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KPATKOE BBE/IEHUE

Pemienne TpexmMepHOl 3JIEKTPOAMHAMHYECKON 3a1adyl ISl LWIMHAPUYECKUX
AHTEHHBIX PELIETOK HAaJl MPOBOISAIINM IWIMHAPUYECKUM 3KPAaHOM B JIUTEpaType HE
BCcTpeuaercsa. BBuay 3Toro o6CToATeNnsCTBA B JaHHOW paboTe MpeiaraloTcst METol U
QITOPUTM PEIICHUS 3aJa4M O MOJIAX OECKOHEUHOW NUIMHAPUYECKON (pazupoBaHHOU
anteHHou pemerkn (PAP) Hang npoBonsied HUUIMHIPUYECKOW MMOBEPXHOCTHIO,
COCTOSIILIEW W3 OJMHAKOBBIX M3Jy4aTeJeld MPOU3BOJBHOM TI'E€OMETPUM C 3aJaHHBIM
pacnpeneiieHueM TOKa. PaccMOTpeHbl JBa YAaCTHBIX CiIy4dash HCIOJIb30BAHUsA
JNEKTPUYECKUX M3JIyyaTellel B BHUJAE TOHKHUX IIOJJOCKOB BEPTUKAIBHOU W
TOPU3OHTAIBHOM  moJisipu3anuu. [IpoBeneHbl  4YUCIECHHBIE  UCCIECNOBAaHUS U
YCTAHOBJIEHBl HOBBIE 3aKOHOMEPHOCTH [OBEJACHUS OCHOBHBIX XapaKTEPUCTUK
paccMarpuBaeMbIX aHTEHHbIX pemeTrok (AP). IlpoBeneH cHHTE3 aMIUIUTYIHOIO
pacnpenesieHusl Ha U3J1ydaTensaxX HUIMHAPUYECKUX AaHTEHHBIX PEUIETOK IO KPUTEPHUIO
MUHMMyMa YpoOBHS OOKkOBbIXx W 3amuux JienectkoB (YBJI u VY3JI) auarpamMmsr
HamnpasiaeHHocTH (JIH).

B nuccepramuu 1iid peain3aiud MHOTOJy4eBOoro peskuma u nuranusg AP Han
WIHHAPUYECKON TMOBEPXHOCTHIO MPEJIOKEHBI ABE HOBBIE TUATPaMMOOOpa3yoIIHe
cxembl (JIOC) 8x8 Bx0mOB, KOTOpHIE B CPaBHCHHH C KJIACCHYECKOW MaTpuUIleh
barnepa umeror Ha 6 mepecedeHuii uHMA Tiepenadn Menbie. s omxHon u3 JJOC
pa3paboTaHa KOMITAKTHAs TOIIOJOTHS B BHAE TPEXCIOWHON II€YaTHON TIUIATHI.
YcerpolictBo paboraeT B IMIMPOKOM TOJIOCE HYACTOT Oyiaromapsi MpemToKeHHBIM
IIMPOKOMNOJIOCHBIM ~ 0a30BbIM ~ 3JIEMEHTAM TaKuM, Kak IIeJIeBOM TMepexoj H
«varmueckuin» T-moct. Takxke TmpOM3BENEH pacyeT M aHAIU3 OCHOBHBIX
XapPaKTEPUCTUK CXEMBL.

OBIIAA XAPAKTEPUCTUKA PABOTHBI

Cas3b pad0ThI ¢ HAYYHBIMHU NIPOrpaMMamMu (MPOEKTAMM), TEMAMU

HuccepranvonHas paboTa  MOATOTOBJIIEHAa HA  OCHOBE  PE3YJbTaTOB
MCCJIEIOBaHM, TPOBEIEHHBIX B XOJ€ padOT MO CIAEAYIOIMIMM HAYYHBIM IPOrpaMMaM
Y TEMaM:

- TOCYJApCTBEHHAs NPOrpaMMa HAy4YHBIX HCCIECIOBAHUM «DJEKTPOHHKA WU
(boToHUKaY, HHP o TeEME «MaremaTn4eckoe MOJIEIUPOBAHUE
AUarpaMMooOpa3yIolUX CXEM MHOIOJIy4eBOM AHTEHHOW CHUCTEMBI» C IEPUOIOM
03.01.2011-31.12.2013, Ne T'P 20112847,

- TOCYJApCTBEHHAsl IpPOrpaMMa HAay4HbIX HCCIENOBAHUU «DIJIEKTPOHUKA M
dboronukay, HUP mno teme «Pa3paboTka MaTeMaTUYECKOW MOMAENH, MPUHIIUIIOB
CXEMOTEXHUYECKOIO TMOCTPOEHHUS M DJIEKTPOJAMHAMUYECKOE  MOJEIMPOBAHUE
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aKTHBHBIX (ha3MpOBAHHBIX aHTEHHBIX pemeTok» ¢ nmepuoaom 03.01.2014-31.12.2015,
Ne T'P 20140958.

eab 1 32124 UCCJICAOBAHUS

Heabw auccepranmu sBIsUIaCh pa3paboTKa MeTola W ajlropurMa
ANEKTPOAMHAMUYECKOTO  aHaju3a  AaHTEHHBIX  PEIIETOK  HaJ  IPOBOJSIIEH
UWJIUHIPUYECKOW TOBEPXHOCTBIO U OINPEAEICHUE 3aKOHOMEPHOCTEN MOBEICHUS
XapaKTepUCTUK (DA3UPOBAHHBIX AHTEHHBIX PEIIETOK JJis YaCcTHBIX CIy4aeB
MTOJIOCKOBBIX M3J1ydaTeeld BEPTUKAIBHOM U TOPU3OHTAIBHON NOJSIPU3ALMU, & TaKKe
CUHTE3 HOBOM MATPUYHOW JuUarpaMmoOpasylomieidl CXeMbl, peaju3yrolen
MHOTOJTY4€BOM PEKUM aHTEHHON CUCTEMBI Ha ITUPOKOIIOJIOCHOMN 3JIEMEHTHOM Oase.

OcHOBHBIE 3212491 IMCCEPTANNH, BHITCKAKOIIME U3 LEJHU:

— TMOJIyYUTh OOIIME BBIPAXKEHUS JJIS TOJHOTO 3JIEKTPOMArHUTHOTO TIOJI,
B0O30Yy’K/1aeMOTr0 O€CKOHEYHOU MUITMHAPUIECKON (pa3nupoBaHHOM aHTEHHON PEIIeTKON
W3 U3JIy4daTeliel NPOM3BOJIBHOM T€OMETPUM C 3aJaHHBIM PACHpEICIICHUEM TOKa,
PAaCIOIOKEHHON HAJ IMTPOBOJAILEN HAINHAPUIECKON TOBEPXHOCTHIO;

— pa3paboTaTh METOJbI, AJITOPUTMBI M BBIUKUCIUTENBHBIC MPOTPAMMBI IS
YHUCIICHHOTO HWCCJeNOoBaHus (a3MpOBAHHBIX AHTEHHBIX PEIIETOK HaJ MPOBOJSIIEH
HWIHHAPUYECKON MNOBEPXHOCTBIO M3 MOJIOCKOBBIX W3JIy4daTeledl BEPTUKAIBHOM U
TOPU30HTAIIBHOM MOISPU3ALINH;

— TPOBECTH YHCIICHHBIE MCCICIOBAHUS W YCTAHOBUTH 3aKOHOMEPHOCTH
MOBEJCHNSA OCHOBHBIX XapaKTEPUCTUK AHTEHHBIX PELIETOK HaJ LIWIMHIPUYECKOU
MOBEPXHOCTBIO M3 IOJIOCKOBBIX H3JIy4aTelel BEPTUKAJIBbHOM WM TOPU3OHTAIBHOM
MOJISIPU3ALIHH;

— TMPOBECTM CHUHTE3 AaMIUIMTYJAHOTO pAaCHpPEACIEHUs Ha U3Iy4daTessax
HWJIUHIPUYECKUX aHTEHHBIX PEUICTOK MO KPUTEPUI0O MUHUMYMA YPOBHSI OOKOBBIX U
3a/IHUX JICTIECTKOB;

— OCYILIECTBUTHb CHHTE3 TOIOJOIMM MATPUYHOW JHarpaMmooOpasyromiei
CXEMBI;

— TPOBECTHM YMCJICHHBIE WCCIEAOBAHUS W ONTHUMU3ALHUIO XapaKTEPUCTUK
0a30BBIX TEMEHTOB BBIOPAHHOW TOIOJIOTHH;

— IPOBECTHM YHCIEHHBIE HCCIECIOBAaHUS  XAPAKTEPUCTUK  MATPUUHOU
auarpaMMooOpasyrolel cXeMbl BBIOpaHHOW TOMOJIOTUH.

O0bekTaMu HCCJIeI0BAHUS IUCCEPTAlMU SBISIUCH: AP W3 MOIOCKOBBIX
M3JIy4daTesiel BEPTUKAIBHON Y TOPU3OHTAIBHON NOJISIPU3AMUA HAJ [IUIUHIPAYECKOU
MOBEPXHOCTBIO I PAJUO3JEKTPOHHBIX  CHUCTEM  KpPYroBoro  0030pa;
auarpamMmMooOpasyroniasi cCxeMa MHOTOJIy4€BOM aHTEHHOM PEeIleTKU.

IIpeameroM wuccnenoBaHUS JUCCEPTALMM SIBISUITUCH: METOJBl U QJITOPUTMBI
YUCJICHHOTO pEIICHUs 3a7a4 BO30YKIECHHS aHTEHHOM PEIIETKU TOJIOCKOBBIMU
M3JIy4aTeNsiMA BEPTUKAIBHOMN (ropu30HTaILHOMN) MOJISIpU3aLN HaJl
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HHHHHHPH‘{GCKOI;’I IMOBCPXHOCTBIO; MCTOAbI CHMHTC3a ,Z[H&Fp&MMOO(Sp&BYIOIIIGﬁ CXCMBI,
OCHOBHBIC XaPAKTCPUCTUKHU BBINICYKA3aHHBIX AHTCHHBIX PCIICTOK U I[OC

Hayuynast HOBHU3HA

1. Pa3paboransl MeTOAMKAa W QJITOPUTM aHaiu3a (Pa3upOBAHHBIX AHTEHHBIX
pElIeTOK HajJ MPOBOASIICH NWIMHAPUYECKON TIMOBEPXHOCTHIO U3 TOJOCKOBBIX
W3JIy4daTeliel BEPTUKAJIbHOM WM TOPU3OHTAIBHOWU mojspusauuil. I[IpeanoxxeHHbIn
QITOPUTM peaTN30BaH B BUJE dPPEKTUBHBIX BHIUMCIUTEIBHBIX IPOrPAMM, KOTOPbHIE
no3BoisitoT B 100-300 pa3 OwicTpee MO CpaBHEHUIO C WM3BECTHOM KOMMEPUECKOM
nporpammoit HFSS npoBonuTh yucieHHbIe UCCIENOBAHMS XapaKTepucTuk AP.

