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YTBEP)K,ll;AIO 

OT3LIB 

Be.IJ;yrn:e:H: opramnaiJJ1H Ha .IJ;HccepTaQHOHHYIO pa6oTy Hryeu Kour Tx3 «ru6pu.r:.ubie 

cKauupyro~ue u MHoroJiy~eBbie 3epKaJihHhie auTeHHhi ua 6a1e napa6oJiuqecKoro 

li,HJIHH.r:.pa», rrpe.D;CTaBJieHHYIO Ha COHCKaHHe ~eHOM CTeiieHH KaH,IJ;H,IJ;aTa cpH3HKO­

MaTeMaTHqecKHX HayK no crreQHaJihHOCTH 05.12.07 - «AHTeHHhl, CBll-ycTpo:H:cTBa H wx 

TeXHOJIOrHH». 

I 

B IIOCJie,IJ;Hee BpeMjl B03pOC HHTepec K rH6pH.D;HbiM CKaHHpYIQII(HM H MHOro~eBbiM 

3epKaJibHbiM aHTeHHaM. 3TOT HHTepec o6ycJIOBJieH TeM, qTo HapX.IJ;y C Tpa.D;HQHOHHhiMH, 

IIOXBIDIIOTCX HOBbie IIpHJIO)I(eHH}[ TaKHX aHTeHH: .IJ;IDI 6a30BbiX CTaHQHM CHCTeM M06HJihHOM 

CBX3H, Ha3eMHbiX CHCTeM KOCMHqecKOM CBX3H, pa.D;HO-MOHHTOpHHra H T .II;. TipH 3TOM 

B03pacTaiOII(He Tpe6oBaHH}[ B IIpHJIO)I(eHHXX H BHyTpeHHIDI JIOrHKa pa3BHTHR HayKH 

Tpe6yroT yJI~meHHR rrapaMeTPOB 3Toro KJiacca aHTeHH, B rrepByro oqepe.D;h, IIOBbimeHH}[ 

K03cpcpHIJ;HeHTOB yci-meHHX (KY) H HCIIOJih30BaHH}[ IIOBepXHOCTH (Kill1), pacmHpeHHX 

IIOJIOCbl qaCTOT, IIOBhlllieHH}[ rrporrycKaeMOM MOI.IJ;HOCTH, a TaK)I(e CeKTOpa 063opa 

MHOrOJI~eBOM )l;HarpaMMbl HarrpaBJieHHOCTH H qwcJia ~eM. 

TaKHM o6pa3oM, TeMa .IJ;HccepTaQHH «rw6pw.D;Hhie cKaHwpyrorn:He w 

MHOrOJI~eBbie 3epKaJihHbie aHTeHHhl Ha 6a3e rrapa60JIWieCKOrO QHJIHH.IJ;pa», XBIDieTCX 

aKTYaJihHOH. 



B nepsou r Jiase paccMoTpeHbi IIIMpoKononocHbie BOJIHOBO.II;Hbie nepexo,n;bi, 

He06XO.II;MMbie ,IJ;JI51 C03,IJ;aHM51 JIMHeHHbiX pa3pe)l(eHHbiX o6rryqaiOIIJ;MX peiiieTOK 

rM6pH.II;HOH aHTeHHbi Ha 6a3e napa60JIHqeCKOrO II;HJIHH.II;pa. 

B pa3,n;ene 1.1 paccMoTpeH nrraBHbiH BOJIHOBO.II;HbiH nepexo.n; B E- nrrocKOCTM c 

o6pa3yiDIIJ;HMH KpMBOJIHHeHHbiX cTeHoK B BH,n;e conp51)1(eHHbiX .n;yr oKpy)I(HOCTeif. 

IIpoBe,n;eHbi Mccrre.n;oBaHH51 qacTOTHbiX xapaKTepMCTMK Ko3«l>«l>MU:MeHTOB oTpa)l(eHM51, 

npOXO)I(,IJ;eHM51 M B036y)I(,IJ;eHM51 BbiCIIIHX MO.II; B 3aBMCMMOCTM OT COOTHOIIIeHH51 

pa3MepoB Bxo,n;Horo M BbiXO,n;Horo ceqeHM51 B E-nnocKOCTM) M pa.n;eycoB KpMBM3Hbi 

KpMBOJIMHeHHbiX CTeHOK. 

