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DKCIIEPIMEHTAIIBHO Ha CTeH/Ie OJIMKHETO MOJIs M3MEPEeHbI aMIUIUTY/IHbIE U (pa30BbIe pacIpe/IeNieHnsl Tonei
W3JTyYeHHs] BOJHOBOJHO-IIENCBOI aHTEHHOM PEIIETKH C YaCTOTHBIM CKaHMPOBAHHEM [HarpaMMbl HAIPABICHHOCTH, B
pacKpbIBe KOTOPOii pa3MellieHa BUOpATOpHas aHTEHHas pelieTka, paboTaromas Ha Goee HU3KOH uyacrore. Ilyrem
KOMITBIOTEPHOTO pacyera M0 H3MEPEHHBIM Ha IUIOCKOCTH JaHHBIM HMCCIIEJ0BAHO BIMSHIE BUOPATOPHOM PELICTKU Ha
u3NIydeHue wieneBoil. [loka3aHo, 4To eciu 00€ PELICTKH H3Iy4aloT MOJs ¢ OPTOrOHAIBHOM MOJSpH3aleH, TO
9()(peKThI B3AUMHOTO BIIMSHHSI KOMIUIEKCHPOBAHHBIX LIEJICBBIX M BUOPATOPHBIX aHTCHH Majbl. Eciv jxe n3imydeHue
COBMELIAEMBIX AHTECHH COIPSDKEHO IO MOJAPH3ALM, TO MCKa)KEHHs XapaKTePHCTHK HAIPAaBICHHOCTH HMMEHOT
KaTacTpo(HUECKUI XapaKTep
K/IFOYEBBIE CJIOBA: sneKTpOoMarHUTHBIE BOJHBI, AaHTCHHBI, BOJHOBOJHO-IIENCBAs aHTEHHAs PELICTKa,
BHOPAaTOpHasi aHTCHHAS PEIETKa, ONAPU3aLHs

ExcniepuMeHTanbHO Ha CTEHIl ONM)KHBOrO MO BUMIpSAHI aMIDNTYZHI Ta (asoBi po3moximy MoiiB
BHUIIPOMIHIOBaHHS XBHJICBOJHO-IIIJIMHHOI aHTEHHOI PEIIITKH 3 YACTOTHUM CKaHYBaHHSM JliarpaMu CIIPSIMOBAHOCTI , B
PO3KpHBI sIKOI po3MilleHa BiOpaTOpHa aHTEHHAa pelIiTKa, II0 Ipamoe Ha OuTbll HU3bKiM wactori. Illmsaxom
KOMI'IOTEPHOT0 PO3paxyHKy 10 BHUMIPSHAM Ha IUIOIIMHI JaHUM JOCTIDKEHO BIUIMB BiOpaTOpPHOI PELIITKH Ha
BUIIPOMIHIOBaHHS LIiIMHHOI. [loKa3aHO, IMIO SKIIO OOWIBI PEUITKA BHIPOMIHIOIOTH IOJS 3 OPTOTOHAJIBHOIO
MOJISIpU3alli€lo, TO eeKTH B3a€MHOTO BILIMBY KOMIUIEKCOBAHUX LIUTMHHHUX Ta BIOpaTOpPHUX aHTeH Maii. SIKmio x
BUIIPOMIHIOBAHHS aHTEH, SKi CyMIIL[AIOTBCS, MAalOTh OJHAKOBY IIOIAPU3ALi0, TO CIIOTBOPEHHS XapaKTEPHCTHUK
CIPSIMOBAHOCTI MAIOTh KaTtacTpo(iuHUIA Xapakrep.

KJIOUYOBI CJIOBA: enexrpoMarHiTHi XBWJI, aHTGHH, XBHJICBOAHO-LIIIMHHA aHTEHHa peIIiTKa, BiOpaTopHa
aHTEHHA PeLIiTKa, NOJIPU3aLisl

The plane amplitude and phase distributions of radiation fields of waveguide-slot frequency scanning antenna
array with a dipole array in it aperture that operates at a lower frequency was experimentally measured on a
measurement facility. The influence of a vibrator array on radiation from a slot array was carefully studied using
computer calculations. Low mutual coupling effect of orthogonal polarized complex waveguide-slot and vibrator
array was shown. Using of co-polarized arrays leads to high distortion of directional characteristics.
KEY WORDS: electromagnetic waves, antennas, waveguide-slot antenna array, dipole antenna array, polarization

HaxonieHHbIE K HACTOSIIEMY BPEMEHHU PE3yIbTaThl TEOPETUUECKUX HCCIEIOBAaHUI U IPAKTUYECKHUI OIBIT
yOEIUTETbHO CBUACTENBCTBYIOT O NEPCHEKTUBHOCTH MHOTOYAaCTOTHBIX COBMELIEHHBIX AHTEHHBIX PEHIeTOK Kak
BapHAaHTOB MHOTOKAHAJIbHBIX aHTEHH, O3BOJISIIONINX 3HAYUTENBHO PACIIMPUTH (PYHKIHMOHAIBHBIE BO3MOKHOCTH
CYIIECTBYIOIINX M BHOBb Pa3padaThIBACMbIX PaIHO3IEKTPOHHBIX CHCTEM [UIS PA3IMYHBIX OOJAcTell HayKH |
texHukd. Ocoboe MecTo cpenu MOAOOHBIX aHTEHHBIX CHCTEM 3aHHUMAIOT (ha3upOBaHHBIC aHTEHHBIE PEMICTKH
(DAP), coBMmemeHHBIE C pemIeTKAaMHU IPYTUX AMAla3oOHOB, HampuMep, BoidHoBomxHo-meneBsle (BILAP) u
BuOpatopubie (BAP), pemerkm w3 OTKPBITBIX KOHIIOB BOJHOBOJOB M BHOpartopHeie, u ap. [1]. B Takmx
KoMIUIeKcHpoBaHHEIX aHTeHHax BIIIAP wmmm BomHOBOmHass PAP paboraer Ha caMBIX BBICOKHX YacTOTaX,
IIpUYeM ee alepTypa HCIOIb3YeTcsl Kak oTpakaromwii skpaH 1 BAP (pasupoBanHoii mwin Heda3zupoBaHHON),
paboraromeid Ha Oomee HM3KHMX dYacToTax. [lpm 3TOM HHM3KOYacTOTHBIX BAP MoXeT OBITh M HECKOIBKO.

