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AHHOTauusa - lNpuBeneHbl 3KCNepuMeHTasibHble pesy/bTa-
Tbl W3MEPEHUI CTPYKTYpbl 37eKTpomMarHutHoro nons (3MIM)
obnyvarowero aneptypy ®PAP u3 pganbHel 30Hbl U3NYyYEHMUS
(43W). MpoBegeH aHann3 MPOCTPAHCTBEHHON CTPYKTypbl SMI
W PacCcMOTPEHbl CBA3aHHble C 3TMM OrpaHW4YeHus MeToAO0B
N3MepeHus u KoHTposaa napameTtpoB ®PAP c mcnosib3oBaHuem
MCTOYHUKA KOHTPOJSILHOIO CuUrHana, pasmelieHHoro s 3.

|. BBegeHue

B HacTodwWwee BpeMsa akTUBHO pas3BuMBalTCA MeToAbl
06BHEKTOBOrO KOHTPONA W [NArHOCTUKM TEeXHMYecKoro
cocTtosgHua @®AP, Tak Kak nonyyaemas WHdopmauma o
peanbHOM aMnauTyaHO-(pa3oBoM pacnpegeneHun (APP)
Ha wu3nydatendax ®AP wucnonb3yetcsa npu peanunsaynu
NMPOCTPAHCTBEHHO-BPEMEHHbIX MEeTOoA0B 06paboTKu Ccur-
Has1I0B U ANA aBTOMNOACTPOMKN napaMeTpOB aHTEHH.

MoaTOMYy oOueHKa CTPYKTYpbl M CTabu/ibHOCTM NONSA
KOHTPONbHOTO curHana, ob6nyvarwuiero packpoiB PAP,
ABNSAETCA BaXHON 3ajauvei.

Il. OcCHOBHAas 4acTb

Mocne npoBefAeHUss HACTPONKM W U3MepeHusa napa-
METpPOB aHTEeHH Ha cneynasn3vpoBaHHbIX aHTEHHbLIX MNO-
nuroHax [1, 2] ux yctaHaBnBaKwT B pagnoTeEXHUYECKue
cuctembl (06BbEKTbLI AKChyaTauum).

B oTAnumne OT ycnoBuMil NpoBeAeHUSs U3MepeHui na-
pameTpoB ®AP aHTeHHbIX Ha nonuroHax [2], rae moryT
OblTb MPUHATLI CcneynasibHble Mepbl AN YMeHbLUeHUs
B/IUAHNA OTPaXXeHHbIX CUTHa/I0B Ha TOYHOCTb U3Mepe-
Hus napameTpoB ®AP, Ha peasibHbiX 06beKkTax cyuiecT-
BEHHO WU3MEHAKTCA YyC/N0BUA paboTbl aHTEHH. B 4yacTHO-
cTn, npu yctaHoBke ®AP B Ha3eMHbIXx cuctemax (Ha-
npumep, MOABMXHbIX), BbiCOTA pa3Mel,eHUA aHTEHHbI
OTHOCUTE/IbHO HeBeNnKa, a BO3MOXHOCTU MPUHATUA Mep
MO CHWXEHMUIO YPOBHA OTPaXeHHbIX CUrHasoB ob6ny4alo-
WKux anepTypy KpaiHe orpaHuyeHbl.PacnpepgeneHne
anekTpomarHuTHoro nonda (3MI1), obnyvarou,ero anepry-
py ®AP, 3aBUCUT OT 3HAUYUTENILHOTO 4Yucna akTopos,
TakMx Kak Hanpas/ieHue npuxofa BOJIHbI, BbiCOTa ycTa-
HOoBKM ®PAP Haj NOBEPXHOCTbK 3emsin, yron HaK/IOHa
aneptypbl ®AP no OTHOWEHWI K BepTuKasn, penbed
MaeTHOCTW, COCTOSIHME noAcTunaruLeil NoBEPXHOCTU W
T.4. Ona onpepeneHua crteneHn wuckaxeHua A®PP, Bbl-
3BaHHOro oTkKa3aMu 23/1eMeHTOB B KaHanax ®AP un pas-
NINYHBIMW  gecTabunusnpyrwmummn gakropamm (Takmmu
KaKk TemnepaTypHblii rpagueHT Mo anepTtype, cTapeHue
3/1eMEHTOB U AP.) UCMO/b3YKTCA BCTPOEHHbIE CUCTEMBI
koHTpona (BCK), BbIxogHaa MHoOpMaLMa KOTOPbIX ABMA-
eTca UCXOAHOM ANA CUCTeM aBTOMOACTPOMKM napamMeTpoB
®AP [3-4]. Llenbio paboTbl sBNsieTcss aKcnepuMeHTaslb-
Hasi oueHka CTPYKTypbl OMI1 B o6nactn aneptypbl ®AP
N OLEeHKa BO3MOXHOCTU KOHTPOJIA MU NOACTPOMKM Xapak-
Tepnctuk ®AP npu pasmMew,eHUM MUCTOYHUKA KOHTPO/ib-
Horo curHana (KC) B 431 B 3aBUCMMOCTU OT pas/IMYHbIX
BHELWHUX YC/IOBWIA.

