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BBEJAEHUE

Teopusi BOJHOBBIX MPOLIECCOB, TO €CTh MOBEJICHUS BOJH B IPOLIECCE HU3ITyUe-
HUSl, paclipocTpaHeHus, AUPPaKIKU, paccesHus], GOKYCUPOBKU U B3aUMOJICHCTBUS C
MaTepHaAIbHBIMU CpellaMH, UMeeT (yHAaMEHTAIbHOE 3HaYEHUE JJI Pa3BUTHUS HAyKU
U TEXHUKH. B 4acTHOCTH, B paguoPU3UKEe U SJICKTPOHHUKE 3Ta TEOPUs OIMpeaesseT
pPa3BUTHE PATUOCBSI3U, PAOUOJIOKALIMU, TEJIEBUACHUS, paauoHaBurauuu. Onpenens-
IOILIEE 3HAYEHUE TEOPHUS BOJIHOBBIX MPOLIECCOB UMEET JJII AHTEHHON TEXHUKH, C IO-
MOIIBIO KOTOPOM pealin3yeTcs TO WM MHOE TpeOyeMoe paclpeesieHue JIEKTpoMar-
HUATHOW DHEPTUU B IPOCTPAHCTBE.

B nocnennue aecatuneTus pa3BUTHE MUPOBOM HAyKH B 00JaCTH paaro(U3UKU
XapaKTepU3yIOTCs IByMs (paKTOpaMu — BHEJPEHUEM B MPAKTUKY HAYUHBIX HUCCIEN0-
BaHHMI MOIIHOM OBICTPOJAEHCTBYIOIIEH KOMIIBIOTEPHOW TEXHUKH M PE3KUM yBEIUYe-
HUEM KOJIMYECTBA PAUOCPENICTB, B YACTHOCTH, CPEACTB MOOMIILHOM PAaUOCBA3H 110
MPUHITUITY «KaKIBIM ¢ KaKIbIM» B TJI00aTbHOM MaciiTabe. B cBs3u ¢ mocieaHum
0OCTOSATETBLCTBOM OCTPO CTOST 3ajaur pelieHus npodiaemM odecreueHus 3IeKTpoMar-
HUTHOU COBMECTUMOCTH PAUO3IEKTPOHHBIX CUCTEM PA3NUYHOTO (HYHKIIMOHAIBHOTO
Ha3HauYeHUsI, pabOTaIOIMIUX KaK B OJHOM, TaK M B PAa3HBIX YACTOTHBIX JUANa30HaX.
Eme Oonee BaxkHbl mpoOieMbl 00ECHEUEHHUs AJIEKTPOMArHUTHOW O€30MacCHOCTH U
AJIEKTPOMArHUTHOM 3KOJIOTUH, OOYCIIOBIIEHHBIE B 3HAUYMTEILHON CTEIIEHU €lIe U TEM,
YTO aHTEHHbl MOOUJIBHBIX PaJAHOTENE()OHOB pacnoaraloTcs HEMOCPEACTBEHHO Y ro-
JIOBBI YEJIOBEKA U 00JYYaroT €ro MO3T.

B HacTosimieir MeToauyeckoi pa3pabOTKe JaHbl OCHOBBI TEOPUH 3JIEKTpOMAr-
HUTHBIX BOJIHOBBIX MPOLECCOB M MPOUIJUTIOCTPUPOBAHBI IJIaBHbIE (DU3UUYECKUE 3aKO-
HOMEPHOCTU (POpMUPOBaHUS B MPOCTPAHCTBE MOJIS, U3ITYYEHHOIO AHTEHHAMM pas-
HBIX TUIIOB. OCHOBHOE BHUMAaHUE YAEISAETCS BIMSHUIO HA THArpaMMy HaIlpaBJICHHO-
ctu (JH) pacnpenenenus aMmuTyn U a3 TOKOB WUIIM TOJIEH, BO3OYX AAIOUIMX BJie-
MEHTapHbIE M3JIy4yaTelyd B H3JIy4arOlleM PacKpbhlBE aHTECHHBI. PaccmarpuBaercst He
TOJIbKO TJIaBHBIN JieriecTok JIH, HO 1 001acTh MPOCTpPAaHCTBA 3a €0 MpeleamMu, Iae
bopMupyroTcs OOKOBBIE JIENECTKU. DTO HEOOXOJUMO ISl OLICHKH TaKUX BaXKHbBIX Ma-
paMeTpoB aHTEHHBI, KaK KOA(G(OUIIMEHT HAMpaBICHHOTO JIEHCTBUS U KOI(PPHUIIMEHT
ycwieHus. Bech pacueTHBIN WIUTFOCTPATUBHBIN MaTepual MoydeH Ha Kadeape Mnpu-
KJIQAHOM BJIEKTPOJAUHAMHUKU C UCIIOJIb30BAHUEM COBPEMEHHOW BBIYMCIIUTEIBHOM TEX-
HUKHU.

Pacuersl nmarpaMMm HanmpaBJIE€HHOCTH IYyTEM YHCICHHOTO WHTETPUPOBAHUS
MTO3BOJIMJIA JOCTATOYHO CTPOTO OLEHUTh BO3MOYKHOCTH UX peajiM3alvy Ha NPAKTUKE
BBIOOPOM COOTBETCTBYIOIIEH (DOPMBI aMIUTUTYAHOTO U (pa30BOT0O pacipeiesieHus Uc-
TOYHUKOB TIOJIsI B aHTeHHE. [lomydyeHHble TaHHBIE 3aMETHO OTJIMYAKOTCSA OT TEX, KO-
TOpbIE MPUBEJEHBI B KJIACCUYECKUX yUYEOHUKAX. DTO CBS3aHO C TEM, YTO paHee MpHU
OTCYTCTBUHU OBICTPOACHCTBYIONICH BHIUUCIUTENBHOM TEXHUKH PACUEThl MPOBOJAUIINCH
Ha OCHOBE MPHUOJMKEHHBIX PEIICHHM, CIPaBeJIUBBIX B OTPAHUYCHHOW 00JacTH ma-
pamMeTpoB 3aauu. PacxokIeHns CTapbIX U HOBBIX PACUETHBIX JAHHBIX OCOOCHHO fp-
KO TPOSIBIJIUCH TIPU UCCIeoBaHUU BiusiHUS Ha JIH KBagpaTHYHBIX M KyOMYECKUX
($a30BbIX pacmpeleieHnii TOKa B aHTEHHE, a TaKXkKe MpPH OLIEHKE COTJacyIOLIUX
CBONWCTB PYNOPHBIX aHTEHH. [loaydeHHbIE pacdyeTHbIE JAaHHBIE JIydllle, Y€M CTaphbIe,
COTJIACYIOTCS C SKCIIEPUMEHTAIBHBIMU PE3yJIbTaTaMU. JTO MO3BOJISIET HATJISAIHO yoOe-
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TUTHCS B BBICOKOW A((PEKTUBHOCTH M TOYHOCTH TEOPUHM BOJHOBBIX MPOIECCOB H
HEOOXOIUMOCTH €€ JAJIbHEUIIIEr0 pa3BUTHS C UCIIOJIb30BAHUEM HOBEMIIIUX JOCTHXKE-
HUM HAYKH.

ABTtopsl Onarogapssl A. A. bynrakoBoi 3a mpoBe/ieHHe pacyeToB U MOMOIIIb B
0(pOpMIICHUHU PYKOIIHCH.



OBIIUE ITOJIOXKEHUA

W3nydeHne 371eKTPOMArHUTHBIX BOJH W3 TEPENAIOIIMX JHMHUHA B CBOOOIHOE
MPOCTPAHCTBO OCYIIECTBISIETCS aHTEHHBIMH YCTPOWCTBAMH, OOECIICYMBAIONIMMU B
HEM 3aJIaHHOE paclpeie]icHue MHTEHCHBHOCTU M3Ty4aeMoro moiisi. HampasieHHbie
CBOMCTBa aHTEHHBI XapaKTEPU3YIOTCS €€ TuarpaMMoi HampaBieHHOCTH. [lnarpamma
HAINPaBICHHOCTH aHTEHHBI MOXKET OBITH OINpEeNieHa MO TOJIF0 M MO MOIIHOCTH.
O6o03HaunM ux cootBeTcTBeHHO F (4, @) u ®(9, @), rie § u ¢ — yrioBsie KOOp-

JMHATB cPepUYECKOM CHCTEMBbI KOOPIMHAT, CBS3aHHOW C aHTEHHOH. /[uacpammoi
HanpaeleHHoCcmu no MOWHOCMU HA3bIBAETCS 3aBUCUMOCTD IJIOTHOCTH MOTOKA MOIII-
HOCTH B JaJIbHEW 30HE OT YIJIOBBIX KOOpPJIMHAT ¢ M ¢ TOYKU HAONIONEHUS TPU
HEU3MEHHBIX YCIIOBUSX BO3OYXKICHUS. /[[uacpammol HanpasieHHOCmu no noJio
HA3bIBAETCA 3aBUCHUMOCTH HAIPSHKEHHOCTH TOJIS B JAJIBbHEW 30HE OT YIVIOBBIX KOOP-
JMHAT TOYKU HAOJIIOJCHUS NMPU HEU3MEHHBIX YCIOBUSAX BO30yxneHus. Ha nmpaktuke
yA00HO TOJIb30BAaThCS HOPMUPOBAHHBIMH (K MaKCUMaJbHOMY 3HAYEHUIO H3MEpsie-
MOM BEJIMUMHBI) AUArpaMMaMU HAMPaBICHHOCTH:

F('gl §0) = E('-g’ q))/Emax(‘gm ¢0);

2 2
(9, p)= [EG9) /|Erc(%, @)
rac 19 ,(DO — yFHOBBIe KOOpI[I/IHaTLI, onpenen;noume HaHpaBHGHI/Ie MaKCI/IMYMa I/I3J1y-

YCHUSI.
Otcroma cnemyer, 4TO HOPMHUPOBAHHBIC IUATPAaMMbl HAMPABICHHOCTH TIO
motrHocTH D(3, @) u Hanpspkenuto F (S, @) cBs3aHbI cCOOTHOMIEHHEM

(9, 9)=[F(9,0) .

B ocHoBe QopmMupoBaHusi auarpaMMbl HaIMpaBJICHHOCTH AHTEHHBI JIEXaT
npuHIun ['tolireHca u sapienne nHTepdepeHnu BosiH. HanpskeHHOCTH ToJiei diek-
TPOMArHUTHBIX BOJIH, MPUXOASAIIUX B TOUKY HAOIIOJICHHS OT DJIEMEHTAPHBIX U3Tyda-
TEJIeH, PACIIONIOKEHHBIX HA MOBEPXHOCTH AHTECHHBI, CKJIA/IBIBAIOTCS TEOMETPUUECKH C
Y4ETOM UX aMIUTUTY U (a3, ompeaessieMbix I1ByMs (hakTopamu:

— HayaJIbHBIMU aMIUTUTyAaMU U a3aMu BO30YKJICHUS JIEMEHTAPHBIX U3JTyda-
TeJe;

— JUIMHAMM MYTE€H OT KaXAOr0 M3 AJIEMEHTapHBIX H3JIydaTeled A0 TOYKH
HaOIIOACHUS, 3aBUCAILIMMU OT TMOJIOKEHUN paccMaTpUBAaeMbIX HM3JIydaTesed Ha mo-
BEPXHOCTH aHTCHHBI ¥ HAIPABJICHUSI HA TOYKY HAOJIOICHMUS.

DneMeHTapHbIMU U3JIy4YaTeIsIMUA DJIEKTPOMArHUTHOTO TOJSl CUUTAIOTCA CIIEeNy-
IOILHE!

1) snekTpuyeckre AUnoiau I'epiia — seMeHTapHbIe (MaloW UTMHBI TI0 CpaBHE-
HUIO C JUTMHOW BOJIHBI) JIMHEHHBIC M3Iy4aTeaH, M0 KOTOPBIM TEKYT JJICKTPHUCCKHUE
TOKH MTOCTOSTHHOM aMIUTUTYbI;

2) MarHMTHbIC aumoiu I'epria — 3JEMEHTapHBbIC JUHCHHBIC MArHUTHBIC TOKH,
MOPOKAAEMbIE OTBEPCTUSIMUA B METAUIMYECKOM SKPAHE;

3) aneMeHTapHbIe U3Ny4yaTenu [roireHca, 00Opa3oBaHHbBIC CKPEIICHHBIMH JJICK-
TPUYECKUMU M MarHuTHbIMH aunosisiMu ['epna. Takue u3iaydarenn >KBUBAJIECHTHBI
arieMeHTaM (POHTA BOJHBI B PACKPHIBE aHTEHHBI.
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Pacuer nuarpamMmpl HampaBIIEHHOCTH OCHOBAH Ha PEIICHUU 3a/1a4d BO30YXe-
HUS DJIEKTPOMArHUTHBIX BOJIH B O€3rpaHUYHOM MPOCTPAHCTBE 3aJaHHBIMU UCTOYHU-
KaMH — 3TO TaK Ha3blBaeMasi BHEIIHSS 3ajlaya TEOpUHM aHTeHH. BHyTpeHHss 3amaua
CBs3aHA C HAXOXKJIeHHEeM (YHKIMU pachpeesieHus MoJel dTUX UCTOYHUKOB Ha U3-
Jy4arolien MoBEPXHOCTH.

PaccMoTpuM OCHOBHBIE ATallbl PEIICHUs] BHEIIHEN 3aa4uM JUIsl O€3rpaHU4YHOTO
M30TPOITHOTO OJTHOPOJTHOTO CBOOOIHOTO TPOCTPAHCTBA.

1. HOJIE 3AJAHHbBIX NCTOYHUKOB

—

JUist onpesiesieHnsl HalpsKEHHOCTH 3JeKTpudyeckoro E m marautHoro H mo-
Jed, W3JIy4aeMbIX AaHTEHHOM, HEOOXOAMMO pEIIMTh HEOJHOPOJHBIE YpPaBHEHUS
MakcBemia, cojepxaliye B IpaBblX YacTAX (PYHKUIMHU, KOTOPOE OMUCHIBAET pacipe-

—

ACICHHUC IINIOTHOCTHU JJICKTPHUUICCKOI'O j9 WJIM MarHuTHOTO J M TOKOB Ha ITIOBCPXHO-

CTH aHTCHHBI. PaccMOTpHUM ciydaii MOHOXpOMATHYECKOM BOJIHBI, KOT/1a 3aBUCUMOCTh
OT BpeMEHH | OMHCHIBACTCS SKCTIOHCHTOU glot (i
4acToTa).

N3BecTHO [1-3], yTO mpouecc pemenus: ypaBHeHU MakcBelia OTHOCUTEIBHO
nonedr E m H cymecrBeHHO ympoiaercs, €civ BOCHOIb30BATHCS BCIIOMOTATENb-

— MHUMAs €IMHUIA; O — KPYroBas

HBIMU dJIeKTpuueckuM [7° u MarautHeIM 11V BexTOpamu I'eplia, ¢ MOMOIIBIO KOTO-
PBIX AJIEKTPUUECKOE U MAarHUTHOE TOJISI BBIPAXKAIOTCS CIETYIOIIMM 00pa3oM:

E =grad div I’ + kK*IT° —iou rot IT"; (1)

H =iwe rot I’ + grad div IT" + k*IT", (2)
rae k= a)@ =27/A, A — JUIMHA BOJIHBI B CPEIE C TUIIICKTPHIECKON MPOHUIIAEMO-
CTBIO €, C MATHUTHOM MPOHHUIIAEMOCTBIO 4 (37IeCh W Jajiee UCIIOJIb3YeTCsl CHCTEMa
enunul] CU, € u u — abCOMIOTHBIE TUAIICKTPUYECKAsl © MATHUTHAS TPOHUIIAEMOCTB ).

—

BekTopsl I’ u ™ YIAOBIETBOPSIOT MU PEpEeHIIMATBHBIM YPaBHEHUSIM BTO-
poro Hopmea:
Aﬁ3+k2173=—]3/iw3; (3)
AT+ T =—)" [iopu. (4)
B 6e3rpannyHoM OHOPOHOM U30TPOITHOM MPOCTPAHCTBE ATH YPABHEHUS PEIIAIOT C

P

OMOIIEI0 QYHKITUY ["prHA U1 CBOOOHOTO MTPOCTPAHCTBA G(f/ r) = g Kl / \r-r

N 1 ~ e—ikR
I’ = ? av, 5
Ariwe ;': / R ©)
_ 1 R e—ikR
HM:_—IjM—dV, (6)
driou R
rie R= ‘f - f", ' ' — paguyc-BEKTOPbI, ONPEICIAIONINE KOOPAMHATHI TOYCK

HaOmonenus () u uarerpuposBanus (') (puc. 1).



@U3NYECKNN CMBICIT 3AMMCAHHBIX BBIPAXKEHUW MOXHO IMOHSTh, €CJIM MpEICTa-
BUTh UX KaK IPeJebl CyMMbI HHTETPAJIOB MO AJIEMEHTAPHBIM 00beMaM A V,, Ha KO-

TOPbIC MOXKHO Pa30HTh MOJIHBIH 00beM V , B KOTOPOM TEKYT TOKA |’ u |".

Puc.1

TaK, HAIIpUMCP, IIPHU HAJTUYHUH TOJIBKO JJICKTPHUYCCKHUX TOKOB MOJKHO 3aIlMCAaTh:

= lim YA (7)

3necs A ij — BekTop ['epra B Touke Habmogenus M (cM. puc. 1), mopox-

JEHHBIN TOKOM | . B criry mamoctu 3Toro oobemMa MHTETpajl 0 HEMY MOKHO Ipei-
CTaBUTh B COOTBETCTBHH C TEOPEMOU O CPETHEM B CIECAYIOIIEM BUJIE:
—ikR
AV, - e
: : (8)

2
I, — KOOpAMHATBHI HEKOTOPOU BHYTPEHHEN TOUKH 00beMa V,, .

AL =],
Ariwe R,

rae R, =|F -,
Bripaxxenus (7), (8) moarBep’aaroT TOT GakT, 4TO aMIUIUTyAa U ¢asza moysi B TOUKE

M omnpenmensaroTcs Kak pacripeaeneHueM aMIbIUTY ] U (a3 TOKOB |, , TAK M PaccTos-

HUSIMU OT HUX JI0 TOUKM HaOmioaeHus. Eciau pa3Mepsl aHTEHHBI COU3MEPUMBI C JITU-
HOU BOJIHBI (M TeM Oosiee, Oomblie ee), (has3pl MoJiel, MPUXOASIIUX U3 Pa3HBIX TOUYEK
AHTEHHBI, MOTYT CYIIECTBEHHO OTJIMYATHCS JIPYT OT JAPyra M3-3a pa3iuuus JUIUH Iy-
TeH, MPOXOJUMBIX pa3HbIMU JiyuaMu. COOTHOLIEHHE 3TUX (Da3 3aBUCUT OT HalpasJie-
HUSI U3 HEKOTOPOU cpe/iHel TOUKM aHTeHHBI Ha TOUYKY HabmoaeHus. Hanpumep, pac-
CMOTPUM aHTEeHHY, oOpa3oBaHHy0 N u3IydyaTensMu, pacmlojOKEHHBIMU BJIOJIb
npsiMoit iuHuH (puc. 2) Ha pacctosiHuE 0 Jpyr ot apyra.

