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Heab padoTsl

[Tpuobperenue HAaBBIKOB IIPAKTUYECKOTO VICIIOJIb30BaHUs
CHEHHUAIN3UPOBAHHBIX IPOTPAMM IO MCCIIENOBAHUIO AHTEHH MPU UX MOJAEINPOBAHUU
JUISL IPUMEHEHUSI B YCTPOMCTBaX COTOBOM MOOUIILHOM CBsA3M. PacummpeHnre HaBBIKOB
UCIIOJIB30BAaHUSI KOMIIBIOTEPOB IIPH IMPOBEICHUU pPAC4YeTOB XapaKTEPUCTUK WU
IIapaMeTPOB aHTECHH.

Conepxanue padoTbl

1. VccnenoBanue mITHIPEBOM aHTCHHBI.

2. UccnenoBanue moayBOJHOBOTO BUOpaTopa.

3. UccnenoBanre paMOYHON aHTEHHHBI.

3. UccnenoBanue aHTEHHBI TUIIA «BOJIHOBOM KaHa» (JUPEKTOPHON aHTEHHBI).

KPATKHUE TEOPETUYECKUE CBEJAEHUA
O XAPAKTEPUCTUKAX 1 ITAPAMETPAX AHTEHH
1 OCOBEHHOCTSX UX KOHCTPYKIIWH

1. OcHOBHBIC XapPAKTEPUCTUKHU U TAPaMeTPhbI NepeJA0IINX AaHTEHH

1.1. O6mme NpUHITUITEI TOCTPOCHUS aHTEHH.

AHTEHHa SABJISETCS HEOOXOIUMBIM 3JIEMEHTOM JIF0O00TO Paauonepe/Iatoiero u
PaIMOTIPUEMHOTO YCTPOMCTBA. AHTEHHA paJuorepeaTunKa (mepeaaronias aHTeHHA)
IpeaHa3HaueHa IS TNpeoOpa3oBaHUsS TOKA BBICOKOW YacTOTBI B DHEPTHIO
U3ITy9aeMbIX €10 JJICKTPOMATHUTHBIX BOJIH. AHTEHHA paJHONpPHUEMHUKA (TpUeMHAs
aHTEHHA) TpPeJHa3Ha4YeHa IS MPeoOpa30BaHUs MPHUHSITHIX €H0 AJICKTPOMArHUTHBIX
BOJIH B DHEPIHIO0 TOKA BBICOKOW YaCTOTHI. XapakTep MPOIECCOB, MPOUCXOSANINX B
NepeIaroIIel U MPUEMHON aHTEHHAX, OMPEAeNIIeT 00OPaTUMOCTh WX MCIOJIb30BaHUS.
OOpaTMMOCTh aHTEHH HAXOJUT BBIPAKECHHE HE TOJIBKO B NPUHIUITHAIBHOU
BO3MOYKHOCTH HCIIOJIb30BaHUS OJHOW M TOHM K€ aHTEHHBI B KaueCTBE IEpEIaroIci
WJIM MIPUEMHOMN, HO U B TOM, YTO OCHOBHBIE TIapaMeTPbl aHTEHHBI COXPAHSIOTCS TIPH

HCIIOJBb30BaHUM €€ KaK OJId Iepcaadr, TaKk W JId IIpUcMa. D10 uMeeT OOJIBIIOE



IMPaKTHUYCCKOC 3HA4YCHUC. TaK, MHOTI'HC NEPCABUIKHBIC paanoCTaHIINU,

NpCaHA3HAUYCHHBIC IS CBA3KU, UMCIOT O6I]_IYIO AHTCHHY JUUIA ICpCaavu U JJId ITpruema.

Pucynok 1 — CumMmeTpuyHbIE aHTEHHBI

OnexTpuyecKkas LeNb U BCIOMOTraTeIbHbIE YCTPONUCTBA, C MOMOIIBID KOTOPBIX
JHEPrus paguoyacTOTHOrO KaHala MOABOAMTCS OT PaJHOIepeaaTyiKa K aHTEHHE WIH
OT aHTEHHBbl K paJWONPUEMHUKY, Ha3biBaeTcs @udepom. KoHcTpykuus duaepa
3aBUCUT OT JMana3oHa IeperaBaeMblx 10 HeMmy u4actoT. [lpm mnepenaue
AJIEKTPOMArHUTHOW SHEPIMM IO JIMHUM CTPEMSTCS YMEHBIINTh HU3Iy4YEHHE CaMou
JVHHH.

Jlnst 3TOr0 MpoBOJA JIMHMM PACHOJararoT MapajuleIbHO U IO BO3MOYKHOCTH
Oommxe apyr k napyry. Ilpm 3TomM moisis ABYX OJMHAKOBBIX MO 3HAYEHHUIO, HO
IPOTUBOIMOJIOXKHO HANPABIEHHBIX TOKOB B3aUMHO KOMIIEHCHUPYIOTCS W H3ITy4YCHHS
DHEPrMM B OKPY’KAIOILIEE MPOCTPAHCTBO HE npoucxoauT. IIpu co3maHum aHTEHHBI
CTaBUTCSI MPOTHUBOIIOJIOKHASL 3a/1aya: MOJYyYEHHE BO3MOYKHO OOJIBLIETO W3ITY4YECHMS.
J1J1s 3TOT0 MOKHO MCHOJIB30BaTh TE K€ ATUHHBIC JTUHUH, YCTPAHUB OJHY U3 IPUYUH,
JMIIAMUX GUAEp U3TydaroLUUX CBOWCTB. MOXXHO, HallpUMep, pa3BUHYTh IPOBOAA
JVHUMA Ha HEKOTOPBIA yToJl, B pe3yjbTaTe Yero MX Mojisi He OyAyT KOMIEHCHUPOBATh
npyr apyra. Ha stom ocHoBana pabora V-00pa3HBIX M POMOWYECKHX aHTEHH,
U3JTy4arouiie MpoBoja KOTOPBIX PaCHOJIOKEHbI MO/l OCTPBIM YIJIOM OJUH K APYyroMy
(puc. 1, a, 6), ¥ CUMMETPUYHOTO BHUOpPATOpa, MOJIYYAIOUIETOCAd MPHU Pa3BEACHUU

npoBojoB Ha 180° (cMm. puc. 1, B).
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Pucynok 2 — HecumMmeTpryHble aHTEHHBI

Kommiencupyroree aeiicTBUE OJHOTO U3 TPOBOAOB (huaepa MOKHO YCTPAHUTD,
UCKIIIOYMB €Tr0 W3 CHUCTEMBl. JTO MPUBOAUT K TMOJYYCHUIO HECHMMETPUYHOTO
BuOparopa (puc. 2, a). Bce aHTEHHBI, HCHOJB3YIOIIME ASTOT MPUHIMI PaOOTHI,

OTHOCATCA K KJIIACCy HCCHUMMCTPHUYHLIX AHTCHH. K HumMm Taxke IMPpUHAIJICKAT I'-

o0pasubie U T-o0pa3Hbie aHTEHHBI (CM. puc. 2, 0, B).

| 052 |

8 2 d
Pucynok 3 — Cundasnsie (a, 0)
U IpoTuBO(da3HbIe (B, I') AHTEHHBI

dunep u3My4yaeT, €Cau COCEJHUE YYaCTKH €ro JBYX MPOBOJOB OOTEKArOTCs

TOKaMH, COBITQJIAIOIIMMH 110 (pa3e, moJisk KOTOPBIX YCHIIMBAIOT APYT Apyra. Jms sToro



.
HEOOXO0MMO Cc03/1aTh (Pa30BBIN CIBUT B MOJOBHUHY JIJIMHBI BOJHBI, HAIPUMEp 3a CUET
Heusy4Jaroniero nuieida (puc. 3, a). Ha Takom xe mpuHIMIIE OCHOBaHbI CHH(]a3HbIC
AHTEHHBI, MOJIYYUBIIUE IIIMPOKOE pacTIPOCTpaHeHue (CM. puc. 3, 6).

®Gunep Oyaer uU3mydaTh, €CIIM PACCTOSHUS MEX]Yy MPOBOJAMHU MO HEKOTOPHIM
HaIpaBJIeHUSAM MIPUOOPETAIOT 3HAUUTEIBHYIO Pa3HOCTh X0/a. bosiee Toro, Mo>kKHO Tak
noj00paTh pPacCTOSHUE MEXIY NPOBOJAMHU, YTO IO HEKOTOPHIM HAMpaBIICHUIM
IPOU30MAET CIOXKEHHE BOJH OT OOOMX MPOBOAOB. DTO IIUPOKO HCIONB3YETCS B
MHOTOYHMCJICHHBIX MNPOTUBO(A3HBIX aHTeHHaX. Pa0OTy TakuX aHTEHH HETPYIHO
MOHATh U3 TPEX MPUMEPOB, MPUBEACHHBIX HAa pUC. 3 6-0. B aHTteHHe (cM. puc. 3, B)
IpOTUBO(A3HOCTh TOKOB B MPOBOAAX 00ECHEUYUBACTCS MOJKIIOUEHUEM UX K Quaepy
Ha PacCTOSIHUM B TOJBOJHBL. AHTEHHA, U300pakeHHasi Ha puUC. 3, 2, MPEACTABISIET
coboii ¢Qumep, kak Obl pacmMpeHHbIH Ha KoHIE. B anTeHHe Ha puc. 3, 0
NpPOTUBO(PA3HOCTH TOKOB 00ECIIEUMBAETCS EPEKPEIIMBAHUEM MTUTAOIIUX TPOBOIOB.

OcTtaHoBuMcs Ha paboTe CHUMMETPUYHOrO BHOpaTopa Kak H3IydyaTes,
KOTOPBI BXOJUT B COCTaB MHOTUX aHTeHH. CHUMMETPUYHBIA BHOpPATOp MOMXKHO
NPEACTaBUTh KaK JJUHHYIO JIMHUIO, PAa30MKHYTYI0 Ha KOHIE, MPOBOJIa KOTOPOM
pazBepHyThl Ha 180°. Kaxaplii »neMeHT MaHHOW JTWHUM OOJagaeT OmpeneseHHOMN

WHIYKTUBHOCTBHIO M EMKOCTBIO MEX]Ty IPOBOIaMu (puc. 4).

