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B 0oknade paccmampugaiomes Memoowl u cpedCcmaea usMepenss paduomexHu4eCkux XapaKmepucmux
aHmeHH 8 OaIbHeM U OIUdCHeM noJle (N1ocKoe, yuruHopuieckoe u cghepureckoe ckanuposanue). Ommeuenvl
ocobeHHOCMU U 00ACMU  NPUMEHEHUS. PA3IUYHbIX  Memo008. Illpueedenvl cmpyKmypHble CcxeMbl
UBMEPUMENIbHBIX KOMIIEKCO8 U OCHOBHbLE aleopummbl 06pabomku cueHanos. Bee paccmompentvie Memoobvl
usMepeHull peanu308anHbl 8 AHMEHHbIX UIMepPUMenbHblX Komniexcax npouzeoocmea HIIII "TPUM",
DYHKYUOHUPYIOWUX HA MHOSOHUUCTICHHBIX OMEYECTNEEHHBIX U 3aPYOEHCHBIX NPEONPUSIMUSIX.

[locTossHHOE TOBBIIEHHE YPOBHS TPeOOBaHWH K MENEBHIM (PYHKIMOHAIBHBIM IIapameTpam
paIuOTEXHUYECKUX CPEJICTB ONpeAeisieT COOTBETCTBYIONIEE MOBHIICHHE TPSOOBAHMI K XapaKTEPUCTHKAM U
mapamMeTpaM aHTCHHBIX CHUCTeM. Pa3BUTHE aHTEHHOHW TEXHMKH B YCIIOBHAX YCHJICHHs TpeOOBaHUM K
KaueCTBY M3TOTOBJICHUS U COOTBETCTBHUIO 33JaHHBIM XapaKTEPUCTHKAM HEBO3MOXKHO 0€3 COMyTCTBYIOIIETO
(a )xemaTeNbHO — OMEPEIKAIOIIETO) PA3BUTHSI CPEACTB AHTCHHBIX N3MEPEHUI.

3a pyOexoM KauyeCTBEHHBIH CKAauYOK B TEOPHUH W TEXHHKE aHTCHHBIX HM3MEPEHHI MpOoW30LIeN Ha
py6exe 80-x — 90-x rr. B mepByro odepenp 3TO KacaeTcs pa3BUTH METO/IOB U CPEICTB H3MEPEHUSI aHTCHH B
ONMKHEH 30HE H3ITyYCHHUS.

OTOT CcKayok Obul  OOYCJOBJEH, TIJIABHBIM 00pa3oM, WHTCHCUBHBIM pa3BUTHEM CPEICTB
BBIYHCIUTEIHHON TEXHHKH. POCT MpPOM3BOMUTENFHOCTH M OOBEMOB IMAMATH BBIYMCIUTEIBHBIX CPEICTB
TTO3BOJIMIT PEITUTH OCHOBHYIO (IT0 TE€M BpeMEHaM) Mpo0IeMy H3MEpPEHHUH B OJIMKHEM TT0JIe — HE0OXOIUMOCTh
00paboTKH OONBITNX 00BEMOB U3MEPUTENHLHON HH(POPMALIUU B PeaibHbIC BPEMEHHBIE CPOKH.

B aHTeHHBIX HM3MEPUTENBHBIX KOMIUIEKCAX ONMKHET0 W JalbHEro Mmojisi OOBIYHBIN MepCOHATBHBIN
KOMITBIOTEP B3sJ1 Ha ce0s BCe OCHOBHBIE (DYHKIMM YIIPaBIEHHUS amnmapaTypod KOMIUIeKca, cOopa u
00pabOTKH TaHHBIX, OTOOPAKEHHA U KAaTAJIOTU3AlUU PE3yJIbTaTOB.

Hauwnnas ¢ cepeannst 80-x rr. nosiBisiercst ¥ B 90-X TIT. MepekUBaeT HACTOSIINI OyM CBOETO Pa3BUTHS
HOBBI KIJIACC M3MEPUTENBHBIX MPUOOPOB — BBICOKOTOYHBEIE BEKTOPHBIE aHANMM3AaTOpHl 1eneid. [losBienne
9THX TpPHOOPOB CTal0 HE MEHee BaXHBIM (DaKTOpOM, OMPENENUBIINM KadeCTBEHHBIM CIBHT B Jele
AHTCHHBIX U3MEPCHUN 32 PyOCIKOM.

