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PaccmaTpuBaercs MaTemMaTHdecKkas MOJENb BPEMEHHON CTPYKTYPBI OTPaKEHUN B NMPHIOKEHHU K
THIPOAKyCTHUECKOMY CHHTE3y alepTypbl aHTEeHHbl. Monens ofecrednBaeT pa3paboTKy
ITOPUTMOB TPSIMOTO CHHTE3a alepTypbl AaHTEHHBI, MO3BOJAIONIMX IOJIYYHUTh H300paXKeHUE
MOBEPXHOCTH JIHA C BBICOKMM pa3pellieHneM B YCIOBHAX peBepOepauuid. [IpuBeneHbl OLEHKH
BpPEMEHHU 3aJepKKH, (a3oBOro CABUTA W JOIUIEPOBCKOW YacTOTHI IJISI PA3IMYHBIX TOYEK Ha
MOBEPXHOCTH JTHA.

Kntouegvie cnosa: TUIPOAKyCTHKA, BpEMEHHAs CTPYKTYpa, CUHTE3 allepTypbl aHTCHHBI.

BBeaenne

[loBbIeHre KadecTBa M300pakKeHUs JHA M TMPEAMETOB HAa HEM OCHOBAHO Ha MOBBIIICHUU
pasperaronmx CnocoOHOCTeH W, B TEpPBYIO OdYepeab, B a3UMyTalbHOM IIIOCKOCTH. Hamboiee
pacrpocTpaHeHHbIE TMOJAXOJAbl K TOBBIIICHUIO pa3pemarolieil CrnocoOHOCTH B a3UMYyTalbHOM
TUIOCKOCTH CBSI3aHBI C YyBEIIMYCHHEM pa3MepOB AaHTEHHBI W YMEHBIIICHWEM JUTUHBI BOJHBI
30HAMpYoIero curHana. OaHaKo Ha MPaKTUKE pa3Mephl THAPOAKYCTHUYSCKUX aHTEHH OTPaHUYeHEI, a
YMEHBIICHUE JITMHBI BOJHBI COMPOBOXKIACTCS CYIIECTBEHHBIM 3aTyXaHHWEM aKyCTHUECKHX BOJH HpPH
pacnpoctpanenuu [1]. [TosToMy oTMedeHHBIE TOXOABI 00ECIIEYNBAIOT MOYICHUE N300paKEeHUs THA
(0OBEKTOB) C BBICOKMM pa3pelleHHeM JIAIIb Ha MallbIX PACCTOSHUSAX (TIyOMHAX), OTpaHHMYEHHBIX
sHaueHueM 300-500 metpoB. OrpaHudeHHE NaTbHOCTH JEHCTBUS SBISAECTCS HE €IUHCTBEHHOMN
npobsiemoit ruaposokaropoB (I'JI) moctpoenus m3zoOpakenus anHa. Jpyrodi mpoOiiemMoil sBISETCS
3ammTa OT peBepOepalvii, TPUHUMAEMBIX TI0 OOKOBBIM IIENIECTKaM IHarpaMMbl HANpPaBIEHHOCTH
THJPOAaKyCTHYECKON aHTEeHHBI B xoje nepemenienus [JI. 3ameTnM, 4To ypoBEeHb OOKOBBIX JICTIECTKOB
ruapoakyctudeckux — anteHH  Beauk  (—20..—10 1b) mo  cpaBHeHHMIO ¢ aHTEHHAMHU
PanuoJIOKAaMOHHOTO  JMana3oHa, 4YTo, COOTBETCTBEHHO, BBIBOJUT MpPOOJEMYy 3allUThl  OT
peBepOepanmii B I'JI mocTpoenust n300pakeHus 1HA Ha TTEPBOE MECTO.

O603HaYeHHBIE TIPOOJIEMBI CPABHUTEIHHO YCIIEIIHO MOTYT ObITh periensl [2] B I'JI ¢ cuaTe3oM
aneprypsl anTeHHbl (CAA). OcHoBoii ycrmemHod paszpabotku anroputMoB CAA B ['JI sBisercs
MaTeMaTh4ecKas: MOAETb OTPAaKEHHOTO CHUTHANa, YYHMTBHIBAIOMIAs OCOOEHHOCTH pPacHpOCTPaHEHUS
THJIPOAKYCTUYECKUX BOJIH, H3ITy4aeMbIX U MPUHUMAEMBIX aHTeHHOW aBmKyIerocs ['J1.