[IpenstcTBHEM K IIMPOKOMY HCHOJNB30BAHUIO MOJOOHBIX KOMIUIEKCHPOBAHHBIX AaHTEHH SIBIISETCA
Hen30eXKHOe YXYy/IICHNE XapaKTEePHCTHK HANpPaBICHHOCTH M BBICOKOYACTOTHBIX, W HHU3KOYACTOTHBIX aHTEHH,
00yCIOBIEHHOE VX B3aUMHBIM BIMSHHEM OIHA Ha APYryro. DG (EeKTs B3aUMHOTO BIHSHUS UMEIOT MECTO KakK B
TIACCUBHBIX BapHaHTaX (paccessHne n TUQPaKys U3ITydeHUs] OTHOMN MMOIPEIIETKH Ha JJIEMEHTaX JIPYyroil), Tak U B
aKTHBHBIX, KOIZla 3JIEMEHTHl COBMEUIAEMBIX AHTEHH BO30Y)XIArOTCS TMOMSIMHM APYrod (Ipyrux) aHTEHH H
Mepen3IydaloT Ha YacTOTax JpPYruX pabodnMx KaHajIoB, a TaKXKe TMPOXOAIT B IPHUEMHBIC KaHAJBI
COOTBETCTBYIOIINX paJMOCUCTEM. B pe3ympTaTe HapymIaloTcs YCIOBHS OOECIICUEHMS 3JIEKTPOMAarHUTHOW
COBMECTUMOCTH OJHOBPEMEHHO pabOTAIOMNX PaJHO3IEKTPOHHBIX CHUCTEM pa3IMYHOro (yHKIMOHAIHHOTO
HasHadeHus. OJHAKO, BO MHOIMX CIy4asXx, B YaCTHOCTH, IUISl JICTATENBHBIX amllapaToB W TPaHCHOPTHBIX
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CPE/ICTB, NEPEHACHIIICHHBIX paJHOdIEKTPOHHBIM OOOpYIOBaHHEM, NPUXOAUTCS HCKATh KOMIIPOMHCCHBIE
HayYHO-TEXHUYECKHE PELICHUS, MO3BOJIAIONINE ONTHMAIBHBIM 00Opa3oM pEIIUTh Ty WIM WHYI0 KOHKPETHYIO
mpoGJieMy B 3TOH obacTy.

Teoperndeckue U SKCIIEPUMEHTAIBHbBIE UCCIIEOBAHUS MIOKA3BIBAIOT, YTO B MIPHUHIUIE MOXKHO HUCKIIIOUUTh
B3aHMMHOE BIIMSHHME PA3IMUHBIX PAJUOCHCTEM IPYr Ha Jpyra yepe3 KOMIUIEKCHPOBAHHbBIE AaHTEHHBI 3a CYET
HCTIONB30BaHUsI aHTEHH C OPTOrOHANbHOW MoNsfpH3alMell Kak Ha OJHOM, TaK M Ha pa3HbIX dacToTax [l,2].
[IpumMepom peanusay Takol aHTEHHBI MOXKET CIY)KUTh KOMIUIEKCUPOBaHHAs IBYX4acTOTHAs PelIeTKa B BUIE
IUTOCKOW BOJTHOBOJIHO-IIETICBOM M3JIYUYaIOIeH CTPYKTYpHI, padortatomiell Ha Bricokoil actote ( BU BIIAP), u
PAacIIONOXXEHHOW Ha/l Hel Ha pacCTOSHUU YE€TBEPTH JJIMHBI BOJIHBI HU3KOUACTOTHOHM BHOpaTopHO# pemetkn (HU
BAP). Onnako, Ha mpakTHKe Aaxe B 3ToM ciydae 3ddextsl paccesaust nons BU BIIAP na Bubparopax HU
BAP umeroT MecTo u3-3a KOHEYHOH TONIIMHBI BUOpaTOpoB. BTOpoil n eme 6osiee Ba)KHOW MPUYNHON B3aMMHOT'O
BIIMSIHUS M3JTydaTelledl B pacCMaTpUBaeMOM CiIydae SIBJISETCS TO 00CTOSATENBCTBO, YTO BUOPATOPHI HAa TPAKTHKE
YKPEIUISIFOTCS. HAa METAJUTHUECKUX CTOWKaX, MPEICTABISIONMX CO00H MO-CYyTH OTPE3KH JIBYXITPOBOJAHON JIMHHU.
Kax xoporio u3BecTHO, pacCTOSIHHE MEXIy MPOBOJHUKAMU B JBYXIIPOBOJHOM JIMHUM JODKHO YAOBJIETBOPATH
yenosuio d < ﬂfmin /10. Paccrosuume Mmexay croiikamu HU BAP MoxeT mpeBbIIATL 5TO 3HAYEHHE IS

pabouero amanazona yactor BU BIIAP. Kpome Toro, snekrpuueckuii BEeKTOp TOJSI M3Iy4eHHs MIeied He
OpPTOTrOHAJIEH CTOMKAaM M CaMHUM BHOpaTopaM He TOJIBKO B OJIMDKHEH, HO W B JaibHed 30Hax. B pesymbrarte
CTOMKH BHOPATOPOB HE TOJBKO PACCCHBAIOT 3JicKTpoMarauTHoe u3nydenre BU BIIAP, HO u B COOTBETCTBUH C

- _
sakonoM Oma ] = OE B0306yKIarorcs M M3IydaroT 3JeKTPOMArHUTHEIE BOJIHBI KaK JBYXIIPOBOIHAS JIMHUS C
KOMIUIEKCHOU Harpy3kou

z, =12

H 6x.6ubp. ~ R

(feu) + ixex.6u6p. ( feq) :

6x.8UOD.