B nameil ctpane ¢ Hayana nepecTpoMKH M J0 HEAABHETO BPEMEHM BOIIPOCAM AHTEHHBIX M3MEpPEHUI
YAENSIIOCH HEOCTATOYHOE BHUMaHHe. VI3BeCcTHbIE SKOHOMHYECKHE W TOJUTHYECKHE MTPOIIECCHl He 000N
CTOPOHOM U ATy 00JIaCTh HAYKW U TEXHHUKH.

B pesympraTe Bemymmii B 00JNIAaCTH aHTEHHBIX HW3MEpeHHMI WHCTUTYT — Bcecorosusnii HUU
pamnodpmsnyeckux usmepenmii (BHUHWPU) B r.EpeBaHe — oka3zaics Ha TEPPUTOPUU HHOCTPAHHOTO
rocymapcTa. M3mepurenspHas 6a3a, cO3gaHHAs B BENyIIUX POCCHHCKAX WHCTHTYTaX M Ha MPEATIPUSATHIX
BOEHHO-TIPOMBIIIJIEHHOTO KOMIUIEKCa B OCHOBHOM B 70-x — 80-X IT. K HAcTOsIIEMY BPEMEHH MOIHOCTHIO
(u3nUecKy 1 MOpalibHO yCTapena.

IIpakTHyuecku €MHCTBEHHBIM MPEANPUATHEM B COBpeMeHHOM Poccuu, kotopoe, HaunHas ¢ 1997 r.,
Ha YpOBHE BEAYIIMX MHUPOBBIX KOMIAHHUI 3aHMMAeTCs OCBOCHHEM M Pa3BUTHEM COBPEMEHHBIX METO/IOB
HU3MEpEeHUs] aHTeHH, Pa3pabOTKONl M TMPOU3BOJICTBOM AaBTOMATH3WPOBAHHBIX AHTEHHBIX W3MEPUTEIHHO-
BBRIYHCIUTENBHBIX KoMmIulekcoB (AWBK), sBnsercs Hay4HO-mpom3BojcTBeHHOe mpennpustue "TPHUM"
(r.Canxr-IleTepOypr).

3a 3TH TOABI MPEANpPUATHEM pa3paboTaHO, U3TOTOBICHO M MOCTABJICHO 3aKa3uukaMm Oojiee TpUILATH
YHUKAIBHBIX U3MEPUTENBHBIX KOMILIEKCOB, OXBATHIBAIONIUX MPAKTUYECKH BCE M3BECTHBIE HA CETOHSIIHUN
JI€Hb METOIbI N3MEPEHMS aHTEHH.

OCOOCHHOCTBIO AHTEHHBIX CHCTEM, Kak OOBEKTOB W3MEPEHUs, SBISIETCS MX 4Ype3BblUaiiHOe
MHOroo0pasue Mo MaccoradapUTHBIM IIOKa3aTessiM, KOHCTPYKTHBHBIM OCOOCHHOCTSIM, XapaKTepHUCTUKaM
HaIpaBIEeHHOCTH, YaCTOTHOMY IHANa30Hy U, HAKOHEI], TOCTYITHBIM JIJIsl H3MEPEHUS YCIOBHSM.

Hcxons M3 KOMIUIEKCHOTO aHaIM3a TepedrcleHHBIX (PaKTOpOB, HA HAYaJFHOM J3Tare pa3paboTKu
AUBK BbIOMpaeTcs MeTO1 U3MEPEHUS, TIOXOASIIUHN JIJIsl U3MEPEHUS JAHHOW aHTCHHBI (WK HA0Opa aHTCHH)
B 3aJIaHHBIX YCIIOBUSX, U OTIpeessieTcss OOIuii 00K U3MEPUTEITHHOTO KOMITIIEKCA.

Kiraccudukanus MeTonoB H3MEPEHMsI aHTCHH U CBsI3aHHBIX ¢ HUMU THoB AVBK moka3zana Ha puc.1.
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Puc.1 Knaccudukanus metonoB nsmepenns anteHH u tunos ANBK.

ITo Ty mcnonme3yemoro 3oHAuMpytomero curaana Bce AVBK nonpasnenstoTcss Ha KOMIIEKCHI IS
M3MEPEHMsSI B YaCTOTHON 00JIACTH M KOMIUIEKCHI 711 H3MEPEHUS BO BPEMEHHOH 00J1acTH.

