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TEXHOJOI'MYECKHUE PEHIEHUA
MO YBEJMYEHHUIO MMPONNYCKHOM CIIOCOBHOCTHU
OIITUYECKHUX BOJIOKOH

J.JI. IloptHoB, T.[A. ®aTxyaun

Llenvio Oannoli cmamvu A6715eMCsA pacCMOmMpeHue MexHU4ecKux peuleHull, no3680AI0UUX
SHAYUMENbHO YBENUUUMb NPONYCKHYIO CNOCOOHOCMb COBPEMEHHBIX ONMUYECKUX 6010KoH. [Ipose-
O0eH aHanu3 o2panudenuli, 00YCl08IeHHbIX UCNONIL308AHUEM CIMAHOAPMHBIX ONMUYECKUX BOJIOKOH.
llokazana neobxooumocmev 6 paspabomke HOBbIX MUNOE ONMUYECKUX B0JIOKOH, NO3BONAIOUSUX
VMeHbUUMb GNUAHUE HeNUuHeluHbX IPpgexmos. [Ipusedensvt danuvlie dKCnepumeHma no nepeoaue
255 Toum/c u paccmompeHvl KOHCMPYKMUBHbIE 0COOEHHOCIU UCNONb3YEMO20 ONMUYECKO20 800K~
Ha. B 3aknoueHuu coenamvl 6618006l 0 HEOOXOOUMOCIU pa3padoOmKU KAK aKMueHvlX, max u nac-
CUBHBIX KOMNOHEHMOB OJis1 HOBO20 MUNA ONMUYECKUX B0IOKOH.

Kniouegvie cnosa: cymmapnas MowHocms, Maiomo0080e 80JI0KHO, Ouamemp Mo008020 NoJs,
CKOpOCMb nepeodadu, Noai0ca yCuieHus, Gopmam MoOyIayuu, NPOnyCKHAas CHOCOOHOCMb.

TECHNOLOGICAL SOLUTIONS
TO INCREASE THE CAPACITY OF OPTICAL FIBERS

Portnov E., Fatkhulin T.

The purpose of this article is to examine the technical solutions to significantly increase the
capacity of modern optical fibers. The analysis of the constraints imposed by the use of standard
optical fibers. The necessity to develop new types of optical fibers, allowing to reduce the influence
of nonlinear effects. Results of the experiment data transfer 255 Thit / s and design features used
considered optical fiber. Finally, conclusions are drawn on the need for both active and passive
components for a new type of optical fiber.

Keywords: total power, few-mode fiber mode field diameter, the transmission rate, the band
amplification, modulation format, bandwidth.

[Ipenmonaraercs, yTo B Onrkaiiliee NECATUIETHE €MKOCTh CHUCTEM Iepefadu
YBEJIMYUTCS B ThICAYy pa3 u gocturuet [lerabut/c [1]. 3T0 MO3BONIMUT BHEAPUTH Te-
nesuaenue popmara UltraHD, 3D u ucnonb3oBath npuiioxeHus, TpeOyIome cBepx-
CKOPOCTHBIX CHCTEM CBsi3U. Bce 310 moTpedyeT co3naTh HOBYIO ONTUYECKYIO MH(ppa-
CTPYKTYPY 1S okoJieHus [1eTabuToBBIX CKOPOCTEH.

