCHPOBaHUN C BPEeMEHHbIM pasaene-
Huem xkaHanos n NIKM.

Mpux UChoNb30BaHUK LMGPOBLIX METOAOR MYNLTUNNEKCOP (TUNa n;1) popMUpyeT, KakK M3BECTHO, U3 N
BXOOHbIX UMGPPOBLIX NOCNEAOBATENLHOCTEW OAHY BLIXOAHYK, COCTOALLYI0 W3 NOBTOPSIOLWWXCA rpymin no n
0OQHOMMEHHbIX 6/10k0B (BT, BaiT, Heckonbko 6aiToB), CHOPMUPOBAHHLIX 3a “TaiiM-cnoT”. MynsTunnekcop
TEOPETU4ECKM AOSIXEeH Npu 3ToM 06ecneuvTe CKOPOCTL Nepenadm AaHHbIX Nopsaka i X v, rae v - CKopocTb
nepeaaYv AaHHLIX OQHOMO BXOAHOMO Kanana, npeanonaraeMmas 0auHakoBOW AnNa BCEX KaHANoe.
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Ecnu B KayeCcTBe BXOAHOrO MCMONL3YETCS CUrHan OCHOBHOro ymgposoro xkavHana DSO (OUK) co
CKOPOCTHIO Nepepaun 64 kBUT/C, TO C NOMOLLBIO OAHOrQ MYNLTUNAEKCOPa TUNa n:1 MOXHO TEOPETHYECKW
$opMUPOBaTL NOTOKM CO CKOPOCTLIO N1 X 64 k6uT/C. Tak, ana Bell D2 Mbl uMenu nNoTok 24 x 64 kbut/c, a
pna CEPT - 30 x 64 kbut/c. EChv cuutaTth 3TOT MYyNLTUNNEKCOP NEPBLIM B CXEME KACKaAHOro coeguHe-
HMS U3 HECKOJIbKMX MYMbTUNNEKCOPOB BTOPOro, Tpeteerc u 1.4. yposHen Tuna m:i, I:1, ki1..., TO MOXHO
CHOpMMPOBATL pasnuuHLIe MepapxuYyeckmne Habopsr uWdpOBLIX CKOPOCTEN nepepaywm, wiv yudposbie
Hepapxmum, NO3BOAAIOWME NOBECTU 3TOT NPOUECC MyNLTUMNEKCUPOBAHWA, UK YNNOTHEHMSA KaHanoB, Q0
reobxoaMMOro yposxa, paiowero tpebyemoe 4ncno kananoe DSQO Ha Bbixoge, Buibupas pasnnyHbie KO3d-
dvupMeHTHl KpaTHocTM N, m, |, Kk, ... .

1.5.1. CxeMnl nne3voxponHoi uudpposoit nepapxuu - PDH

Tpv Takve nepapxuv 6uinn paspaboTtaHbl B Havwane 80-u ropos. B nepso# 13 Hux, npuHatoid B CLWA n Ka-
Hade, B KA4eCTBe CKOPOCTM curHana nepamyHoro ymdposoro xanana MUK (DS1) 6bina sbibpaHa cko-
pocTs 1544 kbut/c (dakTnueckn n = 24, 1.e. OBaAUaTL YeTolpe undpPOoBLIX TenedoHHbIX kaHana 64 k6ut/c,
a ina nepepayYn naHHbX - 24 MHGOPMaUMOHHLIX KaHana 64 kbut/c). Bo BTOpPO#, npuHsToi B HAnoHwK, uc-
nons308anachb Ta xe ckopocte ans DS1. B rpersed, npuuaton 8 EBpone n KOxHoi AMepuke, B KavwecTee
nepsu4HOM Bbina BeiBpaHa ckopocTb 2048 kbut/c (dopmManbHo n = 32, daktuueckn n = 30, T.e. B Ka4ecTee
HHGPOPMALMOHHBIX NCNONL3YETCA TPpUAUATb TENEPOHHBIX UAKU MHDOPMAUNOHHLIX KaHanos 64 kbBuT/c nnioc
fiBd kKaHana CUrHanuaaumm v ynpasnexua no 64 xéur/c).

MepBasi uepapxms, NOPOXOEHHan CKOPOCTbio 1544 kbut/c, pnasana nocnegoBartenbHocTe: DS1 -
DS2 - DS3 - DS4 nnu nocnepoBaTensHOCTL BuAa: 1544 - 6312 - 44736 - 274176 x6uT/C (4acTO UMTUPYET-
8 paa nPuBNMXeHHbIX BennunH 1.5 - 6 - 45 - 274 MBut/c), 4T0, C y4eTOM ckopocThn DSO, cooTeercTeyeT
psgy KO3PDULMEHTOB MynbTUNNEKCUPOBaHUA n=24, m=4, |=7, k=6. YkalaHHas nepapxvsa no3sonseTt nepe-
[aBaTb COOTBETCTBEHHO 24, 96, 672 1 4032 kaHana DSO.

3neck U ke DSO - DS4 - Mol ByaeM HasbiBaTh UNGPOBLIMKA Kavanamu 0-ro, 1-ro, 2-ro, 3-ro n 4-ro
ypoBHEW Mepapxuu. B TepMMHONOIMKU, UCRONL3YEMOIA B CBR3WU, 3TO COOTBETCTBEHHO: OCHOBHOM UNhPOBOIA
. «aHan (OUK), nepsuynbif undposoil kanan (MNLUK), sropuynsii undposoi kanan (BUK), rperwyHsid un-
¢posoit kanan (TUK) n verBepTuyHbii undposoil kaHan (HLIK).

Bropas nepapxma, NOPOXAEHHAN CKOPOCTLIO 1544 kBuT/c, aasana nocnegosaTensHocTe DS1 - DS2
-DSJ3 - DSJ4 unn nocneposatensHOCTs 1544 - 6312 - 32064 - 97728 k6ut/c (psg npubBanKeHHbIX Benu-
W cocTaenseT 1.5 - 6 - 32 - 98 M6ur/c), 410, € y4eToM ckopoctu DSO, cooTeeTCTBYET pAgy kKoadduuve-
HTOB MynbTUNANEKCUpoBaHus n=24, m=4, 1=5, k=3. YkazaHHan nepapxus NO3BONAET NepegasaTe COOTBETCT-
BeHHO 24, 96, 480 n 1440 xananos DSO.

3necb DSJ3 n DSJ4 mbl 6ypem HasbiBaTh UndpOoBLIMK KaHanamu 3-ro v 4-r0 ypoeHeil ANOHCKOW
POH nepapxmu.

Tperbss nepapxus, NOpOXAeHHan CKOpoCTbio 2048 kOuT/c, Aaeana nocnegoBaTenbHocTe E1 - £2 -
B3 - E4 - E5 wnn nocneposatensHOCTL 2048 - 8448 - 34368 - 139264 - 564992 - kbut/c (psa npubnn-
XEHHX BENWYUH cocTaenseT 2 - 8 - 34 - 140 - 565 M6uT/c), 4TO cooTBETCTBYET paay koadduuneHTos n=30
(32), m=4, =4, k=4, i=4, (1.e. KO3ODUUNEHT MYNLTUNNEKCUPOBAHUA B ITOW nepapxun BuiGUPanca nocTo-
fHHbIM M KPATHLIM 2). Yka3aHHas uepapxus No3sOAseT nepepasartb coorsetcrseHHo 30, 120, 480, 1920 u
7680 kananos DSO, 4To oTpaxaetcs v B HaseaHun VKM cucrem: UKM-30, UKM-120, UKM-480 v T.4..

YkasaHHble nepapxuu, M3BecTHble nop o6LWUM HA3BaHWEM MJIE3UOXPOHHas uMdpoBas nepapxms
PDH, nnu MNMUW, ceepeHbl 8 Tabnuuy 1-2.

Tabnuya 1-2.
Tpu cxembl LMdpoBbLIX Hepapxuit: amepukarckas (AC), anoxckaa (AC) v esponeiickas (EC)

Cxopoctu nepenaum, COOTBETCTBYIOUIUE
YpoBeHb uudppoBoii pa3nuyinbIM cxeMam uudpoBOiX nepapxumn
nepapxum AC: 1544 xbut/c AC: 1544 kbut/c EC: 2048 k6ut/c
0 64 64 64
1 1544 1544 2048
2 6312 6312 8448
3 44736 32064 34368
4 --- 97728 139264
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MapannensHoe pasBuvTUE TPeX Pa3NUUHLIX Wepapxuit He MOrNo CNOcoOCTBOBATL passuTuio rnobanb-
HbIX TENEKOMMYHUKALINIA B MVPE B UENOM, NO3TOMY KOMWUTETOM NO ctaHaapTtusaumm ITU-T unu MC3-T 6binu
choenaHbl warn no ux yHudukaumMm n BO3MOXHOMY ob6beanHeHuo. B peaynstare 6bin paspaboTtad ctaHoapT
[13], cornacHO KOTOpOMY:

~ BO-NepBbix, ObiAv CTaHA4APTU30BaHb TPX NEPBLIX YPOBHA NepBOi nepapxun (DS1-DS2-DS3), wetbipe
YPOBHS BTOpPOI vepapxun (DS1-DS2-DSJ3-DSJ4) u yeTbipe yposHs TpeTwbel nepapxum (E1-E2-E3-E4) B
KAuecTBe OCHOBHBLIX M yKa3aHbl CXEMbI KPOCC-MYJIbTUNIEKCHPOBAHNS Vepapxvi, Hanpumep, M3 Tpe-
TbEW Mepapxvuv B NEpBylO (C NEPBOro Ha BTOPOI ypoBeHb) U 0BPaTHO (C TPETbEro Ha 4eTBEepThI Ypo-
BEHb), 4TO W NOKA3aHO Ha PUC.1-11 (KO3GDPULMEHTEI MYNBTUNNEKCUPOBAHUA NOKa3aHbl Ha NMHUAX CBA3N
6NoKOB, NPEACTABAAIOWMNX CKOPOCTU NepeaaLv);

— BO-BTOPBIX, NOCNEeOHNE YPOBHU nepeoi (274 MOut/c) n TpeTweit (565 M6BuTt/c) nepapxuii He Gbinu pe-
KOMEHA0B8aHblI B KAYECTBE CTaHAAPTHBIX;

— B-TpeTbux, Obina coxpaHeHa seteb 32064 - 97728 kbut/c (nnn npnbnuxenno 32 - 98 MowT/C) BO BTO-
poi nepapxuu, T.e. yposHu DSJ3 1 DSJ4, napannensHuie yposHam DS3 B nepsoit nepapxuu n E4 8 tpe-
Theil uepapxuu. YpoeHb DSJ3 daktudeckm cooTtBetcTByeT yposHio E3, 4ro ofbneryaer kpocc-
MYAbTAMNNEKCUPOBAHME CO BTOPOrO YPOBHS Ha TpeTnid. YposeHb DSJ4 - 98 M6uT/C - 6bin BO3MOXHO COX-
paHeH Ans COBMECTUMOCTU C TEXHONOrNel pacnpeneseHHoOro onToBOAOKOHHOIO MHTepdgenca AaH-
Hbix FDDI.

DS2 X5 DSJ3 X DSJ4
6,312 M6ut/c 32,064 M6urt/c 97,728 Mout/c

HeT B pexomeHnaumn MC3-T

6,312 M6uT/c

DSO

64 Kéut/c

X 30

X4

2,048 Méur/c 564,992 Méut/c

Puc.1-11. Cxema MynbTUNnekcuposaHus (——) 1 KpoCC-MyNbTUNNEKCHUPOBAHUR (- - ~)
B amepukaHckown (AC), anoHckoi (C) 1 esponeickoit (EC) undposbix nepapxusx

PaboTbl N0 cTaHpapTU3auum nepapxvia kak B EBpone, Tak 1 B AMEPUKE, NMENWN ABA BaXHbIX NOcnea-
cTBus:

— paspaboTka Cxembl NNE3UOXPOHHON undposon nepapxuu (PDH nnn ML),

- pa3paboTka cxembl CUHXPOHHON LmMbposon vepapxun (SONET/SDH nan CUWN).

1.5.2. Oco6eHHOCTH NNEe3noXpPoHHON UNGPOBOA nepapxumn

Hannune CcTaHnapTHLIX CKOPOCTE nepeaaqn n GUKCUPOBAHHLIX KO3GOUUMEHTOB MYJIbTUNNEKCUPOBAHNUA
NO3BONWNO FOBOPUTL O TPEX CXemMax MYNbTUNNEKCMPOBAHWA - aMEepUKaHCKOW, AMOHCKOW U eBpONenckoi
(Ha3biBaemMoit yacto CEPT unu ETSI/CEPT).

Mpy MCNONbL30BAHUKM XECTKOW CUHXPOHM3AUMKM NpU npueMe/nepepade MOXHO Buing 6bl NPUMEHUTL
METOA MYNLTUNAEKCUPOBAHUS C YepeaoBaHuem OkTeToB vnu 6aiTos, kak 310 Aenanoce Npu GOpPMUPOBa-
HUM UMGPOBLIX CUIHANOB MEPBOro YPOBHSA, AAA TOro, YTobbl UMETb NPUHLMNUATIEHYIO BO3SMOXHOCTb WAOEH-
Tudmkaumm 6anTtos unm rpynn 6ainToB kaxaoro kaHana s obuwem notoke. OOHAKO yuuTbiBas, yto 0bwias
CUHXPOHM3aAUUA BXOAHbIX ﬂOCﬂeﬂOBaTeﬂbHOCTeVI, noaasaeMbiXx Ha MYNbTUNNEKCOP OT pPa3HbiX aboHeH-
TOB/NONbL30BATENEN, OTCYTCTBYET, B Cxemax BTOporo u Bonee BLICOKOIO YPOBHEW MyNbTUMNEKCUPOBAHWS
6bl1 MCNONL30BAH METOA MYJIbTHIIEKCUMPOBaHUA C Yepeposaunem OMT (a He Gait). B atom mertone
MYNETUNIEKCOP, HanpuMep, BTOPOro .YPOBHS GOPMUPYET BLIXOAHYIO UMGPOBYIO NOCNEA0BATENLHOCTL (CO
CKOpOCTLIO 6 M6uT/C - AC, AC unu 8 Mbut/c - EC) nyrem uyepenosanua GUT BXOAHLIX NOCNENOBATENLEHOC-
Tel oT pa3Hbix kaHanoe (ans AC u 1C ato kaHanst T1, a gna EC - kanans! E1).
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Tak kak MynbTUNnekcop He GopMUpYeT CTPYKTYPbI, KOTopas Morna 6kl GelTb MCNONb30BaHa Ans on-
peaeneHns noavmummn 6uta Kaxaoro KkaHana, a BXoaHble CKOPOCTW pasHbiX KaHanos MOMYT He coBnagath, TO
UCMONB3YETCH BHYTPEHHSS NoGUTOBAs CMHXPOHW3auMs, NpWM KOTOPOA MYNLTUMNEKCOP CaMm BbipaBHMBaEeT
CKOPOCTW BXOAHbIX NOTOKOB NyTEM N0OaBNEHNR HYXHOIQ YACN2 BbIPaBHUBAOWMX GHT B KaHanbl C OTHOCK-
TENbHO MEHbLUMMK CKOPOCTAMU nepeaadmn (Hawbonee NPOCTON BAPUaHT, XOTS MOrMyT WUCMO/b30BATLCS APY-
rMeé BapuaHTbl, KOrAa BblpaBHMBAHWE CKOPOCTEN OCYLLECTBASETCH nyTem u3baTua O6uT n3 kaHanos ¢ 6onb-
WMMW CKOPOCTAMM, unu codetaloTca oba npouecca gobasneHuns/m3baTua). Bnaropapa 3TOMy Ha BbiXxoge
MynbTMNNEKcopa GOoPMUPYETCa CUHXPOHU3MPOBAHHAA uwndposasa nocneposaTtensHocTb. WHdbopmauua o
BCTABAGHHLIX/M3bATLIX GUTaX NEepPenaeTca no CAyXeOHbIM kaHanam, GOpPMUPYEMbIM OTAEMNbHLIMKU BuTamu B
cTpykType ¢dpeiima. Ha nocnegyowmx ypoBHSIX MynbTUNAEKCUPOBaHMA 3Ta Cxema noBTopAeTcs, aobasnas
HOBble BbipasHuBawwWwme 6uThl. 3T BUTL 3aTem yaansioTcs/no0asnfIoTCa NPU AEMyAbTUNAEKCUPOBaHNNA
Ha NPUEMHOI CTOpPOHE ANS BOCCTAHOBNEHUS UCXOOHOW UMGPOBOW NOCNEA0BATENLHOCTU. Takoi npouecc
nepesauy nonyyYun HaspaHve NnAe3MOXPOHHOro (T.e. NOYTU CUHXPOHHOrO), a umdpossie nepapxuu AC, AC
# EC COOTBETCTBEHHO HA3BaHWE I/1IE3HOXPOHHBbIX U POBbIX nepapxuii - PDH.

Kpome CUHXpPOHU3auMM, Ha YPOBHE MYNbTUMNIEKCOpa BTOPOro NOPAAKA Takke npoucxogut ¢opmMupo-
gaHne GpPeiMoB U MynbTUDPENMOB, KOTOPbLIE NO3BONAIOT CTPYKTYPUPOBATL NOCNEAOBATENBHOCTD B LENOM.
Hanpumep, ana kaHana T2 (6312 k6ut/c) anuHa dpema pasHa 789 OGMT Npu eCTECTBEHHOM COXpaHeHUu
4acTOThl NoBTOpeHua ¢peima 8000 Mu. MyneTudpeirM cooveetcTayeT 12 dpeiimaM. [ns kaHana E2 (8448
x6ut/c) anvHa ¢peima pasHa 1056 BuT, u TaKke mMoxeT BbiTb UCNONL3OBAH MynbLTUDPEAM M3 12 dperiMoB
[15]. ®opMupoBaHne ¢peiiMoB U MynbTUGDPEAMOB K UX BbIDaBHUBAHWE OCOBEHHO BaXHO AN NOKanv3auuu
Ha NPUEMHOI CTOPOHE KaxXporo ¢peiMa, 4To NO3BONAET B CBOKD O4EpPeadb NONy4nTb MHGOPMALMIO O CUrHA-
NM3auUnK U KOZOBbLIX rpynnax KOHTponupyowmx nabeitouHbix koo CRC 1 nHpopmaumio cnyxebHoro kaHa-
na OaHHbIX.

B AC ncnonb3yetcs Osa YPOBHA MynbTUNNEKCHMPOBaHWS - 1.5—6 1 6—45 nnioc oguH BO3MOXHbIN
pononHuTenbHbi 45—140 ang conpsxenns ¢ EC. B fIC ncnone3yiloTca Tpn ypoBHS MyNbTUNNEKCUPOBaHWS -
156, 6532 n 32—98 nnioc 0ANH BO3MOXHLIA AononHUTENbHbLIA 32—140 gna conpsixenna ¢ EC. B EC
UCNONBL3YIOTCA TPW YPOBHS MYNLTUNNEKCUPOBAHMA - 2—8, 8—34 1 34—140.

O6uian cxema KaHana nepegausv ¢ ucnonb3osaHveM TexHonorum PDH gaxe B camMOM nNpocTOM Bapu-
aHTe TONONOMMKM CETU “TONKA - TOYKA” Ha ckopocTu 140 MOuT/C nONXHA BKNIOYATL TPW YPOBHS MYMbTMINEK-
CHpOBAHUS Ha nepepaiowein ctopode (ana EC, Hanpumep, 2—8, 8—534 u 34—140) u Tpu ypoBHA AeMyhib-
TUNNEKCUPOBAHUA HA MPUEMHON CTOPOHE, HTO NPMBOOMUT K AOCTAaTOYHO CNOXHOW annapatypHOi peanusaunn
Taknx cucteM. OgHako CywecTBeHHOe yaellesneHne umMdpoBoM annapaTtypel 3a nocnegHee gecstunetue n
HenNONL30BaHWE ONTOBOJSIOKOHHLIX kabeneit B kadecTBe cpeabl nepenaqn PDH curHana npusenu K ToMy, 4To
cucTeMsl undposoit TenedoHN C UCNONL3OBAHUEM TexHonornn PDH nonyuyunu 3HaumtenbHoe pacnpocT-
paHeHue. ITU CUCTEMbI NO3BONWUAKU TPAHCNOPTUPOBATh OONbLIOE KONWYECTBO KaHANOB UM$POBOA BLICOKO-
KayeCTBEHHOW TenedOHHON cBA3au. Hanpumep, oauH kaHan 140 MOGut/c  aksuBaneHTeH 1920
(30x4x4x4=1920) kaHanam 64 k6UT/C, KOTOpLIE B NEPBYIO OYepenb UCNONL30BANUCL ANA nepenayn peyn,
HO MOryT BbITb UCNONB30BAHLI, B YACTHOCTH, 4NIA Nepeaayn AaHHbIX.

C ucnone3osaHnem cospemeHHbix metonoe VKM (Hanpumep avddeperumansHoir MKM - JUKM)
MOXHO MCNONb308aTb CKOPOCTL 32 kBUT/C anst nepepayin 0QHOrO PeyeBoro KaHana, YTo NPUBOAUT K CXEeMaM
kaHanoB T1 wnn E1, Hecywmx 48 nnu 60 tenedoHHbIx kaHanos [15]). CoepemeHHas TEXHUKA CXaTUA JaHHbIX
N03B0NIUNA NOCNEAOBATENLHO YBEAVNMUTL 3TW Nokasartenu B 2 pa3a (16 kbuT/C Ha peyesoit KaHan), 3aTem B
4 paza (8 kb6uT/C Ha kaHan) u, HakoHeu, Onarogaps WMCNOML3OBAHMIO TEXHUKU KOGMPOBAHUS C NIMHEAHbLIM
npeackasaHueMm no KoAoBOW kHUre, B 5 pas (6.4 kbut/c Ha kaHan).

Bonee BaxHbIM PE3YNLTATOM 3TOr0 PasBUTUA, OAHAKO, C Hawe#l TOYKWM 3peHua, cTano To, yto PDH
cucTeMaMu Ctany noNb3OBAaTLCA QNS Nepedady OaHHbIX, M B NepByio ouepenb BaHKOBCKUX TpaH3akuuin, vc-
nonb3ys rnaBHLIM 06Pa3oM kaHanot 64 kKOUT/C C NPOTOKONIOM NAKeTHOM KoMMyTaumn X.25. Kasanocw, 4to ot
37070 NPUBAEKATENbHOCTbL HOBON TEXHONOTMM TOMBKO BLIMIPAET 33 CHET NPUBNEYEHUA HOBOW MOLWHON rpyn-
nel nonb3osareneit. OpHako 3TOro He npousowno. PDH TexHONorMs NpoaeMOHCTPUPOBana Ha 3TOM aTane
BO3POCLIEr0O K HelA nHTepeca CBOI HErMOKOCTL.

1.5.3. HeaoctaTku Nne3noxXpoHHOi uudpPoOBOKA nepapxmm

CyTb oCHOBHbIX HepoctaTkoB PDH B ToM, yto nobaBneHue BbipaBHMBAOWMX GUT penaeT HEeBO3MOXHbIM
uieHTUOMKAUMIO W BLIBOA, Hanpumep, notoka 64 kbut/c v 2 M6ut/c, “3awmToro” B notok 140 M6éur/c,
6e3 nonHOro AEeMynbLTUNNEKCUPOBAHUS UMW “pacluMBKU” 3TOrO NOTOKA ¥ yaaneHust BblipaBHUBAWOWMX OuUT.
OpHo meno “rHaTh” MOTOK MEXAYropogHbiX UM MEXAyHapPOoAHbIX TenedOHHbIX Pa3roBOPOB OT OAHOro Tene-
$OHHOrO y3na K apyromy “cumeas” n “pacwmsan” Ux 0OCTATOMHO peako. [lpyroe geno - CBS3aTb HECKOJIbKO
fankoB u/unu nx otaenexnnii ¢ nomouwpio PDH cet. B nocnegHem cnyyae 4acto npuxoauTtcs nubo BuIBO-
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ANTb NOToK 64 KBUT/C nnn 2 MBut/c 13 notoka 140 Mbut/c, YTobbL! 32BECTU €ro, HanpuMep, B OTAENEHUe
Gaxka, nubo HaoBopoT BbHIBOAWTL NOTOK 64 xOuT/c nnu 2 Mbut/c n3 6aHka ans BRoga ero o6parHo B no-
ToK 140 Mbut/C. OCcywecTsnss TakOh BBOG/BHIBOL, NPUXOANTCA NPOBOAUTL AOCTATOMHO CJIOXHYIO onepa-
LMIO TPEXYPOBHEBOFO AeMynbTUNAEKCHpoBaHus (“pacumsanns”) PDH curHana ¢ ynanewvem/nobasneHnem
BbiPABHUBAIOLLMX (Ha BCEX TPEX YPOBHsSX) GUT 1 ero nocneayowero TpexypoOBHEBOIO MyAbTUIEKCUMPOBAHNA
(“clumBaHna”) ¢ nobaBneHMeM HOBLIX BbiPABHUBAIOLWNMX BUT,

Cxema Takoy onepaumm gns OgHOro NONb30BaTens (C NOTOKOM 2 MOwuT/c) nokaszaHa Ha pwc.1-12.
Mpwn Hanu4Mu MHOMMX nNone3osatenen, Tpebylouimx BBOAA/BbIBOAA VUCXOAHLIX (Hanpumep, 2 M6wut/c) noto-
KOB, ANR annapaTypHoin peanm3aunn cetu Tpebyercs ypesMepHo BOoNbLIoEe KONMYECTBO MYNLTUNIEKCOPOB,
B pea3ynbTate 3KCniyaTaumsa CeTW CTAHOBUTCA 3KOHOMUYECKN HEBLITOOHOM.

Apyroe y3koe mecto TexHonormn PDH - cnabble BO3MOXHOCTHM B OpraHu3aummn CnyxebHbiX KkaHanos
ONS Uene KOHTPONs U yNPaBneHvust NOTOKOM B CETHM U NPaKTUIECKy MONHOEe OTCYTCTBUE CPEACTB MapLipy-
TN3auUY HU30BbLIX MYNLTUMAEKCUPOBAHHBLIX NOTOKOB, 4TO KPaWHEe BAXHO AN UCMONL3OBaHMS B CETAX nepe-
nayv aaHHeix. O6LIMHO ANA Uenein nocneayiwen naeHTUUKaUMM u CUrHanM3aunmn NOToK pa3busaetcs Ha
rpynnbl TaiM-CNOTOB, A ¢ppesiMbl, N3 KOTOPLIX 3aTeM KOMIMOHYIOTCS rpynnbl U3 HECKOALKUX GpeiimoB unn
MynsTHdpedimel. Nocneasne, nasas BO3MOXHOCTb WAEHTUGUUNMPOBATL Ha NPUEMHON CTOPOHE OTAENLHLIE
bpeimbl, CHabxXalTCa AONDAHUTENEHLEIMIU BUTAMU LIMKNIMYECKMX NIOMEXOYCTONYUBLIX KOQOB W UCNONL3YEMBbIX
cucTem curHanuaaumu [15]. OaHako 3TM CpeacTBa AOCTATONHO cnabbl, 0COGEHHO Ha NepBbiX ABYX YPOBHSX
AC un 9C nepapxuit. Hanpumep, MyabTudpeimMsl T1 NO3BONNIOT GOPMUPOBATE KDOME CUIrHaNa CUHXpOHWU3a-
uvn, koposylo rpynny koaa CRC-6 (6 6ur koHTponbHOro koaa Ha 4632 6uta - 24 ¢dpeiima) U cnyxebHbli
KaHa BaHHBLIX CO CKOPOCTLIO 4 KBUT/C, UCNONb3yeMblil, B YaCTHOCTH, A9 NOCLINKWU CUTHANAa NOTEPH CHUHX-
poHuzaymu ¢gpefima LFA. Mynetndpeimbl T2 O30T BOSMOXHOCTE HOPMUPOBATL CNyXebBHbIA KaHan Toi
Xe eMKoCTH - 4 xbut/c n koposyio rpynny xkoaa CRC-5 (5 6uT kKOHTpONbLHOro koga Ha 3156 6uT).

Pekomenpauma G.703 [14] Booblie He npeaycmaTtpuBaet HeobBXxooMMble AN HOPMASIbHOW MapLipy-
TU3auun 3aronosku. B CBR3W C OTCYTCTBMEM ChneumanbHbiX CPeacTB MapuwpyTusauwn, rnpu ¢GopmMuposasmm
PDH ¢peimo 1 mynbTudpeiMoOB yBENUHMBAETCA (NPU BO3pacTaHM YNCNa MYNbTUMNEKCUPOBAHUI W NEPeK-
NIOYEHUI NOTOKOB NPY MapLIpyTU3auumn) BO3MOXHOCTb OLUMBKM B OTCAEXUBAHWK “UCTOPUM” TEKYLLMX Nepex-
NIOHYEHNA, 3 3HAYUT YBENNUYUBAETCH W BO3MOXHOCTb “NOTEPATL” CBEAGHUA HE TONLKO O TEKYLUEM nepekniove-
HYW, HO ¥ O ero “ncTopui” B LENOM, YTO NPUBOAUT K HAPYLUEHWNIO CXEMbl MapLupyTHM3auMmn Bcero tpaduxa.

34 Mbut/c

y

140
140

. M6ut/c
34

8 Mbur/c 34

2 Mbut/c

C None3oBatens i

Puc.1-12. Onepauvs BBOA3/BbLIBOAA NOTOKA NONL30BATENA
2 M6ut/c B notok 140 M6uTt/c no cxeme PDH

Tak, ka3anocb Obl CYWECTBEHHOE AOCTOMHCTBO METOAA - HeBoNblaa “neperpyXeHHOCTL 3aronoeka-
Mu” - Ha pene 060pasvMBAETCR e ORHUM CepbesHbiM HeAOCTATKOM, KaK TORbKO BO3HUKaeT Heobxopu-
MOCTbL B Pa3BUTON MapLIpyTU3aLMK, Bbi3BaHHAsA MCNONL30BaHNeM cetu PDH ans nepepaun QaHHbIX.

24



1.5.4. CuHxpoHHbie nepapxum SONET/SDH

VkazanHble HepocTatku PDH n xenaHve ux npeogoneTs npueenu k paspabotke 8 CLUA euwe oaHon viepap-
¥V - Mepapxun CMHXpPOHHOMH onTuyecxoi cetu SONET, a B EBpone aHanorMuHoOn CMHXPOHHOR yngpo-
soit mepapxmyu SDH, NpeanoXeHHLIMWU NS UCNONL30BAHWA HA BONOKOHHO-ORTUHECKMX NMHUAX CBA3N
(BOAC). Uensio paspaboTtku Buina epapxus, KOTopasa nossonuna Ool:

s BBOAMTL/BLIBOAWUTL BXOAHbLIE NOTOKM 6e3 HEoBxoauMOCTK NpoBoAuTb Ux cBopky/pasbopky (a 3Ha-
YAT UMETL BO3MOXHOCTL ONPEeaensiTb NOMOXEHUE KAXAOr0 BXOAHOrO NOTOKAa, COCTABASIOWEro 06-
LW NOTOK);

s paspaboTaTe HOBYIO CTPYKTYPY ¢periMoB, MO3BONSIOWYIO OCYLIECTB/ATbL HE TONBKO Pa3BUTYIO
MapwpyTm3aumio, HoO ¥ OCYILECTBAATL B Npepesnax Mepapxuun ynpasneHne CeTamu C Tononoruein
Mo6oit CNOXHOCTH;

* CUCTEMATN3NPOBATb UEPAPXMYECKUI PAL CKOPOCTEH nepeaasn U NpoaonxXnTe ero (Ha nepcnexkru-
8Yy) 3a npepensbl paga PDH;

¢ paspaboTaTb CTaHAAPTHLIE UHTepdeic ans oBner4eHna CTLIKOBKM 060PYAOBaHMS.

[ns NOCTMXEHWS NOCTABNEHHLIX LENER aMepukaHCKUMU paspaboTumkamMy NepBOHAYanbHO (Hayano
80-x ropoB) nNpeniaranoch:
- BO-NEpPBhIX, UCMONL3OBATL CMHXPOHHYIO, 2 HE ACUHXPOHHYID WM NNE3UOXPOHHYID CXEMY nepegaysv C

noGadiTHbIM (2 He C NOBUTHLIM) YepefoBaHueM NPU MyNbTUNNEKCUPOBAHUY;

- BO-BTOPbIX, NONOXUTbL B OcHOBY vepapxun SONET nepsuyHyio cxopocrts nepegaym OC1 = 50.688
MOUT/C, OCHOBaHHYID HA WCNONL30BAHMM CTAHOAPTHOrO nepuoaa noBTopeHus ¢penma 125 Mkc,
APUHMMAIOWEro Bua ABYMepHOW MaTpumubl dopmara 3 x 264 Gaiita (264x3x8x8000 = 50688000 6ut/c),
TaKk KaK OHa no3Bonssia NPOAONXUTL amepukaHckylo seTBb PDH uepapxuit, 7.€. 1.5 - 6 - 45 Mb6ut/c,
nocnegHWiA  ypoBeHb KOTOpoW, nytemM gobaeBnenna HeOOXOOUMbIX 3aronoskoB, MOr Obl  ObiTe
npeobpasoBaH B NepBblil ypoBeHb HOBOW nepapxun OCHt;
B-TPETbMX, BKMIOMMTb B MePapxvio AO0CTATO4HOE 4ucno (nepeoHavanbHo 48) yposwen OC1 - OCn (B
HACTOSILLeE BPEMSI OHA BK/IOMAET 3HauMTENtHo OOnblle YPOBHEl, CM. HMXE) U NPUHATL KParHOCTh
nocneaylowmx yposHen nepapxun pPaBHON Homepy ypoeHs, T.6. OC3 = 3xOC1 = 3x50.688 = 152.064
M6éur/c;
B-4eTBEPTLIX, UCNONbL30BaTb WU3BECTHYI0 K TOMY BPEMEHU TEXHOJMOIruio WHKANCYASIUMN [AHHLIX,
NPeanoXuB TEXHONOTUIO BHPTYANbHbIX KOHTEAHEpOB, VX YNAKOBKM W TPAHCMOPTUPOBKW, AAIOLLYIO
BO3MOXHOCTb 3arpyXxaTb W NepeHocUTb 8 Hux dpeimbl PDH wepapxum co ckopoctamn 1.5, 6, 45
M6uT/c;
B-NSITHIX, OPUEHTUPOBATL UEPApPXWI0 HA WCNONbL3OBaHWE ONTHYECKHx (a He SNeKTPU4ecKux) cpen
nepegaym curHana.

1

1

t

B 1984-86 ronax, paccmoTpeB psia anbrepHatue, komuteT T1 (CLUA) npeanoxun ncnons3osatb cur-
Han CO CKOpPOCTbIo nepepayn 50.688 MOUT/C B Ka4eCcTBe OCHOBHOIO CMHXPOHHOIO TPAaHCHOPTHOIO CHr-
wana STS-1. OpHako, yuuTbiBas Heyaady NPaKTUHECKOro BHEAPEHUS KPOCC-MYNbTUIIEKCUPOBAHUA CyWec-
wylowmx PDH uepapxuid, paspabotinkn texHonornu SONET He MOrnu He cHUTaThCA C HEOGXOAMMOCTLIO
obrerunTb npoueaypy B3aUMOAENCTBUA aMepukaHckouW v esponeicko PDH nepapxvit u He NpuHATL BO
sHuMaHune Hanuume craHpgaptos CCITT Ha undpoBylo MEpapxuni0, OXBaTLIBAIOWYIO ANanasoH ckopocTein 1.5
- 140 MBuT/c, a Takke aHanorn4HoN eBponeickoi pa3paboTky , Ha3eaHHOW SDH nepapxueii, vnn TexHo-
norveiA SDH. B nocnegHelt B ka4eCTse OCHOBHOIO popmaTta CMHXPOHHOTO curHana Gbin NPUHAT CHHXPOH-
Wbl TPAHCIIOPTHBIA MoAyNs STM-1, nMelowunin ckopocTb nepepayn 155.52 MBUT/C 1 NO3BOASIOWNA UH-
kancynuposaTtb BCe dpeitMbl eBponenckon PDH nepapxun, 8 TOM uncne dpeim E4 (140 M6ut/c).

B pesynbtate kxomutetom SONET B nocneascreve 6bin0 NPUHATO MYXECTBEHHOE peweHue - OTKa-
3aTbCA OT BHeApeHus ewé opHoi oBocobnerHol nepapxuu (T.e., cobeTBeHHo SONET) u paspabortaTth Ha
€ OCHOBE HOBYIO CMHXPOHHYIO UHWPPOBYIO Mepapxmio, HadsaHHylo SONET/SDH, nepeuiit yposeHb KOTO-
poit OC1 npuHumancs paeHbiM 51.84 MOUT/C, YTO NO3BONAN0 NyTeM paspaboTKU pa3BUTOi CXeMbl MyNbTW-
MNEKCMPOBAHUS U KPOCC-MYNbTUNNEKCUPOBAHUA, NPELSIOXUTL YHUBEPCAbHbIN Habop BMPTYanbHbIX KOHTEN-
HEpPOB, NO3BONAIOWMIA 3AKTIOYNTL B UX 000N0OUYKU BCe dhopmatbl GpeiiMOB CTaHAAPTHLIX YPOBHEH amepukaH-
ko v esponeickoit PDH vepapxuid.

Tenepb CUHXPOHHBIA TPAHCNOPTHLIA Moaynb STM-1 (155.52 M6uT/c), npeanoxeHHLI Ana esponeiic-
toit Bepcum SDH, ¢ oaHOM CTOPOHBI, COBNagan ¢ HOBOW CKOPOCTbI0O SONET OC3 (51.84x3 = 155.52), a ¢
Bpyro - NO3BONAN BKNIOYUTL B CXEMY MYALTUNAEKCUPOBAHUA MAKCUMAaIbHYI0 CKOPOCTL eBponeickoit PDH
wepapxum - 140 Mbut/c.

CoBMeCTHLIE yCUNMA B 9TOM HanpasneHuu npueenu Kk paspabortke u nybnukaumm B CuHel kHure B
1989 roay Tpex ocHosononaraiowmx pekomeHgaumin CCITT (teneps ITU-T) no SDH - Rec. G.707, G.708 u
G.709 [16-18], a Takxe napannencHoit nyGnukaunm opraHuaaumamu ANSI u Bellcore aHanornyHbix cranga-
pros ana TexHonorun SONET [34-42].
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2. CUHXPOHHbIE LWDOPOBbIE CETU
HA OCHOBE TEXHOJIO'MUX SDH

2.1. CHUHXPOHHDIE UNDPOBbLIE CETU

Uudposble ceTu, pa3paboTaHHble M BHEAPEHHbIe A0 NOSABMEHUS CUHXPOHHLIX CETEBbIX TEeXHONOrui
SONET/SDH, 6binu, no CyTH, aCMHXPOHHLIMU CUCTEMAMM, TaK Kak He WUCNOMb30BaNu BHELHIO CUHXPOHWU-
3aLMI0 OT UEHTPAaNbHOrO ONOPHOr0 UCTOYHMKA. B HUX noTtepa GUT (Mnn HEBO3MOXHOCTL MX TOHHOWM nokanw-
3aUuun) NpMeoanAN He TONbLKO K notepe uHdOopMaumu, HO U K HAPYLWEHMIO CUHXPOHM3auun. Ha npuH1Maio-
Lem koHue cetu 6uino npouwe BeIBPOCUTL HEBEPHO NONYYEHHbIE GPENMBI, YEM UHULMANK3KPOBATL BOCCTA-
HOBMEHWE CUHXPOHU3auuM C NOBTOPHOW nNepepayer NOTEPAHHOrO dparMeHTa, Kak 310 AEenaeTcs, Hanpu-
MEp, B NROKaNbHbLIX CETAX. DTO 3HAYUT, 4TO ykalaHHas undopmaums GypeT notepsHa 6e3BO3BPATHO.

MNpakTyvka NOKasbiBaeT, YTO MECTHLIE TakMepb! MOryY OasaTe 3HAYUTENbHOE OTKMNOHEHWE OT TOYHOW
cKOpoCTH nepepaun. B [43], Hanpumep, ykasbieaetca, 410 gna curHanoe DS3 (44.736 MbBut/c) Takoe oTk-
NOHEHWe OT PasnNnYHbIX UCTOYHWKOB MOXeT gocTturate 1789 6ut/c. Wﬁ,ﬂm

B CMHXPOHHLIX CeTAX CPeaHss 4acToTa BCEX MECTHbIX TAMMEPOB WM OOQMHaKOBaA (CUHXPOHHA) vnwu
6nm3ka K CUHXPOHHOW (Nne3voxpoHHa) Bnaroaaps MCNOAb30BAHWUIO LEHTPANbHOMO Taimepa (MCTOYHMKa) ¢

TOYHOCTLID HE XyXe 10°° (4to paet ana DS3 BO3MOXHOE OTKNOHEHWE CkOpoCcTU nopsaka 0.045 6uv/c). B
3TOI CUTyaumm HeoBXo0AMMOCTL BbipaBHUBaHWA $peirMoB nnu MynsTudpenmMos CTOUT HE Tak OCTpo, a aua-
Na30H BbipaBHWUBAaHUA 3HAYUTENLHO YXe.

Bonee Toro, cutyaums C BbiAEAEHWEM ONpepesneHHoro ¢parMeHTa noTtoka (Hanpumep, kadHana DS1
unn E1) ynpouwaeTcs, ecnv BBECTW ykasaTenu Hauana 370ro ¢parMeHta B CTPYKTYPE MHKanNCynupyowero
ero ¢peiiMa. Mcnonb3oBaHue ykasaTenen (TexHuka 3Ta CTapa, KaKk KOMNbIoTepHbIA MUP) no3sonseT rmbko
KOMMOHOBaTb BHYTPEHHIOK CTPYKTYPY KOHTEWHepa-Hocutens. CoxpaHeHue ykalateneid B HekoM Oydepe
(3aronoske ¢penma unu MynbTUppenma) M ux QONONHWTENbHAA 3aWMTa Kogamu C koppekuven ouubok
NO3BONAET NONYYUTL UCKIIOUMTENLHO HBARXKHYI0O CUCTEMY NOKanM3aunu BHYTPEHHeW CTPYKTYpPbl nepenasae-
MO NO CETU NOAE3HON Harpy3ku (dpeima, MynoTUdpeMa nnm KoOHTeRHepa).

Yka3aHHblie COOOpaXEHUs TOBOPAT O TOM, YTO CHMHXPOHHBLIE CETU UMEIOT PRA NPevMYLLEeCTB nepen
UCMONBL3YEMbIMU ACUHXPOHHBIMY, OCHOBHBIE U3 HKUX Ccreaylowue;

— ynpoiyeHue ceTy, BbI3BAHHOE TEM, HTO B CUHXPOHHOW CeTW OOMH MYNbTUMNEKCOp BBOAA-BbIBOAA (CM.
HUXKE), NO3BONSN HENOCPEACTBEHHO BbIBECTU (MU BBECTW), HanpuMmep, curHan E1 (2 M6ut/c) us dpeir-
Ma (unm 8 dpeiim) STM-1 (155 MBuT/c), 3ameHseT uenylo “rupnssay” MynsTunnekcopoB PDH {cm. puc.
1-12), naBan 3KOHOMMUIO He TONbKO B 0B0OPYnoBaHUM (ero ueHe v HoMeHknaTtype), Ho u B TpebyemMom me-
cTe ANs Pas3MelleHus, NUTaHuy 1 06CnyXuBaHuu;

— HaAEeXHOCTbh U CaMOBOCCTAHAB/IMBAEMOCTb ceTH, OOYCnoB/ieHHLIE TeM, 4YTO, BO-NEpBbiX, CETh WUC-
nonbL3yeT BONOKOHHO-ONTUdeckue kabenu (BOK), nepepada no KOTOpPbIM NPAKTUHECKU HE NOABEPXeHa
AENCTBUIO SNEKTPOMAarHATHBIX NOMEX, BO-BTOPLIX, apXUTeKTypa v rubkoe ynpasneHue CeTsiMu No3BonseT
UCNONL30BATH 3ALUMLLEHHBIA pexnm paboTsl, 4ONYCKAOWMIA 1BA anbTEPHATUBHLIX NYTW PacnpoCTpaHeHus
CUrHana ¢ NoYTU MrHOBEHHBIM NEPEKSTIOHEHUEM B CNy4ae NOBPEXAEHUS OQHOro M3 HMX, a Takke 06xon
NOBPEXAEHHOIO y3na CETU, Y4TO AenaeT 3TU CeTU CamMoBOCCTAaHABANBAOWMMUCS;

— rubkocTs ynpaBneHus cerbio, 0OYCNOBNEHHAA HAanM4MeM BONbLIOro YMcna OAOCTaTOMHO WWMPOKONONOC-
HbIX KaHaNOB yNpaBneHusi U KOMNLIOTEPHON nepapxM4eckoi CUCTEMON YNPaBNeHUs C YDOBHAMMU CETEBOrO
W SNEMEHTHOr0 MEHEKMEHTA, @ Takke BO3MOXHOCTLIO aBTOMAaru4eckoro AUCTaHUMOHHOTO ynpaBneHus
CeTbio U3 OQHOMO UEHTPA, BKMIOHasn ANHAMUYECKYIO PeKOHUIrypaumio kaHanoe u c6op cTatncTuku o yH-
KUWOHNPOBaHUU CETH;

— BblgeneHue Nnosocsl NPorycKkanus no TpeboBaHnIo - CEPBUC, KOTOPbIM paHbile MOr ObiTb OCYLEeCTs-
NIEH TOMLKO NO 3apaHee (HanpUMED, 32 HECKONLKO AHER) CNNaHWPOBAHHOW AOTOBGPEHHOCTY (Hanpumep,
BLIBOA TpeBGyeMoro KaHana npu NpoBEAEHWM BUAEOKOHDEPEHLMK), Tenepb MOXET GbiTh NPeaocTasneH B
CHUTaAHHBIE CEKYHAb! NYTEM NEPEeK/IIOYeHUA Ha APYron (LWMPOKONOMOCHLI) KaHan;

- npo3payYHocTh Ang nepegaqn noboro rpapuxa - Gbakt, 06YCNOBNEHHbI UCRONL30BAHNEM BUPTYaTb-
HbIX KOHTEMHEPOB Ansa nepefauv Tpaduka, cHOPMUPOBAHHOIrO APYrMMWU TEXHONOTUAMMU, BKAIOYAA Cambie
coBpemMeHHLIe TexHonormn Frame Relay, ISDN 1 ATM;

— YHUBEPCanbLHOCTb NPUMEHEHNA - TEeXHONoOrna MoxeTt BbliTb UCNONL30BaHa kKak Ana co3aaHna rnobanb-
HbIX CETeW unu rnRobanbHON MarncTpany, Nepeaaiuein U3 ToUKM B TOYKY ThICAUN KAHANOB CO CKOPOCTLIO
0o 40 T'éuT/Cc, Tak 1 ANa KOMNAKTHOW KONbUEBOW KOPNOPATUBHON CETH, 0BBEAUHSIIOWEH [ECATKN NOKaNb-
HblX CeTewn;

~ MPOCTOTAa HAaPaWNBAHHUA MOLHOCTH - NP HANUYKMN YHUBEPCATLHON CTOMKK AR pasMetUeHus annapary-
pbl Nepexon Ha cneayolyio Gonee BLICOKYID CKOPOCTb MepapXum MOXHO OCYLLECTBUTL NPOCTO BLiHYB OQHY
rpynny ¢yHKUMOHANMbHBIX GNOKOB M BCTABUB HOBYIO {PACCYMTAHHYIO HA BOALLUYIO CKOPOCTL) rpynny 610KOoB.
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2.2. OCOBEHHOCTM NOCTPOEHUSi CUHXPOHHOW MEPAPXWUM SDH

2.2.1. O6wme 0coOGEHHOCTU NOCTPOEHUS CUHXPOHHOW uepapxum

PaccMoTpuM 0bBWmne 0coBEHHOCTU NOCTPOEHMA CUHXPOHHOW undposoi nepapxmn SDH.

HecmoTpda Ha oveBuaHbie npeumyulecTsa ceteid SDH nepen cetamm PDH, oHn He nmenum Obl Takoro ycnexa,
ecim 66l He oBecneyuBan NPeeMCTBEHHOCTL M NoaaepXkKy ctaHnaptoe PDH. Kak Mbl yXxe oTMmevyanu npwu
paspaborke TexHonorum SONET oBecneunBanach npeeMCTBEHHOCTbL aMEPUKaHCKOR, a npu npu paspaboTke
SDH - esponeickoii nepapxuit PDH. B okonuyatensHOoM BapuaHTe ctanpaptel SONET/SDH nopnepxmsanu
ofie ykasaHHble nepapxvu. ITO BbIpa3unoChb B TOM, YTO TEPMHHANBHBIE MY/IbTAIIEKCOPBI W MynbTUNNE-
Kopst BBona/esisona ceteit SONET/SDH, uepes KkOTopsie OCYLUECTBNAETCA AOCTYN B CETh bbinu pacuu-
Tahbl Ha NOANEPXKKY TOMbKO TEX BXOAHLIX KAHANOB, WU KaHaMoB [OCTYyNna, CKOPOCTb Nepenaym KOTopbIX
{0oTBETCTBOBANa 00BEeAMHEHOMY CTaHRAPTHOMY PSARY aMEPUKAHCKOW n eBponenckon nepapxuin PDH, a
weHHo: 1.5, 2, 6, 8, 34, 45, 140 M6uT/c. UndpoBble curHanbl KaHanoB AOCTyNa, CKOPOCTb Nepenaqn Ko-
70pbiX COOTBETCTBYET yka3aHHOMY pagy, Oynem HaawiBaTk Tpubamu PDH (nv B TEPMUHONOMMA CBA3UCTOB
KOMMIOHEHTHbLIMM CHUIrHanamm), a Cur{anb, CKOPOCTb Nepenayn KOTOpbIX COOTBETCTBYET CTaHAapTHOMY
pray ckopocTeit SDH - rpubamu SDH.

Wtak, nepBasi ocob6eHHOCTs nepapxuu SDH - nogaepx ka B ka4eCTBe BXOAHbLIX CUMHAMNOB KaHANOs
poctyna Tonsko Tpu6os PDH v SDH.

Opyras 0cob6eHHOCTs - mpoyegypa GopMHUPOBaHUS CTPYKTYPbI ppeliMa.

Jsa npaBuna OTHOCATCA K paspady O6WMX: Npu HanuuuM vepapxun CTPYKTYp CTPYKTypa BEpXHero
YPOBHA MOXET CTPOUTHLCA U3 CTPYKTYP HWKHEro YPOBHS, HECKONLKO CTPYKTYP TOrO Xe YPOBHSA, MOryT GbiTh
ofvenmHeHsl B 0aHy 6onee obutyio cTpykTypy. OCTanbHbie npaBuna OTpaxaloT cneundury TexHonorum. Ha-
fnpuMep, Ha BXOG4Ee MynbTUniekcopa aocTtyna umeem Tpubsl PDH, koTopbie 4OMKHbI ObiITh YNakoBaHbl 8 060-
nouky dperiMa Tak, 4ToBbl MX NErKo MOXHO ObINO BBECTU W BLIBECTU B HYXHOM MECTE C NOMOLLLIO MyNbTUN-
nekcopa 8BOAA-BLIBOAA. Ona 3TOro cam GpeinM AOCTaToOMHO NPeacTaBuTb B BUOE HEKOTOPOro KOHTeRHepa
CTaHOAPTHOrO pa3mMepa (B CUNY CUHXPOHHOCTU CETU €ro pa3mMepbi He AOMKHbI MEHATLCS), UMEIoLero con-
POBOXAAIOLLYIO AOKYMEHTAUMIO - 3arosl10BoK, rae cobpaHbl BCe HeOOXoanMbie AN ynpasieHus U mapLupy-
TH3aUMM KOHTeHepa nonf-napaMeTpPbl, ¥ BHYTPEHHIO eMKOCTb ONA Pa3MELLUEHUR fIONIe3HOM Harpy3KH,
rae AOMKHLI PacnonaraTbCs OAHOTUMHLIE KOHTEAHEDBLI MEHLLUEro pa3Mepa (HUXHUX YPOBHEN), KOTopble Ta-
KXe AO/MKHbl UMETb HEKWI 3arofIOBOK U NONE3HYIO HArpy3ky v T. Ai. NO NPUHUMNY MaTPELLKU, WK N0 MeTO-
Ay nocsIe40BaTe IbHBIX B/IOXEHMA, UN KHKANCyNauuia.

[na peanu3aumn 3TOro MeToaa 6biN0 NPEAIoXEHO UCMNOAB3OBATE NOHATUE KOHTEHHEP, B KOTOPLIA U
ynakosbiBaeTcs Tpub. Mo TUNOpasMepy KOHTERHepbl AENsiTCi Ha 4 YPOBHA, COOTBETCTBYIOLLME YDPOBHAM
PDH. Ha koHTeiiHep OOmKeH HAKNEeWBATLCA APNbIK, CooepXalwmii ynpasnaiowyio nndopmMaumio ana cbopa
CTaTUCTUKU NPOXOXAEHWUA KOHTeMHepa. KOHTEeNHep C TakuM SIPNIbIKOM UCMONL3YETCA anst nepeHoca mMHpop-
MaUuW, T.6. ABNSIETCA JIOrMYECKHUM, 3 HE (PUINHECKUM OOBEKTOM, NMO3TOMY €r0 Ha3bLiBalOT BUPTYANbHbIM
KOHTEHAHEPOM.

Utak, Bropas ocobennocts vepapxun SDH - Tpubbl [OMKHLI ObiTb YNakoBaHbl B CTAHAAPTHLIE NO-
MeyeHHbIE KOHTEWHEpPbI, PA3MEePbl KOTOPLIX OnNepenensioTcs yposHem Tpuba B nepapxumn PDH.

BupTtyanbhble KOHTEIMHEPH! MOIYT OOLEQUHNTLCA B TPYRnbl ABYMA pasnuuHsiMy cnocobamu. KoHTeit-
HEPbl HUXKHMX YPOBHEW MOFYT, HanpuMep, MynbTUMNAEKCUPOBAaTLCA (T. €. COCTABNATLCA BMECTe) U UcnonL3o-
BATLCA B KQUECTBE NONE3HOW HAarpy3kn KOHTEAHEPOB BEPXHUX YPOBHeW (T.e. 6onsliero pa3mepa), KoTopsle,
B CBOIO QUYepenb, CMyXaT MONe3HOW Harpy3koh KOHTEeAHepa Camoro BepxHero yposHs (camoro 6onblioro
pasmepa) - ¢perima STM-1.

Takoe rpynnuposaHWe MOXET OCYLUECTBNATLCA NO XECTKOW CUHXPOHHOR Cxeme, Npu KOTOPON MEeCcTo
OTAENLHOrG KOHTEMHepa B none Ans pasMeLleHns Harpy3ku ctporo ¢ukcuposano. C Apyroft CTOPOHL!, 13
HECKONbKMX ppeiimos MOryT ObiTb cocTaBneHel HoBoble {(Bonee KpyrHbie) 06pa30BaHUs MysIbTU@PEAMBI.

M3-33 BO3MOXHbIX pasnuynii B TMNE COCTaBASOWMUX DPeM KOHTEAHEepPOB M HenpenBMAOEHHbLIX Bpe-
MEHHbIX 33AepPXeK B Npouecce 3arpy3ku ¢peiiMa NOnoXeHWe KOHTEMHEPOB BHYTPU MynbTudpenma MoxeT
BuiTb, CTPOrO rOBOPS, HE PUKCKPOBAHO, YTO MOXET NPUBECTU K ownbke Npu BBOE/BLIBOAE KOHTENHEpa,
yauTbiBasi O6LLYI0 HECTABUNLHOCTL CUHXPOHU3AUMK B CETU. [iNs ycTpaHeHus 3Toro ¢akTa, Ha Kaxaplil Bup-
TyanbHbIA KOHTEAHED 3aB0AUTCA yKa3arens, COAepXawmui GakTudeckuii agpec Hadana BUPTYanbHOro KOH-
TeiHepa Ha KapTe nons, OTBEAEHHOro NOA NONE3HYyID HarpysKy. Ykasatenb OAeT KOHTENHEPY HEKOTOPYIO
creneHb ¢BOGOABI, T.e. BO3MOXHOCTb “NniaBate” nog AeNCTBUEM HenpeaBUAEHHbIX BPEMEHHBIX DyKTyaLmi,
HO pY 3TOM rapaHTUPYET, YTO OH He ByaeT noTepsH.

Utak, Tperbs ocobBeHHOCTs vepapxun SDH - nonoxeHne BUPTYaNbHOrO KOHTEAHEpa MOXET onpe-
AENATbCA C MOMOLUBIO YKa3aTenen, no3BoNAIIUX YCTPaHUTE NPOTUBOPEYNEe Mexay GakTOM CUHXPOHHOCTU
06paboTk M BO3MOXHbLIM USMEHEHWEM NONOXEHWA KOHTEMHEPA BHYTPWU NONS NONE3HOM Harpy3ku.

XoTs pasMepbl KOHTEMHEPOB Pa3NUYHbi U EMKOCTb KOHTENHEPOB BEPXHUX YPOBHEN NOCTATOYHO BEnu-
K3, MOXET 0Ka3aTbCR TaK, 4TO NM60 OHA BCe PABHO HENOCTaTOyHa, NUBO NoA Harpysky nRy4lie BLIAENUTb
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HECKONLKO (B TOM Yncne U ¢ Apo6HON 4aCTbio) KOHTEMHEPOB MeHblero pa3mepa. Ana 31oro 8 SDH TexHo-
NnoruKM NpeaycMoTpeHa BO3MOXHOCTb CUEMIeHMST W KOHKaATeHayuM KOHTEWHEPOB (COCTaBNEHUWE HecC-
KOMbKUX KOHTEMHEPOB BMECTE B OAHY CTPYKTYPY, Ha3biBAEMYIO CBA3MCTaMK “cuenkoit”). COCTaBHOWM KOHTEN-
Hep OTIN4AETCS COOTBETCTBYIOLMM MHAEKCOM OT OCHOBHOrO W paccMaTpvsBaeTCs (C TOMKM 3peHust pasme-
LWEeHUR Harpysku) Kkak oAavH GONbUWOW KOHTEAHEep. YkasaHHas BO3MOXHOCTb MO3BONSIET C OOQHON CTOPOHDI
ONTUMU3UPOBATb UCNONb30BAHUE UMEIOLENCA HOMEHKNATYPbl KOHTEAHePOB, C APYroi CTOPOHLI NO3BONSET
nerko NpyUcnocobuTe TEXHONOIMIO K HOBLIM TUN@M HArpy30K, HE U3BECTHLIX HA MOMEHT ee pa3paboTku.

Wtak, yerBepras ocoBeHHOCTb vepapxun SDH - HECKONbKO KOHTEMHEPOB OAHOrO YpPOBHA MOTYT
ObiTb CLENNEeHbl BMECTE M PAacCCMaTpMBaTLCH KaK OOMH HENPEPbIBHBIA KOHTENHEP, UCNONb3yeMbIA Ans pas-
MELLEHNA HECTAHNAPTHOWN NONE3HoW Harpysku.

IMaras ocobennocTs vepapxum SDH cocTouT B TOM, YTO B HE NpeaycMOTpeHo $opMMpoBaKne oT-
LEeNbHOro (HOPMAanbHOrO AN TEXHONOIWIA NakeTHo o6paboTku B NIOKANbHLIX CETAX) NONA 3aro/iOBKOB pas-
mepom 9x9=81 Bairt. X0t neperpyxeHHocTs 06LMM 3aroioBKOM HeBenuka u coctaenseT Bcero 3.33%, ox
[OCTaTtoyHO Bonblioi, 4ToObl PasMeCcTUTs HeOOXOAUMYIKD YNPABMSIOWYI0 U KOHTPOJIBHYIO UHPOPMALMUIO W
OTBECTH 4acTb BalT Ana opraHn3aunn HeobGxoaMMBbIX BHYTPEHHMX (CNYXeOBHbIX) KaHanos nepenaqn OAaHHbIX.
YuyurtbiBas, 4To nepepada kaxaporo Haita B cTpykType ¢periMa 3KBUBANEHTHA NOTOKY AAHHbIX CO CKOPOCTbIO
64 kbut/C, nepenaya YKa3aHHOrO 3arO0nOBOKR COOTBETCTBYET OpraHu3aumn notoka cnyxebroit ungopma-
UMM 3KBUBANEHTHOrO 5.184 M6ut/c.

EcrecTtseHHO, 4TO Npy NOCTPOeHUn nioboi nepapxmm nomxkeH ObiTb onpeaenel nnbo psp CTaHAAPTHLIX
CKOPOCTER aTol nepapxuu, Mmbo Npaswno ero GopMUpoBaHWA U NepBbiii (Mopoxgatowui) YneH papa. Ecnn
ans PDH 3Hayenne DSO (64 k61T/C) BBIMMCAANOCH AOCTATOYHO NPOCTO, TO anA SDH 3HayeHue nepeoro uneHa
paaa MOXHO BbiN0 NOMYYUTL TONIBKO NOCNE onpeaeneHns CTPYKTYpsl ¢pperiMa u ero pasmepa. Cxema norudec-
KMX paCCY>XAEHWA AOCTaTOMHO NpocTa. Bo-nepsbix, None ero nonesHoit Harpyakn AomkHo 6bin0 smewiaTs Ma-
KCUMaNnbHei® NO pa3Mepy BUPTyanbHulA KOHTEWHEp VC-4, dopMmupyembid npu uvHkancynsumum tpuba 140
M6uT/c. Bo-BTOpLIX, €ro pa3mep: 9x261=2349 GaiiT » onpegenun pasmep nons NonesHoi Harpyakm STM-1, a
nobBasneHne K Hemy Monsi 3arofioBKOB ONPeaenvno pasMep CHHXPOHHOIO TpaHCcnoprHoro Mogyna STM-1:
9x261+ 9x9=9x270=2430 GanT unu 2430x8=19440 6uT, 4TO Npu 4Yactote nostopeHusa 8000 Mu nossonser
onpeaenvTb M NOPOXAAOLWMIA YneH psaa ans wepapxum SDH: 19440x8000=155.52 M6uT/c.

2.2.2. 0600weHHan cxema MYNLTUNNIEKCMPOBaHUA NOTOKOB B SDH
(nepsasa pepakuns)

Paspa6oTaHHas C YYETOM yKa3aHHbIX 06Lux NPUHUKMNOB cTaHpapTHas cxema uHkancynsuym PDH Tpubos e
KOHTERHEpbl 1 UX NOCAEAYIWEero MynbTUnNNekcuposanus npu dpopmuposadun mopyns STM-1 nepeona-
4yanbHO UMena sng, NpeacTaBneHHbIn Ha puc.2-1 [17, peaakuma 1988r.]1.

STM-1 |« AUG AU-4 VvC-4 _ C-4
TU-3
B/IOXEHHbIiA
AU-3 vC-3 C-3
MPAMOA
TUG-2 TU-2 VvC-2 Cc-2
TU-1 |« VC-1 C-1

Puc.2-1. O606weHHaa cxema mynbTunnekcuposadus PDH tpubos
B8 TexHonornn SDH (nepeas pepakums)

B aToit 0606WEeHHOR CxeMe MYNbTUNNEKCMPOBAHUS UCMONL3YIOTCR CReaylwme OCHOBOMONAralowve
o6o3Ha4eHusi: C-n - xoHTe#dHepsr yposus n (n=1,2,3,4); VC-n - BUPTYyanbHbie KOHTEHHepbi YPOBHS N
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(n=1,2,3,4), TU-n - TpubHbIie Gnokn yposHs n (n=1,2,3), TUG-n - rpynns: TpubGHbIX GIOKOB YPOBHSA N
(n=2,3), AU-n"- agmmHucTparueHsie 6n0kmu yposus n (n=3,4); AUG - rpynna agMHUHUCTPaTUBHbBIX G510-
KOB W, HakOHew, STM-1 - CMHXPOHHbIA TPaHCNOPTHbIA MOZYNMb, ncnonb3dyemble B SDH TexHonoruu.

KoHTeHepsl C-n cnyxaT ons MHKancyasuyny (PasmeweHns C Lensio Nocnenyiowero nepeHoca) co-
OTBETCTBYIOLUIMX CUIHANOB KaHanos goctyna wnv Tpubos, nutalowmx mux Bxoabl. Cnosc “uHkancynsums”
fonbwe noadYepkusaeT GU3INYECKWIA CMBLICT NPOUECCa, TOFAA KaK NOrMY4eckn npoucxoaut orobpaxexnue
CTPYKTYPbI peliMa cooTBeTCTBYoWero Tpuba Ha CTPYKTYPY MHKanCynupYIOWEro ero KOHTeiHepa. YpoBHM
KOHTEHEPA N COOTBETCTBYIOT ypoeHAM PDH uepapxum, T.e. n=1,2,3,4, a YUCNO THINIOPa3MepoB KOHTEAHe-
poB N ACNXHO BbITb paBHO YMCAY YNEeHOB 00bLEAMHEHOrO CTaHAApPTHOro paaa, 1.e. 7. OTK Yncna cornacosa-
Hbl, TAK KaK 4eTBepTsiit yposeHs PDH no cranpapry [13] umeetcs Toneko y EC nepapxuu, t.e. C-4 uHkan-
cynupyeT E4, a koHTeliHepsl C-1,2,3 ponxHbl ObTb pastuTtsl KaXabiit Ha ABa NOAYPOBHSA, ANS UHKANCYNauum
cooTBeTCTBYIOWMX TPMBoB AC 1 EC nepapxwii.

Wtak, umeem;

- T-n, E-n - craHgaptHsie xaHans! fgocryna vwnn Tpubbi YPOBHA N (B TEPMWHOMOMMW CBA3WCTOB
“KOMMOHEHTHbIE CUTHaNLI") - BXOAHbLIE NOTOKK (Mnn Bxoabl) SDH MynbTUnnekcopa, CoOTBETCTBOBYOLUVE
obveguHeHoMy cTtaHgapTHomy pagy AC v EC vepapxuit PDH, npnBegeHHOMY Bbille.

- C-n - kOHTEHHEep ypoBHs N - anemeHT SDH, copepxawmit Tpub T-n, T.e. Hecywwit 8 cebe uHboOpMauM-
OHHYI0 Harpyaky COOTBETCTBYIOLLErO YpOBHS wuepapxuu PDH, cTaHAapTu3oBaHHOro 8 {13]; KOHTENHEpbI
YPOBHA N pa3buealoTcst Ha Crneaylowme KoHTelnepsl noayposHen C-nm:

¢ C-1 - pa3busaeTcs Ha KoHTewHep C-11, nHkancynmpyowmin Tpud T1=1.5 Mbut/c, n koHTelHep C-
12, urkancynupytowuia Tpub E1=2 Mbur/c;

¢ C-2 - pasbueaercs Ha KoHTelHep C-21, uHkancynupyowmni Tpnd T2=6 M6ut/c n koHTeiHep C-
22, nHkancynupyowmin Tpub E2=8 Mburt/c;

e C-3 - paszbueaetca Ha koHTerHep C-31, vHkancynupyiowmia Tpub E3=34 M6uT/Cc 1 KoHTeitHep C-
32, uuikancynupytowmia Tpmb T3=45 M6ur/c;

» C-4 He yMeeT KOoHTeiHepLl NoAYPOBHEN U nHkancynupyet Tpub E4=140 M6ut/c.

B nepeom BapuaHTe cravgapta G.708 [17, pemakuus 1988] koHTeitHepbl C-n npeAHa3HaYanuCb He

TONbKO AN uHkancynsumu PDH Tpnbos, HO v apyrux (Toraa ewe He KOHKPETU3WPOBAHHLIX) LWWMPOKONONOC-

HbiX CUIHANOB,

2.2.3. BupTyanbHbie KOHTEeAHEpbl U Apyrue 3N1eMeHThl CUHXPOHHOM nepapxmum

KoHTeiHepL! MOXHO paccMaTpyBaTh B KaYECTBE NepBbiX 3MEMEHTOB B HOMEHKNAType 3MIEMEHTOB Uepapxiv
SDH. K koHTeitHepy (kak u K moBoMy nakeTy, noanexaweMy OTnPaBsneHuio No HEKOTOPOMY MapLupyTy) ao-
fasnnercs mapLupyTHbI 3aros0BoK. B pe3ynstate OT NpespallaeTca B BMPTYasnsHbIA KoHTehHep VC
ypoBHR N, T.e. VC-n. B HOMeHKnaType aneMeHToB uepapxvm SDH cyliecTeyloT cnefyilowme BUpTyanbHble
KOHTENHEDDI:

- VC-1, VC-2 - BupTyanbHsle KOHTEHHEPs! HuxHWX yposHen 1 nnn 2 u VC-3, VC-4 - BupryansHbie KOH-
TedHepb! BepxHUX ypoBHeH 3 wnn 4 - anementol SDH, cTpykTypa KOTOpbLIX uau $oOpMaT AOCTATOYHO
npocT u onpeaensietcs dopmynoi: POH + PL, roe POH - MapwpyrHbiid 3aronoBox (B TePMUHONOTAV
CBA3UCTOB TPAKTOBLIN 3ardnoBokK); PL - none3nas Harpyaxa.

BupTyansHbie koxTeHepnl VC-1,2,3 yposHeir 1, 2, 3, Takke kak u koHTenHepw C-1,2,3, pa3bueaioTtcs Ha
BUPTYallbHbIE KOHTEMHEPL! NOAYPOBHENA nm, T.e. VC-nm, 2 UMeHHO:

— VC-1 pasbusaercs Ha VC-11 n VC-12;

— VC-2 pasbusaetcs Ha VC-21 n VC-22;

— VC-3 pasbusaetce Ha VC-31 n VC-32.

flons PL. n POH ¢dopmaTta BMPTYANLHOrO KOHTEMHEPA KaK NOrM4ECKOro 3NEMEHTa UMEIOT BUA:

- PL - none paannyHOro (B 3aBUCMMOCTU OT TUNa BUPTYanbHOro KOHTENHepa) pasmepa, $opmat Ko-
TOPOrO MMEET ABYMEPHYIO CTPYKTYPY no Tuny dpeima suga 9xum (9 ctpok, m ctonbuos); 9710 no-
ne ¢opmupyercst "GO M3 KOHTEWHEPOB COOTBETCTBYIOLLErO YPOBHS (HANpUMep, 419 BUPTYasbHbIX
KOHTeHepoe VC-1,2 oHo dopmupyeTca u3 koHTeinHepos C-1,2 COOTBETCTBEHHO), NGO U3 Apyrux
COOTBETCTBYIOLUX 3MEMEHTOB CTPYKTYPbl MynbTunnekcuposaHus SDH (cMm. Huxe);

— POH - none, pasmepom He Gonee 9 Gaint, $popmMaT KOTOPOro UMEET ABYMEPHYIO CTPYKTYpy BvAa
1xn (nanpumep, dopmat 1x9 6ant ans VC-4 wunu VC-32 v ¢opmar 1x6 6airr gna VC-31); 310 none
COCTaBNEHO M3 Pa3NU4HbIX NO Ha3HavYeHuio HANTOB (CM. HUXE).

~ TU-n - TpubHbIe 6n0xu ypoBHa n (n=1,2,3) (B TEpMUHONOrMN CBA3NCTOB CYOO/10KM) - SNEMEHTLI CTPYK-
TYpel MynbTUNAEKCUpOBaHMa SDH, ¢dopMaTt KOTOphIX NPOCT KU onpegenaetcs ¢opmynon: PTR + VC, roe
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PTR - yxasarens Tpubroro 6noka (TU-n PTR), OTHOCAUIMIACS K COOTBETCTBYIOWEMY BUPTYaNbHOMY KOH-
TeliHepy, Hanpumep, TU-1 = (TU-1 PTR) + VC-1. Tpubtbie 6n0Oku ypOBHS N, KaK U BUPTYaNnbHbIE KOHTEN-
Hepbl, aenaTca Ha TpubHble 6n10KU noayposHei nm, T.e. TU-nm, & UMEHHO:

- TU-1 pas6busaerca Ha TU-11 un TU-12;

- TU-2 pas6usaeTca Ha TU-21 n TU-22;

- TU-3 pasz6usaetcs Ha TU-31 n TU-32.

~ TUG-n - rpynna TpubHbix 610X0B yPOBHA N (NEepBOHA4anbHO MCNONL30BANCHA TOMLKO YPOBEHbL 2, a 3a-
TeM pobaBunca yposeHb 3}, dopMmpyeMas B pe3ynbtate MyRbTUIIEKCUPOBAHMS HECKOAbKMX TPUBHbIX
610k0B.

~ TUG-2 - rpynna TpubHbix 610KOB YPOBHA 2 - 3NEMEHT CTPYKTYPbl MyAabLTUnnexcuposauwus SDH, dop-
MUPYEMBIA NyTEM MYyNbLTUNNEKCUPOBAHUA TpUBHBIX 6n10K0B TU-1,2 CO CBOUMU KOIPPUUMEHTAMN MYALTU-
nnekcupoBanus; TUG-2 Taike, kak 1 TU-1,2 paabueaetcs Ha 2 nogypoBHa - TUG-21 n TUG-22.

B pe3ynbTate UCNOAb30BaHUS BCEX BO3MOXHbLIX BAPUAHTOB, QUKTYEMbIX HANMYMEM NOAYPOBHEW, Npu-
BeAeHHaa Ha puc.2-1 o6ob6weHHas cxeMa Pa3BOPANMBAETCA B ACTANLHYI0 CUMMETPWYHYIO OTHOCUTENBHO
KOHTerHepa C-4 CxeMy MyNbTUNAEKCUPOBAHWA (PUC.2-2), NpeAnOXeHHyIo B NEPBOM BapuaHTe CTaHAapTa
G.709 [18, pepakuma 1988]. 3necb XN 03HaualT KOIGGUUMEHTbI MyILTUNNEKCUPOBaHUS (Hanpumep, X3 Ha
Beten OT 6noka AU-32 k Gnoky AUG o3HadaeT, 4To 3 aaMMHMCTPaTWBHLIX 6noka MYNbTUNNEKCUPYIOTCH
(06beauHAIOTCA) B OHY rpynny aaMUHUCTpaTuBHEIX 6nokoB AUG).

‘ } f | H22
B ” R i - 1
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K6ur/c

6312
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X3 X 4
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TU-22 ] vC-22 szz ] 8448
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l-l AU-31 }“

Puc.2-2. flerancbHas cxeMa MyNnbTUNIEKCUPOBAHUA, OCYLLECTRASEMAN
8 pamkax TexHonoruu SDH (nepeas penakuus)

H21,
c-3t 34368
K6ur/c

B Heit ans TPMOOB AONONHUTENLHO UCMONLIYIOTCA 0603HAYEHWUNA, COOTBETCTBYIOWMUE MPUHATBIM 45
BbICOXOCKOPOCTHBLIX K&HANOB WMpoKononocHoi ISDN - B-ISDN [44] (Hnm o3HayaeT 8 B-ISDN BbicOKOCKO-
POCTHOW KaHan pasnMuHOro TUNa - ATO HYXXHO MMETL BBUAY, YTOOLI OKOHYATENbHO He 3anyTaTbCA B UCMONb-
3yeMblx CTaHaapTamu 0603Ha4EHUAX ¥ HAEKCax).

— H1 - 0606iieHHbIA KaHan, COOTBETCTBYIOIWWIA NEpPBOMY YPOBHIO (MNU NEPBUHHON CKOPOCTM)
vepapxum PDH. On pasbusaerca Ha xaHan H11, COOTBETCYBYIOWMIA aMEPUKAHCKON BeTeu
nepapxuu, T.e. H11 = T1 = 1.5 M6ut/c, u kaHan H12, cooTseTCTBYIOWMA ©BPONSIHCKOA BETBU
vepapxuu, T.e. H12 = E1 = 2 MGut/C.
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- H2 - 0600WeHHbI KaHan, COOTBETCTBYIOUWMIA TPETLEMY YPOBHIO (MAM TPETUNHOW CKOPOCTH)
nepapxumn PDH. On ananornuHo pasbusaerca Ha H21 u H22, roe H21 = E3 = 34 Mburt/c, a H22 =
T3 = 45 Mbwur/c.

— H3 B xnaccudukaumm He UCnonbL3IyeTcs.

— H4 - 0606LWeHHbI KaHan, COOTBETCTBYIOWMIA YETBEPTOMY YPOBHIO (MK YETBEPTUYHON CKOPOCTH)

uepapxum PDH. OH He pa3buBsaeTcs Ha noayposHu, 1.e. H4 = E4 = 140 M6uT/c.

3 31Ol Cxembl BUAHLI BARPWAHTEI MyTbTUMNIEKCHPOBAHMS rpynnbl TpMBHLIX 6nokos TUG-2:

- TUG-21 ¢opmupyetca mnu n3 oaHoro TU-21 (Bapuant 1xTU-21) unu n3 yetbipex TU-11 (BapmaHT

4xTU-11), unn n3 tpex TU-12 (BapuaHt 3xTU-12); :

- TUG-22 dopmupyeTca aHanormyHo: 1xTU-22 nnn 4xTU-12, unn 5xTU-11.

B ceoio ovepenp Bbixoabl TUG-21 1 TUG-22 MOryT ObiTe MynbTUNNEKCMPOBaHLI Ana $opMuposaHus
YONe3HOR HArpPy3aKn KOHTEWHepOB BepxHux yposHei C-3,4 B COOTBETCTBMM CO CXEMOM HA pUC.2-2 1 yKa3laH-
wiMn Ha Heit koadduumerTamn. Cxema GOPMUPOBAHMA BUPTYAIbHbLIX KOHTEAHENOB BEPXHEro YPOBHS MO-
kT 6bITb TENEepb KOHKPETU3UPOBaHa.

YC-3 - BHPTYansHuif KOHTEHHEp YPOBHA 3 - 3N1IeMEeHT CTPYKTYphl MynbTUniekcupoBaHua SDH, koto-
pblit pa3busaeTcs Ha ABa BMPTYasbHbIX KOHTelHepa: VC-31 n VC-32 - nona ¢popmara 9x65 Gain-
ToB - ana VC-31, n nons dopmata 9x85 Baittor - ans VC-31; nonesHas Harpyaka VC-3 dopmu-
pyetcs nubo n3 opHoro KoHteiHepa C-3 (NpaMoii BapuaHT CXeMbl MyNibTUNNEKCUMPOBaHus), Nnbo
nyTemM MynsbTUNIEKCUPOBaHUA HECKONbKMX rpynn TUG-2, a uMeHHo:

- VC-31 dopmupyetca kak 1xC31 unn 4xTUG-22, nnn 5xTUG-21;
: - VC-32 dopmupyetcs kak 1xC32 unm 7xTUG-22.

‘VC-4 - BUpTYyanbHbifi KOHTEHHEep YPOBHR 4 - 3NEMEHT CTPYKTYPhl MynbTunnekcuposaHua SDH, koTo-
phit He pa3buBaeTcs NO NOAYpPOBHAM W NpeacTasnseT coboi none dopmara 9x261 6aiTos; ero
nonesHas Harpyska ¢opmupyetcs nnbo ua koHtenHepa C-4 (NPAMOA BapnaHT CXEMbl MyNbTUN-
nekcupoBaHusa), nubo NyTeM MyNbTUNAEKCUPOBaRUA Heckonbkux rpynn TUG-2 u TU-3, a umen-
HO: VC-4 ¢opmupyetcs kak 1xC4 unu 4xTU-31, unu 3xTU-32, uaun 21xTUG-21, nan 16xTUG-22.

BupTyanoHbie KOHTEHepbl BEpXHUX ypoBHen VC-3,4 no3sonsioT chOpMUPOBRATE COOTBETCTBYIOLIME
MMMHHCTDAaTHBHDbIE BI0KK:

+AU-3 - agmuHMuCcTpaTusHbNi GNOK ypoBHS 3 - 3neMeHT CTPYKTypsl MynbTunnekcuposaHua SDH ¢op-
mata PTR + PL, pa36usaerca Ha asa noaypoBHa AU-31 u AU-32, none3Has Harpy3ka KOTOpPbiX
PL dopMUpyloTCa M3 BUPTYansHOro koHteiHepa VC-31 nam VC-32 cooTBEeTCTBEHHO;

- PTR - ykasarene agMuHuctpatueHoro 6noka - AU-3 PTR (AU-31 PTR unu AU-32 PTR) onpege-
nseT agpec Hayana nons NONEsHOM Harpyaky, a umeHHo VC-31, VC-32 8 peaynbrarte nonyyaem:

- AU-31 = AU-31 PTR + VC-31;
- AU-32 = AU-32 PTR + VC-32.

iA-4 - agmuHnCcTPaTHBHBIH GNIOK YPOBHSI 4 - 3NEMEHT CTPYKTYPb MynbTMRAekcuposanua SDH ¢dop-
marta PTR + PL, He nmeer noayposHeit, PTR - ykaszatens agMmuHucrpatusHoro 6noka - AU-4
PTR (none ¢opmarta 9x1 6ainToB, COOTBETCTRYIOUEE YETBEPTON CTPOKE NONS CEeKUMOHHbIX 3a-
ronosxos SOH ¢peitma STM-N), onpepenset agpec Havana NONK NONE3HOR Harpysku; nones-
Has Harpy3ka PL ¢opmupyiotca nub0 U3 BUPTYanLHOrO koHTeitHepa VC-4 (npamMoii BapuaHT
CXeMbl MyNbTUNNEKCUPOBaHUa), NGO B pe3ynbTate MyNbTUMNNEKCUPOBAHWA APYIMMU BO3MOX-
HbiIMU NYTAMK, a UMEeHHO: AU-4 dopmupyetca kak 1xVC-4 unn 4xVC-31, nnm 3xVC-32, wm
21xTUG-21, namn 16xTUG-22, nputem daktnyecku ans nepepaqm VC-31,32 n TUG-21,22 nc-
nonL3yeTcs none NonesHon Harpyaku VC-4, B kOTOPOM npu pazmelueHun VC-32 n TUG-22 ve-
Thipe nesbix cronbua (4x9 Gaitos), a npu pasmetueHun TUG-21 - BoceMb cTonbuos (8x9 6anr),
UCMONBIYIOTCH NOA PUKCUPOBAHHLIE BLIDABHUBAIOLMNE HANOAHUTENN.

Iea nocnenHux anemenTa SDH - AUG n STM-1 onpeneneHbl Huxe.

‘AUG - rpynna agMuHMCTDaTHBHLIX BNOKOB - 3NEMEHT CTPYKTYpbl MynsTunnekcuposanusa SDH, nos-
BUBWINIACS BO BTOPOW nyGnukauumn ctavpapra G.709 [18, pepakunn 1991], dopmupyercs nytem
MYNbTUMNEKCUPOBAHUA aaMUHUCTPaTUBHLIX Gnokoes AU-3,4 ¢ pasnuuHbiMn ko3dduumeHTammu
MynbTURNeKcuposaHua: AUG dopmupyercs kak 1xAU-4 nan 4xAU-31, wnu 3xAU-32; AUG 3atem
n 0T06paXaAETCA HA NONE3HYIO Harpysky STM-1.

'STM-1-  CHHXPOHHbIFA TPAHCROPTHbIA MOARYNb - OCHOBHON 3NEMEHT CTPYKTYPbLI MyNbTUNNEKCMPOBAHNA
SDH, nmerowwmin dopmat suga: SOH + PL, rae SOH - cexuymorHsifi 3aronoBox - nga nons B
Gnoxe 3aronoska paamepom 9x9 6aittos (CTpykTypy SOH cMm. Huxe), PL - nonieanas Harpyaka,
dopMmupyemMas na rpyrinel aaMUHUCTPaTUBHLIX 6n0koB AUG (B cxeme nepsoi nyGnukauuu ctau-
napta [18, pepaxkuma 1988)], smecTto ceasku 6nokos AUG u STM-1 Bbin Tonbko mMogynb STM-1,
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ONUCaHHLIR Kak 6noK, dopMUpyeMblA nytem mynbTUnnekcuposaHua AU-3,4 ¢ pasnuuHbIMKU KO-
adpdUUMEeHTaMM MyNbTUNNEKCUPOBaHMA (TO, 4TO aenaet ceidac 6nok AUG) n pobasneHuns cek-
uMoHHOro 3aronoska SOH).

CuHXpOHHble TpaHCcnopTHbIe Moayan STM-1 MoryT 6biTb, COFAACHO OCHOBHOW CXEMEe MYNbTUMNEKCH-
poBaHua s nepapxum SDH, mynbTunnekcuposaHbl ¢ KO3PPNUMeHTOM N B CUHXPOHHbIA TPaHCMNOPTHLIV
moayns STM-N ans nocneayiowwes nepenayn no kaHany cesan. C yyeToM npuMBEAEHHLIX NOSCHEHUIA CTaHo-
suTcA 6onee NOHATHOWM Cxema B3aUMOAEHCTBUA Pa3fiMuHbIX YpOoBHeit PDH nepapxuit, norpyxenHsix B SDH
uepapxuio.

PaccmorpenHas cxema (puc. 2-2) OXBaTbIBAET BCE BO3MOXHbLIE BapuaHTh dopmuposaHus STM-1 u
OonyckaeT Ha Bxoae Bce craHpapTHeie PDH Tpubbl, HO OHa AOCTATOYHO CROXHA, XOTA-Obl MOTOMY, YTO YUC-
NO BO3MOXHbIX NyTeiA GOPMMPOBaHKA BENNKO. Hanpumep, ecnn pacCMOTPETb Ha 3TOW CXeMe BO3MOXHbIE
nytn dopmmpoeanHua STM-1 n3 Tpubos H12 (2 MBUT/C), TO UX OKAXETCH CEMb:;

1) H12 - C-12 - VC-12 - TU-12 - TUG-21 - VC-32 - AU-32 - AUG - STM-1

2)H12 - C-12 - VC-12 - TU-12 - TUG-21 - VC-32 - AU-32 - VC-4 - AU-4 - AUG - STM-1

3)H12 - C-12 - VC-12 - TU-12 - TUG-21 - VC-4 - AU-4 - AUG - STM-1

4) H12 - C-12 - VC-12 - TU-12 - TUG-21 - VC-31 - TU-31 - VC-4 - AU-4 - AUG - STM-1

5)H12 - C-12 - VC-12 - TU-12 - TUG-22 - VC-4 - AU-4 - AUG - STM-1

6) H12 - C-12 - VC-12 - TU-12 - TUG-22 - VC-31 - TU-31 - VC-4 - AU-4 - AUG - STM-1

7) H12 - C-12 - VC-12 - TU-12 - TUG-22 - VC-31 - AU-31 - AUG - STM-1

M3 Hux BapuanTel (2) 1 (6) HanbBonee cnoxHeie. Ana Toro, ytobbl NOAPOGHO NOKasaTh BaxHLIE AeTa-
v npouecca GoPMUMPOBaHUA, B [27] B xayeCTse runoTeTM4eckoro Obin pacCMOTPEHR WMEHHO BapuaHT (6)
dopmuposanmna moayns STM-1 npu ncnonb3osaHum TePMUHANBHOTO MynbTunnekcopa SDH ¢ kaHanom foc-
Tyna 2 M6ur/c. CooTBETCTBYIOWAA My IorMyeckas cxema NpeacTaBneHa Tam Xe Ha puc.5, yrofsl Harns-
HO NPOAEMOHCTPUPOBATL CNOXHOCTb Takoro GOPMUPOBAHUSA,

2.2.4. 0606uwenHan cxemMa MynbTUNNEKCUPOBaHUA noTokos B SDH
(TpeTba penakums)

YKasaHHasi MHOrOBapUAaHTHOCTL M CAOXHOCTL GOpMMpoBRarna mogynsa STM-1, npegnoxeHHas 8 nepeoi pe-
0akuuu, CTaBuna B TpyaHOE nonoxeHwe nponseoaguteneit obopyaposaHus SDH n oTpuuarensHo ckasanoch
Ha ero yHunoukaumu, a TaKke HOMeHKNaType nogaepxusaemMbix PDH Tpubos. HanmeHbluylo NoanepXky no-
nyyunu Tpubsl E2 u T2. Tpub E2 6bin nckniodeH 13 crncka obs3arencHiiX yXke Bo BTOPOW pegakumi (1991),
a Tpub T2 octanca B TpeTbei peaakuumn (1993 r.) TONbKO B OBOOLLEHHOI CxemMe MyNbTUMNEKCMPOBaHUA
SONET/SDH u 6bin nckiodeH komutetom ETSI na cnucka obasatensHuix B €BPONEiiCKOM BapunaHTe 0606-
WEHHOI cxeMbl MynbTunnekcuposanua SDH. MNokasarencHbiM B 3TOM fiNaHe ABNAETCA HOMEHKaTypa Tpu-
6o 06opynoeanua SDH, 0630p kotoporo 6uin nposeaeH B [29]. U3 Hero BUOHO, 4TO TpUb T2 He BKNIOYEH
kak 06s3aTencHbii HU B OAHY Cheuudukaumio BOCBMU KpynHerwmnx npoussoputenei SDH obopyanosaxus.
To xe MOXHO CKa3atb v 0 AEBATOM npoussoguTtene - Nokia (PuunsaHans).

Opyrium $akTopom, NOPOXAAIOUIMM MHOTOBAPWAHTHOCTL, BbINO AONyUWEHWe KPOCC-MynbTUNEKCUPO-
BaHuA, T.e. oToOpaxeHus TUG-21 Ha VC-31, a Taicke oTobGpaxerus TUG-21 u TUG-22 HenoCcpeacTBEeHHO Ha
VC-4 ¢ pasnuyHeiMu KO3dduumMeHTamMu MynsTUnnexcnposanusi: 5, 21 n 16. ns yMeHblUEeHUS MHOroBapu-
aHTHOCTN CXema MyNbTUIIEKCUPOBAHUA B peaakuusax ctaHaaptos G.708 n G.709 6eina ynpoweHa.

Ha puc. 2-3 npepcrasnena Tpetbs penakumna (1993r.) cxeMbl MynbTUNNEkcuposanus SDH, npeano-
xeHasi B 06061ieHHOM Buge B cTaHaapTte G.708 [17, penakums 1993r.] u B 6onee noapo6HOM BUAE B CTaH-
Aapte G.709 [18, penakuus 1993r.], KOTOPLIA M NoOKa3aH HA 3TOM pUCyHKe. OCHOBHBIMK OTIMYMAMW 3TOWN
CXeMbl OT CXeMbl NePBON pepakumm (puc. 2-2) ABAKIOTCA:

- oTcytcteme Tpuba E2 (oTtob6paxaemoro 8 koHteitHep C-22) u cBR3aHHbLIX C HUM 6Gnokos VC-22 u
TU-22 (koHTeHep C-21, BupTyanbHbiit koHTeHep VC-21 n 6nok TU-21 npepncraBneHbl kak C-2,
VC-2 u TU-2 COOTBETCTBEHHO);

- noseBnexve 6noka TUG-3 u 3aMmblkaHve Ha Hero Bbixoaa Hnoka TUG-2 (notepsi cummeTpum, T.e.
ceszeilt TUG-21 - VC-4 u TUG-22 - VC-4);

— HecuMmeTpuyHoe ucnonb3osanne TU-3 B ceaske ¢ VC-3 1onbko ana seteu: C-3 - tpub E3/T3
(BMECTO CUMMETPWUYHON cxeMbl TU-31/TU-32 - VC-31/VC-32) ¥ OTcyTCTBME B CBA3U C 3TUM
BO3MOXHOCTU KPOCC-MYALTUNNEKCUPOBaHUA, OCyLLeCTBNseMoro no ceasn TUG-21 - VC-31, seuay
ee OTCYTCTBMA. .
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YxasaHHbie ynpouleHWs NpYMBENy K TOMY, YTO Tenepb OT CeMU BO3MOXHLIX fyTeid OpMUpOBaHUA
STM-1 u3 Tpubos E1 (2 M6uT/C) 0CTanoCk TOMBLKO ABA:

1) H12 - C-12 - VC-12 - TU-12 - TUG-2 - TUG-3 - VC-4 - AU-4 - AUG - STM-1

2) H12 - C-12 - VC-12 - TU-12 - TUG-2 - VC-3 - AU-3 - AUG - STM-1

STM-N AUG AU-4 VC-4 C-4
xN x3
x3 x1
TUG-3 1 TU-3 VC-3
Cc-3
F AU-3 vC-3
x7 x7
x1
TUG-2 | TU-2 vC-2 c-2
<  BuipasHunsarme x3
<4— MynsTvnnexcuposaHne TU-12 VC-12 C-12
<— OroOpaxenune x4
| TU-11 VvC-11 C-11

Puc.2-3. O6uwan cxema Mynstunnekcuposarua PDH Tpu6os
8 TexHonorun SDH (pepakums ITU-T 1993r.)

