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AnHoranus. [IpeanoxkeH MeTon TreHepaluyd (OTOHHBIX CHUTHATIOB JUIS YaCTOTHO-Pa3HECCHHBIX
AHTCHHBIX PEHIETOK C KMCIOJh30BAHUEM JBYX ONTHUYCCKUX YACTOTHBIX TPeOEHOK, (HOPMHUPYEMBIX Ha
OCHOBE TAaHICMHOH aMIUTNTYIHO-()a30BOW MOAYIAUAN M YMHOXKEHHS YacTOTHL. METOA TO3BOJISET
MOJIYYaTh ABYXKAHAJIbHBIC CUTHANIBI C PA3JIMUHBIM YaCTOTHBIM Pa3HOCOM 03 IPUMEHEHUS THOPHTHBIX
OTBETBUTEJNIEH U CIIOKHBIX MOJYJATOPOB, UTO YIPOLIAET apXUTEKTYpPy CHUCTEMBI U CHUXKAET MOTEPH.
®opMupyemasi JAMarpaMMa HalpaBJICHHOCTHM HMEET TOYEYHBIM XapakTep, YTO MOBBIIAET
pa3penamyo CioCOOHOCTh CHCTEMBL.

KiroueBble cj10Ba: 4acTOTHO-pa3sHECEHHAs aHTEHHas pEIIETKa, ONTHYeCKas 4acTOTHas IpeOEHKa,
TaHJEMHast MOTYJIALHL.

BBenenne

TexHonorus ¢a3zupoBaHHbIX aHTeHHbIX peméTok (DAP) mmpoko mnpumeHsercs B
paaAMoIOKalMY, CBS3H U APYTUX 00J1acTsAX Oiaroapsi BBICOKOM HaIPaBJIEHHOCTH U BO3MOKHOCTH
ANEKTPOHHOTO ckaHupoBaHusa [1]. Omnako ®AP o006manar0T OrpaHUYEHUSIMU B TOJABJICHUU
OOKOBBIX JIETIECTKOB M pa3/eNIeHUH 1ieJiei, HaXOA[IIMXCS HAa OJHOM HaIPaBJICHHUH, HO Pa3HBIX
paccTosHusAX. [y pemieHuss 3TUX MpoOJieM MpenokKeHbl YaCTOTHO-PAa3HECCHHbIE aHTEHHBIE
pemérkn (UPAP), B KOTOpBIX Kak[asi aHTEHHA W3Jy4yaeT CUTHAJ Ha CJerka oTiIuYarolencs
4acTOTe, YTO MO3BOJIsieT (OPMUPOBATH JUArpaMMy HaIpaBICHHOCTH, 3aBUCSIIYIO KaK OT YIJa,
TaK U OT JAJIBHOCTH.

TpaguioHnHble MeTOIbI reHepanny curianoB YPAP ocHOBaHBI Ha 3JIEKTPOHHBIX CXEMaXx,
KOTOpBIE CTPaJarOT OT OrPAaHUYEHHOW IIOJIOCHI NPOIYCKAHMS, YACTOTHBIX IOTEPh U
AIIEKTPOMAarHUTHBIX ToMeX. PaanodoToHHbIE TEXHOJOTUH OOBEAUHSAIOT MPEUMYIIECTBA
ONTUYECKUX U MUKPOBOJHOBBIX CHUCTEM, 00€CIEUrBasi IIUPOKYIO MOJIOCY MPOMYCKAaHUs, HU3KUE
IOTEPU M YCTOMYMBOCTH K nomexam. OJHaKo cyniecTBYrOIUEe (pOTOHHBIE METOJbI T'€HEpaluu
curHaioB YPAP wacto TpeOyioT MHOXECTBAa KOMIIOHEHTOB, YTO YCJOXKHSET CHCTEMY U
YBEIIMUUBAET €€ CTOUMOCTb.

B nanHo#t pabGoTe mnpemaraercss YNpOIIEHHBIH METOA TeHEepalMu IBYXKaHaJbHBIX
curHanoB YPAP ¢ ucnonb3oBaHueM JBYX ONTHYECKUX YACTOTHBIX I'PEOEHOK, GOPMHUPYEMBIX Ha
OCHOBE TaHJEMHON aMIIUTYAHO-(ha3oBoi Moaymsiiuu (TADM) u ymMHOKEeHHS 4acTOThl. MeTos
UCKJTIOYaeT He0OXOJUMOCTh B THOPUIHBIX OTBETBUTEISAX U CIOKHBIX MOAYJISITOPAX, YTO CHMXKAET
IIOTEPU U YIIPOLIAET APXUTEKTYPY CUCTEMBL.
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MaTepI/laJlbl H METO/bI

