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AHHOTauusa - PaccmaTpuBaeTcs 3ajauya NOBbILIEHUS TOY-
HOCTM W COKpallleHUs BPEMEHU W3MEepPeHus aMnanTyaHo-
thasoBoro pacnpegenenus (A®P) anepTypHO-30HA0BbIM METO-
[IOM 3a CYeT UCMNO/b30BaHMA MHOTOKaHa/lbHOro 30HAA U Mofy-
NALUMOHHOTO BbiENIEHNA CUTHAA KaXAoro kaHana.

|. BBegeHue

MoBblWeHne TpeboBaHW K AaHTEHHbIM CUCTeMam
(AC) npuBeno Kk paclwMpeHuto KoMnaekca WCNbITaHWiA,
NPOBOAUMBIX C O4HUM 06pa3uomM 1 6onee XecTkum Tpe-
60BaHMAM MO TOYHOCTU nosydaembliX pesynbtatoB. Oc-
HOBHOW 06bem u3MmepeHuin ADPP cTan BbINOMHATLCA B
6e33X0BbIX kKamepax B O/1MKHEW 30He C nocriefyruwmm
BblUMC/IEHNEM Auarpamm HanpasneHHoctn (OH) v apy-
rmx xapakrtepuctuk AC B ,n,aaneVl 30He.

[I. OcCHOBHasA 4yacTb

B HacTosdulee Bpemsa feTasibHO M3yyYeHbl O0COOBEHHO-
CTN BGNNXHE30HHbIX MeToA0B, pa3paboTaHbl anropuTMbl
yyeTa XapakTepucTuk usmepuTenbHOro 3oHga [1-3] wu
co3faH psag aBTOMaTU3NPOBAHHbIX U3MEPUTESTbHbIX KOM-
nnekcos (AWK) pna wusmepeHna ADP anepTtypHo-
30H4OBbLIM MeTOoAOM [4].

Hanbonee cyuwecTBeHHbIM HeAOCTaTKOM paccMmaTpu-
BaeMblX MeToAO0B sABnsAeTcsa 60/bllOoe BpeMs CKaHupoBa-
HUA (4O HECKONbKMX 4YacoB B 3aBUCUMMOCTM OT pasmepos
anepTypbl 1 TpeboBaHU K TOYHOCTU onpepeneHus AH B
3afaHHOM cekTope yrnos). [llpu 3ToMm yBenuMuusBaeTcs
BEPOATHOCTb BO3HUKHOBEHUA 0TKa30B B AVK 1 Bo3HukaeT
Heo6xo4MMOCTb NepUoANYECKOn KanubpoBKM U3MepU-
TeNbHOro KaHana AnA yMeHbLeHNs NOorpewwHocTn 3a cyeT
HecTabuNbHOCTU 4acTOTbl, BE/INYUHBI MU3y4YaeMol MOL-
HOCTU, KO3hPpULNEeHTa YCUIEHUA U T.A4.

MonbiTka YyBE/MYUTbL CKOPOCTb [ABMXEHUSA CcKaHepa
HaTa/IkKuBaeTCs Ha uenblil pag npenaTcTBui. B yacTHO-
CTW, YBE/INYNBAIOTCA AMHAMUYECKME Harpysku, 4to npu-
BOAUT K YCWU/MEHWK KonebaHWin 30HOA, YCNOXHAeTCA
KOHCTPYKUMA CcKaHepa, orpaHuvyeHHoe ObicTpoaeiicTBune
amnaugasomeTpa nNpuMBOAUT K AMHAMUYECKMM OLUIKNG-
Kam, BO3pacTalT aMnauTyAHble N (pa3oBble MCKaXeHUs
B MNOABWXHOM TpakTe nepepayv curHana, yBenvymsaroT-
ca cnyqal‘/’lele norpewHocTn mnsmepeHma A®P 3a cuet
YMEHbLIEHNA BPEMEHMN YyCpeAHEHUS U OWMOOK No3Mumo-
HUpOBaHMA 30HA4A U Ap.