3T ynpoleHust CTaHoBATCA elle 6Gonee oYeBsuaHLIMW, €CNK YYeCTb, HTO YKalaHHaa CXeMma SBNAeTCs
obweit, obbeauHAIOWERA OBE CXEMbl MYNbTUNNEKCUPOBAHUS. €BPONENCKYI0 CXEMY MYNbTUMNNEKCUPOBAHUSA
SDH, npepnoxeHHyio MHCTUTYTOM cTtaHpapTos ETSI [45] (pyc.2-4), U aMepuKaHCKylo CXeMy MYNbTURNEKCH-
posatun SONET/SDH, kOTOPYIO MOXHO BbiUNEHUTL U3 o6Wei CxeMb! 1 NPeAcTaBuTe B BUOE NMOACXEMbl Ha
pe. 2-5. 3T ABE CxeMbl OTAMNAIOTCA TEM, YTO Y HUX OTCYTCTBYET BapUaHTHOCTb B dopMuposaHun STM-1
3 Habopa aonycTuMbIX TprGOB.

STM-N * AUG AU-4 vC-4 C-4
xN x1 x3
x1
TUG-3 TU-3 vC-3 c-3
x7
x1
TUG-2 [ TU-2 vC-2
4 BuoipasHusanne x3
<4— Mynsrunnexcmposatne [ Tu-12 Ve-12 C-12
4— OrobpaxeHue
vC-1 C-11

Puc.2-4. Cxema mynstunnexcuposanus PDH TpuGos
B Texsonorum SDH (pepakuua ETSI 1992r.)
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na paccmarpueaemMoro Hamu npumepa ¢ Tpubom E1 Bapuant popmuposanmna STM-1 no cxeme ETSI
(puc. 2-4) umeet Bua;:
E1-C-12-VC-12 - TU-12 - TUG-2 - TUG-3 - VC-4 - AU-4 - AUG - STM-1,
a no cxeme SONET/SDH (puc. 2-5) nmeer sna;
Et -C-12-VC-12 - TU-12 - TUG-2 - VC-3 - AU-3 - AUG - STM-1.

STM-N AUG AU-4 VC-4 ]. c-4
XN
x3
AU-3 VvC-3 Cc-3
x7 x7
x1

TUG-2 [ TU-2 |4 vC-2 c-2

< BbipaBrunsaHne x3
<4— Mynbrunnexkcuposarune | TU-12 VC-12 c-12

«— Orobpaxenue x4

| TU-11 VC-11 c-1

Puc.2-5. Cxema mynbtunnekcuposanma PDH Tpubos
B TexHonoruu SONET/SDH (penakuus 1993r.)

WUrak, Ha cerogHawHui aeHb obwaa cxema mynsTunnekcuposadus SDH npuobpena okoHyavenbHbiv
Bua (puc.2-3), 3adukcuposaHHbiil B nybnuMkauMn Tak Hasbieaemoh benoi kuuwrm pekomenpaumia ITU-T
(MC3-T) {18,150], a eBponeinckas wUHTepnperauua 3TOK cxembl (puc.2-4) sapukcuposaHa B nyGnukauum
ETSI [45]. 9T cxeMbl 4OCTATOMHO dOpManbHbl, YTOOBI NOHATL AeTanu norudeckux npeocbpa3sosanuii ung-
pOBOIt NOCNEAOBATENBHOCTU B NPOLECCE MYNbTUNNEKCUPOBaHNUA, NO3TOMY OHa Gonee nogpobHO paccMoT-
peHa Huxe B n.2.2.5.

2.2.5. letanbHblli npuMmep cxembl popmupoBanmus moayns STM-1

[na Toro, 4ToBbl NOKasath aAetanu npouecca GoOpMUPOBAHNA NO yKa3aHHOW Cxeme ETSI, Ha puc.2.6 npea-
CTaBneH npuMep noruveckor cxembl ¢opmuposanna moayna STM-1 3 notoka tpubos E1 (HyXHO umeTs
BBUAY, 4TO B PU3NIECKON CXEME NOMOXEHUe OTAENbHbIX INEMEHTOB, HaNPUMep ykasatenei, He COOTBETCT-
BYET UX MECTY B NOrMYECKON CXeMe, KPOME TOrO UCMONb3YETCA PR pe3epBHbIX, UK GUKCUPYIOWNUX NieMeH-
TOB, WrPAWMX PONb “HAnONHUTENER”, NN 3NEeMEHTOB YNPABNEHUA, WIN SNEMEeHTOB BbipaBHuBaHus SDH
dpeinma.

stm-1 [¢(+ )4 AuG |a<TT o] AU-4 )q?g‘ ve-s la{(+ )< e TUG-a
[ son | | avaemm | | voaron |

Puc.2-6. Mpumep nornyeckoro ¢opmuposanus moayna STM-1
u3 Tpuba E1 no cxeme ETSI
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Ha 3TOM pucyHke CUMBON @ O3Ha4aeT onepaumio KoMKareHauny (PU3VHECKON WK NOTUYECKON
NPUCTBIKOBKM) 3aronoBKa UNK ykasatens K APYruM 3neMeHTaMm Cxemsl Mynbtunnexcuposawus SDH, a cum-
son < 03HAYaeT onepaunio MynbTUNNEKCUPOBAHUA C COOTBETCTBYIOLUMM KOIDDULUNEHTOM, YKA3aHHBLIM BHY-
M.

Cxema HarnsgHa cama no cebe v AO0CTATOYHA HA YPOBHE MONYNSPHOr0 U3NOXEHUS, OOHAKO OHA He
BCEraa OTPAXAET peasibHO OCyWecTBnseMble puanueckue npeobpasosanust U Ans Gonee raybokoro noHu-
MaHUA HY)XXOAETCS B HEKOTOPbIX NOACHEHUAX 1 3aMEUYAHUKX.

LWar 1. Bce HauvHaetcsi ¢ GOpMUPOBaHNA KOHTeHepa C-12, HanonHaeMoro u3 kaHana [aocTyna,
nutaemoro Tpubom E1. Ero notok 2,048 M6ut/c, ana yno6cTBa nocneaylowmx paccyxXaeHuin, nydwe npea-
craeuTe B BMAE undpoBon 32-6aiTHON NoCNeAOBATENLHOCTHA, UMKAMYECKU MOBTOPSKIOWERCA ¢ 4acToTon 8
Ky, T.6. C 4ACTOTON NOBTOpPeHua ¢peiiMa STM-1 (310 Tak, ecnu yyecTh, 410 2048000/8000=256 Gut nnun
32 Gaita, cm. Takke n.1.4.3.).

K aTolt nocneaosatenbHOCTU B npouecce opMupoBaHusa C-12 BO3MOXHO no6aBneHeHWE BbIPaBHW-
gaiowmx BuT, a TaKke apyrux GUKCHPYIOWNX, YNPaBNSIOWMX 1 YNakoBbIBRIOWMX OUT (YCAOBHO NOKA3aHHLIX
6nokoM “OuThbl”). AcHO, 4TO eMmkocTb G-12 gomkHa 6biTb Honbwe 32 HakT, PakTUHECKN OHA B 3aBUCUMOCTH
o1 pexuma npeobpasosanua VC-12 8 TU-12 (cm. Huxe) Byaet Gonbwe unn pasHa 34 Gaitam. Ons npocTo-
Tol NOCNEAYIOWMX PACCYXAEHUA NpuMem pasmep KoHTeHepa C-12 pasHeiM 34 Gaitam.

Lar 2. Danee k koHTenHepy C-12 pobasnaeTca MapupyTHbiid 3aronosok VC-12 POH panHoW 8 oanH
faitT (0603HaYaEMbIR VS) C ykasaHneM MapLUpYTHOU MHPOPMALIMKN, UCNONL3YEMON, B OCHOBHOM, Ana cBopa
CTAaTUCTUKN NMPOXOXAEHUR KOHTEHepa. B pesynbtate GopMupyeTCs BUPTyansHbi KOHTenHep VC-12 pas-
mepom 35 6anT. (B [46] yka3aHa ckopoCTb 2224 k6UT/C, COOTBETCTRYIOLANA KOHTERHepy C-12, 4TO B nepec-
yeTe COOTBETCTBYET Anune dpeima C-12 paeHoit 34.75 Baitta; 310 MOXeT GbiTb Tak, €CN1 NPeanoNoXuTb,
410 Ha 4 dpeiima MynsTudpeitma VC-12 (cM. 3ameuanue 1) KCNONbL3yeTCs TOMBKO OaMH 3aronoBok V5 anu-
HOW B8 opuH GaiT, YTo B nepecyerte Ha ¢penm VC-12 gaet B cpeanem 0.25 Gaitta AONONHUTENLHOIO 3aro-
f0BKa, TOrAa pasMep BUPTYaANbHOFO KoHTelHepa VC-12 takke paseH 35 Gaittam (34.75+0.25 = 35).

War 3. ®opmanbHo gobaeneHue ykasatena TU-12 PTR anuHoi 8 oguH BGaiiT K BUPTYansHOMY KOH-
Teitvepy VC-12, npeBpawaer ero B TpubHuin Bnok TU-12 pamkoin 36 Gaiitos (norumecku 370 ypobHee
npeacTaBuTb B BMAE ABYMEpPHON Tabnuubl (Matpuubl) unu ¢peidima 9x4 GalToB, y4vTHIBAA, YTO OKOHYa-
TenbHan CTpyKTypa - Moaynb STM-1 - Takke npeacrasnaeTca B Buge ¢dpevma 9x270 6aintos ¢ 9 cTpokamm
u 270 ctonBuamu).

Samevanune 1. peobpa3osaHne BUPTYanbHOrO KoHTeliHepa VC-12 (takxe kak u VC-11 n VC-2) B
TpnbHEIE Gnok TU-12 (unn cootsercTBeHHo B 6noku TU-11 n TU-2) n nocneayowee MynsbTUNIEKCUPOBA-
HUe MOXET NpoXoauTs M0 ABYM CXeMaM, Win B ABYX PexXumax: naasaiowjem u ¢pukcupoBanHom. Locto-
WHCTBO M12BAIOLIEro PEXUMA B TOM, YTO OH AOMYCKAET UCIMONL30BaHNE ykazaTenei Ans onpeneneHnsl nc-
THHHOTO TOJIOXEHMS KOHTEAHEPa B NONIE NONE3HONA HArpy3ku, & 3Ha4YnT AOMYyCKAeT OrpeLeceHHyI0 aCHUHX-
POHHOCTB B TPAHCIMOPTUPOBKE KOHTEHHepa u AB/INETCS CDEACTBOM rMGKOro AWHAMHUYECKOro BsipaB-
HUBAHMSI NONIOXEHNSI KOHTeHepa BHYTPU CTDYKTYPbl, B KOTOPYIO OH norpyxeH. DUKCUPOBaHHbLIA pexum
UCNONb3yeT PUKCHUPOBAHHOE CHHXDOHHOE OTODPAXEHNe CTPYKTYPUDOBAHHON MHGOPMaUmn TpubHbIX G10KOB
Ha NONe NOMAE3HONM Harpy3ku KOHTeAHepOB BepxHux yposHed. OH rno3sBonser OAHO3HAYHO uaeHTUOUUMPO-
Bate 3Ty MHPOPMALMIO C MOMOLUBLIO yKa3arenei aaMunicTpartuBHeix 6rokos AU, COOTBETCTBYIOLNX ITUM
KOHTEAHEpaM, YTO OENaeT HeHYXHbIM UCNONb30BaHne ykasarened 1pubHeix 6nokoe TU-n PTR. [loctouHcT-
BO TaKOro pexuma - 6onee npocras cTpykrypa TU-n nnm TUG, nonyckawouwas 6onee 3 @PexTuBHyIo noc-
nsegyroujyro obpaborxy. Heaocratok oyesuger - MCKmovaercss /Hobas HeCHHXPOHHOCTD NPy TDaHCHOP-
THPOBKE KOHTEAHEPA.

Ana obecnevenns nnasaowero pexmMa GopMupyeTcs MynbTHQPERM, COCTOSLLNA U3 HECKOMbKUX
¢peiimoB, B “pamkax” kOTOporo Mor Obi /1aBaTe KOHTEHHEP HuxkHero yposHs (C-11, C-12, C-2). Mpu co3-
JaHm Takoro MysnbTudperiMa AorycKkaeTcs Tpyu BapuaHTa oTo0paxeHus TonboB Ha ero CTPYKTypYy: acHMHX-
poxHoe, 6uT-cuHXpoHHoe u 6aiT-cuHXpoHHOe (nacneaHee npopaGoraHo Tonsko ans T1/E1). BapuaHrsl
0TO0pAaXeHUs1 yCTaHaBMMBAIOTCS ONEparopaMu CeTti, NPUYEeM 110 YMOSNAHMIO MCMONL3YETCH aCUHXPOHHOE
oro6paxeHne. BUT-CUHXPDOHHOE pAasMeleHne uCrnonbayeTcsl s CArHaN0B, He uMmeLlnx O0aiToBoM
(OKTETHOW) CTPYKTYPbI U HE pexoMmeHayercs B [12] Ans MEXRyHapOLOHbLIX COeaUHEHWIA. BaiT-CUHXPOHHLINA
sapuaHT ansa Tpuba E1 umeer ase onumm: ogHa cooTeeTcTeyeT PDH-Tpuby ¢ BHYTPMKaHANLHONK CHIrHaNM-
sauwesi CAS (19-vui Oavir 140 Gasitnoro ¢ppeiima TUJ, Apyras - ¢ curHanm3aumed no obuwemy xaHany
CCS (ucrions3yercs curvanmsaums SS#7).

Tak, ansa koHreriHepos VC-12 MynbTudpedmM GopMUPDYETCS U3 YETHIPEX MOCAEA0BATENbHbIX (peii-
vog VC-12. O umeer nepnog nosroperma 500 Mkc u cocrasryro arvHy 140 bastros, 35 x 4 = 140 (puc.
2-7). Ero HavanoHan asa onpepensercs 6aiTOM MHAMKATOPAa NOMOXEHUS Harpy3ku H4 B 3aronoske
POH koHTElHEDA BEPXHEro ypoBHA. B MynbtugperiMe kaxaoidi ¢peiiM uMmeer 3aronioBOK ANVHOW B OAWH
GaiT, 13 aTX 3a8ros08KOB BaKTUHECKN MCMONL3YETCA TOMLKO 3arof0BOK nepsoro ¢peiima V5. OcransHbie
saronoBku, o6o3Havaemsie J2, Z6 n Z7 3ape3epBupOBaHbi GOpManbHO. BHyTpeHHss CTPykTypa @peiimoB
VC-12, MyneTupeiimMa pasnuyHa B 3aBUCUMOCTY OT BapmnaHTa 0To0OpaxeHus [18].
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3101 MyneTHdPEHM K ABNAETCS OCHOBOH 418 GopmMupoBaHus TpombHoro 61oxka AU-12. B Hem nepen
38ron0BKOM Kaxaoro gpesiva VC-12 [ononHurensHo noMetiaercs ykasarens TU-12 PTR (oxn oBo3Hava-
joresa kak V1, V2, V3 n V4) nnunoii 8 oguH 6ait. B pe3ynsrate opmupyerca Myastudpeiim TU-12 ¢ nepu-
o40oM nostTopeHns 500 MKC U COCTaBHOM A/MHONA 144 Ganra.

Ykasarenn V1 n V2 cocrasasior ogro obuiee 16-6muTHOe rone, HasHavdeHne 6UT B KOTOPOM Criedylo-
wee (cnesa-Hanpaso): 6utel 1-4 (6utel N) - ¢pnar noeeix ganubix NDF (n3meHeHne ero HOpMasibHOro
gHaveHus “0110” Ha uHBepcHoe “1001” coobLyaeT, 4T0 noa [e’CTBUEM Harpy3Kn N3MEeHNIOCH BbiDaBHNBA-
HUE, a BO3MOXHO u paamep TU); 6utsl 5-6 (6utel S) - ykazarens tuna rpmbHoro 6soka TU (ana TU-12
310 nocnegosarensHocte “107); 6utbl 7-16 (vepegyowascs nocaegoBarensHocTs /D 6ur, rge | - 6ute
NONOXNTENbHOrO BbipaBHNUBaHWA, a D - OUTel OTPHLATENLHOIO BbIPaBHUBAHNS) - COGCTBEHHO yKa-
sarens TU-n PTR, ansa TU-12 ero senuquHa MOXET U3MEHATECH B guana3oHe (0-139. I1oT ykaszarens yn
onpeaensieT nonoxeHue nepsoro gpeima VC-12, pacnonarawowerocs nocne V2 B Mynbtugppeiime TU-12
(puc. 2-7, nuxrudd, none 0-34). Yxkasareno V4 asnserca pesepsHsiM nonem, a V3 gakrudecky ncrnonsayer-
CSH1 LTS BbIPABHUBAHMS.

VS | VC-12¢ (J2 | VC-12; |26 | VC-124 Z7 | VC-12,4

V1 |105-139 | V2 | 0-34 V3 35-69 V4 70-104

Puc.2-7. Mynstudpeitmel VC-12 (VC-124 93 4) 1
TU-12 (V1-...V4) B nnaBaiollieM pexume

BbipasHnBaHue OCYLUECTBNISIETCH 10 OTHOWEHWIO K nepsoMy ¢pediMy v MoxeT ObiTb KaKk MOsIoXH-
TesbHbIM, NPy KOTOPOM niocnenyloumne Gpeimsl casuraloTcs Hasan (or V3 k V4), ans 4ero ncnonbayercs
6aiiT, cnenyrowmni 3a V3, Tak n oTpuyarensHbiM (0T V4 k V3) - ana 4ero ucrnons3yercs none ykasarens
V3 (B aTOM criyvag OHO MHTEPNPETUPYETCH Kak Nosie AaHHbIX).

B ¢ukcnpoBaHHOM pexuMe yKa3atesnn He VCNONb3YIoTCa U MynbTudpeim He dopmupyerca. ns Ta-
KOro pexmmMa MOXeT ObiTb UCNONL30BAHO Kak GUT-CMHXPDOHHOE, Tak 4 GaiT-CHHXPOHHOE 0TOOpaXeHus.
Mpuyem nocneaHUt BapUaHT He UCMOL3YeTCa B CeTsX ¢ BBOAOM/Bsisoaom VC-1,

B atom pexume TU-12 npeacrasnsercs 8 Buae gpeiima C UCXORHLIM NepuoaoM nosropexHns 125
MKC 1 fumHos# 36 6aiiToB, n3 kOTOPbIX nepsbiri 6alT (0603HavaemMblii kax R) ycnosHo coaepxut obpass V1,
V2, V3, V4, a sTOopoii (Takxe R) - obpa3ul V5, J2, Z6, Z7.

War 4. NocnenosaTensHOCTs TPHBHbIX 6nokos TU-12 B pesynsTate GaiT-MynbTURNEKCMPOBaHNSA 3:1
npespawaerca 8 rpynny TpubHbix 6nokos TUG-2 ¢ CyMMapHO AnnHOW nocnepoBatenbHocTy 108 Gaiitos
{36x3 = 108). Nornyecku cTpykTypy TUG-2 TakKke ynobHee npeacrasuth B Buae ¢peima 9x12 Ganros.

Bamevanmne 2. Paxruiecku npu MynsTunnexcnposanmm TU-12 8 TUG-2 yxaszatenu TU-12 PTR pacno-
71araloTCcs OTAENBHO OT BUPTYAJIbHBIX KOHTEAHEPOB B HaYane peiimMa, Kak 3T0 noKka3aHo HUXe Ha puc. 2-9.

War 5. MocneposaTtensHocTe TUG-2 noasepraetca NOBTOPHOMY GaiT-mynbTunnekcuposaHuio 7:1, B
pesynbTaTe KoToporo dopmMupyetcs rpynna TpubHsix 6nokos TUG-3 - dpeitM anuHoit 756 Haiiros (108x7
= 756), coorBeTCTBYIOWMIA ppeimy 9x84 BairTa.

3ameuanmne 3. aktnuweckn TUG-3 cootsetcTeyet ¢ppeiiMy 9x86, B Hayane koToporo 4o6asnsercs
Asa cronbua (2x9 6asros) (puc. 2-8), cocrosyme w3 nons uHAnWKauum Hynesoro yxasavens - NPI u
¢uxcupoBaHHOro nycroro nons (Hanonuutens) - FS. B pesynstare ¢opmyna obpasosanna TUG-3 npu-
Humaer sug: TUG-3 = 7 x TUG-2 + NPl + FSyg.3, rae wHaexc TUG-3 ucnone3yetcs ansa otimamns FS, npy-
MeHsIeMbIX B Pa3/imyHbix CTPYKTypax. TakuMm oO0pasom, ¢peim TUG-3 umeer mmmHy 774 Oadra
(7x108+3+15=774), 4ro coorsercrayer ¢peiiMy 9x86 Gavitos. MMpouenypa MyNbLTUIEKCUPOBAHNS HArsa-
HO nokasana Ha pmc.2-8, a cxema ¢opmuposanus TUG-3 na puc.2-9.

LWar 6. TlonydeHHana nOCNenoBaTenbHOCTL BHOBL GalT-MynbTUnnekcupyertcs 3:1, B peaynbrarte 4ero
dopmupyeTcs nocneposarensHocTs 6nokos TUG-3 ¢ cymmapHoit anmHon 2322 Gaira (774x3 = 2322).

War 7. Mpoucxogut dopMuUpoBaHue BUPTYaNTbHOrO KOHTeRHepa BepxHero yporHsa VC-4 B pesynbra-
Te pobasneHns K NONYYEHHON NOCNEROBaTENLHOCTU (B COOTBETCTBUM CO CX@MOW Ha puc.2-6) MapwpyTHOro
3aronoBka POH gnuHoit 9 6a#ToB, 410 NpMBoauT K dpeiiMy anuHoi B 2331 Gaittos (2322+9 = 2331).

3ameyanmne 4. Qaxkruyeckn VC-4 coorsercreyer Ppeimy 9x261, CTpyKTYpa KOTOPOro COCTOMT M3
oaHoro cronbua (1x9 Gavitos) POH, asyx cronbuos ¢ukcuposanroro nycroro nonsi FS n tpex TUG-3 -
6510Kka, MONYHEHHOr0 B pe3ynbrare MYNbLTUIIexcupoBaHua. B pesynstare ¢opmyna obpasoBaHua VC-4
npuHumaet sua: VC-4 = 3 x TUG-3 + POH\c.4 + FSyc.q Takum 06pasoM, nocnenosarensHocTs VC-4 ume-
er anuHy 2349 baittoB (3x774+9+2x9=2349), 4ro cooTBeTcTBYET Bpesimy 9x261 baiir.
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Puc.2-9. Cxema popmuposannsa TUG-3

CUHXPOHHBLIE LIUDPOBbLIE CETKU SDH

37



LiJar 8. Ha nocnegHem aTane Npovucxoaut GOPMUPOBAHUE CHHXPOHHOrO TPAHCIIOPTHOrO MOAYNS
STM-1. Npwv 3ToM cHakdana ¢opmupyerca AU-4, nytem pnobasneHus ykaszatenss AU-4 PTR, gnuHoin 9 Gair-
TOB, KOTOpbLIA pacnonaraerca 8 SOH (CM. HMXe), a 3aTeM rpynna agMuHNCTpaTuBHbiX 6n10koB AUG nytem
$OopManbHOro, B AaHHOM KOHKPETHOM cryyae, mynbTunnekcupoBanus 1:1 AU-4. K rpynne AUG pobaenset-
ca cexynonHbiiA 3aronosox SOH, KOTOPbIA COCTOUT U3 ABYX 4aCTeil: 3arosioBka pereHepaTopHO# cek-
ymu RSOH (popmat 3x9 Gaiitos) n 3aronoska mynstunnexcHod cexymn MSOH (bopmat 5x9 6Gairros),
OKOH4YaTenoHO GOPMUPYA CUHXPOHHLIA TPAHCNOPTHLA Moagyns STM-1, npeacTaBnseMuili B BUAE Kappa,
umetowero anvny 2430 HairTos, Unun B suge ¢peitma 9 x 270 GanTos, YTO NpU YacToTe NoBTopeHun B 8 ky
COOTBETCTBYET CKOPOCTY nepepaun 155,52 Mbur/c.

MTaK, ecnu noAabLITOXUTL Pe3ynbTaThl PACCMOTPEHHOro NpuMepa, NONy4aem Cneaylowylo UTOroByio
dopmyny npeobpasoraHna ABOVMHOIO noToKa E1 B Cxeme MynbLTUNNekcupoBaHwus NO craHpapty ETSI
(CUMBONbHLINM (BEPXHWIA) BAPUAHT U SUCNEHHBIR (HUXHMA) BapuaHT, rae 3HayeHus) npueeaeHsl B 6aitTax):

STM-1 = ((((E1+<6aiTer>+VC-12_POH+TU-12_PTR)x31y0.2)X7 rug.5+NPI+FSyye.s)X3vo.4+
+ VC-4_POH +F3vc_4 +AU -4_P TR, )X 1 AUG+R SOH +MSOH
STM-1 = ((((32g1+26giiru™t Tve-12_pont T1u-12_pTR) *31UG-2) *TTUG-3+3NPI 15FS_TUG-32) "SVC-47T

+9vc.4_pont18¢s_vc-4+9avu-4_pra) * Tauc+3*rsont5 *Omson

YkasaHHbie GOpMynbl ABNAIOTCH Oonee TOYHOMN, XOTS U MEHEe HarnsigHOM (N0 CpaBHEeHWIo ¢ puc.2-6)
9KBUBANMEHTHOW HOpPMOA nNpeacrasneHns npouecca GopMmMpoBaHua Mogyns STM-1, KOTOpPYI0 MOXHO npea-
noxuTb B kadecTse o0GOBLIEHHOrO anroputma npoueaypbl GopmmupoBanna. Yix MOXHO MONy4MTb ANA BCEX
BapMaHTOB COOPKKU TAaKOro Moayns.

2.2.6. Apyrue BapuaHTbi c6opku moayna STM-1 no cxeme ETSI

PaccMmoTpum kpaTtko Apyrue sapuaHTtel cGopkm mogyns STM-1 no cxeme ETSI, puc.2-4. WUx scero Yetbipe:
1 - BapuanT cHOPKKN, NOPOXZEHHLIA TpMbBOM T1 (1.5 M6But/c), 0TOBpaxaembim Ha koHTeHep C-11;
T1 = C-11 - VC-11 - TU-12 - TUG-2 - TUG-3 — VC-4 — AU-4 - AUG — STM-1;
2 - BapuaHT COOPKKU, NOPOXAEHHBIN TPUBOM E3 (34 M6UT/C), oTOBpaXaeMbiM Ha KOHTeHep C-3:
E3 —» C-83 - VC-3 — TU-3 = TUG-3 — VC-4 — AU-4 — AUG — STM-1;
3 - BapwaHT c60pkN, NOpoXaeHHbIA Tpubom T3 (45 MOuT/c), oToBpaxaemMeim Ha kKoHTelHep C-3:
T3 » C-3 > VC-3 - TU-3 - TUG-3 — VC-4 — AU-4 — AUG — STM-1;
(dopmanbHo nyTe cOOPKN TOT-XE, HTO U B NPEALIAYLLEM BapUaHTe);
4 - papuanT cbopku, nopoxaeHHbn Tpnbom E4 (140 M6But/c), oTtobpaxaembliM Ha kOHTelHep C-4:
E4 — C-4 - VC-4 - AU-4 - AUG — STM-1.

BapuaHTtel 1 1 3 npuMeHSIOTCA ana obecneveHuss COBMECTUMOCTU ¢ ceTamn SONET/SDH, ucnonsay-
IOWUMK aMepukaHCKylo nepapxmio PDH.

AHanNoOrMYHO npeasiaylemy, ¢ Heﬁonbmwmw NOACHEHUAMU, MOXHO NPUBECTA UTOFrOBbIE HOPMYNb
npeobpa3oBaHyiA COOTBETCTBYIOWUX ABONYHbBIX NOTOKOB B CXEME MynbTUnRnekcuposarusa ETSI (CUMBONLHbIH
(nepBbI) BapnaHT U uCnerHbi (BTOPO) BapuaHT, Fae 3HayeHus npuBeneHbl B HaiTax unm burax). tDop-
Mynbl ANR BapyanTa 1 uMeloT sua:

STM-1 = ((((T1+<6aitei>+VC-11_POH+TU-12_PTR+FS1y.,2)Xx31u6.2)X7rue.a+NPI+
+FSyya.a)x3yc.4+VC-4_POH+FSyc_y +AU-4_PTR)x14yc+RSOH+MSOH

STM-1 = ((((24711+1 gaarast Tvc-11_Pot T1u-12_PTR+9FSs_TU-12) *B1UG-2) *TTUG-3+3NPIT
+15rs_tug-3) *Bvc-a1t9vc-4_Pont2*9rs_vo-a+9au-4_prr) *1auat3 " IrsontF *Omson
3aece notok T1 dopMmanbHO npeacrasneH B suae 24-6GaiTHo# nocneposarensHoctTn. C-11 = 25
6anT. VC-11 = 26 6airt, Tak xak VC-11 POH = 1 6aitt. TU-12 PTR = 1 6Gaitt. Mpu npeo6pasosaHumn VC-11 8
TU-12 pobasnsetca dukcupoBaHHoe nyctoe none FSpy.ip = 9 6aiiT (4ero He 6bino B BapwaHte cOOPKY,

nopoxpeHHoiM E1) B pesyabTaTte 4ero ¢hpopMupyeTcs Takon xe no ¢opmaty dpeiim TU-12 (9x4 = 36 Gaiit),
Mocnenyiowmin NPOLECC TOT-XEe, YTO U B BapuaHTe c6opku, nopoxaeHHbiM E1),
dopMynbl A48 BapUaHTa 2 UMEIoT Bua:

STM-1 => (((E3+<6aifTbi>+VC-3_POH+TU-3_PTR+FSry.2)x11ya.3)x3vc.4+
+VC-4_POH+FSyc.4 +AU-4_PTR)x1 4y +RSOH+MSOH

STM-1 = (((537g3+219¢q4ivt9vc-3_port3ru-3_prat6rs_tu-3)*11U6-3) *3vc-4+9vC-4_ POt
+2*9ps vc-4+9au-4 PrR) " 1auc+3 " Insont+5* Iuson
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3peck noTok E3 (34368 k6ut/c) moxeT 6biTb popManbHO npeactasneH B Bupe 537-6aitHoit nocne-
posaTtenbHocTH (34368/64=537), kotopas aononHsetca 219 Gantamu go 756-6aitTHOR NOne3Ho Harpysku
(popmar 9x84 Gaita) BUPTYanbHOro koHTerHepa VC-3. CooTBeTCTBYIOWAN et CKOpoCTb 48384 kBMT/C npu-
HAMAETCA 3a CKOPOCTbL KOHTeiHepa C-3 [46]. Mpwn atom koutenHep C-3 npeobpasyercsa B VC-3 no obuwei
cxeme: VC-3 = VC-3 POH + PL, rne PL - nonesHas Harpyska, Npeacrtasnsiemas B BUOE TPeX WAEHTWYHbIX
cyb¢ppesimos SF (popmar 3x84 Baiita), o603Havaembix 8 [18] kak T1, T2 u T3. 3aeck 0603Ha4YMM KX Kak
Ty 2,3 4TOOBI He nyTatb ¢ TpuGamn Tn. B cooteetcTeuu C [18], noneaHas Harpyska (CUMBO/bHLIA BapWaHT)
¢opmupyetca no 6onee CNOXHOW Cxeme: \

PL = T1 +T2 +T3 = 3X(vc-3‘+FSvc.3+JCBvc_3+JOBvc.3)

3peck VC-3, - undpopmaumoHHas 4actb Harpy3ku SF (1431 6uT), FSyc.3 - $UKCUMPOBaHHOE NycTOe
none SF koHTe#Hepa VC-3 (573 6ura), JCBye.3 - 6UThl ynpasneHus BoipaBHueaHueM SF (2x5 6uT), JOByc 3 -
6uTbl BO3MOXHOrO BbipaBHUBaHMA SF (2 Suta).

B pe3ynbrate YACNEHHbI BapuaHT HOPMUPOBAHUA NONE3HON Harpy3ku nNpuUMeT BUA:
PL=3 "( 143 1vc-3_l+573rs_vc-3+2 *5JCB_VC-3+2JOB_VC-3)/8 = 756 [i GEﬁT]
dopmynbl Ana BapuaHTa 3 UMeIoT Bua:

STM-1 = (((T3+<6aiitei>+VC-3_POH+TU-3_PTR+FSp.3)x1ryc.a)%3vc.o+
+vc-4_POH+F8vc_4 +AU'4_P TR)X 1 AUG+RSOH+MSOH

STM-1 = (((699131+57 saiirestvc-3_Pont31u-3 PrRT6Fs_1U-3) * T1UG-3) *3VC-4+9vC-4_POHT2 *9FS vC-47
+94u-4_pTR) *TAuc*+3*9rson+5"uson

3peck notok T3 (44736 kOuT/c) moxeT BbiTb POpManLHO NpeacTaBneH B Buae 699-6aitTHoW nocne-
fosarenbHocTh (44736/64=699), koTopas aononHsetcs 57 Gaintamu A0 756-6alNTHON NONE3HON HArpyaku
(popmar 9x84 Gaita) BUPTYyanLHOro koHTenHepa VC-3. Mpu atom cTpykTypa koHTenHepa C-3 npeobpaay-
greq 8 VC-3 no 1o xe cxeme, 41O U B BapuaHte 2): VC-3 = VC-3 POH + PL, HO PL npeacraensetcs 8 eu-
Oe OeBRTU naeHTU4HLIX cyOgpeiimoB SF (popmaT 1x84 Galita). B coOTBETCTBMM C 3TUM NONE3Han Harpys-
Ka (CUMBOJIbHLIA BapUaHT) GOPMUPYETCA NO CXEME:

PL = QX(VC‘3I+F5vc,3+JCBvc_3+JOBvc_a+OHCVC.3)

3peck ucnonbL3yloTCs Te Xe 0603Ha4eHna, 410 U paHbwe: VC-3; umeer anuHy 621 6ut, FSyc.3 - 43
6uta, JCByc.3 - 5 6uT, JOByc.3 - 1 6ut. lononhutensHo B SF pesepsupyiotcs none OHCyc.3 AnvHoit 2
6ura ans opranusaunu B Gyayliem KkaHana CBA3W 3aronoeka.

B peaynbTaTe YUCAEHHbLI BapuaHT $OPMUPOBAHUSR NONE3HOW HArpy3ku NPUMET BUA:
PL = 9*(621yc_3 y+43Fs yc.3+8.c8_vc-3t+108_ve-3+20kHc_ve-3)/8 = 756 [Gadir]
dopmMynbl gnNs BapuaHTa 4 UMeloT BUA:

STM-1 = (E4+<6adiTei>+VC-4_POH+AU-4_PTR)x1,4y6+RSOH+MSOH
STM-1 = (2176g4+16464iru+Yvc-a_portIau-4_pta) *Taua+3 *rsont5 " Iuson

3neck notok E4 (139264 k6ut/c) moxet Obite opMansHO npeacTasneH B Buae 2176-6aiTHoi noc-
neposavenbHocTY (139264/64=2176), koTopas pononHsietca 164 Gaittamu no 2340-6aitTHo none3Hon Ha-
rpy3kn (dopmar 9x260 6ainT) sBupTyansHora kouteiHepa VC-4. MNpu atom kouteitnep C-4 npeobpasyeTtcs 8
VC-4 no aHanoru4Hoil cxeme: VC-3 = VC-3 POH + PL, Ho PL npepctaBnsaetca 8 suae AEBATU WASHTUYHbIX
cybgppesimos SF (dopmar 1x260 Gairt), pasgeneHHbix Ha 20 6nokos no 13 6aiT Kaxabiii. B cOOTBETCTBUK
€ 3TMM NONe3Has Harpya3ka (CUMBONLHBIA BapuaHT) dopMupyercs no Haubonee CnoxXHO GOPMANU3YEMOIA
cxeme (puc. 2-10):

PL = 9x(20x(VC-4,)+VC-4yy+VC-4;7+13FSyc.4+5FSy+FSz+5JCBy+JOBz+50HCy)

O6o3navenus Te xe: VC-4; - cymmapHaa anvHa na ogud SF - 1934 6uta (20*12*8 (nonn 961) + 8
(6airT W) + 6 (6aiT Z)), FSyc.4 - 130 6ut (13*8 (6aittul Y) + 5*5 (6aiitel X) + 1 (6aitr Z)), JCBx - 5 6ur
(5*1 - 6aiiTel X), JOBZ - 1 6ut (6aiT Z), OHCx - 10 6uTt (5*2 - Gaittel X), GanTe: W (11 HI11111), X(CRRAR
RROO)L,Y(RRRRRRRR),Z(II1111S R);! - nipopMaunoHHbiit 61T, C - 6UT ynpaBneHus BbIPABHU-
gaHWeMm, R - 6uT 3anonHeHusa nycroro nons, O - 6uT KaHana cBA3W 3aronoBka, S - 6UT BO3MOXHOro Bbipas-
HUBaHMA.
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Puc.2-10. Kapra cy6dpeiima SF npy acuHxpoHHOM oTo6GpaxeHun TpuGa E4 Ha VC-4

B pesynbrate 4MCrneHHbI BapUaHT GOPMMPOBAHUA MONE3NOW HArpy3ku NpUMeT BUA:

PL = 9'20*13 = 9*(20*(12*8yc.4 )*+8vc-o w+Bvc-4_iz+13°8rs vo.4+
+5*5rs xt+1rs 2+5*1yce_x+1408_215"20nc x)/8 = 2340 [Oaiit]

AHANOrMYHO MOryT BbiTb ONKUcaHbl BapuaHTel c60pku Moayns STM-1 no cxeme Ha puc. 2-5.

1 - BapuaHT c60opKn, NOpoxaeHHbIA Tpubom T1 (1.5 MBuT/C), oToBpaXaemMbiM Ha KOHTelHep C-11:
T1 - C-11 - VC-11 - TU-11 -» TUG-2 - VC-3 — AU-3 — AUG — STM-1;

2 - BapuaHT cO0pku, NOpoxXaeHHbin Tpnbom E1 (2 MBut/c), otoGpaxaeMbiM Ha KOHTeHep C-12:
E1 - C-12 - VC-12 - TU-12 » TUG-2 — VC-3 — AU-3 - AUG — STM-1;

3 - BapuaHT cO60pKK, NOPOXAEHHbIA Tpubom T2 (6 M6uT/c), oToBpaxaemMbiM Ha KOHTeHep C-2:
T2 - C-2 - VC-2 - TU-2 > TUG-2 — VC-3 — AU-3 - AUG — STM-T,;

4 - papnaHT c60pKK, NOPOXAEHHLIA Tpubamu E3/T3 (34/45 M6ut/c), otobpaxaembiMu Ha KOHTeiHep C-3:
E3/T3 —» C-3 - VC-3 - AU-3 —» AUG — STM-1;

5 - sapuaHT cHopkKn, NopoxaeHHbI Tpubom E4 (140 MBuT/C):
E4 - C-3 - VC-3 — AU-3 - AUG — STM-1,

C6opka moaynein STM-1 asnsetcs OAHUM U3 OCHOBHbLIX 3TAMNOB B CTPYKTYPE MYNbTUMNEKCUPOBAHUA
SDH. [na nepBOro ypoBHA CUHXPOHHOW Mepapxvuv OH ABNKETCA NOCNEAHUM 3TanoMm MyNbTUNIEKCUpoBaHus,
TOorga Kak Ans nocneayloumux yposHen Heobxoaumo pacCMOTPETb Kak U3 MOAYNS NepBoro yposHa cobupa-
eTcs Moaynb TPebyemoro yposHsi. 3T0 paCCMOTPEHO B Criedylolem paspene.

2.2.7. C6opka mopynein STM-N

Buibop pspa ckopocteir STM-N mepapxuu SDH, To-eCTh ganbHelwee CTaHAAPTHOE HapalluBaHue CKOpPOC-
Te nepegayM, NepsoHa4aNbHO NPERNONAranoCh OCYIUECTBANATL N0 POPMaNbHO COOTBETCTBYIOLLENA CXeme
SONET, ucnonbays ¢bakruyecku cKopocTy kpaTHelie STM-1, ¢ koadduumeHTammn kpatHoct 1, 4, 8, 12, 16.
Isa yposHs SDH nepapxum STM-1 = 155.52 M6ut/c u STM-4 = 622.08 M6ut/c Gbinu 3aPUKCUPOBAHL! B
1988r. B ctaHgapte CCITT Rec. G.707 [16, sepcust 1988 r.] v Ha3bBaNUCb COOTBETCTBEHHO NEpsbiM U YeT-
BEpPTLIM ypoBHEM uepapxumn SDH (x0Ta nornyHo 6bino Gbl Ha3bIBaTL UX NEPBLIM U BTOPbIM YPOBHEM, Tak Kak
NPOMEXYTO4HbBIX YPOBHEN Mexay Humu HeT). Mocnepyluiee passutue nNpakTuku pa3paboTkM U NpUMeHeHus
aTOr0 CTaHpapTa, Nokasano, 410 ko3dduuueHTbl KpatHOCTM 8 #u 12, umeiowme ckopoctn 1244.16 wu
1866.24 M6uT/Cc, npeanoxeHHbie 8 [16, Bepcus 1988 r.], He Guinn NpUHATHI Ha NpakTuke, a cam psa SDH
CKOPOCTEN 13 apndmMeTn4ecKon nporpeccun, 3anoxeHHon 8 SONET, TpaHchOpMUPOBANCA B reOMeTpU4ec-
Kylo nporpeccuio svaa 1, 4, 16, 64, 256, AUKTYEMyI0 XenaHUeM UMETb NOCTOSIHHLIA KO3hDULUNEHT MynbTH-
nnekcuposanus - 4. Cneays 3TOMy paay KO3DOUUMEHTOB, B HACTOSILLEE BPEMS IKCNYaTHPYIOTCS Mnu pas-
pabarbisalorcd SDH cucTeMbl CO CKOPOCTAMU, COOTBETCTBYIOWMMM OKOHYaTensHoi sepcuu SDH wepap-
xuu: STM-1, STM-4, STM-16, STM-64, STM-256 wnu 155.52, 622.08, 2488.32, 9953.28, 39813.12
MBuT/C. Tpn nepebIX YPOBHA (HAa3bIBAEMBIX NO-CTapOMy NEPBbLIM, YETBEPTLIM U LWecTHaauaTeiM) Gbiin “ne-
1ope” CTaHAapTU30BaHb! B nocneaden sepcuu ITU-T Rec. G.707 [16, sepcus 1993).

MyneTunnekcuposanme STM-1 B STM-N MOXET OCYLLECTBNATLCH Kak KackagHo: 4x1 — 4, 4x4 — 16,
4x16 — 64, 4x64 — 256, Tak u HemocpeacraeHHo no cxeme N:1 — N, roe N = 4, 16, 64, 256. MNMpn atom
AN CXeMbl HENOCPEACTBEHHOrO MYNbTUNNEKCUPOBAHUA UCTIONL3YETCA YepegoBaHue 6aiTos.

Hanpumep, ecnv wecthaguats STM-1 kananos (0, 1, 2, ... 13, 14, 15 vunn B WeECTHAALATUPHUYHOM
ucuncnenun 0, 1, 2, ... D, E, F) Ha sxome mynbtunnexcopa STM-16 reHepupyloT wectHapuate 6aiT-
nocneposatencHocTen: bobobg..., bibiby..., Babab,..., ..., bpbpbp..., bgbegbg..., bebgbe..., T0 B pe3ynbra-
Té  MyNbTUNNEKCUpPOBaHus  HA  Bbixoge  STM-16 ¢opmupyetrcs  HaitT-nochenosarenbHOCTL:
bobba...bpbghebob 1B,... . DAKTUHECKM TaK MPOCTO YAAETCA MyNbTUNNEKCMPOBaTh TOMLKO TOraa, Koraa sce
STM-1 UMeloT 0QUHAKOBYIO CTPYKTYPY NMONE3HOW Harpy3ku, eCAn HeT, TO HYXHO, 4To6bl cobniopanucs HeKo-
Topble npasuna BeckoHdanxkTHON B3aumocBa3n. B cranpapre G.708 (sepcvs 1988r.) tpebosanocs,
yTo6bl BCe STM-1 NpMHaApNexXanu K OOHON U3 TPEX KaTeropuii:

1 - AU-3 (pasHoro tuna), Hecywue C-3 B Ka4ecTBe NONE3HON Harpyaku,;
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Puc.2-10. Kapra cy6dpeitma SF npu aCUHXpOHHOM oTOBpaxeHun Tpuba E4 Ha VC-4

B pesynbTaTe YMCNEHHbI BapuaHT GOPMUPOBAHNA NONE3HOR HArpy3KM NPUMET BUA!
PL = 9*20*13 = 9*(20*(12*8yc.4 )*+8vc.4 w+6ves_iz+13"8rs ve.a+
+5*5ps_xt+1ps 2+5* 1408 _x*1408_215"204c x)/8 = 2340 [GaiT]

AHANOrMuHO MOryT ObiTh ONUcaHbl BapuaHTel cbopku mogyna STM-1 no cxeme Ha puc. 2-5.

1 - BapnaHT c60pKkN, NOpoxaerHbIn Tpubom T1 (1.5 M6uT/C), oto6paxaembiM Ha KOHTenHep C-11:
T1 —» C-11 - VC-11 - TU-11 - TUG-2 — VC-3 — AU-3 — AUG — STM-1;

2 - BapuaHT c6opkun, NnopoxaeHHbid Tpnbom E1 (2 MbBur/c), oToBpakaemMbim Ha KoHTelHep C-12;
E1 - C-12 - VC-12 —» TU-12 - TUG-2 —» VC-3 — AU-3 —» AUG — STM-1;

3 - BapuaHT c60pkn, NOPOXAEHHLIA TpuGom T2 (6 MBuT/C), oToBpaxaembiM Ha KOHTeHep C-2:
T2 -5 C-2 - VC-2 - TU-2 - TUG-2 — VC-3 — AU-3 - AUG —» STM-1;

4 - papuaHT c6opku, nopoxaeHHuld Tpubammu E3/T3 (34/45 M6uTt/C), otoGpaxaemeiMK Ha KoHTeHep C-3:
E3/T3 —» C-3 — VC-3 — AU-3 — AUG — STM-1;

5 - BapuaHT c60pKku, NOpPoxXaeHHbIH Tpnbom E4 (140 Mbut/c):
E4 - C-3 - VC-3 = AU-3 = AUG — STM-1.

C6opka moaynen STM-1 aBnaeTcs OAHWM M3 OCHOBHbLIX 3TanoB B CTPYKTYPE MYNbTUNNEKCUPOBAHWUA
SDH. Ana nepBoro ypoBHA CUHXPOHHOWN Mepapxuv OH ABAKETCH NOCNEAHUM 3TanoM MyNbTUNIEKCUPOBAHUS,
TOrAa Kak Ans nocneaylolvx yposHeii Heo6xoaMMo pacCcMOTPeTb Kak U3 MOAyNA Nepeoro yposHs cobupa-
erca Moaynk TpebyeMoro yposHst. 3TO PaCCMOTPEHO B cneaylowemM pasnene.

2.2.7. C6opxa mopyneit STM-N

Buibop psaa ckopoctein STM-N mepapxumn SDH, T0-eCTh gansHeiwee CTaHAapTHOE HapawmsBasue CKOpoC-
Tel nepefadd, nepsoHaYanbHO NPeanonaranoch OCYWECTBATe N0 GOPMANIbBHO COOTBETCTBYIOLLEH Cxeme
SONET, ucnornb3aya $gakTu4ecku CKOpocTu kpaTtHeie STM-1, ¢ koadduumentamu kparHoctu 1, 4, 8, 12, 16.
[ea yposHa SDH uepapxuu STM-1 = 155.52 M6ut/c n STM-4 = 622.08 Mbut/c Obinn 3aPUKCUMPOBaHLI B
1988r. B8 ctaHgapte CCITT Rec. G.707 [16, Bepcus 1988 r.] u Ha3bIBANUCL COOTBETCTBEHHO NEPBbLIM U YeT-
BepTbiM yPOBHEM uepapxum SDH (xoT8 nornyHo 6bino Gbl Ha3biBaTh MX NEPBLIM U BTOPLIM YPOBHEM, TakK Kak
NPOMEXYTOYHBLIX YPOBHER Mexay HuMu HeT). Nocneayuiee passutve NpakTukn paspaboTkm n npuMeHeHus
3TOrO CTaHaapTa, NokKasano, 4To Ko3dpduuMeHTbl KpatHOCTM 8 u 12, umeiowme ckopoctv 1244.16 wm
1866.24 M6uT/C, npepnoxeHHbie B [16, Bepcusa 1988 r.], He 6binM NpUHATH Ha NpakTUKe, a cam psg SDH
cKOpoCTen n3 apnudmeTMHecKon nporpeccun, 3anoxeHHon 8 SONET, TpaHCchOpMUpOBancCs B reOMeTpu4ec-
Kyilo nporpeccuio Buaa 1, 4, 16, 64, 256, auktyemyio xenaHueM uMeTb NOCTORHHBLIA KO3hPULMEHT MynbTu-
nnekcuposaHus - 4. Cneagyn 3ToMy psagy K03pOUUMEHTOB, B HACTOALLEE BPeMsa 3KCNyaTUPYIOTCH MAK pas3-
pabarbiBalotcs SDH cuctembl CO CKOPOCTSIMW, COOTBETCTBYIOWUMM OKOHYaTenbHow sepcuv SDH wepap-
xum: STM-1, STM-4, STM-16, STM-64, STM-256 wunu 155.52, 622.08, 2488.32, 9953.28, 39813.12
MO6uT/c. Tpu NepBbiX YPOBHS (Ha3biBaE€MbIX MO-CTAPOMY MEpPBbLIM, YETBEPTLIM U LWEeCTHaAUATLIM) Obinn “ae-
Iope” CTaHaapTM30BaHL! B nocnegHen sepcumn ITU-T Rec. G.707 [16, Bepcus 1993].

MynbTUnnekcuposanne STM-1 8 STM-N MOXeET OCYLECTBNSATLCA Kak KACKagHo: 4x1 — 4, 4x4 — 16,
4x16 — 64, 4x64 — 256, Tak n HenocpedacTeeHHO NO cxeme N:1 - N, rae N = 4, 16, 64, 256. pn atom
D19 CXEMbI HENMOCPEACTBEHHOMO MYNbTUMIEKCUPOBAHUA UCNONL3YETCA YepegoBanue GaiTos.

Hanpumep, ecnu wectHapguate STM-1 kananos (0, 1, 2, ... 13, 14, 15 unu B WeCTHAAUATMPUYHOM
ucumcnednn Q, 1, 2, ... D, E, F) Ha Bxoae mynbTunnekcopa STM-16 reHepupyioT wectHaguate Bawr-
nocnenosaTensHoCTeNn: bobobg..., bybby..., bobaba..., ..., bpbpbp..., bebebg..., Bebhg..., TO B pesynsra-
Te  MynbTMRNEKCUpoBaHus  Ha  Bbixoge  STM-16  ¢opmupyetca  6ailT-nocnefoBaTensHOCTD:
bob4ba...bpbghbob 4ba... . DaKTUHECKW TaK NPOCTO YAAETCA MYNbTUMNEKCMPOBaTh TONLKO TOrAa, Korna Bce
STM-1 UMeIOT OQUHAKOBYIO CTPYKTYPY NONE3HON HAarpy3ku, eCnn HeT, TO HyXHO, 41066l cobnionanncb Heko-
TOopbie npasmuna GeckoH@uKTHON B3anmocssan. B cranpapre G.708 (Bepcus 1988r.) tpebosanoch,
4yTobbl BCe STM-1 npuHagnexanu K OgHOW U3 Tpex Kareropui:

1 - AU-3 (pasHoro tvna), Hecywme C-3 B ka4ecTse NONe3HOR Harpyaku,
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2 - AU-n (pasHoro Tuna), HO Hecylme TOT xe Tun TUG-2 B kayecTse NONE3HOM Harpy3ku,
3 - PaanuuHble TUNB TUG-2 B Ka4yecTee NONE3HON Harpyaku.

B ToM xe craHpapte nocnepgHein sepcun (1993r.) B CBA3M C pasnuUyMaMK CXEM MYNbTUNEKCUPOBA-
#a ETSI 1 SONET/SDH (puc. 2-4, 2-5) npasuna GeckoHdpnukTHon B3aumoceasm STM-N nocneposaTtens-
HOCTE ewe Bonee yXecToHaloTca, a UMEHHO!

- NPU MYNbTUNNEKCMPOBaHWM NOCNeAoBaTensHocTein, copepxawmx AUG, kotopsle 6asvpylotcs Ha
pasHbix AU-n (AU-4 unn AU-3), npeanoyteHne OTRAETCA CXemam, ucnonbaywowmm AU-4. Te xe
CXEMbl, YTO UCNonb3yT AU-3 aomkHbl OkiTe AeMYNbTUNNEKCUPOBarb A0 YpoBHs TUG-2 wnm VC-3
(8 3aBUCUMOCTU OT NOAESHON HArpy3ku) U NOBTOPHO MYNLTUNNEKCUPOBaHLI MO cxeme: TUG-3 —
VC-4 — AU-4,

~ Npu MyNLTUNAEKCUPOBAHMKU NOCNEA0BaTENnLHOCTER, cogepxawmx VC-11, KOTOpblie MCNONb3yloT pa-
3nmurele TU-n (TU-11 unn TU-12), npeanodteHne oTAaeTCs CXemMam, ucnonsayiowmm TU-11.

Ecnu npu ¢opmuposannu moagyns STM-N ucnonbayetca kackapHoe MyNbTUNREKCUPOBaHWE, TO OHO
OCYWECTBNRAETCA MO cxeme Yepenosanua rpynn Baitos, npuyem sucno GaitToB B rpynne pasHO KPaTHOCTM
MYyRETMNNEKCUMPOBAHUA npeabiaywero kackana. Hanpumep, ecnu ¢opmuposaHue STM-16 npoucxoouT no
JByXKackafiHon cxeme 4xSTM-1 — STM-4, 4xSTM-4 — STM-16, TO nNepBLI KAacKaa UCNOoNb3yeT MynbTvn-
nexcvposanue no Haitam, a BTOpOH - NO rpynnam, COCTORUMM U3 YeToipex fainTos. Ecam npennonoxuts,

Y10 HAa BXOA KaXAoro wu3 4Yetbipex STM-4, nutaowmx STM-16, nocTynaloT nocneaoBaTeNbHOCTU {bi‘-)

(3pecb noACTpOYHblE uHAexco i=0,1,2,3 - HOMEepa BXOA0B, @ HAACTPOUYHbIE MHOEkCw j=1,2,3,4 - HOmepa
MyneTMnnexcopoe STM-4), To npouecc ¢OpMUPOBaHUA OCYLLECTBNSETCA CneayiowmM obpasom:

bt;bl’)b(’) 1 1 1 1 1 1
b} b! b} b} b} bl...
b:b:b,’... o M Y2 ¥a Yo My R
b, by bj...
bs by by ... b2 b2 bz ..)
b2 b b3 bZ b3 b}...
bfb,zb,z~> o *1 2 ~3 Yo ™y
b3 b3 b; ...
b b3 b5 ... b} b! b} b} bZ b? b2 b2...b? b} b} b2 b}...
}
b:b:b:"' 3 53 B3 53 53 3.3
b3 b? b3 b3 b b;...
o 2T 0
b3 b3 b3 ...
bl b3 b3 ...
b b3 b7 ... P pa bg bg bE bg bY...
b/ b} b} ...
bibib;... ’
bi bibd...

AcHo, yto ecnu dopmuposarme STM-64 npoucxoauT No TpexkackaaHou cxeme 4xSTM-1 — STM-4,
#H&STM-4 — STM-16, 4xSTM-16 — STM-64, 70O nepsuiii Kackag UCNONL3YeT MynbTUNNeKcnposaHme no ban-
TaM, BTOPOW - NO rpynnam, COCTOAWMM u3 HeTuipex 6ainTos, a Tpetrid no rpynnam 13 16 6aitTos.

2.2.8. CrpyxTypa Ppeiimos STM-N

Bce BapuaHTbl MyNbTUNNEKCUPOBAHUSA, C KOTOPLIMU Mbi O3HAKOMUNUCL, CBOAMAUCH K GOPMUPOBAHUID K-
anyeckoro Monyns STM-1, a 3atem STM-N. PaccMOTpuM norMyeckyio CTpyktypy mogyns STM-1, npeacra-
BNEHHYIO B8 BUAe dpeitma STM-1 ¢ ero saronoskamu.

Crpykrypa ¢dpeitma mopyna STM-1 npueegeHa Ha pwnc.2-11. ®Ppelim ana ypo6crea paccMoTpeHus
06bLINHO NPEeACTABARETCA B BUAE ABYMEPHOW CTPYKTYpL! (Matpuubt), popmMaTt kotopon: 9 ctpok Ha 270 oa-
HoOalTHLIX CTONBUOB. CTPYKTYPY MOXHO Pa3BepHyTbL B BMAE OAHOMEPHON (MOBTOPRIOWENRCH C 4acTOTON
seifopku 8000 Nu) umdpoBoi NOCNEROBATENBHOCTY, UnKu Kaapa, AnvHoi 2430 Baittos (9*270=2430). Takas
pasBepTKa (COOTBETCTBYIOWAN OTOBPAXEHUIO MAaTPULILI HA OOHOMEPHBIA MAacCWB) OCYLLECTBNSETCA NOCTPO-
yno (B COGTBETCTBUU CO CXEMOIt MynbTunnexcuposaHusa}. Opeitm COCTOUT 13 Tpex rpynn nonei: nona cex-
ynoHHpix 3aronorxoB SOH dopmata 3x9 n 5x9 Gaittos, nons yxasaremr AU-4 ¢opmaTa 1x9 Gaittoe ®
nons NONesHoM Harpyakm dopmata Ix261 Gairros.
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Puc.2-11. Crpykrypa ¢ppeiima STM-1 u pparmeHThl 0ToGpaxeHus AU-4 Ha STM-1

[{e]

CornacHo puc.2-4 v puc.2-5 cyluecTeyeT eaMHCTBeHHAs BO3MOXHOCTb PUKCUPOBAHHOIO OToOpaxe-
HWA FPYNNbE aAMUHUCTPATUBHLIX 6nokos AUG Ha obuiee none, cocTasneHHoe u3 nons ykasarens AU-n (AU-n
PTR - crtpoka pasmepom 1x9) 1 nons nonesHoit Harpysku (9x261). Ana ¢peiima STM-1 cywecTeyeT age
BO3MOXHOCTU 0TOOpaxeHun Ha TO Xe obwee none aaMuHUCTpaTnBHLIX 6nokos AU-n (a 3HAYMT 1 BMpTYanb-
HbiX KOHTEHHepoB VC-n), a uMeHHO: oToBpaxexue oaHoro AU-4 (puc. 2-11) unun tpex AU-3, MynbTunNnexkcu-
pOBaHHbIX NO cxeme BaiT-uxtepnmsunra (puc.2-12). Npun atom cTpoka ykasareneit AU-n PTR copepxut
nw6o AU-4 PTR gna Gnoka AU-4, nnbo tpu AU-3 PTR pna AU-3.

1 293031 585960 87 293031 585960 87 1 293031 585960 87

VC-3+2
cronbya
thuxcuposaHHOro
HanonHuTens
VC-3 POH Mnasaouian asa VC~3 POH Mnasaiowan asa vc-3 POH Nnasatowan casa
4 » »
[H1HZH3 HiHZH3 H1H2H
l A -7 B I c Tpn AU-3
: — el S - el — balT-uHTepnuMBUHT
X e 7 T Tl Tte-a L | € MKCUpOBaHHON
‘ s e JT T ----TTi=-_ ' asoi
' -’ e -7 - A A A
[ABCABCABC] |B B B
c c cl AUG

Puc.2-12. Mynbtunnekcuposanune tpex AU-3 npu dopmuposarum STM-1
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®da3a koHTeitHepoB VC-n He duKkCcuposaHa, Tak kak ykasatenu AU-n (n=3,4) 3aa0tT nonoxexHue nep-
BuX 6aiTOB KOHTEWHepoB8 VC-n NO OTHOWEHMIO K uX (ykasatenei) puUKCUPOBAHHLIM MNO3ULIMAM, YTO NO3BO-
f9eT BUPTyaNbHbIM KOHTeMHepam VC-n “nnasats” BHyTpu AU-n 1 KOMNEHCUPOBATL HE TONMbKO PasHOCTU $as
VC 1 SOH, HO ¥ pa3HOCTM cKOpoCTel cocTaBnsiiowmx ux ¢peimos (no 3 Gaiita 3ape3epBupOBaHLl AN NO-
OXUTENLHOFO U OTPULATENLHOIO BbiPDAaBHUBAHKA).

Bnok AU-4 uMeeT nonesHylo Harpysky 9x261 6ainToB n CnyxuT Ana nepeHoca OAHOr0 BUPTYanbHOro
KoHTElHepa VC-4, UMEeIoLLEro CBOit MapLupyTHsiid 3aronosok POH (nesblti cTtonbey, paamepom 9 6aiTos).
OcHoBHOe HasHaueHue POH - obecneuuTb L4eslOCTHOCTL CBSI3M Ha Mapuipyre OT To4ku cOopku BUPTY-
anbHOrO KOHTeMHepa RO TOYKM ero pasbopku.

Nepsbie 6 6aiTOB 3arono0BKa UMEIOT CNEAYIoWee Ha3HaYeHne;

— GaitT J1 ucnoneayetcs B pamkax GOpMUPYEeMOro B HauMOHanbHOW cetu 16-0alitHOro xappa ansi
nepegayn Mapkepa Hauvana dpeima (6ainT 1) n maeHTHPUKATOPA TOYKH MaPLIPYTHOrO [4OCTY-
na (6aiTet 2-16), npeacraBneHHoro cTpokoin ASCli-cumeonos B dopmare, COOTBETCTBYIOLEM pe-
komeHgaumn ITU-T E.164 [139] n ncnonb3yemoro ana 1oro, HTo0bl NPUHAMAIOLMA TePMUHAN NO-
ny4an NOCTOAIHHOE NOATBEPXAEHWE O CBA3W C ONpeaeneHHbIM NepenaTyukoM (B MexayHapoaHbiX
cetax wucnonb3yetcA 64-6aiitHas CTpoka, B KOTOpylo wn npeobpasyerca 16-GaitvHan
“HaumonanbHas” CTpokay);

— Ga#T B3 - BIP-8 xon, KOHTponVpyowmin ownbkn 4eTHOCTHN B NpeablaylleM KOHTenHepe;

~ 6aiT C2 - yxazarens Tuna nonesHoW Harpyaxm KoHTeihnepa, Hanpumep, TUG, C-3, ¢dukcupo-
BaHHbI TU, ATM, MAN, FDDI v ap. [17];

- 6ant G1 - cocrosHme Mapwpyra, paet UHbopMmaumio 0OpaTHON CBA3K OT TEPMMHANLHOA K UC-
XOAHOW Touke HOPMUPOBAHMA MapuwipyTa (Hanpumep, O HanuumMK ownbok mnn cBoes Ha yaaneH-
HoMm KoHue FEBE, FERF);

~ F2, Z3 - OGaiti, kOTOpble MOTyT ObiTh 33A€ACTBOBAHLI NONL30BATENEM AAHHOrO MaplupyTta ans
opraHvM3aunvn KaHasa CBSI3H,

— H4 - 00006LyeHHbIA HHANKATOP NONIOXOHKS HAarpy3K#, WCNONb3YeTCH NPU OpraHusauni Mynb-
TMdPERAMOB, HANpPUMED, YKa3biBaeT Ha Homep ¢peiitMa VC-1,2 B MynsTudpeitmax TU-1,2;

- GaiT Z4 - 3ape3epsupoBaH AnNa BO3MOXHOIO Pa3BUTUS CUCTEMBI;
— OaitT Z5 - GaliT oneparopa ceTM, 3ape3epBnpoBaH ana ueneil agMMHUCTPUPOBAHUS CETW.

NonesHoit Harpy3koii VC-4 moxeT ObiTe Aambo oauH koHTeitnep V-4 (¢popmarta 9x260 Gaittos), nubo
v TUG-3 (dopmaTa 9x86 6aitTOB), MyNnbTUNMEKCUPOBAHHLIE NO CXeMe Ha puc. 2-13.

TUG-3 TUG-3 TUG-3
(A) (8) ©
1 86 1 86 1 86
I //’/ ) ‘\‘\~~\ ’,4“,"\\\\\ \\
t P s~ S~ \
! ,’/ _,"‘ \‘~~»\\ ‘\\\ \\
f et T Tt Tl |
| PR -~ N
] - e ——————————————————————————— - - -~ N
als|clalslc|al. als{c|alB|c
12345678910 7T 261
I t PUKCMPOBAHHDIN HANONHUTENL
VC-4 POH

Puc.2-13. MynsTunnekcuposanmne Tpex TUG-3 8 oauH VC-4 npu dopmuposarun STM-1

Mpynnbl TUG-3, B cBOWO o4epeab, MoryT Beite chopmupoBaHbl M3 cemu rpynn TUG-2, kak 310 noka+
33HO Ha pnc.2-8, nBo 0aHOrO BUPTYAnsHOrO KOHTeHepa VC-3, nmeowero dopmar 9x85 6aiToB n TOYHO
BNUCHIBAIOLLLErOCS B NONe none3Hon Harpy3ku (puc.2-14). Ctpykrypa 3aronoska VC-3 POH Takas xe, Kak v
yVC-4 POH.
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Mepsbiit cTonGew, rpynnbl TUG-3 cocTont m3 ykasateneit H1, H2, H3 (no 1 6aiiTy) u $bukcpoBaHHOro
Hanonnutens FS (6 6aitos)

e 8%6ar 00000 4‘___"

|
l« TUG-3

H1

v -

H2

——

H3

—

FS

Puc.2-14. Mynbtunnekcuposanue oanoro VC-3 B TUG-3 npu dopmuposanmm STM-1

Mbt onucany TONbKO OCHOBHbIE CTPYKTYPLl (PPEAMOB M BapmaHTbl MX MyNnsTURANEKCUPOBaHMA
(snoxeHust), 6onee nogpobHO cM. pexomeHpaumio G.709.

2.2.9. CTpykTypa 3aronoexoB ¢ppeiimos STM-N

3aronosok SOH (puc 2-15), cocrout u3 aAByx 6nokos: RSOH - 3aronoska pereHeparopHok cexumm pas-
mepom 3x9=27 HaittoB U MSOH - 3aronoBxa MynsTUNNIEeKCHON cexumu pa3mepom 5x9=45 Gaiitos. OH
OTBE4aEeT 3a CTPYKTypy ¢peitma STM-1 n ero cesadn ¢ MynbTUGpeiMoOM B CNy4ae MynbTURNEKCUPOBaHMS
HeckonbKx Moayneit STM-1

9 Baitr

)
* * ‘~—
A1|ATAT|A2 | A2 A2]C1
B1l Al alEY] A F1 FRSOH
9 D1i Al alD2)a D3 .
c Ykazatens AU-n
o| |B2|B2|B2|KI k2 I
M D4 D5 D6 /
D7 D8 Dg +  MSOH
D10 D11 D12 |
z1|z1|21|z2]|z2 |22 | B2 ’
v _ <«

Bawtbi 3apesepsupoBaHHbLIE 4NA NOKANLHOTO
{HaUMOHANBHOrO) UCNONb3OBAHUS

* Hewundpyembie 6aitTei OHN He AOMKHbLI
COAEPXaTb kKOHMDUAEHLUMANLHYIO MHOpMaUMIO

A Bairrb, 3aBucsiume o1 cpelik nepegavum

Puc.2-15. Ctpyktypa 3aronoskos SOH ¢peiima STM-1




Ha puc.2-15 ucnonbayiotca cnenyowme o603Ha4eHus:

- GanTtel A1, A1, A1, A2, A2, A2 asnaloTca uaeHtudukaTtopamm Hanuaus ¢perima STM-1 B ppeitme STM-N
(A1=11110110, A2=00101000);

- 6aiit B1 u Tpu Gaiita B2 dopMUpYIOT ABE KOOOBbLIE NOCNEA0BATENbHOCTH, UCNONL3YEMbie ANA NPOBEPKU
Ha 4eTHOCTbL C uenbio oBHapyxeHus ownbok B npeawviaywem dpeiime: BiIP-8 ¢dopmupyer 8-6utHyio noc-
nepoBaTenbHOCTh Ans paamMeweHus B B1 v BIP-24 - 24-6GutHyi0 NOCNeROBaTENLHOCTL ANA pasMelleHms
B Tpex B2;

- Baitt C1 onpepenseT 3Ha4YeHue TPeTbeil KOOpAUHATL “c” - rnyGuHY UHTEepAnBUHra (CM. HUXE) B cxeme
MynsTUNNEKcuposaHus STM-N;

- faitel D1-D12 dopmupylor cayxebubiii xanan nepegayn gaHubix - DCC: D1-D3 ¢dopmupyor DCC
kaHan pereHepatopHoi cekuumn (192 kbur/c), D4-D12 -- DCC kaHan MynbTUNNEKCHOR cekuvmn (576
kbur/c);

- GairTol E1, E2 MOryT ObiTb MCMONL30BaHbLI ANA CO3AAHUA CAYXEOHbLIX KaHasOB roAocoBoi ceasu: El
Ans pereHepaTopHon cexuum (64 kbut/c), E2 ana MynbTUNNEeKCHOW cexumm (64 kbut/C);

- 6Gaiit F1 3apesepBupoBaH ONA CO3NAHUA KaHaNa nepenayv [AaHHbIX/rosI0COBOH CBS3M DNA HYXA
nonL30BaTenn,

- 6anTe K1, K2 McnonbayioTcs Ans CArHAM3auun U YyripasieHuss aBTOMAaTHYECKMM NepexsnoveHnemM
Ha MCNPAaBHLI KaHan npy paboTe B 3aWmEHHOM pexume - APS;

- wecTb BaitToB Z1, Z2 ABNAOTCA pe3epPBHbIMK 32 UCKnioyeHnem 6ut 5-8 GaiTos Z1, UCnonbL3yembix ans
coobuweHnin 0 crtatyce CUHXpOHU3aLMu (nogpobHee cm. Tabn.1 [17]);

- WwecTe 6aiTOB, NOMEYEHHBIX 3HAYKOM A, MOryT ObiTb MCNONL3OBaHLI Kak MNons, onpeaenseMbie Cpenon
nepepadyu,

- BaitTol, NOMeYEHHbIe 3BE3A04KAaMU, He NOQBEPralTCs (B OTAUYME OT OCTaNbHLIX) npoueaype wudposa-
HUA (CKPeMONMPOBAHWA) 3aronoBKa;

- BCE Henome4eHHble HaiThl 3ape3epBrUpPoBaHLl ANA NOCNEAYIOWe’ MeXAyHapOoAHOR CTaHaapTU3auuK.

B otnnumne ot 3aronoeka SOH dpeitma STM-1, GaitTol KOTOPOro MoryT 6biTb ONpPeaeneHbl ABYMS KO-
opamHaTaMmn: cTpoka & - cronbeu b. baiitel 3aronoska SOH ¢peiima STM-N, yunTbiBas 0COGEHHOCTN MYNb-
TMNNEKCUPOBaHUA (NPAMOE MNKU KackagHoe), ONUCaHHLIe Bbille, ONPEeOEensioTCA TPEMst KOOpPAUHATaMK
(puc.2-16): a, b, c, roe a (a=1-9) - Homep cTpoxm (Kak v padblwe), b (b=1-9) - Homep mynsTHCTORGYA,
06LEOVHRAIOLLEro HeCKONLKO cTonbuos, ¢ (c=1,2,...,N) - rnyOuHa MHTepAMBHHIa, T.e. HOMEp TalM-cnoTa
NpU MyNbTUNNEKCUPOBAHUN.

c=1 ¢=2 c=N ¢=1 c=2 ¢=N ¢=1 ¢c=2 c=N c=1 ¢=2

o= [ ]

a=2

a=3

az4

a=5

as6

a=7

CITTIPTTTE

a=9

Puc.2-16. Paamewenue Gaittos 3aronoska SOH ans $peitmos STM-N

B peaynbtate Mbl NONy4aeM paciuMpeHHylo martpuyy (pyuc. 2-16), HOBble KOOPAWHATHI KOTOPOWH
(row, col) moryT 6biTb BoluUCHEHbI NO &, b, ¢: row = a, col = N(b-1) + c.

Crpyktypa 3aronoska SOH ¢peilima STM-4, nonyyeHHas ¢ COBMIOAEHNEM YKA3aHHbLIX NpaBusl, UMeeT
dopmaT 9x36 GaiToB W npuBeaeHa Ha puc.2-17, a aHanoruvHas CcTpyktypa SOH ¢dpeiima STM-16 nmeer
dopmaT 9x144 Baitta u npueeaeHa Ha puc.2-18. CTpykTypwl 3aronoska SOH gna apyrux ckopoctei ¢op-
ManbHO He CTaHAAPTU30BaHL!, X0Ta STM-64 yxe ucnons3yerca Ha npaktuke. OHa, oyeBugHo, Byget nmets
domar 9x576 6aUTOB, a BHYTPEHHAN CTPYKTYPA MOXET ObiTb PEKOHCTPYMPOBaHA HA OCHOBe oGwwmx npasun
dopmvpoBaHus row, col, NpouNMIOCTPUPOBaHHLIX Ha pyUc.2-16.
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*  Heuwudpyembie 6aiTel. OHM He KOMKHBI COAGPXKATL KOHDUASHUNANBHYIO UHGBOPMALMIO
Puc.2-17. Ctpykrypa 3aronoskoes SOH dpetima STM-4
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>< BanTh, 3apeleppupoBanHble ANA NOKANBHOMO (HAUMOHANBHOIO) ACNONBIOBAHUA

-

Hewugppyemuie 6aiThi OHN HE AONXKHE COAGPXATL KOHDUABHUNANBHYIO MHD OPMaUNI

Puc.2-18. Crpyxrypa 3aronosxos SOH ¢peitma STM-16

2.3. QYHKLMOHAJIBHbIE MOAYNIN CETEA SDH

B 3TOM pasgene Mbl ONUWEM OCHOBHbIE 3/1eMeHTLl CUCTeM nepenayin AaHHbix Ha ocHose SDH, wnu ¢yHk-
ymoHansHeie mogynu SDH. 3t mogynu moryt GbiTh cBA3aHbl Mexay coboit B cetb SDH. Cesian moayneit
MOXHO PaCCMaTUpUBaTb C OBYX CTOPOH: J1oruy4eckod u ¢pmuanyeckoi. C OAHOIN CTOPOHbLI, Normka padoTbl
UNM B3aMMOAEWCTBUA MOAYNed B CEeTn onpegensieT HeobxoauMble (PYHKLHMOHANbHLIE CBA3M MOAynen -
Tononormio, vnn apxurextypy cetu SDH. OHa no3BonneT Kak aHanuauposats obiLuuMe 3aKOHOMEpHOCTY
GYHKUMORUPOBAHUA CETU, ROCTOMHCTBA N HEAOCTATKU Pa3nuYHbIX TONONOrui, Tak U sbibupats TONONOrKIC
CETU ONTUMANbHYIO ANA PeLeHUs KOHKPETHOW 3aaaun. C Apyroid CTOPOHbLI, MOBYNM CBA3aHbI MEXRY coboi
¢Pu3andeckol cpenoi pacnpoctpaHeHua SDH curdana, cospasaemoii kabenem (kak npasvno, BONOKOHHO-
ONTHHECKUM) NN 3GUPOM NPU MCNONL30BAHUN PAaMOCBA3N. ITO NO3BONSET BLIBUTL GU3MYECKME Npeae-

Nbl U OFPAHMHEHNS HA DYHKUNOHUPOBAHWE CUCTEM C 3a0aHHOW TONONOIMEN.
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2.3.1. OyHKUMOHanbHbIE 3aKa4n U moaynu ceteir SDH

seTb SDH, kak n mobas cetb, CTPOUTCH U3 OTAENbHLIX (YHKUMOHANbLHLIX MOAYNE orpaHudenHoro Habopa:
NyNIbTHIEXCOPOB, KOMMYTaToOpOB, KOHIEHTPaTopoB, pereHepaTopos U TePMUHANbLHOro o6opynRo-
janms. 10T HAOOp ONPenensaeTCA OCHOBHLIMKU GYHKLMOHANBHBIMU 3a/1a4aMK, PELIABMbIMK CeTHIO!

o c60Op BXO/IHLIX NOTOKOB Hepe3 KaHans A0CTYna B arperartHelil 0noK, NpurofHbid 4isi TpancnopTv-
poBk# B cett SDH - 3agaua MyAbTUNNEKCUPOBAHWUA, DELIAEMAR TEPMUHATbHLIMKU MYNbLTHIT-
nexcopamu - TM cetv 1ocTyna;

s TpaHCAOpTUpoOBKa arperatHbix ONOKOB MO CETM C BO3MOXHOCTBIO BBOLA/BLIBOAA BXOA-
HBIX/BbLIXO/IHbIX NOTOKOB - 3a/a4a TPAHCROPTUPOBAHWR, PEILAEMAs MYJ1bTHIJIEKCOpaMH BBO-
Aa/BeiBoga - ADM, norvyecky ynpassissioliMMmn MHPOPMBLMOHHBIM NOTOKOM B CETW, a PU3NIHECKIK
- NOTOKOM B (PM3MYECKOH cpede, GOopMUPYIOLEit B 3TON CETU TPAHCNOPTHLINA KaHan;

o feperpyaka BUpPTyaNbHLIX KOHTEAHEPOB B COOTBETCTBUM CO CXEMOR MapuipyTu3auym M3 0aHoro
cerMeHTa cetn B APYroi, OCYLWECTBNAEMan B BbLIAENEHHLIX y3nax ceru, - 3aaava KOMMyTauum,
MY KPOCC-KOMMYTAUMKU, pEellaeMas ¢ NOMOLWbLK UHDPOBLIX KOMMYTATOPOB WUNU KPOCC-
xomMmyTaropos - DXC;

+ ob6venunenne HecKONbKMX OAHOTUMHBLIX MOTOKOB B PACnNpenenuiencHelil yaen - KOHUEHTPaTop
{nnn xab) - sapava KOHUEHTPAUKUK, PEIIAEMan KOHLIEHTParopams,

e BOccTanoBneHue (pereHepaums) GOPMbLI U amMriMTYAbl CUrHana, nepegasaemMoro Ha 6onbiune
paccToOsiHMg, ANS KOMNeHCcauMu ero 3aTtyxaHua - 3ajauda pereHepauuu, pelaeman ¢ NoMouibio
pereHeparopoB - yCTROWCTB, aHANOru4Hbix nosropuresnsm 8 LAN;

o conpaxenue cetu Nonb3osartens ¢ cetvio SDH - 3anava conpaXeHnna, pelaemMan ¢ NOMOIWLIo
OKOHEYHOro 060pyAOBaHNR - PA3NNYHBLIX COrNACYIOUIMX YCTPONCTB, HANPUMEpP, KOHBEPTEPOB WH-
Tepdencos, KOHBEPTEPOB CKOPOCTEN, KOHBEPTEPOs MMNENaHcoB un 1. 4. [26].

2.3.2. MynbTunnexcopbi

OcHoBHBIM (YHKUMOHANLHEIM MoayneM ceteit SDH siBnisieTcs MynbTurnnekcop. Mol Bynem ucnonb3oBatb 3toT
TePMUH KaK NS COBCTBEHHO MYJTbTHIIIEKCOPOB, CRYXawmx 415 c60pKku (MyNbTURNEKCUPOBAHNA) BbICOKOC-
KOPOCTHOTrO MOTOKA W3 HWU3KOCKOPOCTHLIX, TAK W ANA [eMylbTHIZIEKCOPOB, ChyxXawwx gnas pa3bopkm
{neMyneTMNNEXCYPOBaHWS) BLICOKOCKOPOCTHOrO NOTOKA ¢ UENLIO BbIAENEHUA HU3KOCKOPOCTHLIX NOTOKOB.

MynbTunnekcopsl SDH B 0TiMuue OT 0BbI4HBIX MYNbTUNRNEKCOPOB, UCNONL3YEMBIX, HANPUMED, B CETAX
PDH, BLINONHAIOT Kak (yHKLUMKM COBCTBEHHO MYNLTUNNEKCOPAa, Tak v PyHKUUKU YCTPOWCTB TEPMUHANLHOO
AOCTYNA, NO3BONAS NOAKAIOYATL HU3KOCKOPOCTHLIE KaHans PDH uepapxun HenocpeacTBeHHO K CBOWM BXO-
AubiM nopram. OHu apnaoTea Gonee yHUsepCansHbIMU 1 TMBKMMK yCTPOWUCTBaMHU, NO3BONAIOLIUMI PELLaTh
NpaKTMYECKU BCE nepeuncneHrHsLie Bbile 3a8a4u, T.6. KpoMe 3a0a4i MyNbTUNNIEKCUPOBAHUA BLINONHATL elle
# 330241 KOMMYTaumn, KOHUEHTPpauuM 1 pereHepaunn, 310 OKa3blBAETCH BO3MOXHbLIM B CUNY MOLYILHOW
XoHCTPYKuun SDH mynsTunnexcopa - SMUX, npu koTtopoi BoinonHseMsle GyHKUUN ONPenensiioTCa Nulllb
BOSMOXHOCTSIMU CUCTEMBI YNPaBNEHNN U COCTAaBOM MOAYNEN, BIJHOMEHHbIX B cneunduKauuio MyabTURneK-
€opa. NpUHATO, OaHAKO, BLIAENATLE ABa OCHOBHLIX TMna SDH MyneTUNNEKCOPa: TepMHHINbHBIA MYAbTH-
HIAeXCOP W MYNIbTUINIAEKCOP BBOAA/BbIBOAA.

TepMutanbHbid MynbTUNNExcop TM sBNAETCA MYNLTUNNEKCOPOM U OKOHEYHbLIM YCTponcTBaM SDH
8TM C KaHanamun pocTtyna, cootsercTaylowmumy Tpbam PDH n SDH vepapxuit (puc.2-19). TepmuHanbHbiit
MYNbTUNNEKCOP MOXET UN BBOAWTL KaHansl, T.e. KOMMYTUPOBATL UX CO BXOna TpUOHOrO uHTepdeica Ha
JWMHEAHLIA BLIXOA, WNW BLIBOAWTS KaHaMk!, T.€. KOMMYTUPOBATL UX C NIMHENHOTO BX0AA HA BbIXOA TPUBHOro
‘witeppeirca. OH MOXET TaKKe OCYWIECTBANTL JIOKASIbHYI0 KOMMYTAUHIO BXOOa OJHOTO TPUBHOro uhtep-
ipeiica Ha BbIXOR apyroro TpnbHoro nHtepdeica. Kak npasuno 3ta KOMMyTaums orpaHudena tpubamun 1.5
%2 Mbut/c.

PDH 3anan
TPrbel P APTVERE TR
SMUX ONTUHECKWIA arperaTHblil
{kaHanel nocTyna) Kanan npuema/nepenain
soH —B o
Tpnbbl :; BOCTOK

Puc.2-19. CuHxpOHHbIA mynbTunnekcop (SMUX):
TEPMUHaNbLHLIA MynbTURAekcop (TM) unu MyneTUNNEKCOP BBOA3/BbIBOAA (ADM)
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[ng MynsTANNEKCopa MakCUManbHOro Ha [aHHbIi MOMEHT aercTsylowero yposHa SDH wnepapxvm
(STM-64), MMeIoWEero CKOPOCTb BbIXOAHOrO notoka 10 MouT/c, MakcumarnbHo nonHblid Habop kaHanos Aoc-
Tyna MoxeT eknouate PDH tpubel 1.5, 2, 6, 34, 45, 140 M6ut/c v SDH Tpubul 155, 622 1 2500 M6ut/c,
cooTeeTcTBylowMe STM-1,4,16 [27]. Ecnu PDH Tpubbl ABNSIOTCA “3neKTpU4ecKuMn”, T.6. UCNONL3YIOLLUMN
2NeKTPUYEeCKnit curHan ans nepegadn Aaubix, T0 SDH Tpubel MoryT BbiTk kak anekrpuyeckumy (STM-1),
Tak u ontudeckumn (STM-1,4,16). Ona mynstunnekcopos SDH yposHs STM-16 n3 atoro Habopa mcknoya-
etca Tpnb 2500 M6uT/c, pna ypoeHa STM-4 n3 Hero ucknioyaetcs Tpnd 622 MOut/c, 1, HakoHeu, ana nep-
BOro yposHs - Tpub 155 MBuUT/C. ACHO, HYTO KOHKPETHLIA MYNIbTUNJIEKCOP MOXET U HE UMEeTb NONHOro Ha6o-
pa TpuBOB ANs MCNONL30BAHUS B KAYECTBE KaHANOB JOCTyNa. ITO ONPeaenseTcs He TOMNbKO MOXeNnaHusMu
3aKa34nka, HO U BO3MOXHOCTAMU GUPMbI-U3roTOBUTENS.

[pyroi BaxHoW 0COBEHHOCTLIO SDH MyNnbTMNNEKCopa ABNAETCA HAaNUuUUe ABYX ONTUYECKMX NUHENHbIX
BbIXOQOB (KaHasioB npuemMa/nepepaqu), Ha3biBAEMbIX arperaTtHbiMu BbiXo4aMyu W WCNONb3YEMbIX AN CO3-
OaHys pexuMa CTONPOUEHTHOrO Pe3epBUpPOBaHUSA, UNK 3aLUTHE N0 cxeme 1+1 ¢ Uenbio NOBLILEHN HAaae-
XHocTu [22]. 3Tu BLIXOAL! (B 32BUCMMOCTU OT TONONOMMKU CETU) MOMYT HAa3LIBATLCA OCHOBHBIMM W pe3epB-
HbIMM (NMHEVHAA TONONOIUSi, CM. HUXE puc.2-25) UNU BOCTOYHBIMM ¥ 3anagHbIMM (KONbUEBas TOMONo-
rms, CM. Huxe puc.2-29). HyXHO 3aMeTuTb, YTO TEPMUHBLI “BOCTOMHLIA” W “3anagHbli”, NPUMEHUTENLHO K
cetam SDH, ucnonb3yioTca AOCTATOYHO LUMPOKO AN YKA3aHWA Ha OBa NPAMO NPOTUBOMNONOXHLIX NMyTW pac-
NPOCTPAHEHUS CUrHana B KONLUEBOW TONONOrMW: OOMH - MO KONbUy BNEBO - “3anagHbii”, APYroi - No Konb-
Uy BNpaBO - “BOCTOMHEIA". OHWM He 0083aTenbHO ABASIOTCH CUHOHMMAMX TEPMUHOB “OCHOBHOW" WU
“pe3epBHbIN” (CM. Hanpumep, puc.2-37, roe pesepsHole 6N0kK 3aTeHeHbl). Ecnn pesepBupoBaHne He nc-
Nonb3yeTcs (Tak HAa3LIBAEMbIA HE3ALMLLIEHHBIA PEXUM), LIOCTATOYHO TONBKO OOHOro Bbix0Aa (OAHOro KaHana
npuema/nepenaqn). PesepsupoBanune 1+1 B cetax SDH aBnseTca ux BHyTpeHHe 0COBEHHOCTLIO U HE uMe-
eT Huuero obulero ¢ Tak HasbiBAaeMbiM BHELUHWM pe3epBHUPOBAHMWEM, KOrpja UCMNONb3YeTCs anbTepHaTuB-
Hblid (pe3ePBHBIA) NYTb OT OAHOrO y3na Cetu K APYroMy, Kak 3TO AeNaeTcsA B TaKk Ha3blBAEMOW SYEeUCTOMH
cetu SDH, paboTaoweit B HE3aWNLEHHOM pexume,

MynbTUnnexcop ssoaa/Boisoga ADM Moxer umeTb Ha BXxoge ToT xe Habop Tpubos, 4TO U TEpMHU-
HanbHbIlA MynbTUNNEKCop (puc.2-19). OH no3sonsieT BBOAWTL/BLIBOAUTL COOTBETCTBYIOWME UM KaHanol. [o-
NONMHUTENLHO K BO3MOXHOCTAM KOMMyTauuu, obecneunsaemeiM TM, ADM no3BonseT OCYU\eCTBAATL CKBO3-
HYIO KOMMYTaUMUIO BbIXOAHLIX NOTOKOB B 060uUX HanpasneHusx (Hanpumep, Ha ypoBHE KOHTelHepos VC-4 B
noTokax, MOCTYNAIOWUX C JIMHEAHbIX WM arperaTHbiX BbLIXOAOB, T.6. OMNTUHECKUX KaHanos npwe-
Ma/nepeaayn), a TaKkke OCYLLECTBNNATL 3aMblKaHWE KaHana NpyMeMa Ha KaHan nepepaun Ha 060ux CTOpoHax
(“BOCTOMHOM” W “3anagHOK”) B Cny4Yae Bbix0ga U3 CTPOS OQHOIO M3 HanpasneHwh. HakoHeu, OH no3sonser
(B cnyyae aBapuiAHOIrO BbIXOA4A U3 CTPOR MYNLTUNNEKCOPA) NPONYCKATb OCHOBHOW OMNTUHECKWUIA NOTOK MWUMO
Hero B 06x0AHOM pexume. Bce 370 naet BOIMOXHOCTbL UCNoNb30oBaTL ADM B TONONOrMsAX TWMNa KonbLA.

2.3.3. KoHueHTpaTopbi

KoHueHTpaTop (MHOrAa Ha3biBAEMbLIA NO-CTAPOMY - xab, Tak Kak MCNONL3YETCA B TONOMOrMHECKUX CXemax
TMna “sees3na”), npeacrasnseT coboit MynbTUNNEKCOP, OOBEeANHRAIOWNIA HECKONLKO, KaK NPpaBuUn0 OAHOTUM-
HbIX (CO CTOPOHbI BXOAHBIX NOPTOB) NOTOKOB, NOCTYMAIOLWIMX OT YAANEHHbIX y3N0B CETU B 0AVH pacnpege-
nurensHbif yaen cetn SDH, He 00s3aTeNnbHO TaKke YOANeHHbIA, HO CBA3AHHLIN C OCHOBHOI TPAHCMOPTHOW
ceTbio {puc.2-20).

3TOT y3en MOXET Takke UMETb He OBa, @ TpW, YeTbipe unn Bonblue nVHelHbIX NopTos TMna STM-N
nnn STM-N-1 (pnc.2-20a,6,8) M NO3BONSAET OPraHN3OBaTb OTBETBJIEHHE OT OCHOBHOIO NOTOKA WAW KONbLUA
{punc.2-20a), wnu, HaoBOPOT, NOAKNOHYEHNE ABYX BHEWHWX BETBE K OCHOBHOMY NOTOKY WIW KONbUy (puc.2-
206) vnn, HakoHeL, NOAK/IIOYEHNE HECKONbKUX Y3N0B A4EUCTOW ceTn Kk Konbuy SDH (puc.2-208). B ofuiem
cnyyae OH MNO3BOSSET YMEeHblunTb Ofuwiee 4UCNO KaHaNoB, NOSKNIOYEHHBLIX HEeNnOCPEACTBEHHO K OCHOBHOW
TpaHcnopTHOA cetn SDH. MynbTunnekcop pacnpepenvtensHOro y3na 8 nopTe OTBETBNEHWS NO3BonseT
NOKanbHO KOMMYTUPOBATh NOAKMOYEHHbIE K HEMY KaHasibl, AAaBas BO3MOXHOCTb YHANEHHBIM y3nam
obmeHnBaTbCs Yepes Hero mexay coboi, He 3arpyxasi TpaduK OCHOBHOM TPAHCNOPTHOM CETH.
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2.3.4. PereHepartopsl
PereHepaTtop npeacrasnsietT COO0N BbLIPOXAEHHBLIA Criydal MynbTUNNEKCOpPa, WMEIOWEro OAuH BXOAHON

KaHan - kak npasuno, ontudecknin Tpub STM-N n oguH unu aBa (Npy MCNOALIOBAHUK CXEMBbI 3aumTbl 1+1)
arperaTHbiX Bbixona (puc.2-21).

