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PACYET ®OPMHI AHTEHHOTO OTPAXKATEJA, OBECHE‘IPIBAIOH];EI‘O
TJIABHBII JIVY C 3AJTAHHOU TEOMETPHYECKON KQH<I)I/II‘YPAI.I;I/IEf711

Ipemroxen MeTOS PAcUeTa apPaMeTPOB, ONPEAE/IAINMX TEOMETPHIO OTPaXKaTe s AaHTeH-
HBL, C [eNBIO TIOTyYeH\s B AaibHel 30He QUarpaMMbl HAIPAB/IEHHOCTH 38JaHHON KOHGUTY-
pauun. Mcrons3oBana napaJuiebHas IPorpaMMa KOHeYHOMepHOH MunuMusanuu. [Ipusene-
HBI PE3YyJIbTAThl MOJIETHPOBAHNA.

1. Beenenue

3a1a49a [OCTPOEHNS OTPaXKaTe sl AHTEHHBI ¢ OQMHOYHBIM ObsydyareneM jjia (hopMu-
pOBaHHs 38JaHHOH AuarpamMmbl HanpasiensocTr ([IH) mmeeT BazkHOe 3HaUEHHE DU OI-
THMAJIbHOM CHHTE3€ QHTEHHBIX CHCTEM Da3/IMYHBbIX Ha3HaYEHHI.

B Uncruryre maremarnky u Mexanuku YpO PAH nakomnsen Gosbmol omsr [1,2]
[IpUMeHEHHs Pe3yJIbTATOB M aJIrOPUTMOB Teopur npubimxkenus GyHKUEA B 3ajadax
aMILTHTYIHO-(A30BOTO U 4ACTO (Pa30BOro CHHTE3a JUarpaMM HANDaBJIEHHOCTH rHOpHA-
HBIX 3epKaJbHBIX aHTeHH, YTO IIO3BOJIAET B CiIydae HeGO/BINMX aHTEHHBIX PEINETOK
(20-50 oByuaTesell B peleTKe) PACCINTHIBATD YIPABJISIONME IIaPAMETPBI AHTEHHBI [JIs
PeKOH(bUTyPaIliy U TEPEeMEIIeHHs] KOHTYPHOIO JIyda B PeajibHOM MacluTabe BPeMeHH,
HaIpuMep, I AHTEHHON CHCTeMBI, YCTAHOBJICHHOM Ha, CILyTHUKE C HIU3KOMH opburoii. Me-
ToJ, UTepanuoHHOro (pazosoro cuuTesa [3] B pabore [4] Momudunmposan qms pacuera
[IOBEPXHOCTH 3epKaJia, GOpMHUPYIOIIEro 3aaanHyio KouTypHyo /IH. [pyroit meTon cun-
Te3a MOBEPXHOCTH OTPAXKATEJNIs [IPeJUIOAKeH B [5].

OcobeHHOCTRIO U TEJIbIO JTaHHOH paboThl ABIAETCH He CO3/iaHue OBICTPHIX aJrOpUT-
MOB yipasJierus (OpMOil KOHTYPHOIO JIy4a B PealbHOM MacmTabe BpeMeHH, & Pa3BUTHE
GoJTee TOYHBIX METOIOB ONTHMAJIbHOTO curTe3a J{H 3a caer BEIGOpA HOLXOAAIIEH HOPMEI
OTpaKaTels B CTAIMOHAPHBIX YCJIOBHAX C MCIOIb30BAHHWEM BbICOKOIPOM3BOIUTENIBbHOM

9BM.

2. HocranoBKa 331249

Anrenna, [6] cocrouT u3 ofiyuarens u orpaxarens (3epkana), cM. puc. 1,a. Obay4a-
Tesib ObecneunBaeT POPMHUPOBaHUE PACHpeeeHns aMILUIUTYAbI M HadaJbHOE Pacupese-
nerne (a3bl IEKTPOMATHUTHOIO IIOJA IO allepType aHTeHHOH CHCTEMBI W, B KOHEYHOM
cuere, 110 TIOBEPXHOCTH OTpaxaTessa. Pacnpenenenue, obecieunpaemoe obirydaresem, 3a-
ZaHO KaK IapaMeTp 3aJa4dl. B KadecTBe anepTypbl aHTEHHBI yI06HO 6paTh 6imxKaiiryio
K Kpalo OTpaXkaTelfl IJIOCKOCTh, NEPHEHANKY/IAPHYIO OCH, HAIPABJIEHHOU Ha CcepejuHy
308 06cyxuBanus. OTpaxarens GopMUPYeT HEKOTOPOE DACTIPEe/IeHHe AMILTUTY/bL
B JaJibHell 30He, KOTOpOe ONpeJesisieTCsl TeOMEeTprell OTpaXkaTess U HapaMeTrpaMu ob-
JydaTeqs — €ro MOJIOXKEHWEeM OTHOCHTeNbHO orpaxarens m JIH ero msmysenus. IIpn

1 Pabora BbimoNHeHa B paMkax mporpamMbl [Ipesmamyma PAH «MaremaTnueckas Tteopus
yIOpaBlieHusi» u TpH noguep:ke Poccmiickoro ¢onna GyHIaMEHTaNbLHBIX WHCCHeoBaHuil (POEKTHI
NeNe 09-01-00436, 09-01-00014).
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Puc. 1. YcioBHast cxema aHTEHHON CHCTEMBI, BBEPXY @ — CXeMa C MapaboJInIeCKUM 3epKa-
JoM, 6 — M3MEHEHHUE PACIPEIeJIEHNs B JAJIbHEN 30HE IIPU U3MEHEHUN T'€OMETPUH 3€PKaJIa.

