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B oannom ooxnaoe 6Oyoem coenam o0630p no 00HOMY U3 Hauboiee NepPcneKmuBHbIX
Hanpaeienull pazeumus cospemeHnou paouomexnuxu CBY - muxposonnosoii ¢gpomonuke. B
doknade 6yoym npugeoenvl Hauboaee sapKue npumepvl NpUMeHeHus memooos u cpeocms MWP &
cucmemax paouocsazu u paouoiokayuu. /Janusiii 00K1ao npeonoiazaemcs coeiams 6Cmynumeib-
HbIM K ceputt 00K1a008 no MWP

KitoueBble cioBa: (OTOHHMKA, MUKPOBOJIHOBas (DOTOHHMKA, BOJOKOHHO-ONTHYECKas
pPaaNoCBsI3b, BOJIOKOHHO-ONTUYECKUE JIMHUM CBSI3H, TOJYIPOBOJHUKOBLIE JIa3€pHBIE
IUOJIbI,  DJEKTPO-ONTHUYECKUE  MOIAYISATOPBI,  (POTOAETEKTOPHI,  BOJOKOHHBIC
YCUJIUTENH, dNIeKTpo-ontudyeckue reaeparopsl CBY, poronnsie AL, ADAP.

[Tpumepno 10 et Ha3an B 3apyOeXKHOW MEPUOIUKE CTAIH MOSBIATHCS COOOIIE-
HUS O CO3JaHUM TBEPAOTEIbHBIX CBEPXBBICOKOYACTOTHBIX M CBEPXIIMPOKOIOIOCHBIX
AIIEKTPO-ONTUYECKUX U ONTO-3JEKTPOHHBIX ycTpoilcTB. HakoruienHas 3a 3TU TOAbI
uH(pOpMaIs O3BOJISIET CAENaTh CeAYIOIIee MPEANOoNI0KEeHHE: B 00JIaCTH paiuOTEX-
Huku CBY npoucxonsar kakue-to pyHIaMeHTalbHble u3MeHeHus. [Ipuuém peub uaér
HE 0 KaKMX-TO HOBBIX TEXHOJOTUYECKUX MJIM CXEMOTEXHUYECKUX PEIICHUsX B obac-
TH TPAJUIMOHHON PaIMO3JIEKTPOHUKH, & O TPUHIIMIINAIBHO HOBBIX pa3jenax paauo-
TEXHUKH, KOTOpPbIE HA3bIBAIOT (OTOHUKOM, pPaguoPOTOHUKOW W MHUKPOBOIHOBOM
¢dotonukoit ( Microwave Photonics - MWP ).

JlaHHBINA JOKIIAJ NPEaIoaraeTcsi cienaTh 0030pHBIM U BCTYMHUTENbHBIM K Ce-
pun nokianoB mo MWP. Llenb 3Toro nokiana - mokasath HauOoJiee ipKUe MPUMEPhI
pUMEHEHUsI MeTo10B U cpeacTB MWP B cuctemax paanocBs3u U paguoiaOKaIiy.

Jliist Hayana HeoOXOJIMMO HEMHOTO MOTOBOPUTH O (DOTOHMKE BOOOINE - YTO 3TO
TaKo€ U, KaKOBbI MPUYUHBI €€ MOsIBICHUS U OypHOro pa3zButus? OZHUM U3 MEPBHIX
TepMuH “QoToHuKa” ucnonb3zoBaid B 1967 rony akagemuk A.H. Tepenun [1]. Ilox
TUM TEPMUHOM OH MOHKMAaJ “‘COBOKYIHOCThH B3aUMOCBS3aHHBIX (OTOPUINUECKUX U
doToxumuyeckux mnpoieccoB”’. CrpaBeJIMBOCTH PAIU CIEIYET OTMETUTh, YTO TaKOe
OTpeJIeieHHe OTHOCUT JaHHYIO JUCIUIUIMHY CKOpee K (PU3MYEeCKON XUMUHU, a HE K
paanoTexHuke. B MUpoBOil Hayke MOTy4Yusio pacpocTpaHenue 6osee no3aHee u 0o-
Jiee MIMpOKoe onpeeneHne GOTOHNKY, KaK pasziesia HayKy, U3y4alollero CUCTEMBI, B
KOTOPBIX HOCUTENIAMH MH(pOpMauu sSBistoTcs GoToHsl [2]. B a3TOoM cMmbicne TepMuH
“(oroHnka” BHepBble Npo3Bydad Ha 9-om MexayHapoJIHOM KOHIpecce IO
ckopoctHoil Qororpaduu (Denver. USA. 1970). Cyns mo BceMy, KakKoro-To
OOLIENPUHATOr0 ompenesaeHUuss POTOHUKHU, KaK OTpaciid HayKu U TexXHUKU HeT. C
TOYKHU 3pPEHUsI aBTOPOB, NPUMEHUTENIBHO K PAaJUOTEXHHKE HamOoJiee MpUEeMIIEMbIM
ABIIAETCS OIpejesieHne, NaHHoe ¢paHIy3ckuM yuéHbiM Ilbepom OiirpeitnHom [3],
KoTopblii B 1967 rony Ha3zBan (OTOHUKOM HayKy OO0 HCIOIB30BaHUU CBETa B



pasnu4HbIX chepax NPUMEHEHHs, BKIIOUAIOIIYI0 B ce0sl reHepaluio, 0OHapyKeHHUE U
YIPABJIEHUE CBETOM.

