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AHaanTa

Junnomaslk xko00a Tamkent-CamapkaHj Tac KOJIBIHBIH OoibiHTa WDM
TEXHOJIOTHUSACHIH KOJJaHa OTBIPBIN, TaNIIBIKTBI-ONTUKAIBIK JJICKTP IKETKIZY
JKEJIJIEPIiH caly KoOacklHA KAThICTHI OapJIbIK HET13r Maceseaep i ST,

Kobanay HOTMXKECIHIE ONTUKAIBIK KaOeabll Tecey OaFbIThIH, YKaOBIKTHI,
Kabelb TYpPIH TaHAayJbl KOHE OailylaHbIC YHBIMJIACTBHIPYIBIH CHI30ACBIH 93ipJey
MIHJAETTEpl memiai. Pereneparus OeiMiHIH Y3BIHABIFBIH TO3Y KOHE JTUCIICPCHUS
apKbUIBl ecenTey, KaOObIKThl TaHAayAbl ecentey. TIpHIUIK Kayilci3airi >KoHe
TEXHUKAIBIK-O)KOHOMHKAJIBIK €CENTEYIIEP MOCeeNepi 1e Kapasbl.

AHHOTALUA

B 1unioMHOM mnpoekTe ObLIM PacCMOTPEHBI BCE OCHOBHBIE BOIIPOCHI,
CBSI3aHHBIE C IIPOEKTOM CTPOMUTENBCTBA BOJIOKOHHO — ONTHYECKUX JIMHAW Nepeaadun
o TexHosiorudn WDM Ha yuactke r. TamkeHT — r.CamapkaH1 BIOJIb aBTOJIOPOTH.

B pesynbrare mpoekTupoBaHHsS ObUIM pEUIeHbl 3a/aydl IO ONPEIEICHUIO
Tpacchl MPOKJIAJAKH OINTUYECKOro Kadeis, BBIOOPY ammapaTypbl, TUIY KaoOens,
pa3paboTKe  CXEeMbl OpraHM3alMM  CBsI3U.  BBINONHEH  pacyer  JJIMHBI
pEreHepaloHHOr0 y4yacTka 10 3aTyXaHUIO W IO JUCIEPCUH, PacueT MO BbIOOpPY
obopynoBanus. Taxke paccCMOTPEHbI BONPOCHI OE30MMACHOCTH KU3HEAEATEIBHOCTH
U TEXHUKO-DKOHOMHUYECKHUE PACUECTHI.

Annotation

The diploma project addressed all the main issues related to the project of
building fiber-optic transmission lines using WDM technology on the section of
Tashkent - Samarkand along the highway.

As a result of the design, the tasks were solved to determine the route of
laying the optical cable, the choice of equipment, the type of cable, and the
development of a communication organization scheme. The calculation of the
length of the regeneration section by attenuation and dispersion, the calculation of
the choice of equipment. The issues of life safety and technical and economic
calculations were also considered.
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Beenenue

BoOJIOKOHHO — ONITUYECKUE CUCTEMBI CBSI3H MPOXOAAT OYEPEIHON 3T CBOETO
pPa3BUTHS, OT YAaCTH CBSI3aHHBIN C N3MEHEHHEM MPHUOPUTETOB IMOJIb30BATENEH YCIYT
CBS3U.

Poct nmotpebGHOCTEH B yBelWYeHUHM OOBEMOB CBSI3U, KaK C TOYKH 3PEHUS
YBEJIMYEHHSI CKOPOCTU Tepenayr MHGOpMAIMK, TaK U C MO3UIIMH OXBAaTa HOBBIX
PErMOHOB, MPUBEN K HEOOXOAMMOCTU TOSIBJICHUSI HOBBIX BOJIOKOHHO — ONTUYECKHUX
TEXHOJOTUHA, B  YAaCTHOCTHM  TEXHOJIOTUH  CHEKTPaJbHOTO  (4aCTOTHOTO)
MYJIbTUILUIEKCUPOBAHUS (YIUIOTHEHHUS) KaHAJIOB, MOJYy4MBIINX HazBaHue WDM — u
DWDM - Ttexunomormii. WDM (wavelength division multiplexing) o3nadaer
MYJIbTHIUICKCUPOBAaHUE C pa3jielieHneM 1o jwHe BoiaHB, DWDM  (dense
wavelength division multiplexing) — 1UIOTHOE MYJIBTHILUIEKCHPOBAHHE C
pa3lelIeHHeM 10 JUIMHAM BOJH. /[aHHBIE TEXHOJOTMM ITO3BOJIAKOT B COTHH pa3
YBEJIIMYUTH MPOIYCKHYIO CIIOCOOHOCTh BOJIOKOHHO — ONTUYECKUX KaHAJIOB U CETeH
cBsi3u. MIX mpuMeHeHne, BMECTE ¢ TEXHOJIOTUSIMHU BpeMeHHOro yimioTHeHus (TDM),
NO3BOJIWJIO JOCTUYb TEpaOUTHBIX CKOpPOCTEW mepenaud HHGOpManud 1O
ONTUYECKOMY BOJIOKHY.

Bricokas cTOMMOCTB anmapaTypbl OKa3bIBa€TCs CYIIECTBEHHBIM HETaTHUBHBIM
daktopom mia peanuzanuu TexHojgorun DWDM. Tlpu ucnonb3oBaHUM OIM3KHUX
4acTOT TpeOYIOTCS Y3KOIOJIOCHBIE MOJYNPOBOJHUKOBBIE JIa3epbl C BBICOKOU
CTaOMJIBHOCTBIO JJIMHBI BOJIHBI T€HEPUPYEMOIrO H3IIyYEHHs, KOTOPBIE SBIISIFOTCS
HauOosiee  joporuMm  snemeHTom DWDM - cucrtem, caep:KuBaroIIuM
pPacIpOCTpaHEHUE NOCIENHUX. 1€M HE MEHEE IIPU BCEX HEAOCTATKAX OCHOBHBIMH
npeumyiectBamu cered DWDM ocratorest:

— BBICOKME CKOPOCTH IIEPENAYN U ONITUMU3ALMUSA ONTUYECKUX BOJIOKOH;

— BO3MOXXHOCTh obOecrieuennss 100 % — HOM 3amUTBEI HA OCHOBE KOJIBIIEBOM
TOIOJIOTUH U MIPOCTOr0 HApPAIIMBAHKS KAHAJIIOB B ONITHYECKON MaruCTpaiu.

B mHacrosmmee Bpems cetu DWDM  npumeHsroTcs Wi OCTPOECHUS
BBICOKOCKOPOCTHBIX TPAHCIOPTHBIX CETE ONEepaTopoB HAIMOHAJIBHOIO MaciluTada,
Ha OCHOBE, TOIIOJIOTHM «TOYKAa — TOYKA» WM «KOJIBLIO» M MOIIHBIX TOPOJICKUX
TPAHCTIOPTHBIX ~ MarucTpajed, KOTOpble MOTYT HCIIOJNb30BAThCsl  OOJBIINM
KOJIMYECTBOM IOJIb30BaTENIEH C MOTPEOHOCTAMHU B BBICOKHUX CKOPOCTSIX Mepeaadn
VCIIOJIB3YIOIIUX PA3IMYHbIE IPOTOKOJIBI.

[lenpto nmaHHOW pabOTHI SBIAETCS TMPOSKTHUPOBAHWE MArMCTPAIbHOU
BOJIOKOHHO — OIITUYECKOW JIMHUM II€peladyd C MCIIOJIb30BAHUEM TEXHOJIOTHUU
BOJIHOBOTO YIUIOTHEHHsI kKaHatoB WDM Ha yuactke r. TamkeHT — r. CamapkaH.
OTO HalpaBJICHHE SBIIETCA NEPCHEKTHBHBIM B CBS3M C TEM, 4YTO HMMEETCA
HEOOXOJMMOCTh CBSI3aTh IMOCJIEAHUA OIUIOT BBICOKOCKOPOCTHBIX M  IIHUPOKO
pacIpOCTPaHEHHBIX CeTel CBA3M TI.TalllKeHT CO CTPEMHUTENBHO Pa3BUBAIOIIUMCS
KyJbTYPHBIM, Hay4YHbIM W TNPOMBINUIEHHBIM ILeHTpoM [Ipoextupoanue BOJIII
MOAPA3yMEBAECT PEIICHUE HEKOTOPBIX 3a1ay, TAKUX KaK: ONPENCIICHUE TPaccChl
MPOKJIAJIKK BOJIOKOHHO — ONTHYECKOro Kalessi, BEIOOp amnmapaTyphbl, TUIa Kabens,



pa3paboTKa CXeMmbl OpraHu3aluu CBs3u. HeoOXOoauMo paccMOTPETh TEXHOJIOTHIO
ctpoutenbcTBa BOJIII, mpon3BecTr n3MepeHns napaMmeTpoB JIMHUU U MEPOITPUSATHS
10 IPUEMKE U BBOAY B dKCIUTyaranuto npoektupyemoit BOJIII. B nmpoektupoBanuu
TaKk K€ HEOOXOIMMO YYECTh BOMNPOCHI TEXHUKH OE30MAaCHOCTH U OXPaHBI
OKpY’KaIOLIEH Cpebl, paccunTaTh nokaszarenu HaaexxHoctu BOJIC.



1 Teopernueckas 4acTh
1.1 Buabl MyJbTHILJIEKCUPOBAHMS

MynpTUIUIEKCUPOBAHUE MOXET OBITh OINpPENEICHO KaK METOM, C IOMOIIBIO
KOTOPOT'O0 HECKOJIBKO aHAJIOTOBBIX MJIM LIU(PPOBBIX CUTHAIOB OOBEANHSIIOTCS B OJUH
CUTHal1 depe3 obOmiyro cpeny. PacnpocTpaHeHHBI BHJ MYJBTUILIIEKCUPOBAHUSA
OOBENUHAET HECKOJbKO HHU3KOCKOPOCTHBIX CHUTHAJIOB JJIi  OTIPaBKU IO
€AIMHCTBEHHOU BBICOKOCKOPOCTHOM JIMHUMY. 910 obOecnieunBaer
KOH(QUACHIIMATBEHOCTh U 3P PeKTUBHOCTH. Bech mpoliecc MOXKeT ObITh BBHITIOJHEH C
WCIIOJIb30BaHUEM YCTpOMCTBA, a UMeHHO MUX uimu MynbTUIIIEKCOpPA, U OCHOBHAS
(GYHKIUS 3TOTO YCTPOMCTBA 3aKIIOYACTCS] B OOBEIUHEHUH N-BXOAHBIX JIMHUW IS
reHepanuu ogHON BeIXOAHOM JuHUU. Takum ob6pazom, MUX nmeeT MHOTO BXOJ0B
M OIWH BBIXOA. YcTporcTBO HaszpiBaercss DEMUX wnm  aeMynpTHILIEKCOD
WCIIOJIB3YETCSl HA TPUEMHOM KOHIIE, KOTOPBIM JIEJINT CUTHAJI HA COCTABJIAIOIIME €r0

CUTHAJIBI. Takum 06pa30M, OH UMECT OJMH BXOAd MU HCCKOJIbBKO BBIXOJ0B. (pHCYHOK
1.1)

CurHasnbi . CurHanbl

A ~ —_—

Pucynok 1.1 — MyneTumiekcupoBanue

1.1.1 Tunsl MyJnbTHIUIEKCUPOBAaHHUS. MeTOAbl MYJIBTUILNIEKCUPOBAHUS B
OCHOBHOM HCITIOJIB3YIOTCS B KOMMYHHKAIMK, U OHU MTOAPA3JIEISAIOTCS Ha TPU TUNA. 3
TUIIA METOJOB MYJIbTUIIJICKCUPOBAHUS BKIIIOYAIOT B Ce0sl CIeayloliee.

— MynbTUIIIEKCUPOBAHUE C YACTOTHBIM pazaesneHueM (FDM)

— MynbTUILIEKCUPOBAHUE € pa3eieHreM no JuinHe BoJHbl (WDM)

— MynbTUIIEKCUPOBAHUE ¢ BpEMEHHBIM pazzaenenrem (TDM)

a) MyJnbTUILUIEKCUPOBAHKE C YACTOTHBIM paznaesienreM (FDM)

[Tonoca mpomnyckanust - 3TO 00ILIast MPOITYCKHAsi CIIOCOOHOCTh KaHasla JUIst
nepenaun AaHHbix. B FDM nonHas mnosoca MNpOMyCKaHWs JEIUTCS MEXIy
noJsib3oBatessiMu. CrieioBaTeIbHO, KaXAbli MOJIb30BaTeNb MOMYyYaeT COOCTBEHHYIO
MOJIOCY TMPONYCKAaHWUs WM YaCTOTHBIM Jauana3zoH. Jlpyrumu cioBaMmH, BCe
MI0JIb30BATEIM MOTYT HCIIOJb30BaTh KaHajl OAHOBPEMEHHO, HO OHUM HMMEIT CBOH
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COOCTBEHHBIE IOJOCHI MPOIYCKAHMS WJIM YAaCTOTHBIE JHMANA30HBI JUIS IEepeaadu
JAHHBIX.

Ha nepeparomield cTOpoHe Bc€ CHUTHAJIbI OOBEIUHSIOTCS B OAMH CUTHAJ C
WCIIOJIB30BAaHUEM MYJIbTHILIEKCOpA. Ilociie 3TOro curHam npoxoauT 4epes3 KaHadl.
Ha npueMHOM KOHIIE HAXOAUTCS AeMyJbTHILIEKCOp. OH pa3zienseT KOMIIO3UTHBIN
CUTHaJ1 O00paTHO Ha OTIelbHBIE cUrHajbl. Hemoctatok 3sToro  mMeroxa
MYJIBTUILUIEKCUPOBAHUSI COCTOMT B TOM, YTO, IIOCKOJIbKY BCE€ CHTHAJBI NEPEAtOTCs
OJTHOBPEMEHHO, CYIIECTBYET BO3MOXKHOCTh MEPEKPECTHBIX NoMex. Bkparue, FDM
JIEJUT MOJI0CY MPOITYCKAHUS U IPEIOCTABISAET YaCTOThI JJIS M0JIb30BaTENE. JTO HE
JEJUT BPEMsI MEXKTY MTOJIb30BATEISIMU.

6) MynpTHILIEKCHpOBaHHUE ¢ BpeMEHHBIM pazjaencHueM (TDM)

B TDM, nonp3oBarenn MOTYyT MHOJYYUTh IOJHYK ITOJOCY HPOIYCKAHMS
KaHaJ1a JJIsl OTIPAaBKU CUTHAJIOB, HO 3a (PMKCHUPOBAaHHBIN BPEMEHHON MHTEPBaIL. DTO
MaclITabupyeT BpeMmsi cpeau ImoJib3oBarenei. Ilpeamonoxxum, 4To e€cThb TpH
noJsib3oBarens kak ul, u2 u u3 U QUKCUPOBaHHBIM BpeMEHHON MHTepBaj paBeH t0.
Bo-nepBeix, ul nmomyuut Bcro mosocy 4dactoT 3a Bpems t0. Korma ul mepenmaer
JaHHBIE, PYTH€ IOJIb30BATEIM HE MOIYT IepefaBarh AaHHble. Ilocie Toro, kak
3TOT BPEMEHHOW HMHTEPBAJ 3aKOHYEH, U2 MOXXET IEPEIaBaTh JAHHBIC B TCUCHHE
Bpemenn t0. Korma u2 mnepenaror naHHble, APYTHE II0Jb30BATEIM HE MOTYT
nepeaBaTh JaHHbIE. 3aTeM u3 repenacT JaHHble 3a Bpems t0.

Bkpatne, TDM penuT Bpemsi, a HE MPOIMYCKHYIO CIOCOOHOCTh MEXIY
nosnb3oBaressiMu. OHM MOTYT IepelaBaTh CUTHAJBI TOJIBKO B MpeEeIax JOCTYITHOTO
BPEMEHHOTO HHTEpBaJa. Tak Kak TOJIBKO OJWH CHUTHAJ IIepelaercs 3a pas,
nepekpectubie nomexu B TDM MUHHUMAaIbHBL.

B) MyJIbTHILIEKCHPOBAHKE ¢ pa3jeiicHueM 1o aiauHe BoiaHbl (WDM)

OnroBonokoHHas cBA3b ucnonbzyeT WDM. Konuenmus WDM oTHOCUTCS K
¢busuke. Korna Genplit CBETOBOM JIyd MPOXOAUT Yepe3 MPU3My, OH pa3ieisaeTcs Ha
OTJEJIbHBIC LIBETHBIE CBETOBBIC JIyUd NMPU3MOM. Kaxkablll JIyd cBETa MMEET pa3HbIe
JUITMHBI BOJIH. DTO paboTaeT 1 Ha000poT. OTHENbHBIE LIBETHBIE YUYl 00BEIUHSIOTCS
Ha3aJ1, 4ToObI CO3/1aTh JIyd Oeoro cBeTa Ha pucyHke 1.2[1]

CUTHaNbl CUTHabl

link 1
link 2
link 3
link 4

1P3

Pucynok 1.2- Konuenius WDM

1P7

link 1
link 2
link 3
link 4

WDM o00beauHsieT HECKOJIBKO CBETOBBIX Jyueld W3 KaHAJIOB, HCIOJb3YS

MYJIBTUILIEKCOP,
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ONTOBOJIOKOHHBIM KabOenb. Ha mpueMHOM KOHIE J€MYJbTUILIEKCOpP pa3leiseT
OJIMHOYHBIN CBET 0OpaTHO Ha HECKOJIBKO CBETOBBIX JIyUel U OTIIPABIISICT MX HA CBOU
cobctBeHHbIe KaHabl. B iemom WDM noxoxx Ha FDM, HO nepegava mpoucxoauT
10 ONTOBOJOKOHHBIM KaHaimaMm. CieioBaTeabHO, MYJIBTUIJIEKCUPOBAHUE U
JEeMYJIbTUTIJIEKCHPOBAHUE BKIIIOUAIOT B C€0sI ONITUYECKUE CUTHAJIBI.

Paznuma mexny FDM TDM u WDM s3akmtouaercs B Tom, uto FDM nenut
HIMPUHY TOJIOCHl Ha MEHBIIME YaCTOTHBIC JMAIA30HbI, U KaXIbli MOJIb30BATEIb
nepesaeT JaHHbIE OJHOBPEMEHHO uepe3 OOIMii KaHal B CBOEM YacTOTHOM
nuanaszone, DM Beiaenser (pUKCUpOBAHHBIA BPEMEHHOW MHTEpBAN U KaKIOTO
MOJIb30BATENsl JJIsi OTHPABKU CUTHajIoB uepe3 obmui kanan. WDM o6benunsier
HECKOJIBKO Jy4yel CBETa U3 HECKOJbKUX KAHAJIOB U OOBEAMHSECT UX B OJUH JIy4
CBETa M TMEpelaeT uepe3 ONTOBOJOKOHHBIA Kabenb, aHanoruyHeii FDM.
CnenoBarenbHo, WDM saBnsiercss 0ojiee COBEPIICHHOW TEXHOJOTHEW ISt
HCIIOJIb30BAHUS B OIITOBOJIOKHE.

1.2 BBeaenune B WDM

WDM - 310 TexHOoNorus, KOTOpas IO3BOJSET NEepeaaBaTh pa3iHyuHbIe
ONTHUYECKHE CUTHAJIBI IO OJHOMY BOJIOKHY. E€ mpuHIMI, 1O CyTH, TaKOW K€, Kak
MYJBTUIUIEKCUPOBAHUE C 4YacTOTHBIM pazneneHueM kaHanoB (FDM). To ectb
HECKOJIBKO CHUTHAQJIOB IIEPENAIOTCS C  HCIOJIB30BAaHUEM Ppa3HbIX HECYIIUX,
3aHMMAIOIIUX HENEPECEKAOIIMECS YaCTH 4YacTOTHOro crekrpa. B ciaywsae WDM
UCIIOJIb3yeMas moJjioca cnekrpa Haxoautest B oosactu 1300 wim 1550 HM, KOTOpBIE
MPEACTABIAIOT COOOM OKHA C JABYMs JJIMHAMHU BOJH, B KOTOPBIX OINTHUYECKUE
BOJIOKHA UMEIOT OY€Hb HU3KYIO MMOTEPIO CUTHAIA.

[lepBoHaYaJIbBHO KaXJ0€ OKHO MCHOJB30BAJIOCH MJIsi NEepeladyd OJHOTO
uupposoro curHana. C pa3BUTUEM ONTUYECKUX KOMIIOHEHTOB, TAKMX KaK JIa3€pbl C
pacripenierieHHol oOpatHol cBsi3zblo (DFB), BOJIOKOHHBIE YCHJIUTENIW HA OCHOBE
apous (EDFA) u ¢oTomerekTopsl, BCKOpPE CTajl0 TMOHATHO, 4YTO KaXI0€
nepefaronee OKHO  MOXKeT  (DaKTUYECKHM  HUCHOJb30BaThCS  HECKOJBKUMHU
ONTHUYECKUMU CUTHAJIAMH.

PaKkTUYECKH, KOJINYECTBO ONTUYECKUX CUTHAIOB, MYJIbTUIIIIEKCHPOBAHHBIX B
OKHE, OIPaHWYEHO TOJIBKO TOYHOCTBIO JTHUX KOMIIOHEHTOB. bnaromaps
coBpeMeHHOW TexHonoruu Oonee 100 onTUYeCKWX KaHAJIOB MOTYT OBITh
OoOBbeIMHEHBl B OJHO BOJOKHO. TexHoyorus Oblga TOTJa Ha3BaHA YIUIOTHEHHOU
WDM (DWDM).

1.2.1 WDM Hna pansHue paccrosHusi. B 1995 ronmy omepaTtopbl nanbHen
cBs3u B Coenuuennbix llltarax Hadanu pasBepTbiBanue cucteM nepenayun WDM
TUma "ToYKa-To4Ka", 4TOOBI MOBBICUTH MPOITYCKHYIO CIIOCOOHOCTh CBOMX CETEH MpH
OJIHOBPEMEHHOM UCIIOJIb30BaHUU CYILLIECTBYIOLIUX ONTOBOJOKOHHBIX
uHppactpykryp. C tex mop WDM mrypmMoMm 3axBaTHil PHIHOK JaldbHEHl CBSI3H.
Texnomorus WDM  mo3Bonsier cOpaBiATbCA € MHOCTOSSHHO — PACTYLIMMH
TpeOOBaHUSIMHU K €MKOCTH, IOBBILIAsi THOKOCTH MPU OOHOBJIEHUH €MKOCTH.

Opnako HauboJee pacpoOCTPaHEHHBIM (AKTOPOM SIBIISIETCSI IKOHOMUYECKOE
npeuMyiecTso pemenns WDM no cpaBHEHUIO ¢ KOHKYPUPYIOLIMMH PELICHUAMM,
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TaKUMH KaK MYJbTUILIEKCHPOBAHHWE C MPOCTPAHCTBEHHBbIM paszneieHueM (SDM)
WM paclIipeHHOE MYJIbTUIUIEKCHUPOBAHUE C BpeMEHHBIM pazzaenienueM (TDM), mis
MOBBIIICHUS TPOMYCKHON crmocoOHOCTH ceTu. «OTkpeiToe» pemienne WDM
UCIIOJIB3YEeT TPAHCIOHAEPHl B TEPMHUHAIBbHBIX MyJdbTUIUIEKcOpax (TM) WDM wu
BCTPOCHHBIE ONTHUYECKUE YCHIIUTENIH, KOTOPbIE COBMECTHO HCIOJIB3YIOTCS
KaHaJaMU ¢ HECKOJIBKUMH IJTMHAMH BOJIH.

Tpancnonaep, o cytu, npenacrasiser codo ontodnexkTponnsit (O / E / O)
npeobpazoBarenb 3R,  KoTOpblii  mpeoOpa3dyeT  ONTUYECKUW  CHUTHAJ,
COOTBETCTBYIOMMM cTanaapty G.957, B COOTBETCTBYIOIIUMA KaHaN JJIMHBI BOJIHBI (U
HA00OpOT), B TO € BpeMs MOBTOPHO MOJKIOYasi, u3MeHsIs GOpMy U yMEHbINAs
AIEKTPUYECKYI0 MOIIHOCTh cUrHaja. B pemenun SDM uCHoNb3yrOTCS HECKOJIBKO
ITapaJuIeNIbHBIX Map BOJIOKOH, KaXaas U3 KOTOPBIX OCHaleHa perenepatopamu SDH
BMECTO HECKOJIbKHX JUIMH BOJIH, WCIOJB3YIOIIMX OJAWH M TOT K€ BCTPOCHHBIN
ontuueckuii ycunutenb. OOHOBIeHHUE A0 Oojiee BBICOKHUX cKopocteir TDM
(manpumep, ot 2,5 I'6utr / ¢ STM-16 no 10 I'6ut / ¢ STM-64) sBuseTcss IUIIb
KPaTKOBPEMEHHBIM pELICHUEM, IIOCKOJBKY YXYJILIEHUE Iepeadyu, Takoe Kak
JUCTIepCHs, TUI0X0 MaciTabupyercs npu yBenuuenun ckopocteit TDM, ocoGenno
Ha CTaHJIAPTHBIX OJJHOMOOBOE BOJIOKHO.

I Rx
A 2 "N
e BCTpOEHHbIN < S
Z A2 g ONTUYECKMIA YCUAUTENb g Az r—[:
H s [\ [\ e
Sl 5 = L~ L~ —g G.957
‘ s =
' o
l : = g l
s NI

TpaHCcnoHaepbl TapHCNoHAepb!

Pucynox 1.3- WDM Ha nivHHBIE pacCTOSIHUS

Tematuueckoe uCCIEIOBaHUE IPOJIEMOHCTPUPOBAIIO, YTO JIBYXTOYCUHBIC
cucteMmbl WDM Ha Oonblie pacCTOSHUS SBHO SIBISIOTCS 0OJiee SKOHOMUYECKU
s dexTuBHBIM pemenneM, yeM SDM, naxke mns tpex kaHajgoB STM-16 (pucyHok
1.3). Ecau y4uTHIBAIOTCS TOJBKO 3aTpaThl HAa 00OpyAOBaHHE IS Nepeaayd u
perenepanuu (1.e. pereHeparopsl SDH B ciyyae SDM u momynu WDM TM c
TPAHCIIOHJIEPAMU CO BCTPOEHHBIMU ONTHYECKUMH yCWIUTEISIMU B ciiydae WDM),
HavyaJbHAsi CTOMMOCTh KaHajla C MCIOJb30BaHueM TexHosorun WDM Gobiiie yem
BnBoe Oosbmie, yem y SDH. Opnako pemenne WDM  sBusercs Oosee
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ODKOHOMHUYHBIM JIJII Pa3BEPTHIBAHMUS TPEX KaHAJIOB W 0ojiee B CETH W3-3a
COBMECTHOT'O MCITOJIb30BaHMS BCTPOSHHOTO ONTHYECKOTO ycuuTens [2].

1.22. WDM Ha kopoTkoil nucTaHuuu. PereHeparopbl HE HYXHBI, H
ONTUYECKHE HWCKAKEHUS OKa3bIBAIOT MEHBIIEE BIUSHUE W3-32 OTrPAHUYCHHBIX
paccTosTHUM B ceTsX OJKHEW CBsI3M, MOdTOMYy mpeumyiiectBa WDM wmenee
OYEBUHBI, 4YeEM NpenmyiecTBa SDM WM yCOBEPIIEHCTBOBAaHHBIX pemeHuid TDM.
TeM He MeHee, UCTOLIEHHWE BOJIOKOH M HEAOPOTHME ONTHYECKHE KOMIIOHEHTHI B
Hacrosee Bpems ABMKYT WDM B CTONMYHOM pernoHe.

[IpuiioxkeHne KpaTKOCPOYHOW CBSI3U CBSI3aHO C COCIMHEHHWEM HECKOJIBKUX
touek npucyrctBus (POP) B omHoM ropone. TpancmopTHas ceTh HMMEET Kak
MuHumMyMm ABa POP Ha ropoj, rie KIHMEHThI MOTYT cCOeAuHATHCS. C MOMOIIbBIO
METOJIOB COCIMHEHUS IBYX Y3JIOB, TAKMX KaK OTOpachIBaHUE U MPOJOKCHUE, CETH
KJIMEHTOB MOTYT OBITh CBS3aHBI C TPAHCIIOPTHOM CEThIO Yepe3 /iBa pa3Hbix POP.

