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eab padoTsl

[IpnoOpeTeHne HABBIKOB MPAKTUYECKOrO HCIOJIB30BaHUS CIEIUATU3UPOBAH-
HBIX IPOTPaMM I10 UCCIETOBAHUIO AaHTEHH IIPU UX MOJEIUPOBAHUHU ISl IPUMEHEHUS
B YCTPOMCTBAaX COTOBON MOOWMIILHOH CBsi3M. PacmmupeHne HaBBIKOB HCIIOJIb30BAHHMS
KOMIIBIOTEPOB MPHU MPOBEJICHUH PACUETOB XaPAKTEPUCTUK U MAPAMETPOB aHTEHH.

Conepxxkanue padoTsbl

1. UccnenoBaHue MITHIPEBON aHTECHHBI.

2. UccnenoBaHue mMoiyBOJIHOBOTO BHOpaTopa.

3. UccnemoBanne paMOYHOM aHTEHHBI.

3. UccnenoBanune aHTEHHBI TUTIA «BOJIHOBOM KaHAD (TUPEKTOPHON aHTEHHBI).

KPATKHUE TEOPETUYECKUE CBEJEHUA
O XAPAKTEPUCTUKAX 1 ITAPAMETPAX AHTEHH
1 OCOBEHHOCTSX X KOHCTPYKIIUH

1. OcHOBHBbIE XapPAKTEPUCTHUKH U MapaMeTPhI NepeaaloluX aHTeHH

1.1. OOuue NpUHIKITBI TOCTPOSHUSI AaHTEHH.

AHTEHHa SIBISETCS HEOOXOIUMBIM 3JIEMEHTOM JIFOOOTO PauoIepPEaoIIero 1
PaIuONIPUEMHOIO YCTPOMCTBA. AHTEHHA pajuonepeaaTyrka (rmepenaronias aHTeHHA)
npeaHa3HavueHa Il MpeoOpa3oBaHUs TOKa BBICOKOM YacTOTBI B DHEPTUIO
U3JIy4ae€MbIX €0 DJICKTPOMAarHUTHBIX BOJIH. AHTEHHA paguoNpUeMHUKA (ITpUEeMHas
aHTEHHA) TpeJaHA3HAuYCHA JUIS MPeoOpa30BaHMS MPUHATHIX €0 AJIEKTPOMArHUTHBIX
BOJIH B DHEPrUI0 TOKA BBICOKOM YAaCTOThI. XapaKTep IPOIECCOB, MPOUCXOAAIINX B
nepearolle 1 MpUeMHON aHTeHHAX, ONpeessieT 00paTUMOCTh UX UCIOJIb30BaHUS.
OOpaTUMOCTh AaHTCHH HAXOJHWT BBIPAKECHHUE HE TOJIBKO B IPHUHIMITHAIHHOM
BO3MO>KHOCTH HCIIOJIb30BAHUS OJIHOM M TOW K€ AHTEHHBI B KaYECTBE MEPEHAIOLICH
WU TIPUEMHOM, HO M B TOM, YTO OCHOBHBIE MTapaMETPbl aHTCHHBI COXPAHSIOTCS TIPU
HCIIOJB30BAaHUN €€ KaK JJIs Iepefadyd, TaKk W Ui IpueMa. DTO MMEET OOJIbIIoe
MpakTUYeCKOe  3HaueHWe. Tak, MHOTME  TEPEABUKHBIE  PaJIUOCTAHIINH,

MNpCaAHa3Ha4YCHHBIC OJIA1 CBA3H, UMCIOT O6H_IYIO AHTCHHY Ui IICpCaadn U IJid Ipruema.



Pucynoxk 1. CumMmMeTpu4HbIE aHTEHHBI

DnexkTpudecKas Iemb U BCTIOMOTAaTeIbHBIC YCTPONCTBA, C TTIOMOIIBI0 KOTOPBIX
SHEPrUs PaAruoyacTOTHOTO KaHala MOABOJAUTCS OT paJuorepeaTuuKa K aHTEHHE WU
OT AHTEHHbl K paJUONPUEMHHKY, Ha3bIBaeTcs ¢udepom. KoHcTpykius duaepa
3aBHCHT OT JHama3oHa T[epeAaBaeMblXx 10 HeMmy dYactoT. [lpm mepemaue
AJIIEKTPOMATHUTHON SHEPrUM IO JIMHUM CTPEMATCS YMEHBIIUTh H3JTyYeHUE CaMOi
JUHUH.

Jlst 3TOrO MPOBOJA JIMHUM PACMOJIaraloT MapajuieIbHO M MO BO3MOXKHOCTH
ommke npyr k apyry. Ilpm 3ToM Tons ABYX OJWHAKOBBIX 110 3HAYCHUIO, HO
MIPOTHUBOIIOJIOKHO HAIMPABJIEHHBIX TOKOB B3aMMHO KOMIICHCUPYIOTCS W HW3TyUCHHUS
DPHEPTrUM B OKPY’KAIOIIee MPOCTPAHCTBO He mpoucxoauT. [Ipu co3mannu aHTEHHBI
CTaBUTCS MPOTHBOIMOJIOXKHAS 337aya: MOJYyYEHUE BO3MOKHO OOJIBIIEr0 M3ITyYEHHS.
JI71s1 TOTO0 MOKHO HCIIONB30BaTh TE€ JK€ JJUHHBIC JIMHUH, YCTPAHUB OJHY U3 MPUYHH,
JUIIAIONINX (UAEp U3TyUYaroluX CBOMCTB. MOXHO, HAapUMEp, pa3ABUHYTH MPOBOJA
JMHUU Ha HEKOTOPBIM YTroJI, B PE3yJIbTaTe Yero WX MOJis He OyayT KOMIECHCUPOBATh
npyr apyra. Ha srom ocHoBana pabGota V-00pa3HbIX M POMOMYECKHMX aHTEHH,
U3ITyYaroIIre MPOBOIa KOTOPBIX PACIIOIOKEHBI IOl OCTPHIM YTJIOM OIUH K JIPYyTrOMYy
(puc. 1, a, 6), ¥ CUMMETPUYHOTO BHUOpATOpa, MOJYYAOUIETOCS MPU Pa3BEICHUU

npoBojioB Ha 180° (cm. puc. 1, B).
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Pucynok 2. HecummeTpuuHbie aHTEHHBI

KoMnieHcupyroniee qeicTBUE OJHOTO U3 NPOBOAOB (hUaepa MOKHO YCTPAHUTD,
UCKIIIOYMB €ro M3 CHUCTEMbl. OTO MPUBOAUT K TMOJYYEHUIO HECHUMMETPUYHOIO
BuOparopa (puc. 2, a). Bce aHTeHHBI, MCHOJB3YIOMIME STOT MPUHLUI PabOTHI,

OTHOCATCA K KJIACCy HCCUMMCTPHYHBLIX AHTCHH. K HuM Taxxke IIpHUHAAJICKAT I'-

oOpa3znbie 1 T-00pa3Hbie aHTEHHBI (CM. puc. 2, 0, B).

| 052 |
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Pucynox 3. Cundasnsie (a, 6) u nporuBodaszusie (B, T)
AQHTCHHBI

dunep MU3ITy4yaeT, €CIU COCEHUE YYAaCTKHU €ro JBYX IPOBOJOB OOTEKaTCs

TOKaMHM, COBIAJIAIOIIMMHU 1O (paze, moJig KOTOPBIX YCUIIUBAIOT ApYyT Apyra. s 3Toro



.
HEOOXO0MMO CcO3/1aTh (Pa30BBIN CIBUT B TIOJOBHUHY JIJIMHBI BOJHBI, HAIPUMEp 3a CUET
Heusydaromiero nurerda (puc. 3, a). Ha TakoM ke mpuHIIAIIE OCHOBAaHbBI CUH(DA3HBIC
aHTEHHBI, MOJIYYUBIINE IIUPOKOE pacrpocTpaneHue (cM. puc. 3, 6).

®dunep Oylner M3iIydarb, €CJIM PACCTOSTHUS MEXAY MPOBOJAMH IO HEKOTOPBIM
HaIpaBJICHUSAM MPUOOPETAIOT 3HAUUTEIBHYIO Pa3HOCTh X0/a. boyiee Toro, Mo>kKHO Tak
nojo0paTh pPacCTOSHUE MEXIY MPOBOJAAMH, YTO IO HEKOTOPHIM HaIlpaBICHUSM
MPOU30MAET CIOXKEHHE BOJH OT OOOMX MPOBOAOB. DTO IIUPOKO HCIONB3YeTCsS B
MHOTOYHUCJICHHBIX MNPOTUBOGA3HBIX aHTeHHaX. Pa00oTy TakuX aHTEHH HETPYIHO
MOHATh U3 TPEX MPUMEPOB, MPUBEACHHBIX HA pUC. 3 6-0. B aHTeHHE (CcM. puc. 3, B)
IPOTUBO(PA3HOCTh TOKOB B MPOBOJIaX 00ECIEYMBAETCS MOAKIIOUEHHEM HX K (uaepy
Ha pPacCTOSHUU B IOJIBOJHBI. AHTEHHA, M300pa)keHHasi Ha puc. 3, 2, IPEACTaBISIET
coboii dumep, kKak Obl pacIIMPEHHBIM Ha KoHIEe. B anTeHHe Ha puc. 3, 0
IPOTUBO(PA3HOCTh TOKOB OOECIIEUNBAETCS NEPEKPELIMBAHUEM MUTAIOLIUX ITPOBOJIOB.

OctaHoBuMCs Ha paboTe CHUMMETPUYHOIO BHOpaTOopa Kak M3JIydareds,
KOTOPbIA BXOJWUT B COCTaB MHOTMX AaHTeHH. CUMMETpPUYHBIA BHOpPATOp MOXKHO
IPEACTABUTh KaK JUIMHHYIO JIMHUIO, Pa30MKHYTYIO Ha KOHIIE, IPOBOJA KOTOPOWU
pa3BepHyThl Ha 180°. Kaxxaplii seMEHT NaHHOW JMHUM 00JaJaeT OmpeaesieHHON

UHIYKTUBHOCTBIO M EMKOCTBIO MEX/Ty MPOBOAaMu (puc. 4).