2. IlpoBenensl oOmUpHBIE YKCIEHHBIE HccheqoBanust xapakrepuctuxk (KH/I,
VYBJI, V3JI, mmpuna TiIaBHOTO JemnecTka) (a3sMpOBaHHBIX AHTEHHBIX PEIIETOK U3
MOJIOCKOBBIX H3JIy4aTeled BEPTUKAIBHOM W TOPU3OHTAIBHOM MOJSIPU3ALMUA  HAJl
MPOBOASIIEH HUINHAPUUYECKON MOBEPXHOCTHIO U YCTAHOBJIEHBI 3aKOHOMEPHOCTH UX
MOBEJICHUSI IPU U3MEHEHUU F€OMETPUUECKHUX MTapaMETPOB, & UMEHHO:

1) nnst ®AP U3 ONIOCKOBBIX U3TydaTeneld BEpTUKAIbHON MOJSIPU3ALINN:

- BIIEPBBIC IIOKA3aHO, YTO [JIsi JOCTHXKEHHUS YPOBHS OOKOBBIX U 3aJHHUX
nenectkoB Hike -10 1b 3HadeHHs nepuomoB He NOMKHBI mpeBbimars d,~0,75A,
d~1A,

- Ipu yBenudeHuu nepuoza d, B mpexnenax ot 0,550 go 1,85\ He3aBUCHMO OT
IPYruX TeoMeTpuueckux mnapameTrpoB AP ueTrko mnpociaexuBaeTcsi MOHOTOHHOE
yBenuuenue Y 3J1, npu atom Y3JI nocruraer 3nauenus -4 nb;

- ONTHUMAJIbHBIM 3HAYE€HHWEM CEKTOpa BO3OYXKIECHHUS TI0 KPUTEPHIO
MunumanbHocTd YBJI, Y3J1 u pnoctmkenuss makcumyma KHJI siBnsiercst cexTop ¢
yraom o =120°, 9To coBmagaeT ¢ pe3yabTaTaMH, MOJTy4eHHBIMHA IPYTUMH aBTOPAMU;

- NP U3MEHEHUU PACCTOSHUS MEXKAY IUIMHIAPOM U U3JIydaTeleM B Ipejesiax
A e §,052;0452 u nepuonos d,, d, € §54;0,74 KHJI makcumanen npu A=0,25).

2) nnst @AP u3 MOJIOCKOBBIX M3TydaTesied TOpU30HTAILHON TOJISIPU3AIINY:

- BIEPBBIC YCTAHOBJIEHO, YTO IIPU YyBENMYECHHM Hepuona O, B mpemenax or
0,550 mo 1,85\ He3aBHCHMO OT JPYrUx T'eOMETpUYECKHX MmapameTpoB AP uerko
npociiexxuBaercas MOHOTOHHOe yBennuenue Y3JI. Ilpu stom VY3JI pocturaer
3HAYCHUS
-2,4 nb. OnTuManbHbIMU 3HadyeHUsIMU TiepuonoB, korna YBJI u Y3JI gocturaror
MHUHHMYMa, sBistoTes d,=0,61, d,=0,7A,;

- TIOKa3aHO, YTO JJIsl JOCTUKEHUSI YPOBHSI OOKOBBIX M 33JIHUX JICIECTKOB HIKE
-10 nb 3HaueHUs NepUOAOB HE TOIDKHBI peBbImath d,~0,7A, d,~0,94;

- YHCIIEHHO TMOATBEP)KIIEHO, YTO ONTHUMAIBHBIM CEKTOPOM BO30YKIECHUS IO
kputeputo MuHumanbHocTu YBJI, V3JI sBuserca cektop o=130°. IlomyueHHBbIi
pe3ynbTat Ha 10° 6onbiie, yem B @AP 13 BepTUKATBHBIX TTOJTOCKOBBIX U3JIydaTeNei;
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- BIIEPBBIC YCTAHOBJIEHO, YTO ONTUMAJbHBIM 3HAYEHHUEM PACCTOSHHUS MEXKIY
u3nydarenem u mumHapoM sisisiercst A=0,3A, npu kotopom KHJ[ MmakcumareH.

3. IlpousBeneH cuHTe3 aMIUIUTYOHOro pacrnpeneneHus @AP U3 monockoBbIX
U3JIy4yaTeneil BEpTHKAaJbHOW M TOPU3OHTAIBHON MOJSPU3ALMU HAJl IPOBOJAIICH
HUIMHAPUYECKON TMOBEPXHOCTHIO C TIOMOIIBI0 JIBYX MoAu(UKalMid MeToja pos
YacTHUIl MO 3aJaHHbIM KpuTepusM K mapamerpam JIH. Vcnonb3oBaHHBIE METOMBI
OTIUYAIOTCA CBOEM TPOCTOTOM, CKOPOCTHIO TIOMCKAa JKCTpemMyma U Ooree
7(G(}HEKTUBHBI IO CPAaBHEHUIO C W3BECTHBIMH UTEPAIIMOHHBIMU WU TPaJHUCHTHBIMU
METOZaMHU TIPH PEIISHUU TOI00HBIX 3a/1a4, MO3BOJISIIOT JOOUThCS CHIbKeHus: Y BJI Ha
13-15 nb.

4. Jna peanuzaudu MHOroiydyeBoro pexuma u nuranns DOAP Hapg
UMWJIMHIPUYECKOW TOBEPXHOCTHIO MPEIJIOKEHBI JBa BapUaHTAa CUHTE3UPOBAHHBIX
JOC
8%8 BXOJI0B, KOTOpBIC B CPAaBHEHHH C KJIacCHMUECKOW maTpuiie barimepa mMeror Ha
6 mepecedyeHnii JMHUI TIepeadyd MEHBIIE W SBISIIOTCA KOHCTPYKTHBHO Oojee
MPOCTHIMH.

5. IlpennoxkeHa HOBAasi TOMOJOTHUS MAaTPUYHON THArPaMMOOOPA3YIOIIEH CXEMBI
JUISl pean3alii MHOTOJIYYE€BOr0 PeXUMa IUIMHAPUUYECKUX AHTEHHBIX PEHIETOK Ha
HEHUCITOJIb30BABIINXCS PaHEE IMTUPOKOMOJIOCHBIX 0a30BBIX JJIEMEHTaX, TaKUX Kak
MIEJICBOM MEepexo/l W «Marmdeckuii» T-mocT, paboTtaromass B auama3oHe 8,6—
10,8 I'T.

IToJ105keHus1, BBIHOCMMBbIE HA 3aLUTY

1. Meron u anroputm aHanu3a (Ha3UpPOBAHHBIX AHTEHHBIX PEIIETOK U3
ITOJIOCKOBBIX M3JIyyaTeled BEPTUKAIBHOM W TOPHU3OHTAIBHOW IOJAPU3ALMU HAJ
MPOBOJAIIECH  HWIMHAPUYECKOM  IMOBEPXHOCTHIO.  [IpemIokeHHBI  anropuTMm
peanu3oBaH B BHUAE OJ(PQPEKTUBHBIX BBIUMCIUTEIBHBIX MPOTPaMM, KOTOpHIE
no3BoJisitoT B 100-300 pa3 ObicTpee MO CpaBHEHHMIO C HM3BECTHOM KOMMEpPUYECKOM
nporpammoit HFSS npoBoauTh uncieHHbIE UCCIIETOBAHMS XapaKTEPUCTUK aHTEHHBIX
PELIETOK.

2. HoBble 3aKOHOMEPHOCTH NOBEAEHUS YPOBHEW OOKOBBIX M 33JHUX JIETIECTKOB
NP U3MEHEHHH NeOMETPHYECKUX MapaMeTpoB (ha3HMpPOBAHHBIX AHTEHHBIX PELIETOK
Y3 TOJIOCKOBBIX H3JIydaTeled BEPTHKAJIbHOM M TOPU30HTAIBHOM IOJSIPU3ALAM HAJ
IIPOBOSAIIEN WINHAPUYECKON TOBEPXHOCTHIO, & UMEHHO:

- BIEPBbIE YCTAHOBJIEHO, YTO IIPU yBEIMYEHHM mepuoia O, B mpemenax oT
0,550 mo 1,85\ He3aBHCHMMO OT APYrUX TEOMETPUYECKHX IMapaMeTpoOB aHTEHHOU
PEIIETKH YETKO MPOCIEKUBACTCA MOHOTOHHOE YBEIMYEHHE YPOBHS 3aJIHHUX
JIENIECTKOB oT
-20 b no -2,4 nb;
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- TIOKa3aHo, YTO JUIS IOCTHUKEHUS YPOBHsS OOKOBBIX U 3aJIHUX JICTICCTKOB HUXKE
-10 nb 3HaueHns mepuomoB HE NOKHBI npeBbimath d,~0,75A, d,~1A (m11 OAP u3
u3nydateneil BeprukambHOW mnomspmzammu) u d,~0,7A, d,~09\ (mna DAP wus3
W3JIydaTesneil TOPU30HTAIbHOM MOJIsIpr3alIiiun).

3. HoBple MaTpuuHble AUArpamMMooOpa3yroIIUe CXEMbI I OCYIIECTBICHUS
MHOT'OJTY4€BOI'O0 PEXKHMAa M THUTAHUS IWIMHAPUYECKOH (a3upoBaHHOM aHTEHHOMU
pPEILIETKH, KOTOPhIE B CPABHEHHM C KIIACCHUYECKOM MaTpuiled bariepa uMeroT Ha
6 nepeceveHuil JIMHUI NIepeaayu MEHbIIIE.

JINYHBIN BKJIAJ COUCKATEJIA YYCHOU CTENeHH

ABTOp nuccepTalMOHHOW pPabOThl MPUHUMAJT HEMOCPEACTBEHHOE YYacTHE B
IIOCTAHOBKE 3a/a4 ucciaenoBaHu. [IpeacraBieHHble B nUCCEpTALMU TIOJOKEHUS U
OCHOBHBIE€ PE3YJIbTAThI MOJIYYEHBI JJUYHO COUCKATEIEM IOJ PYKOBOJACTBOM JOKTOpa
texundeckux Hayk Kynwmnaa B.II. Cowuckartenem pa3zpaboTaHbl: METOAWKA PEIICHUS
3amaun  BO30YyxkneHuss AP Hajg mpoBomsmied MUIMHAPUYECKONW TOBEPXHOCTHIO;
MporpaMMbl YUCIIEHHOTO MOJAENUpPOBaHUS AP BepTUKaIbHOM W TOPU30HTAJIbHOU
MOJIIPU3AINK, CHHTE3UPOBAHA IUArpaMMOOOpa3yromias cxema i MHOTOJy4eBOU
AHTCHHOM peleTKu. Bee YnciaeHHble UCCIe0BAHUS OCYIIECTBIICHBI JIUYHO.