Jlns renepauun curHanoB YPAP mnpemnoxkeHa cxema Ha OCHOBE JBYX OINTHYECKHX
gacToTHBIX Tpeb&Hok (OUIl') [2]. IlepBriii kanan Gopmupyer OUI' ¢ mogaBieHHON HeCyliel U
nByxmnojocHoi Moxyssinuei (CS-DSB) ¢ 6onpmmm pazHocoMm (1o 5 I'T) ¢ ucnonbs3oBaHuem
OJTHOTIOPTOBOT'O MOAYJISITOPA C yMHOKeHUEM 4acToThl 1 TADPM. Bropoii kanan popmupyer OUI’
¢ ManeiM paszHocoM (okono 1 MI) ¢ HCHOIb30BaHUEM OIHOMOPTOBOTO MOAYNIATOPA C
YMHOXEHUEM 4YacTOThl U IOAABJIEHUEM HecyiieW. s ynpaBiieHUs MHTEPMOIYJISLHOHHBIMU
HCKQXEHHUSIMU UCIIOJIb3YKOTCS MUKPOBOJIHOBBIE T€HEPATOPBI.

B kadecTBE HMCTOYHMKOB H3JIYyYECHHS MPUMEHSIOTCA JIa3epbl C Y3KOW CHEKTPAIbHOMU
LIMPUHOW JIMHUM. MOZYNSATOPHl BBINOJIHEHbl HAa OCHOBE AJIEKTPOONTHUYECKHUX KPHUCTAILIOB.
®opmupoBanue OUI' ocymiecTBiasieTcss B ONTUYECKOM JMAlla30HE C  IMOCIEAYHOLIEH
dboToaeTexIuei 1Isl MOTy4eHUs MUKPOBOJIHOBBIX CUTHAJIOB.

PesyabTaThl

[IpennokeHHbld METOJ IO3BOJISET I'€HEPUPOBATh JABYXKaHalbHble curHaisl YPAP ¢
pa3IMYHBIM YaCTOTHBIM Pa3sHOCOM O€3 MPUMEHEHHWsS THOPHIHBIX OTBETBUTENEH W CIIOKHBIX
MOJYJIATOPOB. JTO YIPOLIAET apXUTEKTypy CHCTEMBbl, CHWXXAET IIOTEPU M IOBBIIIAET
cTabmIbHOCTH padoTel. DopMupyeMast [uarpaMMa HalpaBICHHOCTH UMEET TOUCUHBIH XapakTep,
4TO 00€CIeunBaeT BHICOKOE pa3pelieHne 10 yIily U JaJbHOCTH.

Ncnonp3oBanue 1Byx OUI no3BosisieT He3aBUCUMO YIPABJIATh PA3HOCOM YacTOT B KaXK/I0M
KaHase, 4yTo o0ecrneynBaeT TI'MOKOCTb B (OPMHPOBAHMU JHArpaMMbl HaIPaBICHHOCTH.
OtcyrcTBUE THOPUIHBIX OTBETBUTENEH CHUYKAET MOTEPU U YIIPOLIAET HACTPOUKY CUCTEMBI.

3akao4eHue

PazpaGoran meton renepamuu QotoHHbIX curHanoB s YPAP, ocHoBaHHBIN Ha
ucnonb3oBanuu AByx OUI’, popmupyemsbix ¢ nomomuisio TA®M u yMHOXKEHUs 4acTOThl. MeTon
MO3BOJIIET YIPOCTUTh APXUTEKTYPY CHUCTEMBl, CHU3UTh IMOTEPU M MOBBICUTH CTAOMIBHOCTH
pabotbl. PopMupyeMas AuarpaMma HalpaBJIeHHOCTH UMEET TOYSUHBIH XapakTep, YTO YIydllIaeT
pa3pemaronlyto crnocoOHOCTh cucTeMbl. [IpenoKeHHbIN TOIX0/1 MOXKET OBITh UCIIOIH30BaH
B COBPEMEHHBIX PAINOJIOKALIMOHHBIX U KOMMYHUKAIIMOHHBIX CUCTEMAX BBICOKOTO Pa3peLICHHUS.

baaropapHocts

ABTOPBI BBIpaXaroT 01arogapHocTh npodeccopy kabeapsl paanohOTOHUKU U MUKPOBOJI-
HOBbIX TexHosnorui KHUTY-KAW Mopozosy O.I'.
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MICROWAVE PHOTONICS TECHNOLOGIES AND THEIR
ADVANTAGES IN THE RADIATION PATTERN FORMATION OF
FREQUENCY-SEPARATED ANTENNAS

V.D. Andreev, P.E. Denisenko

Kazan National Research Technical University named after A.N. Tupolev-KAI
10, K. Marx St., Kazan, 420111, Russian Federation

Absrtact. A method for generating photonic signals for frequency diverse arrays (FDA) using two
optical frequency combs (OFC) based on tandem amplitude-phase modulation and frequency
multiplication is proposed. The method allows obtaining two-channel signals with different frequency
offsets without hybrid couplers and complex modulators, which simplifies the system architecture and
reduces losses. The formed radiation pattern has a point-like shape, which improves the resolution of
the system.

Keywords: frequency diverse array, optical frequency comb, tandem modulation.
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