Mpn Mcnonb30BaHWMW MHOrokaHasnbHoro 3oHga (M3),
npeactaBnswWero coboil cucTtemMy aHTeHH, MNOAK/0-
YeHHbIX yepes MHOTOKaHa/TbHbIN nepekntouatens (M) K
oblwemMy TpakTy nepegayu curHana, pesko cokpawiaetcs
BpemMsa wusMmepeHna A®P, nosbiWaeTca TOYHOCTb YycCTa-
HOBKM MO OAHON W3 KOOpAMHAT, yMeHbllakwTca Bubpa-
UMM  KOHCTPYKUWM, BO3HMUKAKOLWME nNpuU MNepemMeLLeHnm
KapeTkm C 30HAOM W AaTYMKOM KOOpAUHAaTbl, YMeHbLla-
eTcsa BepoATHOCTbL cb6oeB npu paboTte ANK [2].

N3BecTHble M3 o6nagalT CyuwecTBEHHbIMU Hepaoc-
Tatkamu:

- HEBO3MOXHO o6ecneynTb BbICOKYK) TOYHOCTb W3-
MEpPEeHUA NpU Ha/n4yunm HecTabusbHbIX U HEKOHTPONU-
pyeMbIX aMnNanTyAHO-(Pa30BbiX UCKaXEHU B a/ieMeHTax

kommyTaumun MI1 npn 60nbwomM ymcne (128 wn 6onee)
KaHasoB;

- Ha BbIxoge M3 npucyTtcTByeT (POHOBbLIA CUrHan,
co3faBaeMblli OTKOYaeMbIMU (3aKpbITbIMUK) KaHasamu;

- BblCOKMI KCB 3akpblTblX KaHanoB (1IM60 yCiOX-
HeHne M3 npu BBeAEHUN AOMNOJIHUTENIbHbIX Mepeksya-
Tenen u cornacoBaHHbIX Harpysok).

Ona noBbllWeHNA TOYHOCTWM onpepgeneHna A®PP
npeasiokeHo Ucnosb3oBaTb MOAYNAUUID CUTHaNa B Ka-
XA0M M3 KaHanoB M3 c nomoubl ycTpoincTBa ynpasre-
HMa MM, 4yTo npu pganbHeinwein obpaboTke no3Bonsaer
BblaennTb WV VICKMKOUMTL dhOoHOBbLIN curHan.

Mpu aHanuse paga wu3MepeHHbix APP  (npumep
npeacrtaBsieH Ha puc. 1, puc. 2), 6bI10 yCTAaHOB/EHO,
4YTO WX MOXHO YC/IOBHO pasfesiuTb Ha OBe 30Hbl: 30HY
cTabunbHoli ¢asbl (3CP) m 30HY OGbICTPOMEHSAOLLENCH
dasbl (puc. 1).
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Puc. 1 ®a3oBoe pacnpegeneHue.
Fig. 1. Phase distribution

OcHOBHasa MN/I0OTHOCTb MOTOKA 3HEPruu, Kak BUAHO U3
puc. 2, npuxoautca Ha 3C®P. YuyuTtbiBasgs OTHOCUTE/IbHYIO
cummeTpuio A®P, MOXHO OCYWecTBUTbL afanTUBHYIO
KoOMMneHcayunio (OHOBOro curHana nyrtem pgesieHuna M3
Ha [Be 4YacTu M BKIYEeHUA (PuKCcupoBaHHbIX hasoBpa-
watenenn (®B), obecneumBarwmx 180° caBur asbl
curHana oT OAHOW M3 nonoBuH M3 nepepg cymmaTopom
(puc. 3). Takas KOHCTpykumsa M3 paeT BO3MOXHOCTb
BMeECTO MHoOrokackagHbix MI, npumeHAeMbIX AN1A MNONY-
YeHNA BbLICOKOW pa3BA3KM MexXay KaHanamu, nocnepo-
BaTe/IbHO C KaxAblM wu3nyyatesieM JnuHenHoro M3
BKAKOUYUTb MHAMBUAYasbHbIN ®B n ncnonb3oBatb paso-
BYIO MOAYNAUUKIO ANA BblAeNIeHUA CurHana B Kaxaom
KaHasne.

BkniwoyeHne ®B BmecTto MI1 no3Boauao 3HaunTenb-
HO ocnabuTb BAMAHMe M3 Ha none wuccnegyemonn AC,
T.K. 3aMeHa 3anupaemMblX KaHanOB Ha KaHasibl C corna-
COBaHHbIMK BXOofaMW AaeT BO3MOXHOCTb Pe3KO CHU3UTb
YPOBEHb OTpPaXKeHuin curHanoB ot M3.
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Puc. 2. AMnanTyaHOe pacnpegernieHue.
Fig. 2. Amplitude distribution

Puc. 3, Cxema nsmepeHusa napaMme TpPOB aHTEHH
MHOKaHa/ibHbIM 30HAOM. 1- reHepaTop;

2 - nccnepyemas aHTeHHa; 3 - amnandasomeTp;
4 - 30HA; 5- cymmaTop; 6-ynpasnaemsbie
hazoBpauwiaTenu; 7- ycTpoucTBO ynpasneHuns eB;
8- NOCTOAHHbIN ha3oBpawaTenb Ha % 9 - 3BM;
10 - ckaHep.