Mopeanb 3OHIUPYOLIET0 CUrHaJjJIa

B I'JI ¢ cuHTE30M anepTypbl aHTEHHBI, 00ECIIEUYUBAIOIIEM ITOBBIIIEHUE YTIIOBOTO pa3peIIeHUs
3a cueT (HopMHUpPOBaHHUs OOJIBIION arepTypbl BAOJIL JUHUUA EPEMEIICHNS, BOZHUKAET BO3MOXKHOCTD
HCIIOB30BAaHMSI CPAaBHHUTENIBHO HEBBICOKMX Hecymmx uactor (Hampumep, f,=75xkl1). Oto0
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MO3BOJIICT YBEMYUTHh JAIBHOCTh jevictBus [JI Omaromaps CHWXKEHHIO TIOTEpPh Ha Tpacce
pacrpocTpaHeHHS.

Kpome Toro, yBenumueHue nanbHOCTA AeHCTBUM I'JI TpaIWLIMOHHO CBSI3aHO C YBEIUYCHHEM
JUIMTENBHOCTU UMITyJIbca T, 30HAMpyomero curuana (3C), 4To B COBOKYIHOCTU C HEOOXOAUMOCTBIO

obecrieyeHnst TpeOyeMoi pas3pernarommei CoCOOHOCTH IO painanbHOH mambHOCTH Ar =C, [ 2Af,
JUKTYeT MPUMEHEHHE CJIOKHBIX 3aKOHOB BHYTPHUMITYJbCHOW MOIYJIALUH, TAe C, — CKOPOCTb
pactpocTpaHeHus 3ByKa B Boje, a Af, — mmpuHa criektpa 3akona Moxysiuu 3C.

3amernM, 49TO B paccMarpuBaeMbix [JI mocTpoenmss m3obpaxeHus nHa 3Hauenue Af,

ompenesiieT HE TOJBKO PAa3pellarollyl0 CHOCOOHOCTh IO AAJbHOCTU Al, HO M pPa3pellarollyro
CIOCOOHOCTh MO MPAMOYTOJIBFHONH KOOpPJMHATE HAa TOPH30HTAJILHON MOBEPXHOCTH OHA (KOOpIMHATA
Y ), nepneHAUKYJISIpHOM JMHMKM ABWXeHHs HocuTenss [JI. Dta paspemaromas crnocoOHOCTH
HOSICHSIETCS] PUCYHKOM U OTPEEISIETCS BEIPAKEHUEM:

_Ar

Ay = . 1
Y = sine (1)

TJI I'maBHBIN JlenecTOK Auarpam-
MBI HAIIPaBJICHHOCTH (hr3mde-
CKOM aHTEHHBI B BEpPTUKAJIb-
HOM IUIOCKOCTH

Ar
Y

[
>

N

» & Ay

Puc. 1. [TosicueHwust pa3pemarorieli CnocoOHOCTH

Pasmep cunTesupoBanHOl anepTyphl Lg,, Hampsmyro onpeensercs ckopocTero Hocutens I'J1
V\ U JUIITETBHOCTBIO T, KOI€pPEHTHOH IayKu CUTHAJIOB, IPUHATHIX B XOJIE CUHTE3a anepTyphl, HIH

BPEMEHEM CHHTE3a allepTypbl AHTEHHBI gy,

LSAA =VNTSAA : (2)

[Mostomy B I'JT ¢ CAA HEoOX0qMMO HCIOIh30BaTh KOTepeHTHBIE MmocienoparensHocT 3C,
BpEMCHHAasd MO/JICJIb KOTOpOfI Ha BXOJEC FI/II[pOElKYCTH‘ICCKOfI AHTCHHBI OIMHUCBIBAIOTCS BBIPAKCHHUEM

N .
E, > Up[t—(n—1)T, Je™*™),0<t<N,T,;
n=1

Uy () = (3)

0,(t<0)v(t>N;T,),

roe E,, o, , ¢, — ammmmTyna, Kpyroas 4acToTa M HadanbHas (asa Hecymero konebanus; U, (t) -

3akoH Moaysnuu oauHouHoro 3C; N; — 4ucio oguHouHbIX 3C B OC/IEN0BATENLHOCTH; |, — HEPHOJ
nosTopenus 3C.

