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Pedepat: lNMpeanoxeH cnocob BbluMCIEHMS Yyrria MecTa paamoriOKaLMOHHOW LIEN Ha OCHOBE
ob6beanHeHnsa MHdopMauMmM, NOCTyNalrLlWen OT ABYX AMarpaMM HanpaBreHHOCTUM aHTEHHbI, KOTopble
pasHeceHbl MO BepTUKanw.

OG6paboTka nocTynawLlern paguosiokauMOHHOW MHGOPMaLUM B COBPEMEHHBIX  Ha3eMHbIX
pagunonokaumoHHbix ctaHumax (PJ1IC) npousBoanTtcs umdpoBbIMU YCTPOWCTBaMM U cuctemamu. Bbicokas
TOYHOCTb M HaAEXHOCTb MOJyYEHHbIX pPe3ynbTaToB AeNnalT MX HE3aMEHUMbIMU B COBPEMEHHBIX YCIOBUSIX.
B HekoTopbix PJIC 0630pHOro Tvna onpeneneHne yrna mMecta Lienun OCyLLecTBAseTcs npyu noMoLm metoaa
napumanbHbIX guarpamm, npu KOTopoM hopMupyeTCsl HECKOMbKO Nydeln, pas3HeCeHHbIX Mo BepTuKanun Ha
HekoTopble yrmbl [1]. [pn 3TOM AnarpamMmmbl HanpaBneHHOCTU 3TUX fyYel NepekpbiBaloTCA Mo Yrny MecTta u
OTpaXeHHble CurHanbl OT paauvonoOKaUMOHHBLIX Lenen MOryT nonactb B COCefHWe [uarpammbl
HanpasneHHocTn. MHorokaHanbHbIM NO NPOCTPAHCTBY 0B630p NO3BOMSET OUEHUTb Yron Mecta uenm n ee
BbicoTy. [Mpu atom rpybo yron Mecrta MOXHO OUEHWUTb MO HOMepYy KaHana, rae curHan MakCUMarnbHbIN.
Bornee ToyHOE 3HayeHWe yrnoBon KOOpANHATBI MOXHO MOMYYUTb C MCMONb30BaHNEM MEeTOAa CPaBHEHMS UNn
amnnuTygHo-gasoBoro MeTtogda. bomee npocton sBnsieTcAa HekorepeHTHad obpaboTka cwurHanos, Korga
obbeanHeHne wHGOpPMaUuK, MOCTynawLern OT ABYX Jydel, OCYLIECTBMSIETCA Ha 3Tane MnepBUYHOMN
06paboTKM pagnonoKaLMOHHOM MHAOPMAaLIK MPU BbIYUCIIEHNN KOOPAUHAT Lienen.

Onpegenenve asumyta uenu B PJIC ocHoBaHO Ha aHanu3e asumyTarnbHbIX MayYyek OTPaXXEHHbIX OT
uenu curHanos. lMockonbKy curHan OT uenu nonagaeT B ABE COCedHME Auarpammbl, TO BbIMUCIUTb Yron
MecCTa MOXHO Ha OCHOBE aHanu3a COOTHOLUEHWS KONMUYecTBa WMMNYNbCOB B asvMyTalbHbIX Naykax B
coceHNX paanonoKauMOHHbIX KaHanax. [ns onpeaeneHHOCTU pacCcMOTPUM [Ba COCeaHMX Ny4va, OAWH U3
KOTOPbIX HA30BEM HWXHWUM, OpYron - BepxHUM. OTHOLLEHME KONMYecTBa MMMYNbCOB a3vMyTarbHOW Nadku B
BEpXHEM KaHane K KONMYeCTBY MMMYMbCOB B MNayvke HWKHEro KaHama MOXHO onpefenuTb uYepes
COOTHOLLEHWE [AuarpamMm HanpasneHHoOCTWU. [uarpamMmbl HamnpaBneHHOCTW Mo yrny mecta B obnactu
MaKCUMyMa U3My4eHWsi MOXHO MPeACTaBUTb B Bie cos>(...). Toraa OTHOLLEHME KONMMYECTBa UMMYNbCOB B
asnMyTanbHOM Mayke HwkHero kaHana N; K KONMMYecTBy MMMYNbCOB B a3uMyTanbHOW Madke BEepXHEero
kaHana N, onpefgensieTca Yepes3 OTHOLLEHWE AnarpaMm HanpaBneHHOCTH

cos?[ 9701 5. arccos(0,5)
A0

I : (1)

cos?(?9 792 5. arccos(0,5)
A0

roe 6 - yron Mecta; 67 -

~_1 2 L HanpaereHve  Makcumyma  guarpammbl

\ P HanpaBfIEHHOCTU HWXKHEro nyya no yrny

MecTa; 6, — HanpaeneHue Makcumyma

>< avarpaMmbl  HanpaBIiEHHOCTU  BEPXHEro

nyya no yrny MecTta; A6 — LWMpUHA

0.6 AnarpammMbl - HanpasneHHoCT nyyen B
BEPTUKANbHOW NIOCKOCTH.

Onarpammbl HanpaBreHHOCTK
HWKHero (kpuas 1) n BepxHero (kpuasi 2)
pagnonoKaLMOHHbIX KaHanoB MokasaHbl Ha
puc. 1. lpn nocTpoeHun 3aBUCUMOCTEN
o  B3ATbl uyucnoBble 3HaYeHUs 6:=2°, 6,=5°,
0,2 6 A6=4,5°. N3  pucyHka  BUOHO,  4TO

