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JABYXIOJIAPU3ANMOHHBIA U3J1Y4aTe b AJI MUKPOII0JI0CKOBOM
MJIOCKON AHTEHHOM PeleTKH ¢ OJHOMEPHbIM CKAHUPOBAHUEM

Ilpusooamcsa pe3ynomameol YUCIEHHO20 MOOETUPOBAHUSA U IKCHEPUMEHMA NO O8YXNOJIA-
PUBAYUOHHOMY MUKPONOIOCKOBOMY U3LYHAMENI0, NPEOHA3HAYEHHOMY O/t HPUMEHEHUs 8 Kaye-
cmee dnemMenma NIOCKOU aHMeHHOU peulemKi ¢ 0OHOMePHbIM CKaHuposaHuem. IIpusooamcs
pe3yIbmamyl YUCTIEHHO20 MOOEIUPOBAHUSL PEULEMKU 8 PEIHCUME CKAHUPOBAHUSI.

KitoueBsie ciioBa: MHKpOHOJIOCKOBLIf;I JIByerOJ'IS[pI/ISaI.H/IOHHBIﬁ HU3JIy4aTeCllb, IJIOCKAasA aHTCHHaAsA PCOICTKaA,
OOTHOMEPHOC CKAaHUPOBAHHUC, YUCICHHOC MOACIINPOBAHUC, SKCIICPHUMCHT.

BBenenue

AHTEHHbIE pelIeTKH, 00eceynBaroIe U3MYICHUE U IPUEM Ha JIBYX OPTOTOHAJIBHBIX I10-
JASpU3ALUAIX, IPUMEHSIOTCS B pAJE PalO0JIOKAMOHHBIX CUCTEM, HallpUMep, B OpPOUTAIbHBIX pa-
JMOJIOKATOpax, NMpeAHAa3HAUYEHHBIX JUUI1 MOHUTOpPHHra 3eMHOU noBepxHocTH [1]. B canTMeTpo-
BOM JMara30He BOJIH JIBYXIIOJISIPU3ALIMOHHBIEC PEIIETKH OOBIYHO JENIal0TCs B MUKPOIIOJIOCKOBOM
UCIIOJIHEHUH. V3BeCTHBI KOHCTPYKIUK JABYXIIOJISIPU3ALIMOHHBIX MUKPOIIOJIOCKOBBIX M3JTydaTesen
TSl TPUMEHEHUSI B PelIeTKaX ¢ IByMEpHBIM cKaHupoBaHueM [2. 3]. B canHTumMeTpoBOM uana3zone
B KQUECTBE JIBYXMOJISPU3ALIMOHHBIX M3JIydaTesiel, HallUTl IPUMEHEHUE AaHTEHHBI B BUJIE OPTOTO-
HaJBHO PACIOJIOKEHHBIX BHOPATOPOB WK I1eniel [4] ¢ pa3BsA3aHHBIMH BXO/JIaMH, JIMOO KBaapat-
Has natd-aHTteHHa [3]. s obecriedeHns OJHOMEPHOTO CKaHUPOBAHUS TaKUe U3ITydaTeNId COeaH-
HSIOTCS B JIMHEHHYIO CUH(A3HYIO PEIIETKY ¢ MOMOIIBIO MapaljIeIbHONW WIIM MOCIEA0BAaTeIbHON
CXeMBI JieieHnst MoIHocTU. [Ipruem ams obecriedeHus U3ydeHus Mojiel ¢ OPTOroHATLHBIMU I10-
JASpU3aLUAMH TpU BO30YKIEHUH UX 10 JBYM pa3iM3aHHBIM BXOJaM CXeMa JIeJIeHUs MOIyqaeTcs
OUEHb CJIIOKHOM. A caMa Takas JIMHEWHas pelleTKa BBIIOJIHAETCS C HECKOIBKUMU CIOSIMU. DTO
yIIOpOXKAaeT aHTEHHY.

B HacTosiielt ctatbe OMUCHIBAETCS ABYXIOJSPU3AMOHHBIN U3JIydyaTreiab B BUJE IBYX JIHU-
HEHHBIX MUKPOIIOJIOCKOBBIX PEUIETOK C MOCIE0BATEIbHBIM BO30YKICHUEM Pa3BsI3aHHBIMH BXO-
JlaMH 10 IByM OPTOTOHAJIBHBIM MOJsIpU3ausamM. M3nydarenb 0THOCTIONHBIN.