BLIOPAHHOM HAYAJLHOW reOMeTPHUH CUCTeMBI (pa3mep U (GopMa OTpaXKaTeJs, HOJI0XKeHne
u JIH obaydaTess) 3a c4eT M3MEHEHUsI T€OMETDHM IIOBEPXHOCTH 3epKaJia IPOUCXOAUT
KOPPEKTHPOBKa, (ha30BOr0 pACIpee/ieHrsl OTPAKEHHOIO CUTHAJIa B allepType, KOTOpoe
u onpegnensier JTH B mambHedt some (puc. 1,6). Jaxke 1yisi CyIeCTBEHHOIO M3MEHEHHUS
$az0BOro pacrpeiesieHusi OTPAXKEHHOTO OT 3epKaJjia IOJIS B allepType NOCTATOYHO Ba-
pPLUPOBATH MOBEPXHOCTh 3€PKaJia MO ero IIyOWHe UMb B NpeesiaX HECKOJBKUX IJIHH
BosH. IloaTOMy B IIepBOM TPUOJINKEHUH MOXKHO MpeHeOpedYh BIUSHUEM STHUX BapHaImil
Ha aMILIATYIHOE PaclpeleieHue MOJIs.

Tpebyercss MOCTPOUTH TEOMETPHIO AHTEHHBI, KOTOPasl P JaHHBIX TapaMeTpax o0y-
qaTess obecriednBaJia Obl B JaJIbHEN 30He 3aJaHHOE PACIIpeie/IeHre aMILTUTY bl (popMu-
PYEMOTO AHTEHHOM 3JIEKTPUYECKOTO TIOJIsI, & 3HAYUT, U pacIlpeesieHre MOIIHOCTH U3JIy-
YeHUs aHTEHHBI.

PaccMmaTpuBaeMyio 3a1ady CHHTE3a MMOBEPXHOCTHM OTDPAaXKaTess IeJIeCO0Dpa3HO pe-
maTh, Korjaa TpebyeTcss HaJeXHO (BO BpeMeHH) GOPMUPOBATH KOHTYDHBINA J1y4 (KOH-
rTypayto JIH moss) ciaoxuo# ¢GopMBI, HAIPUMED, IS YCTOHIMBOTO OOCIY>KUBAHHUA CO
CTAIMOHAPHON OPOUTHI TEPPUTOPUU OIPEETIEHHOIO FOCYIapPCTBaA € COOIIoneHnEM TPebo-
BaHUH 110 3JIEKTPOMATHUTHONR COBMECTUMOCTH.

3. MaremaTuyeckas Moaellb

B miockocTH amepryphbl 3ajaeM ceTKy ¢ KoopauHaTamu &, 7) (B IyIMHAX BOJIH), B
JaJbHell 30He — CeTKy C KoopauHaTamu u, v. [lapamerpamu obJiydaTesisi sIBASIIOTCS €O
aMIUIMTYJHO-(a30Basi auarpaMma 1 Haber ¢das3bl, 00pPa30BaABMINICA WU3-33 IJIUHBI IIyTH
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Jyda OT 0bJyuaTess IO TOUKH &, 7) MOCie OTPazKeHHs OT HAYAJbHOTO 3epKaja M pac-
CYNTHIBAEMBI] B IIPUOJIMKEHAN TeOMETPHIECKOM ONTHKHA, DTH IapaMeTphl 3a1al0TCA IPU
IOMOITH KOMILIEKCHO3HaqHo# dbyuxkmun F = F(§,n). Bian oT usMeHeHHs TeOMeTPHH
OTpa’kaTelsl, CBA3aHHBI C M3MEHEHHMEM JJIMHBI ONTHYECKOro IyTH JIO TOYEK amepry-
PBI, YUHTHIBAETCS [PU NMOMOLN JeHCTBUTEILHOR pyHKImM § = s(&,m), onpenenenHol
Ha amepType.

Jlyist BeIYACIeHHs aMIIATY AL (4, v) 3IeKTPUYECKOro N0 B TOUKAX JajbHe# 30HbL
cBOGOHOTO IPOCTPAHCTBA B HATpaBieHud (u,v) HCIOJL3yeTcss hopMya Kupxroda |7,
(L.74)}:

M) 1w = | [[ [Flememieesmenin] dgay
A

3neck A — amepTypa 3epKaia, u = cos @ sinf, v = sin p sin§ — GespasMepHbIe BeTTIUHEL,
0606ImEHHbIe KOOPIUHATH! HApaBJIeHHd B cepraecKoil cucTeMe KOOPAMHAT C ITOJIIOCAMH
Ha BLIOPaHHOI OCH OTpaXKaTells. ‘

MOKHO 3aMeTUTh, UTO mapameTp s B ¢opmyie Kupxroda spisercs NONPaBKO# K
(baze KOMILTEKCHOM Bemauubl F', nemenHoit na —2m:

Fe 2™ = (|F|cos pp + i|F|singp) (cos(—2ms) + i| F|sin(—27s)) =
= |F|cos(pr — 2ms) + i|F|sin(pr — 27s) = |F|eiler—2ms)
rae ¢ — daza F, |F| - aummutyga F. :
3anatda cocrouT B nocrpoenuu pyskiuu s(€,n), obecnednBaloluell 3aaHHOE PacIpe-
JleJieHue aMIUIMTY B! B JaJbHeit 30He. TpakTys HafineHHoe pernerue (£, 77) KaK KOPPEKTH-
POBKY /JIHHBI ONTUYECKOrO IyTH OT 00/ydaTesls Yepe3 oTpasKkaTe/b J0 TOIKH ¢&neA

MOYKHO PacCUHTaTh [2] cooTBeTCTByIOIee H3MeHeHHe (HOPMbI OBEPXHOCTH HAYAIBLHOTO
3epKaJIa. :

3.1. @opma aywa 6 daavhel 3oHe

C TouxM 3peHHs NOTpeGuTesell NATLHIO 30HY MOXKHO Da3fIeTMTh Ha TPH 001acTu:
pabouyio obiacTh mIaBHOro Jernectka JIH aHTeHHBI, KOTOpas JOJIXKHa COBHAJLATH C 30-
HOH 0GC/Iy>KHBAHHSA aHTEHHBI (COKPAINEHHO — 00J1aCTh IVIABHOTO JIy4a), 00J1acTh GOKOBBIX
JIEIIECTKOB ¥ IIPOMEKYTO4YHY0 00J1acTh — 067aCTh CKATOB IVIABHOLO JIENIECTKa JH.

B To4KaX, COOTBETCTBYIONUX IJIABHOMY JIydy, JKeJaTeJbHO 00ecneduTh MaKCHMAaJIb-
HOe, TI0 BO3MOKHOCTH PABHOMEPHOE, 3HauYeHHe MOMHOCTH. OOBIIHO MAKCHMAJIbHO® 3Ha-
qeHWe peal30BaBlIelcs aMIUIHTYABl IPUHAMAETCH 38 yposeHb 1 (= 0dB)2. B TakoM
Clydae CUMTAETCs JOIMyCTHMBIM, YTOOBI B TOYKAX IVIABHOIO JIy4a yPOBEHb AMILIMTY/bL
6611 He Menbme 0,707 (—3dB), a duykTyanus aMIUIMTY[pl B BEPIUMHHOM JacTH IJiaB-
HOTO JIyda, KOTOPYIO HyKHO CEJIaTh IO BO3MOXKHOCTH MaKCHMAJIbHO GONbIION, JOIKHS,
6biTb B mpenenax 0,891 (—1dB). B Toukax 6OKOBBIX JIENECTKOB (BCe, 4TO BHE IVIABHO-
ro sentectka JIH) 3HaYeHne MOLIHOCTH JO/DKHO OBITH KaK MOXKHO MEHBIIMM. B uneane
MOTITHOCTB GOKOBBIX JIETIECTKOB JIOJIKHA CTPEMHUThC K Hymo. Ha mpakTuke OBBIYHO BBI-
6UpalOT KOHKPeTHHI! yPOBEHb aMIUIMTyZAbI (Hampumep, —25 dB), xoTopBIit HE NOKEH
IPEBHINATHCH.

B xauectse neresoit JITH (MomesbHOTO Jyd€a) ¢ Hy»KHBIM paclpesesieHueM Oepercs
obyrkmust D(u,v), IMeIOIas TOCTOAHHBIA yPOBEHb B BEPIIHHHON 1aCTH [VIABHOTO JTyda
¥ HUSKHH ypoBeHb B 06IacTH 60KOBOrO n3IydeHus. Mexy sTumu obnacTsaMu QyHKIs
AMeeT CKAT, MAKCHMAJILHO JOCTHKAMAS] KDY TH3HA KOTOPOTO 3aBUCAT OT Fe€OMETPUIECKIX
pa3MepOB 3€PKaJia.

2 (B - memwmben, 3mech npuramaeM 20 1g(7).
B aHTeHHO# TEXHHMKE IDHHSTO ONMCHIBATH y3KOHAIPABJCHHBIC IMArDAMMBI HANPABICHHOCTH C HUSKHAM
ypOBHeM GOKOBHIX JIEIIECTKOB (CHHTE3MpYeMEIe M MOZENbHbIe (LeseBbie)) B Aemubenax.
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4. Pysknym HeBI30K

Panee B UncTuTyTe MaTemaTuky 1 Mexaruku YpO PAH 6511 pa3paboTaH OPUIHHAb-
HbIl HTEPAIMOHHLIH MeTox [3,4] pemenus 3ana4u pacyeTa aHTEHHOTO OTPaXKaTels. On
TIO3BOJIsIET TOCTPOUTH OYeHb 3 MEKTUBHEIE CIEIHUAJIBHBIE AJITOPUTMBL. MeTton HesiBHO
ACHO/Ib3yeT KBAIPATUYHYIO HEBSISKY MEXIy 3a[aHHbBIM H IIOJYyJaIOIUMCH paclpenese-
HUSIMU:

(2) Jo[s(-, )] = // (D(u,v) — I(u,v))2 dudv.