Pucynox 4. CumMmMeTpraHbBIN BUOPATOP M €T0 DKBUBAJICHTHAS
cxema
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PaccmoTpum  mporiecc  CBOOOIHBIX — ANEKTPUYECKUX  KOJIeOaHWW B
cuMMeTpudHOM BuOparope. [Ipucoenuunum o00e ero NOJOBHUHBI K 3aKUMaM
uctounuka nocrossHuoit /1C (puc. 5, a). Ilocne Toro kak pacnpeaeneHHbe EMKOCTH
IIPOBOJIOB BUOpaTopa 3apsasaTcs U MEXIy €ro MOJOBHHAMH BO3HHMKHET Pa3HOCTb
NOTEHIIMAJIOB, OTKIIOYMM HMCTOYHMK MUTAHHS U 3aMKHEM 00€ MOJIOBUHBI BUOpaTOpa
nepembprykoir (cM. puc.5, 0). Ilpu sTOM pacmnpeneieHHble €MKOCTH HAuHYT
pa3pspKaTbes uepes nepembruky. O4eBHIHO, UTO Yepe3 OTPE3KH MpoBOja BUOpaTopa,
pAacIONIOKEHHBIE Yy CEPEAMHBI, MPOTEKAET HAUOOJBIIUN AIIEKTPUUYECKUH 3apsan, |
MO3TOMY Pa3psAHBIN TOK MMEeT HauOoJbllee 3HaYeHUe; K KOHIIaM K€ MPOBOJAa TOK
yMEHbIIIAeTCsl M0 Hydsd. TOK B MpOBOJE HapacTaeT IMOCTENEHHO, IMOCKOIBKY B
pachpeneNeHHbIX HHAYKTUBHOCTAX Bo3HukaeT OJIC camomnaykuuu. Pa3HOCTB
MOTEHIIMAJIOB MEXIYy TOYKaMH, PaBHOYAAJCHHBIMH OT CEpeIuHBI BHOpaTopa, TeM
Oonbllle, YeM Jaibllleé 3TH TOYKM OT CEPEAMHBbI, TaK KakK TeM OOJbIIas 4acTh
pacnpeeeHHON MHAYKTUBHOCTH IMPOBOJA y4acTBYET B €ro CO3JaHUM (CM. puc. 5,
0). 3HaK MNOTEHLHaJa OTHOCHUTEIbHO CPEAHEH TOYKH MO 00€ CTOPOHBI OT HEe
pa3iIuyeH, Tak Kak B OJHOM MOJOBHHE BUOpAaTOpa TOK TE€UYET K HEW, a B IPYrou - or

HEC.
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Pucynok 5. CBoOoaHBIC KOJIEOAHHS B CHMMETPUYHOM BUOpaTOpe

[To mepe paspsima pacnpelleIEeHHOW €MKOCTHM TOK B MPOBOJIE HApacTaeT U
JIOCTUTAET MaKCUMyMa, KOTJa OHa MOJHOCThIO paspsautcs. [Ipu 3ToM Bes sHEpTHs
AIIEKTPUYECKOTO TIOJIsI, 3allaceHHass €MKOCThIO, TIEPEXOUT B DHEPTUI0 MArHUTHOTO

MOJIsl  PAacHpelesIeHHbIX HHIYKTHBHOCTEW (cM. puc.5, B). FEcium BHauane
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WHIYKTUBHOCTH MPOBOJIOB BUOpaTOpa MPENITCTBOBAJIa HAPACTAHUIO TOKA, TO TETEPh
OHa TPEMATCTBYET €ro yMEHbINeHUI0. [103TOMy TOK yMEHBIIAeTCs MOCTETICHHO,
COXpaHsisi TMpexHee HampaBlieHue (CM. puc. 5, T). 3a CYeT ATOro MPOUCXOJUT
nepe3apsa pachpeeieHHON €MKOCTH, M KOTJa TOK CHaJaeT 10 HyJsd, €MKOCTH
OKa3bIBAIOTCS Mepe3apsuKeHHBIME (CM. puc. 5, ). Ilocne 3Toro mporecc mpoTeKaeT B
oOpaTHOM HampaBjeHUU (cM. puc.S, e-u). Takum oOpa3zoMm B BUOpaTOpe BO3HHUKAIOT
CBOOOJHBIC AIEKTpUUECKUE KoyieOanus. [Ipu ’ToM B HEM yCTaHaBIIMBAIOTCS CTOSUNC
BOJIHBI TOKA W HANPSHKCHHSI U BJIOJIb €TO JUTMHBI YKJIaJIbIBACTCS MOJIOBUHA CTOSYCH
BOJIHBI TOKa M Hampsbkenus. CleqoBaTeNbHO, IJIMHA BOJNHBI A, COOCTBEHHBIX
K0J1€0aHuil CHMMETPMYHOrO BHOparopa BABOE OOJbINE €ro MIMHBL, T.e.A =2l,
[ToaToMy cuMMETpUYHBIA BUOPATOpP HA3BIBAIOT TAKKE NOIYBOTHOBLIM OUNOJIEM, YEM

IMOJYCPKUBACTCA, YTO OH BABOC KOPOYC AJIMHBI BOJIHBI COOCTBEHHBIX KOJICOaHHUH.

YA

Wicrounuk BM
koneBanni

a 6

Pucynox 6. UeTBepTHBOJIHOBBIN BUOPATOP

Ecnu monmyBOSHOBBEIN BUOpaTOp pPacloNOKHUTh BEPTHKAIBHO, €Tr0 pa3Mep
MOXHO YMEHBIIIUTH BIBOE Onarofaps MTPOBOIAIIMM CBoWcTBaM 3emud. [lpwu
BEPTUKAJILHOM PACIIOJI0KCHUN HIXKHUN KOHEI] aHTCHHBI MOIKJIF0YAETCS K OJTHOMY U3
38KUMOB TE€HEpaTopa dJICKTPOMATHUTHBIX KoJiebaHuil (puc.6, a), BTOPOW 3aKUM
reHeparopa npu 3ToM 3a3zemiisiercd. Eciu mpeanosioKuTh, YTO 3eMiis SIBISETCS

UJieaJbHBIM TPOBOJAHUKOM, TO B Heill HaBogutTcs DJC, xoTopas NEUCTBYET Kak
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3epKaJIbHOE M300pakeHHEe OCHOBHOTO BHOparopa (cm. puc.6, 0). Takas anTeHHa

HA3bIBACTCS BEPTUKAIbHON HECUMMETPUYHON aHTEHHOH, €€ BhICOTa MPUOIN3UTETHHO
paBaa A/4. Bce cka3aHHOE CIpPaBEIIMBO TONBKO B TOM CIydae, KOTAA 3eMIL

IPEICTaBIIICT COO0M WIcaIbHBIN MpoBOAHMK. Korma ke 3emiis 00JjafacT IIOXUMHU
IIPOBOJISAIIIUMHU CBOMCTBAMHM, XapaKTep PACIPEICICHHUSI TOKa B 36MHOM IMOBEPXHOCTH
n3meHnsaercsi. OCoOeHHO OOJIbIIOE 3HAYECHHE HMMEET COIMPOTUBICHHE 3€MIIM BOJIU3U
OCHOBAaHMSI aHTEHHBI. JIJIA yaydIeHUs TPOBOAUMOCTH 3TOTO ydacTKa IMPUMEHSIOT
METaJUTM3AIMI0 3EMJIM: 3aKalbIBAlOT B 3€MJII0 METAJUIMYECKHUE JIUCTHI, MPOBOJA;
YIIYYIIal0T XUMHYECKUI COCTAB IMMOYBHI, MPOTUTHIBAS €€ PA3IMYHBIMH COJISIMU.

OmpIT  TMOKa3bIBa€T, YTO HET HAJOOHOCTH  OCYIIECTBIISITH  IOJTHYIO
METaJUTM3AIMI0 3€MJIM, JOCTAaTOYHO XOpOIIO paboTaeT CHUCTEMa paJaralibHBIX
pacxXoAsIIMXcs MPOBOJOB, 3aKOMAaHHBIX B 3eMito Ha riyouny 20...50 cm. KagecTBo
MeTaJIJTU3AIuH YIy4IllaeTcs, €ClIi paarualibHbIe MPOBOJIA COCAUHSIIOTCS MEXITY CO00M
MepeMbIUKaMHU.

YacTo 3a3eMiIeHHE 3aMEHSIOT CUCTEMOM MPOBOJIOB, HE 3apBITHIX, a MOTHATHIX
HaJ[ 3eMJIeH, Ha3bIBAEMBIX npomusogecom. Ilociequuii TOKEH JOCTATOYHO XOPOIIIO
DKPAaHMPOBATh AHTCHHBIM TIPOBOJ OT 3€MJIM, Wrpas POJb XOPOIIO IPOBOASAIICH
nmoBepxHOCTH. OH OOBIYHO JaeT XYAIIME Pe3yJIbTaThl, HO Ha TMEPEIBIKHBIX
PaIMOCTAHIIUSX SIBJISETCS €IWHCTBCHHBIM BBIXOJOM U3 TOJOXKEeHHS. OOBIYHO B
Ka4eCcTBE TPOTHBOBECA HCIIOIB3YeTCS KOPIYC aBTOMOOWIS, Ha KOTOPOM
pacmoyio)keHa pPauoCTaHIUs. TakuM ke 00pa3oM IMOCTYIAT MPU HEOOXOIUMOCTH

YCTAHOBKH paAUOCTAHIIMKU Ha KaMCHUCTOM I'PYHTC.

1.2 TTapaMeTpbl aHTEHHBI KaK Harpy3KH rnepeaaTyuka.

DOKBHBAJIEHTHAsA CX€Ma aHTEHHBI KaK Harpy3Ku reHepaTopa MpeJicTaBieHa Ha
puc.7. Touku "a", "B" 0003Ha4YarOT BXOAHBIC 32)KUMbl AHTCHHBI (TOYKU €€ MUTAHUSA).
Ecnu 0603HaYNTh KOMIUIEKCHBIC aMITTUTY/ Il HAMPSDKEHUSI U TOKA Ha BXOJE

aHTeHHBl U, W [, COOTBETCTBEHHO, TO 6XOOHO€ CONPOMUGLCHUE AHTEHHBI

ONnpecACIACTCA BEIPAXKCHHUEM
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B O6HICM ClIydac BXOAHOC COIIPOTHUBJICHHC - KOMIUICKCHAA BCIWYHHA.

Haiinem ero KOMIOHEHTHI. /{711 3TOr0 YMHOXXMM YHCIUTENb U 3HaMmeHaTenb (1) Ha

*
KOMILICKCHO-COIIPSPKCHHOC 3HAYCHHUC TOKA HA BXOAC aHTCHHBI (IA ) Torzxa IMOJIYYHUM
_B

7, =0
Iy

(2)

3I[€CI) YYTCHO, YTO MOI]_[HOCTBPA, nmoaBoarMas K aHTCHHC, OIIPCACIIICTCS

BBIPA’KCHUEM

PA:O,S'UA'I.Z. (3)

Yepes /%4 0003HaYeH KBajapar JEHCTBYIOIIETO 3HAYECHHMS TOKA HA BXOJE

AHTCHHBI, ITPUYCM

2205017, (4)

Tak kak noABOAWMAS MOLIHOCTH P, CKJIaAbIBA€TCd W3 aKTUBHBIX

MOILHOCTEH U3IYyYEHHUs Ps W MOTEPh F; ¥ MOIIHOCTH PEAKTUBHBIX IOJIEH aHTEHHBI

Px,TO
., P P, iP
Z, =2+ X _ ROy R +iX, =R, +iX,. (5)
IA [A IA

pd
/b
£ |4
Ya
~
y

PucyHnok 7. DKBUBaJIeHTHAsI cCXeMa aHTEHHBI

KaK Harpy3Kd reHeparopa
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AKTHBHasi 4YacTh BXOJHOIO COINPOTUBIEHUS (R,) COCTOMT U3 JBYX
ClIaraeMbIX: MOJIE3HOH (conpomuenenue usnyyenus Ry ) U BpPeAHOU (conpomusnenue
nomeps Rp).

Peaxmusnas wacmvs 6xoo0noco conpomuenenuss X, COOTBETCTBYET
MOIITHOCTH PEAKTUBHBIX TMOJEH BOKPYr aHTEHHBI. EE cTaparoTcs MUHUMH3UPOBATH.
[Tpu pe3onance X, =0 ¥ BXOJHOE COMPOTUBIICHUE aHTEHHBI YUCTO aKTUBHOE.

[ToTepu  2JIGKTPOMArHUTHOM  SHEPrud B  TEpeJaloOIIe  aHTCHHE
OTIPENEISIIOTCA €€ TPEBpAIIEHHEM B TEIUI0O B METAUITMUECKUX KOHCTPYKIHSIX H
JURJICKTPUKE aHTCHHBI.