Cxema nocrpoeHust u3jaydarteis

Cxema nocTpoeHus nokaszana Ha puc.la, 6. Ha puc.1B nokaszana ¢gororpadus s3xcriepuMeH-
TaJIbHOI'O MAKeTa.

Ha puc.la nokasan qByXIOJISIpU3aLlMOHHBIN U3JIydaTeNb B BUJE ABYX JIMHEWHBIX PELIETOK.
BepxHss pemierka ¢ noisipuzanuend BIoJb OCH Y, HIKHSSA — C NoJsipu3anuen Baoib ocu X. Och
Z nepneHuKyIsIpHa IIOCKOCTH pemmeTok. OT ocu Z OTCUUTHIBACTCS YToJl HaOII0ACHUS TIPU pac-
4yeTe AuarpaMMbl HampaBiieHHOCTH. Pucynku la u 26 co3zmanbl B mporpamme AWR Microwave
Office (manee MWO), ¢ moMoIIbI0 KOTOPOH MPOBEJCHO YUCICHHOE MOJICIHPOBAHHUE PELICTOK M
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ONTUMU3ALMS UX TE€OMETPUYECKUX PA3MEpPOB MO KPUTEPHUIO COIJIACOBAHUS M MO COXPAHEHUIO
dopmbl tuarpammel HarpasieHHOCTH (JJH) B MakcHMaJibHO BO3MOKHOM JIMAIia30He 4acToT.
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Puc.1. Cxema noctpoenus u ¢pororpadmst MakeTa pemeTKa

MopenupoBaHue BBIMOJIHEHO HAa KOMITBIOTEPE C omnepaTHBHOM mamsaThio 17 Gb, TakTOBOMA
yacrotol 3,7 I'Tu. Ha 3ToM KOMIIbIOTEpE 0Ka3aJ10Ch BO3MOKHBIM MOJIEITUPOBAHUE INIOCKOU pe-
MIETKH C MAaKCHMAJIbHBIM YHCJIOM JIMHEMHBIX PELIETOK (CTPOK IIOCKOHM pelieTku), paBHbIM 4. Ta-
Kas pelieTka MmokasaHa Ha puc.10 u uemnosab30BaHa JJ1s UCCIIEJOBAHMS BIUSAHUS B3aUMOIEHCTBUS
JMHEWHBIX PELIeTOK IPYT Ha JIpyra no Kputepuio cornacoBanus u ¢opme J{H. ITo pesynbraTam
pacuera /IH B muiockoctu mokasaHHOM Ha puc.10, paccuntana JIH miockoi pemerku ¢ 4uciom
CTPOK, paBHBIM 36, C HCIIOJIB30BaHIEM TeopeMbl iepemHoxenus JITH [5].

Ha puc.la u 16 uudpamu 1 u 2 0603Ha4eHBI BXOBI PEHIETOK MO JBYM MOJIIpU3alnusiM. B
Ooiee KpynmHOM MacuiTade LeHTpalbHas 4acTh MOKa3aHa Ha puc.2.

Pemerka orpaborana asst paboThI B IMana3oHe 4YacToT co cpenHeit yactoroit 9.65 [T Paz-
MEPpBI IJIaThl peleTkn Ha puc.la paBHbl 21 x400 M. C marom 21 MM U3Ty4yaTeNn pacrolokKeHbl
B IJIOCKOM pelieTke BAO0JIb OCH Y, YTO 00eCHeurBaeT 3JEKTPOHHOE CKAHUPOBAHHUE B INIOCKOCTHU
YZ ¢ BBIIIOJTHEHUEM YCIIOBUS €AUHCTBEHHOCTH IJIaBHOTO JienecTtka JIH npu CKaHMpOBaHUH B CEK-

Tope yrnos +20°. Jlanee B cTaThe yrol CKAHUPOBAHMS B ITOH IIIOCKOCTH 0003HAYAETCS CHMBO-
JoM Omy .

B nnockoctn X7 miiockas pelieTka He CKaHupyeT, napamerpsl [IH Takue ke, kak napa-
MeTpsl JIH B 5TON MIIOCKOCTH OAHOMU JIMHEWHOU PELIETKHA C TOPU30HTAIbHOM UM BEPTUKAIBHOU
MOJISIPU3AIUEH.

