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COBPEMEHHBIX TEJIIEKOMMYHUKAIMOHHBIX CHUCTeMax JocTymna. JlaHHOe MeToluue-
CKO€ yKa3aHHE HaIlpaBJICHO Ha (JOpMHUPOBAHUE Y CTYACHTOB CIEAYIOMHMX Mpodec-
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1 Ilenm paboTsl

- M3y4YCHHUE BHUJOB U THUIIOB CUHXPOHHU3ALMUA OINTUYECKUX TPAHC-
ITIOPTHBIX CETEM;

- U3YYEHHUE BUJOB OpPraH3allMu YIIPABICHUS ONTUYECKX TPaHC-
IIOPTHBIX CETEH;

- OCBOCHHME METOJIMKU pacu€ra KayeCTBAa CUHXPOHU3ALMU TPaHC-
IIOPTHOM CETHU.

2 Kparkue TeOpeTU4eCKUE CBEACHUS

CoCTaBHOM 4YacCThIO TPAHCIOPTHBIX CETEU CBSA3U SIBISIOTCS CETH
CUHXPOHH3ALIMU U CETU YIIPABJICHUS, KOTOPBIE CTPOATCSA B COOTBETCTBUU
¢ MmexxayHapoaasiMu ctangapramu: 1ISO/OSI, IEEE, ITU-T (MCD-T) u
T.J.

OCHOBHBIMU CTaHJAPTAMU, OMNPEACISIONIMMU ITOCTPOCHUE CETEU
takToBOM cunxponuzauuu (TCC), mpuszHanbl ctanaaptel MCO-T:

- G.781, Synchronization layer functions — ¢pyHKIIIE YpOBHS
CUHXPOHU3AIUH;

- G.810, Definitions and terminology for synchronization networks
ONPENECICHUS U TEPMUHOJIOTHS ISl CETEH CHHXPOHU3AIINH;

- G.811, Timing characteristics of primary reference clocks — xa-
PaKTEPUCTUKHU TAKTOB MIEPBUYHOIO 3TAJIOHHOTO T€HEPATOPA;

- G.812, Timing requirements of slave clocks suitable for useas
node clocks in synchronization networks — TpeGoBanus mo BeIOOpY y371a
TaKTOBOU CETEBOM CUHXPOHU3AIINHY;

- G.813, Timing characteristics of SDH equipment slave clocks
(SEC) — xapakTepuCTHKH TaKTOB 000pya0BaHMs cHHXpoHM3armn SDH.

JIns MOCTpOEHUSA CETH CUHXPOHU3AIUM B KaXKJIOW U3 TPAHCIIOPT-
HBIX TE€XHOJIOTMU pa3pabOTaHbl CHENUAIbHBIE CTAHIAPTHI, KOTOPHIE CO-
IJIACOBAHBI C BBIIIE NEPEUNCICHHBIMU. K HUM OTHOCSTCS:

- no cuaxponusanuu cetn SDH - G.803, Architecture of trans-
port networks based on the synchronous digital hierarchy (SDH) — apxu-
TEKTYpbl TPAHCTIOPTHBIX CETEH, OCHOBAHHBIX HA CUHXPOHHOU IU(PPpOBOIt
UEpAPXHUH;

- no cuaxponusanuu cetn ATM — 1.361, B-ISDN ATM adap-
tation layer specification type 1 — cienmudukaiys nepBoro THIa ajanTta-
rmonHoro ypoBus ATM; 1.432, B-ISDN user-network interface — physi-
cal layer specification — cnenmdukarus GU3NIECKOT0 YPOBHS IMITUPOKO-
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nosiocHoi nudpoBoit cetu ¢ unrerpanuent ycnyr HI-IICUC na unTep-
deiice «IMOJb30BaTEIb-CEThY;

- no cunxponm3aiuu cett OTN-OTH - G.8251, The control of
jitter and wander within the optical transport network (OTN) — koHTpoJIb
JDKHTTEpa W BaHJEpa B ONTHYEeCKoM TpancnopTHou cetr; G.798, Charac-
teristics of optical transport network hierarchy equipment functional
blocks — xapakTepucTHKN (QPYHKIIMOHAIBHBIX OJIOKOB 00OPYIOBaHMS OTI-
TUYECKOU TPAHCIIOPTHOU UEPAPXUU;

- no cuaxponusanuu cetu Ethernet - G.8261, Timing and syn-
chronization aspects in packet networks — acmekThl TakKTHpOBaHUSA U
CHHXPOHM3AIMN B makeTHhIX ceTax; G.8262, Timing characteristics of
synchronous ethernet equipment slave clock (EEC) — xapakrepuctuku
TaKTOB reHeparopa odopynoBanus Ethernet.

OCHOBHBIMH crangapTaMu, OIIPCACI/AIOIUMHA ITIOCTPOCHHUC ceTen
yIpaBJIeHUs, TaK)Ke Mpu3HaHbl crangapTel MCO-T cepun M, u3 KoTO-
poix pynaamentansabiM cuntaor M.3010, Principles for a telecommu-
nications management network — mpuHIMIIBI ceTel yIpaBJICHHS Telle-
koMmyHuKanusamu 1 M.3060, [IpuHOUIBL yIIpaBlIeHUsT CETMH TOCIE-
JIYIOLIUX MOKOJICHUH.

I[J'IH IMOCTPOCHHUA CCTU YIIPABJICHUS B Ka)KILOfI N3 TPAHCIIOPTHBIX
TE€XHOJIOTUH p213pa60TaHBI CIICHHUAJIBHBIC CTAHAAPTBI, KOTOPLIC ABJIAKOTCS
IMPpOAO0JIDKCHUCM (bYH,Z[aMeHTaJII)HBIX. K suMm oTHOCSTCH.

-mio ympasienuto cetbto SDH - G.784, Synchronous Digital Hie-
rarchy Management, G.773 - Protocol Suites for Q-Interfaces for Man-
agement of Transmission Systems, G.774, Synchronous digital hierarchy
(SDH) DManagement information model for the network element view;

- o ympasienuto cetbio ATM - 1.371, Traffic control and conges-
tion control in B-ISDN, 1.751, ATM Management of the Network Ele-
ment View;

- o ynpasienuto cetetio OTN-OTH - G.874, Management aspects
of the optical transport network element, G.874.1 Optical transport net-
work (OTN): Protocol-neutral management information model for the
network element view;

- o ympasiieHuto cetbio Ethernet - G.8011/Y.1307, Ethernet over
Transport -Ethernet services framework, G.8012/Y.1308, Ethernet UNI
and Ethernet NNI;

- o ympasieHnuro cetbio T-MPLS - G.8151, Management aspects
of the T-MPLS network element.

JIro0ast nudposas cucrema B CBOEH OCHOBE TPEOYET TaKTOBBIN 3a-
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AN TEeHEPATOpP, KOTOPBIA JOJDKEH CHUHXPOHH3UPOBATh BCE BHYT-
PEHHHE W BHEIIHHUE Omepaluu no oopaboTke 1udpoBbIx JaHHBIX. Hau-
OOJIBIIIE CJI0KHOCTH B IU(MPPOBBIX CHUCTEMax BO3HUKAIOT, KOTrjJia HEOO-
XOJIUMO HAJAIUTh B3aUMOJICHCTBHUE PA3IUYHBIX B CBOEH OCHOBE IU(]PpO-
BBIX CHCTEM, T. €. CUCTEM C pPa3JIMYHbIMU TAaKTOBBIMU T'€HEpATOpAMHU U
(GYHKIIMOHAIBHBIMU  peaIM3alusiMU (CUCTEMBI TIEpeayd M KOMMYTa-
uuu). Jlaxke BHYTpH OJHOUM CHUCTEMBI, HAlpPUMEpP, CHUCTEMBI MEpPEaayH,
TpeOyeTCs CHUHXPOHU3UPOBATH MPUEMHHUK CHUTHAJla C TEpeJaTYUuKOM
(TakTOBBIM CHUHXPOHU3M, IIUKJIOBOW CHHXPOHU3M, CBEPXIIMKIOBOM CHH-
xpoHu3M). [IprumeHeHne pa3HBIX TAKTOBBIX T'€HEPATOPOB MOXKET IO-
BJIeUb 3a COOOU cOOM mepeaayu, €Ciau He MPOU3BECTH MPUHYAUTEIHHON
CUHXPOHM3AIIMU TE€HEepaTopa IMPUEMHHUKA TI'E€HEPATOpPOM MepeaaTyuKa.
[Ipu 3TOM Ha CTaOMJIBHOCTH YaCTOT T€HEPATOPOB HA 0OOMX KOHIAX JIU-
HUU TUPPOBON mepeaayu OyayT BIUSATH pazivndHbie Puzndeckue Qak-
TOPBI, KOTOPBIE BBI3BIBAIOT APOKaHUE (a3bl XPOHUPYIOIIUX UMITYJIHCOB.
Otumu dakTopaMu SBISIOTCS: IIYM M TIOMEXH, ACHCTBYIOIINE HA IEMh
CUHXPOHHU3AIMU B MIPUEMHUKE; U3MEHECHUE JJIMHBI TIyTH Tepe/ladyn CUT-
Haja 0OYCIJIOBJICHBI TeMIIEpaTypHBIMU Tepenanamu, pedpakiyet B at-
Mocdepe U T. 1., IBMEHEHUE CKOPOCTH PACIPOCTPAHEHUs] CUTHAJIOB B
dbuznyeckoil cpese (B MPOBOAHBIX U OCCIPOBOHBIX JIMHUSAX); HApYyIIIe-
HUE PETYJIAPHOCTH MOCTYIUICHUS XPOHUPYIOIIeH uH(OpMaIUu; AOTIe-
POBCKHE CABUTU OT MOABUKHBIX OKOHEYHBIX YCTPOMCTB; MEPEKIIOYCHHUS
B JIMHUAX (CpabaThiBaHWE ABTOMATHYECKOTO PE3E€pPBUPOBAHUSA); CHUCTE-
MaTHYECKUE JIpokaHus Gas3bl MU(PPOBOrO CUTHAJIA, BOSHUKAIOIINE B pe-
reHeparopax (IOBTOPUTENSX) U T.J.

2.1 OnpeneneHust TAKTOBOM CETEBON CHHXPOHU3AIIUH

Tepmunsl u onpenenenuss TCC nepBOHAYAIbHO MPUBEICHBI B pPe-
koMmeHgaiuu MCO-T G.810. Psa TepMUHOB U omnpeaesieHui, KOTOphIE
HEOOXOJMMBI ISl JAIbHEUIIET0 HW3JIOKEHUST MaTepuaia, MPUBEICHBI
HUKE.