3a cueT ATOro sBIEeHHUs BO30YXK/IAI0TCS M U3TYYalOT Ha BHICOKOM YacTOTE KOMILIEKCUPOBAHHOI aHTEHHBI U
BuOpaTopsl. TakuM o0pa3oM, B peajbHOM aHTEHHE, B OTJIMYME OT HICaJM3MPOBAHHOTO BapHaHTa, TO €CTh
(u3MKO-MaTeMaTHIECKON MOJieNn, B3auMHoe BiusiHue Mexay BILIIAP u BAP umeer mecro.

OTMeTHM, YTO 3JIEKTPOAMHAMHUYECKUI aHaIM3 H3JTydeHHs BHOPATOPHBIX (Da3UPOBAHHBIX AHTEHHBIX
PEIIeTOK C Y4eTOM BIMSAHHUS OIOPHBIX CTOEK caM Mo cebe MpeAcTaBisieT CIOXKHYI0 3axauy [3]. 3amaum
BO30yxeHHus: Tpsimoro W [-o0pa3Horo BuOpaTopa, pacHONOKEHHOrO BOJM3M  BOJHOBOJHO-IIENEBOIO
U3JIydaTessd, KaK IMOKa3aHO B pe3ylbTaTe PEIICHUs dTHX TECTOBBIX A paccMaTpHBaeMoil MpoOyieMbl 3a1ad B
[4,5], Takxe moBonbHO cnokHBL. [loaTOMY M3MepeHns U aHanu3 BIusSHUA BAP Ha XapakTepHCTHKU H3Ty4EHUS
BIIAP, ocobeHHO BO BceM IPOCTPAHCTBE HAOIIOACHHUS, YTO SIBIISIETCS LETbIO HACTOSILEH CTAaThU, aKTYallbHbI 1
BaXXHBI JUIS TPAKTUKH.

INOCTAHOBKA 3AJIAYA U OIIMCAHHUE DKCIIEPUMEHTAJIBHOI'O MAKETA

Kak ormeueHo BbIlIe, TEOPETHUECKUI pacyeT MapaMeTPOB U XapaKTEPUCTUK KOMIUICKCHUPOBAHHBIX aHTEHH
Pa3HBIX YaCTOTHBIX JHAIA30HOB C y4eToM BceX 3((EeKToB, 00YCIOBIEHHBIX OCOOCHHOCTSIMU KOHCTPYKIUH H
B3aMMHBIM  BIHMSHHEM  COBMELIAEMBIX  aHTEHH, MPAaKTUUYECKM  HEBO3MOXEH  H3-3a  CIOKHOCTH
UIEKTPOAMHAMMYECKON 3a1auu B cTporoil moctaHoBke. C ApYyroi CTOPOHBI, NPsIMbIE AHTEHHbBIC H3MEPEHHS
MO3BOJISIIOT W3Y4UTh (PU3NUECKHE 3aKOHOMEPHOCTH IPOSBICHUH B3aMMHOTO BIMSHHS AaHTEHH, KOTOpPBIE
KOMIUIEKCHPYIOTCSI B OJHOM H3JIy4JaloOUmIeM pacKpbiBe. JlefiCTBHTENBHO, BCE HEOOXOAWMBIE TNApaMeTpsl H
XapaKTEPUCTUKH KOMIUIEKCHPOBAHHOM aHTEHHBI — AWarpaMma HanpaBiIeHHOCTH, IIMPUHA TJIAaBHOTO U OOKOBBIX
JIETIECTKOB, M3MEHEHHE HAlpaBJICHHS IJIABHOIO MaKCHMyMa IIPH CKaHHPOBAHUH, KOX(POHUIUEHT yCuIleHus,
COTTIACOBAHHE — MOTYT OBITh HEMOCPEACTBEHHO M3MEPEHBbl B IIHPOKOW IIOJIOCE YaCTOT. 3HAYHUTEIbHBIE
TPYIHOCTH BO3HHMKAalOT B pPACCMaTPUBAEMOM ClIydae W3-3a HEOOXOAMMOCTH HCCIEN0BAaTh AWArpaMMbl

HATIPABJICHHOCTH KOMIUIEKCHPOBAHHBIX AHTEHH HE TOJNBKO B IMaBHBIX E —u H — mmockocTsx HabiromeHus,
HO M BO BCEM MPOCTPAaHCTBE. JTO BEChMa Ba)KHOE OOCTOSTENBCTBO, TAaK KaK dJIEKTPOMarHuWTHBIE mois BY
BIIIAP, paccesunpie HU BAP, moryr ¢opmupoBaTh audpakiMOHHBIE M JAPYrue OOKOBBIE IIENECTKA B
NPOU3BOJIBHEIX HAINIPABJICHMAX, HE JISKAIIMX B TJABHBIX IUIOCKOCTAX HaONroJeHHs. M3MepeHWs auarpamMm
HaINpaBJIICHHOCTH B ATUX CEUCHMSIX 3aTPyAHEHBI U3-3a PacCOTIACOBAHUS UCIBITYEMOH M MHAMKATOPHON aHTEHH
IO MOJIAPU3ALHUHL.

OTMe4eHHBIe TPYAHOCTH JIETKO MPEOAONECBAIOTCS IIyTeM HW3MEpeHWs aMIUTUTYyIHOro #  (a3oBoro
pacnpezeneHus ol KOMIDIEKCHPOBaHHOW aHTEHHBI HA TNIOCKOCTH B ee OJNMKHEl 30He M JallbHEeHIIIeM pacuere
10 M3MEPEHHBIM JAaHHBIM MapaMeTPOB U XapaKTEPHCTHUK HAIPABICHHOCTH KOMIUIEKCUPOBAHHON aHTEHHBI B e€
JanbHel 30He [6].