OddekTuBHOCT pabOTHl AHTEHHBl KakK IpeoOpas3oBaresii HHEPruu
OIICHUBAETCSl C TOMOIIBIO KOdhpuyuenma nonesnoco Oevicmsusi (KIJ), BIEPBBIC
BBCJACHHOTO B TCOPHUIO AHTEHH OTEUECTBEHHBIM Y4YEHBIM IIpodeccopom
N.I" KnsukusbiMv B 1921 r. Knjg aHTEHHBI paBEH OTHOLICHUIO M3TYYE€HHOW aHTEHHOU
MOIITHOCTH K aKTHBHOM MOIIIHOCTH, ITOTPEOJIIEMOI aHTEHHOM,

Py P+Py Ry+Rg’

n (6)

Tax xak peanpHble PAIUOIUHUN (PYHKIIMOHUPYIOT B Mpeaesiax HEeKOTOPOu

IOJIOCBl  4acTOT, MHTEpPEC MPEIACTABISAIOT YACTOTHBIE XApAKTEPUCTHKW  KIIA,

COMPOTHUBJICHUS U3TyUYEHHUSI, CONPOTUBIICHUS MOTEPHh U PEAKTUBHOTO CONPOTHUBIICHHUSL.

JIns xapakTepUCTUKM aHTEHHBbI KaK HArpy3Kd IepellaTiyhka BaXKHYIO POJIb

UTPACT 3JIeKMpuUyeckas NpouyHOCMb, TOJ KOTOPOW MOHUMAKOT TO MAKCUMAaJbHOE

HarnpspKeHue (MM MaKCHUMAalbHYH0 MOIIHOCTH), KOTOPOE€ MOKET OBbITh MOJIBEACHO K

aHTEHHE TIpU COXPAaHEHUHM HOPMAJbHBIX YCIOBUH €€ (PyHKUHOHUPOBAHUS
(orcyTcTBUE TPOOOS U HEMCKAXKEHHAs TIepeiadya CUTHAIIOB).

Bxoonoe conpomuenenue, kno u snexmpuueckas NpoOYHOCMb AHTEHHBI B

3aJJaHHOW TIOJIOCE YacTOT SABISIOTCS napamempamu, ONPENSTSIOMMMH (DYHKLIUIO

AHTCHHBI KaK npeo6pa306ameﬂ;z Hanpaejsiemovlx 60JIH 6 c80000HbIe.
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1.3. BexropHasi KOMIUIEKCHAsI AUarpaMMa HalpaBJI€HHOCTH aHTEHHBI

Ilone wW3IIy4eHUs aHTEHHBI SBISETCA 6€KMOPOM, KOTOPBIA XapaKTEpU3yEeTCs
aMIUIUTy 101, (pa3oi M opueHTanueil B MpoCTpaHCTBE. B CBA3M ¢ 3THM pa3inuyaror

AMIIUMYOHYI0, (Da308Y10 U NOAPUIAYUOHHYIO AUATPAMMBbI HAIIPABJICHHOCTH.

Z

X

Pucynok 8. Chepuueckas cucreMa KOOPIUHAT

HarnsinHoe mpencraBiieHHE O  paclpelesieHMH SHEPruM  BOJH B
IPOCTPAHCTBE NAET AMAUAUMYOHAS XAPAKMepUCmuKa (0uazpamma) HanpasieHHoCmu,
onpezensemMasl 3aBUCUMOCTBIO aMILJTUTY/ bl HAMIPSKEHHOCTH CO3aBa€MOI'0 aHTEHHOU
[oJii OT HampaBJIEHUs B MPOCTPAHCTBE MpU (PUKCUPOBAHHOM PACCTOSTHUM.
HamnpaBnenue onpenensieTcss a3suMyTalbHbIM (¢ ) U MEPUAMOHAIBHBIM (6) yriiamu
chepuueckoit cuctembl koopauHat (puc. 8). Ilpm sTom mone u3mepsiercs (Win
pPacCCUHMTHIBACTCS) HA OJHOM M TOM € (JOCTaTOYHO OOJBIIIOM) PAacCTOSHUU 7 OT
AHTEHHBI.

AMIUTUTYIHYIO JUarpaMMmy HalpaBjI€HHOCTH 4YacTO Ha3bIBAIOT MPOCTO
arpaMMol  HallpaBIICHHOCTH. [Ipocmpancmeennas (o6vemuas) ouazpamma
nanpaenennocmy u300paxkaercs B BHAe ToBepxHocTH  f(A,0). Ha puc.9

MMpCACTAaBJICHBI IMPHUMCPLBI IMPOCTPAHCTBCHHBIX auarpamMmm HaIpaBJICHHOCTH:
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TOPOUJANTBHON (@), UTOMHYATON, WM KapaHmamHoi (0), BeepHOU (B), KOCEKAaHCHOM

().

BOHCBBIE
RENECMKL [RABHBIL

nenecmol -

3aghuu
neneCmor

Pucynok 9. [IpocTpancTBeHHBIE TUAarpaMMbl HAITPaBICHHOCTH:
TopouJanbHas (a), uroabyaras (0), BeepHas (B), KOCEKaHCHas

TopoupanbHyt0 AuarpaMMmy HamlpaBJICHHOCTH HMMEET dJIEMEHTapHBIN
AIEKTPUUYECKUN BUOpATOp (AUIOJIB), OPUEHTUPOBAHHBIN BIOJb OocH Z. MronpuaTas
TuarpaMMa HamnpaBJICHHOCTH HCIIONB3YeTCs, HampUMeEp, B CHUCTEMaxX CBS3M 4epes
NC3. BeepHble U KOCEKaHCHbBIE TUArPAMMBbl HCIIOIB3YIOTCS B HEKOTOPBIX THIAX
panuonokaropoB. KocekaHcHas nuarpaMMa  HampaBJICHHOCTH  oOecredynBaeT
OJIMHAKOBYIO 3aCBETKY Ha dKpaHe MHAMKATOpa KpyroBoro o63opa PJIC camonertos,
HAXOJISAIIUXCS Ha PA3IMYHBIX JATbHOCTSX.

[IpocTpancTBeHHAs TUarpaMMa HaIrpaBJIEHHOCTH, Y KOTOPOH MaKCUMaJIbHOEC
3HAYEHUE PABHO €IUHHUIIE, HA3BIBAETCH HOPMUPOBaHHOU ¥ 0003HaYaeTcsa Kak F(6,¢).
Omna JIeTKO ToJIy4aeTcsl 3 HEHOPMUPOBAHHOW ITyTEM JCJICHUS] BCEX €€ 3HaueHUW Ha

MaKCHUMAaJIbHOC



9:% F(@)‘
90°
1
a) 180° 8
) =0l o
o0 180 270 360
2700 @ = const F(Q)‘
!
0 900 ‘ 270 360
5) 210 /\774\ 0 | .

| 0,
W 90 180\ | pao
180°

Pucynok 10. JluarpaMMbl HalpaBJI€HHOCTH dIIEMEHTApHOTO BUOpartopa F(p) (a,
B) 1 F(0) (6, r) B mossApHOIi (a, 6) M 1eKapTOBOI (B, I') CHCTEMaX KOOPIHHAT.

f6.9)
frnax (0.0)°

O4eBHIHO, TOCTPOEHHUE MPOCTPAHCTBEHHBIX AHArpPaMM HAMPABICHHOCTH

F(0,9)= (7)

Hey00Ho. Ilo3ToMy Ha mpakTuke OOBIYHO CTPOAT OUASPAMMbL HANPABAEHHOCTU 6

Kaxoti-mu6o 00HOt NI0CKOCMIL, B KOTOPOM OHH H300paKaroTCs IIOCKOH KpUBOH F(p)
WK F(0) B IOISPHBIX UM JEKAPTOBBIX CUCTEMAX KOOPIMHAT.

Ha puc. 10 s mpuMepa IpeACTaBIeHbl IHArPaMMBbl HAIIPABICHHOCTH F(p)
u F(0) onemenrapHoro BHOpaTopa, HMEIOLIETO OOBEMHYIO  JUArPaMMy
topounasibHoi ¢Gopmbel. Ha puc. 10,a,6 3Tu nuarpammsel H300pa)keHbl B MOJISIPHON
cUCTeMe KOOpJuHaT, a Ha puc.10,B,r —B 1eKapTOBOM.

[ToMmuMoO paccMOTpeHHBIX BbllIE AuarpamMMm HampasiieHHocTd (IH) mo
HaIPSHKEHHOCTH 108 (aMIUTMTYAHBIX JMarpaMM HanpaBlIeHHOCTH) F(0,¢), uHOrIA
HCTIONIB3YIOT  QUASPAMMbL  HANPAGICHHOCMU AHMEHHbl No  MowHocmu  ®(0,9),

KOTOPbIC OIPCACIIAOT 3aBUCHUMOCTDb INNIOTHOCTHU IIOTOKA MOIMHOCTHU HM3JIYyHdaCMOI'O
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AHTEHHOW TIOJISI OT HAMpPaBJICHUS B IPOCTPAHCTBE MPU (HUKCUPOBAHHOM PACCTOSHUMU.
Bripazum mnotHOoCTh moTOKa MOMHOCTH [l B JgambHEd 30HE AHTEHHBI 4YeEpes
HaNpsKEHHOCTH T0JIs

(8)

1. -k 1 2
2 :2407r|E|'

HOCKOHBK}’ OHa IIPOIIOPHHUOHAJIBbHA KBAaAPATy aMINIMTyAbl HAIIPSAKCHHOCTH

QJICKTPHUYCCKOIO II0JIsA, TO

_ 2

D(0.0)=F(0,9). (9)
B TEX CJIyanIX, Koraga HCO6XOI[HMO l'IOJIytII/ITB I/I306pa>KeHI/Ie 6OKOBI>IX

JICTIECTKOB HU3KOTO YPOBHSI, 11€71€CO00pa3HO HCMOJb30BaTh J02apu@muueckuil

macumaob

F5(0,0)=10-1g®(0,0)=20-1gF(0,0). (10)

B sTOM ciiyyae 1o ocu OpAMHAT OTKJIAABIBAIOTCS 3HAYECHUS JUarpamMMbl
HaIpaBJICHHOCTHU B JleluOenax.

Kaxnmass ocTtpoHampaBlieHHass auarpaMma HampasieHHoctH (puc.9,0,B,T)
COJICPKUT TJIABHBIM JIEIECTOK, OOKOBBIC JIETIECTKH, 3aJHUI JIEIECTOK W HMEEeT
OMPENECNEHHYI0 IIUPUHY TJABHOTO JIETIECTKA M HEKOTOPBIM YpOBEHb OOKOBBIX
JICTIECTKOB, KOTOPBhIE OTHOCSTCS K BTOPUYHBIM IMapameTpaM, XapaKTEepU3YIOIIUM
HaIlpaBJICHHbIC AHTECHH.

[[lupriHa TJIABHOTO JIEMECTKA JUarpaMMbl HAMpaBJICHHOCTH (dYalie ee
HA3BIBAIOT WUPUHOL JIy4a) OTPENENSeTCs KaK yroja MeXAy HanpaBJICHHUSIMH, B

KOTOPBIX MJIOTHOCTh NOTOKA MOITHOCTH YMEHBIIAETCS B 2 pasa (2490’5) B 10 pa3 (26’0’1)
Wi 10 Hyas (26,). Dta mmpuHa JUId  AMArpaMMbl  HAIPaBJIEHHOCTH 110

HaIpsHKEHHOCTH OyieT cooTBeTCTBOBAThH YpoBHsM 0,707; 0,316 1 0 COOTBETCTBEHHO.

Yposenv 6oxoevix nenecmxos ONPENEISICTCS OTHOIICHHEM BEINYUHBI
HanOOJIBIIETO U IIIaBHOTO JenecTkoB. OH MOXKET BBIpaXaThCs B pa3ax, MPOIECHTAX H
neuubenax. MHorma 3agarorcss TpeOOBaHUSI HAa YPOBEHb OOKOBBIX JICMIECTKOB B

HCKOTOPOM CCKTOPE YIJIOB 00 AaKC Ha YPOBCHD 3aJHHX JICTICCTKOB.
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AHTEHHBI, KOTOpPbIE JOJKHBI OBITh HEHANpPaBICHHBIMHU, XapaKTEPU3YIOT
KO2(hhuyuenmom pasHomepHocmu OuaspamMmbl HANpaeIeHHoCmu, TOJA KOTOPHIM
NOJPa3yMeBalOT OTHOIIEHHE MHHHUMAJIBHOTO 3HAYEHHUS HANPSKEHHOCTH MO K
MaKCHUMaJIbHOMY.

