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AHHOTAIUA

T peanuzanuy GOTOHHOW CETH HEOOXOIUMO OOECIICYNTh HAMYHE KOMIIOHEHTOB, BKITIOUAs H
KOMMYTAIlMOHHBIC CHCTEMBI, CIIOCOOHBIX O00padaThiBaTh TOJBKO ONTHYECKUE CHUTHAJBI.
[IpeoOpazoBaHue ONTUYECKOTO CHUTHAla B JJICKTPUYCCKHI M 00paTHOE MpeoOpa3oBaHUC
JOIYCTUMO TOJIEKO B UCTOYHHUKE W pueMHuKe. Ha ceromHsIHMIA 1eHb OCHOBHOHM MpoOiIeMoii B
CO3JaHUU MOJHOCTBIO ONTUYECKUX CETEH OCTAETCS CO3[JAaHUE COOTBETCTBYIOLIMX ONTHYECKUX
KOMMYTaTOpOB. B JaHHOW cTaTbe MPEMJIOAKEH MOAXOJl, OMUCHIBAIONIMN MPUHLKAN KOMMYTalUU
ONTHYECKUX MOTOKOB HA OCHOBE U3MEHEHUS IPOBOJUMOCTH MacCHBA CBETOBOJOB.

KuroueBble cioBa: KOMMyTalMsl ONTHUYECKHX IMOTOKOB; MAacCHUB CBETOBOIOB; IPOBOJUMOCTH
CBETOBO/IA; paclpeeieHIe MOIIHOCTH; aMIUTUTY THO-(ha30BOE pacIpeieiCHuUE.
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Abstract

To realize a photon network, functioning components and commutating systems capable of
processing optical signals, are essential. The transformation of an optical signal into an electrical
one as well as its reverse takes place in a signal source or its receiver. Up to the present, the main
problem in constructing of all-optical networks is the lack of appropriate optical switchboards.
The present work describes the way of optical flows commutation based on the changing of an
optical fiber array conductivity.

Keywords: optical flow commutation; optical fiber array; conductivity of an optical fiber; power
distribution; amplitude-phase distribution.

BBE/I[EHUE

Hayuno-texuuueckuil mporpecc Ha pybexe XX—XXI BekoB crocoOCTBOBa PEBOIIOIUOHHBIM
U3MEHEHUsM B 00JacTH HHQOpMATH3alMM BCEX CTOPOH JKM3HM Jrojei. UenmoBeuecTBO MNpUILIIO K
OCO3HAHMIO TOTO, YTO UMEHHO UH(POPMALIMOHHAs cdepa ero AeATeIbHOCTH CErO/IHs ONpeesieT YPOBEHb
COLIMAJIbHO-TIOJINTUYECKOT0, JKOHOMHMYECKOTO U KYyJIbTYpHOTO pa3BuTUs oOumiectBa. B  ob6mactu
rOCyJapCTBEHHOT0, BOGHHOTO U (PMHAHCOBO-?)KOHOMHMYECKOTO YIpaBJIeHUsI HHPOPMALUs CTalla TAKUM Ke
CTpaTerMueckuM pecypcoM, Kak martepuansl U sHeprus. OT 3QpPexkTUBHOCTH OpraHU3aIlMM MPOIECCOB
cbopa, HCIONB30BaHMS U 3AIIUTHl HHPOPMALMU 3aBUCUT >KU3HECHOCOOHOCTh MPEANPHUIATUH H
OpraHu3aIMi, KOpIopaun U HeJbIX TOCYAapCTB.
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B Poccun OypHbIME TeMIIaMH pa3BHBAIOTCS KOPIIOPATUBHBIC U BEJJOMCTBEHHBIE HH(POPMALIMOHHBIE
uHppacTpykTypsl. [locTOssHHO TOBBIIIAIOTCS TpeOOBaHUS MO YCTOMYMBOCTH M  0E30MaCHOCTU
UH(POPMALIMOHHOTO OOMEHA B HUX.

