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Mpon3BOANTENN TENEKOMMYHUKALMOHHOTO 060pYA0BAHNSA MPUMEHSAIOT Pa3INYHble CMOCO6bI MOBbILEHNS
CnekTpanbHOM 3G PEKTUBHOCTM CUCTEM CBS3M U YBEIMYEHMS KaHA/IbHOM CKOPOCTM. B CTaTbe paccMaTpMBaloTCS
TEHAEHLMM N NepCneKTUBbI UCMO/b30BAHNS Pa3HbIX MOAXOA0B, 0C060e BHUMAHME YAENeHO BO3MOXHOCTAM
COBPEMEHHOro 060pyA0BaAHNS OTEYECTBEHHOrO NPOM3BOACTBA M €r0 POSN B Pa3BUTUM CUCTEM CBS3N.

YTO B NPUOPUTETE?
Jlonroe BpeMs B OITUYECKHUX CETSX AaJbHEH CBSI3H
yAaBaJIOCh yBeTMUHBATh IIPOITYCKHYIO CIIOCOOHOCTH
IIPHU COXPAaHEHUH NAJIBHOCTHU Ilepefadyr HHPOpMa-
LHK. BaskHYIO pojib OPU 3TOM MIPAJIO Pa3sBUTHE
TeXHOJIOTUH yIIpeskAalollell KOppeKI MK oM KO0k
(FEC). 3a mocienHue 15 1eT CMeHHUJIOCH TPH IIOKO-
JTeHHUs KaHanoobpasyromero obopymoBaHUs (0T
2,5G - K 10G, 40G, 100C) c obs13aTeIbHBIM II€pexo-
noM Ha 6oree pa3BuTylo TexHosoruio FEC (HD FEC,
Super FEC, Soft FEC). MarucTpaabHble CHCTEMBI
100G ¢ popmatom mopynsauuu DP-QPSK, moxosxke,
CTa/JI{ BepPIIMHON Pa3BUTHS BOJOKOHHO-ONTHYe-
CKHUX CHUCTeM CBSI3H 110 6a30BOMY IIapaMeTpy - IIPO-
H3BOJHUTENBHOCTH (IIpOM3BefleHHe [albHOCTHU
Iepefayvy Ha CIeKTpaabHYI 3peKTHUBHOCTS [1]).
OoHaKo MOCTOSIHHBIN POCT TpadHUKa MeXAYy KpyIl-
HBIMHU TOPOAaMH U B IIpefeaX FTOPOACKHX arloMe-
palLiMH, a TakKe OypHOe pa3BUTHe LAaTa-LIeHTPOB
OUKTYIOT He0OXOAMMOCTb aIbHEHIIIero pa3BUTHS
CHUCTeM IlepefjauM, [IpuYeM Heobs13aTeIbHO 3a CHeT
IIOBBIIIEHH I [IPOU3BOLUTEIbHOCTH.

CerogHs B Ppa3BHTHHU DWDM'O60py,L[OBaHI/If{
JLJIsl TOPOJICKUX M pPerMOHAJIbHBIX CeTel CBS3U Ha

IepBbIM IIJIaH BBIXOAST [Be B3aHMOCBS3aHHEBIE

oTpebHOCTH:

* yBeJIH4YeHHe CIeKTPalbHOU 3PPeKTHUBHOCTHU
(pOCT CKOPOCTH IIPHU TOM Ke 3aHUMaeMOM CIIeK-
TPa/IbHOL [10JI0Ce), IIYCTh la’Ke U CO CHUXKeHHeM
MaKCHMMaJIbHO OOCTHKHMOMN HAJIbHOCTH, - OJIS
IOBBIIIEHUS SKOHOMUYECKON 3)PeKTHBHOCTHU
HCII0/Ib30BAHU S LOCTYIIHOIO CIIEKTPA;

* yBeJIMYeHHe KaHAJIBPHOM CKOPOCTH (B YaCTHO-
CTH, IIpefoCTaB/leHHe KIHeHTy HHTepdercoB
400 I'éut/c, 1 TOGUT/C) - B CBA3U C IIOTEHIHUAJIb-
HOM CTaHJIapTHU3aliMel U BHeJpeHHeM B Oymy-
meM KJIMEeHTCKUX KaHaioB 400G Ethernet u 1T
Ethernet.

YBenu4yeHHe CHeKTPalbHOU 3PPeKTHBHOCTH
NOCTHUTAEeTCs TJIAaBHBIM 06pa3oM 3a cYeT Mmepexona
K 6osee CIIOKHBIM popMaTaM MoAyIILUHU - 8QAM,
16QAM, 64QAM. Hen36e5KHOH IIJIaTOH 32 3TO CTAHO-
BUTCS 3aMeTHOe CHU KeHHe NTpefle/IbHOMN JalbHOCTHU
nepesnavyu 6e3 pereHepanuy CHUTHaua, 4To, BIPO-
4eM, He SIBJISeTCS CYIeCTBeHHBIM HeJJOCTAaTKOM A1
ceTey rOPOJCKOTO U PeTHOHAJIBHOIO MacIITab0B.