JluarpaMMBbl HaIlpaBICHHOCTH aHTEHHBI MO TOJI0 WJIA MOIIHOCTH HE JAroT
ycueprbiBalonieil nHpopMalu O ee HalpaBJICHHBIX CBOMCTBax. B psae cimyuaes,
HanpuMep, B (a30BbIX CHCTEMax, HEOOXOAUMO 3HaHUE @A3080U Ouazpammol
HAnpasjleHHocmu AaHTEHHBI, MOJ KOTOPOW TOHUMAIOT 3aBUCUMOCTH (as3bl Mouis
U3Ty4YEHUS OT HAIPaBJICHUS MPU MOCTOSHHOM PACCTOSIHUU OT aHTECHHBI U BEIOPAaHHOM

Hayajie KOOpJAHHAT:
W= W(@,(o) npu r=r, =const (11)
Ha puc. 3.10,a ycnoBHO MOKa3aHa B TOJIAPHON cucTeMe KoopAuHAT (a3oBas
JqyarpaMMa HarpaBJIEHHOCTH aHTEHHBIL. B mpenenax riaBHOro Jenecrka ¢asza paBHa
nymo. [Ipu nepexojie k cocequeMy Jienectky ¢asza uzmensercs Ha 180°. Pazymeercs,
(a3oByI0 MarpaMmy MOXHO U300pakaTh U B IEKAPTOBOM CUCTEME KOOPIUHAT.
lHonapuzayuonnoti  ouacpammoli aHTEHHBI HA3bIBAETCS 3aBUCUMOCTh

Kod(pduleHTa JUIMITHYHOCTH OT HAIMPABICHUS B IMPOCTPAHCTBE K3(6’,(0). OTta

XapaKTEePUCTUKA YPE3BbIUANHO BakHA 1711 aHTeHH Y KB, OCyIEeCTBIAIOMINX CBA3b C
NC3 unu uepe3 NC3.
AMmuuTyiHas, (a3oBas U MOJISPU3ALMOHHAS AUArpaMMbl HAIIPaBJIEHHOCTU

AHTEHHBI SBJISIIOTCS XapaKTEPUCTUKAMU €€ HAIIPABJICHHBIX CBOMCTB.
1.4. BropuuHbie mapaMmeTpbl, XapaKTepU3YIOIIUE HAITPABICHHOCTh aHTEHH
[ToMmuMO MIMPUHBI Jiyda W YPOBHS OOKOBBIX JIETIECTKOB, K BTOPUYHBIM

rapamMeTpaM, XapaKTePU3YIOIIMM HAlpaBJICHHbIE CBOMCTBAa AHTEHHBI, OTHOCST

koaghpuyuenm nanpasnennozo oevicmeus (KHJ). Otor mapamerp BBen B 1929 r.
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naTpuapx OTECYECTBEHHOW aHTEHHOW HAyKH WICH-KOPPECTOHIEHT AKaJeMUU HayK
CCCP A.A.Tluctonbkopc.
KH/[ - »TO u4ucno, mOKasbIBaIoOIIee, BO CKOJBKO pa3 MPHUILIOCH OFbI
YBEIMYUTh MOITHOCTh H3JIYYCHHUS AaHTCHHBI TPH TEPEX0Jie OT HaIpaBICHHOU

aHTeHHB! (R-) K HEHANpaBICHHOU (PR;,) NpPU YCIOBUU COXPAaHEHHS OJMHAKOBOU

HaIIPAKCHHOCTH IIOJIAI B MCCTC IIpHUCMaA.

P
D=—= (12)

b
OKBUBAJEHTHBIM TNIEPBOMY SBISIETCA BTOpoe omnpenenenune: KHJ[ - 3t0
YHCJIO, TIOKA3bIBAIOIIEE, BO CKOJBKO Pa3 MOXHO YMEHBIIMTh MOIIHOCTb M3Iy4CHMS
HAIpaBJICHHOW AaHTEHHBI IO CPAaBHEHHUIO C HEHAIPABJIIEHHOM A oOecreyeHus: B

TOUYKE HAOJIIOIEHUSI HEU3MEHHOM IIJIOTHOCTH ITOTOKA MOIIIHOCTH.

JIIsi OLEHKM BBIMIPHIIIA B MOIIMHOCTM 32 CYET HANpPAaBIICHHBIX CBOWCTB
AHTEHHbl C YY€TOM MOTE€Ph B HEW BBOAUTCS NApaMETpP, Ha3bIBACMBI

koagpuyuenmom ycunenus (KY) antenusl. Koapdurmentom ycunenuns G aHTEHHBI

HA3bIBACTCS OTHOLIEHHE MOLIHOCTU R, U31y4acMOW HEHAIIPABICHHON aHTEHHOU
0e3 moTepb, K MOIIHOCTU P,, MOABOJUMON K HANpaBJICHHOW aHTEHHE C MOTEPSMU

IIPU YCIOBUU TOJIYYEHHUs OJMHAKOBOW HAIPSKEHHOCTH TIOJISI B TOUKE HAOJIOICHUS,

T.C.

120
G=—=-="> 13
P4 ( )

VYMHOXMM U pazfenum npaByro 4acTh (13) Ha A (MOIIHOCTb, U3IY4ECHHYIO

HarpaBJICHHOW aHTeHHO#). Torga nomyyum

G:ﬁ.ﬁ:

D-
P, n (14)

Takum o6pazom, K0IPGIUIIMEHT YCUICHHUS] aHTCHHBI PaBEH IMPOU3BEIACHUIO

KH/I u k.
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1.5. IlpuHUMIT B3aUMHOCTH U ITapaMeTPbl IPUEMHBIX aHTEHH

W3BecTHBIM U3 Kypca AJIEKTPOJUHAMUKH MNPUHIMO (MM Teopema)
B3aUMHOCTH IIO3BOJISIET YTBEPKJIATh NPUMEHUTEIBHO K AHTEHHAM C JIMHEWHBIMU
HermsiMu (mapaMeTpbl KOTOPBIX HE 3aBUCAT OT AMIUIUTYJA TOKOB M HAaIpPsDKEHHI)
cienyromiee. Eciu npu mpunoxkenun Kk oaHo u3 anteHH OJ[C ¢, BO BTOpoOit
npotekaeT Tok J, To npu npuinoxkeHun IJC ¢, KO BTOpOIl aHTEHHE B MEPBOM TaKXKe
OyJeT NpoTeKaTh TOK J.

C nmoMompl0 MNpUHIMUIIA B3aMMHOCTH MOKHO JOKa3aTh, YTO IapaMeTpbl
AHTECHH B PEKHUME MPUEMA COXPAHAIOTCS TEMHU K€, YTO U B PEKUME MEPENAUYU, XOTS
HEKOTOPBIE MAPAMETPbI U MEHSIOT CBOM CMBICIL.

[TockonbKy IpUEMHAST aHTEHHA BBICTYINAET MO OTHOILICHHUIO K MPUEMHHUKY
KaK TEHepaTrop, €€ @HympeHnHee  CONpomusieHue  PABHIETCA  BXOJHOMY
COIIPOTHUBIICHUIO TOM K€ aHTEHHBI, UCIIOJIb3YEMOU KaK IepeIaronas.

Amnaumyonas (pazosas) ouazpamma HanpasieHHocmy TPUEMHON aHTEHHBI
ompenensaeT 3aBUCUMOCTh aMIUTUTYAbl ((a3bl) D/C Ha ee BXOAHBIX 3aKUMax OT
HaIlpaBJICHUS] TPUXO0JIa IUIOCKOW 3JIEKTPOMArHUTHOM BOJHBI MIPU IMOCTOSHHBIX
aMITUTYAE U aze HAPSHXKEHHOCTH T0JIsl B MECTE MpHUeMa.

lonapuzayuonnas oOuazpamma HanpasieHHocmu TPUEMHOW aHTEHHBI
COOTBETCTBYET aHAJIOTUYHOW XapaKTEPUCTUKE AaHTEHHBI B PEXKUME MEPENauu; U3 Hee
BUJIHO, KaKOBa JIOJDKHA OBITH MOJISPU3AIMS TOJISI B TOUKE MpUEMa JJIsl TOJTYUYEHUS
MaKCHMAJIbHOTO TI0JIe3HOTO d(dekTa.

ITon KHJ/] npueMHON aHTEHHbI MOHUMAIOT OTHOLICHUE MOUIHOCTH, MPUHATOU
HAaIlpPaBJICHHON aHTEHHOM, K MOILHOCTH, IIPUHATON HEHAIPABJICHHON aHTEHHOM, IIpU
OJIHOM M TOM € HANPSKECHHOCTH I0JISI B MECTE IIPUEMA.

KIIJ[ npueMHON aHTEHHBI XapaKTEpU3yeT OTHOIICHUE MOJE3HOW MOIIHOCTH,
OTAAQHHOW NMPUEMHHKY, K [OJIHOM MOIIHOCTH, IPUHATOW AHTEHHOM.

Koagpguyuenm ycunenus nprueMHON aHTEHHBI OIMpPENEISCTCS] OTHOLICHHEM

MOIIIHOCTH, OTJABAEMOW HAIIPABJICHHOM AHTEHHOM NPUEMHHUKY, K MOIIHOCTH,
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NPUHUMAEeMOl HEHamnpaBlICHHOW aHTEHHOW Oe3 moTeph, MNpPU  OJAMHAKOBOMN
HaIIPSKEHHOCTH MOJI B MECTE ITPUEMA.

Takum o00pa3oM, mnepeparomiie W MPUEMHBIE AHTEHHbl B IPUHIUIE
oOpaTuMbl, €ClH, KOHEYHO, HE COJEepXKaT HEB3aUMHBIX Y3JIOB (Hampumep,
YCUJIUTENEN Paiiod4acTOThl U T.I1.) U €CJIA MO3BOJIET UX NEKTPUUYECKAS IPOUHOCTD.

JUis  XapaKTepUCTHKM TPUEMHBIX AQHTEHH BBOAAT M cHeUH(HUUEcKUe
napaMeTrpbl. K HUM OTHOCATCA HOEWCTBYIOIIAs JJIMHA AHTEHHBI, JEUCTBYIOIIAS
IUIOIIA/lb  aHTEHHbl, KOA((UUUEHT UCHOJIB30BaHUS  IUIOUIAJA  PaCKpbIBA,
koduiueHT 3¢(HEeKTUBHOCTH, HIyMOBas TEMIIEpaTypa, IIyMOBas AOOPOTHOCTh U

xo3hpunuenT myma /eiicmeyrowe (3¢pgpexmuenoti) Onunol IpUEMHON aHTEHHBI /),

Ha3bIBACTCA OTHOIICHHUC MAKCHUMAJIBbHOTO HAIIPAKCHUA U, KOTOPOC MOKCT OBITH
HaAaBCICHO Ha KJICMMax HpHGMHOﬁ aHTCHHBI O3 IIOTCPb, K HaHpH}KéHHOCTH nois E B

MECTE €€ PACIIOJIOKEHHUS:

ly=— (15)

Heticmeyroweu (3ghgpekmusHoti) naowaovio TPUEMHONW AHTEHHBI S,y

Ha3bIBAETCS OTHOIICHUE MAaKCUMaJIbHON MOIITHOCTU P, KOTOpasi MOXKET OBbITh OTJaHa
MIPUEMHON aHTEHHOH (0e3 MOTePh) B COTJIaCOBAaHHYIO HArpy3Ky, K TUIOTHOCTH TOTOKA
MOIIIHOCTH // B magaroiieil BOJIHE:

P
Sg@ = E (16)

Ecnu 0603Ha4YuTh Yepe3 S TeOMETPUYECKYIO TUIOMIAb PACKPBIBA, TO
Ssp =V-S, (17)
rae v - koagguyuenm ucnoavzosanus niowaou (KUIT) packpsiBa.