OTO TPUBOAUT K OUYEHb OE30MACHON aApXUTEKType, KOTOpas MOXKET Jla)ke
BbIIepkuBaTh coon POP 6e3 kakoro-nmubo BinusHus Ha Tpaduk. Takum oOpaszom,
noTok Tpaduka mexay nsyms POP B ropoje coctouT He TOJIbKO W3 Tpaduka,
MPOXOJSIIEr0 4Yepe3 TOpoJ, HO Takxke Hu3 Tpaduka, KOTOPHIM MpeKpamiaeTcs B
ropone u 3amumiaercs ¢ nomomibio Drop u Continue. DTH MOBBIIIEHHBIE
TpeOOBaHMsI K TPOMYCKHOHM CIOCOOHOCTH BHYTPHM TOpojJia TPHUBEIU K
pa3BeptbiBanni0 WDM B O1mkHEM y4acTKe TPaHCIOPTHOM CETH.

OcHoBHass mnpuumHa, 1o Koropoi WDM mnpennoururensHee SDM,
3aKJII0YAETCs B TOM, YTO BOJIOKHA B TOPOJI€ JIOKHBI ObITh apEHI0BaHbl y TPEThEHl
CTOPOHBI, WJIA JOJKHA OBITh MOCTPOEHA BOJIOKOHHO-ONTHYECKAs CeTh. JIMZUHT Miu
CTPOUTENIBCTBO TOPOACKHX CETEM - 3TO HE TOJBKO JOPOTOCTOSLIMU MPOLECC, HO U
MeHee TMOKHMI MOoAXoJ] K MOJEpHHM3allMM MOIIHOCTeW. B nuHamuuHO# cpene, rae
pacripeneneHue Tpadhuka U 00bEMbI OBICTPO MEHSIOTCSI, KOJIMYECTBO BOJIOKOH,
MOJUIEKAIIUX apPEHJAE WIM CTPOUTENBLCTBY, CJOXKHO IIPEICKa3aTh 3apaHee.
CrnenoBaresibHO, UCTOJIb30BaHUE TeXHOJIOrMM WDM nmeeT siBHbIE MPEUMYLIECTBA
B TMOKOCTH, TIOCKOJIbKY KaHajbl JJUHBI BOJIHBI MOTYT OBITh aKTHBUPOBAHBI 3a
OYEHb KOPOTKOE BPEMSI.

HecMmotpss Ha TO, 4TO B MHpe CyHIECTBYIOT clienuaibHble cuctembel WDM
OJIMDKHEH CBSI3W, BBITOJIHO HCIIOJB30BaTh cucteMy WDM Toro ke Tura Jjis CBOeH
cetn pganpHen cBs3u. Hecmorps Ha TO, yto cucteMbl WDM Ha KOpoTkue
pacCTOSIHUS JICIIEBIIE, YEM MX aHAJIOTM Ha OOJIBIIIUE PACCTOSHUSA, U U3-3a TOTO, YTO
MOTYT HCHOJIb30BaThCSI UX HEAOPOTHE ONTUYECKHE KOMIIOHEHTBI, OHU MPUBOIAT K
F€TEPOreHHOM CETH, YTO HE SBJISETCS TMPEANOUYTUTEIBHBIM [0 HECKOJIbKUM
npuyrHaM. Bo-NEepBbIX, HUCMOJb30BAHUE JABYX Pa3HbIX CHUCTEM MPUBOAUT K
YBEIIMYCHUIO DSKCIUTYaTallMOHHBIX M YIPABJICHYECKUX pacxonoB. Hampumep,
reTeporeHHas ceTh TpeOyeT OOoJblle 3amacHbIX YacTe o0O0OpyJdoBaHMS, YEM
OJHOPOJIHAs CeTh. BO-BTOpBIX, B3aWMOJECHCTBUE MEXAY JBYMS Pa3JIUYHBIMU
CUCTEMaMH MOXET CcoO3/1aBaTh MpobseMbl. Hampumep, y3koe MECTO MOXET
BO3HHMKHYTh W3-3a TOTO, 4TO cucTeMbl WDM Ha KOpOTKHE pacCTOSHUSI OOBIYHO
MOJJEPKUBAIOT MEHBIIEE KOJIWMYECTBO [JIMH BOJH, 4eM cucteMsl WDM Ha
Oonpime paccrosHus [3].
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1.2.3. Texuomormss WDM nns mepenadu NaHHBIX. TeXHOJOTHYECKUMH
NPENSTCTBUSAMH B BBICOKOCKOPOCTHBIX CETSIX Mepefadyd JaHHbIX (HalpuMmep, B
IEHTpax 0O0paOOTKH JaHHBIX) SIBISIOTCS JHEPronorpedsieHue U 3¢PEHEeKTUBHOCTD
WCIIOJIb30BaHUs IPOCTPAHCTBA. BBICOKOCKOPOCTHBIE TEJIEKOMMYHUKAIIMOHHBIE CETH
OBLIIM YCUJICHBI C TIOMOIIBIO TEXHOJIOTUH IUPPOBOrO KOTEPEHTHOT'O OOHAPYKEHUS C
npoieccopom 1udpoBsix curHainoB (DSP); ogHako sHepronoTpeOiIeHUe CIAUIIKOM
Benuko (> 10 BT), u npuMeHeHne 3TOM TEXHOJOTUU B KPYITHOMACIITAOHOM IIEHTpe
0o0pabOTKM JaHHBIX HEpPETbHO. TpPaIUIIMOHHOE «IpSAMOe OOHapyxkeHue O0e3
KOMIICHCAlIUM JTUCTIEPCUM» SIBJISIETCS MPEANOUYTUTENIBHBIM C TOYKUA 3pPEHHS
sHepronoTpedenus, a TexHosoruss WDM B cucteme mepemadd JaHHBIX YacTo
UCIIOJIB3YETCSl I OOECIeYeHHS] BBICOKOCKOPOCTHBIX —IMPUEMOIEPEIaTINKOB
HEOOJIBLIOr0 pa3Mepa U ¢ HU3KUM SHEPTrONOTPEOICHUEM.

Hanpumep, muorue Ethernet-rpancuBepst 100G, KOTOpble WHTEHCHUBHO
UCIIOJIB3YIOTCSL B IIEHTpaxX OOpabOTKH JIaHHBIX, HCIIOJIB3YIOT YETHIPEXBOJIHOBOM
WDM B O-mguanaszone. XpomaTudeckas AucCHepcHUs OOBIYHOTO OJHOMOJOBOIO
BosiokHa (BosiokHa ITU-T G.652) B HyseBoOM MoJioce CTAHOBUTCS PaBHOM HYJIIO, a
JIUCIIEpCHs] BOJIOKHA MHUHHUMU3HpYeETcs. KpoMe TOro, 4eTbIpexBOJIHOBas CXeMa
WDM ymenbiaer OuToByI0 ckopocTh Ha kaHai (100/4 = 25 I'oéut / c), uro nenaet
JIOTYCK Ha IUCTIEPCHUIO B YETHIpE pa3a 0oJibllie, 4eM Y OJIHOKaHaJIbHOU cucteMbl 100
I'our/ c. [4].

CymiecTByeT aBa BapraHTa Ha0opa U3 YeThIpeX JJIMH BOJIH B O-Anana3oxe, a
umerHo CWDM4 u LAN-WDM. /Ilnana3oHsl JJIMH BOJIH MOKa3aHbl HA PUCYHKaX 5
u 6 BMECTE C MAaKCMMaJbHOM W MHMHUMAJbHOW XPOMAaTHYECKOW JUCIIEPCHEN
00BIYHOTO OJHOMOAOBOro BOJoOKHA. Jlnmael BomH CWDM4 Ttakue ke, Kak B
CWDM  TenekOMMyHHUKALMM, YTO TIO3BOJISIET MCIIOJIB30BaTh JIKOHOMHUYECKHU
3 PexkTUBHYI0O  ONTHKY,  pa3pabOTaHHYIO 1  TEJICKOMMYHUKAIIMOHHBIX
npwioxenuit. JJnuaer BoaH LAN-WDM pacnosnoxkensl 60jee MmI0THO, YeM JITTUHBI
BoJJH CWDM4, u pacnonoXeHbl MOYTH Ha JJIMHE BOJHBI C HYJEBOW JIUCIEpCHUEN
BOJIOKHA. Takoe pacnpelesieHHe [JWHbI BOJHBI TMO3BOJSIET IMEpeaaBaTh Co
ckopoctbio 100 I'6ut / ¢ qyunanee 10 kv (Hanpumep, 100GBASE-LR4 u ER4) Ge3
OTPaHUYEHHUSI XPOMATHYECKON JUCIIEPCUEN BOJIOKHA.

1.3 ApxuTeKTypa ONTHYECKHX TPAHCIOPTHBIX ceTeil

Ontuyeckue  Tpancnoptable cetn  (OTC)  mpencraBisitor  coOoit
€CTECTBEHHBIN CIEAYIONIUH [IAar B pa3BUTUH TPAHCHOPTHBIX ceTeil. C TOUKH 3peHHUs
apXUTEKTYpbl BBICOKOTO YpPOBHS, HE CIEAyeT OXuuaarb, 4To apxutektypbl OTC
OyIyT 3HAUUTENIbHO OTJInYaThesa OT apxuTektyp SDH. Tem He MeHee, TOT akT, 4yTo
SDH npennonaraer npoektupoBanue nudposbix cereid, a OTC - mpoekTrpoBaHue
aHAJIOrOBBIX CETEH, MPUBOJUT K HEKOTOPHIM CYIIECTBEHHBIM, XOTS W TOHKUM
paznuuusM. M3ydeHue 3TUX paziMyuil MPUBOAMT HAC K MOHMUMAHUIO ACIEKTOB
OTC, xoTopblE MOT'YT OTJIMYATHCS OT UX aHaJIoros B SDH.

PazsuBaromuecs: apxurektypst WDM OTC (Bkito4asi TONMOJOTUM CETEU U
CXEMbI JKHMBYyYeCTH) OyAyT OYEHb MOXOXKM - €CIM He 3epKasibHbl - Ha cetn SDH
TDM. DOrto npomkHO yauBisITh, mockodbky uW  SDH, mw OTC sBusaroTcs
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MYJIBTUIUVIEKCUPOBAaHHBIMUA CETSIMU C YCTaHOBJIEHHEM coeAuHeHus. OCHOBHbBIC
OTJINYHUS CBSI3aHBI C (DOPMOM TEXHOJOTUM MYJIbTUILIEKCUpOBaHus: 1udposoit TDM
st SDH u anamorossrit WDM g OTC.

[HudpoBoe u aHaANOroBoe pazIMyuMe OKa3bIBae€T TIJIyOOKOE BIMSHHE Ha
dbyHIaMEHTAIbHBIE KOMIIPOMHCCHI IIeHa / MPOU3BOJUTEILHOCTH BO MHOTHX
acnektax cetd OTC U mpoekTUpoOBaHMS CHUCTEMBbl. B 4YacTHOCTH, CIIOKHOCTH,
CBSI3aHHBIEC C MMPOCKTUPOBAHUEM U OOCITY)KMBAaHHUEM aHAJIOTOBBIX CETEU, OOBICHSIOT
OOJBIIMHCTBO Mpo0JIeM, cBa3aHHbIX ¢ OTC.

YToObl yAOBIETBOPUTH KPATKOBPEMEHHYIO MOTPEOHOCTh B YBEIUYCHHUH
eMKOCTH, AByXxTodeuHble cucteMbl WDM Oynyr mno-npexHemy pa3BEpHYTHI B
oonpmioMm MacmTabe. I1o Mepe pocTa Koau4ecTBa JJIMH BOJIH U PACCTOSIHUSI MEXKTY
TEpMUHAJIaMU BO3HUKAET pacTymas MNOTpeOHOCTh B J0OaBIE€HMM U / WM
0TOpachIBaHUM JUIMH BOJIH HAa IPOMEXKYTOUHBIX ydacTkax. CiemoBaTenbHO, THOKHE
pexondurypupyembie ontuueckue ADM (OADM) cranyr HeOTheMJIEMBIMU
anemeHTamu ceteit WDM.

[TockosbKy B HECYLIHMX CETSIX pa3BepHYTO OOJbIlE UIMH BOJH, BOSHUKHET
HEOOXOJUMOCTh B YIPABJIEHUU EMKOCTbIO M CHTHAJaMM TEPEKIIOYEHUS MEXKIY
CETSIMU Ha YPOBHE ONTHUYECKOTO KaHaia. AHaJIOTHYHBIM 00pa3zoM mnosBuianch DXC
JUISL YTIPaBJIEHUS €MKOCTBIO Ha 3JIEKTPUUYECKOM YpPOBHE, a ONTHUYECKUE KpOCC-
xommyTatopbl (OXC) - s yrpaBiieHHsi eMKOCTBIO Ha ONTHYECKOM YpOBHE. [2]

[lepBoHayaJIbHO MOTPEOHOCTHh B YHPABJICHUHM MPOIYCKHOW CHOCOOHOCTHIO
ONTHUYECKOT0 YPOBHS OyJeT Haubojee OoCcTpoll B cpelae 0a30BOMl TpaHCHIOPTHOM
CeTH. 3/1eCh JIOTHUECKOE CBSI3BIBAHHME HA OCHOBE SUYEEK OYAET MOANEPKUBATHCA
MOCPEACTBOM (PUBNYECKUX TOTOJOTHI, BKIIOYas OOIIME 3allUTHHIE KOJbIA Ha
ocHoBe OADM wu apxutekTypsl BoccTaHoBieHus siueek Ha ocHOBe OXC. Bribop
Oyzner 3aBHCeTh OT TpeOyeMOW CTENEeHHM MPOMYCKHOW CIIOCOOHOCTH TOCTaBIIUKA
YCIIyT TIO CPAaBHEHUIO CO COOPKOI U TpeOOBaHUIl 1IKaIbl BDEMEHU )KUBYUECTH.

[To Mepe mosiBIeHUsS aHAJIOTHMYHBIX TPEOOBAHWU K YIPABJICHHUIO IMOJIOCOMN
IPOIMyCKaHMs JJIsl TOPOJICKUX O(HUCOB U cpel AOCTyMa, PEIIEHUs] HA OCHOBE KOJIELl
OADM Taxke OyayT ONTUMHU3MPOBAHBI [JISi JTUX NPUIIOKEHHUM: ONTHYECKUE
COBMECTHO MCHOJb3yeMblE 3alllUTHBIC KOJbIa MJi1 TpeOOBaHUI K CETKE U
ONTUYECKHE BBIICIICHHBIC 3all[UTHBIC KOJbIA JIsi TPeOOBaHUN K KOHIIEHTPATOPY.
CrnenoBaTenbHO, TOYHO Tak ke, kak OA ObUI TEXHOJIOTHMYECKUM (haKTOPOM,
o0ecTieunBaOIINM TOSIBJIEHUE JBYXTOUCUHBIX JTUHEUHBIX cucteM WDM, OADM u
OXC Oyayt ununumaropamu nosisienust OTC.

[TockonbKy 37IEMEHTHI ONTHYECKON CETH MPEAnoiaraoT (yHKIIMOHATEHOCTD
TPAHCIIOPTHOTO YPOBHS, TPATUIIMOHHO MpeaocTaBisieMyro obopyaoBanuem SDH,
ONTUYECKUN  TPAHCIOPTHBIA  YPOBEHb CTAHET CIYXHUTh OOBEAMHSIOIINAM
TPAHCIIOPTHBIM YPOBHEM, CIIOCOOHBIM TOJIJICPKUBATh KaK yHACJIeIOBaHHBIC, TaK U
KOHBEpPreHTHBbIC (OpMaThl CUTHAJIOB 0a30BOM CETH C MAKETHOM KOMMYTAIIHEH.
Koneuno, mepexon mocraBmmka yciayr k OTC Oyner mporHo3upoBatbCs MpH
nepenaue (QyHKIHMOHAIBHOCTH TPAaHCIOPTHOTO YypoBHS, mnoaodoHoro SDH, Ha
ONTUYECKUI YPOBEHb OJHOBPEMEHHO C pa3paboTKoil ¢unocopuu oOCTyKUBAHUS U
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CBSI3aHHBIX C HEeW (PYHKIIUH 0OCITY>)KHBAHUS CETU JIJIS TTOSBIISIONIETOCS] ONITUYECKOTO
TPAHCIIOPTHOTO YPOBHSI.

KuBydecTb SBIAETCS ILEHTPAIBHOM pOJBIO ONTUYECKUX CETEM Kak
OOBEAUHSIONIEH TPAHCHIOPTHOM HMHPpPACTPYyKTYypbl. Kak M BO MHOTHX APYyrux
aApXUTEKTYPHBIX aCIEKTaX, >KMUBYYECTh ONTHYECKON ceTH OyAeT MMETh BBICOKOE
CXOJICTBO € UBYy4YecTbl0 SDH, MOCKOJBKY TONOJIOTMM CETU W THUIBI CETEBBIX
AJIEMEHTOB OYEHb MOXO0KH. BHYTpH ONTHYECKOTO YPOBHS MEXaHHU3MBI KUBYYECTH
OyayT MO-NIpeXHEMY MpenjaraTb MaKCUMaJIbHO OBICTPOE BOCCTAHOBJIEHUE IIOCIE
OOpBIBOB BOJIOKHA U JIPYTUX HEUCIPABHOCTEH (PU3MUECKOTO HOCUTENS, a TaKxke
obecrieunBath 3(HPEKTUBHOE U THOKOE YIIPABICHHE 3AIIUTHONW CITOCOOHOCTHIO.

OTC koHuenryansHo aHajmorndeH SDH B TOM cMbIcie, YTO OINpeEnesCHBI
MMOJYPOBHU, KOTOPBIE OTpa)karoT OTHOHIEHHS KiueHT-cepBep. [lockonbky OTC n
SDH sBnstoTcs MyJIbTUIJIEKCUPOBAHHBIMU CETSIMU, OPUECHTHUPOBAHHBIMU HA
YCTaHOBJICHUE COCUHEHUS, HE JOKHO BBI3IBATH YAUBICHUS TOT (PAKT, YTO CXEMBI
BOCCTAHOBJICHUSI M 3alIUThl JUIsI OOEUX OSTUX CHUCTEM YJUBHUTEIBHO TOXOXKH.
ToHKOE, HO Ba)XXHOE OTJIIMYME CTOUT MOBTOPUTH: B TO Bpems Kak cerb TDM
OCHOBaHA Ha MAaHUITYJIMPOBAHWU HUQPPOBBIMU BPEMEHHBIMU HMHTEpPBAJIAMU, CEThb
OTC / WDM ocHOBaHa Ha MAaHUITYJUPOBAHUU AHAJIOTOBBIM YaCTOTHBIM
WHTEPBAJIOM UJTU ONITUYECKUM KaHaJIOM (JJTMHOM BOJHBI). TakuM 00pa3om, XOTs Mbl
MOXEM O0XHUJaTh, YTO AHAJIOTMYHBIE APXUTEKTYPHI 3allUTHl U BOCCTAHOBIICHHS
OyIyT BO3MOXHBI C OOCMMH TEXHOJOTUSIMU, THUIIBI COOEB CETHU, KOTOpPHIC
HEOOXOJMMO YYHUTHIBATh B JIIOOON KOHKPETHOM CXEM€ KUBYYECTH, MOTYT OBITh
COBEPILIEHHO Pa3HBIMH.

1.3.1. Ontuyeckas >KUBY4eCTh CJI0s. TeIeKOMMYHUKAIIMOHHBIE CETH 00sI3aHbI
obOecrnieunBaTh HaJIe)KHOE OecriepedoitHoe 00CTy)KMBaHUE CBOMX KJIMEHTOB. OO1Ime
TpeOOBaHUSI JIOCTYITHOCTH COCTaBJISIIOT Tmopsaka 99,999% wim  Beilie, 4TO
MOJIPAa3yMEBAET, UTO CETh HE MOXKET ObITh HEJOCTYITHA B CPEIHEM Oojiee 6 MUHYT B
rog. B pesynbrate KUBY4YECTh CETH SIBISIETCS OCHOBHBIM (PAKTOPOM, KOTOPBIM
BJIMSAET HA TO, KAK 3TH CETH CIPOECKTUPOBAHBI U AKCILTYyaTUPYIOTCS. CEeTH NOJKHBI
OBITH CIIPOEKTHPOBAHBI TaK, YTOOBI CIIPABIISATHCS C TIEPEOOSMU B COCTUHEHUSX HIIU
OTITOBOJIOKOHHOM KabeJie, a TaKkKe C 0TKazaMu 000py/I0BaHUS.

uud:posoﬁyposeub{ SONET/SDH | ATM | FDDI | 1P | PDH | ETC
OPTICAL CHANNEL LAYER
OPTICAL MULTIPLEX SECTION LAYER
OPTICAL TRANSMISSION SECTION LAYER

ONTUYECKUM
VPOBEHb

onTU4YeckKkue
nHTepdencsl

Pucynok 1.4- YpoBHU cetu
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CeTb MOXET paccMaTpHUBaTBCS KAaK COCTOAIIAs W3 MHOXECTBA YPOBHEH,
B3aMMOJICUCTBYIOIIMX JIPYyr C JAPYroM, Kak Moka3aHo Ha pucyHke 1.4. PasHbie
OIepaTopbl BBIOUPAIOT pa3HbIE CIIOCOOBI pealih3allii CBOMX CETEH, MCIOJIb3Yys
pa3Hble KOMOMHAIMM MHOTOYPOBHEBBIX cTpaTeruil. JlefcTByroiue onepaTropbl
CBSI3M HCIOJIb3YIOT CBOIO OOJBIIYIO YCTaHOBIEHHYIO 0a3y SDH-o6opynoBanus u
HIMPOKHE BO3MOXKHOCTH MO 00pabOTKE M KOHTPOJIO IHUGPPOBBIX KPOCCOBBIX
COeJIMHEHU.

B omimmume ot 3TOroO, omeparop, MNpeaaralolliid YCIyTM Ha OCHOBE
WNurepuer-nporokona  (IP), crpemutrcss uMeTh  YOPOILIEHHYIO  CETEBYIO
uHPPACTPYKTYPY, UCTONB3YyIolyto [P B kauecTBe 6a30BOr0 TPaHCMOPTHOTO YPOBHS
0e3 wucnonb3zoBanuss SDH. OmnepaTopbl, oOTAMYaromuecs MO KayecTtBy (U
pazHooOpasuto) ycayr (QoS), moryr wucnons3oBath ATM B KauecTBe CBOeH
TPAHCIOPTHOM TeXHONOTHHU. [log ATUMM CHOSIMH HaXOIWTCS BO3HHKAKOIIWN
ontuueckuii cioi WDM wnii onTu4ecKum Ciiou.

OnTHueckuil ypoBeHb 00€CIIeUnBaET MyTH CBETA K 00Jiee BBICOKUM YPOBHSM,
KOTOPBIE MOTYT pacCMaTpHUBATHCS KaK KIMEHTCKUE YPOBHU, KOTOPBIE UCIIOIb3YIOT
yCIIyTY, MPEJOCTABISIEMYIO ONITHYECKUM YpPOBHEM. CBETOBBIE IyTH IPEACTABIISIIOT
co0Ol KaHalbl C KOMMYTAaIlMEel KaHajoB, MO KOTOPBIM IepefacTcss Tpapuk ¢
JIOBOJIbHO BBICOKMMH CKOPOCTSIMH Tiepenayu (Hanpumep, 2,5 ['6ut / ¢ wiu 10 T'out /
C). OTH CBETOBBIE TpaKThl OOBIYHO YCTAHABJIMBAIOTCA JUISI COCIUHEHUS
000py0BaHUs KIMEHTCKOro ypoBHs, Takoro kak ADH SDH, IP-mapupyTtuszatopsl
nu koMmyTtatopel ATM. Kak TOJIBKO OHM HACTPOEHBI, OHU OCTAKOTCA JOBOJBHO
CTaTUYHBIMU C TCYEHUEM BPEMEHH.

OnTuyeckuid CIOM COCTOUT M3 ONTUYECKHUX JIMHEHHbIX TepmuHaioB (OLT),
ontuueckux ADM (OADM) u onrtuueckux nepekpecTHbix coeauHeHuit (OXC),
KaK MoKa3aHo Ha cheayronieM pucyHke. OLT oObenuHsIET HECKOJbKO KaHAJIOB B
onHy napy BoiokoH. OADM o10OpachiBatOT U A00ABISIOT HEOOIBIIOE KOJIMIECTBO
KaHaioB u3 / B coBOKymHbIH morok WDM. OXC mnepexnodyaeT U ymnpaBliseT
OOJBIIIMM KOJIMYECTBOM KaHAJIOB B y3JI€ C BRICOKOW MHTEHCHUBHOCTHIO TpaduKa.

MpbI paccMaTpyBaeM 3aIIUTY ONTHYECKOTO YPOBHSI C TOUKHM 3PEHUS YCIYT C
TOYKHU 3PEHHUS THUIIOB YCIYT, KOTOPbIE JOJKHBI ObITh MPEIOCTABICHBI ONTUYECKUM
ypOBHEM 00jiee BBICOKOMY YPOBHIO. 3aT€M Mbl CPaBHUBAEM Pa3JIMUYHBIE CXEMBI
3aIATHl OMTHYECKOTO YPOBHS, KOTOPBIC ObUIM TPEJIOKEHBI C TOYKH 3PECHHS UX
CTOMMOCTH M 3(PPEKTUBHOCTH HMCIOJB30BaHUS MOJOCHI MPONMYCKAaHHS HA OCHOBE
Habopa yciyT, KOTOPbIN JOJIKEH MOIEPKUBATHCS. ITO HECKOJIBKO OTINYAETCS, TaK
KaK 3al[UTa ONTHYECKOTO YPOBHS MMEET TEHICHIMIO pacCcMaTpHUBaTh KakK 3aIllUTYy
yposust SDH [5].

1.4 Ynaornennnsiiit WDM (DWDM) u ero tomnoJiornu

Jlist mepegadyd ONTHUYECKUX CUTHAIOB Ha OoJbuioe pacctosgaue (> 100 kM)
HEOOXOMMBbI BOJIOKOHHO-ONITUYECKUE YCHIIUTEIH, YTOObI KOMIIEHCHPOBATh OTEPH
ONTHUYECKOr0 BOJIOKHA. [lOCKOJIbKY MIMpHHA MOJOCHI MPOITYCKAaHUS BOJOKOHHO-
ONTUYECKOTO YCUIIUTENS TOBOJBHO OrpaHUYeHa, HEOOXOAUM Y3KUI MHTEpBAJ JJIMH
BOJIH, YTOOBI TMOMECTUTH OOJBIIOE KOJWYECTBO KAHAJIOB B TOJOCY YCHJICHHS.
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Texnonorus mmotaHoro WDM (DWDM) Obuna pa3paboTaHa aJisi CUCTEM TMepeavn
Ha OOJIBIIINE PACCTOSHUSI, TTOJHOCTHIO MCHOJIB3Ys MOJIOCY YCHIIEHHUS BOJIOKOHHOIO
ycwurenss Ha ocHoBe 3pousi (EDFA). EDFA umeer ontuueckoe ycuienue B C-
nuanaszoHe u L-nuanasone, U, HaripuMep, B 0011Iel cliokHOCTH 115 kaHanoB AJIMHBI
BOJIHBI TIEpEIalOTCsl B OJJHOM BOJIOKHE ¢ pazHocoM vacToT 100 I'Tr (~ 0,8 M), kak
nmokazaHo Ha pucyHke 1.5. Heckonbko paznmuunbix yactor DWDM omnpenenens! B
MC3-T G.694.1, u COOTBETCTBYIONIMI HUHTEPBAJl BHIOMPAETCS B 3aBUCUMOCTH OT
TpeboBaHMl cucTeMbl (0OIasi MPOITYCKHAsI CIIOCOOHOCTh, CKOPOCTh Iepefavd B
OWTax Ha KaHaJl, PACCTOSIHUC U T. 1.).

