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OMNTUYECKAA PEBOJIIOLIMA B CUCTEMAX CBA3U
N EE COLUMNAJIbHO-3KOHOMUYECKHUE NOCNEACTBUA

EmkocTb onTuyeckmx cucteM ceasm Bo3pocna 6onee yem B 100 000 pa3 3a 40 neT cBOEro cy-
LwecTBoBaHus. K HacTosiLemMy BpeMeHN eMKOCTb KOMMEPYECKUX CUCTEeM JocTurna npumepHo 10 Tout/c
no ogHomy BosokHy (~100 DWDM-kaHanoB co ckopocTbto 100 M6ut/c B Kaxkgom). OCHOBHbIE MPUYNHDI
pocTa Tpaduka — 3KOHOMUYECKas LOCTYMHOCTb NEPCOHarbHbIX ANIEKTPOHHBLIX YCTPOWCTB C Kamepamm
N 3KpaHaMM BbICOKOrO paspeLleHUs], pa3BUTME CETEN LUMPOKOMOMOCHOIrO AOCTYNa U NOAKMIOYEHME K HUM
BCce Gonbliero konuyecTBa aboHEHTOB, MHAMBMAYaNU3aLUWs BUOEOKOHTEHTA, pasBuTME AaTa-LEeHTpPOoB
N «MHTepHeTa Bellen». CKOPOCTHbIE CETU CBSA3M ABMSAOTCA TEXHUYECKON OCHOBOM ANs1 coumarnbHbIX ce-
TeW, KoTopble TpaHCOpMUPYHOT OOLLECTBO, U YXXe MpeBpaTUNINCL B MOLLUHbIE WHCTPYMEHTbI CBS3U U
nponaraHabl. MeHsieTcs CTpyKTypa camux TENEKOMMYHUKALMOHHBIX CeTel CBSi3n (OT XXECTKON nepapxmu
Ko Bce Gonee LUMPOKOMY pasBUTUIO «FOPU3OHTarNbHbIX» CBSI3eN), pacTeT CKOPOCTb KIIMEHTCKMX MOPTOB
(BNepBble B UCTOPMU OHA CPaBHSANach C EMKOCTbIO MarMcTparbHbIX ONTUYECKUX KaHanoB U BCKOpPe, Be-
POSITHO, NpeBbICUT ee). BbICTPbI pocT Tpaduka npoaomkaeTcs, 4To TpebyeT pa3paboTku KOrepeHTHbIX
CUCTEM C KaHarnbHoW ckopocTbio 400G 1 1T, BkMovas TEXHOMOIMNIO CynepKkaHanoB Ha HECKOMbKUX NoA-
HECYLLUMX, a TaKkKe aKTUBU3UPYET UCCIIe[OBaHNS MHOFOMOAOBbLIX U MHOroCcepALEBUHHBLIX BOMKOH.

KnioueBble cnosa: DWDM, nctopusi, BONMOKOHHO-ONTUYECKasi CeTb CBA3W, TpaHcdopmauus
obLlecTtBa, ramxeT, BU3yarnbHblii 06pas, BUAEOKOHTEHT, «MHTEPHET BeLlei», AaTa-LUeHTp, pocT Tpadu-
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OPTICAL REVOLUTION IN COMMUNICATION SYSTEMS
AND ITS SOCIAL AND ECONOMIC IMPACT

Capacity of fiber optic communication systems increased more than 100 000 times during
40 years of their existence. For the moment, the capacity of commercial systems reached approximately
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10 Thit/s per 1 fiber (~100 DWDM channels with a speed of 100 Gbit/s in each channel). The constantly
increasing traffic is caused by several reasons: affordability of personal electronic devices with high
resolution cameras and screens, development of broadband access networks and connection of more
and more subscribers to them, individualization of video content, development of data centers and the
Internet of things (loT). Fast communication networks are the technical basis for the social networks that
transform the society and already became the powerful tool of communication and propaganda. The
structure of telecommunication systems is changed itself (from strict hierarchy to wider development of
“horizontal” links); the speed of client ports increases (first time in history it became equal to the capac-
ity of backbone fiber optic channel, and soon probably exceeds it). Fast increase of traffic is going on
that requires development of coherent systems with a channel speed of 400G and 1T, including super-
channels technology using several subcarriers, and also stimulates researches of multimode and multi-
core optical fibers.

Keywords: DWDM, history, fiber optic communication network, social transformation, gadget,
visual image, video-content, Internet of Things (IoT), data center, traffic increase, coherent system,
superchannel.

K HacTosieMy BpeMeHHM B MUpE IPOJIOKEHO Oosiee 2 MIIpA KM ONTH-
yeckoro BoJiokHa [1], mo xotopomy mepenaercs Oonee 80 % oT obimiero
o0bema mepenaBaeMoil nHpopManuu. EMKOCTh ONTHYECKHX CHUCTEM CBSI3U
BbIpocia 6osee ueM B 100 000 pa3 3a 40 et cBOEro CymecTBOBaHHs: €CIIU
B Havasie 1970-x rr. mo ogHOMY BOJIOKHY mniepenaBaiin menee 100 Mowut/c
[2], TO K HacTOsAIEMY BPEMEHU €MKOCTh KOMMEPUYECKUX CUCTEM COCTABJISI-
et npumepHo 10 T6ut/c nmo oxHomy BojokHy (~100 DWDM-kaHnanos co
ckopocteio 100 I'6ut/c B kaxmom). Takas eMKOCTh ONTHYECKHX CHCTEM
CBA3M Kazajachb HEBOOOpa3MMOWl B paHHHMI MEpUOJ Pa3BUTHS ONTHYECKUX
CHCTEM CBSI3H, a TJIaBHOE — Ka3aJoCh, YTO TaKasi eMKOCTh HUKOTJa U HE T0-
Tpedyercs.

