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CUHTE3 JUAT'PAMM HAIIPABJIEHHOCTH AHTEHH PJIC C JINHEAHBIM
CKAHUPOBAHUEM JIYUA U AMILTATYTHOM OBPABOTKOM CUTHAJIOB

AnHoTanus. B paguonokannonueix craniusax (PJIC) ¢ nuHEHHBIM CKaHUPOBAHKUEM Jyda YIJOBas pas3peliaronas Cro-
COOHOCTH OIpeeNIsIeTCs MUPHHON TUarpaMMbl HaIIPaBJICHHOCTH aHTCHHBI. TpaJuIMOHHBIM IyTEM €€ yBEIHYEHUs SBIISICT-
s TIOBBINICHUE pa3MepOB alepTyphl AaHTEHHBI, 9TO OTPAHUYNBACTCS TEXHHUECKUMH BO3MOKHOCTAMU. JIOCTHYD YBEITUUCHHUS
YTJIOBOH pa3peraromieil CrtocOOHOCTH MOXKHO ITyTeM HCHONIB30BaHHS CTICIIMATBHBIX METO0B 00PaOOTKH MPHHSTHIX CUTHAJIOB,
TO3BOJISIFOLIMX CHHTE3MPOBATh JUAarpaMMy HAIPaBIEHHOCTH C JKeJIaeMoi mupuHoi. Llens paboTs! cocTosna B pa3paboTke Me-
TOJIa CHHTE3a JuarpaMMbl HarpaBiieHHOCTH B PJIC ¢ MMHEHHBIM CKaHMPOBAaHHUEM JIyda ¥ aMILITUTYTHOH 00paboTKOM CHTHAJIOB.

[Ipennaraercss METOX CHHTE3a IHArPaMMBI C 33IaHHOM MIMPHUHOM, ONpeesieMoil pacCTOSHIEM MEXTy HYJISIMHU NEPBBIX
OOKOBBIX JIEIECTKOB. DTO JOCTUTACTCS ITyTEM OJHOBPEMEHHOH BECOBOH 00paOOTKH 3a/iepKaHHBIX BO BPEMEHH CUTHAJIOB Ha
BBIXOJIE IPUEMHHUKA U NX CYMMHPOBaHUs. MeTo/ CHHTEe3a THarpaMMbl OCHOBAH Ha BBIOOPE KPUTEPHS ONTHMAIBHOCTH Iy TeM
MHHUMM3ALHK KBaJPAaTHYHON QYHKIMHU MOTEepb. B cocTaB GyHKIMU BXOIUT claraemMoe, 00ecrneynBalonee MUHUMH3ALHIO
JAUCTIEPCUH LITYMOB Ha BbIXOJC IMPUEMHHNKA, a4 TAKXKE CJIara€Mbl€, YyUYUTHIBAIOIINC JIMHEWHBIE Or'paHUYCHUS HA aMIUIMTYy Aua-
IpaMMBbI HallPaBJICHHOCTH H €€ MIMPHHY. Pelenne 3a1aun ocymecTBIseTCsl HA OCHOBE METO/1a HEOIPEACICHHBIX MHOKHUTEIICH
Jlarpamxa ¢ TUHEHHBIMH orpaHHueHHSIMH. [lomydeHsl cTpyKTypHas cxema (JOPMUPOBAHUS AHArpaMMbI HAIPaBICHHOCTH,
COOTBETCTBYIOIIAs CXEME TPAHCBEPCAIBHOTO (PUIBTPA, X YPABHEHUS TSI HAXOXKACHHS €€ ONTHMAaTbHBIX TapaMeTPOB.

Bo3MOXHOCTH MeTOa MOKA3aHbI HAa MOJAEIBHBIX MIPUMEpPaxX CHHTE3a JUAarpaMM HANPaBICHHOCTU IPU PA3THIHOM YHC-
ne kaHaJoB u3Mepenuil. [Tonaraercs, 4To MCXOqHAsI UarpaMMa OIMIChIBACTCs rayccoBoil GpyHKIuen. PaccMoTpeHs! ciyyan
pPaBHOMEPHOT'0 U HEPAaBHOMEPHOT'O MOJIOKEHU T HCXOAHBIX Jy4el B inama3oHe IIHPUHBI HCXOIHOM Auarpammsl. MccnenoBana
3aBHCHMOCTb OTHOIICHHSI CHTHAJI/IITYM OT KOJIMYECTBA JHarpaMM HAIPaBICHHOCTH U aMIUIATY T OOKOBBIX JICTIECTKOB.