Pucynok 4 — CummeTpu4dHbIN BUOPATOp U €ro 3KBUBAJICHTHAS CXEMa
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Paccmorpum  mporiecc CBOOOMHBIX — JIEKTPUYECKUX — KojeOaHWii B
cummeTpuyHoM BuOpatope. Ilpucoemunum o00e ero MOJOBUHBI K 3aXHUMaM
ucroynuka nocrossuaon IJIC (puc. 5, a). [Tocne Toro kak pacrpeeaeHHbIe eMKOCTH
IPOBOJIOB BUOpaTopa 3apsasTcs W MEXIY €ro MOJOBHHAMH BO3HHMKHET Pa3HOCTb
NOTEHIMAJIOB, OTKJIIOYUM MCTOYHHMK MUTAHUS U 3aMKHEM 00€ MOJIOBUHBI BUOpaTopa
nepembiukod (cMm. puc.5, 0). Ilpu sTOM pacmpeneneHHble €MKOCTH HayHYT
pa3pspKaTbes uepes nepembluky. OueBHIHO, UTO Yepe3 OTPEe3KH MpoBoja BUOpaTopa,
PAaCIOJIOKEHHBIE Y CEPEIMHbI, MPOTEKAET HAWOOJIBIIUN DIEKTPUUYECKUN 3apsid, U
MO3TOMY Pa3psAHBIN TOK MMeeT HauOoJblllee 3HaYeHHE; K KOHIIaM K€ MPOBOJa TOK
yMeHbIIAeTCs 10 Hyis. TOK B MpOBOJE HapacTaeT MOCTENEHHO, IMOCKOJbKY B
pacrpeneneHHblX WHAYKTUBHOCTAX Bo3HHUKaeT OJIC camomHaykuuu. Pa3HocTh
NOTEHLMAJIOB MEXIYy TOYKaMH, PaBHOYAAJECHHBIMU OT CEpeauHBbl BUOpaTopa, TeM
OoJplle, YeM JMaiblle ATH TOYKM OT CEpPEIUHBbI, TaK Kak TeM OoJbllas 4YacTb
pacrnpeiefiecHHONM MHIYKTUBHOCTHA NMPOBOJIA YYacCTBYET B €ro CO3AaHUM (CM. puc. 5,
0). 3HaK MNOTEHLHAJa OTHOCHUTEJIBHO CPENHEH TOYKH MO 00€ CTOPOHBI OT HEe
pa3iiMyeH, TaK Kak B OJIHOM MOJIOBUHE BUOpATOpa TOK TE€UYET K HEW, a B APYroM - OT

HEC.
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Pucynoxk 5 — CBoOoaHbIE KOJI€OaHMSI B CAMMETPUYHOM BUOpaTOpe

[To Mepe paspsiga pacnpeleleHHOM €MKOCTH TOK B IMPOBOJE HApacTaeT H
JIOCTUIaeT MaKCMMyMa, KOIJla OHa MOJIHOCThIO paspsiautcs. [lpu 3ToM Bcsi sHEprus
AIEKTPUYECKOTO TOJIsI, 3alaceHHass €MKOCTbIO, IEPEXOIUT B SHEPIUI0 MAarHUTHOTO

NoJIsI  pacupeneNieHHbIX HWHAYKTUBHOCTeH (cMm. puc.5, B). Eciu BHauane
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WHIYKTUBHOCTH MPOBOJOB BHOpaTOpa MPENSITCTBOBAJIA HAPACTAHHUIO TOKA, TO TEMEPh
OHa TPEMATCTBYET €ro yMeHbIIeHuto. [103TOMy TOK yMEHBIIAeTCs IMOCTENEHHO,
COXpaHsisl TIpeXHee HampaBlieHHe (CM. puc. S5, T). 3a CYeT 3TOTr0 MPOUCXOIWT
nepe3apsiyi pacrpenesieHHON €MKOCTH, W KOrja TOK CHajgaeT 10 HyJs, €MKOCTH
OKa3bIBAIOTCS Mepe3apsKeHHBIME (CM. puc. 5, 0). [locne aToro mporecc mpoTeKaeT B
oOpatHOM HampaBiieHuH (cM. puc.5, e-u). Takum oOpa3zom B BUOpaTOpe BO3HUKAIOT
CBOOOJTHBIE dIEKTpUYecKre Konebanus. [Ipy 5ToM B HEM yCTaHABIMBAIOTCS CTOSIHE
BOJIHBI TOKA W HANPSHKCHHS] W BJAOJb €0 JUIMHBI YKJIQJBIBACTCS MOJIOBUHA CTOSYEH
BOJIHBI TOKa M Hampsbkenus. ClieqoBaTeNbHO, [IMHA BOJHBI A, COOCTBEHHBIX
K0J1€0aHUi CHMMETPMYHOrO BHOparopa BIBOEe OObINE €ro AauMHbL, T.e.A =2l.
[ToaTroMy cuMMeTpUYHBIA BUOPATOP HA3BIBAIOT TAKKE NOJYEOTHOBLIM OUNOIEM, YEM

MNOAYCPKUBACTCA, UTO OH BABOC KOPOUC JJIMHBI BOJIHBI COOCTBEHHBIX KOJICOAHHIA.

YA

Wicrounuk BM
koneBanni

a 6

Pucynok 6 — YeTBepThbBOJIHOBBIN BUOPATOP

Ecnu mnonyBoJIHOBBI BUOpaTOp pPacmlojOXKUTh BEPTHKAIBHO, €ro pa3Mmep
MOXHO YMEHBIIUTH BJBOE Ojarojaps HPOBOJAIIMM cBoicTBaM 3emid. [lpu
BEPTUKAJILHOM PACIOJI0KEHUU HH>KHUN KOHEI| aHTEHHBI OJAKII0YAETCS] K OJTHOMY U3
3QKMMOB TI'eHepaTopa 3JEKTPOMArHUTHBIX KoJieOaHui (puc.6, a), BTOPOM 3aKUM
reHepaTtopa Opu 3TOM 3a3eMisieTcs. Eciiv MpenonokuTh, 4TO 3€MJISl SIBIISIETCS

UJeaqbHbIM TPOBOAHUKOM, TO B Hed HaBogutTcsa JJIC, koropas AEHCTBYeT Kak
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3epKaJIbHOE M300pakeHHe OCHOBHOrO BuOparopa (cm. puc.6, 0). Takas aHTeHHA

HA3bIBACTCS BEPTUKAIbHON HECUMMETPUYHON aHTEHHOM, €€ BhICOTa MPUOIU3UTEIHHO
paBaa A/4. Bce cka3aHHOE CIPaBEIIHBO TOJLKO B TOM CIydae, KOTAA 3eMILS

IpeCTaBIseT CO00HM MaeanbHbI MpoBoaHHUK. Korma ke 3emiisi o0JagaeT MmioXuMu
IPOBOASIIMMYU CBOHCTBaMH, XapaKTep paclpeesieHHss TOKa B 36MHOH IMOBEPXHOCTH
u3Mensercss. OcoOeHHO OOJbIIOe 3HAUYEHHWE MMEET CONPOTHBICHHE 3e€MJIM BOJIM3H
OCHOBaHUsI aHTEHHBI. JIJIs yJIydIIeHHsT MPOBOAMMOCTH 3TOTO YYacTKa MPHUMEHSIOT
METAJUTM3AlMI0 3€MJIM: 3aKalbIBAlOT B 3EMJII0 METAJUTMYECKUE JIMCTHI, MPOBOAA;
yIy4IIal0T XUMAYECKHUIA COCTAB TIOYBBI, IIPOIUTHIBAS €€ PA3THYHBIMU COJISIMH.

OmpIT  MOKa3pIBaeT, YTO HET HAJOOHOCTH OCYIICCTBIISITH  IOJHYFO
METAUTM3aMI0  3eMJIM, JIOCTaTOYHO XOpOUIo padoTaeT CHCTEMa PpaJuaIbHBIX
PacXOMSIIMXCS TPOBOJIOB, 3aKOMAHHBIX B 3eMito Ha TiyouHy 20...50 cm. KadectBo
METaJUTH3alMHU YIy4IIaeTcs, €CIH paJualibHbIe TIPOBOA COCTMHSIOTCS MEXKIY COOOit
HepEeMBIYKAMHU.

YacTo 3a3eMIiieHHE 3aMEHSIOT CHCTEMOH MPOBOJIOB, HE 3apBITHIX, a TMOIHATHIX
HaJl 3eMJIel, Ha3bIBaEMbIX npomugosecom. IlocnenHuit TOKEH JOCTATOYHO XOPOIIIO
OKpaHHPOBAaTh AHTCHHBIM TPOBOJA OT 3EMJIM, WIpPas POJb XOPOIIO IPOBOJSIIEH
noBepxHocTH. OH OOBIYHO [aeT Xy[aIIue pe3ysbTaTbl, HO Ha TIePEIBUKHBIX
PaIUOCTAHIMSX SIBISETCS EIUHCTBEHHBIM BBIXOJOM U3 TMoOJIokeHUs. OOBIYHO B
Ka4eCcTBE IMPOTHBOBECA HCIONB3YeTCSl KOPIYC aBTOMOOWIS, Ha KOTOPOM
pacnosokeHa paauoCcTaHIMA. TakuM e 00pa3oM IMOCTYMAIOT MPH HEOOXOAUMOCTH

YCTAHOBKH PpAIUOCTAHIIMKM HA KAMCHUCTOM I'PYHTC.

1.2 TTapaMeTphl aHTEHHBI KaK Harpy3KH MepeaaTuHKa.

DKBUBAJICHTHAs CXeMa aHTCHHBI KaK HAarpy3KH reHepaTopa IMpeCcTaBiIeHa Ha
puc.7. Touku "a", "B" 0003HAYAIOT BXOAHBIC 3AKMUMbI AaHTEHHBI (TOYKH €€ TTUTaHU).
Ecnn 0003Ha4UTh KOMIUIEKCHBIE aMILTUTY/IbI HANIPSDKEHUST M TOKA HA BXOJIE

aHTeHHBI U, W [/, COOTBETCTBEHHO, TO 6X00HO€ CONpOMuU6GLeHUe aHTCHHBI

ONIpCACIIACTCA BBIPAKCHUCM
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B 06HICM ClIydac BXOAHOC COIIPOTHUBJIICHHUC - KOMIUICKCHAA BCJIMYHHA.

Haiinem ero xoMmoHeHTbl. J[Jif 3TOr0 yMHOXXUM UYMCIIUTENIb U 3HameHatenb (1) Ha

*
KOMILJIEKCHO-COIPSDKEHHOE 3HAUYEHHE TOKa Ha BXojie anTeHHbI ( / 4 ). Torma moaydnm
Pa

s=ta
7

(2)

3,[[601) YUYTCHO, YTO MOIOHOCTH pAa noaBoguMas K aHTCHHEC, OIPEACIIACTCSA

BBIPA)KCHUCM

PAZO,S'UA'];\. (3)

Uepes /> 4 00603HAYCH KBaJpaT JEUCTBYIONIEr0 3HAYEHUS TOKa Ha BXOJE

AHTCHHBI, ITPUYICM

15=05-1,4-1, (4)

Tak Kak mMOABOAMMAs MOIIHOCTh A, CKIAAbIBACTCS W3 AKTHBHBIX
MOILHOCTEH U3JIy4YeHHUs A= U MOTEPh Ay U MOIIHOCTH PEAKTUBHBIX I10JIEH aHTEHHBI

Px, TO

A R
L P R R X, = Rt iX, (5)

AN

Z,

~
I'b
£ |4,
a

prd
»

PI/ICYHOK 7. DKBUBaJICHTHAs CXe€Ma aHTCHHBI

KaK Harpy3KkH TeHepaTopa
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AKTHBHas 4YacTb BXOJIHOIO CONpPOTUBIEHUS (A,;) COCTOUT U3 JIBYX

ClIaraeMbIX: IOJIE3HOM (conpomuenenue usiyyenus R;) U BpeIHOU (conpomuenenue

nomepv Ry).

Peaxmusenas uacmv  6xoonoco conpomuenenusi X, COOTBETCTBYET
MOIITHOCTH PEAKTUBHBIX MOJIEW BOKPYr aHTeHHbI. E€ cTaparoTcs MUHUMU3UPOBATH.
[Ipu pe3onance X, =0 U BXOJHOE CONPOTUBJIEHUE AHTEHHBI YUCTO AaKTHUBHOE.

[Torepu  3JIEKTPOMAarHUTHOM  BHEPTUM B [EPEHNAIOLIEH  AHTCHHE
ONPENCIISIIOTCS €€ MPEBPAIllCHUEM B TEIUIO B METANIMYECKUX KOHCTPYKIUSX U
JIURJIEKTPUKE AHTCHHBI.

O¢ddexTuBHOCTH pabOThl aHTEHHBI Kak MpeoOpazoBaTeNs HHEPrUH
OLICHHUBAETCA C TOMOIIBIO KOdppuyuenma none3nozo oeticmgus (KIma), BIEPBbIC
BBEJICHHOTO B TEOPUI0 AaHTEHH OTEYECTBEHHBIM YYE€HBbIM IHpodeccopom
N.I".KnsaukusaeiM B 1921 r. Knji aHTEHHBI paBEH OTHOIICHUIO U3JTYYEHHON aHTEHHOU

MOIITHOCTH K aKTUBHOM MOIIIHOCTH, MTOTPEOJISIEMON aHTEHHOM,

z Bt ©)
Pa R+Al Aot Al

Tak kak peanbHble paAUOIMHUN (YHKIIMOHUPYIOT B Mpeaeraax HEKOTOpOr

77:

IOJIOCBl  YacTOT, HMHTEPEC IMPEACTABISAIOT YAcCTOTHBIE XapaKTEPUCTUKH  KIIT,
CONPOTHUBIIEHUS U3JIyUYECHHUS], COPOTUBIICHHS IOTEPh U PEAKTUBHOTO COMPOTUBIICHUS.