B pa3,n;ene 1.2 H 1.3, cooTBeTCTBeHHO, paccMOTPeHbi JIMHeHHbie BOJIHOBO.II;Hbie 

nepexo,n;bl B BM,n;e E-ceKTopMaJibHoro pynopa c .II;M3JieKTpMqecKoif M MeTano -

B03.II;YIIIHOH JIMH30H, BbiTIOJIHeHHOH B BM,IJ;e TOpOM.IJ;aJibHOrO M3rH6a. 

Bo BTOpOH rJiaBe paCCMOTPeHbi MHOrOKaHaJibHbie BOJIHOBO.II;Hbie ,n;eJIMTeJIM C 

paBHOMepHbiM ,n;eJieHMeM. lliMpOKOTIOJIOCHbiH ,IJ;eJIMTeJib TaKOrO TMTia MO)I(eT 6biTb 

peanH30BaH npM Mcnorrb30BaHMM T -o6pa3Horo . ,n;ByxKaHaJibHoro .n;errMTerr51 M 

KopnopaTMBHoif MHoro3Ta)I(HOH cxeMbi. O.n;HaKo npM yBeJIMqeHMM qMcna · Bbixo,n;oB 

,n;eJIMTeJI51 M COOTBeTCTByiDIIJ;ero yBeJIMqeHM51 qlfCJia 3Ta)l(eH KopnopaTMBHOH CXeMbi 

M3-3a B3aMMO,IJ;eHCTBH51 Me)l(,rzy 3Ta)l(aMH paCTYT TIOTepM M TI051BJI5110TC51 pe30HaHCbi 

qacTOTHOH xapaKTepMCTMKM K03«l:>«l>MU:MeHTa OTpa)l(eHM51, qTO, B CBOIO oqepe.II;b, 

npMBO.II;MT K cy)l(eHMIO nonocbi pa6oqMx qa 10T. B pa6oTe pa3pa6oTaHbi M 
...... . . 

MCCJie,IJ;OBaHbi MHOrOKaHaJibHbie BOJIHOBO.II;Hbie ,n;e~MTeJIM C paBHOMepHbiM ,n;eJieHMeM 

MOI.U;HOCTM MO)I(eT Ha OCHOBe BOJIHOBO.IJ;HOrO nepexo,n;a M E-ceKTOpMaJibHOrO pyrropa. 

B TpeTheii rJiase paccMotpeHa JIMHeHHa51 aHTeHHa BbiTeKaiO:r.u;eif BOITHbi (ABB) 

C M3JiyqeHMeM HyJieBOH npOCTPaHCTBeHHOH rapMOHMKM Ha OCHOBe BOJIHOBO,IJ;a C 

qaCTHqHo rrpo3paqHOH CTeHKOH B BH,IJ;e peiiieTKM KpyrJibiX MeTaJIJIMqecKMX II;HJIHH.II;pOB 

(rrpoBonoqHoif peiiieTKM). IIocTPoeHa qMcJieHHO- aHaJIMTMqecKa51 M aHaJIMTMqeCKa51 

TeopM51 CMHTe3a TaKMX aHTeHH. Hccne,n;oBaHbi ,n;Be KOHCTPYKU:HH ABB c 

«i>MKCMpOBaHHbiM JiyqOM B IIIMpOKOH TIOJIOCe qacTOT. 



B I.JeTsepToii rJiase Hccne.n:oBaHhi xapaKTepHCTHKH rH6pH.z:t:Hoif aHTeHHhi Ha 

6a3e rrapa60JIHqeCKOrO IJ;HJIHH.[(pa .[(JUI .[(Byx: JIHHeMHbiX IIOID1pH3aQHM, a TaK)Ke 

MHOro.rryqeBOM rH6pH.[(HOM 3epKaJibHOM aHTeHHbl. 