CoaBTOpOM OMYOJIMKOBAHHBIX PA0OT SBJISIETCS HAYYHBIA PYKOBOIUTEIb.

AnpobGanusi auccepranum W uHpopMauuss 00 MCHOJIL30BAHUM ee
pe3yJibTaTOB

Pe3ynbrarsl paboThl JOKIAABIBATINCH HA CIACAYIOMINX KOH(PEPEHIUAX: HAyYHO-
TexHu4eckass KoHpepeHius ctyneHToB u acnupanToB YO «I'TY um. @. CxopuHbI»:
«TBopuectBo Mmomomeix 2012», ampens, 2012, Tomens, 8- MexmyHaponHas
MOJIOJIeKHAsT Hay4yHO-TexHH4Yeckas KoHpepeHus «CoBpeMeHHbIE MPOOIEMbI
PaIUOTEXHUKH U TeaeKoMMyHuKanuu PT-2012», 23-27 anpens, 2012, CeBactonosib,
VYxpauna; The sixth International Conference «Ultrawideband and Ultrashort Impulse
Signals», 17-21 September, 2012, Sevastopol, Ukraine; 10-1 wmexmayHapomHas
MOJIOJIeKHAsI ~HayyHO-TeXHHUYeckas KoH(pepeHius «CoBpeMEHHbIE MPOOIEMBI
PaIUOTEXHUKH MU TenekoMmyHukauuit PT-2014», 12-17 mas, 2014, Ceacronouib,
Poccus; Il PecmyOnukaHckass HayyHass KOH(pepeHUUs CTyAEHTOB, MaruCTPaHTOB U
aCIIUPAHTOB «AKTyallbHbI€ BOIPOCH (PU3UKU M TEXHUKW», anpenb, 2014, 'omens; X
International Conference on Antenna Theory and Techniques, 21-24 April, 2015,
Kharkiv, Ukraine.

Ony0smKoBaHMe Pe3yJIbTATOB AMCCEPTALUN

OCHOBHOE coJiep)KaHHUe AUCCEepPTallud OTpakeHOo B 13 meyaTHhIX paboTax, B
TOM uHcie: / cTaTell B peleH3upyeMbix kypHanax u3 nepeuns BAK; 2 cratbu B
COOpHUKAaX MaTepuagoB MEXIYHapOIHBIX HAyYHO-TEXHUYECKHX KOoH(pepeHuui; 4
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TC3UCa JOKJIaA0B B C60pHI/IKaX MaTCPUAIIOB HAYIYHO-TCXHUYICCKUX KOH(l)GpGHIlPIfI.

CrpykTypa u 00beM AUCCEPTALUM

HuccepranmonHas paboTa COCTOMT U3 MEPEYHs COKpAIleHU U 0003HaYCHUH,
BBEJICHUA, OOIIEH  XapaKTEepUCTHUKW  padoOThl, TMATH TJaB, 3aKIIOYCHUS,
oubnuorpaduyeckoro cnucka u npuiokeHuil. [lomHbli 00BeM aHccepTanuu
coctaBisier 158 crpanuil, n3 HUX 94 cTpaHULBI OCHOBHOIO TEKCTa, 63 puUCyHKa Ha
21 cTpaHuIle, CIUCOK HCIIOJIb30BAHHBIX HCTOYHUKOB M3 146 HauMeHOBaHHMM Ha
11 cTpanuniax, cnucok MyONMuKaiuii aBTopa u3 13 HaMMEHOBaHUM Ha 2 CTpaHUIlAX,
[ npunoxxeHui Ha 30 cTpaHUIIaX.
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OCHOBHASA YACTb

B nepBoii riiaBe nposegeH 0030p AUTEpATyphl MO METO/IaM PEIICHUS 3a/1a4 O
UWJIMHIPUYECKUX aHTEHHBIX PEIIETaX, COBPEMEHHOI'O COCTOSIHUSI TEOPUU U IPAKTUKU
IUarpaMMoo0pa3yIoOIUX CXEM IS peau3allii MHOTOJIYYEBOTO PEXUMA, a TaKXKe
c(hOpMYIMPOBAHBI 1IEJIb K OCHOBHBIE 3a7]a4M TUCCEPTAIIIH.

Bo BToOpoii riaBe ommcana mareMatuueckas mojellb OeckoHeuHo DAP u
pa3paboTaHa METOJIMKA pPEIICHUS 3aJa4d O TMOJISIX BO30YKIaeMbIX OECKOHEYHOMN
MWINHAPUYECKOH  (a3upOBAHHON  aHTEHHOW  pEIIeTKOW  HajJ — MPOBOJSIICH
UWIAHAPUYECKON ITOBEPXHOCTBIO W3 OJAMHAKOBBIX M3JIy4aTeJIE MPOU3BOJIbHOU
T€OMETPHHU C 33JIaHHBIM PACIIPEEICHUEM TOKA.

@da3upoBaHHasl aHTEHHAs! PENIETKA PACHONI0KEHA HAJl UI€AJTbHO MPOBOISALIUM
OECKOHEUHO JJIMHHBIM MUWINHAPOM (pucyHOK 1). Och IMIMHIpA COBMEIIEHA C OCHIO Z
UWJIMHIPUYECKOW CUCTEMbl KOOPAUHAT; PaauyC MUWINHApPA — @; NEPUOJ] PELIETKU 10
OCH Z paBeH ,; U3IydaTeNld pacroyiaraloTcs Ha paCCTOSHHM A OT IWJIMHAPA; IEPHOJT
pemreTky 1o ocu ¢ pased d, =(a+A)2z /N, rae N — 9nciio usirydyarenei B KONIbIIE.

o & o
4 q
[

)

A

A v B

H3JTy4yaresb
TPOU3BOJILHON

hopmbl

PucyHok 1. — beckoHeuHasi aHTeHHasl pelleTKa U3/Iy4daTeseil HAA U1eaaTbHO NPOBOASIIIUM
KPYTOBBIM IIHWJINHIPOM

Hymepanus uznyyareneid mo OCH Z HAYMHAETCS C HYJIS W OCYIIECTBIAECTCS
uHIekcoM M, mpuuem M=0, £1, £2, ..., +oo. HyMmepauus uznyuyareneid mo ocu ¢
HAYMHAETCA C HyJIsS M OCYLIECTBIACTCS HHIEKCOM p,, HPUYEM P, € bNn-1.
N3nyyaTenn 1mo KOOpJAWHATE ¢ BO30YKTAIOTCS KOJBIIEBBIMH TapMOHHUKAMH TOKa
PAaBHOAMIUIMTYJHO C JIMHEHHO W3MEHsomencs ¢a3oi, paBHort 270/N, rT1€e
qge b;N -1 — Homep rapmonuku (Homep Mozbl). Bions ocu Z nuHeiHbI caBur das
MEXy COCETHUMU U3JIydaTeasIMU 0003HAUCH uepes .

[TonydyeHHbIE B TJIAB€ U HUCIIOIB3YEMbIE B JAIBHEUIIIEM CTPOTUE BBIPAKEHUS
JUI. HAXOXKJAEHUS TOJHOTO 3JIEKTPOMArHUTHOI'O TMOJS HWIMHAPUYECKON PELIETKU
u3JIydaTesneil 3HaYuTeNbHO Mpole U 3QpHEeKTUBHEE U3BECTHBIX, MIOCKOJIBKY COAEpKaT
MEHBIIIEE KOJMYECTBO CYMM U HHTerpaysioB. /[l mpuMepa, mnonepedHas
COCTaBJISIFOIIAS  DJIEKTpUUECKOro mojis, co3gaBaemMoro AP Han mnpoBosiiei
HAJTMHAPUYECKON MOBEPXHOCTHIO ONPEIETACTCS BRIPAXKEHUEM



J,(vpa
Q/(hy)| Jg (Vi )%(Z)( nr<r

—7ib & & i (r)-ig. (0-0n| — Dy O a)
gr - 7! i (z-2)-ia, (0= | T G | "
. 2dq)dz m=z—cn n=z—ooVI Vrf] r H (2) h ( )
(V r) QZ( ) H(z)( )Ql( )
J; a ’
#0350 -~y o rer
iKW HE (v, 2)
+ . dv,
Vv ’
m ' J vV, a
HE (1] Q7 ()~ g ) | >
Héf) (v,a)

rje I — KOOpJMHATa TOYKHM HAOIIOCHUS TOJIs; I' — KOOpAMHATA TOYKH HCTOYHHUKOB
nosst; J (vr), HP(r) — dyakius beccens u Xankesst 2-ro pojia COOTBETCTBEHHO H

. . . 27m
UX IPOM3BOIHBIEC; K — BOIHOBOE YHCIO;, b=a+A; v, =4k? —hm2 ;v h, =Kk, +d—,

z
K,, = — HaYaJIbHbIA BOJHOBOM BEKTOD; , =q+NN, ne €ow;+w ; W =120z (Om) —
z
BOJIHOBOE CONPOTHUBIIEHUE CBOOOIHOTO MPOCTPAHCTBA,

k2 hz h 12 M in 14 h 12 M ! !
Q(h )_ JzR (V r)"‘[ m, - J_,an(vmr)_'_( m’ +J(})jvaqn(er)a
we, we, r wE,

a

2 2
Q;’(hm):k_ il ;R (Vi r)+(
oy,

a

hm, 'M+ J;Jg Rq (Vm ry)_l_( hm’ -:4_ j;Jvm R(; (Vm r/)’
o, o o, ”
npu s=1 R, (v, 1) = H(2 (V') mopn s=2 R, (v, r)=1J, (v,r); j? ¢- — onexkTpudeckue u

MarHUTHBIE TOKH, BO30YyX/1aeMbie Ha HylIeBoM m3nydarene (| — koopauHatsl I, ¢, ).

[TonyyenHsle B AUCCEpTallMd OOLIME BBIPAKECHUSI OINUCHIBAIOT TOJHOE
AJIIEKTPOMArHUTHOE TOJIe B JJI000M TOYKE MPOCTPAaHCTBA, UMEIOT 3HAUYUTEIHHO Oolee
MPOCTYIO0 OPMY MO CPABHEHHUIO C U3BECTHBIMU U YAOOHBI JJI UACIEHHBIX PACYETOB,
a TaKkXke MOCTpOoeHUs 3(PPEeKTHUBHBIX
BBIYHCIIUTEIBHBIX aJIrOPUTMOB.

