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NMPEOUCIIOBUE

CoBpemeHHOe OypHOE pa3BUTHE TEXHUKH CBSI3H 00YCIOBICHO POCTOM HMOTPEOHOCTH 00IIecT-
Ba B HH(GOPMALIMOHHOM OOMEHE, C OTHON CTOPOHBI, M IOCTH)KEHHSIMU B HAYYHO-TEXHUYECKOM
nporpecce, ¢ Apyroil. CyuiecTBeHHasl poJib B 3TOM Pa3BUTUU NPHUHAAJIECKUT TEXHUKE ONTHYE-
CKOM CBSI3M, OCHOBY KOTOPOH COCTaBIISIIOT BOJIOKOHHO-OTITHYECKHE JTMHUH CBSI3H M YCTPOMCT-
Ba JJIEKTPOHHOTO M ONTHYECKOTO MYJIBTUILUICKCHPOBAHMS M KOMMYTAaIlid. MHOTHE TOCTHXKE-
HUsI COBPEMEHHOH (hyHIaMEHTaIbHON U MPUKIAIHBIX HAYK HAXOST B KOPOTKUM CPOK MpHMe-
HEHHE B ONTHYECKHUX YCTPOWCTBAX, B CHCTEMAaX CBS3M U B CETEBHIX pemeHusx. OnHa u3 Bak-
HEWIIHX 3a/1a9 Pa3BUTHI OTPACIH CBS3H COCTOUT B IMOJTOTOBKE BBICOKOKBAIHN(UIIMPOBAHHBIX
CIEIUATCTOB. JTa MOATOTOBKA OCYIIECTBISIETCS IO PSIY CHEIMANTEHOCTEH B BBICIINX y4eO-
HBIX 3aBeICHISIX cBs3H. OTHAKO OTHOM M3 TpodiieM 00yueHus Oy IyIIuX CIEIHATNCTOB SIBJIS-
€TCsl HeIOCTATOK YIeOHO-METOANIECKUX U3IaHUH, B KOTOPBIX TOCTATOYHO MOJIHO, METOINYE-
CKH TIOCJICZIOBATEIBHO ¥ Ha BHICOKOM HAyYHOM U WH)KEHEPHOM YPOBHE OTpa)kaiuch OBl 1OC-
TUXXCHUA U NEPCIICKTUBBI PAa3BUTUSA TEXHUKHU CBA3HU. Pasnuunbie HU30aHHWA, BbIIICAIINE 3a I10-
CIIEIHUE TOMBI, TONBKO YaCTUYHO 3aIONHSIOT MPOoOebl B MHPOPMAIMK YIeOHOTO XapaKTepa ’
9TH M3JIaHHs OYeHb OBICTpPO ycrapesaroT [2, 3, 4, 6, 8, 11, 13, 14, 51, 53, 56, 58, 59, 64-67].
Kpome Toro, BeimyIieHHast TeXHUYECKasl TUTEpaTypa B OOJbILICH CTENEHH OTHOCHTCS K Hay4-
HOHM ¥ TIPOM3BOJCTBEHHOH M He Bcerna e€ coaep)kaHue CTPYKTYpHO yIOOHO TS yUeOHBIX Iie-
nei.

B mpennaraemoM yueOHOM MOCOOMH HAlUIM CHCTEMHOE OTpa)KeHHEe Haubonee CyliecT-
BEHHBIE JIEMEHTH! HAYYHBIX M HHXEHEPHBIX 3HAHUH 110 TEXHUKE ONTHYECKUX TPAHCIOPTHBIX
ceTell ¢ TOUKM 3peHnst pekoMeHaanmidi CeKkTopa CTaHAapTU3alMK TeJICeKOMMYHHUKaui Mex-
JIYHapOJIHOTO COI03a 3JEKTPOCBSA3H M, COOTBETCTBEHHO, IPOU3BOJIUTENEH COBPEMEHHBIX CHC-
TeM CBs3H. JlJIs JTydIero yCBoeHHs y4eOHOro MaTepHaia MpeiaraloTcs. HarsiiHbIe IpUMe-
PBI, peleHus 3a1a4, KOHTPOJIbHBIE BOMPOCH U T.I. B OCHOBY MaTepHaioB OTHENBHBIX IJIaB
MOJIOXKEHBI. KYPChI JICKIHiA, 00pabOTKH HAYYHBIX CTATEH M TEXHUYECKUX OKYMEHTOB, CIpa-
BOYHBIC JIaHHBIC, MEXIYHAPOIHbIC CTaHAApPThl U T.I. CoaepikaHue y4eOHOro MmocoOus Harle-
JICHO, TIPEXE BCETo, Ha MOATOTOBKY IO CHENUATFHOCTSIM «DHU3MKa M TEXHHKA ONTHYECKON
CBsI3U» U «MHOTOKaHAJIbHBIE TEIEKOMMYHUKAIIIOHHBIE CHCTEMBD» W COCTABJICHO C YYETOM
CTaHAAPTHBIX MPOrpaMM 3THX crelaabHocTeil. KpoMe Toro, yue6Hoe mocodue MoxKeT ObITh
MI0JIE3HO BCeM O0YYarolIMMCS B By3ax IO HampaBlieHHIO «TeleKOMMYHUKAIIMN» U CIICIIHANH-
CTaM TPEANPUATHHA CBA3M U OTJAETAM CBSI3H M TEICKOMMYHHUKAIMH Pa3IHMYHBIX BEIOMCTB.
Y4ebHoe mocodue pacCUUTaHO Ha MOATOTOBICHHBIX CTYACHTOB M CHCIUAIUCTOB, T.€. 3HAKO-
MBIX C OCHOBaMH ITOCTPOCHHS aHAJIIOTOBBIX M IU(PPOBBIX CHCTEM epeaun, TEXHUKOW MHKPO-
MPOIIECCOPOB, DIEKTPHUUSCKIMU M ONTHYSCKUMH JHHHUSIMH CBSI3H B pPaMKaX COOTBETCTBYIO-
[IUX JUCHUIUIMH BY30B H KOJUISKEH TEIEKOMMYHUKAIHH.

Takxe yueOHOe ocoOre TpeiHa3HAYeHO CTIeMaINCTaM, MOBBIIIAIOIIUM CBOIO KBATU(H-
KaIfio B CTICIMAIH3UPOBAHHBIX YYEOHBIX LIEHTPAX, CAMOCTOSTEIBHO M B PA3IHYHBIX (opMax
3a04HOT0 00pa3oBanus (YCKOPEHHOM, AUCTAHIIMOHHOI).



BBEOEHUWE

Jl1s ysiCHeHUsI CMBICIIA U 3a]1a4, PeLIaeMBbIX CPEICTBAMU ONTHYECKHX U, IPEXKIE BCErO, BOJIO-
KOHHO-ONTHYECKUX CUCTEM Tepeadt ¥ TPaHCIIOPTHBIX CeTel, HMKe paccMaTprBaeTcst oomast
apXUTEKTYypa COBPEMEHHbIX TeleKoOMMYyHuKauuit (puc. 1).

IT10CKOCTh KOMITOHEHTOB MOXKHO CUMTATh (DyHAAMEHTANIBHOM, TaK Kak pelleHus I Hee
BO MHOTOM OIIPEIeIISIFOT BO3MOKHOCTH TEXHUYECKOH peai3aliiy BhIIIE JISKAIHUX IIOCKOCTEH.

TN T MO 3
BE TR DAY Yo

MnoorooTe
ACCTyna

MINOOEACT SRR Y-
TELMOH Hi YTy

MhocrocTs
TPQHON @ Trponeem

Mnoo®ooTe
CHCT N AR el 2

MneskocTe
KOMNDHSHTON

Puc. 1. ApxuTekTypa TenekoMMYHMKaLNOHHbIX CUCTEM

CoBpeMeHHbIE KOMIIOHEHTHI I TOCTPOEHHSI TEIeKOMMYHHUKAIIMOHHBIX YCTPOHCTB MMe-
10T OOJIBIIYI0O HOMEHKIIATYPY. Y CIIOBHO X MOKHO Pa3[eNUTh Ha DJIEKTPUIECKUE U ANEKTPOH-
HbI€, ONITOAIEKTPOHHbBIE, ONITHYECKUE U TPOrPaMMHBIE.

K snexTpudeckuM M 3MEKTPOHHBIM KOMIIOHEHTaM OTHOCSTCS: MeTa/lIiuecKrue Kabelu u
HpPOBOJA; TPAH3UCTOPbI U MHTErpajibHbIe MUKPOCXEMbI (aHaJIOrOBble W LU(POBBIE) C Pa3HOIl
CTENEHbI0 MHTErPalui; MUKPOIIPOLIECCOPDI; YCHUIIUTENH; PEreHEePaToOphbl SIEKTPUUECKUX CHUT-
HAJIOB U MHOTHWe Jpyrue. B HacTodlee BpeMs dJEKTPOHHAs YacTh TOM 0a3bl MCIBITHIBAET
HOBBII ATall COBEPLIEHCTBOBaHMS, CBSI3aHHbIM C BHEAPEHUEM KPEMHHUEBBIX U apCEeHUA-Taue-
BbIX T€TEPOCTPYKTYP U YMEHBIIEHUEM rabapuTOB OTIENbHBIX TPAH3UCTOPOB 10 HAHOMETPO-
BBIX Pa3MepoOB, YTO MO3BOJISIET MOBBICUThH OBICTPOJIEHCTBHE CXEM, YMEHBILIUTh ra0apUThl YCT-
POWCTB M COKpaTUTh dHepronoTpedaeHue. [Ipu peanusannu cxem yaiie BCero yaemnseTcs BHU-



8 BBEOEHUE

MaHue MpoleypaM MapajuiebHBIX IPeoOpa3oBaHUd TBOMYHBIX JAHHBIX B BEKTOPHO-KOHBE-
epHBIX CTPYKTypax.

OnTo31eKTPOHHBIE W ONTHYECKHE KOMIOHEHTH M MOLYJIH HA UX OCHOBE ITOJyUYHIH 0CO-
OEHHO LIMPOKOe MPUMEHEHHe 3a TOocieqHee JeCATHIETHE B TEXHHKE TeIeKOMMYHHKAaLUH.
Cpean HHX BBIJCISIOTCS ClEAYIOUIME TPYNIbl M3[CJIHN: CTEKIOBOJOKOHHBIC CBETOBOJBI C
BO3MOXKHOCTBIO ITe€pefadn JaHHBIX Ha CKOPOCTSAX OT NECATKOB TMTa0UT B CEKYHAY MO JECST-
KOB TepabUT B CEKYHJY; BBHICOKOCTAOMIBHBIC MOITYIPOBOJHUKOBBIE ¥ BOJOKOHHEIC JIa3€pPhI
(LASER), BrirouaeMble B COCTaB MEPEAAIOIINX ONTHYCCKUX MOJYJIEH; BEICOKOYYBCTBHUTEIIb-
HBIE (POTONETEKTOPHI, BXOISIINE B COCTAB MPUEMHBIX ONTUYECKUX MOMYJIEH; JeTHpOBaHHEIE
spbuem ycunutenu Ha ontoBojokHe EDFA (Erbium Doped Fiber Amplifier) u moaynposoa-
HHUKOBBIE ONMTHYECKUE YCHIUTENN ¢ OOIBIINMH KodbduimenTamu yeunenus (1o 501B) u wu-
POKOi#t mostocoi ycunuBaeMbix 9acToT (0T 5 1o 10 TI'm); onTHYecKkue KOMMYTATOPbI U Map-
mpytuzaropsl OXC (Optical Cross-Connect); MyabTHUIIIEKCOPBI U AEMYJIBTUILIEKCOPBI BOJI-
HOBBIX M BpeMeHHBIX ontuueckux curaanos OADM (Optical Add Drop Multiplexers); kom-
MIEHCATOPHl NCKAKEHUH ONTHYECKHX CHTHAJIOB, BBI3BAHHBIX XPOMATHYECKOW W MOJSIPH3ALH-
OHHOH MOJIOBOH IHCHEPCHSIMHU; ONTUYECKUE MPOIECCOPEl HA OCHOBE (POTOHHBIX KPHCTAJLIOB
U MHOTHE JIPYTHE, O KOTOPBIX TOBOPUTHCS B MpEiaracMoM y4eOHOM MOCOOUU U MHOTOYHC-
JIEHHOH JuTeparype.

[IporpaMMHBIe KOMITOHEHTHI 1 MOIYJIH MPECTABIAIOT COOOW adropuTMHYeckoe obecrie-
YeHUE NI SJCKTPHYSCKUX M ONTUYECKUX YCTPOMCTB, B KOTOPBIX PEATU3YIOTCS IOCIEI0Ba-
TeNIbHBIE WM MapajljiedbHbIe TPoLeayphl 00pabOTKH CUTHANIOB, HApUMeDp, LH(poBas GUILT-
patusi, KpoccoBasi KOMMyTalus (HepekIroUYeHue), BolpaBHUBaHue (a3 mUQpPOBbIX JaHHBIX
NpU MYJIBTHIDIEKCUPOBAHUH, (YHKIIUH yIIPABICHUS H T. 1.

Heo0xonuMo Mo4epKHyTh, YTO pa3BUTHE KOMIIOHEHTHOH 0a3bl ONpeenseTcs JOCTHIKe-
HUSIMH B (DyHIAMEHTAJIBHBIX HAYYHBIX HMCCIICAOBAHUSAX (DU3MUCCKHUX SBICHUH W B 00JacTH
TEOpHUH HH(POPMALUH.

B mutockocTH cucteM nepenaud MOT'YT pacCMaTpHBAaThCsl aHAIOTOBBIE CHCTEMBI C YacTOT-
HBIM MYJBTHIUIEKCHUPOBAHNUEM KaHAJIOB, TUIIOBBIMU TPYIIIOBBIMH TPAKTaMH, SJIEKTPHICCKUMH
U paIHOpeNeHHBIMU JIMHEHHBIMU TPaKTaMH. PONb ATHX CHCTEM MMOCTETIEHHO CHIXKAETCSI B CO-
BPEMEHHBIX CeTsX cBs3H. MM Ha cMeHy yxe nmpunuin 6osee 3¢ deKTHBHBIC IH(POBIE CUCTE-
MBI TIepefavr Mie3noXpoHHoit undposoii nepapxun — PDH (Plesiochronous Digital Hierar-
chy) u cuaxponnoi nudposoit nepapxun — SDH (Synchronous Digital Hierarchy) ¢ Boso-
KOHHO-OIITHYECKVMHU JIMHEHHBIMH TpPakTaMd W aBTOMAaTU3UPOBAHHBIM OOCIYXKHBaHHEM.
CTekJIsiHHBIC BOJIOKHA BOJIOKOHHO-ONTHYECKUX Kalelsiei 03BOJISI0T OCTOSIHHO COBEPLICHCT-
BOBATh Iepefady HHPOPMAIIMOHHBIX JaHHBIX. Tak Ha cMeHy OIHOBOJIHOBOW Iepeaade ONTH-
YEeCKUX CHTHAIOB MPUILIH CHUCTEMBI MYJIBTHIUIEKCUPOBAHUS C pPa3[elieHHEM JJIMH BOJIH
WDM (Wavelength Division Multiplexing), a snextpuueckoe MyJabTUILIEKCUPOBAHKE C Pas-
JeTIeHMEM 110 BPEMEHHU IOTOIHMIOCH ONTHYECKUM MYIBTHIUIEKCHPOBAHUEM C pa3lielieHHEM
Bo Bpemenu OTDM (Optical Time Division Multiplexing) u ontiuyeckuM MyJIbTUILIEKCHPO-
BaHUEM C KOJOBBIM pasaenenuem curaaios OCDM (Optical Code Division Multiplexing).

[Mpumenenne comuronnor nepeaayn (SOLITON) mMoxeT pemuts mpodsaeMy IUCIepCH-
OHHBIX HMCKaXEHHWH, OrpaHWYMBAIOIIUX AATBHOCTH nepenaun B cucremax WDM, OTDM,
OCDM.

CuctemBbl Tnepefayyd OCHAIIAIOTCS CcpeacTBaMH 3(P(PEeKTUBHOTO KOHTPOJS, YIpPABICHUS,
pe3epBUPOBaHMs YYACTKOB Iepeadd. B cTpyKType cucTeM mepenaddl BBEIIENSIOTCS OKOHEU-



HbIe M MPOMEXYTOYHBIE CTAHIIMH, KOTOpble OOBEIUHSIOTCS B CEKLMH IEpeiauu. pereHepa-
[IUM, YCUIICHHS, MYJIbTUIUIEKCHpoBaHus. [Ipn aToM Kaxkaasi CEeKIHMsS MOXET WMEThb BCTPOEH-
HBIE cpelcTBa oOcmyxuBanusl. CUCTEMBI TIepeladu SBISIOTCS COCTaBHON YacThIO TPAHCIIOPT-
HOH CeTH CBSI3U, KOTOpast MPeICTaBIeHa OTCIbHOM MIOCKOCTbIO.

[Ipu 3TOM TpaHCHOpPTHAS CETh ONPENENseTCs KaKk COBOKYITHOCTh PECYPCOB CHCTEM Tepena-
YH, OTHOCSIINXCSI K HUIM CPEICTB KOHTPOIIS, OTIEPATHBHOTO MEPEKITIOUEHHS, PE3CPBUPOBAHUS 1
yIIpaBJIeHHs, MPEAHA3HAYCHHBIX JUTSA MepeHoca HHPOPMALUH MEXIY 3aJaHHBIMUA TYHKTAMH Ce-
TH. TpaHCIIOPTHBIE CETH CTPOSITCS Ha OCHOBE CTaHIAPTOB, NPUHATHIX CEKTOPOM CTaHAapTH3a-
MK TeJIEKOMMYHHKauii MexmyHapoaHoro coro3a anekrpocsszu MCO-T (ITU-T — Interna
tiona Telecommunications Union — Telecommunication Standartization Sector). Dtumu
CTaHJapTaMH OIpe/ieNieHbl TEXHOJIOTHH MTOCTPOSHHS KaK CUCTEM Iepe/iauk, Tak U TPaHCIIOPT-
HBIX CETEH CBS3U:

— cunxponHas nudposas uepapxus SDH u cunxponnas ontuueckas cetb SONET (Syn-

chronous Optical Network);

— acMHXpOHHBIH pexum nepenadn ATM (Asynchronous Transfer Mode);

— texnojorust Ethernet anst mepemaun makeToB HaHHBIX, 00pa3yeMbIX MO MPOTOKOIAM
MmexceTeBoro Bzaumoseiicteus |P (Internet Protocol) u mo mporokonam MPLS (Multi-
Protocol Label Switching) — MHOronpoToKoIbHONW KOMMYTAIMH [0 METKaM,;

— ONITHYECKAsT TEXHOJIOTHSI MYJIbTUIUICKCHPOBAaHHS C pasieneHneM maauH BoxH WDM,
npeJcTaBIsieMasi ONTHYECKOM TpaHcnopTHO# uepapxueit OTH (Optical Transport Hier-
archy).

Bce TexHONmormueckue pemeHHs MO TPAHCIOPTUPOBKE MMEIOT MpopabOTaHHYIO MPOTO-
KOJIBHYIO apXUTEKTYpPy U MOTYT OBITh YBS3aHBI MKy COOOH Ha OCHOBE €MHBIX aIllapaTHBIX
U NIPOTPaMMHBIX TOUYEK B3auMoaencTBus — uHtepdeiicos MCO-T.

OCHOBHBIM MTPEAMETOM BHUMAaHHS B TUIOCKOCTU TPAHCIIOPTUPOBKHU BBHICTYIAIOT KOMMYTH-
pyeMbIe DIEKTPUYECKHE M ONTHYECKHE TPAKTHl W KaHANbI, 00pa3yeMble Ha OCHOBE CEKIIUH
MYJIBTHIUIEKCHPOBaHHs CHCTEM Hepenadd. [17I0cKocTh TPaHCIOPTUPOBKH, KPOME TOTO, Tpe-
IyCMaTpHBaeT MpopaboTaHHbIE PEIICHNS [0 aBTOMATU3MPOBAHHOMY CO3IaHHIO, BBOAY B 3KC-
IUTyaTaIlnio, KOHTPOJIO U 3aIUTE TPAKTOB U CEKIHMU ¢ PU3NUECKIMHU U BUPTYAILHBIMH KaHa-
JaMu, co3JlaHue TabJuLl MaplIpyTU3aLUK JJIs1 TPAKTOB U KaHAIOB, UX KOHTPOJS U YIpaBie-
HHUSL.

B miockocTH TpaHCIIOPTHPOBKU peau3yIOTCs MPUHIUIHAAIBHBIE PEIICHNS 10 TaKTOBOM
CEeTeBO CHHXPOHM3AIMW U yNpasieHHto, npuHiaTeie MCO-T mia obecnieyenus tpedyemMoro
KayecTBa yCIyr TPaHCIIOPTHBIX ceTeil. Y Cllyry TPaHCIIOPTHOM MJI0CKOCTH HANPsIMYIO OTpaxa-
IOTCS B THIOCKOCTH KOMMYTAIIMK Y€pe3 COOTBETCTBYIOIINE CTaHAAPTHBIE TOUKU B3aUMOAEHCT-
BUSA — UHTEPQECHI.

[InockocTh KOMMyTaIMK OOpallleHa HEMOCPEACTBEHHO K MOTPEeOUTENSIM TeNeKOMMYHHU-
KaI[HOHHBIX ycIyr. Bo3MoXKHBIE YCIYyrH MOTYT OBITH HPEACTAaBICHBI CPENCTBAMH KOMMYTa-
1 kaHanos (Switch), Hanpumep, Tene(hOHHBIMU KOMMYTATOPaMH, CPEICTBAMU KOMMYTAIlUH
MAaKETOB JaHHBIX PA3JIMYHON BEIUUHMHBI (B CETAX MEPEaud JAHHBIX U KOMITBIOTEPHBIX CETSIX
IP), cpeacrBamu OBICTPON KOMMYTAIIMH SiY€eK MaKeTOB (PUKCHPOBAaHHOM mauMHBI 53 Oaiita B
CeTsIX C aCHHXPOHHBIM pekuMoM miepenadnt ATM.

Peanuzanus Bo3MOXKHOCTEH 10 KOMMYTAI[HOHHOM TUIOCKOCTH MPOHMCXOJUT B OCHOBHOM
Onarogapsi cpelCTBaM CHIHAJIM3alLlUM, HalpuMep, CUIHAIM3ALUM MO BBIJCICHHOMY KaHAIy
Ne 7 (OKC Ne 7).
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VIMeHHO MIOCKOCTh KOMMYTAIIMOHHBIX YCIYT SBJISETCS 6a30BOM ISl CO3IaHUST MHTEIIEK-
TYaJIbHBIX CeTeid, 0a3 JaHHBIX YCIYT U UX TeXHUYECKOH U DKOHOMHYECKO# JTOCTYMHOCTH ISt
nosb3oBatesned. OyHKIMOHUPOBAHHE KOMMYTALMOHHBIX Y3JIOB ONpeeseT Harpy3ky (rpa-
(HK) UIS TPAHCTIOPTHBIX CETEH M MX COOTBETCTBYIOIIEE Pa3BUTHE.

OnHolt U3 caMbIX MPOOJEMHBIX U IMHAMUYHO Pa3BHUBAIOIIEHCS YacTell COBPEMEHHBIX Te-
JEKOMMYHHKAIUN SBJISETCS IOCTYN TEPMHHAIIOB MOJb30BATENEH K y3/aM MPeJOCTABICHUS
yeayr. [Tpu 5ToM HaOIIOIA0TCS CIIeIyIONINe TeHICHIIMU Pa3BUTHS TOCTYMA!

— UCIOJIb30BaHKE CYNIECTBYIONIEH HH(PACTPYKTYPHl HU3KOYACTOTHBIX MEIHBIX JIMHHUN

JUTSL TIPEJOCTABJICHHUS IOCTYIA K Y3KOIOJIOCHBIM M IIMPOKOMOJIOCHBIM YCIyraM CpezcT-
BamMu MojeMoB 1dpoBbix abonentckux nunuit XDSL (Digital Subscriber Line) B pas-
HOBHMIHOCTSIX CHMMETPUYHBIX, ACHMMETPHYHBIX U BBICOKOCKOPOCTHBIX uHui (HDSL,
ADSL, VDSL), B KOTOpBIX MOTYT IepenaBaThCsi CHIHAJIBI Ha CKOPOCTSX OT JECSITKOB
k6ut/c 1o aecsitko Mb6ut/c (64 k6ut/c — 50 M6uT/C) Ha OTHOCHTENIBHO HEOONBIINX
PACCTOSIHHUSX OT JIECATKOB M COT€H METPOB JI0 HECKOJILKUX KHJIOMETPOB;

— UCIOJIb30BaHHE TEXHOJOTUI: «BOJOKHO B JIOM», «BOJOKHO B paclpeeuTeSbHbIN
mkad», «BOJOKHO B OHUC» U T. 1., o6o3Havaembix FTTX (Fiber To The Home,...), na-
npumMep, naccuBHO# ontuueckoit cetn PON (Passive Optical Network), ocHoBaHHBIX
Ha CETH BOJOKOHHO-ONTHYECKUX JIMHUH, IJIs OpraHM3alliK JI0CTyIa K JIIOOBIM BHIAM
yCIyT;

— UCrnonb30BaHue TexHonoruii paguonocryna RLL (Radio Local Loop) mns ¢pukcuposan-
HOTO ¥ MOOHITBHOTO, Y3KOIOJIOCHOTO ¥ [IHPOKOMOIOCHOTO JOCTYIA C Pa3/IeiieHHeM pa-
JIMOYACTOTHBIX PECYPCOB IO CHEKTPY YacTOT, [0 BPEMEHH, KOJOBBIM pa3[eleHHeM, na-
KETHOM nepepaveii; nmpumMep nocieanero — texuonorus WiMAX.

IT10CcKOCTh MOJIB30BATENBCKUX YCIYT OTPAKAET BCE M3BECTHBIE M BOCTPEOOBAHHBIE YCITY-

TH 3JIEKTPOCBS3H, K KOTOPBIM OTHOCATCS: Tene(oHus ¢ KoMMyTalueit kananoB u |P-tenedo-
uust (V0iCe), BuaeocBs3b, BuaeoKoHpepeHnH, NHTepHET, SIeKTPOHHAS 10YTa, 3ByKOBOE Be-
manue, UdpoBoe TeNEBUICHUE, TEIEMYTEUIeCTBUS U T.1. JJis peanusaiuu yciyr HeoOXoau-
MBI pa3/iiyHble TePMUHABI [JIs T0Jb30BaTeeid. DTo U 00bIuHbIe TeJe(OHHbIE annaparsl, Te-
Je- ¥ paJoNPUEMHUKH, TEPMHUHAIIBI CETEBBIX MOAKIIOYeHHH U(POBBIX ceTeil ¢ MHTerpaiu-
eit yeayr (HUCHY) wim cnyx6 (IICUC) — ISDN (Integrated Services Digital Network), nep-
COHAJIbHBIE KOMITBFOTEPHI | T. JI.

IMpenmeroM wn3y4eHus B OpejiaraeMoM yueOHOM MOCOOWH SIBISIFOTCS: ONTHYECKHE U
SJIEKTPOHHBIE KOMIOHEHTHI; ONTHYECKUE CHCTEMBI MePeIadyn; TEXHOJIOTUH MYJIbTUILICKCUPO-
BaHUS U COMPSDKEHHS ONTHYECKUX TPAHCIIOPTHBIX CETEH, MPUHIUIBI MOCTPOEHHS CETEBBIX
3JIEMEHTOB TPAHCIOPTHBIX CEeTel B yBS3KE C CETSIMH CHHXPOHHM3ALIMK U YIPaBJICHHUs, aBTOMa-
THYECKH KOMMYTHPYEMbIE€ ONTUHYECKHE ceTH. KpoMe TOro, paccMaTpuBarOTCst HEOOXOIUMbIE
STambl MPOEKTHPOBAHMUS TPAHCIIOPTHBIX ONTHYECKUX CETEH.



naBa 1

ONTUYECKUE CUCTEMbI NEPEOAYU

1.1. Onpe,qeneHMe CcCucTemMbl nepegayuum

Iox cuctemoii nepenaun B Enunoii Cetu Cesizu (ECC) Poccuu MpHUHATO MOHMMATh KOM-
TUIEKC TEXHUUYECKUX CPENICTB, 00ECTICUNBAONINX 00pa30BaHUE JIMHEHHOTO TPaKTa, TUIIOBBIX
IPYNIOBBIX TPAKTOB M KaHAJIOB Mepeaadyu nepBUUHOM ceTu. [Ipu 3TOM JIMHEHHBIMU TpaKTaMu
Ha3bIBAIOT KOMIUIEKC TEXHHUUYECKUX CPENCTB, 00ECIeUMBAIOIIMX TIepeiady CUTHAJIOB 3JIEKTPO-
CBS3M B M10JIOCE YaCTOT MJIM CO CKOPOCTBIO, COOTBETCTBYIOIEH NaHHOW cucTeMe nepefadd. B
3aBUCHMOCTH OT CpeJibl PACIPOCTPAHEHHUS IMHEHHBIN TPAKT HA3bIBAIOT KaOeIbHBIM (BOJIOKOH-
HO-ONTHYECKUM, DIICKTPUIECKUM), PATHOPEIICHHBIM, CITYTHUKOBBIM WM KOMOUHHPOBAHHBIM,
a 110 THUITy CUCTEMBI Mepeladl — aHaJOTOBBIM WX LU(POBBIM.

TpakT rpynmoBoii mpeacTaBisieT co00H KOMITIEKC TEXHUUECKUX CPEICTB, MPeIHa3HaYeH-
HBIWA JUIA Mepellaud CUTHAJIOB 3JIEKTPOCBI3M HOPMAJU30BAHHOTO YMCJIAa KaHAJOB TOHAJIbHOU
vactoTel (KTY) unu ocHoBHBIX nudpoBsix kananos (OLIK) B monoce 4acToT WK CO CKOPO-
CTbIO IIepeAayM, COOTBETCTBYIOLIEH NTaHHOMY IpyNIIOBOMY TpakTy. B 3aBucumocTu OT HOp-
MaJM30BaHHOIO YKC/a KaHaJOB PYMNIOBOM TPAaKT HA3bIBAIOT MEPBUUHBIM, BTOPHUUHBIM, Tpe-
TUYHBIM, YeTBEPUUHBIM WK N-M rpyNnoBbIM TPaKTOM.

B cucremax nepenaum noj KaHaJoMm Iepefadyd NPUHATO NOHUMAaTbh KOMILJIEKC TeXHHYe-
CKUX CpPEeICTB M Cpelbl pacnpocTpaHeHUs, o0eCcleynBatolIUi epeayy CUrHalIOB 3JIEKTpO-
CBsI3H B ompejielieHHoN nosoce yactot (Hampumep, KTU 0,3...3,4 kI'11) uiu ¢ onpeeeHHOMI
ckopocTbio nepenaun (Hanpumep, OLIK 64 kOuT/c) Mex Ay CETeBBIMU CTAHIUSIMHU, CETEBBIMU
y3JIaMH WM MEXK]y CETeBOM CTAaHLUMEW U CETEBBIM Y3JIOM, a TAKXKE MEXKIYy CETeBOM CTaHLHEH
WA CETEBBIM Y3JIOM U OKOHEYHBIM YCTPOHCTBOM NepBUYHOM ceTu. KaHanbl moapasaenstorcs
Ha aHaJoroBble U UGpPOBbIE. [l X COrNIaCOBaHUS MPUMEHSIOTCS aHATOTOBO-LU(POBBIC U
udpo-ananoroseie npeodpaszosatenu (ALIT u LIAIT). B 3aBHCMMOCTH OT CKOPOCTH Tepea-
YM CHTHAJIOB 3JIEKTPOCBA3M LU(POBON KaHan HaspiBaroT ocHoBHbIM (OLK), mepBuYHBIM
(TMTIK), BropuunsM (BIIK), Tpetnunbiv (TUK), yerBepuunsiv (UIIK) [1].

[ NOJTHOTBI UCNONBb3YEMBIX TEPMUHOB HUXKE NPUBOJIUTCA PsIZl ONPEEIeHUH.

V3en cemesoii — KOMIUIEKC TEXHUUYECKUX CPEACTB, 00eCHeunBaIOLIMNA COeIMHEHHE ceTe-
BbIX CTaHIMW MEPBUYHON ceTH, 00pa30BaHUE U IMepepacipe/ieieHue CETEBbIX TPAKTOB, THUIIO-
BBIX KaHAJIOB MEPeayy U TUIOBBIX (PM3MUYECKUX LIETIeH, a TaKkoKe MPeI0CTaBICHNE HX BTOPHY-
HBIM CETSAM.

VY3en MoxeT ObITh MarucTpagbHbIM, BHYTPU30HOBBIM HUJIM MECTHBIM, a B 3aBUCUMOCTH OT
o0ObeMa BBIMOIHIEMbIX (PYHKIIMHA — CETEBBIM Y3JI0M MEPEKIIOUSHHs UK BblaeneHus (BBoaa).

Cmanyus cemegas — KOMIUIEKC TEXHUYECKUX CPEICTB, 0OECIIeUNBAIOMINK 00pa3oBaHue
Y IIPEJOCTaBIeHNE BTOPUUHBIM CETSAM THIOBBIX (PU3UYECKHUX LieTel, TUIIOBBIX KaHaJIOB mepe-
Jlaud ¥ CETEBBIX TPAKTOB, & TAKXKE UX TPAH3UT.
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COBOKYIHOCTb JINHEHHBIX TPAKTOB CHCTEM Mepenayn v (Wiin) TUIOBBIX (PU3HUECKUX Ile-
neil, IMEIoIUX 00IIre TUHEHHBIE COOPYKEHUS, YCTPOUCTBA UX 00CTY)KUBAaHHS U OJHY U Ty
e cpelly paclpocTpaHeHUs B Mpeenax AeHcTBUs YCTPOMCTB 00CIy)KMBaHUSl Ha3bIBAIOT Jiu-
Huell nepedayy. B 3aBUCUMOCTH OT MEPBUYHON CETH, K KOTOPOW MPUHAIEKUT JUHUS Tiepe-
JlauM, e€ Ha3bIBAIOT MarucTpalbHON, BHYTPU3OHOBOM UM MECTHOM.

LudpoBbie BOTOKOHHO-ONITHUECKHE CHCTEMEBI ITEPEIadr SBISIOTCS OCHOBOH IIsI HOCTpOe-
HUSI TPAHCIIOPTHOM ceTH cBsi3u Poccuiickoit denepannu.

[Mon mpancnopmmoii cemvio TPUHITO MOHUMATh COBOKYITHOCTh PECYPCOB CHUCTEM MEpe-
na4yu (KaHaJoB, TPAKTOB, CEKUMH HJIM YYaCTKOB Iepeqadyr), OTHOCSIIUXCS K HUM CPEICTB
KOHTpOJIsI, ONEpPaTUBHOIO MEPEKIIOUYEHHs, PE3EPBUPOBAHMS W YNpPAaBIEHUS, MpeIHa3HAYCH-
HBIX 715 TIepeHoca MHpOpMaluu MEeXIy 3aJaHHbIMU MyHKTamMHu. COCTaBHOUM YacThiO TpaHC-
MOPTHOM CETH SBJISIFOTCS CETH CUHXPOHM3ALMU U YIIPABJIEHUs, ONPEEIIEHUs] KOTOPBIX TaKoKe
MIPUBEACHBI HIKE.

Cemb cunxponuzayuu oO6pa3zyercs COBOKYMHOCTbIO TaKTOBBIX I'€HEPATOPOB, B3aUMO/IEii-
CTBYIOLLMX B ONpeAeNEHHOM MOPSAIKE, CUCTEM pPacHpeleseHUs] CUHXPOCUTHANIOB U CaMUMHU
CUHXPOCHUTHAJIaMHU.

Cemb ynpaenenuss — crienyalibHasi ceTh, 0OecreynBarollas ynpaBieHHe CeThI0 3JIEKTPO-
CBS3M U €€ yciayraMu MyTeM OpraHu3alii B3aMMOCBSI3U C KOMIIOHEHTaMU CETH 3JIEKTPOCBA3U
(ceTeBBIMM CTAHIIUSIMHU U CETEBBIMH y3JIaMH) Ha OCHOBE eIMHBIX HHTEP(EHCOB 1 NPOTOKOJIOB,
cTaHgapTu3npoBaHHbIX MCD-T u ApyruMu opraHu3alusIMu.

BonokoHHo-onTHuecKHe W aTMOC(epHbIe ONTHYECKHE CUCTEMbI Mepefauyd aKTHBHO HC-
MOJB3YIOTCS B TPAHCIIOPTHEBIX CETAX M B CETSX JAOCTYIIA IS TIepeJaddl aHAIOTOBBIX U IHdpo-
BBIX CHTHAJIOB.

1.2. O6o6weHHas cxema oNnTU4YEeCKOMN CUCTEeMbI nepeaavun

Ha puc. 1.1 npencrasieHa o6o0IIeHHas cXxeMa ONTHYECKOW CUCTEMBI Mepeiavd, B KOTOPOH
0JI0KaMH 0TOOpakeHbl BO3MOKHBIE BUJIBI 000PYA0BaHUS CUCTEM IEepeadu.

MynBTHILIEKCOp — YCTPOUCTBO, obecneurnBaroliee 00beIHHEHNE HECKOJIBKUX HE3aBHCH-
MBIX KaHAJIOB Ha Tepelave U MX pasJelicHue Ha mpueme. MyNbTHILIEKCOp O0BEIUHAET Kak
QJICKTPUYCCKHEC aHAJIOI'OBbBIC, TaK U HHq)pOBble kaHaJibl. OCHOBHBIM aHAJIOMOBBIM KaHAJIOM SIB-
nsieTcs KaHall ToHalbHOW YacToThl co criektpoM 0,3...3,4 k['11. MoryT ObITh aHATOTOBbIE Ka-
Hajbl U C JAPYTMMH XapaKTEPUCTUKAMH, Harmpumep, Turnosbie: nepeudnbie (60...108 kl'w),
BTopuuHble (312...552 kI'n), Tpetrunsie (812...2044 k') u crienuasbHBIE: 3ByKOBOE Bella-
nue B cniektpe 0,03...15 kI'1; TeneBusnonnsie B cnektpe 0,05 k'...6,5 MI .

LudpoBbie kaHATB TaKXKe UMEIOT OIpeeNIeHHBIE CTaHIAPTHl CKOPOCTEH mepeaadyn QaH-
HbIX. OCHOBHOU 1M(ppoBoii kKaHan 64 kGuT/c GopMUPYETCS HA OCHOBE MMITYJIBCHO-KOIOBOI
moaymsiiun UKM (muckpeTrsaiiisi TOHAIBHOTO CHTHAJIA BO BpeMEHHOM HHTepBaie 125 MKc
U BOCBMHpa3psiiHOe KomupoBanue). Jpyrue uudpoBbie KaHAIbl OMpPEAEICHbI CIEAYIOUINM
o0pazom:

— nepBUYHBIA K poBoi kaHait — 2 048 k6urt/c;

— BTOPHYHBIH 1(poBoii kaHan — 8 448 kout/c;

— TpeTH4HbIH uKudpoBoii kanaa — 34 368 kout/c;

— yeTBepu4HbIi 1uppoBoi kanan — 139 264 kourt/c [1].
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Puc. 1.1. O606lLLeHHas cxeMa ONTUYECKON CUCTEMbI Nepeaayn

B ananoroBeix u UQpoOBEIX KaHATaX MOTYT IepeaaBaThCsi HHPOPMALUOHHBIE CUTHAIEI C
COOTBETCTBYIOIINM CIIEKTPOM WIJIA CKOPOCTHIO JaHHEIX. [Ipoiexypsl mpeoOpa3oBaHus aHAJIO-
rOBBIX CUTHAJIOB B [IM()POBbIE M HA0GOPOT MOAPOOHO 0bCYKaatTCs B [6, 7).

B onrtuueckux cucteMax nepenayd OCHOBHOE NMPUMEHEHHE TONyYHIH HU(PPOBBIE MYJIb-
THUILIEKCOPHI, T.K. 00pa3yeMble MU TPYIIIOBBIC CHTHANBI IPEICTaBICHBI B TBONYHOM KOJE,
KOTOPBIH MPUAAET BHICOKYIO MOMEXOYCTOMYMBOCTH mepeaaBaeMoi nHpopmarmu. OmHAKO B
KOPOTKUX JIMHUSIX ONTHYECKOH CBSI3U NMPHMEHSIOTCS M aHAJIOTOBBIE METOIBI MYJbTHILICKCH-
pOBaHusl, HAIIPUMED, TEIEBU3UOHHBIX KAHANIOB IS ceTel kabeabpHOoro tenepuaeHus [11].

[Inpokoe pacrpocTpaHeHHE MONIYYUIN dIEKTPOHHBIE HU(PPOBBIE MYJIbTHILIEKCOPHI TEX-
nonoruii PDH, SDH, ATM.

B 2001-2007 rogax MCD-T npuHsi psii HOBBIX CTaHAAPTOB Ha MU(POBOE MYIbTHILICK-
CHpOBaHKE ¥ Mepenady Mo BOJOKOHHBIM JIMHHUSAM. DTO CTAHIAPT ONTHYECKON TPaHCIIOPTHOM
uepapxuu OTH u cranmapt ontrueckoit nepenaun Ethernet [18, 36-41].

MynbTHIIEKCUPOBaHHE TAKXKE MOXKET ObITh PEATU30BAHO JIJIsl ONTHYECKUX KaHaoB (aHa-
JIOTOBBIX U LHU(POBBIX). AHAJIOrOBbIE ONTHYECKUE MYJIbTHIUIEKCOPBI MO3BOJISIOT O0BEIH-
HSTB/IETUTH ONPEIEICHHOE KOJMYECTBO KAHAIOB, 00Pa30BaHHBIX HA PA3IMYHBIX ONTHYECKUX
HECYIIMX YacTOTaX B OKHAX MPO3PavyHOCTH OJHOMOJIOBBIX ONTHYECKUX BOJNIOKOH. Hampuwmep,
B TpeTbeM okHe npospauynoct (1530—1565 Hm) ompexaenero mecrononoxenue 41 onrtuye-
CKOTr0 KaHaja B rnoJyioce BosiH oT 1528,77 um 1o 1560,61 uMm ¢ unTepBanoM He Oosiee 2 HM, co-
riacHo pekoMeHaanuu MCO-T G.692. Takoit BuI MyJIbTHIIICKCUPOBAHUS MTOTYYHIT HA3BaHHUE
MYJBTUTUIEKCHPOBaHUE C pa3zeneHueM o mHe BorHsl — WDM.

HudpoBoe onTHdyeckoe MyJIbTHILIEKCHPOBAHUE, HA3bIBAEMOE ONTHYECKHM MYJIbTUILICK-
cupoBaHHeM ¢ pazaenenueM no Bpemenn OTDM u konoBeim aenenunem OCDM, noka He mo-
JTYYHIO ITUPOKOTO PACcIIpOCTPaHEHHs U3-3a Psijia TEXHOJIOTHUESCKHX MPOOJIeM peatn3aliy OIl-
TUYECKUX MYJIBTUILICKCOPOB KOPOTKUX UMIybcoB. Oqnako OTDM MoxeT HalTH npuMeHe-
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HHE B ONTHYECKHX CHCTEMax MEepeiaud ¢ MCIOJIb30BAHUEM ONTHUECKUX couToHOB [8, 10], a
OCDM — B nmaccuBHbIX onTH4Yeckux cetsx goctyma FTTx (PON).

Onmuyeckuil Kongepmop, TakXe Ha3bIBAEMBIN B TUTEPATYPE U TEXHUIECKOM TOKyMEHTa-
LU ONMUYECKUM MPAHCUBEPOM WA MEOUAKOHEEPMOPOM, B CHCTEME TepeNadn BbIMOJIHSIET
rJaBHbIE (QYHKIMU 110 TPeoOpa3oBaHUIO SJIEKTPHUYECKUX CHTHAJIOB B ONTHYECKHE Ha Mepena-
Ye M ONTHYECKHX B DIIEKTPHUUECKHE C MX pereHeparueii Ha mpueme (puc. 1.2).
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Puc. 1.2. Cxema onTU4eckoro KoHBepTopa

[IpeoGpazoBarens TMHEHHOTO KOAA IU(PPOBOTO CUTHANA (POPMUPYET CUTHAII C TIOBBIIICH-
HOM TOMEX0YCTOMYHNBOCTRIO mepenaun. [lepemaromuii ontnaeckuit moayiap (IIOM) obecre-
YHUBAET MOIYJSLMIO ONTHYECKOrO H3NIYYEHHS] U CTHIK C ONTHYECKOH cpenoit (armocdepoit
WK BOJIOKOHHOUW nuHwueit). [Tpuemubiii ontuyeckuit moaynb (ITIpOM) mpeobpasyeT onthue-
CKO€ M3Iy4€HHE B dJIEKTPUUECKHUN CUTHAJI, IIPOM3BOANT KOPPEKIUIO UCKAKEHHUH, YCHIEHHE U
pereHepanyio nngpoBoro curHana. [Ipu 3ToM BeIENIseTCs TaKTOBas 4acTOTa, KOTOpas MC-
HOJb3YyeTcs Il CUHXPOHU3AlMU MPUEMHOM 4acTH MYJIbTHUILIEKCOpPA C LEJIbI0 MPaBHILHOTO
JIeMyYJIbTHIUIEKCUPOBAHUS KaHAJIOB.

@OyHKIMK KOHBEPTOPa MOITHOCTBIO KOHTPOJIUPYIOTCS M MOTYT OBITh yIpaBisieMbIMH OJ1a-
roiapst BCTPOEHHBIM CPEACTBaM, HalIpUMeEpP, MUKPOKOHTPOJLIEPaM.

CoBpeMeHHBIE PeUIeHHUs] 10 ONTHYECKHMM KOHBEPTOpaM MPEeNCTaBISIIOT co00il mHTErpa-
0 GYHKIHUH, T.€. ONTHYECKNE TPAHCHUBEPHI BBIMOIHAIOTCS B BH/E CIOXKHBIX HHTEIPHPOBAH-
HBIX MOJyJIEH, B KOTOPBIX PEANU3yOTCs (PYHKLMH ONTHYECKHUX NEPEAATUNKOB U IPHEMHHKOB,
MYJIbTUIIJICKCOPOB MW AEMYJIbTHIIJIEKCOPOB JJICKTPHUYCCKUX H ONTHYCCKUX CUIHAJIOB, KOH-
TPOJBHBIE (PYHKINH ONTHYECKUX M IIEKTPUIECKUX KaHAIOB. Takoe MCHONHEHWE TpaHCHBE-
POB OMpPaBAAHO YKOHOMUYECKH, T.K. B 3TOM HCHOIHEHUH HET HEOOXOJUMOCTH COIaCOBbIBATh
Pa3sHOO0Pa3HYI0 NPOIYKLHUIO Pa3INUHBIX OCTABIIHKOB.

[Ipumep cTpyKTypbl MOy ONTHYECKOTO TpPaHCUBEpa KOMIaHWW VHTen mpencraBlieH Ha
puc. 1.3. B 3Ty cTpyKTypy BKIJIFOYAIOTCS CIIAYIOIINE MIEKTPOHHBIE ¥ ONITHYECKNE KOMITOHEHTHI:
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— OJIHOMO/IOBBIE JIa3€PhI C MEPeCTPOiKOi YacToTh! (10 8 wiu 16);
— MOAYJISITOPbI M3ydeHus: (IeKTpoabcopOLMOHHbIE, JNEKTPOONTHYeCKe Wi Maxa-

3enmepa);

— doroanoapl KoHCTpyKumit P-i-n wnu naBunaele (JI®J) — APD (Avaanche
Photodiode);

— 2JIEKTPOHHBIE ycunuTean ¢porotoka: TpancumnenancHeie (TUY) unu uuterpupyromme
(ny);

— MYJIBTHUILIEKCOPBI/1eMYIbTUILIEKCOPbI LU(POBBIX CUTHAJIOB C BOCCTAHOBJICHHEM TaK-
TOBOI'O0 CUHXPOHHU3Ma,

— IIPOLECCOP TECTUPOBAHUSA U KOHTPOJLIEP IepeNadl;

— IpyTU€ KOMIIOHEHTHI.
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Puc. 1.3. O6was cTpykTypa TpaHcuBepa komnaHum UHten

B cocraB Monysist TpaHCHBEpa MOTYT BXOJUTH 10 8 nin 16 oTnenbHbIX TPaHCHBEPOB, BBIXO-
I6I KOTOPBIX C ONTHYECKOH CTOPOHBI MOTYT OOBEANHSTHCS M Pa3ieNsAThCS BOTHOBOIHBIMU pe-
IIETKAMH ONITUYECKUX MYJIbTUILIEKCOPOB/IeMYJIbTHILIEKCOPOB MHTETPAIbHOTO UCTIOHEHHSI.

B cocraB cucremsl nepefaund MOTYT BXOAUTh onTUdeckue ycunutenn OYc¢, koTopble Ho-
3BOJISIIOT YBEIMYHUTH MOILIHOCTH OJHOBOJHOBOTO WJIM MHOTOBOJHOBOTO CHTHAja Ha MEpeaaro-
IIei CTOPOHE MU TMOBBICHTh YYBCTBUTEIBHOCTD MpUEeMHNKA. ONTHUECKHUE YCUITUTETH HMEIOT
XOPOULIO COTJIACOBaHHBIE XapaKTEPUCTUKH C ONTHUYECKUMH MepelaTunKaMu, IPUEeMHUKaMHU U
BOJIOKOHHO-ONITUYECKUMH JTMHUSMHU.

Ha mpoTspkeHHBIX TUHUSIX, HAPUMEp, TOIBOIHBIX JTHHUIAX Yepe3 OKeaHbl, BO3MOXKHO HC-
MOJIb30BaHKE B COCTaBE anmnapaTypbl COTUTOHHBIX OJIOKOB, HCKIIIOYAIOIIUX MPUMEHEHUE TPO-
MEXYTOYHBIX pereHeparopos [8].

[IpomexyToUHBIE CTAHIIMK CUCTEMBI IepeJadyll MOTYT OBITh MPEACTABICHBI Pa3TUIHBIMU
YCTPOWCTBAMU: AJIEKTPOHHBIMU pEreHepaTopaMH, OCHAIIEHHBIMU ONTHYECKUMHU KOHBEpTOpa-
MH; 3JIEKTPOHHBIMHU MYJBTUINICKCOPAMH C JOCTYIOM K OINpPEeICHHOMY YMCIy KaHaJlOB; OIl-
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TUYECKUMHU YCUIIUTENSIMH, CIY>KallUMHU JUIsl PETPAHCISALUN ONTHYECKUX CUTHAJIOB, ONTHYe-
CKUMH MYJBTHIUIEKCOpaMHU ¢ (POPMHUPOBAHHEM JOCTYIA K OTAEIBHBIM ONTHYECKUM KaHaJIaM.
B cocraB MynBTHILIEKCOPOB MPOMEKYTOUYHBIX CTAaHIIMHA MOTYT BXOIUTD AJIEKTPUIECKUE H OII-
TUYECKHE KPOCCOBBIE KOMMYTATOPBHI.

Ludposbie onTuveckue CUCTEMBI Mepeladn, Kak MpaBuiio, CHAOXKEeHbI CPelICTBAMH Telle-
KOHTPOJISL U YTIPABIICHUS, YTO MO3BOJISIET KOHTPOIUPOBATH PabOTy BCEX KOMIIOHEHTOB CHCTeE-
MBI Nepellaud U ObICTPO JUKBUAMPOBATH aBapUHHBIE COCTOSAHHUSA. DIEKTPUUECKHE U ONTHYe-
CKHE CEKIIMH MYJbTHIUIEKCUPOBAHUS U pereHepanud (peTpaHC/SIIUU) OMPEAesSIFOTCS Kak
YYaCTKH CHCTEMBI MIepeIav C OTACIBHBIM BCTPOSHHBIM KOHTPOJIEM H YIIPaBICHUEM.

duznueckre cpebl ONTHUECKUX CUCTEM Mepelayd MOTyT ObITh MPEeACTaBIEHbI CTEKJIOBO-
JIOKHOM, TUIACTHKOBBIM BOJIOKHOM, (DOTOHHO-KPUCTATIIMYECKAM BOJIOKHOM U aTMochepoii [2,
3, 4, 61, 62, 63]. biaromapst 04eHb MaJIbIM MOTEPSAM ONTHYECKONH MOIIHOCTH W MaJIbIM HCKa-
JKEHUSIM CUTHAJIOB OCHOBHOE MPHUMEHEHHE B CHCTEMax Mepenadyu MOJyUYHIIM CTEKJISTHHbIE BO-
JIOKOHHBIE CBETOBObI, KOTOPHIM B y4eOHOW M Hay4yHOW JUTEpaType yAeJeHO O4YeHb MHOTO
BauManus [2-5, 8, 10, 59, 60]. [TnacTukoBsie U HOTOHHO-KPUCTAIUTHUECKHE BOJTOKHA HMEIOT
OTpaHMYCHHOE HCIOJIH30BAaHUE H B OCHOBHOM B OIBITHBIX CHCTEMaX, M MX HCIOJIb30BaHUE B
TPAHCIIOPTHBIX CETAX HE 3aMeueHo. ATMoc(depa B KayecTBe Cpellbl Mmepeiadl MOXKET UCTIONb-
30BaThCsl Ha KOPOTKHUX ydacTkax (0ObIYHO He Oosiee 3 KM) Kak ajbTepPHATHBA ONMTHYECKOMY
Kabexro, Il KOTOPOTO MOTYT OBITh CIOXKHBIMH YCIIOBHS MPOKJIAAKH WIA MOABECKU. [Ipu
STOM JIOCTHXKKUMast CKOPOCTh nepe/iadyn He npessbitnaet 155 Mb6wur/c.

JeranbHOE ONMMCAHWE ONMTHYECKMX KOMITOHEHT (j1a3epoB, (OTOAETEKTOPOB, ONTHYECKUX
YCHIINTENEH, ONTHYeCKUX KOMMYTAaTOpPOB, KOMIIEHCATOPOB THUCIIEPCHH, MOIYJSTOPOB OINTH-
YEeCKOr'o M3IY4YeHHs, ONTHYECKUX (UIBTPOB, JIMHEHHBIX KOAEPOB U JAEKOJEPOB, ONTHYECKUX
perereparopoB 2R u 3R, 1 T.A.) MOXKHO HalTH B y)Ke TEPEUHCICHHOM JTUTEepaType, B MEePHO-
IMYECKUX HAYYHBIX M3IaHMsX, B MIHTepHeTE.

1.3. MpUHUMNbI NOCTPOEHUA annapaTypbl ONTUYECKUX CUCTEM
nepegayn U TPAHCNOPTHbIX ceTen

Obmrast cTpykTypa anmaparypsl (Ha npuMepe obopyaoBanns SDH) TpaHCHOPTHBIX ceTei

npesncrasiiena Ha puc. 1.4. B aToii cTpyKType npenycMOTpeHs!:

— arperaTHble (TMHEHHbIE) MHTEP(EHCH], B KOTOPBIX OMPEACICHBI XapaKTePUCTHKH ONTH-
YEeCKHX MePeIaTINKOB U IIPHEMHHKOB,;

— bynkuuu noxcrpoiiku ykazatened TU u AU, mynbTumiekcupoBanue/ ieMyIbTHILIEK-
cupoBaHue cranaapTHeiX 610koB B TUG, AUG u STM-N ans anmapartypst SDH;

— KpPOCCOBbIE KOMIOHEHTbI (MaTpHlia KOMMYTalMHd LU(POBBIX CHUTHAJIOB, ONTHYECKHH
KOMMYTATODP BOJHOBBIX KAaHAJIOB U ONTUYECKHX MMAKETOB) /sl MEPEKIIIOUEHUH 3IEeKTPH-
YECKHX W ONTHYECKUX TPAKTOB C LEJbI0 Pea3alii TPaH3UTa B y3Jax, BbLACIEHHS U
BBOJIa 1IM(POBBIX MMOTOKOB M BOJHOBBIX KaHAJIOB, 3aIUTHBIX MEPEKIIOYEHUH B COE/HU-
HEeHUSX U T.1.;

— KaHaJpHbIe (MONB30BaTeNbcKUe) HWHTepdeiichl, MpenocTaBiseMbie Uil 3arpy3KH/Bbl-
rpy3kd LU(POBBIX NaHHBIX Pa3/IUUHbIM I10Jb30BATENSAM TPAHCIOPTHOW ceTH (dJek-
tpornsie ATC, kommyTarops! Ethernet u .11.);
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— JIOKaJIbHOE U CETEBOE YIPABJICHUE C MOIEPXKKOM (yHKImi unrepdeiicoB F (RS-232) u
Q (G.773), kaHaJIOB Mepenayn JaHHBIX YIPABICHHS U MPOTOKOJbHBIX HAMOJHEHHIA;

— TaKTOBAasI CETeBasi CHHXPOHH3ALHUS C BO3MOKHOCTBIO IIPOTPaMMHUPOBAHUS IPUOPHTETOB
BBIOOpa CHHXPOCUTHAJIOB U TIOPTOB UX BBOJIA, HANlpUMep, nopT T3, Win TUHEeHHbIE TIOp-
TBI, MJIM KOMITIOHEHTHBIE TOPTH E1, a Takke BBIBOJIa CHHXPOCHUT'HAJA B TOpT T4;

— CHUTHANU3anus 00CITy)KUBaHHS ISl CBETOBOM U 3BYKOBOH MHAWKAIIH aHOMAJBHBIX CO-
CTOSTHH B KOp3HHE 000pYyI0BaHVs, Ha CTOMKE, B PSJIC U T.1I.;

— JJICKTPOIIUTAHUE almapaTypbl OCYMECTBIIACTCA OT UCTOYHHUKOB IMUTANOMINX HaIPsKE-

nuii 48 B u 60 B.
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Puc. 1.4. O6was cTpyKTypa annapaTtypbl TPAHCMOPTHLIX ceTe

Psan yctpoiicTB anmapaTypsl MOTYT QyONHPOBATHCS C ILIEIbIO MOBBIIICHUS HAJCKHOCTH.
Ob6s13aTennbHOE pe3epBHPOBaHKE 00eCIIeYnBaeTCs KpoccoBbiM KommyTaropam (100% — pe-
3epB, o6o3Hauaemblii 1+1 umu 1:1), ycTpoiicTBaM TaKTOBOW CHHXPOHU3AIUHU, B HEKOTOPBIX
NPHUMEHEHUSX PE3EPBUPYIOTCS JIMHEWMHBIE (arperaTHbie) HHTEP(QEHUCHI, MOIb30BATEILCKHUE HH-
Tep(eick, anekTponuTanue. YacTuaHOE pe3epBUPOBAHUE IS MOIH30BATEIBCKUX HHTEPQEii-
COB OCYIIECTBIISICTCS, Hampumep, B pexume 1:2, 1:3, 1:4 u T.1., T.e. Ha HECKOJIBKO (hU3nve-
CKHUX OKOHUYaHMH OJHO pe3epBHOe. Pe3epBHpoOBaHHE INpelrosiaraeT aBTOMaTHYEeCcKoe Iepe-
KIItOYeHre 3a BpeMs He Oosee 50 Mc, 4yTo coxpaHsieT B OOJIBIIMHCTBE CIIyYaeB yCTAHOBJICH-
HbI€ COEJIMHEHUS B CETH.

OOwas cTpykrypa, npejcraBieHHas Ha puc. 1.4 mpurogHa 1jsi onucanus a000ro Buaa
anmnaparypbl, HapuMmep, TePMUHAIBHOTO MYJIbTUILIEKCOPa, MYJIbTUILIEKCOpa BBOIa/BBIBOIA
I POBEIX MOTOKOB, y37Ia KPOCCOBON KOMMYTALIUH M Jaxke pereHeparopa. [Ipu sTom ucmon-
HEHHE amnmapaTypbl MOKET OBITh B HECKOJIBKUX BUAAX, HAIPHUMEP, YHUBEPCATBHBIA MYyIbTHII-
JIEKCOP B IIUPOKOW KOP3WHE C PsilaMH MOCaZ0YHBIX MECT — CJIOTOB, KOMIAKTHBIH MYJIBTHII-
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nexcop Ha 1-2 miatax B KOpIyce, MUHHATIOPHBIN MYJIbTHILIEKCOP, Pa3MELeHHbIH Ha OJHOM
iate 6e3 Kopiyca, Ha3bIBaeMbI MUKPOMYIbMUNIEKCOPOM.

75 KaXXIIoro NCTONHEHHsT MYJIBTHILIEKCOPOB omnpeneneH Habop ¢yHkuuii. Hanbonpmue
BO3MOXKHOCTH, T.€. MAaKCUMaJIbHBIA Ha0op (yHKIMIA, oOecrneunBaeTcs B YHUBEPCAJIbHOM HC-
NOJTHEHUH MYJIBTHILICKCOPA, I/ie Ha 0a3e kopmyca (KOp3HHbI) MOKHO Peai30BaTh:

— TepMHUHAIBHBINA MYITBTHILIEKCOP;

— MyJIBTHILIEKCOP J0CcTyna (BBOAA/BBIBO/IA) K OTAEIBHBIM U()POBBIM MOTOKAM BBICOKOTO

¥ HU3KOT'O TIOPSI/IKOB,;

— KPOCCOBBIH KOMMYTATOp C BO3MOXKHOCTSIMH JIOOBIX MEPEKPECTHBIX COeNUHEHUH Tpak-

TOB BBICOKOT'O M HU3KOI'O MOPSIZIKA;

— pereHepaTop JUHEHHOTO CUTHAJIA UK ONTUYECKOT'O YCHUITUTENS.

VYkazaHHbIe OOCTOSTENBCTBA CIIOCOOCTBOBaJIM HauOojee IIHPOKOMY HCIOJIb30BAHHIO
YHHUBEPCAJIbHBIX MYJIBTUIUIEKCOPOB Ha CETSAX CBSI3U MECTHOTO, PETMOHAIBHOTO U MarucTpalib-
HOrO Ha3HAYEHHH.

KommakTHble MyJTBTHIUIEKCOPHI TaKKe IIHPOKO HCIIOIB3YIOTCSI B CETSIX CBSI3H, HO MECT-
HOTO W CHENHANFHOTO Ha3HAUeHWs, HAallpUMep, B CETSIX JOCTYIA, TEXHOJOTMYECKUX CEeTIX
TPyOOMPOBOIHOTO, KEIE3HOJOPOIKHOIO TPAHCIIOPTA U T.I. B KOMIAaKTHBIX MYyJIbTHILIEKCOpaX
B OCHOBHOM TOBTOPUMBI (DYHKIIMH YHUBEPCAIbHBIX MYJIBTUILUIEKCOPOB, HO C CYIIECTBEHHBIMU
OTpaHWYCHUSIMH, HATIPUMED, TI0 YHCITY MOIb30BaTEIbCKAX M arperaTHhIX MOPTOB, IO KOMMY-
TAlMOHHBIM BO3MOXHOCTSIM MaTpPHULl KPOCCOBOI KOMMYTAallUH U T.[I.

OpHoMIIaTHOE UCTIONHEHUE OECKOPITYCHBIX MYJIbTUILIEKCOPOB MpeHAa3HAYSHO ISl pellle-
HUSI OTPAaHMYEHHBIX 3a7ad [0 TPAHCIIOPTHPOBKE HU(PPOBBIX MOTOKOB. ITH MYIBTHUILIEKCOPEI
BCTPaMBAIOTCS B Pa3MYHOE TEJIEKOMMYHHUKAIIMOHHOE 000pYyI0OBaHKE, HAPUMEpP, B KOHLIEH-
Tpatopel u KommyTaropel ATM, B kommyTatopsl Ethernet, B mepcoHanbHbie KOMIOBIOTEPHI
(pabouue cranuuu). OcHOBHas 3a/aya, pelaeMasi MUKPOMYJIbTHIUIEKCOPAaMH, 3aKIIF0YaeTcs B
BBICOKOA(PEKTHUBHOMN Mepe/ade Mo COOTBETCTBYIONIECH TUHUU (ONTHYECKOMH, MEHOM 1in pa-
1I10) MH(POPMAUOHHBIX COOOIIEHUM. [Tpr 3TOM MOXKET 3a(h)UKCHPOBATHCS MUHUMAITBHOE YHC-
70 omMOOK Mepeaayn, 00eceunBaThCs 3alIuTa Mepeaaydn, BEICOKask CKOPOCTh M YCTOHYMBBIN
TaKTOBBIA CHHXPOHH3M.

Juid co3aanus pa3inuyHbIX CETEBBIX DJIEMEHTOB HA OCHOBE YHUBEPCAIbHOTO MYJIbTHUIICK-
copa TpeOyeTcsi OrpaHU4YEeHHOE KOJMYECTBO (PYHKIIMOHATBHBIX KOMIIOHOBOYHBIX 0JI0KOB. U3-
BECTHBI TPH OCHOBHBIX BHIIa KOMIIOHOBOYHBIX OJIOKOB: CMEHHBIE (DYHKIHMOHAIIBHBIE OJIOKH,
COeIMHUTENbHBIE HHTEP(ENCH U MOJKH (KOP3UHBL) 000PYA0BaHHS.

OyHKIMOHAJIbHBIE BO3MOXHOCTH CETEBOTO 3JIEMEHTa B OCHOBHOM OIPENENSIOTCS CMEH-
HBIME O70KamMu. K 9TEM G10KaM OTHOCSITCS: arperaTHBIA M MOJIb30BaTeIbCKHE HHTEP(EUCH,
KOMMYTallHOHHbIE MaTpPHULIbl, IPOLIECCOPBl YKa3aTesel, reHepaTopbl TEKCTOBBIX MOCe10Ba-
TeNbHOCTEH, 0JI0K JOCTYIIA K 3ar0JIOBKY, OJIOK TUTaHUS.

CoennHuTEIbHBIE HHTEP(EHCH peIHa3HAYCHBI ISl yCTAaHOBICHHS COSIMHEHHUI ¢ BHEII-
HUMH ycTpoiicTBaMU. OHU MOTYT COAEP)KaTh AJIEKTPOHUKY AJISl 3aLUUTHBIX MEPEKITIOUEHUM.
CoenuHuTenbHble MHTEP(ENCHl BBIMOIHAIOTCS MOA WHPPACTPYKTYPY MOTPEOUTENsT pecypcoB
TPaHCIIOPTHOH ceTH. Hampumep, 3T0 MOTYT OBITH KOaKCHAIbHBIE WIIM CHMMETPHYHBIC HHTEP-
(eiicel Ha OCHOBE MEIHBIX IPOBOJHHUKOB, TAKXKE 3TO MOTYT OBITh M BOJIOKOHHO-OITHYECKHUE
uHTepdeichl 17151 MoJIb30BaTeNbCKUX Bo3MokHocTel Ha STM-1, STM-4, STM-16. K coeau-
HUTENBHBIM HHTEpdelicaM TakxKe OTHOCITCS HHTEP(ENCH CiTy>keOHOM CBSI3H, CUTHAIN3ALNH,
CHHXPOHU3AIINH, YIIPABICHHUS.
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Monku (kop3uHBI) 060PYAOBAHHS MOTYT BBITIOJHSITECS OJHO- M JABYXPSIHBIMU C Pa3iny-
HOI €MKOCTBIO CMEeHHBIX OJ0KOB. [IpH 3TOM MOCafouHbIE MeCTa CMEHHBIX OJIOKOB MOTYT
OBITH YHUBEPCATBHBIMHU HITH KECTKO MPOTPaMMUPYEMBIMH, 3aKPETUIIEMBIMH.

CMeHHBbIE OJIOKM M COCTUHUTENbHBIC MHTEP(QEHChl B TIOJNKE CBS3aHbl MIMHHOU CTPYKTY-
poii, mpumep KoTopoit 11st annapatypsl SDH npusenen na puc. 1.5.
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Puc. 1.6. CoeauHeHust nnat B kopauHe 060pyaoBaHUs

lnHHON apXHTEKType COOTBETCTBYET COSAWHEHHE IUIAaT B KOp3WHE 000pyIOBaHMUs, Kak
NoKazaHo Ha puc. 1.6.
Takum 00pazom, anmnapaTypa TPAaHCIIOPTHBIX CETEH CTPOUTCS 1O MOAYJIBHOMY MPUHITUITY.
B kaxxmom Momyne peanu3yroTcsl omnpelesieHHBIe (QYHKIUH CXEMBI MYJbTHILIEKCHPOBAHUS
SDH, OTH, ATM, Ethernet, xourpouist, 06¢Ty)KUBaHHs, ONIEPATHBHOIO MEPEKITIOYEHUS, DIIEK-
TPOMUTAHUS, CUTHAIM3AIINY, yrnpaBieHus. KpoMe Toro, MoaynbHas CTPYKTypa OJHO3HAYHO
BITUCHIBAETCS B aPXUTEKTYPY ONTHIECKON TPAHCIIOPTHON CETH, PEICTABICHHYIO B TaBe 2.
DNeKTpOHHbIE MPOLIECCOPHI-KOHTPOJUIEPHI SIBJIIOTCS OCHOBHBIMHU M 00513aTeIbHBIMU dJle-
MEHTaMM CMEHHBIX OJIOKOB ammaparypsl. Hanpumep, 0CHOBHOW KOHTpOJUIEPHBIN OJIOK B arl-
napatype SDH BbimosHseT 1Be OCHOBHBIE PYHKIIWU:
— yIpaBJeHHe U KOHTPOJIb CMEHHOTO 0J10Ka,;
— 00paboTKa U nepechlika MaKeTOB KaHasla CIyKeOHOH CBSA3U U1 yNIPaBICHUS CEThIO.
[epBas ¢pyHKIMS XapakTepHa Ui BCeX CMEHHBIX 010K0B. Bropas ¢yHKIms ncmonssyer-
Csl TONBKO B OJIOKaX, TJIe UMEIOTCS CHHXPOHHbIE HHTepdelichl ¢ hopmupoBanuem/pachopmu-
poBanueM STM-N. OueHb 4acToO MCMOJIHEHHE 3TUX (QYHKLUMH BO3/laraercs Ha pas3jiiuHbIe
nporneccopbl. Ha puc. 1.7 mpuBeneH mpuMep MOCTPOCHUS MOJYJsi KOHTPOJUIepa, KOTOPBIN
BEITIONTHSET CIIETYFOIIHe 3a1a9H:
— KOH(UTYpUPYET CMEHHBIN OJIOK U KOHTPOJIUPYET €r0;
— KOHTPOJIUPYET U PeryaupyeT GyHKIIMA CMEHHOTO 0J10Ka,
— MIPOM3BOANT CaMOIIPOBEPKY U TUATHOCTHUKY OTKAa30B Ha IIATE M BO BCEM KOHTPOIIEPE;
— obecrieunBaeT CONpsHKEHUE ¢ KOHTPOJIEPOM KaHajla CITy>KeOHOW CBSI3M MPU KOHQUTY-
PUPOBAHMU U 3arpy3Ke MPOrpaMMHOT0 00ecrieUeHUs;
— IIPOU3BOAUT M3MEPEHHE AHANOTOBBIX CHUTHAJOB (HampuMep, MpH Mepeiade B ONTHYE-
CKYIO JIMHHUIO WITH Ha [IpUeMe).
OcHOBO# KOHTpOJLIEpa sIBIsleTCs MUKpornpotieccop (Hanpumep, MC68332). Kpome Toro,
B KOHTPOJUIEPE Pa3MEIAlOTCsl Pa3INYHbBIEC BUIBI DICKTPOHHON MaMSITH:
— PROM, Programmable Read-Only Memory — crupaemasi 5HeproHe3aBucuMas amMsrth
JUIS Ha4aJIbHOM 3arpy3KH;
— ROM, Read Only Memory — niamsTh nporpamMMsbl ¢ BO3MOXKHOCTbIO CTHPAHHS;
—RAM, Random Access Memory — mamsTh ¢ IpOU3BOJILHBIM OCTYIIOM, SHEProHe3a-
BUCHMAsl MAMSITh JaHHBIX, CTATHIECKas;
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— EEPROM, Electrically Erasable Programmable Read-Only Memory — anextpuueckn
cTHpaemasi porpammupyemMas namsth (ctupanue 1o Oaiitam), nmpuMeHseMas IjIs Co-
eIMHUTENIbHBIX HHTEP(EHCOB;

— EPROM, Erasable Programmable Read-Only Memory — crtupaemasi nporpaMmmupye-
Mast TaMsITh
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Puc. 1.7. Npumep o6Lien CTpyKTypbl KOHTpOnnepa

YcrpoiicTBa maMaTH B KOHTPOJUIEPE MOTYT OBITH BO BpeMsi pabOTHI 3arpyeHbl HOBBIM
MIPOTPaMMHEBIM 00eCTIeUeHHEM.

Kontpomiep cBs3an ¢ qpyruMu yCTpoWCTBaMHU IUHAMU. Pa3psiTHOCTD MIMHBI TaHHBIX J1-
HAaMUYECKH aJaNTHPYETCs MPOLECCOPOM K Pa3psAIHOCTH IIMHBI JAHHBIX COOTBETCTBYIOLIEH
namsiti. Jist BBIOOpa maMsiTH UCTIOJb3YHOTCS BHYTpeHHue curnaisl (CS).

Amnanoro-ungpoBoi npeobpaszosarens (ALIT) Heobxomum st 0OpabOTKH aHAIOTOBBIX
CUTHaJIOB TporeccopoM. Hampumep, xorma HeoOXoammo (HOTOIINEKTPUIECKUN CHUTHAT Ha
npUeMe U3MEPHTH 110 aMILTUTYIHOMY 3HAYEHHIO.

OCHOBHOW MHUKPOTPOIIECCOP U MUKPOTPOIIECCOP CBS3HM B3aUMOJIEHCTBYIOT MEXIy co00ii
gepe3 oOmyo nmamsate RAM ¥ nByX NuUHHH KBUTHpOBaHWS. J|ByHampaBiIeHHEIC IpaiiBephl
(0603HaUEHO TPEYTOJbHUKAMH) NPETHA3HAUCHBI JJIsl BKIKOUCHUS B pab0Ty HIMHBI CUTHAJTIOB U
NIMHBI Tiepefiauu JaHHbIX. [ mogmepkku (QyHKIMHA CETEBOTO yNpaBieHUs (OPMHUPYIOTCS
[IMHBI KaHAJIOB TIepeJady JaHHBIX:
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DCCr, Data Communication Channel r — kaHan nepefaun JaHHBIX AJsL CEKI[MU PereHe-
panvu SDH

DCCm, Data Communication Channel m — kanan nepegayu JaHHBIX IS CEKIIUH MYJIb-
TumaekcupoBanus SDH.

Wntepdeiics! mporieccopoB sSBISIOTCS COOCTBEHHBIMHU CPEIICTBAMH ISl YCTPAHEHUS OTKa-
30B, JUIS 3arpy3Kd IPOrPAMMHOTO O00ECIEUeHUs] M TECTUPOBAHUS allapaTHBIX cpeacTB. s
HOJJIEPIKKH CITyKeOHBIX BCTPOCHHBIX KAaHAIOB yrpasienus cucrem nepenaun (ECC, Embed-
ded Control Channel) npenycmarpuBaercst kontposuiep mporokosoB (HDLC, High-Level
Data Link Control).

Baxmweiime#t GpyHKIMei KaKI0T0 CMEHHOTO OJIOKA SIBIIsieTCs] 00pab0TKa TAKTOBBIX CHUTHA-
10B. [Ipu 3ToM peannzyrorcst pyHKIMU:

— MOJCTPOIKa TAKTOBOTO CUTHAJA;

— MOJCTPOIKA UKIOBON CHHXPOHH3ALINH;

— TaKTOBasi CHHXPOHU3AIHSL.

3agaya MOACTPOMKHM TAaKTOBOTO CHUTHANA IEHEPAaTOpa B CMEHHOM OJIOKE COCTOMT B TOM,
9T00BI CHHXPOHM3UPOBATh TAKTOBBIM CHTHAJ ATOTO TeHeparopa ¢ 3aJalolliM TeHepaTopoM
Bcero obopyznoBanus. [Ipu 5ToM BEIOMpaeTcsi KaueCTBEHHbIH CHI'HAJI C YCTpaHEHHBIM (a3o-
BBIM JpO’kaHueM. TakTOBBIM CUTHAN MOXeT uMeTh yactotel 38,88 MI'n, 77,76 MI' u apy-
rue. LIuKioBas CHHXpOHHU3AIKS OCYIIECTBISIETCS ¢ 9acToTol 8 K['I. DTH TakThl CHHXPOHU3H-
poBanbl ¢ Taktamu 38,88 MI' wim npyrumu.

KoHTponbHble BONpoChI

1. Yto crieayeT MOHUMATH MO ONTHYECKOW CHUCTEMOM niepeaadn?

2. Kakyie KOMITOHEHTHI Pa3UyaroT B CHCTEMaX Mepeiadn?

3. Kakoe Ha3HaueHHe UMEIOT MYJIbTUIUIEKCOPHI B CUCTEME Nepeaadn?

4. Kakuie kaHabl 00pa3yroTCs B CUCTeMax repeiavn’?

5. Uem ommyarotes kananel KTU u OLIK?

6. Kakoe Ha3HaueHHE UMEIOT MTPOMEXYTOUHbIE CTAaHIIMK B CCTEMax nepeaadn?

7. Uto ucnonp3yercs B KauecTBe (PU3MUECKOM Cpe/Ibl iepeaaun?

8. [loueMy CTEKIISTHHBIE CBETOBOJBI HAIIUTH IIMPOKOE NMPHUMEHEHNE B CUCTEMAaX Mepeaadn
U TPAHCIIOPTHBIX CETAX?

9. Uro cienyeT MOHUMATH MO TPAHCIIOPTHON CEThIO?

10. Kakue ceTu 3JeKTPOCBSI3U BXOST COCTABHON YaCThIO B TPAHCIIOPTHYIO CETh?

11. Kakue 31eKTpOHHBIE KOMIIOHEHTHI alliapaTypbl ONTUYECKUX CUCTEM Iepeaadn MOX-
HO CYUTATh OCHOBHBIMU ISl HU(PPOBOTO MYJIbTUILICKCHPOBAHHS ?

12. Kakue onTHyeckre KOMIIOHEHTHI 00€CIIeUNBAIOT Mepeaady 1 BOCCTAHOBICHNE CUTHA-
JIOB B BOJIOKOHHBIX CBETOBO/IAX ?
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MOAENU ONTUYECKUX TPAHCMOPTHbIX CETEN

YuuteiBas JUHAMUYHBIN POCT MOTpeOHOCTEH B Mepenade uHGopMaluu, Bo3pactanue Tpedo-
BaHUl 10 Ka4yecTBy IMepelavyu, TpeOOBaHUI 3alUIIEHHOCTH U YIPABISEMOCTH COSIUHEHWIH,
MCD-T pa3pabaTbiBaeT H COBEPIICHCTBYET CTaHAAPTHI Ha Mepeaady HHPOpPMAaluu B ONTHYE-
ckux cuctemax. OJHUM M3 OCHOBHBIX HampaBiieHu# aestenbHocTH MCO-T crano npuHsTHe
KOHIICTIIIMU TOCTPOEHUsI TPAHCIIOPTHBIX CETeH, OMyOJIMKOBAaHHOW B BHJE PEKOMEHIAIMU
(G.805, u pa3paboTku MojesIei TPAHCIIOPTHBIX CeTel, Oa3UpPYIOIIUXCS Ha BOJIOKOHHO-ONTHYE-
CKHX U paJMOpeNIeWHbIX cucTeMax nepenayu. I[Ipu 3ToM oCHOBHas pOJib OTBOJUTCS] BOJIOKOH-
HO-ONTHYECKUM cuctemaMm. OmnucaHue MoOJeNnel TPaHCIOPTHBIX CEeTeH, TeXHOJIOIMYECKHX
CXeM MYJIbTHIUIEKCHUPOBaHUs, HHTep(eicoB, 000pyn0BaHMS, YIIPABICHHS, CHHXPOHHU3AINUH U
T.J1. IPUBOJUTCS B OONBIIOM MakeTe pekoMenaannii MCO-T cepuit G, Y, |, X u 1.4. OTH pe-
KOMEHJIAIIMM WCTIOJIB3YIOTCS TPOU3BOJIUTENSAMU OOOPYAOBAaHUS M CETEBBIMH OlepaTopaMu
MY MMPOEKTUPOBAHNH, 3aITyCKE U IKCIUTyaTallii TPAHCTIOPTHBIX CETEH.

B HacTosiiee BpeMst TPaHCIIOPTHBIE CETH CTPOSITCS B COOTBETCTBUM ¢ Mozesimu (puc. 2.1):
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Puc. 2.1. Mogenu TpaHCNOPTHbIX ceTeln cBA3n, onpeaeneHHsie MCO-T
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— tpaHcnopTHas cetb SDH, pekomennanuu G.707, G.783, G.803 u np.;

— tpaHcniopTHas ceth ATM, pekomennanuu 1.311, 1.326 u np.;

— tpancrnoptras cetb OTN-OTH (Optical Transport Network — Optical Transport Hier-
archy, ontuueckas TpaHCIOPTHAS CETh — ONTHYECKash TPAHCIIOPTHASI HEPAPXUst), PEKO-
meHaanuu MCO-T G.709, G.798, G.872 u np.;

— TpaHcrnopTHas ceth Ethernet, pekomenmamuu G.8010, G.8011, G.8012 u ap.

YkazaHHbIe MOJICJIM UMEIOT OOIIME YEPTHhI: UEPAPXUUECKOE YPOBHEBOE MOCTPOCHUE, TJIe
Ka)XJBII YPOBEHb HMEET CaMOCTOSITEIbHBIN M HE3aBUCHUMBIH OT APYTHX ypoBHEl Habop GyHK-
[Wi1; HaTn4Kre (PU3MUECKOro YPOBHs, MPEJCTABIIEMOT0 CHCTEMON Mepeladun ¢ OpraHu3almen
ceKlui; oOpa3oBaHHe TPakTOB (MapLIpyTOB) (DH3MYECKOTO M BHUPTYaJbHOIO XapaKTEPOB;
YPOBHH B3aMMOJEHUCTBUS C MOJB30BATENIEM TPAHCIIOPTHON CETH.

Uro naeT MoaenbHOE YPOBHEBOE MOCTPOCHUE TPAHCIOPTHBIX ceTeil? Ckopee Bcero 4ér-
KO€ TIpEeJICTaBJIeHNE 00 amnmapaTHBIX, AITOPUTMUYECKUX U CETEBBIX BO3MOXHOCTSX IO Opra-
HU3AIMK B3aUMOJACHCTBUI Mpu mnepeaaye WHGOpMAIMH, T.€. O TPAHCIIOPTHOW TEXHOJOTHH,
HarpuMep, MOMepevyHol COBMECTUMOCTH 000PYI0BaHUS Pa3IMYHBIX MPOU3BOIUTENCH U 000-
PYyZIOBaHUS PA3IMYHBIX CTAHAAPTOB MYJIbTUILIEKCHPOBAHUS TPAHCIIOPTHBIX CETEH.

Huxe npuBoasTcs OTAENbHBbIE XapaKTEPUCTUKM MOJEJeH, naeTcs WX CpaBHUTEIbHas
OIICHKA, YKa3bIBAETCsI HA UX COBMECTUMOCTb.

2.1. XapakTepucTuku moaenu TpaHcnoptHon cetn SDH

Mopgens TpanciopTHOH cetrt SDH mpeacTaBieHa TpeMs caMOCTOSTENFHBIMU IO CBOEH OpraHu-
3aI[M{ YPOBHSIMH: CPe/Ibl MIepe/iaur, TPakToB (MaplIpyTOB repeaadyn nHGOPMALIUK), KaHAJIOB.

Yposenw cpeovt nepedauu 6azupyercsi NperMyIIeCTBEHHO Ha ONTOBOJIOKOHHBIX JIMHUSAX
(cpena mepenaumn), B KOTOPBIX CO3AIOTCS CEKIMU pereHepalui HM(pPOBbIX JMHEHHBIX CUI'HA-
JIOB ¥ CEKI[UH MYJIbTUTUICKCUPOBAaHUS IU(PPOBHIX AaHHBIX. Cpena mepenadn COIEep>KUT: BOIIO-
KOHHBIE CBETOBO/Ibl B KOHCTPYKIHUSAX PA3IMUHBIX Kabesel; 31eKTpoonTHueckue npeobpasona-
TENIM Ha Iepefade M ONTOAIEKTPOHHBIE Mpeodpa3oBaTeIr Ha MPHEME; ONTHIECKUE YCHIINTe-
¥, OTITHYECKHE aTTEHI0ATOPHl M KOMIICHCATOPEI TUCTIEPCHH; pa3bEMHBIE 1 HEpa3bEMHBIE OII-
TUUYECKHE COEJAMHUTENH; JIMHEHHbIE KOAEPhl U AEKOJEpPhl; ONTHUECKHE MOAYJISTOPbI U ONTU-
YeCKHe JeTEKTOPHI.

Cexiield MyJIbTUILICKCHPOBAHNSI HAYMHACTCS M 3aKAHYMBAETCS yYaCTOK BOJIOKOHHO-OII-
TUUYECKOH cucTeMbl nepeaadn. Cekuusi MyIbTUILNIEKCUPOBAHUS MOXKET COJEPKaTb OT OJHOTr0
JI0 HECKOJIBKUX YYacTKOB — CEKLMI pereHepanuy, KOTOpble HEOOXOAUMBI Ul yCTPAHECHUS
UCKKCHNH JIMHEWHBIX MMITYJIbCHBIX CHUTHAJIOB U BOCCTAHOBICHHS MX (POPMBI M MOIITHOCTH.
Cexiuu pereHepaluy U MyJTbTHIUIEKCUPOBAHUS SBISTIOTCS TIPEIMETOM MPOSKTHBIX PacieTOB,
MOCTPOEHUI M TEXHUUYECKOW dKCIUTyaTanuu. st aToro B pamkax cranaaptuzanuu SDH mpe-
JlyCMOTPEHBI cTy)eOHbIe COOOIICHHUs 0 KOHTPOJIIO KayecTBa Mepeaadu 1Mo OMTOBBIM OIIMO-
KaM, cIy)keOHasi CBsI3b, KaHANBI YIPaBIeHHUS U CHHXpoHU3and. CeKIus MyJIbTUILIEKCHPOBa-
HUsI BMECTE C BXOASAILIMMU B HE€ CEKLUSIMU pPereHepalun MoxeT AyOaupoBaThes ¢ LEJblo ra-
PaHTHPOBAHHOI 3alUTHI OT MOBpexAeHUH. J{J1s aToro nyonupyroias (3alurHas) CeKIus oc-
HAI[AeTCsl CUTHAJIaMH aBTOMAaTHYECKOTO TEPeKIIoueHHs 3a WHTEepBal BpeMeHH He Ooiee 50
Mc. Cursansl, nepefaBaeMble yepes3 (pU3HUecKylo cpeay mozenu cetn SDH, mpeacraBisiioT
cO00 IIUKIIBI NIUTETBHOCTRIO 125 MKC, Ha3bIBaeMble CHHXPOHHBIMH TPaHCIIOPTHBIMU MOIY-
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asmu STM-N (Synchronous Transport Module) mopsiaka N =0, 1, 4, 16, 64, 256. TTopsgok
XapaKkTepru3yeT uepapXxruiecKuil ypoBEHb U COOTBETCTBYIOIINI CKOPOCTHOM PEXUM MepeauH.

[onpoGHEIe cBeneHNs MO0 (POPMUPOBAHUIO ATHX IIUKIOB M HX COICPKUMOMY paccMOTpe-
HBI B CIIEJYIOLIEH I1aBe.

Yposenv mpaxmoe cetn SDH nonpaznenén Ha aBa nmoaypoBHS: BBICOKOTO W HU3KOTO T10-
psiliKa, CTaHAapTHO 0003HaYaeMbIX B TexHHYeckoi aureparype: HOV C (Higher Order Virtual
Container) — BupTyanbHblil KOHTElHHED Bhiciero nopsjaka, u LOVC (Lower Order Virtual
Container) — BupTyanibHbIi KOHTEHHEp HU3LIETro Mops/Ka. BupryanbHble KOHTEHHEPbI BBICO-
KOT'O ¥ HU3KOTO MOPSIKOB MPEACTABIIIOT COO0H MUKINIECKHe ITH(POBBIE EMKOCTH, TPEIOC-
TaBJIIEMBIE TTOJ1 3arPy3Ky WHPOPMAIIMOHHBIMU JaHHBIMH C MOJXOSIIUME CKOpOCTsIMH. Bup-
TyalbHbIC KOHTCHHEPBI HU3KOTO MOPSIKA MOTYT OOBEAUHITHCS JIJIsl Pa3MEIICHHsI B BUPTYaib-
Hble KOHTEHHEPHI BBICOKOIO mopsaka. [IoHSITHE «BUPTYaIbHOCTH» 3TUM HUPPOBBIM OI0KaM
MPUCBOCHO M3-32a CIICIHATBHBIX TAaHHBIX, HA3bIBAEMBIX 3ar0JIOBKAMH, B KOTOPBIX: MTPOTIHCHIBA-
eTCsl YHUKaIbHBIA MapIIpyTHBIAH HASHTH(HHUKATOD IS aJPECHOTO MepeHoca KaXA0ro KOHTe-
Hepa uepe3 TPAaHCIOPTHYIO CEeTh OT MCTOYHHMKA MH(OPMAIMU A0 TOIydYaTess; BEIeTCs KOH-
TPOJTb KaueCcTBa Mepeadn 13 KOHIIA B KOHEI] U M0 OTAETBHBIM y4acTKaM MapIIpyTa; BCTABIIS-
I0TCSl COOOILEHUST 0 HEOOXOMMOCTH 3aIINTHBIX TEPEKITIOYEHNH; BCTABIAIOTCS COOOIIEHHS O
Byjie MH(GOPMAIMOHHBIX JAHHBIX; MOJICPIKHUBACTCS CIy)KeOHast CBsI3b U T.A. BUpTyaibHbIC
KOHTEHHEPBI MOTYT CLETUIATHCS [UIs MIepeHOca HeCTaHIAPTHRIX MH()OPMAIMOHHBIX HATPY30K.
Bbnaronapst HempeprIBHOW HUKIMYECKOH Tepenade BUPTYaIbHBIX KOHTCHHEPOB MOXKET TOJ-
JIepP)KUBaThCsl OJIHOHAIIPABJICHHOE M JIByHANPaBJICHHOE TPAHCIIOPTHOE COCJMHEHUE — TPaKT
WM MapIIPyT, PAaCCUUTHIBAEMOE HA PAa3IMIHYIO MPOIMYCKHYIO CIIOCOOHOCTh B MHTEpecax Io-
TpeOuTeNel TPaHCIOPTHBIX YCIYT. JTH COSAWHEHHS MOTYT MPOXOIUTH depe3 pa3lInuHbIe
cucremsl niepenadrt SDH (BoJOKOHHO-ONTHYECKHE U PaTHOpesIeiiHbIe) C pa3InvHBIMU Hepap-
XUUeCKUMU ypoBHsMU STM-N.

[onpoGHEIe cBeaeHus o0 (HOPMHPOBAHHIO BUPTYAITBHBIX KOHTEHHEPOB, HX 00HETHHEHHIO
U pa3ieieHUI0, 0 (PYHKIUSIM ¥ BO3MOKHOCTSIM IIPUBOJISATCS B CIIEAYIOIIMX IIaBaX.

Yposenv xananoe cetu SDH obecrnieunBaer MHTEpQEWchl AJis MOJIb30BaTeNIel TpaHC-
MOPTHOU CeTH. YUHUTHIBast, YTO TpaHCIOPTHAs ceTh SDH sBisieTcs 4acTbio MEpBUYHON CETH
CBSI3H, HAa YPOBHE KaHAJIOB MPOU3BOIUTCS COTNIACOBAHUE C BTOPHYHBIMU CETAMH (MONB30BaTe-
JSIMH), Haripumep, ¢ TeliepOHHBIMH CETSIMH 4epe3 MOTOKK LU(poBbIX qaHHbIX 2,048 Mout/c
(E1), ¢ cersamu Ethernet na cxopoctsx mepemaun 10, 100 u 1000 M6uT/C Yepes CLUEnKH BHpP-
TyaJbHBIX KOHTEHHEPOB 1 MPOTOKOJIBI COTJIACOBAHMS.

Bce nponenypsl hopmupoBanus nudpoBbix 610k0oB SDH nporcxoasaT ¢ UCNONb30BaHUEM
€IMHOTO BBICOKOCTAOMIIBHOTO TaKTOBOI'O MEXaHHM3Ma — TaKTOBOM CETEeBON CHHXPOHH3ALUH
(TCC). Coznanue u moanepxka Bcex coenuneHuii B cetu SDH 1 KOHTpoOJb Beex (yHKIH
o0ecrie4rBarOTCs CUCTEMOW YIpaBJieHHs, MMEIOLIEeH CeTh BBIICICHHBIX KaHAJIOB CBS3H U
CpeZCTBa MPOTOKOIBHOTO B3aUMOACHCTBHUS Yepe3 3TH KaHAIBI.

2.2. Mopgenb TpaHcnopTHou cetn ATM

Mopens TpancniopTHoi ceth ATM npencraBieHa TpeMsi CaMOCTOSITEIbHBIMU MO CBOEH opra-
HU3aLUK YPOBHAMMU: Cpebl IEpeauu; aCHHXPOHHOIO pexuMma nepenauu; aganrauguu ATM.
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Ypoeens cpeovt nepedauu B Monenu TpancnopTHoit ceth ATM MoxkeT ObITh peain30BaH,
cornacHo ctannapram ATM, mo6oii cucteMoit nepenadu, HampuMep, CUCTEMaMHU C TUIE3H0-
XpOHHBIM MyubTUIIIeKcHpoBaHueM (PDH) miu cucremamut CHHXPOHHOTO MYJIBTHUILIEKCHPO-
Banus (SDH). TTpu 5ToM I0MyCKaeTCs UCMOb30BaHUe JIFOOOH Cpe/ibl U 000PyI0BaHUS TIepe-
nauu (MeaHble mpoBoaa ¢ MojeMamu XDSL, pamuokaHaibl ¢ COOTBETCTBYIOIIMMHE paanoyac-
TOTHBIMH TIpe00pa3oBaTeNsIMH, aTMOC(EpHbIE ONTHYECKHE KaHalbl C COOTBETCTBYIOLIMMHU
CPEICTBAMHU COMPSKEHHSI, BOMIOKOHHO-OMTHYECKUE CHCTEMBI).

Yposenv ATM pazdut Ha MOAYPOBHH BHPTYATBHOTO KaHajla U BUPTYaIbHOTO MyTH. DTH
obpazoBanusi ypoBHI ATM CBsS3aHBI ¢ eAMHUIIAMH TIPENCTABICHUS JAaHHBIX, HAa3BIBAEMBIX
siYeHKaMU ¥ UMEIOIIUME EMKOCTh 53 6aiiTa. DTa EMKOCTb MOJIeNIeHa Ha MOJIe 3arojoBKa -
HO# 5 6aliT 1 moJie Harpy3ku (CErMEHT MOb30BaTes) JIHHOM 48 GaiiT. 3aroJ0BOK COAEPKUT
UICHTU(DUKATOPBI SYeeK, PUHAMJICKAIIUX OJTHOMY COCIUHEHHI0, BUPTyaibHOMY myTu VPl
(Virtual Path Identifier) u Bupryansnomy xanany VCI (Virtua Circuit Identifier). Bnarogaps
9TUM UJEHTU(UKATOpaM SUYEHKU B OOLLIEM MOTOKE Pa3IM4aloTCs MpU AEeMYJIbTHUILIEKCHPOBA-
HUM ¥ KOMMYTaluu. B KoMMyTaTopax IJisl BBIIOJHEHUS! KOMMYTALUi BCe WACHTH(OUKATOPEI
NPOTUCHIBAIOTCS B BUAE TaOJHIl MapIIPyTH3aLUH, MO0 KOTOPHIM BXOMASIINE SYCHKH UIEHTHU-
(bUIMPYIOTCS U TPAHCIUPYIOTCA HA HYXKHBIE BBIXOJbI C MOCEIYIOIINM MYJIbTHIIEKCUPOBA-
HUEM B HOBbIC TIOTOKH ydacTka ceTH. [loToku siueek ATM ¢dopMuUpyroTcs ciy4aiiHO BO Bpe-
MEHH B CHIY CIyYaiHOCTH TOCTYIUICHHS HH(GOPMALUOHHBIX COOOIICHWH, YIaKOBAaHHBIX B
cerMeHThl. [Ipu 3TOM MOTOKM CIy4alHBIX S4€eK, UCXOAALIMX OT Pa3IMYHbIX HCTOYHHMKOB,
CTaTUCTUYECKH MYJIbTUIUIEKCUPYIOTCS B OOIIMI HeCIyd4alHbIA MOTOK JaHHBIX, COTJIaCyeMbIl
C YpOBHEM cpelsl nepeaadn (GpyHKIHSIMH COBMeINIeHus: ¢ o0opydoBaHHeM mepenadu. B o6-
MK TOTOK MH(POPMALIMOHHBIX AYEeK MOTYT BKIIIOYATbCS U SYEHKH CIYKeOHOro Ha3HaYeHMs,
HarpuMmep, JJis YIpaBJeHUs B CETH, U1 KOHTPOJIS MEPErpy30K KOMMYTATOPOB, /Ui TECTHPO-
BaHUs U T.J. Ha ypoBHe cpenbl mepenayu MoToK sueeK CHHXPOHHO OaiT 3a 6aiiToM pasmeria-
€TCsl B IIWKIIBI Tepeaaun, Hanpumep, B mukibl E1, E3 PDH wmu B OUKIIBI BUPTYANbHBIX KOH-
teitnepos SDH.

Yposenv aoanmayuu ATM BoinonHseT GyHKIUK UHTEpdEiica MexX Iy TpaHCIIOPTHOM ce-
Tei0 ATM ¢ e€ BUPTyallbHBIMH COEIMHEHUSIMH M MOJb30BaTEISIMU TPAHCIOPTHBIX YCIYT
(BTOPUYHBIMH CETSIMU CBSI3H), HAMPUMEP, TeIeDOHHBIMU CETAMH, CEThbIO MHTEPHET, JOKaIIb-
HeiMu ceTsimu Ethernet u t.1. Tpu aTOM pasiauynbiM BuaaM Tpaduka OnpeneeHbl pa3invHbie
THIBI ypoBHeBoi amanranun AAL (ATM Adaptation Level , AAL-1, AAL-2, AAL-3/4, AAL-
5), npenycmarpuBaroiie GOpMUPOBAHUE PA3IUYHBIX MO0 CTPYKTYpE CErMEHTOB IS OJB30-
BaTebCKOi Harpy3ku. [lonpoOHas nHpopMaIys 00 3TUX YPOBHIX IPHUBOAMUTCS B CIEAYIOIIEH
IJ1aBe.

Kaptuna dhopmupoBanus moToka sueek B MoJesu TpaHcnopTHO# cetn ATM npencrasie-
Ha Ha puc. 2.2.

[MpuHIMNIMaTEHOE OTIIMYKE MoJieNiel TpaHcopTHBIX ceTeit SDH u ATM coctouT B ciie-
JYHOLIEM:

— TpaHCMOPTHBIN pecypc ceth SDH — TpakT BBICOKOTO MJIM HHU3KOIO MOpsAKa — Mpe-
JIOCTaBJISICTCS B paclopshKeHHe ToJb30Batess (BTOPUYHON CETH CBSA3U) MOCTOSIHHO, He-
3aBHCUMO OT MH()OPMAIMOHHOTO MOTOKA U ¢ (PUKCHPOBAHHOU CKOPOCTBIO TEpemadH,
YTO YacTO SIBJIAETCS MPUUMHON HU3KOU 3PPEeKTUBHOCTH HCIOJIB30BaHUS COCIUHEHHS,
HampuMep, B TedeoHnH ¢ KOMMYTaled KaHaJIoB Mpu akTHBHOCTH kaHana oT 0.1 o
1.0;
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— TpaHcHnopTHbIE pecypesl ceTd ATM — BUpTyasbHbI KaHAJl UM BUPTYaabHbIA IYTh,
HOAJEpKIBaeMble KOMMYTAaTOpaMH C MapLIPYTHBIMH TaOIMIAMH KaXKAOTO COEIMHe-
HHS, IPEOCTABISIFOTCS B PACIOpsHKEHHE 10JIb30BaTeNsl (BTOPUYHON CETH CBS3H) TOJb-
KO MpH HAJIMYUH MOTOKa MH(POPMALMOHHOI Harpysku, T.e., koraa sdeiiku ATM ¢op-
MHPYIOTCS U CIELYIOT uepe3 GHu3udecKkyto cpeny. B mpotuBHOM ciyuae cpena nepena-
YH MPEOCTABIAETCS OTOKAM SUeeK JPYTHX HCTOYHHKOB Orarogapst CTaTHCTHYECKOMY
MYJbTUIIEKCUPOBaHUIO Ha ypoBHE ATM. DTO N0O3BOJISET B HECKOJIBKO pa3 MOBBICUTh
3¢ (PEeKTUBHOCTH NCTIONB30BAHUS (PU3UIECKOTO COSANHEHHUS, HanpuMep, TpakTa SDH.

.I'I GTOE WHDODMAL R NONhICEATENEA
"

1

hkumu ppeciacobneina B cardedto ATH
(AL, ATM Adaption Layer)

—
45 EaAT [ Cermewtsl
—

Ty HE U POEMAPOBAHHA RHear AT, KoMMYTAL KA,
MYNETHMINZECH pOBaH ke

I
E3 Baiita 11 Aureéina
I —

Cpepa nepegadn auaser ATM
Ko Tpons Ka-ecTEs Nepenasmn
) PoH, soH, oTH, WO

ExToand noros,
FTAKT OBE H CHHXPOHN LY

Puc. 2.2. dopmurpoBaHue NoToka sveek TpaHcnopTHon ceTn ATM

2.3. Mopgenb TpaHcnopTHon cetn OTN-OTH

Mopens tpancnoptaoii cetu OTN-OTH npencraiena qByMsi caMOCTOSTEIbHBIME 110 CBOEH
oprauuzanuu ypoBasmu: cetd OTN u monb3oBarens.

Yposenv cemu OTN cocTout u3 Tpéx (HU3NYESCKH U JIOTUIESCKH CBS3aHHBIX TOIYPOBHEH:
cpenbl Tiepenadyd CHTHaaoB ¢ pasjaenenueM mo miuHe Boiaubl (WDM); onTryecknx cCekmuit
perpancisiiuun OTS (Optical Transmission Section) u mynsrumiekcuposanus OMS (Optical
Multiplex Section); ontuueckux kanamos OCh (Optical Channel) ¢ narpyskoii B Buje ontu-
yeckux TpancmoptHeix 6mokoB OTUK (Optical Transport Unit-k) ¢ BkiaroueHnem B HUX 6110-
kOB 0110KOB AaHHbIX ontuueckux kananoB ODUK (Optical channel Data Unit-k), kotopsie, B
CBOIO OYepe/ib, BKIKOYAIOT OJIOKH MOJe3HOM Harpys3ku ontudyeckux kanamos OPUK (Optical
Channel Payload Unit-k). Uunekc K cootBetcTByeT nepapxuueckoi crynean OTH (k=1,2,3)
U YKa3bIBAET HA Pa3lIMyHbIe MO AJIUTEIBHOCTH, EMKOCTH W CKOPOCTH Nepeaadyu Kbl [le-
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TaJIbHOE MPECTaBICHUE ITUX HUKIMYECKU MOBTOPSIOMINXCS OJIOKOB MPUBOIMUTCS B CIEIYIO-
meit raBe. ONTHYECKHE CEKIUU 0a3HpYIOTCS Ha pecypcax OTHOMOJOBBIX BOJOKOHHBEIX CBe-
TOBOJIOB CO CTaHAAPTHBIMHU XapaKTEPHCTHUKAMU M OTPOMHOMU TIOJIOCOH YacTOT Mepemads, Ko-
topas nocturaet npumepHo 30...60 TI'u B auana3one BoiH 1260...1675 HM ans pa3nuyHbIX
THUIIOB BOJOKOH. DTOT Auana3oH ucnonbsiyercs B pexkxume WDM. TIpu 3TOM 4nCIIO BOITHOBBIX
KaHaJOB MOJKET peann3oBbiBaThest OT 2...4 OCh no neckonpkux coten OCh, 00bennHsIeEMBIX
B OINITHYECKHE BOJHOBbIE (Tpancnopraeie) moaynu OTM (Optical Transport Module) émko-
ctbto 10 16 OCh B kaxknom. Takum o6pa3om, cpea nepeaadu B 3TOH MOAETH TPAHCIIOPTHOM
CeTH MO3BOJISIET AOCTUraTh ckopocteil nepenaun nopsiaka 10 u 6onee ToOut/c npu ckopocTH
nepe/adyn B KakJ0M U3 BOJIHOBBIX KaHaioB oT 2,5 10 40 I'6ur/c.

Onrtuueckue cexuuu perpaHcasiiun OTS opraHusyloTcs BHYTPH ONTHUECKOH CEKIMH
MyJbTuIiekcupoBanuss OMS 1t KOMIIEHCAuH TOTeph ONTHYECKOH MOITHOCTH B CTEKJIOBO-
JOKHE W KOMIICHCAIlUH IUCIIEPCUOHHBIX HCKaXeHUH. OTH (QyHKIHUU 00ecreunBaroT JINHEH-
HbIE ONTUYECKUE MPHUMECHBIC BOJIOKOHHBIC YCHIIUTENHN C dKBajal3epaMu, paMaHOBCKHUE OITHU-
YEeCKHEe YCHIINTETH M KOMIICHCATOPhI XPOMATHYEeCKOW M TONSPU3ALMOHHON IUCTIEPCHH, a B
MEepCIIeKTUBE MOTHOCTHIO oNTHYecKue pereHepatopsl 2R u 3R.

B onTuveckoi ceKIUM MyJIbTUILICKCHPOBaHUs (OPMHUPYIOTCS, MEpeaatoTcs, 00CTyKHUBa-
I0TCSL U pac(hOPMHUPOBBIBAIOTCS OTIEIbHbBIC ONTHYSCKHE KaHAJbI, ONTHYECKUE BOJHOBBIE MO-
aynu OTM ¢ uuciom kanasioB 10 16 (Ha3biBaeMble TAKXKE ONTUYECKUMHU TPAHCIIOPTHBIMHU MO-
JyJIIMH), TPYIIbl ONTUYECKUX MOJyJsiei. Kaxaplii onTHYeCKUuit MOAylb MOXET MMETh OT-
JICNIbHBIA ONTUYECKU CEPBUCHBIM KaHall, B KOTOPBIA BKIIOYAIOTCS CIyXeOHbIe TaHHbIC IS
kaxxgoro OCh. Kpome Toro, B CeKIMH ONTHYECKOTO MYJIbTUILIEKCUPOBaHHs CO3AaETCs cep-
BHCHBIM ONTUYECKUH KaHa U OOCITY)KUBaHUS BCEH CEKIUM M OTJEIBHBIX yIaCTKOB — CEK-
it perpancsiiun OTS. Cekuus OMS MoxeT UMeTh rapaHTHPOBaHHYO 3alUTy Onarogaps
IOyOIMpOBaHUIO MEpefadr B albTEPHATHBHON KaOEIBHOM JTHMHUHM C COOTBETCTBYIOUIMMH CEK-
USIMU peTpaHcisnun. HopMupoBaHHOE BpeMs 3alIUTHOTO MepeKitodeHuns cocranisieT 50 mc.

Onruueckuii kanan OCh B onTHYECKOI CETH BBIMOJHAET MPH TEPMUHUPOBAHUH (DYHKIIUH
perenepauuu nU(ppoBoro curHana Tuma 3R, T.e. BOCCTAHABIMBACT AMIUIUTYIy WMITYJIECOB
(1R), ux popmy (2R) u ycrpansier HakomienHsie da3osbie apoxanus (3R) (puc. 2.3). Takke
HPOM3BOIUTCS ONTHYECKas MOIYJSIIMSA U JETEKTUPOBAHUE, KOHTPOJb KAauyecTBa Meperayu
1 poBbIx qaHHbIX B 61okax OTUK u ODUK u T.1.

Yposenwv nonvzosamens onrnueckoii TpancnoptHoit cetn OTN-OTH BrimonasieT GyHK-
uu uHTepdeiica MeXIy TPAaHCIIOPTHOW CEThIO M CETSIMH TOJIb30BaTelell TPaHCIOPTHBIX YC-
JyT, K KoTopeiM otHOcsATes cetd SDH, ATM, Ethernet u ap. J{ns addexrrBaoro cormacona-
HUSL MEXIy CETSIMH NPUMEHSIOTCS pPa3InYHbIe MPOTOKOJBHBIE PEIICHHsS IO Pa3MEIIeHHIO
JAHHBIX TI0JIb30BATENICH B ONTHYSCKHX KaHajdax. DTO MPOTOKOJBL 00med mpoueaypsl gpop-
mupoBanust kaapa GFP (Generic Framing Procedure), mpoTokos 3alyiiaeMoro nakeTHoro
KOJIbI[a MITM MAKETHOro KoJblla ¢ camoBoccraHoBienneM RPR (Resilient Packet Ring) u ne-
KOTOpBIE JIpYyTHE, pacCMaTpUBaeMble B Clienyromel raaBe. [IpoTOKOIBl O3BOISIOT COTJIACcO-
BaTh HUKIMYECKYIO Tlepeady JaHHBIX B ONTHYECKUX KaHAIaX cO CIy4allHOW BO BPEMEHH Iie-
penayeil MakeToB JaHHBIX Pa3MYHOM €MKOCTH OT I0JIb30BaTeliel, HampumMep, nakersl |P,
MPLS unu Ethernet.

Ecnu cpaBHUTH TPH pacCMOTPEHHBIE MOJICIN TPAHCIIOPTHBIX CeTeH, TO MOKHO OTMETHTH,
4YTO HAWUOOJIBIINI TPAHCIOPTHBIA pECypc MOXKET oOecrneuuTh Tonbko mozenb cetd OTN-
OTH. IIpu sToM OHa MOJAEPKUBAET TpaHCIAMIO AaHHBIX ceted SDH n ATM. OveBunHo,
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yro Mojens ceth OTN-OTH npennasnauena i riao6anbHOro macimrada, T.e. MarucTpaib-
HBIX CeTeH CBA3M ¢ OoNbIUM 00BEMOM TpaduKa U IS CeTel CBSI3M KPYMHBIX T'OPOIOB-Mera-
TIOJIUCOB C Pa3BUTOH TEIEKOMMYHHKAIIMOHHON HH(PPACTPYKTYPOH.
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Puc. 2.3. MNpuHumn 3R pereHepauun B TpaHcnoHaepe OTH

2.4. Mogenb TpaHcnopTHou ceTu Ethernet

Cpenu Mozeneli TpaHCIOPTHBIX ONTHYECKHUX CeTel MOJIesb TpaHCopTHOH cetu Ethernet ca-
Masi mociefiHsisi Mo BpemeHH ctangaptuzanuun MCO-T. OgHako 3Ta Mozesb 0 CBOEMY MpPoO-
HCXOXKJICHHIO HAMHOTO cTaplie 1Mo Bo3pacTy, ek 6onee 30 net. OHa Oblia paspaboTaHa is
B3aUMOJIEUCTBHS 110 0OMeHy Qaiiiamu (ITakeTaMy WM KaJpaMy JaHHBIX) MEXIY KOMITbIOTE-
pamu B JIOKQJIBHOW CETH MPH UCIOJIB30BAHWU MEIHBIX MPOBOJOB, KOHBEPTOPOB CUTHAJIOB M
MPOTOKOJIA Mepeladr JaHHBIX ¢ KOHTPOJIEM KOJIJIM3HUH, T.€. COCTOSIHUM, KOT/Ia 10 OJJHOW nape
MPOBOJIOB OJTHOBPEMEHHO HAUMHAJM Mepeady JBa v 0oyiee KOMIIBIOTEpOB. B Takom kadecTBe
9TH CETH UCTOJB3YIOTCS M CETOJHS Ha KOPOTKMX CEerMEHTaX, KakK MpaBuio, He MpeBbIlIato-
[IMX HECKOJIBKO cOT MeTpoB. [losiBiieHne ObICTPOACHCTBYIOIINX MAaKETHBIX KOMMYTAaTOPOB U
BOJIOKOHHOM ONTHKHM IIO3BOJMJIO PE3KO YBEJIWYNUTH CKOPOCTH Iepefadyd MakeToB (oT
10 M6wut/c no 100, 1000 u 10 000 M6uT/c) ¥ AUCTAHIIUIO MEpeadr 10 ACCITKOB U COTEH KH-
nomMeTpoB. C Ipyroit CTOPOHBI, POCT MOTPEOHOCTEH B BLICOKOKAYECTBEHHBIX TU(PPOBBIX YCIIy-
rax, TakMx Kak Iepejaada pedd, MporpaMM 3BYKOBOTO BEI[aHUS, TEJIEBU3NOHHBIX MPOrpaMMm
BBICOKOM UETKOCTH, BU/ICO 110 3aIllpoCy, TeeKOH(pEepeHIHid U Ip. 3acTaBUIM 00paTUTh BHUMA-
Hue Ha ceTd Ethernet kak Ha cpencTBa OTHOCHUTEIBHO JCIICBOTO PEIICHHUS 10 TPAHCIOPTHU-
POBKE MYJIBTHUMEAMWHOTO Tpaduka 0 MOJb30BATEILCKUX TEPMHUHAJIOB M KaK Ha CpeJCcTBa
CO37aHMs JIOKATbHBIX, TOPOJICKMX U BHYTPU30HOBBIX TPAHCIIOPTHBIX CETEH CBSI3HU.
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Mogesp TpaHcnopTHO#t cetu Ethernet cocrout 13 AByX ypoBHel: ypoBeHb Cpe/ibl epea-
gu Kaapos Ethernet u popmuposanus kaapos (makeros) Ethernet.

Yposenv cpedwt nepedauu cemu Ethernet moxer ObiTh peann3oBaH Ha 0a3ze MeIHBIX
MPOBO/IOB, BOJOKOHHBIX CBETOBOJIOB, PaJIMOKAHANIOB U aTMOC(EPHBIX ONTHYECKUX KAHAJIOB C
UCIIOJIb30BaHMEM COOTBETCTBYIOIMX KOHBEPTOPOB CHTHaNOB (NpHEMOINEpeaTYMKOB), UYTO
XapaKTepHO ISl JIOKAJTBHBIX U TOPOJCKHX CEeTeH CBSI3H, U 3TO Hanboiee IKOHOMHUIHOE pele-
HIE OTHOCHUTENBHO JIPYTHX MOJIENEH TPaHCIOPTHERIX cetell. [Ipu opranm3anum cBsi3u Ha 00JTb-
e paccrostaus (Hanpumep, 6oee 100 kM) ypoBeHb Cpelibl Mepeaadn MOXKET ObITh Mpel-
ctaBiieH TpaHcnopTHbIMU ceTssMu SDH, ATM, OTN win ux coyeTaHneM U HCIOJIb30BaHHEM
ie3noxpoHHoi nepenaun PDH. B aToM ciydae penreHue 1o TpaHCIOPTHOM CETH He OTIHYa-
€TCsl OT APYTUX MOJeJeH AeleBu3HoN. B 3T0il Mozeny, Kak U B IpYrUX, Ha ypPOBHE CPE/bl Ie-
penadn MoAepKUBAETCS TAKTOBBIM M MPHU HEOOXOTUMOCTH IHUKJIOBOH CHHXpOHHU3M. Takxke
BO3MOXKHA peanm3anus (pyHKIHMH 3alUTHEIX MEPEKITIOYCHUI Ha Pe3epBHYIO Cpely Iepenadn
3a HHTepBai BpeMeHu 10 S50 mc.

Yposenv opmuposanusn xaopoe (naxemos) Ethernet cocrour u3 aByx momypoBHEi:
ynpasnenns jgorndeckum kananom LLC (Logical Link Control) u ynpasieHus 1OCTyIIoM K
cpene nepenaun MAC (Medium Access Control). OTu nonypoBHH MPOTOKONBHBIE, T.€. UX
(GYHKUMHU TPeANnUcaHbl ONpeielieHHBIMA aJITOPUTMaMH JUTsl IPOLIECCOPOB, KOTOpble (opmu-
PYIOT KaIpbl ¢ HHPOPMAIIMOHHEIMU NTAaHHBEIMU U CIYXK€OHBIMH cooOImeHusIMHU. Kanper ¢ uH-
(hOpMAaITMOHHBIMH TAHHBIMH CO3JIAIOTCS M OTIIPABISIFOTCS CITyYaifHO BO BPEMEHH, T.€. B 3aBU-
CHMOCTH OT MOTOKa HH(OPMAIIMOHHOM HArpy3KH, UM B TIOTOKOBOM pEeXKHME, KOT/Ia Harpy3ka
NOCTyIaeT HEeNpPephIBHO. MyIIBTHILIEKCHPOBAHNE KAIPOB, YIPABIEHHE UX IIOTOKOM, KOMMY-
TallWs UX B y3JiaX, HaOIIOJAEHUE COCIMHEHHI MO MOTOKY KaJIpoB M3 KOHIA B KOHEI WU 110
y4acTKaM CEeTH — BCE 3TO BBINOJHSIET YPOBEHb (hOpMHUPOBaHUS KaapoB. Takxke oH obecrnedn-
BaeT uHTepdeiic ¢ ncrouHnkamu MHGOPMALIMOHHBIX JaHHBIX (BTOPUYHBIMH CETSIMH, HAIMpPHU-
mep, cetsimu |IP, MPLSu 1. 1.).