C 607BIIOTO pacCTOSIHKSI BCSI aHTEHHA BUJIHA TOJI MajbIM yriioMm 3penus. [lo-
ATOMY MOKHO CYHTATh, YTO JIy4H, MPUXOISIINE B TOUKY HAOIIOIEHUS OT BCEX TOUYEK
aHTCHHBI, MapaienbHbl. CleqoBaTeNbHO, B HAMPABICHWHW HOPMAIH K TJIOCKOCTH
PEIIeTKH IJIMHBI BCeX JIydell (Jyuu, o0o3HadeHHbIe 1udpoit 1 Ha puc. 2a) oguHAKO-
BbI, U MOJIsI OT BO30YKJIEHHBIX CHH(pA3HO M3IydaTesiel CKIaAbIBalOTCs MO UX abco-
JIOTHOM BEJIMYMHE, T. €. cuH(pa3Ho (puc. 3).



\ T dsina v
a) L

Puc.2 0)

[Ipu OTKJIOHEHUH OT HANPABJICHUS HOPMAJIIM HA yrod € (Jiyuu 2 Ha puc. 2) 1o-
ABJISIETCS] PA3HOCTh XO0J1a Jy4el OT COCEIHMX HM3IIyda-
Tenel, paBHas d Sin € (puc. 20), 3a cYeT Yero mpowuc-
XOJIUT CIBUT 110 (pa3ze AW =kdsing MEXIy MOJSIMU OT
~ — COCEHUX u3Iy4arenen. Pe3ynpTupyromuii BEKTOp
Es IOJISL SABJISIETCS T€OMETPUYECKOW CyMMOM BEKTOPOB,
Puc. 3 HAKJIOHEHHBIX ToJ yriiom AY npyr k apyry (puc. 4).
Ero abcontoTHas BennumHa E; OKa3bIBA€TCSd MEHb-
me, yeM B cuH(a3HOM ciydae (puc. 3).
MoOXHO HAWTH TaKyl BEIMYMHY yIla &g, E4

IIPU KOTOPOM CyMMAapHBIM BEKTOpP CTAHOBUT-

Cs paBHBIM HyJO. JlanbHENIIEE yBETUYEHNE AW =kdsing
yrila € BHOBb MPUBOJUT K MOSIBJIEHHIO OTJIH- E, /

YHOro OT Hyss nojs. Tak popmupyercsa uH- N

TepdepeHIMOHHAs KapTUHA MOJs, MOPOXK- Ee

Japuas Ty WIM MHYK JuarpaMmy Harpas- Puc. 4

JIEHHOCTH aHTeHHbl. HeTpynHO chenarts Ka-

YECTBEHHBIN aHAIU3 W BBISICHUTH, KaK 3Ta

KapTuHa 3aBUCUT OT uncina N uanyuareneit u paccrosaus d mexay Humu. Konmde-
CTBEHHBIE PE3YJIbTaThl MOKHO MOJIYYUTh U3 BhIpaxkeHuil (5) u (6) nns BekropoB ['ep-
na. MHTerpansl B 3TUX BBIpAXXEHUAX B 001IeM ciaydyae He OepyTcs. OqHako Ha 00Jb-
IIMX PACCTOSTHUSAX OT AaHTEHHBI BhIpaXKEHHUE AJi1 R B moka3aresie 3KCIIOHEHThI MOYKHO

MPEJICTABUTh B BUJEC PA3JIOKEHUS B P MO MAIOMY IapaMeTpy ‘F" / ‘F , B KOTOPOM

YAEPKUBAKOTCS TOJIBKO YJIEHBI IEPBOro nopsaka Manoctu. [lonaras 1onoJHUTENBHO,
410 MHOXUTENH B (5) /R MOKHO 3aMEHUTH 1/ ‘F , BeIpakeHus (5) u (6) npuBOJAT K

BI/IlIy, HpI/IFO)IHOMy AJIA aHAJIUTUYCCKOI'O I/IHTCI‘pI/IpOBaHI/ISI B p;[)le HpOCTGfIIHHX CJ'Iy-
4aeB aMIUTUTYAHO-(a30BOr0 pacrpe/iesieHus HCTOYHUKOB TIOJIsI B CUCTEME H3JTydaTe-
JIen.



2. BBIPAXKEHUE JIJISI BEKTOPA I'EPLIA B JIAJIbHEM 30HE

[Ipeanonoxxum, 4To HaYajIO0 KOOPJAMWHAT BHIOPAHO B HEKOTOPOU CpeaHel Touke
0 msnyuaromero oovema V (cM. puc.l). Ilycts paccrossuue I ot Touku 0 10 TOUKH
HaOmoneHuss M 3HauuTeNnbHO OOJBIIIE MAaKCUMAJIBHOTO JIMHEHHOTO pasmepa L wus-
nyqatorero oobema (L/r <<1). OueBumno, uto paccrosHus I'=r, <L ot touku 0

10 BHYTPEHHHX TO4YeK oObema V Tem Gosiee yIOBIECTBOPSIOT ycioBuio I, /r <<1.
Beipazum paccrosiaue R =R,, OT TOUKM UHTErpUPOBaHUS A0 TOUKU HAOIIOACHUS Ye-
pe3 r u I, C IOMOULIBIO TEOPEMBI KOCUHYCOB:

_ 2 2
Ry _\/r +r, —2rr,coso .

[Tonw3ysaces Gpopmynoit 6mHomMa HeloTOHA, MpeCTaBUM ATO BBIPAXKEHUE C TOY-
HOCTBIO JI0 BEJIMYMH NIEPBOrO MOPSAIKA MAJTIOCTH B BUE:

2
r 1 (r\ .
R ~r |1 - “cosa+= (—Vj sina +... |. (9)
r 2 \r
Ucnone3ys ycmoBus I, /I <<1, momydaem:
R, =r—r, cosa. (9a)

2

Crnenyrommii WwieH pa3ioKeHus BhIpakeHus (9) (rv2 / 2r)sin“ o, MOKHO 0TOPO-

CHTb, €CIIM MaKCUMaJIbHOE 3HAYCHUE OOYCIIOBICHHOW UM TONpPAaBKH K (ase, OmuCHI-
Baemoii MHOkuTeneM exp{-ikR,}, He mpessimiaer, k mpumepy, /8. B mpuHIme,
MOXHO 3a7aTh JIFOOYIO OIIMOKY: %, rae uuciao N 3ametHo Oousbire 1. Ilomaras

Iymax = L/2, Sina =1, HaxoanMm, 4TO 3TO YCIOBHE BBIMOIHSIETCS, €CIH PACCTOSHUE
I' IPEeBBIIACT HEKOTOPOEe MUHUMANbHOE paccTosiHue Rpin (F = Rmin ), onpenense-
Moe cooTHoureHneM NL*/44 .

B ciydae n=8 nomnyuaem

Ecmu R, =%/, Torna nomycrumas dasosas omm6Ka paBHa /4.

HaunGonee yacto ynorpebisiemoe BhIpaXeHUE I HAXOXKICHUS PACCTOSHUS JaTbHEH
30HHI onpezensercs popmynoii (10).

[ToncTtaBum B moKa3zaTeldb SKCHOHEHTHI MOABIHTETPAIBLHOTO BBIpAKEHUS (5)
paccrosiHue R, B Buzae (9a), mosaras, 4T0 B MHOKHTENE IIPU SKCIIOHEHTE IS BCEX

TOYEK aHTEHHBI CIPABEIJIMBO MPHUOIM3UTEILHOE COOTHOIIEHHE — =~ —. boiee rpy-

14
6oe, yeM B (9a), AOMyIIEHHUE 37IECh OMPABABIBACTCS TEM, YTO B aMIUIUTYJHOM MHO-
’KHUTEJEe JOCTAaTOYHO 00ECNeYUTh MaJOCTh I, IO CPaBHEHUIO C PacCTOSHMEM I, TO-

raa kKak B ()a30BOM (B IOKa3aTesie SKCIIOHEHTHI), cilaraeMoe K I, COSa urpaer cyiie-
CTBEHHYIO POJIb, IOCKOJIbKY I, COU3MEPHUMO C JJIMHON BOJHBI A U MOXKET ObITh Jaxe



Oombinie ee. B pe3ynbrare mocTaHOBOK ToTydaeM BeIpakeHue (5) st Bektopa ['ep-
11a B JaJIbHEW 30HE aHTCHHBI:

—ikr
et B [ gy (11)
Ariwe T 3

3,Z[€CI> fO — OpPT HaIpaBJICHHUA HW3 Hadalla KOOpAWMHAT Ha TOYKY H&6J’IIOI[CHHH;

r, r° =I,COS¢, yroll « TIIOKa3aH Ha puC. 1. 3amuce mokasareist 3KCIOHEHTHI B

HOJBIHTETPAJILHOM BbIpakeHUH B (11) ¢ MOMOIIIBIO CKAISIPHOTO MPOU3BEAEHUS Y100~
Ha NP PEIICHUN KOHKPETHBIX 33]a4, B KOTOPBIX OJHOBPEMEHHO HCIIOJIb3YIOTCS J1BE
CUCTEMbI KOOPAMHAT: JE€KapTOBAa, CBA3aHHAsI C UCTOUHUKOM IOJIsA, U cepuueckas —
IUI OIPEJICIICHNUS M0JIs B JaJIbHEN 30HE AaHTEHHBI.

Bripaxenue (11) ropasgo mpore ucxomHoro (5), MOCKOJIbKY OHO JOIMYCKaeT
MHTETPUPOBAHUE B aHAJTUTUYECKOM BUJE IJIS Psiia TUIIMYHBIX (PYHKIMM pacnpenene-
HUS aMIUTUTYIbI ¥ (pa3bl TOKa 1o 00bemy V .

Kak BugHo u3 (11), B 1TaHHOM pHOJIMKEHUHN, COOTBETCTBYIOLIEM JaIbHEN
30HE aHTEHHBI, 3aBUCUMOCTH TIOJIsI OT PACCTOSIHUS 1 HAIPaBIIEHUS B IPOCTPAHCTBE
paznenstorca. PaccrosiHue I BXOJUT TOJIBKO B PYHKIUIO CPEpUUECKON BOTHBI

Y(r)=e K /r,
Bemnunna HHTCTpaJia HC 3aBUCUT OT rna ONpCACIIACTCA TOJBKO HAIlIPaBJICHUCM

Ha TOYKY Ha6JIIOI[CHI/I$I, IMOCKOJIBKY YI'OJI & OTCUHHUTBIBACTCS OT O3TOrIO HaIIPaBJICHMUA.
10T HHTCI'PpAJI OIIPCACIIACT HAIIPABJICHHBIC CBOMCTBaA I/I3J1y‘laIOIHeﬁ CHUCTCMBEI.

3. KOMILIEKCHBIA MHOKUTEJIb CUCTEMbBI U3JTYUYATEJEN

Pa3jio’kuM B KaJI0M TOYKE M3IydYarollero oobeMa BEKTOp |~ Ha TPH JeKap-
TOBBI KOMIIOHCHTBI |y, ]y, J; W pacruieM paseHcTBo (11) mo xomnonenTam. OHO
pacmaaeTcsi Ha TP CKIIPHBIX PaBeHCTBA. Pa3genuM n yMHOXKUM B KaXKJIOM M3 HUX

MOJBIHTETPAIIBHOE BBIPAKECHHUE HA BEJIMYUHY COOTBETCTBYIOIIEHM KOMIIOHEHTBHI TOKa
j, B Hayaje KoOpAWHAT (IJ1s1 MPOCTOTHI OMYCKAaeM WHIEKCHI X, Y, Z, YKa3bIBaIOIIUE

KOMITOHCHTHI). O603HaUNM AKX, y,2) = j(X,Y,2)/ ]y WIH
A(x,Y,2) :‘A(X, Y, Z)‘ e'7*¥?  3neck ‘A(x, Y, z)‘zA(x, Y,Z) — amMnaumyonoe pacnpeoe-
JleHue NAOMHOCMU MOKA, T. €. 3aBUCHMOCTb aMILTUTY/IbI IZIOTHOCTH TOKa OT KOOP/IH-

HAT PacKpbIBa aHTCHHBL, @(X,Y,Z) — (hazosoe pacnpedenenue niOMHOCMU MOKA, T. €.

3aBUCHUMOCTH (1)8,31:1 INIOTHOCTHU TOKA OT KOOPpAMHAT PACKpPbIBA.

C ydetoM BBeIeHHBIX 0003HaueHuM Bbipakenue (11) ceoauTcs k BUny:
—ikr

r=-—2 % _ 7, (12)
Adriwe T
rac
f(7%) = [ A(x.y,2) gi Py DT gy (13)
\Y
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B teopun anTeHH QyHKIMSA fC(?O) HA3BIBACTCS KOMNIEKCHLIM MHONCUMENeM

cucmemobl U30MPONHLIX Usiyuamesel, B JTAaHHOM CIy4a€ — CUCTEMbl HEMPEPHIBHOM.
AHaJIOTUYHBIM TYTEM MOXHO TMOJYYUTh OOIIEe BBIPAKEHUE JISI KOMILJIEKCHOTO
MHOXUTENS JUCKPETHOM CUCTEMBI U3TydaTeIed B BUJIE CYMMBI IOJIEH, CO3/1aBAEMBbIX
OTAEIBHBIMH U3JIyYaTEJISIMA AHTEHHOW PEIIETKH U3JTy4aTeIIeH.

KoMIuiekCHBpIE MHOKUTEh MO3BOJISET MOJYYHTh WHTEPPEPEHIIMOHHYIO Kap-
TUHY TOJI1 B 3aBUCUMOCTH OT HampaBjieHUs B mpocTpaHcTBe. Kak ciexyet uz (13),
KOMIUICKCHBI MHOXHUTEIb OMIPEACIISIETCS CASAYIONUMU (PaKTOpaMu:

— F€OMETPUYECKUMHU pa3MepaMy M3Ty4darolleil CUCTEMBI, MOSABISIONIUMUCS B
SIBHOM BHJI€ MOCJIE UHTETPUPOBAHUS;

— pabouelt JIIMHOMN BOJIHBI A=2r/k;

— aMILIMTYAHBIM pacnpezeneaneM A(X,Y,Z);
— (pa3oBbIM pacnpenenenueM @ (X, Y, Z).

Iokasatenb sKkcroHeHManbHoro Muoxkutens exp {ik ¥, r°} B noasHTerpas-

HOM BBIPQ)XEHUU YUUTBHIBACT Pa3HOCTh (a3 Moyiel, NPUXOAAIUX B TOUKY HaOIroze-
HUS U3 HayaJa KOOpAWHAT U ITPOM3BOJIBHOW TOYKM aHTEHHBI. HampaBieHHbIE CBOM-
CTBA OTHEIBHOIO M3JIy4aTels, SBIAIOIIETOCS COCTaBHOM YacTbl0 BCEU CHUCTEMBI,
3nech He Qurypupytot. IloatoMy komnaexcuwiii MHOMCUmMENb A619€MCsl OUACPAMMOU
HAnpaeieHHOCmuU CUcmembvl U30MPONHBLIX U3Lyuameneu, pAcnOI0ICEHHbIX HeNnpepvlg-
HbIM 00pA30M U 8030YAHCOAEMBIX C MEMU HCe AMNAUMYOAMU U PA3aMU, YO U pealb-
Hble uznyyamenu. B 3TOM 3akirodaercss ero (Qpuanyeckuil cmbicii. M30TponmHbIMU
HAa3bIBAIOTCS TUIIOTETUYECKUE U3IIy4aTeNI, UHTEHCUBHOCTh M3JIy4€HUsI KOTOPBIX HE
3aBUCHUT OT HAIIPABJICHMUS.

B cnywyae muckpetHol cucteMbl uznydarenel uHterpan B (13) 3ameHsiercs
CYMMOHi: I0JIe B TOYKE HAOIIOACHUS €CThb CyMMa MOJeH, MPUXOISAIINUX OT KaxI0ro
U3JTy4daTeds.

Bonpocel U ynpa:kHeHust

1. JlaiiTe onpeneneHrue quarpaMMbl HAllpaBJICHHOCTH.

2. O0bsacHUTE, KAKOB (PM3MUYECKUN CMBICI KOMIUIEKCHOIO MHOXHTENS CHCTE-

MBI.

3. Ykaxute GU3NYECKU CMBICT MHOXHUTEJIEH B MOJBIHTErPAaIbHOM BbIpaXke-
Huu (13).

4. IIpn KakuX YCIIOBHUSIX MOKHO NEPENUTH OT CTPOTUX BBIPAXKEHUH IS BEKTOpA
I'epua (5) u (6) k 6onee npoctbiM Buja (12)? Iloyemy mpu 3TOM mepexoje B DKCIO-
HEHTE YAEPKUBACTCS WIEH MEPBOTO MOPSIKA MAJIOCTH, & B aMIUIUTYJHOM MHOKHUTE-
ne 1/R,, um MOXKHO mpeHeOpeds?

5. O0bsacHUTE PU3NYECKUI CMBICT MaKCUMyMa U HyJIeBbIX HamnpasieHuit /JH.
6. KakoBa MakcumanpHas ¢a3oBasi ommOKka B ompezaeneHun (aswsl chepude-
CKOW BOJIHBI, €CJTM TOYKA HAOJIOICHUS HAXOJIUTCA HA PACCTOSHUU I = 2L2/ A (L -

MaKCUMaJIbHBIA pa3Mep aHTEeHHbI; A — JJIMHA BOJIHBI).

7. Kakue ycrnoBusl JOJKHBI BBITOJIHATHCS B JalbHEN 30HE?

8.UeMy paBHO pacCTOSHHE JAJIbHEW 30HbI, €CIIU Pa3Mepbl AHTCHHBI 3HAUUTEIb-
HO MEHbIIIE JJIMHbI BOJIHBI?

11



4. BBIPAKEHMS JJIS1 E M H B TAJIbHEN 30HE AHTEHHBI

4.1. Cpepuueckasi cucteMa KOOPAHMHAT
[Tome, m3myyaemoe aHTEHHOW, yJOOHO 3alMCHIBaTh B CPEPUUCCKON CHCTEME
KoOpJuHAT I, &, @ cTaHmapTHBIM 00pa3oM CBA3aHHOW C JI€KapTOBOW CUCTEMOM

KoopauHaT X, Y, Z. Hawano xoopawHart, Kak NpaBWIIO, CBS3BIBAIOT C HEKOTOPOWU

CpeaHeil TOUKoi aHTeHHbI (puc. 5).