B TpeTbhen rjiaBe
paccMorpeHa OeckoHeuHass DAP,
pacmolOkKEeHHass  HajJg  UACAIBHO
OPOBOJSIIUM LWIMHIPOM, KOTOpas

COCTOHT u3 u3mydaTenen
BEPTUKAIHLHOM TOJISIPU3AIIUU
(pucyHOK 2, Q). Mopenu
AIIEKTPUIECKUX u3mydaTenen

BBIITOJIHCHBI B BHUJIC TOHKHX

a — aHTeHHass pemerka; 0 — Moaelb
ITOJIOCKOB, OPHUCHTHPOBAHHBLIX BIOJIb

H3JayvaTeast
ocu Z (pucyHok 2, 6). Ilomepednbie

PI/IcyHOK 2. — BeckoHeuHasi aHTEeHHAS peuieTKka
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pasMepbl M3lydaresield ropa3ao MEHbIIE UIMHBI BOJHBI U MPOIOJIBHBIX Pa3MEpOB,
IIOATOMY B PEIICHUH YYUTHIBAJIACh TOJBKO Z-ass KOMITOHEHTa TOKOB. M3iydarenb
BO30YIK/T1aJICS HAMTPSDKEHUEM B 3a30P€ MEXTY MOJTOCKAMH.

C y4eToM MpeioKeHHONH MOJIeIH H3ITyHaTeIs 00beMHas TUIOTHOCTh TOKa Ha
HYJIeBOM m3iyuarene onpexensiack kak: j, €, ¢, 2’ =K€,7 5€-b, rne K€,z —

IMOBCPXHOCTHAA INNIOTHOCTH TOKA. HOJIy‘{GHHOC HHTCI'PAJIBHOC YPABHCHHUC PCIIAIIOCH

metonioM ["anepkunHa. B pe3ynbrare moiydanachk CUCTEMa JUHEHHBIX YpaBHEHHH ¢ Q
NKkL* 7AW
4d .V,

ko3 dunmentsr; V, =-Eh, E, — HalpsHKEHHOCThb DJIEKTPUYECKOrO IOJ B 3a30p€;

y C, — HCHU3BCCTHBIC

u

Q -
HeusBecTHbiMM: Y A € =B, roe pe fQ;€=cw
u=1

. pﬂhmj
o sin
=y Z(VT’“] H® (v, b)Z, (v,av,b)S:C, C. ;B _sm(pzﬂjg;

m=—w N=—m0 pﬂhm
2L
\p huL LS
. (q,wW 2
Z (V a,V, b)_\] ( b) M (2)( b) S _Sln(qu)-C _ ((_l ~° ]
wenm HE (v ) AW T g Li-enE

2b
C, ., — KOMIIEKCHO-CONPsDKEHHOE C,

B  muwnumapudeckorr  pemerke  opmupoBaHue — ojmHoiydeBor  JIH
OCYHIECTBIISUIOCH C HCIOJIb30BAHMEM KOHIICTIIIMM KOJBIEBBIX (a3UMYTaIbHBIX)
rapMoHUK. B pe3yinbTaTe HMHTErpagm Mo CHEKTPAJbHOMY NapameTpy HaxOoIWIIcs,
UCIIOJIb3YsI METOJI CTalloHapHO# (a3bl. [lapumanbHas nuarpamma HarpaBIE€HHOCTH

HUMECT BU
N-1 o

F |nc T k
€O - DS qu ngw on € kcos@ £ :

dd, Vv,
Vv,

rae T,, €.k, =- ( ” ) Z, (vpa,v, b)S, Zﬁ, Chus Ziye — CONPOTUBIICHHE JTHHUN

MATaHMUS.
Jlnarpamma HanpaBJICHHOCTH AHTEHHOW PELIETKH paBHA

. o0u- 9 _ 27[ |kd tcos @ |kbsin[(po—%sj —ikd, t cos @, _
P = z z F| 0,¢ NS ae ae ,

s=0t=-m
rae ¢,, 6, — HanpaBieHue (HOKYCUPOBKHU Jiy4a, a,, 8, — HOPMUPOBAHHBIC €AUHUYHBIC
aMILTUTY/IBL.

[IpennokeHHBIE ANTOPUTMBI pEATH30BaHBI B BHAE HaO0pa 3(HPEKTUBHBIX
BBIYUCIIUTENBHBIX TporpaMm, KoTopble mno3BoisitoT B 100-300 pa3 OwicTpee 1o
CPaBHEHUIO C M3BECTHOW KOMMEpPUYECKOoU mporpammoii HFSS, mpoBoauTh uncieHHbIC
MCCIIEIOBAHUS XapAKTEPUCTUK AaHTEHHBIX PEIIETOK.
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BBuay Toro, 4yro wusmydarenu, Jexamiue B0 O00pasyrolled IUINHIpA,
peaTM3yIOT JTUHEHHYI0 aHTEHHYIO PEIIETKY CBOWCTBA U XapaKTEPUCTHUKU KOTOPOM
JIOCTaTOYHO XOPOIIO ONMHMCAHBl BO MHOTHUX HCTOYHHMKAX, 3/IECh PacCMAaTPUBAIIUCH
MoJii TOJBKO B IUIOCKOCTH KoopnauHatel ¢@. [lo Bcelr pabore paccMaTpuBaioch
BO30YXKJIEHHOE KOJIbIIO HM3Nydarened. Bce ocranbHble KOJblla M3JIy4aTened Obuin
HarpykXeHbl Ha COTrJlacoBaHHbIE Harpy3ku. Jlyd ¢QokycupoBasicss B HampaBlieHUU
Op=nl2, ¢o=0. Ilapamerpsl um3aydatems. W=0,05%, L=0,5A, h=0,01A. B kauectBe
ONTUMU3AIUU DHEPreTUUECKUX 3aTpar BO30YX/ICHHE
OIPEJIETIEHHOT0 CEKTOPa aHTEHHON PEIIETKH.

B rnaBe mpoBeneHbl uncieHHble uccienoBanus xapakrepuctuk (KH/, YBJI,
V3JI, mmpuna rnaBHoro Jyenectka) AP Haa UMIUHIPUYECKOW MOBEPXHOCTHIO U3
IIOJIOCKOBBIX ~ M3JydaTelleu pu
F€OMETPUUECKUX NTAPaMETPOB U YCTAHOBJIICHBI 3aKOHOMEPHOCTH MX MOBEICHUS.

C momoripio MeTofa amantuBHoro post vacturi (APSO) Obuta mpoBeneHa

OIITUMH3aIUA I'COMCTPHUYCCKUX IIApaMCTPOB AP, 9TO ITO3BOJIMIIO AOCTHUYb HHU3KOI'O

IIPOU3BOAUIIOCH

BepTHKaHLHOfI IMOJIAPpHU3allun U3MCHCHHNU

ypoBHsi KCB Ha Bcex BXogax 0JJHOBPEMEHHO, HE MPEBbIIIAIONIEro 3HaueHus 1,75.
BnepBeie moka3zaHo, 4TO ISl JOCTHXKEHHUS YPOBHS OOKOBBIX U 3aJIHUX
nenectkoB Hike -10 1b 3HadeHHs nepuonoB He NOMKHBI mpeBblmars d,~0,75A,
d~1A.
Ilpn yBenmuenun nepuopa d, B mpeaenax ot 0,550 mo 1,85\ HezaBuCHMO OT
APYIMX TE€OMETPUYECKHX NapaMeTpoB AP 4YeTko mnpociiexnBaeTcss MOHOTOHHOE
yBenmmuenue Y 3JI, pu atom Y3JI gocturaer 3Hadenus -4 1b (pucyHok 3).

—11+ e m———— Lo S e e
SPE 107 —
O " 12 —— =051 —=— 0.6}
= —13 = —14 —— 0.7A—— 0.8\
[da] - o 7
_15-|||||||||||||||||||IIIIIIII _20-|||||||||||||||||||IIIIIIII
0,5 0,75 1 1,25 1,5 1,75 0,5 0,75 1 1,25 1,5 1,75
d- d-
-10 0 .
Pt o -5
= —=— (.6 I:“—IO—;
213 —— 0.7M SO
-14 —— 0.8 ik
715|||||||||||||||||||||||||I _20-|||||||||||||||||||||||||
0,5 0,75 1 1,25 1,5 1,75 0,5 0,75 1 1,25 1,5 1,75
dy de

Pucynok 3. — 3aBHCHMOCTH YPOBHS 0OKOBBIX M 32IHUX JIENIECTKOB (Pa3MPOBAHHOM AHTEHHOM

pellIeTKH OT NnepuoaoB aHTeHHoi pemerkn (N=32, a=120°)
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OnTuManbHbIM ~ 3HAYEHHMEM  CEKTOpa  BO30OYXKIEHHMS IO  KPUTEPHUIO
MunumanbHocTH YBJI, Y3JI u pmoctmxkenuss makcumyma KH/I siBnsiercst cekTop c
yriaoMm o~=120°, 4to coBnagaer ¢ pe3yabTaTaMH, NOJyYEHHbIMU APYTUMU aBTOPaAMU.

IIpy n3MeHeHun pacCTOSHUS MEXAY LWIMHIPOM U H3JIydaTesieM B Ipeaeiiax
Ae §,054;0,451 u nepuozos d,, d, € §54;0,74 KHJI makcumanen npu A=0,251.

B rnmaBe mis cuHTE3a aMILIMTYZHOTO pacnpeneinieHus B packpeiBe AP 1o
Kputeputo MuHUMyMa Y BJI ucnonb3oBasivch 1B MOAU(PUKALMK METOAA POSL YACTHLL:
xaoTuaeckuii qeonuHbiid por yactull (CBPSO) u amantusHbIi poit wactui (APSO).
Ha pucynke 4 mnokazansl JJH ®AP npu Bo30YXKIE€HUM CHUHTE3UPOBAHHBIMU
aMIUIMTYAHBIMU pactipeaenenuamu. Kpusas Ans=1 — JIH npu paBHOaMIiuTyiHOM
pacnpeneinenuu. NS — Homep Bo30ykmaeMoro wusnydarens. PaccuuTeiBanach
KOJbIEBasg aHTeHHas pemierka u3 N=32 BepTHUKaNbHBIX H3JIy4yaTeledl C CEKTOPOM
BO3OyxkaeHus o=120°, ¢ mapamerpamu: d,=0,7A, d,=0,6A, A=0,25%, Vi=1B,
Zinc=144 Om.

CBPSO

A, en
cooo

oSt R N —

LIS L L L N N L L I B B
2 4 6 8 10

APSO Ns

Fo%(0o, ¢), 2B

A, en
SOOoO

=) SY Ny

~180 135 =90 —45 0 45 90 135 180 AARERRARRARERRRLN
2 4 6 8 10

(P, rpa,u. Ns
a 0
Pucynok 4. — XapakTepucTHKH HANPABJEHHOCTH AHTEHHOM PelleTKH MPH ABYX

CHHTE3UPOBAHHBIX AMIIVIMTYIHBIX paciipeac/JICHUAX

Hcnonp30BaHHBIE METOIBI TIO CPABHEHUIO C U3BECTHBIMHU UTEPAIIMOHHBIMU WITH
TPaJUECHTHBIMU METOJaMHU OTJIMYAIOTCS CBOEU MPOCTOTOW, BBICOKOM CKOPOCTBIO
MOWCKa DJKCTPEMyMa TMPU PEIICHHH TMOJAOOHBIX 3a1ad, TO3BOJMIN JOOUTHCS
camwkenusa YbJI Ha 13—-15 ab.

