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XAPAKTEPUCTUKHU N TAPAMETPbBI AHTEHH
N METOIUKA UX UBMEPEHUSA

XapakTepucTUKH M IapaMeTPbl AHTEHH
Obwue ceoticmea u Ha3HayeHue aHmeHH

AHTeHHa sBJISETCS HEOOXOJIHMMBIM DJIEMEHTOM JI000W PagUOIUHUU U MOXKET
paboTtaTh B pexxuMax nepeaadu u npruema.

B pexxnMe nepenadn aHTEHHA!

npeoOpa3yeT AJIEKTPOMAarHUTHbIE BOJIHBI, PACHpPOCTPAHSIONIUECS B JIH-
HUU TIepefadd, B AJIEKTPOMArHUTHBIE BOJHBI, PaCIpOCTPaHSIOMIKUECS B CBOOOJHOM
IIPOCTPAHCTBE;

CO3/aeT B MPOCTpPaHCTBE TpeOyemMoe pacrpeesieHne MIOTHOCTH TOTOKa
MOIIIHOCTH C TpeOyeMoil mossipu3auei.

B pexxnmMe npruema aHTEHHA:

MIPOU3BOJUT CENEKLMIO MOJE3HOT0 CUTHAJIa MO MPOCTPAHCTBEHHBIM KO-
OpIAWHATaM, IO YaCTOTE U MOJISIPU3ALINH;

npeoOpa3yeT BOJHBI, PACIPOCTPAHSIOMIUECS B CBOOOJHOM MPOCTPAHCT-
B€, B BOJIHBI, PACIIPOCTPAHSIOLIMECS B JIMHUU NIEPEIAYH.

B npocTpaHcTBe BOKpYr aHTEHHBI BBIACISIOT TPU 30HBI — OJIMKHIONO, TTPOMeE-
KYTOUHYIO U JAJIbHIOK. DTO JeNaeTcs sl TOT0, YTOObl YIPOCTUTh TEOPETHYECKHIMA
aHaJIM3 CBOWCTB aHTEHHBI M BBIJECINUTDH TJIABHOE B 3TUX cBoicTBax. Puc. 1 mimoctpu-
PYET pacIoaoKeHUE 30H OTHOCUTEIBHO AHTEHHBI.

bmxagas 30Ha

JlanbHss 30Ha

IIpomexxyTouHas 30Ha

AHTEHHA

Puc. 1. 3oHbl u3nyueHus



Ha puc. 1 noka3ana Touka HaOmrogeHus P (Touka, B KOTOpO#H paccMaTpuBaeT-
csl, WIK HaOJII0JaeTCs, MOJie) U paccTossHue R oT aHTeHHBI 10 3TO# Touku. Menss R,
MO>XHO TOYKY HaOIIOAEHUS MEPEMECTUTH B JIF000E MOJIOKEHHE OJMKHEH, MpoMexy-
TOYHOW W JAJIbHEW 30H.

brnuxHss 30Ha — 3T0 00J7aCTh MPOCTPAHCTBA BOKPYT AHTEHHBI, PACCTOSIHUE /10
JanbHEe rpaHuIlbl KOTOPOH — R yigx 3HAUUTENBEHO MEHBIIIE pa3MEPOB AHTEHHBI.

JlanbHsis 30Ha — 3TO 00JacTh MPOCTPAHCTBA BOKPYT aHTEHHBI, PACCTOSHHUE /10
OMVDKHEN TpaHMIbl KOTOPOH — R i 3HAYUTENBHO OOJbBIIE PAa3MEPOB AHTEHHBI.
JlanbHsis 30Ha MPOCTUPAETCS A0 OECKOHEYHOCTU. Mexy ONKHeW U JanbHel 30Ha-
MU pacrojiaraercs npoMexXyTouHasl 30Ha. byjnem cuutaTh, 4TO aHT€HHA paboTaeT B
peKUME Tiepeauu, a B TOYKe HAOIOACHUS PACIION0KEHA MPUEMHAsi aHTCHHA (MH/IU-
KaTop HanpsHKEHHOCTH Touist). [loyie aHTeHHBI B OMMKHEW W JalIbHEH 30HAaX MMeEeT
CJIeIyIoIINe XapakTepHble 0COOCHHOCTH.

1. Tlone B GnuKkHEW 30HE PAaBHO CyMME PEaKTHMBHOTO M aKTUBHOTO moneil. C
pocToM paccTosiHug R aMIuIMTybl aKTUBHOTO M PEAKTUBHOI'O MOJIEH YMEHBIIAIOTCS:

B PEAKTHBHOM TIOJI¢ — MPOTIOPUMOHANIBHO ;B AKTHBHOM — MPOITOPLHOHATBHO .
R R
AMIUIUTYZa PEaKTUBHOTO TOJS CYIIECTBEHHO IMPEBOCXOIUT aMIUIMTYAY aKTHBHOTO

TIOJISL.
® ®
2. B peakTtuBHOM mosie BeKTOophl E 1 H B3auMHO neprneHIuKyIsIpHbI U CIABU-

HyTHI 110 (paze Ha yroi, paBHbIil 90°. B pe3ynbrare ciura no ¢a3e cpeaHuii 3a nepu-
0]l KoJeOaHNs TTOTOK MOIIIHOCTH PaBEH HYIIO: MOJIOBUHY MEpHOa KOJIeOaHUs BEKTOP
TUTOTHOCTH TTOTOKA MOIIIHOCTH HANpPaBJIeH OT aHTCHHBI, BTOPYIO MOJIOBUHY MEepHOa —
K aHTeHHe. Kpome Toro, MOIHOCTh MUPKYIUPYET MO ToBepxHOcTH chep R = congt,
MOJIOBUHY TIEpHOJa — B OJHOM HAIIPaBJICHUH, MMOJOBHHY NIEPHOJa — B OOpPaTHOM Ha-
npaBcHAH. TakuM 00pa3oM, OJVIKHSS 30HA SBISCTCS HAKOMHUTEIIEM YHEPTUU DJICK-

TPOMArHUTHOTO MOJIS.
® ®
3. B aktuBHOM mojie BekTopel E u H B3auMHO meprieHIUKYJISpHBI U TIEPICH-

JMKYJISIPHBI HATPaBJICHUIO pacrpocTpaHeHus BoiHbl (paauycy R). Casur mo dase
® ®
Mexay Bektopamu E u H pasen mymio. IlosTomy cpeanuii 3a nmepuos koneOaHus

MOTOK MOIIHOCTH OTJIMYEH OT HYJS, U aKTUBHOE I0JI€ TIEPEHOCUT MOIIHOCTh OT aH-
TEHHBI Yepe3 OJIMKHIO U IPOMEKYTOUYHYIO 30HbI B JAJIbHION 30HY. COOTHOLIEHHE
aMIUIATYJ] PEAKTUBHOTO W aKTUBHOTO MOJIEW B pa3HbIX 30HAX WJUIIOCTPUPYETCS rpa-
¢bukoMm puc. 2.

4. AXTUBHOE TMOJIe MpeACTaBIsieT cOO0N chepruuecKyto BOJIHY. AMIUIMTY/Abl BEK-

® ® E My,
TOPOB E u H cBsa3anbl cooTHOmeHneM — M = [~ =y ; Mg, €5,1 — a0COJIIOTHBIE

m €a
MarHMTHAs U JUAJICKTPUYECKasl MPOHUIIAEMOCTH U BOJHOBOE (XapaKTepHUCTHUECKOE)
COIMPOTHBIICHHE CBOOOJHOTO MPOCTPAHCTBA, B KOTOPOM HAXOJHUTCS aHTCHHA W TOYKa
HaOmoneHus P.
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Puc. 2. 3aBUCUMOCTH aKTUBHOTO U PCAKTUBHOTI'O ITOJIAA OT pACCTOSAHHA

ECJII/I AHTCHHA nu TOYKa Ha6JIIOI[eHI/I$I HaxXogAaATCA B BO3IIYXC ,
i 1.
my =4px0™ 'Tu/v; e, =510 9/ r = 120p = 377 Om.
® ®

5. B nanpHel 30He aMIUIMTYbl BeKTOpoB E m H B akTMBHOM moine cymiecT-
BEHHO OOJIBIIIE 10 CPABHEHUIO C PEAKTHUBHBIM II0JIEM.

B Teopun aHTeHH MOKa3aHO, YTO PACCMOTPEHHBIMHM CBOWCTBAMM 00JIaJaeT Io-
Je B ONWKHEH W JalibHEH 30HaxX, eciu Rygx (paccTosHMe 10 najbHEH TpaHMIIbI
Onwoxneit 30ub1) M R 0 (PaccTosiHMe 10 GIMKHEN TPAaHUIBI TaNbHEN 30HBI) YIOBIIE-

TBOPSIOT YCIIOBUAM.

Lél L}l\J 2L
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Rmax £5 & (I) 7 Rimin 12’
e a

Tac L — MakcuMaJbHBIN JIMHEHHBIN pasMEp aHTCHHHI, I — JJIMHa BOJIHBI.



Xapaxmepucmuku u napamempusl AHMEHHbL 8 pedcume nepeoaiu

XapaKTepUCTUKH — 3TO 3aBHCHMOCTH HEKOTOPBIX BEJIWYHMH, OIMUCBHIBAIOIINX
CBOMCTBA aHTEHHBI,OT YIJIOBBIX KOOPJMHAT TOYKH HAOJIOJCHHUS B JaJIbHEH 30HC — B
peKHUME Mepeiaud WM OT YIJIOBBIX KOOPAUHAT HCTOYHHKA OIS — B PEXKUME TpUEMa.
[TapaMeTpbl aHTEHHBI HE 3aBUCAT OT YIJIOBBIX KoopauHaT. OCHOBHBIC XapaKTePUCTH-
KH aHTEHHBI. quarpamma HampasienHoctu (JIH), dpasosas guarpamma (®J1), monspu-
sanuonHas guarpamma (I1/1). OcHoBHBIE mapamMeTpbl: KOA(GGUIIMESHT HAIIPABICHHOTO
nevicteus (KH), xoappuuument ycunenus (KY), Bxomnoe conporusnenue (Zy ).

XapaKTEepUCTUKH U TApaMeTPhI TO-Pa3HOMY OIPEICISIIOTCS B PEKUME TIiepe/ia-
YM ¥ TpHeMa, HO MX YHMCICHHBIC 3HAUCHUS B THX JABYX PEXKMMaX paOOThl aHTCHHBI
COBIAIAIOT. PacCMOTpHUM PEXKHUM TEpe1adH.

[TycTh aHTeHHa pacrojoeHa B Hauajie jaekaptoBoit (X, Y, Z) u cdepruyeckoit
(R, q,] ) cucrem koopaunar (puc. 3).

X

Puc. 3. Chepuueckas cucrema KOOpAUHAT

Ha pucyHke:

B Touke Q pacmojokeHa aHTeHHa, P — Touyka HAONIOACHHS, HAXOJSIIAsICS B
nanpHei 30He, PP — npoekuust Touku P Ha mmockocts XY

R, 1, | —chepuueckne koopauHatel Toukd P (RmMN< R <¥,0£q £ p;
Of] £2p;

Ro, Qo ] 0 — €AMHUYHBIC BEKTOPBI CHEPUUCCKON CHCTEMBI KOOPIUHAT.

® ®
AHTeHHa co3aet B Touke P nose, onuckiBaemoe Bektopamu E u H. O1u Bek-

TOPBI XapPaKTCPU3YIOTCA HAIIPABJICHUCM, aMIUIUTydaMHU W Ha4YaJIbHBIMH Q)aBaMI/I, KO-



® ®
TOpBIC 3aBUCAT OT YIVIOBBIX KoopauHaT (, | Touku P. [Tockonbky BekTopel E u H

OJTHO3HAYHO CBSI3aHBI JPYT C APYroM (MX HAMpaBlICHHs B MPOCTPAHCTBE, AMILUIUTY/IbI
®
U (a3bl), XapaKTEPUCTHKH aHTCHHBI OMPEICIISIIOT 10 BeKTopy E .
®
B o6uiem cnyuae Bexktop E ¢ TeueHneM BpeMeHM BpalllaeTcs BOKPYT pajguyca-

BCKTOpPa R u 3a nepnuong KocOaHuil ero KOHCI OIMMCBIBACT JJUIUIIC, T.C. U3JIydacMasd
®

AHTEHHOM BOJIHA JJUIMITHYECKU MOJSpU30BaHa. AMIUIUTYAa Bektopa E mpu stom
mensercs ot E o 10 Emgy . OtHomenue E ;o /Emay HasbiBaeTcs koddpumueHToM
UIMOTUYHOCTY U o0o03Havaercs cuMBosioM K,. Dmumnc, KOTOpbIi omuchIBaeTcs

®
KOHIIOM BCKTOpa E, Ha3bIBACTCA JJIJIMIICOM IOJIAPU3ALIUN. IInockocTh AiunInca Io-

JIIpU3aluy NepreHINKYIApHA HAIIPaBICHUIO PaCIPOCTPAaHCHHUS BOJIHEI, T.€. paanyCy-
BekTopy R. Opuenranus smiunca nojsipuzauuu Ha chepe R = const onpexnensercs
YrJIoM C MeXIy BEKTOPOM Emgx M opToM (,. YTOI C Ha3pIBACTCA YIJIOM IPEHMY-
LIECTBEHHOU MOJIAPU3ALUY.

B yacTHBIX cityyasx nossipusanus MOXKeT ObITh KpyroBoi, korna K4 = 1, u nu-
HeltHoH, korga K, = 0.

Lluazpammoni nanpasnennocmu Ha3bIBACTCA 3aBUCUMOCTb AMIUIATYIBI BEKTOPA

®
E moiss anteHHBI B IIaJIBHeﬁ 30HC OT YIJIOBBLIX KOOPAHWHAT TOYKH Ha6JIIOJICHI/I$I P, T.C.

3apucuMocTh E(u, | ). JlmarpaMva HampaBlIeHHOCTH O0003HAYaeTCs CHMBOJIOM
f(u ).

JluarpaMmy HaIpaBJICHHOCTH HOPMHUPYIOT, T.¢. Bce 3HaueHus E(Q,] ) menst Ha
MaKkcuMajbHOe 3HaueHune Ep,, u o0o3HagaioT HOpMmmpoBaHHYI0 JIH cumBoioM
F(u, | ). Oueunno, O£ F(u, | ) £1.

JIH u300paxaroT B IPSMOYTOJbHBIX WM MOJSAPHBIX KOOpPAMHATAX Kak (hyHK-
uro yraa Q mpu | = const. O6s14HO0 GepyT aBa 3HaueHus yrina | ©j =0wuj =90°.

Ha puc. 4, 5 nokazans! Tunuubbie JJH B mpsIMOYTOJIBHBIX U HOJISIPHBIX KOOPIH-

Harax. Kak BugHo, JIH nmeer ienecTkoBbIN XapaKTep, YTO SBJISETCSA CIEACTBUEM HH-
TepepeHIIUn T0JIeH, M3IydaeMbIX Pa3IMYHBIMU dJIEMEHTaMU (4acTSIMH) aHTCHHBI.

PaznuuaroT raBHeiii stenectok (I'JI) u 6okoBeie jenectku (BJI). [TapameTpbl
JIH:
2Qp,5 — MPHHA TJIABHOTO JIENECTKA 110 YPOBHIO MOJOBUHHONW MOLIHOCTH,
Q, — HampaBlCHHE TITABHOTO MAaKCHMyMa B IPOCTPAHCTBE;
Fsmm — MakcHMalbHBIH YpOBEHb OOKOBBIX JICHIECTKOB.

IIpyn nuHeHON mnonspusauuu paccmarpusarorcss /IH B IByX IUIOCKOCTAX — B

wiockoctd E u mnockoctu H. IImockocThio E Ha3bIBaeTCs MIIOCKOCTh, B KOTOPOW Jie-
®
KUT BekTop E 1 HampamneHue riiaBHoro Mmakcumyma J[H.
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Puc. 4. I[I/IarpaMMa HaIlPpaBJICHHOCTU B IPAMOYTOJIBHBIX KOOPpAHWHATAX

[apamerpsr JIH B mnockoctu E 0603Hauarotes cumponamu: 2Qg s, Q?n, Fgm

®
[Inockocthio H Ha3pIBaeTCs MI0CKOCTh, B KOTOPOU JISKUT BekTop H U HampaBieHue

riapHoro Makcumyma JIH. ITapamerpst JIH B minockoctu H 0603HavaroTcsi cuMBoJia-

. h h h
MM. 2Q0,5, Qm, F6m.
®
dDa3zo601i Juazpammoli Ha3bIBaeTCA 3aBUCUMOCTH (pa3bl BekTopa E mons an-

TEHHBI B 1aJIbHEN 30HE OT YITIOBBIX KOOPAMHAT TOUKM HaOmoaeHus P.
da30By10 [UarpaMmy H300paxaroT B MPSMOYTOJbHBIX WK HOJSPHBIX KOOPIU-

HaTaxX, a 3HayeHue (aspl OTCUUTHIBAIOT OT 3HAYEHHUS €€ B HANpPABICHUU TIIaBHOTO
Makcumyma JIH.

Tonsapuszayuonnou ouazpammoii Ha3bIBAETCA 3aBUCUMOCTD IOJISPU3ALMOHHBIX
napamMeTpoB TIOJIS aHTCHHBI B JanbHel 30He (koadduuumenta smmntuanoctd Ky u

yriia IPeUMYIIECCTBCHHOW MOJISIpU3aliui C) OT YIJIOBBIX KOOPJMHAT TOUKU HAOJIO/Ie-

Hus P.

Koagpgpuyuenm nanpasnennoeco oeticmsusi — 3T0 OTHOIIIEHUE MOITHOCTH U3ITY-
YCHUS THITOTETHUECKOW HEHANpaBJieHHON aHTeHHBI ¢ F(u, | )=1 K MOIIHOCTH U3y-
YEeHUs 3a/IaHHON HANpaBJIEHHOW aHTEHHBI MPU YCIOBHUH, UTO 00€ aHTEHHBI CO3/IAI0T B
Touke HabOmoneHus P pganbHel 30HBI M0JIE€ OJUHAKOBON HanpsbKeHHOCTU. B 3aBucu-
MOCTHU OT KOHCTpyKUnH aHTeHHbl KH/[ B HanpaBieHUU ri1aBHOrO MAKCUMYMa MOXKET
UMETh 3HAUCHHE OT HECKOJIBKHMX SJIMHUII JI0 HECKOJIbKUX MUJLTMOHOB. YeM Yike TiiaB-
HbIi enectok JIH 1 MeHbIle ypoBeHb OOKOBBIX JieniecTKoB, TeM Oosbie KH/I.



25000...35000
(2Q55)°(2Qf5)°

nectka B miockoctax Eu H MMOACTABIIACTCA B I'padycCax.
Bxoonoe conpomusiieHue anmerHsl ONPCACIACTCS COOTHOMICHUCM
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Puc. 5. JII/IarpaMMa HAIIPaBJICHHOCTHU B IIOJIIPHBIX KOOPAHWHATAX

Xapaxmepucmuku Uu napamempbl AHNMEHHbl 6 pescume npuema

[Tycth Ha puc. 3 paccMaTpuBaeMas aHTEHHa pacloyiokeHa B Touke Q u pa-
O0otaeT B pexume npuema. B Touke P pacmonokeH MCTOYHHK PaJTHOHM3TydCHUS
(kakas-To mepenamlnas aHTeHHa). AMmuinTyna u (asa HamnpspkeHus (Toka) Ha
BXOJI€ aHTCHHBI, CO3]]JaBa€MOTO MAaJAl0IIeH Ha aHTCHHY SJEKTPOMarHUTHOW BOJ-
HOW W M3JIydaeMOW U3 TOYKW P jJanbHE# 30HBI, 3aBUCUT OT YTJIOBBIX KOOPJIHHAT (,
| Touku P.

HHuacpamma nanpasnenHocmu aHTEHHBI B PeKUME MPUEMa — 3TO 3aBHCUMOCTD
HANPSOKEHUS WM TOKA Ha BXOJI€ aHTCHHBI (MM HAMPSIYKCHHOCTH TOJIS B JIMHHUHM TIepe-
Ja4d, MOAKIIOUEHHOW K aHTEHHE) OT YIJIOBBIX KoopauHaT Toukd P (Mcrounuka pa-
JTUOU3ITYUCHHS).

AHaJOTUYHO OMNpeneNseTcs ghazosas ouazpamma.

Ecnu paccmarpuBaemasi aHTeHHA OPHEHTHPOBAHA TakK, YTOOBI €€ TJIaBHBIM Mak-



cumyM JIH Obln HampasieH Ha Touky P (Ha paIMOMCTOYHHK), aHTEHHA MPUMET MaK-

CUMAaJIbHBIN CHUT'HAJI, Ha BXOAC aHTCHHBbI 6YIICT MOIITHOCTH PHa' Ecnmu 3amenuTh pac-
CMAaTpUBACMYI0O QAHTCHHY Had TUIIOTCTHUYCCKYIO HCHAIIPABICHHYIO, IIPHHHUMACMaA

MOIITHOCTh YMEHBIIHUTCS U CTaHeT paBHOH P, .
Koagpgpuyuenm nanpaenennozo oeticmeus B pexume MpueMa paBeH OTHOIIIE-

Ha

HHIO

HHa

MeToauka H3MEPCHUSA XaPAKTCPUCTUK U MAPaAMETPOB AaHTCHH

B naboparopun usmepsitorcst JAH, T1J1, KH. Paccmorpum mMeToauky ux mzme-
peHusl.

Ha puc. 6 nokazana cTpykTypHas cxema JIaDOpaTOpHOH YCTaHOBKH, MCIOJIb-
3yeMOl BO BCEX JIaOOpaTOPHBIX paboTax IpU UCCIETOBAHUM AHTCHH.

A
|
|

1 _ 4 » 5

Bpainenue 1o yriy |

i Bpaienue no yory

A

Puc. 6. CtpykTypHas cxema 1a00paTOpHOM YCTaHOBKH:

1 — renepaTop BHICOKQUACTOTHOTO CUTHAJIA; 2 — BCIIOMOraTelibHas rnepeaaronias aH-
TeHHA (aHTEHHA, PACHOJOKCHHAs B TOUKe P Ha puc. 3), uMeroIas TMHEHHYIO TOJIsI-
pu3anuio; 3 — uccienyemasi aHTeHHa, padoTaromiasi B peKUMe MpueMa,;

4 — NeTeKTOpHAas CEKIUs; D — UHIUKATOPHBIA MTPUOOP

Hcenenyemass aHTEHHA MOBOPAYMBATHCS BOKPYT BEPTUKAIBHON ocu A—A. 10
SKBUBAJIEHTHO M3MCHEHUIO yriia ( paauouctounuka (touku P Ha puc. 3). Bcnomora-
TeJIbHas @aHTEeHHAa 2 MOKET MMOBOPAYUBATHCS BOKPYT OCU Z, YTO SKBUBAJIIEHTHO H3Me-
HEHUIO yIiia | paJuOMCTOYHUKA Ha pHC. 3.

Uszmepenue ouazpammsl HanpagieHHOCmu

JluarpamMma HaIpaBJIE€HHOCTU HMCCIEAYEMOW AaHTEHHBI M3MEPSETCS B PEXUME
npueMa.

Bonbr-aMnepHasi XxapakTepuCcTHKa JETEKTOPHOM CEKIMM OJIM3Ka K KBaJpaTH4-
HOH. [loaTOMYy cUrHa Ha MHAUMKATOPE MPOIMOPLUOHAIEH KBaJApaTy HaIpPSKEHHOCTU



QJICKTPHUYCCKOTO IIOJIA B JIMHUU IICpeaadu, T.C. YPOBHIO HCHOpMI/IpOBaHHOﬁ auarpam-
MbI HAIIPaBJICHHOCTH f(q) I/ICCJICJIyeMOI‘/’I AHTCHHBI. CJICJIOB&TCJIBHO, IIpu BpaliCHHUHA

UCCIIelyeMON aHTCHHBI BOKPYI BEPTHKAJIbHOW ocH (IO yrily () NMoKa3aHHE WHIMKA-
2

topHoro mpubopa |(q)u3mensiercst mo 3akony f “(Q), u Henopmuposannas JIH wc-

CJICyeMOM aHTECHHBI OIPEISIIIETCS COOTHOLICHUEM

f(g)=-/1(q).

Fa)=,

|max

Hopmuposannas JIH

rie | mgx — TOK B MHOMKAaTOPHOM IIPUOOPE, COOTBETCTBYIOUINN INIABHOMY MaKCUMYMY

JIH.