[IpuHIMNUanbHOE OTIMYME (POTOHUKH OT TPUBBIYHOW HAM DIIEKTPOHUKH
3aKJIFOYAETCS] B TOM, YTO BMECTO 3JIEKTPOHA B POTOHHBIX YCTPOMCTBAX MCTIOIB3YETCS
¢otoH. DoOTOHHBIE YCTPONCTBA, B TMEPCHNEKTHBE, OYyAYT HMMETh TUraHTCKUE
MPEeUMYIECTBa Mepe/ 3JIEKTPOHHBIMU yCTpoHcTBaMu. Tak Hampumep, (pOTOHBI, B
OTJINYKE OT BJIEKTPOHOB, HE UMEIOT BECa U HE CO3JAI0T conpoTusieHus. [loaTomy,
(DOTOHHBIE YCTPOCTBA MOTYT (JOPMUPOBATH HMITYJIECHI ITHTEIBHOCTEIO MeHee 1077
CeKyHIbl [3], 4TO MpUMEPHO HA 5-6 NOPSAKOB MEHBIIE JIUTEIBHOCTA CaMbIX
KOPOTKHUX UMITYIbCOB, (POPMUPYEMBIX IJIEKTPOHHBIMHU YCTPOMCTBAMHU.

B HacTosimmii MOMEHT B MUpPE YK€ CO3/laHa MOJIHOLEHHAsT MHOTOMpoduiIbHAS
(GOTOHHAsE TPOMBIIUIEHHOCTh, KOTOpasl CIEUUATU3UpyeTCsl Ha pa3paboTke U
IIPOU3BOJICTBE

- TBEPAOTENHHBIX HCTOYHUKOB cBeTa ( TOJYNPOBOAHUKOBBIX Ja3epoB H
CBETOM3JIYYAIOIINX JUOAO0B ),

- ONTUYECKUX IIMH JAHHBIX, ONTHYECKUX HOocutened uHpopmanuu tumna CD,
DVD, ronorpadpuueckux cpen, KUAKOKPUCTAUIMYECKUX SKPAHOB, YCTAaHOBOK
MAIIMHHOTO 3PEHUS, KOMIOHEHTOB ONTOBOJIOKOHHBIX JTUHUN CBSI3H U T.[I.

B mnocnennee BpeMms, (OTOHMKAa CTAaHOBUTCA OJAHUM M3 BEIYIIUX PHIHOYHBIX
CEKTOpOB EBpombI, KOTOpasi B CBOK OYEpE.b, SBISECTCS MUPOBBIM JIMAECPOM B 3TOU
obnactu. Temmnsl pa3Butusa ¢poTonuku Brnedamsitor [3]: ¢ 2003r. mo 2010 r.

- KOJIMYECTBO paboT 0 3TOW TeMaTUKe BO3POCIo B 3 pasa;

- CTOUMOCTH NPOAYKIIUYU yBelnuuiach 6osiee ueM B 4 pasa;

- KOJIMYECTBO MAaTEHTOB BO3pPOCIO B 3 pasa.

[loaTOoMy, Benuka BEpPOATHOCTH TOro, yTo 21-ii Bek OyAyT Ha3bIBaThb BEKOM
dboToHa, 10 aHAJIOTUH C TeM, Kak 20-if BeK Ha3bIBaJIu BEKOM djeKTpoHa [3]. B monb3y
ATOr0 TOBOPHUT U TO, YTO BJEKTPOHUKA, B HACTOSAIINI MOMEHT, YK€ MOJOILIA K CBOUM
MNOTCHIMAIBHBIM (U3UYECKUM TIpeliesiaM, XOTS TOSIBJICHHE HOBBIX MAaTepHasoB,
Hampumep rpadeHa, BEpoOsTHO, eml€é MPOJJIUT Ha HEKOTOPOe BpeMs “TereMOHHI0”
TPAAULIMOHHOMN AIEKTPOHUKH.

Jlanee mnoroBopuM O TMpPUYMHAX, MO KOTOPbIM (OTOHMKA CTaja aKTHUBHO
npoHukaTh B TexHUKy CBY, B pe3ynbpTaTe uero coOCTBEHHO M MOABWIACH (POTOHMKA
CBY wim MWP. Vcxoas U3 HakomieHHOW HHGOPMALMHM, MOKHO MPEANOI0KUTh
CJIEAYIOIEe: OCHOBHOW NPUYUHON IIOSBICHUS U IIUPOKOro pacrpocrtpanenus MWP
ObU1a TOTPEOHOCTH B pa3BUTUU cBepXCkopocTHHIX ( g0 100 ['6/cex u BbIle ) TUHUN
CBA3U ISl IEPENAYN CBEPXIIMPOKOINOIOCHBIX CUTHAJIOB ¢ IIMPUHON cniekTtpa 10 100
I'Tu u 6onee. g nepegaun TakuxX CBEPXIIMPOKONOIOCHBIX CUTHAJIOB HEOOXOAUMO
HCIIOJIb30BATh HECYIIHME C 4YacTOTaMM B palOHE IECATKOB, W Aaxe coreH [Tm.
[lepenaya curHanoB ¢ TAKUMU HECYUIUMU MpoOIeMaTHYHA JaKe Ha HE3HAUUTEIIbHbIE
paccTosiHue: npu nepeaade yepes3 a¢up Bcero Ha 100 M curHana ¢ Hecyuiei B pailoHe
50 I'Tu, norepu coctaar 6onee 100 nb. Ilorepu B KoakcuanbHBIX Kabensax OyayT
HEMHOT'O TOMEHBIIE, HO U TYyT, B JIy4IIEM CIlydae, pedb MOXET HUIATU O COTHAX
METpPOB, MPUYEM CTOUTH 3TO OyAET OYEHB AOPOTO.