KosoccanbHblil CKauOK B €MKOCTH ONTHYECKUX CHUCTEM CBSI3U MpO-
n3omien B KoHIE 1990-x IT. ¢ BHEAPEHUEM TEXHOJIOIMH CHEKTPAIBHOTO YII-
notHenus. Ilepsas kommepueckass DWDM-cucrema nosiunace B 1995 r.
a k 2000 r. rexnonorus DWDM no3Bosnsna nepenaBaTh yxe 0ojee COTHU
KaHaJOB 10 OJHOMY BOJIOKHY Ha pa3HbIX JUIMHAX BOJIH. KaHanbpHas cko-
pOCTh B KOMMepueckux cuctemax jpocturia 10 I'out/c (STM-64) B 1995 r.
u 40 I'dut/c (STM-256) — B 2002 1. [3]. Takum oGpazom, xk 2000 T.
€MKOCTh KOMMEPUECKHMX CHUCTEM CBsA3M JocTuria npumepHo 1 Tourt/c,
YTO 3HAYUTEIHHO MPEBBIIIANO MOTPEOHOCTH B Mepenade Tpaduka, CymecT-
BOBABIIME HAa TOT MOMEHT. Takas CUTyalusi COXpaHsulach HAa MPOTSHKEHUU
BCEX «HYJIeBbIX» rogoB. Hanpumep, akagemuk PAH E.M. Jluanos c coas-
topoM B 2006 T. OTMEYaJIM B CBOCH CTaThe: «Oylarogaps CO3JaHUIO BOJIO-
KOHHO-ONTHYECKUX CHCTEM CBSI3M BIEpPBbIE B HCTOPHM YEIOBEUYECTBA TEX-
HUYECKHE BO3MOXKHOCTH OOMeHa MH(OpMaIel MpeBhICHIIN (B HACTOSIIEE
BpeMsi) MOTPEOHOCTH YesioBedeckoro oduiectBa» [4]. DTo mpuseno k pes-
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KOMY TaJICHUIO PhIHKA ONTUYECKUX CUCTEM CBSI3U M CYLIECTBEHHOMY CHH-
YKEHUIO MHBECTHIINIA B pa3BUTHE 000pyaoBaHus [5].

OpHako Ha MPOTSDKEHUH BCEX «HYJIEBBIX» TOJOB TpadUK MPOFOIDKAI
pacTH ¢ mocTosiHHBIM TeMiioM — Oosiee 50 % B rog, wiu B 100 pa3 3a 10 net
[5]. Vxke k 2010 r. crmenpanucTaM CTajl0 OYEBUIHO, YTO €MKOCTH MAruCT-
palbHBIX CHUCTEM CBSI3M, YCTAHOBJIECHHBIX OIEPATOPAMU CBSA3U B KOHIIE
1990-x — nagame 2000-X TT., IPaKTHYECKH HCYEpIaHa, W B OrpKaiIiee
BpeMs noTpedyercsi MacimTabHoe OOHOBIIEHHE ONTUYECKON MH(PPACTPYKTY-
PBI 1 IOBBIIIIEHHE EMKOCTH TPAHCHOPTHBIX CETEH.

TexHOIOrMYeCKUM OTBETOM Ha POCT TpaduKa CTajao pa3BUTHE CUCTEM
KOT'€pEHTHOI'0 IIpUEMa ONTUYECKOT0 CHUTHAJIa U BHEJPEHHWE Ha MarucTpaib-
HBIX ceTsiX korepeHTHbIX kaHanoB 40G u 100G. B 2013-2014 rr. Bexymumu
oneparopamu cBsizn CeBepHOW AMEpUKH OBLIT OCYIIECTBICH IEPEX0] Ha
kaHasbl 100G Kak OCHOBHBIE TPAHCHOPTHBIE KAaHAJIbl MaruCTPaIbHBIX
DWDM-certeii (Tak Ha3blBaeMas «Iepe3arpys3ka ONTHYECKUX CEeTel» — opti-
cal reboot). TurnoBas eMKOCTh KOMMepueckux cuctem ¢ kanaiamu 100G
coctaBiser 8,0-9,6 Tout/c (80-96 kananoB). Ilepexon Ha 100G-kaHaIbI
HO3BOJMJ HAa KaKOe-TO BpeMs YJIOBJIETBOPUTH MOTPEOHOCTH ONEpaTOpOB
CBSI3U B Tepenade Tpaduka.