C-band (44 wavelengths) L-band (71 wavelenzths)
[ I |
195 9THz 100GHz spacing 184 5THz
1530.33nm O B SHRE 1624 89nm

Pucynoxk 1.5 - Pasnecenue kananos auamna3onos C-band u L-band

UtoObl omucaTh HEKOTOpBIE ACMEKThI CIOKHOCTU cucteMbl DWDM, Mbl
JIOJKHBI YTOYHUTHh HEKOTOPBIE KITI0YEeBbIe TOMOJIOTHH ceTr. Hanbomnee n3BecTHHIMU
TOTIOJIOTHSIMH SIBJISIFOTCS] TOYKA-TOYKA, KOJIBIIO (OJMHOYHOE U ABOWHOE), TOJHOCTHIO
CBSI3HAs CceTKa M 3Be3ga. KpoMe Toro, CymecTBYIOT Takue IMOATONOJOTHH, Kak
JIECTHHIIA ¥ TOYKA-TOYKA C HAZACTPOUKOM.

[Tpon3BOAUTENBHOCTh KaXIAOW TOMOJOTHM CETH 3aBUCUT OT MHOTHUX
¢daktopoB. Cpeau HHUX: KOJUYECTBO Y3JI0B, MACTHYHOCTH, OECHIOBHAS SBOJIOLIUS,
MaKkCHUMaJjbHasi MPOIYCKHAsl CIIOCOOHOCTb, CIOCOOHOCTh BOCCTAHOBJICHMS YCIYT,
OTKa30yCTOWYMBOCTb, AaCMEKThl TPAHCIOPTUPYEMOro Tpapuka B peaJbHOM
BPEMEHH, YHHMBEPCAIbHOCTh MOJACPKUBAEMBIX THUIIOB Tpaduka, HaJIEKHOCTb,
3¢ (HEKTUBHOCTH YIPABJICHHS TIPOITYCKHON CITOCOOHOCTHIO, KOJIMYECTBO BOJIOKOHHO-
ONTUYECKUX  JIMHUH  CBSI3M  MEXKIYy  y3JlaMHd,  PEMOHTONPUTOJHOCTD,
PEKOHPUTYPUPYEMOCTH, MaCIITAOMPYyEMOCTh, SJKOHOMHKA, TCHJICHIIUU U PHIHOYHBIE
IpeanouTeHuss U Tak ganee. KomblieBas TOMOJOTHS B HACTOSIIEE BPEMS MOXKET
OBITh MPEAMOYTUTETHFHON TOJIBKO HM3-3a 3HAKOMCTBA C Y)K€ BCTPOCHHOU KOJIBIIEBOM
cetbto SONET / SDH u cerouHoi (IIOJHOCTHIO MOJKIIOUYEHHOI) TOMOJIOTHHN U3-3a
IIPEBOCXOTHOU JKUBYYECTH.

Kpome Toro, CymecTBYIOT TOMOJOTHH THOPUAHBIX CETEH, KOTOPHIE MOTYT
COCTOSITh M3 3BE3/1 U / WU KOJIEIl, KOTOPBIE CBA3AHBI MEXKIY COOOM BYXTOUCUHBIMU
auHusME cBsizu. Hanpumep, npoekt Metropolitan Optical Network (MONET) - ato
cetb WDM, paspaboranHas u ¢uHaHCHpyeMmasl PAIOM YaCTHBIX KOMIAHUNA U
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rocynapctBeHHbIMU yupexienusimu CIIA. OH cocTouT u3 ABYX MOJICETEN, O/THA U3
KOTOpBIX pacrnosniokeHa B Hero-/[)kepcu, a apyras B paiioHe BammHrrona, okpyr
KonymOust / Mapunenaa; oHU CBSI3aHbl MEXIY COOOM ONTHYECKON JTUHUEH CBSI3U
MEXKy ABYMS ITyHKTaMHU.

Touka-Touka (point-to-point). Point-to-point Tomosorus mpeuMyIeCTBEHHO
UCIIOJIB3YETCS JIJISl TalbHUX MEPEeBO30K, TPEOYIOMUX CBEPXBBICOKOM ckopocTu (10-
40 T'6ut / c), CBEPXBBICOKOM COBOKYMHOM TIOJIOCHI MPONMycKaHUs (TOpsiaKa
HECKOJIbKMX TepaOuUT B CEKyHAY), BBICOKON IIEJIOCTHOCTH CHUTHaja, BBICOKOM
HAJEKHOCTU M  OBICTPOTO  BOCCTAHOBJEHUS NyTH. PaccTrossHue  MeExXIy
NEPENATYNKOM U IIPUEMHUKOM MOKET COCTABJIATH HECKOJIBKO COTEH KMIOMETPOB, a
YHUCIIO YCUTTUTENIeH MEXIYy NBYMS KOHEYHBIMU TOYKaMU OObIYHO MeHbIine 10 (kak
ONpeNesieTCsl MOoTepeld MOIIMHOCTH M HCKaXXEHWEeM curHana). Todka-Touka cC
MYJIbTUIUIEKCUPOBAHUEM C JI00aBJICHUEM M yAAJEHUEM II03BOJISIET CHUCTEME
oTOpackIBaTh U JOOABIATH KaHAIBI 110 CBOeMy IyTH. KoanM4ecTBO KaHAOB, pa3HOC
KaHAJIOB, TUIl BOJIOKHA, METOJI MOJYJIAIIMK CUTHAJIa U BHIOOP THIIA KOMIIOHEHTA
SBJISIOTCSI BAKHBIMU MapaMeTpaMu MU pacyeTe OroKeTa MOIIHOCTH.

B DWDM kaxnpli KaHaja NEpENacTcsi Ha OINPENEIICHHOM JUIMHE BOJIHBI,
TaKK€ M3BECTHOM KaK «ONTUYECKUN KaHam». Pa3Hble KaHAbI MOTYT MEPEHOCHUTh
pa3Hble JaHHBbIE (HApUMeEp, peub, JaHHBIC, BUJEO, MAKEThl JAHHBIX) C Pa3HbIMHU
ckopocTsiMH nepenaud. ONTUYECKass JHUHUSA [EePEeIaTYNK-TPUEMHUK HMEET
HECKOJIBKO ONTHYECKUX KOMIIOHEHTOB: OINTOBOJIOKHO, OINTHYECKUE YCUIIUTENH,
OADM, onTtuyeckue QUIbTPbI, OTBETBUTENH, JIA3EPHbIE HCTOYHUKH, MOIYJIATOPBI
U npueMHUKH. Kaxaplii M3 HHUX HMEET CBOIO COOCTBEHHYIO XapaKTEPHUCTHKY,
BIIMAIONIYI0 Ha curHai. CKBO3HOE YNPOLIEHHOE NMPEICTABICHUE CHCTEMBI TOUYKA-
touka DWDM, koTopas Bkiro4aeT B ce0s Jla3epbl, ONTUYECKUN MYJIBTUILUIEKCOP U
JNEeMYJIbTUILIEKCOP, ONTOBOJIOKHO, ontuyeckue ycuiurenu (OA) u onTudeckuit
MYJIBTHILICKCOP ¢ A00aBlIcHHEM-TIaJIcHUEM, ITOKa3aHo Ha pucyHke 1.6 [6].

MYIbTUMAEKCOP LeMynbTUNAEKCOP
A4

BOJIOKHO KaHan 1

KaHan 1

KaHanL_)-_>
AN

KaHan 2

KaHan N

= NasepHbiit guos

= TPUEMHUK

Pucynok 1.6 - DWDM Touka-Touka

1.4.1. Tomoyiorusi «KOJbIIO» U «3Be37a». B o0mieM ciydae KojblieBas CETh
DWDM cocTtoutr u3 BOJIOKHA B KOJIBIICBON KOH(HUTYpaIMH, KOTOPOE MOJHOCTHIO
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COEIUHSET y3Jbl; HEKOTOPHIE CHCTEMBI UMEIOT JIBa ONTOBOJIOKOHHBIX KOJbIIA JIs
3alUThl CeTH. Takoe KOJBII0O MOXXET OXBaThIBaTh MECTHYIO WU CTOJUYHYIO
TEPPUTOPUIO U OXBAThIBATh HECKOJIBKO JIECSATKOB KHJIOMETPOB. BOJIOKOHHO-
ONTHYECKOE KOJIBLIO MOXKET COJEpPKaTh HECKOJIbKO KaHAJIOB CO MHOTMMH JIJIMHAMU
BOJIH M HECKOJIbKO Y3JI0B. CKOpOCTh TMepelayd JaHHBIX HA KaHall JUIMHBI BOJHBI
MO>KET COCTaBJIATh 622 MOwuT / ¢ mnu Hwke uin 1,25 I'6ut / ¢ uinn Beite. OQuH U3
y3JIOB B KOJIbILIE SIBJIETCS CTAHIMEW-KOHIICHTPATOPOM, TJi€ BCE MJMHBI BOJH
MOCTaBIISIOTCSA, 3aBEPIIAIOTCS M YNPABISAIOTCSA; CBSI3b C  JAPYTHUMH  CETSIMH
OCYILECTBIISIETCA HA OTOM LEHTPAIbHOM CcTaHUMU. KaKIbli y3ea M KOHLEHTPATOP
UMEIOT ONTHUYECKUE MYJIBTHILIEKCOPHI a00aBneHus-otOpacsiBanus (OADM) mis
ynajgeHus: U A00aBJICHHs] OJHOTO WM HECKOJbKMX HA3HAUYECHHBIX KaHAJIOB JUIMHBI
BOJTHBI.

B xonpuessix cetsx DWDM cTaHIMA-KOHIIEHTPATOP MOXKET OTIPABIATH U
3aBepmiaTh ~ TpauK  HECKOJbKMX TUNOB (Hampumep, I[P cuHXpOHHOrO
TpaHcnioptHoro Moayns (STM), Bugeo). Konuentpartop ympaBiser BceMH
KaHaJaMH (JUIMHaMU BOJIH), HA3HAYEHHBIMU Ty TSIMU MEXKIY y3JIaMHU, a TAKKE TUIIOM
tpaduka. B OADM onna (unm Oosee) onTHYecKas dYacToTra cOpachlBaeTcs H
no0aBisieTcs, TOTAa KaK OCTaJbHBIE YAacTOThl MPOXOAAT Ipo3padyHo. OHAKO IO
Mmepe yBenuueHus: konuuectBa OADM curhan mojsepraercsi MOTEpsIM, U MOXKET
notpeboBaThCsl ontudyeckoe ycuieHue. KoamuecTBo y3/10B OOBIYHO MEHBIIIE, YEM
KOJIMYECTBO JUIMH BOJH B BoJiokHe. Ha pucynke 1.7 uzoOpaxxeHa Oa3oBas
KOH(Urypanms.

IP
STM

Pucynok 1.7 - Tononorus «xonbiio» DWDM

B KomnbI1eBO TOMOJIOTMHM CTAaHIUA-KOHIICHTPATOP YIMPaBIsAeT Ha3HAYCHUEM
KaHalla (JUIMHBI BOJIHBI), TAK YTO BBITIOJIHSACTCS TMOJHOCTHIO TMOIKIIOUEHHAS CETh
y310B ¢ OADM. KonieHTpaTop Takke MOXKET O0ecredynBaTh CBS3h C JAPYTHMHU
cersimu. Kpome toro, yzem OADM MoxeT ObITh COSIUHEH C MYJIbTHILUIEKCOPOM /
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JEMYJIbTUILIEKCOPOM, TA€ MYJIbTUILIEKCUPOBAHBI HECKOJIBKO MCTOYHUKOB JTAHHBIX.
[Ipoctast KomnblieBas TOMOJIOTHMSI C KOHLEHTPATOpPOM M JByMsi y3namu A u B,
CBSI3aHHBIMH 4epe3 JUIMHY BOJIHbI Ak, mokazaHa Ha pucyHke 1.8, rae yzen A Takxke
MYJIbTUILIEKCUPYET HECKOJIBKO HMCTOYHUKOB JaHHBIX. OJHAKO BCE€ HCTOYHUKH
JAHHBIX 3aBEpIIAIOTCS COOTBETCTBYIOIMM y3i0oM OADM (y310oMm B), mockonbKy
OHM HAXOJSTCS Ha OJHOM KaHase (M Ha OJIHOM U TOU e JJIMHE BOJIHBI).

----- Router

UCTOYHWKU UCTOYHUKMN
—e

AaHHbIX AaHHbIX
¥ ]
— A
Pucynok 1.8 - Tonmonorust «koap1o» ¢ IByMs y3JIaMu
Kak  npaBuno,  KOHTpOJBHBIA  KaHal  MepeJaeT  JaHHble O
IIPOU3BOAUTEIIBHOCTH, yIIPaBJICHUH, obecrieueHuu, o0cy>KUBaHUU 151

aAMUHUCTPUPOBAHUM B KAXIbI y3€1 U U3 HETO. 31€Ch OITUCAHBI YEThIPE CTPATETUH
CYTEPBU30PHBIX KAaHAJIOB: aJIpECyeMbIe MAKEThl, OOITUE MAaKEThl, KAHATbHBIC MAKEThI
Y TUOPHJIHBIC TTAKETHI.

B anpecyembIx makeTax KOHTPOJIbHBIE JaHHbIE OTOOpaKaroTCs B MAakKerT,
aJpECOBAaHHBIN Y37y B KOJbLE. Y3JIbl CUMTHIBAIOT apeC HA3HAYEHUS B KaXIOM
BXOJISIILIEM IMaKeTe. Y3el, KOTOPBIA aJpecoBaH, 3aBEPIIAECT €r0 U OTIPABISET HOBBIM
MaKeT, KOTOpbIi no0aBisieTcss B KoJblo. [lakeThl, HE aapecoBaHHbIC Y31y, HE
MPEKPaAlIalOTCA; OHU MYJBTUILUIEKCUPYIOTCSI B OCHOBHOM mnoTok WDM,
HAIIPaBJISISICh K CIEAYIOLIEMY Y3IIy.

B o0mmx makerax makeT ObUT pasfeieH Ha pas3feiibl, U KaXIbli pasaen
COOTBETCTBYET TOJBKO y3i1y. TakuMm oOpa3oMm, KaKAbIA y3el 3aBepIlaeT CBOIO
COOCTBEHHYIO CEKIIHI0, Oy(dhepusyeT apyrue ceKnuu 6e€3 n3MeHeHUH, IepEenrChIBacT
CBOIO COOCTBEHHYIO CEKIMIO M TMOBTOPHO OTHPABISET TMOJHBIA MakeT Ha
cienyronuii  yzen. Takum 00pa3om, BCe Y3IbI MOTYT OBITh aapecOBaHbBI
OJIHOBPEMEHHO C OJIMHAKOBBIM MMAKETOM, MUHUMU3HPYIOIIUM 3aJICPAKKY.

B ciydae ¢ kaHasioM KakIbld y3e7l UMEET CBOM COOCTBEHHBIN BBIJEICHHBIN
KOHTPOJIbHBIN KaHajl (IJMHA BOJIHBI); JUIMHA BOJHBI OTOpAChIBA€TCS, 3aBEpIIACTCS,
MOJIy4aeT MCTOYHHUKU W MYJbTUILIEKCUPYETCS B OCHOBHOM motoke DWDM. Oto
caMblii OBICTPBIN CITOCOO CBSI3U € y3JI0M, HO OH MCHOJB3YET CIEKTPAJIbHbIE PECYPChI
(IMHY BOJIHBI) U1 KXJI0TO y3i1a. Tem He MeHee, 3TO MOXKET ObITh MPUMEHUMO B
BBICOKOIIPOU3BOJAUTENBHBIX CUCTEMAX, I/I€ OYEHb BaXKHbI KOHTPOJIbHBIC JAHHBIE B
peaTbHOM BPEMEHU C BBICOKOW CKOPOCTBIO.
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B rubpuanom ciydae 3T0 MOTYT OBITh JII0OObIE 1Ba U3 BBIIICTIEPEUUCICHHBIX
crioco0oB BMecTe B3ATHIX. HampuMep, OH MOXKET OBITh agpecyeMbIM U COBMECTHO
UCIOJIB3YEMBIM,  QJAPECyeMbIM U  KaHAJIM3UPOBAHHBIM, WJIM  COBMECTHO
UCIIOJIb3YEMBIM U KaHAJIU3UPOBAHHBIM.

Kakas u3 mpeuiecTByrOImMX KOHTPOJBHBIX CTPATErHil sBIsETCs Haubolee
NOJIXOJAIIEH, 3aBUCUT OT THUNA MOAJNEPKUBAEMBIX YCIYr, IapaMeTpoB
IPOU3BOJUTENIBHOCTH CETH, 3(PPEKTUBHOCTH MPOTOKOJA, CIOKHOCTH Yy37a M
HYKOHOMUKH.

Oco0bl#t caydail (pU3MYECKOro KOJblia - 3TO TONOJIOIHs NOJHOCTHIO CBS3HOM
CETKH WJIM TONOJIOTHS 3B€3/1bl (pUCYHOK 1.9). DTH ciyyam npuUBOIAT K pa3indyHbIM
HAJ30PHBIM CTPATETHUSIM.

Node A /

KONbUO

Node B
Tononorua CBASaHHOMW CETKMU TJononorua 3Be3aa

Pucynok 1.9 - Tononorust CBSI3aHHOM CETKU U 3BE3/1a

Mpbl chaenand CChUIKY Ha Y37l Ha OCHOBE TEPMHHOJOTHU, KOTOpas
MPOUCXOJUT OT TPAJAULIMOHHBIX CeTel CBs3U. B ceTsax mepepgaun JaHHBIX TEPMUH
«y3€J» 3aMEHSETCS TEPMUHOM «MapIIpyTU3aTop». st mIpoCTOTHI NEUCTBUTEIBHO
HE MMEET 3HAYECHUs, KAKOW TEPMHMH HCIIOJIB3YETCS, TAK KaK COBPEMEHHBIE CETH
DWDM Ttpancnoptupytot cmech Tpaduka, TDM (DSn, SONET / SDH), ATM u IP,
Onarozapsi KOHBEPTE€HILMH, MPO3PAYHOCTU OOCTYKUBAHUS U PAa3BUBAIOLICICS CETH.
B npunoxenusix DWDM - mMapiipyTuzatop, KOTOpbI o0ecrednBaeT MoAKIIOYCHUE
no IP; Bemonnser ounctky DSn wim OC-n, onTH4eckoe MyJIbTUIIEKCUPOBAHUE U
ONTUYECKOE MEPEKPECTHOE COEAMHEHHE; U 00ECIeUnBAET KaUeCTBO OOCITYy)KHMBaHUS
B peaibHOM BpeMeHu (Q0S) HauMHAET BBHIMJISAETh KaK TPAIUIUOHHBIN y3ell. ToYHO
TaK € TPaJULMOHHBIN y3eJ, 00eClneunBaoNINi NaKeTONoA00HOE COEIMHEHUE C
MPUOPUTETOM, OCHOBAHHBIM Ha JJOCTYITHOCTH IMOJIOCHI MTPOIYCKAHUS U COTJIAIIEHUN
00 ypoBHe oOciyxuBanus (SLA), HauMHaeT BBINVISIAETh KaK TPATUIUOHHBIN
MapuipyTtu3arop. [1oaToMy, XOTS y351bl U1 MapuIpyTU3aTOPbl MOTYT KOHIIENTYaJIbHO
pa3nyaThCs, Mbl HE pa3indaeM ux [7].
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1.5 Henocrarku cetu DWDM

Ceru DWDM nom&HB UMETh BO3MOXKHOCTh OOHAPY>KUBATh HEUCITPABHOCTH
B JIMHUM WM B KOJble (pa3opBaHHOE BOJIOKHO, HEUCHPABHBIA MOPT,
HepaOoTaloIKK y3€el) U U30JIMPOBaTh HEUCIIPABHOCTD. Lleb coCTOUT B TOM, YTOOBI
npeajiaraTh HENpEepbIBHYIO Tiepenady (oOcimyKMBaHWE) WM OOCIy)XKHBaHUE C
MHUHUMAJbHO BO3MOXXHBIM HApYLIEHUEM, KaK PEKOMEHIOBAaHO B CTaHaaprax. B
3aBUCUMOCTH OT TOIOJOTHUU U apXUTEKTYPhl CETH MPEIOTBpAllleHHEe COOEB MOXKET
OBITh JOCTUTHYTO C MOMOIIBIO ABOMHBIX BCTPEUHBIX KOJIEI (B KOJIBIIEBBIX CETAX),
aHAJIOTUYHO ONTOBOJIOKOHHOMY wuHTepdeiicy mannbix (FOOL). Korma B
apXUTEKType BCTPEYHOTO KOJIbIIa OOHapyXkuBaetrcs coOoi, cocegane OADM
n30eraroT cOosl IMyTeM IMepeHarnpaBiIeHus Tpaduka yepe3 ONTUIECKOe IEPEKPECTHOE
coequaenue ¢ mnoBoporom L1. Korga cucrema BOCCTaHABIMBAETCS IIOCIE
HEUCTIPABHOCTH WJIM HEUCIPABHOCTh YCTpPaHEHA, KOJbIIEBasi CETh BO3BpAILAETCS B
CBOE HOpMaJbHOE (710 BOSHUKHOBEHUSI HEUCTIPABHOCTH ) COCTOSHUE.

AHaIOTMYHO, B TOMOJOTUU «TOYKA-TOUYKa» OOHApYKEHHBIE OLIMOKU OyayT
3alycKaTh MPONEAYpPY, KoTopas JHOO HaXOIUT aJIbTePHATUBHBIA MyTh, JUOO
BBI3BIBAET aBApUIHBIC CUTHAJBL. B apXxutekType siueek cOOu MHUIUUPYIOT APYTYIO
npouenypy BbIOOpa ImyTH, KOoTopas o00xoauT cOou. OIMH U3 HEpPEeUeHHBIX
BOIIPOCOB, Ha KOTOpBIE JIOJKHBI OTBETUTH CETEBbIE apXuTekTopbl: «Korma
HEHUCIPABHOCTh BOCCTAHABIMBACTCS WJIM UCIPABIISIETCS, BO3BPAIIACTCSA JIU CETh B
NpeAblIylIee COCTOSHUE WIM MPOJOJDKAeTCsS 10 TeX Mop, IoKa He OyaeT
oOHapy»XeHa Jpyras HEUCITPAaBHOCTHY

Crnenyer OTMETUTbh, YTO JJISI MPEIOTBpAICHUS] COOEB TPEOYIOTCS CIIOKHBIC
YCTPOMCTBA  ONTHUYECKOTO  KPOCC-KOMMYTAallMM,  KOTOPbI€  HAKJIAJIBIBAIOT
JOTIOJTHUTENBHYIO HArpy3Ky Ha OIO/DKET MOIIHOCTH W 3aTpaT KOJIBLIEBOM CETH.
TakuMm 00pa3oM, Harpy3ka Ha 3alllMTHOE KOJbIO JOJKHA ObITh TIATEIBHO OLIEHEHA
B CBETE KOHKPETHOTO TPUMEHEHHSI.

BremBog o 1 rmaBe: WDM- camas mmoaxoasiinas TEXHOIOTHS, IS ITIOBBIIICHUS
E€MKOCTH COBPEMEHHOW CHCTEMBI.

2 PacyerHas yacrthb

2.1 Pacyer [JJMHBI PpereHepPallMOHHOIO YYaCTKa ¢  y4eToM
XPOMATHYECKOU JUCIIEePCUH

BpimosmHuM  pacuer UIMHBI  PErE€HEPALMOHHOIO y4acTKa C  y4EeTOM
XPOMAaTUYECKOU TUCTIEPCUU

B Tabmuue 2.1 npuBeneHbl OCHOBHBIE MapaMeTpbl  ONTUYECKHUX
cnenudukanuil 11 crangaproB STM-16 u STM-64. Kak BugHo, cuctema STM-64
NpeabsIBIACT 0oJiee BBICOKME TpeOOBaHMS K COOTHOIIEHUIO CUTHAJI/IIYM,
npesbimiass Ha 5-10 nb ator mapamerp g STM-16, 4ro BegeTr K MeEHbLIEMY
nomyctumoMy uucny yeunuteneir EDFA mexny perenepatopamu STM-64.

Tabnuma 2.1 - OcHOBHbIE HapaMeTpbl ONTHYECKUX CHEHU(PHUKAIUN CTaHAapTOB
STM-16 u STM-64
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ITapameTpsl STM-16 (2,5 T'6uTt/c) STM-64 (10 I'6ut/c)
MuHuManabHOE 18-21 27-31

OTHOIIICHHE CUTHA/IIIYM,
nb

Jlommyctumast mucnepcus 10500 1600
B KaOEJILHOU CUCTEME,
IIC/HM

OrpannyeHus u3-3a Her <400 km
PMD

PaccuntaeM  JIMHY ~— pereHEpalMoOHHOIO  y4yacTKa  OrPaHUYEHHOTO
XpoMaThuieckon aucnepcueit mia crangapra STM-16. s Bonokon SF u NZDSF
BO3bMEM 3HaueHMs yuaelnbHoW aucnepcuu 20 u 5,5 nc/(HM*KM) COOTBETCTBEHHO.
Orcrona nomydaeM dopmyay (2.1)

Laucn = ¢ / D, (2.1)

rae ¢ -momyctumasi JucCIepcHs B KaOelnpbHON cucTeMe, nc/HM, D - 3HaueHus
yaenbHOM aucnepcuu nc/(am*km) aist SF BosokHa

Lauco = 10500 /20 = 525 (xkm),
w11 NZDSF BoJiokHa

Lawcr = 10500/ 5.5 = 1909 (km).

Paccuntaem  qumMHY ~— pereHepallMOHHOTO  y4acTKa  OTPAaHUYEHHOTO
XpomaTHueckol nucrniepcueii s cranaapta STM-64. lna SF Bonokna

Lauco = 1600 / 20 = 80 (xm),
g NZDSF BosiokHa
Laucrm = 1600/ 5.5 =290 (km).

Xpomatuueckas gucnepcus. STM-16 nomyckaeT 3HAYUTENHHO OOJBIIYIO
JUCIIEPCHIO CUTHAJIA B TUHHUHU (cM. Tabnuiy 2.1), yem STM-64, 4T0 1aeT BBIUTPHIII
KaK B MPOTSHKEHHOCTH CETMEHTOB MEXIY TMOCIEI0BATEIIbHBIMU ONTHYECKUMHU
YCUJIUTEISIMUA, TaK U B OOIICH MPOTSIKEHHOCTH JIMHUM MEXK]Y pereHepaTopaMu.
brnarogapst  nUMHEHHOCTH  XpPOMATHUYECKOW  JMCHEPCUU, MOXKHO  JOOUTHCS
3HAYUTEIHPHOTO YBEIWYEHUS JJIMH, YKa3aHHBIX B TaOJUIle, HCIIOJIb3ysS BCTaBKHU

¢dbparmenToB BOK Ha ocHOBE BOJIOKHA ¢ KOMIIEHCUPYIOLLEH THUCTIepCUel B TaOuIle
2.2.
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Tabmuma 2.2 - OrpanuueHue oOWmIEH MNPOTSHKEHHOCTH W3-3a BIIMSHUS
XpOMAaTHYECKOH Jucrepcuu

Tun BoJIOKHA STM-16 STM-64

CrangapTHOE 525 80
OJTHOMOJIOBOE BOJIOKHO
SF, xm

OIHOMOI0OBOE BOJIOKHO 1909 290
C HEHYJIEBOM CMEIIEHHOU
JIUCTICPCUEN , KM

Kak BuAHO u3 pacyeToB, XpoMaTHuYeCKas JTUCHEPCUs HE SBISETCS
OrpaHUYECHHEM Ha MOJACPHHU3UPYEMOM YYACTKE CETH IIpU HCIIOJIb30BAaHUU
CTaHJAPTHOTO OJHOMOJOBOTO BOJIOKHa SF, Tak Kak NpPOTSIKEHHOCTh IPOJIETOB
MEXKIY y3JaMd HAaMHOTO MEHBIIE, 4YeM MakcumajbHas mHa ydactka BOJIC,
OrpaHMYEHHOI0 XPOMATUYECKOU JUCTIEPCHEN JIJIsl CKOpocTel nopsika 2,5 I'out/c.

