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TJIABA 1.
PACIIPOCTPAHEHHE BErymlHX PALHOBOJIH

1.1. Beryumue BOJHB B JMHHH Nepenadn

Ynpomennas cxeMa PajiHOJHHHH mepefasd HH(POPMAUHH NpeAcTaBjeHA Ha
puc. 1.1, DnemenTaMu cxemsl SIBASIOTCH: aHTEHHB!, JHHHH NepenayH, ycTrpoHcTBA A
ONTHMAJILHOrO COEJHHEHHs JIHHHH Tepefaud ¢ AHTEHHOM, MepejaTYHKOM H NpPHeMHH-
KOM, a Taxxe eCTeCTBEeHHas cpela (B OCHOBHOM el cCJYyXHT aTmochepa 3emiir)
MeXIy NepejailiMH H NMPHEMHBIMH aHTEHHAMH.

B JHHHAX mepefayn pacHmpOCTPAHAIOTCH TAK HA3HIBacMble HANpaBJfeMbie 3J€K-
TPOMArHHTHBIE BOJIHEL, T. €. BOJIHb, SHEPrHs KOTODHIX NBH2KETCH BIOJL HCKYCCTBEH-
HBIX HANPaBJSOUIHX CHCTEM.

Ins oOBsACHEHHS mpolecca paclpocTpaHeHHs OETYUIHX BOJH B KauyecTse Ha-
npasJsiollledi CHCTEMbl BO3bMeM JHHHIO nepejadyd H3 JBYX NpaMOJHHEHHEIX napan-
JieJIbHBIX MPOBOLOB KPYIJOro CEUeHHs, PasMEINEeHHHX B OXHOPOXHOA cpege. Bynem
10JIaraTe, YTO JHHHA HMeeT GECKOHeYHYI0 AJIHHY, a DacCTOSHHE MeXAy NpOBOAAMH
JIHHHH BO MHOro pas Mmesbile A/4 (puc. 1.2), rae A — NJHHA BOJHH,

B ceyenusx JHHHH, HaXOAAIWHXCA Ha DAacCTOSIHHH OT reHepaTopa, HANpsXKEHHE
Gyner OTJIHYATBHCA OT HANpPsKEHHs HA BHXOJe reHepaTopa NOTOMY, YTO Ha pacmpo-
CTPaHEHHe BSJIEKTPOMArHHTHOH 3HepruH TpeGyercs OnpejeseHHoe BpeMs, HHTepBal
KOTOPOTO 34BHCHT OT CKODOCTH PAaclpOCTPaHeHHs S5JEKTPOMATHHTHOA SHEPTHH BIOIb
JIHHHH M PACCTOSHHA OT reHepatopa (HJH, YTO OOHO H TO Xe,— OT BXOJA JIHHHH).

HanpsixeHue, NPHIOXKEHHOe K INPOBOIAM JHHHH, CO3JaerT MeXAY HHMH 3Jex-
TpHYECKOe NOJIe, a TOK, TeKyIHA mo HHM,— marHuTHoe (puc. 1.3). JImnua obGaapaer
€MKOCTbI0 H HHAYKTHBHocTblo. KpoMe Toro, mpoBoia JHHHH HMEIOT 3JEKTPHYECKO®
COTMIPOTHBJICHHE, 4 €CJH B NPOCTPAHCTBE MEXAY NPOBOAAMH cpefa MOrJOMAeT 3JeK-
TPOMATHHTHYIO SHEPTrHIO, TO 3TO SKBHBAJIEHTHO HAJHUYHIO MEX1Y HHMH 3JIeKTPHIECKOR
MPCBOAHMOCTH.

Ilisi BOOGpaXkaeMOH NHHHH Nepefadd GecKOHEUHOR NJHHH HMeIOTCA BLIPAMEHHA
AJIA HanpsXKeHHs H TOKa B NPOH3BOJBHOM CEYeHHH JIHHHH:

ty=Umoe ™" sin (2nft—Bx); (1.1)
ix=Imoe ™" sin (2nfi—px); 1(1.2)
2g=UmolImo (1.3)

The U, ¥ iy — HanpsiKeHHe H TOK B CEUEHHHM JIKHHH, HAXOAALIEMCH Ha DACCTOSHHH ¥
or reneparopa; Umy B Img— aMWIBTYAH HaNpsXKeHHS W TOXAa Ha BXoie JHHEHH B ce-
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Puc. 1.1. VYnpomenHascxeMa PaiHOJHHHH:

! — mepenatuuk, 2 — aupus nepenavun (dunepunas JHHHA): & — YCTpo#cTBO, corJacyio-
niee JIHHHIO TlepeiadyH ¢ aHTeHHOH;, 4 — nepejalomlass aHTeHHa; 5 — cpejna pacmpocTpa-
HEHHSA CBO60H}!HX PanHOBOJH, ﬁﬁaneMHaﬂ aHTeHHa; 7—|T.DHEMHHK

d<AS 2

r Tl
[ —=>co

x

e ]

Puc. 1.2. BeckoHeyliag ABYXNPOBOAHAS JIHHHA NepelayH:
! — renepatop BBICOKOH 4YacToThl; 2 — nuHuA nepepaun

Puc. 13. CrpykTypa 3/JCKTPHUCCKOTO H MariHTHOrO
noJs B CeYeHHH ABYXMNDOBOLHOH CHMMETDHUHOH JH-
HHH Nepefayn:

! — npopoAHHKH JNHHHH nepefadd; 2 — NHHHH 3JEKTPHUECKO-
ro noas | ), 3 — NMHAM MAarHHTHOTO NOJAA

(————

YeHHH, rie HoAK/ued renepatop (¥=0); Z, — BOJHOBOE CONpPOTHBJ/IEHHE JIHHHH, paB-
HOe OTHOIIEHHI0 AMIVIATYAB HAODSKEHHA K AaMIJIHTYAE TOKA; o — Koadduuuent
3aTyXaHHs, XAPAKTEPH3YIOUIHA yMeHblleHHe aMIJHTYJ TOKAa M HanpsXKeHds HA elH-
HHIY AJIHEBL JMHHH; [—dacToTa KovleGaHul, BO30yXKAaeMbX reHepaTopoM B JH-
HHH, P — xo3thduuneHT chasn, paBHMIl H3MeneHuio (a3l KOJMEGaHHA Ha CAHHHLY
JUIHHBL JHHAA. Benmumnn Zz, & H [ Has3bBaloT BOJHOBEIMH NapaMeTpaMH JIHHHH,
TaK KaKk OHH XapAKTEpH3YIOT PACNPOCTpAaHEHHe BOJHLI B JHHHH.

Eciu JiMHHS 6e3 TOTePh HAXOLHTCA B KOCMHYECKOM O€3BO3LYIIHOM MpOCTpaH-
CTBe, OTHOCHTEJLHAS MHIJEKTPHUECKAS NPOHHNAEMOCTb KOTOPOro paBHA eHHHIE
(e,=1), TO CKOpOCTL pACTIPOCTPAHEHHA BOJHH BIOJMbL Hee PaBHA CKOPOCTH CcBeTa
(c=300000000 w/c). OTHOCHTEIbHAS AHSAEKTPHUECKAs NPOHHLAEMOCTh BO3AYXA
g,=1,000059, u mno3TOMy CKOpPOCTL PACHPOCTDAHEHHA B JHHHH, pacnosoxkeHHoli B
atmochepe, Gyaer mpumepso Ha 0,03% wmenbllle CKOPOCTH pacmpoCTpaHeHHA B Ba-
kyyme. [TocKO/IbKY pasiHine B CKOPOCTSX HEBENHKO, Gy/eM MOJAraTh, 4TO B BO3AyXe
CKOpOCTb DACTIPOCTPAHEHHA BOMHLI DABHA CKOPOCTH PACIpOCTPAHEHHs B BaKyyMe.
B sTOM Ccayvae NJMHA BOJHH B JHHHH DPaBHa CKODOCTH CBeTa, JAeJeHHOR Ha HacTOTY.
Tak Kak 3aTyXaHHe OTCYTCTBYET, AMIUIHTYAL HaTNPAXKEHHS W TOKA OCTAKTCA IO-
CTOAHHBIMH BAOJIb JIHHHH
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1.2, Berymue pajauoBOJiHLI B CBOOOJNHOM MPOCTPAHCTBE

B omiuyne OT JIHHHH Mepefayd, HanpapJsiomeld 3JeKTPOMArHHTHEIE BOJHEL,
B0o30yxaeMble TeHepaTOpOM, B[OJb NPOBOAOB, B ORHOPOAHOH OGe3rpaHHuHOH cpele,
T. € cDeJe, OAHHAKOBOl BO BceX HAMpapJeHHAX H NMpocTHpalowedicss B GeCKOHEYHOCTh,
3JEKTPOMArHHTHEIE BOJIHLL, BO30yxKIaeMuie mnepejaioedfl aHTeHHOH, pacmpocTpa-
HAIOTCH MO pajHalbHBIM HanpaBaeHnsaM, JlonycTHM, YTO CyUECTBYeT HCTOYHHK, KO-
TOpHH PaBHOMEPHO H3JyYyaeT BO BceX Hanpas/eHHAX (puc. 14). Takol HCTOYHHK
Ha3uBaercs H3oTponibiM. HManywaemas um wmouinocte Py, BT, pasnomepHo pacmpe-
JeJjisieTcsl 10 BceM HanpasieHHsM., Ecan Gbl B cpefe OTCYTCTBOBA/JH MOTEPH, TO BCA
H3JlyyaeMas MOLIHOCTb NPOXOAHNA Gul, HampHMep, uepe3 cdepHYECKYIO MOBEPXHOCTh
NpOoH3BOJILHOTO paauyca r. Kak 68 HH OB BeJHK pajHyc 3TOH NMOBEPXHOCTH, MPOXO-
JAumas yepe3 Hee MOWIHOCTL GyAer paBHa Pg.

BBseseM NOHATHE WAOTHOCTH MOTOKA MONIHOCTH KAK MOLIHOCTH, NpPOXOAseH
yepe3 MOBEPXHOCTh, MJoulafb kotopoit pasia | M2 OGosuaunm ee Gyksoit II. Ilo-
CKOJIbKY TJoWaib cepHyecKoli MOBePXHOCTH paBHa 4mrd, M% TO MIOTHOCTH MOTOKA
MmouHocTH, Br/m?, paBHa

[T=Py(dzre. (1.4)

B cpene ¢ moTepAMH 3HepPTHH, HanpiMep B BOJAe HJIH FOPHEIX NOPOAaX, 4acTb 3HEP-
rHH, H3Jly9aeMOil HCTOUHHKOM, NpeofpasyeTcs B TENJIOBYIO.

DnexTpHueckHe M MArHHTHBIE NOJS XapaKTepH3YIOTCH He TOJNBbKO BEJIHYHHOH, HO
H HanpasjeHneM, OHH BbBIPAXKAWTCA BEKTOPHHIMH BeJHUHHAMH — HANDAKEHHOCTDIO
JeKTpuuecKoro noiss E H HanpsKeHHOCTbIO MarHHTHoro noas H Bektopa nanps-

Puc. 1.4. Boubl, H31yYaeMble H30TPONHLIM HCTOUHHKOM

Puc. 1.5. B3auMHas OpPHEHTalUMs BEKTOPOB HATNDPSIKEHHOCTH MOJA H BEKTO-
pa NAOTHOCTH NOTOKA MOMiHocTH (Bekropa IlodnTuHra):

E — HaNpsXeHHOCTb SJEeKTPHUeCKOoro monas; H — Hanp#XeHHOCTb MAarHHTHOTO noJs;

IT — pextop IlofintHHra (coBnajaer MO HAOpaBJeHHIO C HanpapjeHHeM pacmpocTpaHe-
HHSL BOJHBIL)

Puc. 1.6. Tlnockuii )POHT 3JIEKTPOMArHHTHOH BOJHH Ha GOJIBLIIOM PACCTOSHHH OT HC-
TOYHHKA H3NYYEHHH:

I — HCTOYHMK H3ny4YeHHs; 2 -— HaNpaBJeHHe PACHPOCTPAHEHHS BOMHLI, 3 — chepHyeckufi BoJHO-

Bol (GpoHT; 4— yyactok cepHYeCKOr0 BOJHOBOrO (POHTA, B RNpegenax KOTOPOTQO €ro MOXHO
nonarath NAOCKHM
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KEeHHOCTeH 3JeKTPHUECKOro H MArHHTHOro moviefi Ha AOcTaTouHo GOJLIIOM paccTros-
HHH OT aNTeHHH JeXAaT B IVIOCKOCTH, NePNeHXHUKYJAAPHOH HaNpaBJeHHI pPacopocTpa-
HeHHsI, 1 OfIHOBPEMEHHO NepneHNHKYJAPHH APYr Apyry (puc. 1.5).

HanpsKeHHOCTh SJEKTPHUECKOro noJisf BHpamaercs B BoabTax ma merp (BfM),
HanpsiKeHHOCTb MarHHTHOrO movis — B amrepax Ha metp (A/m).

OTHOWIEHHe AMIVMTYAE HANPSAMEHHOCTH SJIEKTPHUECKOrO0 MOAs XK AMIUIHTYHE
HanpsiXKeHHOCTH MAarHHTHOTO MNOJs PaBHO BOJIHOBOMY COMPOTHBJIEHHIO CBOGO}IHOFO
NPOCTPAHCTBA

Zy=E | Hpm=120m,0M. (1.9)

MraosenHoe 3HaueHHe HANPAMEHHOCTH 3JEKTPHYECKOTO MOJSA, CO3AABAEMOTO
HAeaNbHEM (THMOTETHYECKHM) BCEHANpaBJEHHHIM HCTOUYHHKOM, MOMKeT OHTb BbIpa-
¥KeHO 9epes M3NyyaeMylo 3THM HCTOYHHKOM MOINHOCTB C NOMOLIBIO (OPMYJIH

E;= -—:— V60P; sin(2=ft—Fr). (1.6)

HamenenHe HanpsKEHHOCTH 3JIEKTPHYECKOrO NOJA BOJHL BO BPEeMeHH H MNpOCTpaH-
cTBe BhIpaxkaercss (OpMyJoH, aHANOTHYHOH opMy/e NJA HanpsXKeHAs OGeryuiei
BoaHBl B JHHHH [cM. (1.1)] ¢ TeM pasanumem, 9TO B Hell ecTh MHOKHTENbL 1/r, OTpa-
KawIHA chepuyecKHd XapakTep PACXOMACHHs BOJHH B HEOTPaHHYCHHOH cpefe H
HeT MHOMKHTeNs 3aTyxauus (4js cpeas Ge3 moTeps).

PaccmarpHsas Geryuine BOVIHE, HEPEAKO HCMOJB3YIOT TMOHSITHE © BOJHOBOM
(¢poHTe KAK MOBEPXHOCTH, Ha BCeX TOYKAX KOTODPOH BOJHA HMEeT B AAHHHHA MOMEHT
OfMHHAKOBYI0 ¢a3y. B cBoGopHOM npocTpaHCTBe H3JydeHHE HCTOYHHKA, HMEIOLLEro
Ma/iifi pasMep MO CPaBHEHHIO C AJMHMHON BOJHH, AaeT chepHYecKHH BOJIHOBOH ¢POHT.
PacnpocTpanenne BOJIHBEL MPOHCXOAHT [0 HOPMAJH K BOJHOBOMY (bpOHTY.

Ouenp yacTo NpH pelleHHH 3a[aY OTPaXeHHs, MPeJOMJIeHHS H PaccesHH: 3JeK-
TPOMarHMTHHX BOJIH JOMYCKalOT CYIECTBOBAaHHe MJIOCKOH BOJIHBEI, T. €. BOJHH C
MJIOCKHM (POHTOM, HAa KOTOPOM He TOABKO asnl KoviebaHHH, HO H HX aMIMHTYIH
oaHHaKOBH, XOTS HAeaJbHO IUIOCKOro (ppoHT2 B NPHPOJE H TeXHHKe He CYIIECTBYET,
OLHAKO BAAJH OT HCTOYHHKA YYacTOK IIOBEPXHOCTH BOVIHOBOro ¢poHTta, GyAyuH
chepHUECKHM, MaJ0 OTJHYaeTcs OT ydyacTKa KacarenasHofi miockoctH (puc. 1.6). Ilpu
OTJIHUHH To (pase Ha Kpasix yuacTka MeHblue 4..5° (T e. NpHpalleHHe PacCTOSHUA
Ha kpasx ygacrka npumepso 0,01 oaHHLI BOJHB) JNJs pelueHHs GOJIBUIHHCTBA Mpak-
THYECKHX 3a[au BOJIHY Ha 9TOM ydYacTKe MPH YCJAOBHH OJHHAKOBOH aMNJIATYIH Ha-
NpAMEHHOCTH NOJIS Ha HeM MOXHO NOJIaraTh MIOCKOH.

[Mossipu3anus MEKTPOMArHHTHEIX BOJH ONPEAEJSeTCs HanpaBJeHHEM BEKTOPA
HANPAKEHHOCTH 3JIEKTPHUECKOro MoJld, KOTOPHIH B o6LleM ciydae MOXKeT H3MEHATb
HanpasJieHHe ¥ BelHuYHHYy B TedeHHe TepHopa KoJebanuil,

IMonspusauus HaseiBaeTcs JIHHeAHOH, ecid 3a nepuon koJie6aruii KOHel Bek-
TOpa, npeacrasasiomero cofofi MrHOBeHHOe 3HAYeHHe BeJMYHHH K HaNpaB/eHHs
SJIEKTPHYECKOrC [OVIS, ONHCHIBAET NPSMYIO JHHHIO B IIOCKOCTH, NEepHeHAHKY./IspHOH
HanpasJeHHK pacnpocrpanenns. TIpH 9TOM KOHel BeKTOpa HANPSKEHHOCTH MArHHT-
HOrO MOJISl TaKXKe ONHCHIBAeT MPAMYK, HO NepNeHAHKY/IfpHylo Bekropy E M Hamnpas-
JdeHHI0 pacnpocTpaHeHus, [1J0CKoCTh, OnpejefiseMass HAMpaBleHHEM BEKTOPA 3Jek-
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Prc, 1.7. KpyroBas moaspH3anus:
a — npaBoro BpauleHHs;; 6 — JIeBOro BpAUIEHHS; [ — HampasieHHe pacnpoOCTPaHeHHs; 2 — Ha-
apasJsieHHe BpallleHHA

TPHYECKOTO MOJA W HanpaBJeHHEM paclpOCTPaHEHHS, HA3LIBAETCS MAOCKOCTHI0 NOAA-
pusayuu soaxvt ['OPUBOHTANBHO NOAAPUSOBAHKON HASHLIBAETCA BOJHA, JJICKTPHYECKHI
BEKTOp KOTODOH mapajeneH ropH3OHTambHOH miockocTH. Ecad e Bekrop Hamps-
KEHHOCTH 3JIEKTPHYECKOr0 NO0JA JIEXKHT B BEPTHKANbHON TJIOCKOCTH, TGO BOJHY Ha3h-
BAIOT BEPTUKAALHO NOAAPUS0BTHHOL.

BoaMmoMXHa noaspH3aLHA, NPH KOTOPOH BEKTOP HAMPSKEHHOCTH 3JIEKTPHYECKOTO
(a cnenosaTenbHO, H MarTHHTHOTO) MOJS He H3MeHseT BeNHUHHbH B TeYeHHe NepHOAa
KoueGaHHii, HO Bpaniaercd B MJOCKOCTH, NMepNeHAHKYJAPHOH HanpaBJeHHId pacnpo-
CTpaHenus, feslasg OAHH nNoyHBIA ofopor 3a nepuox (puc. 1.7). Takasa nonsapusanus
HaseBaercsa Kpyeoeod uam noaspusayued no kpyey. Kpyrosas nonsapH3au#s Moxer
ObITh MOJIyyeHa CYMeprno3Hiyei ABYX BOJH, OfHA H3 KOTOPHIX NOJsPH30BaHA TOPH-
BOHTa/IbHO, a ApYrasi— BePTHKAJbHO. [IpHueM y STHX BOJH MO/IKHB OBITE OfHHA-
KOBHE aMMJHTYAB H YacCTOTH, a (aswl B KaXAOH TOYKe cpeabl OTJHYaThcA Ha 90°.

B Tom cayuae, ec/H aMIJIHTYABl BOJIH He ONHHAKOBBl HJIH pasHoctb (a3 He pas-
Ha 90°, xOHen BEKTOPa HANPSAKEHHOCTH 3/EKTPHYECKOro noss OyLeT OMHCHIBATHL
9aaunc, ¢opma H OpPHEHTAUHs KOTOPOr0 3aBHCAT OT OTHOMIEHHS AMIUIHTYH BOJH H
pasHocTH ¢az wmexay HuMH (puc. 1.8). Takas nouispH3anus BOJHB HasbiBaeTcH

E £ £ £

2) f) 8) 2) 2

Puc 1.8 Buawm noaspusauuu
a — pepTHKaJbHasg JHHeflHas noaspHsauusA; 6 — rOPH3OHTAJNbHAA JIHHeAHAS NOJSAPH3ANHSA;
8 — HAKJIOHHAS JHHeiHas TOJAPH3ALHA; ¢ — KPpyroBas MNOJAPH3allHA MpaBoro BpallleHHs; 0 —
SJMKHNTHUECKAN MOJAPH3ANHS JIeBOr0 Bpau(eHHs (BOJHBI DPACTPOCTPAHAIOTCH OT YHTATEN A B CTO-
DOHY PHCYHKA)
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saruntuveckold OHa sBasieTcss OOLIHM c/yuaeM NOJspH3ALHH BOJHH. JIHHeAHO moJs-
PH3OBAHHAS BOJHA H BOAHR KPYrOBOH MOJIRPHAWHH NPeACTaBJIAIOT coGOd JHWb
YaCTHBEIE CJYYaH SJJHITHYECKH ITO/ISPH3OBAHHON BOJHDI

TJTABA 2
PAJHOYACTOTHBIE JIUHUH NMEPEJAYH

2.1. OcHoBHbIe TpoLecchl B JHHHAX Nepenayu

Kak ykasuiBanoch B IpefiblAyuleil riase, KOTAa JHHUSA 34aMKHYT4 Ha CO-
NpOTHB/IEHHE, DABHOe BOJHOBOMY, B Hell BosHMKaeT OGerywas Bosua. Ilpu arOoM
BXOAHOE COTpPOTHBJEHHe JHHHH (oNpelesiseMOe OTHOLIEHHeM HAIpPSAXeHHs B Ha-
uajle@ JHHUM K TOKY) DABHO BOJIHOBOMY COMpPOTHBJEHHIO JIHHHH HE3aBHCHMO OT ee
JLTHHBL,

EcaH Xe CONPOTHBJeHHe HArPy3KH He DABHO BOJHOBOMY, TO B KOHIe JHHHH
NPOHCXOLUT OTPaKeHHe SHEPLHH H BOBHHKAET BOJHA, Gerymas B ofparHOM Hanpas-
JIeHHH — OT KOHILa JHHHAH K ee Hauaxay. [IpH 3TOM B JIMHHH NDOHCXOAHT CyMMHpO-
BaHHe npsMOH u 00paTHOH GerymHux BOJH.

B pesyisrate HaJomeHHs (HHTEDdEPEHLHH) NpPAMOH M OTPaMeHHOH GCeryuHx
BOJIH B JHHHH, Da3OMKHYTOH Ha KoHIe, 06pasyloTcs CTOfYHE BOJHBL TOKAa H HAMpPA-
XKeHus (puc. 21).

Ha puc. 2.1,a n306paKeHs KpHBHe pacupeleleHHA TOKA B OJHOM U3 NPOBOIOB
JIMHHH (WITPHXOB2S JMHHA) H HaNPSKEHHS MeXAy MpoBoAaMi (CIIOWHAR JHHHA)
Ha ywacTke AJHHOH 1,5 A njna HEKOTOpPOro MOMEHTa BpEMEHH. s moboro noneped-
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Puc. 2.1. Crosune BOJHB TOKa H Ha- Puc. 2.2. PacnpeneneHne TOKa H
MpsKeHHs B PA3OMKHYTOH Ha KOHIe HanpsiKeHHs BIOJb JHHHH, @&
JIHHHH TakKe H3MEHEHHE BXOJHOTO CO-

NPOTHBNEHHS B 3aBHCHMOCTH OT
IJHHE JIHHHH, HAarpyXeHHON aK-
THBHHM CONPOTHBJEHHEM



HOTO CedYelisl JIMHAH TOXKH B OOOHX NPOBOKAX HANPABJEHH B MPOTHBOMOMCKHHE CTO-
POHH.

Ha puc. 21,6 noxkasaHn KpHBHE, KOTOpbleé MOMKHO MOJYYHTH NPH H3MEPEHHH
TOK2 BAOJIb JIHHHH C BKJIOYEHHBIM aMIepMeTPOM B OLHOM H3 ee NPOBOAOB HJH TDH
H3MEDEHHH HanpsXKEHHS C BKJIIOYEHHBIM BOJBTMETPOM MeXIYy TNPOBOAAMH JIHHHH,
ITH KPHBHE yXe He YYHTHIBAIOT H3MeHeHHs ¢a3nl TOKa M HANpSIKEHHH B JHHUH.

Cienyer uMeTb B BHAY, 4TO TOK H HANpsXeHHe B KaXKAOH TOYKe H3MEHSIOTCH
BO BpeMeHH OT Hy/J8 [0 MAaKCHMAaJbHOTO 3HAaUYeHHs [0 CHHYCOHAANbHOMY 3aKOHY.
Toxk W HanpsxeHHe CABHHYTH MeXAy coGoil no ¢ase Ha yroa 90° duro cCBHAeTEb-
cTByeT 00 OTCYTCTBHH DacXoja 3HEPrHH B caMOH JIHHHH H Ha ee KOHIE.

Ecan ¢uaepHyo JMHHHIO 3aMKHYTb HAKOPOTKO Ha KOHLE, B Heil TakiKe BO3HHKHYT
CTOAUHE BOJHLI, HO, B OTJIHYHE OT DPa3OMKHYTOH JIHHHH, Ha KOHILE ee BMecTe Mydy-
HocTH OyjpeT y3eq HanmpsXeHHS, a BMeCTO y3Ja TOKa — ero MyuHocTh. KpHuBee pac-
Npefenends TOKa H HanpsKeHWd Kak Obl CABHHYTCS H4 YeTBEPTh BOJHH.

B cooTBeTcTBHH ¢ H3MeHeHHEM TOKa H HANPSKEHHs] NPH H3MeHeHHH IJHHBE
JHHHH GYyleT H3MEeHATHCH M €€ BXOJHOE COMPOTHBJEHHE.

PasoMkHyTas Ha KOHUE JIHHHS [JIHHOK MeHee YeM YeTBEPTb BOJHE HMEeT eM-
KOCTHOEe CONPOTHBJGHHE: TpPH MJHHE DPa3OMKHYTON JHHHE B 4YeTBePTb BOJHBI ee
BXOAHOe CONPOTHBJEeHHe paBHO HyJ. Ilpn Haauuuu HeOGOMBUIHX NOTEPh B YETBepPTh-
BOJIHGBOM JIHHHH BXOJHOE COMPOTHBJEHHe ee He GblI0 Gbl DABHHIM HYJIO, a MMEJIo
Obl HeKOTOPNE MaJioe 3HAaYeHHe H AKTHBHHIA Xxapakrep B 5TOM OTHOIIEHHH 4YeTBepTb-
BOJHOBAA pa3OMKHYTas JIHHHS 5SKBHBAJIEHTHA MOCJEJ0BATEJbHOMY KOHTYDY, Ha-
CTPOENIIOMY B Pe30HaHC.

Ecnn nuEMIO HarpysHTh Ha KOHLE COTPOTHBJIEHHeM, He paBHbIM BOJHOBOMY,
TO B JIHHHH BO3HHKHYT OerymiHe M cTOs4YHe BOJHbI, HAaKJaJLIBAIOIIHECH OfHa Ha Apy-
ryio (TakoH peXuM HHOTJd HAa3pBAIOT PEIKHMOM CMeUlaHHHX BOJH). YacTb sHepruu
6Gyler norjowathCss B Harpy3ke, a UacTh — OTPaKaThcd OT KOHuA JHHHH. B kaue-
cTBe NpHMepa Ha pHC. 22,4 TNOKAa3aHa JIHHHA C BOJHOBHIM CONPOTHBJIEHHEM
Zy=500 OM, HarpyxeHHas Ha KOHUE CONMpOTHBJIeHHeM R=2000 Om.

Ha puc. 2.2,6 un3oOpaxeHa KpHBas H3MeHeHHs NelCTBYIOILHX 3HAYEHHH Hanps-
wemusa U, a wa puc, 2.2,8 — xpuBasi AeHCTBYIOUIHX 3HAauYeHHH CHAB TOKa [ BROJb
JIHHEH, DTH KpHBHE XapaKTEepPH3yIOTCS MaKCHMyMaMH H MHHUMyMaMH, HO MOCJIefHHE
yHe He [JOCTHraioT HyJesbix 3HaueHuii. ILITprHxoBbie rOpH3OHTa/bHble MpPsMHEE COOT-
BETCTBYIOT 3HAUEHHAM [EfCTBYIOLIHX HanpsMXeHHd M TOKAa, KOTOpLHE HMeNH Gbl MecTo
B JHHHH, ecnH OBl OHAa Obla HAarpymeHa CONPOTHBJIEHHEM, DABHBIM BOJHOBOMY CO-
nporusieHuio JuHHH. Ha puc. 2.2,2 nokasana KpHBas H3MeHEHHS MOAYJs BXOAHOro
COTIPOTHBJEHHSI JIHHUH Zgx, NOCTPOEHHAs HA OCHOBAHHH NAHHBIX, NMOJyYEHHHX JeJne-
HHeM HanpsAMeHHs. HA TOK, 3HaYeHHsl KOTOPHX B3sAThl MO KPHBHIM pHC. 2.2,6 H 6.

BxoaHoe cONpOTHBJEHHE JHHHH, LJHHA KOTOPOH DaBHa IEJOMY YHCIAY NOJNYBOJIH,
P3BHO COJIPOTHBJIEHHIO HAarPy3KH Ha KOHIIE.

IMpu aamHe JHHHH, PAaBHOH HEYETHOMY YHC/JY YeTBEPTH BOJIHH, ee BXOAHOE CO-
IPOTHBJIEHHE NPH AKTHBHOM COMPOTHBJIEHHH HATPY3KH

zBX=ZB:‘/R' (21)
Hamenenne HaNpsi:KEHHST BAOJb JHHHH OOLIYHO XapakTepH3yeTcsd OTHOIUEHHEM
Hanpskennsi B MuHEMyMe Uppy K Hanpsxenuio B MakcuMyMe Uyaxe. ITO OTHOIEHHE
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©oGosnauaerca OyxBof Ko H Hasupaercs koagpuyuentom Geeyuwied soinst (KBB):

Kop=Usun/ Uaxe- (2.2)

Koatdduuuent Gerymeii soisn Ken ONpefensier, HAacKOAbKO GJH3KO PEXKHM B
JIHHHEH NpHOIuXKAeTC K pexaMy Gerywed BouHsl. [IpH Kes=1, T. €. Korna mer Mu-
HHMYMOB H MAaKCHMYMOB HAanps}KeHHs H OHO BO BCEX TOUKAX JHHHH OJHHAKOBO,
HMeer MecTo pexum OerymeH BoaHb B JHHEH. Hao6opor, Kes=0 xapakrepusyer
PeXKHM YHCTO CTOsIMHX BouiH B JuHHH. Hapany ¢ moustwem KBB ucnosbsyercs Tep-
MHH KO2(hpuyuent croaved sosner (KCB), paBHbli

Kcs=”Kﬁn:UMaKc/U\mu- (2-3)

B moGofi peanbHOf JHHHH TIPH mepejave SHEPTHH NMPOHCXOAUT HEKOTOPHIH pac-
XOj ee BCJAEACTBHE NOTEPb B METaJVIHYECKHX TIPOBOAAX H 3KpaHHpyWOued o6GogouKe,
H3-3a MOTePb B H30JATOPAX JIHHHA, a B OTKPHITHX JHHHAX — BCJeACTBHe aTMmocdep-
HBIX 0CafKkOB (rojioneja, H3MOPO3H H T. IL).

Eciin JMBHIO ¢ MOTEPSMH HArpysuTh Ha KOHIE AKTHBHBIM CONPOTHBJICHHEM, PaB-
HHM ee BOJHOBOMY COMNPOTHBJIEHHIO, TO B Hefl, TaK e KaK H B JHMHHH 6e3 moTeps,
ycraHOBHTC 4HCTO Gerymas BonaHa. OTJ/HYHe OT JHHHH Ge3 moteph GyAeT COCTOATH
JIHIIb B TOM, 4TO aMNJHTYAA TOKA HJH HanpsxKeHHS NpH Oerylleli BoJHe B JIHHHH
C NoTepsAMH yXKe He Gyler ocTaBaTbCsi HeH3MeHHOH, a Oyler mocreneHHO yGhiBaTb B
HanpaBJeHHH OT TeHepaTopa K Harpyske BcJeACTBHe MOTepb B JHHHH. BxoaHoe co-
NPOTHBAEHHE JHHHH C MOTEPAMH MPH Geryuieil BOJIHe, T. €. CONPOTHBJEHHE B TOYKAX
NIPHCOeHHEHHS] K TeHepaTopy, PaBHO BOJHOBOMY COMNPOTHBJIEHHIO JHHHH He3aBHCHMO
OT ee JJIHHHI,

B TOM caydae ecaH CONpOTHBJeHHe HArPY3KH HA KOHIE JIHHHH OTJHYHO OT BOJ-
HOBOTO COMPOTHBJEHHA, TO OT KOHUA JHHHH TPOH3OfiAeT OTpa)KeHHe H BO3HHKHET
BoJHa, Gerywasi B o0paTHOM HanpaBJeHHH — OT KOHIA JHHHH K ee Hadany. Orpa-
JKeHHas BOJIHA, PAcOPOCTPaHsAACh OT HarpyskH K reHepatopy, OyAer Takmke HMETb
AMIJIHTYAY, YOHBAIOWYIO BAOJL JHHHH B CTOPOHY K reHepaTopy.

B Tex roukax, rie AJs Da3OMKHYTOH JHHHH 6Ge3 norepb HLOVIXHEI OblJiH GHTbH
HyJeBble 3HAaueHHf, GYAYT JHIb HEKOTOPbie MHHHMYMBL. IIyuHOCTH TOKAa WJH HAIps-
JKeHHSI He OyAyT OQMHAKOBBIMH 4Yepes KaM/Iyl0 TOJOBHHY BOJHB, a GyayT mocTe-
NEHHO YMEHbIUATLCA OT Hauaja JHHHH K ee KOHIY. )

BxopHoe CONpOTHBIEHHe JIHHHH C NOTEPSIMH, Pa3OMKHYTOH Ha koHue, yxe He Gy-
JeT YHCTO peakTHBHHIM, Hapsiny ¢ peakTHBHOH cOCTABJSIOLIEH NOABHTCS H aKTHBHAA
COCTaBJSAIONIAS CONPOTHB/EHHs, AKTHBHAas H PEAKTHBHAs COCTABJAIOIIME BXOJAHOro
COTpOTHB/CHHA DAIOMKHYTON JIMHHKH ¢ MOTEPSMH B 3aBHCHMOCTH OT MJIHHBl JIAHHH I.

Koadduurerr nomessoro peficteust (KIIJ) JHHHH ¢ NOTEepsMH, ONpefenseMbli
OTHOIIEHHEM MOMIHOCTH B KOHIE JHHHH (T. e B Harpy3ke) K MOIIHOCTH B Hayale
JMHHH, MaKcHMalleH B caydae GerylueHd BOJIHHI B He#

—2al (2.9

Mmare =€ )
TIe ¢ KO3(h(HIMEHT 3aTyXaHHs; [ — QJIHHA JIHHUH
Hast nuBnit ¢ Majasimu norepamu (al < 1)
Nuare™ | —2a1. (2.5)



2.2. Jlunuu nepejauu PasHbiX THUNOB

Ilpr ncnoab3oBaHHH (HIEPHHIX MHMHHE AJA Nepenadyn 3JeKTPOMarHHTHOMN
9HEPTHH OT NePelaTYHKa K dHTEHHE HJIH OT aHTEHHH K NPHEMHHKY K HHM Mpelb-
SABJAIOTCS Clenyiompe TpeboBaHua obLiero xapakrepa.

ITotepr snekrtpomarHATHOH SHeprin mepelaBaeMoli N0 ¢uAepy, AOGIXHH GHTB
MHHHMAaJbHBIMH.

JIMHHH TOMKHB 06/1aJaTh JOCTATOYHOH 3JEKTPHYECKOM NPOYHOCTBIO, T. €. JOVK-
Hbl OGbITH pPACCUHTAHH Ha Nepefauy TpeGyemoii MomHocTH 6Ge3 ONacHOCTH BO3HHKHO-
BeHHsl 3JeKTpHYecKoro npobos

®upepHble JHHHH He AOJIKHBI 06JajaTh AaHTeHHBIM 3(QEKTOM, T. €. He JOJIKHH
M3JyuaTh WJH OPHHHMATh 3JIEKTPOMArHHTHHIE BOJHH, H3JyuyeHHe 3JeKTPOMATHHTHBIX
BOJIH (HAEPHON JIHHHEH HeXeJlaTesbHO H3-3a BO3PACTAHHS NOTEPh B JHHAH (moTeph
Ha M3/yYeHHE) H BCJEJCTBHe HCKAMXEHHA AHATPAMMBLI HANpPaBJEHHOCTH aHTEHHEH.