36 bnunosa HK., I'opobey H.H / B3aumnoe enuanue wenesvix u 6UOpamopHbix aHMeHHbIX peulemor ...

Jlng  pemieHus IOCTAaBIEHHOW 3aJadd OSKCIEpUMEHTAlIbHOro ucciaenoBanus BausHus HU BAP,
yCcTaHOBJIEHHON B m3mydaromem packpsiBe BU BII[AP, Ha mapameTpsl M XapaKTepUCTHKHM HAINPaBJIECHHOCTH
MocJeTHEN UCIONIB30BaNach IIIOCKas pelleTka U3 36 BOIHOBOAHO-IIENEBBIX JMHEEK. B y3KOI CTE€HKE KajKIoro
BOJIHOBOZIA Mpope3aHo 36 mienel, pacCTOSHUE MEXy KOTOPBIMHM PaBHO IOJIOBUHE AJIHHBI BOJHBI OCHOBHOTO
THUIIa B BOJIHOBOJIE. PaccTosiHie MeXay cocelHUMH BOTHOBOIaMU paBHO 40MM . Takum 00pazoM, aJeKTpUIecKue
pasmepsl BU BILIAP nmocrarouno Gombline 1jisi TOro, YTOOBI BIMSHHE KpaeBbIX d((EKTOB Ha HCCIEdyeMble
siBienust, ooycnosnennsle BausaueM HU BAP na xapakrepuctiku BU BIIAP, Ob110 npeHeOpexxuMo MajbIM.
[punnunuansHas cxema BU BIIAP npencraBnena Ha puc.l. Ilpy u3MeHeHUM 4acTOTHI TJIaBHBIN JIEMECTOK
JMarpaMMbl HAMpPABICHHOCTH 3TOH aHTEHHBI CcKaHupyeT. B [7] ormeueHo, uto Takue BIIIAP mmpoko
TIPUMEHSIOTCSL B PaANOIOKATOPaxX KPYroBoro o03opa ¢ 4aCTOTHBIM CKaHHPOBAHHEM.

B packpsise onucannbix BIIAP ycranaBmuBanack perierka 17x17 Budopatopos (puc.2 u 3). BubparopHas
pelleTka paccuuThIBAJIach Ha JUTMHY BOJHBI, TPUMEPHO B 2,5 pasza 0oJblIyi0 padovell [UIMHBI BOJTHBI IIEIEBOH
pemerku. [lepronsl pacronoxeHus U3nydareleil BUOPaTOPHOU M IIENIEBOM PEIIETOK, KaK BUJHO U3 PUCYHKOB,
OTHOCSTCS B coOTHOmeHuu 2:1. Bubparops! ycranaBmuBamich Ha Beicote 0,56 cpeHei IMHbI BOJTHBI pabodero
JIana3oHa LIeJIeBOM peleTKH Ha PaBHBIX PACCTOSIHUAX OT OKPY)KAIOLIUX MX ILeNeH.

BuOparops! M3roToBiieHbl U3 MEIHON TPYOKH AMameTpoM SMM B BHIe ABYX I — oOpasueix mied. Oba
ieya BUOpaToOpa yCTAaHABJIMBAIKCH B LICIEBOM pelIeTKe ¢ MOMOIIBI0 BKIAABINICH U3 MeHomTacTa (puc.2 u 3).
OpMeHTAaUMIO BKIAJBIIEH M, CIEIOBATENHHO, BHOPAaTOpOB MOXkHO m3MeHsth Ha 90°. Takum obpasoM,
9KCIIEPUMEHTAIIBHBIA MaKeT MpeaycMaTpUBall BO3SMOXKHOCTH UCCIIEAOBATh BIMSHHE BUOPATOPHOW PELIETKH Ha
XapaKTEPUCTUKU ILETIEBOU:

- BO BCEM paboueM JHana3oHe 4acToT IIeNIeBOM PelIeTKY;
- BO BCEM CEKTOpE YTIIOB CKAHMPOBaHHMs AUarpaMMbl HarnpasieHHocTH (JJH) meneBoit pemerky;

- IPU OPTOTOHANBHBIX (T—)) U COTTACOBAHHBIX (TT) 10 TMOJSAPU3AINKN H3ITYUYCHUS] BUOPATOPHOH U
LIEJIEBOM PELIETOK.

VAR V/EAN
AN /N AN

Puc.1. Cxema dparmMeHTa MakeTa BOJTHOBOHO-IIIENICBOI aHTEHHOM PEIIETKH

AN/ /AN
ALVERNVNYE

Puc.2. Cxema ¢parmMeHTa KOMIUIEKCHPOBAHONW BOTHOBOIHO-IIENIEBOM U BUOPATOPHOI aHTEHHOM PEIISTKH C
W3ITy4aTeIsIMH, OPTOrOHAJIBHBIMH IO MOJIIPU3ALIUH

7 N7 N7 X1
A /7 N\ /N /]

Puc.3. Cxema parMeHTa KOMIUIEKCHPOBAHOW BOTHOBOIHO-IIENEBON M BHOPATOPHOH PEIICTKH C U3IyJaTeIsIMHU,
COTJIaCOBAHHBIMH TIO MOJISIPU3ALAN
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PE3YJIbTATBI UCCJIEJOBAHUS Y®PEKTOB B3AUMHOI'O BJIUSIHUSA
BUBPATOPHOM U IEJEBOI AHTEHHBIX PEIETOK HA CTEH/E BJINKHEI'O
moJIsz
Crena OMKHETO TOJS MO3BOJISUT aHAJM3MPOBATh AWArpaMMBbl HANpPaBJICHHOCTH BOJHOBO/IHO-IIENEBOM
AQHTEHHOW pElIeTKH I10 M3MEPEHUSIM aMIUIUTYIHOrO M (Da30BOrO pacrpenesieHusl Mojisl Ha IUIOCKOCTH B ee
W3JTy4aromeM packpbiBe. Pe3ynbTaTsl n3MepeHuil 00pabaThIBANINCh C MIOMOIIBI0 KOMITBIOTEPHBIX IPOTpaMM H
BBIBOAWJIUCH Ha II€4aTh B BHJE JHarpaMM HAlpaBJICHHOCTM B TJIABHBIX IUIOCKOCTSX HaOmroneHus (B
BEPTUKAJIBHOW M TOPU3OHTAJBLHOW), a TAaKKe B NMPOU3BOJBHBIX CEUCHUSX (p = CONSt M TPEACTaBISUINCH Ha