JUig XapaKTepUCTUKU aHTEHHBl KaK Harpy3KH INepeAaTdyuka Ba)KHYIO pOJIb
UTPAET 9eKMPUdecKas NpoyHOCMb, TOJA KOTOPOW IMOHMMAIOT TO MAaKCHMAJIbHOE
HanpspKeHue (WM MaKCUMAJIbHYI0 MOIIHOCTB), KOTOPOE MOXET OBbITh MOJABENEHO K
aHTEHHE TMPU COXPAHEHHMM HOPMAJIbHBIX YCIOBUUA €€ (DYHKIIMOHMPOBAHUS
(oTcyTcTBHE IPOOOS M HEHCKAKEHHAA Mepeiada CUTHAJIOB).

Bxoonoe conpomuenenue, kno u snekmpuieckas nNpoOYHOCMb AHTCHHBI B
3aJaHHOW II0JIOCE YaCTOT SABIAIOTCS napamempamu, ONPENSISIIOIMMHA  (DYHKLIHUIO

AHTCHHBI KaK npeo6pa306amejzﬂ Hanpaejigaemovlx 60JIH 6 c60000HbIC.
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1.3. BexropHast KOMIUIEKCHAsI JUarpaMMa HalpaBJIE€HHOCTH AHTEHHBI

Ilone wW3iIy4eHUs AHTEHHBI SBISICTCA 6€KMOPOM, KOTOPBIA XapaKTEepU3yEeTCs
aMIUIUTYy10H, (a3oi M opHeHTalueill B MpocTpaHCTBE. B CBA3M ¢ 3THM pa3inyaroT

AMNIUMYOHYI0, (ha308Y10 U NOAPUIAYUOHHYIO AUATPAMMBbI HAIIPABJICHHOCTH.

Z

X

Pucynok 8. Cdhepuueckas cucreMa KOOpauHAT

HarmsigHoe mpeacraBieHwe O — pacupefeleHUH DHEPruu  BOJH B
MPOCTPAHCTBE NAET AMAIIUMYOHAS XAPAKMEPUCTNUKA (OUASPAMMA) HANPABIEHHOCU,
ompesensieMas 3aBUCUMOCTBIO aMIUTUTY Ibl HAMPSHXKEHHOCTH CO3/1aBa€MOT0 aHTEHHOM
NoJiss OT HalpaBJ€HUsT B TMPOCTPAHCTBE MpPU (PUKCUPOBAHHOM PACCTOSHUMU.
HampaBnenue omnpenensieTcs asuMyTaIbHBIM (@) U MEPUAMOHAIBHBIM () yriiamu
chepuyeckoit cuctembl koopauHat (puc. 8). Ilpm sTom mone u3mepsiercs (Wim
paccUuThIBaeTCs) HA OAHOM M TOM K€ (JIOCTATOYHO OOJIBIIOM) PACCTOSSHUU / OT
AHTCHHBI.

AMIUTUTYIHYIO JUarpamMMmy HaIlpaBJIEHHOCTH 4YacTO HAa3bIBAIOT IIPOCTO
JyarpaMMoOM  HampaBJIGHHOCTH. [Ipocmpancmeennas (obvemuas) ouazpamma
Hanpaenennocmu  M300paXkaeTcs B BUJAe TOBepxHOCTH  f(f,0). Ha puc.9

IPEACTABICHbBl  IPUMEPBl  NPOCTPAHCTBEHHBIX  JUarpaMM  HaIlpaBJICHHOCTH:
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TOPOUJANTBHON (@), UTONBYATON, WK KapaHmamHoi (0), BeepHOU (B), KOCEKAaHCHOM

().

BOKeBbIE
henecmey TRaBHp

nenecmol -

3aghuu
neneCmor

Pucynok 9. [IpocTpaHCTBEeHHBIE AUAarpaMMbl HAPABICHHOCTH:
TopouaalibHas (a), uronwvatas (0), BeepHas (B), KOCEKaHCHas

TopoupanbHyt0 JuarpaMMmy HampaBlICHHOCTH HWMEET JJIEMEHTAPHBIM
ANEKTPUUYECKUN BUOpATOp (AUIOJIB), OPUEHTHUPOBAHHBIN BOAL ocu Z. UronpuaTas
JyarpaMMa HampaBJIEHHOCTH HCIOJIb3YETCSA, HaIpUMEp, B CUCTEMAaxX CBSI3M YEpe3
NC3. BeepHble U KOCEKaHCHBIE IUArpaMMbl HCIOIB3YIOTCS B HEKOTOPBIX THIAX
paauonokaTopoB. KocekaHCcHass JauarpaMma  HalpaBJIE€HHOCTH  O00ECIEYHBAET
OJIMHAKOBYIO 3aCBETKY Ha dKpaHe MHAMKaTopa Kpyrororo odsopa PJIC camonetos,
HAXOJISAIIUXCS Ha PAa3IMYHbIX JaTbHOCTSIX.

[IpocTpaHcTBeHHAas! [uarpaMMa HalpaBJIE€HHOCTH, Y KOTOPOl MaKCUMAJIbHOE
3HaYEHHE PABHO €IMHUIIE, HA3BIBAETCS HOPMUPOBAHHOU U 0003HAYAETC Kak F(6, ).
OHa JIeTKO MOoJIy4aeTcsl U3 HEHOPMUPOBAHHOM MyTEM JEJICHHs BCEX €€ 3HAUYCHM Ha

MAaKCHUMaAJIbHOC



9:% F(@)‘
90"
1
a) 180° 8
) =0l
o0 180 270 360
2700 @ = const 4 (9)‘
|
0 900 ‘ 270 360
6) 270/\7%\ 10 '

I| ,-953
W 00 180\ | pac
180°

Pucynok 10. J[uarpamMmbl HarpaBJIeHHOCTH 3JIEMEHTAPHOTO Bubparopa F(p) (a,
B) u F(6) (0, r) B mosspHOH (a, 6) U AeKapTOBOii (B, I') CHCTEMAaX KOOPMHAT.

o)

O‘ICBI/IIIHO, IMOCTPOCHUC TIPOCTPAHCTBCHHLIX HdHAI'paMM HAIIPABJIICHHOCTHU

(7)

Heyn00Ho. [103ToMy Ha MpakTUKe OOBIYHO CTPOST Ouazpammsl HANPAGIEHHOCMU 8

KaKkot-1ubo 00HOU NAOCKOCHIU, B KOTOPOH OHU W300PaKAIOTCS TIOCKON KPUBOH F(¢)
WK F(0) B OJSPHBIX WM JEKAPTOBBIX CUCTEMAX KOOP/IMHAT.

Ha puc. 10 s mpuMepa NpeacTaBieHbl JUarpaMMbl HAIIPABIEHHOCTH F(p)
Hu /—'(9) AJIEMEHTApHOTO  BUOpaTopa, UWMEKIMEro OOBEeMHYI0 JUarpaMMmy
topounanbHol (opmel. Ha puc. 10,a,6 3t muarpammbl n300pakXeHbl B TOJISPHOM
cucTeMe KoopJIMHart, a Ha puc.10,B,r —B 1ekapTOBOM.

[ToMmuMO paccMOTpEHHBIX BbIlIE auarpamMMm HanpasieHHoctd (/IH) mo
HAIPSHKEHHOCTH 108 (AMIUTMTYAHBIX JAMarpaMM HAMpaBIeHHOCTH) F(6,¢), MHOTrA
UCIIONB3YIOT  OUAZDAMMbL  HANPAGIEHHOCMU —aHmMeHHbl no  mownocmu  ®(0,¢),

KOTOPBIC OHNPEACIIAIOT 3aBUCHMMOCTL INNIOTHOCTHM ITOTOKAa MOIIHOCTH HM3J1y4acMOro
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AHTEHHOW TOJISI OT HAMPABIICHUS B MIPOCTPAHCTBE NP (PUKCUPOBAHHOM PACCTOSIHUH.
Bpipazum minotHOCTE TOTOKAa MOIIHOCTH 11 B nmanbHElW 30HE AHTEHHBI 4YeEpes

HaIpsHKCHHOCTD ITOJIA

T S )=
M= EH = aer F (8)

HOCKOHBKY OHa IPOINOpHUOHAIIBHA KBaApaTy aMILIUTyAbl HAIPAKCHHOCTHU

QJICKTPHUYICCKOTIO II0JIA, TO

D(0,9)=F*(0.9). 9)
B TEX cnyqa;lx, Koraga HCO6XO,Z[I/IMO HOJIy‘II/ITB I/I306pa}KeHI/IC 60KOBI>IX

JIETIECTKOB HHU3KOTO YpPOBHS, L€JIeco00pa3HO MCHOIB30BATh J102ApUPMULECKUlL

macumaob

F5(0,0)=10-1g0(6,¢) = 20-1g F(6,¢). (10)

B sToM cnyyae mo ocW OpIMHAT OTKIAABIBAIOTCS 3HAUCHUS AHATPAMMBbI
HaIpPaBIEHHOCTHU B JAeHOEax.

Kaxnmas octpoHampaBiieHHas auarpaMma HampasieHHoctu (puc.9,0,B,r)
COJICP)KUT TJAaBHBIA JIEMIECTOK, OOKOBBIC JETECTKH, 3aIHHWHA JIEIECTOK U HMEET
OTpeNIeIEHHYI0 IIUPUHY TJAaBHOTO JIETIECTKA W HEKOTOPBIM YPOBEHb OOKOBBIX
JICTIECTKOB, KOTOpPBIE OTHOCATCS K BTOPUYHBIM IMapaMeTpaM, XapaKTepU3YIOIIUM
HaIlpaBJICHHBIC aHTCHH.

[[lupyHa THaBHOTO JIETIECTKA JWarpaMMbl HaMpaBiICHHOCTH (Yaiie ee
HA3bIBAIOT WUPUHOU JIy4a) OTPEACNSeTCS KaK yroid MEXIy HanpaBlICHUSMH, B

KOTOPBIX IIOTHOCTh MOTOKA MOIHOCTH yMeHbIIaeTcs B 2 pasa (260,,) B 10 pas (26,,)
WM 70 Hyas (26,). DTa mupWHA NS AMArpaMMbl  HATIPaBIEHHOCTH IO

HaIpPsHKEHHOCTH OyaeT cooTBeTcTBOBaTh ypoBHAM 0,707; 0,316 1 0 COOTBETCTBEHHO.

Vposenv 6oxosvix nenecmkoé ONPENENACTCS OTHOIICHUEM BEITUYHHbI
HaMOOJIBIIEr0 U IJIABHOTO JienecTKOB. OH MOXET BbIpaXXaThCsl B pa3ax, MPOILIEHTAX U
nerubenax. MHorma 3amarorcss TpeOOBaHUST Ha YpOBEHb OOKOBBIX JIETIECTKOB B

HEKOTOPOM CEKTOpE YTIIOB 100 JTake HA YPOBEHB 3a/IHUX JICTIECTKOB.
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AHTEHHBI, KOTOpPbBIE JOJKHBI OBbITh HEHANpPaBIECHHBIMU, XapaKTEPU3YIOT
KO3 puyuenmom pagHomMepHoCmuU OUASpaMMbl HANPAGIeHHOCMU, TIOJ KOTOPBIM
NOJPa3yMeBalOT OTHOIIEHHE MHHHUMAJIbHOTO 3HAYCHHS HAIPSDKEHHOCTH MOJS K
MaKCHUMaJIbHOMY.