Bnech I(u,v) Berancisiercs: o dopmyse (1) u sasucur ot s(§, 7).
DTa HeBS3Ka UMEET HEKOTOPhIE HeJJOCTaTKU. BO-IepBhIX, €6 MAJIOCTh He rapaHTHPYeT
norodeqnolt 6imsocru I x D.

Bo-sropsix, mrpadyercs moboe oTkiIoHeH#He oT obpasua. Hanpumep, ecu B obnactu
GOKOBBIX JICIIECTKOB B KAKOM-TO TOYKE PEajU30Bajach aMIUIUTYAa MEHbINasd, 1eM JOIy-
CTUMBIH yPOBEHb, TAKOe OTKJIOHEeHHe OyieT omTpachoBaHO, XOTH II0 CMBICTTY 331391 STOT0
ObITD He JIOJIKHO. ' o

B-TpeThiX, BHIPAYKEHHBIH B a0COMOTHEIX ¢MHUIAX yPOBEHb CUrHANA B NaJIbHeH 30He
OKA3BIBAETCS OUeHb MaJ B 06J1aCcTH GOKOBBIX JIemecTKOB. 1109TOMy IpeBLINIeHNe YPOBHS
oM B 06s1acTH GOKOBBIX JIEIIECTKOB mTpadyercs c1abo 110 CpaBHEHHIO €O mTpadame B
00JIaCTH TJIABHOTO JIy4a.

TIpu npaKTHYIeCKO# peau3alyi NTePaIHOHHOTO METOa BTOPOM HEOCTATOK TacTHy-
HO KOMIIEHCHPOBAJICs Koppekimeit mopensHol JTH D(u, v), a TpeTnii — BBeieHHEM BECOBOK
dbysKIER ¢ 6obiuell BeIMYHHON B paiioHe GOKOBBIX JIETIECTKOB.

B pabore npesaraercs 6osiee Kap/IMHAIBHOE COBEPIIEHCTBOBAHIE MaTeMaTHIECKOH
mopenu (2) 3amauu cunTesa JIH.

BBesieM HEKOTODEIE BCIIOMOTaTe IbHEIE IIepeMeHHbIe:

E* — ypoBeHb aMIUIATYBI, COOTBETCTBYIOIINII [VIABHOMY JIy1Y;

E, — ypOBeHb aMILTHTY[bI, COOTBETCTBY IOLIUIA JOTyCTHMOMY YPOBHIO GOKOBBIX JIEIIeCT-
KOB;

dB(z) = 201g(z) — dyHKuM: NepeBOsa AMILTUTYIB! T B JeLHOebL.

PaccMOTpHEM HECKOJIBKO AJIbTEPHATHBHBEIX HEBSA30K.

IlepBas HeBs3Ka OTIMYAETCS OT KBaJAPATUIHON JUIMB TeM, 4TO mrpadyer TOJBKO
OTKJIOHEHHS] B <HEIMPABWIbHYIO» CTOPOHY:

JI[S(" )] = ZZGl (D(u,v),I(u,v)) )

u

rae

(D-1)?, D> E*, I<D;
0o, D>E* I>D;
(D-1?, D<E*, I>D;
0, D<E* I<D.

G1(D,I) =

Bropas HeBS3Ka aHAJIOTMYHA IEPBOi, HO B Helf CDAaBHUBAIOTCS yPOBHM aMILTATYIBI,
BHIpaXKEHHEIE B enuberiax:

(3) Ja[s(, )] =Y > G2 (dB(D(u,v)), dB(I(w,v)))
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rme

(D-I1)?, D> dB(E*), I < D;
0, D > dB(E*), I > D;
(D~1I)?, D<dB(E*), I>D;
0, D < dB(E*), I < D.

Ga(D,I) =

ITpu sToM TpeboBaHMs K YPOBHIO CHrHAJa B 06IacTH GOKOBBIX JIETIECTKOB BO3DACTAIOT.

Tperbs HeBs3Ka MTPadyeT TOJLKO MAKCHMAJILHOE OTKJIOHEHHE OT 38JaHHOI0 yPOBHS,
BBIpaXKeHHOE B Jerbenax:

J3[s(+, )] = n&g}sz (D(u,v), I(u,v)).

3nmeck G2 uMeer TOT e CMBICH, 9TO U B (3).

YeTBepTOE ceMeiCTBO HeBA30K CKOHCTPYyHpPOBaHO Ha 6Gase dynkumu D(u,v), Ho Ge-
per u3 D(u,v) Tombko uHGOpPMaLMIO O reOoMeTpUM IBYX obsacreit — obnacTu rias-
soro ayda (M* = {(u,v):D(u,v) > E*}) u obinacru GokoBmix nemectkoB (M, =
= {(u,v) : D(u,v) < E,}). 3nauenne momuocty I(u,v) B TOUKaX 06JIACTH CKATOB IJIaB-
aoro nenecrka JIH ¢ynxkuun D(u,v) HUKak He yauThiBaeTcs (He mTpadyercs).

