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BBEJIEHUE

ANSYS Electromagnetics Suite 18.1 (2017.1) — 3T0 makeT mporpaMm, Mpej-
HA3HAYCHHBIN JIJIT MOJICTTUPOBAHUS PATHOAICKTPOHHBIX YCTPONCTB M pacyeTa ux xa-
paktepuctuk. Koncrpykrusneiid Moayinb HFSS design mo3Bossier, ucmosb3ys Habop
rpa@uUecKkuXx TMPUMUTHBOB, HAYEPTUTh BHPTYAIbHYIO MOJCIHh HCCIEAYEMOTO
YCTPOWCTBA, pacyeTHBIC MOJYJIH, HCIOIB3YIONINE METOABl KOHEUHBIX 3JIEMEHTOB,
MOMEHTOB, HHTETPATIbHBIX YPaBHCHUN, PU3NICCKON ONTHUKH U T. [., TPOBOJAUTH pac-
YeT 3JIEKTPOMArHUTHOTO TOJS ISl MMOCTPOCHHON MOJENH, a MOCTIPOIECCOp AaeT
BO3MOKHOCTH MPOBECTH 00paOOTKY ¥ JIETAIbHBIN aHATN3 TIOMyYEeHHBIX PEe3yIbTaTOB.

B nporiecce KOHCTpyupoBaHUs BUPTYyaIbHOU MOJIEIN HEOOXOAUMO 3a]1aTh THII
pacdera MOJENY, HAYePTUTh aHAJTM3UPYEMOE YCTPOMCTBO, THOO cOOpaTh €T0 CXEMY U3
TOTOBBIX JIEMEHTOB, YKa3aTh MaTepUaJIbl U CBOMCTBA JUISI KAKJIOTO 0OBEKTa B MOJIEIH,
BKJTFOYAsl TPAaHWYHBIE YCIIOBHSI, OTPEEINTh MOPTH. Kpome Toro, mocTaHOBKA 3aa4n
BKJIIOYAET B ceOsl YCTAaHOBKY YAaCTOTHOTO JAMAIia3oHa JJIi aHAIM3a M OMpeeleHHe
YCIIOBUN CXOJIUMOCTH PEIICHHUS.

[Tocne 3amycka ANSYS Electronics Desktop Ha skpaHe MOHHTOpa MOSBUTCS
paboumii ctoia (puc. 1). UuTepdeiic pabouero croia COCTOUT U3 JTUHCHKHA MEHIO, Ia-
HeJIe MHCTPYMEHTOB U HECKOJIBKUX OKOH. IIyHKTBI MEHIO coep KaT MOJHbIN Habop
KOMaH/I, KOTOpbIE€ MO3BOJISIOT peliaTh BCE 3a7aUd BO3HUKAIOIINE B MPOIECCE MOJIe-
nupoBanus. [[aHenn WHCTPYMEHTOB MO3BOJISIOT OCYIIECTBISATH OBICTPBIA JOCTYI K
HamboJIee YacTO UCTIOIh3yeMbIM KOMaH/IaM.

B oxne menemxepa mpoekta (Project Manager) oroOpaxkaeTcsi CTpyKTypa
MPOEKTa, KOTOpasi MpeJICTaBlieHa B BUJIE JepeBa MpoeKTa. BepXxHuM y37i0M B AepeBe
MPOCKTa SBJSETCA WUMS MpoeKkTa. [lo yMOIYaHWIO TMPOCKTYy NPUCBAMBACTCS WMS

Projectn, rae N — NOpSIAKOBBIA HOMEP MPOEKTa, OTKPBITOTO B TEKYIIEH cecCUU pabOThI

c ANSYS.
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Puc. 1. Unrepoeiic padouero crona ANSYS Electronics Desktop

Jiist Toro, 4TOOBI HaUaTh PabOTATh C MPOESKTOM, B HETO HEOOXOIUMO BKIIFOUUTH
XoTs ObI o1Hy Mojeib (Design). UtoOsl 100aBUTh B TEKYIIHK MPOSKT HOBYIO MOJICITb
HE0OXOMMO, HCIIOJIB3YsI MEHIO, 1aTh KoMaHay Project — Insert Name Design, rae
Name — uMs UCHIOJIHUTEIBHOTO MOayJis (puc. 2). JIpyroi crnoco6 100aBiaeHUs dMO-
JIeNM B MPOCKT — Ha)KaTHE KHOIMKHW Ha MAaHEIM WHCTPYMEHTOB, COOTBETCTBYIOIICH
ornpeaeneHHoMy Moayiio (puc. 1). B pe3ynbrate BBIMOJHCHHS 3TONW KOMAaHIBI B J€-
peBO mpoekTa OyaeT M100aBJICH BTOPOH y3el, KOTOPOMY 0 YMOJYaHUIO NPUCBaWBa-
ercst umsgs NameDesignm, rie M — HopsSAKOBBIA HOMEP MOJCIH, T00aBICHHOM B Te-
Kyl mpoekT. B sTtom y3me copepkutcs Bcs wHGOpMAIMs O MOJCIH, BKIFOUas

YCIIOBUSA pacd€Ta, CXEMBI, TOIIOJIOTHWH, IEPEMCHHLIC MOJCIN, 'PAHUYHLIC YCJIOBH:,



PACCUUTAHHYIO CTPYKTYPY MOJIsI, PE3YJIbTaThl MOCT-MIPOLIECCOPHOM 00PaOOTKH U T. II.
Hwxuuii y3en naepeBa npoekta OyAeT cofepkaTh MepedyeHb MaTepHalioB, UCIIOJIb30-

BAHHBIX PU TOCTPOEHUU MOJIEIH.
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Puc. 2. Jlo6aBneHue MoJienu B MPOEKT

Bxotouenue B mpoexT HoBou Moaenu HFSS wnu HFSS-IE npusenet k oTKpbI-
tuto okHa 3D-koHcTpykTopa (3D Modeler), kotopoe mosiBUTCS cripaBa OT OKHa Me-
Hemkepa mnpoekra (Project Manager). Ilpu momomu 3D-KOHCTPYKTOpa CO3/1aeTCs
reometpust mojaenu. OxkHo 3D-kKoHCTpyKTOpa pa3doUTO HA JIBE 00JIACTH — JEPEBO MO-
TN, B KOTOPOM OTPAXKaIOTCSI BCE IEUCTBHSI MOJIB30BATENS B MIPOIIECCE MMOCTPOCHHUS
MOJICIIH, U OKHO MOJICIIH, KOTOPOE COACPKHT ¢ rpaduueckoe mzoOpaxkeHue. s
paboThl ¢ 3D-KOHCTPYKTOPOM HEOOXOAMMO 3ajaTh CAWHHIYY M3MEPCHHS Pa3MEpoOB
MOJIeU. DTOM Ieiu CAyKUT KomaHaa MeHio Modeler — Units. B oTkpsiBIIemcs
JMAJIOTOBOM OKHE M3 CIIMCKa BBIOEpEM B KadeCcTBE SIUHHIIBI M3MEpPEeHUS MM (MuII-

auMeTp) U HaxxmeM kHonky OK (puc. 3).
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Puc. 3.YcraHoBKa eTMHUIBI HU3MEPEHUS PAa3MEPOB B MOJICITH

WNurepdeiic crona HFSS conmepxut emie Tpu JONOJHUTENbHBIX OKHA. OKHO
CBOMCTB OTOOpakaeT JMOO MapaMeTpbl BBIJCJIEHHOTO AJIEMEHTa B MOJAENH, JUO0
JAaHHBIC BBIICTIEHHOTO MyHKTa JiepeBa MpoekTa. B okHe cooOiieHnit BHIBOJSATCS CO-
oOIIeHNs, CBSI3aHHBIC C Pa3BUTHEM IPOCKTa, TaKWe KaK COOOIIeHHs 00 OmmoOKax,
BO3HHKAIOIIUX B X0JI€ KOHCTPYUPOBAHUS MOJCIIH, MJIK MHGOPMAIIMOHHBIE COOOIIEHUS
0 XO7ie BBIIOJHEHMs aHanu3a Moaenu. OKHO mporpecca 0ToOpakaeT Mpolece perie-
HUS 33]]a9M aHAJIM3a MMOCTpoeHHOM Moaenu. Moaens B HFSS cocrouT n3 rpadudeckux
MPUMUTUBOB — 0a30BbIX OJIOKOB KOHCTPYKIMH (JIMHHM, MPSIMOYTOJILHUKOB, KPYTOB,
I1apoB, MPSMOYTOIBHBIX MapalICCTUIIEOB U T. 1.) C 0003HAYEHHBIMU CBOWCTBAMH,
MaTepuajiamM U T. 1., HACTPOCK CUCTEMbl KOOPAMHAT, TPAHUYHBIX YCIOBUH, UCTOY-
HUKOB BO30YXKIEHUS, THOPUIHBIX YCIOBUM, HACTPOCK CETKH Pa3OMEHMs, HACTPOCK
pEIICHUS, HACTPOCK ONTHUMH3AIMKM M TapaMETPHUECKOr0 aHaIM3a, JAaHHBIX MOCTO-

OpabOoTKM pelIeHus], HACTPOEK JJI pacueTa U3IydeHHs B JaIbHEW U OJIMKHEH 30HaX.



Monayne HFSS ucnonb3yet meToa koHedHbIX d7eMeHToB (MKD) kak 0ocCHOBHOM
1T pacdera Xapaktepuctuk. [Ipu ncnonszoBannn MKD Bcs aHanm3upyemasi MOJEIb
pa30buBaeTCsl Ha TETPadlpbl, U AJIEKTPOMATHUTHOE IOJE OMPEACNAETCs pEelICHHEM
ypaBHEHU MakcBeiia B y3JI0BBIX TOUKaxX TETPAdPOB, a BHYTPU HHX TOJIE alpPOK-
CUMHPYETCSI HEKHMMH TPOCTBIMH (YHKITUSMH, COCIHHSIOIMIMMHU 3JICKTPOMArHUTHOE
IOJIC B Y3JIOBBIX TOYKaxX. OTH (YHKIMU MOTYT OBITh MOCTOSTHHBIMH, JIMHCHHBIMH,
KBaJIpATHYECKUMHU WJIM CMEIIaHHBIX MOPSIIKOB (Pa3HBIMU TSI Pa3HBIX TETPadApOB B
Mozenu). He pa3OuBaroTcss Ha TeTpadAphl, HAMPUMEpP, HACATHHO MPOBOISIINE HIIN
xopoio npoBoasmiue teaa (u3 matepuana PEC — perfect electric conductor, copper,
aluminum, iron, gold, silver u T. 11.), UX MOBEPXHOCTh pa30MBACTCS HA TPEYTOJIbHHUKH,
KOTOPBIE SBISIFOTCS OCHOBAaHUSIMH TETPASIPOB B COCETHUX TEJIaX, 1 OHU OMUCHIBAIOTCS
IpaHUYHBIMH YCJIIOBUSMHU Ha TTIOBEPXHOCTH, 03 pacyera moJisi BHyTpH. [1o ymoadanuto
BHEIITHHUE TpaHuIel Mojienu B HFSS cumrtaroTcs uaeaabHO MPOBOASIIMMU CTCHKAMH,
€CJTM Ha HUX HE 3aJIaHbI IT0JIh30BaTEIEM CIIEITHaIbHbIC TPAHNYHBIE YCIOBHS.

[Ipu pemenun 3amad 06 u3nydeHUH aHTeHH B Mmoayiie HFSS neob6xomumo, Ta-
KM 00pa3oM, 3aJaBaTh IPAaHWYHBIC YCIOBUS Ha BHEIIHUX IOBEPXHOCTSIX MOJICIIH,
WHAYe MOJIeTpyeMasl aHTeHHA OKaKETCsl SKPAHUPOBAHHOW OT BHEIIHETO MPOCTPaH-
ctBa. CaMbIMH PaclpOCTPAHCHHBIMU NP aHAJIN3€ aHTCHH T'PAHUYHBIMH YCIOBUSIMU
SBISIIOTCS ycnmoBus manydeHus (Radiation). OHM MOTIOMIAOT 3JIEKTPOMArHUTHYIO
BOJIHY Ha T'PaHUIIC MOJCIH, 10 CYTH, «Pa3ayBas» T'PAHUIEI OECKOHEYHO JajeKO OT
mozaenu. B HFSS onum mHOTIa ONTMCHIBAIOTCS KaK MOTJIOIIAIOIINE TPAHUIHBIC YCIIOBUS
(Absorbing Boundary Condition wm ABC).