SDH

TpubLI

—

Puc.2-21. MynsTnnekcop B pexuMe pereseparopa

OH uCcnoNbL3yeTcs ANa yBENUYEHUs [ONYCTUMOrQ pacCTosHua mexay y3namu ceti SDH nytem
pereHepauny CUrHanoB NORe3Hoin Harpyaku. OBbIMHO 3TO PACCTOsHME (Y4MTBIBAS NPAKTWKY WCTNONL30BAHWS
0OHOMOQOBLIX BOSMIOKOHHO-ONTUYECKMX kabenen) cocrasnset 15-40 km ana kb BOAHLE nopsaka 1300 wm
unn 40-80 kM - gna 1500 HM, XOTS NPU MCNONBLIOBAHUN ONTUYECKUX YCUNUTENeR oHO MOXeT gocTurars 100-
150 xm bBonee TOWHO 3TO PACCTONHUE ONMPEAEnseTCsi OTHOLWEHWEM AOMYCTUMBIX U151 CEKUUN pereHepaTopa
CYMMApHBIX NMOTEPb K 3aTyxaHnio Ha 1 kM annkbl kabens (CM. Bonee nogpobHo 8 1 2.6 3. n n.4.1.1).

2.3.5. Kommyrtatopsbl

Mopaensiowee GONLLUMHCTBO COBPEMEHHBLIX MYyNLTUNNEKCOPOB BBOAA/BbLIBOLA CTPOATCA N[O MOLYABHOMY
npuHuuny. Cpeaun 3Tux Moaynei UeHTpansHoe MecTO 3aHUMAeT KPOCC-KOMMYTaTop Unu NpoctTo KOMMY-
rarop - DXC. B CUMHXPOHHOWA CeTu OH NO3BONAET YCTAHOBUTL CBA3WN MEXAY Pa3nuyHbIMKW KaHanamu, acco-
UMMPOBAHHBIMKM  C  ONPeneneHHsiIMU  NOoNb30BaTeNSMU  CeTW, NyTeM OpraHn3aumMm  noAynoCTOSHHON
(BPEMEHHOI) NEepekpecTHOn CBS3W, UNKU KPOCC-KOMMYTAaLMnu, Mexay HUMU. BO3MOXHOCTbL TakoW CBa3du
NoO3BONsIeT OCYWECT8UTL Mapwpyruaaymuio 8 cetn SDH Ha yposHe BUPTYanbHbIX KOHTeHepos VC-n (cm
Hanpumep, puc 2-2, 2-3), ynpasnagmylo CeTeBbiM MEHEAXEPOM (YNPaBNSIoUEN CNCTEMOW) B COOTBEICTBUN
C 3aNaHHOWN KOHbUrypaumen cetu.

Dn3nyeckn BOZMOXHOCTY BHYTPEHHEW KOMMYTALMKU KAHANOB 3aN0XEHbl B CAMOM MyNbLTUNNEKcope
SDH, 470 no3sonsieT roBOPUTL 0 MyNLTUNNEKCOPE KAaK O BHYTPEHHEM UNW JIOKANLHOM KoMMyTarope Ha
puc. 2-22, Hanpumep, MEHeLXEP NONE3HON HArpy3kn MOXeT ANHAMUHECKW U3MEHATL NIOTMNECKOE Co0TBeT-
cTBne Mexay TpubHoeim Onokom TU 1 kakanoM poctyna (TpubHbIM MHTEPdERCOoM), HTO PAaBHOCWUILHO BHYT-
PEeHHeA KOMMYTayun Kananos. Kpome 370ro, MynbTUNNEKCOP, KaxK Npasuno, UMeeT BO3MOXHOCTb KOMMY-
TMPOBaTL COBCTBEHHBIE Kananbl AOCTYNA, (PUC.2-23), 4TO PaBHOCWUNLHO JIOKAJIBHOMH KOMMYTAaLMM KaHANOB
(kak oTMeuanoce y TM vt ADM sbiwe). Ha MynbTUnnexcopsl, HanpuMep, MOXHG BO3NOXUTL 3aaqu NOKasib-
HOW KOMMYyTauuMM Ha YpPOBHE OAHOTUMHLIX KaHANOB AOCTYNA, T.€. 3a/lauv, pewaeMble KOHLEHTPATOpamu
(puc. 2-23).

Bce 370 roBOPUT O BO3MOXHOCTW pacnpefieNeHHOro ynpasnenvis npoueccoM KOMMYyTauuu B y3riax
cet SDH. OaHako 3TM BO3MOXHOCTH B GOMBWWHCTBE CBOEM OrPaHUYEHb! Kak no Yucny KOMMYTUPYEMbIX
KaHanos, Tak U NO TUMY BUPTyanbHbiX KOHTEWHepoB VC, AOCTYNHbLIX ans kKoMMmyTauuu [Mo3tomy B8 00uUieM
criyyae npUXoanMTCs MCNONb30BaThL CneyuanbHo pa3paboTaHHbIe CHHXPOHHBIE KOMMYTaTops - SDXC,
OCYWECTBANIOWNE HE TONLKO NOKANLHYIO, HO U O0LYI0 UNu NPOXOAHYI0 (CKBO3HYIQ) KOMMYTauMio BbiCO-
KOCKOPOCTHLIX NOTOKOB (34 MOWT/C  BbiWE} U CUHXPOHHBLIX TPAHCMOPTHLIX Moayned STM-N (puc.2-24)
BaxHoh OCOBEHHOCTLIO Takux KOMMYTATOPOB SBAAETCH OTCyTCTBME OBA0KMPOBKM [PYrvx Kananos npu
KOMMYTaLMK, KOrga Kommytaums oaHux rpynn TU He HaknagbiBaet OrpaHudeHnid Ha npouecc obpabortku
apyrux rpynn TU Takas kOMMyTauus Ha3biBaeTca Hebrokupyrowedd.

PDH “ 3anan

TpHbb
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Puc.2-22. MynbTUNNekcop BBOAA/BLIBOAA B PEXUME BHYTPEHHEro koMMyTaTopa
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Puc.2-23. MynbTunnexkcop Beoaa/Beis0Aa B PEXUME NOKANbLHOr0 KOMMyTaTopa

OB6wuit kKommyTaTop F'paduyeckoe 06o3HaYeHUe

Puc.2-24. O6wunit unn npoxoaHoN KOMMYTaTOp BLICOKOCKOPOCTHbLIX KaHanos

CywecTBylOT HECKONLKO TUNOB kOMMYyTaTopoB SDXC B8 3aBUCMMOCTM OT TOrO, Kakue BUPTYaibHbie
KOHTEWHEPbI OHXU MOrYT KOMMYTUpoBaTb. Ux 0603Ha4veHne B obluem cnyyae umeeT eug SDXC n/m, roe n
03Ha4aeT HOMEep BUPTYaNLHOrO KOHTEAHEpa, KOTOPLIA KOMMYTATOP MOXET MPUHATL HA BXO4, @ M - HOMEep
MaKCMMaslbHO BO3MOXHOIO YPOBHS BUPTYanbHOrQ KOHTEWHepa, KOTOpbIi OH CrnocofeH KOMMYTUPOBATb.
WHoraa BMECTO HOMEpa BUPTYanbHOrO KOHTEMHEpa M YKa3blealoT HaGop KOMMYTMPYEMbIX BUPTYAILHBIX
KOHTEAHEpOB, Hanpumep, m/p/q. Tak HanpuMep, AnA YPOBHS STM-1 MoryT 6biTe ykasaHbl cneaylwme Tv-
Nbl KOMMYTATOPOB:

- SDXC 4/4 - KOMMYTAartop, No3BONAIOWMA NnpuHMMaTe U obpabartwieate VC-4, uau notokm 140 u 155

M6wuT/c;

- SDXC 4/3/2/1 - «xommyTartop, No3eonAOWMIA NpuHuMaTte VC-4, unu notoku 140 u 155 M6ut/c, n obpa-

GatbiBaTh VC-3, VC-2 1 VC-1, uny notokn 34 unu 45, 6 n 1.5 unu 2 Méut/c;

- SDXC 4/3/1 - «kommyTarop, nossonsiowuin npunmmMate VC-4, unu notokn 140 n 155 M6ut/c, n obpa-

6atbiBaTh VC-3 1 VC-1, unu notoku 34 unu 45 u 1.5 unn 2 M6ut/c;

- SDXC 4/1 = KOMMYTATOp, NO3BONAIOWMA npuHuMate VC-4, unn notoku 140 n 155 M6uT/c, v obpa-

6artuiBaTh VC-1, unn notokun 1.5 unn 2 Méur/c.

KoMMyTaTop BhINOMHSAET psp, cneumduyeckux GYHKLUA B 3aBUCMMOCTM OT pexuma paboTsl 4 cocTasa
o6opyaoBaHus, ¢ KOTOpbIM OH paboTaerT.

2.3.6.

DYHKLMN, BLINOAHAEMbIE KOMMYTaTOPOM

MOXHO BbIAENUTL LWECTL PA3NM4HBIX GYHKUMIA, BLINOMHAEMbIX KOMMYTATOPOM. OHU WAMIOCTPUPYIOTCA PUC.2-25:

mapiupyrudayna (routing) BUpPTYanbHbix KOHTeHepos VC, npoBoaumas Ha OCHOBE WCNONL30Ba-
HMA uHdopmauuu B MapLupyTHOM 3aronoeke POH cooTseTcTeylowero KoHTeitHepa;
KoHconupauus nnu ob6veauHenmne (consolidation/hubbing) supTtyansHeix koHTelHEepos VC, npo-
BOAUMasn B pexume paboThl KOHUeHTpaTopa/xaba;

Tpancnauusa (transiation) NOTOKa OT TOYKM K HECKONBKUM TOMKAM, WU K MyAabTUTOuYKE, (point-to-
multipoint), ocywiecTensemas nNpu UCNONL30BAHUM PEXMMA CBA3N “TOMKA-MYNbTUTOYKA”;
COpTHPOBKA MAN neperpynnuposxa (grooming) BUpTyanbHbiX kOHTeWHepos VC, ocyulectenae-
Mas C LeNblio CO3OaHUA HECKONbKUX YNOPSAOHEHHBIX, HANPUMEP, NO TUNY KOHTEWHEepOB, NOTOKOB
VC un3 obwero noroka VC, nocTynaouwero Ha KOMMYTaTop;

ABOCTYn K BUPTyanbHOMY KOHTEWHepy VC (test access), ocyllecTBnseMbiid Npn TecTUpoBaHum 060-
pyAOBaHUS;

BBOA/BbIBOA (drop/insert) BUPTyanbHbIX KOHTEMHEPOB, OCYWECTBNsSIeMbIA Npy paboTe MynbTUMIEK-
copa sBOAa/BbIBOAA.
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Mapwpytvaauns VC Koxconupauus /| Obregunenne VC

TpaHcnaums VC OT TOUKW K MynbTUTOHKE Coptuposka / MNeperpynnuposka VG

N

Aoctyn k VC npn TecTupoBaHum Beopn / Bueog VC

NN

Puc.2-25. Cxemsl peanvaaumm GHYHKUMA, BLINONHAEMbIX KOMMYTATOPOM

LLTprxOBKOI ykasaHul Bnoku, yHacTByIOWME B JAHHON CXEME Peann3aunmn KOHKPETHOW hyHKUMN.

2.3.7. MeToabl KPpOCC-KOMMYTaUUK n B3aumoaeicraue ceteid SDH

Kak 6bin0 yKa3aHo BbilLE KPOGC-KOMMYTATOp MOXET OCYWECTBAAThH TPU TUNAa KOMMYTAUWWU: BHYTPEHHIOIO,
NOKanbHYI0 ¥ NPOXoAHY!0. PAaCCMOTPUM KpPaTKO Kak 3TO OCYLLECTBAAETCA.

KomMMyTaTtop MOXeT pacCMaTpuBaThCA Kak HEKOTOpPas BHYTPEHHAR MHOrONOPTOBAA CETh, CBA3bLIBAIO-
Wwas TPM TUNA NOPTOB: JIMHEHHbIe NOPTHI BBOAA/BLIBOAA (in), nuHesiHbie NOPTHI BhiIBOQA/BBOAA (OUut)
u TpubHBIE nopre: BBoaa/eeiBoga (trib). finpomM Takoro koMmyraTopa senserca Hebnokupyemas, NoNHO-
poctynHas (B obwem cnyuae € Tpex CTOpoH - in, out, trib) marpuya pasmepa n x n (puc.2-26). Marpuua
ynpaensievtcsi MUKPOKOHTPOEPOM 1 oBecnednBaet 8 o6LIEeM CNyyae KOMMYTALMIO CUIHANOB CREAYIOWMX
ypoBHewn: TU-1 (1.5 unm 2 M6ut/c), TU-2 (6 Mbut/c), TU-3 (34 unu 45 M6ut/c) u AU-4 (140 M6ut/c). Npu
3TOM BO3MOXHA OpraHu3auus KaKk oQHOHanpaBneHHbIX, TaK U ABYHANPAaBAEHHBIX COeAnHEeHWn Tvna: in-
out, out-in, in-trib, trib-in, trib-out, out-trib, trib-trib.

1 1
2 2
in 3 3 out
NvHefHbte Nuneiitoie
nopTbl nopThI
BBOA3/BbIBOAA BbIBOAA/BROAA
n n
11213 n-1f n
trib

TpubHiie nopTel BBOAA/BLIBOAA
Puc.2-26. Cxema MaTpUHHOro KPOCC-KOMMYyTaTopa

MNepsble asa Tuna (in-out, out-in) OTHOCATCA K KNACCY NPOXOAOHLIX COEAMHEHWH, Cneaylowmne YeTobipe
(in-trib, trib-in, trib-out, out-trib) - k xnaccy sHyTpeHHux n nocneaxee (trib-trib) - k knaccy nokanbHeix. Kak
npasvno, OONYCKAOTCA COeQUHEHUA TUNa “TOuKa-Touvka" - oToBpaxeHue OQHOFO BXOAA/BLIXOOA HA OOUH
BbIXOA/BXOM; “TOYKA-MYyNbTUTOYKA” - 0TOBpaxeHne OQHOro BXxoAa Ha HECKONLKO BLIXOAOR (Ha3biBaeMoe WHO-
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raa MYRnLbTMKacTMHI), Hanpumep, Bxoaa 2 Ha TpubHbie BeIXOAL N-2, n-1, n; “TOyka - BCE TOYKK"
(oToBpaxeHue, Ha3bIBEEMOE nHOraa GPoAKACTUHI NN Belllarne).

EMKOCTb KPOCC-KOMMYTATOPOB MOXeT ObiTs AOCTATOYHO Bonbwioi A0 4096 x 4096 (1nnm 4032 x 4032)
coefvHeHu. Hanpyumep, KOMMYTaTop KOMMNaHun Siemens, BXOAAWMIA B COCTaB MynbTUNNEKcopos SM-1/4,
umeeT emkocTe 1008x1008 Hebnokupyembix coegnHeruin [53].

MynbTUNNEKCOPbI, UMEIOLLME TaKME MOLUHLIE KOMMYTaTOpbl, AT BO3MOXHOCTb OCYLECTBNATL ABa TU-
na s3anmogencTeust B cetu SDH. Bo-nepBsbix, OCyWEeCTBUTL CBA3b ABYX Koneu, SDH ¢ neperpyskoit Tpaduka ¢
0QHOrO konbua Ha gpyroe. Mpuuem, ABa koAbUa MOTYT BbiTb CBR3aHbI KaK C NOMOULLIO OAHOrO, Tak v ABYX
MyNbTUNNEKCOPOB. BO-BTOPbLIX, MYNBTUMAGKCOP, PACCMATPUBAEMbIA Kak aBTOHOMHLIA y3en CeTn, MOXET Ocy-
IWECTBNATL DYHKUMN KOHUEHTPATOPA C NEeperpyskoil NOTOKOB Ha TpW (TpexnydesBas 3Be3aa) WM Ha 4YeTbipe
{yeTbipexnyyeBas 38e34a) HanpasneHus. ITO MO3BONAET UCMONL30BaTb MX B CETAX C SYEUCTOW CTPYKTYpOw,
XapakTepHoiA ans TenedoHHLIX ceTeit o61Wero NoNL30BaHus, TOe KOMLLEBbIE CXEMbI MHOTAA MeHee ab¢eKTUB-
Hbl BBMAOY GONbWOrO Pasnuyms NOTOKOB B CENMEHTAX 3aMKHYTOrO MapLIpyTa, HA3bIBAEMOTQ “TEXHONOrMYECKUM
KOMbUOM”, YTOGLI OTAMHATL ©ro OT TONONoruYeckoro konbua SDH, rae 4Meno NoToKoB BO BCEX CErmMeHTax oam-
HaKoBO. [ANs OCYLIECTBAEHUR TakMX TUMNOB COESAMHEHUIA MOXHO MCNONbL30BATh BGIOKK KOMMYTaTOPOR, BCTaBNA-
eMble B CTOMKY LEHTpanbHOro yana (B Tononoruun “3se3ga”). [Ans MynbTUNNEKcopos ypoeHs STM-4 3to moryT
ObiTh, HANPUMEP, 2 AOMONHUTENbHBIX KOMMYTATOpa YPOBHA STM-1, cnocoBHbIX KOMMYTVPOBaTL Nopsaka 126-
252 nepBuuHbIX LMPPOBLIX KAHANOB No 2 MOWUT/C KaxAbIN, KaK nokasaHo Ha puc.2-200 [54].

OpyriMm BaXHLIM NPUMEPOM NPUMEHEHUS KPOCC-KOMMYTATOPOB SB/ISIETCH OpPraHun3aumns CBA3WU HE
TONBKO Pa3nuyHbIX CerMeHToB ceTn SDH, HO M ¢BA3M B €OMHYI0 CETb CErMEHTOB CeTeil, pa3NuyHbIX No Tex-
Honoruu, Hanpumep ceteir PDH, SONET u SDH. XapakTepHbiM npuMepoB Takux KOMMYTaTOpoB {Knacca
SDXC 4/3/1), BbinyCkaeMbliX, Kak NPasuno, 8 BUAE OTAENbHBLIX YCTPOUCTB, aBnatoTca T::DAX komnanuu ECl n
1641SX komnarum Alcatel [55,56].

KommytaTop T::DAX nopnepxusaet esponeickue ctaHaaptel PDH n SDH u amepukaHckue craHpap-
ot Async v SONET u no3eongeTt ocywecTenats ¢hopMaTHbie npeobpazosaHus PDH, SDH n SONET dpein-
MOB, 0bpabaTeisas cneayiowmin Habop Tpubos PDH, SDH n SONET: 1.5 uan 2 MbBut/c, 34 unn 45 Méut/c;
STM-1; STS-1,3; OC-3. Ero akBMBaneHTHasi KOMMYTUPYIOUWLAA €MKOCTb: OCHOBHas - 1792x2 M6ut/c, pac-
wupeHHas - 3584x2 M6ut/c [55]. BapuaHT ero ucnonb30BaHus NpuBeaeH HUXe Ha puc.2-39.

Kommyratop 1641SX Takke nopaepxuBaet CTaHAAPTbl TPEX OCHOBHLIX TexHonoruwih PDH, SDH u
SONET u no3BONsieT NoKafAbHO UNM AUCTAHUMOHHO oOpabatbiBaTh MOTOKM C CYMMAPHLIM 3KBUBANEHTOM
STM-1 nopton: 48, 112 nnu 192 ¢ kBaapaTHOW MATPULEN KOMMYyTauuK wan ¢ akBneaneHToM STM-1 nop-
108B: 224 unu 560 co cneumansHOM MaTpuueit. B koHdurypauum ¢ akeuBaneHTom 48 STM-1 nopToB OH No3-
BONAET, HANpUMep, KOMMyTUpoBaTth: 448 kananoe 2 MOut/c, 24 kanana 34 M6ut/c 1 no 16 kaHanos 140
Mbut/c n STM-1 [56]. KoMMYyTatop MOXeT WMPOKO WUCMOMb3CBATLCH B PA3ANYHBIX TOMNOMOrMAX Twna
“sge3na” (pwc.2-27), nubo xak wno3 Mexay cetamu PDH n SDH (puc.2-27a) vunu mexay ceramu SDH 1
SONET (pwc.2-276), nn6o BMeCTO MynbTUnnekcopos 6oniee BLICOKOrO YPOosHsa (puc.2-278), inbo kak MHO-
ronopTOBbLIN KOHLIEHTPATOP ANs CBS3U C Y3NOBLIMU MYNbTUNNEKCOPaMKU AYEUCTOR ceTh {puc.2-27r).

a) 6 )
SOH

ceTb PDH : cetb SDH ! X SONET
] []
apenss PDH . STM-N :

STM-N
1641 SX 164? SX OC-M
®/ T STM-N -
1) )
ATC X X
L]
Alcatel 1641 SX B KavecTse wniosa Alcatet 1641 SX B kavecTae wino3a
Mexay cersmu PDH n SDH Mexgy cetsamu SDH u SONET

r)

1

16841 SX
Alcatel 1641 SX B Ka4ecTse ansTepHaT1ab! Alcatel 1641 SX B suencTbixX
mynsTUnnekcopam SDH suicokoro ypoBhs cerax SDH

Puc.2-27. CxeMsl nCcnonbL30oBaHus koMmMyTaTopa Alcatel 1641SX
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Mcnonb3ys OnMMCaHHbIe Bhille (PYHKUMOHANLHLIE 3neMeHThl SDH, MOXHO NOCTPOMTL PasnUuHLIE CEeTU
SDH, othnvalowmecs ToNONorvei, BoibMpagMoi B COOTBETCTBUM C LIENAMU 1 3aaa4amMu, KOTOpLIe Tpebyert-
CHl PewwmTb.

2.4. TONONOrNA CETENA SDH

PaccmoTpum Tononoruio cetei SDH n oco6eHHocTu ee BuiBopa. Ans Toro, 4tobbl CNPOEKTUPOBATL CETh B
LENOM HYXHO MPOMTU HECKONBbKO 3TArOB, HA KQXAOM M3 KOTOPLIX PELaeTcs Ta Unu uHas ¢pyHKUMOHANbHAN
3a4aya, nocraneHHas B T3 Ha CTaouu nNpoekTMpoBaHuA., 3TO0 MOryT OwiTh 3a4auun BuIGOpa TONONOTMU CETH,
BbiIbOpa 000pyAOBaHUA Y3/I0B CETU B COOTBETCTBUM C YKa3aHHOR Tononorueii, GbopMnMpoBaHue ceTein ynpa-
BMEHUSA U CHMHXPOHU3aumun. lepBoi U3 HUX ABNSETCR 3apjada sbibopa TOnoNOrMM cetv. 3Ta 3agada MOXeT
ObITb pelweHa J40CTaTOMHO NErKO, €CSAIM 3HATb BO3MOXHbIN Habop 6a30BbIX CTAHBAPTHLIX TOMONOrUi, V3
KOTOPbIX MOXET ObITb COCTaBNEHA TONONOrvA ceTu B uenom. Huke paccMoTpeHbl Takue 6asosble Tononoruu
¥ UX OCOBEHHOCTN.

2.4.1. Tononorua “rouxa-rouyka”

CermeHT ceTn, CBA3LIBAIOWMIA ABa y3na A u B, unn Tononorua “Ttodka-toyka”, ssnserca Hanbonee npocTbiM
npumepomM 6Gasosoli Tononorn SDH cetu (puc.2-28). OHa MoxeT ObiTb peanu3oBaHa ¢ NOMOLBIO TepMU-
HaNbHLIX MynbTMNNExcopoB TM, kak no cxeme 0e3 pe3epBUpPOBAHUSA KaHana npuemMa/nepepadu, Tak U no
CXeme CO CTOMNPOLEHTHbIM pe3epsupoBadnem Tuna 1+1, NCnonb3yiowen OCHOBHOW U pe3epBHbIiA 3NeKTpu-
4Yeckme unu ONTUYECKWE arperartHsie BbIXoAbl (KaHanb npuema/nepepaqun). Npu Boixoae u3 CTPOS OCHOB-
HOFO KaHana ceTb B CYMTAHHLIE AECATKWU MUNNCEKYHA, aBTOMaTUHECKN NEpexoanT Ha pe3epeHbli.

A OCHOBHOW  __ B
(TPUBs) T (Tpubh)
B pesepBHbIA ¢ A

Puc.2-28. Tononorua “toyka - Touka", peanu3oBaHHas ¢ ucnone3osatHnem TM

HecMoTps Ha CBOIO NPOCTOTY, MMeHHo 3Ta 6a3osas TONonorvsa Hanbonee WMPOKO UCMONLIYETCA NpU
nepenave HONbLLNX NOTOKOB A2HHBLIX NO BLICOKOCKOPOCTHLIM MarucTpanbHbiM KaHanam, Hanpumep, no TpaHc-
OKeaHCKUM noaeoaHeiM kabensam, obenyxusalownm umdpoBoi TenedoHHbId Tpaduk. Ty Xe TONonorvio
UCNOANBL3YIOT ANA OTNAgKWU CeTW NpuU Nepexone K HOBOM Gonee BLICOKOW CKOPOCTU B nepapxuun SDH, nanpu-
Mep, ¢ 622 Mbut/c (STM-4) Ha 2.5 IMbur/c (STM-16) wnn ¢ 2.5 (STM-16) Ha 10 Ibut/c (STM-64). OHa xe
UCNONL3YETCA KaK COCTABHAA 4acTb PAAVaNbHO-KONbLUEBON TONOMOrMKU (MCNONL3YETCA B KayeCTBe pasuy-
COB) U ABNAETCA OCHOBO#W ANR TONONOrMK “nocrneposaTtensHas nuHenHas uenb”. C Apyrol CTOPOHLI, TONO-
NOrni0 “TodKa-Touka” C pe3epBUPOBAHWEM MOXHO PACcCMaTpUBATL KakK BLIPOXAEHHLIA BApMaHT TONONOrUn
“konbuUO” (CM. HUXE).

2.4.2. Tononorusa “nocnenoBarennHas NUHeHHaa uenb”

31a 6a3osasd TONONOMUS UCMOJb3YETCH TOrAa, KOrAa WHTEHCUMBHOCTb Tpaduka B CETU He TaK BEluka v Cy-
wecTeyet HeoBX0aMMOCTb OTBETBNEHUI B PAAE TOMEK HA NWHWW, TAE MOMyT BEBOAMTCA M BLIBOAUTLCH KaHa-
nut poctyna. OHa peanusyeTtcsi C MCNONL30BaHWEM Kak TePMUHANLHLIX MYALTUNNEKCOPOB Ha 06OMX KOHLAX
uenu, TaKk ¥ MynsTUNNEKCOPOB BBOAA/BLIBOAA B TOMKAX OTBETBIEHWA. JTa TOMOAOrMA HANOMMUHAET nocne-
[OBATE/IBHYIO NMMHEWHYIO LENb, MAE KaxAbi MynbTUNNEKCOP BBOAA/BLIBOAA ABNAETCA OTAENLbHLIM ee 3Be-
HoM. Oxa MoxeT 6biTh NpeacTasneHa nwbo B BuUAE NPOCTOW NOCNEROBaTEeNbHOM NUHenHon Lenn Be3 pesep-
BMPOBAHWA, kKaK Ha puc.2-29, nnubo 6onee CNOXHOW UeNbio C pe3epsuposaHvem Tuna 1 + 1, Kak Ha puc. 2-
30. NMocnenHwnit BapuaHT TONONOFMM HACTO HA3bLIBAKOT YTOLEHHbIM KOMIbLOM [48].




KaHansl pocTyn: KaHans AocTyrna

(TPW6I) (TPW6LI)

KaHansl aoctyna (Tpubii)

Puc.2-29. Tononorua “nocnepoBatensHan nMHeiHas uens”,
peanv3oBaHHan Ha TM 1 TDM

yNAoWEeHHOe KONbLLO

_

Kananb! BOCTYr
(TPUGLI)

KaHans goctyna
{Tpubhi)

BOCTOK ¢

KaHanb AoCTYnaTPUGHI)

Puc.2-30. Tononormns “nocneposarenpHas AMHeiHas uens”
THN2a “yNNOwEeHHOe KONbLUO” ¢ 3awmToi 1+1

2.4.3. Tononorua “aseana”, peanuayouwan GyHKUMIO KOHUEHTpaTopa

B aTo¥t TONONOrMM OAMH U3 yaAaneHHbX Y3N0B CETU, CBA3AHHLIA C LIEHTPOM KOMMYTauuW (Hanpumep, und-
pooit ATC) unu yanom cetn SDH Ha ueHTpanLHOM KOnbue, urpaet ponb KOHUEHTPaTopa, uam xaba, rpe
YacTs Tpacpuka MoxeT ObiTh BbiBEAEHA HA TEPMUHANLI NONL3OBATENel, TOraa Kak OCTaBLUAACA ero 4acTb
MOXeT ObiTb pacnpepeneHa No APYruMm yaaneHHbiM yanam (puc.2-31). ACHO, 4TO 3TOT KOHUEHTpaTop AON-
*eH ObiTb AKTUBHLIM U WUHTENNEKTyaIbHbIM (B TEPMMHONOTMK NOKANbHLIX CeTeit), T.e. 6biTh MyNbTUNNEKCO-
poM BBOJA/BLIBOAA C PA3BUTLIMU BO3MOXHOCTAMM KPOCC-KOMMYTaUUK (Kak ONUCaHo Boilwe), MHoraa Takylo
CXeMy Ha3bIBAIOT ONTWUYECKMM KOHLEHTPATOPOM (xaboM), ecnu Ha ero BXOAbl NOARIOTCA YACTUHHO 3arnon-
HEHHbIE NOTOKK YPOBHA STM-N (Mnu NOTOKM YPOBHA Ha CTYNEHL HWXE), a ero BbixoA cooTeeTcTeyetr STM-N.,
PakTUyecKy 3Ta TONONOrUA HANOMUHAET TONOAOIMIO “3BE3Aa”, IAE B KAYECTBE LEHTPaNbHOro y3na WCNoNb-
3yerca MynbTUnnekcop SDH.

MUX

S
v

}:

Puc.2-31. Tononorus “ase3na” ¢ MynbTUNREKCOPOM B KA4eCTBe KOHLEHTpATopa

bbb 4

CUHXPOHHbIE LUIU®POBLIE CETU SDH 55



2.4.4. Tononorns “konbuo”

3Tta Tononorus, CM. puc.2-32, Wupoko MUCnonb3yeTcs ana noctpoenna SDH ceteit nepsbix ABYX YpOBHeit
SDH wepapxum (155 1 622 M6ut/c). OCHOBHOE NPEnMMYLLeCTBO 3TOW TOMONOMMWU - NErkoCTb OpraHu3auum
3awmThl TMNA 1+1, 6naroaaps HaNUYKIo B CMHXPOHHBLIX MynsTUNNekcopax SMUX asyx nap (ocHoeHown u pe-
3€PBHOI) ONTUYECKUX arperaTHbiX BoIXOAO08 (KAHANOB npuemMa/nepenaqn). BOCTOK - 3anapg, Aaloumx Bo3-
MOXHOCTb (hOPMUPOBAHNS ABOHHOIro KOsbLYa CO BCTPEHHLIMW NOTOKaMM (roKasaHs! CTPenKaMu Ha puc.2-
32).

KaHanbl goctyna (Tpubbl)
—

KaHanbl KaHano!
nocryna hocTyna
(Tpubnl) (Tpnbol)

kaHanb! pocryna (Tpubol)
Puc.2-32. Tononormna “konelo” ¢ 3awmroit 1+1 Ha yposHe TpubHbix 6nokos TU-n

Konbuesas Ttononorua obnapaet pPAAOM WHTEpPEeCHbIX CBOWCTB, NO3BONSAIOWMX CETN CaMOBOCCTaHaB-
nneatecs, T.e. ObiThb 3AULNWEHHOA OT HEKOTOPbLIX AOCTATOUHO XaPAKTEPHLIX TANOB OTKa308. [103TOMY ecTh
CMBICN OCTAHOBUTLCA Ha HUX NogpoBHO B cneayolemM pasaene.

2.5. DYHKUHNOHAJIbHLIE METOAbl SALLUTHBI CUHXPOHHbIX MOTOKOB

OpaHuM 13 OCHOBHBIX NpeuMylecTs TexHonorum SDH aBnseTcs BO3MOXHOCTL TaKON OpraHusaumni cetm, npu
KOTOPOI [OCTUraeTCs He TONbKO BLICOKAS HAPEXHOCTb ee (pyHKUMOHMPOBAHUA, 0BYCNOBNEHHAA WCNOMBL30-
BaHnem BOK, HO U BO3MOXHOCTb COXpPAHEHWA UMM BOCCTAHOBNEHWUA (32 O4eHb KOPOTKOE BPEeMs B OECATKU
munnmcekyHa) pabotocnocobHOCTN ceTn gaxe B Chydae OTKa3a OQHOro M3 ee 3NEeMEHTOB UnKn cpenbl ne-
pepauv - kabens. Takme ceTM n CUCTEMBI NOMMHYHO HA3BaThL CYLLECTBYIOUWMM B HAWER nuteparype no cuc-
TEMHOMY aHaNU3y TEPMMHOM CAMOBOCCTaHAB/MBAIOWNECH. 3aMETUM, YTO NPUMEHUTENBHO K ceTaMm SDH
MHOTAA UCNONb3YeTcA TEPMUH “Camosaneyusaiowimecs” [11].
B npuHuMne CywecTeylOT pasnuyHbie MeToabl obecnedeHuns GobiCTPOro BOCCTaHOBNeHus pabortocno-
COBHOCTU CUHXPOHHLIX ceTel [51,52], koTopbie MOryT GbiTh CBEAEHLI K CNEAYIOWMM CXEMaM:
1 - pe3epsupoBaHne y4aCTKOB CeTU NO cxemam 1+1 u 1:1 (CM. OObACHEHWe HUXKE) NO pPa3HEeCeH-
HbiM Tpaccaw;
2 - opraHvM3auusi CaMOBOCCTaHABMMBAIOWMXCA KONbLEBLIX CETEN, pe3epBUPOBaHHbIX No cxemam 1+1
m1:1;
3 - pesepBupoBaHve TepMuHansHoro obopynosanus no cxemam 1:1 n N:1;

56



4 - BoccTaHoBneHne pabotocnocobHocTU ceTu nyteM 06xopa HepaboTocnocoBHOro yana;

5 - ncnonb3oBaHME CUCTEM ONepaTMBHOIO NepeKnioHeHns.

Yka3aHHbIe MeTO[bl MOryT UCNONL30BATLCA KAk OTAENbHO, TaK U B KOMBUHaUMU.

B nepBomM cnyyae y4acTkm mexay ABYMS y3namu CeTU COEAMHSIOTCH NO ABYM pa3HECEeHHbIM Tpaccam
(cTONpOUEHTHOE pe3epBUPOBaHME), CUrHANLI NO KOTOPLIM PaCcNPOCTPAHSIOTCS OQHOBPEMEHHO. B yane npu-
ema oHu MoryT o6pabaTbiBaTbCs NO ABYM CXEMaM:

— peaepBMpoOBaHME no cxeMe 1+1 - CurHans aHaNM3NPYIOTCA W BLIBMPAETCA TOT, KOTOPLIA UMeeT

Hauny4wee COOTHOLLEHUE NapaMeTpoB;

- pesepsuposaHne no cxeme 1:1 - anbTepHATUBHLIM MapLIPYTaM Ha3HA4yaloTCs NPUOPUTETHI -
HU3KUIA U BLICOKWIA, BETBb C HU3KUM NPUOPUTETOM HaxOAMUCA B pPeXUMe ropsadero pesepsa, nepek-
NIQYEHNE HA HEe NPOUCX0AUT NO aBAPURHOMY CUrHanNY OT CUCTEMbI YNPaBNEHUA.

370 06wue MeToAbl BOCCTaHOBREHUSA PaBoToCnocOBHOCTH, NpUMEHUMbBIE ONs NoBbIX ceTel (CM. Hu-

xe, 2.7.3, npuMep € A4encToit CeTbio).

Bo sTopom cnyuae, HauBonee pacnpocTpaHeHHOM B ceTax SDH, mncnonb3ayeTtcs Tononorvs tuna
“KONbUO”, KOTOPOE MOXET GbiTb OPraHM30BaHO C NOMOUWLLIO ABYX BOMIOKOH (TORONOrvs “caBoeHHOE Konbuo”)
UWNn YeTbipex BONOKOH (ABA CABOEHHLIX konbua). HecmoTps Ha 6onee BLICOKYID CTOMMOCTL Y4eTbIPEXBONO-
KOHHOrO BapuaHTa OH CTan MCNONb30BaTLCA B NOCNeAHee Bpemsi, Tak kak obecneunsaeTr Gonee BbICOKYIO
HafeXHOCTb. Hanpumep, Takylo CXemy 3alimTbl NO3BONSET peanv3oBaTb MynbTUNNekcop 1664 SM/C kom-
naHum Alcatel 1 MynbTUNNEKCOPbI APYrux GUpM.

3awmTta maplupyTa B CABOEHHOM KOnbLe, KOTOpas cooTBeTcTByeT Tuny 1+1, MOXeT BbiTh OpraHu3o-
BaHa AByMs nyTtamum [51].

MepBbIA AYTL - 3alMTa UCNONL3YeTCA 06LIMHO HA ypoBHE TpubHbix 6nokoB TU-n, nepenasaeMbix oa-
HOBPEMEHHO B OQHOM HanpassieHuyn (Hanpumep, No 4acOBOWA CTPENKe) HO MO pPa3HbiM Konbuam. Ecnu 8
MOMEHT fipMemMa MyNbTUMNEKCOPOM 6noka, NOCNAHHOrO APYrUMU MYNLTUNAEKCOPAMKU, npoucxonut cboi 8
OAHOM U3 KONeu, cucTema ynpasneHus, OCYLUECTBASIOWAN NOCTOAHHLIN MOHUTOPUHI KOnew, aBTOMatu4ecku
BoibupaeT Takoi xe 6ok U3 APYroro Konbua. 3Ta 3alMTa HOCUT pacrnpegese bl nNo Konbly Xxapakrep, a
caM MeToh HOCUT HasBaHue MeTo4a opraHu3auny OQHOHANPaB/IeHHOro CABOEHHOro KOAbLa.

Bropon nyTb - 3awmTa Mapwpyta MOXeT ObiTb OpraHM30BaHa Tak, YTO CUrHan nepepaeTcsa B OByX
NPOTUBONONOXHLIX HANPABNEHUAX (BOCTOHHOM WM 3anagHOM), NMPUMYEM OQHO HanpasneHne VUCNOoNbL3YTCA Kak
OCHOBHOE, BTOpOE - KaKk pe3epsHoe. Takoh meTtoa B cnyyHae c60oa ucnonbayeT nepeknioyeHne ¢ OCHOBHO-
ro KONbLA Ha PE3EpPBHOE W HA3LIBAETCH METO4OM OpraHu3auwn A[AByHanNpaBNeHHOro CABOEHHOro
xonsua. B aTom cnyyae 6mo0kv TU-n MCXOOHO MMEIOT [OCTYN TONbKO K OCHOBHOMY konbuy. B cnyyae cbos
NPOVCXOANT 3aMblKaHMe OCHOBHONO W PE3epPBHOFO KONeU, Ha rpaHvuax aedexTHoro ysacrtka (puc.2-33a),
obpasyiowiee HOBOE KOMbUO. ITO 3aMblkaHue npoucxoaut OObIMHO 3a C4eT BKIIIOHEHUs neTnn oBpaTHOM
CBA3W, 3aMbIKAIOLEN NPUEMHUK U NEPepaTHMK arperatHoro 6/10ka Ha COOTBETCTBYIOWEN CTOPOHE MYNbLTUN-
nexcopa (BOCTOHMHOM MNK 3anapHoi). COBpEMEHHBIE CXEMbl ynpaBneHus MynbTUnnekcopamm 06bLi4HO noa-
gepxueailot 06a 3T MeToAa 3awmnThl. TPEYronbHUKKU Ha puc.2-33-2-36 1 nocnenyiowmnx 0603HAYAT Mynb-
TUNNEKCOPbI.

a)

Puc.2-33. MeToap! 3awuntbl ABOMHOMO KOMbUA:
a) NyTem UCKMIOHEHWS NOBPEXAEHHOIO y4acTKa;
6) nyTem opraHusaumm 06XoQHOro NyTH

B TpetbeM cnyvae soccTaHoBneHue paboTocnocoBHOCTY OCYLLECTBNAETCA 32 CYeT pPe3epBupOBaHUA
Ha ypoBHe TpuOHLIX MHTEPdENCOB. Cxema pesepsupoBaHus B o0weM cnyyae N:1, 4TO ponyckaer pasnuy-
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HYIO CTeneHb peaepsuposanus: of 1:1 (100%) no MeHbwen creneHwn, Hanpumep, 4:1 (25%), korpa Ha 4
OCHOBHBIX TPNBHBLIX MHTEPdENCHBIX KapThl UCNOAL3YETCH OfHA pe3epBHan, KOTOpas aBToMaTu4yecku Bblbu-
paeTca CUCTEMOIN KPOCC-KOMMYTaUMKU NpU OTKa3e OOQHOW U3 OCHOBHBbIX. ITOT METOA WMPOKO (ecnn He nos-
ceMecTHo) pacnpocTpaHeH 8 annapatype SDH ans pesepsuposanmsa TpuBHbIX kapT 2 M6ut/c (4:1 unun 3:1
ana STM-1 nam 16:1, 12:1, 8:1 gna STM-4), a Takke pe3epsupoBaHna Hanbonee BaXHbIX CMEHHbIX 6n0KoB,
Hanpumep, 610KOB KPOCC-KOMMYTAUMK U CUCTEM YNPABNEHWUSI N PE3EPBHOrO NUTaHWA, BpeMsi nepeknoye-
HUA KOTOPbLIX HA 3anacHbie He npeBbiwaeT 06bivHO 10 MCex.

B 4eTBEPTOM Cny4ae Pe3epBUPOBAHNE KaK TAKOBOE HE uUCNonbL3yetcs, a paboTocnocobHOCTL cucre-
Mbl B UENOM (Ha ypoBHE arperaTHbix 6NOKOB) BOCCTAHABAVMBAETCH 3d CHET MCKIIOYEHUS NOBPEXAEHHOIO y3-
na 13 cxeMbl QYHKUMOHUpOBaHuA. Tak, cuctemsol ynpasnenna SDH mynsTunnekcopos oBbiMHO 2a0T BO3MO-
XHOCTb OpPraHW3OBbIBaTb OOXOA4HOM nyTs, NO3BONAIOWMIA NPONYCKATb MOTOK arperatHblXx O/0KOB MUMO
MyNbTUNNREKCOPA B Cny4ae ero otkaaa (pnc.2-336).

B natoM Cnydae, xapakrepHom ans cetei obuiero Buaa unyv sUenCTbiXx CeTei, B yanax ceTu ycTaHas-
NNBAIOTCA KPOCC-KOMMYTAaTOPbl CHCTEM OMNepaTHBHOIrO NEPeKNoOYeHNs, KOTOpLIe OCYWeCTBNNIOT, B CNy-
4yae 0TKasa, BbI3BAHHOrO AMBO paspbiBOM CoeanHUTENLHOIrC kabens, NMbO OTKa3oM yana nocneaoBaTenbLHON
NMHEAHOW uenu, PEeKOHGUIrypaurio npuneraiowux (BXoaaWwnx unu NCXOAsUWNX) y4aCTKOB CETU U COOTBETCT-
BYIOLLYIO KPOCC-KOMMYTaUMIO NoTokos. MNpouenypa Takoi pekoHdpurypaumm MoxeT BbiTb LEHTPaIM30BaHHOW
umnu pacnpepeneHHon [11]. B nepeoM cnyyae OHa OCYWECTB/IRETCA CETEeBbIM LUEeHTPOM YrNpaBReHMsl, YTO
MOXeT ObiTb Peanu3oBaHO OOCTATOMHO NPOCTO, BO BTOPOM - COBMECTHOE peuieHMe O pekoHdurypaumm
BOMKHO BoipadaThiBaThCa MPYNNOR NpUNerawmux CUcTem OnepaTMsHoro nepexninderus. MoryT npuMmeHaThb-
Csi ¥ KOMOVMHUPOBAHHBIE METOAbI.

Mcnonb30BaHMe CUCTEM OMNEpPaTUBHOrO NepexknioveHus No NPUHUMMNY opraHuM3auvn 3aumTbl HAaNnOMU-
HaeT cxeMy pesepsupoBaHus 1:1 MeToaa pesepsupoBaHUs NO Pa3HECEHHbIM Tpaccam. PasHuua, ofHako,
COCTOWUT B TOM, YTO B NOCNEAHEM Cnyyae puU3ndecKuii UNM BUPTYanbHbiA KaHan yxe CywecTsyeT, TOraa Kak
8 NepBoM oH GOPMUPYETCA B MOMEHT ONMEpPaTMBHOIO nepekmoveHus (aericteme Gonee xapaktepHoe Ans
KOMMYTaTOPa,/MaplipyTu3aTopa 8 ceTax nakeTHON KOMMYTaumm),

2.6. APXUTEKTYPA CETEMN SDH

ADXMUTEKTYPHBLIE pelweHus Npu npaexkTuposadn cetn SDH moryT Huite CHOpMUPOBaHL! Ha 6a3e MCNOoNL30-
BaHWUSI PACCMOTPEHHbBIX Bbille INEMEHTAPHbIX TONONOrUA CeTH B KA4ECTBE e OTAEeNbHbIX CerMeHTOB. Y4uTbl-
Bas BO3MOXHOCTb C2MOCTOATENLHOrO UCNONL30BAHUS OTAENbHBLIX 3NEMEHTaPHbIX TONONOrMA, Mbl PAaCCMOT-
pYM 30€Ch TOSbKO CeTH, KOMOMHUpYIOWUE PAacCMOTPEHHbIE aneMeHTapHule tononoruv, Hawbonee 4acto
MCMNONbL3YETCA COMETAHWE KOMBLEBOHW U paawansHoi (Tna “TouKa-ToMKa”) TONONOMMIA AW TONONOTUK Mo~
CNeRoBaTesIbHON NUHERHOA Henu.

2.6.1 PagmanbHO-KONbLUEBaA apXUTeKTypa

(pumep paguantHO-KORLLEBOW apxutekTypel SDH ceT npuseaeH Ha puc.2-34, 31a cetb paKTUHecku no-
ctpoeHa Ha 6ase wucnonb3osanma AByx 06a30BLiX TONONOMMA: “KONbUO” U “nocnefoBaTensHas NUHeRHas
uenn”. BmecTto nocnepHeid MoxeTt ObiTb MCNonb3aoBaHa Gonee npocTas Tononorvs “Todka-touka”. Yucno
paanansbHbix BETBER OrpaHU4MBaeTC u3 coobpaxeHuid [ONYCTUMOIN Harpysku (o6LWero Yucna kaHanos foc-
Tyna) Ha KONbuo.

»

STM-N

= <

Puc.2-34. PagunbHo-koabuesaa cetb SDH
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2.6.2 ApxutekTypa TMna “konbuo-Konbuo”

fpyroe 4acTo ucnonb3yemoe B apxutektype ceteit SDH peweHne - coegyHeHue TMna “KOnbuO-KONLUO®.
Konbua B 3TOM coeAnHEHUUM MOryT GbiTb NGO OAMHAKOBOro, NGO pasHoOro yposHeil vepapxuv SDH. Ha
puc.2-35 nokasaHa cxemMa COEWHEeHUs| ABYX KONeL, OQHOro ypoBHA - STM-4 ¢ nOMOWLIO MHTEpdeRCHbIX
kaptT STM-1, a Ha puc.2-36 - KackagHas CxeMa COEAVHEeHVA TpeX KOMeL, PasnuyHoro (N0 HapacTalowei)
ypoeust - STM-1, STM-4, STM-16. MNpu TakoM CoeaMHEHUIM MOXHO HUCNONMB30BATL HEOBXOOMMbBIE ONTUHECKME
ToMBbl NPEaBAYLIEero WepapxXu4eckoro YPOBHA NPWU Nepexoae OT KOMbug OAHOFO YPOBHA K Apyromy
(vanpumep, Tpnd STM-1 npu nepexoae va xoneud STM-4 1 Tpud STM-4 npu nepexope 1a konLuo STM-16).

STM-4 STM-4
STM-1
v —
= - -]
2 Mburt/c 2 M6uTt/c

Puc.2-35. CxeMa cBA3N 4BYX KONEL, OAHOr0 YPOBHA (STM-4) ¢ NOMOWbLIO UHTEPdENCHBbIX KapT

STM-1 STM-4 STM-16

STM-1 STM-4
TPnbG TPUb

Puc.2-36. KackagHoe coenuHexune konet, pasHoro ypoBHs (STM-1 — STM-4 — STM-16)
C NOMOLLBIO OnNTu4eckmx Tpudos

2.6.3. JiluneitHaa apxuTexTypa ana cetn 60nbLUoi NPOTAXEHHOCTN

Ina nuHeRnbiX ceTeit GonbWOoin NPOTAXEHHOCTW PaCCTOSHUE MeXAY TepMWHANbHBIMKA MYNbTUNNEKCopamu
T™ Gonbwe mnu MHOro 6oNbue TOro PacCTOAHWURA, KOTOpoe MOXET ObiTb PEKOMEeHAOBAHO C TOHKA 3PEHUs
MaKCUMAansHO OONYCTUMOro 3aTyxaHus BOAOKOHHO-ONTUYECKOro kabend. B atom cnydae Ha mapuipyte (8
nvHeltHOM TpakTe) mexay TM (puc.2-37) nonxtel 6biTb YCTAHOBNEHLI KPOME O6WEro NpoxoaHOro KOMMyTa-
T0pa ele u pereHeparopsl AN BOCCTAHOBNEHUS (PEereHepauvv) 3aTyxalowero onTU4ecKoro curiana. 3ty
NMHEMHYIO apXUTEKTYPY MOXHO NPEeacTaBuTe B BUAE MOCNEAOBATENbHOrO COEAVHEHUs PSOQA CeKuwid, cne-
umdmuvposaHHbix B pekomerpaumsax ITU-T Rec. G.957 u Rec. G.958 [24, 25].

Mynbmnnexcuue cekunn

T~

PereHepaTopH b 8 cekumm

ol e
! 1

Tpvn6u TEMGN

X —o—D—<

soxc NS AN

Perexeparops
C6opka VC PasGopka VC
MapuwpyT :

\

‘

Puc.2-37. Cete SDH 60nbluoit NPOTAXXEHHOCTU CO CBA3LIO TUNA “TOYKA-TOYKA” U e CermMeHraums

CUHXPOHHbLIE LIMDPOBBLIE CETIA SDH 59



MEUHATO pasnuuyate TpU TUNa CTAaHAAPTU30BAHHbLIX YYACTKOB - CEKUWA: ONTHYecKass Cexyus
{y4aCTOK OT TOYKM 3MIEKTPOHHO-ONTUYECKOro A0 TOHKW ONTO-3MEKTPOHHOro npeobpasoBaHuic curHana), kKo-
TOpas MO CYTU ABASAIOTCA Y4ACTKOM BONOKOHHO-ONTU4eckoro kabens mexpy anemeHtamu cetu SDH (Ha
puc.2-37 He NOKa3aHo), pereHepaTopHan cexuns N MynsTHUNAEKCHas cexuymns (puc.2-37).

OnTuyeckre cekunM HOPMUPYIOTCH, COrnacHo [24] no anvHe, Npu 3TOM BLIAENSIOT TPU KATEropuun:
| - BHYTPMCTaHUMOHHAA CeKyMsl, [IVHON A0 2-X KM, S - KOpOTKas MEeXCTaHLWOHHAS CexyMs, Nopaaka
15 kM, n L - gnuunas mexcraHynoHHas cexumns, nopspka 40 kv (npu annHe BonHol 1310 HM) 1 80 km
(npu gnuHe BonHbl 1550 HM). YkasaHHble OfIMHBI CEKLUMA UCRONL3YIOTCR TONbKO Ans knaccuduxaumum (Cm.
HUXE) U HE MOrYT pPacCMaTPMBATLCH KAK PEKOMEHAYEMBbIE 3HAYEHUSI UCTMONb3YEMbIX TEXHUYEKUX napameT-
poe. OBwas anvHa Maplipyra MOXeT COCTaBAATb NPU 3TOM COTHW UNK Xe ThICAYN KMNOMeTpoB. Mapwpyr
B [47] paccmaTpuBaeTCs KakK Y4aCTOK Tpakta MexAy TEepMWHAaNbHbLIMK MYNbTUNNEKCOpaMu, AOMYCKaoWw1n
aBToMaTudecKoe noanepxXaHne GYHKLHOHUPOBAHNS CETH C HOMUHANLHOM NPOM3BOANTENLHOCTLIO.

MynsTUNneKCcHasa Cexuus PAacCMaTpMBAETCH KakK y4aCTOK TpakTa MEeXAy TPaHCNOPTHbIMKU y3namu
(MynbTUNNEKCOpaMK U KOMMYTaATOpaMiM), LONYCKAOLWMIA aHANOMYHOE aBTOMAaTHYECKOoe noadepXaHue
DYHKUWOHNPOBAHNA. :

PereHeparopHas CexKuusa pacCMaTpuBaeTCsl Kak y4acTOK TpakTa Mexay OBYMSi pereHeparopamu
WNN MEXAY pereHepaTtopom v apyrum 3nemeHToMm cetn SDH. B [24] pna aHanoruyHbIX onpeneneHuin uc-
NONL3YIOTCA OMOPHbLIE TOYKM A (BXOA/BLIXOA BONOKHA) U C (BXOA/BLIXOA HAYana/OKOHYaHNS pereHeparop-
Ho#M cexymmn RST) B cxeMme NpencTaBneHna pereHepaTopHOn Cekumn, onpepenedHbie B ctaHgapTe ITU-T Rec.
G.783 [22]. Bonee nogpobHO 3TO M3NOXEHO B pekoMeHaauusx ITU-T [24, 25] unuw B pabotax {6, 47].

OnuncanHbli Bbile CEKUMOHHLIN 3aronosok SOH ¢peitma STM-N, copepxawmii ynpasisiioLwyo nHbop-
MauMio, OenvTcs, Kak ykasblBanocbh, Ha ase 4actu: RSOH - 3arosoBox pereneparopHoi cexuymmn - 27
BanTos (cTpokun 1-3, ctonbupl 1-3) 1 MSOH - 3arosn0BoK MysIbTHIINIEKCHON cexunn - 47 6aiAToB (CTPOKK
5-9, ctonbuwl 1-9) [17]. PereHepatopHasa cekuusi obpabartbizaet RSOH, KOTOPLIA COAEPXNUT CUHXPOCUIHan,
a TaKkKe YNpaBNAoWYI0 U KOHTPOJIbHYIO MHOPMAUMIO, NO3BONSIOWYI NOKANM30BaTb NOBPEXAEHHYIO Cek-
umo. IToT 3aronosok, Bynyun chopMUpOBaHHLIM U BBEAEHHBIM B dpeiim Ha Bxoae RST, cunteiBaeTca kax-
AbiM pereHepaTopoM 1 BbIBOAUTCS U3 dpeiMa Ha Bbixoge RST, uro 6onee nogpobHo onucaHo B [17].

Knaccudpukauma cekumii npuseaeHa 8 1ab.2-1. OHa aaet craHpapTHoe 0603HaYeHue Cexunin B 3asu-
CUMOCTU OT ypoBHA STM (1, 4, 16) 1 npuBeneHa ANA yKa3aHHbIX TPex TUNOB NPUMEHEHWUA: BHYTPM CTaH-
yum (KO NCNONL30BaHUS 1), Mexay CTaHUUAMU - KOPOTKAs CexuMs (KOO UCNoNs30BaHus S), Mexay CTaH-
unamMu - gaMHHas cexkymus (koa vcnons3osanums L). B obuieMm cnyvae koaupoBka TUMNOB WUCNONL30BaHWS
NUHERHBIX pereHepaTopHbiX Cekumi kak o6opyaosanua SDH BknioyaeT Tpy anemeHTa v umeeT popmMar:

<kxoag ucnonb3osauna> - <ypoeseHs STM> . <HHAEKC UCTOYHMKA>

3peck Koa UCnonb3oBaHus U yposHn STM npuseneHb! Bbile, a MHAEKC UCTOYHMKA VMEET CReaylo-
LMe 3HAYEHNS U CMBICH:
— 1 unu 6e3 nHAEKCA - YKa3biBaeT Ha UCTOMHUK C ANUHOW 8ONHBE 1310 HMm;
— 2 - YKa3blBAET HA UCTOMHUK C ANKMHOM BONHL 1550 HM ans BONOKHA, COOTBETCTBYIOLLErO PEKOMEH-
paumnaMm G.652 (cekumm S) u G.652, G.654 (cekumm L);
— 3 - yKa3biBaeT Ha UCTOMHUK C ANvHOK BonHbl 1550 HM Ana BOAOKHA, COOTBETCTBYIOLLErO PEKOMEH-
naumm G.653.

Hanpumep, 0603Ha4eHne L-4.3 paciumdpOBLIBAETCA KaK LJIMHHAS MEXCTaHUMOHHAas pereHeparop-
Hasa cexyma nuHeinHoro o6opynosaHus STM-4, ncnons3ylowas UCTONHUK CBETa C AIMHOM BOAHLI 1550 HM.

Tabnuua 2-1.
Knaccudukaumsa cTaHaapTHbIX ONTUYECKUX MHTepdeincos
Wcnonbaosarne BHyTpu Mexay craHumsMu
CTaHuuu " KOpoTkas cekums MnuHHana cekums
Homuransnas anvHa 1310 1310 1550 1310 1550
BOJIHbI UCTOYHUKE (HM)
Tun BonokHa Rec. G.652 | Rec. G.652 | Rec. G.652 | Rec. G.652 | HeC- G652 |po; 653
Rec. G.654
PacctosHve (km)? <2 - 15 ~ 40 - 80
YposHu STM-1 -1 S-1.1 S-1.2 L-1.1 L-1.2 L-1.3
ST™M STM-4 -4 S-4.1 S-4.2 L-4.1 L-4.2 L-4.3
STM-16 I-16 S-16.1 S-16.2 L-16.1 L-16.2 L-16.3

a) YKa3aHHbIe pacCTOAHUA YCNOBHLI U UCMONBL3YIOTCS ANA Kknaccupukaumn, a He AN pacHeToB B TEXHUYECKUX 3afaHnax
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2.6.4. ApxutexTypa pa3BeTBJieHHOW ceTu o0wero snga

B npouecce pa3sutua cetu SDH pa3spaboTynkn MOryT UCNONL30BaTb Psifl PELEHWNA, XapaKkTepHLIX ANA rno-
HanbHbiX CeTen, Takux KaKk dopMUpoBaHue ceoero “octoea” (backbone) nnu mMarucTpanbHoM ceru B BULE
a4encToin (mash) CTpyKTypbl, NO3BONKIOWEN OPraHX30BaTb anbTEPHATUBHLIE (pe3epBHble) MapwpyTbl, WUC-
nonb3yeMbie B CNy4ae BO3HWUKHOBEHUS NpobHnemM npyu MapLupyTu3aumm BUPTYarbHbIX KOHTEMHEePOB N0 OCHO-
BHOMY AyTW. 970, Hapady ¢ npyucywmMm cetam SDH BHYTpEHHUM pesepBupOBaHWEM, NO3BONSET NOBLICUTHL
HADEeXHOCTb BCEW CETH B UENOM. [Tpyuyem npu TakoM pe3epBUPOBAHNN HA &NbTEPHATUBHLIX MAPLLPYTax MoO-
ryT 6bITb NCNONBL3OBAHLI anbTEPHATMBHLIE CPeabl pacnNPOCTpaHeHus curHana. Hanpumep, ecnu Ha OCHOB-
HOM MapLIpyTe MCNONbL3YEeTCA BONOKOHHO-ONTUueckuil kabensb (BOK), T0 Ha pesepBHOM - paauopeneiHas
nuHna (PPA), uan Haobopor.

Ha puc.2-38 npeacTtaBneHa apxvurekTypa TakOW pas3BeTBneHHon (rnobGanbHOW) cetu, ocroB (Mnu
onopHas/MarucTpansHas ceTb) KOTOpPOW CPOPMUPOBaH ANA NPOCTOTLI B BUAE 0AHON CeTeBOH SYehKH, y3-
Namn KOTOpPOM ABNSAIOTCA KOMMYTaTOPbl TMNa SDXC, CBSi3aHHbIe NO TUNY “kaxabli € xaxabuiM”. K atomy oc-
TOBY npucoeavHeHs nepudepuitHbie cetu SDH paanuyHon Tononoruy, kotopeie MoryT 6oeite “o6paszamu”
b0 kopnopaTuBHbIX CeTeln (C BeIXoaoM Ha LAN), nnbo obweropoackux cetein SDH wnn MAN (OrC), nubo
cerMeHTOB Apyrux rnobanbHbix ceteit WAN (FCC). I1a cTpyKTypa MOXET pacCMaTpuMBaTbLCA Kak Hekui 06-
pa3 rnobansHom cetn SDH.

SDXC SDXC STM-1
ST™M-4

SDXC SDXC
STM-1 . ‘ .

STM-1 STM-1

Punc.2-38. PassetsneHHas ceTb SDH ¢ kackafHO-KONbUEBOM 1 AYEUCTON CTPYKTYpO#A

Ewe oamH npumep cetn SDH obuiero snga npuseaeH Ha puc.2-39. 3T1a ceTb paccMaTpusaeTcst 8
[B5]) kax MpuMep 3aKOHYEHHOrO PELLeHUst CEeTU, CBS3bIBAIOWEN CEerMeHTsl, UCMOoNb3yWmMe Kak Tononoruu
SDH, Tak n PDH.
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Puc.2-39. Cetb obuiero suaa ¢ cermentamm PDH n SDH

Cxema cetu (puc.2-39) coctout n3 tpex konew, SDH, cBa3aHHbLix Mexay co60oil TpeMsl cermeHTamu.
OBa BepxHux konbua STM-4 ceazaHbl nocneaosaTensHo nuHeliHoit SDH uenbio ypoBHa STM-16. Jlesbie
BepxHee (STM-4) n nmxHee (STM-1) konbua ceasaHbl NuHueld E4 PDH (140 MGut/c), TepMUHANbLHBLIE MYNb-
tvunnekcopbl PDH koTtopoit PSM-1 Ha yposHe TpubGa E4 HenocpencTBeHHO cBA3aHel ¢ SDH
myneTUnnekcopamu SDM-1. 3ambikaiouiee 3B@HO MeXAy NpaBblM BEPXHUM U HKHUM Konbuamu SDH uc-
nonL3yet xpocc-kommytatop T::DAX, cBsi3aHHbii H2 yposHe PDH TpuboB C ABYMA MyRbTUMIEKCOPAMM
SDM-1 nuxHero konbua STM-1 ¢ 0gHOW CTOPOHL W MyRsTUNNExcopom SDM-1 ¢ apyroi. MNMocnegnuis Bbl-
NOSIHAET HECKONBLKO PYHKUMIA:

— TEPMUHANLHOIO MYNLTUNNEKCOPa NOCNeaoBaTeNnbHOW nnHenHon uenn SDM-1;

— MynbTUNNeKcopa BBOAA/BLIBOJA O CeTu A0CTyna, opraHusyemoin uepe3d PCM-2, u notokos or

Kpocc-komMmyTaTtopa T::DAX;
—~ KOHLIeHTpaTopa-koMmyTaTopa noTokos mexay T::DAX, BepxHuM konbuom STM-4, nuHenHol uenbio
SDM-1 1 PDH mynbTunnekcopom PCM-2 B cetn gocryna.

HakoHeu, cetn SDH obiiero suga MOXHO paccMaTpueatbh Kak TPaHCMOPTHYIO ceTb ans ATM Tpadwmka,
YuUTLIBaS, YTO BUPTYASIbHBIE KOHTERHEPB! VC-Nn MOMyT HECTU B YNAKOBAHHOM Buae NOTOK ATM sueek B Ka4ecT-
BE NONE3HON Harpyakn, MOXHO OTMETUTb, UTO B HACTOSLIGE BPEMA CTaHAAPTU3OBaHLI NPOLEAYPL! Takoi yna-
KOBKM (MHKancynsuuu) ATM syeek B BupTyanbHbie KoHTeRHepsol VC-4 u VC-4-Xc, vcnonb3yemble B Cxemax
mynbTunnekcupoeanua SDH (6onee nogpobHo cm. pekomenpgaumm ITU-T G.709 [18] nnn paboty [162]).

na conpsxeHus SDH n ATM ceteil (paccmaTpuBaeMbix Kak CeTU AoCTyna) yXxe cendac CyllecTByioT
KOMMyTaTopbl poctyna ATM, ocywecTenaioule ynakoBky sseek ATM B BMpTyanbHble KOHTenHepbl SDH.
OaHUM u3 HUX SsnaeTcs, Hanpumep, kommytatop AToM komnanumn ECI. Cxema obuweit ceth SDH n ATM
ceTn pocTyna npuseneHa Ha puc.2-40.
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Puc.2-40. Cetb SDH - ATM, ncnonb3ylowas texHonornio ATM B ceTax goctyna

Cokpauenus, NpMBeAeHHbIE HA YKa3aHHbIX PUCYHKaX PaclUMPPOBAHLI B CMIMCKE COKPALLEHWA B KOHLE
KHUru.

2.7. ATMNAPATYPHAS PEAJIU3ALUA ®YHKLIMOHAJIbHbIX
BJIOKOB CETEN SDH

2.7.1. CxeMHasi peanu3aums U XapaKTepucTUKu
CUHXPOHHbIX MYNbTUNNIEKCOPOB

CyHXpoHHbIE MyNLTUNNEKCOPB! pa3pabaTeiBaloTCa pa3nuyHbIMKM 3apyBexHLIMKU KOMNAHUAMU M UMEIOT onpe-
feneHHble PasnuyvMa xapakTepucTUK W BO3MOXHOCTER, OOHAKO B CUNY BLICOKOrO YPOBHS CTaHAApPTU3auvm
TexHONOrMM SDH OHWM B 3HAYMTENLHOW CTENeHN YHNDULIMPOBaHLI NO OCHOBHLIM NapamMeTpamM. YT1obbl NoHsT
WX BHYTPEHHIOK CTPYKTYPY, HUXE ANs npumepa pacCMOTPeHbl BNoK-CXxembl TPEX MYNbTUMIEKCOPOB Pa3nvuy-
Hbix ypoBHei: STM-1 (komnanum Nortel), STM-4 (komnanun GPT) n yposHeit STM-4/16 (komnanum Alcatel).
MNpuBeaerHble cneunduKkauun COOTBETCTBYIOT, KaK Mpasuno, cneundukauuaM, ykasaHHbiM B (PpUPMEHHON
pOKyMeHTaunu.

2.7.1.1 Peannsauus mynstunnekcopos STM-1

Crpyktyphas cxema mynbtunnekcopa STM-1 tuna TN-1X komnadun Nortel (Northern Telecom) npueseneHa
Ha puc.2-41. MynbTUMNNEKCOP CMOHTUPOBAH Ha CTOMKE U COCTOUT U3 CNeAyIoLmMX OCHOBHbIX 6nokos [48]:
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— yveTblpex TpubHbIX MHTepdeicHbix bnokos TIU ¢ 16 anekTpuueckumu nopramu 2 M6ut/c ans eso-
na/sBeieoaa Ao 63 BxOOHLIX NOTOKOB;

— ABYX (OCHOBHOrO W PE3EePBHOM0) MEHeAXepoB NONEe3HONA Harpy3Ku - yCTPOUCTB Ana GopMupo-
BaHUS U ynpasneHus NOSIE3HOW HArpy3kom (PasfiMyHbLIe TUnbl NONE3HON Harpy3ku B Buae VC-n, TU-
n, TUG-2, TUG-3 cM. Boiwe). OH, Hanpymep, ynpasnseTt onepaumsMy BBOAA/BLIBOAA KaHAN0B J0C-
Tyna (TpMOOB), MYNLTUNNEKCUPOBAHUEM U BHYTPEHHEN KOMMYyTauMeld NOTOKOB, NPOM3BOAMT COp-
TMPOBKY (grooming) Ha yposHe TpubHbIx 6nokos TU-n, hopMUpyeT NONE3HYI0 HAarpy3ky A0 YPOBHS
arperatHbix 6nokoe AU-n v nepepnaet ee Ha nHrepdeincol arperarHbix 6nN0KoB;

~ ABYX OMTUHECKMX WNW 3NEKTPUYECKUX arperatHblx 6nokos AU A v B ¢ BbiXOAHLIMM nopTamu
155 M6ut/c (STM-1) “BoCTOK” M “3anan” ans GopMUPOBaHUA BLIXOAHLIX NOTOKOB;

— OBYX {OCHOBHOrO W pe3epsHOro) 6510KOB NUTaHUSA (Ha CXeme He noKasaxsbl);

— OAHOrO KOHTPOAMEpa WU NOKanbHOW NaHenu oneparopa (Ha CxeMe He NoKasaHbl).

+ Pe3sepsHbiit MeHeaxep
. MONe3HOW Harpysku

Bnok CLK —> ONTHYECKNIA
< . vnm
kaHanos | MFS arperarHbii 6ok BNEKTPUHECKNIA
noctyna - DATA A KaHan
(Tpubos) [« N npvema /nepenaqu
A
OcHosHOW /3 /3 "
MeHeaxep 1 1 4
nonesHoin x| 2
Harpyakuv o| |8
» ONTUYECKUIA
Bnok . CLK unu
Kananoe [ MFS arperatHeiit 6nok anexTpu4eckui
noctyna |4 KaHan
(1pn6os)  |¢—DPATA « DATA . B g—— | npvema./nepepatn
-

Puc.2-41. CtpykTypHasa cxema mynbtunnekcopa TN-1X komnanmu Nortel (ypoeHs STM-1)

OH Taxke o6ecnedymBaeT MynbTUMIEKCMPOBaHME A0 LLIECTUAECHTU TPEeX BXOLHbIX NOTOKOB 2 Mbur/c,

nofaBaeMsiX Ha BXOAHLIE NOPTHI TPUGHLIX UHTepdeicHbIx 6NOKoB, B 0AMH MW ABa NoToka no 155 Mout/c,
HOPMMPYEMBIX Ha BLIXOAE 3NEKTPUYECKUX UM ONTUYECKUX arperaTHbix 6aokos.

TN-1X moxeT 6biTb ucnonb3oesaH (CKOHOUIYpUpoBar) ans paboTel B Ka4ecTse:

- TepMUHanNLHOro MyneTUNAekcopa TM ¢ AByMs arperatHbiMu Hnokamn, UCNOML3YEMbIMU B peXuMe
“OCHOBHOW/Pe3epBHbIA” AN cO3aaHua 3almThl TUNa 1+1 arperaTHbiX NOPTOB; )

- MyNLTUNNEKCOpa BBOAA/BLIBOAA C ABYMA arperatHeiMu Gnokamu (nopramu “BoCTOK” - “3anag’”)
ana pabotbl B ceTax ¢ Tononorveid “xonsua” v 3awuton tTuna 1+1, cosgasaeMoi npu opraHusa-
LUMKU OBONHOrO KOMbL@ CO BCTPEYHLIMK noTtokamu (puc. 2-33), wiv “nocnepoBaTensHOn IMHENHON
uenn” (puc. 2-29);

— MyNbTUNNEKCOpa BBOAA/BLIBOAA C OQHWM arperatHbiM 6nokom ans pabotel B kadectse TM Gea
3allMThl B CETAX C TOMONOrue# “Touxka - ToNKa” UK 8 CETAX C TONONOrve “nocnefoBarenpHas nu-
HeWHas uenb”.

MynbTunnekcop v ero 6nokn UMEEIOT CReayrLLIMe XapakTepucTuky:

HuTepgeiicHbie Bxoasi M BuixOAbl TPWOOB:

— CKOPOCTL NEepenayUn AaHHLIX Ha Bxope - 2048 xbur/c;

— nuHenHbi koa - HDB3;

- BXOAHOM uMnepaHc - 75 OM (koakcuansHblit BxoA), 120 OM (CuMMeTprUHbIA BXOA);
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aMnnnTyaa MMnyneca Ha Bbixope - +2.37 B (75 Om) 1 3.0 B (120 Om);
HOMWHAaNbLHas ANUTENLHOCTL UMNYbCA - 244 HC;

MakCUManbHO AonycTuMele notepu 8 kabene - 6 ab;

MaKCUManbLHO AONYCTUMBIE NOTEPU HA OTPaXeHue Ha BXOAe/Bbixone - 18/8 nb;
cooTBeTcTBMe cTaHaaptam - ITU-T Rec. G.703.

Onruyeckue Bxonbl U BbIXOABI arperatHbix 610K0B:

BbLIXOAHA" MOLHOCTb - 1 MBT;

4YBCTBUTENLHOCTL NPUEMHIKKa - -34 aB (npu koagduumeHTte ownbok 10-19);
MaKCUManbHO AONYCTUMbIE NOTEPK Ha Cekumio - 28 ab;

OnvHa BONHb! - 1310 HMm;

TMN BONOKHA ONTMYecKoro kabens - 0QHOMOAOBLIN;

CoOTBETCTBUE CTaHaapTam - ITU-T Rec. G.957 (ana STM-1),

Anexrpuyeckne BXoa[bl M BbIXOQbI ar, peraribix 6n0K08:

NIMHENHLIK koA - CMI;

BXOAHON umnegaHc - 75 Owm;

MakCuManbHO AOMYCTUMBIE NOTEPK HA OTpaXeHue Ha Bxoae/Buixoae - 15 ab;
MakCuUMarnbLHO [ONyCTuMble NoTepu B kabene Ha Bxone - 12.7 ab;
aMannTyaa 8uixoaHoro uMnyneca - 1.0 B;

cooTeeTcTBMe cTaHgapram - ITU-T Rec. G.703.

2.7.1.2 Peanuzauvsa mynstTunnekcopos STM-4

CrpykrypHas cxema mynsTunnekcopa STM-4 tuna SMA-4 komnasuu GPT npuseaeHa Ha puc.2-42. MynbTu-
NAEKCOP CMOHTMPOBAH Ha OBOWHON CTAHAAPTHOW CTOMKe (980x450x280 MM) 1 COCTOUT M3 CRepyIownX OC-
HOBHbIX BNOKOB:
TpUBHBIX 6110KOB C HAGOPOM 3INEKTPUYECKMX MOPTOR ANS NPUEMA BXOAHbLIX MOTOKOB Pa3N4HON

ckopocTu (o1 1.5 v 2 no 140 n 155 M6ut/c);

ABYX nap (OCHOBHOW W PE3EPBHON) MYNbTANNEKCOPOB W KOMMYTATOPOB ANA MYSbTUNNEKCUPOBa-

HUS, NOKANbHON KOMMYTaLMKU VI YNPABAEHUSA NOTOKaMU;

ABYX ONTUYECKUX arperaTHbix GAOKOB C BbIXQAHBIMKM nopramun 622 MOut/c (STM-4) “socTok” un

“zanan” ana GOPMUPOBAHUA BLIXOOHBLIX NOTOKOB;
OByX (DCHOBHOIO W pe3epBHOro) BNOKOB NWTaHMS (Ha CXemMe He NOKa3aHbl);
nHTepdencamMmm KOHTPOss W ynpasneHus, CayxebHoiM KaHanom.

0o6X0aHOM NyTL

3anan STM-4 > STM-4
an AN
1+1
7 % onTUNEcKMiA BOCTOK
ONTUMECKWIA KOMMYTaTO!
arperat MUX [ 4 yratopt . MUX arperar H o
X T » Yy »
4+ 4 KO BCEM TpnGam
Yvy
DS { o<t ]
TPub 1 Tpub n+1 * 3agapuitHoe nepeksiodeHue
EOW Cc8A COMM (pabouuia) pe3epBHbIN)
P ]l : C____ [p——
‘F Q l Bnok Feae%su?oaaum TFMGDB l
CnyxebHbIl Ynpasnenvie u UuTepdeiic
KaHan  aBapuiiHas curHanuaauma UHTepdeiicu kaHanos pocTtyna (Ypubos)
Puc.2-42. CtpykTypHas cxema mynbtunnekcopa SMA-4 komnanun GPT (yposeHb STM-4)
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OH ofecneymsaer MyNbTUNNEKCUPOBAHNE PA3NMNYHBLIX BXOAHBIX NOTOKOB, NOOABAEMbIX HAa BXOAHLIE
ANeKTpryecKre NopTel TpMBHLIX NHTepdeicor: o 252 wnm 504 notokos 1.5 Mbut/c unu 2 Mbut/c, nnn go
12 uwnn 24 notokos 34 M6But/c unu 45 Mbut/c, nnv 4o 4 unn 8 notokos 140 M6ut/c, nan o 6 wm 12 va-
CTWMYHO 3aNONHEHHBLIX MOTOKOB 155 M6uT/C (Npv cyMMapHOM notoke He Bolitwe 252 nnu 504 notokos 2
M6éut/c) B oamH vnyv asa noToka 622 Méut/c, GopMUPYEMbIX Ha BLIXOAE ONTUYECKMX arperaTHbix 61008,

SMA-4 MoxeT BbiTb UCMONL30BaH (CKOHPUIYPUPOoBaH) ana paboTel B KauecTee:

TepMUHanbHOrO Mynetunnekcopa (TM) ¢ asyma arperatibiMv  6nokamu, wuCnons3yeMbiMn B
pexume: “OCHOBHOW/pe3epBHLIA” - AnR CO34aMvsa 3aumtbl Tvna 1+1 arperartHeix NOPTOB Ans
CxeMbl “TouKa-TodKa” My 3awmTel TMNa 1:n Ans notokoB 1.5 unu 2 MOWT/C, OCylLecTBnaemoin
610kOM pezepsnpoBaHna TpnbOB (pyc. 2-42) Npu HaANUYMM COOTBETCTBYIOLLEIO Pe3epBa BXOOHbLIX
nopTos;

MYNbTUNNEKCOPa BBOAA/BLIBOAA C OBYMS arperarHbiMu Gnokamu (noptaMu “BOCTOK” - “3anag’)
ons paboTtol B ceTax € Tononoruerd “koneuo” wu 3awmrtoir Tuna 1+1, co3gasaemoir npwu
opraHusaunu ABOWHOIO KOMbLA CO BCTPEYHbIMKM notokamu (puc. 2-33), wnu ¢ Tononoruven
“nocneaoBaTensHas MMHenHaa Lenb” No CxeMe Ha puc. 2-29;

MyNbTUNNEKCOPa BBOAA/BLIBOAA C OOQHMM arperaTHbim Gnokom ans paGotul B kavectese TM Ges
3alMTLl B CETAX C TONOMOrMenM “toyka - TO4Ka” v B CeTsSX C Tononorven “nocneposatenibHas
nuHenHas uenb”;

ONTUYECKOrO KOHUEHTpaTopa (xaba) Ana ocyuiecTsrnerus GYHKUMIA KOHCONMAaU MM U COPTUPOBKA B
KaueCTBE LEHTPANLHOO yana B TONOAOrMM “3Be3Aa”, HA BXOA KOTOPOTrO NOAAOTCH NOTOKWM STM-1
(Bo 12 yacTuyHO 3anonHeHHsix STM-1 NOTOKOB MOryT KOHCONMAMPOBATLCA Ha yposHe VC-12 B
oauvH unu aesa STM-1 unn STM-4 notoka);

HeBOoNLLWOro KOMMyTaTopa, GYHKUMOHUPYIOLWErO CAMOCTOATENLHO Unn CROCOGHOro 06bveauHUTL
[0 YeTeipex koneu, 622 Mout/c.

MynbTunnekcop v ero 6nokv MMeIoT CNEAYIOLLINE XapaKTePUCTUKM:
HHuTepdgesicHpie BXORbI M BbIXOAL TPHOOB:

CKOPOCTL Nepenasun [anHbix Ha Bxoge - 1.5, 2, 34, 45 u 140 M6ut/c, no ctanpapty - ITU-T Rec.
G.703 unun 155 n 622 M6ut/c no cranaapty ITU-T Rec. G.709 [18];

BXOQHON wMnegaHc - 75 OM (koakcuanbHbil Bxom) - ana 1.5 - 140 M6ur/c, 120 Om
{cuMMeTpuyHBIA BXoA) - ana 1.5 n 2 Mburt/c.

Onruyeckne Bxogb! v BIXOAL! TPHGOB M arperarrbix 610Ko8:

OnvHa BoNHbl - 1310 HM - ans KOPOTKMX U CPeOHUX ONnTUHeCKMx cekumin, 1550 HMm - ans OnuHHBbIX

CeKum1i;

MaKCUMasbHO AOMNYCTUMbIE NOTEPU Ha CeKLWIo:

- STM-4 - 12/12/24 b - ans KOPOTKUX, CPEAHUX U SNMHHLIX cexuwin npu 1310 Hm 1 24 a6 - ans
DNVHHBIX cekuui npy 1550 HM;

— STM-1 - 18/18/28 nb - ansa KOPOTKUX, CPEOHNX M ONHHBIX cekunid npu 1310 vM v 28 06 - ona
ONUHHBLIX cekumi npu 1550 Hm;

TUMN BOMIOKHA ONTMYECKOro kabens - OAHOMOAOBSIN;

ontudeckue coeavHutenu - FC, PC vnn DIN;

cooTBeTcTBUe ctaHgapTam - ITU-T Rec. G.709 [18] u ITU-T Rec. G.957 [24].

Anexrpmyeckue Bxoanl u Beixonb 610koB ¢ STM-1:

nuHelHbn ko - CMI;
BXOAHOW yiMneaaHc - 75 Owm;
cooTBeTCTBUE cTaHpaptam - ITU-T Rec. G.703 [14].

OnHow n3 ocobenHocTen MynbTuniekcopos SMA-4 asnaeTcs passutas CUCTEMA 3allMThl, peanuaye-
Masi NyTeM PEe3EpBMPOBAHUA PA3NIMYHOMO TUNA!

Tmna 1:1 - ana mo6oin napwl NOPTOB M arperatHeix 6n10Kos;

Tvna 1:n, rae n £ 8, ans 2 M6éut/c TpnbOoE;

nybnvposaHve 610KOB KOMMYTATOPa, KOHTPONAEPa MynbLTUNIEKCOPA, CBA3U U NUTaHUR,
vcrionb3osaHue o6eux BeTseil “BOCTOK” - “3anap” ¢ BLIBOPOM nydulero NO KayecTBy CUrHana,
Nony4aeMoro NpMeMHbIM 610KOM, AN aBTOMATUYECKOH 3alUThi TPUGHLIX GNOKOB;
aBTOMATUHECKOEe NepeknioyeHue Ha OBXO[HON NyTb OCHOBHOrO NoToka (4xVC-4) B cnyyae Heucn-
PaBHOCTM MynbTUNNEKcopa.

Lpyroin 0ocobeHHOCTLIO ABNSETC NPEEMCTBEHHOCTh: SMA-4, ABRAACh YNEHOM CEeMENCTBA MYNbTUIIEK-
copos ana yposHeit STM-1, STM-4 u STM-16, nytem npocToii 3aMeHbl 6nokos MoXeT Bbite MOAMDULMPO-
BaH B SMA-16 ans pabGoTbl Ha ckopoctu 2.5 Méwt/c.
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2.7.1.3 Peanusauus mynbtunnexcopos STM-4/16

PaccMOTpUM ele OAVH NpUMep MynbTUnnekcopa yposHs STM-4, no3BONSIOWEro NPon3soanTe ero Moan-
dukaumio a0 ypoeHa STM-16. 310 MynbTUNNEKCOP Beogda-sbiBoga 1651 SM koMnanum Alcatel. Ha puc.2-43
NpUBEAEHA €ro CTPYKTYPHaR-CXeMa, KOTOpas BLIMMAAUT KOMNAKTHOW 1 mopynbHoi [57].

NopT
. _ . 145/34_/45/ MQ/STM-V_STMJ/S_TM-M . ) ) CnyxeGubili
AranoHHbiA [ 4 » KaHAN ¥ XaHansi
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Puc.2-43. bnok-cxema Mynetunnekcopa 1651 SM komnawnun Alcatel (yposeno STM-4/16)

Mynetunnekcop 1651 SM MoxeT 6biTb CNONL3OBaH ANS paboTbl B KAYECTRE:

NUHEWHONO TEPMUHANBLHOrO (OAWHAPHOIC MAW ABOWHOMO) MYNbTUNNEKCOpa C ABYMSA arperaTHbiMu
6nokami, UCNONbL3YEMbiMU B pexuMe “OCHOBHOW/pe3epeHbIi” ONns CO3faHvsa 3awuTel Tuna 1+1
arperaTHbix NOPTOB;

MYNBTUNNEKCOPa BBOAA/BLIBOAA C ABYMS WU YEThIpbMs arperatHoimmn  Onokamu  (nopramu
“BOCTOK” - “3sanan”) ans paboTei B CETsx ¢ Tononorvein obbiMHOro Mnu COBOEHHOIO KOnbLA W B
nuHeliHon uenn ¢ 3awmToin Tvna 1 + 1 nnun 6es 3awmTh;

nuHenHoro pereHeparopa, paboTaouiero no cxeMaM ¢ sawmroin 1+1 unu 6es Hee;
KOHUeHTpaTopa (xaba) ona ocywecTeieHus GyHKUUA LEHTPansHOro y3na 8 Tonoiorun “asespa”;
KOMMYTaTopa, ©YyHKUMOHUPYIOLWEr0 B pamMkax MyNbTUNAEKCOPa W CamMOCTORTENLHO C
MakCUManbHOW eMKOCTbIO A0 16 STM-1 nopTtos.

MynsTunnekcop u ero 6a0K1 MMEeIOT CReaylowme XapakTepucTUKK:
TpubHsie nurepdericei;

CKOPOCTb Nepeaayu gaHHbiX Ha Bxode - 2, 34, 45 u 140 wau 155 MOut/c (anekTpuieckue) Mnm
155 M6uT/c (onTu4eckui);

BXOAHON umnepnaHc - 75 OM (koakcvankHblid BXoa) - Ana Bcex Tpubor, 120 Om (CUMMETPWUHLIA
Bxoa) - anst 2 Mbur/c.

OnTu4eckne BXOAbI arperarHeix 6710K0B:

622 M6uTt/c (STM-4) 1 2488 M6ut/c (STM-16);

Onruyeckne nHrepgesicos (Tabn.2-1):

pna STM-1: S-1.1, L-1.1, L-1.2;

ans STM-4: S-4.1, L-4.1, L-4.2, L-4.1 JE, L-4.2 JE;

ana STM-16: S-16.1, L-16.1, L-16.2, L-16.2 JE;

onTuyeckue coeguuutenu - FC, PC;

cooTsercrene crtaHpaptam - ITU-T Rec. G.709 [18], Rec. G.957 [24], Rec. G.958 [25].

OCOGEHHOCTH PEXHMOB BEOAA/BHIBOAA H BOIMONXHOCTH KDOCC-KOMMYTaLlHH.
MaKCUMabHOE YMCno TpMbos, KOMMYTUPYEMBLIX 683 BNOKUDOBKY:

8 - ana Tpuboe 140 M6ut/c n 155 M6ur/c;
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- 24 - gna Tpubos 34 M6ut/c vnu 45 Mbut/c;
- 63 - pna Tpubos 2 Mbut/c.
OONONHUTENBHOE YUCNO KOMMYTHRYEeMbIX 2 MBUT/c TpubHbix NOPTOB BBOAA/BLIBOAA:
— 189 Ha kaxayio nonky (kaccety) tuna 1641SM-D, ycTaHOBNEHHYI0 Ha CTOMKE.
TWibl KDOCC-KOMMYTauuu:
— Ha ypoOBHe BUPTyanbHblX KOHTEHepos VC-4;
— NUHWA-NUHUA (arperatHolin Onok-arperaTHblit GNOK) - CKBO3Has KPOCC-KOMMYTaLUNS;
— NUHUS-TpUG - BHYTPEHHSAS KPOCC-KOMMYTALHUS,
— Tpub-TpUG - TOKaNbHas KPOCC-KOMMYTAaLNSR.
— Ha YpOBHe BMpTyanbHbiXx KOHTEeHepos VC-3 u VC-12:
— 8 VC-4 aksuBaneHToB B pexume 06xoaa yana - 6adinacHas KpoCC-KOMMYTaLns;
—~ 8 VC-4 3xBMBaANnEeHTOB B peXUmax CKBO3HOW, BHYTPEHHEN ¥ NOKANbHOW KPOCC-KOMMYyTaUUK.
Ocob6eHHOCTH PEXHUMOB 3aLUMTbI:
3almTa cetu:
- mna 1+1, 111 - ana MynbTUNNEKCHBIX cekuwin moboro Bumaa NMHEWHOW cetu (Ha YpoBHe
arperaTHbix 6nokos n SDH tpubos);
— 3awmTa mMapwpyTa (Tpakrta) AMHeNHON CeTn B Lenom;
— TUMa CamOBOCCTAHABNMBAIOLIErOoCA ABYHANPABNEHHOrO HOBYXBOAOKOHHOTO KONbUa C 8biGOpOM
nquero NO KaYeCTBY CUrHana, NonyyaemMoro NpueMHoiM 61oKomMm;
TUNA CAMOBOCCTAHABNUBAIOLMXCH B3AUMOAENCTBYIOUIMX KONEL, CO CABOEHHLIMU y3namu.
gawmrta o6opyaosaHns:
- Tina 1+1 - ana niobBoro obwero Hnoka (KommyTaTopa KOHTpONNEpa MynbTURAEKCOopa, CBA3U U
6nokoB nuTaHMAa U ap.);
— tuna 1+N, rae N = 3 - nnsa Tprbos 2 Mb6ut/c;
- Tvna 141, 1+N - ans apyrux Tunoe Tpnbos.
Oco6eHHOCTH CUCTEMbI YNPaBNCHHNS:
WHT MCbl CUCTEM YNPABNEHUA:
- Q Qga, Qgcc - Q-vHTepdeiicel - ans poctyna no cetn Ethernet tuna 10BASE2 Ha yposHe
meHenxepa cetm NM B cooteeTcTBUM ¢ cTaHgapTamu ITU-T Rec. G.773 [89], Rec. G.784 [23];
- RS-232 (pa3vem DB-9) - ana MmoaeMHoro goctyna (9600 6ut/c) k NM yepes kpagr-repmunan CT,;
- E1/E2 - pna pocryna no cnyxebHbiM uuppoBbiM kaHanam EOW (DTMF ¢ BHyTpMnonocHoi
CurHanusauuen);
— G.703 (coHanpasneHHbiii nHTepdeinc) - ona opraHnsauun cnyxebroix (DS0) kaHanos aaHHbIX 3x64
unu 6x64 kbut/c;
- G.703 {(G.704, G.736) - ansa oprann3auunn cnyxebHeix (E1) kaHanos AaHHbIX 4x2 MOuT/c;
- V.11 - pasHoHanpasneHHblid uHTEpdEerRC - ANf opraHu3aumum cnyxeOHbIX KaHanoB nepeaaqv
DaHHbix (3x9600 6uT/C).
ynpasneHue nepenadveil AaHHbIX:
— SOH (6atitel D1-D3 n D-4-D-12) - phs ynpaBneHus pereHepaTopamMut Ha ypoeHe NM;
— 8 Bx0a08/7 BbIXOAOB - AN OCYLIECTBNEHUA OnepaLmii TecTuposanus n c6opa AaHHbIX.
oneparvsHQe ynpasnexve:
~ AWCTaHLIMOHHbIA COOP YHETHBLIX (MHBEHTAPHLIX) AZHHLIX HA YPOBHE UHTEPGhERCHLIX KapT;
— 3arpyska nporpammHoro obecrnedenna 6e3 npepbiBaHus Tpaduka;
— KOHTPONb owmrboK n napameTpos HacTpoWkn B COOTBETCTBMM CO CTaHaapTamu ITU-T Rec. G.784
[23], G.826 [75].
CuHXpoHM3ayma:
BH HHAR:
— +/- 4.6*10°% ¢ gpendom He xyxe 0.37x10°6 B peHb;
BHELWHAA.
-~ 2048 k'y B cootsetrcTeMM ¢ G.703.10 (umnegaHc: 120 OM - cMMMETPUYHOE NoAKMIoYeHne n 75
OM - koakcuanbHulit kabens);
— TpWbbl 2 MbBUT/C;
— NWHelHbIn curHan STM-N.
BbIXQAbI:
— 2048 k'y (umnepanc: 120 Om - cuMMeTpudHOE noakniouerme u 75 OM - koakcuanoHbil kabens) B
cooteetcreuu ¢ ITU-T Rec. G.703.10.
BuibOp TMNa CUHXPOHW3AUUM OCYLLECTBNSIETCA B COOTBETCTBUM C YCTAHOBJIEHHLIMM NPUOPUTETAMM UK NO
anropuTMy, UCNONb3YIOUWEMY COOBLYEeHUST O CTATYCEe CHHXPOHMU3aLMKn SSM.
OC06eHHOCTLIO MYNLTUMNNEKCOPA ABASETCA ero NPeeMCTBEHHOCTL: SMA-4, ABNAACE YNEHOM CeMeNCT-
Ba MynsTUnnekcopos anst STM-1, STM-4 u STM-16, MoxeT ucnonb3osatb nHTEpdelicHbie kapTel STM-1, a
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TAKXE NyTEM NPOCTOi 3aMeHbl GNOKOB MOXET BbiTh MOAWDUUMPOBAK B KOMMNAKTHLIA BapUaHT MyNbTUNMEK-
copa SMA-16 ana paboTul HA ckOpoCTU 2.5 MBUT/C nyTem ycTaHOBKM 2 arperatHuiX kKapT STM-16. Takoi
BapyaHT MYAbLTUMIEKCOPa C BOZMOXHOCTLIO BBOAA-BLIBOAA NOTOKOB 2 M6uTt/Cc cooTBeTcTByet mopenun 1661
SM-C. Dpyroit 0ocoBeHHOCTLIO ABNSETCA HANUYMe CreuuanbHOro BXxoAa CUCTEMbl CUHXPOHM3AUMKW, Ha KOTO-
pbiid NOAAETCs paanocurHan ¢ raobansHOi cHCTeMbl onpeaeneHns Mecrononoxenns GPS, nossona-
WM NOACTPaAMBATL WCTOYHUK CUHXPOHWU3ALUKU NO MMPOBOMY CKOOPAWHWPOBaHHOMY spemenn UCT
(cm. n.3.4.3).
Cxema pasmelnenna nHTepdencHuix KapT n Mogynei B KOPNyce rosIKK, YCTaHaBnnBaeMoit Ha CToM-
-xe S9 (Alcatel), cooTBeTCTBYIOWEN CTAHAAPTHON CcTodxe ETS300119, npusepeHa Ha puc.2-44. Takux no-
noK B CTOMKe MoxeT OblTb gBe. bnoku ncnonb3yiloT neyaTHyi0 Nnaty espPOnencKoro ctanpaprta (233x220
MM). BEPXHAR 4acTb NONKW UCNOMAL3YETCA ANA NaHenu MEXCoeauHeHnA (MHTepgercsl kabenbHo# CBA3N).
CpepHsas 4acTb nonku (BepxHsst kaccera) wmeeT 16 cnotos (pasweMos): 3 (SW1-4, SW1-10, SW6-9) - ana
xoMMyTauun mHTepdeicHbix kapt, 10 - ans TpubHeix MHTEPdENACHEIX KapT, ABA MaTPMUYHLIX KOMMYyTaTtopa
(CTONPOUEHTHOE pe3epBupoBaHue), oanH 6nOK NUTaHUA. HWKHAA 4acTb NONKW (HMXXKHSS xaccera) umeer
10 cnotoB: 4 (WA, EB, EA, WB) nuHelHbix arperatHeix 6noka v apa TaiMepa (Ans BCEX CTOMNPOLEHTHOE
pesepsupoBaHue), ga 6noka nuTaHus (pesepsuposanne 50% ¢ y4eToM 6noka Ha BEPXHEHh KacceTe), oauH
KOHTPOANED M OpuH BAOK Ana BHEWHUX noakmoveHhit (AUX).