Mexny KH/ n S,4 cymecTByeT nmpocTas CBsI3b

47
D= 7 Soo (18)
nim
DX
S3gb = (19)
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Koagpguyuenmom s¢hghekmusnocmu aHTEHHBI, WIH €€ 9HEpeemuiecKoll

aghghexmusnocmoio g, IPUHATO HA3BIBaTh NMpousBeaeHue kg u KUII:

g4=0n"V. (20)
Mexnay JeUCTBYyIOIIEH [JIMHOW, compoTuBIeHHEM u3nydeHuss u KH/|

aHTEHHBI CYIIECTBYET IpocTas CBsI3b (k=27 /A):
2 42
D=30-k"-17 /Ry (21)

DTO COOTHOIIIEHUE HECIOXKHO IMOJIYYUTh, €CIM Y4YeCTh, 4YTO W3Iy4yEHHAs
QHTEHHOW MOIIHOCTh MOXET OBITh HalJeHa, C OJHOM CTOPOHBI, MYTEM
MHTETpUpoBaHus BekTopa IloWiHTMHTA, a C JpyroM, - 4Yepe3 COIPOTUBIICHUE

U3ITy4eHHs U KBaJpaT 3(PPEeKTUBHOTO 3HAYEHUS TOKA:

E*-dS
B=|——=I,-R 22
> _[ 1205 4 (22)
Bripakerue (21) BeiTekaet u3 (22), ecinu yuects (11) 1 cooTHOmIEHNE
E=30-k-l;-1,-F@0,p)/r, (23)

AHAJIOTN4YHOC BBIPAKCHHUIO IS aMIIIMTYObI HaHpH)KéHHOCTI/I QJICKTPUYICCKOI'O ITOJIA

nunons ['epua B nanbHEN 30HE.
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2. IlporpaMmma moAroTOBKHU K padore

1.M3yunTh TEOpETHUYECKHE MOJOKEHHUs, Kacaroluecs KOHCTPYKTHUBHBIX
O0COOEHHOCTEN U TEXHUYECKUX XAPAKTEPUCTUK aHTECHH.

2.YACHUTH 1IeNIb U TOPSAOK MPOBEIECHUS J1a00paTOPHOM pabOTHI.

3.03HaKOMHUTBCA C OCOOEHHOCTSIMM pabOThl ¢ KOMIBIOTEPHOM MNpOrpamMMoin
MMANA.

4. TloarotoBUTH OJTAHK OTYETA IO padoTe.

5. HOI[FOTOBHTBCH K OTBCTAM Ha KOHTPOJIbHBIC BOIIPOCHI.

3. Onucanue nopsiaka padorsl ¢ nporpammoii MMANA

IIporpaMma MOJEIUpPOBaHUs AHTEHH, pacuera HUX XapaKTEPUCTUK U
napamMeTpoB AaHTEHH  peaju30BaHa B OECIUIAaTHOM MPOrpPaMMHOM IPOAYKTE
MMANA, pa3zpaboTaHHOM SITOHCKKUM paanounkenepom Makoto Mori.

[Iporpamma no3BoJISIET:

» Co3/1aBaTh ¥ PEAAKTUPOBATH ONMCAHUS AHTCHHBI

* PaccMarpuBaTh MHOXKECTBO Pa3HbIX BUJIOB AHTEHH.

* PaccuuteiBath quarpammbl HanpasieHHocTd ([IH) antenn

* PegakTrpoBars onvcaHue KaXka0ro 3JIEMEHTa aHTEHHBI.

* OnTUMU3MPOBATh AHTEHHY, TMOKO HAacTpauBasl IEIH ONTUMM3AIUU: ZBX,
KCB, ycunenune

* CoxpaHATb BCE WIard ONTHMHU3ALMA B BHUJE OTICIBbHON TaOdHIBL. ITO
IIOJIE3HO ISl IOCJIEAYIOIIEr0 IPOCMOTPA U aHAJIN3a

* Ctpouts rpaduku: ZBx, KCB, ycunenus, Bkirodas nokas 3aBucumoctu JIH

OT 4aCTOTHhI.
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[Ipu crapre mporpaMmbl OTKpbIBaeTCs 3akiajaka I'eomeTpusi u Bbl BUAUTE
HECKOJILKO TI0JIeH BBEpXY M TpH Tabmuiiel (puc. 11), Ha KOTOPOH OTKPHIT (Haii yxe

HMGIOHICﬁCiI AHTCHHBbI

() MMANA - FAMMANAVANTYWHF beams\ddeliab.maa _ o] x|
Parn  [paeka Ceperc  [NokMowbs
| B I =[S ey [=TRIE =] | ﬂMElI'pElMMbI HEMPaENEHHOCTIA I

Mms |4ele Delta Loop 6m F 50200 ~| MHz B B mifEimea
Wire 12 ApTocerme4tuma DML |4DD vI D2 |4D LI SC |2.D EC |1 LI [T He pazpeieaTe

MNo. <1 (m) | “r1im) | z1(m) [ =2(m | “rem) | zz(m) | Rimmy | Seq. |ﬂ
1 0.0 1103 0.639 0.0 -1.103 0639 7.0 -1

2 0.0 1103 0.639 0.0 0.0 -1.267 0.8 -1

3 0.0 0.0 -1.267 0.0 1103 0.639 0.8 -1

4 -1.46 18 0.657 -1.48 -1.141 0.667 7.0 -1

3 -1.46 141 0.657 -1.48 0.0 -1.314 0.8 -1

B -1.46 0.0 -1.314 -1.48 1141 0.657 0.8 -1

7 135 1.087 0.629 1.35 -1.087 0.629 7.0 -1

8 135 -1.087 0.629 1.35 0.0 -1.247 0.8 -1

g 135 0.0 -1.247 1.35 1.087 0.629 0.8 -1

10 281 1.08 0.625 2.8 -1.081 0.625 7.0 -1 =]
Source 1 ¥ OoMHaKoSEIE MCTOYHKMKM load 0O W BraoumTe HarpyEky(i)

MNa. PULSE | ®asa(rp)| Hamp(v) | Mo, PULSE[Tun  [LuH)  [cpRy o [ fitdHz) |

1 V] d] oo 1.0 Cnen

Cneg

kI ol

Pucynok 11. Okno 3aknanku I'eomerpus

ITone Umst — 3TO HA3BaHHUE AaHTCHHBI

ITone F...MHz — ocnoBHas yacTtoTa aHTeHHBI. M0KHO BBOJIMTE €€ 3HAUCHHUE
BPYYHYIO.

ITepBas Tabnuna IpoBoga — 3To onucaHue MPoBOAOB. B airoputme pacuera
mo0asi aHTEHHA TIpEACTaBIsIeTCS Kak Habop mpoBomoB. Kaxmas cTpoka B 3TOM
Tabmuie — onucanue oaHoro npopoja: X1, Y1, Z1 — 3T0 KoOpAUHATHI B TPEXMEPHOM
MPOCTPAHCTBE HaYalia MpoBoja, a X2, Y2, Z2 — To e camoe, HO KOHIIa IpoBoja. R —
paauyc IpoBoJaA.

llpumeuanue: ne uzmeHsmMb YCMAaHoBIeHHble NO YMOAUaHuto 3Havenust DM,

M2, EC u SC, a napamemp Seg 6cec0a cmagvme paguvim —1 0151 onmumanibHou
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asmocezmermayuu. Taxoice He uzmernsmo napamempbol 06)/)( HUDNCHUX ma6ﬂuu -

UCMOYHUKU U HACPY3KA.

() MMANA - FAMMANAVANTYVHF beams\4deliab.maa _ O] x|
Tavin [peeka  Cepewc  MNolMowe
leoreTpua  Buo |BbILII/1EZJ‘IEHMﬂ|ﬂManElMMbIHal‘lpaBﬂEHHDCTMl

dele Delta Loop Bm LleHTp Ha ElHTeHHy | LI,eHTpI X=07T=0-7=0 |

oleTou. Fi
“Harpyzka

v HopransHel# ema

BepT. EpaWeHE [ op. EpELLEHIME MacwTab MacwTald Tokos

Pucynox 12. OkHo 3aknaaku Bua

BriOpaB 3aknaaky Bua MOXXHO MOCMOTPETh BHEUIHUN BHJI B TPEXMEPHOM
MPOCTPAHCTBE OMUCAHHOW aHTEHHBI (WIM B3ATOW W3 TOTOBOro (aima) u
pacrpeniesieHie CerMEHTOB M TOKOB Mo Hed. Ha puc. 12 mokazaHo OKHO 3TOH
3aknanku. [[mkkamu Beprt. Bpamenue, I'op. Bpamenume n Macmrad MOXHO

PaCCMOTPETh AHTCHHY CO BCCX CTOPOH.

B 3aknanke BbluuciaeHMsi TIPOU3BOAATCS YCTAHOBKM YCIIOBHM pacyera,
BBIBOJMUTCA XOJI pacuera M OKOHYaTelbHble pe3yibraTtel. B okxHe Yacrora
YCTaHaBJIMBAETCA YAcTOTa aHallu3a aHTEHHbI (10 YMOJIYaHHMIO OepeTcs YacroTa,

yCTaHOBJICHHas] B 3akianke [eomerpusi). B »ToM mone mmeercs ymOOHBIA ISt
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BbIOOpa CHOHCOK 4YacTOT, a €Clid HeoO0XoAuMma cheruduueckas 4acToTa, TO €€
3Ha4YeHHE BBOJIUTCS BPY4HYIO. By 3TOr0 OKHa 1mokasas Ha puc. 13.

[IpaBoe okHO — wmH(popmannoHHoe. OHO OTOOpakaeT TEKYIIee COCTOSHUE
pacuera. Tynma e BBIBOIATCS COOOIIEHHS O BO3MOXHBIX OIIMOKax pacuera. B
OKomKke 3emJusl BbIOMpaeTcs TUN 3eMJd. BbicoTa aHTEeHHBl Hajx 3emilel
yCTaHaBJIMBaeTCs B nojie BbIcoTa (3TOro MOKHO HE J€NaTh, €CJIM B OKOLIKE 3eMuls
BbIOpaHa onuuss CBoOogHOoe mpocTpaHcTBO). [IporpaMMa mNoJHMMAeT aHTEHHY
BBEpX 10 ocu Z. B nmosie MartepuaJ u3 crvcka BeIOUpaeTcss MaTepuai aHTeHHbI. Tun

MaTcpurajia OKa3blBACT 3aMCTHOC BJIMAHHNUC HaA ITApaMCTPbl aHTCHHBI.

() MMANA - FAMMANAVANTYVHF beams\4deltab.maa _ o] x]
Parn Mpaexka Cepedc  Mobowbs
[ eoreTRIKA | Bwa  BeumcnsHma | Omar parrsl HANPaENEHHOCT M |

4ele Delta Loop 6m

= IED.EDD v| Al Lt WAWE LENGTH = 5.972112[m]

TOTAL PULSE = 222

3erna FILL MATRI=...

" CeofiogHoe NpoCTREHSTED FACTOR: MATRIX...

FULZE WOLTAGEY] CURRENT[mA]  IMPEDAMNCE(Om) 3WHR
C MaoeansHas wib 1.00+j0.00 20874035 47.91+0.81 1.05

o MapareT bll CURREMNT DATA...
Feanenan d 2 FARFIELD...