[loaTomMy, mepenada TakWX CBEPXIIMPOKOIIOJIOCHBIX CHUTHAJOB Ha JallbHHE
PACCTOSIHUM: JAECATKH, COTHU M JaXK€ THICSIYM KUJIOMETPOB ObLIa BO3MOXKHA TOJIBKO



M0 BOJIOKOHHO-oNTHYeCcKUM JUHUAM cBsizu ( BOJIC ). M Toybko Ha KOHEUYHOM 3Tarie
nepeadn CBEPXUIMPOKOIOIOCHOIO CUTHAJIA - B TOYKE pa3BETBIICHUA JJI1 AaOOHEHTOB
JIOKaJbHOW CETH - MOKHO MCIOJIB30BaTh nepeaavy yepes 3gup (puc. 1)
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Puc. 1. CrpykrypHas cxema cetu ROF

Takol THUII CBSI3M HA3BIBACTCS BOJOKOHHO-OITHYECKOM pPaanuoCBA3bIO, UJIA, KAK

ATO MPUHATO Ha3biBaTh 3a pyoexxkoMm [4], Radio - over - Fiber ( ROF ). bonee
neranbHO cTpykTypHasa cxema BOJIC gns cetu ROF npuBenena Ha puc. 2
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Puc. 2. Ctpykrypnas cxema BOJIC mst cetn ROF

[Tepenaua cBepxmupokomnosocHoro CBY curnana ocymecTBiIsieTcs Ciaeayonm
obOpazom:

- CHayaja ONTHYECKMM CHUTHaI MOOYJIUPYCTCA BXOIAHBIM I/IH(i)OpMaI_II/IOHHBIM

CBY curnanomM, KOTOpPBIM MOXET ObITh MpPEABApUTENBHO ycuieH Bo BxogHoMm CBY
YCUWINTEIIE,

- HICTOYHHUKOM OIITHYCCKOI'O CUI'HaJIa ABJIACTCSA HaSCpHBIfI A0,



- MOJYJISILIAS OCYILECTBIISAECTCS B 3JIEKTPO-ONTUYECKOM MOAYJISTOPE;

- Jlajee MpOMOJIYyJIMPOBAHHBIN ONTUYECKUN CUTHAN MOCTYIAeT Ha BXOJ ONTOBO-
JIOKOHHOT'O KabeJs;

- B OINTOBOJOKOHHOM KaOeJie CHUrHajl MOXET ObITh YCHJIEH ONTHYECKUM
BOJIOKOHHBIM YCHJIUTEJIEM;

- Ha BBIXOJIE€ ONTOBOJOKOHHOTO Kabess CTOUT (OTOJIETEKTOP, B KOTOPOM OCY-
HIECTBIISIETCS IEMOTYJIALMS ONITUYECKOTO CUTHAA;

- npoaerektupoBaHHbli CBY curHan, KOTOPBIM SBISETCS TOXKIECTBEHHOU
kornuen BxogHoro curHaia CBY, MmoxeT ObITh ycuiieH BeIXOAHBIM yeunutesnem CBY;

- BeixogHOM curHan CBY nmoctynaer Ha 3¢GUpHYIO aHTEHHY JIOKaJIbHOW CETH,
KoTopas Oblila MpuBeeHa Ha puc. 1.

Takum o6pazom, st TOro, 4YTOObl CBEPXIIMPOKOMNOJOCHBbIe curHainsl CBY
MOxHO Obuto mepenaBaTth nmo BOJIC, cHavasia »TUMH CUTHaJIaMUd HEOOXOJMMO
MPOMOYJIUPOBATH ONTUYECKUM CUTHAI.

Yro npencraBiger U3 cedst Npouecc MOAYISUUU ¢ GU3MUECKON TOUKU 3pEeHHUs?
OTO0 B3aUMOJECHCTBME B ONTHYECKOW Cpelie ONTUYECKUX M MHKPOBOJHOBBIX
CUTHAJIOB, @ M3YYEHHEM TaKUX B3aUMOJEHUCTBUUA M 3aHUMAETCs paslie]l HayKH,
koTopbIil Ha3biBaeTcss MWP ( ru.wikipedia.org/wiki ).

Kpome ontrko-MuKpOBOIHOBBIX B3aumoaenctsuii, MWP uzyudaet

- paboty ¢oToHHBIX ycTporicTB Ha CBY,;

- Meroabl ¢oTtoHHOro yrnpasieHuss CBY ycrpoiicTBaMU M JTUHUSIMU BBICOKO-
4acTOTHOM mepeayu;

- BO3MOXHbIE€ BAapUAHTHl HCIOJB30BaHUE (POTOHUKHU JUISI  BBIIOJIHEHHUS
pPa3IUYHBIX (PYHKIIMI B MUKPOBOJIHOBBIX CXEMaX.

Jlanee moroBopum 006 35emeHTHOM 6a3e MWP.

B kauecTBe  HMCTOYHHMKOB  ONTHYECKOIO  CHUTHajla  MCHOJB3YIOTCS
MOJIYIIPOBOJJHUKOBBIE JIa3epbl, KOTOPbIE C MOMEHTA MOsABIEHUs B Hayaie 60-x roaos
MPOLUIH MyTh OT OTHOCUTEIBHO MPOCTHIX JIa3€pOB HA OCHOBE roMonepexoaa [5] ao
COBpPEMEHHBIX JlazepoB [6,7,8] ¢ pacnpenenénHoir obpatHoit cBs3pio ( distributed
feedback laser ) u mazepoB ¢ cuHXxpoHU3UpoBaHHEIMU MojaMu (Mode-locked laser).

B kauecTBe 5JEKTPO-ONTUYECKUX MOIYJIATOPOB MOTYT HCHOJIb30BATHCS
MJIaHApHBIE MOIYJISATOpHl Ha OcHOBe wuHTedepomerpa Maxa-Ilangepa [9] wim
AJIEKTPO-MOrJIO0MIAIKe MOIYISATOPSI [10].

Bce BbllenepeyncieHHble MOAYIATOPBI B HACTOSAIIUMNA MOMEHT Peaau3yroTcs Mo
IUIAaHAPHBIM ~ CEPUUHONPUTOAHBIM TEXHOJIOTHSIM, M 0ojiee TOro, MOTYT OBbITh
WHTETPUPOBAHBI C TOJYIPOBOJAHUKOBBIMM JIA3€PHBIMH JUOAaMU B (POTOHHBIX
MOHOJIUTHBIX MHTErPaJbHBIX cxemax [7].