Nzny4varomiasi moBepXHOCTh HE 00s3aTENbHO JOJKHA OBITh CPepuuecKoid, HO
OHa JIOJDKHA OBITh BHEIIHEH 10 OTHOIICHHWIO K MOJIC/IH, BBITYKJIOHW MO OTHOIICHHUIO K
WCTOYHUKY M3JTYUCHHSI, H OTJAaJICHA 110 MEHBIIIEH Mepe Ha YETBEPTh JTMHBI BOJHBI OT
M3ITy4aloIero NCTouHUKa. Eciii paccTosiHUEe OT M3MydaTens 10 dTOW TPaHUIbl OyAeT
MEHBIIIe, TO HAKJIa/JbIBACMbIC Ha PEIICHHE IPAHWYHBIC YCJIOBHSA HE OYIyT COOTBET-
CTBOBaTh JCHCTBUTEIBHOCTH, W pemieHne Oymer ommOouHbiM. COOTBETCTBHE
HaKJIaJbIBAEMbIX Ha MOJICIb YCIIOBUN M3TYUCHUS PEaTbHOCTH OyAET TeM JIydIlle, 4eM

AAJIbIIC I'paHua U3JIy4YCHUA OT U3JIyHaTCJIsdA, HO TCM 60J'II>HIYIO 001acTh IIPOCTPaHCTBA



HeoO0XoauMo OyzeT pa30uBaTh HA KOHEYHBIE AJIEMEHTHI U OOJIbIIE TPAaTUTh BBIYMC-
JUTENBHBIX PECYpCOB Ha 3TO. B HEKOTOpBIX cilydasx IpaHULA W3JIyYEHUS MOXKET
pacrojaraTecsi OJIMKe K U3ITydaTeNto, YeM YeTBEPTh JUIMHBI BOJIHBI, HAPUMED, B TOU
YacTH IPaHULbl U3JIyUeHus, TJe OXKuaaercs ciabdoe uznyuenue. Ilone B nanpHel 30He
AHTEHHBI 110CJIE HAIOKEHHSI YCIIOBUN M3ITyYCHHS] PACCUMTHIBACTCA B COOTBETCTBUH C
TEOPEMOI SKBUBAJICHTHOCTH KaK MOJI€, N3Ty4YeHHOE TOKAMU C TPAHULIBI U3TyUYEHUS.

[Ipu onTHManbHOM pa30MEHUH MOJEIN Ha KOHEUHBIE 3JIEMEHTHI, YeM OOJIbLIe
OyAeT TeTpa’ApoB B MOJENH, TEM TOYHee OYyJEeT pacuer, HO TeM OOJbllle BPEMEHH U
BBIUMCIIUTEIBHBIX PECYpPCOB OH Oyner TpeboBaTh. /[ onpeneneHus: onTUManIbHOIO
KOJIM4ecTBa U KOoH(purypamuu xkoHe4HbIX 37eMeHToB B ANSYS peanuzoBan ajan-
THUBHBIA METOJ AHMCKpeTu3anuu Mojein. OH 3aKIoYaeTcs B IOCIEIOBATEILHOM
MHOTOIIIarOBOM pa30MEHUN MOJIENU Ha Bce 0OJIblLIee KOJIMUYECTBO TETPA3POB C Ipe-
MMYIIECTBEHHBIM YMEHBIIEHUEM UX pa3Mepa B AJIEKTPO3HAUYMMBIX oOjacTsax (oOna-
CTSIX ¢ HamOoJjee ObICTPHIM M3MEHEHHEM BEIMYMHBI U HATpPaBICHUS HaMpPsKEHHO-
CTH TI0JIs1).

Ha nepBoii urepanuu Mozennb pa30OMBAEeTCs Ha TETPadApbl C pa3Mepamu, CBs-
3aHHBIMM C JJIMHOW BOJIHBI B IPUMUTHBAX MOJEIH M pa3MepaMu CaMUX 3JIEMEHTOB
(ueM MeHbIlIe MPUMHUTHUBBI, TEM MEHBIIE TETPA’APbl BOJIM3U HUX), IPUTOM pa3OuBa-
€TCsl JOCTaTOYHO TpyOO MPH HACTPOMKax MO YMOTYaHHUIO (Ha Majoe KOJIUYECTBO
0O0JBIIKX MO pa3Mepy KOHEUHBIX 3JIEMEHTOB), MOCJE YEero MPOUCXOJUT pacuer Xa-
pPaKTEepPHUCTUK MOJEIH C ONpeAeTiCHUEM €€ MaTpHIlbl paccesHus. Ha Bropoit ureparun
CeTKa pa30MEHUs YYalllaeTCsl, YBEIMYMBAECTCS KOJMYECTBO 3JEMEHTOB, MPEUMYIIIe-
CTBEHHO, B 3JIEKTPO3HAUYUMBIX 00JIACTSAX, U CHOBA IPOUCXOAUT PACUET XapaKTEPUCTUK
MOJIETI C OMpEeNeJICHHEeM €€ MaTpHIlbl paccesHus. MaTpullbl paccesHHus Ha IBYX
UTEpalUsAX CPABHUBAIOTCS U PACCUUTHIBACTCS YHCIIOBas oueHka ux paznuuus (Del-
ta S). Dra olleHKa CpaBHUBACTCS C 33JaHHBIM MAKCHUMAJLHBIM JIJIsl Hee 3HAUCHHEM B
HacTpoiikax perienus (maximum Delta S), u, eciiu ommOka He MPEBHIIIACT 33aHHOES
3HauYeHHUe, TO pa30MeHNEe Ha MOCIEIHEeN NTEpaluy CUUTAETCS IOCTATOYHO TOYHBIM U

JNAJbHENIINN pacueT XapaKTEPUCTUK IIPOUCXOAUT UMEHHO C 3TOH CETKOM.



Ecnu ke ommbka npeBbillIaeT 3aJaHHOE 3HAYEHUE, TO MTPOUCXOAUT CIACAYIOIIAs
UTEpalMsl aJalNTUBHOTO YMEHBIICHUS Pa3MEpPOB KOHEYHBIX AJIIEMEHTOB, pacyeT Xa-
PaKTEepPUCTUK U MATPHIIBl PACCESHUS MOJEIU M CPaBHEHHE €€ C IOJYYCHHBIMH B
npenpiayen urepauuu. [pu cHUKEeHUU OMMOKU A0 33JJaHHOTO YPOBHS, MOCTIEAHISA
UTEpaLUs CYUTACTCS PEIICHHON C TOCTATOYHON CTETIEHbIO TOYHOCTH.

AHaANTOTHYHBIM 00Pa30M MPOUCXOIUT pa30HeHNEe KOHEUHOIJIEMEHTHON CETKHU B
moxayne HFSS-IE ¢ Tolt mompaBko#i, 4TO B HEM HCIIOJIL3YETCS MPEUMYIIECTBEHHO
MeToJT HHTerpalbHbIX ypaBHeHHH (IE — Integral Equations) mist perrenns BHyTpeHHEH
3a/layu MOUCKa pacIpeiesieHrs TOKOB MO MOBEPXHOCTSIM MPUMHUTHBOB B MOJIENH 0€3
BBIUHCIICHUS TOJIsI B 00bEME 3TUX MPUMUTUBOB (€CIIM 3TO HE 33J]aHO B CaMUX YCIIO-
BUAX perieHus). TOKM OmpeensioTcss B y3JIOBBIX TOYKAaX TPEYrOJbHUKOB Ha IIO-
BEPXHOCTSIX MPUMHUTUBOB MOJENHU. DJIEKTPOMAarHUTHOE MOJI€ B aHTEHHBIX 3a/layax B
JadbHEW 30HE 3aTeM OMpEEeNsAeTCsl KaKk pelieHre 3a/1aud 00 W3JIy4eHUU STUX TOKOB.
CootBerctBeHHO B Moayne HFSS-IE Her HEoOXOauMOCTH OTpaHUYMBATH MOJEINb
AHTEHHBI JIOTIOJIHUTEIILHBIMU TPAHUYHBIMU YCIOBUSIMU, B OTiM4ne OT Moyt HFSS.
[Tomyuaercst, uto B HFSS-IE s To# ke Moaenu OyaeT MeHbIIle KOHEUYHBIX 3JIEMEH-
TOB, 4yeM B HFSS, 4To npuBeneT k MeHbIIEMY pacXoy BbIUHUCIUTEIbHBIX PECYPCOB,
OJTHAKO KPYT pelIaeMbIX 3a7a4 MoJyduTcs yke. [loCKoIbKy Ha KOHEYHBIE DJIEMEHTHI
pa30MBAIOTCS TOJBKO TOBEPXHOCTH B MOJENH, IJII SKOHOMHH BPEMEHH pacyeTa
Jydllie, Tam, I'71e ’T0 000CHOBAaHO, KPUBOJIMHEWHbIE IOBEPXHOCTH alllIPOKCUMUPOBATH
IUIOCKUMHU: KPUBOJMHEWHBIE MPUMHUTHBBI (LHJIUHAPHI, cPepsl U T. [.) 3aMEHITh Ha
MPUMUTHUBHI C TUIOCKUMU TpaHsSMU (MHOTOTPaHHUKH, KyObl U T. 1I.), @ MaJble 1O pa3-
Mepy 00beMHbIE TPUMUTHBHI B MOJIENIH (MHOTOIPaHHUKH, LWIUH]IPBI, CIIUPAJIU U T. [1.)

3aMEHSTh TUIOCKUMHU (MIPSMOYTOJIbHUKHU, KPYTH U T. ]1.).



ABTOMATU3UPOBAHHOE TITPOEKTUPOBAHUE MMKPOIIO-
JIOCKOBBIX AHTEHH

[lems paGOTBHl — 03HAKOMHUTHCSI C OCHOBAMH aBTOMATH3MPOBAHHOTO MPOCKTH-
poBaHMS U MOJEIHpoBaHus MHKpornoockoBbix anTeHH B ANSYS Electronics Suite,
HCCJIEIOBATh UX XapaKTEPUCTUKH.

[lepen HawyamoMm paboOTHI HACTOSTENBHO PEKOMEHIYETCS O3HAKOMUTBCS C

HIPUHIKAIIAMHA PaOOThI MOJOCKOBBIX (MHUKPOIIOJIOCKOBBIX) aHTeHH [1].

Teoperuueckasi yacThb

Bo3spocmias motpeOHOCTh B JIETKUX, HU3KOMPO(PUIBHBIX, KOHGOPMHBIX U He-
JIOPOTHUX aHTEHHAX, KOTOPhIE MOKHO pa3MeliaTh Ha pakeTax, caMoJieTax, aBTOMOOU-
JSX ¥ IPYTUX 00BEKTaxX, HEe HApyIIas UX adpOAMHAMUYCCKUX KA4eCTB, OTPE/CITIIIA B
MOCJIETHHAE TOJbI HOBOE HAIPAaBJICHHE B TEXHUKE AHTEHH — CO3/JaHUE TOJIOCKOBBIX
m3inyyatesei. [loiockoBble U3IydaTend IpoCThl B UBTOTOBIECHUU C MCIIOJIb30BAHUEM
TEXHOJIOTHMH CO3/IaHMs NEYAaTHBIX IUIaT, 00J1aJaroT OOJBIION CTAaOMJILHOCTBIO M IIO-
BTOPSIEMOCTBIO MapaMeTpoB, MOTYT paboTaTh ¢ J0OOH Mossgpu3anuei moss. Yka-
3aHHBIC TOCTOMHCTBA IOJIOCKOBBIX aHTCHH MPHUBJICKIN K HUM BHUMaHHUE CIICIIHAIIHU-
CTOB M B HacTosIee BpeMsi pa3paboTaHO 3HAYUTEIHHOE YMCIO OPUTHHAIBHBIX KOH-
CTPYKIIMH TTOJIOCKOBBIX aHTeHH. K HeocTaTkam MoJIOCKOBBIX aHTCHH CJIETyeT OTHECTH
MX Y3KOMOJIOCHOCTh M OTHOCUTENBHO HEBBbICOKUI KIT/. [TonockoBbie aHTEHHBI MOKHO
pa3leuTh MO MPUHIUITY NEUCTBUSI HA TPU TPYMIBL: MOJOCKOBBIE PE30HATOPHBIE H3-
Jy4aTesi, MOJIOCKOBbIE BUOPATOPHBIC M3TydaTesd U MOJOCKOBBIE IIEIEBbIC U3JTyYa-
tenu. B nanHoi# paboTte ncciaeayroTcs pe30HaTOPHBIE MOJIOCKOBBIE U3ITydaTelu.

JIBa OCHOBHBIX THIIa TMOJIOCKOBBIX PE30HATOPHBIX M3NydaTesiell MoKa3aHbl Ha
puc. 4. OOBIYHO U3JTyYaIOIINH 3JIEMEHT BO30YXK/I1aeTCsI KOAKCHAIbHOM JTiHKEH (puc. 5)

A1M00 HECMMMETPUYHOM MMOJI0CKOBOI uHuei (puc. 6).