Hszmepenue koaghguyuenma nanpasnenno2o oeucmaeust

N3mepenne KH/I npousBoauTcs B pekUME NpHEMA B CIEAYIONIEH MOCIEI0Ba-
TEJIbHOCTH!
U3MEpSETCs] CUTHANl IO UHJIUKATOPHOMY IPUOOpPY, COOTBETCTBYIOIINIA IJIaBHO-

my makcumymy JH uccnenyemoit anteHHsl = |y, ;

UccllelyeMas aHTEHHA 3aMEHSETCsL Ha ATAJIOHHYIO C U3BECTHBIM KOA((UIMeH-
TOM HarpasiieHHOro aericteust — KH/, . ;

U3MepSETCsl CUTHAJ M0 MHAUKATOPHOMY MPUOOPY, COOTBETCTBYIOUIUN MpUEMY
Ha TAJIOHHYIO aHTeHHY — | 3

paccuntbiBaercsa KHJ nccnenyemoit anteHHsI 1o popmysie

|
KHI=KHJL, 2

9.4

Hszmepenue koagguyuenma snaunmuyHocmu

Jast m3mepenns K, mccnenyemoii anteHssl 3 (cM. puc. 6) HEOOXOAUMO MOBO-
pauuBaTh NEPEAAIONIYI0 aHTEHHY 2 BOKpYT ocH Z. IIpu 3TOM noka3aHus Ha UHIUKa-
TOPHOM TpuOOpe MEHATCA OT | pin A0 | max - Koadduuuent snmaunruanoctu onpe-

nensieTcst o popmyne




ITpu kpyrosoi#t nonsipuzaumuu K4 =1, npu nuneitnoit K, = 0, npu snnunruye-
ckoi O0<K, <Ll

Yrosl NpeuMyIIECTBEHHON IOIApU3ALUU J U3MEpSAETCs 10 I'PAJyCHOM ILKaje
BCIIOMOT'aTeIbHONW aHTEeHHBI 2. [l 3TOro ompenensiercs yroj, COOTBETCTBYIOLIMIM
MOJIO)KEHUIO aHTEHHBI 2 MPU MIPUEME BEPTUKAJIBHO MOJIIPU30BAHHON BOJHBI — 1. 3a-
TE€M aHTEHHa 2 MOBOPAYMBAETCA BOKPYT FOPU3OHTAIBHONU OCH JIO MOJYYECHHS] MAaKCH-
MyMa [IPUHUMAEMOIO CUTHAja U ONPEACIIACTCSA yroi IO IpagyCHOU IIKale 3TOU aH-
TEHHBI 2. YTOII IPEUMYILECTBEHHOM ITOJIsApU3alu g=a, —aj .



OIIUCAHME JIABOPATOPHBIX PABOT
Jabopamopunaa padboma Ml
NCCJIEJOBAHUE BUBPATOPHBIX U PAMOYHbBIX AHTEHH
1. I]env pabomwi

N3yunth CBOICTBA W BapHaHThl KOHCTPYKIMI BUOPATOPHBIX U PAMOYHBIX aH-
TeHH. [lonyunTh HaBBIKM B U3MEPEHHMH auarpaMmmbl HanpasieHHocTH U1 KHJI anten-
HBI.

2. Obwue ceedenus
2.1. BuOpaTopHble aHTEHHbI

BuOpaTopHble aHTCHHBI HUCITOJIB3YIOTCS B JUANa30HE MUJUIMMETPOBBIX, CAHTH-
METPOBBIX, ICIIMMETPOBBIX, METPOBBIX BOJIH U B 00JIe€ JUIMHHOBOTHOBBIX JTHAIIa30HAX
BoJTH. OHM TIPEICTaBIAIOT COOOHM MPAMOJIMHEHWHBIE MPOBOJHUKH, BO30YXIacMbIC B
OTIPEJICIICHHBIX TOYKax. BUOpaTopHBIC aHTCHHBI B 3aBUCUMOCTH OT KOHCTPYKIIHH
umeror KHJI oT HECKOMBKHMX €UHUIL 0 IECATKOB THICSY M TIPUMECHSIFOTCSI B CHCTEMax
pPaaMoOCBsI31, paJuOHABUTAINH, TCJICBUICHUH, TEIEMETPUU M JAPYrUX o0JacTIX pa-
JTUOTCXHUKHU.

2.1.1. Ilonysonnosoti eubpamop. llpocrelimeld BUOpATOPHONW aHTEHHOW SIBJIS-
€TCS JIMHCHHBI CHUMMETPUYHBIH BUOPATOP, CXEMAaTUYCCKU TTOKa3aHHBIN Ha pHC. 7.

[neun BuGparopa

\ J{ByXIpOBOIHAS JIMHMSI

Puc. 7. CumMeTpuuHBIi BUOpaTOp

[1neun BuOpaTopa BHIMOIHAIOTCS U3 METAUIMYECKUX MMPOBOJIHUKOB C MOMEpey-
HBIMH pa3MepamMu, 3HaYUTEIbHO MEHBILIMMHU UX JUIMHBL. B cepeaunne k redam BuOpa-
TOpa MOAKIIOYAETCS ABYXIIPOBOJIHAS JIMHUSA, KOTOpPas, B CBOKO OYEpE/lb, MOJKIFOYACT-
Cs K TEHEPATOPY — B PEXHUME IEepeladyn WIH K NIPUEMHUKY — B peXuMme npuema. B
nuanazone YKB (miuna BosHBI MeHbIe 10 M) yaiiie BCero MCIOJIb3YIOTCS BUOpATO-
PBI C IJTMHOM Ka)J0ro 1iieya, paBHOW YeTBEPTH AJMHBI BOJHBL. OO0mIas 1irHa BuOpa-
TOPHOM aHTCHHBI (UTMHA JBYX IUICY) B 3TOM Cliydae OJIM3Ka K MOJOBUHE JJIMHBI BOJI-
ubl | , u BUGparop HasbiBaeTCs MOTYBOJHOBBLIM. Jlaliee paccMaTpuBaeTcs Takoil BUO-

patop.



PacueTr Bcex XapakTEepHCTHK aHTEHHBI BKJIIOYAeT B ceOs JBa 3Tara. pelieHue
BHYTPEHHEH U BHELIHEW 3a/1a4.

BHyTpeHHss 3a7aua 3aKIII0YaeTCsl B HAXO0XKACHUHM pacIpeiesieHusl TOKa B Mpo-
BOJHUKAX aHTEHHBI U OINPEACIICHUH BXOTHOTO COMPOTUBICHHUS.

[Ipu pemieHun BHEIIHEN 3a/ayd MO HAWJIEHHOMY TOKY B IPOBOJAHHUKAX AHTEH-
Hbl HAaXOJUTCS TOJie B JajibHEW 30HE, [0 HEMY OMNpPENEeIsIOTCS JuarpaMma Harpas-
aeunoctH (JAH), nomspusarmst, KH/I.

Pacripenenenne Toka B Iieyax IMOJYBOJHOBOIO BHOpaTopa MNPUOIMKEHHO
MO>KHO OIpPEIeNIUTh, CONOCTABUB BUOPATOP U ABYXIPOBOAHYIO JIMHUIO, PA3OMKHYTYIO
Ha KOHIIE, IJIMHOM B 4eTBEPTh JUIMHBI BoJIHbI. Ha puc. 8,a nmokazana AByXmpoBOaHAS
JUHUS, a Ha puc. 8,0 — oJIyBOJHOBOM BUOpATOP.

Z Z

1(2) /

MY 8 N
B B
N Y
Vv A4
Bo30yxnenne ot Bo30yxnenue ot
reHeparopa reHepartopa
a 0

Puc. 8. JIByxnpoBoaHast 1uHus (a) ¥ moayBosiHOBoM BuOpartop (0)

JIuHusA cHU3y BO30YyXAaeTcs OT T€HepaTopa, CBEPXY Pa30MKHYTa, IIOITOMY B
JIMHUM YCTAHABIIUBACTCS PEKUM CTOSUEH BOJHBI TOKA. Pacmpenenenne aMIuiuTy 1 To-
ka |(Z) n HanpasieHne TOKOB B MIPOBOIHUKAX JTMHUMU MOKA3aHbI HA pUCYHKe. Tak Kak
pPacCTOSIHME MEXAY MPOBOJHUKAMH JIMHUM JEJIaeTCsd 3HAYMTENIbHO MEHBIIE JJIMHBI
BOJIHBI, @ HAMPaBJIEHUsI TOKOB B COCEIHUX MIPOBOJAHUKAX MPOTUBOMOJIOKHO, JIMHUS HE
u3IyJaer.

Ecnu B HEKOTOpOM ceueHnn A—A, pacroyio)KeHHOM OT pa30MKHYTOTO KOHIIA Ha
PACCTOSIHUM YE€TBEPTHU JIJTMHBI BOJIHBI, JIEBBINA MPOBOJIHUK TTOBEPHYTH BIEBO, a MPABbII
— BrpaBo Ha 90°, moSy4nTCS MOTYBOJTHOBOM BHOpaTOp, BO30YXK/1aeMblil TBYXITPOBO/I-
Hou uauel (puc. 8,0). [Ipu atom pacnpenencuue Toka |(X), kak mokaspIBacT Teope-
TUYECKUN aHaJIM3 M HKCIIEPUMEHT, B IIe4yax BHOpAaTOpa MU3MEHUTCS OYEHb MaJlo: Ha
CBOOOJIHBIX KOHIIAX IJIeY TOK OYyJIEeT paBeH HYJ0, a B TOYKAaX MOJKIIOYEHHUS ABYX-
npoBogHOM JuHMK (Ha puc. 8,0 — 310 Touku B) ammuryna Toka OyaeT MaKCUMallb-



Hoit. Kak BuiHO, B 000uX IIeuax BUOpaTopa HalpaBlICHHE TOKA OJIMHAKOBO, TTO3TOMY
BuOpaTop u3iaydyaeT. HampaBineHHbIe CBOWCTBa BHOpaTopa MOXXHO BBISICHUTH, pac-
CMaTpuBas BUOPATOpP KaK CyMMY d3JIEMEHTApHBIX H3JIydaTeseil 0€CKOHEYHO Maloit
mnel dX. Kakmas Takast yacTh mpejacTaBisieT codoi aumoinb ['epra. Kak usBectHo,
JUIOJb ['epiia He u3mydaeT BI0JIb cBocH ocu (Ha puc. 8,0 — BIoJb ocH X), MAKCUMYM
U3YYCHHS TIPOMCXOUT B HAMPABJICHHUH, IEPIICHIUKYIAPHOM OCH JUIOJs (BIOJIb OCH
Z na puc. 8,0). Ha puc. 9,a mokasan aumoiis ['epria B cucteme npsMoyroibHbix X, Y,
Z u cepuueckux koopaunar. [lokazana taxxke ero /IH, kotopas onuceiBaeTcsi BbI-

pakenneMm F(u) = cosu.
Z
%ﬁ/
o
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Puc. 9. JluarpaMMbl HanpaBaeHHOCTH B tutockoctu E aumosst ['epiia (a) u mosayBosI-
HOBOI0 BuOparopa (0)

Ha puc. 9,6 nokaszaH mojayBoJHOBON BUOPATOP, COCTOAIINM U3 MHOXKECTBA JIU-
noJeit I'epria, u ero JIH. Toku Bo Bcex ero IUIMOIAX UMEIOT OuHaKOBbIe (a3bl (01u-
HAKOBOE HampaBJICHHKE), TO3TOMY HMX IOJIS CKJIAIbIBAIOTCS C OJMHAKOBBIMHU (pa3amMu B
HanpasiacHur ocu Z (mpu = 0). B apyrux HampaBIeHHSX IMOJIS y)Ke HE CKJIaJbIBa-
10TCs1 cMH(PA3HO, T.K. PaCCTOSAHUS OT Pa3HBIX JIUIOJEH A0 TOYKH HAOIIOACHUS pa3-
Hble. B pe3ynbrare HampaBIeHHOCTh U3JIYYCHHS IOJTYBOJHOBOTO BHOpaTopa MOBBI-
IaeTcs Mo CpaBHEHUIO ¢ aumojeM ['epia. luarpammMa HanpaBIeHHOCTH TOJIYBOJIHO-
BOT'0 BUOpATOpa OMHUCKHIBAETCS POPMYIIOi

cosggsinng
Fu) = cosu .



[Mupuna rnaBHoro nenectka JIH nunons [epua 2Q0’5 = 900, KHJ =15V
T0JTyBOJIHOBOTO BUOpaTopa 2Qq 5 = 78°, KHJI = 1,64.

B minockocTH, meprneHAMKYISpHON ocu X, BHOpaTop Tak jke, KaKk M JIUIIOJb
['epuia, u3mydaet paBHOMepHO, T.¢. JIH ot yria | He 3aBucut: F(j ) =1.

Jluarpamma Harnpasiennoctd F(j ) mokasana Ha puc. 10.

P - Touka Ha0mronenus B qajapHER
]
30HE

Puc. 10. lnarpamMmma HarnpaBieHHOCTH BUOpaTopa B ruiockoctu H

®
Ha puc. 9 Bexktop E B mampHell 30He Ha ocu Z OpHEHTUPOBAH MapauIeTHLHO
®
ocu X, a BekTop H— mapamienbHo ocu Y. 3a nepuoj kKoseOaHusi BHICOKON 4acTOTHI
® ®

KOHCI BCKTOpa E omnucwiBaer JIMHHIO, ITapalsICJIbHYIO OCH X, BCKTOP H — mapalj-

JeNbHYIO OcH Y, T.e. BUOpaTOp M3JIyyaeT IoJie JUHeHoW nosipu3anuu. [11ockocTs,
®
B KoTOpo# Jiexxut BekTop E (ock X) u Hampaenenue riaBaoro makcumyma JIH (och

Z), HaspiBaeTcs m1ockocThio E (mmockocts XZ). IT1OCKOCTh, B KOTOPOM JICKHUT BEK-
®
top H (ocwk Y) u HanpasieHue riaaBHOro makcumyma JIH, Ha3bIBaeTCS TUIOCKOCTHIO

H (mnockocts Y Z).

Bxomsoe comnpotuBicHue Budbparopa (Zyy) paBHO OTHOIICHUIO HAMPSDKCHUS B
To4ykax B kK ToKy B 3TuX Toukax. OO03HAYMM 3TH HAMPSHKCHUE U TOK CHMBOJAMH
Usx, lgx: Torna

z = Yn - +iX

BX | R )¢
BX

XBX — dKTHUBHAA U PCAKTHUBHAA 9aCTH BXOOAHOI'O COIIPOTUBJICHUS.

BX?

rae Ryy s
TeopeTnuecku M SKCIEPUMEHTAIBHO MMOKAa3aHO, YTO JJIs MOJYBOJIHOBOT'O BHO-

paropa RBX » 75 OM. PeaktBHAs 4acTh U3MEHSETCA B 3aBUCUMOCTH OT 4acTOTHI f

IIPUMEPHO TaK K€, KAK B PA30MKHYTOM IBYXIPOBOJAHOUN JIMHUU JJIMHOW B YETBEPTH
JUTUHBI BOJIHBI.



Ha pesonanchoit gactote fo X, =0. Ha wacrore f <f, peakruBHOe compo-
THBJIEHHE MMeeT eMKOCTHBIN xapakTep (X, <0), Ha gactore f >f, peaxrusHoe co-
IPOTHBJIEHNE HHAYKTUBHO (X 5y >0).

Kak BugHO, Xy B 3aBUCUMOCTH OT YacTOTbI MEHSETCS TakK kK€, KaKk B IOCIIe-

J0BaTEIbHOM KoJjiebaTeqpHOM KOHType. Ho mockonbky B BHOpaTrope e€cTb NOTEpH
MOIIIHOCTH Ha U3Iy4YEHHE, PE30HAHCHAsI YaCTOTa YMEHBUIAETCS 110 CPABHEHUIO C TOH,
Ha KOTOpPOH ero JjIMHa paBHa MOJOBUHE JJIMHBI BOJIHBI. Pe3oHaHcHas jinHa BHOpa-
Topa

L pes =09 -DL,

rae DL — ykopodeHue MoIyBOJIHOBOTO BUOpaTopa, 3aBUCSIEE OT IUaMeTpa MpOoBO-
1a, U3 KoToporo ciaenad sudpartop. O6sruno DL » (0,02...0,1)1 .

JlmarpaMMa HampaBJIEHHOCTH BHOpaTopa ciliabo 3aBHCHUT OT YacTOThI, & BXOJI-
HOE COMPOTUBJIEHUE — CHIIbHO. [I0ATOMY MOTYyBOIHOBOM BHOpATOp SIBISETCS Y3KOIO-
JIOCHOM aHTEHHOM C TOYKH 3PEHUs COTJIACOBAaHUS C JIMHUEW mepefauu. Y 10BIETBOPH-
TEJIBHOE COTJIACOBAaHME TOHKOTO TOJYBOJHOBOIO BHOpaTopa ¢ KadeneMm, UMEIOIINM
BOJIHOBOE comnpoTHBieHHE /S OM, COXpaHAETCs B MOJIOCE YacTOT C KO3(PPUIIUEHTOM
nepekpbitusg 1,05...1,1 (ko3 PuIHMEHT MepeKphITHS — OTHOLICHHE MaKCHMAaJIbHOM
YaCTOTHI MOJIOCKI MTPOIMYCKAHMS K MUHUMAJIbHON).

2.1.2. Ilonysonnosoti subpamop ¢ auHelinbim pegiexkmopom. B psne TexHude-
CKMX 3a1a4 ykazanHoro 3HadyeHuss KHJI OviBaer HemoctaTouHo. JIjisi MOBBIMICHUS
KH/I BuOpaTopHble aHTEHHBI JENAOT OO0Jee CIIOKHBIMU, JOMOIHSS MOJYBOJHOBOM
BUOpaTOp, BO30YKIAEMBbII OT TUHUU NIEPEeIadH, MACCUBHBIMU 3JI€MEHTAMU WM CTPOSI
U3 TIOJIYBOJHOBBIX BUOpPATOPOB aHTEeHHbIE penieTku. [lomyBonHOBOM BHOpaTop C mac-
CUBHBIM JIMHEHHBIM pe(dIECKTOPOM SBISICTCS MPOCTEHIINM U3 TOI0OHBIX aHTeHH. Puc.
11 nwnmocTpupyeT cxeMaTHuecKd KOHCTPYKIMIO TakoW aHTeHHbl. Ha pucyHke mnoka-
3aHbl MPSAMOYroJjibHasg W cdepudeckas cucrembl koopauHat. [Inmockocts E — 3t10
miockocth XZ, miockocth H — 310 miockocTs YZ. AKTUBHBIN BUOpaTOp MOKa3aH B
BU/JIE JINHUU C KPYKKOM B cepeiuHe. DTO O3HAYAET, UTO OH BO30YKIaeTcs OT JIMHUU
nepenauu. Ero mymuea — L ;. JIuHeliHbIll peduiekTop — 3TO NPSIMONIMHENHBIN IPOBOJ-

HUK JUIHHOH L ,, KOTOPBI BO30Y:K1aeTCs MOJIeM aKTHBHOrO BHOpatopa. PaccrosiHue
MEXIy BUOPATOPOM U pedIeKTOpOM — dp . Ilo Bubparopy teuet Tok |, no peduex-
T0py = | 5. Ilputem Tok | BO3Oy:kaeTcst moaem Bubparopa. Pasmepsr Ly, L, u dp

BBIOMPAIOTCS Tak, 4TOOBI MOJs BHOpaTopa M peduiekTopa B HampaBlieHUU ocu +Z
CKJIaJIBIBAIIUCH C OJMHAKOBBIMU (pa3zamMu, a B HANMpaBICHUH OCU —Z CKIIAJBIBAIHCH CO
casuroM no ¢aze B 180°. B pe3ynbrare u3iaydeHue B HanpaBieHUU ocu +Z yBeJIn4H-
BAEeTCs, B HAMPABICHUN OCH —Z YMEHBIIIAETCS.



Peduekrop AKTUBHBIN BUOparop 5
/ Touxa HaOIONEHUS B JalbHEH 30He
X

P

i Q
L LB C_j\ > 7
J

dp

Puc. 11. [lonyBosHOBOM BHOpATOp C TMHEHHBIM pedIICKTOPOM

JlJist cucTeMbl «aKTUBHBIA BUOPATOp — pedIeKTOp» MHUPUHA TJIABHOT'O JIETIECT-
ka JIH ymensmaercs, a KHJ yBenuuuBaercs: mpuOIM3UTEIBLHO B JIBa pa3a 1o Cpas-
HEHUIO C OJMHOYHBIM IOJYBOJHOBBIM BHOpaTopoM. [1oCKOJIbKY aMIUIUTyJa TOKa B
pedaeKkTope HECKOJIBKO MEHbIIEe aMIUIUTYIbl TOKa B BUOpaTope, MOJHOM KOMIEHCa-
uu nossi BuGparopa u pediaekropa B HarpaBieHUH ocu —Z He npoucxoauT, u JIH
uMeeT HeOobIoN 3aaHui Jenectok. JJH cuctembr BuGpatop — pediekTop B mIOCKO-
ctax E u H noka3zaunel Ha puc. 12

X

IImockocte E IImockocte H

F(Q) F(Q)

Q Q

j = j =

Puc.12. JlnarpaMMbl HalIpaBJI€HHOCTHU TOJYBOJIHOBOTO BUOpaTopa ¢ pedaeKTopomM

B nnockoctu E BuOpartop BAoas ocH He u3inydaert, nostomy JIH cucremsl BuO-

patop — pediekrop B Hanpasnernn (=+90° mMeer HyineBoe 3HaueHHE. B MIOCKO-
cti H xaxaplii u3 BUOpAaTOpOB CUCTEMBbI BUOpaTOp — pedIeKTOp HEHANpaBJeH, Mo-

stomy JIH Takoii cucrems! B Hampasiaernn ¢ =+90° nMeer XOTS U HEBBICOKHIT ypo-
BEHb, HO HE HYJIEBOE 3HAUYCHHUE.



[TpuHumn paboThl cUCTeMbl BUOpaTOp — pedIIEKTOp 3aKIIOYAETCS B CIEAYIO-
IIEM.

Tok BubOpaTopa |, BO30yXIaeT B IPOCTPAHCTBE AIEKTpOMarHuTHoe mnoe. [o-
TOK MAarHUTHOM MHAYKIMH 3TOTO MOJS B BUJE BOJHBI PAacpOCTPAHSIETCA MO paauy-

2p

caM R u nocruraer pednekropa ¢ orctaBanuem 1o ¢aze Ha Y = - dp. O603HauNM

9TOT motok cuMBosoM F . ITotok F  Haogut 3/IC B pediexrope. B coorBercTBIM

C 3aKOHOM DJJIEKTpoMarHuTHON wHaykiuu Papanmes sra DJC (manee obo3HavaeTcs
CHUMBOJIOM €) OIPEIesACTCS MPOM3BOIHOM MOTOKA M0 BPEMEHHU:

dF
e=- P
d

T.€. OTCTAaeT OT MoToka 1o (aze Ha 90°.
3/C B pediexrope Bo30yxnaer Tok |p, kotopsiit orcraer 1o pase ot I/C Ha

90°. D10 mocTuraeTcs TeM, YTo JUIMHA pedieKTopa JAenaeTcss 00IbIlIe PE30HAHCHON U
€r0 BXOJTHOC COMPOTHUBIICHUE NMEET WHIYKTUBHYIO PEaKTHBHYIO YaCTh.

CkazanHOe WiutocTpupyercs puc. 13, Ha KOTOpOM Ha KOMIUIEKCHOH TUIOCKOCTH
MTOKa3aHBbl:

TOK B aKTUBHOM BuOpatope | ;;

MOTOK MarHUTHOM HHAYKIMK B TOYKE PACIIOJIOXKCHHSA AaKTHBHOTO BI/I6paT0pa

MOTOK MarHUTHOW MHAYKIHMH B TOYKE PacIonoxeHus peguekropa F,, casu-

2y

HYTBI} 10 (pa3e OTHOCUTENBHO NoTOKa F ; Ha yron Y =-

O/1C, naBogumas B pedekTope, ¢,
TOK B pediexrope |p.

I
PucyHok cootseTcTByeT Ciy4aio dp =, npu stom Y =- 90°.
4
Kak BusHO, TOK B pediekTope onepexkaer Tok B Buoparope Ha 90°. Tak kak paccrosi-
HHE MeXAy BUOparopoM u peduexkropom dp = 2 HEeTPYIAHO I0Ka3aTh, YTO IOJIA

BuOparopa u pedekropa B HanpasieHuu +Z (ot pedaekropa K BUOpATOpy) CKiIaabl-
BAIOTCsL C OJUHAKOBBIMH (pa3amu, a B HanpaBieHud —Z (0T BHOpaTopa K pediiekTopy)
— co casurom no ¢aze 180°.

2.1.3. Ilonysonnosoti subpamop ¢ nunetinbim oupekmopom. CxeMaTuuecku aH-
TEHHA MMOKa3aHa Ha puc. 14 M COCTOMT U3 aKTUBHOTO BHOpaTopa, BO30YKIaeMOTO OT
JVHUM TIepeaad, ¥ TaCCHBHOTO JHHEWHOTO BHOpaTOpa, Ha3hIBAEMOTO JUPEKTOPOM.
PaccrosiHre Mexay BUOPATOpPOM M AUPEKTOPOM (HA30BEM €ro MEPBBIM JIUPEKTOPOM,

YUUTBIBAA, 4TO AUPCKTOPOB MOKCT OBITh HCCKOJIBKO) pPaBHO d]_.