Mopaeb rHIPOAKYCTHYECKOr0 CHTHAJIA, 0TPA’KEHHOI0 OT TOYEYHOr0 00bEeKTa, IPH CHHTE3e
anepTypbl aHTEHHbI

B ocHoBe cBepxpaspemieHuss 1O  a3uMyTy ([0  OPSMOYrOoJbHOH  KOOpAMHATE,
OpUEHTUPOBAHHOW BIOJb JinHUM mnepeMewieHus [JI) mpu CAA nexar pa3nuuus B HM3MEHEHHAX
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paauaNbHBIX TaTbHOCTEH DJIEMEHTOB MOBEPXHOCTH JHA OTHOCHUTEIHLHO (Ha30BOTO IEHTPa PU3MUCCKOM
aHTeHHbI JBmKymerocs ['J1.

B npunoxennun k CAA 30Ha 0030pa (30Ha MOCTPOCHUS H300paKCHHS) pa3dHMBaeTCs Ha
TpeXMepHble OJOKH B TpsAMOyroipHoH cucreme koopauHat X,Y,Z, mnpuuem ocb OX

OpUEHTHPOBAHA BJIOJIb MPSMOM JIMHUM NepeMenieHus pa3oBoro 1eHTpa usudeckoit antenusl [J1, a
ocb OZ opueHTHpOBaHa BepTHKaIbHO. B Xozne nunrepsana CAA IIUTENbHOCTBIO Tg,, CTPOMUTCS OIHH

ook (cM. puc. 2), umeromuii pasmMepbl Xog, ; Yogy » Zog; M COCTOSIIUN U3 pa3pelIaeMbIX 00bEMOB C
pa3MepaMu, COOTBETCTBYIOIIUMHE Pa3pelIatonuM criocooHocTssM AX, Ay, Az . KonnuecTBO 371€MEHTOB
paspemieHuss B OJOKe IO COOTBETCTBYIOIIMM oOCsiM koopamHat o6o3HaumM N, , N, ,N,.

ITpon3BosbHEI pa3penaemMblii 00beM B Ooke 06o3naunM HomepoM (j, 9, h), mpuuem j=1L N, ,

g=LN,, h=LN,. Hocurems I'Jl mepememiaercs NpsAMOIMHEHHO CO CKOpPOCThIO V, , IpHYeM

Xy (t) =Xy +Vyt, a ocransuble ero koopauuats! Heusmenns! (Y, =0, z, =0).

MowmeHT m3nydenus mepsoro 3C MowmenT npuema nepsoro OC
Xy — X ;
M 0 - VN Xy Xm —IF Xo -
> } >
X
Mem (t=0)

Touka M ¢ HOMepom (1,1,1)

>
N
N
D L R R R KA

Texymuii 610k 0030pa

Crenyromuii 6510k 0030pa

Puc. 2. 'eomerpuueckoe npeacrasnenne CAA B I'J]

B kauectBe mpumMepa Ha puc. 2 0003HaYeH paspenraeMblii 00beM ¢ IEeHTpoM B Touke M u
Homepom (L,11). s oroit Toukn CAA BbImoOJHsAETCS TpH JBWkenun [JI B uHTEpBale
[Xy — X3 Xy +%,] mo xoopmunate X ¢ meHTpoM B Touke ¢ KoopauHatamu (X, Yy, Zy ) - IlepBblit
3C Brauane CAA s toukn M wm3nydaercs B momeHnt Bpemenu t=0. [Ipu stom pamuaibHOe
paccrosiaue mMexay I'JI u toukoit M pasno T, (t=0). CoorBercTByIOINIA OTPAXKEHHBIH CHIHAI

npoxoaut paccrosaue I ,,(t=t,,,) or Toukn M g0 I'Jl u mpuHEMaeTcs B MOMEHT BPEMCHH

rzs,M (O) + r-ot,M (tz M)
c .