TakToBas cereBas CUHXPOHM3AIMS MPEACTABISIET COOOM OJUH U3
BUJIOB CHHXPOHM3AIMU, HEOOXOAUMOM 11 oOecrieueHusl (PyHKIIMOHU-
poBaHUSl HUQPPOBBIX CUCTEM MEPEeAAuYd U KOMMYTaluu. TakToBasi CHUH-
XPOHM3ALMS — 3TO MPOIIECC TOUHOTO BPEMEHHOT'O COOTBETCTBUS MEKIY
MPUHUMAEMbIM CUTHAJIOM M TOCJIEJ0BATEIIbHOCTHIO TAKTOBBIX HUMITYJIb-
coB [3].

B uudpoBbix cucremax nmoHstue "CUHXPOHU3M'" TECHO CBSI3aHO C
NOHITHEM "TIpocKanb3biBanus" (SIips).
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[Ipockanb3piBaHUE - UCKIIOYEHHUE WJIM MOBTOPEHHE B LU(PPOBOM
CUTHAJIE OJIHOTO WJIM HECKOJIbKUX OUT, MPOUCXOJSIIEE BCICICTBUE Pa3-
JUYUS B CKOPOCTSIX 3alKUCU U CUYMTHIBAHUS JBOMYHBIX JAaHHBIX B Oydep-
HBIX yCTPOMCTBAX.

[Ipockayib3bIBaHUE MOKET OBITh YIPaBISIEMBbIM WU HEyIpaBlisie-
MBIM.

[Ipockanbp3biBaHUE, KOTOPOE HE MPUBOJIUT K COOIO IIUKIOBOM CHH-
XPOHM3ALINM, HA3bIBAIOT yIpaBiasieMbiM. [Ipu 3TOM cuUTHaiI ¢ MOTEPSMHU
BOCCTAHABJIUBAET CUHXPOHU3M.

[Ipyu HeympaBisieMOM MOPOCKAJIb3bIBAHMM MOMEHTBHI MOTEPU U TO-
BTOPEHMUS NO3UIUHN B IU(YPOBOM CUTHAJIE HEBOCTIOJIHUMBI.

KonnuecTBO mpocKaib3bIBaHUH SIBIISIETCS MIPEIMETOM HOPMHUPOBA-
HUS U CIIY)KUT OCHOBOM ompejiesieHus: TpeOOBaHUI K TaKTOBBIM T'e€HEpa-
TOpaM CETH CUHXPOHU3AIINH.

HopMupoBanue mnpocKalb3bIBaHUNW BBEJACHO C PEKOMEHIAINU
MCO-T G.822 nmns craHmapTHOro HUGPOBOTO YCIOBHOTO 3TaJOHHOTO
coequHenuss amuHOM 27 500 KM ocHOBHOro mmdpoBOoro kaHama 64
KOUT/C MeXy a0OHEHTCKHUMH OKOHYAHUSIMU. IDTO COCAMHEHUE Mpe.i-
CTaBJIIET COOOW COEIMHEHUE JIBYX HAIIMOHAJIBHBIX CETEH uepe3 He-
CKOJIBKO MEXKJIYHApPOIHBIX TPAH3UTOB M HACUUTHIBAET B OOIIEH CIOKHO-
CTU 110 13 y3/0B W CTaHUUM (M3 HUX MATh LIEHTPOB MEXKIyHAPOIHOU
KOMMYTallMd U HAa KaXXJI0M HaIlMOHAJIBHON CETH MO TPETUYHOMY, BTO-
PUYHOMY Y MIEPBUYHOMY IIEHTPY KOMMYTAIIUHN ).

B TakoM coelMHEHU MOXKET MTPOUCXOIUTh:

a) He Oojee MATH MPOCKaIb3bIBaHUM 3a 24 4Yaca B TEUECHUE
98,9% BpeMeHu padboThI;

0) Oonee msATH MpoOCKadb3biBaHUM 3a 24 yaca, HO MeHee 30 3a
oJIMH 4ac B TeueHunel % BpemeHu paboThI;

B) Oonee 30 mpockanb3piBaHui 3a oauH yac B TedeHue 0,1%
BPEMEHU padOTHI.

Bpewms pabotsl - He MeHee oHoro rojaa. KauectBo, 0003HaUeHHOE
a), COOTBETCTBYET ICEBIOCHUHXPOHHOMY pexxkumy cetu. KadectBo, 000-
3HAYEHHOE 0), OIIEHUBAETCS KaK MMOHMKEHHOE KaueCTBO, MPU KOTOPOM
coxpansercsa Tpaduk. KauectBo, 0003HaU€HHOE B), CUMTACTCSI HEYJIOB-
JICTBOPUTEIIBHBIM U COOTBETCTBYET HAPYIIICHUIO COCTUHCHHUS.

®a30BbIe IPOKAHUS — KPATKOBPEMEHHbBIC OTKJIIOHECHUS 3HAYaIInX
MOMEHTOB HU(POBOr0 CUTHAJIA OT MX HJCANbHBIX MOJIOKEHUH BO Bpe-
MeHd. Ecnu gactora otkimoHeHuit npessimaeT 10 ', To UX Ha3bIBaIOT
mxurTepom (Jitter). Eciu wactota oTkinoHeHui He npesbimaet 10 I, To
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UX Ha3bIBalOT Onykmanusmu uiau Bauzepom (Wander). Ha Pucynke 1
MPEJICTABICHBl XapAKTEPUCTUKA UMITYJILCHOTO CUTHAjlda C MU3MEHEHUEM
3HaYalIuX MOMEHTOB.

B coBpeMEHHON TEXHOJIOTHUM KOHTPOJS IMOJy4YUJia PACIpPOCTPAHE-
HUE TIPaKTUKA U3MEPEHUS aMIUIUTY bl APOKaHUs IUu(POBOro cUrHasia B
€MHUIIAX BPEMEHU: aOCONIOTHBIX (MUKPOCEKYH/IbI) MU MPUBEICHHBIX
— equunyHbIx uHTEepBanax (Unit Interval). OgHuM eIMHMYHBIM HHTEP-
BAJIOM Ha3bIBACTCS BpeMs, HEOOXOIUMOE ISl Mepedayud OJHOro OuTa
uH(popmMaIuu ¢ 3aJJaHHOU CKOPOCThIO MIEpeaadHu.

W cTouyHMKaMu TaKTOBBIX CUTHAJIOB B IIU(POBBIX CUCTEMAX U CETIX
SBJISIFOTCSL TAKTOBBIE T'€HEPATOPHI, KOTOPbHIC MOJPA3ACIAIOTCS Ha Iep-
BUuHbI ATanoHHbii (II3I7), Bemombiil/BTopuuHbIi 3amaroniuit (B3D),
reHepatop cereBoro annementa (I'CD).

Yuciao npocKaib3bIBaHUM, KOTOPHIE BO3HUKAIOT U3-3a YXYAIICHUS
KayecTBa CHHXPOHU3AINH, ONpeersieTcs cienytomnieit popmyroi [3]:

Yuco nmpockanb3biBaHuil 3a 24 yaca =

= (4uCII0 CEeKYHJI 3a CYTKH) X (YHCII0 MUKIIOB B cekyHay) X (Df / fo),

(1)
rie (Df / f0) — TouHOCTh CHHXPOHH3AIIHH.

Ecimu poutensHOCTh 1mukiaa 125 MKC, IUKIIOBasg 4acToTa paBHa &
k', uncno cekyna B cytkax — 86 400, To yucno nMpocKanb3bIBAHUNA OTI-
penensieTcs:

Nipoox = 6,9 x 10 8 x (Df /f0) . (2)

CooTtHomieHue (2) MO3BOJISIET OMNPENETUTh CBSI3b HOpMAaTHBA Ha
MPOCKAJIb3bIBAHUS U TPeOyeMyl TOYHOCTh CUHXpoHu3aiuu. [lpu crta-
OWJIBHOCTH TAaKTOBOTO TeHepaTopa 2 x 10 Tapcno IIPOCKAJIb3bIBAHUM B
CYTKH COCTABUT:

Nipoex = 13,8 10 o €., BOSHUKHET OJHO ITPOCKAJIb3bIBAHUE 3a
72,5 CYyTOK, 4YTO COOTBETCTBYET TpeOoBaHui0 pekoMeHnanuu G.822.

[TepBuunslit 3TanoHHsi reHepatop (I13I7) — BrICOKOCTAOMIBLHBIN
TE€HEepPATOp, JOJTOBPEMEHHOE OTHOCHUTEIBHOE OTKIOHEHHUE YaCTOThI KO-
TOPOr0 OT HOMHMHAJIBHOTO 3HAYECHUS IMOJJICPKUBACTCS HE MPEBBIIIAKO-
M 1x10 ~ 'rpu KOHTpOIIE 0 YHHBEPCATBHOMY KOOPAHHHPOBAHHOMY
BPEMCHH.

Benomblii i BTopuuHbIi 3aaromuii reHeparop (B31) — renepa-
TOp, $aza KOTOPOro MOACTPAUBACTCS MO BXOJHOMY CHUTHAJy, MOIy4YCH-
HOMY OT TreHeparopa Oojiee BBICOKOIO WM TOro e kadectBa. B3I
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o0ecIeunBaeT, Kak MpaBUiio, BHICOKYIO KPAaTKOBPEMEHHYIO OTHOCUTEb-
HYIO CTaOWJIBHOCTH 4acToThl (Okosio 10 °...10 11) U CYIIECTBEHHO
OoJiee HM3KYIO0 OTHOCUTENbHO IIDI JOJNTrOBpeMEHHYI0 OTHOCHUTEIBHYIO
cTabubHOCTD (0Koi0 10 ~ °).

Amnnutyga Y
S(E) A Apoxawmia
(t) AxuTTEpa ungposoi
|| ‘ curHan
} | | Pa3max
NaeanbHbI#A oXuTTEpa

S(t) 4 3HaYaWMiA MOMEHT
TakToBasA
noCnegoBaTensHoOCTh

t
Pucynok 1 — Bpemennblie nuarpaMmbl IHPPOBOTO CUTHAIA

I'enepatop cereBoro snementa (I'CD) — CHUHXpOHU3UPYEMBIN
BHEIIIHUM CUHXPOCHUTHAJIOM Te€HepaTop (OOBIYHBIM KBaplUEBbI), MOMe-
miaembiii B mynbTuIuiekcopsl PDH, SDH, ATM, kpoccoBbIX KOMMYyTa-
TOpoB U T. 1. TakTel 'CD Tak ke moACTpauBarOTCs MO BHEIITHUE TAKTHI,
kak u B B3I, oqHako ux coOCTBEHHAss OTHOCHUTENbHAS JOJITOBPEMEHHAs
CTaOUIILHOCTH HE mpeBbiaeT 10 °

VYka3zaHHbIE TE€HEPATOPbl UMEIOT CIEAYIOIUE MepapXUUECcKue Mo-
JI0’KEHHUS 110 3HAYUMOCTHU B ceTu cuuxponu3zaruu (TCC).