B kauecTBe cBepximmpokonosocHsX ycunureneir CBY moryT ucnosb3oBarhes,
Hanpumep, npakTudecku Bce MUC cBepXIIMPOKOMOJOCHBIX YCHIHTENEH (UPMbI
Hittite Microwave Corporation ( www.hittite.com ).

B kadecTBe KaHAIM3UPYIOIIEH Cpelbl, IO KOTOPOM pacmpoCTpaHseTCs
ONTUYECKUN CUTHAJN, HCIOJb3YeTCsl CTAHAApTHbIE ONTHYECKUE BOJOKHA. Jlis
YCUJICHUS MPOMOIYIHPOBAHHBIX ONTUYECKUX CUTHAIOB [11] MOTYT HMCHonb30BaThCA
BOJIOKOHHBIE 3pOueBbie yeunutenu (Erbium Doped Fiber Amplifier - EDFA).




s OEMOIYJISALINU ONTHYECKUX CUTHAJIOB, MIPOMOTYTUPOBAHHBIX
CBEpXIIMPOKONOJOCHbIMU curHaiamu CBY, B HACTOSIIMIT MOMEHT HMCIHOJIb3YIOTCS
[12] doTroamons Gerymieit BosHbI (traveling-wave photodiode).

Bce mnepeuncrnennsle Bbimie 3ieMeHThl Tpakta BOJIC yxke ceiluac uMeErOT
nuana3zoHsl pabounx yactor no CBY BxogaM-BbIxogaMm B HECKOJIBKO necatkoB [T,
Ha ocHOBe Takoii 3j1eMEHTHOM 0a3bl B HACTOSIIUNA MOMEHT CO3AaI0TCsI KaHAJIbI CBSI3HU
C mpomyckHo#l cnocoOHocThi0 Oonee 100 I'G/c, a B mepcrnekTuBe - MOTYT OBITh
CO3/IaHbI KaHAJIBI CBSI3U C TEPAOUTHOM MPOMYCKHOM criocooHocThIO [13].

Heo0xonuMo oTMETUTH, YTO MpoOJeMaMU BOJOKOHHO-ONTHYECKON pagnoCBs3H
C KaXJIbIM TOJOM HAuyMHAET 3aHUMAaTbCs BCE OoJibllie M OOJIbllIe WHKEHEPOB U
yu€HbIX - uccienosareneit. [lociaeanee MoXHO 00OCHOBATH TEM, UTO OOJIbIIAS YACTh
JIOKJIAJIOB, MPEJCTaBISEMbIX Ha €XKErOJIHBIX MEXIYHApPOJHBIX KOH(EpeHLIUsX IO
MWP [4,10, 12, 14, 16, 17], nocBsiaercs mpodiaemMaM Takoi paHoCBsI3H.

Jlamee 1OroBopuM O BO3MOXHBIX BapuaHTax npuMeHeHnus MWP B
paauonokanuu. C  MOMEHTa  MOfABJIECHHS  OoJjiee-MeHee  JIeeCTOCOOHBIX
paguonokatopoB B 40-X romax mnOpounuioro BeKa paguoJioOKalus W pPaauoOCBA3b
pa3BUBAINCH NPAKTUYECKH HE3aBUCUMO JpYr OT Jpyra, Tak KakK OOJBIIMHCTBO
paaunoiaokaTopoB padorano Ha yactorax oT 1 [T’ u BbIlIe, a yCTpoHCTBA paguoCBsI3H
- B JIy4IIIEM CJIy4dae, Ha 4acToTax nopsaka Heckonbkux coreH MI'u. Ho co BpemeHnew,
JUana3oHbl YacTOT ISl paMOJIOKAllUM U PAJANOCBSI3M CHavalla CTalu COIMKATHCS, a
ceiiuac BooOOIE CTalM TMepeceKkaThCs, Kak B Ciydae C BOJOKOHHO-ONTUYECKOU
panuocBA3bl0. boisiee TOro, B HaCTOAIIMIT MOMEHT BCE yalle TOBOPUTCSA O TOM, UTO
MIPOUCXOJIUT HE TOJBKO COJMMKEHUE IUAna3oHOB pabOyMX 4acToT, HO U obiacteit
npuMenenuss cucrem PJIC, POb u cpeactB cBs3u. IIporpamMmbl co3pgaHusi Takux
OOBEUHEHHBIX CHUCTEM 3a pyOexoM yxke ocyuiecTBistorca. [lpumep Takoi
nporpaMmbl - 3T0 TipoekT BM® CIHIA AMRFC - Advanced Multifunction RF
Concept ( mepenoBas MHorodyHkimoHnaidbHas BY konmenmus). Ota cuctema [14]
MOXET OJTHOBPEMEHHO T'€HEPUPOBATH HECKOJIBKO JIyYe: OAUH JJIsI HABUTALIMOHHOTO
CKAaHUPOBAHUU, BTOPOM - JJIs1 pAIMOCBS3H B Mpeaeax NpsMOd BUIUMOCTH, TPETUH -
IUTs1 CITyTHUKOBOMW CBSI3H.

[ToaTomy, He yauBUTENBHO, 4YTO MeTOoAbl MWP cranmm nDpuMeEHATHCS B
paguoNIOKaluu, U Npexae Bcero B AKTUBHBIX Pa3upoBaHHBIX AHTEHHBIX Pemérkax
[15], xoTOpble, KaK HW3BECTHO, SIBISIOTCA OJIHUM M3 OCHOBHBIX aTpuOyTOB aBHUa-
LMOHHBIX KOMILJIEKCOB 5-T0 TTOKOJICHUS.

PaccMoTpuM KOHKpETHBIE NpPUMEPHI HCHOJb30BaHHA MeTonoB MWP s
peanuzanuu CBY TpakTOB paJMOJOKALIMOHHBIX YCTPOWCTB M OTHAEIBHBIX 3JIEMEHTOB
ATUX TPAKTOB.

B HekoTOophIX ucToYHMKaX [16] omucaHbl T.H. ONTO-3JEKTPOHHBIE T€HEPATOPHI
(opto-electronic oscillator - OEO). Ha puc. 3 npuBeaeHa ynpomiéHHas cxema TaKkoro
reHeparopa.
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Puc. 3. Crpykryphas cxema OEO.