Mo Fatal Ewor(s)
BrhicoTa |5 V| ™ 15.41(s)
MaTepman Iﬁ. noT vl

No.  |FreqhHz | R oOm) |j><(OM) |SWRED |Gthld |GadEli |F,fEIdEI |EIeV.rp|3EMn |E|bICC|Ta ||‘|on.
1 50200 47905 0812 1.05 — 1582 2295 146  PeanoH | 5.0 rap.

<] | &

I'IyCK| OnTuMuzaums | DD2op waroe onmmuaauvm| Fpacpukull'lpaBKa nposona|llpaBka aneMeHTa

Pucynok 13. OkHo 3akianku BeruuciieHus

3aKOHYMB BBOJ| OINHKCAaHUS AHTEHHbl W HaxaB KHomky Ilyck B Oosbuioi
HIDKHEW Ta0iuile BHICBEUMBAIOTCS Pe3yJbTaThl pacuera. Pe3ynbTaTbl BBIBOISATCS B

cieayrotiem popmare (1o CToyIoam):
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* Freq MHz — yacrora.

* R — akTHBHas 4acTh BXOAHOTO CONMPOTHUBICHUS, OM.

* jX — pcaKTHUBHASI.

* SWR -KCB

» Gh — ycuiieHue OTHOCUTEIIBLHO MOJYBOJHOBOTO TUMOJs (1b), 3TO 3HaYCHHE
BBIBOJMTCS, TOJIBKO €CJIM pacyeT MPOU3BOUTCS AJIsi CBOOOHOIO MPOCTPAHCTBA.

* Ga dbi — ycunenne k W30TPOMHOMY H3IIydYaTellto. JTa €AWHHUIA, Oymaydn
MPUBSI3aHHOM K a0CTPaKTHOM BCEHANPABJICHHOW aHTEHHE, HE3aBUCSIIEH OT BHICOTHI U
CBOMCTB 3eMJIH, UCIOIb3YETCs BO BCEX TabIUIaX U rpadukax.

* F/B db — oTHo1ICHNE YpOBHEH M3ITydeHUs BIIEpe /Ha3a/l.

» Elev. —3cHuTHBI (BepTUKAJBHBINM) Yrol, MOJ KOTOPBIM PACHOJIO0XKEH
MaKCUMYM H3JIy4EHUS! aHTEHHBI.

* 3emJ1 — TUI BIMSIHUSA 3€MJIU JUIsI KOTOPOTO MPOBOJMIIOCH MOJIETTUPOBAHHUE.

* BpicoTa — BEICOTA AaHTEHHBI B METPax HaJl 3€MJICH.

* IToJ1. — monsipu3anysi aHTEHHbBI — TOPU30HTAJIbHAS WM BEPTUKAIbHAS.

Jliisa ©osee AETanpHOrO aHaiM3a Pe3yJbTaTOB pacueTa aHTEHHbI HaXKMMAaeTcs
kHonka I'pagpuxu. B mone Ilosoca ycraHaBinuBaeTCss IIMPUHA MOJOCHI YacTOT
(OTHOCUTENBHO IEHTPAIBHOM), B KOTOPOM HEOOXOAMMO MOCMOTPETH IMapaMeTphl.
BriOpanHoe 3HaueHHME aBTOMATUYECKH YCTAaHABJIMBAETCS MO TOPU3OHTAIBHOM OCH
rpaduxa.

[TocnenoBarensHo BoIOMpas 3akimanku Z, KCB, Gain/FB, JIH MoxHO
HarJISIHO YBUJETh, KAK MEHSIOTCS OT YacTOThl B 33JaHHOM AHana3oHe MapaMeTphbl
anteHHbl KHonka Ilouck pe3oHaHca npeaHa3zHayeHa Jii aBTOMATUYECKOTO MOMCKa
PE30HAHCHOM YacTOThl AaHTEHHBI (T. €. TOM, HA KOTOPOM peaKkTUBHAS COCTABJISIOIIAS
€€ BXOJHOTO UMIIE[aHCca paBHa HYJIIO).

3aknanka JIH BBIBOAUT pa3HBIMH IIBETAMH JHArpaMMbl HAMpPaBICHHOCTH
(xpuBble 1, 2, 3 Ha puc. 14) anTeHHB Mg BCeX 4YAcCTOT (IIAarOB CETKHU) B
pacCUMTaHHOM TOJIOCE, a TaKKe TAaOJIMYKY M3MEHEHHS OCHOBHBIX MapamMeTpoB. IJTO
ObIBaeT OYEHb IOJIE3HO MPU MOJATOHKE aHTEHHBI, KOTa TpeOyeMble XapaKTepUCTUKU

u ¢opma JI[H mMoryt okazaTbCsi He Ha LIEHTPAJIbHOW YacTOTE, a I/e-TO B cTOpoHe. B



27
3TOM ke 3aknanke B okomke JH njsi mosasipuzanmii MOXKHO BBIOpaTh JUIsl Kakoi
noJisipu3aiuu (BepTukaipHoil V, ropuzonTaisHoil H, nux cymmsl Eciou JIH Ha kakux-
TO YacTOTaX HE HYXEH, WX MOXXHO BBIKIIOYUTh, IIEIKHYB B CTPOKE

COOTBETCTBYIOIIIEH 4acTOThI B cTOJ011e On.

[ padrkm m
2TDHKHlBCﬂCETKalﬂDﬂ.TDHKHl NEER FEEEHEHES | ﬂnnocahDDD vlkru [NEYET®E

i | ke | GainFB | veranoskn  OH |

15.9(dBi = 0d3

LeeT |

Freg I [ EEEERED
43700 744 496 155 156  On
49 950 1.3 -28.3 1E.7 19.4

: 50200 479 08 159 229 |On
FJH AR NOARPHSEUA e 450 370|383 159|155

50.700 Nz B3E 153 9.3 On

Pucynoxk 14. OkHo 3aknaaku JluarpamMma HanpaBJIeHHOCTH

BriOpaB 3aknanky Jmarpammbl HanpaBjeHHocTH (puc. 15), momyuum JIH B
BEPTUKAJIBHOM W TOPU3OHTAIBHON IIJIOCKOCTH M NEPEYMCIEHHE BCEX OCHOBHBIX
napameTpoB aHTeHHbl. JIH 51000l aHTEHHBI SBIAETCA OOBEMHOM TpEeXMEpHOU
burypoii, B 00111eM cirydae, HelpaBUIbLHON (OPMBI.

B oxomke JIH st moasipu3auuii MOKHO BbIOpaTh JJI KaKOM MOJISIpU3alUU
(BepTukanbHOM V, ropusontansHoit H, ux cymmsl V+H) OynyT noctpoenst JIH.

Ilocne TOro, Kak TMOJXY4YEHbl BCE IApaMEeTpbl AHTEHHbl B 3aKJIaJKe
BbIuncjieHus1, MOKHO UCIIPABUTH KOHCTPYKTUBHBIE 3JIEMEHTBI aHTEHHBI. DTO MOXKHO
caenarb U B 3akiagke I'eomerpusi, U3MEHsS BPYYHYIO KOOpPAMHATHI ITPOBOJOB, HO

MyTh 3TOT TPOMO3JI0K U BecbMa TpyaoeMokK. [Ipoie ucnons3oBaTh KHONKY IIpaBka
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IPpoOBOJdAa M BbI3BATh OKHO, KOTOPO€ CO34aBaTb M PCAAKTHUPOBATH AHTCHHY TOJIbBKO

MBIIIBIO 0e3 epedopa mudp B 3aknaake 'eomeTpus.

& MMANA - FAMMANAVANTYVHF beams\Adeltab.maa =1 E3
Pann  [paeka Cepewc  [MokMowes

I'eoMeTqu' Bra |Eib|u|/|cr|9HMq Omarpararol Hﬁ”PﬁBﬂEHHUCTM|

4ele Delta Loop 6m MNevatb

Ga :15.92(dBi) = 0dB out ring
F/B :22 95(dB) Rear: Azim120dgElev&0dg
Freq:50.200({MHz)

Z :47.905+0.3812

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

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

Mokaszate AH Ans nonspusauni
(r" Bept. ¢ lopus. & Cymmmbi © BepT+lop.

¥CTaHOBWTL 3eHUTHBLIA yronl

Pucynox 15. Bun quarpaMMbl HanpaBiIeHHOCTH TSI CYMMBbI BEPTHUKAILHOMN U

TrOPU30HTAIBHOMN NOJIAPU3ALNAN

B otkpeiBmieMcs okHe (puc.1l6) mMeroTcs 4eThipe 3aKiIaKi C OYEBHIHBIM
Ha3HAYEHUEM — TPEXMEPHBIN BUJI aHTEHHBI, a TAK)KE IBYXMEPHBIE B KaXKJI0U U3 TpPeX
wiockoctei. B Tpex mocnenmHux ciydasx Uil oOJerdeHusi MPOEKTHUPOBAaHUS Ha
M300paKeHNE HAKIIAIbIBAETCS KOOPIMHATHAS CETKA C YKa3aHWEM MaciiTada.

Kpome oueBnanbix nBuxkoB Macmitad u Bpamars umeercs eme psn
KHOTIOK:

-IlepBasi kHOmKa (C HAaKJIOHHOW O€JOM CTPENKOW) BKIIOYAET PEXKUM
peIaKTUPOBAHUSA-TIEPETACKUBAHUS  TMPABOM  KHOMKOW MBI  CYIIECTBYIOIIUX
npoBooB. Lllenuok — BbIIEIEHHE TPOBOAA (OH MIPU 3TOM MEHSET LIBET HA KPACHBIN),
IIETYOK U yJIep)KaHUE KJIABUIIIM HaKaTOW — MmepeTackuBaHue nposoja. [pudem, eciou

B35Th BBIJICJICHHBIA MPOBOJ 3a Kpail (Kypcop COBMEIIAETCS ¢ KOHIIOM MPOBOJA U
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IpeBpalaeTcs B KPECTUK — 3TO HA3bIBAETCS BBIIEICHUEM KOHIIA POBOJA), TO OyAeT
[IEPETACKUBATBCS TOJBKO OJUH €ro KOHELl, a BTOPOM OCTaHeTcs Ha mecre. Ecnm xe
B3iTh CEpEAMHY IpPOBOAA (IPU 3TOM PSAIAOM C KypcOpOM HOSIBUTHCS HEOOJIBLION
Oenmplii MPSAMOYTOJBHUK), TepeMeniaTbcsi OyAeT BeCh NPOBOJA  MapaUIEIbHO
VCXOJHOMY ITOJIOKEHUIO.

DNEKTPUUYECKUE COEIMHEHUS IPH 3TOM HE pa3pbIBAlOTCSA, TO €CTh OYyAyT
nepeMemarbcsi W KOHIbI TEX IMPOBOAOB, KOTOPBIE JIEKTPHUECKH COEIHHEHBI C
IIepeEMEIAEMBIM IIPOBOIOM.

- Bropasg kHOmka (C TOHKOW JMarOHAJbHOM JIMHHEN) BKIIOYAET PEKUM
pUCOBaHUS HOBBIX TMpOBOJOB. HeoOXoAMMO WIENKHYTh B HYXHOM MECTE
KOOPJIMHATHOM CETKH IPAaBOM KHOIIKOM U, Iep>Ka €€ HaXaTol, HapucoBaTh poBo. C

9TOTO I[efICTBI/IH OOBIYHO M HAUMHAETCS pUCOBaHUC HOBOM aHTCHHBI.

@ lNpaeka npoeoaa !Em
OdbeMHbIA BUO | MnockocTb X—Y| MnockocTb X—Z| lMnockocTb Y—Z| _ MacwTad
0 1.0 z
[ A0 +=]
Mokas |Bco -—I
TCetka |
¥ Brn ¥ ABTowar
| War (0.1 'l M
Bpawartb
— 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 _ B | Na | OTkaz |

Pucynok 16. Oxno 3akinanku [IpaBka npoBoaa

-Tpetbst kHOIKA (C KBaAPATUKOM BHYTPH) aHAJIOTMYHA BTOPOW, HO PUCYETCS HE

OJIMH MIPOBO/I, & Cpa3y «KBAAPaT» WU MPSIMOYTOJIbHUK.