CremeHb BaXKHOCTH KaXA0T0 H3 YKa3aHHBIX TpeGOBaHHi 3aBHCHT OT XapakTepa
pa6oTel panuocTaHuHH. Tak, HanpuMep, AJA TNpPHEMHBIX aHTeHH BONPOC O MNepeHa-
NpsAXeHHAX, eCTeCTBEHHO, OTNajaeT, B TO BPeMsi KaK pOJb AHTEHHOro adgexrta AJis
HHX Bo3pacraer. JleficTBHTeNbHO, aHTeHHH 5 (eKT npHeMHOre o¢HAEpa MOXKer
CBECTH Ha HET Bce JOCTOHHCTBA HanpapJeHHOH aHTeHHB H [aTh Pe3Koe yBelHYeHHe
YPOBHA BHEIIHHX ITOMeX Ha BXOAe NpHeMHHKa. [/ NpPHEeMHBIX AHTeHH AJIHHHHX H
CPefHHX BOJIH, KOrja BHELIHHe MOMEeXH 3HAUHTeNbHBl, NOTEDH B JHHHUAX He HrpaloT
CYyliecTBeHHO! pouH; B AHanasoHe ke YKB, ocobenno ma CBY, xoraa MoluHOCTD
BHYTPEHHHX IIYMOB NPHEMHBIX YCTPOHCTB MOKET NPEBOCXOAHTL MOIIHOCTb BHELIHHX
nomex, KIT[, auHHi Heo6XOAMMO NO BO3MOXKHOCTH YBEJHUYHBATh.

Ha KopoTKHX, MeTPOBBIX H OTYAaCTH AENHMETPOBHIX BOJIHAX NPHMEHSIOTCS BO3-
LYIHBIE JBYXNPOBOAHBIE (pexe UeTHPEXNPOBOAHHE) QHUAEPHEIE JHHHH W DajgHO-
gacToTHble KaGenu, [Ipu nepexoge XK CaHTHMETPOBHIM H GoJlee KOPOTKHM BOJHAM
YKa3aHHHe JIHHHH NepejadyH CTAaHOBATCA HenpHrogHbiMH OTKpHITHIE JHHHH HelpH-
FOAHEl H3-32 TOro, YTO PACCTOAHHe MEXAY NPOBOAAMH CTAHOBHTCS COM3MEPHMBIM
¢ JJHMHON BOJIHBI M JIHHHH HAYHHAIOT 3aMETHO H3JyYaTh, DKPAHHDOBAHHBIE XKE JIH-
HHH He WMeIOT H3/1y4YeHHs.

BospywHuie M 3KpaHMpOBAHHbIE JHHWM. JlJst NUTAHHSA [POBOJIOYHLIX AHTEHH
npHMeHsoTCs ABa THNa (UAepHHIX JHHHA: BO3NYINHbIE H 3KPAHHPOBAHHBIE.

H3 posaymubeix HanGoJlee pacnpOCTpaHEHHBIMH SIBJSIOTCA NBYXNPOBOXHBIE JH-
Huu (puc. 2.3). OrtcyrcrBue aHTeHHoro 2»¢dexra LOCTHraercs ymeHbIICHHEM pac-
CTOSHHS MeXK]y NPOBOJAMH JHHHH, TAK Kak NPH MajoM (MO CpaBHeHHIO € BOJHOH)
PACCTOSIHHH 3JEeKTPOMArHHTHOE MNoJe, €O03/laBaeMOe BHe JHHHH TOKOM OJHOro Mpo-
BOjA, ypaBHOBelllHBaeTcs nojeM (0OpaTHOro 3HAaKa) BTOPOro NHPOBOAA, B KOTOPOM
TOK MPOTeKaeT B NMPOTHBOMOJIOXKHOM HanpaBjeHHH. Ho pacrmosarate nmpoBoja oueHb
O/M3KO JAPYyr OT [Apyra HeNb3sd H3-32 BO3MOXKHOCTH HX COMPHKOCHOBEHHSH, 4 TaKXe
H3-32 YMEHbIIEHHA 3JEKTPHYECKOH NPOUHOCTH JHHHH.

Ha puc. 2.4 nokaszaHbl 3KPaHUPOBaHHble JHHHH: KOHLEHTpHYecKas (HJH KOaK-
CHaJbHAS) H ABYXNPOBOAHAA KOHCTPYKTHBHO TakHe JTHHHH BBLIMOJHAITCS MKECTKHMH
MIH THOKHMH.
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7)
Puc. 23. Bosaywsas nasyxmpo- Puc. 2.4. DKpaHHPOBaHHBE JIH-
BojfHasi (HE3KPAHUPOBAHHAA) JM- HHH (monepeyHoe ceyeHHe)

HuUA

JKecTkuil KOHUeHTpHUeCKHH ¢Huep (pHc. 2.4, a) u3roToBJIAeTCS H3 MeAHBIX HIH
JaTyHHBIX TPYGOK, NOMelleHHEX OfHa BHYTPH Apyrofl. ITpu Majmx nuamerpax BMECTO
BHYTpeHHell TPyOKH NpHMeHseTCsl CIVIOIIHON UHJHHADHYeCKHH cTepieHb, Ilo neHT-
panbHOMYy MPOBOAY INPOTEKAeT TOK OAHOrO HANMpPaBJEHHsA, a [0 IKpPaHy — APYroro.
IenTpa/bHblii MPOBOL OTAENACTCS OT HAPYXKHOTO 1WaH6aMH H3 JHIIEKTPHKA,

B ru6xom BBHICOKOYACTOTHOM KOAKCHAJbHOM Kalesle BHYTPEHHHH NpoBog mpef-
crapjser co6oit MeIHYIO KHITY, CIJOMHYI HIM H3 TOHKHX NPOBOAHHKOB. HapymHbIX
NPOBONHHK COCTOHT H3 MEIHOi ONJIeTKH B BHAE CeTKH HJH TOHKOH JeHTH, [IpocrpaH-
CTBO MMy BHYTPEHHHM I[IPOBONOM H KpaHMpyMoIued 0GOJOUKOH 3amosHsercs nJja-
CTHYECKOH Maccoli u3 (¢ropomiacra HIH nOAHsTHJIeHA. CHapyxH kKaGeab NOKpPH-
BaeTcqd 3aliHTHOH H30JAIHOHHOH O0G6OJOYKOH,

HByxnpoeoauuit KaGeap (puc. 2.4,6) COCTOMT H3 JNBYX NpPOBOAOB, Pa3mejeHHHX
H3OMANHeH H OKPYMEHHBIX 3KpaHHpyoowed o6onoykol, OH npHMeHSETCs IJaBHHIM
06pasoM [/ CHMMETDHUHBIX aHTEHH.

ITo cpaBHenmio ¢ BO3AYIIHBIMH JIHHHAMH NDEHMYILECTBO 3KPaHHPOBAHHHX JHHHH
B TOM, UTO OHH He HMeIOT aHTeHHOro sddexra, Gojee yaoOHE MPH MOHTAXKeE, B Yacr-
HOCTH MOryT GHITb 3apHITH B 3eMJIO, Jydlle 3aIlHLUIeHH OT BJHAHHA aTMOCGepHBIX
ycaoBuii. C ApPYro# CTOPOHH, 5KPaHHPOBaHHHIE JIHHHH Goslee CJOMKHB NO KOHCTPYK-
I[HH, 4eM BO3AYIIHBIE, H MOITOMY Gojee Aoporue. B sKpaHHPOBAHHHX JHHHAX TPYA-
Hee OOGHADYXKHBATbL NOBPeXIEHHS H YCTPAHATb HX.

BoanoBoe conpoTHBJIeHHe JIHHHH onpepessercs KoHbHrypauHel, reomerpnue-
CKMMHM Pa3MepaMH W MarepHA/OM, 3aNOJHAOUHM MPOCTPAHCTBO MEXAY NPOBOJAAMH.

Ha puc. 2.5 npencrasnens! rpadMkH AJf ONPENeNEHHS BOJHOBOTG COMPOTHBJIE-
HHUS OBYXNPOBOLHON BOSAYINHOH JMHHH (cM. pHC. 2 3, a).

Ha puc. 2.6 npuBenen rpaHk AJsl ONMpelesieHHs BOJHOBOrO CONPOTHBJEHHA Zp
KO4KCHANLHBIX JHHHA ¢ BOSAYLIHBIM AH3JeKTPHKOM. g ompejeneHds Zs TAKHX JiH-
HHf, 3aN0JHEHHBX [HAJEKTPHKOM ¢ ->1, Hal0 3HaueHHe, OnpefesieHHOe MO rpadHKy,
pasfeantsh Ha Ve,. Hexorophie crpaBounble ZaHHBE O PafHOYACTOTHHIX JHHHAX Mepe-
Jauy npHBeAeHH B npHioxeHHH I1.1.)

Boanosonbl. B annapatype CaHTHMeTPOBBLIX H MHJUIHMETPOBLIX BOJH B KadecTse
JUHHA Tiepelaud HauGouiblliee NPHMEHEHHe HAXOAAT BOJHOBOALI, NDPEACTAaBJSIOUHE
co6oii nossle MeTaNiHYecKHe TPYGnl M3 XOpOWO nposopdwero Meranina. HauGonee
PacnpOCTPaHEHHHMH HABAMIOTCH BOVIHOBOAH MPAMOYTOJBHOrO H KpyrJoro momnepey-
HOro cedeHusi. TOJUIMHA CTEHOK BOJHOBOZA BHIGHpaeTcs H3 YCJOBHH MeXaHHUeCKO#H
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Puc. 2.5. Tpaduku nana pacuera Puc. 2.6. T'paduk pas on-
BOJIHOBHIX COMpPOTHBJEHHH ABYXMpO- peneJieHHss BOJIHOBOI'O CO-
BOJAHHX (CHMMETPHUHBIX) BO3AYLL- NPOTHBJIEHAST KOAaKCHAJb-
HBHIX JHHAHR HOM JIHHHH € BO3JYLIHBIM
ZHAJIEKTPHKOM

TIPOYHOCTH, 2 BHYTPEHHAA MNOBEPXHOCThL /MAA YMEHbIIEHHS [OTEPb HHOTAA MOKPH-
Baercs TOHKHM cjoeM cepefpa HJH 30J0Ta.

B cBA3K ¢ OTCYTCTBHEM BHYTPEHHHX H3OJATOPOB H LEHTPAJHHOrO NPOBOAZ OTHO-
CHTE/LHO MaJIOre ceyeHHs BOJHOBOAB OOECNeuHBAIOT NMepefadyy SHepPrHH ¢ MeHbIUHMH
MOTepsIMH, 9eM B KOAKCHaJbHBIX JHHHSX.

Jas nepenadH 3/eKTPOMATHHTHHIX BOJIH N0 BOJHOBOAY HET HEOGXONHMOCTH BO
BTOPOM MpPOBOXHHKe (KaK B C/lydde KOAKCHAJbHOrC Kabess), TaKk Kax HanpasJse-
MHI€ BOJIHH 00pasyioTcs BCJAEACTBHE MHOTOKPATHOTO OTPaMKEHHS OT Ero CTEHOK.

B Bo/HOBOLE BO3MOMHBI PAa3JIHUHLEIE CTPYKTYPbl (THIOLL) 3JIEKTPOMArHHTHOTO
nons. Ha puc. 2.7 74 npHMepa MoKasaHa CTPYKTypa NoJas AJisi HEKOTOPOro MOMEHTa
B HanGoJiee IHPOKO MPHMEHAEMOM MPAMOYrOJbHOM BOJHOBOAE® NMPH PacHpPOCTPAHEHHH
B HeM BOJIHBI THna M.

Oco6eHHOCTDIO BOJIHOBOAA SIBJAETCH TO, YTO MO BOJHOBOAY 3aAdHHLIX momnepey-
HEIX PasMepoB HeJb3d nepelaBaTh KOJeGAHHsA, AJHHA BOJHBI KOTOPHIX O0JIbIle HEKO-
TOPOH KPHTHUECKOH BOMNHBI Ayxp. Js1 ynmoMsHyToH Bhillle BOJHBI THna My, (npH BO3-
AYILHOM 3aM0JIHEHHH)

hp=22,. 2.6

TAe @ — pa3Mep IIHPOKOH CTEHKH BOJHOBOAA.

HOas Toro uro6H MO BOJHOBOAY pacnpocTpaHsafach TONBKO BoaHa THna Hip,
HeoO6XOAHMO, YTOOR BbLINOJHAJHCE YCJAOBHSA

M2<a<d; b<}/2,

rie A — AJIHHA BOJIHB B BO3ZLYXe.

Haa koneGanuit APYTHX THNOB B MPAMOYroJbHOM BOVIHOBONE KPHTHUECKas AJHHA
BOVIHBL GyJNeT HecKoJbKO MeHbllel, deM pnna kKoaeGawmii THnma My, H onpenensercs
GoJee CNOxHOH GQOPMYNOH.
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Puc. 2.7. TIpsiMoyroJbHEI BOJHOBOL (@) H CTPYKTypa NoJIs B HeM TPH BOJHEe THNA
His: B mnocxoctsix xoy (6); xoz (8); yoz (2)

Il7uHa BOJHE B BONHOBOAe (OmpenenseMasi (a3oBOH CKOPOCTbIO BOJIH) NOJY-
yaercs Gonbliel, ueM B CBOGOAHOM NpOCTpaHcTBe (BakyyMe), H paBHa (IS BOJIHO-
BOJA C BO3AVIIHBIM 3aNOJHeHHEM)

e A
VTSP

B BonHoBOoge GeckOHeUHOH NJHHBI HJH OrpaHHYeHHbHX Pa3Mepos, HO ¢ corJa-
coBamHON Ha Konue HArpysxofl, TaK e Kak M B ABYXNDPOBGAHOH JMHHH, YCTaHAB-
JIABAGTCA PEMUM OerymlHX BOVIH, XapPaKTEPH3YIOMHACS HanGONbUIHM KI1O nepenawn
5JIEKTPOMArHATHOH 3HEPIHE [O BOJHOBOAY H OTCYTCTBHeM MCPEHANpSKEHHS, BO3-
HUKAIOUWUX B NYYHOCTHX B PeXHME CTOSIIHX BOJH.

Ilng BO3GYXKACHHA BOJH BHYTPb BOJHOBOJA OOBIYHO MOMEIAETCH He6onburof
MPOBOAHHK — «IITHPEK», pacrojaraemblii mepneniuKy/ISpHO HIHPOKON CTEHKe BOJIHO-
BOAA.

Ilas Toro urofbl S/MEKTPOMArHHTHLIE BOJHEL BHYTPH BOJHOBOAA pACNPOCTpaHd-
J¥Ch B OAHOM HAMpABJEHHH, KOHEU BOJHOBOAA, BOJH3M KOTOPOTO Pacmonaraercd
MCTOYHHK, 3aKPHBAETCA CTEHKOf MM TMopluHeM. PaccTosHHe OT CTeHKH 10 HCTOY-
upKa Geperca paBHLIM NPHOJIM3HTENBHO YETBEPTH IJIMHEL BOJIHH B BOJHOBOJE.

Monockoebte auuuH. LlHpoko NpHMEHSIOTCH B KauecTse (HIEPHEIX JMHHA H
S/eMeHTOB pasiHyHHIX yaios B auanasone CBY rak HasBaeMble NOJIOCKOBbIE JAHHHR
nepefaun. OHH COCTABJAIOT CEPbESHYIO KOHKYPEHIHIO SJeMeHTaM H3 OTPE3KOB BOJI-
HOBOZHHX M KOAKCHAMLHHIX JHHHM H3-32 NPOCTOTH KOHCTPYKIHMH ¥ MaJbX raGapRT-
HHIX DA3MEpoB, 4 TaKXKe BCAGACTBHe TOro, 910 B PALE CIydaes MOTYT BKJIOU&THCSH
B MEYaTHHE MHKPOCXEMHI.

PasiHuaoT IBa OCHOBHHIX THNA TIOJOCKOBLIX JHHHA: CHMMETPHUHEE H HecHM

METPHYHEIE.
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CummeTpu4Has AUHUA BHIOJHEHA B BHAE Y3KOH MeTaJJHYeCKOH NOJIOCKH, pac-
TIOJIOXKEHHOA MeXAy ABYMfA SKPAHHDPYIOUIHMH IIaCTHHAMH H H3OJHPOBAHHOH OT HHX
JM3JIEKTPHKOM. HecummeTpuynas AUNMUA BHINOJHEHA B BHAE METANIHYECKOH MOJIOCKH,
PacHoIOKeHHOH Haj 3KpAHUpYlOUleH NJIACTHHONH M H3OJHDOBAHHON OT Hee JH3IJIEKT-
PHKOM.

B cuMMeTpHYHOfl NOJOCKOBO{ JIHHHH TOK OLHOIG HaNpaBjieHHA NPOXOAHT IO
UeHTPAJbHOR nojocke, a O0GPaTHO — MO BHYTPeHHeHl NOBEPXHOCTH 3KPAHHPYIOUIHX
NAacTHHOK, COEAHHEHHBIX NapajyielbHO B Hauane JuHMH. KapTHHa noJas B Takoi
JHHHHM HaMOMHHaeT KapTHHY NOJs B JIHHHH NPOBOAA C NPAMOYTOJNbHBIM (3aMKHY-
THIM) 3KpaHOM, H N0 HeH pacnpocTpaHsTcs BOJHH THna T,

Kapruxa nois B HecHMMeTDHYHO MOJOCKOBOH JHHHH HAaMOMHHAeT MmoJle COOT-
BETCTBYIOIETO MPOBOAHHKA Hajl OecKOHEYHHIM MUIOCKHM 3KDAaHOM HJH [OJe B IOJY-
IPOCTPAHCTBE COOTBETCTBYIOIEH ABYXTMPOBOLHOH CHMMETPHYHOH JIHHHH ¢ paccros-
HHeM MeXAy [pPOBONHHKaMH, paBHHM [BOHHOMY pacCTOSIHHI) OT TpOBOZA AOC
9KpaHa, B ykasaHHOH NOJOCKOBON JHHHH PacHpPOCTPAHSIOTCS BOJHH, GIH3KHE K BOJ-
wam tuna T. [Ipn MamoM pacciosiHHH (1O CpPaBHEHHIO ¢ AJHHOM BOJIHEI) MeEXAY
MEeTaJUIHYECKOH MOJOCKON H 3KPaHHPYWOwEeH NJAcTHHOH BCA 3HePrHs pacnpocrpa-
HSOMEACs] BOJHL COCPEJOTOYEHA B HEMOCPeACTBeHHOH OAH30CTH OT NpOBOAsIEH
TIOJIOCKH.

2.3. daeMenTbl H y3Jbl PAJHOYACTOTHHIX JUHHI nepenaun

OcHOBHOe Ha3HaYeHHe pPaJHOTEXHHYECKHX JHHHIl TNepejadil — 3TO COeLHHe-
HHe aHTEHHH C [epeaTUYHKOM HJH NMPHEMHHKOM.

OTpeskH JIHHHH C JONMOJHHTEJbHLIMH 9JEMEHTAMH B JHana3oHe KOPOTKHX H OCO-
6eHHO yJbTPAKOPOTKHX BOJH YacTO HCNONB3YIOTCA B KAaYeCTBE 3JIEMEHTOB COrJaco-
BaHHA; AN cOelHHeHHA HEMOJABHXKHBIX YYacCTKOB JHHHH C NONABHXHLIMH (B dYact-
HOCTH, B KauecTBe BpALIAIOMKXCH COWIeHeHHH); Kak CHMMETDPHPYIOLHe YCTPOHCcTBa
(nas nepexojia OT HEeCHMMETPHUHON (KOaKCHAJIbHOH) JIHHWM K CHUMMeTpHuHOA aH-
TeHHe); KaK pa3BAHBAIILHC YCTPOiCTBA (ATTEHIOATOPH, HANpaBJEHHHIE OTBETBH-
TeJH, IHPKYJATOPH); KaK NepPeKaovuaioumHe ycTpoicTBa (KOMMYTATOPH); Kak ¢aso-
Bpaumatend (ans H3MeHeHHs (asnl nepefabaeMblX KoJeGaHHA); AJA 3aLHTH Yy3Ja
OT mepeHanpsKeHHii; B KauecTBe METAMJIHYeCKHX H30/4TOPOB, Pe30HAHCHHIX KoJueba-
TeJBHEIX KOHTYPOB H JJisl APYTHX meJef.

Huxe KpaTKo paccMaTpHBalTCA HaHOOJee BaXKHbie NPHMeHEHHS OTPE3KOB JHHHHA
H HEKOTOpHie CHielHaJbHBIe Y3Jibl JIHHHH NepenayH.

Cornacopanue JHHHM TNepenaun c Harpy3koit, B Texwuke anTeHHO-(pHIEPHBIX
ycTpoficTe  6OJbIIYI0 poOJb HTPaeT corJacoBaHHe AHTEHHB ¢ JHHHeH mepepau,
T. € Mephbl, NPpYHHMaeMble AJ5 yCTPaHeHHs BOJH, OTPAXKEHHBIX OT Harpy3KH, B pe-
3yJpTaTe Yero B JHHHH yCTaHaBAHBaercs Gerywias BOJHA.

Pexum Gerymeii BoaHbl obianaer psgoM npemMmyuiectB. MoxHO ROKasarth, 4TO
TpH OAHOR H TOH JKe MOUIHOCTH, mepenasaeMoll mo JHHHH Ge3 norepb (WA npak-
THYECKH € MalHMH MNOTEPsAMH), OTHOlIeHHe MaKcHMaJibHOro HanpsikeHHs Upake B
paccorJiacoBavHON JIHHHH K HanpsxXeHHio U B coraacoBaHHON JHHHH ONpeAelsieTcs
tdopmyoit

Uuaxc/U=l/Vk5_w
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Puc. 2.8. TlpunuunuanbHas cxeMa mojyvyeHdsi Geryuieil BOJHH B JHHHH

ITpu moctaTouHo BLHICOKOM Kee B JIHHHH €€ BXOJQHOE CONPOTHBJEHHE, ABJSIOLLEECS
HArpyskofi [/l reHepaTopa, HMeeT 3HAUHTEJbHYI0 AKTHBHYIO COCTABAAIILYIO H Malo
3aBHCHT OT AJIHHH JHHHH, TO ofecneunHBaeT HOpMalbHyl paboTy reHepatopa.

Kpowme rtoro, kak ykaswiBanoch B § 2.1, KII[l B JIKHHH ¢ MOTEpPSIMH NOJyuaercs
MaKCHMAa/NbHBIM B cJyuae Gerymeil BOJIHHEL, YTO JeJaeT BO3MOMHBIM Iepefady MaKCH-
MaJibHOff MOlHOCTH B Harpysky. Ha puc. 2.8 nokasana npuHHUHNHaJbHAf CXeMma
mosiyyenHsi Geryuleif BOJAHB B JIHHHH, HarpyeHHoii Ha KOHIe CONpPOTHBIeHHEM Z,,
He pPaBHLIM BOJHOBOMY CONDOTHBJ/ICHHIO JIHHHH Z,. MexXny Harpyskoll H JHHHeH
BKJIIOY4eTcs NMepexofHoe yCTPOHCTBO, KOTOPOe MOKeT 06ecnedHBaTh CONMIacOBAHHE MO
OHOMY H3 CJeIYIIHX METOLOB: corsacoBanue mo Mmerony B. B. TarapuHoBa ¢
TIOMOII[BI0 PEAKTHBHOTO COMPOTHBJIEHHA; METOLY CTYMeHYATHIX H IMJABHEIX MEpPEXo-
JOB; METOAY TOTJIOIIEHHS OTpaKeHHOH BOJHBL

Hau6onee mpocrofi H yLOGHBII MeTop COTJIACOBAHHS Ha OAHOH uacrote (WJIH
B Y3KO{i nonoce yactroT) pa3paGorax B 1931 r. npod. B. B. Tarapuros. [To atomy
METOAY HAa HEKOTODOM ONpeNeeHHOM PACCTOSHHH OT KOHUA JHHHH (OT HarpyskH),
rie axTHBHas COCTaBJALIAs NPOBOAMMOCTH JHMHHH, DaBHAfd BONHOBOMH, BKJOYaercs
napaJuleNbHO JIMHHH, PeaKkTHBHOEe CONpPOTHBJIEHHE, KOMNEHCHPYIOILee PeakTHBHYIO CO-
CTaBJAKILYI0 NPOBOLHMOCTH JIHHHH.

HerpynHo yGeiuTbesi, 9TO B JIHHHH MeXKJY TeHepaToOpOM H TOYKAMH MONKJIO-
YeHHs] PEAKTHBHOTO COMPOTHBJIEHHS NPH 3TOM yCTaHOBHTcA Gerymas BouHa. B ka-
YecTBe PeakTHBHOIO COMPOTHBJEHHS HCMOJb3YeTcs OTPe30K BCHOMOTATE/bHOA JIHHHH
(peakTHBHBIH LIJek(, HHAYKTHBHBIH MOCTHK), QJHHA KOTOPO# H3MEHAETCH C NOMOLIBKY
KOpPOTKO3aMbIKAIome!i MNepeMBlukH. [l KOaKCHAJBHEIX SKDAHHPOBAHHBIX JIHHHHA H
BOJHOBOAOB, KOrAa TPYAHC NMOAOGHPAaTH MECTO TMOAK/IOYEHHS PEaKTHBHOrC wuedda,
NPHMEHSIIOTCSL JBAa HJH TPH HacTpaHBaeMHIX Imuieiida, BK/IOUAeMBI® HELANEKO OT
FATPY3KH Ha DACCTOAHHH YETBEPTH BOJHBI ApYr OT Apyra.

Korna warpyska Juniu (aHTeHHA) HMeeT YHCTO aKTHBHOE CONPOTHBJeHMe R,
He PaBHOE BOJHOBOMY COMPOTHBJEHHIO JIHHHM Zp, cOrjlacoBaHHe Ha (hHKCHPOBAHHOI
BOJIHE MOXKHO OCYHIECTBHTB C MOMOLIBI0 TaK HA3bIBAEMOr( 4eTBEPTHBOJHOBOrO TPAHC-
tdopmaropa. B 3rom cayuae nepexosHoe ycTpoiicTBo (cM. pHe. 2.8) mpencrasnser
co60it OTPE30K JIHHHH [JHHOR B 4eTBePTh BOJIHH, BKJOUAEMHIH MEXAY Harpyskod
OCHOBHOM JHHHEH nepefauH, HMelouleil BOJHOBOE COMPOTHBJIEHHE

ZT=VRaZB'

a CONpOTHBJIEHHE €O CTOPOHB BXOAHHX 3aXKHMOB IePeXOIHOr0 ycTpofictsa Gyner
paBHO Zz H B JIHHHH ycTaHOBHTCS Gerymas BOJIHA.

TaxuM Ke 006pPa3OM MOKHO OCYIIECTBJATH COIVIACOBAHHE ABYX (HAEPHBIX JHHHA
C Pa3HHIMH BOJIHOBHIMM COTpPOTHBJEHHAMH (Ha ONHOH "acToTe).
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Puc 29. 3ckus naassoro mepexo-  Puc. 2.10. CummerpH- Pue. 2.11. Cum-
Aa IJs COr/IacoBaHHs JBYX KOak-  pylollee YCTpoifiCTBO B MeTpPHpYLlee

CHAJBHBIX JIHHME ¢ pasHHIMH BOJM-  BHIe TpaHcopMaropa YCTPOWCTBO TH-
HOBEIMH COMNPOTHB/ICHHAMH na <«U-xkonewos

Jl/is HPOKONOJAOCHOTOG COTIaCOBAHMA JHHHH ¢ DPAa3HRIMH BOJHOBEIMH CONPOTHB-
JEeHHAMH MOXKHO HNPHMEHATh OTPE30K JHHHH C IIAaBHO HM3MEHSIOIHMCS BOJHOBHIM
COMPOTHB/JEHHEM BhI0YaeMblfl MeXAY COrmacyeMHMH JHHHSAMH. 3CKH3 Taxkoro njae-
HOTO MEPeXofa JJisi KOAKCHANbHBIX JHHHI ¢ BO3AYIIHLIM IHIJEKTPHKOM H HApPYyXKHHIM
9KpaHOM HeW3MEHeHHOIO Juamerpa noxasan Ha puc. 2.9, BHyTpenHHH npOBOLHHEK
fiepexofia umeeT (OPMY YCEYEHHOro KoHyca. [aHHAa nepexofa AOMIKHA OHITh
He MeHblle NOJOBHHBI AJHHLI MAKCHMaJbHOH BOJHBI JHAMA30HA, B KOTOpOM OCyLue-
CTBJIAGICS COrJlacoBanie,

[Tnasnbiii nepexop NpPH COrZacOBAHHM JMHHA MOMHO 3aMEHHTb MHOTOCTYIeHua-
TEIM C [OCTENCHHEIM H3MEHeHHeM BOJHOBOIO CONMPOTHBJAEHHA OT CTYMeHH K CTy-
MCHA.

Cummerpupywne ycrpoiicTea. HenocpeficTBeHHOe NpHCOEAHHeHHe KOaKCHAMb-
HOTO HECHMMMETDHUHOro Kabens K CHVMeTPHYHOH ABYXNPOBOLMOH JHHHH (MJH aH-
TEHHE) HapymacT CHMMETPHI TOKOB B TOCTeQHEi W MPHBOAHT K MOSBJIEHHIO TOKA
HA HapyXHOH MOBEPXHOCTH SKPAaHAa KOAKCcHald, 4TO HeLOmyCTHMO, TAK KaK OPUBO-
AUT K H3JAYUeHHIo (QHAEePROH JHHHH.

[TostoMy anA cOeIMHEHHS KOaKCHAJbHOFO (bHAEpa € CHMMETDHYHON JHHEHEH
(HiH aHTeHHOR) NpPHMEHSIOTCHA creuHasbHEe Nepexojsue ycTpoficTBa, HaswBaeMbe
CHMMETPHPYIOWHMH. K HHM NpenbaBidiorT crelyiollHe TpeOGOBAHHA TOK Ha BHeIHeH
ofosoyke (3KpaHe) KOaKCHAJNBLHOrC KaGens AOJIKEH OTCYTCTBOBATh; TOKH HA JBYX-
NPOBOJAHON CHCTEMEe NOJXKHH OCTABATHECH PABHBIMH 110 aMMUHTyAe H NPOTHBONOJIONK-
HBIMH 110 HalpaBJeHHI®; HAMDAMKEHHA 10 OTHCINEHHIO K ILIOCKOCTH CHMMETDHH
DOAXHBEL OHITH HA OGOMX NPOBOAAX IBYXMPOBOAHOH CHCTEMBl ONHHAKOBhIMH,

CHuMMeTpHpYylOllee YCTPOACTBO MOmer OHTb Pa3HLIX THNOB: TpaHchOpPMAaTOpHOE,
(hasoHHBEpTOPHOR, B BHAE CHMMETDPHPYIOWEH e H, APOCC/bHOE H AD.

Ha puc. 2.10 mokasado nomno6Hoe ycrpoficTBo B BHIe Tparchopmaropa, mep-
BHYHAs O6MOTKAa KOTOPOrO ONHHM KOHLOM COelHHeHa c 0GoJ0dKOH (3KpaHoM) Koak-
CHaNpHOrO kabes, a BTOPHIM — ¢ LEHTPAJBLHLIM TPOBONOM KOAKCHAIA; CeperdHa
BTOPHYHOH 0OMOTEH coegmnﬁercﬂ ¢ 3kpanoM, a 2 Koxaniu ee— ¢ NpPOBOJAMH CHMMeT-
pHYHOH cHcTems (amHHH) Mexny oéno'rKaMH YCTHaB.TZHB&eTCH 3JIEKTPOCTATHYE-
CKHH 3KpaH
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Ha pne. 211 noxasana cxema (a3soHMBEDPTOPHOTO CHMMETPHPYIOWEro yCTpOR-
CTBAa, Ha3WBAeMOro Taxkke ycrpofictBom THna «U-xoseHo», B HeM ueHTpasbHBI
4POBCA KOAKCHANBHOro (HAEDE NPHCOEIHHAETCA K OAHOMY 3amuMy (A) cummer-
pHYHON JTTHHHH, a OT 3TOH TOMKH HanpsukeHHe K Apyromy 3axumy (B) cummerpmu-
HOR JIHHHH nOJaeTcA Yepes y4acTOK Kabeas NJHHOR A,/2, rie Ae~— AJHHa BOJIHH
B Kabesne. ®asa HanpsKeHHs Ha yyacTKe AJHHOA A./2 H3MeHseT cBOH anak Ha o6-
patiufl. Tlostomy k 3amumam AB nossoaurcs Tpebyemoe nporusodasHoe Hamps-
HeHHe H K 3THM TOMKAM MOXHO NDHCOeARHATH CHMMETPHUHYK JIHHHIO. OGOJOUKH
BCEX OTpe3koB Kabened coenuHeHH Mexnay co6ofi # 3asemyeds OTMeTHM, dTO
U-xoneso aBagerca TpaHCcGOPMATOPOM CONPOTHB/IEHHS: BXOLHOE CONPOTHBJEHHE Ha-
Tpy3kH ¢uzepa ¢ Mexxay TodkamH A3 B 4 pasa MeHsllle, HeM COMPOTHBJEHHE
HArpysku Ha 3axumax AB (3 — Touka 3azemnenns)

CumMerpupylomee ycTpOHCTBO APOCCEJBHOrO THMNa MNokasaHo Ha piac 2 12. Ero
Ha3HBAOT TAKME «YETBEPTbBOJHOBMHA cTakan». 31ech METAMIHYECKHA UHIAHHAP
(«cTakaHr») AJHHOA 3 UeTBEPTh BOJHE 0XBaTHBa€T BHEIIHIOW 000/N0YKY KOAKCHAaTb-
Horo xabeJsi H TPHNasH K Heft ¢ HHXKHEH CTOPOHH BHemHAA YacTb LHJIHHEADA COEMIH-
HAETCA ¢ IKPAHOM ABYXNPOBOLHOR SKPAHMPOBANHOR AMHHK

ConpoTuB/ieHye Harpy3kH AJA KOSKCHAJIbHOMN JHHHM npy To4YHOR HacTpoBike
«CT@Ka®Ha» OCTAeTCA NPHMEDHO DABHHM BXOZHOMY €OMPOTHBJEHHIO CHMMETPHYMOR
JIHHHH B TOYKE&X NPHCOeAHHEHHA K KOBKCHAMLHOR JHHHH

PaccMmotpensoe nepexonsoe ycTpoficTBO TAK Ke, K8K M «U/-KOJeHO», ABJAGTCH
Y3KOMOVIOCHEIM

daanpyomue ycrpoficrsa (dazoepawarenu). YcTpoAcTsa, npejsasHaueHnkle s
H3MeHeHHA (a3, Ha3LBAWOTCHA (a308pawaTesimy

QOcoGerdo GoJbllyio poab HrpaioT Gasespalate]s B (PASHPOBAHHHIX &HTEHHHX
pelleTKax, rie NpuMeHAercs G0JbIIOE YHCJIO AHTEHHHX 3JEMEHTOB, COOTHOUIGHHE
$as MeMAy KOTOPHMH JAOJXHO JiHOO COXPaHATbCH HEM3MEKRHHM, jqu6O B mpoilecce
paboThl H3MEHATLCS MO ONpEAeNeHHOMY 3aKOHY.

Hmeores ¢asoBpawaTe]s pPasiHIHHX THOOB' MEeX8HHYECKHE, MOJIyTIPOBOAHHKO-
BHe, (eppHTOBHE

Llyxrpodobusii
SHOTHUD O 18117
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by R
Puc. 2.12. IpoccesnsHoe cuMMe- Pue. 2.13. Nuon tHna p-i-n u
TpHpy©Ollee ycTpofictBo (THnNa ero 9KBHBAJEHTHHE CXEMH

«YeTBePThBOJHOBH CTaKaH»)
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B mexaduueckHX (azoBpamatenax AJAs H3MeHeHHs ¢asu  KosebaHui
MeXY ABYMS HeNOABHXXHHMH CEYeHHSMH JHHHH NepeiayuH Moc/JelCBATeNbHO BKJIO-
4aeTcs CeKUHs, HAOnpHMep, «TPOMGOHHOro» THna (noakosBoobpasHoh dopMH), ANHHA
KOTOPOfi MeXaHHYEeCKH H3MEHACTCH C NOMOUIBI0 CKOJB3SI[HX KOHTAKTOB.

B ApyroM BapHaHTe MexaHHYecKoro ¢a3oBpainaTens AJs BOJIHOBOAA H3MeHeHHe
dasu gocTHraercs, HANDHMEP, MeXaHHYECKHM TOrPYXKeHHeM [HIJNeKTPHUECKOH mnJja-
CTHHbl N2paJJie/bHO CHJIOBLIM JHHHAM 3JEKTPHYecKOro nois E B NpAMOYrOJIbHEL
BOJHOBOJA Yepe3 HEH3/Iy4alollylo Wejb B CepelHHe IIHPOKOA CTEHKH. 3T0 NPHBOAHMT
K 3aMeAJeHHI0 3JEKTPOMAarHHTHOA BOJHH H YBeMHUEHHIO 3aMasAHBAHHA Ha BHXOJE
(pazospauaTens.

HenocraTkoM MexaHuyecKHX ¢asoBpauiartesefi sB/seTcs HEBO3MOXKHOCTb H3Me-
HeHHA hasu ¢ 60/blIOH CKOPOCTHIO,

B ¢dasoppamatensx Ha NOAYNPOBOLHHKOBHIX AMOAAXx 3TOT HEAOCTATOK OTCYT-
cTByeT. K HX JNOCTOHHCTBAM OTHOCATCA MaJikleé raGapHTHRE pasMepn H Macca, 60Jb-
u'as CKOpOcThb M npoctoTa ynpaejesust. [lonynpoBosHHKoBHe d¢asoppama-
T€/IH H3rCTaBAHBAKT B BOJHOBOAHOM, NOJOCKOBOM H MHKPONOJOCKOBOM HCHOJIHEHHH.