CnocoOCTBYIOT MOCTPOCHHIO COBPEMEHHBIX BBICOKOIMPOU3BOIUTENBHBIX TEIEKOMMYHUKAIIMOHHBIX
CHCTEM YCIIEXH B OOJIACTH BBIYMCIUTEIHHON TEXHUKU U JOCTHKCHHUS ONTHYECKUX TEXHOJIOTUH Tepe1adn
uHpopManuu. C KaXIbIM HOBBIM IOKOJEHHUEM KOMIIBIOTEPOB COBEPIICHCTBYIOTCS BO3MOXKHOCTH IO
o0paboTke u mpezacTaBieHui0 MHPopManuu. IlpuMeHeHne CpeacTB ONTUYECKOH CBSA3H CIIOCOOCTBYET
YBEJIMYEHHUIO KOJIMYECTBA U KAUeCTBa MPEJOCTABISIEMbIX NHHOKOMMYHUKAIIMOHHBIX YCIIYT.

OCHOBHAA YACTH

OCHOBHBIM HAIIPAaBJICHUEM PEKOHCTPYKLIMHM CETEW CBSA3M SBISETCS MEPEX0] K TEXHOJOTUU
MYJIBTHIUICKCUPOBaHUS 10 1iuHe BoJHBI (Wave Division Multiplexing, WDM), xotopasi o0ecriednBaeT
MYJIbTUIJICKCHPOBAHWE MHOXECTBAa JUIMH BOJH B oaHOM BojokHe. Cucremst WDM u Oonee
coBepieHnble Dence WDM (DWDM) yBenWuuBaIOT MPOMYCKHYIO CIIOCOOHOCTh MYTEM paclpeeicHus
BXOJSUIMX  ONTHYECKUX CUTHAJIOB IO  ONpPENEJICHHBbIM JUIMHAaM BOJH U HOCIEAYIOLIEro
MYJIBTUIUIEKCUPOBAHUS 3TUX CUTHAIOB B BUJIE €IMHOTO LU(PPOBOTO MOTOKA B OJHOM BOJIOKHE.

Buenpenue texnonorun DWDM sBnsieTcsl BaXKHEWIIMM IIaroM Ha IYTH MOCTPOEHUS MOITHOCTHIO
ONTUYECKUX TPAHCHOPTHBIX CETE, MOJYYHUBIIMX Ha3zBaHUE (HOTOHHBIX ceTeil. DOTOHHAs CeTh SBISETCS
CETBIO CBS3H, B KOTOPOI MH(POpMALHS NIepeIaeTCs TOJIBKO B OpPME ONTUIECKOTO CUTHAA.

Jns peanuzanuu GOTOHHOW ceTH HEOOXOIUMO OOECHEYUTh HaTU4he KOMIIOHEHTOB, BKIIOYAs U
KOMMYTallMOHHBIE CUCTEMBI, CIIOCOOHBIX 00pabaThiBaTh TOJIBKO ONTHYECKHE curHaiel. [IpeobpazoBanue
ONTUYECKOTO CUTHAJA B AJNEKTPUUYECKUI U 00paTHOE MpeoOpa3oBaHue JOMYCTUMO TOJIBKO B UCTOYHHUKE U
npueMHuke. Ha ceropHsiiHui 1eHb OCHOBHOW MpoOJeMOl B CO3JaHMM IOJHOCTHIO ONTUYECKUX CETEH
OCTaeTCsl CO3/IaHNE COOTBETCTBYIOIIMX ONTHYECKUX KOMMYTAaTOPOB.

[Tporpeccom B 3TOH 007acTH MOYKHO CUMTATh IPOEKT IPYIIbI UCCIenoBaTeNeld U3 1adopaTopuu
Laboratoire Kastler Brossel-LKB (Ilapux, ®pannus), kotopsie 23 centsaops 2016 rona omybnukoBamu
paboty [1], onuceIBaOIyl0 BO3MOXXHOCTh CO3JAaHMSI «aTOMHOI'O 3€pKajia» IyTeM IO3UIMOHHPOBAHUS
XOJIOJHBIX aTOMOB L€3Usl B OITOBOJIOKHE. B 3KCHepuMEHTaIbHON YCTaHOBKE YYeHble JOOMINCH
oTpaxkenus 75% manarommx GoToHOB OT KOHCTpYKIUHU U3 2000 aTromoB. Mcxo/is u3 yclIoBUM OTpaKeHUs
Bynbda-bperra, arombl ObUTH pacroyiokeHbl B HMHTEP(PEPEHLIMOHHYIO KOHCTPYKIMIO C TOMOIIbIO
OJTHOMEPHBIX 0030HHBIX BOJIHOBOJIOB [2].