B nacrosiee Bpems poct Tpaduka B MUPOBOM MacmTade MmpoaosnKa-
€TCsl IPAKTUYECKH TEMHU K€ TEMIIaMH, YTO U B «HYJEBBIX» rogax. Hampu-
mep, Ha cetu British Telecom tpadux Bbipoc B 100 pa3 3a mocneaHue
10 ner, npu 3TOM B cpeHeM pocT cocTaBui 65 % B rox (puc. 1). B Poccun
nokasaTtenu pocra B cpegHem coctaBisitoT 10-20 % B ro.
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Puc. 1. British Telecom. Poct tpaduka B 100 pa3 3a 10 ner + 65 % B rox
(ECOC-2015 Market Focus). [To BepTHKan OTJIOKEHA MUKOBas Harpy3Ka, [ 0ut/c
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OueBngHo, uT0 eMKOCTh DWDM-cucrem Ha ocHoBe 100G-kaHaiIoB
Takke OyJeT ucueprnana B Onmwkaiiiiee Bpems. Beayiye MupoBbie mpous-
BOJMTEIN aKTUBHO BEAYT pa3padOTKy 0ojiee CKOPOCTHOTO 00OpYyHAOBaHUS
[6], a omepaTopsl CBA3M yXke MPOEKTHUPYIOT MOJ 3TO 000OpYAOBaHUE CBOU
nepcrnekTuBHble ceTH. Cuctemsl ¢ nepenaveit kananoB 200G, 2x200G Obun
IIpeJICTaBJIECHbl Ha pbIHKE B nepBoi nosoBuHe 2015 r. (Acacia, Inc.). Kom-
Mepueckas goctynHocTh cucteM 400G oxumaercs B 2016 r. K 2020 r.
0XKHMJAeTCd KOMMepUYecKoe BHeIpeHrue kanainoB 1T [5].

TakuM 00pa3oM, TOT MEPHOJ BPEMEHH B «HYJEBBIX» T0/ax, KOria
TEXHOJIOTMYECKUE BO3MOYKHOCTU MArMCTPAJIbHBIX CETEW CBS3M NPEBBILLIATN
UMeIoIIrecs: MOTPeOHOCTH, OKA3aJICsl TOCTATOYHO KOPOTKUM. CeroaHs mpo-
M3BOJUTENIM BHOBb BBIHY)KJIEHBI MCKaTh BO3MOXKHOCTH TOBBIIIEHUS] CKOPO-
CTHM MAarucTpalIbHbIX CHUCTEM, UYTO SIBJIAETCS HempocTol 3amaueid. IIpenens-
Has MPOU3BOJUTEIBHOCTh CHUCTEM CBSI3M (MPOU3BEACHHE JAIbHOCTU Ha
creKTpanbHylo 3(hGheKTHBHOCTL') OblTa, MoXoxke, mocTurHyra B 100G-
cuctemax [6]. B HacTosmee BpeMs OCHOBHOM TEHICHIIMEH pPa3BUTHUSA
DWDM-o060pynoBanus sIBISE€TCS TEpexo] K Oojee CIoXHBIM (opmaTam
moaysiuuud (16QAM u 64QAM) U MCHOJIb30BaHUE HECKOJBKUX MOJHECY-
mux [7].

Uro ke ABIsSeTCS MPUUMHON CTOJIb OBICTPOrO U HETPEKPaIlaloerocs
pocTa Tpaduka B MarucTpaJIibHBIX ceTsax? Hackoibko pa3BUTHE TEXHOIOTHI
BIUSIET Ha POCT MOTpeOHOcTel moib3oBaTeneil MHTepHeTa, 1 HA00OPOT —
KaK MOTpeOHOCTH TOJIb30BaTENEH BIUSAIOT HA Pa3BUTHE TEXHOJIOTHIA?

IIpuunHbI pocTa Tpapuka

Kophu Habmogaemoro s¢¢exra cienyer, BEposSTHO, UCKATh B HKOHO-
MUKE, a TOYHEE — «pPEeHraHoMHUKe», SJKOHOMUYECKON CHUCTEME, YCTAHOBUB-
meiics B CoequnenHbix llltatax B mepuon npesuneHtcrsa Ponanpaa Peit-
rama (1981-1989 rr.). MMenHo Ttorma OblIa 3aJlo)KeHAa SKOHOMMYECKAs
MOJI€Nb CTUMYJIMPOBAHUS CIpOCa 3a CUYET KPEAUTOBAHUSA, IPUUYEM CYILIECT-
BEHHAsl 4acTh 3TOrO CIpoca Oblja HaNpaBiIeHA HA BBICOKOTEXHOJOTHYHBIE