JluarpaMMBbl HaIlpaBJICHHOCTH aHTEHHBI 10 MOJIO WM MOIIHOCTU HE JAIOT
ycuepnbIBaoIieii nHGopMaly O ee HaIlpaBJICHHBIX CBOMCTBax. B psjie ciydaes,
HanpuMmep, B (ha30BbIX CHCTEMax, HEOOXOIMMO 3HAHHUE @Aa3060U OuacpamMmbl
HAnpasleHHoCcmu aHTEHHBI, MOJl KOTOPOM MOHUMAIOT 3aBUCUMOCTH (as3bl MO
U3ITyYEHUS OT HAIIPaBJIECHUS IPU MMOCTOSHHOM PACCTOSHUU OT aHTEHHBI U BEIOpAaHHOM

HavdaJIC KOOpAUHAT:
w=w(0,0) upu r=r, =const (11)

Ha puc. 3.10,a ycnoBHO MoOKa3aHa B MOJIIPHON CHUCTEME KOOpAMHAT (azoBas
TuarpaMMa HampaBJICHHOCTH aHTEHHBI. B mpemenax riaaBHOTO jemnecTka (a3a paBHa
nymo. [Ipu nepexone k cocenHemy Jenectky daza usmensiercs Ha 180°. Pazymeercs,
(da3zoByI0 1UarpaMMy MOXHO M300pa)kaTh U B IEKapTOBOM crCcTeME KOOPAMHAT.

THonapuzayuonnoi  Ouacpammoli aHTCHHBl HA3bIBACTCA  3aBUCHUMOCTH

KO3 UIIMEHTa SUIMITAYHOCTH OT HANpaBiCHHUs B IMPOCTPAHCTBE K,(0,9). Dra

XapaKTEPUCTUKA YPE3BbIUANHO BakHA JJ1s1 aHTeHH Y KB, OCyIIecTBIAOMNX CBA3b C
NC3 unu uepe3 NC3.
AwmruntyaHasi, $ha3oBasi U MOJSIpU3AIMOHHAS JUArPaMMbl HAIPaBIECHHOCTH

AHTEHHBI ABJISIIOTCS XapaKTEepPUCTUKAMU €€ HalPABJICHHBIX CBOMCTB.
1.4. BropuuHble mapaMeTpbl, XapaKTepUu3yolre HanpaBIeHHOCTh aHTEHH
[ToMuMO MIMPUHBI Jiyda M YpPOBHS OOKOBBIX JIENECTKOB, K BTOPUYHBIM

napamMeTpaM, XapakKTCPpU3IYIOIIUM HaIIpaBJICHHLIC CBOMCTBaA AHTCHHBI, OTHOCAT

koagpuyuenm nanpasnennozo oeticmseus (KHJ). Dtor mapamerp BBem B 1929 r.
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naTpuapx OTEYECTBEHHON AHTEHHON HAayKH WICH-KOPPECTIOHIEHT AKageMUU HayK
CCCP A.A.Iluctonbkopc.
KH/[ - »To u4ucno, moKasbIBalolee, BO CKOJIBKO pa3 MPHUILIOCH Obl
YBEJIMYUTh MOITHOCTh HW3JIYYCHHUS AaHTCHHBI MPH TEPEeXo/ie OT HaMpaBIECHHOU

aHTeHHBI (A') K HEHamnpaBleHHOH (AR) NpH YCIOBUU COXPAHEHHs OJWHAKOBOU

HANPsUKEHHOCTH I0JIsL B MECTE MpUeMa:
P
D=—* (12)
b
OKBUBAJIEHTHBIM TEpBOMY sBisieTcs BTopoe omnpenenenue: KHJ[ - 3to
YHUCJIO, MMOKA3bIBAIOIIEE, BO CKOJIBKO Pa3 MOYKHO YMEHBUIUTH MOUIHOCTb M3JTyYEHHS
HAIpaBJICHHOW AHTEHHBl 110 CPAaBHEHUIO C HEHAIIPaBICHHON M1 OOecleueHus B
TOUYKE HaOJIOICHNSI HEU3MEHHOM MJIOTHOCTH MOTOKA MOIIIHOCTH.
JUis OLIEHKM BBIMIPHIIA B MOILIHOCTH 3a CYET HAIpPAaBJICHHBIX CBOWCTB
AHTEHHbBl C Y4YeTOM IIOTepb B HEW BBOJUTCS MapaMeTp, Ha3bIBAEMBbIN

koagpuyuenmom ycunenus (KY) antennsl. Koadpdunmentom ycunenus G aHTEHHBI

Ha3bIBACTCS OTHOLICHHE MOLIHOCTU Ao, U3JIy4acMOH HEHAIpPaBICHHON aHTEHHOH
0e3 morepb, K MOIIHOCTU A4, MOABOJIMMON K HANpaBlICHHOW aHTEHHE C MOTEpPsSMU

IIpHU YCJIOBUH ITIOJTYUCHHU O,HI/IHaKOBOﬁ HAIIpsZKCHHOCTHU ITIOJISA B TOYKC H8.6J'HO,Z[CHI/ISI,

T.C.

_Bo
G= - (13)

VYMHOXUM U pasfenuM mpasyro 4acTh (13) Ha A (MOIIHOCTB, U3JIy4EHHYIO

HarpaBJICHHOUW aHTeHHOH). Toraa moixyyum

P, R
G_%.FZ:D.,] (14)
Yy Ia

Takum o6pazom, KO3PGUIUEHT YCUICHHUS aHTEHHBI PAaBEH MPOU3BEICHUIO

KH/I n k.
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1.5. [IpuHUKMIT B3aUMHOCTH U ITapaMeTPbl IPUEMHBIX aHTEHH

M3BecTHBIM W3 Kypca DJJEKTPOJMHAMUKM TMPUHLUI (WK Teopema)
B3aMMHOCTH IIO3BOJIIET YTBEPXKIATh MNPUMEHUTEIbHO K aHTEHHAM C JIMHEHHBIMHU
HermsiMu (mapaMeTpbl KOTOPBIX HE 3aBUCAT OT aMIUIMTYJ TOKOB M HAIPSKEHUN)

caeayroniee. Ecnu npu npunoxkeHun K oaHoul u3 aHTeHH JJIC ¢, BO BTOpoOH
npoTekaeT Tok J, To npu npuioxeHnu IJC &, KO BTOpOIl aHTEHHE B MEPBOM TAKXKE

OyJeT npoTeKaTh TOK J.

C nmoMompl NpUHIMIIA B3aWMMHOCTH MOYKHO J0Ka3aTh, YTO IapaMeTpbl
AHTCHH B PEXKHUME MPUEMA COXPAHAIOTCS TEMH K€, UYTO U B PEXKUME NEPEIadn, XOTS
HEKOTOpPBIE TapaMEeTPhl U MEHSIOT CBOM CMBICII.

[IockosbKy TpUEMHAsE aHTEHHA BBICTYIIA€T MO OTHOLICHHIO K NMPUEMHUKY
KaK TeHepaTrop, €€ eHympeHnHee  CONpomueieHue PABHIACTCA  BXOJHOMY
CONIPOTHBJIEHUIO TOW K€ aHTEHHBI, UCIIOJIb3yEMOU KaK Nepeaaromas.

Amnaumyonas (gpaszosas) ouazcpamma HanpasieHHoCcmy TPUEMHOU aHTEHHBI
ompenenseT 3aBUCUMOCTh aMIiuuTyabl (¢asbl) DJIC Ha ee BXOOHBIX 3aKHMaxX OT
HaIlpaBJICHUS] TPUXOJA IUIOCKOM JJIEKTPOMAarHUTHOM BOJIHBI IPU TOCTOSHHBIX
aMILTATYIe U (a3e HANpsXKEHHOCTH MOJISl B MECTE MpUeEMa.

lHonapuzayuonnas ouacpamma HanpasieHHocmy TPUEMHON aHTEHHBI
COOTBETCTBYET aHAJIOTMYHON XapaKTEPUCTUKE aHTCHHBI B PEXKUME TNEPEAAUN; U3 HEE
BUJTHO, KAKOBA JIOJDKHA OBITH MOJISIpU3AIUS TIOJI B TOYKE MpHUeMa JJIsl TOJTyYCHHSI
MaKCHUMAJIbHOT'O MOJIe3HOTO A deKTa.

Ilon KHJ/{ npueMHON aHTEHHBl MOHUMAIOT OTHOIIEHHE MOIIHOCTH, INPUHITOU
HaNpaBJICHHOW aHTEHHOM, K MOILHOCTH, ITPUHATON HEHAIIPABJICHHONW aHTEHHOW, IPU
OZTHOW M TOM K€ HANPSKEHHOCTH I10JI1 B MECTE IIPUEMA.

K1/l npueMHOM aHTEHHBI XapAKTEPU3YET OTHOIIEHUE MOJIE3HON MOIIHOCTH,
OTJAHHOW MPUEMHUKY, K IIOJTHON MOIIHOCTH, IPUHATOU aHTEHHOM.

Koaghgpuyuenm ycunenus npueMHOM aHTEHHBI ONPENENSCTCS OTHOILICHHEM

MOIIIHOCTH, OTJAaBAa€MOW HANPAaBICHHOM AHTEHHOW MPUEMHHKY, K MOIIHOCTH,
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OPUHUMAEeMOl HEHamnpaBJICHHOW aHTEHHOM ©Oe3 moTeph, NpPU  OJUHAKOBOU
HaIIPSKEHHOCTH MOJI B MECTE IIPUEMA.

Takum o00pa3oM, mnepeparomMe W IPUEMHBIE AHTEHHbl B IPUHLHUIE
oOpaTuMbl, €ciM, KOHEYHO, HE COJep)KaT HEB3aUMHBIX Y3JIOB (Hampumep,
YCUJIUTENEN PaiiodacTOThl U T.I1.) U €CJIM NO3BOJIAET UX AEKTPUUYECKAS IIPOYHOCTD.

JUia XapakTepUCTUKM IPUEMHBIX AHTEHH BBOIAT U cCHeLH(UUECKHE
napaMmeTrpbl. K HHM OTHOCATCA HAEUCTBYIOIIAs JJIMHA AHTEHHBI, JACHCTBYIOILAS
IUIONIa/lb  AHTEHHBl, KOA((UIMEHT HUCIOJIB30BAHUS  IUIOMAAM  PaCKphIBa,
ko3 uueHT 3¢(HEeKTUBHOCTH, IIyMOBas TEMIIEpaTypa, LIyMOBas JAOOPOTHOCTh U

xodbdunuenT mwyma /eicmeyrowel (3¢Qpgexkmuenori) Onunot IpUEMHON aHTEHHEI /),

Ha3bIBACTCA OTHOIICHHUC MAKCHUMAJIBbHOTO HAIPAKCHUA U, KOTOPOC MOKCET OBITH
HaBCACHO Ha KJICMMax HpHGMHOﬁ aHTCHHBI 0e3 IIOTEPhb, K HaHpH)KéHHOCTI/I noust £ B

MECTE €€ PACIIOJIOKEHHUS:

Ip=— (15)

Heticmeyroweu (3gpgpekmusroti) niowaovio TPUEMHOW aHTEHHBI Sy,

HA3bIBACTCSI OTHOIIIEHUE MAKCUMAJILHON MOITHOCTA AP, KOTOpas MOXKET ObITh OTJAaHa
MPUEMHON aHTEeHHOH (0e3 MOTeph) B COTJIACOBAHHYIO HArpy3Ky, K MNIOTHOCTH MOTOKA
MOIIIHOCTH // B T1ajaroniey BOJIHE:

P
53(15 = 1_7 (16)

Ecnu 0003HaunTh yepe3 S reoMeTpUUecKyIo IIIOUIalb PaCKpbIBa, TO
Sp=V-S, (17)
riae v- koagguyuenm ucnoavzosanus niowaou (KUIT) packpeiBa.