2.2 Pacuer [AJHMHBI PpereHepPallHOHHOIO Y4YacTKa ¢  y4eTOM
NoJISIPH3aIHOHHO-MOA0BOH aucnepcuu (PMD)

[TpoBenem ornenky Binussauss PMD Ha nepenady kanamoB STM-16 u STM-64.
B pamkax mnpombinuieHHBIX TpeboBanuii, PMD He nomxHa mnpesbimarts 1/10
outoBoro wuHTepBaia. OTcroa 3HAYEHUS HAKOIUIEHHOW MOJISIpU3AlMOHHON
MOJOBOH ucniepcuy He NOJKHBI npeBbimarsh 40 nc u 10 nc mia nuauii STM-16 u
STM-64 cootBercTBeHHO. Benmmunna PMD mo mpoxokaeHu:0 CBETOM JJIMHBI L
ornpenensieTcs no Gpopmyie

(b = T.Ll/2’ (22)

rae T - ynenbHas nosspuzanumoHHas MojoBas aucnepcus. [lpu T= 0,5
nic/km1/2 (nnst BonokoH NZDSF - TrueWave™ u SMF-LS™, cM. Ta0:.
2.2) monydaem gns guanid  STM-16 m STM-64 mpenenbHbie
NPOTSDKEHHOCTH MEXITy pereHeparopamu - popmyina (2.2) [8].

s muann STM-16

L=¢2/T2=402/0.52 =6400 (xm),
utst e STM-64
L=102/0.52 =400 (xm).
[lepBoe orpaHudeHHEe TaK BEJIMKO, YTO JIEJO JO HETO HE JOXOJWT. 3aMETHUM,
YTO B OTJAUYHH OT XPOMATHYECKOW JHUCIIEPCHH, TOJSPU3AIMOHHAS MOJIOBas

aucnepcus He KomneHcupyercs. [[03ToOMy yMEHBIIMTH 3TOT MapamMerp MOKHO
TOJIbKO MCIIOJIb3Yysl HOBbI€ BOJIOKHA, HanpuMep NZDSF - LEAF™, njis1 KOTOpOro
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T< 0,08 mic/km1/2 | (2.3)

B namewm ciywae, PMD nns cranpapra STM-16 (2,5I06ut/c) He siBnsiercs
OrpaHUYeHHEM [JIsi cucTteMbl, BiusHue PMD HeoOXxoaumo Oyner y4yuThIBaTh MpU
MPOCKTUPOBAHUM JIMHUN CBSI3M HauuHasg co ckopoctd 10 I'6ut u BbIme (4TO
BO3MOYKHO MPHU PACIIUPEHUN CUCTEMBI B OyAyIIEM).

XOTS BOJIOKHO 0O€CIEYMBAET OrPOMHYIO TOJIOCY TPOMYCKaHUs, KaHaJbl
JOCTyNa OOBIYHO pacCYUTaHbl HAa MEHBINYIO CKOpOCTh. Tepmuuamsr STM-64
pa3paboOTaHbI A CO3/IaHUS CTEP)KHEBBIX MAarucTpasiel U JOMYCKAOT MOIKITIOYCHIEC
MEHEE CKOPOCTHBIX MOTOKOB CHHXPOHHON HHM(POBON HEpapXWH TOJHKO JBYX
tunoB: STM-4 u STM-16. B ciaydae HEOOXOAUMOCTH OpraHU3AIlUU JIOCTYyIa II0
MEHEE CKOPOCTHBIM KaHajlaM, Hampumep Ha ocHoBe STM-1 wuiam Ha OCHOBe
TpuOHBIX HHTEp(deiicoB mue3noxponHoil uepapxuu El, E2, E3 u 1. 1., Hapsny ¢
tepmuHaioM STM-64 mnotpeOyeTcss TOMOJHUTENBHBIM OTIEIBHBIM CETEBOM
AJIEMEHT, KOTOPBIA OyneT cBs3bIBaThesa ¢ TepMuHaioM STM-64 no kanany STM-4
wmn STM-16. B To xe Bpemsi cereBble deMeHTH Ha KaHaibl STM-16 u Gonee
HU3KHE JIOMYCKAIOT PEATN3alUIo MPSIMOTro J0CTYyIIA.

Tabnuna 2.3 Jlomyctumble HU3KOCKOPOCTHBIE HHTEpdeichl Ay TepmuHanioB STM-
16 u STM-64

Nutepdericbt STM-16 STM-64
(9953,280 Mowut/c
Bo3MokHOCTB Ha Her
BBO/a/BLIBOJA KaHAJIOB
STM-16 (2488,320 - Ia
Mo6wut/c)

STM-4 (622,488 M6wuT/c) [a Ja
STM-1 (155,520 M6wut/c) [a Her
E3 (34,368 Mb6ut/c) Ja Her
E1 (2,048 Mout/c) a Her

2.3 Pacyer AJIMHBI y4aCTKA 10 3aTyXaHHUIO

Pecypcel TpaHCIIOPTHOM ONTHUYECKOW CETH MOAPA3ACISAIOTCS HAa CIEAYIOIINE:

— pecypchl BOJIOKOHHBIX CBET 0BOJIOB (mociue ot 30 go 60TI );

— pecypcsl WDM-uucino BosokHa karaioB (ot 1 1o 320 u Gonee);

— emMkoctu BosHOBBIX KaHaoB OTN(or ODUI1 no ODU 3)

— €MKOCTH CIICIUISIEMBIX BOJHOBBIX KaHAJOB M TMpeaeiaax  MOJIYJIs
orntuuecko nepenaun OTM (ot 1 mo 16 BoaH B Moayne u Harpy3ku ot ODUI1 no
ODU 3)

— €MKOCTH BUPTyallbHbIX KOHTeWHepoB SDH (unmuBuayanbHBIX U
CIETIISIEMBIX );

— eMkoctu oTokoB siueek ATM u kaapos Ethernet;
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— BO3MOXXHOCTHU TIEPCIIEKTUBHBIX PEIICHN HA OCHOBE HOBOWM TEXHOJIOTHH |-
MPLS u 1.1

B onrnueckux TpaHcmopTHbIX miuatdopmax, Takux kak Alcftel 1850 TSS
(TSS-40, TSS-320, co ckopoctsamu nepenaun 40 I'out/, 320 I'out/c), Cisco ONS
15450 MSTP, Marconi OMS-3200, Alcate 1674 wu npyrue, coderaercs,
KOMMYyTaluu (ypoBeHb KaHasioB L2), mapmpytuzanuu ( ypoBeHb L3),ynpaBieHus
Y CUHXPOHU3AIIHH.

HoBoe moxosieHMe TpaHCIOPTHHIX IUTaTGopMa SBISIETCS YHUBEPCATLHBIM
TEXHUYECKUM PEIICHUEM MEXKIY CETSIMH IMOJIb30BaTeliel ( BTOPUYHBIMU CETIMU) U
TPAHCIIOPTHBIMH CETSIMHU (TICPBHYHBIMU CETAMU )/

[Tpumep pacuert 11 unrepdeiica V-64.3

Wcxonnbie nanapie”

- Ps=13 nbwm;

- Pr=-24nbwm;

- Pp=21BbK;

- M=31b;

- 1,=0,051b;

= lerp=0,11b;

- a=0,21b\xm a=0.2 nb/xm; am=0,051b/xMm;

CTpOUTENbHAs JJTMHA KaOes-6KM

_ 13+24-2-3
T 0,2+0,5

Lpy = 130(km). (2.4)

Yucno cTpouTeNnbHBIX JUTHH Ha ydacTke 130 km coctaBut M=130/6=21.
C ydeToM moTeph Ha CTHIKAX JJIMHA yJacTKa IMepeaqrl COCTABHUT

pr — 13+23-2-3-0,05+4-0,1 _ 124,2(KM) (25)

0,2+0,05

Takum oOpa3om, JJIMHA y4acTKa COCTaBUT 126,2 KM € y4€TOM JIOIyCTUMBIX
MoTepb ONTUYECKOW MomtHOocTh. Ha jqiuHe BoaHbl 1550 HM BeauWyMHA JUCHEPCUU
He nospkHa mpeBbimath 2400 me\um. [l 01HOMOOBOIO BOJIOKHA B COOTBETCTBHUU C
G.652 na BonHe 1550HM 3HaUEHUE XPOMATUYECKON TUCTIEPCUH HA | KM COCTaBIIsSET
18 nc/am™*kM, a Ha gimHE 126,2KM

Dyx=18-124.2=2269.14 (nic/am). (2.6)

Takum 00pa3oM HOPMATHB Ha XPOMATHYECKYIO IUCIEPCHIO BBIMOJIHAETCS
IpU IHUPUHE CIIEKTPAIbHOM JIMHUM UCTOYHMKA n3iydeHue ( nazep tuna DFB) 1 am.
Opnako Ha ckopoctu mepemaun 10 ['OuT/c HEOOXOAMMO YYUTHIBATH U
MOJISIPU3ALMOHHYI0 MOA0BYIO aucnepcuto (IIM/I)

DnoMp = onjaMm * Lpy, (2.7)
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['te HOpMUPOBAHO MO OTHOIIEHHUIO K JuyHE BojokHa 0,5 mc/km1/2. B satom
ciryyae HeoOxoaumo 106aBuTh Kk DXp, Bemmuuna D v, koTopast BEIYUCIsSETCS

Dump = 0,5/124,2 = 5,616 1ic, (2.8)

PCBYJILTI/IPYIOHIEUI AUCTICPCHA OIPCACIIACTCS 4CPC3 COOTHOIICHHC

JDxp +/Domg,.e DY = (2269,14 + 5,1616)0.5 = 2271,607  (2.9)

Herpyano 3ameTuTh, 4YTO COBOKYIIHAs BEJIMYMHA XPOMATUYECKOU U
MOJISIPU3ALMOHHON TUCHIEPCUH HE MPEBOCXOAUT HOPMATUBHOE 3HAUEHUE JTUCTICPCUU
st mHTepdeiica V-64.3.

Ipyroii monaxona: ompeaenauTh TpeOyeMoe 3HAaueHHE JUCIEepCHM Ha Ik
JIMHUU U CPABHUTH C HOPMUPOBAHHBIM CTaH/IAPTOM 3HAUYCHUEM:

24001262 km =191,1(—= ) (2.10)
HM HM'KM

Takum 00pa3oM [ONYyCTHM JONYCTUMBIM HOpMmaTuB 19,1 mnc/HMXKM
IpEBbIIIAET HOPMUPOBAHHBIM, YTO yKa3blBaeT Ha JOMYCTHUMOCTh HCIIOJIb30BaHHE
untepdeiica V-64-3 Ha yuactke jymHod 126,2 kM. Ilo BennuumHe MOJy4EHHOU
KUJIOMETPUYECKON JTUCIIEPCUU MOXKHO BBIOPATh:

— COOTBETCTBYIOIIUN TUM BOJIOKHA,;

— JUIMHY BOJIHBI IlepeiaTurka B quana3one 1547...1562 nw;

— IIMpUHA CIEKTPaJbHOW JMHUU MEpelaTuhKa HU3MEpSIeMyI0 B JOJIIX HM,
Hanpumep 0,2;

— COOTBETCTBYIOIIUN KOMIIEHCATOP TUCHEPCUU IPU HEOOXOJUMOCTH.

CoBpemennble ontudeckoi naTepdeiics, Hanpumep,U-64.3 10GBASE-EW,
MOTYT BBIMOJHATH ¢ (PyHKIMAMH yrpexaatomieil koppekuuu omunbdok (FEC). Oto
JIOTIOJTHUTEIHHO TOBBIIMIAET SHEPTreTUUECKH TOTEHIMATl CHCTEMbI Tepenadyn Ha
3...8 ibm.\Yuer FEC mnpu npoekTHpOBaHHHU MO3BOJIMT THOKO ONMPEACIUTh JJIUHY
ydacTKa Mepeiayd ¥ pa3MeCTUTh MPOMEXKYTOUHBIE CTAHIIMHU B MOJXOASIINX MECTaX,
HaceneHHbIX myHkTax[10].

2.4 Bb100p YPOBHS CHCTEMBI Nepeaadn

[Ipu MPOEKTUPOBAHUHU BOJIOKOHHO-OIITUYECKUX JIMHUHN CBS3U
MpeAnosjaraeTcs MCHOJb30BaHUE IU(PPOBBIX CHUCTEM TMepeaadyd CHHXPOHHOU
udposoit nepapxuu SDH.

ITepenaua nudpopoit madopmanuu B Takux LICII npousBoguTcs OJ09HBIME
IIUKJIMYECKUMH CTPYKTYpaMH, CICIYIONIUMHU C IEPUOJOM MOBTOpeHHs 125 MKC U
Ha3bIBAEMBIMH TPAaHCHOPTHbIMH MoxayissMu STM. TpancnopTHele MOIyNIH
MOJIPA3ACIISIOTCS 110 YPOBHSM, T.€. 0 CKOPOCTH Tepeaaun nudpoBoi napopmanmuu
1, COOTBETCTBEHHO, [10 KOJIMYCSCTBY IIepe1aBacMbIX KaHajoB (Tadmuiie 2.4).

PasnuyaroT msath ypoBHel TpaHcnopTHBIX Moayieii SDH. [6]
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Tabnuna 2.4 YpoBHU TpaHCIOPTHBIX Mojtyset SDH

YpoBeHb TpaHcnOpTHBIN CxopocTb KonunyectBo
TPaHCIIOPTHOTO MOJIYJb nepeaayu, TenedOHHBIX
moyist SDH Mowut/c KaHaJOB
[lepBriii ypoBenb | SDH STM-1 155,52 1890
Bropoii yposenr | SDH STM-4 622,08 7560
TpeTuit ypoBeHb SDH STM-16 2488,32 30240
UYeTBepThIit SDH STM-64 9953,28 120960
YPOBEHb
I1sTBIN YpOBEHD SDH STM-256 39813,12 483840

Hcxons u3 ypoBHSI MPOEKTUPYEMOW CETH, BBIOMPAETCS COOTBETCTBYIOLIMI
TPAaHCIOPTHBI MOAYJb, OOECHEeUMBAIOUIMN Mepefadyy HEeoO0XOOUMOro 4vucia
KaHaJOB.

Ilepenaua ¥ npueM ONTUYECKUX, CHOPMUPOBAHHBIX B BHJI€ TPAHCHOPTHBIX
MOJIyJIeH, BEyTCS MO JBYM ONTHUYECKHMM BOJIOKHAM U OCYIIECTBIISIIOTCS HA OJHOM
JUIMHE BOJIHBI A (JIByXBOJIOKOHHAs, OJHOIIOJOCHAs, OJHOKaOelbHasl cHCTeMa
OpraHu3alluy CBSI3M).

OnHuM W3  OCHOBHBIX IpeuMyliecTB TexHojoruu SDH  sBisercs
BO3MO>XHOCTh TaKOW OpraHW3allii CETH, MPU KOTOPOW JOCTUTaeTCsl HE TOJBKO
BBICOKAs HAJIEKHOCTh €€ (YHKIMOHUPOBAHUS, OOYCIOBIIEHHAs MCIOJIb30BAHHEM
BOK, HO W BO3MOXHOCTh COXpaHEHHsS WJIM BoccTaHOBIeHUS (3a 50 mc)
paboOTOCIIOCOOHOCTH CETH JlaXke B CIydae OTKa3a OJHOTO M3 €€ DJIIEMEHTOB WM
cpenbl mnepegaun — kabens. CylecTBYIOT pas3iM4YHbIE METOAbl 0OecreyeHus
OBICTPOrO BOCCTaHOBJICHUSI paboTocrnocodHocTH cetu SDH, ogHuM U3 KOTOpBIX
ABJSICTCS. PE3ECPBUPOBAHHUE YYACTKOB cetw 1o cxemam 1+l um 1:1, T.e.
WCIIOJB30BAaHUE  PE3EPBHBIX  BOJIOKOH, WM  YETHIPEXBOJOKOHHASs  cXema
OpraHu3alliu CBSI3H.

Ncxons u3 obmiero uncna OLIK, Mb1 BEIOHparo BTOpOH ypOBEHb CHHXPOHHOTO
TpancnoptHoro moxayiss (STM-64) u OZHOMOAOBBIA ONTHYECKUNM Kabenb C
YETHIPbMSI ONTUYECKUMU BOJIOKHAMH.

3 Bbi0op oO6opynoBanust

B »Tom pasmene paccMaTpuBarOTCS  OOIMME IPUHIIUAIBI  MPOKJIATKH
ONTUYECKOW MarucTtpanu u ocobeHHoctu mnpokiaaku BOJIC mexny ropomamu
Tamkent — Camapkang 320 kM (cM. pucyHok.3.1).
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Pucynok. 3.1 - Kapra TamkenT-Camapkanj

Tamkent nu CamMapkaH]lT COEIUHEHBI MEXIY COOOW >KEJe3HOW IOporo u
aBTOJOPOTOM.

[Ipu BBIOOpE crocoba CTPOUTENHCTBA HEOOXOAMMO YUHUTHIBATh OCHOBHBIE
TpeOOBaHMs: MUHUMAJILHBIE 3aTPaThl HA CTPOUTEIHCTBO, MUHUMAJIbHBIC 3aTPATHI HA
AKCILTYaTalNI0, MHBIE PACXO/Ibl, YA00CTBO OOCTYKUBAHMUS.

OneiT crpoutensctBa BOJIC BBIABUA psAl CYHIECTBEHHBIX OTJIMYHAM B
OpraHu3alliy, TEXHOJIOTMU MPOBEACHUS JUHEHHBIX M MOHTAXHBIX padoT IO
CPaBHCHHIO ¢ pabOTaMM Ha TPATUITMOHHBIX JJICKTPUICCKUX KaOesX CBS3H.[7]

3.1 UaTesiekTyaJIbHAs ONITHYECKAs TPaHcnopTHas miargopma OptiX

WuTennextyanbHas onTuaeckas TpancnoptHas miardgopma OptiX OSN 6800
(OptiX OSN 6800 mms KOpPOTKOH mepedadn) Ha3bIBACTCS HHTEIUICKTyallbHAsS
OITHYECKask TPaHCTIOpTHAs TuaThopma Huawel ciieayromiero moKoacHus.

OptiX OSN 6800 mpenna3HaueH IS JOKAIbHBIX CETEH, JIOKAIBHBIX CETCH,
CTOJIMYHBIX CJIO€B KOHBEPTEHIIUU U CTOJIMYHBIX CJIOEB S/Apa.

OptiX OSN 6800 wcmonap3yeT TEXHOJOTHH MYJIbTHIICKCUPOBAHUS C
IUIOTHBIM pasaeneHueM UiHbI BOJHBI (DWDM) wiu MysbTHIICKCUPOBAHUS C
rpy6oii mauHOM BosHBI (CWDM) i MOCTHMXKEHHsS MPO3pAvHON Tepemaaydn C
HECKOJIBKUMH CITy>kOaMH U OO0JIBILION €MKOCTBIO.

OptiX OSN 6800 moamep:kUBaeT CICAYIOIINE CETEBBIC PEKUMBI:

— CETh TOYKa-TOYKA;

— LeMb CeTH;

— KOJBILIEBOH CETH,

— SYEHCTOM CETH.

On wMoxer Takke paboratb ¢ apyrumu  WDM, SDH/SONET
000pyZI0BaHUEM, YTOOBI MPEIOKUTH MoTHOE MeTpo WDM perienne (cM. pucyHok
3.2).
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Pucynok 3.2 - Mynesrumiekcop Huawei OptiX OSN 6800

OptiX OSN 6800 mommepxkuBaet 40 I'6ur/c u 100 I'Our/c nuHeiiHbIe
ckopoctu u 360 I'Our/c Kpocc-coemuHenne emkoctd. OH  OTIMYAETCS
IHEProcOepeKEHNEM, BEICOKOW HAICKHOCTHIO U IKCILTyaTaIHCH.

Camasi BBICOKAasT €MKOCTb TIEPEKPECTHOTO COCJUHEHHUS C THOKUM
oOcyKUBaHUEM OOJIBITION EMKOCTH:

— VMeeT BBICOKYIO €MKOCTh MornepeuHoro coemuHeHus. OnmHounbii subrack
noanepxxuBaeT Makcumym 360 ['OUT/C Kpocc-TIOAKITIOUEHHS] €MKOCTH, peaTu3yeT
oOcimykuBanue Oompiiod eMmkoctd. Jlmst poymuHTa ¢ OOJIBIION E€MKOCTBHIO
TpeOyeTCsl TOIBKO OJUH, YTO CHIDKAECT IHEPTOMOTPEOICHUE M YMEHBIIACT TIJI0MIA b
noJia.

— TlomnepxuBaeT MHOTOTpaHyIHpOBaHHOE TiepekpecTHOoe coeauHenue OTN, To
ecThb, mepekpectHoe coeaunenrne ODUK, rae K moxer ObITh 1, 2 vitn 26

bonpmas mnpomyckHasi CHOCOOHOCTb C THOKOM apXUTEKTypOH BBICOKOM
MJIOTHOCTH:

— TmojjepKuBaeT ruOpuHyro nepenady curxaigoB 10 I'6ut/c, 40 I'6ut/c u
100 I'éut/c 1 mommep>KUBaeT TUIABHOE OOHOBJICHHE OT CETH HHU3KOTO YPOBHS O
CETH BBICOKOTO YPOBHSI.

— noanepxkka moxysiiuu €PDM-QPSK mnst curnamos 100 T'6ut/c, He
TPeOYIOIIMX AUCIIEPCHOHHBIX KOMITeHCAIMOHHbIX Moayiel (DCMS) u ynpomieHus
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ceTeBbIX KoH(uryparwmii. PacmmpenHnsiii Bo3Bpat Kk Hymo (RZ), koppekius ommdok
Brepen (FEC) u amropurmer oOpabotku mudposoro currana (DSP) peanusyror
cBepxJanbHIOID Tepenauy curHaigoB 100 I'Gut/c, KOTOpBI yBeIWYUBACT
ko3 duimeHT ontudeckoro curuana K mymy (OSNR)

— YIOBJIETBOpSAET  TpeOOBaHUS K  IIMPOKOIOJIOCHOM  mepemade ¢
ucrnosbzoBanueM 40 ['6ut/c m 100 ['Out/c nuHelHBIX ckopocTedt. OOecnieunBaeT
CaMyl0 BBICOKYIO CTENEHb MHTETPallid B OTpaciu U mojjepxuBaeT emkocts 100
['GuT/c.

YpoBeHb 1 HafEeKHOCTH W MaccoBas IMepefada JaHHBIX C ONTHMAaJbHOM
APXUTEKTYPOU:

— o0ecreynBaeT HECKOJIbKO CXEM  3allUThl CETEBOr0  YPOBHA W
WHTEJUICKTYallbHOE  YIIPaBJIEHWE CEThbIO, OCHOBAaHHOE€ Ha aBTOMATHYECKOM
MEPEKIII0YEHUN ONTUYECKON ceTu (ASON) /TeHepalIn30BaHHBIX
MHOT'OITPOTOKOJIBHBIX TeXHOJIOTHH KoMMyTaluu mo Mmetkam (GMPLS) aiis 3amuThbl
BCEX BOJIOKOH U YCHYT.

— o0OecreynBaeT 3alUTy YCTPOMCTB THUTAHHUS, BEHTUISTOPOB, JIOCOK
yIpPaBICHUS CBS3bIO M PACIPEICIUTEIBHOTO MyJIa.

3.1.1 OTtH xapakTepuCTHKAa. TEXHOJOTHS ONTHYECKOW TPaHCHOPTHOW CETH
(OTN) oOecnieunBaeT THOKOE TMEPEKPECTHOE COCAUHCHHE OOCITY)KUBAaHUS B
CKBO3HOI MaHepe M TM03BOJISIET CEpBUCAM pA3JIUYHBIX THUIIOB COBMECTHO
UCIOJIb30BaTh  MPOIYCKHYK  CIIOCOOHOCTb.  bnarogaps  MHOTOYMCIIEHHBIM
Hakinagkam OTN u mpocteim omepanusam Ha NMS monb3oBaTenu MOryT JieTKO
MO/IJICP>KUBATh CETU U HAXOJIUTh HEUCIIPABHOCTH.

— OTH KpocCc-COeTMHEHHUE.

C momomkto nepekpectHbix coenquHeHnit OTN mro060# rpanynsapHbIid Tpahuk
MOXeT ObITh 00BeauHeH B 0Oy TpyOy ODUK, m pazmuunble BHUOBI YCIyT C
HECKOJIbKUX CalTOB MOTYT OBITh cMemanel B oxHoi Tpyoe ODUK. Dro
oOecrieunBaeT THUOKOE OOCITY)KMBAaHME W YJIy4YlIAeT HCIOJIb30BAHUE TOJIOCHI
POITyCKaHUSI.

— E2E ynpaBnenue o6cimy>)knBaHUEM Ha OCHOBE HaKkIamHbIX pacxoaoB OTN.

C nomoipio MHOXeCTBa HakIaaHbIX pacxogoB OTN, onpenenennsix B 1 TU-
T r. 708, a Taxxe npocteix omnepamuii Ha NMS, yciayru MoryT ympaBisiTbes U
KOHTPOJIMPOBATHCSI B CKBO3HOM MaHepe.

C momomipto Hakmamubix pacxomoB OTN cerb OTN mosker mpo3padHo
nepenaBaTh KIMEHTCKUE YCIYyTd W 00ecledrBaTh MOIIHBIE BO3MOXKHOCTH IS
xoppekTrpoBku omubok Brepen (FEC). Haxmamaeie pacxomst m NMS Bmecte
00eCreunBarOT JIETKU CKBO3HONH MOHUTOPHHT W yIpaBieHHE OOCTyKUBaHUEM.
OHM MOTYT JIETKO HAUTH HEUCTIPABHOCTb.

MOHHMTOPUHT KaHaJOB IO Pa3IMYHBIM OMepaTopckuM ceTsM. Korma cetw
Pa3IMYHBIX ONEPATOPOB COCIMHEHBI MEXIy coOoM, HakmaaHble pacxoasl OTN Ha
ypOBHE MOHUTOpHHTA TaHAeMHOT0 coeaunenus (TCM) MOryT HCIOIb30BaThCS IS
MOHHUTOPHHTA KaueCTBa KaHAJIOB, KOTOPBIE MPEIOCTABISIOT PA3INYHBIC OTIEPATOPHI.
®ynkus ODUK TCM mo3BossieT JIerko HalTH HEMCIPABHOCTH.

33



3.2.2 TllognepxuBaembie Moaenu obcmyxkuBanusi Ethernet. Cormacuo ITU-T,
yciyru Ethernet ypoBHst 2 pa3nenensl Ha uderbipe Tumna: Ethernet yacTHas nuHus
(EPL), Ethernet Buptyansnas uwactHas nuaus (EVPL), Ethernet wactnas LAN
(EPLAN), u Buptyanbnas nokansHas ceTb Ethernet (EVPLAN).

Cepus npoaykroB OptiX OTN momnepskuBaet nepemauy ycayr EPL/EVPL
i EPLAN/EVPLAN mexnay mra0-kBaprupoit (HQ) koMmanuu u ee GpuiinagamMu
yepe3 KOMMYTAIIMOHHYIO CETh YPOBHS 2

3.2.3 YunoTHUTENS KaHalla CBS3M C TPYOBIM CIEKTPAIbHBIM YIUIOTHEHUEM,
MHOTOKaHaJIbHOH CBs3pto, QyHknusa. OptiX OSN 6800 obGecneunBaer 8-mimmHa
BOJIHBI JIa3epa YIUIOTHUTENS KaHalla CBSI3U C TPYObIM CIIEKTPAJIbHBIM YIIJIOTHEHUEM,
MHOTOKAHAJIBHOW CBSI3pIO TEpeaadydl JaHHBIX C KaHaioM paccrosaue 20nm B
Uana3oH K, KOTOphIe AOKHBI cooTBercTBoBaTh ITU-T (G.694.2, m wmoxer
nepeHocuTs 2,5 ['out/c mnmu 5 I'6ut/c ycmyru mo oaHON ATUHE BOJTHBI.

3.2.3 Ilpumenenue. Cucrempr CWDM ne wumeror minatet OA. Onm
UCIIOJIB3YIOT ~ (DMKCUPOBAHHBIE ONTHUYECKHME IUJIaThl  MYJIbTHUIUIEKCOpA IS
n00aBJIeHUsT B MYJIBTUIUIEKCHBIE OJHOBOJIHOBbIE curHainbl oT miatr OTU wu
OTIPABIISIOT MYJIbTUIUIEKCUPOBAHHYIO JUIMHY BOJIHBI B JTMHUIO IS TIEPEIAUH.