! Cnexrpanbhas 5Q(EKTHBHOCTh — OTHOLIGHHE CKOPOCTH Tepeqadd MH(pOpMAuu
B KaHaJle CBSA3M K IMHPHHE CIEKTPAIBHON TOJIOCH], 3aHUMaeMoi 3TM KaHaioM. OOBITHO
IIPY CPaBHEHUHU PA3JIUYHBIX CHCTEM CBSI3U YUMTBIBAETCS CKOPOCTh IIEpenadyu NOJE3HON UH-
¢dopmanuu (6e3 FEC). Hanpumep, mist kanana 100 I'out/c B monoce 50 [T ciekrpanbHas
3¢ dekTHBHOCTH paBHa 2 out/c/I11.
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HMPOJYKTHl HAYMHAIOIIETOCS ISATOTO «KOHJPAThEBCKOTO» IMKJIA: DJICKTPO-
HUKY, BBIYUCIUTEIBHYIO TEXHHUKY, TEIEKOMMYHUKAIIMOHHBIC CHCTEMBI.
HIupoxoe pacrpocTpaHeHHE NEPCOHATBHBIX KOMIBIOTEPOB, IU(PPOBOH (o-
TO- M BUJICOTEXHUKH, SKPAHOB BBICOKOTO pPa3peieHus, MOOMIBHBIX Teledo-
HOB, a TMO3Xe — OOBEIUHUBIIUX BCE ITO B OJHOM KOPITyCE MOPTATHBHBIX
yCTpOMCTB (cMapT(OHOB, TUIAHIIETOB W APYTUX TAIKETOB) B MHPOBOM
MacIITade HampsMyH CBS3aHO C SKOHOMHYECKHM CTHMYJIHPOBAHHEM ILIa-
TEXKECIIOCOOHOTO CIPOca Ha HUX.

[TepconanibHast AJIEKTPOHHAS TEXHWKA, MOAKIIOYeHHas K MHTEepHeTy,
U CTalla TJIABHBIM MEPBUYHBIM MCTOYHHUKOM IOCTOSIHHO PAcCTyIIEro Tpadu-
ka. Pa3pemenne Goto- U BUACOKaMep MOCTOSTHHO PACTET, COOTBETCTBEHHO,
YBEJIMYUBACTCS M 00BEM CO37aBaeMBIX (ailyIoB. YBEIHUYCHUE pa3peIICHUS
SKpaHOB BJICUET 3a COOOM TMOBBIIMIEHUE MOTPEOHOCTH 3PUTENICH B KaueCTBE
BUJICOKOHTEHTa — COOTBETCTBEHHO, pacTeT W ero oobeM. [lepechuika Bce
0OJIBIIET0 KOJIMYECTBA 0OBbEMHBIX (haIOB MEXYy IMOJIb30BATEISIMHU, COXpa-
HEHHUE MX Ha YJIaJICHHBIX CEpBEpax U CKaUYMBaHUE C HUX — OCHOBHOW HCTOY-
HUK Harpy3Kd Ha MaruCTpaJbHbIC CETH.

BTopuuHbIM HCTOYHHUKOM TpaduKa SIBISIFOTCSI BHYTPEHHHE KOMMYHH-
KalluU «JaTa-IEeHTPOB». J{JIs HaJe)KHOTO XpaHEHUs MOJIb30BATEIbCKUX JaH-
HBIX B «O0JIaKke» 3TH JaHHBIE MHOTOKPATHO AYyOJMPYIOTCS, KakK MPaBHIIO,
HE MEHee 4YeM ueThIpexkpaTHo. [lepuoandeckas nmepe3anuch U OOHOBJICHUE
MOJIb30BaTENbCKUX (PailIoB Ha cepBepax JaTa-LIEHTPOB MPOUCXOIAT Jaxe
B TOM CJIy4ae, €CJIi MOJb30BaTeNlbh He oOpamaeTcs K HuM. [1lo BHyTpeHHUM
JVHHSIM CBSI3U, COSAMHSIIONIMM MEXIYy COOOW JaTa-IEHTPhl TaKuX KOMIIa-
Huii, kak Google, Facebook u ap., uaer tpaduk, conocTaBUMbIN ¢ Tpadu-
KOM HAI[MOHATBHBIX ceTeil cBs3u. He cimyualiHO K HacTOsIEMy BpPEMEHU
KPYMHEUIITNM OIepaTOpOM CBsI3U B MUpE (M0 CyMMapHOW €MKOCTH TeJe-
KOMMYHMKAIIMOHHBIX JIMHUU cBA3M) sBisieTcss Google.

Ilepuon «HynEBBIX» TOJOB, KOTJAa €MKOCTh MAaruCTpalibHbIX CETeH
3HAYUTENBHO MPEBOCXOAMUIIA UMEBIINECS 00beMbl Tpaduka, ObLI CBSI3aH C
3ama3/ibIBaHUEM PA3BUTHUS ONTUYECKUX (KaOENbHBIX) M OECIPOBOJHBIX Ce-
Tel mupokomnosniocHoro gocryna (IUI1/). Hanpumep, HeoOX0aUMOCTh BHe-
JIPEHUS LIUPOKOIOJIOCHOTO ONTHUYECKOro J0CTyna Mo TexHojsoruu PON
(maccuBHas onTudeckas cetb) B Poccum oOcyxmanace ¢ 2003 r., Toraa xe
OBLIIO YCTaHOBJICHO TEPBOE KOMMEpUYECKOoe 000pyJOBaHUE Ha CETAX OIepa-
TOpOB cBsi3u. OJIHAKO JI0JITO€ BPEMs 3Ta TEXHOJOTHSI OCTaBajlach B CETMEH-
Te B2B (1.e. «Ou3Hec s OuzHeca»). MaccoBoe MOJKIIOUCHHE WHIUBUIY-
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anpHbeIX a0oHeHTOB B MockBe (GPON ot MI'TC) Havyajoch JMIIL AECITH
net ciycts — B 2013 r., T.e. mpumepHo uepe3 10 net nocne nosBieHus ca-
MOTO CTaHAapTa. AHAIOTUYHAS KapTHHA HAOIIOJAeTCs U B IIUPOKOIIONIOC-
HOM OEeCIpOBOJIHOM JIOCTYTIE: MaccoBoe pa3BeprhiBanue ceteit LTE Ha Tep-
putopur MockBbl Hadanock B 2014 r.