KuroueBble ci10Ba: yrioBas pa3pemaomas CiocoOOHOCTh, AUarpaMMa HallpaBJICHHOCTH aHTSHHBI, ITMPUHA THaTr paMMbI
HaNpPaBICHHOCTH, ONTUMHM3ALUS, METO MHOKHUTeneH Jlarpamxka
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SYNTHESIS OF RADAR ANTENNA PATTERNS WITH LINEAR BEAM SCANNING AND AMPLITUDE
SIGNAL PROCESSING

Abstract. In radars with linear beam scanning the angular resolution is determined by the width of the antenna pattern.
The traditional way to increase this resolution is to enlarge the size of the antenna aperture, which is limited by technical ca-
pabilities. It is possible to achieve an increase in the angular resolution by using special methods for processing the received
signals, which make it possible to synthesize the antenna pattern with the desired width. The aim of the work was to develop
such method for synthesizing of radar antenna pattern with linear beam scanning and amplitude signal processing. A method
for the synthesis of the antenna patterns with a given width, determined by the distance between the zeros of the first side
lobes is proposed. This is reached by simultaneous processing of delayed signals in the output of the receiver and its sum-
mations. The method of pattern synthesis is based on the choice of the optimality criterion by minimizing the quadratic loss
function. This function includes a term that minimizes the noise variance at the output of the receiver, as well as terms that
take into account linear restrictions on the antenna pattern amplitude and width. The solution to the problem is carried out on
the basis of the method of Lagrange multipliers with linear constraints.

The capabilities of the method are shown in model examples of the synthesis of antenna patterns with different number
of measurement channels. It is assumed that the initial diagram is described by a Gaussian function. The cases of uniform and
nonuniform distribution of angles in the range of the initial antenna pattern are considered. The dependence of the signal-to-
noise ratio on the number of directional patterns and the amplitude of the side lobes is investigated.
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Beenenue. YrioBas paspemiaromnias ciocoOHOCTh paauonokannoHHbix craniuil (PJIC) onpenens-
eTcs IUPUHON AMarpaMMbl HAIIPaBJICHHOCTH aHTeHHHI [1]. YacTo aTa BennunHa He yIOBIETBOPSIET XKe-
JIAeMbIM TaKTUKO-TEXHUYECKUM TPEOOBAHMIM, IPEABSIBISIEMBIM K CUCTEME, U TPAIUIIHOHHBIM Ty TeM
€e YBEIMUCHUS SBJISIETCS MOBBIIIEHUE Pa3MEPOB alepTypbl aHTEHHBI, YTO OIPAHUYUBACTCS TEXHUYE-
CKMMHU BO3MOXKHOCTSIMH. JIOCTHYB yBEIMUYCHHS YTJIOBOH pa3pelaronieil ClloCOOHOCTH MOYKHO MyTeM
UCIIOJIb30BaHUS CIIEUAIBHBIX METO0B 00pabOTKM MPUHATHIX CHUTHAJIOB, MO3BOJISIOLINX CHHTE3UPO-
BaTh quarpaMmy HarpasieHHocTH ([{H) ¢ Menseit mupunoil. CunresupoBannble JJH ncnomsiyrores
B PJIC ¢ ¢dasupoBannbiMu aHTeHHBIMU pemieTkaMu (PAP) myrem ¢a3oBoii 00pabOTKH CUTHAIIOB, TMO-
CTYTAIOLIUX OT PA3HECEHHBIX B IIPOCTPAHCTBE MapLUUaIbHBIX aHTEHH U IIPUEMHUKOB, KOTOpbIE 00pa-
3YIOT MHOTOKaHAJbHYI0 cucTeMy 00pabotku [2]. B To e BpeMs mupoko ucnoibdyrtces PJIC ¢ nunei-
HBIM CKaHHPOBAaHUEM JyuYel M aMIUIUTYAHOM 0OpaOOTKOH CHTHAJIOB, HAIPUMEpP CTAHIUH KPYTOBOTO
0030pa. Bonpocsl cuHTe3npoBanus y3konoiocHbIx JJH B Takux cucremax B muTepaType He paccMma-
TpuBanuck. JlanHas paboTa MMOCBAIICHA PEIICHUIO 3TOW 3aa4i U HAXOXKJICHHUIO aJlTOPUTMOB CHHTE3a
JH c 3a1anHoil UpUHOIA.