B cemeticTBe HCIIONB3YIOTCS BE BCIIOMOTaTe/IbHBIE (DYHKIIN:

07 IL‘Sd],

ga(z) = (wdd1> , T>d
3

9a(dB(I(u,v)) — dB(E.)), D(u,v) < Ei;
G4(u’ 'U) = 94(" dB(I(ua 'U)))’ D(u’ 1)), 2z E*;

0 B OCTAJIBHBIX CJIy4asX.

Hessi3ka nosydaeTcs CyMMUpOBaHNeM 3HadeHni pynkumn G4 Ha Beelt ceTke:
Ja[s(-, )] = Z Z Ga(u,v).
u v

IMapamerpet dy > 0,ds > 0umng =1,2,3,... Bebupalorcs smnupudecku. Hanpumep, kKo-
I7ia BEIYHCIISEM HaYaJbHOE IPUO/IHKEHNe Ha PEIKOll ceTKe allpoKcHManuu (CM. HIXe),
IMeeT CMBICH B3sTh di = 3, d3 = 2, ny = 2; €C/IH 2Ke MPOUCXOIAT HOUCK OKOHIATEIBHOTO
pellieHns] Ha, YACTOM CeTKe anmpokcuManuu, To 6epem di = 0.5, d3 = 1, nq = 4.

5. IIlpumenenne napaJiieabHON MPOrpaMMbl KOHEYHOMEPHOH MUHMMU3aIMH.
BrrancimTebHAS CETKA M CETKA ANIPOKCAMAIINM

Cetka &, 17, Ha KoTOpO# 3a1aHbl Gyukuun F(€,7), s(€,7) # HA KOTOPO# MPOKUCXOIUT
4yC/IeHHOe MHTErpupoBaHue MBoiiHore uHTerpana (1), mmeer pasmep 41 x 41 = 1681 to-
gek. Takas ceTka ofecriednBaeT MOCTATOYHYIO TOYHOCTb AINPOKCHMauwy yHKumil u
HHTerpupoBaHusi. BymeMm HasbIBATH 9Ty CeTKYy BBIYUCINTEJLHON CeTKOH.

ns naxoxaenuss dpyuknun s(€,n) npuMmeHseM pa3pabOTaHHYIO paHee Hapalljielib-
HYIO TIpOrpaMMy IMOMCKa MHHUMyMa (DYHKIHM MHOIHX NEepeMeHHHIX [8,9], ocHoBanmyio
Ha upeojoruu meroma Xyxa-Ixusca [10]. K coxkanenmio, 918 nporpamMma He MOXKeT
obecrieunTh (33 pasymHoe BpeMsi cuera) MuHMME3anmio Gyskiun Goasoioro (41 x 41)
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Puc. 2. Pacupeznenenne ammmryapst |F'(€,7)| nonsa na aneprype.

Puc. 3. Kycouno-nocrosinaas anupokcuManus dhyskmmu s(€,7) Ha HepaBHOMEPHOI CeTKe.

4KCJIa IIepeMeHHbIX. MakcuMaibHas pa3yMHast Pa3MEPHOCTb apryMeHTa, (pyHKIUH COOT-
BETCTBYET IBYMCTaM IIePeMEHHBIM. B CBs3H ¢ 9TMM BO3HHMKAET BOIPOC AIIIPOKCUMAINN
byukiuu s(§,n) Ipu HOMOIYU CPABHUTETHHO HEGOJBIIONO YHC/IA APAMETPOB.

[Mozxozm, cBA3aHHBINA ¢ IPUMEHEHWEM CTEIEHHBIX MHOTOYJIEHOB, ceOs He OIpaBIaJ W
371eCh HE PACCMATPHUBAETCS.

IIprmvenen moaxos, OCHOBAHHBIM HA UCIIOJb30BAHUH JIBYX CETOK — YACTOH BBIUUCIIV-
TebHON ceTKU 41 X 41 m penkoil CeTKM anIpOKCUMAIM. UMCIO y37I0B PEeIKOl CeTKH
COOTBETCTBYET YUCJIy BAPbUPYEMBIX IIapaMeTPOB, KOTOPLIE SIBJSIOTCS apryMeHTaMH MU-
HuMusupyemoii dyuxnuu. Bo Bcex cirydasx GepeTcst KBaJpaTHas peaKas CeTKa, T.e. UHC-
JIO BApbUPYEMBbIX ITepeMeHHBIX MOXeT ObITh 4, 9, 16, ..., 196.

Brumn paccMOTpeHBI KyCOYHO-IIOCTOSIHHASI alllIPOKCHMAIAs Ha PaBHOMEDHOH CeTKe,
KyCOYHO-JIMHeWHas allIPOKCUMAIUs Ha DPaBHOMEDHOU CETKe, KyCOYHO-IOCTOSHHAS All-
IPOKCUMAaIs Ha HepaBHOMepHO# cerke. Ilociemusisi mmeer cMmbIca mpu OOBIYHOM ISt
0bsrydaTesisi <KOJIOKOJIO00pa3Hoii> dhopMe paclpeneleHnsl MOIIHOCTH (puc. 2, rpaduxk
pacrpe/iesieHysi MOIIHOCTH B JIOJIAX OT MaKCHUMAJBHOIO ee 3HadeHus ). CeTka crymaercs
B obJ1acTy 0OJIbIIEit MOITHOCTH OBJTydaTes.
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B YaCTHOCTHY, B OJHOM M3 BapUaHTOB HepaBHOMEDHasd CETKa AIIIIPOKCUMAIIUUA CTPOU-
JlaCh U3 yCJIOBUSA obecriedeHust paBHOﬁ 9HEPIruu 1o sSYeiKaM CeTKU:

/ |F(&,m)|dédn = const.