Jloruueckum pasBUTHEM MOJIENH TpaHCIOPTHOM cetu Ethernet crana mopens Tpancmopt-
HOM CeTH ¢ MaKeTHOW mepemadeil W Kommyrammedl mo metkam T-MPLS (Transport Multi-
Protocol Label Switching — tpancmopTHas MHOTOIPOTOKOJIbHAS KOMMYTALUS 110 METKaM).
Permenus mo 3Toii TEXHOJIOTUU MPEACTABICHbI psiioM pekoMeHaanuii MCO-T:

— G.8110 — apxurekTypa ypoBHei cetu MPLS;

— G.8110.1 — npumenenue MPLS B TpaHCIIOpTHOM CeTH;

— G.8112 — unrepdeiic mexay y3iaamu cetn MPLS;

— G.8121 — ¢ynkuun obopynoBanus MPLS;

—Y.1720 (G.8131) — 3amurHbIe nepekaodeHus B cetn MPLS;

—Y.1711 — mexaHU3MBI OOCITYKHBaHUS U dKcIuTyaranuu B cetd MPLS.

PaspaboTka 3TOM MOjenu HallelieHa Ha MoBbIeHHe d(PGEKTUBHOCTH UCTIOIb30BAHUS pe-
CYPCOB MaricTpajbHBIX U BHYTPHU30HOBBIX ONTHYECKUX TPAHCIIOPTHBIX CETEel ¢ TEXHOJIOTHUs-
MU 1HKIHgeckoi mudposoii nepenaun: PDH, SDH u OTH. Kpome Toro, it MECTHBIX H JIO-
KanbHBIX CeTel, rie mnpeobnagaeT Hcmosb3oBaHue mepenadn Ethernet na ckopoctsix
100 M6wut/c, 1000 M6ut/c u 10000 M6wut/c, mpumenenue mnporokoia T-MPLS mossomur
BHEJPUTh LIMPOKHH crekTp ycayr no nepenade peun (IP-tenedonus), BumeonsodpaxeHue
(IPTV-teneBunenue), MutepHeT u T.0. CTPYKTypa ¥ COOTBETCTBYIOIIUE el uHTepdeich T-
MPLS paccmarprBatoTcs B ClenyloLiei riase.
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2.5. Mogenu TpaHCNOPTHbLIX CeTeN B ONTUYECKUX
MyJbTUCEPBUCHbIX TPAHCMOPTHLIX NnaTtdopmax

CoBpeMeHHOE pa3BUTHE TPAHCIIOPTHBIX CETEH CBSI3M MPOHMCXOAUT Yepe3 WHTETPAIHI0 BCEX
(hyHKIIMOHAILHBIX BO3MOXKHOCTEH, 3aJI0KEHHBIX B MOJIENIM TPAHCIOPTHBIX ceTeld. MHTerpa-
LMsl MpUBeNia K CO3JaHUI0 YHUBEPCAIbHBIX MYJIBTHCEPBHCHBIX TPaHCIOPTHBIX IIaT(Gopm c
ANEKTPUIECKUMH U ONITHYECKUMHU UHTepdeiicaMul, ¢ JIEKTPUIECKON U ONTHIECKOH KOMMYTa-
el KaHajloB U MakeToB (KaJpoB U s4e€eK), C MPEJOCTABIEHHEM JHO0OBIX BHIOB TPAHCIIOPT-
HBIX YCJIYT, BKJIFOYas YCIYTH aBTOMATHYECKH KOMMYTHPYEMBIX ONTHYECKUX CeTel C CUIHalb-
HBIMU TPOTOKOJIAMH, OCHOBAaHHBIMH Ha OOOOLIEHHOM MPOTOKOJE KOMMYTALMH MO METKaM
GMPLS (Generalized Multi-Protocol Label Switching).

Ha puc. 2.4 npencranena o6001IeHHAs apXUTEKTypa TPAHCTIOPTHOM MiIaTdopMebl, B KO-
TOPO#i yKa3aHbl BO3MOXKHbIE HCTOYHUKH HH(OPMAIIMOHHOM HArPY3KHU, TPOTOKOIIBI COTNIACOBa-
HUSI U TPAHCIIOPTHBIE TEXHOIOTHH.

O003Ha4YeHUS] HICTOYHUKOB HAarpy3K Ha puc. 2.4

— PDH, Plesiochronous Digital Hierarchy — me3noxponnast mudpoast nepapxusi (CKo-

poctu 2, 8, 34 u 140 MGur/c);

— N-ISDN, Narrowband Integrated Services Digital Network — yskomnonocHas 1udpoBas

cerb ¢ uaTerpamumeit ciayx6 (V-LICUC);

— IP, Internet Protocol — mexxceTeBoit MPOTOKOT;

— IPX, Internet Packet eXchange — meskcereBoii 0OMeH MakeTaMu;

| POH 2, 8, 34, 140 | | Tenadowes, N-1S0N |
[ 15 TP MPLS, GMPLS |- | SANs |
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Puc. 2.4. O606LeHHasa apxUTeKkTypa onTUYECKON
MYfbTUCEPBUCHON TPaHCNOPTHON NNaTtdopMbl
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— MPLS, Multi-Protocol Label Switching — MHOrompoTokoibHas KOMMYTALUSI [0 MET-
Kam;

— GMPLS, Generalised MPLS — nipoToko1 060611eHHOM KOMMYTAIMK 110 METKaM;

— SANs, Storage Area Networks — cetu xpaHeHust JaHHbIX (cepBepbl yciyr, 6a3bl aH-
HBIX);

—iSCSl, internet Small Computer System Interface — mpoTtokon s ycTaHOBIEHHS
B3aHMMOJICUCTBUS M YIPABJICHUsI CHCTEMaMH XPAaHEHHs JaHHbBIX, CEPBEPAMH U KJIMEHTa-
MH;

— HDTV, High-Definition Television — teneBuaeHre BHICOKOH Y€TKOCTH;

— ESCON, Enterprise Systems Connection — coeinHeHre YUPEKICHIECKUX CUCTEM (C

6a3zaMu IaHHBIX, CEPBEPAMH);

— FICON, Fiber Connection — BoyiokOHHOE COeqMHEHHE IS Mepeiadn JaHHbIX;

— PPP, Point-to-Point Protocol — mpoTokos1 «rouka-Touka;

— RPR, Resilient Packet Ring — mpoTokos1 MakeTHOro KOJbIa ¢ CAMOBOCCTAHOBJIEHHEM;

—HDLC, High-level Data Link Control — mpoTokosn ymnpaBiieHHsT KaHaJIOM BBICOKOT'O

YPOBHSI;

— GFP, Generic Framing Procedure — mporieaypa ¢popMupoBaHus 001IEro Kaapa.

[potokonsr PPP, RPR, HDLC, GFP B TpaHCIIOPTHBIX CETSAX BBIMOJIHSIOT (PYHKIHHU CO-
rnacoBaHus HHPOPMALMOHHBIX AaHHBIX OT UCTOYHHUKOB HArPY3KH C TPAHCIIOPTHBIMU CTPYK-
TYPaMH C LEJbIO MOBbIMIEHHUS 3()(PEKTUBHOCTH UCIOJIB30BAHUS PECYPCOB ITUX CTPYKTYD, Ha-
HPUMED, BUPTYaJIbHBIX KOHTEHHEPOB BBICOKOTO M HU3KOTO MOPsiaAKoB B cetd SDH nnu onru-
yeckux kaHamoB B cetd OTN, win pusndeckux pecypcoB KaapoB nepenaun cetu Ethernet.

B 3aBepiiieHnr HEOOXOAUMO OTMETHUThH, YTO OUEHBb YACTO B TEXHUYECKOHN JTIUTEPATypE MO-
JIeI TPaHCTIOPTHBIX CETEeH CPaBHUBAIOTCS C CEMHYPOBHEBOW MOJIENBIO B3aUMOJIEHCTBUS OT-
kpbiThix cucrem OSl (Open System Interconnection) aus cereit nepenaun qaHHBIX, pa3pado-
TAHHON MeXIyHapoaHO# opraHu3aiueii o crangapruzanuu | SO (International Organization
for Standartization). 3To cpaBHeHHe MOKa3bIBAET, YTO B TPAHCIOPTHBIX CETIX PEATH3yHOTCS
JIBa HIDKHUX YPOBHs: u3uyeckuii (o6o3Hauaercs L1) u kaHambHbIH (0003Hayaercst L2) mo-
nenu OS|. B oTaenbHbIX peain3alusaxX TPAaHCIOPTHBIX MIaTGOPM BO3MOXKHA MapPIIPYTH3AINSL
MaKeTOB, YTO COOTBeTCTBYeET 1o Monean OS| GpyHkiusam ceteBoro yposHs (L3).

KoHTponbHble BONpocChl

Kakne Monmenu TpaHCIOPTHBIX ceTel onpeneneHsl pekoMeHnamusiMu MCO3-T7?
UYro ob1iero B MOsieJIsIX TPAHCTIOPTHBIX ceTel?

UeM OTIMUAIOTCA MOJIETH TPAHCTIOPTHBIX CETeH?

YeM mpejicTaBiieH ypOBEHb cpelibl Tiepenayu B Mojaenu SDH?

Kakune pynkimm BemonaseT B Mogean SDH ypoBeHb TpakTOB?

Kakue ¢pynxumn Beimonsset B Mmogenn SDH ypoBeHb kaHanoB?

YeM oTIIMYArOTCS TPAKThI BEICOKOTO ¥ HU3KOTO TIOPSIIKOB B Mozenu SDH?
Uro MOXKET BXOIUTH B COCTaB YPOBHsI cpebl nepemadn Mogenn ATM?
Uem npencrapneH ypoBeHb ATM B Mozenu cetu ATM?

10 Kakoe Ha3HaueHne nMeeT ypoBeHb afantanun ATM?

11. Yem oTnn4aroTCs TPAHCIIOPTHBIE CTPYKTYphI Mojeneit SDH u ATM?

12. Yro ciykut ocHoBoi noctpoenust cetu OTN?

CoNoOOr~WNE
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13.
14.
15.

16.
17.
18.
19.
20.

21.

Kakue ontuueckue cexuuu npenycmorpensl B mofenu OTN-OTH?

UTo BXOAUT B COCTAB MOMLypoBHst ontudeckoro kaHaia cetu OTN-OTH?

YT1o HEeoOXOaMMO Ul COTIIacOBaHMS MH(OPMAIIMOHHBIX MTOTOKOB C KaHAlaMH CETH
OTN-OTH?

[Moyemy akTyallbHO HCTIOJIB30BAHUE MOJIENN TPaHCIOPTHOI cetn Ethernet?

Kaxue npenmyiiecTsa 1Jist TpaHCHOPTHPOBKU nHbopMmanuu nmerot cetu Ethernet?
Kakumu ypoBHSIMH NpeACTaBlIeHa MOJIelb TPaHCTIOPTHOM ceT Ethernet?

Kakune pynxumn sermonssiot nogxyposau LLC u MAC?

C kakoi Tenpl0 B COCTaBe MOJENEH TPAHCIOPTHBIX CETeld MpeayCMaTpUBAIOTCS
(YHKIMH yTIpaBIeHUs ¥ CHHXPOHU3AINH ?

Kak cooTHOCsTCS MOJIeNTN TPAaHCTIOPTHBIX ceTei ¢ Mmonensio OSI?
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TEXHONOINMu MYNnbTUNJIEKCUPOBAHUA
U NEPEOAYY B TPAHCIOPTHbIX CETAX

TpaHCIOPTHBIE CETH CBSI3U CTPOATCS Ha PA3IMYHBIX TEXHOJIOTHIX MYJIbTHIIEKCHPOBAHUS U Tie-
penaun, KOTOpBIE ONpEeAeIeHbl B paMKaxX CTaHAAPTOB KaK MOJETH TPAaHCIOPTHBIX cetelr SDH,
ATM, OTN-OTH, Ethernet. Pa3BuTre TEXHHKH TPAHCIOPTHBIX CETel TECHO CBSI3aHO, MPEXKIE
BCEro, C pa3BUTHEM TEXHUKH Tepe/laud B BOJOKOHHBIX CBETOBOJIaX. DTO CO3/]aeT BOSMOXKHOCTH
0 WCTIOJIb30BAHHUIO B TPAHCIIOPTHBIX CETAX ONTUYECKOTO MYJbTHIUIEKCUPOBAHUS C pa3/ieiieHu-
eM 1o muHe BoiaHel WDM, onTHYecKoro MyJIBTUIIEKCUPOBAHHS C pa3lelieHHeM BO BPEMEHU
OTDM wu myneTHIUIEKCHpOBaHUS ¢ KOMOBBIM pasaencHueM OCDM. Takke mepcrieKTUBHEI B
TPaHCIOPTHBIX CETAX BOBMOXKHOCTH KOMMYTAIIUH ONTHYECKUX KaHAJIOB U ONTHYECKHUX MaKeTOB
B HUX. TeXHHWKa ONTHYECKUX CHCTEM Iepeladll pacCMOTpeHa KpaTKo B MEPBOIL I1aBe u MOAPo0-
HO BO MHOTHX Y4eOHBIX M TEXHUUECKHX M3maHmsx [2, 3,4, 5, 8, 9, 10, 11...].

B aT0i1 rimaBe paccMaTpUBarOTCA KJIIOUEBbIE MOMEHTHI TEXHOJIOTHH MYJIbTHUILIEKCHPOBA-
HUS ¥ TIepeadn ISl TPAHCTIOPTHBIX CETeH.

3.1. TexHonorus MmynbTunnekcuposaHusa SDH

3.1.1. TepMmuHbI, onpepeneHusa u o6o3HaveHnsa B SDH

Cunxponnas uudposas uepapxus SDH (Synchronous Digital Hierarchy) — na6op uepapxu-
YEeCKUX LU(PPOBBIX TPAHCHOPTHBIX CTPYKTYp (LIMKIIOB), CTaHAAPTH3UPOBAHHBIX ISl TPaHC-
HOPTUPOBKH COOTBETCTBEHHO aJalNTUPOBAHHOW HArPY3KHU Ul Tepenadu uepe3 Gpu3nuecKyro
cethb. K vepapxuu HU(POBBIX CTPYKTYP OTHOCSTCSL:

— CHHXPOHHBIE TpaHcnopTHeie Moxyaun STM-N (Synchronous Transport Module) mopsia-
kaN=0, 1, 4, 16, 64, 256 (puc. 3.1);

— BupTyanbHble KoHTelHepsl VC-n/m (Virtual Container) nmopsinka nfm=1, 2, 3, 4, ouu
NO/IPa3essIIOTCs Ha BUPTYyaJibHble KOHTEHHepa BhICOKOTo N = 3/4 1 HU3KOTO NOPSAKOB
m=1, 2 (11, 12, 2) u obecrneunBaior GpopmupoBanne TpakrtoB Beicokoro (HOVC) u
Huskoro (LOVC) nopsiaxos;

— aaMuHKcTpaTuBHBIE 070Kk AU-n (Administrative Unit) mopsaxa n =3, 4;

— tpancrnopTreie 6aoku TU-n (Tributary Unit) mopsiaka n =1, 2, 3;

— xouteitepsl C-n/m (Container) nopsiaka nfm=1, 2, 3, 4, nopsiaok N = 3/4 Ha3biBaeTCs
BBICOKHM, a mopsimok M= 1, 2 (11, 12, 2) Ha3bIBaIOT HU3KUM.
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Puc. 3.1. Ctpyktypa umkna STM-N

IMepeuncrnennble UU(POBbIE CTPYKTYpPbl MPEACTABICHBI BO B3aMMHOM CBSI3H CXEMOM
MmysbTHILIeKcupoBanust (puc. 3.2).

Luxn STM npexcrasisier co60ii HHGOPMALIMOHHYIO CTPYKTYPY, UCIIONB3YEMYIO TSl CO-
eIMHEHHs Ha YPOBHE CEeKIMH MYJIbTHUIUIEKCHpOBaHHs M mnepenaud B cetd SDH. Baszosas
crpykrypa STM-N npezcrasiena Tpems cocrapisioummu (puc. 3.1):

— cekuroHHbIME 3arojioBkamu SOH (Section Overhead), koTopsie HEOOXOMUMBI 17T 00-

ciykuBanus cexiuii pereHepannu (RSOH, Regeneration SOH) u mynbTumiekcuposa-
aust (MSOH, Multiplex SOH) (puc. 3.3);

— ykasatensmu agmuHucTpatuBHbix 6okoB AU (Administration Unit pointer);

— uHopmMaunoHHoi Harpy3skoii (STM-N Payload).

Takast cTpykTypa obpasyercs Kaxible 125 Mkc 1 uMeeT eMKOCTh 270x9xN Gait (st
N = 0 emxoctb 90X9 6aiiT), T.c. 3TO LUK C 6ANTOBOI CTPYKTYPOH, KOTOPBIA B TEXHUIECKOM
JUTEpaType HA3BIBAIOT KaapoM uin ¢peiimom (frame).

B Tabn. 3.1 npeacrasnensl uepapxuueckre ypoBHu STM-N 1 cOOTBETCTBYIOIME UM CKO-
POCTH Mepeayn.

Jlrobast u3 nepapxuueckux ckopocreir STM-N Bbruucisiercst npocToii onepanuein yMHO-
xeHus1, Harpumep, STM-1 umeer emkocth 270 x 9 = 2430 6aiit, kotopas nosTropsiercs 8000
pa3 3a 1 cekyHay, a 4MCa0 OUT COCTABUT

2430 6Gaiit x 8000% 8 = 155520000 6ut/c.

Hdpyrue uepapxuyeckue CKOpoCcTH noiyvaroTcs ymHoxkeHuem 155520000 x N, T1.e. Ha 4,
16, 64 u 256.

Y COBEpIIEHCTBOBAHHBIM PEIICHUEM Ha MOCJCIHEM JTale CTaHIapTU3alUU CTallo BBEJIe-
Hue ypoHeld STM-0 u STM-256, a takxe yBenndeHrue yucia BapuanToB co3nanus STM-N.
[Ipu 3TOM 6a30BBIMH DIIEMEHTaMH OCTAIHCh BHPTYalbHbIE KOHTCHHEPHI, HepapXusi KOTOPBIX
TAaK)Ke PACIIUPUIACK 3a CUET BBEACHHUS CLEMIeHHbIX cTpykTyp V C-12-XV (BUpTyanbHO cuen-
nennsie X), VC-4-Xc (mocnenoBatenbho cuerienubie X), VC-4-Xv u apyrue (tabn. 3.2), rae
X yKa3pIBaeT Ha YHCIIO CLEIUISIEMbIX KOHTEHHEPOB. DTO YHCIIO MOKET OBITh (PUKCHPOBAHHBIM
Ut mociaenoBatensHo cuemisemsix (C =1, 4, 16, 64, 256) u u3MeHsAEMbIM B OIpeIeIEHHBIX
JManasoHax Juis BUPTyanbHo cuemiseMbix (V = 1-64 win 1-256).
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Ta6bnuua 3.1. Mlepapxusa ckopocten nepegayn B SDH

Yposens STM-N Hepapxuyeckasi OuTOBasi
ckopocth (KouT/c)
0 51 840
1 155 520
4 622 080
16 2488 320
64 9 953 280
256 30 813 120
1024 Okouo 160 I'6ut/c (B mpoekTe)

Ta6bnuua 3.2. Vlepapxusa BUpTyanbHblx KOHTelHepoB B SDH

VC-tun V C-narpy3ska, K6ut/c Ilar, k6uT/c
VC-11 1600
VC-12 2176
VC-2 6 784
VC-3 48384
VC-4 149 760
VC-4-4c 599 040
VC-4-16¢ 2396 160
VC-4-64c 9 584 640
V C-4-256¢ 38 338 560
VC-11-Xv, X =1...64 1 600...102 400 1600
VC-12-Xv, X =1...63 2176...137 088 2176
VC-2-Xv, X =1...21 6784...142 464 6784
VC-3-Xv,X=1...3 48 384...145 152 48 384
VC-4-Xv, X =1...256 149 760...38 338 560 149 760

C TOUKHM 3peHHs CTaHIapTOB Ha MOCTPOEHHE TpaHCOPTHBIX ceTeld SDH 6ok STM-N u
V C-n OTHOCSTCSI K Pa3JIMYHBIM YPOBHSIM TpaHCIOPTHO# cetH (puc. 3.3).

Ypoaeds i .
i e El EX E4 Etheriet | Opytue
Agantaya: C-12, -3 C-4, C-4-nc
TpaaTes beEsero nopagaa V-12, W3], ...
I."-P{IBHH

s « T, - .
- Amanraims: TU-n, TUG-2, TUG-3
TpasThl RepeHers nopages W-5, VE-4 Vi-4-4g, .,
Apantauna; AU=3 Al AUG-N, STM-N

Ypoens TpancnopTHol cere S0H

Vhoeens s Eynpriensencuponanue M50H
[ peifled Peredepayun RS0H
fepegays

':p::,q_.: Aepefiun: KAQHPpORaHiss, TIATHPORIHHE

Puc. 3.3. PacwumpeHHasa mogenb TpaHcnopTHon cetu SDH
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B ypoBHeBoii Mozaenu TpaHcropTHOU cet SDH mpezacTaBiieHbl He BCe KOMIIOHEHTBI CXEMBI
MynbTHIUIEKCHpoBaHust SDH, T.K. cxemMa MyJNbTHIUIEKCHPOBAHUSI HE MOJTHOCTBIO peainzyemMa B
eBpOMEHCKIX CTaHJapTaX, HampuUMep, IPAMEHUTENFHO K KoHTeiHepam C-11, C-2, mpexacTas-
JSIOLIMX aMepUKaHCcKue cTanaapTHbl. [lonoxenue VC-3 B kauecTBe OCHOBBI TPAKTa BEPXHETO
WM HIKHETO MOpsAKa Ompeensercs cxeMoi MynabTuruiekcupoBanus. Eciu VC-3 Bxomut 1o
cxeme B VC-4, To ero otHocAT K HixkHeMy nopsaky. Ecim VC-3 Bxoaut B AU-3, To ero oTHO-
CAT K BepXHEMY NOpsAKY. [Ipy 3ToM OH cirykuT ocHOBOU (opmupoBanust aiast STM-0.

Bupryansnsie konteriHepsl VC-n, kak 1 STM-N, npeacrasnstor co6oil nudpoBbie MUKIN-
YeCKHe CTPYKTYPHI ¢ 6aiiToBbIM mmoctpoerueM. bioku V C-n oTinyarorcest eMKocThio (Tabi. 3.2),
BpeMeHeM (OPMHUPOBAHHUS U PSIOM JPYruX IMoKaszaresieil, 0 KOTOphIx cooOlaercs Huwxke. Ha
puc. 3.4 npeacraBieHsl IPUMEPB! CTPYKTYP BUPTyalbHBIX KoHTelHepos VC-12, VC-3, VC-4.

WC-12 -3
A% komanoK GalTes
1  fumu Hfs—
i | '
- il |
1
_._i_.:
e ':i . | 1
g | erpion
5 ™ 7
. 5
E - n |
e ¥ ;
™1 2akTw Ealite Hill pyaR WC-3 125 mks
jaroaoaxa W-3
W4
261 worosie GakTos
-
1 .l
S0 it £
BTl Harpyae d
M-12 L] g
3 1.
LTpon
Bairw saronosa 4
Wi-12 !
[:]
9 i
i v /
Bt EaiTe HarpyIEH [ 125 mKc

aranaera V-4

Puc. 3.4. NpuMepbl CTPYKTYp BUPTYanbHbIX KOHTEAHEPOB

AnmunaucrpatuBHele AU-N u tpancnoptabie TU-N Giioku cioyXat cpelcTBaMH ajarnTa-
UM Pa3INIHBIX MU(POBBIX CTPYKTYP APYT K APYTY. LIeHTpanbHBIM 3JIEMEHTOM 3THX OJOKOB
sBistoTcs ykazatenu PTR, T.e. 1udpoBbie 0JI0KM JaHHBIX, B KOTOPBIX 3allUCBIBAIOTCS aapeca
Hayaja pasMmellleHus ajanTupyemoit Harpysku. Hampumep, VC-4 pasmemiaercs B AU-4, a
VC-12 pasmemniaercs B TU-12. C momomiplo ykaszarenei coryiacyrorcs HudpoBbie OIOKU C
Pa3IUYHBIME CKOPOCTSMU Tepenauu. bmaromaps stomy VC-12 moxer cmematbes B TU-12

0e3 yXy/aueHHs KadecTBa JOCTaBKH HH(pOpMaIK nojib3oBaTens u aHanornyo VC-3u VC-4
B AU-3u AU-4.
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CTpyKTYypbl TPAaHCHOPTHBIX M aJMHHUCTPAaTHBHBIX OJIOKOB IpeJACTaBlIeHbl Ha puc. 3.5,
3.6,3.7u3.8.
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Puc. 3.5. TpaHcnopTHbI 6nok TU-12
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E ]
4 E
L K - \C-3
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A 125 M
Baftu

zameneka V-3

Puc. 3.6. TpaHcnopTHbIn 6nok TU-3
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A7 koacwon haftod

baime ywa 3arenn AL-3

= All-3
E7 sononoy Gadton

[ 1 | 20031 GASAGN &7

Yezzatent FTR :
Hawana Wi-3 £
b A3 1
4
b ==Y
f
!
B
g
]
Balitw 125 mic
JaronapHa Wi-3
Puc. 3.7. AoMuHucTpaTmBHbIi 6nok AU-3
261 ponoHKa GafiTos
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il
]
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Puc. 3.8. AoMuHucTpaTuBHbIN 6rok AU-4

AnmuHHCTpaTUBHBIN 0J1ok AU-N mpencTapiiseT co0ol CTPYKTYpy IUIsl aianTaiud MExXILy
YPOBHEM TpaKTa BEPXHETO MOPSIKA U YPOBHEM CEKIMH MYJIbTHILIEKCHpOBaHUs. TpaHCopT-
Hblll Ostok TU-n mpencrasnseT co0oit MH(OPMALMOHHYIO CTPYKTYpPY Ul aJanTaluyd Mexay
YPOBHSIMU TPaKTOB BEPXHEro M HIKHEro MOpSAAKOB. B mporiecchl agantaiyuy BXOAAT TaKxke
MPOIIEeayPhI pa3MeIIeHHsI TaHHBIX B KOHTeHHepsl C-N.

KonTeliHeps! mpeacTaBisioT co60it HHPOPMALIMOHHBIE CTPYKTYPBI, B KOTOPbIE 3aIHChIBa-
I0TCSl TI0JIb30BATENNbCKHE AaHHbIE U OCYILECTBIISICTCS COTNIacOBaHHE CKOPOCTel Ha ypOBHE Ka-
HayoB. COCTaBHBIM 3JeMeHTOM Kaxmoro Buma amantamuu (TU-n, AU-n) coyxut rpymmoo6-
pazoBaHme, T.e. popMHpoBaHHe IBYX NHYOPMAIIMOHHBIX CTPYKTYP:
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— rpymmoBoro TpaHcnoptHoro 6iaoka TUG-n (Tributary Unit Group), n=2, 3;

— rpymmnoBoro aamuuuctpatuBaoro 6ioxka AUG-N (Administrative Unit Group), N = 4,
16, 64, 256.

Ha puc. 3.9, 3.10 npencrasneno ¢popmuposanue TUG-nu AUG-n.
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Puc. 3.10. dopmuposaHne AUG-4xN n3 4AUG-Ns
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B nepBoii kononke Gamnacta TUG-3 tpu BepxHux Oaiita (puc. 3.9) 006pa3yroT HHAUKATOP
nysiesoro ykaszarenss NPl (Null Pointer Indication) npu mynsrumiekcupoBanun TUG-3 u3
TUG-2. Uunukatop NPl npencrapnsieT co0oit pUKCHPOBaHHBIM TBOMYHBINA KOJ, KOTOPBIH 1MO-
3BoJiseT oTianuuTh TUG-3 ot Gioka TU-3 (cM. puc. 3.6), 3arpyxaeMoro BUpPTyaabHBIM KOH-
teitnepom VC-3.

Crnioco6 popmupoBanus TUG-2, TUG-3, AUG-n enunbli, npeacTaBisiomni co0ol crH-
XPOHHOE T00aWTOBOE MYJIBTUILIEKCHPOBaHKE B nHTepBaie Bpemenu 125 mkc. biaox TUG-2
¢dopmupyercst u3 3-x yerBeptuHok TU-12. bnok TUG-3 ¢opmupyercs uz 7 TUG-2. Biok
AUG-n ¢popmupyercs u3 4, 16, 64 unu 256 AUG crynensMu cuHXpoHHO nobaiiTHo. [Tpucoe-
munenne k AUG-N ceknmonnbix 3aroioBkoB SOH (cm. puc. 3.2) coznaer STM-N. Cekiron-
Hble 3aronoBku RSOH 1 MSOH, cooTBeTCTBEHHO CeKLMil pereHepalu 1 MyJIbTHIIEKCHPO-
BaHMsI, 00ECIEYMBAIOT CIy)KeOHbIE CUTHAIBI YPOBHsI cpebl mepenaun (cMm. puc. 3.3).

[puanuner popMupoBanus creruieHHBX OnokoB Harpyskum VC-4-4c, VC-4-16¢, VC-4-
64c, VC-4-256C u apyrux paccCMOTPEHBI B OTIEIBHOM paszele.

CueruieHHbIe KOHTEHHEphl W KOHTEHHEPHI TMPEJACTaBISIOT C000HM WHPOPMAIMOHHBIC
CTPYKTYpPHI, OPMUpYEMBIE IS TIepeHOca TONb30BaTENbCKON Harpy3ku. Kaxeiii KoHTeitHep
C-n, C-X-¢, C-X-V noanep>KuBaeT pa3nvHble BUABI COTJacOBaHUs CKOPOCTEH MpH 3arpy3ke
U BBITPY3KE MAHHBIX MOJb30BaTelsi. HanprumMep, acHHXpOHHAs 3arpy3Ka, CHHXPOHHast 1o Ou-
TaMm, CHHXpOHHAs Mo OaifTaM, CHHXpOHHas 0 IHKJIaM H T.h. KoHTeiHepsl oTin4aloTcs oT
BUPTYaJbHBIX KOHTCHHEPOB OTCYTCTBHEM MapUIPYTHHIX 3ar0JOBKOB, 0003HAYAEMEBIX B JOKY-
mentax POH (Path Overhead).

[Mpumep B3auMocBs3u psiga paccMoTpeHHbIX OsiokoB SDH B nenouke E1, C-12, VC-12,
TU-12, TUG-2, TUG-3, C-4, VC-4, AU-4, AUG-1, STM-1 npusenen Ha puc. 3.11.
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Puc. 3.11. TexHonorns MynbTunnekcnpoBaHusa gaHHbix E1 B STM-1
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3.1.2. ®PopmupoBaHue BUPTYyanbHbIX KOHTEMHEPOB
u dyHKuum 3aronoskos POH

B HacrosiieM pasgnenie paccMaTpuBaroTcs BUpTyalbHble KoHTeiHepsl VC-12, VC-3, VC-4,
VC-4-Xc¢, VC-4-Xv, VC-12-Xv, npuMeHseMble Ha ceTsaX cBsi3u EBponsl U Poccun.

Bupmyansnutii konmeiinep \VC-12 Gopmupyercst myTeM NpUCOEAMHEHUS] TPAKTOBOTO 3a-
ronoBka POH k konteiinepy C-12, koTopblii 3arpyxaercs Tpa@uKoM B MHTEpBalie BpEMEHH
500 MKC OJTHUM H3 CIIEIYIOIINUX CITOCOOOB:

— ACHHXPOHHO HU(PPOBBIMY TaHHBIMHU Ha CKOpocTH 2048 KOUT/C ¢ TOMYyCKOM OTKIOHEHHUS

50 ppm wu 50x10 %(puc. 3.12);
— OuT-cMHXPOHHO Ha ckopocTu 2048 k6urt/c;
— 0alT-CHHXPOHHO ¢ pa3menieHneM 31x64 k6ut/c.
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] 104
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R 139
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Puc. 3.12. Mpumep VC-12 Ansi acCUHXPOHHOW 3arpy3ku AaHHbix 2048 k6ut/c

[Ipu mobom u3 crnoco6oB 3arpy3ku VC-12 umeer emkocth 140 GaiiToB, W3 KOTOPBIX
4 Gaiita o6pasyrot 3aroioBok POH (Gaiiter V5, J2, N2, K4), apyrue 6uthl u GaiTsl npeaHa-
3HaueHbl: D — Outhl u 6aiiTel Harpy3ku, R — GannactHeie OuTH U GaiiTel; O — OUTHI 3aro-
noBka; S1, S2 — 6uthl cornmacoBanus ckopocteit; C1, C2 — OUTBI yIpaBlieHHs BEIpaBHUBA-
HHEM cKopocteil; S1 — oTpHIaTeNnbHOEe COTrJIacOBaHUE; S2 — IOJIOKHUTENBHOE COrIacoBa-
uue; Cl, C1, C1 =111 — ykazanue i NpUEMHUKA Ha OTPHUIIATEIBHOE coriacoBaHue (OUT
S1 nepenocut uHpOpManMoHHbIi paspsan); C2, C2, C2 = 111 — yka3zaHue 1151 NPUEMHHUKA Ha
HOJIOKHUTENbHOE cornacoBanue (6UT S2 nepeHOCUT DaTACTHYIO BCTABKY).
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Baiit J2 ucnone3yercst Ui MISHTU(PHUKAIMU TOYEK NOCTYIa TPaKTa HIDKHETO MOpsKa
(LOVC). On ucnoan3yercst B 16 Gaiitax moapsia caenyrommx VC-12. Ero crpykrypa moBTo-
psieT cTpykTypy ¥ hyHkuuu 6aiT JO u J1, KOTOpble PacCMaTPUBAIOTCA B MOCIEAYIONIMX pa3-
Jenax.

Baiitr V5 (puc. 3.13) mHorodynkumonaneH. Haznauenue ouros: BIP-2, Bit Interleaved
Parity — mapuTer uepenoBaHus OWUT, UCIOJIB3yEMbIE JJISI KOHTPOJIS OMKOOK Mo 2-M OUTaM;
REIl, Remote Error Indication — wuaukanus ommbky yaajgenHoi croponsl; RFI, Remote
Failure Indication — uHaMKanMs HEMCIIPABHOCTH yaaieHHOM croponsl; SL, Signal Label —
meTka curnana; RDI, Remote Detect I ndication — naankanus nedekra yaaaeHHONH CTOPOHBI,
BBI3BAHHOTO HEUCIpaBHOCTHIO B TU-12.

BIP-2 REI | RFI SL RDI
1,2 3 4 5 , 6 , 7 g | purw

Puc. 3.13. CtpykTtypa 6anta V5

Butel B1, B2 ucnons3yrotes [1si KOHTPOJIS OLIMOOK Nepeayu Bcero 6J0ka BUPTYalbHO-
ro KOHTeiiHepa W3 KOHIAa B KoHell. [IpMHIUN KOHTPOJS OMHUOOK JAEMOHCTPUpPYETCS Ha
puc. 3.14. Bce HeueTHbIE W OT/AEIBHO BCce UYETHBIE OMTHI BceX 0AWTOB BUPTYalIbHOTO KOHTEH-
Hepa JIOTUYECKU CKJIAIBIBAIOTCS MO0 MOAYJIO JBa. ECIM 4KCIIO €IMHUYHBIX OWTOB B KaXJIOH
U3 CyMM YETHOE, TO Pe3yJbTaT CYMMBI PaBeH JIOTHUECKOMY HyJro. Ecnu 4ucino eauHUYHBIX
OWT B KaXIOW M3 3TUX CYMM HEu&THOE, TO pe3yJbTaT CyMMBI PaBEeH JIOTHUECKOHN eIWHUIIE.
[MonmyuenHoe ¢1oBO U3 2-X OUTOB Oy/aeT BCTaBJIeHO Ha mo3uiuu outo B1, B2 Gaiita V5, no-
CJIelyIOUIEro 3a KOHTPOJIMPYEMbIM BUPTyalbHbIM KOHTeiHepoMm. Ha ynanenHoit nmpuémHoi
CTOPOHE 10 aHAJIOTUYHOMY NPUHIUITY BBIYMCISETCS JIOTHYeCcKas CyMMa, KOTopasi CpaBHUBA-
€TCsl C JIOTHYEeCKOH CyMMOW, U3BliekaeMoi ¢ mosuiuii 6utos B1l, B2 nocnenyromero VC. Ec-
JM CyMMBI pa3jMyaroTcs, TO 3TO MpU3HAK OUTOBOM OWIMOKH, YTO (pUKCHpYETCs Ha CTOpOHE
npuéma, a B CTOPOHY Nlepeiaut oTIpaBisieTcss OuT nHpopmanuu ooHapyxenus omuodok REI.

(TopoHa nepegayn CropaHa npieMa
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npeema npAsHa

Crapuenne sogo-

Awm CHDE

Coobulenps o
\'.II.I_IFEIZ-CE

Puc. 3.14. MpuHLMN KOHTPONS OLIMGOK NO anropuTMy NapuMTeTHOro cpaBHeHus BIP
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Ha puc. 3.15 npencrasiieHsl OKOHYaHUA ABYHanpaBieHHOTo TpakTa V C-12 ¢ cooluieHus-
mu B Oaiite V5. KonnuecTBo cooluieHnid o omubkax, onpeaenasieMoe BO BpeMEHHOM HHTEp-
Bajie, Hampumep, 3a 1 cekyHIy, O3BOJSET OLEHUBATH MPUTOAHOCTH TPAKTa ISl TPAHCIOPT-
HbIX ycryr. YerBéptriit 6ut RFI mpennasHaueH anst MHAMKALMU HEMCIPABHOCTH 000py0Ba-
HUsI YAaAEHHON CTOpOHbI. butekl curnanshHoit Metku SL (5,6,7) mepeHocsaT uHOpMAaLUiO O
pasmemiaemoii B VC-12 narpyske (ta6:. 3.3).

O mpeaw fpalars s Hescmpasiocm
W-12 B TU-12 Kouspoe
EIF-2 MeTda curdana J:.m cuHfio -|Ilin--1'p:h.'|r. Hpstrpors
B ity X . 1.

ElF-2 fREl) R L] | I -2 |HEL]RFL AE1

1,203 |45 6,7|8 I 1 2| 3|a)5 6 7|8
FE1 i .
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r MR ! bl gyl ¥0-12
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HEE i .
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KotTaciin ar r.pr#-_r.__nmﬁ'n HentgapHuc: TU-12

Yazs A Yaes &

Puc. 3.15. MNpumep ucnons3oBaHus 6utos baiTa V5

Tabnuua 3.3. butbl curHanbHo meTku SL 6aiita V5 B VC-12

burel
DyHKIMOHAIbHOE HA3HAYEHHE

5 6 7
0 0 0 Konureiinep ue o6opynosan (UNEQ)
0 0 1 Peseps
0 1 0 Acunxponnas 3arpy3ka 2048 k6ur/c B C-12
0 1 1 bur-cunxpoHHast 3arpy3ka s 1544 k6ur/c
1 0 0 Baiit-cunxponnas 3arpy3ka 2048 k6ut/c 8 C-12
1 0 1 but ycraHOBKM cUrHaIbHOM MeTkH A Oaiita K4
1 1 0 Tecrossblif curaan 0.181
1 1 1 Asgapuiinoe cocrosinue VC-12 (VC-AIS)

Baiit K4 (puc. 3.16) obecnieunBaeT oOCIyKMBaHUE HArpy3KH, CLEMKH KOHTEHHEPOB W
CO37aeT BO3MOXKHOCTh MEPEKNIOYEHUIl Ha pe3epBHBIN TpakT. HasHauenue Outos: ESL, Ex-
tended Signal Label — ycranoBka curHanbHO# MeTkH coracoBaHo ¢ MeTkoi (101) B 6uTtax
5, 6, 7 6aiita V5; LOVCon, Low Order Virtual Concatenation — BupTyajibHas CIENKa HUK-
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Hero nopsaka; APS, Automatic Protection Switching — aBToMaTudeckoe 3alUTHOE mepe-
wirouenne; DL, Data Link — nannbie muann (QyHKIME W3ydaroTCs U AajbHEHIIeH cTaH-
JapTH3aLNH).

ESL | LOVCon APS Pezepe DL
1 2 3 , 4 5 , 6 , 7 8 | Bure

Puc. 3.16. CTtpykTypa 6ainta K4

bur ESL 6Gaiita K4 ciryut nponoibkeHHeM METKH 3arpy3ku Oaitra V5. but mepenocut
cooOmmenus B 32-x noapsa ciaenyroumx VC-12, o6pasys ceepxuuki. [lepseie 11 6ut cepx-
uKiIa o0pasyrot cioBo cuaxponusanuu: 0111 1111 110.

Buter 12...19 cBepxImKiIa coepKaTr METKy 3arpy3ku. [IpuMepbl HEKOTOPBIX METOK MpH-
BeZIeHbI B Tabi. 3.4.

Ta6nuua 3.4. KoguposaHue 6uToB B cBepxumkne ESL

burel burel @
12,13, 14,15 | 16, 17, 18, 19 YHKIHOHAJIBHOE Ha3HAYEHHE
0000 0000
Pezeps
0000 0111
0000 1000 DKCIepUMEHTAIBHOE pa3MelleHe
0000 1001 Saeiiku ATM
0000 1010 Kanpst HDLC/PPP
0000 1011 Kaapst HDLC/LAPS
0000 1100 CHUTHaN TecTa BUPTYaIbHOW CIEMTKU
0000 1101 Kanpsr GFP

bur 20 ESL yka3wiBaeT Ha HyJeBoe 3anonHenue VC-12. butel 21...32 3ape3epBUpOBaHEI.

Bur LOV Con unaunupyet 32-pa3psaHbiM KOJAOM B MOCIEI0BATEILHOCTH U3 32 KaHalb-
HBIX HHTEPBAJIOB BUPTYaJbHYIO CLENKY KoHTelHepos V C-12-Xv.

Baiit N2 (puc. 3.17) nognepkuBaet TanaemHoe coequaenrne TCM (Tandem Connection
Monitoring) st KOHTpoJIsA KadecTBa Iepenadn Ha JioooM ydactke Tpakta VC-12 mexmy y3-
JIOBBIMU MYJIBTUILIEKCOPaMH, TAe (GOPMUPYETCs MOCTYI K TPAH3UTHOMY coeluHeHuro. Ha-
sHauenue 6ut: BIP-2 — cm. puc. 3.13; AIS, Alarm Indication Signal — unHaukanus aBapuii-
Horo cocrosinust; TC-REI, Tandem Connection REI — unankarus 6;10K0B OMIMOOK yaajieH-
HO#t croponsl TanaemHoro coenunerusi; OEl, Outgoing Error Indication — unaukanms 6i0-
KOBBIX ombok 1o Beixoxy; TC-API, Tandem Connection Access Point Identifier — unentu-
(ukaTop TOUKH A0CTyMa TanaeMHoro coeaunenns; TC-RDI, unnukanus gedexra yaaneHHOM
cropoHsl TanaemMHoro coequnenus; ODI, Outgoing Defect Indication — unpukanus gedexra
Ha BbIXOj1e, TpoucxoxaeHue nepexkra — TU-AIS.

BIP-2 "1" | AIS |TC-REI| OEI | TC-IP, TC-RDI, ODI
1 2 3 4 5 6 7, 8 BuTel

Puc. 3.17. Ctpyktypa 6anta N2
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Butel 7, 8 B Gaiire N2 ucnonb3yrorcs B nmociegoBatesnbHocty U3z 76 VC-12, 1.e. B cBepx-
nukiie. Yacte 3THX OUTOB 3ape3epBUPOBAHB], HO OCHOBHASI MX YacCTh OTBEICHA ISl CUTHAJIOB
API, RDI, ODI.

Bupmyanvnoiit konmeiinep \VC-3 popmupyetcs myTeM NpUCOSAUHEHUS] TPAKTOBOIO 3a-
rosioka POH k konteitnepy C-3, KOTOpBIH 3arpyxaercst B MHTepBajie BpeMeHH 125 mxc
ACHHXPOHHO JaHHBIMU Ha ckopocTu 34368 kbut/c ¢ nomyckom otkioneHus £20 ppm.

Monnast emxocts VC-3 (puc. 3.18) cocrarnser 85 kooHOK 6aiiTOB B 9 CTpOKax, U3 KOTO-
peiX 9 GalTOB MEpBOM KOMOHKHM 00pasyroT 3arosoBok POH (Gaiiter J1, B3, C2, G1, F2, H4,
F3, K3, N1).

1 2 &5

] 4

] Ti | 3 crpose
Le '

al '

iz Tz | 3 CTpose
Ha L

E v

(] T3 | T eTpome
N1 [

r e
POH VC-3 LN

Puc. 3.18. Ctpyktypa VC-3

B VC-3 Bxomar tpu nojakaapa (T1, T2, T3). B kaxaoMm mojxaape mpeaycMOTPEHbI HH-
(opmMaloHHbIe, OaJTacTHBIE U CiyXeOHble 6aiTl. CTpyKTypa OJHOTO MOAKAIpa MPeaCcTaB-
nena Ha puc. 3.19. Bonbiias n36eiTouHoCcTh C-3 00YCIIOBIEHA HECOOTBETCTBHEM CKOPOCTEH
sarpy3ku E3 (34368 k6ut/c eBponetickoro cranaapra) u DS3 (44736 kOut/c aMepuKaHCKOro

CTaHIapTa).
SEEBEERaRa=Rc-
{ed O] 5B RH e D1 20E :u:'l |3 I|:I§.HI f g 1 BT
H'-tﬂ- by -.1|i:|:1|.;: |‘i|..-1|t|1'..:~r# nha a1 Ji'-..-.ntl* ki I j II.||E :z'lﬂu.: 'L'II1HI1'":'.."
R AR R R R A N D W 1O

2 Dol 0 ik TR SRR RS M IR
§ - pespapoeateae G ny soraeow | Bammac
:."'.-ﬂ-\.! N B e d O DT | RO il £ 125
':| 23— Deirws gepLbiid B i N el Do0pad bus) [euis sl Cild )

Puc. 3.19. Ctpyktypa nogkagpa T1 (T2, T3) koHTeliHepa C-3

Crpykrypa 3aronoBka POH VC-3 ananornunas crpykrype 3arosioeka POH VC-4 u pac-
CMaTpUBaeTCs HUXE.
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Bupmyanvnvie konmeiinepsr NVC-4, VC-4-XC u VC-4XV dpopMUpyrOTCA MyTeM MpHcoe-
JIuHeHus TpaktoBoro 3arosioBka POH k konteiinepy C-4, C-4-Xc wnu C-4-Xv, koTopble 3a-
TpyXKaroTcsl B HTEpBajie BpeMeHHn 125 MKC OTHIM U3 TpeX CIOCO0O0B:

— ACHHXPOHHO U(PPOBBIMH JaHHBIMU Ha ckopocTu 139264 kout/c £15 ppm;

— CHHXPOHHO MMO00aHTHO;

— CHHXPOHHO TTOOAHUTHO CO CIETIKO: MOCIEA0BATENbHO XC U BUPTYAIBHO XV.

[Ipu mobom n3 cnocobos 3arpysku VC-4, VC-4-Xc, VC-4XV nmerotr eMkocTh 261x9
0alTOB, U MPH CLENKE EMKOCTh YBETHYMBACTCS MPOIMOPIIMOHAIBHO YUCITY CHEIUIIEMBIX KOH-
TeHepoB, T.€. MPHU MOCNIeA0BaTeNbHOM cuenke Ha 4, 16, 64 u 256, npu BUPTYalbHOH ClenkKe
Ha J1t000¢e ynciio u3 auanazona N =2, ..., 256 (cM. ta6:1.3.2). BapuaHTsl 3arpy3ku GUKCHPY-
torcs B Oaiite C2 3aromnoska VC-4 (6aiiter POH: J1, B3, C2, G1, G1, F2, H4, F3, K3, N1).
[Ipumeps! Bapuantos 3arpy3ku VC-4, VC-4-XV npuseaens! Ha puc. 3.20-3.22.

1 12 Buiny
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I
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— i

— i —

Y| @6l (Y| 960 |Y) 950 |[X] 20 'I'LE'EIJ

- ——
L - —
—

Y| 960 |[Y| 960 | X| 96D |¥| 260 |Z| 260
125 mKc

123456876

W - gadir ¢ Gurawa D |0{D]0]0]0{0{D]D]
123456748
¥ — Badit ¢ BuTaMM m:'raum:RlElRIHIHIHIHlRlR!

Baliy c & F . 123465678
A= o,
R w Gurom ynpasnes comaconaumem ceopocred ¢ LI RIRIR|R[Flajo|
b Bl ne 1.23 4656748
== T¢ GuTaMe gaHwwx O O BhIPABHHMBAHKR

::npmuﬂuﬁini.ua:rnﬂ [ ! e |UED|D|D!U‘ID|5|H!

Bl COCCC = Q000D #H AMUMpneT, dTo At 5 MHPAPHSLWH SHHEIR
Bl COCCC = 11101 Wn AMUMpyeT, UTo BET 5 cOMmacapiumn cKapoeti
Bire O p23eps HA Neprnesrday

Puc. 3.20. AcuHxpoHHOEe (hopMUPOBaHUE Harpy3kn KoHTenHepa C-4
Ha ckopocTu 139264 kbuTt/c
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Puc. 3.21. CuHxpoHHOe 3anonHeHue nong Harpy3ku VC-4 auerikamm ATM

1 261
{ 91 1 1] I .
| H3 = T
L2
1

EZ ]

|2
e
=

|4
Fz
K3
M1 ] B | | |

POH W-4

125 Mue
Jaronoeck Harpyaka

2 | Hanp GFP
I:[ —Hezanatmh kage GFP

Puc. 3.22. PasmelleHune kagpoB GFP B BupTyanbHOM KoHTelHepe VC-4

Oynxuuu 6aiiToB 3aronoska VC-3, VC-4, VC-4-XC aHanorn4yHsl paHee pacCMOTPEHHBIM
¢dyHkusiM 6aliToB 3aronoBka VC-12, HO oTAMYArOTCS OOJBIINMHU BO3MOKHOCTSMH.

Baiir J1 — nepBsiii Gaiit 3aronoska POH, unaunupyemsiii yrazareaem PTR-AU-n (n =3,
4) wnn TU-3. D1oT Gaiit ucnons3yercst B 16 mukiax 11 uaAeHTH(GUKAIMN TOYKH IOCTYIa, OH
aHajorndyeH cBonMu GpyHkuusaMu 6airy JO (coorBerctBeHHO B SOH STM-N).

Baiit B3 — Bhinonssier GpyHKIMH MOHUTOpHHTA o160k B Tpakte VC-4-Xc / VC-4/VC-3.
Cxema Boiumciienus B3 npencrasnsier coboit mpoueaypy BIP-8 o scemy VC-4-Xc / VC-4 /
VC-3. Ota npoueaypa anajgoruyHa BIP-2, HO npu 3ToM CyMMHUpYIOTCS M 00padaThIBarOTCsI
otzienbHO 8 6utoB (cM. puc. 3.14).

Baiit curHanpHoit Metkn C2 unmuuupyet craryc VC-4-Xc /VC-4 / VC-3. B tabn. 3.5
NpUBeIeHBI IPUMEPHI KoaupoBaHus Oaiita C2 1 COOTBETCTBYIOIINE TTOKA3aTEIH TPUMEHEHHSI
METKH.

Baiir G1 (puc. 3.23) onpenenser cratyc Tpakta BepxHero nopsaka (HOVC) B o6patHoe
HarpaBJIcHHUE.
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Ta6nuua 3.5. Npumepsbl kognpoBaHusa 6anta C2

Baiit C2 lecTHaaua i Ha3znayeHue, pyHk
TH THPUYHBIH HaYeHHue, PyHKIUs
14 58 ARATHP yiKn
0000 0000 00 He npumensiercs uin He o6opynosad (UNEQ)
0000 0010 02 TUG-2, TUG-3
AcuHxpoHHOe pazmenieHre B C3
0000 0100 04 naHHbIX 34 368 kout/c
AcunxponHoe pa3mernienue B C4
0001 0010 12 nanHbix 139 264 xout/c
0001 0011 13 Pasmemenue ganasix ATM
0001 0110 16 Pasmewmenue nanasix HDLC/PPP
0001 1000 18 Pasmemenue nanasix HDLC/LAPS
0001 1010 1A Pasmemenue nannbix 10 'out/c Ethernet
0001 1011 1B Pasmemenue ganasix GFP
0010 0000 20 Acnx—xxpoaﬂoevpamemeﬂue ODUk (k=1, 2)
B BUpTYyanbHOii cuenke VC-4-Xv
TecTOBBI CHTHAII [T0 PEKOMEH 1AIINN
1111 1110 FE 0.181 MCD-T
1111 1111 FF Curnan aBapuu VC-AIS
REI RDI Peszeps HeT npumeHeHMs
1 i 2 1 3 i il 5 6 i 7 8 BuTh

Puc. 3.23. CtpykTypa banta G1

buter REl (1...4) wcmonab3yroTcst A TPAHCISAMHAK YHCiIa OMKMOOK, OOHAPYKHBAEMBIX
cpencrBamu npueMHuka 1o anropurmy BIP-8 (6aiir B3). Yucno omubok — ot 0 o 8. but
RDI (5) unauuupyeT HeMCIpaBHOE COCTOSHUE TPAKTa C YAAICHHOH CTOpOHbI. buthl 6, 7 —
pe3epBHble, HO nBa coctossHus 00 u 11 ncnonb3yroTes 1Mo OTAeIbHOMY Ha3HaveHWIo. but 8 He
HAIlle OIpeIeIeHIs 0 TPUMEHEHHUIO.

Baiitel F2, F3 B cBoeM Ha3HA4Ye€HHUHW OMPEIEIIAIOTCS ONEPaTOpOM CETH, Hampumep, IUIs
CITy’)KeOHOM CBSI3M WM il MHAMKanuu 3arpy3kud B VC-4 manneix cetu DQDB (Distributed
Queue Double Bus — pacrnipeaenennas [BoiHast MIKHHA C OYEPEIIMH).

baiir H4 onpenenen s uHankanuu Harpy3kd B VC-4 v BUPTyalbHOU CIIETIKE, M TaKKe
JUIS yKa3aHus Ha o3uLuio Harpy3ku B V C-4, Hanpumep, Haudano stueek ATM. [Ipumep ucnoms-
3oBaHus Oaiita H4 nnst uanukanmy no3unuii Harpysku TU-12 B VC-4 npuBeneH Ha puc. 3.24.
B H4 wamunmpyetcs tpeOyembrid 6ok TU-12, a mmenHo OaiiTel ykazarens PTR TU-12 B
ceepxuukie 500 mxc. [Ipu aTom konupoBanue Oaiita H4 3anuceiBaetcs B Buze tabm. 3.6.

Baiit K3 mpenycmoTpeH mis peann3aliii aBTOMAaTHYECKOTO 3aIIUTHOTO MEPEKIIOUCHUSI
TpakTa, rjie omnpejeneHo HazHadeHue Out 1...4 u3 Bcero Gaiita (COriiacCHO peKOMEHAALMH
G.707/2007 MC3-T).

Baiit N1 (puc. 3.25) ompeneneH kak GaiT omeparopa CeTH Ul peanu3anuu (yHKIUI
KOHTpoIsl coequHeHnid TpakToB TCM 1o OTAENBHBIM ydYacTKaM TpaKTa BBICOKOTO MOpSIKa
aHajoru4Ho Oaity N2 nist TpakTOB HU3KOIO MOpsaKa.
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Ta6bnuua 3.6. CocTtosiHue ouT barita H4

Burtel H4 Homep nuxaa Bpems
xx11xx00 0 0
xx11xx01 1
xx11xx10 2
xx11xx11 3 500 mkc
+—F'I:I|-' W4
¥4
T iﬂi’.’l'l Vg aarpyina Qcrpon
fFER (W1
[¥] -
2 | iz o VO-4 Aarpyina
]
31|
E — =T
5 it R
g WL Harpysna
2 | [feTm dasiol
=
=
= —
el PTR (%3
1
W= Harpyina
el B T ol
v ]
V-G Jarpyina
i {00) Ry

Puc. 3.24. bant H4 B kauecTBe nHaukatopa Harpyskm TU-12

i, 2 , 3 , 4 5 6

TC-REI| OEI

TC-API, TC-RDI, ODI

. =]

Puc. 3.25. Ctpyktypa 6aita N1

EurTel

O6o3nauenust Ha puc. 3.25: |EC, Incoming Error Count — nojc4eT mocTynarnx Omiu-
60k; TC-REI, Tandem Connection REI — 6ut coobrienust 06 00HapyKEHUU OLIMOKH B TaH-
JEeMHOM coefrHeHnn Ha ymaneHHom kouiie; OEl, Outgoing Error Indication — unaukanus
010koBbIX omunOok mis Beixona VC-4; TC-API, RDI, ODI — Access Point |dentifier, Remote
Defect Indication — uHauKanus TOYKH JOCTYIA, HHAXKALMS AedeKTa yIAIeHHOM CTOPOHBI,
UHIUKAIMS BBIXOIAIIEro nedeKTa.
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Burtamu |EC xoaupyercs uucno omubok, o0HapyxuBaembix no BIP-8. Kom6unanus ou-
toB 1110 — mpu3HAK MHIUKAIMM aBapUHHOTO COCTOSHUSA. buthl 7, 8 (QyHKIMOHUPYIOT B
CBEpXLUKIOBOH CTPYKType aHanoruuHo ouram 7, 8 Oaiita N2. Taxke paHee paccMarpuBa-
auch GyHKIUHU OUTOB S, 6.

3.1.3. CuenneHHble BUpPTYyanbHble KOHTeNHEepPbI

®dopmupoBaHKe CLEMICHHBIX BUPTYaJIbHBIX KOHTEHHEPOB OOYCIIOBJIEHO HEOOXOAMMOCTBIO
HPEeOCTaBIEHHs MPO3PAYHOTr0 COSITUHEHHSI B TPAHCIOPTHOW CETH IS TO0JIb30BATENbCKOIO
TpaduKa, mepeaaBaeMoro ¢ COOTBETCTBYIONIEH ckopocThio. CIenKy BUPTYalbHBIX KOHTEHHe-
poB moapaszenstorcs Ha nocienoBarensabie CCAT (Contiguous Concatenation) u BupTyasb-
ueie VCAT (Virtual Concatenation). Creniku tuta CCAT conepkat cTporo GUKCHPOBAHHOE
YHCIO BUPTYAJIBHBIX KOHTEHHEPOB, TPEeOYIOT €JHHOTO MapIIpyTa B TPAaHCIIOPTHOH CETH U
HOJJIEP KKK ITOTO0 MapIIpyTa BCEMH MPOMEXYTOUYHBIMU MYJIbTUIUIEKCOpaMu. CHENKH THIA
VCAT opranusytotcs ¢ pa3inyHbIM YHUCIOM BUPTYaJbHBIX KOHTelHepoB (Tabi. 3.7), u map-
MIPYTHl KOHTEWHEPOB MOTYT OBITh pa3nu4HbIMHU. [IpHHIHMMUANBHBIE BHYTPEHHHE Pa3IHUIUsI
JIBYX BHJIOB CIICTIOK MOKa3aHbl Ha puc. 3.26, 3.27.

Tabnuua 3.7. BO3MOXHOCTM CUENKW BUPTYarnbHbIX KOHTENHEPOB M 3(h(EKTUBHOCTL COEANHEHNI

CxopocTHoii IMocnenoBarenbHas cuenka BupryansHas cuenka
Bupn Harpysku peKnMm, . 0 N 0
M6éut/c Konreiinep | dpexTuBHocTb, % | KonTeiinep | IdpexTuBHOCTH, %0

Ethernet 10 VC-3 20 VC-12-12v 92
Fast Ethernet 100 VC-4 67 VC-3-2v 100
Gigabit Ethernet 1000 VC-4-16¢ 42 VC-4-7v 95
Fibre Channel 200 VC-4-4c 33 VC-3-4v 100
Fibre Channel 1000 VC-4-16¢ 42 VC-4-7v 95
ESCON 200 VC-4-4¢ 33 VC-3-4v 100

J1 W-4-Xr

H3

Hem

[l DukcKpo-

F2 BRHHAS L-4-dc

H4 BCTABHE

F3

K3

M1

1 A-1 ¥ 2E0

Xx 26l

Puc. 3.26. CTpykTypa nocrnegoBaTenbHO cuenneHHbix X(4, 16,64,256)
BUPTYarnbHbIX KOHTeNHepoB VC-4-Xc
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Puc. 3.27. CtpykTypa BupTyansHo cuenneHHbix X (X = 1...256)
BUPTYyanbHbIX KOHTeNHepoB VC-4-Xv

Crpykrypa VC-4-Xc tpancnoprupyercst B8 X AU-4. B nepsom AU-4 ykazatens PTR
¢ukcupyer Hayano VC-4-Xc no Gaiity J1. B ocranpubix AU-4 (X—1) npocraBisieTcst MeTKa
CIIeTUICHHsI, UCTIONb3yeMast ISl BRIpaBHUBAHUS HATPY3KH IPU M3MeHeHuH 3HaueHust PTR.

Ons cnenmdukanum BUPTyanbHO cierieHHbx V C-4-Xv ucnonb3ytores 6aitel H4 3aro-
noBka POH. Dto nHeo6xonumo, nockoibky VC-4-XV OTAEIbHO TPaHCHOPTUPYIOTCS B CETH.
Crenn¢ukanys KaxIoro CIEIUIEHHOTO BUPTYAIBHOTO KOHTEHHEPa IMPOU3BOIUTCS YETHIPHMSI
crapummu (5...8) 6uramu H4 B cBepxuukiie 512 mc. THANKATOPOM CBEPXIIMKIIA BBICTYIAET
rpynna miagmux 6utos (1...4). Kpome toro, H4 mMoxeT moaaepxkuBath QyHKIMH PETYJIH-
poBku émioctu kanaga LCAS (Link Capacity Adjustment Scheme), T.e. nuHaMH4HOrO
YIIPaBICHUS YUCIOM CLETUIIEMBIX KOHTCHHEPOB.

AHAJIOTHYHO CTPYKTYype BUPTyanbHO# cuenku VC-4-XV BBICTpauBaeTCs CLENKa s
VC-3-Xv (puc. 3.28) u mis VC-12-Xv (puc. 3.29).

Tak xe B TpakTe HH3KOro Topsiaka ¢ VC-12-Xv MoxkeT OBITh 3a/ieficTBOBaHA (DYHKITHSI
yIpaBJIEHUS! EMKOCTbIO 3TOro cuenieHHoro Tpakra LCAS. Jlns 3Toil nenu uecnoab3yoTces no-
suuu Oaiita K4 B cBepximkie (0...31) (puc. 3.30). OcymecTBasieTcsi HASHTA(GUKALIMS Kax-
noro cuemisemoro VC-12 (umkisr 6...11), mome xontposnss LCAS (ummkasr 12...15), 6ur
rpynnoBoit uaentudukamuu (ki 16), 6ur 3anpoca Homepa (B 1ukie 21), TpaHcasus cra-
Tyca UHJMBUIYaJbHOTO Y4acTHHKA cienkH, T.e. VC-12-Xv, ¢ uncnom ot O no 63 B uHTEpBa-
ae Bpemenu 128 mc (uukier 22...29), KOHTpoJb omMOOK mepemxayn Gakita K4 B mHTepBase
omm60ok ot 5,32x107° 10 4x10"° (umksr 30...32).
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Puc. 3.28. CtpykTypa BUpTyanbHo cuenneHHbix X (X =1, ..., 256)
BUPTYarbHbIX KOHTENHepoB VC-3-Xv
1 £ Az 34
1
'l"l| Ci2-Kc
4 iy 00 MK
1\\ 35
LY
1 J2
vl V12X
J2 500 Mxct
hE V-12 X
4| K& 500 Mxc
W-l2 1 d
Puc. 3.29. CtpykTypa BupTyaneHo cuenneHHbix X (X =1, ..., 63)
BUPTYarnbHbIX KOHTeNHepoB VC-12-Xv
L
1] z|afs[s]e] 2] o] o]acfaafacdighrafisfashofidrsledereatzafed el doed sofufs
Uuknoswi | Feprrages n - = ¢ [
. HOMBDE p_;’k':';::m = I:;EE = Cl-:.n_,r: '!,:HHHI:JHFHH ’:i':
(0,..31) {0...63) T = L% 1 CRC-3

Puc. 3.30. CtpykTypa AaHHbIX B Gaiite K4
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3.1.4. CUHXPOHHBLIN TPAaHCNOPTHLIN MoAaynb STM-N

Crpykrypa STM-N mpencrasiena panee Ha puc. 3.1. OHa hopMHpyeTCs TOOANTOBEIM MYJIb-
tumekcupoBanueM N — uncina AUG 1 MpUCOSAMHEHHUEM K 3TON CTPYKTYPE CEKIIMOHHBIX 3a-
rojoBkoB SOH, KoTopblie pa3ensroTcs Ha 3arolioBoK cekunu pereHepanu RSOH u cexiun
mynprumiekcupoBanust MSOH (puc. 3.31). Ha puc. 3.32—3.34 npencraBieHbl MPUMEpPBI 3ar0-
noBkoB STM-4, STM-16, STM-64.

0 fagitas
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MW AR oM £O0W0 PORAMIERW
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Puc. 3.31. CekumnoHHble 3aronoskn STM-1

36 fanroa
1 EEEE
2 Al A - RS0OH
3 Y I
& HCTRATIARHIH i
5
&
7 = MEOH
&
a

[lepsan CTROHA HE MOANEWHT CHESH ENMPEAARIE MBI MMESAHSN SOQHEDRIHHA
E = BafTe ONEEATGNE CRTH
EED] - GafiTe oNEpETana COTH HE ACINEHET CHEEMAIHDASIHND

A = ﬁBHTh. IRBHCAIMAR OT TRl Ne PRk

Puc. 3.32. CekumnoHHble 3aronoBkn STM-4
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Puc. 3.33. CekuunoHHble 3aronoBkn STM-16
576 fadroe croafiyon

At al At e At TETE EF CE 2]
ECIAT A AT A TEUFECTAT A FECIFL RS0H
FC Al A [AL A FECLAL & - ?

Baow agmunmcr patiupmy

(B2 62 EECT TFEC

m= =
e
i Ll

g cTpau

FEL [
FE FE MEOH
FEC ELC

et

SIFEL] [FEC] [FEC T
=¥
&
i Me=1,..%
£ =
=2 T 16 R
FeC 1P A 1 1 TP [Py
rec-2 CHEE TR T JolF 17

FEL, FEC=g, P1. 01 - peaspe ama dryHegwi FEC

Puc. 3.34. CekuunoHHble 3aronoBkun STM-64

Baiiter A1, A2 onpenesens! AByMsl (PUKCUPOBAHHBIMU TPYNIIaMU OUTOB!

A1: 11110110,
A2: 00101000.
Yucno stux GaiitoB or SOH STM-1 10 STM-64 Bo3pacraet npornopuuonaisHo N (N =1,

4, 16, 64). Jlns STM-256 3aronoBok ytoussietcst oTHocuTeabHo Al u A2 B Oyayiueii craH-
JapTH3AINH.
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Baiit JO xapakTtepu3yercss Kak MaplIpyT CEKIUU pereHepanuu. KMcnonas3zyercs B LiecTHA-
natu nonapsia ciaenyromux STM-N. Tlpu 3Tom oguH O0alT CITYKUT AJ1si KOHTPOJIS OITUOOK 1O
anroputMy CRC-7, a octayibHble 15 0alTOB ciyXat B KadecTBe HaeHTHuKaTopa. CTpyKTypa
6aiira JO npuBesena Ha puc. 3.35. B npumepax 3aronoskos MSOH u RSOH (puc. 3.32-3.34)
WCTIOJIB30BaHBI CIIENYIOIIHe 0003HAYCHHS, OMMUCAHHBIC HUXE.

GasT Eatwl (1,2, ... B)
1 tfcifjc2jcalcq4| 6] Ca [ CF | Bure CRL-T
k] o | = o w | ox :-: | =
3 ol =] = | = % % % | = BHTH AaeHTH-
dHEaTops
4 ol . TOUEK QaCTyna
16 [n} x| x Y % # ¥ X

Puc. 3.35. CtpykTypa 6aita JO

Baiit Z0 3ape3epBrpoBan s OyIyIIUX CTAHAAPTOB.

Baiit B1 cayxuT s KOHTpOJsl OIIMOOK Ha pereHepalliOHHON CEKLUHUH MO alroOpUTMy
BIP-8.

Baiiter E1, E2 ciyxaT Ui opraHu3alyy KaHajia pedeBOil CIyKeOHOH CBS3HM B CEKIHIX
pereHepanuy U MyJIbTHIIIEKCHPOBAHUSI.

Baiit F1 MoxeT ObITh ONMpeeeH ONepaTopoM s CBOMX Iejied (KaHai mepeaavyn IOKy-
MEHTaJIbHBIX UITH 3BYKOBBIX CUTHAJIOB).

Baiitel D1-D3 06pa3ytoT kaHas nepenavyr JaHHBIX CETEBOrO YNpPaBJIEeHHUs B CEKIIMU pere-
Hepauun DCCr (Data Communication Channel regeneration) na ckopoctu 192 k6ut/c.

Baiiter D4-D12 o6pa3yroT kaHan mepeladd JaHHBIX CETEBOTO YIPABJICHUS B CEKIUH
mynptumiekcupoBanuss DCCm (Data Communication Channel multiplex) na ckopoctu 576
k6ut/c. B 3aronoke MSOH STM-256 uucino 6aiiToB MOxkeT ObITh yBeiaudeHo m0 156 mist
ckopocTa 10 9216 kout/c.

Baiiter B2 ucnone3yrorest Ui KOHTPOJSI OMIMOOK B CEKIMH MYJIBTHILICKCHPOBAHUS IO
anroput™y BIP-Nx24.

Baiiter K1, K2 (6uthl 1...5) ncrnonp3yrorces [jisi aBTOMATHYECKOTO 3aIlUTHOTO HEePEKIIro-
YeHHs CEKLIMU MYJIbTUIUIEKCUPOBaHUS coryiacHo pekomeHaauuu MCO-T G.841. Jlns unauka-
K aeeKTa YIAaaeHHONW CTOPOHBI CEKIHHM MYJIbTHILIEKCHPOBAHUS MPUMEHSIOT OuTHI (6...8)
Oatita K2.

Baiir S1 onpeaensier cratyc cuxponusanuu B 6utax (5...8), pacnpocrpansieMoi TuHeH-
HBIM curHasioM. B tabn. 3.8 npexacrasnens! OuTh 6aliTa S1 1 ykazaHbl UX 3HAYECHUS.

Heo6xoamMo oTMeTuTh, 4TO 0003HAYCHUST MIaAmuX OWtT Oaiita S1 MMEIOT B TeXHUYeE-
CKOU JTUTepaType pa3IudHylo TpakToBKy. Tak pexomenmamnueit MCO-T G.781 momyckarorcst
BapuaHThl TpakToBkH komMOuHanuu O6ut 0010 kak mokasarens kadecTBa cuMHXpocurHaga Q1
i Q2 (cormacHO JBOMYHOIO M IIECTHAAATEPUYHOTO KOAMPOoBaHus). [Ipu 3TOM cMBbICT 000-
3HaYeHHs OJMHAKOB. MCTOYHUK CHHXPOCHIHaJIa BBICLIET0 KayecTBa, MEPBUYHbIN STaJIOHHBIH
redeparop (I[1OT) — atomHuble Yacel (BOAOPOIHBIE, [IE3UEBbIE WK PyOuaneBbie). [IpuunHOit
NOAOOHBIX Pa3HOUTEHUH SBISIOTCS PA3IMYHBIE MEXIyHApOAHBIE W HAMOHAIBHBIC CTaHIAp-
Thl B 00JIACTH TEIEKOMMYHHUKALMH. AHAaJOrMYHO, Ka4eCTBO BTOPUUHOrO 3aJIal0llero reHepa-
topa (B3I') moxer uMerh 0O03HaueHue B aBonuHoM koge 0100, 4To TpakTyercs B OJHOM
cryqae Q2, a B apyrom — Q4. KauectBo reneparopa cereoro siementa ['CD obo3HagaeTcs
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B ABonuHOM koje 1011, uto Tpaktyercs B ogHOoM ciyuae Q4, a B nipyrom QB u 1.1. Crapiuue
OuThl Oaiita S1 He ompe/esieHbl IO CBOEMY Ha3HAYCHHUIO.

Tabnuua 3.8. HasHayeH

ne 6utos Ganta S1

Bursi 5...8 6aiita S1 KauyecTBO cHHXpOHU3anuu
0000 KauecTBO HEM3BECTHO
0001 Pesepn
0010 Kauectso I19T" G.811 (Q1)
0011 Pezepn
0100 Kauectso B3TI" G.812 A (Q2)
01010111 Pesepn
1000 Kauectso B3T" G.812 B (Q3)
1001-1010 Pesepn
1011 Kauectso I'CD G.813 (Q4)
1100-1110 Pesepn
1111 Jist cuaxponusaimu He mpuMensaTs (DNU uu Q6)

Baiiter MO, M1 npuMeHstiroTcst 1j1st cooOmienuit 06 ommbkax yaaaenHoi croponsl (MS
REI). B STM-N (N =0, 1, 4, 16) npumensiercs Gaiit M1.
B STM-N (N = 64 u 256) npumenstorcst qsa 6aiita (MO, M1).

B STM-1 renepupyercs M1 i
B STM-4 renepupyetcst Oaiit

0 pe3ynbTataM KoHTpos BIP-24.
M1 no pe3yabraTam KoHTpoist BIP-96.

B STM-16 renepupyercst 6aiiT M1 no pesynsratam koHTposisi BIP-384.

Baiit MO pacmmpsier mpocTpaHCTBO MHTEpIIpeTalu ommuook B STM-64 u STM-256.

Baiiter FEC, FEC2, P1, Q1 3ape3epBupoBaHbI [T peanu3anuy GyHKIUH yrpexIaromeit
koppekuunu omuboxk FEC (Forward Error Correction). Bosmoxuoctu FEC ¢ xogamu Puna-
Conomona (RS) nemonctpupyrotcst Ha puc. 3.36. Yuactku npumeneHus 3aronoBkoB RSOH u

MSOH B cucreme nepenaun SDH

Owwilfecn Ma muxone
npsyeccopa FEC

yKa3aHsl Ha puc. 3.37.

BER
R s |
102 .
. T -?‘r———‘
o Bl FEL = |
LR e
e ﬁ:ﬂ.?‘:-:-.'.."-l'-1_.|_..-l"}“+-"'
14-19 ‘f‘?/‘"‘" E.
10 L |
105 //_,..-"I'-"E.;.*—.-h..-':"lu [ |
104 :
10-=
10 i .
10-® 10-% 1= Lo-? 1of BER

Dwabad ma sxoge
npojeccapa FEC

Puc. 3.36. 3 dekT ucnonbsoBaHus FEC gns noebiweHns
NOMEeX0yCTOMYMBOCTU ONTUYECKOW Nepeaayn



TEXHONOIM'Mn MynbTUNNEKCUPOBAHUA U NEPEAAYU B TPAHCIMOPTHbIX CETAX 59

Peagpadbie cekyad (MS0H, RS0H)
 DadTans K1, H2

SMH
ATM-N

Touwe % w1 k nepepayn v npuena

Puc. 3.37. CeKLMOHHbIe 3arofoBKu U Y4acCTKM nx npuMeHeHna B CUCTeEMe nepenadmn

3.1.5. ®dopmupoBaHue ykasatenen PTR

Ykazamenu aomunucmpamuensix 61006 AU-N noapazaenstorcs Ha ykasatenu nis AU-3
n AU-4. OHM OJMHAKOBBI 10 CBOCH CTPYKTYype, MO3TOMY paccMmarpuBaeTcs ykasatelb PTR
AU-4 (puc. 3.38). Ou npejcrapnen Gaiitamu H1 u H2. BuThbl ykazaTess UMEIOT Cleayrolee
HasHauenue: N — 6uthl duiara HoBeix ganubix NDF (New Data Flag); S — 6urtsl uaentudu-
katopa Tuma AU-n; | — 6utel coobiienus o6 yBennuennu 3HaueHust PTR Ha enuanny; D —
O6uThl coobienus 00 ymeHblieHnu 3HadeHus PTR Ha enunniy; 1* — 0GalThl ¢ e JMHUYHBIM
sanonHendeM (11111111); Y — Gaiitel ¢ 3anonHennem 1001SS11, S — Gutsl He onpeieieH-
HEIE 110 Ha3HAYEHHIO.
H_l H_E
i -

1l 234567812345 6T7TE 3 Gaiita H3 1 GaiTa TREane 0"

ODDNEEEEEEBERABEE ——
EHTM yrazaTans FTR - . ” +
BafTe oTpauaTens- BaliTe nonaurens-
HOMD COTNACOBAHME  HOM0 COMABcoEE HIAA

Puc. 3.38. Ctpyktypa ykasatensa (PTR) AU-4

®nar HoBbIX AaHHBIX NDF moxet umets aBa cocrostaus: 1001 u 0110. [TepBoe cocros-
HHE yKa3bIBaeT Ha BO3MOXKHOCTh M3MEHEHHS yKazaTelsi. Bropoe cocrosiHue yka3piBaeT Ha He-
BO3MOXKHOCTB M3MEHeHHs yKazatens. U3 st 6ut D nnn | MuauMYyM Tpu OWTa DOMDKHEI IPH-
HUMAaTbCs C MHBEPCHUEH B cilyvae MOJCTPOWKH ykazaTeissd. butel SS umeror cocrosiHue «10»
i AU-4, AU-4-Xc, AU-3. B ciyyae npuMeHeHHs CIerieHus (OCiIea0BaTeIbHOTO W
BUPTYaJIbHOTO) 3Ha4YeHHsl OUTOB SS MOryT ObITh H3MEHEHBI, YTO B HACTOsIICE BpeMs He CIie-
uupUIUpYeTCS.

Tpu Gaiita H3 u Tpu Oaiita, npumsikatomue K Oaiiram H3 cmpaBa, MCIomab3yIOTCS AT
npolelyp corjacoBaHus ckopocteil. Anpecyemoe npoctpanctBo PTR AU-4 nmpencrapinseT B
10-pazpsimaom koje uncia ot 0 mo 1023, yTo HEeAOCTATOUHO AJIs UACHTHU(HUKAIMK M0 OaiTam
Havana Harpy3ku VC-4 B AU-4, T.kx. uyucino 6aiitoB AU-4 cocrasiser 2349 (261x9). I1o s1oii
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npuunHe uneHtugukarop PTR ucnons3yercsa anst tpuan Gaitros 783 = 2349:3. Anpecyemoe
npoctpancTBo coctasisiet 0...782 tpuansr 6aiitoB AU-4 (puc. 3.39).

1 2 9 10 AU-4 270
.

: 0 1 86

1 f—A——*— —
[Hal Y T Y [H2[ 1 [1*[H3[H3]H3 [ T1 I 1

] -

I

) a7 520 521

] {._A_‘,_Q

e - T T T T ]1e5
! L[] 782 | MKC
) kﬂ_)

i 522 .=

(Hil Y T Y THe[2*[1*[H3[H3[H3] [ T 1 -

: L 5 [

i 0 26

]

: 250
o MKC

Puc. 3.39. Agpecyemoe npocTpaHcTBO ykasaTtensa AU-4 (0...782)

[ponenypsl cornacoBanusi ckopocteid B AU-4 HeoOX0aUMBI 111 KOMIICHCAITUN H3MEHe-
aus (asel VC-4 no otHomenuto k AU-4, 94To 00yCIOBIEHO pa3IHIueM TaKTOBBIX 4acToT V C-
4 u AU-4, BO3HHUKAIOIINM [0 Pa3IHYHBIM TPUYHHAM (H3MEHEHHE JJIMHBI My TH, Apeh( 4acToT
3aJafoIIMX reHepaTopoB U T.1.). CoriacoBaHHe CKOPOCTEH CBS3aHO ¢ M3MEHEHHUEM 3HAYCHUI
yKazareneid, KOTOpble MOTYT BO3pacTaTh WIH YMEHbIIaThcs Ha equnauiy. Puc. 3.40, 3.41 w-
JIOCTPUPYIOT MPOLEAYPbl U3MEHEHUH yKa3aTtenel npu nojctpoiike nofa ¢azy VC-4.

[MonoxxuTensHOE corIacoBaHUe MPOUCXOTUT B ciydae, eciu dactora 3arpy3ku VC-4 Hu-
ke gactoThl AU-4. [Ipu 3TOM corllacOBaHWHU CKOPOCTeH GaiThl Tpraasl «0» CABUraroTCsS Ha
OJIHY TpUaay BIPABO B TPEThEM IMKJIE COTNIACOBAaHUS, a B 4-OM LIMKJIE COTJacoBaHUs 3Haye-
e PTR AU-4 ysennuuBaeTcst Ha eMHUILLY.

OTtpunatenbHOE COTJIacOBaHUE MPOUCXOJUT B Cilydae, eciu Jactora 3arpy3ku VC-4 Bol-
mre yactotel AU-4. [Ipu 3TOM corllacoBaHHU CKOpOCTel 0alThl Tpuambl «0» CIBUTAIOTCS HA
OJIHY TpHaJy BIEBO B TPEThEM ILIUKJIE COTIACOBAHMUsI, a B 4-OM IIMKJIe COTJIACOBAHUS 3HAYCHHE
PTR AU-4 ymMmeHbI1aeTcs Ha eIMHUILY.

I'enepauus u unrepnperanus ykaszarens PTR AU-4 npoucxoauT B HECKOJIBKO 3TaloB.

T'enepayus ykazamens é nepedamuuxe:.

— NMPOXOXKJICHUE HOPMAJBHBIX orepanuid o0padoTKH JaHHBIX No pasmemeHno VC-4 B

AU-4, 3nadenue (aara HOBbIX AaHHbIX — 0110;
— 3HauYeHHE yKa3aTessl MOXKET MpeoOpa3oBhIBaTHCS MO OJHOM W3 OMepaluii, nepevuncieH-
HBIX HIDKE.

B cnyuae Tpebyemoro mnosoxurenbHoOro coriaacoBanus ckopocted VC-4 u AU-4 conep-
KUMOE yKaszaTessl mepeiaeTcsl ¢ HHBepcruel OuT |, 1 CTaHOBUTCS BO3MOXKHBIM TMOJIOKUTENb-
HOE BBIPAaBHUBAHME TIOCJIEJOBATENIBHOCTH C OalIaCTHBIM 3alojHEHHEM HH(OPMalMOHHON
tpuaasl «0». [locnemoBaTensHOCTD yKa3aTelsl yBelIUUMBaeTcsl Ha enuHuily. Ecmu 3HaueHne
yKazarens Obu1o 782, ToO OH OOHYJISETCS.
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Iocne 31Ol omepanuu 3ampelnaeTcss U3MEHEHUE yKasaTels B MOCIEAYIOIUX TpeX LHUK-
nax.

B cnyuae tpeOyemoro orpuiatesibHoro corinacosanusi ckopocreit VC-4 u AU-4 conep-
KUMOE yKazaress nepenaeTcs ¢ uHBepcueil 6utT D, 1 cTaHOBUTCS BO3MOXHBIM OTpULIATENb-
HOE BBIPaBHHMBaHHUE MMOCIENOBATEILHOCTH C Tepe3anuchbio Brepen naHHbIX VC-4. 3HaueHue
yKazareis yMEHbIIaeTcs Ha equHuIy. Ecnu npenmmecTByromee 3HaueHne ykazaTens O0buto 0,
TO OHO CTAaHOBHTCSI paBHBIM 782. [locne 3Tol onepanny 3anperaeTcs N3MEeHEHHe YKa3aTels
B TIOCJICIYIOIIUX TPEX LUKIaX.

HoBoe 3HaueHne ykazaTemnsi CONPOBOXKIACTCS M3MEHEHHEM (hrara HOBBIX JaHHBIX Ha CO-
crosiare «1001». Takoit ¢urar mepenaercst TOIBKO B MIEPBOM IMKIIE HOBOTO 3HAYCHHS yKa3a-
tenst. [Tonmnblit ki cornacoBanus ckopocteit AU-4 u V C-4 3anumaet 500 Mkc.

Hnmepnpemauusa ykazamens 6 npuemHuke.

— HOpPMaJbHOE MPOXOJXKACHHE OIepaluil ¢ ykasareneM, o0o3HadaromuM Havaio VC-4 B
mukie AU-4;

— Kakoe-1100 OTKIOHEHHE B MOCIEIOBATEIBHOCTH 3HAYCHHUS YKa3aTelsl He MOXET OBITh
MPOITYIIEHO, TOCKOJBKY OTKJIOHEHHE SIBIISIETCS IMPH3HAKOM HOBOTO anupeca, TO Ha IMpH-
€MHOM CTOpPOHE J0JI’KHA OBITh BBIMONHEHA 00paboTKa yKa3arelis 10 OAHON U3 Tpex orme-
pauuii, nepeurcaeHHbIX HIKE:

" eCIIM B 3HAUEHUH yKa3aTelslsl HHBEPTUPOBAHBI OUTHI |, TO ATO MPH3HAK MOJIOKUTEIh-
HOT'O COIJIAaCOBaHUSl M TocienoBarenbHOCTh PTR uHTeprpeTupyeTcss Ha €IUHUILY
0OJIbIIIE;

" eCIIM B 3HAUEHHH YKazaTellsl HHBEPTHPOBaHBI OUTHI D, TO 3TO MpW3HAK OTPHLIATEIh-
HOT'O COTJIACOBaHUSl M TocienoBarenbHOCTh PTR uHTEprpeTupyeTcss Ha €IUHUILY
MEHBIIIE,

= ecau NDF uHTEpripeTupyeTcsl Kak Juis COBIAJIArOIero HOBOTO yKa3aTelsl OJHMH pas,
TO ATO SBJSIETCS MHAWKAIMEH HOBOTO 3HAYCHUS YKa3aTelsl B IPUEMHHUKE U TAKIKE MO-
XKeT OBbITh UHTEPIPETUPOBAHO KaK MOTEPs yKazaress.

Ans  WHIMKaIMM  CHENKM  WCHONB3YeTCs  COCTOsSHHE OWTOB  yKaszarens —
1001SS1111111111.

CrpykTypa ykazaTtens TpaHcrmopTHoro Osoka TU-3 aHalormyHa CTPYKType yKasarens
AU-4 (puc. 3.42). Ilpu 3tom Bce OuThl Oaiit H1 u H2 nmerot oaunakoBoe ¢ AU-4 Ha3zHave-
nue. [Tpunnunuaneaeie paznuuns PTR AU-4 u TU-3 coctost B 06pa3yeMoM IpOCTpaHCTBE
yKaszarens 1 ucrons3oBanuu B TU-3 oqHoro Oaiita H3 1t oTpUiaTenbHOTO COTJIACOBAaHHS U
Oaiita c agpecom O 1715 MONOXKUTENBHOTO coriacoBaHus. Ykazarenb | U-3 ¢pukcupyer Havano
ukoia 3arpy3ku VC-3 8 TU-3.

®nar HOBBIX JaHHBIX U MeTka Tuna TU-3 MIeHTHYHBl paHee paccMOTpeHHBIM B AU-4.
Taroke ananoruuno ¢ynkiuonupoBanue PTR TU-3 npu oTpuniaTenbHOM U MOJOKUTEILHOM
cornacoBannu VC-3u TU-3.

B cnygae myneTumiekcupoBanus tpex TU-3 B ctpykrypy VC-4 u pa3MemeHus mocie-
Heit B AU-4 u AUG, ¢ynkuuu ykazareneidi PTR TU-3 coxpansitorcss 0e3 u3MeHeHHH
(puc. 3.43).

K ctpykType ykaszarens TpancnoptHoro 6joka TU-12 otHocstes 6aitel V1, V2, V3, V4
(puc. 3.44).
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Puc. 3.42. Appecyemoe npoctpaHcteo TU-3 (0...764)
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Puc. 3.43. Ctpyktypa AUG ¢ VC-4 n TU-3
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Puc. 3.44. Ctpyktypa TU-12 ¢ 6antamu ykasatens

@OyHkumu Qaara HOBBIX JAHHBIX aHAJOTHYHBI paHee paccMoTpeHHBIM i PTR AU-4.
Wnentudukanus ourtamu S trna TU-n coorBerctByet: TU-11 (11); TU-12 (10); TU-2 (00).

Anpecyemoe mpoctpancTBo o6o3nauaercst 6uramu |, D u cocrasmsier 0...139 (puc. 3.45).
3TO0 MpocTpaHCTBO HauMHaeTcs nocne 6aita V2. baiit 35 sToro agpecyemoro mpocTpaHCTBa,
npeayCMOTpeHHBIN Tocie V3, obecnieunBaeT MoJ0KUTENLHOE coriacoBanue ckopocreit TU-12
uVC-12.

W1 Ve

A A,
12345678123 45678
HEODOEEEEEEBEBEBRR
o ¥ "‘_‘l‘_'.' L 5

Pnar Mo oL ." EButw yrasatenn FTR TU-12

WDF MaeHTH SMEaToR
Tena Tl-=m

Puc. 3.45. CtpykTypa ykasatensa TU-12
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Mpumep paszmemenus VC-12 B TU-12 npusenen Ha puc. 3.46. OTpunarenbHoOe U MOJIO-
)uTenbHoe cornacoBanue ckopocteid TU-12 n VC-12 npoxoaut ananmoruuno AU-4. pu
STOM TOJIHBIM LUK COTJIacoBaHUs 3aHMMaeT 2 Mc. Ha puc. 3.47 noka3aHo OfHO U3 BO3MOXK-
HBIX cocTosiHuil Harpy3ku V C-12 B Gnoke TU-12.

Ha puc. 3.48 npencrasiieHa cTpykrypa ¢uiara HoBbIX JaHHbIX TU-12.

J71s MHAMKAIY CIETIKK UCTIONB3YeTCs COCTOsiHUE OUT ykazarens — 1001SS1111111111.
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Puc. 3.46. Aaopecyemoe npocTpaHCcTBO ykaszatensa TU-12
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Puc. 3.48. CoctosiHusa NDF B TU-12

3.1.6. TexHonorn4yeckue peLieHUs NO KOHTPOJIO KayecTBa
TpaKToB U cekuun SDH

Baxneiimeit, rmy0oko mpopaboTaHHOW 4acTbio TexHomorud SDH sBisiioTCs perueHus: mo
KOHTPOJIIO KayecTBa BCEX YYaCTKOB TpaHcmopTHo# cet (puc. 3.49): cekuuu pereHepanuu
RS, cekuuun mysprumiekcupoBanuss MS, tpakra Bbicokoro HP(unmn HOVC) u Huzkoro
LP(maun LOVC) nopsinkos, mporenyp ykasareieid (AU, TU), mmeHTHdHKaInNd MapipyToB
(Jo, J1, 32).

Ha puc. 3.49 ucnonb3oBaHbl 0003HAYEHUSI:

— PLM, Payload Mismatch — HecooTBeTCTBHE MOJIE3HON HATPY3KH;

— TIM, Trace ldentifier Mismatch — HecooTBeTCTBHE HACHTH(UKATOPA MAPLIPYTA;

—LOS, Loss of Signal — notepst curnana (Gpukcupyercsi Co CTOPOHbI IMHUK B HHTEPBae

Bpemenn 2,3 < T <100 mkc);
— LOF, Loss of Frame — moteps uukia nepenadn (GUKCHPYETCsS B MHTEPBAjIe BPEMEHH
10 3 Mc);

—LOM, Loss of Multiframe — notepst cBepxuukia nepegaun VC-12, pa3meriaeMom B
TpaKTe BEpXHEro MopsiKa, JUis BUPTyanbHO cueruieHHbix V C-3/4, st BUPTYasbHO clie-
mieHneix VC-12;

— LOP, Loss of Pointer — niotepst yxaszarens mis AU-n, TU-m;

— AIS, Alarm Indication of Signal (MS-n, AU-n, TU-m) — uHauKanms aBapuitHOro co-
CTOSIHUSI CEKIMH MYJIbTUILICKCUPOBAHHS, 8 IMUHUCTPATUBHOIO OJIOKA, TPAHCIOPTHOTO
OJI0Ka;

— UNEQ (Unequipped, He 06opymoBaH), BUPTyaabHbIH KOHTEHHEp HE 000pymOBaH st
tpakToB Hu3Koro (LP) u Beicokoro (HP) nopska (cmotpers Tabin. 3.3 u 3.5).
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3.2. TexHonorusi aCUHXPOHHOro pexuma nepepauv ATM

3.2.1. TepmuHbI, onpeaeneHus n o6osHavyeHnsa B ATM

Jns mornmanuss ATM Hy)HO 00paTUTh BHUMaHHE Ha JIBE €r0 YacTH:

— nonsitie pexkuma nepenayun (Transfer Mode) cesizano ¢ nepenadeit, MyJIbTHILIEKCUPO-
BaHHEM U KOMMYTallUeH;

— MOHATHE «aCHHXPOHHBIN» (ASynchronous) o3xadaer, 4to WHMOPMALIUS TTIEpeIaeTCs ma-
keTamu (pukcupoBaHHOM JnHbI (onpeaeneHo 53 Gaiita), 4To AUYEHKH MOTYT MOSIBISATh-
Csl B HEMPABWJIBHBEIX (HEYHNOPAMOUECHHBIX, HEIIUKINYECKUX) MHTEPBATaX B COCAMHEHUH
CeTH, 4TO BpeMsi TOSIBJICHUsI SiUeeK CIIy4yailHO 1Mo NpUYHHE ciydaiHocTu Tpaduka (rene-
BU3MOHHBIX KAPTUHOK, [Iepelauk JaHHBIX, PEUEBBIX COOOIIEHUH U T.]1.).

TexHomoruss ATM N03BOJISET CTPOUTH €AMHYIO CETh YCIYT 3JEKTPOCBS3U U 3aMEHMUTD,
Onarogapsi BUPTYaIbHBIM COEIMHEHUSIM, MHOTHE CETH ¢ KOMMYTalleld KaHaloB, MaKeTOB H
JOCTAaBKOH JaHHBIX Oe3 yCTAaHOBIICHHS coequHeHMH. [Ipr 3TOM TriaBHOE TOCTOMHCTBO — 3(b-
(heKTUBHOE UCTOIB30BAHNE TPAHCTIOPTHON CPEIbl.

O6cnyxuBanue B ceTd ATM 3aBUCHT OT ceManmuueckoil u epemeHHoll PO3pPavyHOCTH.
[on cemaHTHYeCKOH MPO3PaYHOCTHIO MPUHATO TOHUMATH CIIOCOOHOCTH CETH 00eCIeYnBaTh
JIOCTaBKY MH(pOpMAlMU OT MCTOYHHUKA 10 TMOJy4aTensl ¢ MOAXOJSAIINM JUIs AaHHOW YCIyrH
ypoBHEM OHIMOOK. THIIBI OIIMOOK U UX KOJUYECTBO BO MHOT'OM OMPEACTISAIOTCS CIIOCOOOM Tie-
pemauu wHbOpMaUUK U (GU3NIECKON mpupoxoi kaHama. [lom BpeMeHHOH MPO3pavHOCTHIO B
cethi ATM npuHATO MOHUMATh €€ CBOWCTBO OOecrevynBaTh 3HaYEHHE BPEMEHM 3alIePKKU U
BapHallMU 3aJePKKU (JDKUTTEpa), TPH KOTOPHIX MOJJICPKUBAETCS ONPEACIEHHOE KaueCTBO
yeayr. Bpems 3amep)kku ompenensieTcs pa3HALed MexX Iy HadaloM Iepeadn IMakeTa JaHHBIX
MCTOYHHUKOM M OKOHYaHHEM IpHéMa MosydaTesieM.

Uro takoe ATM?

ATM — makeTHasi TEXHOJOTHsI KOMMYTAIWH, MyJIbTUIIICKCUPOBaHUS U TIepeJadd, B KO-
TOPON HCIIONB3YIOTCSl TMAKEeThl (PUKCHPOBAHHOW MalOi €MKOCTH, Ha3bIBaeMbIe sYCHKaMU
(uHorma B nuTepatype pparmeHtamu). B sdeiike moctosiHHON eMkocTy 53 Gaiira mis undop-
MalliH M0JIb30BaTellsl 0TBelleHO 48 Gaiit, a 3aroJoBoK JUIMHOW 5 6alTOB comep KUT HH(pOpMa-
M0, HEOOXOAUMYIO IS TIepeiavd, MYJIbTHILIEKCHPOBAHUS H KOMMYTAIIUU SUYEHKH B YCTPOU-
ctBax ceth ATM — kommyrtaTopax. KopoTkue sueiiku, nepegaBaeMble ¢ OU4€Hb OOJBLIIMMHU
ckopoctsimu (mo 10...40 Téut/c), obecnieunBaroT ceTit GOBITYI0 THOKOCTD U 3P HEKTHBHOCTH
UCTIONTB30BAHUS.

®dopmat sueiiku 53 Oaiita (puc. 3.50) — kommnpomucchoe penienrne MCI-T mexay
NpeAIoKeHUsIMU eBporieiineB — 32 Gaiita U ceBepoaMepHKaHIIEB U SIMOHLEB — 64 Gaiira.

[Ipu dpopmupoanuu siueliku ATM uHOpMaIUs BpEMEHHO 3alKChIBaeTCs, 3aT€M BHO-
CHUTCS B siYElKy, M KOrJa siueiika HaroJHUTCS, OHa mepeaaeTcs B cetd. Ecnu HeT undopma-
UM Ui Tiepefiadd, TO MepefaeTcs MycTas sueiika, KoTopas MoajaepxuBaeT (U3nvecKue
TpaHCHOpPTHbIE PYHKUUK (CHHXPOHHU3ALMIO IPUEMHHKA, KOHTPOJIb KAYeCTBa 110 OLIHOKaM).

ATM — TexHOJOrusi KOMMYHUKALIMU C OpUEHTaLMEN Ha COeUHEHUE, T.€. A0 Nepeaadyu
JAaHHBIX MEXIy IBYMSI OKOHEUYHBIMU YCTPOUCTBAMHU JIOJIKHO OBITh YCTAHOBJIEHO COEAMHEHHE.
[To mapopManyy MOIB30BATENS CETh MPOKIAABIBACT MYTh NMEPEadn SUeeK C OIpeeNeHHOMI
CKOPOCTBIO, OTBEYaroIel KauecTBy yciyr. Kak mpaBuiio, KadecTBO yCTaHABIUBAETCS MO IH-
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KOBOI CKOpOCTH mepenaun siueek. OHa Takke MoJIepKUBaeT adirarpaMMHbie (6ecCBsI3HbIE)
YCIIYTH Tiepellad TaHHBIX 0e3 YCTaHOBJICHHUS COCTUHEHMS.

B7 654321 B
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Puc. 3.50. dopmaT A4elnku n eé 3aronoBkoB

[ocnenoBatenpHOCTs TpUHEMaeMbIX sideek ATM B TOuke Ha3HAYEHUS COOTBETCTBYET
MOCJICIOBATEIBHOCTH STYEEK MOChUTAEMbIX OT HCTOYHHUKA.

Texnonorust ATM obecnieunBaeT BO3MOXHOCTD aJlalITAllMd CKOPOCTH Tepeiaul K CKOpo-
CTH TeHepUpPOBaHUs HH()OPMALUOHHBIX JaHHBIX, T.€. PAIlHOHAIEHOE UCIIOIB30BaHUE EMKOCTH
CEeTH 3a CYET CTATUCTUYECKOTO MYJIbTHIUIEKCUPOBAHUS, KOTOPOE 00eCreunBaeT MpoCTyr HH-
TETPALUIO Pa3INIHON HCXOAHONW HH(OPMALIUH 10 OTHOMY (PH3HUECKOMY TPAKTY.

ATM He3aBUCHM OT CYIIECTBYIOIIEH CHCTEMBI Iepenadd, T.e. PU3MYECKUX TPAHCIOPT-
HBIX QYHKIUHA. Sluefiku MOTyT pa3Menarhes B TF00BIX (GU3NUECKUX cpelax.

Bo3moxxnoctu ATM-koMMyTaluu clieayIoLue:

— KOHTPOJIb COEANHEHHUS 1 cOPOC COSANHEHNS, €CIIH CETh HE pacIojaraeT JOCTaTOYHBIMU

pecypcamuy;

— KOHTPOJIb MIEPETPY3KU — OTPAHUUYEHUE HATPY3KU B IPUEMIIEMBIX IIPEEax;

— pacrpezieieHie pecypcoB CETH Ha OCHOBE JIOr0BOPA O BBIAEICHHUH MOJIOCHI 4acTOT (CKO-

poctH) u OydepHOU namsTH;
— KOHTPOJIb TapaMeTPOB Tpaduka, HAPUMEp MUKOBOW M CPEIHEH CKOPOCTH B COeIUHE-
HUH.

Kaxnerit 3nemenT 3arosioBka siaeiiku ATM umeeT omnpeneieHHOe Ha3HAYCHHE.

— GFC, Generic Flow Control — kouTpo:b 00111ero motoka (Ha ydacTke MOJiIb30BaTe b=
CeTh).

—VCI u VPl — unentudukatopbl BUPTYAIBHOTO ITyTH W KaHaJa.
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Kaxnas siuelika ATM comepKHUT B 3arooBKE apec, COCTOALIMN U3 ABYX YacTei: UieH-
tudukaTopa BupTyaipHoro nytd VPl u unentudukaropa BuptryansHoro kanana VCl. Dot
azipec JaeT yHUKAIbHYIO HACHTH(UKAIIO BUPTYyansHoro coennHennss ATM Ha gu3ndeckom
unrepgeiice. IIpn 53TOM NOHATHE «BUPTYaIbHOE COEIMHEHUE» MpenoiaraeT HaTu4ue Coeu-
HEHUS 110 3aIpocy MOJb30BaTeNsl, T.€. B MOMEHTH 0OMEHA NaHHBIMHU, U TPH 3TOM CO3aeTCsI
WILTIO3HS CYIIECTBOBAHMUS HETIPEPHIBHOTO KaHalla, HO HA CaMOM Jiene (pU3nIecKoro coenuHe-
HUS HET.

3aroJIoBKH siueek ObIBAtOT ABYX THIOB. [lepBblii TN 3aronoBka, Ha3BaHHbId UNI (User-to-
Network Interface, uarepdetic moap3oBarenb-ceth) (puc. 3.51), npeaHasHayeH Ajs1 ydacTKa ce-
TH «I0JIL30BaTEb-CeTh». BTopoii Tum 3aronoska, Ha3anHbii NNI (Network-to-Network |nter-
face, narepdeiic ceTb-ceTh), IpeaHA3HAYEH U1t OOMEHa MeX Ty y3aamu cetd ATM.

Momgens sarosoera UNI
LRI ATHM
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Puc. 3.51. MecTa ncnonb3oBaHus 3aronioBkoB siueek ATM

dusndeckuil MyTh Mepefavn CONSPKUT OIWH MIIM HECKONBKO BUPTYaIbHBIX MyTeH, Kax-
JBIA M3 KOTOPBIX COCTOWT M3 OJHOT'O WJIM HECKOJbKHUX BHUPTyalbHBIX kKaHanoB. VPl u VCI
CBSI3aHbI C KOHKPETHBIM COEMHEHUEM Ha 3aJJaHHOM IyTH Mepeaun U UMEIOT TONBKO JIOKab-
HOE 3HauYeHHe U KaXJoro koMmyrtatopa. KoMmmyTtatop mpeoOpa3yeT BXOJHbIE 3HAYCHHUS
VPl u VCI B Beixoansie (puc. 3.52). BupryanbHble KaHaibl, co3maBaembie B ceth ATM,
NPeJCTaBIEHbl TPEMS BUIAMHU:
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— PVC, Permanent Virtual Circuit — moctosiHHbIe BUPTYallbHbIE KaHAJIBI — 3TO MOCTOSIH-
HOE COCJMHEHHE MEXIY JBYyMsI OKOHCYHBIMU CTaHLHMSIMH, KOTOPOE YCTaHABINUBACTCS B
npoiecce KOHPUTYPHPOBAHHS CETH;

— SVC, Switched Virtual Circuit — koMMyTHpyeMble BUPTyaJbHbIe KaHalbl, YCTAaHABIIH-
BAETCsl COEJMHEHUE KaXIbI pa3, KOTja OJHA OKOHEYHasi CTAHIMS MBITAETCS ajpeco-
BATh JAHHBIC IPYroil OKOHEYHOW cTaHiuu. [Ipn 9TOM, KOr/a MoChlIaroIas CTaHIuUs 3a-
npaimBaer coenrHerne, cetb ATM pacnpocTpaHsieT aapecHbie TabIHIbl 1 COO0MAeT
atoii crannuu VCl u VPI, Bkimtouaemble B 3arosnoBok siueiiku. SV C ycraHaBiuBaeTcs
JAMHAMHYECKH.
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Puc. 3.52. O6was ctpyktypa kommytatopa ATM
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SPVC — ato rubpun PVC u SVC. SPVC obnagaer TydimiMu CBOMCTBAMH JBYX BHIOB
BUPTYaJIbHBIX KaHanoB. [lo3BouisieT 3apaHee 3a/laTh KOHEYHbIC CTAHIMU U HEKOTOPBIE CBS3H,
TaKUM 00pa30M 3KOHOMS BPeMsi Ha YCTAHOBJICHHE COCTMHEHHUSI.

PTI, Payload Type |dentificates — tpu 6uta naeHTUdHKaTOpa TUIIA MONE3HON HATPY3KH,
KOTOPBIE UCIIONIB3YIOTCSI /ISl OTIMCAHMS THIIA MOJIe3HOH Harpy3ku (Tabu. 3.9).

CLP, Céll Loss Priority — mpuopureT orOpachiBaHus sTYEHKH, OOWH OHMT 3arojoBKa, KO-
TOPBIN CONEPKUT COACPKUT HH(popManuio o mpuopurete nakera ATM. [Ipuoputer ycranas-
JUBaeTCsd B KOMMYTATOpe B 3aBUCUMOCTH OT cocTostHus ceth. CLP =1 — BbIcOkuii npuopu-
TET MOTEepH sSYekKH. Slueliku BbIOpACHIBAIOTCS B MEPBYIO Ouyepelb MPH Teperpy3Ke CeTH.
CLP = 0 — Hu3KHI IPHOPUTET TTOTEPb.

Jnsi CHHXPOHU3AIMU MEXIY MepeaTuuKkoM U npueMHHUKOM siueek ATM ucnonb3yercs
nporeaypa moss Kourposisi oummbok B 3aronoske HEC (Header Error Control). TTotox man-
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HBIX TEPBBIX YeTHIPEX GANT AENUTCS B MepeaTunKe Ha MHOrOWIeH x° + x° + x + 1. OctaTok
ot aenenust (8 6ut) nepenaercs B nosie HEC. TToe HEC nist sueex omHoro kanamna GUKCHPO-
BaHo. [IpuemHuK mocie kaxabix 53 Oaitr dukcupyer none HEC. Ecnu wects pa3 noapsi
¢bukcupyetcs onuHakoBoe moje HEC, To mpueMHUK MEepexoauT B pexXuM CHHXpOHU3MA. B
3TOM PEXHME MOTYT MOJJIEPKHUBATHCS JBa COCTOSHUS: OOHAPY)KEHHE W HCIPABICHUE OJH-
HOYHbBIX OIIMOOK U OOHApYXKEHHE W HeUCIPaBJIeHHE MHOTHX OUIMOOK B 3arojoBKax Ha orpe-
JIeJICHHOM BpeMEHHOM HHTepBase [12].

Ta6nuua 3.9. KoguposaHue ngeHtndukatopa PTI (PT)

KonoBas Tun norokxa HNuankaTop neperpysku Tun 6;10Ka TaHHBIX
KoMOuHauusi | Kox | Ipunagaexnocts | Kog Ileperpyska Kop Baox

000 0 [Monk3oBatenb 0 Her 0

001 0 [Monk3oBatenb 0 Her 1 Tomzosate:-
MOJIH30BATEIIO

010 0 [onp30BaTenn 1 Ectp 0

011 0 [Nonp30BaTenn 1 Ectp 1 Tomzosaten-
MOJIb30BATEIIO

Ha3nayenue

100 1 Cetun 0 OGcimysuBaH#e (CErMEHT 32 CErMEHTOM)

101 1 Certu 0 OO0cyXrBaHHE U3 KOHIIA B KOHEI]

110 1 Cetu 1 AJIMUHUCTPATHBHOE yIPaBJICHUE

CEeTeBBIMHU pecypcamu
111 1 Certu 1 Peseps

B texnonornu ATM NMpUHATO pasinyarh CIEIYIOIIHe BUIBI SUEeK: MyCcThie (CBOOOIHBIE);
UCTIPaBHBIC, HEUCIIPABHBIC; IPHCBOCHHBIE; 0€3 MPUCBOCHHHUS; STYCHKN CUTHATM3ANNH; SUYEHKH
yIpaBJIeHUs U 00CTYKUBaAHHUS.

Iycmuie (cBOGOmHBIC) suelixu — sueiku ¢usmdeckoro yposHs cetn ATM, KoTopbie
NpeAHa3HAYCHBl IS aJanTalldl CKOPOCTH TNepeaadr MH()OPMAMOHHBIX SUEeK Ha TPaHHMIlE
cpensl ATM 1 pu3udeckoli cpebl K eMKOCTH CHCTeMH Iiepenadn. C X moMomibio obecredn-
BAETCSl HEMPEPLIBHOCTh IOTOKA SUYEEK.

Hcnpasuvie auetikuy — SYEHKH, KOTOPbIE HMEIOT 3aroJIOBOK 0e3 ONIMOOK MM Ha KOTOPBIX
clienaHa KOppeKIus Ha (PU3UYecKOM YPOBHE.

Heucnpasnas siveiika — sueliku, 3aroJOBKU KOTOPBIX COAEpKAT OIIUOKU, HE UCIPaBH-
MbIe Ha (pu3ruecKkoM ypoBHe. Takue sUeiKu MmoasiexxaT OTOpachiBaHUIO Ha (PU3MUYECKOM ypOB-
He, T.€. HAa YPOBHE TPAHCIIOPTUPOBKH B (PU3UUECKON cpere.

Ilpuceoennvie suetiky — onpeneaeHsl AJ11 KOHKPETHBIX ycayr Ha ypoBHe ATM.

Aueiiku be3 npuceoenuss — He COAepKaT NMPUCBOCHUs yciayram ypoBHst ATM, Ho umerot
3navenust VPl u VCI.

AHueiiku cuenanuzayuu — TMEPEHOCAT CUTHAJIbHbIE COOOLICHHS MEXIY 3J€MEHTaMU CETH
JUISl YCTaHOBJICHUS, OJACPKKHU UM Pa3beIUHEHUs] COSIMHEHHS B CETH.

Aueiiku ynpaenenus u 00CITy>KUBaHUSI — SUYEHKH, KOTOPBIM OIPEIeNeHO MePeHOCUTh WH-
(bopMaruio aIMUHUCTPUPOBAHUsSI U 00CTyKHBaHUs (HApUMep, KOHTPOJIS U YIIPaBlICHHUS Tpa-
brkom).
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IMoToku siueek 0OECIICUMBAIOT PA3IMYHBIE [0 KAYECTBY YCIYTH TPAHCIIOPTUPOBKHU MOJIb-
30BaTeNbCKOro Tpaduka. PaccMOTpuM mapameTphl Ui ONpeAeieHHs KayecTBa 00CTyXKHUBa-
st Q0S — Quality of Service (cemanTryeckas ¥ BpeMeHHAs MPO3PAYHOCTD):

a) mapamMeTpbl BXOJHOTO KOHTPOJIS:

— 3a/iepXKKa COeIMHECHHS — BPEMEHHOI MHTEpBal MEX/y repeaadeii CooBIIeH s O BXO-
KICHUH B CETh U COOOIEHUEM-TIOTBEPKICHUEM COOBITHS BXOJa B CETh BHE BPEMEHH
OTBETA BHI3BIBAEMOTO TOJIL30BATENS;

— 3a/IepKKa OCBOOOXKIECHHUS COCIMHEHNSI — BPEMEHHON HHTEPBAI MEKIY COOBITHEM Ie-
penadyu cooOIIeHHUs 3aMpoca Ha 0CBOOOXKIEHUE M COOBITHEM Tiepeiaun COOOIEHHsI OT-
BeTa 00 OCBOOOXKIEHUH COEIUHEHHS,

— BEPOSATHOCTH COCTOSIBIIIETOCS COETUHEHHUS: COOTHOIIEHHE YCMEIIHBIX MOMBITOK COEIH-
HEHUsI K M3BECTHBIM MOMBITKAM 3allPOCOB Ha COEJAMHEHHS MOJIb30BaTeel B POIOIIKH-
TEbHOM BPEMEHHOM HHTEPBAJIE;

0) mapameTphl epeadt TUeeK:

— KO3 UIMEHT SYeeK ¢ OMMOKaMU: OTHOILIIEHHE 00IIero Yyuciia OMMUO0YHBIX SYeeK K yC-
HELIHO TePeAaHHbIM siYelKaM C y4eToM OIIMOOUHBIX siueek obuiero HazHaueHus CER
(Cell Error Ratio);

— koo durrent nmoteps stueek CLR (Cell Loss Ratio) — oTHolieHHe MOTepsIHHBIX siueek
K 00lIeMy YHCIy NepelaHHbIX SYeek; ITOT MapaMeTp MOXKET ObITh BhIPAXKEH Kak BEpo-
SITHOCTB [IOTEPH SYEEK JUIs BBIICICHHbBIX JTMHMIT paBHas 1077

— ko3 duuuent HenpaBuibHbix siueek CMR (Cell Misinsertion Rate) — oOuiee uucio
HeMpaBHIbHBIX sYEeK, HaOIloaeMoe B TeueHHE CIeln(pUIUPOBAHHOTO BPEMEHHOIO
UHTEpBaa, MOJEICHHOE Ha MPOJI0JIKUTEIBHOCTh BPEMEHHOTO MHTEPBAIA,;

— 3anepxka nepenaqn siaeek CTD (Cell Transfer Delay) — Bpemst Mexxy 0OHapyKeHHeM
JBYX COOBITHIA, COOTBETCTBYIOLIMX Mepenaye sdyeek (MOCBUIKOH Ha mepejade M mpue-
MOM Ha JIPYrOM KOHIIE);

— Bapuaiuu 3aaepxek siueek CDV (Cell Delay Variation) — TpaH3uTHBIE 3aJepKKU B
KOMMYTATOpax 3a ONpeAeIeHHbIN MepUo BpeMeHH ([DKUTTep 3a1epiKek);

— cTporoe oTHomeHne ommnbouHsix 010koB stueek SE CBR (Severely — Errored Cell
Block Ratio) — otHotieHre 061IMX CTPOro OMUOOYHBIX GJIOKOB siUeeK K 0OIIeMy YKC-
Ty OJIOKOB sSYEeK.

B) IapaMeTpbl 3BYKOBOTO CepBHCa BhIpaxaroTcs uepes 3anepxku nepepaud 20...30 Mc u
[P 3TOM Pa3roBOp 3aMeUISeTCsl OTpakeHusIMU. [Ipu cbopke cermenTa 48 GaiiT Ha CKOPOCTH
64 kOuT/c BpeMs 3aIepKKH COCTaBIsIeT 6 MC.

Crienyroliye napamMeTpbl KauecTBa TPAHCIOPTHOTO OOCIY)KHBAHUsI CITyKatr AJisl Ompese-
JIeHUs KaTeropui uim knacco yciyr cereid ATM:

— CBR, Constant Bit Rate — nocrosiHHast ckopocTs B 6utax. Kareropust cepsuca ATM,
UCIIOJIb3yeMast JIJ1sl BOCIIPUMUMYHBOrO K 3a7epiKKaM Tpaduka, TAKOro Kak ayuo- BUIEO0-
TpaHC/sKs. Pe3epBUpyeTCs YacTh MOJNOCHI POMYCKaHus. ['apaHTUPyeTCs MUHUMAITb-
Hasl 3aJiepKKa JOCTaBKH sTYEEK, COAEPXKAIINX ayuo- U BuaeouHpopmarmio. Tpaduk B
peanbHOE BpeMm4 It;

—VBR, Variable Bit Rate — nepemennast ckopocts B 0urax. Kateropus cepsuca ATM,
UCIIOJIb3yeMast ISl BOCIIPUMMYUBOrO K 3ajiepikKkaM Tpaduka (TpaHCISIUN KaJapoB Telie-
BUJICHHUS). Pe3epBUpYeT IS COEAMHEHHS YacTh MOJOCH MpomycKanus. Jlomyckaer 3a-
nepxkn. Tpaduk B peanbroe(rt) u HepeansHoe Bpems (Nrt);
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— ABR, Available Bit Rate — nocrtynHas ckopocth B 6utax. Kareropust cepsuca ATM,
ucnojip3dyemas s tpaduka naHHeix. Kareropus ABR ycranaBmuBaeT NOMyCTHMBIH
JMaIla30H TOJIOCH IPOITYCKAaHMUS M AOMYCTUMBIN KoadumumeHT noreps sueek. Tpaduk
HepeaJlbHOT0 BpeMeHH NIt;

— UBR, Unspecified Bit Rate — neonpenenennas ckopocts B Outax. Kareropust cepsuca
ATM, ucnons3yemas s Tpaduka manusix tama 1CP/IP, momyckaromero 3amepkK.
UBR He pesepBupyeT MOJIOCH TpoITycKaHus ais coeanHenuii. Tpaduk HepeatbHOTO
BpeMeHH Nit.

[MapameTpsl kadecTBa MOTYT CITYKHTh OCHOBOW JJIsl pa3pabOTKH COTNAIeHHUs 10 Tpaduky

MEXY TI0JIb30BATENIEM H CETHIO.