30

-Crnenyromue JBE OTAEJIBHO PACHOJIOKEHHBbIE KHONKH OTHOCATCS K
YIPaBICHUIO H300paKEHUEM, MOITOMY pabOTaloT MpHU BHIOOpE 000N 3aKiIaIKu
H300paKeHUs.

-UeTBepTas KHOMKA (C IUIFOCOM BHYTPH) YCTAaHABIIMBAECT LEHTP M300paKECHHUS
Ha Havajo koopauHat (X =0,Y =0,Z=0).

-Ilocnenusis nsras KHOMNKa (C YETHIPbMSI CTPEJIKAMU 10 yIilaM) yCTaHABIUBAET
HOPMAJIBHBI MacmTad, moMemas UEeHTP M300paKeHHs HAa FeOMETPUYECKUN LEHTP
AHTEHHBI.

B menio Iloka3 umeercs BBIOOp U3 Tpex CTpok: Bcee — mokas Bcex MpOBOIOB
anTeHHbI; IlJI0CK — MOKa3 TOJBKO T€X MPOBOAOB, KOTOPHIE JIEKAT B OJTHOM IJIOCKOCTH
C BBIJCICHHBIM MPOBOJAOM; JJIEMEHT — II0KAa3 TOJIBKO IPOBOJOB, JJIEKTPUUYECKU
COEJIMHEHHBIX C BBIJCIICHHBIM.

B okne CeTka yCcTaHaBIMBAIOTCS NapaMeTpbl KOOPAMHATHOW CETKH.

[Ton nBwxkamyu Bpamare npu BbIIEICHUU NPOBOJA MOSIBISIETCA €0 MOJHOE

OIMMCaHuC, BKIIIO4asa €ro JJInHy.

4. Tlopsaaok npoBeaeHUs UCCIeTOBAHNM

3anyctuth nporpammy MMANA.

|. HUccnedosanue uemeepmov 601H06020 HECUMMEMPUUHO20 UOpaAmopa
(wumuipegoii anmenmHbl)

1. HUccnedosanue 3asucumocmu xod3pouyuenma ycuieHus u Gopmol
ouazpamMmvl HANPAGIEHHOCMU OM 4YaCMOmbl NPU NOCMOSAHHBIX 20MEeMmpPUecKUx

pasmepax aHneHHsl.

3arpy3uth ¢aiin «IlepBority.

Yo6enutncs Ha BkIaake ['eomeTpusi, 4To JyiHA aHTEHHBI (TapaMmeTp Z2 paBHA
1/4 nnvHBI BOTHBI WM 8§ CM, MaTepUall aHTEHHBI - Medb, TapaMeTPhl BIUSHUS 3eMJIU
- c60000HO€ npocmparcmeo u padbouyro yactory 450 MI'n (Bkinaaka Beruuciaenus).

3apucoBaTh aHTEHHY, UCMOJIb3Ysl BKJIAAKy Bua.
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a) BeimosHUTh BhluMcieHus, HaxaB KHomnKy Ilyck. Haxonmsce Ha Bkiaake
Boruucienns Haxate kHonky I'paduku. Beiopats Brmagky Gain/FB, ycranoButs
nosiocy yactot 80 k['1 u HaxkaTh kHONKY /lomosiHUuTeIbHBIE TOUKH. [lepeprcoBarh
B TETpajb NOIy4YeHHBIN rpaduk kodpduurenTta ycunenus anteHHsl Ga (0603HaueH
yepHbIM 1BeTOM). llepeiitu Ha Bkiaaky JAumarpamMmbl HANpPaBJIeHHOCTH W
3apucoBarh /IH B 1ByX MI0CKOCTSX.

0) Bepuythcs Ha Bkianky Bbrumcejenusi. Ycranosuth yactory 900 MI'm.
[Iponenath Te ke caMble ONepaldy, 4TO U B IYHKTE «a)».

B) Ha Britasike Boruuciaenust ycranoButh yactoT 1800 MI'n. IIpogenats Te xe
cambl€ OIepali, YTO U B IIYHKTE «a)».

r) Ha Bknaake Boruncsiennst yctaHoButh 4actotr 3600 MI'n. [Ipoaenats Te xe
camble OIepali, 4YTO U B IIYHKTE «a)».

n) [IpocMmoTperh, Kak U3MEHsETCsl opMa JHUarpaMMbl HANpaBICHHOCTH MpU
BIUsiHUU 3eMiH (Y cTaHOBKA 3eMulsl - peanbHasa Ha BKiIaJke BolumcjeHus, a BpicOTa
aHTEHHBI | Memp HaJ 3eMIIei).

e) [TocTpouts rpaduk 3aBUCUMOCTH KO3 dulieHTa ycuiaeHus aHTeHHb Ga ot
gactoTel (450, 900, 1800, 3600 MI'1). CnenaTh BBIBOABI O BIUSHUM paboyeit
yactorhl Ha Bua JIH u Bemuumny kosd¢uimenta ycuienus antennol Gain/FB.
Cnenatb BbIBOJ O BIUsAHUM 3eMiid Ha JIH aHTEeHHBI.

2. Hccnedosanue 6iusiHus 2eomempuyeckux pamepo8 aHmeHHbl Ha ee
OCHOBHblE MEeXHUYECKUE XapaKmepucmuKu.

a) Ha Bkmagke I'eomeTpusi yCTaHOBUTH JJIMHY aHTEHHBI (mapamerp Z2)
paBHO# 15 cM. YcTaHOBUTH MaTepuall aHTEHHBI - MeOb, TapaMETPbl BIUSHUS 3EMJIH -
c680000H0e npocmparcmao u padbouyro gactoty 900 MI'.

0) BeinonuuTh Bhluncienus, HaxxaB kKHoOKy Ilyck. [lepelitu B okHO I'papukn
(raxxaB kHomKy I'padukm) u nmomyunth rpaduk K0dPGUIIUEHTA YCUICHHUS] aHTCHHBI
Ga (0o6o03HayeH YepHBIM LIBETOM). BepHYThCS BO BKJIAAKy BbIUMCIeHUSI U OTKPHITH
BKIaJAKy JlmarpamMmbl HampaBJieHHOCTH. 3apucoBaTh JIH B BepTUKaIbHOW H

TOPU30HTAIBHOU MIOCKOCTSIX.
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B) BepHytbcs Ha Bkiaaky I['eomMeTpusi u yCTaHOBHUTH JJIMHY AHTCHHBI
(mapametp Z2) pasuoii 10 cm. [Ipoaenats Bce oneparyy COTIACHO ITyHKTA «0)».

r) Ha Bkmagke I'eomeTpHsi YCTaHOBHUTH JUIMHY aHTEHHBI (mapamerp Z2)
paBHoOli 5 cM. [Ipoaenats Bce onepainuu COriiacHO MyHKTa «0)».

) Ha Bknaake I'eomeTpusi yCTaHOBHMTH IJIMHY aHTEHHBI (mapamerp Z2)
paBHo#t 1 cMm. [IponenaTs Bce onepaivu COrjiacHO IMyHKTa «0)».

e) IIpocmoTpers, Kak u3MeHseTcss (opMa auarpaMMbl HaIllpPaBICHHOCTH TPHU
BIUsiHUU 3eMiH (Y cTaHOBKA 3eMulsl - peanbHas Ha BKiIaJike BorumcejieHus, a BpicOTa
aHTEHHBI | Memp HaJ 3eMIei).

k) [loctpouts rpaduk 3aBucUMOCTH Kod(dduimenta ycunenus anTeHHb Ga
OT TEOMETPUYECKUX pa3mepoB BuOparopa (15, 10, 5, 1 cm). Cnenate BBIBOABI O
BIUSHANA pa3MepoB aHTeHHb Ha BuA JIH w BenmwumHy Ko3(duImeHTa yCHICHUS
antennsl Gain/FB. O0bsacuuTh HakiaoH rpaduka Gain. CaenaTh BBIBOJ O BIMSHHH

3emusik Ha JIH aHTEHHBI.

1. Hccneoosanue nonysonnosozo cummempuunozo euopamopa (0unons)

1. HUccnedosanue 3asucumocmu xod3pouyuenma ycuieHuss u  @Gopmwi
ouazpammuvl HANPAGIEHHOCMU OM 4aCmMomyvl NPU NOCMOSHHBIX 2e0MeMmpUlecKux
pasmepax anmeHHbl.

3arpy3uthb ¢aiin «BTopoii».

Yo6enuthcs Ha Bkianke ['eomerpusi, 4To jyivHa aHTeHHBI (mapameTpbl Y1 u
Y2 paBHa 1/2 nnuHbl BOJHBI Wi 15 cM, Marepuan aHTEHHBI - Medb, MapaMETPhI
BIIMSIHUS 3€MJTU - c80000HOe npocmpancmeo U padbouyto yactory 450 MI'1 (Bkiiaaka
Boruunciienus ). 3apucoBaTh aHTEHHY, UCIOJIb3Ys BKIaAKy Bu.

a) BoimonHuTh BhuMcieHusi, HaxaB kHomnKy Ilyck. Haxoxsch Ha Bkiaake
Boruncienns Haxars kHonky I'padukm. Beiopats Briagky Gain/FB, ycraHoBUTH
nosnocy yactoT 80 k' 1 HaxaTh KHONKY JlomosHuTeabHBIE TOUYKH. [lepepricoBaTh
B TETpajb MOJIy4YeHHBIN rpaduk kodpduurenta ycuienus anteHHsl Ga (00o3HauYeH
yepHbIM 1BeTOM). Ilepeiith Ha BriIagky JImarpaMmbl HanpaBJEHHOCTH U

3apucosars /IH B AByX m10CKOCTSX.
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0) Bepuytbcs Ha Bkiagky Bbrumesenusi. Ycranosuth yactory 900 MI'm.
[IponenaTe Te k€ caMble ONepalry, YTO U B IYHKTE «a)».

B) Ha Bkianke Buruuciaenus ycraHoButh yactoty 1800 MI'm. Ilponenats te
K€ caMble OIepalii, YTO U B IIYHKTE «a)».

r) Ha Bkinagke Bouluuciaenusi ycraHoBuTh yactoty 3600 MI't. [Ipoaenats Te
K€ caMble OIepalii, YTO U B IIYHKTE «a)».

n) [IpocMoTpeTh, Kak U3MEHsETCs (opMma AUarpaMMbl HANpaBICHHOCTH MU
BIUsiHUU 3eMiH (Y cTaHOBKA 3eMulsl - peanbHas Ha BKiIaJike BolumcejeHus, a BpicOTa
aHTeHHbI 30 Mempog Hall 3eMIIel).

e) [ToctpouTs rpaduk 3aBUCUMOCTH KOdPPUIIMEHTA yCHIIeHNs aHTeHHBl Ga ot
gacTtoTel (450, 900, 1800, 3600 MI1). CnenaTe BBIBOJBI O BIMSHUU pabodei
gactotel Ha Bun JIH w BemmumHy koddduimenta ycunenus antennel Gain/FB.
Crenats BBIBOJ O BIMSIHUM 3eMiu Ha JIH aHTEeHHBI.

2. Hccneoosanue enuanus 2eomempuyeckux pazmepos aHmeHHbl Ha ee
OCHOBHblEe MeXHUYECKUe XapaKmepucmuxu.

a) Ha Bkmagke I'eomerpusi W3MEHMTH [UIMHY BHOpPaToOpoB aHTEHHbI
(mapametpsl Y1, Y2) u cnenath paBHbIMH, COOTBETCTBEHHO, MUHYC 30 1 mutoc 30 cM.
YcTaHOBUTH MaTepuall aHTEHHBI - Medb, apaMETPhbl BIUSHUS 3€MIIU - C80000HOE
npocmparcmeo 1 pabouyro gactoty 900 MI .