A9erKa
CEeTKH

Ha puc. 3 usobpaxken npumep rpaduka ynkuun s(€,7) (B JIMHAX BOJH) JIs TOM
CETKH.

6. Pe3ynbTarsl cyera

B 4uCIIeHHBIX SKCIIEPUMEHTAX [IPOBOAMIIUCH PACUETHI JIJIS PA3HBIX MOJEJILHBIX JIydeil.

OnMH BapHaHT MOJIEJILHOTO Jiyda sIBJIsUICS amnpokcuMarnmeii opmbr CsepioBekoit
obmactu (puc. 4). 31ech, a Takke Ha pHC. 5, 6 TOpU3OHTAIbHASL IVIOCKOCTh B BepXHeil
yactu cooTsercTByeT yposaio JIH, pasHoit —3 dB.

Bropoit BApMAHT — TONBITKA CO34aTh paclpeliesieHre C JByMsl [VIABHBIMH JIyIaMu
(puc. 5).

JInst OIEeHKM KadecTBa IOJIyYUBIIETOCH paclpejie/ieHusl UCIOIb3yeM Te XKe HEBA3KH,
9TO W IS BBIYMCJIEHHH 110 MapaJsiieIbHON IIporpaMMe.

B rabsmiax npuBeieHbl 3HaUYeHUsT HeBSI30K Jo — J4 JIJIS PA3JIMYHbIX CJIydaeB IpOro-
Ha [POrPaMMbl MEHUMH3AIMU Ha napasuiensHoii 9BM. BuyTpu ojHoll Tabiuip! ciiyvaun
OTJIMYAIOTCS JIPYT OT JIPyTa PasMepoOM M THIOM CETKH (B Tab/MIAX MPUBOJUTCS TOJIHKO
pasmep), a Tak:Ke MAHAMH3HPYEMO# HeBA3KOM (CTydJad ¢ Pa3HbIMA MUHIMU3HPYEMBIMH
HEBSI3KAMM OT/IJISIIOTCS IPYT OT JApYTa FTOPU30HTAJIbHBIME JiHHEsIME). Bo Beex Tabmmmax
3HAYEHUE HEBSI3KU, MUHIMU3UPYEMOii B IPOIECCe CUeTa, BbIIEJEHO XKUPHBIM IPUdTOM.
BBuLy TOro, 4TO CTPYKTYDPa HEBS30K CUIBHO OTJIMYIAETCs, IMEET CMBIC/I CDABHEHHE 3Hate-
HUIt TOJTLKO JIJTsI OJJHOM 1 TOi 7Ke HeBsI3KH (CpaBHUBAeM UUCJIa B OJJHOMMEHHBIX CTOJIONAX).
Bo Bcex ciIydasx HeBA3KH B JaJibHeil 30He BBIYHCIIATINCH Ha ceTKe 85 X 85 TOYeK.

Puc. 4. I'padux dbynkmuu D(u,v), anmpokcuMaryst KOHTypa CBepajIoBCKOil obJiacTH.
CreBa — cxemMa CHCTEMbI KOODIAHAT.
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Puc. 5. I'paduk byukuuu D(u,v), ciaydail AByX IVIABHBIX JTydeil.

B rabs. 1 moMemieHbl 3HaYeHUs HEBSI30K, PACCUNTAHHBIC JJIsl PACIPEIC/ICHNs, TOJIYy-
YEHHOTO UTepAIOHHBIM MeTooM [3,4]. Kak 651710 0TMe4YeHO, UTePaIMOHHbINi METO/I HesIB-
HO TIPEIOJIaraeT MUHUMHU3AIUIO 0 HeBaA3Ke Jp.

B Tabu1. 2 IpuBejieHbl 3HAYEHNST HEBS30K JJIA PACIPe/IesIeHIi, PACCIMTaHHbBIX TIPE/ITIO-
JKEHHBIM B JIQHHOH paboTe MeTonoM. B kadecTBe HAUAJILHOIO NPHOJIMKEHHS I1a DyHK-
mun 8(€,n) ucnosb3oBasach OyHKINS, TOXKIECTBEHHO paBHas Hy/mo. Pasza noss o6y a-
TeJist B aneprype Hyjiesad (@p = 0).

U3 anmajusza Tabis. 1 © 2 MOXKHO ClIeJIaTh BBIBOJI O CPaBHUTEJbHON PE3yJabTaTUBHO-
CTH JIBYX METOIOB — UTepaloHHoro [3,4] u paccmarpusaemoro. M3 comocrapieHus 1o
HeBst3Ke .Jy BUJIHO, 9TO PE3yJIbTAT UTEPAIIOHHOTO METO/IA OKA3bIBAETCS XyKe (3HAUeHHe
Jo = 7,3), 4eM MUHHMU3ALHsI [IPU CeTKe ammnpokcumalu 14 X 14 1y1s paccMaTpuBaeMoro
Merosa (3nauenne Jo = 6,6). [Ipu cpaBrennn 1o HeBsske J3 (MaKCHUMyM OTKJIOHEHHS OT
3aJAHHOTO YPOBHS, BhipaxkeHHbI B dB) mpearaeMeril MeTox Ipu pejikoit ceTke 9 X 9
OKa3BIBAETCs PABHOCHIICH HTEPAIMOHHOMY METO/Ly | JIydIlle ero pu 6ojiee MeJIKOl ceTKe.