Pazymeercs, ecTh U Apyrue HCTOUHUKH TpaduKa: HalpuMep, UTPOBbIE
NpUIOKEeHUsT (IIPEXIe BCEro, PEeHACPUHI B «OOJIaKe» W WHTEPAKTHBHAsS
«BHPTyaJIbHAsI PEATbHOCTh») WM KapTorpaduueckue cepBHCH. B mocnen-
HUE TOJbl Bce OoJbliiee KOJIUYECTBO Tpaduka reHEepUpyeTcss MUKPOKOMITb-
I0T€pPaMH, BCTPOCHHBIMHU B PA3IMUHYI0 OBITOBYIO M HPOMBIIIJICHHYIO TEX-
HUKY W MOJKJIIOYEHHBIMU K ceTh MHTEpHET (TaKk Ha3bIBa€Mbld «UHTEPHET
Bemel»). [lo omenke Cisco & Strategy Analytics, B HacTosIee BpeMms
Kk MuTepHery noakmodeHo 9 mupa yerpoictB, k 2020 r. uX KOJIWYECTBO
yBenuuutest 10 S0 mupa. Eme onxa ObicTpo pactymias o0nacTh npuMeHe-
HUSI ONTUYECKON CBSI3U — OOMEH JTaHHBIMH MEX]y MPOIlecCOpaMu B CyIep-
KOMIIBIOTEpaX, KOTOPBIE MOCJIETHUE HECKOJIBKO JECATHIIETUI pa3BUBAIOTCS
MPAKTUYECKH C TOCTOSTHHOM CKOPOCTHIO [8]. OHaKO UMEHHO BUACOKOHTEHT
U pa3BUTHE onTHYeckoro u o6ecrpoBoanoro 1T/ ctanu ocHOBHBIMU Jpaii-
BepaMH pocTa Tpaduka B MAarUCTPATBHBIX CETSIX.

[Ipenenst 3TomMy pocty noka He BuaHbl. B 2015 r. komnanus Face-
book 00bsBUIIA, YTO BIEpPBHIE B UCTOPUU B TEUEHUE CYTOK B COLMATILHYIO
ceTb 3auuio 6omnee 1 Miapa aGOHEHTOB. DTO 3HAYMT, UTO elle 6 MIPJ KUTe-
Jeil 3eMiM cOLMalbHBIMU CETSIMH TIOKa HE OXBaueHbl. Pa3pemieHue BCTpo-
CHHBIX KaMep B COBPEMEHHBIX cMapT(POHaX cerofHs noxoaut mo 20 mera-
MUKCeNen, paspelnieHne 3kpaHoB yxxe mnpessimaeT Full HD. Bomnpoc «3a-
yeM?» HE CTOMT HM JJIs MOTpeOuTeNned, HU JJsl MPOU3BOAUTENICH: IOKa
MO3BOJISIET TEXHOJOTHS M CYIIECTBYET IUIATEXECIOCOOHBIM crhpoc, pocT
pa3peleHus: KaMep ¥ 9KpaHoOB B rajpkerax OyzneT IpoaoKaThCs.

[Tepenoc GONBIIMX MACCHBOB JIaHHBIX B «001aK0» (T.€. HA CHCTEMBI
pacripe/ieIeHHbIX CEPBEPOB XPAaHEHHUS U OOpAaOOTKU AHHBIX) MOCTEIIEHHO
BEJIET K U3MEHEHHIO 001el cTpyKTypbl cetu MutepHer. s nepenayn tpa-
buKa MexIy cepBepaMu B «oOyake» TpeOyercsi Bce OOJbIIas €MKOCTh
TPAHCIIOPTHON HMH(PPACTPYKTYPBI, UTO CTUMYJIUPYET pa3BUTHE OoJiee IUIOT-
HBIX «TOPU3OHTAIIBHBIX» CBSI3ed MEXIy B3aUMOJCUCTBYIONIMMH CETSIMU
(puc. 2).

HNHTEepecHO OTMETUTh, YTO «TOPU30HTAJIBHBIE» CBSI3U MEXAY CETAMU
AKTUBHO HCIIOJIb3YIOTCS MPOrPaMMHBIMHU MTPUIIOKEHUSAMH THIIA peer-to-peer
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Puc. 2. DBomronns cTpyktypbl IHTepHETa B CBSI3U ¢ BO3pacTaromeit
POJIBIO IPOBARAEPOB «OOJAUHBIX» YCIIYT HA OCHOBE JTaTa-1eHTPOB [9]

(Harpumep, «TOpPpEHTaMM»), KOTOpPbIE, TAKUM 00pa3oM, pa3rpy KarT Maru-
CTpaJbHbIE TPAHCIIOPTHBIE CETH.