Opyroxn  cmocob  yBelHMYeHHS  IIPOIYCK-
HOHM CII0COOHOCTU - IIOBBIIIEHHE CHMBOJJBHOH
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CKOPOCTHU - OTpaHHUYEeH PU3MYECKHUMHU BO3MOK-
HOCTSIMH 3JIeKTPOHUKHU U 6A30BBIMH IPUHLIUIIAMHU
CBSI3U. B HacTosIee BpeMs B 060pyIOBAaHU U HCIIONb-
3yI0TCS MOJY/ISTOPBI Ha ckopocTH 30 [6oz, TecTUpY-
IOTCS MOILYJIATOPEL 45 1 60 r'6ond, 4TO, BULUMO, yKe
67KM3K0 K IIpelleIbHBIM BO3MOXKHOCTSIM COBpeMeH-
HOM 3JIeKTPOHUKHU. ATbTePHATHUBOM SIBISEeTCA YIIIOT-
HeHHMe KaHaJ/IOB IIPH TOH JKe CHMBOJIbHOHN CKOPOCTH
(HampuMmep, nepemava 30 [6ox B monoce He 50 I'T1,
a 33 I'T1). Ho Takoe YIUIOTHEHHE BO3MOKHO TOJIbKO
€CJIM HM3HAaYaJIbHO CIeKTpaabHasd 3PPeKTHBHOCTD
He OblJIa MaKCUMalbHOM. KpoMe TOTO, IIOBBILIEHHE
CHMBOJIBHOHM CKOPOCTHU B 3aJaHHOM Ionoce (MIH
COKpallleHHe I10JI0CHI IIPH TOH >Ke CKOPOCTH) TaKkKe
IIPUBOAUT K HEKOTOPOMY CHHU K@HHIO LAJIbHOCTH.

B HacTosllee BpeMs aKTHBHO Pa3BHUBAeTCS elle
OOUH CcIIocob6 yBelHWYeHHUS KAHAJIBHON CKOPO-
CTH - HCIOJb30BaHHe HECKOJBKHUX IIOAHEeCYIIHX
(cymepkaHanoB). OH He NPUBOAUT K PocTy 3ddek-
TUBHOCTH MCIIOIB30BAHMS CIIEKTPA, HO 3aTO II03BO-
7seT NpefoCTaBUTh KJIHEHTY nobylo Tpebyemyio
KaHaJIbHYIO CKOPOCTbh.

Tpyu He3aBUCHMMBIX IYTH YBeJIMYEHHS KaHajlb-
HOM CKOPOCTH CHCTeM CBSI3M — IIOBBILIEHHE CHM-
BOJIBHOM CKOPOCTH, yC/IOXKHeHHe dopmaTa MOAy-
ASLUK, MCIIOJb30BAHHE HECKOJAbKHUX IIOJHeCY-
KX — IIOKa3aHbl Ha puc.l. KaHajgbHas CKOPOCTh
PacCUMUTHIBAeTCS KaK IIpOH3BefeHHEe 3HAYeHUU
10 BCEM TPeM OCSM, IIPHU 3TOM HeobXomuMmo mpen-
YCMOTPETH ellle HeKOTOPBIH 3allac /15 pealu3aluu
[IOMeXOyCTOMYHBOro kogupoBaHus FEC.

Hampumep, B 2013-2014 rogax aKTUBHO pa3BHUBa-
JIUCh M HCIIONb30BaJIUCh cUcTeMBbl 100G: CMMBOIb-
Has cKopocTh 30 ['60f, ciMBONIbHAS 3 PEKTUBHOCTD
yeTblpe 6uTa Ha 6ox (popmar QPSK c ucronb3oBa-
HUEeM JByX IO/ pU3alllil), OflHA Hecyas B [1ooce
50 I'Th. B 2015 rogy MUPOBEIMH BeHI0paMU ObIIH
npencrasiieHsl cucTeMbl 400G mo OBYM IMOAHeCY-
IMM: CHMBOJIBHAas CKOPOCTH 30 [6on, CHMBOJIbHAS
3¢ bekTUBHOCTD BoceMb 6UT Ha 6of (PopmaTt 16QAM
C UCII0JIb30BaHHEM [BYX MONSIpU3alLlUi), ABe Hecy-
oKX B obmes mosoce 100 I'To. Ha 2016 ron aHOH-
cupoBaHBI pa3paborku 400C 0 OLHOM HeCyIeH:
HaIlpuMep, CUMBOJIbHAsI CKOpocTh 60 I6ox, cum-
BoJIbHAS 3 PeKTUBHOCTH BoceMb OUT Ha box (pop-
MaT 16QAM c KCIIONb30BaHUEM [IBYX OIS PU3AL U ),
onHa Hecymas B mosoce 100 ITu. Mcronb3ywTcs
U Opyrve BapHaHTH, HEeKOTOPBIE M3 KOTOPBIX TaK
JKe IIOKa3aHbl Ha puc.l.

YBEJINMEHUE CUMBOJIbHOM CKOPOCTHU
HPE,IIEJ'[BI pPOCTa CHUMBOJIBHOH CKOpPOCTH IIepe-
Aadu [OaHHBIX OIIpenessloTCcsa (1)I/I3I/I‘{QCKI/IMI/I
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CnmBoO/IbHAA
CKOpOCTb

Puc.l. OCHOBHble MyTW YBEMYEHNSA KAHAIbHOW CKO-
pOCTUN CUCTEM CBSI3U

XapaKTepUCTHKaMH MaTepHasa. 3HadeHHe
30 I'6ox (T.e. 30 TMUTAaCHMBOJIOB B CeKyHJY) LOCTHUTI-
HYTO B HaCToOsilllee BpeMs M YCIELIHO MCIIOIb3Y-
eTCs B KOMMep4YecKuX cuctemax 100G. CkopocTu
45 u 60 ['box HAXOASTCS HA 3Talle TECTUPOBAHMUS
B Haubosiee COBpeMeHHBIX LUPPOBBEIX IIPOLIECCO-
Pax u MoIyndaTOpax, HO MX MCIIO/Ib30BaHUE BeeT
K CHHU3KeHHIO, 10 CpaBHeHUI0 ¢ 30 ['6ox, manpHO-
CTU Iepeayy CUTHajaa. Bo3MOXKHO, UYTO CUMBOJIb-
Hasi CKOPOCTb 37IeKTPOHUKHU byieT MelIeHHO IIOBBI-
LIAThCS U Jajibllle, 10 Mepe COBepUIeHCTBOBAHM I
TeXHOJIOTUH, HO BPSJ JIU 3[1eCh MOKHO OKHIATh
Pe3KHX IPOPLIBOB.