1-i1 mm Beicmmid ypoBeHb uepapxun TCC — IIOI (Ha3biBaeMblii
HYJIEBBIM).

1-11 yp oBenb uepap xuu TCC- 119U (riepB MUHBIN 3TaJIOH HBIN HC-
TOYHUK ), HE sIBIsIIOIUiics coctaBHOM yacthio TCC, Hanpumep, HaBuUra-
uuoHHbIN cnyTHUK GPS wnu 1121 apyroii cetu.

2-11 ypoeHb uepapxuu TCC — B3I, koTopblii MpeacTaBIsOT KaK
TPAH3UTHBIA UM OKOHEUYHBIM M COBMEIAEMBIN C y3JIaMU aBTOMAaTHYe-
ckoii kommyTannu (YAK) u aBTOMaTM4eCKUMHU MEXKIYTOPOIHBIMU Te-
nedounsiMu ctaniusiMu (AMTC) unu uudpossimu ATC.

3-i1 ypoBenb uepapxun TCC — I'CD, Kk KOTOPBIM OTHOCSITCS MYJIb-
turekcopsl SDH, kpoccoBsie koMmmyTaTtopsl SDH, okoneunbie nudpo-
Bbic ATC.

M cTOUYHNKYM TaKTOBOTO CHHXPOHHM3Ma MOTYT OBITh BKJIIOUCHBI B
ompeesIeHHbIE ceTeBbie KOH(purypamuu u paznuunsie cetu TCC.

[lenTpanu3oBaHHasi CETh PACIPECICHUS] CUHXPOCUTHAIOB OT
equHcTBeHHOTO [IDI°. 9TO CHHXpOHHAsA CETh, B KOTOPOW 3HAYAIIUE MO-
MEHTBI CUTHAJIOB TOJCTPAUBAIOTCS TAKUM O00pa3oM, YTOOBI YCTaHOBUTH
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CUHXPOHU3M, NP KOTOPOM 3HAYallM€ MOMEHTHI MOBTOPSIOTCS C HEKO-
TOPOM CPEAHEW TOYHOCTHIO. DTO MPUHYAUTENIbHASI CHHXPOHU3UPOBAH-
Has CETh.

COBOKYITHOCTh HEHTPAIM30BAHHBIX MOJICETEN, KAk Ias U3 KOTOPBIX
conepxut II3I'. Ilpu orcyTcTBUM B3auMocBsizu Mexay 11317 Takas ceThb
CUHXPOHU3AIMU 00ECIEUNBACT MCEBIOCUHXPOHHBIN PEXKUM pabOTHI CO-
OTBETCTBYIOIIUX IIU(PPOBHIX MOICETEH.

ITne3uoxponnsiii pexxuM cetd TCC MOXKET BO3HUKH YTh B IIU(PO-
BOM ceTH, Korja reaeparop Beaomoro yizia (B3IN unu I'CH) noaHocThIO
TepsIET BO3MOXXHOCTh BHEIIHEW MPUHYUTEIBHON CHHXPOHU3ALMU U3-32
HapyIIeHUs KaK OCHOBHOTO, TaK U BCEX PE3EPBHBIX MyTEH CUHXPOHHU3A-
nuu. B 3ToM ciydae reHepatop nepexo Ut B peKUM yaepKaHus (B aHT-
nosi3pIYHOM JuTepatype holdover), mpu koTopoMm 3armoOMHHAETCS YacToTa
CEeTH TPUHYIUTEIbHOW cuHXpoHM3anuu. [lo mMepe yxona ¢ TeueHHEM
BPEMEHHU YacTOThI FeHepaTopa u3-3a Apeida oT BeIUUYHHbI, 3aUKCUPO-
BAHHOU B HaYaJbHbIA MOMEHT B MaMATH, OH MEPEXOAUT B TaK Ha3bIBae-
MBI CBOOOHBIN PEKHUM (B aHIJIOSA3BIYHOM TuTepaType - free-run mode).
DTOT pEeXKUM CUHXPOHM3AIMH YK€ HA3bIBACTCS ACUHXDOHHBLIM W Xapak-
TEpU3YETCS OOJNBIIUM PACXOKIECHUEM YACTOT T'€HEPATOPOB, MPU KOTO-
pOM, OJTHAKO, €IIle HE HapyIIaeTcs MpoIlecc nepeaadyd MHPOpMaIlMOHHON
Harpy3ku B CETU CBSI3H.

Cetp cunxponuzanuu TCC o0pa3yeTcs COBOKYNMHOCTBIO T'€HEpa-
topoB (113", B3I', ['C3), cucremoii pacnpeneneHns CHHXPOCUTHAJIOB B
y3iax cBs3u SASE (Stand Alone Synchronization Equipment - otaens-
HOE 00OpYJIOBAHME CUHXPOHU3ALHUU WU OJOKUA CETEBOM CHUHXPOHHU3A-
i, BCC) u CBA3bI0 MEXTy HUIMU U CAMUMHU CHHXPOCUTHAJIAMH, KOTO-
pbIe TPAaHCIUPYIOTCS B OMPEACTICHHOM MOPSIIKE.

B kauectBe cunxpocuranioB B ceth TCC MOryT mpuUMEHSITbCS
cleayrolme curHaibl: nugpoBoit curHain 2048 KOUT/C ¢ KOAUPOBAHUEM
B TponuHoM kojae HDB-3; rapMoHMYecKknii OJHOYACTOTHBIM CHUTHAI C
yactoTon 2048 kl'1; rapMOHUYECKMA OJTHOYACTOTHBIM CUTHAJI C YacTO-
toii 10 MI't wim 5 MI't m HekoTopkie npyrue [3].

broku ceteoit cunxponmsanuu (bCC) mwm SASE BeimonHstoTcs B
COOTBETCTBUM C KOHIIEMIMEH TMOCTPOCHUSI WHTETPUPOBAHHBIX CETEM
cuaxponm3aiuu BITS (Building Integrated Timing Supply). UuTterpa-
s npu nocrpoennu TCC npenmnonaraeT 00beAMHEHUE TPAHCITIOPTHBIX
CeTel, ceTel MOCTyIa, BTOPUYHBIX CETEN NIl MOIEPHKKH CUHXPOHU3MA.
[Ipu 5TOM CeTh CHHXPOHM3ALNH JOJKHA TPOCKTUPOBATHCS U CO3aBaTh-
Csl KaK HAJIOKEHHAs CETh.
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2.3 I'eHepaTopbl CUTHAJIOB CHHXPOHM3AIUN

['enepatopsl cucteM cunxponuzanuu (cereit TCC) moapasznens-
IOTCS Ha JIBA TUIA: aTOMHBIE U KBapIIEBbIE.

ATOMHBIE TE€HEPATOPHI UCTIOJB3YIOT TPU aTOMHBIX dTAJIOHA: PyOU-
WU, 11e3uid 1 BOJIopoa. PyOuauil morjomaeT MUKPOBOJIHOBBIE KOjieOa-
Hus Ha yactoTe 6 834 682 608 I'm, ne3uit - Ha yactore 9 192 631 770
[', Bogopon - Ha wactore 1 420 405 751,768 I'l. OHM UCHIONB3YIOTCA B
kauectse [1OT.

OtayioH pyouaus o0eciednBaeT CTaOMIBHOCTh YaCTOTHI T€HEePaTO-
pa Ha UHTEpBaje BpeMeHH | ¢ — 10™..10™ 1 CYTKH — 10™%...10™, me-
csir — 10™. Dranon py6unus tpebyer KOPPEKLHH, T.K. UM IPHCYL He-
JOCTaTOK, OOYCIOBIEHHBIN cTapeHreM. PyOuaueBbIii reHepaTop WHC-
noJsib3yercs B cBsi3ke ¢ GPS.

[{e3ueBble reHepaToOpbl MPEACTABISIOT COOOM IMEpBUYHBIC CTaH-
JTApPTHBIE 3TAJIOHBL. B COOTBETCTBUM C MEXIyHAPOJHBIMHU COTJIAIICHUS-
MU II€3UEBBIA TEHEPATOpP YACTOTHl OMNPEACNISIET MPOIO0KUTEILHOCTD
BPEMEHU B OJIHY CEKYHAY. DTO MPOAOJLKUTENBHOCTD 9 192 631 770 mne-
PHOIOB M3JIy4Y€HHUs, COOTBETCTBYIOIIETO Tepexoay aroma 1esust -133
MEX]ly JABYMsI CBEPXTOHKMMH YPOBHSIMU OCHOBHOTO COCTOSIHUSI aToma
ne3us -133. CtabuibHOCTh YacTOTHI T€HEPATOpa HA UHTEPBAJIE BPEMEHHU
lc—10""..10 %1 cytku — 10 ~ B..10 " sarox—10 . Dramon He
TpeOyeT KOPPEKITUHU.

BoaopoaHslil 3TalioH — BOJOPOJIHBIN Ma3zep, 00J1alaeT OYEHb BbI-
COKOM CTaOMJIbHOCTHIO Ha KOPOTKHX MPOMEXYTKAaX BPEMEHU (HECKOIb-
KO 4acoB), CTaGHIBHOCTD OLCHMBaeTCs Bexmanuoil 10 ~ . Tem He Me-
HEe, OH HE 3aMEHSIET LI€3UEBBIIN ITAJ0OH U3-3a JOJITOBPEMEHHOTO JIpeida.

KBapiuieBbie reHepaTopbl NOAPA3ACISIOTCS HA TPU BHUIA: OOBIUYHbBIC
KBaplieBble, KBApIEBbIE ¢ TemneparypHoil kommnencanueit TCXO (Tem-
perature Compensated Crystal Oscillator) u oxmakmaembie KBapIieBbIC
uctounnkn OCXO (Oven Compensated Crystal Oscillator). Onu wnc-
noJap3ytoTcs B kauectse ['CO, B3I

OObIuHBIE KBAPIIEBBIE T€HEPATOPHI UMEIOT CTA0OUIIBHOCTh B UHTEP-
aste Bpemenn 1c — 10~ °, B cyrku— 10/, Brox 10~ °.

['eneparopel TCXO uMerOT cTaOUIBHOCTh B MHTEpBAJIC BPEMEHU
lc-10" 9, BCcyTku — 10 ~ 8, Brox 10~ 7..10 8.

['enepaTopsl OCXO uMeEOT CTaOUIBHOCTh B MHTEPBAJIE BPEMEHU
1c—10 °.10 " Beyrkn—10 710 ° Brox 10 °..10 .