CTOUT OTMETUTH, UTO KCHOJIb3yEMbIE OJTHOMOJIOBBIE ONTHYECKUE BOJIOKHA pe-
komeHgammi G.652, G.653, G.655 Ha CyIIECTBYIOIIUX BOJIOKOHHO-ONTHYECKUX CH-
CTeMax Mepeladyd C HUCMOJb30BAHUEM COBPEMEHHBIX (hOPMATOB MOIYISIUU CKOPO
JOCTUTHYT MPeAeNbHbIX JJI1 HUX MoKa3zarenael. 9To 00yCIOBICHO OTPaHUYEHHOCTHIO
IITUPOKOTIONIOCHOCTH COBpeMeHHBIX onTudeckux ycuiutened (OY) (EDFA, Pawma-
HOBCKHX U MX KOMOMHAIIMI), a TaKKe OrpPaHUYCHUSIMHU, CBSI3aHHBIMU C YPOBHEM BBO-
JTUMOM ONITUYECKON MOIIHOCTH B BOJIOKHO. Tak, Mpu ypOBHE ONTUYECKOW MOIIHOCTH
B 1-2 BT, BBOAMMOr0 B BOJIOKHO, HAOIIOAETCs IJIABJICHUE CEPIIEBUHBI ONTHYECKO-
ro BOJIOKHA. Eciu ke ucnoisb3yercss BOJOKHO Il KOMIIEHCALMA XPOMAaTHUYECKOU
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JUCIIEPCHH, TO YPOBEHb ONTUYECKOW MOIIHOCTH, IPU KOTOPOM HAYMHAET IIJIABUTHCS
cepaueBuHa, gocturaercs yxe npu 0,5 Bt. Bece 310 He 103BONSET yBEIUUNUBATh YPO-
BEHb IIEPEJABAEMOM ONTHUYECKOW MOIMHOCTbH B COBPEMEHHBIX BOJOKOHHO-
ONTHYECKUX CHCTEMAaX MEepeaaur CO CHEKTpalbHbIM pasjeneHueM kaHaioB (WDM).
Oco0eHHO 3TH OrpaHUYEHUs BIUSIOT HA N0JABOJHBIE NpoTsbkeHHsle BOCII, moctpo-
€HHBIE Ha TAKMX BOJIOKHAX.

CoBpemennbie OY cioCOOHBI OAHATH YPOBEHb MOIIIHOCTH ONTHYECKOTO U3IIY-
yeHus Ha 25-30 nb Ha mepenade. I[Ipu 3TOM CTOMT 3aMETUTh, YTO YK€ IPU YPOBHE
ONTUYECKOro M3imyudeHus Oosbuie 17 n1b B onTHyeckoM BOJIOKHE HAYMHAIOT MPOSIB-
JAThCS HenuHeHbIe Y dexThl (Hanpumep, 3gdext bpumntosna). [lpu npebieHnn
HEKOTOPOIo ypoBHS (3KcnepuMeHTaibHO koMmnanus Alcatel-Lucent onpenenuia 3Tot
nopor paBHbIM TipuMepHO 20 nbm) HabmonaeTcs CUIbHOE YIIUPEHUE CIIEKTPa ONTH-
YECKOI'o CHrHajia Ha Beixojae OV, 4TO MOKET NMPUBECTH K HETOIMYCTUMOMY MEPEKPHI-
TUIO MeXy KaHaiaMu B DWDM-cucremax. 3aBUCUMOCTb IIMPUHBI CIIEKTPA ONTHYE-
CKOro u3Jiy4eHus Ha Beixoae OY OT MOIIHOCTH BbIXOAHOrO curHana OY nokaszaHa Ha
pucynke 1 [2]. Kommanus Alcatel-Lucent pekoMeHIyeT yCTaHABIUBATh MOITHOCTH
Ha ypoBHE 19 nbwm.

To ectb, 17 n1b pekOMEHAyETCSI CUNTATh MAKCHUMAJIBHBIM YPOBHEM H3IIyUYEHUS
B COBPEMEHHBIX ONITHYECKUX BOJIOKHAX, YTO 3HAYUTEIBHO COKPAIIAET JIMHY PEreHE-
pauMoOHHOro ydacrtka. Mcnosib3oBaHuE NPEAYCHIUTENEH B BOJOKOHHO-ONTHYECKUX
CHUCTEMax Iepelauy Ha IMpueMe MO3BOJISIET NMONYYUTh 10 14 nb BbIMIphIa B OrOIKe-
T€ MOILIHOCTH.
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Puc. 1. 3aBUCHUMOCTS MUPUHBI CIEKTPA ONTHYECKOTO U3TyueHus Ha Beixoge OY
OT MOIIHOCTH BBIXOIHOTO curaaia OY

PamMaHOBCKHE yCUIIUTENM, KOTOPBIE YCUIUBAIOT ONTHYECKUN CUTHAJI B BOJIOKHE
pacrpesieIeHHBIM 00pa3oM, 4acTO MMEIOT MOIITHOCThH Jla3epa HaKayku mopsjaka 1,2—
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1,5 Br. Ilpu aToM myiHa BOJIHBI Hakayku BeiOupaetrcs 1 450 HM, U3ilyueHrue HaKayKu
BBOJIUTCSI C MIPUEMHOM CTOPOHBI, TO €CTh PACCMATPUBAECTCS PaMaHOBCKHUU MpeTyCH-
autenb. OJIHAKO UMEIOTCS BapUaHThl HUCIIOIb30BaHUS PAMAHOBCKHX YCHUIIUTENEH
U Ha niepeqaye. Bece 3To aeT ocHOBaHUS cliefaTh BBIBOJABI O TOM, YTO BO MHOTHX
ClIydasX YK€ JOCTUTHYT MpeAebHBIN yPOBEHb ONTHYECKON MOIIHOCTH U HEOOXOu-
MO HaXOJIUTh THHOBAIIMOHHBIC MTYyTH JJIsl Iepeayll CUTHAJIOB.