B noaynpomogHnkoBHX casoBpawarensx CBY mucnmone3ylorcs raaBHHM ofpa-
30M KOMMYTEUHOHHHE p-i-n AHOAHW. Kpose HEX B ynpasaswuux ycrpoficreax CBU
NPHMEHANOTCA TaKKe KOMMYTEIIHOHHBE p-n JHOAH, B TOM YHCIe H BapHKamH.
Onxaxo p-i-n OHONH NO CPABHEHHIOG C p-n JHOAAMH MO3BOJIAIT NPONYCKATH 3HAUH-
TeabHO Goubliune. MowHOcTH CBY, BINOTH A0 COTEH KHAOBATT B HMIyJbce (HaH
CPEAHIOI0 MOIWHOCTL B COTHH BATT). '

Ouoan p-i-n (B OT/IHYHe OT QHOJOB P-11) KPOME CJAOSB P M 1 COLEPIKAT BHICOKO-
OMHYIO OBJ&CTh i, PaclOJIOKEHHYI0 MeXAY cioBaMu p M n (puc. 2.13,a). Obnacrs i
HaswBaloT Gasoff auona. Topueske HOBEPXHOCTH AHOAA (LHaMeTpoM okoio | mM),
MPHJEraiollHe K CJIOAM p H M, METAIIHSHPYIOT H HCNOJB3YIOT B KauecTBe BHBOLOB.
Ipu orpuuaresbHOM HANPAMEHHH Ha AHMOLEe OH OKA3LIBAGTCA 3aMePTHIM H €ro 3KBH-
BajeHTHan cxema (pHc. 2.13,6) umeer BuI GOJIBIIOrO &KTHBHOIG CONMPOTHBJEHHAS R-
(HECKOJIBKO KHJIOOM), WYHTHPOBAHHOro MaJof emxocThlo C guona (aecATHe A0JN
nuxkopapanu). Ilpy nomave Ha AHON TMOJOXHTEJLHOIO YNPAaBJAAKUIEro HAaMpaxe-
HHA (mopsaaka 1..2 B) ero conpoTHBieHHe De3KO yMmeHbliaercs (B COTHH pa3) H
MOXET GHTb 9KBHBA/JEHTHO NPEACTaBJEHO MAaJHM A&KTHBHWM CONpOTHBIeHHeM R4
(pue. 2.13,8).

BosmoxkHas cxemMa HsMeHeHHs (asH BHICOKOYACTOTHOrO KojeGaHHA Ha BEIXOIe
JIHHHH NepenadH NokasaHa Ha pHc. 2.14. 3aeck B OCHOBHYIO JIHHHIO f€peay ¢ BOJ-
HOBHM CONPOTHBAEHHEM Z» MNOCAENOBATENLHO BKJIOYEH OTPE30K JHHHHM MNeEpefadd C
3/exTpHYecKoli hJanHOf B! M BONHOBWM conpoTHBjeHHeMm Zr; MO KOHUaM 3TOro OT-
Pe3Ka JIHHMH BKJIOYEHH IUYHTHpYWOMHe nposogumoctd G, u Gi [lonGopom 3Haue-
wull Gy, Gy, Pl # Z: MoxHO oGecneuuTh TpebyeMoe H3MeHeHHe (hasH BHCOKOYACTOT-
HOro KoneGaHus Ha BRIXOAE JIHHHH C OCHOBHOR JHHHeH nepenays.

B KagecTBe HSMEHAIOUIHXCA npoBoanmocTeft G, m G MOXKHC HCNOJL30BATDH
oTpaxarensine asospawarenn. Takoft dasospamarens (puc. 2.15) npeacrasiser
cofolf oTpe3oK JHHHH Mepefaun, WIYHTHPOBAaHHHA B pafe CeyeHwd KOMMYTaIHOH-
HWMH 3JIEMEHTaMH, HanpHMep, B BHJe ONHCAHHHX BHIle p-i-n AHopos. [Ipm nonage
Ha OAHH H$ AHOLOB HENPAMEHHA MHTAHHA MOXHO YMEHBIUHTh €ro CONPOTHBJIEHHE
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Brod 2§ ﬁ, ZT &2 za Boreod Bxo? ﬂ, ﬂ.? Jr
/Al Bl Al

-~ Puc. 2.14. CxemMa HHMH nepeaa- Puc. 2.15. Otpaxare/bHui ¢a-
9H C MpoXOoJHBIMH (ha3zoBpaila- 30BpallaTeJb B BHIe OTpe3Ka
TeJAMH % JIHHHH IIepejadH, IWYHTHPOBail-

HOrG B pslle CevueHHA KoMMyTa-
LHOHHBIMH 3JIleMEeHTaMH ;

0O MaJjofi BeJHYHHE H 3aMKHYTb HAKOPOTKO JIMHHIO B JaHHOM cedeHHH. OcTajbHbe
KOMMYTALMOHHbIE 3JIEMEHTHl WMeIOT (NIPH OTCYTCTBHH MHTAHHH) BLICOKHE COMNPOTHB-
JieHHS] H He OKa@hiBalOT 3aMEeTHOre BJHAHHA Ha JiHHHIO. [Ipm nepexsioueHHs komaty-
TALHOHHLIX 3JEMEHTOB H3MEHseTCA MOJOXKEHHe NJIOCKOCTH KOPOTKOrO 3aMHBIKAHHA B
JIHHHH TePefayd H COOTBETCTBEHHO ee BXOJHAs NpoBoAHMGCTE () HAH (s

B rexnnke CBY mmpoko npuMmeHsfioTcss GePPHUTOBB e (asoBpauares.

QeppuT npencrasiser - co0o XHMHUecKOe coelHHeHHe OKHCH xeneza (FeyOs)
C OKMCBIO TAKHX MeTailJIoB, KaK HHKeJb, Maprawer, ¥ Ap. 1o cBoeMy BHeliHeMy BHAY
(eppHTOBBIE CTEDIKHM HAMOMHHAIOT KepPaMHKY, a MO 3JeKTPHYECKUM CBOHCTBAM $B-
JSIIOTCS [OJNYNPOBOJHHKAMH, NMPHGMHMKAIOWHMHCH K AH3JeKTpHkaM. Bosbmoe yaenb-
Hoe conpoTuBieHHe ¢epputoR (10°..10° Om-cm), B ornnune ot Apyrux deppomar-
HHTHHIX MaTepHasoB, OOYCJIOBHJO BO3MOXKHOCTH NPHMEHeHHS WX B AxamasoHe CBY.
I nsnextpryeckas nponxnaemocts (epputos Ha CBY koaebriercsa B npegeiax 5. 15
a MarHHTHas NPH OTCYTCTBHH NOJMATHHUHBAHHS GJH3KA K eLUHHIE.

Oco6o uHTepecHble cBoficTBa npHoGperaer deppHT noA BO3ACHCTBHEM NOCTOSH-
HCOTO MATHHTHOTO NOVIS M BHICOKOUYACTOTHHIX KoJeGanuil. B 3THX yC/OBHAX MardHHTHas
MPOHHNAEeMOCTh (@pPPHTA HAUHHAET 3aBHCETh C/IOKHHM 06pasoM OT MNOCTOSHHOIO
MarHHTHOrO MOJIs, TPHYEM 3Ta 3aBHCHMOCTb MJIf BBICOKOYACTOTHEHIX NOJe#l KPyrosof
NOVIAPU3ALHH PASHOTO HAMpAaBJEHHS BPAUIeHHA NOAYYaeTCA pPasaHYHOM.

3TH ocolble CBOfICTBA (PepPPHTOB MOBBOJSIOT KOHCTPYHPOBaTh B nHanasone CBY
PAn TeXHHYECKUX ycTpoficTB. K HEM OTHOCATCH BOJNHOBOAHEIE IHPKYJATOPH, T. €. YCT-
pofictsa B BHAE psiga KaHAJOB, XaPAKTEPH3YIOU[HeCH TeM, YTO 3/eKTPOMAarHHTHHE
BOJIHE PACMPOCTPAHAIOTCS H3 OJAHOTO KaHana B ApYyrofi TOJBKO B OMNpefeNeHHol mo-
C/Ie[OBATENBHOCTH. B 4YacTHOCTH, LHDPKYJATOP MOXKeT ObiTh NpeBpamieH B BeHTHIb,
clyXamuii, HanpuMep, AJA PasBA3KA reHepatopa ot Harpyskd. OrpanHuuMcs omi-
candeM JHInbL GepPHTOBHX (hazoBpalmaTene.

®eppuTORLIE (hasoBpaliaTess B NPAMOYFOJILHOM BOJHOBOAE € NPONOJbHbLIM Ha-
marguueEBanveM. [lo ocH BOJHOBOAA PACIHOJIOXKEH (EPPHUTOBBIE CTep:KeHb KPYrJoro
WIH TPAMOYTOJBHOIO CeyeHHs. Ympapijsioliee MarHHTHOe I[OJie HanpaslieHo mpo-
NI0JBHO H CO3[4aeTCsl CONEHOHAOM, HAaMOTAHHEIM CHAPY2KH HENOCPeACTBEHHO Ha BOJI-
Hopome. Mamenenuem ynpapJsiOIIEr0 MArHHTHOTO MOJST MOXHO MEHSTb MATHHTHYIO
NPOHHLIAEMOCTb (peppHTa H COOTBRTCTBEHHO GKOPOCTb DACTPOCTPAHEHHA H AJHHY
BOJIHbLI BBLICOKOYACTOTHHIX KoJieGaHMil BHYTDH BOJIHOBOZA, a CJeI0BATENIbHO, H (asy
noas 3a QeppHTOBHIM cTepkHeM. J[OCTOMHCTBOM Takoro (asoBpamarens ABJSgeTCH
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€ro IpOCTOTa M BO3MOXKHOCTh DPEryJHpoBkH (asel B wHpokux npeerax (0 360°)
npu HefoJpiom ocnabnednu MowHeoetH koaebamnii CBY (0,5 1,0 nb)

Peppurosnift hazoBpamaresr B nPSMOYroJbHOM BOJHOBOJE C NONEPEYHBIM MO-
A€M neiMarHuuHBanus. @eppHToBas NJacTHHA NPAMOYrOJLHOr0 MONEpedyHOro ceye-
HHS pasMenldercs MapamIellbHO Y3KOH CTeHKe MeXAy Helt W cepelHHOHl BOJHOBOAA
(nmpuOMH3HTENEHO HA DACCTOAHMA af4 OT Y3KOfi CTEHKH, rlle @ — Pa3Mep IUHPOKOi
cropodtr Bosanosoga) Ilomoca marmuta N B S ycranapiausaiTcsl MO 00e CTOPOHHI
n1acTHHH B raxom ¢azoBpamjarene AJs yBeNHYeHHs (pa30BOTO CABHra H yMEHbILe-
HHS ofwe#l AJHHBE OOBYHO HCMOJB3YIOTCH OBe (hepPHTOBHE MJACTHHE, pacmoJarae-
Mble 1O ¢fe CTOpOHBL OT CPeAHeli MIOCKOCTH BOJNHOBONA H COOTBETCTBEHHO HaMarHu-
YHBaeMble

Boamoxen koaxcHaJ bHHY BapHaHT hazoBpamatelis, B KOTOPOM (EpPHT 3anod
HSIET 94cTh NPOCTPaHCTBA MEXAY UEHTPAJbHLIM MPOBOAOM H 3IKPAHHUPYIOUWIAM LH
JHHADOM, a TOMepeyHoe MArHHTHOE IIo/Ne CO31AeTCl MAarHHTOM, YCTaHABJIHBAEMHIM
CHapyxH OTPE3Ka KOAKCHAJBHOM JIHHHH

deppurosnie (pazospamarenan CBY ycnemHo KOHKypHpYIT ¢ (ha3oBpainaTtelisiMu
H2 p (N JHOAAX H NO3BOJANT YNpaBaATh GoOjee BEHICOKHMH MOULHOCTAMH, HO ofua-
Jal0T HECKOJIBKO MeHbLUHM GLICTpOefcTBHEM

F'TABA 3

3AEMEHTAPHDBIE U3JIYUATEJH.
SJNEKTPHUYECKUE MAPAMETPbBI AHTEHH

3.1. JnemeHTApHbI 3NeKTPHYECKHH AHNOAB

B onuirax T'epua npumeHsics MeTaJJIuYecKHit IPOBOIHHK HeGOABWON TOM-

WHHE AJHHOH OKOJo 1 M, cOegMHEHHBIH HA KOHIAX C ABYMS METAJJIHYECKHMH LIa-
pamn auamerpoM no 30 cM Raxauft («punons lepnas) B cepeanHe NMPOBOAHHKA
HMeJic paspeB C TNPOMEeXYTKOM OKoJo 1 cm Ha kpasix npoMexyrka HPOBOLHHKH
HMeJqH HeGoJbIIKE YTOMIEHHR M K HHM NPHCOENHHSTACH BTOPHYHAS] BHICOKOBOJBT-
Hast 06MOTKA MOBLILIAIOLIErO TPaHcHOPMATOPA, MepBHUHAS OGMOTKA KOTOPOro COSNH-
Hfnach C HHIYKTOPOM — HCTOUHHKOM HafpsXeHHS [EePeMEHHOre TOKa HH3Ko# ua-
CTOTH

Takun o6pasom noaydanics KoneOaTeNbHE KOHTYp M3 HHAYKTHBHOCTH OTpe3Ka
npoBojJa, COEJHHSIOIIEr0 IIaps Ha KoHuax Bu6paTopa (AHNONB), H eMKOCTH, o6pa-
30BAHHOH MeXJy ILuapamH

Kaxiyio nonoBuHY NepHOLAd HANPAKEHHs HH3IKOH 9acTOTH TNPOHCXOZAT 3apsii
€MKOCTH H (NpH JOCTAaTOYHOfl aMn/HTyle HANpsKeHHs) HCKPOBOH npoGoft mpome-
XKyTKa mexay oGpallleHHHIMH IpYr K HApYry sOHuamu crepxus Yepes HckpoBoi
Y94CTOK KOHLB CTEPXKHA 3aMblkawTcs, d obpadyercs 3aMKHYTHH KoJdeGaTespHHI
koHTyp Ilocne npo6os, npexne uyem HCKpa NOTYXHET, NPOHCXOAHT pa3psj eMKOCTH
(koHmeHcaTopa), KOTOPHA HMeeT BHL 3aTyXaloWKX KoleGaHH# ¢ BHCOKOH wacToTof,
onpefensieMoll 3JEKTPHYECKHMH MapaMerpaMu koaefaTesbHOro KOHTYpa
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Hanpalrenue Hanpotpewur
patrpocmpaye- PECTPOCTOCNERUT
Kuz IAEKMPO= 3!7!1!_’#)’#0#03#&/}7—
nazwemsod Soans #od  Aonwsy

Npodod

Puc. 3 1. YnpoulenHan KapTHHa O6pa30BaHHA 3IEKTPOMATHHTHON BOJHH

Ilas ofRapymeHus (NpHeMa) 3JeKTPOMArHHTHHX BOJIH Ha HEKOTOPGM YHaaeHHH
(B mpenemax xoMHaTh) B ONHTax [epua NpHMeHSJCH pe3CHATOp, NOOGHHWA mepe-
nawoueMy (ManydaolueMy) AKMNOMO, HO C YMEHbIUEHHHM 3330POM MEXAY GAHKHAMH
KOHNAMH JQHnMonAA. [IpH COBNAjeHMH Pe3OKAHCHEIX WACTOT KoaAeGaHHA NpHeMHOro H
nepefalUIEre nHnoJef B 3a30pe NMPHEMBOro pe3OHaTOpPa NMPOCKAaKHBANA HCKPa, CBH-
LeTEJLCTBOBABLIAA O NPHEMEe CHrHaJa.

[Tocre sapsna KOHMIEHCaTOpa, 06pa30BAHHOrO eMKOCTBIO MeXIY IIapAMH HA KOH-
uax AHNONA, H HCKPOBOro npofios TMpOMEXKYTKAa B €ro cepeinHe HagMHAeTCa Koneba-
TeqbHBIA pa3pAl YKa3aHHOTO KOHAEHCATOpa Yepe3 HHAYKTHBHOCTL TNMPOBOLHHKA IH-
noas (3aMKkHyTOro HcKpoBmM npoboenm). KoseGate rHHfI 3JeKTPHYECKHA TOK AHNOAS
o6pasyeT BOKPYr Hero 3aMKHYTHE CHJOBHE JUHHH NEPEMEHHOTO MarHUTHOTO TONS,
YTO TPHBOJKT, B CBOK O%epelb, K BOSHHKHOBEHHIO 3aMKHYTHX JHHHA NepeMeNHOro
3JIEKTPHYECKOrO NONs (BCJEACTBHe 3/MEKTPOMarHuTHON HHAVKUHH) u T. 1. CoBorym-
HOCTh MEpeMBEHHOrO I/EKTPHYECKOTO H MArHHTHOTO noneff ofpasyeT 3JeKTPOMArHHT-
HhHle BOJIHBI, PACMPOCTPAHAIOMIHECH OT OCH JHIONA BO BCe CTOPOHH.

YnpouleHHas KapTHHA OOPAa3OBAHHA SMEKTPOMATHHTHHX BOJIH HJIOCTPHPYeTCH
puc. 3.1. Ha puc. 3.2 noxasaWa KapTHRA CHJIOBWX JHHHA 3JEKTPHIECKOTO TIOJIA
BOJM3H IHNONA B HEKOTOPHA MOMEHT, NpHBeneHRas B crathe I [epua.

Kax creayer B3 Teopus nunoas [epua, pacnovioKeHHOro B CBOGOIHOM NPOCTPaH-
CTBE, MTNOBEHHO® 3HAYeHH& HANPSIKEHHOCTH 3/eKTPHYECKOTrO TONS, CO3I3aBaeMOro Ha
BoabiuHx (MG CPaBHEHHIO ¢ IMHEOR BOJHB) DPACCTOAHHAX, T. €. B JaJbHelt aowe,
onpefenseTcs BHPAMEHHEM

07mp1
5,33 ]:'5 sin 8 sin (of—fr). (3.1

31ech BCe BeNHUHEW HAHH B cHcteMs eguEuu CH; [n — aMunnTyza Toka nHnods;
B = xosHuUHEHT Da3H, HAILIBAEMON TAKKE BOTHOBHM unciaoM: B=2nfh; - anuHa
IHNOASA, 7 — PACCTOSHHe OT NHNOAN IO TOYKH HaGuiofeHHs; 6 — yrom Mexiy ocbio
AHAOJRA H HamnpaBJeHHEM Ha TO4KYy, B KOTOPOR Ofnpeneaserca noje, o —— YrjioBas
(i KpYroBam) yacToTa H3MEHERHH 3JIEKTPHYECKOro TOJs, PaBHAN COOTBETCTBYOMEH
Yriosofl 9acTOTe CHHYCOWIAJNbHOrO TOKA NHTAHHA NHNOJA; ! — BpeMs.

Buipamenue (3.1) onpeneiser noje BOJHMW, PaclpoctpaHmiolleficA B MPOCTPaH-
cTBe.

MroxuTens sin @ ompenensier 3aBHCHMOCTD HANMPAKEHHOCTH NOJA OT Ranpas-
neHHs B npocrpancrse. OH TIOKaabiBaeT, 4ro BAodb ocH (8=0) nole pasxo Hymo,
T. e JANOJb BAOJL CBOefi OCH He MajyyaeT; B 3KBaTOpHaJbHOf mnockocTH (0=90°)
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Puc 32 KapTeHa CHJIOBHX JURHA Puc 3.3 B3auMHOe pacnosoXeHHe BeK-
SJIEKTPAYECKOTO [104A BOAH3IW [HNOJIR TOPOB HAaNPAXKEHHOCTH 3JEKTpPHYECKO-

ro E u wmaruurHoroe H monef B nanm-
Reft 30He 3/1EKTPHYGCKOTO AHNOAA

HANPAMKEHHOCTh TOJA NOJydYaercw MaxkcHMaabHo# Muokureds sin (wf—Pfr) noxa-
3HBaET, 9YTO NO Mepe pACHpOCTPaHeHHA BOJHH Io7e y6piBaer mo dase Ha yroa fr,
T € 3ana3fuBaeT Ha BpeMs, Heobxooumoe BOJIHE, 4TOOH JOHTH A0 paccMarpHBae-
Ma# TOYKH NMPOCTPAHCTRA

Hanpasner#ts cunoBux nunntt £ u H nepnesguryJIspHBl ApPYyr APYTY H Ha-
NpABJEHHIO PAcNPOCTPAHEHHN BOJNHH, oO6pasys NpPaBOBHHTOBYIO cHcTemy B3anMuoe
pacnonioXeHHe 3THX moseft nokasawo Ha prc 33 Jlguum Eg Jear B TUIOCKOCTH,
npoxoasimie# uyepes Och OHNOJASA, a JHHEH Hp— B IMJIOCKOCTH, NapaJiieéjbHOR mio-
cxocTH xoy Hanpaenenue pacnpocrpanerys II comnanaer ¢ paguycom r Takas xap-
THHA TIONS ABNAETES XAPAKTEPHOA Nf MONEPeuHofi SJIEKTPOMArHHTHON BOJHE (HasH-
BaeMolf sonnoit T)

B saknioyeHde OTMeTHM, 9TO MHOTHe NpocTeHlIHe AaHTEHHH, NPHMEHAEMHE B
JHAMA30HAX NJHHHHYX, CPBJRHX H KOPOTKHX BOJH, HMEIOT 3/EKTPHYECKHe CBOACTBA
H NMapaMeTphl, NOXOXMHE Ha COOTReTCTBYIOUIHE NapaMerpw aunoas Iepua

3.2. Mauabiii BUTOK npoBona ¢ Tokom (pamka)

Ipyrum npocreiiunM u3Tyuateded HBARETCA HeGOABWOH BHTOK NPOBOAA
(paMKa) ¢ nepeMeHHHIM 3JIEKTpPHUeCKHM TOKOM [Ipu pasmepax BHTKE, MaJHX MO
CPaBHEHHIO C NJIHHON BOMHH (COOTBETCTBYIOLLEH YACTOTE NEpeMEHHOr0 TOKAa), aMIJIH-
Tyay ¥ ¢a3y TOKa BO BCeX TOYKAX MPOBONA MPAKTHYECKH MOMKHO CYHTATh HEHIMEH-
HHMH
Ha Teopun Takoro maayyarens caenyer, 4TO MarHHTHOe MOJE TOPHU3OHTANBHOR
PaMKH UIEHTHYHO TO CTPYKTYpPe 3JEKTPHYECKOMY TMOJIO BepTHKAJLYOrc 3JeMeHTap-
HOFG 3MEKTPHYECKOro MNHIOJAS, aAHAJOFHYHC 3JEKTDHUECKOE T110Je TOPH3OHTaJIbHOM
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PaMKH HAEHTHYHO MATHHTHOMY NOJIO 2epTHKAJbHO 3JEKTPHYECKOro umosis. [103ToMy
FOPH3OHTA/IPHYI0 PAMKY MOXHO TPAKTOBATh KaK HEKOTODHH 3KBHBANECHTHHIA BepTH-
KaJbHHA MarHUTHBUE JHIOJb,

MruoseHHOe 3HAYCHHE HANPSMEHHOCTH SJIEKTPUYECKOrO I[I0JI%, CO31dBAEMOrO
yKa3aHHBM pPaMOYHBIM M3JydYaTeseM B CBOGOLHOM NPOCTPAHCTBE B NajbHeldl 30HE B
NpOH3BONLHOM H2TNPAaBJIeHHH, ONpeie/AeTCs BEIPAa’KEHHEM, AHAJOTHUHEIM BhipaKe-
Huo (3.1):
307,158

r

E;= sin 0 cos (wf—Br). (3.2)
3necy [y — aMnIMTy1a TOKAa B TPOBOAE PAMKH; [, — AJHHA IKBHBAJEHTHOTO MATHHT-
Horo pumods, pasHasa [,=BS, roe S — mromanb, oxpaTHBaeMas BHRTKOM NPOBOAA
paMxH; € — yron MeXay OChbI0 PaMKH (OCbIO AHNONA) H HAMpaBJeHHEM Ha TOYKY,
B XOTOpOfi onpefensieTcs IoJe,

Cieayer o6paTHTL BHHMAHHe Ha TO, 4TQ NIPH OJHHAKOBHIX ()a33aX TCKOE 3JEKTPH-
geckoro aunoss (/) u pamrH (Ip) moJa uanyyenns ux GYAYT CIBHHYTH MeX1y coGoii
no ¢ase Ha 90° (Ha 3T0 yKaswBawT MHOXHTENH sin (0i—fr) u cos (wi—fr).

Ha puc. 3.4 ans cpaBHeHHMsA NOKa3aHHE HANpPaB/IeHHS CHJOBHIX JIHHHH 3JCKTpH-
weckoro E ® marmutHoro H movielt, a TakxKe HanpasJjeHHe PAacIpOCTPAHEHHs paiio-
BONHH Il B TOYKe, HAaXOAALIEHCS B MJOCKOCTH WepTera /S JIEeKTPHUECKOro NHICJR
(puc. 3.4,a) u pamkn (puc. 3.4,6).

Hanpabiteiwe pacnpocTpaHeHAss BOJHH B 060HMX CJyYasix COBNAJaeT ¢ HAmpas-
JeHHeM paiuyca r. JIHHHE MATHHTIOLO NOAA PaMKH [Hg¥ H 3JIeKTPHYECKOTO MOMs
nunovis Ege JeXaT B MJIOCKOCTH 9epTeKa, T. e, B IJOCKOCTH, MPOXOHAIEeH depe3 ochb
PaMKK (M IHNOJs), H MEPNCHIUKYJSPHH ». JINHHR 31eKTpHUecKoro noas pamxn (£,")
H MAarEMTHOTO NOVIS 3/1eKTPHYECKOTO AANoNA H, HanpasjieHbH NepNeHAHKY/IAPHO IIO-
CKOCTH YepTexa.

Oxpyxuocti (Ha puc. 34) OKOJO KaxIoro JHmoas H3o6pakKamwTt (B MOJAPHBIX
KOODJAHHATaX) OTHOCHTeJbHOE H3MEHEHHE AMILTHTYALI- HANPSKEHHOCTH NOAS B TJO-
CKOCTH KaKJOTO M3 AHNOJell B 31BHCHMOCTH OT yriia 0 (OTHOCHTEJNBHO OCH AHIOJEH).
2TO H3MEHeHHWe TOJs ONpelenseTcs MHOMXMTeleM sinf. Brodb ocH pamx, Tax Ke

TN

/ \-
( -
K ) \ Aﬁ@ /
= F(B)=sm g e P

Jmt’mpwpr.w/// —
Hynons

Mazhumusii F(B)=mng
) Aurns
a) ﬂ_)
Puc. 3.4, Hanpapieunsi BeKTOpOB 3JeKTpuueckoro E u MAarHuTHOrO H noneit, arak-
e HamnpaBJeHHe paclpocTpaHends panuososup J1 B nagpHel 30HE 3IEKTPHYECKOTQ
aunoas (@) u pamxn (6)
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£aK BJAOJMbL OCH 3JEKTPHYECKOro NMNOJA, H3jyudeHHe orcyrcrByer (sin@=0) Man-
CHMYM H3JYUYeHHs NOJydaercs B IVIOCKOCTH PaMKH (B 3KBATOPHAJNLHOH TJIOCKOCTH
JUMOJIS).

3.3. DNeKTPHYECKHe MapaMeTpnl aHTEHH

PaccMoOTpeHHBIH BHINe 3JeMEHTapHbIH 31eKTpHueckH#t aunoas [epua as-
AfgeTcs MPOTOTHNOM IpOCTeHINMX MPOBONOYHHIX aHTeHH, Ha puc 3.5,4 nokasana
BEPTRKAJLHAsA 3a3eMJIeHHAs aHTeHHa, nofo6HAs NepBHIM 3HTEHHAM, HCMOJb30BaHHBIM
A C. lonoemm Ha pue. 35,8 moKa3aH TOPU3OHTANBHEM CHMMeTpHYEHIH BHGpaTop,
4acToO Ha3uBaeMHN gHMOJIEM.

AHTEHHE MOMHO KJacCHOHIHPOBAaTb MO pPAa3JHYHEIM NPH3HAKAM: NHATa30HAM
BOJIH, HasHayeHHO (LJ¥ DPAJHOCBA3H, AJS PALHOBEILAHH#A, A1 PalHOACTPOHOMHH,
TeneBu3noHHble H Ap.). Ho HanBosee netecoo6pasHo HXx K/JaccHHIHPOBATH 1O THMY
H3AYUAIWHX 3JMcMeHTOB. [1o 3TOMY NMpH3HAKY aHTEHHH NEJIATCH HA TPH TPYNMbL:

1. AHTeHHH © JHHEHHBIMH TOKaMH — 3TO aHTEHHEl, ¥ KOTOPHIX MONepeuHLle pas-
MEDH H3JIyJaloumMX 3J1eMeHTOB MaJjiil [0 CPaBHEHHIO ¢ NPOLZOJBHEIMH H C AJHHOMH
BOJIHE. K WHM OTHOCATCS MPOBONOYHBIE AHTEHHH, B YaCTHOCTH BHGDaTOpHbLIE

H3onsmopsr
ha Iy
Anmesre — p—
Emond /s /A 2
Mepedemour a L 25U 1y
TI7 7777 )

a) %)
2)

A2

::g)
o\
o

2)

Puc. 3.5 BepruxaJjbHas 3a3eMJeHHas auTeHHa (a) u ee ajnekTpHueckas cxema (6);
CHMMETPHYHHI TOPH3OHTANbHREI BUGPATOP — MUOONL (8) M €ro 3NeKTPHYecKas CXe-
Ma (e); ycioBHoe ofp3HavYeHHe TPOBONOYAOH anTenHH (J) M ee KBHBAJIEHTHAs Cxe-
ma (e)
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2. AneprypHne AHTEHHH — 3TO aHTEHHH, H3NYYAOMHe Wepe3 packpus (pynopH,
pedrEKTOPH M T T ); TAKHE AHTEHHH HCMOJB3YIOTCA NPEHMYIIECTBEHHO B [HANA-
3one CBY.

3 AHTeHHE TOBEDXHOCTHHIX BOJH — 3TO AQHTEHHH, KOTOpHE BO3GYXIAWOTCH 37eK-
TPOMAarHHTHBIMH BOJIHAMH, PAcCIpPOCTPAHAOUIHMHCA BAOIb AHTEHHHW H H3Ny4alOUIHMH
NpeHMYILECTBEHHO B HanpaBJ/eHHH PAcCNpOCTPAHEHHA;, K HHM OTHOCHTCH CTepXKHeBHIR
JH3NEKTPHYECKHEe AHTEHHH H QIp.

Bce Tpu THMA aHTEHHH — JNMHeHHBle, aNeDPTYPHHE H TMOBEPXHOCTHBIX BOMH —
MOryT TPHMEHATHCA KAK OINHHOYHLIE AHTEHHH, a2 TaKXe rPpyNNHPOBATBCA B MHOro-
37EMEHTHbIE CHCTeMH.

PaccmoTpuM Bompoc O TeXHHUECKHX TOK23aTeNAx PaBoTH aHTeHH. AHTEHHA Kak
p2iHOTEXHHYeCKoe YCTPO#CTBO XApaKTEpU3yeTcA PANOM 3INEKTPHUECKHX (panHoTex-
AAYecKuX) napamerpoB. Caenyer OTMETHTh, 9TO HEKOTODHe H3 NapaMeTpoB, TaKHe
KaK Xapaxrtep paclpelefeHHs H3NyTaeMblX 3JEKTDOMATHHTHHX BOJIH B MPOCTPAHCTBE,
HX NONApH3ANHA, Ko3thODHUHERT NoJe3Horo NeHCTBHS H Op., OTHOCATCH K' aHTEHHAM
apforo tHRa TakHe 2Xe NapaMeTphl, KaK BXONHOe COMPOTHBJEHHe (B OMax) HJH
TAK Ha3wBaeMasn I[EﬁCTBy!OLII!H BHICOTA, ABJMKOTCA XAPDAKTEPHHMH [JIA NMPOBOJOYHHIX
ARTEHH.

OaHa H Ta e aHTeHHa, He cojiepXalylas HelHHeHHHX SJEMEHTOB, MOXer cly-
AHTb IR PIAHONEPENAadH H AN PANHONPHEMA H B CHJY H3BECTHOH B TEOPHH aHTEHH
TeOpeMB B3aHMHOCTH o6Janaer cBOMCTBAMH OGpPaTHMOCTH [lapaMerpsl aHTEHHH B
pexHMe Nepenaud oOHYHO X3apAKTEPHIVIOT TaKMe AHTEHHY H NPH HCNO/JIBL3OBAHHH ee
LIS TpHeMa, TPH 3TOM HEKOTOPHE H3 NAPAMETPOB HECKOJNEKO HIMEHAKT CBOH
CMHCT

OcHOBRBIM NapaMeTpoM aHTEHHHW KaK Harpysks NJf TeHepatopa HJIH ¢QHIepa
ABNRAETCH ee BXOAHOE COMPOTHBJGHHE.

Bxoaxoe cONpOTHBJEHHe AaHTEHHb, MHTaeMON NPOoBoZHOH JNHHHEH, onpepensercs
OTHOLIeHHEM HaNpRAXKEHHA BBICOKOH 9acTOTH U., HA 33XHMaX aHTeHHH K TOKY MNHTa-
rus [, (puc 35, e):

Zy=U,/l,. (3.3)

B ofmeM cayyYae 3TO CONPOTHBJIeHHe 3aBHCHT OT 4YACTOTH H COAEPXKHT Kak
aKTHBHYI0 R,, TaK H peakTuBHY0 X, COCTAaBASAIOUIHE, TaK 9TO MOAYJb MOJHOTO CO-
TIPOTHBAEHHA

1Za] = VRI+ X2 (3.4)

ConpoTHBAeHHe HanyueHHs H koaduuueHT noseskoro nefictBHa aHTeHH. IMon-
BOAKHMAA K aHTeHHe MOUIHOCTBH P, uacTuuHO H3Jy4aeTcsd, & 4YacTHYHO pacxoayercs
GecnoNe3Ho B aKTHBHOM CONMPOTHB/IEHHH NpPOBOAOB AHTEHHH, B 3€MJE, B OKPYyXawo-
LIKX aHTeHHY NMPOBOJHMKAX H APYrHX npeamerax (OTTAXKax. CTPOEHHAX H T. I ).

Hanyyaemass aHTEHHOH MOWHOCTL P; npONopuHoHaibHa XBajpaTy HeACTBYO-
1ero 3HaueHHA TORA B aHTeHHe [,;

Py=Ry/:2, (3.5)

rae Ry — k03¢(HIUHEHT MPOMOPUHOHANLHOCTH, KOTODHH HIMEpPseTCA B OMAX W HA3BI-
BaeTCH COMPOTHBJEHHEM W3JyqeHHs! aWTeHHH, OTHeCEHHHM K TOKY /a.
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Takuu 06pasom, COMPOTUBACHUEM UIAYHEHUR QHTeHwb. R HasmwBaercs compo-
THBJIEHUE, B KOTOPOM MOrJIO (333 TePATBCA CTOMABKO K€ 3HEPTHH, CKOJbKO H3nygaerca
aHTeMHOH B npocTpaHcTBO. [IpW ompeneNeHHH COMPOTHBIEHHS H3JyUeHHs CJefyer
orcpnapuaa'rb, K Kako# TOUYKe aHTEeHHE OHO OTHOCHTCHA, TAK KAK CHJa TOUKa B pasHBX
TOYKaX BAONb AHTEHHH pPAa3JHYHaE. COﬂpOTHBJ‘IGHHG H3JIy4eHHs1 3aBHCHT OT d)Opri
AHTEHHH, €€ TeOMETpPHYECKHX pAa3MepOB H OT [JTHHH BOJHL, Ha KOTOpOH paforaer
aHTEHHA.

IMonatne (¥ TEpMHH) <CONPOTHBJCHHN H3JYYEHHH aHTEHH» ObLLIO BBEIEHO
M. B. UlynefixuuniM. Hcnonb3ys BuipaxeHHe ANs MOIIHOCTH H3JMydeHHs, NOJyYeH-
nHoe Tepuem a/nd 3NeMeHTapHOro 3sjekTpudeckoro paunond, M. B. Ulyaeiikun sBes
dopMyay ANA COMPOTHBIEHHS W3JydeHHA (B OMax) TakOro AHMNOJs, KOTOpAas HMeeT
BHAO

Ry =80r2(1/2)?=800(¢/})2. (3.6)

3pecs [/h — OTHOIIEHKe NJHMHH JHMOJA K OJAHHe BOJHH., H3 nonyueHHo#t ¢popmy:sl
BHIHO, UTO COMPOTHBJEHHe H3JYyYEHHA MNPOBONOYHONi aHTEHHBl NMOJYYaeTCH He OYEHb
MalTHM JHWb OJA PasMepOB, COHIMEPHMHX C AJHHOR BOJHHI.

Crenyer nop4epxHyTh, u4To na ¢opmyne (3.6) compotuBieHHe Ry MOXKHO pac-
CUHTaTh JMIbL NPH YCNAOBHH (Kak ana nenons [epua), 94TO TOK BAO/NL aHTEHHB
He MEHAETCH No AMIIHTyIe. EclH 3TO YC/IOBHe He BbNOIHAeTcH, B dapMmyse (3.6)
anuuy ! Hago 3aMeHHTb geficTBylouied AJMAOR aHTeHHH (NOoHATHe o He#t paercs
HHXE).

Hanyuaemas aHTEHHON MOLIHOCTH SABJIAETCS MONe3HOH MOLIHOCTBIO, H COOTBET-
CTBEHHO CONMPOTHBIEHHE H3NYYEeHHS HBJAGTCH MOJE3HHM AKTHBHHIM COMNDOTHBIEHHEM
aHTEHHH, B OTJHYME OT Apyrof WACTH AKTHBHOrO CONPOTHBJEHHA AHTEHRH, o6y-
CJIOBNHBAKOLLEIO NOTEPH.