2 2,5 3 3,5 4 4,5 o AunarpaMmMbl NepeKkpbIBaOTCA MO yriy MecTa

Puc. 1 Ouarpammbl HanpaBneHHOCTU HUKHETO 1 00 YPOBHS MOMOBMHHOW  MOLLUHOCTW B
BEPXHEro pafgMonoKaLMOHHbIX KaHarnos

0,8

0,4
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OuwanasoHe oT 2,7 go 4,3 rpagyca no yray mMecta, U uenu, nvewllune yron mecta M3 aToro AuanasoHa,
nonagaT B 0b6a paguonokaunoHHbIX KaHana.

M3 cooTHoweHus (1) BUOHO, 4YTO 3Has oTHoweHne Ny Kk No MOXHO onpeaenuTb yron mMecta 6, Ha OCHoBe
obpaTHOM 3aBMCUMOCTM yrra Mecta oT oTHoweHusa Ny k N,. OnpepeneHve obpaTHOM 3aBUCUMOCTU yrna
mMecTta oT oTHoweHua Ny Kk N, B (1) Bbl3biBaeT BO-MEPBbIX U3BECTHbIE MaTemMaTUyeckue TPyLHOCTU, a BO-
BTOPbIX peanu3auus Nony4eHHOM 3aBMCMMOCTU Ha LMEPOBBLIX YCTPOMCTBaX NoBreyeT 3a cobon Gonbluve
BblYMCIMTENbHbBIE 3aTpaThl, YTO HE Bcerga npvemrnemo B peanbHoM MacwTtabe BpemeHu. B ¢BA3n ¢ atum
BbI3blBAE€T WHTEpec annpokcumauus otHoweHus Ny Kk N, npocTbiMW MaTemMaTuyecKUMn (PyHKUNAMN,
KOTOpble HE BbI30BYT BOMbLUMX CIIOXHOCTEN NPU UX peanu3auun.

Ha puc. 2 nokasaH rpaduk oTHoweHuns N; k N, B gnanasoHe nU3MeHeHus yrna mecta oT 2 oo 5
rpagycoBs. U3 puc. 2 BugHo, 4to oTHoweHue N; Kk N, B paccmaTpuBaeMoM [uanasoHe onpefensercs
rmagkov kpveon. [ns onpegeneHusi npocton YHKUMOHANbLHOW 3aBUCMMOCTW MexAy YrioB MecTa W
oTHoweHnem N; k N, MOXHO wucnonb3oBatb MeTog nogbopa asmnupuyecknx dopmyn [2]. MeTtopg
3aKrn4yaeTcsa B TOM, YTO CHayana no rpacmyeckon 3aBUCUMOCTM onpeaensieTca amnupudeckas opmyna, a
noToM onpedensanTcs ee napameTpbl. NS ee annpokCMMauun KPMBOW MOKa3aHHOW Ha puUC. 2 MOXHO
MCMONb30BaTh pas3nuyHble amnupudeckne hopMyrbl, HanpuMep, NIMHERHYI0 3aBUCUMOCTb Buaa

y=4—3’9 (6 2)_ @)

3

Ha puc. 3 kpuBoii 1 nokasaHbl B NPOLIEHTaX OLWNOKM annpokcuMaummn npu NoOMOLLM COOTHOLLEHUS (2)
KpvBOW, NpeacTaBneHHon Ha puc. 2. N3 puc. 3 BMOHO, YTO annpoKcumaumsi COOTHOLLeHusa (1) nuHenHon
3aBMCUMOCTb0 obragaeT BonblwKMK olwmMbkamu, KoTopble HabnaAaTCa Npu yrine Mecta oOkono 4 rpagycos

n coctaenstoT 6onee 100%.

Ni/N; AnnpokcummupoBaTb KpUBYIO,
5 NMOKa3aHHyl0 Ha puUC. 2 MOXHO MNpU MOMOLLM
aMNMpUYECKomn dopmynbl Ha OCHOBe

4 KBagpaTU4HOW 3aBMCMMOCTU Buaa

9

=—. 3
5 y PERD (3)
\\ KpuvBon 2 Ha puc. 3 npeacTtaBneHbl
N ownbKkM annpokcMmaumm cooTHoweHus (1) npwm
\ nomowumn (2). N3 cpaBHeHus kpuebix 1 1 2 puc. 3
BMOHO, 4YTO  anmnpoKcuMauus Ha  OCHOBe
1 KBagpaTU4HOM yHKUMM ObnagaeT MeHbLUMMM
— owmnbkamy No CPaBHEHUIO C NIMHENHOW PyHKUMEN
T (1). MuHumanbHble owmnbkn HabrogaeTcs B
AnanasoHe U3MeHeHusa yrma MecTa, rge
2 2,5 3 3,5 4 4.5 5 nepekpbIBAlOTCA  AMarpaMMbl  BEPXHEro U
HWXXHEro fnyyYyen N COCTaBMSOT BEMNUYUHY MeHee
Puc. 2 20%. MakcumarnbHble OWMBKM MOoNyyarTcs npu

3Ha4eHusAxX yrna mecta 6onee 4,5°.