B derBeproii rmaBe paccmorpeHa OeckoneuHas ®OAP (pucyHok 5),
pacmoyioKeHHAs] HaJl WACATBHO TMPOBOMSAINIMM OECKOHEYHO JJIMHHBIM KPYTJIBIM
[IUIMHAPOM, KOTOpash COCTOMT M3 IIOJIOCKOBBIX H3JIydaTelne, OpHEHTHPOBAHHBIX
BJIOJIb IIIJTMHIPUYECKOW KOOPAWHATHI ¢ (TOPU3OHTATIbHAS TTONsipu3alus). B penennn
VYHUTHIBAJIaCh TOJIKO @-asi KOMIIOHCHTa TOKOB. [paHWYHas 3amada CBEIECHAa K
PEIICHUIO WHTErPaTbHOTO ypaBHEHUS, KOTOPOE pemanoch MerogoMm [amepkuHa. B
pe3ynbTaTe MoNydanach CHCTEMa JIMHEHHBIX ypaBHEHHMH ¢ Q HEHM3BECTHBIMHU:
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Q 312
kWbwz°L® . . (pr pzh ).
A €=B_, raoe =c,——, B, =sin sinc
; p,uﬁl p il @J (e ZdQ,dZVg p ( 2 ) [ 2L j

2
=30 3 [ 020 3 HE 028 i M

Ve J!
ZY €2, v,h =3, (v, b) - —(z)( L HO,0), 28 € a0 = 3, 0 0) -2, by
H? (v, a) H® (v, a)
qn -an
(_1 e 2b _e_ 2b
Cnu= ’ C: -
s (anJZ - P

p ) -

KOMILJIEKCHO-CONPsDKEHHOE C,

3a cuer NPOCTOM  MOJENH
u3JIydyaTenss MHTerpaibl B (opmynnax
BBIYUCIISUTUCh  QHAJIUTUYECKH,  4YTO

MO3BOJIMJIO MOCTPOUTH 3PPEKTUBHBIM

YHCJICHHBIN aJITOPUTM pacuera
MATPUYHBIX DJJICMEHTOB U PEIICHUSA a 6
BCei rpaHuYHO 327124, B 2 — AHTeHHAs pemleTKka; 0 - wmomeab
U3J1ydaresst
BBIYHUCIICHUAX YYUTBIBAJIOCH
PucyHnok 5. — beckoneunasi pa3upoBaHHas
aCUMIITOTHUYECKOE OBEJICHNE

o AHTCHHAasl pelI€TKa MOJOCKOBbIX n3.11yane.11eﬁ
¢bynkuuii beccens m Xankens u ux

FOpI/I3OHTaJIbH0ﬁ nmoJadapu3anuu Haja
MIPOU3BOJIHBIX npu OOJIBIINX

3HAYCHUSX TOPSIKA U apryMEeHTa, a TaK)Ke OCYIIECTBISIIOCh YCKOPEHUE CXOJIMMOCTH
MEJUICHHO cXosmierocs psga merogom Kymmepa.

HapHI/IaJIBHaH ,Z[I/IanaMMa HaIIPpaBJICHHOCTHU UMCCT BU

= 9 ﬂkb |nc Z ZTOn q k cos @ 7(2) €asin Qj(bsm Qﬁe [ j ]
q=0n=-o
/ ‘/ddZV (W
rac Tm,n q' kzO = _Tq’\chSInC(TjuZ:l:@Cn,u

[IpennoxkeHHble aNrOpUTMbl pEAM30BaHbl B BHUAE Habopa 3(PPEKTUBHBIX
BBIYMCIIUTEIBHBIX nporpamMm, no3possiomux B 100-300 pa3 ObicTpee MpOBOAMTH
YUCJIEHHBIE  HCCIENOBaHUS  xapakrepuctuk PAP  Hag  munmHApHUYECKOR
MOBEPXHOCTHIO M3 HM3JIydaTesied TOPU3OHTAIBHON MNOJApU3ALMKU 0 CPABHEHUIO C
M3BECTHOM KoMMepueckoi mporpammoit HFSS.

Jnsa wmunusaapudeckon PAP mpowusBeneHa ONTHMHM3ALMS TE€OMETPUYECKUX
napameTpoB MetogoM APSO, koTopast mo3BosiniIa JOCTUTHYTh HU3Koro ypoHs KCB
Ha BCEX BXOJaX, HE MPEBBIIIAOIIEro 3HaueHus 1,5.
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B uerBepToiil raBe ObLIM MPOBEIEHBI OOIIMPHBIE YMCIECHHBIE UCCIEAOBAHUS
xapakTepuctuk @AP npu M3MEHEHHH reOMETPUYECKUX MapaMETPOB U YCTAHOBJICHBI
3aKOHOMEPHOCTH MX MOBEACHUSI.

BrepBele ycTaHOBIICHO, YTO IpU yBenuueHuu nepuoaa d, B mpenenax ot 0,554
no 1,850 He3aBUCMMO OT JpYrux TreoMeTpuueckux mnapamerpoB AP derko
npocnexuBaercs MoHOTOHHOE yBenunuenue ¥Y3JI ot -20 nb no -2,4 n1b (pucyHok 6).

-11 ] —8:
12_\/\’ _IO{W e
42 E fa] E
T-134 T 12
~ . s J—*—d=0.6L—=— 0.7 —+— 0.8
—15 —16—:_.\._._.’.’.4-0—0—-0\._._._._._
_16 LIS N N I IO O Y L O} _18-llll|llll|llll|llll|llll|ll
05 0,75 1 1,25 1,5 1,75 05 075 1 1,25 1,5 1,75
d- d.
—137
_14_
[da) 4
;E—ls—_
n — —
S 16_
_17_
718 IIIIIIIIIIIIIIIIIIIIIIIIII _20 ||||||||||||||||||||IIII|I
0,5 0,75 1 1,25 1,5 1,75 0,5 0,75 1 1,25 1,5 1,75
dy dy

PucyHok 6. — 3aBHCHMOCTH BBIXOJHbIX XapPaAKTEPUCTUK AHTEHHOI pellleTKU OT NMePuoa0B

[TokazaHo, 9TO IS TOCTHXKCHHS YPOBHSI OOKOBBIX W 3aIHUX JICTIECTKOB HIDKE
-10 nb 3HaueHuUs NepUOAOB HE MOJIKHBI mpeBbImats d,~0,7A, d,~0,9A.

UncleHHO  TOATBEPXKIACHO, UYTO HamOoJee TMOAXOMAIIUM  CEKTOPOM
BO30yXJIeHUs 10 KpuTepuro MuHuMmanbHocTu YBJI, Y3JI sBasercs cekTop ¢ yriom
0=130°. I[Tonyuennsiii pesynbTaT Ha 10° Oosbiie, yem B DAP u3 BepTUKAILHBIX
W3J1y4daTesne.

BriepBbie yCTaHOBIIGHO, YTO ONTHMAJIbHBIM 3HAUYCHHEM PACCTOSHUS MEKITY
u3nydareneM U munHapom ssisiercss A=0,3A, npu kotopom KHJ[ MmakcumarneH.

B derBepToOil ri1laBe OCYIIECTBJICH CHHTE3 aMIUIUTYIHOTO pacIpeieieHus Ha
m3nydarensaix ®AP no kpurepuro munumyma YBJI IH (pucynok 7). Mcnionbs3oBaiuch
T€ K€ METO/bl, UTO U B TpeTbei InaBe. PaccuuThiBanach KoJblieBasi aHTEHHAs
pemierka HaJa WIMHIPUYECKOH moBepxHOCThio u3 N=32 ropu3oHTalIbHBIX
u3nydateneil ¢ cekropoM Bo3OyxaeHus o=120°, ¢ mapamerpamu: d,=0,61, d,=0,7A,
A=M4, w=0,05%, L=0,5A, h=0,014, Vi,=1 B, Z;j,c=105 Owm.
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CBPSO

AN Ans=1 13
i ---- CBPSO | (83
L@( HERH < 0:4_;
= 0,2
9' O ||||||III|III|III|I
= \ 2 4 6 8 10
H APSO Ns
= 1=
0,83
58,2—5
< 55 3
_50 |||||||II|IIIIlllllllllllllllll Illllllll IlllllllllllllllllIllllllllllll 0,%_5
71807135 790 745 O 45 90 135 180 I|III|III|III|III|I
2 4 6 8 10
@, Tpan. N
a o

a — JMarpaMMbl HallPpaBJICHHOCTH; 0 — aMIUINTYAHbIE pacnpeaeJeHust
Pucynok 7. — lnarpaMMbl HaNpaBJIEHHOCTH AHTEHHOI peleTKH
NPH ABYX CHHTE3MPOBAHHBIX AMILIMTYAHBIX pacnpeneJeHusax

Hcnonbp30BaHHbBIE METOABI TO3BOJIAIOT 100UTHC cHKenud YbJI na 13 nb.

B naAToii riaBe paccMOTpeH cmoco0 pacmupeHus: (GYyHKIUOHATBHBIX
BO3MOKHOCTEH 1minuHapudeckodn DOAP npu amarpammodopMHpOBaHUM  BIOJb
oOpasyromielt mwinHapa mnyrem ucnonb3oBanust JJOC B kauecTBe COCTaBHOTO OJi0Ka
pacnpenenuTenbHol cucteMbl nuTaHuss AP. VM3 Bcero MHOXeCTBa CXeM IS
paccMoTpeHus Oblla BbIOpaHa HamOoiee pacnpocTpanenHas marpuyHas JJOC —
marpuna batnepa. Opnako Marpuunbie JIOC  uMeOT  CyLIECTBEHHBIN
TEXHOJIOTUYECKUII HENOCTATOK, a MMEHHO, IpPH YBEIMYECHHM YHUCIA U3JIydaTeneit
pacTeT 4YHCIIO NEPEeceYeHUuil JIMHUM Iepenad, 4To, B CBOK O4YEpEellb, YCIOKHSIET
peanu3aluilo CXeMbl B IMOJOCKOBOM HCIIOJIHEHMM Ha medaTtHod ruiate. [lostomy B
MATOM TriaBe ObUT peanu3oBasl cuHTe3 HoBoM Marpuunod JIOC, B koropoi
UCKJTIOYAJTUCh OBl MIPUCYIITUE €l HETOCTATKH.