KonebaHue Eoo KonebaHue Ei1o

Puc. 4.IlpssmoyronbHbli (crieBa) U Kpyribli (clipaBa) MOJIOCKOBBIE PE30HATOPHBIE U3TyUYaTeNu:

1 — npoBojsIIas IIaCTHHA; 2 — TUAJIEKTPUYECKAs MMOJI0KKA; 3 — IPOBOAIINI YKpaH

! ﬂ 1

Puc. 5.Pa3pe3 nonockoBoil aHTEHHBI ¢ TUTAHUEM KOAKCHATbHOU JTMHUEH

Puc. 6.Bo30y>xaeHne N0JI0CKOBON aHTEHHBI HECUMMETPUYHOM MOJIOCKOBOM JTMHUEH
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Teopuss NpsSMOYrOJNIBHBIX PE30OHATOPHBIX ITOJIOCKOBBIX M3JIydaTelIed MOXKET
OBITh IOCTPOEHA HAa OCHOBE pa3HbIX Mojenel. O/lHa U3 TaKUX MoJeNel 6asupyeTcs Ha
IIPEJCTABICHUM AHTEHHBI B BHUJIE PA30MKHYTOI'O OTPE3Ka HECHMMETPUYHOM IMOJIOC-
KOBOM JINHUU JUIMHOM, paBHOM IOJIOBUHE JJIMHBI BOJIHBI B JIMHUM Nepenadu (IoJry-
BOJIHOBBIA pPa30MKHYTBIA pe3oHarop). Ilpm Bo30yXkIAeHMM OTpe3Ka JIMHUA B HEM
YCTaHaBIIMBAETCS PEKUM CTOSUCH BOJHBI, KOTOPBIM 00yCIaBIMBaeT BapHALIUIO TOJIS
BJI0JIb PE30HAHCHOT'O pa3Mepa. DHEPrusl IEKTPOMATHUTHOIO IIOJIS U3JIydaeTcs Yepes
LIEIU MEKY KPOMKaMH IIOJIOCKOBOTO IPOBOJHUKA M dKpaHOM. JlJIsi OCHOBHOT'O THUIIA

KoJIeOaHUI TOPLIEBHIC IIEIH U3Ty4aloT CHH(pa3HO, a 00KOBbIe poTHBO(hazHo (puc. 7).

XA

AHE .
of ||l by

Puc. 7.Pacnipenenenuie TOKOB IO KOHTYPY MTOJIOCKOBOTO U3JIydaTest

Pe3oHaHCHas 4acTOTa MPSAMOYTOJILHOTO W3JIy4aTeiss ONMpeaeisieTcsl pa3sMepoM
CTOPOHBI, MapauIeJbHO KOTOPOW CMEIIaeTCs TOYKAa MUTAHHSA H3IydaTens (pes3o-
HaHCHBIN pa3mep b Ha puc. 4):

c
T (1)
be

r€ €— JOUAJIEKTpUYecKas MPOHUIAEMOCTh MOJJIOXKKHU. Jpyroil pazmep a mpsmo-

fp ~0,48

YTOJIBHOT'O ITOJIOCKOBOI'O pE€30HATOPA HA3BIBACTCA HJI/IpPIHOﬁ, U B OCHOBHOM OIIpCac-
JICT BXOAHOC COIIPOTHBIICHUC MU3JIYUATCIIA. BXOI[HOG COIIPOTHUBJICHHUC B TOYKC PC30-

HaHCa 4YMCTO aKTUBHOC U PAaBHO!:

60A . ,( Ty
R ~——sin"| =2 |, 2
o =il @
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rac Yo — CMEIICHUMC TOYKH IIMTAHHS BJOJB PEC30HAHCHOI'O pa3Mepa. J_—[J'IH Kpyrijoro

PE30HAHCHOTO U3Iy4dares (puc. 4) pe3oHaHCHAs 4acTOTa ONPEICISICTCS CIICTYIOLUM

BBIPAKECHUEM:
c
f m— | (3)
P 341-a,4/e
2h a
e a,, =a 1+—] In e +1,772 |, h — TonmuHa MOMIOXKKMU.
mag 2h

[TomoCKOBBIN M3IIy4YaTellb UMEECT MAKCUMYM HM3JIYYECHHUS IO HOpMalIu K IJIOC-
KOCTH 3KpaHa. [Ipu pacuere nuarpamMMbl HAIPABIECHHOCTH U3Jy4aTelb MOXKHO 3aMe-
HUTh SKBUBAJICHTHBIMU MAarHUTHBIMU TOKAMH, PACIPEACICHHBIMHU I10 TIEPUMETPY.
Ucxons u3 pacnpeneneHns SKBUBAJICHTHBIX MarHUTHBIX TOKOB, JIH Ha riiaBHOW mo-
JApU3ALNAMN U1 IPSIMOYTOJIBHOTO MOJIOCKOBOI'O M3JIYyYaTeNIsd MOXKHO PACCUUTATh Clie-

IyIOIIIM 00pa3oM B IIOCKOCTH BeKTopa E:

F(6)=cos %sine , (4)
1 B IINIOCKOCTH BCKTOpPA H .
sin kzasine
F(6)=cosH- , (5)
ka .
?sme

rae kK =2n/ A — BOIHOBOE YHCIIO.

Bekrop E u3j1y4aeMoro mojis B OKPYXKarOIIEM MPOCTPAHCTBE OPHMEHTUPOBAH
napajuieIbHO JIMHUHU, BJIOJIb KOTOPOM CMEIIeHa TOYKa MUTAHMS, TIOJIOCKOBOTO U3ITY-
yarens. TakuM o0pa3oM MONSIpU3alUs H3IMYYCHHS TIOJIOCKOBOTO M3JIydaTessi, TOUKa
MUTaHUsI KOTOPOTO CMEIICHa BAOJh OJHOTO M3 €ro Pa3MepoB, SBISETCS JTHMHEWHOM.
[ToapobHee mpuHIUIIBI PaOOTHI M CIIOCOOBI pacueTa XapaKTePUCTUK MHUKPOIOJIOC-
KOBBIX aHTEHH M3JI0KeHBI B [1, 2].

UccnenyroTcst oauHOYHBIE TIOJOCKOBBIE M3nmydatenu. Ha puc. 8 mpuBeneHs

ACKU3BI UCCIIEAYEMBIX B pa00Te H3TydaTeNeH.
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B uznyuarene Ne 1 pe3oHaTtop nurtaercs KOAKCHAJIBHOW JIMHUEN Yepe3 IIThIPh B
nojJIokKe. Eciu Touka muTaHus HaXOOUTCS JIMHUM, MAPAJUIENbHOM CTOPOHE C pas-
MepoM Dy, To "yacTora pe3oHaHca OyAET ONMpeneNaThess dTUM pasmepoM. Pasmep b;
OyJIeT onpeAeNsTh 4aCTOTY pe30HaHCa MPU PACTION0KEHUH TOUKU TUTAaHUS Ha JINHUU,
IIapaJuIeIbHOM CTOPOHE € ATUM pazMepoM. [Ipu pacrnonokeHunm TOYKM NMUTAHUSA Ha
JAMaroHaJIbHOM JIMHUM BO3MOXHO BO30YKJI€HHE JBYX KOJEOAHUN ¢ OPTOrOHATHHBIMU
CTPYKTYpaMH I0JIEH HA PE30HAHCHBIX YaCTOTaX, COOTBETCTBYIOIIUX Pa3MepaM CTOPOH
pe3onaropa. [lepeaBuras TOUKy MUTaHUS BAOJIb OCEH, MOKHO TOOUTHCS COTTIACOBAHUS
pe30HaTOpa C BOJIHOBBIM COMPOTUBIIEHNEM NuTaromen JuHuM (50 Om).

B wuznyuarene Noe 2 pe3oHaTop MUTAETCd MHUKPOMOJIOCKOBOM JMHHUEH. i
CMEILEHHS TOYKM NMUTAHUSA B OTOM CIIy4ae JUHUSA MOJBOJUTCS K U3JIY4aTEN0 4epes3
na3, NIyOMHON KOTOPOIO ONpeneNsieTcs BXOAHOE CONPOTHBJIEHHE aHTeHHBI. Corna-
COBaHHE IPOBOAMUTCA C JMHHEW nepenaun conporusieHueM 50 OM myTeM perynu-
pOBaHUs TIIyOUHBI I1a3a.

Kpyrasiit m3myuyatens Ne 3 HacTpauBaeTcsl aHANOTMYHO u3nmyyaTtento Nel c

Y4ETOM TOTO, 4To 0 = 28 B COOTBETCTBUHU C pHC. 4.

ManyyaTtens Ne 1. UanyyaTens Ne 2. ManyyaTtens Ne 3.
Puc. 8.9cku3bl MUKPOMIOIOCKOBBIX M3JIydaTenei

JlomamiHee 3a1anue

1. PaccuunTath pasMepsl uznydareneit Ne 1, 2 mo ¢popmysie (1), 3 mo popmyie (3)
(puc. 8) ¢ MCHOIB30BaHKUEM MAPAMETPOB IMOUIOKKH M IIEHTPAIBHON 4acTOThI pado-
yero auanazoHa u3 tadia. 1. J{ns usnygarens Ne 1 npunsates by = b, = b, nns uznyqa-
tens Ne 2 b = a. PaccunTaTh MHPHHY MHKPOIOJIOCKOBOM JTUHHH C BOJHOBBIM COIPO-

TtuBiaeHueMm 50 Om.
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IToa105KKH M YaCTOTHBI

Tabmuma 1

Ne JIMAIIEKTPUK TOAJIOKKHU h, Mmm € 'go, | Hactora,
Bap. ’ x103| MIn
1 | IHomucTtupoa ¢ HanoaautenaeM CT-16 1,5 16 3 900
2 | Apunokc ¢ HanojgHuteneM ®JIAH-10 1,5 10 1,5 1200
3 | [lomukop 1,5 96 | 0,1 1400
4 | ®dropomnact P-4 1,5 21 | 0,3 2100
5 | Apunokc ¢ HanogaurteneMm OJIAH-3,8 1,5 38 | 1,2 3200
6 | ®ropomnact apmupoBanHbiii DAD-4 1 2,6 1 3500
7/ | Apunoxkc ¢ HanojHuteneM GJIAH-5 1 5 1,2 1800
8 | CTEKIIOTEKCTOIUT 1 45 25 2400
9 | Iomuctupoa ¢ Hanosuutenaem CT-3 1 3 9 3700
10 | IlnmaBiaeHbIN KBapI] 1 38 | 0,1 2500
11 | Homuctupon ¢ HanonauTeneM CT-16 2 16 3 433
12 | Apunokc ¢ HanoauTenem OJIAH-10 2 10 1,5 868
13 | [Tonwkop 2 96 | 0,1 2000
14 | dropomnact PD-4 2 21 | 0,3 5200
15 | Apwiokc ¢ HanotHUTEeneM DJIAH-3,8 2 3,8 1,2 5500
16 | @roporact apmMupoBaHHbIi DAD-4 2 2,6 1 5800
17 | Apunokc ¢ HanoauTeneM OJIAH-5 0,5 5 1,2 2600
18 | CTeKII0OTEKCTOIUT 0,5 45 25 1900
19 | [lomuctupon ¢ HamonauTeneM CT-3 0,5 3 9 2600
20 | I1naBmeHbIN KBapIT 0,5 38 | 0,1 2450

2. OmnpenenuTh MoNoXKeHHe (CMEIICHUE OT IIEHTPA) TOYEK MUTaHUS B M3JTyda-

tensix Ne 1 u 2 mo popmyie (2). s uzmydaresns Ne 3 ucrnosip3oBaTh 3Ty ke hopMyIy,

B3siB @ = b. BoHoBoe conportunaeHue nutaromieit auaun 50 Owm.

3. Paccuntats W moctpouth B mpenenax yriaoB —90°...+90° mmarpammy

HarpaBJIeHHOCTH u3iay4yareneid Ne 1 u 2 B riaBHBIX MIIOCKOCTSIX HA PE30HAHCHOM Ya-

crote. [To moctpoennsiM [IH onpenenuTs MMpUHbBI TIIaBHBIX JIEHECTKOB.

IIpakTHYyeckass YacTb

3arpy3uB nporpammy, cosaaauM HoByto mozaens HFSS (HFSS Design), Haxas

MpaBoOil KHOMKOW Ha Ha3BaHUM MPOEKTa B JIEpEBE MPOEKTA, U BHIOPAB COOTBETCTBY-

I0IIUA MyHKT MeHIo (puc. 9), 1100 Ha)kaB Ha COOTBETCTBYIONIYIO UKOHKY Ha MaHEIH

MHCTPYMEHTOB.
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A ANSYS Electronics Desktop - Project3
File Edit View Project Tools Window Help

Asp-3= EXk =11 ~oE e
‘e

B w6 R w6

-
T A

Project Manager

B3

Paste Ctrl+V

Rename F2
> Delete Project Permanently from Disk Delete

Insert > @B Insert HFSS Design
@ Insert HFSS 3D Layout Design
Close @5 Insert HFSS-IE Desi
nse -IE Design
E save Ctrl+S | o on
S A & Insert Q3D Extractor Design
ave A & Insert 2D Extractor Design
Analyze A & Insert Circuit Design
Submit Job... th Insert Circuit Netlist
Project Variables.. iﬂ Insert Maxwell 3D Desr!gn
ERT M Insert Maxwell 2D Design
rojec &  Insert RMxprt Design
— Convert All Designs to Full Access s Insert Maxwell Circuit Design

M
- l# Insert Simplorer Design

% |nsert Filter Design ...