Jns kKoHTpons Tpaduka U 3alIUTHI OT Heperpy3ok B ceTh ATM 10mKHO MIaHUPOBATHCS
corJlallieHne 1Mo TpaduKy MEXAY MOJIB30BATENIEM U CEThI0. DTO COTJIAIlIEHHEe PacrpoCTpaHs-
eTCsl Ha BCe BUPTYyalbHbIC YT M KaHallbl, opranusyembie B Hux (1.e. VP u VC). Cornaure-
HUE 3aKJTF0YAETCs MO CIICAYIOIUM MTyHKTaM:

— KauecTBO o0ciyxuBaHus cetd QOS;

— napameTpsbl Tpaduka nonb3opatess (IOTOK sUeeK);

— mpaBWia KOHTPOJIs Tpaduka,;

— OMpe/e/ieHHE CEThI0 KATErOPHUH COCAMHEHUS, MPEJOCTABISIEMOro A/l TPAHCIIOPTHPOB-

KM Tpauka.

Crenyromue nmapameTpsl Tpaduka IMEIOT (PU3NIECKYIO CYIIHOCTh H U3MEPSICMBI:

— muKoBas ckopocth stueek PCR (Peak Cell Rate);

— KOJIMYECTBO sTYeeK, TeHEPUPYEMBIX NCTOUHHKOM, 33 €IUHHILy BPEMEHH,

— nojepxkuBaeMas ckopocts stueek SCR (Sustainale Cell Rate), menbiie ninu paBHast mu-
KOBOH,

— JOnyCTHMBIN pa3dpoc Bpemenu 3anepkku CDV (Cell Delay Variation);

— MakcuManbHast JuinHa nauku MBS (Maximum Burst Size) usmepsiercs B siueiikax.

KauecTBo 06Cmy)XuUBaHUsS ONPEEISeT U TUI aanTalioHHoro ypous AAL (ta6u. 3.10),
B KOTOPOH MCHOJIB30BaHbI 0003HAYECHUS:

— GFR, Guaranteed Frame Rate — rapantiupoBaHHasi CKOPOCTh OJI0Ka JaHHBIX;

— TCP/IP, Transmission Control Protocol/Internet Protocol — npotoko ynpaBnenus me-

penaueii/ MexceTeBOi MPOTOKOJI, IPOTOKOIBHBIA HAOOP I KOMIIBIOTEPHBIX CETEH SIB-
TISTFOTIUIACS 9aCThIO MX OTEPAIMOHHBIX cucTeM, Harpumep, cuctembl UNIX.

Ta6nuua 3.10. Tunbl ypoBHen AAL

Tunst AAL AAL-1 AAL-2 AAL-3/4 AAL-5
CUHXpOHU3AIHS
MEX]Ly UCTOUHHUKOM Tpebyertcs Tpebyercst He tpebyercs He tpebyetcs
1 TOJTyJaTeneM
CkopocTh nepegauu [TocrosiHHas IlepemenHas [lepemenHas [lepemenHast
Kareropus yeyr CBR VBR (rt,nrt) ABR UBR(GFR)
(cepBuca)
P Ha ocHoe BupTy- | Ha ocHOBe BupTyansHbix | Ha ocHOBe BHpTY- | Bes ycraHoBIe-
€KUM COeTMHEHUS
IBHBIX KaHAJOB | KaHAJOB QIBHBIX KAaHATOB | HHSl COEAUHEHHS

IIpumepsr

Aynauo- v Buzeo-
cucreMsl E1,
nNx64x6ut/c

Cxatele ayino- ¥ BU/IEO-
CHTHAJIbl B peajlbHOM
BpEMEHH; ITaKeTHas repe-
Jla4a 3ByKa, BUJEO B He-
peasbHOM BpeMEeHN

Tpaduk JOKaIBHBIX KOMIBIOTEPHBIX
ceTeil Ha OCHOBE TIPOTOKOJIOB
TCP/IP, mpitrarpaMMHbIi METO Tie-

penauu
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3.2.2. YpoBHu apgantauum ATM

CTpyKTypa YpOBHsI aJanTally BKIIOYAET 1Ba TOAYPOBHS: IOAYPOBEHb CIVSHUS MU KOHBEP-
rennmu CS (Convergence Sublayer) u moaypoBeHb CerMEHTALMKM W pearperupoBanus (Boc-
cranosienus) SAR (Segmentation and Reassambly Sublayer).

Honyposers CS cormacyer TpaHCIIOPTUPYEMBIE JaHHBIE CO CPEHOi pa3OHMeHHs TaHHBIX
Ha CETMEHTHI U BOCCTAHABIIMBACT JJAHHBIC MTOCIIE BBHITPY3KU U3 CETMEHTOB B CTOPOHY MOTPEOH-
teinst. [Ipu 3TOM BOCCTaHABIMBAETCS CHHXpOHM3aIus. [lo1ypoBeHb cerMeHTalul POPMUpPYET
CerMEHTHI onpeaeNéHHOro kiacca ycayr U tuna AAL. OH oOecrieunBaeT (opMHpOBaHHE
CITy’)KeOHBIX COOOIIEHNH CETMEHTOB M WX HCIIOJIb30BAaHUE MPH BOCCTAHOBICHUU JAHHBIX B
CTOPOHY MOTPeOUTENS.

Cepesuc ypoena AAL-1 naspiBaroT yciyramu 1-ro kiaacca (mim kateropun A) v Ipenoc-
TaBJSIFOT MOJIb30BATENI0 CETH ¢ MOCTOsIHHOM ckopocThio (CBR). TTo Bcelt nunuu nepemaun
XapaKTePUCTHKH Mepeadn JaHHBIX OTPEIesICHbI, U BPeMs JOCTABKU JaHHBIX CTPOTO OTpaHH-
YEeHO. DTOT KIIaCcC YCIIYT UMEET CIEAYIOIINE XapaKTePUCTHKH:

— Tpad¥K MpeacTaBiseT co0oi MOTOK AaHHBIX B BUIe OiokoB mo 193 Outa, nmepenasae-

MBIX Kaxaele 125 Mkc;

— TpaUK YyBCTBUTENEH K N3MEHEHUSM 3aJCPIKKH,

— TpadHK He IOIMyCKaeT MoTepu HH(HOPMALIUH;

— TpaMK YyBCTBUTENICH K CXKATHIO.

OyHkuuy, peanuszyemble B AAL-1, cOCTOST B cleqyOIIeM:

— CerMEHTAIMs M BOCCTAHOBJICHHE HH(OPMAILIUH MTOJIH30BATENS;

— yNpaBleHUE OTKIIOHEHHEM BPEMEHU 3aJIePKKH STUCHKY;

— yMpaBicHNE UCKAKEHUSIMU M HEBEPHO BBEICHHBIMH STYCHKaAMH;

— BOCCTaHOBJICHHE HCTOYHUKA CHHXPOHHU3AIINH;

— HabmoeHue 3a olMOKkaMu 6alTOB U yIpaBlieHUEe STUMH OLIMOKaMH;

— re”epanus 1 oOHapy>KeHHe CTPYKTYPHOTO yKa3aTersl.

Bo3moxHOCTH cepBrca Kilacca A ONpenersioT BO3MOXKHOCTH Tepeiadyn 3ByKa, H300paxe-
HUS ¥ TaHHBIX B pealbHOM BPEMEHH C IOCTOSIHHON CKOpPOCTHIO. [IpH 3TOM HH(pOpMAIHs MO-
KeT ObITh CTPYKTYPUPOBaHa, T.€. MPEACTaBICHA MO OalTaM, WM HE CTPYKTYPHPOBaHa, T.C.
nepefaBatbcss MO OWTam, W pa3Mmemiatbcsi B 48-0alTOBBIX TOJNSAX TOJE3HOW HArpy3Kd
(puc. 3.53).

3anonHeHnue 48-0aifiToBoro mossi 00ycIOBIEHO MPOTOKOIOM CTPYKTYPUPOBAHUSI JaHHBIX
st cermenTarmu U coopkun SAR-PDU (Segmentation and Reassambly Sublayer — Protocol
Data Unit).

[MopsinkoBbIit HOMEp OIS TIO3BOIISAET OTJACIUTD MYCTHIC M HEHCIIPABHBIE STYCHKH OT siueeK
¢ uHdopmarmei. 3amura HoMepa MoJis IpeAHa3HaYeHa Al OOHApYKEHUsI OIHUOOK ¢ TIOMO-
nipto niporienypsl CRC 1 ncnpaBieHus OJUMHOYHOM OMHMOKH. Y4acTok, 0003HaueHHbIH SAR-
PDU, HeceT HeoOX0MUMYIO TIOJIE3HYIO0 HArpy3Ky. [Ipu aTom B nepBom Gaiite SAR-PDU ¢uk-
CHpYETCs yKa3aTeslb CTPYKTYPHPOBAHHS.

Ha yposHe AAL-1 o6pabaTbIBatoTCsl CUTHAJIBI PeajbHOTO BPEMEHH, YyBCTBUTEIbHBIC K
3aj7iepxKKaM nepegaun (HarmpuMmep, peuesbie coobuieHus). s MOAAEepKKHU YCIyTr CAMOTO BbI-
cokoro knacca (Kkateropuu A) HEOOXOAUMO BBITIOJHEHHE YCIOBHI CHHXPOHH3AIUH HCTOYHHU-
ka u npuémuuka curHana. Cetp ATM, aBisisich TPAaHCTIOPTHOW CPENIOi, KaK MpPaBHUIO, UMEET
COOCTBEHHBIH BBICOKOCTAOMIBHBIN CHHXpOHM3M. OIHAKO MCTOYHUK U MPUEMHUK WH(pOpMa-
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UOHHBIX CUTHAJOB HE Bcerja uMeroT oouuii cuuxponusm ¢ ATM. Tlo sToil nmpuinHe MOXeT
BO3HHUKATH OOJIBIIIOE PACXOKAEHHE TAKTOBBIX MEXaHW3MOB UCTOYHHUKA U IPHEMHHKA CHT'HAJIOB.
Takum 00pazom, ceTb ATM He OyAeT MOJHOCTBIO «IPO3PAYHON» TPAHCIIOPTHOW Cpeloi s
curnanos. ITockonbky cetb ATM ocHOBaHa Ha mepefaye siueek, TO XapaKTePUCTHKA YaCTOThI
MCTOYHMKA CUHXPOHM3Ma Ha MPUEMHOM CTOPOHE MOXKET 3aBUCETh OT CErMEHTAIUH sIUSeK U 3a-
JEP’KKH BOBMOXKHBIX CITyYalHBIX CMEIINBaHW. MapipyT U3BJICUSHUS] HCTOYHNKA CHHXPOHH3-
Ma MPUHAAJIEKUT TOJb30BATENbCKOMY COCIUHEHHIO THIA «TOYKA-TOYKa», TOCTPOEHHOMY IO
npuHuMy Oydepuszanuu «reppbiid npuiesn nepseiid Boien» (FIFO, First In First Out) B BbI-
xonaHoM Oydepe, Hanpumep, s EL ¢ peryimpoBKol 4acTOThI 3alMCH-CUMTHIBaHUS. YacToTa
CUMTBIBAHUS HE MOXKET ObICTPO MEHSTHCS U TIOACTPAUBATHCS MO/ AporkaHUe (ha3bl MPUXOIAIINX
uMITyJbcoB. IIpu 3TOM MOXXeT ObITH HapylIeHO TpeOOBaHHE MO CTAOMIBHOCTH CHHXPOHHM3MA,
Hanpumep, st E1, cornacHo pexomenganun MCO-T G.703, TpeboBaHne cTaOUIBLHOCTH CO-
craBisier 50x10°°, [MosTomy BakHeliel gpynkmueit AAL-1 MoxkeT OBITH BOCCTAaHOBIICHHE C
TpeOyeMoil TOUHOCTBIO TakTOBOI uacToThl. Pexomengauueit MCO-T 1.363.1 onpeneneH me-
TOI BBEJCHHWS CHHXPOHHOW octarouHoW BpemeHHOW Metkn SRTS (Synchronous Residual
Time Stamps). Ota meTka BBogutcs B cermenT AAL-1 (puc. 3.54) B Buzne p-oura CSl.

1 Gy 4T ke
Nopagronsd Jawmra A R.EhL
HOHEE ADAR | HOMERD NCAA NikNeEHEN HAT g | e HOCHWRA TRadEN
“ GuTa i BuTa pyssa (nepe thean)
1fafafs 1jef3]4 [1 Gadn | [e7 anrod
I ST e i
Nopajrcaef Ko Tpenn e b CTppenypEed

HOWR RaAA Gt pas CRC FRALATE s M0-
[ ECR T 1o TN TE Y g T 1T

Fai j iasare Ei1
NOAYponsm 1 QT T B
EDHEEDrediHe

Puc. 3.53. ®opmaT CTpyKTYpUpOBaHHbIX AaHHbIX B AAL-1

H:?:.lmt larggi?:nnam Cermsat AA8L-1 48 bapToe

1 Gafir 47 GalTom

Idranoeo e T~ T ——*=
CETMEETa r:':'_:m' SAR-POU marpyaxa

AALY @ e e

- ~
- LY
o LS

. el A 8

Pt — " — fnt nepenoasenen

CET-mumEmagmn e MNoae kourpoan cuwwbor
10 Y PO HA ¥hax el
S B e Mone NOPRAHDEGID HOMEPE COTMENTS

Puc. 3.54. CtpykTtypa avyenkm ATM c cermeHTom AAL-1
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Mertka mpeacraBiseT co0oi 4eThIpeXxOUTOBOE CIIOBO, MEPEHOCUMOE B BOCBMH TOJPST
CIIeIYIOIIMX cerMeHTax. MeTKa BBIYMCIISIeTCs Ha nepe/iade Kak pa3HOCTh YacToOT curHaia (Ha-
npumep, E1) u takToBoit yactorel ATM-ceTH, KOTOpasi IPOCTO BBIYHUCIISETCSI:

155,52
farm 22—; MI'y,
rlie X BBIOUpaeTcs TaKuM 00pa3oM, YTOOBI MEPEHOCHMAast YacTOTa ObLIa BBIIIE YACTOTHI TAKTOB
KoMmroHeHTHOTo curHana. /s E1 3Hagenne x = 6 u gacToTa TakTHpoBaHus paBHa 2,43 MI'm.
Ons E3 3Hauenune x = 4, yactoTa TakTupoBaHus paBHa 38,88 MI'w. I1pu 3tom wactota E1 ne-
autcs Ha yucino N = 3008 (o6riee yucio OUTOB TaHHBIX B BOCBMH CETMEHTAX) M MCIOIb3YeT-
sl KaK 3aTBOp 4YeThIpex OUTOB (P-OMT) cueTunka mist 9actoTel 2,43 MI'n (puc. 3.55).

fs Cuet neprona (N/f)
@I'UIFWLRIL_H | R
L* !

HoR SRTS K npwemsicit cropose
Hmeap EcermenTa AL L-T
Fr L357TmE f
CupTuien mmmvmmm}mg
p-Lrm ” 0
At
JATW= o

Puc. 3.55. dopmupoBaHne SRTS

Ha npuemHo#i ctopoHe yacToTa MeCTHOTO TeHepaTopa koja SRTS cpaBHuBaeTcs ¢ yacto-
To# ncrounnka SRTS nepenaromeit croponsl. PazHocTs 1BYX kKogoB SRTS ncnons3yercs s
BBIPaBHUBaHMS JIOKAIBEHOIM 9acTOThl CHHXPOHW3alWH, C KOTOPOH MH(OPMaIMOHHbIE JaHHBIE
u3 cetu ATM mnocrasisitorest B ceTh norpeburens. [lpumep ycayr AAL-1 npuBeneH Ha
puc. 3.56.

Liawn E1
[3% Basral | 1 “Z_:J-._I__‘_‘___ | [
| 1/>| nE= |
e -
Cermesr AAL-1
4l hakran
| |
Fundisam ATH
53 Saara ETM-]
RS0H " y
MuanaTens| g ﬁ E
ME0H Mone roneasoi warpyaee
nAW passBuEHuE fusel AT

 CLE—T—
SO aproaoissr STM-1

Puc. 3.56. MNpumep oTtobpaxeHune uuknos E1 B auerikax ATM
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Cepeuc yposns AAL-2 HasbiBaeTcs yenyramu 2-ro kinacca (nim kareropud B) u npenoc-
TaBJISIETCS TIOJIB30BATENIO CETH C TepeMeHoi ckopocThio VBR mist makeTHpoBaHHBIX, CKATHIX
JaHHBIX.

Cxarue JaHHBIX JUIs Nepe/lauu 3ByKa U BUJIEO MPUBOIUT K MYJIbCUPYIOILEMY BO BPEMEHU
TpaduKy, O3TOMY €ro XapakTepU3yIT Kak «B3pbIBHOI» (nukoBbiid). Kaxnas syelika, ¢pop-
mupyemas AAL-2, momkHa OBITH CHaOXXEHA BPEMEHHOM METKOW [UIsI pearperupoBaHUs] U
(hopMHpPOBaHUSl HEMPEPHIBHOIO MOTOKA JAaHHBIX Ha npueme. OcoOeHHOH XapaKTepuCTHKON
Tpaduka, popmupyemoro AAL-2, sBnsieTcs OYeHb CHIIbHAS YyBCTBUTEIBHOCTh K MCKAKEHH-
sIM MH(OpMAaLINH TIpH Tiepenaye.

®ynkun, peanusyemsle B AAL-2, 3akimodarorces B ClieIyoIeM:

— CerMeHTallMs ¥ pearperupoBaHue Moab30BaTeIbCKOI HHpOpMAIHH,;

— yIIpaBJICHHE MTEPEMEHHOMN 3aJIEPIKKON STUEHKH,;

— yIpaBJeHHe UCKa)KEHHBIMU siUeiKaMHu;,

— BOCCTaHOBJICHHE CUHXPOHU3Ma UCTOYHMKA U TPUEMHHUKA,;

— KOHTPOJIb 332 OUTaMH OIIMOOK W YIIPaBlIeHHE dSTUMHU OTHOKaMU,

— IIPOCMOTp TIOJST TONB30BATENbCKOM WH(pOPMAIMK IJIs1 OOHAPY)KEHHUS U UCIIPABICHUS

OLIHOOK.

Hdns AAL-2 ¢opmaT CTpyKTYpHpPOBAaHHBIX AaHHBIX COCTOMT M3 TPeX MONEH. MoJs 3aro-
JIOBKA, MOJISI MOJIE3HOH Harpy3ku (TO eCTh MepeHOCHMOro Tpaduka) M XBOCTOBOM YacTu
(puc. 3.57).

[onomisan 4acrs - EaocTosmn sacTh
SAR-POU 45 Gaimee SAR-POU
o SAR-FOU X
4 Gura| & Sura AAAGFHRE HRTEIHE {Iapasos ik TRaEEu) 6 Guron| 10 fweron
g —— [—— - .
N o i il Trn sneprals [ Hasanag, s gusarop CIRC
HOME NPpoOEoENCHIAC, 300 paEctiiHe AAHER NONE T lll g aly B8
CEIHEHTA e (L LR =T TR mipifian

Puc. 3.57. dopmat gaHHbIX AAL-2

INopsaxoBBIil HOMEp cerMeHTa CIY)KUT AJIsl OTAENEHHs ITyCThIX M OLIMOOYHBIX SYEEK OT
uH(opmanroHHblx. MHAMKaTOp THNA MH(OpMALUY, CIEAYIOMHUI 32 NOPSAKOBEIM HOMEPOM,
yKa3bIBaeT Ha TUI IepeJaBaeMoi yacTd MH(POpMAIMH, T.€. HAa HaYalo Mepeaayd, MpomoKe-
HUE TIepeIaul U 3aBepllieHue Tiepeau JaHHbIX. XBocToBas yacth SAR-PDU conepkut uH-
JUKATOp AJIMHBI MOJIS MOJIE3HON HArpy3KH U OJIOK KOHTPOJIS OMIMOOK MO MOJIEe3HOM Harpys-
ku npoueaypoir CRC. XBocroast yacts (opmara SAR-PDU nnst AAL-2 nosBossier 3amu-
THTB OT OMINOOK MoJie MH(OPMALMOHHONW HAarpy3KH U TOJIOBHYIO YacTh.

Pasmemenne SAR-PDU B sueiike ATM u mocneayiomee pa3Menienne Ha (pU3HIECKOM
ypoBre ananornuHo AAL-1 (puc. 3.57), ogHako, npu myJbcupyolieM Tpaduke siueek mpo-
MEXYTKH MOTYT OBbITh 3aIlOJIHEHBI IyCTBIMU STMeHKaMU Ul BEIPABHUBAHHSA CKOPOCTHOTO MO-
TOKa Ha (pU3NUECKOM ypOBHE.

Aoanmayuonnsie yposnu AAL-3 u AAL-4, o6beANHEHBl OHUM KJIACCOM CEpBHUCA JUIs
nepenayn JaHHBIX, TOMYCKAIOIIMX 3aJAEPKKH, HO pasindaioTcs TeM, uto AAL-3 opuenTtupo-
BaH Ha COEAMHEHHE MOJIb30BaTeliel yepe3 BUPTYaIbHBIN KaHaN ¢ JOCTYITHONH CKOPOCTBIO Te-
penauu, a AAL-4 He opueHTHPOBAH Ha COE/IMHEHUE.
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K ocobenHocTsM xapakTeprcThK kinacca cepsrca AAL-3/4 oTHocAT cnenyoliee:
— nepeaaBaeMas HHPOPMALIUSA MOKET HMETh «B3PBIBHOM» XapakTep W NEPEMEHHYIO JIH-
Hy OJIOKOB;

— OTCYTCTBYIOT JKECTKHE TpeOOBaHHMs K 3aJepKKaM Mepeiadd, YTo HEAOIyCTHMO B KJac-

cax yciyr A u B, T.e. 17151 nepenauu 3ByKa v BUIIEO;

— BO3MOXKHA Oydepr3anns HHGOpMALUH 1 e CIIeIOBAaHNE K MECTY Ha3HAYCHUS Pa3HBIMU

MY TSMH.

OcoGennoctu xapakrepuctuk AAL-3/4 oTpaxkeHbl Ha CTPYKTYpax CETMEHTOB MOJIE3HOM
narpysku SAR-PDU (puc. 3.58, 3.59). IlepBriii puCyHOK OTpakaeT CTPYKTYPHPOBAHHYIO TIe-
penady maHHbIX B Buje equnbix 6iaokoB |IDU (Interface Data Unit), T.e. TouHo oxHOro 6oka.
Bropoii pucyHOK oTpaxkaeT BO3MOXKHOCTB Iepeadu OJHOTro M Heckonbkux |DU, xoTopsie
MOTYT OBITH pa3HECEHBI BO BPEMEHH.
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Puc. 3.58. CtpykTypa npoTokonbHoro 6noka gaHHbix AAL-3/4 ons nepegaymn coobLieHuni
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Puc. 3.59. CtpykTypa npoTokoneHoro 6mnoka gaHHbix AAL-3/4 (nepegada noToka)
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lonoBHAsT YacTh CErMEHTa CONEPXKMT. yKa3aTellb THUIA CErMEHTa, MOPSAKOBBIA HOMEp,
UICHTH(UKATOP MYJIBTUILIEKCUPOBaHMSA. THI CerMeHTa MpeICTaBlIeH AByMsI OMTaMH U yKa-
3bIBa€T Ha HAYaJ0 MaKeTUPOBAHUS, HENPEPHIBHOCTE MU MPOIOIDKEHNE HHOOPMALIUH B TIaKe-
TE U COOOIIEHHE O 3aBepllieHUH MH(popMaLHMOHHOro Onoka. Cnenyromue yeTelpe 6uta 3aro-
JIOBKa MpeIHa3HaueHbl JIJIsl TOPSIAKOBOro HoMepa cerMenTa. Kax bl mociaeayomuil CerMeHT
COIEPKUT HOMEp Ha eOWHUIY OONbIINiA mpembimymiero. Jecats OWTOB HIeHTH(HKATOpa
MYJbTUIUIEKCHpOBaHus TonoBHOW 4YacTH SAR-PDU ucmonb3yroTcs Kak BCIIOMOTATENbHBIE
JUISL OTAEJICHUS] CEPBUCHBIX JAHHBIX, PeAHAa3HAUCHHBIX U1 00cyskuBaHus yposHs ATM, ot
NOTOKa JaHHBIX, HAIIPABISIEMBIX Ha MMOLYPOBSHb KOHBepreHunu ypoBus AAL, a Taxke pasge-
JICHUS Ha MOy POBHE KOHBEPI€HIIMY JTaHHBIX, IEPEIaBaeMbIX IPYTUMH CETMEHTaMH.

Bropoe 6osbinoe none SAR-PDU — 570 mosie mosne3Hoi Harpy3ku (Wi MepeHOCHMOTO
Tpadmuka), cocrosiuee u3 44 Gaiitos. Eciin 3T0 1osie He MOJTHOCTBIO 3aMOJHEHO TaHHBIMH, TO
CBOOOIHBIN OCTATOK 3aITOIHSIETCS HYIISIMU.

Ha puc. 3.58, 3.59 ucnonbzosansl cokpamenus: CPl, Common Part Indicator — uuguka-
Top ocHoBHoro nosist; BT, Begin Tag — mone Hayana; BAS, Buffer Allocation Size — pas-
Mmep Oydepa; P — none BoipaBHuBanus Harpy3ku; AL, Alignment — mose BeipaBHHBaHUS,
ET, End Tag — none xonua; LI, Length Indicator — unaukarop mmunsr; ST, Segment Type —
tun cermeHta (2 6uta); SN, Segment Number — nopsinkossiii Homep; MID, Multiplexing
Identifier — umentndukarop mynsrumiekcuposanusi; CRC, Cyclic Redundancy Check —
LUKJINYECKUI U30BITOUYHBIN KO,

XBOCTOBasi 4YaCTh CETMEHTA COCTOUT M3 JABYX HEOOJBIIMX TOJICH: MHIUKATOPA JIMHBI T10-
JIe3HOW Harpy3ku U OMUTOB KOHTpOJIs omubok nporuenypsl CRC.

WunnkaTop JUTUHBI COCTOUT U3 6 OMTOB M COIECPIKUT YUCIIO, YKa3hIBAIOIIEe YHCIIO OATOB
UH(OPMALMOHHBIX JaHHBIX, BKIIOUEHHBIX B noje noje3Hoit Harpysku SAR-PDU. Ero mak-
cUMalibHOE 3HaueHue paBHO 44 Gaiitam. [lone koHTpos omubok npoueaypoit CRC cocrout
u3 10 6utoB U GpopMUpyeTCst TOTUIECKH Ha TIepeJarolell CTOpOHE 13 OMTOB CETMEHTA.

Yposenv AAL-5, obecrieunBaeT npegocrarieHue ceppuca kinacca 5 (wnu kareropuii C u
D). Drotr kiacc yciayr NpeajokeHo HCMOJb30BaTh ISl KOMIBIOTEPHBIX ceTeil U mepeayu
JAaHHBIX B clieaAyromux BapranTax (puc. 3.60):

— B kauectBe AAL-5 moxket BoicTynath AAL-3/4, HO ¢ yNpoOLIEHHBIM 3ar0I0BKOM;

— 1715 3arpy3KH nakeTtoB 1o nporokoay TCP/IP.

Knacc yemyr AAL-5 nipeamnosaraercst HCOJIBb30BaTh B JOKaIbHBIX MaciiTadax. [Ipu atom
U3 MOJIsl CETMEHTA YaaeHbl cirykeGHbie OuThl. Tun coobieHust (Havano, MPOa0KEHUE U KO-
Hew) otmeuaercs B PT moss 3aronoBka siueiiku ATM. O1o MoryT ObiTh MeTkH: OX1 — KoHel|
naHubIX; 0X0 — Havano uu npomomkenne qanueix (X = 1w x = 0).

Ha yposne xonuBeprenuuu AAL-5 npoucxoaut hopmupoBanue 0j10ka TaHHBIX C PUCOeE-
JIMHEHHEM K JIaHHBIM T0JIb30BaTells XBOCTOBOW yacT U3 8 6aiT, 00pa3yronuM YeThipe MoJst
ciry>xe0HoH nH(pOpMany.

IMepBoe mone cocrout u3z oanoro Oaiita UU (User-to-User, monb3oBarens Mosib30Bate-
JI10), MPEAHA3HAYEHHOTO ISl MHANKAIMK YYacTKa IEMH OT MOJIb30BATENS K MOJIB30BATENIO.
Bropoe nmoie CPl (Common Part Indicator, naankatop o0iiei yacTH) TakkKe COCTOUT U3 OJI-
Horo OaiiTa W mpegHa3HAYEHO AN HMICHTH(HKAaTOpa Tpakra nepemadyn. Tperbe mose LI
(Length Indicator, unaukaTop miuHBI), cocTOsIEe MX ABYX OalTOB, CIYXUT ISl pasiena
0JIOKOB aHHBIX. UeTBepToe MoJie, COCTOsNIee U3 YeThIpeX 0aiTOB, MOXKET OBbITh UCIIOIH30BA-
HO 711 KOHTPOJIISl OIIHOOK B OJIOKe TaHHEIX Ha ocHOBe mponenypsl CRC. Heobxoaumo oTme-
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TUTb, YTO PYKOBOAALINE JOKYMEHTHI 10 ypoBHI0O AAL-5 He npeaycMaTpuBaroT 00s3aTesIbHOe
HCIIOIb30BAaHHE ABYX MOCIEIHHUX MOJeH.

INomne BeIpaBHUBAHUS UCIIONB3YETCS B CIydae, KOraa 00bEM MOJIb30BaTeNbCKON HH(pOpMa-
M He KpateH 48 Oaitram. [lone3nas Harpys3ka MOXeT UMETh BeIMUUHY 10 65535 6aiiToB.

%ocT B BaliToe

| MNoagauas warpyiua o 65535 besma  [PAD| UU [CPT] LT [CRC
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Puc. 3.60. MpoTokonbHbIA 610k 1 npeobpasoBaHne AaHHbIX B AAL-5
UU (User-to-User) — none nHamkatopa «nosnb3oBaTerb-nonb3oBaTenb»

3.2.3. ®yHKuumn yposHa ATM

XapakTepHass 0COOEHHOCTb (PYHKLHUII 3TOr0 ypOBHSI — HE3aBUCUMOCTb OT (pyHKLMH (huzmue-
cko# cpenpl. YpoBeHb ATM B oTjiiMdne OT APYTUX ypOBHEH MMeeT mpocThie (IMpo3pavHbie) co-
CTOSHMS (DYHKIMI: KOMMYTaIMs SUeeK; TeHepalys U W3BJIeYeHNE 3ar0J0BKOB; KOHTPOJb CKO-
pocTH mepegaud MHGOPMALUU MO KaHallaM; MYJbTHUIIEKCUPOBaHUE U JIEMYJIbTUILIIEKCHPOBA-
HHE sTYeeK; KOHTPOJIb IPAaBUIBHOCTH 3aMI0JHEHHS 3ar0I0BKOB; YIIPABICHHUE TOTOKOM sTYEEK.

VYrpaBieHue MOTOKOM S49eeK HeoOXOIMMO I YCTpaHEeHHs Teperpy30K KOMMYTaTOpOB
cetu. I'eHepanusi, U3BJIE€UEHHE U KOHTPOJb 3ar0JOBKOB HEOOXOAMMBI MPU U3MEHEHUU Map-
mpytu3anuu sueek B kommyraropax (VP u VCI), a taioke amis npuema sigeek 0T GU3HUECcKo-
IO YPOBHsI U MI€peJjaul UX Ha yPOBEHb aJanTalllu.

MynbTUIIIEKCUPOBAHUE U JIEMYJbTUIIEKCUPOBAHUE A4eeK HEOOXOAUMO Ul OpraHu3a-
IIUM HEMPEePBIBHOTO MOTOKA sueeK B puzndeckoil cpeae. CocTaBHON MOTOK SUEEK Pa3lIUYHBIX
MOJIb30BaTENEN U yCIyT — 3TO HOPMaJIbHBIM HEMPEPHIBHBIN MOTOK siueek. Ha mpuemHoii cto-
pOHE HempepbIBHBI MOTOK AeMyJbTHIUIEKCUpyeTcs (pa3zensercs) Ha WHAWBHAYyalbHbIC
siueiiku o HazHayeHHbIM aapecam (VP u VC).
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Kommyranust B ATM — 3T0 ocHOBa J1t000# CETH C aCHHXPOHHBIM PEKUMOM Iepenauu. B
HpoLIeCCce YCTAHOBJIEHUS COEIWHEHHs, KOMMYTATOp CTPOHT CNENHaIbHYI0 TabluIly accounua-
it (B3auMOCBsi3eil), KOTOPYIO HA3BIBAIOT TaONULEH KOMMYTAaLlMK MM MapLIpyTH3aLud. JTa
Ta0JuIa yKa3bIBaeT, Kak KOMMYTATOp JOJKEH MepeiaBaTh TPa(UK C ONpeaeIeHHbIMU UICHTH-
¢dukaropamu VPI/VCI. [Ipu nosnydyeHny s4eiiky 5TH naeHTH(HUKATOPBI TPOBEPSIOTCS KOMMYTa-
TOPOM ¥ CPaBHUBAIOTCS C COAECPKUMBIM TaOMHIBl. [1o pesynbTaTtam cpaBHEHHs OIpeNemsioTcs
BBIXO/IHbIC 3HAYEHUS UAECHTU(PHUKATOPOB, KOTOPbIE JOMXKHBI OBITh 3aHECEHBI B 3ar0JI0BOK sueii-
ku. Taxoke onpenessieTcss BRIXOAHOHM MOPT, Yepe3 KOTOPbI OHA I0JbKHA OBITh oTnpasieHa. [1o-
clle onpeJeaeH!ss KOMMYTaTOPOM HAlpaBJIE€HHs NEPECBUIKU SUEHKH, OH U3MEHSET COAEPKUMOE
nosneii VPI/VCI B ee 3arosioBke u nepeaet siueiiky yepes BbixoHoi mopt (puc. 3.61).
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Puc. 3.61. MpuHumnn kommyTtauum 8 ATM

KomMyTaTOpbl UMEIOT ONpeNeNIeHHOE YMCI0 BXOJHBIX U BBIXOJHBIX MOPTOB. Ha ocHOBe
npumepa (puc. 3.61) BO3MOXXHO OTMETUTh Pa3MEPHOCTh KOMMYTAaTopa 10 YHCIy BXOJOB N U
BEIX0I0B (. [Ipn 3TOM Bo3MOkHO N# Q U N = (. CiryyaifHO MOCTYMAIOIINE HA BXOIBI STYeHKN
MOT'YT OJHOBPEMEHHO NPETEHA0BATh HAa OAHU U TC XK€ BbIXO/bIl, YTO MOXET NPUBOJUTH K KOH-
(aukTam. [ToaTomy st 00CITy)KMBaHHUS MOTOKA slY€EK MOTYT MPUMEHSTHCs Oy(dephbl mamsTH,
B KOTOPBIX OPTraHM3YIOTCS OYepesr Ha OOCITy)XMBaHHe. DTO MCKIIOYAaeT WM yMEHBIIAeT Be-
POSTHOCTb KOH(DJIMKTOB SYEEK U UX MOTEPH.

Bce Boinonnsiembie kommyTtatopaMu ATM (GyHKIMK MOXHO CBECTH K IBYM OCHOBHBIM:

— BHYTPEHHSISI KOMMYTAIHS ST9eeK;

— MYJbTUIUIEKCUPOBAHHE U JEMYJIbTUIIIIEKCUPOBAHUE NTOTOKA SUEEK.

Kommyranus B ATM uMeeT annapaTHYIO U IPOrpaMMHYIO peajln3aliu.
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AnmnapaTHasl peajqu3alnys npeanojaraeT HaTuuue IByX KOMIOHEHTOB:

— KOMMYTAaI[HOHHOM CepAIeBUHBI (OCHOBEI);

— KOMMYTAaI[IOHHBIX HHTEP(EHCOoB.

[Iporpammuas peanuzanust kommytauud ATM BrirouaeT cienyromune QyHKINY:

— ynpaBieHus TpapukoMm;

— yTpaBIeHUs 00CTy)KUBaHHUEM;

— YNpPaBICHUS] CUCTEMHBIMY (DYHKIUSIMH,

— YNPABJIEHUS COEAUHEHUEM,

— ynpaBieHus KoHpurypanuei (060pyI0BaHus U CETH);

— YNPaBICHUS MTOBPEKICHUEM;

— ynpaBiieHus: 0€30MaCHOCTEIO.

Kommymayuonnuiii unmepetic Boimonuser QyHKINU afantepa B K&KAOM clydae, Koraa
HE00X0/MMO YCTaHOBMUTbH CBsI3b MeXAy cepaueBuHod ATM-komMyTaTtopa U ycTpoHcTBaMu
BBO/Ia. DYHKIIMM KOMMYTAlIMOHHBIX UHTEP(ECOB BO3JIOKEHBI HA KOHTPOJIIEPHI BBOIa-BbIBO-
Ja. DTH KOHTPOJUIEPHl aJalTHPYIOT CKOpocTh B popmat sueek ATM K KOMMYTallMOHHOM
CepALIeBUHE Ha BXOJE U K cpefie Mepeaadn Ha Berxoje. OOpaboTka siueek B KOMMYTAIlIOHHOM
uHTepdeiice CBOIUTCA K CcleayroluM QYHKUIUSM: BBeIeHUE U BbIBeIEHUE S4YeeK, UACHTU(U-
kanus sueek VP u VC, obuiee mHGOpMHUPOBaHUE MO MapUIPyTHU3ALMU SYEEK B KOMMYTAaTope
U BBIJIENIEHIE HETOHBIX siYeeK Uil OJOKUPOBKH, CHHXPOHU3ANNS SUCeK.

Kommymayuonnas cepoyesuna COIEpKUT: KOHLEHTPATOP, MYJIbTUILIEKCOP, KOMMYTALH-
OHHYIO MaTpuly. BcnoMorareabHEIM yCTpOﬁCTBOM KOMMyTaHHOHHOﬁ CEPALUCBUHBI ABJIACTCA
yrpaBistomuiil anemenT. Konnenrparop obecrieunBaeT o0beIMHEHHE HI3KOCKOPOCTHBIX T10-
TOKOB C EPEMEHHBIMH CKOPOCTSAMHU B BBICOKOCKOPOCTHOM MOTOK TaKUM 00pa3oM, 4TOOBI CO-
rJ1IacoBaTh CKOPOCTH MHTep(delica u KoMMyTaTopa.

MyNBTHIIEKCOP MUCTIONB3YETCS] B KOMMYTALMOHHOM cepIeBUHE Il BBICOKOCKOPOCTHBIX
MOTOKOB. B HEM MpPOUCXOAUT MpoLecc MOOUEPEIHOr0 MYJIbTUINIEKCUPOBAHUS SUEEK OT pa3-
HBIX BXOJIOB.

KommyTarimn B MyJIbTHILIEKCOpPE M KOHIIEHTpaTope HeT. KoMMyTaIlioHHBIM Y3JI0M SIBJISI-
€TCsl TONBKO KOMMYTAIIMOHHOE YCTpoiicTBO. CyIIECTBYeT HECKOIBKO THUMOB KOMMYTallHOH-
HBIX YCTPOMCTB: ¢ KOJUIEKTUBHON MaMsIThIO; ¢ 001Iel IMHON; ¢ MPOCTPAaHCTBEHHBIM pa3ieie-
HUEM U T.A. Ka)l(}lblﬁ N3 TUIIOB KOMMYTATOpPOB OTBE€YACT OCHOBHBLIM Tpe60BaHI/I$IM: MHHU-
MaJIbHOH MOTepe SUeeK U COXPAaHEHHUIO MOpPSIKa CIEAOBAHUS MPU OTPaHUUCHHBIX BO3MOXKHO-
CTSX MO CKOPOCTH U YHCIy BXOZ0B/BbIX0H0B. TpeOoBaHHe MUHUMAIBLHON noTepH siueek (o-
Ha Ha 1012, WK OJHA-JBE SYCHKHM B Yac) ¥ TpeOOBaHHE OYEPETHOCTH HAJIArarT Ha CXEMY
KOMMYTAaTOpa KECTKHUE OTPaHUYEHHS IO CIOKHOCTH, OBICTPOAEHCTBHIO, OyQepHOi mamsTH,
BHYTpEHHEW MapIIpyTU3aliy U T.JI.

KommyTanmoHHOe yCTPOHCTBO € KOJUIEKTUBHOW MaMAThIO UMEET MamsTh, OOILIYIO IS
BXOJHBIX M BBIXOJHBIX sideeK. B TakoM KOMMyTaTtope ympaBlieHHE LEHTpaan30BaHHO. J{Js
peaNH3aluy pa3InIHbIX BapUAHTOB BXOIHBIX Odepeei oOmas maMsITh MOKET JUHAMUYECKU
pa3duBaThCS Ha CETMEHTHI.

KommyTatop ¢ o6reit mmuoi (puc. 3.62) nMeeT BBICOKOCKOPOCTHYIO BHYTPEHHIOIO IIH-
HY, TIpUYEM €€ IPOIyCKHas CIOCOOHOCTH paBHA OOIIEH MPOMYCKHOH CIOCOOHOCTH BXOI-
HBIX/BBIXOHBIX JINHUA. MeXaHW3M YIpPaBICHHUS MIOTOKOM M0 HAEHTU(PUKATOPAM OMpeessieT
MPUHAIIEKHOCTh KOKAON SYCHKH W JAEMYJIbTUIUIEKCHPYET OOIIMI MOTOK uepe3 aapecHbie
winHbl (GuibTpsl). YopasieHHe KOMMYTaTOPOM [IEHTPAIN30BaHHOE.
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Puc. 3.62. KommyTtaTop c obLiei LmHom

KoMMmyTaTop ¢ mpoCTpaHCTBEHHBIM pa3fielIeHHeM Cpa3y YCTaHaBIMBAeT HECKOIBKO CO-
€IMHEHUIl 0T BXOJHBIX MOPTOB K BBIXOAHBIM. YIpaBleHHE TAKUMU KOMMYTAaTOpaMu OCyllie-
CTBJISIETCS IO TIOpTaM. B mpocTpaHCTBEHHBIX KOMMYTAaTOpax BO3MOXKHBI BHYTPEHHHUE OJIOKHU-
poBkH. [y mpeoonenns GJIOKHPOBOK MPETOKEHBI HECKOJIBKO BapHAHTOB TOCTPOEHHS Of-
HO- U MHOTOKAaCKaJJHbIX CXEM.

OnHokackaJHble KOMMYTallMOHHbIE MaTpHLbl (prc. 3.63) UMEIOT B y3lax mepekiroyare-
JM, KOTOPBbIE MOTYT HaXOIMTHCS B ABYX COCTOSHHMSX: CKBO3HOM (TPaH3MT) M MEPEKPECTHOM
(kpocc). Y komMyTaTopa MOXeT ObITh Oy(epHas mamsTh, pacrnojaraeMas B y31ax MaTpHLbI
uinn Ha Bxogax. Cxema OydepHoi mamsiTi B y3iax (3JeMEeHTaX KOMMYTAIUH) TTO3BOJISIET M3-
0exxaTb CTOJKHOBEHHs S4€eK, HAlPaBJIsEeMBbIX Ha OJMH BBIXOJHOW TMOpT. bydeps moryT 00-
CITy)KMBaThCs M0 ouepenu. Pazmemenne OydepoB Ha BXoie KOMMYTaTopa IMO3BOJISET pasje-
auTh GyHKIMU Oydepuszauy 1 KOMMYTaLUH.
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HerxogHoh Buxogrof | | Biexopgrok
wanTpannep | | xaMrpannep HOHTROAN SR

Puc. 3.63. OgHokackagHast KOMMyTaLMOHHasa maTpuua

OnHoKackaJHble KOMMYTAllMOHHbIE MATPULbl HE MOTYT MOJHOCTBI YCTPaHUTh Mpobie-
MBI KOH()JIMKTOB NMPHU OJHOBPEMEHHOM TMOCTYIUIEHUH S4YeeK K OHOMY BbIXony. Takue marpu-
bl HE MIPUTOIHBI [T 00pabOTKM MHTEHCHBHOTO Tpaduka. B cBa3u ¢ 3TuM mmpokoe mpume-
HEHME HaXOJSIT MHOIOKAaCKaJHble KOMMYTAallMOHHBIE MAaTPHLbI, B KOTOPBIX CYIIECTBYET OAHH
WM HECKONbKO MyTe#, Ha3blBAGMbIX MapIIPYTaMH, MEXAy 3aIaHHON Mapoil BXO/BBHIXO.
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[IpumepoM MaTpHLbl ¢ OJHUM MapLUIPYTOM MOXET CIY)XUTb OaHbSHOBMJHAsS MaTpHLA
(puc. 3.64). banpsiH — Tponuyeckoe epeBo, Y KOTOPOTro OT KaXKAOH ITOYKH PacTeT KOPEHb
BeTBb. Ha 0cHOBe OaHBIHOBHAHON MaTpPHUIIBI MOXET OBITH MOCTPOSHA CXeMa KOMMYTaTOPOB C
OJZIHMM MapIIPYTOM MEXAY Mapoil BXOI/BBIXOI.
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Puc. 3.64. baHbaHOBMAHas MaTpuua-KoMMyTaTop

[porecc npoxoxaeHus sueek B TpéxkackaaHoMm kommyrarope (puc. 3.64, 3.65) cocrout
B cieayiomeM. K 3arofioBKy Kakmaoi sYedKd «IIPUCTPaMBAETCS» CIENUATLHOE MapIIPyTHOE
noJjie, mpeacTapisolee co0oi Mocne 0BaTeNbHOCTh IBOMUHBIX CUMBOJIOB, YHCIO KOTOPBIX
COBIIAJIaeT C YMCIIOM KacKaloB. B kaxIoM Kkackaze aexonupyercs paspsa Mapupyra. Eciou
OH paBeH 1, To kKoMMyTaroHHbIH daeMenT (KD) peanmsyer oneparuio «Kpoce». Ecim o pa-
BeH 0, To KD peanusyer onepanuto «TpaH3ur».
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Puc. 3.65. TpexkackagHbIn MPOCTPAHCTBEHHbIN KOMMYTaTop
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Yucio KacKagoB M YHACIIO BXOIOB/BBIXOOB CBA3aHbl COOTHOLLIEHUEM
n=IgN, roe ma n=3, N=8.

OnHOMapUIPYTHBIH KOMMYTATOp OaHbsIHA MOXKET CO3/aTh COCTOSIHUE, Kora siueiika ATM
HEe MOXET ObITh MPUHSITA KOMMYTAIIMOHHBIM 3JIEMEHTOM CIIEYIOIIEro Kackaaa u3-3a OJIHO-
BPEMEHHOTr'0 IMOCTYIUIEHHs 3arpoca OT JIPYroro kackaaa. DTo Ha3blBaeTCsi BHyTpeHHeH 0io-
KUPOBKOH. YacTH4HO pelnTh npobieMy KOH(IMKTOB MOXXHO co3aHuneM Oydepa mpu Kax-
JIOM KOMMYTAllMOHHOM 3JieMeHTe. M3BecTHBI ueThipe crocoba moctpoeHus 6ydepos: KD ¢
BXOIHBIMU ouepensmu; KO ¢ BeixogubiMu odepensMu; KD ¢ meHTpambHBIMH OYepemsiMU U
cMemnrannsie (puc. 3.66-3.68). IMpununn obcnyxuanus ouepeneii — FIFO. Bo3moxHbie

. -9
pa3Mepbl TpeOyeMbIX Oy(hepoB ouepear MPH BEPOATHOCTH MOTepH sueliku 107 olleHUBarOTCS
COOTBETCTBYIOIIUMH METOTUKAMHU.

FIFG HoMmyTALUMOHH b2

IfEMEHTR

Puc. 3.66. KO c BxogHoOI ouepeabto
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Puc. 3.67. KO ¢ BbiIxogHoW o4epeabto
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Puc. 3.68. KO c ueHTpanbHoOI ovepeabto
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[MonHOCTBIO ycTpaHWTb KOH(IMKTHI siUeeK MpU MapLIpyTH3aluuu aaxe ¢ Oydepamu He-
BO3MOYKHO W3-3a CIIy4alHOCTH TpaduKa M BO3HUKAIOUIMX TMepernonHeHuil 0ydepos. Kpome
TOrO, Oy(epsl cO3MaI0T 3HAYUTEIbHBIE 3aePKKH, KOTOPhIE NaJlleKo He BCernaa IOIMYCTHUMHI,
Harpumep, Juts TeieoHHoro Tpaduka nim BuaeocBa3u. CHU3UTH KOJMYECTBO KOH(IMKTOB U
MOTEPDb AYCCK MOKHO IMPU HUCIOJBb30BaAHUN KOMMYTAIIMOHHBIX MAaTpUll CO MHOTHUMH Mapuipy-
tamu. [IpumepoM KoMMyTaTOpa CO MHOTHMH MapIIpyTaMH MOXKET CITy)KHTh cxeMa benerra
(puc. 3.69), B KOTOpOW UMEIOTCS IBE CTYIIEHH KAacKaJoB — BbIOOpa MaplIpyTa U OCHOBHBIE.
Kackanpl BbIOOpa MapuipyTa oOecredrBalOT OpraHu3aluio MapiipytoB. [Ipu 3ToM 4ucio
KacKaJoB B CTYIICHH BBIOOpa MapIIpyTa OINpenessieTcs] HeOOXOAUMBIM YHCIOM BO3MOYHBIX
MapuipyToB. Hampumep, npu omHOM Kackajge — 2 MapuipyTa, Ipu 2-X Kackagax — 4 map-
HmIpyTa, IpH 3-X Kackaaax — 8 MapLIpyTOB U Tak jaanee.

Bow gz Brxans

CrynaHb peilopa CTyniHb QCHOBHEIY Hid8alog

Puc. 3.69. Cxema kommyTaTopa beHewwa

Ha mpumepe mpoxoKaeHHs sUeek 4epe3 MPOCTPaHCTBeHHBIH KommyTarop (puc. 3.70)
MOXHO YBUAETh MPUMEPHI BO3MOXKHBIX OJ0KHPOBOK. [Ipu 3TOM BHYTpeHHHE METKU MapIIpy-
TH3alMKU U3 3-X OUT Ha BBIXOJIe YCTPAHSIOTCS.

Bcoba Bl vy

(A ! : <

Puc. 3.70. MpumMep aipecHOro NpoxXoxaeHus sueek Yepes NpoCcTpaHCTBEHHbIN KOMMYTaTop
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KoH(}pauKTH sYeek B KOMMYTaTOpax MPHUBOMAT K MEPerpy3KaM B TPAHCIIOPTHOM cetu. [le-
perpy3ku B IIHPOKOIOJIOCHBIX CETSAX OMPENEISIOT CTaTyC CeTeBbIX dJIEMEHTOB (KOMMYTAaTo-
POB, KOHIIEHTPATOPOB, JIMHUI TMepeAaun) B UX BO3MOXKHOCTSX MO Meperpy304HoMy Tpaduky
WIIK KOHTPOITIO PEeCypcoB meperpy3ku. CeTh MOXKET TrapaHTHPOBATh 3apaHee OrOBOPEHHOE Ka-
YEeCTBO CEpPBHUCA YXKe CYIIECTBYIOIINX COEANHEHNH 1 3aPOCOB HA HOBBIE COENHEHUSI.

[eperpy3ku MOTYT CITy>KUTh MIPUIHHON HETIPENCKA3yEeMBIX CTATHCTHYECKHUX (PIYKTyaluii
Tpaduka Wim omubOK Meperpy3Kku B ceTr. Hanmpumep, mMosib30BaTelb WK MMOJIB30BATEIN MO-
ryT 3aTpeboBaTh OOBIINE PECYPChI, YeM HEOOXOIMMBI Ha BPEMS COETMHEHHUS 3apaHee OroBo-
peHHO# cucteme.

W3BeCTHBI HECKOIBKO METOJ0B KOHTPOJS KOH(JIHKTOB W 3AIHUTHI OT Meperpy3oK B
cetu ATM:

— Oombinne Oydepsi;

— KpeIuTHas cXeMa;

— CKOPOCTHBIE CXEMBI ¢ 00PaTHOM CBSI3BIO.

Bonvuiue dyghepoi ciocoOHBI BEHIICPKUBATH BEICOKHE MEPETPY3KU U MEPENIOKUTD 3a1a9n
BOCCTAHOBJICHHS TOTEPSIHHBIX OJOKOB JTAaHHBIX HA BHIIIE JIGKAIUE TPOTOKOIBI. OTHAKO 3TOT
MeTol Maro3(GEeKTUBEH IS MOBBIIICHHUS TIPOU3BOAUTEILHOCTH CETH.

Kpeoummnasn cxema npenycmatpuBaeT yrnpaBieHHE TIOTOKOM S4Y€eK Ha KakKIOM y4acTKe
KaXI0ro BUPTyajibpHOro coeantenus (puc. 3.71). Ha npuHUMaOMIMX MOPTaX KOMMYTATOPOB
ATM mnon KOHKpETHbIE BHPTYaJbHBIC COCITUHEHUS PE3EPBHPYIOTCS ONpE/IeIeHHBIE 00bEeMBI
OyepHoil mamsTH.

KommyTarope cetd ATM

K > x
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Puc. 3.71. KpeauTHas cxema ynpaBneHusi MOTOKOM siveek

B xpeauTHO# cxeme mepenaTyuk Tpaduka IMoydaeT KpeauT Ha Iepenady onpeaeineHHo-
r'0 YKCia sIYeeK, KOTOPYIO MOXHO OCYIIECTBUTH 0€3 OXKUAaHWs YIpaBIsionield HHPOpMAaIHH.
DT0 YUCIIO AUYeeK OmpeeNnsaeTcss 00beMOM BblieNeHHbIX OydepoB. [Ipyu BO3HUKHOBEHUM Mepe-
TPY3KH U TepenoaHeHus O0ydepHol maMsATH OTHOTO M3 KOMMYTAaTOPOB OH ITOCBUIAET yIIPaB-
JSTFOIIee COOOIIeHUE ¢ TPeOOBAaHUEM MPEKPATUTH Tepeady JaHHBIX [0 MEPerpyKeHHOMY CO-
enuHeHuto. ToT mpekpalaeTr nepegavy U HauMHAeT HAKaIUIMBaTh JaHHBIE B cBoeM Oydepe.
B kpenuTHOH cxeme KaxIioe BUPTyalbHOE COeIMHEHHE JI0OJKHO cHaOx)aThes Oydepom. oc-
TOWHCTBA KPEAUTHON CXEMBI CIITYIOIIE:

— NPEAOTBPAICHUE TOTEPH SUCCK;

— MakCHMaIbHO 3P PEeKTHBHOE UCIIOIB30BaHUE MOJIOCHI IPOMYCKAHHUS KaHaa,

— BO3MOXKHOCTB pabOTHI Pa3IMYHBIX BUPTYAIBHBIX COSANHEHNH B OMHOM (H3HYECKOM Ka-

HaJle Ha Pa3HbIX CKOPOCTSX.
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HenocraTku KpeANTHON CXeMBI:

— HE0OXOJMMOCTh Cepbe3HOl opaboTku obopynoBaHuss ATM ¢ Lenblo MOANEPKKH HH-
JUBUIYAIbHBIX Oy(pepoB;

— CJIOKHBIE aJITOPUTMBbI IUHAMUYECKOTO pacueTa Oy(epHOro NpoCcTpaHCTBa MPU YCTaHOB-
JICHUH KOMMYTHPYEMOTO BUPTYyaJbHOTO coeanHeHus: SV C;
— He aBisgercs ctanaaprom ATM-®opyma.
CkopocmHtple cxempl ¢ 00pamHOil 643510 TIOJPA3EISLIOTCS HA CIEAYIOLUE BUABL:
— FECN, Forward Explicit Congestion Notification — cxema ¢ oTpuuarensHoit 00paTHON
CBSI3BIO BIIEpE];

— BECN, Backward Explicit Congestion Notification — cxema ¢ orpurarenbHoii o6pat-
HOU CBSI3BIO Ha3a,

— PRCA, Proportional Rate Control Algorithm — anropuT™ Mmojg0XuUTeIbHON 00paTHON
CBSI3U C TIPOTNIOPIIMOHATIBHBIM YIIPaBICHUEM,;

— EPRCA, Enhanced PRCA — ynyumennbiii PRCA.

Cxema FECN (puc. 3.72) npenycMaTprBaeT HCIOIb30BaHKE 00PATHOM CBA3M At MHPOP-
MHUPOBAHUS UCTOYHHUKA O TOM, C KaKOW CKOPOCTBHIO B TaHHBI MOMEHT OH MOJKET IepeaBaTh
STYEHKH 10 KaXKIOMY BUPTyalbHOMY coennHeHuro. Korna kommyTtatop ATM uchbITBIBaeT ne-
perpy3Kkd, OH BBICTaBIISIeT B MPOXOAAIIMX yepe3 Hero siueiikax Out FECN (B mone PT 3aro-
JIOBKA siYeiKu), MHPOPMHUPYSI NPUEMHHK O Meperpy3Ke Mo KOHKPETHbIM coeAnHeHusM. [Ipu-
eMHUK HallpaBiseT COOOILIeHHe O Meperpy3kax MCTOYHHKY Tpaduka, KOTOPHIi, B CBOIO Ode-
pellb, IPUHUMAET pelleHHe O CHIKeHUH Tpaduka.

MyTe Ayaak Meperpyzsa PT - conlwenye o
WAPSEAEH HA pecypCaHi ,|'" BT e parpyiIKe
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Pwuc. 3.72. MpuHumn pabotbl cxembl FECN

[To ananornunomy npunuuny padoraer cxema BECN. Onnako B 310 cxeme nHpopma-
IO O Ieperpy3ke HampaBiisieT HCTOYHHKY KOMMYTATOp, HCIBITHIBAIOMINN Meperpy3Ky
(puc. 3.73).

[MpeumymectBo cxembl BECN cocTouT B ObICTpOii peakuuu Ha neperpy3ku. Hemocratok
3TOW CXeMbl — HEOOXOJIMMOCTh «00YUSHHS» KOMMYTaTOpa MOChUIATh SYSHKH yIpaBJieHUS B
MPOXOASIINK MOTOK NaHHBIX. KpoMe Toro, o6e paccMoTpennbie cxembl FECN 1 BECN crpa-
JAl0T OT MONaJaHus siueeK YNpaBlIeHUs] B MeperpyKeHHbIe MOTOKH, YTO 3aTpyAHAET ddek-
TUBHOE peryJipoBaHue Tpaduka. MoOryT BOZHUKHYTh aBapUiHbIE CUTYyallMH, KOTNA SYCHKH
yIIpaBIeHUS HE JOCTUTHYT HCTOYHUKA.
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Nyt aveex Meperpy3ska AdaHHbie

VNPaBAeHWA pecypcamm /
e == AN

Puc. 3.73. MNpuHumn paboTbl cxembl BECN

B cxemax FECN u BECN kommyTtatop ATM cuurtaeTcst neperpyKeHHbIM, €ClTH o4epeb
sdeek Ha oOCIyKrBaHHe (KOMMYTALMIO, MApLIPYTU3ALHUIO, MYJIbTUILIEKCUPOBAHHE, KOHLCH-
TPaLMIO) MPEeBhINIAET OmnpeaesieHHoe 3HaueHue (mopor). [lonyuus nHGOPMAIIHIO O MEperpys-
Ke, epeJaTIrK IOJUKeH CHIKATh Tpaduk. CHIDKEHHE POUCXOAUT 10 TeX IMop, TOKa He Tpe-
KpaTUTCS MOCTYIIEHMEe UHPOPMALIMK O Meperpy3kax B Mpejenax Oonpeae]eHHOr0 BPeMEHHO-
ro uHTepBana. [1o OKOHYaHHWHU 3TOrO MHTEpBaja MepeAaTuvK HaunHaeT yBeIndeHue Tpaduka.
HenocraTku paccMOTPEHHBIX CXEM B OINPEAETICHHON Mepe KOMIIEHCHPOBAHbI IPYTUMH CXeMa-
MU ynpasienus neperpyskamu: PRCA u EPRCA.

Anroput™m nponopunoHansHoro ympasneHus PRCA, paspaboranneiii ATM-®opymowm,
OCHOBaH Ha TOJIOKHUTEIBHON 00paTHOW CBs3H. B 3TOl cxeMe HCTOYHMK TpaduKa yBeIUYMBa-
€T CKOPOCTh TOJIBKO IO MOJIYYEHHUIO pa3pellieHus NpueMHuKa. B npoTuBHOM ciydae nepenat-
YUK 00513aH TOCNIeJ0BAaTENIbHO CHUXKATh CKOPOCTh nepenauu siueek. Anroputv_PRCA pabora-
eT creayonumM oopazoM. B nepBoii u B N-ii sueiikax nepelaBaeMbIX KICTOUHUKOM, OUT B T10-
ae PT ycranosinen B O, a B octanbeHeix — B 1. MaTepBan N 3agaercst aiMUHUCTPAaTHBHO H OII-
penensieT Bpemsl peakliui Ha rneperpysky. Eciiu npueMHHK He meperpyxeH, To B OTBET Ha Ka-
xnayto stueiiky ¢ EFCl =0 oH mochkuiaer B nmepeaaTduk s4eiKy yrpaieHust pecypcom RM,
pa3pelaInyo yBeIHdeHne CKOpocTH. KoMMyTaTop, MCHBITHIBAONINNA MEPETpy3Ky, UMeeT
npaBo m3Menuts O6ut EFCI =1, 3ampemmas TeM caMbIM NPHEMHHKY T€HEPHUPOBATH SUCHKH
ynpasneHus pecypcamu RM, unn ke npocto ynamnser siueiiku RM, nepenaBaembie o KaHamy
K ucTouHuky Tpaduka (puc. 3.74). B oboux ciaydasx HCTOYHHK OyAeT BBIHYXKIEH CHHKATH
CKOPOCTb Nepeaiauu 10 TeX Mop, oKa He MOJYUYHUT XOTs Obl 0AHY a4yeiiky RM c Hynewm.

Auelkn PT PT PT PT
1 * 2 {, 3 * N
I [H] | [H| | [H]| -
Y Y ]
0 1 1 0]

Puc. 3.74. NoTok a4eek no cxeme PRCA

Henocrarok cxembt PRCA cocrout B TOM, YTO MpU MPOXOXKISHUH MOTOKAa 4epe3 He-
CKOJIBKO TIeperpy>KeHHBIX YUYAaCTKOB YUCIIO stueek B HeM ¢ Outamu EFCl = 1 Oyzxet 3HaunTENB-
HO 0O0JIbllle YUClIa TaKUX S4eeK B JAPYruX, He UCTMOJb3YIOIIUX 3TOT alrOPUTM, nmoTokax. [lo-
3TOMY JIOCTYIHAs JaHHOMY MOTOKY CKOPOCTh TOXe Oy/eT CYIIeCTBEHHO HUXE.
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Anroputm cxembl EPRCA u36aBien ot npotsem cxembl PRCA. B 370l cxeme HCTOUHHK
nocklaeT Bce nH(popMaimonnsle sueiiku ¢ 6aiitom EFCI = 0. Yepes N takux siueek nochiia-
ercs siuedka ympasneHus pecypcoM RM, comepxarnas 3HadeHHe JKelnaeMOW MaKCHMalbHOM
PCR (Peak Cell Rate)u Ttexymieii ckopoctu nepenaun ACR (Allowed Cell Rate). UcmbiThi-
BAIOIIMI Meperpy3Kky KOMMYTaTOp MOACYMTHIBaeT cBoe 3HaueHHe ckopoctu ACR, kotopoe
3aBHCUT OT 00beMa Tpadrka, U 3aNMChIBAaeT B Mpoxoasmyto sueiiky RM. [Tomyuus oty sueii-
Ky, IIPUEMHHK OTIPABJISeT ee 0OpaTHO MepelaTdhKy, a TOT KOPPEKTUPYET CBOIO CKOPOCTh
(puc. 3.75). Takum o6Gpa3oM, Mpoxoas Mo Kpyry, sueiikn RM «coobuiaroT» nHdopmalmo o
HaJM9IUH PECYPCOB 1O BCEM y4YacTKaM CETH M BO3BPAILAIOTCS 00PaTHO K MCTOYHHKY CO 3Ha-
YeHHeM HauMEeHBIIeH U3 JOCTYIHBIX CKOPOCTEH IS KaXKJ0r0 BUPTYaIbHOTO COeIMHEHUS.
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ckapncre PCR w ACR crapocmk PLRE n ACR

Puc. 3.75. MpuHumn pabotsl cxembl EPRCA

W3noxeHHOEe MO3BOJSIET ClENaTh BBIBOA, YTO HCMOJB30BAHUE CXEM YIpPABIEHUs Iepe-
rpy3KaMH MO3BOJISIET U30aBUTHCS OT MPoOeM KOHGIMKTOB B ceTh ATM U 3aluTUTE Tpaduk
ot cOpaceiBanusl. [Ipu BEIOOpE CETEBBIX PELIeHU H KOMMYTALHOHHOTO 000pyIOBaHUs HE0O-
XOJUMO 00513aTeNIbHO yAEISTh BHUMaHHE TEXHOJOTUSIM 3allUThl TpaduKa.

YnpasJjenue Tpaduxom B cetu ATM npexie Bcero npeanosaraet 6ops0y ¢ neperpys-
KaMH KOMMYTaTOPOB MTOTOKaMH siueek. [loaToMy yrpaBieHne TpauKOM SIBISIETCS OJHOU W3
OCHOBHBIX 33/1a4, @ MOXET ObITh IVIABHOM cocTaBistouiel, Texnonoruu ATM. [1pu sTtom cre-
JyeT OTMETHTh, 4TO OOJBIIMHCTBO MEXaHU3MOB YIPaBIEHHs Tpa(rUKOM HE UMEIOT CTaHAAPT-
HOH OCHOBBI U SIBIISIIOTCS MHTEIJIEKTYaJ IbHOH COOCTBEHHOCTHIO (DHUPM-TIPOM3BOJHUTENEH MPO-
nykuun ATM. [IpuHATO CUNTaTh, UTO yIpaBlIeHNE TPAHUKOM 3TO KIFOUEBOW DJIEMEHT, Pa3iu-
Yarolui pa3auuHble koMmMmyTatopsl ATM.

B kauecTBe MexaHU3MOB ynpaBiieHus neperpy3kamu B cetd ATM nmpumenstoTcst:

— cOpoc Ha makeTHOM ypoBHe (paHHHI cOPOC Wik cOPOC OCTATKOB);

— ynpasisieMble 0oiblue 0ygepsl.

Cépoc oannbix na naKkemHoM ypoeHe MOXXET IPOUCXOANUTH HA OCHOBE JIByX MEXaHU3MOB:

— paunwmii copoc maxeroB EPD (Early Packet Discard);

— cbpoc ocratkos makera TPD (Tail Packet Discard).

OTH MeXaHU3MbI CIIOCOOHBI YBEIUUUTh PEalbHYI0 MPOMYCKHYIO cllocoOHOCTh ceTu B 10
pa3. Ux npumeHeHHe COBMECTHO C METOJaMM, paCCMOTPEHHBIMH BBILLIE, MO3BOJISIIOT CO3.a-
BaTh CETU C MUHUMAaJbHBIMU NOTepsiMU. OJIHAKO, 3TH MEXaHU3Mbl MOT'YT MPUMEHSTHCS U OT-
JenbHO Ui yrpaBieHus TpagukoM. [lociaenHee o6CTOATENBECTBO BeChbMa BaXKHO, TTOCKOJIBKY
neperpy3kd MOTYT HACTyIaTh OYeHb ObICTPO. UTO JnaeT, HarpuMep, paHHWHA cOpoc makeTa?
IMaker pazmewaercs B N siueek. COpoc naxe OJHON sYEHKU 3TOro MakeTa B €ro Hayale, Ha-
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npumep, B noje u3 100 syeek, BHI30BET HapyIIEHHE LIEIOCTHOCTH MH(OPMAIMH U B 3TOM
cllyyae HeT CMBICTa MepeaaBaTh ocTaiabHble 99 siaeek aToro makera. OH MOXKeET OBITH BOCCTa-
HOBJICH IIPOTOKOJIAMH BBIIIE JIEXKALIUX YPOBHEH, Harpumep, | P.

Ynpaenaemvie 6yghepsr N03BONAIOT OPraHU30BaTh MHAWBHIYaJIbHbIE OYEPEAN AJIS Kax-
noro coenuHenus. O0beM Oydepa u aaropuT™M 00pabOTKH MOCTYMAIOIIMX B HETO JTAHHBIX He-
nocpeacTBeHHO cBsizanbl ¢ ThoM Tpaduka (CBR, VBR, ABR, UBR) u ero xapakrepucruka-
MU BpeMeHH pa3bpoca siueek. EMKoCTh OydepHoil maMsaTH JODKHA AUHAMUYECKH paciipese-
JSITHCSL B COOTBETCTBUM C TPEOYEeMbIM KaueCTBOM 00CTyKuBaHus. J{Jist OpraHu3aivyd WHIHBH-
IOyalbHBIX ouepesell Uil KaXkJ0ro BUPTYaILHOTO COeTUHEHHsI 00mIyto OydepHyro mamsaTs He-
00XOIUMO NETUTh Ha HECKOJBKO YacTel, KaxKJaas U3 KOTOPHIX JOJDKHA OBITh MpeaHa3HaueHa
JUIs TpauKa ¢ OmpeJieIeHHbIM KaueCTBOM o0cmyxuBaHus. [Ipu aTtoM 06vem vacteit Oydepa
W QITOPUTM paboThl C HUMH HANpPSAMYIO CBsi3aH ¢ THIOM Tpaduka. Kaxnbiii Takoit 6ydep 00-
CITy’)KUBAa€T CBOHM OYEpEIH, MPUIEM HX KOIUYECTBO MOXKET OBITh JOCTATOYHO BEIUKO. EM-
KOCTh Oy(epa onperenseT CTOMMOCTh 000pYAOBaHMs, U ee BeJMYMHa ONpeJelsieT YPOBEeHb
3aIIHUTHI OT MEPErpy30K.

W3BecTHBI clieAyroIue anropuTMbl OpraHUu3aIuy ouepeneii B Oydepax:

—no npuniuny FIFO, korna Bce coelMHEeHNUs, OTHOCSINUECS K OJHON KaTErOPHH CEPBH-

ca, MOMEILAI0TCS B OIHY O4epe/ib U OJJMHAKOBO CTPAJIAIOT OT Meperpy3ox;

—3ameHa Oydepa tuna FIFO Ha Gydep ¢ mpous3BoabHON BEIOOPKOH siueeK, i KOTOPBIX

CYIIECTBYET CBOOOHBIN BBIXO KOMMYTATOPA,;
— paszeneHue ovepead JUIl KaXIOro BUPTYaJbHOTO COEIUHEHHMS, NMPU KOTOPOM Mepe-
TPY3KH B OJHOM HE BIHSIOT Ha IPyTHE.

3.2.4. PasmeweHue u nepenava syeek ATM Ha ¢pusnyeckom ypoBHe

dusndeckuii ypoBeHb COCTOUT U3 MOIYPOBHEH (GPU3UIECKON CPe/ibl 1 KOHBEPIeHIIUH C CUCTE-
Moii mepenauu (cM. puc. 2.1).

Odusnueckue cpeabl ATM crienuuIMpoBaHbl PAAOM MEKIAYHAPOJHBIX OPTaHU3aAIHUH 110
cranpaptuzanuu: ®opym ATM, MCD-T, Amepukanckum (ANSI) u Eponeiickum (ETSI)
WHCTUTYTaMH CTaHAapTU3AIMU, YTO MPEANoJaracT BO3MOXHOCTH HCIOJIB30BaHUS TEXHOJIO-
ruii nepenaun PDH, SDH, MoneMoB pu3ruecKkux TUHUHN C MIPSIMBIM pa3MeEIIeHHUEM siueeK.

Yepes pusudeckyro cpeny B cetd ATM TpaHCIUpyeTcsl TAKTOBBIM cCHHXpOHN3M. Kauect-
BO CHHXPOHHM3Ma OTPENENIAETCS TAKTOBBIM FEHEPATOPOM M CPEICTBAMU Mepenavn. B yacTHo-
CTH JuHEeHHbIM KoaupoBanueM: CMI — komom ¢ mHBepcueit rpynn cumBosioB; HDB-3 —
TPOMYHBIM IBYXTOJSIPHBIM KOJOM C YepelOBaHUEM IMOJIPHOCTH U BecTaBkamu, NRZ-ckpem0-
JMPOBAaHHBIM — TMEPBBIM CTAHAAPTOM Ha JTMHEHHOE KOJUPOBAHUE [Tl TPAHCIIOPTHBIX CeTel B
rno0anbHOM MaciiTabe.

C MOMOIIBIO MPSMOTO Pa3MEIICHHUs TYCHKH TTePEeqaloTCsl HETIOCPEICTBEHHO 10 MOAXOIs-
el pu3udeckor cpeje, HampuMmep, o0 MeJHOMY WU ONTHYeCKOMY Kabeinto. JIJis BRIpaBHU-
BaHUsA CKOPOCTHU 6I/ITOB U TEM CaMbIM COXpPaHCHHs CHHXPOHH3ALIUU MPUMEHAIOTCA MYCTHIC
siuekikd, He Hecymme uHpopmaruu (puc. 3.76). Ilepen nepemadeii MPOM3BOAMTCS CKPEMOITH-
poBanme. MeToJ MpsIMOTO pa3MElIeHUs B cpejie Iepeaadd PeKOMEHIOBAH K UCIIOb30BaHUIO
Ha yJacTKe «I0Jib30BaTeb-ceTh» (uutepdeiic UNI).
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Puc. 3.76. Avenkn ATM B cpefe nepenaun

Hns otobpakenus ssiueek ATM B ctpykType STM-N 0oHE BCTaBISIOTCS HEOCPEACTBEHHO
B koHTekHep C-12 unu C-4. [Ipu stom kaxnwlidi 6aiT sueliku ATM 3aHuMaeT oquH GailT B
KoHTelHepe. [lockonbky uncno OallToB Ais mepeaayn uHpopmaluu, Hanpumep, B C-4 He
KPaTHO 4uCIly 6aliTOB B OAHOM siueiike, OCIEAHNE MOTYT NepeMeIaThes B peenax KOHTen-
Hepa (puc. 3.77) Ilpu ucnonszoBanun STM-1 mis sideex OTBeIEH BUPTYaIbHbBIH KOHTEHHEP
V C-4. BoiensiemMasi mpu 3TOM CKOPOCTh nepenaun cocrasisier 149,76 Mour/c.

-1
RSOH
5TM-1
Weajarent .
] } WA
ME0IH 11 ] ;
5TM-1 33 = [fai
@l
] il erpos
H&
F3
%]
M1 S L E: ,i [-\'.‘-1
Husdiga ATM 280 dalfmon

| 35 tadTa

O STM-4 nponyckrast ciocodHocTh coctaBimsier 599,04 Mout/c. B 3aronoBke BHPTY-
anpHOTO KOHTelHepa V C-4 B Gaiite C-2 nenmaercst oTMeTKa 0 3arpy3ke sueek ATM.

JBouunas komObunanus C-2 6yaet coorBercTBoBath: 00010011.

Sueiiku MyabTHIUIEKCHPYIOTCS B mUKabl VC-4 (aymurenpHocTh mukiaa 125 Mkc) oaHa 3a
oIHOH 0e3 CBOOOMHBIX MPOMEXYTKOB. B ciydae oTCyTCTBUS MHPOPMAIIMOHHBIX SYEEK eM-
kocTh V C-4 3amnosHseTcs MyCcThIMU siueiikamu. [Ipu 5ToM pasrpaHHYeHUE STUYECK MPOUCXOIUT
no Oaiitam HEC u mycTeiMu siueiikamMu. B HEKOTOpBIX ciy4asx BO3MOXKHO pa3TpaHHUYCHHE
siYeeK PEeryJISIPHBIMU KaJPOBBIMHU CTPYKTYpaMH, Kak IToKa3zaHo Huke, kagpamu PLCP.

SAueriku ATM MoryT BeTaBnsaThest B ukisl PDH co ckopocTsimu 2,048; 34,368; 139,264
MowuT/c. DT0 cTano BO3MOXKHBIM I0CJIE MPHUHATHS JOMOJHEHUH K pexomeHnmarusm MCD-T
(G.804, G.832 u ETSI ETS 300 337. B MCD-T paspaboransl apyrue nukiasl PDH (G.832)

Juis ckopocteii 34,368 u 139,264 M6ut/c mnTensHOCThI0 125 MKC, CO CTPYKTYPaMH | 3aro-
JIOBKaMH, aHAJIOTMYHBIMU IukiaM SDH.

Puc. 3.77. PaameweHune syeek ATM B STM-1
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SAueiiku ATM BcTaBISAIOTCS CUHXPOHHO OalT 3a 6aiiToM B KaHanbHbIEe MHTEpBaibl 1...15
u 17...31 nukna nepenauu 2,048 Mowut/c, T.e. Kaxaplii GaiiT sUelKu mepeaaeTcs TOYHO O
HUM BpEMEHHBIM KaHaioMm 3 8 OuT. [ Kakno# sueiiku TpeOyeTcss MpUMepHO JBa ITUKIIA
2,048 Mourt/c (puc. 3.78). baiitel cunxponuzanuu u curnanuszaiuu (0-i u 16-i kaHabHBIC
UHTEPBAJIBI) COXPAHSIOT CBOU (pyHKIMK npu 3arpyske E1 Gaiitamu siueek ATM.

256 Guroe, 125 mic

| Mone narpyaxw swesnn 1 | Lwn 1

i

O

BAAT {HAHAN) CUisEPoH WAL = BAAT (MAHAR) CMrHANERAL WA
==

Puc. 3.78. Oto6paxeHune ssueek ATM B curHane E1

SAdeiiku ATM BCTaBISAIOTCS ¢ CHHXpOHH3AIMel 1Mo O0aidTamM B MO MHPOPMALIMU Kajpa
E3 B cootBercTBUM ¢ pekomernanueii G.832 MCO-T (puc. 3.79). B kaape mpenycMOTPEeHbI
JIOTIOJTHUTENbHBIE GalThl Il yIpaBieHus U oOcnyxkuBanus (7 0alTOB), U3 KOTOPBIX GalThI
FA1 u FA2 (Frame Alignment) ciykar i HMKIOBOW cHHXpoHu3awu, Oaiir EM (Error
Monitoring, BIP-8) — aast kouTposns omrbok mo anroputmy BIP, 6aiit TR (Trail Trace) —
IUIsl METKH TpakTa, 6aiit MA (Maintenance and Adaptation, o6¢cnyxuBanne agantanuu) —
Ul OOCIY)KMBaHUs M M3BelleHuss 00 omubkax Ha yaaiaéHHou cropone, 6ait NR (Network
Operator) — s onepatopa cery, 6aiitr GC (General purpose communications Channel) —
JUIst 00LIel CBSI3H.

G0 GarToa
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Puc. 3.79. OtobpaxeHune sueek ATM B curHane E3 no Pekomengauun G.832
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Sueiiku ATM B curnane 34,368 Mout/c (E3), BBOAMMBIE Yepe3 Kaapbl (HUIHUECKOTO
ypoBuss PLCP (Physical Layer Convergence Procedure), rpymmupyroTcst MO IEBSTh
(puc. 3.80, 3.81). IIpu 3TOM MeTOzE pa3MelleHHs sueek B HukKie nepeaadn PDH Heckombko
BHUJIOM3MEHSIETCsI, HO CTPYKTYpa Kajipa COXpaHseTcs. Buaon3MeHeHe OCHOBAHO Ha MPOLETy-
pe npeobpazoBanus Guznueckoro yposHs PLCP.

Lkn nepelaud 44,7 Mie/ 198 dandta
Mrdbopeia upaonsoe noge 190 Gafron

=
(R R

A - ARAPUENLIA CUTHAD
Ho - BHT HAHO KA B HOIS ST b 3R R R

Puc. 3.80. CtpykTypa umkna nepegayv B E3 no Pekomengaumm G.702

Llexn E3
(34,368 M&wWT/C)
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Kaap PLCP
531, 533 Gadra 120 s
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1;.;":;.“_;:.-._.._ aal = ol o ._.x“':r__
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Puc. 3.81. Kagp PLCP

B crpykrype nmkia nepenaun E3 mo Pexomenaanuu G.702 6uter 13...16 kaxmoro nyukia
3aIOJHSIOTCS (PUKCUPOBAHHOM MocienoBaTeabHOCTRI0 6uTOB 1100. [list Kaxa0ro muKia me-
penaun PLCP umeetcs 190 6aiitoB. IlosTomy kaap PLCP moxeT ObITh BeTaBieH ¢ nobaiiro-
BOl cuHXpoHu3anuei. 3aronoBok kaapa PLCP conepxur 4 Gaiita. [lepBbie nBa 6aiiTa Kaxmo-
ro 3aronoBka PLCP nepen siuetikamu ATM SBISIOTCS [UKJIOBBIM CHHXPOCHUTHAIOM JJIsl KaK-
noii u3 aeestu sueek ATM. Tperuii 6aiiT mpeactaBiseT cod00il HHIANKATOP TPAKTOBOTO 3aro-
noBka. UeTBepThiil OaliT: pe3epBupyetcs A sueek 1...3, oOpa3yeT KaHa MOJIb30BaTeNs ISl
YeTBEPTON SUEHKH; KOHTPOIHPYET TpaccupoBKy kanpa PLCP mepen msaroii saeiikoid; onpene-
JISIeT CTaTyC TPACCUPOBKHU MEpe]l HIECTON AYEHKON; COAEPKUT UHPOPMALIMIO YIIPaBISHUS s
CETH MEePCOHANBHBIX KOMIBIOTEPOB Tepe siueiikaMu 7 U 8; collepKUT OalT MPOBEPKH 3aroJ-
HeHus mepen suerikord 9. XBocT kaapa PLCP, coctosmmii u3z 18...20 GaiiToB, co3naeT BO3-
MO>KHOCTb IIM(PPOBOTrO BHIPABHUBAHHUS.

Kpome paccMoTpeHHBIX CTpyKTYyp 3arpy3ku siueiiku ATM MoryT HenocpeacTBEHHO 3a-
rpyxarbcsi B Harpysounsie 6ok OPUK cetn OTN-OTH 1 B oTae/IbHbBIE BOJTHOBBIE KaHAJBI
WDM.
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3.3. TexHonorusi onTuyeckomn TpaHcnoptHon cetn OTN-OTH

3.3.1. TepmuHbI, onpeaeneHunsa n o6osHavyeHnsa OTN-OTH

Onrunueckas tpancnoptHast cetb OTN (Optical Transport Network) na ocHoBe TexHOIOTHH
MYJIbTHIUICKCUPOBaHHS ONTHYECKOM TpaHcmopTHOU uepapxuu OTH npenHasHaueHa jjs mo-
CTPOEHUsI TPAHCIIOPTHBIX MAarkcTpajei ¢ MPOMYCKHOM CHOCOOHOCTBIO 10 AECATKOB TOuT/C.
DT0 mocTHraercsi coyetaHneM TMOKOTrO0 HU(POBOr0 MYJIBTHIUIEKCHPOBAHHUS CTaHAAPTHBIX
LUKJIMYECKUX OJOKOB, C OHOM CTOPOHBI, M THOKMM MOCTPOSHUEM ONTUYECKUX KAHAIIOB U MX
MYJIbTHIUIEKCHPOBAHHEM B YIPABIISIEMBIE ONITHYECKHUE MOYJIH, C APYTOH CTOPOHBI.

Jus peanuzanmu BozmoxkHocTelt OTN-OTH Pekomennanmusvu G.709 u G.798 MCD-T
npeyCMOTpEeHa Hepapxudeckasi CTpykTypa unrepdeiica (puc. 3.82), koropasi moBTOpPSIET, 10
CylecTBy, Mojiesb Tpancnoptaoi cett OTN-OTH (em. puc. 2.1).

¥poosme monesosarenn (STHE-N, ATM. IP. Ethernet)

L QP |
P L -
A e e e e e =
ODL-T &
aTUE-v | OTuk Ovlk-¥ | GOTUR
BCh OChr
¥pooewe MSn
Yopaasy S
¥poaaHe 015N 3
OTM=pumi DFM-0.m, OTH-nr.m
Momepd Hafiop daenunh YrpoaEmsmE gy
WHTe i OTH wurepdeancs DIN

Puc. 3.82. Ctpykrypa uHtepdenca OTN-OTH

OnHako B CTPYKType HHTepderica MOIIepPKHYTHl TEXHOIOTHIESCKUE PEIICHUs ISl BCeX
cocTapistromux yposHel cetu OTN, B yacTHOCTH IMpeACTaBICHbI TOJHBIM U YIPOILICHHBIH Ha-
60op yHkmMit naTepdetica mpu GopMUPOBAHUK ONTUYECKOTO TpaHCTIOpTHOTO Moyt OTM.

Jnst peanuzanyy yHKIMH HHTepdelica UCIoNb3yeTcs IEKTPOHHOE U ONTHYeCKoe 000-
pynosanue (puc. 3.83), 06beaunsemoe B Tpancnonaepusie TPD u ontuueckue 610k OMX ¢
ontuveckoi perpaHcisnued R. Uepes TpaHCHOHIEpHbIE OJIOKM peanu3yroTcss (yHKIHH
ypoBHs ontrdeckoro kanana OCh (Optical Channel).
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Puc. 3.83. Ctpyktypa coegnHenuns B cetn OTN-OTH:
TDP — TpaHcnoHaep
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Yposen» OCh obecnieunBaer GpopMupoBanie HUPPOBBIX TPAHCIIOPTHBIX CTPYKTYP ONTH-
YEeCKOM TPaHCIIOPTHOM HepapXWy uYepe3 TeHepaluio OJIOKOB Ui YIaKOBKH HH(pOpMaIuu
nosnp3oBareass: OPU, ODU, OTU. Takxke ypoBens OCh oGecrneunBaer mpeobpaszoBaHue
JNIEKTPUYECKUX CUTHAJIOB B ONTHYECKHE Ha Tepeaue M oOpaTHYIO ONEepaluio Ha MpueMe C
pereHepanuei aMIIuTy b1, GOPMBI U JJTUTEIBHOCTH UMITYJIbCOB curHaia (pyHkimu 3R).

PaccMoTprM KOMITOHEHTHI CTPYKTYPHI, IPECTaBICHHOH Ha puc. 3.82.

OPUKk (Optical Channel Payload Unit-k) — 610k ontuueckoro kaHaaa Harpy3KH MOpsii-
ka k, rie k=1, 2, 3. Dra uukinnyeckas nHPOPMAaILOHHAs CTPYKTYpa MCIIOIb3YyeTCs ISl aar-
TalMyi WHQOPMAILIMHK TI0JIb30BATENs K TPAHCIIOPTHPOBKE B onTHueckoM KaHaie. baok OPUK
COCTOUT U3 T0JIs1 HH)OPMAIMOHHON HATPY3KH U 3ar0JI0BKa.

ODUk (Optical Data Unit-k) — 6710k maHHBIX onTHYeCKOro KaHana nmopsiaka K, roe K= 1,
2, 3. Ota uHbopMaMOHHAasK CTPYKTypa cocTouT u3 nosist uadopmannu OPUK u 3aronoska.

ODUk-P (ODUK Path) — 6110k gaHHBIX ONTHYECKOTO KaHa a nopsiaka K, moaaepxuparo-
M TpakT U3 KoHua B koHen cetu OTN.

ODUK-T, ODUK-TCM, ODUk Tandem Connection Monitoring — 610k qaHHBIX ONTHYE-
CKOT0 KaHaa, NO/IePKUBAIOIINK HaOIt0eHiHe (MOHUTOPUHT) MapHBIX (TaHAEMHBIX) COEIU-
Heuuii B cetn OTN. Onun 6ok ODUK-T jmomyckaeT moAAepskKy MOHHTOPHHTA 1O IIECTH
TaHIEMHBIX COCTHHEHUH.

OTUKk (Optical Transport Unit-k) — onrtudeckunii TpancmopTHeiii 610K mopsiaka K, rie
k=1, 2, 3. Ora uHpOpMaIMOHHAs CTPYKTYpa MCMOJb3yeTcst ajist TpaHcnoptupoBku ODUK
4yepe3 OJJHO WM OoJjbliIe COeUHEeHUI (KpOCCOBBbIE COCAMHEHUs B y3Jax) ONTHYECKHX KaHa-
aoB. Biiox OTUK onpenenen B nyx Bepcusix — OTUKV u OTUK. OH pekoMeHIOBaH K MpH-
MEHEHUIO Ha JToKaJIbHBIX yaacTkax OTN B moHOU 1 ynpomieHHO#H GopMax HCIOTHEHHS.

OTUKV xapakTepu3yercs Kak 4aCTUYHO CTaHAAPTH3NPOBAHHAs CTPYKTYpPa, PEKOMEH Tye-
Masi JIJIsl IPUMEHEHUS B COCTaBe ONTHYECKOro TpaHcmopTHoro Moayisi OTM B nonHo# Gopme
ucnosnuenns. OTUKV cocrout u3 610Ka JaHHBIX ONTHYECKOTO KaHala, 3ar0J0BKa ISl yIpas-
JIeHHs] COSqMHEHHEM OMNTHYECKOro KaHajga M mojs ucmpasienus ommbok FEC (puc. 3.84).
Bbaox OTUK HanpapiseTcss Ha ONTHYECKUN MOIYJIATOP, Tae GOPMUPYIOTCS MMITYJIbCHBIE OII-
THYECKHE MOCBUIKUA Ha ONpe/eEHHON BOMHE W3nydeHus. BosHel nznyuenus kaxmoro OCh
00BEeIUHSAIOTCS B 000PY/IOBAaHUH ONTHYECKON ceKiuu MysbTrHIuiekcupoanus OMS (Optical
Multiplex Section).

Cranfigs (wonasnia) Gadro

1...7 8..15 1516147 eas 3824 3825 ..... 4080
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Puc. 3.84. CtpykTtypa 6rnoka OTUk

Ha ypoene onmuueckoii cexyuu mynsmuniexcupogsanus OMS-n mpon3BoguTcst MyJib-
THUIUIEKCUPOBaHKe/ IeMyIbTUIIEKCHPOBaHHe N onTH4eckux Kananos. Yucno 1 < n < 16 yka-
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3bIBaeT Ha ONTHYECKHE YaCTOThl, PEKOMEH/IOBaHHBIE JUIsl TIepeaayl CUTHAJIOB Yepe3 BOJIOKOH-
HO-ONTHYECKHE JIMHWU B nuana3one 1260-1675 um. B aTom nuamazoHe BO3MOKHO TPYIITHPO-
BaHME ONTHYECKUX 4acToT Oiokamu u3 N B Moayan OTM-n ajist ux nocneayrolei TpaHcs-
1 B ontrueckux cekiumsax OTS (Optical Transmission Section).

Ha ypoene onmuueckoiui cexyuu nepedayu OTS-n hopmupyrorcst u pacopMHpOBEIBa-
FOTCS ONTHYECKHe TpaHcmopTHeie Moayan OTM-n.m, OTM-nr.m, OTM-0.m (Optical Trans-
port Module). Nunekcet OTM onpenenensl ajis 0003HAYECHUS] Pa3IMYHBIX BAPUAHTOB MO-
CTpoeHHs UHTep(dEiCoB.

Wupeke «n» ucnonb3yercs il 0003HaUYeHNsT MAKCHMAIIbHOTO YKCIIa BOJIH nepeaadu. Ec-
mu N = 0, To 3TO MPHU3HAK OJTHOI BOJIHBI ITepeIadn.

WHpekc «r'» ucnonbs3yercs Ast 0003HauSHUs yNpolieHHbIX pyHkuui, B yacTHoctd OTM
HE COJIEPIKUT OT/IEIbHBIA BOJIHOBOIM CEPBUCHBIN KaHAI Mepeiayy 3aroj0BKOB.

Wnnexc «m» ucnons3yercst a1t o6o3HaueHns: nepapxudeckoit crynean OTH ¢ coorset-
CTBYIOLIEH CKOPOCTHIO Mepe/iauyl B BapHaHTe KOMOMHHUPOBaHUs ckopocTeld. OH siBisieTcs pac-
IIMPEHHBIM, 110 CPAaBHEHHIO C HHIEKCOM «K», 0603Hauennem (M= 1, 2, 3, 12, 123, 23).

Nupeke «k» ucmonb3yeTcs At 0003HAUCHHUS TIOIAEPKUBAEMON HEePapXUIeCKON CKOPO-
ctu OTH (tabn. 3.11). Tak k=1 cootBerctByeT ckopoctu 2,7 I'6ut/c, k=2 coorBercTBYyeT
ckopoctu 10.7 I'6ut/c, k= 3 coorBercTByeT ckopoctu 41.2 ['Gur/c.

Ta6nuua 3.11. VMiepapxuyeckme ckopocTu u umknbl OTUK

OTUK CkopocTh, KOuT/c OTkiI0HeHHE CKOpPocTH | JIJIMTETbHOCTD MK, MKC
OTU1 | 255/238 x 2 488 320 48,971

OTU2 | 255/237 x 9953 280 +20-10°° 12,191 mkc

OTU3 | 255/236 x 39 813 120 3,035 mke

Yposenv onmuueckon gusuuecron cexyuu nopsoka N OPSn (Optical Physical Section-
N) mpexycMOTPEeH JUisl Mepefayd MHOIOBOJHOBOTO ONTHYECKOTO CHUTHajia 4epe3 ONTHYECKUe
cpenbl pasHbIX THIOB (OJIHOMOIOBBIE BOJIOKOHA ¢ xapakrepucTukamu G.652, G.653, G.655,
G.656). Iopsa0K BOJHOBOM Mepeaadn OMPENesicH UHAEKCOM «», KOTOPBIA MOMKET JIeKaTh B
npexnenax 0 < n < 16. B atom uaTepdeiice 0TCyTCTBYET BOIHOBOW CEPBUCHBIN KaHaI.

Cxema mynapmunieKcuposanua u ynaKkoeKu ontTuieckoil TpancnoptHoi nepapxuu OTH
OTpaXkaeT MOCIeNOBATEILHOCTh Mpeodpa3oBaHuii HHGYOPMAMOHHBIX TAHHBIX U ONTHYECKHUX
curHanoB B uHTepdeiice OTN (puc. 3.85). IIporenypsl mpeobpa3oBaHuil MOKa3aHbI CTPEIIKa-
Mu. Brioku cxembl, H300paKeHHBIE B BUIE TIPSMOYTOJIBHUKOB, IPeHA3HAUCHEI 10T YIIAKOBKY
1 POBBIX JaHHBIX. BIOKH CXeMBbl, N300paXKeHHBIC B BUJIC OBAJIOB, IPEIHA3ZHAYCHBI IS Olle-
pauui MyJIbTHILIEKCHPOBAHUS.

B pesynbrare onepanuii ynakoBKH CO3JArOTCSl aJanTHPOBAaHHBIE OJOKH HU(PPOBHIX JaH-
Heix OTU, KOTOpEIE TIepearoTcsl B ONTHYECKUX KaHanaxX. B pesynprare oneparuii MyIbTHII-
JIEKCHPOBAHHUS CO3Jal0TCs rpynmnoBbie 0ok nngpossix ganHeX ODTUG u rpynmnossie 6110-
ku ontrdeckux kaHanos OCG.

Ipu cozmannn OTUK Ha sTamax MysibTHIUIEKCHPOBAHHS MPUMEHSETCS CHHXPOHHOE IM0-
GaiitoBoe o6benuHenne nHpopmaironHbix nanueix ODUK B rpymmossie 610k ODTUGK,
rae k=1, 2, 3. ®opmuposanune crpykryp OTUK, ODUK 1 OPUK Takke CBA3aHO C IPHCOEIN-
Henuewm 3arosnoskoB OH (Overhead) u cornacoBanuem ckopocteii.
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Puc. 3.85. Cxema mynbTtunnekcmposaHus n ynakoskn OTN-OTH

Mukn OTUK HaumHaetcst cuuxpociaoBoM B 3aroioBke FAOH emkocthio 7 6aiiToB B ro-
JIOBHOH YacTH. B 3aBepliieHny 1ukia npumensercs 010k 4x256 6aiT, KOTOpbIi MOXKET ObITh
3anonHeH kogoM Puna-Conomona (RS, Reed-Solomon) s ynpeskaaroniei KOppeKInu# OIu-
6ok FEC wnu comepxath HyeBoe OaniacTHoe 3amnonHeHue. [lepenaya Gaiitos 6;10xk08 OTUK
NPOM3BOAUTCS CJIEBa HANPABO M CBEPXY BHU3 OaiiT 3a Oaiitom (puc. 3.86).
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Puc. 3.86. MNopsagok nepenaymn 6noka OTUkK
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KoHeuHbIM pe3y/nbTaToM BHITIOJIHEHHUS ONepannii cCXeMbl MyJIbTUINIEKCUPOBAHHUS SIBIISET-
Csl ONTHUYECKWH TpaHCHOpTHBIA Momynb OTM B onHOM M3 TpeX BapHaHTOB HCIOJHEHUS:
OTM-0.m; OTM-nr.m u OTM-n.m. B 3TuX BapuaHTax MOTYT COYETaThCs pa3IMYHbIE IO CKO-
POCTH M LUKIMYHOCTH ONTHYECKHE KaHaNbI ¢ 3arpy’kaeMbiMu B Hux Onokamu OTUK. Hanpu-
mep, OTM-n.1 nepenocur curnanst OTUL B n-ontuueckux kananax win OTM-n.23 nepeno-
cut | curtanoB OTU2 u i curnamos OTU3, npuuem cymma i +j < n.

[Mpumep TeXHOJIOTMUYECKOM MOCIEeNOBaTENFHOCTH ornepanuii GopMupoBaHHs LH(PPOBEIX
6aokoB OPU2, ODU2, OTU2 npencrasien Ha puc. 3.87. [lopsnok hopMUpPOBaHHS KaKIAOTO
13 OJIOKOB paccMaTpUBAETCS B CIEAYIOMINX pa3eax.

F45 | z 7
i = a L]
I0UL§  aout =] [5_r|-|-*_|5._n:3,lm, GFF
Ol =]
IIII
1
T
i | T - -
0| |
ol mas|
couz| couz |5 =] TR
(=5 —
BH S| oott | S|sre-i6, ATM, GFP)
o |5 !
Fas | oz oHj [(Tae 1 1
[ Eis L
T | ELE 1| 1
S Fans | oTLE
oTUz|  obwe | ] [T — FEL
OH S| oour | |isim-15 ATH, Gip!
o | %

Pwuc. 3.87. MNMpumep dopmmnposaHue cTpykTypbl Lmknos OTH BTOporo ypoBHS

3.3.2. PopmupoBaHMe BNTOKOB Harpy3ku onTuyeckmx kaHanos OPUk

bnoku Harpysku ontudeckux kanaigoB OPUK mpemHasHadeHs! it yakoBKHA HUDPOBBIX HH-
(OpMAIIMOHHBIX JAHHBIX C CHHXPOHHBIM 110 OUTaM WM ACHHXPOHHBIM COTJIACOBAHMEM CKO-
pocreii. Brok OPUK moxet nmeTs oauu u3 tpex nopsakos (K =1, 2, 3), KoTopblil cOOTBETCT-
ByeT onpeneneHnoi ckopoctu nepeaaun OTH (taba. 3.12). 3aronosok OPUK umeeT oauHa-
KOBYIO CTPYKTYPY Ha BceX uepapxudeckux crynensx (puc. 3.88). Hasnauenue u 006o3Haue-
Hue Gaiitos 3aronoBka OPUK Ha 3TOM pucyHke cieayronue:
— RES, Reserved — pesepBHbie 6aiiThl 1 OUTHI [Tt OyAyIle# CTaHAaPTU3AIHH;
— PSl, Payload Structure Identifier — unenTudukarop cTpyKTyphl HArPY3KH; COAEPIKUT-
cs B 256 OaliTax cieqyronmx IpyT 3a APYroM, HO TOJIBKO HYJEeBOH OaiiT 3Toi mocuemno-
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BaTEJILHOCTH HeceT coobuienue o Tune Harpysku PT (Payload Type), ocranbHbie 6aifTsi
pe3epBHBIE;

—JC, Judtification Control — ynpapnenue BolpaBHHBaHHEM (COTIIACOBaHHEM CKOPOCTH
nepeayn); UCIONB3YETCS MPU ACHHXPOHHOMN YMaKOBKe/BBITPY3Ke UH(POPMAIMH MOJIB30-
BaTeIs [l YKa3aHUs HA OTPUIIATEBHOE HITH TIOJIOKUTEBHOE COTTTACOBAaHHE CKOPOCTH;

—NJO, PJO, Negative Justification Opportunity, Positive JO — oTpurareibHoe 1 moJo-
JKHUTEIBHOE COTJIACOBAHHE CKOPOCTH.

Ta6nuua 3.12. Tunsl OPUK 1 ckopocTu nepegayn

Tun OPUkK CxopocTh nepegauu, Kout/c OTKJ/JIOHEHHe CKOPOCTH
OPU1 2488320 +20-10°°
OPU2 238/237 x 9953280 +20-10°°
OPU3 238/236 x 39813120 +20-10°°

OH GFUk FonOHE#

15 16 | 17
1{ RES | I
2| RES | X 123486p 148
3l Res.| 3¢ = J¢| Pesepe (RES) ] 2]
40 P51 | MID | FID
f_"pcﬂuj,
o T
£ RES
: [Pesepa)
255

Puc. 3.88. 3aronosok OPUk

Baiiter NJO 1 PJO He npuMEeHSIOTCS IPU CHHXPOHHOM yMaKOBKe Mo OaliTaM U BEITPY3KE B
OPUK. TIpu sTom GaiitT PJO ucnonb3yercs s pa3MelneHns: HHPOPMAaHOHHBIX JaHHbIX. Co-
crosine outoB JC u 6aiitoB NJO u PJO npu acHHXpOHHOH YIIaKOBKE W BBITPY3Ke MPHBEIECHO
B Tabum. 3.13.

Ta6nuua 3.13. CocTtosHme 6utoB JC n 6antoB NJO 1 PJO npu ynakoBKe U BbIrpy3Ke

JC, ourB1 7 8 NJO PJO
00 Baiit cornacoBanus BaiiT naHHBIX
01 BaiiT naHHbIX Baiit naHHBIX
10 He ucnons3yercs
11 Baiit cornacoBanus Baiit cornacoBanus
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B yxazanuu Ha Tun Harpy3ku PT MoxkeT ObITh OTMEUeH OJIUH U3 W3BECTHBIX BUJIOB LU (-
poBoii nadopmanuu. Hanpumep, ynakoska sueek ATM OyneT conpoBoxaatecsi 6aiitom PT
00000100, a acuaxpoHHas yrmakoBka nHpopmanuu 6aitom 00000010.

Ha puc. 3.89 npusenen npumep uukiaa OPUL, 3arpyxeHHOro MH(GOPMAaLMOHHBIMU JaH-
HeiMu STM-16, nepenaBaembiMu co ckopocTbio 2,5 ['Out/c. 3arpyzka STM-16 npoucxoaut
out 3a 6uToM Oe3 ono3HaHus GaiitoB STM-16. IIpy 3ToM MOXeT ObITh AKTHUBHPOBAHO IOJIO-
KHTEIBHOE WJIM OTPHLIATEIFHOE COTrTIaCOBaHNE CKOPOCTEH.

Honouuw Balitan

35 16 ar 18 ke 1ez4
y[resf ac ] o | o 3005 [ GaRton ]
HAEE KR BRGS0 Galiton ]
3 | RES | JC i i} RESE [ GaRTan o
& | P51 | KJD | P30 1} B35 0 GadTon o

Crpakw

Puc. 3.89. MNpumep ynakosku 6okoB STM-16 B OPU1

Ha puc. 3.90 npuBesaeH apyroit npumep 3arpyxentoro ukia OPUK, rae nomeiena nt-
(dopmanust B Bune siueek ATM. Sueiiku ATM, umeronue eMKkocTh 53 OaiiTa, ynakoBbIBalOTCS
CHHXPOHHO 110 Oaitram. [Tpu aTOM stueiiku, KoTopble HenmoaHOCThIO omeriatorcesi B OPUK, me-
peHocsitest B cnenytonuii OPUK.

OH OPUK

15 16 17 3524
[mes (s [ TT T -
RE= RE=

_RES | RES

PSI | RES [ ] I

L=

Ayedza ATM
G |

&3 Gafra

Puc. 3.90. MNMpumep ynakosku syeek ATM B OPUk

Ionesnas emxocts OPUK n1s stueex ATM coctasnser 15232 Gaiita, 1.e. 267 ssueex ATM
1 21 Gaiit 6yayT CBOOOIHBI MJIH 3aHATHI 4acThio sueiiku. B 3aromoske OH OPUK Het Gaiito
JUISL COTJIACOBAHMS CKOPOCTEH. AHAJIOrMYHO TpeaycMoTpeHa ynakoBka kaapoB GFP emko-
cteio ot 8 no 65535 Gaiitos 8 OPUK. Kaapsr GFP npenHasHaueHsl [Uis EpPeHOCa MYJIbTHII-
JexcupoBaHHO# nHbopmaimu cereii Ethernet, mporoxona HDLC u apyrux uepes TpaHCopT-
Hele cetn SDH u OTH.

OnHoit u3 Baxueiinx GpyHkunit OPUK 1o oTHOIIEHHIO K yIaKOBbIBaeMOMY HH(OPMAIIU-
OHHOMY COOOLIEHHIO SBISETCS BOBMOXKHOCTb BUPTYaJIbHOM CLENKH HECTAHAApPTHOM MO CKO-
poctu niepenayn Harpy3ku B cetd OTN.

Bupmyanvnas cyenka (konkamenayus) ¢ OPUK Boinonasiercst B X napasiesibHO yma-
koBbiBaeMbix OPUK enuubiM Giokom uH(popmarmu. OO03HAUYEHHE BHUPTYAIbHOM CIEMKH
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OPUk-Xv, rme k=1, 2, 3, X=1, 2, ..., 256. Takum 06pa3oM OJHOBPEMEHHO MOXET ObITh
npenocraBieHa eMKocTh X X 4 x 3810 GaiiToB ais mepeHoca WHGOpPMaIUK MOJIb30BaTES.
IMpumep crpyktypbl OPUK-XV npuBene Ha puc. 3.91.

OF LIk (H (8 x X Safr)
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Puc. 3.91. MNMpumep cTpykTypbl 6110ka OPUK-Xv

Kaxnas u3 cocraistonpx OPUK-X TpaHCHOPTHPYETCSl CAMOCTOSITENBHO 4epe3 CeTh
OTN. Ilpu 3ToM Ha MPUEMHON CTOPOHE JUIsl COTJIACOBAaHHOM BBITPY3KH HH(pOpMAIMH U3
OPUK-X ucrons3yercs 3aronoBok OPUK-Xv OH. O6mias crpykrypa 3aronoska OPUk-X OH

npuBeaeHa Ha puc. 3.92.

CNeu U eI W 308

e TUM B0 T AN D KON ATE HE LA

HonoHgx
15 146
1 [¥COoHL
Z W OH2
3 IWDH3
i PAL
CTpowm |
o PI
WEPT
2| RES
| Res
254 | EKES
Z55 | RES

Puc. 3.92. O6was cTpykTypa 3arofnioBka 6noka OPUK-Xv
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Baiit PSl B kaxmom OPUk u3 OPUK-XV mosropsiercsi. Tpu 6aiita VCON1, VCON2,
V CONS3 ucnosp3yroTes UIsl TPaHCTIOPTUPOBKH CrielM(PUKAIIMU [TUKIOBOH CTPYKTYPBI BUPTY-
albHOM cuenkd. 1o 8 O6uroB B 3-x Oaiirax, moBropsieMbie B mukie 32 pasa (puc. 3.93).
CTpyKTypa COAEPXHT TOCIIe0BaTeIbHbIA CBEPXIMKI M 3aroJIOBOK YIpaBJeHHs COrilacoBa-

HHUEM C JIMHUEN nepeayu.

& BuTe

WEON L NEOMzZ WEOME
1 21 al
0 MFI 1 af1j2]a]s]s]e]7 CRC &
1 MFI 2 ala HEEI CRC &
= RES CRC A
3 RES CRC &
& | CRLC 8
stete | | | mes CRC &
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CTATYC
2E5
.
31 HEEEEE CRE 8

Puc. 3.93. CtpykTypa 6ainTt 3aronoBka BUpPTyanbHON CLENKM

Baiiter OPUk-Xv VCON1/2/3 umMeroT cieayroliee Ha3HauYEHHE:

— MFI, Multi Frame Indicator — uHAMKATOp CBEPXIIMKJIA; COAEPKHUT U3MEPEHHBIA HH-
TepBaJ 3aJE€PKKH MEKIY CHTHAJIaMH B TPYIIE BUPTYAIbHOM CLENKH U 00ECIICUMBAET
IPOIIECC KOMITEHCAITMH 3TOM 3a/Iep)KKH Ha MPUEMe; TIPOIIECC KOMITEHCAIMH TTPOXOIUT

3a 125 Mmkc;

— SQ, Sequence Indicator — uHAKMKATOP MOCIEAOBATENBHOCTH; HACHTH(OUIIUPYET MOPsI-
1ok nHauBuayaidbHeix 6710k0B OPUK B OPUK-XV, T.e. 00beIWHEHHBIX B €AMHYIO IMO-

creoBaTenbHOCTh (puc. 3.93);

— CTRL, LCAS Control Word — ¢10BO KOHTPOJISI COTJIACOBAHUSI ¢ EMKOCTBEO JIMHUHM T1e-
penayu ¢ onpeaeeHHbIME KOMaHIaMH, KOJUPOBAHUEM M 00pabOTKOM TIPH yNpaBiIeHAN

€MKOCTBIO CLICIIJIECHHOI'O KaHaJia,

— CID, LCAS Group ldentification — uaenTruKaTop rpymmbl COrTacOBaHUS C €MKO-
CTBIO JIMHUY NIepeIayr; CIYKUT /IS BEPU(PHUKALIMK HA TPUEMHON CTOPOHE BCEM IPYIIIBI
KaHAIIOB B OJIHOM JINHUY TIepelayH;

— RSA, Re-Sequence Acknowledge — BoccTaHoBieHHE OCTIEI0BATEIBHOCTH; COO0IIE-
HHE, KOTOPOE WHIMLUPYET Ul NPHEMHHUKA BOCCTAHOBJEHHE MOCIIEA0BATEIBHOCTH CO

CTOpPOHBI TIEPEIATUHKA,

— MST, Member Status field — mose craryca yuactHuka (06beaunsemoro 6aoxka OPUK);
ucnosbsyercst oqun 6ut s kakaoro OPUK, o6beannesemsix B OPUK-Xv; cratyc (Ha-
JMYHE WIN OTCYTCTBHE) nepenaercs 3a 1567 mkc mrss K= 1, 3a 390 mxc — s k=2, 3a

97 Mmxc — i kK= 3;

— CRC-8, Cyclic Redundancy Check — nukinueckuii H30bITOUHBIN 8-paspsiAHbIN KO, BbI-
gucnseMmslil it 0aiit VCON1, VCON2 ¢ ucnonbp3oBanuem nosmmHoMa X8 + X2 + X + 1,
CITY’KHT JJIsl KOHTPOJIS ¥ UCTIPaBJIEHUS] ONIMOOK Mepeiayn Ha MPUEMHOM CTOpOHE.
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[Tpumep ynakoBku naHHbix STM-64 8 OPU1-4v npuseneH Ha puc. 3.94.
Cuemisiembie OPUK uMeroT onpeaesieHHbIe HOMUHAIBI CKOPOCTEH Mepenadn U I0MyCTH-
MbI€ OTKJIOHEHHsI 3THX CKopocTei (Tadma. 3.14).
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1o8+1 1dde2 16E+3 15K 158+1 15042 15043 15¢ 16X+1 Ja246%
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Ta6bnuua 3.14. HomuHanbHble 3HaYeHns ckopocTei cuennsembix 6rnokos OPUk

Puc. 3.94. Mpumep ynakoBku curHana STM-64 B 6nok OPU1-4v

Tun OPUK-Xv CkopocTh mepeaaun, Kout/c OTK/IOHEHHE CKOPOCTH
OPU1-Xv X x 2 488 320
OPU2-Xv X x 238/237 x 9 953 280 +20.10°°
OPU3-Xv X x 238/236 x 39 813 120

3.3.3. Bnok gaHHbIX onTn4yeckoro kaHana ODUk

Braok ODUK — unpopMaIroHHas [UKIMYECKas CTPYKTypa, HCIOJb3yeMas B ONTHYECKOM
KaHase JUist MOIIEPKKH TPaKTa U3 KOHIa B KoHell. MHpopMalnoHHas UKIHYeCKas CTPYKTY-
pa ODUK mpencrasiena aBymst yactssmu: mosiem Harpy3ka OPUK u moem 3aromoska ODUK
(cm. puc. 3.84). Emrxoctu ODUK ompenenenst s k=1, 2, 3 (tabn. 3.15). B 3aronoske
ODUK (puc. 3.95) nomermiaercst uHGopManust 0 GYHKIHAX SKCIUTYyaTAlMA U YIPABICHUS TIPU
nojaepkKe ontruueckoro kanama OCh.

KonoHwws Banros

1[aTaTals el 72T o [1ol11T12] 1314 15T 18]

1 CHnxpocnoas Faronoeasx OTUk i

TC i : FT {

2 RES AcT TCME TCME TCHS rp | 3are- |

ROBOK |

3 TCM3 TCM2 TCMA FM EdP | OPUR '

4] GCCT | GLCE APS/PLC RES i
CrponM

Puc. 3.95. CtpykTypa 3aronoska ODUk
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Tabnuua 3.15. Tunsl 1 emkocTb 6nokoB ODUk

Tun ODUK-Xv Homunan 6utosoii ckopoctn ODUK, kout/c OTKIIOHEHHE CKOPOCTH
ODU1 239/238 x 2488320
ODuU2 239/237 x 9953280 +20.10°°
ODU3 239/236 x 39813120

Baiitel Habmonenus tpakta PM (Path Monitoring) u tanmemuoro coemunenuss TCM
ODUK nmerot criepyroiee HazHadenue (puc. 3.96):

— TTI, Trail Trace ldentifier — unentudukarop MappyTa Tpakra; 6aiiT UCHONB3YETCS B
64 mocnenoBaTe bHBIX [[MKIaX, Opranuzyembix B cBepxuukie ODUK w3z 256 mukiios,
rZie pa3MeniaeTcs YeThlpe TpyIbl 0aiiToB 1o 64. B moarpynne naeHTH(UKaTOpa TOUKH
nocryna ucrounnka SAPI (Source Access Point Identifier) moxxer momernatbes yHu-
KaJIbHbIN T00abHbIN UICHTU(PUKATOP COOTBETCTBYIOIIETO YPOBHSI CETH WM NOATPYII-
na umeer 3anonHenne «0». B moarpyiine uaeHTHGHUKATOpa yIaJeHHOM TOYKH J0CTYyIa
DAPI (Distantion Access Point Identifier) Takske MOXeT MPUMEHATHCS YHHKaIbHBIH
r100aNbHbIH HICHTH()UKATOP WK MOATPYIINa HMeeT 3anoiaHeHne «0».

— BIP-8, Bit Interleaved Parity-8 — xoHTposb 0mKMG0K METOIOM GUTOBOTO MAPUTETHOTO
CpaBHEHHUS] BOCBMH OWMTOB, NMPOW3BOAMMEBIN aHanorndHo B SDH, HO ¢ mepenayeii KoH-
TPOJIBHOIO CJIOBA Yepe3 LUKII.
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Puc. 3.96. 3aronoBok HabnogeHusa Tpakta ODUk B none PM n B none TCM

BaiiT cooOmmenust oOpaTHOro KaHana MpeICTaBiICH TpeMs IpynmnaMu (GpyHKIHOHATBHBIX
OWTOB:

— BEI/BIAE, Backward Error Indication/Backward Incoming Alignment Error — unam-
Kalys ouIMOKH B 00paTHOE HampaBlIeHHE, UCIOIb3YeTCs ¢ CUCTeMOM KoHTpousst BIP-8
JUTSL OTIOBEILCHHS YAATeHHON CTOpOHbI 00 ommbkax (tabum. 3.16) / uHauKamus omuoKn
BBIPAaBHUBAHHUS BXOSIIETO CUTHANA B 0OpaTHOE HampasieHHe (MCIONb3YeTCsl TONBKO B
nosisix TCM1-TCM6);

— BDI, Backward Defect Indication — nnnukamms nedexra (MoBpexaeHus) B o0paTHoe
Hampasienue. VHpopMamus nepenaeTcss OMHAM OHUTOM, €CIIH YHCIO OOHApPy>KEHHBIX
omnb6ok BIP-8 npessicut 8;

— STAT, Status — cocrosnue tpakta ODUK npencraBiieHo Tabnuleid MHTEpHpeTalun
(rabm. 3.17).



TEXHONOIM'Mn MynbTUNNEKCUPOBAHUA U NEPEAAYU B TPAHCIMOPTHbIX CETAX 109

Ta6bnuua 3.16. UuTepnpetauuns 6ut BEI

butel BEl ¢ 1 mo 4 Yucao omuodok no BIP
0000-1000 0...8
1001-1111 0

Tabnuua 3.17. NHTepnpeTtaumsa ctatyca ODUk

Butbl STAT 678 Cratyc
000-100 PesepB miis cTaHIapTH3ALUU
101 IMoyepkka curHana 3anpera LCK-ODUkK
110 TMoxnepskka CUrHaIa HHIUKAIMK OTKpbIToro coeaunenus OCI-ODUK
111 IMomiepskka curHana «Asapusi» AlS-ODUK

s Habmronenus tangeMmuoro coexurenuss TCM B ceru OTN B 3aromoske ODUK mipe-
JIYCMOTPEHO IecTh nosei. Uepes 3TH mosisi MOTYT OBITh COSAMHEHBI Maphl MOJIb30BATEILCKUX
uHTEepQeiicoB B ceTH 00IIero nojbp3oBanus. Hanpumep, 3To0 MOTYT OBITh COSIMHEHUS Taphl
OTNITHYECKHUX CETEeBBIX MHTep(eiicoB Mexny y3namu cetu. Kpome Toro, TCM mo3BoNsIIOT KOH-
TPOJHMPOBATH 3alUTHbIE Nepekarouenus B mojcetd OTN s TUHEHHBIX TPAaKTOB (PEKUMbI
1+1, 1:1) u TpakTOB ONTHYECKHUX KaHanoB (pexuM 1:N) Mo CUrHanam HNOBPEXACHHS U YXY[-
IIeHHs KayecTBa nepenadd. Ha ypoBHe onTHdeckoro kaHajia BO3MOXKHA MOAIEP)KKa HaOIo-
JICHHS 3a 3aIUTHBIM MEePEKIIOYeHHEM B KOJbleBoi cetn. Ctpykrypa monst TCMi, rae i = 1,
2, ..., 6 ananornuna nojro PM (puc. 3.96), HO OTIMYaETCst BO3BMOKHOCTAMHU MoJist 3-r0 Oaiita,
B KOTOpOM TipeaycMoTpero coobmenue BIAE. Curnan BIAE ucnons3yetcs ans nepenaud B
o0paTHOE HaTpaBIICHHE PE3yJTaTOB MOJCYETa OJIOKOB C YepeOBaHUEM IO OWTaM, B KOTO-
pBIX OblIa OOHapy’keHa OIIMOKAa COOTBETCTBYIOIIMM MPUEMHUKOM KOHTpos ydactka TCM ¢
ncnoap3zoBanueM BIP-8. Korga umeer mecto cocrossaue ommbku, kox 1011 BBoauTes B moJie
BEI/BIAE u cuet ombok HTHOPHPYETCH.

