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PO3POBKA AJITOPUTMIB ®OPMYBAHHSI TA OBPOBKH
LIMPOKOCMYTOBUX IMITYJIbCHUX CUTHAJIIB HA OCHOBI
MOXIJJTHOI CHCTEMHY KOJIB BAPKEPA-YOUILLA J1JISI
PAJIOJIOKATOPIB 3 AHTEHHUMH PELIITKAMHU

XapkiBcbkuil HanioHanbHUH yHiBepcuteT [loBiTpsiaux Cun imeni IBana Koskeny0a

AHoTamiss: Y CTarTi pO3MNISHYTO aKTyajbHY INpOOJieMy IMi/IBUILCHHS OCHOBHHUX TEXHIYHHUX XapaKTEPHCTHK
Pa/ioIOKATOPIB 3 AaHTCHHUMH PEIiTKAMH, TAKUX SIK JaJIbHICTh, PO3/UIbHA 3AaTHICTh Ta 3aBaJOCTIHKICTh. 3aIIPOMIOHOBAHO
HOBUI MiXia 10 (GOpPMyBaHHS IIUPOKOCMYTOBUX IMIYJIbCHUX CHTHATIB 3 (Da30KOJI0BOIO MOIYJIALIEI0, SIKUI 0a3yeThes
Ha CHHTE31 MOXIiTHOI (CKJIaaeHoi) CHCTEMH CHWTHATIB Ha OCHOBI KoIiB Bapkepa Ta Yomma. ['0JIoBHOIO IepeBaroro
3aIIPOIIOHOBAHOI'0 METO.Y € 3aTHICTh 3HAYHO 301IBIIUTH CHEPTil0 BUIIPOMIHIOBAHHS 33 PaXyHOK BUKOPHCTAaHHS JOBIUX
MTOCITITOBHOCTEH 0e3 3pOCTaHHs PiBHSA OIYHMX IEITIOCTOK aBTOKopelsniiHol GyHkmii (AK®). HaBemneno pesynbratu
MojeoBaHHA B cepenoBuili MathCAD, siki miaTBEpKYIOTh €(PeKTHBHICTH 3alIPOITOHOBAHOTO crioco0y. [TokaszaHo, 1o
cyma AK® BciX eneMeHTIB MOXiJHOT CHCTEMH Ma€ YiTKHH TOJIOBHHH IETFOCTOK i 3HAYHO 3HI)KCHUH PIBEHb OIYHHX
MENTIOCTKIB 3aBASKH X KOMIeHcarii B nmpotudasi. Po3pobiaeHo cTpyKTypHI cxemMu Momyinsi (GOpMyBaHHS CHUTHANTIB Ta
0araTokaHaJbHOTO KOPEJsATOpa JJisl iX 00poOKu. MoIetoBaHHS AEMOHCTPYE BUCOKY 3aBaJIOCTIHKICTh CHCTEMH, OCKIJIbKH
Ha BUXO/Il CyMaTopa CIIOCTEPIraeThCs YiTKHH KOPEJSILiHHUIN MK KOPUCHOTO CUTHAJTY Ha TJi 3HA4YHO OCIIa0JIeHOTo IyMy.

KoaiouoBi ciioBa: nmimpoKoCcMyroBHil CUTHAI, pajiionokarop, (hazoBaHa aHTEHHA pelliTKa, (a3oBa MaHIMyJIsLis, KO
Bapkepa, ko Youriia, oxXijHa CHCTeMa CUTHAJIIB, aBTOKOPEJsIiitHa (YHKIlis, OaraToKaHaJIbHUNA KOPEIIATOP.

Beryn. Bigomo, 1o cepel OCHOBHHUX BUMOT JI0 IIMPOKOCMYTOBUX IMITYJIbCHUX CHUTHAJIB, SIKI
BUKOPHUCTOBYIOTBCSI B IMITYJIbCHUX pa/lioJIOKaTOpax 3 aHTEHHUMH peIlliTKaMH, € 3abe3ledyeHHs
MaJioro piBHs O1YHUX MEIOCTOK IXHIX aBTOKopenauiiHux GyHkuii (AK®D), MOKIUBICTb 301IbIIEHHS
eHeprii BHUIPOMIHIOBAHHS, 3MEHILIEHHS BIUIMBY JIOIUIEPIBCHKOIO 3CYBY 4YacTOTH, €(EeKTUBHE
BUKOPHUCTAHHS CIIEKTPIB YaCTOT CUTHAJIIB, 3aBaJOCTINKICTH [ 1, 2]. [cHYytOU1 pillieHHs, TaK1 SIK CUTHATIN
3 NiHIHHOIO YacTOTHOI Moaysmiero (JIYM) abo oOmexeHi 3a MOBXHHOIWO Koau bapkepa, He
JI03BOJIIIOTH MOBHICTIO BUPIIIUTH LI 3aBJaHHA. Meroro naHoi poOOTH € po3poOKa alropuTMiB
(dopMyBaHHS Ta 0OpPOOKH HIMPOKOCMYTOBUX IMITYJIbCHUX CUTHAJIB 3 ()a30K00BOIO MOAYJISLIEI0 HA
OCHOBI MOX1/1HOT (CKJIa/IeHOT) CUCTEMU CUTHAIIB Ul PaioOKaTOPiB 3 aHTEHHUMH PELIITKaMu Mpu
BUKOpUCTaHHI KoAiB bapkepa Ta Youia, a TakoX MpoBeIeHHs OI[IHKH 1X e()eKTUBHOCTI.