CtpyktypHas cxema oOopyaoBanusi cucteMbl OptiX OSN 8800 mpu
MYJIbTUILIEKCUpOBaHUU 710 40 I7TMH BOJIH MpeJcTaBieHa Ha (pucyHke 3.3).

o Rm1 R ~ s RO
TX 2 om/ —.—@ 0A ™ @ oAl | 2
S2 rm2| oa | mPis L~ | MPI-R | op |[sdz

e o @
fn Rmn 4 Sdn Rn
TAN RX n
5n
osc
1 A
RX 1 & TX1
R1 51
2 sd1 ! 1 Rmi1
] o e @ e [ ]
R2 sd2| op | mMPIR g ~| R MP.S | oa [Rm2 s2
s 8 » s s @
fn Sdn Rmn
RXN TXn
Rn Sn |

Pucynok 3.3 — CtpykrypHas cxema obopyaoBanus cucteMbl OptiX OSN 6800 mpu
ncroab3oBannu C — quama3oHa

Ha pucynke 3.3 nmpuHsTHI ciaeayomme 0003HaueHUs:

— TX -nepenaromnuii TpaHCIOHAED;

— RX1 — npuémuslii TpaHCIOHAED;

— OM/OA - OJIOK ONTHUYECKOTO MYJIBTUIUICKCHPOBAHUS/ONTUYECKOTO
YCUJICHUS;

— OA/OD - 61510k IpeIBapUTEILHOTO ONTHYECKOTO YCHICHHUS/OMTHYECKOTO
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JEeMYJIbTUTIEKCUPOBAHHS,

— OA — onrTrueckuil TUHEWHBINA YCUITUTEb;

— OSC — onTuueckuit cirykeOHbIN KaHaT,

— S1...Sn — sranonnsie Toukd HA OB y BBIXOJHBIX OMTHYECKUX Pa3bhEMOB
(OP) nepenaTunkoB st kKaHajioB 1...n;

— Rml..Rmn — »sranonnsie Touku Ha OB HemocpeaCcTBEHHO mMeEpen
BX0HbIM OP 0Ji0Ka ONTUYECKOT0 MYJbTUILIEKCUPOBAHUS/ONITUYECKOTO YCUIICHUS
JUISL KaHaoB 1...n;

— MPI-S (untepdeiic OCHOBHOrO TpakTa B TOUYKE IMepeaTyuka) —
stanionHas Touka Ha OB cpa3y 3a BerxogaeiM OP 6110ka OM/OA;

— S’ — 3TajloOHHas TOYKa Cpasy 3a BBIXOJHBIM OP JNHHENTHOTO ONTHYECKOTO
YCYITATEIIS;

— R’ — »TanonHas HenmocpencTBEHHO mepen BXoAHbM OP nuHeitHOTrO
ONTUYECKOTO YCUIIUTEIIS;

— MPI-R (unTepderic OCHOBHOTO TpaKTa B TOUKE MPUEMHUKA) — ITAIIOHHAS
touka Ha OB HenocpenacTBeHHo nepen BxoaubiM OP 6rmoka OA/OD;

— Sd1...Sdn — »stanonHble TOUYkH y BbIXOAHBIX OP Omoka OA/OD mis
KaHaJjoB 1...n;

— R1..Rn — »>tanonnsie Touku y BXxoaHbIX OP nmpuéMHUKOB JJIsi KaHAJIOB
l...n, COOTBETCTBEHHO.

OnTuyeckuil MyJIbTUIIEKCOP BBOJA/BBIBO/IA, TIPE/ICTABIICHHBIN Ha (PUCYHKE
3.4) ucnosb3yeTcs i BBOJA/BBIBOJA 0 16 KaHAJIOB U3 OCHOBHOTO TPaKTa MyTEeM
kackagupoBanus maaT MR2 (ucnonbszyerca kak OADM u kaxkgas miiata cnocooHa
oOpabatbeiBaTh /10 2—X KaHaJIOB yciIyr ypoBHS STM — 64), ocTajibHbIE KaHAaJbI
(TpaH3UTHBIC) TIpPETEepIieBas YCHWJICHHWE TMPOXOAAT dUYepe3 CTAHIIMIO, BBITIONHSS
(GYHKIIMHA ONITUYECKOTO YCUJICHUS U (DYHKITMM BBOJA/BBIBOJIA, MOKET OCYIIECTBIISATH
ypaBHUBAHWE MOIIHOCTH JJISI BHOBB JTOOABICHHBIX KAaHAJOB M JIPYTUX KaHAJIOB B
JUHUHU, C TICNbI0 OOECIeYnTh ypaBHHBAaHWE MOIIMHOCTH pa3HbIX KaHAJIOB B
OCHOBHOM MOTOKEe. COCTOUT M3 CleAyomux (YHKIIMOHATIBHBIX 3JIEMEHTOB: OJIOK
ontudeckoro ycuiaenus (OAU m OBU/ OBU um OBU), 610ka ONTHYECKOTO
MyJIbTUILIEKCOpa ¢ (QyHKIMenH BcTaBku/BoiaeneHus (MR2), 6510k0B KOMIIEHCAIIMH
mucniepcun (DCM), ©OmokoB onrtuueckoro Tpancmonaepa (OTU), Ornokos
onrtuueckoro unatepdetica (FIU), kananos ynpasnenus: (SC2/TC2), 610K CBs3U U
ynpasienus (SCC).[8]
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Pucynok 3.4 — Ctpykrypnas cxema OADM

O6opynoBaHre ONTHUYECKOTO JIMHEHMHOrO YCWJIMTENS, MPEACTAaBICHHOE Ha
(pucynke 3.5), ycTaHaBJIMBaeTCs Ha YCHIMTEIBHOM IYHKTE, HPUMEHSCTCS IS
YCWJICHHS CJIa00TO ONTUYECKOTO CUTHAJA B CETH.

Y L-asanason
- RPA - » . - OAL . -l - -

F = F |

- — | B OALU e - RPA =

Pucynok 3.5 — Ontrueckuii TMHEHHBINA YCUITUTETD

ObopynoBanue onTudeckoro JuHeHoro ycunurens (OLA) yBenuuuBaer
paccTtosiHhe Tiepenadd onTtuyeckux curHanoB DWDM. 3a cuer ycuieHud
ONTUYECKOTO CHUTHaa, KOMIICHCAIIMU JUCIIEPCUU U TIepeayn KaHaia YIpaBJICHUS
JaHHOE€ O00OpYy/IOBaHME IOMOTaeT JOCTUYb MAarucCTpajbHBIX CEeTeH Tmeperayu.
OO6w1unO ucnonb3yroTesa yeunurenu EDFA 23 nb, 28 n1b u 33 nb.

OLA cocTout u3 clIeIyomnuX OCHOBHBIX KOMIIOHEHTOB.

— onok ontrueckoro ycunurenas (OAU/OBU, Optical amplifier unit);

— onok unTepdeiica ontuueckoro BonokHa (FIU, Fiber interface unit); —

OJIOK JIByHAIpPaBJICHHOTO ONTHYECKOTO KOHTpOJIbHOTO KaHana (SC2) /
OJIOK JBYHAIPaBICHHOTO OINTHYECKOTO KOHTPOJBHOTO KaHalla |
nepenaun cuaxponnsanuu (TC2);

— Moaynb kommencanuu gucnepceun (DCM, Dispersion compensation

module).

YacToTHbIi miaH kaHaioB 40 — KaHAJIbHOM CUCTEMBI MNPHUBEJEH B (TalOmuIe
3.1), Bce wacToThl BeIzeeHBI M3 C — Muana3oHa, ¢ 9acTOTHBIM pasHecenneM S0IT .
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Tab6muma 3.1 — Yactoruslii iad kaHainoB cuctembl OptiX OSN 6800

CrannaptHas onopHas yactota (TI')

CTaHIIapTHa}I OIIOpHAasA JJIMHA BOJIHBI

Nureppan 50 I'Tng (aM)
196.00 1529.55
195.90 1530.33
195.80 1531.12
195.70 1531.90
195.60 1532.68
195.50 1533.47
195.40 1534.25
195.30 1535.04
195.20 1535.82
195.10 1536.61
195.00 1537.40
194.90 1538.19
194.80 1538.98
194.70 1539.77
194.60 1540.56
194.50 1541.35
194.50 1542.14
194.40 1542.94
194.30 1542.73
194.20 1544.53
194.10 1545.32
194.00 1546.12
193.90 1546.92
193.80 1547.72
193.80 1548.51
193.70 1549.32
193.60 1550.12
193.50 1550.92
193.40 1551.72
193.30 1552.52
193.20 1553.33
193.10 1554.13
193.00 1554.94
192.80 1554.94
193.70 1555.75
192.60 1556.55
192.50 1557.36
192.40 1558.17
192.40 1558.98
192.30 1559.79
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[Ipoektupyemass BHyTpuzoHoBass BOJIII r .Tamkentr — r Camapkann
CTPOUTCS MO TOMOJIOTMH «Touka — Touka». Cuctema OptiX OSN 6800 Oyxer
WCIIOJIb30BaHA B KAay€CTBE TEPMUHAIBHBIX ONTHYECKUX MYJIbTUILIEKCOPOB OTM,
ONTUYECKUX JHUHEHHbIX ycuiutened OLA U MyJNbTUILIEKCOPOB BBOJA/BBIBOMIA
OADM B npoMEXyTOUHBIX ITyHKTAX.

3.2 Bpi00Op MarucTpajabHOro kadess

Br16op kabenst v TUI ero NpOKJIaJKA BCETAa COBMANAET C YUETOM XapakTepa
MECTHOCTH W HCXOAS M3 COOOpaKeHWH MHHHMH3AIUKA 3aTpaT Ha TMPOKIIAIKY,
HKCIUTYaTallMOHHBIX PACX0JI0B, yA00CTBA 0OCITYKUBAHUSI.

B »tom pasnmene paccMmaTpuBalOTCs  OOIIME TMPUHLMIBL  MPOKIAJIKU
ONTUYECKOM Maructpaiu u ocodbeHHoctu mnpoknaaku BOJIC mexay ropogamu
Tamkent — Camapkann,.

[Ipu BBIOOpE cmocoba CTPOUTETHLCTBA HEOOXOJUMO YUYUTHIBATH OCHOBHBIC
TpeOOBaHMs: MUHUMAJIBLHBIE 3aTpaThl HA CTPOUTEIBCTBO, MUHUMAJIbHBIE 3aTPaThl Ha
AKCILTyaTaINio, MHBIE PACXO/IbI, YI00CTBO OOCTY>KUBAHMUS.

[Ipu BeIOOpE Mapku KaOenst 00sS3aTeNbHO CIEIYEeT YYUTHhIBaTh BCE YCIOBUS
€ro MpOKJIAJIKH, a UMEHHO, B TOPOJCKON TeiaehOHHOM KaHAIU3alUU, TPYHTE WM
IpU TIEPEXOJIE YEpe3 BOJHBIE MPErpajbl, C YYETOM COBPEMEHHBIX METOIOB
npoknagkun OK, takux kak coopyxkenne BOJIC myrem MOaBECKHM ONTHYECKOTO
Ka0ensi Ha omopax JUHUU DJIEKTPONEepeladyl U AIEKTPUPUIIUPOBAHHBIX KEJIE3HBIX
JIOpOT, THEBMOTMPOKIIA/IKA ONTUYECKOTO Ka0elis B 3allIUTHBIC MJIACTMACCOBBIC TPYObI
HEOOJIBIIIOTO JUAaMETpa, KOTOpash TMPUMEHUMA HE TOJIBKO JJISI CTPOUTENHCTBA
TOPOJICKHX CETeH, HO U TIPU CTPOUTEIHCTBE MEKIYTOPOIHBIX U MEKIyHAPOIHBIX
auHui cBs3u. Kpome nuHelHbIX kaOenei, HEOOXOAUMO BbIOpATh CTAHLIMOHHBIE
ka0Oenu, Iy MPOKJIAIKA BHYTPH TOMEIICHHWHA Y3JIOB CBS3M M ONTHYCCKHE ITHYPHI
JIUISl KOHIIEBOM 3aJIeJTKKM M1 KOMMYTAIIMM ONITHYECKUX KaOesiel CBs3H.

Br16op Tpacchl MpOEKTUPYEMON MarvcTpaiu ONPEeAessieTCs] MPEXIE BCEro
pPacroJIOKCHHEM OKOHEYHBIX IYHKTOB W BBIOMPAETCS C yYE€TOM HAaWMEHBIIIETO
o0beMa paboT MO CTPOUTEITBCTBY, BO3MOYKHOCTH MEXaHHU3AIMK PaboT, 0OecrieueHuUsI
HanOoJsiee ONAronpusiTHBIX YCIOBUW OKCIUTYyaTallUOHHOTO OOCTY)KHMBAaHHUS U
HAWMEHBIIIMX 3aTpaT MO 3aluTe Kabels OT BCAKOTO poja HEOJIArompUsTHBIX
BO3JCHUCTBUN.

Tpacca nomKHa TIPOXOIWUTH dYepe3 HACEICHHbIE TYHKTBI C IIEJIBIO
obOecrieueHusl UX CBsI3bI0. B uepTe ropoaa ontudeckue kabeiau MpOoKIaJbIBalOTCs B
ropoAckod  TeneOHHOW  KaHaimM3aluu  (CyIIECTBYIOLIEH  JUOO  BHOBB
MPOKJIAJIBIBAEMON ).

3a mpeaenaMu HaCEJIEHHBIX TYHKTOB Tpacca, KakK MpaBWjIo, JODKHA
MPOXOJUTHh BJOJb MAarUCTPAIBHBIX ABTOMOOWJIBHBIX JOpPOT, a TMPH OTCYTCTBHH
MOCJHEAHUX — BIOJb JKEJIE3HBIX Jopor. [JyOuMHa MNpOKIAIKK MOA3EMHBIX
ONTHYCCKUX KaOeleH, Takxke Kak U dJISKTpudeckux — 1,2 m.
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Tabnuna 3.2 BapuaHTsl Tpacchl Uil MPOKJIAJKKA ONITUYECKOTO Kabens

Hacenennbie ITYHKTBI, 4YCPC3  KOTOPHBIC I[JIHHa TpacCChbl, KM
MMpOXOoaUT MAarucCTpalib

Annwxkan, ®eprana, Kokann, JIxu3zaxk, 1231
Camapkann, HaBon, byxapa, Yprenu
Aunnmxan, Hamanramn, AJMansIK, 1291
Coeipmapbs, Jlxuzak, Camapkann, Hasown,
byxapa,

B pesynbTaTe pacdeTroB ObUIM BBIYUCIEHBI YUCIO a0OHEHTOB MJIsi KaKIOTO
MYHKTa ¥ YYUTHIBAs JaHHbIC TI0 BAPUAHTY OBLIO BBIYMCIICEHO O0IIEe YHCIIO KaHAIOB
IPOEKTUPYEMOM  MArWCTPAJIbHOW  BOJIOKOHHO-ONTUYECKOW  JIMHUHM.  DBbLIO
OIIPEJENIEHO, YTO KOJMYECTBO KaHAJIOB HA MaruCTpaiu cOCTaBiIseT 2932 OCHOBHBIX
mudposeix  kanamoB (OLIK). Temeps, onpenenuB kosmvectBo OIK  Ha
IPOEKTUPYEMOl MarucTpaiu, MEepexOJuM K BbIOOPY TPAHCHOPTHOTO MOAYJS U
ontuueckoro kaodens.[9]

Psan cymectBeHHbIX oTiiMuuid B mpoBefeHuu padbot Ha BOJIC oOycrnosnen
TaK ke cBoeoOpazueM koHcTpykiuu OK:

- KPUTUYHOCTBIO K PACTATHBAIOLIUM YCHIIUSIM;

- MaJIbIMH ITOIIEPEYHBIMU Pa3MepaMy U Maccoi;

- OOJBIIMMU CTPOUTEIBHBIMU JITTUHAMMU;

- CPABHUTEJIBHO OOJILIIMMHU BETMYMHAMU 3aTyXaHus cpocTkoB OB;

- HEBO3MOXKHOCTBIO coaepxkaHuss OK mnox M30BITOYHBIM BO3AYLIHBIM
JIABJICHUEM.

Bre16op onTrManbHOro BapuaHTa Tpacchl KaOENbHOM JMHUM M €r0 OLICHKY
CJIEIYET OCYIIECTBIISITh UCXOS U3 OCHOBHBIX YCIIOBUI:

— MUHHUMAJIbHOM JUIMHBI TPACCHI;

- pa3MelleHnsl TPACChl, KaK MPaBUiIo, B 00X0/ HACEJIEHHBIX ITYHKTOB;

- HAaMMEHBILIET0 YHCJa MEePEeceYeHUu ¢ aBTOMOOMIBHBIMU, >KEJI€3HBIMU
JIOPOTaMH, C IMOA3EMHBIMU COOPYXEHUSMH U C BOJAHBIMU IPETPaJaMH BBITIOJHEHHUS
HAaWMEHBIIIET0 00beMa paboT MO CTPOUTEIHCTBY JTUHEHHO-Ka0EIbHBIX COOPY>KEHUIA;

- BO3MOYKHOCTH MAaKCHUMAJIbHOTO NPUMEHEHUS NPH CTPOMUTEIHCTBE
MalIuH, MEXaHU3MOB U KaOeNeyKIIaJoUYHON TEXHUKU;

- MUHUMAJIBHBIX 3aTpaT MO 3alluTe Kaldejedl OoT yAapoB MOJHHH, BCEX
BUJIOB OMACHBIX M MEIAIOIINX JIEKTPOMArHUTHBIX BIUSHUNA U KOPPO3HH;

— oOecreyeHus Ty4lIuX YCIOBHUH 3KCILTyaTalluy JIMHEUHBIX COOPYKEHUN
1 HaJIe)KHOM UX pabOTHI.

- B Topojax, pabouux, JauHbIX IOCEJIKaX - MNPEUMYIIECTBEHHO Ha
NEenIeXoHON YacTu yiull (Mo TPOTyapaMu ) U B MOJIOCE MEXKY KpacHOU JIMHUEH U
JIMHUEH 3aCTPONKHU.
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MakcumanbHble  paccTosiHusA — npoekthupyembelx  Tpacc BOJIC  npu
napajyieIbHOM TIPOXOXKJIEHUU WM [EePEeCeYeHUM, TOJA3EMHBIX U Ha3E€MHBIX
COOPY>KEHHUI JOJIKHBI COOTBETCTBOBATH HOPMAaM.

Hcxons w3 moOTpeOHOTO 4YHCIa KaHAIOB, MEXIYy pacCMaTpUBAEMbIMU
MYHKTaMU, U TPUHITOW CUCTEMOW Mepenayu, Al CTPOUTEIbCTBA MPOSKTUPYEMON
JMHUU CBSI3U BBIOMpaeM 24-X - BOJIOKOHHBIM OJHOMOJOBBIM ONTHYECKUN KaOelb,
paboTaromuii Ha 1JiMHE BOJIHBI 1550HM.

[Ipoexktupyemass nuHUS CBSI3M OyAE€T MPOXOJUTH MO TECYAHBIM TPyHTaM.
YuurteiBasg CIOXHBIA XapakTep TPYHTA, a TaKKE HEKOTOPYI CEUCMHYECKYIO
HEYCTOMYMBOCTh palioHAa MPOCKTUPOBAHUSI MPUHATO PEIICHHE YKIIA/IbIBaTh
ONITUYECKHI KaOeb CBSI3U B MOJMATUIICHOBYIO TpyOy. He cMOTps Ha TTOBBIIIICHHYIO
ce0ECTOMMOCTh OpraHu3alliy JIMHU CBSI3M, @ TAKXXE MOBBIIMICHHYI0 CTOUMOCTD
MPOU3BOJICTBA Pa0OT, TaHHBIM BapUaHT MPOKIIAJKU HEOOXOAUM sl 0O0ecreueHUs
JIOJITOBPEMEHHOTO HCIOJIb30BAHHS CHPOCKTUPOBAHHON JIMHUM CBS3U. 3alllUTHAS
TpyOa TO3BONMUT W30€KaTh aOpa3sUBHBIX BO3JCUCTBHM IECUYAHOTO TPYyHTA
BCJICJICTBUE TEPMHUYECKUX H3MEHEHUN T'€OMETPUYECKUX IapaMeTpoB Kabens, a
TaK)Ke 3alIUTUT OT MEXaHUYECKOTO BO3/ICHCTBUS HA KaOelb MPU ABUKEHUSIX TPYHTA
B pe3yjbTaTe CeMCMUYECKOW akTUBHOCTH. Kabesb, yIOBIETBOPSIONINN JaHHBIM
TpeboBanusiM - kabenb Mapku JIIO mpoumsogctBa OOO "Onrten" 1. CaHKT-
[TerepOypr [18].

TY 3587-009-48973982-2000

TY 3587-010-48973982-2004

TV 3587-001-56938994-2005

Pucynok 3.6 - KoHCTpyKIIUsI HICTIOJIB3yEMOTO Kabest
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[Ipumensiemblit 1711 MPOKJIAAKU B KaHaIM3aluioo U B TpyHT kabenb JI1O,
(pucyHOK 3.6), conepKuT 24 cTaHAAPTHBIX OJJHOMOJIOBBIX BOJIOKHA.

KoHnctpykuus kabens:

— LEHTPaJIbHBIA CUIIOBOM JIEMEHT: - TUAJICKTPUUECCKUI;

—  ONTHUYECKOE BOJIOKHO;

— ONTUYECKUN MOJYJIb;

— ruspodoOHBIN refb;

— HapykHas 000JI04Ka, MOJTUITUICHOBAS,

— KOpJEb.

CepaeyHUK €ro COCTOMT M3 JIUAJIEKTPUYECKOr0 IEHTPATBHOIO CHUJIOBOIO
3JIEMEHTA, BOKPYT KOTOPOI'O HAJIOKEH MOBHUB U3 YETHIPEX 3JIEMEHTOB: 2 MOayJIs (1O
12 onTuyeckWx BOJOKHAa B KaXJOM) M JBa KOPAEJIbHBIX 3amojHUTENd. Bechb
CEepJCYHUK 3aKJIIOYEH B MOJIMATUICHOBYIO 0005104Ky. CBOOOAHBIE BHYTPEHHHE
IIPOCTPAHCTBA B ONTHYECKUX MOIYJSAX, CEpACYHHMKE KaOenas U MyCTOThl B IOBUBE
CTAJIbHBIX IIPOBOJIOK 3aIIOJIHEHBI THAPOPOOHBIM KOMIIAYHIOM.

CornacHO mpaBuUjaM MapKUPOBKM KaOeseil BblOpaHHBIM Kabenb HMEeT
mapkupoBky OITH-II110-04-024C12-06.

BoiOpannble  onTHueckue KaOeaum MMEIOT CIEAYIOUIME MEXaHUYECKHUE
XapaKTEPUCTHUKH, IIPe/ICTaBIeHHbIE B (Tabmuue 3.3).

Tabnuna 3.3 - MexaHn4ecKue XapaKTepUCTUKHU Kadels

XapakTEepUCTUKHU 3HayeHus
JlnutenbHO AomycTUMAas pacTAaruBaronias Harpyska, kH 0,2-6,0
JlomycTtuMmast paznaBnvBarorias Harpy3ka, kH/cm >=0.3
CroiikocTb K n3rudam Ha yroia 90° (*) 20 UMKIIOB
CTOMKOCTB K OCEBBIM 3aKpYUYHUBaHUAM Hayrod + 360° Ha qiiuHe 10 tukiioB
4m
CTOMKOCTB K yAApHOU Harpy3Ke OIMHOYHOTOBO3AEUCTBUS, [k 3)
Pabounii nuanaszon temmepartyp, °C -60...+70
Husmas temneparypa monTtaxa, °C -10
HoMuHaIIbHBIN HAPYXKHBIN AUAMETP, MM 6,5-18,0
MaxkcumansHast Macca, KI/Km 35-250

Cpox ciyk0bl KaOesnsi, BKJIOYas CPOK COXPAHSEMOCTH, MPU COOJIOACHUU
YKa3aHHOM MO JKCIUIyaTallUM YW IpPU OTCYTCTBUU BO3IACHUCTBUN, NPEBBIIIAOLINAX
JIOMTyCTUMBIE HOPMBI, COCTaBJISIET MOpsIKa 25 JieT.

3.2.1 XapakTepUCTUKH ONTHYCCKHX BOJIOKOH. ONTHYECKHE BOJIOKHA,
ucHojip3yemble  mpu  u3rotomineHuu  kabeneit  “OIITEH”  cooTBeTcTBYIOT
pexomengarusMm [TU - T G.65 -G.653, G.655, G.656.

[TpumeHsieMble TUITBI ONTUYECKOTO BOJIOKHA!

— TuUn A OJHOMOJOBOE C pacIIUpeHHOW pabodeil Mosocoil  BOJH;
pexomenaanus G 652D tun E - crangapTHOE 0JJHOMOI0BOE;
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— Pexomenpaius G 652B Tum C - OJHOMOJOBOE CO CMEIIEHHOM
JIUCIIEPCUEN;

— Pexomenpanus G 653 tun H - o1HOMOJ0OBOE C HEHYJIEBOW CMEIIEHHOMN
JIACTIEPCUEH;

— Pexomenpamuss G 655 Tun I - MHoromogoBoe TrpamuentHoe (O
cepateBuHbl S0 MKM);

— Pexomenmarus G 651 tum M- MHoromomoBoe rpagueHtHoe (O
CEpALICBUHBI 62.5 MKM);

— Pexomenpanus G 651 tun B - 0aHOMOJIOBOE BOJIOKHO C HEHYJIEBOM
JHACTIEPCUEH T IUPOKOIIOIOCHOM ONITUYECKOM MepeIauH;

— Pexomenparnus G 656. BonokHa ¢ HEHYJIEBOM JUCIEPCUEH ST CUCTEM
rpyboro ymiotHenus mo jumHaMm BomH (CWDM - Coarse Wavelength Division
Multiplexing)

CrannmaptHoe ojHOMOJI0BOE BOJIOKHO (Tum (G.652). Ilapamerpsl (motepu u
JIMCTIEPCHSI) ATOTO BOJIOKHA ONTHMHU3UPOBAHbI Ha JTMHY BOIHBI 1310 HM (MHHUMYM
XPOMATHYECKON JUCIEPCHUH), OHO MOXET HCIIOIh30BaThCA W B JWAIA30HE JJIUH
BOJH 1525 — 1565 HM, e uMeeT MecTo aOCOTIOTHBIM MHHUMYM ITOTEPh B BOJIOKHE.

Bonokno (G.653 onTUMH3MpPOBAaHO [JIs BBICOKOCKOPOCTHOM MEpeAadd Ha
OJIHOW JJINHE BOJHBI U HMMEET OTPAaHMYCHHBIC BO3MOXXHOCTH ISl Tepe/layd Ha
HECKOJIBKUX JJIMHAX BOJIH.

OnHOMOAOBOE BOJIOKHO CO CMEIIEHHON B 00J1acTh JJIMH BOJH A = 1550 HM
HeHylneBol gucnepcuet  (tunm  (G.655). BonokHO  ONTUMHU3UPOBAHO IS
BBICOKOCKOPOCTHOM mepeaaun WH(OpMallMM Ha HECKOJIbKUX JJIMHAX BOJH B
nuanasone A = 1550 M.

B cranmaptHeIX oqHOMO0BBIX BoJoKHax ((G.652) ompexaendromieit siBasercs
XpoMaTHYeCKasl JHUCIEPCHs, KOTOpas BbIOpaHa MEXIYHAPOJIHBIM  COIO30M
cesa3uctoB (INU) B kadectBe KpuTepus Ui KiIacCU(PHUKAIUU OJHOMOJOBBIX
ONTUYECKUX BOJIOKOH.