Vv

t=t,, =

z,

MatemaTtnueckass MOJENb CUTHANa, OTPaXXEHHOTO OT (j,g,h) -T0 paspemaeMoro oobema B
TeKy1eM 0Jioke 0030pa, onuckiBaeTcs [3, 4] BeIpakeHHEM:

Ny

i 2nfo(t=t, (j g0 (O)-(=DT; J+0g g
Usiam (1) =2_Esfigm (t)UO(t_tzu,g,h) (- —1)T,)e[ ) @

n=1
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1 O S (t) — 3aJep)KKa CHUrHala, OTPaXEHHOIO OT (j,g,h)-ro pasperiaeMoro oonema,
otHocutenbHo 3C; N — Homep nepuoza nosropenus 3C; E (io.h) Pojgn — AMIATYTA 1 ciayvaiiHas

HavanbHas (a3a CUrHaNIa, OTPAXKEHHOTO OT (j g, h) -TO pa3peraeMoro oobema.

[Ipu wucnomezoBanmu 3C C JUHEHHON YacTOTHOW MOAyJsAIued B N-M 30HANPOBAHHUH
3aJiepyKaHHBINA 3aKOH MOAYJISIINN B BBIPAXKCHUU (4) UMECT BUI;

2

mAf, (t ~t, (i gm (D)= —1)Tr)
exp| i T
Uo(t=t, (5 g ()= (1=D)T, )= 0

0,(t=t, ;g ~ (1=DT, <O)v(t=t,; ¢ 1y ~(N-DT, > Ty

0<t—t, ;o — (=T, <T,

(J.gh

Onpenesienne BpeMeHH 3a/1eP:KKH U ()a30BOT0 CABHIa OTPAKEHHOT0 CHTHAJIA B KAKIOM
nepuo/e 30HTUPOBAHUS

Hocutens I'JI nBmxercs npsAMONuHEHHO CO CKOPOCThIO V), , KOTOpas SBISIETCS BELIECTBCHHOM

IIOJIOKUTEIIBHON KOHCTaHTOM.
BHauvase paccMOTpUM OTpakeHUs OT pernepHoi Toukun M , Haxopsieics B IIEHTpe MepBOro
paspemaemoro oosema ¢ HomepoM (1,1,1) B Gmoke (cM. puc. 2). Byaem mosararh, 9T0 B MOMEHT

navanma CAA nepemennas t=0, a ¢a3oBbiii 1ieHTp anTeHHbl ['JI HAXOAUTCS B TOYKE C KOOPAWHATOM
VT
X5 (0) =(%y, —%,), rae X, = % — MOJIOBKMHA MpocTpaHcTBeHHoro uurepsana CAA. Tlocie Havana

CAA B mpousBonbHbI MOMeHT t, korma uamydaetrcs 3C, pacctosHue mexnay [JI u toukoit M
OIMCBIBAETCS BBIPAKCHUEM

() =42 Y + (6 0%, ) ©
Tax kak X;(t) =X;(0) +V,t, a X;(0) = (X, —X,), Beipaxkenue (5) mpeobpasyercst K BULY

Csm (t)z\/ZéI + y,f,, +(—X0 -|-VNt)2 ,0<t STSAA' (6)

VcTaHOBHM, YTO MPOU3BONIBHBIA 1O cdyery 3C B MOC/IENOBATENIBHOCTH H3IYYE€H B MOMEHT
Bpemenn t, xorma I'JI maxomwics B Touke X;(t)=(Xy, —X, +Vyt). Otpaxenusii or touku M

curHain, coorsercTByrommii stomy 3C, Oyaer mpuHAT uepe3 uHTepBaid Bpemenu t,,,(f) mocme

MomeHTa Hadana uznydenus 3C. Toraa coorsercrByromee sromy 3C paccrosnue I, (t), KOTOpO€e