Convert All Designs to Read Only

Insert Documentation File...

Puc. 9. Jlo6aBieHue Mo1e7H B IIPOCKT

CozmaauM TMOI0KKY MHKPOTIOJIOCKOBOW aHTEHHBI, HAPUCOBAB IMPSMOYTOJIb-
Helii mapautenenumnesn (puc. 10). Ilocne Haxxkaths Ha TYyHKT MEHIO HEOOXOIMMO
HaXKaTh JICBOW KHOIIKOW MBIIIM B OKHE MOJCIIH IMOCJIEI0OBATEILHO HA TTPOU3BOJIHHBIC
TPU TOYKH JJIsi OOO3HAYCHHUS Pa3MEpPOB W TIOJOKEHHUS CO31aBacMOr0 IMPHUMHTHBA
(anmemeHTa). 3aTeM B JIepeBE MOJICIM MOSBUTCS HOBBIM y3ea B paszaene Solids (00b-
eMHbIC 00BEKThI) B MaTepuaye vacuum (Bakyym) — Box1 (o ymoryaHui0 0OBEKTHI
cosznmarorcs ¢ umenem Objectp, riae Object — Ha3Banue kimacca oobexTa — Box, Cylin-
der, Line, Cone, Sphere u T. 1., a p — HOMep 00bekTa). Bce 00beMHBIE OOBEKTHI B
HFSS rpynnupytorcs mo matepuanam, U3 KOTOPbIX OHH cOocTosAT. BHyTpu y3ma Box1
3aMMCBIBAIOTCS BCE JICWCTBHS C HUM M CBSI3aHHBIC OOBEKTBI, €CIIM TaKOBBIC €CTh.
IlepBoe netictBue — 310 cosnmanme oObekra Box — CreateBox. B cBoiicTBax 3TOro
nenctBus (puc. 11) MokHO U3MEHUTH MEPBOHAYATIBHO 3a/JaHHBIC TIPH MMOMOIIM MBIIITH
ero pasmepsl (XSize, Ysize, ZSize) u koopauHaThl HadaiabHOUM Touku (POsition), ot

KOTOPOH OTCUMTHIBAIOTCS pa3Mephl BIOIb OCeil KoopAuHAT, B popmare X, Y, Z.
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A ANSYS Electronics Desktop - Project3 - HFSSDesign1 - 3D Modeler
@7 File Edit View Project Draw Modeler HFSS Tools Winde
J|

Ded B &g ™~

2

I T A N

BBDB =T HEE o

Project Manager

& project3*

=-gf# HFSSDesign1 (DrivenMa

&1 Definitions

O

o CoCae QO

Line

“\. Spline

Arc
Equation Based Curve

Rectangle

Ellipse

Circle

Regular Polygon
Equation Based Surface

Box

Cylinder

Regular Polyhedron
Cone

Sphere

Torus

=

Puc. 10. Co3aanue npsMoyrojsHOIro napajienenunena

Project Manager

(9 Project3=
&} HFSSDesign1 (DrivenModal)*
(1 Definitions

Rl =i Model

& Planes
e Lists

Properties 1 ox

Name | Value
Command CreateBox
Coordinate Syste .. Global
Pasition 05.-1.0
XSize 19
YSize 24
ZSize 15

Puc. 11. 3aganue napameTpoB 00beMHOI GUTypbI

3agagum pazmepsl Box1. Pa3smepsl BIoibs ocelt X U Y 3alaiuM NapaMeTpaMu
xsub, ysub, a eHTp MOUTOKKH TOMECTHM B HAYal0 CHCTEMBI KOOPAUHAT: BIIMIIEM B
noJie Position —xsub/2, —ysub/2, 0 u nasxxmem Enter, mocie 4ero oTkpoeTcsi OKHO BBO/IA
3HA4YCHUS TMepBoro mnapamerpa Xsub (puc. 12). Byaem cuutarth pa3mMepbl MOIIOKKH
BJIOJIb OCEH X M Y PaBHBIMH JUIMHE BOJHBI B CBOOOJHOM MPOCTPAHCTBE HA 3aaHHOM
94acTOTE M BIIMIIIEM B OKHO 3TO 3HaUCHHUE, 00s3aTeIbHO 0003HAYMB pa3MepHOCTh (MMm)
M0CJIC CaMOTO 3HAYCHUS M HakMeM Enter. AHaIoru4HoO 3amoIHUM COIEPIKUMOE OKHA

i nepeMenHoi ysub. Jlanee 3anumem B moss XSize u Y Size xsub, ysub cooTser-

. B2 Solid
B BOX
' ) Createzgd

12, Coordinate Systems

Expand All
Collapse All

Properties...

Upgrade Version
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cTBeHHO. Pa3mep B10JIb Ocu Z 0003HaYMM OyKBO# h, 1 3a1a1uM €ro B COOTBETCTBHUH C
Taby. 1 (ToJIIMHA MOJJIOKKH) TaKUM ke criocodoM. Tlocie atux aercTBuil, 4TOOBI B

OKHE MOJIEJIA YBHJIETh BCIO MOJIOKKY HeoOxoaumo Haxathk Ctrl+D.

Properties Add Variable pd
Name ‘ Value ‘ Marme |xsub
Command CreateBox
Coordinate Syste... Global Unit Type |N|:|ne ﬂ
Position subf2 ~ysub/2 .Omm|m
; | | Lnit | ﬂ
ASize 14 r
Y Size 2 i Valus 2[Imm|
ZSize 0.7 i
Type |LD|:aI Yariahle J
< > oK | Cancel |
Command

Puc. 12. 3aganne pa3MepoB U KOOPAMHAT MTapaMeTPaMHu

3amaauM MaTepual TOJUIOKKH, Ha)kaB TPaBOi KHOIMKON MBI Ha Vacuum u
BbIOpaB Properties (puc. 13). B oTkpbIBIIEMCSI OKHE MOXKHO BBIOpaTh MaTepuai U3
OMOIMOTEKN MPOrPaMMBbl, OTPEIaKTUPOBATH MapameTpbl Marepuaia B OMOIHMOTEKE
nubo 100aBUTH CBOE ompenesieHre maTepuana. Jlo0aBUM HOBBIM MaTepuas, HaKaB
kaonky Add Material. B oTkpbIBIIEMCS OKHE 3a7aIMM MUMsI MaTepraia (JIydiine BCero
HA3bIBaTh €T0 B COOTBETCTBHUH ¢ Tabi. 1. BriuimeM OTHOCHTEIBHYIO JUAIIEKTPUICCKYIO
npoHwunaeMocts (relative permittivity) u tanrenc yrina gusnektpudeckux noreps (di-
electric loss tangent) B coorBercTBum ¢ Tabdu. 1. Tlocie coxpaHeHUs marepuaia H
BBIOOpa €ro B KauecTBE MaTrepHalia IMOJJIOXKKH, €ro Ha3BaHUE TOSBUTCS B JEPEBE

IIpoEKTa BMECTO Vacuum.
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£ HFSSDesign1 (DrivenModal)* Expand All
(L1 Definitions .
Collapse All
#-le, Coordinate S Select Al
=& Planes History Tree Layout >
-2 Lists :
Properties...
Select Definition X
Materials | Material Filters
—Search Parameters
Search by Name Search Criteria Libraries [v Show Project definitions [~ Show all libraries

(® by Name " byProperty [sys] AmaldMagnetics ~
I [sys] ChinaSteel

[E— IReIatlve Permittivity LI !SYSJ Eiamft“ ‘ "
el Uit mleif bl

/ Name Location Origin Relative Relative Bulk ~
J Permittivity Permeability Conductivity
tin SysLibrary Materials 1 1 8670000siemens/m
titanium SysLibrary Materials 1 1.00018 1820000siemensfm
umgsten Syslerary Materials 1 18200000siemensfm
vacuum Syslerary Materials
water_distilled SysLibrary Materials 81 0.999991 0.0002siemens/m
water_fresh SysLibrary Materials 81 0.999991 0.01siemens/m
water_sea SysLibrary Materials 81 0.999991 4siemens/m
ZEONEX R5420 (tm) SysLibrary Materials 23 1 0
ZEONEX R5420-LDS (tm) SysLibrary Materials 21 1 0
zinc SysLibrary Materials 1 1 16700000siemensfm
zirconium SysLibrary Materials 1 1 24400000siemensfm ©
£ >
View/Edit Materials Clone Material(s) Remaove Material(s) | Exportto Library. |
oK | OTtMeHa CnpaBka |
I\ View / Edit Material X
Material Name
Materiall
— Properies of the Material —iew/Edit bMaterial for
@ Active Design
Relative Permeahility Simple 1 © Active Project
| Bulk Conductivity Simple 1] siemens/m " All Properties
Dielectric Logs Tangent Simple
— o R Physice:
Magnetic Loss Tangent Simple 0
— [¥ Electromagnetic
Magnetic Saturation Simple 0 tesla
Lande G Factor Simple 2 [~ Thermal
DeltaH Simple ] A_per_meter
— F —Pe [~ Stuctural
- Measured Frequency Simple 9.4e+09 Hz
Mass Density Simple 0 kg/m”3
—iew/Edit Modifier for

[~ Thermal Madifier

SetFreguency Dependency... | ICaIcu\ate Properties for LI “Walidate Material

Beset

Cancel |

Puc. 13. 3aganne Mmatepuana
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B okHe CBOWCTB Marepuaiga MOXKHO 3a/aBaTh, KPOME TOTO, OTHOCUTEIBHYIO
MarHMTHYIO npoHumaeMocts (relative permeability), yaensuyio nposoaumocts (bulk
conductivity), TaHreHc yrila MarHUTHBIX oTepb (Magnetic loss tangent), mapamerpsr
MarHUTHBIX MaTEpPHAJIOB W IUIOTHOCTh BEIIECTBA, HO OHM B JaHHOH padoTe HE HC-
MOJIB3YIOTCSA. B 3TOM ke OKHE MOXKHO 3a/1aTh IapaMeTphl aHU30TPOIIUH MaTepHaa,
BEIOpaB B cTosOIie type BmecTo Simple apyroit BapuaHT, W/Wiau J00aBUTh YaCTOTHYIO
3aBHCHMOCThH IapaMmeTpoB Mmatepuaia (Set frequency dependency...) B dopme wu3-
BECTHBIX 3aKOHOB HIIM 10 TOYKAaM, HO 3TH BO3MOXKHOCTH HE HMPHUTOIATCS I JaH-

HOM paboTHI.

n ANSYS Electronics Desktop - Praject3 - HFSSDesign1 - 3D Modeler -
B File Edit View Project Draw Modeler HFSS Tools Windo

‘D || V&8 |2 ™ Line

@ vBBDoCe - ¢ SPNe P
- - — Arc L ==
BB E SRS ¢ Equation Based Curve s

Project Manager O Rectangle

= Project3* < Ellipse
..... & @ Model _ﬁ CreataBayv
--IF Boundaries E||:| Sheets
%) Excitations :

é----IZ_I Unassigned
=5 Rectangle]

- CreateRectangle

O CoverLines

&% Hybrid Regions
----- B8 Mesh Operations
----- 5P Analysis

@ Optimetrics

----- Results

----- Port Field Display =& Planes
- Field Overlays -2 Lists
----- “;’ Radiation

B Definitions

Properties
Name Value
Command CreateRectangle

Coordinate Syste...|Global

Paosition -af2 -bf2 h
Axis z
XSize a
YSize b

Puc. 14. Co3nanue npsMoyTroiabHUKA

3aI[aIH/IM IMPOBOJIAIIYIO TUIACTHHY HA ITOJJIOKKE, HAPUCOBAB €C YIIPOIICHHYIO

MOJellb B BuJEe npsaMoyroiabHuka (puc. 14). Ilocie co3ganust npsaMoyrojibHUKa B Je-
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peBe mpoekTa mosiBUTCS 00bekT Rectanglel, pasmepbl kOTOporo B ero cBoicTBax
HEOOXOMMO 3a/1aTh B COOTBETCTBHH C PACCUMTAHHBIMH B JIOMAIIIHEM 3aJ1aHUU, UC-
NoJIB3ysl TIepeMeHHbIe @ u D. AXIS B cBoiicTBaX 0003HAYaeT OCh, BIOJb KOTOPOM pac-
MOJIOXKCHA HOPMaJIb K MPSMOYTOJIBHUKY. [IpSMOYroibHUK — HE OOBEMHBIN OOBEKT,
II03TOMY OH BO3HHKAeT B JiepeBe B y3iie Sheets, a ve Solids. Marepuan eMy 3a1ath
HEJTb3s, MOKHO TOJIBKO 33J1aTh TPAHUYHBIC YCIOBHS HAa HEM. 3a/1aJiuM YCIIOBHS HJIC-

aJIbHOT'O TIpoBOHKKA (pHcC. 15).