®opmyaupoBKa 3aaa4u. J[narpamMMa HamnpaBieHHOCTH aHTeHHB! PJIC ¢ mmpunoil nyya 2y uso-
OpakeHa Ha pHC. 1 CIJIONTHON KPUBOIA.

IlonaraeM, 4TO CKaHHPOBAHHE OCYILIECTBIISIETCS 110 YACOBOM CTpPEJKEe ¢ HEHTPOM B Touke O U yrio-
BOH CKOPOCTBIO ® (Tpamyc/c), a moioxkeHus ocu /IH B nuckpernpie MOMeHTHI BpemeHu k = 0, 1, 2,...
MTOKA3aHBI HA PUC. | MTPUXOBBIMA JTUHUSMU IS MOMEHTOB k — 11, k — n + 1,...k, T1Ie n — HEYETHOE YHUCIIO
MOJIOKEHUI Ocu B mpeaenax yria 2y. B kauectBe ocu cuHTe3upoBanHoii J|H B MOMeHT k mpuHHMaeTCs
HalpaBJIeHUE, COOTBETCTBYoIEee MOMEHTY 0,5(k + 1)t, rae T — MuHTEpBal BpeMEHH MEXAY U3MEPEHUSIMHU.
B nanbHeieM 5TOT MHTEPBA MOJIATA€TCS PABHBIM €AMHULE. YTIIOBBIE NONOXKeHUs JIH oTHOCUTENBHO
3TOH OCH B Pa3InyHbIC MOMEHTBI BpEMEHU 0003HaYaroTCs 4epes o, i = 1,n. IlycTs HampaBieHue npuxo-
Jla BOJIHBI OT 00bEKTa HAXOAMTCS IO IIOCTOSIHHBIM yriioM 3. DyHKIusl, onuckiBaromias i-to JIH, 0603Ha-
yaercs fi($ — o), KOTOpasi B 4aCTHOM CIIydae MOXKET ObITh OMMHAKOBOH JIJISl BCcEX 3HaYCHUH i. DTa QyHK-
M TI0JIaraeTcs YeTHOH, To ecTh f(9 — ay) = f(—93 + o), u HopmupoBannoii f(0) = 1. AMnuTyIa curHana
Ha BBIXOJIE JIMHEHHOTO MPUEMHHKA UMEET BEJINYU-
Yy u{(3) = uf{(S —o), TIE U ABISICTCS aMIUTATYION
CUTHaJIa OT 00BbEKTa Ha BXOJIE.

Hna nonydenuss cuHte3upoBaHHod JIH
(CAH) o0paboTKka CUTHAJIOB OCYIISCTBISETCS 3a
WHTepBal BpeMeHHU n. [locpeacTBOM LENOYKH U3
JIMHUN 3aJ€PKKU Ha OJIMH MHTEpPBaJl U3MEPEHUH,
paBHBIN €IUHUIE, HAKAIUIMBACTCS /7 U3MEpPEHUI
(MomeHT k Ha puc. 1). Kaxnprit curaan ymHOXKa-
eTcsi Ha BecoBOH ko3 uiueHT K;, U 3aTeM 3TH
pe3yJbTaThl CyMMUPYIOTCS, 00pa3ysl WTOrOBBIH

CHTHAN uZn:K[f,.(S—oci). B janbHeiimem Ge3
i=1

MOTepH OOIIHOCTH TMOJIAraeTCs, YTO aMIUIUTY/Aa
u = 1. CuHTE3upOBaHHAS AHArpaMMa HalpaBJICH-
HoctH F(8) onpenensiercs popmyon