MPOXOJIUT OTPAKCHHBINM CUTHAT OT Toukr M 10 I'JI, MOXXHO OIMCaTh BhIPAXKCHUEM:

Y (t)=Jza Y2 (R OVt ) Xy ) 0t <Ty,,. (7)

C yuaerom Toro, 4to Xg (t) =(X,, —%, +Vyt) . Beipakerue (7) npeobpasyercs K BULy

2
Mo (t):\/zfﬂ + Y5 (X Vit +V (1), 0<t<Tg,,. (8)

CBs3b MEXy PaJMAIbHBIMU PACCTOSHUAMH Iy (t), Mot (t) U BPEMEHEM 3aIa3bIBaHUS
orpaxeHHoro curHama t,,,(t) or toukm M oTHOcHTenbHO MOMeHTa Hauana wuanydeHus 3C

OTIPEJIETISETCS BEIPAKEHUEM:
Bom () + T (1) =Gt (1) ©)

C wucnons3osanuem (6), (8) u (9) monyunm BeIpakeHHe AMs MCKOMOH 3amepxkku t, . (t)
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OTPaXXCHHOI'O OT TOYKH M cur Halia, COOTBCTCTBYIOH_ICﬁ MOMCHTY t magama H3JIYyUYCHHUA 3C:

2 N
b (=57 v (Gt (0) 1) -5 _N\);OZ [e]. (10)
v v N

PaccMoTpuM TpOHM3BOJIBHBINA pa3peuiaeMblii 00beM C HOMEPOM (j g, h) Jis (j g, h)-ro

pasperraeMoro oobeMa ¢ KOOpAWHATAMH IEHTpa (X( an Y ) CAA BbINOTHSETCS TIPH

ig.h)’ Jg h)

mewxeHnn I'JI B umHTEpBane [X ~ %03 X(j.a.n) +X,] mo xoopmunare X . BpmomHnM omnmcanue

(i.g.n)
3a/Iep)KeK CHTHAIIOB OTHOCHUTENBHO KOOPIHMHAT perepHoil Toukn M, 9TO MO3BOJIUT YMEHBIIUTH
KOJIMYECTBO HOBBIX NepeMeHHbIX. C y4eToM 3TOro KOOpAMHATHI IIEHTpa (j,g,h) -rTo o0bema

ONPENENAIOTCS B BHE:
Xiom =X (1=DAX; ¥ m =Yu +(9-2)AY; 70 =2y +(h-1)Az. (11)

Paccrosane mexny IJI u nentpom (j,g,h) -T0 00beMa B MOMEHT Haudajla H3ITydeHUS

pou3BOIbHOTO 3C OMHUCHIBAECTCS BHIPAXKCHUEM::

2
Vs(j.g.h) (t) :\/z(zj,g,h) + y(zj,g,h) +(XG (t)_x(j,g,h)) : (12)

Tak xak X (t) = (X, +(J —1)Ax—x0 +V,t), To Bepakenue (11) ¢ yuerom (12) B mHTECpBae

CAA (0=t <T,,, ) MOXXHO IIPEJICTaBUTH B BUJE:

e iom) (t)=\/(zM +(h—1)Az)2 +(y,\,I +(g —1)Az)2 +(—x% +Vyt)*, 0 E<T,,,.
Paccrosmue 1, ;.\ (t) u sanepika ;o (t) OIUCHIBAIOTCS BBIPAYKEHUAMMU:

. (t)=\/(zM #(n=1)82) + (3 +(g -2y ) +(Vul-+ ity o (0)=% ) OSE<T,ss,

2

X
t o ()= 7 Vz(cvr (,gh)(t)+V2t) q—NV§'

Bripaxxenne ISt (hazoBoro clIBHATA Pj.0.n) (t) = %(rzs‘(j‘g‘h) (t) +r, (ia.h) (t))

COOTBETCTBYIOIIETO 3aJE€PIKKE OTPAKEHHOTO CUTHANA, JUIS (j, g, h) -ro oObeMa MpH JJTHHE BOJIHBI A
1MeET BH]I

o __ A, o)
Pi.a) (t)= TCvtz,(Lg,h) (t)= X(C\f v ) [(C\,I’ZS (.oh) (t )+VNt) V, Xo} _
CootBercTBy!OLIEE BBIPAKCHHE JUIst JIMHEWHOU JIOTUIEPOBCKOM YaCTOTHI
00 o (1
fdv(J,g,h) (t) = _%%h)() HUMEET BU/JI
2Cv V XO _V t
fd(Jgh)() N( N) _VNZ .