Bocnonb3oBaBimmck npeiaraeMoil TeXHOJOTHeH (QUIbTpalMM CTAHOBUTCS BO3MOXHO OIMCATh
NACCUBHBIA AJIEMEHT, OOECHEeUMBAIONIIMN BO3MOKHOCTh KOMMYTAllMM ONTHYECKMX CHTHAJIOB 0e3 uX
npeoOpa30BaHus B 3JEKTPUUECKUIN BUI.

B kagecTBe mpoTOTHIIA TACCUBHOTO 3JIEMEHTAa UCIOJB3YETCSI MHUKPO-ONTO-3JIEKTPO-MEXaHUUeCKas
cucrema (Micro-Opto-Mechanical Systems, MOEMS), BBIIOTHSIONIAs CJIOXKHBIE OMEPAIMH CO CBETOBBIM
Jy4OM: TIOJTHOE OTpa)keHue, AUPPaKIMs, MPOCTpPAHCTBEHHAs opueHTanus. OCHOBHBIM 3JEMEHTOM B
JAHHOM DJIEMEHTE CIYXHUT 3€pKajo (CHUCTeMa 3epKai), BBINOJIHAIOLIEe OTPaXEHHE Jyda M €ro
NepeHallpaBlIeHUe 3a CYET HW3MEHEHHUs CBOEro IMoyiokeHus B mpocrpaHcTBe. CoBmecTHas paboTa
HECKOJIbKUX 3€pKal IMPHBOJ K BO3MOXHOCTH OOECHEYHTh BBIBOJA ONTHYECKOIO Jy4a Ha Pa3JIMYHbIE
BBIXOJIbI, PEKMM KOMMYyTaluW. DBblllonHeHWe yciioBHM corjacoBaHus Bbixoga MOEMS u Ttopua
PUEMHOr0 CBeToOBoJa obecreunBaeT (unbTpanuio [3]. Takum obOpa3oM, (popMHUpOBaHHE «ATOMHBIX
3epKall» B KayecTBE KOJUTUMHUPYIOUIMX 3J€MEHTOB [4], ymnpaBieHre uX OpMON U pacCTOSHUEM MEXIY
aTOMaMH, a TaK >K€ IPOBOJAMMOCTBIO IPUEMHBIX CBETOBOJOB, II03BOJIMT pPEATU30BaTh DJIEMEHT,
BBIMOJHSAIONINN KOMMYTAlUIO ONTUYECKOTO curHana. [Ipm 3ToM B KayecTBe YNpaBISIOIIErO CUTHajila
BBICTYIIAET JIOTIOJIHUTENLHBIN JIy4, (OPMUPYIOIIHIA AUTOJIBHYIO JOBYIIKY JUIsl XOJIOJHBIX ATOMOB.

Bre 3aBucumocTtH oT cmoco0a 0O0paOOTKH ONTUYECKHX TMOTOKOB, MOIIHOCTH, MOCTYIAKOIIAs B
HArpy3Ky OINTHYECKON PEHIeTKH, COCTOsmeld u3 [N CBETOBOIOB OMpPEAENSETCS CYMMOW MOIIHOCTEH OT
KaXKJ0r0 U3 CBETOBOJIOB C YUYETOM €ro BECOBOT0 KOA(PGUIIMEHTa UITU APYTUMH CIOBaMU — KO3 pUIueHTa
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neneHus. B cBoro odepenb, KOIPOUIUEHT MACTEHUS ONPEeNsIeTcs OOBCKTUBHBIMH YCIOBHSIMH
00paboTKH, T.e. KOHCTPYKTHBHBIM DPELICHHEM caMON OOIydarolleld peleTkd, MECTOM €€ YCTAaHOBKHU U
pacmnpeneieHneM KOMIUIEKCHBIX KO3 (UIIMEHTOB BO30YXKIACHHS CBETOBOJOB — aAMILTUTYIHO-()a30BBIM
pacrpezieieHueM ¢ y4eToM Ko3((UIIMEHTOB CBA3M MEXIYy CBETOBOJAMH, B TOM YHUCIIE IO TUIIAM BOJH
(Mozam), KaK MEXy CBETOBOJIaMH, TaK U B OJJUHOYHOM CBETOBOJIE.