MoulHoCTs TIOTeph B AHTEHHE, TaK Xe KAK M MOLIHOCTh H3JYYEeHHR, NMPOMNOPIHO-
HalbHa KBapaTty TOKa B aHTeHHe. [lo3TomMy MOXHO 3anHcartb, 4TO MOIHOCTB I10-
T€pH

Pn=13Rn, (3.7

rae R;-— 5KBHBANEHTHOE COMPOTHBJEHHE MOTEPb, OTHECEHHOE K TOKY [, B TOUYKAX
MHTAHHA 2HTeHHH., CyMMa MOLIHOCTH H3JayueRHsa Py H MOIHOCTH noreps P, gaer
MOMHYI0 MOUIHOCTL B aHTEHHE:

Pye=Py 4 Py=1I3(Ry+Ry)=1,2R,, (3.8)
rie R.=Rz+R;— nofHOe aKTHBHOE CONPOTHBJeHHe anTeHHW. [/t OUeHKH 3(dex-
THBHOCTH pPaBOTHl AHTEHHBI BBOAAT NOHATHE KOA(pUUUEHTR nOAE3HOz0 OelicT8us

aHTEHHH, MO KOTOPHIM MNOHHMAIOT OTHOLUEHHE HBJIY‘-IEEMO';] MOLIHOCTH K TOJHOM
MOUIHOCTH aHTEHHBI:

Py IRy Ry
P,  IgR,  Ry+Ry

= (3.9)

s nocnegnero BeIpaXKeHHA BHAHO, 9TO aas ypenudeHnsa KI1J aHTeHHBl Hago no
BO3MOXKHOCTH yMeHblaTh R, N0 cpaBHeHHIO ¢ Ry
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z Puc 36 Cdepuueckne KOOPAHHATH
Hepuduionatonery 4= = TOYKH HaOMONEHHA
yeon \< NN
,’ \ \\ \>, Hanpasaennoe nefictBHe aHTEHH
B HexoTopHX caydasa HFODXOAHMO,
uT06bl dHTeHHa Mepejawluedi panHo
CTAHLUHMH ONHHAKOBO HHTEHCHEHO H3Jy
yajga BO BceX HanpaBaeHHA< [Tampu
Mep, npH pa6oTe pagHOBAWATCIBHOR
4 CT2HIMH, O6CIYXKHBAWUWEH ONpeneeH
e HHIf pafioH, B IIEHTPE KOTOPOro OHa
pacnosoxkena Ho uHoraa, HampuMmep,
KOTJa TNepelaTydHK AOMKEH OOCHYHKHTH
paiHONPHEMHHK, PACMOJOXKEHHHI B o
peldesNEHHOM HAOPABJEHHH, a TAKKe npu pa6oTe PaLHOJNOKANWOHHBIX YCTaHOBOK
HeOGX0NHMO KOHIEHTPHPOBATL 3TMEKTPOMATHHTHYIO 3HEPrHI0 B ONPENENSHHBIX HA
npapienuax B rakux caydasx nenecoo6pasHo HPHMEHSTh AHTEHHH HampaBAeHHOro
neHCTBHS, OTJIYYaIONIHecs CcnocOOHOCThIO KOHUEHTPHPOBAaTh H3JAYYeHHe B 32JaHHWHX
HanpaBJIeHHAX

Harnaguoe npenctaBjeHHe O pAacHpele/eHHH SHEPrHH BOTH [36T aMIUTMTYLHASA
XapaKTepHCTHKA HATIpABJEHHOCTH, OMNpejlenseMas 3aBHCHMOCTBIO aMIJHTYLH Hanp1
JKEHHOCTH cO313B2eMOTO aHTEHHOH MOJst (MM BeNHUHHH, e NPONOPHHOHAABHOH) OT
HampapjieHHs B mpocTpaHcTse HampaslieHHe onpefieNserci asHMyTaJdbHBIM @ H Mé-
puaHaneHEIM 0 yraamu cdepuyeckoll cCHCTEMH KOOPAMHAT, K3K NOKa3aHO Ra pHc 36
Ipy srom none onpenensiercss Ha ONHOM H TOM e (I0CTATOYHO GOTBIOM) paccTOs
HHH r OT aHTEHHW! H NPENNOJAaraercs, 4To NOTepH B cpene oOTcyTCTBYIOT [ paduue
cKkoe H306pa’KeHHe XapaKTePHCTHKA HANPAaBJEHHOCTH Ha3HBAlOT pHAarpaMmod Hanpas
seuHoct® (ILH)

IlpocTpaHcTeenHas nHarpaMMa HanpaBleHHOCTH H306pax<aeTcs B BHIE TNOBEPX
voerH f(@, B), roe f—3Hax GyHKOHOHANBLHOH 3aBHCHMOCTH [locTpoeHWe TaroH
puarpamMMu HeypoGHo Ilostomy Ha npagTke OOLUHO CTPOST KHATPAMMY Hanpas
JeHBOCTH B Kakofi HHGyIb ONHOH IUTOCKOCTH, B KOTOpOil OHa HW300paKaercst 110
ckoit xpuBo#t f(@) uau f(B) B noaspHO# HIH NEeKapTOBOH CHCTEME KOOPAHHAT

Ilannoe ompeneseHKe OTHOCATCH K AHATPAMMe HampaBJeHHocTH mo nomo B we
KOTOPHX CJy4afX HCMOMB3YeTcs MOHATHE XapaKTePHCTHKH (IHArpaMMbl) HanpasJeH
HOCTH TO MOMIHOCTH OmpenensemMol 3aBHCHMOCTBIO TMJIOTHOCTH MOTOKA MOLIHOCTH OT
HanpasneHHs B npocrpaHcTBe [INOTHOCTB TMOTOKA MOWIHOCTH TpeAcTaBfseT co6oil
MOLIHOCTb, MPOXONSAILYI0 Yepe3 eJHHHAHYI0 MUIOIAJKYy, PacMOOMeHHYI NepneHnn
KYJApHO HANpaBJEHHIO DPACHpOCTpaHeHus BosHu [losToMy AuMarpaMMa HampasJ/eH
HOCTH MO MOIMIHOCTH NpONOPLUHOHAJBHO f2(p, 6)

[TpocTpancTBeHHAs NHArpaMMa HAnpaBTeHHOCTH, y KOTOPOH MaKCHMallbHOe 3Ha,
yeHHe pABHO eJWHHIIE HA3HBAETCA HOPMUPOSAHHON duazpdMMmOd u 06o3HAYaETCH
kak F(p,0) Ona Jerko nosyyaercs U3 HEHOPMHPOBAHHOH JHArpaMmel AefeHHEM
BCeX ee 3HaYeHHH Ha MakcHMaJjbHoe

F(¢, 8)=7(¢, 8)/fuax-(%, 9)

—

- —— -
s g
~
~<

———
1
|
|
Ve
-
SR
1
R

I
p———t——
”

Asunrymanshbri |
yeon B

-
4

\
\

-—— ————

28



-
0 9 80 W 30

i
60"

Bugpamap
. l 1
y& L/ 20 )30
e

" g

6) 7

Puc. 3.7. TopornasbHas AHarpaMMa HanpaBJAEHHOCTH SJIEMEHTAPHOIO AHMOJA

[MoHsATHE © HOPMHMPOBAHHOH AHATPaMMe HANPAaBAEHHOCTH IUHPOKC HCIOJb3YeTCs B
TEOPHH AHTEHH.
Ha puc. 3.7—3.9 wu3o6paxeHu AHArpaMMb HANpaBJEHHOCTH DA3JHYHBLIX THIOB,
[Tpocrefimnfi H3nyyaTeJb B BHJe 3/EMEHTAPHOro IHMOJS HMEeT TOPOHAAJbHYIO
QHarpaMMy HanpaBJeHHOCTH, MOKa3aHHYlo Ha pHc. 3.7 H BhHpakaeMyl ypaBHeHHEM

E=E,sin 6, (3 10)

rie Eo,— HanpsiKeHHOCTb NOJS B HanpaBieHHH MaxkcHMyma (T. e. mpH 6=90°;
8 — yroJ, oTCYHTHBaEeMBIH OT OCH JHMOJS.

Ha puc. 3.7, a—e nsofpameHn NPOCTPAHCTBeHHAS AMArpaMma HaNpaBJeHHOCTH
i ZHarpaMMbl B NMOJAPHHX KOOPJAHHATAX AHNOJA AJA ABYX B3aHMHO NMEPNeHAHKYJAp-
HEX MJIOcKOocTel; Ha puc. 3.7,2,0 — Te e gMarpaMMsl B J€KapTOBBHIX KOOPJHHATAX.

Ha puc. 3.8 noxasan npumep HroJsbuaTtofi aHarpammel. OcHoBHOe H3JNyyeHHE
aHTeHHbl ¢ TAKOH AHArpaMMOH HaNpaBJeHHOCTH CKOHIEHTPHPOBaHO B npejenax
HeGOJBILOTO TEeJIeCHOro YrJa.

Ha pnc. 39 nokasaH npuMep BeepHOH NHArpaMMul HampasjaeHHocTH. Takas aHa-
rpaMMa cxaTa B OJHOH MJOCKOCTH (O6HYHO rOPH3OHTAJBHON), a B APYrod — pac-
IHPEeHA.

Hapsapy ¢ amnauTyAHOM XapakTepHCTHKOH HAampaB/eHHOCTH B KayecTBe napa-
MeTpa aHTeHHbl MOMKHO paccMaTpHBaTbh (A30BYI0 XaPAKTEPHCTHKY HampaBieHHO-
cti (@, 0), nopg xoTopo# nNOApPas’yMeBaeTcs 3aBHCHMOCTh (pashl MOJA OT Hampas-
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Bokobsre Thalisii Puc. 3.8. Hronbuaras auarpam-
Ma HanpaB/IeHHOCTH

SJERECMNY JENECNTON

—pr
Hanpadienue
enadioso

AERECTION WY EHUT

Prnc 39 Beephnas auarpaMma Puc. 310 Onpenenesne wkpH-
HalpaBJeHHOCTH HH JHATDAMMHW HANpPaBJEHHOCTH

JEHHS B TpPOCTPaHcTBe (Ha ONHHAKOBHX paccTOAHNAX). [padHueckoe usobpameHue
9TOH 3aBHCHMOCTH HA3WBAeTCH (as0os0ld duazpammol HANPASAEHHOCTU GHTEHHbI
Hanpasientoe paeficTBHe aHTEHHW 4acTO ONEHHBAIOT NO yrly pACTBOPa AHA-
TPaMybl HampasleHHOCTH, KOTOPHWA TaKXe Ha3WBAOT wupunod Juaepammer Tlox
wHpHHOR 2805 AHBrpaAMMH (rJIaBHOrO JenecTka) NOAPasyMeBaloT yrol MeXay Ha-

[paB/edHsAMH, BAOJb KOTOPHX HAMPAXEHHOCTb MNOJA YMEHLLIAETCA B ]/§- pa3 1o
CPaBHEHHIO C HANpPAXKEHHOCTBHIO NOJA B HanpapAeHHH MAaKCHMyMa8 H3/JyYeHHsA
(puc 310), a nNoToKk MOMHOCTH COOTBETCTBEHHO yMeHbilldeTcs B 2 pasa.

B HexkoTOpHIX caydasx moj WHpHHOR 20, noapasymMeBalT yrol MexkAy Hampas-
NeHHAMHE (6iMKa#liHMH K HanpaB/eHHIO MakCHMYMa), BAOJb KOTOPHX HanpaxKeH-
HOCTL MOJIA PaBHa HYJ.

AnTeHHH, KOTOpHE AQJXKHH 06/A81aTe HEHANpPABJEHHHWM IeHCTBHEM, XADAKTEDH-
3yWTCH KOIGPUUUEHTOM DAGHOMEPHOCTU QUAEZPAMMbL NONPABAEHHOCTU. TOA KOTODHM
NoApa3yMeBaercs OTHOLIEHHe MHHHMAaJbHOrO 3HAYeHHS HANPAXKEHHOCTH NOJA K MakK-
CHMAlLHOMY B TIpelleslax JHRrpaMMbl B JaHHOH TJIOCKOCTH

BenuukHy HanpseHHoctH noas E, B/M, co3naBaemoro B HampabJieHHH HAHOOJb-
IIero H3Ay4eHWS aHTEHHOA B HeOrpaHHYeHHOM INIPOCTPAHCTBe, N0 AHAJIOTHH ¢ HanNps-
JKEHHOCTBIO N0/l PRcCMOTPEHHOro BHile Aunons [epua MOXKHO ONpenenHTh BHpa-
XKeHueM

303/,h, 60n/yhy
= == .
r Ar
FAe A — QJUHA BOJIHH, M; [, —TOK y OCHOBAHHA aHTeHHH, A; h, — aeficTByloWas
BRICOTA aHTEHHHI, M, NpeAcTaBAflouas cobofi mapamerp, CBASHBAKWHA HampsaKeH-
HOCTb 3JIEKTPHYECKOro TOJA, CO342BAaEMOTC AHTEHHOHA B HANpPaBJEHHH IIABHOrO H3-
JY4EHHS, ¢ TOKOM B ¢aMoi auTeHHe l5; r — paccTOAHHE OT aHTEHHH 10 TOYKH, B KO-

Topolt onpedenseTcs HanpAXeRHOCTh noda E, M.
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Tlo dopmyne (3.11) MoXHO oNpe/lelnTb HAMPAXKEHHOCTb TNOAA B HANPaBASHHH
rJABHOTO H3JyYEHHS, a 33aT€M C MOMOULbI0 HOPMHPOBAHHON NHATpaMMBl HampabJjeH-
HOCTH NepefiTH K HAaNpsKeHHOCTH NOJs B JI0OOM APYroM HanpaBJleHHH.

lI.TIH CpaBHEHHA MEXAY coboit HanpaBJ/eHHbBIX aHTeHH BBOJAT NapamMeTp, Hashl-
BaeMuif xoscquui;uenrom nanpasaennozo deilcreus ' (KHI), noHATHEe O KOTOPOM
snepekie (B 1929 r.) smen A A TIlucronskopc Ilon 3tHm KO3 GHUHEHTOM MOHH-
MEKT 4YHCIO D, NOKa3nBalluee, BO CKOJbKO pas Hal0 YBEJNHYHThE MOLWIHOCTL H3Jjy4e-
HHA nepepalouiefi aHTeHHH IPH Nepexoje OT HANpaB/eHHOH AHTEHHH K HEHalpas-
JAeHHON, /18 TOr0 4TOOH COXPAHHTD HEHIMEHHOH HANPAMKEHHOCTL [1OJS B MeCTe
npHeMa:

D=Pyy /Py, (3.12)

rlie Pso — MOWIHOCTh H3JYyueHHS HeHaNpPaBNeHHOH aHTeHHH; Py — MOLIKOCTh H3nyye-
HHA HanpaB/ieHHoff aHTeHHH. Tak Kak NpPAKTHYECKH Bce NPHMEHSEMHeE THNHW 2HTEHH
06/ialal0T B TOA HJIH HHOA mepe HanpaB/JeHHbIM JeficTBHeM, TO 3a ofpa3en HeHANpas-
JeHHOfl aHTeHHBI NMPHHHMAKT BOOOGPaIKAEMYIO aHTEHHY, H3/y4alUlylo PaBHOMEPHO BO
BECé CTOPCHHL.

Mexny peaunyudHame D H h; CylIecTBYeT 3aBHCHMOCTB

D =308k 3[R, (3.13)

I OlleHKH ycH/eHHA pD&IHOCHTH&Ja AHTEHHOR C YYeTOM ee HANPaBJIEHHOro
DeficTBHA M NMOTEPhL B Hefl, CJAYyKHT MapaMmerp, HasHBaeMHH Ko3a(duyuenrom ycuie-
HUf anTenwo. G, paBuui TpoH3BefeHHio xoadduHuMeHTa HanpaBiesHoro AeHcTBHA
autehdn Ha ee KITM:

G=nD. (3.14)

Nonspusauns saexTpomarnutHoro noas. Bompoc o monsipusaunu noas yxe Guin
paccmoTper Buine. B cooTBeTcTBHM c puc. | 8 OTHomeHHe MaJjoff OCH 9JMNca NoJs-
pH3auHH K OGoJblIOR HA3LWBAKT KOIPPUYUENTOM pABHOMEPHOCTY (23A/HNTHYHOCTH)
NONAPHIALUHOHHOR XaDRKTEPHCTHKH, @ 3aBHCHMOCTb €r0 OT HAaOpas/eHHS OTHOCHTE/lb-
HO aHTEHNH — nOAApU3AYUORHOL GuazpaMMOyl HANPABAEHHOCTU QHTEHHbI.

KosphHuHERT 3/VIHNTHYHOCTH MOMET HMeTh 3Havekua or 0 mo 1. B mepsom
cllyu8e OH XapaKTepH3yeT NOJe JHHeAHON NOJAAPH3BUHH, BO BTOPOM —— 3JLIHAC obpa-
UI8€TCK B KPYr H MOJe Ha3WBAETCH [0JeM KPyroBoR MOJSpH3AUHH.

AHTeHHH pa3/AYATCA 7O CBOMM [HANA30HHWM cBoficTBaM. Pabowud duanason
8044 — 3TO [HaNa3sOH, B MpeleJax KOTODOro aHTEHHa COXpaHAeT CBOH OCHOBHBHIE
napaMeTpH (HanpapjeHHoe neficTBHe, MOJAPH3aUHOHHYIO XapakTEPHCTHKY, COIJIACO-
BaHHe C (HAEPOM) C 3aAaBHOH TO4HOCThIO. Ecax 1uMpuHa paGouero Jguana3loda
He NPEBOCXOAHT HECKOJbKHX NMPOLEHTOB OT CpeliHell BOJHH [Hana3cHa, aHTeHHa Ha-
3nBaercs ysxoJuanasoxrod; aHTeHHB ¢ pabouuM AMana3OROM B HECKOJABKO AECATKOB
APOUENTOB H OOvIbille HA3WBRIOTCA WUPOKOOUANASOHHBIMU.,

NMapameTpni npeMHLIX aHTeHH. Ha saxuMax npHeMuON aHTeHHW, Haxodsmiefici
8 cepe gefcTBHSA 3/MEKTPOMATHHTHHX BOJH, BO3HMKaeT Hegoropas I[AC Ecm
32MHMaM AHTEHHN NOAK/IIOYHTb MPHEMHHK, B LeNH aHTeHHW NOABHTCA TOK, KOTOPHH
COS42CT HANPAMEHHe HA BXOLe NPHEMHHAKA.
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Xa Puc. 3.11. DxBHBaJeHTHAA
cXeMa NpHeMHOH aHTeHHH

Fa

Ehgf Tpuemik

Ha puc. 3.11 nokasaHa 3SKBHBaJeHTHAA cXeMa NpPHEMHOH aHTeHHH. M3 sToii
cxeMel BHAHO, yTo BJC npHeMHON awTeHHM nefiCTBYeT B IEMH, cocToAulell H3 co-
nporusienus antends (R, u X.), KOTOPOE MOHKO PACCMATPHBATH Kak BHYTPeHHee
conporHsaente xcroudnra IMC, n npreMHHka. 3Hauenue JIC B nNpHEMHOH aHTeHHe
3aBHCHT OT HAaNPAXKEHHOCTH 3/JEKTPHYECKOTO NOJS B NyHKTe IIpHeMa, OT IJHHEI
BOJIHBI, @ TaKxkKe OT (OPMBI H TeOMETPHYECKHX Pa3MepOB TpHEMHONl aHTeHHH. B ciy-
Yae NPOBOJOYHBX AHTEHH MHOMHTeJb, cBA3bBalomnit DI C B npHeMHOH aHTeHHe €.
C HamNpsiKEHHOCTbIO 3JEKTPHYeCKOro mnoJs E, haspiBaercs OedcTeyroujed 8vicoToU
NpuemMHOtl GHTEHHbI, TaK,4TO )

eg=hyE. (3.15)

3pech mpeanofaraercs, YTo NPHEMHAs aHTeHHa OPHEHTHPOBAHA B MPOCTPAHCTBE B
COOTBETCTBHH ¢ NOJIApPH3anHell 3/MeKTPOMArHHTHOrO NOJAA H IPHEM OCYIIeCTBJsSeTcH
C HanpaB/eHHs] MAKCHMAJLHOrO MNpHEMaA.

[Mox xapaxkrepucTuxkOyi HANPABAEHHOCTU NPUEMHON QHTEHAs: MOHAMAIOT 3aBHCH-
mocTh ee DJIC oT yria majeHHs NPHXOASALLEH BOJIHBL

Kax rosopaioch BHie, GOMBUIMHCTBO MApPaMeTPOB NepefaloiHX AHTEHH GyayT
XapaKTepPH30BATL Ty Ke AHTEHHY, €C/H OHa HCNOJL3YeTcs KAK NpHeMHas (npHHLHD
B3aHMHOCTH).

HeficTByomwaa BECOTA OAHOH H TOH Ke aHTEHHH, HCMOJAb3YeMOU KaK AJ8 OpHeMa,
TaK M JJf NepejayH, HMeeT ONHHAKOBOe YHCJeHHOe 3HaueHHe. BxofHoe compoTuBie-
HHe IIPHEMHOH aHTeHHH DaBHO CONPOTHBJIEHHIO TOH e aHTeHHH, HCNOJb3YeMOH AJs
nepenayH. :

OTHOCHTEJIbHO HamnpapJeHHOro aefcTBHA NDHEMHbiX AHTEHH CledyeT OTMEeTHTE,
9TO XapaKkTepHCTHKA HanpaBJeHHOCTH AHTEHH APH npHeMme, T. e 3aBHcHMocTh 3C
NpHEeMHOH aHTEHHHW OT HampaBJeHHs npuema, Oyger TOH ke, 4T0 H ODH nNepenaue,
NpH YCJAOBHH, YTO NPHEMHHK H NMEPENATYHK TNOLKAIOYAITCH K OAHHM H TeM Xe 3a-
KHMaM.

IIpaMeHeHHe MpHEeMHKWX aHTeHH HAaNpaBJEHHOrO AeHCTBHs [103BOJSET YMEHBLIHTDH
NGMEXH OT MOCTOPOHHHX HCTOUHHKOB (HampUMep, OT APYrHX MNEpeXaTIHKOB) B TOM
cJyyae, XKOrja HampaBJeHWe NPHHEMAEMOH CTaHUHH OTJIHYAeTcs OT HampasleHus,
¢ KOTOPOTrO NPHXCAAT NoMexH, HanpaBlenise npHeMHbie aHTEHHE TPHMEHSIOTCS 114
MeJIEHrOBaHHs (ONpeAe/eHnsi HanpaBleHHs Ha [epefaiouiylo PajHOCTaHUHI), s
npHeMa cMabhlX CHrHAJOB, B PAAHOJIOKALHH H T. I.

SppexTusran naouade antennst (A) onpeneisercs Kak OTHOlleHHE MakcHMaJjb-
HOH MOUIHOCTH Pnp, KOTOpas MOKeT GbITb OTAAHa OpHeMHOH aHTeHHOil (6es moTeps)
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B COTJI2COBAHHYI0 Harpysky, kK MomHocTH Il, npuxoasme#i Ha eNMHHANY NJOLIAAH B
najawuei (HeHCKAKEHHOH aHTEHHO) NJOCKOH BOJIHE:

A= P/ (3.16)

Mexay sddexkTHEHOH naomagbio A H KO3)PULHEHTOM HANpaBJCHHOTO aeficTBHA
AHTEHHBL ) CYILECTBYET 3aBHCHMOCTh

D=(4=A) 12, (3.17)

Tak xak napameTp D npeMeHsieTcl Kak K MepefalioOlidM, TaK H K NPHEMHBIM
AHTEHHAM, TG H napaMerp A MoxeT GbITh HCMOJNB30BAH /IS XapaKTePHCTHKH CBOHCTB
A100bIX aHTeHH — NPHEMHBIX HJH nepedatolux. [ pynopHBIX, JHH30BhIX H 3epKaib-
HBIX GHTEHHBIX YCTPOMCTB 3(¢eKTHBHAs NJomajzb aHTeHHH A paBHAETCA JHIIbL YaCTH
reoMeTpHueckoll nmaomann packpoia S. Ornowenne A x S HasnBaeTcsa Kodgepuyuen-
TOM HCROAL308ARUSA nAOWAOU paCKPHIEA, KGTOPHIH IJIsl NMEepPeyHCJEHHHX aHTEHH, Kak
NPaBuiG, MeHbLIE eIHHHIE:

ky=A'S<I. (3.18)
3.4. BaudHWe 3eMHOH MOBEPXHOCTH HA CBOHCTBA AHTEHHBI

[lpoBono4yHEIe aHTEHHBl TNPAKTHYECKH BCerfa pacrnosoxedd BOiM3H TNpO-
BOAALLEH NGBEPXHOCTH. B GOJbLUIHHCTBE c/yydeB — 3TC 36MHAs MNOBEPXHOCTb, Meral-
JKUecKas Kpuilma, maayba xopabns, cOmuBKa camonera H T. 1. [lpoBopsmias nosepx-
HOCTb B 3aBHCHMOCTH OT ee KOH(HIypalMHd H PACCTOAHHSA A0 aHTEHHH, THMA H M0J5-
|'M33IHH AHTeHHbl CKAa3BBaeT DAa3JIHYHOe B/HSHHE HA ee XapaKTepHCTHKH.

Ecan B 3€u/ie eMKOCTHHE TOKH BO MHOrO Pa3s MeHbIe TOKGB MPOBOAHMOCTH,
TO 3eM/II0 MOXHGC CYHTaTh XOPOWIHM MNPOBOAHHKOM. 3To Tem OoJiee COPABeNTHBO,
KOorJla HMeercss 3aseM/ieHHe B BHJAe CeTH AJHHHHIX MNPOBOJAOB, PACNOJGHKEHHHIX Ha
MOBEPXHOCTH 3E€MJH HJIH 3aphiThiX Ha HeGosbwoit rayGude. Torga MOKHO NPHMEHHTH
Ijig pacyeTa aHTEHHbl METOZR 3epKaJbHbIX H300paXKeHHH.

M3 puc. 3.12, BuanO, yro BooGpaxkaemoe 3epKaibHoe H300pazkeHHe BepTHKAJb-
HOH AaHTeHHB CGCTABJSET BMeCTE C peajLHOH dHTEeHHOH CHMMETPHYHYI0 OTHOCH-
TeAbHO 3eMJAH cHcreMy. HanpaBneHne BepTHKaJbHHIX TOKOB B H306paKeHNH cOBNa-
daeT ¢ HampaeJeHHeM TOKOB B peajbHOM aHTeHHe. B ciyyae ropH3oHTanbHOM
4HTEHHBI HanpasJieHHe TOPH3OHTAJBHEIX TOKGB (pHe. 3.13) B H300pax<eHuH [pOTHBO-
[0JI0KHO HANMpaBJeHHIO TOKOB B DeasbHOH aHTeHHe.

II ; H.,\f; p t + —- .
e BTt PR
’ .—| ,‘F LA, I T
v 2
Ce— ¥

+1

a) 49 a) 4)

Puc. 3.12. BeprukanbHas antenHa Hax  Pwuc. 3.13. TopH3oHTanbHas aHTeHHA
X0polIO npoBoisllefi MOYBOH (@) u ee  Hal Xopollo mpoBoisuielt nousoi (&)
3/IeKTPHYECKHH SKBHBaJIeHT (6) H ee 3JIeKTPHUECKUl 3KBHBAJEHT (6)
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Ons Toro utofm nOKasaTh, KAKHM (BPAa3oM pACCUHMTHBAETCs AHTeHHAa, pacho-
JIOMEHHAS HAJ 3eMilell, ¢ HOMOWILIO MeTona 3eDKa/bHBIX H300pameHHH, paccMOTPHM
npocTeluni clyyall aHTeHHE B BHAe BEPTHKAMBLHOTO NpoBoja. BumecTe ¢ 3eprasbbin
H306paxXeHHeM OH 06pasyeT CHMMETPHUHBIN BHGpaTOp.

Pacnpeneneide TOKa B CHMMETPHYHOM BHOGPATOPE H3IBECTHO — OHO GJIHIKO K
CHHYCOHJAJIBHOMY, H, C/lefl0BaTe/bHO, DachpeneieHHe TOKA Ha BEPTHKAJLHOM M[PO-
Bofe, cOBNAjalollee C pacnpeie/ieHHeM TOKa B OIHOM MUIeYe CHMMETPHYHOro BHOpa-
TOpa, Takike CHHYCOMAAJNbHOE,

[onb3ysick MeTOZOM 3epxajbHbiX H306DAKEHHH, JETKO MOJIYYHTb H BXOIOHGE
COMPOTHBJIEHHE BEePTHKAJbHOrO NPOBOAA. AKTHBHAas ero yacTh Oyaer G6Ju3Ka [0JO-
BHHE 3HAUYEHHS COMPOTHBJIEHHS H3JYYeHHs CHMMETPHYHOro BHGpaTopa, a pPeaKTHE-
Has CcOCTABJSAIONAA BXOAHOrO CONPOTHBJEHHS — NOJOBHHe PEAKTHBHOH COCTaB.Ai0-
e BXCAHOrO CONPOTHBJEHHSI CHMMETPHYHOro BHOpaTopa. Bxoakoe CONpoOTHBJIEH:He
TOHKOTO HACTPOEHHOTO CHMMETPHYHOTO MOJIYBOJHOBOIO BHGpAaTOpa PaBHO €r0 CONPO
THBJIGHHIO H3IyueHHs Ry=73 OwM, H, cjeLcBaTe/bHO, CONPOTHB/IEHHE HeIyuYeHIHs
YeTBEPTHBOJHOBOrO BEPTHKAJBHOrO MPOBOAA AJHHOR B YeTBEPThb J/IHHEl BOJIHH PaB
Ho 36,5 Om. Bo/iHOBGe conpoTHBJIEHHE 3a3eMJEHHOIO BEPTHKANLHOIO NPOBOlA B
2 pasa MeHblle BOJHOBOrO CONMPOTHBJEHHs CHMMETPHUHGIO BHOGparopa BaBoe 00ib-
me# AJHHB H3 NPOBOJA TAKOrO XKe AHAMETpa,

Brnuaune 3emMHOH NOBEpPXHOCTH Ha TOJe, CO3[aBaeMoe BEDTHKAJbHLIMH H TOpH-
30HTAaNbHHIMH aHTeHHamHd, GyfeT paamiuHbiM., [lsi BepTHKaJbHON aHTEHHH MOjie B
ynaneHHoit Touke M (cm. puc 3.12) y noBepxHOCTH 3eMJAH GyneT ONpenedsThCs
1oJieM, cO31aBaeMbiM caMOf aHTeHHOH, H moJeM OT 3ePKaabHOTC H300paiKeHHd, PH-
YeM paccTOsHHE 7| OT AHTEHHH 10 TOYKH M M paccTosHHE r, OT 3€DPKAJiBHOTG H30-
Gpaxienuss o Toukd M Gyayr oamHakoshiMi BcjeacTsie paseHcTBa nyTeH 1y H 7
M paBeHcTBa (a3 TOKOB BEPTHKANBHON aHTeHHH H ee H3o0paxeHHs noJs, coiia-
BaeMele B TOuke M aHTeHHON H ee 3epKaJbHEIM H3oOpaxendHen, OyIyT cOBlalath
no ¢ade, T. e. CKIAAHBATECA apHdMeTHYecKH B peaysaprare HAnNpAMKEHHOCTb [0.is
y HOBEPXHOCTH 3eM/ad OGymer B 2 pasa GoJblue, YeM HanpsKeEHHOCTb ii0]s1, KOTOpas
6bina Obl co3faHa aHTeHHOH B CBOGOJAHOM NPOCTPAHCTBe MpH OIHHAKOBHIX TOKAX B
aHTeHHAaXx.

Paccyxnaasi anaJoruyHbiM o6pasoMm, moJyuynM, 4TO AJisl TOPH3OHTAJIbHON AHTEHHEH
nose, cosnaBaeMoe B yIAJEHHON TOYKe, y MOBEPXHOCTH 3eMJH 6yIeT paBHO HY.I0.
IelictBUTeIbHO, [0Jis, CO3gaBaeMble BIOJbL NMOBEPXHOCTH 3eMJH AHTEHHOH H €e 3€p
Ka/lbHBIM H300pazenueM, GyayT NPOTHBOMOJIOKHE MO (ha3e BCJAEACTBHE paBeHcTBa
nyTeli OT aHTeHHH /10 paccMaTpHBAeMOH TOYKH H BBHAY TNPOTHBGNGA0XKHOCTH a3
TOKOB TOPH3OHTAJLHON AHTEHHH H ee 3ePKaIbHOrO W306paKeHHs.

OcHoBhIBasich Ha MeTofe 3epPKAJbHBIX H300paeHHH, HETPYAHO VYecTb BJHAHHE
3eMHOM TOBEPXHOCTH HA XxapaKTEPHCTHKH HAMpaBJEHHOCTH aHTeHH Tak, nanpHMep,
[MarpaMma HanpaBJeHHOCTH KOPOTKOTG BePTHKAABHOrO 3asemjeHHoro BubGpaTopa B
MPOCTPAHCTBE HAJ 3eMHO} MOBepXHOCThIO GyZeT HMeThb BHA, NOK43aHHBIH Ha pHc. 3.14.
Takas guarpamma Gymer nas BUGpaTOpa Hag HAealbHO TNPOBOAAIMEH NJIOCKOCTHIO.
Jlna peanbHbIX NPOBOAHMOCTEH MOYBHL MAKCHMYM AHArpaMMbl NOAYYaeTCs MPHNGA-
HATHIM HAaJ TOPH3OHTOM.
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Puc 314, [IlpocrpancTBeHHas
AHACPAMMa HANPaBJEHHOCTH KO-
POTKOi BepTHKAJbHON 3a3eMJIeH-
HOH aHTEHHH

fobeprnoeme Serid

Baiisinie 3eMHOI NOBEPXHOCTH Ha XapaKTePHCTHKY HanpaBJieHHOCTH TOPH3OH-
TanbHOro BHOpaTOpa MOMKHO yuecTb [0 MeTOAy 3epKajbHbiXx H300paxeduit Iopn
30HTAJBHEIE BHOpPATOp, NOABewleHHH! Ha BHICOTE h Hajg 3eMHOH MOBEPXHOCTBIO,
clef) €T 3aMeHHTb CHCTEMOH H3 AByX NnapaJliefibHbiX BHODPATOPOB, HAXOZAUHXCA Hd
paccrosiEMH 2h ¢ TOKaMH B NPOTHBONOJOXKHBIX (aszax Hanpasnenuoe neiicTsHe Ta
KOil aHTeHHOH CHCTEVibI paccMaTpHBaercs HHXKe

3.5. HexoTopbie orpaHH4YeHHs mapamMeTpoB
aHTeHHO-(hHePHBIX YCTPOHCTB

B o6aactH aHTeHHOfl TEXHHKH YCTAHOBJIEHO HECKOJLKO OCHOBHBIX OrpanH-

YeHnH, KOTOpble HeoOXOAHMMO 3HaTh fAJs Gosee rayGOKOro noKUMaHKA paGoTH
aHTEHH H YYHTBLIBATb [IPH CO3J@HHH AHTEHHBIX YCTPOHCTB OITH OrPaHHYeHHH NpPH
CYUH AaHTeHHe Kak ycTpOHCTBY, npeoBpasylolleMy 3JjieKTpHUeckHe KoJeGaHHA B
3/MEKTPOMATHHTHBIE BOJHB 3aech OyAyT YeTbipe OrpPaHHYEHHS, TPH H3 KOTOPHIX CBfA-
34anbl C NOHATHEM NOOPOTHOCTH aHTEHHH

Kak mn3pecTHo, noa Jo6pOTHOCTHIO @RblCOKOHACTOTHO20 pEe30HAHCHO20 KOHTYPA
[IGHHMa10T OTHCUIEHHE DEAKTHBHOH 3SHEPrHH, 3amaceHHO KOHTYpOM, K 3HEpPruH, Ko-
TOpas TepsieTcs B HeM 3a nmepHoa kojeGanHii JJO6pOTHOCTh paBHa OTHOWIEHHIO Pe3o-
HAHCHOM YacTOTH KOHTYpa K IoJoce €ro mponyckaHusa mo yposHio 0,7 no Hanpsxe-
HHIO, WJIH, YTO OAHO H TO ke, no yposio 0,5 mo MourHoCTH

[Top n0GPOTHOCTBIO aHTEHHH TaK:/A4e NOHHMAKT OTHOLIEHHe peaKTHBHOH MOLL-
HOCTH B NOJIE, CO31aBAEMOM @HTEHHOH, K MOIHOCTH, H3JyuyaeMoi €l B NPOCTPAHCTBO
(akTuBHO! MowmocTH) B TOM ciyuae, xoraa MOIHOCTH MOTEPh CPAaBHHMA C H3Jy-
YaeMOH, NPH onpenejeRHH ALOGDOTHOCTH MO aKTHBHOM MOIIHOCTBIO CJeiyeT TNOHH-
MaTh CyMMY MOILHOCTEH H3Jy4eHHS H NOTepb

OnHo M3 orpaHHueHHIi — NPHHIHNHAJILHAS HeBO3MOMKHOCTh BHIIOJHEHHA AHTEHHHI,
OueHp MaJlol MO0 CPaBHEHMIO ¢ AJHHOH BOJKE, HO HMelClleli MOCTATOYHO IMHPO-
ryio mojocy uactoT [Ipenenm ymeHblmendsi pasMepoB aHTEHH OOYCJOBIMBAKTCS
COOTHOIIEHHAMH MEXJy pasmMepamu aHTeHH H JJHHOA BOJHH B OKpyXawileil cpeie
Kak yxe ormesanoch, ec/H pasMep aHTEHHE BO MHOTO Pa3 MeHblle AJHHB BOJHEI,
TO ee CONPOTHBJIEHHE H3JyYehHMs CYeHb MaJO H AJS H3JIyYeHHsl 3HAYMTE.IbHOH Moul-
HGCTH B NPOCTPAHCTBO HEOGXOAMMO, 4TO0n B Heil TMPOXOAHJAH GoOJbluHe TOKH 3ITO
NPHBOAHT K BHICOKOH HAMPSAXKEHHOCTH 3JeKTPHYECKOro (H MarHuTHOro) mnojas B
HENOCPEeACTBEHHOM GMH30CTH OT aHTEHHH (B TAaK Ha3wBaemoil GJHaKHel 30He aHTEH-
Hb)  DHeprdsi, 3aKJOYeHHAss B 3TOH 30He, B OCHOBHOM SBJSIETCS DEaKTHBHOM,
T e. OHa He H3Jyyaercsl B MPOCTPAHCTBO, a BO3BPAIAETCA B HCTOYHHK, MHTAMOUIHA
aTeHHy UeM MeHblle aHTeHHA [O CPAaBHEHHIO C [JHHOH BOJHH, TeM OGosibluie OTHO-
IieHHe PeakTHBHOH MOLLHOCTH K MOIIHOCTH, H3JyyaeMmolf B BHIE 3JEKTPOMATHHTHBIX
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BOJIH B NPOCTPAaHCTBO, H Tem GoJbille ee fobporhoctb. [as oueHb MadblXx aHTEHH
ROGPOTHOCTD, KAK MOKA3HBAEGT TEODHA, MH3MeHsieTcss o6paTHO NpPONOPUHOHANLHO
TPeThell CTEMeHH pasMepa auTeHHH (NMPH YCJAOBHHM, 9TO AJHHA BOJHHL OCTAeTCA MO-
cTOAnHOM). [103TOMY KOpOTKAR aKTEHHAa He MOXET GbiThb LIHPOKONOVIGCHOM

Bropoe orpaiuHuenHe COCTOHT B TOM, 4TO BXOJHOE CONPOTHBJEHHe AHTEHHEL
HEJIb3f TOYHO COrNacoBaTh ¢ JIHHMER nepefaud B [OJIOCe HACTOT C TMOMOLIBKO Peak-
THBHBIX 3JIEMEHTOB (eMKOcTeH H HHIYKTHBHOCTeft)

B 1950 r. P. ®ano nmokasan, 4to Aas 3a1aHHOrO H3MEHeHHS BXOLHOTO COMPO-
THB/IEHHS aHTeHHBl CYUIECTByeT mpelelbHAsd MaKCHMAaJbHAs [10J0ca YacTol, JAJs
KOTOPOR ko3h¢HuHeHT Gerywed BOJHH He HHXKe ONPeAeNeHHOrG npejeia, Jra no-
Joca JOCTHraercs B MAEAJbHOM cJlydae COTJACYIOLIHM YCTDPONCTBGM H3 GECELGHEUHO
GoaIbIOro 9HC/A COrJIACYIOLIHX pPEeaKTHBHBIX 3JEMEHTOB.