U3mepeHust B 4aCTOTHOM 00JacTH — STO WU3MEPEHHS C MOMOIIBIO OOBIYHBIX MOHOXPOMATHYECKHX
curHanoB. OCHOBY HM3MEPHUTEIBHOIO KOMIUIEKCA B JAaHHOM CIIydae COCTaBISIET BEKTOPHBIN aHAIU3aTOp
TIeTIel, KaK MpaBwIIo, MPON3BOACTBA Kommanuit Agilent nmn Rohde&Schwarz.

W3mepeHus Bo BpeMeHHO# 00JacTH — 3TO M3MEPEHHUsS C IMOMOIIBI0 MMITYJICHBIX CHTHAJIOB MaJlon
JUTMTETTBHOCTH (MOPSIZIKA JECSTKOB-EIMHUL MUKOCEKYHT), HIMEIOIINX aOCOIOTHYIO IMPHHY CHEKTpa 4acTOT
Af mopsika AecATKOB TUrarepl] U OTHOCHUTEIbHYIO mmpokonoiocHocts Af/f;—2 (fy — cpeanss gacroTta).
OcHoBy pannorexHuueckoil ammapatypsl AUBK B 3TOM ciydyae COCTaBISIIOT T€HEpaTOp CBEPXKOPOTKHUX
HUMITYJIbCOB U CTPOOOCKONMYECKUH MPHEMHUK — coOcTBeHHbIe pa3padbotku HIIIT "TPUM".

OCHOBHBIM IIPEUMYLIECTBOM M3MEPEHUI BO BPEMEHHOI 00JIACTH SIBIISIETCS BO3MOXKHOCTH BPEMEHHOM
CEJIGKIINH MEIIAIONINX OTPaKEHUH. B HEKOTOPBHIX Cilydasx 3TO MO3BOJSET OTKA3aThCS OT WCIOIB30BAHUS
JOPOTOCTOSIIMX O€39X0BBIX KaMep W PaJHONOTJIOMIAIONINX TOKPHITUH M yCTaHABIWBATh KOMILUIEKC B
OOBIYHBIX IMMOMEIICHUSIX, MOCKOJIBKY OTPaKCHHs OT CTEH, Mojla M MOTOJKA PAa3leNAIOTCS MO BPEMEHHU C
MTOJIE3HBIM CHTHAIIOM.

[To xapakTepy HCIIONB3yeMOW sl U3MEpeHUs 001acTH U3TYUYCHUS] aHTEHHBI BCE METOBI U3MEPEHUs
MOJPa3IeIIIOTCS Ha METOIbI NaNbHEH, KBa3uaaubHel 1 OJIMKHEH 30HBI.

IIpu wu3mepenusix B pauabHeil 30He AVBK MoxeTr pacnonaratbcsi Ha OTKPBITOM IIOJIMTOHE, B
0e33X0BOM KaMepe 1, B HEKOTOPBIX CIIydasix, B OOBIYHOM J1abopaTopHOM noMenienud. [Ipu aTom pacctosHue
MEKy HCCIAEAYEMOM W BCIOMOTaTeJIbHON aHTEHHaMH JOJDKHO COCTaBisATh He MeHee 2DYA (D —
MaKCUMAaJTbHBIA pa3Mep aHTCHHBI, A - JUTHHA BOJTHEI).

CTpyKkTypHass CcXeMa HW3MEpPHUTEIbHOIO KOMIUIEKCa JajbHe 30HBI C pacCTOSHUEM MEXIY
BCIIOMOTaTeIbHON M HCCIEAyEeMOW aHTEHHaMH 2.5 KM, MpPEAHAa3HAYEHHOTO, B OCHOBHOM, AJS MU3MEPEHUs
XapaKTEepUCTUK OCTPOHAIIPABIICHHBIX 3€pPKAJIbHBIX AaHTEHH, ITOKa3aHa Ha pHC.2.

Ocob6ennoctssimu AVBK, 00yc10BIeHHBIMEU O0IBIION JITWHOMN MOTUTOHA, SIBIISIOTCS:

- CHHXpPOHM3allMsl 4acTOT TeHepaTopa TECTOBBIX CUTHAJIOB M BEKTOPHOTO aHanIM3aTropa Lemei Mo
kanaiy GPS;

- HaM4Me OTIENbHOTO paguOKaHaja s Tepeladyd CUTHAJOB CHHXPOHM3AIMH, YTPABICHHUS H
rOJI0OCOBOM CBS3M MEX]y IepeAaroleil 1 MpUeMHON YacTIMH KOMIUIEKCa;

- UCTIOJIb30BaHME HA BBIXOJE F€HEPATOPA TECTOBBIX CUTHAJIOB TBEPAOTEIBHOIO YCHINTENS MOIIIHOCTH
B quanasone 30...50 I'T'm.