OInpuHA IOJOCH CIIeKTpa, KOTOPYIO 3aHU-
MaeT CHIHaJ, 3aBUCHUT OT CHMBOJIBHOH CKOPO-
ctu. CurHan 30 T6ox B 60NBIIMHCTBE KOMMepUe-
CKHUX CHCTeM Ilepenaetcs B mmoyioce 50 [Ty, koTopas
MOXKeT OBITh Cy>KeHa (c moTepew JalbHOCTH) 10 37,5
U paske 33ITH. Curdan 45604 TOUHO MOSKeT OBITh
mepefaH B Iosioce 66 I'Ti; TeopeTH4YeCcKH, 3aHHU-
MaeMyI0 UM II0JI0CY MOKHO COKpaTHUTh g0 50 I'Ti,
HO BO3MOXXHOCTb M CPOKH IIPaKTHUYeCKOH peanu-
3allMU TaKOro pelleHH s — 104 BornpocoM. CUTHaI
60 6o TUIIMYHO ITepemaeTcs B mosoce 100 I'T1i.

YCNOXHEHUE ®OPMATA Moaviasauummn

Bornee CIOKHBIE GOpMAT MOAYISLIUH I103BOJSIET
nepenaBaTh Oosblie OUT 32 OGUH CHMBOJ 32 CHET
KCIIO/Ib30BAHUS OOJBLIEr0 KOIUYECTBA Pa3IUY-
HBIX BO3MOXKHBIX COCTOSHMHN OITHYECKOIO CHI-
Hajna. Hampumep, Ha pUC.2 IIOKa3aHBI BO3MOKHBIE
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Puc.2. ®opmatbl mogynaunm QPSK n 160AM

cocTosiHUS curHasoB QPSK u 16QAM Ha aMIIJIH-
TynHo-dasoBor guarpamme (I U Q - cuHbasHas
M KBaJlpaTypHas KOMIIOHEHTHI CUTHaIA). BUAHO, 4TO
IIPH TOM >XK€ MaKCHMaJlbHOHM aMIIJIUTyde CHTHala
yCIOKHeHHe $opMaTa MOAYISLHH BefeT K boree
IUIOTHOMY PACITIOJIOKeHHIO COCTOSIHUM CUTHala. Yem
O/1¥3Ke IPYT K APYTYy Pa3IUUHbIe COCTOSIHH I, KOTOpBIe
IOJIKeH Pa3lTuYUTh IPHeMHUK, TeM MeHbIlle JOIly-
CTUMBIA YPOBEeHb LIyMa B JTHUHUHU (C/IeJOBATEIBHO,
MeHBIIIe U AOIIYCTUMAsl JAJBHOCTD IIepeladn).
TakuM o6pa3oM, IOBBIIIEHHE GOpPMATa MOAYIS-
LHH Hen36eXHO BeJleT K CYyLI[eCTBEHHOMY OTPaHHU-
YeHMIO Na/lbHOCTU. Ha mpaKTHKe [JIs HCIIOIb30-
BAaHMS B PerdOHAJIbHBIX MU TFOPOACKUX CHCTeMax

CBSI3M paccMaTpuBawTcs dopMarsl DP-16QAM
u DP-64QAM. IlepBBIH H3 HHX B CpeJHeCpodY-
HOU IepCIeKTHBe IPH BBIIIOTHEHHHU Psia yCJIo-
BUH (ynyuiieHue Tpebyemoro OSNR, yMeHbIIeHHE
JOIUHBI IIPOJIETOB) CMOXeT KCII0Nb30BaThCAd U Ha
MarMCTPaJbHBIX CeTAX.

PA3PABATbIBAEMbIE U MEPCNEKTUBHDIE

CUCTEMbI B CTAHAAPTHOWM CETKE 50/100 Ny,
Ha pmuc.1l Bce ocu He3aBHUCHUMBI. B 1abopaTopHBIX
CHCTeMaX HCCIeAYIOTCS pa3HoobpasHble KoMbu-
HAILlUH 3TUX TPeX HapaMeTpoB (MOAYISLIUS, CUM-
BOJIbHASI CKOPOCTH, KOJIMYECTBO HECYIIUX), a IJIs
KOMMepPYeCcKOTo IpUMeHeHHUsI Haubonee akTHBHO

Ta6amua 1. CKOpocTb nepeaayun no ogHom Hecyuen (50/100 Mru)

DP-8QAM DP-16QAM _
DP-QPSK (2 nonsp., (2 nonap., GDEV?:'/%\A'\;I (2nosisps,
(2 nonsp., 3 6uT/604) 4 6uT/60M) LanbHOCTh ¢ B 8 pas
2 6uT/604) JanbHocTb 4 B 3 pa3a | AanbHocTb 4 B 5 pas oT QPSK
oT QPSK oT QPSK
4x30=120 6x30=180 8x30 =240
30r6eona 100G 150G 200G —
(50 Tw) (50TTw) (50TTw)
45 6oz 12x45 =540
400G
JanbHocTb ¢ B 1,5 pasa = == == (50 I'Tw)
o7 30 I6op, -
(noka HeT)
60 r6oa 4x60 = 240 Bx00 =480
400G
JanbHOCTL L B 2 pasa 200G — (100 I'ru) —
oT 30 604 (100 rru) H
(noka Her)
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HCIIONB3YIOTCS 1160 pa3pabaThIBAIOTCS TUIIb HEKO-
Topble KOMOKMHAIIMH, KaK [I0OKa3aHo B Tabm.1.