[Ipennoxkensl nBa BapuaHTa cuHTe3npoBaHHbIX JJOC 8x8 BbixomoB. Ha
pucynke 8 npuseneHsl HoBbie JJOC 8x8 BbIxomoB. KBamparamm o0Go3HaueHsl 3 1b
HaIpaBJICHHBIC OTBETBHUTENU C Pa3HOCTHIO ¢a3 mexay Beixomgamu 180°. Iudpammu
cineBa (cmpaBa) cxembl 0003Ha4YeHBI BXOHABI (BBIXOABI). IlodabIMM TOUKaMH —
dazoBpamarenm (caBur a3 MpeacTaBieH B Tpaaycax).

PucyHnok 8. — CuHTe3upOBaHHbIE IMArPaMMo0o0pa3yiolne cxeMbl 8X8 BbIX0/10B
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OO6miee yucao mepeceyeHui sl KaKIOM CXEeMbl COCTaBisieT 22 — 3TO Ha
6 mepeceveHMil MeHbIIIEe, YeEM B KacCUYecKor Marpuiie batnepa.

MeTronoM SKBHUBAJIEHTHBIX CXEM C HCIOIb30BAaHMEM MATPUYHOIO ammnapara
JUHENHOM anreOpbl ObUTH pacCYUTAHBl OCHOBHBIE XapaKTEPUCTUKU (KOI(PPHUIIUEHTHI
OTpaKEHUs, pa3BsA3Ka BBIXOJOB, KOIPPUIMEHTHI CBS3HU, aAMIUTUTYIHO-(ha30BOE
pacnpenenenue) matpuilbl batiepa 8X8 BBIXOZOB M CHUHTE3UPOBAHHBIX CXEM B
gactoTHOM nuamnazone 9-11 I'Tu. B xauecTBe 6a30BBIX 3JIEMEHTOB B CXe€Max ObLIH
B3SITHl IIUPOKO U3BECTHBIA NUICH(PHBIA MOCT ¢ 3aryxanuem 3 ab u Habop
JTUCKpPETHBIX (pazoBpamiareneil. CpaBHEHHE YAaCTOTHBIX XapaKTEPUCTUK IOKA3allo,
yTo pabota AByX cuHTesupoBaHHbIX JIOC He oTimuaercs oT pabOThl MaTPHIIBI
barnepa. Pabouuii yacToTHbI Auamna3zoH Bcex cxem 1o ypoBHIO -20 nb cocraBumin
9,8-10,2 I'Tu. 3naueHust ko3 pGUIIMEHTOB TIepeaadu Jexar B npeaenax (-9+0,16) ab.

s omno#t u3 cuutesupoBaHHbiX JIOC (pucyHok 8, 0) Obuta pa3paboraHa
KOMITIaKTHAas TOTIOJIOTHS B BUJIE TPEXCIONHOM neyatHo miatel 140x97x1,051 MM Ha
IITUPOKOIIOJIOCHBIX ~ 0a30BBIX JJIEMEHTaX, TaKWX Kak IIeJIeBOM TMepexon u
«varmyeckuity T-moct (pucynku 9 wu  10). Jluneiinsle pasmepbl T-mocTa
ONTUMU3UPOBAHBI U MOKa3aHbl B MusuuMmerpax. P1, P2, P3, P4 — nymepanus BX010B.

1 2 3 4 5 6 i 8

Jlns IEJIEBOT O 1 3 7 2 5 8 4 6
nepexofa  KodpuiHeHT Pucynok 10. — Tomosorust anarpaMmmooGpa3syromieii cxemsl
IEpeaaIn UMECT CPEAHCC B €YATHOM HCIIOJHEHHH
3HAYCHUE

(-0,54+0,04) nb, ko3 HULMEHT OTpaKeHHUS JICKHUT HIKE YPOBHS -26 1b B 4acTOTHOM
nuanaszone 8—12 I'T, aTo Ha 2 1b HMKE B CpaBHEHUU C U3BECTHBIMU aHajmoramu. Ha
neHtpaipHoi yactore 9,75 I'Tn daza Ha Beixoje paBHa 0,4°.

Jns «varumdyeckoro» T-mocta monoca 4acToT mo ypoBHIO -15 b nexur B
npenenax ot 7,8-12,21Tu. Kpueie S,; m Sz nmexar Hmwke -22 1b BO BceM

Pucynok 9. — Tonosnorus

«maruveckoro» T-mocrTa



16

X-nuanazone. Cpegnee 3HaueHue kodpounuenta nepenaun (-3,7+£0,5) n1b. 3nauenus
pasHocTn (a3 u3MeHstorcs B mpeaenax +0,5° B amamazone 8—12 I'Tm. Illupuna
paboueil mosockl YacToT yBenuueHa Ha 16% B CpaBHEHUM C W3BECTHBIMHU
KOHCTPYKIIUSIMH.

ITutanne BxomoB JIOC ocyuiecTBIs€TCS HECUMMETPUYHON IMOJIOCKOBOM
JUHUEN Tepenadd ¢ BXOAHBIM compoTuBieHueM 50 Om. Ha pucynke 10 mokaszana
tonosiorusi JIOC B meyaTHOM MCTIOJIHEHUU. PaccTosiHue MeXay COCEHUMH BXOAaMuU
coctaBisieT 16 MM, YTO BIOJHE [AOCTATOYHO [Jis KPEIUIEHUS KOAKCUaIbHBIX
pa3bEMOB.

Pacyer u aHanu3 OCHOBHBIX XapakTEPUCTHUK CXEMBI IIOKA3aJl, 4YTO
paspaborannas JIOC 8x8 BxomoB wmmeer pabouuii auamazon 8,6-10,8 [T,
aMILTUTY/1a Ha BeixoAax coctaBisier (-14+3) ab, pa3odananc ¢a3 £17°, pa3ssa3ka Bcex
Bx00B HIXKE -20 1b BO BceM pabouem nuamna3oHe.
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3AK/IIOYEHHUE

OcHoBHbIE HAYYHbIE Pe3yJbTAThI AUCCEPTAIUN

1. IlpennokeHa MeTOAMKA HAXOXKIACHHS OOIIMX BBIPAKEHUW I TOJHOTO
AJIEKTPOMAarHUTHOTO  TOJsS, BO30YXKIaeMOro OECKOHEYHOW  IUIMHAPUYECKOU
(dha3upoBaHHON AHTEHHOM PEIIETKOW W3 HW3JIydaTeled MPOU3BOJIBHOM T'€OMETPHHU C
3aJlaHHBIM  pACHpENIeICHHEM  TOKa,  PACHOJOKEHHOW  HaJ  IPOBOJAIICH
MATUHApUIeCKOU ToBepXxHOCThI0 [4, 12, 13]. IlomydeHHbIe O0OIIME BBIPAKCHUS
OIMKCHIBAIOT MOJHOE AJIEKTPOMArHUTHOE T0JI€ B JIFOOOW TOYKE MPOCTPAHCTBA, UMEIOT
3HAUUTEIBHO OoJiee MpocTyro (GOpMy MO CPAaBHEHHUIO C U3BECTHBIMU M YIOOHBI JJIs
YUCJIEHHBIX PACUETOB.

2. Pa3paboTtan MeToa U adroOpuTM JJisi YHCICHHOTO aHaJIN3a IHUIMHIPUIECKUX
(ha3upoOBaHHBIX AHTEHHBIX PEIIETOK M3 TMOJOCKOBBIX H3NTydaTeed rOpu30HTAIbHOU
MOJISIPU3ALIMK HaJl POBOJAIIECH HIWJIMHAPUYECKON MOBEPXHOCTHIO |5, 9].

3. IIpoBenensl oOmMpHBIE YUCICHHBIE McciaenoBanus xapakrepuctuk (KHJ,
VYBJI, V3JI, mmpuna TaaBHOTO Jemnectka) (a3sMpOBAHHBIX AHTEHHBIX PEIIETOK U3
MOJIOCKOBBIX H3JIydaTeled BEPTHUKAIBHOM M TOPU30HTAIBHOW MOJAPU3ALMUUA HAJ
MPOBOASIIEH TUIMHIPUIECKON MOBEPXHOCTHIO U YCTAHOBJIEHBI 3aKOHOMEPHOCTH UX
MOBEJICHUSI IPU U3MEHEHUH reoMeTpruyeckux napamerpon. s AP U3 monockoBbIx
U3JIy4yaTesneil TOpU30HTAIbHOM noJisipu3anuu [6]:

- BIIEpBBIE YCTAHOBJIEHO, YTO IIPU yBEIWYEHHM Hepuopa O, B mpenenax oT
0,550 nmo 1,850 HE3aBHCHMO OT APYTHX TEOMETPUYECKUX TapameTpoB AP derko
MpocCIIe)KUBaeTCa MOHOTOHHOE yBennuenue ¥Y3JI ot -20 ab 1o -2,4 nb;

- TIOKa3aHo, YTO JUIsl IOCTUKEHUS YPOBHS OOKOBBIX U 3aJIHUX JIETIECTKOB HUXKE
-10 nb 3HaueHus nepronoB He AOKHBI npesbimarts d,~0,7A, d,~0,92;

- C POCTOM CEKTOpa BO30YKIEHHs NpH pa3HbIX mnepuogax BenumunHa YbJI
MPAaKTUUYECKM HE M3MEHSAETCS U COCTaBisieT B cpeaHeM -14 n1b ¢ OTKIIOHEHHWEM B
+2 nb, npu 3trom Y 3JI MOHOTOHHO yBenuuuBaercs 10 -7 Ab;

-  YHUCJICHHO TMOATBEPXKIEHO, 4YTO Haubosee MOAXOIAIIUM CEKTOPOM
BO30YyXKAeHHS 10 Kputepuio MuHUManbHOCTH YBJI, Y3JI sBnsercsa cekTop ¢ yrioMm
0=130°. Tlomyuennsrit pesynpraT Ha 10° Gombine, yem B DAP u3 BepTUKAIBHBIX
ITOJIOCKOBBIX M3Jy4aTeleu;

- BIIEPBbIC YCTAHOBJICHO, YTO ONTUMAJbHBIM 3HAYEHUEM PACCTOSHUS MEXITY
u3ny4areneM u nunuHApoM ssiserca A=0,3A, mpu koropom KHJI makcumarnen.