Hcrounnku TakToBoro cuaxponmn3ma Ha ocHoBe GPS (Global Posi-
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tion System) — rmo0OampHON cHCTEMBI MO3UIMOHUPOBaHMSI. B ocHOBe
CUCTEMBI JIGKUT WCIIOIb30BaHUE HU3KOOPOUTATBHBIX CITyTHUKOB CHCTE-
Mbl NAVSTAR. OnHOBpeMEHHO HaJl TOPU3OHTOM B JIIOO0W TOYKE 3€M-
HOTO II1apa HaOJIIOAAI0TCSI MUHUMYM TpU ciyTHUKA. Ha cmyTHHKax pas-
MEMIAIOTCS 1Ie3MeBbIC CTAaHIAPThI, KOTOPhIC TCHEPUPYIOT CHUTHAJBI 3a-
naHHoro Buja. OCOOEGHHOCTBHIO CHUHXPOCHUTHAJIA, TEHEPUPYEMOro Ipu-
emHukoM OT GPS, sBnsercs ero BbICOKasi JOJATOBpPEMEHHAs CTaOUIIb-
HOCTh M HU3Kas KPaTKOBpEMEHHas CTaOMJIBHOCTH, KOTOpas 3aBUCHUT OT
KOJUYECTBA CITyTHUKOB.

I'eneparopsl TakToBOTO cuHxpoHu3ma [I19I" u B3I' umeror nocra-
TOYHOE YHCIIO BBIXOJIOB CHHXpOCHUTHANOB. OQHAKO IS MOIKIIOYCHUS
CUHXPOCHUTHAJIOB C BBIXOJIOB MYJIBTHIUIEKCOPOB HEOOXOIMMO HCIIOJIb30-
BaTh almaparypy pa3BeTBIeHUs curHaioB cuHxponwu3ai uu (APCC). B
coctaB APC C Bxozasat 6soku ycunutenend 2048 kl'u, ycunurteneit 2048
KOUT/C, mpeoOpa3oBaHus - Mepelaud CUTHaJIa ¢ OJTHOM TaKTOBOM 4acTO-
ThI Ha IPYTYIO.

2.4 PacnipesienieHre TAKTOBOIO CHHXPOHU3MA

Pacnipeniesienue TakTOBOrO CUHXPOHHM3Ma B IIU(PPOBOM CETH OCY-
miectBisieTcs ot 6a3zoBoit cetn TCC. Ha Tepputopun Poccuun 6a3oByto
ceTh cuHXpoHm3zanuu odbpazyer cetb OAO Pocrtenekom. bazoBas ceTb
NpEJCTaBICHa Pa3IMYHbIMU pPETMOHAMU CUHXpOHU3auuu: JlanbpHeBo-
ctoudbli (XabapoBckuit), Cubupckuii (HoBocubupckuii), I{eHTpanb-
bt (MockoBckuit), FOxnbiii (PoctoBckuit), CeBepo-zanagusiii (C. -
[TerepOyprckmii). Kaxnapiii peruon ocHamaercs 191, JloctaBkacuH-
xpocurHayioB oT [13I" Mo OCHOBHBIM U PE3EPBHBIM JIMHUSIM KO BCEHl am-
napaTtype CHUCTEM Iepe/laud U KOMMYTAallMU, MEepeaaroieicss B CUHXPO-
HU3AIMHU, OCYIIECTBIAETCS ¢ moMoIieto anmnaparypsl PDH u SDH u mo
(bU3NYECKUM JIMHUSIM.

CunxpoHm3anus , mepegaBaeMmas B cucremax SDH, - ato curaan 2
048 kOUT/C ¢ TaKTOBOM YaCTOTOM, COOTBETCTBYIOIIECH MO CTAOMIBHOCTH
gactote 191", Ilo cucremam PDH curnan 2 048 kOut/c MoxeT nepena-
BaThCs B 00a HaIIpaBJICHUSI.

B cucremax SDH mepemada cuaxpowmHbOpMamuy ¢ TOMOIIBIO
KOMIIOHEHTHBIX CUTHaJIOB 2048 KOWUT/C HE pPEKOMEHJO0BaHA HM3-3a BO3-
MOXHBIX 3HAUUTEJIBHBIX CKAYKOB (ha3bl KOMIOHEHTHBIX CHUTHAJIOB MPH
COTJIACOBaHUHU yKazaTesel MeCT UX PAaCHOJIOKEHHUS B IMHEITHOM CUTHAJIE
STM-N.

Hocurenem cunxpoundopmaiuu B cuctemax SDH sBrnsercs ne-
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nocpeactenHo uHernbii curaan STM-N (N =1, 4, 16, 64).

IIpu pacnpeneneHnn TAaKTOBOTO CHHXPOHM3MAa BHYTPH PETMOHOB
UCIIOJB3YETCSl MPUHIUIT TPUHYIUTEIBHON HEepapXU4eCKOW CUHXPOHU-
3aruu (Bea yumuii — Beaomslii) ot [I191 k reHepatopaM CETEBBIX AJIEMEH-
ToB anmnaparypsl SDH, AMTC u T.1. bazoBas cetb TCC obecnieunBaeT-
Cs pE3E€pBUPOBAHME CUHXPOCHUTHAIOB, KOTOpas CO3/IACTCA KaK Pe3epB-
HbIMU T€HEpPaTOpaMH W B3aMMHBIM PE3E€PBUPOBAHUEM PETHOHOB, TaK H
MapuIpyTaMu JJOCTaBKH CUHXPOUH(OpMAIIIH.

JIJIs1 CHHXpOHM3ALMKA CETEH PAJIMYHBIX ONEPATOPOB IPEAIOKEHO
YyeThIpe Kjlacca MpUcoeuHeHus K 6a30BoM ceTu cuHxponu3anuu (Pucy-
HOK 2) [3]:

- 1-i1 kmacc — ceTh onepaTopa MoJy4aeT CUTHAJI CUHXPOHU3AIUU
4yepes3 MacCUuBHbIE coeAuHUTENbHbIE TIMHUU OT 1191 6azoBoii cetn TCC;

- 2-¥ KJacc — ceTh oneparopa Mojy4aeT CUTHaJI CUHXPOHU3AIUU
ot B3I;

- 3-ii u 4-i KJIacchl — CETh OmepaTropa MoJy4aeT CUTHAI CUHXPO-
Huzanuu ot ['CO.

BHyTpH Kaxa0T0 peruoHa ceTh NPUHYIUTEIbHON CUHXPOHU3AINU
JIOJKHA CTPOUTHCS MO UEPAPXUUYECKOMY MPUHLIMIY B BUJIE JIPEBOBU/I-
HOHM cXeMbl (paauaibHO-y3JI0BOM), UCKIIFOYAIOIIEH BO3MOXKHOCTh 00pa-
30BaHUs TETEJIb CHHXPOHU3AIMU B JIFOOOH cuTyaiuu. B kauecTBe Beo-
MbIx renepatopoB Ha AMTC, ATC u T.11. MOTYT UCIIOJIB30BaThCS OJIOKH,
BCTPOCHHBIC B ammapaTrypy koMmyTtauuu. Ha y3nax m craHuusx, Ha Ko-
Topbix kpome AMTC, ATC u T.1. yCTaHOBJICGHO Apyroe o0opyaoBaHuUeE,
HY>KJalollleecsl B CHHXPOHU3AMU (anmnapaTypa KpoCCHUpOBaHUs, Onepa-
TUBHOTO TEPEKITIOUCHHS U T.]1I.), B KAU€CTBE BEIOMBIX T€HEPATOPOB, KO-
TOPbIE CUHXPOHU3UPYIOT BCE€ 000PY/IOBaHUE HA JAHHOM Y3J€, JOJKHBI
WCTIOJIb30BAThCS BBIJACICHHBIE BEIOMBIE 33JAIOIIME T€HEPATOPHI, COOT-
BeTcTBYyroIMe pekomenaanuu MCO -T G.812. Ilpu satom kaxasiii B3I
JOJKEH UMETh aJIbTEPHATUBHBIE BXOJIbl CHHXPOHU3AIUU.

Ha maructpansuoit cetn SDH s dunsTpanuu pa3zoBeix apoxa-
Hul gyepe3 N (N £ 20) npomMexxyTOUHBIX TeHepaTopoB I'CD Taxke JTOIK-
Hbl ycTaHaBimBaTbcsi B3I, cooTBeTcTByrOomue pexkoMmeHmanuu MCO-T
G.812. D10 o00ycioBieHO HakoIuieHHEM (a30BbIX JpokaHui. s
OIIEHKH HMCKKEHUS aMILUIUTYAbl JDKUTTEpAa B pereHepaTropax peKOMEH-
JIOBaHO MCITOJIB30BaTh hopmyiy [3]:
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rae A - aMIUINTyAa JpOKaHUSI Ha BBIXOJIE OJHOTO pereHeparopa; N
- YHCJIO TOCIIEIOBATEIbHO BKIOYaeMbIX pereHepatopoB. IIpu N = 20,
aMIuTy a ysenuunBaercs B 2.11 pasza.

MakcumansHoe yuciio B3I[' B mpeaenax permoHa B OJHOM LN
CUHXpOHM3aIMU HEe JoJkHO mpeBbimath 10. B3IT Moryr ornmuartbes
COOCTBEHHOM CTaOMILHOCTHIO TAKTOBOM YACTOTHI M MOJOCOM 4acTOT 3a-
XBaTa BHEIIHETO0 CHUHXpPOHMU3MA. YKazaHHble yucna s B3I u I'CO B
IIETIOYKE CHHXPOHM3AIIUN TPAKTUYCCKH TPYIHO BBITOTHUTH [3].

I

|
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,:";_') ..... Eparop corenars saeaenra {MC3)
Pucynok 2 — Cxema npucoeIMHEHUS CEeTei onepaTopoB K 0a30BOM ceTu
CUHXPOHU3ALINHU

['opoackue TpaHCIIOPTHBIE CETU TOKHBI CUHXPOHU3UPOBATHCS OT
renepatopa AMTC wunmu ot B3I'. Ilpu 3ToM B KauecTBe pe3epBHOM BBI-
OupaeTcs OJIHA U3 KOMMYTAllMOHHBIX cTaHuwuii, Hanpumep, ATC. Ilpu
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pationnpoBadHoil ['TC ¢ y3mamu BXOASIIMX U HCXOMSIINX COOOIICHUN
CUHXPOHM3AIMA BCEX CTAHIMUM Y3JIOBOTO palloHA OCYIIECTBIAECTCA OT
AMTC no tpaktam mnepBoro BeiOopa. Pe3epBHBIMU BEayIIMMHU CTaH-
HUASIMHA Ka)KJIOTO y3JIOBOTO paioHa siBisiercs y3en u oaHa n3 PATC. Ha
ATUX CTAHIUSIX YCTAHABJIMBAIOTCS OJOKU CETEBOM CHUHXPOHM3ALMHU C
albTEPHATUBHBIMU BXOJaMU CHHXpocurHayioB. Cenbckas TeneoHHas
CETh JIOJDKHA CHHXPOHU3UPOBATHCA OT reneparopa AMTC.