Jinuesan CTOPOHA BHYTPEHHUX
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Puc.2-44. CxeMa pasMewlennn MHTepdeircHuiX KapT 1 MOaynen Ha CTaHNapTHON CTolike

A

2.7.2. 0630p annapartHoi peanu3auum o6opyaosanus cereii SDH

B npeasiaywmx naparpacgax 2.7.1 - 2.7.2 6binv npuseieHsl GyHKUMOHIbHBIE BNIOKK N ONMCaHa apxXuTekTy-
pa ceteit SDH. YkasaHHbie B HAX NPUMEPL! peanu3aumm MynsTMNIeKcopos yposHa STM-1,4 naiot, 8 Lenom,
fnpeacTasneHne O CTPYKType M XapakTepe MUCMoNb3yembix B MynbTunaekcopax 61okax. BmecTte ¢ Tem wHTe-
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pecHO NpoBecTU 0630p annapaTypHOn peanusauumn GyHKUMOHanbHbIX Gnokos SDH cetei, npoussoanMbix
He TOnbko komnaHuamu Nortel, GPT u Alcatel, HO ¥ APYr¥MW KOMNAHWAMU, ONEPUPYIOLLIMMU H2 POCCUMIACKOM
pblHKE. JTOT Marepuan Kak HaM kaxeTcsi, Bynet MHTepeceH He TONLKO NPOEKTUPOBLLMKAM CEeTel, HO u
BCEM, BOBNEYEHHLIM B NMPOLECC NPUHATUS pewweHnin o0 3akynke SDH oGopynoBaHvs. 3TO eCTECTBEHHO, T.K.
BCErpa X04eTCR uMeTh uHdopmaumio 06 060pyaosannu BCEX BO3MOXHBIX ero NOCTaBlMKOB, YToObl OUEHUTL
BCE ero MHOrooBpaaue, a Take BOIMOXHLIE Pasnnins ero xapakTepuctuk. Ons nomoum 8 3ToM B 0630pe
NPUBOAATCA AaHHbIE, COOPaHHBLIE Y PasnuyHbLIX GUPM-NOCTABLLMKOB.

Ha pbiHke SDH MOXHO BbigenuTb rpynny u3 12 HanbBonee KpynHbiX NOCTaBWMKOB 060OpyaoBaHus)
SDH, a umenHo: Siemens, GPT, Alcatel (Alcatel N.V.), AT&T (HOBOE MMA 4acTV KOMNaHUK, 3aHUMAIOWENCH
npoussoactTsoM oBopynosanus SDH - Lucent Technologies), LME (Ericson), PKI (Philips Kommunications
Industrie - komnauus npopana ceoii SDH 6usnec), NEC, Nortel (HoBoe HasBaHue komnanmm Northern
Telecom), ECI, Nokia, Marconi n Fujitsu. lNpaxTuyeckun BCce OHW, 32 MCKNOHeHneM, ObiTb MOXET, AByX noc-
nepgHux, nNpeacTtasneHbl HA POCCUMIACKOM pblHKE. 3TOT PLIHOK B NOCnegHee BpeMsA CTaHOoBuTCR Bce Gonee
HacbiWweHHbIM 060pyaoeaHuemM SDH pasnuyHOro knacca. 370 CBA3AHO ¢ pa3Hoobpasnem u MaclTabHOCTLIO
OCYLUECTBNAEMbIX COBMECTHO C 3TMMKU KOMMAHUSIMW NPOEKTOB, B KOTOPbIX ONEPUPYIOT YXKE COTHAMU KOMMN-
nexktoe obopynosaHus SDH. [locTatoqMHO NpuBECTW NpUMEp paguopenenHoi nunnmu Mocksa-Xabaposck,
ucnone3yowen TexHonoruio SDH (pexum MHorokaHanbHoh (6+2) nepenauv notokos STM-1), TOpXecTBeH-
HO OTKpbITOW 14 maprta 1996r.,, Ha KOTOPOV YCTAHOBNEHO HECKONBKO COT MyNbTUNAEKCOPOB KOMMaHWA
Siemens, cBA3aHHbLIX paguopeneiHoiMu ctaHuuamu Siemens u NEC.

Bce pa3Hoo6pasuve 31oro 060pyaoBaHua MOXHO NPeacTaBuTe B BUAE NSTW rpynn:

— CMHXPOHHbLIE MyNbTUNNEKCOPL! - SMUX nnn SM;

— obopyaoBaHue NUHEeNHbIX TPakTos - SL;

— CWHXPOHHbIE KPOCC-KOMMYyTaTopkl ~ SXC;

— CWHXPOHHbIE pagunopeneiHbie nuivn (PPJ1) - SR;

— cucTembl ynpaenenus o6opynosannem SDH.

MoapobHoe paccMmoTpeHve Bcex TMNOB 000pyaoBaHWa 3apada DOonblwas v Tpyaoemkas, y4uTbiBad,
4YTO HE BCE YKAa3aHHble Bbille KOMMaHuWM nybnukyloT uan rotosbl NPEAOCTaBUTL HYXHYKD MHGbOPMauumi. B
Hawem 0030pe npencTasBneHbl KOMMaHuu, maTtepyanaMu KOTOpbix pacnonaraeT asTop: Siemens, GPT,
Alcatel, AT&T, Philips, NEC, Nokia, Nortel n ECI.

13 ykasaHHOro o6opynoBaHus Hanbosee LWMPOKO MCRONL3YIOTCA CUHXPOHHLIE MYNLTUMNEKCOPLI, KO-
TOpbIE, KaK ObiN0 YKA3aHO BLILUE, NPUMEHSIOTCS M B NUHENHbIX TPAKTax, U KaK KpOCC-KOMMYTATOpPbI, NO3TO-
MY Mbl U OrpaHU4KUMCs, B OCHOBHOM, MX paccMmoTpeHueM. [pyroe o6opynoBaHue, BuiNyCKaeMoe yKasaHHbi-
My KoMnaHuAMK, BygeTt KpaTko nepeuncneHo B HOMEHKNaTypHuIX criMckax obopyaosanua. Bee xapakrepuc-
TUKK U NapamMeTps 060pyaoBaHMa npuseaeHbl B OONbWMHCTBE CNy4aes Tak, KAk OHW NPeACTaBNeHbl B NPO-
CNEeKTax KOMMaHuiA,

2.7.2.1. TexHu4eckme xapaxkrepucruku o6opynosaHus

OCHOBHbIE XapakTepPUCTUKN MYNbLTUNNEKCHOro oBopyaoBaHua ceefeHbl B Tabnuuy 2-2 oTaenbHO ANs CUHX-
POHHbLIX MYJIETUNNEKCOPOB pPasdnunyHbix yposHei SDH - STM-1, STM-4 u STM-16. B sepxHeir yactn Tabnuupl
yKa3aH psg napameTpoB MynNbTUNAEKCHOrO 060pyooBaHWS, TOrAA KaK B HWXHEW 4YacTtu Tabnuubl ykasaHbi
Apyrue obwme pna BCEX MYNbTMNNEKCOPOB XapakTEPUCTUKK, OTHOCALLMECS K CUCTEMaM yrpaBieHus ane-
MEHTaMW CeTH U CeTbi0 B LENOM,

HekoTopble N3 3TUX XapakTepucTuk TpedyioT KOMMEHTapUeB.

Kanansl gocryna rpubreix uHrepgescHoix kapt. [na 1pnbos PDH crangapTHulii Habop kaHanos
2, 34, 140 MBuT/C cooTBeTCTBYET €BpOneinckon nepapxum (EC), Ho He BkniovaeT 8 M6uTt/c (cm. 2.2.4). Psag
MYNLTURANEKCOPOB UMEIT Tpubul 1.5 1 45 MOut/C (unn 6 MBuT/c - orosapusaemasl onuua) 4is COBMECTH-
MOCTU C amepwkaHckoi nepapxuei (AC). Onsi mynbTunnekcopos yposHa STM-1 SDH Tpub MoxeT ObiTb
INEKTPUHECKUM UNKU ONTUYECKMM, Ona ypoBHeh STM-4,16 ucnonb3yioTca Tonbko ontudeckue SDH Tpubbl.
Hanuuue takmx TpuboB NO3BONSET UCNONL30BATL MY/LTUNIEKCOPL! B KAYECTBE PEreHepaTtopoB B JIMHERHbIX
TpakTax SDH, a Takke B CxemMax coeavHeHnsa Konew pasHoro yposHs (puc.2-36).

Yucso nopros Ha TpubGHoONW uHTepgericHow xapre. [1o0 HepaBHero Bpemedn onsa Tpubos 2 Méut/c
Ha kKapTe umenocb, obbiHO 16 noprtoe, 4To Tpebosano, HanpuMmep, 4 kapTbl (16x4=64 noTeHUMANbHO
BO3MOXHbIX KAHANOB) AN MAKCUManbHOMO UCNOML30BaHUA BO3MOXHOCTEA MyNbTUMNNEKCOPOB YPOBHE STM-1
no obpaborke xaHanos 2 Mbut/c (63 kaHana). CospemeHHoe 06opyaoBaHve NO3BOASET uMeTb 21 NOPT Ha
KapTe, 4TO AaeT BO3MOXHOCTb UCNONb3oBaTh TONLKO 3 xaptel ana o6paboTtku TOro xe notoka (63 kaHana),
3KOHOMS 1 CNoT Ana Apyrux TpuboB AN ONd YBENUYEHNUA YuCna MakcumanbHo obpabaTbiBaeMblx KaHanos 2
M6wr/c (STM-4,16). OBbivHOE 4nCno NopToB Ans Apyrux Tpubos: 3 - ana 34 nan 45 M6ut/c u 1 - ona 140
unn 155 Mbut/c.
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Ta6nuua 2-2. CpasHUTeNbHbIE XaPAKTEPUCTUKM CUHXPOHHBIX MyNbTUMNIEKCOPOB BBOAA/BLIBOAA

z DT Alcatel r ATST _ ECI 4 GPT _ NEC F NEC Nokia _ Nortel ~ Philips F si _ si — si
C MYnbT pol - STM-1
Tun 0BaHNR 1641 SM 1SM-2000/STM-1 SDM-1 SMA-1 SMS-150A SMS-150L STM-1ADM, TM TN-1X ADM-1/1 SMA-1 SMA-i R2 SMT1D
KaHansi goctyna (1pu6sl) PDH [M6u/c] 23445140 2,34,140 15/2,34/45,140 15/2,34/45,140 2,34,45 140 2 140 2 34/45140 2,34/45,140 2,34,140 234140 2(2,34,140)
Kawansi foctyna (1puGsi) SDH [M6uT/c] ApOGHbIA 155 155 155 (an , onT) 155(an ) 155 cunxp conp - 155(an! - - 155 155 -
YWCNO NOPTOB Ha TPHGHOA MHTEPDERCHOR | 21(2)334/45) | "16(2) 3(34) 8/16(2),3(34) 16(2),3(34) 21(2),3(34/45) 1(140) 16(2),1(140) 16(2) 3(34) 21(2),6(34/45) 16(2),3(34) 21(2)3(34) 21(2),3(34)
1(140),3(8po6 155) 1x(140/155) 1(140).1(155) 1(140).1(155 - - 1(155) 1x140 4(140/155) 1(140),1(155) 1(140) 1(155) 1(140),1(155)
5(3+141) 5(4+1) 8 5(41) 4(3+1) 2(141) 4/8(pacump) 4 8(4+4) 5 (4+1 6(3+3) 6(2x3)
31,1 1(34/45) N+1_1+1(155) N+1, 141(155) 40,41 31 11 (458) 0 11 11 40,4 50,51 60
63x2/3x34 63x2/3x34 63x2/3x34 63x2/6x34 63x2/4x(34/45) _ 2140 126x2(pacuwmp) 3ke_1x140 84x2/24x(34/45) 63x2/Bx34 126/252x2 126x2/6x34
8 3AUIMIEHHOM DEXUME 1x(140/155) 1x(140/155) 1x140,1x155 2140 - - 2x140(pacwwp) - 4x140 2x140 6/12x34,16x140 140
JinHedHble KaHanbi (a 155(an ont 155(an on ) 155(3n onT ) 155(an o1 ) 155(an onr ) 155(an ,onT ) 155(an o ) 155(an jonr ) 155(3n onT ) 155(an ,onT ) 155(an ot ) 155(an onm )
11,141 11,141 11,141 11,141 11,141 11,141 11,141 11,141 11141 11,141 11,141 11141
1-0,1-1, N-n -0, 1-1, n-n 1-N, 1-1, 0-n T-0, 1-1, 1-0 I-A,1-1,n-n HA 1-0,1-1,0-1 1-0,1-T, 0-n T-0, 1T, 1-n 1-0,1-1, A-n 1-N, 1-1, 0= T-0,1-T, -0
1xSTM-1 1xSTM-1 1xSTM-1 252x2M6uT/c 1xSTM-1 1xSTM-1 2&STM-1 1xSTM-1 1008x2M6ur/c 252x2M6uT/c 1008x2M6mT/C 252x2MowT/c
475x483x285 622x450x260 42544504250 500x450x280 473x450x280 473x450x280 ETSI19°17°,12" 534x450x280 812x500x280 500x450x280 575x515x280 Ha
Cunxp y put - STM-4
Tun o6opysoBaHms 1651 SM 1SM-2000/STM-4 SDM-4 SMA-4 SMS-600W SMS-600T STM-4 ADM 1/4, 4/4 TN-4X ADM-4/1 SMA-4 SMA-4 R2 -
Kananb! pocTyna (1pubsi) PDH [M6uT/c) N.@».F 2,34140 234140 2,34,140 2,34.140 140 2140 2,34/45 140 __2,34/45140 2,34,140 2,34140 =
Kaans! foctyna (Tpu6sl) SDH [M6uT/c] 155 an ot 155 an ont 155 an ont ,622 onT 155 622 155 an ,ont 155 an ,ont 155 an ont 155 622 155 622 155 622 155 622 -
Y¥Cno NopTOB Ha TPHGHOA WHTBPDeACHOR 21(2),3(34/45 16(2),3(34) 16(2)3(34) 16(2),3(34),1(140) 21x2,3x34 1x140,1x155 16x2,1x140, 21(2),6(34) 21(2) 8(34) 16(2),3(34),1(140) | 21(2) 3(34) 1(140) -
Xxapre Ans KAKAOMO TWna Tpuéa :Zozmmﬁbmr 1(140 55) 1(140),1(155) 1(155),1(622 1x140,1x155 - 1x155 4(140155) 4(140/155) 1(155),1(622) 1(155) 1(622) -
4110 TPUGHBIX WHTBDEIBACHbIX KAPT 3+1)+6)/2x(4+1 9(8+1)/5(4+1) 18 9(8+1) 7(6+1) 8(4+4) 4/8(pacww ] 6 9(8+1) 12 (6+6) -
TN 33WMUIBHHOO PeXWMa NO BXOAY 8 1(2).4 1(34/45/140) N1.11 141 808 1(2) 61(2) - H3 60/61(2) 605 1(2) 80,81 120,111 -
MaKxcumanbHas Hanpy3ka Ha MyNbTHNNEKCOp 8STM-1 126x2(12x34 144x218x34 126x2/12x34/16x140 126x2,6x34 2x(4x140/155) 126x2/4x140 126x2/6x34/4x140 | 126x2/6x34/4x140 | 126x2/12x34/16x140 252x2/24x34 -
8 3alNLIBHHOM PeXUME - 4x(140/155) 8x(140/155) 16x155/4x622 - (2 xemnnexta) 4x1553n 4x155 4x155 16x155/4x622 16x140/16x155 =
JInHeAHbIe KaHanbl (al MouT/c] 4xSTM-4 2xSTM-4 4xSTM-4 155¢an,ont) 622(onm) 28TM-4 2xSTM-4 2XSTM-4 155¢an,onm) 622(on) | 155(an,onr),622(on) | 155(3n,0nT), 622(onT) | 155(an,ont) 622(onT) -
141,11 141 1+ 141 141 141 141 141 141 141 141 -
1-0, 1-1, 0-n 1-0, 1-1, fi-n 10, 1-1, 0= -1, 1-1, -0 1-0,1-T, 0-N - 1-0, 1-T, 0= 1-n,1-T, n-n 1-0,1-T, =N 1-0,1-1, A-n -0, 1-1, -0 -
BOIMOXKHOCTH HEGNIOKHPYEMOR KPOCC-KOMMYTaLMM 63(2),24(34/45) 126(2),12(34) 144x2118x34 8VC-4 opva nonka HA Hg 16STM-1 8vC-4 8vC-4 1512x2Mbps 1008x2Mbps -
8(140/155) 4(140/155) 8x(140155) Makc 1008x2MouT/c - - - - - - = el
BapnanTbl WCnonb30BaHuA oG0Py AOBaHUR TM, R, ADM-n .k TM, R, ADM-ni.x TM, R, ADM-n k TM, R, ADM-n k TM, R, ADM-nx HA TM, ADM, DXC TM, R, ADM-nx TM, R, ADM-1.k TM, R, ADM-nx TM, R, ADM-n.k ~
Pa3Mephi KOMNAKTHLX 6noxo8 8 cTowke (BxLLUXM) MM 850x450x280 750x450x260 975x450x275 950x450x280 860x450x280 473x450x280 ETSI19°17°,12° 812x448x279 812x448x279 950x450x280 875x515x280 -
Cunxp My pot - STM-16
Tun o6opysjosanms 1664 SM LSM-2000/STM-16 SDOM-16 SMA-16 SMS-2500T - STM-16 TN-16X ADM-16/4 SMA-16 SMA-16 R21 -
Kanans! gocTyna (1pu6bi) POH [MGw/c] 140 140 2,34/45,140 15/2,34/45,140 140 - 2140 140 2,34/45,140 2,34,140 2,34,140 =
Kaans! foctyna (1pubsi) SDH [Mowr/c] 155622 T 155 (on omr) 155 (an ,on ) 155 622 155 an - 155 155 155 622 155 622 155 622 -
H4CNOo NOPTOB Ha TPMGHOR MHTEPdEACHOR Ax140/2x155 2x140,2x155 16(2).3(34) 16(2),3(34).1(140) 1x140,1x155 - 16x2,1x140,1x155 HA 21(2) 6(34) 4(140) | 16(2) 3(34) 1(140) | 21(2) 3(34),1(140) 3
1x622 - 1(140) 1(155) 1(155),1(622) - - - - _16(155),4(622) 1(155) 1(622) 1(155),1(622) -
7 8 18 ) (8+1) 8x(140/155) - Ha HA 13(2),4(34),4(140) 9 (8+1) 12 (6+6) -
1+1(SDH), N 1(PDH) [141(SDH), N 1(PDH) N111 141 0,81 81 - HA HA HA 80,81 120 111 -
16STM-1 16STM-1 144/288x(2), 18x(34) | 126x2/12x34/16x140 16x(140/155) - 16x155 16x155 273x224x34/16x140 | 126x2/12x34/16x140 252x2/24x34 -
- -~ 8x140,8x155 16x155/4x622 - - - =~ 16x155/4%622 16x155/4x622 16x140/16x155 -
2x2500 2x2500 22500 2x2500 2x2500 - 2x2500 2x2500 2x2500 2x2500 22500 -
i 141 141 141 141 - 141 141 1+1 141 141 -
1-0,1-1,0-0 -, 1-1, A-A -0, -1, n-n 1-N,1-T, f-n - - HA HE -0, 11, N-0 1-0,1-1, - -0, -1, 1= -
vC-4 vC-4 vC-4731 1512x2Mbps HA - ve-4n vec-4 ve-43n 1512x2Méut/c 1008x2Mbps -
TM. R, ADM-n.x TM, R, ADM-nx TM, R, ADM-n k TM, R, ADM-n.k HA - TM, ADM, DXC TM, R, ADM-nx TM R, ADM-n.x TM, R, ADM-n.x TM, R, ADM-nx -
£cTb ecTh HA ecTb HA - HA HA 8CTb ecTs €CTb -
720x482x220 750x450x260 1150x450x275 950x450x280 850x450x265 - ETSI19°17" HA 812x498x279 950x450x280 875x515x280 -
OGwas 4acTs my pHoro o6
1353-SH. ITM-SC eEM EMOS ACTNET-X ACTNET-X SYNFONET NM TN-MS EC PHAMOS-SDH EMOS EMOS EMOS
THnN CETEBOr0 MeHe[Kepa 1354-RM/1354-NN ITM-XMANM eNM SMN-0S HE HA TMS NetMan TN-nX NE PHAMOS-SDH SMN-0S SMN-0S SMN-0S
PC wHrepdpedc F RS232C/9600x6/c RS232C/9600x6/c | RS232C/19200k6/c V 24/9 bkbps RS-232C/9 6kbps RS-232C/ 6kbps Q3(Ethernet) RS-232C/3 6kbps RS-232C V 24/3 Bkbps V 24/3 6kbps V 24/9 6kbps
LAN nuTepceitcs! G 773 QB3/0B2(Eth) 773 QB3(X 25) G784Q3() Qx(Eth X 25)/64K6/c G 773 B3 (Q2) G773B3(Q2) Q3(Etnernet) Qx(Ethernet) Q3(Eth), QECC Qx(Eth X 25)/64k6/c | Qx(Eth, X 25)/84x6/c | Ox(Eth X 25)/64k6/c
CyxeGHbie KaHans! 6nok OHA-Alcatel nok OHA-AT&T 6nox OHA-ECI 6nok OHA-GPT Griok OHA-NEC 6nok OHA-NEC 6nox OHA-Nokia 6nox OHA-NT 6noxk OHA-Philips | kommyhukay nopt | 6nox OHA-Siemens | 6nok OHA-Siemens
Makc_4ncnio MyNbTUINEKCOpoB, ynpaensemsix IM HA 100 HA 180 ua HA HA HA HA 256 180 180
Twn cToiku, paameps! (BxLUIXI) panb! 8 (M] ETS|, IEC-297 ETSI, IEC-297 ETSI ETSI ETSI ETSI ETSI ETSI ETSI ETS| ETSI ETSI
22x06x03 22x06x0 3 22x06x03 22x06x03 22x06x03 22x06x03 22x06x03 22x0 6x0 3 22/2 472 6x0 6x0 3 22x06x03 22x0 6x03 2 2x0 6x0 3
TN WCNONL3YEMOR CHHX POHU3ALINK BT CT TC NC BT CT TC,NC BT CT TC,NC BT CTTCNC BT CT.TCNC BT CT TC nc 8T ,CT,TC NC BY,CT TC NC BT,CT TC NC arcr.rc.nc Brcyic.nc Br.cr.rc.nc




Yucno TpnubHbIX MHTEP@EHCHbIX KapT U TAN 3alyMLEeHHOro paxmnma no Bxogy. B nepeoit no-
3numn, B CKOOKaxX AgHbI YMCNA OCHOBHBIX U PE3EPBHBIX KApPT, MPUYEM YWUCNO PE3EPBHbLIX KapT AO0NXKHO COOT-
BETCTBOBaTb CxeMe 3awmTbl TpuboB, NpuBeaeHHOW BO BTOPOW, U3 yKasaHHbIX, No3uumin. Hanpumep, ecnu B
TME 3alYNLEHHOro pexmma o BxoAy ykasaHo “1:4", TO ans 3awmTbl 4-X KapT MCNONL3YETCA TONbKO
ogHa pesepBHas kapTta (pesepsuposaHue 25%), ecnu ykasaHo “1:3", TO Ha TPU OCHOBHbLIX UCMONL3YETCH
oaHa pesepsHas kapTa (pesepsuposanue 33%), ecnu “1:1”, 10 pesepsuposaHue 100% Ha yposHe Tpubos.

MakcumanbHasi Harpy3xa Ha MYJIbTUIJIEKCOP (B 3alynlieHHOM pexuMe). [laHHas xapakTepuc-
TUKa YKa3blBAaET MAKCUMaNbHOE 4UCNO OOCNYXMBAEMbIX KaHANOB NO KaXAOMY Tuny Tpuba B OTAENLHOCTW.
3Ta xapakTepucTvika, Kak npaBuno, CBA3aHa C BO3MOXHOCTAMW KPOCC-KOMMYTaUMn U CUCTEMbI YNPaBNeHus.

Tun 10kanbHOW KOMMYTayMyu KaHanoB gocryna. 30eCb yka3aHbl TPU BO3MOXHbIX BapuaHta: Tpub-
nunHus (1-11), TPUB-TPUD (T-T) N NMUHUA-NUHKMA (n-n) (pnc.2-22, 2-23).

BO3MOXHOCTH He6/IoKMpyeMoi KpoCC-KOMMYTAaLMM. ITa BO3MOXHOCTb OObLIMHO XapakTepuayeTcs
3KBUBANEHTHLIM YUC/IOM KOMMYTUPYEMbIX noTokoB STM-N, uan notokoB 2 M6UT/C, unun Xe Oaerca B Buae
YPOBHS KOMMYTUPYEMbIX BUPTYanbHbIX KOHTEHepoB. OBbIMHO OHa COrnacyeTcs C MakCUMAasIbHOM Harpyskoi Ha
MYNbTUNNEKCOP M XapakTepuayeT BO3MOXHOCTU KPOCC-KOMMYyTauMuM CamMoro Mynstunnekcopa. OaHako npu
6104HOM NOCTPOEHUU MYNLETUNNEKCOPA, XapaKTEpPHOro AN COBPEMEHHbIX CUCTEM, OHA MOXET XapakTepuso-
BaTb BO3MOXHOCTU MaTpuLbl KPOCC-KOMMYyTaTopa Kak 6noka. Kak npasuio BO3MOXHOCTU KPOCC-KOMMYyTaumm
B ABa (a Ans MyAbTUNNEKCOPOB, AONYCKAOLWMX Nepexon Ha Cneayiowmii yposeHb nepapxmm n B YeTbipe) pasa
Bbillie MaKCYMaJIbHO-BO3MOXHOI0 YMCNa KOMMYTUPYEMBbIX KaHanoB 2 M6ut/c: gna mynbtunnekcopos STM-1 -
126 (2x63) kaHanos, anss STM-4/16 - 504 (2x4x63) nnn 1008 (4x4x63) kaHanos.

BapwmaHTsl Mu - Y nb30BaHna o6opynoBanms. NpuBeaeHHbIE MyNbTUNNEKCOPbl MOryT ObiTb, Kak n3-
BECTHO, CKOHPUIrypuposaHbl 4N UCNONb30BAHUA B Pa3fNyHbIX BapuaHTax. OHM MOryT 6biTb TEPMUHANbHbI-
My Mynbtunnekcopamu (TM), koHueHTpaTopamm (H), pereHepatopamu (R), MynbTUNnekcopamu BBO-
na/eeisoga (ADM), ncnonb3dyemMsiMu, B CBOKO O4epeab, B NMHENHbIX TpakTax (n) unv B TONONOrMM “konbuo”
(k). HekoTtopble pa3paboTku MynbTUNNEKCOPOB YpoBHS STM-16, MOryT MCnonb3oBaTbCs TONLKO B BapuaHTax
TM 1 R nnu He moryT BbiTb UCNOAL30OBaHLI B TONONOrMK TUNAa “KONbuo”.

Paamepsi koMNaKkTHbix 6710Kk0B B croMike. JT0 00ObIMHO pa3Mepbl MOMNOK C OAHOPSIAHBIMU UAN Xe
OBYXPSQHLIMK “KacceTaMn”, yCTaHaBNMBaEMbIX Ha NONKY B CTONKY ANA KOMMAKTHbIX Moaudukaumn (MHAeKC
“C") MyNbTUNNEKCOPOB, UK xe B0KOB, BCTABNSEMbIX B C/IOTbl KACCETHI (CM. Hanpumep, puc.2-44, a Takke
HUXE NYHKT “Tun CTOMKKM U HOMeHknaTypa 6noxos”).

PC wmHtepgeric F. UHtepdeinc F (cMm. rn. 4) ucnonb3yercs Ang NOAKNIOHEHWUS NOKANbHOMO TepMuHana
[OCTyna oneparopa, B Ka4eCTBe KOTOPOro OBbMHO MCNOnb3yeTcst 06bivHbIA MNK NOPTATUBHLIA (BNOKHOTHOMO
Tuna) PC. C ero nomMoubio MOXHO OCYLLECTBNNATL PYHKLUUKU KOHTPONS TEKYLIEero COCTOSHUA U aHanu3a noTtoka
aBapuiiHOM CUrHanM3auum unuM KOHTPONs/ynpasneHus KoHdUrypaumeid CUHXPOHHOro MysnbTunnekcopa. Ans
NOAK/IOYEHUS K MYNLTUNNEKCOPY OOLIMHO UCNONb3YETCA MOAEMHbIA KaHan, WUCMONb3YIoWWi nocneaosarenb-
HbIR NopT ¢ uHTepdeitcom V.24/RS-232C u ckopocThio nepenayn 9.6 kbut/c nnn 19.2 kbur/c.

LAN wunrepdesicbl. 3T NHTEpOENCH NCNONL3YIOTCA B LEHTPE yNpasneHus OJis CBA3WM MYSbTUMNEK-
CcopoB C aseMeHT meHegxepom EM (3M) cucremsl ynpaBsnenus cereio NMS. 31a cBA3b OCyLLeCTBNSA-
eTcs no nokanbHow cetu Ethernet (10 M6ut/c) unu cetn ¢ koMmyTaumeit naketos X.25, yepes Tak Ha3biBa-
embit Q-uHTepdeiic (obuwee o6o3Havenne Qx (Qez, Qaa, Q, - Bepcuu uHTepdeica, noaaepxusaiome pa-
3NNYHBIE CTEKN NPOTOKONOB, CM. 3.3.4) - Ans LEHTpanbHbIX (HENOCPEACTBEHHO CBA3aHHbLIX ¢ LAN) MynbTu-
NNekcopoB U Qg - ANA YAANEHHbIX MYNbTUMIEKCOPOB, UCMONb3YIOWMX BCTPOEHHBLIA KaHan ynpasnexus
ECC, peanusyembii npu ncnons3osaHum 6aintos D4-D12 cekumonHoro 3aronoska SOH (cm. ra. 4). Ecnu
HeT 60nee KOHKPETHbIX AAHHbIX, TO YKa3blBAIOTCA COOTBETCTBylOWME pekomeHaauun ITU-T, kOTopbiM no
OaHHbIM pa3paboTunka yaoBNEeTBOPSET yKa3aHHbI UHTepdeic.

CnyxebHbie kananbl. CnyxebHble KaHanbl (CM. . 4) OpraHu3yioTCA NyTeM UCNONbL30BaHUA COOT-
BeTCTBYlOWMX OaNTOB CEKUMOHHOro 3aronoska SOH. ®opmanbHO MOryT ObiTb MCNONbL30BaHbl Haitbl D1-
D12, E1-E2, Z1-Z2 n ppyrue pe3epsHble HanThl. Kaxabiit 6anT, ucnonb3yemMblii Ans 3TON Lenw, 3KBMBaNeH-
TEH, Kak M3BECTHO, GOopMUPOBaHUIO KaHana 64 x6ut/c (yuuTbiBast 4acTOTy NoBTOpeHust ¢ppeinma 8000 u).
O6bI4HO aNs 3TON uenu ucnonb3yloTca nnubo Gaitul D4-D12, nossonsiowme chopMnposaTs A0 4-X KaHANOB
obuiei NponyckHOW cnOCOBOHOCTLIO He Bbilwe 576 k6ut/c ¢ nHTepdeiicom V.11, KOHOUIypUpyeMbIx nNo Tpe-
6yemoit nponyckHor cnocobHocTn Ha 64, 192, 256, 512 unn 576 kbut/c, nubo GanTtel E1-E2, no3sonsio-
wmre chopmMupoBaTh ABa CNyXeOHbIX aHanoroBbiX kaHana C ABYXNPOBOAHbIM WUHTEPHENCOM U BO3MOXHOC-
TblO NOAKIOYEHNA 0ObIYHBLIX TenedOHHbIX annapaTos. KpoMe Toro BO3MOXHO GOpMUpPOBaHUE A0 4-X KaHa-
nos ¢ uHtepoeiicom G.703, koHdUrypupyeMoix Ha 64 kbut/c unm 2 Mbut/c. BeCcb 3TOT Ha6OP BO3MOXHbIX
KaHanoB nomeyeH B Tabnuue kak 6710k gocryna k 3aronosky OHA c yka3zaHMEM Ha KOMMAHWUIO - NPOU3BO-
autens obopygoBaHus (Hanpumep, 6nok OHA-AT&T - 6nok [ocTyna K 3arofioBky komnanHuu AT&T), yunTbl-
Bas pa3fiMuusi B KOHKPETHOM peanu3aumu 3Tux Onokos.

MakcumansHoe 4UC/I0 MY/IbTHNIeKCOPOB, ynpasnsiembix EM. O6bi4HO 3TO 4MCNO He nyBnukyeT-
CS B NPOCMEKTax, HO SABNSIETCA BAXHOW 3KCNIyaTalMOHHON xapakTepuctukoi. OHO 3aBUCUT OT MHOrux dak-
TOPOB, B TOM 4MCne OT EMKOCTW OnepaTvBHOW namsaTn PC cuctembl ynpasneHus v aonyctumoro obbvema
6a3bl AaHHbIX 060pyAoBaHWs, co3nasaemon EM.
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Tun ucnonb3yeMos CHHXPOHHU3aLuM. YUTbiBan BAXHOCTb CUHXPOHU3AUMUK A1 CUHXPOHHBLIX CceTei
SDH MynbTURNEKCOPbI UMEIOT pasnuyHble AyGnvpylwme MCTOYHUKA CUHXPOHU3auMU. OBbI4HO UCMONb3YIOT-
CA YeTbipe TMNa UCTOYHUKOB CUrHana CUHXPOHU3auMu:

— BHYTPEHHWH Taimep (B.T.), B KAYECTBE KOTOPOr0 MCNONL3YETCA BHYTPEHHWIA reHepaTop CWHXpoCcK-

rHana 2048 ky,;
— CeTeeoW Talimep (C.T.), B Ka4ecTBe KOTOPOro MCNOb3yeTCA BHELWHWIA reHepaTop CUHXpocurHana
2048 «l'u;

— curHan TpubHoro uHTepdeiicHoro 6noka (T.c.), B Ka4ecTee KOTOPOro OObIMHO UCNONL3YeTCs Cur-
Han ¢ Tpuba 2048 kbut/c;

— NWHEeRnHbI curHan (n.c.), B Ka4ecTBe KOTOPOro MOXET WMCNoNb30BaTbCA curnan ¢ mwoboro SiU
(mo6on STM-N).

Tun croiixn n 6nokos. CToIKa, kKaKk OTMEYaNoCk Bbiwe, OOLIMHO MMEET OAHY MNKU ABEe NONRKK ANA
pa3MELLEHUA KOMMNaKTHbIX 610Ko8 unKn xacceT ¢ 0OopyAOBaHMEM TUMA CMEHHbIX BNOKOB, BCTaBNAEMbIX 8
cnoTel. Paamepsl CTOeK, Kak Npaswno, CTaHAAPTM30BaHbI, XOTS YMCNO UCNOMb3YEeMbIX TUNOPA3MEPOB BCE Xe
ROCTATO4MHO BENWKO, Tak Kak Tonbko ans ETSI, kak otmevaeTcs HWXe, CyLWEeCTBYET TPU BO3MOXHBIX TUOpas-
Mepa Mo LUMPUHE W KaKk MUHUMYM [Ba NO BbICOTE. Y aMepukaHCKux NpousBoaMTenei ux gaxe 6onbwe.

Ecnu SDH o6opynosaHmne BbiNyCkaeTcst CO CTOMKamu eBponeickoro cranpaprta ETSI (Hanpumep,
cToika ETS300119 - 19 poiiMos), TO paamepsbl cToiku: 2200x600x300mMmM (BuicoTa x LunpuHa x TnybuHa),
€Crin CEBEPO-aMepuKaHCKoro - TO WMprHa Kak npasmno 17 wnn 19 poitMoB (akeuaneHT |IEC-297). Bnoku
AENATCH Ha ABE YacTu. BepxHssa 4acTb (MHOrOA, HO pexe, 3TO HWXKHAS 4YacTb) npeacrTasnseT cobon cneumn-
anbHYl0 00nacTb uMHTEPdENCOB CBA3W, rAe pa3MewieHbl BHEWHWe WHTepdencHele KapTbl. HUXHAA 4acTb
(MHOrna, HO pexe, BEPXHAA) C OAHOW WK ABYMSt NONKamu (OQHOPSAHas W ABYXPAAHAA) CNYXWT Ans pas-
MELLEeHNA CMeHHbIX 6nokoB. B Tabnuue npuBeaeHsi, Kak NPasvno, AaHHbIe ANA OAHOPSAHON KOHCTPYKUMK
craHgapta ETSI. KoHcTpykuma' mynbrunnekcopos ©OnodHas, npuyem BCe CMEHHble Gnoku OCyLecTBRSIOT
B3aUMOZIEMCTBME 4YEepe3 BHYTPEHHIo WwuHy. CMeHHble 6nokn penatcs oOblMHO HA 5 kateropuid (3aech 3a
OCHOBY B3ATO AeneHune 6nokos B annapartype komnanui Philips, Nortel, Lucent Technologies):

~ CUHXPOHHbIE uHTepdeicHsie Bnokv (unu BRoKN NUHERHBIX UNKU arperaTHbIX Bhixoaos) SIU;

TpubHbie untTepdeicHoie 6nokn TIU;

ueHTpanbHble 6noku CCU, BSU, MCU;

KOMMYTUpYioWme U cornacyiowwue 6nokm BBU, CMU, PPU;

cneuvannanposaHHble 6noku, Hanpumep, 6ok gocTyna K cekumoHHomy 3aronosky OAU.

O6bI4HO B KOMNNEKTE CO CMEHHbIMU BriokaMm ncnons3yoTcsa 5 Tnos nHTepgencHbIX KapT:

- kapta SCl gna cea3n kaHanos AaHHbix ¢ 6nokamu SIU v npoBepeHUs TeCTMPOBaHNA;

— KapTel TCl, ncnonb3yembie Kak BHeWHUA nutepdeinc mexay kasanamum goctyna (tpnbamu) n 6no-

kamu TIU;

- kapTtel MCI ana ¢8s3u NoOpTOB CUHXPOHN3AUMK C B/IOKOM LIEHTPaNbHOMO reHeparopa CUHXPOCUrHa-

na CCU, a takke PC n LAN noptoB nns cesau ¢ 6nokoM ynpasneHusi n ¢essm MCU;

— kapTbi OAl ona cBA3u Mexay kaHanamu faHHbix 1 6nokom OAU;

— KapTtel OWI gna cBA3u cnyxebHbix kaHanoB ¢ 6nokom OAU.

Bce paclumgpoBKM yKa3aHHbIX COKPAWEHUA NOMELLEHbI B CMUCKE COKPALLLEHWA.

O6uiee 4ACNO CMeHHbIX GnOKOB B CTOMKe. YunTteiBas CTaHaapTHble pasmepsl ctoek ETSI, wucno
pasMeLAEMbIX CMEHHbIX BNOKOB 3aBUCUT OT KOHCTPYKLUMKM CTOEK, KOHCTPYKTUBHBLIX OCOGEHHOCTel camux
frokoB, a Take HOMEHKNaTypbl HNOKOB y pasHbix NpoussoguTeneid. Hanpumep, yBenvyeHve yicna nopTos
Ha kapTe 2 MBut/c TpubHbix Bnokos ¢ 16 0o 21 unn UcnonbL30BaHUAE aBTOHOMHLIX GIOKOB NUTaHWA Henoc-
PEACTBEHHO Ha KapTax, BMECTO LEHTPanu3oBaHHOro 6noka nutaHua, yMeHbliaeT TpeGyemoe 4vcno rHespg,
AN YCTAHOBKW OCHOBHbIX 6nokoB. Ons ctoek ctaHaapra ETS| o6bMHO MCNONL3YIOT ABa BapuanTta - 19 unu
17 poimoB (nocnegrnin 066IMHO MMEET MEHbWYIO WrpnHY, HO Bonblie MecTa ang pasmelleHuns kabenei),
¥ OHM MOryT BmewaTte He Gonee 17 rHe3n ansa cMexHbIX GNI0KOB, XOTH eCTb U BapuaHT ana pasmellenus 18
CMeHHbIX On0KOB. PazMepsl HEKOTOPbLIX 6AOKOB TAKOBLI, 4TO MOMYT 3aHMMaTb ABa rHe3aa, Hanpumep, onTu-
Yeckue NMHeRHLIe arperatHbie 610kn, unu 60K NUTaHWUA, YTO NPUBOAWT K pasnuyHoMy o6Liemy wicny pa-
aMewaeMbix 6noxkos. B kauectee npumepa, Ha puc.2-44 nokasaH BapuadT paamelleHus GNoKoB B CTolKe
ETSI (19 noiAmos) ana mynbtuninexcopa 1651 SM komnanum Alcatel - 16 6nokoB Ha BepxHen kaccere, 10
6nokoB Ha HUXHE kacceTe.

t

2.7.2.2. HoBble TeXHONOrM4YECKNE peLueHUs

Hapsgy ¢ ynydlweHWem ONMTOINEKTPOHHON aNIeMEHTHOM 6asbl, NO3BONAKOLWEN COBEPLWEHCTBOBATL OTAENLHLIE
Mogynu o60pyaooBaHus, yBenndusasi, HanpuMep, “cno noptoB 2 MOWT/c Ha uHTepdelcHOi kapTe, unm
f0380M15Is1 yCTaHABAMBATL aBTOHOMHBIE Onokyu nuTaHma Ha nHTepdeicCHbie KapTbl, KOMMAHUM - NPON3BOAN-
1env SDH 060pyaosaHunst ULLYT HOBbIE TEXHONOMMHYECKNE PELUEHUs, NO3BONAIOWME NPUHLIMNINANBHO UNW Cy-
WECTBEHHO YNYYLWIWTb XapakrepucTuku ob6opyaosaHus SDH. K Takum pelieHusM OTHOCWUTCS MCMo/Ib30Ba-
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HHE ONTHYECKMX YCHAWTeneH, no3ponaiowunx CyweCcTBEHHO yNyYlUUTL XapakTepucTuky, ¥ MeroqoB MyJb-
THITREKCHPOBAHMA C PA3ACICHNEM 10 A/IMHE BOJIHELI, NO3BONAIOWMX NPOBECTU ONTUNECOE (CnexTpanbHoe)
YNNOTHEHUE KAHANOB B HECKONLKO Pa3, MakCUMATbHO (Ha AAHHBLIA MOMEHT) - A0 WeCTHAAUATK.
Hcnons3oBaHue onTuyeckux ycunuresied. BonbWVMHCTBO KOMMNAaHWA CTanu MCNONL308aThk ONTUYE-
Ckne YCUAMTENW OAR YBENUMEHUs! BO3MOXHOCTEA MYNbTMNNEKCOPOB ypoBHel STM-4, STM-16 u STM-64,
BKNIOYAA UX B CMUCOK OCHOBHbLIX BNOKOB. 3TU yCURUTENN NO3BONKIOT YBEAMYUTE ANIMHY ONTUYECKOA pereHe-
paToOpHO cekuwn nuHelHbix ceTer SDH no 110-160 kM npu AnvHe BONHBI Na3epHOro UcToyHnka 1550 Hm
NpaKTUYeCcKn BABOE YMeHblwas uucno Tpebyembix pereHepaTtopos. [JOCTOMHCTBOM Takux ycunurenei sens-
€TCR OTCYTCTBME HEODXOAUMOCTM ONTOSNEKTPOHHBLIX WU 3NEKTPOHHOONTUHECKkuX npeobpaldosannit curHana
npn ycunerdnu, NMpyu MCNONb30BaHWK B APYrMX TONOAOMUAX ONTUYECKUA YCUNuTeNb NO3BONAET NOBLICUTL Ha-
JeXHOCTb npuema/nepeaayn Npy NOBLILEHHLIX NOTEPAX B BONOKCHHO-ONTHMHECKOM xabene (BOK). Cywect-
BylolMe ONTUYECKME YCHNUTENM no3sonaioT obecneunTb ycunenne (B 3aBUCUMOCTW OT TUNa Hakayku) Ha
yposHe 9, 12 unn 16 dBm v pabotaioT kak co ctaHpapTHeiM BOK, tak v ¢ BOK co casuroMm pucnepcun.
KOHCTPYKTUBHO OnTu4eckue yeunutenn MoryT 6oitb 0¢opMmneHsl Kak 6n0kN, yCTaHAaBNNBAEMbIE HA OTAENb-
HoM cToiike (AT&T), Tak v Kak ctanaapTHbie 6N10KM, yCTaHaBnvMBaeMbie Ha TO xe ctorke (Philips).
Hcnonb3oBaHne MynbTHINAEKCHPOBAHMA C PDA3RENICHMEM Nno anwHe Bosnsi. OObiMHO MynbTUN-
nekcopbt 8 cetax SDH uChonb3yloT TEXHONOrWI0 BPEMEHHOMO pasAeneHUa KaHanoB M OPUEHTUPOBAHbLI HA
npuUMeHeHue cTasgapTHoro oaHomoposoro BOK. B atoM cnyyae no 0aHOMY BONOKHY MOXHO nepepaBaTb
OAMH KaHan (nonyaynnexkCHbiA UK NONHOAYNNEKCHLIA, eCnu UCNONL3YIOTCA OnTUdeckue oTeeTeutenn). Cos-
PEMEHHbLI YPOBEHb TEXHONOMMN U NPUMEHEHUE ONTUYECKUX YCUNIUTENER NO3BONAET UCNONL30BATL MY/TbTH-
nnexcupoBaHnue c pasgenenveM no gnuHam sond WDM vwnn cnexTpansHoe ynioTHeHMe KaHanoe.
YuuTeIBas, 4TO CrekTpanuHas xapaktepuctuka BOK vmeeT onpeaeneHHyio WwvpnHy HenpepsLIBHON no-
NOChI NPONycKaH1sA, 8 HEt MOXHO Pa3MeCTUTb HECKOMbKO ONTUHECKUX HEeCYWMX {(KaHanos), OTAUHAIOLWNXCA
ANWMHOW BONHLI HACTONBLKO, 4TOOLI YBEPEHHO pas3fenaTbCA NPUEMHON annapaTypoi. MuHvManbHbiA BapmMaHT
TAKOro MynbTUNNEKCUPOBAHWS NO3BONSET NepeaasaTh ABa AOCTATOYHO LWWPOKO PA3HECEHHbLIX KaHana no
oaHoMmy BOK (1550 HM) co casurom aucnepcuu. [Npy ucnonb3oBaHUK e ONTUMU3UPOBAHHOIO NO aucnep-
cuUn 0AHOMOAOBOrO BonokHa (1550 HM), Hanpumep, TrueWave koMnaHuu AT&T, MOXHO peann3osaTb Tak
HA3bIBAEMOE BBICOKOIJIOTHOE MYNbTUIINEKCUPOBaHNe C pasgeneHuemM no giunam sond DWDM, nosso-
nAlowee nepepasaTtb NO OOAHOMY BONOKHY 4, 8 n paxe 16 kananos [50]. icnonb3oBaHue Takoi TeXHONOrmu
0COBEHHO NEPCNEKTUBHO ANA YBENUMHEHUS MPOMYCKHOR CNOCOBHOCTU nuHeiHbix onTuyeckux SDH cuctem.

2.7.2.3. HomeHnknartypa annaparypbt SDH Komnéuuﬁ-npouasonureneﬁ

Huxe npueeneH cnmcok obopyposanus SDH pasnuuHbix npon3BoaUTeNnei, Kak MyNsTUMNIEKCOPOB pPasnny-
HbIX YPOBHEN, noMelweHHbIX B Tabnuue 2-2, Tak u obopyaoBaHus Apyroro Tuna, yKkasaHHOro B Havane pas-
aena 2.7.2. CNUcoK 3TOT He NpeTeHayeT Ha NOMHOTY, TaK Kax aBTOp OPWEeHTUPOBANICA TO/bKO Ha uHMOPMa-
LMIO M3 OOCTYNHLIX €My Karanoros. Annapatypa B CNMCKE pasMewieHa no rpynnaM, a BRyTpu rpynn B nOpsiake
HOMepoB Mopeneit. NocneaHMn B NnepeyHe ykasaHbl CUCTEMBI YNPaBNeHUs.

Alcatel

Annaparypa SDH npepcrtasneHa cepwueir Alcatel 16xx  (MyneTUNNEKCOPLI/KPOCC-KOMMYTATOPLI), 96xX

(papuopeneitbie CUCTEMBI) M 13XX (CUCTEMBI YNPABIEHUA).

1631 FX - BONOKOHHO-ONTUYECKNA paclumpuTent; uMeeT 3 BXOAHLIX Moayns 4x2 MOBUT/c n nuHenHbIi
onTuyeckun Bbixog 51.84 M6ut/c (yposeHb SONET OC-1) ona CTblkOBKM C AONONHUTENb-
HbiM BX0AOM OC-1 y mynbTunnekcopoe 1641 SM n 1651 SM;

1641 SM - MyNibTUNNEKCOp BBOAA/BbIBOAA YposHs STM-1 SDH, AONONHUTENbHO K YKa3aHHLIM UMEET
Bxoa OC-1;

1641 SM/C - KOMNaKTHbLIA BapWaHT MynbTUNNekcopa 1641 SM ana y3noe C ManbLiM YUCIOM KaHanoB 2
MOuT/c (xapThl 8x2M6ut/c);

1651 SM - MyNbLTUNNEKCOP BBOAA/BLIBOAA YPOBHA STM-4 SDH;

1651 SM/C - MynbTHNNekcop BeoAa/BbiBOAA ypoBHa STM-4 SDH, kotopsiit MoxeT ObiTh 06opyaosaH 2

nHTepdencHuiMu nnatamu ypoera STM-16 ¢ BO3MOXHOCTLI0 06paboTky NnonosuHLl NoToKa

¢ nponyckom 6e3 06paboTku Apyroit NONOBUHLI NOTOKA,;

MYNLTUNNEKCOP BBOAA/BLIBOAA YpoBHA STM-16 SDH;

MYNLTUINEKCOP BROAA/BbiIBOAA ypoBHA STM-16 SDH (¢ Tpubamu PDH HUXHEro ypoBHs -

VC-12), uMeeT MOWHbIe BCTPOSHHbIe CPeacTsa KpoCc-KOMMyTauuu;

1664 SM/C - myneTUNNEKCOp BROAA/BhIBOAA ypoeHa STM-16 SDH, ananornuen 1661 SM, HO onTuMunau-
poBaH Ang paboTbl Ha 4-BONOKOHHLIX KONBLEBLIX MArucTpansx;

1674 SM/C - myneTUNNEKCOp BBOAA/BLIBOAA ypoBHA STM-64 SDH;

1654 SL - MMHeRHas cucrTeMa nepeaasyv, paccyntaHsas Ha pabory ¢ norokoM STM-4 SDH (4 tpuba
PDH 140 M6ur/c, v 4 Tpuba SDH STM-1, unn ux xombunauma);

1661 SM
1661 SM/C
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1664 SL - NWHetHan CUCTEeMA Nepeaayu, PaccuUTaHHan Ha paboTy ¢ notokom STM-16 SDH (16 TpU-
608 PDH 140 M6ut/c nnn 4 Tpuba SDH STM-1 unu ux komBuHauma);

1641 SX - CUHXPOHHBIA KpOCC-KOMMYyTaTop knacca DXC-4/3/1 notokos 1.5/2, 34/45, 140, 155 v 622
M6uT/C C MakCUManbHOM NPOU3BOAUTENBHOCTLIO 3KBUBANEHTHON KOMMYTaLmMM 192 NOTOKOB
STM-1;

1644 SX - 3NEKTPOHHLIV KPOCC-KOMMYTaTOP NOTOKOB YpOBHR 140 M6ut/c PDH nnn 155 MOut/c SDH -
NO3BONAET OCYWECTBATL HeBGNoKUpyeMmylo kpocc-koMmyTaumio ao 512 notokoe 140/155
M6uT/cC;

96xx - paguopeneitHaa (MUMKpOBONHOBas) cuctema SDH, Brmovaowias chegylowme moondukaumu:
LH - cuctema yposHa STM-1 € ONMHHBIMY MEXCTaHLUMOHHBIMU Cekumamm; UH - cuctema
ypoeHa STM-1 pna pabotsl B ropoackux ycnosusx; LM - cuctema yposns OC-1 gna pabo-
Tbl C CETAMM NocTyna; UM - cuctema ypoens OC-1 ana paboTol B ropoaCKMx YCNOBURAX,

9667 TH - TPAHCNOPTHAA papuopeneiitas cuctema yposhs STM-1;

1353 RM - pernoHanbHbl MeHepkep cucteM SDH Ha ypoBHE ynpasneHusi,ceTblo (ynpaenset 1353 SH);

1353 SH - MeHepXep anemeHToB ansi cuctem SDH, paccuutan Ha paboTty co ckopoctsamu STM-1, 4,
16;

1353 WX - MEHEIXED 3NEMEHTOB ANA KPOCC-KOMMYTaTOPOB, PACCUHUTAHHLIX Ha paboty kak ¢ PDH, tak

u SDH tpubamn.
MEeHeaXep HaunmoHanNLHON ceTun Ana cuctem nepepaqdn PDH u SDH (ynpasnset 1354 RM);

1354 NN

AT&T (Lucent Technologies)

Annapatypa SDH npenctasneHa cepuent 2000 MynsTUNNEKCOPOB U NUHENHBIX CUCTEM.

ISM-2000 - 6a30BLI MYNLTUNNEKCOP, KOTOPLIA MOXET ObiTh CKOHPUIYpMpOBaH KakK TEPMUHaNLHLIA W
JNIMHENHBIA MYNLTUNAEKCOP, PereHepaTop W MynNsTUNNEKCOP BBOAA/BbiBOAa SDH kananos
yposHs STM-1, KaKk TepMUHANbHLIA U NUHEAHLIA MYNBETUNNEKCOP W MYNLTUMNNEKCOP BBO-
0a/ebiBoaa ypoBHA STM-4 1 kak TepMUHANbHLIA MYNbTUMNNEKCOP ypoBHa STM-16;

SLM-2000-4 - CMHXPOHHBIA NUHENHBIN MyNbTUNAEKCOP YPOoBHA STM-4, koTOpbIA MOXET GblTe CKOHGUIYpK-
pOBaH Kak TEPMWHANbHLIA U NIMHENHBIA MYNbTUANEKCOP, pereHepaTop M MyAbTUNNEKCop
BBOAA/BbIBOAA C YeTbipbMa Tpubamu ypoBHs VC-4/STM-1; oH MOXET UCNONbL30BaThLCH B
KayecTee MyNnbTUMJIEKCOPA BBOAA/BLIBOAA U B TONONOrUKU “KonNbuo”;

SLM-2000-16 - CUHXPOHHBIR JIMHENHBLIA MyNLTUNNEKCOP yPOBHA STM-16, KOTOPLIA MOXET ObiTb CKOH(Ury-
PUPOBaH KaK TePMUHANLHBLIA U SIMHERHDBIA MYNLTUNNEKCOP, pereHepaTop U MynbTUNNEKCop
BBOAA/BhiBOAA ¢ 16 Tpubamn yposHsa VC-4/STM-1; OH MOXET UCMONL30BATLCA B KA4ECTBE
MyNbTUMNNEKCOPA BBOAA/BLIBOAA M B TONO/IOMMK “KONbLO”;

DACS-VI-2000 - Hebnokupylowuii Kpocc-kommyTaTtop obwero suaa knacca DXC-4/1, pgonyckaowmwin mak-
cumanbHo 32 nHTepderica, akBuBaneHTHoix STM-1;

ITM-SC - 3NeMeHT-MeHemKep ans ynpaeneHus obopyaosaHnem SDH ceten;

ITM-XM/NM - ceTeBOil MeHeXep Ans ynpasneHna cetamu SDH.

B03aMOXHO pacumpeHue HOMEHKNaTypbl 3nenuic B CBA3N ¢ TeMm, 4To AT&T npuobpena 6m3Hec, cBA-
3aHHbIR C npoussoacTeoM o6opynosaHua SDH y komnaHuum Philips.

ECI

Annaparypa SDH npepnctasneHa cepuamu SYNCOM SDM-xx n SLX-xx., SLR-xx.

SDM-1 - 6230BbI MyRLTUNNEKCOP YPOBHA STM-1, mMoxeT ObiTh CKOHMUIYpUpOBaH Kak TEPMWUHANbL-
Hbi UNU NIMHERHBIA MYRBLTUNNEKCOP, UK MYNLTUNIIEKCOP BBOAA/BLIBOAA;

SDM-1m - ManorabapuTHblii 6a30BLIA MyHbTUNNEKCOP YPOBHA STM-1;

SDM-4 - 6a30Bblit MyNLTUNNEKCOP ypoBHS STM-4, MOXeT BbiTb CKOHGUIYPUPOBAH Kak TEPMUHANb-
Hblli MYNETUNNEKCOP WKW Kak MyNbTUNNEKCOP BBOAA/BbIBOAA;

SDM-4/16 - 6a30BblA MynbTUNNEKCOP ypoBHS STM-16 (COBMEWLEHHbI HA YPOBHE CLEeMHbIX GNOKOB ¢
ypoBHeM STM-4), MOXeT ObiTb CKOHGUFYPUPOBAH KaK TEPMUHASbHBIA WU NUHERAHbIR Mynb-
TUNJIEKCOP, WM KaK MyNbTUNAEKCOP BBOAA/BbIBOAA;

SDM-16 - 6a30BbIli MynbTUNNEKCop ypoBHa STM-16, MoxeTt ObiTh CKOHOUIYPUPOBAH KaK TEPMUHANbL-

‘ HbilA M NINHEVHLIA MYNBLTUNNEKCOP, UNK Kak MyNbTUNNEKCOP BBOAA/BLIBOAA;

SDM-16F - 6a30Bbiii  MynLTUNNEKCOP YypoBHs STM-16 € TpubBamMu HUXHEro ypoBHS, HadvHasa ¢ 2
MOuT/C, MOXeT ObiTb CKOHPUIYPUPOBAH KaK TEPMWHANLHBIA UNWN NWHENHLIA MYNBTUNNEK-
COp, UNY Kak MynbTUINEKCOP BBOAA/BLIBOAA,;

SLR-4 - CUHXPOHHbLIN NUHEeRHbIA peredepaTtop ypoBHs STM-4;

SLR-16 - CUHXPOHHbIA NNHENHbIR peredepatop yposHs STM-16;

SLX-4 - CUHXPOHHbI NMHEWHBIA MyNbTUNNEKCOP BBOAR/BbiBOAA YpoBHA STM-4 ¢ Tpubamu E4/T4 un
STM-1;

SLX-16 - CUHXPOHHbIN NUHENHLINA MyNbTUNNEKCOP BBOAA/BbIBOAA YPoBHA STM-16 ¢ Tpnbamu HuxHe-

ro u BepxHero ypoBHei (E4/T4 n STM-1);
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T::DAX - LUIMPOKONONOCHbLI KPOCC-KOMMYTaTOP O0wero Ha3HaveHuss knacca DXC-4/3/1, nopnepxu-
Balowuit crtaHaaptel Async, PDH, SDH, SONET, ponyckaiowmii makCuMmanoHo 64 uHTep-
¢eiica, 3KkBMBaNEHTHbIX STM-1;

PSM-1 - cuctema ceaau (wnio3) Mexay cetsmu SDH u PDH ¢ nonHodopmaTtHbiM npeoSpasosaHnem
curHana n BO3MOXHOCTbLIO OpraHM3aumM CBsasn asyx ceteit SDH yepes cermeHT cetn PDH;

SDH-Radio - paguopeneiiHbie cuctembl SDH yposHs STM-1 u STM-4;

eEM - aneMeHT-MeHemxXep Ans ynpasneHus obopyaosaHuem cetei SDH;

eNM - CEeTeBOI MeHeaxep ana ynpasneHus cetamu SDH;

eRMS - CMCTeMa KOHTPONS U AUCTAHUMOHHOIO MOHUTOPUHIa ANA NOOKNIOYEHUA K LIEHTPASbHbLIM
ynpasnsiowum pabounm ctanumam cetn SDH.

GPT

Annapartypa SDH npepctaBnena cepusimm SL-xx 1 SMA-xx.

SMA-1 - 6a30BbIA CUHXPOHHBIA MynbTUNIEKCOP ypoBHR STM-1, KOTOpLIt MOXeT BbiTb CKOHMUrypu-
pPOBaH KaK TEPMUHANLHLIR UNW TUHENHBIA MYNbTUTIEKCOP, ONTUYECKUA KOHUEHTPATOP MAK
MyNbTUMNEKCOP BBOAA/BLIBOAA;

SMA-1c - KOMMAKTHbI BapyaHT 6a30BOr0 TEPMUHANLHOIO MyALTUNAEKCOpa SMA-1;

SMA-4 - 6A30BLIA CUHXPOHHBIA MYNBTUNAEGKCOP YyPOBHA STM-4, KOTOPLIA MOXeT ObiTh CKOHOUIypu-
pOBaH KaK TEPMWUHANLHBIA MAN NNHEAHbIA MYNBTUNNEKCOP, ONMTUHECKUA KOHUEHTPATOp Mnu
MYNbTUNNEKCOP BBOAA/BLIBOAA;

SMA-4¢ - KOMNaKTHbIN BapuaHT 6a30BOro TepMUHaNLHOro MynbTUMNEekcopa SMA-4;

SMA-16 - 6a30BbIi1 CUHXPOHHDLIA MYNETUNNEKCOP YPOBHSA STM-16, KOTOphI MOXET ObiTb CKOHPUrypK-
POBaH KakK TEPMWHANbHBLIA WM NIMHEAHBIA MYNBTUNNEKCOP, WM MYNbTUMNEKCOP BBO-
0a/BbIBOAA;

SMA-16¢ - KOMNaKTHbIA BapyaHT H6a30B0ro TEPMUHANLHOIO MynbTUNnekcopa SMA-16;

SL-4 = CMHXPOHHbIA NMMHENHBLIA MyNLTUNNEKCOP YPOBHA STM-4, kOTOpSLI MOXeT ObiTb CKOHGUIypK-

poBaH xak pereHepatop (SLR-4), TepMuHansHbid MynbTUNNEkcop (SLT-4) unu nuHenHbIA
MYNbTUNNEKCOP BBOAA/BbiIBOAA (SLA-4);

SL-16 - CMHXPOHHBIA NUHERHBIN MyNbTUNNEKCOP YpOBHsi STM-16, KOTOPLIA MOXeT OblTb CKOHMUry-
pupoBaH kak pereHepatop (SLR-16), TepMuHanbHbii MynsTUnnekcop (SLT-16) wan nunein-
Hblit MynbTURNEKcop (SL-16);

EM-0OS - ANEeMEHT-MEHEMKEP PErUOHANbHOrO YPOBHA ANIA ynpasneHus 3anemeHTamu obopynosaHus
SDH ceTei;
SMN-0S - CeTeBOW MeHe[Xep HaUMOHaILHOIO YPOBHSA AnA yripasneHus cetamu SDH.

GPT u Siemens ucnoneayioT pag o6wwux padpaborok o6opyaoBanua SDH v cuctem ynpasneHus (CM.
Annapatypy ¢oupmel Siemens).

NEC

Annapatypa SDH npencrtasnexa cepueit SMS-xxx.

SMS-150 - 6a30BbI MynbTUNNEKCcop yposHa STM-1, BoinyCkaembiid B yetbipex Mogudukauusax: A, L, R, T;
SMS-150A - MynbTURNEKCOp BBOAA/BLIBOAA C 3awmToin 1+1 yposHa STM-1;

SMS-150L - NUHEWHLIA MYNLETUNNEKCOP YPOBHA STM-1;

SMS-150R - pereHepatop ypoBHs STM-1;

SMS-150T - TEPMUHANbHDLIA MYNLTUIIEKCOP € 3awuToli 1+1 ypoBHs STM-1;

SMS-600 - 6a308bld MynbTUNNEKCOP YpOBHA STM-4, BoinyckaeMbili B Tpex moaudukaumsx R, T, W;
SMS-600R - pereHepatop (ONTUYECKUWIA peTPaHCNRATOP) ypoBHA STM-4;

SMS-600T - TepMUHANbLHLIR MyNbTUNNEKCOP C 3awmTOl 1+1 ypoeha STM-4;

SMS-600W - wMpOKONONOCHLIA MyNbTUNNEKCOP BBOAA/BbIBOAA C 3awmnToin 1+1 yposHs STM-4;
SMS-2500 - 6a308bIih MynbTUNAEKCOP YpOoBHA STM-16, BrinyckaeMmbiii B aAByx Moaudukaumsx R, T;

SMS-2500R - perereparTop (ONTUYECKUA peTpaHCHATOP) ypoBHA STM-16;
SMS-2500T - TepMuHaNBHLIA MynbTUNAeKcop ¢ 3awmToid 1+1 yposhsa STM-16;

SDH MRS - paguopeneiHan cucrema nepegaun cursanoe SDH yposHa STM-1 unu curdanos PDH 140
Mb6uT/c;

ACT NET-X - cuctema ynpaeneHus anemeHTammn obopynoeaHus cetein SDH.

Nokia

Annapatypa SDH npepctasnena cepveirnt SYNFONET STM-N mMyneTvnnekcopamMu v CUCTEMOR YNpaBneHus
TMS. OcoberHocTbio siBnseTcs 6104HaA CTPYKTypa NOCTPOEHUA MyNbLTUMNAEKCOPOB C OTAENbHBIMKM KOMMYTA-
TOpHbIMK GnokamMn ABYX TUNOB W pacumpuTenem TpnbHbix MHTEpdeincos.

STM-1 - 6a30BLIA CUHXPOHHBIA MYNbTUNNEKCOP ypoBHA STM-1, kOTOPbLIK MOXET BblTb CKOHOUIypu-
POBaH Kak TEPMUHANbLHEIA (TM) UM MynbTUNNEKCOP BBOAA/BbiIBOAA (ADMY);
STM-1E - paclmnputens TpubHbix nHTepdeicos no 126 kaHanos 2 Mbut/c;
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STM-4 - 6a30BbIli CMHXPOHHBIE MYNLTUNNEKCOP YPOBHSR STM-4, KOTOpPLIA MOXET ObiTb CKOHPUIypu-
poBaH Kak TepMuHansHelid (TM) unu mynbTUnnekcop sesoaa/ewisoaa (ADM);

STM-16 - 6a30BLIA CUHXPOHHBIM MYbTUMNEKCOP YPoBHA STM-16, KOTOPLIA MOXeT 6biTb CKOHPUIypu-
POBaH Kak TEPMUHANBHLIA UM NNHEWHLIR MYNBETUNNEKCOP, UNK pereHeparTop;

DXC - HeBGnokMpyeMblin uMdPOBOA KPOCC-KOMMYTATOP C KOMMYTUPYIOLUMM SKBUBANEHTOM 16xSTM-1;

T™MS-0S - cUCTEMA ynpasneHus anemeHTamn obopyaosanunsa cetern SDH n PDH.

Nortel

Annapatypa SDH npeactasneHa cepueit TN-xx.

TN-1C - KOMMAaKTHbIA CUHXPOHHDLIN MyNbTUnnekcop ypoeHa STM-1, nmerowmii 16 noptoe 2 Mour/c
unu oguH nopt 34 M6ur/c;

TN-1X ~ 6a30BbIA CUHXPOHHBIA MYNLTUNNEKCOP YPOBHA STM-1, KOTOpPLIN MOXET BbiTe CKOHPUIYPU-

pPOBaAH KaK TEPMWHASNbHLIA UM NUHENHLIA MYNETUNIEKCOP, Perereparop, ONTUYECKUA KOH-
LEHTPaTop MKW MyNbTUMNIEKCOP BBOAA/BLIBOAA;

TN-4X - 6a308BbIA CUHXPOHHBIA MYNLTUNNEKCOP ypoBHA STM-4, KOTOpPLIA MOXET BbiTb CKOHPUrypu-
pPOBaH KaKk TEPMUHANBHBLIA VMU JIUHENAHbLIA MYNLTURNEKCOP, PereHepaTop, ONTUYECKUI KOH-
LEeHTPaTop MK MyNbTUNAEKCOP BBOAA/BLIBOAA;

TN-16X - 6a30Bbiit CUHXPOHHBIT MYTbTUTIEKCOD ypaBHA STM-16, KOTOpLIt MOXeT GbiTe CKORGHIYPH-
pPOBaH Kak TePMUHA/BLHLIA MW NHERHbIA MYNLTUINEKCOP, UK pereHeparop.

TN-MS - CUCTeMa ynpassieHus anemeHTamu obopyaosanms cetei SDH.

Philips

AnnapaTtypa SDH npepnctaeneHa cepvenn PHASE-FNS, Bknioyalowei 4eTbipeé BO3MOXHBLIX TUNA CETEBbIX
anementa: ADM, LR, LXC, TM ana Tpex yposHe#n SDH - STM-1, STM-4, STM-16.

ADM-1/1 - MynbTUNAEKCOP BEBOAA/BLIBOAA C 3awwmTon 1+1 ypoeHs STM-1 1 cBa3bio Ha yposHe VC-12;
ADM-4/1 - MYNbTUNIEKCOP BBOAA/BLIBOAA C 3awmTton 1+1 yposHs STM-4 1 cBa3bio Ha yposhe VC-12;
ADM-4/4 - MyNLTUNIEKCOP BBOAA/BLIBOAA C 3awmTon 1+1 yposHa STM-4 1 cBa3bio HA yposHe VC-4;
ADM-16/4 - MYRLTUNNEKCOP BBOAA/BLIBOAA C 3awmTon 1+1 yposHs STM-16 u cea3bio Ha yposHe VC-4,
LR-1 - NUHeNHLIR pereHepaTop yposHs STM-1;

LR-4 - NNHeMHbIK pereHepaTop yposHs STM-4;

LR-16 - NNHENHLIN pereHeparTop ypoeHs STM-16;

LXC-1/1 - NOKanbHbIA KPOCC-KOMMYTaTOp YposHa STM-1 1 cBa3bio Ha yposHe VC-12;

XC-4/1 - NOKANbHLIN KPOCC-KOMMYTATOP YpoBHa STM-4 1 cBA3bi0 Ha ypoBHe VC-12;

IXC-4/4 - NOKANLHLIN KPOCC-KOMMYTATOP ypoeHA STM-4 v CBA3bI0 Ha ypoeHe VC-4;

LXC-16/4 - NoKasnbHbIA KPOCC-KOMMYTaTOp ypoBHs STM-16 1 ¢Ba3dblo Ha yposHe VC-4;

™-1/1 - TEPMUHALHBLIA MYNbTUMNEKCOP € 3awmTon 1+1 yposHs STM-1 1 cBA3bIO HA ypoBHe VC-12;
T™M-4/1 - TEPMUHANbHLI MYNbTUNNEKCOP € 3awmTor 141 ypoeHa STM-4 u cBA3bio Ha yposHe VC-12;
™-4/4 ~ TEPMUHANBHBIA MyNbTUNNEKCOP C 3awmTon 1+1 yposHs STM-4 n cessbio Ha yposHe VC-4;
T™M-16/4 - TEPMUHANbHbLIA MYNLTUNAEKCOP C 3awuToin 1+1 ypoBHsa STM-16 u cBA3bio Ha ypoBHe VC-4;

PHAMOS-SDH -ycoBeplUeHCTBOBAHHAnA CUCTEMA ynpaBieHus v aaMUHUCTPUPOBaHUS 3nemMeHToB SDH ce-
Tei komnauum Philips; MCNONb3yeTcs kak pernoHanbHblit 3NeMeHT-MeHepxep, Tak 1 Hauuo-
HaNbHLIA CETEBOI MEHEOXEP.

Siemens
Annapatypa SDH npepctasnexa cepuamn: SMA-xx, SXC-xx, SL-xx.
SMA-1 - 6a30Bbli1 GNOYHBIA CUHXPOHHBLIA MyNLTUNEKCOP YPOBHA STM-1, KOTOPLIA MOXET BbITb CKOH-

GUrypnpoBaH Kak TepMUHaNbHbA MyNLTUNAEKCOP, NOKaNbHbIA KPOCC-KOMMYTATop v
MynbTUNNEKCOP BBO}J.a/BbIBO,D,a;

SMA-1-R2 - 6a30Bblit GNO4HLIA CUHXPOHHLIA MyNLTUNNEKCOP 2-T0 NOKONeHnA yposHst STM-1, KOTOpbLIN
MOXeT ObITb CKOHPUIYPUPOBAH Kak TepPMUHANbHBIA MYNLTUNNEKCOP, NOKaNbHbIA KpPOcc-
KOMMYTATOp M MyNbTUMNNEKCOP BBOAR/BLIBOAA,;

SMA-4 - 6a30BbI# HN104YHLIA CUHXPOHHBIA MynbTHMNNEKCOP YPOBHA STM-4, KOTOpbLI MOXET BbiTb CKOH-
durypuposaH Kak TEPMUHANLHLIA MyNbLTUANEKCOP, NOKANbHBIA KPOCC-KOMMYTaTOp MNU
MYNbTUNNEKCOP BBOAA/BbLIBOAA;

SMA-4-R2 - 6a30BbIt 6NOYHBIA CUHXPOHHBIA MYNLTUNNEKCOP 2-r0 NOKOASHUR ypoeHA STM-4, KoTOpbIi
MOXET ObiTb CKOHPWUIYPUPOBAH Kak TePMUHANbHLIA MYNbTUMNIEKCOP, NOKaNbHLIA KPOCC-
KOMMYTaTOp MM MynbTUNNIEKCOP BBOAA/BLIBOAA;

SMA-16 - 6a30BbIi1 GMO4HbLIK CUHXPOHHLIA MYyNbTUNAEKCOP YPOBHA STM-16, kOTOpLIA MOXET 6biTh
CKOH(pUIrypupoBsaH Kak TePMUHaNLHLIA MyNnsTUNNEKCOP, IOKANbHbLIA KPOCC-KOMMYTaTop unu
MYyNbTUNNEKCOpP BBOAA/BLIBOAA;

SMA-16-R2 - 6a3086Iii ONOYHEIA CUHXPOHHBIA MyNLTUMNEKCOP 2-T0 NMOKONEeHUs yposHs STM-16, koToperi
MOXeT OblTb CKOHOUIYpUPOBaH Kak TepPMMHanNbHbIA MYNLTUMNEKCOP, NOKalbHbIA KpPOCC-
KOMMYTATOP NN MyNbTUNNEKCOP BBOOA/BLIBOAA;
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SMT-1D - OBYXTEPMUHANbHbIA CUHXPOHHBLINR MYNLTUNNEKCOP 2-r0 NokKoneHus yposHs STM-1, kKOTOpbIA
MOXeT OblTb CKOHOUIYPUPOBAH KakK TEPMUHANLHBIA MYNLTUNASKCOP, KOHUEHTPATop unu
MYNLTUNANEKCOP BBOAA/BLIBOAA,

SL-1 - nuHeiiHaa SDH cuctema yposHa STM-1 (nuHeitHbIe MyNbLTUNNEKCOPLI BROAR/BLIBOAA, pere-
HepaTopbl -~ SLR-1) nin TepMuHansHuie MynbTunnekcopst SLT-1;
SL-4 - CMHXPOHHBIR NUHERHBLIA MyNLTUNNEKCOP YPOBHA STM-4, KOTOpPLIn MOXeT BbiTb CKOHDUrYpU-
. poBaH kak pereHepatop (SLR-4), TepmuHanbHblii MynbTunnekcop (SLT-4), nuHelHbIA Mynb-
TUNNekcop BBoaa/sbiBoaa (SLA-4);
SL-16 = CUHXPOHHBIA NIMHEWHDbIA MYNbTUNAEKCOP YPOBHS STM-16, KOTOPLIN MOXET ObiTh CKOHUry-

pupoBaH kak pereHepaTtop (SLR-16), TepMuHanbHbeii MyneTunnekcop (SLT-16) vnn nuneii-
HbIll MynbTURNEKcop (SL-16);

SL-64 - CMHXPOHHBIN NMHENHLIV MYNLTUNAEKCOP YPoBHA STM-64 (10 I6uT/C), KOTOpPLIA MOXET BbiTh
CKOHGUrypuposaH kak pereHepatop (SLR-64), tepMuHanbHblii MynbTunnekcop (SLT-64)
WM NMHENHBIR MynbTUnnekcop (SL-64);

SRT1x155 - CMHXPOHHBI paaunoTpaHk Ana nepepadm kaHanos STM-1 obweidt emkocTbio oT 4 no 24 ka-
HanoB.;
SRT2x155 - CABOEHHbIA CUHXPOHHBIA PAagMOTPaHK AN nepepaqmn kaHanoB STM-1 obuweir eMKOCTbIO OT
2x4 po 2x12 kaHanos;
. SXC-4/1 - CUHXPOHHbIA MOAYNbLHLIA KPOCC-KOMMYTATOP, KOTOPLIA MOXET ObiTb UCNONL30BAH ANIA KOM-

MyTaumm 6e3 6nokuposku PDH (E1, E3, E4) u SDH (STM-1) curHanos C 3KBUMBaNEHTHOW
MakcUManbHOW Harpyakoin go 16384 noprtos (2 M6ut/c), ctapoe o6o3HavyeHne - CCM2;
SXC-4/4 - CMHXPOHHbIA MOAY/bHBIA KPOCC-KOMMYTATOP, KOTOPLIA MOXET GbiTh MCNONL30BAH AN KOM-
MyTaumu 6e3 6nokuposkn PDH (E4) u SDH (STM-1) curHanoB ¢ 3KBUMBANEHTHOW MakCu-
ManbHOM Harpyakoi po 1024 nopros (140/155 Mbut/c), ctapoe obo3Hauenne - CC155;

EM-0S - BNEMEHT-MEeHeAXep PeruoHanLHOrO YPOBHA ANA ynpasneHus anemeHtamu o6opyaoBaHus
SDH cerveiy;
SMN-0S - CeTEBOIt MEHeAXXED HALMOHANLHOTO YPOBHS N ynpasneHus cetamn SDH.

KpoMme yka3aHHbIX Ha €BPOMNEeRCKUA PbIHOK NocTasnseTca mynstunnekcop SMA-64-R2, ananorudHbii
SMA-16-R2, HO paccunTaHHbiA Ha ypoBeHb STM-64 SDH.

2.7.3. MpakTuyecku npumep pacuera cetu SDH

LWupokoe pacnpoctpaHeHuwe ceteit SDH B nocnefHee BpeMst CBSA3aHO HE TONLKO CO CTPOUTENBCTBOM HO-

BbiX, NPEUMYLLECTBEHHO NUHERHLIX UM KONbLUEBLIX, CETEe, HO U C MoAepHU3auueh cTapbix TenedOHHbIX

ceTer, B TOM HUCNE U Tex, KOTOpLle UCMONb3YIOT 4OCTATONHO COBpeMeHHble, ocobeHHo ans Poccuu, PDH

ceTn Ha ocHoBe BOK. B psape cnyyaes takue ctaHuuu ana ofecnedeHus CBa3W Apyr ¢ gpyram B npegenax

OAHOr0 paoHa CBA3LIBANUCL B Tak HA3LIBAGMOE TEeXHOJIOrMYecKkoe Konsbyo. ECnn NOTOKN Ha pasnuyHbIX

yyacTKax Takoro TexXHONOrM4EeCKOrO KOMbUA 3HAYMTENLHO OTAMHMAIOTCH, TO MCMONL30BAHWE XapaKTepHbIX

konbuesbix SDH Tononoruii 6siBaeT He BCceraa onpasaaHo, Tak Kak NPUBOAUT K 3aBblLEHUIO HeoBXxoanmMoro
4YUCNa KaHanoBs, LMPKYNUPYIOWMX MO KOMbLy, W, Kak cnegcreue, Kk HeoBXoAMMOCTU MCROML30BaTb SDH MynbTu-

NNekcopb! BBOAA/BbiBOAA Bonee BLICOKOTO YPOBHS. B 3TMX Cny4asx MOXET OKa3aThCs, 4TO AeLlesne UcnonibL3o-

BaTb CETU C SYEUCTON CTPYKTYPOW, OCHOBaHHbLIE HA TONOAOrMsAX “To4ka-To4ka” M “3Be3pa”, Tem 6Gonee, 4yto

COBPEMEHHbBIE MYNbTUNEKCOPLI NO3BONSIOT UCNOAL3BATL NOCNEOHIOKD TOMONOMMIO C AOCTATONHO H0ALWWUM YK-

CNOM Ny4ein 3a C4ET MCnonb3oBaHus Bonee rbkux Cxem KpOCC-KOMMYTaUMKU B LIEHTPaILHOM yane.

PaccMoTpuM poctaTouHo TunnuHOe TexHuyeckoe 3apaHue Ha npoexTrupoBaHue cetu SDH:

B palioHe nocTpoeHo 6 uudpossix ATC;

— npepnonaraeTcs UCNonbL30BaTb TexHonornio SDH, cBA3aB BCe CTaHUMK B €OMHYIO CeTh;

- undposan kommyTauma ATC no3BoONseT UCNONL30BATb KaK OCHOBHbIE UMdPOBLIE KaHans (OLK) co
CKOpOCTbIO 64 KBUT/C, TaK ¥ KaHanbl C NEPBMHHON CKOPOCTbLIO uepapxumn PDH - 2 MouT/c;

— KaHans umetoT untepdeicel G.703 n moryT 6biTb cocTbikoBaHbl ¢ PPJ1 unn BOK aunusMu marucr-
panbLHON CBA3Y;

— ceTb npeanonaraeTca NOCTPOUTL B ABa 3Tana: NEpBbiiA - OCYLLECTBNNETCH, HanpuMep, B 1997r., a
BTOPON - B 1998r.;

— cyulecTsyiowmii u npeanonaraemoiit B 1998r. ceteBoit Tpaduk, nepecHnTaHHbliii Ha YUCNO KaHanos
2 Méwurt/c, npeacrasneH B Tabnuue 2-3 uucnamu cnesa oT rnasHoi guaroHann ABCDEF (3a ocHo-
BY ANs npuMepa npuHaTa cxema Ttpaduka, npuesegeHHas 8 [58]);

— 4aCTb KaHanoB AomkHbl uMete 100% pesepsuposaHue, T.e. 3aumty Tuna 1+1 (B TepMuHOnoruu
SDH certeit), oun npeacTasnedb Yyucnamm B ToM xe Tabnvue, cnpaea ot guaroHann ABCDEF.

Tpebyetca Boibpate TONONOrMIO N HeobXoaumoe 060pynoBaHue.
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Tabnuua 2-3.
CeTeBoit MEXCTaHUMOHHbLIA Tpadpuk

1997 1998 1997 1998 1997 | 1998 | 1997 | 1998 | 1997 | 1998 | 1997 | 1998

A 30/10 | 70/14 | 30/5 | 50/10 | 30/3 | 60712 | 10/1 | 15/3 | 10/0 | 17/4
B 30/10 | 70/14 772 | 17/4 | 400 | 10/ | 50 | 72 | 411 | 872
c 30/5 | 50710 | 772 | 17/4 o2 | 77 | - |3t | - | -
D 30/3 | 60/12 | 40 | 10/4 | 272 | 777 I N N Y
E 10/1 153 | 5/0 | 772 N I V. N — | 20
F 10/0 | 17/4 | 47 8/2 e | o | - | - | 200

Cymma | 110/19 | 212/43 |50/13| 112/26 | 39/9 | 77/22 | 36/5 | 81/24 | 15/1 | 27/6 | 14/1 | 31/7

Cxema pewseHns BKNIOYAET CAeQyoMe 3Tankbt:

¢ BbIGOp TONONOIUMK,

¢ Boifop TpeByemoro ypoBHA U YUCNa MyALTUMIEKCOPOB,

* Bbibop nocTaBwmka 060pPyAOBAHNA U M3YHEHWE HOMEHKNATYPbl CMEHHbIX 6Gnokos,

e KOHUrypaums MynbTUNAEKCOPHLIX Y3M0B U COCTaBNneHne cneundukaumn obopyaosanus.

Boibop Tononorum

He spnasasicb NOAPOOHO B aHANU3 CUTYALMK, MOXHO NPEANOXUTE TPU BO3MOXHBIE TONONOMAW: KONb-
UeByl0, paananbHO-KONbUEBYIO U SHEUCTYIO.

Kosnbyesas Tononorusi, 06ueaAnHAA BCe WECTb CTaHUMIA B KONbLUO, TpebyeT UCNOonb30BaHUA MybLTH-
nnexcopoe ypoeHa STM-4 ¢ cymMMapHeIM NOTOKOM B0 252 (4x63=252) kananos 2 MOuT/c, Tak xak oblymi
NOTOK NO KONbUY, ONPeneniMuii MakCUManbHbIM NOTOKOM HA OAHOM U3 ero y4acTKOB, paBeH 212 kaHanos 2
M6ut/c (cm. Ta6.2-3 - noTok Yepes y3en A B 1998r.). MNpenMyLLECTBOM Takoro peLieHUs MoOXeT GbiTb TOfb-
KO CTOMPOUEHTHJE PE3EPBUPOBAHNE BCEX, a HE TONMBKO TpebyeMbix, KaHanos.

PagunansHo-xonbyesas rononorus. Tak Kak TONbKO ABA y3na: E u F UMEIOT noToku Medsblue 63
kaHanos - 27 n 31 COOTBETCTBEHHO (CM. Tab.2-3), TO KONLUO AONXKHO COCTOATh M3 4 MYNLTUNNEKCOPOB YpO-
8HA STM-4 1 ofHoi pagnancHoW BeTBM (ecan E n F ceA3aHbl Mexay co6o# HENOCPERCTBEHHO) UK ABYX
paguanbHbIX BETBER (€CAM OHM NOAKMIOYAIOTCA K KONbLy Nopo3Hb: E k C, a F k D 1 He cesizaHbl Mexay co-
60t HenocpencTBeHHO). PaguancHble BeTBU TpeGyloT TONONOrMK “TOMKA-TOYKR” TUNA YNNOWEHHOro KOMbua
{pnc.2-28), ecnn HyxHa 3awmTa, roe “ToNKa”, KOHTaKTUPYIOWAs C KONbUOM (puc.2-34) unu MynasTHnnex-
COp cBA3M NomkeH Obitb TMNA ADM, a He TM, Ans opraHnsaumm neperpyaky noToka ¢ KoNLUEBOro yana Ha
papnantHelid, B NnepeOM BapuaHTe peweHns noaToMy noTpebyercs 4 MynsTUNNEKcopa yposHs STM-4 v tpu
- ypoBHa STM-1, BO BTOPOM - Ha OAWH MynbTUNAEKCOP YpoBHa STM-1 Gonbwe. B page cnyyaes (Hanuuue
CBOGOAHLIX CNOTOB AN KPOCC-KOMMYTAaTopa) PoNb MYNbTUMIEKCOPA CBA3ZN MOXET Urpath MyNbTUNNEKCOp
KONbUEBOro y3N1a, YTO YMEHbLUEET HaAEeXHOCTb CETW, HO NPUBOAUT K 3KOHOMUM OOHOIO (MEPBbLIA BLIPUAHT)
vnu ABYyX (BTOPOW BaPUaHT) MyNbTUNNEKCOPOB CBS3N.

SluencTas TONONOrMS MOXET UMETb BUA, NPUBEAEHHBLIA Ha puc.2-45. Sluenctas ceTb COCTOUT U3
ABYX KBRAPATHbIX AYEEK U COAGPXKMUT LIECTb y3noB. Kaxabid U3 HUX HA NPaKTUKe COOTBETCTBYET MynbTUMne-
Kcopy yposhs STM-N, yctaHoBneHHOMY Ha undposoii ATC. B Hawem cnyyae B yanax A, B, C, D - mynbTu-
nnekcopsl yposHst STM-4, a B yanax E n F - yposHa STM-1 (notoku mexay C u E, En F, D u F HecyT

meHble 63 kaHanos).
N\ /)
A C E
/

B D F
./

Puc.2-45. Cxema npocTtoin auencton cetn SDH
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371a cxemMa MnpuUBOaNT K MUHUMANLHOMY HUCHY TpefyeMbix MyNsTUNNEKCOPOB PA3NUUHLIX YPOBHEW W C
3TOW TOUKW 3PEHMA OHA ONTUMANIbHA, OAHAKO GCMOXHOCTA BO3HWKAIOT NPU HEOBXOAUMOCTM OpraHv3aumm
3aLUTHI BbIAGNEHHbIX KaHanos. Bonpocsl 3aWmThl PELWAKTCA 3AeCh Kak U B OOLIYHbIX CETSX NyTem Hanpas-
NeHus BLIAENEHHOrO Kaxana no ABYM MapilupyTaM C COBNafaloMM KOHEYHbIMWU TOYKaMK, HAnpumep, no
mapwpytaMm A — B u A - C —» D — B. Takas cxema 3awmThbl “no pasHeceHHbiM mapupyTtam” (1:1) uHorpa
6onee npeanoyTUTENbHA, YeM cxema 3awmTel 1:1 B konbue SDH. OaHako oHa TpebGyeT Gonee TWAETENbHOMO
pacyeTa yMcna noToKOB, NPOXOAALMX MO OTAENbHLIM BETBAM CETH, ANs TOro, 4Tobbl y6eanTeCs, 4T0 OHO He
npesbiaeT BO3IMOXHOCTU KPOCC-KOMMYyTaTOpa Y310BOro MYNbTURNEKCOPA, Npexae 4em OTBEeTUTb Ha BOM-
POC O TOM, K8KOr0 YPOBHS MYNbTUNNEKCOP MOXET GbiTb UCNONL30BAH B AAHHOM Y3ne.

PaccmoTpum aTy nposepky 6onee nogpobHo, 0CHOBLIBAACK HA MHGOPMauuy m3 Ta6.2-3. B peaynbTa-
Te nonyd4uM cneayioilylo Tabnuuy 2-4, Qalolylo CBOAHYIO MHGOPMaUMIo O NOTOKax, NPoXoaswwmx no BOK
MEXOYy Y3nosbiMU MYNbTUMNEKCOPAMM HA CTaHUMSX (3alumilaeMble KaHanbl, NPOXOASLUME N0 Pe3epBHbIM
MapLupyTam, nomedeHnl 6yksoit “p”). Yucno kaHanos gaHo no rogam 1997/1998. B nocnepmei cTtpoke no-
MELLeHbl MTOTOBLIE CYMMBI Ha NocnenHem arane.