Project Manager E...c@ Model
- Project3* =& Solids
-3 HFSSDesign1 (DrivenModal)* . 58 Substrate
g2 3D Components ; @& Boxi
- Model : - @ CreateBox
-EF Boundaries 53 Sheets
£ Excitations 4.0 Unassigned
& Hybrid Regions EI = =
B8 Mesh Operations Expand All
- $F Analysis =t Cref
{7 optimetrics -~ Coy Collapse All
-7 Results -, Coordinate Syste Edit >
Port Field Display - & P_Ianes R 3
TG Field Overlays €2 Lists
52 Radiation Create 3D Component...
& Definitions =

Create Array ..
Name ‘ Value | Unit |Eva|ualed V... .
Name  Rectan Create Open Region ...
Orientati.. Global Update Open Region Padding...
Maodel [+ Assign Boundary > Anisotropic Impedance...
Group  Model Assign Excitation > Aperture...
Display.. [ Assign Hybrid > Finite Conductivity..
Color [ Assign Mesh Operation > Half Space...
Transpa... 0
Plot Fields p o (perEree
Layered Impedance...
Plot Mesh
Lumped RLC...
Master...
< 3 Perfect E...
Atribute Perfect H...
Radiation...
Message Manager T
S A *Global - Messages ST
A Left-alt+ shiftis currently used by the system to toggle the input language. ltis also used in some portions of this apf Y e
language to change unexpectedly. PML Setup Wizard..

Assign Material...
View
Properties...

Puc. 15. 3aganue rpaHuYHBIX YCIOBUN Ha MPSIMOYTOJIbHUKE

Mopenb HEOOXOIUMO OTPAHUYUTH YCIOBUSIMH HW3IIYYECHHS I KOPPEKTHOTO
pacdyeTa XapakTEpUCTHK aHTeHHBI. Co3MaauM TMapajuieenune BOKPYT MOJIEIH
(puc. 16) 3a1aB pa3Mepsl U MOJIOKEHUE BOJIb OCEH X U Y KaK Y MOJJI0XKKH, a BJI0JIb OCH
Z KaK TIOJIOBUHY JJIMHBI BOJHBI B CBOOOJIHOM IMPOCTPAHCTBE (TaKUM OOpPa3oM €ro
CTEHKHU OYyIyT OTHajeHbl OT M3JYYalollIero 3JeMEHTa MO0 MEHbIIEeH Mepe Ha JJIH-

HY BOJIHBI).
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Project Manager = Model
=] Project3® =& Solids
=€ HFSSDesign1 (DrivenModal)* & Substrate
é 3D Components
..... 5 @ Model
~EF Boundaries & vacuum
; Excbit.a;i;ns. E| ._T/‘ Box?
= rid Regions )
..... i) M‘};sh Opeiations ':”_| chﬂﬂ*‘ © x
----- P Analysis "
{7l Optimetrics E‘D Unassigned
..... Results E|IZI Rectanglel
..... Port Field Display --—I CreateRectangle
T Field Overlays -2 Coverlines
""" % Radiation #-le. Coordinate Systems
#-(] Definitions =& Planes
w2 Lists

Name Value

Command CreateBox

Coordinate Syste... Global

Position xsubf2 ~ysub/2 0.

XSize xsub X

YSize ysub

ZSize 100 i

Puc. 16. 3aganue rpaHuIl MOICITH

OnHOKpaTHO HaXKaB KHOMKY F 1y1s mepexona B peskuM BBIOOpa TpaHEil BMECTO
00BeKTOB, U, 3akaB Ctrl, moouepeHO OTMETHM BCE TpaHU MapalieiienuIeaa, KpoMe
TOM, YTO MPUMBIKAET K MOJIOKKE. Bpamark Mojienb mpu 3ToM MOXKHO 3axaB Alt u
JICBYIO KHOIIKY MBIIIN. JIBUraTh MOJIEIb B OKHE MOJCIIM MOKHO 3aaB KiaaBuiry Shift
Y JICBYIO KHOIIKY MBIIIH, MacIITaOUPOBATh KOJCCUKOM MBIIIH. 3aJ1aJliM TPAaHHYHBIC
YCIIOBUS M3ITyYeHUs, HAXKaB TPABYIO0 KHOIKY MBIIIA B OKHE MOJICIIM HAa BBIOPAHHOM
obsactu, BeIOpaB Assign Boundary u makap Radiation... (puc. 17). Jlns mepexomaa
00paTHO B PEKUM BBIJICIICHNS 00BEKTOB HE0OX0AMMO HaXkaTh KinaBuiry O. YOoenutbcs
B MMPaBUJILHOCTH 3a/IaHUS TPAHWUYHBIX YCIIOBUH M3JTy4EeHUST MOXHO TIOBEPHYB MO/IEIb K
ceOe HIDKHEH 4acThio (ITOMJIOXKKOM), W BbIOpaB ycioBue Radl B nepeBe mpoek-

ta (puc. 17).
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P Boxl
LM CreateBox
acuum
? Box2 Select Groups G
il CreateBox Select Submodels U
ts Select Objects o]}
umped Port
erfect E Select Faces F
O Rectanglel Select Edges E
:l CreateRectang| Select Vertices v
1 Coverlines Select Multi M
ate Systems
Next Behind B
@ Al Object Faces
Anisotropic Impedance.., Faces On Plane
Aperture... Go to History
Finite Conductivity...
inite Conductivity. Measure 5
Half Space...
Impedance... View '
Layered Impedance... Edit 3
Lumped RLC... Group 5
Master... Create 30 Component..,
Perfect E...
Perfect H 2 Assign Material...
Radiation Create Array ...
Slave... Create Open Region ...
Symmetry... Update Open Region Padding...
PML Setup Wizard... Assign Boundary 3
Assign Excitation 3
/Documents./Ansoft/)
Assign Hybrid 2
Assign Mesh Operation 3

Manager LAV o2k Model
g 3D Components ~ g & Solids
g Model : & Substrate
&P Boundaries =& vacuum
~ F PerfEl B~ Sheets
= -3 Perfect £
9 Excitations

=03 Rectangle1
—1 CreateRectal
3 Coverlines

& Hybrid Regions
B8 Mesh Operations

57 Analysis )
(@ Optimetrics 7 le. Coordinate Systems
-3 Results 7--& Planes

2-é2 Lists

Port Field Display
ﬁ Field Overlays
¥ Radiation

123 Definitions

v
>

[ties 4 x

me | Value | Unit |Eva|ualed\f
e Radil
Radiati..

Puc. 17.3aganue ycnoBuii u3mydeHus: Ha TPaHUIIaX MOJIEIN

CozmaauM MPSMOYTOJIBHUK, TIEPIICHANKYIISIPHBIA OCH X, C Ha4aJIbHBIMUA KOOP-
auratamu 0, yO—0.5mm, 0 (yO onpenennm Kak mepeMeHHYIO U IPUCBOUM i 3HAYCHHUE
u3 nomainHero 3aaanus, 0,5 MM — 3To mompaBka it TOro, 4TOOBI HMEHHO €T0 cepe-

JWHA TIPSIMOYTOJIbHUKA OKa3anach Ha paccTostHUU YO OT IIeHTpa MOJIOCKOBOTO Pe3o-
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Hatopa) ¢ pazmepoM | MM Baoib ocu Y, u h Brons ocu z (puc. 18). 3anaaum Ha HeM
UCTOYHHK BO30YKICHUS B BUJE cocpenoToueHHoro nmopra (Lumped Port), kak nmoka-
3aHO Ha puc. 20, HaxxuMaem «Jlanee», 3agaeM JIMHUIO OT CEpeAMHBbI pedpa MpsSMo-
YroJIbHUKA, Kacarollerocs 3KpaHa, 0 CEepelrHbl pedpa, Kacarolerocs npoBOsIIeH
IUTACTUHBI (KOT/Ia Kypcop HaBEJEH Ha cepeAnHy pedpa, OH MpHUHUMAaeT QopMmy Tpe-
yroJibHHKa) Kak mokazano Ha puc. 20. Haxxumaem «Jlanee» u «['0TOBO» B MOSIBIISIIO-

IIUXCSI OKHAaX, OCTaBUB CONPOTHUBIICHHE 3HaU€HUEM 110 yMoadaHuto (50 Om).

Properties

Name Value | Unit |

Command  CreateRectangle

Coordinate ... Global

Position Omm .y0 .0mm |
Axis X

YSize 1 mm
ZSize h

Puc. 18. Co3ganne npsiMOYTOJIBHHKA JIJIS TIOPTA

E-¢% Model
&7 Solids
=51 Sheets
-3 Unassigned
-3 Rectanglel

El=]Req
o Expand All
O Collapse All
-le, Coordinate St Edit 2
-2 Planes Group 5
#-¢7 Lists

Create 3D Component...

Assign Material...

View >
Properties...

Create Array ...

Create Open Region ..
Update Open Region Padding...

Assign Boundary > - |
Assign Excitation > Wave Port...
Assign Hybrid > Lumped Port...
Assign Mesh QOperation > Floguet Port...
Plot Fields p| Uik
. Incident Wave >
Plot Mesh Linked Field >
Voltage...
Current..
Magnetic Bias... /

Puc. 19.3ananmne uctouHnka Bo30YKISHUS
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Lumped Port : Modes X

Number of Modes: |1

Mode Integration Line Characteristic Impedance (Zo)
MNone -

MNone

Use Defaults |

<Haszan I Oanee > I OTMeHa |

i L

Lumped Port : Modes * Sr
3

Number of Modes: |1 8
Maode Integration Line Characteristic Impedance (Zo) g
-
b

)

3

Use Defaults | -

.

<Hazan | Danee > I OTMeHa | =

L et e R —— P -

Puc. 20. 3aganue Integration line

COCpG,HOTO‘ICHHBIﬁ nopT aHAJIOTHYCH HMCTOYHHUKY TOKa M MOKCT TAKXKC HC-

MOJIb30BAThCS AJI1 BO30YXKACHUs JUHUM nepenayu. Takue mopThl MPUMEHUMBI Kak

24



MCTOYHMKHM HAMNPSOKEHUs! B pa3pbiBax MPOBOJHUKOB WJIM JPYTUX CIydasiX, KOorja He-
BO3MOYXHO HCITIOJIb30BaTh BOJIHOBOJAHBIE MOPTHL. Kak MpaBWiIOo, OHU HPUMEHSIOTCS
BHYTpH MOJENH (HE Ha BHEMHHX €€ rpaHsax). OHU TO3BOJSAIOT MOJIYyYaTh
S, Y, Z-mapameTpsl U MOJs, HO HE JAaIOT HUKAaKOW MHGOPMAIMK O BOJTHOBOM COIPO-
TUBJICHUH JIMHUW WIM BOJIHOBOM 4Hciie B Heil. K pesynbraram, mojgydyeHHbIM IpH
MTOMOILY TaKOTO MOPTa HENb3s IPUMEHUTH CMEIEHUE IIJIOCKOCTH OTCYETA, HO MOKHO
POU3BECTH IEPEHOPMUPOBKY XaPAKTEPUCTUUECKUX MATPHII.

B oriauune OT BOJTHOBOJHBIX MOPTOB, COCPENOTOYEHHBIE MOPTHI MOTYT IMOJ-
JEp>KUBATh TOJBKO OJHY MOAy. OHHU MOTYT ObITh 3a/laHbl Ha J000M 2D o0bekTe,
uMeroleM pedpa Ha JByX HPOBOASILMX TeNax WM MOBepXHOCTAX. KommekcHoe
CONPOTHUBJICHUE, OMNpPEAEIAEMOE NPH CO3[JaHUU TOPTA, CIY>KUT BOJHOBBIM COIPO-
TUBJICHUEM JIMHUU IPU HOPMUPOBKE S-MaTPUIIbl, OHO UCTIOIB3YETCS AJIsl ONIPEIETICHUS
aMIUIUTY/Ibl MICTOYHHKA, HAIPUMEP, MOJAILHOTO HaNpsKeHus V 1 MOIalIbHOTO ToKa |,
4yepe3 HOPMUPOBKY KOMIUIEKCHOW MOIIIHOCTH. JIMHUS, KOTOPYIO HEOOXOIMMO 3a1aTh B
IIPOLIECCE CO3/IaHMs NIOPTa, COEAUHSET JBE TOUKH, B KOTOPBIX UICTOYHUKOB CO3/1A€TCS
HaIpsHKEHUE, MO3TOMY MONIEPEUHBIE pa3MeEPhl OPTA HE UTPAIOT BAXKHOU POJIH.