MuuMmasa yacth

N
| D Omnepexenue 1o daze
e Fg | g PeanbHas yacThb
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N2 OtcTtaBanue no aze

Puc. 13. ®a30Bble COOTHOIIEHUS B CUCTEME «II0JIYBOJIHOBOUW BUOPATOP — JIMHEWHBIN
pedaexTop»

AXTUBHBIN BHOpaTop

JupexTop
1/
e

. L

X

Z

7\
7/

| e

Puc. 14. TTonyB0THOBOM BUOPATOP C TMHEHHBIM JUPEKTOPOM

Vel ¥ | Ha TOYKY HAOJIOJCHUS OTCUMTBHIBAIOTCS TakK e, Kak Ha puc. 9, 10.
JlnuHa BuOparopa aeiaeTcs paBHOM PE30HAHCHOM, a JUIMHA JUPEKTOpAa — MEHBIIE
pe3oHancHoU. Ilpu 5ToM BXOHOE CONPOTUBIIEHUE TUPEKTOPA EMKOCTHOE M TOK B HEM
orcraer no (paze Ha 90° or DJIC, HaBogumoil B HeM mojeMm BuOpatopa. Ha puc. 15
MOKAa3aHbI T€ e BEJITUYHMHBI, YTO U Ha puc. 13, HO JJIs1 CUCTEMBI BUOPATOP — AUPEKTOP

IpH dl =Z. Tok B OAUPCKTOPC 0003Ha4YEH CHMBOJIOM III H, KaK BUJHO, OTCTACT IIO

daze Ha 90° or Toka B BHOpaTope. B 3TOM ciywyae monsi BuGpatopa M IUPEKTOpa
CKJIaIbIBAIOTCS C  OJAMHAKOBHIMM  (azamMu B  HampaBleHun ocu  +Z
(B HampaBiieHHH OT BHOpaTopa K JUPEKTOpY) U co casurom mo ¢aze 180° B Hampas-
nenun —Z (0T qupekTopa K BuOpatopy). JuarpaMMbl HarpaBlIeHHOCTH CUCTEMbI BHO-
patop — aIupeKTop B miiockocTsax E u H aHanoruyHel TeM, KOTOpBIE MMOKa3aHbl HAa PHC.
12. KH/I Takoif aHTE€HHBI MPUOIN3UTEIILHO B JIBa pa3a 0oJIbIle, YeM sl OTMHOYHOTO
MOJTYBOJTHOBOTO BHOpaTopa.
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Puc. 15. ®a30Bble COOTHOIIEHUS B CUCTEME MOJTYBOJHOBOM BUOPATOP — TMHEHHBIN
IUPEKTOP

[IpuBeeHHOE BbIlIE OO0BSCHEHUWE MPHUHIHUIA PAOOThl CUCTEMBbI AKTUBHBIN
BUOpaTop — maccuBHbBIN BHOpaTop (pediexkrop win TUPEKTOp) UIACAIU3UPOBAHO U
IpEAIoJIaraeT, 4YTo BXOJHOE CONPOTUBJIECHUE TACCUBHOIO BUOpaTopa YMCTO peak-
TUBHO. Ha camoM Jiesie 0HO KOMIUIEKCHO, HaAW4Yue aKTUBHOM 4acTu 0OyCIOBIEHO
U3Jy4eHHEeM NacCUBHOTO BuOparopa. Benencteue storo paccrosinue d, mpu Korto-
pOM HaOJII0IAI0TCSI PACCMOTPEHHBIC BBILIE SBJICHUS, OTIIMYHO OT YETBEPTHU JJIHHBI
BOJIHBI. /{11 cuctembl BUOpAaTOp — pedieKTop ONTUMAJIbHOE PACCTOSHUE C TOUYKH
3penuss makcumyma KHJI u ypoBHS 3aaHero jernecTka BblOMpaeTcs B Mpenaenax
dp = (0,15...0,20)| , mnma  cucrembl BUOpaTOp — MEPBHIM  JAUPEKTOP

d; =(0,1...0,15)I .

Hns ysennuenns KHJI npumenstoT BuOpaTop ¢ peduieKTOpoM U OJHHUM HWIIU
HECKOJIbKUMHU JAUpPEKTOpamMu. Takas aHTEHHA HA3bIBA€TCS TUPEKTOPHON U IIHPOKO
UCIIOJIb3YETCA B Pa3iINYHbIX 00MacTIX paauocBs3u B nuana3one YKB. Uem Gombiie
aupekTopoB, Tem Oosbimie KHJI u yxe riasubiii ienectok JIH. OObIYHO B qUpEKTOp-
HBIX aHTEHHAX 4ucio aupekTopoB He nenaercs Oonee 10...12. Tlpu stom KH/I ne
6osiee 30. OrpanuveHue yucia AUPEKTOPOB CBSA3AHO C TEM, YTO aMILIUTY/a TOKa B
JTUPEKTOPE YMEHBIIAETCSl C YAAJICHHEM €ro OoT BUOpaTropa W BIMSHHE €ro Ha Iapa-
METpPbl AUPEKTOPHOM aHTEHHBI yMEHbIIaeTcs. BMecTe ¢ TeM M3BECTHBI KOHCTPYKIIMH
TUPEKTOPHBIX aHTeHH ¢ yuciaoM nupekropoB g0 30 u KH/L = 80...100. B qupexrop-
HOM aHTEHHE IJIMHA aKTUBHOTO BHOpaTopa JIeNaeTcsi paBHOM pPE30HAHCHOM JJIMHE
L, »(0,47...0,48)| . [Ipu Tako# JIMHE BXOJHOE CONPOTUBIICHHE HMEET PEAKTUBHYIO

4acTh, OJHU3KYIO K HyImo. JlmnHa pegekropa Jo/mkHa ObITh O0ibIe pe3oHaHcHoi L

» (0,5...052)| . lnuHa  OUPEKTOpPOB  JENAeTCS  MEHbBIIEC  PEe30HAHCHOU



L, » (0,4...0,45)| . Tlpuyem pvHa TMPEKTOPOB yMEHBIIAETCS OT TIEPBOTO K MOCIE-

HCMY. Paccrosinue MCKAY AKTUBHBIM BI/I6paTOpOM N TCPBBIM JUPCKTOPOM dl

(0,1...0,15)| . Tlocnemyromue paccTOSHHSA MEXIY AUPEKTOPAMHU COCTaBisoT d
(0,2...0,3)l . ITpuuem 3T0 paccTOsSTHKE IJIABHO YBEIUUUBACTCS OT MIEPBOTO TUPEKTOPA
K MTOCIICHEMY .

2.2. PaMOYHbIC AHTCHHBbI

PamouHnbie aHTeHHBI IpUMEHSIOTCS B Auanasone Y KB kak ciabo- u cpegHeHa-
npaBJieHHbIe. B 3aBUCMMOCTH OT KOHCTpyKIMH pamouHbix anteHHax KH] = 2...20.

[Ipocreiien paMOYHOW aHTEHHOM SIBJISIETCS 3aMKHYTasi paMKa U3 MPOBOJHUKA
C IJIMHOM MEPUMETPA, PABHOIO JJIMHE BOJIHBI. 3AKOH PACIPEACIICHUS TOKA B POBO-
HUKE PaMKH MOXKHO PacCMOTpeTh aHajoruyHo BuOpatopy. Ha puc. 16 mokaszana
JIBYXIIPOBOJIHAs JIMHUSA, 3aMKHYTas Ha KOHIIE, U PACIIPEACIEHUE TOKA B HEW U KBa/Jl-
paTHas pamKka, MOJIydeHHasi U3 JBYXIPOBOAHON JIMHUU TTyTeM ee nedopmaruu. [Toka-

3aHO TAKXe pacipeesicHUe TOKa B paMKe.
®
Paccmotpum BekTophl E monel, co3maBaembix cTopoHamu pamku 1, 2, 3, 4.
® ®
Ha puc. 16 nokasansl Bektopel E, n E,, coznaBaembie Ha ocu Y cTopoHaMu pam-

ku 1 u 2 (ocp Y wmaer ot umratens). Kak BugHo, ux cocrasisroniie Ha ock X (Ey )

HMCIOT OJHMHAKOBOC HAIIPAaBJICHUC H, CICAOBATCIbHO, CKIAAbIBAIOTCA, a COCTABJIAIO-
e Ha OCb Z (EZ) HMCIOT IIPOTHUBOIIOJOKHOC HAIIPABJIICHUC U, CJICAOBATCIbHO, BbI-

®
yutarTcsa. B pPe3yiabTaTe CYMMapHBIﬁ BCKTOP E ) COBIIaBaCMBIﬁ TOKaMH Ha CTOPOHAX

1u 2, Oyner opueHTUPOBAH BAOIL OCH X.
®
AHaNoru4Ho cymMmapHsiid BekTtop E, coznaBaemblil TokaMu Ha cTopoHax 3 U 4,
®
Takke OylieT opueHTUpOoBaH BAoJb ocu X. U B uenom Bekrop E, cozmaBaembiii Bceit
®
pamKoii, OyaeT opueHTHpoBaH BoJb ocu X. Bekrop H Oyzaer opueHTHpOBaH BROIb

ocu Z. Takum 00pa3omM, paMmka, JAJIMHA CTOPOHBI KOTOPOW paBHA YETBEPTH IJIUHBI
BOJIHBI, U3JIYYAET I10JI€ JINHEWHOM MOJIAPUALNH.

ITnockocte E — »t0o mimockocte XY, miockocte H — 310 mimockocte ZY
(1a puc. 16 yrom  — OTCUHMTBIBAETCS OT OCH Z, Yroi | — BOKpyr ocu Z). ['maBHbIN
makcumyM JIH opueHntrupoBaH B0Jb OcH Y, T.K. B 3TOM HaIpaBJICHUU MOJS BCEX ye-
THIPEX CTOPOH PaMKH CKJIaJbIBAIOTCS C OJMHAKOBBIMM (pazamu. B HampaBieHun ocu
X m3nyyenue munHumanbHo. KHJ[ Takoit pamku nmpuOIM3UTEIHHO paBeH JBYM, T.€.
0oJbIIIe, YEM y TOJYBOJHOBOTO BUOparopa. BxoaHoe cOMpOTHBIEHHE PAMKH KOM-
MJIEKCHO, OJTHAKO [0 CPABHEHUIO C MOJYBOJHOBBIM BUOPATOPOM MEHEE PE3KO 3aBUCUT
OT YacTOThI. Y IOBJIETBOPUTEIBHOE COTJIACOBAHME PAaMKH C JIMHMEH Iepeaadyn coxpa-
HSIETCS MPUOJIU3UTENIBHO B TIOJIOCE YaCcTOT ¢ ko3 punmentom nepekpoitus 1,4.
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Puc. 16. JIByxnpoBoaHas TMHUS U paMOYHAs aHTEeHHA

dopma paMKH MOXET OBbITh Kak MPSIMOYTOJIbHOM, Tak U Kpyrioi. OT 3Toro xa-
PaKTEPUCTUKHU U TTapaMeTpPbl pAMOYHON aHTEHHBI 3aBUCAT €1a00.

[IpsitmoyronpHas paMKa MOXKET BO30YXKJIaThCs Kak B BeplIMHE pomOa, Tak U B
CEpEeANHE CTOPOHBI.

Hns yBenumuenus KHJI ucnons3yroTcss aHTEHHBI, COCTOSIIIME U3 HECKOIBKHX
pamok. Ha puc. 17 noka3aHsl pa3fin4Hble pa3HOBUIHOCTH PAMOYHbBIX aHTEHH:

puc. 17,a — paMo4Hasi @aHT€HHA, COCTOALIAs U3 JIBYX MapauiebHO COECIUHEH-
HBIX PaMOK;

puc. 17,6 — paMo4Has aHTE€HHA, COCTOAIIAs U3 TPEX PaMOK — OJIHON aKTUBHOMH,
BO30Yy’KJ1a€MOM OT JIMHUU TIEpPeiauu, U JBYX NMaccuBHbIX. OJIHAa U3 HUX SIBISIETCS ped-
nexrtopoM. [[nuHa ee nepumerpa Aenaerca OOJblIe JJIUHBI BOIHBL. [[pyras pamka ur-
paet poJib JupeKTopa. Ee nepumerp AenaeTcss MEHbIE IJIMHBI BOIHBI.

3. Cocmas n1abopamopHoll YyCmaHo8Ku

CrpykTypHas cxema jJab0opaTopHO# YCTaHOBKHM IMOKa3aHa Ha puc. 6 (pasn. 1). B
KaueCTBE MCCJIEAYEeMbIX aHTECHH HCIOJIB3YIOTCS: CUMMETPUYHBINA TTOJIYBOJTHOBOM BHUO-
paTop; MOJIyBOJIHOBOW BHOPATOp C JIMHEWHBIM PEeQIEKTOPOM; MOJIYBOJHOBOM BHOpa-
TOp C JUHEWHBIM JAUPEKTOPOM; AUPEKTOpPHAsT aHTCHHA, paMOYHas aHTEHHAa B BUJIC
KBaJpaTHOM paMKH C JUIMHOM, paBHOM JUIMHE BOJHBI; paMOYHAasl aHTEHHA B BHUJIE JIBYX
MapajuieIbHO COSIMHEHHBIX PaMOK C JJIMHOW KaXKJIOW paMKH, PaBHOW JJTMHE BOJIHBI.
Bce anTeHHBI HCCIEAYIOTCS B pEKUME MpUeMa.
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Puc. 17. KoHCTpYKIIMHM paMOYHBIX aHTCHH
4. 3a0anue Ha 1abopamopuyo pabomy

4.1. O3HaKOMHUTKCS C JJaOOPATOPHOW YCTAaHOBKOW M KOHCTPYKIIMEH HCClenye-
MBIX aHTCHH.

4.2. BKIIOYUTH U HACTPOUTH JA0OPATOPHYIO YCTAHOBKY. Y CTAHOBHUTH 33JIaHHYIO
4acTOTy W YAOOHBIA IIJII U3MEPEHUM YPOBEHb MOIIHOCTH T'€HEpaTopa; COBMECTUTH
ONTHYECKHE OCH Tepeaaroniell U MPUeMHON aHTCHH; YCTaHOBUTh Ha4YaJIo OTCUETa Yr-
7a HAOMIOIEHHs OT 0’KMIaeMOro HarmpaBieHus riiaBHoro Mmakcumyma JIH uccnenye-
MOH MIpUEMHOM aHTEeHHBI. [[anee Hauaao oTcueTa yria HaOII0ICHUS HE MEHSITh.

4.3. 3mepuTh AuarpamMMbl HampaBiACHHOCTH 3aJlaHHBIX IPErojaBaTeeM aH-
TEHH Ha 3aJJaHHbIX YaCTOTaX:

a) MOJIyBOJIHOBOI'0 BUOpaTopa B miockoctsax E u H;

0) 1OJIyBOJTHOBOTO BHOpaTOpa ¢ TUHEHHBIM pedaekTopoM B maockocTsaX E u H;
B) MOJIYBOJHOBOI'O BUOPATOpA C JIMHEHHBIM TUPEKTOPOM B ILIOCKOCTH E;

T) AUPEKTOPHOM aHTCHHBI B IIOCKOCTH E;

1) 3aJIaHHBIX PAMOYHBIX @HTCHH B IUIOCKOCTH E.

Ilpumeuanue 1. Ilepeo uzmepenusimu 8 nn. 6, 8, 2 NPeOBAPUMENLHO YCMAHO-
8UMb peKOMeHOyemble ONIUHbL pehieKmopa, OUpeKmopos U pacCmosHus Mexcoy 6uo-
pamopom u pegpuexmopom, suOpamopom u nepevim OUPEKMopoM U MerHcoy OUpex-
mopamu.  Pexomenoyemcs ycmaumosums Cpeonue 3HAYEHUsT U3 UHMEepP8alos.

L, »(0,47...0,48)l ; Lp » (0,5...0,52)| ; L, »(04...045) ; dp =
= (0,15...0,20)| ; d; =(0,1...0,15)] ; d =(0,2...0,3)| . 3amem neborvuIUM UsMEHEHU-

eM YCMAHOBNEeHHbIX 3HAUEeHULl 00OUMbCA MAKCUMYMA NPUHUMAEMO20 CUCHANA 8 HA-
npaenenuu ocu anmenusl. Ilocne smozo uzmepums /[H.

4.4. CpaBHUTH YpOBHU CHUTHAJIOB B HaIpaBJICHHH TJaBHOro makcumyma JIH
MOJIYBOJIHOBOTO BHOpaTOopa M BCEX HCCJEJIOBAHHBIX aHTEHH NpPH OJHOM M TOM XKe
MoutHoCcTH u3nydeHus. Onpenenute KH/I uccnenyeMbIx aHTEHH METOAOM CpaBHE-



Hus, cuutas, yro KHJI monyBonHOBOro BuOpaTopa paBeH TEOPETUYECKOMY 3HAUCHUIO
1,64.

4.5. OOpabotath pe3ynbTaThl u3MepeHus: [JH Bcex wmccienoBaHHBIX aHTCHH U
noCcTpouTh rpaduku HopmupoBaHHbX JIH B momspHbix koopauHarax. OnpeneinuThb
LIMPUHY IJ1aBHOTO JernecTka JIH 1o ypoBHIO ITOJIOBUHHOW MOIHOCTH B IIJIOCKOCTSX E
u H 1 MakcumalbHbI YpOBEHb OOKOBBIX JICTIECTKOB JJISI BCEX MCCIEAOBAHHBIX aH-
TEHH.

4.6. Teopernuecku ouenutb KHJI mo mupuHe riaBHOTo jenecTka B IIOCKO-
ctax E u H u cpaBHUTE CO 3HaYeHMEM, ITOIIyYEHHBIM DKCIIEPUMEHTAJIBHO.

4.7. Cpnenatb BBIBOJBI 110 BceM MyHKTaM padoTsl: o Buae JIH B mnockocTsix E u
H nonyBonnoBoro Bubparopa; o Bnussauu Ha JIH pednexkropa u aupexropa; o KHJI u
JIH paMOYHBIX aHTEHH B CPAaBHEHUHU U MOJYBOJHOBBIM BUOPATOPOM.

5. Cooeporcanue omuema

HazBanwue u 1enb paboThI.

CTpykTypHas cxema YCTaHOBKH C IepeUYHEM UCTIOIB30BAHHBIX MTPHOOPOB.

[lepeueHp U cxeMaTHIECKUE PUCYHKH UCCIICIOBAaHHBIX aHTCHH.

OkcniepuMeHTanbHble rpaduku JIH B TOJSPHBIX KOOPAMHATAX, PE3yJIbTaThl
M3MEpEeHUs U NMpuoIMKeHHol TeopeTnueckoi onenku KH/I.

BeiBozibl 10 BceM myHKTaM paloThl. (TaOmauibl SKCIIEPUMEHTATBHBIX JaHHBIX
NPUBECTH B OJTHOM U3 OTYCTOB OpHTaIbl).

Ilpumeuanue 2. Pezynomamor usmepenusi JJH moocno obpabomams Ha Kom-
nvlomepe ¢ UCNONb308AHUEM CHeyUarbHoU npoepammul. Onucanue npocpammsl HAxXo-
oumcs Ha pabouem cmoie.

6. Bonpocbl 0115 noo2omosku

6.1. Onpenenenue JIH B pexume nepenayu.

6.2. Onpenenenue JAH B pexume npuema.

6.3. [Tapamerpsr JAH, cioco6s1 nzoopaxkenus [IH.

6.4. Onpenencnue KH/I B pexxume nepegadm.

6.5. Onpenenenne KH/ B pexxume npuema.

6.6. 3aBucumocts KH/I oT mupunsl rinasHoro senectka JJH u ypoBHS 60KOBBIX
JIETIECTKOB.

6.7. Metonuka usmepenus J{H.

6.8. Metonuka usmepennss KHJI.

6.9. Pacnpenenenue Toka B Iuleyax MOJIYBOJHOBOrO BHOpaTopa, JuarpaMmma
HanpaBJIEHHOCTH B TIOCKOCTAX E n H.

6.10. IIpunun paGoThl MOJYBOJIHOBOTO BHOpaTopa ¢ JUHEHWHBIM pediiexTo-
pOM.

6.11. ITpuniun paboThl OJYBOJHOBOTO BUOpaTOpa ¢ TMHEUHBIM TUPEKTOPOM.

6.12. TlpuHuun paboThl JUPEKTOPHON aHTEHHBI. 3AaBUCUMOCTb IIUPHUHBI IJIaB-
Horo nenectka JIH u KH/[ tupeKTopHOI aHTEHHBI OT YKCIa JUPEKTOPOB.

6.13. [IpuHIMO paboThl PAMOYHOUN AHTEHHBI.
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NCCIIEJOBAHHUE PYIHOPHBIX U PYITIOPHO-JINH30OBBIX
AHTEHH

1. I]env pabomwi
N3y4nTh CBOMCTBA PYNOPHBIX M PYMOPHO-TMH30BBIX aHTEHH, UX KOHCTPYKITHIO,
MOJIYYHUTh HABBIKM B M3MEPEHUU quarpaMmbl HanpasieHHoctH, KH]I n koaddurmen-
Ta DJUTUNITUYHOCTH aHTCHHBI.
2. Obwue ceedenus
PymnopHbIe aHTEHHBI OTHOCSTCS K KJIACCy alepPTYPHBIX aHTCHH, T.€. aHTCHH, U3-
JYYaroIIuX U3 HEKOTOPOU MOBEPXHOCTH (OTBEPCTHS), U NPEACTABISAIOT COOOH paciiu-

peHME NPSMOYIOJIBHOIO MM KPYIJIOro BOJIHOBOOB. Ha puc. 18 nokazaHo HECKOIBKO
BapUAHTOB PYNOPHBIX AHTEHH.
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Puc. 18. BapuaHTsl pynopHbIX aHTEHH
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Puc. 18,a — nupamupansusiii pynop. [Ipeacrasiser cobolt pacimupeHnue mnps-
MOYTOJIBHOTO BOJIHOBOJIA IO JIMHEHHOMY 3aKOHY (IUIMHAa CTOPOH BOJHOBoga A u B
YBEJIMYUBACTCS BAOJb OCH Z 110 JIMHEHHOMY 3aKOHY).

Puc. 18,6,B — cexTopuasibHbie pynopsl. B Hux ctopona B (puc. 18,0) u ctopona
A (puc. 18,B) yBeIMUYMBAIOTCS B0 OCH Z 110 JINHCHHOMY 3aKOHY.

Puc. 18,;r — xonunueckuii pynop. [Ipeacrasnser coOoit pacmmpeHue Kpyrioro
BOJIHOBOJIA BAOJb OCH Z MO JINHEHHOMY 3aKOHY.

Ha pucynke 3amrpuxoBaHa BooOpakaemasi MOBEPXHOCTh, OTAEISAOIIAs BHYT-
PEHHIOIO MOJIOCTh PYNOpa OT BHEIIHETO MPOCTPAHCTBA. ITa OBEPXHOCTh HAa3bIBACTCS
packpbiBOM pymopa (ameprtypoii). Uepe3 Hee MPOUCXOIUT UIIyYCHHE DIICKTpOMAr-
HUTHOTO MOJISl U3 BHYTPEHHEH MOJIO0CTH BO BHEITHEE POCTPAHCTBO.

XapaKkTepUCTUKH U MapaMeTphbl PYHOPHBIX aHTEHH 3aBUCST OT THUIIA BOJHBI B BOJI-
HOBOJIC, TMHCHHBIX Pa3MepoB packpsiBa Ap, By, riyOuHsl pyriopa R i 4actoTs! f.

Pynopubie antennsl umeror KHJI oT HECKOIBKHUX €IMHHUII M0 HECKOJBKUX ThI-
CSY M TIPUMEHSIOTCS KaK CaMOCTOSTEIbHBIC aHTEHHBI B JUANIa30HE MUJUTUMETPOBBIX,
CAaHTUMETPOBBIX U JCIUMETPOBBIX BOJH M KaK AJIEMCHTHI 0OJI€e CIIOXKHBIX aHTCHH.
PaccMoTprM CBOMCTBA M OCHOBHBIC XapaKTEPUCTUKH MUPAMHUIAILHOTO PyTopa.

AHanu3 xapaKTepUCTHUK W MapaMeTPOB PYINOPHOM aHTCHHBI MpEIoaracT pe-
IIICHUE JIBYX 3aj7a4 — BHyTPEHHEH U BHEITHEH.

BHyTpeHHsIs 3a1aua — onpeieNieHIe pacipe/IeICHUs MO Ha PacKphIBE pyropa
IO TIOJTIO B BOJTHOBO/IC.

BHemHss 3a/1aua — OnpeeICHUe 0JIs pPyIOPHON aHTEHHBI B JJaIbHEH 30HE 110
MOJTI0 Ha PacKpbIBe pymopa ¢ mocneaytommm ompenenenuem JIH, KH]I, nonspuza-
IUH.