[Mpuaun  padorst OEO  MOXHO  omucath  CIAEAYIOIHUM  00pa3oM.
[IIMpOKOMONTOCHBINM IIYMOBOM CHUTHAJ C BBIXOJA IIMPOKONoJocHoro ycunurens CBY
MOCTYIMAET Ha BXOJ MOJIOCHO-TIpomycKkatomero ¢uibrpa. ItoT [P dopmupyer
Y3KOIMOJOCHBIN IIYMOBOW cHTrHaj. YacTh 3TOro HIyMOBOTO CUTHajlda OTBETBISAETCS
HampaslieHHbIM oTBeTBUTeneM CBY i MoaynsiuuM ONTHYECKOTO CUTHalIa
JazepHOro  auona. Mopaynsuus — OCYIIECTBISETCS B DIIEKTPO-ONTHYECKOM
Mopaynarope. Jlanee mNpPOMONYNMPOBAHHBI ONTHYECKUM CUTHAJI TIOCTYNAeT B
ONTOBOJIOKHO, Ha BBIXOJ€ KOTOPOTO CTOUT QoroaeTekTop. [IpomerekTupoBaHHbIN
mymoBoi curHan CBY moctymaer na Bxon ycuiurens CBY. Takum o6pazom
dbopmupyeTcsl 1enb MOJOXKHUTEIbHOW 0OpaTHOM CBSI3M M CO3JAIOTCS YCIOBHS IS
CcaMOBO30Y>KJIeHUSI aBTOreHepaTopa. A B pOJM PE30HAHCHOTO DJEMEHTa 3TOU
oOpaTHOW CBSI3M BBICTYMAET ONTUYECKUH TPAKT - TOYHEE OTPE30K OMNTOBOJIOKHA.
JIoOpOTHOCTH TAaKOT'O PE30HAHCHOTO 3JIEMEHTA MOKET JOCTUTaTh 10°. st CpaBHEHUA
- JTIOOpOTHOCTb JUANEKTPUUYECKUX PE30HATOPOB, KOTOPbIE MPUMEHSIOTCS s
peanuzauuu reaeparopoB CBY npumepHo Ha 3 nopsiaka Huxke. [Ipuuém - 10° - 10
emé He npezaen. BmecTo onTOBOJIOKHA MOXKHO MCHOJB30BaTh U JApyrue (hOTOHHBIE
AJIEMEHTHI, HMelone Oonee BblcOkMe AoOpoTHOCTH. IIpemynoxkeHHas cxema
MO3BOJISIET CO3/1aBaTh (DUKCHPOBAHHBIE MPEIU3UOHHBIE MAJOIMIYMSIIUE HUCTOYHUKH
PaguOCUTHAJIOB AUAaNa30Ha OT COTEH Merarepil 10 JI€CSITKOB TUrarepi] ¢ peKOpAHbIMU
xapakTtepuctukamu. Eciiu prkcupoBaHHBIN MOJI0CO-TPONYCKAOIMNNA QUIBTP B CXEME
puc. 3 3aMEHUTh NEpPECTpauBaeMbIM, TO MOXHO noisryuutb OEO ¢ mepecTpoiikoit
yacToTel. HeoOxomumo oTmeTuTh, 4TO mnepectpoiika wyactorel OEO wmoxer
OCYHIECTBIISITHCS U APpyruMHu criocodbamu [17].

Cnegyer OTMETHTb, YTO B HACTOSIIMM MOMEHT peub Yyxke HUAET He 00
HKCIIEPUMEHTATBHBIX 00pa3lax, a 0 CEpUHHO-BBIITYCKAEMbIX U3/IENHUAX, KOTOPBIE yiKe
uMeroTcss Ha pbiHOKe. K mpumepy, cepuilHO BBITyCKaeMblid TeHepaTop (UPMBI
«OEwaves» ( www. oewaves.com ) umeeT Ha yactore 10 I'T'n ypoBeHb 4acTOTHBIX
myMoB -150 nbu/I'u npu orctpoiike ot Hecymieit Ha 10 KI'1.



Taxxe, ¢ ucnonb3oBanueM meTooB MWP peanusyiorcs mnepecTpanBaembie
CBUY - ¢uibtpel ( www. oewaves.com ) u apyrue snemMeHThsl TpaktoB CBY.

Opnum u3 Hanbosee MEepCreKTUBHBIX HampasieHui pazsutus MWP sBnsercs
pa3paboTKa ONTO-3JeKTPOHHBIX WK poToHHbIX ALIIL

CrpykrypHas cxema takoro AT npuBenena Ha puc. 4 [8].
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Puc. 4. Ctpykrypnas cxema ¢potornroro AT

W3BecTHO, 4TO TMpolecc ONMU(PPOBKH HAUYMHACTCS C JAMCKpETH3anuu. B maHHOM
ciydae nuckpetusanus BxogaHoro CBY curHamza oOcCymIeCTBISIETCS B DIEKTPO-
ONTUYECKOM MOJYJSATOPE TPH TOMOIIM CBEPXKOPOTKHX ONTHYECKHX HMITYJIHCOB.
Berire yxe roBopuioch, 4To (OTOHHBIE YCTPOHCTBA MOTYT (hOPMHUPOBATH UMITYITBCHI
JUIMTeNBHOCTEI0 10 107 Ccek, 9YTO IO3BOIMT OCYIIECTBIATh JAHCKPETH3AIHIO
CUTHAJOB C YacTOTaMHU J0 HecKoNbkuX necsaTkoB [ Tm. EcTe coobmieHusi, 4ro B
pamkax BoinonHeHus: nporpammel PACT ( Photonic A/D Converter Technology, [8])
rianupoBanack pazpadotrka poronnbsix ALl co ckopocthio g0 100 ['uraBeIOOpOK B
CEKYHJy U C pa3peniaroniei crrocooHOCThIO 10 4 OUT.