F(9)=2 K f(9-0,). ()

Puc. 1. lnarpamma HanpaBiaeHnHocTH aHTeHHBI PJIC 1 moso-
KEHMS €€ OCH B IUCKPETHBIC MOMEHTHI BpEMEHU

Cxema dopmupoBanuss CJIH mpuBeneHa Ha

~1
puc. 2. 3/1ech 1 llajiee CHMBOJIOM Zv obo3Havaet- Fig. 1. Radar antenna pattern and the positions of its axis in
C4 3aJICPiKKa Ha NEpHUoa UBMEPCHUU. discrete time moments
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Puc. 2. Cxema (bOpMPIpOBaHI/IH CI/IHTe3I/Ip0BaHHOI71 JAuarpaMMbl HAIIPaBJICHHOCTHU

Fig. 2. Scheme of formation of synthesized antenna pattern

JlaHHast cxeMa COOTBETCTBYET TPaHCBEpPCaIbHOMY (DUIBTPY C BECOBBIMHU Kod(duiuentamu K; [3].
3aja4a UCCIIEOBAHUS COCTOUT B BRIOOpE BeNUNH KOA(h(HUIIHEHTOB K, yTOBIETBOPSIOIIUX OIPE/IeIICH-
HOMY KPUTEPHIO ONTHUMAJIBHOCTH, KOTOPBIH 00ECIIEYMBAET TOBHIIICHUE YTIIOBOW pa3peliarmneii cro-
COOHOCTH.

Aaroputm cunte3a CJ/IH. Pemenune nmoctaBieHHON 3a1adu MpeATIoNaraeT UCIOIb30BaHUE COBO-
KYITHOCTH W3 /1 CUTHAJIOB B COOTBETCTBUU CO CXeMOH Ha puc. 2. KputepreM onTHMaIbHOCTH SBISETCS
yCIIOBHE MUHUMU3AINHU (DYHKIIUU MTOTEPb, YUUTHIBatOIIeH HeoOxoqumocTh nonyuenust CIAH ¢ mmpu-
HOU 2 MeHbIeH, yeM y ucxonHod JIH, paBHo#l 2y. 3amaua cMHTE3a MOXKET OBITH pelIeHa METOIOM
HanMeHbIX kBaapatoB (MHK) [4]. B aToM ciryuae ucnonb3yercs KBajgparndHas (QyHKIUS TOTEPb,
COCTOSIIAs M3 IBYX YacTel: KBaIpaTUYHON (PYHKIIMA MUHUMH3AIUN U IMHESHHBIX OTPaHUYCHU.

[IpeanonaraeM, 4To MIyMbl Ha BBIXOJIC MPUEMHUKA SIBJISIOTCS JUCKPETHBIM OCJIBIM IIYMOM, CTaTH-
CTUYECKH HE3aBHCHUMBIM B Pa3IUYHBIE MOMEHTHI BPEMEHU kK M OMUHAKOBBIMH JAUCIEPCHSIMHU. JTO Tpe-
MoJIOKeHUE 00YCIIOBJIEHO TEM, YTO BO BCE MOMEHTHI U3MEPEHH I HCTIONB3YETCS OJTMH M TOT Ke MPHUEMHUK
U €r0 XapaKTEPUCTUKU C TCUCHUEM BPEMEHU HE U3MEHSIOTCS. Toraa Jucrepcus 0eIoro mrymMa Ha BBIXOJIC
CXEeMBI, H300paKEeHHOH Ha puUC. 2, OyJIeT IPOMOPIHOHAIIbHA CYMME KBaJJpaTOB BECOBBIX KOI(DDHUIINECHTOB

5 = z":K,?. )
i=1

Benuuuna § onpenensier n3MeHEHNE OTHOLIEHUSI CUTHAJI/IIYM Ha BbIXole. B kadecTBe kBajparuu-
HOI COCTaBNSIONIEH (GYHKIMH MOTEPh MOKHO BHIOPATh QYHKIMIO &7, 06ECIeUHBAIONIYI0 MUHHMH3a-
LUIO TUCIIEPCUH IIIYMOB Ha BBIXOJIE.