31ech ciaenyeT OTMeTUTh, YTO, BO-TIePBhIX, OLleHKa
CHUKeHHU S JANbHOCTH JaHA NPUOIN3UTENBHO, Ha
OCHOBE MMEIOIIKMXCS B OTKPBITOM JOCTYIIe JAHHBIX
0 XapaKTepUCTHKAX CHUCTeM 3apybesKHBIX IIPOH3-
BOJOHTe/Ner. Bo-BTOpBIX, OIS OLleHKH CHM>KEHMHS
JanpHOCTH B cuctemax 200G u 400G mo cpaBHe-
HUIO C cucTeMor 100G HeobX0mMO ITepeMHOXKHUTh
K03)PULIMEeHTH B CTPOKe U cTonbre. Hanpumep,
y crcTeMBbl 400G ¢ CHMBOJIBHOM CKOPOCTBIO 45 I'60oz,
U dopmatoM Moayaauuu DP-16QAM [IalbHOCTB
nepenavun OymeT mpubau3uTenbHO B 1,5%x8=12 pa3
MeHblIe, yeM y cucTemMsl 100G, B-TpeThHUX, I10 COCTO-
SIHUI0 Ha KoHeIr 2015 roga KOMMepUYeCKH JOCTYITHAIX
cuctem 400G 110 OHOM HECYIeH HeT.

Insnepenayu 100 T'6MT/C I10 OLHOM AJIMHE BOJIHBI
npuMeHsieTcsi popmar nepemadum DP-QPSK (nBe
MOSIpU3allui, ABa 6UTA HAa CUMBOJ) U CUMBOJIb-
Hasi ckopocTh 30 I'6ox - uroro 120 I'6ut/c MUHYC
FEC; B ceTke 50 I'T11 ciekTpanbHas 3¢ GeKTUBHOCTD
2 6urt/c/TL.

Ons mepepmaum 200 T6UT/c 110 OLHOW HOJIHHE
BOJIHBI IIPHMeHSIeTCs ABa BapHaHTa peajiu3aliti.
ITepBbIi - Mopynsnus DP-16QAM (nBe mossipU3aLiny,

yeThIpe 6MTAa Ha CHMBOJI) U CHMBOJIbHASI CKOPOCTh
30 T6oxm. Htoro 240 T'but/c muuyc FEC; B ceTke
50 ITu crnekTpanbHast 3¢deKTUBHOCTD 4 6ut/c/TL.
9To pellleHHe MCIONB3YIOT Acacia, ClariPhy u gmp.
BTOopoOI BAapUaHT - monynsauus DP-QPSK (mBe mmoms-
pU3anuy, 1Ba OUTa Ha CHMBOJI) U CHMBOJIBHAS CKO-
pocTh 60 [60ox - mToro 240 F'6uTt/c MuHyC FEC; B ceTKe
100 I'T1 criekTpanbHast 3¢PeKTUBHOCTD 2 6uT/c/T1LI.
9To pelleHHe HMCIONAb3yeT Huawei u ap.

OpHako npu nepexone oT DP-QPSK k DP-16QAM
(mpu cuMBOIBHOM CcKOpocTH 30 ['601) HanbHOCTH
Iepefayvy MpU TOM 3Ke AJHHe MposeTa (CTaHOap-
THO 100 kM) mmajaeT B IITh pas, go 300-500 kM.
I[IpriMepHO 3TO pacCTOSIHHE U IIPOLEeMOHCTPHPO-
BAaHO B CTaTbIX KOHPepeHI MM OFC-2015 1 ECOC-2015,
a Takke B HAIIMUX pacdeTax [1].

Insa nepenayuu 400 T6UT/C I10 OLHOH IJIMHE BOTHBI
pa3pabareiBalOTCS ABa BapHaHTa pealH3allHHU.
[lepBbii - Mmoaynsauus DP-16QAM (nBe momnsipu-
3aIlMH, YeThlpe OMTAa HAa CHMBOJI) U CHMBOJIPHAS
ckopocTb 60 I'6ox - utoro 480 I'6uT/c MuHYyC FEC;
B ceTKe 100 I'Tu criekTpanbHasg 3¢ OeKTUBHOCTD 4
6ut/c/TL. BTopoil BapHaHT —~ MOA YL s DP-64QAM
(IBe monsipuU3alMy, IIeCcTh 6UTOB Ha CHMBOJI)
Y CHMBOJIBHASI CKOPOCTH 45 ['6on - uToro 540 I'6uT/c

PocTenieKkoM MHBeCTUPYET B MOAEePHU3ALUIO... KOTEJ/IbHbIX

B 2016 rogy MAO "PocTenekom" mpuCTyNnAO K pea-
NN3aLMNA OBHOTO U3 KPYMHENIWUX UHBECTULIMOH-
HbIX MPOEKTOB B LleHTpanbHOM pernoHe Poccuu,
M0 YC/I0BUSIM KOTOPOrO ONeparop CBA3N MHBECTH-
pyet 6onee 700 MAH. pyb. B MOAEPHM3ALMIO W Tex-
HIYeCKoe NepeoCcHaLLeHMe KOTe/bHbIX B MOXaNCKOM
paitoHe MoaMOCKoBbS. MPOeKT peanmn3yeTcs no 3aka-
3y npasnTenbCTBa MOCKOBCKON 061aCTH, MHBECTO-
pom aBngeTcs PocTenekom. 1o ycnosusiM KOHTpakTa
Poctenekom MOAEpPHU3MPYET KOTe/bHbIE 1 NOCTereH-
HO BBE/IET MX B 3KCM/YaTaLmio B TeyeHue 18 MecsLies.