Takum o00pa3oMm, NMPUUUHBI POCTa Tpaduka JEKaT B COLUAIBHO-
HKOHOMHUYECKOH IIOCKOCTU: JIIOH 0071aat0T OTPEOHOCTHIO B3aUMOEHCT-
BOBATh JIPYT C APYTOM MOCPEICTBOM BHU3YyaJbHBIX 00pa30B BHICOKOIO Kaye-
cTBa (IIpeXAe BCETO, BUACOKOHTEHTA), & YKOHOMHYECKAsI CHCTEMA IIPEOC-
TaBJISIET UM BO3MOXKHOCTb NPHOOPECTH COOTBETCTBYIOLIYIO TEXHHMKY M Ka-
Hajbl J0CTyna. TEeXHOJIOIrMY4EeCKOe Pa3BUTHE MAaruCTPAJIBHBIX ONTHYECKUX
ceTell CBSA3M SIBISETCS OTBETOM Ha POCT TpaduKa; B CUTYyallMH, KOT/Ia €M-
KOCTb TPAHCIOPTHBIX CHUCTEM JOCTATOYHA, CKOPOCTh MX PA3BUTHUSA CYILECT-
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BEHHO CHMXKAETCs (KAK 3TO CIYy4YWJIOCH B «HYJIEBBIX» T'OAAX M3-3a 3aIla3/bl-
BaHus passutus LI/ nocne npopsisa DWDM-TexHonoruii).

BiausiHMe CKOPOCTHBIX ONITHYECKHUX ceTel Ha 001ecTBO

B TO xe Bpemsi pa3BUTHE CKOPOCTHBIX KaHAJOB CBSI3U, O€3yCIIOBHO,
OKa3bIBaeT U 00paTHOE BIMSHUE HA COLMAIbHO-3KOHOMUYECKHUE MPOLIECCHI.
Ha Hammx ryazax mpoMCXOIUT pa3pyllleHHEe MOHOMNOJIMU TEJIEBUIEHUS Ha
BUJICOKOHTEHT M B MPUHIUIIE OTKA3 OT TEJCBHJCHHS 3HAUYUTEILHOU YacTh
obmiectBa. ConuanbHble CeTH, Oaroapsi pa3BUTHIO TPAHCIIOPTHBIX TEXHO-
JIOTHH U «00JauHBIX» CEPBUCOB, MPETOCTABIISIOT M0JIb30BATENSAM BU3Yyallb-
HbIi KOHTEHT COIMOCTaBUMOTO, a TO W JydIlero kayecrnsa, ueM TB — mpu
3TOM OoJiee pa3HOOOpa3HBIA U MHIMBHILYATU3UPOBAHHbIN, YTO MPUBJIEKAET
K HUM HanOojiee aKTUBHYIO YacTh MOJIOJICKH. 3HAYMMOCTH TPOTIaraHIbl
B COLIMAJIBHBIX CETSX CEro/iHs HE YCTYIaeT 3HaUMMOCTH TeneBuaeHus. Ecnu
B XO0JI€ TPaJAULMOHHBIX U30upaTenbHblx koMnanuid TB nmo-npexxHemy octa-
€TCs OCHOBHBIM KaHaJIOM BO3ICWCTBUS HA AJIEKTOPAT, TO B MEPUOJBI PEBO-
JIOIMOHHBIX TPe00pa30BaHMi, OCYIIECTBISIEMBIX B OCHOBHOM CHJIAMH aK-
TUBHOW MOJIOZIEKH, KIIFOUEBBIM MEXaHM3MOM CBSA3HM M IIPOMAaraHjbl CTaHO-
BATCSl COLMAJIbHBIE CETH, 4YTO XOPOIIO BHJIHO HAa MHOI'OYHMCIEHHBIX
pUMepax «apaOCKON BECHBI».

CKkopocTHasi CBSI3b, JIOCTYITHAS B KAXKIOM JIOME U Ha KaXX/IOM TaJKETe,
(dhopMHUpyeT HE TOJIBKO HOBBIC MMPUBBIYKU PAOOTHI ¢ HH(MOpMAIUEH, CITIOCOOBI
O0IIeHUs ¢ APY3bsIMH U KOJUIETaMH, HO M OTKpPbIBA€T BO3MOXHOCTH CO3/1a-
HUS HEJOCTYNHBIX paHee HSKOHOMUYECKMX MeXaHM3MOB. Harmsauerii
pUMEpP — COBPEMEHHBIE CEPBHCHI 3aKa3a TAKCH, MOJIHOCTHIO M3MEHUBIIIHE
NpaBUjIa UTPHI Ha CTAOMIIBHOM, Ka3ajoch Obl, B TCUCHUE NECATHICTHIA «H3-
BO3UMLIKOM» pbIHKE. B koHuEe 2015 r. yxe [IpaButensctBo MOCKBBI BBIHY-
XKAeHo Obuto moroBapuBathest ¢ cepBucamu Uber, Gett u SAnpexc.Takcu
0 mpaBmiIax padboThl! A BeJb B OCHOBE 3THUX CEPBUCOB JIC)KUT CKOPOCTHAs
CBSI3b M COBPEMEHHBIE KapTorpaduiecKnue MPUII0KEeHUSI.