B nomonHenne K Hel MOXKHO TIPEUIOKUTH Psiji PYHKIMH orpaHudeHnid. Bo-nepBoIx, J1s moiyuye-
Hus neaTpupoanHod CIAH (F(3 = 0) =1) HeoOXoamMO BHITIOJIHEHHE PaBEHCTBA, BBITEKAIOIMIETO U3 Pop-
mydsl (1):

> KA (o) =1 G)

Hlupuny 23 Oyznem onpenensiTh pacCTOSTHHEM MEKY ONMKaHIIMMU TOYKaMU NIepeceueHus QyHK-
un C/IH HyneBoro ypoBHS, TO €CTh MEXIY TOYKaMH IOSBJICHUS IEePBBIX OOKOBBIX JICTIECTKOB. Torna
B KaQUeCTBE BTOPOT'O OIPaHMYCHUS HCIIOJIB3YETCSl PABEHCTBO

iK,.fi(iB—ai)zo. @)

MuHuM#3aUS KBaApaTUIHON (QYyHKINY (2) P JTMHEWHBIX orpaHudeHus X (3) u (4) ocyuiecTBIis-
€TCsl METOJIOM HeolpeeleHHbIX MHOKUTeNel Jlarpanxka [5]. B aTom ciayuyae pyHKUMs moTeps NpUHU-
MaeT BU/T

J(K)=S K240 | SKifi(or) =1 |+ 00| SKifi (B-cti) |+ SKifi(-B-ai) . )
i=1 i=1 i=1

i=1

rne Ay, Ay, B A3 — HEOIIPE/ICJICHHBIC MHOKUTEIIH.
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Haxoxaenue onTHMalbHBIX BECOBBIX KOX()GHUMEHTOB K; MPOU3BOAMTCA IyTEM MUHHMH3ALHMU
GyHKIMK TOTEPh (5) HA OCHOBE PEUICHUSI YPAaBHCHU I HEOOXOIUMBIX YCIIOBHI ONTUMATBLHOCTH:

oJ(K) —
——==0; j=1n
oK ;
1pu pUKCHUPOBAHHBIX 3HAUCHUSIX A. OHU MPUBOISITCS K BUTY
aJ(K) —
—aK< =2K; +}\.1fj (Otj)—i-?uzfj(B—aj)+k3fj(—ﬁ—aj):0, j=Ln. 6)
j

W3 5TuX BhIpaKCHUN HAXOAMM YpPaBHEHHE JIJISl ONTUMAIIBHBIX BECOBBIX KOI(DPHUIIUCHTOB:
K, :_0’5[7‘11(/' (0‘1)+7”2fj (B_O‘j)+7‘3ff (_B_aj)]’ )

IJIc MHOXKHUTENU A €Ille He onpe/esieHbl. [ MX HaX0XkICHUsSI UCIIOB3YIOTCSl YPaBHEHUSI OTPaHUYCHHM
(3) u (4) mpu moacTAaHOBKE B HUX BBIpaxeHus (7). B uTore mpuxoamm K cucTteMe W3 TPeX JTMHEHHBIX
YpaBHEHUH JIJIs1 HEOMPEIEICHHBIX KO3 ()UIIUECHTOB:

May +hod, +A3e, =-2;
hidy + haby +h3g, =0; ®)
7\,16,, +7\,2g,, +7\,3C,, =0.

3/1eCh HCTIONB3YIOTCA CIIEYIOIIUE 0603HAUEHHS:
a, =éﬁ2(ai); by =§ff2(B—0ci); Cn =§ﬁ2(—ﬁ—az-);
d, zf (o) fi (B—cur): =Zf () fi (B-or) ©
” =Zlf (B-oti) fi (-B—a)