N3mepeHna SOMI1 npoBoAMNNCL Ha ABYX aHTEHHbIX
NOZINTOHaxX B YaCTOTHbIX gnanasoHax 1, 3 n 10Ty B Te-
yeHune psga net. lMone BO36yx[asnocb BCNOMOratesibHbl-
MU nepepawWMMU aHTEHHaMu, pasMelleHHbIMW Ha 26 ©
40 meTpoBbIX BblwKax B 3V (Ha paccTosaHuAx 276, 450 u
900 meTpoB). M3amepeHna AP SMIT npoBoguauce ¢ no-
MOLbIO CTeHAa AN U3MepeHUs HepaBHOMEPHOCTU Mons
nagarouiein 3/1eKTPOMarHUTHOMW BOJIHbI, COCTOALWEro W3
yCTpONCTBA MNepeMelleHns W3MepuTenbHOro 3oHAa ¢
3aflaHHOlM nonfpusaunein n perncTpupyroLl,ero ycTponcT-
Ba. VI3amepeHna npoBoguauUCbL B TOPU3OHTaIbHOM U Bep-
TUKaNIbHOM CeYeHUAX 30H npeanosaraemMoro pacnosioxe-
HUA ncnoityembolx AP (pa3mepbl 30H 5x5 n 8x8m2).

B kauecTBe nepeparwolimMx aHTEHH MUCMNONb30BasIUCh:
aHTeHHa Tuna [16-23; 3epkanbHad aHTeHHa guameTpom
1,5 meTpa CO CMEeHHbIMM 06ay4dyaTensamu; nnHenHas BubG-
paTtopHaa aHTeHHasa peweTka. B KayecTBe NpPUEMHbIX
aHTEeHH MCMo/Ib30Ba/INCb: BUOPATOPHbI€ aHTEHHbI; OTKPbI-
Tbleé KOHLUbl BOJIHOBOAOB; aHTeHHa [16-23. Ha pwuc. 1,2
npueefeHbl pes3ynbTaTbl U3MEepeHusa amnanTygHoro pac-
npepenenna (AP) (puc. 1) u dasoBoro pacnpepgeneHus
(®P) (puc. 2) npu oAHON W TOW Xe cCXemMe U3MEepeHus B
pasnuyHoe BpemsA roga. AP n ®P Ha pucyHkax 1, 2 npwu-
BefleHbl ANA c/yvyasa U3MepeHuin B BepTUKa/IbHOW M0CKO-
CTM Ha TrOpM3OHTa/IbHON nonspusaynm (paccrtosHue A[o
nctoyHnka KC 276 metpos, yactoTta =11Tu). B kayectse
NMPUEMHON aHTEHHbl MCNOJIb30BasiICA MNOJIYBO/IHOBOW BUO-
partop.