IIJIOCKOCTH C KOOpJAWHATAMU 0 u (¢ TOUYCK Ha6J'IIOZ[eHI/I$[ B Z[aJ'II:Heﬁ 30HC JIMHUAMU PaBHBIX ypOBHeﬁ MOIITHOCTHU

n3mydenus. [lapaniensHo Ha eyaTh BBIBOJMINCH CIEAYIOIINE JaHHBIE: HalpaBjeHue raBHOro Makcumyma JIH
B 3HAYEHHMSIX YIJIOB IO a3UMYTY U YTy MECTa, YPOBHU M KOOPJIMHATHI CAMBIX OOJIBIINX OOKOBBIX JIETIECTKOB MPHU
0 >0 unpu 6 <0 or HampaByeHUs TIaBHOTrO JenecTtka JJH, 3HaueHue aMIUINTYIbI TOJS, POMOPIMOHATIBHBIE
koo punmenty ycunenus BIIAP npu kakoM-1160 onpeieieHHOM NOJIOKEHUH TIIaBHOro Makcumyma J1H.

W3mepennsi, kak ObUIO OTMEUEHO BBIIIIE, TPOBOAWINCH ISl ABYX CIIy4aeB - pa3Bs3aHHBIX 0 MOJSIPH3aALUH
nznyyarenedt BIHAP u BAP u cornacoBannbix. Ha puc.4 a (kpuBas 1) npezicraBieHa B Ka4eCTBE KOHTPOJIbHOM
JTH BOJTHOBOHO-IIIEIEBOM AHTEHHBI B TOPU3OHTAIBHON TIOCKOCTH (E-niockocmu) Ha vacrore f;. BumHo, uto B
9TOH IUIOCKOCTH YpPOBEHb OOKOBBIX JIeNecTKOB He mnpeBblmaer -26...-30 b, mpuuem ypoBeHb ¢oHa
CYIIECTBEHHO CHIDKAaeTcsl (MPUMEPHO IO AKCIIOHEHIMAIBHOMY 3aKOHY) IpPU YBEJIHMUYSHUH yIiia 0. Dma
JuarpaMma HaIlpaBJICHHOCTH ABJIAJIACH KOHTpOJ'ILHOﬁ U II0 OTHOIICHHMIO K HEH paccMaTpuBaliuCh OpPYyrue
pe3yabTaThl u3MepeHuid. Ha puc.4a mpuseneHsl pe3ynbTatsl u3MepeHuit J|H xomIuiekcupoBaHHOI I1eneBoit u
BUOpAaTOpPHOW aHTEHHOW pELIeTKH B Cliydyae, KOIJia IOJie W3JIy4eHWs IIEeJIeBO W BHOPATOPHOW aHTEHHBI
pasBsizanbl 1o moispuzaiuu (kpuBas 2). BugHo, uto mo cpaBHenuto ¢ JIH BIIAP (kpuBas 1) Heckonbko
YBEIIUYUIICA O6U_[PIﬁ (bOH U3TYy4YC€HUS B NAJIBHUX OOKOBBIX JICMIECTKAX M HE3HAYUTEJIBHO YBEINYINIICS YPOBCHb
MEPBBIX 6OKOBBIX JICTICCTKOB.

Takum o0Opa3oM, pe3yJabTaThl W3MEPEHMI MOATBEPKIAIOT MOJTYYEHHBIH M3 (H3MYECKHX COOOpa)KeHHit
BBIBOJL O TOM, YTO pa3Bsi3aHHas Mo nomspuzauuu BAP He cuiibHO BiMsieT Ha mapaMeTpbl U XapaKTePHUCTHKH
m3nmydenuss BUIAP. Ha puc.4a nmpuBeneHbl aHaIOTUYHBIE Pe3YyIbTAThI IS CIy4yasi, KOrja BHOpaTOpHas pelieTka
CONpsDKEHa 0 MOAPU3ALIIHI C IOJIEM IIeNeBoi anTeHHb! (KpuBas 3). BunHo, 9To 3(heKTs B3aMMHOTO BIMSHUS
3HAUUTENbHO ycuiauBaiorcs. OOpamaer Ha ce0sd BHUMaHUE MOSBICHHE MAaKCUMYMOB OOKOBBIX JICIIECTKOB,
COOTBETCTBYIOIIMX IU(PAKIMOHHBIM MaKCUMyMaM BHOPAaTOpHOI PEIIeTKH Ha 4YacToTe ILNEeNeBOH pEILeTKH,
IpUYeM BEJIMYMHA 3THX MaKCUMYMOB 3HAYMTENBHO NPEBBIIACT YPOBEHb OOKOBBIX JenecTkoB. Kak ciemosano
O0XHJaTh, 3T MAaKCHUMYyMBbI MOSBJIIOTCS B TE€M OOJBIIEM CEKTOpE YIJIOB, ueM OoJjblle BEIMYMHA OTKIOHEHUS
IJIABHOTO MaKCUMyMa OT HallpaBJIeHHs HOpMaJIH.