Tabnuua 2-4.
OCHOBHbIE U PE3EPBHBLIE NOTOKN NO CermMeHTaM AYencTol ceTu

lMoTokKM B cermeNTax s4eucToli cot™m

A--B A-C B->D C-D C—-oE D-F E-F

A-B  30/70| A-B(p) 10/14| A-B(p) 10/14| A-B(p) 10/14| A-E 10/15| A-E(p) 1/3 | A-E(p) 1/3
A-C(p) 5/10 | AC 30/50 | A-C(p) 5/10 | A-C(p) 5/10 | A-F 10/17 | A-F(p) 0/4 | A-F 10/17

AD  30/60| A-D(p) 3/12 |A-D  30/60| A-D(p) 3/12 |B-E(p) 02 |B-E 57 |BE 57

AEp) 1/3 | AE 10/15| A-E(p) 1/3 |B-C  7/17 |B-Fp) 1/2 |B-F 48 |B-Fp) 12

A-F(p) 0/4 | A-F 10/17 | A-F(p) 0/4 |[B-D(p) 0/4 |C-E 0/3 |C-E(p) 0/1 |C-E(p) 0N

B-C(p) 2/4 |B-Clp) 2/4 |BC 747 |CD 27 |D-Rp) 0/1 |D-F 0/4 | D-F(p) 0/1

B-D(p) 0/4 B-D(p) 0/4 B-D 4/10 | C-E(p) 0/1 E-F 0/2

B-E(p) 0/2 B-E(p) 0/2 B-E 5/7 D-F(p) o1

B-F(p) 1/2 |B-Flp) 172 B-F 4/8

C-Dip) 2/7 C-D(p) 2/7 C-D(p) 277
Cymma 166 [Cymma 127 |Cymma 140 [Cymma 66 Cymma 40 Cymma 27 Cymma 33

B xavecTse pesepeHbix Obinin BoiGpaHbt creayiowme MapLupyThbi:

— OCHOBHOM A — B, pesepBHbit A - C —» D — B;
— OCHOBHOW A — C, pe3epBHbii A - B - D — C;
— OCHOBHOW B — D, pesepehbii B - A » C — D;
-~ ocHoeHoOM C — D, pesepBHbii C > A - B — D;
— ocHosHOW C — E, pesepBHbii C 5> D - F = E;
— ocHoBHOM D — F, pesepBHLli D - C - E - F;
— OCHOBHOM E — F, pesepsHbtid E—-> C - D - F.

3aMeTuM, NTO PE3EPBHLIE MAPWPYTHl B 9TOW TONONOTMMECKOH CTPYKTYPE BLIGMPaAOTCR B npeaenax
OfHOIA sueikn.

BbiGop Tpe6GyemMoro ypoRHAa MU 4ucna mMyneTUnnexcopoB. Monyyenwas Tabnuua noareepxaaet
NpasuNbLHOCTL BuIGOPA YPOBHEN MYNETUNNEKCOPOB 8 y3nax A-F u MoXeT cnyxuTb nokasatenem addekTuns-
HOCTM UCMONBb30BAHNS KOMMYTAUMOHHOM CnocoBHOCTM y3nos. B peaynerate paHHOro Kpatkoro o63opa Bo3-
MOXHbIX TONONOMMt MOXHO PEKOMEHA0BAaTbh ANA UCNONb30BAHUA AYEUCTYIO CeTb C TONONOrven Ha puc.2-45
Kak ONTUMAUbHYIO, TaK KaK OHa NPU MUHUMANbLHOM Yucne MynbTANRNEKCopoB (4 - ypoBHA STM-4 1 2 - ypoBHs
STM-1) yooBRETBOPAET NOCTABNEHHLIM YCNOBUAM NO Pe3epBUPOBaHNIO ONPEAENEHHbBIX YKA3aHHbLIX KAHAIO0B.

BmGop noctaBuuka oGopynoBanus. [lna koHdurypauum ysnoB, COCTABNEHWR cneumpmkaumnmn
CMEHHbIX MOAYNei N NPOPUCOBKMN BNOK-CXEMbl COBAMHEHWIA CMEHHLIX GNOKOB BCEX y3/108, KpOME TOMONOrun
ceTn (puc.2-45) n Toit undopmaummn, KoTopas coaepxutca B Tabnuuax 2-3, 2-4, HyXHO UMETb HOMEHKNATY-
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Py BYHKUMOHANBHLIX CMEHHBIX GNIOKOB (HENNOXO TaKKe UMETb ICHOE NOHUMAHWE WX Ha3Ha4YeHns 1 QyHKuy-
OHANLHbIX BO3MOXHOCTEN). [na atoro Heobxopnma npueaska K 060PYAOBaHNIO KOHKPETHOMO NpovasoauTe-
ns. Ana vawero npumepa BbiGpaHo o6opynoBaHue komnaHum Nokia. YuuToiBaa Aga 3Tana passutus Cetu,
cnegyeT ykasaTtb kakve 6noku 6yayT ycTaHOBEHL! HA NEPBOM M KakWe Ha BTOPOM 3Tanax.

HomeHknatypa cmeHHbix Gnokoe SDH komnaHuu Nokia, ucnone3ayembix 8 npumepe:

— 2M - TpubBHBIt uHTepdEincHbI 6nok 2 MOUT/C - uHTepdeiicHan kapTa Ha 16 noptos 2 Mbut/c Ge3
TepMmuHanbHoro apnantepa (TA), $YHKUMOHUPYET TONBKO NPU Hanuauu cmeHHoro G6noka 2MTA (ao
Tpex kapT 2M Ha opHy kapty 2MTA);

—~ 2MTA - TpuBHbI nuTepdeincHbn Bnok 2 MuT/c - uiTepdeiicHas kapTta Ha 16 noptos 2 MBurt/c ¢
TepMnHansHbIiM agantepom (TA);

—~ STM-1 - nuMHeNHLIA onTudecknii arperatHolit 6nok 155 M6uUT/c;

— STM-1E - nuHeHbil anekTpuyeckuit arperaTHulil 6nok 155 Méur/c;

— STM-4 - nuHehHbIA OnTUYECcKui arperaTHblid 6nok 622 MéuT/c;

— SSW - 610K CUCTEMHOTO KPOCC-KOMMYTaTopa - LUEeHTpanbHbii 60K KpOCC-KOMMYyTaTopa Tuna
DXC-4/4/1 ¢ 3KBMBIEHTHOR EMKOCTbLIO KOMMYTaumMu 16xAU-4 ans kommyTtauum VC-4, VC-12;

— TSW1 - TepMuHanbHbii Gn0K CUCTEMHOFO KPOCC-KOMMYyTaTtopa - 610k cuHxpoHmu3aummn AU-12 u
AU-4 Ha BX0oae Ans OCYLEeCTBNEHUst KPOCC-KOMMYTaLnK,

— CU - 650K ynpasneHus 1 CUHXPOHN3aLMu,;

— SPIU - 6nox nUTaHUS NONKWU (KacceTbl);

— 8SU - 6nok obcnyxusanusi untepdeicos.

KoHudurypauus mynbTUNNEKCOPHbLIX Y3108 U cOCcTaBneHue cneumdmkaumm obopyaosaHus

Kongurypaums yanos ¢ mynstunnexcopamu STM-1. ina paborol mob6oro SDH mMyneTunnekcopa
ypoBHst STM-1 npyu MuHUmanoHOR koHUrypaumm (1 TpubHasa uHtepdeincHas kapta - 16 kaHanos 2 Mbur/c)
TpebyeTca cneayowmin HaBop 6nokos: 2xSTM-1, SSW, 2MTA, CU, SPIU, SU. CneposartensHo, ana yanos E
u F (oBcnyxusatowmx Ha nepsom atane 15 v 14 kananos, a Ha BTOpOM 3tane 27 v 31 kaHan COOTBETCT-
BEHHO) AOCTATOYHO UMETH MWHUMANbLHYIO KOndurypaumio Ha nepsoM atane ¢ pobaeneHnem no OAHOMY
6noky Tuna 2M Ha BTopomM atane. Tak kak yanul E n F coeannsiotcs ¢ yanamm C v D ontuyeckum kaHanom
ypoBHsa STM-1, T0 Hukakux opyrux 6nokos npeobpasosarHna He Tpebyertcs (puc.2-46, yanol E v F).

Kongurypaumna yanos ¢ mymstunnexcopamun STM-4. [na pabotet SDH MynbTUnNnekcopa yposHs
STM-4 npu MuHMManbHOW KOHbUrypauum (1 TpubHas uHtepdeicHaa kapTta - 16 kaHanos 2 MGur/c) Tpeby-
eTtcs cneaywowmin Habop 6nokos: 2xSTM-4, SSW, 2xTSW1, 2MTA, CU, SPIU, SU, ecnn gaHHbIM MyibTURNEK-
COp CBfi3aH C APYIUM TaKUM Xe MynbTUM/IEKCOPOM N0 OMTUYECKOMY KaHany yposHs STM-4 (kak Hanpumep
MynbTUNNEKCop yana B).

Ana mynsrunnexcopa yana B, o6cnyxvBaiouiero Ha nepsoM atane 50, a Ha BTopom - 112 kaHa-
noB COOTBETCTBEHHO, CNenoBaTenbHO, AOCTATOMHO MMETb HA MEepPBOM 3Tane MUHUMAaNbHYIO KOHGUrypaumio
¢ nobasneHuem 1 Gnoka 2MTA 1 2 6nokos Tuna 2M, a Ha BTopom atane ao6asuts ewe 4 6Gnoka 2M.

Ans mynstunnexcopos yanos C u D, pabotaiowmx GakTMieckun B pexXMMe KOHLEHTPaTopos n aa-
OWKMX A0CTYN nOoTokaMm suerkn ypoeHa STM-1 « sueitke yposHa STM-4 (SBNRIOWEWCA MO CyTH
“TEXHONOrMHECKMM™ KONbLIOM STM-4), HYXHO npeaycMmoTpeTs no ogHomy Grnoky STM-1 ana ceasn ¢ Mynb-
TMnnekcopaMn E u F COOTBETCTBEHHO HA ypoOBHE onTudeckoro tpuba STM-1. JononHUTENLHO OHW OOMDKHL
ObITb YKOMNNEKTOBaHLI HEOOXOOUMbBIM YNCNOM TPHUOHLIX MHTePdEACHBIX 6nokoB 2 MBuT/C, y4uTLIBAS, Y4TO Ha
nepsom atane C un F gonxnHot o6pabaTeiBate 39 1 36 kaHaNoB, a Ha BTOPOM - 77 1 81 kaHan COOTBETCTBEH-
HO, HeoOX0AUMO MakcMManbHO 5 kapT and yana C u 6 - ana D, 2 13 koTopbIX AONXHBI BbiTk TN 2MTA,
(puc.2-46, yanu C u D).

HAns MynsTunnexcoproro yana A, paboTaioilero B pexuMe MynbTUNNEKCOPa BBOAE/BbIBOAA B TEX-
HoNoruyeckom konble A—B—D—C, tTpebyetcs obcnyxusate 110 kaHanos Ha nepsoM n 212 kaHanos Ha
BTOpOM 3Tanax. 3t1o Tpebyet 9 (7 Tuna 2M + 2 Ttuna 2MTA) TpUBHLIX UHTepdEnCHbLIX 6NOKOB HAa NEPBOM 1
14 (10 Tvna 2M + 4 Tvna 2MTA) Ha B8TOPOM 3Tanax. Y4uTbIBas, YTO BO3MOXHOCTL KPOCC-KOMMYTaLMM y3na
STM-4 muHrManbHO cocTaesnseT 252 (4x63) kawana 2 MBuT/c, 2 BO3MOXHOCTb pasMeteHns 6onbLioro yncna
TPUBHBIX NHTEPGENCHBIX BNOKOB Ha OZHON NOMKE OrpaHuyeHa, NpeanaraeTcs UCNoNL30BaTh AONONHUTENLHBIE
nonku (nomeyaemblie Kak yansi A1, A2, A3), cesi3aHHble C OCHOBHOWM NONKOW HA YPOBHE 3NEKTPUHECKMX TPu-
6os STM-1 (Ha puc.2-46 npuBEAEHO OOHO U3 BO3MOXHBIX PELWEHMiA y3na A).

YunTelBan BblleCKa3aHHOE U pUC.2-46, Ha KOTOPOM AN NpOCTOTHI He nokasawu dnoku SPIU n SU,
MOXHO COCTaBuTL cneuudukaumio Ha 06opynosaHue, Heobxoanmoe Ana GOPMUPOBAHUS YKA3aHHOM CeTw.
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Puc.2-46. Cxema koHdurypaumm n GyHkUMOHansHOM cea3n yanoe SDH cetn

2.8. OCOBEHHOCTW PEAJIUSALUN PAOVOPENENHDLIX
JIUHEAHBIX SDH CUCTEM

TexHonorus SDH He orpaHvyMBaeT UCMONL30BaHME B KA4YECTBE cpedbl nepeaaun Tonbko BOK. B nocneavee
BpeM$ LIMPOKOE PacnpoCcTpaHeHne NonyHuno v ucnonb3oBaHue paavuokaHanos Ans opraHusauvm paavope-
neiHbIX NvHelHbix ceteit SDH. Mol yxe ynomuHanu Bbilie 06 ogHoi Takoit cetn (SDH PPJ1 Mocksa-
Xa6apoBcK), vcnonsbayioweit yposeHs STM-1 SDH. PaguopeneitHblie kaHansl umeloT 6onbluve nepcnexTues
V1A NPUMEHEHNS B CNeayiowmx Lensax:

— [Ans 3aMeHbl paavopeneiHbix PDH cuctem ans BO3MOXHOCTY 6onee apdpeKTUBHOro B3auMOAencT-

BuA C cywiecTByowmmmn SDH cuctemamu;
— OpraHusaumy ankTepHaTUBHLIX NYTeH nepeaain SDH curHanos B SHeUCTbIX CETAX;
— PE3ePBMPOBAHMS CYLIECTBYIOLIMX BONOKOHHO-ONTU4ecKux SDH nunui;
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- cBa3n SDH koneu;

— pelieHuA ONepaTUBHLIX 33034 NPu 3aMbikaHuu konew, SDH unu Ha CnoxHbiX ana npoknapkn BOK

y4acTkax.

Maructpanbheie SDH PPJ1 po nocnegHero BpeMeHu ucnonb3osany yposeHb STM-1 unmn ckopocTb
nepegaum 155 M6ut/c. Mpu HeobxogumocTu o6ecnequnts GONbLLYID EMKOCTL MCNONL30BanMCe N kaHanos
STM-1. B nocnegHee Bpems B CBA3W C NPUHATUEM HOBbIX Bepcuil pekomeHaaumii ITU-T G.7xx (benas kHu-
ra) nossuiack BO3MOXHOCTb UCNONbL30BaTb Hynesoit ypoeseHb SDH - STM-0 (COOTBETCTBYIOWNA YPOBHIO
SONET OC-1). OH Bonblue u3BecTeH He Kak HOBbIl ypoBeHb SDH, a kak ocobbiit popmar STM-RR cuHx-
POHHOTO TPaHCNOPTHOrO Moayns STM co ckOpOCThiO nepeaaun 51.840 MOMUT/C, KOTOPLIA HE MOXET UC-
nonb30BaTbCcA Ha MHTepdeitcax kabenbHbix ceTesbix y3nos SDH [12].

PexomenaosaHHas cTpykrypa ¢peiima STM-RR, onucanHas B [17, Annex A], npusegeHa Ha puc.2-47.

A1 A2 (C1
B1[E1|F1 _ vC-3
D1|D2|D3 ‘ /
H1|H2 |H3 J1
B2 [ K1 | K2 B3
D4 | DS | D8 c2
D7 |D8 | D9 G1
D10{D11|D12 F2
z1|z2 |E2 H4

z3

z4

zs

‘T 29 30 3f 58 59 60

VC-3 POH

Puc.2-47. Crpyktypa ¢dpeiima STM-RR v ero noneaHas Harpyska VC-3

Ha 3TOM pucyHke nokasaHa CTpyKTypa WCMOAL3YeMOro ANA 3TON uenu BUPTYasbHOrO KOHTeiHepa
VC-3 (cronbubl 30 1 59 - duKCUPOBaHHLIA HANONHUTENL). ITOT KOHTEWHED WUCNONL3YETCH B KadecTse Har-
py3ku agMuHMCTpaTusHoro Bnoka AU-3, kotopulit 1 dopMupyeT cpykTypy Moayna STM-RR, kak 310 noka-
3aHO Ha 0606LIeHHON CxemMe, nNpeacTaBneHHoi Ha puc.2-48. B nybnukauumn [12] 3T0T Moaynb HaswuiBaeTcs
“cybnepBuyHbIM”, @ cxeMa ero ¢GopMMpoBaHnA, NPUBEOEHHasA B COOTBETCTBMK CO cTtaHaapTom ETSI, He co-
pepxut seteu VC-11 -- TU-11, BMECTO KOTOPOA Mcnone3yeTtcsa seTsb VC-11 -- TU-12,

STM-RR AU3 |« | vc-3 C-3
x1 x7 x7
x1

TUG-2 [ TU-2 |« vC-2 c-2

4  Bbipasuusanue 3
4— MyneTunnexcuposanme [ Tu-12 VC-12 C-12

<— Orobpaxenve x4

F TU-11 » VC-11 [« C-11

Puc.2-48. Cxema mynbTunnekcviposanua 8 SBH npu popmuposanmuu STM-RR

CUHXPOHHbBIE UNODPOBLIE CETWU SDH 83



B Toi xe nybnukauuu [12] ykazaHa cxema nepexoaa o1 moayns STM-RR k moaynio STM-1, npvsesex-
Has HWxe Ha puc.2-49. D1a Cxema nepexoaa pPexoMeHayeTcs ANs UCNONL30BAHUSA Ha UHTepdencax CeTesbix
y3nos poccuitickux ceten. QHa ocywecrsnseT aeMynetunnekcuposanne STM-RR ao yposusa TUG-2 nnu C3 u
nocneayiowee MynbTunnekcuposaHue no cxeme TUG-2—TUG-3 nnm no cxeme C3 — VC-3 —» TU-3 —» TUG-3,
a nanee B 0Boux cny4asx no craHpapTtHoi cxeme: TUG-3 — VC-4 — AU-4 — AUG — STM-1.

STM-1 AUG - AU-4 VC-4
x1 x1 x3

x1

TUG-3 TU-3 VvC-3 Q—L
C-3
STM-RR AU-3 VC-3

x1 x7 X7

< BbeipaBHusaHue

byt TUG-2

44— MynsTunnexcuposarue

<4— QOrobpaxeHue
Puc.2-49. Cxema nepexona ot moayna STM-RR k moaynio STM-1

Cnenyet 3amMeTnTb, 4TO MOAyNk STM-0 yxe ncnonb3yercs B kayectse Tpuba SDH Hynesoro ypoBHs B
annapaTypHbIX peanuaaumax MynbTUNNeKcopoe SDH Hoeol renepaumu [57], AaBas BO3MOXHOCTL peannso-
BaTb NPOCTYI0 U rnbkyio ceA3b Mexay PPJ1 SDH, ucnons3yioummMmu ckopocte 51.840 M6ut/c, u craHpapT-
Heimu ceTamu SDH.

Kak BuoHO u3 0630pa, NPUBEAEHHOIO Bhitle B N.2.7.2,, MHOrMe KOMnaHuu, npouseopasiimve SDH o6opy-
posaHue, Takme kak: Alcatel, ECI, NEC, Siemens, umetot n SDH PP/l cuctembl. iBe n3 Hux,- NEC u Siemens,
ucnons3oeann ero B Poccun Ha nuHusix SDH Mockea-Xabaposck U Mocksa-Hosopoccuiick. CooTBeTcTRYIO-
ulee o6opyanosaHne ykasaHHblx GUpm NepeyncneHo B HOMEHKAATYPHbIX CNUCKaX, NPUBEAEHHLIX B 2.7.2.3.

2.9. UHTEPOEWC G.703

Mcnonb3oBaHue COBPEMEHHbLIX CUCTEM TENEKOMMYHWUKAUMA BO3MOXHO TOALKO NPU HANW4Mu COOTBETCTBYIO-
WKMX CTaHOapTHLIX UHTEPdERCoB B TEPMUHANbHbLIX YCTPOUCTBAX (YCTPOMCTBaxX NpuvemMa u nepenaun CurHa-
nos). Psig Ttaxux uHTEepdEencoB XOpPOLWO MU3IBECTHbl BBUAY WX YHUBEPCANbLHOCTW, Hanpumep, RS-232 (unn
V.24), apyrve - meHee U3BECTHb B CUNy CBOEW OpUEHTaUMKM Ha OnpeneneHHbie TeXHONOMMN TeNeKOMMYHU-
kauwi, Hanpumep, V.35, G.703. Ecnv HasHayeHne u Cxema pas3BoaKyM CUrHanoB ogHux uHtepdeincos, Han-
pumep, V.24, V.35, npuBoaMTCA NPaKkTUHECKM BO BCEX CNeuManu3vMpOBaHHbLIX CNPABOYHUKAX U NMPUNOXEHUAX
K KaTanoraMm TenekoOMMYHUKaUMOHHOro obopynosanms, TO0 wHbOpMaumio O apyrux, Hanpumep, o6 uHTep-
deiice G.703, npuxoanTCsi HepnaTtb U3 ONUCAHWS PErNaMeHTUPYIOLNX UX CTaHaapPTOB.

B ¢BfiI3n C WNPOKMM pacnpoCcTpaHeHUeM TeXHONOrui uMdpPOBOR Nepenayv AaHHbIX, HaNpPUMEpP Takux
kak PDH 1 SDH, none3oeatenn xananos 64 k6ut/c u 2 Mbut/c cTtonkHynuce ¢ HeobxogumocTbio obecne-
4YnTb CTBIKOBKY YXX€ UMEIOWENCA TEPMMHANBHOA annapaTtypbl C HOBbIM ans Hux nHtepdeicom G.703, npu-
MEHSIEMbIM B 3TUX TeXHONOruax. UHdopmauuio 06 3ToM uHTepdence MOXHO NOYEPnHYTb, B OCHOBHOM, U3
f0BONBLHO 06bEMHOrO onucaxna pekomeHpaunn ITU-T Rec. G.703 [14]. BonbluMHCTBY Nonb3oBaTenei ans
NOHUMAHWUA TOr0, YTO 3TO 3a MHTEepPdENC U B KAKMX CNYUYAAX ero HyXHO WCNOL30BaTb, TAKOrO UcHepnbiBa-
oWero onucaxus, Heobxoaumoro, Kak npasvno, paspabotuMkaM annapaTHOW peann3auun camoro UHTep-
deiica, He HyxHO. MO3TOMY HVXE AAHO KpaTkoe onucaHue ocoBeHHOCTeR camoro wHtepdeica u ero uc-
nONb30BaAHKE.

WHtepdeiic G.703 He HOBMHOK B MUPE TenekoMMyHuKauuin. OH Gbin BNepBbie ONUCaH B YNOMSAHYTOM
pexomeHgaumm G.703 (“Dusnueckne U 3IneKTPUHECKUE XapakTEPUCTUKN MepapXuyHeckux undpoBbiX
uHTepdeiicos”) ewe B 1972 rogy, 0aHAKO OKOH4YaTenbHO CHOPMUPOBANCS B PEAAKUMAX 3TOro ctaHgaprta
1984 v 1988 ropos u 6bit gononHex B 1991 roay. Nepeuspax B “Benoit kHure” cranpaprtos TU-T 1993
roaa kak pekomeHpauus 1991 ropa.

dopmansHo cranaapt G.703 B pepakunu 1991 ropga ocHosaH Ha Tpex ctaHpaptax ITU-T:

- (.702 - “CxopocTtn nepegayv undposon wepapxuun” ([13], pepakumu 1984, 88, 90 rr.);
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- G.704 - "CTpyKTypa CUHXPOHHLIX GPEAMOB, OCHOBAHHbLIX HA NEPBUYHOM W BTOPHMYHOM Mepapxmnyec-
kux yposHax” ([15], pepakumu 1984, 88, 90 rr.);

- 1.430 - "Monb3oearensckuin nHtepdeinc cetn ISDN, MCnonb3ylowmin OCHOBHYIO CKOPOCTb - 1-bift
ypoBeHb cneundukaumm (MpoTokon curHanusauym D-kaHana)” (1988 roa, pekoMmeHpaums nepens-
naxa 8 1993 roay).

Oanako dakTudeckn nutepdenc obenyxmeaet cetu ¢ wepapxmeit kak PDH, Tak u SDH (3ameTtum, 4To

ckopocTb nepenayu 155.520 M6ut/c Gbina BHeCEHa TONLKO B peaakumio ctaHgapta 1991 roga), XoTa MCXo4Ho
paspabaTbiBanca kak OCHOBHOW MHTEPdENRC, UCIIONL3YEMbI CUCTEMAMN C UMNYNLCHO-KOAOROW MOAYNsUMen.

2.9.1. dusunueckue n aneﬁpuqecxue xapaKkrepucTukum uHrtepdeiica G.703

Ouanieckme U INEKTPUYECKNE XapaKTepUCTUKKM AAHHOrO UHTepdenca pernaMeHTUpoBaHbLl ctaHgaptom ITU-
T G.703 ana ob6ecrneyeHnss BOIMOXHOCTH COEANH2HUS Pa3/INYHbIX 3NEeMEHTOB UNPpoBbix ceteii ¢
yennio GopMUPOBaHNT MEXAYHAPOAHDBIX IMHNIA CBA3KN WY COEAUHEHNH.

B cOOTBETCTBMM C 3TUM ONUCAHLI XaPaKTEPUCTUKU UHTEPdENCOB AN CKOPOCTEN nepenaqn AaHHbIX,
COOTBETCTBYIOWMX CKOPOCTU OCHOBHOrO undposoro kaHana (OLUK) nepepaum aanHbix 64 kOut/c, a Takke
CKOPOCTAM, nopoxaaembim undpoebiMn PDH uvepapxuamu: amepukaHckoin - 1544, 6312, 32064, 44736
kbuT/C, eBponeickoi - 2048, 8448, 34368, 139264 kbut/C, a TakkKe 4YaCTU4HO ANOHCKON, Nepsebie ABa ypo-
BH CKOPOCTEN nepepayn KOTOPOW COBMaaaloT ¢ amepukaHckow (1ab. 1-2), Tpetuir - He ucnonbayercs, a

" yeTBEPTLIA - COOTBETCTBYET ckopocTh 97728 kbur/c.

JOnonHUTENbLHO ONUCaHbLI XapakKTepucTUKWU WHTepdeica ans CKOPOCTWU, COOTBETCTBYIOWEH NepBOMy
ypoBHIo SDH nepapxuu, 155.52 M6ut/c. )

Ona curHanoB co ckopocTamu n x 64 kbut/c (n = 2,3, ... ,31), npoxoaswuMn yepe3 obopynosaHue,
cneunduumposaHHoe ana nepsu4HOro yposHa 2048 kbut/c, xapaktepucTuku nHtepdeiica Te xe, 4to u and
2048 kbut/c. Ecnu xe obopynosaHme cneundurumposaHo ana 1544 kbut/c, TO xapakTepucTukn nHtepdein-
ca ans Takux curHanos (Ho ¢ n = 2,3, ... ,23) Te xe, uto n ana 1544 kbur/c.

CTtaHgapT He pernameHTMpyeT XapakTepucTNKu UHTepdeincoB s CUrHANOB HE OTHOCSALLMXCH K yKa-
3aHHbIM KaTEropuam.

OCHOBHbBIMU XapakTepucTukamMu nHrepdenca aBnsiTCA:

e TUN OpraHM3auin B3aUMOAENCTBUA annapaTypbl UHTEPDENCA ............. - TPU TVNQ, CM. HUXE;
¢ CKOPOCTbL Nepeaaqn AaHHbLIX U 4acToTa
CUHXPOHUBUPYIOLLETD CUMHAMA ..eceeeuntnanreieaenineessasaaeseasninnssscsssesnennsnnsnnes - YKa3aHa Bbllle;
¢ TUN KOAA UNW ANTOPUTM €r0 GOPMUPOBAHMST......covvvrrrriereieerrrerrerrnrnennnss -~ 33BUCUT OT CKOPOCTYU, CM. HUXE;
s $opma (Macka) UMNynsCa U COOTBETCTBYIOWEE NOone AONYCKA ............. - 3aBMCUT OT ckopocty, cMm. G.703;
s TUM UCNONbL3YEMOM Napbl ANA KAXAOTO HANPAaBNEHUA Nepeaawm ........... - KOaKkcuanbHas/CUMMETPUYHaS;
¢ Harpy304HbIA UMMEAAHC:
- NS KOAKCUANBHOIO KABBNA.......iiviiiiiiiii e - 75 oM (aKTuUBHbIR);
- ANA CUMMETPMHHOM TTAPDB! ceuettiiiiiieeiiiasiiecinereareesensesrataasneesarraaannrens - 100-120 om (aKTuBHbINR);
¢ HOMUHANbHOE MUKOBOE HANPAKEHUE UMMYNIBCA .cvvvverneriienrernereennarrnnrerens - 1.0 B (HopMupyemoe),
1 - 3 B (daxkrrnyeckoe);
* MUKOBOE HANPAXEHUE NPU OTCYTCTBUN MMNYAECA. . ceuuvrrinnnriieinenerrennnnens - 0 £ 0.1 B (HopMupyemoe),
0.1 - 1 B (dakTnyeckoe);
¢ HOMMHABHAA LIMPUHA UMITYIIBCA ...uuieiieistietinsiaraarverrensnnaisaesecreennnsnnens - 32BUCUT OT CKOPOCTU, CM. HUXE
¢ OTHOWEHNE amMnnTya noNOXUTENbHOM U
OTPNUATENBHOMO UMAYIIBCOB ....euiiveiienieireeireneerruerernrernsrerrssernnrernnsennsres - 0.95 - 1.05;
e OTHOLIEHWUE WMPKHBI MNONOXUTENBHOMO U
OTPULIATENBHOTO UMIYTIBCOB ..uuviiitiiiieiaiieeiarnaraeaesnrserenssasennsnserennsessaens - 0.95 - 1.05;
¢ MakCuMansHOe ApoxaHue ¢asbl HA BHIXOAHOM MOPTY...cccvirvvrernnrennnrenens - cooteetcTayeT ITU-T (G.823.

Kak BMAHO 13 3TOr0 nepeyqHs, Psaa XapakrepucTukK 3aBUCAT OT CKOPOCTX nepenayv, a TWUMN Koaa, Kak
YKa3aHO B CTaHAapTe, 3aBUCUT ewe u OT TMNa opraHn3aumn B3aMMOEeNncTBua annapaTtypbi uHtepdeica.
PaccmoTpum Bonee noapoBHO HEKOTOPLIE M3 3TUX XapaKTEePUCTUK.

Tun opranmsaynu B3anMo4eiCcTBHUS annaparypsl uHrepgersica

3Ta xapakTepucTuka pernamMeHTMpoBaHa Anst CKOpocTu 64 kBuT/C, Npu KOTOPOU 4epes uxTepdeic
nepenalnTca TPYU TUNA CUTHANoB: MHPOPMALMOHHLIA cvrHan 64 kbUT/C, U nBa CUHXPOHMU3NPYIOLUNX, NI
TAKTOBbIX CUrHana, 64 ky, n 8 ku,

CraHpapToM  nNpeaycMoOTpeHO  Tpu  Tuna  opraHusauuy  B3aMMOAelCTBUS  TepPMWHANLHON
(ynpaBnsiowen-ynpasnaemMoin unu npuemMHon-nepefaowien) annapaTtypsl Mexny ABymMs TepMuHanbHbiMut
ycTpoicTBamMu: coHanpasnenHbiii (CHU), pasnonanparnenHsiii (PHH), ¢ LeHTpanbHLIM TaKTOBbIM
reHeparopom (Liryv).
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Coranpasnennsiii TMN uHTEpgeHca (codirectional interface) - Tvn, Npn KOTOPOM Kak UHPOPMALIMOH-
HbI, TaK U TAKTOBbLIA {CUHXPOHU3UPYIOLWMA) CUrHansl Hanpasnexbt B 0AHY CTOPOHY: TePMUHaNLI paBHOMNpPaBHbG
W cUMMETPUYHBL: 00a yKasaHHbIX CUrHana nNepepaTcs OT KAXAO0ro TepMUHaNna K Kaxaomy (puc. 2-50).

TepmuHan Ll TepmuHan

NHdopmaumoHHbI curHan

———————— TakToBbiA CUrHan

Puc.2-50. CoHanpasneHHblli uHTepdeinc ans ckopocty 64 kBUt/c

PasnoHanpasneHHbii Tun nurepdeiica (contradirectional interface) - tvn, Npu KOTOPOM TepMu-
Hankl HEPaBHOMPABHbLI Y AENATCA HA YNPAaBARIOWMA U YNPaBAseMbuil; 30€Cb TAKTOBbLIE CUIHAJLI HANPABNEHbI
TONBKO OT YNPABASIOWEro TEpMUHana K ynpasnsemMomy, a MHGOPMALUNOHHLIR CUrHAN Kak W paHblLe CUMMe-
TPUYEH 1 MOXET NepeaaBaTbCa OT K&XO0ro TepMMHanNa K KaxaoMmy (puc.2-51),

YnpasnsembiiA -« _________ Lot Ynpasnsiowmii
TepMUHan ] TepMuHan
e bt e T SRR
et

NHDOPMALMOHHBIA CurHan

———————— TakTosblA curHan

Puc.2-51. Pa3HoHanpasneHHsil MHTepdeirc nna ckopocTtu 64 kbut/c

Hurepdeiic ¢ HeHTpanbHbIM TaKTOBbIM reHepaTopom (centralized clock interface) - Tin, npu ko-
TOPOM TaKTOBbIE CUrHanbl HanpasneHs! OT UEHTPaNbHOrQ TAKTOBOrO reHeparopa Kk o6oum TepMumHanam, a
WHPOPMALMOHHLIA CUrHan Kak v paHble CUMMETPUYEH M MOXET nepenasaTthCs OT KaXZOoro TepMuHana K
Kaxgomy (puc.2-52),

LeHTpanbHbiin
reseparop
i LR
[ I T T |
[ I I |
[ A
bt
Tepmunan - } : : N > TepmuHan
E
- ———————————~ L e ettt -
-t

NHPOPMALUOHHBIA curdan

———————— TakToBbiA CUrHaN

Puc.2-52. Mutepdenc ¢ LeHTPanbHbIM TAKTOBbLIM FreHepaTopoM ans ckopocTu 64 kbut/c
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CxopocTts nepenayn faHHbLIX U 4aCTOTa CHHXPOHN3MPYIOUEero curHana

CKopocTh nepenayn AaHHbIX, YKa3aHHbI@ B CTaHAapTe, B OCHOBHOM COOTBECTBYIOT mepapxun PDH.
TaKTOBbLI (CUHXPOHU3UPYIOWMIA) CUIHaM, MCNONb3YMbIN AR CUHXPOHW3ALMK, MOXET nepegasaTbCst OT OT-
[eNbHOro ucTodHuka, nubo dopMrpoBaTLCs M3 NepeaaraemMoro UHGOPMAUMOHHOIO curHana. Yacrorta rak-
TOBOrO CUrHana MOXET B Takux Cnyyasx COBMaaate AW He COBNagath C NPUBEAEHHOR Bbllie CKOPOCTLIO
nepenayy AaHkbIX 1, B NOCNEAHEM Cnydae, OHa MOXET ObiTh B 2, 4, 8 pa3 MeHbwWwe B 3aBMCUMOCTH OT npu-
MEHAIEMOro MeToOa KOAMPOBaHWUA AaHHbIX. Hanpumep, pna ckopoctu 64 kBUT/C HOMWUHANBLHOW ABNNETCH
TakToBas 4acToTa 64 kl'u, HO MOXET -UCNONB30BATLCA ¥ HacToTa 8 k'L, (OKTETHAA CUHXPOHWU3ALMS).

Tun xona wan anropuTM ero GopmMupoBaHns

Tun kopga 3aBACUT HE TOMNLKO OT CKOPOCTH Nepenayn AaHHLiX, HO U OT TUMNa OpraHn3auMu annaparty-
pbi HTEpdeica, Hanpumep, ans ckopocTu 64 kbut/c. ECNn KOA He CTaHAAPTU30BaH, TO ONUCAHUE anropu-
T™a ero GOpMMPOBaHNS [AETCA B CAMOM CTaHAAPTe, Kak HanpuMmep, ana ckopocThn 64 kbut/c npy nenonb-
308aHMM COHANPAaBNeHHOrO uHTepdenca. Ecnn xe koa cTtaHaapTU30BaH, Kak Hanpumep, AMI, To yka3lbiBa-
eTCA ero HaseaHwe UNK JAeTCA KpaTkoe OnucaHne ero 0coBeHHOCTel.

Popma UMNyIbCa U COOTBETCTBYIOLLEE nOne [ONnycKka (MacKka uMnynsca)

dopma umnyneca U COOTBETCTBYIOWIEE NOAEe OONYyCKa (Macka UMNynLca) NpueBeneHnl B CraHpaprte
OTASNBHO ANA KaXA0W CKOPOCTY Nnepenayn n tuna opraHusaumm B3auMOOencTBna annapatypol uHtepdenca
ans ckopoctr 64 k6ut/c. Macka oauMHOYHOrO nMNynbCca Anst CKopocTv 64 kBUT/C n COHaNPaBNEHHOIO UHTep-
deiica, npusepeHa Ha puc.2-53 [14] nuuwb ona MNNIOCTPALMK, TaK KaK MacKku nNpeacTaBnsaioT UHTEPEC TOfb-
KO Ans paspaboTinkos nopobHLIX nHTepdencos.

Tum ucronb3ayemMost napsi B Harpy304Hbid uMneganc

Kak ykasaHO, MOryT MCnonb30BaThCa AMO0 KoakCcuaibHbiA Kabenb, NGO cUMMeTpuiHas napa, Mmbo To
n apyroe (1a6.2-5, nosmums “umnenaHc”). TecTUpyemblil Harpy304Hbil UMNEAAHC NPU UCNOAB30BaAHUN CUMME-
TPUYHOW NAapbl 3aBUCUT OT UCTIONL3YEMOW CKOPOCTU NepeaaYn u sapbupyetcs B npeaenax 100 - 120 om.

MaxcumanbHbie HanpsXXeHWs UMNyJ/Ibca W YPOBEeHb CUrHana B nayse

311 napaMeTpbl 3aBUCAT OT paaa GakTopos, B TOM 4YMACNE OT CKOPOCTM Nepeaayvn n OTHOCUTENLHOro
YPOBHSA Wyma, KOTOpbie MOFyT BbiTh YKa3aHbl cneuvansHo. Mopagok 3Ha4eHui BO3MOXHBLIX NPpU 3TOM YpPOB-
Hel CUIrHaNOB U LWYMa MOXHO OUEHUTL Mo puc.2-53.

Wupuna nmnynsca

B craHpapte ykasaHs nmbo ABe LWMPWHLI, COOTBETCTBYIOWME WMPUHE UMNYNLCA AAHHBIX U LWUPUHE
TaKTOBOrO MMNynbca, IMGO ykasaHa WMpUHA KOOUPOBAHHLIX UMNYNLCOB, G0 TONLKO HOMWUHANLHAS WUPK-
Ha UMNyNbCa AaHHBIX (CM. NOACHEeHUN K Tab. 2-5).

OcrankHble XapaKTepuUCcTukn ACHbl N3 KOMMEHTApPMEB, YKa3aHHbLIX Bbitlie.
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2.9.2. Peannaauma uHrepoeiica G.703

CkopocTy nepepayy AaHHbIX K COOTBETCTRYIOLUME UM TUNLI KOAE, TUM UCNONL3YEMOR Napbl U Harpy304HbINA
UMNeaaHc, HOMUHAIbHOE HaNPSXeHWe uMniynsca (aMnauTyaa CurHana), HanpsikeHume npu OTCYTCTBUM UM-
nynsca (amnnvTyaa nayabl) W HOMUHaJIbHAR WWUPUHA MMMNYNbCa NpuBeaeHbl B Tab. 2-5.

Ta6bnuya 2-5.
dOuU3nyeckre 1 INeKTPUHECKME XapakTepucTukm cemericTea uitepdeircoes G.703

CkopocTb 64 64 64

X6uT/C CHU urv PHU 1544 | 6312 | 32064 | 44736 | 2048 | 8448 | 34368 |139264| 97728 | 155520

Tun kona enell ami | ami ‘;M' BGZSS ami | B3zs | HOB3 | HOB3 | HOB3 [ oM | ami | cmi
kop, B8ZS | pazs

Umnenanc 75 75 75 75 75 75 75 75 75

(koakc. },om

Wmnepatc 120 110 120 100 110 120

(cumm., },om

AMnnuTyaa 1.1 2.37
ovrrana, B 1.0 3.43 1.0 3.0 1.0 1.0 1.0 3.08 237 1.0 10.55 2.3 +0.55

AvnauTyga 0.1 0.1 7 ;7 | 0.287 ‘ 9 9
nayon. B 01 | e | 01 | 03 | Tt 027 | 027 | S5 | 0237 | 01 |.005°| 0.23 |40.05

WnpuHa 3.9 15.6 15.6 3.216
i 252 | sab | 7g4 | 3285 79 | 156 [ 112 | 244 | 500 [ 1455 350 | 512 | =7

MKC, HC

M3 atoit Tabnvubl AICHO, YTO NonHas peanu3auus nHTepdeinca G.703 ans Bcex BO3IMOXHBLIX CKOPOC-
TEA M TMNOB OpPraHU3auun B3auMOOENCTBUS annapaTtypsl - 4EN0 BECbMAa TPYAOEMKOE, NO3ITOMY Nponu3soamn-
Tenu OrpaHUYNBalOTCH peannM3auneil ykasaHHOro ctaHaapTta ans KOHKPeTHO WUCNONb3yeMOn CKOPOCTU nepe-
ga4qu, Hanpumep, ana ckopoctn 2048 xbut/c B cnydae SDH kanana 2 M6wut/c. Ons ckopoctn 64 kbut/c
npou3soanTeny 8 GONLWNHCTBE CNY4AEeB YKA3bIBAIOT U TWUM OpraHn3auum B3aMMOAEHCTBUSA annapaTypbl UH-
Tepdeiica, HanpuMep, COHanpas/IeHHbIA. [1ns CurHanos co CKOPOCTAMU nepepaqn nx64 kbwr/c, xapakrte-
pHbIX Ans cucrem ISDN 1 nepenaBaembix 4epes MynbTUNNEKCUpYowee 0BopyaoBaHne mnepapxui, nopox-
JeHHbIX NepBUYHBIMK CKopocTaMu 1544 n 2048 kbut/c, nHtTepdeitc, Kak OTMEYANOCh Bhille, AO/MKEeH UMETh
Te Xe GU3NYECKME N INEKTPUYECKNE XapaKTepucCTuMKK, 4TO U COOTBETCTBYIOWMA nHTepdenc 1544 kbut/c
(ana n=2, ... ,23) unu nutepdeitc 2048 kbut/c (ans n=2, ... ,31).

B 3axknioueHve paguM HEKOTOPbie NoAcHeHus K Tabnuue 2-5 (B COOTBETCTBMM CO CCbUTOHYHLIMK

HOMEpaMu, yKa3aHHbLIMU ONA ONPeneneHHbIX NapaMeTpos):

1 - undpoBON ABYXHACTOTHLIM ABOUYHLIN KOA, NpeobpasyeMeiii B ABYXNONAPHLIN TpeXypoBHESBLI KOA NyTeM
nocnepoBaTensHoOr0 M3MEHEHUA NOAAPHOCTY KaXaoro ABOUMHOrO 610ka C OTMEHOW NBMEHEHUS Ha KaX-
AOM BOCbMOM 6n0Ke (OKTETHOE KOAMPOBaHME - NATULAroBas Npoueaypa KOAWPOBAHMSA ONMCaHa B CTa-
noapte G.703 [14]);

2 - 6onbwee 3HAYEHWME COOTBETCTBYET WKMPUHE ABOMHOrO UMMynbca (norudeckas “17), meHbluee - wupuHe
OAMHAPHOro uMnynbeca (normyeckuia “0”);

3 - 6onbluee 3Ha4YEHUE PEKOMEHOYETCA UCNONL30BaTh B CyYae NOBLILWEHHOMO YPOBHA WYMa,;

4 - fonbluee 3Ha4YeHUe COOTBETCTBYET WMPUHE MMMYNbCA OAHHLIX, MEHLLIEE - WWPWHE TAKTOBOrO UMNYMb-
ca;

5 - xog B8ZS pekomeHayeTcs NPUMEHRTb NPY UCNONL30BaHUM KoakcuanebHoro xabens, kop B6ZS - npw
MCNONb30BaHUK CUMMETPUYHON Napbl;

6 - 6onblwee 3HaYeHNe COOTBETCTBYET AONYCKY HAa 0ORacTb Nocne cpesa MMMynsLCca, MeHbliee - Ha o6nacTs
nepen GPOHTOM MMYNbLCA;

7 - npubnuautensHoe 3HauyeHwne, cooTeeTcTayiowee obnactu nocne cpesa wmnynsca Ha 1T OT uUeHTpa
(ponyck 3aaaeTcs AKCMOHEHUMANbHLIMW KPUBBLIMM);

8 - H6onblee 3HAYEHWE COOTBETCTBYET WUCMONL3OBAHWI0 CUMMETPUYHOW Napbl, MeHbllee - KOakCuasnbHOMY
kabenio;

9 - MCNONL3YETCH CUMMETPUYHOE none Jonycka.

3aMeTuM Tak Xe, YTO WMPUHA MMNYNLCOB NpUMBeAeHa B MKC Ans ckopocTu 64 k6ut/c v B HC Ans oc-
TanbHLIX CKOPOCTEN. :
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Monb3oBaTenb AOMKEH TaK Xe MMETb BBMAY, YTO YKa3aHHbIe TUNb! KOAa OTHOCATCA TONMbLKO K UHTepdei-
CY, @ He K IMHUM B Uenom. [Ina 3neKTPUNecKUx NMHUA CBA3W 3TK KOOl MOryT COBMagath, A8 ONTUHECKUX -
KOOb!, KaKk NPaBwiO, HE HECOBNANAIOT B CUNY HEBO3MOXHOCTU HENOCPeACTBEHHONo MCNonsL30BaHua Gunonap-
HbIX KOQOB B ONTU4ECKOM Kabene. Hanpumep, npu ncnonb3osalmn koaa HDB3 B ONTUYECKMX NUHUSIX CBA3K B
Ka4ecTBe UHTEPGhERCHOrO MOryT UCNOML30BaTLCA Takke koast CMI, MCMI unu koa Tuna nBmB.

2.9.3. Noaxmo4yerHue cetTu ¢ uHrepdericom G.703 kK annapartype nonb3oBarens

Cxema noaKnioHeHUs CeTH, pac4uTaHHOM Ha ucnonb3osaHue untepdeica G.703, k annapartype nons3osa-
TeNs 3aBUCUT OT HANWYMA Y NONL30BATENA BXORA C uHTepderncom G.703, TMna ucnonsayemMon cpeapl pacn-
poCTpaHeHus (aneKTpuYeckuin nnu onTudeckuit kabens) u ot kabens - ero umnenaxca (75 unu 100-120 om)
M TUNa (KoakcuanbHbIK kabesnb MM CHMMETPHYHAA Napa NPOBOAOB).

3T1a cxema Havbonee npocTa, €CAn MCNONbL3YETCs 3nekTpuuyeckuit kabenb, a nonb3oBaTens UMmeer
Bxon ¢ uHTepodeiicoM G.703. Toraa noaknioyeHve ocyulecTensietTcs nnbo koakCcuanbHbLIM Kabenem ¢ passe-
MOoM RG-59 (umnepaHc 75 om), nnbo CUMMETPUYHOW napoil nposoaos (MMnepaHc 100-120 om) Ha
KOMMYTALMOHHYIO NaHenb “nog BUHT” - 6€3 cneunanstHoro passema, nubo € nomoubo passemos DB-15,
RJ-11, RJ-48X. Kax BuaHo u3 Tab. 2-5 CUMMETPUYHAR Napa UCNoNL3YETCH TONbKO AN YACTOT HE Bbilwe 6312
kbut/c. Ecnn nmneaaHc kabens (napbl NPOBOAOB) NONL30BATENsl HE COrNAcyeTcs ¢ UMNEQAHCOM NMHUKA, UC-
NONbL3yeTcs Cornacyiowmin TpaschopmaTtop (Hanpumep, 120-cummeTpuyHan napa/75-koakCuanbHblii kabenb).

Ecnu B kayecTBe cpenbl PpacnpoCcTpaHeHUst UCNONb3yeTCa ONTUHEcKuii kabenb, To onTUYeCcKUiA curHan
npeobpasyeTca B 3NEKTPUYECKUIA HA BXOA4E annapaTypbl Nonb3osaTtens u HA0BOPOT - HA Bbixoae annaparty-
pbl nons3oeartens. Mpeobpa3oBaHue OCYLLIECTBASETCA € NOMOWbLIO CREUMaNbHOrO ONTO-3NEKTPOHHO-
ro/3nekTpoHHO-ONTUHECKoro npeobGpasoBartensi - ONTUHECKOrO MoaeMa (Hanpumep, tuna FLC - koMnaHuu
ADC Telecommunications). Mpy1 3TOM Ha ONTUNECKUX BXOAAX/BLIXOAAX UCMNONL3YIOTCA cneuuanbHblie onTuye-
CKMe pasbeMmsbl (CoeaVHUTENU) pa3nnuYHOro Tuna, Hanpumep, SC, SMA, ST.

Ecnn xe annaparypa nonL3oBaTens He uMmeeT Bxopaa ¢ uxtepdeiicom G.703, a umeeT Bx0abl C Apy-
MK wHTepdeiicamMu, To NoNbL308aTent AonKeH 6biTb AOCTAaTOYHO BHUMATENbHLIM K YKa3aHHOW B JOKYMEH-
TauuM KOHKPETHOM cneundukaumv nitepdeiica (ecnu oHa eCctsb), 4Tobul n3bexats npobnemM COBMECTUMOC-
T TepPMUHABHOWM annapatypbl. B 3TOM Cny4ae HYXHO WCMONL30BATH CMEUMaNbHbIE KOHBEPTepbl UHTEp-
¢enicos, KOTOpbIe NO3BOMAIOT COCTLIKOBLIBATL, Hanpumep, nokansHole cetn (LAN) ¢ uHtepdeitcammn V.24,
V.35, X.21 ¢ rnoGanbHbiMu cetamu (WAN) ¢ untepogencamu G.703.

Takue KOHBEpTEPLI NPON3BOAAT PAL KOMMaHuin. Hanbonee M3BECTHON M3 HUX HA HALLEM PbIHKE ABNS-
etca komnaHua RAD Data Communications. OrpaHuuvmMmcs, ans npuMmepa, PaCCMOTPEHMEM €€ KOHBepPTepOs,
4TO6LI NOKa3aTh BO3MOXHOCTU npeobpa3osaHusa uHtepdeincos [59]. U3 Habopa npou3BoANMbIX 3TOI KOM-
naHveit koHBepTeposB UHTepdeiicos B Tab6.2-6 npeacTtasnenbl Te, 4To MmeloT G.703 Ha oaHOW U3 CTOPOH:
ctopoHe DCE (Bbixogbl WAN - Bepxhue Bxoabl T1ab.2-6) unu DTE (Bxoanl LAN - neBble GOKOBblE BXOAb
T1a26.2-6). CHO, 4TO NPU UCNIONL3OBAHKK TakMX KOHBEPTEPOB ANA COEAUHEHMA C annapaTypoil nonb3oBare-
NS NPUMEHAIOTCA COOTBETCTRYIOLUME PA3HEMBI,

Tabnuua 2-6.
KoHeepTepbl uHtepdeiicos komnadum RAD Data Communications

DCE G.703 G.703 G.703 G.703 V.35 X.21
DTE 64 k6ut/c, 64 x6ut/c, 1544 xbut/c, | 2048 kbut/c, FE1 FE1
CHM PHN T1 E1
V.24/RS232 ITA-703 MIC-24/35 MIC-24T/21C
SPD-703-1 RIC-24/35 RIC-232/530
UCt ucClt ucCl
SPD-703 SPD-703/C ASM-40 ASM-40 MIC-35T/21C
V.35 SPD-703-1 FCD-1 FCD-2 RIC-232/530
UCI UCI-HS UCI-HS ucCl
V.36/V.11 SPD-703 SPD-703/C ASM-40 ASM-40 MIC-36T/35C | CBL-36T/21C
SPD-703-1 FCD-1 FCD-2 UCl ucCl
UcCl UCI-HS UCI-HS
X.21MV.11 SPD-703 SPD-703/C ASM-40 ASM-40 MIC-21T/35C
SPD-703-1 FCD-1 FCD-2 uUCl
ucCl UCI-HS UCI-HS
RS-530 SPD-703 SPD-703/C ASM-40 ASM-40 MIC-530T/35C | CBL-530T/21C
SPD-703-1 FCD-1 FCD-2 ucl UCli
ucCl UCI-HS UCI-HS
G.703 FCD-20 FCD-20
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B 3axsiovenne faauM HEKOTOpPbIe NosICHeHUs K 1a6.2-6:

1 - GONbLIMHCTBO KOHBEPTEPOB, yKa3aHHbix B Tabnuiue, ABNAIOTCA HE TONbKO KOHBEpPTepaMu nHTepdeincos,
HO U KOHBEpTEpaMu CKOPOCTEMW, COrNacylouwmMMmM CKOPOCTM Ha BXOZe CO CKOpPOCTAMM, Tpebyembimn Ha
Bbixone. 3aech Bxoa cooTBeTcTBYET CTOpoHe DTE, a Beixoa - DCE;

2 - ana koHueepTepa FCD-20, ocyuiecTensowero “obparHoe” koHBepTupoBanne mHrepdenca G.703 B V.35
unm B X.21, cymMMapHbii NOTOK BXOAHBLIX kKaHanoB nNx64 Ha ctopoHe G.703 He AonxkeH npesbiwaTth 512
KOGuT/C. Takoe KOHBEepTUpOBaHMe MOXEeT noTpeboBaTbCs ANA CTLIKOBKM MYNLTUMAEKCOPOB, MMEIOLIMX
Bbixoa G.703, ¢ annapaTypoi CNyTHUKOBOW CBA3W, UMEIOLWEeNR, HanpuMep, ToNbLKO UHTepdeirchl V.35 unn

X.21.

Mopsoaa WTOr ckasaHHOMY O TexHonormn SDH, MOXHO KOHCTaTUPOBATbL, YTO B CUCTEMAX, MCNONbL3Y-
jowmx SDH ycTpaHsioTes npaktuyeckm sce Hepoctatku PDH. Cuctembl SDH noasonsioT:

MCNONL30BaThL B KA4ECTBE BXOAHBIX KAHANOB npaktu4ecku Bce (kpome DSO) ocHOoBHbiE KaHanbl A0-
CcTYna, ucnone3yemoie 8 PDH;

onpegensaTtb NONOXeHne nioboro CTaHaapTHOro KaHana AocTyna, WHKancyMpoBaHHOro B COOTBET-
CTBYIOWNIA BUPTYanbHbLil KOHTERHED, TpaHCnopTupyeMblil moaynem STM-1, a Takke OoCylwecTBNNATbL
ero BBOA/BhIBOA B/U3 TpaHCNOPTHOro notoka moaynelt STM-N 6ea HeobxogumocTn ero cbop-
Ku/pa3bopku, B OTAMHKUE OT TOrO, Kak 310 Aenanocb B PDH;

MCNonNb30BaTh IPPEKTUBHYIO CUCTEMY MAPULIDYTU3aLMUY, NO3BONAIOWYI0 aBTOMATUHECKN YNPaBnaTh
ABVXEHVEM KOHTEAHEPOB MEXOY NYHKTaMU HAa3HAYEHUS;

NOBLICUTE HAAEXHOCTL Nepenadn He TOMBLKO 33 CYET UCNONb30BAHUA ONTUHECKUX NIMHWUIA nepepayn,
HO ¥ NyTeM CO3AaHVUA PEe3epPBHOMO KaHana, ¢ asTOMaTU4ECKMM NEPEKNIOYEHMEM HA Hero fpu Bbl-
Xo4e 13 CTPOsl OCHOBHOMO KaHana win nytem obxona noBpeXAeHHOro yana ceTw;

OpraHu3oBaTb B CTPYKTYpe ¢perima BHYTPeHHMe cnyxebHblii KaHanbl ¢ pas3BuToN CUCTEMON CUrHa-
nusauumn.
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3. YNPABJIEHUE CETbIO: ®YHKUUOHUPOBAHME,
AOMUHUCTPUPOBAHME U OBCNY)XKUBAHUE

dyHkumoHnposaHue noboit cetv (u cetn PDH 1 SDH/SONET He saBRsiioTCs UCKII0YeHneM) HeBO3MOXHO 6e3
ee o6CnyXuBaHUA Ha pasnu4Hblx yposHsaxX. OBCcnyxMBaHWe CeTy CBOAUTCS B OOWEM Cnyyae K aBToMaTnyec-
KOMY, MONYyaBTOMaTUHECKOMY MAWU PYYHOMY YNPaBNEHUIO CUCTEMON, €8 TeCTUPOBaHuio u cBopy CTaTUCTKM
O NPOXOXAEHUU CUrHaANA U BO3HUKAIOWNX HEOPAWHAPHBIX UMW aBAPUMHBIX CUTYaLMNX, @ TAKKe MeHEeOKMEH-
Ty (MM aAMUHUCTPATUBHOMY YNPABNEHUIO CUCTEMOW). ITu BYHKUMM B CBOKO OHEpPEedb HEBO3MOXHO OCY-
WwecTBuUTbL 6€3 cHurHanuaaumn pasnnyHoro poga O COCTOAHUSX CMCTEMBbI, HANPUMEp CUrHau3aumMm O BO3-
HUKHOBEHUK aBaputHOrO cocTosHus. CurHanuaaums QOMKHA OCYWECTBAATLCS NO CheuManbHbiM BCTPOEH-
HbBIM WK 32PE3EPBUPOBAHHLIM 0N 3TOr0 KaHanam, CBA3LIBAIWUM ynpasnswoiune (onepupyouime Ha
cetu) cuctemsi OS 1 ynpaBnsemMeie CUCTEMbE UNK ceTeBble a1emeHTsl NE.

LOna peweHna 3apa4 ynpaBneHus (Ha BCEX YPOBHAX: PUIUHMECKOM, NOrM4eckoM, MHGOPMaunoHHOM K
aAMUHUCTPATURHOM, U3 KOTOPLIX ABa NOCNEAHUX OTHOCAT K 0COBO0It KaTeropun ynpaeneHvus - MeHeqXXKMEH-
1Y) HeobxoonMmo paspaborate MOgens CeTHM U ONuUcaTh Tunbl MHTepgercos Cea3n, HeobxopuMbie A
peanM3aumn GYHKUMIA YNPaBNeHUs Ha PasnuyHbIX y4acTkax ceTwu.

B otnanume o1 cywecTBylowmx cucteMm PDH, He umelowmx CTaHgapTHOro onucaHMa MOgenn u uHrTep-
delicoB 1 cneumanbHbiX (CTAHAAPTU30BAHHLIX) YNPaBASIOWMX KaHanos CBA3M, cucTemMbl SDH vMeloT ceou
cucTeMbl ynpaenedna - SMN, onupaioimecs Ha AOCTaTOuHO NPOPaboTaHHYI0 B HACTOSLLEE BPEMSI CUCTEMY
craHpaprTos [60-67], onuCIBaOWMX MOOENb, NHTEpPGhENRCh, CXeMY B3auMoOencTBua u OyHKUun BNOKOB ©
KaHanos ynpasneHus.

3.1. HETbBIPEXYPOBHEBAY MOAEJ1b YNPABJIEHUAA CETbIO

Obwaa cxema CeTy ynpaBneHus TenekoMMyHukauuamMu (TMN) MoxeT OGbiTh NpefcTaBneHa Y4eThipexypoBHe-
BO MOAENbIO ynpaBAeHUS, IOe KaxAbli YPOBEHb BLINONHAET OnpefencHHylo yHKUMIO, NpeacTaBnas
BEPXHEMY YPOBHIO NocnenosarensHo 0606Waemyio HWKHUMU YPOBHAMU KapTUHY PYHKUMOHMPOBAHUA CETU
[68-69]. B3T0 cneayowme ypoOBHU:

e OM3HEeC-MeHeQKMEHT (BEPXHNA YPOBEHDb YNPas/iieHNs 9KOHOMUHYECKOR addEeKTUBHOCTLIO ceTh - BOS);

* CEepBMC-MEHEMXMEHT (YPOBEHb yNpaBneHus cepsncom cetn - SOS);

* CeTeBON MeHEeLKMEHT (YPOBEeHb CUCTEM ynpaBneHus cetblo - NOS);

* JJIEMEHT-MEHEKMENT (HWKHUA ypOBEHb 3NieMeHT-MeHepxepoB EM wnm cuctem ynpasneHus
anemeHtamu cetn EOS).

DOYHKUMOHNPOBAHUE KAaXA0r0 BEPXHEr0 YPOBHS B 3TOW MEPAPXUN OCHOBAHO Ha MHMOpMauUU yPOBHS,

nexatiero Hwxe, nepegasaeMoin Yepes nHTepbeic Mexay 3TUMU YPOBHAMM.

AnemeHT-MeHegkep EM ocyuwlecTsnsieT ynpasneHneM OTAeNnbHbIMu 3nemMeHTtamu cetu NE, T.e.

o6opyaoBaHNEM (MyNbTUNNEKCOPaMK, KOMMYTaTOpamu, pereHeparopamMu W.T.4.) cetn. Ero 3apauu:

— KOHGQurypauus sneMeHToOB ceTH - YCTAHOBNEHWE NapameTpos Kosdurypauum, Hanpumep, Ha-
3Ha4YeHUe KaHanoBs, pacnpeneneHue TpubHebIx HTePdERCos, YCTAHOBKA PeanbHOro BPEMEHH;

— MOHUTOPMHI - onpepenenne ctenexwn pabotocnocobHocTn (cTatyca), cbop 1M obpaboTka curHa-
NIOB O BO3HWUKHOBEHUW aBaPWUHBIX CUTyauuu (anapmos - A), HECywMX uHdopmaumio Tuna “B ane-
MeHTe cetu NE; nponsowna owunbka A";

— ynpasneHune QyHKUMEH nepeaayM - yNpasneHue OnepauvoHHbIMW MapamMeTpamMu, OTBevaloLwm-
MU 32 YHKUMOHMPOBAHUE CETH, @ UMEHHO: NPOBEpPKa COCTOSHUA UHTepdEeNCcoB, akTMBaUUs CUc-
TEeM 3aWWTLI AN19 NEPEKNTYEHNs Ha pe3epeHoe 060pynoBaHue;

- ynpasneuune ¢pynkynamu TMN - ynpaBneHne noTOKamMu CUrHanoB O BO3HWKHOBEHWWA 2BapuiiHbIX
COCTOSIHWIA, agpecaumsi BO3HUKAIOWMX Npu 3T0M coobuieHui, dopMupoBaHmue KpuTepues GunbT-
paumu ownboK, MapLpyTU3aums nakeToB coobuieHuid no cnyxeBHoiM KaHanam, GopMUpyeMbiM 3a
cyet SOH B dperimax SDH, reHepauuvs 1 MOHUTOPUHI CUFHANOB CUHXPOHU3ALUM;

— TEeCTHPOBAHUE 3/IeMEHTOB CeTH - NPOBEAEHNE TECTOB, XapaKTEPHbIX ANA AAHHOMO Tvna obopy-
NOBaHus;

- noxkann3auns NE B paMkax sbigeneHHOro cnos - ocyuectsnesue cepeuca NE u o6paboTka
virpopmauum ot NE, cneuuduryecknx gns gaHHoro cnos.

®OyHkunm EM MOryT nHtepnpetmMpoBarbca Kak He3asucumble GyHkumm OS, OCyLECTBNSEMBIE KOHKPET-

HeiMM NE ¢ nomouwbio aaHHoro EM yepes cepeucHble uHTep@e#dcsl, nogaepxueaemele gadHon OS. Ons
ocyllecTBneHust aTux GyrKumin Bce NE nomxHbl ObiTe M3BECTHLI ¥ pa3nuuaemsl ana koHkpeTHon OS. Ecnu
Heckonbko OS peannsyioT OoHW W T€ Xe CEepBUCHLIE UHTEPDENCH!, TO B 3TOM Cny4ae ¢yHKUUK 3NEMEHT-
MeHeaXMeHTa MOryT ObiTh pacnpegeneHbl N0 HeCKONbkMM OS;, kak 3TO NOKA3aHO HWXe Ha prc.3-1.
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Ceresosi meHepxep NM, wnu cuctema ynpasneHus ceTbio NMS, npu3saHbl ynpasnatb CETEBbIM
YPOBHEM, UMK CETLIO B LENOM. Ha 3TOM ypoBHE MeHexaep abcTparnpyeTcs OT OTAENbHLIX INEMEHTOB CeTy,
paccMaTpUBaeMbiX C TOYKU 3PEHWA BbINONHEHUA 3anay, YNPasnaeMbiX SNeMeHT-MeHemXepom. IT0 He 3Ha-
yuT, yTto NM uUx He BUONUT, OHW PACCMaTPUBAIOTCA 3AECh KaK 3NEMEHTHI, NOAAEPXUBAIoNE CeTEBbIE CBA3N
- MapwpyTsl B TepMmuHonoru SDH. NM ucnonbayeT cneaylowme ¢yHkumn NE:

PYHKUWIO CBH3M, OCYLLECTBNAEMYI0 BCEMMU 3NEMEHTaMK, UMEIOWWMKU BO3MOXHOCTE KpOCC-
KOMMYTaumm;
PYHKLHIO BOCTYNA K MYyNbTHIIIEKCOPY, OCYLIECTBNSEMYIO BCEMWU MYMbTUMNIEKCOPaMK;

— PYHKUWIO CeXLIMN NepeaayH, Peanu3yemMyio Mexay ToHKaMy CBA3U UMM MeXay TOYKOW CBR3M v
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Puc.3-1. O6uiasa cxeMa ynpasneHns TeNneKOMMYHUKALMOHHLIMK ceTamMn TCN

Cereso¥i MeHeXep OCYWeCTBARET cnepylowme GyHKunn:

MOHMTOPMHI - NPOBEPKA MapLIpyTa nepeaaydyu ¢ UCNoNL30BaHWeM GyHKUMM NPOBEPKN OKOHYaHMA
MaplpyTa, npoBepkKa kayectsa nepeaayYs U camMo# BO3MOXHOCTM CBA3W, npu 3ToM NE
UCNoNbL3YIoTCA NGO HenocpeacTBeHHO camoi OS, nMbo Yepes onepaunorHylo cucremy EM;
ynpasneHue CevreBos TOnonorwew - ynpasneHwe o&yHKUMeR CBA3M AN8  nepeknioveHus
MapLipyToB nepenayu (B TOM yhcne u B pesynerate CO0EB U NOCNeayioWero BOCCTAHOBNEHUA
mapupyTa);

JI0Kanu3auna B paMKax BbIAENEHHOro cnos - ocyuwectsnexne cepsuca NM u oGpabotka
uHbopmauun ot NE, cneunduyeckux pns 4aHsoro cnos.

Kaxk n B nio6om cnoe NM obecneunsaeTt MaplupyTel ans ¢nos SM.
Cepsuc-meHegxep obecnevyvmBaet TPaaMLMOHHbIE ANA CeTell BUAbl cepBuca - TenedOoHHL cepsuc,
nepenady AaHHbIX Pa3NUYHOro snaa u Ap. OH BLINONHAET cnegyiowme GyHKLUK:

MOHUTOPMHI - NPOBepKa BO3MOXHOCTM OCYWIECTBNEHUS CepBuCa, a TaKkkKe [oCTYynHOCTU
MapLpyTo8 nepeaayu, NOAroToBAEHHLIX B Cnoe NM;

ynpageneHue - ynpaBneHue XapakTepucTukamu cepeuca, a Takke ¢GOpMUpOBaHUE 3anpocos
CETEBOMY YPOBHIO Ha U3MEHEHWE MapLUPYTOB nepeaaydu;

nokanu3auma B paMKax BbIGENeHHOro cnof - OCyulecTBnenve cepsuca SM u obpaGotka
uHdopmaumm ot NM.

SM Tarcke ofecneunsaeT uHbOPMaUnIo O HOBLIX BUAAX cepaunca ans cnos BM.
Buanec-meHegkep 06eCcneuvBacT MONMTODMHI M ynpaBieHMe Tnamu cepsuca, a Takke ¢op-
MUpOBaHWE 3arpocos Ha YpOBEHb CepBUCa, NeXalumii HUXe, Ha uaMeHeHue BMaa cepeuca.
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3.2. CETb YNPABJIEHMSY! TENIEKOMMYHUKALUAMU TMN

CeTeBoit-, 3neMEHT- 1 CEPBUC-MEHEAXEPDI GOPMUPYIOT TO, YTO MPUHATO CeAYaC CHUTATL SAPOM CeTH ynpa-
snenua renexommyruxaymamu - TMN. TMN obecneunsaeT PpyHKUMM MEHEAXKMEHTA ¥ YNpasieHua ans Te-
NEKOMMYHUKAUMOHHBIX CETei n cepenca n npepnaraet cssn3b Mexay TMN v atumu cetamu u cepsucom [60].

3.2.1. KoHuyenuus TMN u o6uias cxeMa ynpassieHUs

OcHoBHan koHuenuva TMN 3akniovaetcs 8 GOpMUPOBAHKUKM TAKON apXUTEKTYPbI, KOTOpaA MO3BONUT CBAR3aTh
pasnuyHele TUNLl ynpasnaieumx cuctem OS - EOS, NOS, SOS, kak Mexay coboit, Tak u C 3neMeHTaMu ce-
T NE (ceTtesniM 06opyaosaHuem) ans obMena ynpasnsiowei MHpOpMaumen C NOMOLWBLIO CTaHAAPTHBLIX WH-
Tepdeincor, NPOTOKONOB U COOBLUIEHNA.

OGuwan cxema ynpasneHus TENEKOMMYHWKAUMOHHBIMU ceTaMun TCN ¢ nomMowbio cetu ynpasnenvs
TMN npusegeHa Ha puc.3-1 [60]. 3aece OS; MoryT GbiTb CBA3aHLI MEXAY coGon yepes obulylo ceTe nepe-
Rauv panHbix DCN (ynpaensiemyio paboueit ctaHuuei WS), KOTOpas Takke CBA3LIBAET MX € pas3nnyHbiM
aHaNOroBbiM U LMGPOBLIM TENEKOMMYHUKALUMOHHBIM 060pynoBaHueM, 06beanHeHHbIM B OOLLYI0 TenekoMm-
MyHUKaumonHylo cetb TCN. Mpeanonaraetcs [60], 4To TMN GyaeT nopgaepxmsaTte NATb TUNOB MEHEIKMEH-
Ta ¥ YNPaBNeHWA:

— ynpasneHue pabo4nMu xapakTepucTMKkaMm CUCTEM;
ynpasneHue otkasamu u obecneyeHne HaaexHocTu paboTel cucTewm;
ynpasnesune koHgurypaumein Cncrem;
MeHeXMeHT Byxrantepckoi OTHeTHOCTU WU Tapudukauuu (6UNIUHra) B cucteme,;
ynpasneHue 6e30nacHOCTBIO CUCTEM U obBecneyeHe KOHPUAEHUMANEHOCTU UHGOPMALUK, LIMPKY-
AUPYIOLWEN B HUX.

3.2.2. Apxutextypa TMN

Apxutextypa TMN paccMmaTpuBaeTcs B TPex acnekrax:

~ (YHKUMOHANbHOM, ONPEaENAIoLMM COCTaB PYHKUMOHANBHLIX GNOKOB, NO3BONSAIOWNIA peannioBaTbh CeTb
TMN mo60oi cnoxHoCTY;

~ MHEPOPMAaLHNOHHOM, OCHOBAHHOM Ha OOLEKTHO-OPUEHTPOBAHHOM NOAxoAe U npuHumnax OSI;

- Pusndeckom, ONUCHIBAIOUIEM peanuayembie uHTepdencu U npumepol Puanieckux Komnowentos TMN.

3.2.2.1. OyHkyuoHanbHuie 610K U UX KOMIMOHEHTHI

TMN BkniouaeT psg, GYHKUMOHANbHBIX GNOKOB, BLINOGHAIOLME CNeAYiolMe OQHOUMEHHbIE DYHKUMN (B CKOG-
Kax JaHel TEPMUHLI, UCMOMb3YeMble B PYCCKUX nepesoaax crasgaptos (TU- T)

OSF - ¢dyHkumm ynpasnaiowei (onepaunoHHoin) cuctemsl OS;

MF - ¢pyHKUMA YCTPOICTB conpsxeHusa M (meanatopHaa ¢byHKums);

NEF - ¢dyHkuus cetesoro anemeHTta NE;

QAF - ¢dyHkuua Q-apantepa QA;

WSF - dpynkums pabouein ctanupm WS,

Ana nepepaun uHdpopmaummu mexay ykasaHHoimu Gnokammu TMN ucnonbayerca ¢yHKUMA nepenauv
naHHex DCF. Mape! dyHkumoHanbHbix 610koB, o6MeHnBalowmxes uHdopmaumein, paspeneHsl Mexay co6oi
OnMOpHBIMK (UNK NHTEPDEICHBIMN) ToYkamu. TpU U3 ykasaHHbIX GNOKOB, BLINONHAIOWMX GyHkuMn NEF,
QAF n WSF, npuHaanexar TMN nuwib yactuuHo (puc.3-2).

Puc.3-2. Tunst 1 nonoxexHne
uHTepdeicos B cxeme
ynpasfexus CeThio

TMN




DyHKUMOHANBbHBIE BNOKU HE TONBKO BLINOAHSAIOT YKa3aHHbIe QYHKLUWM, HO U COAEPXaT AOMNONHUTENbL-

Hble PYHKUMOHANbHBIE KOMNOHEHTLI, peanvaylowmne onpeaenerHbie GyHkUuMY, a UMEHHO:

Bnok OSF - o6pab6aTtbiBaeT ynpaensioulyio WHGOPMAUMIO C UENbI0 MOHWTOPUHIA W/UNu ynpasnexdws, a
TaKke peanuayet OyHKUMIo ynpaensaiowero npunoxerdna OSF-MAF,;

Bnok MF - oBpabarwiBaeT undopmaumio, nepepgasaemyio mexay 6nokamu OSF n NEF (unu QAF), noseo-
nsa 3anoMunHaTe, GUNLTPOBaTh, aganTUPOBaTh U CXUMATL UHGOPMALMIO, a TaKkKe peanuayer
GYHKUMIO ynipasnsiowero npunoxenna MF-MAF;

Bnok NEF - Bkniouaer (yHKUMW CBA3W, SBNSIOWMECA O0OBLEKTOM YNPABIEHWS, a Takke peannsyet QyHKUMIO
ynpasnsiowero npunoxexus NEF-MAF;

Bnok QAF - nogknioyaet Kk TMN norudeckue o6vekTol knacca NEF unn QSF, He aBnaowmeca yactbio TMN,
OCYWIECTBNAR CBA3b MEXAY ONOPHbLIMU TOouKamu BRYTPU u BHe TMN, a Takke peanusyer ¢dyHk-
umio ynpasnsiowero npunoxedua QAF-MAF;

Bnok WSF - noasonseT nHtepnpeTtuposate uHdopMaumnio TMN B TepMUHAX, NOHATHLIX NOMBL30BATENID YN-
pasnsiowein nHdopmauum.

DononHuTtensHbie GYHKUMOHANbHLIE KOMMNOHEHTbI, UFPABWIE PAHee CaMOCTOATENbHYI0 PONb B Kadyec-
v8e 6nokos TMN, Tenepb BKIIO4EHb! B COCTaB ¢yHKUMOHANbHbIX 610k0B. K HUM OTHOCHTCH:

MAF - @yHkuus ynpasnsnioulero npunoXeHus - GakTuiecku  OCYLECTBNSEeT  ynpaBnsiowmi
(apmMuHMcTpaTUBHBIN) cepsnc TMN, moxeT wrpaTtb pont nubo Mexepxepa, 1mbo Arexta [65,67],
nenonb3yeTes B pyHKUMoHabHbix 6nokax MF, NF, OSF n QSF (cm. n.3.2.2.2);

MIB - 6asa ynpasnsiouwesi nHgopmaymm - Wrpaet ponb penosutapus (MHPOPMAaLMOHHOIO. apx1ea)
ynpasnaiowmnx ob6bekTos, He asnsetca obvekTom craHpapTusaumm TMN, ncronb3yeTca B Cxeme
AncranymonHoro monuropmHra RMON, a Takke npotokonom SNMP [70], npumensercs Bo
Bcex, kpome WSF, ¢yHKUMoHanbHbix 6Gnokax;

ICF - ¢yHxyns npeobpa3oBanus uHOOPMALUMKM - NCNONb3YETCA 8 NPOMEXYTOYHBIX CUCTEMAX ANis
TpaHCNAuMU UHGOPMaLIMOHHOM MOoaenn C uHTepdeinca Ha uHTepdenc, UCNONL3YETCA B GYHKLMO-
HanbHbIX 6nokax MF, OSF, QAF;

PF - ¢yHxymsa npegcrasnenvs - npeobpasyetr nHPopmaumio k yaobHoMy ans otobpaxedus suay,
NCnonL3YeTcs B dyHkumoHansHoMm Bnoke WSF;

HMA - wyesoBeko-MawmuHHas aganrauus - npeobpasyer nHdpopmaumio MAF k yaoobHoMmy ana oTobpa-
XeHuAa Bugy, uCnonb3yeTca B dyHKUMoHanNbHbIX 6nokax OSF, MF;

MCF - d¢yHxums nepepaym coolujenus - VCNONL3YeTCs ans ofmeHa ynpaensiowein uHbopmaumen,
copepxaweinca B CoOOBLWEHUN, UCNONb3YETCH BO BCEX GYHKUMOHANBHLIX 6nokax;

DCF - oyHxums nepenaymn AaHHBIX - CNONL3YETCA AN nepeaayn nHpopMaumn mexay 6nokamm, Hape-
NEHHLIMKU YNPABNSHOLUMUN YHKLIMAMMN,

OnopHsie Toyxn cetu TMN

B cett TMN BBOSSTCA ONOPHEIE (MHTEpPdEACHbIE) TOUKK, OnpeaensaLne rpaHiubLl cepsuca. 3T To-
4KM AENSTCA Ha ABe rpynnol. MNepsas - skmoyaeT ToukM BHyTpM TMN, BTOpas - BHe ee. TOYKM nepsoin rpyn-
nbl AENATCA HA TPWU Knacca:

- q - To4kn mexay b6nokamu OSF, QAF, MF n NEF, o6ecneunsaioT nHdopMaumMoHHbii 06MeH Mexay 6n10-
KaMun B pamkax uHdpopMauvoHHOW Moaenu, onucarHoi B ctaHgapre ITU-T M.3100 [62]; 3Tk Toukn
AensiTca Ha asa Tvna:

- Qy - TO4KM Mexay AByMA 6nokamu MF unn 6nokomM MF 1 octansHeiMu Gnokamu;
- g3 - To4kn Mexay AsyMAa 6nokamu OSF unn 6nokoMm OSF 1 ocTansHbiMU Gnokamu;

-f - Touku Ana nogodeHusa 6nokos WSF k OSF u/unu k MF, nogpobHee onucaHbl B pekoMeHpaunu [TU-
T Rec. M.3300 [66];

- x - touku mexagy OSF, npuHagnexawmx asym TMN.

Touku BTOPOW rpynnbl AENATCA Ha ABa knacca:
- g - Toukn Mexay WSF v nonb3osartenem (cMm. onpegeneHue B ctanaapte ITU-T Rec. Z.300 [71]);

- m - Toukn mexay QAF u ynpasnaemsiM 06beKTOM, He npuHaanexaimm TMN.

B COOTBETCTBUM C NONOXEHWEM YyKa3aHHbLIX OMOPHBLIX TOYEK ONPEAEnsaeTca NONOXEHWe COOTBETCTBY-
owmx um uHTepgesicos TMN, o603HavaemMbix 3arnasHeimu 6yksamu. OHO nNokasaHo Ha puc.3-2 u puc.3-4
[60]. NyHkTUpom Ha puc.3-2 ormeueHsl rpaduubl TMN. B cootsercrsum ¢ HUMK nHTepdeincel Q v F asna-
0TCA BHYTpeHHuMM ana TMN, uHtepdeic X - norpaHuyHbiM, a uHtepdencst M u G - BHELHMMMU.

QyHKUuna nepegayn ganubix DCF

OcHosHas uenb DCF - co3paTte TpaHCNOPTHLIR MEXaHM3M Ana nepeaaqu uidopmaumm mexay 6noka-
MU, HageneHHbIMU ynpaensiowmnmn eyHkumammn (puc.3-3). B Hawem cnyvae 310 dyHkuun TMN Gnokos A n
B. XapakTep B3aMMOAENCTBUA MEXAY HAMW PABHONPABHLIA (OQHOpAHroBbi). MexaHn3M B3anMOAeRCTBUA
ocyuiecTensetcs nytem petpancnauwu DCF na ypoere QS 3107 mexanmam MoxeT ofecneuunts 8ce dyHk-
UMK, XapakTepHble ans nepsbix TPex yposHelt mopenn OS| (puanueckoro, 3seHa nepenayyn JaHHeIX U ceve-
BOFO), MK UX DKBUBANEHT,
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Puc.3-3. CooTHoweHne Mexay pyHkuusamn nepegauv aaHHbix DCF n coobwenunin MCF

Brewnnii gocryn xk TMN
Aoctyn x TMN ponxeH GbiTb Kak CO CTOpOHLI Apyroi Takon xe TMN, Tak u €O CTOPOHbLI NonL3oBaTe-
ns cetn. Cxema Takoro AocTyna u B3anmopencTems Asyx ceted TMN npusepeHa Ha puc.3-4. Mpu oprauu-
3auun OOCcTyna NONL30BaTeNns OOMKHbI ObiTh NPeAYCMOTPEeHLI CTaHAapTHble B TakMX CRy4asx npoueaypbl,
BK/IIOYAR Mepb! 3awuThl, Nnpeobpa3osBaHue NPoTOKONOB, TRAHCHSLUMIO GYHKUKA U CePBUCHOE 06CnyXuaaHme.

Puc.3-4. Tunbl U NnonoxeHue nHTepdeincos Mexay 6nokamu ynpasnaiowmx GyHKUKA

3.2.2.2. UHDOPMAUMOHHDIA ACNEKT APXUTEKTYPL

Mpu cosnarnM WHPOPMAUMOHHOK Mopenu o6MeHa paHHeiMKu (coobwenusmu) B TMN wucnonbayercs
o6nexTHo-opMeHTHpORanHbIA nogxoa (OOM) n xoHuenuws Mewneaxep/AreHr.
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00N paccmartpueaeT ynpaenenue obmeHoM nHdopmaumnen 8 TMN B TepmnHax Mexnemkep - AreHr -
O6pexTni. Meneguxep (puc.3-5), npeactasnss ynpaensiowyio OTKPLITYIO CUCTEMY, M3aaer B npouecce
YNpaBneHns ynpaBnaemMol OTKPLITON CUCTEMON AMPEeKTHBBLI M NosyYaeT B xavecTse obpatHON CBA3M OT
obbekTa ynpasneHun yBeAoMICHMSI 00 MX MUCIIONHEeHuH. JupexTuBbl, HanpasneHHoie OT Meneaxepa k
o6beKTy, noBoaATCcA A0 o6bekTa ynpasnesus AreHrom. YBEOOMIEHUR, HanpasneHHsie ot obbekTa k MeHen-
Xepy, AosoaaTtca Ao MeHepxepa Tem Xxe AreHTom.

Ynpaenaemas oTkpbiTas cucrema

Ynpasngsiowasn
OTKPHITaR cucTeMa B . e
saumopenctene YicnonHexne AMPeKTUBHI
-
OnpexTnBbl N " o

MeHepxep » AreHTt o)

. YBenomneHua Hanpasnenvie ygegomneHus

e J . 0

- 0O6veKTsl
OkpyxeHue nokanbHOW CUCTEMb) ynpasneHus

Puc.3-5. Cxema B3anmopeiicTeua mexay Mernepkepom, AreHTom n obbektamu

OpuH MeHenxep MOXET ObiTb BOBNEYEH B MHMOPMALMOHHLIN OOMEH C HECKONbKMMWU AreHTamn W,
Hao60poT, OOWMH AreHT MOXeT B3auMOAEWCTBOBaTb C HECKonbkuMu MeHepkepamun., AreHT MOXeT
UrHOPNPOBAaTbL ANPEKTMBLI MeHemkepa no coobpaxeHnaM HapyLeHUsa CeKPETHOCTA A0CTyNna K 0ObekTy unm
Opyrum npudvHam. Bce s3anmopeitictene mexay MeHemkepoM n AreHToM OCYLLECTBNSETCA HA OCHOBE WUC-
MonL30BaHUS NPOTOKOAa o0uwel ynpasasouien nagopmaynn CMIP n cepsuca obuies ynpaesnsaiouei
nrpopmaumm CMIS, onucanHbix 8 pekomengaumsx ITU-T Rec. X.711 u ITU-T Rec. X.710, [71,72].

YKa3zaHHas Cxema B3amMoaencTeusi MOXET ObiTb UCNONB30BAHA NP OPraHU3auMmn CBA3U W B3aNMO-
DEeNCTBUA MeXAay HecKonbkuMmu cuctemammn Ha ocHose TMN. Ha puc.3-6 nokasana cxema s3aumonencTems
Tpex KackafHoO cBsA3aHHbix cetaMu TMN cuctem A, B 1 C, B KOoTOpoi cuctemMa A ynpaenseT cuctemoit B,
KOTOpas, B CBOW ovepenp, ynpasnseT cuctemoit C. 3aece Mernenxep M cuctembl A ynpasnsieT cuctemoin B,
OPUEHTUPYSACL HA MHPOPMALMOHHYIO MOAEens CUCcTeMbl B, KOTOpyio OH “BUAMT” Bnarogaps TOMy, uTO
OHa xpaHuTcs B 6a3ze MIB cuctembl B n goctynHa ana M yepes AreHta A 3TOl cucteMbl. Ha ocHose 3Toi
nHpopmaumn M, ucnoneaysa cepsuc CMIS n nporokon CMIP opraHnayeT ABUXEHME BHU3 MO CTEKY NPOTO-
konos OSI cucTembl A OT NPUKNAOHOIO YPOBHA A0 GU3UHECKOro, HA KOTOPOM NPOUCXOAUT CBA3b CO CTEKOM
npoTtokonos OSI cucrems B, a 3atem asuxeHne no Hemy BBepPX C BbixogoM 4Yepe3 CMIS/CMIP Ha ArenTa
cuctemol A, OH peanuayert aupekTvuey OT MeHepgxepa M no ynpasneHuio ob6bekTamm (pecypcamm) cucTemsi
B, oto6paxaembimu 8 MIB. Mo uenu obpaTtHoi ceA3un MeHeaxep M cucTeMbt A NONy4aeT yBe4OMACHHE OT
aToro obnekta yepes AreHta cuctemu! B. 1o uenu npamoit cBA3M uHboOpMauvs 06 U3MEHEHWM CTaTy-
ca/cocToanua obvekTa (pecypca) otobpaxaercs 8 MIB cuctembl B u noctynaet Mexegxepy M cucTtems B,
ynpasnsiowemy cncremon C. Anroputm gencteni Menenxepa M cuctembl B aHanorv4eH onucaHHoOMy ans
cuctemel A, ACHO, 4TO yBeaoMneHue, nonydaeMoe MeHemxepom M cuctemul B, nepepaertca panee B cuc-
Temy A 1 npousBoanT nameHeHue B MIB cuctem C u B.

Cwuctema A
— . Mudopmaumonnas Cucrema B NrdopmaunorHan Cucrema C
mopiens B Mopens C
MIB MiB
M BhanT A -1 M BURUT A
1 b / 7 Y /
CcMIS CMIS / CMIS CMS ' ’
H
: cmp  |-Y , cmp Y b
N s ) P \ }
N Crek l‘ !
[ Pecypc —l NPOTOKONOB )
osl | Pecypc
Crex Crex Crox
NPOTOKONOS NPOTOKGNOB npoToKones
0si osl ol

Puc.3-6. Mpumep cBasmn u s3anmoaeinctems TMN cuctem
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3.2.2.3. O6wmit acnexr apxurtexkrypsi TMN

DYHKUMOHANbHBIA 1 MHDOPMAUMOHHBIA acCneKkTbi B3auMOAEeNCTBnA CUCTeM Ha ocHoBe TMN, kpaTko onucaH-
Hble BbilLE, ABASIOTCS XOpOWeR OCHOBOR ANA pacCMOTpeHua obluero acnekTa unu COBCTBEHHO apXMTEKTYpPbi
TMN. Ha puc.3-7 npeacrtaeneH nNpocToi NpUMEp Takoit apxXUTeKTYpbl ynpasfeHust cetamn, rae pyHkumo-
HasbHble 610KK NpeacTasneHbl BbINONHAIOLMMKY TONLKO CBOM o6si3aTensHbie dyHkuuu (NEF, MF, QAF, OSF,
WSF onas NE, MD, QA, OS u WS cootBercTteeHHo). ITM Onokum MOryT BbINONHATL W Opyrue
(Heoba3aTenbHbie) PyHKLMK.

_________________________________

XIFIQ;,?
F
X O ws
—_0 DCN
i ]
I 'l I
! i
I i
Q,F

| 7 O |
I |
I MD 1
1 |
| :
i i
I Q, Q, Q, |
| :
| DCN Tl \
| 1
! " X J
3 1
: Qx Qyx «
I

I

Puc.3-7. O6was apxuTekTypa ynpasnexvsi TeNeKOMMYHUKALMOHHLIMUA CETAMM

B atoi cxeme (puc.3-7) ynpasnsiowiaa cuctema OS 83aMMOAenCcTByeT ¢ TENEKOMMYHUKAUMOHHLIMA Ce-
TAMW 4Eepe3 TPW Tuna uHTepdenca, COOTBETCTBYIOWME ONopHbIM Toukam: X, F, Qz. BaanmopeicTeune ocywecT-
BNRETCA 4epe3 CeTb nepenayun aaHHblx DCN, peanuayiowylo npoTokonsl yposueir OS| 1-3 v nogaepxvsaio-
wyio ¢dyhkumio DCF. DCN moxeT COCTOSTb M3 HECKONbKUX CBA3aHHbIX Mexay coboil noaceTeit pasnvuHOro
Tuna. Hanpumep, 310 MoryT ObiTe NnoaceTH, 66pa3oBaHHbIE KaHanaMn CBA3W AaHHbIX Tuna DCC B cetax SDH.

Yepes untepodeirc F cets DCN cBsisaHa ¢ pabouei craHumein WS, urpaiowieit ponb MOHUTOpa ynpas-
nsiowen cuctemol. MHtepdeitc X ceasoiBaet DCN ¢ “BHewWwHUM MUpoM”, Yepe3 uHTepdeinc Q; DCN moxeT
B6LITb HANPSAMYIO CBA3aHA C ceTesbiM aneMeHToM NE unu ¢ Q-apantepoM QA, NO3BONSIOWMM NOOKNIOHNATH
obopyposaHue, nmeiouiee HecosmecTumble ¢ TMN uHTepdeinchl. Hakonel, vyepea uHtepodeicel Qz u F cetb
DCN nopknio4aeTcst K yCTponcTeam conpsxeHus MD.

Yctpoictea MD, B cBOKO o4epenb, vepes uHtepdenc Q, noaxnioyalotca k apyrum DCN unu x noace-
Tam Tor-xe DCN, xotopbie yepes nutepdeics Q, cesaaHsl Hanpamyio ¢ NE n QA.