Curnan pans OMOPHOTO TIPUEMHHKAa BEKTOPHOTO aHalIM3aTopa MPUHHUMAETCS JOTOJHUTENIBbHOM
AHTEHHON OIIOpHOTO KaHaja, B KauecTBE KOTOPOHl MCIIONB3yeTCsl 3TaJOHHAas aHTeHHa. l3mepeHHas
JyarpaMMa HalpaBJIEHHOCTH aBTOMAaTH4YEeCKH HOPMUPYETCS B eIMHULAX KO3(h(UIeHTa yCHIeHHS.



JUia  TOBBIIEHHWS  TOYHOCTH  HM3MEPEHHH IyTeM  YCPEOHEHMs]  MEIIAUUX  OTpaKeHUi
TPEXKOOPAMHATHOE OIOPHO-IIOBOPOTHOE YCTPOWCTBO (a3sMMyT — yrojl MecTa — KpEeH) YCTaHOBJICHO Ha
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Puc.2. Ctpykrypras cxema AVUBK nanbheit 30HbI 2.5 kM.

MIPOJIOIBHO-TIONIEPEYHOM Claijepe. 3a cueT MCII0NIb30BaHus ObicTpojeiicTByromero CBU-nepexmouaTens
BO3MOXHO OJHOBPEMEHHOE HM3MEpeHHE 4-X KaHalIOB HCCIeAyeMOoW aHTeHHBL. [Ipm HeoOXomumocTH ams
MOBBIIICHHUS OTHOILIECHUS CUTHAJI/IIIYM HCHOJIB3YETCSl MAJIOUTYMSIIAN YCHITUTEIb.

OCHOBHBIE XapaKTEPUCTHKHN KOMILIEKCA:

- IWamna3oH 4acToT 1...50 I'T1x;
- MaKkcuMaibHas Harpy3ka Ha OITY 2000 kr*wm;
- yrcio koopauHat OITY 3 (a3uMyT, yTOJI MeCTa, KPeH);
- TOYHOCTD TTO3UITHOHUPOBAHIS +0.005°;
- uaTepBan nepememenus OITY Ha cnaiinepe 2 M (mpomosibHOE), 1 M (TIOTIepedHoe);
- MOIIHOCTb U3JTy4YEHUS 20...30 nbwm;
- YyBCTBUTEIBHOCTh IPUEMHHKA —80...—100 nbwM;
- HHCTPYMEHTAIIbHBIE TTOTPEITHOCTH H3MEPEHUSI:
- ammnryaHas JH +1 nb na ypoue —40 ab;
- azosas [IH +10° Ha ypoBHe —40 1b;
- KO3 HUIMEHT YCUITCHUS 0.2 nb;
- KO3 QUIUEHT FITUITUIHOCTH +0.2 nb.

W3mepennst B KBa3uAajbHell 30HE BHIMONHAIOTCA C TOMOIIBI0 KOJJTUMATOPa, MPEICTABISIONIETO
co00ii BBIpe3Ky mapabosinyeckoro peduiekropa 00biioro pasmepa. [lpu o0iayueHun u3 Gokyca KOJUITUMATOP
¢dopmupyeT BOJIHM3HM CBOETO PAaCKpPbIBa YUACTOK IUIOCKOTO BOJHOBOTO (poHTa — pabouyro 30HY, B KOTOPYIO
MoMeIIaeTcs uccleayemas aHTeHHa. Pasmepwl pabGoyedl 30HBI COCTaBIAIOT, Kak mnpaBuio, 30...40% ot
reOMETPUYECKUX pa3MepoB KoJummMaropa. Kommmmaropsr pasmematorcst B 6e33xoBbix kamepax (BOK). BOK
C KOJUIUMAaTOpOM M JIPYTUM O0OpYJOBaHHEM JJIsl M3MEPEHUS XapaKTEePUCTUK aHTEHH YacTO HAa3bIBAIOT
KOMITAKTHBIM TIOJIUTOHOM.