OueBuaHoO [5], pacnpe/enenrne MOIIHOCTH Ha BbIXO/I€ CyMMAaTOpa rPYIIIb 3JIEMEHTOB (CBETOBOIOB)
ONTUYECKOMN PELIETKH, 3aICICTBOBAHHOM JIs1 BBIACIECHUS ONTUYECKOTO MOTOKA 3aJaHHOM JUIMHBI BOJIHBI
MMEET BUJIL:

F(O0.)=3W,(2.0.¢). ﬂeé=2(hxaw#l 1)

n=l

W, (1,0,5) — BecoBO kod(hduimeHT cBeroBona (n-ro KaHama); Fp(l,@,f) — ko3¢ unmeHt
OTpaKEHHsI  p-rO CBETOBOJA (dJEMEHTA TIPYIIbl CBETOBOJOB) INpu  (GOPMUPOBAHHUH 71 -TO
IPOCTPAHCTBEHHOTO HATPABJICHHS, ONpeenseMoro yruamu (@, &) cdepuueckoii cHCTEMbI KOOPIMHAT B
3aBMCHMOCTH OT JUIMHBI BOJHBI (1) 0Opa0aThIBAEMOro ONTHYECKOTO IOTOKA. B CBOI0 Ouepess,

Koa(b(bHuHeHT OTPaKCHUSI CBETOBOJA OINpEAENSIETCA Yepe3 MPUBEICHHYIO IPOBOIMMOCTH CBETOBOJA
(4,0,&) u3BecTHBIM COOTHOIIEHUEM [6, 7]:

pmn

1-v,,,2.0.5[

14y, (.0.9)| @

T, (26,5

HpI/IBeI[eHHaH MMpOBOAUMOCTE OJJUHOYHOI'O CBE€TOBOJA Y

pmn

(4,0,&) BeIpaxkaeTcs yepe3 aMILTUTY/ bl

nagaromeir A"

v h
omn Y OTPOKCHHOH B
8]:

OT €ro pacKpbiBa BOJH 00pabaThIBAEMOr0 ONTHYECKOIO MOTOKA [0,

mn

YPmn = M (3)
At B,

TakuM oOpa3om, A TOTYy4YEHHUS KPUTEPHUS anroputMa oOpabOTKHM ONTHYECKUX IOTOKOB C
UCIIOJIb30BAHUEM OINTHUYECKOH PEMIeTKH HEOOXOJAMMO TOJIYYHTh COOTHOIICHHE, ONpEIeIIIoNIee
MPUBEICHHYIO MPOBOAMMOCTh CBETOBOJIa ONTHYECKON PEIIeTKH C y4eToM Kod()(PHUIIMEHTOB B3aMMHOU
CBs3H Me)KI[y €€ DJICMCHTAMU U TUIIAMHU BOJIH B KAXXKJI0M N3 DJICMCHTOB U Me>1<)1y HHUMMHA.

[IpeneOperast BBICIIUMHU MOJaMH (THIAMH BOJH) HA TOM OCHOBAHHH, YTO BKJIAJ BBICIIUX THUIIOB
BOJIH B ITPOBOJIMMOCTD ONTHUYECKOTO CBETOBOJIa HE3HAYUTEJICH U COCTAaBIIsICT BEIUUYHHBI HE Oosee 2% 1o
monymo u 1,6 % mo ¢asze, Kak A OAMHOYHOTO CBETOBOJIA, TAK U BXOJMAIIETO B CHCTEMY CBETOBOJOB,
MOJTYYUM:

1

_ (A1ho1_B1hm)_ 1 7120a N
4y 51h0 a (Alhm + Blhm)

(A1h01 + Blh(n) idy, 51% a

1 1
10 C‘110110_1)110110 +

2
Vio @
X z (Al()p +Blh0p ) 17(:_ C lIIOplO D 11101710 N (4)

Jlyis MpOM3BOJIBHOTO CBETOBOJIAa C HOMEPOM p', BXOJIIETO B ONTHYECKYHO pemieTky u3 N
CBETOBOJIOB, COOTHOIIIEHUE (4) 3amuIIeM B BUJIE:

1 vha 1
Y, 0= v=c! on—D" -
MO dy Sha | T T gy s a (Al + B

10p 10p’ )
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N 7 a
h h 10 i i
x Z (A, + B, ) C iop0=D propio |- &)
p=1(pzp") T
HpI/I NUIACHTUYHOCTHU HCIIOJHCHHA OIITUYCCKHUX CBCETOBOIAOB U HUX paCHOJ'IO>KeHI/I}I B CHUCTEMC —
. 9] e h e n 1
OIITUYCCKOU peH_IeTKe, a TaKXe paCHpeI[eJIeHI/IH II0JICM B CE€TOBOAAX (l//ax'l//by'l//ax'l//by') JJIA C P10p10 n

(l//:y'l//:al//:yl' ) amst D ;'10,;10 13 (5) HOIy4nM:

N
Z (AlhOp +B1h0p )

1 7/120a I I p=1(p#p)
Yp']O = P C p'lOplO_D »'10p10 1+ (Ah B! ) : (6)
L3Y10010a T 10p' T Dioy

O‘ICBI/II[HO, YP'10 OIIpCACILICTCA KOMILICKCHBIM CYMMAPHBIM I10JIEM, HAaBOJAUMBIM B paCKpbIBax

CBETOBOJIOB ONTHYECKOW pemeTku. llepBoiii MHOXUTENb (6) 3aBUCUT OT 3JIEKTPUUECKHX pPa3MepoB
CBETOBO/IA U SIBJISIETCS MOCTOSHHBIM KO3 PUIIMEHTOM Ha (UKCUPOBAHHOMN AJTUHE BOJIHBI, BTOPOW 3aBUCUT
OT CTPYKTYPBI ONTHYECKOW PEHIETKH, €€ TEOMETPUH U OmpeaesseTcs KodpOUIIEeHTaMI B3aUMHON CBS3H
MEXy AJIEMEHTaMHU [JIsl YYUTHIBAEMOTO THIIA BOJHBI, TPETUH OMpENeNseT pPeaklUio CBETOBOJA Ha
COOTHOIIIEHUE PACTIPE/ICICHUS aMIUIUTY B (a3 maJaromeld 1 OTpaKeHHON BOJH B OCTAIBHBIX DJIEMEHTaX
ONTUYECKOI PEIIeTKH.

B coorHomenun (5) €IUHCTBEHHBIM COMHOMKHTENIEM, KOTOPBIH MOXET OBITh MOJBEPTHYT
BapHAaTUBHOMY W3MEHEHMIO B IPOLIECCE YMPABICHHUS BEIMYMHOW MOIIHOCTA HAa BBIXOJE ONTHYECKOMN
PEIIETKH WM TPYIIBI €€ 3JIEMEHTOB 0€3 MEXaHWYEeCKOro M3MEHEHHsI KOHCTPYKTUBHOTO HCIOJHEHHUS,
ABIISIETCS TPETUH — COMHOXKHUTEINb, 3aBUCSIIUNA OT COOTHOUICHHS KOMIUIEKCHBIX aMIUIUTY[ MOoJIeld B
DJIEMEHTaX M ONpEleNsIeMblil aMIUINTYIHO-(a30BbIM pacHpeesieHueM BO30YKIEHHUSI ONTHYECKON
pelIeTKH ¢ y4yeToM KO3 (UIIMEHTOB B3aUMHOM CBSI3U MEXK/y CBETOBOJIaMHU.

3AK/IIOYEHHE

Takum 00pa3om, MPEIJIOKEHHBINH MOAXO0/ MO3BOJSET OMUCATh MPHUHIIMI KOMMYTAIIMH Ha OCHOBE
U3MEHEHHUsT  TMPOBOJMMOCTH  TPUEMHBIX  CBETOBOJOB  OMNpEAENSEeMBbI  aMIUIUTYIHO-(Pa30BbIM
pacripeieiecHueM BO30YKJIEHUSI ONTUYECKOW PEIIETKH. Y CTPOMCTBO MCIOJB3YIONIEe JAHHBIN TPHHITUI
KOMMYTAallMd TMO3BOJIUT BBINOJIHATE IEPEPACIPEICICHUE ONTUYECKUX ITOTOKOB B BBICOKOCKOPOCTHBIX
ONTHUYECKUX CETsIX 0€3 BBIMOITHEHUS TPeoOpa30BaHUsl ONITUYECKUNA CUTHA — AJIEKTPUIECKUN U oOpaTHOE.
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