ITpumep HabmroneHus ydactkoB OTN € nomouisto 6aiitoB TCM npuseneH Ha puc. 3.97,
rJie TpeyroJbHUKaMH 0003HaYeHBl TOYKHM Hadasia U KoHia TpaktoB ODUK (A1-A2 (Toukn) —
¢ nabmonennem B TCM1, B1-B2 u B3-B4 (kockie muann) — ¢ Habmogenunem 8 TCM2, C1—
C2 (ropusoHTanbHble TUHUK) — ¢ HabmoaeHneM B TCM3).

TCME TCME TCHE TLHG TLMa TCME TCHG
M5 TCHE T¢ M5 TEMs TEMs TEMS TEHS
TCM: TCH T M TCM4 | TCM4 TTMq Tk
TEM3 TCH2 LA aE] TEH= k] TCM3 TCH3
LMz Tohez T b LMz fEMz TCMz TCkz
TCH = TCM1=) |[TEM1=] [TCML1a=] |TCHI=] |TCM1- TCM1
M1 B 1 cz E2 B3 Ba L)

4&?%{:}4

| Jangem c1-cz | ‘ |T:|:lygr1 B3-Ga |

Tangen BE-B2
Tamgem &1-A2

Puc. 3.97. Mpumep yyacTkoB ontuyeckon cetu ¢ 6atamu TCM
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IMonst nByx GaiitoB B 3aronoske ODUK npeanasHaueHsl s HOIASPKKH OOIIMX KaHATIOB
cs3u GCC (General Communications Channels) mexxay aBymst ieMeHTaMu CeTH C JOCTY-
nom k mukiny ODUK (t.e. B Toukax ¢ perexepanueit Tuna 3R). Dto mosb3oBarenbckue (ore-
paTopckue) KaHaibl U UX (HopMaT creurupUIUpPyeTcsi OTASIBHO MO COTJAIICHHIO, HAPHMED,
JUIL CeTH CHUTHAIM3AIMU TPH TIOCTPOSCHHH aBTOMATHYECKH KOMMYTHPYEMOW ONTHUYECKOH
tpancnoptHo#t cet ASON/ASTN.

Yereipe Oaiita 3aronoska ODUK (APS/PCC) (puc. 3.95 3anumarot ctonbipst ¢ 5 mo 8 u
npeHa3HAYCHbI I aBTOMATHYecKoro 3anmrtHoro nepekmodenus ODUK, obecnieunBas 3a-
muTy onthyeckoro kanama (puc. 3.98). Jlns nHpOpMAMKH O 3alIMIAEMOM COEIWHEHWH B
tpakte ODUK ucnone3sytorcs crapiime 6uthl (6...8) CBEpXIUKIOBOrO CHIHAA B 3ar0JIOBKE
OTUK/ODUK (cm. puc. 3.106), o6o3nauennoro MFAS (Multiframe Alignment Signal —
CHTHaJI BBIPABHUBAHMS CBEXIIMKJA). ITOT OaWT HAXOMUTCSA B TEPBOM CTpoke KojgoHKH 7. Co-
nepxkanre outoB MFAS ykazano B Tab1. 3.18 ¢ cooTBeTCTBYIOICH HHTEPIPETALIUCH.

1 2 3 4 BalT
1|z2[3]4]s]e]7]el1]2]2]4]s]6]7]8]1]2]3]4]s]6]7]s]1]2]3]4]5]6]7]2] Bur
3anpoc/ Tun 3anpawwuBaemeli Peieps
COCTOAHKE 3aWKHTRI CHMrHan
RERR

Puc. 3.98. dopmaT gaHHbIX kaHana 3awmtel APS/PCC

Ta6bnuua 3.18. butel cBepxumkna MFAS ons ynpaBneHus 3aluTHbIM NepeknovYeHnemM

Bute1 MFAS YpoBeHb HA0II0AeHUS COeTUHEHHUSI Hcnonab3yemas cxeMa 3aIUTHI
678 IUISL 30U THI APS/PCC
000 ODUK — tpakt SNC/N
001 ODUk TCM1 SNCJ/S, SNC/N
010 ODUk TCM2 SNCJ/S, SNC/N
011 ODUK TCM3 SNC/S, SNC/N
100 ODUk TCM4 SNCJ/S, SNC/N
101 ODUK TCM5 SNCJ/S, SNC/N
110 ODUK TCM6 SNC/S, SNC/N
111 Cexuus OTUK ODU-k SNC/I

B ta6s. 3.18 ncnonp30BaHbl clieayrolnue 0003HAYCHHS

— SNC/N, Non-intrusively Monitored Subnetwork Connection protection — 3aruutHOe
MEePEeKITIOYCHUE MOJCETH 0e3 MPUHYIUTENEHOTO KOHTPOJIS;

— SNC/S, Sublayer (tandem connection) monitored Subnetwork Connection protection —
3alIUTHOE MEPEKIFOUEHUE TIOACETH MOAYPOBHs HaOr0aeHUs (KOHTPOJIsL) TaHIEMHOTO
COeIMHEHNS,

— SNC/I, Inherently monitored Subnetwork Connection protection — 3aiurHoe nepe-
KJII0OYEHHE TTOJICETH, KOHTpoIUpyemoe (Habiio1aeMoe) BHYTPH.

dopmarsl ganHbx kanana 3amutel APS/PCC (puc. 3.98) Haxoasrcs B ctamuu pa3paboT-

ku. OHAaKO HEKOTOpas HH(POPMAIHS 110 3alIUTe B THHEHHOH cXeMe yXKe OlpeesieHa U Ipe-
craBieHa Tabs. 3.19 s nepBbIX TPEX OANUTOB.
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Tabnuua 3.19. Nonsa kaHana 3awmtel APS/PCC

Ne faiita Tun nons Kon Onucanue GyHKIUHA JAHHBIX
1111 Her npumenenus
1110 BricTpoe nepekitoueHue
1100 Curnan nospexaenus (SF)
1010 Curnan aerpagaiuu (SD)
1000 Pyunoe nepexitoueHue
3anpoc/cocTosiHKe 0110 O>xuiaHue BOCCTaHOBIICHUS
0100 Pyunoe ynpasnenue
0010 Bo3sBpar mo 3anpocy
0001 be3 Bo3Bpara
1 0000 Her 3anpoca
Hpyrue Peseps
A 0 Her xanana APS
1 Kanan APS
B 0 1+1
Tun 3amuTs! 1 Ln
D 0 OnHOHaNpaBJIeHHOE MEPEKITIOYCHNE
1 JIByHanpaBieHHOE NEPEKIIOYEHUE
R 0 Omnepanus 6e3 Bo3Bpara
1 Omnepauusi ¢ BO3BpaTOM
. 0 Curzan «HOIb»
2 3anp i?;l;%MHH 1...254 HopmanbHbliii TpahUKOBbBIH CHTHA
255 CBepXxTpaduKOBEI CUTHAT
0 CHTHAN HOJB»
3 Curzan conpsiKeHust 1...254 HopmainbHbIi TpadUKOBBIH CHTHAI
255 CBepXTpa(uKOBBIN CUTHAT

Onun Gaiit B 3aroioske ODUK ompenenen aas TpaHcrmopTHpoBku 256 6ailiToB coolie-
HUI O THUIE MOBPEKACHUS U TPAHCISIMU JIOKAJTbHOTO TOBPEXIeHHs KaHaia cBsa3u. OH 000-
snavaetcs FTFL (Fault Type and Fault Location reporting communication channel). Baiit uc-
nosb3yercss B cBepxuukie u3 256 uukiaos ODUK, U mepeHOCUT cOoOoOLIeHHs B BHIE JABYX
128-6aiiroBeix mosneit npsimoro (a) u obparHoro (6) neiicteust (puc. 3.99).

[one nHAMKAIMK MOBPEXAECHHS UCTIONB3YETCS TOJIBKO B Tpex coctosHusx: 0000 0000 —
Het noBpexaeHus;; 0000 0001 — curnan nospexaenus; 0000 0010 — curHan yxyamieHHs.
OcraybHBIE COCTOSIHUS HE ONPE/ICTICHHEI.

[None uaenTHdUKAIMK ONEpaTOPa CTPOUTCS B COOTBETCTBHM C MEXKIYHAPOTHBIMH CTaH-
napramu | SO 3166 (kox crpansr) 1 MCD-T M.1400.

JUist SKCIIEPUMEHTANIBHOTO UCToab30Banus B 3aronoske ODUK npenycmotpens! iBa 6aii-
ta (EXP, Experimenta). Dtu 6aiiTel He SBISIOTCS MPEAMETOM CTAHAAPTHU3ALUM U MOTYT HC-
noJb3oBarbes oneparopamu cereid OTN 1o cBoOeMy YCMOTpPEHHIO.

Jlis yBenm4eH|s eMKOCTH HH(DOPMAIIMOHHBIX JaHHBIX, IEPEIaBaeMbIX UYepe3 ONTUYECKHIE Ka-
HaJbl, B cxeMe myabtriuiekcupoBanus OTH mpemxycMmorpero GhopMupoBaHHe pa3IMYHBIX 00be-
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JIMHEHHBIX TPYIIOBBIX GJIOKOB JaHHbIX, 0003HayaeMbix ODTUjk (Optical channel Data Tributary
Unit j into K) mmu ODTUGK (Optica channel Data Tributary Unit Group). 3Hauerne WHIEKCOB
j =1, 2, k=2, 3ykasbiBaer Ha pu3rdecKkuii 00beM 00bEANHEHHBIX OJIOKOB U UX COCTAB.

MNone GaETae NpamBo HANDAENEHME

o 1 g 1 127 Camnos
ﬂ} Mone BaaHTHSHKa - Mone creyagucage
[ AFA CREpATapa AT A
1
MNéasie wufiaHEiL06
AOSpE K OEHAE

Mone GadToe oipaTHOTD HANPARAEHHS

123 129 137 138 55 Cailmop
1 Mone EReETHSwRa - Mone cReyadHLagne
i UM COEpATOpa AT A
1
Nass wugiakmiinn
AOAPEHAEHHR

Puc. 3.99. CtpykTypa coobLieHusi, nepegasaemoro FTFL

Biox ODTU12 umeer ctpykTypy cocrostilyto u3z 952 konounok u 16 (4 x 4) crpok Gaiitos
W OIHOM KOJIOHKHM 3arosioBka BeipaBHuBanus JOH (Justification Overhead) (puc. 3.100). Cre-
Ba ykaszaHsl HoMepa 010koB ODTU12 B cBepxmmkie OPU2. B ODTU12 pa3MeraroTcst 4eThl-
pe ODUL. VnakoBka curnanma ODUL B curnan ODTUI12 nmpexycmarpruBaeT acMHXPOHHOE
pasmerienne (M3-3a OTKJIOHEHHS TAaKTOB OT HOMHHAJA B Mpelaesiax +20-10°°® 6urosoii CKOpO-
CTH). ACMHXPOHHOE COMPSKEHUE CBA3AHO C OMNepalMell MONOKUTENBbHOI0 H OTPULIATENEHOTO
coriacoBanus (—1/0/+1/+2) (taba. 3.20). ODTUIL2 oTobpaskeH Ha cxeMe MYJIbTHILIEKCHPOBa-
Hust OTH 6mokom ODTUG2. Ananorndna u tpaktoBka OaiiroB JC, NJO, PJO1, PJO2 u s
ODTU13, ODTUZ23.

I0H (OPLSS p— Kararsin §aéron 53
3L 1
" B 2
I 3
HIZ i |PJOL|FIO2
I 2
1
&
2
. |
4
I 2
CREpERIWIHAA] 3
‘ II:J':'I.!..“ 3
Cipcun HMuapriaipsicesine Gafte

Puc. 3.100. Popmart 6noka nHpopmMaLUmMoHHbIX AaHHbIXx ODTU12
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Ta6nuua 3.20. CoobuieHus B 6antax JC, NJO, PJO1, PJO2 n nx nitepnpetaums

JC

78 NJO PJO1 PJO2 HNuTepnperanus
00 baiiT cornacoBanus BaiiT nanHbIX baiiT nanHBIX Her cornacosanust (0)
01 Baiit maHABIX Baiit maHABIX Baiit maHHBIX OrpunaresbHoe

cornacosanue (—1)

JIBOiiHOE MOJIOKUTENBHOE

10 baiit cormacoBanus baiit cornmacoBanus baiit cornacoBanus
cornacoBanue ( + 2)

[TonoxurenbHOE

11 Baiit cornmacoBanus Baiit cornmacoBanus BaiiT jaHHBIX
cornacoBanue ( + 1)

Crpykrypy 6;oka ODTU13 BrutouaeT 238 kostoHoK 1 64 (4 X 16) cTpok 6aiiToB, a Takxke
ele oHy KOJOHKY 3aronoBka BeipaBHuBaHus JOH (puc. 3.101). Kosonka 119 ucnosbzyercs
Ut puKCcHpoBaHHOM BeTaBku (Bee Hynu). B ODTUL3 pasmemiarorcs 16 ODU1.

1 2 119 =— Bcransn 233 GaRmom
j KON+ ON
] 3
FA
. 2
" k|
&
1
2
2 1
JOH (0P 4
JC 1
JE [
I Ix] s
[N} & [FI0YFI0Z
1
i
15 3
[coeps F
§iEAa )
OPLE Crpowi WudopHaumwossze Gandre

Puc. 3.101. dopmart 6noka nHpopmMaumMoHHbIX AaHHbIX ODTU13

Crpykrypa 610ka ODTU23 Brirouaet 952 konounku u 64 (4 x 16) ctpok 6aiiTos, a Takke
4 xononkw 3arosioBka BeipaBauBanus JOH (puc. 3.102). B ODTU23 pasmemarorcs 4 ODU2.

Brokn ODTU13 u ODTU23 orobpaxkeHbl Ha cxeMe MynbTUIiekcupoBanuss OTH 6Gio-
koM ODTUGS3 (cm. puc. 385).
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JOM{OPUZ) 1 2 Hanousi fafran o
JE 1
Jc Z
o el 3
] & PP
1
2
1 3
4
JE 1
JcC Z
. Bl 2
MO & [P0 P02
JE 1
JC Z
. Far] 8
WID 4 (PIG1PICR
JE |
JC )
* I3r] x
L TN i) & (PGP0
; |
£
18 3
{cappa-
wHEna) 4
OPL3 Crpau Misdiopims mamidae Ganre

Puc. 3.102. dopmart 6noka nHpopmMaumoHHbIX AaHHbIx ODTU23

3.3.4. OnTnyeckuin TpaHCNOpPTHbIN 6nok OTUK

Onrnueckuii Tpancnoptheiii 6ok OTUK, rme k=1, 2, 3, sBjseTcss OCHOBHBIM LH(PPOBHIM
TPaHCIOPTHBIM cpeacTBoM ontuueckoi cetd OTN, nepenaBaeMbIM ¢ ONpeICICHHON IUKIHY-
HOCTBIO B onThyeckoM kaHaie (cM. taba. 3.11). B crpykrypy OTUK nomemarorcst Gioku

ODUk (puc. 3.103).

Bbrox OTUK mepen oTmpaBkoil B ONTHYECKUI KaHAT MPOXOIUT MPOLEAYPY CKPEMOIUpPO-
BaHMs 3a UCKJIIOYEHHEM OaiiT 3arojoBka OH (FAOH OTUk OH) (puc. 3.104). s ckpem6-
JTMPOBaHUS IPUMEHsETCs ToMuHOM 1 + x + CHxP+x

Ha puc. 3.105 npencrasiena neraibHas CprKTypa 3arosioBka Giioka OTUK.
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1 3824
1
2
3 DOk
4

1 ... 1415 | .....  3R34 3HIE ... SO5C
1 Fﬁl}HJﬂTU kO HI FEC
2 0TIk
3 4xd58
i Baidr

Tk

Puc. 3.103. BeeageHue 6noka ODUk B 6nok OTUK

AaHHiee
A meage

@ & @
LITE 3Ti ]ETIE b o - 16
0 == 0 O Q=0 Op= =0 =0 0 0o LY oa +
[P M R W ol B B s M - O

L L
K
w1

Lunkpo- POBaHHEE
TR ET i I HW G Ha
G oxenvas e

I:E:I- — CacmeEHKe o Mogyna AGa

Puc. 3.104. Ckpembnep 6noka aaHHbIx OTUkK

1jzlals]s|e]rlafofrofaunfaafia]as

FAS [P SM GEE RES
1 ] ]
1Tl dlF-8
..-*""#-d—
8 123 &][5]6]71E
18 o BEL/BIAE  [SDUIAE| RES
16 & 4
3_5 BAFL Coobusmae cSparworo
12 | Chewngsine- KaMana
: | ums onepa-
6% faps

Puc. 3.105. CtpykTypa 3aronoBka 6noka OTUk
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Ha puc. 3.105 ucnosb30BaHbl cieayrome 0003HaueHus:

FAS, Frame Alignment Signal — cuaxpocuriar, ykaspBarOIMid Ha HA4aIo UK,

MFAS, Multiframe Alignment Signal — cHHXpOCHTHA CBEPXIIMKIIA,

SM, Section Monitoring — HalioieHHe CEKIINY;

GCC, General Communication Channel — o6wuit kanan cBsi3u;

BIP-8, Bit Interleaved Parity — 6uTtoBoe mapureTHO€e cpaBHEeHHE M0 8 OuTam;

SAPI, Source Access Point Identifier — naentudukatop ucrtounuka (repeaaTynxa) Tou-
KM JOCTyIIa,

DAPI, Destination Access Point Identifier — nnentudukarop agpeca uHGopMamuu TOU-
KU JIOCTYTIA;

BEI, Backward Error Indication — unHaukaTop omu6Ky B 00paTHOE HAMTPABJICHHUE;

BIAE, Backward Incoming Alignment Error — omn0ka coryiacoBaHust Ha BXOJ€ AJIs Tie-
penadu B 00paTHOM HaIpaBIICHHY,

BDI, Backward Defect Indication — unaukarus nedexra B 00paTHOe HAMPABICHHUE;

IAE, Incoming Alignment Error — ormbKka coryiacoBaHusi Ha BXOJIE.

PaccMoTpum HazHaueHue ¥ HYHKIMHU SIEMEHTOB CTPYKTYpHI 3aronoBka 6oka OTUK.

Cunxponuzauus no uukiy FAS mpencrasneHa mecteio O0aidTamMu, U3 KOTOPBIX MEpPBbIE
TPH UMEIOT MocTosiHHOE YepenoBaHue «1111 0110», a BTopbie Tpy MOCTOSHHOE YepeOBaHUE
«0010 1000».

Cunxponmsanust mo cBepxuukiny MFAS mpencrasiena ogHuM OalTOM ¢ M3MEHIEMOM
cTpyktypoit B 256 muknax (puc. 3.106). Curnan MFAS wucnone3yercst i pacnpeaeneHust
naHubiX Oaiita TTl u s oobeaunenns nanabpix OTUK/ODUK. B cBepxmmkie MOXeET ObITh
o0pa3oBaHa UKJIOBas CTPYKTYpa, HApuMep ¢ nukiamu 2, 4, 8, 16, 32, u T.x1.

BaiT MFAS
1ilz2]s3la4]ls5]6]7]8

o 0o 0o 0o o 0 0O O 0
o o 0o 0o 0o 0 0 1 1
o o o 0 0 0 1 0 2
o o o 0o o 0 1 1 3
1 1 1 1 1 1 1 o0 254
i1 1 1 1 1 1 1 255
o o o0 o 0o 0 0O 0 0
o o0 o 0 0 0 0 O 1

Puc. 3.106. Ctpyktypa MFAS

Baiitel TTI u BIP-8 umerot Ha3HaueHus, KOTOpbIE aHATOTMYHbBI IPUBEICHHBIM pPaHee.

BaiiT cooGmmenus obparHoro kaHana 010Kka JaHHBIX SM HMeeT CTPYKTYpY OTIHYHYIO OT
anajornanHoro 6aiita 3aronoska ODUK. IepBsie ero uetsipe 6uta BEI/BIAE npennazHadeHs!
1uist uapukanun omubok npuema OTUK u ommbku paccornacoBaHusi yIakoBKH Ha TMPHEME.
BaiiT ucnone3yercst B HallpaBIeHUH MPOTHBOINOJIOXKHOM MPUEMY MEpBbIX IBYX 0aiToB 3aro-
noska OTUK. Buramu BEI coobrmaercst o yucie omunbok, o0OHapykeHHbIX mo Oaiity BIP-8 B
cekuuu OTUK. Butamu BIAE npousBoautcs onosemieHre 00 omuGOYHOM COCTOSHUHU yIia-
koBku aanHbix B OTUK npu Mmouutopunre cekuun OTUK (Tabm. 3.21).
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Tabnuua 3.21. CocTtosHuna 6utos BEI/BIAE n ux nHtepnpetaums

Cocrosinne 6utoB BEI/BIAE HNutepnperanus BIAE Coobuenue o ynciae omundox no BIP-8
0000...1000 HenopmansHo 0...8
1001,1010 HenopmansHo 0
1011 Hopwmansao 0
1100...1111 HenopmansHo 0

[pu napukanuu BIAE kox «1011» yka3biBaeT Ha HOpMAJIbHOE COCTOSTHHE C pa3MellleHH-
em urpopmaruu B OTUK.

But BDI sBnsercs curnaisom aedekra, HampaBiIsieMbIM B OOpaTHYIO MO OTHOLICHHIO K
HpHeMy CTOPOHY. DTOT CUTHAJ yCTaHABJIMBaeTCs B ciyuae noBpexaenus cexuuu OTUK. Un-
JUKaNUed TOBPEXKICHUS ABISIETCS «1», a HOPMAIBHOTO COCTOSTHUS «0>.

But |AE ucnosnbp3yercs B KauecTBe CUIHala OIIMOKM YMAaKOBKH, MOJY4aeMOro Ha MpUeMe
OTUK. D10 (ha3oBblii CABUT IMKIIA WM OMIMOKKA OOHApYKeHHs (a3bl [IUKIIA, 00YCIOBIECHHBIE HC-
KaKeHUSMY HHpOpMaIuy KA. MHaukaws ommoky 310 «1», a HopMaibHoe cocTostaue «O».

butel RES 3apesepBupoBanbl 1y Oyaymux cTaHaapToB. VX cocTosHMe Npu mepenaue
«00».

IMone FEC OTUK npeanasHaveHo asisi 0OHAPYKEHHST U UCIPABICHUS OLIMOOK B IIUKIIE
OTUK. Jlnst oOHapy»XeHHs W UCTIPABICHUS OIUOOK Yallle BCEro UCIMONb3YIOTCS IUKIHYECKUE
0JI0YHBIE KOMBI: KOAbl XoMMHuHTa, kKoabl boy3a-Hoyaxypu-Xoksenrema (BUX), xoasr Puna-
Conomona (RS).

B texnuke OTN Hawmum mupokoe npumeneHue kojsl Puna-ConomoHna. [pu ucnomns3osa-
HUM 3TUX KOJIOB JIaHHBbIe 00pabaThIBAIOTCS MOPLHUAMH MO M OUT, KOTOPbIE UMEHYIOT CUMBO-
aamu. Kox RS(n, K) xapakrepusyercs ciefyomumMu napameTpamu:

— JUIMHA CUMBOJIa — M OUT;

— anuna 610ka — N = (2m— 1) cumBosoB = M(2m — 1) 6wur;

— nnuHa 6J0Ka JaHHbIX — K CHMBOJIOB;

—n—k =2t cumBonos = m(2t) Gur;

— MUHUMAJIbHOE paccTosiHue XoaMMuHra — Omin = (2t + 1);

— YHCII0 OIIUOOK, TPEOYIOIUX HCIpaBiIeHus — t.

Aunroputm koaupoBanust RS(n, K) paciiupsier 6ok K cuMBoIOB 10 pazmepa N, 100aBisis
(n — k) M36BITOUHBIX KOHTPOJILHBIX CUMBOJIOB. Kak mpaBuiio, [yIMHA CUMBOJIA SIBJISETCS CTEMe-
HBIO 2 U IUPOKO UCIIONB3YETCs 3HaYeHHe M= 8, T.e. CUMBOJ paBeH oJHOMY OalTy. J{ns uc-
NpaBJIEHHUS BCEX ONHO- M TPEXOMTOBBIX OIMIMOOK B CHMBOJAX TpeOyeTcs BBHITOJHEHHE Hepa-
BEHCTBA:

(n+@j®(2”‘k -1).

Hns ucnpasnenus omnbok B OTUK npumensietcss 16-cumBonbHbIi koa RS(255, 239), ko-
TOPBIA OTHOCHUTCS K KJIaCCY JIMHEMHBIX MUKINYEeCKUX 0J09HbIX KomoB. Kaxasiii OTUK pasou-
BaeTCsl Ha OJOKM CMMBOJIOB JaHHBIX 10 239 0alT. [y KaKJ0ro Takoro 070Ka BEIYUCIACTCS
KOHTPOJIbHBIH 010K 13 16 cuMBooB-6aiT 1 npucoenuusiercs k 239 Gaiitam. Takum obpazom,
n=255, k=239, t.e. RS(255, 239). Oobenunennsiii 610k K 1 N —K 06pasyioT moactpoxy
OTU. CunxpoHHoe Mob6aiiToBOe MyJbTHIIEKCHPOBaHUE IMOJACTPOK 00pa3yeT OAHY CTPOKY
OTUK (puc. 3.107).
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Puc. 3.107. O6pasosaHue ctpokn OTUkK ¢ 6nokom koHTpons FEC

Mopsinox nepenaun crpoku OTUK — criesa nanpaso. IIpu dpopmuposanuu 6oka (N —K)
6710k maHHbIX K ciBuraercst Ha N — K ¥ AeaUTCS Ha POM3BOIAIIUIMA TTOJTHHOM:

P=x®+x*+2+x%+ 1.

B pesynbrare mosydaeTcsi 4aCTHOE OT JAEJIEHHUs M OCTaTOK JesieHus muHo# N — K. Biok
JaHHBIX K ¥ 0CTaToK OT JelieHus] 00beUHAIOTCS, 00pa3ys moAcTpoky. [locie nepeaayn moj-
CTPOKU Ha MPUEMHOW CTOPOHE MPOU3BOJUTCS €€ JCICHHE Ha MPOM3BOAALIMN MONUHOM P,
aHAJIOTWYHBIA TOMY, 4TO OBLT Ha mepenade. Eciam moce neneHus ocTaTok paBeH HyIo, TO Tie-
penada mpomuuta 6e3 omuOok. Eciu mocne neneHns octaTok He paBeH HyIIO, TO 3TO MPH3HAK
oumbku. MecTo noJioxeHus omubKH B 610Ke K 06HapyKUBaeTCs M0 OCTATKY, HApUMEp Tab-
JMYHBIM METOJIOM.

HcripaBieHnio MOUIEKUT 3a]aHHOE KOJIMYECTBO OIIKMOOK B cuMBoJie (OAMH-ABA MK 00-
nee B Gaiite). Biarogaps tomy, uro RS(255, 239) umeer paccrosinue XommuHra Omin = 17
MOXHO KOPPEKTHPOBATh 0 BOCBMH CHMBOJIbHBIX OmIKOOK. [Ipu 3TOM Ynciio oOHapyKHBae-
MbIX omnbok coctabnseT 16 B moactpoke ¢ FEC. Ilpaktnyeckas 3¢phekTHBHOCTh KOIUpOBa-
st RS(255, 239) moxer cocraButh oT 5 10 8 1b, 1.e. FEC mo3BosisieT yBeIM4nBaTh AJHHBI
Y4acTKOB Nepeaayy Mo cpaBHeHuto ¢ cucteMamu 6e3 FEC.

3.3.5. bnok ontTnyeckoro kaHana OCh

TpancnopTupoBka MHGOPMAMOHHBIX AaHHBIX Mosb3oBatens ceTd OTN B KaxxaoM onTudye-
ckoM kanaie OCh mporcxoauT MeXIy TOUYKaMH BKJIIOYCHHUS pereHepatopoB 3R, BoccTaHaB-
JHMBAIOMINX aMIUTATYIY, GOPMY U AIUTENEHOCTH dJIEKTPHUSCKUX UMITYyIbCOB. [lomb30Barens-
ckue curnansl B OCh mpeacrasisitor coboii curnanst OTUK. Kpome toro, OCh moryt nog-
JePKUBaTh mepenaady apyrux HudpoBbix curhHanos, Hanpumep STM-N, GbEthernet. Brok
ONTHYECKOT0 KaHalla MOXKET CO3/1aBaTh CETEBOM IIUKJI MOJHOW WM YIIPOIIEHHOM (DOPMBI.
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Monuast popma 1ukia yposas OCh npenmonaraer mepeHoOC MoIb30BATEIbCKUX TaHHBIX
HA OTHEJILHON ONTUYECKOH YaCTOTE U 3aroJIOBKA Ka)KIOIr0 ONITHYECKOr0 KaHayia Ha oOLen omn-
THYECKOW YacTOTe AJIst N-KAHAJIOB, T.€. OTACIbHBIM ONTHYECKUM cepBHUCHBIM KaHaioM (OOS).
VupouenHas popma currana ypopass OCh uckirouaer onTuueckuil CEpBUCHBIN KaHA.
O6e ¢opmbl manubix OCh npencrasiensl Ha puc. 3.108. {11t KaKA0ro ONTHYECKOro KaHaa
OCh-n ucnone3yercst mojie curaanoB oocayxuBanus (puc. 3.109), momenaemMoe B 3arojoBKe.

= FlrhopHausoHp e LaHee
= ""E;'__'I';"""""" CATHSECHART HAKARA
hm (DT, STM-N, Ethernet)

a}

oD s GHHb S D8 Hrbbie
CATTHS ECHO MO HARARA
LOTUE, STM=N, EEhermet)

)

Puc. 3.108. ®opmbl npeactasneHns nHdopmauum OCh:
a) MonHas dopma OCh; 6) YnpolyeHHas (pegyumpoBaHHas) oopma OCh

- - -‘.n

Puc. 3.109. MNMone curHanos obcnyxunsanms OCh-n OH

310 ToJIe 00CITy)KUBaHUS MCIIOJIB3YETCs BMeCTe ¢ MojsiMu obciyxuBanus OMS-n, OTS-n
¥ TpaHCIUpYeTCs Ha OTJeNbHONW ONTHYECKOH YacToTe.

Curnan OCh-FDI-O renepupyetcs kak curdan nospexaenus 8 OOS (OTM Overhead
Signal).

Curnan OCh-FDI-P renepupyercsi Kak CUTHAIl HHIMKALMHA HEUCTIPABHOCTH OMTHYECKOrO
kanana OCh Ha ypoBHe ONTHUYECKOM ceKluU MynbTuILiekcupoBanust OMS. Korna 3aBepiua-
ercst OTUK curnan OCh-FDI nanpasnsercs kak curaan ODU-K-AIS, T.e. curnan aBapui.

Curnan OCh-OCI nocbuiaeTcsi B HUCXOASIIEM HAMpPaBI€HHH M YKa3bIBaeT HA TO, YTO B
BOCXOJISIILIEM HalpaBiIeHUH B (YHKIUHM COCANHEHHS MaTPUYHOE COeTMHEHHE pa30pBaHoO Jei-
CTBHEM KOMaH[pl ynpasieHus. OOHapyXeHHOe B pe3ysibTaTe COCTOSHHE IOTEPU CHUTHalla B
KOHewYHOM Touke kanama OCh Temepb MOKeT OBITH CBSI3aHO C Pa3OMKHYTOM marpuiei. Je-
TanbHas HHPOPMAILsL O CTPYKType JaHHbIX 3arojgoska OCh OH nopaGatbiBaeTcs cTaHaapTH-
3UPYIOLIMMH OpraHU3aLUsIMH.



120 FMABA 3

3.3.6. bnok nepeHoca onTuyeckoro kaHana OCC

Brok nepenoca ontuueckoro kanana OCC (Optical Channel Carrier) npeanasnauen ajis Mo-
OyTSIAK/ IeMOIYISILMK ONTHYEeCKO# 9acToThl (cM. puc. 3.85). OH MOXKET UCHONHATh DYHK-
K B 1ByX BapuaHTax: OCCo u OCCr. Bapuant 6:10ka OCC ncnosb3yercss B MOJTHOPYHK-
[IIOHAJBHON CXeMe ONTHYECKOT0 MYJIbTHILUIEKCUpoBaHu ¢ opmuposanreM 3aroioBka OCCo
u nons Harpyzku OCCp B cekuuu MyabTUiekcuposanust OMS, uto paccMOTpeHO B mpejibl-
nymem paszaene. Bapuant 61o0ka OCCr ucnonb3yeTcs B YIPOIIGHHOW CXeMe ONTHYECKOTO
MynbTHILIEKcHpoBaHus 6e3 3aronoska OCCo.

Kaxnomy 61oxky OCC npugaercss TOUHO ONpejieeHHasl ONTUYECKasl 4acToTa, COOTBET-
ctBytomias cranaapty DWDM wiu CWDM. DWDM, Dense Wavelength Division Multi-
plexing — mIoTHOE MyJBTHILICKCUPOBAaHKE C pa3/ie/ieHHeM M0 AJIMHE BOJIHBI 0 PEKOMEH/1a-
i MCO-T G.694.1. CWDM, Coarse Wavelength Division Multiplexing — peakoe mynbTu-
TJIEKCUPOBaHUE C pPa3/ieJICHUEM I10 AJMHE BOJHBI o pekoMeHaanuu MCO-T G.694.2.

3.3.7. BnoK rpynnupoBaHua ONTUYECKUX HeCYLLUX 4YacToT
nopsaaka n OCG-n

Briok rpynnupoBaHMs ONTHYECKMX Hecymmx dactor nopsaka N OCG-n, (Optical Carrier
Group of order n) mpeanasHaueH st MyJIbTHIUICKCHPOBAHHS/IEMYIbTHILIEKCHPOBAHHS 110
16-u yactot. [IpenmycMoTpeHo aBe pazHoBUAHOCTH TpynmupoBanus: OCG-n.m u OCG-nr.m.
I'pynnuposarue OCG-N.M cocTouT B 00beIMHEHHU/ IeICHHH N ONTHYECKUX HECYIIUX YacTOT
¢ kanajgamu Harpysku OTU-m B mro6om couerannn m (OTUL, OTU2, OTU3) u kanana 06-
cnyxkuBanus ¢ 3arosoBkom OCCo. I'pynmupoBanne OCG-Nr.m coctout B 00beanHeHuu/ ne-
JICHUH N ONITHYECKUX HECYIIMX YacToT ¢ KaHamamu Harpy3ku OTU-m B mo6oM codeTannu m
(OTU1, OTU2, OTU3). B 3ToM BapuaHTe IpyNIHUPOBaHHUs HE MPEAYyCMOTPEHO OTACIBHOIO
aCCOIMMPOBAHHOIO 3aroJIOBKa.

Bnaronaps rpymmuposanuto OCG-n co3zgaercst onTudecKasi CeKIHs MYyIbTHILIEKCHPOBa-
Huss OMS-n, B koTOpOil 00pa3yroTcsi OJOKH ONTHYECKOTO MyJbTHILIEKcupoBanus OMU-n
(Optical Multiplex Union-n, n > 1). Jlns noauepXKu ypOBHS ONTHYECKON CEKLWH MYJIbTHII-
JICKCUPOBAHMS CO3J1a€TCsl 3aroJIOBOK CeKIMK MylbTHILIekcupoBanuss OMS-nOH, tpancnop-
THpyeMbiil B cepBrcHOM Kanaie OOS (puc. 3.110).

OMSn-0H
FDI-O

FDI-P
BDI-O
BDI-P

PMI

Puc. 3.110. 3aronoBokK ONTUYECKON Cekunn mynbTunnekcuposaHma OMS-nOH
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B OMS-nOH omnpenenens! (yHKIMOHATBbHBIE OJOKH JaHHBIX 00CTYKUBaHUS:

FDI-P, Forward Defect Indication-Payload — uHaukamus nedekra Harpy3Kd <BIIEPEI»,
T.. B IPSIMOM HarpaBieHun nepenauu curiana OMS-n (cocrosiHre: HOPMAJILHO UITH TTOBpE-
KIIEHO);

FDI-O, Forward Defect Indication-Overhead — wunankarus medexra 3arojioBka «BIie-
pea», T.e. B IPSIMOM HampasjieHuu nepeaaun curiana OMS-n (cocTosiHue: HOPMAIBHO WIIH
HOBPEXKIEHO);

BDI-P, Backward Defect Indication-Payload — unankauuns nedexra Harpy3ku B o0pat-
HOM HarpasiieHuu nepenayn curaaga OMS-n ot Mecta oOHapyKeHHUS;

BDI-O, Backward Defect Indication-Overhead — wmnpukanms nospexaenus (nedexra)
3aronoBka OMS-n B oOpaTHOE HampaBieHHe OT MecTa OOHAPYKEHHUS,

PMI, Payload Missing Indication — unaukanums npomnaganusi HHGOPMAIIMOHHON HArpys-
k4 B ynakoBkax OCCp CUTHaJIOB ONTHYECKUX KaHAJIOB.

3.3.8. Bbrniok onTu4yeckoro TpaHcnoptHoro moayna OTM-n.m

Brok ontuueckoro TpancrnoptHoro mMoayis OTM-N.m noanepKuBaeT ONTUYECKYIO CEKIHIO
nepeaaun OTS-n B ontudeckoit TpancnoptHoi cetd OTN. Moayas OTM-n.m co3naercs B
OTS-N ¥ coCTOUT M3 ONTHYECKUX YacTOT Harpy3ku OMS-n u otaenbHoro 3arosioka OTS-n
OH, nepenasaemoro B OOS (puc. 3.111).

B OTS-n OH omnpenenensl GyHKIIMOHATbHBIC OJOKH JaHHBIX 00CTyXHBaHHs (MOHHUTO-
punra): TTI, BDI-P, BDI-O u PMI, pacmmdposka koTopsix npuBeaeHa B 3.37.

O0TSn OH
TTI

BDI-O
BDI-P

PMI

Puc. 3.111. 3aronoBok onTuyeckown cekuun nepegaym OTS-n

HOHHTI/IC OHTMHCCKOﬁ CCKIIMH nepeﬂalm MOXET 6blTI: aCCOLll/lI/IPOBaHO C MNOHATUEM OIITU-
yeckoi (pusndeckoi cexuu nopsaka N, OPS-n. B OPS-n nepenaercs MHOTOBOJIHOBBIH OITH-
YeCKHi CHTHAJ 0 OIpeelIeHHOM (hU3HUeCKOi cpelie (BOJOKHA, COOTBETCTBYIOIINE PEKOMEH-
nasm G.652, G.653, G.655, G.656). Kpome Toro, nomyckaercs acconuanust OMS u OTS B
OPS. Yucio n ycranosieno He 6osiee 16. O4eBUIHO, 4TO B Mape ONTHUYECKUX BOJIOKOH MOXK-
HO OpraHM30BaTh HECKOJBKO OTAeNbHBIX OPS, B Ka)XIOM M3 KOTOPBIX MOXKET ObITh 10 16
BOJIH.

CooO1ieHust Mo 00CTY)KMBAaHHIO BCEX YYaCTKOB ONTHYECKOM CETH IMpeJCTaBJICHb Ha
puc. 3.112.
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Puc. 3.112. Mpumep dyHKUMN koHTpons B ceTn OTH

3.4. TexHonorusa mynbTuUnnekcupoBaHus Ethernet

IMocnenHee nokoneHue TexHonoruu Ethernet nmeer paciimpeHHble BO3MOXKHOCTH M0 [IEPEHO-
Cy MOJIb30BaTEIbCKUX cooOmeHuid. CornacHo MexayHapoaHON craHmaptusaiuu (PexomeH-
naust MCO-T G.8010/Y.1306) oHo mpeacTaBieHO ABYMs KilacCaMu HHTEP(HeCcoB:
— uHTepdeiicol Ethernet, cnieunduumposannbie B cepun cranaapros |[EEE 802.3 (LAN),
|EEE P802.3ah (PON);
— unTepdeiice TpancnoptHoii cetu Ethernet EoT (Ethernet-over-Transport), cienuduiu-
poBanHble pekomenaanueir MCO-T G.8012/Y.1308.
OcHOBHOE BHUMaHUe B JajbHelIeM yaensercs natepgeticam EoT, onHako 1uist oJIHOTO
npesacTaBieHus o TexHonoruu Ethernet paccmarpuBaercs u pelieHre Ha OCHOBE CTaHAapTa

|EEE 802.3.
3.4.1. Ethernet crangapTa IEEE 802.3

Crannapt |EEE 802.3 nporiesn AiuTeNbHBINA MyTh 3BOIOIMOHHOTO Pa3BUTHS OT TEXHOJIOTHH
JOCTyIa ¢ KOHTPOJIEM KOJJIM3UNA Ha BUTOM Mape, «KTOHKOM>» WIIM «TOJICTOM>» KOaKCHAJIbHOM Ka-
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OeJie, 10 OJHOMOJIOBBIX CBETOBOJOB C JIYIUIEKCHOW pa3/elbHOH mepeiadeldl M MOCTPOEHUEM
NaCCHBHOM ONTHYECKOM ceTH. [Ipy 3TOM cKopocTHOMH peskum Bo3po ot 10 MouTt/c mo 10 ['Gur/c
U yKe B Ommkaitmee Bpemst qocruraer 100 I'out/c [11, 58].

B npouecce apontonn Ethernet mensietcst He TOJIBKO CKOPOCTHOM PEKUM, HO U (POPMATBI
KaJpoB [epelaul, B KOTOPbIX YUUTHIBAIOTCS BO3MOKHOCTH IYIUIEKCHOW IepeAayu U XpOHO-
MeTpax nepenadu. [lpumep IByxX pa3nudHbIX (hOpMaTOB KaapoB MpuBeneH Ha puc. 3.113.

MpeamGyna Jaranopok
I A v & L
a) 1 | 5F0 [oa |58 L] Nomeparwsxc § ¢ r PAD| RS
i 1|6 & 3 4B-1500 5
Faanap wanpa ot A4 oo 1518 Gaimoe

Npeamiyna laranapog
- - N e ]
&) 2| 50P |Peseps|LiiD| CRC [ DA |58 |LT| Nomegawwse ] § @ PAD]| FCS

1 4 P il & ¢ 46-1540 4
Faamep o orhé oo 1518 Gakros
M{1}] LLID{15] Lo it

Puc. 3.113. dopmartkl kagpos Ethernet:
a) kagp ctaHgapTa IEEE 802.3; 6) kagp ctaHgapTta IEEE P802.3ah

[Monst kanpos Ethernet umeror cnenyroiee Ha3HaYEHHE:

— npeaMOyJa cocTouT u3 cemu Gaiito 10101010;

— SFD, Start-of-Frame-Delimiter — navajbHBIN OrpaHHYNTENb KaApa, COCTOUT U3 OJIHO-
ro Oaiita 10101011, nosiBneHre KOTOPOTO yKa3blBaeT Ha TO, YTO CIENYIOIIUI OaiT OT-
HOCHTCS K 3ar0JIOBKY;

— DA, Destination Address — anpec HazHadeHus JUIMHOM OT 2 10 6 6aiToB;

— SA, Source Address — anpec ncrounuka ot 2 10 6 6aiiToB, COIEPKUT aapec y3aa-oT-
MPaBUTENS JAHHBIX;

— L/T, Length/Type — miuHa winu Tvn Kajpa, yKasblBaeT B JBYX 0alTax Ha JUIMHY WA
TUI KaJpa, MOCIEAHUI MOXET OBITh 3aJeCTBOBAH JUIS OOO3HAYCHHUS PAa3HOTHUITHBIX
KaJpoB,;

— I0JIe TAHHBIX, KOTOpPOe MOXeT coiepxath 1o 1500 OaiT;

—none PAD (Padding), 3anonusieT HegocTaroliee MPOCTPAHCTBO JAHHBIX JIMHON 10 46
0alTOB;

— FCS, Frame Check Sequence — nosne kouTposbHoii cymmsel (CRC-32);

— SOP, Start of Packet — mosie ykassiBaeT Ha Ha4aJI0 KaJipa MACCUBHOM ONMTUYECKON CETH
crannapta |EEE P802.3ah;

— pe3epBHOE MoJIe IITUHOH 4 GaliTa;

—LLID, Logica Link Identificator — unauBumyansHeiii uaentuduxarop ysaa PON
JUTMHOM /1Ba OaiiTa;

— niepBbiid OUT LLID ykasbiBaeT Ha BUJ COSAMHEHUS «TOYKA-TOYKA» WIIM «TOYKa-MHOTOTOY-
Ka», a ocTabHble 15 OUT comepkaT COOCTBEHHO MHANBUIyalbHBIN aapec y3iaa EPON;
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— CRC, Circle Redundancy Check — konTpoJibHast cymMa 1o npeamoyiie.

[IporokosbHas opranuzamnus Ethernet mpeaycmarpruBaeT KOHTPOJIb KOJUTU3UH, T.€. OTHO-
BpEMEHHYIO Tiepeady 1o oOmIeH JIMHUKM cooOIeHn OoJiee YeM OJHOM cTtaHiuer. [{is atoro
B pasnuyHbIX Bepcusix Ethernet mpemycmotpensl Takue Mexanusmbl, kak CSMA/CD wuiun
MPCP. Meron noctyna CSMA/CD (Carrier-Sense Multiply-Access/Collision Detection) na-
3BIBAETCSI METOJIOM MHOXECTBEHHOTO JIOCTYIA C KOHTPOJIEeM HeCyllei U oOHapyKeHHEeM KOJI-
JU3UN U IPUMEHSIETCS] UCKITIOYUTEIBHO B CETSAX C JIOTHUECKOW OOIIeH MMHOMN, K KOTOPO TO/-
KIro4atoTes paboune cranuuu. [Iporokon moctyma MPCP (Multi-Point Control Protocol) —
MPOTOKOJI YIPaBIEHUsI MHOKECTBOM y3JI0B, KOTOPBIM MOJAEPKUBAET OPSIOK TIepeavn JJaH-
HBIX U YCTPaHsET KOJUTH3UH.

CoBMeCTHO ¢ OPMHUPOBAHUEM JIOTHYECKUX KAJAPOB Mepeaadu JaHHBIX MPOTOKOJBI JA0C-
TyIa SBJISIOTCS YacThiO JIOTMYECKOH CTPyKTypbl HHTep(eiicoB Ethernet, coorBercTByrommx

(bU3MYECKOMY M KaHAILHOMY YPOBHSIM MOJENIH B3aUMOJCHUCTBUSI OTKPBIThIX cuctem OS]
(puc. 3.114).

I P [ B el B 1T AR MR
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Puc. 3.114. NpoTtokonbHasg cTpykTypa Ethernet

IMpotokon ynpasnenust jgorudeckum kaHaiom LLC (Logica Link Control) moxer non-
JIEPXKUBATH OJIHY M3 CIEAYIOIINX MPOLEYP Mepeaadn:
— nepeaaya 6e3 yCTaHOBJICHUsI COeIMHEHNH 1 Oe3 MOATBepKIeHHI (IeidTarpaMmbl);
— mepenava ¢ yCTAHOBJICHHEM coelMHeHHs1 (0Opa30BaHUEM JIOTMYECKOro KaHaua) U Moj-
TBEPIKIACHHUEM;
— nepeiaya 0e3 yCTaHOBJICHUsI COSIUHEHHUS, HO C TIOATBEPIKACHHUEM.
IMporokousl yrnpasnenus gocrynom k cpeae MAC (Media Access Control) ato yxe pac-
cMotpennbie mpumepsl CSMA/CD u MPCP.
Anpectoe mpoctpadcTBo Kaapa Ethernet duxcupyercss B MAC-anpece mojeM IIHHO#M
48 6uroB (puc. 3.115). Takum 006pa3oM MaKCHMAIbHBIA agpec COCTABJISET 2%, AnpecHoe
MPOCTPAHCTBO MOJIeNIEeHO B LiecTHaALaTepu4yHoil cucrteme cornacHo |EEE 802.1D u 802.1Q
IUIsl KaZIpOB YIIPaBJICHHUS:
— st Becex moctoB (01-80-02-00-00-10);
— pesepeHbie aapeca (ot 01-80-C2-00-00-00 xo 01-80-C2-00-00-0F);
— GARP(Generic Attribute Registration Protocol — npoTokosn, ucnonb3yemblii [1Jisl peru-
CTpali HEKOTOPhIX a0CTPAKTHBIX CBOMCTB MJIM aTpuOyTOB B paMKax CETH) MPHUKJIa[-
Hele aapeca (ot 01-80-C2-00-00-20 o 01-80-C2-00-00-2F).



TEXHONOIM'Mn MynbTUNNEKCUPOBAHUA U NEPEAAYU B TPAHCIMOPTHbIX CETAX 125

Butek / 6 5 4 3 2 1 0 HEX-uHAeHCH, NPUCEOEHHBIE

0 U/L[1/6] ab BaiTam
1 cd
2 ef
3 gh
4 ij
5 kL
banTel

Puc. 3.115. CtpykTypa agpecauum B MAC

Ha puc. 3.115 npuHATH clieayronme 0003HaueHMs:

WHpekcrl 1ecTHAANATEPUYHOTO CYUCIICHUS, TPUCBOCHHBIC OaiiTaM aJpecHOro MpoCcTpaH-
crBa, HEX cymectBytor B Buae coyeranuii ab-cd-ef-gh-ij-kl. I/G yka3ssiBaet Ha agpecHbie Ou-
tol: 0 — uHAMBUAYaJBbHBIN agpec; 1 — rpynnoBoit (mupokoBearenbHbiii) agpec. U/L yka-
3bIBaeT Ha ajpecHble OuThl: 0 — yHUBepcalbHas aAMUHHUCTpUpyeMas aapecarus; 1 — Io-
KaJbHO aJMHUHHCTpUpyemMas aapecarus. O6o3Hauenus: a, b, ¢, d, e, f, g, h, i, J, k, | moryt
npuauMath 3Hadenns ot 0 mo F (0, 1, 2, 3, 4,5, 6,7, 8,9, A, B, C, D, E, F) B mecrnammnare-
PHYHOI CUCTEME CUHCIICHUS.

O6o3naueane GARP (Generic Attribute Registration Protocol) — mpotokout, ucnons3sye-
MBI ISl peruCTpai HEKOTOPBIX a0CTPAaKTHBIX CBOMCTB B paMKax CETH.

OcranpHoe agpecHoe MPOCTPAHCTBO PAa3leNIeHO Ul IMUPOKOBEIIATEIBHBIX U OTIEIBHBIX
YCIYT MO Nepenade TaHHbIX.

dusnyeckoe koauposanue PCS (Physical Coding Sublayer — moayposens ¢usndeckoro
KOJMPOBAHUsI) 3aBUCHT OT BHJA CPEAbl Mepelayd, HalpUMep, UCMOJb3YeTCsl KOIUPOBaHUE
4B5B B popmare NRZ s nepenauu mo BOJIOKOHHO-OMTHYECKOW JuHMU. [TonpoOHyto WH-
(bopManmio 1Mo KoAUPOBaHHIO B pU3MUECKOii cpesie MOXKHO Tony4nTh B [11, 58].

3.4.2. Ethernet cranpapta EoT

Kanpsr Ethernet EOT comepxat cooOriieHus 0 TUIIE HArpy3KH, IPOTOKOIbHBIE METKU JOCTYIIA B
nozacets SNAP (Subnetwork Access Protocol), nannsle koHTpoJIs Jorndeckoro kanana LLC
(Logical Link Control) ¢ agantipoBaHHBIMU OJIb30BATEILCKMMH CUTHAIAME, METKAMHU JITHHBI
TI0JIS1 [TOJTE30BATENIBLCKOM HArPY3KHU B KaJpe U TUIIOM Kajpa Ethernet. TpaHncropTHpoBKa KaapoB
Ethernet EOT MoskeT OCyIIECTBIATHCS ¢ HAOIIOACHHEM TPAHCIIOPTHOTO TPAKTa M3 KOHIIA B KO-
Hery ETHP (Ethernet end-to-end path) u cermentHbM MoHUTOpUHTOM ETHS (Segment monitor-
ing). Bce u3BecTHBIE BHIBI TPAHCIIOPTHBIX peliieHnit st Ethernet npencrasiens: Ha puc. 3.116.
BonbmmacTBO BapuanToB TpancnoptupoBkd (EoT) yxke cranmaptusupoBansl Ethernet B mn-
tepdeticax PDH, SDH, OTH, ATM (EoP, EoS, EcO, EoA), onnako mepenoc kaapos Ethernet
uepes cetu ¢ nporokosamu MPLS (EoM) u RPR (EoR) eliie Haxoastcst B CTaauu pa3paboTKu
cranmapToB. [s mepeHoca kaapos Ethernet 6e3 mpoMeKyTOYHBIX TEXHOJIOMHYECKUX Mpeodpa-
30BaHMK paspaboraHbl HHTEpderch (usndeckoro ypoBHs ETY B cranmapre |EEE 802.3, npu-
Mepbl KOTOPBIX MpHBEcHBI B Tab. 6.5. Bo3MOXHOE MHOKECTBO BAPUAHTOB PealM3alliy HH-
tepdeticoB ETY obo3navaercst ETY N (cm. puc. 3.122, 3.123).
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MNoapeoparenbexre fansse (1P MPLS POH, .Y

.,-""-FF. _ﬂ-""'; ‘L-\"'-\-\_ E-"‘"-\-\.\_\_
| ]
Tean ' :
SNAP :
LLC i
Onura _E Tun
HatnsneHHe TpaKTa W3 HOHUE B koHey ETHF
Ethamet
CarnestHae sabnnaense ETHS
aFr/f GFRS E4B /S e
| Lars | | s | | ee | | OF || AME
POH 50H o
Ether. 3| Ve-n T I O et
ETY Eg E:E::E 64 boukxd | Y=YF | |nposure| |apossre
EoP Ent EnS Eol Eof EaM Eok
Ethermet Eol
ag2.3 ITU-T 8010

Puc. 3.116. CtpykTypa nHtepceincos Ethernet ¢ pasnuyHeiMu cpegamu nepegaym

Hwxe paccMoTpenbl o0liMe ¥ KOHKPETHBIC BapHaHThI pa3MelieHuit naHueix Ethernet B
TPAHCHOPTHBIX CTPYKTYPaX M BApHAaHThI MyJbTHILIEKCHpOBaHus Ethernet.

Jluneiinbiit kaap Ethernet (puc. 3.117) comepxut mouns: nmpeamOyibl PA, MeTKy KaHaia
kagpa SFD, mone naHHBIX MOJb30BaTessl, KOHTpoJbHOoe nosne FCS. OOuumii npuHuUn pasme-
nienust kaapa Ethernet B mone xanpa GFP-F paccmortpen B pasaene 3.5. Ha puc. 3.118 npen-
CTaBJieH npuMep yrakoBku kaapa Ethernet 8 kanp GFP-F.

| SA | DA l HdaHHble nonbzoBaTenA ]
I ¥

A
HPpopMaLlMOHHOe None A a0p
PA [sFD Whebop MAC MAC FCS | Kaap MAC

Puc. 3.117. lluHelHbii kagp Ethernet

| SA I DA I HaHHbie none3oBarTenn |
I

MAC FCS

| MHgopmaymoHHoe none GFP-F Kanp GFP-F

LN e

h
3aronoeoxk GFP

Pwuc. 3.118. JluHeinHbin kagp GFP-F
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JluneiiHoe KoaMpOBaHWE U TPAHCIOPTHBIX ceTel ompeneneHo cranmaprom |EEE
802.3ah, uro nmpexycmatpuBaer gonosnHuTe bHbIE Ot S, T U cBOOOAHOE MOJIe MPOIIECHUS
(puc. 3.119).

ISA El:l-.iu [ [assasee nonszoaatens I
| | ]

| P& |sFD MAC FC5 | Kanp MAC
L)

4

ﬁ;é,Bg'lrl 5 WutopmauronHoe nona S48 /88 T ] Mpognakse

Puc. 3.119. lluHelHbI kagp 64B/66B

dopmuposanue nuneiiHoro kaapa LAPS (Link Access Procedure-SDH) mpenycmotpero
1015t 3 PEKTUBHOTO HCIIOIb30BaHUs pecypcoB TpaHcnopTupoBku ceth SDH (wu PDH) mpu
TpaHCIOPTHPOBKe AaHHBIX cetu Ethernet. Dto omnpeneneno pekomenmanmeir MCD-T X.86
(puc. 3.120).

A | D.A[ daHHeie noneioeatens | Kagp MAC

MAL FLa

t.l‘l.ll:l‘- [‘F.i ¥ pannaHee liﬁ.P[ (5]9] r|'.4:|pr-'|a|,|.-|m-||-|-::-ﬂ noAs LAPS Ff.‘ri LAPS

Puc. 3.120. JlnHenHbin kagp LAPS

Ha puc. 3.121 npencraBieH ofuH U3 NPUMEPOB yrakoBku kaapa Ethernet anst rpancmop-
TupoBKU B ceT ATM c aganrauueit Ha ypoBHe AAL-5.

I SA ] DA | LaHHele none3oBaTens | Ethernet

¥ L
VHcpopmauwoHHoe none AAL-5 PADI CPCS UU| CPIl OnuHa I CRC 32 | AAL-5

Puc. 3.121. JlnHenHbin kagp 8 ATM

3.4.3. MocTpoeHue cxem mynbTUnnekcuposaHusa Ethernet

Cxembl MynbTUILIEKCHpoBaHusi Ethernet pasnuuarorcs cTymneHsMH MyJIbTHUILICKCUPOBAHHUS.
OG61mast cxeMa MyJIbTUILIEKCUPOBAHUS MPEICTaBIeHa Ha puc. 3.122.

OnHocTyneHYaTas cxema MyJbTUILIEKCUpoBaHus kaapa Ethernet mpexycmarpusaer 00b-
enuHenne 10 4096 xaapos Ethernet B oOmmii jgoruveckuii myTh TPaHCIOPTHOH CeTH
(puc. 3.123). [Iyist 3TOro Kaxaplii MyJIbTHILIEKCUPYEMBIH KaJp MOJy4aeT CBOK METKY MOJIb30-
Batens (C-Tag), comepxaiyto uaeHTH(GUKATOP JoKanbHOU cetu (puc. 3.124).
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Harpyzua

(RIS =
MESN R ACEA -

Hagp |
Ethermet
¢ HYNETH-
MAEHCHEE- 1

B Hev M W
A FopEH pOBAHRE Hagpa Ehermer

Bapwanrem

PR & ML HE R
HaApCa
Ethe=met

Puc. 3.122. Obwas cxema mynbTunnekcupoBaHus Ethernet

MynuTenAS kM poaa sHe
& 4096

- Harpyasa
Eth o
OpMMpoRaMKMe
Bes MyfETHnnes-
CHRORIHWR Haﬂpa]

|

Puc. 3.123. OgHocTyneHyaTas cxema MyrnbTunnekcuposaHus Ethernet

1 4006
| D& [ SA | Harpyaxa | DA | SA | Harpyaxa
= il ' o i X
DA | SA |C-Tag| Harpyasa DA | SA [C-Tag| Harpyawa
L 1
CeA | oA |E-Tag| Harpyaua DA | oA E'C-Tagl Harpyzua

Puc. 3.124. OgHocTyneHyaToe MyrnbTunnekcupoBaHue Ethernet
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JIByXcTyneH4aTas cxeMa MYJIbTUILIEKCUPOBAHHUS [IPEIoIaraeT BO3MOKHOCTb 00beAnHE-
HUSL YK€ MyJIbTHIUIEKCHPOBAHHOM HArpy3Ku Ha MepBoii crynenu ¢ Mmetkamu C-Tag B kosnde-
crtBe M, rae uncino M oxHo3HaYHO He pernamentupoBano. Kaaper Ethernet moryt Takske co-
JepxaTh MeTKH mpoBaiinepos ycayr (S-Tag, Service provider-Tag) Ha puc. 3.125 u 3.126
TPEJICTAaBIICHO IBYXCTyMeHYATOE MyJIbTHILIeKcHpoBaHue Ethernet.

ET%n
2023
GFP-F Nme crynenn
LaFs lpyninwpo- x M
BaHms M E«
MELS OgHa
CTYMEHR  Toynnupo- yu 4096
AALE A\, BaH#E 1
- Har-
PYEHE
FPR :IS'TEE[ | ety =kl
Rl

B2 MyneTHINEHT P OBAK A

Puc. 3.125. [IByxcTyneHuyaTas cxema MynbTunmnekcmposaHus Ethernet

| oA [ A [ Harpyaka i | Ay ] Sy | Harpyaua I

-
o

F

I (T I SA |E-Tag| Har pyzna
. Mepsan CTYNeH: |
A EN Harpysua :

-

-
ﬁ-:hﬁ. | =11 IS--Tugl Harpyana
1Ir Bropam cTyneHe +
oh | sa | Harpyswa o Y =Y |

Puc. 3.126. [IByxcTyneHyaToe MynbTunnekcuposaHue Ethernet
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3.4.4. TexHonorunyeckoe peweHue gna T — MPLS

[IpotokonpHOE pemeHne st TpaHCTIOPTHHIX cetell T-MPLS mpencrasneno matepdeticamu
anmnapaTypbl MyJIbTHCEPBUCHBIX TPAHCIIOPTHBIX CETEH C Pa3IMYHBIMU (HUIUUSCKHUMU OKOHYA-
HHUSIMH M BO3MOXKHOCTSIMH 10 KOMMYTAIIMH MakeTHoro tpaduka (puc. 3.127).

Monerosanenn i
1P, IPYE FI-:}:r:b.'l-::-u ETEFAE I;EL|1. POH, 50H, ATM, FR, HOLLC, FFP F":l-
! H MemceTenmse BIanpMoneforndn
: [I:lﬁ VRS EILE HE AR IYINW, KPDRNMOCIRDNALE,
! MOPARDE CEQOBANAA, . ..)
—~T-MPL5-P ]
-RPLS < wpLaT
PFP GFP PPF & GFP GFP
BLLLLIC S S N 1 Y ey | e
FOH; POH;: ShH: SDH: OTH: Exh: RPE
El El.E2. E4 Wo-n We-n OOk L0
E3 125 mEc | | VE-n-Ky VE-n-w | |0 DUE-Kw 10
E4 Ex-Xv W - WL-4-K¢ 1000
125 muc CuEnEa 10 0
M P M P Mas MaoS Mol MaE MoR

Puc. 3.127. NuTepdeicel TpaHcnopTHOro cetesoro yana T-MPLS

B cTpykType untepdeiicoB uMeroTcs pazaencHus Ha QyHKIUH:

— T-MPLS-P — TpakKT ¢ KOHTpOJIeM 13 KOHIIa B KOHEII;

— T-MPLS-T — coenuHenue ¢ TaHAEMHBIM HAOIIOACHUEM.

[IpencraBneHHble o0ImKe CTPYKTY Pl CEMH Pa3HOBHIHOCTEH CeTeBBIX MHTep(deiicoB 6azu-
PYIOTCSI Ha COUSTaHUH Pa3IHYHBIX TEXHOJIOTHIA TPAHCTIOPTHBIX CETEH!

— MOE — T-MPLS over Ethernet;

—MoS — T-MPLS over SDH;

—MoO — T-MPLS over OTH,;

— MoP — T-MPLS over PDH,;

—MoR — T-MPLS over RPR.

TexHomornuveckas 1enouyka TpaHcisiuu tpapuka B T-MPLS ¢ oOpazoBanueM MeTOK,
TYHHEITMPOBAaHHEM U pa3MeEUICHHEM B KaJphl COTJAcOBaHUS MpencraBieHa puc. 3.128, rme
0003HaYEHO:!

— S— npu3HaK JiHa MpoTokoibHOro creka (1 6ur);

— TTL — metka BpeMenu xu3nu (8 6uT);

— Label — meTka emkoctbro 20 6uT;

— EXP — skcnepumMenTaibHas Metka (3 6uta).

Crpykrypa metkrn MPLS coctout u3 32 6urtoB (4 6aiita): 12 6uroB 3arosoBok u 20 6Gur
3HaueHue MeTKH [64]. 3aronoBok MeTKu coctouT u3 3-x noseit: 3-ourosoro noss EXP, koro-
poe MOXET CIYXHTh 711 0003HaYeHUsI Kjlacca 00CTyKUBaHUsl, S-OuTa Mpr3HaKa «IHa» CTeKa
1 8-6uroBoro moust Bpemenu xusan T TL (Time-to-Live).
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Harpyaua
NOALIOEATENS
{ETH)
T-MFLS OAM IPvs, IPwE ; ]
LM 1P
1arg- | DAM warpyasa aarg- Harpyana Harpyzka
ACEGK NOBGE
Bl e i e
e i T Ty a7 Mnawoesa
e “"... R S s T L B HAFpYIKK
—i T-HPLS =
sl || = I Harpyana BN0H Harpyasi
K
(x| o T-MPLS -
ETFﬁ T-HPLS Enav MAHET € METHOA
i\ . :
fionsw=a = T-HPLS -
EpeKA il | = Harmyawa HErpyana Ty HHenn
TYHHENHQGD -
BAHHE d
W f A | T-MPLS -
& I-MPLS Baox tarpysik NEKET C METHON TyHHEAR
b
NuwafHee anme
. T-MPLS naner ¢ wevfi | tEtharnat, HOLE GFR)
] I
loAneHas Harpyaxa T-MPLS KeocTodas
YALTh YACTh

@ IHSECHUH MyTh
| FOH, 50H, OTH-WDO#, Eth, EFR}

Puc. 3.128. MpuHUuUN ynakoBKku Harpy3ku B TpaHcnopTHou cetn T-MPLS

3.5. TexHonorn4yeckue cornacoBaHusi TPAHCMNOPTHbIX CeTen

s mpo3payHoil TpaHCTIOPTHPOBKU PA3IMYHOTO TpaduKa depe3 TPAHCIOPTHBIE CETH pa3pa-
0OTaHBI, CTAaHIAPTU3UPOBAHBI W UCIIONB3YIOTCS P MPOTOKONBHBIX PEeHICHUH Mo 3 eKTHB-
HOMY pasMelleHno Tpaduka rmakeTHou (KaapoBoil) mepenaud B Hukindeckue 6jgoxku PDH,
SDH, OTH u HenocpencTBeHHO B cpeny nepeaaun (puc. 2.3): LAPS, GFP u RPR. Huxe pac-
CMOTPEHBI UX TEXHOJIOTUIECKUE YePTHI U IIPHIMEHEHHE.

3.5.1. MpoTokonbHoe peweHue LAPS

Mynbsrunnekcop SDH ¢ ¢pynkumsimu nopros Ethernet — sisnenue texHuku HOBOro moko-
JIeHUsT — MYJbTUCEPBUCHBIX ceTeil cBsa3u. Takue TexHuueckue perieHust kak Ethernet over
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SDH cranu akTyaibHbl B CBSI3U C HEOOXOJUMOCTbIO OObEMHEHHUS JIOKAIbHBIX CeTel U pac-
HIMpeHust crieKTpa yciyr cereit Ethernet (mepenaua peun, Buieo, J1aHHBIX, HIMPOKOMOIOCHBIX
WUHTEPAKTUBHBIX YCIYT). YUUTBIBAs pa3iiiuHOE MPOUCXOXKICHUE U (YHKIIMOHUPOBAHUE CeTeil
Ethernet 1 SDH, 8 MCD-T 6bli pa3paboTaHbl Cpe[CTBa COMPSKEHHUs, C OJHONH CTOPOHBI,
CIly4allHBIX MAKETOB TMEPEMEHHON €MKOCTH, a ¢ JIpyrod, — LUKIMYeckoi nepempaun VC-n,
VC-m, STM-N B SDH. TakossiM ctan nporokon LAPS (Link Access Procedure-SDH), ompe-
JeneHHslll B pekoMernanusax MCO-T X.86 kak mporenypa nocrymna B auau0 SDH, koTopas
npeycMaTpUBaeT MPOCTOe TEXHUUYECKOE PEIlleHUe ISl COCMHEHUS! OTICNBbHBIX JIOKaTbHBIX
cereit Ethernet. Ipouenypa LAPS sBastercst pasnoBuaHocThio porokora HDLC (High level
Data Link Control) — BbICOKOYpOBHETO NPOTOKOJIA YIPABICHUS KAHAIOM CBSI3H, YTBEPIKIEH-
Horo MesxayHapoaHoi opranuzauueil no crangaprusamuu 1SO. Takxke 3TOT MPOTOKON U3-
BecTeH 1o cranaapraM MCO-T: X.25, Q.921, Q.922. YposHeBoe pacnonoxenne LAPS s
creika Ethernet u SDH mokazano na puc. 3.129. Pasmelenre nanHbix kagapa Ethernet B mose
LAPS nokazaHo Ha puc. 3.130. [Ins cornacoBaHHs CKOPOCTEl HCIOJB3YIOTCSl OTAETbHBIE
6aiiTel B cTpyktype LAPS ¢ dukcupoBanusim 3anoanenreM (0x7d, Oxdd), koropsie 0603Ha-
YeHBI B MIECTHAALATHPUYHON cucTeMe. DT OaiThl Ha MPHEMHOIN CTOpOHE OTOpPACHIBAIOTCS
npu 0OHApYKEHUU.

dnar 1 Gakr
Anpec 1 bafEr
YIpABNEHWE 1 tiakr
1-wit Gadr SAP] 1 bain
2-oi Bair SAPT 1 bakr
TEEE 802.3 MAC-kanp Ethemnet o el il =
Appec nosguyanang fi Bairon
LaFs Ve-m ALPEC NCTONMHNRE i bafToE
i Jinwisa, Tun 2 baira
6. 707 [asimpe nons3oearenn MAL |
CerUMA r &15-1500 GanTos
MALTHTIA D CH [OED HHA None supamsiensen PAD
CexuMA FEEHEDALIK Hosmpone ounebar cagpa MAC & Babra
3 KoHrpons omabos kaapa LAFS | 4 dasTa
NEKTPWYECKAA/DNTHHBCKER | & q0a ik ogT
CEELIMR by Bnar 1 bait
Puc. 3.129. NpoTOKONbHbLIN CTbIK Puc. 3.130. Kagp LAPS c pasmeLleHHbIMU
SDH-Ethernet (MHKancynMpoBaHHbLIMM)

JaHHbiMu kagpa MAC Ethernet

3.5.2. MpoTtokonbHoe peweHue GFP

Texnonorust GFP o onpenenennto MCO-T obecnieunt 6osiee 3P PeKTUBHOE UCTIOIb30BAHHE
PECYPCOB TPaHCMOPTHBIX CETEH sl JOCTABKH JaHHBIX HepealbHOro BpeMeHH. OHa HaXOAUT-
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cst B omHOM psay ¢ ATM, HO mojjepKuBaeT Mepeaadyy KaapoB MEPEMEHHOW €MKOCTH
(puc. 3.131).

1 2 7 BGuros 16 DR mHIHEETODA
ANWER EATYEEH

]

laromoaok H o1 paane wHiow
HEC {CRC-18)

&

Jaranosos HarpyIEs
{3-64 Gadrz]

Harpyisa
P¥ Mt wHdeepraiy -

SHHGH HEMPYIH A
NiOfRINITENA

Bavrw 4-55535

HoHTDoM HATPR M

_'_h"‘“-—.,__‘_h‘_ il ouwnden (CRC-32)

Puc. 3.131. dopmat kagpa GFP

dopmar kaapa GFP MoxxeT yka3pBaTh Ha pa3TNYHOE Ha3HAUCHHE!

— MOJIb30BaTeIbCKHE C Mepenaueii Tpaduka U yrpaBJeHUs B HHTEPecax MM0JIb30BaTes;

— ynpaBieHue ¢ Kaapamu 00CITy)KUBaHUS U TexHHu4eckoro ynpasienuss OAM (Operation,
Administration, Maintenance), t.e. ckpbiThie OT MOJIb30BaTeNs PYHKIUK U CBOOOIHbIE
KaJpHl.

Kpowme Toro, kanp GFP npeaycMoTpeH ajisi peai3allii IByX BO3MOXXHOCTEH TNepeaayu:
npospaunoii GFP-T (Transparented) u ¢ otobpakenrem kaapa moab3oBatenss GFP-F (Frame
mapped).

[Tose 3aronoBka kampa GFP npeacrasieHo yeTbipbMs Oaritamu (puc. 3.132). [Tone nnauka-
TOpa JJIMHBI TIPOTOKOJIBHOIO IMOJIb30BaTelbckoro 0/oka manabix PLI (PDU Length Indicator)
YKa3bIBaeT YUCIIO B IBOMYHOM KOJIE, COOTBETCTBYIOIIEE 00BEMY MOJIB30BaTEIbCKON HArPy3KH.
MunumalnbsHas Bel4rHa 3Toro nojs — 4 6aiita. Oobem nmonst PLI coctapnsier 16 6uros.

Mone PLI

1,2 ,3,4,5,6,7,8
Mone PLI

1,2, 3 4,65 6, 7, 8
Mone HEC

1,2 ,3 , 4,5, 6 7,8
Mone HEC

1,2 ,3,4,5,6,7,8

Puc. 3.132. dopmarthl nonen 3aronoska kagpa GFP

ITone xoutpoast ommbok 3aroioka HEC (Header Error Control) mnunoit 16 Gaitros
NperHa3HaueHo JUId OOHAapy)KeHHS W HCIPABIEHHWsS OJMHOYHBIX OLIMOOK M OOHapy>KeHWs
6osbiioro uucnaa ommbok B 3aronoske PLI. [Ins ¢opmuposanus nons HEC ucnons3yercs
MPOM3BOISLINI TOJTUHOM

G(X) =X + X2 + xX° +1.
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IMons moB30BaTENLCKOM HATPY3KH MOApa3AeNsoTes Ha Tpu Buaa (puc. 3.133):

— 3aroJIOBOK Harpy3KH JUTMHOH oT 4 1o 64 Oaiir;

— roJie MH(GOPMAIMOHHOM Harpy3ku JuIiHOM oT 0 1o 65535 —X, rne X = 4...64 6aiiTos;

— nosie 3aBepiieHus kaapa FCS (Frame Check Sequence) anunoit 4 Gaiita 1 OHO e mosie
3aBeplIeHus nosie3Hoi Harpysku pFCS,

Jaronomoel EITRYRKN i =i, B%

ERCR-1, - T T

MNone wedopray ool
HATpy e Or O pe
G55 T5.x

JasepweHwa kanpa FL5 &

A
faim1 2 3 4 5 6 T Bbdv

Puc. 3.133. dopmat nonen nonb3oBaTenbCckon Harpy3kn GFP

B 3aronoBok Harpysku Bxoasr (puc. 3.134):

— nBa OaiiTa Tuna kaapa GFP;

— JBa OaiiTa MoJis 3alIMTHI OT OIKMOOK THIA Kajpa,

— pacmupeHue oJis 3arojoBka j0 60 6aiiTos,;

— n1Ba OaliTa KOHTPOJIS OIUOOK PaCITUPEHHUS T10JIsI 3ar0JIOBKa.

51 PTI Fl EX]

* T 2 fianta

[ tHEL .

B EHEL 2 Gl

N
: Fatwnperine
! NoRA 3arCNOREH 00 ne
B0 badcon

eHEL
FHEL

[
fadre 1 2 X & 5 & 7 Bbew

Puc. 3.134. dopmat nons 3aronoBka norib30BaTenbCKOn Harpy3ku GFP

Wnentudukarop tuna Harpy3ku PTI (Payload Type ldentifier) onpenenser tun GFP
T0JIb30BATENBCKUX TaHHbIX:

— 000 — moJ1b30BaTENBCKUE JAHHBIE,
— 100 — ynpaBiieHHe MOIb30BaTENS;
— JIpyTHe 3ape3epBUPOBAHBI,
— PFI, Payload FCS Identifier — naenTudukaTtop Haau4duss KOHTPOJIBHOM CyMMBI ITOJIS
MOJIE3HOH HATPY3KH.
Nuaukarop Harpysku FCS cocrout u3 omxoro 6uta (PFl = 0 nnu PRl = 1), uto cootBer-
CTBYET HAITMUHWIO WK oTcyTcTBUIO FCS.
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Nnentudukarop pacumpenus 3aronoska EX| (Extension Header | dentifier) — npeacras-
JICH TIOJIEM U3 YeTHIpeX OMTOB:

— 0000 — Her pacuIMpeHHs 3arojoBKa;

— 0001 — nuHeHbIHA Kamp;

— 0010 —xkoubLIeBO# KaJIp;

— OCTalIbHBIE PE3EpPB.

Wnentudukarop nons3oBatenbckoi Harpysku UPI (User Payload Identifier) npencras-
JIeH mosieM u3 8 OUT [yist OIpeieIeHUs] HAarpy3KH, KOHBEPTUPYEMOH B 1oJie HH)OPMaHOHHOH
Harpy3ku GFP:

— 0000 0000 — pe3seps;

—1111 1111 — pe3seps;

— 0000 0001 — kaxpsr Ethernet;

— 0000 0010 — mannbIe coequuenus PPP;

— 0000 0100 — FICON;

— 0000 0101 — ESCON;

— 0000 0110 — Ghit Ethernet;

— 0000 0111 — pe3seps;

— 0000 1001 — DVB ASI;

— 0000 1010 — RPR;

— 0000 1011 — Fiber Channel;

—ot1 0000 1101 no 1110 1111 — pe3eps s CTaHAAPTU3ALMNY;

— o1 1111 0000 mo 1111 1110 — pe3epB 1is MOTB30OBATEIS.

Kontposs nons Tuna GFP tHEC (type HEC) conepsxur koq CRC-16 ajist KOHTpOJIS OIiIk-
OOK M MCIpaBleHUs OMIMOOK OTAEIbHBIX OUTOB B ABYX Oaiitax (5 u 6) 3aronoska. KoHTposs
ommbok moJist pacmupenus 3arojoska eHEC (extension HEC) conepyxut xoq CRC-16 st
KOHTPOJISl OLIMOOK U UCTIPaBJICHHUs OTAENbHBIX OMIHUOOK 6aiiToB N— 11 N.

IMone 3aBepuieHus noss3oBaTenbekoil Harpysku PFCS (payload Frame Check Seguence
field) cocrour u3 uetsipex 6aiToB, B KOTOPhIX comepxutcs kog CRC-32 sammrer nHbpopma-
UM OT OLIMOOK.

ITone narpy3ku GFP moxer ObITh ckpeMOnIupoBaHo o anroputmy 1 +x™ B caBErOBOM
CUHXPOHHOM CKpemOuiepe.

Kanps! ynpasneHus monb30Barens IPAMEHSIOTCS U alalTallly M0JIb30BaTeIbCKON Ha-
IPY3KU Ha mepejiaue U U3BJICUESHHUs HATPY3KH Ha npueMHoit cropone (puc.3.135). Ctpykrypa
KaJipa yrpaBJIeHHs OTJIMYAETCS OT KaJIpOB C MOJIE3HON HAarpy3Koi COJAEPKUMBIM MOJIeil:

— note PT1 umeer nBonunsiii kox 100;

— nonie PFl oTpaxkaer cieunpuky Harpy3Ku,

—nose EXI conepxur pacmmpenne cneruduky HarpysKH;

—nosie UPI moxket comepxath nHpopmarmro yrnpasienus: 0000 0001 — noreps curHaia
nosip3oBatersi; 0000 0010 — morepst cuaXpoHU3anuy. HeoOX0IMMO OTMETHTE, UTO Je-
tanu3anus noneit PRl u EXI| naxoauTces B craauu onpenenexus.

O6e komOuHanmu UPl oTHOCATCS K COOOIICHHIO O MOBPEXKICHUM CHTHAJIA TI0JIh30BaTEII.
IepBbie ueTbipe OaiiTa kaapa (aauHa U noje kourpous omubok cHEC, core HEC) umerot Hy-
JIeBOE 3aIOJHEHHE TAKKe KaK U T0JIe Harpy3Ku u3 N-0air.

[poueccor hopmupoBanus kagpoB GFP npexncrasienst Ha puc. 3.136. [ns uHIUKaUM
nedektHbIX cocTosiHuA TpakTa GFP ncnonesyrorest curaas:



136

FMABA 3

cexumii SDH v OTH;

cOopKkH U pa3dopKU Kajpa,

BaHHA OOHOT'O U3 IBYX YKa3aHHBIX BbIIIC CUTHAJIOB.
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Puc. 3.135. CTtpykTypa kagpa ynpasnexHusa GFP
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Puc. 3.136. MNpouenypbl popmupoBaHns GFP

ol

—noBpesxaenust tpakta TSF (Trail Signal Fail), kotopsiii 0GHapyKHBaeTCsi HA YPOBHE
— noBpexaeHus obciyxuanus SSF (Server Signal Failure), dopmupyemsiii Ha ypoBHE

— noBpeskaeHus curuana nonszosatenas CSF (Client Signal Fail), kak pesyasrar 06paso-
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[Mpumeps! pazmenieHus Harpy3ku B kaapbl GFP npusenenst Ha puc. 3.137, 3.138.
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Puc. 3.138. MNMpumep pasmelennst Harpysku PPP/HDLC B GFP

Kanper GFP nmoapasnenstores Ha asa tuna: GFP-F, GFP-T (puc. 3.139). Kagpsr GFP-F
MPUMEHAMBI B OOJIBIIIEH CTETIEHHU K MaKeTaM JaHHBIX Pa3HOTO THIA U Pa3HOH IHMHBL. Kampsl
GFP-F npenmnonararor KoqupoBaHue s epeaayn curaainos B popmare 8B10B. [Ipumepamu

Harpysku GFP-F moryt cinyxuts naketst | P/PPP u kagper Ghit Ethernet.
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Puc. 3.139. OtnuuutensHble npusHakn GFP-F n GFP-T

Kanper GFP-T 3arpy»xatoTcst JaHHBIMH OTHOTO MOJIb30BaTeNs ¢ 3((HEeKTUBHBIM CyIepOIio-
KOBBIM TIpeoOpa3oBaHUeM, TJe Harpyska mnpenctaBiieHa NX67-0aiiTOBBIMH cyrepOoKaMH,
rzae kaxaoMmy 65-6aitrosomy Onoky npunaercs ko CRC-16. Ha puc. 3.139 npusoaurcst co-
nepxumoe Harpy3sku kaapoB GFP-F u GFP-T.

Jli1si KooAMpOBaHUS MOJIb30BaTeNbCKUX AaHHbIX B GFP-T npumensercst kon 64B/65B, koto-
pBIii ipeoOpasyeT nanubie u3 koga 8B10B. Harpyska npeacraBieHa B GUTOBOM H3MEPEHUH.

3.5.3. TexHonorusa 3awumiLiaemMoro naketHoro konoua RPR

Pabouas rpynna |[EEE 802.17 no cranmapTu3anuu paspadboTajia HOBbIH CTaHIAPT JJIS KOJb-
LEBBIX apXUTEKTYp TPAaHCMOPTHBIX ceTell moj Ha3BanueM RPR (Resilient Packet Ring) —
3allMIaeMoe MAaKETHOE KOJIBIIO WM MAKETHOE KOJBIO ¢ CAMOBOCCTaHOBJIEHHEM (4acTo
BCTPEYAIOIIUECs MEPEBObI HA3BaHHS TEXHOJOIMH) WM MO-IPYroMy — IaKeTHOE KOJBLO C
CaMOBOCCTaHOBJIEHHEM. DTOT CTaHIAPT SBISETCS MPOIODKEHIEM CEpUH CTAaHIAPTOB KOJIbIIE-
Beix cereii (FDDI, Token Ring u T.1.). Kpome Toro, uccnenoparenbckas komuccuss MCD-T
paspaborana Pekomennanuu X.87 st onpeneneHus ycayr UCIONb30BaHus MpoTokona RPR
B Pa3IMYHBIX TPAHCHOPTHHIX ceTsX. Llenpio cranmapra RPR, moiHOCTRIO 6a3upylomerocs Ha
nakeTHo (opme Tpaduka, sBiseTCs o0ecrieueHre MaclITaOUPyeMOCTH U 3PPEKTUBHBIX Me-
XaHU3MOB HCIOJIb30BaHUs MOJIOCKI POMycKanusi, nmpucymux Ethernet, ¢ oxgnoit ctoponsl, u
BBICOKAsI HA/IC)KHOCTh M TIOJHASI PaBHOAOCTYIHOCTH, XapaktepHsle 1t SDH, ¢ mpyroii. Oc-
HOBHOE IpenmyIiecTBo RPR cocTout B TOM, 4TO OTIpaBlIeHHbBIE KAKHM-TUOO0 Y3JIOM MaKEThI
JOWIYT JI0 MoJiydaTeNiell He3aBUCUMO OT HampaBiieHUs] 00X0/a KoJiblia. Bee y3imbl Kosblia co-
JepkaT MHQOPMALUIO O KOJTBLEBOM COSAMHEHUN U BBIMOJIHSIOT C JAHHBIMH TOJIBKO TPH OIIe-
paluu: BBOJ MaKeTa B KOJIBIO, PETPAHCIIIMIO MTAKETa U ero yaalleHne U3 Koybla. Takoi ai-
TOPUTM CHIKAET HEMPOU3BOJAUTEIbHBIE PACXO/bl Ha 00paboOTKy clykeOHOU nHpOopMaluu 1o
MapmpyTu3zanun. CodeTaHne HU3KOH CTOMMOCTH M 3alIMIIEHHOCTH TpaduKa IeNalT TeXHO-
norudeckoe perrenne RPR nepcniektuBHbIM 1151 mocTpoenust ceteit Tuma MAN u WAN.

Eme ogHo BaxkHoe nocTomHCTBO RPR cOCTOMT B TOM, UTO CTaHIapT pa3padaTbiBaeTcs
TOJIBKO JIJIs1 YPOBHSI yIpaBiieHus 1o0cTynoM Kk cpeae nepenaun MAC (Media Access Control),
JUIL KOTOPOTO MOIXOAAT Jro0ble TexHomoruu ¢usmyeckoro yposus (PDH, SDH, OTH,
Ethernet u T.1.).
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Konbuesas cets RPR crpourtcs nsynanpasnenHoii (puc. 3.140), B Heil mpenycMoTpeHa
aBTOMaTHueckas pexkoHpurypamus 3a Bpemst 50 mc. [Ipu atom ans pekoHdurypamnuu He Tpe-
Oyercst mepkath B pe3epBe 50% emkoctH, kak B SDH. Tpadux B xonsue RPR nepenaercs B
000MX HampaBlICHHAX IBOIHOro kosbla. Eciu mpousoiiner aBapus (0OpbIB kabens), TO Bech
Tpaduk OyJeT MylIeH 10 OJHOMY KOJbIy B 00X0 MecTa moBpexaeHus. [Ipu 3Tom B ciyyae
MEPEKITIOYEHNST MOTYT 00pa30BaThCs MEePerpy3KH, YTO BIEUYET yXyIIIeHHe KayecTBa 00CTy-
xuBaHus. [l yrpaBieHUs CIOXHBIMU cuTyanusiMu B RPR mpemycMoTpeH MexaHu3M 1oj-
JIepXKKHU KadecTBa oOcmyx)uBaHus QOS, KOTOPbIH 00ecrieunBaeT MPUOPUTETHYIO TPAHCTIOPTH-
poBKy HauboJjiee BaxxHOro Tpaduka (pedb, BUAEO B pealibHOM BpeMeHH). YPOBHEBasi MpOTO-
KonbHas cTpykTypa RPR npencrasnena na puc. 3.141.
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Puc. 3.141. CTpykTypa NpoTOKOMbHLIX ypoBHEN RPR



140 FMABA 3

OcnoBoii mpotokona RPR cran nporokon Cisco SRP (Spatia Reuse Protocol). Otot nipo-
TOKOJI TOCTyMa K Meinapecypcam NPHIOKEHUH ATl KOJIBIIEBOTO MEXCETEBOTO OOMeHa SIBIISI-
eTCsl caMOBOCCTaHaBJIMBaronuMcs. Bee ato peannzosano Ha yposHe RPR MAC. [ToxypoBau
ynpasienuss MAC no3BossitoT opraHu3oBaTh Nepeaady Mo BHYTPEHHEMY M BHEIIHEMY KOJIb-
1[aM, TPaH3UTHBIE TIepeaauu ¢ MapIIpyTH3aHeld MEXIy CETEBBIMHU DJIEMEHTAMHU U BBIXOAAMHU
Ha TMOJIb30BaTeNbLCKUI ypoBeHb. Takas cTpykTypa ypoBHs MAC RPR nmo3Bosiser noanepxu-
BaTh YeThIPE Kiacca 0OCITy KUBAHUS JIJIsI TOJIb30BaTEICH:

— pe3epBHBINA Kiacc oOciIyXuBaHMs 0e3 MCIOIB30BaHUs MOJIOCH YacTOT AJISI pe3epBUPO-
BaHMS 1 MPUMEHEHHS VIS POCTHIX KAHAIOB MYJIbTHILICKCHPOBAHHUS C Pa3CICHUEM BO
BpPEMEHH,

— BBICOKOMIPUOPUTETHBIN KJIacC OOCIYKMBaHUS A, rapaHTHUPYIOIIUH MOJOCY YacTOT AJIs
MPUOPHUTETHOTO TpapHKa, TYBCTBUTEIHHOTO K (Pa30BBIM IPOXKaHHSIM U 3aepKKaM. ITO
TpaduK 3ByKa, BUIEO ¥ IMYJIIIHA KaHAJIOB JJIS Pa3IndHBIX TPUMECHEHHH;

— IPUOPUTETHOCTH CPeIHsAA Kiacca B, myist KoToporo Heo0A3aTeNbHO BBIIOJHEHHE TPeOO-
BaHUS TI0 PE3ePBHUPOBAHUIO Cpejlbl TIepeaau Npu coOItoiIeHH TpeboBaHui no (aso-
BBIM JPOXXaHUSAM H 3a7epkkaM. Kitace mpumeHnM A7 iepeadsl TaHHBIX BBICOKOTO Ka-
yectBa (Ethernet);

— HU3KonpuopuTeTHbIH kiace (kmacc C) mpeaycMaTpuBaeT AMHAMHUYECKOE pacipenelie-
HHE TOJOCH YacTOT IJIsl 00CTYKUBaHHS, YTO OOJiee BCEro MOAXOAUT IS OOCITYKHBA-
HUSI TPAaHCTIOPTHPOBKHU B VIHTEpHETE.

WuTepdeiic ¢ monb30BaTeIbCKUM ypPOBHEM MepegacT U MPUHUMAET JaHHbBIE OIpe/eieH-
Horo kmacca ycuyr (puc. 3.142). Jloruka o6pabOTKH CIIEANT 3a aIpecHBIM MPOCTPAHCTBOM
BCEX MaKEeTOB, MPOXOIALIMX B KOJbLIE WIM XpaHAUIMXCS B Oy(hepHOM yCTpOICTBE TpaH3UTa
IUISL IpyTUX y370B. Jloruka 06paboTKH BEIITOIHSIET CIAeIYIOMMNA HAO0p (YHKIIUIH:

— W3BJIEYCHUE OJMHOYHBIX ITAKETOB M JIOCTAaBKY MX K MHTEP(ENCy MOIb30BaTeNs ¢ KOH-

TpOJIEM aJipeca CTaHLKHU NOJTy4YeHus,

— KOIMUPOBaHKE NMAaKEeTOB IIMPOKOBEIIATEILHOTO HA3HAYCHHUS JUIs MTOJIb30BATENLCKOTO MH-
tepdeiica MAC, pa3melieHre WX B TpaH3uTHOH yactd MAC 11 Apyrux y3JoB,;

— MOMEIIleHHEe TPAH3UTHBIX MAKETOB B Oy(dep TpaH3UTa BMECTE C UX alpeCHBIM IPOCTPaH-
CTBOM K aJIpecyeMoMy y3iy;

— Iepesavy MakeToB ¢ COOOIIEHHEM O MOJ0CE M YIpaBIeHHE MPOXOXKICHUEM B 3TOH IO-
Joce.
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Puc. 3.142. dyHKumoHanbHble 6nokn MAC RPR
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Tpau3uTHbIA MyTh B y3i1e RPR nennTcs Ha BbICOKONMpPHOpHUTETHBIE (17151 Kiacca A) U HU3-
konpuoputetHbie (st kaccoB B u C) OydepHble ycTpoiicTBa nepeaaBaeMbiX JaHHbIX. TpaH-
3WT MMaKETOB PEIyCMaTPUBAET YCIYTH C YIETOM YyBCTBUTEIBHOCTH K 3aePiKKaM.

VYnpasieHue Non0coil npeaycMaTpuBaeT Uil HU3KOMPUOPUTETHBIX MAaKETOB CXKaTHe Mo-
JIOCHI, & JUIsl COOTBETCTBYOMIMX KiaccoB yciuyr (A, B, C) — npenocraBieHne MUHUMaIbHON
rapaHTUPOBAHHOH MMOJIOCH B K&KIOM COSIMHEHHU MEXIY y3JIaMH.

3ammra B RPR npenycmarpuBaet MexanusMm neperitrodenus 3a 50 Mc maketHoro tpadu-
Ka Ha pe3epBHBIN myTh. s sToro xaxkmas crtanuus cetw RPR monmmepkuBaer ¢yHKIHIO
OLIEHKH TOTIOJIOTHH, T.€. OIIEHKH pabOvYMX M HepaOOUYHMX CTaHIMM, JoOaBIeHHE WK yHaJeHUE
CTaHIMH U T.I.

@DyHKIMS TONONOTUM HEOOXOJUMa AJsl PETYJISIPHOTO cOopa CIyXKeOHBIMM MaKeTaMH WH-
(dopMmanu o CTpYKType CeTH M ee pecypcax s nepenadd naketoB. B konbio RPR moryt
OBITh BKITIOYEHBI 10 255 craniuii. Tormonorus oleHuBaeTcs KaXIplid pas, KOraa MpOUCXOIHUT
J00aBIeHNE WIN UCKJIIOYEHUE OTAEIbHBIX CTaHIUN U B cllyyae noBpexjeHuil. [lpu nnunma-
JHM3alUH CUCTEMBI KOJIbIIa BCE CTAHILUH MOCHIIAIOT KOHTPOJBHBIE MAKETHI ISl ONpeeIeHUS
TOIOJIOTHH KOJbIIa. B KakmoMm mMmakeTe Mocie MPOXOXKICHHsS OYepeNHON CTAaHIIMKA METKa
yMmeHbInaercss Ha 1. Ecnu cTaHuus obHapyskuBaeT 100aBlIeHHE HOBOIM CTAHLIMU B CETU WIH
CTaHIMA 0OHapy>XKMBAET HapyIIEHHE CBS3U, TO OHA cpasy MepenaéT cooOLIeHHE ONpeIeIeHHs
Toroyorud. Eciii cTaHIus MOMYYHUT COOOIIEHNE TOTIOIIOTHH, KOTOPOE HE COBMECTHMO C €€ Te-
KyLIUM 00pa3oM TOMOJOrMH, OHA HEMEIJICHHO MIEpeAacT HOBOE coobLIeHue o Tononoruu. Ta-
KAM 00pa3oM, MepBasi CTaHLUs, KOTOpas 3aMeTHIa U3MEHEHHE TOTOJIOTHH, HAaYWHAET BOJIHO-
BO IpoIIeCC W3MEHEHHsI TOMOJIOTHH.

@DyHKIMU B3aUMOJICHCTBUS ¢ (PU3HUECKUM YPOBHEM IPENyCMaTPUBAIOT BO3MOKHOCTb Ie-
penaun nakeroB 4yepes kaapel GFP, BBogumblie B nukiasl PDH, SDH unu Ha ¢usndeckuit ypo-
Benb Ethernet u T.1. Kaap nepenauu cocTouT n3 BOCbMH MOJEi € Pa3iMYHBIM KOJIHUYECTBOM
6aiiros (puc. 3.143).
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Puc. 3.143. O6was ctpyktypa kagpa RPR
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Hasznauenue noneii kaapa RPR:

TTL, Timeto Live — 6GaiitoBoe moJjie BpemeHu sxu3Hu kaapa RPR;

RI, Ring Identifier — 6ut uaenTHduUKaTopa Kobla, HHULUHPYEMOT'O I BBOA MAKETa,

FE, Fairness Eligible — 6ut uHanKkauu HenpaBUILHO BEIOPAHHOTO MAKETa;

FT, Frame Type — nByxOuToBbIi HHAMKATOp THNA Kajpa RPR: nanHble, HenmpaBUIbHbBIN
MaKeT, yrpaBJieHne, CBOOOIHBIH MaKeT;

SC, Service Class — nByx6UTOBbIN HHAUKATOP KiIacca obciykuBanus (A, B, C);

WE, Wrap Eligible — 6utoBblii HHANKaTOp BO3MOXKHO# yrakoBkH kaapa RPR B y3ie;

P, Paritet — 6ur mapureTa, 3ape3epBUPOBaHHbBIN 111 Oy(HEepHOro MCIOab30BAHKS B Kal-
pax JaHHbBIX;

DA, Destination Address — riiects 6aiiToB aapeca Ha3HAYEHHS,

SA, Source Address — miects 6aiiTOB aapeca OTIPaBKH;

TTL-base — 310 noe ucnonp3yercs I 3a1aHus o0beMa 1moiist T 1L mepBbIM HCTOYHH-
KOM JaHHBIX B KOJIbIIE ISl KOHTPOJISI BPEMEHH MPOXOXKICHUS;

EF, Extended Frame — 6ut nnaukaiuu ycranaBinaemoro gopmara kaapa RPR;

FI, Flooding Indication — nByxGHTOBBIH HHANKATOP 3aHATHSA OAHOTO WIIM IBYX KOJIEL,

PS, Passed Source — 6ut 0OHapyKeHUsT OIIHOOYHOTO COCTOSIHUS IPOXOXKIACHHS TAKETa
NPH BBIICIICHHH;

SO, Strict Order — 6uT HapyleHHs MOPsAKa, HASHTU(PHINPYIOIUH Kaap, KOTOPBIH 10J1-
’KeH OBITh JOCTaBJIEH O MECTA HA3HAYCHHUS,

RES, Reserved — pesepBHbie OuTh (3 6uta);

HEC, Header Error Correction — nByx0aiToBOE MoJie KOPPEKIHUH OIIHOOK 3arooBKa
kanpa RPR;

FCS, Frame Check Sequence — nosne 3aBepienus kaapa RPR (32 Gura).

[Tosne Harpy3ky ONTHMH3UPOBAHO MO pa3MeleHue aHHbx Ethernet.

Ypoeenr MAC RPR mpenycMoTper aiast 00paOOTKH IBYX THIIOB TpaduKa, MPOXOISIIEro
4yepe3 CETEBYI0 CTAHIIMIO: BXOASAIIETO W TpaH3uTHOro (Ha puc. 3.140 «BBOm» M «peTpaHCis-
usi»). Bxopsimuii Tpaduk NpUHAMAETCS CTAHITMEH OT MOJIb30BaTeel CETH U IOJDKEeH OBbITh OT-
NpaBJIeH B KOJIBIIO JUIS Mepeaayn IPYTuM CTaHIHMAM. TpaH3UTHBIN TpapuKk — 3TO JaHHbIE, Te-
pelaBaeMbIe 10 KOJIBIY OT MPEIBIAYIIEeH CTAaHIUKM K MOCIeIYIOMUM. BO3MOXKHO HCMOIb30Ba-
HHE JBYX PEKHMOB TPAH3UTA: COKPAIIEHHBIH, T.€. C OTIPABKOH Kajpa TaHHBIX 10 €ro MOJHOr0
MOJTY4EHHsI; XpaHeHHE KaJipa JAaHHBIX M €ro MOoCeayolias otnpaska. Jins uckiroueHus 6ecko-
HEYHOTO PaclpOCTPaHEHHs MakeTa B KOJbIE C aApecoM, KOTOPBIH He OMO3HAETCS HH OIHOM
CTaHIIMeH, 3HAYCHUE MOJIsl BpeMEHM XHU3HU T TL yMEHbIIaeTCsi BCEMHU CTAHIUSIMHU B KOJIbIIE 10
TMOJTHOTO MCYEPIIaHKs U TIOCIICAYIOIIETO YHHUTOKEHUsI Kaipa. [Ipy mosydeHnu cTaHmuyei aape-
COBAHHOTIO el KaJpa oHa yiajseT ero u3 cetd (Ha puc. 3.140 nunus «BbiBoa»). st 06paboTKU
TPAH3UTHOrO TpaduKa MPEeIYCMOTPEHBI CXEMbI XPaHEHHUS KaJJPOB C OJHUM U JABYyMs Oydepamu.
[Ipu ucnonp3oBaHuK oxHOrO Oydepa MpHOpUTET OOCITYKUBAHUS MMEET TPAH3WUTHBIM Tpaduk
nepen BXoasnmM. [Ipu ucrmonb30BaHnu IBYX Oy(hepoB TPaH3UTHBIE KJAPhl C BHICOKUM MTPHOPH-
TeToM (KiIacc A) HakamuBaKTCs B riepBUUHOM Oydepe Tpansuta. Kaapbl TaHHBIX ¢ Kiaccamu
obcmyxuBanusi B u C HakammmBaroTCs BO BTOPHYHOM TpaH3uTHOM Oydepe. [TepBuunsblii Oydep
UMeeT NMPHOPHUTET MPH OTHPABKE KaJ[PpOB OTHOCUTEIHLHO BTOpHUUHOTO Oydepa.

[porokon RPR mpenycmarpuBaeT oTmpaBky HMHGOPMAIMOHHBIX MAKETOB B OJHOM Ha-
NpaBJICHHH, & MAKETOB YIPAaBJICHHUS B APYTOM, YTO FAPAHTHUPYET OBICTPOE PacHpOCTpaHEHHUE
VIPaBJISIFOIINAX CUTHAJIOB JJIs1 OLIEHKH TPOITYCKHOW CIIOCOOHOCTH M CAMOBOCCTaHOBJICHUS.
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KoHTpornbHbIe BONpochkl

Kakue TexHOIOTHH MYJIBTHILICKCUPOBAHUS pa3pa0dOTaHbl Al TPAHCIIOPTHEIX CEeTeH?

Yro mpenctaBiseT coboit chaxpoHHas nudpoBas uepapxus SDH?

YTo BXOIUT B CTPYKTYpY Iukina STM-N?

Kakyto émkocTh B 6aliTax UMEIOT CeKIIMOHHBIE 3arojoBku SOH STM-N?

Kak MOXHO BBIUMCIUTH CKOPOCTH nepenaun STM-2567

Ckonpbko cryneHeil MmynsTumiexcupoBanus SDH npenycmoTpeHo st koHreiinepa C-12

B STM-1?

C KaKoii 1eJIbI0 CO3IA0TCS U HCToNb3ytoTes 0ok TU-12, TUG-2/3, AU3/4?

Kakoe Haznauenue umeror ceknnonubie (RSOH u MSOH) u tpakrossie (POH) 3aro-

JOBKU?

9. Uro ucnons3yercs il OOHapyKEHHS OIIHOOK Mepeiavd B TpakTaxX U cekiusx SDH?

10. Yem oTaM4arOTCS BUPTYyalbHas M MOCIEI0BaTE/IbHAS ClenKa (KOHKATEHAIMs) BUPTY-
anbHBIX KOHTeHHEPOB BbicOKOro(V C-3, VC-4) u nuskoro (VC-12) nopsiaxos?

11. 3anumuTe nopsaok GopmupoBanus mudpoBbIX 6J0koB 0T C-12 1o STM-1.

12. Kakoii BpeMeHHOI HHTepBai Tpedyercs 1t popmuposanus C-12, C-3 u C-4?

13. Cxonbko nukiaoB STM-N tpebyercst 1uis iepeHOca OJTHOTO BUPTYalIbHOTO KOHTEHHE-
pa VC-127?

14. Yem oranuarorcs 3aronoBku cexknuii RSOH u MSOH B STM-1, STM-4, STM-16 u
STM-647?

15. Kakue 6aiitst MSOH nojaepkuBatoT nepexioueHue aBapuilHOM CEKLUM MYJbTHII-
nexcupoBanus SDH?

16. Kakas cimyxe6Hast uadopmanus nepenaéres 6aritamu Sl 3aromoska M SOH?

17 Kaxumu Oaiitamu 3arosioekoB RSOH n MSOH noanepxuBaroTcst KaHalbl Mepeaadn
ceru ynpasienus DCCr u DCCm?

18. Kakoe nasHauenune umeror Oaitel JO, J1, J2 B 3arosmoskax RSOH, POH VC-3, POH
VC-4, POH VC-12?

19. Kakoe HazHaueHue uMeroT ykazatenu PTR B ctpykrypax TU-12, TU-3, AU-4?

20. Kora nmpoucxoauT u3MeHeHne 3HaueHus ykaszarens PTR?

21. Kaxue aBapuiiHble CUTHAJIBI MOTYT (hOpMHpOBATHCS B COeTMHEHUsIX ceTi SDH?

22.Yro BKIIIOYACT MOHATHE ACHHXPOHHOTO peXXnMa nepeaadu B Texrosnorun ATM?

23. Kak ycrpoensl siueiiku ATM?

24. Yem xapakTepusyetcs nepejnada uHpopmanuu siueiikamu ATM?

25.YeM oTNIMUAIOTCA KJIACChl TPAHCHOPTHBIX yeiayr ATM?

26. Kak pacumgpoBats obo3nauenus CBR, VBR, ABR, UBR?

27. Kakue npemxycmorpens! Tasl AAL?

28. Kakoe Ha3HadyeHue omnpeeneHo ctannapramu st AAL-1 —AAL-5?

29. Kakue TpaHCIOPTHBIC (YHKIIMU BBITTOJHSAIOT KOMMYTaTopbl ATM?

30. Uem onacHsI neperpy3ku kommytaTopoB ATM?

31. Kak yMeHbII1aeTcsi 4uciio KOHQIUKTOB siYeek B kommyTtaTopax ATM?

32 Uem oTIMYAlOTCS BUPTYaJbHBIN MyTh U BUPTYaJIbHBINA KaHat B ceth ATM?

33. [lepeuncnuTe METOIBI KOHTPOJIS KOJUTU3UH U 3aLIUTHI OT Meperpy3ok B cetu ATM?

34. Kakue cioco0s! pa3merenus ssaeek ATM B ksl PDH n SDH moryt npumensTees?

35. C kaxoii neapto co3nana rexdoaoruss OTN-OTH?

36. Kaxkue npeumymectsa umeer OTN-OTH nepen npyrumu TpaHCIOPTHBIMHM TEXHOJO-
TUSAMU?

37. Kakue TpancnopTHBIE CTPYKTYphI peaycmoTpensl B OTN-OTH?

onhkhwhpE
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38. Kakue criocoObl MyabTHITIEKCHpoBaHus nipeaycMotperbl B OTN-OTH?

39. Yro o6wmero u yeM otaunuarorcs 6ioku STM-N u OTUK?

40. Kakoe 3HaYeHHe UMeeT yrpexjaaromas koppekius omubok FEC B TpaHcmopTHOH ce-
™™ OTN u SDH?

41. Yro npencrasinsieT coboit nepapxus OTH?

42. Kakue CKOPOCTHBIE pexXUMBI IIM(poBoi nepenayun nmpeaycMorpensl B OTH?

43. Cxonbko ontudeckux kananoB OCh mMoxeT 00beqUHUTD ONTHYECKUH TPAHCIIOPTHBIH
mMoayns OTM?

44, Y10 ob6o3HauaroT uHaekcsl N 1 m B OTM-n.m?

45. Kako# BHJ ONTHYECKOTO MYJIbTUILICKCHPOBAHHS UCTIONb3yeTcss B OTM?

46.Yem 0TIIMYAIOTCS B CBOMX CTPYKTypax nudpossie 6ioku OPUK, ODUk, OTUK?

47. Kakoe HaszHaueHue umeror 3arososku OH OPUk, OH ODUkK, OH OTUK?

48. Kakoe Ha3HaueHHe UMeeT cepBHUCHBIN KaHain OSC?

49. Kakoe nazHaueHme umetot 6oku ODTUG?

50. Kak mpou3BoAUTCS KOHTPOJIb OIIUOOK Nepeiau B onTudeckoM kaHaie OTH?

51. Kakum o0Opa3oM nepelaTydk ONTHUYECKOTo KaHalla TOJYYUT COOOIEHHE O OIMOKax
OT MPUEMHHKA ONITHYECKOTO KaHamna?

52. B kakoMm citydae MOTYT Hcrosib3oBaThes Oaiitet APS/PCC 3aronoska OH ODUK?

53. Ykaxwure Gaittel 3aroioskos OTUK, ODUK, koTopblie npeqHazHaueHs! [Js1 MIHKIOBO#H
U CBEPXIIMKIOBOW CHHXPOHHU3AIINH.

54.TloueMy TexHOIOTHs KOMIbIOTEpHBIX ceTell Ethernet paccmarpuBaercst kak TpaHc-
MOpTHAs?

55. Yto 06uiero u yeM ominuarorcs nakersl Ethernet u siueiiku ATM?

56. Kakue nHTEpdeicH MpeayCMOTPEHBI B CTaHAAPTE ONTHIeCKoW cet EOT?

57. CKoJBKO CcTyneHel MyJIbTHILIEKCHPOBAHUS MOKET OBITH Peali30BaHO B ONTHYECKON
ceru EOT?

58. Kakum mokeT ObITh afpecHoe npoctpanctso MAC Ethernet?

59. Yto ob6o3Hauator metku C-Tag u S-Tag B kaape EOT?

60. Uem oTiimuaroTcs mpeamOyIia 1 3aroJioBok kajapa EoT?

61. [l gero paspabaTeiBaeTcs TpaHCOpTHaAs TexHosorust T-MPLS?

62. Kakue pa3HOBUAHOCTH HHTEP(ENHCOB NperycMoTpeHsl crannaprom T-MPLS?

63. Kakoe Ha3HauYeHUE UMEIOT MPOTOKOJBI TEXHOJIOIMYECKOTO COTJIACOBAHUSI TPAHCIIOPT-
HBIX CceTei?

64. Uro obecrieunBaet nporokon LAPS?

65. O0BscHUTE CTPYKTYpY Kagpa LAPS.

66. Kakoe Ha3HayeHHe UMeroT Kaapel GFP?

67. Kakas MmakcuManpHast EMKOCTB OJIE3HOM Harpy3ku kanpa GFP?

68. Kakoe HazHayenue umerot nodisi PLI u HEC 3arosnoska kagpa GFP?

69. Uem otimuarores nonst eHEC, tHEC, cHEC B 3aronioBke kaapa GFP?

70. Yem otnnuarorces kaapel GFP-T u GFP-F?

71. Kaxre BO3MOKHOCTH 3aJI05KEeHBI B TexHOsoruo RPR?

72. CKOJIBbKO HalpaBIeHUH nepenadu npexycMorpeHo B cetn RPR?

73. Kaxue knaccel o6cnyxuBanus noaaepxxuatotcs B cetu RPR?

74. Kaxue ¢pyHKIMM IPELyCMOTPEHBI B CTPYKTYpe MPOTOKOJIBHBIX ypoBHeH RPR?

75. [1yist uero Hy»KHa OlleHKa TornoJioruu B cetu RPR?

76.Yem oTnmyaercs OTIpaBKa WHPOPMAIIMOHHBIX KAaJIpPOB OT KaIpOB YIPABJICHHUS B CETH
RPR?
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CETEBbIE SNIEMEHTbI ONTUYECKUX
TPAHCMNOPTHbLIX CETEU

CerteBble 31IEMEHTBI TPAHCIIOPTHBIX CETEH OTIMYAIOTCS BeCbMa OOJIBIIMM pa3HOoOpasueM (yHk-
Ui, HHTepGeHCcoB U MECTaMM MPHUMEHEHHUS! B COCTaBE CETEBBIX CTAHLUH U CeTeBbIX y370B. [Ipu
9TOM TIOJ| cemegbiM deMenmoM TIPUHATO TIOHHMAaTh H3Zenue ¢ HabopoM (DYHKIMH, KOTOpbIe
00ecrneunBaroT B3aMOICHCTBHE B CETH CBS3U C JPYTMMHU aHAJIOTUUHBIMU yCTPOICTBaMU A71s Op-
FaHU3alMU COSIUHEHNUH, UX 3alUThl, TECTUPOBaHUsl, ynpasneHus u T.0. Ha puc. 4.1 npencras-
JIeH npUMep oOIIeH CTPYKTYpbl KOMIIOHEHTOB, BXOJSIIMX B COCTAB CETEBOIO 3IEMEHTA.
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Puc. 4.1. Obwas cTpykTypa ceTeBOro afieMeHTa TpaHCMopTHOW ceTn

CeTeBoil 3JIeMEHT MOXKET MPECTABISTh COOO0M 3JEKTPOHHBIN pereHepaTop ¢ ONTHYECKU-
MU HMHTepdeiicaMu, ONTHUYECKUH YCHINTENb, MYJIbTHILIEKCOp BBoaa-BbiBoga SDH, OTH,
MYJIBTHIUIEKCOP BBOAA-BBIBOIAa MHOTOBOIHOBBIX curHanoB OADM (Optical Add-Drop Multi-
plexer) u T.1. B ceTeBOM 3/1eMEHTE MOTYT HAXOAUTHCS KaK pasivyHbIC JIHHEHHbIE OKOHYAHHS
(moptet STM-N, WDM), Tak u mons30BaTebcKiue HHTEP(EHCH ¢ JIEKTPUUSCKUM U OTITHYE-
ckum tepmunuposanuem (E1, E3, E4, STM-N, Ethernet 1000, ATM wu 1.1.). [l HageXHOTO
U 3(pPEKTUBHOTO B3aUMOJCHCTBHS CETEBOTO AJIEMEHTA B CETH OH OCHAINACTCS CPEICTBAMU
yIpaBICHUS U CHHXPOHHU3AIMU. PazymeeTcs, CETEeBOM 3JIEMEHT JOJIKEH UMETh €IlIe U HaJIeK-
HOE 3JIEKTPONHUTaHKE, U CIYKEOHYIO CBS3b, M CHTHATU3AIILIO.

Hwxe paccmatpuBaercst ps BO3MOXKHBIX (DYHKIIHOHATBHBIX HCIIOJHEHUH CETEBBIX HJie-
MEHTOB JUIsl B3aUMO/JICUCTBUS B CETH M ¢ UCTOYHUKAMU/TIONyYATENIMH HHPOPMAIIMOHHON Ha-
rpy3ku. [Ipu 3TOM Kaxaas ¢usndeckas KOHPUTypamus UMeeT CBoe MporpaMMHoe obecrieue-
HEE JJIS TOICPKKHU BBITIOHAEMBIX (DYHKIHH.
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4.1. PereHepaTop U ONTUYECKUN yCUNUTEnb

Juneinvit pecenepamop npumersercs B cetd SDH st yBenudeHus AaibHOCTH Mepenayuu
CUTHAJIOB MEXJy y3JIaMu ceTH. PereHepaTop npejcrasisier coooi Mmynstumiiekcop SDH, oc-
HALIEHHBIA OHUM MOPTOM BXOJa U OJHHUM MOPTOM BBIXOJA, SIBJSISICH OJAHOCTOPOHHUM YCT-
poiicTBoM nepenaun U(POBBIX CUTHANIOB. B pereHepaTope yCTpaHsOTCS UCKa)eHus [Uppo-
BOrO JIMHEHHOTO CHUTHANa, 00pa3oBaBIIMECs M3-3a MOMEX W Auchepcud. Jjis 1BYCTOpOHHEH
nepenadn HeoOX0IMMO MCIIOIB30BaTh ABa perenepartopa (puc. 4.2).

i
e

Puc. 4.2. Npumep 0603HayYeHnsa pereHepatopa ypoBHA STM-1 ansa cetu SDH

£-1 — 51

_.%_
51 —oS—

B perenepatopax mocTymHbl ciyxeOHble curnaisl 3aronoska RSOH (puc. 3.31) as koH-
Tposst omuboK 1o Oaiity B1, ciayxkeOHas cBsa3pb uepe3 Gaiitel E1, F1, kaHan ympaBicHUs
DCCr uepe3 6aiiter D1...D3 u npyrue HazHagaeMbie (GYHKIHH.

B pereneparopax ypoBHsi STM-16, STM-64, STM-256 Bo3M0KHO Hcnofb30BaHue QyHK-
it koppekunu ommbok FEC, uro nmoBeimaer sHepreTnyeckuii noreHiman va 5...8 nb u yBe-
JMYUBAET JaJbHOCTh CBs3U (y4acTok pereHepauuu). B perenepatope SDH Her moctymna k
6aiitam 3aronoska MSOH u nomto Harpysku STM-N.

KoncTpykTHBHO pereHepaTopsl MOTYT OBITH BBHITIOJHEHBI B KOHTEWHepax Ui pa3Melle-
HHS B TIOJI3EMHBIX LIUCTEPHAX U B BUJE KOP3HH (MOJI0OHOB) MYJIbTHILJIEKCOPOB, OMEUIAEMbIX
B CTOWKH, KOTOPBIE HAXOJATCS B IMHEHHBIX alMapaTHbIX I[eXaX CETeBbIX y3JI0B.