Marepiamu ta mMeroau. J{ns mOocATHEHHS MeTH OyJ0 BUKOPHUCTAaHO METOJ CHHTE3Y TOXIiITHUX
CHCTEM CUTHAJIB LIUIIXOM I10 €JIEMEHTHOI'0 CKJIaZlaHHA 3a MoayJeM 2 (onepauist XOR) kozi Youia
(BuxigHa cuctema) Ta KoJiB bapkepa (renepyroda cucrema) [3].

Enement noxigHoi cucteMu (OpMy€eThCS SIK:

v, =wal(n®)+(b,b,...b_N) (1)

EdexTuBHICTh 3amponoHOBaHOTO CMocoOy OIIHIOBaJach 3a JIOMOMOTOK KOMIT'FOTEPHOTO
MojentoBanHs B cepenoBuii MathCAD, 1o BkiIouano po3paxyHOK aBTOKOPENSALINHUX (YHKIIH,
aHaJII3 BIUIUBY JIOTUIEPIBCHKOTO 3CYBY Ta OIIHKY 3aBaJIOCTIHKOCTI B YMOBaX IIyMY.

Pe3ynbTaT Ta 00rOBOpeHH

B pesynbTaTi mocmipkeHHs 0yJ10 CHHTE30BaHO TTOXIIHY CHCTEMY CUTHAIIB MOpsiAKiB N=4 Ta N=8.

MopenioBaHHsl TOKa3ajo, M0 €JIEMEHTH 1i€i CHCTEMH YCIaIKOBYIOTb HU3bKUH DPIBEHb O1YHUX



nemoctok AK® (<0.25) Bix koxiB bapkepa. KimtouoBum pesynbratom € Te, mo cyma AK®D Bcix
€JIEMEHTIB MOX1/IHOT CUCTEMHU Ma€ Pi3KO BUPaKEHY TOJIOBHY METIOCTKY 1 3HAYHO 3HIKEHHI PiBEHb
OIYHMX TMEIIOCTOK 3a PaxyHOK iX KoMrieHcamii B mpoTudaszi. Ha ocHOBI oTpuMaHUX HdaHUX
PO3pO0IEHO CTPYKTYpPHI CXeMHU MOJIYJsl (OPMYBaHHS CHTHAJIIB Ta 0araTOKaHAIBHOTO KOPEIsTOpa
00poOku. MojenoBaHHsS MIATBEPAMIO BHUCOKY 3aBaJOCTICTKICTh CHCTEMHU: Ha BHXOJ1 CymaTopa
CIIOCTEPITa€THCS YITKUN KOPENALIHHUH MK KOPUCHOTO CHUTHAITY Ha TJIi 3HAYHO OCJIA0JICHOTO HIyMY,
10 TOSICHIOETHCS €(hEKTOM PO3LIUPEHHS CIIEKTPY BY3bKOCMYTOBHX 3aBa/l IPH KOPEJIALiiHIN 00po0iIi

[4].
BucHoBKH

3anponoHoBaHuil cmocid QGopmMyBaHHS Ta OOpPOOKHM IIMPOKOCMYTOBHX CHTHAJIIB Ha OCHOBI
noxigHoi cuctemu bapkepa-Yoma 103Bosisie 30UIBIINTH €HEPTiI0 BUIIPOMIHIOBAHHS 332 PAaXyHOK
BUKOPHUCTAHHS JIOBI'HX MTOCIIJOBHOCTEH, MiABUIIUTH PO3ALIBHY 3AaTHICT 1 TOYHICTh BUMIPIOBAaHHS
JAIHOCT1 3aBISKA BY3bKOMY TOJIOBHOMY TeltocTKy cymapHoi AK®D, a Takox miJBULIUTH
3aBaJIOCTIMKICTh BHACIIIOK BJIACTUBOCTEH KOZOBOTO PO3AUICHHS cUrHATIB. OTpuUMaHi pe3ylbTaTu
BIJIKpUBAIOTh TEPCIEKTUBH Ui BIPOBA/KCHHS B CYYaCHHX paTiOJIOKAl[IHHUX CHUCTeMax 3
AHTEHHUMHU PEILITKAMH.
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DEVELOPMENT OF ALGORITHMS FOR FORMATION AND PROCESSING OF BROADBAND
PULSE SIGNALS BASED ON THE DERIVATIVE SYSTEM OF BARKER-WALSH CODES FOR
RADAR WITH ANTENNA ARRAYS

Abstract: The article addresses the pressing issue of enhancing the key technical characteristics of phased array
radars, such as range, resolution, and noise immunity. A novel approach to the formation of wideband phase-coded pulse
signals is proposed, based on the synthesis of a derived (composite) signal system using Barker and Walsh codes. The
main advantage of the proposed method is its ability to significantly increase the radiated energy through the use of long
sequences without raising the level of the autocorrelation function (ACF) sidelobes. The results of simulation in the
MathCAD environment, which confirm the effectiveness of the proposed method, are presented. It is shown that the sum
of the ACFs of all elements of the derived system has a distinct main lobe and a significantly reduced level of sidelobes
due to their compensation in antiphase. Structural diagrams of a signal formation module and a multichannel correlator
for their processing have been developed. Simulation demonstrates the high noise immunity of the system, as a clear
correlation peak of the useful signal is observed at the output of the adder against a background of significantly attenuated
noise.

Keywords: wideband signal, radar, phased array, phase shift keying (PSK), Barker code, Walsh code, derived signal
system, autocorrelation function, multichannel correlator.
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