Kpome Toro, HeoOXOAMMO OTMETUTH, YTO Pa3pabOTKU BEIyTCS HE TOJBKO IO
doronnsiM AIlll, HO W TO aHAJIOTOBBEIM 3JEKTPO-ONTHYECKUM IPOIIECCOPaM.
N3BectHrl ciaeayromnue nporpaMmmbl DARPA (www.thelivingmoon.com/45jack files/
03documents/Darpa_Fact File.html) no nanHoii TemaTuke:

- Radio-Frequency Lightwave Integrated Circuits;

- Photonic Wavelength and Spatial Signal Processing;

- VLSI Photonics;

-Analog Optical Signal Proctssing.

Jlamee TMOTOBOPUM O BO3MOXKHBIX BapHaHTaX peaqu3allid MPUEMHBIX TPAKTOB
CBUY c ucnons3zoBanuem MerogoB MWP. Hauném ¢ nHaunbosnee cBexux npumepos. B
psage UCTOYHMKOB (wWww.military.com) conxepkuTcss HHPOpManuss O TOM, YTO B



HACTOSIIUA MOMEHT, B pamkax pabotr mo T.H. HPM - texuomorum ( high-power
microwave ) co3JiaHa M YCIELIHO MCIbITaHa TaK Ha3bIBaeMas CHCTEMa BOOPY>KEHUM
IOpsIMOTO  SHEPTeTUYECKOro JACHCTBUSA, NpUYEM pedb HIET 00 HMITYJIbCHBIX
yCcTpoiicTBax mMermux radaputsl nopsiaka 10 x 10 cM ¥ ypoBeHb H3Iydarolleu
MontHocTH 10 30 MBT ceiiuac u 100 MBt B nepcniektuBe. Kctatu roeopsi, Takue
pe3ysnbTaThl ObUIM JOCTUTHYTHI HMEHHO Onarojaps HCIOJb30BAHHIO METO/OB
MUKpPOBOJIHOBOM (oToHMKU. Eciu M3 COTHM Takux yCTPOHCTB coOpaTh MaHEelb
pasmepamu Bcero 1x1 M, TO MOKHO JTOCTUTHYTh cymMMapHoOi MomiHocTd B 10 I'Br,
JOCTaTOYHOM JJIi TOpa)karoled CHOCOOHOCTH Ha TaKTUYECKU H(P(PEKTHUBHBIX
paccrosiHusX. [loaTOMy, KpailHE aKTyaJbHbIMM CTAaHOBHUTCS BOIPOCHI 3alUTHI
BXOJHBIX TpPAaKTOB pPAJHOJOKALMOHHBIX YCTPOWCTB, TaK KakK TpPAaJAUIMOHHBIE
ANIEKTPOHHBIE 3AIMTHBIE YCTPOMCTBA B JAHHOM cllydae He cmacyT. YTo B 3TOM
cllydae MOXXHO NpeanpuHsATh? Bo3MOXHBIM BapuaHT pelieHHs] JaHHOW MpoOsieMbl
npuBoauTca B oaHoM w3 nareHToB CIIIA [18]. B stom mnareHtre omnucax
HERJIEKTPOHHBIM, MOTHOCTHIO AUAIEKTPUUYECKUN BXOJHOM KacKaJ paauolpHEMHUKA,
B KOTOPOM HCIIOJIb30BaHbl M30JSIIMOHHBIE CBOMCTBA (DOTOHUKU MJI yCTpaHEHUs
METAUIMYECKUX DJIEKTPOJOB, COCIUHSIONIMX BXOJHBIE TPAKTHl MPUEMHHKA C
aHTEHHOM. B ynpomeéHHOM BHJIE€ KOHCTPYKIMS HERJIEKTPOHHOTO BXOJHOIO KacKaja
BBITVISLIUT CJIEAYIOMKUM o0pa3oM (puc. 5).

E'J'IE.'ICII]EIMEIH-]HTHEIH BEOMHA

I_,.-'"'-_-—-_'_‘—‘-.,__
\1% gy
Of&paboTia TP
CHTHATOE
B semon 30 pesoHaTOp

w1 @]

Puc. 5. CtpykrypHas cxema HE3JIEKTPOHHOTO BXOJHOTO KacKa/ia paJuoNpUEeMHHUKA

B nonocTs BHYTpU HMIMHAPUYECKONW AUDIIEKTPUUECKON PE30HAHCHONW aHTEHHBI
(IPA) ompenenéunbiM o0pa3oM MoMeIaeTcs: IeKTpoonTuueckuit pezonarop (D0-
pE30HATOp), pPEaTM30BAHHBIA B BHUAE ONTHUYECKOrO0 pE30HaHCHOro aucka. JPA
BBITIOJIHSAET (PYHKIIMIO KOHLIEHTpATOpa MPUHUMAEMON MOIIHOCTU PajHO4YacTOTHOIO
m3nydyenus.  O0O-pe3oHaTop  CKOHQUIYypUpoBaH Ha  nOpuéM  CcUrHajga  oT
Beieynomsinytoir JIPA 3a cuér addexra Ilokkensca. Tak xe Ha 3TOT 3IEKTpO-
ONTUYECKUN PE30HATOp C ONTHYECKOrO BXOJa AHTEHHBI IMOCTYMAET ONTHYECKUU
CUTHAJl OT jJa3epHoro auoja. ONnThyeckre U pajrovyacTOTHbIE MOJIS BCTYMHAalOT BO
B3aMMOJICCTBHE, B PE3YJIbTATE YET0 HA ONTUYECKOM BBIXOJI€ aHTEHHBI (hOPMUpPYETCS
ONTUYECKUIN CHUTHAJ, MPOMOJYJIMPOBAHHBIA NpuHMMaeMbiM curHajiom CBY. Otot



curHan  nocrynaer Ha  (Qoronpuémuuk (PDII), Ha  BBIXOAE  KOTOPOTO
BOCCTaHaBiuBaeTcsa npuHuMmaemsblii curnan CBY. Takum obpas3om, obOecrieunBaercs
MOJIHAS M3O0JISIUMS MEXKAY TpPaHULEH BO3AYIIHOW CpEAbl U CIEAYIOLIEH 3a HEH
PagUOdIEKTPOHHOM CXEMOM, YTO AENAET BO3MOXKHBIM CO3JaHUE PaJUONPUEMHHUKA,
YCTOMYHUBOTO K BO3JCHCTBUIO 3JIEKTPOMArHUTHIX MMITYJIbCOB BBICOKON MOIIHOCTU U
CBUY - nMnynbcoB BICOKOW MOIIIHOCTH.