Pereneparopsr SDH MOTryT ciaykKUTh HCTOYHHKAMH CHUTHAJIOB TAKTOBOW CHHXPOHH3ALUH
B y3JaxX CETH, T.K. OHH TPaHCIUPYIOT curHaibl SDH ¢ BEICOKO# cTaOMIbHOCTBIO TaKTOB. Cy-
HIECTBEHHBIM HEAOCTaTKOM pereHepatopa SDH, kak ceTeBOro sieMeHTa, SBISETCs] BHECEHHE
UM JIOTIOJIHUTENLHBIX (Pa30BBIX JAPOKAHHWA UMITYJIbCOB JIMHEHHOTO CUT'HAJIA, YTO BBI3HIBACT B
IETI0YKEe PETEHEPAaTOPOB HAKOIUIEHUE (ha30BBIX APOKAHUH M MOBBIIICHHE BEPOSITHOCTH OIIU-
OOK MpU pereHepaluy CUrHania.

Pereneparops SDH pasmemator, kak npaBuio, BOJIM3M UCTOYHUKOB rapaHTUPOBAHHOTO
AIIEKTPOTIUTAHUS.

OnmuyecKuii ycunumesp — yCTPONUCTBO YBEIIMYEHUSI MOLIHOCTH ONTHYECKOrO CUrHaa,
KOTOPOE UCIONb3YeTCsl B TEXHUKE TPAHCIIOPTHBIX CeTel, Kak B cocTaBe MHTep(helcoB, Tak U
OTHETHHO B Ka4eCTBE CETEBOrO AJIEMEHTa. B oTnnume oT pereHeparopa ONTHYECKHHA yCHIU-
TeJb He UMEET (PYHKLMHU MpeoOpa3oBaHusl ONTUYECKOIO CUTHANA B 3JIEKTPUYECKHA, ero pere-
Hepaluy ¥ TMOCIEAYIONIETr0 3EKTPOONTHYECKOTO Npeodpa3oBanusi. ONTUYECKUI YCHIINTENb
MOXET YCHJIMBATh CUTHANBI OJHOTO WJIM IBYX BCTPEUHBIX HampasieHuid. [Ipumep ymporen-
HOH CXeMBI 3pOHEeBOTO YCHIMTEINS npuBeaeH Ha puc. 4.3. Takol yCHUIUTENh MOXKET KOMIICH-
CHPOBAThH MOTEPH ONTHYECKOW MOMIHOCTH curHana A, 1o 30...50 ab npu ucnonab3oBaHUH
CHTHAJIA HAKAYKH YCUITUTEIS A,

Kak mpaBuiio, B coctaBe ceTeBOro dJieMeHTa ONTHYECKUH YCUIUTENb HUMEET pacipelie-
JCHHYI0 KOHCTPYKIIMIO M CPEICTBa BKIIOUSHHS B CETh YIPABICHUS Ul ONEPATHBHOTO KOH-
TPOJIsl IAPAMETPOB U OLIEHKH paboTocrocobHocTH (puc. 4.4).



CETEBbIE 3fIEMEHTbI ONTUYECKUX TPAHCMOPTHBLIX CETEN 147

CTeHN0BONTHHY
= —  apEHeani [
Bacnyg | IMTHHECHIR e+ Ay npeCagHa ane, T
——!  W30ARTOD MYTILT - o0 _':"'I:L':I’:LT:: | 'I'H;:p —
BENTH B BEECOD [ | ’
( ! P Lo 10 .50 m
b= 1,55 MEm by = 168 miw 5% A= 1,55 ww
Nazeg [T
HAKAYRY | HAKAYRE
i
| | Howmpant
WEHACHER

Puc. 4.3. MpumMep cxembl 3p6MEBOro ONTUYECKOrO YCUNUTENS

i SCHnHTENE .

Broguue Fll:l-nﬂ:!l‘i?h MpeaycuanTtens MOWHOETA I:Ir?"bilﬂ BuxopgHbie
CHIHanb Ao (L0 Maw L= LAR mum CHrHaRE
b L “\\\ [w\‘ = ¥
pm— =
T . "1 i I
X CpecTea HOHTROAR | 5

S e M YT PRNCHIUA
iy =155 MkN WHATENR
Ay =152 MKA

Puc. 4.4. YnpolleHHas cxeMa CETEBOrO afiEMEHTa C ONTUYECKUMUN ycunutenamm

OnNTHYECKUI YCHITUTENh KaK CETEBOM AJIEMEHT 00s3aTelbHO CHa0XKaeTcs CpelCTBaMU
KOHTPOJISl U YIpaBlieHUs. B npuBeaeHHOM NpuMepe sl TOr0 MCIOJIb3YEeTCs OTAeNbHas Ofl-
THYECKasl BOJTHA Ay, KOTOPasi MEPEHOCUT UH(POPMALIHIO YIIPABICHHS U KOHTPOJIS.

Ecnu ontuueckuil ycuauTenab AOMOJIHUTh KOMIIEHCATOPOM AMCIEPCUH, TO OyayT ycTpa-
HEHBl UCKa)XEHMsI ONTUYECKNX UMITYJbCOB U YBEIMYEHA UX MOIIHOCTH, YTO, B CBOIO OYEPE/b,
YBEJIMYMBAET AJMHY y4yacTKa CEKLIUM PEreHepalldy B HECKOJIBKO pa3 MU HE BHOCUT JOTNOJIHU-
TENBHBIX (Pa30BBIX IPOKAHHH.

IIpuMeHeHUe ONTUYECKOr0 MPELyCUIUTENS B COCTABE CETEBOIO ONTUYECKOTO YCUIUTENS
00YCIOBJIEHO HEOOXOAMMOCTHIO MMETh HaWMEHBIINE LIYMBI ONTHYECKOTO YCHIICHMS, KOTO-
Ppble HAKJIAIBIBAIOTCS HA MH(POPMAIIMOHHBIN CUTHAT A.

B »pbueBoM ycuinTene MUHUMAIIbHBIE LTYMbI IOCTUTatOTca Ha BojHe Hakauku 980 HM, a
MaKcHMaJbHOE YCHiIeHHe Ha BoHe Hakaukid — 1480 aM. OnTrudeckre YCHIUTENIHN KaK CETeBbIe
3JIEMEHTHI BBIMOIHIIOTCS AJIsl YCTAHOBKU B KOH-
TeliHepbl HEOOCTYKUBaeMbIX CTaHIMH U B BHJE ”,
OJIOKOB AJIsI pa3MEIIeHUs] B KOP3UHBI CTaHIIMOH- _@_ l> _@_
Horo o0opyJoBaHus Ha cToiikax. Ha cxemax op-
TFaHU3alMHU CBSI3U ONTUYECKUE YCUIUTENIN UMEIOT
0003HaYeHUe Kak 0Ka3aHo Ha puc. 4.5. Puc. 4.5. Mpumep nzobpaxeHus

TTomumo 3p6I/IeBBIX OINITHYCCKUX YCHUIIUTEC- ONTUYECKOro yeunutens
Jieil Ha MPOTSHKEHHBIX MAaruCTPaJIsiX MPUMEHSIOT B KQYeCTBE CETEBOrO 3feMeHTa
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PaMaHOBCKHE BOJIOKOHHBIC YCHJIMTEIH, KOTOPbIe OOECMEUUBAIOT HAWMEHbBIIHME IIyMbI MPU
pacnpenenéunom ycunernu [4, 10, 59].

4.2. TepMUHanbHbIe MyNbTUNNEKCOPbI

TepMUHaNIbHBIE MYJIBTUIIIEKCOPBI B TPAHCIIOPTHBIX CETAX OTIMUYAIOTCS OOJBIIMM pa3HOOOpa-
3ueM QyHKIMNA. OHU COBMELIAIOT pealn3alii pa3IMYHbIX TPAaHCHOPTHBIX TexHoaoruit: SDH,
ATM, OTH-OTN, Ethernet, T-MPLSu np.

4.2.1. TepMUHanNbHbIN MyfnbTUNNEKcop ¢ hyHKumamMu noptos PDH

TepMuHaNbHBIA MYJIBTUIUIEKCOP ¢ QyHKIUAMEU nopToB PDH — 3To 0oMH M3 NepBhIX BUIOB
MYJbTUTUIEKCOPOB TexHonmoruu SDH. CeTeBoil 31eMeHT ATOro BUIA UMEET TONHYIO HIH Yac-
TUYHYIO peann3auuio GpyHKUuuil MyapTUILIIEKCUpoBaHus. Kak npaBuiio, NOJHOCTbIO (QYHKIUH
mynbTHIUIeKcHpoBans PDH/SDH npenycmarpuBaroT cxembi:

a) E1 -» C-12 - V(C-12 » TU-12 —» TUG-2 —» TUG-3 —» C-4 —» VC-4 > AU-4 —

AUG — STM-N;

6) E3—»C-3—»V(C-3—> TU-3—- TUG-3— C-4— VC-4— AU-4— AUG — STM-N;

B) E4— C-4 - V(C-4 - AU-4 - AUG — STM-N.

VYnpolueHHble (QYHKIMA MYJIbTHUINIEKCUPOBAHUS MPEAYCMATPUBAIOT OAHY M3 LEMoYeK
MyJbTUIIEKCUpOBaHus. [lomHble GYyHKIIMM MYJIBTUIUIEKCHPOBAHUS PEANTU3YIOTCS B KOp3MHE
YHHABEPCAILHOTO THIA. YTIPOIIEHHBIE (DYHKIIMH HCIONHSIIOT «MUHI»- HIH «MHKPO»-MYIbTH-
TJIEKCOPBI.

TepMHUHANBHBIN MYJIBTUIUIEKCOP O0BEANHSIET HA Mepefade U pa3fessieT Ha mpueMe nud-
POBBIe MOTOKH TIe3noxpoHHON nepapxuu: E1, E3, E4. [Ipu 3TOM MX YUCIIO 3aBUCHT OT BO3-
MoxkHOCTH arperatHoro mopta STM-N. Hanpumep, 8 STM-1 moryT ObiTh BBezieHsI 10 63 E1
win 3 E3, unu 1 E4. B cBoto ouepean arperathelii nopt STM-N MoxeT OBITh BBIIIONHEH € 3a-
mutor Ha 100 % (nBa arperara: pabo4mii M pe3epBHBIN) C rapaHTHPOBaHHBIM SO0-MuILIHCE-
KyHJIHBIM 3alIUTHBIM nepekitodeHrneM STM-N ¢ pabodero Ha pe3epBHBIN. [Ipu 3TOM K MyIib-
THIUIEKCOPY TOIBOISATCS YEThIPE BOJIOKOHHBIX JHHHU (1Ba pabOUYMX BOJOKHA U JIBA BOJIOKHA
pe3epBHBIE).

[Ipyr KOMIIEKTOBAaHUN MYJIBTHILIEKCOPa KPOCC-KOMMYTALMOHHBIMA MAaTpULIAMUA OH MO-
KET CIYXKUTh Y3JIOM JIOKaJIbHOW KpOCCOBOW kKomMMyTaluu notokoB PDH, Hanpumep, noTokoB
E1 B nHTEpecax MecTHBIX OMNEepaTopoB CBA3M. KpoMe TOro, MyJlbTUIUIEKCOP TEPMHUHAIBHOTO
THUIIa OCHAIAETCS CPEACTBAMH YIpaBlieHHs depe3 uHTepdeiicel F mmm Q, cpencrBamu ciy-
eOHOU CBSA3M U CUTHAJIN3ALIUH.

Uepe3 TepMUHAJIBHBINA MYJIBTUIIEKCOP BO3MOKHA BHEIHSS CHHXpoHU3anus cetn SDH.
1151 5TOr0 MOTYT aKTHBHPOBAThCs TOPTH: T3 — 715 BBOAAA Yepe3 OTACTBHYIO JIMHUIO OT TIep-
BuuHoro (IT3I7) mnu BropuuHOro 3ajatoriero reseparopa (B3I cunxpocurHana; mojp3oBa-
TeNbCKUe MopThl E1 — 17151 TpaHCHaLuy CHHXPOCUTHAIA B COCTaBe HH(POPMALIMOHHOTO MOTO-
Ka OT DJIEKTPOHHOTO KOMMYTALMOHHOTO y3I1a, HATIPAMEP JIEKTPOHHON aBTOMAaTHYEeCKOW Me-
xayropoaneit tenedonnoit craniun (DAMTC). Takxke HEOOXOIUMO OTMETUTh, YTO MOPTHI
E1 MoryT ciy’xuTh B KauecTBe y3J0B PECUHXPOHM3ALIMH, T.€. CPEJCTBA YCTpaHeHHs (Pa30BbIX
npoxkanuit motokos E1.
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[pumeps! 0003HAUEHHU TEPMUHAIBHBIX MYJBTHILIEKCOPOB ¢ mopTamMu PDH mpuBeneHs!
Ha puc. 4.6, rae a) cereBoii aneMeHT SDH — TepMUHAIBHBIA MyJIbTHILIEKCOp Ha 63 TpakTta
E1 (motoku 2,048 M6wut/c), ¢ arperaTHbpIM MOPTOM (JTMHEHHBIM JBYXBOJOKOHHBIM MHTEPQEi-
com) STM-1 (o6o3HaueHo Sl); 6) cereoii anemenT SDH — TepMUHATIBHBIN MYyJIBTHILIEKCOP
Ha 126 tpaktoB E1 u 6 tpakroB E3 (notoku 34,368 M6urt/c), ¢ arperaTHbIM MOPTOM (JIMHEH-
HBIM JIByXBOJIOKOHHBIM HHTepdeticom) STM-4 (o6o3naueno $4); B) cereBoii anement SDH —
TePMUHATIbHBIN MyJbTHILIEKCOP Ha 252 Tpakta E1 u 12 tpaktoB STM-1 (0o603Haueno Sl, mo-
TOKM Ha ckopoctd 155,520 M6ut/c) ¢ KpOCCOBOii KOMMYyTallell Ha ypOBHE BHPTYalbHbBIX
koHreitepoB V C-12 (TpakroB Hu3koro mopsaka LP, o6o3naueno #), ¢ pesepBUpoBaHUEM JIH-
HelHbIX nHTepdeticoB STM-16 mo cxemam 1+1 wmm 1:1

1 -] T -] 1 -

#

p—— p—— p——

? “Te “Tlefveiz| -
_ 126 252 .
:[E1 s1HE~ L T S4 - 221 T S16| 1+1 (1:1)
2 :|E3 2 -|51 4@*

63 =] 6| 12 =
a) 6) 8)

Puc. 4.6. lNpumepsbl ycnoBHbIX 0603Ha4YeHNA TEPMUHANBHbIX MynbTUnNnekcopos SDH

4.2.2. TepMUHanNbHbIN MynbTUNNEKCOpP ¢ hyHKUMAMK nopToB Ethernet

Mynerumiekcop SDH ¢ dyukumsmu nopros Ethernet sisienue TeXHUKH HOBOTO MOKOJICHHUS —
MYJIBTHCEPBUCHBIX CETEeH CBSI3H.

IMpumenenune npouenypst GFP-F mozBonsier rulko coriacoBbiBaTh nepefavy JaHHBIX
Ethernet 100, Ethernet 1000 ¢ uukiaamu SDH, npencraBieHHbBIMH BUPTYalbHBIMU KOHTEIHe-
pamu VC-X-Xv, nanpumep, 1 I'6ur/c Ethernet 8 GFP-F u VC-4-7v, T.e. nmepenauy B BUPTY-
QIIBHO CIEIUICHHBIe ceMb KoHTelHepoB V C-4. [Ipu 3TOM MoOXeT OBITh OAIepKaHA (HYHKITHSI
perynupoBku emkocTH kaHana LCAS,

Unrepdeiicer Ethernet B cocrase anmaparypst SDH BBITONIHAIOTCS OAMHOYHBIMA U TPYII-
nosbiMu (1o 4, 8, 12 oxonuanuii). I'pynmnoBbie MOAKIIOYEHHS YACTO PEATU3YIOT U (HYHKIIUH
KOMMYyTaTOpa naketoB Ethernet. 3to mosBossiet monepkUBaTh COeIMHEHMSI THITA TOYKA-TOYKA
¥ MAKETHOE KOJIbBI0 ¢ 00muM goctynoM. Kpome toro, narepdeiicer Ethernet moryT mommep-
KHUBATh (PYHKIMH MapHIPYTH3aTOPOB MakeToB |P ¢ ompeneneHHBIME TOKa3aTeIsIMA KaduecTBa.
IMpumep pasmernenus uatepdeiicor Ethernet B o6opynosanun SDH npusenen Ha puc. 4.7.

Takum 00pa3om, TepMUHAIBHBIH MysbTHILIEKCOp SDH, ocHamennsiit nopramu Ethernet,
MOJKHO CUUTATh CETEBBIM AJIIEMEHTOM MYJIBTHCEPBHCHON TpaHCHOpTHOU cetd. OO03HAUCHME
3TOr0 TUIA CETEBOr0 3JEMEHTa NPUBEAEHO Ha puc. 4.8.

HeobxoauMo Tarke OTMETHTh, YTO i pasmelieHus nanHeix Ethernet B cetu SDH
MCDH-T npemycMoTpes BapraHT CThIKa ¢ popmupoBanreM O10ka 64B/66B, B KoTopoM K Kaj-
py Ethernet mpucoenuusiroTcs GIOKM COMPOBOXKICHUS, W ITOT Kaap KOAUpyeTcs OJIOYHO
64B/66B c nocnenytoueit BcraBkoid Ha ckopoctr 10 ['6ut/c B STM-64. D10 peuienue npeny-
cmotpeno mis Ethernet 10 I'6ur/c.
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Hapra ISA-GBE
2 nopra

Kapra I5A-GBE
4 NopTa

Puc. 4.7. Mynetunnekcop Alcatel 1670SM u kapTbl ISA-GbEthernet

R

1+1 (1:1]

@

i

[}
thernet {FE, G
564 {16, 4

=
E

Puc. 4.8. MNpumep 0603HaueHnss MynbTunnekcopa ¢ pyHkumsamm cetn Ethernet

4.2.3. TepMuHanbHbIN MyfbTUNNEKCOpP € hyHKUMAMU nopTtoB ATM

Jna noanepxkn QYHKIMA MYJIbTUCEPBHCHBIX MAaKETHBIX CEeTEel Ha OCHOBE peXHMa acHH-
xpoHHOH nepenaun ATM B coctaBe MynbTUIIIEKCOPOB SDH BO3MOXXKHO MPUMEHEHUE MOJY-
Jiell MHTErPUPOBAHHBIX CEPBUC-ANTEPOB JJIs CO3JAHUs U MOICPKKH BUPTYAIbHBIX MyTeH
u kaHainoB ATM. B coctaB Moaynel BXOJAT: afantepbl Ha HECKOJIbKO opToB ATM, Hanpu-
mep, 16 nopros, 32 nopra; ATM-kpocc-mMaTpuiia AJs MOJASPKKA BUPTYAIbHBIX COSTUHEHWIH,
Hanpumep, 8192 VP/V C-coennHeHnit; cpeacTBa MoaAepKKH ONpeaeeHHOro KayecTBa yCIayr
C MOCTOSIHHOH, TIEPEeMEHHON U Hecrenn(pUIIMpOBaHHOW CKOPOCTHIO Mepeaaun nH(opMairoH-
HBIX JaHHBIX. Yepe3 MOpThl MOIYT BBOIUTHCS/BBHIBOIUTLCS OaHHBIE HA CKOPOCTSX OT 2
Mowut/c 1o 622 Mbéurt/c cormacHo pexomenmarmu 1.432 MCD-T. B muxinax SDH nanHbie
ATM B BuJe syeek no 53 Gaiita pasmemaroTcs onHa 3a ogHoit B VC-12, VC-3, VC-4. Ilpu
sToM it cetit ATM noaepskuBaetcs arobas KoHpurypanus (TOUKa-TouKa, 3Be3/a, KOJbIIO).

[Mpumep o6o3HaueHus cereBoro snementa SDH ¢ ¢pyHKIMSIMH OPTOB M1 KOMMYTaTOPOB
ATM mnpusenen Ha puc. 4.9.

Heobxomumo orMeTuTh, uto untepdeiice SDH (STM-1, STM-4, STM-16, STM-64) ua-
1€ BBITIOJHAIOTCS B KOMMyTatopax ATM st MyJibTHCEpBUCHBIX ceTeil. BapuanT pasmere-
Hus uHaTepgdericoB ATM B coctaBe cereBoro sneMenTa SDH mpumeHsieTcss Juis AOCTyma H
KOHIIEHTPALIMU TOTOKA HAarpy3kH B Buae stueek ATM.
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Puc. 4.9. Npumep 0603Ha4YeHnsa ceTeBoro anemeHta SDH
¢ pyHkunamm ATM

4.2.4. TepMUHanNbHbIN MynbTUNNEKcop ¢ hyHkumamu noptos OTH

Hns conpspxenns TpancnoptHeix ceteit SDH n OTN-OTH B myneTHmiekcopax npemycmar-
PHBAIOTCS BO3MOXKHOCTH 10 corylacoBanHo# nepenade mukiaoB OTH (ODUL u ODU2) uepes
IUKJIBI CIETUISEMBIX BHPTYalbHBIX KoHTelHepoB VC-4-Xv. Tak ans mepeHoca OJIOKOB JaH-
HbIX onTuyeckoro kaHana ODUL tpeOyercsi clieruieHHbIH BUpPTyaibHbIH KoHTeiHep VC-4-
17v. JIns nepeHoca 0Jioka AaHHBIX onTHdeckoro kaHaina ODU2 tpedyeTcs clierieHHbIH BUp-
TyanbHbell KoHTelHep VC-4-68v. To ecth, B3aumopeiictBue cereit OTH u SDH Bo3MoxHO
ToNbkO Ha ypoBHe STM-64. Cxema 0003HaueHHsI 3TOrO B3aMMOJCHCTBHs TNpHUBEIEHA Ha
puc. 4.10.

Hpyroii BapuaHT B3aMMOIEHCTBHS B CETEBOM HJIEMEHTE MpPEAyCMaTpUBAECT COUETAHUE
¢yukimit OTH-SDH B nHoMm mopsizke, T.e. pasmenienne STM-N (N = 16, 64, 256) B ctpykType
OTH (OPUk, ODUK, OTUK, OTMn.m). [Ipu 3T0M BO3MOXKHA peanu3arius QyHKIUH 3aIlUuThI
BCETr0 MHOTOBOJHOBOTO CHTHaJa, COCTOsImEro u3 moayitedr OTMn.m (n< 16, m=1; 2; 3 (1,2;
1,3; 2,3; 1,2,3)), 3amuThl KaXXI0ro OTAEIBHOrO ONTHYECKOro KaHama ¢ Harpyskoi OTUK
(k=1, 2, 3), c coennnenuem cern SDH uepe3 kommyTaTop BOJHOBBIX KaHasoB OCh wiu ue-
pe3 kommyTarop 61o0xkoB ODUK.

[Ipumep 0003HaUEHUS] CETEBOrO dJEMEHTa 3TOro TUma MpuBeaeH Ha puc. 4.11. B stom
nprMepe yKa3aHbl BO3MOXXHOCTH 0 MYJIbTHILIEKCHPOBAHHIO Aj, Tae | <N, n=1...16. JIuneii-
HBII MOPT C YKUCIIOM BOJHOBBIX KaHaNoB 10 16\ moxer umers 100-pOLCHTHYO 3aLIUTY JIU-
HUH.

VC-4-Xv @ -— 3| 0puk och @ A ?
-— g ! 141 (1:1) — 2 é 1+1(1:1)
=
@ § % F R
Puc. 4.10. Npumep 0603Ha4eHus Puc. 4.11. Npumep o603HaYeHus
ceTeBoro anemeHta SDH, ceteBoro anemeHta OTN-OTH

conpsraemoro c cetbto OTH ¢ PyHKUMSMU nHTepdencoB Harpyskn SDH
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4.2.5. TepMuUHanbHbIN MynbTUNNEKcop ¢ hyHKUuuamm noptos ASON

TepmunansHblii Mynastumiekcop SDH, ocHatieHHbId QyHKIMAME BUPTYyanbHO# cuenku VC-
4-Xv, VC-12-Xv; perynupoBku emkxoctu kaHanoB LCAS, kpoccooit kommyrauun DXC
(VC-12, VC-4), 3amutHeiMu GyHKipsMy duaun 1+1 (1:1), MoxkeT ObITh BKIIIOYEH B aBTOMa-
THYECKH KOMMYTHpYyeMylo TpaHcrmopTHyo cetb ASON (Automatic Switched Optical Net-
work) (cm. 5.5). Jlist 9TOro ceTeBoii 3JIEMEHT J0JIKEH ObITh OCHAILEH OIMIMIMHU BKJIIOUYEHUS B
CeTh CUTHANM3aIK Ha ocHOBe npoTokoida GMPLS 1 B ceTh ynpaBieHus sl aIMUHUCTPUPO-
BaHMs. B TakoM ciiydae pecypchbl CETEBOTO 3JEMEHTAa CTAHOBSITCS OOBbEKTaMH YIPaBICHHS B
ceru. IIpumep 0003HAUEHHsT ceTeBOro deMenTa ¢ (ynkimsamu noproB ASON npuBeseH Ha
puc. 4.12. JleransHoe onpenenenne cetn ASON npuBeneHo B riase 5.
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Puc. 4.12. Mpumep 0603Ha4YeHUsi ceTEBOro anemMeHTa ¢ pyHKumamn noptos ASON

MynbTUNIIEKCOPHI 3TOTO BHAA B COCTaBE CETEBOTO JIEMEHTA MOTYT CIIYXKHUTh CPEJICTBOM
TPYNOUPOBAHUS HATPY3KU TPAHCIOPTHOM CETH W €€ 3alUThl MPU aHOMAJIBHBIX COCTOSHUAX
JIMHUM Y COEIUHEHMH.

4.2.6. TepMUHanNbHbLIN MYNbTUNNEKCOP C FINHEMHbIMU NopTamu WDM

B cocraBe anmapatypsl SDH mocneanero mokosieHUs! MOSBHIUCH MYJIbTHIIIEKCOPBI BOJHO-
BbIX kaHanoB WDM-crannapToB mioTHoro MynsturiekcupoBanuss DWDM u pazpexxeHHOTro
mynprumiekcupoBanust CWDM. MynbTuiuiekcupoBanue/ 1eMy b THILIEKCUPOBAHUE ONTHYE-
CKOTO CHTHaJla BBIMOJIHAETCS OJHOBpeMeHHo i 1, 2, 4 unu 32 KkaHaJoB ¢ BbIIEJICHUEM Kax-
JIOTO KaHana Wik rpynn KaHanoB. [1pu 3ToM moanep xuBaroTcst GyHKIHH ONTHYECKOTO YCHIIe-
HIsI, KOMIIEHCAIIH AUCIIEPCHH, YIpekaatoniel koppekiun omurbok FEC. Cxema TepMuHab-
HOTr0 MyJbTHILIEKCOpa ¢ tuHeHHbIMU opTamu WDM mnpencrasnena Ha puc. 4.13.

B aT0# cxeme TpaHCMOHIEPHBIE ycTpoiicTBa mpeodpasytor curHaisl STM-N (N =16) B
ONITHYECKHUE CUTHANBI Ha (PUKCHPOBAHHBIX ONTHUYECKUX HECYIIMX BOJHAX Aj...An. [Ipu 3TOM
TPAHCIIOHJEPHl TOANEPKUBAIOT OJMH W3 PEXKHUMOB TPAHCISALUHU DIIEKTPUUECKUX CHUTHAJIOB!
1R, 2R, 3R. B pexume 1R curnan ycunusaetcs. B pexxume 2R BXOHOW CUTHA pereHepupy-
€TCsl ¥ YCHJIMBAeTCs, HO HE MPOM3BOAUTCS BOCCTAHOBIEHHE CHHXpoHU3anmu. B pexxume 3R
TPaHCMOHEPhl 00ECeUNBAIOT PEreHepaltio, YCUIEHHe U BOCCTAHOBJIEHHE BXOJAHOIO CUrHa-
na (cM. puc. 2.3).
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Puc. 4.13. Cxema TEpMUHANLHOrO MynbTUMMEKcopa ¢ NMHenHsIM noptom WDM

B pacmmpentom pexnme 3R + TpaHCIIOHAEPH! BCTaBIAIOT Tpaduk noss3oBatens STM-N
B kil OTH ¢ nHTerpupoBaHHO# ympexaaronei Koppekuneil ommuboK cCUrHaaos. JTOT pe-
MM TIO3BOJISIET CYIIECTBEHHO YBEIWYUTH AANBHOCTh M KadecTBO nepenaun. Kpome Toro,
TepMUHAIBHBIN MynbTUIIIEKcop SDH MokeT ocHamaThes «iBETHBIM» HHTEpdeiicoM amst pa-
60t1bl B pexxume WDM. B stom ciydae rpynna myastumiekcopoB SDH cosnaer cnektp ot-
JEeTBHBIX pabOYHMX BOJH, KOTOPBIE OOBEANHSIOTCS U Pa3ACAIOTCS ONTHYECKUM MYJIbTHILICK-
copoM 0e3 TpaHcmoHAepoB. B crpykTypax mukimoB SDH mpu 3TOoM BO3MOXHA akTHBAaLUs
¢byHkui ynpexpatonei koppekiyu omubok FEC. Cxema 3Toro tuna tepMuHaia ¢ QyHK-
msimu WDM npencrasnena Ha puc. 4.14.
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Puc. 4.14. Cxema TEPMUHANBLHOTO MynbTUNIIEKCOPA C NINHENHBIM
noptom WDM U «LBETHbIMU» UHTEpPdEcCaMu

Bropoii BapuaHT TepMUHAILHOTO MYJIbTUILIEKCOPA C TUHelHbIMU opTamu WDM moxet
OKa3aThCs JICHIEBTIE, YTO IE/Ia€T BO3MOKHBIM €r0 MCIOJBL30BaHUE HA MECTHBIX (FOPOJICKHX) U
BHYTPU30HOBBIX CETSAX.

4.3. MynbTunnekcopbl BbiBoAa/BBOAA C 3N1IEKTPUYECKUMU
M oNTUYECKUMU OKOHYaHussmu ADM

Mynesrumnekcops! BeiBoga/soga ADM (Add-Drop — Add-Drop Multiplexer) — nau6osee
PaCIpPOCTPaHEHHbIN BK 000PYJOBAHKS AJI OCTPOEHHUS CETEBBIX 3JEMEHTOB TPAHCIIOPTHBIX
cereil. Bo3MOXKHOCTH BBIBOJA/BBOAA CO3JAIOT IPEAIOCHLIIKY I IIOCTPOEHHS Pa3IHYHEIX ap-
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XUTEKTYp TPaHCHOPTHbIX ceTeil. [Ipyu 3TOM KIIIOUEBBIMU COCTABJISIIOLIMMU CETEBBIX 3JEMEH-
TOB SIBJISIIOTCS. BO3MOXKHOCTb KPOCCOBBIX KOMMYTATOPOB, JIMHEiiHbIe (arperatHbie) HHTEp-
(eiichl, 3alMTHBIE PYHKIUH CEKLUIT U TPAKTOB (COSMHEHHUI B CETH), MOIb30BATEILCKHIE HH-
Tep¢eiichl, CHHXpOHU3aLUS U YIIPaBICHUE.

Heo6xoauMo 0TMETUTB, YTO TEPMHUHAIBHBIE MYJIBTUILIEKCOPHI BO MHOTOM SIBJISIFOTCS Ya-
CTHBIMH peaiu3alisiMi MyJIbTHILICKCOPOB BbhiBoAa/BBOAa ADM.

Bo3moxHOCTH MaTpHL 31eKTprueckoil kpoccoBoi kommyTauuun ADM nosBossitor obec-
HEeYUTh AOCTYN K OTAENbHBIM KOMIIOHEHTHBIM MOTOKAaM BBICOKOTO HJIM HHU3KOTO MOPSIIKOB
(VC-4, VC-12) nnm k0o BceM KOMIOHEHTHBIM TTOTOKaM. BBIBOI OTHOTO MK HECKOJIBKHX KOM-
MIOHEHTHBIX IOTOKOB C MOCJIEAYIOLIMM TEPMUHUPOBaHKEM Ha UHTepdeiice nonb3oBatens (Ha-
npumep, E1, Ethernet100) MmoxeT COnMpoBOKAATHCS 3apeToOM Ha BBOJ KOMIIOHEHTHOTO MOTO-
Ka JJIs MCTIOJIb30BaHus BpeMeHHBIX pecypcoB nukia STM-N B mpogomkeHue nepenayu.

JIuneitnple (arperatHble) UHTEPEHCH UMEIOT OFPaHHYCHHBIE BO3MOXKHOCTH IO JAJIbHO-
CTU U CKOPOCTH Mepejiaud, 3aIlUTHBIM MEPEeKIIOUeHHUSIM, KOPPEKLHUH OMIHOOK. 3allUTHbIE
(YHKIUH CEKIMI M TPAKTOB MOTYT OBITH aKTUBHPOBAHBI CAMOCTOSTENBHO. DTH (DYHKLUH Ta-
PaHTHPYIOT )KUBYYECTh Pa3TUUHBIX KOH(DUTYpaIHii ceTel CBSI3H.

INonb3oBaTenbckue MHTEpQeiickl koMmmiekTyores 11d ADM nox KOHKpeTHbIE MPOEKTHI.
B Tom umcne qiist ceTeil ¢ KOMMyTalMeil KaHaJoB U ¢ KOMMYyTaluel naketoB. X BO3MOXHO-
CTH aHaJIOTHYHBI T€M, YTO PACCMOTPEHBI IS TEPMUHAIBHBIX MYJIbTHILIEKCOpoB. [Ipu aTom
uHTep(deichl UMEIOT IEKTPUUECKHUE U ONTUUECKUE OKOHUAHMUS.

VYupasnenue B ADM TecHo cBszano ¢ ynpasnenueM rpynnsl ADM B cetu. Ha puc. 4.15
npeacTaBiieH npuMep oo6o3HaueHuss ADM.

Janap, BocTox

_@_

5-64
5-64

VC-4
51 54 |Eth 1000

Puc. 4.15. Mpumep o6o3HayeHuss ADM ypoeHa STM-64

Mynbtunnexcop ADM umeeT o003HaueHHe JTUHEHHBIX UHTEPQEHCOB KakK 3amagHOro M
BOCcTOYHOTO. [losb30BarenbCkue (KOMIOHEHTHbIE) HHTepdercsl umeroT ontudeckue (A4,
Eth 1000) u anextpuueckue (S1) okoHuaHusi. MyJIbTHIUIEKCOP MOXKET BKIKOYATHCS B JIMHEH-
HBIC ¥ KOJIbIIEBbIE CeTH. [Iph ATOM MONHBIN KOMIUIEKT arperaTroB MOKET 00ECIICUNTh 3aIUTy
CEeKLIMI MYJIbTUIUIEKCHPOBaHHUs C 3amnaaa u BocToka (puc. 4.16).

Pecypchas emxocts mynpTumiekcopa ADM ompenensercss BO3MOKHOCTSMH arperaTHBIX
unrepdeiicoB. Hampumep, eciu ADM umeet apa nmuHelHbIX HHTepdeiica STM-16, To skBU-
BAJICHTHOE YMCJI0O MaKCUMaJIbHO JOCTYIHBIX MHTepdelcoB monb3oBarens ypoBHs E1 cocra-
BuT 2016. B cpaBHEHUM ¢ TEpMUHAIBLHBIM MYJIBTHILICKCOPOM B JIBa pa3a OoJblie.
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Puc. 4.16. lNpumep mynbTunnekcopa ADM ¢ 3auTomn NMHENHbIX UHTEPdEeNCcoB

MynbTuminekcopsl ADM ananoruuHo myneturiekcopam TM Britouarotes B cetd ASON
U B ceTu ¢ MHoroonHoBoil nepenaueit WDM. Ipumep cxemsl Bkarouenus ADM u OADM
npuBeneH Ha puc. 4.17. B a1oii cxeme popMupyeTcs AOCTYM K OTAEIBHBIM ONTHYECKUM KaHa-

nam (Ha BOJTHaX Aq, Ap) ¢ TEPMHHHUPOBAHUEM YACTH MH()OPMAIIMOHHEIX MOTOKOB B MYJIBTHII-
nexcope ADM (EL, E3).

M| ke | i |

5-16
5-16

VC-12, VC-3

E1 E3
! !

Puc. 4.17. Mpumep BkNtoveHnsa mynbTunnekcopa ADM u ontuyeckoro mynstunnekcopa OADM

4.4. UndpoBon KpoccoBbINn KOMMyTaTop SDXC

udporoit KpoccoBbli KOMMYTATOP B TPAHCIOPTHOM CETH BBIMONHSIET (DYHKIMH Y3JI0BOIO
cereBoro aneMenTa. LndpoBeie KPOCCOBBIE KOMMYTATOPBI OTIMYAIOTCS. YPOBHIMU JIMHEHHBIX
unrepdeiicos (STM-N, N =1, 4, 16, 64, 256), TunaMmu KOMMYTaI[MOHHBIX MaTPHII, YPOBHAMH
koMMyTupyembix coenunenuii (VC-12, VC-3/4), sKBMBaJI€HTHOH €MKOCTBIO B KOJIHYECTBE
STM-1, MecToM npuUMeHeHHs (JTOKaabHAsl UM MAaruCTpajibHas CETh), MOMAECPKKON ByHKIHit
pe3epBUPOBAHHUSL.

CuHXpOHHBIE HHU(PPOBBIE KPOCCOBBIE KOMMYTaTOphl oOo3Hadaror SDXC (Synchronous
Digital Cross-Connect). SDXC noaep>KHBaIOT ClieyIOLIHe y3I0Bbie QYHKIHH:

— mapuipytuzaiuio VCn/m, B Tom uucie VC-n-Xv, VC-m-Xv, VC-n-Xc;

— tpancsiiuio VCN/m ot 04HO# TOYKH K MHOT'MM TOYKaM (BeIaHue);

— poctyn K o0biM V CN/M 171st TeCTUPOBAHMUSI;
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— rpynmuposanue VCn/m;

— COPTHUPOBKY U meperpymnmuposky VCn/m;

— BBoa/BeIBOA VCN/m;

— zamury coenunenuit VC-n, VC-m, VC-n/m-Xv,c.

Heob6xoauMo oTMmeTnTh, uto peanusanus ADM sensercs yactHbiM ciyuaem SDXC. B
0003HaUeHNe KPOCCOBOTO KOMMYTATOpa 3ajiokeHa HH(opManus o (QyHKIMOHAIBHBIX BO3-
MOXHOCTSIX [0 KoMMyTaruu, Harmpumep, LXC-64/4/1 — nokanbHbIil KPOCCOBBIA KOMMYTATOP
ypoBHsi STM-64 n ycranoBienuem coenuHenuit Ha ypoBHsx VC-4 u VC-12. TIpumep o6o-
3HaYeHHs U(POBOTO KPOCCOBOTO KOMMYTATOpa MpHBeeH Ha puc. 4.18. O6o3HaueHue mnoka-
3BIBAET, UTO Omepaiuu kpoccupoBanus B y3ie gt VC-12, VC-3, VC-4 BRINONHAIOTCS C CO-
riaacoBanueM ¢as B TpancnoptHbix (TU-12, 3) u anmunuctparusHbix Giokax (AU-4).

P t -

E1, E3 51
-] L
w1 L
H # .
-— 3 Tu-12,3 i
. AU-4 .
-] T
L Lt
E1, E3 51

RN

Puc. 4.18. MNMpumep o603HayYeHUs
Kpoccosoro kommyTtatopa SDH

OKBHBAJIEHTHBIM DPa3MEPOM KpPOCCOBOTO KOMMYTaTopa SIBIISIETCS YHCIO HMHTEpQencoB
STM-1, nanpumep, 32STM-1, 128STM-1, 256STM-1, 1024STM-1, 2048STM-1 u 1.1. Kpoc-
COBBIE KOMMYyTaTopsl aHajtornuHo ADM wumeror pasBuTble (QyHKIMHM CHHXPOHM3ALMU |
ynpasieHus. KpoccoBelif koMMyTaTop Takxke MoxeT BKiItouarbest B ceTb ASON.

4.5. ONTUYeCKUN CeTeBOM INIEMEHT C (PYHKLUAMU
OADM/ROADM/OXC

CocTaBHO# 4acThIO COBPEMEHHBIX CETEBBIX 2JIEMEHTOB CTAHOBSITCS ONTHYECKHE y3JIbI MHOTO-
BOJIHOBOW Tiepenaud. OJHUM M3 BaXKHEHWIIMX Y3JI0B, KOTOPBIA OTHOCHUTCS K paspsiay Kitoue-
BbIX B OIITUYCCKUX TpaHCHOpTHbIX CCTHX, HpI/IHﬂTO CUUTATh OHTI/ILICCKI/Iﬁ MyHbTHHHeKCOp BbI-
nenennsi/BBoga OADM. C ero momorip0 B MHOTOBOJIHOBOM CETH BO3MOXKEH IOCTYI K OT-
JICIbHBIM BOJTHOBBIM KaHajiaM. Peanu3zaiiis 3TOro BO3MOXKHA Ha OCHOBE BOJOKOHHBIX Opar-
TOBCKHX peLHeTOK, HaCTpOGHHbIX Ha (I)I/IKCI/IpOBaHHI)IC BOJIHBI, pe]_l_leTKI/I Ha BOJIHOBOAHOM
maccuBe tumia AWG (Arrayed-Waveguide Grating) u T.1. Ha puc. 4.19 npexncraBinena ypo-
nienHas cxema OADM Ha ¢duKcHpoBaHHBIE BOJHBI. YTPOIIEHUE CBS3aHO ¢ 0003HAYCHHEM
TOJILKO OJJHOTO HampaBlicHuUs nepenadu (ciaeBa Hampaso). C MOMOIIBI0 yIPABISAEMbIX ONTH-
YeCKHX KITIOUYeH BO3MOJKEH JOCTYI K OTAEIbHBIM BOJHaM (B mpumepe 310 4 BosHbl). Kiroun
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MOTYT MMETh 3JIEKTPOMEXaHH4Yeckoe (MHKpO3epKaia) WM dJNEKTPOONTHIECKOE yIpaBlIeHHEe
KOMMYyTaluei. Ypasisemble aTTEHIOATOPbI MO3BOJISIIOT BBIPABHUBATh YPOBEHb MOLIHOCTH
onTHYeCcKUX KaHanoB. C MOMOIIBIO pa3BeTBHUTENCH U (POTOAETEKTOPOB CO3/1aHa BO3MOXKHOCTD
KOHTPOJISl MOLIIHOCTH KaX/I0r0 KaHasa.

B npusenennom npumepe OADM mnokasaHo: pasielieHue BOJIH Aj... A4 B IEMYJIbTUILIEK-
cope; BbIBOJI BOJIH Aq M Ag4 M BBEJIEHHE HA UX MECTO A, U A, C JPYTUM TpadUKOM; OTBETBIIE-

HHE 4YacTH MOIIHOCTH Az (QyHKUMS «BewlaHMsI») M MPOMYCK 6e3 AOCTyma BONHBI Ay, DTOT
npuMep oTpakaer cxemy 0Oe3 mepectpoiiku OADM. Jlns moBblmeHUs T'MOKOCTH CETEBOTO
JJIeMEHTa B ONTHYECKOH CeTH HeoOXOIMMO HMMETh BO3MOXKHOCTH CENEKIMH BOIH C Mepe-
CTPONKOM, rPyNNUPOBAHUE BOJIH, U3MEHEHUE JJIMHbI BOJIHBI IepeJayuu U T.1.
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Puc. 4.19. YnpouieHHas cxema OADM

VYka3zaHHble (DYHKIIMHM B HACTOsIIEE BpeMsl MOAIEpKUBatOT nepectpanBaeMbie ROADM-
mynperumiekcopsl (Reconfigurate OADM). TIpeumymiectea ROADM cocTosiT B BO3MOXHO-
CTSX BBOJA/BBIBOJIA C YAAIECHHBIM KOHTPOJIEM, T00ABICHUH U MPOITYCKAaHWH BOJIH 6€3 1peood-
pa3oBaHM U ¢ MpeoOdpa30BaHUEM ONTHYECKOTO CUTHANIA B AJIeKTpUieckuil. B 3aBucumoctH ot
TEXHOJOTUHU YacTOTHOTO PriibTpoBanus u GyHKIui kommyTtarun ROADM paszpenstor Ha:

— nuckpetrHsie ROADM;

— YaCTOTHBIE U30JSITOPHI;

— 9aCTOTHBIE U30JISTOPHI C BCTPOCHHBIMHE TUTAHAPHBIMH ONTHYECKIMH BOJTHOBOJAMH;

— YaCTOTHO-CEJIEKTUBHbBIE C KOMMYTAIMel 1 MpeoOpa3oBaHUEM BOJIH.

[Tpumep mocTpoenus nocaenHero npuseneH Ha puc. 4.20.

[epoie Bunsl ROADM 6a3upoBainuch B CBOMX KOHCTPYKIHUSAX HA JTUCKPETHBIX OMTOME-
XaHMYECKUX KOMMYTaTopax, (QUIbTpax u peryiupyembix arteHioaropax tuna VOA (Variable
Optical Attenuators). DTo MpUBOIKIO K CYIIECTBEHHBIM MOTEPSIM MOIIHOCTH B CXEMaXx, CII0K-
HBIM HaCTPOWKaM U BBICOKOW CTOMMOCTH W3/IETHH.
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Wurerpanys onTHYECKUX KOMIIOHEHTOB B CTPYKTYPBI YaCTOTHO-CEJIEKTHBHBIX MEPEKIro-
gareneii WSS (Wavelength Selective Switch) mossonunn o6beaunuts 8 WSS ROADM ye-
THIpe (QYHKIUH, KOTOPBIE PaHbIIIe BRIIOIHSIINCH OTASIBHO:

— ruOKuil mpolecc BBOJa-BBIBOAA NPH HCIIOIB30BaHUH JIFOOBIX «OECHBETHBIX» MOPTOB

(cm. puc. 4.20. A);

— IMHAMHUYECKUH KOHTPOJIb BXOAHOW MOILIHOCTH;

— JUHaMHUY€CKOC BbIpaBHUBAHNE MOIIHOCTH,

— HeTIPepPHIBHBINT MOHUTOPHHT BCEX ONTUYECKUX KaHAJIOB.

ITo cpaBHenuto ¢ wm3BecTHBIMH MyiabTuIiekcopamun OADM  wmynbsrumnexcopsr WSS
ROADM B Tpu paza KOMIaKTHee, B YeThIpe pasa JeLIeBe U BHOCIT B TPH pa3za MEHbLIE M0-
Tepb ontrdyeckoi monrHocTH. Kpome BoinonHenus ¢pynkimii WSS ROADM Bxirodaert:

— TiepecTpanBaeMble Ja3ephl;

— ONTHYECKHE YCHINTENHN C MepecTpauBaeMbIM KOIQQUIIMEHTOM yCHUIIEHHS! U KOHTPOJIH-

PYEMBIM MEPEXOIHBIM MPOIIECCOM;
— MOJHOCTHIO aBTOMAaTH3UPOBAaHHOE yIIpaBiieHne depe3 mpotokosr GMPLS;
— «0ecLBETHbIE» MOPTHI.
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Puc. 4.20. Apxutektypa ROADM c nepecTtpanBaemMbiMy punbTpamu

Bosee CloXHYI0 apXUTEKTYPY UMEIOT Y3JIbl BBIICICHHUS U BBOJA ONTHYECKUX TPAHCIIOPT-
HbIX Mojyseit OTM ¢ noctymom k BonHOBBIM KaHaiam OCh. B HUX HCMOJB3YHOTCS ONTHYE-
CKHE YCUJIIMTENIN MOAYJIEH, MyJIbTUIUIEKCOPHI M JeMYyIbTHILIEKCOPHI ABYX cTyneHeit OTMp.m
u OCGi.1 (puc. 4.21). Ilpu mosHOMAacITaOHOH peann3ayy y3/I0B ¢ ONTHIECKOW KPOCCOBOM
KOMMYTaledl K CTPYyKType y3/a J100aBIsiioTCS COOTBETCTBYIOIINE KOMMYTHUDPYOLINE MATpHU-
bl ONTHYECKUX MOmyJell u ontuueckux kaHaaoB OXC (Optical xCross Connect — ontuye-
cKast KpoccoBass kommyTanus) (puc. 4.22). Ontruueckre KaHaibl HAYMHAIOTCS W 3aKaHYHBa-
I0TCSl TPAHCTIOHAEPHBIMH O0KaMu. KaHambl M0sb30BaTeNeH UMEIOT JIIEKTPUYECKUE U OINTH-
YECKUE MOIKITIOUCHUSI.
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Puc. 4.21. Ctpyktypa mynbTtunnekcopa OTH/OTN
BblAeNeHns-BBoaa ¢ AocTynoM kK otaensHbeiMm OTM n OCh
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Puc. 4.22. CtpykTypa KpoccoBoro ontnyeckoro kommytatopa OTM-OCh

4.6. MNMnatcdopMeHHbIA MPUHLMMN NOCTPOEHUA
ceTeBbIX 3IEMEHTOB

HoBoe nokosieHrne ceTeBbIX 3JEMEHTOB PACCUMTAHO Ha pealn3alnio MyJIbTHCEPBUCHOM, MHO-
ropyHKINOHAJIBHOH, ONTHYECKOH TpaHCIOPTHOH miardopmbl. OTa ruiargopMa MO3BOJISET
CTPOMUThH CEeTEeBbIC JIEMEHThl M CeTH pasHbIX Tomnosoruid. [lnardopma xapakrepusyercs Hc-
KJTIOYHUTEIBHON MOJIYJIBHOCTBIO U MACIITAOUPYEMOCTBIO, YTO MO3BOJIsET (HOPMUPOBATH KO-
HOMMYHBIE PEIeHUs] C BOBMOXKHOCTSMH TMOKOr0 pacIMpeHus 1o Mepe AalbHeHIero pa3Bu-
tust cetd. Kak mpasuino, miatdopma 6asupyeTcs Ha YeThIPEX TUMAX YHUBEPCAIBHBIX KOP3UH:

— MOJIb30BaTeNbCKast KOp3KuHa (Kak MPaBHJIo, Ha OJIHY ILIATY-CIOT);

— KoMMakTHas kop3uHa (3...4 mnatei-ciora);

— oaHopsiaHas kop3uHa (10...20 miaT-cioToB);

— nByxpsinHast kopsuHa (20...30 miar-cioros).

Kop3uHbI MOTYT 00BEIMHATBCS MEXK/Ty cOOOH MPON3BOIBHBIM 00pa3oM At popMHpOBa-
HHSI €JMHOTO CETEBOTO JIEMEHTA WM LIEJIOT0 Y3J1a CBA3H.

IMpumepamu miaTGopMEeHHOH peain3aliii CETeBbIX AJIEMEHTOB TPAHCIIOPTHBIX ONTHYE-
CKHX CeTell SBIAI0TCS:
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— Alcatel 1850TSS (Transport Service Switch);

— Cisco ONS 15454M STP (Multiservice Provisioning Platform);

— Marconi MHL 3000 DM SP (DWDM Marconi Smart Photonix) u T.1.

Uro siByisieTcsi 0OLUM ISl MYJIbTUCEPBUCHBIX TPAHCIOPTHBIX TIaThopm?

Onrtuyeckuil ninr (OTOHHBI YPOBEHb PEANN3YETCs] C MCIOJIB30BAHUEM IepecTpanBae-
MBIX ONTHYECKHUX H3NydaTelieil, epeKiiouareneil OnTHIeCKHX KaHaaoB (BOJIH) U TPYII OITH-
YeCKUX KaHaloB (MomyJedl BOJH), onTH4ecKux MmynbTuiuiekcopoB ROADM, onTuueckux
ycuiuTeneil pa3nnuHoro Tumna (mojynpoBOAHUKOBBIX, BOIOKOHHBIX, PAMaHOBCKHX), ONTHYE-
CKUX (PHIBTPOB C HACTPAHBAEMOH ITOJIOCOH YaCTOT, H30MpaTENbHBIX (DOTONPHEMHHUKOB, OIITH-
YecKOW KOppeKLHen U pereHepanueil, 3aUTHBIMA NePeKIOYeHUSIMH U T. 1.

VYpoBeHb yCIIyr TPaHCHOPTUPOBKH MO3BOJISIET AWHAMUYECKH MPEJOCTABISATh TpeOyeMyto
H0JIOCY 4acTOT (CKOPOCTh Mepesiauu), rTHOKO yIpaBisTh 00beMaMU MaKeTHOM Mepeiauun uepes
(YHKIUH CHENKHA U PeTyIHNPOBKH €MKOCTH KaHAIOB, IPOU3BOIUTH HEMPEPHIBHBIA KOHTPOJb
KayecTBa yCIyr U T.[I.

YpoBeHb CUTHAJILHOIO YIIPABJIEHUsI 03BOJISIET BKJIOYATh MYJIbTUCEPBUCHYIO TPAaHCIOPT-
HyI0 ardopmy B KommyTHpyemyto cetb ASON.

MynbTHCEPBUCHBIE TPAHCIIOPTHBIE MIAT(GOPMBI MpeIHA3HAYEHb] IPEXE BCEro AJs mpe-
00pa30BaHus TOPOACKUX M PETHOHAIBHBIX TPAHCHOPTHBIX CETE€H B MHTEJUICKTYalbHBIE CETH.
i aTOTO (hopMHpYeETCs IMUPOKUH HAOOp WHTEP(EHCOB:

— STM-1...STM-N (N = 4, 16, 64, 256);

— Ethernet (10/100/1000 Mowut/c);

—ATM,;

— MPLS;

— Fiber Channel;

— FICON u ESCON;

—HDTV;

— PDH (E1, E3, E4).

B cocTaB matdopm BXoIIT HEOIOKHUPyEMbIe KOMMYTATOPHI:

— onrtrueckue (2D u 3D) ¢ MaciTabupyeMoi eMKOCTBIO;

— anekrpuueckue (384x384 VC-4, 2016x2016 VC-12);

— KOMMyTaTopbI maketoB Ethernet;

— KoMMyTaTophl siueek ATM ¢ NoAAepKKOH BUPTYalbHBIX COSUHEHUH.

Hns cBsi3u matgopM UCTIONB3YIOTCS OJHOBOJIHOBBIE M MHOTOBOJIHOBBIE JIMHEHHbIE MH-
Tepeichl ONTHYECKIX CUTHAIIOB.

B kop3uHbl miaTGopMbl yCTaHABIUBAKOTCS KapThl (6510ku) 5 rpymi:

— o01Ire cucTeMHbIe KapThl (YIpaBieHHe, CHTHATM3AIINS, SJEKTPOIIUTAHNE U T.11.);

— KapThlI C JJIeKTPUIECKUMH HHTepdericaMu s oIb30BaTeNeH;

— KapThl C ONTUYECKUMH UHTepdeiicaMu IS TIOJIb30BaTeNeH;

— NMHelHble (arperaTHbie) KapThl ¢ ontHYeckumu uHTepdheiicamu SDH u WDM,;

— KapThl AJ1s iepeavyu JaHHbix no cetsm SDH, OTH.

BonpmumHCTBO KapT TpaHCHOPTHOH MIaT(GOpMBI MOTYT HMETh pe3epB. DTO KacaeTcs, mpe-
XJIe BCET0, Y3J710B KOMMYTALUH, CHHXPOHU3ALNH, IMHEHHBIX KapT U M0Jb30BATEIbCKIX OKOH-
yanuii. Kpome kapt muatdopma ocHamaercsi IporpaMMHBIM MPOIYKTOM ISl HaJTaXMBaHUsI
BCEX B3aUMOJIEMCTBUI B CETHU U KaXJI0T0 CeTeBOro 3iaeMeHTa. Cucrema CeTeBOro ynpaBieHHs
MO3BOJISIET peaju30BaTh OOJbIIME BO3MOXKHOCTH MO OpraHuzauuu cBszu. Kak mpasuio,
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ynpaBJeHHEe UMeeT rpadHueckoe 0TOOpakeHHEe PecypcoB CETEBOro IEMEHTa U CETH, UTO MOo-
3BOJISIET JIETKO OPHEHTHPOBATHCS NP MOCTAHOBKE 3a/1a4 KOH(OUTYPHUPOBAHUSI CETH.

KOHTpO.ﬂ bHble BOMPOCHI

1

8.
9

10.
11.
12.

Uro Britoyaer 0azoBasi KOHGUTypalusi CETEBOrO 3J€MEHTa TPaHCIOPTHOW CEeTH B
CBOH cocTaB?

Kakoe HazHaueHHe UMEET CETEBON DJIEMEHT «PETEeHEPATOP»?

Kakoe Ha3HaueHre U QyHKLUMOHATIbHbIE BOBMOKHOCTH UMEET CETEBOM AJIEMEHT «OI-
THYECKUH yCHITUTETb»?

Kakne QpyHKIIMN TOAIEP)KUBAET TEPMHHAIBHBIE MYJIBTHILUIEKCOPEHI ?

Yem otnmuarotcs nporokonsl LAPS u GFP?

C Kkaxoii 1ebpto B cocTaBe 000pylOBaHUs CETEBBIX deMeHToB SDH ucnonb3yrorces
unrepdeiicer Ethernet u ATM?

Kakne BO3MOXHOCTH CO3HaeT WCIIONB30BaHHE B cocTaBe ammapaTypbl SDH «mBer-
HBIX» HHTep(encoB?

Uro obecrieunBaeT TpaHCIIOHIEP B COCTABE CETEBOTO dJIEMEHTA?

Kakue 0cOOEHHOCTH UMEIOT CETEBbBIC IIEMEHThI «MYJIBTUILICKCOPHI BHIBOIA/BBOIA»?
Kakue ocobeHHOCTH mocTpoeHHsl U (HYHKIHMIA UMEET CEeTeBOW 3JEMEHT «KPOCCOBBIH
KOMMYTaTOp»?

Kakne BozMoxHOCTH HMEIOT ceTeBbIe dneMeHTsl Tuiia OADM u ROADM?

B 4em 3axmogaercst miaTGOpMEHHBIH TPUHIIAT TOCTPOCHUS CETEBIX 3JIEMEHTOB?



naBa 5

APXUTEKTYPbI, SALLUTA, CUHXPOHU3ALIUA
U YINPABINEHUE B ONTUYECKUX
TPAHCMNOPTHbIX CETAX

[Tox apXxuTekTypamMu TPaHCIIOPTHBIX CETEH MPUHATO MOHUMATh BKIIOYEHHE CETEeBBIX AJIEMEH-
TOB, KaK yJaJleHHbIX APYT OT ApYra, Tak U OJU3KO PacloJiOKEHHbIX, B ONpeaeeHHble (HU3u-
YeCKHe CXEeMBbI (TOYKa-TOYKa, JIMHEHHAS [EMOYKa, KONbIO, SYeHKH U T.J.) H OPraHH3aIHI0 B
ATHX CXeMax COCIMHEHHUH B MHTepecax MoTpeOuTeNiel pecypcoB TpaHCIOPTHOH ceT. Kpome
TOTO, K TIOHATHIO apXUTEKTyp TPAHCIOPTHBIX CETe OTHOCHUTCS M BO3MOXKHOE pe3epBHUpPOBa-
HUE COeIMHEHHI CETeBBIX DJIEMEHTOB U COEIMHEHH B MHTepecax norpedureneil. B apxurek-
Typax TPaHCIOPTHBIX CETEN NPeAyCMaTPUBAIOTCS CXEMbl CHHXPOHU3ALIUU U yIIPaBJIECHUS.

5.1. ApXUTEKTYpbl TPAHCMNOPTHbLIX CETEN

Apxumexkmypa «mouKka-moyxka» COCIUHSICT IBA CETEBHIX dJIEMEHTa, 00pa30BaHHBIX TEPMH-
HallbHBIMU MYyJbTUILIEKCOpaMH. Ecay 3To coelMHeHHe MPOTSAXKEHHOE, TO OHO MOXET BKIIIO-
4aTh MPOMEXYTOUYHbIe pereneparopbl (puc. 5.1). OCHOBHOM M pe3epBHBIN arperaTHble BBIXO-
161 GOpMHUPYIOT cucTeMy 3amuThl Trna 1+1 (1:1), B 3ToM ciydae B pe3epBHOM JTMHUHM BO3MO-
EeH TIPOIYCK JOTOJHUTENFHOM Harpy3ku. [Ipr oTkaze 0CHOBHOTO (PU3MUYECKOTO COETMHEHNS
ceTh aBTOMAaTHYECKHU 3a BpeMs He Oosiee 50 Mc nepexoauT Ha pe3epBHOE (PU3UUECKOEe COeaHU-
HeHue. brnarogaps cBoeid mpocToTe 3Ta TOMOIOTHS MIMPOKO UCTIONB3YETCS Ha MaruCTPaTbHBIX
cersaix co ckopoctsamu 2,5, 10 I'6ut/c u B pexxume WDM (puc. 5.2). Ilpu 3TOM 3aIiuTHBIE
(bYHKLIMH MOTYT peanu3oBaThes Kak MyJptumiekcopamu WDM (OMX, Optical Multiplexer),
TaK M CPeACTBAMHU MYJbTHILIEKcOpoB SDH.

™ Perenepatop ™
OcHoBHoR
f) ol — |5 [

Kaxant NS | e -— ] KL Kanans
poctyna) e 1+1 (1:1) © _ | Aocryna
~ w1 A L Wi .

Pe3epeHbIi
f7) wl— |2 £
LS V| -— 0 LS

Puc. 5.1. CoegnHeHne «To4vKa-TouKa»



164 FMABA 5

Mpomemyo s

Thki MK anTHUECKMA L EE THi
o - YEMANTENE P

8l =] A & A el el
= M [l B Ela ™l e
1 S| E 0 P "{-_‘T | Ea [ £
S R B e 2
: iz 1 :

] - = — =
= gl Fa = = =
3 o8 | gl pg R :
1= & Elen | = | B e 3 wl =

W d_f-J Ty <] L oA
Sl B

Tein =2 3 ... IE W Gomas THim

Puc. 5.2. CTpykTypa «To4Ka-TouKa», obpaszoBaHHas
TepMUHanbHbIMU MynbTunnekcopamm SDH (STM-64) u ontudeckumu
MYNbTUMMEKCOPaMU C YUCITOM BOMHOBbIX KaHanos n

B cTpykType ¢ ONTHYECKHMMHU MYJIbTUIUIEKCOPAMH MOXKET TPUMEHSTHCS MPOMEKYTOUHOE
YCUJICHUE U KOPPEKIHA ONTHYCCKUX MHOI'OBOJIHOBBIX CUTHAJIOB. JIJ'[H OTOr'0 yCTaHaBJIMBaIKOT
ONTHYECKHME YCHJIMTENH, KOTOpbIe 3amensioT 2n (N =2...32 u Oonee) pereHeparopos. Ilpe-
HUMYIIECTBO 3TOTO PELICHUs] COCTOUT B BO3MOXHOCTH HapalllMBaHUs €MKOCTH TPaHCIIOPTHOM
CETH MOCTCTICHHO MO MEPE HCOGXOJII/IMOCTI/I BBCACHHWEM HOBBIX BOJIHOBBIX KaHaJIOB 663 HU3Me-
HEHHsI TPOMEXKYTOUHBIX YCHIIUTENIeH U COXpaHEHHEM TapaHTUPOBAHHOW 3alllMThl B CEKIIUH
OINITHYECKOTO MYIBTHILIEKCUPOBaHU Mexay OMX.

Cmpykmypa «iuHeiinas yenb» COSIUHICT TCPMHHAIBHBIC CETEBBIC JIIEMEHTHI U ITPOMe-
JKYTOUHbIE CETeBbIE AJIEeMEHTHI ¢ KaHanaMu goctyna (puc. 5.3). OHa npuMeHsieTcs: npu orpa-
HUYEHHOI JaNbHOCTH Mepe/laul U He OYeHb MHTEHCUBHOM TpaduKe, HATPUMEp, B TEXHOJIOTH-
4ecKoi TpaHCOpTHO#H ceTu. [Ipu 3TOM (opMUpPYeTCs YACThIN JOCTYI K KaHAIaM B IIPOMEKY-
TOYHBIX MYJIbTHILIEKCOpax BbiBojia/BBoia ADM. Cxema He UMeeT JIMHEHHOW 3alUThl U OTJIH-
YaeTCsl MPOCTOTOM MOCTPOSHHUS U OTHOCHTENLHO HU3KOH CTOMMOCTBIO peain3aliyu.
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Puc. 5.3. CTpyKkTypa «nuHelrHas uenb»

[Ipn HEOOXOAMMOCTH BBEACHHS JTHHEHHOW 3aIIUTHl B CTPYKTYpE «IWHEWHAs LETb» BBO-
IUTCST pe3epBHAS JIMHUS MEXIy TEPMUHAIBHBIMH MYJIBTUILIIEKCOpaMu TM, B B 3TOM ciydae
TOMOJIOTHS TpeobpasyeTes B II0cKoe (YIIomeHHoe) Koubio (puc. 5.4).

s noeleHus 3 (HEKTUBHOCTH UCIIONIL30BAHUS «IMHEHHOH 1IeMr» BO3MOXKHO MpHMe-
HeHue peskuma nepenaun ¢ WDM u o6opynosanus OADM (puc. 5.5).
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Puc. 5.4. CTpyKTypa «nnockoe KomnbLo»

1
Hahank gocTyna

B cTpykType «onmuueckas nuneiinasa uens» NPOMEKYTOUHBIE ONTHUYECKUE MYJBTHII-
JIEKCOPHI BHITIOJIHSIOT Ha OCHOBE BOJIOKOHHBIX OPITTOBCKUX PEUICTOK — ONTHYECKUX (PHIIBT-
POB, T.€. TACCUBHBIX YCTPOUCTB, HACTPOCHHBIX Ha (YUKCHPOBAaHHBIE BOJIHBI U UX BBIICICHUS
¥ BBOJA. [Ipy 5TOM YMCIIO BOJIH BhIJEIE€HHs M BBOAa orpaHudeHo (2, 4, 8). B mpuBeaeHHOM
npumepe (puc. 5.5) mynprumiekcopsl SDH B cocTaBe CeTeBBIX 2JIEMEHTOB BBIMOIHSIOT (QyHK-
MK TepMuHUpoBaHus. OIHAKO BO3MOXKHO peann3oBath U (GyHKuMH BbiBoja/BBoga ADM

(puc. 5.6).
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Puc. 5.5. CTpykTypa «onTudeckas nMHenHas uenb»
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Puc. 5.6. [poMexyToUHbI CeTEBOW areMeHT ONTUYECKOW CeTn
C [OCTYNOM K ONTUYECKUM U 3NEKTPUYECKUM KaHanam
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[MnardopMeHHBIH MPUHLMI MOCTPOEHUS CETEBBIX DJIEMEHTOB TPAHCIOPTHOM CETH MO3BO-
JSieT peann30BaTh CTPYKTYpY THIIA «3Be3la». B 3TOM ciiyyae TepMHUHANbl CETU MO3BOJISIOT
KOHIIEHTPUPOBATh TpadHK AJsl BBOJA B MATUCTPANIbHYIO ceTh (puc. 5.7).
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Puc. 5.7. CTpykTypa «3Be3ga»

Cmpykmypa «36e30a» Takke MOXeT ObITh BBINIOJHEHa B onTHdeckoi cetn ¢ WDM.
[pu stom mynpTuIIIeKcOpsl SDH OCHAIAIOT «IBETHBIMU» arperaTHeIMH HHTepdericamMu

2

(puc. 5.8).
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Puc. 5.8. CTpykTypa «3Be3a» B ONTUYECKOW CETU

B cmpyxkmype «ko1b140» BCe CeTeBbIE 3JIEMEHTbI HICHTUYHBI B arperaTHON 4acTy 1 00be-
JMHEHBI B HETMPEPBIBHYIO 3aMKHYTYIO (DH3HUYECKYIO CETh. Pa3nuyaroT IBE TOMOJIOTHH B 3TOH
ApXHUTEKTYpE: 2-BOJIOKOHHOE KOJIbLIO; 4-BOJIOKOHHOE KOJIBIIO.

Oty TonoJjoruu npuBeaeHs! Ha puc. 5.9 n 5.10.
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Puc. 5.9. CTpykTypa «aBYXBONIOKOHHOE KOMbLO>»
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Puc. 5.10. CTpykTypa «4eTbipEXBOMIOKOHHOE KOMbL0>»

CTpyKTypa «KOJIbLIO» OTJIMYAETCS BHICOKOW JKHBYYECThIO, pealu3yeMoil uepe3 pa3BUThIC
cxeMbl 3amuThl. Puznueckas 3aluTa ydacTka nepefadyd MeXAy Mapoil COCEAHUX MYJBTHUII-
JIEKCOPOB rapaHTHPOBaHA B TOMOJIOTHH «UETHIPEXBOJOKOHHOE KOJIBIIO» OJIaroaaps KCIoJb30-
BaHUIO JIBYX OT/EJIbHBIX KaOelbHBIX JIMHUI U HE3aBUCUMBIX arperaTHbIX MOPTOB, KOJUYECTBO
KOTOPBIX B KOXJOM MYJbTHILIEKCOpe — 4. B TOMOIIOTHH «IBYXBOJOKOHHOE KOJIBIIO» 3alUTa
peanu3yeTcs 3a CYET HUCIIOJIb30BaHU BHYTPEHHEH €MKOCTH Tiepelaur B KOJbIlE, TO €CTh eM-
koctd STM-N. BapuaHTbl opranu3aiuy nepeadd B KOJIbIE U 3alIUThl COSTUHEHUIH paccMmar-
PHUBAIOTCS HUXKE B OTIIEIBHOM pasjede.

Bonee s dexTuBHOE, C TOYKH 3peHUsT BO3MOKHOCTEH BOJIOKHA, UCTIOIb30BaHUE PECYPCOB

CTPYKTYPbI «KOJIBIIO>» MOXCT 6I>ITB JOCTUTHYTO B ONTHYECKOU CETH C NPUMECHCHHUEM WDM
(puc. 5.11, 5.12).
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Ha puc. 5.11 npeacraBineH npuMep COeIUHEHHUs CeKLMi MyJbTuriekcupoBanus WDM
THUIIa TOYKA-TOYKa» B KOJBIEBYIO TOIOJIOTHIO Yepe3 MynbTuIiekcopsl SDH. Cxema skBHBa-
JICHTHA cXeMe, IpeacTaBleHHol Ha puc. 5.9. [Ipu 3ToM Bce 3amuTHBIE (DYHKIIHH BO3JT0KEHBI
Ha MyabpTHILIeKcopsl SDH. Pexum nepenaun WDM obecnieunBaeT Tosibko 3(h(heKTHBHOE HC-
MOJIb30BaHUE PECYPCOB CTEKJIOBOJOKHA. JTa CTPYKTypa OTJIMYaeTcsi 0OJbIION M30BITOYHO-
CTBIO 3JIEKTPUYECKOTO U ONTHYECKOro 000pyaoBaHus (ONTHYECKUX HHTEP(EHCOB, TPAHCIOH-
nepoB B OMX), CIIOXKHOCTbIO MOCTPOEHUsI CHCTEM ympaBieHus obopynoBanuem SDH u
WDM, orpanndenHoi MacmtabupyeMocTsio. OT 3TOro psiaa mpoOiieM CyIIecTBEHHO H30aB-
JIeHa TOTOJIOTHS ONTHYECKOro Koliblia ¢ MynbTUILIekcopamu ROADM. B aroii Tomonoruu
cpeactBamu ROADM o0ecrieunBaroTCst )KUBY9IECTh, THOKOCT, MaCIITAOUPyeMOCTh U IKOHO-
MHYHOCTb CeTH. TpaHCIOpPTHAs cpella HA OCHOBE ONTHYECKHX BOJIH MPHUTOJHA AT 3arpy3KH

tpaduka ocodwix ycayr (SDH, OTH, ATM, Ethernet, MPLS u T.11.).
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Puc. 5.11. CTpyKTypa «ONnTU4YeCcKoe KOrbL0» B ABYXBOITIOKOHHOM
BapuaHTe C 3neKTpu4eckon petTpaHcnaumen curHanos STM-16

KounbrieBble TpaHCTIOPTHBIE CETH MPUMEHSIOTCSI HA TOPOJCKUX M BHYTPHU30HOBBIX CETSX.
Ha marucTpanbHBIX CeTAX BBICTPAWBACTCS CIMPYKMypa <aueiika». B 3Toi cTpyKType Kpym-
HbIC CETEBbIE Y3JIbl COEIUHSIIOTCS 3alIUIIEHHBIMY MariCTPaIsIMU TOMOJIOIUU «TOUYKA-TOUKA.
ITpu 5TOM Y3761 CBS3aHBI 110 IPUHIINITY KaXKIbli ¢ Kaxasm (puc. 5.13).
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Puc. 5.12. CTpykTypa «ONTUYECKOE KOMbLI0» B ABYXBONOKOHHOM
BapuaHTe C ONTUYECKON peTpaHCnsLMein CUrHanos

SDXC SDXC SDXC
| (0XC) (OXC) | (ox0)

_>< X_

SDXC >< SDXC
(0XC) I (oxg)

SDxC

| (o)

X
X

Puc. 5.13. lMpumep CTPyKTYypbl B BUAE S4eek L poBoit
U ONTUYECKON TPaHCMOPTHOW ceTn

Ha puc. 5.13 npezncrasieH npumep ABYXSUEUCTOW CTPYKTYPBI TPAHCIIOPTHON CETH. Y3IIbI
9TOM CeTH MPEACTABIAIT COO0H CHHXPOHHBIE LUPPOBBIE KpoccoBble kKoMMyTaTophl (SDXC)
WM oNTHYecKHe KpoccoBble koMmyTaTopbl (OXC), KOTOpbIe MOTYT BKJIFOYAThCSl B aBTOMATH-
4ecKH KOMMYTHpyemyto onthdeckyto cetb (ASON). Ha mpakThke TpaHCIOPTHBIE CETH CTPO-
ATCSI KaK CMEIIAHHbIE CTPYKTYpbI: «KOJIBLO—HHENHHAs LEMb», «IepeceKarolrecs Kolblay,
«UETOoYKH Komer» U T.4. [Ipn 3ToM Ha CThIKe Pa3IMYHBIX TOMOJOTHH YCTaHAaBIMBAIOT, KaK
NPaBUIIO, Y3JIbl KPOCCOBOM KOMMYTALIMU 3JEKTPUUECKUX U ONTUYECKUX KaHal0B. Takue y3ibl
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MO3BOJISIFOT MOJCPIKUBATh (PU3HUECKHE COSANHEHNUS KAHATIOB U JIOTHYECKHE CBSA3U (MapLipy-
TBI, BUPTYaJbHbIE IIYTH, BUPTYaJbHbIE KaHAJIBI).

Heo0OxonmMo OTMETHTB, YTO KOJBLEBBIE CTPYKTYPBI TOJAEPKHUBAIOTCS W TEXHOJIOTHEH
EoT (Ethernet) B tpancmoptHoii cetu yepe3 npotokon RPR, cets SDH, ontuueckyio ceTb
WDM, cobcTBeHHY0 MPOTOKObHY0 opranusaiuio STP (Spanning Tree Protocol), 6narona-
Pl KOTOPOH CYILECTBYET HECKOJIBKO MapajliebHbIX IIyTeH, FapaHTUPYIOLIHUX PE3EPBHBIE IyTH
NPOXOXJIeHHs TpaduKa NpU HOPMAIbHOM (DYHKLIMOHUPOBAHUM OCHOBHOTO MYTH U aKTHBU3a-
MO0 OJTHOTO M3 PE3EPBHBIX IyTeH MPH HAPYIIEHUH OCHOBHOTO Ty TH.

CoennHeHys MoJIb30BaTeNed B TPAHCIIOPTHOM CETH Pas3MyaloTCs Ha 3alIMIICHHBIE U He-
3alMIIeHHbIE. 3alUIIEHHOCTh COEJUHEHHH MOXKET ONpeaesThesl KaK (PU3UUECKUM MOCTPOe-
HHEeM ceTH (apXUTEKTYpOl QU3MYECKUX CBA3EH CETEBBIX DIIEMEHTOB), TAK M JIOTHYECKON opra-
HHU3aLHENd COeTUHEHNH.

CoennHeHye Nonb30BaTeIeld TPAHCIOPTHON CETU MOXKET ITPOXOJUTh Yepe3 psill yUaCTKOB:
CEKIHIO MYJIbTUILICKCHPOBAHHUS, TIOJCETh, TPakT (puc. 5.14).
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Puc. 5.14. YyacTkn coeamHeHns nonb3oBaTenei B TpPaHCNOPTHON ceTun

Mapwpym nepedauu nazvieaemcs mpakmom, €Clii Ha ero KOHIAX HaXOISTCs IBE TOY-
ku tepmunupoBanus (TP, Termination Point) Tpakra. Hanpumep, Touka OKOHYaHHUs TpaKTa B
cetd SDH BeinonHsieT GyHKIMY OKOHYAHHS TPAKTA JIJIs TOJYYEHUsI BUPTYAIbHOTO KOHTEHHe-
pa (VC-n/m) ¢ 3aronoskom tpakta (POH). TpakT MOXeT MpOXOJUTh Yepe3 IpyrHe CEeTeBbIe
9IIEMEHTHI B COCTaBe JAPYTHX COEJAWHEHHUH U TIPU 3TOM KOHTPOJIHUPOBATHCS Yepe3 BCTPOCHHbIE
¢byHKIuu TaHaeMHbIX coequuernii (TCM).

Coeounenue noocemu (SNC) sBISieTCsl YACTBIO TPAKTA, 3aBEPIIACMOrO BYMSI TOUKAMH
OKOHYAHHsI COEIMHECHHUS, PACCYMTAHHBIMU HA (DYHKIIHMIO KOHTPOJS COETMHEHHS. B Touke
OKOHYaHHSI COEAMHEHHs OCYILECTBISETCS TOJNBKO MOHHTOPHHI CUrHajoB. Hampuwmep, 3tu
TOYKH PEANU3YIOTCS B CeTeBbIX dyeMeHTax ¢ uHTepdeiicamu SDH. Ha SNC mexay aByms
TOYKaMHU MOTYT ObITh YCTAHOBJICHBI IPYTHE CETEBbIE YIEMEHTHI (pereHepaTopbl, MyIbTHILICK-
COpBI).

Cexyuen mynomunnexcuposanus (MS) siBisieTcst y4acToK coequHeHUs (IMHUKM) MEKILY
IByMst MyJbTHIUIekcopamu SDH, HajeneHHbIN GYHKIUAMYA OKOHYAHHS CEKIIUU MYJIbTHILIEK-
cuposanus (MST, Multiplex Section Termination), ucnosbp3yeMbIMH [IsT 0OMeHa CUTHATAMH
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STM-N. Ha takom MyTH nepeaaiu MoryT OBITh YCTaHOBJICHbI PEreHePaTOPhbl U ONTHYCCKUE
YCUIIUTEIN.

COCZ[I/IHCHI/IH B TpaHCHOpTHOﬁ CCTHU MOAPA3ACTIAOT Ha OAHOHAIIPABJICHHBIC WU ABYHAaIIpaB-
JICHHBIC. KpOMC TOT'0, ABYXCTOPOHHHUEC COCAUHCHUS, B CBOKO OYCPEAb, NOAPA3ACIIAOT HA CO-
€AWHEHNA B OJHOM MapuipyTe€ U B pa3jIMYHbIX MapuipyTax. Bcee BHUbI COGIII/IHGHI/Iﬁ npeacraB-

nensl Ha puc. 5.15 (g, 6, 6).
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Puc. 5.15. lNprmepbl COEaNHEHNI B TPACNOPTHON CETH:
a) oJHOHanpaBneHHoe coeanHeHne; 6) AByHanNpaBneHHoe coeAnHeHNne ¢ obLel nepeaayan;
8) ABYyHanpaBreHHOe COeIMHEHNE C pa3aeribHON nepeaaven
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[TpuHUIMD OHOHAIPABIEHHOTO U JIBYHANPABIEHHOI'O COEANHEHHSI IUPOKO MPUMEHSETCS
B KoJiblIeBbIX ceTsx. Ha puc. 5.16 (a, 6) npeacraBieHbl IpUMEPbl CXeM OJIHOHAMPaBICHHOIO
Y JIBYHaIlpaBJIEHHOr0 COEIMHEHUN B KOJbLIEBOH TpaHCOpTHON ceTH. Kak BUIHO W3 pHUCYyH-
KOB, B KOJIbLICBOU CEeTH MpH JItOOOM M3 BUAOB IMEpeaun CyIIECTBYET MOTEHIMAIbHBIN pe3epB
COCJIMHEHHS, KOTOPBI MOXKET OBbITh UCIOJIb30BaH JIJIsl €T0 3allUTHI.

} { I
RN RN

L el i
RS
f i

a) 6)

L —]

Puc. 5.16. lNpumepbl opraHnsaumm coeanHeEHU B KONbLEBON CETH:
a) C ogHOHanpaBeHHoN nepegaven;
6) c AByHanpaBrieHHOW nepenaven

[puBenenHsle ciocoOBl OPraHU3ALMK COSTUHEHNI B TPAHCHOPTHBIX CETAX MPUMEHHMBI
HE TOJbKO AJIsl epeiadyy U 3alUThl JICKTPUUECKUX CUTHANOB, HO UCMOJB3YIOTCS U AJIsl ONTHU-
YeCKMX CHTHaJioB B MHOroBosiHOBOH cetn WDM. DTu o0mue mpUHIMIIEI PpacCMOTPEHBI B
crangaprax MCD-T G.841, G.842, G.784, G.803.

5.2. CxeMbl 3alMTbl TPAHCMOPTHbLIX CEeTEN

CxeMbl 3allIUThl TPAHCIIOPTHBIX CETEH MpelyCMaTPUBAIOT 3aIIUTY JTMHEWHOr0 TpakTa (CeKuuii
MYJIbTHIUIEKCUPOBAHHS), COEMHEHUS (TPAKTa BHICOKOTO MJIM HHU3KOTO MOPAAKA, OMTHIECKHX
KaHaJIOB, BUPTYaJIbHBIX COCJMHEHHUH NPH MAKETHOMH Mepeaaue) U 000py10BaHHUs.

5.2.1. 3awwmTa cekuum mynbTunnekcuposaHms 1+1 (1:1)

3ammra cekimMu MyJabTHIUIekcHpoBanus Buma 1+1 (1:1) oTHOCHTCS K 3aliuTe JIMHEHHOTro
TpaKTa 3a CUeT pe3epBHOro kadens U 06opyaoBaHus. B 3Tol 3amuTe pa3auyaroT 1Be BO3MOXK-
HOCTH:
— (1+1) — oxna pabGouyast CeKIMs MYJbTHIUIEKCHPOBAHUS HEMPEPBIBHO AyOIHpyeTCs Of-
HOM pe3epBHON cekmmedl MynbTHIUIEKcupoBanus (puc. 5.17). Ilpu aBapum paboueit
CEKILUU CEJIEKTOP MPUEMHOM CTOPOHBI MOJKIIOUYHUT PE3EPBHYIO CEKLIHIO;
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— (1:1) — onHa pabouast ceKIHsi MyJIbTUIIEKCUPOBAHHS MOKET ObITh POAYOIHPOBaHA B
aBapUIHOM COCTOSIHMM PE3E€PBHOM CEKIMel, KOTOpasi B HOPMAJIBHOM PEKHUME MEePEeHo-
CHUT JOTOJHUTEIBHBIA TpaduK, KOTOPHIH aBTOMaTHUECKH COpachIBAeTCs TPH aBapuu
OCHOBHOI paboueii cexiuu (puc. 5.18).

Tepue A TepuiEras

TaHUHK Pafirean  ParaHapaTap L
Nopsgava sl SIS - Mg

R‘\x 1+1 i+l 2

Pz prusia P'E'T'E'HEIIFST':IEII!
THpeas CETLE ¥ r—— Mepzaaia
s < h L
—_— | =
| CRMIgHS MYMETHRNRECHPORARAR |
Puc. 5.17. MpuHUMn pe3epBMpoBaHus cekummn 1+1
TepMuEan TepmurHaA
Mepe-  DERUMH Fabouan FEredepaTopw CAKLHH
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Puc. 5.18. PesepBupoBaHue cekunn MynbTuniekcmposaHus 1:1

[Mpr3HakamMu, WHHIUHUPYIOMIMMH BBITIONHEHHE 3alIUTHOTO IIE€PEKITIOUEHHS
MmysbTuriekcupoBanus STM-N MoryT ObITh CIEAYIOIINUE CUTHAIBL

— notepsi curnana Ha npueme (LOS);

— noteps uukiaa STM-N (LOF);

— u30bITOUHBIH KO3 GuiMeHT ommbok mo ouram (BER > 10_10).

VYnpasieHue nporeccaMu NepeKIroueHus ¢ pabodel CeKIUU MYIbTUIUIEKCUPOBAHUS HA
pe3epBHyto nipoucxoauT B Oaitax K1, K2 3aronoskoB MSOH pe3epBHON ceKLUU MO MPH-
opuretam (tabi. 5.1, 5.2, 3Hauku T U | yKa3bIBalOT HA MOBBINICHUE WIIH MOHUKEHUE MPH-
opuTETa).

C ydeToMm TOro, 4TO nepeava JMHEHHbIX curHaioB STM-N MoxeT mpoucxoauTh Mo of-
HOHM WM IBYM TTapajuIeIbHBIM CHCTEMaM, BO3MOXKHEI JIBa BapUaHTa MEPEKIIOYCHUI: CHHXPO-
HU3UPOBAHHBIA U HECUHXPOHU3UPOBAHHBIH.

[Ipu nByHampaBieHHOU Mepenade B pabouell CeKIMU NMepeKIToYeHre Ha Pe3epB ITPOU3BO-
IUTCSL B IBYCTOPOHHEM pPEXHME, TO €CTh MepelaTyiK W MPUEeMHUK CHHXPOHHO HepeKIova-
IOTCS Ha Pe3epB.

B CCKIIMH
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IIpu ogHOHampaBieHHON Hepenaue B paboueil U pe3epBHOM CEKLUSIX MEPeKIoUeHHe Ha
pe3epB MPOU3BOIUTCS B OTHOCTOPOHHEM PEXHME, TO €CTh MPHUEMHHK BBIOMpACT JIyUIINil MO
Ka4ecTBY CHUTHaJ. DTO MOXKET MPUBECTH K CUTYAIH, KOTa M0 pabodell CEeKIMU MPOUCXOAUT
nepe/aya TOJIbKO B OJHOM HalpaBlICHUH, HAPUMeEp, ciieBa Hampaso (puc. 5.17), a nepenaua
B pYrOM HalpaBJCHUU BEAETCS B PE3€PBHOM CEKLIMH.

Ta6nuua 5.1. CoctosiHua 1 dyHkumm barta K1

Butbl Dyniuun Tpuopurer Burs1 3amnpoc

1...4 5...8 KOMMYTalHu

1111 | bnokupoBaHHE 3aIUTHI Bricoknit 1111 HononHuTenbHLIi Cmﬂaﬂ_”

UCTIOIb30BaHKeE B cxeme 1:n

1110 | YckopeHHOE nepeKitoueHne T 1110

1101 |Tlorepst curuana, BBICOKHI PHOPUTET 1101

1100 |IIorepst curHana, HU3KUI IPHOPUTET 1100

1011 | YxynuieHue CHrHamia, BBICOKU MPHOPUTET 1011

1010 | YxyamieHue curHaa, HU3KAI IPHOPUTET 1010 Paboune kaHab

1001 | He ucnonb3yercs 1001 | ¢ TPahHKOBBIMH CHIHaNAMK
1000 |PyuHoe mepekiroueHne 1000 TIpn 3a1(1(1):n](;, Zrlloo ]éi)e.Me 141
0111 |He ucnonszyercs 0111 3AIPOC HA MIEPEKITIOUEHHE
0110 | OxupaHue 3ampoca 0110 CUHTATH BHICOKOIIPUOPH-
0101 |He ucnonszyercs 0101 TETHBIM

0100 | TecrupoBanue 0100

0011 |He ucmonszyercs 0011

0010 |3ampoc o mepeMeHe HampaBJIeHHs 0010

0001 |Her nepeMeHbI HaNpaBICHUS l 0001

0000 |Her 3anpoca Huzkuit 0000 Hyneoit curnan

Ta6nuua 5.2. CoctosiHnsA u yHkumm barta K2

Ha3snauenne 6utoB 1...4 Ha3snauyenne 6ura 5 Ha3snauenne 6utoB 6...8
Kon DyHKIHT Kox DyHKIHA Kox DyHKIHT
111 MS-AIS
0000 OTCyTCTBHUE 3aLUTHI 3
aluTa
0001 0 1+1 110 MS-RDI
0010 3ammiaemple 101
0010 TpadukoBbie kanansl (1...14)
100
0011 Jast 3amuter 1+1 ucnone3yercs 011
ToIBKO ouH KaHan — 0001 3ammTa Peseps
1110 L 1n 010
P o = ' 001
1111 €3epBHBIH (CBerTpa(l)I/IKOBBII/I? 000
CHUTHAJ, HCTIONB3yeTcs B cxeme 1:n
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3ammTa CeKIMU MYJIbTHIUICKCHPOBAHHS MOXKET PEAIU30BBIBATHECS B 00PAaTUMOM M HeoOpa-
TUMOM pexkuMax. OOpaTUMBII peXXHUM TPETyCMOTPEH € BO3BPATOM C Pe3epBHON CEKIMM Ha pa-
004y10, KaK TOJBKO Ha ATOW CEKIIMH BOCCTAHABIIMBAECTCS COOTBETCTBYIOIIEE KaueCTBO Mepema-
YH, ¥ 3TO COCTOSIHUE COXPAHSACTCS B TEUCHHE OIMPEICICHHOI0 MepHOoia BPEMEHH, Ha3bIBAEMOTO
O)KHIAHWE Tepell BocCTaHoBIeHHeM». HeoOpaTuMblil peskiM mperycMOTpeH Oe3 aBToMaTHye-
CKOT'0 BO3BpaTa Ha pabouyio CEKIIHIO, OHAKO STOT BO3BPAT BO3MOKEH IIPH CHIDKCHUH KauecTBa
nepeayn B pe3epBHOM CEKIIMK HIDKE KadecTBa pabodeit ceximu. Kpome Toro, mpemycmaTpupa-
eTCs MPUHYAUTENbHOE (PYYHOE) MEepeKIIoUeHHe ¢ paboueii Ha pe3epBHYIO CEKIIHIO U 00paTHO.

[Ipu 3ammre cekunu onTuyeckoro myibTuiuiekcupoBanuss WDM OMS npenycmarpusa-
€TCsl JIeJIeHHe MOIIHOCTH MHOTOBoJHOBoro curaaira WDM mnomnonam ¢ mocnenyromei nepe-
Ja4yeil B pa3InvHbIX BOJIOKHAX (B pa3jiMuHbIX KaOeabHBIX THHUAX) (puc. 5.19).

Tapmunan Tepraswan
Palfbo<an QnTHYSCHAS
SOH | s EDH
Y A i W 5 A hal-e| |5
Al El_;__ 7 5 HEH S HAE A
= 11 11
Tl Tl
-5 '\/\ PeigpaHad oNTHYSCLEA .:‘“'— =
ki > NAHBA 3 A
Ain I-II l",\\ o | = _\_,-’f} '.I fan
= \Fla{Fle |
Hran BT = g€ Hiri
TR CKCH MOLLY HOCTH HORAWYTATOP

OfifduacKa® Caki i S A RTAMMAKEC K ICRAHRA

Puc. 5.19. 3awuTa cekuum onTMYecKoro MynbTUMNEKCUpoBaHUS

Ha npuemHoli cTOpoHE ONTHYECKUH KOMMYTATOp, YIpPaBiseMblil IOPOrOBbIM YCTPOHCT-
BOM KOHTPOJISI ONTHYECKON MOIIHOCTH, rapaHTHPOBaHHO ObICTpO (He Gosee yem 3a 50 mc)
MOXKET U3MEHUTH HAIPABICHHE IPHEMa OITUYECKOTO CHTHAA.

[ToMrMMO ONTHYECKOrO 3ALIUTHOTIO MEPEKIIOUEHUs] B ONTHYECKOM TPAHCIOPTHOW CeTH
(OTN) Bo3MOXKHa peanr3als MEKTPOHHON CXeMBI 3aIlIUTHOTO MEPEKIIOUSHHUS C UCIIOIb30Ba-
HueM Oaiit ynpasienuss APS (Automatic Protection Switch) B 3aronoske ODUK (puc. 5.20).
DNIeKTPUYECKU pa3BETBHUTENb CHIrHala nosb3oBatens (crumarrep — ESpl, Electrical Splitter)
JIeJIUT CUTHAIl MKy OTICJIbHBIMU KaHAaMH, OpraHu3yeMbIMH yepe3 TpaHcnoHaepsl (TPD) u
OMNTHYECKUE MYJIBTHUILIEKCOPBI U Aemynbruiuiekcopsl (OMX, ODMX), a anekTpuueckuii Kom-
mytarop (ESw, Electrical Switch) o6GecrieunBaer BbIGOD Jy4IIIEro CUrHaia Ha puéMe.

Faboues EQNOKHD
E % ...... E
In’
L]
P

DoMx

—-EYEI I IHan I—-—

3
: =D ...... s
E3EPBHOE BONOKHD TPD

Younutens

MonssoBarelt
MNonwsoBatent

DOMy

Puc. 5.20. Cxema anekTprMyeckon 3awmuTbl B ONTUYECKOWN CETH
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ITpoToxkon 3amuTHOrO NepexitoueHus (APS) ypoBHs 6510ka JaHHBIX ONTHYECKOTO KaHana
(ODUK) peanusyercst mocpeactBoM detbipex Oaitros 3aroioska ODUK (puc. 3.98, tabim. 3.19).

Ha puc. 5.21 unnmroctpupoBaHbl Mponeaypsl 0OMeHa CUTrHaNbHBIMU coobmenusMu APS B
CEeKLIMHM MYJIbTHINIEKCHPOBaHHs MeXIy cTaHimsaMH A u B. B Tabn. 5.3 npuBenensr ormMeTku
NPUOPHUTETOB 10 aKTUBAIMK MpoTokoia APS. OnHoHampaBieHHas 3alUTHAs CXeMa peaansy-
eTcsl IBYMsl B3aHMOJCHCTBYIOIMMH cTopoHamu (A-B) He3aBUCHMO Ipyr OT Apyra, HO NpU
3TOM (OPMHUPYIOTCSA COOOIIEHHsT COCTOSHMS, KOTOpBIE TPAHCIMPYIOTCS OJHUM OalTOM B
3-0aiitoBoMm Osioke kaHaisa APS (cm. tabu. 3.19). Ecnu Ha cTtopoHe A oOHapyXuBaercs Mo-
BpEXJEHHE, TO MPOUCXOINT MEePEKITIOYEHNE CENIEKTOpa Ha PEe3ePBHYIO JIMHHIO U (POPMHUPYET-
cs coobuieHue cocTosiHus MocTa u cenekropa (SF1,1) B cropony B. M3MeHEHHOE cOCTOsIHIE
CTOPOHBI A MOXET MPOJODKATHCS CKOJIBKO YrofaHO. OHO OyneT UCXOAHBIM Ul BO3MOXKHOTO
nocieaytoiero nospexxacHus (SF). Cocrosinue MoctoB A v B HEM3MEHHO M OTMEYaeTCs JI0-
rugeckoit «1». CocrosiHEE ceneKkTopa OTMeYaeTcs B HOPMaIbHOM pexXnuMe JorndeckuM «0», a
B pexuMe 3amuThl Joruueckoi «1». CocTosHHs celleKTopa CTOPOHBI B oTMeuyeHBl Ha
puc. 5.21 pa3nUYHBIMH IITPUXaMHU C MCIOJIB30BAaHHEM MpHMepa yXyIUIeHHs KauecTBa mepe-
naun (SD1,1), T.e. moBelieHneM koddduunenta ommook. IIpy BOCCTaHOBICHHH KauecTBa
NPUHUMAEMOTr0 CHI'Halla Ha CTOpoHe B BKitovaercs taiimep oxunanus (8...12 mun). B cro-
pony A upér usseuienre (WTRL,1). [Tocne ucreueHust BpeMeHH OXHIaHHs cenekTop B mne-
pekioyaeTcs B UCXOHOe cocTosiHue U nepenaérest coodwenne (NRO,1). dpyrue npumeps
3alUThI ONTHYECKOW CETH paccMOTpeHsl B [33].
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Puc. 5.21. MNMpouenypbl obmeHa curHanamm APS B cxeMe OgHOHanpaBneHHon 3awmnTbl 1+1

Tabnuua 5.3. MNMpuoputeTbl akTMBaumm npotokona APS

3ampoc/cocTosiHne Ipuopurer
brokupogka 3amutsl (LO) 1 (BbICIIMiA)
VYckopennoe nepekioyerue (FS) 2

Curnain nospexaeHus (SF)

Curnan yxymuenus (SD)

PyuHoe nepekiaroderne (MS)
Osxupnanue BocctanopieHus (WTR)
bes Bosspara (DNR) 7

Her 3anpoca (NR) 8 (am31uuii)

o0~ |w
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5.2.2. 3awumTa ceKkuum MynbTUNIEeKCUPOBaHUA B KOMbLIEBOM CETH

KosnblieBasi TpaHCIOPTHAS CETh MOXKET UMETh PsiJi BAPUAHTOB OPraHU3aIMH 3alUThl Tpaduka
NOJIb30BaTeell B OTHOHAMPABICHHOM U JIBYHAIPaBICHHOM Kojbliax. [Ipu 3TOM pa3nudaroT
3alIUTy CeKIMH MYJbTUIJICKCUPOBAHUS M COeIUHEHHH mnojaceTd (OTHEeIbHBIX TPAKTOB).
B Hacrosiiiem pasjiesie paccMaTPUBAESTCS 3alUTa CEKIUH MYJIbTUILIEKCUPOBaHH s, 0003HaUae-
mass MS-SPRing (Multiplex Section Shared Protected Rings), korna He3aBUCHMO OT OpraHu-
3a1uK Kojblia (0HO WK JBYHAIPABJICHHOE) BCE TPAKThl OJHOBPEMEHHO MEPEKIIOYAOTCs Ha
Pe3epBHBIE PECYPCHI.

IMpumep NOCTPOCHUsI CXEMbI OTHOHANPABICHHOI0 KOJIbIIA HA JBYX BOJIOKHAX M (DYHKI[HO-
HUPOBaHHE 3aLIUTH IPEICTABICH HA PHUC. 5.22, Il MPeACTaBICHHI MSTh CETEBBIX 3JIEMEHTOB
(A, B, B, I', 1) SDH (MynbTHILIEKCOPHI BBIAETIEHU/BBOIA), Ye€pe3 KOTOPbIE OPraHW30BaHO
COeIMHEHNE, HATPUMED, TPakT Hu3Kkoro nopsiaka VC-12. DTOT TpaKT TepMUHUPYETCSI B ceTe-
BBIX 3JIeMeHTax A u B, HO mpoxoauT TpaH3UTOM Oaarofapsi BHyTpeHHEH KPOCCOBOH KOMMY-
TalMU yepes ceTeBble dneMeHTsl b, I, /1.
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6)

Puc. 5.22. OgHoHanpaBneHHble KonbLa:
a) C 3alLMTON ceKuMn MynbTUnnekcmpoBaHus MS;
6) C 3aLMTON CeKunn MynbTUNNeKcMpoBaHa MS npu NoBpeXaeHUn MUHUN

AHAaJOTHYHO MOXHO OPraHU30BaTh COEIMHEHUE MEXIY JIOOOU Mapoil CeTeBBIX dJIEMEH-
TOB. [IpH 3TOM MEXKIy COCEIHHMH CETEBBIMH 3JEMEHTAMH OPTaHW30BaHA JBYXBOJOKOHHAS
nepenada STM-N (mexnay Toukamu Su R, (S, sender — nepenaua, R, receive — npuem). Ta-
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KM 00pa3oM, CO3aHO JIBa HampaBieHus (Ba KOJbla) MepeJadn He3aBUCHMBIE APYT OT ApY-
ra (BHyTpeHHee M BHelllHee Kouiblia). Bee paboune coeHeHUs] TPAHCIIOPTHOW CETH B UHTE-
pecax ToJIb30BaTelNeil OpraHu3yIOTCSl BO BHEIIHEM KOJIblle. BHyTpeHHee KObIo Ha BCEX CEK-
USIX MYJBTUILIEKCUPOBAHHS OCTAaeTCsl CBOOOJHBIM OT TpaduKa U paccCMaTpUBAETCs Kak pe-
3€pB AJIS 3AIIUTHI JTI000H CEKIMK MyJIbTUILIEKCHpoBaHus. [IpumMep 3ammuTHON pekoHpHUrypa-
M B KOJbLE TOKa3aH Ha puc. 5.22, 6. [loBpekaeHHas ceKUus MyJNbTHIDICKCHpoBanus MS
MeX1y ceTeBbIMH djeMeHTamu [ u [ oOxoautcsa 3a cueT pekoHpUrypauuu nepenavyu us3
BHEIIIHETO KOJIbIla Ha BHYTPEHHEE U, TEM CaMbIM, COXpaHeHHs TpakTa A-B B paGodeM cocTosi-
HUM, KaK U IS APYTHX BO3MOXHBIX TPAaKTOB MEXIy JI000W Mapoil CEeTeBBIX AIIEMEHTOB.
OnwucanHbie QYHKIWU TEepeKIoUeHus peanusytorcs Ha yposae VC-12 u VC-4. [lpu 6oib-
moM konudectse VC-12 u VC-4, nanpumep, B STM-64, peanuzanus 3Tx GpyHKIMNA 0JHOBpe-
MEHHO BBI3BIBAET CIIOKHOCTH, CBSI3aHHBIE C TIOCTPOSHUEM O0OPYIOBAHUS M IPOTPaMM YIIpaB-
nerus. [1o 3Toii mpuyrHe NOZOOHBIE 3aMIUTH CeKIMU M S peKOMEHIOBaHBI ISl KOJIEI] MaJloi
€MKOCTH, T.€. 00ObIYHO He Bhiie STM-4,

Jlyis KOJIBIIEBBIX ceTell cpenHel eMKocTH, Hanpumep, STM-16 mMoxer ObITh MpUMeHeHa
3aluTa B JBYHAIPABICHHOM KOJbIIE MPH paboTe KaXIoW CEKIUH B JBYXBOJOKOHHOM PEXH-
Me (puc. 5.23, a). Kaxnas cexuust MS comepuT 1Ba BOJIOKHA, B KQKIOM U3 KOTOPBIX BEIET-
cs nepenada STM-N (Hanpumep, STM-16). [Ipu Takoi opraHu3aiuy nepeaayu HeoOX0 MO
UMETh MoJIOBUHY eMKocTd STM-N cBOOOIHOM OT coeMHeHHH MOIB30BaTeNeH, KoTopas Mo-
JKET UCITIOIb30BATHCS B KauecTBe 3aiutHoi (puc. 5.23, 6).
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6)

Puc. 5.23. [1ByHanpaBneHHoe KonbLO:
a) C 3alMTON ceKkunn MynbTunnekcmpoBaHus MS;
6) C 3aLMTON CeKunn MynbTUNNeKCMpoBaHa MS npu NoBpeXaeHUn MUHUN
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IMocne ycrpaHeHHs NOBPEXAEHHs B KOJbIE MPOUCXOANUT BOCCTaHOBJIEHHE pabodero co-
ctosinusi. HopMaTus BpeMeHH Ha 3amuty coctabiseT 50 Mc. OtHaKo npu OOJIBIIOM YHUCIIe ce-
TEBBIX DJIEMEHTOB BBITIOJIHEHHE 3TOT0 HOPMAaTHBA MOXET OBITh 3aTPYAHEHO UTUTEIHHBIM
nporeccoM oOMeHa MHpOpPMaIed MeXIy B3aUMOACHCTBYIOIUMH MYJIBTHILICKCOPAMH TO-

cpeacreom OaiT K1, K2 B 3aronoskax MSOH.
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Puc. 5.24. YeTbipexBONOKOHHOE KOMbLO
a) C 3alMTON ceKkunn MynbTunnekcmpoBaHus MS;
6) C 3alUMTON CeKuum MynbTUNReKcMpoBaHus MS npu NoBpexaeHun NMHUK;
8) C 3alMTON CEeKLMMN MyNbTUNIeKcupoBaHns MS npu ABONHOM MOBPEXAEHNN NTIMHAN
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751 KONbLIEBOH TPaHCIOPTHOHN ceTH OOJNBIION eMKOCTH, Hanpumep, STM-64 moxer wuc-
MOJIb30BAaThCs YETHIPEXBOJIOKOHHOE KOJIBLIO C JIByHANpaBJIeHHOW Tepeaayeil u 3auTol cek-
UM MYJbTUIJIEKCUPOBaHUA. B 3ToM ciydae Bce coceHHME ceTeBble 3JEMEHTHI B KOJbLIE
JIOJDKHBI COEIMHATHCS ABYMS KaOEJIbHBIMU JTUHUAMU C UCTIOJB30BAHUEM JIBYX Tap BOJIOKOH B
Ka)XIOH. AmmapaTypa CeTeBBIX JJIEMEHTOB JOJDKHA OCHAIIATHCS YETHIPHMSI arperaTHBIMH HH-
tepdeiicamu (puc. 5.24, a).

B 4eThIpexBOJIOKOHHOM KOJIBIE KaXKAasi CeKIHs MYJIbTUIUIEKCHpoBaHUs MS mexay co-
CEIHUMH CETEBBIMH DJIEMEHTaMU MOXET ObITh MOJHOCTbIO MCIOJb30BaHA Ul COEIMHEHUIA.
[Ipu 5TOM pe3epBHas CeKIs, OpraHW30BaHHAs MO APYTUM BOJIOKHAM, MOJHOCTHIO CBOOOIHA
OT COEJIMHEeHUI Ha BceX ydacTkax Kojbla. [Ipu moBpexxaeHun noboi cekiuu MS B konblie
JIOJDKHO TMPOW30WTH TMEpPEeKIIOUEeHNE Ha PE3EPBHYIO CEKIMIO BceX coenuHeHui cetu. [lpu
3TOM BCE€ TPakThl coxpanstorcs (puc. 5.24, 6). IlepeximodeHne MPOUCXOOUT Yepe3 (GyHKIIMN
MSP coceHiX MyJIbTHIICKCOPOB. ITH (PYHKIMHU TOJIEPKUBAIOTCS oOMeHoM Oaiitamu K1,
K2 3aronoskoB MSOH pe3sepBHoii ceknmu MS.

UeThIpeXBOJIOKOHHBIE KOJIBLEBBIE CETH COXPAHST CBOK PabOTOCIIOCOOHOCTh U MPH JIBOMA-
HOM TOBPEXACHUH JTI000M 13 cekuuii My apTuruiekcupoBanus M S (puc. 5.24, ).

5.2.3. 3awurta coeguHeHUsA TpakTa

3ammra COeIMHEHNI TpaKTa TPAHCIIOPTHOM CETH MOXKET ObITh PacCMOTpEeHa ISl JIMHEWHOH M
KOJIbLIEBOIM TPaHCHOPTHBIX ceTell. DYyHKIUM 3aIUThl TPAKTOB BBICOKOIO M HU3KOTO MOPSAKOB
(HOV u LOV) noniepxUBaroTCsi OKOHEUHBIMHU (TEPMHUHATIBHBIMHU) U IIPOMEKYTOUHBIMH MYJTb-
TUIieKcopamu. J1is 3toro B 3arosnoBkax TpaktoB SDH mpenycmotpens! 6aiitel: VC-4 — J1,
N1, K3, H4, C2; VC-12 — J2, N2, K4. Kpome Toro, nojjiepkka (GyHKIUH 3aIlIUThI TPOTpaM-
MUPYETCs B MAaTpHULIaX KOMMYTAlMH, a IPOMEXKYTOUHBIA KOHTPOJIb KauecTBa TPAKTOB BhIMOJIHSI-
eTcst 6JokamMy (DYHKIMH TaHIEMHOTo KOHTpoJis. TpakT, OpraHM30BaHHEIA B CIOKHON pa3BEeTB-
JIEHHOH ceTH, pa3buBaercs Ha ydacTkd (MOACETH), Iie MOXKET ObITh peali30BaHa 3allUTa CO-
ennenus SNC/P (Subnetwork Connection Protection). Pasnuuator noasuast SNC/P:

— SNC/I, Subnetwork Connection protection with Inherent monitoring — 3amura coenu-

HEHUsI OJICETH C 00s3aTeNbHbIM (BCTPOEHHBIM) MOHHTOPUHIOM;
— SNC/N, Subnetwork Connection protection with Non-intrusive monitoring — 3amura
COEJIMHEHHMS MOJICETH C HeoOs3aTeNbHbIM (HeHaBsI3YMBBIM) MOHUTOPHHIOM.

Zaumra SNC/P mpoBoautcs mo cxeme 1+1, T.e. Ha paboumii TpakT HOKEH OBITH Mpenry-
cMOTpeH cBoOomHbIN pe3epBHbIid. 3amura SNC/P Bo3MOXKHA U B CMEIIAHHBIX ceTsX (KOJbLe-
BbIX U JIHHEWHBIX). [Ipr 3TOM COEAMHEHHSI MOTYT BBIMOJIHSATHCS OJJHO- U JIBYyHAINPABICHHBIMH.
[Ipumep mMOCTPOEHMSI OAHOHAIIPABICHHOTO COCOMHEHWS B KOJBIIEBOW CETH MpPHUBEICH Ha
puc. 5.25, a. 3amuTHOE MepeKItoUYeHe B 3TOW CeTH MoKa3aHo Ha puc. 5.25, 6. [Ipu Takom nepe-
KJIIOYEHUH COEJUHEHUE U3 OJHOHAMPABIEHHOTrO MpeoOpas3yercsl B JBYHANpaBieHHOE. Bpems
NEePEKITFOUSHNS TS 3alIUTH COeTMHEHHsT HopMUpoBaHo Benmuuaor 30 Mc, 4TO TIpH cobmoze-
HHH 3TOTO YCIIOBHUS COXpaHSET TPa(uK 3TOT0 COeTUHEHNS, HaIpUMep Telne(OHHbIE KaHAIIBI.

CrnoXxHbIEe CMEIIaHHbIE JUHEHHbIE U KOJIBLEBBIE TPAHCIIOPTHBIE CETH UMEIOT Pa3BUTHIN
MmexanusM 3amutel SNC/P. DTOT MeXaHHU3M pealu3yercsi Yepe3 KPOCCOBbIE KOMMYTATOPHI,
gepe3 JBOMHBIE MEepecedeHus] TPAHCIOPTHBIX KONl U T.A. TpakTel, COCTOSAIINE U3 IETI0UeK
coepnHennit SNC, nomKHBI IMETh B TAKUX CETAX HaAexXHyro 3amuty. Ha puc. 5.26, a mpuse-
IeH mnpumep opraHusauuu coeaunenus: tuna SNC/P B 1BoiiHoi kombueBoit cetun. Ha
puc. 5.26, 6 u 5.26, ¢ nokazanbl npumMepsl 3aiUTHBIX KommyTaiuidi SNC/P Ha OTaenbHBIX
yYacTKax COCAMHEHHUS TPAKTA.
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6)

Puc. 5.25. OgHoHanpaBneHHoe KorbLo:
a) C 3allULLEHHBbIM TPAKTOM;,
6) C 3aLLMLLEHHBIM TPAKTOM MPWU NOBPEXAEHUN CEKLMU MyNbTUMNEKCUPOBaHMUS

[MocraBuiky cereBoro 000pyn0BaHUs Ui TPAHCIOPTHBIX CETEH UCTONB3YIOT Pa3IMUHbIE
cucTeMbl 0003HAYEHHII MeXaHM3MOB OpraHM3allMM 3alMTHBIX NepekiaoueHnid. B EBpone
MPUHATO 0003HAYATH:
— 2F-MS-SPRing, 2 Fiber Multiplex Section Shared protected Rings — 2-osiokoHHas
CEKLMA MYJIbTUIUICKCUPOBAaHHUA C MIPUMCHEHUEM 3allIUThI KoJiel,

—4F-MS-SPRing, 4 Fiber Multiplex Section Shared protected Rings — 4-BosokonHas
CEKIIHsI MYJIbTUILICKCHPOBAHHMS C TPUMEHEHHEM 3aIlUTHI KOJIEI;

— 2F-SNC-P, 2 Fiber Subnetwork Connection protection Ring — 2-BojiokoHHOE coeuHe-
HHE TIOCETH C 3aIIUTOH B KOJIbIIE.

B CesepHoii AMeprke 1 HEKOTOPBIX APYTUX CTpaHaX MPUHATH 0003HAYCHUS

— 2F BLSR, 2 Fiber Bi-directional Line-Switched Ring — 2-BosiokoHHOE BYHAMpaBiIeH-
HO€ KOJIBIIO C KOMMYTAaIMel JIMHUHY,

—4F BLSR, 4 Fiber Bi-directiona Line-Switched Ring — 4-BojokoHHOE IBYHAnpaBieH-
HOE KOJIBIIO C KOMMYTAIIUCH JTHHUH;

— 2F UPSR, 2 Fiber Unidirectional Path-Switched Ring — 2-BosiokoHHOE 0HOHAIPAB-
JICHHOE KOJIBIIO C TIEPEKITI0UEeHIEM TPaKTa.
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Puc. 5.26. CTpykTypa 3alimiiaemMoro Tpakra
B ABYX B3aMMOAENCTBYIOLLMX KONbLEBbIX noaceTsx (SNC-P):
a) B paboyeM pexume;
0) B pexxunmMe NoBpexXAeHNs TpakTa B MEPBOM KOJIbLIE;
6) B peXume noBpexgeHna Tpakta Mexay nogcetamu
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DTH 0603HAYEHHUS B TOPSAIKE MTEPEUUCITEHHSA COOTBETCTBYOT:

—2F-MS-SPRing u 2FBLSR;

—4F-MS-SPRing u 4FBLSR;

—2F-SNCP n 2F UPSR.

21.]'[}1 0603HaquI/IH 3allIUTHBIX (l)yHKLII/Iﬁ B ONITUYECKUX CETAX KOJIBLICBOI'O THUIIA UCIIOJIb3Y-
F0TCS1 0003HAUEHHSI C IPHCTABKOMN «O»!

— O-ULSR mmn OMS-DPRing (1+1) — (1:1);

— O-BLSR win OMS-SPRing (1:N) — (M:N);

— O-UPSR wm OCh-DPRing (1+1) — (1:1);

— O-BPSR wm OCh-SPRing  (L:N) — (M:N).

Bykeennsie unnekcel D u S 0603HavaroT:

D — dedicated fiber line umn Wavelength, T.e. nepexitouenne Ha Ha3HAYECHHOE PE3EPB-
HO€E BOJIOKHO WITH ONITHYECKYIO BOJHY (BosHOBO# kKananm OCh);

S — shared fiber link unmun Wavelength, T.e. nepexiiouerne Ha onpeeneHHy 0 BOJIOKOH-
HYIO JIMHWIO Wik BosiHy (onTryeckuii kanan OCh).

5.2.4. 3awuTHbIe NepeKsiYeHust B CeTH
C MHOroBosnHoBowu nepegayven WDM

OyYHKIMY 3alIMTHBIX TEPEKIIOUEHUI ONTHUECKUX KaHaJoB B ceTu ¢ nepeaadeit WDM Bozna-
ralorcs Ha (OTOHHBIE KOMMYTATOPbl. DTH KOMMYTATOPbl UMEIOT Pa3u4Hbie KOHCTPYKIIUU U
XapaKTEePHUCTHKH, B YaCTHOCTH, UTO BaKHO IUIA TEPeKIoueH s, OpicTponeiicteue. [Ipumene-
HHE YKa3aHHBIX KOMMYTaTOPOB B TPAHCIIOPTHBIX CETSIX OMPEAEISIETCS ITAllOM Pa3BUTHS TO-
CJIeIHUX. 3aliTa COeMHEHUM Ha YPOBHSIX TPAKTOB, CEKI[MI 1 KaHAJIOB B KOJIbLIEBBIX U sIUEH-
CTBIX ONTHYECKHUX CETAX BO3MOXKHA TOJNBKO C Pa3BUTHIM CEPBUCHBIM YIIPABICHHUEM IO OT-
JIeJIbHBIM KaHajiaM. DTo 00yClIOBJIEHO HEOOXOJUMOCTbIO MapLIpyTU3aLdK PabouuX U 3alluT-
HBIX ONMTHYECKUX COCTUHEHUH, MpeoOpa3oBaHUEM BOJIH B y3/1aX U UX JMHAMHUYECKUM YIIPaB-
JeHueM. B onTHYecKkux ceTsax ¢ KOMMYyTalneil BOJH 1 MAaKeTOB Ha BOJHAX JHHAMHYECKas 3a-
MIMTa SBISIETCS HEIPEMEHHBIM ycloBUeM. [l peanu3anuy AMHAMUYIECKOH 3alIuThl HA YPOB-
HE COCJIMHEHUI KaHAJIOB U TPAKTOB ONTUYECKON CETH HEOOXOIUMO MPUMEHEHHE ObICTPOIeH-
CTBYIOIIMX KOMMYTAaTOpOB M 4acTOTHBIX cenekropoB WSS (Wavelength Selective Switch),
KOTOpbIe 00ecreyrBaeT KOMMYTAIIMIO BOJMHOBBIX KaHAIOB M0 HAMpaBieHHsM (MapiipyTam),
MOJAEP>KUBAIOT BbIICJICHUE U BBOJ BOJHOBBIX KaHAJIOB, PErYJIUPYIOT YPOBEHb MOILIHOCTH Ka-
xnoro kaHaia (puc. 5.27).