PesynbraTel u3Mepenuii JIH B opToroHansHoO# tuiockoctu (H-niockocmu) nipenctaBieHsl Ha puc.46. 13
JaHHBIX pUC.40 BUIHO, YTO, KaKk M B TpeIplAylIeM ciydae, eciu BAP paspszana mo momsipusanuu ¢ moiem
IIEIeBOM pelIeTKH, TO oHa cnabo Biusiet Ha ee JIH. B ciydae, koria BUOpaTOphI COrNIacOBaHBI MO MOSAPHU3ALIUH
C TOJIEM ILEJIEBOH peIIeTKH, 3TH dPdeKTsl ycunuBarTca. B yacTHOCTH, YpOBHH NaubHUX OOKOBBIX JIETIECTKOB,
COOTBETCTBYIOIIMX IU(PAKIMOHHBIM JIETIECTKAM BUOPATOPHON PELIETKH, 10 BEIMYMHE TOCTHTAalOT 3HAUCHUS
—12 nb.

M3mepeHus npoBeneHbl Ha MATH 4acTOTax B Cllydae, Korja riaBHbld MakcuMyMm JIH 1mieneBold aHTEHHBI
OPHMEHTHPOBAH GIM3KO K HAIPABICHHIO HOPMANM K pemerke (OTKIOHeHHe mo asumyty 9,82°, mo yrimy mecra -
1,370 Ha gacrore f, ) ¥ B ciydae, Korja OH OTKJIOHEH Ha pa3HbIC BETMUMHEI, B 9aCTHOCTH, Ha 16,010 -TI0 a3UMYTY
w1 -27,34° no yriny mecra Ha wacrore fy, u 6,87 °-no asumyry n 16,05° o yrimy mecra Ha gacrtore fs. Pe3ynbraTsr

m3mepennii JTH nHa gacrore f, mpemcraBieHsl Ha puc.5 COOTBETCTBEHHO B E-(a)us H -(6) mrockoctsx.

JuarpaMMbl HamlpaBICHHOCTH Ha puc.4 M 5 TOCTPOEHBI OTHOCHUTEIHHO HANpPAaBICHUS TIJIaBHOTO
MaKCHMyMa. KOTOPBIH ISl KaKIOro CIIydasi IPUHAT PaBHBIM HYITIO

IlepeiineM Kk peTanbHOMY aHaNU3y pE3YIAbTATOB H3MepeHud. Ilpexxne Bcero usydancs BOMNpOC:
OTKJIOHSIETCSl JIU TVIaBHBIA MakcuMyM [IH BOJIHOBOZHO-ILIENEBOW aHTEHHBI NPU PAa3MEUIEHUH B €€ PacKpbIBE
BHOPAaTOPHOW peMIeTKH. Pe3ynapTaThl M3MEpEHMH, KaK BHJHO W3 TNPHUBEACHHBIX [aHHBIX, MOKAa3bIBAIOT, YTO
HaNpaBJICHWE TJIABHOIO MAaKCHMyMa IIEIEBOH DPEIIETKH HE OTKIOHSETCS HH B OJZHOM H3 PacCMOTPEHHBIX
cirydaeB. OTOT (DaKT MOXKET CIIY>KUTh Ba)KHBIM apryMEHTOM B MOJIB3Y CO3/IaHHS TOAOOHBIX AHTEHHBIX CHCTEM Ha
TIPaKTHKE.

B tabnume | npuBeneHs! pe3ynsTaThl 00padboTku pacueToB [IH, B 4acTHOCTH, IMIMPHHA TJIABHOTO JICTIECTKA
JIH mo mosoBMHE MOIIHOCTH B IJITaBHOM MaKCHMYyME IIEIE€BOH aHTEHHBI HA TPEX YaCTOTaX U TPEX BAPHAHTOB
WCTIBITAaHHBIX aHTEeHH. 113 Tabmuuel 1 BUIHO, 9TO B CiTydae, KOTAa BUOpaTOpHAs U IIENEBasi PEHICTKH Pa3Bi3aHbl
TI0 TIONIAIPU3AIHH, B 00eHX INIOCKOCTAX HAOMIOAEHN INMpHHA raBHOro jenectka JIH mckaxaerca B mpenenax
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Puc.4. IlnarpaMMbl HanipaBJICHHOCTH BOIHOBOJHO-IIENIEBOM aHTEHHBI B KoMIuiekcupoBanHoit B BIIIAP m HY

BAP B miockocru E (a) m B IIOCKOCTH H (6).
1 - BHIAP; 2 -BIIAP u oproronamnsnas k Heit BAP; 3 -BIL[AP u conpspkennas x Heit BAP
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Puc.5. lnarpammebl HalIpaBJIEHHOCTU BOJIHOBOJHO-LIENEBOM aHTEHHBI B KoMIuiekcupoBanHoii BY BIIIAP u HU

BAP B miockocru E (a) m B IIOCKOCTH H (6).
1- BHIAP; 2 -BIIAP u oproronamnsHas x Heit BAP; 3 -BII[AP u conpspkernHas k Heit BAP

TOYHOCTH SKCIIEpUMeHTa. B ciydae ke, Korga BUOPaTOphl U IS CONPSDKEHBI MO MOJSPH3alHH, 3TO OTIHYHE
OKa3bIBaeTCsl OoJiee CYNMIECTBEHHBIM Ha BCEX YaCTOTaX W JOCTHTaeT 3HadeHui 2-5,6%. Takum o0paszom,
NPOBEICHHBIC MCCIIEIOBaHMUs MTOKA3bIBAIOT, YTO BIMSHHUEM BHOPATOPHOHM PEMICTKH Ha BOJHOBOIHO-LIEIEBYIO B
OTHOLICHUH INUPHHBI U (GOPMEI TIaBHOTrO Jieriectka ee JJH MoxHO mpeHeOpeub Kak B ClIydae OpTOrOHAIBHEIX,

TaK ¥ B CIIy9ae COMPSIKEHHBIX IO MOJSIPU3AIMK BHOPATOPHBIX M3ITydaTeNeH.
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Tabnuna 1. Hlupuna rimaBHoro senectka JIH KoMIIeKCHpOBaHHON BHOPATOPHO-IIENICBON aHTEHHBI