B pamkax npoekTa KOMNaHus NpoBefeT pekoH-
CTPYKLMIO M TeXHWYeCKoe nepeocHalleHne 40
MOpanbHO YCTapeBLIMX KOTe/bHbIX, 4TO COCTaB-

Nn5ieT 70% OT BCeX KOTeNbHbIX MYHULMMANLHOMO paii-
OHa. PoCTe/IeKoM 06ecneymT YCTaHOBKY B HUX CUCTe-
Mbl AVICTIETYEPH3ALIAN, & TAKOKE MTOCTPOMT /B HOBbIE
MOZY/IbHbIE KOTE/bHbIE.

KomnaHus co3pact cuctemy MOHUTOPUHIA
KOTe/bHBIX HA COBCTBEHHLIX CETAX Mepefayu faH-
HbIX. 3Ta CUCTEMA NO3BOMNT AUCTIETYEPAM KOTeNlb-
HbIX YAAJIEHHO W OMEpaTUBHO CHUMATb MoKa3a-
HWS NPMBOPOB, a TaKKe Noay4aTb MHGOpMALMIO
0 HenCrpaBHOCTSIX.

Kak oTMevaeT npecc-cnyx6a oneparopa, BK/o-
YeHue TenekoMMYHUKALMOHHON COCTaBASIOLEN
B OTpacnesble NpoekTbl B chepax KKX, MeanLmHb!
11 06pa30BaHNA — OFHO M3 NMPUOPUTETHLIX Hanpas-

NEHW Pa3BUTUS KOMMAHWM. MOMUMO TPaAULMOH-
HbIX YCIYT Nepesadn JaHHbIX, Poctenekom peanu-
3yeT KOMM/EKCHbIE UHTENNEKTYaNbHbIE CUCTEMbI,
KOTOpbIe NO3BO/SIOT ABTOMATIU3MPOBATL NPOU3BOA-
CTBEHHbIE NPOLIECChI M NOBLILAIOT UX 3P deKTNB-
HOCTb, 06ECNeYnBAIOT AUCTAHLMOHHOE yripaBe-
HUe ycyramu. Hanpumep, npoexT no MoAepHu3a-
LMW KOTeNbHLIX B MOXAACKOM paitoHe no3BonuT
COKPATUTh MOTEPIO IHEPrOPECYPCOB, YMEHLLWNTL
KONMYeCTBO NepcoHana, Heobxoaumoro ans obeny-
KUBAHMS 060PYLOBAHWS, U B TO XE BPEMS NOBLICUT
CKOPOCTb PEarpoBaHMS Ha BHELUTATHbIE CUTYALUM.

Mo uHopmayuu MAO "Pocmenekom”

HoBoe o6opyaoBaHue Yealink Ha poccMACKOM pbiHKe

B KkoHUe deBpans komnaus "AnluMarnka" npes-
CTaBNNA Ha POCCUICKOM PbIHKE ABE HOBUHKM CBO-
ero napTHepa Yealink: 6iofxeTHbI IP-TenedoH
Yealink SIP-T40P 1 Wi-Fi-agantep Yealink WF40.
SIP-TAOP — MAagWas MOAeNb B JIMHENKe YNLTpas-
neraHTHbIX IP-TenedoHoB Yealink T4. TenedoH 0TAM4HO
MOAXOANT A1 YCTAHOBKY HA paboune MecTa CoTpyA-

HIKOB M/IQZLLLIEr0 1 CpefiHero 38eHa. LLUnpokuii dyHK-
LIMOHaN B COYETAHWM C NPOCTOTON MCMOL30BAHNS
MoBbILLAET 3GYEKTUBHOCTb B13HEC-TPOLIECCOB 1 YpOB-
HS! KOMMYHVKALWIA, & NepesoBON AN3aiH MHENKN T4
MO3BONSIET BbIAEPXATH EAMHLIA CTb BCETO OdMCa.
Wi-Fi-agantep Yealink WF40 npeaHasHaueH ans
peannsaumn GyHKLUM 6ecnpoBofHON CeTh Ha SIP-

ITEPBAA MUJIA
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TenedoHax, B KOTOPbIX OTCYTCTBYET BCTPOEHHAS NOA-
Aepxka Wi-Fi. On no3gonset SIP-TenedoHy npuHu-
MarTb curnan ot becnposogHon cetu. Yealink WF40
paboTaeT ToNbKO Npy NoAKo4eHUN K SIP-TenedoHy
Yealink SIP-T43G.

Io undopmauuu komnanuu "AiruMamuka”
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muHyc FEC; B ceTke 66 [T crmekTpanbHas 3ddex-
TUBHOCTb 6 6uT/c/T'1L, B ceTke 50 [Ty - 8 6ut/c/I'1y (HO
BO3MO>KHOCTb M CPOKH IPaKTHYECKOH peajn3alluu
TaKOTO0 pellleHHUS - IIOJ BoIpocoM). Takasi cucTeMa
Opl;1a aHOHCHpOBaHa KoMmmaHHel Nokia B Hauae
2016 roma, ogHaKo HobUThCS ee paboTocrocobHOCTH
B 11ojioce 50 I'T11 IToKka He yAamoch, I [epeJadyn Tpe-
byetcs monoca Ha 10-20% 6osblne. 3asiBIeHHAS Aa/Ib-
HOCTb Imepefgayu - 150 kM. Beayiire IIpou3BOSUTETH
onTH4YecKHux 6/10k0B -~ KoMnaHuu Acacia u ClariPhy -
AHOHCHPYIOT I10sIB/IeHHe CBOKX chcTeM 400G 110 0HOM
Hecylllel B Hadasle 2017 roga. OgHaKo IpU epexofe
OT CUMBOJIBHOM cKopocTH 30 K 60 I'6ox (mpu momy-
nauuy DP-16QAM) gaIbHOCTD [IagaeT BaBoe, 10 200—
300 kM. IIpu mcI10/1b30BaHU M MOAYIAL KU DP-64QAM
U CUMBOJIBHOM CKOPOCTH 45 I'6on 1anbHOCTD YMeHb"
maercs eie Ha 20%, HO 3aTO TaKas CHCTeMa Cylre-
CTBEHHO [elleBjie, YeM IIPH HCII0Jb30BaAHUM CJIOXK-
HOM 3/IeKTPOHUKHU 60 T'6oz. BeposiTHO, 3TO BAPUAHT
peanusanuu 400G 6ymeT 6osee momynsipeH.