Ucnonp3oanne rpynn WSS coBMECTHO € ONTHYSCKUMH MYJIBTHILIEKCOPAMH U [ie-
MYJIbTUILIEKCOPAMH MO3BOJIIET CTPOUTH Y3JIbl BBIAEICHUS/BBOAA C 3allIUTON BOJNHOBBIX Ka-
HaJIOB, IPYIII BOJHOBBIX KaHAJIOB (ONTHYECKUX MOAYJEH), MapIpyToB (TPaKTOB) U CEKLHU
MYJIBTHILIEKCUPOBaHUS U Nepenayn. [IpuMep mocTpoeHus ceTn C MepeKIoueHreM BOJH B
WSS u ncnonb30BaHHEeM 3TOH KOMMYTAIUH ISl 3alIUTHl COSIMHEHUH Ha OTACIHHBIX BOJI-
Hax IpUBEJCH Ha puc. 5.28.
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Puc. 5.28. lNpumep 3alumLleHHOro AByHanpasneHHoro
ONTUYECKOrOo COEANHEHNS B KOSbLIEBOWN CETU:
a) paboyee cocTosiHUE; 6) COCTOSIHUE 3aLUMTHI
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5.2.5. 3awWuTHbIe NepekrioYeHust B TPAHCNOPTHOM ceTu Ethernet

CoenuvHeHus B TPaHCMOPTHBIX ceTax Ethernet moryt 3ammmiarbes kak cpenctBaMu Gusnye-
CKOT'O YPOBHSI, TaK U MPOTOKOJIBHBIMU CPEACTBAMHU.

CpenctBa (GpHU3MYECKOTO YpPOBHSI HMCHONB3YIOTCS TPH OpPraHU3allU COCJHHEHHH depes
cpenst SDH, OTH, RPR, PDH, B KOTOpBIX MpeaycMOTPEHbI BCTPOSHHBIE CPEICTBA aBTOMATH-
YECKOr0 3alUTHOrO MEPEKIIOYEHUs] B UHTepBaje BpeMeHH MeHee 50 Mc. DTO rapaHtupyer
coxpaHeHue coenuHeHnil cetn Ethernet. OxgHako npu NOCTPOCHUM JIOKAJIBHBIX CETeH, ceTeil
JIOCTYIIa, MECTHBIX M BHYTPHU30HOBBIX TPAaHCMOPTHBIX cetell Ethernet ¢ ucnons3oBanuem pas-
JUYHBIX IEKTPUUECKUX U ONTUUECKUX UHTep(ENCcOoB 1 NOANEPKKH (HU3HUECKUX COEIUHE-
HUI THIIAa «TOYKA-TOUKa» HeT cpeacTB APS ¢pusnueckoro ypoHsi.

s pasBeTBIeHHOM (usndeckoi koHdurypamun cetn Ethernet moxxer mcmons3oBaThest
HPOTOKOJ «0XBaTa JepeBbe» STP (Spanning Tree Protocol), kotopslit co3naet HECKOIbKO
nyTel npoxoxaeHus Tpaduka. OAuH U3 MyTei B HOPMAIbHOM PEXUME HCIOJB3YeTCs, a oc-
TaJIbHBIE 3a0JIOKUPOBaHEI. [Ipy aBapuy MPOUCXOIUT aKTUBU3AIMS OZHOTO M3 PE3EPBHBIX ITy-
Tell. Bpems 3ammTHOTO TIepekiioYeHus MoXeT cocTaiaTh ot 10 Mc 1o 1 ¢ B 3aBUCHUMOCTH OT
TOMOJIOTUH CETH, YTO HE rapaHTHPYET BBICOKOrO KauecTBa coeaunenusi cetn Ethernet. Tlo
atoi mpuunHe MCD-T BeneT HeNpepbIBHYIO padOTy MO CTaHIAPTHU3aLWU QYHKIMN 3alUTHO-
ro MepeKiIoYeHns B TPaHCIOPTHBIX cersix Ethernet. Ipumepom stomy ciyxut Pekomenna-
us G.8031/2006, B kotopoii ompeneneH nporokon E-APS (Ethernet Automatic Protection
Switching). On npegycMaTpHuBaeT 3alllMTHBIE MEPEKIIIOUeHUs coeluHeHuit cetn Ethernet cie-
IOYIOMINX BUIOB!

—1+1, T.e. TpahuK OAHOBPEMEHHO cleAyeT OT OAHOW TOUKU K APYroil IBYMsl HE3aBUCH-

MBIMH ITyTSIMH C BBIOOPOM JIyUIIIEro Ha MpHEME;

— 1.1, T.e. TpaduK ClIeyET TOJIBKO IO OJJHOMY TYTH OT TOYKH K TOYKE, a IPyTroi aibTep-
HAaTUBHBIN MyTh CO3/1aH, HO HE MCIOJIb3yeTCs 1O HACTYIUICHHS! aBapHHHOTO COCTOSTHHS
pabodero nyTH;

— apXHUTEKTYpa 3aIIUTH MOKET UMETh OJHO WIIN J1BA HAIIPABICHHUS;

— OPOTOKOJI HE MOAJEPIKUBAET KOJbLIEBbIE U CMELIAHHbIE (PU3NUECKUE COEAMHEHMUS B CETH;

— MIPOTOKOJ HE TIOJICPKUBAET 3allluTHBIE coennHenns STP,

— IIPOTOKOJI peanu3yeTcs depe3 ciyxeOHble kanpbl Ethernet, nomnepxusatonye coenu-
HeHUsl ¢ QYHKIMIMHU TexHHueckor sxcruryatannd OAM u TCM.

[Mpu peanuzauun E-APS rapantupyetcs Bpems nepekitouenus 10 50 mc.

5.3. CMHXpOHM3aUUA B TPAHCNOPTHbLIX CETAX

OO6paboTka HU(PPOBBIX CUTHAJIOB B Pa3IMYHBIX CHCTeMax (repegauu, KOMMYTALMU, MYJIbTHII-
JIEKCHPOBAHUS U T.n.) HOJDKHA BBITIONHATHCS B CTPOTOM MOCIENOBATENLHOCTH BO BPEMEHU U
CHHXPOHHO. [IpreMHUK IM(PPOBBIX CHUTHAJIOB JOJDKEH Bcerja paboTaTh CHHXPOHHO C Iiepe-
JaTyuKkoM. TONBbKO 3TO yCIIOBHE, BBIOJHEHHOE MOJIHOCTHIO, CIIOCOOCTBYET 0€301HO04HOM
nepenaye UMGpPoBbIX AaHHBIX. ClleqoBaTeNIbHO, TAKThl UMITYJILCHON Hepefayul, co3aaBaeMble
THIepeaTIuKoM, JOJDKHBI CHHXPOHU3MPOBaTh paboTy mpueMHuKa. [IpobGnema TakToBOW CHH-
XPOHHU3ALMK OOHAPYKMBACTCS Ha CThIKE LMQPOBBIX cucTeM (CHCTEM Mepenadd U CHUCTEM
KOMMYTALMH{), UMEIOLINX CaMOCTOSITENbHbIE TAKTOBbIE MeXaHU3Mbl. Ha cTbike B3anMoneiicT-
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BYIOIIHX IIU(POBBIX CHCTEM yCcTaHaBIMBaeTCs OydepHas maMsaTh, B KOTOPYIO JaHHBIE MOCTY-
NarT C TAKTOBOM 4acTOTOM f1, @ CuMThIBAIOTCS ¢ TakTOBOM yactoToi fp. Hactotsl fy u f, MoryT
HE cOoBManaTh. KpoMe TOTO, TaKTHI 3aIMCH B CYUTHIBAHHS MOTYT PacXOIHUThCs 1Mo (aze. Dasbl
takToB 4yactoT f1 u f, MoryT apetidoBars Bo Bpemenu. 3menenune a3 ¢ yacroroi ceeiiie 10
I'n monyuwmno Ha3Banue [kuUTTEpa. M3menenue ¢as ¢ yacroroir menee 10 'y momyunso Ha-
3BaHUE OJTy)K/IaHWE WU BaHAEP.

B pesynbrare pa3nmuuusi 94acToT W (a3 TaKTOB 3alMCH TAHHBIX B Oy(epHYIO MamsiTh U MX
CUUTBHIBAHHSI MOTYT MOSIBUTHCS JIMIIIHHE BPEMEHHbIC MOCBUTKH, KOTOPhIE MepenoyHsT 0ydep u
OyIyT yTepsiHBI, TAKUM 00pa3oM MOXKeT 00pa3oBaThCsl MX HEIOCTATOK, KOTOPHIN MPHBEAET K
JO)KHOMY CUMTBHIBaHHIO U3 Oydepa HeonpeaenEHHBIX OCUIOK. B KOHEYHOM HUTOre 3TO MOXKET
MPUBECTH K cOO0 Ha 0osiee BHICOKMX YPOBHAX lUppoBoi 00paboTku. Hampumep, HapytiaeTcs
MOCJIeIOBATENFHOCTh TAHHBIX CJIOB CHHXPOHHU3ALUH N0 IUKIAM, TI0 CBEPXIIHKIIAM, pa3pyIlaroT-
Csl CHHXPOHH3UPYIOIIHE MOCIeI0BaTENbHOCTH MaKeToB naHHbiX ceteil: ATM, Ethernet u npy-
rux. B cBOIO ouepens 3TO0 MOXKET MPUBOJUTH K MOTEPE YacTH WH(OPMAIMOHHBIX COOOIICHUIA,
YXYALICHHIO Ka4yecTBa YCIYT CBS3W. SIBIICHHE MPOIMyCKa WM MOBTOPEHHS OUT B CUMTHIBAEMOM
u3 Oydepa uubpoBOM CHrHAIIE HA CTHIKE CUCTEM MOJYYMII0 Ha3BaHKe rpockasib3biBanust (Sip).

[Ipockanb3piBaHMS ACTATCS HA 1BA THUTA:

— ynpasnsemovle NPOCKAIb3bl8AHUs, KOTOPbIE HE MPUBOIAT K COOI0 IIMKIOBOTO CHHXPO-

HHU3Ma U [IPH 3TOM CHTHAJ C TIOTePSIMUA BOCCTaHABIUBACT CHHXPOHH3M;
— Heynpasisgemvle NpoCKaNb3vbléaHUs, KOTOPble MPUBOJAT K IMOTEpe LUKIOBOIO CHHXPO-
HH3Ma U HEBOCIIOJIHUMBIM MOTEPSIM B IU(POBOM CHUTHAJIE.

[Touemy akTyanbHa CHHXPOHHW3AIUS aNlapaTypsl, padoTarolield B TPaHCIIOPTHOM CeTH?

Heno B ToMm, uTo, HampuMmep, B annaparype SDH dopmupyrores mudpossie 610ku C-X,
VC-x, TU-n/m, AU-n, STM-N, KOTOpEIE MepeIaroTcs B IHHUK OUT 3a GUTOM OT MepeaaTunka
K pueMHHKY. [loTepn oTAETBHBIX OUTOB MOTYT NMPHUBECTH K COOI0 LIUKJIOBOTO CHHXPOHU3MA
B STM-N, Hapymenuro 3HadeHus ykasarens PTR, HapyIeHnI0 CHHXPOHHOTO KPOCCOBOTO CO-
eaunenust SDXC u 1.1. B koHeUHOM HUTOTe HapylleHHe TpaHCIOPTHOH cpenbl nepenaun SDH
npuBeeT K norepe nukiaoB E1 u paspymienuto tene@oHHBIX COeUHEHHH, TOTepe H300paxe-
HUI [IPY BUACOCBS3H WM TPAHCILIIUU TIPOTpaMM TeJIeBUAEHHS U T.I. TakuM oOpa3oM, HeoO-
XOJIMMO HOPMHPOBATh U KOHTPOJIMPOBATH KOJUYECTBO TAKUX MOTEPh, CBOJAUTH UX K MUHUMY-
MY HCTIOJIb30BAHUEM Pa3IUYHBIX CPEJICTB.

5.3.1. HopmupoBaHue npockanb3biBaHUMN

HopmupoBanue 4rcia mMpoCKaib3bIBAHUA B €AMHHUIYY BPEMEHU OCHOBAHO Ha HEOOXOIUMOM
Ka4yecTBe YCIYT, MPEAOCTABIIEMBIX MOJH30BaTEII0 oneparopoM cBsizu. OCHOBHEBIE TpeOOBa-
HUS TI0 KadecTBY ycuyr ompeneneHbl B Pexomennanmun G.801 MCD-T anst cTpyKTyphl MExK-
IyHapoaHoro uudposoro coequnenus minHoi 27500 kM (puc. 5.29). B atom coeanHenuy,
coryacHo pekoMeHaanuu G.822, n0KHO MPOUCXOINTh:

a) He Gosee 5 mpockanb3biBanuii 3a 24 yaca B TeueHue 98,9% o6iero BpeMeHn paboThI
COC/IMHCHUS;

0) 6onee 5 mpockanb3piBanuit 3a 24 yaca, Ho Menee 30 3a 1 yac B TeueHune Bpemenu 1%
001elt paboThI COeMHEHMS;

B) nmomyckaercst 6onee 30 mpockanb3biBaHuil 32 1 yac B Teuenue 0,1% Bpemenu oOrei
paboThl COeIMHEHUSI.
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IranaH Hoe UMBposoe CoefMHENME 27 500 KK

Mectran  Haumanans i MI_"I‘ER‘:IIIIH"I.'I“III;.II.-'I Hauponaneami  Mectras
CETh \ TRAHIMT \ TPAHIAT TEAHIWT \ CETh

Lﬁ@w%\wﬂvﬁﬁmy%

ME MUK BUKE TUR  Mempyrapomeew ugrmper  TUR BUH ME
HOM M YT LHH

Puc. 5.29. CTpykTypa MexayHapoaHOro aTanoHHOro UndpoBoro COeAMHEHUS:
MC — mecTHas ctaHums; MUK — nepBuYHbI LEHTP KOMMYTaLMu;
BLIK — BTOpUYHbLIN LeHTp kommyTauun; TLUK — TpeTUyHbIN LeHTp KoMMyTaumum

IMpu 3ToM cumTaercs, 4To oblee BpeMst paboThl COSMHEHUS! IOJIKHO COCTABIIATh HE Me-
Hee 1 rozma. Karteropust kadectBa (a) cunraercss HOpMalIbHBIM PEXXUMOM paboThl. UTo Kacaer-
csl pachpeneseHus: MPOJOJDKUTENbHOCTH BPEMEHH paboThl ¢ MOHMKEHHBIM KayecTBoM (0) u
HEYIOBJIETBOPUTENLHBIM KauecTBOM (B) Ha MEXAYHAPOJHOM M HAL[MOHAIBLHOM y4acTKax, TO
pachpeeneHue clieayrlee:

— MEXAYHApPOIHbIN TpaH3UT — 8% OT MPOAOIKUTEIBHOCTH PaboThl (PeXKUMEI O, B);

— Ha K&Xyl0 U3 HAIIMOHAIBHBIX CeTel (MecTHas + HallMOHANBHBIN TpaH3uT) — 46%, u3

koTopbiX 40% BbIJIEIEHO Ha MECTHYIO CETh.

Jst onipeneneHys 9McIa IPOCKaIb3bIBAHUH B CBS3H CO CTAOMIBHOCTBIO TAKTOB TIepeaadn
B Oydepe B3anMopeicTBus Mcnofb3yercs Gopmyiia Ui OLEHKH NMPOCKaIb3bIBaHUMH, TPUBO-
JSIIIUX K TIOTEpe [MKJIOBOTO CHHXPOHM3Ma [52]:

Yucno npockaib3biBaHUM 33 CYyTKH = (YMCIIO LIMKIIOB B CEKYHIY) X

X (4ucno cekyHa B cyTkax) X (Af/f),
rae Af/f — TouHOCTh CHHXPOHM3ALIUHM 33 CYTKH.

[Ipu anutensHocTH HMKIOB 125 MKc, MkiIoBoW YactoTe 8 kI '11, yuCle cCeKyHa B CyTKax
86400 cexynn, npuBeaeHHas GopMyIia UMeeT BUIL:

Yuciio npockab3sBanmii 3a cytkn = 6,9 x 10° x (Af /f).

Takum o6pa3oM, yem 00JIbllle PA3HOCTh YaCTOT 3allUCH M CUMTHIBAHUS NaHHBIX B Oydep-
Ho# mamsaTu Af, Tem GoJbiie yacToTa nmpockanb3biBanui. Hanpumep, uToOb1 00ecneynTs yac-
TOTY MPOCKaJb3bIBaHuUii He Gonee ueM oaHO 3a 70 cyTok Heobxoaumo ompenenuts Af/f. Uuc-

70 mpockanb3siBanuii B cytku 1/70 = 0,014; Af/f =0, 014/ 6,9%x10° = 2x10™. Uusimu cio-

BaMH Ha CTHIKE B3aNMOJCHCTBYIONINX IH(PPOBEIX CHCTEM JOJDKHA MTOIACPKUBATHCS CTAOMIIb-
HOCTh YacTOTHI FEHEPATOpa ATOMHBIX CTaHIApTOB (pyOHIMEBBIH, LE3MEBbI WM BOIOPOJI-
HBIH).

Jlyis BHITIONTHEHUSI HOPMAaTHBa Ha YMCIIO TIPOCKallb3bIBaHMid He Oosiee oaHOro 3a 70 cyTok
HEOOXOIMMO IS IBYX CAMOCTOSTENBHBIX [0 CHHXPOHU3AIMN y3]I0B UMETh CTa0HIBHOCTH Te-
HEPaTOPOB 1x10™

s pactpeneneHdss HOPM MPOcKanb3piBaHuii Ha yncino y3moB N (ma puc. 5.29 N = 13)
npuMeHuMa Gpopmyia;

. lnpockanb3biBanue 3a 70 cyTok
Yucino npockanb3blBaHUH = ,

N-1
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T.e. uia N = 13 0JHO npocKaJib3bIBaHKUE, IPU YCIOBUN CAMOCTOSTENIbHBIX TAKTOBBIX MEXaHM3-
MOB Ka)XIOTO y3J1a, COCTaBUT

1 =5,8 cyroxk.

13-1

Kakum 006pa3oM MOKHO 00€CIIEUNTh BHITOJHEHUE YKA3aHHBIX HOPM?

Hcnonb3yroTest clenyrome MeTObl H MOXOIbI:

— IpUMEHEHHE BJIACTUYHOM MaMSITH, KOMIEHCHPYIOLIEH KPaTKOBPEMEHHYIO HeCTaOuIIb-
HOCTh TAaKTOBOW YacCTOTHI B Oy(EepHBIX CXeMax;

— MPUMEHEHHE BBICOKOCTAOMIbHBIX T€HEPaTOPOB TAKTOBBIX YaCTOT: ATOMHBIX YaCOB C BO-
JOPOJHBIM, [[E3UEBBIM UM PYyOUIUEBBIM CTAOMIN3ATOPAMH U CIIELHANBHO CTAOMIN3H-
POBaHHBIX KBapIIEBBIX T'eHEPATOPOB;

— NPUMCHEHHE HEepPapXUYeCKOW NPUHYAUTEIBHON CHUCTEMBI pPaClpele/icHHs TaKTOBOTO
CHHXPOHU3MA;

— I'pPaMOTHOE TPOEKTHPOBAaHUE CETH CHHXPOHHM3ALWU C yYEeTOM BO3MOXHOCTEH TpaHC-
MOPTHBIX CHCTEM U CUCTEM YIIPABJICHUS;

— MOJIEIMPOBAaHUEM CHCTEMbI paclpe/ielieH!s] CHHXPOHHU3MA;

— peryJsipHOe MPOBe/IeHHE ayAuTa TAKTOBOW CETEBON CHHXPOHHU3ALUH;

— MOJrOTOBKA BHICOKOKBATH(DUIIMPOBAHHBIX CIICI[HATHCTOB.

5.3.2. ®a3oBble ApOXaHUA U UX HOPMUpPOBaHUe
OTHOCUTENbHO NPOCKarnb3biBaHUM

Jnst HOpMUpOBaHUS LU(PPOBBIX TPAKTOB YCTAHOBJIEHA CBA3b MEXK[Y YMCIOM HPOCKaIb3bIBa-
HUil ¥ (a30BBIMH JpOXKaHUSIMEU Yepe3 cepuro Pekomenpauunii MCO-T (puc. 5.30). TTpu sToM
HOPMHPYIOTCS [UKUTTEP U BaHEP.

Hasqacren yoayr —e (G Bl — Hopri H3 NpidHamspaaHdn a2 —
Mopene yene cumacpos e zagwe G.E03 == Hopuwa Wa ofopyqosamse S0H
(6, T3, 5,057, 6958 —= Hopmia sa rerepatopw (5,611, G412, G.813)
—= Hoprbl Hi GMTTEp # eadgep (G823, 0.825)

Pwuc. 5.30. Ca3b pekomeHgaunin MC3-T no HOPMMPOBaHMIO NPOCKanb3biBaHUI

Llesibr0 HOPMUPOBAHUSI DKUTTEPA SIBIISETCA:

— UCKJIIOYEHUE HAKOIUIEHHUS JKUTTEpa B LIENHU I0CIEJ0BATENIBHO COEAMHEHHOIO I'eHepa-
TOPHOTO 000PYOBaHHS CETH CHHXPOHU3ALNH;

— obecneyeHne yCTOHYNBOCTU FEHEPATOPHOr0 000PYAOBaHUS K BXOJHOMY JXKHUTTEPY, UC-
KJTIFouast pu 3ToM (a3oByro aBTOmoAcTpoiiky dactoTel (PAITY) U3 BBICOKOYACTOTHOM
IIYMOBOM COCTaBJISIIOLIEH IPOKaHUSI TAKTOBOTO CUTHANA;

— obecnedeHue JOMYCTUMOrO YPOBHs JPKUTTEPA, FEHEPUPYEMOro 000pyA0BaHUEM;

— obecrnieyeHre ONTHMaNbHOM nepeqaun (GUIbTpannm) HKUTTEpa TeHepaTopHbIM 000py-
JOBaHHEM;
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— CHIDKEHHE BEPOSTHOCTH TNMPOCKAIb3bIBAHMH M OIMOOK B LU(DPOBLIX CUTHAIaX H3-3a
JIpo>KaHus (asbl;

— yCTpaHeHHe HeyIpaBIIsieMbIX POCKaIB3BIBAHHHN N3-32 MeperoHeHNs Oy pepHOi mamMATH.

Jns peanuzanuy NepevyUCIeHHbIX LieJded HOPMUPOBAHUIO U KOHTPOJIIO MOJIEXAT TPU Xa-
PaAKTEPUCTHKH KUTTEPA!

— reHepalys JKUTTepa B UU(POBOH ceTH (HOPMHUPYETCs MaKCHMMajbHOe 3HayeHHe Ha

711000M BBIXOJHOM HHTEpdetice);

— nepeaava JDKUTTepa B LMPPOBOi ceTh (HOPMHUPYIOTCS MepelaTOYHbIe XapaKTePUCTHKH

obopymoBaHus);

— YCTOWYMBOCTb K JUKUTTEPY BXOJHBIX HHTEp(eiicoB 000pya0BaHHUSI.

Ha puc. 5.31 npeacrasnen apoxauuid 1MdpoBoH CUIHAN M €ro HjeajbHble 3Hauallue
MOMEHTBI, 110 OTHOILIEHUIO K KOTOPBIM OMNpeieNieHa aMIIUTYAa 1 pa3Max JKUTTepa.

B kadecTBe HOPMHPOBAHHOTO 3HAYEHHS JDKUTTEPA Ha BBIXOJIE JIIOOBIX IU(PPOBEIX HHTEP-
(eiicoB mpuHUMaeTCs aMIUINTyaa ApoXkaHuit Ha exuHuuHoM uHTepBane Ul (Unit Interval)
IUIs 33JJTaHHBIX YaCTOTHBIX CTMEKTPOB ApoxaHHUH. [Ipy 3TOM 9acTo ucnonp3yeTcs OTHOCHTEIb-
Has BEeIMYMHA aMIUIMTYABl U pa3Maxa JpkutTepa Kk oqaoMy Ul. [Ipumeps! npenenbHBIX HOPM
OTHOCHUTENBbHONW aMIUIUTYAbl JPO’KaHUH Ha BBIXOJE HEKOTOPBIX LM(POBBIX HMHTEp(dEHCcOoB B
HOPMHUPOBAHHBIX MOJIOCAX YaCTOT MpeACTaBleHbI B Taba. 5.4, a cooTBeTCTBYIONME (PUITBTPEI
TI0JIOC YacTOT [T U3MEPEHHs IpeICTaBlIeHbl Ha puc. 5.32.
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Puc. 5.31. BpeMeHHble gnarpaMmbl ApoXallero LMgpoBoro curHana
1 TaKTOBOW NoCneaoBaTeNbHOCTH, BblAeNeHHON U3 naeansHoro LMgpPoBoro curHana
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Puc. 5.32. Cxema nsmepeHnnii pasoBbix ApoXKaHWUi

[pu npoxoxaeHun HUQPPOBEIX CUTHATIOB Yepe3 IEMOYKY pereHepaTopoB U MYJIBTHILICK-
COpOB MPOUCXOJUT HauboJbllee HaKomIeHue pa3oBbIX apoxaHuid. s onpenenenus Tpedo-
BaHUI K YCTPOHCTBaM MOJJCPKKH TAKTOBBIX YaCTOT BBOJUTCS HOPMHUPOBAaHHUE TMEPEAaTOUHON
XapaKTePUCTHKH APOXXAHUK TAKTOBOTO CHUTHANA, KOTOpOE ompenessieTcss Kod(pQuIreHToMm
nepeaayu:



190 FMABA 5

P= ZOIQM <0,1 1B,
ABX
A€ Apyx U Apx — OTHOCHTENBHBIE aMIUIUTYABI BBIXOJHOTO W BXOAHOTO JAPOKaHUW TSl Ompe-
JIETICHHBIX TOJIOC YaCTOT M TUIIOB PET€HEPATOPOB.
sl OLEHKM HAaKOIJIEHUSI OTHOCUTENBHOM aMIUIMTYAbl JUKUTTEpAa B pereHeparopax
MYJIBTUILIEKCOPaX, BKJIIOUYSHHBIX B [IETIOYKY, PEKOMEHI0BAHO HCIOJIB30BaTh hopmyy [52]:

A = AxYN,

rne A — OTHOCHTENbHAs aMIUIMTY/a APOXKaHMS Ha BBIXO/E OJHOTO PereHepaTopa MM MyJIb-
tumiekcopa; N — 4ucno nocnenoBaTeNbHO BKIIOYAEMBIX PEr€HEPATOPOB MU MYJIbTHUILIEK-
copoB. Tak npu N = 20, ammuintyzna yBennuuaercs B 2,11 paza.

Taknm 00pa3oM, Ha OCHOBE OLIEHOK M HOPMATHBOB B TPAHCIIOPTHOW CETH MOXKHO OIpe-
JEeIUTh OTPaHUYEHUS 0 KOIMYECTBY BKIKOUAEMbIX CETEBBIX 3JIEMEHTOB B OJHY LETOUKY H,
COOTBETCTBEHHO, IUCTAHIHUIO TEPeAaY TAKTOBOI'O CHHXPOCUTHANIA.

Ta6nuua 5.4. HopmupoBaHue ¢asoBbIx ApoxKaHUi

Bblxoll-lhzl?;l;g;g::ﬁcos f1 (T fa (') fa (') OTHOCMTAe:JI;bHo ul OTHOCI/If\e?ILHO ul

64 xour/c 20 3 20 0,25 0,05
2,048 Mourl/c 20 48 100 15 0,2

34,368 Mourt/c 100 10 800 15 0,15
139,264 Mour/c 200 10 3500 15 0,075
STM-1 500 65 13 15 0,15
STM-4 1000 250 5 15 0,15
STM-16 5000 1000 20 15 0,15

HopmupoBanue ycTOWYHBOCTH K BXOAHBIM (ha30BbIM JPOKAHHUSIM HEOOXOIMUMO ISl MC-
KJTIOYEHHS 0TKa3a B paboTe Mpu MEPEeKTIOYeHHN BHEIIHMX HCTOYHUKOB CHHXPOHU3AIMH CeTe-
BBIX 3JIEMEHTOB.

ITpu HOPMUPOBAHKH BENMYMHBI BaHJIEPa YUUTHIBAIOTCS €r0 pa3iiyHble HCTOUHHKH!

— YIUTMHEHHE M COKpallleHHe Kabesst PY U3MEHEHUH TEMIIEPATYPbI, BBI3bIBAIOIIME UCKA-
JKeHHsl (a3bl CHIHAJNA TAKTOBOM YaCTOTHI U 3a€PXKKH PACIPOCTPAHEHHS CUTHAIA CHH-
XPOHM3AIMK; BaHAEp NS pa3IUuHbIX Kabenei crienyromui: ontoBosokHo — 80
nc/(kmxrpan®C), meansie mpooga — 725 mnc/(kmxrpan®C);

— BaHJEp OT NpeoOpa3oBaHuil LM(PPOBBIX CUTHAIIOB, IBHKEHHS yKa3arellel 1 MpocKasb-
3bIBAHUI;

— BaHJEp M3-3a CTapeHUsi 000PYJOBAHUS M CYTOYHOTO U3MEHECHHUSI TEMIIEPATYpPhl MOME-
IIeHHH ¢ 000pyJOBaHHUEM.

Pa3nuuHble UCTOYHMKK MOPOXKIAIOT PAa3IMYHbIE YaCTOThI TeHepaluy BaHaepa. [Ipu Hop-

MHPOBaHWHM BaHIEpPa HCMOJb3YETCSl STalOHHAs MOJENb CeTH CHHXpoHu3aiuu MCD-T
(puc. 5.33), B KOTOpOit peycMaTpHBaeTCst OJNH MEPBUUHBIN TanoHHbIi reHepatop (IT3T) ¢
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JIOJTOBPEMEHHOM cTaOMJIBHOCTBIO YaCTOTHI HE XYyXKe 1x10™, Heckombko BTOPUYHBIX WM Be-
IOMBIX 3afatolnux reHeparopos (B3I') ¢ coOCcTBEHHOH AONTOBpEeMEHHOH CTabMIBHOCTBIO HE
XyxKe 10° u KPAaTKOBPEMEHHOH CTaOUJIBHOCTBIO 107°...20™ (o 1 CEKYH/IbI), © HECKOJIbKUX
reHepatopoB cereBbix AeMeHTOB (I'CD) ¢ COOCTBEHHOM MOJTOBPEMEHHON CTAOMIBHOCTHIO
HEe XyKe 10°%. B Taxkoi Heny CHHXPOHHW3allMHU, KOTopyto obecnieunBaeT Taktamu [191, a oc-
TalbHBIE T€HEePaTOPhl MOJCTPAaNBAIOT CBOM TakKThl moj TakThl [1OI, nomyckaercs BemmunHa
BaHzepa 18 mxc.

L]
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He firpee B MBMSHTDE LANW

Puc. 5.33. 3tanoHHas uenb CMHXPOHM3aL MK cornacHo pekomeHgauun G.803

KonTponupyeMmblM HapaMeTpoM BaHJepa sIBIsieTCs OLIMOKAa BPEMEHHOrO WHTepBala
(OBH), pa3Huily nepro 0B HJCaILHOTO U KOHTPOJIUPYEMOro LU(PPOBBIX CUrHANIOB. [Ipu 3TOM
OBU MokeT KOHTPOIHPOBATHCSA HA PasIMUYHBIX BpeMeHHbIX oTpeskax (ot 0,1 ¢ 1o 10° c).

Hapymenue HOpMbI BaHJepa MOXKET NMPUBECTH K meperpyskam OydepHoil mamstu u yBe-
JUYEHHUIO YKCia MPOCKalb3biBaHui. [103TOMy B CIMCOK HOPMHUPYEMBIX MapaMeTpoB BaHIEpa
BXOJMT:

— JIOIYCTUMBII BaHJEp Ha BbIXOJl€ FEHEPATOPHOT0 000PY0BaHMS;

— YCTOWYMBOCTh K BXOJHOMY BaHJIEPY Pa3IMUYHbIX UHTep(EHcoB;

— NepelaTo4yHAas XapaKTepHCTUKA BaHEPa,

— JOIYCTUMBIH BaHJEP B HOPMAJIBHOM PEXKUME CETH CUHXPOHU3ALIMU.

5.3.3. CTOYHMKM CUHXpPOCUrHarNoOB

VICTOYHUKM CHHXPOCHUTHAJIOB CHCTEM CHHXPOHHU3AIMK MOIPAa3[esiOTCs Ha JiBa THIIA:
aTOMHBIE U KBapueBble. OHM oOecneunBaroT HOPMHUPOBAHIE HEOOXOIUMBIX TAKTOBBIX YaCTOT
(nanpumep, 2048 kT'u, 5 MI'1i, 10 MI'y) ¥ UMIYJIbCHBIX MOCIENOBATENLHOCTEH B JopMe Me-
anjpa (Hanpumep, 2048 M6urt/c)

Amomusle zenepamopsl VCTIONB3YIOT TPH aTOMHBIX 3TAJIOHA. PyOMIMHI, LE3Uid U BOMO-
pon. Pyoununii mornomaer MAKpOBOJIHOBBIE KoJieOaHHs Ha dacTote 6834682608 ', ne3nit —
Ha yactore 9192631770 I'u, Bogopoa — Ha uactore 1420405751,768 I'i. OHU UCTIONB3YIOT-
cs B kagectBe [12I" PRC (Primary Reference Clock).

CTaOHIBHOCTh YaCTOThI PYOHANEBOTO reHePaTopa Ha WHTepBasie BpeMenu 1 ¢ — 10°
1 10™ 1 cyrkn — 1072107, mecsiy — 107, Dranon py6oumms TpeGyeT KOPPEKLMH, TaK
KaK eMy MPHCYI] HeJOCTaTOK, 00YyCIOBICHHBIN cTapeHueM. PyOunneBslil reHepaTop UCIOIb-
3yercs coBmectHO ¢ rereparopom 'JIOHACC wim GPS (Globa Position System). I'enepa-
topsl HaBuranuoHHbIX cucteM ['JIOHACC u GPS mpencrasisitor co0oii aTOMHBIE Yachl Ha
OCHOBE I1I€3UEBBIX [CHEPATOPOB.

Lle3ueBrple reHepaTOPhl ATAJOHHON YacTOTH HE OTIMYAIOTCS MUHHATIOPHOCTBIO U JIeIlIe-
Br3HOW. OHHU TPEICTABISIOT cOOOW aTOMHYIO JTA0OpaTOPUIO B MUHHATIOPE, B KOTOPOU aTOMBI
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L3Sl 3aIyCKATCs U3 HAarpeBaeMoil KaMepbl B BAKYYMHYI0. DTH T€HEpaTOPhl MPEICTaBISIOT
co00i1 mepBUYHBIE CTaHAAPTHBIE ATAJOHBI. B COOTBETCTBMM ¢ MEXIyHApOIHBIMU COTJAIIIe-
HUSIMU LI€3UEBBII TeHEpaTop YacTOTH ONpeeNseT MPOI0KUTEIHHOCT BPEMEHH B OJTHY Ce-
KyHIYy. DT0 nmpoaosnkuTensHocTh 9192631770 nepuooB U3inydeHusi, COOTBETCTBYIOLIETO Te-
pexoay atoMa 1e3us-133 Mexay IBYMs CBEPXTOHKHMH YPOBHSMH OCHOBHOTO COCTOSTHHSI
aToma 1e3usa-133. CTabuiIbHOCTh YacTOTHl TeHepaTopa Ha HHTepBajie BpeMeHu 1 ¢ — 0.
1073, 1 cyrku — 1072..10™, B rox — 1072, Dranon He TpeGyeT KOPPEKIHH.

Bonoponuslii aTanon npexacrasiset coboit mazep MASER (Microwave Amplification by
Stimulated Emission of Radiation), o61agaer o4eHb BBICOKOH CTaOMILHOCTBIO HA KOPOTKHMX
NPOMEKYTKAX BpPEMeHH (HECKONBKO 4acoB), CTAGHIBHOCTh OLCHHBAETCS BenuduHoi 107,
TeM He MeHee, OH He 3aMEHSIET LIE3UEBbIM ITAJOH H3-3a JOJATOBPEMEHHOTO Apeiida.

Keapueevie zenepamopst noapasnessroTcs Ha TPU BHAA: OOBIYHBIE KBaplEBbIE, KBapIie-
Bble ¢ TemnepatypHoii komneHcaueii TCXO (Temperature Compensated Crystal Oscillator)
u oxnaxaaembie kBapuesbie uctounuku OCXO0 (Oven Compensated Crystal Oscillator). Onu
HCIIOJIB3YIOTCSl B KaYeCTBE BTOPUYHBIX 3amaroiux reHeparopos B3N (SRC — Second Refer-
ence Clocks).

OObIuHBIE KBAPIEBHIE TEHEPATOPEl HMEIOT CTaOWIBHOCTh B MHTepBaje BpeMeHu 1 ¢ —
10_9, cytku — 107, B rog 10°°.

I'eneparoper TCXO uMerOT cTaOMIBHOCTh B WHTEpBasie BpeMeHn 1c — 107 CyTKH —
10_8, B IOJ 107...10°

eneparopst OCXO uMET CTaOWIBHOCTh B MHTEpBajie BpeMeHu 1 ¢ — 107°..107%°, cy-
Tk — 107..107°, B rox 10°°...107™. [Ipu ncnonb30BaHUK JBOWHOTO YHPABISIEMOTO TEPMO-
CTaTUPOBaHUS KPaTKOBPEMEHHas CTaOMIbHOCTh MOXKET COCTaBUTh 1073...5x107,

VIcTOYHNKHN TaKTOBOTO CHHXPOHM3MA HA OCHOBE INIOOANBHON CHCTEMBI MO3HUIIMOHHPOBA-
Hust GPS (poccuiickuii ananor IT'JIOHACC). B 0cHOBE CHCTEMBI JISKHUT UCMOIb30BAHUE HU3-
KoopOuTanbHbIX cyTHUKOB cucTteMbl NAV STAR. O1HOBpeMEHHO Hal TOPU30HTOM B JIF000i1
TOYKE 3eMHOTO IIapa HaOJIIOAAI0TCS MHHUMYM TPH CHyTHHKa. Ha cryTHHKax pa3memarorcs
[[e3MeBbIe CTAaHIAPTHI, KOTOPBIE TEHEPUPYIOT CUTHAIBI 3aJaHHOTO BHIa. OCOOCHHOCTHIO CHH-
XpOCHTrHala, FeHepUPyeMoro nprueMHukoM oT GPS, sBiisieTcst ero BbICOKasi JOJATOBpeMeHHast
CTaOWJIBHOCTh M HU3Kasl KPAaTKOBPEMEHHAas CTa0MILHOCTh, KOTOpas 3aBUCHT OT KOJIMYECTBa
CITyTHHKOB.

Uctounuku takroBoro cunxponusma [19T u B3I" uMeroT qoctaToYHOE YMCIIO BBIXOJIOB
CUHXPOCUTHAIOB. OTHAKO JJIsl MTOAKIIOUEHHSI CHHXPOCHUTHAJIOB € BBIXOJIOB MYJIbTHUILIIEKCOPOB
Heo0XOJMMO UCIIOJIBb30BATh aNMapaTypy pa3BeTBieHus curaanos cuuxponusaiuu (APCC). B
cocraB APCC Bxoast 6ioku ycunuteseit 2048 k' u 2048 k6urt/c, npeobpazoBaHus — mepe-
Jla4M CHTHaJIa ¢ OJTHOM TaKTOBOM 4acTOTHI Ha APYTYIO.

5.3.4. PacnpepeneHve TaKTOBOro CUHXPOHU3Ma

Pacnpenenenne TakTOBOr0 CHHXpOHM3MA B IH(POBON CETH OCYIIECTBISIETCS B Iperenax 0a-
30BOH CETH CHHXPOHH3aUUH. [Ipr 3TOM MOJKHBI BEIOTHITHECS TPEOOBAHUS STaJOHHOHN Ienn
cuHxpoHu3anuu coriacHo pekomerganuu G.803 MCD-T (cm. puc. 5.33). Bazosas ceTh Tak-
TOBOM CHHXPOHM3AIMN COCTOUT M3 HECKOJIBKUX 30H CHHXpPOHH3alMu. B Kax ol 30He nmeer-
cs [191, koTopelit MoANEep)KUBAET PEKUM IIEHTPATU30BaHHON CHHXPOHHU3AINH, a BCE OCTaJlb-
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Hble reHepatopsl 30HbI (B3I u I'CD) moacTpauBalOT CBOM TAKTHI MOJ] €r0 TaKThl. [Ipu 3TOM
B3I cumkaroT BenuuuHy (a3oBbiX apokaHuil. KoagdduuueHT nepenayn TakTOBON 4acTOTHI
yepe3 B3I omieHnBaeTcst Kak OTpUIIATENbHBIN

P =20lg 2 0 15,
A

X

T.e. aMIUIUTyJa (a30BbIX ApokaHUH Ha Bbixoje B3I MeHbIe aMIuiuTyabl azoBBIX ApoxKa-
HUI Ha BXoZe. DTO 00eCIeunBaeTCsl TeHePaTopoOM C YIPaBIIEMON 9acTOTOH U EMbIO YIIpaB-
nenus HanpsokenueMm (I'YH). Kpome Toro, B B3T™ Moxet GbiTh 3a1elicTBoBaHa OyepHas ma-
MSTh pECHHXpOHH3aLMHK (peTaiMiHra), T/ie 3aluCh OMTOBBIX TAKTOB CO Cly4daitHoil (a3oii co-
MIPOBOKIAETCSl CUUTHIBAHHEM 3THX OWUTOB 0e3 (ha30BBIX JApOXKaHHWH cOo cTabuiabHOCTBhIO 100
uii B3T. TIpu 3TOM MOJNHOCTBIO UCKIIIOUYHTH BIUsHUE (Ha30BbIX APOXKAHHIN (IPKUTTEpa U BaH-
Jiepa) HEBO3MOYXHO, YTO HAKJIAABIBAET OTPAHUYEHHE HA YKMCIIO MOCIEA0BATEIBHO BKIIOUCH-
Heix 'CO u B3T'.

Ha rtepputopun Poccuu 6a30Byt0 ceTb CHUHXPOHHM3alMU OOpa3zyeT TpaHCIOpPTHas CETb
OAO Pocrenexom. ba3oBast ceTh mpeacTaBieHa pa3iIHMYHBIMH 30HAMHU (PETHOHAMHE) CHHXPO-
Hu3anuu. JlanpHeBoctounslid (Xabaposckwuii), Cubupckuii (HoBocnbupcekuii), LlenTpanbHbrit
(Mockogckwit), FOxusiii (Poctockwuii), CeBepo-3anannsiii (Cankr-IletepOyprekmii). Kpome
TOrO aHAJOTUYHbIE (PYHKIIMU MOXKET BBIMOJHATH TPAHCIOPTHAS ONTHYECKas CEeThb KOMIAHUU
«TpaHcTenekoM», B KOTOPOI UMeeTCs YeThIpe 30HbI CHHXPOHU3AIINH.

BHyTpu 30HBI CHHXPOHH3AIUU HOCTaBKa CUTHAIOB OT [13I" 10 OCHOBHBIM H pe3epBHEIM
JUHUSAM KO BCEH ammaparype CHCTEeM Iepeiayd, TPaHCIOPTHBIX CeTed U KOMMYTaTopam
ocyuiectBisercs cpeacrBamu texHuku PDH, SDH, WDM u oTaenbHBIME (U3NYECKUMHU
JTHHUASMH.

Cunxponuzanys, nepenaBaemas B cucremMax PDH, — sro curnan 2048 x6ut/c ¢ Takro-
BOI 4acTOTOM, cOOTBETCTBYIOLIEH Mo cTabunbHocTH yactote [13I7. Tlo cucremam PDH cur-
Han 2048 k6ut/c, HecynMii CHHXPOMH(OPMAIIHIO, MOXKET MEpeaaBaThcs B 00a HapaBICHHU.
ITpu stom B ke E1 kananbHbiii HyneBoit uatepsan (KMO) MoxeT nepeHoCHTh coodLIeHe
0 CTaTyce CHHXpOcUrHaja yeTbipbMs Outamu (5, 6, 7, 8) ananornuno coobuieHuto B baiite S1
3arojioBka MSOH mukna STM-N.

B cucremax cBsizu SDH mepenaya CHHXPOCHTHAIIOB € MOMOIIBIO0 KOMITOHEHTHBIX CHUTHA-
708 Ha ckopoctu 2048 kGuT/C 3ampelieHa U3-3a BO3MOMKHBIX 3HAYUTEIBHBIX CKAuKOB (ha3bl
STUX CUTHAJIOB NP COTJIACOBAHMH yKa3aTesiei B TpPaHCIOPTHBIX Onokax. Hocurtenem cuHxpo-
uHpopmanmun B cuctemMax SDH sBnsercs HemocpeacTBeHHO IuHEWHBIH curHanm STM-N
(N=1, 4, 16, 64, 256), B cucremax OTH — curnan OTUK.

[Ipu pacnpeneneHnn TaKTOBOTO CHHXPOHM3Ma BHYTPH PETrHOHOB HCIIOJIB3YeTCs MPHUH-
LU IPUHYIUTEIHON HepapXuuecKoil CHHXpoHu3aun (Beayiuii-Beaomelii) ot I19T k re-
HepaTopaM ceTeBbIX 3neMmeHToB anmaparypsl SDH, AMTC u t.1. basosas cerb TCC obec-
MEeYUBAETCS] PE3EPBUPOBAHUEM CHHXPOCHUTHAJIOB, KOTOPOE CO3JIAETCSl KaK PE3epPBHBIMH Te-
HepaTopaMH M B3aUMHBIM PEe3e€pPBHPOBAHHUEM PETHOHOB, TaK U MapUIPyTaMH JOCTABKH CHH-
XPOCUTHAJIOB.

Hepapxusi reHepaTopoB BHYTPH 30HBI CHHXPOHHU3AIMH MMEET TPU YPOBHS. DTH YPOBHU
pa3NUYaoTCs 3HAYUMOCTEIO0. [IepBhIi MM BBHICIINHA YPOBEHb HEPAPXUU CHHXPOHHU3AINHU CO3-
naercs [101. B cinyyae, ecnu BbICOKUH ypOBEHb HEBO3MOXKHO PeaiM30BaTh WM OH HepaboTo-
croco0eH, paccMaTpUBaeTCs MEPBbId YPOBEHb — YPOBEHb MEpPapXHUH C TMEPBUYHBIM JTaJIOH-
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HbIM ucTOuHUKOM (I[TDU), KOTOpBIN HE SBISETCST YaCThO 3TOW 30HBI CHHXpOHHU3auuu. [1o-
CJICJTHUIA MPENICTABISAET COOOM UCTOYHUK COCEIHEH 30Hbl CHHXPOHHU3AIIMHU WK CBsA3KY «GPS—
pyOHIMeBEIi» 3TanoH. BTopoit ypoBens nepapxuu co3natot B3I, koTopsie MOTYT HMETH cTa-
TyC TPaH3UTHOTO WK OKOHeYHOro. B3I" ycTaHaBiauBaroTCs Kak OT/AEIbHBIE YCTPOUCTBA C allb-
TepHaTUBHBIMHU Bxojgamu oT [19T u TIOU, Tak u coBmemaeMbiMu ycTpoiictBamu ¢ AMTC,
anexrporHoir ATC. Tpertuit ypoBeHs HepapXui CHHXPOHH3AINH 00pa3yIoT TeHepaTOPEI ceTe-
BbiX aneMeHToB I'CD, Hampumep, Mmyibtumiekcopst SDH ¢ ucrounukamu SETS (SDH —
Equipment Timing Source). [TpuMepsl cxeM CHHXPOHH3AIMU CETEBBIX JIIEMEHTOB MPECTaB-
JeHbl Ha puc. 5.34.
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Puc. 5.34. CuHXpoHU3aLus pereHepaTopoB U MyfbTUNEKCOPOB:
a) CUHXPOHM3aLms pereHepatopa SDH; 6) BHELLHAS CUHXPOHW3aLMSA MynbTUNNEKcopa BbIBOAA/BBOAA,;
8) BHELLHAS CUHXPOHW3aLUMs MynbTUNNeKcopa BbiBOAA/BBOAA Yepes MMHENHbIN NopT;

2) BHELLHSASi CUHXPOHM3aumMsl MynbTUNNeKcopa BbiBOAa/BBOAA YePE3 KOMMOHEHTHBIV MOPT;

0) BHYTPEHHSS CMHXPOHM3aLIMS MynbTUnnekcopa BbiBoaa/BBoAa SDH oT BCTPOEHHOro
3ajatoLlero reHepartopa B pexume yaepxaxus (holdover) n ceoboaHbix konebanuit (free run)
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Puc. 5.35. Cxema npucoeauHeHusi ceTeil onepatopoB K 6a3oBoVi CETU CUHXPOHKU3ALNUM

Jis MONKITIOYEeHUsT Pa3IMyHbIX ONepaToOpoB HMU(MPOBBIX ceTel K 0a30BOI CeTH CHHXPOHU-
3alMHU MPEATI0KEHO PACCMaTPUBATh YeThIpe Kiiacca npucoeannenus (puc. 5.35) [51]:

— kyacc 1 — ceTb oneparopa nojy4aeT CUrHaJl CHHXPOHU3ALUK Yepe3 MACCUBHBIE COE/IU-

auresibHble JIMHUK oT [1D1 6a3oBoii cetn TCC;

— KJlacc 2 — ceTh olepaTopa IorydaeT CUrHaI CHHXpoHu3amu ot B3T;

— kiaccel 3 ¥ 4 — ceTh oneparopa nojyvyaeT CUrHai cuHxponusanuu ot ['CH.

BHyTpu kaxn0oro peruoHa cetb NpUHYAUTENBHON CUHXPOHM3ALMK JOKHA CTPOUTHCS 110
HepapXUuecKOMy MPUHIIKIY B BUJIE APEBOBUAHON CXeMbl (paanalibHO-y3JI0BOM), HCKIFOYAK0-
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1iel BO3MOXKHOCTh 00pa30BaHus NeTelb CHHXPOHHU3ALUY B M1000# cutyaluuu. B kauecTse Be-
noMbix renepatopoB Ha AMTC, ATC u T.1. MOTYT UCTIONIB30BaThLCs OJOKH, BCTPOCHHBIE B all-
naparypy kommyTtanu. Ha y3max u craHmumsx, Ha kotopsix kpome AMTC, ATC ycranoBie-
HO Jpyroe o0opynoBaHue, HyKIalolleecs B CHHXPOHHU3AIIHH.

VYuureiBas, uto ['C3O n B3I nMeroT HECKOIbKO BXO/I0B JJIs1 BHEIIHUX CUHXPOCUTHAJIOB, Ka-
9eCTBO KOTOPBIX MOXET OBITh HE3aBHCHMBIM W OJMHAKOBBIM, BBOAUTCS CHCTEMa MPUOPUTETOB
MO MCIOJb30BAaHUIO BXOJOB CHHXPOHHM3ALMHU. YPOBEHb MPUOPUTETA OMPENEISeTCs €ro HoMe-
poM. UeM MeHbllle HOMEp, TeM BbIlIE MPUOPUTET. Uncino mpuoputeToB MoxeT ObITh oT O 10
254. TlpropuTeT oT™MeYaeTcs B TabuIle, pa3MeliaeMoi B namsatu koutposuiepa B3I wim I'CO.

[lepBblit mpuOpUTET OOBIYHO YCTaHABIMBAETCS JUI1 BXOJa CUTHaja CHHXPOHU3ALUUHU OT
[13T, noctynaroiero Mo caMmoMy KOpOTKOMY M Ka4eCTBEHHOMY MapIlpyTy, TJi€ MO MyTH clie-
JIOBaHUSI CAHXPOCHUTHAJIA YCTAaHOBIIEHO KaK MOKHO MeHbIne Tpan3uTHbeix B3I u ['CO.

Bropoii npuopuTeT ycraHaBIMBaeTcs Ui BXoJa CUHXpOCUTHAA, noctynawouero ot [12I°
10 JIPyroMy Mapuipyty (ai1bTepHaTHBHOMY M MOXET ObITh HE CaMOMY JIydIlieMy). ITO MOXET
OBITH BXOJI CHHXPOCHUTHAJIA OT JPYTrOi 30HBI CHHXPOHHU3ALNH MM OT JPYTroi 6a30BOM CETH.

B3I' u ['CD mMoryT nprHAMAaTh CHHXPOCUTHAIBI 110 BXOJaM C puopureTaMu 3 v 4 u T.10.
[MocneaHUM NPUOPUTETOM B JIt0OOM 000PYAOBAaHMHM CHHXPOHU3ALMU 0003HAYaeTCsl BXOJ| CHUT-
HaJla COOCTBEHHOT'0 TeHepaTopa, paboTaroIero B pexxuMe 3allOMUHAHNS 4aCTOThI BHEIIHETO
cuaxpocurnana (holdover) u cobctBennsix cBoOOaHBIX Konebanwuii (free run). IpuopureTom
MO>KHO 3alpeTUTh UCMOIb30BaHUE BXO0/1a CHHXPOHHU3ALIMH.

Cucrema OTMETKH IPUOPUTETOB U MOKa3aTellel KauecTBa HallpaBJieHa Ha MOBbIIIEHUE Ha-
nexHoctu cereir TCC. [Ipumepbl HCTIONMB30BaHUSI CHCTEMBI PUOPUTETOB U TIOKa3aTenen Ka-
gyectBa Q (cM. Tab. 3.8) npuBeeHBI HAa CXeMaX PacIpee/IeHUs] TAKTOBOIO CHHXPOHHM3MA JIH-
HEeWHO! M KOJBLEBBIX TPAHCHOPTHBIX ceTeil Ha puc. 5.36 u 5.37. [Ipuopurer Moxer 0003Ha-
yatbesi nudpoBbiM (puc. 5.36 o6o3Hayeno 1, 2, 3) wim OYKBEHHO-IIU(PPOBBIM HHIECKCOM
(puc. 5.37 obo3naueno P1, P2, P3, P4) y BX010B CHHXpOHH3AIMK BHYTPU 0003HAYEHHS CeTe-
BOro asyeMeHTa. Takue 0003HAYeHHsS YacTO HCMOJB3YETCS B TEXHUYECKHUX JOKYMEHTax Io-
CTaBIIMKOB CETEBOTO 000PYIOBAHHS.

Oo0o03HaYeHNE TIOKa3aTelsl KadecTBa Q HAHOCHTCS B CXeMe Y JIMHUH BXOJla CHHXPOCHUTHA-
na. Mckirodenue nenaetcs st 0003HaUEHUS MOKazaTes KayecTBa COOCTBEHHOTO reHepaTopa
ceTeBoro snemenTa uinu B3I,
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Puc. 5.36. lNpumep nuHenHon Lenu pacnpeaeneHns CUHXPOHU3Ma
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Puc. 5.37. Npumep konbueBoOW Lienu pacnpeaeneHna CUHXpoHu3mMa

Ha puc. 5.36 u 5.37 cTpenkamu moka3aHsl IIyTH paclpoCTpaHEHHs COOOIICHUS O KayecT-
Be cuHxpocurHana. B cetn SDH »3T0 coobienue conepxurcs B 6aiite S1 3aronoska MSOH
(cMm. Tabn. 3.8). Bce 'CD B HOPMAJbHOM PEKMME BKIFOUCHBI B IIEMb CHHXPOHU3AIUU OT
II3T. OpHako kax et ['CD comepKUT BHYTPEHHHUM OCIMILIATOP (KBApIEBBIA HCTOYHHK), KO-
TOPBI  WCIIONB3YeTCST TPH OTCYTCTBHH BBICOKOCTAOWMJIBHBIX BHEIIHHX HCTOYHHKOB
(puc. 5.34, 0).

Ha puc. 5.37 pa3pbIB 3aMKHYTOH Lleny CUHXpOHU3aIMK odecneyeH B y3ne b, rae Bxoas-
mmid curHan STM-N co ctoponsl y3na A HeceT nHpopmarmio Q6, T.e. 3ampeT Ha UCIOJB30-
BaHUE JIMHEHHOI0 CUTHAJa JUIsl CHHXpOHM3alUuHU y3na. Kpome Toro, 3ToMy BXOAy CUHXPOHH3-
Ma MPUCBOEH MOCJIEAHUNM NPHOPUTET Ucmoab3oBanus (P4) mocie cOGCTBEHHOTO 3a1al0IEro
renepatopa 'CD (P3).

Benymum renepatopom B KOJIBLIEBOM CETH B HOpMaIbHOM pexume siBsiercs [101 yzna b.
B npyrux curyanusx, T.e. Ipyd HapylIeHUH LIEMHd CUHXPOHU3ALMHU UM CHHXKEHUW KayecTBa
CUHXPOCHUTHAJIA, BBOJISATCS B IHCTBHUE APYTHUe UCTOYHUKH TAKTOB U CXEMBbI pacIlpeleieHusl.

5.3.5. MpuHUUNbI N MeTOAbl BOCCTAaHOBJIEHUS CETU
TaKTOBOW CUMHXPOHMU3aLUN

OnHMM U3 TIIaBHBIX TpeboBaHui npu oprannzanuu TCC sBisieTCs: HATMYNE ATbTEPHATUBHBIX
HUCTOYHUKOB CUHXPOHU3MA IJId KaXKJAOr'o0 CETEBOI'O JJICMCHTA. 21.]'[51 Bbl60pa HCTOYHHUKA CHH-
XPOCHIHANA HEOOXOMUM OMpee/ICHHbIA alrOPUTM, KOTOPBIA JI0JKEH YUUTHIBATH CTPYKTYPY
TCC u Bech xapaktep pacrpeleieHus: CUrHaioB. J{ias GpopMUpPOBaHUS TaKOro ajaropuTMa
JOJDKEH COOIOAATRCS PsI PUHIUIIOB!
—IIPY BOCCTAHOBJIICHWHM CHHXPOHHM3AIIMA CETH HeoOXOoAuMo Hu30erath (GopMHUpOBaHUS
3aMKHYTHIX TI€Te)Ib, MHBIMH CIIOBAMU HU OJIUH U3 XPOHUPYIOIIUX HCTOYHUKOB HE JOJ-
JKE€H CUHXPOHU3UPOBATHCA CBOUM COGCTBGHHLIM CHUI'HaJIOM (TaKl/le METIN HeCTa6I/IJ'lebI
Y [IPUBOJAT K YXOJ1y YaCTOThI TAKTOBOI'O FEHEPATOpa OT HOMHUHAJILHOTO 3HAYCHHUS);
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— eCJIM TaKTOBBIA IreHepaTop paboTaeT B peXUMe yIep)KaHHs, OH He JOJDKEH CIYKHTh
ATAJOHOM ISl XpPOHHUPYIOIIEr0 HCTOYHMKA 00JIee BEICOKOTO YPOBHS KauecTBa,

— KaXXIBIH CETEBOM DJIEMEHT JOJDKEH CHHXPOHU3UPOBATHCS OT XPOHUPYIOIIETO UCTOYHH-
Ka 0oJiee BEICOKOTO YPOBHS KauecTBa, ueM yposeHb ['CD;

— YHCII0 UCTOYHHUKOB JIOJDKHO OBbITh HEOOIBIINM (OrpaHHUYEHHBIM).

W3BecTHO HECKOIBKO METOZOB BOCCTAHOBJICHHUS HAPYIIEHHOTO TAKTOBOTO CHHXPOHM3MA!

— py4HOE TIepeKII0YeHIe HCTOYHUKOB CHHXPOHHU3MA;

— UCIOJIb30BaHKE CUCTEMBI YIIPaBJICHHs CEThIO;

— HUCTOJIb30BaHUE TaOJIHIl IPHOPUTETOB;

— HaJIM4Me COoOOIEeHNH 0 CTaTyce CHHXPOCHTHAJA.

Pyunoe nepexniouenue ucmouHuK08 CUHXPOHU3IMA TIPUMEHSIETCS TOJIBKO B y3J1aX, KOTO-
pble MMEIOT COOCTBEHHbIE BBICOKOCTAOMJIbHBIE TAKTOBBIE I'eHEpaToOphbl (HE HIKE KadyecTBa
Q2). Takoe nmepekiIOUYeHUe OYeHb JUTUTENBHO, TaK Kak TPeOyeT COrllacOBaHUs ISl IPUHSATHS
perieHus. JIOCTOMHCTBO METO/Ia COCTOMT B TOM, YTO OIEpaTop JIErko pasoupaercs ¢ odmel
TOIOJIOTHEH CeTH W MPUHUMAET pelieHue 0e3 MCIOIB30BAHMUS CI0XKHOTO M JOPOTOCTOSIIEr0
nporpaMMHOTo obecriedeHus. HemoctaTok — HEOOXOAMMOCTh YCTAHOBIICHHS CBSI3H C JKC-
HepTaMy CeTH, JUTMTENbHBIH BpEeMEHHOW MHTEPBAJ IPHHATHS PELIeHHS.

Boccmanoenenue cunxponusma npu nomowju cucmemsl YHPAGAeHUA, TPEICTABISCT
co00#l TmporpaMMy CETeBOTO MEHeIKepa. DTOT MyTh aBTOMATH3WPOBAHHOTO PEIICHHS IIPO-
0JeMBl HCKITIOYAET OllepaTopa-4enoBeKa U3 LelH NPUHATHS PelleHuns], YTO YCKOPSeT MPoLecc
(cokpareHue ¢ yacoB 10 MHHYT) MepekioueHus. HepoctaTok MeToia COCTOMT B BBICOKHX
3aTpaTax Ha PelIeHHE IEeNoro psiia TEeXHHIECKUX M OpPraHM3alloOHHBIX 3a1ad 1Mo pa3paboTke
aJITOPUTMOB yIpaBieHHus. MeToa NpHMEeHNM B CceTsX ¢ pacnpeneneHHbIMH [13I7, B KOTOpBIX
HECKOJIbKO XPOHUPYIOUIUX UCTOYHHUKOB pacrojiaratoTcs B pa3jINnvHbIX CETEBbIX Yy3JaX, W JIIO-
00H 13 HUX MOXKET B3ATh Ha ce0st QyHKIIUM OCHOBHOTO.

Memoovl 60ccmano61eHUA CUHXPOHUIMA HA OCHOGe MAOIUY, RPUOPUNIENOE U COOOUle-
HUIl 0 KaYyecmee CUHXPOHU3IMA OTINYAIOTCS OT BBILIE PACCMOTPEHHBIX BBICOKUM OBICTpOAEH-
crBueM. [Ipu HUCTIONB30BaHMH ATHX METOJOB MEPEKITIOYCHUs] CHHXPOCUIHAIOB MIPOUCXOIST 32
BpeMsl MeHee OJHOM CeKyHIBI. BricTpoe mepekitrodenue npeamnonaraeT, urto y ['CD ¢ HeBbIco-
Koit craGubHOCTBI0 (0k0n0 107°) B peskuMe yepkaHus yXo (hassl He IPEBBICHT OIHOI MKC.

Wnes mMeTona Tabau NPHOPUTETOB PACCMOTPEHa BhILIE. B CHHXpOHU3UPYEMOM CETEBOM
AIIEMEHTE CUTHAJI C HAaMBBICIINM MPHUOPHUTETOM BEIOMpaeTcsl B KadecTBE OCHOBHOTO. [1pu aTOM
OCTaJIbHBIE HaxXoIATCs B OXMIOaHUM. [lepekiroueHre MpouCXOIUT IMOociie UCYE3HOBEHHS OcC-
HOBHOI'O CHMTHAala CHMHXPOHH3AIMK M3-3a MPOMNaJaHus CHIHalda Ha JIMHEHHOM (arperaTHOM)
uHTep(eiice, MOTEPH MUKIIA Mepeadn, IPU CUTHAJIE aBAPHHHOTO COCTOSIHUS WU APYTHX OT-
Ka3ax ceTd. [lepeximodeHne Ha pe3epBHBIH CHHXPOCHTHAJI BO3MOXHO U B cilydae yxoaa (asbl
WJIM 4aCTOThI ONOpHOTO curHaia. [lepekiiroueHne MoXeT ObITh pean30BaHO ¢ BO3BPATOM WITH
0e3 Hero (C py4HbIM 0OpPATHBIM BOCCTAHOBJICHHEM HCTOYHHUKA CHHXPOHHU3MA).

JloCTOMHCTBO MeTO/Ia MPUOPHUTETHBIX TaOJIUIl COCTOUT B €0 OTHOCHTEIBHON MPOCTOTE U
BBICOKOH CKOPOCTH NepekiIrodeHus. Kpome Toro, NpHHATHE PELISHHS O MEepeKIIOYeHHH Ha
pe3epB MPUHUMAETCS] TOJIBKO B OJHOM Y3J€ Ha OCHOBE cOOpaHHON MH(OPMAINH O KauecTBe
cuHXpoHu3Ma. [Ipu 3TOM HeT HEeOOXOIMMOCTH 3a/IeHCTBOBATH CHUCTEMY YIPABICHHUS CETHIO.
K Henocratkam MeToJa cieayeT OTHECTH HEZOCTaTOYHYHO TMOKOCTb B IOJJIEPXKKE Paziny-
HBIX CETEBBLIX TOMOJIOTHH (KOHbHeBble, CJIOJKHBIE JTUHEHHbBIE U H‘{GI/ICTBIC) ¢ OOJIBIIINM YKCIIOM
npomMexyTounbrx ['CD.
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Mecra npuMeHEHHs METO/Ia TIPHOPUTETHBIX TAOJIUI]: KOMMYTaTOPbI, KPOCCOBBIE Y3JIbI HA
nepecedeHun ssuercThix ceredd, B PDH ceTsx, paboraromux BHyTpr SDH cereii.

Wnes merona mokazaTenei KauecTBa pacCMOTpeHa BhimIe. [IperMyiecTBo 3TOro Merona
10 CPAaBHEHUIO C METOJIOM MPUOPHUTETHBIX TAOIHIL 3aKJIFOYACTCSI B TOM, YTO OH MOXKET MPHMe-
HATHCS B CETAX C JIF000I Tomojioruei. MeTo1, OCHOBAaHHBIM Ha COOOIIEHUSIX O KaUECTBE CUH-
XPOHU3AIMH, MOKET PacCMaTpPUBaThCA Kak IOTMONHEHHE K MpeAbIIyIieMy, TOCKOIbKY obec-
MEYMBACT B KAKIOM y3JIe CETH JIOTIOTHUTEHHYIO HH(QOPMAIIUIO, KOTOpasi IOCTyIaeT B opme
cooOmmenuit B 3aronoBkax curaaioB STM-N wnu E1. O1tu coobiienust Ho3BOJISIOT HMO-pa3Ho-
My pearnpoBaTh B CETEBBIX 3JIEMEHTaX Ha pazIHyHbIe cuTyanuu. [Ipu sToM He TpedyeTrcs wc-
NOJIb30BaHKE CHCTEMBI YIpaBieHus. TakuM 00pa3oM, METOI IPHOPUTETHBIX TaOIHI] U METO
COO6LHGHPII7[ 0 Ka4€CTBE ABJISIIOTCA MOILIHBIMH CPEACTBAMU V11 aBTOMATHUYECKOI'O BOCCTAHOB-
JICHUS] CHHXPOHU3AIMN B CETH CBS3H. OHU MO3BOJNISIOT MIPEIOTBPATHTE CO3IAaHUE 3aMKHYTBIX
HeTeNb CHHXPOHU3AINY 1 HAPYIICHUE HEPapXUH YPOBHEH KaueCcTBa XPOHUPYIONINX HCTOYHHU-
KOB. DTU METOJbI TPUMEHSIOTCS, KaK MPaBUIO, COBMECTHO. [IpuMepbl UX MpUMEHEHUs Jie-
MOHCTpUpYIoTCs Ha puc. 5.38, 5.39.
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Puc. 5.38. lNMpumep cxembl BOCCTAHOBMNEHUS CUHXPOHM3MA
B JIMHENHON Lenun nNpu NoBpeXaeHun

5.3.6. AyauT ceTu CUHXpPOHU3aLUU

AyZIUT UM TECTUPOBAHUE CETU CUHXPOHU3ALMK TPOBOIUTCS € LIEJIBbIO IPOBEPKHU:

— NPaBUJIBHOCTH COCTABJIEHUS IPOEKTHOM CXEMbl CHHXPOHHM3ALUHU TPAHCIIOPTHOMH CETH;

— COOTBETCTBHUS IPOEKTHON CXEMbI CHHXPOHHU3ALUY, PEATU30BaHHOM Ha 00bEKTaX TpaHC-
IIOPTHOH ceTy;

— COOTBETCTBHSI TapaMeTPOB CHUTHATOB OT MCTOYHMKOB CHHXPOHHU3ALUK 000PYA0BaHUS U
BCEH CHCTEMBI CHHXPOHM3ALMY TPAHCIIOPTHOM CETH YCTaHOBJIEHHBIM HOPMaM;

— paboThI CETH CUHXPOHU3ALMU B HOPMANbHBIX U aBapUIHBIX YCIOBUIX MPU NepeKiroue-
HMSIX Ha Pe3epBHBIC HANPABICHUs W/UIN HCTOYHUKH CHHXPOHHU3ALMH.
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Puc. 5.39. lNpumep cxemM BOCCTaAHOBIIEHMS CUHXPOHMU3MA:
a) Npw NoBpexaeHnn KornbLeBon ceTu. Llar 1 — Hayano BocCTaHOBNEHUS;
6) npu noBpexaeHun konbLeBo cetu. LWarn 2, 3 — npogomkeHWe BOCCTAHOBMNEHNS NO BbIGOPY nokasaTens;
B) NMpv NOBpeXAeHUn KonbLeBon ceTu. Lar 4 — BoccTaHoBneHne cuHxpoHuama ot M3l
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IMpoBepkn HEOOXOIMMBI TOTOMY, YTO pa3pabOTKa CXeM CHHXPOHM3ALMH SBISETCS CIOXK-
HOM, HepOopMaTM30BaHHOM W MHOTONIAPAMETPUIECKOM 3a1a4eid 1o psijly IPUYUH:

— Ha CXeMe CHHXPOHHU3AINH JOJDKHBI OBITh OMpeAelIeHbl OCHOBHBIE U Pe3epBHBIE UCTOY-
HUKM CHHXPOHHW3AllMH, HANPaBJICHHs TIepeAayd CHHXPOCHUTHAJIOB, YCTaHOBKH MPHOPH-
TeTOB U ypoBHeil kauecTa (QL...Q6) /Ui TAKTOBBIX FCHEPATOPOB CETEBBIX 3JIEMEHTOB,
OJIOKOB CHHXPOHHM3ALUH KOMMYTaTOPOB, BTOPHYHBIX 33/IaI0IINX T€HEPATOPOB;

— s obecneyeHus TpebyeMbIX MoKas3aTenei )KUBy4ecTH (HaAeKHOCTH) CETH CHHXPOHH-
3alMU CXEMBI JI0JKHBI UMETH CI0KHYIO TOIOJIOTHIO U JIOTHYECKYIO CTPYKTYPY.

OTH (PaKTOPHI MPUBOAAT K HEOOXOIUMOCTH MIPOBEPKU pa3pabOTaHHON CXeMbl CHHXPOHH-

3aIUH Mepejt BBOAOM IM(PPOBOH TPAHCIIOPTHOH ceTH B AeicTBHe. [Ipn 3ToM HE0OX0IMMO:

— BBIIBUTb BO3MOXHBIC METIN CUHXPOHU3AIIUU U NapaMETpbl CUHXPOCUTHAJIOB, HE COOT-
BETCTBYIOL[ME YCTAHOBJICHHBIM HOpMaM (BEJMUUHBI J)KUTTEPA, BaHIepa);

— YCTPaHUTh OIIMOKH, JOMYIIEHHbIE IPH TPOSKTHPOBAHUH, U3MEHHUTH B MPOEKTHOH CcXe-
M€ CHHXPOHHM3ALNN €€ OCHOBHYIO /UM PE3EPBHYIO TOMOJIOTHIO;

— MMPOBECTH MOBTOPHBIEC U3MEPEHHUS 110 Pa3pabOTaHHOW MPOrpaMMe B HEOOXOJMMOM 00BbeMe.

Ha mpakrtuke mpomecc ayauta U KOPPEKTHPOBKA CXEM CHHXPOHH3ALIUU HOCSAT UTEPATHB-

HBIH XapakTep U JUISATCS [0 MOJTYYeHHUS MMOJ0XKHUTENBHBIX Pe3YJIbTaTOB H3MEPEHHUH.

5.4. YnpaBneHue B TPaHCMNOPTHbIX CeTAX

YnpapneHue TPaHCTIOPTHOW CEThIO OTHOCHUTCS K 3aJa4yaM, ONpe/IeIeHHBIM 001ei KOHIIeIH-
el yrpaBlieHHUs] CEeTAMH 3JIEKTPOCBA3M U MOJY4YHMBILCH Ha3BaHUE CETH YIPaBJICHHS TEIEKOM-
mynukausmu (TMN, Telecommunications Management Network). B artoit konueniun Me-
xayHapopHoro Coro3a DJeKTpPOCBsi3M pa3paboTaHbl CTaHIAPTHl Ha MOCTPOCHUE CHCTEM
yrpaBieHus: ceTsiMu cBsi3u. CTaHmapThl ynpaBiieHHs OMmyOJIMKOBaHbI B BUJIE PEKOMEHAALMH
MCD3-T cepru M.3xxx.

Hwxe KOpOTKO paccMaTprBatOTCsl OOIIME MPHUHIIMIBI YIPABICHUS CETSIMHU JJIEKTPOCBSI3H
U MPUMEHEHHE 3THX MPHUHIMIOB K YNPABJICHUIO CETEBBIMHU 3JIEMEHTaMH U TPAHCIOPTHBIMH
cersimu. Bonee moapobHyr0 HHOOPMALIHIO IO CHCTEMaM YIpaBleHHUs] MOXKHO HaiTu B [53].

5.4.1. O6wme NpUHUUNDbI YNpPaBleHNA CeTAMU CBA3U

PasBuTHE CHCTEM YIIPABIIECHHUS CETSIMU CBSI3U 00YCIOBIEHO PSIOM TIPHYHH:

— CETH CBSI3M CTAHOBSITCS CJIOHBIMH U Bee 60iee HEOHOPOIHBIMH MO CTPYKTYpe (TpaHc-
MIOPTHBIE, TOCTYIA, MOOHIIBHBIE M T.J.) U [0 UCIIOIB3yEMBIM CPEICTBAM;

— Bce Ooutblilee PacIpOCTPaHEHHe MONYYAIOT JIOKATbHBIE ¥ TOPOJICKHE BBHIUMCITUTENBHBIE
CeTH, KOTOPOE MCIOJB3YIOT CETU OOMIEro MOJIb30BaHHS;

— HOSBHJIOCH GOJIBIIOE KOJMYECTBO KOMIIAHHM, OKa3bIBAIOIIUX TEICKOMMYHHKAIIMOHHBIE
YCIYTH, KOTOpPBIE JOJDKHBI COOTBETCTBOBATH ONpPEIETECHHBIM IOKA3aTesIM KauecTBa
(cranpapt SO 9000);

— IOJKHA 00eCIeYnBaTLCs BBICOKAs HAJEKHOCTh HH()OPMAIIMOHHBIX U TEJIEKOMMYHHKA-
[IMOHHOW ceTell Ul OOCITYy)XHBaHHS HYXI TOCYJApCTBA M OTAEIBHBIX KOMITAHHH
(TpaHCOPTHPOBKH IPY30B, PUHAHCOBBIX YUPEKICHHUH, 00pa30BaHus, HAYKH U T.]11.);
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— pocT 00bEMOB MH(OPMALMOHHOTO OOMEHa MEX/Iy CTpaHaMH, CO3JlaHHe TII00aTbHBIX

ceTel CBA3M.

Cemow ynpasnenus (CY), cornacuo konueniua TMN, obecrieunBaer GyHKIHH yIipaBiie-
HUS JJIsL CETel TeIeKOMMYHHUKAIU u yeiyr 3tux cereit (puc. 5.40). Kpome Toro, pazpabora-
Hbl pasnuuHble KoHueniuu CY i TeIeKOMMYHHKAIHOHHBIX CHCTEM MPEINpPHUSITHH, Be-
JIOMCTB, OOBETUHEHUH, KOTOPHIE HCIOBEAYIOT MPUHIWIBI IDIAT(GOPMEHHOTO YIIPAaBICHUS
CpelnCcTBaMU MPOCTOro mpotokoaa ynpaenenus cetbio SNMP (Simple Network Management
Protocol), mporokona o6rieii apxurekTypbl Opokepa o6bekTHbIX 3ampocoB CORBA (Com-
mon Object Request Broker Architecture) u mp.
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Puc. 5.40. BsaumocBsa3b ceTH ynpaBneHus 1 ynpasnsemon cetu

Huxe nmpuBeneHsl mpuMepsl TEIEKOMMYHUKALMOHHBIX CETeM M YCIyr BJIEKTPOCBS3H, a
TaKke TUIIOB ammnapaTypbl, KOTOPBIE BXOIAT B KOHIENTya bHbIE pemeHus o TMN:

— ceTH O0IIero U YacTHOro MoJb30BaHus, Bkitouas uudpossie (ISDN), cetn moasuxHoON
CBsI3M, YacTHbIE (KOPIOPATHBHBIC) TeNC(POHHBIE, BUPTYalbHbIE U HHTE/UICKTyabHbIE,
TPaHCIIOPTHHBIC, CETH NOCTYIIA,

— caMa CeTh YIpaBJICHHUS MOXET OBITh YIPaBIIEMOH;

— anmnaparypa cuctem nepenaud PDH, SDH, ATM, OTN (My/ibTHIUIEKCOPBI, KPOCCOBBIE
KOMMYTATOPbI, ONTHYECKUE YCHIMTENIH, TPAHCHIOHAEPHl M T.A.) U MYJbTHCEPBHUCHBIX
TPaHCIIOPTHBIX MIATHOPM;

— u(poBbIe U aHATOrOBbIE CHUCTEMbI Tepeaaun (BOJIOKOHHO-ONTHYECKHE, pajruopeneii-
HbIE, CITyTHUKOBBIE, KaOeIbHbIE);

— CHCTEMBI BOCCTAHOBJIEHUs (pe3epBUPOBAHMUA);

— OonepalOHHbIE CUCTEMBI,

— LIEHTpaJbHble, UHTEP(EHCHbIe MPOLIECCOPBl, KOHTPOJIJIEPHI, (aiioBble MPOLECCOphl U
T.I.;

— B3aMMO/ICHCTBYIOIINE BCIIOMOraTeIbHbIE CHCTEMbI (JIEKTPOMUTAHUE, KOHIHUIIUHOHEPHI,
CUTHAJIM3aLUs U T.]1.).

[Ipu ynpaBiieHUM CeTSMU CBSI3U OTIEpAIlMOHHBIE CUCTEMbI MPOU3BOAAT 00pabOTKy Bceit

uH(pOopMaIKK, HEOOXOJUMOM IS BRITIONHEHHS (DYHKIMH YIIpaBICHUS.

Paboune ctannmy 00eCeYnBalOT MOJIB30BATENBCKUH, KaK MPaBUIIO, TpaQHISCKUN HHTEP-

(beiic, mocpeaCcTBOM KOTOPOro 0OCTYKUBAIOIIUN MIEPCOHAT B3aUMOJICHCTBYET C CEThIO YITPaB-
JeHUS.
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CeTp nepenayu JaHHBIX MpeJHAa3HAuEHa JUIsl OpPraHU3aluy CBSI3U MEXIY ONepalMOHHbI-
MH CHCTEMaMH YIPABIEHHS U CETEBBIMU 3JIEMEHTAMHU.

HetpynHo 3aMeTHTB, 94TO CETh YIPaBICHUS CaMOCTOSATENbHA MO0 OTHOIICHHUIO K YIIpaBIIsie-
Moii ceTu. B3aumMopelicTBue ceTeii peanusyeTcs yepe3 nHTepdeichl KOMMYTallMOHHBIX CTaH-
[UH, CUCTEM Tiepesaydl U TOJb30BaTEIbCKUX TEPMUHANOB. JlJIsi 3TOH e MpelLyCcMOTPEHbI
OTHeJbHBIC KaHaJTbI Mepenavn NaHHeX. B cetrn SDH mcmonp3yroTest kaHAIBl Ha OCHOBE Oaii-
TOB 3ar0JIOBKOB CEKIIUI pereHepalyu U MyJibTUIiekcupoBanus (O6aiiter D1...D3 o6pa3syror
kanan DCCr co ckopocteio 192x6ut/c B 3aronoBke RSOH, Gaiiter D4...D12 06pa3yroT kaHa
DCCm co ckopocteio 576x6ut/c B 3aromoBke MSOH). B onruueckoii cetu OTN-OTH wnc-
HOJIB3YIOTCS KaHalbl Ha ocHoBe OaiiToB 3aronoBkoB OTUK u ODUK (nBa Gaiita GCC B 3aro-
noskax OTU1, OTU2, OTU3 u o gsa Oaiita GCC1, GCC2 B 3aronoskax ODU1, ODU?2,
ODU3 nonaepXuBatoT CKOPOCTH Tepeadnd cooTBeTcTBeHHO 326,723, 1312,405, 5271,864
k6ut/c). B TpaHCcopTHBIX ceTsix Ha ocHOoBe TexHosoruit ATM u Ethernet raxxe opranusyror-
Csl KaHaJbl Tiepeiauy IaHHBIX YIIPaBIeHUs], OHAKO 3TH KaHaJlbl BUPTYalbHbIE, T.€. 00pa3oBa-
HBI CITyYaiiHBIM ITOTOKOM S[YeeK WM KaJPOB, H UMEIOT IIEPEMEHHYIO CKOPOCTh nepeaad. [1pu
9TOM HH(pOPMAIHS yIIPABICHHUS 3aIMCHIBACTCS B MOJIST HATPY3KHU SUEEK U KaJpOB, a B 3ar0JIOB-
Kax sueeK 1 KaJ[poB YKa3bIBaeTCs CETEBOW aJIpec IEMEHTa CeTH UJIH aJpec y3Ja yInpaBieHHs.

Konnenuueit TMN npenycMoTpeHO nepapXxudeckoe MOCTPOSHUE CHCTEMbl yIpaBJICHHUS,
KOTOpO€ MMeET MupamMuaanbHyio Gopmy (puc. 5.41).
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Puc. 5.41. MNMupamuga ynpasneHus TMN

Cambiit HYWKHAH yposens «Cemegvle d1emeHmbl» — 3TO yIpaBiisieMasl CETh CO BCEMU ee
CEeTeBBIMU DJIEMEHTaMH, UX PecypcaMu M COCTOSHMAMM. Kak/plil BbIlE Jexaluid ypoBeHb
yIpaBJeHUs UMeeT OoJiee BRICOKYIO CTENeHb 0000IeH!s HHPOPMAIIUK YTIPaBJICHHUs, YeM Jie-
JKalui HUXKe.

Yposenwv «¥Ynpasnenue cemesvimu snemenmamuy» BKIIOUAET B ce0s KOHTPOJIb, (PUKCALUIO
napaMeTpoB (PyHKIMOHUPOBAHUS, TEXHUIECKOE 00CTyKHBaHUE, KOH(PUTYpHUPOBAHHE TTPHUMeE-
HHUTEJIbHO K OT/EIBbHBIM YCTPOCTBaM ceTu (HampuMep, ONTHYECKUM MYJIbTUILIEKCOopaM, Oa-
30BBIM CTAHLMSM COTOBOW CBSI3M, KOMMYTaTopaM KaHalOB WM MakeToB). DYHKLUUH ITOrO
YPOBHsI, HHOT/Ia Ha3bIBAEMOT'0 HYJIEBBIM, MOTYT OBITh BBINOJHEHBI C UCIIOJIb30BaHHEM Tpadu-
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YeCKOro TePMHHAJA, CTHIKYEMOI'0 HElOCPEACTBEHHO C CETEBBIM DJIEMEHTOM HIIHM YAAJICHHO,
T.€. Uepe3 CeTh MepeJad JaHHBIX.

Yposenv «Ynpasnenue cemvio» obecriednBaeT oxBaT (YHKIMSIMU YIPABICHHUS TPYIIIIbI
CETEeBBIX JIEMEHTOB, COCTABIISIOIINX BO B3aUMOCBSI3H €IMHYIO CETh CO BCEMH pecypcamH, Ha-
HpHMep, ONTHYECKYI0 TPAHCIIOPTHYIO CETh C CEKLUSIMH ONTHYECKOI0 MYJIbTHUIIICKCUPOBAHHS,
ONITHYECKUMHU WJIM ANEKTPUUICCKUMH TpPaKTaMH, KaHalIaMH, CPeACTBAMU PE3EPBHUPOBAHUS U
CHHXPOHHU3ALNH.

Yposenwv «¥Ynpasnenue yciyzamu» noaaepXuBaeT MpeAOCTaBICHUE YCIYT JIEKTPOCBSI3H
MOJTB30BATENSIM, T.€. B OTJIMYHE OT PACHOIOKEHHBIX HIKE YPOBHEH HalleleH Ha moTpedure-
aeit yeryr cBs3u. KirtoueBbIM (akTOpoM Ha 3TOM YPOBHE SIBIISeTCS OoOecredeHHe KauecTBa
yCJIyT, NpUBJIeYeHHE NOTpeOuTeNel HOBBIMU YCIYTaMH.

Yposenv «Aomunucmpamusnoe ynpaenenue» TNpeaHA3HAYEH IS MOIIEPKKHA (QYHKIHO-
HUPOBaHUs KOMIIaHMH-OTIepaTopa ceTh cBsA3u. Ha 3Tom ypoBHe pemraioTcs npoOiemMbl HHBe-
CTUILIMH, IPOEKTOB Pa3BUTHsl, KaJpoBoe obeclieueHne, B3anMOIeHCTBHE C JPYTHMMH ONepaTo-
paMu, opraHaMH TOCYAapCTBEHHOTO YIIPABICHUS U T.1.

B 3HaunTenBpHON cTEeTeHH OTpabOTaHBI 3adadyd YIPABICHUS Ha TIEPBBIX ABYX YPOBHIX U
COBEPILEHCTBYIOTCSl METOJIBI M CPEJICTBA ynpaBiieHus yciayramu. CyliecTBEeHHBIX CIBHIOB B
aBTOMATH3allMU aIMUHUCTPATUBHOTO YPOBHS yIpaBjeHus He HaOmtonaercs. [y onTrieckux
TPaHCIIOPTHBIX CeTell BaKHEUIINMHU SIBIISTIOTCS, TIPEKIE BCETO, IBA HUYKHUX YPOBHS yIIpaBie-
Hus. OnHaKo, B CBA3M ¢ pa3BuTHeM ontndeckux cereil ASON akTyalbHBIM CTaHOBHTCS HC-
H0JIb30BaHKE PELICHUI YPOBHS YIPABJICHHUS YCIYraMH TPAHCIIOPTHOW CETH W aBTOMaTH3aluK
B3aMMOJICUCTBHS OIIEPATOPOB CeTel Ha MPEAMET TPAHCIIOPTHBIX YCIYT.

Bce gyHkuum ynpasieHus B CETH YIPaBJISHNS YCIOBHO MPUHATO pa3JeiiaTh Ha o0IIe n
npuknagseie. O61me GyHKIUN COCTOAT B NOAJEPIKKE MPUKIAAHBIX (QYHKLIMHA U BKIIOYAIOT B
cebs: cobop, 00pabOTKy, XpaHeHUe WHPOPMAIIMK YTIPABIICHHS, BbIIauy 3TOH HH(pOpMAIMH TI0
3ampocy, orobpaxenue e€ B ynooHoMm dopmare.

[MpuxnanHeie GYHKIMU yIIpaBIeHNs IeIATCS Ha MATh TPy

— ynpaBiieHHe KOHUrypaluei (ceTeBoro aneMeHTa, ceTH, yCiyr);

— ymnpaBlieHHEe KaueCTBOM paboThl (CETEBOro 3JEMEHTa, CETH, YCIyT);

— YIpaBlieHHE YCTpaHEHHEM HEHCIPAaBHOCTEH (CETEBOro 31eMeHTa, CETH, YCIyT);

— ynpaBlieHHe pacueTaMt (TeXHUYECKUMH, OyXTalTepCKUMN);

— ynpaBiieHrne 6€30MacHOCTHIO (CETEBOTO JIEMEHTa, CETH, YCIIYT).

K npukiagaeiM GyHKIUSM YIIpaBIeHHS B TPAHCIIOPTHBIX CETSIX MOXKHO OTHECTH U YIIpaB-
JieHHe TakToBOH ceTeBoi cunxponuzanueii (TCC).

st B3aUMOIEHCTBUS B CETH YIPABICHUS IPELyCMOTPEHBI MTPOTrpaMMHEIE TPOAYKTHI, Ha-
3bIBaeMble «MEHEDKep» U «areHT». MeHemKep U areHT B3auMOJIEHCTBYIOT ¢ HHPOPMALIOH-
HbIMU Oazamu yrpasienus MIB (Management Information Base), rie nakamnnBaercs U xpa-
HHUTCS BCs MH(OPMALUS 10 YIPABISEMOH CETH M TI0 KaXKIOMY CETEBOMY JJIEMEHTy. MeHen-
XKep pa3Melaercs, KaK IpaBuilo, B ONEPallMOHHON CHCTEME CETH YINpaBlIeHHs, KOTopas 3a-
rpy’Xaercst B cepBep. ATEHT pa3MelaeTcs B ONEepalMOHHON CHCTEMe Ka)JI0ro CETeBOTo dJie-
MeHTa. MeHemKep MOChUIaeT areHTy KOMaHIbl YIpaBleHHus. ATCHT OTBEYAeT YBEIOMIICHUS-
MU 00 UCTIONTHEHUH KOMaHI. ATEHT TaK)Ke MOXKET YBEJIOMIISTH MEHEIDKEepa O COCTOSHHSAX Ce-
TEBOT'O dJIEMeHTa U 03 KOMaH[| U 3aIpoCcoB, HallpHMep B aBapHHHBIX COCTOSHHUSX.

Jns obGecriedeHuio mpoiecca 0OMeHa yrpapisione nHpopMaed MexX1y MeHeKEPOM
W areHTOM HCIIOJIb3YIOTCS MPOTOKOJBI yripaBiieHus, Takue kak CMIP u SNMP.
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CMIP, Common Management Information Protocol — npoTokon obieii yrnpasisioriei
urdopmarnmn — crangapt 1SO/ITU-T, obecrieunBaroiiyii BHIMOJIHEHNAE CI0XKHBIX OTEPALIHii
CpelCTBaMU MHTEIJIEKTYAIbHBIX areHTOB, KOT/a M0 OJHOM MPOCTOM KOMaHIe OT MEHe[Kepa
MOT'YT OBITh BHITTOJHEHBI CIIOMKHBIEC MOCIEA0BATEIBHOCTH OTEPAIIUA.

SNMP, Simple Network Management Protocol — mipocToii mpoToKoJ yrnpaBieHus ce-
ThIO, omnpeneneHublil cranaapramu TCP/IP, obecrieunBaeT BBIMOMHEHHE KaK MPOCTHIX TaK U
CJIOXKHBIX OTepaluid YIpaBIeHusl, OJHAKO TpeOyeT MHOTOUHCIICHHBIX ONepannii oOMeHa Mex-
1y MEHEKEPOM 1 areHTOM.

WNudopmanus ynpasienus 3anuceiBaetcs B MIB B Bune o0bektoB. [lox 06bekTOM TIpH-
HSITO NOHUMAThL a0CTPAKTHOE OMKMCAHUE PEATbHBIX ((DU3MUIECKHX) PECYPCOB, HAPUMED, OITH-
4eCKUX MHTep(eicoB, KPOCCOBBIX KOMMYTaTOPOB, TPAKTOB U T.1. OOBEKTHI, TOMELIaeMbIe B
MIB, pasneneHbl Ha KIacChl YIPaBIlseMbIX_OOBEKTOB, HANpUMep, KiIacC 3almucH aBapui,
KJacc MpoQuIs MPUCBOCHUS CEPhe3HOCTH aBapHid, KJIacc 3amucedl 00 M3MEHEHHN 3HAYCHUS-
aTpulbyTa (COCTOSIHUSL), KJTACC KPOCCOBBIX COCUHEHHH U T.]I.

dusngeckas crpykrypa CVY Briroyaer B ce0s1 KOMIOHEHTHI (YCTPOWCTBA), KOTOPBIE SIBJISI-
10TCs (husMyeckol peanusanueil GyHKIMOHATBHBIX OJIOKOB YIIPAaBICHUs, KAHATIOB CETH Iepe-
JIa4M JTAHHBIX C COOTBETCTBYIOLIMMH MPOTOKOJIaMH U uHTep(heiicamu (puc. 5.42).

CeTh ynpasneH us
(TMN) OnepaLMoHHas
cucTemna Yenopek-

anepaTop

]
PaBovan
CTAHUMA

CeTh nepenawn AaHHbx

Mengwarop

2 a

CeTe nepenaYy naHHEX
U 0-agantep H— Ceterai JL Q-agantep | CeTennii |
INEMEHT INEMEHT

Puc. 5.42. dusnyeckas ctpyktypa CY

MeauaTopsl ciyKat AJ1 IPOMEKYTOUHOH 00paboTKM JaHHBIX, UX XpaHEHUs, peodpa3o-
BaHUs MPOTOKOJIOB Mepeaaun JaHHbIX. OHU ABJSIOTCS (aKyJIbTaTUBHBIMH YCTPOMCTBaMHU U
MOTYT OBITh peajH30BaHbl KaK OTIAEIbHBIMU yCTPOMCTBAMHM, TAaK U B COCTABE CETEBHIX dJie-
MEHTOB.

Hutepdericel Qz, Qy, F, X sSBISAIOTCS MEKONEPAMOHHBIMH, T.€. MPEACTABISIOT cO00i
(hopMasbHO OTpeaeNeHHbI HAa0Op MPOTOKOJIOB, MpoLEAyp, (POpMaTOB COOOIICHUN U CeMaH-
THKH, UCTIOJB3YEMBIX [T Tepenaun uadopmanuu ynpasienus. Uarepdeiic F npencrasiser
co0OM JIOKaJIbHBIA (u3nueckuil uHTepdeic ¢ KOPOTKOM JTMHUEH MOIKIIOUYEHHUs, HAPUMED,
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RS-232. Nnrepdetic X GopmanbHO onpenenéH A B3auMOJEHCTBUS MEXIY ONepaloHHbI-
MH CHCTEMaMH yTPABICHUS Pa3IMUHBIX ONEPATOPOB CETEH CBA3U M IO CBOEMY HAIOJTHEHHIO
aHanmornveH uHtepdeiicam Qy u Qs.

[Ipumep onpenenenus unrepdeiicor Qs u Qx mpuseaeH Ha puc. 5.43, rae dpopmanuzanus
MOXeT OBbITh CBsi3aHa C MPOTOKOJIBbHBIMU ypoBHAMHU moxenel 1SO/OS| (cemb ypoBHeit) wiu
TCP/IP (ueTbipe ypoBHs).

YpoeHW mogeny I50/05L

HHTeppeice THMN Y¥poeHWw Mogenuy TCP/IP

MNpukaagHee NPOrPaMM

n Wr
prrnAnNo CMISE PopRMpODAHME
NOTOKa BaHHBIX
[ asce | [ rosE | (SMMP)
PopManUMioBaHHOE
MNpepcTagHUTensHBA § NpeAcTABNEHWE QAHHBIX
ASN.1 X.209

Ceancnmi 5

MpoToronsl NOALEPHKH
COAHCH COAIH
ITU-T ¥.216, X226

CormenTe v

MpoTorens THAHCNOPTA- AERTAMQAMME
- - POEKK BNOHA AAHHLIX ON- (PCP. UDP)
PAHCABRETHER PEAENEHHOND KNACCA.
IS0 8073 /A02 CL4
MNpoTokons! CeTH Nepeaaqu MakeTsl W
" NAaKeTOR € YCTAHOBNEHHEM skl
Cetenoi 3 MM B3 YETAHGENEHNA COE- n‘ia:dﬂr?.ldtn"n;bl
AuHeHwA. [50 8473/8348
Mporokane | MpoTokons
Kamanenmia 2 T’EEH"; n:;::‘;i” PopMupoBaHue
CEMALCD LAFD AdHHBIX ONA
Berposnmnme n::p::(.ua-m wepea
WwHa corw CeTh (BHE MOOENK
DuzuuecHui 1 Ethernet “EH‘::'S-’E.TICET” TCP/IF)
10B2seT/2/5| pecr pecm
Qs iy

Puc. 5.43. lNpumepsbl hopmanbHOro onpeaeneHns yposHen nHTepdencos
ONsi ceTeln ynpasreHns Ha ocHoBe npoTtokonos ISO/OSI n TCP/IP

Ha puc. 5.43 ncnonb3oBaHbl cieayromye 0003HaAYCHHS

— ACSE, Association Control Service Element — aneMeHT yciiyru KOHTPOJIsSL accolida-
uu (CPyIIsL);

— ASN, Abstract Syntax Notation One — abcTpakTHOE ONHUCaHHE CHHTAKCHCA,

— CMISE, Common Management Information Services Element — siemeHT ciryx0b1 00-
111ero HH(HOPMAIIMOHHOTO YIPABICHHUS;

— CSMA/CD, Carrier Sense Multiple Access/ Collision Detection — MHOkeCTBEHHBII
JOCTYII C KOHTPOJIEM Hecyliel u 0OHapyKeHneM KOH(IUKTOB;

— LAPD, Link Access Procedure for the D channel — nporieaypa goctyna K 3BeHy JaH-
HBIX KaHana D;

— NMASE, Network Management Association Services Element — siemenT accounamnun
YCIIYT CETEBOTO YIIPABICHHUS;

— ROSE, Remote Operation Services Element — snemeHT 06CTyKMBaHHUs YAAICHHBIX
onepaunui;
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— TCP/IP, Transmission Control Protocol / Internet Protocol — npotokon ymnpasieHust

nepenaveii / MeKCETEBOH MPOTOKOIT;
— UDP, User Datagram Protocol — niportokos nepenaun neritarpamm (6e3 ycTaHOBIEHHUS
COEIMHEHHNH);

— 10Base T/2/5 — crannmaptsl jgokanbHoi cetn 10 Mout/c Ethernet, opuentupoBanHsie
Ha Butyio napy (T), Ha Tonkuii 50-oMHBII KoakcHanbHBIN Kabenb (2), Ha ToacTerii 50-
OMHBII KOaKCHANbHBIN Kabeib (5).

YcTpoiicTBo, 0003HaueHHOE Ha puc.5.42 «Q-amantep», MpenHa3HAueHO sl TIOAKIIoYe-
HUS K CETH YTPAaBICHUS Pa3IHYHBIX BHUIOB 00OpymoBaHMs 0e3 (YHKIMH YHpaBICHHS IO
TMN, HampuMep, KOHIUIMOHEPOB, UCTOYHHKOB JIICKTPONUTAHUS, JaTIUKOB TEMIIEPaTypHl,
JaTYMKOB MOXKAPHOW CUTHATHM3AIUH, TATYUKOB BCKPBITUS MIOMEIICHHUH U T.1.

[Mpumep ¢u3ndeckol CTPYKTYpBI CETH yNpaBJICHUS TPAHCIOPTHON CEThIO MPHUBEICH Ha
puc. 5.44. B 5T0i1 CTpyKType MeAUaTOp MPEACTABISET COO0H MOCT-MapIIPYTH3aTOP JOKAaIb-
Hoii cetu Ethernet. On cormacyet ynpasnsieMyro TpaHCIOpTHYIO ceTh SDH depes nuro30Bbiit
uHTepdeiic Tina Q3 ¢ ceThIo YIpaBleHHsI, TPEICTABICHHONH CEPBEPOM YIIPaBICHHS U pabovu-
MU CTaHIMSIMU yTIpaBlieHHs. B ympaBiseMoit cetn oOpa3oBaHBI KaHAJBl MMepeaad NaHHBIX
DCCr u DCCm ¢ npoTtokosnbHbIME HaOopaMu HUHTepdeiica QX.

(] o Lt L S
Lipeap | ri"‘?"_B" Mocr ]—“,—l Hocr et
- 1 I 1

S S — [P S v R

Hhsiva E1F nal i Ll jesia ELHia

P [Moce M P TR AT Laahs=in (o
33 P teTH Etharned)
e NE o

YrHpARA e
TRAKLTHIRTHAR CETR

CaTasoi
WPHEMAENT

W nosoEw i ceTEnmd
P T HT :I:_:ll;ndﬂlju-ﬁ:l . I_Fi P

BTt v HARAN R
NEEERALA Ok
wripannesuna DCCr, BGOCm

[ WP Qi EAcam

Puc. 5.44. ®dusunyeckas CTpykTypa ceTu yrnpaBreHus TpaHCNopTHON ceTbio SDH

ComnoctaBuB pucyHku 5.43 u 5.44 HeTpYTHO 3aMETUTh, YTO MEUATOP 0OECIeYnBaET CO-
riacoBaHue MpoTokoioB nepenaud AaHHbix (LAPD u CSMA/CD) u Gu3ndecKkux KaHajloB ¢
paznuunbiMu  ckopocTsaimu (DCCr — 192 x6ut/c, DCCm — 576 k6urt/c u Ethernet —
10 M6url/c).

5.4.2. ®YHKUMM ynpaBneHus TPaHCMOPTHOMN CeTbIo

@DYHKLMMU YyIPaBIEHHUs TPAHCIIOPTHOM CETBIO, COCTOSAT B CJAESAYIOIIEM:!

— KOH(UTYpHUPOBaHUE CETEBLIX DJIEMEHTOB;

— YCTaHOBKA MapaMeTPOB ANEKTPUUECKUX U ONITUYECKUX MOPTOB B CETEBBIX IEMEHTAX;
— KOMMYTAaIUsl KPOCCOBBIX COSMHEHUH B MYJIbTHILIEKCOPAX;
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— MEePEKIIIOYCHUE Ha PE3ePB ONTUYECKUX CEKIHid, ONTUYECKUX U UPPOBBIX TPAKTOB, CO-

eJIMHEHUH MoiceTelt 1 000pyI0BaHNS;

— KOH(UTYpUPOBAHUE CETH TAKTOBOH CHHXPOHH3ALINH;

— KOH(UTYpUPOBaHUE KAHAJIOB NEPEIavn JaHHBIX YIPABICHUS;

— 00paboTKa aBapUitHBIX CUTHANIOB,;

— KOHTPOJIb (PYHKIIHOHHPOBAHHSI.

KondurypupoBanue ceTeBOro JIeMeHTa MPEIIoIaracT BEITOTHEHUE PSIa OTIePAIIUii:

— 0a30BOe KOH(PUTYPUPOBAHHE CETEBOT0 deMeHTa ¢ myctoit MIB;

— pe3epBHPOBaHKE M BOCCTAHOBIICHHE KOH(PUTYPAIINH;

— 3aMPOC JAaHHBIX KOHPUIYPAIUH 10 MO3UIHAM CETEBOTO 3JIeMEHTa (THIT MOJKH, CIIUCOK

0bopy0oBaHUsl, HA3HAUYCHUE CMEXHBIX OJIOKOB, TOUKH OKOHYAHHMS, TAKTUPOBAHHUE, BbI-
Jlaya aBapuiHBIX CUTHAJIOB, KaHAJIbI Iepelavyn JaHHBIX YIPABJICHUS);

— KOH(UTYpUPOBaHUE TAKTOBBIX TEHEPATOPOB,;

— KOH(UTYpHUPOBaHUE BXOJOB TUCTAHIIMOHHOTO KOHTPOJIS;

— CUHTBIBAaHHME COCTOSIHUS IPOTPAMMHOT0 00ECTIEYCHHUS U T.1.

YcTaHOBKa MapaMeTpoB IMOPTa Ha CETEBOM JIEMEHTE Mopa3yMeBaeT 3aJaHue COCTOSHUI
ONTHYECKHUX M JJICKTPHUUECKUX UHTeP(ericoB, HHTEP(ECOB BHEIHEH CHHXPOHU3AIMH H JIP.

KomMyTalist KpOCCOBBIX COCTUHEHHI B CETEBBIX JJEMEHTaX MOXET ObITh BBIMOJHEHA
MEXIY OTIEIBHBIMH JJIEKTPHUSCKUMHU U ONTHYeCKUMHE HHTepeiicamu. [ KOHTpoms Kade-
CTBa CHTHaja Ha YCTAHOBJIEHHOM KPOCCOBOM COCIUHEHHH MOTYT HCIIOJNB30BATHCS TOYKH
OKOHYAHHS WM TPAH3UTHOIrO coeauHeHus. KpoCCOBbIE COEAMHEHHMs BBIMOJHSIIOTCS IMOCIE
MIOJTHOW KOH(HUTYPAILIUH CETEBBIX AIEMEHTOB 32 MCKIIOUeHHEeM KpoccoBBIX. [Ipu kpoccuposa-
HUH YCTaHABIUBAIOTCS OJHOHAINPABICHHBIC COCIMHEHHS «TOYKa—TOYKa»», OJHOHAIPABJICH-
HbIE «TOYKa—MHOT'O TOYEK», ABYHanpaBicHHble. OTMEYAIOTCS TOUYKA OKOHYAHUS, METKH CHUT-
HAJIOB, KOHTPOJIb TPAH3UTHBIX COCTMHEHHH.

[epexmrouenne Ha pe3epB B CETEBOM dJIeMEHTE, KOTOpOE MpeaycMaTpuBaeTcsi B 000pyIo-
BaHWH, BBIMOJHSIETCS C [IEJIbIO MOBBIIICHHUS HAJCHKHOCTU CETEBOTO 3JEMEHTa U CETH CBS3H.
[Ipu HapymieHuw mepenadu, Hanpumep, npu oopsiBe nuHuK (o curHany LOS) wiau moBbI-
MIEHHOM KO3(QHIIUEHTE OMHUOOK, TOIDKHO OBITH BHITOJHEHO MEPEKITIOUeHNE CUTHAIOB Ha pe-
3€pBHYIO JMHHIO. JlOTIOMHNTEIbHOE 000PYIOBaHHE B COCTABE CETEBOTO 3JIEMEHTa MOXKET CO-
XPaHUTh TPaQUK B Pe3yJbTaTe 3AIUTHOrO MepeKitoueHus. [Ipotenypsl ynpaBaeHus onpesie-
JICHBI OTHOCHUTEBHO YCTAHOBKU PE3ePBUPOBAHUS, yOAICHNS Pe3ePBUPOBAHNS, 3alIpOca KOH-
(burypanuu u JaHHBIX O COCTOSIHUM JUIsl CYIISCTBYIOIIUX PELICHHUH MO pe3epBy, N3MEHECHUI
KOH(DUTypaImii pe3epBUPOBAHHUS, EPEKIIOUYECHHE MEXAY pabOUYNMH U PE3EPBHBIMU CEKIIUS-
MU MYJIbTHUILICKCHPOBAHUS WIIM CMEHHBIME OJIoKamu B 00opynoBaHuH. Pe3epBupoBanue cek-
1yl 1 6J0KOB MOXeT ObITh oNHBIM (1+1) nnu yactaeiM (1:N), rae yucio paboumx cekiuit
WK OJIOKOB — N, @ pe3ePBHBIX — OJIHA UJIH OJIHH.

B cucreme TakTOBO#H CHHXPOHHM3ALUH MPEATIONaraeTcsl KOH(PHUTypPHPOBaHHE:

— UCTOYHHUKOB CHHXPOHHU3AINHU CETEBBIX 3JIEMEHTOB U CETH;

— TAKTOBBIX CUTHAJIOB;

— BHEIITHETO TAKTOBOT'O CUTHAJIA CHHXPOHHU3ALIUH.

KondurypupoBanne mpou3BOIUTCS M0 MOKazaTelsIM KadecTBa U mpuopureram. Odepen-
HOCTh NMPHOPUTETOB YCTAHABIUBACTCS MPOTPAMMHO B KaXKJOM CETEBOM 3jieMeHTe. [Ipu3Ha-
KaMH MEPEKITIOYCHHUS] CHHXPOCHTHAJIOB 110 TPUOPUTETY MOTYT CIIY)KHUTh:

— noteps curnana (LOS);
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— noteps nukia nepeaaud (LOF);

— curHan uHaukauu aBapun (AlS).

KauectBo cuHxpocurHana kogupyercs u nepenaercs B STM-N B 6aiite S1 MSOH. J{ns
3aIIMTHBIX MEPEKIIOYeHNI HCTOYHHKOB CHHXPOHM3AIMHU TPEIyCMOTpEH TaiiMep BOCCTaHOB-
jeHus cuHxpoHusma (ot 1 no 60 MHUHYT), KOTOPBIK BO3BpAIllaeT CXEMY CHHXPOHHM3Ma IMOCIe
cpabaThHIBaHHs B HCXOIHOE TIOJIOKEHHE.

Kougurypuposanue cetu nepeaaun nandpix DCN (Data Communication Network), ko-
TOpasi MOXKET co3/1aBaThcsl Ha ocHoBe kaHanoB DCCr u DCCm, BeinonHseTcs ais obecrneue-
HUS HaJeXHOCTH Tepenaun paHHbX CVY. [Ipu sTOM co3marorcst ¢popMaTsl aipecoB o0IacTH
(moMeHa) 1 TOMIOTHUTENBHBIC aPECca CETEBbIX HIEMEHTOB.

[Tpn xoudurypupoanur DCN mpounsBoauTcs MapuipyTH3alus C Ledblo 00beTUHEHUS
CETEBBIX AJIEMEHTOB, B TOM YHCIIE M LIIIO30BOTO, B €IUHYIO ceTh. OTOOpaXkaroTcsi coeTuHe-
HUSI KaHAJIOB TIepeIad TaHHBIX YIIPaBICHHUS.

OG6paboTka aBapuHHBIX CHTHAJIOB TpeIojiaraeT pa3invHble BUIBI 0TOOpakeHUs. ABa-
PUH HHIWLUPYIOTCS B anmapaType CeTeBOTO 3JIEeMEHTa CBETOJMOAAMH Ha ITaHEeH COCTOSHHN
AIP (Alarm Interface Panel). ABapuiitble cUrHaabl Kak yBegoMiIeHHs oTrnpasisiorcs B CY
JUISL UIGHTU(HKALIMK CPOYHOCTH U BaXKHOCTH Ha dKpaHe MOHHUTODA.

B 6a3e nannpix CY 10 cUTHaNaM OT CETEBBIX 3JIEMEHTOB MOTYT (PMKCHPOBATHCS CTETICHD
CEpBE3HOCTU aBapHH, CIIMCOK aBApUIHBIX CHUTHAIIOB, MIPOU3BOIUTCS (PHIBTpaIiisl aBapHIHBIX
CHTHAJIOB, TIOACYUTHIBATHCS YHCIO BOSHUKIINX aBAPHUHBIX CUTHAJIOB, (PUKCHPOBATHCS BPEMsI
aBapuil U T.A.

B 0a3e naHHBIX ceTH yIpaBleHHsI MOXeT (UKCUPOBATLCS NOApoOHas HHPOPMAIIUs OTHO-
CHUTENBbHO aBapUHHOIO CHTHaNa, HalpUMep, KaTeropusi aBapuu (oGopymoBaHue, mepenauva,
IpOTHBOpeursi B 00paboTKe CHTHANIOB, BHEIIHEe 000pyI0BaHHe, COOM yIpaBICHHS).

Kourpoas ¢yukunonuposanuss PM (Performance Monitoring) mosBosisier omeparopy
CVY crneauts 3a Ka4ecTBOM pabOThl KOHKPETHOTO CETEBOTO 3JIEeMEHTa TPaHCIIOPTHOM ceTn. B
CY nocturaercs HeNmpepbIBHOCTb cOOpa CTaTUCTHUUECKOM MH(opManuu ¢ nociexyrouei
aHATUTHYECKOH 00paboTKOU. {1 3TOro aBTOMaTHYECKH OCYIIECTBISIETCS! aKTUBU3AIMS TO-
YeK KOHTPOJISI MM H3MEPEHHUI mapaMeTpoB QYHKIMOHUPOBAHMS, OIIPOC ITUX TOUYEK U JleaK-
TUBAIHS.

Kontpons ¢pyHKIIMOHMPOBaHHS NEPHOANYEH U HHpopManus pUKCHpyeTcs B 0a3e JaHHBIX
(MIP) uepe3 15 munyT miam 24 gaca (KOHTPOJIb W (PUKCAIMs BO3MOYKHBI TAaK)Ke KayKIbIi dac,
yepe3 30 u 45 MuHyT).

5.4.3. CtaHpapTHble 3f1IeMeHTbl CeTU ynpaBreHus

s obGecrieueHns B3aMMOJCHCTBHS B CETSAX YIPABICHUS, COBMECTUMOCTH CeTel yNpaBIeHUS
Pa3TMYHBIX MPOM3BOAUTENEH 1 COBMECTIMOCTH YIIPABJICHUS Pa3IMYHBIX CETEBBIX 3JIEMEHTOB
(SDH, OTH, Ethernet, ATM u 1.1.) MCD-T paspabota CTaHIapThl HA KOMIIOHEHTBI CUCTEM
ympasneHust (puc. 5.45). K HUM OTHOCSITCSI: MPOTOKOJBI «MEHEIDKep—areHT», 0a3pl JaHHBIX
(MIB), s13b1k1 onvicanust 6a3 TaHHBIX U T.JI.

VYnpaBieHue CTPOUTCS MO APEBOBUIHON CXEMe, YNPOILEHHbIH MpUMep KOTOPOH MmpuBe-
n&H Ha puc. 5.46. B 3Ty cxemy BXOAAT: a[MUHUCTPATHBHAs 007acTh (IOMEH); IyTh U MOJb30-
BaTeJNlb CETH YIPaBIICHHUS.
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ynpasneHus B TpaHcnopTHon cetn SDH

B aomunucmpamuenyro oonacme 6xooam ynpapiseMble 00ObEKTbI, CTPYNITUPOBAHHbIC

10 JIOTUYECKOMY IPUHLUITY.
O¢buc pencTaBseT 3AaHUE TTIABHOTO O(rca KOMITAHUH.

Buewnue ycmpoiticmea — 0ObEKTHI, He OTHOCSIIUECS K CETH CBSI3U. JaTYMKH, KOHAMIINAO-

HEpbl, CATHAJIN3aIHUs U T. [I.



APXUTEKTYPbI, 3ALLUUTA, CUHXPOHU3ALIUA N YIIPABINEHMUE... 211

Cemesgotl 91emenm TPAHCTIOPTHOM CETH UMEET AeJIeHHe Ha KJIacChl U MOAKIACCH CETEBBIX
aneMeHTOB. [Ipu 3TOM (puKCHpyeTcs ajpec ceTeBOro 3JeMEeHTa B CeTH Tepenadyd JaHHBIX
yIpaBJIeHUS.

Honka, svlosudichoil suux, naxemst (PDH, SDH) — annaparHbie KOMIIOHEHTBI CETEBOTO
snemenTa texnosiorud PDH i SDH. KomIuiekrauus nosok 3aBUCAT OT THIIA CETEBOTO dJle-
MEHTa U ero (PyHKIIUH.

Cekuuss SDH — oToOpakaeTcsi Kak (pU3NUYECKOE COeTUHEHHE MEXIY IBYMsI OKOHEYHbI-
MU CETEBBIMU DJIEMEHTAMH, YTO CIYKHUT OCHOBOW CETEBON TOIOJOTHH I YIPABJICHHUS B CITy-
Yae pe3epBUPOBaHU MpH 00paboTke cOOEB U MOBpeXaeHUH. B cocTaB ceklMu BXOIAT pere-
HEpaTophl, HE 0TOOpa)kaeMble B KaUeCTBE HE3aBUCHMBIX 0OBEKTOB.

Cexuust 0603HAYAETCsI HA KApTe COETMHUTENBLHBIM CUMBOJIOM (puc. 5.47, 6).

[TyTh vy TpakT omnpeaenseTcs Kak JOrMYECKoe CoeIMHEHNEe KOMITOHEHT, Haualo CeKIUH
PDH — xoner cekunu PDH; cexiust PDH u 3akpernnsiemslii 3a Hell BpeMEHHON CIIOT CEKIIUH
SDH; BpemenHoii cioT cekiiuu SDH BHYTpH BpeMeHHOro cioTa cekunn SDH Gonee Bbicoko-
ro nopsika; cexiust SDH BHyTpu ontrueckoii cexiiun OMS U T.1.

B cetn ynparieHuss MOTYT perMCTpUPOBATHCS MMOJB30BATENH, HAPUMED, B CETH YIpaBJie-
HUs onTHueckuMH TpaHcnopTHeMU ceTsiMu INC-100 peructpupyrores no 20 noab3oBarenei,
KKIOMY M3 KOTOPBIX MOXKET PHCBAMBATHCS IPUOPUTET JOCTYMA ISl yrpasieHus (tabu. 5.5).

Ta6nuua 5.5. MpuroputeTsl 4OCTYNa AN ynpaBneHus

IIpuopurer OrpaHuyeHusi B IpaBax J0cTyna

1 Her orpanuyenuit

* perucTpanyst 1 MogupuKanus agpeco Qg
* AIMMHUCTPUPOBAHUE T10JIb30BaTENIEH

2

e peructpanus u Moaudukanus aapecor Qz
3 * aIMMHUCTPUPOBAHUE T10JIb30BaTENIEH
* HCHOJIL30BAHKE NPOrpaMMBbl Hiepesiayur Qaiiiaos

* CO3/1aHUE KPOCCOBBIX COCAUHEHUN

* perucTpanus IporpaMMHOro obecreyeHus

* peructpaiys 1 Moaudukaius agpecos Qs

* perucTparys GOHOBOTO PUCYHKA

* AIMMHUCTPUPOBAHUE T10JIb30BaTENICH

* HCIOJIL30BAHKE NPOrpaMMBbl niepesiayur Qaiinos

5.4.4. Oto6paxeHue PyHKLUIM ynpaBneHUs 4yepes OKHa
rpacgpmyeckoro TepmmHana

I'maBHOE OKHO Tpaduyeckoro TepMHHANA, KaK MPaBUiI0, 0TOOpaXkaeT reorpad)uuecKyro 00iacTb
YIIPABJICHHUS, CTPYKTYPY TPAHCIIOPTHOM CETH, JINHEWKY MEHIO, JIMHEUKY UHCTPYMEHTOB, JIUHEH-
Ky cocrosiHuii, okHa: «Off-line», «M3Bemenus», «Kypuan coObituit». Ha puc. 5.47-5.53
NpeACTaBIECHbl PUMEPBl 0TOOPa’KEHHUs] COCTOSTHUI YNpaBisieMOl CETH Ha 3KpaHe TepMHHala
(momeH, CTPYKTYypa CeTH U KpaTKoe coJepxaHue COOOIICHNUH B THHEIKe MEHIO).
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CHMBOS CERUMH
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Puc. 5.48. CTpykTypa ynpaBnsemMon cetu



APXUTEKTYPbI, 3ALLUTA, CUHXPOHU3ALIUA U YNIPABINEHUE...