Takum 00pazoM, MOXKHO OMpenenuTh (aKTOPbl, KOTOPhIE OTPAHUYMBAIOT HUC-
M0JIb30BAHUE ONTUYECKUX BOJOKOH B coBpeMeHHbIX BOCII:

1) orpannyeHusi, 00yCIOBJIECHHBIE BBOJUMON CYMMapHOW MOIIHOCTBIO B OMNTH-
YECKOE BOJIOKHO;

2) orpaHUYEHUs MMOJOCHl YCUIIEHHS COBpeMEHHbBIX OV

3) orpaHuyeHus MO MOTPEOIIEMON MOIITHOCTH.

Cuuraercsi, 4TO MaKCUMaJIbHasi €MKOCTb COBPEMEHHBIX ONTHYECKUX BOJIOKOH
MokeT ObITh He Oosiee 100 TOut/c. D10 Moyt B 1,5 paza Gomblie CyIIeCTBYIOIICH
€MKOCTH OMNTHUYECKOro BOJIOKHA. CKOpPOCTh Mepefayd MO ONTHYECKUM BOJOKHAM
OMpEeNIeNIAeTCS B 3HAUUTEIBHON CTENEeHU MOJ0COM YCUICHUS COBPEMEHHBIX ONTHYE-
ckux ycunurenei. OHu Moryt paborath B S-muanazone 1460-1530 um (70 HM —
9,4 TT'u), C-guamazone 1 530-1565um (35uM — 4,4 TI'm) u  L-amamazone
1565-1626 wum (60um — 7,1 TI'u). Ilomnas monoca ycunenus 1460—
1 625 am (165 am — 20,9 TI'my). CerogHss MakCUMaJIbHAasi €MKOCTh MEXMaTEPUKOBOM
MOJIBOJTHOM cUCTeMBI Tepeaaun cocrapisieT okojio 10 Tout/c (ucnonwsizyercsa 8 map
ONTHUYECKHUX BOJIOKOH ¢ 1,28 TOUT/C Ha BOJIOKHO).

CTOUT OTMETUTH, UTO OTEUECTBEHHBIE CUCTEMBI MI€PEayu JIUIb HEJABHO CMOT-
JM AOCTUYh CYMMapHOM eMKocTu cuctembl B 25 Tout/c. [Ipu 3TOM mcnonib3oBaics
dopmart moaynsuuu DP-QPSK [3, 4], 25 cynepkaHalioB 1 0JJTHOMOJIOBOE ONITHYECKOE
BOJIOKHO. [Ipu pa3zpaboTke Takoi cucCTeMbl HEOOXOAUMO MPUMEHEHHUE YCUIUTENEH
¢ moJiocor okojio 70 HM, McHoJIb30BaHUE ceTKU dacToT ¢ maroMm 33 I'lT u EDFA
WIH TUOPHUIHBIX YCUIIUTENeH, padoTaromux B quanazonax C u L. Heo6xomumo otme-
TUTh, YTO TPeOyeTCsl pa3pabOTKa aKTUBHBIX W MACCHUBHBIX KOMIIOHEHTOB, paboTaro-
IIMX C HeCTaHJIapTHOU ceTkoil yacToT B 33 I'T. B mpeanaraeMpix oNTHUYECKUX MO-
OyJIIX HEOOXOJIMMO CO3JaHHE 3aJalolluX, a TAKXKE OMOPHBIX JIA3€POB, KOTOPHIE
MOTYT TepecTpauBaTh JJIMHY BOJIHBI M3JIydyeHHUs B auanazoHax C u L ¢ marom
33 I'Tu. Ilosoca ycuneHusl ONTUYECKUX YCWIMTENEH, cocTapiisitomas 70 HM, MOXET
OBITh IOCTUTHYTA IMMYTEM MCIOJIb30BaHUS JIByXKaHAIBHBIX YCUIUTENEH C MOJIOCOBBIM
MYJIBTUIIEKCOPOM M AEMYIbTUILIEKCOPOM. CTpPYKTypHasi cXema peaau3yeMou Cu-
CTEMBbI IIPEeCTaBIE€HA HAa pUCYHKe 2 [5].
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Puc. 2. CtpykTypHas cxema peaan3yeMoi CUCTEMBI CBSI3U:
TX 1 — mepenaromye 4acTH TPAHCIIOHIEPOB,
RX 1 — npuHUMaromume 4acTu TPaHCTIOHIEPOB