Vuureias, uto B3I' u I'CHO uMEIOT HECKOJBKO BXOJOB JJIsI BHEIII-
HUX CHUHXPOCHUTHAJIOB, KaY€CTBO KOTOPHIX MOKET OBITh HE3aBUCHUMbBIM
M0 MPOUCXOXKIECHUIO U OJUHAKOBBIM, BBOJIUTCSI CUCTEMA MPUOPUTETOB.
[Ipuoputet onpenensiercss ero HoMepom. Uem MEHbIIIE HOMEp, TEM BEI-
e npuoputet. Yucno npuoputeToB MoXKeT ObITh OT 0 10 254. TIpuopu-
TET OTMeUaeTcsl B Tabnuile namsitu kourposuiepa B3I' u ['CO.

[lepBBIM MPUOPUTETOM OOBIYHO YCTAHABIUBAETCSI CUTHAJT CUHXPO-
HU3auy, nocrynamonmi ot 1191 mo camoMy KOPOTKOMY M KayeCTBEH-
HOMY MapupyTy, i€ 10 MyTH CIEJOBAHUS CUHXPOCUTHAJIa YCTaHOBJIE-
HO KaK MO>XHO MEHbIIIE TpoMekyTouHbIX B3I,

BTopbiM mpuopuTeTOM IS OCHOBHOTO OOOPYAOBaHHUS y3Jia WU
CTAHLIMM MOXET CIIYXKUTh CUTHAJI CUHXPOHU3AIMHU, MOCTYHAIOIIUI OT
[13I" mo npyromy mMapuipyTy, 4€M CUTHAJI IEPBOTO MPUOPUTETA.

B3I' u I'CD MoryT npuHUMaTh CHHXPOCUTHaJbI 3-r0 U 4-ro npu-
oputeToB u T.1. [locnmeqHuM U3 MPUOPUTETOB B JIFOOOM 000OPYIOBAHUH
CUHXPOHU3AIUHU SBJISIETCS COOCTBEHHBIN Te€HEepaTop, padoTaromuii B pe-
»KUME 3allOMHHaHMS 4acToThl cuHXpocurHaia (holdover) u cBoGomHbIX
xoneOanuii (free run). IIprOpUTETOM MOXKHO 3alIPETHTh UCITOIH30BAHNE
BXO0/1a CUHXPOHHU3ALIHNH.

KauecTBO cMHXpOCHTrHaIa OTMEYAETCSI B MApKEPE, KOTOPBII MOKET
nepeaaBaThCs YEThIpbMs OuTamu B KaHaiabHOM HMHTEpBane K0 uudpo-
Boro notoka E1(2048k6uTt/c) unu B 6aiite S1 3aromoBka MSOH STM-N
(Tabmmuma 1). [Tapamerp Q MokeT UMETh HECKOJBKO Bepcuii 0003Haue-
HUS, YTO B KAYECTBE MIPUMEPA YKA3aHO B MOCIIETHEN KOJOHKE B CKOOKaX.
Taxke TMOCBUIKM MapKEpPHBIX CHUTHAJIOB MPEAYCMOTPEHBI B OTIEIbHBIX
nakerax Ethernet mpu moctpoenuun cetn EOT cormacHo pekoMeHmanun
G.8261.

Ha Pucynke 3 u 4 npuBeneHbl IPUMEPBI HCIIOJI30BaHUS MOKA3a-
TEJIEM KAa4eCTBA U MPUOPUTETOB B JIMHEWHOW M KOJIBLIEBOU TPAHCIOPT-
HBIX CETSX.

3nauenus Ql...Q6 mpocCTaBISIOTCS B CXEME Ha JIMHUSX BXOJa B
CO1...CO8 u CO A....CO [I. [TpuopurteT BX0O/1a CHHXPOHHU3AIUN YKa3aH
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u(pOBBIM MHAEKCOM BHYTpU Kaxxaoro CO. B HopMaabHOM pexume
pabOoThl BHYTPEHHUE OCITUIUISTOPHI HE 3aJICCTBOBAHBI.

Ha Pucynke 4 pa3pblB 3aMKHYTOW II€NIM CHMHXPOHU3AIUU 0bOecIie-
yeH B y3ie b, rae Bxogsamuii curnan STM-N "ecetr mabopMmanmio Q6,
T.€. 3alpPeT Ha UCTO0JIb30BaHUE JIMHEHHOTO CUTHAJIA JJIsI CHHXPOHU3AIIUU
y3na. KpoMe Toro, 3Tomy BXOJy CHHXPOHHU3Ma MPUCBOCH MOCICTHUIMA
PUOPUTET MCIIOIB30BaHUS MOCJIE COOCTBEHHOTO 3aJIal0IEer0 reHepaTo-
pa I'CO.

Beaymum reHepaTopoM Ha CETH B HOPMaJIbHOM pPEXUME OyAeT
[IOI" B y3ne b. IloBenenue cetu CUHXpOHMU3ALMK, B CIy4Yae aBapuu Wid
AHOMAJIbHBIX CUTYallUM, SABJISETCS MPEAMETOM JETaIbHOIO MPOEKTUPO-
BaHUS ¥ MOJICIUPOBAHUA. AKTyalbHO TaK)K€ MOJEIUPOBAHUE B PEKUME
BOCCTAHOBJICHHUSI CETH.

Ta6JII/IHa 1 — 3HaueHus MapKepa 1moxKasaTrcijrsl Ka4CCTBa

KO u S1 Mapkep (aBo-|3nadeHue 1o pek. CTaOMIbHOCTH |YPOBEHB

WYHBIN) (1€CATUYHBIN ) MCO-T YaCTOTBI Ka4yeCTBa

xxxx 0010 |2 19T (G.811) 1x10 Q1(Q2)

xxxx 0100 |4 B3I (tpamsur)[1'10~° 3a cy-|Q2(Q4)
(G.812) TKH

xxxx 1000 (8 B3I (mectusii)2'10° 3a cy-|Q3(Q8)
(G.812) TKH

xxxx 1011 |11 [CO B pexume|dx10 " Q4(Q11)
holdover (G.813)

xxxx 0000 (0 KadectBo  Hems-|— Q5(Q0)
BECTHO

xxxx 1111 |15 JIIs  CHHXpOHU3a-|— Q6(Q15)
IIUM HE HCIIOJIb30-
BaTh
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Pucynok 3 — Cxema pacnpeneneHusi TaKTOBOrO CUHXPOHHA3MA B
JIMHEHMHOU CETH

B cxemax ammaparypbsl CHHXpOHM3AlMM U B OJIOKaX CHUHXPOHHU3A-
1WA CETEBBIX DJIEMECHTOB MPHUHSATA ¢AMHAS CHCTeMa 0003HAYCHUS CUTHA-
JIOB CHHXPOHHU3AIHH

- To, BHyTpeHHUN cunxpocurHai, dopmupyembii I'CO ms
CUHXPOHU3AIIUU UCXOAAIINX MOTOKOB IUPpoBbIX AaHHBIX (El, STM-N u
T.J1.);

- Ti, CHHXpOCHUTHAJIBI, IepeJaBacMble B IMOTOKAaX JIMHEHHBIX
CHUTHAJIOB;

- Tr, KOMIIOHEHTHBIM CUTHAJ, UCIOJB3YEMbId NJII CUHXPOHHU-
3aIlldM CETEeBOro »JjieMeHTa (waimie Bcero 3To 2048k0ut/c, 64k0uT/C,
8KOHUT/C, TaKXe BO3MOXXHO HCIIOIB30BaHuMe curHaaos Ethernet
10Mo6wut/c, 100M6uTt/c u 1000M6uT/c cornacHo pekoMmenaanuu G.781);

- T3, cunxpocurdan ot BHemHero Bxoga 2048MI'1/2048k6ut/c B
I'CO u B3T;

T4, cuaxpocurHan Ha Beixoge w3 [CO  wm B3l
2048MI'1i/2048x0uUT.
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Pucynok 4 — Cxema pacupeaeiaeHnsi TAKTOBOIO CUHXPOHU3MA B KOJIbIIE-
BOM CETH.

[IpuBenéHabIe 0003HAYEHHUS MOTYT HMCIOJIB30BAaThCS IIPH pa3pa-
OOTKE CXeM CeTel CHMHXPOHHU3AIMH Hapsay C MOKa3aTelsIMUA KadecTBa U
IIPUOPUTETAMH.

B cocraBe anmapaTyphbl cereBoro sneMenTa U B3IT MoXeT ucIoib-
30BaThCsl Oydep peTaiMuHra, 4yepe3 KOTOphI MpoIrryckaeTcs: nHdpopma-
uonHbii curnan E1 u3 cerm SDH (PDH), nns BoccraHoBiieHMS CTa-
owibHOCTH (Da3 (PpoHTa M cpe3a UMIYJIHCOB CUHXpOHU3aUUH. Takou
KOMIIOHEHTHBIM CHUTHAJ MOJXKET HCIMOJB30BAaThCSA IS CHHXPOHU3AIIUH
JIPYTUX CETEBBIX DJIEMEHTOB, BKIIOYAEMbBIX B IIETb MEPEIauynd 3TOTO CHUT-
HaJa.

2.5 Ilopsiiok pa3pabOTKHU CXEMBbI CETH TAKTOBON CUHXPOHU3AIIUU

[Tepen pa3pabOTKOM CXEMbl CUHXPOHH3AIMU HEOOXOAUMO YCBOUTh
cleayronlee.

Kaxaplil y3e1 ceTu CUMHXPOHU3AIMU OOBIYHO HCIIOJB3YET TOJIbKO
OJWH CUTHAJ CUHXPOHM3AIIMHU, KOTOPBIN 3aT€M MOXET ObITh paclpesie-
JIeH MeXAy 00OpyJAOBaHWEM BHYTPU CTAHIIMHU, HAYMHAs C TOYKH IOJY-
YEHUs] CHHXPOHM3AIUHY 110 cxeMe '"3Be3/1a" 0e3 TpaHCIAIUi CHHXPOHU3-
Ma B IIeno4yke BHYTpH y3ia. C 3TOU 1eNbl0 PEKOMEHAYETCSI UCIOJIb30-
Bath curHai 2 048 xout/c (2 048 kI'm). Ha Gonpimmx y31ax HEOOXOAUMO
UCIIOJb30BaTh JOMOJHUTEIBHYIO alapaTrypy pa3BETBICHUS CHUHXPO-
curHanoB (APCC). Kaxnaplii y3en I0JKEeH UMETh OCHOBHOW U pe3epB-
HbIE MCTOYHUKHU CHHXpOHHU3MA. Ecim B cilydae OTKa3a y3el HE MOXKET
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MOJIy4aTh CUTHAJI CUHXPOHHU3ALMY HUA M0 OCHOBHOMY, HU T10 PE3EPBHOMY
MapuIpyTy, TO HEOOXOJMMO B y3JI€ YCTAHOBUTH T'€HEPATOP rOPSYEro pe-
3epBa (B3I).