0

Optsl nexaprosoit X°, Y°, Z° u cdepuueckoit ro, 9°, gBO CHUCTEM KOOPAUHAT

CBSI3aHbI MEXK]ly COOOM CIEIYIOIUM 00pa3oM:
x° =r%sin 9cos g+ 9°cos Icosp — @’sin g,
y° =r°sin Ising + 9° cos Isinp + ¢° cos g, 7°=r°cos 3—9°sin 9 (14)
3 >TuxX OTHOILIIEHHUU JIETKO IIOJIYYHUTDb BBIPAKCHUA TJII OPTOB C(bequGCKOﬁ

cucteMsl koopauHat [°,9°, ¢° depe3 opTHI

X°, y°, Z°. Tak, nanpumep, TIPOEKIMs OpTa

FO Ha OCh X €CThb pPeE3yJIbTaT CKaJSIPHOIO

YMHOYKEHHSI Ha HETO MEPBOro paBeHcTna (14).
AHAJOTUYHO MOXXHO HAWTH M BCE JPYTHE
IPOEKIIUH. r

»N

M(r, 3 ¢)

N

— —

4.2. Ca3b noJjieit E u H ¢ BekTopom
I'epua B 1anbHe 30He @
Kak cnenyer u3 popmynsl (11), Bekrop x
I'epua B 0o01IeM ciydae MMEET BCE TPU KOM- Puc. 5
noHeHTel Iy, Ilg, Hq,, [pUYeM Kaxkaas W3

HUX MOXET OBITh MPEJICTaBJICHA B BHUJIE MPOU3BEACHUS PYHKIUHN CPEPUIECKON BOJI-
el V() Ha QYHKIMIO, 3aBUCSAIIYIO OT YIJIOBBIX KOOPAUHAT -

I1.(r,8,¢) =¥ (r) I1.(S,0);
II,(r,,0) =Y(r) I, (9, 9); (15)
(r,8,9) = () I1(3, ).

Ionst E m H cBSI3aHBI ¢ 2JIEKTPHYECKAM H MATHUTHBIM BeKTOpamu I'epua co-
orHomieHUsIMUA (1) u (2). UTOOBI MONYYUTH BBIPAXKEHUS AJIA MOJEH, HEOOXOAMMO
muddepeHumanbHble OnepaTopsl, coiepskauuecs B Boipaxenusx (1) u (2), pacnu-
caTh B c(hepuyecKkoil cucTeMe KOOpAMHAT M 3aTeM IOJIECUCTBOBaTh UMH Ha BEKTOP
I'epuia, npencrabiennsiii B (15). [Ipu 3ToM cieyeT cCOXpaHATh TOJIBKO WICHBI, yObI-
BAIOIIKE C PACCTOSIHHEM He OBICTPEE, YeM T10 3aKOHY 1/T , MOCKOJIBKY B JajbHEl 30He

B CHJIy HepaBeHcTBa Kr>>1 criaraemele, cojepikaiine 00jee BBICOKHE CTEICHH
MHOXHTENS 1/F , OKa3hIBAIOTCS MPEHEOPEKUMO MajbIMU. Beipaxkenust mist audde-

peHIMANBHBIX omniepatopoB grad, div, rot B 0000IIEHHONH OPTOrOHAIBHOW CHCTEME

KOOPAMHAT MOXHO HAaWTHU B JIIOOOM CIIPAaBOYHUKE MO BBICIIEH MAaTEMATUKE UM KHUTE
10 TEOpUH TOoJIsi, Hanpumep, B [3]. st chepudeckoit cuctemMbl KOOpAUHAT OHU TIPH-
BeneHbl B [Ipunosxkennn. PacniuceiBast moapoOHO B cheprudeckoil cucteMe KOOpaAnHAT
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omepatopsl grad, div, rot, meiictByromue Ha BekTop ['epma ¢ kommonentamu 1,
Ilg, 11, , 3anucaHHbIME B popme (15), yOexmaeMest B TOM, 4YTO CraraeMsie, HOPOK-

HAaCMbIC ITPOU3BOIHBIMHU 110 YIJIOBBIM KOOpPJAHWHATAM, Y6I)IB8,I-0T C paCCTOAHUCM OBICT-
pee, ueMm ]./r . CJ'ICI[OB&TGJILHO, IMPOU3BOAHBIC 110 9 u @ MOXHO Cpa3y HUCKIIOYUTD,

MOJIOKMB MX B YKa3aHHBIX BbIlIe Mu(pdepeHINaTbHBIX ONEpaTopax pPaBHBIMU HYIIIO

i:O;i:O :
09 0@

[IpousBognas no r ot pyukuuu 77, (r,3,@), 11,(r,3,¢), H¢(r,19,g0) C yueTom

(15) B 3TOM TIPUOTMIKEHUN UMEET BU:

aHr(S, )(I’,S,(p) o
%r = 'Ik Hr(8’¢)(r,19,¢). (16)

HeiictBue nuddepeHuanbHbIX OepaTopoB NPUBOIUT K CIEAYIOMINM PE3Ylb-
TaTam:

divi7 = -ik I1;
grad divi7 =—7k* IT; (17)
rot I7 =-ik [ 7°, IT].
Bripaxenus (1), (2) B nanbHel 30He ¢ yuetoM (17) cBoasATCS K TAKOMY BULY:
E = kz[[r", ], fO]—kaw (70,00 ];
(18)
H = kwe [FO, ﬁ3}+k2[[170, ﬁM], 170].
Ucnions3ys Beipakenue (11) mist anextpuueckoro Bektopa ['epiia u ananorny-
HOE eMy — JIIs MarHUTHOTO, TToTydaemoro u3 (11) myTem 3ameHsl j° Ha —j* U & Ha

—

— 41, HAXOIUM B cooTBeTcTBHH ¢ (18) BhIpakenust s moeil E u H B ciywasx, xo-
r71a UICTOYHUKOM TIOJISI SIBJISIETCSL JIMOO TOJBKO DJIEKTPUYECKUM, JIMOO TOIBKO MAarHUT-
HBIW TOK.

[Tose ameKTprUUECcKOro ToKa

E =i % g‘P(r)J [fo,[?o, 173] ] " dv;
(19)
H :—i%‘l’(r) J [, 7] e av.
ITone MarHuTHOTO TOKA
H=i % %lP(r)\J/' [FO,[fO, ] ] e dv;
E =i%‘1’(r) j [, 7] e dv. (20)
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5. 9JIEMEHTAPHBIE N3J1YYATEJIN
JIro0ast u3myyarorias MOBEPXHOCTh aHTCHHBI MOXKET OBITH MPEJICTABIICHA B BU-
nie Habopa dJIeMEeHTApHBIX U3dydaresien: JIM0o 3JIeKTpUIecKux aumnosien ['epua, 1mbdo
MarHuTHBIX gunosnedt ['epiia, mu6o u3nyyarenei ['roirenca [1;3]. ITomst aTux usnmyda-
TeJiel B TaJIbHEW 30HE M MX JMarpaMMbl HAIPaBJICHHOCTH HaieM, ucronb3ys (19) u

(20).
5.1. Daexrpuyeckuii nunouab I'epua
IToMecTUM >JIE€MEHT 3neKTpudeckoro Toka |° JumMHOM A L, TEKyIero BAOJb
OCH Z, B Hayajo chepruyecKoi CUCTeMbl KoopauHat (puc. 5). PacruiieM BEKTOpHBIC
TMPOU3BE/ICHHS U, MOJIb3YACh MANOCTBIO JUIMHBI JUIIOIS, MOTYYHM BBIPAKCHHS I
noneit E u H AIEKTPUYECKOTO TUTIONS ['epIia B CleMyromeM BHIE:

E-gi LA gy sing,
A
(21)
A= i "2 K g nysing.
Ar

BBII[GJ'I}I}I B 3THUX BBIPAXKCHHUAX 3aBUCHUMOCTH nojeu oT YIJIOBBIX KOOPAHWHAT,
IIOJIydacM JuarpaMmy HaIIpaBJICHHOCTH JJICKTPHYCCKOI'O JUIIOJIA B BHIC Q)YHKHI/II/IZ

F, (%) =sin 9, (22)
KOTOpas ABJISIETCS OCECUMMETPUYHOM, T. €. HE 3aBUCAILEH OT yTiia @.

5.2. MaruuTHbIi aunouab I'epua
ITons E u H marHutHOTO AUIOJISI MOJIy4yaeM B BUJIE:

A = 3% 2L % @y sing:
A
(23)

E =—¢"i ﬂ‘l’(r)sing.
A

OTCIOI[a CJICOyCT, 4TO CHJIOBBIC JIMHUHU II0JIA H wmarauTHOTO AUITIOJISL COBIIAAAIOT C

CWJIOBBIMHU JIMHUSIMU TI0JIA E anekTpuyeckoro aumosis 1 Ha000poOT, YTO MOJHOCTHIO
COOTBETCTBYET MPUHIMITY IIEPECTAHOBOYHOW JBOWCTBEHHOCTH ypaBHeHU Makcsen-
na. /lnarpamMmbl HanpaBJI€HHOCTH MArHUTHOTO W 3JEKTPUYECKOTO JIUIOJIEN COBIa-

JAl0T IPYT C IPYTOM.

5.3. DuiemeHTapHbIi H3ay4yareab ['olirenca
ITycts B muiockoctu X0y mmeercs aneMeHT (PpoHTa TIIOCKOW BOJIHBI, paclpo-

CTPAHSIIOLIEICS BJIOJIb OCH Z. BEKTOp AJIEKTPUUYECKOro MOJIsl UMEET KOMIIOHEHTY Ey ,
MarHuTHOro — H . DTUM 1OJIAM COOTBETCTBYIOT MAarHUTHBIA U 3JIEKTPUYECKUN [IH-

oM I'epia, HanpaBIEHHBIE COOTBETCTBEHHO BIOJIb OPTOB —)70 n —X°. TlonHoe momne

OTIpEe/ICNSAETCS, CYMMOM MOJeH, u3inydaeMbix oboumu aumnossiMu. Vcmonb3ys mpen-
craBienus (19) u (20), ¢ yuerom manoctu miuomanu AS = AX - Ay paccmaTtpuBae-
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MOTO JJIEMEHTA, a TAKKe MPUMEHSST GOPMYIIBI CBSI3M MEXIY OpPTaMH JCKApTOBOU M
cepuueckoit cucreM koopauHar (14), monydaem moite E B crexyromem Buze [1]:
E = ($cose - @°sing) (1+cos ) (iKE,As/4x) P(r). (24)
Otcroia BUJHO, YTO AUMarpaMMa HanpaBJI€HHOCTH 3JIEMEHTAPHOIO u3nydatens [ roi-
reHca Mo MOJIHOMY Moo E =, / E; - E; MPEACTABISICTCS (PYHKITUCH:
F(9) =(1+cos9)/2. (25)
Kax u B mpeapiymmx ciaydasx, OHa OKa3bIBAETCS OCECUMMETPUYHON (HE 3aBU-
CHUT OT yIJIa ¢ ).
Bonpocel 1 ynpakHeHus
1. lokaxkute paBeHcTBO (16).

2. Ilonw3ysice maHHbIME B [IpuioxeHun BBIpaKEHUSAMU s T depeHInanb-
HBIX orepaTopoB div, grad, rot, mokaxkuTe CrpaBeIMBOCTh BhIpakeHui (18).

3. Ucxons u3 Beipakenuit (1) u (2), momyuute ¢ yaetom (17) Beipaxkenust (18).
UTO MOXHO CKa3aTh O HaIllPaBJICHUHU U B3aMMHOM PacCIOJIOKEHHH BEKTOopoB E m H,
MTOPOKIAEMBIX TOJIBKO JJIEKTPUYECKHM TOKOM, TOJIBKO MArHUTHBIM TOKOM?

4. Kax cBsi3aHBI MEKTy co00it aMmuuTy sl noneit E u H B nanpueit 30He?

5. [Tonw3ysich Beipaxenusimu (5), (6) u (18), monyuurte BoIpaxeHus IS Mojen
(19) u (20), nopoxaaEMBIX TOJIBKO JEKTPUUYECKUMH U TOJIBKO MAarHUTHBIMU TOKaMHU.

6. Mcxoms u3 popmyist (19), momyunre BhIpaxkeHus s noneii E u H mome-
IIEHHOT'O B HA4aJI0 KOOPAMHAT DJICKTPUUYECKOrO JTUIOJsS ¢ TOKOM |, HampaBieHHBIM

BI0Jb ocu Z. [Ipenmonaraercs, uro amuHa aunodst L << A (A1 — [iMHa BOJIHBI).

/. BeinonHuTe 3aaHue M. 6 17151 MarHUTHOTO JTUTIOJIS.

8. IlpoaHanu3upyiTe CHUIOBbIE JIUHUU FJIEKTPUYECKOTO U MArHUTHOTO AMIIO-
JeH, X JuarpaMMbl HalIPaBJICHHOCTH.

9. Iomyunute MeronoM Bektopa [loHHTHHTa BBIpaKEHHE, OMPEETAIONIee CO-
MIPOTHUBJICHUE U3TYUYEHHUS JIEMEHTAPHOrO AJIEKTPUUECKOro BUOpaTopa B CBOOOAHOM
IIPOCTPAHCTBE.

10. Tlomyumute Qopmyny s ompeaeneHUs KodhuUIlMEHTa HAMPaBICHHOTO
JNEUCTBUA 3JEMEHTAPHOIO 3JIEKTPUYECKOr0 BHOpaTopa B MPOM3BOJBLHOM Hampasiie-
HUHU €70 U3JIYyYEHUS.

11. BeiBenute Gpopmyiny, ONpeAessitonyo Ko3pPuIueHT HanpaBIeHHOTO J1ei-
CTBMS B TPOM3BOJILHOM HAMPAaBICHUU 3JIEMEHTApHOro usnyyarend [ roirenca. Omnpe-
JeJINTe MaKCUMAJIbHBIN KO3(PPHUIIMEHT HAPaBJIEHHOTO JEHCTBUS 3TOT0 U3Ty4yaTels.

12. DneMeHTapHBIN AIEKTpUYEcKuil BuOparop nimuHoi L =0,02 M, och KOTOpO-
ro HampasJ€Ha BJOJb Z, PACIOJIOKEH B Hayaje JEKApTOBOM CHCTEMBI KOOpPAWHAT.
Bubpatop B030yXJAeH TOKOM, aMIUIMTyJa KoToporo paBHa 1A, a wyacTtorta
f =300 MI'u. Onpenenure aMIUIMTYIbl HAIpPSYKEHHOCTEW JJIEKTPUYECKOrO M Mar-

HUTHOTO TMOJIeH U3JIydeHHUs 3TOro BuOparopa B Touke P, Haxopsieics B 3KBaTOpHU-
AHHOM TJIOCKOCTH BHOpaTopa Ha paccTostHuU R =100 M OT HETO.
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6. JUHEWHBIE AHTEHHBI
6.1.001mme BbIpaskeHUs 1JIsl MoJIel
B aHTeHHOW TEXHHMKE YacTO MCIOJB3YIOTCS HEMPEPBIBHBIC WM JAUCKPETHBIC
U3JTyYaOINe CUCTEMBI, PACIIOJIOKCHHBIC BIOJIb MPSMOW JUHUW. Takwe aHTCHHBI
HA3BIBAKOTCS JIUHEUHbIMU. PACCMOTPUM HENIPEPHIBHYIO JIMHEHHYIO CHCTEMY 3JICMCH-
TapHBIX M3JIydaTesIeH, KOTopas IMPEICTaBIIIeT COO0M IICKTPUUCCKUN TOK, TCKYIIHHA
BJIOJIb OCH Z IO MPOBOTHUKY JUTHHOU @ (—a/2 <z <a/2). IlycTh IUIOTHOCTh TOKA Ha

ATOM OTpe3Ke OMUChIBaeTCs (HyHKIMEH

I7(2)=2"joA(z) €795(x) 5(y), (26)
rae A(Z) — HOPMHPOBAHHOE aMIUTUTYIHOE paclpeesieHHe TOKa BIOIb OCH Z; Jg —
aMILUTATYy1a ToKa; ¢(z) — ¢azoBoe pacnpenenenue; o(X), o(y)— nenpra - GyHKIHHA

Jupaxka.

[Ipoananuszupyem pacnpeneiecHue MoJis, U3Iy4aeMoro TakuM TOKOM, B TIpO-
CTpaHCTBE AayibHEN 30HbI. [10CTaBUM IIIOTHOCTH TOKA (26) B BBIpaKEHUSI 1JIs1 MTOJIEH
(19). B paccmarpuBaemom ciyvae I, = 7°2 o6beMHbIe UHTErpasbl Ojarojaps Hallu-

yuio B PyHKIUU pacnpeneneHus (26) aenbra-QyHKIU MpeBpamiaroTcs B JTUHEHHBIE.
PackpoiBas B (19) ckayisipHbIe 1 BEKTOpPHBIC TPOU3BEEHUS € yueToM (14), momydum:

. a/2 o
E - goi\/zqf(r) josin 9 j A(z) elr@elkecosdyz. (27)
4dr\e 32
. i k i o(2)
H= 6" ¥ () josing [ A) e7Pe"eo0dz. (28)
4 -a/2

6.2. IlpaBu10 NnepeMHOKEHUs JUATPAMM HANIPABJIEHHOCTH
N3 Beipakenuit (27) u (28) cienyet, 4To B AajIbHEH 30HE JTUHEHMHOW aHTCHHBI
HaIpaBJICHUS] CUJIOBBIX JIMHUH 3JIEKTPUYECKOTO0 M MAarHUTHOTO TOJICH TaKue e, KaK y
anekTpuueckoro aumnosst I'epra. UTo kacaeTcsi HaNpaBJICHHBIX CBOWCTB CUCTEMbI B
BHUJIC€ JIMHEHHOTO TOKAa KOHEYHOW J/JIMHBI, TO JauarpamMma HampasiieHHocTu F(9)

OTIpe/IeIIsAeTCs MPOU3BEACHUEM JIBYX (DYHKIIMA:
F(9) =F(9) 1.(9), (29)

rae Fp($)=sin$ — nuarpamMma HampaBJICHHOCTH JJEKTPUUYECKOTO auUMois I'epua B
COOTBETCTBHH C (22);

: 3/2 o

f (9) = j A(z) e'?Dglkecosdqz (30)

-a/2

KOMILJIEKCHBIA MHOKHUTEJb JIMHEWHOW CHUCTEMBI M3JIydaresed (B COOTBETCTBUHU C
(13)), B naHHOM cllydyae — HENPEPHIBHO PACMPE/ICTICHHON BJIOJIb OCU Z CUCTEMBbI H30-
TPOIHBIX U3Ty4YaTEeIICH.

Taxum 00pa3zom, U3 YACTHOTO MPUMEPa CIAEAYET MPABUIO IEPEMHOKEHUS 1ha-
IpaMM HaIpaBJIEHHOCTH (Teopema boHu-bpyeBnua), npeacTaBieHHOE B BUJIE PABEH-
cTBa (29): nuarpaMMa HamnpaBJIC€HHOCTU CUCTEMbl WIAEHTUYHBIX, OJMHAKOBO OPHEH-
TUPOBAHHBIX M3JIydaTeJed €CThb MPOU3BENCHHME IUarpaMMbl HAIIPaBICHHOCTH 3Jie-
MEHTapHOT'0 U3JIy4aTelsi, €CJIA CUCTEMA HEeNPEpbIBHAS, WM OJUHOYHOIO M3JIy4yaTels,
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€CIIM CHCTEMa JUCKPETHAs, MOMEIICHHOTO B HAa4yaja0 KOOPAWHAT, HA KOMILUICKCHBIN
MHOKHUTEJIb CHCTEMBL.