Hust OptiX OSN 6800 Her orpaHuueHUd TO TMepeAade CHEeKTPaIbHBIX
kaHajoB 1o BojokHaMm G.652, G.654 umu G.655. Bomokno ((G.655) obGmamaet
BBICOKOM CTOMMOCTBIO TO CpaBHEHHMIO ¢ BOJIOKHOM ((.652), mMOATOMY MOXKHO
cAenaTh BBIBOJA O TOM, 4TO TmpuMeHeHue BoJiokHa SMF ((G.652) nauboinee
noaxojsIIee it uernosib3oanus. [10]

Cy1miecTByeT TakXe HECKOJBKO CIEIHATBHBIX THUIIOB OJHOMOJIOBBIX BOJIOKOH
MPUMEHSIEMBIX B BOJIOKOHHO-ONTHYECKUX YCTPOUCTBAX:

— BoJokHa Juta komrieHcanuu auctiepceuun (DC - Dispersion Compensating),
MPUMEHSIEMbIE B MOYJISIX KOMIIEHCALINU AUCTIEPCUHU.

— BOJIOKHAa C TPUMECHIO0 PEAKO3EMEIbHBIX SJEMEHTOB, MPHUMEHSEMbIE B
ONTHYECKUX ycHiauTesx, Hanpumep, B EDFA - Erbium Doped Fiber Amplifier.

— BOJIOKHA, COXpaHAIIIME COCTOSHHUE Nojsipu3zauuu usnydenus (PM -
Polarization Maintaining), mHpuUMEHs€Mble B TUPOCKOINAX, MOJAPU3ALMOHHBIX
JETTUTENSAX U CMECUTEIISX.
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— noipuateie BosiokHa (Holey Fiber), mpumensiempie B KommeHcaTopax
JACTIEPCUHU, B ONTUYECKUX IITHYPaX, B HEJIMHEHHBIX AJIEMEHTAX.

Kpome omucanHoro Belllle, BBIOpaHHBI  Kabeab  YJIOBJIECTBOPSIOT
TPEOOBAHUSIM TI0 CJICTYIOIIUM DJICKTPUICCKUM apameTpam:

— CONPOTHURJICHUE H3OJSALMH IIeNd «OpOHS - 3eMJis» - He MEHee
2000 MO/kwm;

— W30JIAIUS TIeTIel «000JI0UKa - OpOHs», «OPOHS - 3eMJIsD» BBIJCPKUBACT
MOCTOSIHHOE UcTbITaTenbHOE Hanpsbkenue 10 kB gacroroit 50 ' B Teuenuu S c;

— JAHHBIA KaOellb  BBIJICPKUBACT MMITYJIbCHBI TOK pacTeKaHHS
nnTeIbHOCTRI0 60 MKC BeamunHOM 105 KA.

OnTtuyeckue kabenmu ¢ giuuHamMu BoiH 1,31 HMEM 1,5 HM. TpencTaBisSIOT
WHTEpEC JId pealu3alll WX Ha BHYTPHU30HOBBIX YYacTKax T.K. TMO3BOJSIOT
peanu3oBaTh pereHepanuonnbie ydyactku (PY) gmunoit 60 —100 kM. Ha
CETOJIHSIIIIHUM JIEHb MPOMBIIIJIEHHOCTHIO BhlmyckatoTcst kadbenu: OKJI, OK3, O3KT,
OM3KI'. OcHOBBIBasACh HAa TEXHUYECKH XapakTepucTukax STM-64, npuBeneHHBIX B
tabnwume 3.3, B HameM mpoekTe OyaeM UCTob30BaTh Kabenb Mapku CO-TG24-2.

OnTuueckuii kabenb U MPOKIAIKK B rpyHTe u Kananuzanuu CO - TG242,
KabGenp ¢ 1eHTpaabHBIM ONTHYECKUM MOJYJIEM, B KOTOPOM pacrojiaraercs 24
ONTHYECKUX BOJIOKHA. Cliol OpOHU BBIIMOJHEH U3 CTAIBHOW TOPPUPOBAHHOM JICHTHI
1 KpOME€ MEXaHUYECKOW 3aIlUThI CIYKUT THAPOOAPHEPOM, KOTOPHIN MPEMATCTBYET
nuddy3un Braru yepes nojMMepHbIe 000JI0YKH B CTOPOHY ONTHYECKOTO BOJIOKHA.

Mexnay OpoHEl W ONTHYECKMM MOJyJIEM MPOJIOKEHA BOJIOOJIOKUPYIOIIAs
nenta. Hapyxnas o0onouka wusroroBieHa u3 Y@ — cTaOUIU3MPOBAHHOTO
MOJIMATUJICHA BBICOKOW TUIOTHOCTH. [[s1 mpuaaH usi JOMOJHUTEIHHOW MPOYHOCTHU
KOHCTPYKIIMM B Hapy>XKHOM 000J04Ke pa3MelieHbl JIBa CHUJIOBBIX DJJIEMEHTA,

W3TOTOBJICHHBIC U3 CTAJBHOM MPOBOJOKH. B Kabelb 3aK/IafbIBACTCS ONTHYECKOE
BosiokHO Fujikura - FutureGuide— LWP(cootBerctByet ITU-T G.652.D) [11].

3.3 TexHu4veckue XapaKTePUCTHKH ONITHYECKOT0 BOJIOKHA

B BoJOKHHO-ONTHYECKOM  Kabene  JOMKHBI  ObITh  HCHOJb30BaHbI
onHomoioBbie OB, cooTBercTByONME pexkoMenaanmnu MC3-T 0.652 (ctanmapTHOe
onnomonoBoe BosiokHo IEC 60793-2 B1.1 & B1.3 / ITU G.652). TpeboBanus k
xapakrepuctrkaM OB npuBenens! B Tabnuiie 3.4.

Marepuansl 115t ONTUYECKUX BOJOKOH JIOJDKHBI OBITH OJHOPOJHOTO Ka4eCTBa
U UX XapaKTEPUCTHKU JOJHKHBI COOTBETCTBOBATH TPEOOBAHUSM MEKIYHAPOIHOTO
cranaapra M3K 60793-1 u pekomennaruit MC3-T 0.652.

OnTuyeckue BOJOKHA JIOJDKHBI OBITh pa3eieHbl W COOTBETCTBEHHO
UJIEHTU(PUITIPOBAHBI.
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Tabnuna 3.4 OnTuyeckue BOJOKHA UICHTU(DUITUPOBAHBI

[Tapamerp [TapameTpsl BonokHa G| MeToabl UCTIBITAHUN
652
['eomeTpuuecKkne nmapameTpsl
HNuametrp otpaxatomeit | 125+1 Pexk. G 650 MCD-T,
000JI0YKH, MKM Pa3zpen 5.2.1; MOK 793-1-
A2
Hexpyraocts 1,0 Pexk. G 650 MCD-T,
OoTpakaroliel 000JIOUKH, Pazgen 5.2.1; MOK 793-1-
%, He OoJree A2
HexoH1eHTpuyHOCTh 0,6
MOJIOBOTO TIOJISl, MKM, HE
0osee

Juamerp no 3ammrtHOMY | 250+15
MOKPBITHIO, MKM

[TorpemHocThb 12
KOHIICHTPUYHOCTH
HOKPBITHSI, MKM, HE OoJiee

OnrTuyecKue napaMmeTpbl

Koadpdumment Pexk. G 650 MCD-T,
3aTyXaHus OITHUYECKOTO Paznen 5.4; MOK 793-1-
BoJIOKHA 11b/kM, He Oosee Cl
Ha JJIMHE BOJIHEIL, 0,35

—1310 aMm; 0,22

—1550 um

Boiopannsiii  BOK, npou3BojcTBa H3roTOBIEH € BOJOKHAaMHU, KOTOpPBIE
yJIOBJICTBOPSIOT JaHHBIM TpeOoBaHusM [12].

3.4 BbIOop MOTMAITHIIEHOBO# TPYObI Uil NMPOKJIAAKH ONTOBOJOKOHHBIX
Kka0eJsei.

Bemyckatorcss HDPE 1pyOnr Bcex HeoOxoaumbIX HBeTOB. Crierudukaiys
TpyO COOTBETCTBYET CTaHmapTy uiu I1BeToBod 1mkaine RAL. CranmapTHbIMU
nBetamu sBJsitoTCs opaHxkeBblil (RAL 2004), 3enensiii (RAL 6024), ¢uoneronsiii
(RAL 7035) u uepnsiii. [log Bo3aeiicTBrEM yIbTpadHOIETOBOTO U3ITyUYCHHS I[BET
TpyOOK COXpaHsieT CTAOMIBHOCTh HE MEHee 2 JIeT.

TpyOku mocTaBistOTCsT 0€3 TOJIOCOK WM C TPOJOJIbHBIMU TOJOCKAMU
KOHTPACTHOTO I[BE€TA, Pa3MEIIEHHBIMA PABHOMEPHO IO OKPY>XKHOCTH CE€UYEHUS TPYO
B UETBIPEX MECTax, T. €. Ha Kaxabix 90 rpamycoB kpyroBoro ceuenus. [losocku
HAHOCATCST Ha TPYOKH CIIOCOOOM KODKCTPY3UH M MOTYT OBITh OJMHAPHBIMU
IIUPOKMMHU WM  y3KUMU JBOWHBIMU. TpyOKH CTaHAApPTHO MapKUPYIOTCS
KOHTPACTHBIM JJIEKTPOKAIJIECTPYHHBIM MapKeparopoM. MapKHUpOBKa BBICOTOM
MUHUMAJIBHO 5 MM YKa3bIBa€T METPaXK, MPOU3BOIUTENS/IIOCTABIINKA, 3aKa3uMKa,
pa3Mepsl, TUIT MaTepuaa, 1aTy U3TOTOBJICHUS U HICHTU(DUKAIIMOHHBIN 3HAK.
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OCHOBHBIMHU €IMHUIIAMHA TIOCTaBKH SIBIIAIOTCS OapabaH, Oosblas w1 Manas
OyXTbl, KATYIIKH, IPSIMBbIE OTPE3KH.

Kaxnas mnocraBnsieMas eIMHMIIA OCHalleHa TaOJIMYKOM B MPO3pavyHOn
yIaKkoBKE, Ha KOTOPOW YKa3aHO KaK MHHUMYM Ha3BaHUE MPOU3BOAUTENS U
MOCTaBIIMKA, 0003HAUYCHHE WU3JEIUs, OOIMNA METpaXk WM KOJUYECTBO KYCKOB U
JaTa MpOU3BOICTBA. [JJaHHBIE MOXKHO PAaCIIUPUTh B COOTBETCTBUU C IMOXKEIIAHUSAMU
3aKa34YUKOB (PUCYHOK 3.7).

Pucynoxk 3.7 - BHeIIHMI BUJ 3aIlIUTHBIX TJIACTUKOBBIX TPYO

Pa3mepsr 6apabana u OyxTt. bapaban: - muamerp 225 cm; - mmpuna 105 cMm; -
TuaMeTp Ienku 85 cM; - nuametp oceBoro otBepctus 11,6 cm bombiias OyxTa: -
BHEIIHUI nuametp 222,0 cM; - BHyTpeHHu auamerp 106 cm; - mmpuna 104 cwm.
Manas Oyxra: - BHemHuii nuametp 210,0 cm; - BHyTpennuit nuametp 145,0 cm; -
mmpuHa 50-70 cwm.

3.5 Ilpokyiagka onTH4YEeCKOro KabdeJsisi B [PYHT

OnTtuyeckue kabOeaw OOBIYHO MPOKIABIBAIOTCS BO BCEX KaTETOPHSX, C
NOTEPSMH WJIM MOTEPSIMHU, KOTOPBIE MPUBOAAT K AedopMalisiM BEYHON MEp3J0THI.
OOBeKThl ISl HUCHpaBiieHUs dYepe3 00J0Ta M BOJHBIE MPErpajibl MPUHAJIEKAT
OT/ACJIbHBIM BUIUMBIM PELIEHUSIM.

ITIpu ykmanke OK B 3emito, METOABI YKJIQAKW KaOess sl JIEKTPUUYECKUX
npaB. YKiIaJKa MOXET ObITh CJelaHa BPYYHYIO B JPYrod OTKPBITON TpaHIIEH WU
0e3 TpaHIllen B BUJE CI0EB HOkeBOro kaodens. Ecnu ucnons3yrorcs RFP, ogun u3
COOTBETCTBYIOIIMX METOJI0B oOpabarsiBaeTcsi ¢ momoinpio RFP B 3emiie, a 3atem
npotsaruBaercss B Hero. Moxuo mposioxkutb RFP ¢ kabenem BuyTpu. OK, ¢
JICHTOYHON OpOHEN WM CTAJbHOW MPOBOJIOKON OpoHs 0OpabaThIBaeTCs MPSIMO B
3emiie. YKIaJgka B TPYHT OCHOBAaHA Ha TEMIIEpaType OKpY:Karollel Cpelbl MeHee
10°C.
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Ecniu Bocmpusitue nHe Hmwke 30°C, kabenb A0MKEH OBITH MPOJOXKEH B
OTaIUIMBa€MOM IOMEIIECHUHU B TEUECHUE JIBYX JHEH.

C xaXIpIM BapUaHTOM IPOKJIAAbIBATh KaOeab B 3eMiie JJI 3eMJISIHBIX paloT,
PBIXJICHHSI 3€MJIM, PBIThS MW T[OHMMAaHUS TpPaHIIEW W sM; YCTpOWCTBa
OecTpaHIIEHHBIX TOPU3OHTAIBHBIX CKBXHH YEpE3 YIIHUIIbI, JKEJIE3HbIE JOPOTH U
JIpyTrue CpEeACTBA CBSI3M Il HaBEIECHHsS mopsanka; [lnmaHupoBaHue mapuipyra 110
PBIThSl TpaHIlle ¢ MOHMMaHUEM U TIpokiagkoi kadenbHbIX cioeB OK wmu 3IIT;
BoccranoBieHre HapyIIEHHOTO CJIOS TIOYBBI.

3emisiHble  paOOThl  CUMTAIOTCA  PYKOBOASIIMMU  MPUHLIUIAMHU IS
MOCTPOCHUSI TMHEUHBIX CTPYKTYp ceTeil cBsi3u. PaboThl MO HaBEJAEHUIO MOPSAKA B
TOUYKaX, KOTOpbIE MEPECEKAIOT 3allMTHbIE 30HBI MAaruCTPajbHBIX TPYOOIPOBOIOB
razoBoi W HEPTAHOW MPOMBIIUICHHOCTH. OJEKTPUUYECKUE CETH  JOJIKHBI
HaXOJUThCA MOJ KOHTPOJEM COOTBETCTBYIOIIMX MpPaB HAa MPOU3BOJCTBO 3€MJISHBIX
paboT B 3alIUTHBIX 30HAX OTUX KOMMyHUKanuil. Packomku, KoTopbie
COOTBETCTBYIOT 3alllUTHBIM 30HAM CBSI3M, Pa3pelICHbl TOJBKO C MHCHbMEHHOIO
perjiaMeHTa OpraHu3alliy, KOTopast JejiaeT 3TU COOOIEHHUs, U B MPECIICI0BAHUN HX
uHTepecos [12].

[Ipu ympaBieHUM 3eMIISTHBIMM pabOTaMU TakKe JOJDKHBI OBITh MPUHSTHI
mpaBa Ha COOPYKEHMsI 3€MJISIHBIX padoT, MpaBuja 3alUThl KOMMYHHUKalUA WU
npyrue crangaptel. [Ipoknaaka xabens B oTkpbiToM sxenobe. Ilpu yknaake OK B
OTKPBITOM keJ100€ ObLIO 3aMEUEHO, YTO MAaKCUMYM OTPAaHUYMBAECT MUHUMAJIbHBIN
paauyc u3ruda OK, cipliian U NOHUMAJ MOJ WK NecYaHyro KpoBaTk. [Ipexnae yem
ykaaneiBath OK B OTKpPBITOM >Keino0e TMoj 3eMiie M BBIPOBHSITH KaMHSIMU,
CTPOUTENIBHBIM MYCOPOM M JPYTMMHM JIMYHBIMU BBITOJAMU, XOPOIIO TIOCIE
NPUHATHUS pellieHus o xenobe. B ckaincToM nmpaBoM JHE TpaHIIed OyJIeT XOPOIIo
OT OCTPBIX BBICTYNOB U OOJILLIOTO Mycopa Nepes YKIAAKON. YII0XKHUTh MoJ Kadelb
W TOJ 3allMTHBIM CIIOM MATKOTO TPyHTa WJIM IeCKa TOJIMHOW MeHee 10 cwm.
Pasmoraiite kabenb ¥ OOBIYHO KIIATUTE €T0 B OTKPBITBHIA 3Ke00. ¢ 0cOOBIMU
uHTEepecamMu. YKiaaka KalOenss B TMOJTOTOBJICHHYIO TPAHIICI OCYIIECTBISIETCS
OJTHUM U3 CIIEIYIOIIMX CIIOCOOOB: MOCHE YKIAAKU KaOes B TPAHILUECIO WU IOCIe
Kpass OapabaHa, yCTaHOBJIEHHOTO B KOpITyce, MJIM TOclie KabeIbHOro KOHBEiepa,
nepemenias camy tpaniiero; [lepemecturs OK Ha Bcro munHy. B 06oux ciyyasx,
Korja 6apabaH BpaliaeTcs Co CeUaTbHBIMU MTpaBaMU UM PYYHBIM KaCaHUEM TpU
HaMOTKe kabOens. Bpaienune OapaGana Bo3spjelicTBue BBITATMBaHUS KaOessi He
npousBoautcs. CkopocTh OapabaHa TOCTOSHHO 3ajaBajach Mpu 00padoTke
yKJIaAKu Kabens mocie Tpacchl. He paspeinaercs nmepemaThiBaTh TPOC METIAMH C
Oapabana. IIpu pasmoTke cieauTe 3a TeM, 4TOObI MpU BbIXOAE U3 OapabaHa
MePEKPHIBAIOIINECS TTOBOPOTHI HE BKIIIOYAIM PE3KUX M3TMOOB U PHIBKOB. Eciu B
MPOKJIAJIbIBAE€TE TPOC OT JBMKyIlIeics Mamuubl, cHumure OK ¢ Gapabana ot
pabouux, CISAYIOMUX 32 MAITUHOMW, U TIOMECTUTE €r0 Ha JIHO TPAHIIEH WM Ha UX
kpait, OK Oyner HaxonuThCs B TpaHiee. TpaHInen He BUASIT CKOPOCTh aBTOMOOMIIS
1 xm / 4. Eciu penbed MECTHOCTHM U JOPOXKHBIE YCIOBHUS HE COOTBETCTBYIOT
YCIIOBHUSIM 3KCIUTyaTallud, TPOKIAIKa C yKa3aHWeM OOIIeW UIMHBI TpPAHIIEH M
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MOCTOSTHHOTO OTyCKaHUsl Kabens B TpaHmier. KoimnuecTBo paOOTHHKOB, KOTOPHIC
COCTaBJISIFOT OIUIATy Tpy/Ja pabOTHHKA ¢ Maccoit kabest He Oosee 35 kr [13].

Paccrosinue mexny paboyuMu JOJDKHO OBITH TakuM, 4TOObI Kabenb mpu
BBIHOCKE HE BoJIouMJics o 3emuie. [Ipu HemocTaToOuHOM KOJIMYECTBE paboOuux
npuMeHsoT cnocod "mernu". bapaban B 3TOM cilydyae yCTaHaBIIMBAIOT MOCPEIUHE
WIN B JAPYrou, 3apaHee OTMEpeHHOU Touke Tpacchl. OK nokeH yKiaJIbIBaThCs
MOCpeIMHE JHA TpaHIen 0e3 HATSKEHUs U TJIOTHO IpUIieraTh K JHy TpaHiieu. [lpu
NPOKJIAJKE HECKOJbKMX Kabeneil B OJHOM TpaHIee MX CIEAyeT pacroyaraTh
napajuieIbHO C PACCTOSHUEM MEXIy HUMH He MeHee 50 MM 0e3 mepeKpeIirBaHus.
[Ipy Hanmumm HaA Tpacce pPa3IUYHBIX TIEPECCUCHUA Kabenb MPOKIAIbIBAIOT
cnocoboM "metn" (pucynok.3.8) [20].

e OK BHOCHTCH By ey

Pucnok 3.8 - Cxemanpoxnaaku OK metomom"nernun"

Bectpanmielinpiii crioco0 MpoKIaaKu Kabemisi ¢ TOMOIIBI0 KabelneyKIIaaunKa,
Omaronapsi BBICOKOW MPOU3BOJUTENHHOCTH U 3((EKTUBHOCTH, SBISIETCS OCHOBHBIM
Ha (pucynke 3.9).

N e SR DR R L L R

Pucynok 3.9 - Konctpykius kabeneykiaganka
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Ha pucynke 3.9 yka3aHbl KOMIUIEKTYIOLIUE KaOeneyKiaaunKa:

- KperuieHue 6apabaHa;

- Topmo3 OapabaHa;

— HaIpaBJISIIOLIUE POJIHKHU;

- TIOJIbEMHBIN MEXaHU3M;

- BHOparop;

— POJMKOBBIN KBaJIpaHT

- JIe3BHE ILIYTa,

— CEKIUA YKIIaJIKU KaOes;

- kabenp wm TpyoOa,

— 3AIUTHBIA TPOBO/I;

— CHTHaJbHas JICHTA.

[Ipoxnanky BOK OecTpaHiieiiHbIM CIOCOOOM MPOU3BOASAT C MOMOUIBIO
CHEIUATbHBIX KaOeleyKIaTYMKoB, padoure OpraHbl KOTOPBIX MPOPE3al0T B IPYHTE
y3KYI0 Ieb, YKIAIbIBAlOT KalOedb Ha 3aJaHHyl0 IyOuHy, obecrednBas
TpeOyeMbIii paanyc u3ruba Kabenst MpH BBIXOJE W3 KAaCCEThl M MCKIIOYas €ro
MOBPEXJICHUS B MpoIlecce MpoKIIaaku (Tadmuiie 3.4).

Tabnuna 3.4 - TexHnueckre XapakTepUCTUKH KabeleyKIaJuuKoB

Tun kabeneykiaauuka KBI-2 KBI'-2
Kareropus pa3padoTku 1-4 1-4
rpyHTa
['myOuHa nmpokIaaku, 10 1500 1500
MM
HuameTtp 80 80
MTPOKJIA/IIBAEMOT0 Ka0eJs
Jlmametp 32,40,50,63 32,40,50,63
MIPOKJIA/IIBAEMBIX TPYO
CKOpOCTh MPOKJIATIKA 0,4-1,5 0-2,5
Ka0enst KM.4
JlnameTp, MM KOJTUIECTBO 2250mm/2 2250mm/1
pa3MemniaeMbIx 0apabaHoB
[Tomnast macca 6apabaHOB 4000 4000
KT
Beneunna cmenienus - 1140
pabouero opraHa
JInvHa npokaapIBacMon 75 75
CUTHAJIBHOM JICHTHI
['my6una 1.1 1.1
peo10JIeBacMoro OpoJia
Macca, kr 2300 2400
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s obecrnieueHus KOHTPOJsI BOJIOKHA cTpouTenbHoil anuuael OK mepen
npokiaakoi capuBatoT nuieiidhom. Ilpu mpokiagke kabens mo 3a00JI0YEHHBIM
y4acTKaM B MECTHOCTH CO CJIOKHBIM peiabedOM, TUIOTHBIX TPYHTaX U T.Jl. BOZMOXKEH
HEpPaBHOMEPHBIA X0/ KaOeNeyKIaauhKa, I[O3TOMY HEO0OXOAUMO OCOOEHHO
THIATENBHO CJEAUTh 3a CHHXPOHHOCTHIO Pa3MOTKH Kabensd, oOecreurBas €ro
cinabuHy mepen BxoaoM B kaccery. [Ipu npoxnaake OK HemomycTHMBbI: BpallieHue
OapabaHa moj JEeWCTBHEM HATsXKEHUsS Kalensi, phIBKM KaOels Mpu MPOKIIAJIKE B
CIIOKHBIX TpPYHTAaX, HaJW4YUEe MpensarcTBuid B rpyHTe. Ilpm mobom crocobe
npoknaaku OK HenmocpencTBEHHO B IPYHT B MECTaX CTHIKOBKH CTPOUTENbHBIX JJINH
orpbiBatoTca KoTioBaHbl 3000x1200x1200 MM 1 pa3MelIeHUs: ONTHUYECKUX
mydTu 3anaca OK. 3amac OK nomken oGecredynBaTh BO3MOKHOCTD MOAA9YH MYy (PTHI
B 30HY, YIOOHYIO [l OpraHu3aluyl paboyero Mecta MOHTaKHUKOB. JlJinHA 3amaca
Ha KaXJIoM Kalese, BXOIAIEM B My(Ty, MOCie YKIaJIKU My(QThl B TPYHT JOJDKHA
ObITh HEe MeHee 10 M.

3.6 Boi0op ycuiureisi

Bonokonno-ontuueckue ycunurean EDFA (Erbium Doped Fiber Amplifier)
— 9TO YCUJIUTENH, CO3JaHHbIE HAa OCHOBE OINTHUYECKOTO BOJIOKHA JIETMPOBAHHOTO
noHamu »pous EDF (erbium doped fiber). Ilpunnunuanbaas cxema BOJIOKOHHO-
ontuueckoro ycumnurens EDFA npusenena Ha (pucynke 3.10). [IpunHnun paboTs
spoueBoro ycunurtenss (EDFA) ocHoBaH Ha SBJIEHMM YCWICHHS CBETa IpHU
BeIHY)KJIeHHOM u3iaydeHun (Light Amplification by Stimulated Emission of
Radiation) nonamu >pOusi, BBEICHHBIMU B CEPAIIEBUHY ONTUYECKOTO BOJOKHA.

Q

Pucynok 3.10 - Buemnuii Bua ycunurens EDFA

B ycunmutensx wucnonb3yercss 32-OMTHBIA  TMPOIIECCOP, KOTOPBIM Ha
OPOrpaMMHOM ypPOBHE IO3BOJISIET CBOEBPEMEHHO M TOYHO KOHTPOJHUPOBATH
BBIXO/JIHYIO OINTHYECKYI0 MOIIHOCTh M pa3jM4YHBIE COCTOSHUS paboOThl Ja3epa
HaKa4yKky, 4TO OOecredyrBaeT CTAOMIbHYI0 M HAJCKHYI0 paboTy YCTpOMHCTBa U
3¢ (HEeKTUBHO MPOAJIEBAET CPOK CIIY>KOBI Jlazepa HAKAuKH.
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3 Ry ——
7 obveguHuTEns WDM ;\ W
IrHaJ HaKa4Ku 1 \
[ curHana (WDM) o,

/
\
WCTOMHUK |
Hakaukm

Pucynok 3.11 - Cxema ycunurenss EDFA

Onrtrnueckue ycunurenu cepun EDFA-1550 moxHO HacTpanBaTh Ha MecCTe
yepes JIMIEBYIO TaHENb, OCHAIIEHHYI0 BCTpPO€HHBIM JKK MOHMTOpOM, a Tak ke
YAAJIEHHO YIPaBJIATh YCTPOMCTBOM M OCYLIECTBISATh €ro MOHUTOPUHT. [logaepxka
nportokona SNMP obecrnednBaeT JErKyr0 HHTETPALMIO YCTPOWCTBA B CHUCTEMBI
MOHHUTOpHUHIA CETU orepaTopa. /[ yaaleHHOro UCIOJIb30BaHMs YCWIMTENIN CEPUN
EDFA-1550 ue TpeOyeT TONMOJHUTETLHOTO MTPOrPaMMHOTO 00eCIIeUeHUSI.

OpOueBble  YCWIMTENM TMpEeAHA3HAuY€Hbl JUIsI  KOMIIGHCAIMM  IOTEpb
ONTHUYECKOI0 CHUTHAJIA B BOJIOKOHHO-ONTHUYECKHUX JIMHHUSX CBA3U. Y CHIICHHE
ONTHUYECKOT'0 CUTHAJIa MPOUCXOAUT B TUIOBOM it DWDM cucrem «Cy» nuanasone
(1525...1565 um) B cootBerctBuUM ¢ ceTkod yactoT ITU. CymecTByrOT Tak ke
ontudeckue ycunurenu EDFA paGotaromue B «L» nuamazone (1565...1625am),
KOTOPBIM TO3BOJISIET YBENMYHUTH KOJIMYECTBO ONTHYECKMX KaHaioB B DWDM
cucreme. Ha (pucynke 3.12) mpuBenéH CHEKTp MOTEPh B BOJOKHE U IOJOCHI
ycunienusi EDFA.