Mexny KH/l u S,, cymecTByeT npocTas CBs3b

4
D == 7 59@ (18)
nIIn
DA
59@ T (19)
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Koagpguyuenmom s¢pgpexmusnocmu aHTEHHBI, WIH €€ IHEPeemuuecKoll

aghghexmusnocmovio g 4, MPUHATO HA3BIBATH MpousBeaeHue K u KUIT:

ga=1n"V. (20)
Mexnay nAeucTByIOLIEH IMHOM, compoTuBiieHMeM wu3nydeHuss u  KHJI

aHTCHHBI CYIIECTBYET MpocTast cBsi3b (K=27/A4):
2

DTO COOTHOIIEHUE HECIIOXKHO IMOIYYUTh, €CJIH Y4YeCThb, 4YTO H3My4YEHHAs
QHTEHHOW MOIIHOCTh MOXET OBITh HaWJeHa, C OJHOW CTOpPOHBI, IYTEM
MHTErpupoBaHusl BekTopa IloliHTHHTA, a C JOpYyroM, - 4Yepe3 COIMPOTUBIICHUE

U3ITy4YeHUS U KBaApaT 3PEeKTUBHOTO 3HAUCHHSI TOKA:

E*-dS
B=|——=14% R 22
=g AR (22)
Bripaxenue (21) BeiTekaeT u3 (22), ecnu yuects (11) u cooTHOmICHHE
E=30-k-/ﬂ-/A-F(9,(0)//‘, (23)

AHAJIOMYHOC BBIPAXKCHHUIO AJISA aMILIUTYAbI HaHp}I}KéHHOCTI/I QJICKTPHUYCCKOI'O I10JIA

aunotid I'epua B JambHEN 30HE.
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2. IlporpaMmma nmoJAroToBKHU K padore

1.M3yunth TEOpeTHYECKHE IOJIOKEHMSI, Kacaroluecss KOHCTPYKTHUBHBIX
O0COOEHHOCTEHN U TEXHUUYECKUX XapPAKTEPUCTUK AHTEHH.

2.YACHUTS 11eJIb U TOPSAAO0K NMPOBEIEHNUs 1a00paTOPHOM pabOTHI.

3.03HaKOMUTBCA C OCOOEHHOCTSIMU padOThl C KOMIIBIOTEPHOW HPOrpaMMoOil
MMANA.

4. TloarotoBUTh OIAHK OTYETA IO paboOTe.

5. IIoaAroToBUTHLCS K OTBETAM Ha KOHTPOJIbHBIC BOITPOCEHI.

3. Onucanue nopsiaka paéorsl ¢ nporpammoii MMANA

[Iporpamma MoOAENMpPOBaHUS AHTEHH, pacyeTa UX XapaKTepUCTHK U
mapaMeTpoB AaHTEHH  peajln30BaHa B OECIUIATHOM MPOTPAMMHOM TPOAYKTE
MMANA, pa3zpaboTaHHOH STIOHCKUM paguouHx)eHepom Makoto Mori.

[Iporpamma no3BOJISAET:

» Co31aBaTh U PEIAKTUPOBATH ONMCAHUS aHTEHHBI

* PaccMarpuBaTh MHOKECTBO Pa3HbIX BUIOB AHTEHH.

 PaccunrteiBath quarpammsl HanpaieHHOCTH ([IH) anTeHH

* PegaktrpoBars onucaHue KaXa0ro 3JIEMEHTA aHTCHHBI.

* OnNTUMU3HPOBATh AHTEHHY, TMOKO HacTpauBas LEIM ONTHUMH3aUUU: ZBX,
KCB, ycunenue

* CoxpaHsATh BCE IIard ONTHUMHU3allUA B BUAE OTIAEIBHOM TaOIUIBL. ITO
MOJIE3HO ISl IOCJIEIYIOIIETO IPOCMOTPA U aHAJIA3a

» Ctpouts rpaduku: ZBx, KCB, ycunenus, Bkitouas mnoka3 3asucumoctu J[H

OT 4aCTOTHI.
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[Ipu cTapte mporpammsel OTKpbIBaeTCs 3aKiaaka I'eomeTpus v Bbl BUIUTE
HECKOJIbKO ToJIeH BBEpXY U TpH Tabiuibl (puc. 11), Ha KOTOPOil OTKPHIT (aiin yxe

UMeEIoIIeics aHTECHHBI

() MMANA - FAMMANAVAWNTIVHF beams\ddeliab.maa _ O] x|
Parin Opaeka Cepeyc  MNolMows
| BIA.EI. | BriymcneHma I ﬂl/lElrpElMMbI HEMPEENEHHOCT A I

Mms |4ele Delta Loop Gm F 50200 ~| MHz B B i
Wire 12 AeTocerme-Twi DML 400 ~| DM2 [%0  ~|sczn EC |1 ] T Hepaspesate

Mo, =1 {m) | “r1imy | z1(m) | =2(my | “vaqm) | z2(m | Rmm) | seq. |ﬂ

1 0.0 1.103 0.633 0.0 -1.103 0639 7.0 -1

2 0.0 -1.103 0633 0.0 0.0 -1.267 0.8 -1

3 0.0 0.0 -1.267 0.0 1.103 0639 0.8 -1

4 -1.45 114 0657 -1.48 -1.141 0657 7.0 -1

5 -1.46 1141 0.657 -1.46 0.0 -1.314 0.8 -1

3 -1.46 0.0 -1.314 -1.46 1.141 0657 0.8 -1

7 1.35 1.087 0.623 135 -1.087 0629 7.0 -1

8 135 -1.087 0.623 135 0.0 -1.247 0.8 -1

g 135 0.0 -1.247 135 1.087 0623 0.8 -1

10 281 1.08° 0.625 281 -1.081 0625 7.0 -1 =]
Source 1 ¥ QgiHaKosbia MCTouHKE load 0 V¥ BeADYMTE Har py3ky (i)

No. PULSE | ®asa(rp)| Hanp(v) | MNo. PULSE[Tun [LuH)  [CeR [0 [ fitHz) |

1 K]l 0.a 1.0 Cnen

Pucynoxk 11. Okno 3aknaaku I'eomerpust

[Tosre Ums1 — 3TO Ha3BaHHWE AHTCHHBI

[Tone F...MHz — ocHoBHas yacToTa aHTeHHBI. MOXXHO BBOAUTH €€ 3HAUCHHE
BPYUYHYIO.

[TepBas tabnuma IlpoBoga — 310 omucanue MPOBOJOB. B anroputme pacuera
ar00asi aHTEHHA MpeJCTaBisieTcs Kak HaOop mpoBoaoB. Kaxnas cTpoka B 3ToM
Tabnuie — onucanue ogHoro nposoga: X1, Y1, Z1 — 3To KoOpAWHATHL B TPEXMEPHOM
IIPOCTPAHCTBE Hayvajia MpoBoja, a X2, Y2, Z2 — To e caMmoe, HO KOHIla ITpoBoja. R —
paauyc npoBoJa.

Ilpumeuanue: ne usmeHAmMs yCMaHoB1eHHblE NO yMoauanuio 3Hadenuss DM,

M2, EC u SC, a napamemp Seg écec0a cmagvme paguvim —1 0151 ONMumManibHou
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asmocezmermayuu. Taxoice He uzmernsmo napamempbul OGyX HUDICHUX ma6ﬂuu -

UCMOYHUKU U HACPY3KA.

{#) MMANA - FAMMANAVANTWHF beams\ddeliab maa _ O] x| |

Pann  [paseka Cepewc  [Nokowbs
leomeTpra  Bya |Elb|uv|cnem4;|| Omarpamrasl HElI'IpaBJ‘IEHHDCTl/Il
dele Delta Loop Bm LleHTp Hda dHTeHHY | LleHTp: X=071=0Z7=0 |

SeTouY, Z
= Harpyaka

BepT. EpaLLEHME I op. BEpELLEHME MacwTad M HopMensHeifBra a0 ra6 Tokos

[ —rr I ]

Pucynox 12. Okno 3aknaaku Bua

BribpaB 3aknanky Bua MOXXHO NMOCMOTPETh BHEIIHHUN BHJ B TPEXMEPHOM
IPOCTPAHCTBE ONMCAHHOM aHTEHHBl (WIM B3SITOW U3 TOTOBOro (aina) u
pacrpejieieHie CerMEHTOB M TOKOB mo Hei. Ha puc. 12 mokazaHo OKHO 3ToH
3aknaaku. Jpmwkkamu Beprt. Bpamenue, I'op. Bpamenume n Macmrad MOXKHO

PaccMOTpeTh aHTEHHY CO BCEX CTOPOH.

B 3aknagke BblumMc/IeHMsl TPOM3BOAATCSA YCTAHOBKM YCJIOBUM pacyera,
BBIBOJAUTCS XOJ pacdyeTa M OKOHYATENbHbIE pe3yapTaTel. B okHe Yacrora
YCTAaHABJIMBAETCSl 4YacTOTa aHalIM3a aHTEHHbI (IO yMOJIYaHHIO Oepercss 4YacToTa,

yCTaHOBJIEHHAs] B 3akjaake ['eomerpusi). B »TOM mone umeercs ymoOHBIM Jist
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BBIOOpA CHHMCOK YacTOT, a €CiAu HeoOxoauMma crheruduyueckas 4YacTtoTa, TO €e
3HAYEHUE BBOJUTCS BPYy4HYI0. Bu 3TOTO OKHA TIOKa3aH Ha puc. 13.

[IpaBoe okHO — wuHpOpManuoHHOE. OHO OTOOpaKAET TEKYIIEE COCTOSHUE
pacdera. Tyma e BBIBOIATCS COOOIEHHS O BO3MOXKHBIX OIIMOKax pacuerta. B
okomike 3emJsi BbIOMpaeTcs TUN 3€MJIM. BbicoTa aHTEHHbI HaJ 3eMJlei
yCTaHaBJIMBaeTCs B noje BbicoTa (3T0ro MOKHO HE JeNaTh, €CJIU B OKOIIKE 3eMJlsd
BbiOpaHa onuus CBo0oaHOe mpocTpaHcTBO). [IporpamMmma mMmoaHMMaeT aHTEHHY
BBepX 1o ocu Z. B none MartepuaJj u3 cnucka BeIOMpaeTCss MaTepuall aHTEeHHBI. Tum

MaTcpHrajia OKa3blBACT 3aMCTHOC BJIMAHHNUC HaA ITApaMCTPbl aHTCHHBI.

() MMANA - FAMMANAVANT\WHF beams\ddeliab.maa _ o] x|
Pafn  [peeka Cepewc  [MNoMowe
[eoMeTpma | Brvo  BeidmcneHAs | Owar pammsl HaNPAaENEHHOCT |

4ele Delta Loop 6m

= IED.EDD vl AL WAAWE LENGTH = 5.972112[m)]

TOTAL PULSE = 222

3erna FILL MATRIL...

" CeoBbogHoe NpOCTpaHCTED FACTOR MATRI. ..

PULSE WOLTAGE[Y] CURRENT[mA]  IMPEDAMCE[Om) SWH
 MoeancHaaA wib 1.00+0.00 2087-035 4791+081 1.05

o MaparmeT bll CLIRRENT DATA..
Feaneries d " FAR FIELD...

Mo Fatal Eror(s)
BoicoTa |5 vl Mo [15.410g)
MaTepman Iﬁ. noT vl

Mo. | FreqmHz | R (o) |j><[OM) |SWR5D |Gth|d |GadEii |FfE|dEi |Elev.rp|SEMn |E|b|cuTa |r|on.
1 50200 147.905 0812 1.05 — 1582 2295 146  PeanoH |50 rop.