CocpenoToUeHHBIN NOPT B JAHHOM paboTe SBIISETCS aHAIOIOM KOAKCHaJIbHOTO
BO30YX/I€HHS] MUKPOITOJIOCKOBOI'O Pe30HaTOpa (OJUH MPOBOAHUK MPHUCOECTUHSETCS K
AKpaHy, a BTOPOH K MPOBOAsAIIEH MacTuHe). Moens nojgydaercs ynpouieHHas, oj-
HAKO JUIsI HACTPOMKHU aHTEHHBI MOAXOAUT JOCTATOYHO XOPOIIO, M COKPAILAETCS BpEMS
pacyeTa 1o CpaBHEHUIO ¢ TOUHBIM MOJIETMPOBAHUEM KOAKCUAIBHOTO BXO/1a.

3a1auM HACTPOMKHU AJIsl pacyeTa JuarpamMMbl HapaBJICHHOCTH KakK MOKa3aHO
Ha puc. 21. B aTOM OKHe 3amaeTcsi ceTka Al pacdera 3JEKTPOMarHUTHOTO IMOJsS B
chepuiecKkoil cucteMe KOOpJAMHAT B JlajdbHEN 30HE (1Iar CeTKH Mo yriaMm ¢ u 0 u ux
npenaensl). Jns Toro, uroOsl BriociencTsuu Ha rpadukax JIH Obuia paccuutana Bo
BCEM JMana3oHe YrioB 0, HEOOXOAMMO HIDKHHMM uUX mpenes yctaHoBuTh —180° u

Haxxkath OK.
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=4 Model

-5 HFSSDesign1 (DrivenModal)* A EII-7 Solids
& Substrate

"5 3D Components

- Model =& vacuum
=-£F Boundaries B Box?
i PerfEl &5 Sheets
“1F Radl :

E|I:I Lumped Port

: é_...l:_l Rectangle2
.. CreateRectal

‘.3 Coverlines

&8 Excitations
&% Hybrid Regions
B8 Mesh Operations

--4F Analysis
@ Optimetrics E“:' Perfect E
[ Results £~ Rectanglel
=[] Port Field Display —I CreateRectal
i Field Overlays .. CoverLines
C 4 m s Conrdingte Systems
&2 Defini Paste Ctrl+V |
_ Insert Far Field Setup > Infinite Sphere...
Insert Mear Field Setup > Antenna Parameter Overlay...
Antenna Array Setup... | |
W
Far Field Radiation Sphere Setup x

Infinite Sphere | Coordinate System | Radiation Surface

MName Ilnﬁnite Spherel

—Phi
Start Iﬂ Ideg LI
Stop |3E-{]' Ideg LI
Step Size |10 [deg ~|
— Theta

Start REX |deg

1]
Stop [180 |deg -l
=]

Step Size |1{]' Ideg

Save As Defaults | View Sweep Points... |

oK I OTMeHa | Cnpaeka |

Puc. 21. Hacrpoiika 1i1st pacueTa quarpaMMbl HallpaBI€HHOCTH
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Jlo6aBrMM B IIPOEKT HACTPOUKY pelieHus (puc. 22). 3aaiiTe 4acToTy pelieHus
(frequency) u ee enuMHUIlY M3MEPEHUS B COOTBETCTBUU ¢ Tald. 1 M MakCUMalbHOE
KOJIMYECTBO IIaroB afganTUBHOTO pazomenus 20 (puc. 23). Dta HacTpoliKa HEOOXO-
aUMa, T. K. YCTaHOBJICHHOTO KOJMYECTBA IIIaroB MO YMOJYAHUIO KaK IMPaBWIO HE
XBaTaeT JAJIsl aHaIN3a MOJIOCKOBBIX YCTPOMCTB M aHTEHH C HACTPONKAMU PEIICHUS 110
ymouanuio. Ha Bkimanke Options 3amaiite MUHIMAaTbHOE KOJIMYECTBO UTECPAIHIA JUTSI
amantuBHOro pasouenus 10 (puc. 24). Ha mepBbIX uTepalusax OMIMOKH MPH pacuere
3HAYUTEIbHBI, OJTHAKO KPUTEPHH CXOIUMOCTH PEIICHUS MOXET CIy4allHO BBIMTOJ-
HUTKCS €IIe MPU MAJIOM KOJIMYECTBE KOHEUHBIX AJIEMEHTOB B MOJICIH H3-3a €€ Ipy-

6OCTH, " PpaCUdCT XapaKTCPUCTUK OKAKCTCA HCTOYHBIM.

¢ HFSSDesign1 (DrivenModal)* A 247 Solids
&2 3D Components S Substrate
il Model E! vacuum
=P Boundaries w7 Box2
I PerfEl -5 Sheets
""" ¥ Radl -2 Lumped
EJ--?; Excit.ationsl . 5O Recta
@ Hybrid Regions 4 Cr
B8 Mesh Operations
- fF Anah,-si Ec
@ Optimet Paste Ctrl+V
Bl Results | 3 Add Solution Setup..
- Port Fiel List..
- gy Field Ov
=g Radiatio Analyze A
- et Infini Revert to Initial Mesh

Apply Mesh Operations
Properties

Clear Linked Data
Network Data Explorer...

Create Savant Project...
Create EMIT Project...

Puc. 22. YcraHoBKa HaCTpOEK pereHHs
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Driven Solution Setup X

General §Options Advancedl Hybridl Expression Cache Derivaﬂvesl Defaultsl

Setup Name ISetupl

[v Enabled [~ Solve Ports Only

—Adaptive Solutions

Solution Frequency: ® Single (" Multi-Frequencies ¢~ Broadband
Frequency I 3 IMHZ LI
Maximum Number of Passes I 20

(& Maximum Delta S IU-U2

(" Use Matrix Convergence Set Magnitude and Phase...

Use Defaults |

HPC and Analysis Options... |

0K I OTMeHa |

Puc. 23. YcraHoBKa 4acTOTHI 1 MAaKCUMAIILHOTO KOJIMYECTBA UTEPAIIUI aJalITUBHOTO PEIICHUS
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General Mvancedl Hybridl Expression Cache Deri'u'ativesl Defauhsl

— Initial Mesh Options
¥ Do Lembda Refinemert
Lambda Tanget: (03333 ¥ Use Default Value

[T Use Free Space Lambda

— Adaptive Options

Maximum Refinement Per Pass: |3'D— %
[~ Maximum Refinement: IW
Minimum Converged Passes: I'I—

— Solution Options

Order of Basis Functions: IFirst Crrder ;I

% Direct Solver

" lherative Solver

Felative Fesidual |1E-DDE

™ Domain Decomposition

Relative Fesidual: ID. 0001

lUse Defaults |

Puc. 24. YcraHOBKa MUHIMAJIBHOTO KOJTMYECTBA UTEPAIUI aJalITUBHOTO PEIICHHS

Jlo6aBuM kadaHue 4acToThl (puc. 25). YcraHoBuUM Tul Kadanus Fast, a aua-
na3oH 4actor oT +10% oT yacToThl, ykazaHHou B TaOm. 1 (puc. 26). OcrajibHbIe
HACTPOMKH OCTaBUM 10 yMoTuaHuto U HaxkmeM OK. 3amyctum pacder, Ha)kaB KHOIIKY
Analyze All na maHenn WHCTPYMEHTOB MJIM B KOHTEKCTHOM MeHIO y3ia Analysis B

nepese npoekra (puc. 27).
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L—‘_I,l!? Analysis I
o Sat
SET

(@ optimetri = COPY
..... Results | B2 Paste
=-[ Port Field
T Field Ove
E-%’ Radiation

- Properties...

Rename
Delete

Name | Value }~  Add Frequency Sweep...
Mame Setupl Analyze
Enabled [+ Submit Job...
Passes 20 Revert to Initial Mesh

"""" = U ETLINTE S
&3 Perfect E
Ctrl+C
Ctrl+V

F2
Delete

Puc. 25. JloOaBiieHHe Ka4aHHS YaCTOThI

Edit Frequency Sweep

General |Defau|ts|

Sweep Name: |Sweep [+ Enabled
Sweep Type: I IFast LI I
— Frequency Sweeps [451 points defined]
Distribution || Start | End
1 |Linear Count I 9GHz 11GHz oints 451
Add sbove | Add Below Delete Selection Previews ... |

—3D0 Fields Save Options

Time Domain Calculation... |

[v Save Fields

[T Save radiated fields only

- Generate fields at solve time
(All Frequencies)

0K OtrMe

Ha

Puc. 26. YcTaHOBKH KayaHUSA 4aCTOTHI
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E| ﬁ I| e E Ca
ﬁ Sety 361516 Ct’ +V
@ Optimet (F Add Solution Setup...
Results List..

Port Fie

1& Field Ov Analyze All

=% Radiatio Revert to Initial Mesh

B File Edit View Project Draw Modeler HFSS Tools Window Help
‘DS & |5 5 = o ~B% BiE28B |0

i@ o0 mo0® RiD e &|xy ~|lfsp |

Puc. 27. 3anyck pacuera

OreHnTh CXOIMMOCTh aJANTHBHOTO pPEIICHUS MOXHO HakaB Convergence B
KOHTEKCTHOM MeHI0 y3i1a Setupl B nepeBe npoekTa, in6o 1o kHomnke Solution Data Ha
NaHeJIn MHCTPYMEHTOB (puc. 28), mepeiins Ha Bkiaaky Convergence. OTkpoeTcs OK-
HO, TOKa3aHHOe Ha puc. 29. 371ech MOKHO BUIETh KOJMYECTBO KOHEUHBIX 3JIEMEHTOB U
OIMOKY MO CPaBHEHUIO C MPEIbIAYIIEH UTepalreil s KaKI0M uTepanuu aganTrB-
HOTO pemeHwus, a Takke craryc cxomumoct perienusi (CONVERGED — kputepwmii
cxogumocT focTurayT uiim NOT CONVERGED - kpurepuit He nocturayt). Hop-
MaJIbHBIM SIBJISICTCS MOCTeNeHHoe yMeHblneHue omuokn Max Mag Delta S ¢ ysenu-
YEeHUEM KOJIMYECTBA AJIEMEHTOB. MI3MeHeHne OMMOKN C HOBBIMU UTEPALUSIMH TAKXKE
MOJKHO TPOCCIUTh Ha rpaduke, ecii BbIOpaTh B okHe PlOt, mo xoTopomy MOXHO
OTMETHTh MOHOTOHHOE YMEHBIIIEHNE OIMMUOKN C YBETUUCHUEM HOMEpa UTEPAIUU Pe-
IICHUSI.

Ha Bruagke Profile moxHO yBUaeTh BpeMsi pacuera, Kak peajbHOE, TaK M B
nepecyeTe Ha PO MPOoIeccopa, a TaKKe MCIOIb30BAHHBIN I pacdeTa 00BheM Orle-
patuBHOM mamsaTH. Ha Bxiaanke Mesh statistics Mo»HO yBHIETh KOJIMUYECTBO KOHEU-
HBIX 2JICMEHTOB B/Ha Ka)KJI0M nMpuMuTHBEe Mojeiau. Ha Bkiagke Matrix Data oroopa-
KAIOTCS JIAaHHBIE XapaKTePUCTUYECKUX MATPUI] MOJIENH B BBIOpaHHOM (opmare, OT-
CI0JIla UX MOXXHO JKCIOPTHUPOBATh B CTAHIAAPTHBIC IIJISI MPOTPAMM MOJEITHUPOBAHUS

dbopmarsbl.
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Eﬁ | I =03 Perfect E
o sw 2 Copy iy
@ Optimetric B2 Paste Ctrl+V
ResultsId Rename -
M- Port Fi
I _0 & Delete Delete
- T Field Over

= Properties...
Disable Setup

— b~ Add Frequency Sweep...

a Setupl Analyze
iled [ Submit Job...
ies 20 Revert to Initial Mesh
ent... 30 Add Mesh Linked Solution Setup
15 002 Apply Mesh Operations
fion | 1000 l Clear Linked Data
50r... FirstOr...
Ref 1000000 Create Quick Report...
Ma. [~ Perform FFT on Report ...
AB. - Perform TDR on Report ...
zr T.. Direct ... Profile...
E Convergence...

Matrix Data
Mesh Statistics...