A E c . L
1.2 A ““'““'""‘E" b
5 1.0
l‘_; H : :
2 ST-FOFAD | -FOFA,
08 ] i .
o
0.6 .

1200 1230 1300 1330 1400 1430 1500 1550 1400 1430 A, HAa

Pucynok 3.12 - Cnektp norepp B BOJIOKHE U nojockl ycuiienns EDFA
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3.7 ®du3uka npouecca HAKAYKH

Haxauka coBpeMEHHBIX SpPOMEBBIX YCHUJIUTENCH OCYIIECTBISETCS CBETOM C
nmuHaMu BojiH 980 HMm nnu 1480 uwm. [Ipu nornomennu GoToHOB Hakadyku 980 HM
HMOHBI IPOUS MEPEXOAAT U3 OCHOBHOTO COCTOSIHUSI Ha KOPOTKOXKHUBYIIMI YPOBEHbD, C
KOTOPOTO 3a CUET MPOIIECCOB pelaKCcalliy MePEeXoasIT Ha METaCTaOMIIbHBIN YPOBEHb.
TepMuH MeTacTaOMJIBHBIN O3HAYAET, YTO BPEMsl )KM3HHU YaCTHI] B 3TOM COCTOSHUH
oTHocHUTeNbHO Benuko (10 mc). [ToaTomy naxke mpu yMepeHHOM YPOBHE MOITHOCTH
HaKa4K{ MOYKHO TIEPEBECTH TIOUYTH BCE MOHBI APOUS B BO30YKIEHHOE COCTOSTHUE.

IIpy oOTCYyTCTBUM HaKaykul WIM MajOM YpPOBHE €€ MOIIHOCTU (Korja
HACEJIEHHOCTh BEPXHEro YPOBHS Maja) YCWICHUE OTPULATENIbHO, TO €CTh
HaOmomaeTcst morjomenne. [lo Mepe yBenmWYeHWs MOITHOCTH HAKadyKH BCE
OOJIpIIEE YUCIO AKTHBHBIX MOHOB IMEPEXOIUT B BO30YKIEHHOE COCTOSHUE. DTO
MPUBOJUT CHayaja K YMEHBIICHUIO KO3(P(dUIIMEHTa TMOTJIONIEHUS, a 3aTeM K
ycuJieHUI0 cBeTa. OTMETUM TaKXe, YTO CIEKTP YCWICHHUS HECKOJIbKO CIABUHYT B
JUIMHHOBOJIHOBYIO 00JIACTh OTHOCHTEILHO CIIEKTpa moriomenus.[14]

3.8 loctonncrBa cepun EDFA-1550

— TapaHTUPOBAHHOE KAadyeCTBO 3a CYET MCIOJIb30BAaHUSA JIETHPOBAHHOTO
BosiokHa oT komnaHuu JDSU (CHIA) v BBICOKOHAJEKHOIO Ja3epa HAKAYKH OT
komnanuu Fitel (SInonus);

— BTOPOW JIa3ep HAKAYKH JJIsI MOJeiel ¢ 241bM U BbIIIIE;

— OINLMOHAJIbHAs BO3MOXXHOCTh YCTAaHOBKM BTOPOrO Jla3epa HAKA4YKW st
ycuuTeneh ¢ 6romkeroM 21, 22 u 23 n1bwm;

— JIBOWMHOE JICTUPOBAaHUE ONTHYECKOro BoJIokHA spouem (Er) m urrepOuem
(Yb) nnst Mmogeneit ¢ 6roxeTom 6osiee 251bwM;

— OINLMOHAJIbHAS BO3MOXHOCTh YCTaHOBKM WDM/PON MynbTUIIEKCOPOB
JUJIS YCTPOMCTB ¢ Or0/KeTOM Ootiee 251bM U KOaM4ecTBOM BbIxosi0B 4, 8, 16, 32 u
64;

— WUHTEJUIEKTyaJlbHas CHCT€Ma KOHTPOJS U  CTA0MJIBHOCTH  pabOThI
yCTpoicTBa Ha 6a3e 32-0UTHOTO MPOIECCOpPa;

— YAAQJIEHHBIM KOHTPOJIb NApaMETPOB MW  YNOPAaBICHUE  YCTPOUCTBOM
(monnepxka nmporokoiaa SNMP);

— UHTYWUTHUBHO-TIOHSATHBIN web-unrtepdeiic ynpapienus;

— nBa 0OJIOKa MHUTaHWS, OCHOBHOW U pE3EpBHBINA, BO3MOXKHOCTH TOpsyei
3amenbl (hot-swap);

— BcrpoeHHbId JKK monutop ¢ 160x32 nukcenbHOM MaTpUIIel Ha MEepeIHeH
MaHesu 0TOOpaXkaeT Bce paboure mapameTpshl;

— maccu 1U ot 1 1o 16 BeixomoB, maccu 2U oT 16 1o 64 BEIXOJ0B;

— IPOCTOM MOHTAK: YCTAaHOBKA B CTaHAAPTHYIO 19" CTOMKY;

— nonHOoyHKIIMOHANBHOE  standalone-yctpoiicTBo, He  TpeOyromiee
CHELMATBHBIX IPOTPAaMMHBIX MPOIYKTOB U TOTIOIHUTEILHOTO 000PYIOBAHHUS.
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3.9 Pa30uBKa Tpacchl HA CEKIIUHM MYJIbTHIIJIEKCMPOBAHNS U pereHepannu

Cerp SDH Oonbliod MOpOTSKEHHOCTH MOXHO TPEJACTaBUTh B BUJE
MOCJIEIOBATEILHOTO  COCAUHEHUs  psifa  CEeKUuH, crnenuUIUpOBAaHHBIX B
Pexomennmanusx ITU-T G.957 u G.958. Mapupyr LCII cunxporHo-undpoBoit
UEepapXuu COCTOUT U3 PEreHEepPallMOHHBIX W MYJBTUIUIEKCHBIX CeKuuid. [IpuHsTO
paznMyaTh TPU THUIA CTAHJAPTU3UPOBAHHBIX YYACTKOB (CEKIMI) — ONTHYeCcKas
ceklusl (y4acTOK OT TOYKU AJIEKTPOHHO-ONTHYECKOTO JI0 TOYKH OMNTO3JIEKTPOHHOIO
npeoOpa3oBaTessl CUTHANIA), MYJbTUIIIICKCHAS CEKITUS U PETCHEePAIMOHHAS CEKITHSI.

MynbTUIINIEKCHBIE CEKIIMM OPTAaHU3YIOTCS MEXIY COCETHUMH TEPMHUHATBHBIMU
MYJIBTHIUIEKCOPAMU W MYJIBTUIIIIEKCOPaMH BBOJIa/BhIBOJIA. PereHepanoHHbIe CeKIIu
OpPTaHU3YIOTCA MEXIy COCETHHMH MYJIbTHUILIEKCOpaMH, PabOTaIONUMU B PEKUME
pereHepaTopoB WM MEXK]Y PEreHepaTopoM U MYJIbTUILUIEKCOPOM (TEPMUHAIBHBIM,
BBOJIa/BBIBOA).

Pa306uBka Tpacchl MPOU3BOAUTCS BHAYaAJIE HA CEKIIUU MYJIbTUIUIEKCUPOBAHMS, a
3aT€M Ha CEKIIMU PETeHEpalMM. a 3aT€M Ha CEKUHMH pereHepauuu. MyabTUILIEKCOPHI
BBO/1a/BbIBOJIa IU(PPOBHIX MOTOKOB YCTAHABIUBAIOTCS OOBIYHO B KPYITHBIX Y3JIOBBIX
LHEHTpax Ha TMPOTSHKEHUH MAarucTpajid. 3aTeéM, MYJbTUIUIEKCHBIE CEKIUU
pa3OuBarOTCs HA pereHepaluoOHHbIC CEKIINK ITUHOUT Lp.c

Lplczlp.y'o.llp.y, (3.1)

rae Lp.C — miMHa pereHepaliMoHHOM CEKIMU, ¢ YYE€TOM TEXHOJOTHUYECKOTO
3araca Kabens, KM,
Lp.C — paccuuTaHHast IPOEKTHAs IJTMHA PEreHEPAIMOHHOTO y4acTKa, KM;
Lp.c=90,3-0,190,3=320 (xm).
IIpumepHass cxeMa YCTAaHOBKM MYJBTUILUIEKCOPOB M pEreHEepaTOpoB Ha
MarucTpanu (pu JyHe BodHbl = 1,31 MKM; JuiMHA pereHepail. ceKiuu = 320km)
Heo6xoaumoe kommdyectBo MUX u REG Ha mpoextupyemoi Maructpaiu
(tabmure 3.5).

Tab6nuna 3.5 Konuuectso MUX u REG Ha npoektupyemoit Mmaructpaiu

HaumenoBanue yuacTtka [IporsokeHHOCTB, |  KOJMMYECTBO MYJIBTUIIIIEKCOPO
KM pereHepaTopoB
Annmxan-Oeprana 70 ™ ADM REG
®eprana-Kokann 48 1 1
Koxana-Jxuzak 289 1
Jlxuzak-Camapkan 98 1 3
Camapkan-TamkeHt 320 1 1
Hasou- byxapa 162 1 2
byxapa-Yprenu 520 1 1 6
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4 be3onmacHoCTh AKN3HECACATCJIBbHOCTH

BBenenue.

JurioMHast pabota 1o (pyHKIMOHUpOBaHHMIO cucTeMbl WDM s nanbHein
CBS3U C ONTHUYECKUM BBICOKOCKOPOCTHBIM HOCHUTEJIEM, BBINOJHEHHAs KOMIIAHHUEU
nanbHel cBs3u TamkeHT-CaMapkaH

B nanHoit paboTe paccMaTpUBaIOTCS METOJbl pacyeTa HCKYCCTBEHHOIO
OCBENICHUS] B Mpou3BOACTBE. [IpaBUIbHO OpPraHM30BaHHOE OCBEUICHUE pabdouero
MecTa obecneunBaeT 0€30MacHOCTh 3PEHHSI U HOPMAJIbHOE COCTOSIHUE €r0 HEPBHOM
CHCTEMBI, a TaKkke 0€30MacHOCTh B Mpoliecce Mpon3BOACTBa. [IpOu3BOANTENBHOCTD
TPYyZa U Ka4YeCTBO MPOAYKLMHU HANPAMYIO 3aBUCAT OT OCBEILLICHHUS.

VYcnoBrss HMCKYCCTBEHHOI'O OCBELIEHHsS B INPOMBINUIEHHBIX KOMITAHUAX
OKa3bIBAIOT OOJBIIOE BIUSHUE HAa BHU3yaJbHbIE XapaKTEPUCTUKHU, (PU3HUECKOE U
MOpPaJIBHOE COCTOSIHHE JIFOJIEH, a CIEAOBATEIbHO, HA MPOU3BOJMUTEIBHOCTD TPYAA,
Ka4eCTBO MPOJYKIMHA U HECYACTHBIE CIIydyau Ha IIPOU3BOICTBE.

[TomernieHusi ¢ MOCTOSIHHBIM MPUCYTCTBUEM JIIOJIEH OOBIYHO JOJIKHBI OBITh
VMCKYCCTBEHHO OCBEILIEHBbI. [Ipy IPOEKTUPOBAHUM HOBBIX [IOMELICHUM, IIpU
PEKOHCTPYKIIMHA CTApPbIX IIOMELICHUW, IIPU IPOCKTUPOBAHUU ECTECTBEHHOIO
OCBEILEHUS] MOMEIIEHUI HEOOXOJUMO ONPENECIUTh IUIOMAb CBETOBBIX IPOEMOB,
KOTOpBIE€ 00eCreurBatOT HOPMUPOBAHHOE 3HAUECHHUE.

DTa 4acTh cOCTOUT U3 ctanjaapTtHoro ocsemnieHuss ATC B komHare ot 6 10 10
meTpoB. Takum oOpasom, mmomans S = 60 w2 PaGoraior ycTpoiicTBa
MyJIbTUILIEKCOp 1, KoMmbroTep, npuHTep 1, padorator 10 yenoek. I B komHaTte
€CTh OKHO BbICOTOM 1,5 cM. M U mupuHoil 2 M u nammnoi 40 Bt tuna PVLM 2 * 40
5 WTyK, HMMEETCsd NPOTHUBONOXKAPHAS 3alUTa CHEHUAJIbHOIO THIIA, A TaKXKe
rapaMeTp MHUKpPOKJIMMATa COOTBETCTBYET BCEM CTaHAApTaM, a 4TO IUIOXO, TAK 3TO
ocBelleHne, U nostomy B stom pazmene BXX]] xeme3HBIX IOpPOr YUYMTHIBAETCS
OCBEILECHHE

= 2100, =
1 EEICOTA MOTOMER
CTOM mEad h=3m
DIEEDE
CTYT
1 3000t —
n}[: -
ora
rreass EAMACHOH mmi_
S

Pucynok 4.1 - Inan nomenienue
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Tadomnuma 4.1 — UcxoaHble TaHHbBIE

Tun [TapameTpsbl hua.ox | Tun K-Bo | Pazpsn
MIOMEILIEHUS | TOMEIICHUS hok, |.M CBET- Cser- | 3pur.
LM |BMm |HMm | M KOB KOB Pa6or
ATC 21 18 |5 3 1 [IBJIM |15 1V,B
2*40

Oxonuanue Tabmuner 4.1

CseroBoii mosic | Han, | Jlo O6mumxk. KoaddunmenTs oTpaxeHus
M 3nanus Pm | prioT,% p11o1,% pct,%

Tamkenr, 1V 12 10 70 30 50

Tabnuna 4.2 — CeropacnpenencHue cBetwibHuKa [I1BJIM-1x40

Tun Cuna cBera lo, k1 B HapaBlIeHUH yTiia o,

CB-Ka

0 5 15 |25 |35 |45 |55 |65 |75 |85 |90

[IBJIM | 139 | 135 [132 | 115 |104 |84 |63 (44 |22 |6 0

1x40

4.1 Pacuer ecTeCTBEHHOI0 OCBeIICHUSA

HOMeHIeHHﬂ C IIOCTOAHHBIM Hpe6I>IBaHI/IeM J'IIOI[CIZ JOJDKHBI HMCTb, KakK

IIpaBnuJI0, CCTCCTBCHHOC OCBCIICHUC.

Pacuer ectecTBeHHOrO OCBCHICHHUA 3aKIOYACTCA B OIIPCACIICHHUU ILIOIIaIn

CBCTOBLIX ITPOCMOB.

OOmyro 1miomanas OkoH ompeaensieM 1o (dopmyrne 4.1) nns GOKOBOro

OCBCIIICHUA:

_ Sn 'en ‘Kx'na 'de

, 4.1
° 100-7, -1, (4.1)
rae S — MIOMmAab CBETOBBIX IPOEMOB IIPU OOKOBOM OCBELICHUH, M2;
S. — IUIOIIAAb TI0Ja TIOMEIICHHS, M,
Sy=L -B=21 18=378 (w2), (4.2)

es — Hopmupyemoe 3Hauenne KEO;

K; — xoadpunment 3amaca mo tadauie 3.11 [1]: K,=1,3;

Mo — CBETOBasl XapaKkTeprucTHKa OKOH. [IpuHUMaroT mo Tadnuie 4.2 [16];
HeoOxonumbie pacueTsl AJ1sl HAXO0XIESHUS Mo:

1=B/2=18/2=9 (m), (4.3)
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rie | — rmyOnHa moMenieHus, pyu OJTHOCTOPOHHEM OCBEIICHHUU.
L/1=21/9=2,33=2,3, (4.4)
hpacs=H-Nox-Np.n, (4.5)
rae hy=1,2...1,4 M — BeicoTa paboueil MOBEPXHOCTH
Npaca=5-3-1,2=0,8 (m),
I/ Npaca=9/0,8=11,25. (4.6)
Hcnonb3ys 3HaueHUsd moiydyeHHble B GopMynax 1.4. u 1.6 ompenenum 1o

tabmure 4.2 [1] no=12,5;
To— OO KO3PPUITUEHT CBETONPOITYCKAHUS

To— T1 T2 T3 T4, (4.7)
rie T1 — KO3(PQGUIMEHT CBETONMPOIYCKaHUS MaTepuajia OINpeIeiuM II0
tabnume 6 [1]: s IBOMHOT0 OKOHHOI'O JINCTOBOIO cTekia 11=0,75;

T, — KOd(pPUIMEHT, YUYNUTHIBAIOMNNA TIOTEPH CBETA B CTAIBHBIX
neperuierax (cnapennsie) Tabmuna 7 1,=0,9;

T3 — Kod((UIMEHT, YyYNUTHIBAIOIIMA TIOTEpPU CBETa B HECYIIUX
KOHCTPYKIUSAX, TP OOKOBOM ocBelleHun paseH 0,8 mo tabnuue 4.2

[16];
T4 — K03 PHUIUEHT, YIUTHIBAIOIINN TOTEPU CBETa B COJHIIE3aIUTHBIX
ycrpoiicTBax o Tabmnuie 4.2 14=0,75.[16]

Torna

10 =0,7-0,9 -0,8 -0,75=0,405,

r — kod¢dunmeHt, yuutbiBaronmii mnoBeimieHne KEO mnpu OGokxoBoMm
OCBCIIICHUHU OJlarofapss CBETy, OTPAKEHHOMY OT ITIOBEPXHOCTCH ITOMEIICHHUS H
TIOJICTHJIAFOIIETO CJIOSI, PUJICTAIOIIETO K 3aHuI0, cM. Tadnuiry 4.2 [16].

HeoOxoaumble pacyeTsl I HAXOXKICHHUS I1:
PacueTHyro TOUKy pacriojaraeM B IIEHTPE MOMEIICHHSI, TOT/Ia PacCTOSHUE JI0
HaApY>KHOM CTEHBI COCTaBUT [16]

B=18/2=9(m),
B/1=9/9=1,

Prom + Pon + Proy _ 10+30+50

. ~ 35%. (4.8)
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Wcnionp3ys 3HaueHus noxydeHHbie B popmynax 1.4 u 1.6:
L/1=2,3,
|/ Npaca=11,25,
a TaK)Ke MOJIyUYeHHbIE BBIIIE 3HAUCHUS onpeaeanm 1o tadmune 4.3[1] ri=1,3.

K;: — K03(h(HUIMEHT, YYUTHIBAIONIMKA 3aTeHECHHE OKOH IPOTHBOCTOSIIUMHU
3maHusIMHU 110 Tadmie 4.3 [16]

P =E:1’
H, 12
K,; =1,4.

HopmupoBannsle 3nauenuss KEO e, s 3maHmMil  pacmojlaraéMbelx B
pa3IMYHBIX paioHax CleayeT ompeaesaTh mo Gopmyne 4.9 [17]:

e,=M C e,
e4=0,9 -0,75 -1,2=0,81. (4.9)

rae N — HoMmep Tpynmnbl 00eCIIeYeHHOCTH €CTECTBEHHBIM CBETOM I10 TaOJHUIIe
3.1[1] N=3
e, - 3HadeHust KEO mo tabnune 4.12 st paspsiga 3puTebHON pabOThI
IV, B e, =0.81%
m,, - K03 PHUIIHEHT CBETOBOTO KJIMMAaTa, (OPUEHTAIIHS CBETOBBIX MPOEMOB
B HapyXHbIX cTeHax 3aanuii: CB, C3) tabnuua 3.1 [17].

[ToncTaBuM Bce 3HAUYCHHS B pacUETHYIO (hOPMYITY

~378-0,81-125-1,4-13

=132,3(1?).
100-0,405-13

0

Tak kaKk y Hac JBYXCTOPOHHSISI OCBEIIEHHOCTh, TOT/Ia IJIOINIAb OKHA OyJeT
paBHa

So/3=132,3/3=44,1 (m),
44,1/2=22,05 (m).
Taxum 06pa3oM, MIOIAAL CBETOBOTO IpoeMa cocTasiseT 132,3 m?

BoiBoa: B HaHHOﬁ IMOMCHICHNE CYIICCTBYIOIICC OKHO HE COOTBETCTBYCT BCEM
CTa”HaapTaM M IIO3TOMY MbI JOJIKHBI YIYUYHINTh KCKYCCTBCHHOC OCBCIIICHUC.
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4.2 PacueT HCKYCCTBEHHOT'O OCBEIIEHUSI

Jlnst pacdyeTa MCKYCCTBEHHOT'O CBETa MCIOJIB3YETCS OJUH U3 TPEX METOJOB:
KO3 (PUIIMEHT HCMONIB30BaHUS CBETOBOIO IMOTOKA, TOYEUYHBI METOJ W METOJ
yIeJIbHON MOIIIHOCTH.

[Ipu pacuere oOIIETO0 PABHOMEPHOTO OCBEIICHUS OCHOBHBIM METOJIOM
SBJISIETCS] UCIIOJIb30BAaHUE CBETOBOI'O MOTOKA, FTEHEPUPYEMOTO UCTOYHUKOM CBETa, U
y4eT OTPaKEHUSI CTEH, ITOTOJKOB U TMOJIOB.

Pacuer ocBemieHuss HauyMHAETCA C BBIOOpA THINA CBETUIBHUKA, KOTOPBIUA
MMPOU3BOJAUTCS B 3aBUCHUMOCTHM OT YCJIOBHM OKpPYXKAIOIIEW Cpeapl W Kiacca
MOMEIIEHHUSI IO B3PHIBOOTIACHOCTH U TOAap OMACHOCTH.

4.3 Pacuer OCBCIICHHOCTH TOYCYHBIM METOAOM

Pa3psn 3putenbHOl paboTsl |V (B), MO3TOMY OCBEHIEHHOCTHh MO (Tabiuie
4.2) [1] paBHa E;=200 nk.
ToueyHpIM METOAOM IPOBEPUM COOTBETCTBHE JTAHHOTO KOJMYECTBA W THUIA
CBETUJIbHUKOB HOPMUPYEMOM BEJIUYHHE.
Omnpenenenue pacyeTHOM BBICOTHI IMOJBECA:

Npaca=H-Nca-hy ., (4.10)
hes — BBICOTaA CBECa CBETHIILHUKA
Npaca=5-1,5-1,2=2,3 (m).
PaccrositHre Mexly CBETHIIbHUKAMU (Z):
Lo=Axhy, (4.11)
A=1.2/1,4,

L=1,2/2,3=2,76 (m).

dl d2 d3 d4 ds
0,5
dé d7 ds do d10
18
di1 di12 d13 di4 dis 8
1

21

Pucynok 4.2 — PacnonoxeHue CBEeTUJIbHUKOB B TOMEIIEHUHN
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HameuaeM KOHTpOJIbHYIO TOUKY A ( B IEISX YMEHBIICHUS PACYETOB, TOUKY
A opueHTHpyeM B IieHTpe nomemieHus). s Hee, ompeaenseM CyMMapHYIO
YCIIOBHYIO OCBEIICHHOCTh BCEX CBETUIILHUKOB CIICAYIOIIUM 00pa3oM.

Haxoaum mpoekInio pacCTOSIHUS Ha MOTOJOK OT TOYKH A 10 CBETHJIBHHKA.
Janee omnpezenseM yroi Mexay motonkoM u npsmoi d. ITo aTomy yriy Haxomum
YCIOBHYIO OCBEIICHHOCTH 110 hopmyite (11)[17]:

m
zer;

Ep=F.-pu—=L
=000k, (4.12)

CrnenoBaTenbHO, TOPU3OHTAJIbHAsI OCBEIIEHHOCTh B TOYKE A OT OJHOTO
CBETHJIbHUKA oripeensercs popmyroit (8):

3

p

(4.13)

o= arctg(:—i) (4.14)

p

a)PaccTosiHUE OT IIEHTPAIbHON TOUKH 10 CBETHJIbHHUKA 01 HaliJIeM Kak:
d;=v82 + 102 = 12,8 (m),
12,8
o = arctg (Z) =79,8.

ITo sTomy 3Hauenuro 6epem l; gyt IIBJIM 1x100 no Tabnuiie 1.1=22 kx
Takum oOpazom,

_22:c0s3(79,8)

; o = 7,35().

0)PaccrostHrE OT LIEHTPAILHOM TOYKH 10 CBETHIbHUKA O, HalieM Kak:
d2=v82% + 52 = 9,43 (m),
9,43
a = arctg (—) = 76,3.
2,3

[To aTomy 3naueHuto 6epem |, nst [IBJIM 1x100 o Tabmune 1,,=22 k1
Takum 00pazom,
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_22-cos (76,3)

=151(1K).
2,3-15 ( )

€r2

B) PaccrosiHue oT 1eHTpaabHON TOYKH 0 CBETHUJIbHHKA (O3 Hai1eM Kak:
ds=8 m;
8
a3 = arctg (E) = 73,97.

[To aTomy 3HaueHuto 6epem |, mst [IBJIM 1*100 o Tabmune 1,3=22 k1
Takum o0pazom,

__22-c0s(73,97) _
i— —2,3.1,5 = 6,13 (M)

r)PaccrosiHre OT HEHTPaIbHOM TOYKH 0 CBETHIbHUKA (4 HaliileM Kak:
d,=9.43
9,43
a4 = arctg (Z) = 76,3.

[To aTomy 3HaueHuro o6epem |, aiis TIBJIM 1x40 no Tabnune l.4=22 xn
Takum 06pazom,

_ 22-co0s(76,3) _
=7 2315

1,51

m)PaccrosiHue OT LEHTPaIbHON TOYKH 10 CBETHIbHUKA (5 HalileM Kak:
ds=v82 + 102 = 12,8 (m),

12,8
a5 = arctg <§> = 79,8

)

ITo sTomy 3nauenuro 6epem l; ayst IIBJIM 1x100 no Tabnuiie l.s=22 kn
Takum o6pazom,

__22-cos(79,8) _
€ =5 = 1,13 (1K).

¢)PaccrosiHue OT IIeHTpaIbHON TOYKHU 10 CBETHIIbHHKA O HalIeM Kak:

ds=10 (M),
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a6 = arctg (%) =177.

[To aTomy 3HaueHuro 6epem |, ais T[IBJIM 1x40 mo Tabiune l,6=22 kn
Takum o6pazom,

__22-cos(77) _
€ = S = 1,43(n1K).

*)PaccTosiHuE OT IEHTPaIbHOM TOYKH 0 CBETHIbHHKA (7 HalieM Kak:

d-=10 (m),
a7 = arctg (%) = 65,.

[To aTomy 3HaueHuro 6epem |, s [IBJIM 1x100 no tabnuue 1,7=44 kn

Takum o6pazom,
_ 44 - cos(65)

e, = 345 = 5,39 (k).
3)PaccTosiHiE OT LEHTPAIBHOM TOUKHU 10 CBETUIIbHMKA (g HaiieM Kak:
dz=0(m),
a8 = arctg(0) = 0,.

[To aTomy 3HaueHuto 6epem |, nst [IBJIM 1x100 mo Tabmure l,s=139 xn
Takum o6pazom,

_ 139 cos(0)

eg = 345 = 40,29 (JiK).

n)PaccrosiHre OT IIEHTPaIbHON TOYKH 10 CBETHIIbHUKA (g HalieM Kak:

do =5 (m),

5
a9 = arctg (2 3> = 65,

[To aTomy 3HaueHuro 6epem |l aiist IIBJIM 1x100 no tabnuue l.g=44 kn
Takum o6pazom,

_ 44 - cos(65)
Y
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k) Paccrosiaue oT 1IeHTpalibHOW TOYKH JI0 CBETHIIbHUKA (10 HaliIeM Kak:

dlo=10(M),
al0 = arctg (g) =77.

[To aTromy 3HaueHuto 6epem |, mst [IBJIM 1x40 mo tabmuiie 1a10=22 k1
Takum 06pazom,

22 -cos(77)
©10 = T35

= 1,43 (1x).

1) PaccrostHre OT IEHTpaJIbHOM TOYKH JIO CBETHIILHUKA (17 Hai1eM Kak:
di1=v82%2 + 102 =12,8 (m),
all = arctg (%) = 79,8.