Haxkonen, He0OXOJUMO OTMETHTb, YTO BOJIOKOHHO-ONTHUYECKHE CHUC-
TEMBI CBSA3H CTAIH JIpaliBEPOM POCTa MHOTOUMCIIEHHBIX OTpAciei MPOMBIII-
JeHHOCTU. B WX umciie moiynmpoBOAHUKOBBIEC JIa3€phl U COIYTCTBYIOIIHE
TEXHOJIOTUH YITAaKOBKH W COTPSDKEHHSI C BOJIOKHAMH, HU3KOYACTOTHASI U BBI-
COKOYACTOTHAsl 3JIEKTPOHHUKA ¢ TpeOyeMbIMU CTaHJapTaMH pa3MepoB B Jie-
CSITKM HAaHOMETPOB, BHICOKOUACTOTHASI ONTORJICKTPOHUKA JJII MOAYJIMPOBa-
HUS ONITUYECKOTO CUTHANA, a TAKXKE MOJIHBIN CHEKTP MAaCCHBHBIX ONTOBOJIO-
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KOHHBIX KOMIIOHEHTOB, MPOU3BOJICTBO BOJIOKOH (BKJIIOUasi JIETHPOBaHHbBIC
CHelanbHbIe BOJIOKHA), KaOened, MOIUMEPOB MJIsl MOKPHITUS BOJOKOH U
Kabeneid, mporpaMMHOTo obOecriedeHusi. K aTomy HeoOXoaumo 100aBUTH
COITYTCTBYIOIIIAE MMPOHM3BOJICTBA U3MEPUTEIHHON M KATHOPOBOYHOW TEXHHU-
KU, IPUMEHSEMOM KaK Ui TECTUPOBAHMS MIPOIYKINH, TaK U AJI1 OOCITYKH-
BaHUsI JTUHU.

IlepcriekTHBBI pa3BUTHS TPAHCIOPTHBIX ceTeil

OOmuit 1oNITOCPOUHBIM TPEeHJ pocTa Tpaduka U COOTBETCTBYIOLIETO
noBeIeHnsT eMkocTd DWDM-cucTteM He BBI3BIBaeT coMHeHHM. OIHAKO
B paMKax 3TOTo OOIIero TpeHAa CEeroHs HaOMI0aeTCcsl MHTEPECHBIN Mepe-
X071, n300pakeHHbI Ha puc. 3. CKOPOCTh KIMEHTCKUX MHTEpQEicoB Brep-
BBIC 32 MCTOPHUIO Pa3BHUTHs CETEH CpaBHSJIACH CO CKOPOCTHIO B KaHAJE Ha
OJIHOI omnTHYecKoi Hecyiied, a B Ommkaiilield MepcreKTHBE, BEPOSTHO,
MIPEBBICUT €e.

1000

. OTU4 .- -
= Optical transport A -
g 100 - channel capacity OTU-3 _ - == 100GbE
b A~ .0
p oc102 = 40GbE
10 A A-~ Q-
£ 0oc-48 7 .- 10GbE
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g 0C-12,7 >
s 1 X ~OGbE
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g 0C3/A
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Puc. 3. Poct kaHanpHOM CKOPOCTH, perilaMEHTUPYEMON CTaHAApTaMHU
TPAHCHOPTHBIX CHCTEM CBS3H, M pocT ckopocTh Ethernet-mopros [10]

Kak ormeuanock Bbille, B HacTosuiee BpeMs IP-tpaduk sBisercs oc-
HOBHBIM BHJIOM TpaduKa B CETAX ONEpaTopoB cBs3u. IP-mapmipytuzaTopsi
nepesaT UH(GOPMALMOHHBINA MTOTOK B TPAHCIOPTHYIO CETh C MCIIOJIb30Ba-
HueM noptoB Ethernet, a TpaHcmopTHas CeTh IOCTaBISET ATOT Tpaduk
B HY)KHYIO TOUKY.

Jo 2010 r. makcumanbHas JOCTyIHasi EMKOCTh TPAHCIOPTHBIX KaHa-
JIOB BCETJa IpeBbIlIAIa MAaKCUMAJIbHYIO HCIIOJIb3YEMYI) €MKOCTb KIIMEHT-
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ckux nmoptoB Ethernet. Takum o6pa3om, Ha YpOBHE TPAHCIIOPTHOW CETH JIH-
00 KIMEHTCKUH KaHajl MepeJaBajiCsi B COOTBETCTBYIOIIEM TPAHCIIOPTHOM
kanane (Hanpumep, 10 GE B OTN2), nubo kiaueHTcKuil Tpaduk ¢ HECKOIb-
KHX [OPTOB arperupoBaics B 00jee CKOPOCTHON TPaHCIIOPTHBIN KaHal (Ha-
npumep, 10 kanasos 10 GE B OTN4).