[Ipumenenne GOJBIIOrO wHCJAA 3JEMEHTOB HENEHeCOO6pasHO M3-3a TpyaHOCTER
MpH HX HAacTpofike, H IMO3TOMY OGHIYHO OrPaHHYHBAIOTCSA TPEMS DJeMeHTawmH Ha-
CTPOAKH, KOTOpHE 06ecneyHBAlOT YAOBJETBOPHTENbHOE CGI/IacOBAHHE

Tperbe orpaHmueHne, cBA3aHHOe ¢ AOGDOTHOCTLIO aHTEHHbBI, 34KJAOYAETCA B
HEBO3MOMKHOCTH CO3JAHHSI CBePXHANDPaBJEHHOR AHTEHAB ¢ MOCTATOYHO yCTOHYHBHIMH
3JIGKTPHYECKHMH XapPaKTeDHCTHKAMH, [loi C8epxnanpasAeHHOnl QHTEHHON NOHHMAT
aHTeHHY, K0o¢hGhHUHEHT HanpaBJeHHOTO HeHCTBHA KOTOpOH npeBmiuaer KO3 dULHeHT
HanpaBJleHHOro AefiCTBHs TOfl Ke caMOH aHTeHHH NpPH ee paBHOMepHOM BO3By»Kie-
HHH (c OMHHAKOBOH aMMIHTYAOH M (aszoi).

Kak nokaswiBaer TeOpHs CHHTe3a aHTEHH, M0 3aJaHHON AHAarpaMMe HampapJeH-
HOCTH MPH 3aJaHHBIX pa3Mepax aHTeHHbLl TeOpPeTHYeCKH BO3MOXKHO HaAlTH Taxkoe
pacnpeaelreine aMMIHTYAH H ¢a3sl Bo30yMKIaloWero TOKa, MPH KOTOPOM aHTEHHA
co3JjaeT 3a/1aHHYI0 JHAarpaMMy HanpaBjeHHOCTH CKOJb YrGAHO MaJofl IIHPHHE, o6ec-
NEYHBAET CKOJIb YroAno 60abcH KO3GQHUNEHT HANPABJEHHOro NEHCTBHS.

Onunako pist Toro, 4ro6e 00ecneyHTb BLICOKYIO CBEPXHATNpaBJeHHOCTh, He06Xo-
MO, 9TOGB AMNAMTYAH H (a3l NOJS B PACKPLIBE AHTEHHEI H3MEHAJHCh GYEHb
6LHICTPO HAa HHTEpPBAaNax, MHOrO MEHBIUHX AJHHb BOJHH [IpH 3TOM CHABHO BO3pac-
TAOT NPOTAKEHHOCTh OiaHKHefl 30HH AHTGHHH H DEAKTHBHAA MOUIHOCTh B 3TOH
30He H, CIef0BATeJbHO, BO3pacTaer AGODOTHOCTh AHTEHHH, YMEHBLIIAETCS 10JCCA
NpONYCKAHHs, yBENHUHBAIOTCS NOTEPH B MNPOBOAHHKAX H AHSJIELTPHKAX AaHTEHHbI.
BosbliHe TPYAHOCTH BO3HMKAalT H B OOecmedeHHH TOYHOrO pacnpee/eHHs aMIJiH-
TYA W (a3 moiell B packpeiBe, TaK KaKk Aaxe HeGolblude HX HIMEHEHHS NPHBOMAT
K 3HAYHTEJbHRIM H3MEHeHHAM B JHArpaMMe HanpaBJeHHOCTH Bce sto nenaer mpak-
THUECKYI0 peaJH3aLHI0 CBePXHANPABJEHHBIX aHTEHH (B GCOGEHHOCTH i@Jis pasme-
pos 1< (0,5...0,75)A) HepanHOHAJBHOH.

UeTsepToe OrpaHHYEHHE KacdeTcs NOJSPH3ANHOHHEIX XAPAKTePHCTHK aHTERH,
H3JAYYaIIHX BO BCEX HAMpaBJeHHAX, HJH, KAK FOBOPAT, B IHOJHOM TETECHOM YIJ2.
B 1959 r. 6ba0 nokasano, uto Ji6as nepelawlmas aHTEHHa, He HMEKRIAA B CBOeH
IHarpaMme Hanpas/eHHOCTH HAMPABJACHHH ¢ HyJEBHMH NPOBANaMH, CO313eT B Addb-
Hell 30He (NOA PAasJHYHHIMH YIVIAMH) NMOJIS BCeX BHUOB MOJIAPH3ALHI

370 orpaHyyeHHe HeOGXOAHMO YYHTHIBATH MPH MPOEKTHPOBAHHH M CO3JaHMH pa-
AHOCHCTEM MNEpefayd HHOOPMAlHH MEXIy JeTaTeJlbHbIMH aniiapartaMH HAH Memay
JeTaTeNbHEM amnapartoM H 3emaed. EcaM annapar MOXKeT NPOH3BOJNBHO MEHATH
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OpHEHTALHIO, TO J1a)e MNPH YCTAHOBKE Ha HeM BCEHANpaB/JEHHOH Iepenaioulei
aHTeHHBl BCErJla HMeeTcs TaKasd OPHEHTAUMA annapaTa, NpH KOTOPOH Ha BbIXOne
npHeMHOll aHTeHHbl (Hanpumep, wa 3emne) OyaerT HyseBoill CHTHAJ H3-3a TOTO, 4TO
ce nonApH3auHA He OydeT COOTBETCTBOBAThL MOJAPH3AUMH NOJAIOLIEre Ha Hee MOJf,
H3JYYaeMoro nepenawouieli aHTeHHOH.

F7TABA 4.
JIHHEWHBIE AHTEHHDbI

4.1, O0une creneuns

Juneinbimy aHTeHHAMIL HAZKBAIOTCS AHTEHHH!, BLITOJHEHHBIE H3 NPOTSAXKEH-
HBIX TPCBOJIHHKOB (META/VIHUECKHX CTEDXKHeH HIH NPOBOAOB), BAOJAB KOTOPHX HpO-
XOJAT TOKH eblcokeH uacToTel [lpH 3ToM 06byHO TONEpeYHHe pasMepbl NPOBOAHH-
KOB BO MHOrO Pas MEHBIE JJHHB BOJHEL

JluHelHble aHTeHWH W AJMHHBIE OTKPHITHE ABYXNPOBOLHEE JIHHAH HMEIOT DAL
aHaNOrHuHLEX ocobeHHocTell. OHH ABAAIOTCS CHCTEMAMH ¢ pacnpefefeHHRIMH napa-
MeTpaMH, BLOJb KOTOPHIX PACNPOCTPAHAIOTCA 3JEeKTPOMArHHTHHE BOJHH B aunefi-
HEIX aHTEHHdX H [JIHHHBIX OTKPHTHX NBYXNDOBOJAHHX JIHHHAX NPH OTCYTCTBHH
HATPY3KH HAa KOWLIAX MNPOBONOB HMEET MECTO MOITH TOJHOe OTpakeHHe H Ha HHX
yCTaHaBIWBAETCA pEXKHM CcTOA4edl BOMHB, NPH KOTOPOM Ha KOHLAX MNPOBOLOB H
4epe3 KaxI0e UEJOe YHCJI0 TONYBOJNH OT KOHHA HaGMoLaeTci MakCHMyM Hamps
MeHHA W MHWHMYM TokKa. Ecim Ke npoBon JHMHeHHOM AHTEHHE HMEeT Harpyaky,
NpH KOTOPOH CTCYTCTBYET OTPajXKeHHe, TO B HeM, KaK H B JHHHH Nepegav, ycra-
HapuBaercd OGeryulas BoJHa, TakuMm oOpa3om, pachnpenesieHHe HANPSMEHHA H TOKa
B JHHEHHOW aHTeHHe MMeeT TOT e XapakTep, Y¥TO H B JHHHM nepejayn 310 mox-
TBEpIKIALTCSH TeOpHell H IKCHEPHMEHTANBLHHMIMH HabmoleHHAMH B HHMeHepHHIX pac-
4eTAaX AN paclipeleleHHA HANpAKEHHA H TOKAa BJAONE JHHe{lHHIX aMTeHH TO.b-
3YIOTCA METOmaM® pacuera JHHHHA Tmepelayd.

Ilna yMeHbUIEHHA H3JYyYEHHA JHHHH CTPOMATCA YMEHBIUHTh PaccTOSHHE MEXIy
€& NPOBOLAMH, CLeJaB €ro Kak MOMHO MeHbIIHM MO CPABHEHHW C IJHHOA BOJHH
Torna noas H3MyueHWs TOKOB, MPOXCHAUIMX TG 06OHM NPOBOAAM JHHHH, HO Hampas-
JeHHBIX B PasHble cTOPOHH (puc 41,0 M 6), B3aUMHO KOMIEHCHpYIOTEA

Nna ynydwenus 3pQpeKTHBHOCTH H3JIydeHHs aHTEHHH cTpemaTcs obecneyHTh OT-
CYTCTBME TAakOA Komneucauwn u, Gojee TOre, CO3NAlOT TakHe yCNOBHA, 9TOOH H3JTy-
4eHHA OGOHX TPOBOLOB CKJANBIB3JHC.

Hwmeerca noeosbHO MHOre crnocofoB pewleHHA 3TOH 3apayd. 3jech ynoMaHeM
TOJABKO Te H3 HHX, KOTOpHE OBLIYHO NpUMeHAIOTCA:

pasBonsT NPOBOAA NMHTAKOLIeH NIBYXNPOBOAHOHA JIHHHH MON NPAMLIM Yr/OM K He#
u nox yraom 180° ommn k apyromy (puc 4.1,8);

Pa3BoOAAT npoBoAa nuTalmel nBYXNpoBOAHOH JIHHHH NMOX NPAMHM YrJIOM K Hefl
# noa yriaom 90° onun x apyromy (puc. 4.1,2);

OZHH H3 NPOBOAOB THTAlOWeH ABYXnpOBOAHOH JHHHH oTpesawT (puc. 4.1,0);
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Pac 41 TipeoGpa3soBaHue JHHHH TEpelavyd B aHTEHHH

BLIBOAST UEHTPANbHHIH NPOBOLHHK THTAKUIEH KOAKCHANEHON JTWHHH HADYKY,
OTrH6as OIJIETKY B MNpPOTHROMOJOMXKHY'O CTOPDOHY M HardruBas ee Ha xabeab
(puc 41,e),

BHIBOAAT LEFTPAJbHHE NPOBOAHHR KOAKCHATIBHOH JHHHH NMHTAHHE HAL TJTOCKHM
9KPaHOM, TMPHCOEIHHEHHBIM k onJeTke kKabenaa (puc 4 1, x)

JnarpaMmbl HANpPaBJEHHOCTH (o moaiw) MPAMOJIHHEHHBIX NMPOBOAOE CO CTOAYEH
H Gerymeli BoviHaMH TOKa (eciH npeHeOpedb 3aTyxaHHeM) NpHBEAeHH Ha puc 42
W3 Hero crepyer, 4To pacnpefeneHde MHTEHCHBHOCTH NOJS HMEET OCeBYHY CHMMeT
PHIO OTHOCHTETBHO NPOBOAA, a CJAEJOBATEJNBHO, B Kaxk[A0#H NJAOCKOCTH, Npoxondureil
Yyepe3 MNPOBOA (MePHAHMOHAJBHON TJIOCKOCTH), [AHArpamua HanpapJeHHOCTH HMeel
OOHY H Ty Xe (OPMy M CTPOro CHMMETPHYHA OTHOCHTEJbHO MPOBOJA

Broar nmposoza H3jyyeHHe oTcyTcTByeT IJTO oObsfcHSeTcs TeM, 4TO 3JIeMeWTap
Hble BUGDATODH!, H3 KOTOPHIX COCTOHT NMPOBOJ, He H3Jy4aloT BAOJb CBOHX Ocel

OnuHounufi npoBom ¢ Oerymielr BOJHOH ToKa H3TydaeT Tak, 4TO nMarpanmnia
HANpaBJeHHOCTH CHMMETDHYHA OTHOCHTENBHO OCH NPOBONA, T © HMeRT dopmy Tena
BpaumieHHss Bce ee paspesw MIOCKOCTAMH, NPO{CAALIHMH 4Yepe3 ochb TNpoBoga 01H

a° /5%° 35°
- =7A
1=4/2 Gk g
a)
65° B 2°
Puc. 4.2. IlmarpaMmbl Hanpas-
JIEHHOCTH OJHHOYHOTO MNPSIMOJIH-
” 1=k HefHOro NpoBoJa NPH pa3iHy-
1"1/2 =1 HHX €ro JAJHHax:
J) a-—co crosyed BOJHOH Toka: #

Geryule#t BONHOR TOK3
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HAaKOBH M C/Ie0BaTeJbHO, AMArpaMambl BO BCex TJIOCKOCTAN OAHHaKoBb Kpome
TOTQ, K&K H B CJy4Ya€ MPoBOAA CO CTOA4ell BOMHOM TOKA, H3JyuyeHHe BAMWL OCH MpPO
BOIa OTCyTCTBYET

42 dnexkrpuueckue Bubpartopsi

Yame Bcero B TeXHHKe aHTEHH NDHMEHS[OT pa3Be/leHHE IPOBOJOB JHHHH

Ha 180" ppH noHHe Kaxmoro H3 HHX OOBYHO He Gosilee MOJIOBHUHBI JJIHHBI BOJIHBI
B 3ToM ciyuae pacrmpelesieHHe TOKOB H NOTeHUHan 0B Gyler HMETb BHI, NPEICTaB
newHblli Ha puc 43

Kakx BuaHO M3 DHCyHKAa /s JaHHRX pacnpejleeHdfl TOKH B NPOBOAAX HaNpas
Jlews B OJHY CTOPOHY H, CJeJOBaTel]IbHO, H3JyUeHHS OT Ka)KAOro H3 MPOBOAOB GyIyT
(KJ13ALIBATECA B IKBATOPHAJBHOH MJIOCKOCTH XY AHTeHHa TAKOro THINA CHMMETpPHYHA
OTHOCHTENBHO 3TOH IUICCKOCTH Yy M OTHOCHTENbHO ocH z IlosTomMy OHA HasbBaercs
LHMMETPHIHEIM BHOpaTOpOM

Hanps:keHHocts nons (M QHArpaMma HANpPABAEHHOCTH) CMMMETPHYHOro BHOpa
TOpa pAaCHOJOMKEHHOTO B HEQrpaHHYEHHOM CBOGONHOM NPOCTPAHCTBE, MOXeT OHTb
paccyHTaHa mno ¢opmyine

60/, 2=zl \ 2nl
Ep=—]cos ( — oS ﬂ)—— cos (—)J.
rsinf [ A It

rae @ — yroa oTHOCHTEBHO OCH MpOBena, ! — MONOBHHA AJAHEEL BHOpaTopa

PacueTHHe AHAarpaMMbl HaNpapJeHHOCTH CHMMETPHUHBIX BHGPaTOpPOB B 3aBHCH
MOCTH OT Wx ANHHBE npuseseHsl Ha puc 44 Uem anundee BubGpatop (B npene
1ax t<0,625L}, TeM YyiKe Yy Hero JAHarpaMma HampasJeHHOCTH H TeM Goupme KHIL
IpocTpancrBeHnana nuarpavMma HanpaB/€HHOCTH CHMMETPHUHA OTHOCHTEIBHO OCH
BubGpaTopa (ocepas cuMmmerpHa) B nanpabjennn ocH BuGpaTopa H3NydYeHHE OTCYT
cTByeT MakcHMy M H3Ty4YeHHs JIEKHT B 3KBATOPHABHON MiocKocTH BekTop Hanps
AEHHOCTH 3JIEKTPHYECKOro MOTs B NajpHeil 30He MOJSPH30BAaH B MEPH/HOHAJIBHBIX
MT0CKOCTAX  BekTop HanpseHHOCTH MATHHTHOIO MNOTSA NEPNEHAHKYJSAPEH MEepHIHO
HaTBHBIN Tl TOCKOCT SN

AKTHBHAS W PEAKTHBHAN COCTAB/ISICLIHE BXONHOrO CONDPOTHBJEHHS CHMMETPHY
Horo BubpaTtepa W3MEHSIIOTCS B 3aBHCHMOCTH OT OTHOIUEHHS €ro nNwHbl K JUIHHE
BOTHH AKTHEHOE COTNDOTHB/IEHHE SBJISETCH CYMMON CONPOTHBAEHHH H3JIy4eHHA H
noTeps M3 3@ COMPOTHBIAEHHS mposonos puGpatopa (R=R:z-+R,) Conporasienne
H3JYYEHHT BO NHOrO pa3 [PEBOCXOJHT CONPOTHRJIEHHE TOTEPh, H MO3TOMYy Ha
puc 45 npHBefeHbl 3aBHCHUMOCTH Ryx # X, OT ninHb BuGpatopa Oni cBHpertednb
CTBYIOT O Pe30HAHCHBLIX CBOHCTBax BHOpatopa B Tex cayuasx, KOoraa NOJHAA AJHHA
su6patopa (2/) npAMepHO paBHA LEJOMY YHCJy TIOMYBOJH, €r0 PEakTHBHas COCTaB
TA0AS BXOAHOTO CONPOTHBJIEHHA paBHA WyJiO0, a COMNPOTHBJIEHHE H3JyYeHHS HMeer
MaKCHMAEHOE NPH HEYETHOM YHCTe NOJYBOJNH JHOGO MHHHMAJbHOE MPH YETHOM YHCJE
NOJYBOJIH 3HadeHHe B mepBoM ciydyae peaKTHBHOE CONPOTHBJEHHE H3MEHAETCA ¢
VMeHblUeHHeM AJHHBI BOJIHBl OT €MKOCTHOTO XapaKTepa K HHAYKTHBHOMY, T e HMeercH
6osbllIoe CXOACTBO C PE3CHAHCOM B KOHTYPE H3 [OCJEA0BATEILHO BKIIOUEHHBIX
HHAYKTHBHOCTH ¥ eMKOCTH Bo BTOPOM cJy4yae PEAKTHBHOE CONPOTHBJESHHE C YMEHbL-
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Puc. 4.3. Pacnpenenenne Toka Puc 4.4. Juarpammsl Hanpas

HAa CHMMETPHYHHX BHGPaTOan: JA€HHOCTH CHMMETPHYHBIX BHﬁ_Dﬁ'
@ —Ha TNONYyBOJHOBOM BHOparope: TOPOB Pa3JHYHOH JIHHBI:
6 —Ha ONHOBONHOBOM BHGpaTOpe, 1 — anementapHoro ammoas (I[A=0);

NAMHA KaMAOro Naeya KOTOPOro pas- 2 — noaysonnoBoro BHGpaTopa (/A=
Ha [MOJOBHHE IJHHBI BOJHH =0,25); 3 — OOHOBOHOBOro BHOPATO
pa (I/A=0,5): 4 — BuGpaTopa, Kax
Zoe NaeYo KOTOPOro pasHo [=0,6252

Ko, On Xy, ,0n

2000 000 1 ) ]

| zg=aw
1500 500 SR R —
Zp=460 !
1000 0 ~ Ba -
) % I Zg_=.§#&’ %

500 - 500 7 i ; i .\/‘ 7

b - 1000 53 L
&

L ;
05 46 t/A g2 A3 0% 68 CF LA
9 8)

Puc. 4.5. 3aBUCHMOCTb BXOJHOTO CONpPOTHBJEHHA CHMMETPHYHOTO BHOparopa OT ero

OMHHE (B JOJAX AJNHHHE BOJIHH):
a — aKTHBHAA COCTaBAAOWlad: 6 — PeakTHRHAA COCTABAAKOLWARA

S
vy

WeHHeM JJHHEL BOJHB H3MEHSIETCH OT HHIOVKTHBHOrC xapakTepa 0 eMKOCTHOrO,
T. €. C PE30HAHCOM B KOHTYpE, ¥ KOTOPOro HHAYKTHBHOCTE H €MKOCTb BK/IOYEHb! na-
paJIIeNIbHO. :

Caenyer o6paTHTb BHHMaHHe, 4TO 3aBHCHMOCTh aKTHBHON COCTaBJfAOIIEH BXOi-
HOTO CONpPOTHB/AEHHA BUOpaTopa MpU NOCTENOBATEIBHOM PE3OHAHCE H3MEHAercs Gonee
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Puc 46 3aBucuMoctu KoadpdHUHeHTE /
yKOpoueHusa BuOpatopa k& OT oTHolIe- L0 a -
HHA QJHHB BOJHH K LHaMmeTpy: 096
¢ — O0Jf NOJYBOJNHOBOrO CHMMETPHYHOro BH ! // =
Gpatopa; 0 -- ans ®u6GpaTopa, Kaxioe nie 04? ;/ i !
Y0 KOTOPOTO PaBHO MOJIOBHHE IJHHBI BOJ g ’//L o
- 448 — T i
i i 1
X3

H | | | i i J
20 40 100 200 400 1972 10°4 1 10° 200°Afd

NJaBHO, 4eM NpH mapanienpHoM. [Toztomy obecneunTh corsiacoBanHe MOJHHK COMPO-
THBJEHH{ B noJoce YacTOT NpOIle NPH HACTOTAX, OMH3KHX K NOCISA0BATENEHOMY
pesoHancy Kpome TOro, akTHBHAs COCTABASIOWIAN BXONHOTO COTPOTHBNEHHS NpH
TOC/NE10BATENEHOM PE30HAHCE TOUTH He 3aBHCHT OT BOJHOBOTO COTIPOTHBJIEHHS BHO-
paTopa, a TpH mapajyiebHOM pe30HaKce 3aBHCHMOCTb OT HEro JAOCTATOYHO OWY-
THMa. i

TIpakTHduecky, HAnpHMep, AKTHBHAR COCTABJAAOWIAS BXOAHOTO CONPOTHBJEHHS
O4EHb TOHKOTO 10JyBOJHOBOTO CHMMETPHY4HOro BHOGparopa, y xotopore 2/=A/2, npu-
MepHo paBHa Ry=73 Om.

Kak caenyer M3 npHBeIeHHHX Ha PHC. 45 3aBHCHMOCTEd, DeaKTHBHAR COCTaB-
JAIAs BXOAHOrG CONPOTHBJEHHS CHMMETPHYHOrO NOJYBOJIHOBOrO BHGpatopa HMeeT
HHIYKTHBHHIH XapakTep H paBHa X»»=42,50 OM. C ykopouennem BHOpatopa ee 3Ha-
YEeHHEe YMEHBIIAETCHS H DE3cHAaHC HACTYMaeT NpH AJMHHe BH6patopa, MeHbiueil moJo-
BHHBI [JIJHHH BOJHBI.

Has toro 9tobel Ha ocHOBHOH paboueil BONHe BHOPAaTOp HMET YHCTC aKTHBHOE
BXOINHO® CONpOTHBJEHHe, ofecrieydBaiomiee Geryliyw BOJHY B NHTawlleH JHHHH, He-
00X0IHMO ero INJHHY 6paTb HEMHOro MeHpIUeH MOJOBHHBI LJHHH BOJHB B CBOGOI-
HeM npoctpaHctBe. Ha puc. 4.6 npuBezeHbl KpuBBHIE, NO3BOJAIOUIHE ONpeNeNHTb
PE3CHAHCHYI0 N7WHY BUGPATOpa B 3aBHCHMOCTH OT OTHOWIEHHA IJHHH BOJHW K IHa-
MeTpy TpoBonHHka 2i=kA/2 (puc. 4.6, xpusas a) u 2i=k) (puc. 46, kpusasg 6).
[Tpu yxkopouenun BHOPATOpPa A0 DE3OHAHCHOH LJIHHB YMEHBIIAETCH €O CONPOTHBJE-
HHE H3TyYeHHS.

OnHROYHHEIE JHHEWHEIH TIPOBOAHHK, PaclOJIOMKEHHHIH MEepPNeHAHKYJNADPHO HAl Mpo-
BOASIIEH TIOBEPXHOCTEID, HA3pIBAETCA HecHMMETPHYHEIM BHOparopom. [lisi HecHM-
MeTPHYHBIX BHOpPATOPOB TPYIHEE BHIEIRTH ONPENeNeHHblEe XapaKTepHHe BHAbLI CXeM
H KOHCTPYKUHI, TOCKONBKY C Ka)AbIM H3 BHIOB CHMMETPHYHLIX BHOPATOPOB MOMKHO
COTOCTaBHTh HECKONEKO BHIAOB CHMMETPHUHBIX BHOGpaTopos. [lpumep npeobpazosaHus
TOHKOTO CHMMETPHYHOrO BOJHOBOro BHOpatopa naH Ha puc. 4.7, 3mech e H30-
6pakeHbl HECKO.IBKO BHIOB HECHMMETPHYHHIX BHOPATOpOB, ABJIAIOMIHXCA TPOH3BOA-
HHMH OT cHMMeTpuuHoro. CyTb 3toro npeofpasoBaHus CHMMeTPHYHOro BHGpaTopa
B HECHMMETDHYHbBIH $ICHA M3 PHCYHKa H He TpeOyer nOsICHeHHii, HO pacueT TakHX
BHGPAaTOPOB CNOKHEE, YeM CHMMETPHUHBIX.

4.3. AHTEHHBl 1eKaMEeTPGBLIX BOJIH

AHBTeHHb JexaMeTpOBLIX (KOPOTKHX) BOJH B OCHOBHOM MPHMEHAJTHCh H
TTPHMEHSAIOTCH B CHCTEMax palHOCBA3M M painopewiaHHA. THOB aHTEHH, NpHMEHRe-
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Puc 47. Bulb HecHMMeTPHUHHX BHGDPATOPOB, SIBJAIIUHXCA HPOH3BOLHEIMH OT TOH-
KOTO MpsAMOJIHHeHHOTO CHMMETPHYHOrO BHOGpaTOpa:

a — TOHKHH CHMMeTpPHUHBIl BUOGPATOD; 6 — HECHMMeTPHYHBIE BHOpaTOp, pACHCJIOMeHHBIH Han
TIDOBOI{Y{]!].G,“ OAOCKOCTBK), 8 — HeCHMMETpH‘{HHﬂ Bnﬁpamp Hajg NPOBONFIIHM NHCKOM HIH 3KDa
HOM Kako# nu6o apyroil dopmbl; ¢ — HeCHMMeTPHUYHBIH BHGPATOD € NPOBOJOYHBIM JYUEBHIM
NpoTHBOBECOM, J — HECHMMeTPHYHBIH BHOGPATOpP Ha MOABHKHOM O6bEKTE

MBHIX B 3TOM [HANA30HE BOJH, ONMPEAENSIOTCA YCTOBHAMH DAcnpoCTpaHeHHs, Tpedye
MO NaJTbHOCTBIO CBSI3H, PACMOJIOKEHHEM KOPPECHOHNEHTOB H T. X

HDunons Hanenewro, lllupoxoe npHMeHeHHe NOJIYYHAA UIHPOKONOJIOCHAS NPCRO-
JIoUHAsl AHTEHHA B BHAE CHMMETPHUHOro BHGPaTOpa, BEHINOJHEHHOTO H3 HECKOTBKHX
NPOBOMIOB, PACMONOKEHHHX Mo o6pasylouuM UHAHHAPA. KOHCTPYRUHA aQHTEHHHB Mo-
KasaHa Ha puc 4.8,@4 Ira aHTeHHa Oumna npemsoxewa C M Hanewenxo B 1938 r

JlnarpaMma HamnpaBAeHHOCTH 3TOfi AHTEHHL!, MOJAYYHBINEH Ha3BaHHe «NIIO/IA
Hapenenko», Takas e, KAk y TOHKOro BHOpaTopa, HO 1010ca YACTOT 3HAYHTETLHO

14 {
D .
S

=~
e

a) d)

Puc 4.8. llupoxonoJocHbie (HMMETPHUHBIE BHOPATOPH:
a — nunonb HaneHeHXo, 6—UI!1[10K0[!0.}10€HHH BHGPETOD C HHIYKTHBHBIM LWYHTOM
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lmupe, JT10 oObACHAETCA TeM, 4TO BOJHOBGE COMPOTHBJEHUE TAKOTO MNpoBOJA0YHOTO
INHIHHOAPHYECKOI O BHEipa'ropa MEHbIlNE, 4YEeM Yy aHﬁpampa H3 OOHHOYHOrN MNpoOBONA
Hpn YyHCAe NPOBOLOB 6GOJNbLIE HIECTH €ro BOJIHOBOE COMPOTHBJEHHE NOYTH TAKOEC XKE,
KdagK y CIICLHHOroe u;mmmpa 3KBHBAMEHTHOrO pajgHyca:

Bu-lQO[!n — »1)]

sy ‘

Tle l'f—'n.lmua OLHOTO TNeya BHOPATOPa; asx=R"Ynr/R — SKBHBATEHTHBIH pannyc
BHGpaTopa; R — palmMyc UHJIMHADPHYECKOH NOBEPXHOCTH, 0O6pa3oBaHHON MPOBONAMH,
N — YKC0 NPOBOIOB; + — PaiHyC NPOBOAA.

Nunonp Hapenenko umeer B 2—3 pasa MeHbllee BOJHOBOE CONMPOTHBJEHHE, Yen
BuOpatop w3 onuHoyHoro npoBoza Od xopomo (yHKuHOHHpyeT GoJes geM B OBY-
KpaTHOM nkanasoHe BoaH. KoadguuMeHT Geryiueii BOJHBI B (HIepe ¢ BOJIHOBHIL
conpotusiacHiemM 200 Om uMeer 3HaueHHs, npesHImawuie 0,4 B 1HanasoHe BOJH,
nexameM = npenenax 3,3[>3>1.751.

Ecnu punois HapeHeHkO HMeeT HHIYKTHBHEIA INyHT (puc. 4.8,6), 10 gHanason
ero paciuHpfAeTca B CTOpoHy GoJslee NJHHHBIX BOJH.

Ilns yayymienust cOrJiacOBAHHSA AHMOJAS ¢ (HAEPOM €MKOCTb EOJH3N MECTA €ro
NMONKNIOUEHHS YMEHELHIeHa TMOCTENEeHHLIM YMeHblIeHHeM pajHyca CHCTeMH [POBOLOB
C MOMOLIbIO KOHHYECKOrO Tepexofa. YMeHbllleHHe paauyca le1ecoo6pa3Ho HaYHHAThL C
paccroanHa 3.5 M OT cepelHHb BHOpATOpa.

Bu6parop nojsemnBaetcs uepe3 KOHIEBHE H30JSTOPH HAa NOANEPIKHBAIOMINK
Tpocax. B cepexuHy BHOpaTopa nis pasmenesHs ofeHX ero NMOJOBHH BKIIOYEH H30
aarop. Urobu H30A9TOPH He yXYALIAJH [HANA30HHBIE XapPaKTePHCTHKH NHIONS, OHU
AOJI3KHB HMETh MaJyK eMKOCTh. [I03TOMY MPHMEHSIOT NaJIOYHBE H3OJSTOPHI,

lllupokononocHeiii maockuii BuGpPatop. B asaekTpoouHaMuKe H3BECTEH MPHHIHI
JONOMHATENBHOCTH, COPIACHO KOTOPOMY [Be CTPYKTYDH, BHINOMHEHHble H3 6acko-
HEYHO TOHKHX NPOBOASUIHX JMHCTOB, HA3BIBAIOTCH NOTOJHHTEJNbHBIMH, €CTH HAMOMKEH
Hble O1HA Ha JAPYrylo OHH 1awT GecKOoHeuHeli mpopoasiuuii nucr. TIpHaepor Taxux
JOMONHATEILHEX CTPYKTYP SBJSIOTCS LIeJIEBOH HW3JydaTedb M MeTaJJHYecKHil mao-
ckHi BHOpaTop (pHc. 4.9). BXomHble CONPOTHBJEHHS Y TaKHX INOMOJHHTENBbHHIX
CTPYKTYP MONYHHAKTCA ONpene]eHHOH 3aKOHOMEPHOCTH — NPOH3BENEHHE HX BXOTHHIX
CONPOTHBNEHH{T paBHO KBanpaTy MOJOBHHB BOJHOBOrO CONPOTHBJAEHHS BaKyyMa
Z1Z>= (60m)".

Ha puc. 4.10 mpeacTapjeHb CaMONOMOJIHHTENIBHBIE CIPYKTYpBl, BBEeleHHHE B
1946 r. anrauuanndoM bBykkepom OHHM BHNOJHEHH H3 TPOBOAAIHX MJOCKOCTEH
6ecKOHeYHO!H NPOTAXKEHHOCTH, H OTBEPCTHS B HHX MMEIOT Te Xe (QOpMH H pa3Mephl,
uro M JAMCTH. [IpH MHTAHHH 3THX CTPYKTYp B BepUIHHAX HX YrJOB B COOTBETCTBHH
C MPHUHIHIOM [OMNOJHHTETHHOCTH BXONHOC COMPOTHRJAeHHe 6Gyner Zs,=60m, Owm.

[lpakTHYecKH AHTEHHBI HEBO3MOXKHC BLINOJHHTbL OECKOHEYHO NPOTAMKEHHBIM!
[MpHHUHN NOTMOJHHTETBHOCTH TAKXEe Hapyllaercs B MECTe MOonBofa JHHHH NHTaHHA.
Tem He »eHee aHTeHHBI, BHINONHEHHBIE W3 CeTH NPOBONOB, ofaanaioT nomonnumm
BXOJ/IHBIN CONpPOTHBJIEHHEM B IIKPOKOHA MnoJoce 4acTof.

Ha puc. 4.11,a Aan npuMep BBINOJNHEHHY ILHHPOKOINOJOCHOTO INIOCKOro BHOpa-
TOpa, NOCTPOGHHOrO B COOTBETCTBHH ¢ HPHHUHIOM CaMOLOMONHHTenbHocTH. [lieuu

4.
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Puc. 49. Ionoasutenpune Puc. 4 10. CaMOZONONHUTENBHBIE CTPYKTY-
CTPYKTYPH: pH.
a — mwenesol H3Tywateab, 0O — a — cnypanbHadA; 6 — cexTopHas
MeTaJNHIeCKHA miockuft sBHGpa
TOD
0/ A wgy
: Ry Xy o On '
h &0
. W - 07
=Y\
3 200 ; \ 09
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S - - Ml Mo 0 O M ) % ¢
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a) d)

Puc. 411 IIupokononocHE cHMMETPHIHHE TOPH3OHTANBMHE BHSPATOP.
@ — KOHCLTPDYKTHBHOE HCMOMHEHHE, 6 — INEKTPHYECKHE XADAKTEDHCTHKH

BHOPATOPAa COENMHEHH TEPEMBIYKAMH, KOTOpPHE COBMECTHO C GCKOBHMH IPOBOAANM
o6pa3ylot wenesoil Bu6paTop, mMo pasMepaM M reoMETPHUECKOH (OpME paBHHH Tpo
BosjouHoMy Ilonepeynas npoBONOYHAS MEPEMEINKA Wa Ka)oAM H3 njed BHGpaToOpos
npeaHa3HayeHa AJA BHIPABHHRAHHA TNOTEHUHANOB COCEIHHX NPOBONOB H BO3HHKHO
BEHHS PE3OHAHCHEIA HABJEHHH B OTZGNbLHBIX MNPOBOLAX, M3 KOTOPHIX BHIMOJHEH
subpatop. Ha puc 4 11,6 noka3saksl pe3yJbTaThl H3MePeHH! BXONHBIX CONPOTHBJIE
HHH TpH AMpHe nreda Bubpatopa 4.8 M H ko3pduuvenT Geryweft BOJHE B ¢HAEDE
¢ BOnHOBHIM conpotuBieHuem 200 Owm. Kak BuaxHo u3 rpadukos, Kee Bbiue 0.5
B TPEXKDPaTHOM NIHaNa30He PaluOBOJH.

Beprukanshbie Bu6paTopn. B KOpPOTKOBOJHOBOM AHANA3OHE BOMH Y4CTO IR
nepenayd K TPHEMa HCNOJL3YIOT BepPTHKAJbHBIE CHMMETPHYHBIE H HECHMMETPHUHbIE
subparopu. Ha-3a nontiofl ocepoll cUMMeTpHH BepTHKa/NbHEHE BHOPAaTOphH HMEICT KpY-
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FOBYI0 AHACPAMMY B TODH3CHTaJbHOH MJIOCKOGCTH, B BEPTHKAJIbHOH TJIOCKOCTH AHA-
rpaMma HanpasJIEHHOCTH NPH TOH e BLICOTE NMOABeca CHJbHee «TPHXKATa» K 3emJe,
yeM QHArpaMma ropH3oHTajsHoro pu6paropa.