Mporoxons: TMN

Kpome ykasaHHbix Bbilwe npoTokonos CMIP, CMIS, cyuwecTByioT rpynnbl NPOTOKONOB, NOAAEPXMBAIO-
LUMX KEXALIA M3 YKa3aHHbIX Bbilwe uHTepdencos: Qs, Qy, X u F. BuiBop npotokona 3asucut o1 Tpebosanuii
no peanu3auumn AAHHOR pu3M4ECKon koHdurypauuu. NpuknanHoi yposeHb (BEPXHWA ypOBEHb CEeMNYpOB-
HEBOW MOZenn B3aMMOaenCTBMSA OTKPbIThIX cuctem OSI/ISO) ssnaeTcs obwumM gna BCex rpynn NPOTOKONOB,
npuuyemM OH He Bceraa Tpebyertca. Ana uHrepdeinca Qz Ha BepxHUX YPOBHSAX (C 4 No 7) moaenn OSI ucnonb-
3yi0TCA NPOTOKONbI B cooTBeTCTBUKN C pekomeHpaumen {TU-T Rec. Q.812 [74], Ha HWKHUX ypoBHAX (C 1 no
3) - B cootBeTCTBUM C pekomeHpaumeit ITU-T Rec, Q.811 [73]. Mpu 310M Nnepsble Tpy ypoBHA TpebyioTca npa-
KTU4ECKM BCEerAa, Tak kak TpaHcnopt coobuiennin TMN ocyluecTBnseTca NpoTOKONaMK CeTeBoro YPOBHS.

Ans ofopynosanus, He uMMelowerQo Takoro uHteponepabenbHoro wHTepdeiica kak Q-uHTepodeirc,
NPUXOANUTCA KOHBEPTUPOBATL MCMONL3YEMbIE NPOTOKONSL! ¥ COOBLWEHNSA B GOPMAT COOTBETCTBYIOLEFO MHTEP-
onepabencHoro untepdeiica. Takas koHBepTauus ocyuiectensetca MCF, a takxke QAF, kotopble Moryt
6biTo peannaosarsl B QA, NE, MD wnu OS.
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NMpumeps peanuszaynn DCN

B cetax SDH, ucnonb3ylowmx koHuenumio Menemxep-Arent, ssammopeinctesne DCN peanuayercs ¢
ucnone3osaHnem MCF. Ha puc.3-8a,6 npuseaeHsl ABa NpuMepa peanusaiun 1akux cetei, obecneunsaio-
wux ¢ynkumio DCF B cpege SDH. O6veauHsiowniA 0Ban Ha pUCYHKe ykasbiBaet, yto 06a mHTepdeiica
nMmeloT 06beaUHEHDbIA TPAHCNOPT.

MD 0s

MCF MCF
o Qs
lvl
Q, gb Q;
NE1 NE2
Q,
MCF ECC MCF

Puc.3-8a. Mpumepsl TMN ans ynpasneHus cetoio SDH

5] 3

MCF MCF
Q3
Q,
NE1 NE2
Q
MCF EC‘C MCF

Q[ ®

Puc.3-86. Npumepsl TMN ana ynpasnenus cetbio SDH

Q)
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B nepsom npumepe Menenxep ynpasnawoweit cuctemst OS, peanniyet GYHKUMIO YNPaBAKIOLLEro
npunoxeHus OSF-MAF u ynpaensiet, Mcnonbidya untepdeinc Qs U BCTPOGHHMIE KaHANBI yNpaBneHHus
ECC, yctpoitctaom conpsixerus MD v anemextamu cetn NE1 n NE2 wepe3a MCF. Kpome 3Toro, yepea vH-
Tepdeicsl Qz 1 Q, peann3yeTcs ¥ CTaHAAPTHaR Ans KoHuenuun MeHemxkep-AreHT cxema ynpasnesHus ycr-
poncteamu MD, NE1 u ynpaasnsemeim o6vexrom MO.

Bo BTOPOM npuMepe UCNONL3YETCR TONLKO 3Ta CTAHQAPTHAs CXema ynpaBneHusi BCeMU YCTPOACTBA-
MK, noagepxanHan gpyHkunen MF-MAF v ocyluecTanaeman yepes uHtepdencol Qa n Q,.

3.3. OBLLASI CXEMA YNPABJIEHUS CETbIO SDH

B cBere 8biiecka3aHHOro, paccMmoTpuM Gonee noapofiHo cxemy ynpasneHus cetbio SDH. Cxema opranusa-
LUMOHHOrO ynpasneHws cetoio (puc.3-9) mHoroyposHesas {23). HuXHWi ypoBeHb 3TOM CxeMbl BiiovaeT SDH
NE, koTopble 06eCnesnBaloT TpaHCnopTHLIA cepanc. MyHkumMn MAF BHYTPK HUX OCYLLECTBNRIOT CBR3b C OOHO-
paHrossiMy NE U nOAASPXKKY YNPaBNeHna UMK, a TaKke ycTponcteamn MD n ynpasnsiouseir cuctemoir OS.

F
I PC

1 MCF -

SN M E
—{MCF 4

OSMD ¢ OSFIMF

a1 s MCF . 4 MCF t

) b A b M 4 A . M
L AN

CeTeBoit aneMeHT OSF OSMD ¢ OSFIMF
He OTHOGALLMACH MF
« SDH L Mo @

QSMD ¢ OSFMF

F F Q Q F
v MCF Y MCF MCF SE—
ECC 1 |ecc eccl t i ' L ece
NAF AR MAF
A e o P M A J A fo [T A
\ e ~
NEF NEF NEF
ORORO wo)  (uo) (o) (uo
NE o NEF w OSFMF NE © NEF. . NE c NEF n OSFMF

HanpuMep, pereHepaTop

Puc.3-9. O6uwian cxema ynpasneHns cetsio SDH

Ha cxeme Cnonb3yloTes chepyoume 06o3HayeHus:

MCF - dyHkuus nepegaum coobBieHnA A - arexrt

MAF - dyHkuMa ynpasnasiowiero NPURoXeHus M - MeHepxep

NEF - dyHKUMS CETeBOro aneMeHTa MO - ynpasnsieMbii 06bexT
ECC - BCTPOEHHbI KaHan ynpasneHus F, Q - vHTepdeicl
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HWXHWA YypOBEHE COCTOWUT M3 TPEX CETEBbIX 9/IEMEHTOB U B LENIOM HanomuHaet puc.3-86 (asa Hux-
HMX 6noka) B kaxaoM aneMeHTe noruyecky BoigeneHsl Tpyu ¢yHkumm: MCF, MAF 1 NEF, npuuem MAF kax-
[Oro 9neMeHTa MoXeT BKIIo4aTL AreHt unu MeHemxep unu ux oba. Ynpasnsiowee coobuieHne, noctynaio-
wee no ECC uepes untepdencul F n Q wnn ot anemeHTa gpyron (He SDH) cetn, nepepaeTca ¢ NOMOLLLIO
MCF, 3atem unTepnpetTupyetcs ¢ nomouwsio MAF w depes Arexta, uitepnpetupyiowero NEF, nepepaetca
Ha ynpaensiemblit 06bexT MO. Peakuus o6bekTa nepepaertcs 06paTHO 4epes AreHTa u MeHeaxepa B KaHan
ECC, vnu yepes udrepdeicsl F 1 Q Ha cpefHvid yposeHs - MD, B3aMMOAEUACTBYIOWMIA HENOCPEACTBEHHO C
0S, xoTopas ynpasnseTtcs ot EM nnu NMS dopmat cooblueHuii B TaKOA MHOMOYPOBHEBORM CTPYKType nopne-
PXUBAETCA OAMHAKOBLIM, KaK NPy ABMXEHUU NO ropusoHTanu - NE-NE, Tak # no septukanu' NE-MD, MD-0S.

3.3.1 Noacerb SMS cetu ynpasneHns SMN

Cetb ynpasneHna SDH (SMN), 6yayun cama cOCTaBHOM yacTbio TMN, COCTOMT 13 HECKONbKUX NOACETEN
SMS. Apxutektypa SMS 1 ux BaaumopeiicTame ¢ TMN npuseaeHsl Ha puc 3-10 [23]

CeTh ynpasnetus TenexoMmyHuxaiumsimu TMN

¥=2

v

=l |

JAomeH cetn
ynpasnieHns
SDH (SMN)

GNE}—¥

. 4

Q

ECC

IO @ @_n®

Nen-ECC Ncn-ECC ECC

Iink
4y 0 @ =
SMS-2 SMS-n
O Bnoku ceasu (OS, MD, GNE, NE)

<+ CBA3YIOLIME 38EHBA, MCNONLIYIOWME CTaHOAPTHLIA NpoTokon Q-uxTepdeiica

« » SDHECC

Puc.3-10. Apxutektypa noacereit SMS n saammopeictaue SMS ¢ TMN

OTmeTuM psit 0OCOBEHHOCTEN ITON aPXUTEKTYPHI

— HECKONbLKO appecyembix NE MoryT pacnonarateCq B O/HOM MECTe, A0CTYN K KOTOPOMY OCyuwlecTs-
nseTcs yepes umo3ossie anemenTs! cetn GNE, Hanpumep GNEg - GNEg,

- cdynkuma MCF umeeT BO3MOXHOCTL 3aBepuiaTth, MaplLUpyTH3NpoBars wnn o6pabarTsiBars CO-
o6ilenna, nepenasaemolie No ECC wimn yepes sBHewHuii Q-uHtepdeidc;

- Ha ocHoBe ECC mMoxHO chopMuMpoBaTh 3BEHO CBR3W MexXAay odpucamu uan MeCcTamun yCcTaHOBKW
obopynosaHus,

- B Npeaenax oiHOro MecTa yCTaHOBKW 0B0pYyROBaHNS MOXHO OPraHWM30BaTb CBA3b, MCNONL3YR NMGO
BCTPOEHHbIE KaHanbi ynpasneuus ECC, nnbo nokansHyro cers cBssu LCN

Tononorus SMS u ECC

Kaxpas SMS pomxHa umeTbh xoTs Obl OOMH 3nemeHT, coeauHeHblit ¢ MD nan OS, oH HasbiBaeTcs
wmo3osbiM aneMeHToMm cety GNE, Tak Kak CRyXuT Wwio30oM B noacets SMS

Ha Tononoruio cety ECC He HaknafbBaeTcs OrpaHUdeHnil - 3T0 MOXET DObiTb 3B€3Aa, WUHA, KOMbUO
nny a4encTan cetb
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3.3.2. dyHkuMmn YnpasneHusa

3.3.2.1. Obwue GyHKUMN yNIpaBNEHURA

Ynpasnenue xananamu ECC. Tak kak ECC vcnonesyiotcs ans csasun NE, 10 kaHanel ECC AonxHbl meTs
cnegyowme GyHKLUnA:

— 3anpoc/nonyyeHne CETEBLIX NapaMeTpoB, TakKUX KaK Pasmep nakeTa, BpeMeHHbIE NPOMEeXYTKK, Ka-

4ecTBO cepsuca u T.4.;

— ¢$hopmupoBaHue mMaplupyTudaummn coobulenns mexay ysnamu DCC;

— MEHEIXMEeHT CeTesbix aapecos (BO3MOXHoe npeobpaszosaHue dopmMaToB aapecos);

~ 3anpoc/nonyyexue certesoro craryca DCC pna naHHOro yana;

- BO3MOXHOCTb paspellaTs/3anpewiats goctyn Kk DCC.

Puxcayms BpemeHHbIx cobbiTni. Ha sce coboitus, Tpebyowme pukcaumm BO BPEMEHN CTABUTCH
BPEMEHHAs MeTKa C paspelieHnemM B OAHy cekyHaoy. Bpemsa GuKCUpYeTCs no NOKasaHWIo NOKaSbHOro Tai-
Mepa NE.

Apyrue @yuxymu. Opyrve obwme byHKumn, Hanpumep, 3almTa Ha PasfivyHbIX YPOBHSX unu obec-
ne4eHme 6e30NacCHOCTU, ANCTAHUMOHHBIA BXOA B CETb, 3arpy3ka v Mogudwukauus nporpaMmMmHoro obecneue-
HWUA, obecne4mnsaloTca B HacTosWee BpeMs npoussoautensmu SDH 06opynosatus.

3.3.2.2. YnpasneHune coobuieHnsammu o6 aBapuiiHeIX cUTyaumuax

Ha6bmogenne 3a coobujenusmu o6 asapuiinbix cutyaumsax. OHO BxmouaeT oBHaApYXeHWe Takux coob-
weHun u dukcaumio/coxpaHeHmne coobieHmnin 0 Tex cobbiTUSX 1 YCNOBUSIX, KOTOPbIE COMYTCTBOBAMM MX NOs-
BNEHWIO, MPUYEM HE TONbKO B TOM 060pyaoBaHun, B KOTOPOM OHM Bbinn ofBHapyxeHsl. OS SMN ponxHa
noaaepxueats cneayloume GyHkunn:

— aBTOHOMHOE CO0O6LIEeHMe O BCeX CUrHanax 0 BO3HWKHOBEHUW aBapURHOW CuTyauuu,

— 3anpoc Ha coobLueHue 0 BCEX 3apernCTPUPOBAHHBLIX CUrHaNax O BOSHUKHOBEHWUM aBapyuitHOR cutyaumu;

— coobuweHne 0 BCeEX TakKMX CurHanax;

— pa3speuleHme/3anpeT Ha aBTOHOMHOE C00BueHMe O BCEX CUrHanax O BO3HWKHOBEHWM aBapWHOA

cuTyauum;

— coobeHre o ctatyce GyHKUMKM “paspelueHne/3anpeT Ha aBTOHOMHoe coobleHne 0 BCcex nogob-

HbiX CurHanax”.

OTcnexuBanne UCTOPUN CHUIrHaNOB/coobLeHnii O BO3HUKHOBEHUH aBapuifHOi cutyauyun. OHO
BKJIOHAET 32NUCb MOMEHTOB BO3HWKHOBEHUS TakuxX CUrHanoB U Ux xpaHeHue B perucTposom danne, pernc-
TPbI KOTOPOrO COAepxar BCE napaMeTpbl COOBLWEHNs O BO3HUKIIEN aBAPUAHON cuTyaumu. Peructpsl MoryT
ObiTh CHMTaHLI NO 3anpPOCy unn nepuoaudeckn. OS onpepenseT pexvM paboTel perncTpoB: Mbo 3anucb Ao
3anonHeHus C Nocneayiowe 0CTaHOBKOW MAW NONHBIM CTUPaHUeM, NMbO HenpepbiBHAas 3anuch ¢ UMKINYe-
CKVMM BO3BPATOM OT KOHUA K Hauany ¢ nepesanucbio cTapbix coBbiTuia.

Apyrue ¢yrxkymn. N3 HUX MOXHO OTMETUTL, Hanpumep, TecTupoeaHre u perncrpaumio SDH obopy-
NOBaHUA.

OcHoBHbIe Tubl COOOLEHNI O BOSHUKHOBEHNM aBapwiHON cutyaynn. [na T0ro, 4tobbl NonyumnTL
Bonee NoOnNHOE NpeacraBNeHne O TMNAx aBapUMHBLIX CUTYauMiA, KOTOPbLIE OTCNEXWMBAKTCR B cetu SDH, onun
npeacTasnedsl B upe 1a6.3-1 [23], rae B neBom cTonbue NOMEWEHb! TUMbI aBAPUIAHBIX CUTYALMIA, a B BEpPX-
Hei CTpoKe - MecTa ux BO3MOXHOIO BO3HUKHOBEHUA. B aueikax Tabnuupl nomeweH cumeon R, ecnu TpebyeT-
€S perncTpauMs QaHHOro TUNa aBapurAHON cuTyauun, unn O, ecnu Takas peructpauvs He obasaTtensHa.

Ta6bnuua 3-1.
OctoBHble TUNbI COOBLEHWIA 06 aBapuiiHbIX CUTYaUUaX, oTCnexusaemoie B cetn SDH

SPI RS MS Path HOVC | Path LOVC PPI/LPA SETS

TF R R

LOS R R

LOF R R3

LOP R R
FERF R R R

TIM R R?

SLM R R

LOM R!

AIS R R R

Exe 0

LTI R
SD 9]
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B Tabnuue MCnons30BaHbi CNEAYIOWME COKPALLEeHUA:

TF C6oi npu nepepaye RS PereHepatopHas cexuus

LOS ToTteps curHana MS MynsTUnNReKcHasa cekums

LOF Noteps ¢peiima Path HOVC Mapuipyt VC BepxHero ypoBHs

LOP " Noteps ykasaTtens Path LOVC Mapwpyt VC HUXHEro ypoBHs

FERF C6oit npn npueme Ha yAaNeHHOM KOHUE PPI/LPA Mne3noxpoHHLIN Prnandecknini uatepdeiic/
TIM  Hecosnapenue naeHTuduUkaTopa TPacCUpOBKN apantnuus mapwpyta VC HUXHero ypoeHs
SLM HecosnageHue Tvna curHana SETS XpOHUPYIOLMNIA UCTOHHUK CUHXPOHHOFO
LOM MNotepsa MynsTUdpeitma o6opynosaHun

AlS  Curnan vHAUKLUUKY aBapUAHOro COCTOAHUS R? [na Harpyaku, Tpebyiolen niavkaumm
Exc  Cnvmwkom MHOro ouwmnbok MyneTUdpeiimMa

LT MoTeps CUHXPOHM3aLMK Ha BXoae R? Ecnu nogTeBepXnaeTcs Ucrnonb3oBaHvue
SD YxyauleHue kayecTBa curHana GaiitTa J2 B VC-11, VC-12 n VC-2

SPI ®uanveckuit uHTepdeiic SDH R® Ana GaiT-cuHXpoHHOro oTobpaxeHus

3.3.2.3. Ynpaeneuue pabouumu xapakrepucTukamm

CGop Aanrtbix 0 pabovHx XapaKTepHCTHKaX CHCTEMbI

OH cea3aH kak Npasuno C onpegeneHneMm napameTpoB ownBOoK, ONUCAHHLIX B pekoMeHpauun [TU-T
Rec. G.826 [75]. Mpu ux onpepeneHun UCTONb3YIOTCH CEAYIOWVE KNIOYEBLIE TEPMMHDBI (CM, NOAPO6HO [75]):

- EB - 6nok ¢ ownbkamu;

- ES - cekyHaa ¢ owubkamu;

- SES - cekyHma c cepbesHnbiMu owmnbkamu;

,— CSES - nocnepoeatenbHbie CeKyHAbl C Cepbe3HLIMU OLumbKamu,

B OCHOBHOM MCNONL3YIOTCH CReaylowve NapameTpbl ownBoK (OTHECEHHbIE K HEUCKAXEHHOMY MHTEP-
Baly U3MepeHns napaMeTpoB): xoagduyumeHT owmubok no cexyHgam ¢ owmbxamm ESR, xoagpduymn-
eHT OoWNBOK NO CeKyHRaM C cepbe3aHbimu ouinbkamm SESR, koadduumnenr owmnbok no 6noxam c
¢donossimu owmbkamy BBER (3nece non 6nokamu c© ponoseimu owmbramm BBE noHumalorca te 6n0-
Ku ¢ owmnbkamum, 4to He Bownu B SES).

OTCcnexunBaHne UCTOPUN MOHUTOPHUHIA PabOoYNX XaPaKTEePHUCTHK

OTcnexunsaHne WCTOPWUU OCYLIECTBSETCA 3anofHEeHUeM [BYX TWUMOB pEerucTposbix ¢ainos: 24-
yacoBbiMK darnamu U 15-MUHYTHLIMU dainaMn, Tekywmin 24-4aCcoBOW PEruCTPoBLIK dain NO 3anonHEeHUN
CHabxaeTcs Texywen naton n neperpyxaercs B perucTpoBuii ¢pann co syepaluHein aatoi. LlecTtHapuats
15-MUHYTHBIX PErMcTPOBLIX GaNNOB 06pPa3yIoT 4-4acoBYIO O4Yepeab ¢ AMCUMNNnHOK 0BCNyXnBaHua “nepsbiii
Ha BXoAe - nepsbi Ha Bbixoae” FIFO.

Mcnonb3oBanne BpEeMEHHbIX OKOH

O6was cTparerus UX UCNONbL30BAHWUA onucaHa 8 pekomenpaumsx ITU-T Rec. M.20, M.2100, M.2120
[76-78]. B nawem cnyyae ¢ nomouwsio OS B NE MoxHO yctanosuTe nubo 15-MuHyTHOE, nnbo 24-yacoBoe
BPEMEHHOE OKHO. Kak TONbKO Bpema HacTynneHus cobbiTis COBMagaeT MW BbIXOOWUT 33 FPaHWULY YCTaHOB-
NEHHOFO OKHA, reHepupyeTCs yBedoMIeHHe 0 nepeceveHiny (BpeMeHHOR) rpannysr nan nopora TCN.

MeHepauus OTYETOB O XapaKTEepPHUCTUKAX CHCTEMBbI

JanHolie 0 paboynx xapakrepucTukax cuctembl MoryT ObiTh 3aTpefoeaHnl OS ana aHanwuaa, UCNonbL-
3ys nHtepdenc mexay OS n NE. 31n paHHbie MOryT 3anpawmBatecs nepuoaudecku nubo coobiyaThca 8
MOMEHT NepeceyeHnst rpaHuLbl BPEeMEHHOMO OKHa.

MOHUTOPUHI CHUCTEMBI B HEAIOCTYIHBIE UHTEPRANLI BPEMEHU

B uHTEpBaNt BpEMEHW, KOraa cucTemMa HefloCTYNHa, CbeM AaHHbLIX O XapakTepUCTMKaX CUCTEMbI 3a-
fpeLLeH, OAHAKO MOMEHTbI €r0 Ha4yana U KOHUa AOMKHbI (PUKCUPOBATLCH U XPAHWTLCH B PErMCTPOBOM ¢ain-
ne n3 6 perucTpos (CM. HAXE) N NMETbL BOSMOXHOCTb CHUTLIBATLCA OS No KpaitHein mepe 0auH pas B AeHb.

MOHUTOPHHI AONONHNUTENBHBLIX NAPaMETPOB

DononHuTenebHbIE NapameTpbl, TakUe Kak:

— cekyHaa, cogepxawan curhan OOF (Beixoa 3a rpaHuup ¢peima) - OFS,

— 4MCAO 3alUTHBIX NepekioveHui - PSC,

~ BNATENBHOCTL (ONPeneneHHoro) 3aluTHOro nepekniodenus - PSD,

~ HenoCTynHble CeKyHAabl - UAS.

daxT BbIPABHUBAHWA yKasaTens agMuHUCTpaTuBHoro Bnoka - AU PJE, a takke CSES moryTt 6bib
nonesHLl ANA yNpaBneHWs, OAHAKO WX MOHUTOpWMHr He ofs3ateneH. EChn OH OcyllecTBnseTcH, TO AN
HaKONNeHus NPeabLICTOPUN yKkalaHHbix napameTtpoB (kpome CSES) ucnonb3yioTca pernctpoBbie damnibl ¢
15-MUHYTHBIMU 1N 24-4aCOBLIMU  BPEMEHHBIMW OKHaMw TakuM OO0pa30M, Kak OnucaHo Bobiwe. Ans
napameTpa AU PJE otaenbHO AOnXHLI GUKCUPOBATLCA Kak NONOXUTENbHLIe, Tak U oTpuuartensHele PJE ana
0aHoro Boi®paHHoro AU BHyTpu STM-N.
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Cobuitve CSES Hactynaet torga, korga o6HapyXuBaeTcs nocnenosatensHoCcTs n3d X wan 6onblue
SES. MNpu obHapyxeHun 370ro cobbitna NOCNEQoBaTensHOCTL NpepLIBAETCH PUKCaunein Hayana HegocTyn-
HOro MHTepBana BpeMEeHM, B Te4yeHue koToporo CSES He peructpupytotca. KoHeu aToro uHrepsana ¢puk-
cupyeTecst Toraa, Korga permcTpupyertca cekyHaa He ssnsiowascs SES. Mo kpanden mepe 6 CSES (BmecTe
€ paTtaMu nosienexus nepebix SES B nocneposaTtenbHOCTU) AOMXKHB NPU 3TOM 3anNOMWHATLCA. 3HadeHue X
ycraHnasnusaeTca OS B ananasoHe oT 2 Ao 9 B npouecce ee KoHbUrypaumn,

3.3.2.4. YnpaBnesue KoHPpuUrypaumen

Cratyc u 3aiyuTHOE nepexmovyeHne

OCHOBHOE Ha3HAYEHNE 3aALUMTHOMO (Pe3epBHOrO) NepexknioveHns - NOAKNIUUTL PesepBHOe YCTPOWUCTBO
BMECTO OCHOBHOrO ycTpoicTaa. OCHOBHbIE ¢yHKUMY, [aloLMe BO3MOXHOCTb OCYWECTBUTL 3TO Creayiouime;

— BKNIOYEHUE/BBIKIOHEHUE PYYHOIO pEeXnuMa 3alnTHOrO NepexknioHeHmns,

— BKAIOYEHWE/BbIKITIOYEHWE NPUHYAUTENLEHOMO PeXnuMa 3aWnTHOrO NepeksiioveHns,

— BK/IOYEHME/BLIKNIOYEHUE BROKUPOBKH,

— 3anpoc/ycTaHoBKa NapamMeTpoB aBTOMaTUHECKOro 3alUTHOrO nepekniodeHns - APS,

Apyrune yHxunn

Opyrne Mmeponpuatua u GyHKUMK, CBA3AHHLIE C YNpaBneHneM koHdurypaumen, Takme kak paspabor-
ka HeoBxoaMMOro NporpaMMHO-annapaTHoro obecnedeHns n GyHKUMK ero MHCTansuum, pasHo kak u obec-
neYeHUe HeOBXOANMOWN CEKPETHOCTU, OTHOCHTCA K KOMNETEeHUUN npouasoanTtens oBopynosanus.

3.3.3. MpoTokonbl 1 BHYTPUCUCTEMHbIE B3aUMOAEWCTBUS

B pamkax TMN nopcete SMS sBnsetcs nokanbHoi cetbio ceasmu LCN. Cen3db Mexay SMS u OS moxer
OCYWECTBAATLCA Yepes oaHy unu BGonee cetei nepeaayn aaHHbix DCN v LCN. 370 TpebyeT opranusauum
B3aumMopeicTeua mexay SMS n nu6o DCN, nu6o LCN, takke kak u mexay DCN n LCN. Huxke kpatko pac-
CMOTPEHO TONLKO B3aumoaencTene mexagy SMS n DCN. Baanmogeinctene Mexay CeTsiMm HeBO3MOXHO 6e3
nPOTOKONOE NpeobpasoBaHus ¢dopmMara coobuieHnid Ha UHTEPPENCHBIX CTbIKAax, KOTOPbiMM 0BMeHUBalOTCA
cetun, npuuem OyayT PacCMOTPEHBI TONBEKO NPOTOKONLE TAK AW MHAYe cBA3aHHbIe ¢ kaHanamu DCC.

3.3.3.1. 0630p ucnonb3yembiX NPOTOKONOB

[na ocywecreneHus GYHKUMA IKCRyaTalnn, afgMUHACTPUPOBanua, oGcnyxunsanus u obecrieyeHns
OAMA&P npu nepeaade coobweHunin B cetax SDH no kaHanam nepenayn panHbix (DCC) Heobxogumo uc-
nonbL30BaTh HAbop, UK CTEK, NPOTOKONOB, OPUEHTUPOBAHHLIA HA ITANOHHYI0 MOAENb B3anMOAENCTBUS OT-
KpbiTeIX cucTtem QSI.

Hwxe npuBeneH cnucok yposHeit 0S| n COOTBETCTBYIOLMX UM NPOTOKONOB, BbiBpaHHbIX pns obeny-
XusaHUA BCTPOEHHbIX kaHanos ynpasnenua (ECC) ceteit SDH.

Dduanyecknii yposeHb - Npotokon DCC He orosopeH. DCC npeacTtaenser ¢GU3MYECKUIA YpPOBEHD,
npuiem DCC pereHepatopHOi cekumn paBoTaeT ans nepenayn coobuieHui
Kak xaHan 192 xbur/c (6aitel SOH D1-D3), 2 DCC MynbTUNNEKCHOR CEKLIMK
- Kak kaHan 576 kbur/c (6anTol SOH D4-D12).
YpoBeHb 386Ha AAaHHbIX Mpotokon LAPD (Q.921, [79]). O6ecneunBaeTt 4epe3 DCC cetn SDH cBsiab
(KaHanbHbLIM YPOBEHD) “TOYKa-TOHKA" MEXAY KaXaoi Napoit CMEXHLIX CeTeBhIX y3n0B. Mcnonbayior-
Cs OBa TUNA cepeuca: nepegava uWHOOPMaUnM C NOATBEpPXAECHHWEeM
npuema AITS (cneundukauus 3TOro TuNa cepsuca npuseAeHa B [23,
Tabn.6-3] » ocHosaHa Ha pekoMeHgauuu. ITU-T Rec. Q.921; ucnone3yetcs
no ymonuaxuio), nepegavya uHdopmayun 6e€3 NOATBEPXACHUN NIpUEMa
UITS (cneundwmkaums 3T0ro TMna cepsuca npueeaena B [23, 1abn.6-2] v oc-
HoBaHa Ha pekomeHpauusax ITU-T Rec. Q.921, Q.922 v ISO 8473 [79-81]).
B cooTtBetcTBUM ¢ pekomenpauvei ITU-T Rec. Q.811 [73] ucnone3yetcs
npoTtokon ISO 8473 [81]. OH oBecneunBaeT gentarpaMMHbIf (T.e. HE OpUeH-
TUPOBaHHBLIA Ha YCTAHOBMEHWE NpPEeABapUTENbHOMO COEAUHEHUR) CepBuc,
yROOBHbIN pnA BbICOKOKAYECTBEHHLIX BLICOKOCKOPOCTHBIX CceTeil. ITOT Xe CTaH-
AapT [81] onpenenseT NPOrokonbl CBEAEHUS, NCNOMb3yeMble ANa nepena-
YY KaK N0 OPUEHTUPOBAHHLIM, Tak M NO HE OPUEHTUPOBAHHLIM HA YCTaHOBNE-
HUE COeAVHERVA NOACETSM HA YPOBHE 3BEHA AAHHLIX, AN Yero UCNONL3YEeTCA
dyHkuna xavecrsa oO6cnayxmueanns QOS. Ee napameTtpbl onpeaensiorcs
npoTokonom 1SO 8473 1 OTHOCATCH K KOMNETEHLMM CETEBOrO Oneparopa.

' CeTeBoit yposeHs
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TpaHCNOPTHLIA YPOBEHL - TpebGyemsuliA TPaHCNOPTHLIA NPOTOKON - NPOTOKON Knacca 4, obecneynsaio-
umii B8 cooteeTcTBMKM C pexomeHpauuein ITU-T Rec. Q.812 [74] napgexHyo
[OCTaBKy NO CETN U TPAHCNOPT HE OPUEHTUPOBAHHOIO HA YCTAHOBNEHWE Coe-
AVHEeUst HA3NeXallero ceTeBoro cepeuca (CMm. ctaspapt I1ISO 8073/AD2 [82]),
OCYUIECTBNAEMbIE Ha YPOBHE 3BEHA AAHHBIX KAK Yepe3 OPWEHTUPOBAHHbIE, Tak
W Yepes3 He OPUEeHTUPOBAHHBLIC HA2 YCTaHOBNEHUE COEOMHEHUS NMOACETH.
Ncnone3yeTcs CeaHCOBbLIA NPOTOKOA, B COOTBETCTBUKM C peKkoMeHpaumneit
ITU-T Rec. Q.812 [74] oBecne4mBalownii CUHXPOHU3ALUMIO B3aMMOQEWCTBY-
IOWMX CUCTEM CBA3U NPU OAMANOre U ynpasnsiowmin, ¢ y4eTom TpebosaHuit
OBYX BEPXHUX YPOBHEN, 3aNpOCaMu Ha TPAHCMNOPTHLIE COEAMHEHUS.
cnonb3yeTca NpOTOKON NpeacTasneHnii, B COOTBETCTBUN C pekoMmeHpaunein
ITU-T Rec. Q.812 [74]. 3T0T ypoBeHb W HoTauua abCTPaKTHOIO CHUHTaK-
cuca ASN.1 ponxHbl obecneumBaTtbe BO3MOXHOCTb NOHMMAHUSE KaK KOHTEKC-
Ta, TaK ¥ CUHTaKcuUca urdpopmauuun, nNepesasaemon ¢ NPUKNAAHOMO YPOBHS
HA HU3Nexatlume ypoBHMU.

Ucnonbayetcsa npotokon CMIP (cM. ctaHpapt I1ISO 9596 [83]). Moanepxka
nporokona nepenaqn danna, gocryna n meHegxmMmeHta FTAM He Tpe-
6yerca. B pamkax CMIP ncnone3yotca cnegyiowme onumu:

- cepBuCHbIN aneMeHT obiyel ynpasnsmoujesi undopmacinn CMISE,

- CePBUCHbBIN 3NIEMEHT QUCTaHUNOHHbIX onlepauynii ROSE,

- CePBUCHbBIA 3IeMEeHT accounupoBaHHoro ynpasneHns ACSE

CeaHcoBbiIli YPOBEHbL

YposeHb npeacTaBReHMA

MNpuxnagHoit yposeHb

3.3.3.2. BHYyTPUCUCTEMHbLIE B3aUMOACHCTBUA

Kananel DCC pereHepaTopHbIX U MYNbTUMNIEKCHLIX CeKUWi MCNONb3YIOT ceTesos nporoxosn 6e3 ycraHoB-
nenns coegmuHenns CLNP, onucaHHbiit 8 ISO 8473 [81]. Cesisb B cetn DCN mexay OS n SMS Takke 6a-
3upyeTca Ha OcHoBe npoTokonos OSl. Ucnonb3yetcs cereso# NpoToxon ¢ yCTaHOBNEHUEM COEeAMHe-
#ma CONP texHonorum X.25, onucaxHblidi 8 cTangapte I1ISO 8208 [84], ¢ npotokonom IP B kayecTse OQHOMK
u3 onuuii B OS.

CornacHo mogenu OS| s3aumopeiicTsne Mexay noacetamMu SMS n DCN nonkHO NpoMcXoauTb Ha
CeTeBOM ypOBHEe, TOFrAa Kak TPAHCNOPTHLIA 1 Bonee BbICOKME YPOBHM UCMONLIYIOTCA ANA B3avMMOOEACTBUA
Mexay KOHeuHbIMW cuctemamm, Hanpumep, SNE u OS. CeTeBoit ypoBEHb, B COOTBETCTBUM CO CTaHAAPTOM
ISO 7498 [85], nonxeH GbiTb NpPO3payeH oNa NOTOKA HAHHbLIX MEXAY KOHEYHbIMWU CUCTEMAMM, T.e. NOTOK
OaHHbIX 06pabaThiBAETCA PYHKLNIMM MapLIPYTU3IaLWM U DETPAHCASLUMN CETEBOrO YPOBHA U MOXeT 3a-
BUCETb TONbLKO OT KA4eCTBa CETEeBOro CepBUCa pa3NudHbiX noaceTei. BaammopaeincTeue noaypoBHeEW ceTte-
BOro ypOBHSA pernaMeHTupyertcs crangaptom ISO 8648 [86].

Baaumopesictane mexgy SMS n DCN

Mpu nepepaye coobieHnii mexay SMS n DCN npoucxoaut B3anMoaeincTane Mexay cCrekamu npo-
TokonoB CLNP (8 SMS) 1 CONP (8 DCN). Ha HuxHuUx ypoBHsix OS] B3anMoaeincTene OCHOBAHO Ha CTaHpap-
Te ISO 10172 [87]. CranpapT ISO onpenensieT ¢pyHkunoHanbHbih 6510k B3aumogedcramus IFU, KOTOPbIiA
1 OCywecTsnaeT GyHKUMIO peTpaHcnsaumu n/unu npeobpas3oBaHue fPOToKObHbIX Gnoxos faHHbix PDU
Mexay ceramu.

Perpauncnsuns Ha ceTeBOM ypoBHe

bnok IFU, dyHKUMOHMpYIOLMIA B pexume perpaNcnsuvm Ha ceresom yposxe (NLR), asnsetca pery-
NAPHOA NPOMEXYTOYHOA CUCTEMOW W NPEeaCcTasNfeT eQUHCTBEHHLINM ypoBneTsopsiowmin OSI metoa B3avMo-
DEeNCTBUS MeXAy KOHeYHbIMM CUCTEMAMK, UMEIOLLMMN Pa3fINyHbIe CeTeBbLie NPOToKoNb!. oA B3anMoaencTsn-
&M NoHUMaEeTCA PYHKUMA CeTEeBOro ypoBHs, onpegenenHas ctaHgaptamm 1ISO 7498 w ISO 8648 [85,86]).

Mpasuna dyHkunoHuposanus CLNP Ha cerm naxervosi xommyraumm (PSN) X.25, onpegensioTcs
dyHxumner ceegennsa, 3asucawiei or nogcern (SNDCF), onucanHon 8 ctaspapte 1SO 8473 [81].

Pexum NLR moxet obecneunte B3anmopenctsme mexagy SMN v DCN, ecnn o6e cetu ucnonbsyor
npotokon CLNP u coeguHerune tTuna TP Class 4 (TP4). B 310M Cny4ae CETeBoOi CEPBUC BEPXHETO YPOBHSA
SMS SNE - DCN OS urpaet ponk cepsuca, COOTBETCTBYIOLWErO pexXuMy B3anmonenctaua 6e3 ycraHoBne-
HUR coeauHerns Ha cetu X.25, obecneunsaiowen (4epel3 cete DCN ¢ npotokonom CONP) B3aumopecTaune
IFU ¢ 0S. Npu atom IFU aHanuaupyer agpeca Ha3HAYEHUs CEeTEeBbiX NPOTOKONALHbIX G/I0KOB AaHHbIX
NPDU, nonyuyeHHbix oT SMN, u Tpancnupyet coorsetcTeyiowme CLNP NPDU ot SMS Ha xoMMyTHpyeMbie
Bupryansubie yenm SVC X.25 cetm DCN.
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3.3.4. UnTtepdeiicbl B3auMO4eNCTBUR

M3 Bcex uHTepdeiicos, B3anmoaeicTayloumx ¢ cetoio TMN (puc.3-2), 3apecb GyayT pacCMOTPEHbI TONBKO
asa uHtepdeica Q u F, KoTopbie SBNAIOTCH BHYTPEHHUMKU uHTepdeiicamu cetn TMN. Hanbonee saxHbiM 13
Hux 0e3yCnoBHO aBNAETCA rpynna uHTepdeincos, 0bveanHeHbix 06wmnm HasBanveM Q-uHTepdeiic.

3.3.4.1. Q-unTepdeiic

Ona B3anmopelicTeua ¢ cetoio TMN, SMS ucnonsayer Q-untepdeinc (pekomennpaums CCITT G.771 [88]),
uMetowmin Tpyu Habopa nnn cteka npotokonos: B1, B2, B3, onpegeneHHbix B pekomeHaaumu ITU-T G.773
[89, Bepcus 1990r.]). 3Tu cTekn npoTokonoB Buinu NosgHee 3ameHerbl Ha cteku: Al, A2 - KOpoTkuii crex
n CONS1, CLNS1, CLNS2 (smecto B1, B2, B3 COOTBETCTBEHHO) - TOAMbIA CTEK, ONPENeNeHHbLIn B PeKo-
meHgaumn G.773 [89, sepcus 1993r.]. B aToit nocnegHei nyGnukauum onucaHbl TONbKO Cteku Al un A2,
KOTOPblE 8 OCHOBHOM COOTBETCTBYIOT unTepdency Q,, npuuem BuiBOpP COOTBETCTBYIOLIErO CTeKa OCTaeTCs
3a npoussoguTenem obopyaosanus. Mpodune npotokonos CONS1, CLNS1 u CLNS2 gna yposHeit 1-3 mo-
aenn 0S| onucan B pekomeHpauun ITU-T Q.811 [73], a ana yposHen 4-7 - 8 ITU-T Q.812 [74]. Onu cooT-
BETCTBYIOT KaK UHTepdency Qa, Tak n Q, (npn HeobxoanMOCTU peanu3aumm Bcex yposHen mopenu OS)
ceTen SDH.
Kopotkue cteku npoTtokonos Al u A2 npepctaenens! B Tab.3-2.

Tabnuua 3-2.
Creku npoTtokonos Al u A2
YpoBHUu Crek npotokonos Al Crex npotokonos A2
YposeHb 1 ®dusnyeckue untepderico 1ISO 8482, duanveckuin uTepdeiic He
EIA 485 [90,91] pernameHTupoBaH

YposeHb 2 ISO 3309, ISO 4335, ISO 7809 [92,93,94] | ISO 8802-2 + DAD2, ISO 8802-3 [95,96,97]

YpoBeHb 3 I1SO 8473, ISO 8473/AD3 [81,98] 1SO 8473 [81]
YpoBeHb 7 ACSE - CCITT X.217, X.227 [99,100], ROSE - CCITT X.219, X.229 [101,102]
noaaepxka ASE He obsizatenbHa CMSE - ISO 9595, IS0 9596 [103,83]

Dns yposHeit 4-6 mopenu OSI nporokonsl U oToBpaxalowme GyHKUMU He pernamedtvpylotces. Bonee
noapoBHO 3TO PacCMOTPEHO B pekoMeHgauun G.773 [89, sepcus 1993 r.].

CkopocTu nepepayun, noagaepxkusaembie uHtepgeincom Q,, 3aBUCAT OT creka npotokonos. Ana At
OHW pasHbl 19200 1 64000 OuTt/C, XOTA MOXHO MCNONL30BaTL U 128 kOGUT/C. [lns A2 oHa pasHa 1 Mbut/c
nnn Bbllle.

Ha puc.3-11 npusepexa mopent cetn DCN [73], Ha koTOpoit Genbie KpyXXOYKM Ha KOHUAX NMHWA no-
Ka3bIBAIOT NONOXeHue MHTEPdencoB Qz, COEANHUTENBHLIE NMHUM MEXAY HUMW - MAPLUPYTh CBS3WM MEeXay
BbIAENEHHbIMW TOYKaMU, a ABYxOYKBEHHbIN KOA of yKasaBaeT TWNbl CeTei, NOAKMOYEHHbIX K UHTepdeicam
¥ BOBJIEYEHHbIX BO B3auMogeicTeme. byksa o ykasbiBaeT Ha CeTb, C KOTOPON AaHHbIA UHTepdelic dusunyec-
Kn coeauHeH, a 6ykesa B - HAa CeTb, C KOTOPON COEAMHEH APYroi, B3aMMOAENCTRYIOUMI C HUM, uHTepdeic.
Hanpumep, koa untepdeiica ga (vHtepdeinc nokasad y neesoro sepxHero 6noka CLNS X.25) rosopurt, 4to
JaHHLIA uHTepdeic coeanHer ¢ cetbio CLNS/X.25 (Gyksa g COOTBETCTBYET COTM € NAKeTHOW KOMMYTaLMU-
et X.25, n cepsuca CLNS, cMm. paciumdposky nog pucyHKOM) v vepes cete DCN no mapwpyry ga — ag.
cBA3aH C MHTepdeincom ag, coeamHeHHuiM C ceTbio PSPDN (6yksa a COOTBETCTBYET CeTH nepenayu faH-
HbIX 06Lero nonbs308aHKa ¢ nakeTHo# kommyrayuei PSPDN, Tun cepauca CONS).
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OBoaHaverne Tun cetvt

a PSPON

b ISON D-channel Packet
c ISDN B-channel Packet
d CLNS LAN

e CONS LAN

¢ 58 No. 7 Natwork

9 CLNS/X.2§

Puc.3-11. Mopens cetn DCN ¢ mapwpyramn ceasu nHrepoeiicoe Qg

Noscuenua x puc.3-11.

K uHtepodeiicam Qs moryt noaxnioyatses 0S, MD, QA 1 NE (Ha pyc. He noka3aHhi).

YepHbiMU KPYXXOUKaMKU NOKa3aHbi ONOPHLIE TOYKN B10k0B B3aumomesicrens IWU.,

DyHKuMn B3aumoneincTeus Tuna 1 - pyHKUMK, KOTOpbIe BBINONHSIOTC Ha rpaHMuax Mexay noace-
TAMM N HE NPO3PadHbl ANA KOHEYHbIX CUCTEM.

DyHKUMN B3AaUMOAENCTBUSR TUNA 2 - GYHKUMW, KOTOPLIE BLINONHSIIOTCA Ha rpaHuuax Mexay noace-
TAMH U MOTYT GbiTb NPO3PaYHbl AR KOHBUHLIX CUCTEM,

Ceto DCN pa3futa no tMny cepeuca Ha ABE 4acTu: CeTb, UCNonbIyulas pexum 6e3 ycTaHosse-
nus coeawnenwi (CLM) - CLNS » cetb, UCnOnb3yilowans pexuM ycraHoBNeHMR coegurenni (CM) -
CONS. Ipy 3TOM MCNOAL3YIOTCSH CAEAYIOWME NPODUIN NPOTOKONOB HUXHUX TPEX YPOBHEN:

CONS1
CONS2
CONS3
CONS5
CONS6
CLNSH

CLNS2

- NAKeTHbIA nMHTEepdenc, NCnonb3ylwuin npoTokon X.25 ¢ pexumMoM yCTaHOBNEHWS COSOANHEHWA,
npUMeHUM K ONopHOR Touke mexay PSPDN v OS/MD/QA/NE;

- NakeTHbI uHTEPdEnc, ncnonbayiowmin npotokon X.31 ¢ pexMMoM YCTaHOBNEHUA COEOUHEHWUI
Ha D-kaHane ISDN, npumenum K onopHoi Touke mexay ISDN u OS/MD/QA/NE;

- NaKeTHLIN UHTEPdERC, MCNOoNLIYIOWUIA NPOTOKON X.31 C PEeXMMOM YCTaHOBNEHUA COEAUHEHW
Ha B-xaHane ISDN, npumeHuM K onopHoit Touke mexay ISDN v OS/MD/QA/NE;

- UHTEpPPEIAC, MCNONBIYIOWMIA NPOTOKONL CUCTEMBbI curkanmsaumn SS#7 MTP n SS#7 SCCP ¢
PEXUMOM YCTAHOBNEHUR COEAUHEHWIA;

- NAKETHbIA WHTEepGERC, NCNOoNL3YIOLNIA NPOToKoN X.25 C PEXMMOM YCTaHOBNEHUS COEANHEHWIA
4Yepes NoKanbHylo cets, npumedum k 0S/MD/QA/NE, noaknovaembiM K LAN;

- nHTepderc, CnonbL3ylowui noxkaneHbie cetu Ethernet ¢ npotokonom Tvna ISO 8802-2 n pexu-
MOM 6e3 YCTAHOBNEHWA COeAUHEHWIA, NPUMEHUM K ONOpPHOM To4ke Mexay LAN n OS/MD/QA/NE;

- uHTepdenc ¢ pexrmMomM 663 yCTaHOBNEHUS COeanHEeHMA, ucnons3yiowmia 1P npoTokon Ha cetn
X.25 C pexuMOM YCTAaHOBMEHUS COEAMHEHWA, NPUMEeHUM K OnopHOW Touke mexay PSPDN wu
0S/MD/QA/NE.
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Bonee noapobHO CTEKM NPOTOKONOB ANR YKA3aHHbiX uHTepdencos onucaHu 8 [73].

CxopocTu nepenayv, nogaepxusaemsie nitepdeilcom Qz, 3anucat o1 Tuna CLNS. Ona CLNS1 ona
coctasnaeT 1, 10 M6ut/c nnn ewiwe. Ons CLNS2 coorseTtcTByioT paagy: 1200, 2400, 4800, 9600, 19200 u
64000 B6uT/C (nONYCTUMO B TEYEHUE HEKOTOPOro NepexonHoro nepuoaa ucnonsaosanve ckopocten 48000
u 56000 6ut/c).

Ona CLNS1 B kadecTBe $HU3NHECKOW Cpeabl PacnpoCTPaHEeHUS CUrHana UCNONbL3YIOT KOaKCWasbHbI
xabenb, 3KPAHUPOBAHHYIO BUTYIO nNapy vnu BOK. [ina CLNS2 8 ka4ecTse COEAVHUTENbHLIX PashemMos aorny-
CTUMO UCNONbL30BAaTb TE, YTO NOAAEPXMBAIOT UHTepdelrCHble npoTtokonkl X.21, X.21bis n vHTepdeiicol ce-
pun V. K 3TuM nuTepdeicaM 13 Wmpoko U3BECTHbIX OTHOCATCA X.21 1 V.35 u n3 He OYeHb LUMPOKO U3BECT-
Hbix 1SQ 2110 (X.21bis), ISO 2593 (X.21, X.21bis), ISO 4902 (X.21bis) n 1SO 4903 (X.21) {104,105]. Onuca-
HWe CUIHANOB Ha KOHTaKTax U UXx COOTBETCTBUE curHanam uHtepdeincos X.21 n X.21bis Takke npuseneHoi B
pekomeHpauum ITU-T Q.811 [73].

3.3.4.2. F-untepdeirc

CornacHo ofiweli KoHuenuMu, MecTononoxeHne nHtepdeiica F COOTBETCTBYET NONOXEHWIO ONOPHbLIX Touek F.
Kak 6bin0 yka3aHO Bbilue, Yepe3 uHTepdeinc F cetb DCN cBasaHa ¢ paboueit ctaHumeir WS - mMoHUTOpOM
ynpaensiouweit cuctemsl. bnaronaps 3T1oi cen3n obecneunBaeTtca BoinonHeHne ¢yHkuuin OSF n MF, ocy-
" WECTBAAIOWMX, KaK BLI0 ONUCAHO BLILLE, PAA YNPABNAIOWMX OSRCTBWIA, HanpuMep:

— 06wy 06paboTky ynpasnsiowein nidopmaumm,

— peanusauuio GyHKUMK ynpasnsiowero npunoxeHus OSF-MAF,

—~ 06paboTtky uHdpopmaumu, nepesasaemoin mexgy 6nokamu OSF u NEF (unu QAF),

— peanuzaumio GyHKUMK YNPABASIOWEro npunoxeHns MF-MAF.

BO3MOXHOCTEl ynpaBneHus cetelo Yepe3 nHrepdeinc F co CTOPOHLI AucneTyepa Cety, CUAALLEro 3a
AvcnaedHbiM nNynsToM ynpasnewmss WS, A0CTaTOMHO MHOr0O Aaxe Ha YPOBHE OCHOBHLIX ¢dyHKUMIA ynpasne-
Hus, BKaoyalowmx (pasaoen 3.3.2) obume pyHKUMK ynpasnexsns, ynpasnenne notokamm coobuwennii o Bos-
HVUKHOBEHMU aBapuiiHbiX CUTYauuii, ynpasneHue paboyummn xapaktepuctukamu oBGopynoBaHus, ynpasrieHue
KOHPUIrypaunen, ynpasneHne BuICTaBNeHMEM CHETOB, 0DeCcneyeHne HafeXHOCTU 1 coxpaHeHue 6e3onacHo-
CTV GYHKUUOHMPOBAHUS CUCTEMDBI, a TAKKE €€ TecTUpoBanue. Bonee NoapoBHO 3T BO3MOXHOCTY Nepeun-
cneHbl 8 Mpunoxenny A k pekomergaumm ITU-T M.3300 [66].

3.4. NPAKTUYECKME METO/Ab! YNPABJIEHUS CETbIO SDH

3.4.1. Cerb ynpasneHus Ha ocHoBe kaHanos DCC

PaccMoTpUM HekoTOpylo 0006LIeHHYI0 npak-

TUYECKYID OABYXYPOBHEBYID CXeMmy ynpaeneHus EM

ceTblo SDH, kotopast COCTOUT, Hanpumep, U3

konew, SDH, a konbUO COCTOUT U3 HECKONBbKUX F) &

y3n0B - mynbTUnnekcopos. CoepmnHexne konew, oo oo

u yanoB dopmupyeT SMN. Takoe coeauHexne bec—& @—\DCC
F

MOXHO cAenath, UCNonL3ya nnbo BCTPOEHHbIE
kaHanol csasu DCC, xovopele obecneunsaloTcs
camum obopynosanuem SDH, nub0 BHEWHIOW  — E
kabenbHyio NPOBOAKY MEXAY y3namu, peanu- NMS
3yowyio cetb X.25 unn Ethernet. B nioGom ﬁ
cnyvae Kaxkablid y3en OonXeH BbiTe OOCTYNeH
ons ynpasnexus. [hs 3awmTel Haubonee Bax- o pcc
HbiX Y4aCTKOB CETW YNPaBACHUS MOXET weC- oY)
NoMnbL30BaTLCA pe3epBUPOBaHME. 0ce . DCC

Mapuwpytuzauma B CeTM ynpasneHus (W - ™
MOXET OCYUIECTBNATLCA, HanpuMep, Ha OCHOBE
npoToOKONAa CBA3K MEXAYy KOHEYHOHW o
npomexyroyHoii cucremamu ES-IS [106] F F ——
W NIPOTOKOa CBA3M MEXAZY NPOMexyTo-
yHpiMu cucremamy 1S-1S [107], B3sTHIX U3 L@\ F
NPOTOKONOB, 0BCNYXMBAIOWMX WHTepdeiic Qs. vecNg o 2 0CC Y.
310 obecneunT aBTOMATUHECKYIO MapLUpyTu- 7

3aUMI0 KaK B NPOLLECCE MHCTANNSALMM CETH, TaK
W NpU BOSHWKHOBEHWM OWWBOK B CETH, TO- Puc.3-12. Cxema ynpasnesus cetbio SDH
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€CTb, €C/IM KaK0oe-TO 3BEHO CETU HEeMCNPaBHO, TO UCMONML3YETCHA anbTepHATMBHBIA MappyT. Cxema mapui-
pyTU3aumM AOMKHA ABTOMATUMECKW W3MEHSITCA U NPU U3MEeHeHun KoHburypauum. OObiHO vcnons3yioT
nsa-Tpu kaHana DCC Ha ogvH yaen, uTobbl Bpemsi mapilupyTtudanum He 6bino Gonblinm, oaHako npu Heob-
XOANMOCTH WX YUCNO MOXeT ObiTb YBEAWYEHO A0 CeMu.

Ha puc.3-12 npuBenera npakTuyeckas cxema ynpasneHus cetsio SDH, cocrosiuein u3 asyx konew, no
4eTLIPE MYALTUNAEKCOPA B KAXAOM, C 3/1€MEHT-MerReAxepoM EM (HnxHuiA yposeHs ynpasnexun), noax-
NIOYEHHBIM K OOQHOMY K3 Yy3R0B CeTU {MyNbTUNNEKCOPY) Yepes uHtepdeic F, n cereBbiM MeHemXepoM
NMS (BepxHuii ypoBEeHb YNpaBNnenusn), NOOKMIOHEeHHLIM Yepes NoxKanbHylo ceTb K cetn SDH 4epes wuHTep-
deiic Qz. 310 MOoXeT ObiTh NOKANLHBIA (07 OAHHOIO KOALUA) UMK LEeHTPaNbLHLIA MeHeaxep. Konbua Takke
coenvHeHsl Mexay coboit no KOHTYPY ynpaeneHua vyepes uHtepdeinc Q.

3.4.1.1. Cneuudpumkauus nurepdeincos ynpasneHus

C yueToM BLILLIECKA3AHHOMO NPUBEAEM CBOAHLIE OAHHLIE MO NOKANbHOW CeTn K uHTepdencam ynpasnenns Qi
v F. Ana koHkpeTHoro npumepa Beibepem LAN Ethernet Tvna 10BASE2, KoTopoit cooTaeTcTayeT Halop npoTo-
konos CLNS1. Torga npodunm crekos npotokonos SDH v Q3 ¥ NpOTOKONL MapLIpyTU3aLmnnK, CNONb3yeMblie B
ynpaeneHun cetu SDH, pernameHTMpyloTCs CTaHaapTamy U pekoMenaaLuaMm, NpMBeaeHHbIMK B Ta6.3-3.

TaGnuua 3-3.
Crexun NnPOTOKONOR Ana ynpaeneHnsa cetbio SDH
Mpoduns creka SDH Ynpagenexuue cetbio SDH ITU-T G.784 [23]
Yposuu 1 - 3 ITU-T Q.811 [73]
Yposuu 4 - 7 ITU-T Q.812 [74]
Crek npotokonos Qg YpoaeHb 2 ITU-T Q.921 LAPD ana DCC [79]
LLCT1 (ISO 8802-2) pns Ethernet [95]
YposeHb 3 CLNP 1SO 8473, ISO 8348/AD2 [81,108]
YpoBeHb 4 ITU-T X.214, X.224 [109,110]
YposeHb 5 ITU-T X.215, X.225 [111,112]
YpoBeHb 6 ITU-T X.216, X.226 [113,114]
Yposexb 7 ACSE: CCITT X.217, X.227 [99,100]
ROSE: CCITT X.219, X.229 [101,102]
CMISE: I1SO 9595-1, 1SO 9596-1 [103,83)
MpoTokonbl MapwpyTU3aumMm ES - IS ISO 9542 [106]
IS - 1S 1SO 10589 [107]

AnemMeHT-meHeaxep ¢GopmManbHO CoeAUHEH C CEeTbio Yepe3 uHTepdeic F, dakTndecku Xe npu uc-
nonbL30BaHuN nokansHol cetu Ethernet 310 TOT Xe nutepdeic Qg ¢ yKasaHHbLIMKM RPOTOKONaMU ypoBHS 2.
YuuTbiBas, 4to npumeneHa cetb Ethernet 10BASE2 ¢ TOHKMM KoakcuansHbiM kabenem, Ucnons3yioTcs coe-
DVHuTenbHbIe pasdvemsbl Tuna BNC ¢ nmneaaHcom 50 OM.

3.4.1.2. Agpecayma TOUKM AocTyna ceteBoro cepsuca NSAP

Kaxawid y3en cetu ynpasnesus AONKEH MMEeTL CBO anpec TOYKHW [QOcTyna cereBoro cepsuca NSAP.
3107 appec NPVUCBaMBAETCS y3ny Npu MHCTaNmsUMK. OH YHUKANEH W CYXWT ANnA uaeHTudukaumv yana npu
ero nogknioyeHnn K EM nnu NMS.
flpy ynpasBneHnn KOHKPETHOW CETbI0 BaXHbLIM NapameTpoMm SBARETCS MaKCUMaNbLHOE YMCNO Y3NoB
{MyneTMNAGKCOPOB), YNPABAEHME KOTOPLIMY BO3MOXHO. JonyCcTum, 4To 370 umcno pasHo 100. Torpa, ecnu
4MCNO Y3N0B B pe3ynbTate pocTa CETH NPesbiCUN0 JTOT nokKasartesnb, TO CeTb ynpasneHua gonxHa Obimb
pa3bura Ha 06NacTU C MEHbLUMM YUCNOM YNPaBASEMbIX y3n0B. Ecnu takoe pasbueHne Heob6xoauMo, TO OHO
BOMXHO ObiTb NPOBEAEHO C YHETOM UENoro paaa orpaHndeHnini 06bI4HO yKasbiBaeMbIX B PYKOBOACTBAX MO
MapLUPYTU3aLMN,
HekoTopbsie Bely NOAe3HO 3Hath ANA TOro, 4ToOL! OCYWECTBUTL Takoe pasbuenne:
— Haubonee ynoGHoNM TOnNONOrnen ana Cetv ynpasneHvs, MMelowei Heckonbko obnacten, sisnaetcs
Tononorus “3se3na” (Hanpumep, o6nacTe 8 BUAE KBaapaTa, MOXHO pa3buTb aeneHneMm CTOPOH
nononam, YTo aaet 4 CUMMETPUYHbIE 06NacTu ¢ LUEHTPOM B LUEHTPEe KBaapara),
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— obnactu ynpaBneHus MOryT He uMmeTb Huuero obiiero ¢ Tononorvei TpaHcnopTtHoit cet SDH
(xOTA 3TO U peKoMeHayeTcs),

- MUCMNONb3ya NOPTATUBHBLIA KOMMNbLIOTEP B KayecTse EM, HYXHO NOMHUTL, YTO NpU nepexoae u3 obna-

¢t B obnacte Hano MeHATb aapec NSAP y nopratMBHOrO KOMNbIOTEPa.

He paccmatpuBas nogpobHo npoueaypy pasbueHns Ha ynpasnseMble Noaotnacty, yKaxem OQHaKo,
4TO BO3MOXHOCTb Takoro pasbueHun saxHa Tem, 4TO NO3BONSET NNAHUPOBaTL UCNONL3oBaHue Gonee cosep-
WEHHBbIX CXEM MapwpyTusaumu. Hanpumep, yposeHb 1 nporokona IS-IS no3sonser OCywlecTBNaTy MapLupy-
TU3ALMIO TONBKO BHYTPWU OAHON 061acT, TOraa Kak YPOBeHb 2 NO3BONAET OCYLWECTBAATL MaPLUPYTU3aLMIO U
mexay obnacTamu 8 npegenax 0QHOro AoOMeHa.

Crpykrypa agpeca NSAP noka3zaHa puc.3-13. MakcumansHas gnuHa ero - 20 6aiitos.

HauyanbHas 4acte agomexa |DP Cneuunduueckas 4yacrb goMeHa DSP

AFI IDI Apnpec obnactm AA UaenTudpmnkarop cucremsol SID NSEL

I{'uc.3-13. Crpyktypa appeca NSAP

Appec NSAP coctouT U3 aByx Yacteil apgpeca AOMeHa: HayanbHoi u cneuuduyeckon - IDP n DSP.
HavyanbHas YyacTb agomeHa IDP B CBOIO Ouepeab COCTOUT U3 ABYX NONENU: NONA MBEHTHOUKATOPA MOJIHO-
moyunii u popmara AFl (nnvHoi B 1 GaiiT) n MavansHoro ugenTnguxaropa gomena DI (nnuHoit 8 2
6aitta). OHM GUKCUPYIOTCR NOKANLHOU CXeMOW HyMepauumn, KOTOpOW OHU v chepylor. Tak Kak HeT XeCTko
pernaMmeHTUpYIOLMX NpaBsnn Hymepauumu appeca, TO ny4iwle NPpUAEPXKWBATECA CXeMbl HyMepauun, NaHHOW B
cranpaapte I1SO 10589 [107] ana parHoro nporokona. CTpykTypa cneunduyeckoit 4yactu nomena DSP coor-
BETCTBYET NpoToKony IS-1S, BuiGpaHHOMY B HEWEM NpuMepe 8 Ka4ecTee NPOToKona mMapupytusauwu. Mpu-
MEep reHepauumn 1 MCnone3oBaHua agpeca NSAP npusegeH B n. 3.5.

BHyTpu oaHO 06nacTu HavanbHas 4acTb pomeHa IDP v agpec o6nactu AA (phvHoi B 10 6ainTos)
NOCTOAHHLI. TONbKO MAeHTnduxarop cucrems: SID (AnvHoM B 6 GaTOB) M3MEHAETCS OT y3na K y3ny B
ogHoih 06nacTu, HO ero pa3mMep OCTaeTCs NOCTOsHHLIM. Mone NSEL wmeeT anvHy B 0aMH OalT U NnpUHUMa-
€TCS NOCTORHHLIM W paBibiM 0.

3.4.1.3. CeTb Ethernet

Ecnu B Ka4yecTBe NOKanbHOM CeTU ncnonbayeTtca ceTb Ethernet,
TO Y3nbl B OBHOM CTaHUnMM MOTYT ObiTb COEAMHEHBI C NOMOLWLIO
kabeneir Ethernet. MakcuManoHoe 4Ccno y3nos ceTtu Ethernet,
KOTOpOE MOXET UMEeTb OAHA CTaHUMS (OAWH WK HECKONbLKO
y3/10B, UMEIOWMX OAHO GYHKUMOHANBHOE Ha3HadYeHue) cetn Ethernet xabens
SMN, orpaHuyeH0. 310 YMcno moxet OwiTh, Hanpumep, 15, uto ‘
orpaHuumneaer obuiee 4MCNO y3noB cetu SMN, noakmoYeHHbIX |
kK cetn Ethernet. O6pasylowmecs OTAENbHLIE “OCTPOBKAU” CEeTU
Ethernet moryT ObiTb COEAMHEHbI MOCTaAMW, NPUYEM Kaxaoe
TaKOe COEAVHEHWEe 3aLMTLIBAETCA KaK OAUH AONONHUTENLHbLIA
y3en cetn Ethernet.

Bce nogkniosenus kabeneii Kk naHenu pasbeMOB Myfb-
Tunnekcopos SDH (nonok 8 npegenax OAHOMA CTOMKK), npwu
obveanHennn Heckonbkux y3noe SMN kaGensmu Ethernet,
[omkHbl BbiTb CoenaHb A0 MHUUManu3auun cetu Ethernet tak,
KakK nokasaHo Ha puc.3-14, Ecnu Taxumn xe kabenamu coepun-
HAKOTCH CTONKMU, TO OONXKEH cOBNIoAaThCA TOT Xe NPUHLUMN CO-
enurienna. Mpu Hanuuwm pasHoro 4ucna (1 wnm 2) 6aoxos
ynpaenenns CU Ha nonkax Heob6xoaumo cneposath yKasaHu- Puc.3-14. Coeaunxenve Tpex
fIM PyKOBOACTBA NO YCTAHOBKE NONOK B CTOWKY KOHKPETHOro y3n08 (NONoOK) Ha CToiike
npoussoautens o6opynoBaHus. kabenem Ethernet
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3.4.2. Cnyxe6Hbie xaHanbl U BHELWLHWe uHTepdenchl

Kak yxe ynomuHanocs Buiwe (2.2.9), saronosxn SOH un POH ¢peitmva STM-N nmeloT poctaTtovHo 6onbluyio

PE3EPBHYI0 EMKOCTb, KOTOpas MoXeT ObiTb UCMoNb3oBaHa Ans GOPMUPOBAHWUA PasnUYHbIX CNyXebHbiX Ka-

Hanos. O6wuit 06bem 3aronoeka cocraensieT 90 (81+9) Gairr. Ucnons3osaHue kaxaoro Halita 3KBUBANEHTHO
. co3aanunio 64 k6ut/C kaHana. Bce ykasaHHole GalTbl MOTyT
SOH POH 6biTb pazneneHtl Ha Tpu Thna (puc.3-15):

—~ OaiiTbl, KOTOpLIE HE MOTMYT 3KCNYATUPOBATLCA NOML3OBA-
Tensmn SDH obBopynosaHus (ux 36, OHM 3aWTPUXOBaHbLI
Ha puc.3-15),

— BGaiTbl, KOTOpbIe CneuvanbHO npegHasHaYeHsl pns UC-
NONL30BaHUA B CNyXeOHbIX uenax unu Ans co3paHus
cnyxe6Hbix kaHanoB (Mx 16, OHM NOMe4YeHbl CUMBONIOM W
HOMEPOM, Hanpumep, E1); K HUM OTHOCATCA, Hanpumep,
kaHan DCCg (D1,D2,D3), umeiowmii ckopocTe 192 k6uT/c
ana  obcayxusaHus pereHepaTtopHbLIX Cekuuit, kaHan
DCCy (D4-D12) - 576 kbut/c pna 06CAYXUMBaAHUS MYIb-
TUNNEKCHBIX CEKLUWWA; KPOME 3TOro CylecTBYIOT ewe 4
6aiita - E1, E2 u F1, F2, 3apesepsupoBaHbie pns co3ga-
HUA YeThIpex kaHanos 64 kbut/c,

— BaiTbl K KOTOPbIM NONL30BAaTENb UMEET AOCTYMN, HO YH-
Puc.3-15. Baiitei SOH 1 POH n KUMW KOTOPLIX HE pernaMeHTUpoBaHbl CTaHAapTamu (MX
BO3MOXHOCTM UX UCTMONL30BAHUSA 38, OHU HUKaK He NOMEYEeHb).

NocnepgHve pBe rpynnel 6aitToB MoryT GbiTh CrPYNNUPO-
BaHb! ANA CO3[AAHWA CRyXeBHbIX KaHANOB U CKOMMYTUPOBaHbI

Ha BHELUHWE wHTepdERChl, K KOTOPLIM MOXET NOaKIio4aTecs nonb3osarens SDH o6GopyaosaHus. Yucno takmx

MHTEpdERCoB (a 3HAYUT U BAPWAHTOB IPYNNUPOBAHUA) 3aBUCWT OT npouasoauTtens obopyaosaHus. Hanpumep,

komnaxua Nokia B MynbTunnekcopax yposHs STM-1, 4 obecneunsaer 4/6 Takux uxtepdeiica (puc.3-16).

D7 D8 08
D10 D11 D12

p———————
_‘I BuiGpan npu koHdMrypaumm
L}~ xanana ynpasnenus
res
STM-N {occmid e (]
L
| o4
i DCC-R o—s |
!
5 L
= 4 OH2 {F J:i" <
+—{ons }— [1] (]
‘ 1
o ]
r
IC'rex 03|L
A” Ar A Al A
Uj| U U ujju
XH x| x X{] X
11123 516
1) Tonuxo asa uuTepdeiica V.11
moryT 6biTh coenuHenn ¢ Gnoxom
rubpuaunix gauunix DH
STM-N

Puc.3-16. Bo3MOXHan cxema KOMMYTauuy BHELHUX nHTepdencos
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Kak suaHo n3 puc.3-16 v onucarno B [115], 6nok BHEWHNX UHTEPdENCOB NO3BOMAET OCYLLECTBUTL
pag, BApUAHTOB rPyNNMpPOBaHNsS KaHaNos, a Takxke cneaylowme GyHKunn:

- nopknoueHne GpusnMHeckux MHTepdpeicos (Hanpumep, V.11 uan G.703) k soibpaHHbiM Haiitam 3a-

ronoeka ¢perima STM-N;

-~ [Be cheuvanbHble GYHKUMN C rubpugHbiM Habopom ganHbix DH 1, DH 2 pna aaHHbIX, B3ATLIX

13 n3bpaHHbix GanToB 3aronoska ¢pperima OH unu n3 puanyeckoro uHrepdeinca V.11,

— noaknoyenne cteka Qg Kk BoiBpaHHbIM Balitam 3aronoeka ¢ppeiima OH unu Kk BHewwHeMy duanye-

ckomy mHTepgescy (AUX-3).

Takas opraHu3auua BHEWHWUX uHTepdeicos u Hanuune rubpugHbix HAOOPOB QAHHBLIX NMO3BONSET C
nomowbio cetn SDH ocywectsnaTs ynpasneHne PDH 060pynoBaHvMeM, NOAKMNOYEHHBIM K MyNbTMNNEKCOpaMm
SDH ¢ nomoubio nHtepdeiicos V.11, ucnonb3ys kaHanb! ynpasneHusa 64 k6urt/c, chopMnpoBaHHbLIe Nonb-
3oBaTenemM Ha ocHoee GaiiToB 3aronoska ¢dpeitma OH. 3TO paeT BOSMOXHOCTL CO3AaBaTb Ha BGase eavHoN
ceTh ynpasneHus rubpuarsie PDH-SDH koMnnekcel, npoansas xu3He o6opyaosaHuio PDH.

Ucnons3oeaHue cteka Q; BMECTE C KaHanamu AaHHbIX Yepe3 AUX-3 no3sonsieT oCyliecTBuTL MapLupy-
TU3auMIo yNpaensioLein nHdopmaumum Yepes CeTs, KOTOpPas He MOXET HANPAMYI0 UCNONL30BaTh kaHansl ECC.

3.4.3. CuHxpoHmn3aauus ceteit SDH

MNpobnema cuHxpoHusauumn cetet SDH asnsetca yacTbio 06wen npobnemsbl CUHXPOHU3AUMK UNPPOBLIX Ce-
Tel, UCMONb3YILMX pPaHee NNe3nOXPOoHHYID nepapxuio. Obwme BONPOCH CUHXPOHU3AUUKW, ONUCAHHLIE B
pekomeHgauumn CCITT G.810 [116], akTyanbHbl Kak ANs NNe3VOXPOHHLIX, Tak U ANS CUHXPOHHLIX CETel.
OTCyTCTBME XOPOLLIEN CUHXPOHM3AUMU NPUBOAUT, HANpUMEpP, K OTHOCUTENbHOMY “NMpoCKanb3biBaHuio” umdpo-
BbIX NOCNEA0BATENLHOCTEN UK “cnunam” (slip) n BegeT K yBenu4eHuIo YpoBHS OLLMBOK CUHXPOHHBIX CeTei.

Uenb CUHXPOHU3ALMK - NONYYUTL HAUTYHLLIWA BO3MOXHbIA XPOHUPYIOLWA UCTOYHWUK MNW reHeparop ra-
KTOBbIX MMMYAIbCOB WUV TalWMep [NA BCEX Y3N0oB CeTu. AnA STOr0 HyXHO HE TONbKO UMETb BLICOKOTOYHBIN
XPOHUPYIOLLMIA UCTOHHUK, HO U HBAEXHYIO CUCTEMY Nepepayn CurHana CUHXpoOHU3aLmM Ha BCE Y3nbi CeTU.

Cuctema Takoro pacnpepenenus 6a3vpyeTca B HacTOsILLEEe BPEMS HA MepPapXU4ecKoi cxeme, 3aKmio-
YaIoLWENCa B CO3O0aHUW PAAa TOYEK, rOe HAaxXOAUTCS NMepPBUYHLIA 3TANOMHBIA reHeparop TakTOBbIX WUM-
nynbcos PRC (M3I), vnn nepsuyHbif Tasimep, CArHanbl KOTOPOro 3atem pacnpenensiiotca no cetu, cos-
[aBas BTOPUYHLIE UCTOYHUKW - BTOPHYHBIA VNV BEAOMbIA 3TANOHHBIA reHeparop TakTOBbIX UMNYNbCOB
SRC (B3r), nnn Bropuynbii Tadimep, peanusyemsiii nnbo B suae TasimMepa TPaH3UTHOro yana TNC, nu-
60 raiimepa nokansHoro (MectHoro) yana LNC. MNepeuyHuiid TaliMep obObi4HO NpeacTaensietr coboit xpo-
HUPYIOWWA aTOMHBIR MCTOYHUK TakTOBbIX WUMMYNbCOB (Le3ueBblie vnu pyGuaneBnle 4Hacbi) C TOYHOCTLIO HE
xyxe 10", On 06biMHO KanMBPYETCs BPYYHYIO WM ABTOMATMNECKM NO CUrHANAM MHMPOBOIr0 CKOOPANHM-
posanHoro spemexn UTC [117]. 3K curHans! 3artem pacrnpoCTPaHsIOTCA NO HA3€MHbIM NIMHUAM CBR3U
A9 peanu3auumn Toro UM UHOrO MeToAa CUHXPOHU3aUUK.

3.4.3.1. MeToabl CUHXPOHU3ALUU

CywiecTeyioT ABa OCHOBHbLIX MEeTOAa Y3NOBON CUHXPOHM3aumK [116]: nepapxuyeckuini MeTon, NPUHYAHTENb-
HO/ CHUHXpOHM3aLMM C NapaMu BeAyLHA-BEAOMbBIA TaiMepbl U HEUEPAPXUYECKUIA METOn B3auMHOMH
cuHxporm3saymmu. 062 meTona MOryT UCNONL30BATLCS OTAENBHO M B KOMOMHAUMK, OAHAKO, KaK NOKa3biBaeT
NPaKTMUKa WUPOKO UCNOMb3YETCH TONBKO NEPBLIA METOA.

BHenpeHue cerein SDH, ncnonb3ayiowmx Hapsay C NPMBLIMHOMA TONONOMMeR “TOYKa-TO4YKA", KONLLIERYIO U
AYEUCTYIO TONONOrUM, NPUBHECNO OOMONHUTENBHYIO CNOXHOCTb B pelieHue npo6nemM CUHXPOHU3ALMKM, TaK Kak
Ans asyx NOCNeQHUX TOMONOIMIA MapLUPYTLI CUFHANOB MOTYT MEHATLCH B NPOUECCe GYHKUMOHUPOBAHWUA CeTel.

Kak 6bino ykasaso B n.2.7.2, a TaKke paccMoTpeHo B [29], cetn SDH uMeIoT Heckoneko aybanpyio-
LLUMX UCTOYHUKOB CUHXPOHU3ALMN;

— CWrHan BHEWHero CEeTeBoro TaMepa, UK NEPBUHHLIA 3TaNOHHLIA Taiimep PRC, onpepenseMsblii 8

pekomenaaumm ITU-T G.811 [118], curnan ¢ yactotoi 2048 klu;

~ curHan ¢ TpubHoro uHTepdeiica kaHana QocTyna, aHanor Taimepa TpaHautHoro ysna TNC, onpe-

AensemMbliin B pekoMeHpaumn ITU-T G.812 [119], curHan ¢ vactoToi 2048 klu, Bupensembil U3
nepsu4HOro notoka 2048 kbur/c;

— CUrHan BHYTPEHHEro tanmepa, unu Tanmepa nokanoHoOro yana LNC, onpeaensiemolit B pekoMeHaa-

uum ITU-T G.812 [119], curnan 2048 xT'y;

— nuHeHbl curHan STM-N, vnn auHeldHbii TaliMmep, cyrHan 2048 kU, BbiaenseMbiii U3 NUHENHOTO

curdana 155.520 M6ut/c nnm 4n x 155.520 M6ut/c.

Yumtbigas, 4to Tpubul 2 MOBuT/Cc 0TOBpPAXANTCA B BUPTYaIbHLIE KOHTEWHEpL! ¥ MOMYT NNaBaTb B pam-
Kax CTPYKTYpbl BAOXEHHbLIX KOHTENHEPOEB, UCMONbL3YIOLWMUX YKA3aTeNnu, Ux CUrHabl BOMKHbI BbITb UCKITIOHEHDI
U3 CxeMbl CUHXpOHM3aumn SDH ceTu. TO4HOCTL CUrHanoB BHYTPEHHEro Taimepa nopaaka 1-5x10°6 - mana,
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YYUTLIBAA BO3MOXHOCTb HAKanImeauus oWnBKM B NPOLECCE Tak HA3bIBAEMOro “KackaanposaHus CUrHanoB
TaliMepos”, koraa y3en CeTW BOCCTaHaBMMBAET CUrHan Tanmepa no NPUHATOMY CUrHany u nepepaeT ero
cnepyloweMy y3ny. B aTom cMmbicne Havbonee HapexXHbIMU MCTOHHUKAMU CMHXPOHU3ALMKA ABNAIOTCA CUrHAN
BHELWIHEro CETEBOro TaiMepa M NMHERHbI curHan STM-N.

LlenocTHOCTb CUHXpOHU3auun cet PDH 6a3aupoBanack Ha UCNOb30BAHUK MEPAPXMYECKON NpUHYyau-
TeNbHOM CUHXPOHM3AUMKU (BEOOMbIA/BEAyLLMiA Tailmepst). B Heil npoxoxaeHue curHanoB TakMepoB 4epes
yanul cetn Bbino npo3pavHbiM. B cetn SDH, BoccTaHasnusaowei B K&KAOM y3ne curHan tanmepa u3 nu-
HeMHoro curHana STM-N, Takasa npo3pavyHOCTb TepsieTcs. B 31Ol cuTyauun LEnoCTHOCTL CUHXPOHU3ALUMK
cetn SDH nyJywe noaaepxkveaeTca NpU UCNONLIOBAHWUKW pacnpeaeneHHbLIX AePBHUYHbIX STATOHHbIX HCTOY-
wmkoB PRS, 4TO nossonsieT ycTpaHuTb 3ddekTbl “kackaauposaHvsa CUrHanos Taimepos” [117]. Metod
pacnpeaenexHbix PRS onucan B ctaHpapte Bellcore GR-2830-CORE [120].

3.4.3.2. Pexumbl paboThl ¥ Ka4eCTBO XPOHUPYIOLWEro UCTOYHMKA

MNpenycMaTtpueaeTcs YeTbipe CTaHAAPTHLIX peXuma paboTbl XPOHUPYIOWMX UCTOYHUKOB Y3/I0B CUHXPOHWU3a-
umm:
a) pexum nepeMYHOro 3ranoHHoro raiimepa PRC vnu redeparopa N3l (macrtep yaen);
6) pexum npuHYQNTENIbHOW CHMHXPOHM3aUNM - PEXUM BEAOMOro sanalou.tero Taiimepa SRC wnu re-
HepaTopa B3I (TPaH3UTHbIA U/MN MECTHBLIA y3ibl);
B) pexuM yaepXaHus C TOHHOCTbIO yaepxanua 5x10°10 gns TpaHavTHoro yana u 1x10°8 ana MecTHoro
yana u cytoqHbiM apelidom 1x10°9 u 2x10-8 cooTserctaenHo [160].
r) cBoGogHbIA pexum (AnS TPaH3UTHOTO U MECTHOrO y3noB) - TOYHOCTb NOAREPXKAHWSA 3aBUGUT OT
Knacca ucTouHuKa u Moxet coctasnate 1x10°8 ana tpanautHoro n 1x10°6 ana mectHoro yanos [160].
Opranunzaumu ITU-T n ETSI npeanoxuny ucnonb3oBaTe NOHATUE YPOBEHb Ka4YeCcTBa XpoHUpylouje-
ro MCTOYHMKA. JTOT ypoBeHb MOXeT ObiTb nepesaH B BUOE COOBGLUEHHS O CTaTtyce CHHXPOHNW3aUNN
SSM uyepes 3aronosok ¢peitma STM-N gns 4ero ucnonwayiotrcd OuTel 5-8 Gaitta CUHXpOHW3aUWMK
(HanpuMmep, S1), nnu NOCNeNOBaTENbHOCTLIO pe3epeHbiX BuT B ¢peiime E1 2 MOut/c. B 3TOM cnyyae npu
cboe B ceTH, nosnekwemM 3aWUTHOE NEpPEKioYeHe, CETEBON INEMEHT MMEET BO3MOXHOCTL NOcnNaTe Co06-
WweHne Taiimepy 0 HeoBxo0oMMOCTU MCNONB30BATL CUMHANM CUHXPOHU3aUUKM, BOCCTAHOBMEHHLIA U3 anbTepHa-
TUBHOIO MapLUpyTa.

CoBpeMeHHbIE CUCTEMBI YNPABNEeHUR] CETbI0 MOTYT MCNONL30BATh A0 LIECTM YPOBHEW KadecTtsa Xpo-
HUpyowero ucrouHunka (tabnuuy 3-4).

TaGnuua 3-4.
Bo3MOXHEIE YPOBHU Ka4ecTBa XPOHUPYIOLWEro UCTOYHUKA

Cumeon YpOBEHb Ka4ECTBA XPOHUPYIOLLEro UCTOYHUKA
PRC nnu G.811 NepsuruHbIA aTanoHHLIA Taimep PRC, CCITT G.811 [118]
Unknown YpoBeHb ka4yecTBa Hen3BecTeH

TNC vnun G.812T | Taitmep TpaHauTHoro yana TNC, CCITT G.812 [119]
LNC nm G.812L TaimMep nokanbHoro yana LNC, CCITT G.812 [119]
SETS Taimep co6CTBEHHO yana SDH, vHUuMMpoBaHHbIi nuHeRHsiM STM-N curHanom

Don’t use He ncnonbayetca ans uenein CUHXpPOHU3aLMU

AtTectaums Tvna “ypoBeHb KayeCTBa HEeWU3BECTEeH” 03HAYaEeT, YTO CUrHaN XPOHMPYIOLEr0 UCTOYHMKA
nonyyeH co craporc o6opynosaHus SDH, Ha KOTOPOM He peanu3osaH CEPBUC COOBLIEHWI O CTaTyce CUHX-
poHuzauuu. CooblieHue “He MCnonb3yeTcs ANS ueneil CUHXPOHU3ALMU” MOXET NPUATH oT 6n0Ka, Yel WH-
tepdenc STM-N ucnonsayeTcs B AaHHLI MOMEHT ANA USNeIt CUHXPOHN3aLUU.

3.4.3.3. Ucnonb3oBaHne MMPOBOra CKOOPAWHVUPOBAHHOIO BpEeMeHU

Cpean xpoHMPYIOWMX UCTOYHWKOB HaWbonee YHUBEPCAILHLIM U TOYHLIM SIBNSIETCR MMPOBOE CKOOPAMHMN-
posannoe spems UTC. [ins ero TpaHCnsiMm ncnonb3ylotca cnyTHukoBble cuctembl LORAN-C v rno6ans-
Has cucrema nosmuymonmposanus GPS. TpaguumoHHbie cuctemer npuema UTC TpebyloT 3HaunTenbHbIx
3aTpat 1 UCNoNL3YIOTCH Kak NPaBuA0 B UEHTPaxX CryTHUKOBOW CBA3W. OAHAKO B CBA3U C LUMPOKUM passnTn-
em GPS 6uina paspaboTtana ankTepHaTMBA NEPBUYHLIM ITANOHHBIM UCTOYHMKAM PRS - TexHONOrvs s10Kasib-
HbIX NEePBHYHBLIX 9TAnOHOB LPR, ocHOBaHHAA Ha ucnonb3osaHuu UTC ans noaCTpOMKY 4acToTel. MHorve
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TenedOHHbLIE KOMMAaHUK UCTIONBL3YIOT ATY TEXHONOrMI0 B MecTax passepTtoisanus GPS ana cospaHus anstep-
HaTuBbl TaliMepam knacca TNC Ha TpaH3uTHbIX yanax. Ha Takux y3nax B KayecTse Taimepos TNC yctanas-
NUBADTCA ynyylueHHble pybuauessie Yacsl. B kom6uHaumm ¢ TexHonornen LPR ucnonsaosaHue CUHXPOHU3A-
umn o1 UTC nossonseT nosydaTb OKAIbHLIE NEPBUYHBIE 3TANOHLI CYLLECTBEHHO Nepekpbisalowme Tpebosaxua
no ToyHocTM 10-11, ycraHasnueaembie ctaHaaptamu {TU-T v ETS! ans nepenuHbiX STANOHHBIX TaiMepos.

Co3gaHne cuctembl pacnpeneneHHbIX NEPBUYHBLIX 3TANOHHLIX XPOHUPYIOUMX UCTOMHUKOB HE TONbLKO
NO3BONAET YBEJIMYMTb HAAEXHOCTb CUHXPOHM3auuu ceteit SDH, HO n ycTpaHseT (Nnpu MCNONb30BAHUWN CO-
ofLleHunid 0 cTaTyce CUHXPOHU3ALUWW) BOSMOXHOCTU HaPYLUEHUR CUHXPOHWU3ALUMW NPY OCYLIECTBAEHUM 3a-
LWMTHOro nepexsioveHus B Konbiie SDH nnau auenctoin cetn SDH.

3.4.3.4. MNpumep cuHxpoHusauumn Konbuesoit cetn SDH

OcHoBHbIM TpeGoBaHMeM Npy GOPMUPOBAHNU CETU CHMHXPOHN3ALMN ABNSIETCA HANM4Me OCHOBHLIX U pesep-
BHbIX NYTEA PacnpOCTPAHEHUN CUrHaNa CUHXpOHU3auuu. OgHako, ¥ B TOM ¥ B APYrOM CAy4ae AONXKHbI
CTPOro BbIAEPXUBATLCA TONONOMUA WEPaPXMYECKOro Aepesa W OTCYTCTBOBATh 3AMKHYTbIe NETNN CUHXPOHW-

3aumun. M TpeboBaHnem
Y Apy pe Cxema cURXPOHKIAUUW

ABAAETCA HAMMME BNMBTEPHA-  nou'vopmanionm Mepawsnit avanommi
TUBHBIX XDOHUDYIOWMX WCTOU-  GyMKLMONMPOSaNMM resopatop (PRC)

HUKOB. WpeanbHas CcuUTyauus,

KOrpa anLTepHaTMBHLIE UCTON- oA

HUKM NPOPaHXWUpOBaHbl B COO- USSP Sy i fidic 2

TBETCTBMU C UX TMPUOPUTETOM / (——¢ - *ﬂ\

W CTATyCOM. ‘ ]

Mpu axkypatHoM &oOp- “"3{;‘;;3""‘: |
MWPOBAHWUN CETEBON CUHXPO- i @ _8 @ p
HU3AUMNM  MOXHO mn3bexaTb R O | B
BOSHNKHOBEHUS  3aMKHYTbIX } :
neTenb CUHXPOHU3AUMW KaK B B e —
KONbUEBbIX, TAK ¥ B SAYEUCTLIX i ) " 308am
ceTax. Mcnonb3osanue CO0G- l l
WeHnit 0 cTatyce CUHXPOHWU- \k (Iforrsrssnrsntisnines C-rnc' /
3auMM no3sonseT B  CBOIO N p— ——
o4epeab MOBLICUTL  HAAEX- r———— a
HOCTb GYHKLUNOHMPOBAHNA
ceTel CuHXpoHuM3auwu. Ha
puc.3-17 npusegeHa cxema g;:':"o::gl’::::u“"

CUHXPOHM3ALMN  KONbLEBOMN ""::::';::‘o:*:::g;""“

cet SDH, roe BepxHas cxema

COOTBETCTBYET HOPMASILHOMY o A
bYHKUMOHUPOBAHMIO CeTH, a [N D vl ppg

HUXHAA - C6O0I0, BbI3BAHHOMY 7~ - == ———
pa3pbieoM kabena mexay y3- ( ‘PRC N
namu B v C. [115]. He wenone-§ r mmnwb_\

Cxema MCnonb3yeT CTa- sosan ;@ sosan | 0
BLIMIA KNACCH4ECKUM Mepap- woirsarefergoranne I
XM4ECKWIA  METOA,  NpUHYAW- | I T ' !
TenbHON CUHXPOHWU3aLUNK, Lt h
OavH u3 yanos (yaen A) Has- : :"’“’7 @ | ere
HauaeTCs  BeAywMM (M ‘ Obpue '
MacTep-yanoM) W Ha Hero k-"'“" C we ncnons- A
nopaeTcs CUrHan CUHXPOHU- \\ AR S ... N j

3aumn ot BHewHero PRC. Ot < prel
3TOro y3na QCHOBHaA CUHXPO-

Hu3auus (”CTOHHMK nepeoro Hcnosuayeman (OCHOBHAN) CXEMA CHHXPOHUIALWN o
NPUOPMTETA) PACNPEACNABTCH ammeme Ho MCNOARIYEMEN (PEIEPRHAR) CXEME CHHXPOHNIAUMH m} MpuopureTs:

B HanpaeneHuM NPOTWB 4aco- vonomacesn | ¢
- L} Gule
BOW CTpenkm, T.€. K y3nam B,  pne omxporusmn T

C v D. CwuHxpoHusaums no .

PE3EPBHON BETBM  (MCTOMHUK Puc.3-17. Cxema cuHxpoHmnsaumm konbuesoi cetm SDH

BTOPOro nNpuoputeTa) pacnpenenseTca No 4acosoi crpenke, T.e. k y3nam D, C u B. HavanbHoe pacnpepe-
NEHVE XPORUPYIOLUMX MCTOYHUKOB MO Y3N1am CBegeHo B Tadnuuy 3-4.
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Tabnuua 3-4.

PacnpeneneHne NCTOYHNKOB CUHXPOHM3ALUMKU KONbUEBOW CeTn

Y3en MCTOMHMK NepBOro npuopuTeTa UCTO4HUK BTOPOro npuopureta
Yaen A BHewHnit 2 My PRC He npepycMmoTpeH
Ysen B NuHeinsit curHan STM-N ot y3na A NuHeiHblida curdan STM-N ot yana C
Y3en C NuHeitnbiid curHan STM-N or y3na B NuneiHbin curian STM-N ot yana D
Ysen D JNlureinbid curian STM-N ot yana C NuneitHblid curdan STM-N ot yana A

Mpu pa3peiee kaGens mexay yanamu B u C ysen C, He nony4aa curdHana CMHxpoHW3auum ot yana B,
NepexoauT 8 peXHM YAEePXaHM CUHXPOHU3auMK 1 noceinaeT yany D coobuwenuwe o ctatyce SETS ypoBHs
KayecTBa CuHxpoxusauun. Yaen D, nonyuus coobuwiesns 06 ypoeHe kavecTsa CuHxpoHusaumn ot A u C u
BuibpaB nyywuia (o1 A), noceinaet yany C coobuenune “PRC” smecto “Don’t use”. Ysen C, nonyuus 310 co-
obwenne ot yana D, USMEHRET UCTOYHUK CUHXPOHU3auumn Ha “PRC” oT D.

3.4.3.5. Npumep cuHxpoHusauum syencTon cetn SDH

PaccMOTpUM CxeMy CMHXPOHM3aLumn B adencToin cetn SDH. OavH 13 npumepos GopMMpoBaHUa Leneit CuH-
XPOHM3auuK B Takoii cety npusegseH Ha puc.3-18 [115]. Cetb uMeeT 12 y3noB 1 HECNOXHYIO TPAHCNOPTHYIO
TONONOrMIO 3B8€3Ab!, BKIOYAIOWYIO HECKONLKO IMHEMHLIX YHACTKOB, CBA3AHHBIX 4€Pe3 y3nbl KOHUEHTPATOPOB.