IIpn mpoekTHUpOBaHUM IS KaXKJIOTO CETEBOTO 3JIEMEHTA WHIUBU-
yalbHO JOJDKHBI OBITH OMNpENIeSICHbl YCTAaHOBKU MOPOrOB KauyecTBa U
MIPUOPUTETOB.

B cBsi3u ¢ HEOOXOAMMOCTHIO 00€CTICUCHHsI BBICOKOW HAJEHKHOCTH
obopynoBanus TCC pekoMeHayeTCsl MPUMEHSTh CIEIYIOIIUEe MEPhI: pe-
3epBUPOBATH deKTponuTanue u Bce ooku 1191, B3I, I'CD, untepdeii-
Cbl; PE3EpPBUPOBATH BCE IYTH JOCTABKM CHHXPOCUTHAJIIOB K CETEBBIM
AJIEMEHTaM.

OcHOBOII TIpu pa3pabOTKE CXEMbl TAKTOBOW CUHXPOHU3AIUU CETH
ABJSCTCSA JI€TaJbHAs CXEMa OpPraHW3aluu TPAHCIOPTHOW cetu. [lpwm
MPOEKTUPOBAHUU CXEMbI CHHXPOHM3AIIUU JOJKHO OBITh 00€CTIEYEHO CO-
riacoBanue ooopynoBanus 190, B3I, 'CO. Hanpasnenue pacmopejne-
JIEHUSI CHUHXPOCHUTHAJIOB JOJKHO OBITh YKa3aHO CTPEIIKAMH B CXEME
cuHxpoHuzanuu. Ha Bxomax oOopyjoBaHus, MpeAHA3HAYECHHOIO IS
MPUHYIUTEILHON CUHXPOHU3AIINH, JOJDKHBI OBITh YKa3aHbl YPOBHM Ka-
yectBa (Q1-Q6), obo3Hauensl BXxoabl (T)-T3) u npuopuretsl (P1-P15 u
T.J.) UCTIOJIB30BaHUs MPUXOISAIINX CUTHAJIOB.

TpaHCIOpPTHBIE CETH YAaCTO CTPOSTCS B BUJE Kojen v ueneu. [lia-
HUPOBAHUE CUHXPOHM3ALMU KOJIbIA U LENEN NOJKHO BBITOJIHATHCS OT-
JEIIbHO, T.K. B KOJIbIIAX IUJIAHUPYIOTCS MEXAHU3Mbl CAMOBOCCTAHOBJIE-
Husl. [Ipu 3TOM 115 KOJIel] KenaTeibHO UMETh JiBa B3I,

MHOKeCTBEHHO-KOJIBIIEBBIE CETU HEOOXOAMMO pPa3leiiiaTh HAa He-
CKOJIbKO CaMOBOCCTaHaBJIMBAKOIIMXCS TOJcETE. BHYTpH Kaxaou mon-
CETH CHHXPOHMW3ALMS PEATU3YETCS] OTHOCUTEIBHO MPOCTO. BO3MOXKHO
CO3/IaHUE CHENHATBHBIX KOJIEL PACTIPEAECICHHUS] CHHXPOCUTHAJIOB.

B nuneliHOM 11enu pacnpenesnieHrs CHHXPOHHU3Ma TaKke PEKOMEH-
nyercs TaHupoBath ABa B3I ms moanepKku yCTOMYMBOM CHUHXPOHU-
3allMM B CIIy4ac HAPYyLICHUM B JINHUW WA B UCTOYHUKAX CUHXPOCUTHA-
JIOB.

V3en nnsa ycranoBku [I3I7 nomxkeH OBITH OnpeniesieH ONTUMAJBHO,
T.€. Tak, 4YToObl MOJAEPKaTh Mepeadyy CHUHXPOCUTHAJIOB K y3JiaM MO
«JIEpEeBYy» 4Yepe3 MUHUMAIIBHOE YHCIIO CeKIU. B OONBIITMHCTBE Clly4yaeB
BEAYIINHN y3€J] OMPEICIIETCS ONEepaTopoM CceTh. Ecnu 3To He crenaHo,
TO BBIOOp BEIYLIEro y3Jia JOJDKEH JIeNlaTh MPOEKTUPOBIIMK. [Ipu 3ToM
KPUTEPUSIMU BBIOOpPA MOTYT OBITh: MUHUMAJIBHOE YUCJIO MEPAPXUUECKUX
YPOBHEN, PABHOMEPHO COAIAHCUPOBAHHOE «JI€PEBO» (C MPUMEPHO OJU-
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HAaKOBBIM YHCJIOM 3JIEMEHTOB B BETBSIX), MAKCUMAJIBHO BO3MOYXHOE YHC-
JI0 3JIEMEHTOB HA MIEPBOM YPOBHE HEPAPXUHU.

J{ns HarJsiAHOM MHTEpPHNpPETAllUU CXEMbl CHHXPOHHM3AIUU TOJE3HO
COCTaBUTh UEPAPXUUECKYIO IUarpaMmy ciioxHou cetu. [Ipu aTtom npen-
CTaBJICHUM OTHOCHUTEJIBHO JIETKO OIPEIEISIOTCA Y3JIbl, KOTOpPBIE HE
MMEIOT PE3EPBHBIX MyTEH MEepeIayu CUHXpOCUTHaa. B 3aBucuMocTu ot
TpeOyeMOoro ypoBHsI HaJEKHOCTH B TaKUX y3JaX MOXET MOTpeOOBaThCs
YCTaHOBKA JOMOJHUTEIBHBIX PE3EPBHBIX UICTOYHHUKOB.

HNepapxuueckas auarpaMma MOMOXKET OOHApY>KUTh TMETIU CHH-
XpoHM3auuu. BaxkHOE€ MPABWIO NPU HUCKIKOYEHUU INETENIb COCTOUT B
TOM, YTOOBI CUTHAJI BCETJia I1I€JI C BEPXHEro YpOBHS Ha HIKHUU B Ha-
MPaBJICHUU CTPENOK (KaK Uil OCHOBHBIX, TaK U JJIsl PE3EPBHBIX MYyTEM).
[Ipumep uepapxudeckor auarpaMmebl IpuBeneH Ha PucyHnke 5. Lleneco-
00pa3HO MPOBOJUTH MPOBEPKY pa3paOOTaHHBIX CXEM IMyTEM MOJIECIUPO-
BaHMS OTKA30B Ipu TecTupoBanuu pparmenToB cetu TCC.

YpoeeHb 1
¥sen A
I'I|:u-||:||:||:1'r|31|:~|\'l
;ﬁiogmmana JCHOEHOM MyTL
P | | CYHXROCUTHE NA YPo EEHb 2
2 1 1
- 1 PesepeHEIt MyTe 2 "
[ B3r | CHHXPOCMIHANE [B3T |
» ¥3en B ¥zenC s
B3l
» YenD
¥poseHe 3
1 2 2 1
3 b L
BT ] | cEl
BHyTpMyInoe0e
r ¥3en E pacnpeasneHWe ¥senF 1

Pucynok 5 — CxeMa Mexy3JI0BOM CUHXPOHU3AIUN

Kpome Toro, He0OOXOUMO YUYUTHIBATH YKE CYIIECTBYIOIIUM OMBIT
npoektupoBanus TCC [3].

B wactHocTH, yncio I'CO B 0HOM LieNMU HE NOJHKHO MPEBBIIATH
10 -15 mexay B3I'. O6mee uncino I'CD Bmecte ¢ B3I He 101KHO OBITH
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oonee 45 (Bmecto 60 mo ctanmgapty). [Ipu 3TOM peKoMEHIyeTCs YHCIIO
B3I" ycranaBnuBath He Oojiee 6 -7 (BMecTo 10 mo cranmapry).

2.6 O01ue TpUHLUMIIBLI YIIPABICHUS B ONTUYECKON MYJIbTUCEPBUC-
HOUW TPAHCIIOPTHOU CETHU

OnHOM M3 OCHOBOIIOJIAralIIuX Mojenei B chepe ynpaBlIeHHUs ce-
TAMU TEICKOMMYHUKalU sBisieTcss moaenb Cetm Ympasnenus Tene-
kommyHukanusmu TMN (Telecommunication Management Network),
KOTOpas IOJpOOHO IIpeficTaBiieHa B pekoMeHaanusx MCO-T cepum
M.3000-M.3100.

CornacHo ompeaenenuto, TMN mnpencraBiser co0oil OTAETBHYIO
CETh, KOTOpast UMeeT UHTEP(ENCHI C OTHOM WJIK OOJBIIUM YHCIIOM CETer
CBSI3U B HECKOJBKUX TOUYKaX (MHTepdeiicax), 0OMEHUBAETCSA C STUMH Ce-
TAMH UH(pOpManueit u ynpasisieT ux QyHkimonupoBanueMm. OTaeneHue
TMN ot ceteit cBsA3u peann3yercss Ha (HU3NUECKOM WM JIOTMYECKOM
ypoBHE B pa3nuuHbiXx uHTepdeiicax. Cerb TMN MoOXeT 4acTUYHO HC-
M0JIb30BaTh MH(MPACTPYKTYPY YNPABISIEMOUN CETH, HAPUMEpP, BCTPOECH-
HbIE KaHaJIbl MepeAadyd JaHHBIX, KOMMYTaTOpPbl U MapIIpyTU3aTOPHI
YIIPaBJISIEMOM CETH.

B cnemmndukamusax TMN ynpaBnsembie pecypcbhl UMEIOT 001Iee
Ha3BaHue cereBble eMeHTHI (CD) mimu NE (Network Element). ®ynk-
MU YIIPABJICHUSI BO3JIOKEHBI Ha CUCTEMBI MOAACPKKU omepanuii OSS
(Operations Support System) win ornepanMoHHBIC CHCTEMBbI YIIPABICHUS.

OYHKIMK yOpaBJICHUS ONTUYECKONW MYJIbTUCEPBUCHOM TpaHC-
NOpTHOM ceThto corsiacHo T MN, coCToST B Cleayomem:

-koH(purypuposanue C3;

-yCTaHOBKA MapaMeTPOB AJEKTPUIECKUX U ONTHUUYECKUX UHTEpdeit-
coB B CO;

-KOMMYTAI1sl KPOCCOBBIX COCIMHEHUI B MYJIbTUILIEKCOPAX;

-MIEPEKIIIOYCHNE Ha PE3EPB ONTHYECKUX CEKIMH, ONTUYECKUX U
IU(PPOBBIX TPAKTOB, COEAUHEHUN MOACETEN U 000PYI0BAHUS;

-KOH(DUTYpUPOBAHUE CETU TAKTOBOW CUHXPOHU3AIUY;

-KOH(UTYpHUpPOBaHUE KaHAJIOB Tepeauyn JaHHBIX JJIsl CETH YIIpaB-
nenus (CY);

-00paboTKa aBapUHBIX CUTHAJIOB;

-KOHTPOJIb (DYHKITMOHUPOBAHUS.