<] o

I'Iy(:K| OnTumMuzaums | ODzop LWAT0E onmmuaauuu| FpacpuKu|I'IpaBKa npoeona|llpaBka aneMeHTa

Pucynok 13. OxHo 3akinaaku Beraucienust

3aKOHYHUB BBOJ OIIMCaHHA AQHTCHHBI WM Ha)XXaB KHOIIKY HyCK B OOJBIION
HIDKHEH Ta6J'II/IIIC BBICBCUMBAIOTCA PE3YJILTATBI pacycTa. PCBYJIBTaTI)I BBIBOJATCA B

cnenytoieM hopmarte (1Mo CToI0IaM):
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* Freq MHz — yvacrora.

* R — akTHBHAs YacTh BXOJHOT'O CONPOTUBIEHUS, OM.

* X — peakTHUBHaAl.

* SWR - KCB

* Gh - ycuieHue OTHOCHTENBFHO MOJTYBOJIHOBOTO Aumoiisi (nb), 3To 3HaueHue
BBIBOJIUTCS], TOJIBKO €CJIM pacdyeT NPOU3BOIUTCS JIsl CBOOOIHOTO MPOCTPAHCTBA.

* Ga dbi — ycunenne K M30TPOIHOMY HU3JIy4aTeNro. JDTa €IUHUIA, OyTydH
MPUBSI3aHHOM K a0CTPaKTHOM BCEHANPABJICHHON aHTEHHE, HE3aBUCSAILICH OT BBICOTHI U
CBOICTB 3eMJIH, UCTOJIB3YETCS BO BCEX TaONIMIax U rpadukax.

* F/B db - oTHOIICHHE YpOBHEI U3TyueHHs BIiepe/1/HA3al.

* Elev. —3eHuTHBIN (BepTHKAIBHBIA) YroJ, MOJ KOTOPBIM PACIOJIOKEH
MaKCUMYM H3JIy4EHUSI aHTCHHBI.

* 3eMJ1 — TUII BIAMSIHUSL 3€MJIU U1 KOTOPOTO MPOBOIUIOCH MOJIETTMPOBAHUE.

* BbicoTa — BbICOTa AaHTEHHBI B METPaxX HaJl 3eMJICH.

* [ToJ1. — nonsipu3anys aHTEHHbBI — TOPU30HTAJIbHAS UJIM BEPTUKAJIbHAS.

Jliist Goliee AETANIbHOTO aHaIM3a PE3yJbTAaTOB pacueTa aHTEHHbI HAKUMAEeTCs
kHonka I'padpuxku. B mnone Ilojsioca ycranaBinuBaeTCs WMIMPHHA IOJOCHl YacTOT
(OTHOCUTENBHO IEHTPAIBbHOM), B KOTOPOM HEOOXOAMMO MOCMOTPETh MapaMeTphbl.
BriOpanHoe 3HaueHHE aBTOMATHUYECKH YCTAHABIMBAETCS MO TOPU3OHTAIILHON OCH
rpaduka.

[TocnenoBarensHo BbIOUpas 3akinanku Z, KCB, Gain/FB, JIH wMoxHO
HaIJIAJIHO YBUJIETh, KAK MEHSAIOTCS OT YacTOThI B 3aJaHHOM JMAIla30HE MapaMeTphbl
anTeHHbl KHonka Ilonck pe3oHaHca npeaHa3Ha4YeHa Il aBTOMAaTUYECKOIO MTOMCKA
PE30HAHCHOM YacTOThI aHTEHHBI (T. €. TOM, HA KOTOPON peakTUBHAsI COCTABJISIIOIIAS
€€ BXOJIHOT'O UMIIEJJaHCA PaBHA HYJIIO).

3aknaaka JH BbIBOOUT pa3HbIMM LIBETAMHU JAHarpaMMbl HampaBlIEHHOCTH
(xkpuBbie 1, 2, 3 Ha puc. 14) anTeHHbl s BCeX YACTOT (IIAaroB CETKH) B
paccuMTaHHOW MOJIOCEe, a TaKKe TaOJIMUKY MU3MEHEHHs] OCHOBHBIX MapaMeTpoB. DTO
ObIBAET OYEHb IOJIE3HO MPHU MOJITOHKE aHTEHHBI, KOT/1a TpeOyeMble XapaKTepUCTUKU

u ¢opma J[H mMoryt okazaThCs HE Ha LIEHTPAIBHOUW YaCTOTE, a TAe-TO B cTOpoHe. B
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3TOM ke 3aknanke B okowmke JH anasi moaspusanmii MOXXHO BbIOpATh Il KAKOM
noJsipu3anuu (BepTukaabHoil V, ropuzonTainsHoil H, nx cymmsl Ecou JIH Ha kakux-
TO YacTOTaX HE HYXEH, WX MOXXHO BBIKIIOYUTb, IIEIKHYB B CTPOKE

COOTBETCTBYIOIIEH 4acTOTHI B cTOJO1IE On.

[ patprkm m
2TDHKHlBCﬂCETKalﬂDH.TDHKMl NEHER FESOHEHES. | ﬂDnucahDDD vIKFu [NEedEmE

z |kcB | GainfFB|veramoekn OH |

UeeT |

Freg  |R [ix EEEE Y
49700 744  -436 155 156  On
49 950 E1.3 -2813 167 158.4

0200 473 0@ 159 [223  |On
R0450 370 363 159 [155

BO700 312 836 153 33  On

OH ona nonAapkaadeii
P W CH o i

Pucynoxk 14. OkHo 3akiaaku Jlmarpamma HanpaBJIeHHOCTH

BoiOpaB 3aknanxy Jlmarpammsel HampaBideHHoctH (puc. 15), momyuum JIH B
BEPTUKAJIIBHOM M TOPHU30OHTAIBHOM IIJIOCKOCTH M IIEPEYHCIEHHE BCEX OCHOBHBIX
napameTpoB aHTeHHBL. JIH 1mr000i1 aHTEHHBI SBIsETCI OOBEMHON TpEeXMEpPHOM
burypoii, B 00111eM ciaydae, HempaBUIbHON (DOPMBEI.

B okomxke JAH aas moasipu3aumii MO>XKHO BbIOpaTh AJIsi KaKOW MOJSIpU3ALAN
(BepTukanpHOU V, ropuzoHTanbHoi H, nx cymmsr V+H) OyayTt moctpoenst /IH.

Ilocne TOro, Kak IIOJXY4YeHbl BCE IIapaMEeTpbl AHTEHHbI B 3aKJIaJKe
Beruucienusi, MOKHO UCIIPaBUTh KOHCTPYKTUBHBIE AIIEMEHTBI aHTEHHBI. ITO MOKHO
caenarbh U B 3aknanke I'eomerpusi, U3MEHs BPYYHYH0 KOOPJAMHATHI IIPOBOJOB, HO

IyTh 3TOT TPOMO3JIOK U BecbMa TpynoeMok. [Ipoie ucnonb3oBats kHONKY IIpaBka
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NMpoBOJda M BbI3BATb OKHO, KOTOPOC€ CO3daBaTb M PEAAKTHPOBATHL AHTCHHY TOJIBKO

MBIIIbIO 0e3 epedopa mudp B 3akinaake ['eomeTpus.

(& MMANA - FAMMANAVANTWHF beams\Adelta. maa [=1E3

Pann [pseka Cepewc  [NoMowes

I'eome‘rpm:ll B IEDMVICJ‘IE!HMH ﬂHanaMMblHal‘lpaBﬂE!HHDCTH|

4ele Delta Loop 6m MNevyatb |

Ga :15.92(dBi) = 0dB outring
F/B :22.95(dB) Rear:Azim120dgElev60dg
Freq:50.200{MHz)

Z 4790540812

SWR :1.05(50.00m) 12.52(6000m)

Elev: 14.6dg{Real GND :5.0mH})

Mokasate [OH Ans nonspuaaumis——
(r BepT.  © lopua.  © Cymmmbl © BepT+lop.

¥CTaHOBWTb 3€HUTHLIA yr0n|

Pucynox 15. Bua quarpaMmbl HanipaBi€HHOCTH JJIsl CYMMbl BEPTUKAJIBHON U

TOPU3OHTAIBHOM MOJIAPU3ALUI

B otkpeiBiieMcst okHe (prc.16) MMEIOTCS YeThIpe 3aKIagKd C OUYECBUIHBIM
Ha3HAYEHUEM — TPEXMEPHBIN BUJI aHTCHHBI, @ TAKKE JIBYXMEPHBIC B KaXI0N U3 TPEX
wiockocte. B Tpex mocnenHux ciydasx s OOJeryeHusi MPOEKTUPOBAHUS Ha
M300paKeHNE HAKJIAIbIBAETCSl KOOP/IMHATHAS CETKA C YKa3aHUEM MaciuTaoa.

Kpome oueBnmnbix aBukKOB Macmrad u Bpamare nmeerca eimie psj
KHOIIOK:

-IllepBas kHOmKa (C HaAKJIOHHON O€JON CTpeNKoi) BKIIOYACT PEXKUM
pPEIaKTUPOBAHUSA-TIEPETACKUBAHUSL  TMPABOM  KHONKOW  MBIIIKA  CYHIECTBYIOIIHMX
npoBoJ1oB. Lllenmyok — BeiEIEHUE MTPOBOJIA (OH MPU 3TOM MEHSET LIBET Ha KPACHBIN),
HIEJTYOK U yJIepKaHKWe KIJIABUIIKM HaKaTOW — nmepeTackuBaHue rnposoja. [Ipuyem, ecnu

B35Th BBIJICJICHHBIA MPOBOJ 3a Kpall (Kypcop COBMEIIAETCS C KOHILIOM IPOBOJAA U
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npeBpalaeTcs B KPECTUK — 3TO Ha3bIBAETCS BBIJCICHUEM KOHIIa POBOJIA), TO OyAeT
IIEPETACKUBATBLCA TOJIBKO OJMH €r0 KOHEI], a BTOPOM OCTaHeTcs Ha Mecte. Ecim xe
B3STh CEPEAMHY MpoBoJa (IIPU 3TOM PSAJOM C KypCOPOM MOSBUTHCS HEOOJBIION
Oenplii MPSMOYTOJBHUK), IIE€peMelaTbcsi OyIeT BeCch MPOBOJ MapauIeIbHO
HCXOJHOMY I10JIOKEHHUIO.

DNEeKTPUYECKUE COEAUHEHUs MPU STOM HE pPa3pbIBalOTCA, TO €CTh OYyIyT
IIEpEMEIATBC U KOHIBI TEX IIPOBOAOB, KOTOPBIE JJIEKTPUYECKUM COCIUHEHBI C
[IepeMeLaeMbIM IIPOBOJIOM.

- Bropasg kHOmka (C TOHKOW [HMaroHAJIbHOW JIMHUEN) BKIIOYAET PEXUM
pPUCOBaHHSA HOBBIX MpoBOJAOB. HeoOXomuMo MIENKHYTh B HYXXHOM MeECTe
KOOPJIMHATHOM CETKH MPABOM KHOMKOM M, AEpika €€ HaXKaTou, HapucoBaTh npoBoj. C

9TOTIO I[eﬁCTBHH O0OBIYHO M HAYMHAETCS puUCOBaHUC HOBOI aHTCHHBI.

@ lMNpaeka npoeona !En I
0O5beMHbIN BUA | MnockocTb X—Yl MnockocTb X*Z| MnockocTb Y*Zl Macwrab
0 1.0 Z
[ Zal [+
Nokas IBcé -—I
Cetka
¥ Bkn ¥ ABTowar
| War |0.1 'I M
Bpawarte
- o N —
Wire No.l
X1:0.0
Y1: 1.103
Z1: 0.639
X2:0.0
Y2:-1.103
Z2:0.639
R : 0.007
SEG:-1
Len:2.206
Kl [ ] M| Da I OTkas |

Pucynox 16. Okno 3aknaaku [IpaBka npoBoaa

-Tperbs kHOMKA (C KBaJIpaTUKOM BHYTPH) aHAJIOTUYHA BTOPOM, HO PUCYETCS HE

OJIMH IIPOBO/I, a Cpa3y «KBaApaT» UK MPAMOYT'OJIbHUK.
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-Crnepyiomye JBE OTICIBHO PACIONOKECHHBIE KHOMKH OTHOCATCA K
YIOPABJICHUIO H300paKEHUEM, IMOATOMY pabOTarOT MPU BBIOOpE 000N 3aKJIaJIKH
H300paKeHuUs.