NepaniHpil 3TANOHHLIA
rewepaTtop (PRC)

[ﬂ Ocnoanan

easrasiansrnananiss ITTTT TP ST TR

MacTtep X
.4
7/ 1]

cerversiT N e

Uens X
ol
Faeasrtatonnanitonee Josssensuratuensncne m';"""""'"ll“'
m
Macrep C&D
:E- Uens Y : :
Ji1) 1 o : 1 U]
@
b =t
1 @ Uens Z o
| |
| i
L IRENES N
@
Macrep @
Ugns W Lens X tens Y Uens 2

(OCHORNAR) CXEMB CUHXPORKIBUNN

g} Npwopnrorm

He

(pesepanan) CUNXPOBKIBUNN

Puc.3-18. Cxema CMHXPOHU3aUMN suenucTon cetn SDH

Ona obneruenna 3agaym nocTpo-
€HUSI CeTHU CUHXPOHU3auMKn Cxema pas-
fuBaeTCa Ha HEGCKONLKO Leneit CUHXPo-
HU3aUUKW, YYUTbIBAA NpU 3TOM 0CcoBeH-
HOCTU TOMNONOrMKW MUCXOOHOW TpaHcnop-
THOW ceTu. MNonyyerHole uenn: W, X, Y,
Z - nokasaHbl 8 HWXHel 4acTu puc.3-
18. Unudpammn 1 1 2 Ha 3TOM pUCYHKe
noKasaHel PUOPUTETH B MCMONL30BA-
HUW CUrHANOB CUHXPOHU3auuMu. CnnoLw-
HOW NUHWEA NOKa3aHbl OCHOBHLIE KaHa-
Nbl CUHXPOHU3AUMK, NYHKTUPOM - pe-
3epBHLIE KaHankl CUHXPOHU3aumMm. Mac-
TEP-y3Nbl 3aLTPUXOBAHbI.

Ana pacnpepeneHus CHUHXPOHU-
3auun UCNoNbL3YeTCsi Ta Xe nepapxuye-
ckas cxema. Kaxpas uenb CUHXPOHW3a-
UMM MOXeT ObiTb oGecnedeHa OaHUM
Win  OBYMA y3namu, NONyHqaloLwnumu
CUHXPOHU3AUMIO OT BHELUHWX WMCTOMHU-
ko (PRC). 9T1 yanbl Ha3biBalOT Mac-
Tep-y3namu. Uctounmnk PRC, pacnono-
XKEHHLIA Ha OCHOBHOM CTaHUMK, ABNSIET-
ca BHewHuM PRC, OT koTOpOro nony-
YaIOT CUHXPOHM3ALMIO ABa MacTep-y3na
Wwu Xueneia Wu X. Uenu Y n Z umeior
obwmnin  mactep-ysen C&D, koTtopbiii
nony4aeT CcurHan CUHXpOHW3auun OoT
nocnepHero y3na uenu X. Cyte npen-
NOXEHHOr0 PELEHUA COCTOMT B opra-
HA3aUMW aNbTePHATUBHOIO NyTH nepe-
Ja4n curHana CUHXPOHU3aUMKU B Kax-
nov uenn. Mpobnemsl MOryT BO3HUK-
HYTb TOMBKO MPW HU3KOWN HAOAEXHOCTW
cBA3u, obecnevmBaloWweil CUHXPOHU3A-
umio mactep-yany C&D. B 3TOM CMbIC--
ne pns 3Toro Macrep-ysna Noru4Ho
UCNONbL30BaTh AOKANbHLIA NEePBUUHbIR
3Tanod LPR.
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3.4.4. dnemeHT-MeHeKep

dnemeHT-meneaxep EM - 370 npuknagHoi nporpaMmHsIii NpoaykT, paspadaTeiBaemblit Npon3BoanTens-
mu obopynosanuua SDH anst ynpasneHus U MOHWTOPUHra oTaefibHbiX 3neMeHToB cet SDH. Ero takke Ha-
3blBAIOT Y3/10BbIM MeHemkepomM NM, Tak kak dakTuiecku OH ynpasnsieT y3noMm cetu SDH, kOTOpbiit MO-
XeT cofepXaTb HeCKONbKO aneMeHTos SDH. dnemeHT-MeHepxep MoxeT ObiTb UCNONL30BAH ANs ynpasne-
HUA HE TONbKO NOKaNbHLIMKU, HO U yAANEeHHbIMK y3namu ceTn. OH MoxeT BbiTh Takke NCNONL30BaH B none-
8bIX YCNOBUAX AN PEMOHTHLIX paboT v MHCTANASIUMKN HOBLIX Y3N0B, a TaKXe AR KOHTPONS 3a (YHKUMOHK-
poBaHWEM Y30B.

SnemMeHT-MeHeaxepbl MOryT ObiTb peann3oBaHbl Ha PasnUYHLIX KOMMLIOTEPHLIX NnaTtdopMax B TOM
yncne u Ha IBM PC cOBMECTUMbIX KOMNbLIOTEPAX NOA, YNPaBNeHUEM Pa3nuyHbIX ONEPALMOHHEIX CUCTEM, HA-
npumep, Windows, Windows 95, Windows NT. Undopmaumna, nonydaemas B npouecce paboTbl anemMeHT-
MeHeaXepa, MOXeT XpaHuTeCs B ¢aine uwnu B 6ase AaHHLIX, UCNONL3YEMOit MeHeaxepom cetu SDH.
OcHosHOe okHO EM, kpome craHaapTHbIX gns OKOHHLIX uHTepdeicos onuuid - Options, Window, Help,
COAEPXUT No KpaWHen Mepe cneayowme onuuu: Node - ona paboTtel ¢ y3noM Mnu anemMeHToMm cetu, Data
- ans otoBpaxeHus XpaHaweincs uidbopmaunn, Monitor - ona MOHUTOPUHIA COOBLLEHWIA O BO3HUKHOBEHUN
aBapuiiHeix cutyaumii u paboqmx xapakrepucTuk obopynosaHna u Configure - pNnsi VHCTANNALMU HOBbIX
Y3M0B U U3MEHEHWS KOHPpUrypaumn yanos.

Ha puc.3-19 nokasaH, Ha npumepe NM xomnanun Nokia [121], Bua OCHOBHOIrO OKHA MPUAOXEHWUA
EM, Ha kOoTOpoM OTOoBpakeHsl 4Ba OPYrUX OKHA:

— OKHO C MOAKoi 06opyaosaHus, rae BuaHst 19 CNOTOB C YCTaHOBNEHHLIMW D)1 AaHHOW KOHKPETHOM

KOHdUrypauum yana CMeHHbiMu Hiokamm,
— OKHO TEKYUIMX COOBWEHVA O BO3HUKHOBEHUWN aBAaPUNHLIX CUTyaumii, raoe oTtobpaxaeTca CTeneHs ux
CEpPLe3HOCTU, UX TUN U APYIve AeTanu.

SYNFONET Node Managet @ Cambridge @Mandatane RA4Q

OkHO OOKYMeHTOB

Mur  Comme  Loes Ol Signal SET FLS2R
Comma  Lots DI Signd SET P S1R
Equp Free AnSETS

OKHOG NpnnoXeHUiA

OxkHo pacnonoxeHus
6nokos Ha nonke -

MNMuKTorpaMma okHa
[OKYMEHTOB

Puc.3-19. Bua, OCHOBHOrO OKHa NPUNOXEHUA 3neMeHT-meHemxepa

O6lme 3apayn, BbINONHEMbLIE 3NEMEHT-MEHEMXEPOM, AOCTATOYHO MOJIHO OnNUCaHbl B pasaene 3.1,
NO3TOMY 37eCb Mbl KPaTkO OCTEHOBMMCS TONBLKO HA HEKOTOPbLIX NPaKTUHYECKWX acrektax BbiNONHEeHWN Hau-
6onee BaxHbIX M3 3TUX 3a0ay: YNPaBAEHUS CUHXPOHW3AUMER, KORPUIYPUPOBAHUS KPOCC-COEAUHEHWA, MO-
HATOPUHra coobLueHUiA 0 BO3HMKHOBEHUN aBapuiiHbIX CUTyaumin U pabounx xapakTepucTuk.

YnpaeneHue CMHXpOHU3aUuuei

KoHpurypaums CeTr CUHXPOHM3AuUMKM KaxZoro yana pgonxHa ObiTb pa3pabotaHa B COOTBETCTBMM C
MNJaHOM CUHXPOHM3aLMU CeTM B uenoM kak O6bino onucaHo Bobilwe. B COOTBETCTBMU C HUM C NOMOLWLbIO
aneMeHT-meHeoXepa (Unu y3noBOro MeHeaxepa) OCYLLEeCTBAKIOTCS CNeayiowme HavanbHbie YCTaHOBKW:

— YCTaHaBNUBAIKOTCA MCTOYHWUKK, KOTOPLIE MOryT GbiTb UCMO/IL30BaHbl B KAHECTBE 3TANOHHLIX;

— YCTaHaBNMBAIOTCA NPUOPUTETLI B BLIBOPE 3TANOHHbLIX UCTOYHUKOB;

— YCTaHaBNMBAIOTCA YPOBHU KAyeCTBa NepenasBaembiX CurHanoB 2 MOWT/C v COOTBETCTBYIOWMX UM

CWUIrHaNOB CUMHXPOHU3aLMK YacToTon 2 Miy;

116



- ana xaxporo wHtepdeica STM-N sbifupaetca nmbo GUKCUPOBAHHLIA YPOBEHb KadyecTea, nvbo
BO3MOXHOCTb UCNONB30BaKKA COOBLEHU O CTaTyce CUHXPOHMU3auun SSM;

— BbIGMpaeTCs curHan TaiMepa, KOTOphI NOCLINAETCH C BHELIHEro UHTepdenca.

Tak kaK curHanst 2 M6uT/C U BXOAHLIE CUrHanbl CUHXpOHK3auun 2 My He HecyT coobuieruii SSM,
onepaTop MOXET YCTAHOBUTb UM Xenaemblii ypoBeHb kKadecTsa (C nomowbio EM) snnote o PRC, ecnn
8X0AHON curHan 2 My Bbin B3AT OT NCTOYHUKA BLICOKOrO Knacca.

EM MOXeT ucnonb3osate TpU pexnma paboTbl CUCTEMbI CUHXPOHU3AUMUK,

— PeXHM MCroNb30BaHUA CITACKa NPHOPHUTETOB AN BbiGOpa HaUnNydLero BO3MOXHOIO MCTOYHU-

Ka CUHXPOHM3aLMK B KA4YECTBE ITANOHHOrO U3 cnucka, cGopMUPOBAHHOro B COOTBETCTBUM C NpU-
opuTeramu;

~ pexuMm pyyHOro Bsi60pa MCTOYHHUKA CMHXPOHU3ALNM,

— PexuM yAepXaHus CUHXPDOHH3ALMNM.

O6pazey akpaHa EM, oTo6paXaIoWEro pexwm CUHXPOHU3aLMK, Nnokasan Ha puc.3-20 [121].

Ext52 2MHz G B12L

M3 UISTM-4 G B12T SSM
Intemnat SETS
[loc

CUHXPOHU3aLNY B
nopsigke npuopuTeTa

BO3MOXHLI® UCTOYHUKU
CUHXPOHU3aLWI

Puc.3-20. Bug akpaHa EM, 0To6paxalowero pexmm CUHXpoHM3aumm

Ha skpaHe noka3aH pexwm WCroNbL30BaHWS CMMCKA NPUOPUTETOB M BUAHLI 1BA OKHA: OAHO CO CIWUC-
KOM MPUOPUTETOB UCTOYHUKOB, APYrO€ CO CMUCKOM BO3MOXHLIX MCTOMHWKOB, fle yKasaHbl UMEHa WCTOYHU-
KOB, YPOBHM X KauecTBa W AOCTYNHOCTb B A@HHLIA MOMEHT. Ha aKpaHe Takxe eCTb NaHenu pexvmoB U
cTaTyca UCTOYHYUKA.

Kondurypuposanue Kpocc-coeanHeHni

MynbTynnekcopsl BBOAA/BbIBOAA W BGNOKM KPOCC-KOMMYTaUUU CNOCOGHLI OCYLECTBASTL KpPOCC-
COEAMHEHMA Ha YPOBHE PasfinyHbIX BUPTyanbHbIX KOHTENHEPOB B 3aBUCUMOCTM OT Tuna obopynosaHus SDH
u ero npoussogutens. OgHako, ecny Kpocc-coeanHeHne Ha ypoeHe VC-3 1 VC-2 (Tpub 6 MbBuT/c) aenaiot
TONLKO HEKOTOpbie npou3soauTeny, a ang VC-2, kak npasvuno, no 3anpocy NonbL30BaTens, TO Ha YPOBHE
VC-4 v VC-12 (pns esponeitckux notpebuTeneit) kpoCC-COeanHEHNe peann3aoBaHo NPaKkTUHEcKU Ha niobom
TUNE Takoro 06opynoBaHus. PexuM Takoro COeiMHEHUS - gBYHanpasneHHbIN.

KoHdurypnpoBaHue KpocG-COeanHeHniA MoxeT ObiTb OCYLLECTBIEHO 3NIEMEHT-MEHeIKepoM Nno cne-
unanbHoil Tabamnye kpocc-coegnHenni, GopMpyeMoit B npouecce KoHPUrypupoBsaxus yana.

MOHMTOPMHI aBapuiiHbIX co06LeHnA 1 paGovux XapaKTrepucTUK

Coobuienua 06 asapuitHbix CWTyaumax MOryT OTODOpaxaTeCs Kak annaparHbiMM - CpeacTBamu
(Hanpumep, ceBeTOAMOAHLIMU nHAukaTopamu (LED)), Tak ¥ NporpaMMHbLIM NyTeM Ha 3kpaHe aucnnes EM.
Mpun 3TOM Ha 3KpaHe MOXeT 0TobpaxaTbes:
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— WCTOMHWUK aBPUIHOTrO COOBLLEHUS,

— CTeneHs Cepbe3HOCTM WK CTaTyc NpobneMb! (MyTeM UCNONb30BaHWUS Pa3NU4HLIX LBETOB Y UHAMKATOPA),

— CMUCOK aBapyiHbLIX COOBLLEHWA, OTHOCSLMXCA K NAHHOMY Y31y,

— CNUCOK aBapuitHblx COOBLLEHUA, OTHOCALUMXCSA K AaHHOMY Bnoky,

— XypHan cobbiTuit, 0TOBpaKaIOWMA CNMCOK BCEX aBapuitHbiX COOBWEHWUM, CRYYMBLUKMXCA 3a onpeae-

NEeHHbIA Nepuoa BPeMeHU, B TOM HYUCNE w Tex, 4T0 Obinn yaaneHsb!.

UseT uHaMkaTopa asapuiiHoro coobWeHNs MK coobLLeHs O BO3HMKHOBEHUW aBapuiiHoro coobie-
HUS MOXET ObiTb PasnVMYHbIA, HaNPUMepP: KPaCHLIA, XenTbii U 6enbiit - B 3aBUCUMOCTM OT CTENEHW CepbLes-
HOCTU NpOGNEMbl, OTPAXaeMOW MHOMKATOPOM wunu cooblueHneM: KpacHsi - Hanbonee cepbesHas npob-
nema, Tpebylowas akTUBHbLIX ASNCTBUIA, HaNpUMep, pe3epBHOro NEpPeKNioueHUn, XeATsIN - npeaynpexae-
HME O BO3MOXHOM KPWUTUYECKOM 3HaveHwn napametpa, 6enssi - Bce B nopsigke. UHoraa asapuiHbie Co-
obuwienns pa3buBaloTCA Ha Ase rpynnbl A-cooblieHus u B-coobwenuns, rae A-COOBLIEHUA IKBWUBANEHTHLI
KPUTUHECKMM WAWN FNaBHLIM, @ B-coo6wieHnsa - BTOPOCTENEHHLIM MO CTENeHn Cepbe3HOCTU MOCNeACTBUNA.
Kpome A- v B-coobuieHuin MOryT Mcnonb3osaTbcs M D-cooblieHuns, curHanusupyioime o6 oTkmoveHun A-
1 B-coobLieHnit onpeaeneHHon rpynnbi.

Y10 KacaeTcs MOHUTOPUHIa pabouux xapakTepucTuk 6NOKOB, TO peXxMM MOHUTOpUHra (Hanpumep, 15
MUHYTHBIE UK 24 4acOBbie MHTEPBaIbl) MOXET ObiTh yCTaHOoBneH ¢ nomowbio EM. Coorsercrsyowpye pe-
3yNnsbTaThi MOHUTOPMHIA COXPAHAIOTCA TaK, Kak Gbino onucaHo suiwe. B tabnuue 3-5 nokaaaHbl TUNbI OWK-
60K, duKCMpyeMbix npyu MoHuTopuHre - ES, SES, BE, UAS, 1 Tunbi GyHKUMOHANbHBIX GNOKOB, ANS KOTOPLIX
oHu sBbumucnaTea - RST, MST, HPT, LPT, EPPI.

Ta6nuua 3-5.
Tunbl ownBOK, PUKCUPYEMBIX NMPU MOHUTOPUHIE
Tunot owmboK
ES SES BE UAS
DYHKLMOHANL-
Heie 6nokn
RST + + + +
MST + + + +
HPT + + + +
LPT + + + +
EPPI 2M (bsmm) + + + +
EPPI 2M (amm) + + +
EPPI 140M (amm) + + ¥

B Tabnnue MCnonb3ayioTcs cneaylowme 0603Ha4EHUA:

ES - cexyHaa ¢ owmbkamu,

SES - CEKYHAa C Cepbe3HbiMMN owmnbkamu,

BE - 6ok ¢ owmbkamn,

UAS - HEAOCTYNHbIE CEeKyHAb!,

RST - OKOHYaHWEe pereHepaTopHON cekuun,

MST - OKOH4aHWEe MYNbLTUNNEKCHOK cekumn,

HPT - OKOH4YaHMEe MapuwipyTa KoHTelHepos VC BEPXHEro yposHS,
LPT - OKOHYaHWe mapuwpyTa KoHTelHepoB VC HUXHEro ypoBHS,

EPPL 2M - duauueckuir untepdeirc POH 2 Mowr/c,

EPPI 140M -~ pusnveckuin nutepdeinc PDH 140 Mbut/c,

BSMM - bsmm - 6GalT-CUHXPOHHLIA pexum oTobpaxeHns,
AMM -amm - aCUHXPOHHLIN pexum oTobpaxeHus.

3.4.5. CeTeBoOit MeHeaXxep

Cetesoii-menenxep NM - 370 nNpuKnagHoi nporpaMMHbLiA NpoaykT, paspabaTsiBaemblii npoussoauTens-
mu oBopynosanmna SDH gna ynpasneHus U moxutopuHra cetbio SDH B uenom. OH OCYLIECTBARET UENbIiA
pan GyHKUMiA ynpaBneHusi, OTMedeHHbIX B pasaene 3.1, 1 3apay CceTesoro ynpasneHusi B pamkax cetesoro
yposHa moaenu OSI, cpean KoTopbix:

—~ MOHUTOPUHI - NpoBEpKa MapwpyTa (TpakTa) nepepauv,

— ynpaeneHvie cetesoi Tononorued,
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- 7CyWecTBNeHne ceTesoro cepsuca u obpabotka HPOPMaummn OT ceTesbiX aneMeHTos NE

DyHkuMM ynpaeneHus, ocyulectensemMble NM, kak npasvmno, COOTBETCTBYIOT PsAy PEKOMeHAauunin wu
cTangapTos, cpeam xotopbix ITU-T G.784 [23], M.3010 [60], X.217 [99], X.227 [100], X.219 [101], X.229
[102], 1SO 9595 [103], ISO 9596 [83]). Kak u EM, Ho B 6onee wunpokux macwrabax, NM ocywectenser

—~ 06paboTky aBapuiitbix cooblueHnia,
ynpasneHue pabo4numun xapakTepucTukamm,
ynpasneHne KoHburypauven,
ynpaeneHue nporpamMmoii o6cnyxvsarua CeT ¥ TECTUPOBAHNA €€ 3NEMEHTOB,

— ynpasnexue 6e30NacHOCTLIO CUCTEMBI,

—~ aiMUHUCTPATUBHOE ynpasneHue.

NM peanuayercsa kak MpaBuno Ha AOCTATOMHO MOWHBLIX pabounx craHuuax, pabotaowmx nog OS
Unix, Takux kak ctaHumn SUN SPARC (OS Solans) nnw Hewlett Packard (OS OpenView). Ucnonbayemoe
nporpamMmMHoe obecneveHue, Kkak npaBuno, paspabarbiBaeTCR CamMoit GuUPMOi, XOTs B nocnegHee BpeMs
HaAMETUNACh TEHASHLMA UCMONL30BAHMA CETEBOro MeHemxepa “OpenView” komnawnu Hewlett Packard, kak
Hanbonee COBEpPLUEHHOrO, B Ka4eCTBE OCHOBbL! ANA co3aaHnst NM

Ecnu paccmoTpetb B kKavectse obpasua ceteson meHeaxep ENM komnanmu ECI [122], 7o oH peanu-
30BaH Ha B6ase paboueir cranHuum SUN SPARC no ynpasnesnem OS Solans (Unix-nogobHas OS) u umeer
wecTe OCHOBHbIX onuui - Alarm, Performance, Configuration, Maintenance, Security, System, B T0u-
HOCTM COOTBETCTBYIOWMX LUECTW BhILENEpPeYMCNEeNHbIM 33ga4YaM ynpasneHmsa. Kaxagas onums nossonset
reHepupoBaTb CBOW 3KpPaHbl B COOTBETCTBUM C ANEMEHTAMM MEHIO ONLIUM, OTOOPAXAIWUMI BLINONHAEMYIO
byHkUMIoO nnn 3apady. Ha puc.3-21 npeacraened OCHOBHOM 3kpaH NM € OTKpLITbIMK akpaHamu o6paboTkn
NoOTOKa aBapuitHbix COOBLLEHUA 1 ynpasneHus pabounMn xapakTepUCTUKaMI.

£CE Tonown - {NM -

ew sciowisdged svenle T « N+ Mo

Show clsaring svents 1 wYee A Ne

Puc.3-21. Bua akpaHa ceTesoro MeHepxepa eNM

OGpaborxa asapuiiHbix coobwenni. dTa onuvs NO3BoNAET.

~ BECTH XypHas asapuiiHbix COOBWEHNA 1 npocMaTpueaTb era B COOTBETCTBUM C BbiGpaHHbIM Kpu-
TepueM, Hanpumep, ans BbibpaHHoro NE, Ha 3anaHHOM OTpe3ke BPEMEHW, ANsl KOHKPeTHOW cTe-
neHn CepLe3HOCTH aBapuitHoro coobwenus;
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NpPOCMaTPUBaTL TEKyLME aBapuitHbie COOOWEHNU B COOTBETCTBUN C BLIOPAHHLIM KpUTEpUeM;

— NpUCBavBaTb ONPEAGNEHHYIO CTEMeNb Cepbe3HOCTH aBaPUItHLIM COOOLIEHUAM (HanpuMep, Kpy-

THYeckoe coobiujenne, rnasHoe coobiueHne, BTOpocTeneHHoe coobuenne).

Oco6eHHOCTb 06paboTkK aBapuiiHbIX COOBLWEHNIA 3aKNIOHAETCA B BO3MOXHOCTU UX MAaCKMPOBaHMS,
T.€. CO3aaHMA “Mackn” (passBepHYTOro NOru4eCckoro ycnoBusl), NO3BONSIOWEN UCKNIOYATb BO3MOXHOCTb OTO-
OpaxeHns ONpeaeneHHbIX TUNOB aBapuiiHbiX COOGLUEHWIA UNKM U3MEHEHUTb CTeneHb CepPbe3HOCTU UX OTo6-
PAXEHWA HAa 3KPAHE, ANS TOrO, YTOOLI CKOHUEHTPUPOBATLCH HA HYXHBLIX TUNAax CoOBLWEHWA (HanpyuMmep, Npu
aHanu3e KOHKPETHOM aBapuiiHoi cutyaumu). Ha puc.3-21 cnesa BHM3Y BMAHO Takoe OKHO M ABa paaa BO3-
MOXHOCTEA yCTaHaBNMBaTb Macku KaK Anf CTeneHn Cepbe3HOCTU aBapuiiHbiX COOBLWeHuid, Tak U ans Tuna
coBbiTusI, KNacCcUULLMPOBAHHOIO Kak asapuiiHoe coobuieHue.

Ynpaesnesnne paboyumy xapaxtepucTMKkaMM. IT1a OnuMs OaET OnepaTopy UM MeHemxepy ceTtu
BO3MOXHOCTb!

OTKPbITE U NPOCMOTPETH OKHO C UTOFOBLIMUA AaHHbLIMU MO PaGoyUM XapakTepucTUkam ANA KOHKpeT-
Horo obvexTa;

NpPOCMOTPETbL ANHAMUKY U3MeHeHUA pabounx xapakTepucTK KOHKPETHOro oObekTa;

YCTAaHOBUTb BPEMEHHbIE WHTEPBANbi, UCMONb3YEMbIE 019 ONPEAENEHUS XapakKTepUCTUK KavYecTBa
o6cnyxusanmusa QQOS;

¢6pOCUTb CHETHMKM, UCMONb3YEMbIe NPU onpeaeneHmn (BbuncneHnn) paboumx xapaKkTrepucTmk.

Ha puc.3-21 cnpasa noka3aHo OKHO, OToGpaxalowee Texyume paboune xapakrepucTukn MynsTMnne-
kcopa ypoBHs STM-4 - Bcero 9 napaMmeTpos.

Ynpasnenue xoHpurypaymen. 3T1a onuma NO3BONAET:

€030aBaTh/YHMUTOXATL BPEMEHHLIE CBA3W Mexay niobbiM paspelseHHbIM cneundukaunein Kpoce-
KOMMYTUPYEMBIM TPUOHBIM NOPTOM Y CETbLIO, BKNIOHAR CO34aHUE COEQUHEHMIA ANA NOKanbHOM,
nNaHMpyeMon (NUHUA-NOPT/NOPT-NNHMUA) U NPOXOBHON (CKBO3HOM) KPOCC-KOMMYTaUMKM oist peanu-
3aumn $yHKUMA BBOAA/BLIBORA, NPAMONA nepegaym CO Bx0Oga Ha BbixOn (CKBO3HOrO Mpomnycka
noToKa) » BewaHus,

npuceavBaTts ¥ MoaudUUMpPOBaTL aTPUBYTEI 06LEKTOB;

HasHa4yaTb CMEeHHbIM 6A0KaM (KapTam) COOTBETCTBYIOUIME CNOTLI HA NONKe pasmeuweHns o6opyno-
BaHuA (Unu B Kaccere),

BbiIfUpaTh BO3MOXHDBIA MCTOYHUK CMHXPOHU3AUUWU B KA4ECTBE ITaNOHHOrO;

KOHOUIypupoBsaTb CeTeBbIE I/IEMEHTBI U CETEBYIO TONOAOTUIO.

YnpaBnexue nporpamMmoii oGCAYXHBAHNS CETH M TeCTHPOBAHWS 6@ 3/IEMEHTOB. JTa Onuus
nossonserT:

onepvpoBaTb Ha BbIGpPaHHbIX OKOHEYHbLIX TOYKAX, NEPEeHaNPaBAATb BLIXOAALLME U BXOAALWME CUrHA-
Nbl, OPraHN30BLIBaTL WNeWdLI KaK Ha BaKHEM, Tak U HAa AaNbHEM KOHUAX;

OCYWECTBNATL ANArHOCTUKY BbiGpaHHOro obLekTa;

OCYWLeCTBNATL Nepe3arpy3Kky CUCTEMbl yNpaBneHus;

MCKYCCTBEHHO UHMLMUPOBATL NOTOK aBapuitHbiX coobwenrunii ans soibpaHHoro obvexTa;
MCKYCCTBEHHO MHUULWMPOBATL NOTOK curHanos c6os ans BuibpaHHOro o6vekTa;

6noknpoBaTh aBTOMATUYECKOE 3alLUTHOE NEPEKNIOYEHNE aKTUBHOTO KONbLUA;

BPYYHYIO NEepexKnioNaTh aKTUBHOE KONbLUO Ha pe3epsHoe.

Ynpasnenune 6e30n1acHOCTbIO CHCTOMBI. 3Ta ONUUA NO3BONSET!

|

YCTaHaBNUBaTb N MEHATL Naponu;
MEHSITL CNMCOK NOMb30BaTeneit, MMeIoWMX aBTOPU30BaHHLIA AOCTYN;

€03AasaTk CMUCKK rpynn Nonb3oBareneii ¢ ONPeneneHHLIM YpoBHEM AOCTYNA;
aaAMUHUCTPATOPY CucTemsl paapabarteiBath MEpapxvio YPOBHE!R nonycka nons3oearenci.

AaMUHHUCTPaTHBHOE ynipasaexue. JTa onums No3BONseT:

pacne4arbiBaTh OT4eTH U COOOLWEHUA, KaK CTAaHAAPTHbIE AN CUCTEMbLI, Tak U CHOPMUPOBAHHLIE
onepaTopoM UM agMUHUCTPATOPOM;

OCYLLUECTBNATL PE3epPBHOE KONUPOBaHWe a3 AaHHLIX;

3arpyxarts 6a3bl gaHHbIX MHbOpMauueln U3 ¢ainos NnonbL3oBarTens;

3aMeHsTbL NporpaMMHbie Moaynn cucteMsl B NE, McCnonb3ys BO3MOXHOCTW KaHanos nepepadv
A3HHbIX;

OCYLWECTBNATL NpoUEenypPs! perncrpaumnmn nonb3osareneil cuctemsl NM.
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3.5. MNPAKTUMECKWUA NPUMEP ®OPMUPOBAHUA
CETU YNPABNEHUA AN SYMEUCTOA CETU SDH

PaccmoTtpum npumep $opMUPOBaHUMA CETU YNPABNEHUA Ans A4encToin cetu SDH.
B cooveeTcTBUM C BblleckasaHHuiM B pa3aene 3.4.1. B Ka4eCTBE OCHOBHbLIX KaHANOB YNPaBneHus CeTbio
SDH ucnonbaylotcs kaHanel DCC. Ana atux xe ueneit MoryT BbiTk MCNONb30BaHL! U KaHanbl ceTn Ethernet.
Ecnu ceTb pocratodHo Gonbwias 1M pa3buta Ha Heckonsko obnactein, 10 AonXHbi BbiTe OnpeaeneHs
CBA3W Mexay HUMK, anpeca NSAP oTaenbHbiX Y3108 M MapPLWIPYTH ANA nepeaadn nHpopMaumm yrnpasneHms,
B kauectBe npuMepa s4encToin cetn SDH, paccMoTpuM CeTb, yXe OnnCaHHylo B pasgene 2.7.3. Ons
Hee OfHUM M3 BapuaHTOB (OPMMPOBAHUR CETU ynpasBneHns MOXeT ObiTe CeThb, NOKa3aHHas Ha puc.3-22
[115]. Ha HeM noka3zaHbl $akTU4ECKu OBEe CETM - OfHA ucnonblyeTt kaHanel DCC, ob6beavHseT BCe wecTb
yanoB (A-F) suencToid cetn, apyras - uCnonb3yeT KaHaibe Ethernet, o6beauHseT Tpu ctaHumu yana A (Al-
A3). K nocnegreit u3 Hux - A3, npucoeauHeH y3noeoi meHekep Ha 6ase PC.

Cranmuun E Cranymn F
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E F
-1 STM-1 7
LQ‘:&___ oce
Cravuna C CraHuus D
System 1D _« 000002010001 System ID = 000004010001 [gTp_9
Aep— STM-1
C D
STM=4 | 1
]DCC L J oce L_
STM—4
_______ ——— ——
Cranuma A Cranuun B STM-4

System 1D = 000002010001

System ID = 000001010001
Q

a1 |l

System lo-oooomuzaoaz
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Ethamet Q3 D

%

|
Systen] ID = 000001020003
ysterd [+ T} 7

(LTI TTTTTYPTAY AT

| PSR L

Puc.3-22. Cxema ynpasnenuns suencton cetbio SDH

3.5.1. Onpepnenenue agpecos NSAP ans yanos cetv

Crpyxtypa agpeca NSAP Gbina npuseaeHa Ha puc.3-13. EQMHCTBEHHBIM yTOuHEHMEM MoXeT 6biTe TO, 4TO
none “agpec o6nacru” (10 6anT) moxeT GuiTe Pa3buTo Ha ABe YacTu: agpec AomeHa (Domain - 8 Baii-

T08) U co6cTBEHHO agpec obaacTu (Area - 2 Gaiita).
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Ha npaktuke appeca NSAP QonxHbI KOHTPONWPOBATLCA (pacnpepenaTtbCs) HEKOW cereBod agMu-
HUCTpaymes CTpaHbl, rae pa3BepTLIBAETCA Takas CETb, M CXeMa Hymepaumm aomkHa GbiTe nokanbHot ans
OaHHOW cTpaHbl. ECnu cama ceTb ynpaBnenust noKanbHa U He COEAVHAETCH HU C KaKOW APyroi ceTtbio ynpa-
BNEeHust, TO cxema Hymepauuu (otpaxaemas noneM 1D} moxeT BbiTh BbibpaHa AOCTATOMHO NPOM3BOMLHO.
Kop cTpaHbl B CeTax Nepeaayu Taloke AOMXKEeH pernaMeHTMPOBaThCR OnpeaeneHHbIM CTaHaapToM. Um siens-
etcs ctaHaapt 1ISO 3166, kOTopbi COBEePXUT CMUCOK TPEex3HaYHLIX AECATUYHBIX (ABYX3HAYHLIX WeCTHaAua-
TUPWUYHbLIX) KOAOB, BLIAENEHHbIX A1 KAXA0A CTpaHbl U UCNONb3YEMbIX AN 3anonHeHus nonst AFI.

B 3Toih cBSI3U B AAHHOM NpUMeEepe UCNoNsL3YETCA NPOU3BONbLHLIA agpec cTpaubl DI = 001F, a Takke
npoussonbHbii naeHTudukarop AFl = 39. Anpec cob6craeHHo obnacTu - 1, anpec aomeHa - 1, To ecTb none
appeca obnactu AA = 00000000000000010001. Mone NSEL = 0. 3Tu aapecHbie NONS OCTAOTCS NOCTOSH-
HbIMK ONA BCEX Y3NOB PacCMaTprMBaeMOn B JaHHOM npumepe cetn SDH.

CuctemHblit upeHtudunkaTop SID gonxkeH BbiTe YHUKANBHLIM B OaHHOW 06GnacT U OOMXEH OTpaxaTh
CTPYKTYpY ucnonb3yemoit cetn SDH. B gaHHOM npumepe ucnonb3yercs cnenyiolaa cTpykTtypa SID: none ¢
HOMEepOM cTaHuuK (Station - 3 GaiiTa), none ¢ HOMEPOM OTCeKa (MecTa YCTAHOBKW), rae yCTaHoBNeHo 060-
pynosanue (Room - 1 6aitT), u none ¢ HomepoM Nonku (Subrack - 2 Bairra). C yuetom aToro B8 T1a6.3-6 no-
MeLeHbl 3HAYEHNA CUCTEMHbIX UOSHTUGUKATOPOB (UCKNIOYAR NepBbie ABa Hynesoix Gaita - 0000) ons pas-
NUYHLIX Y3NoB ceTtu. UMeHHO aTn naeHtudukatopsl npuseaeHsl Ha puc.3-22.

Tabnuua 3-6. 3Ha4yeHUsi CUCTEMHBIX MAEHTUPUKATOPOB AJIA Y3N0B CETU

Yaen A Al A2 A3 B C D E F
SiD 01010001 | 01020001 | 01020002 | 01020003 | 02010001 | 03010001 | 04010001 | 05010001 | 06010001

3.5.2. dopmupoBaHMEe CETU CUHXPOHNIALMM

PaccMoTpum POPMUPOBaAHUE CETHM CUHXPOHM3AUMMK AN TOR Xe a4encTon cetn. [ina aToro ucrnonb3yem ob-
wme nNoaxoab! pacCMOTPeHHHbIe paHee. PasbuBaem cetb Ha TPU CeKunKn C NOrM4eckn CBA3aHHbLIMK y3namuy,
(pnc.3-23). Nepeas cekuus cocTouT U3 Yyethipex y3nos: A, C, D, B; sTopas - n3 asyx: E u F ; TpeTbs - ¢ak-
TUYECKW COAEPXUT OOUH y3en A, T.e. A, A1, A2, A3.

B peaynbTtarte nony4aem o6Luyi0 cxeMy CUHXPOHU3AUMK, NOKA3aHHYI0 Ha puc.3-24. Cxema copepxur
OANH nepBuHHLIi CTo4HKK PRC (Y3en A) M oguH BTOPWYHLIA UCTOYHUK B TPaH3uWTHOM y3ne (G.812T - Yaen
B). CnnowHbIMK AMHUAMKM NOKA3AHLI LENKW NEPBUYHON CUHXPOHW3AUMW, 2 WITPUXOBLIMU JIMHUAMW - LENN
BTOPUYHON CUHXPOHM3ALMN,

PRC @

A b c por o e wef D fo- o~ e ol B

E F--1 F

)

A
[]
A1 A2 a3 |\ =
AS
Puc.3-23. Cxema pa3buennn cetm Pnc.3-24. Cxema nependHOlh 1 BTOPUNHOW
CUHXPOHUIaUMW Ha TPKU CeKLmn CUHXpOHU3auuu sivencron SDH cetn
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CnNCKU MCTOMHMKOB CUMHXPOHM3AUMK, BbIGUpaeMbix N0 HOMEPY NPUOPWTETA ANIA KaXAHoro y3na, cse-
neknt B Tabnuuy 3-7. Kaxabit ysen, kpome yanos Al, A2, A3, yMeeT NO TPU UCTOYHUKA CUHXPOHU3aLmMn C
HOMEpamu, COOTBETCTBYIOLIMMW NOPAAKY npuoputeta (T.e. 1, 2, 3). Homepa cnotos, oTKyaa nNoctynaioT
CUrHanbl CUHXPOHU3auuM, COOTBETCTBYIOT CXeMe YCTAHOBKM CMeHHbIX 610koB 060opynosakma B cnotax, npu-
BEAEHHO Ha puUc.2-48.

TabGnuua 3-7.
NpuopuTeTHBIE CNUCKM UCTOYHWKOB CUHXPOHW3ALMKN NO y3nam

Ysen A Yanol A1,2,3 Y3en B © YsenC Y3en D Y3en E Ysen F

1) BHewnuir S1,{ 1) Cnor 10, 1) Cnor 12, 1) Cnor 9, 1) Cnotr 9, 1) Cnot 9, 1) Cnot 9,
M, G.811 STM-1E STM-4 STM-4 STM-4 STM-1 STM-1

2) Cnot 9, 2) BHyTpenHuit | 2) Brewnwit S1,| 2) Cnot 12, 2) Cnor 12, 2) Cnort 12, 2) Cnor 12,
STM-4 2M, G.812T STM-4 STM-4 STM-1 STM-1

3) BHyTpenHuit 3) BHyTpeHHuid | 3) BHyTpeHHuit | 3) BHyTpeHHuid | 3) BHyTpednnia | 3) BHyTperHui

3.5.3. CoeanHeHue n KoHUrypuposaHue y3nos U MapuipyTm3aumusa noToKoB

OxOHuaTenNbHbIA 3Tan GOPMUPOBAHUA CETU YNPABNEHUA COCTOUT B MEXAHUYECKOM ycTaHoBke 060pyaoBaHus
Y3Nn08B, NX COeOUHEHUM C NOMOLLLI0 Kabenein U MHTePGENCHbIX Pa3zbEMOB M MHULUMAN3AUMK Y3N1A: YCTAHOB-
KW NIPOrpaMMHoro otecnevyeHusi, TECTUPOBAHNA NPABWUILHOCTU COEANHEHUS, KOHMUIYPUPOBaHUS Y310B W
6NOKOB ¥ MAPLWPYTU3aUUW NOTOKOB.

MpumepHan npoueaypa MHUUMANU3aUMK y3ina BKIIOYaeT cnegylowme 3tans!:

- noakNiunTL UHTEpdenc F ouepenHoro yana (Hanpumep A) k NM u 3anyctuts NM,

— BBECTW AaHHbIE O TUME y3na, TUNE NONKKW, UMEHWU Y3Aa U UMEHW CTaHUUK, Fae OH pacnonoXeH,

— ycTaHOosuUTb Tpebyemoe nporpammHoe obecneyernme 6nokos yana,

— BBecTu aapec NSAP,

- nepesarpyautb CUCTEMY U BOWTK NO BBEAEHHOMY aapecy NSAP,

-~ OTPEenaKTMpPOBaTh NPUOPUTETHI B CNIMCKE UCTOYHUKOB CUHXPOHU3ALIMM,

— CKOH$UrypuposaTth kaHans ynpasnenus DCC,

— ckoHburypupoBatb ucnonb3yemblie 6noku STM-N, cHabauTb KaxXabiii 3aKOHYEHHbI BPEMEHHbIR

MapLpyT koHTeiHepa VC-4 uAeHTHDHUKATOPOM TPaCCHPOBKY BPEMEHHOro mapupyra TTI.

AnwvHa TTl He aonxHa npesbiwate 15 CMMBONOB, €CNM NPUAEPXUBATLCA NPYU ero GopMUPOBAHWUK
npasun, npeanoxeHHuix ETSI n ocHoBaHHbIX Ha pekomenaaumm ITU-T Rec. E.164 [139]. OH gonxer cogep-
XaTb KaKk MAHMMYM MMEHA UCXOAHOro y3na v y3na HasHavyeHws, CUMBOMLHBIA KOO, BUPTYansHOrQ KOHTEHe-
pa (nanpumep, A, B, C n D cootsetcTayioT VC-12, VC-2, VC-3 n VC-4), Homep TaliM-cnota TepMUHANBHOro
KPOCC-KOMMYTaTOpa, OCYLUEeCTBNAIOWEro BuIBOA 3a0aHHOIO BUPTYaNLHOrO KOHTeHepa. Onucate 310 6onee
noapobHO MOXHO TONLKO Ha MpUMepe KOHKPeTHOro o6opyaosaHus. UneHTudukatopsl TTI nO3BONAOT KOHT-
poNUpPOBaTh KOPPEKTHOCTb YCTAHOBKWU Tabnuupl KPOCC-KOMMYTaUMU Y KPOCC-KOMMYTATOPOB Ha BCEM NyTU
CNeacBaHns BUPTYANbHOrO KOHTEAHEPA.

MapannensHo GOpMUPYETCR Tabnuua MapLLpyTU3aUMK BUPTYaIbHLIX KOHTEAHEPOB C YKa3aHWeM TOro,
Kakue uHTepdEnCh Ha OKOHEYHbIX Y3nax AONXHLI ObiTh 3aA6ACTBOBAHLI. KOHKPETHLIN NpUMep MapuipyTusa-
umMn notoka 2 M6ut/c mexay yanamm A u C cetu, pacCMOTPeHHO B pasgenax 2.7.3. n 3.4. npueeneH B
Ta6. 3-8 [58].

Tabnuua 3-8.
Cxema mappytusauum notoka 2 Méur/c.
WUpeHntudukatop Tpaccuposku spemeHHoro mapwpyra: A-C_A018
Nmsa yana: A
Mma pna KpOCC-KOMMYTaLIMK: A-C_A018
UHTepdeiic A: 2M T4A/7 Kanan A: 7
UnTepdoeiic B: STM-4 cnoT 9 Kaxan B: VC-4 #1(1,3,1)
M8 yana: C
MMa ana KPOCC-KOMMYTaLMK: A-C_A018
WHTepdeiic A: STM:4 cnoT 9 KaHan A: vC-4 #1 (1,3,1)
Nutepdeiic B: 2M T4A/5 Kanan B: 5
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MNpumep $un3n4eckoi ces3mn y3n08 A (CoBOVHUTENBHLIA pa3bem T4A, nHtepdeitc 7) n C (coepnHutens-
HbilA pasbem T4A, nHtepdeic 5) no kaHany 2 M6uTt/c nokasan Ha puc.3-25. CurHan 3Toro Kanana nepegaercs
8 CTpykType curHana STM-4 B kanane 1,3,1 (8 kogupoeke Nokia) nepsoro supTyansHoro koHrenHepa VC-4.
WM$, MCNoNL3yeMoe ONa KPOCC-KOMMYTaLMN MOXET ObiTo OQHWM U TEM Xe A/si BCEro BPEMEHHOrO MapuipyTa.

2 Mbut/c A 2 M6ut/c c
$ 14A, whreppeiic 7 TaA, wrepdeic 5 ‘
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VC-4 #1, xanan 1,3,1
Puc.3-25. Mpumep ceaau yanos A u C no kaHanam 2 Mbut/c

PaccMoOTpeHHbie B 9TOW rnase 3afaauyu, METOAbI U NpaKTUYeCcKue Cxembi ynpasneHus cetamu SDH
BLIIBUIM PAS XapakTepHbIX MOMEHTOB. Hanbonee saxHbiM 13 HMX SIBNAETCA Cywecrteosanune obuivx yepr B
ynpaBneHnn CeTAMM Nepesiayn AaHHbIX, NCNONL3YIOWMX PasNUHbIE TEXHONOMMK. ITO AenaeT onpaBAAHHLIM
paccMoTpeHne OoDweh Mopenn ynpaBneHua CeTbio W OBWEeN Cxembl ynpasnenuns cetblo. C 3Tol Toukn
3peHus 3anada ynpasneHus ceTtbio SDH MOXeT paccMaTpuBaTbCs Kak 4acTHbid cnydan obuier 3anauu
ynpaenexwns. Hauwbonee BaxHbIM BKNAAOM 3AECh SBAAETCA MPUMEHUMOCTL K 3TOW 4acTHOW 3apave
ynpaBAeHns PAaCCMOTPEHHLIX MPOTOKONOB, NOFMKW BHYTPUCUCTEMHbBIX B83aUMOAEACTBUA W KOHUENuuu
MeHepxep-AreHT, a TaKkke BO3MOXHOCTb UCNONb3oBaHus obuwmx nHtepdeincos Q n F ana CBA3U OTAENbHbIX
noacUCTeM B eAVHYIO CXeMy ynpasneHusa cetoio SDH.

MpuxoguTCA, OAHAKO, KOHCTATUPOBATb, YTO A0 CUX NOP HET eAuHOW CUCTEMbl YNPAaB/EHWA CeTaMu
SDH, kotopas, kak, Hanpumep, cetesas OC Novell Netware nna nokanbHbix ceTeit, morna 6bl nocnie
CTaHaapTHON Npouenypbl HACTPOWKK ynpaensaTe cetamyu SDH, ncnonsayiowMmu 060pyaoOBaHMe Pas3finyHbiX
npoussoauTenei. bonee TOro, paxe cam ¢akr noctpoeHns obuen cetn SDH, cocrasneHHon w3
MYNbTUMIEKCEPOB Pa3NNYHbIX NpoussoauTenen, xota 6ol gaxe n oaHoro yposHs STM-N, noka HEBO3MOXEH.

BonbwurM NO3UTMBHLIM CABUFOM B CTOPOHY pelweHws 3Toi npobnembl HECOMHEHHO fBWNACh
ocywecTennemMas getanbHas npopaboTtka craHpapToB Q-uHTepdeica u ux BHeapeHne 8 pa3paboTKy o6LmX
cxem ynpasnenns o6opynosanmem SDH. OpHako v B 3TOM nnaHe rioka HeNb3A CKasaTb, MTO BCE BONPOCHI
NpaxkTMieckoro ynpasnexdms cetbio SDH peweHbl. B 3TOR CBA3W UEHHLIM, NO MHEHWIO ABTOpPA, MOXET
0Ka3aTbCsl PacCMOTPEeHUEe paaa nNpPakTUYeCKUX BOMPOCOB YNPaBAEHWA SYEUCTOW CETbI0 WM pelueHue
BOMNPOCOB €8 CMHXPOHM3aLMKN HAa NPUMEPE KOHKPETHOW ceTH.

OcHoBHblE BOMPOCH YNPABAEHU] CETLI0 ONUCaHbl HAa YPOBHE, AOCTATOMHOM AAA X Mocneayolle
camocTonTenbHoih Gonee rny6okoi npopabGoTke € UCNOMb30BaHMEM (GUPMEHHLIX ONMCAHMIA KOHKPETHLIX
CUCTEM ynpaBneHus.
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4. CTAHAAPTbI U TEPMUHONOrUS CUHXPOHHbIX CETEM

4.1. CTAHOAPTbI LUOPOBbIX CUHXPOHHbIX CETEW

B passuTUM COBPEMEHHbIX CETEBbIX TEXHOMOMMIA CTAHRAPTHI UrpalT oueHb BonblUylo, ecnu He cka3aTh On-
penensiollylo ponb. TnobanbHuie LUGPOBLIE CETU, B KOTOPbLIX 3TU TEXHOAOTUKM MCNONLIYIOTCH, MOKPLIBAIOT
fonblwme NPOCTPaHCTBA ¥ NEpPecexkaloT He OAHY roCYAAPCTBEHHYIO rpaHuuy. [na ux ¢yHKUMOHUMPOBaHWS
Tpebyetcs BbicOKas CTeneHb CraHaapTuiauumn obBopyaoBaHUs.
CraHpapThl, ONUCHLIBAIOLME MPUHUMABLI OPFraHv3alMn ¥ GYHKUMOHUPOBAHUA CUHXPOHHBLIX LMGPOBLIX
ceTei CBA3U, NepsoHaYansHO pa3pabartbiBanuch B OCHOBHOM OBYMSt OPraHU3aumsaMn: AMEPUKAHCKUM Hauu-
OHaNbHbLIM MHCTUTYTOM CTaHaapTos (Komutetr T1X1) u MexayHapoaHbiM KOHCYNLTaTUBHBIM KOMUTETOM No
Tenerpadum u TenedoHun. MNocneaHuids NnpeacTasun CBOW peaynbTatsl B8 1988 rogy B BUae Cepun peKoMeH-
naumni (pe-dakto cranaapTos) G.700-G.7xx, paccmoTpeHHsiXx Ha MNneHapHoi Accambnee MexayHapoaHoro
colo3a anekTpoceaan B 1988 roay u onybnukosanHbix B 1989 roay B Tak Ha3biBaeMoi CuHei kHure - CCITT
Blue Book. B HacTosilee Bpems pa3paboTkoi 3TUX 1 CONYTCTBYIOLWMX CTAHOAPTOB 3aHUMAIOTCSI HECKOALKO
opraHu3aUmi;
— AMEpPUKaHCKMIA HAUMOHANBHBIN MHCTUTYT cTaHaapToB - ANSI;
- Ob6beauHeHue EBponeickux aaMuHNCcTpaumin noyt u cesau - CEPT;
— MexayHapoaHbI KOHCYNbTaTUBHbLIA KOMUTET NO paguo v TenesuaeHuio - CCIR (MKKPT);
— MexayHapOoaHbIA KOHCYNLTaTUBHLIA KOMUTET No Tenerpadum n tenedonun - CCITT (MKKTT), oo
28 ¢despans 1993 ropa;

— MexayHapoaHbiA coto3 anekTpoceasu - ITU (MCJ), kyna sxoaunn komuteTtol CCIR n CCITT, umeet
¢ 1 mapra 1993 roga cextop cTaHgaptu3auvm B obnactu anextpocessu ITU-T (po 28 despana
1993 ropna uHTEpecyiowmne Hac pPekoMeHaauun Buixoaunn nog arvgoi CCITT, a ¢ 1 mapra 1993
rofa crtany BbIXOAUTE Kak pekoMeHaauum ITU-T);

~ CekTop no cTaspapTrlaummn MexayHapoaHoro coio3a anektpocsasu - ITU-T (MC3-T), HauuHas ¢ 1

mapta 1993 ropa;

— Esponeiickuit MHCTUTYT CTaHaapToB B8 obnacTv ceasu - ETSI;

~ MexayHapogHas 3nekTpoTexHuyeckas kommceus - IEC (MIK);

— MexayHapopHas opranu3auus no ctaHgaptusauum - 1ISO.

Kpome aToro kopnopatuBHble CTaHAapTol pa3pabartbiBaloTCs Takke pPsaoM KOMNaHui, Hanpumep,
Bellcore, AT&T v gpyrumu.

MNepean nonbiTka pa3paboTku CTaHOAPTOB CUHXPOHHbLIX ONTUYECKMX CeTel oTHocuTcs k 1984 roay.
MNepsbiit cTaHpapT TakmMx ceten “Syntran™ Gasuposanca Ha ckopocTu 45 M6uTt/c (kaHan T3), B 3TO Xe spe-
MA AT&T npennoxuna UCnonb30BaTh B KAYECTBE CTAHNApPTHOW ckopocTe 150 M6ut/c. B 1985 rogy Belicore
sHecna 8 komuteT T1X1 npegnoxeHue Ha npopaboTky cTaHaapTa CUHXPOHHOW onTudeckoh cetu SONET. B
1986 rogy cranpnaptom SONET 3auHtepecosancs komuter CCITT. OpgHa 13 ero uccneaoBaTenbCkux rpynn
(SG XVIII) u 3ansnacb paspaborkoi ctanpapta SDH. MNepsoHayansHOo nopoxpawume ckopoctn SONET u
SDH 6binu pa3HbiMu 1 HeuenokpaTHeiMy (50 n 155 M6ut/c). B despane 1988 roga 6bino npuHaTo corna-
COBaHHOe pelieHue N0 HaYanbHOW CKOPOCTU onruyecxoi Hecyuweh OC (OC-1 = 51.84 M6urt/c), npn ko-
TOPOW CKOPOCTe CMHXPOHHOIO TPaHCNOpTHOro mMoayns STM-1 pasHas 155.52 MOwuTt/C okasanace pasHOR
yTpoeHHoit ckopoctn OC-1 unu ckopoctn OC-3. 3710 peweHve npuseno K OKOHYaTEeNneHON aopaboTke Tex-
Honoruu SDH, odopmneHoi B supe Tpex pekomeHpaumii G.707[16], G.708[17] n G.709[18], npuHaThiX B
1988 roay n onyb6nukosaHHbix B 1989 rogy B “CuHeit kHure".

Pexomerpaumn CCITT, nonyuus sceobuiee npusHaHue, cranu ¢GaxkTUHecku MexayHapoaHbiMK CTaH-
AapTamun - OTRPagHLIM NYHKTOM AnA pa3dpabotuukos annapatypol SOH. B 1990-1997 ropax komutet CCITT,
a 3atem ero npeeMHuK - cekTop no craspaprusaunm ITU-T, npogonxunu pa3paboTky HOBbIX CTAHAAPTOS MO
SDH, B TOM uucne u noasepras pesv3un Crapbie CTaHaapTel. B HacToswee Bpemsa rpynna cTaHgapros,
NPAMO MW KOCBEHHO CBSI3aHHbIX ¢ SDH, yxe HaCuYMTbIBAeT HECKONLKO AECATKOB. ECTh CMbICh x0T Obl ne-
peuncnutb ux, Tem 6onee, 4To Bbilwe BbINM ONUCaHBLI TONBKO OCHOBHLIE U3 HUX.

4.1.1. Kpatkuit 0630p CTaHAaPTOB CUHXPOHHBIX UMD POBLIX ceTen

B atom 0630pe Mbl OrpaHM4MMCs TONLKO pekomeHpauvamn ITU (MC3) cepun G, HO NpuBeaeM He TONbKO
CTaHaapThl No TexHonornm SDH, HO 1 HekOTOpbIe CONYTCTBYIOWME CTaHaApThl No TexHonoruu PDH w Bono-
KOHHO-onTU4eckmum kabenam (BOK).
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Mpynna pekomeHpaumit: G.650 [141], G.652 [142], G.653 [143], G.654 [144], G.655 [145] - onuchI-
BaeT XapakTepucTukm OoaHOMoaoBbix BOK, KOTOpbIE WMPOKO UCNONL3YIOTCA B cetax SDH. Xapakrepucruku
OTEYECTBEHHbIX onTU4eckux kabenel ceA3M MOXHO HanTh B [33], raoe npusepeHbl Takke CCbikn Ha TY Ha
OT4eCTBEHHbIE onTvueckune kabenw.

Mpynna pekomeHpaumii: G.661 [146], G.662 [147], G.663 [148], G.681 [149] - onucbiBaeT xapakre-
PUCTUKWN TaKMX ONTUHECKNX KOMNOHEHTOB ¥ NOACUCTEM NUHeHbIX ceter SDH kak onTuueckne ycunutenu.

OcHoBHas rpynna pekoMmeHgauuii cepun G.70x: G.702 {13), G.703 [14], G.707 [16], G.708 [17],
G.709 [18], onuceiBaWan CcTaHAAPTHLIE CKOPOCTH nepapxuin PDH (G.702) u COOTBETCTBYIOLIME UM UHTEP-
deitcol (G.703), a Takke craHgapTHbie ckopoctn SDH wepapxum (G.707), ceTeBoin uHTepdeinc u CTpykTypy
myneTunnekcuposanus (G.708, G.709) - 6bina aocTaToqHO NoapobHO paccMoTpeHa Bbilwe. HyXHO MMeTs
BBWAY TONBKO, YTO camas nocnegHaa Bepcua pexomeHgauuun G.707 [150] 1996 ropa 3amenser cpasy Tpu
pekomenpaummn G.707, G.708 v G.709 sepcuu 1993 ropa.

PekomeHpaums G.773 [89], onucbiBawowas CTek NPOTOKONoB ana uHtepodeiica Q, takxe noapobHo
OCBelleHa B TEKCTE Bbiwe,

Hosas rpynna pekomexnpauuin: G.774 [19], G.774.1 [151], G.774.2 [1582], G.774.3 [153], G.774.4
[154], G.774.5 [155], G.774.7 [156] - noceaweHa MHPOPMALMOHHOR MOAENN ynpasneHua ceTbio SDH v ee
anemeHTamu. OHa onuceiBaeT knaccbl 06bekToB cetu ynpasnenuns TMN, tpebyembie ana ynpaBneHus ane-
MeHTamu 1 noacucteMamu cetu SDH, a Takxke ons MOHUTOPMHra mMx pabounx xapakTepucTuk.

Mpynna pekomenpaumii: G.780 [157], G.781 [20], G.782 [21], G.783 [22], G.785 [158] - onucbiBalO-
WMX TepMuHonormio u obopyaosaHmne ceter SDH, ero Tunbl, XapakTepucTUKu U BLIMONHAEMbIE (PyHKLMK,
Obina 4acTUYHO onucaHa Bbiwe, OaHAKO dOopManNM3auus Norudeckux GpyHKUWi, BoinonHAeMbix 00opynoBa-
Huem SDH, uznoxernHan 8 pekoMmeHgaumu G.782, onucana Heckonbko Gonee noapo6HO Huxke B n. 4.1.2.
AanHoro naparpada.

PekomeHaaums G.784 [23], nocesauieHHas cUCTEME ynpaBneHus ceTbio U o6opynosanvem SDH, pocra-
TOYHO noapoBHO onucaHa B TEKCTE BbILLE.

Pexomerngauma G.803 [159] nocesaweHa GOpManNM30BaHHOMY PACCMOTPEHUIO TPAHCNOPTHLIX PyHKUMIA
apxuTekTypbl c€T SDH, OCHOBHbIX GYHKUWA 3awmTel 1 CaMOBOCCTaHOBNEHUs ceTeir SDH, a Takke npoek-
TUPOBAHUIO TONONOFMM CETU CUHXPOHM3auun 1 B3anmoneincTens certeir PDH n SDH. PekoMmerpauus cuuta-
eTCs OQHON M3 OCHOBONOMAralowmx Npu paccMoTpeHnn npobnem cuHxpoHusaumm SDH ceteid. B Helt BBO-
avTes knaccudukauma tmdposbix CeTeit No CTeneHyu NOAAEPXaAHUS CUHXPOHHOCTU pacnpocTpaHenus umeg-
POBOW MOCNEAOBATENbHOCTU. ITa Knaccudukaumsa OCHOBAHA HA MOHATUM “npockanb3biBaHue” (Mnn “cnun”
(stip)). Ero cyTb B TOM, 4TO HECUHXPOHHOCTb PaboTbl NOKANbHLIX XPOHMPYIOLLMX UCTOYHMUKOB, CUHXPOHU3UPY-
eMbix pasnuyHbiM cnocobom (nnn soobule paboTaiowmx aBTOHOMHO), NPUBOAUT K TOMY, 4TO 4aCTOThl BXOA-
HbiX LMPPOBLIX MOCNEAOBATENEHOCTEN U TAaKTOBON CUMHXPOHU3AUMKM B MECTax CTbika rpaHuL, y4acTkoB, 06-
CAYXVBAEMBIX PA3NNYHLIMU XPOHUPYIOWMMU MCTOYHUKAMMW, OTNMYAIOTCA (XOTS M HA AOCTATOMHO Manylo Be-
NW4UHY) apyr OT apyra. 3T0 NPUBOAWT K NONBNEHWMI0O HEOONLLWOW Pa3HOCTHOM CKOPOCTU, UNW OTHOCUTENb-
HOMY ABUXEHWIO, W NPOCKa/Ib3bIBaAHMIO OQHON NOCNEeA0BaTENLHOCTU OTHOCUMTENLHO APYroi. Hakannvea-
AICb 33 ONpPefeneHHsLIA NPOMEXYTOK BPEMEHW, OHO (ABUXEHUE) NPUBOAUT K BPEMEHHOMY CPLIBY CUHXPOHW-
3auun. OnpeaeneHHoe BNUsiHWE Ha 3TOT NPOLIECC 0Ka3bIBaeT Kak ApoxaHue dasawl (jitter), Tak n MeaneHHbI
apeind ¢asbl (wander) ykasaHHbIX nocneaoBaTensHOCTe.

Bce ceTtu, cornacHo pekoMmeHpauuu G.803, penatcs Ha:

— CHMHXPOHHBIE, B KOTOpbIX (B waeane} OTCYTCTBYET OTHOCWUTENbHOE mMPOCKanb3biBaHMe (NN
“cnunul”) UMPPOBLIX NOCNEA0BATENLHOCTENW HA BXOAAX KaHanoB AOCTyNa MynbLTUNNekcopos PDH u
SDH,

— NCEeBAOCHMHXPOHHBIE, B KOTOPLIX PErnaMeHTUPYETCA HW3KUIA YPOBEHb NPOCKaNb3biBAHUS
(nanpumep, He 6onbwe, Yem 1 cann/70 gHen [160]),

— NJIe3HMOXPOHHBIE, B KOTOPLIX AONYCKAETCH CPEAHWA YPOBEHb NPOCKaNb3biBaHUs (Hanpumep, He
Gonbwe, y4em 1 cnun/17 vyacos [160]),

— ACHMHXPOHHbIE, B KOTOPbIX OOMYCKAETCH BLICOKWIA YPOBEHb MPOCKANL3bLIBAHWA (HAnpumep, He
6onble, yeM 1 cnun/7 cek [160]).

Yka3aHHaa knaccudurkaums NpUHATa 33 OCHOBY NpW CO3AaHUMKM PyKOBOARLLMX TEXHUYECKMX MaTepua-
nos {PTM) [160], B KOTOpbIX pPacCMaTPUBAIOTCA BONPOCH GOPMUPOBAHNA CETU CUHXPOHWU3auun ans Baam-
MOYBA3aHHOU cetu cBasn (BCC) PP [137]. B wactHoCcTn, npeanaraetcs pa3buexue scert BCC Ha 4 pervo-
Ha, B KOTOpLIX npeanonaraeTCqd UCNonb30BaTb ONMCAHHYIO Bbllle TEXHONOTKIO anHyu.meanoﬁ CUHXPOHK-
3auMy, UCNONLIYIOWEN WepapXU4ecKyld CTPYKTYPY XPOHUPYIOWMX UCTOYHWKOB B COYETAHMM C Mapamu
“BepyLumMit/BeOoMblt” UcToyHKMKOB. Mpn atoMm npeanonaraetcs, 4to cets BCC Pd no knaccy cyHXpoHuzaumu
nonxHa BblTb HE XyXe NNe3snoxXpoHHOW. HyXHO 3aMeTuTb, 4To paboThl B 3TOM HanpaBneHnun HaxoaaTcs noka
HA 3Tane CTAHOBNEHMUSs, a CUTyalms B PEruoHax TakoBa, YTO UMPPOBAA CETb MOXET KI1AacCUdULMPOBATLCS B
uenom HonbLue KaK aCUHXPOHHaR.
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PexomeHgauma G.803, B yacTu TpeboBaHUi K BTOPUYHLIM XPOHUPYIOWMM MCTOYHUKAM ans obopyno-
Banus SDH, nopnepxaHa HOBOW pekomeHpauven G.813 [163].

B pexomeHpaumn G.804 [161] onucar MeTon nepepaun ATM suyeexk No cyuwecTsyiowuM cetam PDH.
B yacTHOCTM paccmOTpeH Meton oTobpaxeHus aueek Ha CTPyKTypy xaapoB PDH ans Bcex CKOpocTei ne-
pegaun PDH TpruGoOB eBponefickol 1 aMeprkaHCKoin nepapxuit v ckopoctu 97.728 MOBut/C ANOHCKOW vepap-
Xuu B COOTBETCTBUM C pekomeHpaumeit G.702 [13]. MeToa OToOpaxeHUs A4eek Ha CTPYKTYPY nonesHow
Harpyaku ¢perimos STM TexHonorumu SDH paccmoTtped B pekomeHpauym G.709 sepcun 1993 ropa [18] n
YacTu4HO ocselleH B [162].

Pexomenpauus G.825 [164] onucbiBaeT CxeMbl ynpasneHus gpoxanmem gassi (jitter) n gpeidipom
¢gassl (wander) undposbix NOCNenoBaTensHOCTet B cetax SDH. [na vaMepenus 3TUX XapakTepucTuk, a
Take apyrmx xapaktepuctik SDH o6opynoBanun, cyuecteyeT pan npubopos sBepyumx GupM, paccMoTpe-
HUe KOTOPLIX BbiXOAUT 3a paMKn ,anHoﬁ KHUTWU.

Pexkomerpaumws G.831 [123] ponontsieT pexomengaumio G.803 B 4acTn onucanma Tpeboeauuit kK an-
MUHUCTPATUBHOMY ynpaBsneHuio pa3buToil Ha ypoeHKM cetu nepepaqn. OHa onpeaenseT npPouecc ynpasne-
HUS MaPLLIPYTOM (TPAKTOM) NPY UCMNONb30BaHWM CXEM 3alUMThi, B HACTHOCTK T€ ero acnekTbl, KOTopLle Tpe-
ByloT NnoAnePXKN NPU NEPeceyeHn rPaHnL, AAMUHUCTPATUBHBIX JOMEHOB (CM. N.3.4.1.2).

B pexomenpaumm G.832 [124] paccMOTpeHa BO3MOXHOCTb TPAHCNOPTUPOBKU 3NEMEHTOB CTPYKTYPbi
MynsTUnnekcuposanust SDH - TU-12, VC-3, TUG-2 n TUG-3, yepes cetn PDH nytem ux pasmelieHus B no-
NI NONe3HOW Harpy3ku ¢peitMoB, COOTBETCTBYIOWMX KaapaM CTaHaapTHoIX kaHanoe E3 (34 M6wurt/c), DS3
{45 M6wut/c), DSJ4 (98 Mbut/c) n E4 (140 MBur/c) eBponeiickoit, aMepuKaHCKOK 1 anoHckoin PDH wepap-
xuit (cM. n.1.5.1.). D11 peweHus no3sonaioT rMBko covetatb cerMeHTel PDH 1 SDH ceTen npu co3paHnn
€0NHON CUHXPOHHOW CETN CBA3WN.

B pexomeHpauun G.841 [125] paccmOTpeHbl TNbl 1 XapakTEPUCTUKM CaMOBOCCTAHABNMBAIOLMXCA
TONONOrUn apxuTekTypel ceteit SDH (cMm. n.2.5.).

B HosoW pekomenpaumm G.861 [126] paccMoTpeHbl BONPOCH WHTErpaumn CryTHWKOBOTO, paavope-
NelHOro 1 HasemHoro (kabenbHOro) CermMeHToB TPaHCNOPTHbLIX ceTei SDH.

B pexomeHpaumax G.957 [24] v G.958 [25] paccmoTpeHbl onTudeckue uHtepdeicsl 06opyaosaHus u
cuctem SDH (G.957), a Takke undposbie nuHerHble cuctemsl SDH (G.958). B pexomengaumn G.957 npean-
CTaBNAeT UHTEPEC LWWPOKO NPUMEHseMan Knaccudukauma onTuHeckmx uHtepdeincos, OCHOBAHHAA Ha Bapu-
aHTax NPaKTUYeckoro UCnonb3osaHus BOK BHYTpW cTaHuMmM unu ans CTAHAAPTHLIX KOPOTKOW WAWM ONNHHOWA
MEXCTAHLMOHHbIX pereHepaTopHbix cexumnin (cMm. n.2.6.3).

4.1.2. Cucrematusaumsa noruyeckux ¢pyHkumnii o6opynosanHua SDH

O6opynosanue cereit SDH, paccMmoTpeHHOe Bbilwe, - MyNbTUMIEKCOPLI, KPOCC-KOMMYTATOPb!, pereseparo-
pot ¥ byHKUMOHANbHLIE BM0KWM, UCNONL3yeMble B HUX, Hanpumep, TpuBHble uHTepdeincHsie 6nokn, 6noku
KOMMYTauuW, ynpasnexus, NUTaHna v Y. f., BLINONHANW onpepeneHHble ¢yHkunn 06pabotkn umudpoBoro
noToKa MK noaaepxanua paboTocnocoBHOCTY cucTeMbl B LEAOM. Ha onpeaeneHHoM 3Tane pasBuTus ce-
Teit SDH, rnasHbiM o6pa3om B CBA3M C dopManusaumeit 3aaau ynpasneHus TaKMMU CEeTsIMU, NOSBUNACh
HeobxoAaMMOCTL onpeaennTt HABop Nornyecknx GyHKUMiA, BhinonHaeMbiXx o6opyanosaHnem SDH v nposectu
ux cuctemaTusaumio. 310 6biN0 caenaHo B pexkoMeHpauun G.782 [21], roe Gbina npuBedeHa Cxema Mynb-
TMNNeKcuposauua (pnc.4-1), coctasneHHan U3 06006LEHHbIX forndecknx GNOKOB, BLINOMHAOWMWX onpe-
AeneHHylo noruveckylo dyHkumio. 31a pexomenpaumsa 6oina oaobpeda 8 mione 1990 ropa [3], satem noa-
Beprnach cyuiectsenHoi aopaborke B siHBape 1994 roga [21] v Gbina okoH4aTeNLHO ony6nvkoeaHa B ¢es-
pane 1995 ropa.
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Puc.4-1. CxeMa MynsTUNIEKCUPOBAHUA HA OCHOBE 0B06LIEHHBIX nornyeckux 6nokos

CokpalleHHble 0603HaYeHUN GYHKUNA, UCNONL3YEMbIE HA PUCYHKE, paclundpoBaHbl HUXeE.

KOHTPO/b COEAUHEHWNII HA YPOBHE BUPTYANILHOIO LUG reHepaumns HeaarpyXeHHOro BUPTYanLHOro KOH-

KOHTeiiHepa BepxHero ypoBHs TelHepa HUXHero ypoBHH

c6opKa BUPTYanbLHOTO KOHTeliHepa BEPXHero MCF dyHkumua nepeaaun cooblueHna

YyPOBHA MSA apanTauus Ha yposHe MYNbTUINEKCHON Cexuuu
uHTepdeiic cOopku BUPTYanbHOro KOHTelHepa MSP 3aLMTa MYNBETUMNEKCHOW Cekumm

BEPXHEro ypoBHS MST HAYaN0/OKOHYaHME MYNBTUMNIEKCHON CeKUMN
apanTauma K MaplupyTy BUPTYanbHOro KOHTEM- N onopHas Touka kaHana DCC ans perexeparop-
Hepa BepPXHero ypoBHA HOW CeKuun

COeOUHEHNE HECKONBbKUX BUPTYIbHbIX KOHTeM!- OHA GyHKuMa poctyna K aaronosky SOH

HepoB BEPXHEro ypoBHA P onopHan Touka kaHana DCC ana mynstunnexc-
MOHUTOPUHT POH BUpTyansHOro KoHTelHepa HOU cexkuuu

BEPXHEro YPOBHA PPI ¢pusnyecknii uuTepodeiic curtana PDH
Ha4ano/oKoH4YaHKne MapLIpyTa BUPTYaNbHOro RST Ha4Yano/oKOH4aHne pereHepaToPHON ceKLmum
KOHTeliHepa BepXHero ypoBHS S OfIOpHAN TO4YKa CXeMbi MPeACTaBNeHUA CUCTEMD!
reHepauus Hea3arpyXeHHOro BUPTYansHOro KOH- aAMMHUCTPATHBHOIO YNPaBNeHUs

TeiiHepa BePXHero YpOBHR SEMF  ¢yHKUMS YNpaBneHua CUHXPOHHLIM 060pyaoBa-
KOHTPOJIb COEAMHEHWIA Ha YPOBHE BUPTYaNbHOTO HUeM

KOHTBIHEepPa HUXHEro yposHa SETPl  duaunyeckuit nHtepdeitc XpoHUPYIOWEro UCToM-
uHTepdeiic cGopku BUPTYanbHOro KOHTeliHepa HUKa CUHXPOHHOro o6opynoBaHus

HUXHEro yYpoBHA SETS  XpOHWPYIOWMIA NCTOMHUK CUHXPOHHOTO 06OPYAO-
ananTaumMa K MapwpyTy BUPTYanbHOrO KOHTeN- BaHUA

Hepa HUXHero ypoBHA SPi dusn4ecknii nutepodeiic curHana SDH
coeauHeHUe HeCKONbKMX BUPTYaNbHbIX KOHTEN- T OMNOPHAN TOMKA WCTOYHNKA CUHXPOHN3AUMK
HEPOB HUXHero ypoBHa TTF YHKUMA OKOHYAHUSI TPAHCNOPTa BUPTYanbHOro
MoHUTOpUHI POH BUPTYanLHOro KoHTenHepa KOHTeHepa

HUXHEro YPOBHA u ONOPHas TouKa AocTyna K 3aronosky SOH
Ha4ano,/oKoHYaHne Maplipyra BUPTYaNbHOIro Y onopHas Touka GopMUPOBaHUR CTaTyCca CUHXPO-
KOHTEMHEPa HUKHEro YPOBHA HU3auun

3ameuanue: SPI npy 3TOM MMEET TPU ONUMK: INEKTPUHECKYIO UM ONTUMECKYID BHYTPWU CTaHUMK U ONTHHeC-

cTBax

KyI0 Mexay CTaHUNAMU,

YkazaHHble 0606weHHbIe norudeckue 6noku B nocnegHee BPeMA LWIMPOKO UCRONbL3YIOTCA 8 PyKOBOA-
no annapatype SDH pa3nu4Hbix kKOMNaHWiA.
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4.2. TEPMMHOJIOTUS LUDPOBDbIX CETEN

CTpeMuTensHoe passuThe KOMNLIOTEPHLIX, UHGOPMALMOHHDBIX 1 CETEBLIX TEXHONOTWA B MUPE 3a nocneaHee
JecaTuneTue NPUBENO K NOABAEHUI0 H0NbLLIOr0 YUCNA HOBLIX TEPMMHOB, LIMPKYNUPYIOLLUX B Cpeae cneuua-
AmcTos B Buae 0cobBoro XaproHa, OCHOBAHHOMO B MacCe CBOEW Ha MCMONb30BaHWWU PYCCKWUX Kanek C aHf-
NUIACKMX TepMuHOB. OTEYECTBEHHbIE WHCTUTYTH CTaHAApTM3auMuM B CUNy pana M3BECTHLIX OBCTOATENbCTB
oKasanacb HenoAroTOBAEHHOW K TOMY, 4TOObl NEPEBAPUTL HAXLIHYBLUMIA NOTOK TEPMUHOB U NPEONIOXUTL WX
OTEYECTBEHHbIE IKBUBANEHTbI, Y3aKOHEHHLIE COOTBETCTBYIOLNMIN CTaHJapTamu.

B 27O CBSA3M CMEUManucTbl N0 CETEBLIM TEXHONOMUAM, CaMy 3aHANMCL HABEAEHUEM NOpsaKa B Tep-
MUHOJNOMK, UCNOJIb3YA €AMHCTBEHHO BO3MOXHbLIA B TAKOW CUTyauuu noaxoa € nosvumum 3APaeoro CMbicna
W MCMONb30BAHUSA CTATUCTMKN MPUMEHEHUS TEX WU WHBIX TEPMKHOB.

AnbTepHaTMBHAA TEPMUHONOMMS OTEYECTBEHHBLIX CNEUWANUCTOB MO 3NEKTPOCBA3W, 3apoavBLIAncs
ele a0 WupoKkoro pa3suTus KOMNbIOTEPHBIX CETEBLIX TexHONOrWiA [166)], npoaonxkana CywecrsosaTh B pyc-
ckux nepesopax ctasaaptos CCITT u ITU-T un 6uina otpaxeHa 8 PTM [12].

4.2.1. AcToxn NnosiBNeHUS HOBOW TEPMUHOAOrUM

TpaauumMoHHble TenedOHHBIE (NPOBOAHEIE U BECNPOBOAHLIE) CETU CBA3M, WCMONL3YIOWME AHANOTOBbLIE Me-
TOALl Nepepayu, yxe AaBHO Nepexunyd CeOi CTonetHui wobunein u chopmupoBanmn CBOIO YCTOWYMBYIO Tep-
MUHOMOTMIO. TpaamumoHHbie 9BM ob6liero HasHayeHus HeQaBHO OTMETWWN CBOW NATUAECATANETHWUIH 106u-
neit n UX TEPMUHONOIMA B OCHOBE CBOEMN TAaKXe YCTOSANachk.

CucreMbl uMdposon TenedoHMN U KOMMbIOTEPHLIE CETU, HAaNpPOTWUB, HaYyanu PasBMBATLCA TONBKO C
Hauyana 60-x rogos, koroa 9BM yxe Bouiwnv Ha pybex Tpetbero nokoneHusa. Hambonee BaxHbie MOMEHTHI
3TOr0 Pa3BUTUS, KaK MHE KAXeTCH, CNeayloume:

1962 - HA4Yano akcnnyataumMuM komnaHwe Bell System nepBOil KOMMEPHECKOW cHUCTeMbl UNppPOBO#H
renegonnu ¢ kananamn DSO (64 xBut/c), MynbTUNNEKcHpyembiMu B kavan T1 (1.544 M6éut/c).
Oxa nonoxuna Hayano cosgaxHuio PDH vepapxuu;

1963 - nosasnenne 3BM 3-ro nokonexus - IBM System-360 c 6aiiT-OpueHTUPOBAHHON CTPYKTYpPOW
OaHHbIX M “kaHanoM™ Ana npuema/nepenayn M MynbTUNNEKCUPOBAHUS HU3KOCKOPOCTHBLIX NOTO-
KOB faHHbIX, YNPOWAKLWMUM CXEMY Opranudaumumn ceteit 3BM - nocny>Xxmno MOLHbLIM CTUMYJIOM ©
OCHOBOM ANF PA3BUTUA NEPBbLIX KOMALIOTEPHLIX CETen;

1970-72 - nosiBneHue EC-3BM (0oTeuecTBeHHOro aHanora |IBM System-360) u nybnukaums oTeuecTBEeHHbIX
CTaHpAPTOB Ha annapartypy OKOHeYHoro obopynosanus ganubix OO[, annapartypy okoH4a-
Hua xanana gavnsix AKIL n cucrem nepenayn gaxwHsix CMNL4 - noCNyXMNo CTUMYNOM ¥ OCHO-
BOW ANA CO3AaHUA OTEUYECTBEHHBLIX KOMMbLIOTEPHBIX CETelk;

1975 - pa3pabotka cucTemHoi ceTeBoi apxurextypsi - SNA (IBM), pelumBliein pag kKiloYeBblX BOM-
pPOCOB OpraHusauun uHTepg@ercoB [OCTYNa B CETb U CO3[aHUA MHOTOMALLIMHHBLIX CETEBbLIX KOM-
NNEKCOB - NEPBas NOnbITKa CTAHAAPTU3ALMU KOMMbIOTEPHbLIX CETEBLIX PELUEHWIA;

1981 - Ha4ano cucremMaTuyeckmx paboT no nokanbHbiM ceTam Ha ocHose MK;

1983 - paspaborka 6a30Boi Momenu Baaumogedcreus oTkpeiTeix cucteM - 0S| (BOC), otkpbis-
Weid BO3MOXHOCTM CTraHgapTu3auMM v WUCNOML30BaHus CeTeBOoro O6GOpYAOBAHMS Pa3nNUYHbLIX
npouasoaMTeneiA B OQHOM ceTw;

1988 - nybnukauua 6as3oBbix ctaHpapTos CCITT Ha TEXHONOIMIO CUHXPOHHON UMGbPOBON Mepapxuu -
SDH, wWpoKO UCNONb3YEMYI0 B HacToAWee BPEMSA ANA CO3AaHWA PErMOHaNbHbIX, MEXpPerno-
HaNbHLIX ¥ rNOGanbHLIX TENEKOMMYHUKALUMOHHBIX CETEMN.

ITOT NepeyeHb NOKa3blBAET, YTO PA3BUTME KOMMbLIOTEPHLIX CeTeil n uMdPOBLIX CeTei CBA3K, HadMHas
€ 1962 r., nponcxoauT NPaKTMHECKM NAPaANNEnsLHO, NPUYEM TaK, HTO OTEHECTBEHHAA TEPMUHONOMMA B 06OMX
cny4aax (8 4aCcTu nepefayMm AaHHbIX) OCTAeTCs AOCTATOYHO eauHooBpasHOi (C NPUMATOM TEPMWHONOrMK
cetei cea3u) Bnnotb A0 1986 ropa, B 0CHOBHOM Bnaropaps ycunusam [occraHpapTa.

B TO Xe BpeMs KOMMbLIOTEPHAn TEXHUKA 1 TEXHONOIMS PasBuBanvch CYLLECTBEHHO BLiCTpee, Yem Tex-
HONnorumM UUPPOBLIX CETeN CBA3U, FAe METOALI UMMNYNLCHO-KOQOBOA MOAYNALUUU U NIE3MOXPOHHOK uMdpo-
BOI nepapxun Ouinu rocnOACTBYIOWMMA. B KOMNBIOTEPHON TEXHWUKE HE TONBbKO NMPOUCXOAWAA CMEHA MOKO-
NEHUN, HO N NOABMAANCHL HOBbIE KNaccol 3BM - MUHU-, MUKPO-, Cynep-3BM, MynsTUNPOLECCOPHLIE U MHO-
roMalwvHHble KoMnnekcbl OBM. MOXHO C yBEpEeHHOCTLIO CKa3arb, Y4TO PasBUTUE KOMMbIOTEPHOM TEXHWKM,
€e BHYTPEHHEWN apxMTeKTyPbl 1 TEXHONOMMU MyNETURPOLECCOPHON 00paboTky SBUNOCH MCTOYHMKOM MPaKTU-
YeCKu BCEX MOAENbHbIX PEWeHUA, NCNONb30BaHHbIX NO3AHEE NPU PA3BUTUN HOBbIX CETEBbLIX TeXHONOrMn. To
e MOXHO CKasaTb U O passutun TePpMUHONOruK. B obBnactn KOMNbLIOTEPHOW TEXHWKW M TEXHONOMMU OHAa
OXBaTbIBANA CYLLECTBEHHO BONbWNIA KPYr TEPMUHOB, YEM B TEXHVKE LMOPOBOIA CBSI3N.
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KomnbsrorepHbie ceTu B Hauane CBOero pa3sutus Gbin B OCHOBHOM JIOKAbHBIMM Y NDUMEHANNCH
NPaKTUMHECKN UCKIIOYUTENLHO 419 nepeaaym gaHHsx. B pesynstarte obuias TEpMUHONOIUA KOMMNIOTEPHLIX
ceTeih 1 ceTeBoro 06opyaoBaHuA Mano oTAM4anacek 0T COBCTBEHHO KOMNBLIOTEPHOM.

Ceru uncgposoi ceaam, 6yayun B Ha4ane CBOEro pasBUTA B OCHOBHOM r100anbHbiMu TenedOoH-
HbIMW CeTAMK, UCNONL30BANMCHL NPAKTUHECKN UCKITIOYUTENLHO A8 nepegayy peyn. B pesynetare ux Tep-
MUHONIOMUA TArOTENA K TPAAMUMOHHON TEPMUHONOMMK aHaNOroBbiX CETen CBA3KM U CYWWECTBEHHO OTAu4anach
OT KOMMbIOTEPHON. Hanpumep, ncnonb3oBanuCb TEPMUHLI CTBIK BMECTO MHTEpgesc, okreT BMecTo 6aiT,
yuKn BMECTO kagp vnv ¢pesim, nocbinka BMeCTO 610K [aHHbIX, YN/IOTHEHWE KaHana w rpynno6pa-
30BaHne BMECTO MYnbTHIIEKCUPOBaHME W TaK fanee.

Ecnu 6bl aBa TMNa ceTeil pasBvBanCb MapannensHo U He nepecekanncb, TO CyLLECTBOBaHWE ABYX
OTNW4HLIX OAPYr OT Apyra rpynn TePMUHOB, UMEIOLLNX OAUHAKOBYIO 3TUMONOrUID, Kak-To Morno 6ol 6eiTh on-
paeaado. OaHako HeobBXxoAMOCTE Nepefanath AanHbie HA GOnblUMEe PACCTOAHWS NPMBENA K UCNOAL3OBA-
HUIO YXEe CyWecTBOBaBWUX TenedOHHbIX CETENW U CO3AAHUI0 HANOXEHbLIX CeTel, UCNONLIYIOWMX TeXHONOr N
nakeTHOM KOMMyTaumn - X.25, peTtpaHcnauuu Kagpos - Frame Relay, pexvuma acuHxpOHHO nepenauyu -
ATM. 370 NO3BONUND CBA3LIBATL MIOKANbHLIE CETW B €4MHYIO rnobanbHyio ceTb, GOPMMUpOBaTh BUPTYanbHble
CETU N NX CEerMeHTbl, UCNONb30BaTh KOMNLIOTEP B KA4YeCTBE TEPMWHANLHOIO UNW TPAH3UTHOrO y3na cetu
nyTem NPOCTON YCTAHOBKN MHTEpdEeNCHOW kapTbl B CNOT M CBA3bIBATL Nonb3osatenein (aboHeHToB cetu)
nyTeM NPOCTOr0 M3MEHEHWA aapeca B MaplipyTuaarope. B pesynbTate npoumsowno B3anMONPOHUKHOBEHUE
obeunx TUNOB ceTeil.

B 3TOI CuTyauMu pasnuyne TEPMUHONOMMIA CTanc OOLEKTUBHLIM TOPMO30OM CTAHOBNEHWS HOBLIX Ce-
TEBbIX TEXHONOMUMA, NpUYEM He “y HUX", pa3pabaTbiBaloWmMX 3T TEXHONOIMK, a Y HaCc, B POCCUU, NULLEHHON
B 3T¥ roAbi He TONbKO ROCTATOMHOrO xonudecTsa MK, ans opranmsauuun JIBC, HO 1 (yto 6onee BaxHo) oTe-
4eCTBEHHOI NuTepaTypbl N0 UMPPOBLIM ceTam. Y HAC, rae OAVH TePMUH, Hanpumep, frame B 3aBUCUMOCTH
OT TEXHONOrMU NEepPeBOaUTCA CREUMAIMCTAMMA TO KaK UMKA, TO KaK Kagp, TO KaK NOCLINKa WUNK NakKeT, HO He
Kak dpenm.

OTCyTCTBME OTEYECTBEHHON TEPMUHONOrMK B 0BNacT HOBBIX MHGOPMALMOHHLIX TEXHONOMUIA NPUBENO
K LWWPOKOMY WCMONbL30BAHMIO PYCCKMX “kanek” u aHrnuinckoin abbpesmatypbl B Ka4yeCTBE HOBbLIX CETEBbIX
TEPMMHOB, 4TO [AN0 BO3MOXHOCTb MO KkpaiHei mepe u3bexarb kakoro-Ool T0 HW GbINO HENOHUMaHWA 8
cpene CneuuanucToB MO NoKankHbIM ceTam. Ceidvac MOXHO CKasaTb, HYTO TePMWUHONOMMA TPaANUMNOHHBIX
nokaneHbix ceteit (Token Bus - ARCnet, Ethernet, Token Ring v FDDI) npakTuyecku yCcTosnacb. AHanormy-
Has cuTyauus xapaktepHa u ans apyrux Hoeeix JIBC Texnonornii Switched Ethernet u Fast Ethernet.

Ceivac, korga cneumanucTbl N0 NOKANbHbIM CETSIM aKTUBHO MOTOBATCA K UCNONL30BAHWIO U Aaxe Ha-
Yanu UCNONbL30BaThL TexHonoruu ATM KU NpeanonaralnT NoAL3OBaTLCH TexHonoruelh SDH aAna nepegaun no-
Toka ATM siueek Ha Hn3MHECKOM ypoBHE, BONPOC 06 UCMONb3OBAHUM AUHON TEPMUHONOIMK B NOKANLHLIX 1
rnoBanbHbiX CETSX CTAN KaK HUKOMAA aKTyanbHbIM.

4.2.2. Hekotopbie npeanoxeHus no Bbibopy TepMuHonorum
B TexHonoruax PDH n SDH

MpuBeay HEKOTOPLIE NONOXEHWK, KOTOPLIMKU PYKOBOACTBOBAJICA aBTOP NpM BuiBOpe HOBOrO TEpMUHA UK

€ro nepesoae C A3blka OPUrnHana, U OCTAHOBNKOCb HA HEKOTOPLIX CMOPHLIX TepMUHaxX. Tak Kak BCE HOBbIE

CeTeBble TEPMUHLI NPULLLIKU K HaM “OT HKUX", To NpoGreMa TEPMUHONOTUKM CBOAUTCA K npobneme ux sauMmcT-

BOBaHWUA WM aAEKBAaTHOTO NepeBoAa. bbino Bl NOrMYHO NPU 3TOM NPUOEPXMBATECA PANA NPUHLUMNOB:

1 - MNpw BoIBOpPE BapraHTa NepeBoAa HYXHO CneanTb, 4TOObl “MHOXECTBO BO3MOXHBLIX TONKOBAHUK" AaHHO-
ro BapuaxTa He Nepecekanoch WA MUHUMANLHO NEPeceKanoch C aHaNOrMMYHbIM MHOXECTBOM Y ApYrux
TEPMUHOB.

2 - BapuaHT nepeesoga Unuv TepMUH A0IMKEH COXPaHAaTh 3TUMONOMMIO UCXOAHOFO (NepesoanMOro) TepMuUHa.

3 - Mpwv BbIBOpe BapuaHTa NEpeBoaa CrieayeT y4UTLIBATh CROXUBLLYIOCS NPAKTUKY nepesosa, eCnu oHa He
NPOTUBOPEUNT APYIM NPUHLMANAM. ‘

4 - Cnepyet usberats onucaTtensHbiX NEPEeBOSOB TEPMUHOB, @ ECNM BTOr0 CAENATb He yAAeTCR - HYXHO

MCNONL30BaTL “PYCCKYIO Kanbky” B Ka4ECTBE HOBOr0 TepMUHA, 0XUaas, 4to Mbo aTOT TEePMUH-Kabka
nony4uT NoQAepPXKy, Nbo apyrve npeanoxart 6onee ynadHblil TepMUH.

5 - BapwaHT nepeBoaa, UCNoNL3IYEMbIA B KAUECTBE TEPMUHA, ACMXKEH ObiTh KPaTKUM, NO3BONSIOUIAM NETKO
06pa3osbiBaTE NPOM3BOAHBIE GOPMBI UM CBA3KU.

B nocnepgHee Bpemsa y pasHbiXx CNeuManucToB NpoucxoauT cBanxeHue noavumii No UCNONb3OBaHWIO
ONVMHAKOBOW TEPMMHONOMMK. HanpuMmep, ceiivac NPakTUYECKM HE CywecTByeT pasHOrnacuiti No AByM pacn-
pPOCTpaHEHHbIM AWNEMMaM:

- okxter - Gair. B oboux cnyuaax 3To none AnuHOI B BocEMb BuTt, oOpabaTtuiBaeMOe Kak eauHoe

uenoe (TepMuUH OKTET B 3HaYeHuu 8-OUTHLIA (a He 7-OuTHwbiid) Gaitt nossunca Ha pybexe 50-60
roaos B CBsi3u C passutueM UKM). MpakTuyecku Bce CTann UCnonbL3oBaTh TepMUH GadT.
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— cTeik - MHTepdesic. B 060nx cny4asx 3TO COBOKYMHOCTb TEXHMHYECKWX M NPOrpPaMMHbIX CPEeacTs,
MCNONb3YEMbIX QNS CONPSXEHUs) YCTPONCTE UK CUCTEM, UNK NPpOorpamMM. fpakTuyeckn Beage cran
MCNONL30BTLCA TEPMUH MHTepdesic, kak fonee WMpoKoe NOHATUE, NCNONL3YEMOe B CBA3KE C NO-
ACHSIOLWMMU ero onpepeneHuaMmn: aormdeckuii uHrepgeiic, ¢pusnvecknii wnurepdesic, npor-
paMMHbIli uHTepgesic (B [127], HanpuMep, Np1BeAeEHO 28 Takux CBA3OK).