PaccMoTpuM mipuHIMI pabOThI M OCHOBHBIE XapaKTEPUCTUKU U ITApaMETPhI ITH-
paMUIAIBHOTO PYIIOpA.

2.1. Brnympenusas 3adaua. llupamMuganbHbI pyNop OOBIYHO BO30YXIaeTcs
IPSAMOYTOIBHBIM BOJHOBOJIOM C OCHOBHOM BonHOW H, . B BonHOBOME BONHA SBJISAET-

csi mockoi ((pOHT BOJHBI IUIOCKMIA). B pymope 3a cuer ero paciimpeHus IiockKas
BOJIHA MpeBpaiaercs B chepudeckyro. Ha puc. 19 nokazan nupamugaibHbIN pymiop B
JIBYX TIPOCKIUAX: a — B IJIOCKOCTH XZ u 6 — B mimockoctu XY . Ha puc. 19,a nmokazan
(GpOHT BOJIHBI B BOJIHOBOJIE U B pyrope. Ha pucyHke moka3aHbl TakyKe: BEKTOpHI (a-
30BOM ckopoctu V o 1 TEOMETPUYECKHE pa3MepPhl MOMEPEYHOTO CEYSHUsT BOJTHOBOIA

— A u B; packpsiBa pynopa — Ap : Bp ; TmyOuHa pyrnopa — R; Touku Ha packpbIBe py-

nopa: O — B ieHTpe packpbiBa, M u N — Ha Kpasix packpbiBa; S — IJIOCKOCTh PACKPbI-
Ba; P —Bepmmna pynopa;, Q — nmpou3BoibHas TOUYKAa Ha PAacKphIBE M €€ KOOpAWHATa
OTHOCHTCIIBHO LICHTPa PacKpbiBa — X; I — PacCTOSIHHE OT BEPIIMHBI pynopa P 1o

touku Q; R — paccTosiHue OT BEpIIMHBI PyIIOpa 0 IEHTpa pacKphiBa, & — YroJ pac-
KpbiBa pymopa. [Tockonbky (GpOHT BOJHBI B pyrope cPpepuuecKuii, a pacKpbiB ILIO-
CKHii, (DPOHT HE OJTHOBPEMEHHO JOCTHIaeT BCEX TOUEK packpbiBa. dasza mojs B TOUKe
Q ¢ xoopauHaToOU XQ orctaeT OT (as3wl moiisg B meHtpe (B Touke 0) Ha HEKOTOPYIO

BeJIMUUHY F , 3aBUCSIIYIO OT XQ.
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Puc. 19. IMupamuganbHbIi pynop
N3 puc. 19 cnenyer:
2
F(Xg)=- (- R); ®

2 2 B B
rie r =R +X5, -2'°£xQ£2p, ?)

| — nuna BOJHEL.
W3 Beipaxennit (1) u (2) cnenyer, uro npu Xq =0 dasa F (XQ) =0. 3aBucu-

mocTh pasel F (X) mokasana na puc. 20.

F(Xo
F [
max
0 v
Bp Xo
2

Puc. 20. ®a3oBoe pacnpeneneHue Nojs Ha pacKpbIBE pynopa

Pacnipenenenne daspl B miockoctd YZ (BRoab cTOPOHBI Ap) Onpenensercs

r=4/R2+Y§, )

TeM ke BbipaxkeHueM (1), Ho
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CrtpykTypa cuiioBbIX JuHUN BekTopoB E um H Ha packpsiBe pynopa 61m3ka k
CTPYKTYPE CWJIOBBIX JIMHUW B CEYEHUU MNPSIMOYTOJIBHOTO BOJHOBOJA WU ITOKa3aHa Ha
puc. 21. Ha pucyHke mokasaHsl Tak)Xe: IPOU3BOJIbHAS TOUKa Ha packpbiBe Q U ee Ko-
opauHaThl Xq, Yq; CE€YCHHE NPSIMOYrOJIbHOIO BOJIHOBOIA, KOTOPHIA BO30YKaaer

®
PYIIOp; 3aBUCUMOCTb aMIUIMTY/bl BeKTOpa E mosis Ha packpbiBe pymopa BAOJb IIHU-
POKOH M y3KOH CTOPOH MPSMOYTOJLHOTO BOJIHOBOAA B BHie dmopsl — E(Xg) m

E(Yo) (ammmrynnoe pacnpenenenue Buonb ocedd X u Y Takoe ke, Kak B IPAMO-
YrOJIbHOM BOJIHOBOJIE € BonHOW H1g); 3aBucumocts pasel F (Xg) u F(Yq) — daso-

BBIC paCIIpCACIICHUA BOOJIb oceii X 1 Y B COOTBETCTBUH C paHEC paCCMOTPCHHBIM 34d-
KOHOM H3MCHCHUA (1)3351 Ha PAaCKphIBC; MAKCUMAJIbHBIC (1)&303516 OIIMOKHU Ha Kpasax

X
pacKphIBa pynopa OTHOCUTEIBHO LIEHTPA pacKpbiBa B MIOCKOCTAX XZ U YZ — F j1o¢
Y
1 F max -
Kaxk u3BecTHO, B IONIEPEYHOM CEYEHHUH MPSMOYTOJbHOTO BOJIHOBOA aMILIUTY-

®
Aa BCKTOpa E B 3aBucumoctu ot Y MeHsIeTCS 11O 3dKOHY

E(Y)=Em mosge%v g (6)

a or xoopauHathl X He 3aBucHT. [lo aHamoruu ¢ BeipakeHuem (6) pacmpesencHue
®
aMIUTUTYABI BekTOpa E Ha packpbiBe pynopa B miiockocta Y Z

&p 0
p 7]

a B INIOCKOCTU XZ — paBHOMEPHOE.

Beipaxenus (1, 2, 3, 7), onuceIBaroIye pacipeaeieHne aMILIUTYI U (a3 moJis
Ha PACKpPBIBE PYIOpPa, SIBISIIOTCS MPUOIMKEHHBIM PEIICHUEM BHYTPEHHEH 3a/1auu.

2.2. Brewmnsa 3a0aua. 3Hasl 10J€ HAa PacKpbIBE PYNoOpa U UCHOJb3Ys MPUHIIMIT

['tolirenca—®peHens, MOXHO OINpeAeNnuTh Nojie BHe pynopa. Ha puc. 22 nokazaHsl:
pyIop; mpou3BojbHas Touka Q Ha packpbiBe pyropa; Touka Habmonenus P B nanb-
HEl 30HE; cucTeMa MPSAMOYTONbHBIX KoopauHaT X, Y, Z, B KOTOPBIX OMHUCHIBAETCS



noJjioxeHue Touku Q Ha pacKpbIBe Pyrnopa, ¥ HMOJSIPHBIX KoopauHat R, q, | , B KoTO-

® ®
PBIX OIMHUCBIBACTCA ITOJIOKCHUC TOYKH P, BCKTOPBI E u H mons na ocu Z B IIaJIBHeﬁ

3one; dS=dX >dy — sneMenTapHas YacTh MOBEPXHOCTU PacKpbIBa pymnopa; Xqg,Yq —

KOOPANHATHI TOUYKH Q

AMIUTUTYIHOE dazoBoe
pacnpeneneHue pacnpeneneHue
——> E X  BHOJb och X BJIOJIb OCH X
>n ] o,
p
7 N RN N 7N g = N
B > =
P
>
Y
>
Q Xq
>
Yo
|~ AMIUTATYIHOE
y pacnpeneneHue
D BJIOJIb OCH Y
da3zoBoe
|~~~ pacnpenencHue
M wﬂm BJIOJb OCH Y

Puc. 21. AMmuTyaHo-(ha3oBoe pacnpeesieHue Ha PacKpbIBe pyrnopa

[Tpuyem, kak cieayet u3 puc. 20 u 21,

Bp By~ Ap Ap -
- JEXQE D, - PEYQE . Ry ER<¥, 0£qEp, O£ £2p,

Rmin — OMMKHAS rpaHuLa 1adbHEN 30HBI.

®
[InockocTh, B KOTOPO# JIeKUT BeKTOp E 1 ock pynopa Z, Ha3pIBaeTCs MIOCKO-
®
cteto E (Ha puc. 22 310 mockocth XZ), a TIIOCKOCTh, B KOTOPOU JICKUT BekTop H 1

och Z, Ha3bIBaeTcs miockocThio H (Ha puc. 22 3to miockocts Y Z).

B coorBercTtBuM ¢ npuHuunoM ['rorrenca—@OpeHerns moyie BHE pymnopa paBHO
CyYMME MOJIEH, CO3/IaBAEMBIX BCEMU 3JIEMEHTAPHBIMHU IIJIOIIAIKAMU PACKPbIBA PyIIOpAa.
B npousBosibHOM TOYKE MpocTpaHcTBa P



E=oE, (8)
S

rne dE — nose, coznaBaeMoe diieMEHTapHO# TuTomaakoi dS (rieMeHTapHbIM H3ITyda-
teneM ['tolirenca), S — HOBepXHOCTh pacKpbIBa pyropa.

X

Q Z
Y ds
Puc. 22. TlupamuganbHBIA pynop
B snexTpoauHaMuike 1moka3aHo, 4YTo B JaJIbHEH 30HE
iIFs(Xq,Yq)
Es(Xq,Yg)e -kRg
E» e (1+cos q)ds, 9)
2 Rq
2p
rae k= T kod(ppunreHT ¢aspl B CBOOOIHOM MPOCTPAHCTRBE;

Es(Xq:Yq) — 3aKoH pacmpesiesieHusl aMILUTUTY[ TIOJIsL HA PACKPBIBE Pyropa

(HamPsDKEHHOCTH SJICKTPHUYCSCKOTO TIONIS Ha pacKpbiBe pymopa B Touke Q). B coorBeT-
ctBuu ¢ Gpopmyroit (7)
Es(Xq.Yq) =Em x€0st— Yo, (10)
Ap "5
T.e. TI0JIC Ha PacKpbIBe pyIopa, BO30yxkKIaeMoro Ha BojHE Hig, 3aBHCHUT TOJBKO OT
koopauHatel Y (cMm. puc. 22).
F S(XQ,YQ) — 3aKOH pacnpe/erncHus (a3 Ha packpbiBe pymopa. [Ipuuem

Fs(Xq,Yo) =Fx(Xg) +Fy(Yq). (11)

Bripaxenust (8—13) narot perieHre BHEIIHEH 3aa4M ISl pPyIIOPHO aHTEHHBI B
0011IEM BHIIE.
PaccMoTpuM cHadasa pe3yabTaThl PEIICHHS BHEITHEH 3aa4i KaYeCTBEHHO.



[peamnonoxxuMm, 4TO Ha PacKpbIBE PyMopa pacrlpeaciicHHe aMmIuiuTyn u (a3
paBHOMEpHOE, T.C. ES(XQ,YQ) =Em, FS(XQ,YQ) =0. B arom ciydae moms Bcex

3JIEMEHTAPHBIX M3JIy4aTesieil pacKpbiBa B TOUYKE HAOJIIOACHMS JajdbHEH 30HBI, PACIIo-
JIOKCHHOM Ha ocu Z, CKJIAJbIBAIOTCA CHH(DA3HO M TMOJe U3IYYCHHUs pyropa B ITOM
TOYKe OyJIeT MaKCHUMAaJbHO BO3MOXKHBIM. B TE€OpHMH aHTEHH MOKAa3aHO, YTO B 3TOM
cirydae KO3 GHUIMSHT HAITPABICHHOTO JCHCTBHUS OMPEICACTCS BhIPAKEHUEM
Kkup = Ps, (12)
| 2
rae S— miomaab packpeiBa pymopa (S=A p’ Bp).

[Tpu 3TOM TIaBHBIN JIEECTOK AuarpaMMbl HanpasiaeHHocTH (JIH) Oyaer nmertsb
MHHHUMAJIbHYIO IIHPUHY ¥ OPUEHTHUPOBAH BI0Jb OCH pyropa Z.

Ecnu pacnpeneneHue aMIniMTy]l TOJsS HA PACKPhIBE TAaKOE, Kak MOKa3aHO Ha
puc. 21, aMIIuTy/a MoJis B JajbHel 30HE Ha ocu Z yMEHBIIUTCS. B pesynbrare mu-
puHa TiaBHOro Jienectka JIH yBenuuurtcs, HalpaBieHHE €ro B IPOCTPAHCTBE COXpa-
uutcst, a KHJ[ ymenbIuTes mo cpaBHeHHIO co 3HaueHueM (12) u OynaeT onpeaensiTh-
cs1 popmyroit

KHJL = “P sxum (13)

| 2
rne KUII5— Tak HaspiBaeMbIil KOG (GUIMEHT UCTIOIB30BAHUS IOBEPXHOCTU PACKPbI-
Ba, 00YCJIOBJIEHHBI HEPABHOMEPHOCTBIO aMIUINTYJHOTO paclpeAesieHUs] Ha PACKpbI-
BE.

O1oT KOAhPUIMEHT MeHbIIe eAUHUIIBL. J[JI1 KOCUMHYCOUIaIbHOTO aMILTUTY/I-
HOTO pacmpeiesienus, onpenensemoro shipaxenuem (10), KUIT, =0,81.

Tak xak Ha packpsiBe pymnopa (pa3oBoe paclpelieieHHe TOKEe HEpaBHOMEPHOE
(cM. puc. 20, 21 u BeipaxkeHust 11-13), 3HaueHne 10151 B 1ajibHEH 30HE Ha ocu Z elie
YMEHBLIUTCSA MO CPABHEHUIO C MPEABIAYIIMM CIIy4aeM, IIMPHUHA TJIABHOTO JIEMECTKa
JIH Bo3pacret, HanpaBJIEHUE €ro B pocTpaHcTBe He n3MeHuTcs, a KH/I ymenbmmrcs
u OyZieT onpeeNaThesl BEIpaXKEHUEM

KHp = P

XSXKUIT,, XKUIT (14)
|2 ¢

Tac KUII — KO3 HIOUCHT HCIIOJIB30BaHHA ITOBCPXHOCTH, MEHBILINN CAWHUIIBI 3a
()

CYeT HEpaBHOMEPHOCTH (ha30BOr0 pacIpeiesieHus Mol Ha pacKpbIBE.
Yewm Oonbie (azoBas ommubOka Ha Kpaw pacKpbiBa pynopa Mo CpPaBHEHUIO C
LIEHTPOM PacKpbiBa — F gy , TeM Menbme KUII b ITpoussenenne KUII, u KUII b

Ha3bIBacTCs KO (PHUIIMEHTOM HCITOJIb30BaHus oBepxHoCcTH packpbia (KUII):
KHII = KHIT, >KI/IH® :

KUII menbIe equHUIBI 32 CUET HEPABHOMEPHOCTH aMIUTUTYTHOTO U (pa30BOTO
pacrpeaesneHue Mmojisi Ha pacKpbIBe pynopa.



Ecnu yBenmuumBaTh yrojl packpbiBa pyrnopa & npH (GUKCHPOBAHHOW TiIyOWHE
pyrnopa R, 6yayr pactu pasmep By, mmormans packpbia S 4 B COOTBETCTBHH C BbI-

paxenueM (5) daszopas ommoka F gy - [Ipu arom KHJL Gynet ymeHbInaThes 3a cyeT

ymenbmiennss KUII b U YBEJIIMYUBATHCA 3a CUeT yBenuueHus S. Cka3aHHOE WUIUTIOCT-

pupyeTtcs rpadukamu puc. 23.

S, KMIT, KH]T
/
S
KHUII
K
/‘\/ HIT
/
O < OIIT %

Puc. 23. 3aBucumocts KHJI 0T yria packpsiBa

Kax Bunno, KHJ/[ nocturaer makcumyma Ipu HEKOTOPOM ONTHUMAIbHOM YyTJie
packpeiBa pynopa 0,pp. IIpu 5ToM (asoBas ommbOka Ha Kparo pacKpblBa pynopa B

mwiockoctu E paBua 90°, a B mockoetn H — 135°. Ipu takux (a3oBbIX ommoOKax B
mnockocTsax E u H Benumuuna KHIT 0 » 0,64, a monHbI KO3GDUITUEHT HUCIIOTB30Ba-

HUSl TIOBEPXHOCTH, YUYUTHIBAIOMIMM HEPaBHOMEPHOCTh (PA30BOTO M aMIUIUTYIHOTO
pacripenieneHuid Ha packpbiBe pyrnopa, KUII » 0,5.
Pymop, umeromunii onTuMalibHbIA yroi packpeiBa (MakcumanbHbii KH/I), Ha-
3BIBAETCS ONTUMAJIbHBIM. {7151 oNTUMaIbHOTO pyropa:
LIMpYHA TJIAaBHOTO Jienectka JIH
B Iu10CKOCTH E

2Qq 5 =56° E';p ; (15)

B 1ockoct H

|
2Qq,5=79° A (16)

Y
MaKCHUMAJIbHBI YPOBEHb OOKOBBIX JICTIECTKOB HaOJIOJaeTcs B miockoct E u co-
ctaBisieT 34%.
W3 Beipaxenwmii (15, 16) cneayer, 4to npu (GUKCHPOBAHHBIX pa3Mepax pyrnopa
IIMPUHA TJIaBHOTO Jjenectka JIH yMeHbIIAeTCs ¢ YMEHBIIEHHEM IJIMHBLI BOJHBL | .



DT0 00mIas 3aKOHOMEPHOCTD JJIsI BCEX aHTCHH, €CJIM JIJIMHA BOJHBI HAXOJIUTCS B pa-
0odeM Jauana3zoHe.

Eciu pasmepsl pynopa ontumainbHbl, JIH mpuOIMKEHHO MOMXHO pPacCUYHMTHI-
BaTh, mojaras (pa3oByio OMIMOKY paBHOW HYJ0. B 3TOM ciy4ae mojacTaHOBKa BbIpa-
xenus (10) B (9) u manee B (8), mocienyrliee HHTErPUPOBAHUE MPUBOJIUT K CJie-
ayrommM Gopmyiam st HopmupoBanHo J[H:

B IJIOCKOCTHU E

1+ cosq 3 n(Ye) .

F(q) » 5 Ye : (17)

B tockoct H
1+coxy cosY

F(q) » : (18)
2 DY o
1- ¢ -
e P g
rac
Bp . Ap .
Ye=—-8inq; Yh=—--sing. (19)

Otu HopMyIbl 10T 3aHWKEHHOE 3HAYEHUE MIMPUHBI TJIaBHOTO Jenectka IH u
YPOBHSI OOKOBBIX JIETIECTKOB.

C uensro yBennuenuss KH/[ pynopHbIX aHTEHH MyTEM JIMKBUAALUH KBAIpaTHY-
HOM (a30BOIl OIMOKK HA PacKpbIBE pynopa UCHOIb3yIoTCcs AuH3bI. [Ipu aTom ¢azo-
BOE pACHpEIEIICHHE O Ha PACKpbIBE PYyHOpa CTAaHOBUTCS paBHOMEpHBIM u KUII b

= 1. Ins oObsacHeHus] mpuHIMNA paboThl JMH3bI oOpaTtuMcs Kk puc. 19. Kak BugHo,
pPAcCTOSIHME MEXKIy BEPIIMHOM pymopa W TOUYKOM Ha pacKpbiBEe TeM OOJbIIE, YeM
Janblile TOYKa OT LEHTpa packphiBa. s Toro 4toObl 3JIEKTpOMarHUTHAsI BOJHA J10-
XOJIMJIA JIO BCEX TOUEK PACKPbhIBA 32 OJJHO U TO K€ BPEMsI HEOOXOAMMO:

MO0 3aMeIIUTh JJIEKTPOMArHUTHYIO BOJIHY B pyHoOpe M TeM OOJblle, YeM
OJIMKe TOUKA Ha PACKpPBIBE K €0 LIEHTPY,

100 YCKOPHUTH JJIEKTPOMAarHUTHYIO BOJIHY B pyHope U Tem OoJiblie, YeMm
Janblile TOYKa Ha PaCKpbIBE OT €ro LIEHTpa.

[lepBas 3aaua pemiaeTcsi ¢ MOMOIIBIO 3aMeUISIIOIIEH JTUH3bI, BTOpas — C 10-
MOILBIO YCKOPSIOIIEH JIUH3BI.

Ha puc. 24 nokazana pynopHasi aHTEHHa € 3aMeJIAIONIEeH TMH30M, Ha puc. 25 —
C YCKOPSIFOLIEH JIMH30M.

3amemidronias TMH3a Bbinykias. B Hell pazoBas cKOpOCTh 3JIEKTPOMArHUTHON
BOJTHBI MEHBIIIE, YeM B BO3AyXe (B MOJIOCTHU pyIiopa). Y CKOPSOIas JIMH3a BOTHYTAsl, B
Hel (¢a3zoBas CKOPOCTb AJIEKTPOMArHUTHOW BOJIHBI Oousibllie, yeM B Bo3ayxe. Ha
puc. 24 u 25 nokaszaHbl Takxke: cpepuyeckuii GpoHT BOJIHBI B pyrope; Touka P —
BEpIIMHA pynopa; JBa Jy4da, uaymue u3 touku P: myd PMN, nmpoxomsuuii yepes
LEHTpP packpbiBa pynopa, u ayd PM N1, npoxoasimuii Kk pacKpbIBy HE MO OCH pynopa.
JIuH3a B pacKpbIBe pynopa UMEET IUIOCKYI0 MOBEPXHOCTh. [loaTOMy mpenomiisioniei



MOBEPXHOCTHIO ABJIIETCS BHYTPEHHSIS OBEpXHOCTh JIMH3bL. JIyu PM 1N npenommusier-
Csl IPU MEPEX0/Ie U3 BO3/1yXa, KOTOPHIM 3aIll0JIHEH PYNOpP, B MaTepUall JIUH3BI.

Ha BbIXOoJie JTMH3BI BCE JIy4YH MapajuieibHbI OCH PyHopa, GpoHTOM BOJHBI (I0-
BEPXHOCTBIO PaBHBIX (ha3) SBISETCS IUIOCKOCTh, MapajuleibHas PAcKphIBY pyIopa.
Bce ToukM 3TOro packpbhiBa UMEIOT OAMHAKOBBIC (a3bl ((ha3oBoe pacrpeneieHue Ha
packpbiBe paBHOMepHOe). Kak BuaHO, reomeTpuueckas aauHa jgyda PMiN; Oomnbiie,
yem syqa PMN. [loaromy BonHy, uaymiyto mo koporkomy jsyay PMN, Hago 3amen-
JUTH Ha OOJIBIIEM y4acTKe MyTH, YeM BOJIHY, uaylIyto no tyay PMiN;. [Toatomy 3a-
MEJIISTIONIAs JIMH3A TOJKHA UMETh MaKCUMAJIbHYIO TOJIIKUHY 0 B IIEHTpE, T.€. JIOJKHA
OBITH BBITYKJIOMH.

3amemiaronias
JINH3a

OpPOHT BOJIHBI

v

v
N

A

R

Puc. 24. Pynop c 3amennstonieid TMH301

Ecnu da3oBasi ckopocTh BOJIHBI B JUH3€ OOJIbIIE, YeM B BO3AYyXE, TO BOJHY,
uaymyto no pmHHoMY Jiyay PM N4, Hamo yckoputh Ha 6ombiieM ydactke myTu. [lo-
ATOMY YCKOPSIOIIash IMH3a TOJKHA OBITh BOTHYTOM, T.€. UMETh MAaKCUMAJIbHYIO TOJI-
IIUHY Y KpaeB PacKpbiBa. 3aMeJIsItoNIas JIMH3a OOBIYHO BBITIOIHSAETCS U3 BBICOKOYAC-
TOTHOTO JWAJEKTpHKa. dazoBasi CKOPOCTh AJIEKTPOMArHUTHOW BOJIHBI B MaTepualie
JIMH3BI MCHBIIE CKOPOCTH CBETa B BaKyyme (BO3IyXe) M ONPEACISACTCS BhIPAKCHUEM

C
V‘b "4 ﬁ, 1€ C — CKOpPOCTh CBETAa B BAKyyMe€, € — OTHOCHUTECJIbHAs JUDJICKTPHUYCCKAs

C

IMPOHHULIACMOCTb MaTepHraia JUH3LI. OTtHomenne N =— = \/E Ha3bIBACTCIA I1OKa3aTcC-
i)

JIEM TIIPCIIOMIICHUS. Bennuuna nokaszartes MIPEJIOMIICHUS N OJIs SaMCIUISIIOI_Heﬁ JIMH3BI

BbIOMpaercsa B npeaenax 1,1...1,5. [Ipu G6onbpmux 3HaueHUAX N K03pPuUIUEHT oTpa-
KEHUSI OT MOBEPXHOCTHU JHMH3bI MOJYYAETCsl CIUIIKOM OOJBIIMM, YTO BEJET K POCTY
OTpakKeHHs 3JIEKTPOMArHUTHOM BOJIHBI OT TOBEPXHOCTHU JIMH3bI, YMEHBIICHHUIO KO3(-
(duLreHTa yCUIeHUs TMH30BOM aHTEHHBI U POCTY OOKOBBIX JIETIECTKOB.