W3smepenuss B OJIMKHEH 30HE BBIMONHSIOTCS HA PACCTOSHUM TOPsAaka 3...5A 0T wu3iydaromieit
MOBEPXHOCTH aHTeHHBI. [Ipu 3TOM HeOombmias cnaboHanmpaBiIeHHAs aHTEHHA-30H IEepeMeIlaeTcss BOIU3U
WCCIIeTyeMOl aHTEHHBI 10 3aIaHHON MTOBEPXHOCTH CKAHUPOBAHUA. B 3aBHCHMOCTH OT CTPYKTYPHI OJFKHETO



I0JI1 ¥, COOTBETCTBEHHO, XapakTepa JuarpaMmbl HalpaBI€HHOCTH UCIOJIb3YIOTCS KOMILJIEKCHI IUIaHAPHOTO
(I0CKOr0), HMIMHAPHUUYECKOTO U C(HEPUIECKOT0 CKAHUPOBAHUSI.

KoMmmuiekcsl MJIaHAPHOTO  CKaHWPOBAaHUS  HCIONB3YIOTCS [UII  HM3MEPEHHS  XapaKTePUCTHK
HampaBJICHHBIX aHTeHH ¢ Kod(d¢urmentom ycunenus (KY) nopsaka 15 nb u Beime (pynopHsie, 3epKaibHbIe
aHTEHHBI, ()a3UPOBAHHBIC AHTEHHBIEC PEIIETKH). I TUX THUIIOB aHTEHH MOKHO CUMTATh, YTO MPAKTHYECKH
BCE M3JIy4aeMO€e UMHU I10JI€ COCPENOTOUEHO Ha HEKOTOPOH INIOCKOCTH BOJIM3H PACKPHIBA AHTEHHBI.

IIpu u3MepeHUsX B IUIOCKOM CKaHepe HcClefyeMas aHT€HHAa YCTaHABIMBAETCs CTAlMOHApHO, a
HeOoupIIasi BCIIOMOTaTeNbHas cilaOOHampaBiIeHHas AHTEHHA-30H] MEXaHHYECKH MepeMelaeTcs BIOJb
IUTOCKOH MOBEPXHOCTH BOJNM3M pacKpbiBa MO KoopAuHaTaM X W Y, MPOU3BOAS M3MEPEHHUS MOJI B y3i1ax
3aJlaHHOW PaBHOMEPHOH NPSMOYTOJIbHON ceTku ¢ maroM Ax=Ay<A/2. [lo W3MepeHHOMY aMILTUTYIHO-
(hazoBOMY pacmpeneNieHHI0 pPacCUMThIBAeTCA AMarpaMMa HaIlpPaBIEHHOCTH W JAPYTHE XapaKTePUCTHKH
AQHTECHHBI.

[Ipumep uzmepenuii B mockoM ckanepe @AP X-nuanazona pazmepom 3.5x3.5 M mpuBeieH Ha puc.3.
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Puc.3. U3mepennoe aMmmuTy nHO-da3zoBoe pacnpeaeneane AP X-auana3zona pazmepom 3.5x3.5 M u
paccunTaHHas qUarpaMma HanpaBJICHHOCTH B aKCOHOMETPHUYECKOM M KapTorpahuyeckoM MpeICTaBICHUH.

KoMmmiekcsl IMJIMHAPUYECKOT0 CKAHMPOBAHUSA HCIOJB3YIOTCA [UI M3MEPEHUS aHTEHH C
JyarpaMMaMH{ HalpaBIE€HHOCTH BEEPHOIO THIA — ITUPOKUMH B OJHOM INIOCKOCTH M Y3KHUMH B JPYTOM.

Kommiiekcsl cgepudeckoro CKaHUPOBaHUS NIPUMEHSIOTCS IPEUMYIIECTBEHHO [UIsl W3MEPEHUs
XapaKTepUCTUK CIa0OHANpaBIEHHBIX AHTEHH (CHUpaNbHBIC, JIOTONEPUOANYECKUE, OTKPBHITHIE KOHIIBI
BOJIHOBOJIOB, OOJIydaTeNd 3€pKAJbHBIX AaHTEHH M T.N.). OOHAKO AaHHBIH METOA H3MEPEHHs SBISETCS
YHUBEPCAIBHBIM M MOKET HCIOJB30BaThCS Ul U3MEPEHHS BCEX THIIOB aHTEHH. B 9acTHOCTH, OJHUM U3
MPUMEHEHUH 3TOT0 MeTo/ia ABJISieTCs M3MepeHne xapakTepucTuk @AP ¢ oOTekaTensamu.
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