4. IlpousBeaeH CHHTE3 AaMIUIUTYAHOTO pacIpeieieHuss Ha MOJIO0CKOBBIX
U3JIydaTensX BEPTUKAJIbHOM M TOPU3OHTAIIBHOM NONApU3alil  (a3upOBaHHBIX
AHTEHHBIX PEIIETOK HaJ MNPOBOJAIICH MWIMHIAPUYECKONM TOBEPXHOCTHIO MO
kputrepuro MunumanbHocTd YBJI JIH Ha ocHOoBe nByx Moaudukamnuii Meroga pos
yactui, a umeHHo, CBPSO u APSO [7]. Mcnoap30BaHHBIE METOABI OTIMYAIOTCS
CBOEH NPOCTOTOM, CKOPOCTBbIO IOMCKA 3KCTpemMyMa U Oosee 3(PQPEeKTUBHBI IO



18

CPaBHEHUIO C M3BECTHBIMM HUTEPALMOHHBIMU WJIM TPAJUCHTHBIMU METOJAMHU IIPHU
perieHny mogo0HBIX 3a/1a4 U MO3BOJISIFOT CHU3UTh Y BJI Ha 13-15 nb.

5. Jua peamuzaumu MHOroiydeBoro pexuma u nuranua DOAP Hax
HWJIAHAPUYECKON TMOBEPXHOCTHIO MPEMJIONKEHBI JBAa BapUaHTa CHUHTE3MPOBAHHBIX
JOC
8X8 BXOI0B, KOTOphIE B CpaBHEHUHU C KJIacCHYECKOM Marpuiied batiepa nmmeror Ha
6 mepecedeHuii JMHUI Tepeqaydl MEHbIE W SBISIOTCS KOHCTPYKTUBHO OoJjiee
npoctbiMu [1, 2, 8, 10, 11]. IIpeanoxkeHno TexHomorudeckoe pemenne ogqnoi uz JJOC
0e3 mepecedeHMil JIMHUW Tepefadyd M TOCJIeAOBATEIbHOW HyMmepalueil BXOJ0B U
BBIXOJIOB C MCIIOJIb30BAHUEM TIEPEXO0JI0B CO I1esIeBOi cBs3bto [1]. ITo pazpaboraHHBIM
aNropuTMaM U IporpaMMaM OCYLIECTBJIIEH YHWCICHHBIA aHAJW3 YaCTOTHBIX
xapakrepuctuk JJOC u npoBesieHo cornocTaBlieHne ¢ maTpuiei batiepa.

6. ns omuoit u3 cunTesupoBaHHbIX JJOC Oblna pa3paboTaHa KOMIAKTHAS
TOMOJIOTUA B BHUAEC TpexcioWHoW mewarHod twiatel 140x97x1,051 MM  Ha
HEHUCITOJIb30BABIINXCS paHEE IMIUPOKOMOIOCHBIX 0a30BBIX JJIEMEHTaX, TAKUX Kak
meaeBo mepexon M «mMarmdeckuin» T-moct [3]. Pacder u aHamyM3 OCHOBHBIX
XapaKTEepUCTUK CXeMbl TMokazan, 4to paspaboranHas JIOC 8x8 BxXxomoB wumeer
qacTOTHBIM AuanaszoH 8,6—10,8 I'T, ammuTyna Ha Beixogax coctasiser (-14+3) nb,
pasbananc da3 £17 rpamycos, pa3Bsa3ka Bcex BxoaoB Hmke -20 1b Bo Bcem pabouem
JMara3oHe.

PexomMeHnaanuy 1o NpakTH4YeCKOMY MCII0JIb30BAHUIO Pe3yJIbTATOB

Matematuueckue monenu AP kpyroBoro o03opa U METOJIMKAa HMX pacyera,
IIO3BOJIAKOT ~ BBIYMCIIMTH [IOJHOE JJIGKTPOMATHUTHOE IIOJIE  LIWJIMHAPUYECKUX
AHTEHHBIX PELIETOK, BO30YK/1a€MbIX MPOU3BOJIbHON CUCTEMON HU3JIydaTeeH.

[IpennoxkeHHslii B AHMCCEpTAllMUM aJTOPUTM peaju3oBaH B Bujae Habopa
3¢ (EKTUBHBIX BBIUUCIUTEIBHBIX MMPOTrPAMM, KOTOPBIE 11€7€CO00Pa3HO UCIIOIb30BATh
JUIA  YUCIICHHBIX HWCCIENOBaHUM  (a3MpOBAHHBIX AHTEHHBIX PEUICTOK  HaJ
UWJIMHIPUYECKON MMOBEPXHOCTHIO M3 U3JIydaTeneil BepTUKAIbHOM (TOpU30HTATBHOI)
nongpuzanun. I[lporpammber mo3Boisitor B 100-300 pa3  ObicTpee NpPOBOAMTH
YHCIICHHBIC MCCIIEIOBAaHUSI OCHOBHBIX XxapakTepucTuk AP u ucnons3yrot B 100-200
pa3 MEHbUIE ONEPATUBHOM ITAMATH IO CPABHEHHUIO C HW3BECTHOM KOMMEPUYECKON
nporpammoit HFSS.

OOmMpHbIE YUCIIEHHBIE UCCIIEOBAHUS XapakTepucTuK AP B 3aBucuMocCTH OT
F€OMETPUYECKUX MNApPAMETPOB MU YCTAHOBJIIEHHBIE 3aKOHOMEPHOCTHM HMX ITOBEICHHUS
MOT'YT OBITh MCIIOJIb30BaHbl B MpoeKkTHpoBaHuu DAP 13 MONOCKOBBIX M3IIydaTenen
BEPTUKAIBHON WM  TOPU3OHTAIBHOW  MOJSAPU3alMM  HAJX  IPOBOIALIEH
HWIAHAPUYECKON MTOBEPXHOCTHIO.
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[Ipennoxennsie B nuccepranuu JOC ¢ mupokoit pabouel Mosocoil 4acToT
MOTYT OBITh HCIOJB30BAHBI B pEAIM3AlMA MHUKPOBOJHOBBIX MHOTOJYYEBBIX
pacHpeaenuTEeNbHBIX CUCTEM JJISI IUPOKOIIOIOCHOTO JOCTYIIA.

VYcTaHOBIIEH Pl 3aKOHOMEPHOCTEW M3MEHEHHUSI YACTOTHBIX XapaKTEPUCTHK U
JaH psAJl PEKOMEHIAlNI 10 MPOEKTUPOBAHUIO IIETIEBOr0 MEPEXO0/IA U «MArndecKoro»
T-mocCTa Ha 3a/1aHHBIN YaCTOTHBIN TUAIa30H.

JIns monydeHuss HaWTy4lIMX YaCTOTHBIX XapaKTEPUCTUK LIEJIEBOrO Iepexoia
CIEAyeT  YYWTBIBATh  BIMSHHUE  OJHOBPEMEHHO  HECKOJIbKO  IApaMETpPOB:
KOPOTKO3aMKHYTBIM OTPE30K JMHUU Tepeadu JOJDKEH ObITh OJNIM30K K YEeTBEpTH
JUIMHBI BOJHBI, a Tak)Ke€ HEOOXOAMM KOHTPOJb JIMHEWHBIX pa3MepoB mienud. Urto
Kacaercsi «marmyeckoro» T-mMocta TO, BO-IIEPBBIX, M[OMNEPEYHBIE pa3MEPHI
CUMMETPUYHOH IIEIEBOM JIMHUH JOJIKHBI OBITH MEHBIIIE PAa3MEPOB HECUMMETPUUHOMN
MOJIOCKOBOM JIMHUU, YTOOBI N30aBUTHCS OT BO30YXKIEHUS IPYTUX TUIIOB BOJIH, KPOME
OCHOBHOM BOJIHBI, 4, BO-BTOPBIX, JIJII XOPOIIIETO COTJIaCOBaHUs BXoAa 1 HeoOxomum,
Mo KpailHeW Mepe, YETBEPTHBOJIHOBOW  TpaHchOpMaTop; B-TPETbUX, IS
COTJIaCOBaHMS BXOJla 2 TakKKe HeoOXOoAuM TpaHC(hopMaTOp, YUUTHIBAIOMIUNA TUPUHY
LIEIH.

B menom, pe3ynbTarhl AUCCEPTAIMOHHON paOOThl MOTYT OBITh MCIIOJIBb30BAHbBI
npu pazpadorke CAIIP g amanmuza AP Haxg mpoBoxsmield NUITUHAPUYECKOU
IMOBEPXHOCTHIO.

Pa3paGoranHass wmomenp ©  aIrOPUTM [UJIi  HWCCICAOBAHWUN  aKTHUBHBIX
(da3upoBaHHBIX AHTEHHBIX PENIETOK ObUM HcTonb3oBaHbl B Llentpe 1.6 «Hayuno-
KOHCTPYKTOPCKUU LEHTP MEPCHEKTUBHBIX  PAAUORIEKTPOHHBIX CUCTEM
CAaHTUMETPOBOIO W MWUIMMETPOBOro jauana3oHoB uuH BoiaH» (BI'YUP) mpu
BbIlOTHEHUK 3afaHus 1.3.16 «Pa3paboTka W uCCIEIOBAaHHE HOBBIX METO/OB
CO3/IaHUsl PAIMOIOKAIIMOHHBIX CHCTEM C AaKTHBHOW (pa3upOBAHHON aHTECHHOU
pemerkoid Ha ocHoBe CBU-TBep0TENBHON M ONTO3JIEKTPOHHON AJIEMEHTHOU 0a3bl
st 0030pa  BO3AYIIHOTO TPOCTpaHCTBa». MMeercss akT O MPaKTHIeCKOM
WCTIOJIb30BAHUHU PE3YJIbTATOB UCCIEIOBAHUM.
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PI3IOMD
dansey IBan AlsikcaHapaBiv
IIanackoBbIsi aHTIHHBIA PALIOTKI HA/A IPABOAHAN UBLTIHAPbIYHAN NABEPXHAN

KiarouaBbiss cioBbl:  (a3aBaHas aHTIHHAS paIOTKA, IMBUTIHAPBIYHAS
MaBEPXHsl, BBINMPAMEHbBAIbHIK, KOJIBKACHBI METaI, IbISITpaMa CKipaBaHacCIll, y3pOBEHb
0akaBbIX MMSUIECTKAY, CEKTap Y30y KIHHS, AbIArpama yTBapaibHas cxema.

MbaTa mpanbl: pacmparjoyka MeTrajga 1 anrapbiTMa 3JIeKTpajblHaMiyHara
aHai3y AaHTIHHBIX pAIIOTaK HAJ TPABOJHANM [BUIIHAPBIYHAN MMaBEpXHANU 1
BBI3HAUOHHE 3aKaHAMEPHACIICH MaBOJ31H XapaKTaphICTHIK (Pa3aBaHBIX AHTIHHBIX
pamioTak i NPBIBATHBIX  BBIMAJKAy  MaJlaCKOBBIX  BBIIIPaMEHbBAJIbHIKAY
BEpTHIKAIbHAH 1 rapbl3aHTAIbHAN TaIsphI3allbll, a TAKCaMa CIHT?3 HOBal MaTphIUHAN
JpISiTpaMa yTBapajdbHAW CXEMbI, SKas piaiidye IMAaTIpaMsSHEBBI PIKBIM aHTIHAM
CICTAMBI Ha IIBIPOKAIAIOCHAN 2JIeMeHTHal Oa3e.