[ToMuMO IHUANEKTPUKA C OTHOCUTEIBHOM NUAIEKTPUUYECKOW MPOHUIAEMOCTHIO
€, B KaUeCTBE MaTepuasa JIMH3bI UCIIOJIb3YETCS TAK HA3bIBAEMbBINM MCKYCCTBEHHBIN JH-
ANEKTPUK — METAIIOAMAIICKTPUK. Takol marepuan mpeactaBisieT coOOW MEHUCTHIN
JTURJICKTPHUK (HAIpUMeEp, NMEHUCTBIN MOJMCTUPON — IICHOILIACT) ¢ € » 1, B KOTOPHIi
BIIPECCOBAaHbI METAJUIMYECKUE BJIEMEHTHI B BUJIE JUCKOB, JIEHT U T.A. Pa3mepsl 3Tux
3JIEMEHTOB HAMHOI'O MEHBIIE JIMHBI BOJIHBI, PACCTOSHUE MEXY HUMHU 3HAUYUTEIBHO
0oJIbIIIe UX Pa3MEPOB, HO CYIIECTBEHHO MEHBIIIE JITTUHBI BOJIHBI.

@pPOHT BOJIHBI Y ckopsitorias
JIUH3a

v

\4
N

Puc. 25. Pynop ¢ yckopsitoiieid TuH301

B yckopstomeit nuH3e I8 MOJIydeHUs Mokaszatens npesomsienus N < 1 wuc-
HOJB3YETCs TO, YTO B MPSAMOYTOJIBHOM BOJIHOBOZE ¢ OCHOBHOM BonmHOU H,g dazopas
CKOPOCTh O0JIbIIIE CKOPOCTH CBETa B CBOOOJAHOM INpocTpaHcTBe. Ha puc. 26 nokazaHo

MOINEPEYHOE CEYEHUE BOJIHOBO/A, MONEPEYHbIE pa3Mepbl A U B u cTpyKTypa CHUIIOBBIX
® ®
nuHuN BeKTopoB E u H BomHBI Hyg. ®a3oBas ckopocTh BOJIHBEI H; g HE 3aBUCHT OT

pa3Mmepa B n onpenensiercs BoIpaxkeHHEM

(20)

HO3TOMy 9TOT pasMCp MOXKHO YBCIUYINUTL CKOJIb YI'OAHO U IIOJIYUYUTDb IUIOCKUM BOJIHO-
BOJ. N3 Takux BOJTHOBOAOB MOZKHO Ha6paTB IMaKeT, KaK ITOKAa3aHO Ha PHC. 27. Otot
IMaKeT MPCACTABIISACT coOoi cpeay, B KOTOpOﬁ AJIA BOJIHBI C BCKTOPOM E, mapaJuiciib-
HBIM CTOPOHC B, (1)33032151 CKOpPOCTb 0obIIe CKOpPOCTHU CBCTA, a MMOKA3aTCJIb IIPCIOM-
JICHUS MCHbIIC CAWHUIIBI 1 PABCH



(21)
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Puc. 26. Bonna Hqy B IpsAMOYronsHOM BOJTHOBOJE

Takyro yCKOpSIOLIYI0 Cpely MOYKHO BBINOJIHUTH B BHJIE IapajuIeibHBIX ILIa-

cTHH (CHCTEMBI IUIOCKHUX BOJHOBOJOB), Kak MoKaszaHo Ha puc. 28. U3 miactuH, ma-
®
pajiebHBIX APYT APYTY U MapaulesibHbIX BeKTOpy E pacmnpocTpansionieiics: BOJIHBI,

CTPOUTCS YCKOPSIIOLIas JIMH3a. Takas JMH3a Ha3bIBAETCs MeTajulomacTuHyaTo. Ha
puc. 29 nokaszaHa IWIMHIpUYECKas yCKOpAIOIIas JIMH3a, IpeHa3HaueHHas 1 (o-
KycHUpOBKH B 1utockocTH E (mmockoctu XZ).

Ha puc. 30 noka3zaHa nuinHApUYeCcKas yCKOpSOIas JuH3a il (POKYCHPOBKHU
u3nydenus B mwiockoctu H (mmockoctu Y Z). [lupuna mnactun d Bo3pacTaet oT LieH-
Tpa JIMH3BI K KpasiM [0 3aKOHY JJUIUIICA.

Jiist pokycupoBkU u3iydeHus B miockocTsx E u H B koHCTpykiuu, nokasaH-
Hoi1 Ha puc. 30, HE0OX0IMMO KaXKIYyI0 TUIACTUHY BBIPE3aTh TaK, KaK MMOKa3aHO Ha PUC.
29. B Ttakoii quH3€ opMa packpbiBa MOXKET ObITh MPSMOYTOJbHOM, OBaJIbHOW HIIU
KpYLJIOM.

B pynopHoi#i anteHHe ¢a3oBoe pacrnpeereHue Mojs Ha PaCKPbIBE 3aBUCUT OT
4acTOThl. [109TOMY JTMH3a KOMIIEHCHPYET KBaJpaTHUHYI (a3oByr ommoOKy (menmaet
pacKphIB CHH(pA3HBIM) TOJBKO HAa OJHOM YacTOTE, U MPO(UIH MOBEPXHOCTH MPEIOM-
JIAIOUIEH TOBEPXHOCTH PACCUMTHIBAETCS Ha 3a/laHHo# yacTtoTe. Ha stoit uactore KUII
PYIOPHOIN aHTEHHBI CHUYKAETCS 110 CPABHEHUIO C €IMHUIIEN TOJIBKO 3@ CUET HEPABHO-
MEpPHOI'0 aMIUTUTYAHOTO pacrnpeneneHus. [[ns KocuHycon1anbHoro B miockoctu H u
PABHOMEPHOI'O B IJIOCKOCTH E aMITMTYyIHOTO pacnpeeneHus IupruHa II1aBHOIO Jie-
MIECTKA ONPEIEIAECTCS BEIPAKECHUSIMH

B T1I0CKOCTH E



_cq0 | .
2Qg 5 =51 B, (22)

B tockoct H

_ g0 |
2Qq 5 =68 Ay (23)

/ B
Bexrop E . \%

Puc. 27. Cuctema npsiMOYTOJIbHBIX BOJTHOBOJOB C YBEJIMUEHHBIM
pa3MepoM CTOpOoHBI B



Bextop E .7

%

AN

Puc. 28. Cucrema miiockux BonHoBonoB ¢ Vg, > ¢ (N <1)

7
7HD

/

X

E

s
>

> 7

.
/2

dokanphas TUHUA

Puc. 29. VYckopstomas unianHapruyeckas JuH3a 71 GOKYCUPOBKH B TUNIOCKOCTH E



/ o= dokanpHas JUHUAS

Puc. 30. Yckopstomas UniaInHApuYecKas JUH3a JIJIs
(b oKycupoBKH B miI0CKOCTH H

KoadduimeHT HarpaBieHHOTO 1EHCTBUS
KH/J = 42 XSXKUI g, (24)
|
rne KNI, = 0,81.
3. Cocmas 1ab6opamopHoll YyCmarHo8Ku

CrpykTypHas cxema jJadopaTopHO# YCTaHOBKH IMOKa3aHa Ha puc. 6 (pasn. 1). B
KAueCTBE MCCIIENYEMbIX aHTCHH HCIIOJB3YIOTCS. PYNOPHBIE aHTEHHBI C Pa3JINYHBIMU
r€OMETPUYECKUMHU Pa3MepaMHy; PYHOPHBIE AHTEHHBI C 3aMELISIOIIMMUA U YCKOPSIO-
IIMMH JINH3aMHU; OTKPBITHII KOHEIl IPSIMOYTOJIBHOTO BOJIHOBOJIA C pa3MepaMu IOIie-
peunoro ceuenust 23" 10 mm. Bce pymopHble aHTEHHBI BO30YKIAIOTCS HA OCHOBHOIM
BoinHe Hpg. Mamepenue JIH n KHJI pynopHbIX aHTEHH NPOU3BOAUTCS B PEKHME

npuema.
4. 3a0anue Ha 1abopamopuyio pabomy

4.1. O3HaKOMHTBCS C JTAOOPATOPHON YCTAHOBKON M KOHCTPYKIIMEH HCCIie-
JyeMbIX aHTEHH. BKJIIOYUTH M HACTPOUTH JTAOOPATOPHYIO YCTAaHOBKY. YCTaHOBUTH
3aIaHHYI0 YacTOTy M YJIOOHBINA Il U3BMEPEHUN YPOBEHb MOIITHOCTH I'€HepaTopa, co-
BMECTUTh ONTHYECKHWE OCH TepeJalolle W MPUEeMHON aHTEHH, YCTAaHOBUTH HAYaJlo
oTcueTa yriia HaOJIOJeHUs OT OXKMJAeMOro HallpaBiieHUs TJiaBHOro makcumyma JIH



I/ICCJICIIyeMOﬁ HpHeMHOﬁ AHTCHHBI. I[anee Ha4daJIO OTCYUCTA yI'Jia Ha6JIIOIICHI/IH HC MC-
HATH.

4.2. I/I?)MCpI/ITB MMapaMCTphl 3aJaHHBIX IMPCIIOAABATCIIEM PYIIOPHBIX AHTCHH Ha
3aJJaHHBIX YaCTOTaX.:

a) HU3MCPUTH IUArpaMMbl HAIIPABJICHHOCTU B 3aJdaHHOM YI'JIOBOM CCKTOPC

dmin --- Omax € 3a1aHHBIM JucKkpeToM D( B 3aJaHHBIX MIOCKOCTSX;

0) mmeputh KHJI MeTo0M CpaBHEHHMs C ATaJOHHOW aHTEHHOW. B kadecTBe
JTAJIOHHOM AHTEHHBI B3STb OTKPBITBIA KOHEIl IPSIMOYI'OJIBHOIO BOJIHOBOJA, a €ro
KH/I paccuntath TEOPETUYECKH;

B) ONPEACIUTD MOJSIPU3ALUIO 33aHHBIX PYIOPHBIX AHTCHH.

4.3. M3meputsb auarpammy HampasieHHoctd U KHJI 3amanHbIX ITpenojiaBare-
JIEM PYNOPHO—JIMH30BbIX aHTEHH 0€3 JTMH3bI U C JINH30H.

4.4. O0pabotatb pe3yibTaThl u3mMepenus JIH Bcex ucciaegoBaHHBIX aHTEHH U
MOCTPOUTH rpaduku HopMupoBaHHBIX /IH B mpsiMoyronbHbix koopauHaTax. Onpene-
JIMTH IIUPUHY IJ1aBHOTO Jienectka JH no ypoBHIO ITOJ0OBUHHOW MOLIHOCTH B IUIOCKO-
ctsax E u H u makcuManbHbI ypoBeHb OOKOBBIX JIETIECTKOB JJIS BCEX UCCIIEI0BAHHBIX
AHTCHH.

4.5. Teopetnuecku paccuuTaTh IUPHUHY TNaBHOro jenectka JIH u cpaBHUTH
C IIOJIy4YCHHOMN DKCIIEPUMEHTAJIBHO.

4.6. Teoperuuecku paccuntath KH/[ m cpaBHUTH C MOJyYEHHBIM JKCIEpU-
MEHTAJBHO.

4.7. CpnenaTh BBIBOJBI 110 BceM IyHKTam paboThl: o Buae JIH B miockoctsax E
1 H pynopHBIX aHTE€HH; O 3aBUCUMOCTHU IIMPUHBI IaBHOro Jjenecrka JIH ot paszme-
POB packphlBa pymnopa U oT 4acToTsl; 0 3apucumoctu KHJI or mnomanu packpbiBa
pynopa; o BausiHuu JuH3bl Ha J{TH u KH/T.

5. Cooeporcanue omuema

HasBanue u nenb pabotel. CTpyKTypHas cXeMa yCTaHOBKH, MEPEUCHb U CXeMa-
TUYECKUE PUCYHKH MCCIEAOBAHHBIX aHTEHH. DKcrnepuMmeHTanbHble rpaduxu J(H B
MPSIMOYTOJIBLHBIX KOOpAMHATAX, Pe3yIbTaThl U3MEPECHHS U MPUOTUKEHHON TEOpeTH-
yeckoit orieHkn napametpoB JIH u KHJI. BeiBoas! 1o Bcem myHkTam padothl. (Tao-
JIMIIBI SKCIICPUMEHTAIBHBIX JTaHHBIX IPUBECTH B OJJHOM U3 OTYETOB OpPHUrajbl).

Ilpumeuanue. Pezynomamor uzmepenus J{H mooxcno obpabomams Ha KoMnb-
romepe € UCNONb308aAHUEM Chneyuanrbhou npoepammsl. Onucanue npoecpammvl HAX0-
oumest Ha pabovem cmoie.

6. Bonpocwbl 013 noo2comosku

6.1. Onpenenenue J{H B pexxume nepeaauu.

6.2. Onpenenenue J{H B pexxume npuema.

6.3. [Tapamerpst JIH, cioco6s1 nzoopakenus [IH.
6.4. Onpenenenne KH/ B pexxume nepegauu.



6.5. Onpenenenne KH/ B pexxume npuema.

6.6. 3aBucumocts KH/I oT mupunsl rinasHoro senectka JJH u ypoBHS 60KOBBIX
JIETIECTKOB.

6.7. Metonuka usmepenus J{H.

6.8. Metoauka usmepennst KHJI.

6.9. Metoauka onpeneneHus: Ko3hPUIMeHTa SIUTUITUYHOCTH.

6.10. [IpuHIMI pabOTHI U CBOMCTBA PYNOPHBIX AHTEHH.

6.11. AMmuTtyaHoe U (a3oBOe paclpeleeHus MoJs Ha PAcKpbIBE MUpaMu-
JANbHOTO PYIIOpA.

6.12. AMmutyaHoe u ¢a3oBoe pacnpeeneHus mojis Ha packpeiBe E — cekro-
pPHANBHOTO PYIOpA.

6.13. AmmuntyaHoe u ¢da3oBoe pacrpeaeseHus moys Ha packpbiBe H — cekro-
pHANBHOTO PYIIOpA.

6.14. 3aBucumoctr KHJ[ ot ammuurynHoro u (azoBoro pacupeneneHuss Ha
packpbiBe pyMOPHOM aHTEHHBI, OT yIjla pacKpbiBa pymnopa.

6.15. OnTumanbHBIA pynop, KpUTepuil onTHUManbHOCTH, napamerpsl JH wu
KH/I.

6.16. HaznaueHnue v npuHITUT pabOTHI JIMH3BI B PaCKpPhIBE pyropa.

6.17. KoHCTpyKuMsI U TPUHIMI pabOThl YCKOPSIONIEH MeTayuloNiIacTUHYATOMN
JIMH3BI.



Jab6opamopunaa paboma N3
HCCJIEJOBAHME 3EPKAJIBHON AHTEHHBI
1. I]env pabomwi

N3y4nTh KOHCTPYKIMIO U MPUHIMI paOOThl OAHO3EpKaNbHON aHTeHHBI. Mccne-
J0BaTh 3aBUCUMOCTh AuarpaMmbl HanpasieHHOcTH U KHJ[ ot BennuuHbl BeiHOCA 00-
JayyaTens BAOJb (POKaJIbHOM OCH, BOIPOCHI CKAHWPOBAHHS B 3€pKAJIbHOM aHTEHHE.
N3yunte Meroguky usmepenus JH n KH/.

2. Obwue ceedenus

3epKkanbHBIC aHTCHHBI OTHOCATCS K KJIACCY allepTyPHBIX aHTEHH, UCTIOIB3YIOTCS
KaK Cpe/iHe- M BBHICOKOHAMPABICHHBIC aHTEHHBI B JUANa30HaX MUJIIUMETPOBBIX, CaH-
TUMETPOBBIX, JIEIIUMETPOBBIX BOJH M B OTACIBHBIX CIIydasX B JHAaNa30HE METPOBBIX
BOJTH.

3epkasibHasi aHTEHHA COCTOUT U3 JIByX OCHOBHBIX 3JIEMEHTOB: OOJyyaTenss U
oTpaxartensi. B kadecTBe o0iiydarensi UCHOJb3yeTCs CilaOOHaNpaBlieHHAs aHTEHHA
(OTKPBITBHI KOHEI[ MPSIMOYTOJIBHOTO WJIM KPYIJIOrO BOJIHOBOJOB, PYIOpPHBIC, BHOpa-
TOpHBIC, IIIeJICBbIC AHTCHHBI, aHTEHHBI OETYIIEH BONHBI, MaJO3JIEMEHTHBIC aHTCHHBIC
pemeTkn). OTpakaTeslb NPeACTaBsieT o000 METALTMYSCKOE 3ePKANIO MIOCKON HITH
BOTHYTOH (hopmbl. 3epKallbHbIe aHTCHHBL MOTYT OBITH OJHO-, IBYX- HJIH MHOTO3€p-
KanbHBIMU. Hanbosee mpocToit sBIsSETCS. OAHO3EpKATbHAS aHTCHHA C OTpa)kaTelieM B
Bujie nmapabonouaa moaHoro npoduis. Takne aHTEHHBI HAXOAST IIUPOKOE MPUMEHE-
Hue. OmHO3epKanbHas aHTEHHA CXEMaTW4ecKW TokazaHa Ha puc. 31. Ilapabommue-
CKOE 3epKajio 00pa3yeTcs BpalieHueM napadoiibl Bokpyr ocu Z. Ha puc. 31 mapabona
MoKa3zaHa XUpHOM NuHUEH. Takoe 3epkajo HazbIBaeTcs MapaOoJIOMOM BpallleHHs
MOJIHOTO MTPO(uIIA.

OCHOBHBIE TEOMETpHUYECKHE TMapaMeTphl napabonouna Bpamenus: D — ama-
metp; f — dokycHoe paccrosaue; Touka F — dokyc mapadonbl. Ock Z, mpoxoasinast
gyepe3 pokyc Fu BepmnHy 3epkaia, Ha3pIBaeTCs (DOKAIBHOM OCHIO.

B dokyc momeniaercs o0nyyaTenb, U3JIydalOIUid B CTOPOHY 3epkana cepuye-
CKyr BOJHY. Ha puc. 31 myun BONHBI, H3ITydyaeMoil o0mydareneM, MoKa3aHbl JTUHUS-
MU, WIyIIUMA paauaibHo U3 (okyca. [lpu mapabonudeckoit popme 3epkana Jydu
MOCTIE OTPAXEHUSI CTAHOBSITCS MapauieabHbIMU Oocu Z. To ecTh 3epKano GoKycupyer
U3TydeHne o0ydaress U B pe3ysbTaTe yBEIUIUBACTCA KOI(PPUIIMECHT HAPaBICHHO-
ro neiictBus (KHJI) mponopimoHanbHO Iiommaay packpbiBa 3epkayia S. [Ipu takom
MOSICHCHUU TIPUHIIUITA JCUCTBUS 3€PKAIBHOW aHTCHHBI HE YUYHUTHIBAeTCS AUQPpPaKIUS
moJisi Ha KpOMKe 3epKaia, (hopma auarpaMMbl HAIPaBIECHHOCTH OOJydaTeNst U Psij
apyrux (akTopoB. boiee TOYHO MOXKHO MOSICHUTH MPHUHIUI IEUCTBUS 3€PKATBHON
aHTEHHBI, pacCMaTpUBas paclpe/eieHne aMIUTATY I U (a3 Mo Ha PacKphIBE 3epKaia
nocJie OTPaXKeHUsl OT ero NoBepxHocTU. Puc. 32 mosicHsier 3To0.



3epKkalio PackpsiB 3epkana S
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Puc. 31. ITpuniun paboThl 3epKaabHON aHTEHHBI

JIH oGnyuaarens —F s (J) =

B B REyiir=— A

Puc. 32. JluarpaMma HanpaBJI€HHOCTH 00JIydaTessi U aMIUITUTYAHOE pacipeneseHue
Ha PacKpbIBE 3epKaia

Ha pucynke mokazano mapabonndeckoe 3epkano, Touka (okyca F, yrom pac-
KpPbIBa 3€pKajia OTHOCUTEIBHO (okyca 2J o+ AH obnyuarens  F_ -(J), chepuueckue

KOOpAWHATHI TOYKM M Ha TOBEpPXHOCTH 3epkaia I u J ¢ HadasmoMm B Touke (okyca F,
pacrpejicieHie HOPMHUPOBAHHOM aMIUIMTY/IbI TOJIs Ha packpeiBe 3epkana A(X). JH
oOJrydartesis UMeeT MaKCUMYM, OPUEHTUPOBAHHBINA Ha BEPIIMHY 3€pKaja, MOATOMY B
LICHTPE PACKpbIBA II0JI€, OTPAKEHHOE OT 3€pKaja, MAKCHUMAaJIbHO U PaBHO Epgy. B

APYTUX TOYKAX pacKpbiBa moie uMeetT 3HaueHne E(X)< E gy . [lox HopMupoBaHHEIM



AMIUTUTYIHBIM paclpe/iejICHUEM TOJs Ha packpbiBe A(X) NMOHUMAeTCs OTHOIICHHE
E(X) / Epnax - OueBuaHO, B IIeHTpe packpbiBa mpu X = O HOpMUpOBaHHAS aMIIUTYAA

A(X) = 1. Ha kpoMKe 3epkaia ypoBeHb IMOJIsi MUHUMAJICH, €0 HOPMHPOBAHHOE 3HAYE-
HHue Ha puc. 32 ob6o3HayeHo cumBosioM D (D — ypoBeHb MOJCTaBKU B aMILTUTYIHOM
pacrpeneneHnu). B 3aBUCMMOCTH OT IIUPUHBI TiaBHOTO Jienectka JIH oGmyuaress
BennuuHa D naxonurcs B unrepsaie 0...1.

CBolicTBOM MapabOJIMYECKOTr0 3epKajia SBISETCS MOCTOSHCTBO CYMMBbI pac-
CTOSIHUM OT ToukH (okyca F 10 Touku M Ha moBepxHOCTH 3epkana u oT Touku M 1o
touku N Ha packpbiBe 3epkajia npu Jr0bix yriaax J (cm. puc. 31). B pesyibrate Bo
BCEX TOYKAX PACKpbIBa (pa3bl MOJI OKA3bIBAIOTCS OAMHAKOBBIMH U TMOJIS BCEX dJIEMEH-
TOB packpbiBa (37eMeHTOB [I0lreHca) cKiaapBaloTCs B (ha3e B TOUKE JalbHEH 30HBHI,
pacnoyiokeHHON Ha ocH 3epkaina. [Ipoucxoaut GokycupoBka U3IydeHUst 00dyyaTest
B Y3KHi JIy4, IIMUPUHA KOTOPOrO TEM MEHbIIE, 4eM OoJiblie IUaMeTp 3epkaia. [ as-
Heli MakcumyM J[H 3epkana opuMeHTHPOBAH MNEPHNEHIUKYISIPHO (DPOHTY IMIIOCKOM
BOJIHBI, OTPa)KEHHOM OT MOBEPXHOCTHU 3€pKaia, T.e. packpbiBy 3epkana. KHJI 3epkana
BO3pacTaeT NpONOPIUOHAIBHO TUIONIAAN pacKpbIBa 3epkajia S.

3epKasibHasi aHTEHHA XapaKTEPHU3yeTCs:

k03 unmenToM rcnons3oBanus nosepxHoct (KUIT);

Ko2(ppUIIMEHTOM MepexBaTa MOIIHOCTH 00JTydaTes sl 3epKajioM (Kp);

ko urmentom sppextusHoctr K,y , paBHbiM nponsseneHmio KUIT u Ko

k03 dunmenTom HanpasieHHoro aerctus (KH/I);
IIMPUHOMN TIIaBHOTO JIETIECTKA TUarpaMMbl HAIIPABICHHOCTHU 110 YPOBHIO MOJIO-
BUHHOW MomHocTH 2Q)5;

YPOBHEM MAaKCHUMaJIbHOIO 0OKOBOIO JienecTka Fy,.

KUII ecTh oTHOIIEHUE IIIOTHOCTH MMOTOKA MOIIHOCTY B HAIIPABJIECHUU TJIABHOTO
makcuMyma JIH 3epkana npu nNpou3BOJIBLHOM aMIUIMTYJHOM U (pa30BOM paclpenese-
HUU TOJI Ha PACKpbIBE K INIOTHOCTH MOTOKA MOIIHOCTH IPH PABHOMEPHOM aMILIN-
TyaHOM U (pa3oBoM pacupeneneHun. OueBUaHO, BO BTOPOM ClIy4yae IJIOTHOCTh MOTO-
Ka MOILIHOCTU OyzeT Ooubllle, TaK KaK IIPU 3TOM Bce 3eMeHTHI [ tolireHca packpbiBa
BO30YKJIEHbI' C OJMHAKOBBIMHM aMIUIUTyAaMu W (pa3zaMu U MOJS UX CKIAJbIBAIOTCS
cuH(pa3Ho B HanbHed 30He Ha ocu 3epkana. [ns taxoro packpeia KUII = 1. Ilpu
BCEX JPYTUX aMIUITUTYAHBIX M (a30BbIX pacmnpenencHusx mois Ha packpbie KUII <

1

KosdpuimeHT nepexnsara MOIHOCTU OMPEALIISAETCS BhIPAXKEHUEM

]
P06
rie Po6 — MOIITHOCTh, MU3JIy4€HHasi o0JydaTesieM; P3 — MOIIIHOCTh, U3Jy4YE€HHAs 00-
JIydaTeJIeM U IToNaBIiIas Ha 3€pKajlo.