B nobom ciydae, HAJBHOCTh CYyIIeCTBYIOLIHUX
CHCTeM C BBICOKMMH GoOpMaTaMHU MOAYISLHH Ha
CerOAHSNIHUN [JleHb OIrPaHHYeHa PacCTOSHHeM
300-500 kM mpu mepemade 200 I6UT/c IO OLHOM
JIJIMHe BOJIHBI U paccTossHHueM 200-300 KM IIpH Iepe-
made 400 I'6MT/c 110 OMHOM AJIKHe BOIHBL (IIPH CTaH-
JapTHOM J/IKMHe IposieTa 100 KM). Bo3MoXkHBIe Iy TH
yBeJIMYeHU S AAJIbHOCTH —~ COKpallleHUe AIHMHBL IIPO-
JIETOB, MCIIO/Ib30BaHMUe pacIipee/leHHOTO PAaMaHOB-
CKOTO yCHUJIeHU S,

MOBbIWEHUE YNCNA HECYLUX
ITocne nogBnenusa cucrtem 100G ouepegHBIM MOJ-
HBIM 'TpeHgoM" DWDM-o60opynoBaHUS CTalHU

cuctemsl 400G,

a B JyabopaTOpHBIX 3KCIIepH-
MeHTaX - 1T. BepodaTHO, 3TO CBSI3aHO C OXKHJIOA-

HUAMU CTAaHAAPTHU3aLMUHM MW BHEAPEHUS odYe-
penHBIX ypoBHeH mpoTokosna Ethernet ma xnu-
eHTCKUX ceTsaX - 400G Ethernet m 1T Ethernet.
CoOTBETCTBEHHO, OIIePATOPHI CBSA3U TOTOBATCS IIpe-
JOCTaBUTh KIHEeHTaM UHTepdeliChl 114 IepefadH
TaKHX KAaHAJIOB; 'BHYTPeHHSS KyXHs' (KaK UMeHHO
TeXHUYeCKH IepefaeTcs 3TOT IIOTOK II0 OIITHYe-
CKOMY BOJIOKHY) IIPH 9TOM [JIs1 KJIMeHTa He CTO/Ib
BasKHaA.

Ha mpakTuke mocTu4b ckopocTu 400 IbuTt/c
[I0 OJHOM HeCyIled B KOMMep4YeCKHX CHCTeMax
IOKa He yAanochk, u B 2015 rony Ha peIHKe OBIIU
IpeJCTaBleHbl Pa3JIK4YHBle BapUaHTH 400C"
CHCTEeM Ha IBYX HOAHeCYIIHX. [Ip1 3TOM oCyIecT-
BJISIeTCs Iepemavya ABYX KaHajaoB 1o 200 réur/c
Ka>XXAbIM (BapUaHTBl peaau3alldHd CM. B Tabin.l)
Ha [JBYX Pa3HBIX AJHHAaX BOJIH CO CIIeKTPaJbHOM
3pbekTUBHOCTHIO 2-4 6uT/c/I1I.

Hcronp30BaHMe HECKONBKUX IIOJHECYIUX CAaMO
o cebe He IMO3BOJISET MOBBICUTH CIIEKTPAIbHYIO
3pPeKTUBHOCTL CHUCTeMbl. OTYaCTH 3TO MapKe-
THUHTOBBIM XOJ IIPOM3BOAUTeNer 060pymoBaHUS
B IIpeJABePUH BBIIIYCKA HacToAmM KX 400G-cucTtem
(ITo omHOM HecyIIeH), a 0TYacTH - OTpaboTka Tex-
HOJIOTH U CYIIePKAHAJIOB JJIs [IPeJOCTABIeHU I K11~
eHTY J1F00011 TpebyeMOr KaHATBHOM CKOPOCTH (I107,
CyllepKaHaJIoM IIOHHUMaeTCcst Habop U3 HeCKOIBbKUX
ONTHUYECKUX IOSHECYIIHUX, KOTOPHIM MOKHO YIIPaB-
JSTh B OITHYECKOM TPaKTe KaK eJHHBIM LIeJIbIM).
B 1a60paTOpHBIX YCTAHOBKAX MCCAEAYIOTCS CaMble
pasHoobOpa3Hble BAPUAHTHI CyIIepKAaHAIOB — HAIIPH-
mep, 10x100G B mmonoce 400 I'T1y 1 T.1I.

Puc.3. CnekTtp cynepkaHana 3x100G B ceTke 100 Ty,

KaHanol |

cwarom
‘

331Ty

Puc.4. Tlepepaya cynepkaHana 3x100G B ceTke
100 Ty v Npuem OTAe/IbHbIX COCTABJISOWMX ero
KaHanoB 100G KorepeHTHbIMW TpaHCNoHAepamMu
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YNNOTHEHUE KAHAJ/IOB

B KomMepuecKHux cucremax 100G obpasua 2013-
2014 romoB KaHan 100 T6uT/c mepemaeTcs B CIEK-
TpanbHOU mosnoce 50 I'Tw. ToT >ke KaHa/l MOXKHO
repeaTh U B MeHbIlIe 1oj1oce (C HEKOTOPBIM CHH-
>KeHHeM Ja/IbHOCTH), YTO HEOJHOKPATHO JeMOH-
CTPHPOBAJIOCH B JIAOOPATOPHBIX CCTeMax. OLHAKO
IIpH BHeJPeHHUH KOMMePYeCKOH CUCTEe MBI BasKeH
BOIIPOC COTJIACOBAHMS C YCTAHOBJIEHHBIM 0b60py-
NOoBaHHeM, KOTOpPOe B IIOAABJsSOIeM OOIBIIKNH-
cTBe Ha3eMHbIX DWDM-cucTeM COOTBETCTBYeT
pexomenpanusam ITU-T (MynbTHIIIeKCOpPBl 100
u 50 I'To).