Tabauma 1
Pasmep cerku SHavyeHnsT HEBAB0K
AIIIIPOKCHUMAIINHA JO Jl J2 J3 J4
41 x 41 7,3 1,50 4627 8,1 2238
Tabmuma 2
Pazmep cerknu 3HaveHNs HEBA30K
AIlIIPOKCUMalIun Jo Jy Jo J3 A
9x%x9 24,9 10,57 2018 8,1
10 x 10 10,5 4,57 3623 5,0 530
14 x 14 6,6 2,58 3041 3,4 121
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Tabauma 3

PaSMep CETKH 3HaveHUs HEBS30K
ANIIPOKCHMaIUn JO Ji J2 JB J4
12 x 12 5,4 1,14 5210 8,6 2089
12 x 12 4,8 1,08 4958 7,3 1175
13 x 13 5,0 1,03 4404 6,6 915
11 x 11 12,2 4,39 745 5,5 571
13 x13 9,9 3,23 504 4,6
9%x9 10,1 3,3 5678 3,7
12 x 12 6,7 1,66 1970 27 124
13 x 13 8,6 2,9 5808 3,7
10 x 10 10,5 4,57 3623 5,0 530
14 x 14 6,6 k 2,58 3041 3,4 121
Tabanna 4
Pasmep cerxu . 3HayeHHsT HEBABOK
alnpoKcuMann JO Jl J2 JS J4
10 x 10 8,76 6,61 48660 . 9,55 36239
14 x 14 6,79 4,69 37603 9,10 22368
17 x 17 5,86 3,66 27684 9,49 15039
18 x 18 5,17 2,93 21585 9,41 9685
14 x 14 38,4 28,9 6164 5,72 4289
15 x 15 33,9 24,7 4566 5,94 3243
14 x14 28,1 21,3 10967 4,14 2477
14 x 14 47,0 38,3 27455 7,93 11496
17 x 17 27,0 20,5 9607 5,39 2036

B 1abn. 3 naHbI 3HAYEHHs HEBA30K JJIsS Coydasi, KOTAA PacCMaTPHBAEMBIH MeTO.
WCIONB30BAJICA IJIsl YAyYIleHus De3ysibTaTa, IOJYHUeHHOTO HTEPaIlAOHHBIM METOIOM.
Bnecs byrkmas so(€,7), TOCTPOEHHASI UTEPAIMOHHBIM METOIOM, BKIIIOUaIach B (PyHK-
mmo F(€,7) B dopmyne (1) B KadecTBe nonpasKu K ¢ase, a BHIYUCIEHA yTOYHSIOMEN K
so(£,m) mompaBku Besmch HaumHas ¢ Hynesolt dyrkmum s(§, 7). Taxoit cnocob coorser-
CTBYET CJIy4alo, KOT/Ia B Ka4eCTBe Ha4aJIbHOT'O 3epKaJia Gepercs 3epKaJio C TOBEPXHOCTHIO,
PACCYNTAHHOM ATEPAIMOHHBIM METONOM MHHMMH3AIUK HEeBA3KH Jo.

W3 cpaBrenus Tabr. 2 ¥ 3 BUAHO, YTO UCIIOJIL30BAHNE B KaAYeCTBe HAYaIbHOrO mpubiin-
JKEHHS pe3y/ILTATOB paboThl NTEPAIMOHHOIO AJII'OPUTMA MO3BOJMAET 3HAUUTENBHO YiIyd-
MHUTh 3HAYEHAS I10y98EeMbIX HEBA30K.

TIoCcKOMIBKY 38/1a4a HMeeT MHOIO9KCTPEMAIbHEIN XapaKTep, a B IapaJuiesbHbI ajiro-
PHTM MHHHAMH3AIIHA BBEJEHBI JIEMEHTHI CIlyd4afiHoro moucka (11}, To MuHuMusanus 1o
OIHOM W TOH >Ke HeBA3Ke IIPH OJMHAKOBLIX CETKAX M NPOYHUX OAMHAKOBBIX PaCIeTHRIX
JCJIOBHSIX MOXKET JaBaTh PA3HbIE PE3YJBTATHI, 9T0 BUAHO U3 Tabm. 3.

Ha puc. 6 mokasan mpumep cedernuit rpacduxoB yukuuii I(u,v) (YepHag muHuA) U
D(u,v) (cepas uHNUA) BePTHKAJIBHOMN IIOCKOCTHIO, APaJLIeIbHOM! OCH U.