O6001MB BBIIECKA3aHHOE MOXKHO 3aKIIOYUTh, YTO JJISl MPEOIOJICHUS OTPaHU-
YEeHUN MO MOIIHOCTH ONTHYECKOTO H3IIYyYCHHS HEOOXOIWMO CO3/1aThb W BHEIPUTH
B ITPOM3BOJICTBO ONTHYECKUE BOJIOKHA C YBEIIMYECHHBIM JUAMETPOM CEP/IIICBHHBI, JTU-
00 ¢ OOJBITUM KOJMYECTBOM CEPIIEBUH MO 000JI09K0i. UTOOBI yBeNMWYUThH Iua-
METp MOJIOBOTO IO CJIEMYyeT CO37aTh ONTHYECKOE BOJIOKHO C CEpAICBUHOMN
13 YUCTOrO KBaplia U JUIPEcCUpoBaTh 000104Kky propom. Ilnomiaas MogoBoro mosis
TaKOTO ONTHUYECKOr0 BOJIOKHA OyJneT mopsaka 112 MKM?, TO €CTb JJISl JUIMHbBI BOJIHBI
1 550 am quametp Moa0BOTO 1o 6osbiie 10 MM [2]. Ecnu u nansiine yBeIu4uBaTh
TUaMEeTp MOJOBOIO0 TOJIA, TO TMOJYyYMM MaJOMOJOBOE OINTUYECKOE BOJIOKHO.
JIJisi TOABOAHBIX CUCTEM MEpeadll MOXET HCIOJb30BaThCsl MaJOMOJOBBIA PEKUM
paboThl OJHOMOJOBOIO BOJOKHA C IUIOMIAALIO MOJOBOro momst 160 mMxm? (numHa
BoJIHBI 1 550 HM) [1].

B Hacrosiee BpemMs MpeANpPUHUMAIOTCS TOMBITKH MO MPUMEHEHUI0 TEXHOJIO-
T'Ui, COYETAIONMX B ceOe penieHus: ¢ MaJOMOJOBBIMU M MHOTOCEP/IIIEBUHHBIMU OII-
TUYECKUMHU BOJIOKHaMU. Tak, sietom 2014 r. mexxayHapoHas padouas rpynmna High-
Speed Optical Communications Group, HCHOJIb3ysi KaOenlb SMOHCKOW KOMIAHUU
Telekom NTT, ycranoBuna HOBBI pekopn ckopoctu B 43 Towut/c. Mcnonb3oBaincs
OJIUH Ja3ep, KOTOPHIA CO3[aBajl CUTHAJI B MHOTOCEPAIICBUHHOM KaOelie C CEMbIO
cepaleBuHamMu. Yepes HEKOTOpOEe BpeMsi MEXKAYHApOJHAs HUCCIeI0oBaTEIbCKas KO-
Manna u3 Hunepmangos u CIIA ngocturia ckopoctu mnepenauu yxe 255 Towut/c.
[Ipu 3TOM MPUMEHSUTHCHh MAJIOMOJIOBBIC CEP/IIIEBUHBI, B KXKO0W U3 KOTOPBIX Mepe/a-
Baiuch 3 Mozbl. IlepenaBanoch 50 ONTHYECKUX HECYHIMX C IIArOM CETKH YacTOT
50 I'Tu. dnst abdexTuBHOrO 3KpaHUPOBAHUS CEPALIEBUH JIPYT OT JIpyra UCHOJIb30Ba-
JUCh HEOONbIIME OTBEPCTHs, IMpoJeTaHHble BOKpPYr cepaueBuH (puc. 3). Oanako
Takoi kKabesb crocoOeH nepeaBaTh CUTHAN TOJBKO Ha paccTosiHue 10 1 kM 6e3 uc-
kaxenuii. Kommanun Alcatel-Lucent coBmectHo ¢ British Telecom ymamocs mpu
MPOBEICHUM TIOJIEBBIX HCIIBITAHUSX YMEHBIIUTH WHTEPBAI MEXIy KaHamamu c¢ S50
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10 35 I'T. Takum oOpa3om, pekopaHasi CKOPOCTh TMEpeaadd JaHHBIX yxe B OJu-
XKaifiee BpeMst MOXKeT yBeIHIuThes ¢ 255 1o 365 Tout/c.