O4eBUIIHO, UTO 3TO YCTPOWCTBO HE SIBISETCA MIMPOKOIMOJIOCHBIM, HO B 3TOM K€
MATEHTE MPUBOJAUTCA €HIE OJHA KOHCTPYKLMS BXOJHOTO Kackaga, KOTopas HMMEET
Oonee MIMPOKUI [Mamna3oH pabouyux wyacToT. Pacmmpenuwe auanazoHa padodmMXx
YacTOT MPOUCXOJMT 3a CUET MPUMEHEHHUS HE OJHOrO, a HECKOJIBKMX ONTHYECKUX
MHKPOPE30HAHCHBIX TUCKOB.

Paccmorpum apyrue mnpuMeEpsl peanu3alud  3eMeHTOB TpakToB CBY ¢
HCIIO0JIb30BaHuEM MeTo0B MWP.

Kopnopanuss «Lockheed Martiny 3anaTeHToBana cXeMy JOIJIEPOBCKOTO
JIOKaTopa Ha OCHOBE (hOTOHHBIX 3JIeMeHTOB [19], B koTopom BxoaHo# curnan CBY
cpasy “3abpachiBaeTcsi” B ONITUYECKHUH Auara3oH (puc. 6).
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Puc. 6. CtpykTypHasi cxema JOIIEpOBCKOI0 JOKaToOpa Ha OCHOBE (DOTOHHBIX 3JIEMETOB.

B nanHoii cxeme B MOJHOM OOBEME HMCHOJB3YIOTCS CBOMCTBA 3JEKTPOONTUYECKHUX
pPE30HATOPOB, KaK B KadecTBe IepecTpamBaeMblX (UIBTPOB, TaK M B KauyecTBe
BBICOKOUYBCTBUTENBHBIX MOAYJISATOPOB. MHTEpeceH U TOT (hakT, 4TO B ITOU cxeme
peanu3oBaHa TPAJWLMOHHAS KOHUEIMLMS TIEPEHOCA CHEKTPa BBICOKOYACTOTHOTO
CUTHAJla Ha [JMana3oH [POMEXYTOUHBIX YACTOT, YAOOHBIX Uisi 00pabOTKU
U (POBBIMH METOJAMHU.

OTOT naTteHT OyKBaJIbHO MOJTAIKMUBAET HAC K UJI€€ CO3/aHUsI MHOTOKaHAIbHOIO
CBEPXIIUPOKONOJIOCHOTO CYNEPTETEPOAUHHOIO TNPUEMHHUKA, CTPYKTypHas cXeMa
KOTOpOTO IIPUBECHA Ha PUC. 7.
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Puc. 7. CrpykrypHas cxema
MHOTOKaHAJIbHOTO CBEPXUIMPOKOTIOJIOCHOTO CYEePreTepoAUHHOTIO IPUEMHUKA
(AH-1 - AH-N - pamuouactotusie anteHHsl; JJOC-1 - JIOC-3 - nenutenu ONTUYECKUX CUTHAJIOB;
JIN - mazepnsiit quoa; COC-1 - COC-N - cymmMaTopsl ONTHYECKUX CUTHAJIOB ( aHajoru alignment
Ha puc. 6); YOC-1 - YOC-N - ycunutenu ontudeckux curnanoB; /-1 - ®/I-N - doTonerekTopsr;
YD1 - YD-N - yactotHbie GunbTpbl; JOM-1 - DOM(N+1) - a51eKTpo-0nTHYECKHE MOAYIIATOPHI).

B sTtom mpuémuuke, ontuueckuit curnan jgaszepuoro auona JIJI (Foc) cnauana
MOCTYMAaeT Ha BXOJl JBYXKAaHAJIBHOTO JIeNUTeNs onTtuueckux curnanoB J1OC-2, oqun
M3 BBIXOJIOB KOTOPOTO COCIUHEH C ONTHYECKUM BXOJOM 3JIEKTPO-ONTHYECKOTO
Moxaynsaropa DOM-(N+1). Ha CBY Bxox storo moaynsaropa nocrynaetr CBY curnan
rerepoauna (Fr), kotopeiM mMomynupyetcs: ontuyeckuii curHai. C Boixomga DOM-
(N+1) npomoxynupoBanHbsii CBY curnajiom rerepojvHa ONTUYECKUM CHUTHAI
(Foc.mon.Fr) nmocrynaer Ha Bxoa N-KaHaJIbHOIO JENMUTENS ONTHYECKUX CUTHAJIOB
JNOC-3, rae mnpoWCXOAUT JACJeHHUE JaHHOro curHaia Ha N cHH(a3HBIX U
PaBHOAMIUIUTYIHBIX CUTHAJIOB. Jlaiee Kaxablii U3 3TUX N CUTHAJIOB IMOCTyHaeT Ha
OJIMH W3 BXOJIOB OJHOr0 MX cyMMaropoB ontudeckux curHaigoB COC-1 - COC-N,
KOTOPBIC SIBJISIOTCS aHAJOTaMu djieMeHTa “alignment” Ha puc. 6.