Bapuant aHTeHHbI Topu3oHTabHAS TIOCKOCTh BeprukasbHas II0CKOCTh
f1 f, fs f, f, fs
BIIIAP 2,86 2,65 2,56 3,22 2,77 2,8
BILIAP u BAP TT 2,85 2,69 2,54 3,26 2,8 2,79
BIIAP 1 BAP T_) 2,79 2,52 2,53 3,22 2,75 2,81

B Tabnuue 2 mnpuBeneHbl pe3ydabTaThl W3MEPEHWH BEIMYHMHBI, MPONOPIHMOHAIBHON KOI(PPHUIMEHTY
YCWIIGHHsI IIIENIEBOM aHTEHHBI (B OTHOCHUTEIBHBIX €MHUIIAX) Ha KaKAOW W3 HYacTOT NPH pasHbIX CIydasx
pacIionoXXeHrs: BUOPATOPHOM pelIeTKN B pacKphIBe IIeNeBoi. BuiHO, 4TO 3Ta BEMUUMHA CYIIECTBEHHO 3aBUCHT
oT crocoba pasMelleHusl BUOpATOPHOW aHTeHHO# perieTkd. B wacTHocTH, Ha 4Yactore f; ymeHbliieHne
Koo HuIMEeHTa YCHIEHUS 3a CyYeT BHUOPAaTOPHOW pemieTku pocturaer 5% B cilyyae pas3Bsi3aHHBIX 110
nonspu3anuu nojeil Bubpatopos u 8,8% - compsukennbix. Ha vacrote f,, Ha koTtopoit rmaBHblii Makcumym JJH
OpPHEHTHPOBaH B HAaNpaBJICHWH, OJM3KOM K HAINPaBICHHIO HOPMalIM K penieTke, aOCONOTHOE 3HavyeHHe
Koo dUIMEeHTa YCHIEHUs BO3pacTaer. B 3ToMm ciyyae BiMsSHHE pa3BS3aHHOW 110 TMOJSPU3AMU H3TydEHHS
BUOPATOPHOM PEIISTKH OKa3bIBACTCS HECKOJIBKO MEHBIIE U He mpeBbiaeT 4,2%. BiusHue e CoOnpsKeHHOM 1Mo
NOJSIPU3AIMA  BUOPATOPHON aHTEHHBI CYyIIECTBEHHO Oosbire u  gocturaer 44%. Ha wacrore f3
COOTBETCTBYIOIINE 3HAUCHUS €1lle MEHBIIIE ISl OPTOrOHAJIBHBIX PEIIETOK M JocTuraroT 11% st conpsykeHHbIX.
[lpuBeneHHbIE [aHHBIE IOKAa3bIBAIOT, 4YTO YyMeHblIeHHe Kodpduuuenrta ycuwnenus BY BUIIAP npu
ckanupoBanuu JI[H 3a cuer BHOpaTOpHOW pELIETKM MOTYT OKAa3aThCsl CYIIECTBEHHBIMH, BIUIOTH 0 €€
YaCTUYHOTO «OCIJICTUICHUS.

B tabaunax 3 u 4 npuBeeHbl ypOBHU TIEPBBIX OOKOBBIX JieniecTKOB [IH MCIBITAHHBIX AHTEHHBIX PELIETOK.

Tabnuua 2. KoaduipieHT ycuneHrs KOMILUIEKCUPOBAaHHONW BUOPATOPHO-IIIENIEBON aHTCHHBI

BapuaHT aHTCHHBI f1 f, fs
Gm A G, % Gm A G, % Gm A G, %
BILIAP 3929 - 4823 - 4882 -
BILIAP 1t BAP TT 3878 1,3 4683 2,9 4929 0,9
BILIAP 1t BAP T N 3583 8,8 2693 44,2 4345 11
Ta6muna 3. YpoBHU HEPBHIX OOKOBBIX JICIECTKOB (TOPU30HTAIBHASI TNTOCKOCTH)
BapuaHT aHTCHHBI f1 f, fs
6>0 06<0 6>0 6<0 06>0 6<0
ab ab ab ab b b
BIIIAP -25,92 -27,02 -32,23 -31,0 -31,5- -26,27
BILIAP 1t BAP TT -26,98 -25,01 -27,93 -27,85 -29,1 -25,3
BILIAP 1t BAP T_) -24,07 -25,1 -22,83 -25,85 -27,39 -23,45
Tabmuma 4. YpoBHU NIepBEIX OOKOBBIX JIENECTKOB (BePTHUKAIbHAS TUIOCKOCTH)
BapuaHT aHTCHHBI f1 f, fs
6>0 06<0 6>0 06<0 6>0 06<0
b ab b 1b 1b b
BIIIAP -25,65 -23,58 -27,12 -32,55 -26,17 -21,31
BILIAP 1t BAP TT -25,17 -28,41 -26,77 -23,9 -25,06 -21,19
BILIAP 1t BAP T_) -24,18 -22,8 -28,22 -23,53 -25,27 -21,34
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Pe3ynerathl, mpuBencHHbIE B TaOMUIax 3 W 4, MOATBEPKIAIOT BBIBOIBI, CICTAHHBIC BHINIC. B yacTHOCTH, B
ciIydae JBYX PEIIETOK C OPTOrOHAIBHOW MONSApH3aIlieldl YPOBHHU MEPBHIX OOKOBBIX JICTIECTKOB BO3PACTAIOT HE
6onbie, yem Ha 1...2 nb Ha vacrore fi, Ha 3...4 nb Ha yactore f, u Ha 1,5...2,51b Ha wacrore f;3. B ciydae
BHOPATOPHBIX PEHIETOK, COMPSHKECHHBIX IO TOSIPU3AIMH CO MICTICBOM, YPOBHU OOKOBBIX JICIECTKOB BO3PACTAIOT
Oosee cyliecTBeHHO: Tak Ha yactore f, ypoBeHb GoKOBOro jnemectka yBenuumics Ha 10nb. B BepTukaibHO#M
IUTOCKOCTH Ha 4actote f; yBenuueHue ypoBHs GOKOBOTO JienecTka He mpesbiinaeT 116, Ha yactore f, ommune
YpPOBHEW JIemecTKoB cocramiser -1...-8ab, Ha uacrore f; omimume 3amerHo MeHbime. [y mieneBoil u
BHOPATOPHOH PEIIETOK, CONMPSDKEHHBIX MO MOJIAPU3AINY, OTINIHE YPOBHEH OOKOBBIX JICTICCTKOB YBEITHUHUBACTCS
u pocruraer 9ab Ha yacrore fs.