BeprHkagbHue BHOPATOPH CO3MAKT B MNPOCTPAHCTBE BepPTHKAABHO NOJASPH30-
BAaHHYI0 BOJIHY, DACNPOCTPAHSIOWIYIOCH HE TOJbKO INPOCTPAHCTBEHHOH (HOHOCOHEp-
HOH), HO I TIOBEPXHGCTHOH BOJHOMN, T. e. BOJHOH, pacnpocTpaudiomedics BAGIL 3eMJH,
ofecneyuBaoileit cBsab ¢ GAH3KOpACHONOMEHHHMH KoppecnongeHTamu. Caeayer or-
METHTh, YTO TIPHeM Ha BepTHKa/JbHbHIH BHOpPATop H3-3a NpHX0Ja TOBEPXHOCTHOH
BOJIHE HCKaXkaercs MECTHBIMH INOMexaMH, NPUXOAALIHMH K BHOpatopy B Buie no-
BEDPXHOCTHHIX BOJH. Kpome Toro, y BepTHKaJIbHHX BHODATODOB MNOTEPH B 3EMHOA
MOBEPXHGCTH 60JIbIIE, YeM Y TOPH30HTAJbHHX.

BeprukanbHbie BHOpPATOPBl NPH HCHO/B30BAHHH B INHPOKOM [Hama3oHe BOJH,
KaK H [OPH30HTa/IbHEE BHOPATOPH, BBINOJHAKTCH ¢ MOHHXKEHHHIM BOJNHOBBIM COMPO-
THBJEHHeM. KneeTcs MHOKeCTBO BapHAHTGB KOHCTPYKUHH TakHX BHGPATOPOB (CM.
IMpunckenne 3).

JliiHellHble ocTpoHanpaB/ienHble awTenHul. [isi nosyderuss Goaswinx KHI an-
TEHHY COCTaBJAJNH H3 GONBLIGIO UHC/AA NOJYBOVIHOBHX H/H GAHOBOJHOBHX BHODaTO-
poB, nuraemhix cHHdasHo. B stom caysae ouaepHas cherema Gblna CI0KHOA H
Hy#kjanack B TIIATeNbHOH peryianpoBke. [losToMy pasBHTHE OCTpPOHATpaBJeHHBIX
KOPOTKOBOJIHOBBIX 2HTEHH IO TaKXKe N0 NMyTH pa3palOTKM aHTEHH B BHOe KOMOH-
HAalHH H3 MaJoro 4ucjia AJHHHBIX NPOBOJOB.

KcHueHTpauns SHEPrHH B TODH3OHTAJEHOM IJIOCCKOCTH A7 BOJIHHE, [OJISPH30-
BAHHOH TIOPH3OHTaNBHO, GeiMa ocyuiectBieHa M. A. Bonu-Bpyeswuem u B. B. Tara-
PHHOBRIM ¢ MOMOIIBI TODH3OHTAJILHOM OJHOSTAXKHGH aHTeHHB, COCTOABLIEH H3
YETHIPEX TGPH3OHTAJbHLIX BHOGPATOPOB, BKJIOYEHHEIX TNOCJENOBATENBHO C OTPE3KaAMH
ABYXMPOBOAHHX JHHHH, MOACTPOfika KOTOPHX MPOH3BOAMIACH TOABHKHBIMH KOPOT-
KO3aMHIKAIOWHMH nepeMbigkaMu. [linHa BubGpaTOpoB paBHA I10JIOBHHE [JIHHBEI BOJIHBI,
a JAJHHa OTPE3KOB JIMHHH [0 TMNepPeMBIYKH — YeTBePTH AJKHKH BOJHH. Hacrtpofika
JAHHHY [HTAHHS NPOH3BOJHJACH C TIOMOIBIO HHAYKTHBHOCTH. (C3aAu aHTeHHH OHLIO
PacrnojloskeHo NacCHBHOE 3epKaJjo, cxeMa KoToporo H3obpaxeHa Ha pue. 4.12. ITepe-
MElleHHe KOPOTKO3aMHKAIOUWHX MNepeMBYeK MNO3BOJIAN0 H3IMEHATL pabodylo AJAHHY
BO/IHBE AHTEHHH HAa HECKOJIbKO NPOIEHTOB. [lnf H3MEHeHHs HAacTPOKH B NpefeJax
HECKOJILKHX JecfiTKOB MpPOLEHTOB MpOBOJA aHTeHHBl H 3epkana OuJiH cHabXeHH
COEHHHATENbHBIMH My(TaMH H HACTAaBHEIMH -KOHLLAMH BHODATOPOB H KOPOTKO3aMKHY-
THX OTPE3KOB JHHHHA (wJeHdos).

MoXHO H3 ORHOro NpPOBOAA, BO3GYKAEHHOro CTOXYEH BOJHOH TOKa, CO34aTh
cHcTeMy cHH(QAa3HEX BHODaTOpOB, CBODAUHBAS KAaXKAYIO 4ETHYK MNOAYBOJIHY B Ka-
Tymky. CBepHYyThie B KATYWIKH YeTHEHe MOJYBOJIHOBbiE YYacTKH MPOBOJA He H3jyya-
10T, a4 HeyeTHbe, TaK KakK TOKH B HHX cHHGAa3HbI, H3/1y4alOT B HaNpaBJleHHH, MepIeH-
JHKYJISSPHOM IIOCKOCTH AHTEHHB. AHTeHHBI T4KOrO THNA ¢ BEePTHKaJbHO HOLBElleH-
HEIMH MpPOBOJaMu HCnojb3oBanaHck I, MapkoHnu pis cBs3H.

Ha pue. 4.13 riokasaHo pacnpefe/enHe TOKa W MOTelIMana HA OXHOH H3 ceKuUHH
aHTeHHH. B cBfi3n ¢ TPYAHOCTAMH, BO3HHKABIIHMH NPH HACTPCHKe KaTylIer, oOHYHO
CrpaHHYHBAJIHCh TPeMfA 3TaxKaMH BHOPATOPOB.
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Puc, 4.12. OnnosTaxHasi ropH3OHTaJbHas ; i ; §

CHH@HSHQE aHTEeHHa Ta‘rapm{oaa

Pue. 4 13. Cexuns HanpaBNeHHOH aHTEHHH

B nociepyiouiHe roabl KaTyWKH ObliW 3aMeHeHhl YeTBEPTLBOJIHOBRIMH ILIIEli-
(amMH, TAKHMH, Kakve Obliu npuMexeHni B B TarapHHOBbIM B OZHO3TAMKHBIX rOpH-
30H14JbHEX dHTEHHaX,

Pombuueckass aHTeHHA. JTo JuHelHas aHTeHHa BLICOKOH HAanpaBledHOCTH C Ma
JBIM YHCJOM H3/yYaOIHX 3JeMeHTOB H mpocTofl cucremol mHTanHs. Ona npencTas-
asger cobofi AAHHHYIO ABYXNPOBOAHYIO JIHHHIO, NpPOBOAA KOTOpOIl pacxoastcs OT
BXo@a, a moioM, obpaays pomG, cxoaATcs, 3aMLIKasChb HAa AKTHBHOE CONPOTHBIEHHE,
paBHOe BOJIHOBOMY CONPOTHBJAeHHK JNihkk (puc 4.14). Hecmorpsa ma 710, uTO Ha-
npsixKedte NUTAHHsA TOABOAMICS K [ABYM NPOBOAAM, TaKk KaK OHM H3OIHYTEH, KaxK-
Kas cTropoHa poM6a sABNAeTCS OTAEJAbHBIM H3IyyawoluM 31eMenTom Hanpasaenue
MAKCHMANBHOTO H3MydeHHA 3aBHCHT OT OTHOIIEHHS JJIHHEI MPOBOJA K JJHHE BOJHH
{cm. puc. 4.2,6). IlpoBoga ¢ GeryluHMH BOJHAMH PACNOJAralpt 1ak, Yro0el BaOJib
Gosbuioit ocu pomba HampaB/eHHS MAKCHMAJbHOTO H3JyYeHHs BceX [POBOAOB CO-
BMajadi } MOJS TPOBOJAOB CKJIAAbIBANHCh. PesynbTHpylOas AHarpaMma Hampas-
JIEHHOCTH BCEX 4eTHPEX TpPOBOAOB HMeeT BHA, NpeicTaBJeHHbii HAa puc 4 15. 31ech
JUTHHA KaxA0H H3 CTOpPUH aHTEHHH pAaBHA YeTHIpeM AJHHAM CPelIHEll BOJHBI 1Hana-

1

Puc. 4.14. PomGuyeckas aHTeHHa H3 OJHHOYHHX MPOBOAOB
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Puc 4.15. [lnarpaMma HanpaB/ieHHOCTH Puc. 4.16. Cornytag pomOHYeckKas aH-
B TOPH3OHTAJ/IbHOH MJOCKOCTH pPOMOH- TEeHHA
YeCKOH aHTeHHE

30H&, YroJl MeM1y cropoHamu pomba pasen 130" i BeicOTA noxBeca Hajg 3eMHOI
MOBEPXHOCTBIO pABHA JJIHHe cpeAHedl BoJHBL. Jlnmarpamma g BepTHKA4MLHOA MJ0-
CKOCTH 33BHCHT Heé TO/IbKO OT AJIKHEI NMPOBOJOB H Yria MeXAy HHMH, HO TaKKe H
OT BHICOTH TOIBECa NPOBOAOB aHTeHHb, HanpaB/jeHHe MaKCHMAJBHOTO HIAYUEHHS
B BePTHKAJbHON MJIOCKOCTH BHOHPaeTcss HCXOIs M3 AadbHOCTH Tpacchl Tax, Hampu-
Mep, g paccroftuii okoio 1000 Km yroJ BO3BHINEHHA AHATPaMMBl OBHIUHO OpH-
HuMaeTcs pasHbin 30, a aas Tpace, 6oawmmux 2000 kM, 15° u MeHnle,

Poumbuueckile aHTEHHEI HAXOAST WHPOKOE HPHUMEHEHHe HA TDHEMHHX M mepe-
J4OWHX KOPOTKOBOMHGBBIX paJHOUEHTPax, Tak KaK OHH 0e3 peryJiHpOBOK H Ha-
Cipoek pafOoTAalT B OYEHb WIHPOKOL AHAA30HE DALMGBONH, [POCTE 10 KOHCTPYKILHH
H HMEKT [0CTaTOYHO BBICOKYIO HANPABJCHHOCTb. Mi OCHGBHBIMH HEAGCTATKAMM
cllelyeT cuHTaTh 60JBIIOE YHC/IO, BLICOKHH YPOBEHb GOKGBHIX JEMECTKOB H CPaBHH-
TeJlkHO GOJIBIIYI0 TLI0ILAlb, 3aHHMAEMYIO 4HTEHHOH, 4TO MNPHBOAWT NAS FPYMHHEX
PaAHOUEHTPOB K yBe/lHUYEHHIO 3aHHMAaeMOf HMH [IOLIA4H.

Ilns cHMKeHHS CTOMMOCTH poMmOudeckux aHieHH Oblic nperioxedo B. C. HIkoaw
HiEKOBbIM H 0. A, MHTATHHLIM YMEHBLUIHThL YHCJIO MAUT € Yerhipex A0 AByX. Jlas
3TOr0, B OTJAHYHE OT OOBLIYHHX DPOMOHYECKHX aHTEHH, HX OCTpble yiJibl ONyCKaioics
10 HECKOJbKHX METPOB Haj 3eMiedl. B ocTpblx yIJIaXx NOpPGrocTOsiiHe MAUTH 3aMe-
HsiloTesl ctonbamu BeicoTol 5.6 M (puc. 4.16).

KopoTkososinoBas anTeHHa GeryumeH BOJHb. AHTeHHa Geryilell BOJHE Tp#Me-
HSeTCA TOJNBKQ 1JIsl NpHEMa PaiHOBONH [eKTaMeTpoBOra iHariazoHa. OHa mnpeacrtas-
aser co60f NJHHHYIO ABYXNPOBOJHYIO JIHHHIO, K KOTOPGH Ha GAMHAKOBHIX PaccTod-
HHAX TPHCOENMHEHEI CHMMETpHYHbie BHOpatopw (puc 4 17). JIMHHA HarpymeHa Ha
AKTHBHOE COMNpOTHBJEHHE, PABHOe ee BOJHOBOMY CONpOTHBMAeHHo, PaccTosHsa Mexay
BHOpaTOpaMH He MNPEBOCXOMAT OAHOH BOCHMOH JiHHBI CaMOH KOPOTKOH K3 patoyux
BG/IH aHTeHHb. B nepsbix BapHaHTax aHTeHHbl, onhcanHoii Besepeamem wu IleTep-
coiom B 1931 r., BHOPaTOpbl BRAWYAJHCh UYepe3 KGHIEHCATOPEl MaJjiofi eMKOCTH
B nanpHefimeM B KadyecTBe 3JeMEHTOB CES3H BHOPAaTOPOR C JIHHKER HCNOJB3OBAJKCH
TaK#ke AKTHBHBIE CONPOTHBJ/ICHHS.

TprxoAsimas K aHTeHHC 3/eKTPOMATHHTHAs# BOJIHA HABOLMT B BuGpaTopax 3L,
KOTOpHEe uepe3 eMKOCTH HJH CONPOTHBIAEHHS CBS3H N0A2IGTcAd Ha CcOGHpaTelpHyR
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Puc 417 Cxema anteHHm 6eryiiedi BoJilb

JIHHHIO. Pa3oBbie cABHTH Mexny 3IJIC, Bo3GyXKA2eMHMH MewIy CoceaHHMH BHGpa
TOpPamH, 3aBHCAT OT HANpaBJeHds NpHXoAa BoaHL Kaxpas w3 3/1C so3byxnaer
ABe BOJHBl TOKa B JHHUH, PacnpocTPaHMOLIHECH B IPOTHBOMOJOMKHBIX Hamnpasle
HuaX OnHa M3 HHXA PACHPOCTPAHSIeTCH B CTOPGHY IOMVIOMLAIOWIETO COMPOTHBACHKH,
a BTOpas — B CTOPOHY NpHEMHHka BOJHHI, pacnpocTpaHsiowidecs B CTOPOHY COria
COBAHHOIO ¢ 4HTeHHOR mpHeMHHKa HJAH ¢hlepa, BeAyLIEro K NPHEMHHKY, TaKike
NOrAGTATCA BO BXOQHOM CONPOTHB/IEnHH NPHEMHHKA, T € CG3LAaAyT HA €ro BACIE
NoNE3H0e HaNpsKeHHe

B rex caywasx, xorja enarenbHo yseanurTs KHJL H MOXHO yMEeHBIIHTH LM
PHHY [NHarpamMMbl HanpaB/AeHHOCTH, MPHMEHAIOT cHH(pasHoe (DapajielbHoe) BhJIO
4eHne ABYX aHTeHH Oeryiuefi BOTHh Ha OAHH npHeMHuk (cm pHc ¢ 18)

IGCTOHHCTBAMH aHTeHH Geryuieil BOJIHBI SIBASIGTCH MAJH ) poBeHb GOKOBHX
JETIECTKOB H NOCTATOYHAS IIHPOKONOAGCHOCTH K ee HeAOCTaThaM CleAyeT OTHECTH
manuit KITI, a takme cJAGKHOCT yCTPOACTBA H TPYNHOCTH B SKCAyaTalHH

5357370750
/\
A
Budpamaser

Prc 418, JckH3 aHreHHbl Geryileil BOJIHH, COCTOAINel H3 ABYX MapasJesbHO BKJIO-
YeHHBIX aHTEHH
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Muorokpatsoe ucnojb3oBande anteHd. OGLluRO Nepeflalollie CTAHUHM, TpeaHa-
3HaYeHHBle 1A CBA3H WJIH Bellandd, oGbeqHHSIOTCH B eIHHBI KOMIJIEKC, Ha3biBae-
Mbifi nepejaicmuM paauouenTpoM, On Brmouaer B cebs 34aHHS, B KOTOPHX pas-
MelleHb MepelalollHe YCTpoficTBa, 3JAeKTPOCHI0BOe 060pyAOBaHHe H AHTEHHOE noJe,
Ha KOTOPOM yCTaHaB.HBAIOTCA AHTEHHbIE YCTPOHCTBA H NHTAKIIHE HX (HAepHbIE
JIMHHH. AHAIOTHYHO O6BEIUHSIOTCA H TPHEMHBIE CTAHUHH B NPHEMHbIT PaLHOLEHTP.
TTaomanu, 3anuMaemble KpyNHBIMH PajHOLEHTPAMH, NOBOJLHO 3HAYATENBHB, H T4K
KaK aHTeHHH AOJKHBE PacliofiaraThCsi TakHM 00pa3oM, uTolbl He BJHSTL OZHA HA
APYTYI0, TO H caAMH AHTEHHBl 3aHHMAOT AOCTATOUHO GOJMBUIYI NJOULAAB.

TIpH MHOrOKpaTHOM HCMOJIL3OBAHHH AHTEHH MNPUMEHSIOT KaK MapaisiesbHylo pa-
GOTY HECKOJbKMX MepelaTYHKOB HJH MDHEMHHKOB Ha OZHY aHTEHHY ¢ [PHMEpHO
ONHMHAKOBOH /IS HHX JAHAarpaMMoii HanpaBJeHHOCTH ¢ TIJaBHHIM MaKCHMYMOM B
O7HOM H TOM e HanpaBJieHHH, Tak H NapajjenbHylo paboTy nepeiaTuHKOB HJH
NPHCMHHKOB HA OJHY AHTEHHy, 0GECHEUHBANOULYIO, B OTJHUHE OT MEPBO, (OPMHPO-
BaHHe pA3NHYHBIX JHArpaMM (C pasiTHYHLIM HanpaBJeHHeM TIJIABHOTO MaKCHMyMa)
JJIS pasHBIX yactoT. Bosee TOro, 3TM AHArpaMMBl MOXKHO CIeNaTh YNPABJISEMBIMH.

4.4, AHTeHHbl TeKTAMETPOBbIX, KHJIOMETPOBLIX H
MHPHAMETPOBLIX BOJIH

IToBepxXHOCTH 3eMJIH AJs BOJNH 3THX [HAaNa30HOB fABJISETCS XOPOIWIHM Mpo-
BoaHuKOM. [103TOMy rOpH3OHTANLHO NOJMADHIOBAHHOE IEKTPHYECKOE NOJE NpH ma-
JeHUH BOJHH Ha I[IOBeDPXHOCTb 3eMJH OTpa)kaeTcd C BHICOKHM Koo(hdHuHeHTOM
OTpaxKeHHs H MPAKTHYeCKH ¢ mosopoToMm (asel Ha 180°. B peayabrarte BOJH3H TOBepX-
HOCTH 3eMJH rOpH3OHTa/bHOe moje MaJsto, HaoGopor, BepTHKAJILHO MOJNAPH3OBAHHOE
3JIEKTPHYECKOE [10Jie pacnpocTpaHseTcss BAOJb MOBEPXHOCTH 3eMJH, a MpPH najeHHH
Ha Hee HOHoc(hepHOH BOJVIHH, OTpaxascCh, He YMeHpIIaeTcsd, a YBeJHYHBAETCH MO
aMmmanryse. [lostoMy Ha 3STHX [HANA30HAX TNPHMEHSIOT BEPTHKAJABbHYIO WOJSPH-
3aIHIo, ’

Ilepsble aHTEHHB B BHAe HECHMMETPHYHHIX BHEPAaTOpPOB ObITH NpHMEHEHH
A. C. TlonoswM. [ajbHefiltee WX COBepIIEHCTBOBaHHe WG NO HYTH YJAyYIIEHHS
JHEePreTHIeCKHX XapaKTCPHCTHK: MNOBBIUGHHS AefCTBYHOWEH BLHICOTHl, YBEJHYEHHS
conpoTHBaeHHs HanyyeHus, nosuruenus KITI, ymenbluenHs norepbh B 3emie H T. I

B xauecTBe mepefalouInX aHTeHH B OCHOBHOM TPHMEHSIOTCS BepTHKalbHble He-
CHMMCTPHYHEIE 3VIEKTpHYeckHe BHOpaTOpL, COJAAILHe BAOJAb 3eMJIH BEPTHKaJbHO
NoJsPH30BAHHLIE BOJIHBL.

CoBeplueHCTBOBAaHHE aHTEHH LIJO IO MYTH YBeJHYEHHS HX TFeOMeTPHYeCKOH BbI-
coThl, poxoaupieii mo 300 M, BHIDABHMBAHHA pacNpefesleHHs TOKAa NOAKIOUeHHEeM
K BePTHKAJbHOMY 1IPOBOAY TODH3OHTAJbHOH 9eCTH H BHIMOJHEHHA NOJOTHAZ aHTEHHB
M3 HeckoAbkaX NpoBoRoB. IlocilelHee BHI3BaHO CTpeMJIeHHEM YMelbIUHTL BOJIHOBOE
COMPOTHB/IEHHE aHTEHHB H 3THM YBeJHMYHTL Ce IOJIOCY NMPOMYCKaHH#, a TakkKe yMeHb-
WIHTbh HampsaKeHHe Ha MPOBOJAX AHTEHHB, KOTOPOE MpPH GOJLIIHX MOL[HOCTAX nepe-
JATUHKA MOXKET NPHBOJAHTL K BHICOKOYACTOTHOMY pa3psay Ha nposojax (xopoHe).

Ins yBeJauueHHsi OCHOBHON DPe30HAHCHOH BOJMHBI TPHM JONYCTHMOM BhiCOTe aH-
TeHHbl HA JJIHHHEIX H CBePXAJHMHHBIX BOJIHAX NMPHMEHSIOTCS HECHMMETPHYHLIE 3a3eM-
JieHHple BHOPATOPLI, MPEHMYILIECTBEHHO CJIENYIOIHX THIIOB!
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Puc. 4.19. OcHOBHBIE THNMH AJHHHOBOJHOBHX NEpejalOlUX AHTEHH:

a — I'-o6pasnas; 6 — T-obpasHas; 6 — 30HTHUHAsA; 2 — [l-o6pasHasn; & — aHTEHHA C HECKOJbKH-
MH CHMIKeHHsMH (aHTeHHa AJNeKcaHAepceHa); e — anTeHHa-Madra

I'-oGpassas aH1eHHa, COCTOAIIAS H3 BEPTHKAJILHON uyacTH (CHHUIKEHHS) H TrOpH-
30HTAJILHON YACTH, YBEJHUHBAIOUWIEH DE3CHAHCHYIO BOJHY AHTEHHH H NpPHBOASALIYIO,
Kak GyleT MOKa3aHo jAajblle, K GOjlee paBHOMEPHOMY pacnpelefieHHIO TOKA HA CHH-
JKeHHH, SBJSIOUIEMCA OCHOBHOM H3Nydarmouiei yacTelo aHTeHHw (puc. 419,a);

T-o6pazHas aHTeHHa, cocTosulas, Kak H I'-o6pasHas aHTeHHA, H3 CHHXKEHHA H
FOPH3OHTA/JLHOH 4YacTH, OT/HYAIOWAsicA TEM, YTO CHHIKEHHe yjaleHo OT Maur
(c nesblo yMEHBIIHTL HX BO30YIK/JEHHE) H NOABEUIEHO K CepefHHe TOPH30HTAaJIBLHOH
yactH (puc. 4.19, 6);

30HTHYHAS AHTEHHA, KOTOpas B OTJHYHE OT ABYX NPEAbIAYUIHX [ONBEIIHBAETCH
Ha opHoff Maure. CHHXKeHHe HMAET BJOJMb MauTH H B BepxHell cpoefi YacTH nmpHCOEaH-
HSleTCH K palHaJbHO pacxXoisluMMCs HAKJOHHBIM nposBozam (pHc. 4.19,8). Haxmon-
Hble [POBOMA UYEPE3 H3OJAATOPH HATATHBAIOTCA OTTHAXKKAMH, 3aKpenjeHHBMH Ha
aHKepax;

I1-o6pasHas aHTEHHA COCTOHT H3 MABYX CHHIKEHMA H TOPHSOHTAJILHOH 4YacTH
(puc. 4.19,2). Hanpsixenne MATAHHA MOJABOAHTCS K OLHOMY H3 CHHXKEHHH, a B Apy-
roe CHHIKEHHe BKJIOYAIOT DEAKTHBHOE COMPOTHBJEHHE, KOTOPHIM MOXKHO OfecneddTh
CHH(pa3Hoe pacnpelelieHHe TOka B o0oMX cHHXenusx. [I-o0pasHas aHTeHHa ofpa-
30BaHa Kak Ob H3 ABYX I'-06pasHmix anrteHH. BeaemcTsHe B3aHMHOIO BJIHAHHA CHH-
JKeHH CONpOTHBJEHHE H3JyueHHs O3TOH aHTeHHH GoJbwe, 2eM y T-oGpaswoit aH-

TEHHH;
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Puc. 4 20. Cxema T-o6pa3Hofi nepeaarineii aHTEHHH C 3a3eMJIEHHEM:
a — Tpy6uaThiM; O = MHCTOBLIM; 8 ~ MPOBOJOUHLIM

aHTeHHa CO MHOTHMH CHHXXEHHSIMH noBbliuaeT, Kak H B [l-o6pasHoil aHTenHe,
COMPOTHBJIEHHE H3JyYeHHs, 4YeM cyiectseHHo yBeamunBaeT KIII AJaHHHOBOJHOBOM
auTeHHw (puc. 4.19,0);

aHTeHHAa B BHJAE BePTHKAaJbHOr0 HECHMMETDHYHOro BuGpaTopa (6es ropH3OH-
TaJbHOH 9acTH) NMPHMEHseTCs Ha cpefHHX M JIJHHHHIX BoaHax. Hepenko B kagecTBe
H3JTyyaTessl CJAYKHT caMma MeTajuinyeckasi Mauyta (puc. 4.19,e).

IOns nosuiwennss KII[ Goublioe BHHMaHHE yIEJISIOT YMEHbLIEHHIO MOTeph B
3emJle, yCTPAHBAs 3a3eMJIEHHS HJH NPOTHBOBECHl. 3a3eMJIeHWs AeaioT [Jif CTALHO-
HapHBIX CTaHnHf, cOo3faBas XOpONIO TPOBOMALIYI® MOBEPXHOCTH MOJ aHTeHHOH, 1O
KOTOPOff TEKYyT TOKH nmpoBoiumoctTH. OHH NpencTaBAAloT coGOf MeTa/IHYeCKHH Mpo-
BonHHK (pHc. 4.20, a, 6), HO ualle — CHCTEMYy IPOBUJOB, 3aPHIBAEMEX Ha HeGOJbIUONA
raybune moA aHTeHHol, HCTOUHHK SJEKTDOMATHHTHOH SHEPrHH TNpHCOENHHSAETCS
OLHHM MOJIOCOM K CHHKEHHIO, a IPYrHM — Kk 3asemsennio. Ha puc. 4.20,8 npen-
craBaeHa T-o6pasHas aHTeHHa € 3a3eMJeHHeM B BHIE CeTKH INPOBOLOB, 3apHITHX
Ha ray6une 20..40 cm. CTpesKaMu NOKA3aHH NYTH TOKOB OT HCTOYHHKA 9JEKTpPO-
MarHHTHOH 3HePrvH No HPOBOLAM aHTEHHEH, 3aTeM B BHAE TOKOB CMEILEHH Ha 3eMJIO
H O 333eMJCHHIO KO BXOAY AHTEHHHI.

Ins aHTeHHB! C TOPH3OHTAJNbHOA 9YacTbio AJHHA [DOBONOB 3a3eM/EHHS NOJIKHA
6bTh Takoil, 4TO6Hl OHH OXBAaTHBAJH TNJOWaAb, HECKOJbKO BHIXOASILYIC 32 Ipe-
Helbl MPOCKUHH aHTEHHH Ha 3emiio (MKeTareJpHO HAa DPaccTosHHe, PABHOE BHICOTE
mayr). HHorna B kadecTse 3aseMyHTe]ell HCMOMB3YIOT MeJHHE H JKele3HHEe JHCTH
maomanbo okoso 1.2 M?, 3akonaHHWe B 3EMJI0 B BEPTHKAJbHOM MOJIOKEHMN,
a TakKe MeTaJHyeckHe TPYOHI, 3aGHTble B 3eMJ0. TakHe ONHHOYHEIE 3a3eMJIHTENH
OYeHh NPOCTH MO KOHCTPYKUHH H jemeBH., OnH pocratouHo addextHsHO paboraior
B TOM CJyJae, KOrjia NOYBAa BJa)Has H TPYHTOBHe BOAH 3aJ€TaloT HEryG6oxo.
Conporup/ieHre ONHMHOUHHIX 3a3eMJIHTENefl OTHOCHTENbHO BEJHKO, H OHH OOHIIHO NpH-
MEHSIIOTCSl JIHIIb Ha MepelalolHX CTaHUHAX HeGOJLIION MOMIHOCTH H Ha NPHEMHHIX
YCTaHOBKaX.

Tlpu TBEpAOM HJH TUIOXO NPOBOAAILNEM TPYHTE, a TakKe Ha NMepelBHXKHHX CTaH-
LUAX YCTpoficTBO 3a3eMJeHHA Henesnecoo6pasHo. B sTHX cayuasx nof aHTEHHOR
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YCTAHABJHBAIOT CHCTEMY MNPOBOJHHKOB, MOABEMIEHHBIX HA KOJbAX HA CPABHHTENLHO
HeGosbmoR BbicoTe [lpoBona NpOTUBOBECA COENHHSIOTCS BMecTe W MNOAKIIOUAOTCS
K OfHOMY H3 NpPOBOJMOB JHHHUM NHTAHUS

B 3aBHCHMOCTH OT AJMHBI TPOBONOB NPOTHBOBECZ H HX UHCJAa T4 WJIH HHay
4acTh TOKOB CMeweHHS 3aMblKaeTcs uepe3 NPOTHBOBEC, a OcCTapliascd — Yepes
3CWJIO, H3-3a 3TOro Bo3pacrawT morepu Yew GoJblie NPOBOAOB MPOTHBOBECA, TeM
MeHble TNoTepu B 3em/e. TeMm He MeHee B Mepe)BHXHBLIX PafHOCTAHLHAX C BepTH-
KAa/bHBMH 2HTeHHaMH OOBIYHO NPHMEHSIOT TPOTHBOBECH C YHCJAOV TPOBOAOB OT
ABYX IO yeThipeX M HX JUIHHOH, paBHON BbicoTe MauThi npotHBoBeca [lasi aHTeHHH
C TODH3OHTAJbHOH 4YacTbi0 AJHMHA NPOBOLOB TNPOTHBOBECZ MPHMEPHO paBHA TOpH-
30HTaJbLHOMA uacTH Bslcora nogBeca Ha cTauUOHAPHBIX CTAHIUAX NOCTHTaeT 4 M
H GOJbLIe, a B NepelBHKHHX — 1 2 M. YBeJd€ueHWe BHICOTH T0JBECA NPOTHBOBECA
yMeHbUIaeT noTtepH B 3emJse. HHorza B aBTOMOGH/BHBIX CTaHIHAX B KauecTBe Npo-
THBOBECA HCNOJB3YIOT MeTa/IHYecKHil Ky30B, B KOTODOM OHAa pa3MelleHa.

Kak yxaswviBajoch BEIIE, HHOTAZ HCTMOJB3YIOT METa/NIHYECKYIO KOHCTPYKLHIO
ONHHOYHOH MauThl B KAayecTBE€ BEePTHKAJLHOrO HecHMMeTpHYHOro BHGparopa (aH-
TeHHa-MayTa)

INpuMeHsAlOTCA ABa THMA AHTEHH-MAYT: C M30JHDOBAHHLIM M C 3a3eMJEHHBIM
OCHOBAHHSIMY AHTEHHA-MayTa ¢ H3OJHPOBAHHLIM OCHOBAHHEM YCTaHABAHBAETCH Ha
OMOPHOM H30JSTOPe H MOAAEPHKHBAETCR CEKUHOHHDOBAHHLIMH H30JATOPAMH OTTAXK-
kamy. K ee OCHOBAHHIO 3JIEKTDOMATHHTHAS 3HEPrHsi MOABOAHTCH HENOCPEACTBEHHO
puiepHoi JHHHEH HIM Yepe3 sJeMeHTH cBA3H (puc. 4.21, a).

OnopHbIfi H30JSTOP 10JXKeH 06/ajiaTh BBICOKOH npouHocTblo. Kpome Toro, on
AOJIEKEH 06JajaTh MaJbiMH IH3JEKTPHYECKHMH fotepaMH. Hanmume onopHOro Hso-
JATOpa CYLIECTBEHHO YC/IOMHAET KOHCTPYKIHIO MayThl, TpedyeT NpHMeHeHHs rpo-
30BHIX MpeNOXpAHHrelell, YCJIOXKHSAET CHrHaJbHOE OCBEleHHe, ee ITOBeM, IKCILIya-
TAUHO, H, KPOME TOro, CcaMm H3OJATOP CYLIECTBEHHO YBEJIHYHBAECT CTOMMOCTH dH-
TeHHBI
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Puc 421, AuTenHb-MauThL
Q@ — r H30AHPOBaHHLIM OCHOBAalHeEM, 6'— C WWYHTOBBIM NHTAHHEM;, 8 — C BCPXHHM nuraniem
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Puc., 422 PacnpepmesiieHHe TOKa B aHTeHHe-MayTe

[TosToMy BCe dalule NPHMEHSIOTCA AHTEHHH C 3a3eMJIEHHHIM OCHOBAHHEM, B KO-
TOPHIX YKa3aHHbHIE HENOCTATKH He HMeT MecTa F3 aHTeHH-MauT ¢ 333eMJEHHBIM
OCHOBaHHEM NPHMEHSIOTCH aHTeHHB € IUYHTOBbIM mHTaHueM (pHc. 4.21,6) u Bepx-
HuM THTanAeM (puc. 4.21, 8).

B aHTeHHe-MauTe C IYHTOBBIM TNHTaHHEM TOYKa NPHCOEIHHEHHA qm,n,epa K MmauTte
BeiGupaercs 0,1..0,2 or BHCOTH MaYTHl W NO3TOMY HHXKH#S H BePXHSAA YacTH MayThi
BKJIIOYEHHl OTHOCHTEJNBHO TOYKH MHATAaHHA napaJjelbHo. PacnpenefedHe Toka B aH-
TeHHe MOKa3aHo Ha pHc. 4.22,6. HenoctaToK TaKO# aHTeHHB — yMeHblUeHHe JAeli-
cTByoliefl BHCOTH, CBA3aHHOe ¢ HeDaBHOMEpPHBIM pacnpeje/eHHeM TOKa MO MauTe.

B aHTeHHe BepXHero mHTaHH#A, npeasoxenHoli I'. 3. Alizenbeprom, HanpsKeHue
NHTAaHHS TOABOAHTCA K BEPIUHHEe MAYTHl C MOMOIUbIO KOAKCHAJNBHOA JHHHH. Buyrt-
peHHHHl TMPOBOJHHK KOaKCHAJa NPHCOGAHHSETCH K <«30HTY», a BHEIWHAN — K Teuy
MayThl. Maayuaiomiell 4acTbl0 aHTEHHBl fABJAAETCA MauTa, [0 BHEIIHeH NOBEPXHOCTH
KOTOPOH Teuer TOK.

30HT ABJAETCA €MKOCTHHIM BO3GyAMTEJNeM TOKOB Ha Maure. KOHCTPYKTHBHO OH
O0LIUHO npeacTaBjsier co00il HeCKOJbKe NPOBOIOB, B KAayecTBe KOTOPLIX HCHOJb-
3yl0TCSl BepXHHe fApYCH OTTSXeK. B HeKoTOPHIX C/lyuasix 3OHT BHINOJHER B BHIE
CEeTYaToOro MHCKA, YCTAaHOBJEHHOrO Ha BepIUMHe MauThl. Takad aHTEHHA NPH BhHICOTE
mautel 120 M u AgaHHe nmpoBonoB 3oHTa 35 .. 60 M pabGoraer B auanasoxe 200 ... 800 M
¢ poicoknym KITI,

Ha puc. 4.22,a ¥ e npuBeneHbl pachnpejefieHHsl TOKAa NO JJHHE aHTEHHbI-MauyTbl
IpH NHTAaHHH ee CHH3Y M cBepxy. M3 pucyHka BHAHO, UTO mJollalb KPHBOH TOKa
aHTeHHHl C BEDXHHM NHTAaHHEM IIOYTH Basoe OGoublue NJIOLIAAH TOKa AaHTEHHB C
H306HPOBAHHLIM OCHOBAHHEM. JTO O03HAUaeT, YTO CONPOTHBICHHE H3/yYeHHS AHTEH-
HH C BepDXHHM THTaHHeM GyJeT mouTH B 4 pasa GoJbile, ueM AHTEHHH C H30JHPO-
BaHHLIM ocHoBaHHeM. Takoe 3HayHTeJbHOe TNOBHLIIIEHHE CONPOTHBJEHHS H3JNYYeHHS
COMpPOBOXK1AaeTcsl OYTHMEM yeeanuennem KITT.

AnTenHa BEpXHero NHTaHHA MOMKeT ObITh BhINOJIHEHA TAKHM 0GPasoM, YTO BMeCTO
30HTA YCTAHABJHBAETCH JOCTATOYHO AJHHHLIH IUTHPb, H3OJHPOBARHH{ OT HHXKHeH
YacTH aHTeHHH. Taxoro THNa aHTeHHH yA0OHO NMPHMEHATh HA JEKaMeTPOBHIX H MeT-
POBEIX AHAMa30HaX BOJH, KOrj4a BHCOTA IITHIPS HeBeJHKAa H HArpy3kKa Ha H3OMISTOD
He BHI3BIBAET CePbe3HBIX TeXHHYECKHX TPYLHOCTel
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4.5. PamouHbie aHTeHHBI

Pamounas anreHna (paMka) mnpencrasiserT co6Ofi OjMH HJH HECKOJIbKO MOCITe-
A0BAaTe/IbHO COELHHEHHHX BHTKOB TIPOBOAA (PACNOJIOXKEHHHX OOMYHO B BePTHKANb-
HOH MJIOCKOCTH), NWTAeMHIX B pPeXHMe Nepefayd uctounnkom SIC nepemenHoro
ToKa. PasmMepn paMOuYHOH aHTEHHBI MaJbl 0[O CPABHEHHIO C AJHHON BOJHH, H TO-
3TOMY TOK, TeKyWIMH no MNpoBOAY PAMKH MO BCeH AJHHe NPOBOJA, HMeeT OJAMHAKO-
BOe 3HaueHHe H (asy, a 9TO 3HAUHT, YTO TOKH Ha TPOTHBOMOJOMKHLIX CTOPOHAX PAMKH
HanpaBJeHbl B NMPOTHBONOJOMXKHEE CTOPOHH.