Ha puc. 32 nokas3aHo, 4TO TOJBKO 4acTh In1aBHOro jenectka J{H obGiyuatens
pacnosoXkeHa B IpesiesiaX pacKpblBa 3epKaja.



Beanunnst KH]I, KUIT u Kp CBSI3aHBI COOTHOILICHUEM

IZIZOSXKI/IH Ky, (26)

riae S—omaab packpeiBa 3epkana; | — JyimHa BOJHBI.

KHJI =

Ipoussenenne KUII>K,, HasbiBaetcst kodddunueHTOM 5QHEKTHBHOCTH 3€p-
KaJILHOM aHTEHHBI — Kaq) . Uem Ooubliie mupuHa riaBuoro jemnectka JIH obmydarens,

TeM OOJbIlle YPOBEHb IMOJISI HA Kparo packpbiBa 3epkana D, Tem Oonee paBHOMEpPHO
pacripeniesieHne aMIuIuTyl Ha packpbiBe u 6ombiie KUII. Onnako mpu 3TOM yBeu-
YUBAETCS YaCTh MOIIHOCTH, U3JIy4aeMon oOyyaTesieM, KOTopas Momnajiaet 3a npesie-
JIBI pacKphIBa 3€pKaja, U yMEHbIIaeTcs K03 HUIIMEHT iepexBaTa MOIMHOCTH. B cBs3u
¢ otuM npu ysenudeHun D Bennunna K4, cHawana pacter 3a cuet yBeandenus KHII,

a 3aTeéM, JOCTUIHYB MAKCHMYMd, YMCHBIIACTCA 3a CUCT YMCHBIICHUS Kp. Tak xe

mensiercss 1 KHJI mpu yBenuuennu D. CkazaHHOe MILUTIOCTpHpYyETCs TpadukaMu Ha
puc. 33.

KUIL K K, o, KH]L

™ / KUIT
KP
/‘\/ KHIL. K,
\
0 A > A

OIIT

Puc. 33. K BbIOOpY ONTUMAIBLHOTO YPOBHSI MOJCTAHOBKU

Bemnuuna D ., cootBercTByromas makcumymy KH/I, 3aBuCUT OT OTHOILIEHUS
¢dokycHoro paccrosuus f k nnamerpy 3epkana D. OOBIYHO MPUMEHSIOTCS 3epKalia C

BEJIMYHUHON 5 =0,3...0,6. B 3TOM city4ae Donr =

=0,25...0,35.
[Ipu ontumanesHOM Bennunue D mupuna rmaBuoro jenectka IH onpenensiercs
BBIpa)KEHUEM

2Qps5 = (60...7O)|D. (27)

MakcuMainbHbI YPOBEHb OOKOBBIX JICTIECTKOB cocTaBisieT —23...—24 nb.



Ilpumeuanue. Yposenv 60K08bIX Jenecmkos 6 Oeyubdenax onpeoensiemcs no
popmyne Fg,(0b) = 203 1gF 4, .

[TapameTpbl 3epKanbHON aHTEHHBI 3aBUCST OT MOJIOKEHUST 00ydaTelsi OTHOCH-
tenbHO (pokyca. Ilpu cmemenun oGmydarens u3 GoKyca MEHSETCS aMIUIMTYTHOE H
dazoBoe pacmpe/enieHus Mol Ha pacKphIBe 3epkaia. B Oonblieil crerneHn Ha mapa-
METpPBI 3€pKaIbHOW aHTCHHBI BIUsACT (pa3oBoe pacrpescieHne. PaccMorpuM, K Kakum
W3MEHEHUSIM MTapaMeTpOB aHTCHHBI BEJCT CMEIIeHHe 00myuaTens u3 (okyca.

1. Cmewenue odonyuamens 6 ghoxanrvrou niockocmu. OokaIbHON HA3BIBACTCS
IUIOCKOCTh, TpOXOJsmias dYepe3 (OKyc M mapaienbHas IJIOCKOCTH pPacKphIBa.
Ha puc. 34 noka3ana 3epkajbHas aHTEHHA, B KOTOPOW OO0JIydaTedb CMEIIeH BIOJb
ocu X Ha BEJIMYUHY Xg.

¢
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doxkanpuas
IUTO CKO CTh

Hanpasnenue rmaBHOrO
Makcumyma JIH

Puc. 34. Cmemenue obiydarens u3 pokyca B OKaIbHON MIIOCKOCTH

B stom cirydae paccrosiHue Rq OT TOUKH pacIoyioKeHus: 00rydaTelis 10 BEpXHe-
ro kpas 3epkana (touku Nq) MeHble, yeM paccTosiHue Ro — OoT Touku pacrosoxe-
HUS 00JTydaTessl 10 HWKHero Kpas 3epkaia (touku No). [Toatomy ¢a3za mons Ha pac-
kpbiBe B Touke No oTcraer, a B Touke Njomepexkaer a3y mojsi B IEHTPE pPacKphIBa.

da30Boe pacrpe/esIeHne Ha pacKpbIBE CTAHOBUTCS OJM3KUM K JUHEMHOMY M MOKa3a-
HO Ha puc. 34. B pesynbrare riaaBubiil MakcumyM JIH 3epkana oTkiIOHsAETCS B CTOPO-
HY yMEHbIIeHHs (Pa3bl HA PacKphIBE, T.€. B CTOPOHY, MPOTHUBOMOJIOKHYIO CMEIICHUIO
obnyuarens. Ha puc. 34 nokas3aH yrosa OTKJIOHEHHUs OO0JydaTels & M yros OTKJIOHeE-
HUs r1aBHOro Makcumyma JIH 3epkana b ot ¢okanpHON ocu. OTHOIIEHUE — HAa3bI-
a
Baerca KOA(P(OUIMEHTOM peayKIUU Kpen - 10T KO3 (PUIIMEHT MEHbIIE €IUHUIIBI,

TaK KaK IIpu CMCIICHHUH O6le‘{aTeJISI B @OK&HBHOﬁ IJIOCKOCTH Ha PACKPBIBC ITOABJIA-



€TCsl HE TOJIBKO JIMHEHOe (a30Boe pacnpesiereHue, HO U KyOndeckoe, KOTopoe Mpu-
BOJUT K MPOTHBOIOJIOXKHOMY CMEILIEHHIO TJIaBHOro mMakcumyma /IH 3epkana u Bo3-
pactaHuio OOKOBBIX JierecTkoB. OmHako eciu b He Oosiee 2...3 3HAYCHUI MIMPHHBI
riaapuoro jernectka JIH sepkana, enmanna Ko, Omuska k exunuue. Ilepememnicnue

JIH aHTeHHBI B MPOCTPAHCTBE 3a CUYET CMEIICHHS OOJIydaTeliss Ha3bIBACTCS AJICKTPO-
MEXaHUYECKUM CKaHUPOBAHHUEM.

2. Cmewenue obnyuamens 600av goxanvuou ocu. Ha puc. 35 mokazano cme-
meHne obmydarens Baoiab GokanapHol ocu (ocu Z) Ha BenmmuuHy Z . [Ipu aTom

%

da30Boe
pacopeaeiacHIe
Nl
O6nyuarens
ZO
Z
D 7P
/
doxkanHas é
5 TUIOCKOCTb
N, f a

Hanpasnienue raBHOTO
Mmakcumyma JIH

Puc. 35. Cmenienue o6ryqatesist BOJib OKaIbHON OCH

B Toukax Nq u No da3el nons Ha packpbiBe OynyT OJMHAKOBBIMM, HO Oy1yT OTCTa-

BaTh OT (pa3bl MOJIS B LIEHTPE pacKkpbiBa U (a30BOE paclpeaesieHue Ha pacKpbiBe Oy-
net Omu3ko K kBagparuuHomy. B pesynbrate KUIT u KHJI ymenbinarcs, riaBHBbIM
nenectok JH pacmipurcs, HanpaslIeHUE ITIaBHOIO MakCUMyMa B IIPOCTPAHCTBE HE
U3MEHUTCS, YPOBEHb OOKOBBIX JIETIECTKOB BO3PACTET.

3. Cocmas 1a60pamopHoll YyCmaHo8Ku

CrpykTypHas cxema jJab0opaTopHO# YCTaHOBKHM IMOKa3aHa Ha puc. 6 (pasn. 1). B
Ka4yecTBe MCCIIeNyeMOl aHTCHHBI MCIIOJIB3YETCs OJHO3epKalibHAas aHTeHHA ¢ 00y4a-
TeJeM B BUJE MUPAMHUIAIBHOTO PyHopa, BO30YKAaeMOro MpsMOYToJIbHBIM BOJTHOBO-
nom Ha BoiHe Hjy. dmametp 3epkama D = 500 mMm, dokycHoe paccrostaue f = 150

MM. KOHCTpYKIIUSI aHTEHHBI [TO3BOJISIET:
CHSTH 3epKaio 1 u3meputh JJH obmyuarens;



CMECTHUTh 3€pKaJio B0Jb Och Z (CcM. puc. 26), HE MEHsIS MOJIOKEHHSI 00TyJare-
s,

MOBEPHYTh 3€pKalo BOKPYr ocu X, HE MEHss MOJOKEHUsA oOJyyaTelns, 4To
NpUOTMKEHHO SKBUBAJICHTHO CMEILIEHUIO o00iiydarenss B (DOKaIbHOM IJIOCKOCTH
BJIOJIb OCHU Y.

K npsiMoyrosbHOMY BOJHOBOAY, BO30YXAArOIIEMYy pyHnop oOJydaTelns, MOA-
KJIFOUEHA JIETEKTOPHAs CEKIIHSI.

N3mepenune /IH n KH/I 3epkaibHONM aHTEHHBI POU3BOJMUTCS B PEXKUME IpHUE-
Ma.

4. 3a0anue Ha 1abopamopuyio pabomy

4.1. O3HaKOMHTBCS C JTa0OPATOPHON YCTAaHOBKON M KOHCTPYKIUEH HCClie-
IyeMoM aHTeHHbI. BKIIIOUUTh W HACTPOUTH JAOOPATOPHYIO YCTAaHOBKY. YCTaHOBHTD
3aJIaHHYIO YacTOTY, YAOOHBIN NJisi U3MEpPEHUN YpOBEHb MOIIHOCTH reHepaTopa, Co-
BMECTUTh ONTHYECKHE OCU MEPeNarollel U MPUEMHON aHTEHH, YCTAHOBUTH HAYaJIO
oTcyeTa yria HaOJoJIeHHUs OT 0’KHMJIaeMOI'0 HalpaBieHus [1aBHoro makcumyma JIH
UccieyeMoil MpUeMHON aHTEeHHBI. Jlanee Havano OTcYeTa yriia HaOMIoAeHUs HE Me-
HSTh.

4.2. VI3amepuTh nuarpamMMmbl HapaBJIE€HHOCTH HA 3aJaHHOW YacTOTe:
oOJyyaTesns 3epKaabHOU aHTEHHBI;
3epKaJIbHOM aHTEHHBI MIPU YCTAaHOBKE 00J1ydatess B (hOKyc;
3epKaJIbHOM aHTEHHBI MIPU CMEIeHUH 00Jiydaresns u3 (okyca BAOJIb (POKAIbHOU OCH
mst Zo =05, 1,00, 1,5 .

4.3. HccrnenoBaTh BONPOCHl CKAHUPOBAHUS B 3€pKaIbHOW aHTEHHE, AJIA YEeTro
U3MEPUTh 3aBUCHMOCTD yriia b .ot yria a. Yron a 3anath B npeaenax 0...9° ¢ nuc-
Kkpetom 3°.

4.4. Wsmeputs KHJ 3epkanbHON aHTEHHBI METOIOM CpaBHEHUs. B kauecTBe
ATAJOHHOW aHTEHHBI B3sATh 00Mydatens, a KHJ[ ero paccuurate o ¢opmyie (26).
JI1s. OTKPBITOrO KOHLIA IMPSMOYTOJIBHOIO BOJIHOBOAA C OCHOBHOW BojHoW KHUII =
=081 K, =1

4.5. OnpeneauTts MOJISPU3ALNIO 3ePKATBHON aHTEHHBI (M3MEPHUTh KO3 PuIm-
CHT DJUTMIITUYHOCTH).

4.6. OOpabotarb pe3ynbrarsl u3Mepenus [IH u noctpouts rpaduku HOpMHU-
poBaHHbIX JH B npsAMOyronapHbIX KoopauHaTax. OnpeneuTh MHUPUHY TJIABHOTO Jie-
nectka /IH 3epkaiibHON aHTEHHBI MO YPOBHIO MOJOBUHHOM MouIHOCTU. [TocTpouTh

rpaduk 3aBucumMocTd ko3 duuuenra peaykuun K., =— oT yrna a.
a

4.7. TeopeTnuecku pacCUUTaTh MIUPUHY riaBHOro Jienectka JIH 3epkanbHol
AHTEHHBI U CPABHUTH C MOJYYEHHON IKCIIEPUMEHTAJIBHO.

4.8. Teopetnuecku paccuntath KHJI 3epkanbHON aHTEHHBI, TMojaras
KHAIT» 08 u K,»0,9. CpaBuuts teopernueckoe sHadenne KHJL ¢ momydeHHBIM

OKCIICPUMCHTAJIBHO.



4.9. CpnenaTh BBIBOJBI MO BCEM IMyHKTaM paboTel: 0 Buje AH obOmyuartens u
3epKaJIbHOM aHTEHHBI; O 3aBUCUMOCTH HapameTpoB JIH 3epkanbHON aHTEHHBI OT Be-
JUYMHBI CMeleHus1 o0iydarens u3 ¢okyca; o 3aBucumoctd KH/I ot miomanu pac-
KpbIBa aHTEHHBI, CPABHUB IUIOLIAb PACKPHIBA PYIIOpa 00IydaTess U 3epKaia.

5. Cooeporcanue omuema

Hazpanue u nenb padotel. CTpyKTypHasi cXeMa yCTaHOBKH, NEPEUYEHb UCIIOJIb-
30BaHHBIX MPUOOPOB, CXEMATUUYECKUE PUCYHKH HCCIIEIOBAHHBIX AHTEHH. JKCIIEpH-
MeHTajlbHble rpaduku JJH B mpsAMOyronbHBIX KOOPAUHATAX, PE3YJIbTaThl U3MEPECHHUS
U NpuOIMKEeHHON TeopeTndeckoil ouenku napametpoB [IH u KHJI. BriBojs! o Bcem
nyHKTaMm paboTsl. (TaOnuIel SKCIIEPUMEHTABHBIX JTAaHHBIX TPUBECTH B OJTHOM M3 OT-
YEeTOB OpHUTajibl).

Ilpumeuanue. Pezynomamor uzmepenus J{H mooxcno obpabomamev Ha KoMnb-
romepe ¢ UCNONb30BAHUEM Chneyuarbhou npoepammsl. Onucanue npo2pammvl HAX0-
oumcs Ha pabouem cmoe.

6. Bonpocwbl 013 noo2omosku

6.1. Onpenenenue J{H B pexxume nepeaauu.

6.2. Onpenenenue J{H B pexxume npuema.

6.3. [Tapamerpst JIH, ciocoGs1 nzoopakenus AH.

6.4. Onpenenenne KH/ B pexxume nepegaum.

6.5. Onpenenenune KHJI B pexxume mipuema.

6.6. 3aBucumocth KHJI or mupunsl rnasHoro jgenectka JIH u ot ypoBHs 60-
KOBBIX JICTIECTKOB.

6.7. Meroauka usmepenust JJH u KH/I.

6.8. Meroauka onpenencuus ko3 OUIMeHTa HUTUITUYHOCTH.

6.9. [IpunIun paboThl U CBOWCTBA 3€PKAIBHOM aHTCHHHBI.

6.10. AmmuutyaHOe M (a30BOe paclpeeieHHe IMOJisi Ha PacKphIBE 3epKaiia
NIpH MTOJIOKEHUH o0ydatess B pokyce 3epkana. Bun JIH 3epkana.

6.11. da3zoBoe pacnpeqeneHrue MO Ha PACKPBIBE 3€pKajia MPU CMEUICHUU
obmydarens BAoJb (pokansHOM ocu. Bua JIH 3epkaibHONM aHTEHHHBI.

6.12. dazoBoe pacrpejielicHUe TOJsI Ha PACKPBIBE 3€pKajia MPU CMEIICHUU
oOJrydartens neprneHauKyIsipHo pokansHOM ocu. Bua JIH 3epkaina.

6.13. 3aBucumocts KUII ot ypoBHs moacraBku D B aMIuutygHOM pacmupeje-
JICHWH Ha PAacKphIBE 3epKaa.

6.14. 3aBucumocTs K03 dHIHCHTa [IepexBaTa MOIIHOCTH K, 0T ypoBHS mox-

ctaBkd D B aMImuTy THOM pacrpesieIeHu Ha pacKphIBe 3epKaja.
6.15. 3aBucumocts koddduumeHTa dddexruBrocTH Kyj OT ypoBHS MOACTaB-

ku D B aMIITUTYTHOM pacrpeiesieHnd Ha pacKphIBe 3epKaia.
6.16. 3aBucumocts KH]I ot ypoBHs moacraBku D B aMruutygHOM pacmpeje-
JIEHWU Ha pacKphIBE 3epKaia.



Jabopamopunaa padboma N4

NCCIIEJOBAHUE MHOT'OIIEJIEBBIX AHTEHH
HA IPSIMOYI'OJIBHOM BOJIHOBOJIE
N BOJIHOBOJAHO-CTEP’)KHEBBIX AHTEHH

1. I]env pabomwi

N3yunTh KOHCTPYKUMIO M MPUHIMI pabOThl pe30HAHCHOM W HEPE30HAHCHOMN
mHoromenaeBord anteHH (MIL[A) Ha npsSMOYroibHOM BOJIHOBOJE M BOJHOBOJIHO-
CTEPHEBBIX AaHTCHH.

HccenenoBath: 3aBUCUMOCTD IMarpaMMbl HAIIPaBIEHHOCTU pe3oHaHcHON MIIIA
oT crioco0a BO30YKIeHus 11eield; BOMPOChl CKAaHUPOBaHUs B HepesoHaHcHON MIIIA;
3aBUCUMOCTh auarpamMbl HanpaieHHOCTH U KH/[ BOJIHOBOIHO-CTEp)KHEBOW aHTEH-
HBI OT KO3 (ULIMEHTA 3aMEJICHHUS.

2. Obwue ceedenus
2.1. lllesieBble AHTEHHBI

2.1.1. Cnocobul 6036yacoenus u ceoticmea 0OUHOYHOU Weau 8 MeMAauIudecKom
9Kkpare. MHOTOIIIETICBbIE aHTCHHBI MPEACTABISIOT CO0OW aHTEHHBIE PEIICTKU C IIO0-
CJIeIOBATEIbHBIM ITUTAHUEM, B KOTOPBHIX B KA4eCTBE DJIICMCHTAPHBIX M3TydaTeliel uc-
MOJTBE3YIOTCSI TIOJTYBOJTHOBBIE PE30HAHCHBIC HICITH.

CriocoObl BO3OYKICHHSI OMMHOYHOW IIENH, MPOPE3aHHOW B CTEHKE MPSMO-
YTOJIEHOTO BOJIHOBOJA, BO30YKIaEMOro Ha BOJIHE Hj,, pPACCMOTPEHBI B Kypce «OJIeK-

TPOJMHAMUKA U pacrpocTpaHeHue paanoBoin». B MIIA o0buHO 1I€/H mpope3aroT-
Csl B IIMPOKOM CTEHKE BOJIHOBOAA U JIENIAI0TCS MPOAOIBHBIMU UM NONEPEYHBIMH, YTO
WocTpupyercs puc. 36, Tae nokasaHa CTpyKTypa CHUIIOBBIX JIUHHUI TOKOB MPOBOIHU-
MOCTH M HECKOJIBKO BO3MOXKHBIX IMOJOKEHUHN Iiesieid. YepHbIM LIBETOM 3aKpalleHBI
Heusyyaroniye menu. EcTecTBeHHO, B KaUecTBE U3TydyaTese MOTyT UCIIOJIb30BaThCs
TOJIBKO H3iydaroniue mienu. [lokazanel Takxke pa3Mepbl NONEPEYHOro CEUYEeHUs BOJI-
HOBoza a M b. Ha mpakTuke yaiiie MCHosb3yrOTCs poaoibHbIe menu. Ha puc. 37 mo-

® ®
Ka3aHbl OAMHOYHAs LIEJb, CUJIOBbIE TUHUU BeKTOpoB E u H mons Ha menu u cuc-
Tema cepuueckux koopauHat R, Q, ] , B koTopbix onuchiBacTes JH tmenu. Eciu

JUTMHA [eu OJM3Ka K MOJOBUHE JIJTMHBI BOJIHBI B CBOOOJHOM IPOCTPAHCTBE, BXO/I-
Has MPOBOAMMOCTB IIEJIM YUCTO aKkTHBHA, a ee /JIH coBmagaer ¢ JIH momyBogHOBOTO
BuOparopa. OTauyust MoJisg eI U BUOpaTopa, Kak MOKa3aHO B AJEKTPOIUHAMHUKE,
3aKJII0YaloTCs B TOM, 4To miockoct E n H menstorcs mecramu. Ha pucynke 060-
3HaueHo: P — Touka HaOmoneHus B gainbHel 30He; P — npoekuus Touku P Ha muioc-
kocTh XY. ITnockocts YZ (j = 0) —s10 miockocts H, mmockocts XY (j =90°) —at0
mockocTh E. B minockoctu E miens HeHanpaBiieHa, €ciiv 3KpaH, B KOTOPOM Mpope3a-



Ha Ienb, OeckoHeunblil. ['maBHbli nenectok JIH opuentupoBan Bronb ocu Y. B
miockoctd H JIH mosyBoHOBOM 11e/1i onuckIBaeTCsl NpUOIMKeHHOU (hopMyioit

cos(B sinQ)

F(q) =C§Sq. (28)

:::ﬁijy ——
= [ L
Y, N—_ \\ 7

A — T

Puc. 36. MHoromenesass aHTEHHA

Y

—»E

= 4

Puc. 37. Oqunounas 1ienb B SKpaHe

2.2. Pesonanchas mHocowenesas awmeHHa TIPEACTABISECT COOOW JTUHEWHYIO
aHTCHHYIO PEIIeTKY, B KOTOPOH e BO30YyKAaroTcsi cuH(a3HO. AHTEHHA MOKa3aHa
Ha puc. 38. Ha pucynke uncno menerr N = 3 (B obmiem ciyyae N MOXKET OBITh JItO-
OBbIM), IIEJTU TIPOPE3aHbl Ha NIMPOKON CTEHKE BOJHOBO/IA MPOOIBHO M PACIIOIOKEHBI
OTHOCHTEIHHO OCH BOJHOBOJA B IIaxMaTHOM mopske. CiieBa BOTHOBOJ BO30YK7a-
eTcsl, crpaBa — 3aMKHYT HAaKOpOTKO. [lo3TOMy B BOJHOBOJE CYIIECTBYET PEXHUM
CTOsTYeH BOJIHBI. PaccTossHMEe MEXIy COCEIHUMH IIEISIMH, PACIIONOKCHHBIMU C Of-

HOHM CTOPOHBI OCH BOJHOBOJIA, PaBHO JUJIMHE BOJIHBI B BOJHOBOAE | 5, ClieoBaTenpHO,
3TH 1EIN BO30Yyxknatorcsa cuHpasHo. Lllenu, pacnonoxeHHble ¢ APYyrol CTOPOHBI OCH



BOJIHOBOJIa, CMEILIEHBl OTHOCUTEIBHO IMEPBBIX IIEJIEN HA MOJOBUHY JJIMHBI BOJHBI B
BOJIHOBOJIE U IEPECEKAIOTCsl TOKAMU TOTO K€ HampaBlieHus, T.€. BCE LIEIN BO30YXK-
natorcsi cuH@azHo. B pesynbrare mosst Bcex IIeNed CKIaibIBatoTCs CUH(a3HO B Ha-
npaBieHUH ocu Y, T.e. TNIaBHbIH MakcumyMm /IH opueHTHMpOBaH mepneHIuKyJISpHO
MJIOCKOCTHU pacnonioxeHus meneid. Yem Oosnblile 1mieneit, TeM yke TJIaBHbIN JenecTOK
JH, 6onpme KHJI. Paccrosiane mexny cocennumu memsimu d =0,51 5 <I , roe | —
JUTMHA BOJIHBI B CBOOOJHOM IpOCTpaHCTBE. Takol crnocoO BO30yXJIeHUs IIeJed Ha-
3bIBAETCA P-CIOCOOOM, YEM MOJUYEPKUBAETCA TO, YTO JOMOJIHUTEIbHBIM CABUT MO (a-
3€, paBHBIM P U Tpedyromuiics 11t cuH(a3zHOro Bo30YXKACHHS COCEAHUX IeNeH, mo-
Jy4aeTcsl 3a CUET PaCIOJIOKEHHsI MX IO pa3Hble CTOPOHBI OCH BOJHOBOZA. MOXKHO
ObLIIO OBI MTPOPE3aTh MIENN TOJBKO C OJHOW CTOPOHBI BOJHOBO/A, PACIIQIOKHUB UX Ha

paccTossHUM Jpyr OT japyra, paBHOM | . OmHako B 3TOM CjIy4ae pacCTOSHHE
d=I g >| wu B mpocTpancTBe OBLIO OBI elle 1Ba HANIPABICHUS, CHMMETPUIHO PaCIIO-
JIO’)KEHHBIX OTHOCHUTEIBHO OCH Y, B KOTOPBIX IMOJS BCEX IIENCH CKIAJBIBATUCH OB
cuHdaszno (TouHee, co caABUTOM 10 (a3se, paBHbIM 2P). B atoMm ciaydae JIH nmena Ob1
TPH TJABHBIX JICTIECTKA, YTO HEIOMYCTUMO, T.K MPHUBEJIO OBbI K CYIIICCTBEHHOMY CHHU-
xennto KH/I. Takoii cioco6 Bo30yxkaeHus 1ieeil Ha3bIBaeTCsl 2P-CIOCOO0M.