A(c2-vi) K \/(zM +(h=2)Az)" +(yy, +(9-D)AY) +(Vyt %)

Ha puc. 3 npeicraBieHsl 3aKOHBI U3MEHEHUS 3aJ€PKKH, (Pa30BOTO CABUTA W JAOIUIEPOBCKOM
YaCTOThl CHUTHAJIOB, OTPAXEHHBIX OT TOUukH M , 1t ciemyrommx ucxomHbix yciosuit: A =0,02 M,

Vy =5 ™/, ¢, =1500 m/c, X, =15m™m, y,, =600mM, z,, =1375m, AX=Ay=Az=0,5m. Ha puc. 4
NpUBECHB! IPaUKU BPEMEHHBIX 3aBUCHMOCTEH 3a1epXKKH M ()a30BOrO CIABHMra Ul pa3peraeMbIx
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00BEMOB, Y KOTOPBIX MMEIOTCS Pa3IHuHUs TOJBKO MO KoopauHarte X . Pe3ymbTaThl MOJCTUPOBAHUS
TO3BOJISIIOT CJIeJIaTh CIIEAYIOIIUE BBIBOJBI. BO-TIEpBBIX, XapakTepHbIE TOYKH 3aKOHOB W3MCHEHUS
BpPEMEHH 33/IePKKH, (a30BOTO C/IBUTA M JIOTLICPOBCKOM YaCTOTHl OTPKEHHBIX CUTHAIOB CIBHHYTHI
OTHOCHUTEJIILHO aHAJIM3UPYEMOU TOYKH. DTO OOBSCHSAETCS TEM, YTO CKOPOCTh PaCIpPOCTPaHEHHUS BOJH
COIIOCTAaBUMA CO CKOPOCThIO JBWKEHUsS Hocutenss [JI, W, COOTBETCTBEHHO, PACCTOSIHUS MEKIY
¢azoBeiM 1eHTpoM aHTeHHBI [JI m aHamm3mpyemoi Toukoil B MomeHT mepemaun 3C u mpuema
OTPAKCHHOTO CHUTHAJa HEOJMHAKOBBL. BO-BTOPBIX, 3aKOH W3MCHCHHS JOIUICPOBCKOW YaCTOTHI

fd(j‘g’h)(t) siBisieTcsl HenuHeitHbIM. B MoMenT t=0 Hagama CAA s (j,g,h)-ro paspernraemMoro

oobema (I'JI Haxomutcs B Touke Xy :(X(j,g,h)_xo)) JIOTIICPOBCKAsi 4acToTa fd(jyg‘h)(O) UMeeT

HanOOJIbIIIEE 3HAUCHHE

2C VX% 2
@)= =2, : v,
P G (z + (-0 a2 +(y + (0D (6f

tw (8):[c] ou (t).[pan]

2,0001 942520
2,00005 942500
2 942480
0 1 2 3 4 t,c 0 1 2 3 4 tc
a 6
fy w (t).[Tu] fam (t).[Te]
1,665
0
-1,666
5 -1,667
0 1 2 3 4 tc 0 1 2 3 4 tc
6 ot

Puc. 3. BpeMeHHBIE 3aBHCHMOCTH IIApaMETPOB OTPAYKEHHOTO CUTHaIa 1y Toukn M : a — 3amepikka;
6 — (Ga30BBbIi CABUT; 8 — JOIUIEPOBCKAs YAaCTOTa; 2 — MepBast IPOU3BOIHAS JOIIIIEPOBCKOM YaCTOTHI

t, (t),[c] o(t),[pax]

— 1) Y — T E

------ (10:1:1) e (10:150) |
— — QLD | 942560 — — (20:1:1)
2,0001
942520
2 942480