Ckopoctb mopToB IP-MapuipyTu3atopoB cpaBHsIaCh € KaHAJIbHOU
ckopocthio DWDM-cucrem (100 I'6ut/c) B 2010 r. B 2017 1. oxumaercs
npusstue ouepennoro crangapra 400G Ethernet, B mnepcnexktuBe —
IT Ethernet (Terabit Ethernet). 3 puc. 3 BUAHO, 4TO TIpH COXPAHEHHUH CY-
LIECTBYIOLUX TPEHIOB CKOPOCTHh TPAHCIIOPTHOIO KaHajla IO OJHOH Hecy-
IEH YK€ CKOPO OKAXETCA HEJOCTATOYHOM I MepeAadyd OJHOTO KIIMEHT-
ckoro Ethernet-xanana.

TexHonornyeckoe pemeHue JaHHOW KOJUITM3HMH COCTOUT B MCIIOJIB30-
BaHUM HECKOJBbKUX ONTHYECKUX MOJHECYIIUX JIsi Mepellaud KIMEHTCKOro
Tpaduka. Takas apXuTeKTypa yke peain3oBaHa B HauOoJiee COBPEMEHHbIX
cuctemax 2x200G. Ceituac 3TH 1B MOJAHECYIIUE UCTIONb3YIOTCS AJIsl TIepe-
Jnaun kiaueHtckoro tpaguka 4x100G; ogHako Npy MOSBICHUH KIMEHTCKOTO
unrepdeiica 400GE on taxke Oyaer mepenaBaTbCs MO 3TUM JBYM IOJHE-
CYLIUM.

Takum 00pa3om, HaOMIOJAETCS CMEHA CaMOro MPHUHIMIA TIEpenaydn
KIIMEHTCKUX KaHAJIOB IO ONTUYECKON CETH, CABUT B CTOPOHY «JELEHTPAIH-
3anuu». Ha mpoTspkeHHH BCero mepuojia pa3BUTUS ONTHYECKUX TPAHCIOPT-
HBIX CHCTEM TUIHUYHOH 3amaueii DWDM-o0opynoBanus Oblia arperanus
KIIMEHTCKUX KaHAJIOB B 0o0Jjiee CKOPOCTHBIE ONTUYECKUE TPAHCIIOPTHBIE Ka-
Hasbl. CerosiHs akTyaJbHOCTh MPUOOpPETaeT NPOTUBOMOIOXKHAS 3a/1a4a: Jie-
KOMITIO3UIMS] CKOPOCTHBIX KJIIMEHTCKUX KaHAJIOB Ha HECKOJBKO ONTHYECKUX
MOJIHECYIIIUX, KOTOPBIE 3aTE€M YIIPABIISIIOTCS Ha YPOBHE ONTHUYECKON TpaHC-
MOPTHOM CETH KaK €MHOE 11eJI0€ (TaK Ha3bIBAEMbIM «CylepKaHal»). B na-
OOpaTOpHBIX CHUCTEMAax YXe YCIEIIHO TEeCTUPYITCs cymnepkaHaisl 1T
(10 mecymux no 100G).

100 TouT/c 1 BbIlIE (BMECTO 3aKJIIOUEHMS)

Bomnpoc o npenenbHON eMKOCTH CUCTEM 10 OJJHOMY BOJIOKHY ITOKa OC-
TaeTcs OTKPHIThIM. [IpenenbHas eMKOCTb, KOTOPYIO, 110 OLEHKaM 3KCIIEPTOB,
MOKHO JIOCTUYb B CPEIHECPOUHOIl mepcrektuse, cocraBisger 100 Tout/c.
Hanpumep, 3Ta eMKOCTb JOCTUTAaeTCs MpU paciiupeHuu auanasona 10 C+L
(270 xananoB) u ucnoiaszoBannu kaHaioB 400G B 50 I'T' (uro TeopeTnye-
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CKHM BO3MOXXHO IIPH CUMBOJILHOM ckopocTH 45 ['601 1 ¢popmare MOy IsSIIIIN
DP-64QAM, XOT4 U ¢ CyIlI€CTBEHHbIM CHH)KEHHEM J1aJIbHOCTH NIEpeiayun).

Cosnanue cucremsl emkocThio Boimie 100 Tout/c npeacrasisier codoi
CEPBhE3HBIH TEXHOJIOTHYECKUN BBI30B M3-32 (PYHIAMEHTAJIBHBIX OTpaHUYe-
HUW TPagUIIMOHHOTO OJJHOMOJOBOTO BOJIOKHA C OJTHOM cepAlleBUHON. B Ha-
CTOsIIee BpeMsl aKTUBHO BEAYTCsl 1a00OpaTOpHbIE MCCIEAOBAHUS MHOTOMO-
JIOBBIX M MHOTOCEPALICBUHHBIX BOJIOKOH, KOTOpBIE, KaK CUUTAETCS, MOTYT
MO3BOJIUTH MPEOAOJETh 3TU orpannueHus. OgHaKO TOCTHKEHHE YKOHOMHU-
yecKo 3(PPEeKTUBHOCTH TaKMX pEIIEHUNH U KOMMepUecKas pean3aius
cootBercTByomMX DWDM-cucrem TpeOylOT yCHIMH MO HCCIEJOBAHUIO
U pa3paboTKe, ¥ UX BO3MOXKHAsI peain3alusi OTHOCUTCS K JIOJATOCPOYHOM
nepcnekrtuse [11].
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