Fig. 3. Antenna parameter metering circuit for
multbchannel probe. 1- generator; 2 - antenna under
study, 3 - ampliphase meter; 4 - probe; 5 - totalizer;

6 - controllable phase changer; 7 - phase changer con-
trol unit, 8- constant phase changer on x
9 - computer; 10- scanner

Mcnonb3oBaHne B KayecTBe W3yyalwLWUX 3N1€eMeH-
TOB MWKPOMOJ/IOCKOBbLIX aHTEHH MNO3BONSAEeT o06ecneynTb
BbICOKYI0 TOYHOCTb OTCYETOB MO Y-koopauHaTte, YMEeHb-
WKUTb BEC W YBE/IMYUTb TOYHOCTb MepeMeLleHnss ropu-
30HTa/IbHON KapeTku ckaHepa.

MpennoxXeHHbIn B AaHHON paboTe MHOrokKaHallbHbll
30HA4 NO CyTU 6/IN30K K NIMHEWHOMY 30HAY, PacCMOTpPEH-
HOMY B [5], HO NO3BONSAET U3MEPATb HE 3KBUBAJIEHTHbIE
ADP 6nmxHero noss, a AByMepHblii maccuB APP, 4yTo
flaeT BO3MOXHOCTb NPOBOANTbL HAcTpoiky ®PAP.

lll. 3ak/iroueHune

MpumeHeHne M3 c KomneHcaunein ¢POHOBOro cuUrHa-
na u tasoBoii MoaynsuMein B M3MepUTESbHbIX KaHanax
no3BO/IAET NOJIYYNTb LIMPOKYI MOJIOCY paboymx 4acToT,
YBE/IMYNTb TOYHOCTb u3MepeHua ADP, NOBbICUTL Ha-
AEXHOCTb ckaHepa n AWK B uesiom, cokpatuTb BpemMsa U
CTOMMOCTb npoBefeHna mncnoiTaHnii AC.
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Abstract - Some special problems of the multi-channel
probe application for accuracy improvement of the near field
antenna measurements are studied.

l. Introduction

Special automated complexes, which allow saving time and
cost during evaluation of the phased-array antenna (PAA) pa-
rameters for further aligning and conducting of acceptance tests
are considered in this report.

[I. Main Part

It is necessary to measure much more antenna patterns
then for traditional antennas for complete evaluation for transmit
and receive modes of multifunction PAA technical state and its
parameters. Usual measurement system can measure up to
20-rt00 patterns in one cycle of measurements and the possibil-
ity to measure compete set of patterns (the possible number of
measured patterns depends on the number of beam positions
in space, which is determined by electrical size of PAA, scan-
ning angles and steps, number and types of beams, number of
frequencies and so on and may be up to 107109 patterns) us-
ing traditional near-field antenna test facility is not realistic.

The most critical factor during the alignment and measure-
ment of PAA is their temperature mode, because the aperture
distribution hardly depends on temperature, and many systems
of cooling practically cannot ensure its stability during meas-
urement cycle. The duration ofthe one cycle of measurements
is specified by the scan speed ofthe probe and typically is from
20 up to 70 minutes. During this time the phase of a signal in
receiving/transmitting module can be changed up more than a
few degrees. So we represent measurement system using
multi-channel probe with phase modulation for isolation of sig-
nal at each channel against background of the measured total
signal to speed up the measurements and relieve the construc-
tive and methodological limitations. The special attention ought
to be given to the problems of calibration and monitoring of
multi-channel probe and to the algorithms of controlled channel
signal isolation while implementing such systems, including the
choice of the proper location and number of probe antennas,
transfer matrix calibration, obtaining and proper usage of nor-
malizing coefficients.

lll. Conclusion

As follows from the presented results the application of the
multi-channel probe for the near field antenna measurements
allows enhancing accuracy, simultaneously saving the time and
cost. This approach has the advantage because of low cost and
easy implementation.
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