0) BeinonHuTh Bhluncienus, HaxxaB kKHonKy Ilyck. [lepelitu B okHO I'papuxn
(maxxaB kHonKy I'padukm) u nmonyunts rpaduk K0dPGUIIMEHTA YCUICHUS] aHTCHHBI
Ga (0o6o3HaueH yepHBIM 1BETOM). BepHyThcsi BO BKIaAKy BbIumc/jieHUsl M OTKPBITH
BKIaJaKy Jlmarpammbl HamnpabJieHHOCTH. 3apucoBaTh JIH B BepTukaibHOU U
TOPU30HTAIBHON MIOCKOCTSIX.

B) BepHytbca Ha Bkiaaky I[eomerpusi M yCTaHOBUTH JJIMHY AHTEHHBI
(mapametpsl Y1, Y2), coorBercTBeHHO, MUHYC 15 u mmoc 15 cm. Ilponenats Bce
oTepaly COrJIacHO MyHKTa «0)».

r) Ha Bknaake I'eomeTpusi yCTaHOBUTH JJIMHY aHTEHHBI (mapameTpnl Y1,
Y2), cOOTBETCTBEHHO, MUHYC 7,5 U TuItoc 7,5 cm. [Iponenats Bce onepaiuu coriiacHo

MYHKTA «0)».
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1) Ha Bxmagke ['eoMeTpusi yCTaHOBUTH JUTMHY aHTEHHBI (mapamerpsl Y1, Y2),
COOTBETCTBEHHO, MUHYC 2,5 u mmoc 2,5 cm. [Ipoxenars Bce omepanuu COTJIacHO
MyHKTa «0)».

e) IIpocmoTpers, Kak m3MeHseTcss (hopMa quarpaMMmbl HaIllpPaBICHHOCTH TPHU
BIMSHUM 3eMJM (Y CcTaHOBKA 3eMJIsl - peanvbHas Ha BKIIaJke BblumcsieHus, a BbICOTA
aHTeHHbI 30 Mempoes Hal 3eMJieit).

k) [loctpouts rpaduk 3aBucuMocTu koddduimenta ycuiaeHus anteHHbl Ga
OT reoMeTpuueckux pasmepoB BubOpatopa (60, 30, 15, 5 cm). CnenaTh BBIBOABI O
BJIMSIHUM pa3MepoB aHTeHHbl Ha BuJ JIH u BenuumHy KodpduIMeHTa yCHICHUS
aateHHbl Gain/FB. O0bscHuTh HakioH rpaduka Gain. Crnenats BBIBOJ O BIUSHHU

3emusik Ha JIH aHTEHHBI.

1. Hccneoosanue nanpaenennoini anmennvt muna «Bonnoeoit kaunany
(Oupexmopnoii anmeHHbsl)

1. HUccnedosanue 3asucumocmu xodpouyuenma ycuienuss u  @Hopmwi
ouazpammovl HANPAGIEHHOCMU OM 4acCmOmbl NPU NOCMOSAHHBIX 2e0MEemPUecKUxX

pasmepax aHmeHHbl.

3arpy3uth ¢ain « Tpetuit».

OG6paTuTh BHUMaHUE HAa KOHCTPYKILMIO, aHTEHHBI, MPEICTABISIIONULYI0 COOOM
KOMOMHAIIMIO  TOJYBOJHOBOTO  BUOparopa,  pediekropa(oTpaxkarens)) |
HaIpaBJISIIOMUX(AUPEKTOPOB) KOTOPHIX MOXKET ObITh OT 0 g0 2-x necarkoB. B
JJAHHOM clTydae Mpe/IcTaBjIeHa aHTEHHA BOJIHOBOM KaHAJI ¢ IBYMSI IUPEKTOPAMH.

Ha Bknaake I'eomeTpusi ONMKMCHIBAIOTCS T€OMETPUUECKUE Pa3MEphbl KaxJ0ro
AJIEMEHTa aHTCHHBI. 3apUCOBaTh AHTCHHY, UCTIOJIb3Ysl BKJIAAKYy Buj,

JlaHHbBIE aHTEHHBI MO3BOJISIIOT HOJYYUTh YCUIIeHHe nopsiaka S - 15 n1b, onnako
ABJISIIOTCS IOCTATOYHO Y3KOIOJIOCHBIMH.

a) Hcnone3yss uM3ydyeHHYI0 paHee METOJMKY H3MEPEHHUsl MapaMeTpOB CHSATH

aMIUTUTYTHO-4YaCTOTHYIO XapaKTEPUCTUKY AHTEHHBI (3aBUCUMOCTH KO3 UIlMeHTa
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ycunienust Ga ot yacTtoTel) B auana3zone yactot ot 800 mo 1200 MI'u ¢ marom 50
MTI 1. [TonyyeHHbIe TaHHBIE 3aHECTH B TAOJIUILY.
0) Uccnenosary Bua JIH npu pasznuunbix pabounx yvacrortax: 450, 700, 900,
1200 MI'
e) [TocTpouts rpaduk 3aBUCUMOCTH Kod(pduiineHTa ycuneHus anTeHusl Ga ot
gacToThl (800 - 1200 MI'm). Caenath BBIBOABI O BIUSHUM pabodyeii 4aCTOTHI HAa BUJ

JIH n Benmmunny ko3¢ dunmenta ycuinenus anrenasl Gain/FB.

2. Hccneoosanue 3asucumocmu kodgguyuenma ycunreHus u  Gopmoi

ouazpammol HANPAGIEeHHOCMU OM KOJIUYECMEa Hanpasisiowux (OUpeKxmopos).

a) Ha Bkiiagke Bblumc/jieHUs1 yCTAaHOBUTh MaTepuajl aHTEHHBI - Oe3 nomepey,
napameTpbl BIUSHUSA 3€MIIH - C80000HOe npocmpancmeo U padbouyro yactory 900
MI'u. Haxxate kHonky Ilyck, 3adukcupoBaTh KO3(pPUIMEHT YCUIEHHS] aHTEHHBI U
3apHUCOBATh AUArPAMMY HAIIPaBJIECHHOCTH.

0) YOparb ogHy HampaBistoUlyro (IupekTtop). s 3Toro HaxkaTh KHOIKY
IIpaBka npoBoaa, HaXKaTh KHOINKY peNakTUpoBaHUs (C O€JoN CTpeNKOl BHYTpH),
HIEJIKHYTh JIEBOM KHOIKOM MBIIIM [0 KpaHEMY OUPEKTOpY (OH OKpacuTcs B
KpacCHBIN IIBET), 3aT€M MPaBO KHOIMKOW BHI3BaTh KOHTEKCTHOE MEHIO M BHIOPATH
KOMaHAay Yaaaurts nposoi. Ilocie storo Haxars kHOnky Jla. [IpoBectn nzmepenus
0 IYHKTY «a)».

B) YOpaTh elie oHy HanpaBisoNyo (aupekTop). s 3Toro Haxxatb KHOMKY
IIpaBka npoBoaa, Ha)KaTh KHOIMKY pPEIAKTUPOBaHUS (C OENON CTpENKOW BHYTPH),
HICJKHYTh JIEBOM KHOIKOW MBIIIM [0 KpalHEMY JUPEKTOpY (OH OKpacuTcs B
KpacHbII 1IBET), 3aT€M NpaBOl KHOMKOW BbI3BaTh KOHTEKCTHOE MEHIO M BHIOPATH
KOMaHay Yaaautb npoBoA. Ilocime srtoro naxate kHomnky Jla. IIpoBectn HOBbIE
U3MEPEHHUS 110 IYHKTY «a)».

r) CaenaTh BBIBO/JIBI MO MPOBEICHHOMY HCCIICIOBAHMUIO.
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3. HUccneoosanue MmHO2091eMEHMHOU Y3KOHANPABIEHHOU AHMEHHbL MUNA
«BOJIHOBOU KAHA

3arpy3uTth ¢aiin «HeTBepThiii».

3apucoBaTh aHTEHHY, HCIOJb3Ys BKIAIKy Bua.

[IpousBecT BBIYMCIEHUE NapaMETPOB, MEPEUTH Ha BKIAAKYy duarpammbi
HANPABJEHHOCTH U 3apucoBarh noiaydeHHyw JH. [IpocMoTpeTs, Kak M3MeHseTCs
JIH aHTeHHBI mpH OTKIOHEHHU OT paboueit yactoTel Ha 100 MI' B Gombinyio u

MCHBIIYIO CTOPOHY. CI[GJI&TL BBIBOJIBI I10 ITPOBCACHHOMY HUCCIICIOBAHUIO.

5. Conepxxanue oT4yeTa
1. PucyHku ncciieryeMbIX aHTEHH.
2. Pucynku JIH B COOTBETCTBUY C MyHKTaMH HCCIIEAOBAHUA.
3. TaGnuIpl ¢ pacyeTHBIMH 3HAUYCHUAMHU KO3 duimeHToB ycunenus Ga.

4. BBIBOJIBI 1O KXKIOMY pa3iesly UCCISI0BAHUS

6. KoHTpoJibHbIe BONPOCHI

Yrto HazweiBaetcs ¢puaepom? OTyero 3aBUCUT KOHCTPYKIUsS duaepa?
N3006pa3uTte cxemMaTU4eCKu BUJ] HECUMMETPUYHOTO BHOpaTopa.
[TosicHuTe paboOTy CUMMETPUYHOTO BUOpATOpa KaK U3TydaTessl.
UT0 NOHUMAIOT MO/ ANEKTPUUYECKON MPOYHOCTHIO AHTEHHBI?

Urto onpenensier aMIUIUTYHAS TMarpaMMa HanpaBIE€HHOCTH?

2 A

KakoBa ¢opma nuarpaMmbl HalpaBiIECHHOCTH JIEMEHTAPHOTO JIEKTPUUECKOTO
BUOpaTopa (aumoss)?

7. Kakas quarpamMMa HanpaBJIe€HHOCTH Ha3bIBACTCS HOPMUPOBAHHOM ?

8. UTo mokasbIBaeT AuarpamMma HarpaBJICHHOCTH aHTEHHBI IO MOIIIHOCTH?

9. Uro moapazymMmeBaeTcs MO IIMPUHOMN TJIABHOTO JIETIECTKA TUArPaMMBbI
HanpasieHHocTu? Kak ona onpenensiercs?

10.KakoB OCHOBHO# MOKa3aTeslb HEHANPABIEHHBIX aHTEHH?
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11.B yem oTiinune (pa3zoBOM U MOISPU3ALMOHHON JUArpaMMbl HAIIPABIEHHOCTH?

12.Yto nonpazymeBaetcs noa KH/[ anteHHbI?

13.Yto nazeiBaercs KY antennn1?

14 Kak Berunciuth KIIJ[ antennsl 3Has ee KY u KH/L?

15.Yto Ha3bIBaeTcs aercTBytomen (3phekTUBHON) JUTMHHON IPHUEMHOMN
AHTEHHBI?

16.Yto Ha3bIBaeTcs aencTByomel (3¢ GHeKTUBHON) MIIOMAABI0 TPUEMHOM
AHTEHHBI?

17.YTo moxpa3zymeBaioT Mo dHepreTudeckoit 3 pexTuBHOCTHIO anTeHHbI? Kak
OH onpeaensiercs’?

18.CpaBnute, Bo ckoibko pa3 ornyatorcss KH/I 1Byx aHTeHH, eciii U3BECTHBI UX

3HadyeHud B aermodenax: D1=20 a1b u D,=40 nb.
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