213

File View Configuration Metwaork Symbal %q::uri:'_.,' Ciption 'Il'inﬂmr Halp

it T —
! - Raddrarann. |,n-g¢|:|ﬁ.
B —
oFmRInatien (hannel, .. LKSEl,
Interface parameters. .- Password. ..
Rearmange foces Cannect to netwarky Ohfect information .. .
‘Fﬁ‘.]'?TES__ [Asconmect from network ALERN MA
TonlBar Hetresh connechinns Crart applcation
Statgmhar Tannect to netwark File transfes. ,
|Eaue sconnect from n &";‘lﬁﬁ ?Em KE
Lurrang a}grmln;l.. fi aulz
iskencal gyent log. .. [Faant Alanm inforiation
Matifications,. . filarm recpeest Al TR IEuRst
Soeeen d Alarm resel Alarm @;E;
T Lurrenk alarm log T ta
Currert alarm g Ll i Aﬂﬁ.ﬁn_._
3 | Link with abject
Satl r.:lm:-rls... D Lne
wer dlusig. .. LIl"IIE .-_EE-.—.‘
rI:L:rfi:tu as Unlink from okt ..

Remoye from retwork

 —
[adaded COmterits
| Inled On sindow
AFTARGE 0G0 Howd 1 niki Haljs
1 1Rcations About...
2 CAt=lme mose
T Hieteieal et 104

Puc. 5.49. lNMprumep NUHENKN MEHIO

Eﬁ—

Cureat alarm beg...

| Historca] event log,..
Retifications. ..

Screen dump...
il

Current alarm foy....
Historical even! log, .
ietiTcans...
Seraan durkp...
Frinter Setup...
Exit
[ View
Hegmange icans

Fid ME. ..

Toolhar
Statusban

Mzsd nyRALES NDOrpaNEDR

Caspanaiing daafiod Andp o1 fratofnm peai Bndess B
Conganenne " HypHana senyups anapsd’

Companenne "Hypiand cobamed”

Coeganzuns cosfiuppas oana “Hapemeres”
Conpanesnne texyigero cena & fopearie bop

Mesame noceeqeten ik pesoaraons pasmea Windows NT
Mers it " Higpuana tsaymux anapea”

Mestame. " Mypraza oolemud”

M ame coafigemad onng * Fpaeig”

Pl T AETHRHOND B4HA ©ETD (018 M

Hamepanve p yoTasoBea onusil npsstepa

Bq.:n:u,l,m Npa paEMs HE-Unilabe

Yoratos ki HimepdieAca noss30saTenn

HescTpaunaH He mdE+0k NE § D8 o7 () 008 R C2TEAEN XERIHTOR
Mepce N2 B e orolpseed A8 (618 RRN WRARETE 13 TR)34HM aTUTEDHEY
Ban, WER puRN, OTODPAOINEE NAEAH HHCTIYMEHTOR

B, MO H BN, OTOGPASEHME NERAH [ICToAHWA

Puc. 5.50. MNpumep kpaTtkon nHopMaLmm nuHenkn meuto File, View



214

aahiguration
[ Asslign

0-63 Addresses..

Map. ..

Commurication channel...

Tnterface paramebers. ..

| Wetwark

Connect 4o natworky

Discomnect fr
Eafresh cannechone

om nebmork

Connsct o network
elements,

elemants. ,,

Disconmmact from nabwnrk

Fault

&larm raquest

Alarm rasat

Cigrrant alzam log

[Ratecik Tevel Tnformation....

Hﬁlﬂﬂﬂﬂﬂ.ﬂ DEPEMET B TERMHHA AR

PerucTpanng appecon L3 ¥ (MBOBmT [HIYHEA
Mamsngnayne 0-B3 agpscari (2 W No s we0mg TERARHAN
DoraRbd pHEyHoe | L3 PTS HECTHEOTH CETI Ci]

Hefap winmegieica G-F wam O-83

Makmnynayss napadeTrase HeTephadcoa O-F u [-B2

:r;gau.neuqe Cos e s A3 AHE e Cocd e E N e
BLEX QOCTYIRHBIE CETER X 3NEmEHT 08

YoTaho ke Paaopaany EI:E'RHI-*E‘HH'E;EH.!L'.' TEPMWHANOH Dre-
PHATGPAE B CSTRAWM 3A8E HQHTTH 110 DRKITA HHO WY EaHan'y caaas

i [T T TTR 8 D:-I.I,I.IﬂHHIIHE {orofipamenne k1 spane} wemy
TELH AN B

110 GRAKAHTE BHEDAHEHE CETaBLR JRHEHTH K TRPHE HRAY
aneparona

CTRAMHMIETE BROPAHHHE CRTEBHA ANEMANTE OT TRRMHHANA
aneparnma

ALAHBACTIHTDBA A ABARRGA

O HOBRTE ZEADWREYD AR o pRE e GA B85 0Ty H s
-LET-EBH.: N ?I P L

HAR) BB aﬂpﬁuum coafiEsini 0 S0
Illl‘{T I'I b {BTRRR Y HIEHE
T

COTE N S0EN S TOR |:IID ymuuanuu. AHApE

| Sicshal

Dbject infeamaticn...

H..'.:'En mag
Start application

File transfer, ,.

Lonnecs to WIS
feconnect from HE

| Famlt

Al informatinn

Al request

Al reset

Lurrert alzme bng

Acknoraledige sloms. ..

—

P wiEh object

[ tine

Ling colof

Urlink fram object...

Renerse fram nebwark

Oropawense NoHEHA Tery :lapuﬁ B 00K
CrofpaduT HHPORMALYS © TECYLUEN YPOEHE DITEADH HERS PHi

Puc. 5.51. MNMpumep kpaTkon nHpopmaummn nuHerkn meHio Configuration, Network

Am-mﬁ:;nnum Eﬂ!.ﬂ.l-'h-lEHﬂ H BB ALY £ 05

OO CETRATD JAEN 8AT.
BB Ha GEEIH WHI A LM B-EL-ﬂI‘.laH:HI:IH CEFSgp RN EH e
[ HPEI'[IEII"- N BTG OUCTTHBd AR

HanihHrypaLpa BoHOSOT0 PHCYHHA CETRROM PaHHHE
H:Ig EH _lﬂpl}l‘;:lilhl'-l.l no abcnywnoareik subpaisare coTaan T
al HTa
dan aprnkcina qnA ok N ¥ TEMHHAEIH
I:TI'I DL PN " T
¥ITa HOEWTR, FARNPEATE COSE HHEHIG JNA AW GAREGIN CErRRom
AMIKEHTI
ASMEUHE TRAPONZSME 2P 10 BuERaHe I CoTERam 30 aHT
(plipaser Ten aRapdd aadipaEHOTD CETERIID AARARKTA
B N3 pOHE BAHHOCTH [sevEnby)
DfianuTs asapufinyi nndopuaueso snn nefipansorn cetesom
:.u:nl:m-:.
C [ygan=HueE) Bom ABADHRHLDT CooOwemsi ana
é;?al-l-l:ll:l} cafeEaid MEMEHTA
LFEHHE -:rl1cr:q TEKYHE aBapvi gan BHE panHarD
I:ErEI:l-l:H"U e MEH
T AT b e idrne uuﬁpﬂi 1] quulHHm CEfERonN MiEmEHTe
Loaqpam e CEH§anan HE & LT ER LTS
Hapscora e nvsim meniy cubpantsid o gpsroas HE
MameHeHWe YRRT NUBHIE
Yraaesne neHnd
Waa T ubparsi el HE WE ol ceTH

Puc. 5.52. lMpumep kpaTkoi MHDopMaLun IMHENKN MeHo Simbol



APXUTEKTYPbI, 3ALLIUTA, CUHXPOHU3ALIUA U YNIPABJIEHUE... 215

| Seuirity AQMIHECTRHPOGAHEE MPAE FOCTYNA, @000 B RLN0E HI MPOrpas L
00N Eriana neanorosom onee " Boan B nporpassy. .. B sauscmae

5 S T P RO [ (B0 SO EATA

_I'II:II.HT B #1011, W0 1o T A

Usar, .. WIAMEHHL, 002 ENEHES WBH MK EHEHHE NPAE NOALI08ATERE

H e Wl s 1 pOSE TeK = MU TENA [ Wi, 5 - MRk, 15
Passwand.. udn:c.1u-ll it sl 2
NS FOTAHOR KR AOROAHATENRH W 0O EA
[semg... | iowssamesspaperp lipmss o v’ Wimer

[Window Féron BTOBE EREHIE OTHDBITbIE OHol

Cascadud HACkaLroE OTofl paastass saiH

Tiled (g OTOOPERARTCE HHMBAEYEN L F8 NEEHPHBAE ST ADyTA

Armange iron Bl CTpOH 1L HHOHY 18 HEMARATDOEIHEE DEND B (RI8EcH OKHE

NGRS MR
| - Motificabion:

i CHfF-Hne mede=

1 Hidlaricn

avent Loy
| HE!E HEl|] B CrEAe Whndows NT

Conienks [anepaaes Help

Onwlndow | Hel (iR TRRYLAT DHHG [BUILEIETICH EABAWER FL)

Vv o e |'|r;||.l Cripasa o i o asames Help

Bbouk ., Hopomas cnpania o EporpauMe

Puc. 5.53. lNpumep kpaTkon MHpopmaLumn nnuHenkn meHto Security, Option, Window, Help

[Haxe kpaTkoe 03HAKOMJIEHHE C BO3MOXKHOCTSIMU JIMHEMKHY MEHIO YIPaBJIeHHsI MOKa3bIBa-
€T HACBIILEHHOCTh OMepaluiIMi KOHTPOJI U MaHUTIYJISIIUSIMU YIpaBisieMol ceThto. [ 1yOunHa
MOHMMAaHWUs 3aJla4 yIpaBJICHHUs ONPEeNIIeTCsl MOArOTOBICHHOCTRIO crienuanucta. [Ipu sTom
uHTep(deiic «IeIoBeK—MaIlnHa» BBIMOJIHEH Ha 0a3e MIMPOKO paclpoCTpaHEeHHOH ONepannoH-
Ho#t cuctembl WiNndows, 4To mo3BosiseT B KOPOTKHE CPOKH OTEPAaTOpaM CETH YIpaBeHHs OC-
BaWBaTh OCHOBHBIE MPUEMBI YMpPaBJICHUS, BMEIINBATHCSI B aHOMAJIbHBIE COCTOSHHSI TpaHC-
NOPTHOHU CEeTH U BBOIUTH HEOOXOIUMBIE KOPPEKTHBHI.

5.5. ABTOMaTM4YeCKM KOMMYTUPYEMbIe ONnTU4YecKue
TpaHcnopTHble cetn ASON/ASTN

PazBuTHE TPaHCTIOPTHBIX ONTUYECKUX CETEH MePEeXOJUT Ha HOBOE HANPaBIICHUE, OTYyIHBIICE
U3HAYAIbHO HA3BAHHE «ABTOMATHUYECKH KOMMYTHpyeMbie TpaHcmopTHeie cetu» (ASTN,
Automatic Switched Transport Network), a B manpHeiilieM «aBTOMAaTHUYECKH KOMMYTHpYe-
Mmble onruueckre cetu» (ASON, Automatic Switched Optical Network). Dtu Ha3Bauus 1O
CBOEH CyTH paBHO3HAYHBI W BBEJICHBI B COOTBETCTBHUH C COOTBETCTBYIONIMMH pPEKOMEHJa-
musimu MCO-T. [osBrneHre 3TUX peKOMEHIAUA — COCTaBHAs 4acTh IJI00ATIbHOM CTpaTeruu
pasBUTHA TeJeKOMMYHMKalMii — cereit ciemyromero mokoaenust (NGN, Next Generation
Networks).

TpaHcnopTHas MHGPACTPYKTypa BBICTPAUBAETCS C YUETOM TEKYIIEro U MEPCIEeKTHBHOTO
Tpaduka yciyr. B 3ToM cMbIciie OCHOBHBIM cTaHOBUTCS Tpaduk |P, koTopblit MoxeT obecrie-
YHBATh YCIYTH PEANbHOT0 W HEpEeaJbHOTO BPEMEHH, K KOTOPBIM OTHOCST M TPaIUIMOHHBIE
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FOJIOCOBBIE YCIIYTH, M IIMPOKOMOJIOCHBIC, U JOCTATOYHO OOMBIION CIEKTP HOBBIX yeuyr (Lud-
pOBOE TeNeBHICHUE W paJloBelIaHKe, BUAEO MO 3amnpocy U T.A.). [Ipi 3ToM TpaHCHOpPTHbIE
CEeTH JIOJDKHBI OYeHBb OBICTPO pearupoBaTh Ha 3aIPOCH IO 00CTyKuBaHMI0. Takne BO3MOKHO-
CTH CO3JIAIOTCS 33 CUET BHEAPEHUsI B TPAHCIIOPTHBIE CETH MPOTOKOJIOB CUTHAIBHOTO YIIpaBJie-
HHsI, KOTOpbIE TIOCTPOEHBI Ha 00I11ell MHOTOMPOTOKOIBHON KoMMyTaluu o Mmetkam GMPLS
(Generalized Multi Protocol Label Switching) [64]. Onrudeckas TpancnoptHas miatdopma
Ha ocHoBe ASON/ASTN u GMPLS, kak yacth 0011ell MyJIbTHCEPBUCHON HHPPACTPYKTYPHI,
o0ecre4ynT CHIKEHHE 3aTpaT ONepaTopoB Ha MPEA0CTaBICHHE HOBBIX YCIYT IIPH BBICOKOW Ha-
JIE’KHOCTH, THOKOCTH ¥ OTKPBITOCTH TPAHCTIOPTHON CETH.

5.5.1. O6was ctpyktypa ASON/ASTN

O6mras crpykryphast mogeabr ASON/ASTN (B nansreiimem npocto ASON) onpenenena pe-
xkomerausmu MCO-T G.807, G.8080 (puc. 5.54). Ctpykrypa Mojenu npejcTaBieHa Tpemst
IUIOCKOCTSIMH.

Inockocmos onmuueckoii mpancnopmuoii cemu (OTN) ¢ COOTBETCTBYIOIMMH KOMMYTa-
topamu (Switch) u untepdeiicamu nonszosateneit UNIdata (User Network Interface data).

Inockocms cuenanvrozo ynpasnenus (ASON) ¢ koutpoiepamu OOC (Optical Connec-
tion Controller — xoHTpoJIIep ONTHYECKUX COSANHEHUI) U KaHAIAMK ITepeaadyn JaHHbIX, Me-
xysaoseiMu mHTepdeiicamu NNI (Network-Network Interface), curnansapiMu uaTepdeiica-
mu nonb3oBateneit (kmuenrtoB) UNIcontrol, nurepdeiicamMmu yrnpaBieHus COSqUHEHHSMH B
kommyTtatopax CCl (Connection Control Interface).

Inockocmsb cemegozo aOMUHUCMPAMUEHO20 YNpAgieHusi ¢ UHTepPEHCcOM yIpaBieHHs
NMI (Network Management Interface).

Oo6mas crpykrypa ASON He siBnsieTcs 000c00JIeHHON CTPYKTYpOi onpesieieHHOH obuiac-
i wii gomeHa. Cetn ASON MOTyT CTPOMTBCS M3 OTHAENBHBIX JOMEHOB C HAIa)KeHHBIMH
B3aMMOJICHUCTBUSIMM Yepe3 BHELIHHE HHTepdelchl TPaHCIOPTHOM M cUrHanbHO# ceteid 11D
(Inter Domain Interface) uan E-NNI (External NNI).
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5.5.2. Jlornyeckoe noctpoeHue ASON

Cerp ASON mnpenHa3zHadyeHa JUIss KOMMYTAIMU ONTHYECKUX CBsi3el (ONMTHYECKHX BOJOKOH,
ONTUYECKUX MOJYJIEH, OMTHYECKUX BOJHOBBIX KAHAJIOB, IU(POBBIX KAHAIOB) B MpeeIax Or-
TUYECKOH TPaHCIIOPTHOM CETH TIOJ] yIpaBJIeHUEM ee COOCTBEHHOH CUTHATLHOW CETH.

Jlorngeckoe moctpoenue cetrt ASON omnpenenseT Hanu4Ire TPeX OTACTBHBIX JIOTHUECKHX
MJIOCKOCTEH!

— onmu4ecKas MpaHcnopmHas WIOCKOCMb TIpeaycMaTpruBaeT GpyHKUUH, TpeOyeMble s
TPAHCHOPTUPOBKH CUTHAIOB mosb3oBateiedl (kaueHroB) ASON, Hampumep mo moj-
JepKKe KOMMYTaIlMi ONTHIECKUX KaHaJIOB;

— naockocms cueHanvrozo ynpaeienuss ASON npenycmatpuBaeT QYHKIMH 110 YCTAHOB-
JICHUIO HETIPEPHIBHBIX CBSI3€H Il CUTHAJIOB MOJB30BaTeIel C TAKUMH CBOMCTBAMH, KaK
MPOJIOJDKUTEIBHOCTh, BPEMs CBSI3W, 3alUTa COCIMHCHHS, 33aJaHHe MOJOCH YacTOT
U T.1. YKa3aHHbIC CBOWCTBA IIOCKOCTH CUTHAIBHOTO YIIPABICHHUS OMPEACISIFOTCS MOJIb-
30BaTeJIeM HEMOCPEICTBEHHO B IPOIECCE YCTAHOBICHHUS CBSI3M Uepe3 CUTHAIBHYIO
ceThb. [IpreMiieMBIM peleHHeM TS peatn3alid BO3MOKHOCTEH 3TOH TUIOCKOCTH CITy-
#uT nporoxkon GMPLS;

— NIOCKOCb AOMUHUCMPAMUBHO20 YNpasielus CBsS3aHa ¢ TPAHCIIOPTHOM IIIOCKOCTBIO U
TUIOCKOCTBIO CHTHAIIBHOTO YIIPAaBIICHHS BBHIICICHHBIMU KaHajdaMd. DYHKIHOHATBHYIO
OCHOBY 3TOM IIOCKOCTH COCTABJISIOT 0a30BbIC MOJIOKEHUSI KOHIICTIIIUN YIIPABICHUS Te-
nekommyHukausamu (TMN). Ha atom ocHoBanun ASON BKiTtouaeT CHUCTEMY CeTeBOTO
ymnpasineanss NMS (Network Management System). Vmpasienne kiaccupHIHApyeTcs
KaK yrpaBlicHHe KOHQHUTYpalueld TpaHCIIOPTHOM ceTH, 0€30MaCHOCThIO, TOBPEKICHHS-
MH U T.1.

OyHKIMU TPEXyPOBHEBOI MOJIENH MPECTABIEHB B IBYX Pa3IMUAIOMINXCSl CTPYKTYPax:

— (hU3UYECKOM SIIpe U TPaHHMIIE CETH;

— CHCTEME B3aUMOJIEUCTBUS KJIMEHT—yciyra (MM KIHEHT—CEPBED).

OcHoBHble ¢yHknd ASON, riiaBHBIM 00pa3oM, CBs3aHbl C KOMMYTAllMeld ONTHUYECKUX
KaHaJlOB B Tpenenax cetd. KoMmmyTamus MOKeT OBITh MHUIMHPOBaHA KaK IUIOCKOCTBIO CHT-
HAJILHOTO YIIPaBJICHUS MO 3aMpoCy KIUEHTA, TaK M MIOCKOCThIO 8 MUHHCTPATUBHOTO YIIpaB-
JCHUSL.

Hwxe paccMoTpeHB! (QYHKIHMY SIIpa CETH.

Hoooepaicka omkpuimoti mononozuu cemu. I1a GyHKIUS 00ecreYrBaeTcsl MPOTOKOIAMHU
MapIIpyTH3aLKK MPH JOCTATOYHON MH(GOPMALIMK O TOMOJIOTHH M pecypcax CeTH AJIs onpeje-
JICHUS MapluIpyTa repeaadn Tpapuka mojap3oBaTels. s peaan3anun 3Toil GyHKINUHT dIeMeH-
TBI CETU YBSI3aHBI B (PU3HYECKYIO CTPYKTYpy. KaxkIplii ceTeBOM 31eMeHT uMeeT 0a3y JaHHBIX,
rae ukcupyercss uHbOpMALUS O (GU3MYSCKOH M JIOTHYECKOW CTPYKTYpE OPYTHX CETEBBIX
AIIEMEHTOB. DTOH WHPOpMaIHeli 0OMEHHBAIOTCS CETEBBIE DJIEMEHTHI Yepe3 MEKCETEeBbIe MH-
tepdeticel NNI.

THoooepoicka onmuueckoil mapwpymuzayuy. IT1a GYHKUUS ONpeesseT MapipyT OT y3-
Ja-MCTOYHHKA JI0 y3Jia-Ha3HAUCHUS C ONpe/Ie/ICHHBIM HAO0OpOM OrpaHuuYeHuil (peTpaHCIsLuid,
HOJIOCHI YaCTOT U T.J1.).

Iepeoaua coobwenuii cuenanuzayuu. 310 Hab0p QYHKIMIA, CBA3aHHBIX C CUTHAJILHOH Ce-
TBIO, KOTOPBIN TI03BOJISIET OAICPKUBATH OOMEH CHTHAJIAMU B COOOIIEHUSMH YIIpaBICHHS de-
pe3 omnpeneneHHbIe HHTeP(ENCH MEXIy CETEBBIMH JJIEMEHTAMHU, MEXIY CETSIMH aIMHHHUCT-
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paTUBHOTO CUTHajdbHOTO ympanieHus, Mexay ASON u ee ximenramu. [lepenadya curHaib-
HBIX COOONICHHH BKIOYaeT (QYHKIMU MO 00paboTKe COEAMHEHUI: YCTaHOBJICHUE, pa3pylie-
HIE, MOIU(PHUKAIINIO.

Henpepuignasa 3awumaléoccmanosnenue. Tpeactasnsier coboit Habop (yHKumii, BoBie-
YEHHBIX B BOCCTAHOBJICHHE HEMPEPBHIBHOW ONTHUYECKOM CBSA3M, HA KOTOPYIO BO3JCHCTBYET OT-
Ka3. OTU QYHKUUH COCTOAT B OOHAPYKEHUH OTKa3a, ONTHYECKON MapIIpyTH3aliH, YCTaHOB-
JICHUM TPAKTAa 3alUThI, aBTOMAaTHIECKOM HEMPEPHIBHOM BOCCTaHOBJIEeHUH. Hanpumep, B ciry-
vyae OTCYTCTBHs 3amuTHON (QyHkunu (1+1) 171 ONTHYECKOTO COEAMHEHHS U OOHApYIKCHUH
0TKa3a 3TOTO COCIMHEHHS MPOUCXOAUT aKTUBU3AIMs (YHKIUH CTAHIAPTHOM MepeMapIpyTH-
3aru. [1py 5TOM MPOU3BOJUTCS ONpEIeICHIE U YCTAHOBKA HOBOTO MapIipyTa.

Iloodeparcka agmomamuiecku YyCmManHagnu8aemMo2o HenpepbleHO20 ONMUYecKo2o KaHana
OCh, noozomasnusaemozo k pabome, BBIOJHAETCS MO 3aMPOCY MOJL30BATEs CEThIO al-
MUHHCTpPAaTUBHOTO yrpaBieHUuss NMS nin cUrHaNbHOW CeThIo, aKTHBUPYEMOW MOJIbh30BaTe-
nem uepe3 UNI. OyHkius BKIIOYaeT MPOLEAYphl: ONpeAeseHue MapupyTa i KaHaia, ero
yCTaHOBJIEHHE C pe3epBUpPOBaHHEM pecypca (Hampumep, MOJIOChl YaCcTOT) U KOMMYTallK B
y3iax.

Ynpaenenue y3nom u eco ceazamu. llpencrapiuser coboit Habop GyHKIMIH MO yHIpaBIEHHIO
coctosiareM cereBoro y3na (CY), ctaTrycoM MopToB, BO3MOKHOCTSIMH 10 MOEPKKE KOMMY-
Tauuu (ONTHYECKOH, 3JEKTPUUESCKOM, MAKETHOMH U T.11.). DT QyHKIMU 3amKUChIBAOTCS B Oa3e
JAHHBIX YIPABICHUS CETEBOTO Y3IIa.

Iloooepoicka bezonacrocmu cemesvix Y3106 u cemu. PaccMarpuBaercsi Kak Habop (QyHK-
i U1t odecrievuenus: 6e3onacHocTy B CY M B ceTH YCIYT W UX 3aJaHHOTrO KadectBa QOS.
D11 QYHKIKH TOJKHBI OBITh PeLyCMOTPeHbI B KaxkaioM CVY (Ha rpaHuIle CETH U B €ro siape).

OyHKIMOHAJbHBIE BO3MOXKHOCTH Ha rpaHuiie ASON coCTOAT B clieayIomiemM.

Hoepanuunvie yzier ASON, 0603Hauaemble B cTaHIapTax M TexHU4Yeckou nuteparype EN
(Edge Nodes), pukcupytoT BXOSIIME U UCXOAAIINE TOUKH JJIsl TIOTOKOB TpaduKa KJIMEHTOB
U OKOHEYHbBIE TOYKH ONTHYSCKHX KaHAJIOB. [10TOKU Tpaduka KIMEHTOB, UCXOJSIIUE B ONTHU-
YeCcKyl ceTh OT MapuipyTu3aTopoB |P, kommytatopoB ATM, KpOCCOBBIX KOMMYTaTOPOB M
MynbTUIiekcopoB SDH, Hanpasnsrores Ha Bxoabl EN. C npyro#i cTopoHbl, MeXy3J10BOH Tpa-
GuK moaaepKUBalOT ontHueckue kaHaabl OCh, KOTOpble KOMMYTHPYIOTCS B y3j1aX ONTHYE-
ckoil kpoccoBoi kommyTauuu OXC u 3aKaHUMBAIOTCS B IOTPAaHUYHBIX y3/1aX.

Cucrema ympasienus cetblo NMS naet WHCTpYKIMH O TOM, KaK TOTOKU TpaduKa MoJIb-
30BaTeNell TOJDKHBI 00pabaThIBATHECS B MOTPAHUYHBIX y37aX, T.e. KaK COTJIACYIOTCS BO3MOXK-
HBIE 3alpOCHl HA ycIayru U Bo3MoxkHocTH ceTd ASON, uro B urore ompezaessieT (QyHKIHO-
HallbHBIE BO3MOXXHOCTH TOTPAHWYHBIX Y3J10B. [Ipr 3TOM TpaHCHOPTHBIE BO3MOKHOCTH TMpPHU-
CIOCa0IMBAIOTCS K 3AIIPOCAM.

Ha puc. 5.55 oroGpakeH nepedeHs yCIIyr TPaHCIOPTHOM CETH MO COTJIACOBAHUIO B IOrpa-
HIYHOM Y3JIe.

DyHKYUOHANbHBIE 603MOJICHOCHIY PU3UMIECKAX MHTEPPEHCOB JOIKHBI 00ECIICUUTD aIar-
TaIMIO IIMKJIOB MM MOJIOCHI MPOMYCKaHHs MEXY MOJIb30BaTeIbCKHUMHU YCTPOMCTBAMH U TO-
rpaanaHeiME y3namMu ASON. [lpomnecc agantanuy MOXXET IPOXOANUTH C HCIOIB30BAaHUEM T10-
KazaTenell kagecTBa QOS M XapakTepuCTUK KiaccoB obOciykuBanusi COS mpu onpeneIeHun
coBMmectumocTH. K mapameTrpam kauectBa QOS MOKHO OTHECTU: TOTOBHOCTh OOCITY>KHBaHUS,
HAJISKHOCTD CBSI3U; BPEMsl CBSI3H; BPEMsI BOCCTAHOBJICHHS; METO/]] 3aIlMThI; IIPHOPUTET; MPO-
U3BOJIUTEIBHOCTh; HOPMY OUTOBBIX OIIMOOK; 3aJepiKKU 1 N3MEHEHUs 3aJIepiKeK.
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Puc. 5.55. Ycnyru no cornacoBaHuio NorpaHnYHoro yana

DyYHKYUOHANbHBIE BO3MOJICHOCIU O/ NOb308amMes CBSI3aHBl C BO3MOYKHOCTSIMH CHTHA-
JU3aluM U pecypcamu TpancnopTtHoit cetu OTN.

CurnansHoe ynpanienue ASON obecrnieunBaeT He0OXOAMMBIE BO3MOXKHOCTH AJIs1 0Opa-
OOTKH ONTHYECKOTO KaHajla M3 KOHIIa B KOHEI[ M MPEJOCTaBICHUE eTo Mojb30oBaTero. Curaa-
JH3anus MOAepKUBaeTCs Mmoib3oBaTenbckuM uHTepdericom UNI u gepe3 ator mHTEepdetic
OCYIIECTBISIOTCS:

— OTKPBITHE YCITyTH;

— ompeJeNieHre TPAHCTIOPTHBIX YCIIYT JJIsl HHIUBUIYalbHBIX KIIHCHTOB;

— Ha3HAa4YeHUe ajpeca;

— oTpejesieHre YIPo3bl 0€30MaCHOCTH U T.JI.

[Ipu o6pabotke 3anpoca yepe3 UNI MoryT oO6ciykuBaThCsl 3apochkl HA YCTaHOBKY CBSI3H,
pa3phIB CBSA3U, MOTU(PHUKALIHUIO.

[To otHOomenuto k monp3oBareno cetb OTN obecrneyrBaeT KpOCCOBYIHO KOMMYTAIIHIO,
BEIJICNICHUE U BBOJ] ONITHYECKUX KAHAJIOB, TPYIIINPOBaHUe Tpadurka moiap3oBaTeneld B mudpo-
BbI€ TIOTOKH CTaHAapTHOro (opmara, npeoOpa3oBaHKe JJTHHBI BOJIHBI, ONTHYECKOE MYJIBTHII-
JIeKCUpOBaHue/ IeMyJIbTHIIIEKCHPOBAHHUE, 3aLUTY COSMHEHUs MIPU MOBPEXKICHHUIX U T.JI.

5.5.3. lMocTpoeHne curHanbHoOM ceTn n ee PyHKLUMN

CurnanpHoe ynpaeieHrne B ASON oxBaThIBaeT BCe YYaCTKHM TPAHCIIOPTHPOBKH: CEKIIHIO Tie-
penaun OTS, ceKlMIO MYJIbTHILUIEKCHPOBAHHUS oNTHYeCKUX BOJIH OMS, oTnenbHbIe BOJHBI
win ontuueckue kanajapl OCh u T.0. B otnmume ot cereit mepenaun maHubix ceth ASON
UMEIOT crielupruecKie 0COOEHHOCTH, OTPA3UBIINECS B CUTHAILHOM YIIPaBIICHUM:
— ASON cnyXUT B KaueCTBE OCHOBBI JUIsl TIEpPEHOCA IMOJIb30BATEILCKOT0 TpaduKa; Mpu
9TOM CTPYKTYpa CETH HE 3aBUCHUT OT JUHAMUKHU TpaduKa, ero NepekItoYeHni 1 T 1.,



220 FMABA 5

— tpaktel ASON MOryT NpHHAIEKATH PA3TMYHBIM IPYINAM MOCTOSHHBIX, MOJYMOCTO-
SIHHBIX U BPEMEHHO CO3/1aBaeMbIX CBsI3eil;

— B ASON MoryT npeaycMaTpuBaThCsi YCIYr ¢ pa3inyHbIMU MOKA3aTe/lsIMU KauecTBa 1
cornanreHusmu 1o yciayram CoS/SLAS (Class of Service/Service Level Agreement);

— KaHaJIbl TIepPefavyn BKIIOYAKOT P BO3MOKHBIX TEXHOJIOTHYECKUX OTPaHMYEHHH, KOTO-
pble CBsI3aHbI ¢ MOMYJISILIUEH, KOHTPOJIEM U MCIPABICHUEM OIIHOOK;

— TpakThl nepeaaun nanHbix, Hanpumep LSP (Label Switched Path — tpakr, kommyTH-
PYEMBIN MO METKaM), OJHOCTOPOHHHE, OJHAKO Ha OCHOBE ABYX OJHOHANPABIECHHBIX
TPAKTOB OPraHU3yIOTCs ABYHAIPABICHHbIC KaHAJBI;

— IPOOJIEMHbBIM SIBIISIETCS TIPE0OPa30BaHUE BOJIH, T.€. BOIHOBOW KaHAI MOXET ObITh peasu-
30BaH Ha PasHBIX y4acTKax PasHbIMH BOJTHAMH. [IpH 3TOM HEOOXOaMMa OLIEHKA KaX0ro
y4yacTKa Ha MpeJMeT MPUTOAHOCTH MO YPOBHSAM MOMeX, HCKOKEHHH, Iepeiaun v T.J1.

KiroueBbimu cocrapisitoriiumu ASON npu3HaHbl MapLIPYTH3aLKsl, CUTHAIIBHbIE COO00IIe-
HUS ¥ TIOJIEP’KUBAIOIINE X ITPOTOKOJIBI.

Mapuipytusanus, T.e. BBIOOp HAWJIYUIIero MyTH B CETH, MPEANOiaraeT JOCTaTO4YHO MoJ-
HOE NpeJCTaBIeHHE O TOMOJIOIUU U PECypcax CeTH MPU COCTABJICHHHU 3asBKU HA yCTaHOBIIE-
HUE COEMHEHHUSL.

Jns peanu3anyu 3asBKU JA0JDKHA CYIIECTBOBATh HH(POPMAIMOHHAs 6a3a MapIIpyTH3aLUH
KaXXJI0r0 CETEBOr0 AJIEMEHTa BO B3aUMOCBSI3HU C APYTMMHU CETEBBIMU 3JIeMEeHTaMu. [Ipu aToM
0COOEHHOCTBIO ONTHYECKOM MapIIpyTU3AIUK SIBJSIETCS TO, YTO OHA TECHO CBsI3aHA C YCTPOUd-
CTBaMM (pU3HYECKOTO YPOBHS (BOJIOKHAMHM, BOJHOBBLIMHU KaHaJIaMH, MEPEKIIOUATENIMH BOJH,
KOHBEPTOpPaMH BOJTH, ONTHYECKHMH PEreHepaTopamMu  T.1.).

Nudopmariys Mo MapiipyTH3AMUK TOAPA3AEIIETCS HA CIAMUYECKYI0 U QUHAMUYECKYIO.

Cmamuueckas ungopmayus HeobXoquma aJIst oIIepKKH Kanana. OHa BKJIIOYAET CBele-
HHSl O COCEJIHEM Y3Jie C TOYKH 3peHusi ero pecypca (Ioa0Cchl NpOMyCKaHHsl, CKOPOCTHOTO pe-
KHUMa, JIOTHYECKOTr0 COCTOsIHUS). DTa nHMopMaIus GUKCHPOBAHA U PEIKO U3MEHSIETCS.

Hunamuueckas ungopmayus HeoOX0ANMa T OpraHU3alliy KaHala CUTHANU3aLMH, MO/
JePIKKH TaOIULl MapLIPYTU3aLMK U TOTOBHOCTH K YCTAHOBJICHHIO COCJIMHEHHUSI.

Tornousorus cet, mponucaHHas B ceteBbix dnementax ASON, MOXKeT MOIepHU3UPOBATH-
cst (OGHOBIIATBCS) Yepes OMpPEAEIEHHOE BPEMs, YTO 0OYCIIOBIEHO HEOOXOJUMOCTBIO PA3BUTHSI
CETH U MOJJIEPIKAHUS B UCITPABHOM COCTOSIHMH KaXKI0TO CETEBOTO DJIEMEHTA.

Mapuipytuszauu B cett ASON peannsyeTcs Ha OCHOBE Pa3iIMYHBIX MapaJurM: Hepapxu-
YeCKOM, MOIIAroBOd, OT UCTOYHUKA. DTH MapagurMbl abCTPAarupoBaHbl OT Pa3IHYMi B Mpea-
CTaBJICHUH HH(OPMAIIMH MapIIPYTH3ALNH.

MapuipyTu3aius OPOMCXOAUT MOCIE TOT0, KAK CeTh pa3/iesieHa Ha 30HbI MapIIPyTH3aLHN
U Ha3HAuYeHbl HEOOXOAUMBIE ceTeBbie pecypesl (puc. 5.56). Oneparop MokeT BbIOpaTh Bapu-
aHT pasfeNieHusl CBOEH CETH, UCXOMAS W3 COOCTBEHHOM MOJUTHKU MapLIPyTH3al[MH, KOTOpast
BKJIFOYAET B ce0si Takue KpUTepuH, Kak reorpadus, aMUHUCTPATUBHOE yIPAaBJICHHE, TEXHO-
JIOTHsI TPAHCHOPTHOM ceTd u jp. [1o pelieHuto oneparopa AOMEHbI CETH MOTYT PacCMaTpH-
BAaTHCSI B KAYECTBE 30H MapIIPyTHU3AIINH.

VYecayra, npegocrapisieMas 30HOUW MapuipyTuzauun (Harnpumep, BbIOOp MyTH), peaiu3yer-
cs1 ucnojauTeneM Mmapiupytusannd RP (Routing Performer) (o6beautenreM KOHTPOJIEPOB
MapIIpyTH3aI[|H1), & KAKIbIM HCIIONIHUTEh MAPIIPYTH3AIMK OTBEUYAET 32 OJIHY 30HY Mapuipy-
tuzanuu. Vcnonaurens RP noanepxuBaer GyHKIMU ONpeNeneHus MyTH, COTIAaCcyIOIIUecs C
OJIHOM 1K OOJBIIMM YKCIIOM MTapaJurM MapUIpyTH3ALNH.
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30HBI MapUIPYTU3ALUU MOTYT HEPapXUUYECKU BXOJUTh OJIHA B JPYIyI0, a OTAEIbHBIN HC-
NOJIHUTEb MAapIIPYTH3aLUH CBS3aH C Ka)KA0H 30HOM MaplIpyTH3alMK B UEPAPXUU MapIIPy-
Tu3auuu. s KaXka0ro ypoBHsI MEPApXUM MOTYT UCIOJIb30BATHCS UCHONHUTEIN MaplIpyTH-
3alUM, KOTOpbIE MOJAEPKUBAIOT PA3IMYHbIEhl MapaJurMbel MapupyTuzauuu. HMcnomHurenn
MapIIpyTH3ALUK PEaTU3yIOTCs MyTeM CO3MaHUs paclpeeIeHHBIX KOHTPOJUIEPOB MapIIpyTH-
3alUH.

ERTIE SN MipoT oK s I"I:l:-rc-r.-:l.a-u.lrue InEdE T
HHEpO PHE AN rondIEHIE L0 L HHE ARSOPUAIMAH
EE g TS D

3 O CITH 1 MU -
LA G EAT BBEMGE J0H

Il-:_: Tonooa rAn T scnog C_{/
| AD ¥OnBEHk CETH }El]
CHTHARHAALIEN y

Puc. 5.56. Cxema B3aumogencTtems pyHKUMOHAmNbHbIX KOMMIOHEHTOB 30HbI MapLUpyTU3aLmu
TPaHCNOPTHOMN CeTU N curHanbHom cetn ASON:
RC (Routing Controller) — koHTponnep mappyTusaumm; PC (Protocol Controller) — koHTponnep npoTokona;
LRM (Link Resource Manager) — ynpasneHue pecypcom nuHun; RDB (Routing Information Database) —
6a3a AaHHbIX MHGoPMaLMK MapLUPYTU3aLMK.

Konrpomnep mapmpyruszamun RC obecrieunBaeT HHTEpQEic YCIyra MappyTU3aIyH, T.
€. TOUKy JocTyna K yciyre. OH Takke OTBeUaeT 3a KOOPAMHAIMIO M PacHpOCTPaHEHUE WH-
(hopmarnu MapmpyTtuzanun. MaTepdeiicsl KoHTpoJuiepa MapIipyTH3AIMH 00eCIIeYnBatoT yC-
JyTy MapuipyTu3aluu yepes stanoHHble Touku NNI.

[MonuTtuka MapmpyTH3alud MOXeT ObITh peajr30BaHa MOCPEACTBOM Pa3IMYHBIX MeXa-
HHU3MOB, HalpuMep IyTeM HCIOIb30BaHMS Pa3InYHBIX MpoTokonoB. Korrpomtep RC moxeT
OBITH peaNn30BaH KakK KJIacTep paclpeesieHHBIX 0OBeKTOB. Takol KiacTep Ha3bIBaeTCs IO-
MeHOM yrpasienus mapiipyTtusaueit RCD (Routing Control Domain). TTocieanuii sisieTcst
abcTpakTHBIM OOBEKTOM, KOTOPBIH CKpPBIBAaET MOIPOOHOCTH paclpeAe’eHus] BHYTPH KiacTte-
pa. OH TpeoCTaBIsIET pacIpeneuTeIbHbIe HHTePPEHCH ¢ XapaKTePUCTHKAMU, UICHTUIHBI-
MU XapaKTepUCTUKaM pacnpeenuTensHbix nuatepdeiicor RC.

MapipyTu3atopsl coaepkaT He 3aBHcsire oT npotokosa kommnoneHTsl (LRM, RC) u
crienuduyeckre KOMIIOHEHTH poTokoia. Kortpoitep nmpoTokona obpabaTeiBaeT HE0OX0aAU-
MYI0 a0CTPaKTHYIO HH()OPMAIIUIO sl MApIIPYTU3AIIKH, a TAKKE Crielu(uIeckue cooOmeHus
MPOTOKOJIa B COOTBETCTBUM C 3TAJOHHOW TOYKOMW, Yepe3 KOTOPYIO MPOU3BOAUTCS OOMEH WH-
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(opmanmel, 1 nepechuUIaeT NMPUMUTHBBI MapLIPYTU3alMU KOHTPOJUIEPY MapLIPyTHU3ALMH.
Kontpomiep RC nognepxuBaer oOMeH nHpopmanmeid Mapmpytusaiuu ¢ RC-naptHepamu u
(hopMHpOBaHKE OTBETOB Ha 3aIIPOCHI BEIOOPA MyTH Oarogaps B3auMoaelcTBhio ¢ 60a3oii gaH-
HbIX HHbOopMalu Mapuipytusauun (RDB).

RDB — 310 Xxpanunumie MHGOPMALMM O MECTHOH TOIOJOTHMH, CETEBOI TOMOJOTHU U
Ipyroit uHpOopMaKu, OOHOBIICHHE KOTOPOU MPOM3BOJANTCS B paMKax Mapuipytusanuu. RDB
MOXET COAepxkaTh MHPOPMALMIO ISl HECKOJIbKUX 30H Mapuipytuzauuu. Konrponnep map-
MIPYTH3aLUU UMEET BO3MOKHOCTB AOCTyma Ajst mpocMoTpa RDB.

Anmvunauctpatop pecypcoB suHur (LRM) mocraBmsieT KOHTpOIIEpY MapIipyTH3aUH
BCIO HH(OpMAIHIO 0 J1I000M onthudeckoM kKaHane. OH nHpopmupyer RC 0 Bcex M3MEHEHUsIX
COCTOSIHMS ONITHYECKUX KaHAJIOB, KOTOPBIMU OH YITPaBJISIET.

Kontpomnep PC mpeobpaszyeT IpUMHUTHBEI KOHTPOJUIEpA MapIIpyTU3AMH B IPOTOKOJIb-
HbIE COOOLIEHUS] KOHKPETHOTO MPOTOKOJIAa MapIIPyTU3aLUH.

B Tunu4yHOM BapuaHTe BXOAHBIE JAHHBIE JJIs MIOLIATOBOrO BbIOOpA MyTH BKJIIOUYAIOT B Ce-
05 cremyromune CBEACHUs . TOTIOJOTHYECKOe OKPYKEHHE, ITyHKT Ha3HAYCHUS, y3ell HICTOYHHKA,
Habop orpaHWYCHUH, YKA3bIBAIOMINX OPSIOK NEHCTBUHA B Cilydae BOSHUKHOBEHHS MHOXECT-
BEHHBIX BBIXO/IHBIX BApUAHTOB.

Ilowiazoswiii 6b160p nymu BHITIOTHAETCS B K&KAOM y3J1€ Ul MOTY4YeHHs CIeIyIOero Ka-
HaJla Ha NYTU K MyHKTY Ha3HadeHud. Eciin B kauecTBe BXOAHBIX JaHHBIX MPeNOCTaBIsAeTCA
y3€ll UCTOYHUKA, TO 3TO MOJAPA3yMEBAET, YTO BbIOOP MYTH MOXKET MIPOU3BOJAUTLCS HA OCHOBE
napbl UCTOYHUK/IYHKT Ha3HA4YeHHMs, @ HE TOJbKO Ha OCHOBE ITyHKTa Ha3HaueHus. Tarxke 3To
03HAyaeT, 4TO aJpPec UCTOYHHUKA BKIIIOYAETCA B KOHTEKCT MPUHATHUS PELICHUS O CIAEAYHOIIeM
TPaH3UTHOM y4YacTKe.

[NomaroBelit BEIOOP MyTH MPOU3BOAMTCS] HECKOJIBKO pa3 U3 Pa3IMYHbIX TOUYEK CETH, U Ka-
KIIBIA pa3 BXOAHBIE TTapaMeTphl JOIDKHEI OBITH OMHUMH U TeMH xe. HeoOxoammo Takxe, 9To-
Obl HAOOpP BBIMOJHEHHBIX peanu3aluil BbIOOpa MyTH Jal MyTh, KOTOPBIA HE COAEPKUT B cebe
HeTeb.

Mapwpymuzayus om ucCmouyHuKa U uepapxuyecKkas Mapuipymu3ayusi UME0T aHajIoruy-
HBIe TpeOOBaHMS K BEIOODY ITyTH.

BxonaHsle naHHbIe 18 BEIOOpA MYTH C Mapupymusayueii om Ucmo4nuka BKIOYAIOT B ce-
05 clenyIoImue CBEJCHHUS . TOIOJIOTHUECKOE OKPYKEeHHE, MyHKT Ha3HAueHHs, HCTOYHHK, Orpa-
HUYEHHUS] Ha pa3HECEHHE BBIXOJHBIX MyTel, OrpaHUYeHUs] Ha BKJIIOUYEHHE KaHaJOB B BBIXOA-
HbI€ [TyTH, OTPAaHUYEHHS Ha UCKIIIOYEHHE KaHaJOB, METPUKY MUHUMU3ALMH, ONPEAeISIOLIYI0
METPHKY KaHaja, KOTOpyio (PyHKIHMS BBIOOpa MyTH IODKHA MUHHUMHU3UPOBATH JJIST BBIXOAHBIX
MyTEN U T.1.

Konmexcmom ons evibopa nymu ¢ mapupymuzayueti om ucmoyHuKa OObIYHO SIBIISIETCS
y3eJl HCTOYHUKA. DTO MOXeET OBITh TaKKe MPOMEKYTOUYHBIH y3en B onpeaensieMoM myTH. OH
MOJKET PacrojaraThCsl Ha IpaHMIle 30HBI MapIIPYTH3ALUH, T/I€ BHITOTHIETCS (PYHKIHS BBIOO-
pa MyTH AJsl 3TOH 30HBI MapIIPYTU3ALUK C LENbI0 MMOJyYEHUs! MOJPOOHBIX CBEJEHUI O TOM,
KaK MPOUTH depe3 3Ty 30HY MapIIpyTH3aLUH.

Bvibop nymu ¢ uepapxuueckoii mapuwpymusayueii HaYNHAETCS B BEpXHEH 4acTH vepap-
XHU U OMpeJessieT MOCIe0BaTeIbHOCTD mojaceTel (moaceTh HU(BPOBBIX KaHAJOB, MOJACETh
ONTHYECKUX KaHAJTOB U T.1.), Yepe3 KOTOPbIC MOXKET OBITh Hali[IeH MyTh MEXKIY Y3JIOM HCTOY-
HUKa U y3JIOM Ha3HadeHus. 11 Kax a0l U3 3aJeiicTBOBaHHBIX MoJiceTel TpeOyeTcs nanbHei-
muil BEIOOP MyTH, KOTOPBIM ONMpenenseTcss BO3MOKHOCTSIMA BHYTPEHHEH TOTOIOTHH TOACe-
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tu. [1o cyTH, IpoucXoauT oOpalleHne A0 TeX Mop, Moka (PYHKUHWK MapUIPYTHU3aLUUHU He mpe-
JOCTaBAT HEOOXOIUMBIEC KaHAIBI.

KoHeuHblii pe3ynbTaT 3TUX NpoLEnyp TAKKE U3MEHSETCsl B 3aBUCUMOCTH OT MapagurMsl
MapupyTU3aluuu. Pe3ynbTaTtel popMUpOBaHUS MYTH CXOKH MEXKAY COOOH MpH BBIOOpE MyTH C
MapIiIpyTHh3aler OT UCTOYHHMKA U C HepapXU4ecKol MapuipyTH3alued, B TO BpeMsi Kak OT
NOLIAroBoM MaplIpyTHU3alMU B KaYECTBE KOHEUHOro pe3yJjbTara TpeOyeTcs TOJbKO Cleaylo-
mmid kaHan. KoHeyHbIMU pe3yJibTaTaMu MpU Takol Kiaccu(uKaluum MOryT ObITh: KaHal cie-
JYIOILETO TPAH3UTHOTO Y4acTKa, OJMHOYHBIN MyTh, J1Ba WK OoJiee MyTei.

5.5.4. MpoTokonbl curHanbHon cuctembl ASON

Hns peanuzamuu curHansHoi cuctembl ASON mpemnoxensl nBa mpotokosna PNNI u
GMPLS.

PNNI, Private Network Node Interface — uacrthblii unTepdeiic cereBoro y3na, npeio-
XeH B pekoMeHanusax popyma ATM B 1995 rony B kauecTBe CUIHaJIbHOTO MPOTOKOJA MYJIb-
THUCEPBHUCHBIX CETeH ¢ ACHHXPOHHBIM PEXXKHMOM MepeauH; TAKKe ATOT MPOTOKOI MpeAoKeH
MCD-T anst pacnpeneseHHoi curnansoii cucrembl ASON (G.7713.1).

OO1iass MHOTONPOTOKOJIbHAS KoMMyTalust o MetkaMm GMPLS peanusyercst B Bepcusix
npotokosioB CR-LDP u RSVP-TE, npenycmoTtpennbix pekomeHaanusmMu MCO-T G.7713.2 u
G.7713.3.

OTH NPOTOKOJIBI CTATA OCHOBOW cUTHANBHOU cucTeMbl cetd ASON. s moanepKKu on-
THYECKOW KOMMYTAIMU MpeaiokeHo penreHrne MPAS — MHOTOmpoTOKOIBHOM KOMMYTAIMH
BoJH 1o MeTkaM (OykBeHHbIH 3Hak L 3amenén B GMPLS 3nakom A — Lambda). Takast kom-
MyTalys MpernoiaraeT UCoIb30BaHUe KOHIICTIIIMY BIOXKEHHBIX MyTel (MapiipyToB) ¢ KOM-
myTarmei mo metkam L SR (Label-Switch Router). B nepapxuueckoii cucreMe METOK TPaKTOB
LSP (puc. 5.57) Ha BepxHeii CTyNeHH HAXOJSTCS BOJOKOHHO-ONTHYECKHe UHTepdericer FSC
(Fiber-Switch Capable). Hiske ciieytoT BOJTHOBBIE MITH ONTHYECKHE KaHAbHbBIE HHTEP(EHCHI
ASC umn LSC (A — Lambda Switch Capable), sarem unTepdeiicsl ¢ BpeMEHHBIM J€IE€HH-
em/rpynnupoBanrem TDM (Time-Division Multiplex), u, HakoHer, nHTephEich ¢ BO3MOX-
HOCThIO makeTHOU KoMmyTaruu PSC (Packet Switch Capable). Kak nerpynHo 3ameturs, L SP,
KOTOPBIH MMeeT Ha BXoje U Beixone uHTepdeiic PSC, MOKET COCTaBIATHCS IETSIMH BIOXKeE-
Hus ¢ Apyrumu L SP.

Hns nepenaun curHanbHbIX coobuieHnit B ASON mpensioKeHo HCIob30BaHue OOIINX
MeToK. OOIIas MeTKa COAEPKUT JOCTATOYHO HH(OPMALIUH, YTOOBI MO3BONUTH IPHHUMAIOIIE-
My Y31y IpOrpaMMHPOBATh KOMMYTAIMIO BHE 3aBUCUMOCTH OT TUIIa COSTUHECHUSI.

3anpockl METOK HEOOXOAUMBI JUTsl OIEPKKH TPEOYEMbIX KOMMYHHKAIIMOHHBIX XapaKTe-
puctuk LSP.

CrpykTrypa o0mieid MeTkd pencTaBieHa Ha puc. 5.58. [TomHas eMKoCTh most obrmieit MeT-
KU 3ampoca cocraBmsier 32 6uta. butst 0...7 cogepxkaTt TUI KOAUPOBaHHs (HAampuMep, METKe
2 cooTBeTcTBYET KoaupoBaHue s Ethernet, metke 5 coorBeTcTByeT KOomupoBanue mis SDH
uT.0.). B 6urax 8...15 komupyercss TN KOMMYTAIlUH, KOTOpask JI0JKHA OCYIIECTBISTHCS B
3agaHHOM Kananie (Hanpumep, Metke 150 coorBerctByeT KommyTanus LSC, Lambda-Switch
Capable). B 6urax 16...31 xogupyeTcs THIT IMOJs JaHHBIX (HampuMep YCTaHOBJIEHHE COeIu-
Henus uisi cetn Ethernet konupyercst metkoit 33). O6001IeHHAsS MeTKa HeceT B cebe TOJIbKO
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METKY OJHOTO YPOBHsI, T.€. OHA HE SIBISICTCS MepapXu4eckuM oObekToM. J[is cetu u3 He-
CKOJbKUX ypoBHer (puc.5.57) TpeOyercsi HeCKOJIbKO ypoBHe#H MeTOK. [IpH 3TOM Kakipblit
L SP nomxken popmMupoBaThCsS OTAECTHHO U METKA MOXKET UMETh TIEPEMEHHYIO IHHY.

L5Ps

15P1  LSP2 . L5P3

I praokdn LSPs 1
F 1

pomai A 5P

ipusainoi CE0T (TOM) LSFE

naker L5P ]

OSosnasieemn

— - iR noTos nakoTon o 1 e
= - yaithpreeof soros yasnon 5T UG, B4
- ushpoeol poros yeenon 5T #5 6
B - CTRHAGBINGENG

@ - MAPUPYTHARTE) NageTos (ayesk]

Hpmrcopp i somemyrarep S0H

@ ONTCANGHTRON WA LONMYTATOp b Npelpa In8aTele [TRaHCRoHgEp)

£ P - hOTeHHMR somryTETop (DR

Puc. 5.57. Nepapxua metok GMPLS ans ontnyeckon cetn ASON

o T 15

31 Gur

Tun wopapoaanias | Tam HoMMyTaLMK

TUn NoNA QaHHBEN

B BT B Bur

16 Sur

Puc. 5.58. lNone obwen meTku 3anpoca

Tak B 3aBUCMOCTH OT y4acTKa ONTUYECKOW CETH MICHTUPHUIUPYIOTCS JaHHBIE O BOJOK-
He B Iy4Ke, BOJHOBOH KaHaJ B Jnana3oHe BOJIOKHA, BOJHOBOMW JMana3oH u3 Habopa auanazo-
HOB BoJIOKHA. Hampumep, MeTka niauHoi 32 OuTa yKa3bIBaeT Ha HACHTU(PHUKATOP KaHaIa Hau-
MEHBIIEH UIMHBI BOJHBI B ONPEICIEHHOM AHana30He BOJH, a KOHEUHAs METKa JJTHHOW TOXe
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32 6uTa yKasbiBaeT Ha MACHTU(DHUKATOP KaHajla HAUOOJbIIEH JAJIUHBI BOJHBI B 9TOM JHana3o-
He (puc. 5.59). Takum 00pa3oM, MeTKa COAEPIKUT TpH Oioka o 32 Oura.

L 31 ur
MzaHrhERaTEn BoNHOBOTE HANEE0HE

HauaneHas meTea

HonEunan perga

Puc. 5.59. O6uwasa meTka Ansg kKOMMyTauumn no ArvMHam BOSH

A5t cooOLeHn i HuKenexaluM y3aaM MpeAnouTHUTENbHBIX METOK OT BBIIIENEKAIINX y3-
JIOB HCIOJIb3YeTCs MpeioKeHHas MeTka (cM. puc. 5.57, rae camblit HIKHUI y3en R, Hax HUM
y3en S, nanee B nopsiake cinenoanus O, P). Takum 00pa3oM, BhILLETEKAILHMN y3€1 MOKET Ha-
4aTh KOHQHUTypHupoBaHHe 00OpYNIOBaHMS C MCIOJIB30BAaHUEM IPEJIOKEHHOW METKH JI0 TOTO,
KaK 3Ta MeTKa Oy/eT mepefaHa HIKeIeKalluM y3JaM. DTO PelIeHHe MOXKET MOBBICHTH CKO-
POCTH HPOLEAYpP YCTAHOBJIEHHS COSIAMHEHHs M BOCCTAHOBJIEHHS COSAWHEHMs NpH cOoe Min
OTKa3e.

C uenbto orpaHuyeHus BIOOpa METOK AJIsl y371a «HUXKE MO Mepeaue» UCIOoNb3yeTcs Ha-
00p METOK JUTi KaXJOro Iara B COeAMHEHHUH. J{I ONTHYEeCKOH CeTH MOTYT HCIIOIb30BaTHC
YeThIpe BapuaHTa Habopa METOK:

— IepBbIH BapUaHT peaqu3yeM, KOrja OKOHEYHOe 00OpyloBaHHE CIIOCOOHO NepenaBaTh

OrpaHWYEHHBII HA0OP AJIHMH BOJH WIH JUANa30HOB;

— BTOpOH BapHaHT NPUMEHUM, KOTJa MOCIeI0BaTeNbHOCT HHTep(EcOB HE MOATEPKH-
BaeT NpeoOpazoBaHKeE AJHMH BOJIH M HEOOXOAUMO HCIOJIb30BaHHUE TOJIBKO OJHON BOJHBI
Ha BCEM ONTHYECKOM IyTH;

— TPETHI BapHaHT MPUMEHHUM, KOT/a JKeNlaTesIbHO OrpaHWYeHHe YhciIa MpeoOpa3oBaHUi
JUTVH BOJIH JUISl YMEHBIIEHHS ONTHYECKUX NCKAKEHHH;

— YeTBEPTHIN BapHaHT MpeJroaraeT MoJIep)KKy KaHania ¢ pa3HbIMU BOJIHAMH IO KOHLIaM.

HaGoper MeTok HEoOXOMMMBI A OTPAaHWYCHUS Hara3oHa METOK Ha Y9acTKe OIHOTO
LSP mexny nByms nonbe3oBatensMu. [losydarens Habopa METOK JOJDKEH OTPaHUYUTH CBOM
BBIOOp 071HO# MeTKO# cyOkanana u3 Habopa N (puc. 5.60).

i i i 1/ 18 ED|
[efcTaue Praepn TN pETHH

Cybuavan 1

Cytmamaa

Puc. 5.60. CtpykTypa 6noka gaHHbIx Habopa MeTok

Habop MeTok cocTouT u3 omHON Win Oosiee METOK 00BeKTOB. [Ipu 3TOM 100 0OwBexmom
NPUHAMO NOHUMAMb nakem cuzHanvhol ungopmayuu. Kaxxapiii 0ObeKT COAEPKUT OAUH WIN
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Oosiee 3neMeHTOB Habopa MeTok. Kaxblil 31eMeHT 0003HauaeTcst Kak cyOKaHald ¥ MMeeT Ta-
KOH ke opmar Kak oOIasi MeTKa.

[one «meficTBUe» yKa3pIBaeT, 4TO OOBEKT COACPIKUT OAWH WIH Oojiee CyOKaHaIbHBIX
9JIEMEHTOB, BKJIIOUEHHBIX B HaOOp MeTokK. [losie «pe3epB» UTHOpUpPYETCs BO BpeMs 00paboT-
k1 MeTKku. [Tone Thma MeTKM yKasbIBaeT Ha TUI U (opMaT METOK, COJIEPIKAIIUXCI B OOBEKTE.
3HaveHue moJjst 3aBUCHT OT curHanbHoro nporokona (PNNI, CR-LDP, RSVP-TE).

[Tone cyOkaHana npeacTaBiseT NpUCBaUBaEMYIO METKY AJUHbBI BOJHbI, BOJOKHA U T.1.

5.5.5. OpgHoHanpaBneHHble U AByHanpaBreHHble LSP

Opranuzanys OJHOHANPABICHHBIX M JByHaNpaBieHHBIX LSP mMMeeT cyliecTBeHHBIE OT-
JINY UL

Bpems ycranoBienust nByHamnpasieHHoro LSP pasro oqHOMY mHTEpBady BpeMeHH ycra-
HoBJeHus LSP utroc omHa 3anepkKa MepexoJHOTO Mpollecca HHUIUATOp-aapecaTt. ITo Bpe-
MsI HE TOJIBKO MOKPBIBAET BPeMsl yCTAHOBIEHHS JUIsl Cilydasi ycneurHoro gpopmuposanust LSP,
HO pacrlpoCTpaHseTcs Ha XyIIIHd ciydaid oOHapykeHus HepoctynHoro LSP, uto B iBa pasa
OorbIlle MEPEeXOAHOTo Mpoliecca MHUINUATOp-aipecar. DTH 3aJep>KKH 0COOEHHO CYIECTBEH-
Hbl U1 LSP, xotopsie popMUpyrOTCs i1 BOCCTaHOBIICHUS MIPH MOBPEKICHHSX.

N36bITOUHOCTD YITpaBlieHMs B JIBa pa3a OOJbIle YeM B cllydae oJHOHampaBieHHbIX LSP.
3TO CBSI3aHO C TeM, YTO HEOOXOANMO T€HEpUPOBATH OTACIBHBIC YIPABISIONINE COOOIICHHSI
JUIst 000MX CErMEHTOB JIByHanpasneHHoro L SP.

W3-3a 3aHATOCTH pecypcoB, 3aHITHIX B OTIEIBHBIX CEIMEHTaX CeTH, BHIOOp MapuipyTa
OKa3bIBAETCS OCIOKHEHHBIM. MOXKHO OKUAATh HOTIONHUTEIBHOW KOHKYPEHINH TIPH BEIZIEIe-
HHUH PECYPCOB, KOTOPasi MOXKET YMEHBIIUTh BEPOATHOCTH YCIEIIHOTO (DOPMHUPOBAHHS IBYHA-
HPaBJICHHOTO COeIMHEHNSI.

JlByHanpaBneHHble onTuueckue LSP paccmarpuBarotcs B kauecTBe TpeOoBaHMS 0OJb-
MIMHCTBOM ONEPaTOpPOB CeTel. YcTaHOBIeHUe ABycTopoHHero LSP oT nHunmaropa 10 moiy-
yarenst 1 Hao0OpOT MPOMCXOJUT € MCIOJB30BAaHHEM OJHOI0 Habopa CHUTHAJbHBIX COOOIIIe-
HUIA, 9TO YMEHBIIAET BPeMsI yCTAHOBIICHHS TPAKTA.

[lpu ycraHoBneHWM nByHampaBieHHBIX LSP Bo3MokHa cuTyarms KOHQIMKTOB METOK.
KOH(bJ'II/IKTbl MCTOK MOT'YT NPOUCXOAWUTH MEXKAY ABYMs 3allpoCaMU YCTaHOBJICHHS ABYHallpaB-
neHHbix LSP, koToprle HarpaBieHbl B TIPOTHBOIOIOXKHBIX HaIpaBleHUsIX. Takne KOH(DIUKTHI
MOT'YT HPOUCXOAUTD, KOTJa 00€ CTOPOHBI BBIACISAIOT OJJHU M T€ JKe pecypchl (METKH) B OJHO U
TO ke BpeMsi. Eciu HeT orpaHuYeHuid Ha MCIONb30BaHUE METOK B IBYHamnpaBieHHbIX LSP u ec-
JIN PECYPCHI ABJIAKOTCA aJIbTEPHATUBHBIMU, TOIr'Zla 063 y3j1a nepeaaayT pa3Hbl€ METKHW BBEPX IO
xomy ¥ KoH(ukTa He Oyner. OmHAKO, €CIIM UMEEeTCsl OTpaHWYEeHHE HA METKHU, UCTIONb3YyeMbIe
JUTsL BYHAIpaBieHHBIX L SP wmn ecniu HeT 6oJjiee OCTYIMHBIX PECYpPCOB, TO KOH(IMKT pa3peria-
eTcs IPYruMU cpeactBamu. Hampumep, y3ein ¢ 6osee BHICOKUM 3HaYeHUEM HJIEHTH(UKAIIUH T10-
chbUTaeT coobmienrne — yBegomierne o6 ommoke Tpakta Path Error/NOTIFICATION ¢ ykasa-
HHEM Ha Mpo0iieMy MapIIpyTH3alliK WIH 0TKa3 MPUCBOCHU MeTKH. [locie momydeHus Tako-
o CMrHajia OLHI/I6KI/I, Yy3€J1 JOJKEH NMONbITATHCA BbIACIUTD JPYT'YIO METKY Jisd CETMEHTA, pac-
MI0JIO’)KEHHOTO BHIIIE B ABYHAITPAaBICHHOM MapILIpyTe.

J7st cHIDKeHUsT BEPOSITHOCTH KOH(IMKTa MOKHO BBECTH IPABIIIO, KOTJA Y3€J1 C UICHTHU-
(MKAaTOPOM HIDKHET0 YPOBHS He IpeJyiarajl Obl METOK M BCEr/ia UCIOIb30Ba MpeiaraeMyto
CBBIIIIEC METKY.
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5.5.6. TpaHcnopTupoBKa coobLieHun 3awmnTbl LSP

3ammra LSP npeamonaraet TpaHCHOPTUPOBKY COOOIICHHI B HOBOM 00bekTe (makere MaH-
HBIX) (puc. 5.61). DT cOOOLICHNS HCTIONB3YIOTCS IS ONMCAHKS aTPHOYTOB 3aIMTHI KaHaaa
3anpomieHHoro LSP. B coobuiennn ykasbiBaeTcs Ha JKelaTedbHbIA THI 3alIUThl KaHana L SP.
3anpaiiBacMblii KOHKPETHBIH THT 3amuThl (Hampumep, 1+1 wiu 1:N) MoxeTr peannzoBatbes
TOJIBKO TIPH HAJIMYWH pecypca.

at 5 24 11
|~_—.| Peizpe l faari waHana |

Puc. 5.61. CTpyKTypa AaHHbIX NONS 3awuUTHOW MHOPMaLUK:
S — 1 6uT BTOpUYHOrO LSP

Coo01ieHue ykas3plBaeT Takke, sBJseTCs JU JaHHbIH LSP nepBUYHBIM WM BTOPUYHBIM
(pesepBHbIM). BropHrunsiit LSP cunTaetcst pe3epBHBIM MO OTHOIMICHHIO K mepBudHOMY L SP.
Pecypchr BropuuHoro LSP He uCmonb3yroTes 10 TeX Mop, Moka paboraeT mepBUYHBIN L SP.
Pecypchl, Beinenennsie st BropuaHoro LSP, moryt ucmons3oBatecst nqpyrumu LSP mo Tex
nop, nmoka nepsu4Hbiil LSP He oTkaxkeT. B Takol cutyanuu mo6oi LSP, koTopblid HCTOb3Y-
eT pecypcbl BTopuyHoro LSP, nosmkeH ObITh OTKITIOUYEH 10 yCTPaHEHUS MOBPEKACHHUS.
Korna 6ur S (puc. 5.61) pasen 1, To 370 yKa3siBaeT Ha TO, uTO 3anpainuaembiii L SP Bro-
puuHblii. Onaru kaHana (6 6MTOB) OTMEUAOT JKeJIATENbHbIN THIT 3aLUTHI KaHana. Bo3MOXHO-
CTH 3aIIUTHI MOTYT 3aKJIAJABIBATHCS MPU MapupyTu3anuu. 3Hadenue 0 Bo Becex Outax rara
YKa3bIBaeT Ha BOBMOXKHOCTD JIFO0O0H 3aIllUThl, BKJIIOUYas €€ OTCYTCTBUE.
OmnpeneneHsl (Gard CIeayOMUX THIIOB 3alUTHL:
— yIydIIeHHas 3allliTa, YKa3blBaeT Ha TO, UTO CIEIyeT UCIONb30BaTh HAIEKHYIO CXEMY,
HanpuMmep, 4-BoslokoHHyI0 cxemy MS-SPRing;

— BblIeNieHHas 3amuTa 1+1, ykassiBaet, uto mjist LSP crneayer ucnonb3oBaTh BblAEICH-
HYIO CXEMY 3allUThl KaHAJIBHOTO ypoBHs 1+1;

— BeIgeNneHHas 3ammra 1:1, ykaseiBaert, uro mst LSP cnexyer ucrnons3oBath BEIIEIEHHYIO
CXeMy 3alluThl KaHabHOTO ypoBHS 1:1;

— coBmectHas 3amura 1:N, yka3siBaeT Ha To, uTo 1js LSP cienyer ucnonb3oBaTh COBMe-
CTHYIO CXEeMY 3alllUThl KaHAIbHOTO YpoBHs 1:N;

— He 3alMIIeHo, YKa3hIBaeT Ha TO, uTo L SP He momKkHO menoap30BaTh CpeacTBa 3aluTH;

— JIOTIOJIHUTENbHBIN TpaduK, yKa3biBaeT, yTo LSP nomken ucnonp3oBats Apyrue KaHabl,
KOTOpBIE 3aIIMINAIOT APyroi nepBUYHbIA Tpaduk; Takue LSP MoryT ObITH pa3opBaHsbl,
KOTJIa OTKA3bIBAIOT KAHANKI C 3AIUIIECHHBIM TPAQHKOM.

MeTKkaMH MOXET TPaHCIHUPOBAThCS MHPOPMALUS aIMUHUCTPATUBHOIO cOoCTOsiHUS (Tec-
THPOBaHUSI, IMKBUALUHA COSTUHEHHUS U T.1.).

HenocpencTBeHHO MeXaHU3Mbl CUTHAJIBHBIX B3aMMOJICHCTBUI MOTYT OBITh PeaU30BaHBbI
gepe3 npoTokoisl, Hanpumep, RSVP-TE u CR-LDP.

5.5.7. MexaHu3m curHanusauum ¢ Ucrnonb3oBaHueMm
npotokona GMPLS RSVP-TE

ITpoTokon pe3epBUpoOBaHus pecypcoB — mpoektupoBanus tpaduka (RSVP-TE, Resource
Reservation Protocol — Traffic Engineering) sisisietcst yacthbio crieludukaiuii nHTepdencon
UNI u E-NNI. DTOT mpoTOKON CHTHAIM3AIMK HUCTIONB3YeTCs JUIsl COSIUHEHU KOHTPOIIIepa
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Be30Ba B uHTepdeiice UNI, konrposnepa coenunenns (PC) u MeHeKepa pecypcoB JIMHUH
(LRM). Anpecanust TpaHCIIOPTHBIX PECYPCOB B 3TOM MPOTOKOJIE MPOU3BOANTCS HAEHTH(HKA-
Topamu myHkTa myna noacetn SNPP (Subnetwork Point Pool). TTapa Takux uaeHTH(PHKATO-
pos ompenenset 38eHO cBsizu SNPP. Umena SNPP omnpenensitorcs U3 npocTpaHcTBa TpaHC-
MNOPTHBIX MMEH, K KOTOPBIM OTHOCSITCS: TPaHCIOPTHEIE pecyperl nuTepdeiica UNI; umst 6110-
Ka yIpaBJICHHUS 3aIIPOCOM CETH Ha TPeIMET ajpeca Ul CUTHAIN3anuH; OJ0K yIpaBiIeHus 3a-
IPOCOM CETH Ha MpeJMET aapeca U CUTHAIN3AIMK; OJIOK BBOZA ajpeca Jisl CUTHAIN3AINY;
NOJICETh; KOPTPOJIEP COCAUHEHHS U T.A. [Ipr 3TOM KOHTPOJIJIEp MapIipyTH3alUK ¥ UICHTH-
(UKaTOPHI YIIpaBICHUS COCTMHEHIEM HE MCIIONIB3YIOTCS IS CO3MaHuUs UMEH 3BEHBEB CBSI3H.
B onmcanme ocHOBHBIX mporienyp npotokona RSVP-TE BxoasT coOCTBEHHO MPONeTypHI,
coobienus u GopMaTsl 0OBEKTOB Ui TIepeiadll CUTHANBHON MH(POPMAILIUY 10 CEeTH MaKeTa-
mu | P. Onncanue nporokona RSV P-TE Bxmtouaer momonHuTenbHbIe coodmienus (puc. 5.62).

Path, Path §
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Puc. 5.62. HanpasneHus notokoB coobweHnin GMPLS RSVP-TE

Pacmupennem nporokona RSV P-TE sBnsitotrcst 06vexm Iisl HapalluBaHUS MOl KIMEH OT
A 1o Z u Taxoke crierudukanmn CoS u GOS 11 moaaepKKH 3apocoB Ha YCIIyTH HHTepdeii-
ca UNI.

®opmar coodmennit GMPLS RSVP-TE ocHoBaH Ha 0a30Boii CTPYKType MakeTa JaHHBIX,
omnpeneneHHol B nokymentax RFC2205, RFC2961, RFC3209, RFC3474 (puc. 5.63). K aro-
My (GopMaTy H00aBISIOTCS HEOOXOUMbIe 00BEKThI CHTHAIBHBIX cO00meHnH (Ha prc. 5.63 He
0003Ha4YeHbl), HAPUMED, B KOTOPHIX 3alUCaH MACHTH(UKATOP Omeparopa CeTH, WACHTU(U-
KaTop BBI30Ba, aJIpEC DIIEMEHTA UCXOJIHOW TpaHcmopTHOH cetu u T.1. Coobuienne RSVP co-
CTOHMT W3 3aroJIOBKa M HEKOTOPOTO KOJIMYECTBA OOBEKTOB, XapaKTEPHBIX IS KAKIOrO THIA
coobrenuit. Tursl coobuienunit kogupyrorcst: 1 — Path; 2 — Resv; 3 — Path Err; 5 — Path
Tear; 7 — Resv Conf; 13 — Ack; 15 — Srefresh; 20 — Hello; 21 — Notify. B none «Bep-
cHus» ykasbIBaeTcsi Bepcusi mpotokona RSVP-TE. B mone «dnaru» oTMedaeTcs rpynmoBast
WM MHAMBUAyalbHas pacchuika coobmenus. [Tone «kouTposbHas cymma RSV P» npennasna-
YeHo i oOHapyskeHUs omnbok. B nose «mapamerpsl nepenaun» nepenaércs cooOlIeHue o
HeoOxoaumoM QOS. B mone «mmna RSV P» pukcupyercs obiee uncno 6aiiToB Bcero mnake-
Ta C OCHOBHOHN YacThIO M 00BEKTaMH.

0 1 2 I8 15 14 %1 Gue
Bepeuz | @naru | Tin conBwesun Howrpanssuan cymma BEVP
MapameTpel : P
A Fesapa Dausa BSY

Puc. 5.63. ba3oBas CTpykTypa kogmpoBaHus coobLieHuin no npotokony RSVP-TE
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Turnbl coOOIIEHUI UMEIOT ClIeAYIoIee Ha3HAYCHHE !

Path wucmonb3yercst 1 MHAMMUPOBAHMS 3alPOCOB HA YCTAHOBJICHHE COCIWHEHUS, Ha
pasbelMHeHHE, TPOMEKYTOYHOTO B HAlPaBJICHWH BBI30BA 3alpoca Ha pa3beIWHEHHEe, OTBETA
Ha cooOmenne Resv;

Resv ucnosp3yercs A1 0TBeTa Ha 3alpoc 00 YCTaHOBIECHUH COEANHEHHsI C COOOIICHHEM
Path, npu MHUIIMUPOBAaHKH 3aITpoca Ha pa3beINHEHHE OT MOTyYaTe s BHI30Ba H T.1I.;

Resv Conf ucronb3yercs 11t oTBeTa Ha 3ampoc 06 yCTaHOBJIEHUH COeAMHEHHs Resv;

Path Tear ucnosnb3yeTcs Uit OTBETa Ha 3ampoc O pa3beauHeHnn REsv, oTeeTa Ha c000-
menre Path Err Bo Bpemst onepanuii ycTaHOBKH M pa3beAMHEHUS H T.1I.;

Path Err ucrons3yeTcs Ui OTBETa Ha 3ampoc 00 ycraHoBjIeHHH coequnenus Path, ecin
3TO COEMHEHUE HE MOXET OBITh YCTAHOBJIEHO, [T OTBETA Ha 3ampoc O pasbeauHenuu Path,
JUISL OTIIPABKH COOOILEHHsI O HEYJAa4HOW ONepaluy YCTAHOBKHU COEAMHEHUS, Ui OTIPaBKH
COOOIICHHS 0 HEYTAYHOM omepalvy pa3beJUHEeHNS;

Notify ucrmons3yercst st TOro, 4ro6bl ACHHXPOHHO YBEIOMIISITH KOHTPOJUIEP COEIMHE-
HUS 00 OIMOKAaX MPU COSMHEHWH;

Hello ucrone3yercst st obecredenus ceanca pesepBupoBanus RSV P 1 MHUIMHPOBaHUS
NpOLIECAYPHI TIepe3arpy3Ky;

Ack ucnonb3yercs st MOATBEPIKACHHUSI OTITPABICHHBIM COOOIICHUSIM;

Srefresh ucnonbsyercs ajst 00HOBIEHUS cOCTOsTHUS coobmennss RSV P-TE 6e3 nepenaun
coobennii Path u Resv, uTo npuBOANT K YMEHBIIEHHIO KOJHYECTBA IepeaaBacMoil nHdop-
Maluu 1 HO}I}lep)KaHI/IH CI/IHXpOHI/ISMa BbI30OBa U COG}II/IHeHI/IH;

Hcnonwp3oBanue pacCMOTPEHHBIX COOOIICHUH HILUTIOCTPUPYETCS OOIIMM OINMCaHWeM T10-
TOKa CHMTHAJBHBIX COOOILIEHUH UIs IpoLieIyphl HacTpouku (puc. 5.64):

— coobuienue o mytu (Path) s 3anpamniBaeMoro coeHEH st OTIPABICHO OT UCXOIHO-

ro MYHKTa K MYHKTY Ha3Ha4YeHUs,

—mocie mpreMa coobmiennst Path ys3moM HasHadeHUs MEXIy HMCXOAHBIM ITYHKTOM M
MYHKTOM Ha3HaYeHMs yCTaHABJIMBAETCS ceaHC pe3epBupoBaHus pecypcos RSVP;

— y3e] Ha3HaveHHs oTBevyaeT Ha coobiienune Path ogrum u3 mByx coobienuii B oOpat-
HoM HampaBiennn (Resv — mnpu HopMasibHOM HacTpoiike ceth uw Path Err — npm
onnOKe MPoIeayphl HACTPOUKH);

— ocJie MpreMa UCXOHBIM Y3JIOM cooOmIeHus RESV MoxkeT ObITh OTMPaBJICHO JOTIONTHU-
tenbHOE coobmenune Resv Conf.

Path L1 !
[ — 1 — —]
]
3anpoc | ‘{Ej_ : = —T— = Oteetr
I
1
I

UNI E-NNI UNI
I |
|
|
|

ResvConf
|
1 I

Puc. 5.64. O6meH coobLleHNAMU HacTPOKN
KOMMYTUPYEMOTO COEANHEHWS
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5.5.8. MexaHu3M curHanusauum ¢ UCNONb30BaHUEM
npotokona GMPLS CR-LDP

IIpoTokona pacnpeneneHnss METOK MapiipyTa ¢ yuerom orpanndenuii (CR-LDP, Constraint-
based Routing Label Distribution Protocol) paccmartpuBaeTcsi Kak CpeicTBO peald3aliu
yIpaBlCHUs BBI30BAMU M COCTUHEHHSIMH MPH nepeaade AaHHbiX. OH UCIONB3YeTCs Ui 0C-
HOBHBIX NPOIIEAYP: BEI30Ba U COETUHEHUsI, epeiaun COOOIIEHNH U CUTHAIM3ALUH, TPOU3BO-
IVMBIX depe3 pa3lindHble KOHTPOIbHBIE MyHKTHL. [IpoTtokon CR-LDP, Hapsany ¢ coenuHeHH-
eM, o0ecrieunBaeT BKIIOUCHHUE ONIEPaTUBHOTO YIPaBJIEHHs BBI30BOM, UTO MO3BOJISIET Pacroa-
raTth HECKOJIBKMMH COCAMHEHUSMH IJIs1 OMHOTO BBI30Ba, H3MEHSAThH CYIIECTBYIONIME COCIHHE-
HUS, COCTABIIATH U BBIICHIBATE CUETa 3a MpeaocTaBieHHbIe BEI30BEL. [Ipotokon CR-LDP wuc-
noJjib3yercs B KOHTpoJibHbIX Toukax uHtepdericoB UNI, I-NNI, E-NNI. ITpu atom nonnepxu-
BAIOTCSl YCTAHOBIICHHE U pa3bellMHeHue coequHeHuid. Jlns coobuiennii mpotokona CR-LDP
HEeoOX0aMMO KcToNb30Banue mpotokoaa TCP/IP B cetn kaHaaoB nepenaun qaHHbIX. Mcmoss-
3oBanue mpoTokosia TCP 00yciIoBIIeHO €ro CIOCOOHOCTHIO K BOCCTAHOBJICHUIO KaHAIA CUTHA-
JU3aLuK, TO0CKobKY B mpoTokoiie CR-LDP 3Ta BO3MOXXHOCTH He 3a0)keHa.

KonTponbHas Touka uHTepdeiica E-NNI obecrnieunBaeT BBITIOJHEHHE OINEPATHBHOTO
YIIPaBICHUS BBI30BAMU. DTO JAeT BO3MOXKHOCTh IPEINPUHSTH ASHCTBUS O TOAICPIKKE CO-
eIMHEHUS B Mpejesiax JOMEHa, OrPaHHYEHHOT0 KOHTPOJUIEpaMH BhI30BOB. Hampumep, B mpe-
Jenax Kakoro-au0o ToMeHa B COCTMHEHHH IPOUCXOIUT TMOBPEXKICHNE, PACIpOCTpaHsIoNIIee-
cs B uHTepderic UNI u B uaTepderic E-NNI. B okoHeUHBIX MyHKTaX COCTUHEHHUS TPOHU3BO-
JIMTCS TIOBTOPHOE YCTAHOBJICHHE COEIUHEHHMS, YTO MCKIIOYaeT PacrpocTpaHeHHe MOBPEexke-
HU 3a npenensl uatepdeiica E-NNI.

Bce coobmmenus nporokoia CR-LDP nmerot o011yt cTpyKTypy KOAUPOBaHHS apaMeTpOB
TLV (Type, Length, Value) — tum, anuna, oobem (puc. 5.65). TTone «oObeM» MOXKET comep-
KaTh OJTMH WM HECKOJIbKO mapaMeTpoB TLV. [lone «uinHa» onpeaenseT AIUHY MO «00beM»
B OKTeTax. [lome «THIm» conepkKUT OqHO M3 COOOIIEHHH, HAPaBIsIEMBIX U3 KOHIIA B KOHEII: 3a-
pPOC METKH, MPeoOpa30BaHue METOK, HHUIIMATIU3AIIUS CBsI3U, IPUBETCTBUE (MECTHOE MPUMEHE-
HHE), TIOATBEPIKAECHAE aKTUBHOCTH (MECTHOE MIPUMEHEHHE), CHATHE METKH, IPEXKIEBPEMEHHOE
ynajeHre MeTkd W T.4. but U ucnons3yercst i HensBectHoro TLV. Ilpu monydeHnu Hews-
BectHoro TLV, ecnm U =0, oTmpaBuTtento cooOLIEHUs clieayeT NochaaTh NpeaynpeKacHue, a
COOOIIEHUE HODKHO OBITh MpoUrHoprpoBaHo; eciu U = 1, HeussectHoe TLV urHopupyetcs mno
YMOJIYaHHIO, & OCTaJIbHOE COO0IeHHe 00padaThiBacTCs, Kak OynTo HensBecTHOro 1LV Her.

a 12 T8 15 16 21 2 31 G

U|F Tian FitETES

Ofmer {3Hausuae]

Puc. 5.65. CTpykTypa koamposaHus coobLieHnin no npotokony CR-LDP

bur F npumensierca ans nepeanpecauuu HewsBecTHoro TLV. Dtor 6uT Mcnosb3yeTcs
b B ciydae, korna U = 1 u coobmenue LDP, conepkariee HensBecTHbI TLV, Hy»KHO Tie-
peanpecoBath. Ecniu F = 0, HeusBecTHbI TLV He mepeanpecyetcs BMeCTe COAEPIKAIIMM €ro
coobwenueM; ecnu F = 1, neusBectnolii TLV nepeagpecyercs.
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B none «o0beM» (UKCUPYIOTCS 3HAUEHUS MapaMeTpoB COOOIIEHH, HampuMep, MHUpHUHA
TMOJIOCH YacTOT COEIUHEHMS, METKH Ka)KIOTO CETMEHTa COeIMHEHMs, HOMepa CETEBBIX dJle-
MEHTOB, (POPMHUPYIOIINX COeMHEHHE; (Ilary 3anpoca 1 T.1I.

INoapoGHbIe cBeAeHMs O NPOTOKONAM curHanusanuu Ha ocHoe GMPLS moxHO noay-
YUTh Ha 00pa30BaTeIbHOM MOpTaje OTKPBITHIX cucteM http://www.intuit.ru.

KoHTponbHble BONpOChI

1

Noukw DN

© ®

10.
11.
12.
13.

14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31.

W3 kakux CeTeBBIX 3JIEMEHTOB CTPOSITCS TOIMOJOTMH TPAHCIOPTHBIX CETEeH: «TOYKa—
TOYKaY, «IMHEHHASI LIETbY, «KOJBLI0Y», «3BE3/1aY, «IUehHKa»?

UeM oTIHYAIOTCA CTPYKTYPbI KOJIBLIEBBIX CETel Ha ocHOBe 3JeMeHToB SDH u Ha oc-
HoBe ROADM?

Yem oOpasyeTcss MapmpyT nepenadn B TPAHCIIOPTHOM ceTH?

UYro mpeacTaBiiseT co00i TPaHCIIOPTHOE COCIMHEHHE TTOICETH?

Kakue BUIbI COCTUHEHUI PEAYCMOTPEHBI B TPAHCIIOPTHBIX CETAX?

YeM OTIIMYArOTCS CXeMBbI 3allIUTHI CEKIIMK MyJbTHITIeKCHpoBanus 1+1 u 1:17?

UeM moanepKUBarOTCs 3amuTHBIE Tepekmouenust 1+1 u 1:1 B cetsix Ha ocHoBe SDH
u OTH?

Kaxwie BUIBI 32T COCIMHEHNH TIPELYCMOTPEHEI B KOJIBLIEBBIX TPAHCIIOPTHBIX CETSX ?
UeM oTigaroTcs 2- u 4-BOJOKOHHBIE ONTHYECKUE KOJIBIIEBBIE CETH ?

Kakue 0coOeHHOCTH UMEIOT CXEMBI 3aIUTHI B ceTsix Ethernet?

Kakoe Ha3HaueHHE NMEET CHHXPOHU3ANHUS B TPAHCIIOPTHBIX CETIX?

C xako#i IeJTbI0 HOPMHUPYIOTCS POCKATb3BIBAHUS ?

Kakyto ponb urparor (aszoBbie IpokaHus (JUKATTEP W BaHIEP) NPH ONpPeAeTeHHH
MIPOCKAJIb3bIBAHUI ?

Kakoe mporcxoxxaenne uMeroT (pa3oBbie APOKAHUS B TPAHCIIOPTHBIX CETSIX ?

UYro BKITIOYEHO B ATAJIOHHYIO [T CHHXPOHU3AIIH ?

Kakne HCTOYHHKH CHHXPOHHU3ALUH UCIIOJIb3YIOT B TPAHCIIOPTHBIX CETSAX?

Kak nponcxonut pacnpeneieHie TAKTOBOTO CHHXPOHH3MA B TPAHCIIOPTHBIX CETSX?
Kakne mpHHIMITEI 1 METOIBI BOCCTAHOBJICHUSI CHHXPOHU3MA MPUMEHSIOTCS B TPaHC-
HOPTHBIX CETAX?

C KxaKo#i Iepi0 MPOBOAUTCS AyJUT CETH CHHXPOHU3AINH ?

[Mouemy TpaHCTIOPTHASI CETh HYKIAETCS B CHCTEME YIIPABICHUS ?

Kakue npyHIHIBI TOJ0KEHBI B OCHOBY YIIPABJICHHs TPAHCTIOPTHBIMU CETSIMH?

B yem coctosT QyHKIMM yIpaBieHUs TPAHCTIOPTHOM CEThIO?

Uro otobpaxaeTcst Ha SKpaHe rpadUuecKoro TepMUHATA YIIPABICHUS ?

C kakoii 1iespto paspaboransl 1 BHeApsitoTes cetn ASTN/ASON?

Kakne BozmoxuOCTH 3a5m0%KeHbI B ceTd ASON?

Kakast ponb oTBOIUTCS MapmpyTu3anud B ceth ASON?

Kakue ¢pynxuuu Beinonnset nporokoad GMPLS B cetu ASON?

Kakue Buas! MapupyTHU3auy nperycMoTpeHsl A1st curHanbHoit cetn ASON?

Kakne MeTKH ycTaHaBIHBAIOTCS B CHTHAJBHBIX ITaKeTax ?

Kakue orTianuus B OpraHM3alyuyl YCTAHOBIICHUS! COCIMHEHUN UMEIOT OJHOHATIPABIICH-
HbIE U JByHarpaBieHHble L SP?

Yewm ominyaroTcs mpoTokosbl curHanusanun RSVP-TE u CR-LDP?



naBa 6

NnPUHUUNbI NMNAHUPOBAHUA
U NMPOEKTUPOBAHUA ONTUHECKNX
TPAHCMNOPTHbLIX CETEM

6.1. MpuHUMNBLI NNaHUpOBaHUA

TpaHCTIOpTHAsI CETh, M TIPEXKIIE BCETO ONTHYECKAs TPAHCIIOPTHAS CETh, SIBISICTCSI OCHOBOH JIEO-
00¥1 peallbHOM CETH CBSI3W OT MAarMCTPAJIbHOW IO MECTHOM W B TOM YMCJIe CETH A0CTyma. TpaHc-
MOPTHAs! CETh — 3TO YHHBEpPCaJIbHAs HECTEHATN3UPOBAaHHAs Cpeia TOCTaBKU WH(DOPMAIHOH-
HBIX cooOIIeHHH B JIt0O0oM dopmare (sueiiku ATM, naketsl Ethernet, makerst MPLS, 1uksibn
PDH u 1.1.). TpancnoprHas ceTh — 0a30Basi CETh THITOBBIX YHHBEPCAIbHBIX KAHAJIOB Iepe/ia-
YH, CETEBBIX TPAKTOB W CEKIH Mepeaadyd, Ha OCHOBE KOTOPBIX (POPMUPYIOTCS BO3MOKHOCTH
BTOPUYHBIX CETel CBA3M, 00ECIEUHBAIOLIMX CIEKTP YCIYT Yepe3 CIelUaTu3upOBaHHbIE MOJIb-
30BaTenbCckue HHTepdeiCh UIs OTAENbHBIX BUIOB Yeayr (Tenedonus, HTepHeT, TeneBuaeHe
u 1.1.) u uarerpupoBanubix yeayr (V-IICUC — N-ISDN, HI-IICUC — B-ISDN). TIpu stom
TPAaHCMOPTHASA CETh JOJDKHA OBbITh MOJHOCTBIO MPO3PAYHOM JJIsl MONB30BATENbCKUX YCIYT.
[Tpo3padHOCTh TPAHCIIOPTHOW CETH 3aKJIAABIBACTCS NPH IUIAHWPOBAHUHU U MOCIEAYIOIIEM Jie-
TaJIbHOM MPOEKTHPOBAHHUHU, KOTOPBIE OMUPAIOTCS HA CIEAYIOIINE TPUHIIHITBL:

— CeTh IUTAHUPYETCSI ¢ YYETOM JUTUTENbHOM nepernektuBbl (0T 5 o 20 net) ee pa3ButTHs U
U3MEHEHHUS;

— OCYIIECTBIISETCS YUET CIIeHUAIbHBIX YCIOBHI U TpeOOBaHUH 3akazunka ([0Jb30BaTe-
Jist) TPAHCTIOPTHOM CETH;

— IpeAyCMaTPUBACTCsl HEOOXOAUMBIN YPOBEHD IKCILTyaTalluy TPAHCIIOPTHOW CETH U Kaj-
POBBII IOTEHIMAT,

— OIpeJeNsieTcsl CYNIECTBYIONIAs U MEPCIICKTHBHAS HArpy3Ka CETH C MOJpa3lelicHHeM Ha
BH/IbI B 00BEMBI TIPEJOCTABIAEMBIX YCIYT (KOMMYTHPYEMbIE KaHaJIbl, KOMMYTHPYEMbIE
BUPTYyalbHbIE KaHaJIbl, TAKETHAs Mepeaava ¢ 3aJaHHbIM KauecTBOM H T.1.) [12, 13];

— BBIOMpAETCs MOAXOsIIas cpeaa nepenad (ONTOBOJIOKHO, CTBOJIBI PaIHOIHHUM, ME-
Hble TPOBOJA) U Ga3oBble TpaHcmopTHeIe TexHojoruu (SDH, OTH, ATM, Ethernet,
T-MPLS);

— BBITTOJTHSIETCSI 000CHOBAaHHEIH BEIOOP apXUTEKTYPHI TPAHCIIOPTHOH CETH,;

— 000CHOBBIBA€TCS UCIOJIB30BAHUE METOIOB MOBBILLIEHHS HAJIS)KHOCTH CETH Yepe3 peau-
3al{I0 BUIOB 3aIIUTHl JUHEHHBIX U IPYNIOBEIX TPAKTOB, Pe3ePBHUPOBAHMS 000PyI0Ba-
HUSI U T.10.;

— pa3pabaThIBAIOTCS CXEMbI OPTaHU3aIUU CBSA3U, CHHXPOHU3AIUH U YIIPABIICHHUS;
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— PACCUUTHIBAIOTCS MEPEIaTOUHbIC XapAKTEPUCTHUKH JIMHEHHBIX TpakToB [1, 2, 3, 4, 5, 11];

— ONTUMHU3HUPYETCS UCIIOb30BaHHE 000PYIOBaHUS U JIMHUIA;

— MMPOU3BOAMTCS KOMIUIEKTAIUSI BEIOPAHHOTO 00OPYAOBaHUS U OLIEHKA CTOMMOCTHBIX TIO-
KasaTeJiel;

— ONTUMHU3UPYETCS CETh MO CTOMMOCTHBIM M KAa4eCTBEHHBIM IOKA3aTeNsiM MPH CpaBHE-
HUM KaK MUHUMYM JIBYX BapHaHTOB TOIOJOTHH, 000pyI0BaHMsI, TUHEHHBIX COOpYIKe-
HUHI U T.1.

[lepeueHp 3TUX NPUHIIMIIOB TNIAHUPOBAHHUS HEOOXOIMMO UCTIONB30BaTh MPH (GopMyIHpo-

BaHWU TPeOOBaHMI K MPOSKTUPYEMOH TPAHCIIOPTHON CETH M €€ XapaKTePUCTHKAM:

— CeTh JI0JKHA 00ECTIeUnBATh MPOITYCKHYIO CIOCOOHOCTh MIM 0a30BbIE CKOPOCTH Tepeia-
g B STM-N, OTUK niu BOJTHOBBIMH KaHAIIAMU Aj;

— CeTh J0JDKHA 00ECIIeYnTh MepeHoC cyMMapHoro tpaduka B TpakTax marucrpaiu (VC-
12, VC-3, VC-4, VC-X-CCAT, VC-X-VCAT, ODU1, ODU2, ODUS3, Ethernet na cxo-
poctu 100 wau 1000 M6uT/c);

— CeTh JIOJDKHA YJIOBJIETBOPATH 3aJJaHHBIM 3HAYECHHUSAM HAJCKHOCTH WIH KO3 (UIMEeHTa
TOTOBHOCTH,

— CeTb J0JKHA OBITh pacUIMpsieMOi;

— CeTh JIOJIKHA OBITh YIIPaBIsSEeMOM;

— B CETH JJOJKHO COBMEIIATHCS 000PYI0BAaHUE Pa3IMIHBIX MPOU3BOAUTEIIEH;

— CeTh JI0JIKHA OBITh YCTOHYMBA K OBPEXKICHUSIM, COOSIM H T.II.

[MpuHIMTEL ¥ TpeOOBaHMS O TUIAHUPOBAHUIO U MPOCKTHUPOBAHUIO TPAHCIIOPTHOHN CETH

OTpaxaroT OOV MOAXO0/ K MPOIECCY MPOESKTUPOBAHMS.

6.2. Bupabl Harpy3kyn TpaHCMOPTHOM CeTU U TpebyeMbie pecypchl

Harpy3ka TpancnopTHo# ceTH onpenenser ee QyHKINOHAIBHBIE BO3MOXHOCTH!
— MOJIB30BaTEIbCKUE HHTEPEHCHI;
— JIMHEHHbIE WK arperatHble HHTEp(EHCH PasIuyYHbIX BUIOB nepenaud (Hampumep, of-
HOBOJIHOBOMW MJIM MHOT'OBOJIHOBOW B ONTHYECKOH CETH);

— omepaiyy rpynnyupoBanus Harpysku (grooming) B ortaensHsix 0mokax (VC-X, ODUK)

wn B cuenke (VC-X-CCAT, VC-X-VCAT, ODU-X-VCAT);

— BO3MOXKHOCTH KPOCCOBOH IIM(POBOH U ONTHUECKOH KOMMYTALIUH;

— pe3epBUPOBAHKE COSANHEHH B TMHEHHBIX W KONBIEBBIX TOMOIOTHSX;

— pe3epBHpOBaHKEe 000PYI0BAHUS,

— 00beMbl 000pYIOBaHUS U T.1.

B Ta6n. 6.1 npencrapyieHbl MPUMEpbl HANPY3KU TPAHCIIOPTHBIX CeTeH, HEOOXOAUMBIE IS
HuX ¢usndeckue pecypenl cereit SDH u OTN. CoBOKYIHOCTH 3THX HArpy3oK, Ompejernse-
MbI€ NTPU NPOESKTUPOBAHUH, B OTIEJIBbHBIX HAMPABICHUSAX C YUETOM TOMOJOIHU CETH 00pa3yIoT
CyMMapHBIE€ eMKOCTH. DTH €MKOCTH HEOOXOAMMBI IJIsl ONpeAeIeHus] BOZMOXXHOCTEH JIMHEH-
HOH Mepenayn ¢ yIeTOM ONepanuii 3alIuTel COSANHEHUH U TIEPCIIEKTUBEI Pa3BUTHUS CETH.

Oomrast cxema GOpMUPOBaHUS TTOTOKA TpadrKa TPAHCIIOPTHON CETH TPEICTABICHA BBIIIE
B IIpuMepe onTryeckoil miatdopmsl Ha puc. 2.4. O6o3HaueHHs 11 GOPMUPOBAHUS TIOTOKOB
Harpy3KH MMPHUBEIEHBI B pazjiene 2.5 U B CIIMCKe COKPAICHUH.
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Tabnwuua 6.1. Bugpl Harpy3ku 1 pecypcbl ONTUYECKUX TPAHCMOPTHbBIX CETEN

Buabl HArpy3KH U CKOPOCTH

Pecypcm ONTHYE€CKUX TPAHCHOPTHBIX ceTei

OTN OTN
SDH-CCAT SDH-VCAT oDu1l | opu2
Monab3oBarens- | Ckopocthb
cKasf ceTh Mour/c ekt ekt Ipdexr
Pecypc HCI0JIb30- Pecypc HCIO0JIb30- | MCIOJIb30BAHUS,
Banus, % BaHus, % %

Teneponnas . . _
cers N-ISDN 2,048 VC-12 94 VC-12 94 - -
PDH, E3 34,368 VC-3 ~70 VC-3 ~70 - -
PDH, E4 139,264 VC-4 ~93 VC-4 ~93 - -
10BASE-FL 10,0 VC-3 ~30 VC-12-5v ~89 - -
100BASE-FX 100,0 VC-4 ~65 VC-3-2v ~100 - -
1000BASE-LX
KOJMpPOBaHHE 1250 VC-4-16¢ ~40 VC-4-7v ~96 ~40 ~11
8B/10B
10GBASE-LW 9953 VC-4-64¢ ~100 V C-4-64v ~100 - ~100
ESCON 200 VC-4-4¢ ~32 VC-4-2v ~67 ~8 ~2
3xESCON 600 VC-4-4¢ ~96 VC-4-3v ~89 ~25 ~6
FICON 1062 VC-4-16¢ ~42 VC-4-8v ~89 ~42 ~10
Digital Video 270 VC-4-4¢ ~43 VC-4-2v ~90 ~9 ~2,7
Serial Digital - o _ . _
HDTV 1485 VC-4-16¢ 60 VC-4-10v 100 60 15
SDH STM-16 2488 - - VC-4-17v ~94 ~100 ~25
SDH STM-64 9953 - - VC-4-68v <100 - ~100
ATM STM-1 155,520 VC-4 ~100 VC-4 ~100 - -
ATM STM-4 622,080 VC-4-4¢ ~100 VC-4-4v ~100 - -

Pecypchl TPaHCTIOPTHOM ONTHYECKOM CETH MOPA3/IENAIOTCS Ha CIIeIyOIIie:
— pecypchbl BOJIOKOHHBIX ¢BeToBO0B (rostoca ot 30 mo 60 TI'n);

— pecypcbl WDM — uncito BonmHOBbIX KaHanoB (o1 1 mo 320 u Gosee);

— emkocTH BonHOBBIX kKananoB OTN (or ODUL o ODU3);
— €MKOCTH CILIEIUISEMBIX BOJHOBBIX KAHAJOB B IPENENax MOMAYJS ONTUYECKON Mepenauu

OTM (ot 1 no 16 Boan B Mofyie ¢ Harpy3koii ot ODUL no ODUS3);

— €MKOCTH BUPTYaJbHBIX KOHTeHHEepoB SDH (MHIMBHAYaTBHBIX U CIEILISEMBIX);

— €MKOCTH U pexuMbI noctaBku kaapos GFP (GFP-F, GFP-T);

— eMKoCTH TOTOKOB stueek ATM u kaapos Ethernet;

— BO3MOXXHOCTH MEPCIEKTUBHBIX PELIEHUH Ha OCHOBE HOBOI TexHonoruu T-MPLSu T.11.

B ontryecknx TpaHCHOPTHBIX miartdopmax, Takux kak Alcatel 1850 TSS (TSS-40, TSS
320, co ckopoctamu nepenaun 40 T'out/c, 320 I'out/c), Cisco ONS 15450 MSTP, Marconi
OMS-3200, Alcatel 1674 u npyrux, coderaeTcss MHOXKECTBO (GYHKIMI TPaHCIOPTHPOBKH,
rPYIIUPOBAHKS, MYJIbTUINICKCHPOBaHHS, KOMMYTaluu (ypoBeHb KaHanoB L2), mapmpyru3sa-
uun (ypoBeHb ceTeBoi L3), ynpaBieHns 1 CHHXPOHU3AIHH.
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HoBoe mokoneHue TpaHCIOPTHBIX IIATGOPM SIBISIETCS YHUBEPCAIbHBIM TEXHUYECKUM
pelLIeHreM MeXIy CeTAMH MoJb30oBarteseld (BTOPHYHBIMU CETSIMH) U TPAHCIIOPTHBIMHU CETSIMU
(MepBUYHBIMH CETSIMH).

[Ipumepsl XapakTepUCTUK MOJIB30BATEIBCKUX WHTEP(ENHCOB MyJIBTUCEPBUCHON TpaHC-
noptHoi mardopmer Cisco ONS 15450 npusenens B Tabd. 6.2.

Tabnuua 6.2. Mpumepbl XxapakTepuUcTHK Nonb3oBaTenbCckux MHTepdencos nnatdopmel Cisco
ONS 15450. KapTbl MakcumarnbHOWM rmbkocTv nakeTHow nepegayn ML

XapakTepucTHKA 15454-M L 100T-12 15454E-M L 1000-2
KonunuecTBo opToB 12 (R}45) 2 SFP (SX nmu LX)
CkopocTthb 10/100 M6wut/c 1000 M6wurt/c

ITopmut Ethernet
[oxnepxka HomepoB VLAN ot 1 no 4096
Uepapxuueckne VLAN 255
STP (802.1d) 255
MTU 64...9000 GaiitoB
Arperaiys KaHajoB: Fast Etherchannel Gigabit Etherchannel
KIIMEHTCKHE TTOPTHI (mo 4 moproB B rpymie) (mo 2 moproB B rpyre)

Bupmyanshvle unmepgeticer SDH

KommaectBo mopToB 2

VC-3; VC-4; VC-4-2c; VC-4-3c; VC-4-4c;
VC-4-8c u VC-3-2v; VC-4-2v; VC-4c-2v
INopnepxuBaeMast HHKATICYJISLHS CISCO HDLC; PPP (RFC 2615...)

Tonomnorus «3Be3aa», «Touka-Touka, «konsio (RPR)»

CIenKy Ha COSTUHEHUIX

MakcumanbHasl TpaHCIIOPTHAs

1IpOTyCKHa CIOCOBHOCTS o 2,5T6ut/c (VC-4-16C) Ha KapTy

PesepBupoBanue SNCP, MS-SPRing, MSP (1+1) ...

Ipomoxonvt yposueii 2u 3
Oyukiun L3 (cereoii) Routing: Static, RIPv2, EIGRP, OSPF, BGP, ISIS; HSRP, ...
Oynkiun L2 (kaHa bHBII) Ethernet kommyTatops! u mapuipytuszatopsi (802.1D), VLAN (802.1Q), ...

AHaJOorHYHbIe PUMEPBI XapaKTEPUCTHK MOJIb30BATENBCKHX HHTEP(EHCOB MPeaCTaBICHbI
B pabo4MX M peKJIaMHBIX IOKYMEHTax OCHOBHBIX mpoumsBoauteneii (Alcatel-Lucent, Nortel,
Ciena, Marconi, ECl u 1.11.).

MeToauKy ¥ IPUMEPbI pacuéTa HArpy3KH B TPAHCTIOPTHBIX CETSIX C MAKETHOMW Mepeaayei,
C BPEMEHHBIM pa3JicJieHHEM KaHaloB W MyJbTuiuiekcupoBanieM WDM MoXxHO HaiiTi B
[12, 13, 60].

Heo6X0oauMo TakKe OTMETHTh, YTO CIIHCOK BHOB MOJIb30BATENBCKONW HArpy3KH TpPaHC-
MOPTHBIX ceTell BCE BpeMst momosnHsiercs. [Ipu 9ToM pa3pabaThlBarOTCsl CTAHAAPTHI U HOBBIE
DIEKTPUYECKHE M ONTHYecKHe HHTepdeiicel (Hanpumep, s Ethernet na ckopoctu
100 I'6ut/c), onpenenstoTcss HOBBIE BO3MOXKHOCTH 110 TPYIITMPOBAHHUIO TPAHCIIOPTHBIX 0J10-
KOB M makeToB. OTpabaThIBalOTCS METOANKH MapIIPyTH3AIMK BOJHOBBIX KaHAJIOB, BUPTYalb-
HBIX CBsi3eil ¥ T.1. Hampumep, Uis peainsaii mporpaMm rnepexoja Ha HuppoBoe TeeBU3U-
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OHHOE Bell[aHHe MOTPeOyeTCsl rapaHTUPOBAHHBIN CKOPOCTHON PEXUM TepeJaud CxXaTblX Te-
JICBU3MOHHBIX KapTHHOK. METOMMKM pacyeToB 3TOT0 BuAa Tpaduka emé JOIKHEI OBITh pas-
paboTaHbI ¢ Y4eTOM BO3MOKHOCTEH TPaHCHOPTHBIX IIATPOPM IO KOMMYTALUH, MapIIpyTH-
3allUU U 3aLUTe OT OJIOKMPOBOK U MOBPEXKACHUH.

6.3. Tunbl NMHENHbIX UHTepPcencoB N 0OCOOEHHOCTU
MX UCNOJNIb30BaHNA B ONTUYECKUX TPAHCNOPTHbLIX CeTAX

JluHeliHble MHTEP(EHChl TPAHCIOPTHBIX CeTEeH — KJIIOUYEBble KOMIIOHEHTHI CETEBBIX dJIEMEH-
TOB. B 3HaunTEeNbHOMN cTeneHn nHTep(hEeHChl ONpeesIOT MPOMyCK TpaduKa Ha MEXY3JIOBBIX
coeMHeHuAX. HTepdechl cTposTcs Ha OCHOBE MeXayHapoaHbix ctanaaptos | TU-T, IEEE,
ISO/OS.

[Ipumep ceTkn onTuueckux UHTEpdEHCOB NMHEHHON Nepeayn mpeacTasieH Ha puc. 6.1.
Onucanue 3THX HHTep(HEHCOB MPEICTABIAET MPEAMET BHUMaHUS OTAEIBLHOT0 ocobus. 3aech
oOpallleHO BHUMaHHE Ha HaWBaXKHEWINIME MX XapaKTEPUCTHKH, OT KOTOPBIX 3aBUCHUT CKO-
pOCTh, NATBHOCTh, KAYECTBO MEpeadyr U COBOKYITHAS CTOMMOCTh JJUHEHHOTO TPaKTa.

| WHTepdeics onTHYECHOR Nepenayn |

,’//x

| 0AHOBONHOBHIE CHETEMB | | MHorosonHosbie cHcTems WOM ]
NAeanoxpoHHLe WDM
PDH 6.955 6.692
Ethernet DWDM
IEEE 802.3 By TPHOBHCHBIE 56941, G.BI6A
CHHxpoHHBE SDH G.693 CWDM
Z.691, G.957, G.948 G.694.2, G.695

WOM-0OTN
5.698.1, G982, G.959.1

Puc. 6.1. MexxgyHapoaHble cTaHAapTbl HA ONTUYECKNe NUHenHble HTepdenchbl

HuTepdelicyl 0IHOBOTHOBOM Nepeaud OTIANYAIOTCS OTHOCUTEJIBHOM MPOCTOTON yCTpO-
CTBa M CMATYCHHEM pPsilia OTPaHIMUYCHUH, HaIpUMep, Ha (PUKCALUIO [UIHHBI BOJHBI H3TYICHUSI
neperaTyrKa; O0JbIIYI0 JOMYCTUMYIO BEPOSITHOCTh OIIMOKK Ha mpuéMe, JOMYyCK Ha pa3dpoc
napaMeTpOB MOILHOCTHU Nepeay U UyBCTBUTEIbHOCTH NPUEMHHUKA U T.1.

6.3.1. UHTepdencbl 04HOBONMHOBLIX CUCTEM ONTUYECKOMU Nepenayvun

WHuTepdeiichl 0HOBOIHOBBIX CHCTEM ONTHYECKOW Mepeiadn XapaKkTepU3yTCs PsIOM TMoKa-
3aresiell: Juarna3oHOM JUIMH BOJIH, IMara3oHOM YpOBHEW MOILHOCTM ONTHYECKOH Nepeaay,
MUHUMaJIbHON YyBCTBUTEILHOCTHIO MPUEMHHKA ONTHYECKOTO CUTHAJIA, TOPOTOM MEPerpy3Kku
NpUEMHHUKA, BUIOM MOIYISILUH U3ITYyYCHHs, TMHEHHBIM KOJIOM, MAaKCHMaJIbHOU JTOITYyCTUMOI
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JHCTIepCHed MEXIY MepeIaTIuKOM U MPUEMHHUKOM, IIUPUHOW CHIEKTPAIbHON JIMHUH H3ITyde-
HUS MepefaTiynKa, MaKCUMAaJbHBIM IEPEKPHIBAEMBIM 3aTyXaHHEM MEXIY HepeIaTdyhnKoM H
NPUEMHHUKOM, BO3MOYKHOCTBIO MCIIONIB30BAHUS ONTHUYECKUX YCHUIIUTENEeH MOITHOCTH Ha Iepe-
Jade W MpeAyCHIMTEeNel Ha mpueMe, BO3MOXKHOCTBIO HCIOJIB30BAHUS MpOIEccopa YIpexK-
Jaromeid koppekuun omubok u T.4. [lepeunciieHHble XapakTepucTHKK HHTEp(eiica ompene-
JSFOT AaJbHOCTH TIepeadul Mo BOJIOKOHHOM JTMHUH U CKOPOCTH Tepeaadd Hu(ppoBOro CUTHANIA
NPH 3aJJaHHOW BEPOSITHOCTH OLIHOOK TIepeIadu.

OnHOBONTHOBBIE MHTEPeichl, COOTBEeTCTBYMOIME crnienrpukannu G.955, nonaepxuBarTt
nepenady Ha ckopocTsx PDH (ta6i. 6.3); 2,048 Mo6ur/c; 8,448 Mo6urt/c; 34,368 Mowur/c;
139,264 M6ut/c mpu COOTBETCTBYIOLIEM JIMHEHHOM KOAUPOBaHUH, Hampumep, Buga CMI
(Complemented Mark Inversion — unBepcust rpynn cumBouioB), Buaa «NRZ co ckpembinpo-
BaHHeM», OiouHbiIM MBNB co BctaBkamu MB1PIR, rne m>1, n>m, P — Our mapurera,
R — OuT cnyxebHOit cBA3H.

Tabnuua 6.3. Npumepbl XxapaKTePUCTUK ONTUYECKUX MIE3NOXPOHHBIX MHTEepdeiicoB (G.955)

Hepapxuyeckue ckopoctu, Mourt/c
XapakrepucTuka Tun BoJIOKHa
2048 | 8448 | 34368 | 139264
Munumanvhulit yposernv mowrocmu nepedayu CHJ u I1I1J1, 0bm
Bomnua CHUJI;: 0,85 mkm MMB -17,0 -17,0 -17,0 -
Boana CU/;: 1,31 mxm MMB 21,0 21,0 -21,0 -
Bomnua CU/; 1,31 Mmkm OMB -30,0 -30,0 -30,0 -
Bouma ITDJT: 1,31 MxMm MMB -1,0 -1,0 -1,0 -1,0
Bomna IIJI: 1,31 Mmxm OMB 4,0 4,0 —4,0 —4,0
Bouna ITIJT: 1,3 MmxM OMB -14,0 -14,0 -14,0 -14,0
Bomna III: 1,55 mxm OMB - - -7,0 -7,0
Yyecmeumensrocmy npuémnuxa npu éeposimuocmu ownbku 10°, 0By
Boina 0,85 mxm MMB 51 —46 40 -
Bonna 1,31 MkMm OMB, MMB 52 47 42 -35
Boina 1,31 u 1,55 mxm OMB - - — -38
Junamuveckuil ouanazon npuemuuxa, ob
Boina 0,85 mxm MMB > 40 >34 > 26 -
Bonna 1,31 u 1,55 Mxm OMB, MMB >53 > 48 > 40 >35
Ob6osnauenus. CUJl — creromsnydarommii nuon; [ITJI — nomynpoBogHukoBsiid naszep; MMB — MHoro-
MOJIOBOE BOJIOKHO, COOTBETCTBYomIee cnenudpukanuu G.651; OMB — 01HOMOIOBOE BOJIOKHO, COOTBETCT-
Bytolee criennbukanun G.652

OnHoBOMHOBBIE UHTEpdeiichkl, cooTBeTcTBYOMMUE cnenudukanusam G.957, G.958, G.691,
(G.693 mogmepxuBatoT ckopoctu nepeaayn B cetu SDH ot 155,520 Mowut/c no 39,813 I'out/c
npu uHeiHoM koaupoBanun Buaa «“NRZ co ckpembiupoBanuem» (B tabi. 6.4 u 6.5).

Cranpgapramu |EEE 802.3 ompeneneHsl BO3MOXKHOCTH (U3MYECKUX HHTEpQeHcoB
Ethernet a1t BOIOKOHHO-ONTHYECKUX JIMHUI ¢ OJHOMOJIOBBIMH W MHOI'OMO/IOBBIMH BOJIOKHA-
mu (OMB u MMB).