B pa3.[(eJie 4.1 npoBe.[(eHbl CHHTe3 H HCCJie.[(OBaHHe ,l],OC MHOronyqeBOM 

aHTeHHbl B BH.[(e IIJiaHapHOM TPeX3epKaJihHOM CHCTeMbl. 

B pa3.n:ene 4.2 Hccne.n:oBaHbl xapaKTepHCTHKH rH6pH.z:t:HOM aHTeHHhi Ha 6a3e 

napa6orrlfqeCKoro QHJIHH.z:t:pa c o6.rryqaiOIIJ;eii perneTKoii B H nrrocKOCTH, rrocTpoeHHOH 

Ha 6a3e IIIHpoKononocHoii ABB c rrpH3Moif, pa3pa6oTaHHOH H Hccrre.n:oBaHHOH B 

rnaBe 3. 

B pa3.n:erre 4.3 Hccne.n:oBaHhi xapaKTepHCTHKH rH6pH.z:t:Hoii aHTeHHhi Ha 6a3e 

napa6onlfqecKoro QHJIHH.z:t:pa c o6nyqaiOIIJ;eif perneTKoif B E- rrnocKOCTH. ,ll,OC 

perneTKH IIOCTPOeHa Ha 6a3e rnecTHKaHaJihHhiX .n:errHTerreii H rrrraBHhiX rrepexo.n:oB, 

pa3pa6oTaHHbiX H HCCJie.[(OBai{HbiX B rrepBbiX .[(Byx: rJiaBaX. 

B 3aKJIIOI.Jeuuu npHBe.z:t:eHhi ocHOBHbie pe3yJioTaTbi .[(HccepTaQHH H c.n:erraHbl 

06IIJ;He BbiBO.[(bl. 

B npou;ecce npoBe.z:t:eHHoro B .z:t:HccepTaQHH Hccne.n:oBaHH.H aBTopoM rrorryqeHbi 

CJie.[(yiOIIJ;He HOBbie nayi.JHhie pe3yJihT3Thl: 

1) Pa3pa6oTaHbl, OIITHMH3HpOBaHbl H HCCJie.[(OBaHhl IIJiaBHbie BOJIHOBO.[(Hble 

nepexo.z:t:hi B E-nrrocKOCTH c o6pa3YJOIIJ;HMH cTeHoK B BH.z:t:e corrp.H)KeHHhiX .n:yr 

oKpy)KHOCTeii. 

2) Pa3pa6oTaHbl, OIITHMH3HpOBaHbl H HCCJie.[(OBaHhl JIHHeRHhie BOJIHOBO.[(Hble 

rrepexo.[(hi B E-rrnocKOCTH c KoppeKTHPYJOIIJ;eii .[(H3JieKTPWiecKoi1: H MeTano-B03.z:t:YIIIHoii 

JIHH30H. 

3) Pa3pa6oTaHbl, OIITHMH3HpOBaHbl H HCCJie.[(OBaHbl IIIHpOKOIIOJIOCHble 

MHoroKaHanhHbie .n:enHTeJIH Ha ocHoBe E-ceKTOpHaJihHOro pyrropa. 

4) Pa3BHTa qHcneHHO-aHaJIHTHqecKa.H H aHaJIHTHqecKa.H MeTO.[(HKH CHHTe3a 

aHTeHH BhiTeKaiOIIJ;eH BOJIHbl C H3JiyqeHHeM HyJieBOH rrpocTpaHCTBeHHOH rapMOHHKH Ha 

6a3e BOJIHOBO.[(a, HHTerpHpOBaHHOrO B IIO.[(JIO)I(Ky. 



5) Pa3pa6oTaHa w wccne~oBaHa JIHHeiiHa}l aHTeHHM perneTKa c cpwKcwpoBaHHbiM 

JI;nJOM B IIIHpOKOll IIOJIOCe ~aCTOT Ha OCHOBe aHTeHHbi BhiTeKaiO~ell BOJIHhi C 

H3JI;nJeHHeM HyJieBOll IIpOC1paHCTBeHHOll rapMOHHKH H BOJIHOBO.LJ:HOH IIpH3MOll. 