OTH3, m
Pup. 1, AMnanTyaHoe pacnpegesneHue nons.

Fig. 1. Amplitude distribution of the field
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Puc. 2. ®a3oBoe pacnpepgeneHue nons.
Fig. 2. Phase disthbution of the field
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AHanornyHbli Bug mnmerwT APP B BepTUKanbHOW W
ropu3oHTasIbHOW NJIOCKOCTAX U Ha Apyrnx yactotax. Kak
BMAHO M3 NpuBefeHHbIX pucyHkoB AP B obnacTtun pas-
MelWeHNnsa aHTeHHbl (pabouyelr obnacTu) KpaliHe Hepas-
HoMepHoe. CTeneHb HepaBHOMEPHOCTW MOA 3aBUCUT
OT BuAa nonsapusauuu, BbICOTbl W pasMeleHna o6y-
yalouwe aHTEeHHbl, MOroAHbIX YC/IOBUA U BPEMEHU roAa,
BMUAA W COCTOAHUA MNOACTMNANOWEN NOBEPXHOCTU U Ap.
BAnsknii kK nepnognyeckoMy xapaktep uameHeHus APP
cCBMAeTeNbCTBYET O HaNWyuuM CyweCTBEHHOW 3epKasb-
HON KOMMOHEHTblI B OTPaXeHHOM OT 3eM/In curHasne.
Pe3ynbTaTbl N3MepeHnin, NnpoBefeHHble Noapss HEeCcKOsb-
KO pa3 npuv NOCTOAHHbIX BHELWHNX YC/TIOBUAX, NPaKTUYECKN
NOSIHOCTbIO COBNajaloT.

BennunHa mopyna koapduumeHta oTtpaxeHua P

MOXET 6biTb NMPUGVKEHHO OLEHEHa NyTeM ycpeaHeHus
aMnanTyAbl Ha WUHTepBase nepuoaumyHocTM V U Haxo-

XOEeHNA OTHoWweHna P = " -I.\ - )/ 2£/ m

Pe3ynbTaTbl 3KCNEepuMMEHTOB CBUAETENbLCTBYKT O
CyLLeCcTBEHHON HeoAHOpPOAHOCTU TOMAA ob6nydakuwero
aneptypy. B cBA3M c atum, cregyeT C KpaliHeli ocCTO-
POXHOCTbIO NOAXOAUTb K BblOOPY MecTa pacnosiokeHus
ncrtoyHuka KC gna koHTtpona ®AP Ha CUCTEMHOM YpPOB-
He, OCOOEHHO, npu MUCNo/b30BaHUM MNONYYEHHOW WH-
bopmaumn gnsa aBTonoAcTponkn. B nocnegHem cnyvae
uesnecoobpas3Ho pacnonaratb WUCTOYHUK KC B6AM3M
®AP. Takme unUCTOYHUKN KC MOXHO MCNONb30BaTb Kak
npu npoBefeHNN KOHTPOSIA TEXHUYECKOro COCTOAHUSA
®AP Ha ypoBHe 3neMeHTOB ((pasoBpauiaTteneit, arrte-
HIOATOpPOB W T.A4.), TaK U NpU KOHTpone napametpos PAP
Ha CUCTEMHOM ypoBHe [3, 4].