JIunHeilHble peleTky, BXOJAIIME B COCTaB M3JIydaress, I0Ka3aHHOIo Ha puc.la, B muTepa-
Type OINHuCcaHbl. 3a/laya aBTOPOB HACTOSIIEH CTaThU 3aKJII0Yajach B TOM, YTOObI ONTUMHU3UPOBATH
pa3Mepsl BCEX 3JIEMEHTOB PELIETOK NPU HAJTMYNU B3aUMHOTO BIIMSIHUS COCEHUX CTPOK B PEIIETKE
10 YKa3aHHBIM BBILIE KPUTEPHUSAM U CPAaBHUTD PE3YJIBTATHI YACIECHHOTO MOJIETUPOBAHUS C PE3YIIb-
TaTaMu 3KcriepuMenTa. CTaBuiach TakXke 3a/1a4a 0000UIUTH MOMyYeHHbIE Pe3yabTaThl YHCICH-
HOT'O MOJICIMPOBAHUE PEIIETKH, OKa3aHHON Ha pHcC.10, Ha MIOCKYIO PEHIETKY C 3aJaHHbIM YHC-
JIOM CTpOK.
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Pe3yabTaThl YHCIEHHOI0 MOJACTHPOBAHUA H IKCIIEPHUMEHT
Ha puc.3 npezacrasiens! pe3ynabTarhl pacuetra B AWR BXoaHOro conporusienus, ko3hhu-
neHT crosiueit BosHbl (KCB) pemeTku, moka3anHoi Ha puc.la, o AByM BXOJIaM.
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Puc.2. AxtuBnas (R) u peaktuBHas (X) yactu BxogHoro conpotubienus (a) u KCB (6) mo
BXOJly | ¢ TOpM30HTAJIbHON MOJsIpU3alMel B JUana3oHe 4acToT
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Puc.3. AktuBHas ( R ) u peaktuBHas ( X ) yactu BxoaHoro conporusieHus (a) u KCB (6)
110 BXO/Y 2 C BEPTUKAJIbHOW MOJSIpU3alMe B AUANIa30HE YaCTOT

Ha pucynkax 4 u 5 mokasaHbl HCHOPMUPOBAHHBIE JUArpaMMbl HAIIPABIEHHOCTH IO JIBYM
BXOJIaM ]Il OCHOBHOM (TOJICTOM JIMHUEH) U 1O KPOCCHOJSIPU3AIMK (TOHKOW JTUHUEH ) Ha cpeHen
4acTOTE JIMana3oHa, B KOTOPOM 00ECIeueHO COTJIaCOBAHHUE.
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Puc.4. lnarpammbl HanpaBIeHHOCTH TP BO3OYKIeHUH BXoza 1
10 TOPU3OHTATEHOW TOJISIPU3AIIUT
(a) — AH B ropusonTanpHO# miockocty; (6) — JIH B BepTUKAIBHOI MITOCKOCTH
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Puc.5. JlnarpaMMbl HanpaBJIeHHOCTH NIPU BO30YKICHUM BXOa 2
10 BEPTUKAJIBHOU MOJIIPU3aLUU
(a) — AH B ropusonTanpHO# miockocty; (6) — JIH B BepTUKATBHOI MITOCKOCTH

W3 nonyuennsix B nporpaMme AWR pe3ynbTaToB YMCIEHHOTO MOJEIMPOBAHUS MOKHO CJIe-
JIaTh BBIBOJIBI:

1. OmnucanHbll JBYXIIOJAPU3ALMOHHBIN M3Iy4aTesb corjiacoBaH a0 ypoBHs KCB<2 B mo-
JIOCE YacTOT, COCTAaBJISIIONIEH TpuMepHO 2,5% OT cpeaHen yactoTsl. B 3TOM nuana3zone
4acTOT pa3Bsizka MEXAy AByMs Bxogamu He meHee 10 ab.