DTO MPABUIIO CIPABEIJIMBO JJIsl CUCTEM UIACHTHUYHBIX, OJMHAKOBO OPUEHTHUPO-
BAHHBIX M3JIy4aTeJIei, pacloiI0KEHHBIX BIIOJb MPSIMOM JIMHKWM, HA MJIOCKOCTU WIHA B
IPSAMOYTOJLHOM 00bEMe KaK HEMPEPBIBHBIX, TaK W JUCKPETHBIX CHCTEM H3JIydaTe-
JICH.

JvarpamMma HarnpaBJI€HHOCTH OJWHOYHOIO H3JydaTessi — 3TO, KaK IMPaBWUIIO,
MeJIJICHHO MeHsromasicst GyHkus yriia. HampaBieHHbIE CBOWCTBA aHTCHHBI OOJTBIITUX
pa3MepoB (Koraa IJIMHA aHTEHHBI 3aMETHO 0OJIbITie pPabodeil JITMHBI BOJHBI) B OCHOB-
HOM OIPEIIEIIAIOTCS KOMIUIEKCHBIM MHOXHUTENEM CUCTEMBI. [loaTOMYy B nanpHenem
HEOOXOONMO HCCIEIOBATh KOMIUIEKCHBI MHOJKHUTEIh CUCTEMBI B 3aBUCHMOCTH OT
aMIUTATYJHOTO M (Da30BOr0 pacmpeiesieHUsi TOKOB SJEMEHTAPHBIX H3Jydarelsiel, a
TaKXke OT pa3Mepa aHTEHHBI. Y JOOHEe BCEro 3TO cAeiaTh Ha MpUMepe JIMHEHHOM CH-
CTEMBbI U3JTy4aTeIICH.

6.3. HanpaByieHHble CBOICTBA HENPEPHIBHOI JIMHEITHOW CUCTEMBI JJ1e-
MEHTAPHBIX H3JIy4YaTesiei

[TycTh cucTeMa m3mydaTeliell paclooKeHa BIOJIb OCH Z Ha OTPE3Ke UTHHOMN
a (—a/2<z<a/2).

YTOoOBI M3YYUTh HANPABIECHHbBIE CBOMCTBA 3TOW CUCTEMBI B 3aBUCUMOCTHU OT €€
JUTMHBI, aMIUTATYTHOTO M (ha30BOTO pachpesiesieH s, HEOOX0IUMO TOACTaBUTh B BbI-
paxenue (30) pynkiuu A(Z) u ¢(z) B IBHOM BHUJIE, BBITOJHUTH HHTCTPUPOBAHUE, A
3aTeM IpOoaHAIM3UPOBAThH PE3YJIbTaT.

6.3.1. CuHda3Hbie cUCTEMBbI C MOCTOAHHBIM M CHAJAAKMIUM K KpasiM am-
IJIMTYHBIM pacnpe/ejeHueM.

[ToapoOHO paccMOTpHM CHH(pA3HBIE CHCTEMBI ((o(z) = 0) C TOCTOSSHHBIM
(A(Z):l) M CHAJalolMM K KpasMm 1o 3akony A(z)=CO0S(7 z/a) aMIumuTyaHbIM
pacmpe/eeHueM:

Cnayuan 1. CundasHas cucteMa ¢ MOCTOSHHBIM aMIUTUTYIHBIM A(z)=1 U MO-
cTosiHHBIM (ha3oBbIM pacnpenencaueM ¢(z) =0 (puc. 6), kak cieayet u3 (30), umeer
HOPMHPOBAHHYO THAarpaMMy HalpaBJICHHOCTH CIIEAYIOIIETO BUIa

F, = o _ S'n”, e nzlkasing. (31)
fcmax 77 2
A2 ®(2)
A
1
> I
> 7 ' -
0 -a/2 0 a/2
~8/2 a/2 Puc. 6 /
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3I[CCB H JaJICC BBCJICH YI'oJ &, OTCUYUTHIBAEMbBIN OT HOpMaJIK K OCH aHTCHHBI Z.

Pacuetsl, npoBenenubie o dopmyse (31), Aj11 aHTEHH pa3IMUHBIX dJIEKTpUYe-
CKMX JUIMH a/A mpezncrasieHsl Ha puc. 7a, 0, B, I. M3 rpagukoB puc. 7 BUAHO, UTO C

YBEIIMYEHUEM JIJIMHBI AHTCHHBI CY)KAETCSl TJIaBHBIMA JIETIECTOK HUarpaMMbl Hampas-
JIEHHOCTH, YBEJIMUMUBACTCS KOJIMYECTBO OOKOBBIX JIETIECTKOB, HO MAaKCUMAaJIbHBIN ypoO-
BEHb MX HE M3MeHseTcs. OTmeTuM, uTo (aza mois n3mensercs Ha 180° mpu mepexo-
ne JIH uepe3 Hy1b, T. €. Mo B coceHuX OOKOBbIX JienecTkax JIH mportuBodaszHsl.

F(e) Fie)
10 10

05

-80

I . ! & \.A [\._IEG

N ERVIRTAE

Puc. 7. JlnarpamMbl HanpaBJI€HHOCTH JTMHEWHBIX AHTEHH PA3HbIX 3JIEKTPUYE-
CKUX JJIMH C TTIOCTOSTHHBIM aMILTUTY THBIM M C TIOCTOSTHHBIM (ha30BbIM pacmipe/ieeHu-
AMU
a)a/A=1; 6)a/1=1.25; B)a/1=2; r)a/1=3.
sinn

1 .
OyHKIMA , TIe n :Ekasm £, UMeeT OOJIbIIIOE 3HAYCHHWE B TEOPHH aH-

TeHH. XapakTepusyemas €l JuarpaMMa HamnpaBJICHHOCTH MMEET IJIaBHBIM MAaKCH-
MyM, TIEPIIEHINKYJSIPHBINA JIMHUW PACIIONOXKEHUS M3TydaTeseil, u o0iamnaer oceBon
CHUMMETPHUEH.

Hanpapiienus HyJeBbIX H3JTydE€HUIH COBMAAAIOT ¢ HyIsIMuU yuciauTens (31), T. e.
HMMEIOT MECTO MPH

n:%asin & n=Nr,Nn=11+2.., (32)
OTKyJa

sin &, , = n%. (33)
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U3 IMMOJIYYCHHOI'O COOTHOICHWA BUAHO, YTO AWArpamMma HAIIPAaBJICHHOCTH CH-
CTCMbI FC (77) HMCCT HYJIM JIMIIb B TOM CJIydac, CCJIIM AJIMHA CHCTCMBI OoJIbIlIe WK

paBHa JJIMHE BOJIHBI a > A, MOCKOJIBKY ‘Sin &o n‘ <1. Ecnu IMHEHHbIE pa3Mephl CUCTE-

A
MBI 3HAYUTECIHLHO OOJIBIIIE JJINHBI BOJIHBI (— <<1 , TO IIUPpHUHA TIABHOT'O JICTICCTKA
a

I[I/IarpaMMBI HaHpaBJ'IeHHOCTI/I «I10 HyJ'ISIM» B rpaﬂycax paBHa
2¢, ~2-57,34~1154,
0 a a

[IIupuHa TIABHOTO JICTICCTKA IO IMOJIOBHHE MOIIMHOCTH» WK 1o ypoBHIO 0.707 mo
TIOJTFO OTIPEACIIICTCS U3 YCIOBUS
sin 77
n
Pemienuem 3Toro ypaBHeHuUs sIBJII€TCs BEIMUMHA 7),, =1,39 =0,4437. CnenoBateins-

=0,707.

HO,

%asin &y5 = 0,443,

A :
OTKyJa Ipu — <<1, 3aMeHss SIN &; 707 ® &y 707, HAXOAUM IIUPUHY II0 IOJIOBUHE MOII-
a ’ ’

HOCTHU

A
a
Ortoil (hopmyJoil ¢ AOCTATOUYHOM ISl MPAKTUKH TOYHOCTHEO MOKHO MOJIb30-

2 &35 ~51 (34)

BaThCs MPHU 88 5 < 30°.

HanpaBnenuss MakCUMyMOB OOKOBBIX JIETIECTKOB MPUOIU3UTEIFHO UMEIOT Me-
CTO TIpH ‘Sin 77‘ =1,T.e.

wa . T
7sm gm,n:(2n+1)5; n=+1,+2..,

OTKyJa
sin &, = 2n2+1§’
Y BEJIMYMHBI OOKOBBIX MaKCUMYMOB
1 2
|Fc(‘9m,n)|z = : (35)
7;?|sin €m,n| z(2n+1)

YpoBeHh MAaKCUMYMOB MEPBOTO, BTOPOTO U TPETHEro OOKOBBIX JICTIECTKOB IO
OTHOIIEHUIO K TJIaBHOMY COCTaBJIsIeT cooTBeTcTBeHHO 21,2; 12,7 1 9,1 % (B menube-
Jlax cooTBETCTBEHHO - 13,471b; - 17.92 nb u - 20.82 nb).

Koaddumment nanpasnennoro aeiicteus (KHJI) cucteMbl M30TpOMHBIX W3-
JaTese onpeneauM mo GopMmyie:
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dr

D (36)

m = 2T '
j ij(g,go) sing dg de
00
[Toncrapisis B 3Ty opMyITy IUarpamMmy HalpaBJICHHOCTH cucTeMbl (31) 1 uH-
TErpUPYys IO @, HAXOIUM

;rAL _”al
_1 I [smnj A d(—?7)=i j Sinznd(lj:
n ra 2ra by n

sin ™
= M|y Ao @ (37)
na ra A
A
rac
27ra
j ﬂdt

[Ipu BO3pacTaHuM MJIMHBI CUCTEMBI (z >1) nepBoe ciaraemoe B (37) ObicTpo

yObIBaeT. Bo Bcex MpakTUYECKUX CIy4yasx UM MPEeHEOpEeraroT Mo CPaBHEHUIO CO BTO-

peiM. [Tpu %21 IPUHUMAIOT Si% ~ % nomyckasi omoky He 6osiee 10 %. Torma

KO3 GULIMEHT HAIIPaBIECHHOTO IEUCTBUS ONpEEIsieM B BU/IE:
a
D,=2—. (38)
A
Cnyuai 2. Cuctema, B KOTOPOI aMIUTUTYHOE paclpeeieHne cragaceT K Kpa-
/4
M TI0 3aKOHY KocuHyca, T. €. A(z)=cos— z. Ilpu stom (pa3oBoe pacmpenencHue
a

ocTaeTcs MOCTOSHHBIM, T.¢. @(2)=0 (puc. 8).

W'z
4

—af2 0 af2

Fuc 2
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Torma guarpamma HaIpaBJIEHHOCTH JUHEWHOW CHCTEMBI U30TPOIHBIX U31y4a-
TEJIEH UMEET BU:

_sin(n+”j sin(n—ﬁ)_
a 2 2
fe(n)=> ' (39)
+7 _
] n 5 n 2 |

CyMMupysi OpAMHATBI KPUBBIX, OMPEACIISIEMbIX ABYMs ClIaraeMbIMU (HOPMYJIbI
(39), nerko yoexxmaaemMcsi B TOM, 4TO CIaJaHU€ aMIUIMTY/IbI TOKa (MOJIs1) K KpasM CH-
CTEMBbI IPUBOJIUT K YBEIMUYECHUIO IIUPUHBI TJIABHOTO JIETIECTKA JUarpaMMbl HAmpaB-
JIEHHOCTH M YMEHBIICHUIO YPOBHSI OOKOBBIX MO CPABHEHUIO C CHUCTEMOMW, UMEIOIICH
MOCTOSIHHYIO aMIUIUTyAy. [Ipy yMeHbIIEHMN aMIUIMTYAbl TOKA Ha KpasgX aHTEHHBI J10
HYJISl IIMPUHY TJIABHOTO JienecTtka 1o yposHio 0,707 no nosto win 0,5 Mo MOIIHOCTH
MOJTy4aeM B BUJIC:
A
:
a
a BEJIMYMHA TIEPBOT0 OOKOBOTO JIETIECTKA COCTABISECT OKOJIO 7 %, T. €. yMEHBIIIaeTCs
Oonee ueM B TpH paza (a0 -23,1ab). DpdekT ymeHbmieHuss OOKOBBIX JIEIECTKOB U
pacivpeHusl TIIaBHOTO HaOo1aeM Ha rpadukax puc. 9. HopMupoBaHHyIO quarpam-
MYy HaNpaBJICHHOCTH B ATOM CIy4ae JIETKO IIpeoOpazoBaTh K 0ojiee KOMIAKTHOMY BH-

Ay

2 &5 ~ 68 (40)

(41)

Puc. 9. /lnarpamma HampaBJI€HHOCTH JTMHEWHOMN CHCTEMBI M30TPOMHBIX M3NTydyaTenen
IpY MTOCTOSTHHOM (KpuBas 1) v criafaroieM K KpasiM TI0 3aKOHY KocuHyca (KpuBast 2)
aAMIUIUTYTHOM paclpeeIeHUH
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Taxum o6pa3zoMm, HanboJee y3KUid TTIaBHBIN JIETIECTOK AUarpaMMbl HallpaBIICH-
HOCTU B CHH(]a3HBIX CHUCTEMaxX OOECIEUMBAETCS NPU MOCTOSHHOM aMIUIMTYAHOM
pacnpeiesieHuy, OJHAKO IpPH 3TOM BEJIUK YPOBEHb OOKOBBIX JIEMECTKOB. UTOOBI
YMEHBIINUTHh 3TOT YPOBEHb, CIEAYET NPUMEHATH CIAJAIOIICE K KPasiM CUCTEMBI aM-
IUIUTYTHOE PACHpPENEICEHUE, OJJHAKO ITO IPUBOAUT K PACILIMPEHUIO ITIaBHOIO JIETIECT-
Ka AxarpaMMbl HaIIpaBJIE€HHOCTH. [l yMEHbIIECHU IMPUHBI TIIaBHOIO jenectka JIH
HAJ10 YBEJIIMYUTH JJIMHY AHTCHHBI.

6.3.2. HecundasHbie cuCTEMbI € IOCTOSIHHBIM U CIIAJAKIIMM K KPasgM aM-
IUIUTYAHBIM pacnpeejeHuAMHI

B oOmem cnydae ¢azoBoe pacmpeneieHue B CUCTEME OOBIYHO YI0OHO TMpe-
CTaBJIAThH B BUJIC CTEIICHHOTO Psiia

PO =KS + kgP kgt =2k, (42)

rae ¢ =2z/a — npuBeaeHHas KOOPAUHATA, TO3BOJISIONas onpeaenuTs JH an-

TEHHBI JIFOOBIX pa3MePOB a.

PaccmoTpum BiMsHME Ha AWarpaMMy HaIPaBICHHOCTH OTIEIBHBIX YJICHOB
3TOrO psija.

Cayuan 1. ®a3za u3MeHseTCs BIOJIb CUCTEMBI 110 JIMHEHHOMY 3akoHy (puc. 10).
[MoncraBuss A(L) =1 u ¢(4) =k, momyuyaeM MHOXKHUTEIb CHCTEMBI

sin(77 +k,)
n+k

1 1
: a ke ar i
fc(g):_J'e'klé“emé“dé/:_J'el(nJrkl)Cdg:a ,
2 2
-1 -1
KOTOPBIN SBIISIETCSl BEIECTBEHHOW (yHkiuen. CrenoBaTeabHO, aHTEHHA W3JIy4aeT
chepruvecKyro BOJIHY, IIEHTP U3IyueHHsI KOTOpoit ((pa3oBblii IEHTp), HAXOIUTCS B Ce-
pPEIUHE CUCTEMBI.
HopmupoBanHas nuarpamMma HamnpaBJICHHOCTH CH-
CTEMBI
vfe) E ()= SN (1+k)
c\17) =
1n+k

KaK (yHKIMS 0000IIEeHHONW KOOPJIUHATHI 1), COBMa-
naeT mo ¢opMe ¢ AuarpaMMoi HampaBICHHOCTH

g cuH(pa3HOM CUCTEMBI C TMOCTOSHHOM aMILTUTYIOH,
HO CIBHUHYTAa OTHOCHUTEIILHO HEE B JCKAPTOBOW CHU-
creMe koopauHar, (puc. 11) Ha BenuuuHy

Puc. 10 ="K ==Pn, (44)
re @ — CABUT MO (a3e Toka (IoJsl) Ha Kparo CHu-

, (43)

v

|
=
|

CTEMBI 10 OTHOIIEHHUIO K (pa3e Toka B ee cepeauHe. CIBUI MakCUMyMa JHarpamMMbl
HaIIPaBJICHHOCTH B PEAJIbHBIX yTJIax MOKa3aH Ha puc.11.
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0.5

-90 0 90

Puc. 11 JIluarpamma HanpaBiI€HHOCTH CUCTEMBbI M30TPONHBIX M3JIydaTesiel ¢ MOCTOo-
AHHBIM (KpuBas 1) ¥ TMHENHHBIM (KpuBas 2) (pa30BbIMU pacTpeaeIeHUIMU
N3 (44) nerko HaWTH 3TOT CABUT, IT0JIaras

ma .
TSII"I €noe = Pm>
OTKYJla IIPU MAJIBIX YINIAX €,,,, < 30° Haxogum

o 3
BN 57,3@7““5. (45)

[ToBOPOT TITABHOTO MaKCHUMyMa JUarpaMMbl HAITPaBJICHHOCTH ITyTEM JTMHEHHO-
ro u3MeHeHus (a3bl BAOJIb aHTCHHBI U3BECTEH KaK «METOJ AJIEKTPHUECKOTO KadyaHUs
Jy4da» U MIAPOKO MPUMEHSIETCS B aHTEHHAX PaJHOIOKAIIMOHHBIX CTAHIIUN.

JIuneitnoe n3MeHeHue (as3pl MOJIE UMEET MECTO, HAlPUMEP, B PaCKPhIBE Tapa-
0O0JMYECKOI 3epKabHON aHTEHHBI MPU HEOOJIBIIIOM CMEIICHUH 00TydaTens u3 poky-
ca B (hOKaJIbHOM TUIOCKOCTH.

Cayuan 2. ®a3a Toka (10J15) K3MEHSETCS BJIOJIb CUCTEMBI IO KBAJAPATHUYHOMY 3a-
KoHY (puc. 12).

KBagpatuunsie ¢a3zoBbie u3Me-
HEHUS WK (Ha30BbIC HCKAKCHUS UMCIOT
MECTO, HalpuMep, B PYHOPHBIX aHTCH-
HaX WM B 3EpPKAJIBHBIX Iapadonde-
CKMX TIPM CMEIICHHH OO0JyJaTeNs |3
(dhokyca B0JIb (POKaTHLHOMN OCH.