PaMounnle aHTeHHB MOryT OHITb DPa3JHYHOR KOHGMHIYpPALMH — KPYrible, KBaz-
partuble, TpeyrosbHble ¥ T. A. HesaBucHMO OT KOHQHrypaluHn paMKH H ee pa3Mepos
(MaaBIX no cpaBHEHHIO C AJIHHOH BOJHBI) OHa COXPaHAeT (OpMy CBOeii AHArPaMMBI
HanpaBJIEHHOCTH H NOJADH3AIHIO 3JEKTPOMATHHTHOrO MOJA.

IuarpaMma HanpaBJeHHOCTH Majoffl pPaMOYHOH aHTeHHH Ghula DPAcCMOTpEHa
B ri. 3. Kak caenyer M3 MpHBeNeHHHX TaM BBIBOLOB, XAPAKTEPHCTHKA HAnpaBJieH-
HOCTH BEPTHKAJbHOH DAMKH B TOPH3OHTAJLHOM IUIOCKOCTH ONpEAEJIseTCs BHIpaxKe-
HHEeM

F(0) = sin b= cos 2,

rie 0 — yron, OTCYHTHIBAEMBIH B TOPH3OHTAJNBLHOH IIOCKOCTH OTHOCHTEIBHG OCH
PAaMKH; @ — yTOJI, OTCUHTLIBaeMblii OTHOCHTENBHO IIOCKOCTH pamkH (a=90°—0).
Taknm ofpasom, auarpaMMa HanpasJeHHOCTH (B MOJAPHEIX KOODAHHATAX) HMeeT
BHI BOCBMEDKH C MakCHMyMaMH B IJIOCKOCTH paMKH, Bloib ocH paMka He H3Jyyaer
(1 He npuHAMaeT).
DJIeKTPOABHKYIIAA CHJA, HABONHMAs B NMPHEMHOH MJOCKOH paMKH H3 7 BHTKOB,
BEPTHKAJILHO PACMOJOXKEHHOH B BO3AYIIHOM NPOCTPAHCTBE

2r
ep= —— SnEcos a=e} yayc COS 4,

A
rie A — 1JHHA BOJHB;, S — MJOwaibL, OXBaTHIBAeMAas PaMKoil; E — HanpsiKeHHOCThb
9JIEKTPHYECKOTO [OJsl, CHJIOBbIE JHHHH KOTOPOro mapasienbHbl BEPTHKAJBHBIM CTO-
pOHAM pPaMKH.

ITpuMeHas NOHATHe AeACTBYWOUIEH NJIHHH K DaMOYHOH aHTEHHe, B COOTBETCTBHH
¢ (3.15) mnoayuaem ly=¢puaxe/E=2n8Snf\, T. e. pmeficTByiomas AJHHA PaMKH Npo-
NOPUHOHANBHA WHCJAY BHTKOB H OTHOINEHHIO NJIOWMANH PAMKH K IJHHE BOJHHL

BeprukajgbHO pacnoJiONeHHAs paMia, Kak M BEePTHKAJLHbI BHEDaTOp, MPHHH-
M4eT BepTHKAaJbHO MOJIIPH30BAaHHOE MoJie NOBEPXHOCTHOH BOJHLI, HO B OTJIHYHE OT
BepPTHKAALHOro BHOPATOpPA, KOTOPHIH HMEeT B FOPH30HTA/bLHOI NNOCKOCTH BCEHANpaB-
JEeHHYI0 [HarpamMy, paMKa HMeeT NHArpaMMy ¢ HYJeBHM 3HauyeHHeM B HanpasJe-
HHSIX, NephneHAHKYIApHBIX nJaocKocTH pamkH, [losToMy, Bpaimas pamMky H mpociay-
WHBAaA KAKY-IH60 pajHOCTAHUNIO, MOMKHO, YCTAHOBHB DAMKY HA MHHHMAJbHBIA
VPOBeHb NpHEMa HJH Ha TNOJHOe OTCYTCTBHE TNpHEMa, ONpeAedHTh HAampaBJeHHe Ha
panuocrannuio. Ecjii H3BECTHO PACNOJOMKEeHHe ITOH CTAHWHMH, TO H3BECTHA H JIHHMS,
MpoxoAAlULas Yepe3 pPaMKy H NaHHYK pannocraHuuio, Takum Xe ob6pasoM, OpHHHMAs
PACTONOMKEHHYID B H3BeCTHOM MecTe APYTYI pAaAMOCTaHUHIO, paGoranmyio Ha Apy-
roii BOJHE, MOMHO HaifTH BTOPYIO JIHHHIO, NPOXONAILLYIC YePes PAMKY H BTOPYIO
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Puc. 4.23. IIpoxoi/[eHHe TOKOB B paMke Puc. 4.24 3Ikparmnpo-
NpH HapylleHHH CHMMETDHH BaHHasAg paMKa

papuocrannmio. [lepecedenHe 3THX JHHHE MO3BOJIET OMpPEMNE/HTH MOJOXKEHHE ™ OTe-
patopa ¢ paMKOH Ha MOBEPXHOCTH 3eMJIH.

Hannyue eMKOCTH MeXAY BHTKAMH PAMKH H OKDPYXKAIOUMMH MEeTANIHYeCKHMH
KOHCTPYKUHAMH NPHBOAHT K TOMY, 4TO KPOMe TOKa MNPOBOLHMOCTH, TEKYyLIEro B
NPOTHBONOJIOKHEIX HANpaBJEHHAX Ha MPOTHBONMOJOMKHBIX CTOPOHAX DaMKH, B HeH
OynyT nmpoTexaTh Napa3HTHbIE TOKH, HAanpaBJeHHbEe B OOEHX CTOPOHAX DAMKH B OfHY
v Ty Xe cropony (puc. 4.23). B sTom cayuae pamka, pa6oTaiomias B pexHMe ne-
penaud, He OyleT HMETb HYJEBOTrO H3Jy4YeHHS B HAampaBJeHHH, NepNeHAHKYJIApHOM
ee NJOCKOCTH B cujly npHHUHNA B3aHMHOCTH MOXKHO YTBEDXKIaTb, YTO CMECTHTCA
HyJb TpHeMa npH pafore paMKH B peXHMe TeJeHra, T. e. YTO K TPHHHMaeMoMy
NOJIE3HOMY CHTHaly JAo6aBisieTcsl NapasHTHHIl CHTHAM, He 3aBHCSLUHN OT Hampas-
JeHus NpHXOHA BOJHBL. [/ ycTpaHeHHs eMKOCTH PaMKH 10 OTHOINEHHIO K OKPY-
JKAKOMIHM KOHCTPYKUHSAM 0HA 3aKJII09aeTcst B 3JeKTPOCTaTHUecKHil 3KpaH, mpeicTas-
JsaHAE co6oi Merasindeckyilo TpPy6Ky, OxBaThHBamoulylo pamky. Ecau 3ror skpaH
6yfer 3aMKHYTHIM, TO OH GYJeT MOVIHOCTbIO 3KPAaHHPOBAThb NPOBOJA PAMKH OT NpH-
XOAAIMX 3/EKTPOMArHHTHRX BOJH. [aa Toro u9robbl Ha nNpoBolax HABOAHJACH
31C, HeofxoauMo mnpepBaTh NyTb TOKOB B 3KpaHe, pa3pes3aB ero IONepeK
{puc 4.24). B 3toM cayyae SKpPaH COXPAHFET CHOCOGHOCTH 3JIEKTPOCTATHYECKOTO
SKPAHHPOBAHMSA, He NPensTCTBYs BO3OYIKAEHHIO NPOBOLOB PaMKH.

ConpoTHB/JIeHHEe paMkH HMeeT HHAYKTHBHBIM XapakTep, H HacTpoOiiKa paMKH B
PE30HAaHC KOHAEHCATOPOM MNPHBOAHT K YBeJHYEHHIO HaNpsKEHHs HAa BXONe INpHeM-
WHKa JTO 3KBHMBAJEHTHO BO3PACTaHHIO JEHCTBYWOIUIEH IJHHH PaMKH I[PONOPIHO-
HaJbHO JO0GPOTHOCTH KOHTYpa, COCTABNEHHOrO paMkoil H Konpgencatopom IloGpor-
HOCTb 3TOr0 KOHTYpa OObIYHO BEJIHKA.

PaawMelieHHe BepTHKAJbHOH paMKH HajJl NpPOBOJAsIEH 3eMHOH [0BepXHOCThIO,
KaK M B cJ/lydae BepTHKaJbHOro BHOpaTOpa, ynBauBaer ee AEHCTBYIOUIYI BHICOTY,
TAK KAK 3epKajibHOe u306paikeHHe Kak 6bl yABAaWBAeT MJOIAAbL PAMKH.

B KkayecTBe npHeMHOH MM MeNeHramHOHHOH# AHTEHHB MOXHO HCMOJbL30BAThL Mar-
HHTHYIO aHTeHHy, KOTOpasi mpejcraBafeT cofoii MHOTOBHTKOBYI PaMOUHYI» aHTEHHY,
BHTKH KOTOPOH HAMOTraHnl Ha CTEP:KHEeBOil cePJeUYHHK M3 BBICOKOYACTOTHOrG MAariHT-
HOTO MaTepHana
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YMeHbllleHHe Pa3MepOB PaMOYHOH aHTEHHbl NPH HAMOTKE ee BHTKOB Ha MArHHT-
HHIH cTepXKeHb OObACHAETCS TEM, UTO IPH HAJHYHH MATHHTHOTO CEpAEYHHKa Mar-
HHTHBI/ TOTOK Yepe3 BHTKH BO3PAcTaeT MPOMOPUHOHANLHO MATHHTHON MPOHHIIAEMO-
CTH MaTepHa/a cepleYyHHKa

HeficTByomas AJHHA MarHMTHOM aHTEHHH MOMeT OwTh onpeaeieHa 10 op-
MyJie

lg=Igrer,

rie [, — jpeficTByloulas 1JHHA MAardHTHOH AHTEHHEl ¢ CEpPAEYHHKOM; [; — HelicTBYIO-
Ilasi AJIHHA aHTEHHH G6e3 cepleuHHKa, lcr — 3GOQEKTHBHAS MArHUTHAas MPOHHIAe-
MOCTb CepJeYHHKa, 3aBHCAUAA OT MACHHTHOH NPOHHIAeMOCTH MaTtepHasa cepledHHKa
H OTHOIIEHHS 1JHHB CEpAeYHHKA K ero AuaMerpy. 3HAyeHHS |[lcr NPHBEAEHH Ha
pue. 7.1, 8. JJnaMeTp cepleYHHKa MArHHTHON a#TeHHb GepyT B npefenax 15.. 25 M,
a [JHHY — OT eJHHHL, A0 HECKOJbKHX JECATKOB CAHTHMETPOB.

JluarpamMa HanpaBJEHHOCTH DAaMOYHOH AHTEHHBl HMEeT fABa NPOTHBONOJOKHO
HanpaBJeHHLIX MHHHMYMa H3JyYeHHs, 4YTO CO343eT TPYAHOCTb B ONpEJe/eHHH Ha-
MpaBJeHHs] Ha HCTOUHHK H3JydeHHs. Jad Toro 4ro6hl cosnarh AHATPaMMy ¢ OJHHM
Hanpap/ieHHeM HYJIEBOTO NPHEM3, TNPHMEHAIOT KOMOHHANMI0 PAMOYHON M BepPTHKAJb-
HO}i aHTeHM (puc. 4.25). Ecan BuOpaTh HeficTBYIOLIHE BLHICOTHL ONHHAKOBBIMH, TO
A1 ORHOTO H3 HAnpaBJeHHIi MaKCHMAaJbHOTO TpPHEMa paMKH B TOPH30HTAJBHON
mrockoctd D C ofenx aHTeHH CKIajHBAKTCA, a AJs LPYroro — BLIYHTAIOTCS, NPH-
yeM Bo BTOpoM ciyyae JJC na Bbixode 3TOH cHcTeMbl Gyder pasna Hymo Jlas
TOro 4YTOOH MNOHATH NPHHUHNT AeHCTBHA TaKoll CHCTEMBI, CJeLYeT paccMoTpeTb
JHArpaMMbl HaNpaBJIEHHOCTH BEDTHKAJALHOH aHTEHHH H DAMKH ¢ YYeroM (asel HX
uanyuyennd. JuarpamMMa BepTHKAJbHOTO NMPOBOAA B FOPH3OHTAJBLHON MJOCKOCTH Mpej-
cTaB/ageT co6oil OKPYMKHOCTb, mpHYeM (asa H3JNyYeHHsS BO BCEX HANPABJEHHAX OMH-
HakoBa, [lmarpaMma paMkH umeer (OpMYy BOCBMEDKH, a (asnl JIENecTKoB NPOTHBO-
nonoxue (puc. 4.26,a). [lpun nepexone uepes HampasJeHHe BADJL OCH PaMKH (asa
CHrHaJla Ha BRIXOAe paMKH GyIer u3MeHsTh cBoe 3Hauenwe Ha 180°. CienosaTtesbHO,
ANsl HanpaBIeHHs TPHXOAA BOJHBI, NPH KoTopoMm aMnantyasl DJC paMmk# u Bep-
THKAJbHOrO NMPOBOAA OyAYT OZHMHAKOBBL, a (ha3bl NPOTHBOMOJIOZKHBE, CHTHAJ HA BHI-
XO#e aHTeHHH 6yAeT paBHHIM HyJMo. Ecu e aHTeHHy OTperyJjHponaTh Tak, UTOOH!
ammnaryas DJC ObIH PaBHH JJs HAMpapjieHHA, JeXKAUIEro B IJIOCKOCTH PaMKH,
TO TaxKoe HAmpaBs/ieHUe HyJeBoro mnpueMa OGyler eauwHcTBeHHbM (puc. 4 26,0).
B sToM cJayyae jgHarpaMMa HampaBJeHHOCTH CHCTEMH BepPTHKaJbHAA paMKa — Bep-
THKaJbHEE BUGpaTop OyAeT umeTh GHOPMY KapiHOHALL

IOna roro yroObl OnpeAesuTh HANpaBJeHHe HAa HCTOUHHK H3/MYYeHHS, O1HHOUHYKy
paMKy, a Takike aHTeHHy, 06/1a1a10Wyl0 KADAHOHAHON AHArpaMMOH HanpaBJIeHHOCTH,
HeOGXOAHMO MMOBOPAYHBAThL BPYUHYIO HJH C MOMOUIbIO KAKOro-jaubo 3/eKTpOMexaHH-
4ecKore ycrpoiictBa. EcCTh BO3MOMXKHOCTb TNpPH HEMOABHIKHON aHTeHHe H3IMEHATb
HapaBieHHe HyJeBOr0 npHeMa cooTBeTcTBylomEM (asuposanueMm JJIC, sosbyxnae-
MEIX NPHXOAsMiell BOVIHOM, Ha BHIXOAe ABYX CKpelIeHHHX paMok (puc. 4.27). Jro
$asHpoBaHHe OCYIIECTBJIAETCS BAPHOMETPOM, NpencTaBifdomHM coboit nBe pacmno-
JOXeHHble B3aHMHO IMEPNeHAHKYJNSPHO HeNOABHIKHHIE KAaTYLIKH, BHYTPH KOTOPHIX
BpauaeTcs TPeTbsl KAaTyIIKa, HaswiBaeMas HckaresqeM Kaxnas B3 HENOABHIKHBIX

56



[InocKocms
panke
-]

7
des
JHm \
— :
:.—_'75
=]
k.2 sl 2) 4)
Puc. 4.25. AHTeHHAas CHCTeMa Puc. 4.26. IuarpamMMa HanpaBeJHHOCTH aH-
JUIsL OAHOHAMNpPAaBJEHHOTO TPH- TEHHOW CHCTEMH H3 paMKH H BepPTHKaJbHOIO
eMa wTHps (KapIHOHAHaA JHarpaMMa Hampas-
JIEHHOCTH) :
a — HaJnoXeHHe paHarpaMMm paMKH H LUTHIPA; 6 —
Kapauonaa
!
V4
Puc. 4.27. Pagnorounomerp: J .
1, 2—pamxu; 3 —dugep; 4 — - é
TOHHOMETP; § — HCKartenb ‘& —
J

KaTyleKk MpHCOeAHHEHAa K OHOH H3 paMox. l3MeHeHHe NOJIOMEHHS HCKATeNds NpH-
BOLHT K H3MEHeHHIO 3HaueHus H ¢asel DJIC, HaBeleHHHX B HeM TOKOM, MpOTeKaio-
I{HM [0 KaTyllKaM [0pH NajieHHH Ha paMKH 3JIeKTPOMAarHMTHO#l BOJHB, Ecin H
PaMKH, H KaTylUIKH OJHHAKOBbI, TO, KAK NOKA3BIBAeT TEOPHA, PesyJbTHpPYyOIAs AHA-
rpaMMa HanpaBJeHHOCTH TAaKOH cHCTeMH OyneT HMeTb, KaK H ONHMHOYHAA paMka,
opMy BOCBMEDKH, HO 3Ta BOChMepka OyLeT NOBOPayHBATLCH NpPH [OBOPOTE HCKa-
Tesns. TakuM 00pa3oM, neleHr Ha MCTOUHMK H3JYYEHHS MOMKHO ONMPEXETHTb TOBOpO-
TOM HeGOJbIIOH KaTYIUKH.

B pesyabrate cnoxenHs IDIC moayudM HODMHDOBAHHYIO NHArpamMMy Hampas-
JIEHHOCTH, ABJAIOIIYIOCA CYMMOH AHarpaMMm BePTHKA/bHOTO NMPOBOAA H PAMKH:

F(e)=(14 cos a)/2.
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TIABA 5

AHTEHHDBI-YCHJIMTEJH

5.1, O6mue cBeneHus 06 AKTHBHLIX AHTEHHAX

AKTUBHOIMU AHTERHAMU Ha3BIBAIOT ycTpoiictBa, obpefuHsoOiHe B cebe
€OOCTBEHHO aHTEHHY H AaKTHBHHE 5JeMeHTH YCHJeHHs, npeobpasoBaHHs HJH rese-
pauHH CHTHAJIOB.

Takaa wmarerpauns (oGbelHHeHHE) 3aMeTHO YJy4INaeT MapaMeTpH YCTPOMCTBa:
AAeT BO3MOXKHOCTB YMEHBIIHTh DA3MEPHl AHTEHH, PAaCLIHPHTh MOJOCY YacToT Mpomy-
CKaHHf, MOBHICHTH OTHOLUEHHe CHrHaj-IIYM, OCYIIeCTBHTb Mepexof, ¢ CHMMETPHUHOH
aHTEHHH HAa HeCHMMeTPHUHBI Kalelb; KpOMe TOro, oGMerdaercs BO3MOXKHOCTb 3JieK-
TPOHHOTO YNpAaBJIeHHs AHArpaMMOfl HanpaB/JeHHOCTH AHTEHHEL

CepHHHO BHIMYCKAOTCA H LIHPOKO HCMONB3YIOTCS AKTHBHBIE aBTOMOGHJBHHE
anrenHbl. OcoGHi HHTepec NpeAcTaB/fAlOT nogobHble aHTEHHH ANA GOPTOBOA paguo-
annaparypsl JeTaTeNbHHX aNMaparoB Pa3JHUHOrO HasHaueHHs (cBs3b, JOKAlHs, Te-
JIeMeTpHA H Ap ), TAe MaJele raGapHTHble pasMepl H Macca HTPalT BaXHYIO poJb,

Ha puc. 5.1 nokasaha CTPYKTypHas cxeMa HanGo/lee PacnpoCTPaHEHHOro BHAA
aKTHBHOM aHTeHHH. Ha 3TOM pHCYHKe ueTHPeXMoJioCHHK AD npeacraBisier coGoil
AKTHBHBIA 3JIEMEHT, O6beJHHEHHBI C NPOBOJIOUHON aHTeHHOf

AKTHBHbHE aHTeHHB MOJKHC MOADA3/EJNHTh Ha TPH OCHHOBLIE TPYIMNbI: MPHEMHBE,
nepefaioliHe H NpHeMolepelalolIne,

ITpuemnoie aHTeHHH NOAPA3AENAOTCH HA AHTEHHBI-YCHJHTENH, AHTEHHBI-NpPe0s-
Pa30BaTeNH H AHTEHHH-[eTeKTODHI

AkTHBHBle nepedaroujie aHTEHHbl MOAPA3AENAIOTCH HA AHTEHHBI-YCHJHTEIH Moll-
HOCTH M aHTeHHBI-TeHepaTOpsl B MepBbIX OCYLECTBJAAIOTCS YCHIEHHE MOIHOCTH
KoneGanuil, MOCTYNAIIHX OT aBTOHOMHOrO reHepaTopa, H HX H3JydeHHe, a4 BO BTO-
PHIX NPOHCXOAAT Kak reHepauus koaebaHuil, Tak H H3JNyyeHHe. AKTHBHas cXema B
frepeflalolnX aHTEHHAX HHOrAa COJEPIKHT YMHOXHTENH YacTOThI

Ilpuemonepedaroujte aKTHBHLI® AHTEHHH cO30al0TcH JHOO Ha OCHOBe MNEPBBIX
ABYX rpynm, JHOG0 ¢ NOMOLbIO B3aAMOCBSI3aHHONH HHTerpaur# coGCTBEHHO AHTEHHH
¢ AKTHBHBIMH 3JIEMEHTaMH reHepaliH, YCHJIeHHs HJIH npeo6pas3oBaHus CHrHAJIOB.

5.2. OcHOBHBIE JOCTOMHCTBA AHTEHH-YCUJIHTEJeH

OnHEM H3 HauGoJee BaXKHBIX [JOCTOHHCTB TAaKHX AHTEHH SBJAETCH BO3MOXK-
HOCTb NOBLINEHHA OTHOIEHHs cHrHagt-wyM. OcoGeHHO 3aMeTHO 3TO NPOABJISETCH MPH
MCIONB3OBAHHH (HAEDHON JIHHHH, cOefHsiomed aHTeHHYy ¢ npHemHnkoM O6bsac-
HSeTCA 3TO TeM, YTO yCTpaHsercs BJAAHHE NONOJHHTEJbHHIX IIYMOB, BO3HHKAMIIHX
B (uiepe Kak H3-3a WIYMOBHIX NMOTEPb, TaK M BCJAEACTBHE NpPHEMd IOCTOPOHHHX
CHrHajOB caMaMm ¢umepoM (H3-3a aHTeHHoro adoexra ¢ugepa) (puc 52)
IlyeTb P — MOUIHOCTL CHrHala, MOCTYNAWEr0 H3 MpHeMHON aHTeHHH B (HIEp
(B Toykax 1—1); Pua— MOIHOCTL IIYMOB, MOCTYNAIOMHX H3 aHTeHHH B (Haep
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Puc. 5.1. CrpykrypHas cxema
AKTHBHOH aHTeHHH

A3
lpuensarn fpdennas
asmerna fipuembik anmenne fpuermur
L. . 2 1 2 g
) AY
O ——C)
X 2 7 2 J
a) )

Puc. 5.2. Cxema npHeMHOH aHTeHHB C (DHIEPOM:
« — naccHuBHas aHTeHHA; 6 — aHTEHHA-YCHJHTEJb

BMecTe ¢ curHajaoM. Toraa OTHOIUEHWE MOIIHOCTH CHIHAJA K MONIHOCTH IIYMOB B
Toukax l—1 (puc. 5.2,a) 6yper

PPy 4. (5.1)

B Toukax 2—2 mowHocTk cHrHajga 6ynaer paBHa MP¢, rae 1 — KIIJ auxuw; x mou-
HOCTH UIYMOB, MOCTYNAWLWHX W3 AaHTeHHB, OyAer A0GaBAATbCA MOINIHOCTH Y-
MOB P, BO3HMKZIOUIHX B (HIepe, H [I03TOMY OTHOLIEHHE MOIMHOCTH CHTHala K
MOIIHOCTH WIYMOB B Toykax 2—2 (puc. 5.2,a) Ha BXOAe npuemMHHKa Gyner

(PN (P .2+ P g)- (5.2)

OueBupHo, uro (5.2) wmeuvme, uem (5.1), T. e. OTHOIEHHe — CHrHAJ-IIYM Ha
BXOj€ TPHEMHHK3 YMEeHbIUHIOCh,

Paccmorpum pue. 5.2, 6, rie HemocpeACTBEHHO HA BXOJe AHTEHHBL BKJIOYEH YCH-
Juteqb AY. 31ech OTHOIWUEHHS MOLHOCTH CHrHAJMA K MOLLHOCTH IIymMa AHTEHHH B
Toukax |—I1 mno-npexnemy Oyaer onpegenasTbes no (5.1). OT1o Ke CcOOTHOLIEHHE
COXpaHHTCA M B TOUKax 2—2 Ha BHXo#e ycuiuteas AY (npH NpeinoJoKeHHH, d4To
MOI{HOCTh COGCTBEHHBIX IIYMOB YCHJANTENS MHOTO MEHbUIC MOUIHOCTH MIYMOB, NO-
CTYMapWHX Ha aHTeHHH). B toukax 3—3 Ha BXOoge NPHEMHHKA OTHOLIEHHE MOI-
HOCTH CHTHAaJIa K MOIIHOCTH 1iyMOB Oyaer

knPe 5.3
k’]PLu.u'f_Pw.c]l ' (O. )

e k— KoaphHuHEHT YCHJAEHMst MO MOulHocTH ycHanteas AY. Ouessino, 9to NpH
JOCTATOYHOM 3HAYEHHWH £ TNePEOe cjaraeMoe B 3HaMenartede apobu (5.3) MoOxKHO

caenarh MHOro 0oJibLIHM, 4eM BTOpoe, Toraa coortHowleHwe (5.3) Oyaer parHo (5.1)
H BJHfIHHe AONOJHHTENLHHX IIYMOB, BC3HHKAWMWIHX B (huaepe, Oyaer ycrpaneHo,
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A Puc. 5.3. CxeMa BKJIOYEHHS aH-

TEHHOTO YCHJHTENS B CepelHHY

I’ IITHIPEBOf 3a3eMJIEHHON aHTeH-
i HH

3=

Ipn ucrnoab30BaHHM AHTEHHOTO YCHIMTENS C JNOCTATOUHBIM KOI(M(MHUHUEHTOM yCH-
JIEHHS CTAHOBHTCA BO3MOXKHLIM YMEHbIIEHHE pA3MepOB NPOBOJIOYHOH A4HTEHHH C
¢uzepoM NpH COXpaHeHHH TpeGyeMOro NpPEeBLILIEHHS YPOBHS CHrHaJa Haj ypPOBHEM
yMOB. YMeHbllleHHe rafapHTHBIX pa3MepOB aHTEHHH SBJSETCH, eCTeCTBEHHO, BO
MHOTHX cJyyasx OOJBIIHM ee [JOCTOHHCTBOM.

CorylacoOBaHHE 11aCCHBHOH AHTEHHH C NPHEMHHKOM AJS MOJYYeHHS OT AHTEHHH
HanboJbIleH MOUIHOCTH, KAaK H3BECTHO, BO3MOXKHO C MOMOLLBIO NACCHBHBIX DEaKkTHB-
HbIX 3/eMmeHTOB. OJHAaKO TakuM OYTEM DEIleHHe 3aJa4d COMMIACOBAHHS B IIHPOKOM
AHANa3oHe YacTOT (HANPHMEP, C NMePEKPHTHEM fwaxe/fwss B 5—10 pa3) ouenn ycnox-
HAeTCH M B PAjle ClyuaeB HEBO3MOKHO.

B akTHBHHX aHTEHHAX WHPOKAS NONOCA MPONYCKAHHA [OCTHraeTcs He COrJia-
COBaHHEM COOGCTBEHHO AHTEHHB CO BXOJAOM AKTHBHOro (YyCHJHTEJNBbHOro) 3JeMeHTa,
a He3aBHCHMOII OT 4acTOThl mepejauveil HampsXKEeHHS OT NPHEMHOH aHTeHHH Ha BXOL,
YCHJMTEJNA U COrJacOBaHHEM BBIXOLHOTC CONPOTHBJEHHA YCHJHTENsA C HArpyskoi.

ITosicHuM cKa3aHHOe Ha NpHMepe IWITHIPEBOH aHTEHHH ¢ pa3MepaMH, MaJbIMH
No cpaBHeHHIO ¢ AJHHOH BonHEL, Ha puc. 5.3 mokasana KOpoTKas WITHIPeBAs AaHTEHHA,
OCHOBAHHe KOTOPOH 3a3eMJIEHO, a B pa3pLlB CPelHEH UYaCTH BKJIOUEH AHTeHHbIH
YCHAHTEb (AKTHBHHIN 3jeMeHT AD) Ha Tpanaucrope. Beixon ycuinrens A3 coefu-
HeH BEpPTHRKAJLHLIM MPOBOLHHKOM C BXOLOM mnpHeMHHKa (Rnp). (Takyw aHTeHHy
HHOTAA Ha3BIBAOT pPAaMOYHO-BHODATOPHOM AHTEHHOR-YCHIHTENeM.) OKBHBAJEHTHAs
cxeMa MPHEMHO|i aHTeHHb NMOKAasaHa Ha pHC. 5.4, a, rie &, o6osnavaer 3JC B npueM-
HOil aHTeHHe, DAaBHYIO €a=/1;E; h; — NelicTBylolas BHICOTA aHTEHHH; E — Hanps-
JKEHHOCTh BEPTHKaJbHOro 3JekTpHYeckoro moJs. Ha pue. 54,06 nokasaHa 5KBHBA-
JEHTHAS CX€Ma AHTEeHHbl, Korga o0Wasi BbICOTa aHTeHHHl ({;+7;) MeHblle UETBEPTH

4 & Jg Ea L’a I

___@.oo-—- '—oi ot

2) 4) 4)

Puc. 5.4. DxBHBa/NeHTHas cxeMa aHTeHHH, NMOKa3aHHOH Ha puc. 5.3, B Toukax 1—2
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Puc 55 OxpuBa/leHTHas CXeMa aHTEHHB! Puc. 56 Hamenenne Hamps-
¥ BXOJHOTO CONMPOTHBJEHHA YCHJIHTE]A }eHHS Ha BXOole TPHEMHHKa
B IIHPOKOM [Hama3oHe 4ac-
TOT

IJIHHBl BOVIHB H, CJIEJlOBATEJbLHO, JIEBHIH KOPOTKO3aMKHYTBI KOHel AJMHON [, HMeer
HHIYKTHBHOE COMNPOIHBJEHHe, a TIpPaBHI pPa30OMKHYTHIH KoHelm AJHHON [ HMeer
€MKOCTHOE COTpOTHBJIeHHe, R, 0603HayaeT aKTHBHYIO COCTABJASIOULYIO CONPOTHBJEHHS
aurenusl IIpr pasmepax oOOHX YYaCTKOB AHTEHHB, MaJblX 1O CPaBHEHH!O ¢ IJAHHOH
BOJIHBI, YUaCTKH {; H !y MOKHO 3aMEHHTH COOTBETCTBEHHO MaJOH HHAYKTHBHOCTBIO L,
H Manoil eMmKkocthio C, Tak, uTo oL, 1/nC,, vunThBas Takmxke, 4To Ra HMeeT
HeGOoJbIIOe CONPOTHBIIEHHE, NOJyYaeM IKRHBAJEHTHYIO CXeMy aHTeHHb, NOKAa3aHHYIO
Ha puc b4,a

[NonGupas oNTHMAaJLHYI0 CXeMy BKJIOYEHHS TPAaH3UCTOPA H €ro DexHM paGoThl
(BLIGOPOM COOTBETCTBEHHO HATPSIKEHHS] NMHTAHHS BXOJHOH IenH), MOxHO ofecne-
YyuTh HeGoJblIyl0 BXoaHylo eMmkocTb Cpy TpaH3ucTopa (B Todkax 1—2) H Goabluoe
AKTHBHOE BXONHOE CONpoTHBJeHHe Ry, (nmapasnenvHoe Csx) [Ipn 3T0M 3KBHBaJEHT-
Has cXeMa BXOJHON IeNHd AHTEHHBI-yCHJHTes (B TOYKax 1—2) HMeeT BHI, NOKa-
3aHHLIE Ha puc 55,a, a NPH BHNOJHEHHH YCJTOBHS O TOM, 4TO Rpx>> l/wsx, CXEMa
floJlyqaeT B, NOKa3aHHbI Ha puc 55,6

Ins mocsaeaHell CXeMmbl JIETKO A0KAa3aTh, YTO HAmpsiKelHe Ha BXOAE YCHJHTEJS
{r e B Toukax 1—2) Oyier onpeneaTeCHA BHIpaXKeHHEM

. 5.4
Ut T (3.4)
Taxum oGpa3oM, NPH BHIMOJHEHHH NepeuHCJIEeHHBIX Bhllle YC/I0BHI HanpsxeHue

Ha Bxofe ycunuTeas He 6yner 3aBuceTe OT uactoThl IIpH atom deMm MeHbine Cax

no cpapHenHio ¢ C,, tem GiMike Oyner HanpsxeHue U;s K BeJHUHHE €,

Iprn upaBunbHO BHIGpaHHON cXeMe BKJIOUEHHS W COOTBETCTBYIOWIEM peKHMe
THTaHHA TpaHaucropa B cxeme AD (cM pHe 53) MOKHO AOOGHTLCA COrJIAaCOBAHHA
€e BHIXOLHOrO COMPOTHBJIEHHSI C BXOAHBIM CONPOTHBJEHHEM NpHEMHHKA (Rnp); mMpH
3TOM BHIXOJHOE COMPOTHBJEHHE TPaH3UCTOPA (A48 mepeMeHHOTO TOKAa) nodtH He Oy-
IeT 3aBHCeTb OT YacTOoTh (40 Tex nop, MOKa He HAYHYT CKa3hiBaThCs IapasHTHLIE
E€MKOCTH CXeMbl)

Tax xocruraercs WHPOKONOJOCHOE COrVIacOBaHHe aHTEHHEl YCh/AHTENs ¢ MpHeM-
HHKOM

B aurepaType mpHBOAMTCH CcXeMa BKJKYEHHS YCHJIHMTENLHOrO 3»JeMeHTa B BHIE
ounoasprore tpansucropa ['T330, BkawueHHOro no cxeme ¢ O6GHIHM KONIEKTOPOM
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B PasphHiB B CepefMHEe INThIPEBOH aHTeHHbl Bbicoroit 50 cM (cw. pHe. 53). Takas
CXeMa Kpome YCHJeHHA o0ecneYHBaeT MMHPOKOMOJIOCHOE COMIACOBAHHE AHTEHHH €
BXOIHEIM CONPOTHBJEHHEM NpueMHHKA (Rup), paBHeiM 50 Om B yxasauuoii cxeme
3aXHM | aHTeHHH COe[HHEH ¢ (a30H TPAaH3HCTOPA, 3aXHM 2 —c KONJIEKTOPOM, Ha
saxume 3 Harpyska moicoenHHeHa K 3MuTTepy. TakuM 05pasom mnoayuaercs, 4To
TPAaH3HCTOP BKJIIOUEH MO CXéMe 3MHTTCPHOTO MOBTOPHTENS, HUMEWiero GoJbiioe
BXOHOE AKTHBHOE COMPOTHBJEHHe (NecATKH H COTHH KHJIOOM). TpaH3ncTOp IyH-
THPOBaH HeGOJbLIIOH €MKOCTbIO (eAHHHIb NHKO(GAapal) d HEeGOJbIIMM AKTHBHbIM
BHIXOJHBIM CONMpPOTHBJEHHeM (HecATKH oM). BxogHoe ¥ BHIXOLHOE AKTHBHbIE CONDO-
THBJIEHHS He 3aBHCAT OT YACTOTH (B Npenesax HCHOJNbL30BaHHs), UTO H ObeCcneyusaer
IIMPOKOIIGJOCHOE COrJacoBaHHe AHTEHHH C FArpPY3KOH.

Ha puc. 5.6 pna ykasanHo# aHTeHHBI NPHBELEHH KPHBBE HANDSAXKEHHS Ha BXOAe
NpHEMHHKa B IIMPOKOM JAHanas3oHe yacTorT [ M AJA TOH Ke aHTEHHH, HO COIVIAaco-
BaHHOH ¢ NPHEMHHKOM C MOMOLIbIO peakTHBHBIX ajemeHToB 2. Hanpsikenwe U Ha
BXOJe NPHEMHHKa HODMHPOBAaHO TO OTHOLIEHHIO K Hanpskenuio U, nojdyueHHOMY
NPH COrMACOBAHHH DEaKTHBHHIMH 3JIEMEHTAMH H COOTBETCTBYIOLIEMY TOYKe MaKCH-
myMa Ha KpHBoH 2. Kak BHOHO H3 pHCYHKAa, IIMPHHA NOJOCH 4acToT (061acThb
COTJIACOBAHHA) AJA aKTHBHOI aHTEHHE BO MHOrO pas INHpPE, ueM AJf MacCHBHOI,

IopoGHble xe pe3yabTaThl MOCYT OBITb TMOJNYYeHH H € YCHJIHT@NEM Ha IOJIEBOM
TpaH3HCTOpE, KOTODHIH, KaK H OHMONsAPHBI TpaH3HCTOp, O6JajaeT GOJLUIAM BXOM-
HEIM H OTHOCHTE/IbHO HeGO/BIIMM BEIXOLHBIM COMPOTHBJIEHHAMH.

Hapsapy ¢ iepeylicjleHHBIMH Bbillle JOCTOHHCTBAMH AaKTHBHBIE aHTeHHBl YOpo-
AT CoelHHeHHe CHMMETPHUHON aHTeHHL C HeCHMMETPHUYHBIM (HIEpOM.