Pemenne cucrems! ypaBHeHu# (8) nMeeT BUJ
-1
2 32 2
cd —2cdeg, +bce

r==22la — n-n n-n-n :
1 ! C"l (bl'lcn_grzl)
d —
hy = | e (10)
ncn_gn
1 d, -
}\‘3 __7\‘1_ en -g, Cn n engn

bc,—g,

C yd4eToM MOJYUYCHHBIX 3HAYEHWH A ONTHUMaJibHbIC BeCcOBble KO3()(UIMEHTHI HaxonaTcs o ¢Gop-
myute (7), 9aTo obecnieunBaeT MEHIMAIbHOE 3HaUeHUe ucnepcnu nrymoB U mupuHy C/AH, paBryto 2f3.
OnHaKo cllelyeT OTMETHUTH, YTO B Pe3yJIbTaTe CHHTE3a OTHOIIEHUE CUTHAJI/IIYM Ha BBIXOZE 110 OTHOIIIE-
HUIO K DTOH BEJIMYMHE Ha BXOJE Ka)KIOTro KaHajla YMEHBIIUTCS B O pa3 M yBEIMUUTCS aMIUIUTyAa 0o-
xoBbIx JenectkoB C/IH. Ilpu 3TOM M3MepeHus yrioBbIX KOOPAMHAT MIPOUCXOAAT C 3ala3AblBAHUEM Ha
BpeMst ¥ ®. DTH (GaKTOPHI SBISIOTCS «IJIATOM» 32 MOBBIIIEHHE YTIIOBOK pa3pelaromieii cnocoOHOCTH.

PesynbraTsl MogeaupoBanus. B kauecTBe mpuMepa UCTIONb30BaHUs PEII0KEHHON METOANKH pac-
CMOTpHUM CiTydaid, koraa ucxonnas JIH onmuceiBaetcs rayccoBoi (pyHKIIMEH, OMMHAKOBOM JIJISI BCEX 3HA-
YeHUMH [ = I,_n, TO €CTh

£(98)=e2, (11)

[lnpuna T0# PpyHKIMHM Ha ypoBHE 0,1 OT MakcHMaTBbHOTO 3HaYeHU paBHa 2y = 1. Uucno JIH, dhop-
mupytomnx C/IH, BeiOupaercs paBubim 1 = 3, 5, 7. PaccmoTpum cnyyaid, koraa CJIH nomxHa umersb
MIMPHUHY B 2 pa3a MEHbIIYI0, YeM Y UCXOIHOH, TO ecTh 23 = 0,5.
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ITepBoHauasibHO MOJAraeM, 4To YIJIbl O,; PABHOMEPHO paclpe/ieiieHbl B quana3zone £0,5 npu neH-
TPaIbHOM 3HAYEHUH O 5(5+1) = 0. Micnonbsys gopmynsl (9) u (10), HaxoasaTcs 3HaYEHHS ONTHMAIBHBIX
BecoBbIX K03 duruenTos no Gopmye (7), a 3arem crpositcs CIIH B cooTBeTcTBHM C BBIpaskeHHEM (1).
Ha puc. 3 npusenens! pynkuun CIIH mist yka3aHHBIX YCIOBHIA.

F(8)
1,0
— f(8)
05t  pe3
— N=5
— n=7
. 9
0,5 1,0
_0’5 L

Puc. 3. ®yHKIIUY CHHTE3UPOBAHHON JUarpaMMbl HAIIPAaBJIEHHOCTU B Clly4ae PaBHOMEPHOIO
pacnpezaeneHus yrios o, B Auanas3oHe +0,5

Fig. 3. Functions of synthesized antenna pattern in case of uniform distribution of angles o
in range +0.5

B Tabn. 1 mpuBeaeHsl 3Ha4eHHS O, ONPENEeNAIONINe CHUKEHNE OTHONIEHUSI CUTHAJI/IITYM U YPOBHH
OOKOBBIX JIELIECTKOB .