CpaBHeHue pes3ynbtatoB usmepeHnsa APP B CTeH-
[0OBOM 3asie ¢ nsmMepeHHbiMm A®P npn pasmew,eHnn wuc-
TOYHMKA KOHTPOJILHOTO CuUrHana BOMM3M anepTtypbl U B
A3 nokasaso, 4TO B MepBOM cCriydyae pacnpefeneHunsa B
kKaHanax ®AP npakTW4ecku MNOJIHOCTbLK CcOBMNajakwT C
pe3ynbTaTamMn KOHTPO/IA, a BO BTOPOM C/y4vyae CcylecT-
BEHHO pa3/iMyalTCcsA, 4YTO He NOo3BOJIAeT UCNO/b30BaTb
Takne KC ans HacTpoinkn ®AP.

lll. 3aknoyeHne

B npoBegeHHON paboTe nokasaHo:

. ADP snekTpomMarHMTHOro nons B ob6nactu pacno-
NOXEHNA aHTEeHH pafguOTEeXHWYECKUX CUcTeM npu
pacnonoxeHun uctoyHnka KC B A3U Henb3a cuu-
TaTb O4HOPOAHLIM U CUH(PA3HbIM;

. npu OGONbLWNX 3NEKTPUYECKUX pasMmepax aHTeHH
OUEHKN WX WHTerpasibHbiX XapakTepucTuk Mo pe-
3ynbTataM KOHTPOJIA [0CTAaTOYHO CTabW/ibHbl, 4TO
o6bsAcHAeTCA ycpegHAwWMM AeACTBMEM W Ccria-
XusaHnem A®P B npepgenax anepTypsbl;

. npu KOHTpo/sie Xapaktepuctuk ®AP B npouecce
aKcniyataynn crnepyet BecbMa TWwaTeslbHO NOA-
XOAUTb K BbIGOPY MecTa pacrnosioXXeHUs UCTOYHUKA
KOHTPOJ/IbHOIO cCUrHana;

. pacnonarasd Habopom unamepeHuin A®P B pasnunu-
HbIX YC/IOBUAX MOXHO, MNOJIb3yACb MeTodaMWu cTa-
TUCTUYECKOWN TEeOopuUM aHTEeHH, OLUEHWUTb CTaTUCTU-
yeckne xapaktepuctukm A®P un npepgenbHbie BO3-
MOXHOCTW pPaguMOoTEXHNYECKUX CUCTEM B peasibHbIX
YC/IOBUAX 3KcnayaTauuu.
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Abstract s Experimentally measured results on electromag-
netic field structure illuminating phased antenna array (PAA)
aperture from far field distance are presented. Analysis of elec-
tromagnetic field structure is performed and limitations of
measuring and control methods using reference signs| source
at far field distance are considered.

I. Introduction

Methods of both object’s control and diagnostics of phased
array technical condition are now actively developing because
information obtained about real amplitude and phase (AP) field
distribution across the PAA radiators is used for realization spa-
tial-temporal methods of signal processing and for self-tuning the
antenna parameters. So the structure and stability estimation of
reference signal, illuminating the PAA aperture is an important
problem.

II. Main Part

Here we present brief results of measurements made during
several years of systematic AP distortions (APD) due to reflec-
tions on radar site. We used stable far-field signal sources in-
stalled at different heights on the towers. The measurements
concerned are made for several frequency bands and different
direction of signal arriving. Measurement results verified that
interference is always a significant problem even for antennas
with specially designed geometry and diffraction fences, not to
mention the field-operated systems with PAA,

APD of the field, illuminating the aperture from any one far-
field source, may be considered as having periodic structure
related by a complex dielectric constant. That's why, the pilot
signals from such sources may be used for performance
monitoring of PAA at element level only. Using far-field sources
for the evaluation of integrated characteristics and a technical
condition of PAA as a whole, including radome, even after
complicated, laborious and elaborate correction of illuminating
field may impede verification.

[ll. Conclusion

The results described in the paper show, that:

. the field, that illuminates the aperture of the PAA, is es-
sentially non-uniform;

. the far-field characteristics of the antennas with big elec-
trical size are stable enough, because the effects of non-
uniform illumination are smoothing within the limits of the
aperture;

. it is necessary to approach with extreme care to design-
ing the pilot signal system using far-field source for moni-
toring PAA at a system level and, especially, when the re-
ceived information is used for alignment and failure com-
pensation. In the latter case it is expedient to have source
of the pilot signal near PAA.
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