OnHOBONHOBEIE HMHTEP(EHCH TMOMAEPKUBAIOT CKOPOCTH meperaaun B cetu Ethernet:
10, 100, 1000 Mowut/c u 10 I'éut/c npu tuHelHOM KoaupoBaHuK Buaa MBNB (B Tab. 6.6).
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B mpuBeneHHbIX B Tabi. 6.3 mpuMepax XapakTePUCTUK ONTHYECKUX IC3HOXPOHHBIX HH-
Tep(eicoB B SIBHOM BHJE OTCYTCTBYET y4YeT CBOWCTB JMCIEPCHU BOJIOKHA, HO MOXHO OIpe-
JeJIUTh PACCTOSIHUE MEpeladyd M0 dHEPreTHYeCKOMY MOTEHIHAy, OMpEeAesieMOMY pa3HO-
CTBIO YPOBHEH MOLIHOCTH nepenaun U npuéma (Prep — Pyp). J1sl BOTOKOHHBIX CBETOBOJIOB OT-
paHUuYeHHEe MO JUCMIEPCHHM MOXHO OLEHUTh MO TpeOyeMoW Mmojioce YacTOT JAJS JTUHEHHOTrOo
CHUIHAJA U M0JIOCE YACTOT MPOIYyCKaHHsl ONTHYECKOTO BOJIOKHA, Kak onucano B [3, 11].

Jluneitabie ontuueckue uHTepdeiickl SDH umerotT cucremy 0003Ha4eHHI, B KOTOPOW OT-
paxkeHbl ocoOeHHOCTH MHTepdeiicoB no npumeHenuto (Tabda. 6.4):

— | — nuHus Manoii aMHB! BHYTpH npeanpustas (intra-office);

— S— koportkast aunus (short-haul);

— L — nnunnas muaus (long-haul);

—V — ouens anunHas aunus (very long-haul);

— U — cBepx munnas aunus (ultralong-haul);

— VSR — ouenb kopoTkoe paccrosiHue (B mepembiuke) (very short reach) (s Ta6u. 6.4

He 0003HaYEHO).

IMpu o603nauennu V u U crienyeT mOHMMATh BKIOYEHHE B COCTAB JIMHEHHOrO HHTEpdEeii-
ca ONTHYECKOTO YCHJIMTENsI MOIIHOCTH Ha mepenade (B — booster) u npenycunutens ontu-
yeckoro curiana Ha npueme (BP — booster pre-amplifier).

Tabnuua 6.4. XapaKkTepuCTMKM ONTUYECKUX MHTepdeiicoB SDH no npumMeHeHuio

IIpumenenue Buyrpu _ Me:ky3/10Bo€e IpUMeHeHue
opoTKas
Mapamerpbi ysiaa J— JauHHasA TUHUA
Jlnatia BOIKEI 1310 | 1310 | 1550 | 1310 1550
HCTOYHHUKA, HM
Tum BojoKHA G.652 G.652 G.652 G.652 G.652, 654, 655 G.653, G.655
Paccrosinue, KM 2 ~15 ~15 ~40 ~80 ~80
STM-1
155,52 -1 S1.1 S1.2 L-1.1 L-1.2 L-1.3
- o }
Z% STM-4 -4 S41 | s42 | L-41 L-42 | U-42 | L-43 | U-43
s 2 622,08
%= sTm-16 U-16.2 U-16.3
% § 248832 1-16 S16.1 | S$16.2 L-16.1 L-16.2 V-16.2 L-16.3 V-16.3
2 5
£ 5| stmM64 | ] ] ] ] U-64.3
;- g 9953 28 1-64 S64.1 | S64.2 L-64.1 L-64.2 V-64.2 L-64.3 V-64.3
STM-256
39813,12 1-256.2 - S-256.2 - L-256.2 - L-256.3 -

Hudposbie nHAEKCH B 0003HAYEHHUAX YKa3bIBAIOT Ha ypoBeHb STM-N, 1JuHy BOJIHBI U3-
Jy4eHHus U TUI BOJIOKHA, Hanpumep, L-16.3 — yposenp STM-16, anuna Bosubl 1550 M (om-
tHueckoe BookHO G.653 mnmm G.655). XapakrepucTHKH BOJOKOH, COOTBETCTBYIOIIHME CIIe-
upukanusm G.652—-G.655, npusenens B [3, 4, 11].

Xapakrepuctuku uHTepdeiicos |, S, L, U, V nomkHbI OBITH COTNIACOBAaHBI C XapaKTepH-
CTHKaMH BOJIOKOHHBIX CBETOBOIOB KaOeNbHBIX JHHUU. ISl 3TOTO OMpEemessiFoTesl TOUKU CO-



NPUHLUNBI MNAHUPOBAHUS U MPOEKTUPOBAHUA ONTUYECKUX TPAHCMOPTHBLIX CETEX 239

riacoBaHusi, o0o3HauaeMble S U R, T.e. TOYKH MOIKIIOYEHHsS TEPEIaTYUKA U TPUEMHHKA
(puc. 6.2). Bosmoxuo ob6o3nauenue 3tux todek MPI-S, MPI-R (Main Path Interfaces — un-
Tepdeiichl OCHOBHOTO TpakTa Ha mepesade S u npuéme R).

TP ey TON I62H CTANLAR -

) Téps kS Nizsnn . p=tEHEpATOR T ) Tafasaid A
| .rH'::.,;,.;,"LE‘ l ' 5 l g
] e — o ! -..—{,—ﬁ-}-...— [ d .._—E;}—...-.: HP -0 i)
f5T 5P 5F] R51 b2} 5h Rt
e 5 R S ot
oo o [ RO e o e -
! | | i t |
e -:'..rﬁ?_u-s.EJ -E.r.-::_r:f.a]"""'
£54, 655 | 654, 65
4,783 957, 5,691 G5 G957, 6,891 b.783
G958 | 6558

Puc. 6.2. MNpumep BkNoYeHNs nHTepdencos annapaTtypbl SDH
ONs BOTOKOHHO-OMTUYECKON NINHUN

B Ta6un. 6.5 ucnons3osanbl obo3nauenusi: DFB, Distributed Feedback — nasep ¢ pac-
npeaeseHHON 00paTHOM CBsA3bIO; P-i-N — 0603HavaeT KOHCTpYKuuMio ¢potoanona; APD, Ava-
lanche-Photodiode — naBunmnbiit potoanon; BER, Bit Error Rate — koadduitneHT ommbok;
OA, Optical Amplifier — ontuueckuii ycunurens.

Ha puc. 6.2 o603HaueHs! cranzapTHele GyHKIHOHANBHBIE O10KH ammapatypsl SDH, om-
penenennbie B Pexomernmammn MCD-T G.783: SPI, SDH Physical Interface — ¢usnueckwui
urrepdeiic SDH ¢ Toukamu MOAKIIOYEHUS K JIMHHKA WK onrtndeckoMmy ycuiauremo (OA)
S— nepenaun, R — npuema; RST, Regenerator Section Termination — okoH4YaHMe CEKIUH
pererepannu (GyHKIHH OCTYyMNa K 3arojoBky RSOH).

Tabnuua 6.5. Mpumepbl XapakTepuUcTUk onTudeckmnx nitepdencos SDH (G.691)

Kox npumenenust | Exununa S64.2 L-64.2 V-64.2 V-64.3
Ypoeers STM STM-64 STM-64 STM-64 STM-64
CkopocTh nepenaun I'out/c 9,95328 9,95328 9,95328 9,95328
JlmuHa BOTHEL HM 1530...1565 1530...1565 1530...1565 1530...1565

Xapaxmepucmuku nepedamyuka 8 moyxe S, 6KIoYas yCuiumenu
Tun nazepHoro nuona DFB DFB DFB + OA DFB + OA
CriexTpatbuas mupH- HM menee 0,2 menee 0,2 menee 0,2 menee 0,2
Ha Ha ypoBHe —20 n1bm
MuHMMabHAsK 1BM A +1 +12 +10
CpeHsisi MOLIHOCTb
MakcumainbHas 1BM +1 +3 +15 +13
CpEIHsIsi MOLITHOCTb
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OkoH4aHue mabnuusi! 6.5

Koa npumenenust Eannunna S-64.2 L-64.2 V-64.2 V-64.3
Xapaxmepucmuku npuemnuxa 6 mouxke R
Twumn quosa mpueMHUKa p-i-n/APD p-i-n/APD p-i-n/APD p-i-n/APD
MunumanbsHas
YYBCTBHUTEIBHOCTh 1nbm -14 -23 -23 —24
npu BER = 10712
[Mopor neperpy3ku nbm +1 -9 -9 -9
MaxkcuManbHble oTe- 1B > > > >
PH ONTHYECKOTO MYTH
MaxkcuManbHBIH KO3 (-
(HULUEHT OTpaXKeHUs b =27 =27 =27 27
NPHEMHHKA
Onmuueckuii mpakm medicdy moukamu Su R
MaxkcuManbsHbli 1ua- 1B 1 2 33 33
1a30H 3aTyXaHHs
MuHHUMaITbHBIH 1xara- B 0 10 2 2
30H 3aTyXaHHs
Maxcmameas e |- oy 800 1600 2400 400
niepcust
MuHUMaBHBINA KO3(]-
(bHULIUEeHT moTepy Ha b 24 24 24 24
OTpakeHHe
MakcumainbHOe oTpa-
XKEHHE Ha KOMIIOHEH- b =27 =27 =27 =27
Tax
Y4acTok pereHepanuu KM * * * *
* JINMHA y4acTKa pereHepaluy OnpeenseTcs BO3SMOKHOCTIMHI SHEPreTHYECKOro MOTEHIMaNa U KOMIIeH Ca-
LUii TUCTIEpCHH, IPUMEHEHHEM PA3INYHbIX TUIIOB OJJHOMOJOBBIX BOJIOKOHHBIX cBeTOBOAOB (G.652, G.653,
G.655)

Ocobennoctrio uaTepdeiicoB STM-64 u STM-256 MokeT OBITh HCTIONBE30BAHUE B HX CO-
CTaBe HE TOJBKO ONTHYECKHX YCHIUTENEH, HO M KOMIIEHCATOPOB JUCIEPCHH (BOJOKOHHBIX U
MHTErpalibHbIX) JUIs MPEAKOPPEKMK Ha Iepejaye Wik NoCTKoppekinu Ha npuéme. Couera-
HHE ONTUYECKOTO YCHICHUS U KOMIIEHCALMH AUCTIEPCHH 00eCTIednBaeT MOBBIIIEHHE TAIbHO-
CTH Tepeliauk Mo BOJOKOHHO-onTHYecKol nunun [3]. Bosiee moapoOHbie mpUMephl XapakTe-
PHUCTHK OJIHOBOJIHOBBIX MHTep(eiicoB SDH npusenexs! B [4].

Onruyeckue uHTep(eiicsl TpaHCHIOPTHBIX ceTell Ethernet ompenesnens! At KOPOTKUX U
NPOTSHKEHHBIX TUHUNA. KOpoTkue NHHUH, KaK MpaBUIIO, HE MPEBHIIIAIOT JUTHHBL 2 KM B CTPO-
STCS TMPEUMYILIECTBEHHO C MCIOJIb30BAaHHEM MHOTOMOJIOBBIX BoJoKOH (MMB). IMporsiken-
HbIe JTMHUU MoryT aocTturaTh 40...80 KM B CTPOSATCS C HCIOJIb30BaHHEM OJTHOMOIOBBIX BOJIO-
ko (OMB). HaubGomnbiivie mpoGiieMbl M0 AATBHOCTH Tepeadyn MPOSIBISIOTCS HA CKOPOCTH
10 T'6ut/c. Unrepdeiicet 10GBASE-E, 10GBASE-EW, 10BASE-L mnoamepkuBaroT Ialib-
HOoCTh 10 40 kM. OHAaKO HOPMHUPOBAHHOE 3HAa4YeHHe aucnepcun i HuxX (738 mc/um) cyie-
CTBEHHO MEHbIIIe aHAIOru4HOro mnpumepa ajis unrepdeiico SDH STM-64 (cm. Tabi. 6.4)
(L-64.2, V-64.2) nast MHOrOBOJHOBOW mepenaud B gauanasoHe BosH 1530...1625 Hwm
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(10GBASE — LX 4) u qyis onHOBOIHOBOM nepeaaun Ha BosHax 1310 um (10GBASE — L) u
1550 um (10GBASE-E) B onHOMO10BOM BOJIOKHE. J[J1s1 BBIOOpA ¥ MCIONIB30BaHMs HHTEpDE-
COB HEOOXOIUMO TOYHO IMPOHM3BECTH PACUETHl [UIMH yYACTKOB MEpeNadd M0 IHEPreTHIeCKUM
HoKa3aTelsiM U 10 BeJIMYHHE AUCTIEPCHH.

B o6o3HaueHusnx untepdetico Ethernet onpenenén cnenyromuii nopsiaok. Odo3HadeHUe
BASE npowncxomut ot cokparienus ciosa baseband (baseband signaling — meron nepemaun
nanHbix 6e3 moayssinuu). [udposoe wiu mudpoBoe n GykBeHHOE 0003HAUCHUE MEPe]] CII0-
BoM BASE yka3biBaloT Ha CKOpOCTh Nepefaun JaHHbIX, U3Mepsemyto B Mour/c winu ['out/c.
Hanpumep, 100BASE-T o6o3Hauaer ckopocts nepemaun 100 Mout/c mo BUTO# mape men-
HBIX TIPOBOJIOB, HA YTO yKa3biBaeT OykBeHHbIH nHaeke T (ot anruiickoro twisted pair). dpy-
roii npumep, 10GBASE-E o603nauaer ckopocth nepeaaud 10 Tout/c mo oqHOMOI0BOMY OI1-
THYECKOMY BOJIOKHY Ha OOJIBLIYIO TAIbHOCTh, HA YTO yKa3biBaeT OyKBeHHbII uHjaekc E (aHr-
auiickoro extralong). Bonee moapoOHbIe CBEACHHUS 110 SMEKTPHUESCKUM U ONTHYECKUM HHTEP-
deiicam ceteit Ethernet moxxno naiitu B [11, 68], a npuMmeps! niprBeneHbI B Tad. 6.6.

Tabnuua 6.6. MNpumepbl XapakTepPUCTUK ONTUYECKUX MHTEPENCOB ANs koHBepTopoB Ethernet
Ha ckopocTu 100 n 1000 M6uT/c (IEEE 802.3)

wrrepdbiica | mepenm, | IS0 | e | npevpnea, | yBCTBITCLOCTL
Ethernet (TMN BOJIOKHA) BOJH, HM (xoaupoBaHue) abm npuevmnica, b

Cmanoapm |EEE 802.3u

100BASEF | 2(MMB) [1270..1380| —20..-14(4B5B) | 14 34
Cmanoapm |EEE 802.3z

1000BASE-LH 70 (OMB) 1480...1580| -3...+2(8B10B) -3 -23

10 (OMB
1000BASE-LS 0, 55((MM33>) 1270...1335| -11...-3 (8B10B) -3 -19
1000BASE-S | 0,2...0,5(MMB) | 830...860 | —9,5...—4 (8B10B) -3 -17

Hcnosnp30BaHue XapakTePUCTUK OJHOBOJHOBBIX ONTHUYECKUX UHTEP(ECOB Py MPOSKTUPO-
BaHMH JIMHEHHBIX TpakToB onpenencHo Pexomennammeit | TU-T G.655. [lnuna pereHepaiinoHHO-
T'0 Y4acTKa ¢ TOYKH 3pEHHs SHEPreTHYECKOTo TOTEHIHANIA HAXOIUTCS Yepe3 COOTHOIICHHE:

L= Ps—F—-F -M,=(N-DI, =N,
y - 1y

o + 0,

rae Ps — ypoBeHb MOIIHOCTH MepefaTylka B TOYKE MMOJAKIIOUEHMs almaparypsl U JMHUY,
Pr— ypoBeHb MOLIHOCTH MpPHEMHHKA B TOYKE MOAKIIOYEHUs ammapaTypsl U JuHHUH, Pp —
MOILHOCTD (B 1BM) IHMCIIEPCHOHHBIX NOTEPh; Me — DHEpreTHUecKuii 3amnac Ha crapeHue 000-
pynoBanus (pa3HOCTh MaKCHMAbHOTO M MHHHUMAIBHOIO YPOBHEW MOIIHOCTH Mepeaadn);
N — 4HCIIO CTPOUTENBHBIX JUTHMH Kabes; |, — MmoTepu MOIIHOCTH Ha HEepa3beMHBIX CThIKaX
kabens; N, — 4uciIo pa3beMHBIX CTBIKOB (2 MM 4 CThIKA HA y4acTKe CEKLUH pereHepainm);
lcrp — TOTEpH MOIIHOCTH Ha Pa3beMHBIX CTBIKAX; O, — KHJIOMETPHYECKOE 3aTyXaHue Kabess
Ha 3aJlaHHOM JJIMHE BOJIHBI; Oy — 3amac Ha nospexaenne (1b/xm). CtpourtenbHas AInMHa Ka-
Oenst MpUHUMAaeTcs B pacyetax ot 4 10 6 kM.
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[Tpumep pacuera nist unrepdeiica V-64.2.

Hcxonnbie naHHbIE:

Ps =15 nbwm; Pr = -23 nbwm; Pp = 2 1b; M, = 31b; ¢, = 0,05 ab; l¢rp = 0,1 1b;

a = 0,2 n1b/xm; om = 0,05 n1b/km; cTponTenbHas aarHa Kabens — B6KM.
_15+23-2-3

~132 k.
b =T 02505 o

Yucto CTpOUTENbHBIX UIHH Ha yyacTke 132 kM cocraBut M = 132/6 = 22,
C yderoM MOTeph Ha CTHIKAX JJTUHA yIacTKa Mepeaadl COCTABHUT

_15+23-2-3-21x0,05+4x0,1
_ 0,2+0,05

Takum oOpa3om JuyiMHA yyacTKa cocTaBUT 126,2 kM ¢ y4&TOM JOMyCTUMBIX MOTEPH OI-
THYeckor MomHocTH. Ha miune BoHbl 1550 HM BenvunHA THUCTIEPCHH HE JTOJKHA MPEBBI-
math 2400 me/aM. J{jis 0IHOMOJOBOTO BOJIOKHA B cooTBeTcTBUU ¢ G.652 Ha Boane 1550uM

3HAUYEHHE XpPOMaTH4ecKoW aucrmepcud Ha 1 kM coctaBiser 18 nc/HMXKM, a Ha JAJMHE
126,2 xm

D,, =18x126.2=2271,6 nc/um.

=126,2 kMm.

Taknm 00pa3oM HOPMATHB Ha XPOMAaTHYECKYIO JHCIIEPCHIO BBITMOJHAETCS MPU IIUPUHE
CMEKTPAIBLHON JIMHUU MCTOYHMKA M3nyuenus (aszep tuna DFB) 1 um. OmHako Ha CKOPOCTH
nepenaun 10 ['6ut/c HEOOXOOUMO YYHWTBIBATH M IMOJAPU3ALNKOHHYIO MOJOBYIO THCIIEPCHIO

(M),
DI‘IME[ = o-nM)J, X pr 1

12
i€ Opyy; HOPMHUPOBAHO IO OTHOILICHHUIO K aiauHe BosokHa 0,5 me/km™ . B 3TOM ciiyyae HeoO-
xoauMo 100aBuTh K Dy, Bemuunny Dy, KOTOpast BBIYMCIISAETCS:

D, = 0,5,/126,2 = 5,616 rc.

PesynprHpytolas aucrnepcus onpenesnsiercs Yepe3 COOTHOLICHHE

D, =,/DZ + D2, T.e. D, =(2271,6 +5,616%) " = 2271607 nc.

nmp !

HetpynHo 3ameTuTh, 4TO COBOKYITHAs BEJIMYMHA XPOMATUYECKON M MOJSPU3ALUOHHON
JUCIIEPCHH HE MPEBOCXOUT HOPMATUBHOE 3HAYCHHE AMCIIEpCHH sl mHTepdetica V-64.2.

Hpyroii nonxox: onpeaenuts TpedyeMoe 3HadYeHHe AUCTIEPCUU Ha 1KM JTMHUM U CPAaBHUTD
C HOPMHUPOBaHHBIM CTaHJAPTHBIM 3HAYEHUEM

2400 " 126,2 k=191 ——
HM HM X KM
TakuM o6pasom gomycTuMblii HopMmaTuB 19,1 c/HMXKM TPEBBIIAET HOPMHUPOBAHHBIH,
YTO YKa3bIBaeT Ha JOMYyCTHMOCTh HMCIIOJIb30BaHUs HWHTepdeiica V-64.2 Ha ydacTke IJTMHOM
126,2 xm. [1o BenMUMHE MONyYSHHOW KMIOMETPUIECKON TUCTIEPCHU MOKHO BHIOPATS:
- COOTBCTCTBy}OHJ,l/lﬁ THII BOJIOKHA,
— JUITMHY BOJIHBI ITepeaTurka B nuanasone 1547...1562 uw;
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— LIMPUHY CHEKTPaJIbHON JMHUM MepeaTduka, U3MEepseMylo B JOJSX HM, Halpumep,
0,2 um (tabi. 6.5);

— COOTBETCTBYIOIINIT KOMIIEHCATOP AMCIIEPCHH TIPH HEOOXOJUMOCTH.

CoBpeMeHHble onTUyeckoil uuTepgeiicel, Hanpumep, U-64.2, 10GBASE-EW, MoryT BbI-
HOJHATHCS ¢ QYHKUMSIMH ynpexaamomeid koppekiun ommbok (FEC). DTo H0MONMHUTETBHO
MOBBIIIAET PHEPreTHYECKUH IOTEHIHAT cHUcTeMbl nmepeqadn Ha 3...8 nbm. Yuer FEC npwu
NPOEKTUPOBAHUM MO3BOIUT F'MOKO ONPEJEIUTh JUIMHY y4acTKa MepeAadu v pa3MecTUTh Mpo-
MEKYTOYHbIE CTAHIMH B MOAXOASAIINX MECTAX, HACCICHHBIX MyHKTaX.

6.3.2. UHTepdencbl MHOroBOJTHOBbLIX CUCTEM

WnTepdeiicsl MHOTOBOJIHOBBIX CHCTEM ONTHYECKOH Mepeiauy BHIIOJIHAIOTCS B COCTaBE anmapa-
typbl SDH, OTH, Ethernet u BHe ee B Brae OTAENBHBIX YCTPOKCTB C TPAHCIIOHAEPHBIME OJI0Ka-
Mu. MHTEepdeiich onpenenstoTess Ha KaKylo-TH00 CeTKY HOMUHANBHBIX 3HAYCHHH ONTHYECKUX
YacTOT WJIM BOJIH. DTH CETKH OIpEIeNICHbl B COOTBETCTBUH ¢ pekoMeHaarusmu MCO-T:
— G.692 — onrtuyeckuie nHTEPHEHCH 111 MHOTOKaHAJIBHBIX CUCTEM C ONITHYECKUMH yCH-
JHUTEISIMUY;
— (G.694.1 — cnexTpanbHble CETKU sl NpuMeHeHus B TexHonorun WDM: cetka HoMH-
HAJIBHBIX 3HAYEHUH UIUH BOJIH U1 TexHosiornu DWDM;
— G.694.2 — cniexTpanbHBle CeTKH 1Tt TpuMeHeHus: B TexHonorud WDM: cetka HOMH-
HaJIbHBIX 3HAYEHUH IJIMH BOJH 11 TexHonoruu CWDM;
— G.695 — onTtuyeckue unTepdeiics! s npumenenus texHorornu CWDM,;
— G.696.1 — BHYTpHIOMEHHBIC PUJIOKEeHUs TexHoJorun DWDM,;
—(G.698.1, G.698.2 — mHorokaHanbHble TpuioxkeHns DWDM ¢ ogHOKaHaIbHBIMU HH-
Tepdeiicamu;
— G.959.1 — unTepdeiich pU3NUecKoro ypoBHs onTHUecKor TpancnopTHoi cetd OTN.
Pexomenpanusvu G.692 ycTaHOBICHBI CETKH HOMUHAJIBHBIX 3HAYCHUI 4acTOT B IHUaria-
30He BoaH 1520...1560 uMm ¢ yactotHbeIM 1marom 100, 200, 400, 500, 400/500, 600, 1000 I'T'
JUIS BOJIOKOH, ompeliesieHHbIX pekoMeHaanusmMu MCO-T G.652, G.653 u G.655. [Ipu stom
YHCIIO0 BOJTH MOXET OBITh BEIOpaHo oT 4 1o 50. OnpeneneH onTUIecKuii cCepBUCHBIN KaHaT Ha
Boae 1510+10 um (uto coorBercTByeT Yactote 198,5+1,4 TT'1). UyBCTBUTENBHOCTD MPHEM-
HHUKOB OT/ICIBHBIX KaHAIIOB OLIEHMBAETCS Ha YPOBHE MOITHOCTH MPHEMA, COOTBETCTBYIOIIEM
KO3 PUIHMEHTY OLIHOOK 1x107%2, Hus Bcex BUIOB MHTEep(EHCOB HOPMUPYETCS BeIUMYMHA
MaKCHMAaJIbHOU JNCIIEPCHH B BoJokHe Tuna G.652 (Tabi. 6.7).

Tabnuua 6.7. HopmupoBaHue makcMMarnbHON gucnepcun Ansi BornokHa tuna G.652

Kon npumenenus g ~ _ _
unTepdeiica L \Y U nv3y.z mL5-y.z nv5-y.z nL8-y.z
MaxkcumalbHast 1600 2400 3200 7200 8000 12000 12800
aucnepcus, ne/um

VCTaHOBEHBl MaKCUMAJIbHBIE 3HAYCHHUS 3aTyXaHHs MEKIY ONTHYECKUMH YCHIMTEIAMU
NPOTSKEHHBIX JIHHKH (Tads1. 6.8).
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Tabnuua 6.8. 3aTyxaHue y4yacTKoB nepegavvm MHOTOBOJTHOBbIX CUTHArNOoB

Koa npumenenus narepdeiica nL-y.z nv-y.z nu-y.z nLx-y.z nvx-y.z
MakcumansHoe 3aTyxanue, 1b 22 33 44 22 33

Ha puc. 6.3 npeacraBieHsl TOYKHM HOPMHPOBAHUS XapaKTEPUCTHUK ONTHYECKUX HHTEp-
(eticos, onpenenenHbix Pekomennanueit G.692.
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Puc. 6.3. Touykn HOpMUPOBaHWSA XapaKTEPUCTUK ONTUYECKMX NHTEP(ENCOB

Touku §,...§, — noakIrOYeHNE ONTHYECKUX COCTUHUTENbHBIX Kabenel K nepeaaryukam
Tu1...Txn OTAETBHBIX BOJHOBBIX KAHAJIOB C HOPMHUPOBAHHBIMH ONITHYECKUMH dactotami fy.. f,.

Touku Ryy...Ry — mojkIitoueHre ONTHYECKUX COSTUMHUTENIBHBIX Ka0enel K ONTHIeCKO-
My MynbsTaiekcopy OMX, coBMmelieHHOMY ¢ onTuueckuM ycunutenem OA.

Touka MPI-S — noakioyeHre ONTHYECKOT0 MYJIBTHIIIIEKCOPA C YCUIUTEIEM K ONTHYe-
CKOMY JIMHEHHOMY KaOero.

Touku S, R" — moakit04YeHne MPOMEKYTOUHOTr0 onTiyeckoro ycunureias OA K THHEH-
HOMY ONTHYECKOMY KaOeJTro.

Touka MPI-R — noaxntouenue ontuueckoro npenycuiaureiss OA, COBMEIIEHHOTO ¢ Jie-
myabtumiekcopom ODMX, k onTrHueckoMy JIMHEHHOMY Kabero.

Toukn SDj...9Dp — MOIKIIOYEHHE ONTHYECKOTO NEMYIbTHIIIICKCOPA K ONTHYECKUM CO-
€JIMHUTENIbHBIM KaOelIsM.

Touku R;...R, — moxakmoyeHrne oNnTUYECKUX COeNMHUTENbHBIX Kabeneil Ko BXoJaM Mpu-
eMHHUKOB Ry1...Rq.

Bce nepeunicnieHHbIE TOUKY MTOIKIIOYSHUS MTPEICTABIEHB PA3bEMHBIMU COSAMHUTESIMUA —
KOHHEeKTopaMu. Heo0XoauMo OTMETHTh, YTO aHAJOTMYHO CXeMe Ha pHc. 6.3 HOpMHUPYHOTCS
TOYKM TIOJKJIFOUEHUS JUIS CUCTeM Tiepeiadyd MHOroBONHOBBIX curraioB OTN, DWDM,
CWDM.

B o0o3HaueHusix koja npuMeHeHus: uHrepgeiicos G.692 npunsTa cnenyromas cucrema
(Tabi. 6.9):

nWx-y,z,
rjie N — MaKCUMallbHOE YHCJI0 BOJIH WJIM ONITHUECKUX KaHanoB; W — yka3aHue Ha JUTMHY JIU-
aun (L — mmaHas, V — ouens aiuHHas, U — CBEpXUIMHHAS); X — YHCIIO YYACTKOB YCHIIE-
Hust; Y — ypoBeHb STM-N; z — Tun BosokHa (vHAEKCH 2, 3, 5 COOTBETCTBYIOT CTaHIapTaM
BOJIOKOH, orpeeneHnsix crermpukanusm G.652, G.653, G.655).
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Ta6nuua 6.9. Npumepbl kKOAOB NpUMeHeHus nHTepdencos WDM

YuacTok npuMeHeHust Jomannbiii L (80 km) Ouenp aunnbiin V (120 km)
Yuco yyacTkoB 5 8 3 5
4-xaHanpHas CUCTEMa 4L5y,z 4.8-y,z 4V3y,z 4V5-y,z
8-kaHanbHas cHCTEMa 8L5vy,z 8L8vy,z 8V3y,z 8V5-y,z
16-kaHanbHas cUCTEMa 16L5-y,z 16L8-y,z 16V3-y,z 16V5-y,z

Certka onruueckux yacror DWDM, cornacuo Pekomennammn MCD-T G.694.1, Moxer
COOTBETCTBOBATH COOTHOLLIEHHUSM:

— 12 TTu mexay Boanamu (B TT') 193,1 + n x 0,0125;

— 25T mexxay Boiaamu (B TI'm) 193,1 + n x 0,025;

— 50 I'Ty mexxay Bosaamu (B TI'r) 193,1 + n x 0,05;

— 100 I'Tu mexay BomHamu (B TI'a) 193,1 + nx 0,1.

Uwrcno N — 1esioe ¥ MOXKET UMETh 3HaK «+» U «—». Hanpumep, Bosnne 1624,89 um Oyner
cooTBeTCTBOBATH Yactora 184,5 TI'i pu ckopocTy cBera 2,99792458x10° m/c.

Cerka HoMHUHANBHEIX 3HaueHui aauH BoiH CWDM, cormacno Pexomenmaruun MCO-T
(G.694.2, MOXeT COOTBETCTBOBAThH Cleayrolled mocineaoBaTenpHocty: 1271, 1291, 1311,
1331, 1351, 1371, 1391, 1411, 1431, 1451, 1471, 1491, 1511, 1531, 1551, 1571, 1591, 1611
HM. MHTepBan Mexay BosiHaMu 20 HM NP TOMYCTUMOM OTKJIOHEHHH KaKJOW W3 BOJIH 16...7
HM OT YKa3aHHOI0 HOMHHAJIA.

Bosmoxnoctu unrepgeiicos CWDM onpenenens! B pexkomennaumun MCO-T G.695. Kox
npuMeHenus naTepgeiica CWDM:

CnWx-ytz,

rne C — npunagiexHocts kK CWDM; N — MakcuMmallbHOE€ YHUCIIO BOJHOBBIX KaHAJIOB
(mo 18); W — nimHa yvacTka nepeadn (S — KOPOTKHiA, L — AIHHHBIN); X — YHCII0 ydacT-
KOB YCHUIICHHS; Y — yKa3aHWe Kiacca nosb3oBateibekoro curnana (0 — coorsercreyet NRZ
1.25 T'6ur/c, 1 — cootBerctByer NRZ 2.5 T'6ut/c); t — yKkazanue Ha mojaepKuBaeMblii Co-
craB uHTepdeiica (A — HanuyMe YCHINTENs ONTHYSCKOW MOIIHOCTH Ha nepeaye u onTuye-
CKOTO TIPETyCHIIUTETsI Ha TpueMme;, B — mncmonb3oBaHuEe TONBKO YCHIUTENS ONTHYECKOM
MOILHOCTH Ha nepenaye; C — HCHOIb30BaHUE ONTHYECKOro nmpenycunurens; D — orcyrer-
BHE ONTUYECKUX YCUINTENeH); Z — yKa3aHHe Ha THI BOJIOKHA (MHIEKCHI 2, 3, 5 COOTBETCTRY-
FOT CTaHAapTaM BOJIOKOH, ONpeeeHHbIx pekoMeHnanusimMu G.652, G.653, G.655).
st pacmmpeHust KOJIOB IPUMEHEHHUS HCIOIB3YIOTCS HHIEKCH B 1 S

B-CnWx-ytz,
rae B — nBycTopoHHss nepegaya B OJHOM BOJIOKOHHOM CBETOBOJIE,
S-CnWx-ytz,

rae S — ucnosb3oBanue apxutektypbl TéMHOU munun (black-1ink). TIpumeps! ucnons3oBa-
HUS HEKOTOPBIX 0003HaUYeHUH npuBeneHs! B Tab:. 6.10.
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Ta6nuua 6.10. MNMpumep o603HayYeHUs 8-kaHanbHbIX NHTEpPdencos CWDM

YyacTok npuMeHeHHs1 HHTepdeiica Kopotkuii S Jnunubii L
Creuydukanny BoJOKHa G.652 G.652 G.653
O0o03HayeHne HHTEpderica — B-C8L1-0D2 B-C8L1-0D3
Paccrosinue nepegadn KOMIIOHEHTHOTO CHTHAIA _ 64 64
B opmare NRZ (ua ckopocru 1,25 T'6ut/c), kM

o C8S1-1D2 C8L1-1D2
O06o03HaueHne nHTEpdetica B-C8S1-1D2 B-C8L1-1D2 B-C8L1-1D3
Paccrosinue nepeaun KOMIIOHEHTHOTO CHTHAIA 57 55 58

B popmare NRZ (na ckopoctu 2,5 I'6ut/c), kM

OnTrueckue uHTEpdericsl MHOroBOTHOBOM nepenaun B OTN, onpenencHubie B PekoMen-
nanuu G.959.1, uMerT Ko MPUMEHEHHS:

PnWx-ytz,
rae P — wnmukatop mpumenennst B OTN; N — MakcuManbHOE YMCIO BOJHOBBIX KaHAIOB
(mo Pexomenmanmu G.694.1); W — makcumanbHoe paccrosinue nepenadn (VSR — ovenp ko-
pOoTKHe yuacTkH (TlepeMbIYKH B ammaparype); | — BHyTproduCHBIE coenuHerust (TlepekphiBae-

moe 3aryxanue 0...7 nB); S — kopotkue paccrosinus (3atyxanue 10 11 ab); L — npotskeH-
Hble JuHKUK (3aTyxanue 10 22 ab); V — odeHpb anuHHbIE TuHUM (3aTyxaHue 10 33 nb)); x —
YHCIIO YYACTKOB YCHIICHHS; Y — yKa3aHue Ha KJacC CUrHana ot noib3oBatens (1 ykaspiBaer Ha
curnan B koge NRZ Ha ckopoctu 2,5 T'6ur/c, 2 ykasbiBaet Ha currai B koje NRZ Ha ckopoctu
10 I'dur/c); t — yka3aHue Ha KOH(QUrypaluu nepeiaun u nprueMa (A — ONTHYECKHE YCHIINTe-
JM Tepefadd M ONTHYECKUE MPEeTyCHIUTENN MprueMa, B — TOMBKO yCHIHMTENh ONTHYECKOU
MomIHOCTH nepenadd; C — TONBKO ONTHYECKUI NpeqyCHInTeNb Ha mpueme; D — orcyTcTBHE
OMNTHYECKOTO YCUITUTENS); Z — yKa3aHWe Ha MCTOYHHK ONTHYECKHUX BOJIH M THI BolokHa (1 —
qutst BostHbl 1310 HM 1 BosokHa G.652; nHmekcsl 2, 3, 5 COOTBETCTBYIOT CTaHIapTaM BOJIOKOH,
ompeesieHHbIX B pekomenaanud MCO-T G.652, G.653, G.655 mist BosiH BOmm3u 1550 Hm).

IIpumep o6o3Hauenus unrtepdeiica OTN: P16S1-2B5 — OTN, 16 BosH, 3aTyxaHue
11 ab, OTU-2 (NRZ 10 I'6ut/c), TONBKO YCHIUTEIh MOLIHOCTH MIepeIad, BOJOKHO COOTBET-
ctByeT Pexomenaannu MCO-T G.655.

Hawuboree clioxHBIM 3JIEMEHTOM MPOSKTHPOBAHMSI MHOTOBOJIHOBBIX CHCTEM IEpEIadH sB-
Jsietcs mapametp ontudeckoro otHomenus curaan/mrym OSNR (Optical Signal Noise Ratio).
Heo0xonuMo y4HUTBHIBATh €0 CBS3b C YHCIOM BOJHOBBIX KaHAJOB, JAJIMHOW JIMHWUH, YUCIOM
UCIIONB3YEMBIX YCUIUTENEH, JIMHEWHOCThIO XapaKTePHCTHK YCHJICHUs, K03()(UIHEHTOM
ommbok BER, HenuuelinpiMu ontrueckuMu sddexramu u T.1. Huxe npuseneHsl 6a30Bbie
COOTHOIIICHHUS /ISl BBITIOJHEHHUs HEOOXOAUMBIX pacueroB nuHuid ¢ WDM Mexny Todkamu
MPI-S, R, S', MPI-R.

Pacuer OSNR miist ogroro n3 N onTrdecknx KaHajaoB MPOU3BOAUTCS 1o dopmyie [49]:

OSNR =R, —a5 — NF -10IgM + 58 1B,

rae Pen —“MUHHMAJIBHO TOMYCTHUMBIH YPOBEHb MOIIIHOCTH CHTHAJIA B OJTHOM KaHaJe; 8s— YCH-
nenue ontuyeckoro ycumurens; NF — koadduienT myma ontudeckoro ycumuresns (mis
EDFA 5...6 1B); My, — 4ucio onTHYeCKUX yCHIUTENel B CUCTeMe Mepetadn MeKIy ONTH-
YeCKHMH MYJIbTHILIEKCOpamMu. 3Hauenne 58 nb npeacraBmser co60i HOPMHUPOBAHHYIO BEJIH-
YHHY YPOBHS MOIIHOCTH KBaHTOBOTO IIyMa B TOJIOCE YaCTOT ONTHYECKOTO KaHaja Ha BXOJE
OIITUYECKOI'O yCI/I.HI/ITeIIH, T.C.
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-58 nb =10Ig(hx f xAf),

rae h — nocrosinnas [lnanka; f — Hecymast yactora onTuveckoro kaHana; Af — mosoca vac-
TOT OITHYECKOro KaHaa.

MakcumalbHBIH YPOBEHb MOIIHOCTH Ha BBIXOJE ONTHYECKOTO YCHIIUTENI MHOTOBOJIHO-
BOW CHCTEMBI nepeaauu st oMHoro u3 N KaHaIoB OnpeAessieTCsl COOTHOIICHUEM

Py ue = P —10IgN, 1B,

ch makc

r1e Pyae — MaKCUMaJIbHBIN JOMYCTUMBIN ypOBEHb Mepeaau B cTekyioBosnokHe; N — uncio
ONITHYECKHUX KaHasoB. KpoMme 3THX (opMyI MPUToAHH MPUBEAEHHBIE BEIIIE (POPMYIIBI Ompe-
JeJIEHHs] PACCTOSHMSA MO 3aTyXaHHUI0 U aucnepcud — Ly, Dy,. 3nauenne OSNR o6b14HO yKa-
3bIBAETCs JJIs1 KOHKPETHOro 00pa3ia 000pyA0BaHUS IPOU3BOAMUTENS, UCXOJS U3 TpeOyeMoro
ko3 dunmenTa omubdok. Hampumep, 11 8-Mu MpoIeTOB ¢ CEMbIO ONTHUYSCKUMH JTHHEHHBIMU
YCHIHTENSIME ¢ ycrineHueM 22 nb mis kaxnoro kaHana 3Hadenne OSNR momkHO OBITH He
meHee 20 n1b npu kodpuIMeHTe OMNO0K B KKIOM ONTHYECKOM KaHalle He XYyXe 10™. Ha
3HaueHne OSNR MoxeT MOBNHATH HCIIONB30BAaHHE PaMaHOBCKUX JIMHEHHBIX YCHIIMTENEH U
npoueccopos FEC (cm. G.696.1, www.itu.int).

Ha ocHoBe npuBEIEeHHBIX COOTHOILIEHUN MOXET PACCUUTHIBATHCS U CTPOUTHCS AUArpam-
Ma YpoBHEH Mepefadn KaxkA0ro BOJTHOBOTO KaHaja C LIENbI0 ONpe/eeH s Y4acTKOB HECOOT-
BercTBUs OSNR xapakTepucTHKaM anmapaTypbl ¥ Ui UCKIIOUSHHs HETMHEHHBIX 3P PeKTOB
B creknoBosiokHe [3, 11]. KpoMe Toro, myTeM pacdeToB JOJKHA KOHTPOJIHPOBATHCS BEIUYH-
Ha COBOKYIHOM JMCIEpCHH B caMOM JJMHHOBOJIHOBOM KaHaje C LIENbI0 pa3MELICHUus, IpH
HEOOXOIMMOCTH, KOMIIEHCATOpa TUCIIEPCHH COBMECTHO C ycmiaureneM. Kak mpaswio, mo-
CTaBUIMKM OOOpYAOBaHUS TpPaHCHOPTHBIX ontuueckux cereil ¢ WDM mnpenycmarpuaroT
NpOrpaMMHBIE OMIMHU JUIsl aBTOMATU3UPOBAHHOTO pacyeTa JHUHEHHbIX TPAKTOB ¢ ONTUYECKU-
MH YCHIIUTESIMUA. DTO MO3BOJISIET HA CTaAUH MPOSKTHPOBAHHS TTOyYaTh HE TOJBKO OICHOY-
HBIE pacyeThl, HO M TOYHBIE JTaHHBIE IO KOHKPETHBIM YIaCTKaM.

6.3.3. Peanusaums MHOroBOJIHOBbIX UHTepchencoB

Peanu3zanuu MHOTOBOJTHOBBIX HHTEP(EHCOB UMEIOT BUJI KapT ¢ MOJYJISIMH ONTHYECKO# mepe-
naun/mprieMa Ha (PUKCHPOBAHHBIX BOJIHAX OJHON M3 CETOK ONMTHYECKUX YacTOT, COOTBETCT-
Byronux pekomennausam MCO-T G.692, G.694.1, G.694.2. OtaenbHbIE KapPThl, B YaCTHOCTH
nuHerHble KapThl STM-N, mosyunin Ha3BaHUE IBETHBIX MHTepderco». ONTHYECKHE CHT-
HaJIbl PA3JIUYHBIX [UTHH BOJH OT MOJOOHBIX KapT O0BEAUHSIOTCS U Pa3AeIsiOTCS ONTHIECKAM
MAaCCHUBHBIM YCTPOHCTBOM — MYJIBTHILIEKCOpOM/ IeMybTHILIeEKcopoM (puc. 6.4). TIpumepom
peanu3aly 3TOro BUJIa MHOTOBOJHOBOTO MHTepderca MOKET CIYKHUTh KapTa Moj Ha3BaHH-
eMm «IFS40G-MX, Lambda Shelf WDM» anmapatypst SURPASS hit 7070 Siemens, B koTo-
poii OOBEAMHSIOTCS U Pa3AeISIOTCS YEeThIPE BOJHOBBIX KaHaja CO CKOPOCTBIO Mepeiadyn B Ka-
xaom 10 I'6urt/c.

Onruueckue mynsturiekcopsl (OMX) u nemynsrumiekcopsl (ODMX) umeror cxomHoe
MOCTPOEHKE, HAPUMeEp MPEJCTABISIOT COOOH BOJHOBOIHBIC PEIIETKH, KOTOPhIe BHOCST IO-
Tepu MouHOCTH o0 3...5 nb B kaxmplii onthueckuid kaHan. [To atoit mpuumne OMX wu
ODMX moryT coBMemiathes ¢ ontuyeckumu ycunurensmu (OA) (puc. 6.5).



248 FMABA 6

O11HakO MHOTOBOJTHOBBIE MHTEP(ENCHI peann3yloTcs, Kak [IpaBuio, B BUE TPaHCIIOH/ep-
HBIX KapT. B 3THX KapTax BO3MOXKHA peanu3aius MHOTHUX (QYHKIHMHA oOpabOTKH IMOJIH30Ba-
TENBCKUX W JHHEHHBIX CHTHAJOB. HampuMep, MOXXHO MYJIBTHUILIEKCHPOBATh HU3KOCKOPOCT-
HbIe [U(PPOBBIC MOTOKH B MOTOKK BBICOKO#H ckopocTu (4x622 Mowurt/c B 2,5 I'6ut/c), ucnpas-
JsTh omubOkK nepeaayn B auauK (Gynkunun FEC), aBTOMaTn4eckd peryimpoBaTh YPOBEHb
MOIIHOCTH KaXJIOTO KaHajla, MCIIOJIb30BaTh Mpeo0pa3oBaHKe IMOJIb30BATENbCKUX JAHHBIX B
kel OTH-OTN, peanuzoBath yHkuuu perenepannu 2R u 3R u 1.1.

A Lo
STM-N STM-N
5 R
: OMx = oDMx|
MPI-5 ~ MPI-R
‘}H. "I.
STM-N . STM-N
5 R
"UseTHue "lpeTHHE
WHTepdeRcH " WHTepdeAcH"

Puc. 6.4. OnTuyeckas cucrema nepegayu
C «LBEeTHbIMU UHTepdencamm» B kaptax STM-N

)'.-x] :"'.,1 .l-'ln.]_ J\-x]
—={ TPD [—=—= - TPD |—
5] R]

: o N :

. DMK UA 7 Dﬂl ral ﬂA DDMK .

s w1
M Top |+ A pre
S; R;

Puc. 6.5. OnTnyeckas cuctema nepegadu
C TpaHcnoHaepHbIMKU KapTamn TPD

Cxema moctpoenust obopynoBanust 1626LM Alcatel ¢ byHKuuIMH MyIbTHIIIEKCHPOBA-
Hust/ IeMy b TUIUIEKCHpoBanust Ha 80 ONTHYECKUX KAHAJIOB C UCIOJIb30BAHUEM TPAHCIIOH Ie-
pOB TpeAcTaBieHa Ha puc. 6.6. DTa cxemMa UMeeT JIBYXCTYNEHYaTOe MYJIbTHILIEKCHPOBA-
Hue. Ha mepBoii crynenn mynbruruiekcopom CMDX npousBoautcst popMupoBaHue KaHa-
J0B U MoayJiell. Bce HeoOxonuMble mpeoOpa3oBaHUs MOJIb30BATENbCKON HArpy3KU B ONTH-
YyecKkuMe KaHallbl Mpou3BomsaTcs B TpaHcmouaepax (TPD10G) na ckopoctu 10 T'Gurt/c.
B oauH onTHYeckuit MOy b MYJIbTUIUIEKCHpPYETCS 10 8 onTHYecKUX KaHanoB. Ha BTopoi
cTyneHu myabTuiuiekcop BMDX o6benunser g0 10 onTHyecKkux MOAyJeH B CHTHAN ONTH-
YecKo# cexuuu nepeaaun. Ha nmpuemMHON CTOpOHE BBHIMOJHSIOTCA OOpaTHbIE Onepanuu Mo
JeMYJbTUTUICKCUPOBAHUIO ONTHYECKMX MOJYJIeH M KaHaJOB COOTBETCTBEHHO OJIOKaMH
BMDX u CMDX. I1pu 3TOM BO3MOXHO HCIIOJIb30BaHHE ONTHYECKUX ycuauteaen (OA) mis
YBEJIMUYEHHUS MOILHOCTH CUTHAJIOB ONTHYECKUX MOJYJIEH.
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Puc. 6.7. KoHdurypauus kopauH n ctoek annapatypbl 1626LM Ha 80 onThyeckux kaHanos
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Ha puc. 6.7 npexncraBneHa koH(Urypanust Kop3uH 1 croek annapatypsl OTH 1626LM
Alcatel na 80 ontuueckux kKanaiaoB. Ha croiikax pasianyarorcsi: kop3uHa yrpasienus (Master
shelf 8\) ¢ kommexTanuelr 060pyIOBaHHs HA 8 ONTHYECKUX KAHAJIOB M KaHAIOM YIIpaBlie-
HMs1; TpaHcnoHaepHeie kopsunbl (Transponder shelf 16A) Ha 16 onTuyeckux KaHaloB, GJIOK
komrieHcaTopoB aucnepcud DCM u 6ok PDU st pactipenenenust snekrponuranus. Kpome
TOT0, B COCTaB KOp3uHbl 1626L M Bx0oasT G0OKHM:
— PSUP, Power Supply — asiekrponuraHue;
— RAIU, Rack Alarm Interface Unit — unTtepdeiicHbIil 60K CTOCUHON aBapUiHOM CHT-
HaJIM3allny;

— ESCTL 1000, Equipment and Shelf Controller — kouTpoJuiep mosiku 1 000pyI0BaHHMS;

— CMDX 1010, Channel Mux/Demux (8 kananos ¢ untepBaiom 50 I'Ti) — MynabTui-
JeKcop/ MeMyIbTHIIIEKCOP KaHaJOB;

— BMDX 1000, Band Mux/Demux for OLTE — nonocHbIi MyabTHILIEKCOP/ IEMYIBTHIT-
JIEKCOp JINHEWHOTO 000pyI0BaHMS;

— TRBD, Tributary Direct — tpancnonaepHoe Mecto s curdana 10 Tout/c;

— LOFA, BOFA — BOJIOKOHHO-ONTHYECKUE YCUIIUTEINU: JIMHEHHBIN U MOJOCHBINH Ha 8 Ka-
HAJIOB;

— FAN — BeHTHIIATODP OXJIaXACHHSI;

— OSCU, Optical Service Channel Unit — 610Kk onTH4eCKOro CepBUCHOTO KaHAA.

B 3aximodennn He0OXOIMMO OTMETHUTH, YTO BEIOOP U IPHMEHEHHE MHOTOBOJIHOBBIX HHTEP-
(eiicoB ompenenseTcss KOHKPETHBIME YCIOBHSAMH, CPAaBHUTEIBHBIM aHAITU30M TEXHHUYECKUX U
SKOHOMHYECKHUX MOKa3aTesIel MPOSKTHPYEMOii CeTH U 000pyIOBaHUS [T € pean3aliim.

6.4. KoMMyTauMOHHbIE U anNnrOpUTMUYECKME BO3IMOXHOCTHU
TpaHCNOpTHOM NnaTdopMbI

KoMMmyTanmoHHble ¥ alrOpUTMHYECKHE BO3MOXKHOCTH B TPAHCIIOPTHBIX MiaTopmMax OnThye-
CKHX ceTel TeCHO cBsi3aHbl. KOMMyTaIlMOHHBIE BO3MOKHOCTH TPAaHCIIOPTHBIX IIAT(OPM JOIIK-
HBI PaCCYUTHIBATHCS MO MPOTHO3UPYEMBIH Tpa(pHK U MOAPA3IEILIFOTCS Ha BO3MOXKHOCTH:
— nosib30BaTeNbCKux uHTepdeiicos Ethernet, IP, MPLS, ATM, HDLC;
— BJIGKTPOHHBIX MAaTPUL] KOMMYyTaluu Tpaduka (BUPTyalbHbIX KOHTEHHEPOB BBICOKOTO U
HHU3KOTO YPOBHEH, CLEIIEHHBIX BUPTYAIbHBIX KOHTCHHEPOB);
— ONTHUYECKUX MATPHIl KOMMYTAIIMU ONTHYECKUX KAHAJIOB M TPYII ONTHYCCKUX KaHAJIOB
(Momyneit).
ANTOPUTMHYECKHE BOBMOYKHOCTH IOCTATOYHO Pa3HOOOPA3HEI U BKIIOYAIOT TTOAICPIKKY:
— ¢yHKUMi nocaenoBaTensHoM 1 BUpTyaibHoit cuenok (CCAT u VCAT);
— GyHKUMI peryJMpOBKY eMKOCTH CLEIUIIEMbIX BUPTYalIbHbIX KoHTelHepoB (LCAS);
— IMHAMHYeCKOro Tpancrnopra makeroB DPT (Dynamic Packet Transport), T.e. 3amumiae-
Moro naketHoro kosbiia RPR crannapra |EEE 802.17;
— aJropuTMOB NakeTHoH nepenayn PPP, GFP,
— texnonoruu T-MPLS;
— nuHaMmudeckor kommyTanud B OADM u ROADM,;
— aBTOMaTUYECKOM 3allUThl COEIMHEHUI YPOBHS CEKLIMH, TPAKTOB U ONITUYECKUX KAHAJIOB;
— KOHTPOJISL OTHOIIEHHs CUrHan/myM B ontndecknx kaHanax (OSNR) u psin npyrux.
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Takum 00pazom, Mpu MPOEKTUPOBAHUH ONTUYECKON TPAHCIIOPTHON CETH HEOOXOAUMO Jie-
TaJIbHOE M3yYeHHE BO3MOXKHOCTEH TPaHCIOPTHHIX IaTdopMm Mo BceM 3ieMeHTaMm. Hampu-
Mep, BBICOKAs CTENIEHh KOMMYTALMOHHBIX U aJTOPUTMHUYECKIX BO3MOXKHOCTEH TOCTHUTHYTA B
wiaTdopmax:

— Alcatel 1850 TSS (Transport Service Switch) ¢ moanep»xko# ckopocreit mepeaayuun 40 u

320 I'ourt/c;

— Cisco ONS 15454 MSTP (Multiservice Transport Platform);

— OMS 3200 Marconi;

— Alcatel 1678 MCC (Metro Core Connect) u t.1.

6.5. JTanbl pa3paboTKu Npoekra
ONTUYECKOWN TPAHCMOPTHOMU cCeTn

Pa3paboTka npoekTa onTUYeCcKOH TPAHCIIOPTHOM CETH C YYETOM MOJIb30BaTEIbCKOr0 TpaduKa
pa30uBaeTcs Ha psijl ATAIOB:
— pa3paboTKa TEXHHYECKOTO 3aTaHUs C YIETOM COCTOSIHUS CYIIECTBYIOIIEH CETH CBSI3U
(ycmyr, o6opymoBaHus, TUHEHHBIX COOPYKEHHH, IKCIUTyaTAIHOHHOTO MIEPCOHANA);
— OlIEHKa CYIIECTBYIOIIMX W MEPCHEKTUBHBIX YCIYT, ONpeAeIeHHE IMPEaronaraeMoro
ob0beMa TpaduKa yCIyT ¢ HaKeTHOH KOMMYTalue 1 KOMMYyTalue KaHaloB;
— IUIAHUPOBaHKE Pa3MEIleHHs y3II0B U BEIOOP CTPYKTYPHI CETH;
— BBIOOD 000pYyIOBaHHUS;
— BBIOOD Cpelibl Tiepeaayuy;
— aHau3 | ompeAeeHrue TpeOOBaHHH 110 HA/IC)KHOCTH, BEIOOP TEXHOIOTHH 3allUTHI CETH;
— onpeaecyieHue HCO6XO}Il/lelX OHEPIreTUYCCKUX MNOTCHUUAJIOB IMEpeAavyu MEXAy y3jiaMHu
IUTSL JIMHAN CBSI3M M 000y IOBaHHSI TPAHCTIOPTHBIX IIaT(OPM;
— onpeieNIeHue NOCTaBIIUKOB 000PYI0BaHHS U IMHEHHOTO Ka0es;
— ompejesieHre coctaBa 000py0BaHUS B y37ax;
— BBINIOJTHEHHUE MTPOEKTA JINHUN CBSI3H;
— pa3paboTKa CXeMbI OpraHU3aINH CBS3H TPAHCIIOPTHOU CETH;
— y4eT CHelUalbHbIX YCIOBHI U TPeOOBaHU 3aKa3ulKa MPOCKTa,;
— pa3paboTKa cXxeMbl CHHXPOHHW3aIIUH U(YPOBOTO 000PYAOBaHUS TPAHCIIOPTHON CETH;
— pa3paboTKa CXeMbI YIIPaBICHNS,
— ompeJeNieHHe HEOOXOJUMBIX TECTOBBIX U M3MEPUTEIBHBIX MPUOOPOB JJIsi HACTPOCK U
KOHTPOJISI TPAHCTIOPTHOM CETH;
— ONTUMM3ALMSI CETH TIPU HAIUYHAU COOTBETCTBYIOMINX MPOTPAMMHEIX CPENCTB;
— COCTaBJICHHE BEJJOMOCTEH KOMIUICKTAIINH Y3JI0B;
— OIIEHKA TEXHUKO-3KOHOMHUYECKHX MMOKa3aTeeH;
— OIIeHKa TPeOyeMOTro YPOBHS DKCILUTyaTaIluy IIPOEKTHPYEMOH CETH;
— COCTaBIICHHE CXEM pa3MelIeHus] 000pYIOBaHHS B y3JIaX CETH U MPOKIAIKH HEOOXOIH-
MBIX KaOenei;
— ydeT 3Hepro3aTpaT 000pyIOBaHHUS B KAKAOM y3IIe.
Pasymeercs, npeiaraeMelil OpsIOK pa3padOTKH MPOEKTa MPUOIH3UTEICH 1 MOXKET Tepe-
CMaTpPHBAThCS B 3aBUCHMOCTH OT YCJIOBHU. BEIMONHEHHE yKa3aHHBIX 3TAlOB MO3BOJISIET CIIe-
[MATHUCTaM TOJyYHUTh JOCTATOYHO MOJTHOE MPEACTaBIeHHE 00 ONTHYECKOH TPAaHCTIOPTHOU CETH.
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KoHTpornbHbIe BONpochkl

1
2.

No

9.

10.
11.

12.

Kaxkue npuHIMIBI ONpenensoT INIaHKPOBAHHE TPAHCIIOPTHOH CeTH?

Kaxue BHIBI Harpy3ok (MOJb30BaTeNbCKOro Tpaduka) TOJDKHBI YUUTBIBATHCS HPH
NPOEKTUPOBAHUY TPAHCIIOPTHOI ceTu?

Uro noka3eiBaeT obmas cxema (popMUpOBaHUs HArPY3KH ONTHYECKOH TPaHCHOPTHON
cetu?

UeM XapaKTepU3yIOTCs MOJb30BATENLCKUE HHTEP(ENCH! annapaTypbl TPAHCIOPTHBIX
wiatgopm?

Yem xapaxTepu3yroTcs HHTEP(EHCH ONTHYECKUX TPAHCTIOPTHBIX IIATHOPM IS Me-
JKY3JTOBBIX B3aMMOICHCTBHUI?

UYemM onpenensercs JaabHOCTh ONTUYECKOH Mepeiauu 10 CTEKJIOBOIOKHY ?

Kaxue ocobeHHOCTH HEOOXOANMO YUNTHIBATh NPH MPOEKTUPOBAHUU JTMHEHHBIX TPaK-
TOB MHOTOBOJIHOBBIX CHCTEM Iepe/ladil MeX1y y3JIaMH TPaHCIOPTHOH ceTH?

Uem oTnmnuarorcss 0003HAYEHUS] MHOTOBOJHOBBIX MHTEp(eicoB Mo crnenupuKanusim
G.692, G.695, G.959.17

C kakoi uenpto onennsaercs OSNR?

Kakue pa3HOBUAHOCTH CYILIECTBYIOT B peannu3alii MHOTOBOJHOBBIX UHTEp(eiicoB?
UTo yuYHTHIBaIOT KOMMYTAIlMOHHBIE M ANTOPUTMHYECKHE BO3MOKHOCTH TPaHCIOPT-
HBIX MaTopm?

KakoB nopsi1ox pa3paboTKy poeKTa TPaHCIOPTHOH ceTH?



3AKIKOYEHUE

Hrak, npomomkaeTcss HHTEHCUBHOE Pa3BUTHE TEXHHUKH M TEXHOJIOTHH ONTHUYECKHUX CHUCTEM
nepeayu U TPaHCIIOPTHBIX ceTel. ITOMY MOCBAIIEHO yueOHOe ocodue, rie Mmoka3aHbl B 00-
30pHOM BapuaHTEe TEHACHIMH Pa3BUTHs. Kak OTHOCHUTCS CHEUANINCTaM K 3TUM TeHICHIHSIM?
KoHedHo, W3ydaTh ¥ CICIUTH 32 BCEM XOJO0M Pa3BUTHS OT YCIYT U KOMIIOHEHTOB arnmaparyphbl
JI0 ceTeBBIX penieHnid. [1oTok HH(pOpPMAaIi 0 HOBOBBEICHHUIX W COBEPIIEHCTBOBAHUAX B TEX-
HUKE CHCTEM Mepeaaud U TPaHCIIOPTHBIX ceTeil He ocnabeBaeT. Beayiiye npousBoauTenu ce-
TEBOTr0 O0OPYZOBaHUS BCE BPEMs COBEPIICHCTBYIOT TEXHHUKY, BBIMOJHAS €€ MOAYJIBHOU M
JIETKO TMepeKOUTYPUPYEMO MO MOTPEOHOCTH ONEPATOPOB. Y BEIUYHUBAIOTCS CKOPOCTH Tie-
peaaun 1UPPOBBIX JaHHBIX B OJHOM ONTHYeckoM KaHaie 10 40-100 I'Gut/c. Pacter uucio
BOJIHOBBIX KaHalioB, oOpa3yeMbix MeTojoM WDM. I1pu 3TOM coBepIICHCTBYIOTCS U pa3pada-
TBIBAIOTCS HOBBbIE BHMIBI MOAYJSIMH onTthyeckux Hecymmx dactor (NRZ-DPSK, NRZ-
DQPSK, RZ-DPSK, CS-RZ u T1.1.), no3Bossiroiiue 3GpHeKTUBHEE UCIIONB30BATh OJOCY Yac-
TOT MEpeJadyu B CTEKJIOBOJOKHE, CHU)KATh MOUTHOCTh ONTHYECKOW HECYIeH YacTOThl U TeM
OTOJIBHTaTh BO3MOJXKHbIC HEJIHMHEHHBIE 3P QeKThl. PazpabaThiBaloTcsi OBICTPOJCHCTBYIOIIHE
ONTHYECKHE KOMMYTATOPbI C BpeMEHEM TMEPEKIIOYSHNs B €IUHMIIBI 11C, KOTOPBIE MO3BOJISIOT
KOMMYTHPOBATh ONTHYECKHUE MaKeThl AaHHBIX. COBEPIICHCTBYIOTCS ONTHYECKHE WHTErPalib-
Hble MynbTHILIEKCOpbl ROADM 110 3aIUIeHHOCTH BOJIHOBBIX KaHAJIOB, CKOPOCTH PEKOH(H-
rypaiud, CTOMMOCTH. [IpomoykaroT pa3pabaTbiBaThbCsl U BHEAPSITHCS HOBBIE CTAHAAPTHI Ha
nepenauy Ethernet 100I'6ut/c, cranmaptsl Ha cett ASON u T-MPLS. TTocrasnsiemMbie Ha phi-
HOK TEJICKOMMYHHKAIMKA 00pa3ipl MYJbTHCEPBUCHBIX TPaHCHOPTHBIX IUIAT(OPM coaepkat
omuu 10I6ut Ethernet, ASON, GMPLS, RPR, GFP, LCAS u T.1. BenyTcsi HHTEHCHBHBIE
MCCIIEIOBAHUS] METOZOB CTATUUECKOW M JUHAMHYECKON MapUIpyTHU3allui ONTUYECKUX BOJIHO-
BBIX KaHAJIOB ISl pealii3alliK MOJHOCTHIO ONTHYECKUX TPAHCIIOPTHBIX MapIIpyTOB.

DTOT NepeveHb HampaBJIeHUH MO0 Pa3BUTHIO TPAHCIIOPTHBIX CETEH MOMKHO MPOJOJIKAThH
elI¢ Ha HECKOJIbKO CTPaHUI] 3aKJII0YEHHUs, HO YXKe MOHATHO, YTO OXBAaTUTh HEOOJBIINM yueo-
HBIM [TOCOOHMEM BCe HaIpaBlieHHs] HEBO3MOXKHO. ABTOP HaJIeeTcs, YTO COJIepKaHue Y4eOHOTro
MoCOOHs MOMOXKET MOHSTH CIIEIUATUCTAM H CTyJIEHTaM HEOOXOJUMBIE TIOJOXKESHHUS 110 Pa3BH-
THIO TEXHUKH CHCTEM Tepelaud U TPAHCIIOPTHBIX CETeH U OPUEHTHPOBATHCS B MEPCIIEKTHBAX.
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Cnucok cokpalueHumn

AAL

ABR

ACR

ACSE

ACT

ADM

ADSL

AlP

AlS

AL
ANSI

AP
APD

API

APS

APS/PCC

ASON

ASN

ASTN

ATM

ATM Adaptation Layer — yposens
agantauuu ATM

Available Bit Rate — nocrymnnas cko-
POCTh mepeady ABOMIHBIX JaHHBIX
Allowed Cell Rate — nonycrumast
CKOPOCTb Mepeiavn sUeeK
Association Control Service

Element — cepBucHBIii 351€eMeHT yc-
JIYTH yIPaBJICHUS acCOIMalUei
Activation (for ODUK TCM trail) —
akTuBauus QYHKIUH KOHTPOJIS TaH-
nemHoro coequnenus tpakra ODUK
Add-Drop Multiplexer — mynpTun-
JIEKCOP BBOJa-BhIBOIA

Asymmetric Digital Subscriber Line
— acuMMeTpuydHas nugpposas ado-
HEHTCKas JIMHUS

Alarm Interface Panel — untepoetic-
Hasl aHeJ b COOOIIeHUH

00 aBapusx

Alarm Indication Signal — curnan
WHIUKAIIMK aBapUHHOTO COCTOSTHUS
Alignment — mosie BeIpaBHUBaHHUS
American National Standards Insti-
tute — AMepHrKaHCKUI HallMOHAb-
HBI MHCTUTYT CTaHJapPTOB

Access Point — touka gocryma
Avalanche Photodiode — naBunHbIi
¢dortoanon

Access Point |dentifier — unentudu-
KaTop TOYKH JIOCTyIa

Automatic Protection Switching —
ABTOMATHUYECKOE 3aIIUTHOE MEePEKIIIo-
YeHue

Automatic Protection Switching/ Pro-
tection Communication Channel —
ABTOMATHUYECKOE 3aIIUTHOE MEePEKIIIO-
yeHne/ 3alIMIIaeMbIil KaHaIl CBSI3U
Automatic Switched Optical Network
— aBTOMAaTHYECKH KOMMYTHpYeMast
onThYeckas cerb, cranaaptr MCD-T
Abstract Syntax Notation One — a6-
CTPaKTHOE OIMCAHUE CHHTAKCUCA
Automatic Switched Transport Net-
WOrk —aBTOMaTH4YECKH KOMMYTH-
pyemasi TpaHCHOpPTHAs CeTh
Asynchronous Transfer Mode —
ACHHXPOHHBIN PeXKUM TIepeiaun

AU

AUG

AUG-n

AU-n

AU-PTR

AWG

BAS

BDI

BDI-O

BDI-P

BECN

BEI

BER

Bl

BIAE

BIP

BLSR

BT

C-n

CAD

Administrative Unit — agmunucTpa-
TUBHBII OJIOK

Administrative Unit Group — rpyrmma
AJIMUHUCTPATUBHBIX OJIOKOB
Administrative Unit Group n —
rpyMIOBO# aAMUHUCTPATHUBHBIN OJIOK
nopsiaka n (N = 4, 16, 64, 256)
Administrative Unit n — agmunuct-
patuBHBIN G0k Topsika N (N =3, 4)
Administration Unit pointer — ykasa-
Telb aIMUHUCTPATUBHOTO OJI0Ka
Arrayed Waveguide Grating —
T(paKIMOHHAS peleTKa Ha BOJIHO-
BOJTHOM MAacCCHBE

Buffer Allocation Size — pa3mep Oy-
epa

Backward Defect Indication — nnu-
Kanus nedexra B 00paTHYIO0 CTOPOHY
BDI-Overhead — unaukanust nedex-
Ta B 00paTHYIO CTOPOHY JJIS 3ar0JI0B-
Ka

BDI-Payload — unaukauus nedexra
B 00paTHYIO CTOPOHY VTSl HATPY3KH
Backward Explicit Congestion Noti-
fication — cxema ¢ oTpunaTenbHOI
00paTHOM CBA3BIO Ha3a]

Backward Error Indication — unan-
Kalusi B 00paTHYIO CTOPOHY

Bit Error Rate — ko3 uipenT omm-
00K, 4acTOTa MOSIBJICHUS OLIMOOK 110
ouram

Backward Indication — unaukaius B
00paTHYIO CTOPOHY

Backward Incoming Alignment Error
— cooOmenne 06 omuoKe BEIPaBHU-
BaHUS 10 BXO/Y B 00paTHOE HaIpaB-
JIeHne

Bit Interleaved Parity — uérHocTh
YepenyroIuXcsi OUTOB

Bidirectional Line-Switched Ring —
JIBYHAIPABJICHHOE KOJIBIIO C 3alIUTHBIM
HEePEeKITI0UCHUEM JIMHEHHBIX CETMEHTOB
Begin Tag — none Havana
Container-n — KoHTe#Hep nopsiaKa
n=1,234

Cell Assembly/ Reassembly Delay —
OTKJIOHEHHE BO BpeMeHH Tipu cGopke/
pazbopke siueek



256 CMUCOK COKPALLEHUIA
CBR Constant Bit Rate — nocrosinHas 6u- CRC Cyclic Redundancy Check — mukiiu-
TOBasi CKOPOCTh YeCKHUI M30BITOYHBIN KO
CCAT Contiguous Concatenation — nocie- CR-LDP Constraint-based Routing Label Dis-

JIOBaTeNbHas crernka (KOHKaTeHaIHs) tribution Protocol — nporokoi pac-
CCl Connection Control Interface — un- TPEACICHUS METOK MapIIpyTa ¢ y4e-
Tepdeiic yrnpaBieHns COeAMHEHHEM TOM OrpaHHYCHHi
Cbv Cell Delay Variation — Bapuarnus 3a- cs Convergence Sublayer — noaypo-
IEPXKKH TICHKH BEHb KOHBEPIeHIHH (CIUSIHUSL)
CER Cell Error Ratio — xoaddumment CSF Client Signal Fail — nospexaenne
OIIHGOK IO STIEHKAM CHTHAJIa [0JIb30BaTENIs
cHEC core HEC — ocHOBHOIi KOHTpOIIB CSMA/CD Carrier Sense Multiple Access/Colli-
OIIMGOK 3arOJIOBKA sion Detection — MHO)KeCTBEHHbIH
Cl Characteristic Information —xapak- ZIOCTYT C KOHTpOJIEM HecyIeit 1 o6Ha-
TepucTHHecKas MHbOpMALHS pyKeHHEM KOJUTH3Hi/CTOIIKHOBEHHMIT
CLP Cell Loss Priority — 6ur npropuTera C-Tag Customer Tag —meTKa Moap30BaTeNs
MOTEepH AYEHKU cetn Ethernet
CLR Cell Loss Ratio — xoaddurmenT no- CTD Cell Transf(?r Delay — sanepia me-
Tep siueeK penauu sueHKu
CM Connection Monitoring — sa6uiozie- CTRL Control word sent from source to sink
T — — KOHTPOJIbHOE CIIOBO, TIepeiaBae-
CMEP  Connection Monitoring End Point — MOe OT HCTORHIIA K HPHEMIHICY
KOHEUHas! TOUKA KORTPOIIs (HaGIOIe- CTRL LCAS Control Word — c1oBo KoH-
HIs1) COEIMHEHMS TPOJIS COTJIACOBAHMUS C EMKOCTBIO JIU-
CMI Complemented Mark Inversion — I TICPEatiit S
UHBEPCHs TPYII CUMBOJIOB CWDM Coar_se W_avel ength Division
CMIP Common Management Information Multiplexing — paspexerrioe my.ts-
Protocol — nporokon oGmei ympas- THIUIEKCHPOBAHUE C Pa3zielIeHHEeM I10
nstroueit nHdopManuu DA gjzge aBI(_)HH}; dd
CMISE Common Management Information quHI: on 55— ayipec nasna-
Services Element — cepsucHsiii aite- - . -
MEHT ONyHeHHs oGIeH YIpasIisiio- DAPI Destination Access Point Identifier —
mieii MHbOpMAIIH UCHTU(HUKATOP TOYKH JIOCTYIA afl-
CMON  Connection Monitoring Overhead — pecata .
3aroJI0BOK CIIEXKEHUS 32 COEANHEHNEM bcc Data Communication Channel — ka-
CMR Cell Misinsertion Rate — xoadduru- Hail fepelat _HaH_H " .
CHT HETABIITBHBIX SHEEK DCCm  Data Communication Channel multi-
COMMSOH Communications channel Plex — Kanan nepexatu JanHLIX A
Overhead — 3arooBoK Kanana CEeKIH MyJIbTUILIeKcHpoBanus SDH
CBSI3M DCCr Data Communication Channel regen-
CORBA  Common Object Request Broker Ar- ging:K;d;(aZii;:p;f;;%éaﬁ HRI
chitecture — o6uras apxurexTypa . . P P . )
Opokepa 0OBEKTHBIX 3aIPOCOB DCF Dispersion Compensation Fiber —
CoSSLAs Class of Service/Service-Level- BOTIOKHO, KoMHeHcHpyrottiee AucHep-
Agreement — kiacc cepBuca/ coria- ero -
leRHe 0 (FapAHTHPOBAHHOM) YPOBHE DCN Data Communication Network —
OGCTy KHBAHNS CeTh Mepenayn JaHHbIX
CPI Common Part Indicator — nemka- DEG Degraded — yxynuwenue
DL Data Link — gannble 1uHun

TOp o01Iel yacTu
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DeMUX
DFB

DMod
DNU

DPT

DQDB

DS
DS-O

DS-P
DXC

DVB ANSI

DWDM

El

E2

E3

E4

E-APS
ECC

EDFA

EEPROM

DeMultiplex — nemynbTHIIIEKCH-
poBaHue

Distributed Feedback —pacnpene-
JEHHast oOpaTHas CBS3b

Demodulation — nemomysiuust

Do Not Use — e ucmonb3oBath (He
HPUMEHSITh)

Dynamic Packet Transport — quna-
MHYECKHIi TPAHCTIOPT MaKeTOB
Distributed Queue Double Bus —
pacrpenienéHHast ABOMHAsI ILIMHA C
oYepesIMH

Defect Second — moBTopHBIi AedekT

DS Overhead — noBTopHbIii nedekt
3aroJioBKa

DS Payload — noBTopHsIii nedext
Harpy3Ku

Digital xCross Connect — uudposast
KpoccoBasi KOMMYyTalus

Digital Video Broadcast — mudpo-
BOC HIMPOKOMOJIOCHOE BUACO (aMepH-
KaHCKHl CTaHaapT)

Dense Wavelength Division Multi-
plexing — mioTHOe MYJIBTUILIEKCH-
pOBaHHe C pa3eneHreM M0 IJIHHE
BOJIHBI

1M(POBOIi MOTOK JAHHBIX HA CKOPO-
cru 2048 k6ut/c ¢ nukiom 125 Mxc ,
crangapt PDH

I (POBOI MOTOK JAHHBIX HA CKOPO-
cru 8448 k6ut/c ¢ nukiom 100 Mkc ,
cranaapt PDH

1M (bPOBOIi MOTOK JaHHBIX HA CKOPO-
ctu 34368 x6ut/c ¢ nukiaom 47 MKc ,
cragnapt PDH

1M (POBOIi MOTOK JaHHBIX HA CKOPO-
cru 139264 k6ut/c ¢ nukiaom 21 Mkc
crangapt PDH

Ethernet APS — aBromarnueckast 3a-
UTHAas KoMMyTalus B cetu Ethernet
Embedded Control Channel — Bcrpo-
CHHBIl KaHaJl yIPaBICHUS CUCTEM
Erbium-Doped Fiber Amplifier — ap-
OueBbI ONTUYECKUN YCUIIUTENb Ha
ONTOBOJIOKHE

Electrically Erasable Programmable
Read-Only Memory — anektpuuecku
cTUpaemasi IporpaMMHpyemMasi HaMsITh

EF

eHEC
EM

EN

E-NNI

EoA

EoM

EoP

EoR

EoS

EoT

EPD

EPROM

ESL

ET
ETSI

EXI

EDC

EOS

EPRA

ESCON

ESL

ET

Extended Frame — ycranasnuBae-
MBI (hopMmar xaapa

extension HEC — pacmupenne HEC
Error Monitoring — nabmtonenue
omKnooK

Edge Nodes — y3is1 Ha rpanuie ce-
TH

External—Network—Network
Interface — BHewHK MexceTEBOR
uHTepdeiic («ceTb—ceTh»)
Ethernet-over-ATM — Ethernet ge-
pe3 ATM

Ethernet-over-MPLS — Ethernet ue-
pe3 MPLS

Ethernet-over-PDH — Ethernet uepes
PDH

Ethernet-over-RPR — Ethernet yepes
RPR

Ethernet-over-SDH — Ethernet yepes
SDH

Ethernet-over-Transport — unaTep-
(eiic TparcnoprHoii cetn Ethernet
Early Packet Discard — pannwuii
cOpoc makeToB

Erasable Programmable Read-Only
Memory — cTupaemas mporpamMmMu-
pyeMasi maMsTh

Extended Signal Label — ycranos-
JIEHHAsl CUTHAJIbHASI METKa

End Tag — xoHeuHast MeTKa
European Telecommunications Stan-
dards Institute — Espomneiickuii uH-
CTUTYT CTAHAAPTU3ALHIHU TEJICKOMMY-
HUKaLUH

Extension Header |dentifier — unen-
TU(UKATOP PACIIUPEHHSI 3ar0JI0OBKA
Error Detection Code — xox oGHapy-
JKEHHUS OLIHOKH

End of Seguence — okonvanue mo-
CIIeZIOBaTENIbHOCTH

Enhanced PRCA — ynyurieHHbIi
PRCA

Enterprise Systems Connection — co-
eIMHECHHE YUPEKICHUECKHX CHCTEM
Extended Signal Label — ycraHoBka
CUTHaJIbHON METKU

End Tag — nose konna



258 CMUCOK COKPALLEHUIA
ETHP Ethernet end-to-end Path — Tpakr FTFL Fault Type and Fault L ocation report-
Ethernet u3 koHIa B KOHeI| ing communication channel — coo6-
ETHS Ethernet %gmmt monitoring _ IEHUE O TUIIE U MECTE MOBPEKIACHUSA
tpakT Ethernet ¢ cermenTHBIM MOHU- U TPaHCJIALMH JIOKAJIBHOTO IOBPEX-
TOPHHIOM JICHUsI KaHaNa CBS3U
EXI Extension Header Identifier — unen- FTTx Fiber to the X — BonokHo 110 (Mecta X)
TU(UKATOP PACIIUPEHUSI 3ar0JIOBKA GARP Generic Attribute Registration Proto-
EXP Experimental — skcniepuMenTab- COl — IpOTOKOJI /It pErMCTpaLiy
HEIA THUIIOBBIX aTPHOYTOB
EXTI Expected Trace |dentifier — unentu- GbE rurabuthbiii Ethernet
(hHUKATOp OXKUAAHHS OTCIICKUBAHHSI GC General purpose communications
(TpaccupoBku) Channel — kanan ¢ uenbto oowein
FA Frame Alignment — BeipaBHHBaHHE CBS3U.
Kazpa (MHOT/a [HKIIa) GCC General Communication Channel —
FAS Frame Alignment Signal — curaan o0muii KaHaI CBA3H
BBIPAaBHHUBAHUsI LIMKIIA HJIM Kajpa GFC Generic Flow Control — o6uiee
(cuHXpOCHTHAI, YKa3bIBAIOIIMH HA ynpasiieHre motokom B ATM
Ha4aJI0 UMKIIA MM Kajpa) GFP Generic Framing Procedure — o61as
FCS Frame Check Sequence — mose koH- mpoueaypa GopMUPOBaHUs Kaapa
TPOJIBHOH CYMMBI Kajpa GFP-T GFP, Transparented — o61as npo-
FDDI Fiber Distributed Data Interface — nenypa GopMHpPOBaHHS Kajapa mpo-
BOJIOKOHHBIN pacnpeenéHHbIi HH- 3pauHo (IS JaHHBIX)
Tepdeic TaHHBIX GFP-F  GFP, Frame mapped — o6uias npo-
FDI Forward Defect Indication — nnu- nexypa GopMHpOBaHHS Kaapa ¢ pas-
Kauus gedexra Boepes MELICHHEeM KaJIpOB (IaHHbIX)
FDI-O Forward Defect Indication Overhead GFR Guaranteed Frame Rate — rapanrtu-
— 3aroJIOBOK ¢ MHAMKauuen nedexra pOBaHHasi CKOPOCTh Mepeadn KaapoB
BIICPE] GID Group |dentification — unenTuduka-
FDI-P Forward-Payload — wnaukauus ae- s TPYTIIBL
(hekra Harpy3KkHu Briepes GMPLS Generalized MultiProtocol Label
FE Fairness Eligible — unaukanus ne- Switching — o6imast MEOTOTIPOTO-
HPaBUIBHO BEIOPAHHOTO TaKeTa KOJIbHAsi KOMMYTaLHs 10 METKaM
FEC Forward Error Correction — koppek- GoSs Grade of Service — kareropus 06-
1ust ourOOK Briepe (1o X0y repesa- CITy)KHUBaHUS
1) WX YIPEKIAIOLIasi KOPPEKLIsL GPS Global Position System — rioGaiis-
oum6ok Hasi CHCTeMa MO3UIMOHUPOBAHUS
FECN Forward Explicit Congestion Notifi- HDB-3  High Density Bipolar of Order 3 —
cation — cxema ¢ OTpHLATENbHOMH 00- TPEXYPOBHEBBIN OUITONAPHBIN KO €
PaTHOM CBA3BIO BIEPEN BBICOKOH TIIOTHOCTBIO
FI Flooding Indication — nmmkans HDLC  High-Level DataLink Control — BsI-
sansiTus (konen RPR) COKOYPOBHEBBIH ITPOTOKOJI yIIpaBJie-
FICON  Flber CONnection — BoiokoHHOE HHS Ha yPOBHE 3BEHA Mepeiadyu 1aH-
COeIMHEHHE TSl Tlepejadn AaHHBIX; HBIX
FIFO First In First Out — nepBeiii Ha Bxoje HDSL High bit rate Digital Subscriber Line
TIEPBBIN Ha BBIXOJIE — BBICOKOCKOPOCTHas IdpoBas abo-
FSC Fiber-Switch Capable — Bo3mox- HEHTCKas JIMHUA
HOCTh KOMMYTAIlUK BOJIOKOHHBIX CBe- HDTV High-Difinition Television — tudpo-
TOBOJIOB BOE TEJIEBHICHHE BBICOKOH YETKOCTH
FT Frame Type — tuna xagpa
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HEC

HOVC

HP

laDl

IAE

IDU

IrDlI

IEC

|IEEE

[-NNI

IPX

IrDlI

iSCSI

ITU-T

JC

JOH

LAPS

LAPD

LAN

Header Error Control — koHTpoJib
OLIMOOK 3arojioBKa

Higher Order Virtual Container —
BUPTYalbHbI KOHTEHHEDP BEPXHETro
YpOBHS

High Path — tpakT BeIcOKOTO TTOpsiaKa
Intra-Domain Interface — BuyTpumo-
MEHHBIH HHTEp(eiic

Incoming Alignment Error — o1u6-
Ka BBIPAaBHUBAHUS 110 BXOIY

Interface Data Unit — unrepdetic-
HBIN OJIOK TAaHHBIX

Inter-Domain Interface — unrepdeiic
Mex Iy obaacTamu (IoMeHaMu)
Incoming Error Count — mozcuer
MOCTYHAIOLIUX OLIHOOK

Ingtitute of Electrical and Electronics
Engineers — NHCTUTYT UHXEHEPOB
IO DJIEKTPOTEXHUKE U IJICKTPOHHKE
Internal Network-Network Interface
—BHYTPEHHUI HHTEp(deiic ceTb—ceTh
Internet Packet eX change — mesxce-
TEBOW OOMEH MaKeTaMu

Internet Protocol — mexcereBoit
MPOTOKOI

Inter Domain Interface — untepdeiic
MEXIY TOMEHaMHU

internet Small Computer System In-
terface — mesxxcereBoii Masblii HHTEP-
(heiic KOMITBIOTEPHOI CUCTEMBI
International Organization for Stan-
dartization — MesxayHapoaHasi opra-
HU3aIHKs 110 CTAaHJAPTH3ALUU
International Telecommunications
Union — Telecommunications ser-
ViCeS SECtor — CeKTOp TeNeKOMMYHH-
Kauuii MexxayHapoaHOro cor3a
anektpocszu (MCD-T)

Justification Control — ynpaBneHue
BbIPABHUBaHHEM

Justification Overhead — 3aromoBox
BBIPAaBHUBAHUS

Link Access Procedure SDH — nipo-
nenypa gocrymna kK tuani SDH

Link Access Procedure D — mpore-
Iypa aoctymna K kanainy D

Local AreaNetwork — nokansHast
KOMIIBIOTEpHasA CETh

LCAS

LI
LLC

LLID

LOF

LOM

LOP
LOS
LOvVC
LOV Con

LP
LRM

LSP
LSR
L/T

LSC
uau ASC
MA
MAC
MAN

MBS

MF

MFAS

MFI

MIB

Link Capacity Adjustment Scheme —
cXeMa peryJIMpoBKH eMKOCTH KaHana
Length Indicator — nuaukarop miuHbL
Logical Link Control — ynpasienue
JIOTUYECKUM KaHalIoM

Logical Link Identificator — noruue-
CKH HICHTH(HHUKATOP JINHAH

Loss of Frame — noteps ¢peii-
Mmalkaapa

Loss of Multiframe — noreps cBepx-
LHKIa/MyIpTHpeiimMa

Loss of Pointer — norepst ykazarens
Loss of Signal — noteps curnasa
Lower Order Virtual Container —
BUPTYaJIbHbIM KOHTEHHEP HU3LLETr0o
YPOBHS

Low Order Virtual Concatenation —
BHUPTYaJlbHasl CLETIKAa HIJKHETO YPOBHS
Low Path — TpakTt HmxHero ypoBHst
Link Resource Manager — ympasie-
HHE PeCypcoM JINHUH

Label Switched Path — kommyTupye-
MBIH [T0 METKaM TPaKT Iepeadnt
Label Switch Router — mapupyTun3a-
TOp C KOMMYTalKMEeHN 10 METKaM
Length/Type — nnuna wnu Tun
Lambda Switch Capable —
BO3MOKHOCTh KOMMYTAIIUH BOJIH (OII-
THYECKUX KaHAIOB)

Maintenance and Adaptation — 06-
CITy)KMBaHUE U aJIalTanus

Media Access Control — ympasiie-
HHE J0CTYIOM K cpefie

Metropolian Area Network — ropon-
CKasl CeTh

Maximum Burst Size — makcumanb-
Hasl AJIMHA MaYKH

Mediation Function — ¢ynkiun me-
nuaropa (IPOMEeKyTOYHOTO YCTPOH-
CTBa)

Multiframe Alignment Signal — cur-
HaJl BbIPAaBHUBAHUs (CHHXPOHH3ALIHS)
MynbTUdpEiiMa (CBEpXLUKIIA)
MultiFrame Indicator — unaukarop
CBEPXIIMKIIA

Management Information Base — 6a-
3a JaHHBIX yHpasJsironiedl nadopma-
11U



260 CMUCOK COKPALLEHUIA
MID Multiplexing ldentifier — unentndu- NDF New Data Flag — ¢uar HOBbIX naH-
KaTop MyJbTHILICKCHPOBAHHUS HBIX
MIT Management Information Tree — ne- NEF Network Element Function — ¢ynk-
peBo ympasisoield nHGopMaun LU CETEeBOTO DIIEMEHTA
MoE T-MPLS over Ethernet — T-MPLS NGN Next Generation Networks — cetu
4epes3 cethb Ethernet CJIEIyOLLEro NOKOIEHUs
MoO T-MPLS over OTH — T-MPLS qe- N-ISDN  Narrowband Integrated Services Digi-
pe3 cers OTH tal Network — y3komnonocHas tud-
MoP T-MPLS over PDH — T-MPLS ue- poBast ceTh ¢ MHTerpanued cyxo (Y-
pe3 cers PDH LICUC)
MoR T-MPLS over RPR — T-MPL S uepes NJO Negative Justification Opportunity —
cets RPR BO3MOXHOCTb OTPULATENIEHOTO CO-
MoS T-MPLS over SDH — T-MPLS ue- riacoBanus (CKOPOCTH)
pes cerb SDH NM Network Management — ynipasie-
MPCP  Multi-Point Control Protocol — mpo- HHE CCTBIO
TOKOJI yTIPaBJIeHHs] MHOXKECTBOM Y3- NMI Network Management Interface —
0B uHTepdec CeTeBOro ynpasieHus!
MPLS  Multi-Protocol Label Switching — NMS Network Management System —
MHOTOIPOTOKOJIbHASI KOMMYTaIUs 10 CHCTEMA YIIPABJICHHUS CETBIO
MeTKaM NNI Network-Network Interface — un-
MPAS Multiprotocol Lambda Switching — Tepdeiic Mexy ceTavMu
MHOTOMPOTOKOJIbHASI KOMMYTALHsI NNI Network Node Interface — unrep-
ONTHYECKOH BOJIHBI Geiic y3na cetn
MPI-R  Main Path Interfaces — R, unrep- NORM  Normal Operating Mode — pexum
(eiic OCHOBHOTO TpakTa Ha Mpuéme HOPMaJILHOTO (DYHKIIMOHHPOBAHUSL
MPI-S  Main Path Interfaces— S, nnrep- (paGorer, 0GpadoTK)
(eiic OCHOBHOTO TpaKTa Ha mepeaade NPI Null Pointer Indication — nuaukanus
MS Multiplex Section — cexkiust MyJIbTH- HYJIEBOTO yKa3aTe/Id
TUIEKCUPOBaHHUS NR Network Operator — oneparop cetu
MS Maintenance Signal — curnain 06- nrt non real time — HepeanbHOE BpeMst
CIIyKMBaHUs NRZ Non Return to Zero — koxupoBanue
MSI Member Status — craryc yyacTHHKa 0e3 BO3BpAIIEHNS K HYITIO
MSOH  Multiplex Section Overhead — 3aro- NSAP Network Service Access Point —
JIOBOK CEKI[MH MYJIbTHILIEKCHPOBa- TOYKA J0CTYyIa CETEeBOro CepBHUCca
HUS OA Optical Amplifier — ontiueckuii
MS-REI Multiplex Section Remote Error YCUIIUTEINh
Indication — wHaMKaIKA ONTHOKK OADM  Optical Add/Drop Multiplex — onTu-
YZAJICHHO! CTOPOHBI CCKLIUH MYIBTH- YeCKUI MyJIBTHILIEKCODP BBOIa/BBIBO-
IJIEKCHPOBAHUSI na
MS-SPRing Multiplex Section Shared Protected OAM Operation, Administration, Mainte-
RiNgs — 3amura ceKnuu MyJIbTHII- Nance — 3KCIuTyaTalysl, ypaBJieHne
JIEKCHPOBAHHs B KOJIbLIEBON CETH aJIMUHUCTPUPOBAHUE U TEXHUYECKOE
MST Member Status field — nose crary- o0cIyKuBaHue
Ca yJacTHHUKa OocCcC Optical Channel Carrier — necymas
MST Multiplex Section Termination — OIITHYECKOro KaHajia
OKOHYaHHE CEKLIUH MYJIbTUILIEKCH- OCCo Optical Channel Carrier-overhead —
poBaHUA 3aroJIOBOK HECYLIEH ONTUYECKOIo Ka-
MUX Multiplex — mysbTHIIIeKCHpOBaHTE Haja
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ocCCp

OCCr

OCDM

OCh

OChr

OCG-n

OClI

0OCXO

ODI
ODMX

ODTUG

ODUK

ODUKk-
TCM

ODUK-Xv

OEl

OH
OMS

OMS-OH

OCC-payload — narpyska Hecymiei
OINTHYECKOro KaHaja

OCC with reduced functionality —
HecyIasi ONTHYECKOTro KaHaja C yI-
POLIEHHBIME (QYHKITUSIMA

Optical Code Division Multiplexing
— ONTHYECKOE MYJIbTUILICKCUPOBa-
HHE C KOJIOBBIM pa3fieieHueM

Optical Channel with full functional-
ity — onTHYeCKHi KaHaI C MOJHOM
(YHKIIMOHATIBHOCTBIO

OCh reduce functionality — onTnue-
CKHH KaHaJl ¢ YIPOIIEeHHON (QyHKITHO-
HaJIbHOCTBIO

Optical Carrier Group of order n —
rpYINAPOBAaHKE ONTHYECKUX HECY-
[IMX YaCTOT MOpsKa N

Open Connection Indication — uxau-
KalMsi OTKPBITOTO COSAMHEHUSI
Oven-Controlled Crystal Oscillator
— TepPMOCTaTHPOBAHHBINA KBapLEBBIN
TeHeparop

Outgoing Defect Indication — unau-
Karus nedexra Ha BBIXOe

Optical DeMultiplex — onruueckuit
JeMYJIbTHILIEKCOP

Optical channel Data Tributary Unit
Group — rpyrina KOMIIOHEHTHBIX
0JIOKOB TAaHHBIX ONTHYECKOTO KaHasa
Optical Channel Data Unit k — 610k
JAHHBIX ONTHYECKOr0 KaHaua mopsii-
ka kK

ODUk Tandem Connection
Monitoring — 610k JaHHBIX ONTHYE-
CKOTO KaHaJa, MOJJIep>KUBAIOIIHI Ha-
6sonerne (MOHUTOPHHT) TTAPHBIX
(TaHIEMHBIX) COEIMHEHMI

X virtually concatenated ODUks —
BUPTYyaJbHas clenka X-0I0KoB
ODUks

Outgoing Error Indication — nnauka-
sl OJIOKOBBIX OIIMOOK IO BEIXOAY

Overhead — 3aronosok
Optical Multiplex Section — cekrust
OINTHYECKOTO MYJIbTHILIEKCHPOBAHUS

Optical Multiplex Section Overhead
— 3aroJIOBOK CEKIIUH ONTHYCCKOIO
MYJIbTUIIJIEKCUPOBAHU

OMU

OMX

ONMI

00C

00S

OPS

OPUK

OPUk-Xv

0osC

oS

OSNR

OTDM

OTH

OTM

OTN

oTsS

OTS-OH

OTUk

OXC

PAD

PC

Optical Multiplex Unit — 6510k onTu-
YECKOI'0 MYJIbTHUIIJIEKCUPOBAHUA
Optical Multiplexer — ontuueckuii
MYJIbTUILJICKCOP

Optical Network Node Interface —
UHTepQEiiC y37Ia ONTHYECKO CeTH
Optical Connection Controller —
KOHTPOJIJIEP ONTUYECKUX COCIUHE-
HUH

OTM Overhead Signal — curnan 3a-
TOJIOBKa OIITUYECKOTO TPAHCIIOPTHO-
To MOAYJIA

Optical Physical Section — onruye-
cKast (pM3MYecKast CeKIHs

Optical channel Payload Unit k —
OJIOK I10JIE3HOI Harpy3kKku OIITU4YECKO-
ro KaHauna nopsiaka K

X virtually concatenated ODUks —
BHUpPTYyaJibHAasl KOHKaTeHAHs X-0J10-
xoB ODUks

Optical Supervisory Channel — kou-
TPOJIUPYIOIIMI ONTUYECKUN KaHaJl
Open System Interconnection —
BSaHMOHeﬁCTBHe OTKPBITBIX CUCTEM
Optical Signal-to-Noise Ratio — ot-
HOILIEHHME ONMTHYECKUH CUTHAI/ITYM
Optical Time Division Multiplexing
— ONTUYECKOE MYJIBTUIIJIIEKCUPOBA-
HHUE C BPEMCHHBIM pa3iCJICHUEM
Optical Transport Hierarchy — ontu-
YyecKast TPaHCIIOPTHAS HepapXus
Optical Transport Module — onrruye-
CKHI TPaHCIOPTHBIM MOYJIb

Optical Transport Network — omnru-
YeCKas TpaHCIIOPTHasA CETh

Optical Transmission Section — orm-
THYECKas TpaHCHOPTHAasA CEKIMA
OTS-Overhead — 3aronoBok onTu-
YeCKOIl TpaHCIOPTHOH cexIuu
Optical Transport Unit k — omTuye-
CKHIi TPaHCTIOPTHBIA 010K mopsiaka K
Optical xCross Connect — ontude-
CKasi KpoccoBasi KommyTanust (A —
KOMMYTAI¥is])

Padding — mosie 3anonHeHus Hemoc-
TArOIIEro MPOCTPAHCTBA Kaapa
Protocol Controller — xouTtpomep
MIPOTOKOJIA
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PCC Protection Communication Channel PRBS Pseudo Random Binary Sequence —
— KaHaJl 3aIUThl COeTMHECHHS TCeBROCTyYaiiHas OUHapHas mocie-
PCR Peak Cell Rate — mukoBast ckopocTh J0BaTeJILHOCTD
TIeeK PRC Primary Reference Clocs — nepsuu-
PCS Physical Coding Sublayer — nomypo- HBII TaJOHHBIH (TaKTOBBIN) TeHepa-
BeHb ()3UYECKOTr0 KOAUPOBAHUS TOp
PDH Plesiochronous Digital Hierarchy — PRCA Proportional Rate Control Algorithm
TUIE3NOXPOHHAs U(POBast HepaAPXHUs — anroputm TIOJIOKHTEIBHO 06par-
PDU Packet Data Unit — 610k makeTHBIX HOM CBA3H C NPOLIOPUHOHATLHEIM
JQHHBIX yIrpaBJjieHueM
PDU Protocol Data Unit — npoTokosibHbIH PROM Programmable Read-Only Memory
OJIOK JTAaHHBIX — CTHpaeMas SHEproHe3aBUCHMas
. aMsITh
pFCS payload Frame Check Sequence field .
— M0JI€ 3aBEPLICHUS TOJIb30BaTEIb- PS Passed Source — nportymeHHblit uc-
CKOH Harpy3ku TOYHUK (l'[E-iKeTOB)
PFI Payload FCS Identifier — unentudu- PSC Packet Switch (Eapable— BO3MOXK-
KaTop HAIHYHsI KOHTPOIGHON CYyMMBI HOCTE NAKETHOM KOMMYyTalli
TOJIST [IOME3HON Harpy3Ku PSl Payload Structure |dentifier — unen-
PJO Positive Justification Opportunity — THQUKATOP CTPYKTYPEI HAIPY3KH
HOJIOXKUTEIBHOE COTIACOBAHHE CKO- PT Payload Type — tun Harpysku
poctu PTI Payload Type ldentifier — npenTu-
PLCP Physical Layer Convergence Proce- (pukatop THIA MONE3HOH HArPy3KH
dure — mpouenypa ciausHus ¢ Husn- PTR Pointer — yxasatenb
1ECKUM YpOBHEM PvC Permanent Virtua Circuit — nocro-
PLD Payload — uarpyska SIHHBIM BUPTYaJIbHbINA KaHa
PLI PDU Length Indicator — nuaukaro- QAF Q-Adapter Function — ¢yHxuus
pa UTHHBI IPOTOKOJIBHOT'O T0JIb30Ba- Q-anantepa,;
TENbCKOro OI0Ka JaHHBIX QoS Quality of Service — kauectBo 00-
PLM Payload Mismatch — HecooTBeTcT- ciyxuBanust (ceppuca)
BHE [I0JIC3HOM HArpy3KHu 1R Re-amplification — BoccranoBnenue
PM Path Monitoring — uaGironenne aMIUIUTY B (yCHIIEHHE)
TpakTa 2R Re-amplification, Re — shaping —
PMI Payload Missing Indication — uumu- YCHIIEHHE U BOCCTaHOBIIEHUE (HOPMBI
Kalusi Iponaianus HarpysKu 3R Re-amplification, Re — shaping, Re-
PMOH  Path Monitoring Overhead — 3arosno- timing — ycuneHue, BOCCTaHOBJICHUE
BOK HaOJIOJICHUsI TPaKTa (dopMBI 1 ycTpaHeHUe (a3oBbIX IpO-
ppm part per million — muiuonHas Kot KAHHUH
PNNI Private Network Node I nterface — ua- RAM Random Access Memory — namsts ¢
CTHBII HHTEp(eEHC CeTeBOro y3ia TIPOM3BOJILHBIM J0CTYIIOM, SHEProHe-
PNNI Private Network-to-Network I nterface 3aBUCHMasl [IaMATE NaHHBIX, CTaTHE-
— uHTepdeic Mex/1y YaCTHBIMHU Ce- ckas
TIMH RC Routing Controller — xonTtpomep
POH Path Overhead — tpaxrtoBerii (Map- MapIpyTH3ALHH,
LIPYTHBIH) 3arOM0BOK RCD Routing Control Domain —
PON Passive Optical Network — naccurast obacts (HOMeH)VpraB JICHIA
ONTHYECKas CETh MapLIpyTH3ALACH
PPP Point-to-Point Protocol — mpoTokon RCD Receive Clock Deviation — orkuore-

«TOYKa—TO4YKa»

HHU€ TIOYyYEHHOr0 CHHXPOCUTHAA (0T
HOPMBI)
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RDB

RDI

REI

RES

RFC

RFI

RI

RLL

ROADM

ROM

ROSE

RP

RPR

RS

RSA

RS-Ack

RSOH

RST

RSVP-TE

rt

Routing Information Database — 6a-
3a JaHHBIX MH(GOPMALIUK MapIIpyTH-
3aliH.

Remote Detect |ndication — unguka-
oust ne(beKTa Ha y1aJICHHOM KOHIIE
Remote Error Indication — unauka-
sl OIIMOKY Ha yJaJeHHOM KOHLIE
Reserved (for future international stan-
dartization) — peseps (st Oyaymieit
Me)l(]lyHapO)IHOﬁ CTaH}lapTI/BaLH/II/I)
Request For Comments — 3anpoc
JJI1 KOMMEHTapUueB

Remote Failure Indication — nnu-
Kalys HEUCIPaBHOCTU YAAJI€HHOM
KOHIIE

Ring Identifier — unenrudukarop
KoJibL1a

Radio Local Loop — cucrema abo-
HEHTCKOI'O paanuoaocryna
Reconfigurate OADM — niepectpan-
Baemblii OADM

Read Only Memory — nocrosinaoe
3allIOMHHAroIee YCTPOIZCTBO

Remote Operation Services Element
— DJIEMEHT 00CITy)KUBaHUS yIaJeH-
HBIX Onepauui

Routing Performer — ucrnonuurens
MapupyTusalun

Resilient Packet Ring — 3amuiae-
MOE€ ITAKE€THOE KOJIBIO MJIU ITAaKETHOEC
KOJBIIO C CAMOBOCCTAHOBJICHUEM
Reed-Solomon — Pua-Cosnomon
(650x KOHEpa-neKoaepa Puna-
CosoMoHa)

Re-Sequence Acknowledge — Boc-
CTAaHOBJICHHUE ITOCJICA0BATCIIBHOCTHU
Re-Seguence Acknowledge — noa-
TBEPKAECHUE BOCCTAHOBJIEHUS TTOCIIC-
JAOBATCIBHOCTHU

Regeneration SOH — 3aroioBok cek-
U1 pereuepanuu

Regenerator Section Termination —
OKOHYaHUE CEKIIUU PEreHepaliun
Resource Reservation Protocol —
Traffic Engineering — mportokosn pe-
3€pBHUPOBAHUS PECYPCOB — MPOEKTH-
poBaHue Tpaduka

real time, peasbHOE Bpemst

SANs

SAPI

SAPI

SAR-PDU

SDH

SDXC

SE CBR

SETS

SFD

SL

SLA

SM

SMOH

SMX

SN

SNAP

SNC

Source Address — aapec ncTovHHKA
Storage Area Networks — certu xpa-
HEHUs! JaHHbBIX (CepBephI yCIyT, 6a3sl
JIAHHBIX)

Source Access Point Identifier —
UJICHTH(UKATOP UCTOYHHKA (TIepe-
JaTYKMKa) TOYKHU JOCTYTA

Service Access Point |dentifer — unen-
TH(PHUKATOP TOYKU JOCTYTIA K CEPBHCY
Segmentation and Reassambly
Sublayer — noxypoBeHb cermeHTa-
WU U COOPKH

Segmentation and Reassambly
Sublayer — Protocol Data Unit —
MPOTOKOJbHBIN OJIOK IAHHBIX IS T10-
JYPOBHSI CErMEHTALMU U COOPKU
Service Class — kiacc o6cimyKiUBaHHs
Sustainable Cell Rate — noxnepxu-
BaeMasi CKOPOCTh sIeeK

Synchronous Digital Hierarchy —
CHHXPOHHasl I (pOBasi nepapxus
Synchronous Digital Cross-Connect
— CHHXPOHHBIH IH(PPOBOH KpOCCo-
BBl KOMMYTaTOp

Severely Errored Cell Block Ratio —
OTHOILICHHE OJIOKOB siYeeK C Cepbés-
HBIMH OIIMOKaMH K 00IIeMy 4ucity
0mokoB staeek ATM

SDH Equipment Timing Source —
MCTOYHUK TakToB ammaparypsl SDH
Start Frame Delimiter — navanbHbiii
OTpaHUYUTEINb KaJpa

Signal Label — metka curHana
Service Level Agreement — coruna-
LIeHue o (rapaHTUPOBAHHOM ) YPOBHE
00CITy)KBaHUS

Section Monitoring — nabmnonexue
CeKLUH

Section Monition OH — 3aromnoBok
CEeKLIMH HaOIIOICHUS

Synchronous Multiplexer — cun-
XPOHHBIN MYJIBTHILIIEKCOP

Segment Number — mopsiikoBbIit
HOMeEp

Subnetwork Access Protocol — mpo-
TOKOJI JOCTYTIa B TIOJICETh
Subnetwork Connection — coexune-
HUE TOJICeTH
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SNC/P  Subnetwork Connection Protection — STAT Status — cocrosiHue
pe3epBUpOBaHHE/3aIUTa COENMHEHNS STM-N  Synchronous Transport Module N —
MOJICETH CUHXPOHHBINA TPaHCHOPTHBIN MOAYJb
SNC/I Inherently monitored Subnetwork nopsakxa N =0, 1, 4, 16, 64, 256
Connection protection — pesepsupo- STP Spanning Tree Protocol — nporokon
BaHHe/3aH.[HTa Ha YpPOBHE COCMHE- «oxBaTa ACPEBLEB>
HUS TIOACETEH ¢ BHYTPEHHUM MOHH- SvVC Switched Virtual Circuit — xommy-
TOpPHHT'OM TUPYEMBII BUPTYAJIBHBII KaHAI
SNC/N Non-intrusively Monitored Subnet- TC Tandem Connection — tangemuoe
work Connection protection — pe- COE/IMHENNE
3epBHPOBAHHE/3aIIIMTa Ha YPOBHE CO- TC-API  Tandem Connection Access Point
CAUHCHU S HOZ[CCTeﬁ oe3 BHYTPCHHETO |dent|f|er _ HHEHTI/I(i)I/IKaTOP TOYKHA
MOHUTOpHHIA JIOCTyTa TAHAEMHOTO COETMHEHHUS
SNC/S  Sublayer (tandem connection) moni- TCM Tandem Connection Monitoring —
tpred Subnetwork Connection protec- Ha6oeH1e (MOHUTOPHHT) TaHIeM-
tion — pesepBupoBaHue/3amKTa Ha HOTO COCTMHCHHS
YPOBHE COCIMHCHMNA TOACETEN C TCMOH TCM Overhead — 3aromnoBok Ha6io-
BHYTPECHHUM MOHUTOPUHI'OM TaHACM- JIEHHs] TAHAEMHOTO COETHHEHHS
HOTO COSHHCHIA TCP/IP  Transmission Control Protocol/Inter-
SNMP Simple NetW0[k Management Proto- net Protocol — mporokoi yrpasiie-
col — npoctoit mpoTokon yrpase- HUS Tiepesiavueil JaHHBIX/ MeKCeTeBo
HUs CETBIO HPOTOKOT
SNPP Subnetwork Point Pool — unenrigu- TC-RDI  Tandem Connection RDI — nsuixa-
KaTop ITyHKTa ITyJla HOACETH s aedeKTa Ha yaaaeHHOM KOHLE
SO Strict Order — napyienue mopsiaka TAHIEMHOTO COeIMHECHUSI
So Source — uCToYHUK (TepeaTarK) TC-REI  Tandem Connection REl — uaanka-
SOH Section Overhead — cexuuoHHbI# 3a- uust 6710K0B OLIMOOK HA Y AaNEHHOM
TOJIOBOK KOHIIE TaHJIEMHOI'0 COEIMHEHUS
SOLITON yenunenHas BoiHa TCXO  Temperature Compensated Crystal
SONET  Synchronous Optical Network — Oscillator — kapuesbili retiepatop ¢
CHUHXPOHHAsI ONTUYECKasl CeTh Te_M“eP?‘T}’P HOM KoMneHcaunen
SOP Start of Packet — nauano kanpa TDM Time-Division Multiplex — mMymsTi-
Pl SDH Physical Interface— g TAEKCHpOSAIIIE ¢ PASICTEIHEN 50
cxuii nnrepeiic SDH tHEC  type HEC — tun HEC
X fﬁggggfé}?ﬁ;ﬁiﬁ T MHHKATOP To- TIM Trace |dentifier Mismatch — mecoor-
BETCTBHE HACHTU(PHUKATOPA MapIIpyTa
SRC Secvond Refer?nce Clocks — sroputi- ™ Terminal Multiplex — Tepmunas-
Hb M_TaKTOB]’m TeHepaTop HBIH (OKOHEYHBI) MYJIBTHILIIEKCOP
SRP Spatial Reuse Protocol — nporokosn TMN Telecommunications Management
TMMOBTOPHOT'O MCITOJIL30BAaHUS IMOJIOCHI NetWOfk — CeTh yIpaB/IeHHs Telle-
TIpOTTy CKAHIs ) ) KOMMYHHKAaIUAMH (3JIEKTPOCBSI3bI0)
SRTS  Synchronous Residual Time Stamps T-MPLS Transport Multiprotocol Label Switch-
— CHHXPOHHAasA OCTaTO4YHasA METKa Ing — TPAaHCHOPTHAS MHOTOMPOTO-
BpeMeHH (PacXOXKIeHHUs] BO BPEMEHH) KOJTbHAs KOMMYTALIHS TT0 METKaM
SSF Server Signal Failure — nponaza- T-MPLSP Transport Multiprotocol Label
Hue/ommnbKa curHaia cepepa Switching end-to-end path supervi-
STag Service provider Tag — meTtka mpo- SION — TpaHCIOPTHAs. MHOTOIPOTO-
Baiinepa cetu Ethernet KOJIbHAS. KOMMYTALHsI 10 METKaM C
ST Segment Type — Tun cerMeHTa KOHTPOJIEM TPaKTa U3 KOHLIA B KOHEl]
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T-MPLST Transport Multiprotocol Label Switch-

TP

TPD

TR

TS

TSF

TTI

TTL
TU-n

TUG-n

TXTI

UBR

ubpP

ul
UNI

UPI

uu

VBR

VCG

VCI

VCOH

ing tandem connection monitoring —
TPaHCIOPTHAs MHOTOIIPOTOKOJIbHAS
KOMMYTALHs [I0 METKaM ¢ MOHHTO-
PUHIOM TaHAEMHOTO COEIMHEHHUS
Termination Point — touka Tepmu-
HUPOBaHUs (OKOHYAHHUS)

Tail Packet Discard — c6poc ocrar-
xoB makera, B cetd OTN o3Hagaer
tpancnonaep (TPD)

Trail Trace — merka Tpakta
Tributary Slot — koMoHeHTHBIIT
CIOT

Trail Signal Fail — curnan nospesx-
JIeHHS TpaKTa

Trail Trace ldentifier — unenTndu-
KaTop MaplIpyTa TpaKTa

Timeto Live — Bpemst xu3Hn
Tributary Unit-n — koMOOHeHTHBI
0JI0K ypOBHA N

Tributary Unit Group n — rpymnro-
BOI KOMITOHEHTHBIH OJIOK YPOBHS N
Transmitted Trace ldentifier — nepe-
JaHHBII UICHTH()UKATOP TpaKTa
Unspecified Bit Rate — neomnpene-
JieHHast OUTOBasi CKOPOCTh

User Datagram Protocol — neiira-
IpaMMHBIN TPOTOKOJI MOJIB30BATENs
Unit Interval — eanHnyHbIi HHTEPBAT
User-to-Network Interface — unrep-
(eiic monp3oBaTENb—CETh

User Payload | dentifier — unentudu-
KaTop MOJIb30BATENbCKOM HArpy3Ku
User-to-User - nmonp3oBaTesb MOJIb30-
BaTeio

Variable Bit Rate — nepemenHast
CKOPOCTh B OHUTaX

Virtual Concatenation — BupTyasb-
Hasi cuenka (KOHKaTeHaLus)

Virtual Container-n — BUpTyalbHBIH
KOHTeliHep nopsiakan=1, 2, 3,4
Virtual Concatenation Group —
rpyInIa BUPTYaJbHOH KOHKaTeHAIUH
Virtua Circuit Identifier — nnentn-
(buKaTOp BUPTYAJILHOTO KaHama
Virtual Concatenation Overhead —
3aroJI0BOK BUPTYaJbHOH KOHKaTeHa-
s

VCPT

VDSL

VHDSL

VOA
VPI

WAN

WDM

WE

WiIMAX

WS
WSF

WSS

APCC
ATC
ALl
BX4Y
B3I
BIK
res
I'YH

ECC

Virtual Concatenated Payload Type —
THI Harpy3KH BUPTYaJIbHON KOHKATe-
Halu

Very high-bit-rate DSL — cBepxBbI-
COKOCKOpOCTHasI I(poBasi aOOHEHT-
CKast JINHUS

Very High datarate DSL — uudpo-
Basi a0OHEHTCKasl JINHUS C OYeHb BBI-
COKOH CKOPOCTBIO Nepeiadll JaHHBIX
Variable Optical Attenuator — pery-
JIMPYEMbIN ONTUYECKUIM aTTEHI0ATOP
Virtual Path |dentifier — unentudu-
KaTop BUPTYaIbHOTO MyTH

Wide Area Network — rioGansHast
(TeppuTOpHANbHAsT) pacipenenéHHas
ceTh

Wavelength Division Multiplexing —
MYJIbTHIUIEKCUPOBAHHE C Pa3/ieNIeHH-
€M 10 JUTHHE BOJTHBI

Wrap Eligible — Bo3moxxHOCTB yrIa-
KOBKH

Worldwide Interoperability for Mi-
crowave Access (Wireless MAN Ex-
change) — mexayHapomHoe B3anMo-
JEeHCTBUE AT MUKPOBOJIHOBOTO J0C-
Tyna (6ecripoBojIHast FOPOJCKast CeTh
oOMeHa COOOICHHUIMU)

Work Station — paGouast craHuus
Work Station Function — ¢yakumu
paboueil CTaHIMY CETH yNpaBIeHUS
Wavelength Selective Switch — ce-
JIEKTUBHBIN BOJTHOBOM KOMMYTATOp

ABTOMAaTUYECKas paClpeACINTE/IbHAsA
CHUCTEMA CUHXPOHU3allUH

aBTOMaTruveckas Tene(oHHas CTaH-
Hs

aHaJoroBo-1udpoBoii mpeodpazoBa-
TEb

Bboysa-Yoyaxypu-XokBeHrema (Koau-
poBanue)

BTOPHUYHBIN 3a7atoLInii TeHepaTop
BTOPUYHBIN HU(PPOBOI KaHAI
reHepaTop CeTEeBOro 31eMEHTa

TeHepaTop, YIpaBIsIeMbId HampshKe-
HUEM

Enunas Cerp CBsizu



266 CMUCOK COKPAILLEHWN
HUKM HMMITYJIbCHO-KOJOBasi MOAYJISIIUS MUK MEePBUYHBIN UGPOBOM KaHAT
ny UHTETPUPYIOLIUHI YCUIINTEIND oor TIePBUYHBIA ITAIOHHBIN FreHepaTop
KTY KaHaJl TOHaJIbHON 4acTOThI U MePBUYHBINA 3TaJIOHHBIA UCTOYHUK
K3 KOMMYTA[OHHBINA JIEMEHT (6] CETEBOM dIIEMEHT
JO[ JIABUHHBIN PoTOANON THY TPaHCUMIIEAAHCHBIH YCUITUTENb
MMB MHOT'OMOIOBOE BOJIOKHO TCC TaKTOBAs CETeBasi CHHXPOHHU3ALUS
MC3-T  cexrop TenekommyHukanuii Mexny- THOK TPeTHYHBIH U(POBOH KaHAT
HapoaHoro Coro3a DneKTpoCBs3H Y-ICUC y3komnonocHas 1uppoBas ceTh ¢ UH-
MCO-T Terpauuen ciryxo
OKC Ne 7 obuiekananbHasi curaau3arus Ne7 LAI H(PO-aHATOrOBBIE TPeoGpazoBaTEeNb
OMB 0JIHOMOJIOBOE BOJIOKHO LHCUC  uudposas ceTh ¢ MHTErpaLHeit
OYc OINTUYECKHE YCUITUTETN CItyx0
OLK OCHOBHOM IIM(pOBOI KaHAI LHCUY  uudposas ceTs ¢ HHTETpaLNel yCIyT
oMa NOJIApU3aLMOHHAs MOJOBas IUCIIEP- YK 4yeTBepUUHBIH 1(poBoil KaHan
CHsA H-IICHUC mupoxononocHas LICUC
oM TepPEeAOLINil ONTHYECKHiT MOLYTb JAMTC »>neKkTpoHHas aBTOMaTHUYECKas MEX-

IpOM

MPUEMHBIA ONTUYECKUI MOLYJIb

IYroponHss TenedoHHast CTaHIUs
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