Tadonuuma 1. BeJdMYHHBI CHHKEHUS] OTHOUIEHUS] CHTHAJ/IIYM O M 3HAYEHHS aMILTUTY/ GOKOBBIX JIEMECTKOB
( npH pa3JIHYHOM YHCJIe JHATPAMM HANPABJIEHHOCTH 1 B CJIy4ae PABHOMEPHOI0 pacnpeieeHust YIJIoB o
B AuanasoHe +0,5

Table 1. Thevalues of the decrease of the signal-to-noise ratio & and the side-lobe amplitudes ¢ for a different
number of antenna patterns » in case of uniform distribution of angles o; in range £0.5

Yucno AnarpamMmm 3HauCHHS YIII0B 0 CHWKEHUE OTHOIIEHHU S AMHHl/lTyI[a OOKOBBIX
HANpPaBJICHHOCTH 1 CUTHAJ/ImyM & JICTIECTKOB

3 -0,25; 0; 0,25 2,91 —-0,48

5 -0,33; -0,17; 0;0,17; 0,33 2,09 —-0,64

7 -0,375; -0,25; -0,125; 0; 0,125; 0,25; 0,375 1,75 —-0,68

4k JaHHBIX Ta6HI/II_U)I CJIEAYECT, UYTO YBCIIMYCHUE YUCIia 71 IPUBOAUT K YBECIMYCHUIO YPOBHSA 60KOBBIX
JICTIECTKOB (p, OJTHAKO TIPU 3TOM CHIDKAeTCsl BeirdrHa 0. OHUM 13 ()aKTOPOB BIUSHUS HAa 3TH BEIIMYUHBI
SIBJISIETCS BRIOOP 3HAYEHUH YTIIOB 0. B IprBeeHHOM ITprMepe OHU BRIOMPAIHCH PABHOMEPHO B Ipeenax
yria y. [IpeacraBisieT HHTEpeC pacCMOTPETh BO3MOXKHOCTH JIPYTOro MOAX0/a K BBIOOPY MX 3HAUCHHU.

PaccmoTpuM BapuaHTBI, KOTJIa BEIOOD O; OCYIIECTBISICTCS B IIPE/IeNiax yIioB, MEHbINX 2y. B mep-
BOM ciry4dae (A) OHH BEIOMPAIOTCS paBHOMEPHO B nuana3zoHe yriioB £0,3, a Bo BTopoM (b) — B mpenenax
ot —0,5 10 0,2 u ot 0,2 1o 0,5. Ha puc. 4 nokazausl pyukuuu CAH s 3navenuii n =3 (a), n =5 (b)
un =7 (c). B tabn. 2 mpuBeneHbI 3HAUCHUS Q;, O U ¢ JIJIs cirydas A, a B Tabi. 3 — st ciydast b.

U3 pe3ynbraToB cieayer, 4To B ciydae A OTHOIICHHUE CUTHAJI/IIYM CHI)KAaeTCs OOJIbIIe, YeM B CITy-
yae b, o/fHakO ypoBeHb OOKOBBIX JICTIECTKOB CTAHOBUTCSI MEHbIIIe. MOXXHO yTBEpKAaTh, YTO 3HAUYCHUS
YTIIOB O; B OTIpENEIeHHOM cTeneHu BiusioT Ha popmy CJIH u ux ciemyer BEIOMpATh UCXOA U3 CMBICTIA
peraeMoii 3a1a4u, onpezenstoiero Tpedoranus k Gopme CJIH.
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Puc. 4. dyHkuuM CHHTE3WPOBAHHON AUArpaMMBbl HAIPaBICHHOCTH MPU Pa3ind-
HBIX 3HAYEHMSAX n: a —n=3,b—n=5c—n=17
Fig. 4. Functions of synthesized antenna pattern for different values of n: a —n =3,
b-n=5c¢c-n=7
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Tabauma 2.

Bean4yuHBI CHUKEHUS OTHOIIEHHSI CI/IFHaJ'l/lllyM O U 3HAYEHHS AMILIIMTY X OOKOBBIX JICNIECTKOB

¢ NPpA pasjInIHOM YHUCJIe JHArPaMM HallPaBJEHHOCTH 1 B CJIydae paBHOMEPHOI'0 paciipeie/ieHus yrjioB o;

B Auana3one £0,3

Table 2. Thevalues of the decrease of the signal-to-noise ratio 5 and the side-lobe amplitudes @ for a different
number of antenna patterns n in the case of uniform distribution of angles o, in range +0.3

Yucno auarpamm
HaIpPaBICHHOCTH 7

3HadeHUS YTJI0B O;

CHMKEHHUE OTHOIICHU S
CHTHAJ/IIYM &

AMIUIHTY1a GOKOBBIX
JICTICCTKOB

3 -0,15; 0; 0,15 6,14 -0,4
5 -0,2;-0,1; 0;0,1; 0,2 3,11 —-0,47
7 -0,225; -0,15; -0,075; 0; 0,075; 0,15; 0,225 1,87 —-0,6

Tabaumma 3.