[IpenmomaraeM amIUIATYIHOE U
(dazoBoe pacnpeieNICHUsI PaBHBIMHU:

v
N

Puc.12

AL =L () =kol?, (46)

TOoraga KOMILICKCHBIM MHOXXUTEJIbL CUCTEMBI moJry4acM B BUC
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fo () = j el e d = 2 j e+ ¢ (47)

-1
VYpocTum HHTErpa, BBeisd HOBYIO IEPEMEHHYIO U, IoJiaras
n.
S 48
~= 2k 2k2 de= 2k2 (48)

TOrZ1a

2 2 2
/ n~ w2 |« n n~_ . m.2
+k Uu-—+—-U"- |[—1nu + —=———++—U". 49
g +kpl? = 2K, M-zt 2%, n K, a2 (49)

ITocne moacranoBku (48) u (49) B (47) nonquM

f.(7) ——Jz—ze I e'? (50)

ulz—/2k2+ 7 (51)
T \/27Z'k2
2k2 n
u 21’ + .
2 T a’272'k2

rac

JIerko 3amMeTuTh, 4YTO

u, o u, . u, .,
e'?U du = j et du — j e'# du, (52)
u, 0 0

[6"8 du=C(u)+i S(u),
0

u u
rae C(u) =ICOS(%u2jdu u S(u):jsin(%uzjdu — TaK Ha3bIBa€MbI€ HWHTErPAjIbl
0 0

OpeHes.
Bripaxass KOMIUIEKCHBII MHOYKHMTEIb CHCTEMBI uepe3 HHTerpainbl PpeHerns,
MOJTy4YUM

ie“sz{[cwz)—cwlmi[S(uz)—swl)]}. (53)

MHOXUTENb CHCTEMbI — KOMIUIEKCHAsT (PYHKITUS, TTOITOMY aHTEHHA HE MMEET
(dazoBoro 1MeHTpa, T. €. U3TydaeMas €10 BOJIHA He ABiseTcs chepudeckoit. Kpome To-
ro, HyJ JECUCTBUTEIBHOM U MHHMOM 4aCTE€d MHOXKMUTEJS CUCTEMBI HE COBMNAAAIOT,
MO3TOMY HAaNpaBJICHHUS HYJIEBBIX M3JIYYCHUH B JUarpaMme HaIlpaBICHHOCTH OTCYT-
CTBYIOT. DTH CBOMCTBA KOMILUIEKCHOTO MHOKUTENS JIETKO MPOCHEAUTH C MOMOIIBIO
crupanu Kopmnro [1;2].

1Ec (m) :%
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JleTanpHOE MCCIIEOBAaHUE KOMIUIEKCHOTO MHOMXHTENS CHCTeMbI (53) MOXKHO
npoBecTH ¢ nomolsio uHTerpanoB dpenens. [logo6HOe UccenoOBaHNEe OTIMYAETCS
IPOMO3AKOCTBIO M HEAOCTATOYHON TOYHOCThIO. COBpEMEHHAs BBIUYMCIUTENIbHAS TEX-
HUKA MO3BOJISICT BBIMOJIHUThH pacyeThl JUarpaMM HaIpaBJICHHOCTH aHTEHH C KBajpa-
TUYHBIMHU (DA30BBIMH U3MEHEHUSIMU HE C UCIOJIb30BaHHEM HHTerpanoB dpenens, a
NyTeM 4YHClIeHHOTo umHTerpupoBanus. I[lo gopmyne (47) paccuuThiBaIUCh Hampas-
JICHHBIE XapaKTEPUCTUKHU aHTEHHBI C Pa3IMYHBIMU (PA30BBIMU OIIUOKAMH, T. €. C pa3-
JUYHBIMM 3HAYEHUSMU BEIWYUHBL @ (puc.l2). JmarpaMMbl HallpaBJIEHHOCTH IIPU

MOCTOSIHHOM aMILTUTYTHOM paclpe/ieieHUN B aHTEHHE PUBEACHBI Ha puc. 13.
[IpuBeneM OCHOBHBIE pe3yJbTaThl YHCICHHOTO HcciieqoBanusi JIH antenH c
MOCTOSIHHBIM aMIUIUTYJAHBIM W KBaJ[paTUYHBIM (Pa30BBIM paCIpeIesICHUIMH, UMEIO-
LIMMH [IPAKTUYECKOE 3HAUECHUE:
1) Ecnu MakcumalibHOE UCKakeHHe (a3bl (T. €. OTKIOHEHHE OT CHH(pa3HOCTH

T
Ha Kpar CHCTEMBI (O =Ko ) HE IPeBOCXOIUT 3’ YTO COOTBETCTBYET Pa3HOCTH XOZa

A
E’ TO AuarpaMma HaIIPaBJICHHOCTH ITPAKTHUYCCKHU HC HCKAXACTCA II0 CPABHCHHIO C

JUarpaMMOM HaIpaBJIE€HHOCTU CUH(Aa3HOI CUCTEMBI.

F(e)
1.0

(2]

0 90
0)
Puc. 13. JluarpamMmma HanpaBIeHHOCTH MPHU PA3IUIHBIX (a30BbIX omuoKax a) 1—

0,=0;2—¢,=7/8;3—¢,=7/3;4— ¢,=7/2;5—¢,=087;0)1— ¢,=087;2—
¢, =1257;3 —¢,=1757;4— ¢, =2x.

T
2) Tlpu otkiaoHeHuH (a3bl Ha Kpar CHUCTEMBI, HE MPEBOCXOAIIEM 3 (pas-

A
HOCTb XOJa E), MHAPHUHA TTIaBHOTO JICIICCTKA AUuarpaMMbl HAIIPABJIICHHOCTH I10 ITOJIO-
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BHHE MOIIHOCTH COXPAHSETCS, HO aMIUIUTYbl OOKOBBIX JIETIECTKOB HECKOJIHKO BO3-
pacTaroT, UCUYE3al0T HANPABJICHUS HYJEBBIX U3IyUYCHUM, MEepBbIe OOKOBBIC JICMIECTKU
CJIMBAIOTCS C TJIABHBIM.

3) Ecnu ¢a3oBbie HCKa)KEHUS TOCTUTAIOT BEJIMYMH MOPSIIKA 1.757, TO IJIaBHBIH
JIENIECTOK MMEET MPOBaJl U MOYTH BJBOE OOJBIIYIO HMIUPUHY, a OOKOBBIE JIETIECTKU
PAKTUYECKU UCUE3AI0T.

Wcxons 3 3TUX BBIBOJOB, 0OOCHOBBIBAIOT JOMYCTUMbIE UCKaXKeHUS (Da3bl pU

L T
HN3TrOTOBJICHUH aHTCHH, IIPUHHUMAaA B KAYCCTBC JOITYCTUMBIX BCIIMYWH g nimn § , B 3a-

BHCHMOCTHU OT TP€OOBaHUM K JUarpaMMe HarpaBJIE€HHOCTH.
Cnyyan 3. AMIUIUTYTHOE pacIipe/ie]ieHHE ClaJacT Ha KpasX aHTEHHBI MO 3a-
T T a 2
koHy A(z) = cosgz 170031 A({):COSE.{ (Tak Kak Z:EQ’), a pazoBoe — ¢ = ko(“.
Ha puc. 14 npuBenena cepus quarpaMM HanpaBIE€HHOCTEN, PACCUMTAHHBIX IS
aToro cirydas. ConocraBieHue KpUBbIX pucC. 13 u 14 npu o1HKUX U TEX KE 3HAYEHUAX
(ha30BbIX OMMOOK MOKA3bIBAET, YTO MPU KOCUHYCOUIAIBHOM PaCIpEAeICHUH aMILIU-
TyAbl TOKA B PACKPBIBE AHTEHHBI U3MEHEHUE AUArPAMMBI HAIPABICHHOCTH, BBI3bIBA-
emMoe (ha30BbIMU MCKa)KEHUSAMH, 3HAUYUTEIbHO MEHBIIE, YEM MPU PABHOMEPHOM pac-
[IPEAEICHUN aMIUIUTYbI TOKA B allepType aHTEHHBI.
IF(s)
1-0

-90 0 90
Puc. 14. Jluarpamma HanpaBJI€HHOCTU JIMHEWHOW aHTEHHBI MIPU CHIaJaloIeM
aMIUTATYIHOM PAaCIpeCICHUN U Pa3IUYHbIX KBaIPaTUYHBIX (pa30BBIX OIIMOKAX :
1-¢,=0;2—¢,=7/2;3—¢,=7;4—¢,=2r.

Ae) Cayuan 4. ®a3a u3MeHsIeTCSL BAOJb CHUCTE-
] MBI TI0 KyOu4yeckoMmy 3akoHy (puc. 15), amrum-
TyJIHOE paclpeeIeHUe NOCTOSHHOE.
. AQ) =11 p({) =kg® (54)
Puc.15
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KoMIjiekCHBIN MHOKUTEIL CUCTEMBI

1
fo(m = [e's~ eModg (55)
X
MO>XXHO HaﬁTH, Pas3JIOKUB B pAd MHOKUTCIIb
. 3
ek:C® _1 4 ke %(k3(;3)2 _. (56)

[Tpu manbix (ha30BBIX UCKAKEHHUSIX JOCTATOYHO OTPAHUYUTHCS MEPBHIMU JIBY-
Ms 4jeHaMH psja. Torma:

sinn_aksjl— 0° (€%)d =

1
. a . .
f ~— | (A+ik,¥e™dl =a
(1) 2];( $7) ¢ o

-1

sinp d° (singy
3 3
7 o\ 1
AHaJOTMYHBIM 00pa30M MOYKHO YYECTb WIECHBI Pa3JIOKEHUS BBICIIUX CTEIle-
HEH, MPUYEeM MHOXKUTEIh CHCTEMBI OCTAETCsI BEIIECTBEHHOW (PYHKIIUEH, T. €. CUCTeEMa
uMeeT (pa3oBbIid LEHTP.
[Ipon3Boast yMcieHHBIE UCCIECIOBAHUS MOJAOOHBIX aHTEHH, MOXKHO IOKa3aTh,
YTO HaTU4ne KyOndeckuX (ha30BbIX MCKAKEHHUM MPUBOAMUT K TIOBOPOTY TIABHOTO Je-
MeCcTKa ¥ aCHMMETPHUH BCE auarpaMMbl HampaBlieHHOCTH. BOKOBbIE nenecTku, pac-
MOJIO’KEHHBIE C TOH CTOPOHBI, B KOTOPYIO CMECTHUJICS TJIaBHBI MaKCUMYM, YBEIHIH-

BAIOTCS, & C MPOTUBOIOJIOKHOM — yMeHbInarTcs (puc. 16).

F(e)
1.0

(57)

Puc. 16. JluarpamMmma HarpaBIeHHOCTH JTUHEHHON CUCTEMBI C TTIOCTOSIHHBIM aM-
TUTUTYTHBIM U Pa3JIMYHBIMU KyOM4eCKUMU (ha30BBIMH paCIpeIeICHUSIMH:

3
1- (/)m:0,2—g0m=7z/2,3—(pmzz7r.
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Hckaxenus AunarpaMmbl HAIIPABJIICHHOCTHU HC BBIXOAAT 3a JOIMYCTHUMBIC IIPCIAC-
JIbI, CCJIN (1)331)1 Ha KpasaX CUCTCMbI HC IIPCBOCXOIAT CJ'ICI[YIOHIGﬁ BCJINYHHEBI

T
@m:k3S§.

Ky6uueckue (a3oBbie HCKaXKEHUS] BO3HUKAIOT B 3€pKAJIbHBIX M JIMH30BBIX aH-
TEHHAX MPU CUJILHOM CMelIeHUH o0mydaTesns u3 ¢pokyca B (OKaTbHOMN MIOCKOCTH.

6.3.3. Cucrema ¢ Oerymie BOJTHOM

PaccMoTpuM nHHEHHYIO cHCTeMy 3JEMEHTApHBIX H3Iydarenei, Bo30yxkiaae-
MBbIX Oerymel BOJHOW, KOTOpas IBHYKETCSA BJOJb OCH AHTEHHBI B HAIPABJICHUU OCH
Z. Ilpumepamu TakoOM CHUCTEMBI MOTYT CIIYKUTb IPOBOJ WIIM JUAJICKTPUYECKHI
CTEPKEHb C PACIPOCTPAHSIIOMIENCS BJIOIb HUX BOJIHOM.

KomnuiekcHas aMInTyna TOKa B CEUEHUM Z IIPOBOJIA PaBHA

. ; _aar _jrka
I(z) =16 % et =10 2 e 2, (58)
rae o — Ko3(PUIMEHT 3aTyXaHus;

_2n _ 2x
kC — IIOCTOAHHAasA CABUI'A (1)33131 B CUCTCMC, IIPUYCM kC = T = 7 .

=¢k;

>

A — 1vHa BOJHBI B CUCTEME;
E=1/A — kodDPUIMEHT 3aMeICHUS;
| | —aMmanTysa ToKa B CepPEeIMHE CHCTEMBI (B Hauase KOOpMHAT).

F(e)
1.0

m

-90 0 90

Puc. 17 Jlnarpamma HanpaBJI€HHOCTU aHTEHHBI OETyIIEeil BOJHBI IIPU Pa3HbIX 3HAYe-
HusX kodduumenta 3atyxanus: 1-a=0; 2-a=1;3 - a=2;4—a =3
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AMIUTYHOE U (ha30BOE paclpe/iesieHUs paBHbI

AQ)=e 7% Q) =Lekas. (59)
MHOXUTENb CUCTEMBI
i tka) aa
el (o) ]
n@)—%fﬂ ;) 2}dg:a o (60)
h '(77_2}_2

ABJISIETCSI KOMIUIEKCHOM (DYHKIMEH, clieJoBaTeNbHO, CUCTEMa HEe HUMeeT (Ha3oBOro
neHTpa. Hampapnenus HyleBbIX U3NydeHU OTCYTCTBYIOT. JIH 1u1st ciiyyaeB pa3HbIX
o, TIpeicTaBjeHa Ha puc. 17.

Ecnn MoxHO mpeHeOpeyb 3aTyXaHMEM BOJHBI BJIOJIb CUCTEMBI, T. €. IOJa-

aa
I‘&TB7 ~ 0, TO BBIPAXKCHUC OJIA MHOKXHUTCIIA CUCTCMBI CYIIICCTBCHHO YIIPOIIACTCA:

shi(n—fkaJ sin(n—gkaj .

fc(ﬂ)za 2 —a 2 :aS|nu (61)
( fka cka u
'(77_ 2 j (Y

Y CTAaHOBUTHCS BellleCTBeHHOU ¢GyHKIMeH. Takum o6pa3om, B OTCYTCTBUE 3aTyXaHUS
CUCTEMA U3IIydaeT cPepuuecKyro BOJIHY, (a30BbIi IIEHTP KOTOPOW HAXOJUTCA B Ce-
pEIUHE CUCTEMBI.

Ecnu ckopocTh pacnpocTpaHeHHs] BOJHBI BJIOJIb CHUCTEMBI paBHA CKOPOCTHU

pacrpocTpaHeHuss B CBOOOJHOM MPOCTPaHCTBE, T. €. fzK:L TO HaIpaBJICHUE

[JIABHOTO MaKCHUMyMa JuarpaMMbl HAMNpaBJI€HHOCTH COTJIaCHO BbIpaxkeHuwo (61)
ONPENENSAETCS U3 YCIOBHS
a a
n—%_’; (cosg, —¢£)=2 ; 78 (cos 9, —1)=0. (62)

Otcrona Haxogum 6, =0, T.e. INIaBHBIM MakCUMyM JuarpamMmbl HaIpaBJIECHHOCTH

OpPHUCHTHUPOBAH BJOJIb JIMHUK PACIIOJIOKCHUA CHUCTEMBI B CTOPOHY PACIPOCTPaAHCHUS
BOJIHBI.
JIerko 3aMCTUTh, UTO IICPEMEHHAas U MCHBIIIC MJIM PaBHA HYJIIO U

a
=— 9-1)<0,
: (cos )

CJICI0BAaTCIbHO, HOPMHUPOBAHHAA JUarpaMMa HAIIPaBJICHHOCTH CUCTCMbI

sm[ /Ia(cosﬂ )} sinu

7a ~—(cos9-1) u

F.(9)=

(63)

sinu

XapaKTEepU3yeTCsl YaCTbI0 KPUBOM , Jexareit B oomactu U <0.
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[IluprHa TrIABHOTO JIETIECTKA JWMarpaMMbl HAIIPaBJICHHOCTH 110 IIOJIOBUHE
MOIIHOCTH OIIPEIEIACTCS U3 yCIOBUSA

. wa
— 9-1
sin i (cos )

=0.707,
79 (cos 9-1)

OTKyla, B clydae Vy3KMX Jiydyel, paszjmaras B psaag COSY, MOIy4dUM

(COS 9_1):i %0, 4431 wmm

2 %5~108,[% . (64)

H_II/IpI/IHa IIaBHOI'O JICTICCTKA JUArpaMMbl HAIIPABJICHHOCTU CUCTCMBI OCCBOI'O

A
HU3JIYYCHHA IIPOIIOPIHUOHATIbHA KBAAPATHOMY KOPHIO U3 OTHOIICHUA —, a4 B CUCTCMaAX
a

C TIONIEPEYHBIM H3TyYECHUEM — TIEPBOM CTETICHU ATOTO K€ OoTHOIICHHs. ClieoBaTeb-
HO, CHCTEMBI C MOMEPEUYHBIM M3JIyYCHHEM (OPMHUPYIOT MPU OAWHAKOBBIX (B IJTMHAX
BOJIH) pa3Mmepax 0oJiee y3Kuil TJIaBHbIN JierecToK. OJIHaKO CUCTEMbI OCEBOTO U3JTyye-
HUSA GOPMUPYIOT y3KHI JIETIECTOK OJTHOBPEMEHHO B JIBYX IUIOCKOCTSIX, YTO SIBIISAETCS
uX OOJBIIUM IOCTOMHCTBOM.

Ecnu ckopocth pacnpocTpaHeHUs] BOJTHBI BJIOJIb CUCTEMbI MEHBIIIE CKOPOCTH B
CBOOOJTHOM TIPOCTPAHCTBE, T. €. & >1 (Ha HEOOBIIYIO BEIMUUHY), TO MHOXHUTENb CH-

CTEMbI JOCTUTACT MAKCUMAJIBHOI'O 3HAYCHUS TAKKE ITPU 19 = 0, IMpU4IcMm
. | ma
sin| =—(1-¢)
A
za
(1-¢)
HOpMI/IpOBaHHaH AuarpamMma HallpaBJICHHOCTHU CUCTCMbI paBHA

. | mTa
Fo(9)=—¢ :f'”b(‘m‘g‘g)}: Uy _sinu
A

fon =2 =aN.