Oteepcue
@11, 42 mxm

ManomofoB0e BONOKHO
15,4 Mk

Puc. 3. MHorocepALeBUHHOE BOJIOKHO C CEMBIO MaJIOMO/IOBBIMH CEPALIEBUHAMHU

BaxxHo oTMeTuTh, 4TO CO37aHKE U pa3paboTKa HOBBIX THIIOB ONTHYECKUX BOJIO-
KOH TpeOyIOT co3/aHus dJeMeHTHOW 0a3pl misa Takux OB. BonmokoHHO-onTHYeckue
KaOeJIbHbIE JINHUU COCTOSIT HE TOJBKO M3 NEepeJaTUMKOB CHUTHAla, Kabess U MpueM-
HUKOB CHTHajla, HO U U3 OOJIBLIOTO YHCIA 3JIEMEHTOB, HEOOXOAUMBIX ISl (DYHKIIHO-
HupoBaHust BOCII. DTo 1 akTUBHBIE, U TACCUBHBIE 3JIEMEHTHI. AKTUBHBIE 3JIEMEHTHI:
Ja3epHbIE AUOJbI, MOAYJISATOPHI, pa3IHuHbIe BUABI (DOTONPUEMHHUKOB, PETEHEPATOPHI,
yewurenu (EDFA, pamanoBckue U uxX KoMOMHAIMK) U (POTOAMOBI pa3HOTO MpUMe-
HeHus. CornacHo pexkoMeHpauuu (G.671, K TaCCUBHBIM ONTHYECKUM KOMIIOHEHTaM
OTHOCSITCS: MYJIBTUILUIEKCOPBI U IEMYJIBTUILIEKCOPHI, BKIroyass WDM ycrpoiicTsa:

— W30JIATOPBHI,

— aTTEHI0ATOPBIL;

— NEPEKIIOYATENIN, KOMMYTaTOPBbI;

— Ppa3BETBUTEIM, OTBETBUTEIH, PA3ACIUTENN (CIIUTTEPHI);

— KOHHEKTOPBI U APYTUe COCAUHUTEIIN;

— aJanTepsl;

— TIACCHUBHBIE KOMIIEHCATOPHI JUCIIEPCUU;

— OKOHIIEBATEIN JUIsl IOJABIICHUS OTPAKEHU;

— BOJIOKOHHO-OIITUYECKNE LIUPKYJIATOPHI;

— COCIMHUTEIbHBIC MY(PTHI;

— PEMOHTHBIE BCTaBKHU.

s xaxnont konkpetHoit BOCII tpeOyetcs onpeneneHHOe KOJTUYECTBO TeX WU
UHBIX DJIEMEHTOB. BBICOKYIO CHEKTpalbHYI0 3(P(EKTUBHOCTH MOXHO MOJIYYHTb,
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IIPUMEHSAS KOIE€PEHTHBIE METOBI IIpUEMa U MEepefayu, a TaKKe MOJOBOE WIH IIPO-
CTPAHCTBEHHOE MYJbTUIUIEKCHpoBaHue. (s mmpokoro BHeapeHus [leTraOMToOBBIX
CKOPOCTEH clieAyeT CO3/1aBaTh HOBbIE TEXHOJOTHH, MO3BOJISIONINE PEUIUTh MPoOIeMy
OTPAaHUYEHHUS TIOJIOCHI MPOITYCKAHUSA YCUIIUTENIEH, BBOAUMOM B ONITUYECKOE BOJIOKHO
MOIIIHOCTH M MOTPeOIsieMON MOIIHOCTH, yuuTbiBas Bce anemeHTsl BOJIC (BoiokoH-
HO-ONTUYECKOM JINHUU CBSI3N).
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