X |
—— L ——1
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b d va
KopoTkoe 3aMbIkanue

Puc. 38. PezonancHas MHOrOIIEIEBAs AaHTEHHA

Henoctatkom pezonancHoit MIIA siBisieTcst €€ y3KOMOJIOCHOCTh IO COTJIaco-
BaHUIO C BOJIHOBOJIOM. DTO CBSI3aHO C T€M, YTO Ka)KAasl MIENb MOJBOIUMYIO K HEH
MOIIIHOCTh YaCTUYHO M3IIy4aeT, YACTUYHO MPOIMYCKaeT K CIESAYIOIICH e, a Jyac-
TUYHO oTpaxkaeT. [Ipu cuH(ba3zHOM BO30OYKICHHUH IICIICH U PACCTOSHUU MEXIY CO-
ceqHuMu 1ensiMu, pasHoMm d = 0,51 ;, BoHBI, OTpakeHHBIE OT BCeX Ieliel, Ha BXOE
BOJIHOBOJIa CKIIaJbpIBatoTCs cuH(a3Ho. [Ipu sTomM oOpa3syercst Oonbinas OTpakeHHAsS
BOJIHA. B 3TOM citydae corimacoBaHue BO3MOXKHO B Y3KO# IMOJIOCE YacCTOT.

2.1.2. Hepe3onancuas muozcowjenesdas aHmeHHa OTIMYACTCS OT PE30HAHCHOM
TEM, YTO COCEIHHE eI MPOPE3ar0TCS Ha PACCTOSHUH JIPYT OT IPYra MU HECKOIBKO
MEHBIIIEM, HJIM HECKOJIBKO OOJIBIIIEM ITOJIOBHHBI JITMHBI BOJIHBI B BOJIHOBOjJE. B pe-



3yJbTaTe BOJIHBI, OTPAXKEHHBIE OT BCEX IleJiel Ha BXOJ€ BOJHOBO/IA, pac(azupyroTcs
U CyMMapHas OTpa)KEHHasl BOJIHA YMEHbIIAETCSA. B 3TOM cilydae BO3MOXKHO COIJIaco-
BaHUE aHTEHHBI B OoJiee IIMPOKOM JMara3oHe 4acToT. s Toro ytoObl Bce LIENH
BO30YKJIQJIUCh C OJJUHAKOBBIMU aMIUIUTYAaMH, KOPOTKOE 3aMbIKaHHE Ha KOHIIE BOJI-
HOBOJIA 3aMEHSETCS COTJIACOBAHHOW Harpy3koil. llprmeHeHHne coriacoBaHHOW Ha-
IPY3KH YCTpaHS€T OTPa)XEHHYI0 BOJHY M JjenecTtok [IH, cooTBercTByrommii 3Toi
BosiHe. [Ipu u3mMeHenun yactotsl B HepezoHaHcHOU MILIA u3meHsieTcs caBur no ¢a-
3€ MEXJYy COCEIHMMH IIEISIMH, BCIEICTBUE YETO MEHSETCA HAIPABJICHHE TJIABHOTO
MaKCMMyMa B MPOCTPAHCTBE, T.€. IPOUCXOJUT TaK Ha3blBaeMoe ckaHupoBaHue. [lo-
sTomMy Hepe3oHaHcHas MILIA npumMeHsieTcs Kak aHTEHHAs pPElIeTKa C YaCTOTHBIM
CKAHUPOBAHUEM.

Taxum obpazom, pezonancHas MILIA siBnsieTcst TMHEIHON aHTEHHOM PEIIETKOM
¢ cuH(a3HbIM BO30YXJIeHHEM Ieneid, a Hepe3oHaHcHass MIIJA — nuHelHOW aHTeH-
HOM peleTkol ¢ TMHEHHBIM (a30BbIM pacipeieIEHUEM BI0JIb JIMHUU PACIION0KECHHUS
ienei.

JlnarpamMma HaIpaBJICHHOCTH PE30HAHCHOW M Hepe3oHaHcHOM MIIA B muoc-
koctu H (Ha puc. 36-38 — B mnockoctu Y Z) onpenessieTcs CIeayrIuM BhIpakeHHU-
eM:

Fa) =F(a)>Fe(a), (29)

rae F(q) — AH oxHoii mienu, onuckiBaeTcs BeipaxkeHneM (29);

FC (q) — MHOXHUTECJIb CUCTCMBI, OIIPCACITACTCS CICAYIOIINUM BBIPAXKCHUCM.

sin(NY)
Fe@=>0 7, 30
c(a) NSN(Y) (30)

kd , . F
Y = (sing+-92) . 31
> (sinq " d) (31)

2p

3nech K =|— — BOJIHOBOC YHCJIO CBOOOJHOTO MPOCTPAHCTBA; | — qIMHA BOJIHBI B

cBOOOJHOM IIpOCTpaHCTBE; 0 — pacCTOSHUE MEXAY COCEIHHMH miensMHu; F o — pas-
HOCTb (pa3 Mexkay cocequumu miensamu; N — ob1ee yucio mienei.

Jlnst pesonancHoit MIL[A mpu p — crioco6e nutanus d = ?B ,F o =0. TIpu 2p-

croco0e Bo30ykacHus d =] s+ Fo =0. B Hepe3onancuoit MIIIA B BosHOBOAE HUC-

MOJIb3YETCs peXuM Oeryieid BOJHBI, MO3TOMY TpU P-crioco0e BO30YKICHHUS

2 |
Fo= —pd +p, a BeimunHa d OTJIMYHA OT — .
| 5 2
Kak yxe ormeuanoch, npu d > | B mpocTpaHCTBE MOXKET OBITh HECKOJIBKO
TJIaBHBIX JIeTIeCcTKOB. HampaBiieHus MX riaBHBIX MaKCUMYMOB 00O3HA4yaeTcsi CUMBO-



JIOM an, rae N = 0, 1, £2, +3,... — HOMep IIaBHOTO MakcuMyma. HampaBneHust

TJIABHBIX MAKCHUMYMOB B MPOCTPAHCTBE OMpeAestoTcst hopmyoit

. | F,
S =—Nn- .

(32)

Eciu BeImonHgEeTCA YCIIOBHUC
lg N1
d ~ Nx1+sing )

rae 0y, — HalpapJeHUE HYJIEBOrO TIABHOIO MAaKCUMyMa, COOTBETCTBYOIEro N=0, B

(33)

MIPOCTPAHCTBE OYJIET TOJIHKO OJIMH TJIaBHBIN JICTIECTOK.
[[Tupuna rimaBHoro nenectka /IH mo ypoBHIO MOJIOBUHHONW MOIIHOCTH OTIpEe-
JISI€TCSI CIICAYIOMIUM TPUOJIMKEHHBIM BBIPAYKEHUEM:

2Q05»51° |

U cosy (34)
XCO0( mo

rae L = (N — 1)d — nimuna MIIA.
2.2. BoJIHOBOTHO-CTep:KHEBasi AHTEHHA

2.2.1. Obwue ceoticmsa, npunyun pabomol. BoTHOBOIHO-CTEpKHEBAsI aHTEHHA
OTHOCHTCS K KJIacCy aHTCHH Oeryliiel BoJHbI. AHTeHHBI Oeryiiei BoHbl (ABB) — 310
JIMHEWHbBIC WX IJIOCKUE aHTCHHBI, (OPMUPYIOIIUE OCEBYIO WM KOHUYECKYIO (Topou-
nanpHyl0) auarpammy Hampaeiaernoctu (JIH). PaccmoTrpum coctaB u npunImn pado-
ThbI TUHEHON ABB.

Antenna Oeryiieit BosiHbl (puc. 39) COCTOUT U3 ABYX 3JIEMEHTOB — BO30YyIUTE-
7S U HarpaBuTens. Bozoyoumeny MpeACcTaBiIsieT cOOOM OTKPBITHIA KOHEIl JIMHUU Tie-
peaadu — MpsSIMOYTOJIbHOTO, KPYIJIOTO, KOAKCHAJIBHOI'O BOJIHOBOJOB C (hJIaHIEM WITU
0e3 Quanua win ¢ HeOoNbIINM pyniopoM. Hanpasumens — 3T0 OTPE30K OTKPHITOHN JIH-
HUU TIepeaadu ¢ 3aMmeyieHHOM BoiHOM. [[nmuna HanpaBurtens — L. Ha puc. 4042 no-
Ka3aHbl puMepbl ABB:

puc. 40 — nusnexkTpuueckas crepkaeBasi AbB, B koTopoii Bo30yuTeneM siBisi-
€TCsl OTKPBITBIN KOHEI KPYTJIOro BOJIHOBO/A, HAIIPABUTENIEM — OTPE30K KpPYyTrjoro Au-
ANEKTPUYECKOI0 BOJIHOBO/IA,

puc. 41 — pedpucro-crepkueBasi ABB; B Heil BO30ynuTeIb — OTKPBITHIN KOHEL
KpPYIJIOro BOJHOBO/IA, HAMIPABUTENb — OTPE30K OTKPHITOTO BOJIHOBOJA B BUAE METAa-
JIMYECKOTO CTEPXKHS C MEPUOJUYECKU PACTIONOKEHHBIMU METANIMYECKUMH 11aibaMu;

puc. 42 — cnupalibHasg aHTEHHA, B KOTOPOM BO30YAMUTENh — OTKPBITHIA KOHEIl
KOAKCHAJIbHOM JIMHUU C IUIOCKUM (IaHIeM (METaJUIMYECKUM JMCKOM), HAlpaBUTEb
— crnMpaibHas JUHHS (IPOBOJIHUK, CBEPHYTHIN B CIIUPAJIb).

Tun nuarpamMmbl HampaBICHHOCTH, KO3(PQUIMEHT HAMPaBIEHHOTO IEUCTBUS
(KH/I), monspu3anus 3aBUCIT OT TUIA BOJHBI, BO30yXJIaeMoil B HampaButene. B
CBOIO OYepelb, THUI BOJHBI B HalpaBUTEJE 3aBUCUT OT TUIA BOJHBI B BO30yIuUTEINE
(muTaroIeM BOJIHOBOJIEC), IIONEPEYHBIX PAa3MEPOB HATIPABUTEIS U YaCTOTHI.



Hanee dopMy momepedHOro cedeHus HampaBuTess B JuHeWHoW ABB Oyaem
CUMTATh KPYTJIOH ¢ paAuycoM a, uTo Mmoka3aHo Ha puc. 40-42.

Bo30yaurens HampaButens

\

\
/ > Z
L
Curunan ot JMHUM Nepeadun
Puc. 39. AnTenHa 6eryiieil BOJHBI
Oranen i KPEeIwIeHYs K JIMHAM TIepeaavn
Kpyriblii BOIHOBOL JIBIIEKTpUYeCKni CTEP/KEHb

7 E = Fr | \|/

L

Puc. 40. Insnexkrpuyeckas crepxkHeBasi AbBB

B xauectBe pumepoB JIH Ha puc. 43, 44 noka3aHbl Tak Ha3bIBaeMbIE OCEBast U
KOHMYecKas auarpammbl HanpasieHHoctH. OceBast JIH dopmupyertcs, Hanpumep, B
anTeHHax puc. 40, 41 npu B0O30OYyXJAECHUU B KPYIJOM BOJHOBOJIE OCHOBHOM BOJIHBI
Hq4. Ilpn nuHENHON MOIApU3aUU 3TON BOJIHBI NOJIAPU3ALIUA [I0JIS1 AHTCHHBI B TOYKE

JaJIbHEW 30HBI, PACIIOJIOKEHHOW B HAIIPaBJIECHUM TJIABHOrOo Makcumyma JIH, nunen-
Has, Ipu KpyroBoil nosisipuszauuu BosHel Hy; — Kpyrosas.
B anTtenne puc. 42 oceBas JJH dbopmupyetcs npu Bo30y>KI€HUU B KOAKCHAIIb-

HOM JIMHUM OCHOBHOM BOJIHBI THUnNa T M IIpU paanyce HAIIpPAaBUTECIIsA, pABHOM A= 2—,
p

rae | — nuHa BOJHEL.
Ha puc. 44 nokasansl mosoBuHa KoHudeckoit JIH (manbHss oT ynTatess) u ce-
YeHue ee MpoaoJibHOM TIockocThio. Konnveckas JIH ¢popmupyercss anteHHamu, mo-



kazaHHeIMU Ha puc. 40, 41 npu Bo30yXkIeHUH B KPYIJIOM BOJHOBOJE BOJH Hg, H
Eq,. B cnupansHoii anTeHHe koHMdeckas JJH gopmupyercs, ecnu paanyc cnupanu

nl
yAOBJIETBOPSIET YCIOBUIO A = 5, rren=2,3,4,....

Onanen 111 KPEIUIEHUS K JIMHUM NIEpEIadn

Kpyrisiii BoHOBOA Jvpnekrpuuexas maiioa s

KPCIUICHUA CTCPIKHA

[11ai0Ob1

2a

MeTtamaeckuii CTepKeHb
Puc. 41. PeGpucto-ctepkaeBas AbB

AnTeHHBI Oeryieil BOJTHbI OTHOCSTCS K KIAccy cllado- U CpeIHEHANPaBIEHHBIX
antenH, ux KHJI ne 6onee 3040. Mcnons3yrorcs ABB B kauectBe obiydareneit 3ep-
KaJIbHBIX, JTUH30BBIX aHTEHH, aHTEHHBIX PEILIETOK C MPOCTPAHCTBEHHOW CXeMOM pac-
Mpe/iesIeHNs MOLTHOCTH, B KaYECTBE M3IyYalOIIUX 3JIEMEHTOB aHTEHHBIX PEIIETOK U B
KauecTBE CaMOCTOATENbHBIX aHTeHH. ABB npumensitorcs B AuanazoHax MULIUMET-
POBBIX, CAHTUMETPOBBIX BOJIH U B KOPOTKOBOJIHOBOM YacTH ACIIMMETPOBOTO JUanazo-
Ha.

[ToMuMO TMIMHAPUYECKUX HampaBureneld B ABB HCHONb3yrOTCS IJIOCKUE JIU-
HEHHbIE U IJIOCKUE JUCKOBbIE HAPABUTEIH.

Bce antenHsl Geryuieil BOJNHBI SIBJISIOTCS IIMPOKOMOJOCHBIMU IO KPUTEPUIO
CTAOMJIBHOCTH 3HAUYEHUM XapaKTePUCTUK U IMapaMeTpOB IpPH U3MEHEHHH YacTOTHI,
0COOEHHO 10 KPUTEPUIO COTIACOBAHMS C JIMHUEU MepeIayu.

Juanaszonusie coiictBa ABB oneHuBaroTcs xk03QGUIMEHTOM NEPEKPHITUS IO

yacrtore K; = fm—ax, rae fo. ¥ i, — BepXHAA M HIDKHSASA 9acToTa pabodero auarna-
min

30Ha. Pa3zpaboransl koHCTpyKuKMU ABB, B KOTOpBIX 3TOT KO3 dunnent nocturaer 10

u Oomnee. [onspuzauus nons uznydenus AbB B 3aBUCHMMOCTH OT KOHCTPYKIIMHM Ha-

MpaBUTENSI U TUIA BOJIHBI B HEM MOKET OBbITh JIMHEWHOM, KPYrOBOM WM yrpaBJsie-

MOW.



KoakcuanpHasa JTUHUSA

|

dnaner (3kpaH B BHJIE JUCKA)

CrnupanbHbli POBOTHUK
[ITaitba nyist KpeTuIeHUs

Puc. 42. CnupanbpHasi aHTEHHA

[Tonnepeunoe ceuenune AH

Puc. 43. OceBas nuarpamma HarpaBiIeHHOCTU

Qm

Puc. 44. Konnueckas nuarpaMmma HanpaBJI€HHOCTH



2.2.2. Amnaumyono-ghazosoe pacnpeoenenue 8030yicOeHUs. AMIUIUTYIHO-
dbazoBoe pacnpenenenne (ADPP) Bo3Oyxaenuss B8 ABB — 310 pacnpeaeneHue aMIniu-
Tyn ¥ (a3 nons B Hanpasutene Baoiab ocu Z — aiis AbB tuna puc. 40 u 41 unm Toka
— B ABB Tuna puc. 42. Xapakrep AD®P onpeznensiercss npuHIUIOM paOOThl AHTEHHBI.
Paccmorpum A®P, cuutasi, 4TO KOHEIl HAPABUTENS COTJIACOBAH CO CBOOOIHBIM TIPO-
CTpaHCTBOM. Takoe corjiiacoBaHuWE€ JOCTUraercs, Harmpumep, B anTteHHax puc. 40, 41
CY’)KCHHEM KOHIa HampaBuTels (mokasaHo Toynbko Ha puc. 40). CBOOOAHBIN KOHEIl
cnupanbHON JuHUU (cM. puc. 42) cam 1Mo cede XOpOIIO COTrJIACOBaH CO CBOOOIHBIM
IIPOCTPAHCTBOM.

[Tpunnun padotel ABB 3akitodaetcs B cinenyromieM. Bo3oynurens Bo30yxaaeT
B HAINPABHUTENE 3aMEIEHHYIO (MOBEPXHOCTHYIO) BOJHY ¢ (a30Boi cKOpocThio (Vy),

MEHbIIIEH CKOPOCTH cBeTa B CBOOOIHOM mpocTpancTBe (¢). Takas BoHA KaHAIM3UPY-
€TCsl HampaBHUTeNeM BIOJb ocu Z U cnabo 3aTyXaeT 3a cueT usiydenus. [Ipu stom
KaXIbIi SJIEMEHT HAIPABUTEJIS JUIMHOW (OZ OJIHOBPEMEHHO SIBJISICTCS JIEMEHTOM OT-
KPBITOM JMHUM U u3inydareneM. Kpome Toro, Bo30yAauTeNlb HaCTUYHO H3Ty4aeT cde-
pUYECKYIO BOJIHY. berymias Baoyib HarpaBuTeNs 3aMe/jIeHHast BOJIHA caabo oTpaka-
€TCsl OT KOHIAa HAMPABUTENS B CHITy €r0o COTJIaCOBAHHOCTU CO CBOOOIHBIM MPOCTpaH-
cTtBoM. Ho KoHel HampaBHTENs SBISETCS HEOTHOPOTHOCTHIO, MTO3TOMY Ha HEM TIPO-
UCXOMUT IU(paKIns 3aMeAJICHHONW 3JIEKTPOMAarHUTHON BOJHBI M YaCTh €€ MOIITHOCTH
MEPEXOAUT B MPOCTPAHCTBEHHYIO C(HEPUUECKYIO BOJIHY, H3Ty4aeMyl0 KOHIIOM Harpa-
BUTENSA. AMIUTUTYIBI CEPUUECKUX BOJIH, U3JTy4aeMbIX Ha4aJlOM M KOHIIOM HallpaBH-
TS, TOJDKHBI OBITh CYIIICCTBEHHO MEHBIIEC aMIUTUTY bl 3aMEIJICHHON BOJIHBI, YTO
JOCTUTAETCs, KaK YK€ OTMEUasnoch, COMIACOBAHUEM KOHIA HAIpPaBUTENS] U KOHCT-
pykiueit Bo3Oyautens (mpuMeHeHue (UiaHIeB, HEOOBIINX PYIOPOB). 3aMe IeHHAs
BOJIHA PACTPOCTPAHAETCS BIOJb HAIMpPaBUTENsSI CO Cla0bIM 3aTyXaHUEM, U NpHUOIuU-
YKEHHO €€ aMIUIMTYAy MOYKHO CUMTATh IIOCTOSSHHOM Ha BCEU JMHE HanpaButess. PDa-
3a B Oeryiieil BOJIHE B 3aBUCHMOCTH OT KOOPJWHATHI Z MEHSIETCS 10 JUHEHHOMY 3a-
koHy (ymenbimaercs). Ha puc. 45 mokasansl: yciaoBHo ABB; HOpMHpOBaHHOE K Mak-
CUMyMYy aMIUTHTyHOe pacupenencaue A(z) u ¢asoBoe pacmpenenenue Y (z). [pu-
yem Y (2) =- bz, rae xoaddunment daspr b cBsa3an ¢ $Ha30Boit CKOPOCTHIO COOTHO-

w
menreM b = —, W —4acCcTOoTa BOJIHBI.
b
C(i)epI/I‘ICCKI/Ie BOJIHBI, U3JTy4aCMbIC HAYAJIOM U KOHIIOM HAIIPABUTCIIA, B 3dBU-

1

CUMOCTH OT PacCTOSIHUsI OBICTPO 3aTyxarT (B ceprueckoil BOJHE MO 3aKOHY —, B
Z
OmmkHel 30He eime ObicTpee). da3oBas CKOPOCTh MX paBHA CKOPOCTH CBETa B CBO-
W
0oaHOM mpocTpaHcTBe, Kodddumuent $ha3sl K = —. Ha HayaapHOM M KOHEYHOM y4a-
C

CTKax HamlpaBHUTENsl MPOUCXOAUT UHTEPhEPEHIUS 3aMEIJICHHON U TPOCTPAaHCTBEHHOM
BOJIH, U paclpejieieHre aMIUTUTY/ U (a3 HeCKOJIbKO OTJIIMYAETCs OT MOKa3aHHOIO Ha
puc. 45. OnnHako Ha OoJbIIei 4acTH JUTUHBI HaIpaBUTEIIS
(0,8-0,9 ot L) ycranaBnuBaetcss ADP, 61u3koe Kk mokazaHHoMmy Ha puc. 45. [Toaromy
B NPUOIMHKEHHBIX pacueTax MOKHO CUMTATh aMIUIUTYIHOE pacipeiesieHue 1o JInHe



HanpaBuTess paBHoMepHbIM A(Z) = 1, a ¢a3oBoe — nuHelHbIM Y (Z) = - bz. Takoe
A®P u npumem 111 AJaNbHENIIETO aHAIN3A XapaKTEPUCTUK U mapameTpoB ABB.

Hanpasureins
Bozoynutens L
\ Z
A2y
Z
Y(z)
Z

Puc. 45. Amautynaoe A(z) u daszoroe Y (Z) pacnpenencHue
B0o30OyxkaeHus B AbB

2.2.3. Jluacpamma nanpasirennocmu u KHJ[ nunetinoi anmennst be2yweti 60.-
nol. JInneriHas ABB — 3T0 NMHENHAs aHTEHHA C PAaBHOMEPHBIM aMIUIMTYIHBIM U JIN-
HEHHBIM (Da30BBIM pacmpesieiecHreM Bo30ykaeHus. JJuarpamma HarpaBIeHHOCTH OIl-
penensiercs BbIpaKEHUEM

F(aj)=F"(a. ) Fc(a), (35)

e Fle’h(q,j ) — ArarpaMMa HalpaBJIEHHOCTH DJIEMEHTAPHOIO U3JIydaTells aHTEHHBI B
mockocTx E n H; F.(Q) — MHOXUTENB cUCTEMBI.

Ha puc. 46 nokazanbl: aHTeHHa OeryIieil BOJHbI, cUCTeMa CHepUUECKUX KOOP-
AUHAT I, (|, ] TOYKH HaOmojacHUS P B manbHE# 30HE. DiIeMEHTApHBIM HM3JIydaTeIieM
SIBIIICTCS] OTPE30K HAMpPaBUTEIIS JUIMHOM dZ.