-UeTBepTast KHOIKA (C TUTFOCOM BHYTPH) YCTaHABIUBACT IICHTP U300pasKeHUS
Ha Hayaso koopauHat (X =0,Y =0,Z =0).

-ITocnenusis msiTast KHOMKA (C YETBIPHMS CTPENIKAMH TI0 YTJIaM) YCTaHaBIIMBAET
HOpPMaJIbHBIA MacmTald, ToMeIias HEeHTP H300paKeHUsS HAa TeOMETPHUYECKUH IEHTP
AHTCHHBI.

B menio Iloka3 nmeercst BbIOOp U3 Tpex cTpok: Bce — mokas Bcex MpOBOAOB
aaTeHHbI; [L10CK — 1MOKa3 TOJIBKO TEX MPOBOJIOB, KOTOPHIE JIEXKAT B OJHOU MJIOCKOCTH
C BBIJICIICHHBIM IPOBOJIOM; JJIEMEHT — IOKa3 TOJBKO MPOBOJOB, JJICKTPUYCCKU
COCIIMHEHHBIX C BBIJICTICHHBIM.

B okxne CeTka ycTaHaBIUBAIOTCS TapaMeTPhbl KOOPAMHATHON CETKH.

[Ton nBwxkamu BpamaThb 1pH BBIACICHUH MPOBOJA MOSBIISICTCS €ro MOJTHOE

OIIMCAaHUC, BKJIIOYaA Cro AJINHY.

4. Ilopsiaok NpoOBeAeHUsT UCCJIeI0BAHMI

3anyctutb nporpammy MMANA.

|. Hccneoosanue uemeepmov 6071H06020 HECUMMEMPUUHOZO SuOpamopa
(umbolpesoii anmenHwl)

1. Hccneoosanue 3asucumocmu Kko3pguyuenma ycuieHus u  Gopmol
ouazpammvl HANPAaeiIeHHOCMU OMm Yacmombl Npu NOCMOSHHBIX 2€0MempPUYecKux

pasmepax aumeHHul.

3arpy3uth ¢aiin «IlepBblity.

Yo6enuthcs Ha BKIaake I'eomeTpusi, 4To JyIMHA aHTEHHBI (MapameTp Z2 paBHA
1/4 nnvuHBI BOMHBI WK 8 CM, MaTepHaJl aHTCHHBI - Medb, TTApaMETPhI BIUSHUS 3EMIIHA
- c600600H0€ npocmpancmeo U padouyto yactory 450 MI'n (Bkiaaka Beranciaenus).

3apucoBaTh aHTEHHY, UCTOJIb3Ysl BKJIAAKy Bua.
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a) BemosHuTh BbluKcieHus, HaxkaB kHonky Ilyck. Haxonmsce Ha Bknaake
Boruucienns Haxate kHonky I'paduku. Beiopats Brinagky Gain/FB, ycranoButh
nonocy vyactot 80 k' n HaxaTh kHONKY JlomosHuTeabHbIe TOUKH. [lepeprucoBaTh
B TETpajb NOJIy4YeHHBIN rpaduk kodpdunrenta ycuiaenus antreHnsl Ga (0003HayeH
yepHbiM 11BeTOM). llepeiitn Ha Bkiagky JIlmarpaMmbl HANpPaBJEHHOCTH U
3apucoBarh /IH B IByX IJIOCKOCTSIX.

0) Bepuythcs Ha Bkiagky Bbrumejenus. Ycranosuts yactory 900 MI'w.
[IponenaTs Te ke caMble ONepaluy, 4TO U B IYHKTE «a)».

B) Ha Briiaike Boruuciaenus ycranoButh 4actoT 1800 MI'n. Ilponenats Te xe
caMbl€ ONEpaly, YTO U B IIYHKTE «a)».

r) Ha Bxinaake Boruncesenust yctanoButh yactot 3600 MI'. [Ipoaenats Te xe
caMbl€ OIlepalyy, YTO U B IIYHKTE «a)».

n) IlpocMmoTpeth, Kak u3MeHsieTcs (opma AuarpaMMbl HaIpaBJICHHOCTU IPHU
BIUsIHUU 3eMiH (Y cTaHOBKA 3eMulsl - peanvbHas Ha BKIIaJke BolumcieHus1, a BbICOTa
AHTEHHBbI [ Memp HaJl 3eMJIel).

e) [loctpouts rpaduk 3aBUCUMOCTH Kod(pduiineHTa ycuiaeHus aHTeHHbl Ga ot
gacTtoTel (450, 900, 1800, 3600 MI'm). Cnenatp BBIBOABI O BIHUSHUU pabouei
yactotel Ha Buj JIH w Benmumny kodddunmenra ycunenus antennsl Gain/FB.
CraenaTh BBIBOJI O BIUSHUU 3eMJIM Ha JIH aHTeHHEI.

2. HUccnedosanue 6rusHus 2eomempuyeckux pasmepoé aHmeHHvl Ha ee
OCHOBHblE MeXHUYecKUue XapaKmepucmuxu.

a) Ha Bkmagke I'eomeTpusi ycTaHOBUTH JJIMHY aHTEHHBI (mapamerp Z2)
paBHOU 15 cM. YCTaHOBUTH MaTepHall aHTEHHBI - MeOb, TApaMETPhl BIUSHUS 3€MJITH -
c680000H0€e npocmparcmao U pabouyro yactory 900 MI 1.

0) BemonuuTs Beruncienus, HaxxaB kKHONKy Ilyck. [lepeiitu B okHo I'paduknu
(HaxxaB kHOTIKY I'papmkm) u nosyunuts rpaduk kod3PuUMEeHTa YyCUICHUS] aHTEHHbI
Ga (0603HaueH yepHBIM IIBETOM). BepHyThCs BO BKIIagKy BbIuncjieHUsI U OTKPBITH
BKJIaAKy JluarpaMmmsbl HampaBJIeHHOCTH. 3apucoBarb JIH B BepTUKaIbHOU U

TOPU3OHTAIBHOW TIJIOCKOCTSIX.
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B) BepHytbcs Ha Bkiaaky [eomMeTpusi W yCTaHOBHUTH [JIMHY AHTCHHBI
(mapametp Z2) pasuoii 10 cm. [Ipoaenats Bce onepariu CoriacHO MyHKTa «0)».

r) Ha Bknanke I'eomeTpusi yCTaHOBWTH JUIMHY aHTEHHBI (mapamerp Z2)
paBHO#1 5 cM. [IponenaTs Bce omepaluu COrJiacHO MMYHKTa «0)».

) Ha Bknaake I'eomeTpusi yCTaHOBHMTH JJIMHY aHTEHHBI (rmapamerp Z2)
paBHoii 1 cMm. [IpojgenaTs Bce onepanuu CoriacHO MyHKTa «0)».

e) IlpocMmoTpeTh, kKak u3MeHsieTcs: (opMa AuarpaMMbl HaIPaBJICHHOCTU TPHU
BIUsHUU 3eMJu (Y cTaHOBKA 3eMulsl - peanbHas Ha BKiIaJike BolumcieHus, a BbIcOTa
aHTEHHBI | Memp HaJ 3eMIIei).

K) [loctpouts rpaduk 3aBUcCUMOCTH KO3(puireHTa ycuiaeHus anteHHsl Ga
OT reoMeTpuYecKux pasmepoB BuOparopa (15, 10, 5, 1 cm). Caenath BBIBOABI O
BIUSHUU pa3MepoB aHTeHHbI Ha Bua JIH u BenmumHy Kod(QuIMeHTa yCHICHUS
antenHbl Gain/FB. O0bscuuTh HakiaoH rpaduka Gain. Crenarh BBIBOJ O BIMSHHUU

3emid Ha /JIH aHTEHHBI.

1. Hccneoosanue nonysonnosozo cummempuunozo euopamopa (0uno.is)

1. HUccneoosanue 3asucumocmu Kodppuyuenma ycunemus u  Gopmul
ouazpammuvl HANPABIEHHOCMU OM YacmOmbl HPU NOCMOSHHBIX 2e0MEeMPUYECKUX
pazmepax aumenHbl.

3arpy3uth ¢aiin «BTopoii».

YOenutbcs Ha BkIangke ['eomerpusi, 4To JyiMHA aHTEHHBI (mapameTpsl Y1 u
Y2 paBHa 1/2 nnuHbl BOJHBI WM 15 cM, Marepuan aHTEHHBI - Medb, TAPAMETPHI
BIIMSIHUS 3€MJTH - c80000HOe npocmparncmeo 1 pabouyto yactoty 450 Ml (Bkianka
Borunciienus). 3aprcoBaTh AHTEHHY, UCIIOJIb3YsI BKIAAKy Bu.

a) Beimomnuth BbluMcieHus, HaxaB KHomnky Ilyck. Haxonsch Ha BKIajke
Boruucienunsi Haxate kHonky I'paduku. Beiopats Brinagky Gain/FB, ycranouthb
nonocy yactoT 80 k' n Haxkath kHONKY JlomosiHuTebHBIE TOUYKH. [lepeprcoBaTh
B TETpajb MOJy4YeHHBIN Tpaduk ko3 duirenta ycwieHus anteHHsl Ga (0003Ha4YeH
yepHbiM 11BeTOM). llepeiitu Ha Biiagky JImarpaMMbl HanmpaBJeHHOCTH U

3apucosats /IH B AByX II0OCKOCTSX.
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0) Bepuythcs Ha Bkiagky Berumegenusi. Ycranosuts uyactory 900 MI'w.
[IponenaTe Te k€ caMble ONEpally, YTO U B IIYHKTE «a)».

B) Ha Bxitanke Burumciienusi yctanoButh yactotry 1800 MI'm. [lpoaenars Te
K€ caMble OIlEepallii, YTO U B IIYHKTE «a)».

r) Ha Bknagke Boluuciaenusi ycranoButh yactoty 3600 MI'm. [lpoaenars Te
K€ caMble ONepalii, YTO U B MIYHKTE «a)».

n) [IpocMmoTpeTh, Kak U3MEHsETCS (opMma aUarpaMMbl HanpaBiICHHOCTH MpU
BIUsIHUU 3eMiH (Y cTaHOBKA 3eMulsl - peanvbHas Ha BKiIaJke BolumcieHus1, a BbICOTa
aHTeHHbI 30 Mempog HaJl 3eMIIEN).

e) [ToctpouTs rpaduk 3aBUCUMOCTH KO3(PPUIIMEHTa yCuIeHnus anTeHHsl Ga ot
gactoTel (450, 900, 1800, 3600 MI'1). CnenaTh BBIBOJABI O BIUSHHUM paboueit
yactotel Ha BuJ JIH u Benmmumny koadduimenta ycunenus anteHHsl Gain/FB.
CnenaTh BbIBOJ O BIMSIHUY 3eMiin Ha J{H aHTeHHBI.

2. Hccnedosanue 6nusHUA 2eOMempuyecKux pamepos aHmeHHvl Ha ee
OCHOBHblE MEeXHUYECKUE XaAPAKMEPUCTNUKU.

a) Ha Bkunagke I'eomerpusi U3MEHHTH JJUMHY BHOpPATOPOB AHTEHHBI
(mapametps! Y1, Y2) u cnenaTh paBHbIMH, COOTBETCTBEHHO, MUHYC 30 1 tuttoc 30 cm.
Y CTaHOBUTH MaTepHal aHTEHHBI - MeOdb, TMapaMeTPhbl BIUSHUS 3€MIIU - C80O00HOE
npocmpancmeo 1 pabouyto gyactoty 900 MI'm.