OIHO M3 BO3MOXKHBIX peIleHHH - Ilepefada
CyIlepKaHaJla U3 Tpex MogHeCYII KX 1o 100 I'6uT/c
B r1osioce 100 I'T1y (T.e. mo 33 I'TLl Ha OAHECYILYIO).
B cTaHZApTHOM [0J0Ce MY/JIbTHUILJIEKCOPA MK PH-
HoM 100 I'T1 mepealoTCsl TPU KOTePeHTHBIX CIIeK-
TpanpHBIX KaHazna 100G (cmekTpanbpHas 3dpdex-
THUBHOCTH 3 6uT/c/T11), 4TO 0b6ecrmeyruBaeT BO3MOK-
HOCTbB Iepemadyu no0 270 CrieKTpa/ibHBIX KaHAJIOB
100G B C+L gumama3oHax. TakuM obpasom, obmias
IPOINYyCKHAasl CHIOCOOHOCTh co3maHHOM DWDM-
CUCTeMBbl MOXKeT JOCTUraTh 27 TouTt/c.

Takasi cucteMa 6p1a paspaboTaHa KOMIIAHHEH
000 "T8" npu noaaepkke Porma CKOIKOBO. ITO -
cuctema '[lon", obecmeuuBarpImas Iepemady
KkaHana 100G B mmomoce 33 I'Tw. CroekTp cymepka-
Haja 3x100G B mosioce 100 I'T1y moKa3aH Ha pHC.3.

Ba>kHOe IIpeHMYILIecTBO CO3JaHHON CUCTEMBI ~
BO3MOXHOCTb PaboThl Ha CyILIeCTBYIOIIEH ceTe-
BOM HH}pacTpykType (B C-mHMama3oHe eMKOCTb
CHCTeMBI cOCTaBsieT 12 T6ut/c). IIpu yIIOTHEHUHU
CIIeKTPaibHbIX KaHa/I0B 100G C MCIIO/Ib30BAHHEM
CTaHAApPTHOM ceTKH 100 [T1 He TpebyeTcs 3aMeHa
MYJIbTHUIIJIEKCOPOB U/IH YCUIHTesel B IIPOMeSXKY-
TOYHBIX YHKTAX CeTH.

CymepkaHan 300G nmepefaeTcsd B CTAaHAAPTHOH
cerke 100 I'T, mpu mpueMe paseeHre KaHaJIOB

Tabnuua 2. YyBCTBUTENbHOCTb TPAHCMOHAEPOB "T8
(OSNR;)

Pexxnm paboTbl (bopMat MoaynaLmm)

PelieHne DP-QPSK DP-8QAM DP-16QAM
11,5-13,5

"100G" 5-13, _ .

006 26 ()

" " 16,2 ab _ .

300G (3x100G)

"400G" 10,2 ab 14,5-15 b 18 ob
(2x100G) (2x150G) (2x200G)

(*) B 3aBMCMMOCTYM OT CTOMMOCTM

OCyLIeCTB/SIeTCS 3a CUeT TeXHOJOTHH KOrepeHT-
Horo npuema (puc.4).

CnenyeT OTMeTHUTh, YTO KOTePeHTHBIN IIPHEMO-
nepematyuk 100 I6ut/c kommanuu "T8" obna-
JaeT Jydlleld B MUPe IIOPOTOBOM YyBCTBUTEIBHO-
CTbI0. MHHHMaJIbHOE OTHOLIEHHE CHUTHAJI-UIyM,
IIPK KOTOPOM IIPHEMHUK CII0CO6eH MPUHSTh CUT-
Han 100 I'éut/c, cocraBasier Bcero 11,5 gb. 310
nprMepHO Ha 4 b nydmie, yeM y OGIMKaMIOINX
KOHKYpeHTOB. Biaromaps sTomy KommnaHus "T8"
pPeryisipHoO CTaBUT MHPOBbIE PeKOPABI II0 CKOPO-
CTH U JAJIBHOCTHU Iepefgauu DWDM-curHana [6-7].
BblcoKasi 4yBCTBUTEIBHOCTDb I103BOJISIET CTPOUTD
CBePX/JINHHBIE OJJHOIIPOJIeTHBIe TUHUHU CBSI3H [8].

DWDM-0BOPYAOBAHUE

OTEYECTBEHHOIO NMPOU3BOACTBA
POCCUIICKHUU IPOKU3BOAUTEb CKOPOCTHBIX DWDM-
cucteMm - kommaHus "T8" - mpepmnaaraer obopy-
JOBaHMEe Pa3JMYHBIX THUIIOB CO CIEeKTPaJbHOM
30 PerTUBHOCTHIO 2-4 6uT/c/T1. Ha 100G-cucTeMax
"Bonara" (2 6ut/c/Tu) k 2015 romy ObLIO MOCTPO-
eHo 6oee 10 ThICSIY KHyIoMeTpoB DWDM-ceTer [2-4].
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IIPOBOJIHAA CBA3b

B 2015 romy co3maHa KapTa "[oH" mjs IHepemayu
100G-kaHaIoB B yIJIOTHEHHOM ceTke (TPU KaHala
B 100 ITu, 3 6uTt/c/T) [5], B pa3paboTke HAXOLUTCS
Kapra aas rnepemauyr 400G Ha OBYX IOJHECYIIHX
B mostoce 100 I'T1g (4 6ut/c/TLy).