(65)

. sinu . .
OHpCI[GJ'I?ICTCH qaCTbO KpI/IBOI/I —, JICKAIICHU B O6HaCTI/I OTpI/II_[aTeJ'II)HBIX 3HAYCHUU
u

aprymMeHra

za

u==—(cosd—¢&)<up,

A

rac
ra
um:7(1—§)<0. (66)

[Ipu Bo3pacTaHuM KO>PPUIIMEHTa YKOPOUECHUS BOJHBI & (T. €. YBEIMUEHUHU
MOJyJIsl Uy ) IIKMPHHA IJIABHOTO JIEMIECTKA AMarpaMMbl HaIIPaBIE€HHOCTH YMEHbIIAeT-
Csl, UTO CIOCOOCTBYET yBEIMYEHHUIO KOA(p(UIIMEHTa HalpaBleHHOTO AeicTtBus. On-
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HOBPEMEHHO C 3THUM YMEHBIIAETCS U CaM MaKCHMYM TJIaBHOTO JIEECTKA, OTHOCH-
TEJbHBI ypOBEHb OOKOBBIX JICTIECTKOB BO3PACTAET, YTO YMEHbBINAET KOIDPUIIMEHT
HampaBieHHoro nedctBus. CienoBaTeiabHO, JOJKHO CYIIECTBOBAaTH HEKOTOPOE OTl-
TUMaJIbHOE 3HauYeHHuEe KO3 (ULIUEHTA BOJHBI & npu kotopoM KHJI nomken ObITh

MaKCUMaJIbHBIM.
[ToacTammisist BEIpaKEHHWE NJIs JUarpaMMbl HampaBiieHHOCTH (65) B dhopmymy
s onpenenenns KH/ (36), naxoaum
2rrw
1 1( up, sinu
—=— sin% dyd
D 47z[smu J H( u ) v

m

HNHTerpupys o ¢ u BBOAS HOBYIO IEPEMEHHYIO HHTETPUPOBAHUS

u :”—a(cosg—f), du=-"2sing dJg,
A A

II0JIydacM
2u , . 2
izi .Um J(smuj id(_u)zi Jsm ud( j
D, 2\sinu, ) 7 u a 2ral sinug, u
1( u, Y[sin?y sinu
=—( — ) 1_ M —(Si 2u, —Si 2u,) |, (67)
kal sinup, Uy Up,
rac
1
Umzzka(l—f);

" :-%ka(1+ 5.

Ecau cucrema nMeet OOJIBITYIO OTHOCUTEIBHYIO JITTHHY, a KO3(PGUIIMEHT YKO-

pOYEHUS BOJHBI MaJIO OTJIMYAETCSA OT €AUHUIIBI, TO Sin2 U / U ~ 0, Si 2u, ~—7x/2; cle-

2
L_ A Un (£+Si 2umj—um | (68)
D, 2ra|lsinu, 2

Orcronga BUIHO, 4TO KOA(M(UIIMEHT HAMPABICHHOTO JEHCTBUS CHUCTEMBI SIBIISICTCS
(GyHKIMEH BEIIMYUHBI

JIOBATeJILHO,

Un =“7a(1—a).

2
Um
IIpu n3menennn Uy, B npenenax —z <Upy <0 ¢yHKmus | — U3MEHSETCS MO-

sinup,

. T
HOTOHHO, a Sl 2U,,, UIMEEeT MUHUMYM IIpU Uy = 5 JeTanbHO€E UCCIIEI0BAaHUE ITOKA-

3bIBaeT, 4To (pyHkKIus (68) nocturaer Munumyma (a KHJI makcumanen) npu
Uy =208~ -7/2, (69)
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OTKYJla ONITUMANIbHBIN KO3()PUIIMEHT YKOPOUEHUS BOJIHBI paBEH

Eonm :l+£. (70)

Kaxk BugHo u3 (69), Makcumanbabii KHJI nocturaercst mpu ycioBuu, Korja Ha
JUIMHE CHCTEMBI Haber (a3bl BOJHBI, pacIpocTpaHsionieiics B cucreme, Ha 180° mpe-
BOCXOJIMT Haber (pa3bl B CBOOOIHOM IIPOCTPAHCTRE.

Kosddurment HamnpaBieHHOTO NEHCTBUS B OTCYTCTBUU YKOPOUEHHMSI BOJIHBI
Jerko Haitu u3 (68), moacrasiss & =1:

a

Pacuetst o hopmyne (67) mokasanu, 4To:
1) onTuManibHOE 3HAYEHUE PA3HOCTU Habera a3 MPaKTUYECKU HE 3aBUCUT OT
JUTUHBI CUCTEMBI;
2) ontumanibHoe 3HaueHue KHJI B 1,8-2 pa3a mpeBOCXOAUT €ro 3Ha4YeHUE B
OTCYTCTBUU YKOPOUYEHUS BOJIHBI U COCTABJIISIET
D onm = 8% ; (72)
3) IpH MONOKUTENBHBIX 3HAUCHUSX Pa3HOCTU Habera (a3, T. €. B yCKOPSIOIINX
cucremax (& <1), KHJ/l 6picTpo nagaer, no3ToMy IpUMEHEHHE TaKUX CHUCTEM Hepa-
LMOHAJIBHO.
CpaBumBas (38) ¢ (71) u (72), 3ameuaem, uto KHJ[ cuctemsr oceBoro mzimyde-
HUS TPUMEPHO B 2+4 pa3a MpeBOCXOAUT KOIPPUUMEHT HAMpPaBICHHOTO JIEWCTBUS
CUCTEMBI MOMEPEYHOTO U3ITYUEHUS IPU OAMHAKOBOM 3JIEKTPUUECKOW JTMHE CHCTEM.

7. MJIIOCKASI CACTEMA MU3JYYATEJIEA
[Tycth Ha yuyactke tiockoctr X0y (puc. 5) ¢ miomanpo S, HanpuMmep, B pac-

KpbIBE PYIIOPHOM, 3€PKaJIbHOM WJIM JIMH30BOW AHTEHH 3aJaHO PACHPENCIICHUE DJIEK-
TPUYECKOIO IMOJIA, BEKTOPbI KOTOPOIO BO BCEX TOYKAX PACKpbIBA IapajuICNIbHBI,
HaIrpuMep, OCU X, MpuyYeM (POHT BOJIHBI, T. €. TOBEPXHOCTH PaBHBIX (pa3 3TOro moJs,
MaJIO OTJMYAETCS OT IIOCKOCTH. [Ipn 3TOM yCIIOBUM pacKpbIB aHTEHHBI ITPEACTABIISA-
eT co00i1l cucTeMy OJIMHAKOBO OPUEHTUPOBAHHBIX U3Nydyaresnel ['toiirenca.

[Tone, BO30yxkaaemMoe 3TOM cUCTEMOW B JaibHEN 30HE, onpeaensercs Gopmy-
JI0M
ikE e

A

i
E= jdE:(—§OCOS¢+¢OSin¢)(l+ c0sJ)- W(r)x (73)
XJ’ A(X, y)eigo(x,y)eikr'cosadS ’ \P(r):e‘”‘r/r,
S

rae E, u @, — aMILIMTYy1a U HadaibHas (pasa 1oJis B Hadajle KOOpAUHAT.
PaccMOTpHM KOMIUTIEKCHBIH MHOKHUTENb CUCTEMBI C 3aMEeHOH I’ Ha I

£.(9, ) = j A(x, y)ei® (¥giks cos 9iq (73a)
S
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B LIMPOKO BCTPEYAIOLIEMCS HA ITPAKTUKE ClTydae MPsSMOYTrOJIbHOTO PACKpPbIBA.

7.1. luarpaMMa HANPAaBJEHHOCTH NMPSAMOYT0JbHOI0 paCKpPbIBa
[ToMecTrM Ha4asio KOOPJIMHAT B CEPEANHY PACKpbhIBa, a OCH X M Y HaIpaBUM
napajuieIbHO €ro cTopoHaM. [Ipeanookum, 4To aMIuIMTyaHOe U ($a30BOe pacmpe-
TENCHHS — Pa3ACIIIONINECs. DTO 03HAYAET, YTO aMIUTUTYTHOE PACIIPEACICHUE MOX-
HO MPEJCTAaBUTH B BHUJIC NIPOU3BEACHUS, a (pa3oBOe — B BHIIE CYMMBI ABYX (DYHKITHA,
KaXJas U3 KOTOPBIX 3aBUCUT TOJIBKO OT OJJHOW IIEPEMEHHOM, T. €.:
A Y) = AX)-AY),
P(X,y) = a(X) + @, (Y). (74)
Beipazum COSor B BelpakeHuu (73) depe3 KOOPAUHATHI TOUKU B PACKPBIBE I U
TOYKH HAOIIOICHUA.

y° ys)(x singcose + y°sin gsing+ 7° cos ) =

S

cosa = Fr'= (x°25 4
rS
1 . : :
:r—(xssm gcose + Yy singsing) (75)
S
(3Iech clenana 3aMeHa BEJIMYUHBI Ha puc. 5 I’ Ha I,).
[MoxcraBmsis (74) u (75) B (73) u onmyckast MHAEKC S, MOJYyYHM KOMILIEKCHBIN

MHOXHUTCIIb IIPAMOYI'OJIBHOI'O paCKpbIBa B BUAC

f'C (9,0) = J‘ A&(X)elcﬂl(X)elkx Sin$cos @y o J’ Az(y)el%()’)elky sing sin “dy,
—8/2 —b/2

rae au b — pa3sMepsl H3ITydaromero packpbiBa 1o OCSIM X U Y COOTBETCTBEHHO.
BBops 0600111eHHBIC KOOPAMHATHI C TTOMOIIBIO COOTHOIIICHU I

a 1 .
—Egl; > kasingcose = n,;
—ngi 1 kbsingsing = n,,
3amnuIeM MHO)KHTGJ'H) CHUCTEMBI B 06061116HH01"4 dhopwme:
folm m) == j Alg) e emadg, j Ap(Gz) €7 ehedg, (76)

Jlerko 3aMeTI/ITB, 9710 pu @ =0 MHOXHUTEIh CHCTEMBI 3aBHCHUT TOJIBKO OT aM-
T
IUIUTYAHO-(a30BOr0 paclpeneacHus o BI0JIb OCH X, a IIPH (PZE — OT pacnupene-

JICHUA BJOJb OCH Y. CH@JIOBaTeJ'IBHO, IIpHu pasgCIIIOMICMCs aMHHI/ITYJIHO-(l)aBOBOM

pacnpeneneHuy B MPSIMOYTOJILHOM PAacKPhIBE JUarpamMMbl HAPaBIIEHHOCTH B ILIOC-
kocTsax HaOmomenuss X0z u y0z ompenenstoTcs TOJBKO aMIUIATYAHO-()Aa30BBIMU

pacnpeneNieHUsIMA B T€X )K€ TUIOCKOCTSX M HE 3aBUCAT OT PACIPEICICHUN B TIEPIICH-
TUKYJISIPHOU TIOCKOCTH.
Hanpumep, koMruieKcHbI MHOXKUTED B iockoctu Y0z (p=90°) ompenenser-

Cs BbIPpaKCHUEM
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1 - -
o) = 2 [ AeDendg,. 7
]

Takum 00pa3oM, KOMIUJIEKCHBIH MHOMKUTEIb NPSIMOYTOJBHOTO pPAaCKpbIBa B
paccMaTpUBaEMOM CJIy4ae CBOAUTCS K KOMIUIEKCHOMY MHOKHUTEIIO JUHEMHOW CH-
CTeMBI U3NTydaTeseid. 3aBUCUMOCTD MOCIIETHETO OT aMILTUTYAHO-()a30BoOro pacmupee-
neHust Obla yKe paccMoTpeHa panee. [loydeHHbIe BBIBOJBI O BIMSIHUU aMIUIUTY JI-
HOTO U (a30BOr0 pacmupesiesieHnii Ha IMHUPUHY, YTOJl TOBOPOTa, (POopMy TIaBHOTO Jie-
MeCTKAa M YPOBEHb OOKOBBIX JICTIECTKOB JHMArpaMMbl HAIIPABICHHOCTH TTOJTHOCTHIO CO-
XPaHAOTCS.

7.2. Koo(ppunueHT HANPABJIEHHOT0 AeHCTBUS MJIOCKOI CHCTEMbI M3JIydyaTe-
JIeu
Ecnu u3BecTHa quarpaMMa HampaBJIEHHOCTH IIOCKOTO PaCKphIBa aHTEHHBI, TO
KHJI moxHo Bbrunciuth 1o dopmyse (36). Ognako KHJI MoxxHO HailTh Takxe 1O
M3BECTHOMY aMILIUTYIHO-(a30BOMY paCIIPEICICHHIO TI0JI B PACKPHIBE.
ITo onpenenenuro KH/I pasen:

47 P,
D, =, (78)
PZ
3necy Py — cymMMapHas MOIIHOCTb U3/ Ty4YEHHUs aHTCHHBI.
Reim = ARn/AQ, (79)

rae Py, — MOLIHOCTH, U3llyd4aeMas B €IMHMILy TEJIECHOTO yria B HalpaBJICHUU
IJIABHOTO MAaKCUMYMa JIMarpaMMbl HaIllpaBJIeHHOCTH. AP, — MOTOK MOIIHOCTH 4epe3
wIomaaky AS = FZAQ, Ha KOTOPYIO ONMPAETCS TEJIECHBIM YIOJl Ha PACCTOSAHUU I OT
LIEHTpa aHTeHHbl. BenuunHy AP, BbIpazuM uepe3 IUIOTHOCTh NOTOKA MOIIHOCTH
(3HaueHue BEKTOpa [oitTunra Si(r) B ATOM HaIpaBJICHUU:

AP, =S ()AS =S, (r)r?AQ).

2
Torna Py, (79) ¢ yuerom Toro, urto Sp,(r) = Eg—ér) , IPUHUMAET BU/I;
/4
En(r)
Z1m 12071 ( )
a KH/I paBen
_RE;(R)

" 30P; (81)

Ota Gopmyna yacTo ucnosb3yercs s onpenenenuss KHJI antenH c.B.u.

@pOHT BOJHBI B PaCKpbIBE aHTEHHBI B OOILEM Cllydyae HE SIBJISETCSA MIOCKUM.

OH MOXeT NpeacTaBsATh COO0N HUIMHIPUYECKYIO, CHEepUUYECKYI0 TOBEPXHOCTh WIIN

IIOBEPXHOCTh JBOMHOW KpuBHU3HBL. [lodTOMy m3nyudarenu I'rodreHnca, pacrioioxeH-
HBIE Ha TIOBEPXHOCTH (PPOHTA BOJHBI, OPUEHTUPOBAHBI HEOJUHAKOBO.

YToObl ympOCTUTH BBHIYHMCIEHHUE IOJIS B TJABHOM MaKCHUMyME W3JTyd€HUs aH-

TEHHBI, OTPAHUYMMCS CIIy4aeM, KOTJa B MPEIesiax PacKpblBa OTINYUE MTOBEPXHOCTH
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(GbpoHTa BOJHBI OT TUNIOCKON HEBEJIMKO U AJIEKTPUUYECKUI BEKTOP BO BCEX TOUKAX pac-
KpbIBAa HAIPaBJIEH OJMHAKOBO, T. €. IIPU BBIYUCICHUM aMIUIUTY MOJIEH KaXI0To U3-
Jy4aTeliss MOXHO MPEAINoiaraTb, YT0 OHM OPUEHTUPOBAHbI OJIMHAKOBO. JTO JOIYIIe-
HUE HE NMPUBEAET K OONbIIMM OMIMOKAM, TaK KaK JuarpaMMa HallpaBJI€HHOCTH U3JY-

. 1 . .
garens [roiirenca F (%) = §(1+ C0S$) mMeeT BechbMa «TYIOH» MakcumyM. Jleh-

CTBUTEJIBHO, MpeHeOperas OTKIOHEHUEM HOPMad K (PpPOHTY BOJIHBI HAa Kparo pac-
KpbIBa Ha yroia A9 oT paccMaTpuBaeMoOro HampaBJICHUs, TOMTYCKAEM MOTPEIIHOCTh B
BBIYHMCIICHUU aMILTUTY bl TIOJIS

AE AG?

Hampumep, npu A9 = i—g MOTPENTHOCTH He mpeBocxoauT 10 %.

[Ipu yka3aHHOM BbIIIE AOMYIIEHHUH MOKHO CYUTATh, YTO HAIIPABJICHUS MaKCH-
MyMOB JIHarpaMM HalpaBJICHHOCTH H3Iydaresied ['rolreHca COBIIAIAOT B Mpenesiax
BCEr0 PacKpbiBa C HANPABIECHUEM IJIaBHOTO MAKCMMyMa JUarpaMMbl HAIpPaBJIECHHO-
CTU aHTeHHBI. [Ipyu MOCTOSITHHOM, a TaKK€ CUMMETPUYHOM OTHOCHUTENIBHO CEpPEANHBI
packpbiBa (pa30BOM pacIpe/ieICHUH TJIaBHbI MaKCUMYM HEPIEHAUKYIISPEH PACKPbI-
By. CnenoarensHo, &, =0 1 KBajpaT aMILUIUTYABI JEKTPUUECKOrO BEKTOpa MOJIS B

IJIaBHOM MAKCUMYyME U3Ty4EHHUs B COOTBETCTBUH ¢ (73) paBeH
2

EZ (Hm,gom,R):(%)2 [A(x, y)e”¥ds| . (82)

MoOUIHOCTP U3Ty4YEHHs HAWIEM MHTErpupoBaHrueM BekTopa [loiHTHHra no no-

BEPXHOCTHU PacCKpbIBa:
2 2

. E . E
R = j S(x, y)ds =—> j SOACA%(x, y)ds ~ ﬁ j A%(x,y)ds,  (83)
S S S

1207

rae SO(X, y) u A° — equHMYHBIC BEKTOPHI HOPMaJM K (POHTY BOJHBI U TUIOCKOCTH

pacKphbIBa.
[Toncrasum (82) u (83) B (81), Haxogum KH/I packpsiBa
2

j A(X,y) €0 ds
7T |s

D, = — 84
"2 IAZ(X, y) ds (84
S
BBenem nercTBYOLIYIO TUIOMIAAL PACKPBIBA A, PABHYIO
2
[ A(x, y)e' ™V ds
Ap=" (85)

[A%(x,y)ds

OTHoIIEHNE AEWCTBYIONICH TUIOMIAIN K T€OMETPUIECKON TUIOMAAN PacKphIBa
Ha3BIBAIOT K0P Puyuenmom ucnoivzosanus niouwjaou (Kum) pacKpbiBa
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2
j A(x,y) e?0Yds
S

. : . (86)
S sj A°(x,y) ds
S
Taxum o6pazom, KH/I moxxHO mpeacTaBUTh B BUE
4
Dm :V?S . (87)

[To onpenenenunto KodPPUIUMEHT yCHIIeHHsI aHTEHHBI paBeH npousBeaenuio n KHJI
JIH Ha k03¢ (PUIUEHT OJIE3HOTO ACUCTBUS 77, AHTEHHBI, T. €. I0Jy4aeM

dr
Gm = 7ADn = UAV?S- (88)

[TomuepkHem, uro dhopmysl (87), (86), (85) sBistorcs cTporuMu Jutsl cUH(pa3-
Horo packpeiBa (mpu @(X,y)=0) ¥ NPUOIMKEHHBIMU TP MaJIbIX CHMMETPHYHBIX

OTHOCHUTEJILHO CEPEINHBI PACKPHIBA (PA30BBIX UCKAKECHUSIX.

PaccMoTpum packpbIB C MOCTOSIHHBIMU aMILUTUTYAHBIM U (Pa30BBIM pacmpejie-
JIEHUSIMU. DTOT CiIydyall COOTBETCTBYET HOPMAJILHOMY IMAJCHUIO HAa PACKpPBIB OJHO-
POJHOM IIOCKOU BOJIHBL, T. €.

Alxy) =1, o(xy)=0.
[ToacTasusist 3TH 1aHHbIE B (85), HAXOAUM
A, =s; v=ﬁzl,
S
T.€. JICUCTBYIOIIAS TUIONIAJb CHH(A3HOTO PACKPhIBA C MOCTOSHHBIM aMIUIUTYIHBIM
pacrpeeseHueM paBHa €ro reoOMeTpUYECKOM IUIOIaan.