Co BTOpOr0 BBIXOJIa ABYXKAHAJIBHOTO JAeiauTens ontuueckux curnaioB JJOC - 2
CUTHAJI JJA3epHOTO MOJa MOCTyNaeT Ha BXOA N-KaHaIbHOTO JEIUTEN ONTHUYECKHUX
curHaioB JIOC-1, rje nmpoucxoaut JejleHrue AaHHOTO curHaia Ha N cHH(]a3HBIX U
PaBHOAMIUIMTYIHBIX CUTHAJIOB. Jlaysiee kaxabli M3 3TUX N CUTHAJIOB MOCTyIaeT Ha
ONTUYECKUN BXOJl OJHOTO U3 BJIEKTPO-ONTUUECKUX MOAYIATOpoB JOM-1 - DOM-N.
Ha CBY Bxonbl 3tux moaynstopo nocrynatoT CBY curnansl ot antenH AH-1 -
AH-N (FBx), KOTOPBIMH MOJYJIUPYIOTCS ONTHUYECKHE CUTHAJIBI.
[IpomonynupoBannbie BXoaubiMu CBY  curHajamMm  ONTHYECKHE  CUTHAJIBI
(Foc.mon.FBx) ¢ Bbixog0B D0OM-1 - 30OM-N noctymnator Ha cBo6oHbIe BX0a61 COC-
1 - COC-N.

B xaxxnmom COC-1 - COC-N npoucxoaut cymMupoBanue ( 00beUHEHUE ) ABYX
ONTHUYECKUX CHUTHAJIOB, OJIMH W3 KOTOPBIX mnpomoxayiupoBan CBY curnamsom
reTepoiuHa, npyroi - BxoaHbiM (MHpopMarmonHsiM) CBY curnamom. C BBIXOJOB
COC-1 - COC-N wmonynupoBanublie ontuueckue curHainbl (Foc.mom.Fr u
Foc.mon.FBX) moctymaior B 00IMe ONTOBOJIOKOHHBIE TPAKThI, IJI€ OHM CHayala

Fru

Fru



YCWJIMBAIOTCSI BOJIOKOHHBIMHM YCUJIUTESAMHU onTryeckux curHaigoB YOC-1 - YOC-N,
a TMOTOM TMOCTymalT Ha BxoAsl (ortoaerektopoB DJ-1 - OJ-N. B s1ux
dboToaeTeKTOpaxX MPOUCXOAUT cMellrBaHue ( MpeoOpa3zoBaHuE ) TaHHBIX OMTHUYECKUX
CUTHAJIOB C OO0pa3oBaHUEM IIUPOKOrO CIEKTPa BBIXOJHBIX PagUOYaCTOTHBIX
CUTHAJIOB. J1Jis BBIJIETICHUSI CUTHAJIOB ¢ TpeOyemMoil mpomexKyTouHoi yactoToi (Fru):
Hanpumep, Fc - Fr unu Fr - Fc, Ha BpIxo1ax 3THX ()OTO/IETEKTOPOB YCTAHABIUBAIOTCS
yacToTHble (GunbTpel UD-1 - YD-N, KOoTOphIe U BBIACISIOT CUTHAJ C Tpedyemoi
YaCTOTOH.

Takoli moaxo1 K NOCTPOEHUIO MTPUEMHBIX TpakToB CBY MO3BOMNSET 3HAUUTEIBHO
pacHIMpPUTh JAMANa30Hbl pabOUYUX YACTOT CYNEpreTepoMHHBIX MPUEMHUKOB. Kpome
TOro, coBpeMeHHble TexHoinorun MWP [13] no3BossitoT 00beIUHITh AUCKPETHBIE
sanemeHTsl MWP B MOHOMUTHBIE MHOTO(QYHKUIHMOHAIbHBIE HWHTETPAbHBIE CXEMbI
(MMMUC). Tlpumep Takoro oObEAMHEHHS NPUBEAEH HA pUC. 7, TIE€ MYHKTUPOM
BblJIeJIeHa BO3MOXkHas ctpykrypa MMUC, cocrosimas uz JIII, JOC-1, 10C-2, 1OC-
3 U D0M-(N+1). MoxHO mNpeanoyiokuTb, YTO NPHU 3aMEHE TPaJAUIMOHHOU
“3NIEeKTPOHHON” 3JIEeMEHTHOM 0a3bl Ha MHTETPAIbHYIO 3JIeMeHTHYI0 0azy MWP,
MOXXHO OXHJIaTh, KaK MHUHUMYM, KpaTHOTO YMEHbBILIEHHUS Ta0apUTOB BXOJHBIX
TpakToB CBY cynepreTepoAnHHBIX TPUEMHHUKOB.

Takum 00pa3zom, Ha OCHOBE BBIIIEU3IOKEHHOIO MOXHO CJeNaTh CIEAyIOIIHi
BbIBOJ: MWP HaumHaeT OBICTpHIMM TEMIIAMH NPOHUKATh, KaK MHUHHUMYM, BO
BXOJHBIE TPAKThI PAAUOJIOKALIMOHHBIX U PAJUOIIPUEMHBIX YCTPOUCTB.

[loaToMy, Bcem pa3paboTUMKaM U TMPOU3BOIUTENSIM  PAAUOIOKAIMOHHOM
TEXHUKHU, a TakK >Ke€ pa3paboTyukaM ceTed CBEpXIIUPOKOIUIOCHON paanoCBsi3i,
HEOOXOJIUMO CKOOPJIMHUPOBATh YCUJIMS C LEJIbI0 OpraHu3aluu o0IedeaepaabHbIX
nporpamMm pa3BuTHs (POTHUKH BOOOIE, 1 MUKPOBOJIHOBOW (POTOHUKH B YACTHOCTH.
Kpome Toro, npombIlIEHHBIM NPEINPUSTUSIM COBMECTHO C BBICHIMMHU Y4YEOHBIMU
3aBeICHUSIMU HEO0OXOAMMO pa3paboTaTh M 3aMyCTUTh Yy4yeOHBIE NPOrpaMMbl IIO
IOJIFOTOBKE CHELMAINCTOB B 00sactu MWP.
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