CpaBHUTe/IbHbIE XaPaKTEePUCTUKH YyBCTBUTEJIBHO-
CTH TPAaHCIIOH/I€POB IIPHUBEe/IeHbI B Ta0I.2.

HoBoe o6opymoBaHHe OTBedyaeT MHPOBBIM TeH-
JeHIHSIM yC/IOKHEeHHSI MOILYISLKUH U IOBBIIIeHM S
KO/IMYeCTBA HeCYIIMX IIPH CHHJKeHHH IIpefesib-
HOI JAJIPHOCTHU Iepefavu. lle/eBor pPhIHOK HOBBIX
CHCTeM - CBSI3b JaTa-LleHTPOB, TOPOACKHE U Peruo-
HasbHBIe ceTH. IIpenaraemoe ob6opymoBaHHe poc-
CHICKOTO0 IIPOM3BOACTBA MOKET 3 eKTHBHO UCII0/Ib-
30BaThCSI 1JISI IIOBBIIIEH U ST ITPOITYCKHOM CIIOCOOHOCTH
Hamnbosee HaTpy>kKeHHBIX TOPOJICKUX K PeTHOHATBHBIX
BOJIOKOHHO-OIITHYeCKHX TMHUH CBSI3H.

O6opymoBanre DWDM "Bonra" u mporpaMMHoOe
obecrreyeHHe K HeMY IIOTHOCTBIO IPOH3BOJHTCS
B Poccum, KomHuccuen MUHIIpoMTopra P® emy mpu-
CBOEH CTaTyC 0b6OpymOBaHUSI POCCHHCKOTO IIPOUC-
XOKIeHUs (CTaTyC IIOATBEPXKAAETCS  eXKerofHo).
DWDM-cuctema "Bosira" mpoiia TocyZapCTBeH-
HYIO 3KCIIepTH3y 1 BHeCeHa B peeCTP HHHOBALIHOH-
HOH MPOAYKIIMH, PeKOMeHJ0BAaHHOM K 3aKyIIKaM
B paMmKax Ne 94-03 u Ne 223-03,

PEKOPAHDIE PEAJIbHbIE JIMHUN

JlaIbBHOCTh MHOTOITPOJIETHBIX IMHUE 6€3 pereHepariuu
CUr'Haja Ha 06opynoBaHUH "Boira" MoskeT COCTaBISTh
HeCKOJIbKO ThICSY KMIOMeTPOoB. HanpuMep, B ampese
2015 roma kommaHus "T8" 3amycTuia Ha COBCTBEHHOM
DWDM-o6opyzmoBanuu "Bonra" 100G-kaHan MockBa -
HoBocubupck 6e3 pereHepalliu CHTHala. KaHasbl
100G mepemanHbl OBYMsS IIyTAMH: 4epe3 Camapy
U yepe3 ExaTrepuH6ypr, c pesepBHpoBaHHeM 1+1.
JUIMHa ABYX I1JIe4 COCTaBJIAeT, COOTBETCTBEHHO, 4250
¥ 3400 kM. Kanasner 100G opraHr30BaHEBl B paMKax
IeHCTBYIOIe MHOIOKaHalbHOM DWDM-CHCTeMEBI,
IIOCTPOEHHON Ha 060pynoBaHUU 3apybeskHOro Ipo-
usBonacTBa (Cisco). IIpu paboTe B TaKOM KOHQHUIY-
palliK K HOBBIM TPAHCIIOHJePaM IPedbsiBISIOTCS
bosnee skecTKHe TpeboBaHUS, YeM K "pogHOMYy" 060-
PyAOBAaHHUIO. B UacTHOCTH, Heob6X0AMMa IOACTPOLKA
YPOBHS MOIIHOCTH HOBBIX 100G-KaHAaJIOB 110, YPOBEHb
MOIIHOCTH JeHCTBYIOIMIUX KaHaaoB. ObopynoBaHUe
100G "Bosira" oTIIMYHO HPOSIBUIIO cebsl B CJIOKHOM
KOHQUTypalKu, obecrieuuB IIPU 3TOM 3HAUHUTEb"
HBIF 3allac [0 OTHOIIeHHI0 cUrHaia-myMm (OSNR).
ITo myieuy yepe3 Camapy 3amac mo OSNR cocTaBisgeT
7 nB, mo meuy yepe3 Ekatepunbypr - 8,5 n1b. 310
Oosiee ueM B Ba pa3a IpeBbIIIAeT TpebyeMbIH 9KC-
IJIyaTallMOHHBIM 3aIac.

3AK/IIOMEHUE
Ob6opynoBanue BOJIC mpomosskaeT aKTHUBHO pas-

BUBATBhCS - IIOBBIIIAETCSI €ro CIeKTpaJibHas
3 PeKTUBHOCTb, KaHa/lbHasl CKOPOCTh, CYMMap-
Hasi eMKOCTb CHCTeM Ilepefaud. Pa3BUTHe UIET
10 HeCKOJIbKMM HaIlpaB/JIeHUSIM: YC/IOKHeHHe
dbopmaTa MOAYNALIUH, MIOBbIIIeHHE CHMBOJIBHOMN
CKOPOCTH, YIJIOTHeHHe KaHaJloB, HCIIO0/Nb30Ba-
HHe HeCKOJIPKUX IofHeCcyIIHUX (CyIepKaHaJoB).
Komnanus "T8" orlepaTUBHO OTBe4YaeT Ha ITOTpeb-
HOCTHU 3aKa3uMKOB, Ipefyarasi obopyroBaHHUe
MHPOBOro Kjacca, COOTBETCTBYIOIlee MHPOBBIM
TeHAeHUUSIMU pa3sBUTUsI DWDM-cucTteM.
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