Ewe opgHa amnvpuyeckas c¢opmyna, KoTopas MoXeT ObiTb npuMeHuma Ans  annpoKcumaumm
COOTHOLLEHUS (1) OCHOBaHa Ha 3KCMOHEHLManbHON 3aBMCMMOCTHU, KoTopasi onpeaensaeTcst opmMyIion

30
y=—"7+- (4)
exp(6)
3aBMCMMOCTb OLIMBOK annpoKcMMaL MM CooTHoLeHus (1) npyu nomowwm (4) OT yrna mMecTa nokasaHa
KpmBon 3 Ha puc.3. U3 puc. 3 BUOHO, 4TO HAMMEHbLLLUMMK OMBKamMu Npu annpokcumMaumm otHowweHnst Ny k No

B OQWanasoHe MepekpbiTUS auarpamMmm HarnpaereHHOCTM Nnyyein obnagaeT amnupudeckass doopmyna (4), npu
3TOM OLLUMOKM annpoKcUMaunm N3MeHsaTCs oT 6% A0 MUHYC 22%.

Takum obpasom, asmnupuyeckne dyHkumm (3) mn (4) obnagatoT ManbiMy  OMOKamMu  MNpu
annpokcMMauum CcooTHoweHnss (1) n MoryT ObiTb MCNONb3oBaHbl ANS  ONpederneHus yrna MecTa.
BblumMcneHne yrna mecta npu M3BECTHOM 3HayeHun oTHoweHus Ny k N, onpefensieTcsl U3 o4YeBUAHbIX

BbIpaXKEeHWIA:
ONS KBaapaTUYHOW 3aBUCUMOCTH
9
0= |——+2, (5)
N, /N,

AN 9KCNOHEHUManNbHOM 3aBUCUMOCTH
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30
6=In . (6)
(M n, )

TOYHOCTb BbIMMCIEHMS yria MecTa no cooTHoweHus (5) n (6) cocTaBnsaeT criefyrolmne 3HAYEHUS:
ans yrna mecta 3,1°, rge owmnbkn annpokcumauum (1) npy nomowm (3) coctaBnaoT MUHYC 14,6%, TOYHOCTb
BbluMCrieHna yrna mecta no (5) pasHanace 0,22%; npu yrne mecta 4,5°, npu KOTOPOM OLUMOBKM
annpokcMMauun Ha ocHoBe (4) coctaBnsioT 21,5%, - 0,15%.

%
120

|

40 \

-80 6°
2 2,5 3 3,5 4 4,5 5

Puc. 3 Owunbkn annpokcumauunm
PaboTa BbinonHeHa npu nogaepxke rpaHta MuHobpasoBaHusi PO.
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In some survey type radar stations the determination of angle elevation target is realized at method
of the partial diagrams, at which one some rays formed in vertical direction with different angles [1]. Thus the
directional diagrams of these rays are overlapped on an elevation angle and the radioechoes from radar
targets can get in the adjacent directional diagrams. Multi channel review on space allows to evaluate an
elevation angle of the targets and its height. Roughly elevation angle can be evaluated on a channel number,
where a signal has maximum valuate. The more precise value of angular coordinate can be received with
usage of a comparison method or amplitude-phase method. The non-coherent signal is more simple, when
the information association of two channels implements at a stage of primary processing of the radar
information at an evaluation of target coordinates.

If target signal falls in two adjacent diagrams, then elevation angle can to calculate with ratio of
quantity of impulses in azimuthal members in adjacent radar channels. For a determinancy we shall consider
two adjacent rays, one of which we shall call lower, other - upper. The relation of quantity of impulses in an
azimuthal member of the lower channel N; to quantity of impulses in an azimuthal member of the upper
channel N, is determined through the relation of the directional diagrams

cos?[9 701 5. arccos(0,5)
N, A0

i I , (1)
N _
2 cosz(ee2 2. arccos(O,S))
A0

where 6 - elevation angle; 6, - direction of a maximum of the directional diagram of the lower ray on
an elevation angle; 6, - direction of a maximum of the directional diagram of the upper ray on an elevation
angle; A@ - width of the directional diagram of rays in a vertical plane.

Use to define 6 from (1) is difficult at the known relation N1 to N2, therefore for approximating of
function of the relation Ny to N, on 6 can to use method of the empirical formulas [2]. Three kinds of the
empirical formulas: on the basis of a linear dependence and relation on the basis of a quadratic function and
exponential are offered in this work.

The least errors at approximating the relation Ny to N, in range of overlap of the directional diagrams
of rays got when using of empirical formula on the basis of an exponential function, thus the approximation
errors change from 6 % up to a minus 22%.

This work is made at support of the grant of education ministry of Russian Federation.
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