J[H ¢ nocmosHHbiM BPAMOY20IbHbIU PACKPBIE AMIIUMYOHBIM U TUHEUHbIM (a-
308biM pacnpeodeneruem. 1IpeanosoxKuM, 4TO B pacKpbIBE MPSAMOYTOJbHOU (HOPMBI
amMIuTyiHOe pactpeneiacaue A(X,Y)=1, a usMeHeHnue (a3bl TPOUCXOIUT TOJIBKO

BJIOJIb OCH Y, T.€.

p(x.y) = o(y) = 9(S3) = k&, (89)
rae y:%bé’z.

DTOT cilydail COOTBETCTBYET MAJEHUIO HA PACKPHIB IJIOCKOW BOJHBI MOJ YIJIOM
9

nos*

MaKCI/IMYM TJIaBHOI'O JICIICCTKA ITOBOPAYMUBACTCA TOJIBKO B IINIOCKOCTH yOZ,
MPUYEM B TOM K€ HApaBJICHUHM U HA TOT ke yroi, yro U (poHT BojHbI. CienoBa-
TCJIBbHO, HAITPABJICHUC I''TABHOI'O MaKCUMYyMa OIIPCACIIACTCA yrilaMnu

G, = @, =270°.
CI/IHYC yrjia OTKIOHCHHA MaKCHUMYyMa I'TTaBHOT'O JICTICCTKA JUarpaMMbl HallpaB-
JICHHOCTH OT HOPMaJIM K PacKpbIBY PaBCH OTKIOHECHUIO (poHTa BOJaHBI Al Ha Kparo

nos

PacKpbIBa, IEJICHHOMY Ha IOJOBUHY IIMPUHBI pACKpbIBa BOJIb OCH VY, T.€.
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=52 b 1 (90)

OTOT ciy4ail CBOIUTCS K MPEAbIAYIIEMY, €CITH WHTETPUPOBAHUE MTPOU3BOIUTH
HE 110 PacKpbIBY, a 110 MOBEPXHOCTU (pPOHTA BOJIHBI B packpbiBe S’ =abcos$, . [lox-
craBisis B (82) u (83) A(X,Y)=1l u ¢(x,y')=0, rne y' - koopauHaTa, OTCYUTHIBAC-
Masi BJOJIb ()pOHTA BOJTHBI, HAXOIUM

A =scosd,; v =cosd, < 1. (91)

CnenoBaTenbHO, TpU JWHEHHOM (a30BOM paCHpeeICHUN JeHCTBYOIIAs
TUIOIIAlb PACKPBIBA MEHBIIE €r0 T€OMETPHUYECKOH IIIONaAd W MPOIMOPIIMOHAIbHA
KOCHHYCY YIJIa OTKJIOHEHHS TJIABHOTO MaKCHMyMa JHarpamMMbl HAIPaBICHHOCTH OT
HOpMAJIU K PaCKpBIBY.

IIpsimoyeonvhblii packpslg ¢ NOCMOSHHBIM AMNIAUMYOHLIM U KEAOPAMUYHBIM
pazosvim pacnpedenenuem. 1Ipennonokum, 4To Ha PAaCKPbIB MaJaeT LUIHHIpUYE-
ckasi BoyiHa. Torna aMmumMtyiHoe u $pa3oBOe paclpeieeHus Mo B PaCKPhIBE MOXK-
HO 3aITUCaTh B BUJIC

A(X,y) =1;
(X, Y)=p(V)=p(S2)==K:$7 (92)

r7ie MPUHATO, YTO 0Opasyromias Kpyrion HUINHIPHIECKON MOBEPXHOCTH Mapalieiib-
Ha OCH X.

[Ipu kBagpaTUYHBIX (Ha30BBIX MCKAKEHUSX MEHBIINX 7 Ha Kpal PacKpbIBa
TJIaBHBIN MaKCUMYM JUarpaMMbl HAlIPaBJIIEHHOCTH MEPICHIUKYIISIPEH PACKpPHIBY, T. €.
4, =0. Ucnons3ys (89), Haxonum

2 2

2 |1
[A(xy) e¥tds| = (a?b) [e™idg,| =
s -1

|
~
o}
O
—~
N
—
D
=
NN
o
o
|

° (93)

, V4
IZi€ C IOMOIBIO NTOACTAHOBKU (), = PR V  MHTErpaj BbIPAKEH Yepe3 UHTErpa-
2

ne1 Openens. [loacrasnsis (90) B (83), momyunm kKodhPUIIHMEHT UCTIOIB30BAHUS TLIO-

mraan paCKpBIBa
V:z{y£ﬁ§]+sfﬁﬁﬂ, (04)
2k, /s V1
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IIpsamoyzonvHblii packpvlé ¢ NOCMOAHHLIM (PA308bIM U CRAOAIOWUM K KPASAM
amMnaumyonsim pacnpeoenernuem. IIpennonoxkum, 4To aMILTUTYTHOE paclpeieieHue
B PacKphIBE CMAAaET K KpasiM BIOJIb OCH Y, MO 3aKOHY KOCHHYCa

A(xY) = Aly) = Al&y) = 087 &, (95)

Torna ko3 HUIMEHT UCTIOIB30BaHUS IIOIIAIH
2
1

y =12 - = ~08] (96)

T. €. nedcrByromas rmiomans 1 KH/[ mouru Ha 20% MeHbliiie, 4yeM y cuH(pa3HOTO
packpbIBa.

Jlerko 3aMeTUTh, UTO MPU NOCTOSHHOM aMIUTUTYAHOM PaclpeieieHUU pe3yib-
TaThl, OJIYYeHHBIC JJI1 CUH(A3HOTO PacKphiBa U PACKPHIBA C JTUHEHHBIM (ha30BbIM
pacrpeiesieHueM, BEpHbI JJIsl packpbiBa J1I000M (POPMBI, B TOM YHUCIE U JJI1 KPYIJIO-
ro.

8. CKAHUPYIOIIUE AHTEHHBIE PELIETKHA

OHOM U3 aKTyalbHBIX 33]]a4 AHTEHHOW TEXHHUKHU SIBJISIETCS CO3/1aHUE aHTEHH C
YIpaBIsIeMbIMHU IMarpaMMaMu HanpaBieHHOCTHU. [Ipu 3ToM B OOJBIIMHCTBE MPAKTHU-
YECKUX CJIy4aeB HEOOXOJMMO, YTOOBI OCTpasi HAMPABIEHHOCTh AHTEHHBI COYETANIaCh
C BBICOKOM CKOPOCTBIO MEPEMEIICHUSI aHTEHHOTO JIyya B MPOCTPAHCTBE, ABUKEHUEM
€ro 10 JIF00OH 3aIaHHOM TIporpamme, 0030pOM BeCbMa IMIMPOKOTO CEKTOpa MPOCTPaH-
CTBa, aBTOMAaTUYECKUM yTpaBJICHUEM U T. 1. [lepeuncieHHpM TpeOOBaHUSIM TIPH CO-
BPEMEHHOM ypPOBHE Pa3BUTHS aHTEHHOW TEXHUKH HAWIYYIIUM OOpa3oM YJOBJIETBO-
PAIOT MHOTOJJIEMEHTHBIE PELIETKHA M3JIy4YaTelIeu € JJIEKTPUYECKH YIPaBIISIEMBIMU
JIiarpaMMaMH HaIrpaBJIE€HHOCTH.

Anmennas pewiemka — CUCTEMa, COCTOALLAs U3 0ojiee YeM OJHOTO AJIEMEHTa C
KOT€PEHTHBIM H3JTydeHUEM. AHTEHHBIE PEIICTKH OBbIBAIOT JIMHEWHBIC, TUIOCKUE U
00BbEMHBIE.

BoJBIIMHCTBO TJIOCKMX W JIMHEHHBIX (Pa3MpOBaHHBIX AHTEHHBIX PEHIETOK
(DAP) cocToUT U3 UAESHTUYHBIX MU3JIydaTesield, pacrolOKEHHBIX Ha paBHBIX PaccTOs-
HUSIX OTHOCUTEJIBHO APYT APYra.

DneMeHTapHasi MaTeMaTudeckast Mojiesib AP — 3To Mojienb, B KOTOpPOM HE y4H-
THIBAETCS B3aMMHOE BIIUSIHUE MEXKAY JJIEMEHTAMU PELICTKHU.

[Tosne, cozpaBaeMoe MPOU3BOJIBHOM PELIETKOM, PABHO BEKTOPHOM CyMME IOJIEH

N OTACIBHBIX Hsnyaneneﬁ:
. i ~ Ta)7, ze_ikR” =
E=)FE, =- Fi, (97)
n=1 Az n Rn

Rn — pacCTOSIHUE OT KOOpAMWHATHI N -TO M3Iy4aTeisd 40 TOYKH H8.6J'IIOI[€HI/I}I; Fln -

BEKTOP, XapaKTepU3YIOLIUKA JuarpaMMy HampaBieHHOCTU N -TO MU3TydaTels.
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[Ipenmnonaraem, 4To BHITIOIHAETCS YCIOBUE TalbHEW 30HBI:
R, = r— rcosq,, (98)
rae o, — yroia Mexny I, u o
Torma mose cucTeMbl U3JIydaTesielt 3amuIieM B BUJIC
. —ikr N
= 10) e = ikr. cos
E, = —£ > Ry, ekheosen, (99)
iy r
n=1
C npyroii CTOpOHBI, NOJIE PEIIETKH, KaK U JIF0OOM CUCTEMBI TOKOB, ONPEESETCS BbI-
pakeHuem

: —ikr
E-_o# ¢ g (100)
A x
CpasnuBas (99) u (100), monyuaem Beipakenue st JTH
N .
= Z = e|krn cosa, (101)
n=1

Bripaxxenue (101) cnpaBenniuBo asis 1000 CHUCTEMBI POU3BOJIBLHO OPUEHTH-
POBaHHBIX H3Iy4aresed. Eciv u3llydaTenu aHTEHHOW PEMIETKH YIOBJIETBOPSIOT

ycanosuto F, =AF, roe A, — KoMIUIEKCHbIE KO3(DPULINEHTHI, XapaKTepU3yIOLIHe

AMILIUTy Ay B036Y)KII€HI/ISI OTACIIBHBIX HSHy‘{aTGHGﬁ, FO — AuarpamMma HalIpaBJICHHO-

CTH OTIEJIBHOTO 31eMeHTa, Toraa JIH cucrembl uznyyareneii MOKHO MPEICTaBUThH B
BHUJIE

N .
F - FO ZAﬂ e|krn cosa, (102)
=1

[Ipu pacnionoxenun uznydaresneil Ha mIockocTd X0y B y3lax IIOCKOHW KOOpIUHAT-
HOM CETKH C JBOMHOUN MEPUOIUYHOCTHIO (TI0 X U MO Y ) MoJiydaeM

R o Xo _ . o
cosa, = (For%) = (X2 4+ yo Y0y (x%cosgsin g + yOsin Ssing + 2%0s 9) =
rn n

:%sin9c05¢+hsin93in(p, (103)

n n

rae 4, ¢ — yrisl cepudeckoil cucTeMbl KOOPAMHAT, I, — paccTOsIHUE N -To U3JTyva-
TeJIs 10 BEIOpAHHOTO Havaia KOOpJAUHAT.

[Toncrasnsist (103) B (104), monydyaem nauarpaMmy HaIpaBJICHHOCTH IJIOCKOM
AHTEHHOM PEIIECTKU B BUJIE:

N
F =F > Aexp[ik(xsindcosp +y,sindsing)]. (104)

n=1
®opmyna (104) cBsa3bIBaeT moJsie B JajJbHEW 30HE M TAHTCHIIMAIBHOE MOJIE B
packpbiBe aHTeHHbI — A . OCHOBHBIM JIOMYIIEHUEM B YIPOIIEHHOW 3J€MEHTapHOM
Teopun AP SBIsSeTCS MPEaNONIoKEHUE O TOM, YTO B3aMMHBIM BIMSHUEM MOYKHO TIpe-
HeOpeub, T. €. IPU BO30YXKJIEHWN B PEIIETKE TOJIHKO OJHOTO 3JIEMEHTa M3Ty4acMoe
MOJIE OMPENEISECTCS AlepTYypOr 3TOro 3JIeMEHTA. Bian mosei Ipyrux 3JIEMEHTOB,

BO30Y>KJICHHBIX BCJICICTBHE B3aUMHOTO BIIMSIHUSI, HE YIUTHIBACTCS.
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Paccmotpum ocHoBHBIE ocobeHHOcTH [IH ckaHupyromeld JUHEHHON aHTEHHBI
C MOCTOSIHHBIM aMIUTUTYJHBIM U JIMHEHHBIM ()a30BbIM pacupeleeHusIMu. Jluneiinas
aHmeHHa — 3TO CUCTEMA OJUHAKOBBIX M3JTydyaTesel, pacloIOXKEHHBIX Ha IPSIMOH -
HUM TakK, YTO MX OCH MapajljiesibHbl Mexay co0oil. B atom ciaywae JIH onpenensiercs
B BUJIE

F=F iﬁhexp(ikxnsinQ), (105)

n=1
A, =|Ailexp(-ig,).
Jlnst sxBuaAMCTaHTHON uHEelKku (X =nd, rae d — paccrosHue MEKIY H3Tyda-
TEJISIMH) TIPU MTOCTOSHHOM aMILIATYIHOM (‘An‘ =1) u nunHeiiHOM dazoBoM (@, =Ngy,)

pacupeelieHUsX TOJIs B aHTCHHE JMarpaMma HarpaBJICHHOCTH UMEET CIICTYIOITUI
B

sin[zl(kd -sing - (po)}

F =FK , (106)

Nsin[;(kd -sing — (po)}

IZie (¢, — Pa3HOCTh (a3 NOoJIEH COCEAHMUX U3ITydyaTeleH.

ITpu xaganuum /JIH B onpezneneHHOM ceKkTope 3, HAC MHTEPECYIOT CIIEAYIOLIHE
napameTpbl: IHUpUHA Jiyda A$, ypOBEHb OOKOBBIX JIETIECTKOB &, YPOBEHb MaKCUMY-
MOB BBICIIIUX MOPSAKOB U MX KOJMYECTBO B CEKTOPE CKAaHUPOBAHUSA .

CHauana paccMOTpUM TJIaBHBINA JenecToK. [lone3Ho BBECTHM B BBIpaKCHHE

(106) HampaBiieHMEe MaKCUMAIbHOTO H3JIyUEHUS, T. €.
sin[zlkd (sin g — singm)}

1 : (107)
Nsin [2 kd(sing— singrn)}

[Ipu OTKIIOHEHUH TJIABHOTO JIEMIECTKA OT HOpMaJu NOABJAOTCSA uckaxenus JIH tpex
BUJIOB: 1) pacimpenue, 2) acuMMeTpusi, 3) KOHYCHOCTb.
Pacmmpenue rimaBHOTO JIenecTka MOXKHO OICHUTh ¢ TIOMOIIBIO KOd(h puImeHTa
pacLIMpPEHus Vv, , ONPEICIINB €T0 KaK
A3, ($,)
Va (‘92/2) = #(0?)1
a
rae AY,($,,) — mmprHa IJIaBHOTO JIEMECTKA 10 YPOBHIO @, OTKIOHEHHOTO Ha yrod

(108)

4., AY(0°) — mmpuHa TIaBHOTO JIETIECTKA 10 YPOBHIO & IPU M3JIYyYeHUH 10 HOP-

MaJ.
st HaxoxaeHns 3HaueHnd A9($,,) HE0OXOANMO PelNTh ypaBHEHHUE
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sin [';I kd(sin$, , —singrﬂ)}
Nsin[k;(sing—sin@l,z)}

rne 9 u 9, — yrael, npu kotopeix JH npocruraer Bemwumnabsl 0.707, T. e.

- 0.707, (109)

A9(9,,)=% — 3. B ciyuae y3kux JIH MOXKHO CUHTATB, 4TO
sin%(sin,_%2 — sing,) = %(sin& — sing,),
TOrJa

sin{gkd(sin&z - sin9m)}

N k;j(sinéll,2 — sing,)

— 0,707 (109a)

win Sinx/x=0,707, x = %kd(sin& — sing,).

DTO ypaBHEHHE UMEET PEIICHUE BU/IA:

sing , _+% +sing

i’

Torga ko3 HULUKUEHT pacIIMPEHUs TOTYyYaeM B BUJIE:

L _ arcsin(B+sing,) + arcsin (8 — sind,) (110)
a 2 arcsing '

0,886
rne f=————. B ciydae anTeHH ¢ OonbpmnM yuciaoM eMeHToB N n &, <45°

Nkd
MOXHO  arcsin(f+sing,) pas3gokuTh B psAd O MaJOMy  IapaMeTpy:

arcsin(f £sin$,) = f£394, +('B i )

TOTAa
3
23 P X 92
Vv, = 3 =~ 1+ =L
a - 3 - 2 '
20 + s
3
Nnu okoHYaTeNbHO MOJTy4aeM BhIpaKEHHE IJ1 KO3 UIIMEHTa pacIupeHus B BUIE:
1
V, = (111)
cosS

Pacmmpenue riaBHOro jenectka (a Takke OOKOBBIX) HACTYHAET BCIEACTBHE YMEHbB-
nieHust 3G PEeKTUBHON JJIMHBI AHTEHHBI MTPHU HAKJIOHE TJIaBHOTO JIETIECTKA.

IIpn OTKIOHEHMHM OT HOPMajM K CHUCTEME IJIABHBIA JIETIECTOK (@ TaKXe BCE
OCTAJIbHBIE) CTAHOBSITCS aCUMMETPUYHBIM OTHOCUTEIBHO HAIpPABJICHHUS MaKCUMyMa,
TaK Kak 0oJjiee OTKJIOHEHHAs! OT HOPMAaJIM YacTh JIEMIECTKA paclIupsieTcs: 0oJibliie, YeM
MEHEee OTKJIOHEHHAsl YacTh. DTO SIBJICHUE HEOOXOAMMO YUUTHIBATh MPHU OINPEACIICHUN
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YIJIOBBIX KOOpJAMHAT HCJIM B paaAWOJIOKAlINH, yTOOBI M30€KaTh BO3HUKHOBEHUS CH-
creMaTtHyecknx omuoOok. KoamdecTBeHHO ACUMMCTPHUIO TJIABHOI'O JICIICCTKA Ha
YPOBHE 4 MOKHO OLICHUTH C ITIOMOIIBIO KOB(b(bI/IHI/IeHTa ACUMMCTPHUH

_ & -48) -, - 9)

Ka
% =%
o K, = arc5|n(ﬂ+5|n9rn)—arc3|n(,8—3|n92ﬂ)—2,92ﬂ. (112)

arcsin(f +sin$,,) +arcsin(f —sin9,,)

Ipu L/A>>1u 4, < %, BBINTOJIHUB TIpEACTBHBIN mepexol B BeipakeHun (112), mo-

Jy4aeMm:
K, = —t99,,. (113)
2
Bo BceHanpaBneHHOW TMHEMHON AaHTEHHE, TI€ MHOKUTEIb CUCTEMBI B SKBATO-
pHUAIBHON TUIOCKOCTH HE 3aBHUCUT OT yTIJIa ¢, TJIAaBHBIN JIENECTOK IIPU OTKJIOHEHUU OT
HOpMAaJIM K CHCTEME 00pa3yeT KOHHUECKYI0 (BOPOHKOOOpa3HyI0) MOBEpXHOCTh. Eciu
cucTteMa 001a/aeT HAMPaBICHHOCTHIO MO YIJIy ¢, TO TJIABHBIN JICTIECTOK 3aHHMAaeT

4acCTh 3TOM BOPOHKHU.