2. B aTOM nuama3oHe 4acTOT ypoBEHb OOKOBBIX JienecTkoB JIH B ropu3oHTanbHOM MIOCKO-
CTH II0 IBYM BXOJlaM M OCHOBHOM IOJISIPU3AaLMK COCTaBIsAET NpuMepHo -13 nb, 4to coor-
BETCTBYET PaBHOMEPHOMY aMIUIUTYAHOMY pacHpeiejIeHUIO BO30YKACHUS U3TydaTeseil B
ATOM IJIOCKOCTH

3. B BepTHUKanbHOM MIOCKOCTH TIPH BO30YKIEHNY BEPTUKAIBHON MOJISIPU3AIIMHY 32 CUET B3a-
UMOJCHCTBUS MEXKIY U3JIydaTelsIMU B COCTaBE PELIETKH TiIaBHbIN jenecTok [IH cyme-
CTBEHHO pacmupeH (puc.50). Ilpm ropu3oHTAIBHONW TOJAPU3AIMH B3aUMOCHCTBHE
MEXy U3JIydaTesIsIMU CYIECTBEHHO MeHble, U JIH B BepTUKaabHOM HECYIIECTBEHHO U3-
MEHSETCS 10 CPABHEHHUIO CO CIy4aeM OTCYTCTBHS COCETHUX M3JIydaTeleH.

4. YpoBeHb MOJS MO KPOCCHOJSPU3ALUU MPHU BO30yxaeHuu nodoro Bxoxa Ha 10-15 nb
MEHBIIIE YPOBHS MO 10 OCHOBHOM NOJISIpU3ALIH.

Pesynbratel pacuera JIH B BepTUKanbHOM INIOCKOCTH UCIIOJIB30BaHBI U1l MoJenupoBanus JJH

B 9TOM TJIOCKOCTH JIJIS PEMIETKH 13 OOJIBIIIOr0 YHCiia U3JIydaTesield B 3TON ITOCKOCTH. J1Jis 3TOTr0
UCTOJIb30BaHa TeopeMa rnepemuokenus J1H [5]. Mcmnosib30BaHO KOMOMHHPOBAHHOE AMILTUTYTHOE
pacnpenenenue (AP) B 3TOI IJIOCKOCTH, ONMMCHIBAEMOW KOCHHYCOM B cTeneHu Py Ha «og-

craBke» Ay . ®a3oBoe pacnpeseieHre BO30YKIeHNE U3JIydaTesield B BEPTHKAIBHON TIOCKOCTH

3aJ]aBaJIOCh JIMHEHHBIM JUIsl 00ecrieueH s CKAHUPOBAHUS B 3TON INIOCKOCTH.
Ha puc.6 npusenen npumep pacuera JJH B BepTHKanbHON IVIOCKOCTH JUIsl PEIIETKH C YUCIIOM
u3yyaTesel BepTukaibHoi miuockoctu Ny =36, mar pazmenenus uanydareneii Dy =21 mm, uro

o0ecreuynBacT BBIITOJIHCHHUE yCioBusaA CAUMHCTBCHHOCTHU TIABHOI'O JICTICCTKA B JHUAIIA30HC 9aCTOT

COTIIACOBAHHS IIPH CKAHUPOBAHKH B yr10BoM cektope Omy = +20° . ITapamerpsr AP: Ay =0,3; Py

=1,5. Bo30yxaeH BX0/1 110 BEPTUKAILHOMN MOJISIPU3AIIAH.

Pucynox 6 1 moo0HbIE pe3yibTaThl HO3BOJSAIOT OLCHUTH BiIMstHUE acuMMeTpun J{H n3myda-
TeJsl B BEPTUKAIBHON MIOCKOCTH (PUC.50) HAa YPOBEHB JTaTbHUX OOKOBBIX JICTIECTKOB B IHarpaMMe
HAIIpaBJIEHHOCTH PELIETKHU IIPU CKaHUPOBAHUH.
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Puc.6. 1H B BepTukanpHoi niuockoctu A ciaydas Ny =36, mar pa3MeleHus u3iaydarenei
Dy =21 MM, wactota 9650 MI'

Crenenb cooTBeTCTBUS pe3yapTaToB pacueta /JJH B nmporpamme AWR M sxcniepumMeHTa Hinito-
CTpPUPYET PUCYHOK 7, Ha KoTopoM Toka3zansl /IH Ha wactore 9,65 I'T'm mo BepTHKanpHOM (a) U
TOPU30HTAIBHO (0) MOJSIPU3ALINY.
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Puc.7. IH na gactote 9,65 I'T'1 mo BepTUKaIbHOM (a)u TOPU30HTAIIBHO (0) TOJISIpU3aIiy.

OmnncaHHBIC B CTaThE PE3YILTATHI ABJIAIOTCSA HOBBIMHA U IOMIOJHAIOT paHee OHY6J'II/IKOB3HHI)IG
PE3YIbTAThI aHAaJIN3a 10 MUKPOITIOJIOCKOBBIM PCHICTKAM.
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