3amada ¢ AByMs TJIABHBIMHE JIy9aMM OKa3aJach Gojiee CIIOXKHON IS MUHMMH3AIAH.
B ciryuae ucnosib30BaHHs. HEBAZKHY J MOJIydaeM Xopolilee npubmnkenue B obacTy 6051b-
[IMX 3HAYEHHI MOmel»HOrO Jyda (B obmactu M*), HO He OYeHb CHIBHOE IIONABJICHHE
GOKOBBIX JierecTKOB B obsactu M,. IIpu MunmMusanuy 1o HeBsiskaMm Jg, Ji3, Jy nMeeMm
YIOBIIeTBODUTEIbHOE TIOAABJICHNE GOKOBBIX JIEHIECTKOB IIPH ILI0X0H ¢opme Jyda B 0bsa-
cr M*. 3HadeHHus HOJTy4eHHBIX HEBS30K IPHBeeHB! B Talul. 4.

Ha puc. 7 npusenent! cedenus rpadukos yrkumii [(u,v) u D(u,v) BepTHKAILHOM
ILIOCKOCTBIO, MapaJineabroit ock u. Ha seBoM pucyHke n300parkeHbl pe3y/IbTaThl MUHU-
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Puc. 6. Ceyenns rpacpuxos dyuxmmit I(u,v) 1 D(u,v) mpu v = 0 (¢ = 0) oTHOCHTeTBHO
nonsipHOro yrita 6 cepuueckoit cuctemsl KoopauHaT (u = cos @ sin 8).
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1 v 1 1 T T
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Puc. 7. Ceuenus rpacduxos dbynxumit I(u,v) 1 D(u,v) Jns ciyyaeB MAHEMHA3AIUH 1O
HepsiskaMm Ji (cziesa) u Jo (cmpaBa). 3xech 3sHauenHe v () COOTBETCTBYET IPOXOMKIEHHIO
CEYeHUs Yepe3 ONMH U3 MaKCHMYMOB MoZAeNbHOTO Jiyya D(u,v) (¢* = 7,5°). B kagecTse

HE3aBHCHMO# NepeMeHHO# B3AT NO/PHBIi yrou § chepudeckoi cuCTeMbl KOOpAUHAT (u =
—
= cos " sin§).

Mu3anun HeBsi3KH J1. Buaso, 4To B 06/1aCTH IVIABHOTO JIyYa MOJENIBHBIN ayd D(u,v)
npuG/IMKAETCA XOPOLIO, HO B 06/1acTH GOKOBBIX JIEIECTKOB MMEET MECTO 3HAYATE/IHHOE
IpeBbIIIeHre Ha/l J0yCTUMbIM ypoBHeMm —25 dB. Ha npaBoM pucyHKe IOKa3aHBI pe3yiib-
TaThl MUHMMH3AIN HEBSA3KH J2. 3/1eCh B 06/1aCTH GOKOBBIX JIETIECTKOB HMEEM YIOBJIETBO-
PpHUTENBHBIA yPOBEHb CUrHaJIA, HO B OGJIACTH [VIABHOI'O JIy4a NOJIyHeHHOe PacIpeiesieHue
MomHOcTH (U, V) IBHO HEyJIOBJIETBOPUTEJILHO.
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Puc. 8. Tpaduku dysxmuu I(u,v) NIpn MUHUMU3AIMK TIO HeBA3KaM Ji (cBepxy) u J2 (cHuzy).
Ha puc. 8 MOKa3aHBI TPeXMepHbIe n300parkenus rpadukoB dynknun I (u,v) npu Mu-

HUMHA3AIIH 110 HeBsA3KaM J1 u Ja.

7. 3ak/odeHue

J1151 3epKaIbHOM AHTEHHBI C OUHOYHBIM 00JIy YaTesieM IPe/JIOxKeH OITHMU3AIIMOHHBII
METOJI CHHTE3a IIOBEPXHOCTH OTparkaTessl i (DOPMHUPOBaHUs JUArpaMMbl HallpaBJIeH-
HOCTH B MajibHEil 30He, KOTOpas MMeeT 3a/aHHYI0 KOH(MUIypaluio B 06/1acTH IJIABHOTO
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Jsierrectka. KOMIbIOTepHAs peajd3allis METO/a MCIOJIb3yeT Iapasule/IbHyI0 IPOrPpaMMy
KOHEYHOMEPHO! MMHAMM3aLHUK. B Impolecce 3KCIePUMEHTOB yAAJI0Ch IOy IATH TECTOBbIE
IUarpaMMbl HAIIPABJIEHHOCTH CO CJIOXKHBIM KOHTYPOM IVIABHOTO JIy4a.

PeBlebTa’I‘bI M3JI02KEHHOr0 MEeTOJa MOXKHO HCIOJL30BaTh B KaUeCTBE HAYAJIbHOT'O IIpH-

6IMKeHNs JJS UTEPALOHHOTO crocoba [4] pacdera reoMeTpuu oTpaskaTesiell GOIBIINX
3JIEKTPUYECKHX Pa3MepOB, C NOCIe/Iyloleli Opranusalyeil IUK/ITIeCKOT0 HCIOIB30BaHNS
060X METOAOB I JaJIbHEeHINero iy YlleHus PelleHus.

Kpome Toro, pa3BuTHe JaHHON PabOThI NPeAyCMATPUBAECT KOHCTPYUPOBaHHE NPYTUX

HeBSA30K, 6osee «(pHU3MIHO» yUUTHIBAIOIIEX TpeboBanus K (opme Jiyya B JajbHel 30He.
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