Takum 00pa3oM, MOTYYEHHBIC PE3YIbTAThl IMOKA3BIBAIOT, YTO IMEPBHIC OOKOBBIC JICTIECTKH HM3MEHSIOTCS
COOTBETCTBEHHO ¢ (DU3HKOI SIBJICHU B TIOAOOHBIX KOMITJICKCHPOBAHHBIX aHTCHHBIX PEIICTKAX.

PesynbraTel 00paborku JIH m aHanmm3 ypoBHEW NalbHUX OOKOBBIX JICTIECTKOB 60 6CeM HPOCMPAHCHGE
HaO00eHys TPeNCTaBiIeHbl B TaOnuIax 5 M 6 COOTBETCTBEHHO /ISl T'OPU3OHTAIBHOM M BEPTHKAIBHOM
TUIOCKOCTH.

W3 »Tux TaOMMIl BUAHO, YTO B OOCHX IUIOCKOCTSAX YPOBCHb OOKOBBIX JICTICCTKOB Pa3BS3aHHBIX IO
MOJISIPU3ALMM  PELIeTOK OTIWYaeTcss Apyr OT JApyra He3HauuTenbHo — B mpeaenax 1...51b. B cmydae
COTPSDKEHHBIX 10 TOJNSPU3AIMH PEIICTOK 3TO OTJIHYKE yBEIUUMBaeTCs Oojice, yeM Ha 121b, B YaCcTHOCTH, Ha
yacrore f,, cooTBeTCTBYIOIIME YPOBHU JienecTKOB gocTuraet -13,91b.

B BepTHKanbHOW IUIOCKOCTH OTJIMYUE YpPOBHEHl OOKOBBIX JICMECTKOB YBEIMYHMBAaeTcsi eile Ooree
CYIIIECTBEHHO: Ha vactore f; cooTBeTcTBYyIONIME NemecTKH cocTaBisioT -12,4 u -15,7 nb, Ha gactote f;, -6,1 u
-10,7 a1b u nHa uacrote f;3 -15,71b. OueBuaHO, YTO Takoe BO3pAacCTaHHE YPOBHEH OOKOBBIX JIEMIECTKOB IS
NPaKTUKU HE TIPUEMJIIEMO.

Crenyer, oHaKO, UMETh B BUJY, YTO 3TH OOKOBBIE JICTIECTKH COCPEJOTOUYCHBI B OrPaHHMYEHHON 00IaCcTH
MpOoCTpaHCTBa, W HUX BJIMAHUC Ha pa60Ty pa]lPIOTCXHPI‘IeCKOﬁ CHUCTEMbI MOXET 6LITL CKOMIICHCHUPOBAHO
00pabOTKOM CUTHAIOB.

BbIBO/JbI
1. IIpoBeneHBI IKCIIEPUMEHTAIBHBIE HCCIIEIOBAHNS BIMAHUS BUOPATOPHON aHTEHHOMN PEIIETKH, PACION0KEHHON
B PacKpbIBe BOJHOBOIHO-IIENICBOM aHTEHHBI C YACTOTHBIM CKaHUPOBAaHUEM, HA HAIPaBJICHHBIC XaPaKTEPUCTUKU
HocieHe. DKCIepUMEeHTHI IPOBEICHBI Ha CTEHAE OJMKHETO MOJI Ha IJIOCKOCTH B CIIy4asX, KOrJa M3IydeHHe
BHUOPaTOPOB OPTOrOHAJIBHBI U CONPSDKEHBI 110 mossipu3anuu u3nydeHus BIIAP.
2. Iloka3aHo, 4TO B ciy4ae BHOpPATOPHBIX PEIIETOK, Pa3BsI3aHHBIX IO MOJIIPU3ALUM CO ILIEICBOM PEIETKOH,
BIMAHHE MX HAa XapaKTEPUCTUKU H3JIYYCHUS BBICOKOYACTOTHOW IIEJIEBOM pEIIETKH AOBOJIBHO Majo. B
YAaCTHOCTH, HAIPaBJICHUs IVIABHBIX MAKCUMYMOB HE U3MEHSIOTCS, IIMpUHA IIaBHOro jenectka /IH nckaxaercs
He Oornee, yeM Ha 5..7%, ko> ULIHEHT ycuIeHus yMeHblaeTcst He Gomee, yeM Ha 2,9%, OOKOBBIE JIETIECTKH
BO3pacTaloT He Oosee 4eM Ha -61b B caMoM XyIeM ciydae.
3. BubpaTopHble peneTKy, COMpsHKEHHBIE 10 MOSIPU3AIMH C TI0JIeM BOJIHOBOIHO-IIIETEBOM aHTEHHBI, HCKAXKAIOT
XapaKTePUCTUKHU IeJIeBOH aHTEHHBI OYEHb CWJIBHO. B yacTHOCTH, MOSBIAIOTCS GONBIINE IO YPOBHIO OOKOBBIE
JIETIECTKH, JOocTHratomue -3...-151b 1 cooTBeTcTBYIOINE NU(PPAKIMOHHBIM JICIECTKaM BHOPATOPHOI pemeTKH
HA 4aCTOTE BEICOKOYACTOTHOM LIETIEBON aHTEHHBI.
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