Kondurypupoanue C3O mpeamnonaraeT BBINOJHEHUE psifa onepa-
1105058

-0a30B0e KOH(UTYPUPOBAHHUE CETEBOTO AJIEMEHTa C MyCTON 0a3oii
JAHHBIX;
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-pe3epBUPOBAHUE U BOCCTAHOBIICHUE KOH(PUTYpaLINH;

-3aIpOC JAHHBIX KOH(PUTYpalUU MO MO3UIUSM CETEBOTO 3JIEMEHTA
(TUN TOJIKK, CHUCOK OOOpYJOBaHMs, Ha3HAYCHUE CMEXKHBIX OJIOKOB,
TOYKH OKOHYaHUs, TAKTUPOBAHUE, BblJjaua aBapUNHBIX CUTHAJIOB, KaHa-
JIbl IEpeauy JaHHBIX YIIPABJICHUS);

-KOH(DUTYpHUPOBAHUE TAKTOBBIX T€HEPATOPOB;

-KOH(UTYpUPOBAHKUE BXOJIOB JUCTAHIIMOHHOT'O KOHTPOJIS;

-CUUTBIBAHUE COCTOSIHUSI TPOTPAMMHOI0 00€CIIeUeHUs U T. 1.

VYcranoBka napametpoB noprta (unrepdeiica) na CO nojpasymena-
€T YCTAaHOBKY COCTOSIHUW ONTHYECKUX U DJIEKTPUUECKUX HMHTEP(dENCcoB,
uHTep(PEeNCcOB BHEITHEW CUHXPOHU3AIUY U JIP.

KommyTanusi KpoccoBbiX coeuHEeHU B CD MOXKET OBITh BBINOJI-
HEHA MEXIY OTACIbHBIMU AJICKTPUUECCKUMHU U ONTHYECKUMH UHTEp(PE-
camu. sl KOHTPOJII Ka4ecTBa CUTHAJIa HA YCTaHOBJIIEHHOM KPOCCOBOM
COCAMHEHUH MOTYT UCIIOJIb30BaThCA TOYKH OKOHYaHUS WA TPAH3UTHOTO
COCIMHEHHS.

KpoccoBbie coeMHEeHNs BBIMOIHAIOTCSA MOCE MOJTHON KOHpUry-
pauu C3 3a uckitoueHuem kpoccoBbix CI. [Ipu kpoccupoBanuu ycra-
HABJIMBAIOTCA OJHOHAIPABIICHHBIE COCIMHEHUS «TOUYKA-TOUYKa»», OJHO-
HaIpaBJIEHHbBIE «TOYKA ~-MHOT'O TOUYEK», IByHaIpaBieHHbIe. OTMEUaroTCs
TOYKHA OKOHYAaHHUS, METKH CUTHAJIOB, KOHTPOJb TPAH3UTHBIX COCIUHE-
HUM.

[lepexmouenne Ha pe3epB B COD, KOTOpoe MpeaycMaTpUBAETCS B
000pYyIOBaHUHU, BBIMOJHAETCS C I€JIbI0 MOBBIIICHHUS HAJIEKHOCTU CeTe-
BOI'0 JJIEMEHTa U CeTU CBs3W. lIpu HapymeHun nepeaayu, Harpumep,
npu 00pwiBe JuHUM (110 curHaiy LOS) unu noBeimenHoM ko3 puiineH-
T€ OMIMOOK, JOJKHO OBITh BBITIOJIHEHO MEPEKIIOUYECHHE CUTHAIOB Ha pe-
3epBHYIO JIUHUIO. J[onoTHUTEIbHOE 000pyA0OBaHUE B cocTaBe CD MOXKET
COXpaHUTh TpapuK B pe3yjbTaTe 3allUTHOro nepekitoueHus. [Ipoueny-
pbI YIIPaBICHUSI OMPENEIICHbl OTHOCUTEIBHO YCTAHOBKHU PE3EPBUPOBA-
HUS, YIAJEHUsl pe3epBUPOBAHUSI, 3aMpoca KOHPUTYpallMd U JAHHBIX O
COCTOSIHUM JIJISl CYIIECTBYIOIINX PEIICHUH MO0 pe3epBy, U3BMEHEHUN KOH-
durypanuii pe3epBUpPOBAHUS, MEPEKIIOUCHUN MEXIy padouynMu U pe-
3€pBHBIMU CEKI[UAMU MYJbTUIIJIEKCUPOBAHUS WM CMEHHBIMU OJIOKaMU
B 000opynoBaHuu. PezepBrpoBanue CeKIUd U OJIOKOB MOXKET OBbITh MOJI-
HbIM (1+1) unu wactabiM (1:N), TAe N — pabouyux cekuid uiu 0J0KOoB U 1
pe3epBHas CEKIUs WU OJIOK.

KondurypupoBaHnue TaKTOBOW CUHXPOHU3AIMHU MTPEIIO0JIATaCT:

- KOHQUTYpUpPOBaHUE UCTOUYHUKOB CUHXpoHU3auu CO U ceTu;
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- KOH()UTYPUPOBAHHUE TAKTOBBIX CUTHAJIOB;

- KOH(UTYpUPOBAHUE BHEIIHETO TAKTOBOI'O CHUTHAla CHUHXPOHHU3a-
nuu. KondurypupoBanve mpou3BOIUTCA MO TMOKa3aTeIsIM KadecTBa U
IPUOPUTETAM.

OuepeTHOCTh MPUOPUTETOB YCTAHABIMBACTCS IPOTPAMMHO B KaXK-
nom CD.

[Ipr3HaKOM MEPEKIIOUECHUS CUHXPOCUTHAIOB MO MPUOPUTETY MO-
T'YT CITY>KHTh:

- moteps curnaina (LOS);

- moteps nukia (kaapa) nepenaun (LOF);

- curnan uaavkanuu asapuu (AlS).

JIJIst 3aIMTHBIX TEPEKIIOYCHUN HCTOYHUKOB CUHXPOHU3AIUHN TIpe-
JTyCMOTpPEH TalilMep BOCCTAaHOBIIEHHSI cUHXpoHU3Ma (0T 1 10 60 MuHyT),
KOTOPBIN BO3BpAIAE€T CXEMY CHHXPOHH3Ma Tociie cpabaThiBaHUS B HUC-
XOJTHOE TIOJIOKEHUE.

Kongurypuposanue cetu nepenaun ganasix DCN (Data Commu-
nication Network), koTopas MoxxeT co37aBaThCsl HA OCHOBE BCTPOCHHBIX
KaHaJIOB, BBITIOIHACTCS JJIs1 oOecreueHusl HaJCKHOCTU TepeIadyn J1aH-
HeiX CVY. Ilpu aTOoM KOH(DUTYpUpOBaHUHU CO3/AIOTCS (PopMaThl aPECOB
oOnacTtu (AoMeHa) yrpaBJIeHUs U TOTOTHUTENbHBIC anpeca CO.

OO6paboTka aBapuHHBIX CUTHAJIOB MPEAMNOJIAracT pa3InyHbIC BUIbI
OoTOOpakeHUs1 aBapuil. ABapuu WHIULUPYIOTCS B allllapaType CETEBOIO
aJIeMEHTa cBeToauoaamMu Ha manenu coctosauii AIP (Alarm Interface
Panel). ABapuiiHbie cuTHANBI KaK yBeJIoMIIeHUs oTnpasisitorcs CY orre-
paTopy Ui UACHTU(DHUKAIIUA CPOYHOCTH M BaXKHOCTU HA dKpaHE MOHHU-
TOpa.

B 6a3e nanubix CY ot C3O MoxkeT (PUKCUPOBATHCS CTETIEHb CEPhE3-
HOCTH aBapuM, CIIUCOK aBaApUUHBIX CUTHAJIOB, MPOU3BOAUTHLCS QUILTpa-
IS aBapUHHBIX CUTHAIOB, IMOJCYMUTHIBATHCS YHCIIO BO3HUKIIMX aBa-
PUHHBIX CUTHAJIOB, (PUKCUPOBATHCS BPEMs aBapyuid U T.]I.

KonTtpons ¢pynkmmonupoBanus PM (Performance Monitoring) mo-
3BoJigeT oneparopy CVY cineauTs 3a Ka4eCTBOM paboThl KOHKpeTHOro CO
TPAHCIIOPTHOM CETH.

B CV pocrturaercs HempepbIBHOCTH cOOpa CTAaTUCTUYECKOW WH-
dbopMaluu ¢ MOCaeayIONeH aHaTUTUIeCKO 00padoTKoM. {151 aTOrO aB-
TOMaTHYE€CKH MPOU3BOJUTCS AKTUBU3ALMS TOYEK KOHTPOJIS WIIM H3Me-
peHuil mapameTpoB (PYHKIHMOHUPOBAHUS, OMPOC 3TUX TOYEK U JCAKTHU-
BaIMs.

KoHTponb GyHKIIMOHUPOBAHUS MEepuoAudeH U uHpopManus Guk-
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cupyercs B 6aze manueix MIB (Management Information Base — 6a3a
JAHHBIX ympaBiswoueid uHdopmanuu) depe3 15 muHyT unu 24 daca
(koH Tpo Jib U (P MKCa 11T BO3MOXKHBI TAKXKe Kbl yac, kaxasie 30 u
45 MUHYT).

3 CucreMbl yNOpaBji€HUS ONTUYECKUMU MYJIbTUCEPBUCHBIMU
TPAHCIIOPTHBIMU CETSIMHU

st 5pdhexTUBHOTO yNpaBiIeHUS ONTUYECKUMU CETSIMU CBSI3U BCE
MOCTaBIIMKK OOOpYAOBaHUSI (MYJbTUIUIEKCOPOB UM  TPaHCIOPTHBIX
mwiaThopM) MpeajaraloT HMCHOJb30BAaHWE COBPEMEHHBIX CPEJCTB MPO-
IPaMMHOIO YTIPABJIEHUSI, BCTPAUBAEMOI'0 HEMOCPEACTBEHHO B 000pYy/10-
BaHHUE U B cepBepHbIC ycTpocTBa. COBOKYITHOCTh 3TUX CPEJICTB U YCT-
POWCTB yIpaBlieHUs] U KaHAJIOB TMepeAadyr JaHHBIX MOJydHsia Ha3BaHUE
CUCTeMbl ympaBiieHus. [IporpamMmubie cpencTBa pa3padaTbiBalOTCS s
KaXJ0r0 YpOBHsS yrpaBieHus (ynpasiaeHue CD, ympaBieHHs TpaHC-
MOPTHOW CEThIO, YIIPABJICHUS yCIyraMu TPAaHCTIOPTHOM CETH) U TOApa3-
NEJSI0TCS. Ha MPOTPaMMBbl «MEHEJIKEepa» U «areHTay ymnpasiienus. [Ipo-
rpaMMbl «MEHEIKEepa» pa3MellaloTcsl B cepBepax ymnpasieHus. Ilpo-
rpaMMBbl «areHTa» pasmemarorcs B CO.