Puc. 4. BpeMeHHbIe 3aBUCHMOCTH TaPaMETPOB OTPAKEHHBIX CUTHAJIOB JUIS pa3pelaeMbiX 00beMOB ¢ HOMEpaMu
(1;1;1) , (10;1; 1) u (20;1;1) > a —3a/epikKa; 6 — (Hha30BBIN CABUT
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ﬂOHJ’ICpOBCKaﬂ JaCToTa OTPaXCHHOI'0 CUrHajla B IIPOLECCE CAA y6BIBaCT U TPpUHUMACT

HYJIEBOE 3HaYCHHE B MOMEHT BpeMeHH t =t

min» KOTI 3a7€poKkKa L, ;o\ (t) OyleT MUHUMAJIbHOM!

2 X%,

tz min,( j =2 2 Cvrzs j (t:tmin)+V2tmin -1
_min,(j,g.h) Cf —V,\f ( (J.g.h) N ) Cf _V’\?

DTOT MOMEHT BpeMeHH [ =1, OMHCBHIBACTCS BBHIPAKCHUEM:

2 2

1 Vi (2 +(n-2)az) + (v, +(g -1y )

T Vg Vi

3akiaoueHne

Otmuuus CAA B rugposnokanuu no cpaBHeHuo ¢ CAA B paJMOIOKaIllMU BO3HHUKAIOT U3-32
CYIIIECTBEHHOTO CHIDKCHHSI OTHOIIEHUS CKOPOCTH PACIPOCTPAHEHHUS WCIIONB3YEeMOW aKyCTUYECKOU
BOJTHBI K CKOPOCTH ABMKEHUSI HOCUTEIS THIPOIOKAaTOpa. ITO MPHUBEIIO B THAPOIOKAINH K TTOSBICHHIO
CYIIECTBCHHBIX Pa3jIMUUil B PACCTOSHUAX MEXAy (a30BBIM IIEHTPOM aHTEHHBI THIPOJIOKATOpA H
aHAJTU3UPYEeMONM TOYKOM B MOMEHT IIEpelayd 30HIUPYIOIIEr0 CHUrHajga M B MOMEHT IIpHeMa
COOTBETCTBYIOIIETO OTPXCHHOTO CHUTHANA. BrIpakeHHWe AN CyMMapHOM 3allep)KKH OTPaKEHHOTO
CHUTHaJIa OTHOCUTEIFHO MOMEHTA 30HAUPOBAHUS MO3BOJIMIIO OMKCATh COOTBETCTBYIOIIMM HEITWHEHHO
WU3MCHSIONIUICS BO BpEeMEHH (pa30BBIA CIBHUI CHTHAQJIA, OTPAKEHHOTO OT IMPOU3BOJBHOTO
aHAM3UPYEMOTO pazpemaeMoro oobema. llomydenHoe BblpaxeHwe A (Pa3oBOTO CABUTA SBISETCS
OCHOBOW 15l pa3paboTKH alrOpUTMOB CHHTE3a alepTyphl aHTEHHBI, KOTOPBIE 00ecreyaT MoCTPOSHE
M300paKCHUS JIHA C BBICOKMM Kaye€CTBOM Ha CPaBHUTEIHHO OOJBIINX AATBHOCTAX (TIyOMHAaX) MpH
WCTIONB30BAaHUHM OTHOCHUTEIHHO HEOONBIINX 3HAYE€HWUH [UIMHBI BOJHBI W pa3Mepa amnepTypsl
(u3MIeCcKOl aHTEHHBI.

MATHEMATICAL MODEL AND DELAY TIME
OF REFLECTED SIGNAL IN SYNTHETIC APERTURE SONAR

S.R. HEISTER, TRAN TAI TRONG

Abstract

A mathematical model of time structure of the reflected signals in the synthetic aperture sonar
is considered. The model provides the algorithm design of direct synthesis of antenna aperture, which
allows to obtain high resolution image of seabed surface in reverberation conditions. The evaluation
results of the delay time, the phase shift and the Doppler frequency for the different points of seabed
surface are represented.
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