BMecTe ¢ Tem cyuiecrsyeT paa TEPMUHOB, B TOM 41UCAEe U TpakTyembix Kak Hambonee npasunbHble,

nepeBop KOTOPLIX U Ceivac Bbi3bIBAET CROPLI U B CUNY 3TOro onpeaeseHHblll seibop asTopa Tpebyer Heko-
TOpPOro NOSICHEHUS

B texHonoruax PDH 1 SDH wucnonbayetca OOBONBHO MHOMO HOBLIX TEPMUHOB, HE XapakTepHblx ANA

APYrMX CeTeBbiX TexHonorwii. OOHM M3 HWUX MEpeBefeHbl YAAYHO, NepeBof APYrMx MOXHO 6bino-6bi
ocnoputh. Huxe nNpueeaeHsl HEKOTOPLIE HAMBoNee BaXHbIe U3 HUX:

1

frame - NepeBOAMTCA WNW Kak Kagp, WNU Kak 4Mkil, vnn Kak ¢pesim. Bo Bcex cnydaax 3to 6nok
DAHHLIX GUKCUPOBAHHOM ANWHbI, npeacrasnsaemMbin nbo 8 Buae OOHOMEPHOrO NOCNEAOBaTENbHOro
nona (TexHonoruu Frame Relay, PDH), nu6o B Buae asymepHoi tabnuub (texHonoruss SDH). Mpepna-
raeTcs MCMonb30BaTb TEPMUH Kagp (Ans OAHOMEPHOro NOCNenoBsaTenbHoro nona), nubo gpessm (ona
OByMepHoi Tabnvubl 1 Boobwe ans TexHonoruit PDH 1 SDH, rae OHW AOCTaTOMHO TECHO nepenneta-
iotcs1). B Texuonoruax PDH v SDH tpaguumoHHo ansi o6ouvx npeacrasneHuit frame nepesonsT kak
“umkn”. OQHaKo UMK - NOHATUE BpeMeHHoe: “Livkn - COBOKYNHOCTL ABNEHWUIA, NPOUECCOoB, COCTABNRIO-
was kpyroobopoT B TeYeHne W3BECTHOro npomexyrka Bpemenu”, [138, €.1492]. ®peiim - noHatue
npocTpaHcTeeHHoe. Korpa nmwyt, 4to umkn B SDH npepcrasnseT cobol cTpykTypy, cocTosulyo u3 9
CTPOK n 270 cTonbuoB, TO, BONLHO UAXN HEBONLHO, ONPEAENSIIOT BPEMEHHOE NOHATUE, KAK NPOCTPAHCT-
BEHHOE, 4YTO, MO CYTH, aBaseTcs owubkon. B TO Xe BpeMs HOPManbHO 3By4aT CBA3KM TUNA: “UMKNI NOB-
TOpeHus ¢peiima cocTaBnseT ...", roe BPeMEHHOe NOHATHE UCTONL3YETCA B Ka4eCTBe yKasaHus Ha ne-
PUOAUHHOCTb NOBTOPEHUA NPOCTPAHCTBEHHOTO NOHATUSA.

Wcnonb3oBaHue TepmuHa ¢bpesim, No3BonaeT M3BaBMTLCA U OT eLle OLHOMO HENPUBLIMHONO TepMuHa
CBepXuUMK, NpefnaraeMoro B8 KayecTBe OKBMBANEHTA WUCXOQHOro  Ttepmuna multiframe
(mynbTugppedim). Npuctaska “MynbTi” HANOMUHAET O TOM, YTO MYNbTUdPEAM NONYYEH NyTeM Mylib-
TMnnekcupoBaHmsa dpeiimos. Npucraska “ceepx”, HANPOTUB, HE COOTBETCTBYET STUMOJSIOTMUA UCXORHOMO
TEPMUHA.

trib, tributary - nepeBOAUTCS KAk KOMITOHEHTHbIA CUrHan, NOAYMHeHHbIA curian [12] wiv Harpyska,
norok Harpyaxu [165]. BapvaHT, uCnonb3yeMblit aBTopoM - Tpu6. NocnegHuii TepmunH 6asmpyeTcs Ha
PYCCKOW Kanobke TpMO Npw nepesope cnoea trib, tributary, K HemMy NPUMbLIKAET WU rpynna NpPoOw3BOAHbLIX
TEPMUHOB C nNpunaratenbHbiM TPMOHbIA. TpuOHbIKA OGrox (tributary unit) TpuGHBIA nHTEpPEsic
(tributary interface). Takoi nepeson kaxetca Hanbonee anekeaTHLIM M BOBCE HE CnydaitHbim. Paspa-
6otumkn TexHonoruit PDH n SDH, ucnoneays TepmuH trib (tributary), xotenn nogyepkHyTs TOT akT, 4TO
3TO HEe NPOCTO NPOU3BO/ILHAA COCTABNAIOWAS - KOMMOHEHTHBIW CUMHa, YYACTBYIOILAn B CXEME MyNbTWN-
NEeKCUpoBaHMA, a Takaa COCTaBNAoWast, KOTopas COOTBETCTBYET (mogumHsaercs) wepapxuu PDH (PDH
trib - Tpu6 PDH) mnnu nepapxun SDH (SDH trib - Tpu6 SDH). C 310t TOYKK 3peHns TepMUH NOSYMHEH-
HBIA CHUrHan COXPAHAET 3TUMONOIrUNIO NCXOQHOIo TepMuHa. OAHaKO OH ¥ OCHOBaHHbLIE HA HEM CBAR3KN
TMNa “nHTepdeinc NOAMMHEHHOrO CUrHana” OKa3blBAIOTCH MPOMO3AKUMU MO CPABHEHWUIO ¢ KPaTKUM 1
4YETKMM TEPMUHOM “TpubHbll uHTEepdenc”. Kak 1 B npeabiaywem Cnydae “pycckve kanbkn” - 1pm0,
TPUGHBIK 610K, TPUGHBIH UHTEepdesic 38y4aT NPOLE, NOMHOCTLIO COXPAHSIOT 3TUMOMNOTUIO UCXOAHBIX
TEPMUHOB W YTO HE MEHEEe BAXHO HOPMANbHO BOCMNPUHUMAIOTCA CNeuuanucTaMm no 3TUM TeXHONOMU-
AM, BOCMUTaHHLIMU Ha OPUIrMHaNLHbLIX NyOnnkauuax pekomedaauuin CCITT (ITU-T).
Y10 KkacaeTca 3amMevaHuii, YTO NpaBUNbHEE NEpPeBOANTbL TpUOyTapuii (BMecTo TPMB) N COOTBETCTBEH-
HO TpMbyTapHbii (BMecTo TpubOHbIH), TO 3amedy, 4To TPMG (trib) - rpammarvyeckn npasuabLHAN Kpar-
kaa dopma cnoea tributary (rpubyrapmid), cMm., Hanpumep [130, p.2440]. UMenHO ee B cyny KPaTKOG-
TW aBTOP ¥ NpeanaraeT ucnosb308aTh B KAYECTBE TEPMUHA.
[na 3aKOHY4EHHOCTW PacCYyXAEHWA, AaAUM HEKOTOPbLIE OrnpeaeneHus:
- Tpub - undpPoBOI NOTOK MAK CUrHAN, NCNONL3YEMBIA B CXeMe MynbTunnekcuposanua PDH nnn SDH,
unn SONET nepapxvit ana popmuposadua 6onee BbICOKOro YPOBHA COOTBETCTBYIOLLER Uepapxuu;
-1PM6 PDH - 1pub, CcKOpOCTL nepenaysn KOTOpOro COOTBETCTBYET oaHon u3 PDH  wepapxwui
(Hanpumep, Tpubul 2, 8, 34, 140 MBuT/C COOTBETCTRYIOT €BPONEHCKOR nepapxmum PDH);
- 7pul6 SDH - tpnb, CkOpOCTb Nepenayv KOTOPOro coortsetcrayeT SDH wepapxvu (Hanpumep, Tpubsi
155, 622, 2488, 9952 Mb6uTt/c);
- Tpu6 SONET - tpwb, CKOPOCTL Nepepaqn KOToporo cooTteeTcteyeT mepapxun SONET (Hanpumep,
Tpubel 52, 104, 155, 207 n 1.4. 0o n x 51.84 Mout/c).
Y1066l NOKA3aTe pasHULY MeXAy MOHATUEM KOMMOHEHTHbI CurHan u Tpmb, ykaxem, Hanpumep, 4To
cvrhan 512 kbut/c {Tak Ha3biBaeMblil ApoOHbIA E1) MOXET BbiTb KOMAOHEHTHLIM CUFHANOM MYNbTUMNIIE-
KCopa, HO He MOXeT BhiTh TPUOBOM, Tak kak He CooTBeTcTByeT Hu PDH, Hu SDH, Hu SONET uepapxvsim,
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Mpon3sOaHbLIE TEPMUHbI:

- TpuOHbIAH Gnox (TU) - ONOK AaHHbIX, COAEPXALWMA BUPTYaSIbHbIM KOHTEMHEP (MHKaNCynAMpylowui
OOMH VN HECKONbKO COOTBETCTBYIOWMX TPMBOB) BMecTe ¢ ykalarenem 6noka, onpegensiowmm no-
NOXEHWe Havana nonesHoW Harpysku BHYTPW BUPTYanbHOFO KOHTEHepa Cnenylowero ypoBHA (B KO-
TOPbIA MHKaNCYNMPOBaH AaHHbIA GNoK);

- rpynna TpubGHbIX 6noxos (TUG) - CTpyKTypa, NOny4eHHas B pe3ynbTate MynbTUNIEKCUPOBaHUS
Heckonbkux TpUBHbLIX 610KOB B cxeme ¢opMrpoBaHua Moaynsa STM-N.

3 - alarm - NepesoaUTCA KaK TPEBOXMHbIN cHIHan, curHan rtpesoru [131], coobujeHne o6 orxase
[126], aBapusin(oe|bisi) cocroanue/curnan [132]. WLMpoKo ncnonbayeTcsd NPOM3BOAHLIA TEPMUH -
Alarm Indication Signal (AlS) - curran wHanwxaymu aBapMiHOro cocrosHus. B xHure aBTopom mc-
nonb3yeTcs nepesod cnosa alarm kak “asapuitHoe COCTORHUE”, XOTA U ero nepesop Kak “anapm”, Mo-
XHO 6bif10 66l 0GOCHOBATL HE TOSLKO LWMPOKMM MCNONL30BAHNEM Er0 B XApProHe “CeTeBUKOB”, HO U NO-
TOMY, 4TO OH KPaTOK, COOTBETCTBYET OPUrMHANY U NErkO CBA3LIBAETCHA ANS CO3AAHUA aAEKBaTHLIX OpU-
rUHany NPOM3BOAHLIX TEPMUHOB, HANPUMEP, CHIHAN anapma, HHAMKaTrop anapma, 4BeTOKOAMPOB-
Ka anapMa, cTaTtyc anapma, a Takke noToMy, 4Tto 310 6onee wupokoe nousitue. OHO He obsA3aTeNb-
HO 03Ha4YaeT aBapuitHOe COCTORHME B HAlUEM MOHUMAHWM WK He Bcerga aenaeTcs coobuieHnem o6
oTxase. OOpaskD roBOPR, anapm NONATUE LBETHOE, a HE Yepno-Genoe, xak cwrhan Tpesotn. Oxo oTo-
6paxaeT 0AHO (TeKywiee, Ui NPUBA3AHHOE K KaKOMY-TO (ApOLIeAlIeMy) MOMEHTY BpEeMEeHU) CocTos-
HUE U3 MHOXEeCTBa COCTORHWI CUCTEMbI. AN&PMbl MOXHO UrHOPMPOBaTL (DUNLTPOBATL) AN FPYINUPO-
BaTb Ans GopMuposaHus 0606LIEHHOrO nokasartens.

H

unit - nepesoantcn Kak 6270k B csaskax tuna: AU - agmuHucTpaTuBHbIN 610k, AUG - rpynna agMmu-
HUCTpaTNBHLIX 610kos, TU - TpnbHbit 6nok, TUG - rpynna TpmubHbix 610KOB; UCNONL30BaHWE ANS BCeX
BbILLEHA3BAHHLIX MOHATUA TEpMUHA MOAQY/b, KaK 31O caenaHo B [165], TpyaHo onpasaath, x0TA-6bl
NOTOMYy, 4TO B OpUrMHane CTaHaapTos WUCRONL3YIOTCA 06a TepmuHa: 6nok U MoAynb, NpudeM nocnea-
HUWA NCNONL3YETCs ToMbKO Ans STM - CUHXPOHHOrO TPAaHCNOPTHOrG MoAayna. Kpome TOro, Mogynb - 3a-
KOH4YeHHOe 06pasoBanne, Toraa kak 6510k - ero cocrasHas 4acTb. Kak ussectHo, 8 SDH nepapxuun TU,
TUG, AU, AUG - cyTb noruyeckmne 6n0ku (He CyLIECTByIOUINEe CaMOCTOATENLHO), U3 KOTOPLIX U cobupa-
eTcs GU3NYECKM CYLLECTBYIOWMIA TpaHcnopTHb Moayns STM.
[na ppyrux TepMUHOB, UCNOMb3YEMbIX aBTOPOM, BCe HeoBxoaMMbie OnpeaeneHns TEPMUHOB UHTEpe-
cylowmeca MOryT HaWT B COOTBETCTBYIOLLMX cTaHgaptax. Hanbonee nonHo oxu otpaxexsl B [133,134,135].
Lnsa ynoGcTea uviTaTens Bce UCNONL3YEeMble B OAHHOW KHWIE COKPALEHUS U COOTBETCTBYIOLME UM
TEPMUHBI MOMELLEHb B CNUCKE COKPaLWEHWA B KOHUE KHUTN.
Ana o06o3HaveHns ¢GOPMaTOB AAHHBLIX, UCMOAL3YEMbIX B Pa3/IMYHLIX UHGOPMALMUOHHLIX TEXHOMOTUAX,
UCNONBL3YIOTCS PasNUYHLIe TEPMUHBI, KOTOPbIE B PAAE CnydaeB 0603HaYalOT 0AHO ¥ ToXe. Huxe npuBeaeHb
HEKOTOpLIE NPeANOXEeHUs N0 UX yHUbMKauuk, OCHOBAHHBIE HA aHanu3e UCNOAL3YEMOro pasHoobpasus
TEPMUWHOB. siYelka, Kagp, naker, umxn, QpeHM, xoxreiHep v coobujenune. Bce OHM dakTU4eCcKu
VCMONb3YyI0TCA AN OQHOFO M TOro Xe - ana o6osHavyersns 6noka naHHbIX GUKCUMPOBAHHOW UNKU NEPEMEHHO
ANNHLI, UMEIOWEro ONpeaeneHHy0 U pasnuuHyio (B 3aBUCUMOCTU OT TEXHOMOMMKU) CTPYKTYPY COCTaBNSIOLLNX
ero nonein. HawbBonee noruyHbiM Obin0 Gbl  UCNONL30BATL EAMHOOOPA3HYID U  BMECTe C  Tem
Henepecekaouyloca TEPMUHOMONMIO, NpPen/iaragMyl0 HUXe BMECTE C KPaTKMM OnpedeneHueM Kaxaoro
TepMuHa:
~ Kagp - 610K fAaHHbIX NOCTOSHHON (PWKCMPOBAHHOW) ANWHLIL, NPEACTABNEHHLIA B OAHOMEPHOM
Buge (ATM, FDDI, PDH);

— ¢pedim - 6RoK AaHHbLIX NOCTOAHHONO ((UKCUPOB3HHONO) pasMepa, NPeaCTasneHHLIA B ABYMEPHOM BW-
De vn pa3BepHyTbiit B BUAE OAHOMepHOro 6noKa ¢ CoOXpaHeHeM CTPYKTYpb! ayMepHoro (PDH, SDH);

-~ maker - ONOK Aa@HHbLIX MEPEMEeHHON ANNHBI, NPeACTaBneHHbIn B OAHOMEPHOM Buae (Arcnet,
Ethernet, FDDI, Token Ring, Frame Relay, X.25, ISDN);

— coobujenue - BGNOK AAHHLIX NEPEMEHHON ANVHbI, COCTOALMIA U3 HECKONLKUX KaapOB WM NaxkeTos,
NPEeACTaBNEHHbI B OAHOMEPHOM BUE;

— KOHTeHHep - 6noK AaHHbIX, UMelowmnn Paa GUKCUPOBaHHBIX Pa3MepoB, NPeacTaBNeHHbld B OBy-
MepHoM Buge (SDH).

Y1o kacaetcs SDH, To B cuny Bbilwecka3aHHOro ee GnokM AaHHbIX cneayeT HasbiBaTh (ppedmMam,
€CNM Bbi ONMUCHIBAETE MX KaK GPUKCUPOBAHHYIO ABYMEPHYIO CTPYKTYPY (Hanpumep, matpuvuy pasmepa 9x270 -
9 crtpox no 270 GanT), unn xagpamu ecnu pacCMaTpuBaTb MX Kak OAHOMEPHLIA GNOK, HE COXPAHAIOWWA
CTPYKTYPY ABYMEpHOro npeactasnexus. MNepsoe npeacTaenexue yaobHO ANA NOFUYECKUX MAHWUMYN\UMA #
aHanuaa, BTopoe - kak 6510k ans 06paboTkm B HEKOM PU3NYECKOM yCTpoicTae. B gaHHOW KHUre aesTop mc-
nonbayet ansi PDH u SDH eanHoo6GpasHbie TepMUHbl dpeim u MyneTudpeinm. WHave npywnocob 6bi uc-
NONLA0BATE ABOVCTBEHHLIE TEPMMHL! KAnp, MYNLTWKAAD/PPenm, MyncTudpeim, Wwio ve yaobrwo, ocobenno
KOroa B O4HOM TEKCTe NPUXOAMTCA ONUCEIBATL OAHY CTPYKTYPY, NPEeACcTaBaAfemMylo TO B OOHOMEPHOM, TO B
NBYMEPHOM BUAeE.
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3AKJNTIOMEHUE

MnaHMpys HanuCaHue KHUMN C NONYNSAPHBLIM W3NOXEHUEM OCHOB TEXHONOMMW CUHXPOHHOR UMGPOBOI nepap-
XWUM U ee UCMONb30BaHWUA B CETAX CBA3M, aBTOP Npeanonaran, 4yro caenate 310 Oyner o4eHb CNOXHO, faxe
npUHKUMan BO BHUMaHWE NO3UTUBHBIE COMYTCTBYIOWME 0BCTOATENLCTBA - YTEHUE NEKUMA U HECKONLKO ony6-
NUKOBaHHbIX CTaTei Ha 3Ty TeMmy.

AsTtop otpasan cebe oTdyeT, 4TO Haubonee cnoxHas Belb - NONYNKPHOCTb WM3NOXeHua. Ero onwbiT
YTEHWS NEeKUMA NO HOBLIM CETEBLIM TEXHOJIOTUSM NOKAa3bLIBAs, HTO €CAn caywartenu, K npumepy, Gyoywme
KOMMBbIOTEPHbIE CNEUUanUCTbl U 3HAKOMBbI C TEXHONOrMEH NOKanbHbIX CeTeW, TO ANA HUX INEeMEHTAPHLIMU
6ynyT npobGneMsbl, uanaraembie B rnaee 3, 1.e. BCe, YTO kacaercs mopenm OSI, npoTOKONOB, ynpaBneHwus,
aapecauun, MapLlpyTu3aumum, anMUHUCTPUPOBAHUA, MOHUTOPUHIa pabo4mnx xapakTepucTuK U CEeTEBOro Me-
HemKMeHTa. Haubonee CROXHBLIM QA HUX MOXET OKa3aTbCH MaTepuan nepBoi IMasBbl M NEPBLIX ABYX pa3ge-
noB BTOPO# rnasbl. Ecnu xe cnywatenu - Gyaywwme unu GbiBlUME BbLINYCKHUKKA BY30B CBSI3W, TO KapTuHa, Kak
npaBuno, NpPAMO NPOTUBONONOXHANA. Hanbonee CnoxHbiM ANA HUX OKA3LIBAETCA Marepuan TPeTbel rnasbl.
M60 maTepuan nepsBoi rNasbl (B TOM UM MHOM BUAE) YATAETCA UM 8 npouecce obn3artencHoro obyueHun.

ABTOp nocTapancs, kak emy kaxercs, nopobpate Bce Haubonee BaxHoe, HeobxopuMOe Ana NOHUMa-
HUS NAaHHOM TEeXHONOrnwu, NPuAaTb, AAHHOW KHUIE HEKUA 3aKOHYEHHbIW BUA W NPenioXuTb €e BHAMaHUIO
uyutatena. AsTop Gyper BnaropapeH YnTaTenam 3a KOHCTPYKTUBHBIE 3aMeYaHus, KOTOpLIe B Cnydae ycnexa,
no3sonaT B 6yaywiem noaroTosUTb YAyHWEHHOE U3naHue KHAM.

HacblleHHOCTe MaTepuana, obunue TepMUHOB U OFPOMHOE KONMYECTBO COoKpalueHuin He Byaet cno-
cobcTeoBaTh nerkomy 4teHuio. OgHako OHO HaBepHska OyaeT nonesHbiM ONA He O4eHb MHPOPMUPOBAHHOTO
uyuTatens. ITomy xe 6yaer cnocobCTBOBATL U AOCTATOMHO NOAPOOHLIE CCLINKW HA MaTepuansl CTaHaapTos,
YTeHWe KOTOPbIX AOMKHO CTaTb CNeaylowuM 3TanoM B OCBOGHUW Martepuana KHuri. ABTOp HaaeeTcs, uTo
NPUBEAEHHBLIA B KOHUE KHUIMM CNOBapb COKPALLEHWNIA TAKXKE NOMOXET YNTATENO B 3TOM.

AsTOp 6Gnaropapwut COTPYAHMKOB POCCUIACKUX OTAeneHuid xomnanuin Lucent Technologies, ECI, Phil-
ips, Nokia 1 Siemens 32 npenocTasneHHbIE HOBLIE KaTanorn No BbinyckaemMoMy o6opyaosaHuio SDH.

ABTOpPY OCTaeTCH HaAEeATbLCA, YTO ero paboTa OKaXeTCa NONEe3HOW ero YNTaTensam.

CUHXPOHHbLIE LUIW®OPOBLIE CETY SDH 133



CNMUCOK COKPALLLEHUHA

Huwxe npuvBoOMTCH CRNCOK COKPaWEHWid, NPUMEHNEMbIX B UNEPPOBLIX CETSHX CBA3M HA OCHOBE TEXHONMOrniA
PDH n SDH, koTOpbie ucnons3yloTcs B TEKCTE. bonee WnpoKuii CIMCOK COKPALLEHWUHA, UCMONb3YEMbIX B aHr-
NWIACKOW niuTepatype no TEeNEeKOMMYHUKAaLMAM (B8 TOM 4uCne ¥ ONUCHLIBAIOWMX TexHonorun PDH u SDH)
npveenex B cnosape [44].

JlaruHckue coKpawenmns

10/100BASE-xx - CeTtb Ethernet ¢ asromaTudeckMm nepeknioyeHMeM CKOPOCTM nepeaaun 10/100 M6ut/c, ucnonbay-

owas rexHonoruio IEEE 802,14

100VG-Any LAN - CeTt GuicTphiii Ethernet (100 M6ut/c), ucnone3ayiowan craHpapT IEEE 802.12

1b2b
M

2MTA

ACK
ACSE
ADI
ADM
AFI1

AIS
AITS

AMI

AMM
ANSI
APS

ARCNET

ASE
ASN.1
ATM

AU

AU-n

AU PTR
AU-3
AU-4
AU-4-Xc

AUG
AUX
B-ISDN
B1,2,3
B3ZS
B4ZS
B6ZS
B8ZS
BBE

BBER
BBU

- 1B2B - WwnpoKo UCNONb3yeMblid YacTHLIA cny4ait knacca 6NoOYHLIX KONOB, 8 KOTOPOM 1 GUT UCXOOHOK
MKM nocnenosaTtensHoCTH ANMTENBHOCTBIO T KOAMPYETCA KOMBUHaLmel ua 2 6uT anutensHocTbio T/2
2 M6ut/c TpubHbi uHTepdeicHLIi Gnok Ges TepMuMHaNLHOMO apanTepa (annapaTtypa KOMAaHuu
Nokia)

2 MO6ut/c TpubHLIA MHTepdeiCHLIN 6NOK C TepMUHaNbHBIM ananTepoM (annapartypa KOMMaHuu
Nokia)

Agent - areHr

OnopHas To4ka (BX0A/BbIXOA, BONOKHA) B CXeME NpeacTaBneHns pereHepaTtopHOi cekummn

Area Address - agpec obnactu (none s cTpykType anpeca NSAP)

Acknowledgement - noaTeepxaeHue (Hanpumep, noaTBEPXAEHUE Npuema coobuieHus)

Association Control Service Element - cepsucHbIit 3n18MEeHT acCOLUMMPOBAHHOIO yNpasneHns
Alternate Digit Inversion - koa, ¢ nopa3psaHO-4epeayloWweincs Hsepcuen

Add/Drop Multiplexer - MynsTUnnekcop Beoaa/Buisoaa

Authority and Format Identifier - npeHTuduxarop nonsomounis n popmara (AUD) (none 8 cTpykType
anpeca NSAP)

Alarm indication Signal - curhan uHaMkauMm aBapuiiHOro COCTOAHUA

Acknowledged Information Transfer Service - cepsuc: nepepnaya uHdopmauumn ¢ noaTsepXaeHUEM
npuemMa

Alternate Mark Inversion code - ABOWuHBIA KOO, C U3MEHEHWEM NONSPHOCTU CUMHANA Ha KaxAoit
eAuHULUE, HOJNib NepelaeTes OTCYTCTBUeM CUrHana - B peaynbrate GopMupyeTcs OBYXMONAPHLINA
TPEXypOBHEBLIA Kop,

Asynchronous Mapping Mode - aCUHXPOHHbIN peXuM o0ToGpaxeHus

American National Standards Institute - AMepPUKaHCKMIA HALMOHANBHLIA UHCTUTYT CTaHAApPTOB
Automatic Protection Switch - aBToMaTWyeckoe 3awmTHOe nepekniodeHVe (Ha peaepBHbLI 6aok,
nyTsb)

ARCnet - Attached Resources Computer/Computing Network - ceto ARCnet - nokanbHas BLISUCN-
TenbHas ceTb C NOAKMIOYEHHBIMU pecypcamn

Application Service Element - cepBucHbiii aneMeHT NPUKIARHOTO YPOBHS

Abstract Syntax Notation One - HOTaumMa abGCTPaKTHOro CUHTaKcuca - 1

Asynchronous Transfer Mode - pexum acUHXPOHHON nepenayw

Administrative Unit - apMUHUCTPaTMBHBLIN BNOK

Administrative Unit - agMuHucTpaTueHeii 6nok yposHa n (n=3,4)

Administrative Unit Pointer - ykaszaTtens agMunucTpartneHoro 6noka

Administrative Unit 3 - apmMnancTpaTusHblii 600k 3 yposHs

Administrative Unit 4 - agMWUHUCTPaTUBHLIA GNOK 4 YPOBHA

- ADMUHUCTPATUBHLIA 610K, TO Xe, 4To u AU-4, Ho yBenuyeHHoro B X pa3 (X - koagpPuumeHT kpaTHo-
CTW) pasmMepa, UCMONb3yeMblit ANs TPAHCMNOPTUPOBKM NONE3HON HArpyaku, He MoMewaloweincs B
oauH AU-4

Administrative Unit Group - rpyrnna agMuHUGTpaTUBHLIX GNOKOB

Auxiliary - 610K AR BHELWHUX NOAKMOYEHUN

Curnan sBcraskut, UCNOMNL3YEMbIA NPYU OMUCaHNN CXEM KOANPOBaHNA

Broadband ISDN - wwupokononocHan {SDN (LU-LICHUO)

Crexu npotokonos B1, B2, B3, onucaHHble B paHHMX Bepcusx ctaHpapta G.773

Bipolar with 3-Zero Substitution - GunonapHbiil koA C 3aMeHol 3-x Hynel cneumansHOW KOLOBO
KoMbuHalumen

Bipolar with 4-Zero Substitution - 6unonapHLIit kog ¢ 3aMeHOit 4-x Hynelh cneuManbHOW KOAOBOWR
KombuHaumei ’

Bipolar with 6-Zero Substitution - GunonapHbiii Kop, ¢ 3ameHoit 6-x Hynelt cneunanbHO KOLOBON
KkoMGuHaumeit

Bipolar with 8-Zero Substitution - GunonspHbtii kop ¢ 3ameHoOl 8-x Hyneid cneuwanbHOW KOAOBOW
komBuHaumein

- Background Block Error - 650k ¢ ¢ oHoBbIMK OLIMBKaMK

- Background Block Error Ratio - koacdduumert olmbok no 6a10xkaM ¢ GoHOBLIMU OLMGKaMu

- Bus Bridge Unit - 6510k CBA3M C BHYTPEHHeR LWNHOMK

+

]
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BE
BIP

BIP-8
BIP-N

BNC
BOS

BSMM
BSU

C&A
C-1

c-11
c-12
c-2
c-3
C-4
C-n
CAS
CCIR
CCITT
CCSs
ccu

CcDh
CEPT

CEPT Format
CEPTn

CLK
CLM
CLNP

CLNS
CLNS1
CLNS2
CM

CMB
oM

CMIP
CMIS
CMISE

cMu
COMM

CONP
CONS

CONS1

Block Error - 6nok ¢ owmnbkamu

Bit Interleaved Parity - 4eTHOCTL YepeayloWwmxca GUTOB - NPOBEPKa Ha YETHOCTb, MCNONb3yemMas B
xappax ($ppeiimax), co6paHHbIX NO cxeme ¢ YepenylommMmca Gutammn

Bit Interleaved Parity - Octet - yeTHoCTb Yepenyouwmxcs 6UTOB ¢ Nonem 8 oauk Gait (SMDS)

BIPN - Bit Interleaved Parity - N fields - yeTHoCTL Yepegyowmxca 6uToB ¢ nonem B N 61T (Mnm ray-
6uHbl N)

Bayonet-Neill-Concelman - pasvem Tuna GatioHeT, Ucnonb3yembiii ana cospuHutenei GuUKCUpyio-
Lero TUna OAHOXUNLHLIX 3neKTpu4eckux kabeneii

Business Operations System - cuctema ynpasneHus 3KOHOMUHECKOW 3¢hPeKTUBHOCTHLIO CETH
Byte-Synchronous Mapping Mode - 6aifT-CUHXPOHHLIA pexuM oToGpaxeHns

Bus Supply Unit - 6nok nuTasus BHYTpeHHe! WnHbI

KoHTeiHep - NCXOAHBLIA aneMeHT CTPYKTypbl MynbTunnekcupoBanus SDH

OnopHan To4ka (Bxoa/Bbixon RST-okoHYaHWl) B cxeme nNpeacTaBneHus pereHepaTopHoi cekuun
CurHan uHsepcum, UCNONb3yeMbili B ONUCaAHUN CXeM KOAWPOBaHUA

Control & Alarm - ynpaBneHue v aBapuitHan CUrHanu3aums

Container of level 1 - koHTeiiHep NEPBOro ypoBHA, CRYXUT AR PaSMELLISeHUS NepBu4HOro undpoBo-
ro kaHana 1.5/2 M6ut/c

Container of level 11 - kOHTeliHep NepBOro ypoBHA amMepukaHCcKoW cxembl PDH uepapxum, cnyxut
ANA pasMeLweHna nepauyHoro uugposoro kavana 1.5 Méut/c

Container of level 12 - koHTeliHep nepBoro yposHs esponeickoli cxembl PDH uepapxun, cnyxut
DNA pa3MelleHus nepeuyHoro umdposoro kaHana 2 M6ut/c

Container of level 2 - koHTeliHep BTOPOro ypoBHS, CRYXWT ONA Pa3MeLLeHUs BTOPUYHOro umdposoro
KaHana 6 M6ur/c i

Container of level 3 - KOHTeiHep TPeTbEro YPOBHS, CNYXWUT ANS PasMeLIeHnn TPeTUMHOMo LdpoBo-
ro kaHana 34/45 M6ur/c

Container of level 4 - KOHTeItHEP YETBEPTOrO YPOBHS, CNYXUT ONS PasMeLLeHns 4eTBepTUYHOMo Ln-
dpoboro kaHana 140 Mbur/c

Container - C-1,2,3,4 - koHTelHep ypoBHa n = 1,2, 3 u 4

Channel-Associated Signaling - BHyTpukaHansHas curHanusaums

Consultative Committee on international Radiocommunications - MexayHapoaHbiil KOHCYNGTaTUBHbIA
KOMUTET No paavo u TenesnaeHuto (MKKPT)

Consuitative Committee on International Telephony and Telegraphy unu The International Telegraph
and Telephone Consultative Committee - MexzayHapoaHbiii KOHCYNbTaTUBHLIA KOMUTET MO Tenerpa-
¢dun u tenedorun (MKKTT)

Common Channel Signaling - curHanuaaums no o6wemy kaHany

Central Clock Unit - 6n0K LeHTPanbHOro reHeparopa CuHxpocurHana

Collision Detection - o6HapyXeHUe CTONKHOBEHWIA

Committee European de Post et Telegraph wnn Conference of European Post and
Telecommunications Administrations - O6weauHeHne EBponeiickux agmMuHucTpauuii NOYT N CBA-
an/O6bepuHeHne EBpOneifCKUX NOYTOBLIX aAMUHUCTPaLNIA

30 TY kaHanoB + 1 kaHan ana curHanuaaumm + 1 kaHan gnNa KanpoBOH CUHXPOHU3ALUN

CEPTn system (n=1,2,3,4) - esponeiickan cucrtema knaccuduxkaumm nepapxmm KaHanos, cosnana-
owas ¢ cucremoii E1-E2-E3-E4

clk - Clock - XxpoHupYioWwKit curHan, Tainmep

Connectiontess Mode - pexum 6e3 ycTaHOBNEHUA coeanHeHnus

Connectionless Network Layer Protocol - cetesoii npoTtokon pexuma 6e3 ycTaHOBREHWUSI coeguHe-
HNiA

Connectionless-mode Network (layer) Service - cetesoili cepnc pexuma 6e3 ycTaHoB/IEHUS coeam-
HEeHWUIA .

MNpoTokon NonHoro creka NPOTOKOM0B, UCNONL3YeMblid BMecTo npatokona B2 (cm. CLNS)

MNpoTtokon NoONHOro creka NPOTOKONOB, UCNONL3YEeMbI BMeCTO npotokona B3 (cMm. CLNS)
Connection Mode - pexum ¢ ycTaHOBNEHWEM COeAUHEHUS

CRC Message Block - kogosas rpynna {coobuienue) koga CRC

Coded Mark Inversion code - nByxypoBHeBblii ABOMHHbIA Koa 6e3 BO3BpalLEHUR K HYNIO C U3MeHe-
HWeM NOASIPHOCTU Ha NONHLIA UHTEPBAn Ha Kaxaon “1" n nsMeHeHneM NONSPHOCTU B CepenvHe Ka-
xporo “0"-ro nHtepsana.

Common Management Information Protocol - npotokon o6wei ynpaensiouleit nHdopmaumm
Common Management Information Service - cepeuc obuieii ynpaensioweit UHbopmMaumm

Common Management Information Service Element - cepsucHbléi anemeHT obuielt ynpasnsiowiei
nHdoOpmMaumn

Connection Matrix Unit - 610K KOMMYTUPYIOLLE MaTpULLl CBR3K

Communications - cucrema CBA3W C 23nemeHT-MeHeaxepoM umm NMS, ucnonbayiowas Q-
uHTepdeic .

Connection Oriented Network-layer Protocol - ceTeBoil NpoTOKON pexuMa C yCTaHOBNEHWEM coeau-
HEHWIA

Connection-Oriented-mode Network Service - ceTteBoi cepsuC pexuma C YCTAHOBNIGHWEM coeau-
HEeHWA

MpoTokon NONHOro cTeka NPOTOKON0B, UCNONL3yemblii BMecTo npoTtokona B1 (cm. CONS)
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CRC

CSES
CSMA
CT

Ccu

Ccv
D1
D2
DAD
DATA
dBm
DCC

DCCe4
DCCm
DCCR

DCE
DCF
DCN
DH
DPRS
DSO

DS1

DS2

DS3

DS4

DSJ3
DSJ4
DsSP

DTE
DTMF

DWDM

DXC
DXi
E1
E2
E3
E4

EA, EB

EB
ECC
EDC
EIA

- Cyclic Redundancy Check - uuknu4eckuit W3ObiITOMHLIA KOp, UCNONb3yeMbld Anis NPoBEpku npa-
BUNBHOCTI NepeaanHoro 6Gnoka AaHHbIX

Consecutive Severely Errored Seconds - nocnefosarenbHble CEKYHOH C CePbe3HBIMI OLlubkamu

- Carrier Sense Multiple Access - MHOXECTBEHHbIW AOCTYI C KOHTPONEM HEeCYileR

Craft Terminal - kpa¢pT-TepMunan - nepeHocHod PC unu HoyT6yk PC, ucnonbayembliil B kavecTse
aNeMeHT-MeHeaxepa

Control Unit or Control and synchronization Unit - 6nok ynpasneHnws unu 610k ynpasneHms U Cun-
xpoHusaumu {annapartypa komnaHuwu Nokia)

Code Violation - HapyweHune perynsapHOi KOACBOW NnocneaosaTeNbLHOCTH

- 24-kaHanbHas cucTema ¢ BuixoaHbiM notokoM T1 = 1544 xGut/c komnanun Bell

24-kaHanbHas cucrema, moangukauus D1, onucana B ITU-T Rec. G.733 [31] (Bell)

Draft Addendum - npegnoxexHoe (ANA roNOCOBaHWs B KOMUTETE) pacllupeHue cTaHaapTa

Data - panHbie VM NOTOK AAHHLIX

YpoBeHb MOWHOCTM B aeLimbenaXx, NPeBLILIAoLIMi MOWHOCTL B 1 MBaTT

Data Communications Channel - cnyxe6Hblit kaHan nepegaum aaHHbix - 8 SONET/SDH: kaHnan cBs-
au, unu dopmupyolme ero Gaiitel D1-D12, cooteetciyloume vactu 3aronoeka SOH dpeiima
STM-N

Data Communication Channel 64 kbps - (cnyxe6Hbiid) KaHan nepepasy AaHHbIX, UCTOMbL3YIOWMA
(nna cereir SDH) 1 Bant aaronoska SOH, ckopocTk nepenauw 64 xbut/c

Data Communication Channel for Multiplex section - (cnyxe6Hblil) kaHan nepepaun QaHHLIX OAS
MynbTURNekcHon cekumn SDH cetv, 6aitel SOH D4-D12, ckopocTth nepegaun 576 k6ut/c

Data Communication Channel for Regenerator section - (cnyxe6Hblil) kaHan nepefayn AaHHLIX ANs

pereHepaTopHoi cekumm SDH cetn, Gaittel SOH D1-D3, ckopoctb nepepauu 192 kbut/c

Data Circuit Terminating Equipment - annapaTtypa okoH4aHua kaHana gaHHbix (AKA)

Data Communications Function - ¢pyHKkUMSA nepepayn paHHbIX

Data Communications Network - ceTb nepepayn faHHbIX

Hybrid Data (unit) - rubpuaHLif 610k AaHHLIX (annapatypa komnaHmm Nokia)

Distributed Primary Reference Source - pacnpeneneHsblil NePBUNHBLIA aTANOHHBLIA UCTOYHUK

DS-0 - Digital Service/Signal of level 0 - undpoBoit cepBUC/cUrHan HyNneBoro YpPoBHA CO CKOPOCTHLIO
64 kbut/c obwmii kKaK ONs aMepUKaHCKOW, Tak U eBpONerckoi umMdposbiX Uepapxuii, UaBecTeH y
Hac kak Base Rate Digital Signal - ocHoBHONR undpoBosi kanan (OLK)

DS-1 - Digital Signal of level 1 - ungposoi curHan nNepsoro YPOBHRA WiW NEpPBHYNLIA UndpoBol
KaHan co ckopocTbio 1.544 M6uT/C 0N aMePUKAHCKOW nepapxun, KOTOPOMY COOTBETCTBYeT B eB-
poneiickoit mepapxvu rnepeuyHLi UMPPOBON Kanan co CKOpocTbio 2.048 Mbut/c

DS-2 - Digital Signal of level 2 - L1dPOBOIA cUrHan BTOPOro ypOBHA UMM BTOPHYHLIK UN(POBONH
KaHan co ckopocTteio 6.312 M6ut/c ans aMepukaHckoit nepapxim, KOTOPOMY COOTBETCTBYET 8 eB-
PONECKON Mepapxun BTOPUYHBLIA uudpoBoi kaHan co ckopocThio 8.448 M6ut/c

DS-3 - Digital Signal of level 3 - uudpuBoiA cUrHan TPETLErO YPOBHA WU TPETHYNbIA UKNPPOBOH
KaHan co cKopocTbio 44.756 M6UT/C nnsi aMepukaHcKoii Mepapxuu, KOTOPOMY COOTBETCTBYET B €B-
PONENCKON nepapxuu TpeThuuHLIH uudposor kaHan co ckopocTeio 34.368 M6ur/c

DS-4 - Digital Signal of level 4 - UNDPOBOA CUrHAN YETBEPTOrO YPOBHS UMW YEeTBEePTHYHbIH Lud-
POBO# KaHan co ckopocCTbio 274.176 M6UT/C Ana aMepukaHCKoi Mepapxumn (KOTOPLIN $hopMasitHO
He 6bin cneumduumposaH ITU-T), eMy COOTBETCTBYET B ©€B8PONEACKOA Mepapxmm YeTBEPTUYHLIA Lin-
¢GpoBoii KaHan co ckopocTbio 139.264 M6ut/c

Undposoi kaHan 3-ro yposH| fAnoHckoit uepapxun PDH

Lindporoii kaHan 4-ro ypoBHa ANOHCKoN nepapxun PDH

Domain Specific Part - cneumguueckas yacte nomeHa (3aHMMaeT Tpu Mons B CTPYKType aapeca
NSAP)

- Data Terminal Equipment - okoHe4Hoe o6opynosanue AaHHbIx (000)

Dual-Tone Multifrequency/Dual-Tone Modulated Frequency - ABYXTOHOBBLIA MHOIOYaCTOTHLIA Ha-
60op/ToHANLHbIA HAGOP - TOHANLHLIA CUrHAN, reHepUpPyeMblii Bbi3bLIBAIOWUM MOfieMOM Wi DTMF Te-
necgoHom (Tenedorom ¢ resepatopom DTMF) npu Habope Homepa; DTMF curHanusauvs

- Dense Wavelength Division Multiplexing - BbiCOKONNOTHOE® MYNETUNNEKCUPOBAHUE C Pa3NENEHWEM
rno ANIMHaM BONH .
Digital Cross-Connect - uudpoBoit KOMMYTaTOP/KPOCC-KOMMYTATOP

- Data Exchange Interface - uitepdeitic obmena paHHbiMU (Mexay ATM u LAN)

- MNepanyHuiti kaHan 2048 k6ut/c, COOTRETCTBYIOWMIA NEPBOMY YPOBHIO B @Bponeickoit sepcun PDH
BropuyHblii kaHan 8448 kbut/c, COOTRETCTBYIOWMA BTOPOMY YPOBHIO B eBponeiickoii Bepcwun PDH
TpeTuunblir kanan 34,368 kbut/c, COOTBETCTBYIOWMIY TPETEEMY YPOBHIO B ~BpONeicKkon sepcm PDH
YeTBepTUYHbLIA KaHan 139.264 k6WT/C, COOTBETCTBYIOLMIA YETBEPTOMY YPOBHIO B €BPONEIACKOIA Bep-
cuun PDH

East A, East B - nuHeitHble arperaTHbie 610KW “BOCTOYHOFO” HanpaBnNeHUA: OCHOBHOMW (A) n pe3eps-
Hotit (B)

- Errored Block - 6nok ¢ owmbkamv

- Embedded Controt Channel - BcTpoeHHbIN KaHan ynpasnexus

- Error Detection Code - kof, o6HapyXeHua owmnbok

- Electronic Industries Association - AccoLpaumst INeKTPOHHOMK nNpombitlneHHocTu CLUA
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EM - Element Manager - aneMeHT-MeHeXep - CMCTeMA YNPaBNSHUA CETEBLIM 3/IeMEHTOM

ENM - eNM - ECI Network Manager - cetesoit MeHepkep komnanuu ECI

EOC - Embedded Operations Channel - ecTpoenHbili kaHan ynpasneHus

EOS - Element Operations System - cucrtema ynpasneHua aneMeHToM cetn

EOW - Engineering Order Wire/Wiring - cnyxebHuuiii (undposoii) xaran

EPPI 140M - duaunveckuit uHTepgeiic PDH 140 M6ut/c (annapatypa komnaHuu Nokia)

EPPI 2M - ®uaunyeckuin untepdeic PDH 2 M6ut/c (annapaTtypa komnaxumn Nokia)

ES - End System - koHe4Has cucTema

- Errored Second - cexyHaa ¢ ownbkamu

ES-IS - End System-to-Intermediate System - npotokon cBAan (B3aMMOAEIACTBUA) KOHEYHOW CUCTeMbl C
NPOMEXYTOYHOW CUCTEMOMN

ESR - Errored Second Ratio - koadduupnenTt ouwmbok no cexkyHaam ¢ owmbkamMu

Ethernet - NlokansHas cets, ucnonbayowas craHgapr IEEE 802.3 - CSMA/CD

ETSI - European Telecommunications Standards Institute - Esponeiickuit HCTUTYT CTaHpapTos B 06nacTu
CBS13U

EXC - Exc - Excessive errors - Cnmukom MHOro otmGok

F - Nurepdeitc ana nogknioveHns DCN k paboueit cTaHUMU anemMeHT-MeHeaxepa, COOTBETCTBYST Onop-
Ho#W Touke f

f - Onopxas Touka cetv TMN ans noakniovenus 6nokos WSF x OSF u/unu « MF

FAS - Frame Alignment Signal - curHan BoipasHyBaHus (CUHXPOHU3aumMK) dpeiima

Fast Ethernet - JlokanbHas ceTh, MCNOAL3YIOLWAA TexHoNormio 6eicTporo Ethernet (100 M6ut/c)

FC - Fiber optic Connector - coepukuTens ans BOK

FDDI - Fiber Distributed Data Interface - NlokanbHas ceTb Ha ocHoBe ctaHgapTta FDDI (100 M6ut/c), nc-
nonsaylowas BOK 8 kayecTee cpeawl pacnpocTpaHeHns

FE1 - Fractional E1 - n x 64 k6ut/c kaHan (rge n = 2, ... ,31)

FEBE - Far-End Block Error - 600k ¢ olunbkamMn Ha yAaneHHOM KOHLe

FERF - Far End Receive Failure - c60i npu npMeme Ha yAaneHHOM KoHLUe

FLC - Fiber Loop Converter - npeoBpasoBaTenb gns aBoOHEHTCKOR AMHWK, ucnonsayiouwein BOK

Frame Relay - PerpaHcnsumsa Kappos - TexHonorus rnobanbHbiX ceteit

FS - Fixed Stuff - duxcuposaHHbIA HaNONHWTENbL - NYCToe Nofe C PUKCUPOBAHHBLIM MONIOXKEHUEM BHYTPU
Ppelima

FTAM - File Transfer, Access and Management - npoTtokon nepepa4v ¢aiina, AUCTAHUMOHHOMO AOCTyNna v
MeHeKMeHTa

FU - Functional Unit - dyHkuMoHanbHbiA 610K

g - OnopHasn Touka cetu TMN mexay WSF # nonwsosatenem

GNE - Gateway Neétwork Element - wniosoBoit aneMeHT ceTtu

GPS - Global Positioning System - rno6anbHan cucrema no3uumoHMposaHna (o6bekta)

H - Hub - koHUgHTpaTOP

HO - ISDN channe! 384 kbps - xaHan ISDN, peanuayeMbiit Kak KpaTHbifi B-kaHan, T.e. kak kaHan n x 64
k6ut/c

H1 - ISDN High bit rate channel 1 - BuicokockopocTHoOM kaHan ISDN, noapaanensemeiit Ha H11 1 H12

H11 - ISDN kaHan 1.544 MGut/c, To xe, 4to ¥ T-1 (ansa AMepuku n AnoHuu)

H12 - ISDN kanan 1.920 M6urt/c, T0 Xe, yto u E1 (ana Esponbi)

H21 - ISDN kaxan 34 M6ur/c, 1o xe, 4To n E3 (ansi Esponui)

H22 - ISDN kaHan 45 M6ut/c, To xe, 4yto u T3 (ans AMepyku)

H4 - ISDN kanan 135 M6urt/c (aHanor E4) ans nakeTuanposaHHoK nepegaymn

- MugukaTop nonoxexus Harpyskn - 6aiT 8 3aronoske POH BUPTyansHOro koHTeiHepa BepxHero

YPOBHA

HCS - Higher order Connection Supervision - KOHTPONIb COBAWHEHWA HA YPOBHE BUPTYasbHLIX KOHTeliHe-
pPOB BEPXHEro YPOBHA

HDB2 - High-Density Bipolar code of order 2 - nsyxnonsipHbiit Kof, BLICOKO NAOTHOCTU Nopsaxa 2

HDB3 - High-Density Bipolar code of order 3 - nByxnonapHbiit KOA, BLICOKOIA NAOTHOCTM nopsanka 3

HMA - Human-Machine Adaptation - yenoseko-malLvHHan apanTauma

HOA - Higher Order Assembler - c6opka VC BepxHero yposHs

HOI - Higher Order Interface - untepgeiic c6opku VC BepxHero ypoBHs

HPA - Higher order Path Adaptation - apanTtauus x Mapwpyty VC BepxHero ypoeHs

HPC - Higher order Path Connection - coeamHeHe Heckonbkux VC BepxHero ypoBHs

HPOM - Higher order Path Overhead Monitor - Mmouutopurr POH VC BepxHero yposHs

HP - Hewlett Packard Corporation - komnaHus - NPou3BOAUTENb KOMNLIOTEPOB, ceTesoro 06opyAcBaHUA
W nporpaMMHoro o6ecneveHus

HPT - Higher order Path Overhead Termination - Ha4ano/okoruyanve mapwpyra VC BepxHero yposHs

HUG - Higher order Unequipped Generator - reHepatop He3arpyxeHHoro VC BepxHero ypoBHsa

| - O6o3Ha4eHre CTaHAGPTHON BHYTPHUCTAHLUMOHHON pereHepaTtopHoi cexumu

ICF - Information Conversion Function - ¢yHkuns npeo6pa3loBaHus MHGOpMauumn

D1 - Initial Domain Identifier - HayanbHUA npeHTUdUKaTop nomeHa (OSI, Network Layer, none B cTpykTy-
pe NSAP appeca)

iDP - Initiat Domain Part - Ha4anbHan YacTe AOMEHA (3aHMMaeT asa nons 8 CTpykType anpeca NSAP)

IEC - International Electrotechnical Commission - MexayHapoaHas anekTpoTexHuyeckas kommucceus (M3K)
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IFU
P

IS
IS-1S
ISDN
ISM

ISO
iSUP

ITu
ITuU-T

WU
J2

JCB
JOoB

LAN
LAPD
LBA
LCN
LCS
LED
LFA
LNC
LOF
LOI
LOM
LOP
LOS
LPA
LPC
LPOM
LPR
LPT
LR
LT
LUG
LXC

MAF
MAN
mbnb

MCF
MCI
MCMI
MCU
MD
MF
MFAS
MFS
MiB
MO
MOC
MRS
MS
MSA
MSOH
MSP
MST
MTP

- Interworking Functional Unit - ¢yHKUMOHANBHbLIA GNOK B3auMoaeicTaus

- Interworking Protocol - npoTtokon B3aumoaencTans

- Intermediate System - npomexyTouHas cucTema -

- Intermediate System-to-Intermediate System - nporokon csssn MexXay NPOMEXYTOYHBIMU CUCTEMaMU

Integrated Services Digital Network - undposas ceTs uHTErpmposanHoro obcnyxusanus (LICUO)

In-Service Monitoring - MoHUTOPUHr B Npouecce obcnyxuBaHus

Intelligent Synchronous Multiplexer - uHTennekTyanbHui CUHXPOHHBIA MYNBTUMNEKCOP

International Organization for Standardization - MexayHapoaHas opraHusaumsa no craHfapTU3auun

- ISDN User Part - nonb3ogarenesckas 4actb ISDN - npoTokon yrnpasneHus Bbi30BaMu, NepPeaalolimii

vHOPMaLMIO YRPABNEHUS BLISOBOM MeXAY Yy3namu CeTu, NOAASPXWUBAIOUWMMY CUrHanu3aumio SS7

(OKC-7)

International Telecommunication Union - MexayHapopaHbiit COI03 9NeKTpoCBR3u

International Telecommunication Union - Telecommunication Standardization - MexpyHapogHbid

COI03 3neKTpocBaA3n - CexTop CTaHaapTU3aLmnm

Interworking Unit - 6nok B3anMopeicTeus

- OnuH U3 3aronoskos MynLTUdpeiiMa

(subframe) Justification Control Bit - 61T ynpaenexus swipasHusanmem (cybdpeiima)

(subframe) Justification Opportunity Bit - 6UT BO3MOXHOro BuipasHuBaHWa (Cybdpeitma)

- O603Ha4YeHne CTaHAAPTHOW AMMHHOM MEXCTaHLMOHHOM pereHepaTopHOi CeKLiMmn

Local Area Network - nokanbHas (BuiuuMcnuTensHan) cets JIBC wnn NC

- Link Access Procedure for the D channel - npotokon goctyna K 3seHy gaHHbix ana D kanana

Lightwave Booster Amplifier - onTuyeckuit ycunutens (1o xe, 4to u OBA)

L.ocal Communications Network - nokansHas ceTb CBA3U

Lower order Connection Supervision - KOHTpONbL coeauHenuli VC HUXHEro yposHs

Light Emission Diode - ceetoavion

- Loss of Frame Alignment - noteps BbipaBHUBaHUA/CUHXPOHNU3aLUMK dpelima

Local Node Clock - TaitMep nokanbHOro (MeCTHOro) yana

- Loss Of Frame - notepa ¢ppeiima

- Lower Order Interface - uitepdeiic c6opku VC HUXHEro ypoBHa

- Loss Of Multiframe - norepa mynstudpeinma

- Loss Of Pointer - noteps ykasarens

- Loss Of Signal - noteps curHana

- Lower order Path Adaptation - agantaums kK MapwpyTty VC HUXHero ypoBHs

- Lower order Path Connection - coepuHenne Heckonbkux VC HUXHEro yposHs

- Lower order Path Overhead Monitor - MmoHuTOopuHr POH VC HUXHEro ypoBHs

Local Primary Reference - nokanbHbiti NepsuYHLIA 3TaNOH

Lower order Path Termination - Ha4yano/okoH4aHue mapwpyra VC HUXHEro ypoBHs

Line Regenerator - nuHeWHLIit pereHepaTop

Loss of Timing Inputs - noTtepsa cuHXpoHn3auuKu Ha sxone

Lower order Unequipped Generator - reHepauma HeaarpyxeHHoro VC HWXHero yposua

Local Cross-Connect - nokanbHbiiA KpOCC-KOMMYTaTOP

Manager - meHegxep

OnopHasa Touka cet TMN mexay QAF un ynpaensembim 06beKToM

Management Application Function - ¢pyHkuMs ynpasnsiowero npunoxeHus

Metropolitan Area Network - o6uweropoackas cetb (OC)

mBnB - o6wee 06o3HaveHne knacca Gno4HLIX KOQOB - rae m - pnnHa (B 6utax) GNOKOB, HA KOTO-

puie paabusaetca ucxonHas UKM nocnenosatensHOCTL, a N - COOTBETCTBYIOWAA UM AnuKa (B 6un-

Tax) 6nokoB, COCTABNEGHHLIX K3 KOAOBLIX CUMBONOB

Message Communications Function - ¢yHkuus nepegauu coobuieHus

- MCU Connection Interface - untepdeiic cesan ¢ MCU

- Modified CMI - mogndurumposaHrHbiit kog CMI

- Management and Communication Unit - 6nok ynpaenexus u cssasu

- Mediation Device - yctpoilcTBO conpsixerus (Meanartop)

- Mediation Function - ¢yHkuma ycTpoicTB conpsixkeHua (MeauaTopHaa GyHKums)

- Multiframe Alignment Signal - curHan BuipaBHUBaHNA (CMHXPOHU3aLMK) MynbTudpeiima

- Multiframe Sinchronization - cuHxpoHuaauus mynoTudperima

- Management information Base - 6a3a ynpaensouweit nhdopmaummn

- Managed Object - ynpasnsiemuiii o6bexT

- Managed Object Class - knacc ynpaensiemMbix 06LeKTOB

- Microvave Radio System - paguopeneiiHaa cucrema

- Multiplex Section - MyneTUnNnekcHaa cexuus

- Multiplex Section Adaptation - apanTauums Ha ypoBHE MYNLTUIMNIEKCHON CeKLMn

- Multiplex Section Overhead - 3aronosok MynbTUANEKCHON CeKumMn

- Multiplex Section Protection - 3aiura MynsTUINIEKCHOW cexumun

- Multiplex Section Termination - Ha4ano/oKOH4YaHUE MYNLTUNAEGKCHON COKUMK

- Message Transfer Part - 4yacTb, oTBeTCTBEHHas 3a nepepavy coobuieHuit - nepebie TpU ypoBsHs SS7
(OKC-7)
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MUX

nBmB
NDF
NE
NEF
NLR
NM

NMS

NNE
NOS

NPDU
NPI
NRZ
NS
NSAP

NSEL
OAl -
OAM&P

OAU
OBA
ocC
0C-1

oc-12
0C-192
oc-3
0c-48
OC-n
OFs
OHA

OHC
OOF
OPA
0s

OSF

osl
owl

P

PABX

Path HOVC
Path LOVC
PC

PCM

PDH

PDU

PF

Ph
PHAMOS

'

Multiplexer - MynbTUnNREKCOp

OnopHas Touka kaHana DCC ana pereHepaTopHOiA cekumn

Tun nuHeitHoro Kopa, To Xe, 41o n mMBnB

New Data Flag - ¢nar HOBbIX BaHHbIX

Network Element - ceTesoit anemMeHT

Network Element Function - ¢dyHkuns ceTeBoro aneMeHTa

Network Layer Relay - peTpaHcnauus Ha CETEBOM YPOBHE

Network Manager - ceTeBo# MeHegXep - CUCTEeMa YNPaBNeHUa CeThio B LIENoM

Node Manager - yanoBoii MeHegxep - CUCTEMa YNPaBNEHUA Y3NIOM CeTK (TO Xxe, 4To un EM)

Network Management System - cucteMa ynpaeneHusi cetbio/cucTema agMvUHUCTPaTUBHOMO ynpas-
NEeHNA CeTbio

Non-SDH Network Element - aneMeHT, He snsiowMics vYacTbio cety SDH

Network Operating System - ceteBas onepauUMOHHas CUCTEMa (CUCTEMa YNPaB/eHWs NOKaANLHOM
KOMNBLIOTEPHOW CETbIO)

Nétwork Operations System - cuctema ynpaBneHWA CeTbio/CUCTeMA, ONEpPUPYIOWaa Ha ceTu
(cncrema ynpasneHua TeNeKOMMYHUKAUMOHHOW CeTbIo)

Network Protocol Data Unit - ceTesoit NpoToKONbHLIA 610K AaHHBIX

Null Pointer indicator - none uHaukauun HyNnesoro ykasarens

Non Return to Zero - ofHOMNONAPHLIA/ABYXNONAPHLIA Kof 663 BO3BPaLLEHWS K HYNIO

Network Service - ceTeBoit cepBuc

Network Service Access Point - Touka (y3en) pocTtyna ceresoro cepeuca - TOYKa/y3en AoCTyna K
cnyx6e OSI Ha ceTeBom yposHe (SS7), cm. SAP

Network Selection - sBw6op cetu - nocnegHee none agpeca NSAP

Overhead Access Interface - uHtepdeinc gocryna k (CexumoHHOMY) 3aronosky SOH

Operation, Administration, Maintenance and Provisioning - akcnnyatauus, agMUHUCTPUPOBaHUE,
obcnyxuBanue u obecnedermne (GyHKUMN 1 CepBuUC)

Overhead Access Unit - 6nok goctyna K (CekunoHHOMY) 3aronosky SOH

Optical Booster Amplifier - BbIXOQHON ONTUHECKUA yCUNUTEN b

Optical Carrier - ontuyeckan Hecyiasi (cm. Takxke OC-n)

OC1 - OC-1/STS-1 - Optical Carrier of level 1 - onTMyeckas HeCyuwian nNepBOro ypoBHS vepapxuu
SONET - 51.84 Mbur/c

0OC12 - OC-12/STS-12 - Optical Carrier of level 12 - onTuueckan Hecywas 12-ro ypoBHs nepapxuu
SONET - 622.08 M6ut/c - To Xe, 4to u STM-4 nna SDH

0C192 - OC-192/STS-192 - Optical Carrier of level 192 - onTuyeckas Hecywas 192-ro ypoBHs
nepapxun SONET - 9,953.28 M6ut/c - 7o xe, 4To u STM-64 8 SDH

OC3 - 0C-3/STS-3 - Optical Carrier of level 3 - onTuyeckas Hecyluas TPETLEFO YPOBHS WUEPapXuu
SONET - 155.52 M6urt/c - To xe, 410 u STM-1 ana SDH

0C48 - OC-48/STS-48 - Optical Carrier of level 48 - onTuyeckan Hecywaa 48-ro ypoBHs uepapxum
SONET - 2,488.32 M6ut/c - To xe, 4To 1 STM-16 gna SDH

0OCn - OC-n/STS-n - Optical Carrier of level n - onTuyeckan Hecyuias n-ro yposHs uepapxuu SONET
- n x 51.84 M6ur/c

Out of Frame Second - cekyHna, conepxawan curHan OOF - “Bbixon, 3a rpaHuub Pppeiima”
Overhead - 3aronoBok

Overhead Access/Overhead Access function - gocTyn K 3aronosky unu ¢yHkuMst 4OCTYNA K 3arono-
BKy

Overhead Channel - kaHan cBsian 3aronoska

Out Of Frame - Bbix0p, 3a rpaHnus ¢ppeiiMa

Optical Preamplifier - npepsaputensHbii ONTUYECKUIA YCUNUTENb

Operating System - onepauponHan cucTtema (cuctema, ynpasnsiowas paGoToi#t npoueccopa unu
KOMMbIOTepa)

Operations System - ynpasnsioLan cucTemMa/cucteMa, Ornepupyiollan Ha ceTu (cuctema, ynpasens-
owas paboToi TENBKOMMYHUKALMOHHON CeTH)

Operations System Function - ¢pyHkuMA ynpaenaioweil cucTemel/GyHKLMSA CUCTEMBb, onepupyiowei
Ha ceTu

Open Systems Interconnection - B3auMoaeicTBME OTKPLITLIX cucTem (BOC)

Order Wire Interface - uHTepdeiic cnyxebHbix KaHanos

OnopHasn Toyka kaHana DCC anga MynbTUNNEKCHOW CeKLmn

Private Automatic Branch Exchange - 4actHas ATC

Path of Higher Order Virtual Container - MapwpyT BUpTyanbHbiX KOHTERAHEPOR BEPXHEro YPOBHS

Path of Lower Order Virtual Container - MapLupyT BUpTYanbHbiX KOHTEAHEPOB HUXHEro YPOBHS
Connector PC - coeamnutens ana BOK tuna PC

Pulse-Code Modulation - uMnynscHo-koposan Moaynaums (MKM)

Plesiochronous Digital Hierarchy - nnesnoxportas undposan nepapxus (MLUA)

Protocol Data Unit - npoTokonbHbIA 610K AAHHBIX

Presentation Function - ¢yHKuns npeacTasneHus

Physical - duaniecknin (Hanpumep, HPUIUHECKUIA YPOBEHL)

Philips Advanced Management and Operations System for SDH network elements - ycosepueHcT-
BOBAHHAA CUCTEMA YNPABNEHUS U aAMUHUCTPUPOBAHUA aniemMeHToB ceTeit SDH komnaHun dununc
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PHASE-FNS
PJE

PL
POH
PPI
PPM
PPU
PRC
PRS
PsSC
PSD
PSM

PSPDN

PSN
PTR
Q

q
Q3

QA

QAF
Qg2
Qa3
QOS
Qy

R

RM
RMON
ROSE
RS
RSOH
RST
RZ

3

SAP
SAPI

SCCP

SCi
SD
SDH
SDM

SDXC
SEMF

SES
SESR
SETPI

SETS
SF
SID
SV
SL
SLM

SLR

Philips Advanced Synchronous Equipment - Flexible Network Systems - ycoseplweHCTBOBaHHO®
cuHxpoHHoe obopynoeanue Duanunc ans rmbkux CeTeBuX PeLleHni

Pointer Justification Event - ¢akr BbipasHuaHug ykasatens (Hanpumep, AU PJE - dakT BuipaBHuBa-
HUA YKa3aTen agMUHUCTPATUBHOIO 6G10Ka)

Payload - nonesnasn Harpyska

Fath Overhead - MapLpyTHLIA 3aroNoOBOK (BApWUAHT: TPAKTOBLIA 3aroosok)

PDH Physical Interface - dpuanyeckuii nHrepdeiic curtana PDH

ppm - Parts Per Million - MunnmoHHbIX goneii (Hanpumep, 4.6 ppm = 4.6x10-6)

Pointer Processing Unit - 6nok o6pa6oTku ykasarenei

Primary Reference Clock - nepBu4HLIii 3TaIOHHLIN FreHepaTop (TaMep)

Primary Reference Source- nepsutblit 3TaNOHHLIA UCTOYHUK

Protection Switch Count - 4yucno 3alWMTHBLIX NepexkNioYeHuik

Protection Switch Duration - pnurensHoCTL (ONPEAENEHHOr0) 3alMUTHOrO NEPeKIIONeHN|
PDH-to-SDH Mediator - cuctema nnv 3seHo cea3n PDH n SDH cerveii (Ha ocHoBe MyAbTUNNEKcopos
PSM-1 komnannn ECI)

Packet Switched Public Data Network - cetb nepepaun faHHbiX 06WEero Nonb3OBaHUA C NAKeTHON
KOMMYyTaLMen

Packet Switched Network - ceTb NakeTHoOW KOMMYTaumu, Hanpumep, cetb X.25

Pointer - ykasartens

Tun untepdeitca (Qx, Qpa, Qs Qece, Qa) ans noaxknioueHun anemeHT-meHemkepa nnn NMS, coor-
BETCTBYeT ONOPHOW TOYKE

OnopHas Touka cetn TMN

WHTepdeitic ana cesau DCN ¢ NE unn ¢ Q-apantepom (a yepes Hero ¢ apyrum oBopyposaHuem),
unu c MD

Q-Adapter - Q-apanTep - apanTep, NO3BCNMOWWIA NOAKMIO4ATE 060PYAOBAHAE, UMEIOUIEE HECOBME-
cTuMbie ¢ TMN uHTepdeich

Q-Adapter Function - dyHkuua Q-apantepa

Q-interface/stack B2 - Q-uHtepdetic, UCNONL3YIOWWIA cTek npoTokonos B2

Q-interface/stack B3 - Q-uHrepdeiic, ucnonbayiowmii ctex nporoxkonos B3

Quality of Service - kasecTBo o6CyXMUBaHUA

WuTtepdetic pns ceaszu DCN ¢ opHol cTopoHsl ¢ MD, ¢ apyroit - ¢ NE u ¢ Q-agantepom
Regenerator - pereHeparop

Regional Manager - pervnoHanbHbiit MmeHepxep (MO ana ynpasnenus cetammn SDH komnanuu Alcatel)
Remote Monitoring - AUCTAHUNOHHBIA MOHUTOPUHT

Remote Operations Service Element - CepsuUCHbIif 3NEMEHT AUCTAHUMOHHBIX Onepauuni

Regenerator Section - pereHeparopHas cexuus

Regenerator Section Overhead - 3aronosok pereHepaTopHoi cekumu

Regenerator Section Termination - Hayano/okoH4YaHWe pereHepPaToOPHOIr CeKunn

Return to Zero - AByxnonspHLIA KO C BO3BpaLLleHUEeM K HYNIO

O6Go3HaueHue CTaknapPTHON KOPOTKO MEXCTaHUMOHHOW pereHepaTopHOil CeKumn

OnopHasa To4YKa CXeMbl NPeACTaBNeHUs CUCTEMbI AAMUHUCTPATUBHOTO YNPaBNeHUs

Service Access Point - Touka aocTyna cepeuca

Service Access Point Identifier - naeHTHduUkaTop TOUKM AOCTYNAa cepBuca

Tun coepunutens ans BOK

Signaling Connection Control Part - yacth, oTBeTCTBEHHAA 3a YyNpaBfeHUe COefMHEeHueM KaHvana
cUrHanmsauvm - nporokon yposHa 4 (SS7 - OKC-7)

SiU Connection Interface - uitepdeiic ceasu ¢ SIU

Signal Degrade - yxyaweHue ka4ectsa curHana

Synchronous Digital Hierarchy - cuHxpoHHas uudposas wepapxus (CLIW)

Synchronous Digital Multiplexer -~ cUHXPOHHLIA UMPPOBOI MynbTUNNEKCOP (COKPalEeHUe, MCNONL3Y-
emoe komnauuest ECI gns SMUX)

Synchronous Digital Cross-Connect system - cuctema obwei CHMHXPOHHOIW KOMMYTaUMK/KPOCC-
kommyTauuu SDH notokos

Synchronous Equipment Management Function - dyHkumst ynpasneHus CUHXpPOHHLIM 060pynosaHu-
aMm

Severely Errored Second - cexyHaa € cepbesHbiMy omnbkamm

Severely Errored Second Ratio - koad$puumeHT owmbox No cexyHaam ¢ Cepbe3HbiMu ouwmbkaMm
Synchronous Equipment Timing Physical Interface - ¢pusndeckuit nuHtepdeiic XpoHUpYIOWero McToy-
HUKa CUHXPOHHOrO 060PYAOBAHNA

Synchronous Equipment Timing Source - xpoHuUpYIOWMiA MCTOUHUK CUHXPOHHOTO 06opynoBaHuA
Subframe - cybppeiim

System ldentifier - ugeHTudukarop cuctemsl (none 8 cTpyktype NSAP appeca)

Synchronous Interface Unit - 6n0k cuHxpoHHoro uHTepdeiica unn 610k NMHERHOro BLiXxOAa
Synchronous Line link - cuxxporHas (SDH) nunus

Signal Label Mismatch - HecoBnapexue Tuna curdana

Synchronous Line Multiplexer - CUHXPOHHBIA NUHERHBIA MynbTUNNEKCOP

Synchronous Line Regenerator - CUHXPOHHbIA NUHEAHLIA peraHepaTop
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SLX
SM
SMA

SMN
SMS

SMUX

SNA
SNC-P

SNDCF
SNMP

SOH
SONET

SONET/SDH

$0S
SPI
SPIV
SR
SRC
SRT
§§7

SSM
SSw

ST
ST™

STM-0
STM-1
STM-1E
S$TM-16
STM-256

STM-4

STM-64
STM-RR
STM-N
§TS
STS-1
§TS-12
57S-192
STS-3

§TS-48

- Synchronous Line Multiplexer - CUHXPOHHBIA NUHERHLI MyNbTUNNEKCOP
- Synchronous Multiplexer - cUHXPOHHLIA MynbTUNNekcop (Hanpumep, SM-1/4 komnanun Siemens)

- Synchronous Muitiplexer, Add-drop - SDH mynsTunnekcop Beoaa-eiBofia (B 0603HaueHun komna-
Hun GPT) .

SDH Management Network - cetb ynpasnexuus SDH

SDH Management Sub-network - noacets SMS ceTtn ynpasneHus SMN

Synchronous Multiplex System - CUHXPOHHAR MYNbTUNNEKCHAR cucTema

SDH Muitiplexor - mynetunnexcop SDH

Synchronous Multiplexer - CUHXPOHHBLIN MYNbTUNNEKCOP

System Network Architecture - cucteMHaa ceTeBan apxureKrypa

MpuemibiiAi 6NOK CaMOBOCCTAHABNMBAIOLETOCH ABYHANPABNSHHOTO ABYXBONOKOHHOrO KonNbua SDH
koMnanuu Alcatel

Sub-Netwark Dependent Convergence Function - ¢yHkuuMa ceeneHus, 3aBUCALLAA OT NOACETH
Simple Network Management Protocol - npocToit NpoTOKON yNpasneHus GeTbio

Section Overhead - ceKUMOHHbBIA 3aroNoBOK

Synchronous Optical Network - cuHxpOHHas onTu4eckas ceTb:

- 1) CMHXPOHHaA CeTb Nnepenayun AaHHbLIX NO BONOKOHHO-OMNTUYECKoMyY Kabento

- 2) cuHXpoHHas undpoBas nepapxus, paspabotaHHas 8 CLUA

Synchronaus Optical Network/Synchronous Digital Hierarchy - CUHXPOHHAS ONTU4ECKAR CETL/CUHX-
POHHasa uMdpoBas nepapxms - earHan CURXPOHHAA TexHonorus unu cetb SONET, ucnonbayowas
CKOpPOCTM Nepeaayu, coBnaparmllme co ckopocTamn uepapxun SDH

Service Operations System - cuctema ynpaeneHus CEPBMCOM CETH

SDH Physical Interface - duanyeckuit nitepdeic curiana SDH
“Subrack Power Interface Unit - 6nok nuTaHnA NoskM (kacceTsl) (annaparypa komnaHun Nokia)
Synchronous Radio link - cuHxpoHHas paguopeneiHas nuHus (SDH)

Secondary Reference Clock - BTOPHUYHBIA UNt BEAOMBI ITANOHHbLINA reHepaTop (B3T)

Synchronous Radio Trunk - CUHXPOHHBIV PagNOTPaHK ’

SS#7 - Signaling System No.7 - Cuctema curHanusaumy no obuwemy kaHany Ne 7 (OKC-7) apna
TenedoHHLIX ceTen

Synchronization Status Message - coobuieHue 0 CTaTyce CUHXPOHU3aUNK

System Switch unit - 610K CUCTEMHOMO KPOCC-KOMMYTATOPa - UEHTpanbHbIA 60K KPOCC-KOMMYTa-
Topa Tvna DXC-4/4/1 (annapaTypa koMnaHun Nokia)

Tun coepunutens ans BOK

Synchronous Time division Multiplexer/Multiplexing - CUHXPOHHLIN MYNLTUNAEKCOP C BPEMEHHbIM
paspeneHuem

Synchronous Transport Module - CUHXPOHHBIN TPAHCMNOPTHLI MOAYNb - OCHOBHAR eaMHUuUA uepap-
xuun SDH

Synchronous Transport Module of level 0 - CUHXPOHHLIA TPAHCNOPTHLIA MOAYb HYNEBOrO YPOBHS
nepapxun SDH, cooTteetcTeyet SONET OC-1 - 51.840 M6ut/c (10 xe, 4To u STM-RR)

Synchronous Transport Module of level 1 - CUHXPOHHBIA TPAHCNOPTHLIA MOAYNL NEPBOTrO YPOBHSA
vepapxun SDH - 155,520 M6ut/c

NUHEMHBIA onTUYecKuid arperatHuid 6nok 155 M6ut/c (annapaTypa komnanun Nokia)

NVHERHBIA aNeKTPUYecKnin arperaTHulili 6nok 155 MbuT/c (annapatypa koMnaHui Nokia)
Synchronous Transport Module of level 16 - CUHXPOHHBIA TPAHCNOPTHLIA Moaynk 16 yposHs wepap-
xun SDH - 2,488.320 M6ut/c

Synchronous Transport Module of level 256 - CUHXPOHHBI TPAHCMOPTHLIA MoAynL 256 ypOBHS
nepapxmn SDH - 39,813,120 M6ut/c

Synchronous Transport Module of level 4 - cUHXPOHHbIA TPAHCNOPTHLIA MOAYSL 4 YPOBHR Uepapxun
SDH - 622.080 M6urt/c

NnHelHbIA onTudyeckuid arperatHeiil 6nok 622 M6uTt/c (annaparypa koMnaHuu Nokia)

Synchronous Transport Module of level 64 - CUHXPOHHBIR TPAHCNOPTHLIK MoaynkL 64 YPOBHS nepap-
xun SDH - 9,953.280 M6ut/c

Synchronous Transport Module for Radio Relay link - CUHXPOHHBIA TPAHCROPTHBIR MOAYNL ANs pa-
avopeneitHbix cuctem SDH, 1o xe, yto u STM-0 unu OC-1

Synchronous Transport Module of level N - cutxporHbIH TpaHCNOpTHLIA Moayns SDH ypoeha N, roe
N =1, 4, 16, 64, 256

Synchronous Transport Signal - CUHXPOHHbLIA TPAHCNOPTHLIA CArHAN - OCHOBHas eauMHULA Mepapxnm
SONET

Synchronous Transport Signal of the 1-st level - cCUHXPOHHBIA TPAHCNOPTHLIA CUrHaN NepBoro ypoB-
Ha nepapxun SONET - 51.84 M6urt/c (To xe, 4to STM-0 8 SDH)

Synchronous Transport Signal of the 12-th level - CUHXPOHHLI TPAHCNOPTHBIA cUrHan 12-ro ypoBHS
vepapxnm SONET - 622.08 M6ut/c (To xe, 410 STM-4 B SDH)

Synchronous Transport Signal of the 192-th level - cuHxporHbIA TpaHCNOPTHLIA curHan 192-ro ypo-
BHA uepapxum SONET - 9953.28 M6ut/c (To xe, 4To STM-64 B SDH)

Synchronous Transport Signal of the 3-rd level - CUHXPOHHbIA TPAKCNOPTHLIA CUrHan 3-ro yposHsA
vepapxun SONET - 155.52 M6ut/c (T0 xe, 4yto STM-1 8 SDH)

Synchronous Transport Signal of the 48-th level - cUHXPOHHLIA TpaHCNOPTHBIA CurHan 48-ro ypoBHS
uepapxuu SONET - 2488.32 MbuT/c (10 xe, yto STM-16 B SDH)
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STS-n

SuU
SUN

svC
SwW
SXC

T
T:DAX
T1

T2
T3
T4

TA
TCl
TCN

TF
TIM
TIU
™
TMN

TMS
TN-1X, -4X
TNC
Token Ring

TP
TP4

TSW
TTF
Tl

TU
TU-11
TU-12
TU-2
TU-3
TU-n
TUAP
TUG-2
TUG-n

UAS
uITs

UTC
vVi-v4
VS

veC
VC-11
VC-12

- STS-N - Synchronous Transport Signal of level n - CUHXPOHHLIR TPAHCNOPTHLIA CUrHaN N-ro YPOBHA
vepapxumu SONET ’

Service Unit - 6ok o6cnyxueaHus uHTepoeincos (annaparypa koMmnaxdnm Nokia)

SUN Microsystems - komnaHus - npoussoguTenb padounx craHumii SUN SPARC Stations n ceTeBbix
cepBeposB

Switched Virtual Circuit - koMMyTUpYeMan BUPTyankbHas uenb

Switch - kommyTaTOp

Synchronous Cross-Connect - CUHXPOHHLIA KpOCC-KOMMYTATOPR

- OnopHasa To4Ka UCTONHUKA CURXPOHU3aLMIN

- YHuBepcanbHbiii Kpocc-kommyTaTop ana ceveit PDH/SDH/SONET komnanun ECI

MNepBuuHbiid UMdPOBOI KaHaN CO CKOPOCTLIO nepefaun 1544 k6uT/c, CTaHAAPTHLIA B aMEPUKAHCKON
vepapxuu PDH (cm. DS-1)

BTropuuHbIti LpPOBOH KaHan co CKOPOCTLIO Nepeaauv 6312 KGUT/C, CTaHAAPTHLIA B aMePUKAHCKOM
wepapxuu PDH (cm. DS-2)

TpeTuuHbith uMdPOBOKA KaHANM CO CKOPOCTLIO nepeaaun 44.736 k6uT/C, CTaHDAPTHLIA B aMepUKaHc-
xott nepapxum PDH (cMm. DS-3)

YeTBEepTUYHLIA LMGDPOBOIA KaHan CO CKOPOCTLIO Nepepnaun 274.176 xbur/c, de facto craHpapTHuIl 8
amepukaHckoit nepapxun PDH (cMm. DS-4)

Terminal Adapter - TepMuHanoHLIA apnanTep

TiU Connection interface - wHtepdeiic ceasu ¢ TIU

- Telecommunications Network - TenekOMMYHWKaLWMOHHan CETh

Threshold Crossing Notification - ysegoMmnenue 0 nepeceuyennu rpaHuubl/nopora

Transmission Fail - c6oi1 npu nepenave

Trace identifier Mismatch - HecoBnageHue uaeHTUdUKATOPA TPACCUPOBKU

Tributary Interface Unit - 6nox TpubHLIX UHTepdeiicos

Terminal Multiplexer - TepMUHANBHLIA MYSILTUNNBKCOP

Telecommunications Management Network - ceTb ynpasnexvs venekOMMyHUKauuamu (CeTb ynpas-
NEHWUR 3NeKTPOCEA3bIO)

Telecommunications Management System - cucteMa ynpaBneHus cetbio CBA3KW

SDH mynbtunnekcop yposHa STM-1, STM-4 xomnanuu Nortel

Transit Node Clock - Taiimep TpaH3WTHOro ysna .
NokanbHan ceTh C KONbUEBON TOMONorvew U TexHonorueld TuNa “MmapkepHoe KONbLLO”, cTaHaapta
IEEE 802.5

Transmission Path - mapwipyr nepefaum (TpaxrT)

- TP-4 - Transport Protocol Class 4 - TpaHCNOPTHLIA NPOTOKON 4-Tr0 KNAcca - NPOTOKON, MCNONL3YIO-
wmii o6HapyxeHue u Koppexumio ownbok (Mcnonbayetca B cetax 6ea yCTaHOBNEHUSI COeAUHEHWA)
Terminal System Switch - TepmuHanbHbIA GNOK CUCTEMHOIO KPOCC-KOMMYyTaTtopa (annapaTtypa Kom-
naxuu Nokia)

Transport Terminal Function -~ ¢yHkuus Ha4ana/oKoHYaHus TpaHcnopTupoBku VC

Trail Trace |dentifier - naeHTUPUKATOP TPACCUPOBKA BPEeMEHHOTO (TeKywero) Maplupyra

Tributary Unit - TpuGHeid Gnok (apyrue BapuaHTh: 6nok KaHanos pgoctyna, cy66nok) - 6rok unu
BNBMeHT CTPYKTYPbLl MynbTunnekcuposaHua SDH, obecneuveaeT COrnacoBaHue Mexay HUXHUMWU u
BEPXHUMMW YPOBHAMMW Uepapxuv

Tributary Unit-11 - TpubHuiii 60K, COOTBETCTBYIOLMIA BUPTYaNbHOMY KoHTelHepy VC-11 B uepapxuu
MynbTUNnekcuposaHua SDH

Tributary Unit-12 - TpubHbiti 6nok, cooTBETCTRYIOWNIA BUPTYaNsHOMY KOHTelHepy VC-12 B nepapxuu
MynbTMnnekcuposanna SDH

Tributary Unit-2 - TpubHbili 610K, COOTBETCTBYIOLMI BUPTYANEHOMY KOHTeHepy VC-2 B nepapxuu
MynbTUNNekcuposadms SDH

Tributary Unit-3 - TpubHbiA GROK, COOTBETCTRYIOWMIA BUPTYanbHOMY KoHTenHepy VC-3 B nepapxuu
MyneTunnekcuposalus SDH (B cTapoii cxeme penunca Ha noayposhu TU-31, TU-32)

Tributary Unit-n - TpubHblit 6R0OK, COOTBETCTBYIOWMIA BUPTYanbHOMY KOHTeiHepy VC ypoBHA n
(n=1,2,3)

TU AP - Tributary Unit Access Point - Touka poctyna TpubHoro 6noka

Tributary Unit Group-2 - rpynna Tpu6Hbix 6nokos yposHs 2 - aneMeHT SDH, dopmupyemuiit nytem
MYNbTUMNEKCUPOBAHWA TPUOHLIX Gnokos TU-1,2; TUG-2 Takxe, kak n TU-1,2 uMen 8 crapoit cxeme
2 nopyposhs - TUG-21 n TUG-22, B HOBOIA Cxeme MyNbTURNEKCUPOBaHUA NOAYPOBHEN He nMeeT
Tributary Unit Group n - rpynna TpubHbix 6n10koB ypoBHs n (n=2,3)

OnopHan To4Yka nocTyna K 3aronoeky SOH

Unavailable seconds - HeaoCTyNHbI@ CeKyHAL!

Unacknowledged Information Transfer Service - cepsuc: nepenaya uHdopmaumn 6e3 nogreepxne-
HUA Npuema

- Universal Time, Coordinated - yHuBepcanbHoe CKOOPAWHUPOBAHHOE BPEMA

- 3aronoskn, nomewaembie nepep ¢peiiMoM B MynbTudpeiime

- 3aronoBok nepeoro $ppeiima MyneTudpeinma

- Virtual Container - BUpTyanbHblii KOHTEHEP - 3NEMEHT CTPYKTYPh MynbTUniekcuposakua SDH

- Virtual Container 11 - BupTyanbHblit KOHTE#HEP, COOTBETCTRYIOWWIt KOHTelHepy C-11

- Virtual Container 12 - BUpTYanbHbiit KOHTEHep, COOTBETCTBYIOLMA KOHTelHepy C-12

]

'
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vC-2 - Virtual Container 2 - sBMpTyanbHbiit KOHTEHEP, COOTBETCTBYIOWMIA KOHTelHepy C-2

VC-3 - Virtual Container 3 - BUpTyanbHbIi KOHTetHep, COOTBETCTBYIOWMIA KOHTeHepy C-3

vC-4 - Virtual Container 4 - BupTyanbHblit KOHTEHEp, COOTBETCTRYIOWMA KOHTelHepy C-4

VC-4-Xc - BupTyanbHulit KOHTeHED Takol xe, kKak u VC-4, HO UMeiowniA PaCLUIMPEHHYID @MKOCTbL ANR TPaHC-
noptupoBku Gonblueit, yem VC-4 nonesHol Harpy3ku

VC-n - Virtual Container of level n - BUpTyanbHbil KOHTEAHEP YPOBHR N

WA, WB - West A, West B - nuHeitHbie arperatHblie Onoku “3anagHoro” HanpasneHusi: OCHOBHOI (A) U pe3epB-
Hbiid (B)

WAN - Wide Area Network - rno6antHan cetb

WDM - Wavelength Division Multiplexing - MynbTunnekcuposanve C pa3neneHneM nNoO pAvHaAM  BONH
(cnexTpankHoe ynnoTHeHue)

WS - Workstation - pabouyas cranuus - PC Ha ogHoli u3 nnardopm (DEC, HP, Intel, SUN)

WSF - Workstation Function - ¢yHKkuua paboye# craHumm

X - Uutepdeitc pna ceasun DCN ¢ “sHelIHUM MUPOM”, COOTBETCTBYST OMOPHOW TOUKE X

X - OnopHaa Touka cetv TMN mexny OSF, npuHagnexauimx asym TMN

X.25 - JlokaneHas ceTb Nepenayn AaHHbIX nNo npotokony X.25

Xc - Extended Capacity - cyddukc, ucnonbsyemoiii B 0603HaueHnsax texHonorun SDH agna toro, 4robui

rnoKa3aTb BO3MOXHOCTb PaciUMpPeHUst SnemeHTa CTPYKTYPb MynbTunnekcuposaHus SDH ans nepe-
paun 6onblueit paboyeli Harpysku

Y - OnopHasa Touka GOPMUPOBAHNA CTaTYCa CUHXPOHU3aLUUN
Z6 - OavH U3 3aronoekos MynbTudpeima
z7 - OgwH u3 3aronoekos MynbTudpeiima

Pycckune cokpaleHus

1+1 - PexuM CTONPOLIEHTHOrO pe3epBupoBaHus B cetax SDH ¢ ucnonbaoBaHWem OCHOBHOIrO U pe3epsHo-
ro CUrHanos

1:1 - Pexum cTONpoLeHTHOro pe3epeupoBanHus B ceTax SDH ¢ ucnonb3oBaHMeM OCHOBHOrG Wnu peaeps-
HOro curHanos

AUM - AMNAUTYAHO-UMNYNLCHAR MOOYNALMA

AKAQ - AnnapaTypa OKOH4aHuA kaHana gaHHbix (DCE)

AM - AMnanTyaHas moaynaums

AC - AMepukaHckas cxema uepapxum PDH

ATC - ABTOMaruyeckas TenedoHHan craHuua

AN - Ananoro-umndposon npeobpaaosarens (ADC)

B3r - Begomblit (BTOPUYHLINA) 3apatowmii reHepatop (To xe, 4to SRC)

BOC - MBOC - BsauMopgeiicTB1e OTKPbITLIX cUcTem mnn Moaenb B3aMMoaencTBus OTKPbIThix cuctem (OSI)

BOK - BonokoxHo-ontudeckuit kabenw (FO cable)

BOJIC - BonokoHHO-0NTU4ECKWE IMHUK CBSI3N

BCC - BaaumoyssasaHHas cetk ceasu PP

BUK - Bropuunsiit uudpposoii kaHan (DS2)

Bar - BefoMbiit aTanoHHbIN reHepatop (SRC)

rcc - FnobancHan cetb ceaan (WAN)

AUKM - AuddeperumnansHas UKM (DPCM)

EC - Esponeiickasn cxema nepapxuu PDH

UKM - UMnynbcHo-kooBas moaynauus (PCM)

KTy - KaHan ToHanbHoii YacToTh (voice channel)

JiBC - JIC - NokanbHan BuiuucauTensHas cetk (LAN)

M - M6ut/c (kpaTkoe o6o3Ha4yeHue, UCMONL3yemMoe, B OCHOBHOM, Ha CXemax)

MC3 - MexayHapoaHmii Coto3 3nekTpocseasu (ITU)

H.A. - HeT AaHHbIX

HM - HaHOMeTp

HC - HaHocekyHAa

OBN-NH - MOAYNPOBAHWE HECYLLER N NoAHECYLLUX N0 aMNAUTYAE C NoAasneHueM OQHOM GOKOBOH NOAOCH!
OB (nesoit unu npaeoit) u nogasnennem Hecyujei NH

orc - O6weropoackan ceTb (MAN)

oKC - O6uwekaHancHas curHanu3aauua (Hanpumep, OKC-7)

ooAa - OkoHewHoe obopynosaHne paaHHbix (DTE)

oon - O6beKTHO-OPUEeHTUPOBaHHLIA NOAXOA

ouK - OcHoBHot undpoeoii kaHan (basic rate digital signal, DS-0) - 64 k6ut/c

nuu - MneavoxpoHHasa uugposana uepapxua (PDH)

nux - NepauyHbiil undposoi kaHan (DS1)

nar - NepBu4HLIA aTanoHHbI reHepatop (PRC)

PHH - PasHoHanpaeneHHbwiit (contradirectional) nHtepdeiic.

PPN - PapuopeneiiHan nuHus

PTM - PykoBogsiuumii TeXHM4eCKuin MaTepuan

c/ui - Curvan/uym

CH# - CoHanpasneHHulli (codirectional) nHtepdeiic
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COoC
cna
cun
TUuK

uru
ucuo
4Mm
YUK
M
fic

- CHUHXpOHHan onTu4eckan cetb (SONET)

- Cuctem nepefavun AaHHbLIX

- CuHxpoHHan umdposas uepapxua (SDH)

- TpetnuHbiid udposoi kavan (DS3)

- ToHanbHan uactoTa (voice frequency)

- NnTepdeiic ¢ ueHTpanbHLIM TaKTOBLIM reHeparopoM (centralized clock interface)
- Undposas cetb uxrerpuporaxHoro o6ecnyxueanus (ISDN)
- YacvorHaa moaynauma (FM)

- YetsepTuuHbiil undposon kaHan (DS4)

- OnemeHT MeHepxep (EM)

- finoHckas cxema nepapxuu PDH
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