Modeler HF5S Tools Window Help
= i|Local ~BEF B EL22B pr BIOSES

ol = 7 v P .
P | o & ||x~rj||3[> ML L LY T Solution[}atal\;g

Puc. 28. OTKpLITI/Ie OKHa C pe3yJibTaTaMU aJallTUBHOI'O PCIICHUS
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7 Solutions: Lab10MWDAS - HFSSDesign

Simulation: ISetup1

=]

Design Yariation: |a='1DDmm'b='1DDmm'h='1mm'xsub='SDDmm'yD='25mm'ysub='SDDmm'

—Mumber of Passes

Completed 11
Maxirmurm 20
Minimum 7

| Matrix Data | Mesh Statistics

—Max Mag. Delta 3
0.02
0.017735

Target

Current

Yiew: (@ Tahle

Export... |

[ CONVERGED ]

 Plot

—Consecutive Passes
Target 1
Current 1

—Default Setings

Sawve Defaults

Clear Defaults

Fass Number | Sokved Elements | Max hag. Delta 5

— Mumber of Pazses
10

20

b irirnam 7

Completed
[

—Max Mag. Delta 5
0.0z
0072346

Target
Current

Wiew: { Table " Plat

x: IF'ass MNurnber

Y IMa:-c Mag. Delta 5
COMYERGED
— Congzecutive Pazses

Target 1
Current 1

Lol Lo

Max Mag. Delta 5

— Default Settings

Save Defaultz Clear Defaults

10.00

2

=
=i
=

III.I\Q

0.01

=

[

Pass Mumber

Puc. 29. Pe3ynbTaThl ajanTUBHOTO PELICHUS
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Haxxmute B nepeBe MpoeKkTa Ha y3el, COOTBETCTBYIONIUI METAUTUIECKON T1a-
CTHHE, MpaBoi kHomko# MbIiiH, 3ateM Plot Fields, E, Mag E (puc. 30). B nosBus-
[IeMCsI OKHE MOKHO BBIOpATh YacTOTY, HA KOTOPOH OTOOpa3UTCsl BETMYMHA TIOJISI, HO
OCTaBUM HACTPOWKY MO YMOJYaHHIO (YacTOTa aJalTHBHOTO PEIICHUS) U HAKMEM
Done. YtoObI ociie 3Toro KapTUHa MOl OKa3anach BUIUMOM, HEOOX0IMMO BBIOPAThH
B JIEPEBE MPOEKTa COOTBETCTBYIOMINH y3e JeBor KHOmKo! MbIt (puc. 30).

Jliss aHUManuK TOyYeHHOW KapTHHBI 10 HadalbHOU (pa3ze HeoOXOIuMO BHI-
OpaTh 110 HAXKATHIO TIPABOM KJIABUIIICH MBIIIH 110 3TOMY Y371y ITyHKT Animate u B HeM
BeIOpaTh Phase kak mapamerp st anuMaruu (puc. 31). Ilocime atoro mpowusoiiner
pacyeT Bcex IIaroB aHMMAIIMK TOJI IPU U3MEHEHUH HayalbHOU (a3bl (COOTBETCTBYET
M3MEHEHHUIO KapTUHBI TOJS 3a OJWH MOJYNEpHo] KojeOaHui) U aHUManus Oynaer
OTOOpaKeHa MPSIMO Ha MOjIeNIM. B mosBUBIIEMCS OKHE MOXHO HACTPOUTH CKOPOCTH
aHUMAIlMW WA SKCIOPTHPOBATh €€ B OJHOM M3 PacIpOCTpaHeHHBIX (hopmaroB. Ha
MOJTYYCHHOW KapTHHE MOYKHO BUJEThH, YTO BEJIMUWHA TIOJIS CYIIECTBEHHO OOJIBITIC HA

MCJIX Ha TOpOax pe3oHaropa.
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& [Jvacuum _w|f|mogel hd| 'E'D+E-—F|§ﬁw4&|émﬁ*|§’i‘n¥%-@“@€@?|§@@@@@@ﬁ]@ﬁﬂ?mﬁ.{‘ﬁ&%-
rojec.. & x (IS % Model
£ A =&
-3 Sheets
. 3 Lumped Port
-] -3 Perfect E
=" =83
H g = Expand All
= Collapse Al
i @12, Coordinate Syd it ,
i -4 Planes
- Lists Group 3
Create 3D Component...
B A Assign Material...
[0 D
=0 . View '
Properties...
Create Array ...

1 ox

Name |'

Name f

roper...

Create Open Region ...
Update Open Region Padding...

Orientation  |( Assign Boundary 4
Madel Assign Excitation »
Group ! Assign Hybrid 4
Display Wi... Assign Mesh Operation 4
$ E ’ Mag_E 4

H 4 ComplexMag_E

J 3 Vector_E

Q »

Other 3

Radiation Field...

Mamed Expression...

profiles/).E Mitelman/Documents./Ansoft /)

Marker 3
I == L 2
ﬁ Figld Overlays - 1
=P E Field 1
|
Rename F2 1
7
Delete Delete 5
Modify Plot... 1

— Set Context To Active Window
e Mag... Export Plot...
ion Set... -
- 0 deg | Animate...
GHz Plot Visibility
Reassign

Select Assignment

Puc. 30. OTobpakenue HaPsHKEHHOCTH AJIEKTPHYECKOTO OIS Ha TIPOBOIAIICH IIIaCTHHE

CU4FE1E+EE1

L 3L29E+E83
L 9299E+60E3

SYEIE+EE3

. 1E638E+BE3
. BASZE+BRZ

97 8RE+BRZ
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M arme: I.-i‘-.nimatiu:um D ezcription: |

Swept Vanable | Design Paint I

Swept variable: =
Start:  |Odeg
Stop: I'I?MEEI
Steps: I-I?

Cancel |

Puc. 31. YcTaHoBKa aHUMAIAU OIS

Jlo6aBuM rpaduueckoe mose ¢ BXOAHBIMH XapaKTEePUCTUKAMU MOJICIIH, Ha)KaB B
JepeBe mpoekTa Ha MyHKT Results mpaBoii kHomkoi Mbimi U BeiOpaB Create Modal
Solution Data Report (nannblie pemienus st Mo B opTax), Rectangular Plot (mone

JEKapTOBOM CHCTEMBI KOOPJMHAT) KaK MOKa3aHo Ha puc. 32.
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. [[8] Optimetrics J =L~ Coordinate Systems

.....

=-[f Port Field C

3. 4YE2BE+BE83
Paste Ctrl+V 3. B7TIRE+BE3

1 Create Modal Solution Data Report J Rectangular Plot
[_]% Field Overl: Create Fields Report r Rectangular Stacked Plot
=W EField Create Far Fields Report C Paolar Plot
e ==
""" oo Mat Create Emission Test Report b Data Table
Eﬂ---';' Radiation . )
Create Report From File... Smith Chart
Delete All Reports 30 Rectangular Plot
30 Polar Plot
3
Report Templates Rectangular Contour Plot
User Defined Solutions... Smith Contour Plot
Create User Defined Solution ¥

Puc. 32. lo6aBnenue rpaduka B 1eKapTOBOW CUCTEME KOOPAUHAT 110 MOJATBHOMY PEIICHUIO

JloGaBuM B TIPOEKT rpaduK 3aBUCUMOCTU JEHCTBUTEILHON U MHUMOM dacTen
BXOJIHOTO COITPOTHUBIIEHHSI OT YaCTOTHI, BEIOPAB B MOSIBUBIIEMCS OKHE Z-Parameters B
JIeBOW YacTu W mpuMeHUB K HUM (pyHKuu M u Re u3 nmpasoit yactu okHa (puc. 33).
BeiOupaTh HECKOJIbKO (YHKIWI 3a OJMH pa3 MOXHO yaepkuBas kiasumny Ctrl.

Haxxmem New Report.
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—Context

Trace | Families I Families Displayl

Solution; .
ISetuFll : Sweep Primary Sweep: IFreq ;I IAJI

Domain: S
I Weep ¥ ¥ Default | Freg

]
-
_ToR Optins..,| . ey mE ) Range |

Funiction...

Category: Quanﬁt?:l hl I Function:

Cutput Variables ang_deg

5 Parameter ang_deg_val
e ang_rad

arg

cang_deg

Gamma cang_deg_val

Port Zo cang_rad

Lambda dB10

Epsilon dB 10normalize

Group Delay dB20

Active S Parameter dB20normalize

Active Y Parameter

Active Z Parameter

Active VSWH

—Update Report Passivity normalize

Design
p Real time QPdatE v | Snlitan Cranvernenrs <

Qutput Variables. .. | COptions. .. | Mew Report apply Trace | add Trace |

Puc. 33. BeiBoa Ha rpaduk qeicTBUTENIbHON U MHUMOM 4acTeil BXOJTHOTO COIPOTHBIICHUS

Ecau Bce MapaMCTphl IIOJIOCKOBOI'O PE30HATOpaA paCcCUUTAaHbl BCPHO, TO HaA II0-
SIBUBIICHCS YaCTOTHOM 3aBUCHUMOCTH MOKHO 6YI[€T HaGHIOI[aTB HapaHHeHBHBIﬁ pe-

30HAHC KaK 9TO IMMOKa3aHo Ha puc. 34.
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Z Parameter Plot 1 HFSSDesign1 4
200.00 Curve Info

— rez(1,1)
Setup1 : Sweep

— imi

z(1,1))
Setup1 : Sweep

150.00

100.00 -

T 5000

-50.00 —

-100.00 T T T T T
0.90 093 095 098 1.00 103 105 108 110
Freq [GHz]

Puc. 34. YacToTHast 3aBUCUMOCTE BXOJHOT'O COIMPOTUBJICHHUA

Kak npaBuio pe3oHaHC MOJIy4aeTCsi HECKOJIBKO CMEIIEHHBIM OT IEHTPaIbHON
4acTOTBHI, 33/IaHHOM 110 BapUaAHTY U3 Ta0J1. 1 1 aHTEeHHY HEOOXOAUMO TTOACTPOUTH. J1is
HACTPOMKH 10 YaCTOTE HEOOXOIUMMO U3MEHATh PE30HAHCHBIN pa3Mep aHTeHHHI b, 3a-
JAHHBIM OJHOMMEHHOW mepeMeHHOU. JlJigs 3TOro HeoOXOJAMMO BHIOPATH B JIEpEBE
MpOeKTa UMsi MoJieu. Torja nepeMeHHbIe MOJICIIN 0TOOPA3ATCS B OKHE CBOMCTB M UX
TaM e MOXHO Oyaer m3MeHsTh (puc. 35). Ilociie M3MEHEHHs pa3MEepOB AHTCHHBI
HE0OXOIMMO CHOBA 3aIycKath pacuet (puc. 27). I3mMeHsiiTe pe30HaHCHBINH pa3Mep 110
TeX Mop, MOKa NapauiebHbIA PE30HAHC HE OYIeT HACTYyNaTh Ha [IEHTPaJIbHOM YacToTe
(MHUMAas 4acTh CONMPOTHUBJICHUS HA HEM MOJDKHA ObITH OJHM3Ka K HYJIO, a BEIIECTBEH-
Hasg K Makcumymy. [lociie HacTpolKH Ha mapaylieNbHBIA PE30HAHC, HEOOXOIMMO CO-
IJIaCOBaTh BXOJHOE COMPOTHUBJIEHNWE AaHTEHHBI C BOJHOBBIM CONPOTUBICHUEM JIMHUU
50 OmM, T.e. mpuBECTH 3HAYEHWE AKTUBHOW YaCTH COINPOTHUBJICHHUS HA LEHTPAIbHOU
gactoTe K 50 Om. [l1g 3TOro HeoOXOAUMO M3MEHSTH CMCIICHHUE TOYKHM IMUTAHUS OT
neHTpa pe3onaropa Y0. [Tocne cMmenmennst TOYKH MATaHKS, PE30HAHC aHTCHHBI MOYKET
CMECTUThCA MO 4YactoTe. Eciam cMeleHne 3HAYMTENbHOE, HEOOXOIUMO MOBTOPUTH
HaCTPONKY PE30HAHCHOTO pa3Mepa, MOCJE Yero MOBTOPUTH HACTPOUKY TOUYKH CMe-
meHuss U T. 1. [locne HacTpOMKM aHTEHHBI YAaCTOTHBIM JMANa30H aHAIN3a MOYKHO

CY3UTh J10 +2—3% OT IeHTpabHON YacTOThI (puc. 26).
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Project Manager

&P Hybrid Regions
.8 Mesh Operations
= Analysis
=P Setup1

Tl |~ Sweep
{8 Optimetrics

Properties

Puc. 35. MI3meHeHNE TIEPEMEHHBIX B MOJICITN

BriBenem Ha rpaduk B aexkapToBoil cucreme koopauHat KCB anamormyHo
puc. 33, Ho BbIOpaB B jeBoM criiucke VSWR BmecTo Z-parameters, a B mpaBoM CIHUCKE
¢dbynkuuro none (orcyrcrBue Qpynkiuu). Ha momydeHHOM rpaduke HaKMUTE JIEBOU
KHOTIKOW MBIIIN JIBaX/bl HA BEPTHKAIBHYIO OCh M BhiOepuTe Bkiaaky Y1 Scaling.
3amaiite MmunumansHoe 3HaueHrne KCB mis otobpaxenus(min) 1, a MakcuMaibHOE
(max) 5 (puc. 36). Ecau HacTpoiika aHTEHHBI BBIMOJHCHA BEPHO, TO MUHUMAJIbHOE

sHauenue KCB Oyzaet nabmonaTbes BOMU3U LIEHTPATBHOM YaCTOTHI.
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Cartesian I General I (Grid

| Header | Legend | X Aws | X Scaling | Y1 s Y1 Scaiing |

MName | Value I Unit | Evaluated Value Description A

Fods Scaling Linear
| speciy Min r
[ in 1
| specy Max r
[ 5

Spacing 10
| Minar Tick Divs |5

—Manual Units
: Auto Units |7 v
£ >

[” Show Hidden
0K I CmaeHa MpurMeHaT:

Puc. 36. 3aganue npenenoB oroOpakeHus rpaduka

Haxxmute Ha rpaduke nmpaBoi KHOMKOW MbIIIH, BRIOpaB myHKT Trace Charac-

teristics, All...