6) CHHTe3wpoBaHa w wccne.n:osaHa 1peX3epKaJII>Ha}l arrnaHaTH~ecKa}l rrnaHapHa}l 

,[.(OC .LJ:JI}I MHoronyqeBoii aHTeHHbi Ha 6a3e rrapa6onw~ecKoro U:HJIHH.LJ:pa. 

7) 11ccne.n:osaHa MHoronyqeBa}l aHTeHHa Ha ocHoBe rrapa6om1~ecKoro U:HJIHH.n;pa c 

Tpex3epKaJII>Hoif: arrJiaHaTH~eCKOll IIJiaHapHOll ,[.(QC. 

8) 11ccne.n:osaHbi rw6pw~Hbre aHTeHHbi Ha ocHoBe rrapa6onw~ecKoro u:wnwH.n:pa c 

pa3pe)KeHHoii JIHHeiiHoii o6ny~mo~eii <PAP BE w H rrnocKOCTH. 

Pe3yJibTaTbi pa6oTbi HMeiO~we npaKTu-...ecKyro u.euuocTh: 

1) Pa3pa6oTaHa KOHCTPYKIJ:H}I w H3rOTOBJieH 3KcrrepwMeHTaJII>Hhlll o6pa3eU: 

rnHpoKorronocHoii ABB c H3yqeHHeM HynesoH: rrpoc1paHCTBeHHOR rapMOHHKH. 

2) Pa3pa6oTaHa KOHCTPYKU:H}I wwpoKorronocHoro BOJIHOBO.JJ:Horo rrepexo.n:a c 

KOppeKTHpyro~ell .LJ:H3JieKTp~eCKOR JIHH30ll. 

3) Pa3pa6oTaHa KOHCTPYKU:H}I wwpoKorronocHoro wecTHKaHaJII>Horo .n:enwTeM 

MOIQHOCTH Ha OCHOBe E-ceKTOpHaJibHOrO pyrropa. 

4) Pa3pa6oTaHa KOHCTPYKU:H}I rw6pw.n:Hoii aHTeHHbi Ha ocHoBe rrapa6on~ecKoro 

U:HJIHH.n:pa c pa3pe)KeHHoii JIHHeiiHoH: o6ny~aro~eii perneTKoH: B E rrnocKOCTH. 

~OCTOBepHOCTh pe3ynhTaTOB HCCJie.LJ:OBaHHll o6ecrre~eHa rryTeM 

HCIIOJih30BaHH}I arrpo6wpoBaHHbiX MeTO.LJ:OB ~HCJieHHOrO MO.LJ:eJIHpOBaHH}I ( MeTO.LJ: 

KOHe~HbiX 3JieMeHTOB H KOHe~HhiX pa3HOCTell BO BpeMeHHOll 06JiaCTH) H HX 

COIIOCTaBJieHH}I Me~ C060R H C pe3yJibTaTaMH H3MepeHHll. 

Anpo6au.uH pa6oThl. Pe3yJibTaTbi .n:wccepTaU:HOHHoii pa6oTbi .n:oKJia.LJ:hiBaJIHCb Ha 

VI BcepoccwiicKoii MwKpOBOJIHOBOH KoHcpepeHU:HH, r. MocKBa. Ho}l6pb. 2018.; 

Me)K~Hapo.n:HoH: KoHcpepeHU:HH «2020 Systems of signals generating and processing 

in the field of on board communications», Moscow. March. 2020. IEEE Conf.#48371. 

Ily6nuKau.uu. ITo TeMe .n:wccepTau:ww orry6nwKoBaHo 8 HayqHhiX pa6oT, B TOM 

~wcne 6 - B H3.LJ:aHH}IX, peKoMeH.LJ:OBaHHbiX BAK MwHo6pa3oBaHH}I H HayKH P<P, H3 

HHX BXO.JJ:}I:~HX B Me)K~yHapO.JJ:HI>Ie 6a3bl .LJ:aHHbiX - 1, a TaK)Ke B Tpy.n:ax 