Bean4yuHbI CHHKEHUS OTHOIIEHHUS CI/IFHaJI/lllyM O ¥ 3HAYEHHS AMILIMTY/Q OOKOBBIX JIENIECTKOB

¢ NPpHA Ppa3JIUYHOM YHUCJIE€ JHArPaAaMM HANIPABJEHHOCTH n B Cj1y4ae pacnpeae/ieHus yIrijioB o; B IMana3oHax ot —0,2

1o —0,5 u ot 0,2 10 0,5

Table 3. Thevalues of the decrease of the signal-to-noise ratio 5 and the side-lobe amplitudes ¢ for a different
number of antenna patterns » in the case of distribution of angles o, in ranges from —0.2 to —0.5 and from 0.2 to 0.5

Yucno auarpamm
HAIpPaBICHHOCTH 7

3HaycHUS YTIIOB O;

CHMKEHUE OTHOIICHHS
CHUTHAJ/IIYM &

AMILIHTY1a GOKOBBIX
JICTICCTKOB

3 -0,35; 0; 0,35 2,12 —-0,64
5 —-0,4; -0,4; 0;0,3; 0,4 2,01 -0,9
7 —-0,425; -0,35; -0,275; 0; 0,275; 0,35; 0,475 2,0 -0,85

3akirouenue. [IpeaoKeHHBIN METO U IOJTyUEHHBIE Ha €M0 OCHOBE aJITOPUTMBI [TO3BOJISIFOT CHH-
TE€3UPOBATH JUATPAaMMBbl HATIPABJICHHOCTH aHTEHH C 3aaHHON mupuHOH B PJIC ¢ nuHEHHBIM CKaHU-
pOBaHMEM JIy4a U aMILIUTYTHOM 00pabOTKON CHTHANIOB. DTO JOCTUTAETCS IIYTEM MHOT'OKaHAJBHOM
00pabOTKH CHTHAJOB C TOCIEAOBATEIBHBIM HX M3MEpPEHHEM B Ipoliecce CKaHupoBaHUsA. CUTHAIBI
Ha BBIXOJIC KaHAJIOB B3BCIIMBAIOTCS TOCPEACTBOM BECOBBIX KOI(PPUIMEHTOB U 3aTEM CYyMMHPYIOT-
cs, o0pa3ys CHHTE3WPOBAHHYIO JMAarpamMMy HalpaBIeHHOCTH. MeToj CHHTE3a OCHOBAaH Ha OITH-
MaJIbHOM BbIOOPE BECOBBIX KOA(D(UIIMEHTOB 10 KPUTCPUIO MUHUMYMa JIUCIIEPCUHU IIIYMOB Ha BBIXOJIC
Npy 3aJaHHOW LIMPUHE NHArpaMMbl HaNPaBJICHHOCTHU. PeleHue MOCTaBICHHON 3aJaud MPUBOAUT
K YMEHBIICHHIO OTHOIICHHS CHTHAJIa K ITyMaM M POCTY aMIUTUTYA OOKOBBIX JIETIECTKOB JUATrpaM-
MBI HaIllPaBJICHHOCTU. BO3M0OXXHOCTH METO/1a MOKa3aHbl HA MOJIEJIbHBIX [IPUMEPAX CUHTE3a AUarpaMm
HampaBJICHHOCTHU MPU Pa3IMYHOM YHUCJE KaHAJOB U3MEpeHHH. JlanpHelIne uccieqoBaHusl MOXHO
BECTH B HAIIPABJICHUSAX PEIICHUS 3a/1a4 aBTOKOMIICHCAIIMU BHEITHUX ITOMEX, CHCTBYIOLIUX 10 OOKO-
BBIM JIENIECTKAM.
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