[To aTomy 3HaueHuro o6epem |, aiist IIBJIM 1x40 nio Tabmnuie l211=22 ka
Takum o0pazom,

22 - cos(79,8)
R WY

= 1,13 (x).

M) PaccTosiHue OT IeHTpaIbHOM TOYKH J0 CBETHIbHHKA (4 HalieM Kak:

d12=9.43 (M),
al?2 = arctg (%) = 76,3.

[To aTromy 3nauenuto 6epem |, nst [IBJIM 1x40 mo tabmuiie 131,=22 k1
Takum o6pazom,

_ 22-cos(76,3)

€12 = 2’3 ) 1’5 = 1,51 (HK)

H) PaccTosiHue OT HeHTpaIbHOM TOUKH 0 CBETHIbHMKA (13 HalIeM Kak:

d13=8 (M),
a13 = arctg (1) = 73,97.
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[To aTromy 3Hauenuto 6epem |, nst [IBJIM 1*40 mo tabmuiie 1,13=22 k1
Takum o6pazom,

_ 22-cos(73,97)
1373015

= 1,76 (k).
0) PaccTosiHue OT LIeHTpaabHOM TOYKH 0 CBETUIIbHMKA 14 HalJIEM Kak:
d14=9.43(M),
9,43
al4 = arctg (;) = 76,3.

[To aTomy 3HaueHuro 6epem |, a1t IIBJIM 1x40 nio Tabnuie la14=22 k1
Takum o0pazom,

_ 22-cos(76,3)
“14 =315

= 1,51 (k).
) PaccTosiHue OT eHTpaIbHOM TOUKH 10 CBETHIbHHKA (11 HAIEM Kak:
di5=12,8 (M),
al4 = arctg (%) = 79,8.

[To aTomy 3HaueHuro 6epem l; a1t IIBJIM 1x100 no tabnuiie la15=22 ki
Takum o6pazom,

22 - cos(79,8)
1377345

= 1,13 (x).

CymMapHast yclIOBHas OCBEILICHHOCTh PaBHa:
Y. er =68,03 (s1m) (2.1.7)

Breibupaem momuHectienTHyio Jamny JIXB40 wmomuocteio 100 BT wm

CBETOBBIM IOTOKOM, paBHbIM ®=4070 1M mo tabmuue 4.3 [17].

CnenoBaTesbHO:

_4070-1,1

B, =—— " .68,03 = 23428 (JK),
r=7000-13 > (1K)

rae Ks3=1.3 — mvaxoaum no Ttabaune 3.11 [17];
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L -  KO3(POUIMEHT, YYUTHIBAIOIIMA  JCUCTBUE  «YyIAJICHHBIX)
CBETUJIbHUKOB.

4.4 BoiBO K pa3aeiy 0e30MaCHOCTD KHU3HeAeATeJIbHOCTH

VYcioBUSL HMCKYCCTBEHHOI'O OCBELICHHS B IIPOMBILIIJICHHBIX KOMIIAHUIX
OKa3bIBAIOT OO0JBIIOE BIUSHUE Ha BHU3yaJIbHbIE XapaKTEPUCTUKHU, (PUBHUECKOE U
MOpaJIbHOE COCTOSIHHME JIFOJIEH, a CIEJOBATEIbHO, Ha MPOU3BOAUTEIBHOCTh TPYAA,
KaueCcTBO MPOAYKIIMM M HECYACTHBIEC clydyad Ha IpousBojcTBe. KomHaTa Obliia He
OYEHb MCKYCCTBEHHOM M CKa3ajlach Ha yJ0OCTBE HMCHOJb30BaHMsS. OHHM pEHIMIN
3aMEHUTh CTapO€ OCBEIICHUE Ha 00Jee KaYeCTBEHHOE MCKYCCTBEHHOE OCBEIIECHUE.
Bce crapeie nammnbl  MomHOCThIO 40 BT ObliM  3aMEHEHBI CBETOAMOJAMH
MomHOCTBIO 100 BT, mOCKOJIbKY pTYTh ObLIa YacThIO MPOU3BOJCTBA MPEABIITYIINX
namil. IMEHHO 1OATOMY MBI BEIOpaJIM CBETOAMO 1l MOIIHOCTHIO 100 BT, KOoTOpHIC B
NEPBYIO OYEpEab IKOHOMHUYHBI U O€30IaCHbI JIs1 dKU3HU YEJIOBEKa.

5. TeXHUKO0-IKOHOMHYECKHEe PACUYETHI

5.1 PacyeTr KanuTaJIbHBIX 3aTPaT

[IpoektoM mpemycMarpuBaeTcs CTpOUTENbCTBO maructpanbHoit BOJIII nHa
yuactke r. TamkeHt - r. Camapkanj ¢ npokiaakoi kadens mapku OKJI-01-6-24—
10/125- 0,36/0,22—-3,5/18-2,7 B rpynT. Ha Tepputopuu ropoioB MpoKIaKa Kades
JAaHHOW MapKH OCYILIECTBIISIETCS HENOCPEACTBEHHO B CYIIECTBYIOUIMX KaOE€IbHBIX
kaHanu3anusax. [IpoTsokeHHOCTh Tpaccel coctaBisger 320 kM. B kaudectBe
annapatypsl cuctemsl nepegaun WDM ucnons3yercs OptiX OSN 6800 ¢dupmbl
Huawei.

TexHUKO-DKOHOMUYECKHE pacyeThl HaNpaBlieHbl Ha pacdeT IMOKaszaTesew,
XapaKTEPU3YIOIINX IKOHOMHUYECKYIO 3(h(PEKTUBHOCTH MPOEKTHBIX paboT. Bennunna
KaIlMTaJIbHBIX BIIOXKEHUH paccuuThiBaeTCs 1o hopmyiie:[18]

Ks=Kos Kyt Kp+Kip (5.1)

rae Kos - cTouMocTh 000py/10BaHMS;
Ky - CTOMMOCTh MOHTXXHBIX U HAacTpoeuHbIX padboT (10% ot croumocTu
00opyI0BaHU);
K:p - Tpancnioptabie pacxozst (10% ot ctouMocTi 000py10BaHMs );
Kyp - 3aTpaThl Ha MPOEKTHO-U3bICKATENbHBIE paboThl (2% OT CTOUMOCTH
o0opy10BaHUs).

CrouMoCTh 00OPYIOBaHUs, HEOOXOAMMOTO Jisi pa3BUTHS ceT (Tadu.S.l1),

coctapisieT 28.290.000 toic. cymm. CrenoBaTesibHO:

K,=0,1-10.000.000=1.000.000 (Tsic.cym),

K,,,=0,1-8.000.000=800.000 (TBIC.CYyM),
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K,,=0,02-3.500.000=70.000 (TbIC.CYM).

BennumHa KanuTajdbHBIX  BJIOXKCHUM PaCCYUTBIBACTCA II0 HUTOT'OBBIM
KaImuTaJIbHBIM 3aTpaTaM.

K,=28.290.000+1.000.000+800.000+70.000 (5.2)
PesynbTaThl pacueToB 3aHeceHbI B (Tabmuiry 5.1).

Ta6nuna 5.1 - KanurtanapHble 3aTpaThl

Buner 3atpat Cywm, TEHIC.
Croumocts  oOopymoBanusi ~ MynbpTHILIEKCOpa 13.000.000
OptiX OSN 6800
Croumocts 320 kM, kabens u mapku OITH-JITTIO- 10.000.000
04-024C12-06.

TpaHcrIOpTHBIE pacxoabl 8.000.000
CTOMMOCTB MPOEKTHO-U3BICKATEIBHBIX PabOT 3.500.000
Htoro 34.500.000
HJIC, 18% 6.210.000
Bcero 28.290.000

5.2 PacueT roioBbIX 3KCILTyaTAIIHOHHBIX PAacX0/10B

B romoBble 3KCITyaTallMOHHBIE PACX0/Ibl BXOISAT:

— ¢onHxa 3apadboTHOM TIaTHl Droy;

— OoTyHuCieHUs B (POHABI COLIMAIBHOIO CTPAXOBAHUS U 00ecTieYeHUS Decpo;

— aMOpPTHU3ALIMOHHBIE OTYUCIICHUS A;

— pacxobl Ha MaTepUaAJIbl U 3allaCHbIE JETaIN M;

— 3arpaTbl Ha IPOYME NPOU3BOJACTBEHHBIE U  AJMUHUCTPATUBHO-
XO35UCTBEHHbIE HYKIbI 1.

=D+ DecrotA+M+HTp (5.3)

3atparel Ha omaty Tpyna. OOecnieueHue GYHKIIMOHUPOBAHUSA CETH H
CBOEBPEMEHHOE YCTpaHEHHE HEUCIIPaBHOCTEH 00eCleynBacTCsl MEPCOHATIOM U3
Tpex uenoBek: uHxeHep ¢ okinaaoM 1.500.000 Tbic.cyM 3IEKTPOMOHTEP C OKJIAIOM
1.200.000 u xabenpumk-cnaimuk ¢ okianom 1.200.000 Teic.cym.

®doHJ 3apabOTHOM TIJIATHl PACCUUTHIBACTCA 110 (hOpMYyIIe

@200 :a1,2512 (5 4)

rae @ - oknaa pabotHuka; 1,25 - k03P GUIIMEHT, YIUTHIBAIOIINI €KETOTHYIO
MIPEMHUIO.
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Torma
®,,,=1.500.000-1,25-12+1.200.000 1,25 12-1.200.000 1,25-12=
=66.900.000 (tBIC.CYM).

a) Oruncnenus B (OH/IBI COIMAIBHOTO CTPAXOBaHUS U 00ECIICUCHUS.
Otuucnenus coctaBisitoT 30% oT rooBoro GoHaa OMIaTHI TPYIA:

Dcc0=0,30-66.900.000=20.070.000 (TBIC.CYM). (5.5)

0) AMOPTH3alIMOHHBIC OTYUCIICHUS.

AMOPTH3aIIMOHHBIC OTUYUCIICHUS OINPEACIAIOTCS HCXOAsl W3 CTOUMOCTH
MIPOU3BOICTBEHHBIX (DOHIOB, KOTOPHIE TPUPABHUBAIOTCS K KaTUTAIBHBIM 3aTpaTam,
U YCTAHOBJICHHOW HOPMBI aMOPTH3AIMH, COCTABJISAIONMICH I CTAIMOHAPHBIX
coopyxxenuu 10%.

A=KxH,=0,1-28.290.000=2.829.000 (TBIC.CYM). (5.6)
B) Pacxozpl Ha MaTepualbl U 3aMacHbIE YacTH.
Pacxonpl Ha Marepuanbl M 3alacHble 4YacTU cOCTaBiAl0OT 1% or oOmen

CTOMMOCTH 000PYIOBaHUS.

M=0.01-13.000.000=130.000 (TbIC.CyM). (5.7)
r) [Ipoune pacxobl
[Ipoune pacxojbl BKIIOYAIOT B CEOs:
Pacxo/pl Ha cTpaxoBaHKE UMYIIECTBA - 2% OT CTOUMOCTH 000PYIOBaHUS

erp=0.02-13.000.000=260.000 (TBIC.CYyM). (5.8)

Pacxoapl Ha peMOHT 0060pyAoBaHus - 2% OT CTOMMOCTH 000PYAOBaHUS

Dpen=0.02-13.000.000=260.000 (TBIC.CYM). (5.9)

[Ipoune aaMUHUCTPATUBHO-XO3SIMCTBEHHBIE pacxoabl - 25% oT donaa
3apa0OTHOM TIJIAThI

D40x=0.25-66.900.000=16.725.000 (thic.cym). (5.10)
B pPE3YIbTATC IPOUYHEC I'OJAO0OBLIC PaCXOAbl COCTABAT
Hp:\?cmp—i_ape,w—’_aadjw (511)

[1p=260.000+260.000+16.725.000=17.011.000 (TBIC.CYyM).
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O6H_[I/Ie IrOA0BLIC SKCILTYATAIIHOHHBIC PACXO/JAbI COCTABAT
O=D 00T DecyotA4 +M+Hp= (512)

3=66.900.000+20.070.000+2.892.000+130.000+17.011.000=
=107.002.000 (TbIC.CyM).

DKCIUTyaTallMOHHBIE PACXO/IBI IO CTAThSIM 3aTPaT CBENCHHI B (TabmuIry 5.2).

Tabnuna 5.2 - ['ooBbIe SKCIITyaTallMOHHbBIE PACXOIbI

Cratpg 3aTpar Cyma, ThIC. VY nenbHbIl Bec, %

®don1 3apabOTHOM IJIATHI 66.900.000 13,57

Otuucnenus B (ouapl comuansHoro | 20.070.000 3,54
CTpaxoBaHUs U 00eCrIeYeHUsI

AMOPTH3AIIMOHHBIC OTYUCIICHUS 2.892.000 59
Pacxonpr Ha matepuansl u 3amacHbie | 130.000 4.1
YacTH

ITpoune pacxojbl 17.011.000 19,79
Bcero 107.002.000 | 100,00

5.3 Pacuer noxo10B

Jloxompl nensATcs Ha pa3oBble M TOMOBBIE JOXOAB.. B pamkax 3Toro
JTUTIJIOMHOTO TIPOEKTa MOXOJ IO (UKCHPOBAHHOW CTaBKE PACCUMTHIBACTCS W3
€KEMECSYHON TUIATHI 33 TIEPBBIA MECSI] NCITOIB30BAHUS YCIYTH U TOAOBOTO J0X0/1a
U3 €KEMECSIIHOM MIaThl 32 UCTIOIB30BAHUE CITY>KOBI B MTOCIETYIOIINE MECSIIHI.

EnvHOBpEeMEHHBI  [10XOJ ~ PAacCUMTBHIBACTCS HA  OCHOBE  Pa30BOro
MOAKITIOYEHHS K ceTh 25% Yy4aCTHHUKOB OT MX MaKCHMaJIbHOT'O MPOTHO3UPYEMOTO
KoyindecTBa (Tadsuiry 5.3).

B tabnune 5.3 noka3aHbl BO3MOKHbBIE BAPUAHTHI YCIYT ISl PU3HMUECKHUX JTUII.
Tapud na Teneponuro cocraiser 200 y.e. / mec. Ycayru TtenepoHun He
npemsiaralorcs oTaensHO (0e3 WHTepHeTa Wid TeneBuieHus). ['ocymapcTBEeHHbIN
tapud. Yupexaenus - 700 cym / mec.[19]

Tabsuua 5.3 - Yeayru u Tapudbl

Yenyru Tapud, cym. AOOHEHTOB, %
1 2 3
Internet 2 M6/c 20.000 5
Internet 8 M6/c 25.000 10
Internet 15 M6/c 40.000 5
Internet 20 M6/c 55.000 2
Internet 2 M6/c+ TB + Tid. 50.000 3)
Internet 8 M6/c+ TB + Tnd. 60.000 10
Internet 15 M6/c+ TB + tid. 75.000 5
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IIpooonocenue mabauyot 5.3

1 2 3
Internet 20 M6/c+ TB + td. 85.000 2
Internet 2 M6/c+ TB 50.000 9)
Internet 8 M6/c+ TB 55.000 10
Internet 15 M6/c+ TB 70.000 3)
Internet 20 M6/c+ TB 85.000 2
Internet 2 M6/c+ Tad. 55.000 S
Internet 8 M6/c+ Tid. 65.000 10
Internet 15 M6/c+ tnd. 80.000 9)
Internet 20 M6/c+ Tad. 90.000 2
TB 30.000 8
TB + 1. 35.000 4

EnvHOBpeMEeHHBIN /10X0J OCHOBAaH Ha TOM, YTO KOJMYECTBO aOOHEHTOB -
¢uznyeckux JnuL - cocTaBisieT 961 4enoBeK M TrocyJapCTBEHHBIX aOOHEHTOB.
KonunuectBo yupexnaeHuir - 8 (noxox oT aDOHEHTCKOW IIaThl 3a MEPBBIM MecsIl
UCIOJIb30BaHUs YCIYT) COCTaBIsSIET 56 MUIITUAPIOB.

['onoBoOil 3apabOTOK pacCUMTHIBAETCS HMCXOAS W3 KOJIMYECTBA AOOHEHTOB,
HOJIB3YIOIUXCA YCIyraMu, pocTa 4yucia aDOHEHTOB B MecAll (pacCUUTHIBAETCS U3
oOIIero KoJM4YecTBa AaOOHEHTOB) M JAeUCTBYrOmMX TapudoB. EsxemecsauHblil
npupocT aboHeHTa cocTtaBisieT 2%. B Tabaume 5.4 mnoOKa3aHO KOJUYECTBO
MOJIKJIFOUEHHBIX YYACTHUKOB 10 MECSIIaM C Y4ETOM POCTa.

Tab6nuna 5.4 - KonmnuectBo aOOHEHTOB

Mecsimpr | 1 2 3 4 5 6 7 8 9 10 |11 12
NagtNroc [96 [ 103 | 111 | 118|126 | 133 | 141 [ 148 [ 156 | 163 | 171 | 178
1 6 1 6 1 6 I+ [6+ |1+ |6+ |1+ |6+
+8 |+9 |+10(+1 |+12 [+13 |14 |15 |16 |17 |18 |19
1

JIOXOmpl 3a KaKIBIA MECSI] BBIYUCIACTCS 5 - KOJHMUECTBO aOOHEHTOB;-
KOJIMYECTBO Tapr (OB (KOIMUECTBO BAPUAHTOB MPEAOCTABICHUS YCIYT);

Krapupgn -  KO0d(pPUIMEHT, oOmpenensromuil  KOJIU4YECTBO  AOOHEHTOB,
NOJIKJIFOUEHHBIX HA JaHHBIN Tapud;

Tapud n - Tapud, CymMM.;roc - UUCTIO0 AOOHEHTOB TOCYUYPEKICHUIA.

["'ogoBbIe 10XOABI BRIYUCISIIOTCS MMyTEM CYMMHUPOBAHUS JOXOJOB 3a KayKIbIi
MeECHILL.
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Tabmuua 5.5 - Pacuér rogoBoro moxoaa
Mecsan | 1 2 13 4 5 6 7 8 9 10 11 12
bl

Na6+Nro
c 61 |03 [111 [186 261 |336 |411 |486 |561 |636 |711 | 786
+8 |6+ |+10 [ +11 |+12 |+13 |+ + + + + +
9 14 15 16 17 18 19
Joxon,

Teic. p. | 70, |31 |91, |51, | 012,073, | 133, 193, |254, | 314, | 375, | 435,
6 [0 |4 8 0 0 0 0 0 0 0 0

['onoBbIE [10XOABI, HCXOAS W3 TPOU3BEACHHBIX PACUYETOB, COCTABJISIOT
56.000.000T1bIC. CYMM.

5.4 OnpeaesieHue CPOKA OKYNAeMOCTH

I[JUI OIIPpCACICHUS CPOKaA OKYIIACMOCTH ITPOCKTA BOCIIOJIIB3YCMCA (1)0pMYHOﬁZ
Ba=(I-D)/K=ITK, (5.13)

rae [[-10xo/1bl OT OCHOBHOM J€ATEIbHOCTH;
D-3KCIUTyaranus pacxoioB;
I1- yncTeIl DOX0N

Ea = 56.000.000/28.290.000=1,97,
T=1/E, (5.15)

rae E-aGcomoTHast skoHoMuueckast 3ppeKTUBHOCTD;
T- cpOK OKYyIIaeMOCTH KaNUTAIbHBIX BIOKECHUN

T=1/1,97=0,5.
5.5 AHa/IN3 TeXHUKO-IKOHOMHYECKHUX MOKa3aTeJIei

IIpu ananu3e TEXHUKO-DKOHOMHUYECKUX IIOKA3aTesIeH IPOECKTUPYEMON CETH,
YUCJIO MOAKIIOYEHHBIX YYaCTHUKOB C MOMEHTA 3aIlyCKa MPOEKTUPYEMOW CETH IO
koHra 1805 roma, u3 koropbix 1796 ObuM Quindeckue juma u 19 ObuM
nyOJUYHBIMM YYaCTHUKaMH B TOCYJapcTBE. YupexkaeHus. Takum oOpa3zoMm, 3Ta
CETh UMEET IOTEHUHAN IS JaJbHEUIIEro MOAKIIOYEHUs YYaCTHUKOB, ITOCKOJBKY
MAaKCUMAJIbBHO BO3MOKHO€ KOJMYECTBO IOJIKIFOYEHHBIX YYACTHUKOB COCTAaBIIIET

3872.
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beimm  paccumtaHbl  3aTpaThl  Ha  CTPOUTEIBCTBO U OOCITy)KHBaHUE
3aIJIaHUPOBAHHON CETH, & TAKXKE CPOK OKYITAa€MOCTHU CETH.

CpoKk OKyNmaeMOCTH pPAacCUMTAaHHON CETH COCTaBIseT S5 MeECAIEeB, YTO
MO3BOJIACT CJENaTh BBIBOJ O I€1€cCO00pa3HOCTH HACTPOWKH IUIAaHUPYEMOU
cetn.[20]

BreiBosbl. Cpok morarieHus He MPEeBBIaecT HOPMAaTUBHOTO 3HaYeHUS (5 JeT),
MO3TOMY JAaHHBIA MPOEKT YKOHOMHUYECKH IiesiecooOpazeH. CienyeT OTMETHTbh, YTO
CpPOK TOTalIeHHs 5 Mecsla OCYIIECTBIISIETCS. B TOM ClIydae, €CJId BCE BUJIbI I0XO/0B
HAYMHAIOT MMaJIaTh Cpa3y ¢ JaThl Havaja caeinkd. DaKTHIEeCKoe BPeMsl OKyIaeMOCTH
MOKET OBITh HEMHOTO BBIIIIE PACYETHOTO 3HAUYCHMS. BBIIM paccumTaHbl 3aTpaThl HA
CTPOUTENBCTBO W OOCIYy)XMBaHHE 3alJTAHUPOBAHHOM CETH, a TaKXkKe CpOK
OKYIIaeMOCTH CETH.

B (tabmuume 5.6), nmpuBEAEHBI OCHOBHBIE TEXHHKO-PKOHOMUYECKHE
MOKa3aTeNId MPOCKTUPYEMOM CEeTH

Ta6numa 5.6 TeXHUKO-35KOHOMHUYECKHE MOKA3aTeIN MPOSKTUPYEMOM CETH

HaumeHoBaHMe Moka3arteiei, el. U3M. 3HaueHue

KonmuyectBo  a0OHEHTOB TpuU  TEPBOM 691 8
MMOJIKJTIOYEHUH dbuznueckue JIMIA
TOCYJapCTBEHHBIC YIPCIKICHUS

KonandectBO a0OHEHTOB B KOHIIE TIo0ja 1786 19
(bU3UYECKHE JIUIA TOCYAAPCTBEHHBIC YUPEIKICHUS

OKCIUTyaTallMOHHBIE PACXObl, THIC. CYMM. 107.002.000
/ron

["00BO# TOXO, THIC. CYMM. 16.725.000

CpoK OKyNmaeMOCTH, JIET 5 Mmecsina
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3ak/IoueHue

B ngunioMHOM mpoekTe OBLIM PAacCCMOTPEHBI BCE OCHOBHBIE BOIIPOCHI,
CBSI3aHHBIE C MPOEKTOM CTPOUTEIHCTBA BOJIOKOHHO — ONTUYECKUX JIMHUM NIEPETAUH.

[IpoBeass reonoro — reorpauyecKMil aHajau3 MECTHOCTHM Ha Yy4yacTKe T.
Tamkent — r. Camapkanz BAOJb aBTonOpord. belna BeiOpaHa Tpacca U crocoO
MPOKJIAJIKKM ONTHYECKOTOo Kabens. B kauecTBe crocoba MPOKIAAKUA ONTUYECKOTO
kalensi ObUT BBHIOpAH METOJ| MPOKJIAJKU B 3alllUTHBIX IJIACTMACCOBBIX TPYOKax,
JAIOIINI OTPOMHOE KOJMYECTBO MPEUMYIIECTB, OMMCAHHBIX B AUIIJIOMHOM IIPOEKTE.
beun BeIOpaHb! ontryeckuii kadbens» OKJI-01-6-24-10/125-0,36/0,22-3,5/18-2,7
«Camapckoit ontudeckoir kabenpHOM kommanum» u 3T «SILICORE» 32/3,3
kommnanuu «DURA — LINE CORP.» (CIIA).

BosiokoHHO — onTuYeckas cucTeMa Iepelladyd Ha JJaHHOM Yy4YacTKe ObLia
CIIPOCKTHUPOBAHA C MPUMEHEHUEM TEXHOJIOTUH BOJHOBOT'O YINIOTHEHHS KaHAJIOB.

Ha ocHoBaHuM wu3yueHUsS TEXHUYECKUX TpPEOOBAaHMN K OCHOBHBIM Yy3Jam
anmnapatypsl WDM 1 aHanmu3a NPOMBIINUICHHBIX CUCTEM BOJHOBOTO YIJIOTHEHUS
ObLI0 BbIOpaHo obOopynoBanue ¢upmbl Huawei. Ontuueckas cucrema mnepeaadu
OptiX OSN 6800 Ha ocHoBe TexHosorud DWDM sBisieTcss HOBBIM ITOKOJIEHUEM
cucteM ontuyeckor nepenayun WDM ¢ BbIcOkUM 00BEMOM Tepe/layu Ha JITMHHBIC
paccTOsHUSL.

I[TompoOHO  paccmoTpeHa  TexHoJiorusi — cTpoutenbctBa  BOJIIT ¢
MCIIOJIB30BaHUEM 3aIIUTHBIX IJIACTMACCOBBIX TPYO, OMHMCAHBI METOMbI MPOKIIAIKU
TUX TPyO Ha BCEX ydacTKaX TPaCChl, CIOCOO 3aTyBKU ONTHUYECKOro Kabens B
3allUTHBIE TPYOBI.

IIpu mpoextupoBanuu BOJIII Obut paccMOTpeHBI OCHOBHBIE TMapameTpbl
HAJIe)KHOCTH, KOTOpBIE SBIIAIOTCS OOOOLIAIOIIMM TOKa3zaresieM padoThl CPEICTB
CBSI3U, a Takke (paKTOphI, BIUSAIONIME HA HaJAeKHOCTh. [lomyueHHbie B pe3yibTaTe
pacyeToB 3HAUCHHS MapamMeTPOB HAACKHOCTH YAOBJIETBOPSIOT HOPMATHUBHBIMU
MOKa3aTeliIMH, YTO TOBOPUT O TMPABUIBHOCTH BBIOOpa OOOpyJOBaHUS U
ONITUYECKOTO KabeJs.

B mocnemnem paszgene mpoekTa MHOW OBUITM  PacCMOTPEHBI  BOIIPOCHI
0€30MacHOCTh U OXpaHbI TPy/Ia MPU CTPOUTEIHCTBE U MOHTaxke BOJIIL.

IlepeueHb TMOCTaBJICHHBIX 3a/ad  pelIieH MoJHOCThIO. [lomydeHHsbie
pe3yabTaThl MOXHO HCIHOJIb30BaTh Mg mpoektupoBanuss BOJIIT wa apyrux
ydacTKax, Tak Kak cTpouTeiabcTBO DWDM — wMarucrtpaneit umeer Oo0iblIoe
3HA4YCHUE JJIs1 Pa3BUTHS TEJICKOMMYHUKAIIMOHHOTO PhIHKA.

[Tomumo npoextupoBanuss BOJIIT Ha apyrux ywyactkax, MOKHO OyAeT npu
HEO0OXOJIMMOCTH Ha MPOEKTUPYEMOU CETH YBEIUYUBATH MIPOMYCKHYIO CIIOCOOHOCTH,
Tak Kak ucnojbzyemoe obopynoBanue OptiX OSN 68000061agaeT HEIIOKUHHBIM
3anacoM. Kpome 3TOro €ctb BO3MOXKHOCTh YCTAHOBKM JOTOJHUTEIBHBIX ILIAT,
CTaTUBOB U TOJICTATUBOB JUIsl YBEITWYCHUS TIPOITYCKHON CITIOCOOHOCTH CETH.

TeMnbl pa3zBUTHA TEIEKOMMYHUKALUN HACTOJIBKO CTPEMHUTENBHBI, YTO TAKOU
3amnac B HapallMBaHUE KaHAJIOB MOJHOCTHIO OMpPaBAaH.
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