ATpbIMaHbIA BbIHIKI i iX HaBi3HA:

1. PacmpamnaBanbl MeToAbIKa 1 anrapbiTM aHami3y (a3aBaHbIX aHTIHHBIX
pamoTaKk ~ HajJ ~ [paBOJHAW  MBUIIHAPHIYHAM  MaBEpXHSAM 3  IAJaCKOBBIX
BBITIPAMEHbBAIbHIKAY BEPThIKATIbHAH 1 TapbI3aHTaIbHAN TAISPHI3alIbISH.

2. [IpaBen3eHbl MIBIPOKIsl JIKABBIS acieaaBaHHI XapaKTaphICTHIK (pazaBaHBIX
AHTIHHBIX PAMIOTAaK 3 TMAJACKOBBIX BBIIPAMEHbBAIBHIKAY BEpPTHIKATBHANW 1
rapbl3aHTalibHAN TAISIPhI3allbli HaJ MPABOAHBIM IBUTIHAPAM 1 YCTaHOYIICHBI HOBBIS
3aKaHaAMEpHACIIl 1X MMaBOJ31H MPbI 3MEHE T€aMEeTPHIYHBIX MTapameTpay.

3. IlpaBen3eH ciHTA3 aMILTITyJHara pa3MepKaBaHHs (a3aBaHBIX aHTIHHBIX
pamioTak 3 jganamoraid JAByX MaAbI(piKaielii MeTama pos dYacIil] Mma 3a/1aJ3€HbIX
KpbITApax Jla MapaMmerpay JAblsrpambl HakipaBaHaclll. BbIKapbICTaHbIsI METabl
Ja3BaJISAIONb JaMardbICsl 3HDKIHHS Y3pOyHIO OakaBbIX msuiéctkay Ha 13-15 nb.

4. [IpanmanaBaHbl HOBBIS JbISTPaMa yTBAPATbHBIS CXEMBI JUIS AXKBIIIISTYICHHS
mMaTnpaMsiHéBara paKeIMy 1 XapyaBaHHs (a3aBaHBIX AHTIHHBIX PaIIOTaK, KIS ¥y
napayHaHHI 3 KiaciyHail matpeinaii batnmepa matoup Ha 6 mepacsudsHHAY JiHIN
nepajaybl MeHII. PacnpaiiaBana kaMnakTHAs Tarajioris MIbpoKanajlocHai JIpisirpama
yTBapajJbHall CXEMBbI y BBITJAI3E€ TPOXCciaa€éBal IpyKaBaHAW IUIATHI, sKas Ipamye Ba
Ycim X-npIsna3oHe.

P3kamenanpli na BpikapbicTaHHi. [IpananaBansl § apicepTalbli alnrapbiTM
plaili3aBaHbl ¥ BBITIIAA3E 3PEKThIYHBIX Mparpam, skig naspaistous y 100-300 pazoy
XyTusi BasioMail kamepiplitnail mparpamsl HFSS npaBoj3ine fikaBbis gacieaaBaHHi
XapaKTaphICTHIK IBUTIHAPBIYHBIX aHTIHHBIX PAIIOTaK.

BoOsacups npeiMsiHeHHs1. BbiHiKI apicepTalbliiHaid mpaibl MOTYIb OBIIb
BBIKaphICTaHbl TIPhI pactparoyiiel CAIIP mis aHamizy IbUTIHAPBIYHBIX (Da3zaBaHBIX
AHTIHHBIX PAIOTAaK HaJ MPaBOIHAN IBUTIHIAPhIYHAN TTAaBEPXHSIH.
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PE3IOME
®ansieB UBaH AJjleKcaHAPOBHY
IHorocKkOBBIC AHTEHHBIEC PEIIETKHA HA/A MPOBOASIIIECH
HWINHAPUYECKOH MOBEPXHOCTHIO

KuaroueBble cioBa: QasupoBaHHAs aHTEHHAs peIIeTKa, HWINHAPUYECKAs
MOBEPXHOCTh, W3JIy4aTelb, YHCICHHBIM METOH, JharpaMMa HamnpaBIE€HHOCTH,
YpOBEHb OOKOBBIX JIEMIECTKOB, CEKTOP BO30YKIEHUS, JUarpaMMoo0pasyromas cxema.

Heab pabdorbi: pa3paboTka MeToAa W alropuUTMa d3JIEKTPOAMHAMUYECKOTO
aHaJIM3a AHTEHHBIX PEUIETOK HaJ MPOBOIAIICH MWIMHAPUYECKON MOBEPXHOCTHIO U
ONpE/CICHNEe 3aKOHOMEPHOCTEH TOBEACHUS  XapaKTEpUCTUK  (a3HMpOBAHHBIX
AHTEHHBIX PEILIETOK JJISl YACTHBIX CIy4aeB MOJOCKOBBIX M3JIydyaTeleil BEPTUKAIbHOM
M TOPU3OHTAJIBPHOW MOJSIPU3aLMH, A TakKXe CHHTE3 HOBOW  MaTPUYHOU
IUArpaMMOOpa3yIoIIe CXEMbl, PEATH3YIONIEH MHOTOJIY4eBOM PEXKUM aHTCHHOU
CUCTEMBI Ha ITUPOKOIIOJIOCHOH 2JIEMEHTHOM Oase.

IHonyueHHBbIE pe3yJIbTATHI 1 UX HOBU3HA:

1. Pa3pabotanpl METOAMKA W QJITOPUTM aHajdu3a (pa3upoBaHHBIX AHTEHHBIX
pElIETOK HaJ MNPOBOMSIIIEH UWIUHAPUYECKOW IMOBEPXHOCTHIO M3 ITOJIOCKOBBIX
M3JIy4daTesiel BEpTUKAIIbHON U TOPU30HTAIBHOM MOJISPU3ALIHIMA.

2. [IlpoBemenpl OOMmIUPHBICE YUCICHHBIC WCCIICIOBAHMS XapPaKTEPUCTHUK
(a3upOBaHHBIX AHTEHHBIX PENMICTOK M3 TMOJOCKOBBIX M3TydaTesell BEPTHUKAIHLHOU U
TOPU3O0HTAIBHOUN MOJISIPU3ALUH HaJl TIPOBOISIINM IUIMHIPOM U YCTAHOBJICHBI HOBBIE
3aKOHOMEPHOCTH UX MOBEAECHUS NMPU U3MEHEHUHN T€OMETPUUECKUX TapaMeTPOB.

3. IlpowsBemeH CUHTE3 aMIUIUTYJHOTO pacmupenencHus (Ha3upoOBaHHBIX
AHTEHHBIX PEUIETOK C TMOMOIIbIO0 ABYX MoOAM(MUKAIMUA METOJa pos YacTHUIl IO
3aJlaHHBIM ~ KpUTEpUAM K  [apamerpaM  JuUarpaMMbl  HamnpaBJIC€HHOCTH.
Hcnonp30BaHHBIE METOIBI TO3BOJIAIOT 1O0OUTHCS cHkenusa Y bJI ua 13-15 nb.

4. IlpensiokeHbl HOBbIE IHArpaMMOOOpa3yIolIUe CXEMbl I OCYIIECTBICHUS
MHOTOJIY4€BOTO PEKUMA U MUTAHUS (Pa3upOBAHHBIX AaHTEHHBIX PEIIETOK, KOTOPHIE B
CpPaBHEHMHU C KiaccMueckod Mmarpuiei barmepa mMerorT Ha 6 mepeceueHuil TMHUN
nepenayd  MeHblie. Pa3paboTaHa KOMITAKTHAsE TOIOJIOTHS  IIMPOKOMOJIOCHOU
nuarpammMooOpasyroliei cxeMbl B BUJI€ TPEXCIOMHOM meyaTHOM 11aThl, paboTaroras
BO BCEM X-IHAIla30HE.

PexoMeHganuu 1o HCHOJAb30BAHUIO. [IpeIIOXKEHHBIM B JHCCEpPTALMU
AITOPUTM peain30BaH B BUJE A(Q(PEKTUBHBIX BBIUUCIUTEIBHBIX POTrpaMM, KOTOPHIE
no3BoisitoT B 100-300 pa3 OwicTpee komMmepueckor mporpammbl HFSS mpoBoants
YUCJICHHBIE UCCIIEIOBAHUS XAPAKTEPUCTUK HUJIMHAPUYECKUX AaHTEHHBIX PEIIETOK.

O0sacTs npuMeHeHusi. Pe3ynbTarhl quccepTalMOHHON pabOThl MOTYT OBIThH
ucronb3oBanbl npu  pazpaborke CAIIP nna  aHanuza  IWIMHAPUYECKUX
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Q)aBHpOBaHHLIX AHTCHHBIX PCIICTOK Hanqg HpOBO,ZIHHleﬁ HPIJ]HHI[pH‘iE?CKOﬁ
ITOBCPXHOCTLIO.
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SUMMARY
Fanyaev lvan Aleksandrovich
Strip antenna array over a conductive cylindrical surface

Key words: phased antenna array, cylindrical surface, radiator, numerical
method, radiation pattern, main lobe width, excitation sector, beamforming network.

The purpose of the work: the development of method and algorithm for
electrodynamic analysis of antenna arrays over the conductive cylindrical surface and
determining patterns of behavior the characteristics of phased antenna arrays in
particular cases of strip radiators of vertical and horizontal polarization, and also the
synthesis new matrix beamforming network, that realizes the multibeam mode of the
antenna system on broadband element base.

The obtained results and their novelty:

1. The method and algorithm for analyzing phased antenna arrays over a
conducting cylindrical surface of strip radiators with vertical and horizontal
polarizations are developed.

2. Extensive numerical studies of the characteristics of phased antenna arrays
from strip radiators of vertical and horizontal polarization over conducting cylinder
has carried out, and new regularities of their behavior have been established with
changing geometric parameters.

3. The amplitude distribution of phased antenna arrays was synthesized using
two modifications of the particle swarm method according to the specified criteria for
the parameters of the radiation pattern. The methods used make it possible to achieve
a decrease in the level side lobes of 13-15 dB.

4. A new beamforming networks is proposed for the realization of multipath
mode and powering of the phased antenna arrays, that has six intersections of the
transmission lines in comparison with the classical Butler matrix. A compact
topology of the broadband beamforming network has been developed as a three-layer
printed circuit board operating throughout the X-band.

Recommendations for use. The proposed algorithm in the thesis were
developed as a set of effective programs that allow 100-300 times faster commercial
program HFSS carry out numerical studies the characteristics of cylindrical antenna
arrays.

Area of application. The results of the thesis can be used in the development
of CAD for the analyzing of cylindrical phased antenna arrays over the conductive
cylindrical surface.
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