KoHyCHOCTB rI1aBHOTO JIENECTKA MTPU HAKJIOHE HEOOXOUMO YUUTHIBATh, YTOOBI
n30€KaTh CUCTEMATUYECKON OMMOKU pauoJIOKallMOHHON CTaHLMU B OINPEICICHUH
YTJIOBOM KOOPAMHATHI LEIN, HE HAXOIALIEHCS HA OCH CUMMETPHUU TJIABHOTO JIENECT-
Ka. JTta ommnoka

— tglg.?/l
08 =39, arctg(cow). (114)

JIuHeliHas aHTEHHA MOKET UMETh HECKOJbKO MAaKCHUMyMOB (MHTep(epeHLU-

OHHBIX) U3JIyYEHUS, PABHBIX 110 MHTEHCUBHOCTH IJIaBHOMY MaKCUMyMYy. DTH MaKCH-

MyMbI OyZyT MMETh MECTO IIOJ YIrJIaMu &,, JUIi KOTOPBIX BBINOJIHAETCS YCIOBHE

cuH(}a3HOCTH CIIOKEHHUSI TOJIEH OT BCEX M3TydaTesel aHTEHHOM PeIeTKU:
kd , . :
?(smSp -sing.)) =pr, p= £, £2,

W

: 207 :
sing, = P kg T SIn&, (115)
[TosiBnenue I/IHTep(I)epeHL[I/IOHHBIX MAaKCUMYMOB ITIpHU JIBUKCHHUU JIydd aHTCHHBI

ABJIAACTCA I-IpeSBIJI‘-IaI\/JIHO BaXHbIM H KpaﬁHe HCXKCJIATCIIbHBIM B TCOPHUH aHTCHH C HC-
MCXaHUYCCKUM JIBMKCHHUCM JIyYa. HOBTOMy OCTaHOBHMC: Ha OTOM HOI[pO6Hee.

A
[Tpu d < 2 MAaKCUMYMBbI BBICIIMX MOPSAJIKOB HE MOSIBIIIIOTCA HU ITPU KaKUX MO-

y A y
JaoxeHusx 9 . JerictBurenbHo, mpu d < 2 B ciaydae 4,, =0 HampasieHus Onvkai-

[ITMX MaKCUMYMOB BbICIITUX TOPsiAKoB ( p =11) cormacHo dopmyne (115) onpenens-
ercs BeIpaxeHueM SinG,, = 2. Ecim &, = 90° torma sing., > +1. [loxydeHHbIe

3HaveHust SiNY>1 roBopsAT O TOM, YTO MAKCUMYMBbI BBICIIMX MOPSIIKOB HAXOSATCS B
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00J1aCTH MHHUMBIX YIJIOB M HE MOTYT HOSIBUTHCS B OOJIACTH PEaNbHBIX ACHCTBUTEIb-
HBIX YTJIOB.
Ecmu d =i, torma sing, = p+sing, . Torma npu 3, =0 OGmwkainiie uH-

Tep(hepeHIIMOHHBIE MAKCUMYMBI HaxoaTcsa npu Sing,, = 1, 9, =+90° (puc.18).

1,0

IF()
0,8-

0,6

0,4 -

0,2 -

0,0 . .
-90 -60 -30 0] 30 60 90

Puc. 18 HHanaMMa HaIIpaBJICHHOCTH CUCTCMBbI JUCKPCTHBIX HBJIy‘{aTGHGﬁ B
CclIydac paCCTOHHI/Iﬁ MCIKIY 2JICMCHTaAMHU AHTCHHOU PCHICTKU PABHBIX JJIMHC BOJIHBI

MaKCI/IMyMBI BBICIINX HTOPAAKOB IMOABJIAAIOTCA B TCX HAIIPABJICHUAX, B KOTOPBIX
Pa3HOCTb XOJa BOJIH, U3JIYUCHHBIX PA3JIMYHBIMHA HU3JIYyYATCIIAMHU, OTINYACTCS HaA LC-
JJOC 4HCJIO OJIMH BOJIH. ECTCCTBCHHO, 4YTO IOABJIICHUC MAKCHMYMa BBICHICTO IMOPsAKA,
PaBHOTO IO MHTCHCHUBHOCTHU TJIABHOMY, COBCPIICHHO HCIIPUCMIICMO. HOBTOMY €CJIn
AHTCHHA COCTaBJICHA M3 HCHAIIPABJICHHBIX HSHanTCHCﬁ, TO UX HYXHO paciiojararb

Ha paCcCTOAHUAX, HC ITPCBBIIIAIOIINX E . OTO IIPUBOOUT K HGO6XOI[I/IMOCTI/I HCIIOJIB30-

BaTh OOJbILIEE YHUCIO M3JIYy4YaAIOLIUX 3JEMEHTOB U COOTBETCTBEHHO OOJbILIEE YHCIIO
YIPaBISIONIUX YCTPOUCTB. PazMep TMHENHON aHTEHHBI 3a1a€TCsl ITUPUHOM TJIABHOTO

Jy4da, U C€CJIM U3JIYHaTCIIU PpaCIIojararoTcs 4cpe3 E, TO UX YHUCJIO 3aBUCUT TOJIBKO OT

IIUPHUHBI JTy4ya. YTOOBI YMEHBIIUTh YUCIIO M3TydaTesiei, UX Hy»HO pacrojiaratb Ha
OOJIBIIIOM PACCTOSTHUU JAPYT OT apyra. Jljis mojaBieHUs BO3ZHUKAIOLIETO MPH 3TOM
MAaKCHMYyMa BBICHIETO MOPAJKAa BMECTO HEHANPABJIEHHBIX M3JIy4aTeNed HYKHO IpHU-
MEHSTh HaIllpaBJICHHBIE.
Bonpocs! u ynpakHeHust

1. ChopmynupyiiTe MpaBUiIO MEPEMHOKECHHS JUATPAMM JJIS JIMTHEWHBIX, TIT0C-
KOCTHBIX U 0ObEMHBIX AaHTCHHBIX CUCTEM.

2. CnpaBennuBo nu npaBwio bonu-bpyeBnuua nist u3myuaTenei, pacrosioxKeH-
HBIX Ha KPUBOJMHEUHBIX TOBEPXHOCTSX ?
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3. IlpuBenuTe 4acTO BCTpEUAIOIIMECS 3aKOHBI U3MEHEHHUS aMIUIUTY bl U (a3bl
B packpbiBax aHTeHH. Kakue JIH M cooTBeTcTBYIOT? B Kakux ciyyasx yrnpaBisiioT
ypoHeM JIH? ynpaBiisitoT nonoxkeHueM Spax ?

4. ®u3nyecKkuil CMbICI MAaKCHMYMOB BBICHIMX MOPSJIKOB. B KakuxX aHTEHHax
OHH BO3HUKAIOT?
5. Ilonmydnte BBIpAXKEHHUE I Hpygx BBICIIMX MOPSIKOB CUCTEMBI, COCTOSILEN

U3 JIBYX U30TPOITHBIX U3JIy4aTelIeh, PaciioOKEHHBIX Ha pacCTOSHUH 0 OTHOCHTEIb-
HO JIpYT ApyTa MpHU yCIOBUU:

A|=|A|, @y =7/2; d=2/4,d=2/2,d=2A.

6. ToHkHii cHMMETpUYHBIM BHOpatop mmmHoU 2| =A4/2,4, 24 B030y)maercs

ctoponHeit DJIC, npuiioKeHHONW Ha ydyacTKe OECKOHEYHO MaJiOl JUIMHBI B €ro IIeH-
Tpe. Paccuuraiite u n3o0pasute rpaguyecku pacrpeieieHue OTHOCUTEIIBHOU aM-
IJTUTYABI TOKA BJIOJIL BUOpATOpa, CUUTAs aMIUIUTYy TOKa B TOUKAaX MUTAaHUS PaBHOU
Jo-

7. PaccunTaidTe ¥ OCTPOUTE B MOJISPHBIX KOOPJIMHATAX HOPMUPOBAHHYIO JUA-
rpaMMy HAIPABICHHOCTH B MEPUINOHAIBHON [IOCKOCTH BEKTOpa E crMMeTpHuHO-
ro Bubparopa jumHoit 2l = /2, a taxxke mis 2l =1, 21 =2A. Cpasuure JJH s
BCEX UCCIIENYEMBIX JUIMH BUOPATOPOB.

8. Hccnenyiite 3aBUCUMOCTh YPOBHSI U IIMPUHBI OOKOBBIX JienectkoB /IH ot
HOMepa JICTIeCTKa /Il aHTEHH pa3HbIX djekTpudeckux miuH (54, 104,50 1),

9. JIBa CUMMETPHUYHBIX MOJTYBOJHOBBIX BUOpAaTOpa pacIoyiokKEHbl HA PacCTOsI-
Hu d JApyr OT Apyra Tak, YTO MX SKBAaTOPHAJIbHBIC IMIOCKOCTH coBmagaroT. O0a
BUOpaTopa BO30YK/Iat0TCS paBHBIMHU 10 aMIUTUTY/IE JIEKTPUUECKIMHU TOKAMHU.

Paccuuraiite u mocTpoWTe B MOJSPHBIX KOOpAMHATAX HOpMmupoBaHHyro JIH
3TUX BHOPATOPOB B DKBATOPHAILHOW M MEPUAMOHAIBHON IUIocKoCTsX npu d = 1/4,

A/2 m A, cuuras, 4TO BHOPATOpPHI BO3OYKIa-
forcsi: 1) cundasHo; 2) npotuBodasHo; 3) B

9
KkBajpatype (T.€. co CABUTOM 1o (asbl Ha 77/2). \
10. Haiigute LIMPUHY JIeTeCTKa JIH B
MJIOCKOCTAX BekTopoB E m H cucremsl, onu- d=1/2
CaHHOHM B M. 9, B ciyyae cMH(}A3HOTO BO30YXK- =4
neHus oodoux Budbpatopos. Cpasuute F- u Fy . Puc.19

OOBACHUTD NOJYYEHHBIN PE3YIIbTAT.

11. PaccrositHue Mexay IEHTpaMu Co-
CeHUX BHOPATOPOB PABHO IMOJOBUHE IJIWHBI BOJHBI (puc.19). Kakum nomkeH ObITh
yroJs casura (a3 TOKOB JIByX COCEIHHUX BHOpPATOPOB PELIETKH, YTOOBI HANpaBICHUE
MaKCHUMAaJIbHOTO U3Iy4eHHs ObUIO oA yrioM &, =60° k ocu pemerku?

— -

12. Onpenenure mupuHy raasaoro Jjenectka JIH B mmockoctsax E u H coot-
BETCTBEHHO JBYMEPHOW aHTEHHBI, COCTOSIIEH M3 MOJYBOJIHOBBIX, CHH(pA3HO BO3-
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Oy)XICHHBIX BHOPATOPOB, PACIOJIOKEHHBIX Ha pacctosausx O, =1,/2 u d, =4,/2
(puc. 20). AMIUIUTYZABI TOKOB BO BCEX BUOPAaTOpax OAMHAKOBBI.

b i Je

dy

Fuc 20

13. Uccnenyitte 3aBUCUMOCTD IIMPUHBI TJIABHOTO JienecTka JIH nByxanemeHT-

HO# pemerkn mumoneii [epua (B miockoctsix E u H) 0T paccTosHusS MEeXIy HAME
(d//1:0.1...5).
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3AKJIFOYEHHUE.
OcHoBHBIE (u3MUECKHE pe3yJbTaThl aHAM3a JUarpaMM HalpaBICHHOCTEH
CBOJSTCS K CIEAYIOLIEMY:
1. [llupuna guarpaMMbl HampaBJICHHOCTH OOpPATHO MPOMOPLMOHANbHA €€ DJIEK-
TPUYECKOU JITTUHE:

2, ~ A/a,

I7le £g — HapaBJICHHUE NEPBOTO «HyJs» JIH.

2. B cnyuae cuH(]a3HBIX cHCTEM TIaBHBIA MaKCUMyM JHarpamMMbl HampaBlieH-
HOCTH OPUEHTHPOBAH MEPIEHANKYISIPHO OCH CUCTEMBI.

3. TlocTOSIHHOMY aMIUIUTYIHOMY Paclpele]ICHHI0 COOTBETCTBYeT MHUHHMAJIb-
Has [IMPUHA TJIABHOTO JIETIECTKA AUarpaMMbl HAIIPABJICHHOCTH IO MTOJIOBUHE MOIITHO-
CTH:
A
a
U JIOBOJIbHO BBICOKHU YPOBEHb OOKOBBIX JIETIECTKOB: MAaKCHMyM MEPBBIX TpEX CO-
craBistror 21.2 %, 12.7 %, 9.1 % ot riaBHOrO.

4. Tlpu cmagaromeM A0 HYJIS aMIUIMTYTHOM PaclpelesIeHuH M0 3aKOHY KOCH-
Hyca (A, =0, m=1 B dpopmyine (31)) ypoBeHb IEPBOrO OOKOBOTO JIENIECTKA MTOHMKA-

0
2605 =51

etrcs 10 6,6 %, T. €. yMeHbIIaeTcsa 6osee 4yem B Tpu pa3a. Ho npu 3Tom riaBHbIM je-
nectok JIH pacumpsiercs:
2605 = 682
' a

5. Jluneitnoe n3MeHeHue (as3pl BAOJIH CUCTEMbI M3JIydaTesield MPUBOAUT K TO-
BOpOTY riaBHOTO Jienectka JJH. D10 oObsicHseTcs TeMm, 4To cUH(]A3HOE CIOXKEHHE
BEKTOPOB TOJISI U3Ty4yaTesaeil MPOUCXOIUT B TOM HAMPABJICHHUH, T1e HECUH(A3ZHOCTD
3aMUTKU COCEJIHMX H3JIydaresied KoMmeHcupyercs HaOerom ¢a3 3a CYeT pa3HOCTH
xona ayyed ot Hux. lllupuna rmasHoro nenectka JJH u ypoBeHb OOKOBBIX MpHU Ma-
JBIX yriax OTKJIOHEHUS MPAKTUYECKU HE U3MEHSIOTCA. DPQPEKT MoBopoTa Jyya Ipu
JUHEHHOM (Da30BOM paclpeeIeHUHN UCTIONIb3YETCs JJI CO3/aHMs CKAHUPYIOUIUX aH-
TEHH.

6. [Ipu kyOuueckom 3akoHe (Ha30BOr0 pacHpeesICHUs MPOUCXOIUT TMTOBOPOT U
uckaxxkenne J[H: rmaBHBIN JE€NECTOK CTAHOBUTHCS HECUMMETPUYHBIM, YPOBHU OOKO-
BBIX JICTIECTKOB IO OJIHY CTOPOHY OT IJIABHOTO MOHMKAIOTCA, MO JPYTYHO — MOBbIIIA-
IOTCS TIO CPAaBHEHUIO C CUH(A3HBIMU CUCTEMAaMH.

7. KBagpatuunbie ¢Ga3oBble MCKKECHHS TMPHUBOMAAT K PACIIUPEHUIO TIABHOTO
nenectka /IH, a mpu Gonbmmx cnpurax assl Ha Kparo (A@ > 277) maxe K MOSBICHHUIO
MpoBaJia B IIEHTPE, a 3aTEM — K Pa3JIBOCHUIO €ro. Y POBEHb OOKOBBIX JIETIECTKOB BO3-
pacTaer, ucue3aroT HANPABJIEHUS HYJIEBOTO U3JTyUYCHUS — «3aIUIbIBAIOT HYJIN.

8. B cinydae AMCKPETHBIX CUCTEM M3JIy4aTesel MPU pacCTOSHUM MEKIY COCE/I-
HUMHU U3ITy4daTenasiMy, OOJbIIEM JUIMHBI BOJIHBI B CBOOOJHOM MHPOCTPAHCTBE, KpOME
riiaBpHoro jenectka JIH, mosBisroTCS NONOJHUTENbHbIE UHTEP(EPEHIIMOHHBIE MaK-
CUMYMBbI, pPaBHbIE M0 YPOBHIO IJIaBHOMY JienecTKy. OHM MOSIBISIIOTCS B T€X HaIpaBs-
JEHUsIX, TAE€ 3a CUET Pa3HOCTH XOJa Jy4eW OT COCEIHUX H3JIy4yaTesed, KpaTHOU
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JUTMHE BOJIHBI, BHOBb CO3JAIOTCS YCIOBUS JIJIsl CHH(GA3HOTO CIOXKEHUS MOJIeH OT BCeX
usnyuarenel, T. €. [IH cranoButbcst MHOTOTYy4YeBOM (puc. 6). ITO sBIICHHWE YUUThIBA-
€TCs MIPU CO3[IJaHUU PEIIETOK AUCKPETHBIX M3iydarenel. [Ipu mupokoyroasHOM CKa-
HUPOBAHUM M3JTy4yaTeJIM PACIOaraloT Ha PacCTOSHUSX, HE MPEBBIIIAIONINX MOJIOBU-
HY JUTMHBI BOJIHBI B CBOOOHOM MPOCTPAHCTBE.

[lepeuriciieHre 3aKOHOMEPHOCTH JJAJIEKO HE MCUEPIIBIBAIOT BECh KpyT (puznye-
CKUX SIBJICHUM, UMEIOIIMX MECTO B M3lydarouux cucremax. Kak mpaBuio, B peaiib-
HBIX CHUCTEMaxX A3TH SBJICHHS HAKJIAJbIBAIOTCS APYr Ha JIPyra, CO3/aBas CIOKHYIO
KApTUHY pacnpeleseHusl U3Iy4aeMoro IoJisi BO BCEM MNPOCTPAHCTBE HAOIIOACHUS.
YrobObl co3/aTh HM3IyYalolhe CUCTEMbl C 33aJJaHHBIMU XapaKTEPUCTUKAMH, HYXKHO
YEeTKO MPEACTaBIATh (PU3NYECKUE 3aKOHOMEPHOCTH (DOPMHUPOBAHHS HAMpPABICHHBIX
CBOMCTB, YMEJIO KOMOMHUPOBATh UX U UCKIIIOYATh HEXKEIATEIbHbIE SIBJICHUS.
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MNPUJIOXKXEHUE
Huddepennmanbabie onepaTopsl B chepruuecKoi cucTeMe KOOpAuHAT

00U 9° oy @° ouU
o 't o9 rsin88¢’

grad u=

divA=

{—(r singA) +—(rsm A )+ (rA )}

r’sing| or

rot A= —
resing¢|lor o9 o

AU = 2% 9 (rzsinsy + ﬁ(singﬁj + o1l .
resing| or or 09 09 op\ r Op
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