0) BemmonuuTs Beruncienus, HaxxaB KHoOTKy Ilyck. [lepeiitu B okHo I'padpukn
(naxxaB kHonKy I'padpukm) u nonyunuts rpadpuk Kod3PQPULKUEHTAa YCUICHHUS aHTEHHBI
Ga (0o60o3HaueH yepHbIM 1BETOM). BepHyThcsl BO BKIIaJAKy Bbhlumc/jieHUst 1 OTKPBITH
BKIaAKy JlmarpaMmmsbl HamnpaBJdeHHOCTH. 3apucoBath JIH B BepTUKanbHON U
TOPU30HTAIBHOU MIOCKOCTSX.

B) BepHyTbcsi Ha Bkiaaky I'eomerpusi M YCTaHOBUTH JIMHY AHTEHHBI
(mapametpnl Y1, Y2), coorBeTrcTBEHHO, MUHYC 15 u mmoc 15 cm. [Iponenats Bce
omepaly COTJIaCHO MyHKTa «0)».

r) Ha Bkmagke I'eomeTpusi ycCTaHOBUTH JUIMHY aHTEHHBI (mapameTpsl Y1,
Y2), cooTBeTCTBEHHO, MUHYC 7,5 u toc 7,5 cM. [Ipoaenats Bce onepanuu corjiacHO

IYHKTa «0)».
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1) Ha Bximagke I'eoMeTpusi yCTaHOBUTH JUIMHY aHTEHHHI (apameTpsl Y1, Y2),
COOTBETCTBEHHO, MUHYC 2,5 u 1uitoc 2,5 cm. Ilpoaenats Bce omepanuu COTJacHO
MyHKTa «0)».

e) IIpocmoTpeth, Kak u3MeHseTcs (popma nuarpaMMbl HANpaBICHHOCTH NpU
BIUsHUU 3eMi (Y cTaHOBKA 3eMulsl - peanbHas Ha BKiIaJke BolumcsieHus, a BbICOTa
aHTeHHbI 30 Mempos Haj 3eMiel).

x) [loctpouts rpaduk 3aBucUMOCTH KO3(uirienTa ycuneHus anteHHsl Ga
OT TEOMETpUUECKUX pa3MmepoB BuOpatopa (60, 30, 15, 5 cm). Caenats BBIBOJBI O
BJIMSIHUM pa3MepoB aHTeHHbl Ha BUI JIH u BenuuuHy KO3(puIUMEHTa YyCHICHHUSA
aateHHbl Gain/FB. O0bscHuTh HakioOH rpaduka Gain. Croenats BBIBOJA O BIMSHHA

3emid Ha /JIH aHTEHHBI.

I1l. Hccneoosanue nanpaenennon ammennvt muna «Bonnoeoit xanany
(Oupexkmopnoii aumeHHbsl)

1. Hccneoosanue 3asucumocmu kodppuyuenma ycunenus u  gopmoi
ouazpammvl HANPAGIEHHOCMU OM YACMOmMbl NPU NOCMOAHHLIX 2€0MEMPUYECKUX

pasmepax anmeHHbsl.

3arpy3uth ¢ain «Tpetuiiy.

OOpaTuTh BHMUMaHHE HA KOHCTPYKIHMIO, aHTEHHBI, MPEICTABIAIONIYI0 COOOM
KOMOMHAIIMIO  TIOJIyBOJHOBOIO  BHOpaTopa,  peduektopa(oTpaxkarens) U
HaIPaBJISIOMUX (IUPEKTOPOB) KOTOPBHIX MOXET ObITh oT 0 10 2-x gecsaTkoB. B
JTAHHOM CJIy4ae MpeJCTaBIeHa aHTEHHA BOJIHOBOM KaHAJI C IBYMsI TUPEKTOPaMHU.

Ha Bknagke I'eomeTpusi ONMHMCHIBAIOTCS T€OMETPUUECKUE pa3MEphbl KaxKJI0TO
AJIEMEHTA aHTCHHBI. 3apUCOBATh aHTEHHY, UCTIOJIB3Ys BKIAIKy Buj.

JlaHHBIE aHTEHHBI O3BOJISIIOT MOJYYUTh YCUIICHHUE nopsaka S - 15 nb, onHako
SBJISIFOTCSL JOCTaTOYHO y3KOIMOJIOCHBIMHU.

a) Hcnonb3yss M3y4yeHHYIO paHee METOJHUKY W3MEPEHUs MNapamMeTpoOB CHSTh

aMIUTUTYTHO-YAaCTOTHYIO XapaKTEPUCTUKY AaHTEHHbI (3aBUCUMOCTH KO3 (UlIMEeHTa
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ycunieHust Ga ot yacTtotel) B auana3zone yactot ot 800 mo 1200 Ml ¢ mmarom 50
MI 1. [lonyueHHbIE TaHHBIC 3aHECTH B TaOJHILY.
0) Uccnenosary Bua JIH npu pasznuunbix padbounx yvacrortax: 450, 700, 900,
1200 MI'1g
e) I[loctpouts rpaduk 3aBUCUMOCTH KO3 dulireHTa ycuaeHus anteHasl Ga ot
gacToThl (800 - 1200 MI'm). CaenaTh BBIBOJBI O BIUSHUU pabouyeld 4acTOTHI Ha BU]L

JIH u Benmmunny ko3¢ duiuenta ycunenus anrenasl Gain/FB.

2. Hccnedosanue 3asucumocmu Kodpuyuenma ycunenus u  @hopmol

ouazpammvl HANPAIEHHOCMU OM KOAUYECmEa HanpasIaiouwux (OUpeKmopos).

a) Ha Bxmanke BbluMc/IeHHs] YCTAaHOBUTH MaTepuall aHTEHHBI - Oe3 nomepbw,
napaMeTphbl BIUSHUS 3€MIIM - C80000HOe npocmpancmeo U pabouyio yactoty 900
MI'u. Haxare kHomnky Ilyck, 3adukcupoBaTh KOI()PUIMEHT yCUTICHUS aHTEHHBI U
3apUCOBATh AUarpaMmy HaIpaBICHHOCTH.

0) YOpath oJHY HampaBisoOIIyl0 (aupektop). [Ins 3Toro Hakatb KHOMKY
IIpaBka npoBojaa, HaKaTh KHOIMKY peJaKTUPOBaHUsS (C OEJNON CTPENKOW BHYTPH),
HICJIKHYTh JIEBOM KHOMKOW MBIIIM IO KpalHEeMy JIUPEKTOpy (OH OKpacuTcs B
KpacHBIM IIBET), 3aTE€M IPaBOM KHOIKON BBI3BaTh KOHTEKCTHOE MEHIO U BHIOpaTh
KOMaHIy ¥YaaaurTh npoBoa. Ilocne storo Haxate kHonky [da. IIpoBectn namepenus
0 TIYHKTY «Q)».

B) YOpaTh elie oJHy HampaBJSIIONIYI0 (qupekTop). Jis 3Toro HaxxaTh KHOIIKY
IIpaBka npoBojaa, Ha)KaTh KHOIMKY pPEJAKTUPOBaHUsS (C OEJNOW CTPENKOl BHYTPH),
HIEJIKHYTh JI€BOM KHOMKOM MBIIIM IO KpalHEeMy JIUPEKTOpy (OH OKpacuTcs B
KpPacCHBIN IIBET), 3aTeM MpPaBOil KHOMKOW BBI3BATh KOHTEKCTHOE MEHIO M BBHIOPAThH
KoMaHay Yaaauth mposoA. Ilocie srtoro nHaxare kHomky Jla. IIpoBectn HOBBIE
U3MEPEHHUSI 110 TYHKTY «a)».

r) CaenaTh BBIBOJIBI IO MPOBEICHHOMY HCCIIEI0BAHUIO.
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3. Hccneoosanue MHO20INEMEHMHOU Y3KOHANPAGIEHHOU AHMEHHbL Mmunda
«B8OJIHOBOU KAHAL

3arpy3uth ¢aiin «HeTBepThiii».

3aprcoBaTh aHTEHHY, UCIOJIb3Ys BKIaAKy Bu.

[IpousBecTu BbIYMCIECHUE MapaMeTpoB, MEpEedTH Ha BKIAIKYy Jmarpammbl
HAIPABJEHHOCTH U 3apucoBarh nonydeHHyrw JIH. IIpocmorpers, kak u3MeHsieTCs
JIH aHTeHHBI MpH OTKJIOHEHHH OT paboueld yactoThl Ha 100 MI'y B Gosnbliyio u

MEHBIITYI0 CTOpOHY. ClenaTh BBIBOBI MO MPOBEEHHOMY UCCIIE0BAHUIO.

5. Conep:xanue oTyerTa
1. PucyHKkM HcclieyeMbIX aHTEHH.
2. Pucynku JIH B cOOTBETCTBUU C yHKTaMHU UCCIICOBAHMUS.
3. Tabnuiipl ¢ pacuyeTHBIMU 3HaYeHUsAIMU Kod(purmentoB ycunenus Ga.

4. BBIBOJIBI 1O KXKAOMY pa3ziesly UCCIEI0BaHUS

6. KonTpoJibHbIE BONPOCHI

Urto HazbiBaeTcs Gpuaepom? OTYETro 3aBUCUT KOHCTPYKIUS puaepa’
N300pa3ute cxeMaTUueCKu BUJI HECUMMETPUYHOI'O BUOpaTopa.
[TosicauTe paboOTy CUMMETPUYHOTO BUOpATOpa KaK U3TydaTelis.
YTO MOHUMAIOT MOJ AIEKTPUUECKON MPOYHOCTHIO AHTEHHBI?

Yto OnpeCACIACT aMINIMTyAHAA JUuarpaMma HaHpaBJ'IeHHOCTI/I?

o o~ w D

KakoBa popma quarpamMmbl HallpaBJI€HHOCTH 3JIEMEHTAPHOTO JIEKTPUUECKOTO
BUOpaTopa (aumosns)?

7. Kakas nuarpaMMa HampaBJIEHHOCTH Ha3bIBACTCSI HOPMUPOBAHHON ?

8. Uro mokasbIBaeT AMAarpaMma HampaBJIEHHOCTH aHTEHHBI IO MOIIIHOCTH?

9. Yro moapazymeBaeTcs MO IMUPUHON TJIABHOTO JICTIECTKA JHATrPAMMBbI
HanpasieHHocTU? Kak oHa omnpenensiercs?

10.KakoB OCHOBHO# MOKa3aTelib HEHANPABJIEHHBIX aHTEHH ?
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11.B yem oTinuue (pazoBoi U NOISIPUIALMOHHOMN TUarpaMMbl HaIIPaBICHHOCTH?

12.Yto nmoapazymeBaercs nog KH/I antenusi?

13.Yto naseiBaercs KY anteHubi?

14.Kak Beruncinuth KITJ[ antenns! 3Has ee KY u KH/[?

15.Yto HazbiBaeTcs AciicTByroMmEeH (3P HEKTUBHON) ITUHHON TPUEMHON
AHTEHHBI?

16.Yto Ha3bIBaeTcs AeiicTByIOHIEH (3¢ (HEKTUBHON) TUIOIMIABI0 TPUEMHOMN
AHTEHHBI?

17.Yto nmompazymeBaroT oJi I3HepreTuyeckoil appexTuBHOCTHIO anTeHHBI? Kak
OH ompeensercs?

18.CpaBnurte, Bo ckoabko pa3 otinyatorcs KHJI 1Byx aHTeHH, €Clii U3BECTHBI UX

3HayeHus B peruoenax: D1=20 n1b u D,=40 nb.
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