Ha ypoBHe ympasieHus cereBbix 3imemenToB EML (Element Man-
ager Layer), npeHa3Ha4eHHOM JUJIS TTOJICPKKHA pabOTHI 000PYI0BaHUA,
yOpaBJCHUsl 3arpy3KOd MPOTpaMMHOTO OOeCIedeHusl, IEHTPATN30BaH-
HOTO MEHEIH)KMEHTa OIIMOOK M cOOpa JMaHHBIX KOHTPOJS U HU3MEPEHUS
XapaKTepUCTUK 000PYI0BaHUS U CETH, UCTOJIb3YIOTCS TIPSMbIE B3aUMO-
JIEMCTBUSA «ar€HT-MEHEKEP).

Hanpumep, «Menemkep» Alcatel 1353 SH ympasnsier Bcemu ori-
THYecKUMHU ceTeBbIMU diiementamu: SDH, DWDM, ATM, IP u nro0siMu
TPAHCTIOPTHBIMHM CETSAMH: TMOABOAHBIMU W HA3eMHBIMH, BKJIIOYAs MPO-
BOJIHbIE U OECITPOBOJHBIE CUCTEMBI, MOXKET OCYIISCTBIISTh YIPABICHUE
oosiee yemM 100 TMmamMu U BEpCHUSIMH CETEBBIX 3JeMEHTOB. [Ipu 3TOM
o iiep>kuBaroTCs Jroobie nHTepdeiics ynpasnenus: Q3/CMIP, SNMP,
TL1, CORBA. Jlns cereil mpocToi KOHPUTYpAIIUd MOTYT HCIOJB30-
BaThCsl JIOKAJIbHBIE TEPMHUHAIbI yrpaiieHusi, Hanpumep, 1320NX wumm
1320CT (PucyHok 6).
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Wurepeiic O3

Pucynok 6 — I[Ipumep nonkntouenus tepmuHana yrpasienus 1320CT k
mynbTUILiekcopy SDH udepes unrepdetic Q3

Ha ypoBue ymparinenus tpancnoptHoit cetbio NML (Network
Management Layer) ucnonb3yrTcs UHTETPUPOBAHHBIE CUCTEMBI, MIPE/I-
HA3HAYCHHBIC MJI1 OpPraHU3alMU U YIpaBJICHUS TPaKTaMU, OpTaHHU3ye-
MBIMU BHYTPU CE€TH (OT TOYKM JO TOYKH) JJI1 BHEHIHWUX KIHUEHTOB, a
TaK)Ke YIPaBJICHUS CEThIO B I1€JIOM. BBITIONIHIET Bee QyHKIIMH, BKITFOYAs
Takue, Kak CO3/JaHue, MHBEHTapU3aIus U 00CIyKUBAHUE TPAKTOB, TPO-
BEJICHUE HEOOXOJMMBIX PAacueTOB, KOHTPOJIb MX KAaY€CTBEHHBIX Xapak-
TepHCTHK (Pprovisioning, inventory, maintenance, accounting and quality)
u T.11. Ha ypoBae NML peanuzyercs psij BO3MOKHOCTEN MO:

- JTUCTAHIIMOHHOMY HAOJIOJIEHUIO M KOHTPOJIIO TPAHCIIOPTHBIX
CEeTeH;

- npoUIAKTUIECKOMY OOCTYKMBaHHUIO, OOHAPYKEHUIO M JIOKa-
JAU3alMy HETIONAJ0K ISl OKa3aHUs MOJACPKKH 00CTyKUBAIOIIEMy TIep-
COHAILy;

- IEHTPAJIM30BAaHHOMY YIPABJIEHUIO TPAKTOB MPH KOMIUIEKCHOM
y4eTe TOIOJIOTHH CETH;

- YOpPaBJICHUIO JTaHHBIMH, YBSI3aHHBIMH C KOHTpPOJIEM KadecTBa
MIPEIOCTABIISIEMBIX YCIIYT;

- YIPaBJICHUIO JTaHHBIMH, YBS3aHHBIMH C WHBCHTApHU3allUCH CO-
CTOSIHUS CETH C 1IEIIbIO TUTAHUPOBAHUS JATBHEHIITUX paboT;

- uH(pOpMaIUU, CBI3aHHOU C MPEOCTaBICHUEM CETEBBIX YCIIYT;

-ONTUMHU3AIMNA KAIUTAJIOBIOKCHHA HAa OCHOBE HCIIOJIb30BaHUS
TEXHOJIOTHH, JOMyCKAIOIINX BO3MOXHOCTH MOJCPHHM3AIUHA, a TaKXKe
rMOKON U MacIITaOUpyemMoil apXUTEKTyphl ceTu. [Ipumepom Takoit cuc-
membl ynpaenenusi Moxet cinyxuth Alcatel 1354RM.

CucreMsl ynpaeinenust ypoBHsa ycayr SML (Service Management
Layer) oOecnieunBarOT CrieliMaaInucTam Mo MIAHUPOBAHUIO U pealli3alluu
CETEH IMIMPOKUN CIEKTP BO3MOXKHOCTEW ISl ONPEACICHUS TUIA U KOH-
burypanuy OnTHYECKON MYJIbTUCEPBUCHON IIAT(MOPMBI U CETEBBIX TO-
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MOJIOTUH. DTU CUCTEMBI MOJYy4aroT MH(OpPMAIIUIO OT CUCTEM yIpaBie-
HUS CETHIO JUIS pacueTa COCIMHEHHS TMOJ YCIYTH IMojib3oBaTeno. OHH
MOTYT (OpMHpOBATH 3alpOChl HUXKE JICKAIMM CHCTEMaM CETEBOTO
yOpaBJICHUS MO0 PACHIMPEHUIO0 BOBMOXKHOCTEH ONTHUYECKON CETH (BUPTY-
albHOM crenke KoHTeitHepoB VC-x wim 610koB OPUK, HapamuBaHmio
qHCJIa ONTUYECKUX KaHaioB). Ha ypoBHe ympaBiieHHs yclyramu co3za-
€TCsl BECh Ha0Op OMEPATOPCKOro Kiacca, KOTOPBIM HEOOXOAUM JjIsl CO3-
JAHUS TPAHCIIOPTHOM CETH, KOH(MUTYPUPOBAHHS YCIyT W HaOJIOICHUS
3a apeHIYEeMbIMU JIMHUAMU Mepelau, YCIyraMi BUPTYaTbHBIX YaCTHBIX
ceret VPN ¢ paznuunbiM ypoBHEM kadecTBa QOS.

Hawnbonee «mpoaBUHYTHIE», pa3BUTHIE CUCTEMBI YIIPABICHUS CIIO-
CoOHBI 00€CEYUTh ONepaluy Mo IJIAHUPOBAHUIO U MPOCKTUPOBAHUIO
ONTHYECKON MYJIbTUCEPBUCHON TpaHCTIOPTHOM ceTu. K Takum cuctemam
yhnpaBlieHus oTHocsatcs, Hanpumep, Cisco Transport Planner u Cisco
Metro Planner — KoMIUIEeKCHBIH MHCTPYMEHT IPOCKTHPOBAHUS CETCH
DWDM wu u3MeHeHus: CyIIeCTBYIOIIUX MTPOCKTOB Ha OCHOBE IIaTGopMm
ONS15454 ¢ uaterpupoBanHoii TexHojorueit ROADM.

4 3anaHue Ha MPAKTUYECKYIO paboTy

OnpenenuTh YUCIO MPOCKAIb3bIBAHUN, KOTOPbIE BO3HUKAIOT U3-3a
yXyIUICHUsI KauyeCTBa CUHXPOHHU3AlMK MO (Gopmysie 2, COrIacHO Bapu-
aHTy Tabnuiel 2. Ha oCHOBaHWU MOTYyUYEHHOTO pe3yibTara, ONpeaeanuThb

COOTBCTCTBYCT JIN Tpe6OBaHI/I$IM HOHyt—IeHHBII\/JI pe3yJibTar.

Tabnuna 2 — BapuaHThsl 3aJjJaHU HA TPAKTUYECKYIO PadboTy

Howmep Ba- (Df / fo)
puaHTa

1 2x10!
2 2x1070
3 2x107%
4 2x107°
5 2x107%3
6 2x10!
7 2x1071°
8 2x10%
9 2x107°
10 2x10%3
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5 KOHTpOoJIbHBIE BOIPOCHI

1.  Yewm ompejaeneHbl MpaBuia MOCTPOCHUS CETEH TAKTOBOU CHH-
XPOHU3AIMUHU YIIPABICHUSA?

2. B dewm 3akmrouarorcs npoosembr TCC?

3. Uto Ha3bIBAIOT MPOCKATIL3bIBAHUSIMU?

4. B 4éM CyIIHOCTh HOPMUPOBAHHUS TPOCKAIb3BIBAHUIN?

5.  Urto Ha3bIBAIOT JHKUTTEPOM U BaHIEPOM?

6. Kak cBs3aHO 4YMCIO MPOCKAIB3bIBAHUN CO CTaOWJIBHOCTHIO
TaKTOBBIX T€HEPATOPOB?

/. Kakas ceTb CHHXPOHM3AIIMM Ha3bIBAETCS IIEHTPAJIN30BaH-
HOW?

8. Uewm ornmuarorcs I121°, B3I' u I'CH?

6 Cnucok peKOMEHIYEMOW JUTEPATYpPhI ISl MOATOTOBKHU K IMPAK-
THYECKOMY 3aHSATHIO

1) ®okun B.I'. Onruyeckue CUCTEMBI MEpPeaadyd W TPAHCIIOPT-
HbIe ceTh. -M.: Dko-Tpenns, 2008.- 288c.

2) ®oxun B.I'. IIpoexkTrpoBaHre ONTUYCCKONW MYJIBTHCEPBUCHOM
TpaHCIIOPTHOMU ceTu: yueoHoe nocobue/ 2009 r. - 205c¢.

3) Cyxman CM., bepros A.B., llleBkomisic b.B. Cunxponusa-
USI B TEJICKOMMYHHKAIIMOHHBIX CUCTEMaX. AHAIN3 UHKEHEPHBIX Pe-

meHui. - M.: 9ko-Tpenaz, 2003.-272c.