(puc. 37). B OTKpBIBIIEMCS OKHE BBIOCPUTE BHH3Y CITHCKA

XWidthAtVal (oTtobpaxeHue MHUPHHBI rpaduKa MO 3aaHHOMY YPOBHIO) U BBEIAMTE

3HAUYCHUC BHU3Y

OoKkHa 2 (0TOOpakeHHe MIUPHHBI TTOJIOCHI COTJIACOBAHMSI TI0 YPOBHIO

KCB = 2). Haxxmute kaonky Add Trace Characteristics. Ha rpaduke mosiButcs 3Ha-

YCHHC HIMPHHBI ITOJIOCHI YaCTOT B TCX KC CAMHHUIAX HU3MCPCHUA, YTO M 9aCTOTHI HA

ocu adcuucc.
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/ | Marker r

Recent Trace Characteristics r
Favorites r Add Mote...
Al | Add Limit Line b
Clear All Yiew r
Accumulate
Edit »
Maodify Report...
. . . . i . . Update Report L
1.000
Freq [GHZ] Report Templates L
R Export... | |

|  category  |Defaut|~
Radigtion

2 [ YARMn Math
ml [T yatval Math
W
I Returns the X width between the first 2 oocurrence of ¥ value,
Uniit | Description | |
¥ Walue at which we need to find X Width
¥ Current sticky range overrides saved default
Add Trace Characteristic | Save As Default | Close
e

Curvelnfo | XWidthAtyVal(2)

—— VSWR(1)| -
Setup1 : Sweep 0.0030

Puc. 37. Onpenenenne Moa0Ckl COrNIacOBaHUs 1O 3a1aHHOMY ypoBHI0O KCB
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JloGaBbTe B MNpOeKT Tpaduyueckoe Imojie s OTOOpaKEHHsS JIUarpammbl
HarnpaBiieHHocTH ([IH) anTenns! (puc. 38). Jlo6aBsTe Ha rpaduyueckoe mojie oToopa-
’KEHHE HOPMHUPOBAHHOIN BETUYMHBI HAIMPSHKEHHOCTH AJIEKTPUYECKOTO TMOJIA KakK Mo-
kazaHo Ha puc. 38. Ha Bkmagke Families (otoOpaxkeHre CeMEHCTB 3aBHCHMOCTEH)
BeiOepute ¢ = 0, 90°, ynepxusas Ctrl (oto6paxenne JIH B TNIaBHBIX MIOCKOCTSIX).
Haxwmure New Report. B nosiBuBiiemMcsi OkHe aHAJIOTUYHO pHC. 37 ONpEAeTUTe K-
puny JIH mo yposato —3 ab (0,707 1o Hanmps»>KEHHOCTH MOJIs1). AHAIOTHYHO MOYKHO
noctpouts JIH anTeHHsl B gennbenax B JeKapTOBBIX KOOpAMHATAX, J00aBUB rpadu-
YeCKOe I0JIe ¢ JCKapTOBBIMHU KoopauHaTamu (puc. 32) u BeiOpaB Function k Toii xe

senmmunne dB20Normalize B mpaBoii yactu okHa jgo0aBneHus rpadpuka (puc. 38).
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E Paste

Create Modal Solution Data Report
Create Fields Report

Ctrl+V

Create Far Fields Report

Rectangular Plot

[ Paort Field

Create Emission Test Report

Rectangular Stacked Plot

¥ Selectvalues  Specify range

Function:

degel
deriv

Clear all

Sweep: (¢ Default © Edited J

1 Create Report From File... Radiation Pattern
ﬂ Field Qve
& E Fiel Delete All Reports Data Table
C o 3D Rectangular Plot
LA - -
Category: Quanﬁty:l - I
Variables
rEPhi
rETheta
rEx
rey
E.Elali?edﬁGaiE ; rE7
olarization Ratio
Axial Ratio rELHCP
Antenna Params rERHCP
Design rEL3X
rEL3Y
el A mm Flmmme
JAS - HFS5Design1 - New Report - New Trace(s)
Trace Families Display I
—Families : 2 available
i Sweeps {~ Available variations
Variable Value Edit
Phi Odeq, 90deg
Freq iGHz " Use all values
Select All
—‘ Mominals: Ia, b, h, xsub, v0, ysub

Puc. 38. JIobaBneHue B mpoeKT rpaguueckoro mois A JuarpaMmbl HalpaBIeHHOCTH
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B nepeBe mpoekra nHaxkmure Ha y3ea InfiniteSpherel B Radiation mnpasoit
kHonkoi Mmbimu (puc. 39) u BeiOepure Compute Antenna Parameters (pacuer aH-
TEHHBIX XapaKTePUCTUK). B MosBUBIIEMCS OKHE OTOOpa)KaeTCsi MaKCUMAaIbHBINA KO-
s ¢unment HanpasiaeHHoro ackicreus (KHJ]) antennsr (Peak Directivity), makcu-
mManbHbId kod(pduiment ycuwinenus (KY) anrennst (Peak Gain) u ero 3nauenue c
yueToM HenneanbHocTu cornmacoBanus (Peak Realized Gain), a raxxe yriet 0, @, npu
KOTOPBIX OHW HabmogaeTcs. KpoMe Toro, B OKHE MOXKHO YBHUIETh PACCUMTAHHYIO
s dexruBHOCTs M3MydeHHs wian KITJI anrennsr (Radiation Efficiency) u xoaddu-
rreHT 3amuTHoro Aevicteus (K3J1) antennsr (Front to Back Ratio). MoskHo omnperie-
JUTHh TPEUMYIIECTBEHHYIO TMOJIIPU3AIIMIO 0N M3IYYCHHS] aHTCHHBI B Pa3jIMYHBIX

HalpaBJICHUAX I10 JaHHBIM BHH3Y OKHaA. Haan/IMep, U3 3THUX AJAaHHBIX BHJHO, YTO B

—

HanpasieHuu 0 =0, ¢ =0 makcumanbHa OyAeT Yy-cocTaBisitouias BekTopa E u an-
TEHHA B 3TOM HalpaBiIeHUH OyJIeT UMETh JUHEHHYIO MOJIIPU3ALUIO.

OHp@I[eJ'II/ITC BCC IICPCUUCIICHHBIC XapaKTCPUCTUKKU aHTCHHBI.
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E';’ Radiation I

S 1 finite Sphere1

Copy Ctrl+C
Rename F2
ame |‘u’alue| Unit |E\ralu 2 Delete Delete
3 Irfir.... Properties...
Infir... | Compute Antenna Parameters...
Thets -180 |deg -180d=g T

— Inputs

Cl
Setup Name: I Infinite Spherel ;I o5e

Solution: ISetup'I : Lasttdaptive ;I Export |
| ”

Array Setup: INu:une

| Ritrinzic Y ariation; IFreq=1l3H2 |

Dresign W ariation: |a="| 00mm' b="104. 3mm’ h='1ml| Dwerlay

Antenna Parameters:

Peak, Directivity

Peak Gain

Feak Realized Gain

Pealk. System Gain BA73T
| Radisted Power 78917 i/
I Accepted Power 929,33 s
i Incident Power 1w
i Syztemn Power 1w

R adiation E fficiency 034314
Frant to Back R atio £3.729

= — L
b airmur Field D ata:
EField | Freqg |  wale | AHThetaPhi
Total 1GHz 18122V Odeg, 360de
] 0. 40deq
18,122V Odeg, 360deg
z 77453V 40deg,30deg
~|Phi 18122 Ddeq,360deq
| Theta 18122 Ddeq,270deq
~|LHCP 12,836V Odeg.290deg
~ |RHCP 12,793V Odeg.230deg
i Ludwig3/= dominant 2138 180deq,320deg
: Ludwig3™ daminant 18122 Odeq.290deq
£ >

Puc. 39. Onpenenenne aHTEHHBIX XapaKTEPUCTUK MOJIEIH
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BeinonHuTe Bee npoenaHHble HACTPOMKY U pacyeT XapaKTEPUCTHK JJIsl TOM xKe
aHTEHHBI, IPOTyOIMPOBAB CO3/IaHHYIO MOJIENb B IIPOEKTE CKOMMPOBAB MOJEIb B Jie-
peBe MpOeKTa W BCTAaBUB e¢ B MpoekT (puc. 40), HO ¢ B /1Ba pa3a yBEIUYCHHOW TOJ-
myHON moaoxku h. CpaBHUTE MOTYYEHHBIE XapaKTEPUCTUKH.

BrlnonHuTe BCe NpoJeIaHHbIe HACTPOMKH U pacyeT XapaKTEPUCTHK JUJIS KPYT-
JIOTO TOJIOCKOBOTO PE30HATOPA, PACCUMTAHHOTO B JIOMAIIHEM 3aJlaHUU, MPOAYOIIHU-
pPOBaB CO3JaHHYIO NIEPBOHAYAIBHO MOJEIIb, YIAIUB U3 JIEpeBa MOAEIN IPSIMOYTOJIb-
HYIO MTPOBOJIAIIYIO TUTACTUHY, 100aBUB KPYT COOTBETCTBYIOIIMX pa3MepoB (paamyc a)
¢ koopauHatamu neHTpa 0, 0, h (puc. 41), HaNOXWB Ha HEr0 TPaHUYHBIC YCIIOBHS
ujieaIbHOT0 MPOBOAHKKA (puc. 15).

ll I .. Suhetrate
Ctrl+C
Ctrl+V

F2

&g HFSSDesign B Paste Ctrl+V
= 30 Compo Rename 2
- % r:':'del | ¥ Delete Project Permanently from Disk Delete

Puc. 40. Jly0nupoBaHue MOAETH B IPOEKTE

. P Boundaries A E||:| PerfectE
: -3 Circlel
Properties S ..... o
Name Value | Unit | Evi -.[E Coverlines

Command |CreateCircle m-lr. Coordinate Systems
Coordinate... Global - F'.Ianes
Center Po... Omm .Omm h Omn - Lists
Autis Z
Radius a 100
Mumber of ... |0 0

Puc. 41. Co3ganue kpyrioi IpOBOASIIEH TIaCTUHBI

CpaBHI/ITG XapaKTCPUCTUKN BCCX CMOACIIMPOBAHHBIX aHTCHH H czlenaﬁTe BBI-

BOJBbI.
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Conepxanue oTyera

1. Llenb paGoTHI.

2. BrimonHneHHoe foMallIHee 3aJaHue.

3. Moaenu uccieayeMsix ycrpoiicTs. Ha nzo0OpakeHusix Mojienei 0003HaYuTh
pa3Mepsl U MOPTHI.

4. Pe3ynbTaThl pacueToOB, BKJIIOUAsl BCE PE3YJIbTAThl, MTOIYyYaeMbl€ B XOJI€ BBI-
MOJIHEHUSI padoThl: rpaduku U KapTuHBI noyig. Ko Bcem rpadukam HOKHBI OBITH
naHbl MosicHeHus. Ha Bcex rpadukax MOMKHBI OBITh 0003HAYEHBI OCH KOOPJAWHAT H
€MHUIIBI U3MEPEHUSI BEJIMUUH 10 OocsM. OJIHOTUITHBIC M CpaBHUBaeMble T'paduku
PEKOMEHIyeTCs TOMeIaTh Ha OHO rpaduueckoe moe.

5. BBIBOJIBI 110 TpojiesiaHHOM paboTe ¢ MOAPOOHBIM aHAIM30M IMOITYYEHHBIX
pPe3yJabTaTOB W IPHUHIIUIIOB Pa0OTHI yCTPOMCTB. g aHamm3a peKoMEeHIyeTcs BCe

IMOJIYYCHHBIC XapaKTCPUCTUKHN BHECTHU B Ta6J'II/II_[y.
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