MHOXXHTEIb CUCTEMBI
sinyY

vaut (36)

Fe(Q) =

Y =F:—L(cosq- K.), (37)



C
Tac K 53— V— - KOC—)(i)(i)I/II_II/IeHT 3aMCJICHUS BOJIHBI B HAITPABUTCIIC.
i)
JII/IarpaMMa HaIlPaBJICHHOCTU 3JICMCHTAPHOTO HU3JIYUATCIIAI B INIOCKOCTAX Eu H

3aBUCHUT OT KOHCTPYKIIUU HAITPABHUTCIIA.
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Bozoyxnenue r q
\ dz
>
Z
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' DneMeHTapHbIN J
Y U3IydaTenb
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Puc. 46. AnTenHa Oeryiieil BOJHbI B CHCTEME KOOPAMHAT

Ecnu HampaBuTellb KIMEET KPYIiiyto (OpMy MOMEPEUHOTO CEYCHHS C PaIrnyCcoM
a u B HeM BO30yXkmaercs BOJHa, oOecredmBaromas oceByio JIH, mpu yciaoBun
a<(0,2-0,3)| , yto oOb1uHO B ABB BhITIONMHSAETCS, JIH 2116 MeHTapHOTO M3TydYaTeNs OI-
penenseTcs CICAYIOMUMH MPUOJINKCHHBIMU BhIPAKCHUSIMHU:

B miockoctu E

F£(g) = J,(kaxsing) >cosq, (38)
B Tutockoctd H
F'(q) = J,(kassing), (39)
_2p

rne  J, — ynkuus beccens HymeBoro nmopsaka ot aprymenra (kassing); k = T

BOJIHOBOE YHCIIO CBOOOAHOTO MPOCTPAHCTBA.

Ha puc. 47 nokazanbl HECHOPMHPOBAHHBIE MHOKUTEIb CUCTEMBI U HarpaMmma
HAPaBJICHHOCTH 3JIEMEHTApHOr0 u3iyyarens B miockoctsax E u H. Jlmarpamma Ha-
MPaBJICHHOCTH AJIIEMEHTAPHOTO M3Jydatess B miockocTd E 3aremMHeHa, B IMIIOCKOCTH
H moka3zaHa TOHKOMN JIMHUEH, MHOXKUTEIb CUCTEMBI — XUPHOU JMHUEH. M3iyueHue
SJIEMEHTAPHOTO M3JTydaTeis B HANPaBICHUH OTPULIATSIILHBIX 3HaUeHUH Z (B Hampas-
JICHUH, TIPOTUBOIIOJIOKHOM PACIIPOCTPAHCHUIO 3aME/JICHHON BOJIHBI B HAIIPABUTEIIC)
MOJIABJIIETCSI MHOXKUTEJIEM CUCTEMbI, KOTOPbI MMEET MaKCUMYM B HallpaBJIe€HUU OCH
+Z. [lapametpsl IH cuibHO 3aBUCAT OT BOJHOBOW JJIMHBI HampaBuTeds U Kodhdu-
IUCHTA 3aMeIJICHHS B ¢1a00 — OT paauyca HamnpaBuTens, eciu a < (0,2-0,3)! .

ITpu ko3¢ dpunuenre 3amennenus K, =1 mupuHa IIaBHOrO JIENECTKA JHa-

I'paMMbI HAIIPABJICHHOCTHU OIIPCACIIACTCA BBIPAKCHUCM



2Q05»108%, - (40)

v F(9) F.(q)

Puc. 47. JluarpaMmbl HAaIpaBJICHHOCTH JIEMEHTAPHOTO U3JIydaTelIs
B uiockocTaX E u H u MmEHOXUTEND cucteMbl ABB

MakcuMainbHbI O0KOBOH JieniecTok mpubikeHHo paBeH 21%. Koaddurment
HaIPaBJICHHOTO JIEUCTBUS

KHJ » 4|L [ (41)

[Ipu onTuMaibHOM KO3 PuIIMEHTE 3aMeJIeHNs, 00ECIIeYUBAIOIIEM MAaKCUMYM
I
KH/I anTenns! u paBHbiM K, =1+ oL myprHa rinasHoro jenecrka /IH onpenenser-

Cs BBIPpAKCHUCM

I
2Q0,5 »61°. |—: (42)
L
MaKCUMaJILHBIA OOKOBOM JIEHeCTOK cocTaBiseT 34%0;
KOd(pUIIMEHT HANPaBICHHOTO JEHCTBUS

KHII » 7, 2|£. (43)

VYKazaHHbIE MTapaMeTpbl IMarpaMMbl HanpaBiieHHOCTH U 3HaueHus: KH/[ momy-
YEHbI B PE3YJbTATE aHAIM3a MHOXKUTENS CHUCTEMBI JINHEMHON aHTEHHBI C JTMHEHHBIM
($a30BbIM M pPaBHOMEPHBIM AMIUTUTYJHBIM pacIpe/ieieHHeM W HE YYUTHIBAIOT Ha-
IIPABJICHHBIX CBOMCTB 3JIEMEHTApHOrO M3inydareid. HekoTtopoe 3aTyxaHue 3aMmeniieH-
HOU BOJIHBI DU PaCIpPOCTPAHEHUH €€ BJI0JIb HampaBuTens yMeHnbinaetr KH/I, Beger k
pacIIpEeHHIO TJIaBHOIO JIENIECTKA U POCTY OOKOBBIX JienecTkoB JH, ¢ ogHoll cTopo-
Hbl. C Ipyroil CTOpOHBI, YYET HAIPABJIEHHBIX CBOWCTB 3JIEMEHTAPHOIO H3Iy4yaTems
npuUBOIUT K oOpaTHbIM 3 dekxram. [loaTomy npuBeeHHbIE BbIIIE COOTHOIICHUS IS
napametrpoB [IH n KH/I oka3piBaroTcsi 1OCTaTOYHO TOYHBIMU B MHYKEHEPHBIX OLlE-
HOYHBIX pacyeTax.



Koaddumment 3amenienuss B aHTeHHe Oeryieil BOJHbI BHIOMpAeTCs B Ipelie-
nax

P (44)

3.0IIT
2

1<K, <K

ITIpu K ,=1 BoniHa, pacnpocTpaHsOUIascs B HAIIPABUTENE, IEPECTAET OBITH 3a-

MeIJICHHO# (ITOBEPXHOCTHOI), M aHTCHHA HEe pa0doTaeT Kak aHTCHHA OCTYIICH BOJHBI.
MomHocTs BO30yAMTENsE B OCHOBHOM TNEpexoauT B cdepuyeckyro BoiHy. [lpu

K,3K

|
5 o :l+I OOKOBBIE JICTIECTKH TMOJTYYarOTCSl CIUIIKOM OOJbIIMMH. Takum

oOpa3om, mpu npoekTupoBaHnd ABB Heo0XoAMMO 3HATh, KaK Peamnu30BaTh HYKHBIN
KOO GUITUEHT 3aMeJICHUs. DTOT BOIPOC PeIIaeTcs s KaKJ0r0 KOHKPETHOrO THIIA
ABB.

2.2.4. [lusnekmpuueckas cmepoicHesas aHmeHua be2ywetl 6oaHvl. BapuanTsl an-
TEHH MoKa3aHbl Ha puc. 48, 49. Bo30ynurenb Moka3aHHBIX aHTEHH MPEACTABISET CO-
00i1 OTKPBITHINI KOHEIl KPYIJioro BOJIHOBOAA C OCHOBHOW BosiHOM H,q, cHaOXeHHBIH
HEOOJIBIIIMM METAJUTMYSCKUM (IaHIeM (9KpaHOM) B BHJE KPYIJIOTO JUCKA IS yBe-
aaeHus 3G GEeKTHBHOCTH BO30YK/ICHUSI aHTEHHBI. BMeCTO AucKa MOKET IPUMEHSTh-
csl HEOOJBIIIOW KOHMYECKUH pymop. B mpuOImKeHHBIX pacderax aHTCHHBI U €€ Xa-
PaKTepUCTUK (hJIaHeIl U PYNOp HE YUUTHIBAFOTCS.

CDJ'IaHCI_[ AT KPCIUICHUSA K JIMHUU MICPEAYN

Kpyriblii BoTHOBOT JM3JIEKTpUUECKUI CTEPKEHD
N
7 = / /
Z
ot ot e

[Tnockuii hmanern
(oxpan)

Puc. 48. AnTenna Oeryiei BOJHbI ¢ HUIUHAPUYECKUM JTUAJICKTPUUECKUM HaIpaBH-
TeJIeM

Ha puc. 48: nuamerp HanpaBuTess paBeH 2a, Ha puc. 49 MakcuMalbHBIN TUa-
METP — 28,5« 1 MUHUMAJBHBII — 28, DT IHaMETPBl PACCUUTBIBAIOTCS I o0ec-
neyeHuss HeoOxoauMoro kodddunneHta 3ameniaeHus. [Ipu 3ToM HCTIONB3YIOTCS pe-
3yJbTaThl PEIICHHS 3a/a4M 10 aHaJIU3y COOCTBEHHBIX BOJIH B JUAICKTPUUYECKOM IIU-
JUHIPUIECKOM OECKOHEUYHOM BOJHOBOjIE. [Ioka3zaHO, 4YTO OCHOBHOW BOJIHOM B TaKOM
BOJIHOBOJIE siBIIsieTcsl ruOpuaHas BoiaHa HE 4 ¢ KpuTHueckoil AIuMHON BOJIHBI, CTpe-
MSIIIIEHCs K OECKOHEUHOCTH. DTa BOJIHA U UCTIOJB3YETCS B aHTCHHAX O€TyIIeH BOJIHBI.



C Typa CWIOBKIX JIWHUN BekTOpoB E u H BomHBEI HE ;; B monmepeuHoM cedyeHUU
11
JTUDJICKTPHUYCCKOTO CTePIKHS (IMAJISKTPUUYSCKOrO BOJIHOBO/IA) MToKa3aHa Ha puc. 50.

Kpymibii BosHOBOA JIVDIEKTPUYECKUI CTEPYKEHD

§

2arr‘in

\Z
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o o o

§

N [

[Tnockwuii anernt
(oKxpan)

PI/IC. 49 AHTeHHa 6erymef/'l BOJIHbI ¢ KOHUYCCKUM III/IC')JICKTPI/ILICCKI/IM HaHpaBI/ITeJIeM
E -
H
Yy (.

Puc. 50. CtpykTypa CWIOBBIX JINHUH EKTPUYECKOTO U MATHUTHOTO MOJIEH BOJIHBI
HE ; B 1M21€KTpUYECKOM BOJIHOBOIE

L

CunoBble JTUHUH QJICKTPUICCKOTO U MArHUTHOT'O nojeu B npeaciax momnepey-
HOro CCYCHUS HAIIOMHUHAIOT CTPYKTYPY CHIIOBBIX JIMHUM BOJIHBI Hll B KPYTJIOM BOJI-
HOBOAC, HO B OTIIMYHUC OT 9TOM BOJIHBI BBIXOJAT 3a HPCACIIBI ITOIICPCUHOTO CCUCHUSA

(mepexomar B BO3yX) U 3aMBIKAIOTCS CaMU Ha ce0sl 4epe3 MPOIOJIbHYIO COCTaBIISIO-
® ®
nryto. Bektopel E u H uMeror npoionibHbIe COCTaBIISIONINE, TO3TOMY BOJIHA OTHOCHT-

ca x tunty HE.

Ecnu otHOCUTENBHAS NUANEKTPUYECKAs] MPOHULIAEMOCTh IUAJIEKTPUKA BOJIHO-
Boza € > 1, BonHa HE ;; o OTHOLIEHUIO K CKOPOCTH CBETa B BO3IYXE 3aMEISETCS,
T.c. mMeeT Vy < €. OnHako 9Ta (hazoBasi CKOPOCTh OOJIbIIE, YeM CKOPOCThH CBETa B



c
OJTHOPOJHOM O€3rpaHUYHOM JUDJIIEKTPUKE C MPOHUIIAEMOCTBIO €, KOTOopasi paBHa T
Taxum o6pa3oM, ¢azoBasi ckopocTh 3amennieHHoN BosHbl HE 11 B nuanexTpuyeckom
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Puc. 51. 3aBucumocTtb ko3 duirieHTa 3aMe1JICHUS
OT BOJIHOBOT'O THaMeTpa HApaBUTEIIS

Bonna HE ;; Bo30yknaercs B HanpaBUTeNe, €CIU B KPYIJIOM BOJIHOBOJE BO3-
Oyaurens Bo30yxaeHa BoaHa Hq,. Eciu Bo30yquTens BBIIOIHEH HA IPSAMOYTOJIbHOM
BOJIHOBOJIE, B HEM JQJIKHA ObITh BO30YXkeHa BoiaHa H .

I[JISI HUCKIIIOYCHUA B HAIIPABHUTCIIC BBICHINX THUIIOB BOJH €TI0 JUAMCTP JOJIKCH
YAOBJICTBOPATH YCIIOBHIO

2a£0,6l Je- 1. (45)

CormacoBanue HaIlpaBUTCIIA C B036YIII/ITCJICM n Cco CBO6OIIHBIM MMPOCTPAHCTBOM
AOCTUTACTCA TIPpUIAHUCM KOHHUYECKOM (1)0pr1 Ha4daJIbHOMY W KOHCYHOMY Y4YacCTKY,
NN ITPUMCHCHUCM KOHUYCCKOT'O HAIIPABUTCIIA. B Takom HaIlpaBUTCIIC JUAMCTP Zq,nax

JieNlaeTCs PaBHBIM JHUAMETPY KPYIJIOro BOJHOBOJA MPU BBIOJHEHUHU yciioBus (45),
AMaMeTp 28, PAacCUMTBIBAETCA TakK, 4YTOObI CpEeAHMH JUaMETp HalpaBUTEIs

28 =8y T8y, obecneunBan TpeOyeMblli Kod(hduuueHT 3amemneHus (0OBIYHO
ONMM3KMi K onTUMainbHOMY). Pacuer nuarpammbl HanpaBieHHocTH ABB ¢ xonuue-



CKUM HAaIpaBUTENIEM IIPOU3BOAUTCA TaK K€, Kak M1 AbB ¢ nunuHapuyeckum Ha-
IPaBUTENIEM C JUAMETPOM, PABHBIM CPEAHEMY 28 = 8 T 8min-

IIpyu nuHENHON monsgpu3anuu BOIHEl Hi; B KpyIrJioM BOJHOBOJE I0JIE€ IUDIIEK-
TPUYECKOH CTEPKHEBOM AHTEHHBI B aJbHEN 30HE B HAIPABICHUU IJIABHOI'O MAKCH-
MyMa (B HAIIpaBJICHWH OCH aHTEHHBI) Takke OyIeT JHHEHHO momsipu3oBaHo. B aTom
Clly4ae JMarpamMma HampaBlIeHHOCTH B IIockocTaX E m H ompezensercs Boipaxe-

nusimu (35)—(37).
3. Koncmpyxkyus 1abopamophoti yemanosKu

CrpykTypHas cxema jJadopaTopHO# YCTaHOBKH IMOKa3aHa Ha puc. 6 (pasn. 1). B
KauecTBE UCCIEyeMbIX aHTEHH MCIIOJIb3YIOTCS pe30HaHCHAs U Hepe3oHancHas MIIIA
Ha IPSAMOYIOJBbHOM BOJIHOBOJE € BOJHOM H;j W Tpu BOJHOBOIHO-CTEP)KHEBBIX aH-

TEHH C Pa3IuYHBIMU KO3 dUIIMEHTaMU 3aMe jieHusl. BOJTHOBOIHO-IIICIEBbIC AHTCH-
HBI BBITOJIHEHBI HA BOTHOBOIe 23" 10 MM. Takoii ke BOJIHOBOJI MCIOJIB3YETCS B Kaue-
CTBE BO30YIUTENSl TUAJIEKTPUUYECKOW CTEpPKHEBOW aHTCHHBI. K  mpsmMoyroibHOMY
BOJTHOBOJIY TOJKJIIOYEHA JETEKTOpHas ceKuus. [[eTeKTop CeKIMH HMMEET BOJbTaM-
MIEPHYIO XapaKTePUCTUKY, OJM3KYIO K KBajpaTuuHoi. l3mepenne JIH anTeHH npous-
BOJIUTCS B PEKUME TIPHEMa.

4. 3a0anue Ha 1abopamopuyio pabomy

4.1. O3HaKOMUTBCS C JTA0OPATOPHOM YCTAaHOBKOW M KOHCTPYKIIMEH HCClenye-
MBIX aHTCHH. BKITIOYUTH U HACTPOMTH JAaOOPATOPHYIO YCTAHOBKY. Y CTAHOBUTH 3aJ1aH-
HYIO YaCTOTY, yAOOHBIH JIJIs1 H3MEPEHUN YPOBEHb MOIIIHOCTH I'€HEPaTOpa, COBMECTHUTH
ONTUYECKHUE OCH Tepearoniell ¥ MPUEMHOW aHTEHH, YCTAHOBHTh Ha4aJlo OTCYeTa YT-
Ja HaOMIOACHHS OT OKMAACMOI0 HampaBleHHUs TiaBHoro Makcumyma JIH mccrnemye-
MO pueMHOI aHTeHHBI. [lajee Hadamo oTcyera yriia HaOJFOICHHS HE MCHSTh.

4.2. V3mepuTh auarpaMmy HaIpaBlI€HHOCTH Ha 3aJaHHOW YacTOTE pPe30-
HancHoi MIIJA nist p- u 2p-crioco60B. UToOBI peann3oBaTh 2P-coco0, He0OX0UMO
3aKPBITh ICJIH CIIEUATLHBIMY IUTACTHHAMU Yepe3 OJIHY.

4.3. ' 3MepuTh nuarpamMmy HalpaBiICHHOCTH Ha 3aJIaHHBIX YaCTOTax HEpe30-
HancHoit MIITA. 3adukcupoBaTh BeIUYMHY CMEICHHS TJIaBHOTo MakcumyMma J[H c
HOPMaJIN K OCY aHTCHHBI TP U3MCHCHHH YaCTOTHI.

4.4, OnpeneiauTh MOIAPU3AIUI0 00euX aHTeHH (M3MEPHUTh KOA(PGHUIIUEHT JI-
JUNTAYHOCTH M MOJIOKEHHE TIOCKOCTH E).

45. Hsmeputh nuarpammy HampasieHHocTd ¥ KHJ[ 3a1aHHBIX BOJIHOBOJIHO-
cTepkHeBbIX aHTeHH. KHJI m3meputh MeTogoM cpaBHEHUs. B kKadecTBe ATaJIOHHOM
AQHTCHHBI WCIIOJIb30BAaTh OTKPBITHIM KOHEIl MPSIMOYTOJBHOTO BOJIHOBOAA. Ero KHJI

4
onpeaenuth Teopernuecku: KHJ = SSXKI/IH, rje S — IJIoIIaab packpbiBa BOJHO-
|

Boxa, KUII = 0,81.



4.6. OO0pabotarb pe3ynbrarsl u3Mepenus [AH u noctpouts rpaduku HOpMHU-
poBaHHbIX J[H B npsAMOyronapHbIX KoopAauHaTax. OnpeneuTsh MHUPUHY TJIABHOTO Jie-
IIECTKA 110 YPOBHIO NOJIOBUHHOM MOIIHOCTH M HAIIpaBJICHUE T[JIABHOTO MAaKCUMyMa
JIH anTECHH.

4.7.  TeopeTudecku paccuuTaTh MIKUPUHY TnaBHOro jemnectka JIH pezonanc-
HOoM MIIIA 1 cpaBHUTH C MOIYYEHHON IKCIIEPUMEHTAIBHO.

4.8. TeopeTHdecku paccuMTaTh HaNpaBJICHUE INIABHOTO MaKCMMyMa HEpe3o-
HaHCHOW MIIIA 1 cpaBHHUTBH C MOJYYEHHOU dKCIIEPUMEHTAIIBHO.

49.  TIlo pesynpratam uzmepenusi KH/[ BOTHOBOIHO-CTEpKHEBBIX aHTEHH OIl-
peAeNuTh, B KaKOW M3 UCCIEJOBAHHBIX aHTEHH KOA(D(PUIIMEHT 3aMenieHust OirmkKe K
ONTUMAIBHOMY 3HA4YE€HUIO. JI1 3TOW aHTEHHBI PACCYMTATh LIMPHUHY IJIABHOLO JIEele-
ctka JJH u KH/I u cpaBHUTH € OTYy4YEHHBIMH 3KCIIEPUMEHTAIIBHO.

4.10. Cnenatb BHIBOABI [0 BCEM MTyHKTaM paOOThI:

o Buje [IH pe3onancHoit u HepesoHancHoit MIIIA npu p- u 2p-cnocobax Bo3-
OyX1eHHUs,

0 3aBUCUMOCTH HalpaBJieHHs I1aBHOTO MakcumyMa JIH Hepezonancuon MIITA
OT YaCTOTBHI;

o noJsisipu3anuu nojsa MILA,;

o 3aBucumocT JJH u KHJI BomHOBOIHO-CTEpKHEBOM aHTEHHBI OT KO3 duiu-
€HTa 3aMEJICHUS.

5. Cooeporcanue omuema

HasBanue u 1enp pabotel. CTpyKTYypHAs cxeMa YCTaHOBKH, MIEPEUYCHb MCIIOJIb-
30BaHHBIX MTPUOOPOB U CXEMATUUECKUE PUCYHKHU UCCIICIOBAHHBIX aHTEHH.

OkcniepuMeHTanbHbie Tpaduku JIH B mpsMoyrojibHBIX KOOpAWHATAX, PE3Yiib-
TaTbl M3MEPECHUS U TPUOJMKCHHOW TEOpeTHYeCKON oreHkn mapameTpoB JIH.

BbiBoabl 110 BceM myHKTaM paOoThl. (TaOmuIel SKCIEpUMEHTATBHBIX JaHHBIX
MIPUBECTH B OJTHOM M3 QTYCTOB OpHUIajbl).

Ilpumeuanue. Pezynomamor uzmepenus J{H mooxcno obpabomams Ha KoMnb-
romemepe ¢ UCNONB308AHUEM CneyualbHou npozpammvl. Onucanue npocpammsl Ha-
xooumcsi Ha paboyem cmozie.

6. Bonpocwbl 013 noo2comosku

6.1. Onpenenenue J{H B pexxume nepeaauu.

6.2. Onpenenenue J{H B pexxume npuema.

6.3. [Tapametpst JIH, cioco6s1 nzoopaxkenus [IH.

6.4. Onpenenenne KH/ B pexxume nepegauu.

6.5. Onpenenenne KH/ B pexxume npuema.

6.6. 3aBucumocth KHJI oT mupunsl rnasHoro jenectka JIH u ot ypoBHs 60-
KOBBIX JICTIECTKOB.

6.7. Meroauka usmepenust JTH u KH/I.

6.8. Metoauka onpeneneHus: KodhPUIMeHTa SJUTUITUYHOCTH.



6.9. /lnarpaMMa HampaBJICHHOCTH W TOJSIPU3AINS TTOTYBOJHOBOMW IIENIU B JK-
paHe.

6.10. Cioco0bl pacrnoyioKeHUsT U3Ty4arouX elel Ha CTeHKaxX MpsiMOYToJib-
HOT'0 BOJIHOBOJA C BOJIHOM Hqg.

6.11. Konctpykiusi, npuHIMI paboThl M cBoiicTBa pe3oHaHcHON MIIIA nHa
MPSIMOYTOJILHOM BOJIHOBOJIE.

6.12. KoHcTpykuusi, npuHIMI paboThl U cBoiicTBa Hepe3oHaHCHOW MIIA nHa
PSIMOYTOJILHOM BOJIHOBO/JIE.

6.13. KoHcTpykiuu v mpuHIUI pabOThl aHTEHH OEryIieil BOJHBI.

6.14. 3aBucumocth napameTpoB JIH (HampariieHus rIaBHOTO MaKCHMYyMa, -
PHHBI TJIaBHOTO JICTICCTKA U YPOBHS OOKOBBIX JICTICCTKOB) aHTCHHBI OCTYICH BOJIHBI
oT K03 dUIIMEHTA 3aMeJICHUS.

6.15. 3aBucumocts KH/I anTeHHsb! Oerymield BoJaHbI 0T KoddduimeHTa 3ame -
nenusi. OnTuManbHbIA KO3()PUIMEHT 3aMeICHUS.
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Conep:kanue

XapaKTepUCTHKH U MapaMeTphl aHTEHH U METOJINKA UX U3MEPEHUS

Omnucanue 1abopaTOpHBIX pabOT

Jlabopatopnas padora Ne 1. MccnenoBanre BUOPATOPHBIX M paMOYHBIX aHTEHH
JIaGopatopnas padota Ne 2. VMccienoBanue pynopHbIX U PyIOPHO-JIMH30BbIX aHTEHH
Jlaboparopnas pabota Ne 3. MccienoBanue 3epKaaibHON aHTEHHBI

Jlaboparopnass padora Ne 4. HccnemoBaHue MHOTOIIEIEBBIX AHTEHH Ha IPSMO
yrOJIBHOM BOJIHOBOJIC ¥ BOJTHOBOJTHO-CTEPYKHEBBIX aHTCHH

Jlutepatypa
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