5.3. Kpatkuit 0030p aHTEHH-yCHIHTeNE

B nacrosmee BpeMs CYIUECTBYeT MHOTO THMOB A4KTHBHHIX aHTEHH, Mpes-
HAa3HAUEHHBIX AJA pas3HuX neneil. HekoTopre H3 HHX, HanpuMep aBTOMOGHJIbHbIE
AHTEHHH!, BBUTYCKAIOTCH OTEUeCTBEHHOR NPOMHILJIEHHOCTBIO H IOCTYNailoT B TOPro-
BYI0 CEThb

KpaTko OCT2HOBHMCS H4 ONHCAHHH YCTPOACTBA HEKOTODHIX THIOB AHTEHH-YCH-
Jurteseii ajis GHITOBOH pajHOanmnapaTypH.

ABTOMOGH/IbHBIE AHTEHHLI-YCHAMTENH. ABTOMOGHJbHBIE AKTHBHEIE AHTEHHH HMe-
0T Manble pasMepH, yAOGHH AJs pa3wvelileHHs BHYTPH aBTOMOGH/IS H HMeIOT XOpo-
IIHe 3JeKTPHUECKHe MapaMeTpHL.

OreuecTBeHHOH NPOMBILULIEHHOCTHIO GHJIO BHMYIIEHO HECKOJbKO THIOB aBTOMO-
GHAbHBIX aHTeHH-ycuanTeneil: AA-001, AA-301, AB-24, ABA-2.

Anrenna AA-001 npenHasnadeHa miasi paGOTH ¢ aBTOMOGH/bHEIM [PHEMHHKOM,
ycTaHaBiuBaeMeM Ha asromoGune BA3-2101 BMmecTo Hapy:KHOH IUTHPEBOA aHTeH-
Hbl AP-108 B nmanazone JIB (150..408 kI'n) u CB (525 1605 kI'um). Koucrpyk-
THBHO aHTeHHAa BHINOJHEHAa B HAPYXKHOM 3€pKale 3ajHero BHAA (YCTaHABJIHBAEMOM
c6oKy aBTOMOGHJS).

Anrenna AA-301 npennasHaueHa IJs paboTh ¢ aBTOMOGHJBHRIMH NPHEMHH-
KaMH, yCTAaHABNHBAaEMHIMH Ha aBTOMGOHNAX «Kurynn» u ¢Bosra», H MOXer saMe-
HATh CTAHAAPTHHE TEJIECKONHUECKHe AHTEHHH], YCTAHAB/IMBAEMEE Ha YKA3aHHHX aBTO-
MoOuIaX
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Buixod

Puc. 5.7 ¥YnpoueHnasi cxema aKTHBHOH aBTOMOGHJbHON aHTeHHH AA-301

Antenna AA-301 umeer HapyKHHH CbeMHHIH repMeTHYHHICH IITHIPb IJH-
noii 0,4 M, obecneyHBaioliuii HanpsiKeHHe HAa BXOAE NpPHeMHHKa GoJbluee, UeM OT
CTaHJaPTHOH aHTEHHH, HMeiomieii B 3 pasa GoJabwiyio AAHHY, [IHTaHHE aHTEHHB
OCYUIECTBJsETCH OT AaKKyMyJATropHo#l Oartaper (C 3a3seMJIEHHEIM MHHYCOM) Hanps-
KenueM 12 B; norpebasemeii Toxk 20 mA. Pafounil nuanasoH 4acTOT AHTEHHB
100 kI ... 30 MT1L.

YnpouieHHas cX€Ma aKTHBHOH aHTeHHB NOKasaHa Ha pHc. 5.7. Tak Kak ITHPb
AHTEHHBI BO MHOrO Da3 MeHblIE [AJHHB BOJIHE TPHHHMAeMHX CHTHaJOB, SKBHBa-
JIeHTHOHR cXeMOH aHTeHHbl sBJsercas HCTOYHHK DI C e,=h,E (rze E — cocrasasio-
ulasi 3MeKTPHYECKOTO MOJs BAOJL UITHIPA), COeLHHEHHBII NOC/TeNOBATENbHO C eMKO-
cteio Ca. BXxomHoe cOMpOTHBAEHHE LIHPOKONOMOCHOTO YCHJHTENS AHTEHHH B paGo-
4eM JHanasoHe 4YacTOT MOMXKeT OHITh NPEACTABIEHO HeGOoMbMmOoH eMKOCTbly Cay,
IyHTHPOBAHHOH OOJBIIMM BXOJHHM AKTHBHHM CONPOTHBJEHHEM [1€PBOrO KacKajis
vcuJeHust Ha nodesom Ttpausucrope Iy. [lostoMy manpsikeHne, mepegasaeMoe OT
aHTeHHH Ha BXOJ, YCHJNTe]s, MOXHO ONpeAetHTb no Qopmyne (5.4). Ipoccens L
Ha Bxofie T| ofecnedHBaeT yTeYyKy TOKa 3aTBOPA MNOJEBOro TPaH3HCTOpAa HA O6uIHi
MHHYC HCTOYHHKA NHTAHHA M IOYHTHPYET HH3KOUACTOTHHIE HAMpPAXKEHHS HaBOLHMBIX
nomex. Bropoit kackal ycHJHTENS BHIMOJHEH Ha OGHmoaspHoM Tpausucrope Ty c Ha-
rpyskoii Ry Pesucrop R, coBmectHo ¢ C; co3gaer OTPHUIATENbHYIO 06paTHYK CBA3L
H yJAyulldeT YacTOTHYIO XapaKTEPHCTHKY YCHJHTEJS.

Anrenna AB-24 npennasHadena AJs paboThl ¢ aBTOMOGHJIBHBIM NPHEMHHKOM
apromobuna «Bosara» (FA3-24) u MoHTHpYeTcs COBMECTHO C BHYTPHCAJIOHHBIM
3epKaNoM 3ajHer0o BHAA, AHTeHHa oGecneunBaeT mpheM AM cHreHajgoB B JHana-
3one 150 ... 1605 kI'm 1 UM curnanos B nuanasone 65,8 ... 73 MI'u. IIuranne aHTeHHB
OCYLIECTBJAETCS OT aBTOMOGH/BLHOrO akkyMmyJastopa 12 B; norpe6asemuiii Tok 10 MA.
Ycuantens YKB aHanasosa — oQHOKacKalAHLIA Ha OHNOJIIPHOM TP2H3HCTOpE; YCH-
Juteas IB u CB nuanasoHoB — ABYXKACKaAHHI HA MOJEBOM M GHINOJADHOM TpaH-
3UCTOPaX.

Anrenna ABA-2 npepuasuauveda AJjia pabGoTel ¢ aBTOMOGHJBHBIME NpHEMHHKaMH
JIerKOBBIX aBTOMOGHJell JI0OHIX MapoK M CJHYXHT AJA NPHeMa DPAaiHOBe[aTeNbHBIX
craupufi ¢ AM B namanasonax JIB (150..405 xIu), CB (525..1605 xIu),
KB (395. 200 MIu) u UM B puamasone YKB (658..73,0 MInu). ITuransxe
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Puc. 58. Cxema co- Puc 5.9. TeneBuauoHHasi aHTeHHa-yCHIMTENMD IJIH
e/lHHEeHHSA 3JeMEeHTOB ACUHMETPOBOTr0O gHanasoHa BOJIH:
ABA-2 @ — 06w BHA, § — NOSICHEHHE KOWCTPYKITHH

2HTEHHbl OCYIIECTBJSCTCA OT aBTOMOGHJBHOTO AKKyMyJaropa Hanpsxendem 12 B
€ MHHYCOM Ha KOpmyce aBTOMOOMJS; TOK LIHTAHMUA 5 MA.

ABA-2 sBisieTcs BHYTPHCAJOHHOH AaHTEHHO[, npeicTapisieT cofoil TOPH3OHTAJb-
HBIH MeTa/IHYeCKHil crepxkeHb obuieii mnuHo#l 290 MM, yKpenseHHHH Ha 6JOKe YCH-
Jiurens, Jtor 6JOK BMecTe CO CTepXKHEM NpHKJeHBaeTcs Ha BHYTPEHHeR CTOpOHe
BETPOBOrG CTEKJa aBTOMOOW/A 3a 3epKajIoM 3ajaHero BHAAa CXeMa COeJAHHEHHS 3Je-
MEHTOB, BXOAAWMX B coctas ABA-2, mokaszaHa Ha puc. 5 8. JkpaHHpoBaHHHE npo-
BOA orT GJoKa ycHauTedda [ HAeT Ha NPOMEKYTOUHbIH G6JIOK 2, BHIXOL KOTOpOro
MPOBOAOM NHTAHHE J COEAHHAETCA C IUVTIOCOM aKKyMyJasTtopa 4; ApPYrof BBIXOX
6noka 2 coelMHAETCS IUTEKePOM C AHTEHHBIM THe310M npHeMHuka 5. [lpoBon 3a-
3eMJIeHHS 6JI0KA YCHJIHTE/IS NMOMKHMAETCA TOJ BHHT KPEeMJIEHHS KPOHINTeHHa 3epkana
sagHero BHaa [IlpomexyrouHulit 6JOk ykpemisercs (npHKJAeHBaercs) B yA0GHOM
MEeCT€, a MPOBOA, COeJHHAIOWMUA G6JIOKH, YKJIAABBaercs IO PEe3HHOBHI YILIOTHHTENb
Berposoro crekna 6. Ilpoeon nurtanus 3 He o6A3aTebHO COELHHATL € AKKYMYJATO-
POM, €ro MOXKHO NOACOEAHHHTL K NPOBOAY NHTAaHHA aBTOMOGHJIBHOTO NpPHEMHHKA
MeXAY INpeiOXpaHuTeJeM H NPHEMHHKOM, a MeCTO COeJHHEHHS HeOGXONHMO H30JH-
poBaTh

AHTEHHBI-YCHANTENH I PANHONPHEMHHKOB M TeneBu3opoB. IlpumepoM akTHB-
HOji aHTeHHHl, paspaborannoil B CIIA ans npHema pagHOBEUIAHHS, SBISETCS MHHH-
4aHTeHHa, TNpenHazHauenHas #Jas paborni B guamasone uacror 100 k[ .30 MTu
Ona cOCTOMT H3 CTeD3KHsl BLICOTOH 38 MM ¢ VKpelsieHHHM Ha ero BepIIHAHe JHCKOM
auamerpom Takxke 38 MM, JIHCK CJYKHT JAJS YBCJAHYEHHA NENCTBYIOIEH BBICOTHI
aHTEHHH H €e eMKOCTH, YTO NPHBOAUT K MNOBLILEHHIO HanpsKeHHs, NepelaBaemMoro
Ha BXo4 ycuauteds (cM. ¢opmyay (5.4)).

CTep:KeHb aHTEHHBl HEMOCPEACTBEHHO COENHHEH € TPeXKACKaAHEIM YCHAUTeNeM
TlepBbiii Kackaj — Ha MOJEBOM TPaH3HCTOpe ¢ GOJLIIHM BXOAHBIM COTDPOTHBJIEHHEM,
BTOPOH KACKaJ — HPOMEMKYTOUHH YCHAMTENb, a TpPEeTHil — BBIXOAHON Kackal —
SMHTTEPHEIH TNOBTOPHTENb, OGECTeYHBAIIKH COrJacoBaHHE AHTEHHB B IIHPOKOM
JIHANa30He YacTOT C KOAKCHAJbHbIM KabeleM ¢ BOJNHCBLIM cOmpoTHBJeHHewm 50 O,
HAYUHM K NPHEMHHKY.

MamepenHsl nokaaajd, uYTO TaKas aHTEHHa Ha uacroTax 6oJiee HH3KHX, UYem
3..5 M, ofecrmeydBaeT TaKoil ke TMpHEM, Kak WTHPbL BhcoTod 4 M Ilpu mame-
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peHHsiX cpaBHMBaeMble aHTEHHB DPAacnoJarajich Haj 3a3eMJEHHOH MeTa/JHYeCKON
JacTuHoi 6OMbIIOH MJIowagH.

YKa3aHHyl0 MUHH-AHTEHHY MOMCHO HCMOJIB30BATHL HA ABTOMOGHJAX H CAMOJETax,
a TaK¥e B AHTEHHBIX PeLIeTKax,

B amTepatype onucana aHTeHHA-yCHAMTE b, [PEIHA3HAUCHHAA A.18 BCTPAHBAHHA
B NIEPEHOCHBIe TpaHsucTopusle npiemuuki. OHa yoydwaer npuem B aHanasone KB
H HMeeT ClelylollHe TeXHHYecKHe NOKasaTelu: pabounii Ananasoun yacror 3 ... 30 MIn;
coGCcTBEHHAA peanbHas uyyscTBHTedbHocTs AY 10 MxB/M (npu jasWie aHTeHHOTO
wreips 1 M); KO3GQHUHEHT YCHIeHHA [0 HanpsiKeHWo ycuanrtens 10; HanpsiKeHHe
nutauus 9 ... 12 B; norpe6Gasemuii Tok 2,5..3 MA.

ITpn HCMOMB3OBAHMH AKTHBHBIX AHTEHH MJA TENEBH3HOHHOrO NPHEMA BO3MOMKHO
OpHMEPHO B 5 pa3 YMeHbWHATh PasMepbl &HTEHHLI N0 CPABHCHHIO ¢ OGBIYHBIMH Ha-
PYKHBIMH Te/JeBH3HOHHBIMH,

B swureparype onucaHbl TOAOGHEE AKTHBHblE TENEBH3HOHHEIE AHTEHHHI, BEHITOJ-
HEHHBIE TEYATHBIM CNOCOGOM Ha JAHIJMEKTPHYecKOH muate. [[/if 3al[HTH OT BHeWIHHX
BO3JeficTBHII TakWe aHTEHHL MOMEIIAIOTCH B NJIACTMACCOBBIE KOXKYX.

IMomo6uas aHTenHa paspaGorana v ®PI ana nmpuema nporpamMMm B ABYX TeJe-
BH3HOHHBIX fHanasoHax BouH 54 .88 MIy wu 174 ..216 MIu. Poae coGerBenHO
aHTeHHBl BHIMOJHAKT MeTaJUIMyecKHe MOJOCKH, HaneyaTaHHble Ha mnaarte B Qopme
IVIOCKHX CMHPaneo6pasHbiXx HHAYKTHBHOCTelH; aHTEHHA NOMOJHHUTEJNbHO HArpyXeHa Ha
KOHI[aX KOHJeHcatopaMH (B BHIe HeGOJBIIMX MEeTAJJIHYECKHX IHJIHHAPOB, OXBATHI-
BAIOIWAX KOHI(BI AH3JEKTPHUeCcKOil 060JOYKH aHTEHHBI)., YKaszaHHBle NaccHBHEIE 3Je-
MeHTH, OO0belHHeHHble B eNHHYI0 cXeMy, OGecnedHBAOT (HJbTPALUHIO CHrHAJOB H
COrJacoBaHHe AHTEHHB ¢ YCHJHTE/NEM HAa GHOOASPHOM TPAH3HCTOPE, CMOHTHPOBAH-
HOM Ha ofmieit niarte. Bexon TpaH3ucTOpa uepes CHMMETPHPYIOLLHI TpaHchopMaTop
coeqHHAETCA ¢ KOAKCHAILHLIM KabeieM, HAYIHM K TeleBH30py.

AHTeHHa 3aK/II0OYCHA B JAHIJEKTPHUECKYI0 06OMOUKY UHAHHIDHYECKOH (hOopMLL.
Janna Beelt anTennsl 0,6 M.

B 3akaIoueHHe DACCMOTPHM TEJNeBH3HOHHYI0 KOMHATHYIO aKTHBHYIO AHTEHHY A5
JlHana3oHa JelNHMeTPOBHX BoOJH (pHc. 5.9).

Aurensa npepcraBisier co6oit cuMMerpuuHbIH BuGpaTop (I, 2) HeGombmofi
LJHHBL; Ka)paas MOJOBHHA €ro COCTOHT H3 [ABYX Napajie/ibHO COelMHEHHBIX «po-
roB», UTO VBEJIHUHMBAST MOJOCY NPHHAMAeMbLX aHTeHHo#i wyacror. Tlo o6e cTOpOHH!
OT cepellHHbl BHOPATOPA NPUCOCAHHEHBI NMOJOBHHBI mUiel(a pe3OHaHCHBIX pa3MepoB.
Buyrp# ofHOH H3 TOJOBHH NMPOXOAHT Kabeab, COSIHHSIOUIHI AHTEHHY c TeJeBH30-
pom. B cepepndy BHGpAaTOpa BMOHTHpOBAH GUMONAPHHE TpaHsHcTOp, obecneynBaro-
IWHH yCHIeHHe NPHHHMAeMOTQ CHrHaTa. DMHTTep NpDHCOeJMHeH K OJHOM IOJIOBHHS
Bubparopa, 6asa — K APYroH; KOJJIEKTOD COEAHHEeH C NEHTPAaJbHBIM NpPOBOAOM BBHI-
coxouacToTHOro kabens, IIpH TakoM BRJINYEHHW CHMMeTpHs BHOparopa He Hapy-
maercs, TaKk Kak MO BHelnHell o6osiouke O6eHX NOJOBHH BHOpaTopa HPOTEKAIOT OAH-
HaKOBEIE TOKHM 0as3hl.
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' TABA 6.
TEJTEBU3WOHHDBIE AHTEHHBI

6.1, Mepenaroniue TeseBU3UOHHBIE AHTEHHbI

BHICOKOE KauecTBO MepefdyH H MpHeMa TEJEeBH3HOHHOrO H306paXKeHHs H
3BYKa B 3HAUHTENBHONl Mepe ofnpelessercs yCJAOBHAMH DACMPOCTPAHEHHS H Xapak-
TEePHCTHKAMH NePelaloliHX H IPHEeMHLIX AHTEHH.

Hccnenosanus, npopefeHHble NO BLIABJEHHI0O NMPEHMYLIECTB H HENOCTATKOB ro-
PH3OHTAJLHOA M BEPTHKAJBHOA NONAPH3ANHH, NOKA3aJH, UYTO NPOMBILJEHHHE I0-
MeXH H HHTepdepeHHHs] OT 3RaHHH H COOpYXKEHHH MeHbIIE NPH HCMOJb30BAHHH
rOpPH3OHTaNbHO NOJNAPH30BAHHBIX BOJH. Ha BeprHka/pHO NOJAPH30BAHHBIX BOJHAX
NpOoIie OCYIIeCTBJAsATh HEeHANpPaBJIeHHylo Neperavy.

Jlns TeleBH3IHOHHOrO BENIAHHS B OCHOBHOM MPHMEHSIOTCA TOPH3OHTANBHO MOJMA-
pH3oBaHHEe BOJHHE. J1a TOTO 4TOOB! OCNaGHTH B3aHMHBlE NMOMEXH TEJeBH3HOHHOMY
npreMy craHupl, paGorapolliX Ha OQHOMMEHHHIX KaHaljax, CTaJH MCNOJb30BaThb A/
TeNIEBH3HOHHOrO .BeMIaHHs H BePTHKAJLHO MOMSPH30BAHHLIE BOJIHbI.

MaxkcuMym AuarpaMMbl HanpaBieHHOCTH Mepefaiolllell aHTeHHH OGBIYHO HAKJO-
HSIIOT HEMHOTO EHH3, YTOGH He ObIIO Gecrnoje3HOro HajlyueHHs SHEPrHH B BepXHIOIO
noaychepy. CosnaHve Hanpas/C€HHOH aHarpaMMml obecneduBaercss YCTAHOBKOH He-
CKOJIbKHX 3Taxell. Hak/OH OCyleCTBJASeTCs COOTBETCTBYIOIIHM (a3HPOBAHHEM TOKa
B 3TaxaX AaHTEeHHH. YBeJHYeHHe HanpasJIeHHOCTH AaHTEeHHbH B BEPTHKAJBHOA mJIO-
CKOCTH GOJILIIHM 9HCJOM H3JyYaTeseH H pacnoJoXkeHHe HX 3TaXaMm OJMH Haj ApY-
THM COTPOBOMJAercss MosBJeHHeM OCOKOBBX JIeNeCTKOB H, TJABHOe, TMpOBaJaMH
H3Jy9eHAs mexny HHMH. [Iposajibl H37yueHHs, B CBOIO Ouepeib, MPHBOAAT K 0O-
ABJEHHIO «MEPTHHIX 30H» Ha TEPPUTOPHH, obecneyHBAaeMOH TEJIEBH3HOHHLIM Belld-
HHEM C NOMOWIBbIO JAHHON A4HTeHHH, YCTpaHEHHE MEPTBHIX 30H OCYIIECTBJSETCH
«3aMasLiBaHHEM» MpPOBAJOB MeXAy JenecTkamH, s 3Toro cooTBercTBylomuM 06-
pasoM nonbupator Gassl H aMIVMHTYAH nHTaHHA dtaxed (puc. 6.1).

f/fﬂauc

2)

Puc. 6.1. [uarpamMma HanpaBJeHHOCTH nepejaiomed aHTeHHH B BEPTHKaJbHOH IO~
CKOCTH:

@ — HaKJAOH ZIYAarpaMMbl HaNpaBJeHHOCTH ¥ MepTeme 30HH; 6 — «3aMasblBaHue» nyneft nua-
TPaMMBl HanpaBleHHOCTH; [ — Yron  BHAHMOCTH TOPH30HTA; 2 — HAKJOH TFJIaBHOrO MaKCHMYyMa
JHarpaMMul; 3 — MEPTBLIE 30HBEI
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Puc. 6.2. Autenna Jlun-
neH6Gjana M3 3IIHICOH-
JAaJbHbIX BHOpaTOpOB,
BKJAIOYEHHEX 10 CXeMe
BepxHero mnHTamns, Pac-
moJioXKeHHe BHGDATODOB B
naaxe (WTPHXOBOM JHHHEI
noKkasaHa cXema ¢asupo-
Banus), rae c+d=1,1A/4;
alb~6/15; cld=T7/5

Ipn Boi6ope (OpMH AHATPAMMBl HANpPaBJEHHOCTH HeOGXOAHMO, YTOOGH HH Ha
KaKOM ydYacTKe TEPPHTOPHH IJIOTHOCTb MOTOKA MOIIHOCTH H3JIyY€HHs He NpeBhllIaJja
JIOMYCTHMOH CAaHHTapHOH HOPMH.

OnHo#t H3 NepBbIX TeJeBU3HOHHHIX aHTeHH Onina aHnrtenHa JIuupen6iapa, ycra-
noejeHsas B 1939 r. ma camom BoicokoMm 3panMH Hblo-Flopka (Ha BhICOTe cBhILUE
400 m) (puc. 6.2), npencrasisomwas cofoli WHPOKONOJOCHYIO TYPHHKETHYIO aHTEHHY.
Tlox TypHHKeTHOH aHTEHHOH NOHHMAIOT AHTEHHY, BHINOJHEHHYI0 H3 OBYX B3aHMHO
NepNneHAHKYAAPHEIX OLHHAKOBHX CHMMETPHUHHX BHGPAaropoB, NMHTAEMLIX CO CIABHIOM
¢a3 s 90°. B HanpaBJeHHH, NEpPNeHAHKYJASPHOM INIOCKOCTH BHOGDATOPOB, BEKTOP Ha-
IMPSIKEHHOCTH MOJiA BpalllaeTcs, COXpPaHss B TeueHHe IepHOAA NOCTOAHHYIO aMIJIH-
Tyay. TakuM o6pa3oM, B aTOM HanpamjieHHW NOJe NMOMsPH30BaHO No Xpyry. B apy-
THX HanpaBJeHHAX NOJAPH3ALHA NEPEXOAHT B 3JJIHNTHYECKYIO, BHIPOXKAAMYIOCA B
JuHElHY0 A HAaNpaBJeHHH, JeXalHX B MJIOCKOCTH, B KOTOpOH HaxoxaTcs BuOpa-
Topel. ITosToMy eciH BHOGpAaTOpH rOPH3OHTAJNBHEL, TO B TOPH3OHTANIBHOH MIOCKOCTH
none Gyler JHHeHHO NOJAPH30BaHO. B 3TOfl MJIOCKOCTH AHarpaMma HanpaB/eHHOCTH
TYPHHKETHOH aHTeHHH OJH3Ka K OKPYXKHOCTH.

Anrenna JIuHfenGrafa HMEeT CPABHATENBHO GOOJBLIYIO MAcCCy, BHCOKYI CTOH-
MOCTh H C/IOJKHA B HacTPOKe.

Jns ynpomieHHS KOHCTPYKUHM B KadecTBE 3JEMeHTOB TYPHHKETHON &HTeHHH
TPHMEHANHCh THCKOKOHYCHEIe BHOGDATOPHI, COCTOfIHE H3 JABYX YCEUEHHHX KOHYCOB,
COe/IHHEHHBIX OCHOBAHHSAMM M BO3CYKAaeMHIX NHCKAMH MO CXeMe BEpXHEero NHTaHHSA
(puc. 6.3, a). _

IITnpokononocHble TYpPHHKETHHE AHTEHHH BBINOJHAJHCH TaKKe H3 TPYyGuaThX
BHOPaTOPOB € napasielbHO BKIIOUEHHRIMH KO3KCHA/bHBIMH KOPOTKO3aMKHYTHMH
mnefibamu (puc. 6.3,6).
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Puc. 6.3. Cxemp! wnpoxo-
NOJOCHBIX  CHMMETPHUHBIX
BH6pPATOPOB,  NPHMEHAB-
IWHXCH B NMepelallHX Te-
JIeBH3HOHHBIX aHTeHHAX:

a — AHCKOKOHYCHBIH; 6 —
TPYGUaThIi

Bce onucanuble BHOpaTOpPbI MOTYT KPENHTHCS HENOCPEACTBEHHO K Tely 3a3eM-
JeHHOH MauTel 0e3 NpHMeHeHH: KepaMHYECKHX H30/ISATOPOB.

Uem Govblile gHaMeTp BUGPaTOpa B TYPHHKETHOH aHTeHHe, TeM GoJiblie LWIHPHHA
MOJIoCLl MponyckaeMbix 4acToT. OJHAKO NMPH 3TOM BO3HHKAIOT TPYAHOCTH, CBSI32H-
Hbie ¢ kpervieHneM Hx Kk madre. B 1947 r. corerckum yuernim B. B. Bpaynme 6una
TpeAJOXKeHa TYDHHKeTHAs AaHTEHHA, B KOTOPOI WHJIHHADHYECKHe BHODATOPH 3ame-
HeHB Ha UMpOKHe nOcKHe BUOGPaTOPH, BhITONHEHHHE H3 Tpy6ok. BuGpartoph
Bpayae kpensTcst na Maure C NOMOMILIO H3OJATOPOB, a HANPSKEHHe MHTaHHA MO-
Haerca ABYMSA KOAKCHAJILHHIMH 75-OMHBIMH KOAKCHAJbHBIMH JIHHUSAMH.

Ilpu BBIcOTe BHOGpaTOpa, paBHON A/4, BepxHsAA ero TOYKa MOXKET GHITh.3a3eM-
JieHa, T. e TpHBapeHa K Mmaure, Ilpu 3tom ofpasyercss 4eTBePTbBOJHOBHIN MeTaJ-
JAHYecKHi HaonaTop. Takas KOHCTPYKUHA CYIIECTBEHHO yMEHbIIAaeT €ro BeTpPOBHIEe
Harpysku (puc. 6.4, a). Bxoanoe conporusienne BHGpaTopa B moioce gactor £7,5%
npumepHo pasHo 140 Om.

B TypHHKeTHBHIX AHTEHHAX B HACTOSILEe BPEMsl HCIOVIL3YIOT CHBOEHHBIE MJIO-
CKOCTHHI@ BHOGPATOPH ¢ KOCHIM Cpe30M. BXOAHBIe 32a)KHMBH AHTEHHBl pacrnonaramTcs
B cepenuHe BuOpatopa (puc. 6.4,6). Kpome Bu6paTopa napa/iiesibHO €My BKJIOUEHBI
ABa METaJ/IHYeCKHX YeTBePTbBOJHOBHX H3014TOpa (4eTBepTLBOJIHOBHIE, KOPOTKO-
3aMKHYTHie Ha KOHIle [ABYXNPOBOAHbe JuHHH). Bnaromapa stomy aHTeHHa He HMeeT
OTIOPHBIX JH3IJNEKTPHYECKHX H30JAATOPOB. IJTO MOBHILIAET ee NPOYHOCTH H HANeHK-
HocTb, BxonHoe conporusienue JK-o6pasHoro Bubpatopa npumepHo 75 Owm.

Memannuveckan
g8A / fmyara i /4
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Puc. 6.4, Iliockoctibie Hannginog oosa 1 o7

BUGPATOPHL: ] g P s

a — suGparopsl Bpayne; 6 — . a) )

JK-o6pasublii BHGpaTOD
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Puc. 65 Tlapend mepefaiolMX TeJNeBH3HOHHBIX AHTEHH:

@ — aHTeHHas naHelb METDOBOrO AHANA30Ha BOJH; 6 — aHTeHHAas NaHeNb JelUMETpPoBOro nHa-
nasoHa BoJH' [ — 3kpaH; 2 — BuGpaTop; 3 — MerannHdYecKHil cTepKeHb Kpemjenus mubparopa;
4 — KoaKcHanbHbIi BX0j, BHOPATOPOB NaHeNH, 5 — 3aUHTHLIA NJAaCTMACCOBHIA YeXos, 6 — CHM-
MeTpHpYioulee ycTpoilrTBO

TTo cpasuenHio ¢ ofuHapHHM BHOGpaTopom JK-00pa3Hsiii BubpaTop uMeer Gosee
Y3KyI0 JHarpaMMy HanpaB/JeHHOCTH B BePTHKaJbHOH mnJockoctH, a ero KHI] B
1,7—1,8 pasa Goupe,

Cpennaa touxka JK-o6pa3Horo BHGpPAaTOpa 3anpemyeHa AOCTATOUHO KECTKO, W TH-
TaHHe K Heil MOXKET MOABOAHThHCA 6e3 YCTAHOBOUHOrO H30JATOpA.

B nacrosuiee BpeMms Bce ualle HCMOJAb3YIOTCS OJNOKH B BHJAE HECKOJbKHX BHOpa-
TOPOB, YCTAHOBJEHHBIX Ha OJHOM MeTa/uIHYecKom 3KpaHe, Takoii 6/iok HasbiBaercs
nanenvio. [l H3JydeHHA B METPOBOM J[HANa30He 3KPaHb AEJAIOTCH PEIIeTYaThIMH
¢ LeNbi0 YMEHbIIEHHS COMPOTHBJEHHS BeTpy. Bu6paTophl Ha naHeasx ycTaHOBJIEHBI
Ha pacCTOSHHM YETBEPTH BOJHH OT 3KpaHa. IIpH HCnOJNb30BAaHHM [0JYBOJHOBBIX
BHOPATOPOB DPACCTOSTHHST MeXKAY HHMH COCTABJAIOT OKOJO MOJOBHHB AJHHB BOJHH,
a [PH HCIOJb30BAHHY OAHOBOAHOBLIX BHGpatopos (0,5...0,7) AJAHHBI BOJIHEL

B nwanasone MeTpoBbIX BOJH naHeJb OObelHHAeT ABa HJIH YeThipe BHGparopa,
a AJs MepBOro KaHana — TOJABKC OAMH BuHGparop. B neuumerpoBoM AHanasoHe Ha
5KpaHe NaHeNM YCTAHABJIHMBAKOT OT YeThpex A0 BocbMu BHGparopos (puc. 6.5).

TTocKOAbKY MaHe/b ABJSETCS CAMOCTOATENbHbIM OJOKOM, TO, MU3MEHsAS 4HCJO na-
HeJell B 3TaKe HampaB/JeHHe MaKCHMaslbHOrO H3JIYYeHHs HX HakKJIo0HOM H (asupysd
NaHeJH COOTBETCTBYIOIWHM 06pa3oM, MOXKHO MOJY4HTb HeoOXONHMYH B [aHHBIX
VCJAOBHAX AHArPaMMy HanpaBJeHHOCTH B BEPTHKAJbHOH H TOPH3OHTAJLHOH MNJIOCKO-
crax. [TaHeap MOXKHO OPHEHTHPOBaTh TakuMm ofGpasom, 4rofbn BHGpaTopel Gblix ro-
PH3OHTA/NbHB HJIH BEePTHKAJbHBL B 3aBHCHMOCTH OT 3anpOeKTHPOBAHHOTO BHJAA MOJS-
PH3ALHH H3JIy4aeMOH BOJIHBL
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Puc 6.6 Ilpumepnas guarpamma
HanpaB/eHHOCTH B TOPH30HTANbL-
HOft IJIOCKOCTH npH CHH(a3HOM
NUTAHHKM NaHenedl ¢ BOJHOBHIMH
BH6paTopaMH

180°

Ina nonyveHus B TOPH3OHTANBLHOM NJIOCKOCTH HEHANpPaBJIEHHOH AHATDAMMEL NG
NepHMeTpPy CedyeHHs GamHH (MPH3MBE) YCTaHABJHBAIOTCH YeThHpe nadend, IIpume-
Hgercs Kak chHH(asnoe, Tak H mepeMeHHo-hasHoe nuTaHHe (co casurom Ha 90°,
KaK B TYPHHKETHOH aHTeHHe).

B xauecrBe mpumepa Ha pHc. 66 mnpmBeneHa guarpaMMa HanpasJeHHOCTH MpH
CHH()A3HOM MHTAHHH NaHeJiell ¢ BOJHOBLIMH BHOpaTOpamH.

IInpokoe pacnpocTpaHeHHe B KaueCTBE NEePefAIOUIHX TeJEBH3HOHHEX AHTEHH
HALLJIH pagHajbHble BUGPATODLI, NpelHa3HAYEHHble A8 paGOThl Ha NMJIHHAPUYECKHX
Gamuax 0e3 mpHMeHeHHS MJOCKHX KPaHOB

Papnanbhble BHOpATOpH OTJIHYAOTCA HeGOJBLIMM COMPOTHBJIEHHEM BETPY M IpO-
cTOf KoHcTpykuMeil OHH NPeACTaBAAIOT cOGOH HECHMMETPHYHLIE UYETBEPTHBOJHOBLIC
YKOpoueHHHe BHOGpaTopn GoJdbmoro auamerpa (puc. 6.7,a).

BubpaTtopu KpenmATcs Ha MauTe ¢ TOMOIUBIO ABYX HeTBEPTbBOJHOBHIX KOPOTKO-
3aMKHYTHIX JIHHHH (4YeTBePTbBOJIHOBBIX METa/VIHYecKHX H3ousTopos). Bxox subpa-
TOpa 3AN[HUIEH NHIJEKTpHYecKHM KoanakoM [Ipu Takoit KOHCTpyKuMH BHGpAaTOp
MOKHO NHTaTh B nporuBodase 6e3 cHMMeTpHpyomero ycrpoiicrea s 310ro HyX-
HO TPONYCTHTh KaGeJdb BHYTPH YETBEPTbBOMTHOBOTO H30JATOPA H TNOAKIIOUHTH €ro
LeHTpaJbHEIA NPOBOAHHK K Tely MauTw (puc. 6.7,6) B KamaoM 3Taxe ycTaHaBJIH-
BalT N0 BOCeMb BHOpAaTOpoB, NHTaeMbix ¢ (aszoBuiM caBHroM B 90 mam 45° Pac-
CTOsIHHe MeXjy ataxamu Bubparopos cocrasaser 0,5 0,6 nnuip BoaHBI

6.2. MpuemHble TeNEBU3HOHHEIE AHTEHHBI

CuMMeTpHuHbie BuUOpaTopsl Aas npueMa Tteaesdaenns. [lonasasioulee
qHCJI0 TPHEMHBIX TEJEBH3HOHHBIX aHTeHH G0 npeacTaBifeT coBOH CHMMETPIYHBI
pa6parop, AHGO COAEPIKHT ero B KadecTBe OCHOBHOTO 3JeMeHTa (MW 3JeMEHTOB)
B OCHOBHOM HCIOJL3VIOTCS CJEIyIIHe pPa3HOBHAHOCTH aKTHBHLIX BHOpaTopon
IPSIMONHHEHBIT BHOGPATOD MOCTEA0BATENLHOTO H NAPaJIeJBHOrO MHTAHHI, YIrOJKO-
Bble H meTaesbie BHOpaTopb!
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Puc. 6.7. Bapnautsl pajuaJbHHX BHOPaTOPOB:

a — IeHTPaNHbli NpoBOL KOaKCHAJBLHOM JHHHH MNOIK/IYEH K BHGpaTOpy; 6 — 9KpaH KOAKCHAJb-
HOR JIMHHH MOAKJTIOYeH K BHGPaTOpY, a MEHTPAJbHBII MPOBOL — K TeJy ONODHI, 4To ofecneurBaer
nporupodazHoe nuraHue BHOGpatopa: I —onopa; 2 — YeTBEPTHLBOJHOBHI H3onsTop: 3 — Bubpa-
TOp; 4 — AM3NeKTpHYeCKHH Koanak, § — KoaKcHanbHasd JIHHHS MNepenaun

CuMMeTpHYHEIE BHOPATOPEI JAJII KOPOTKOBOJIHOBOTO [HANAa30Ha BOJH GbLIH omH-
caH B INI. 4, NO3TOMY 3/leChb NMPHBENEM CBeleHHsl, XapakTepHble AJs1 HX HCIOJb30-
BaHHs B [HANa3oHax BOJH, NPHMeHACMHBIX B TE/ICBHAEHHH.

CamMerpruHbIi BHOpaTOp NOCTENOBATEJNBHOrO THTAHHA HHOrAA Ha3biBAOT pas-
pesnbiM BHOGpaTopoMm. Bpons ocu BuGpatop He npHHEMAaeT, H MO3ITOMY, NOBEPHYB
BHOpAaTOD HyJeM NHarpaMMsl B HanpaBJeHHH NPHXOAMLIEH NOMEXH, MOXKHO AOOGHTbCS
ee MONABJEHHA HA BHIXONe aHTeHHH. Takoil mpueM, B OTJIHuHe OT YaCTOTHOH H36H-
PAaTeJbHOCTH, HAa3BIBAKOT NPOCTPAaHCTBEHHOR u3GHpaTenbpHOCTbIO (cesekumefi). ITo-
CKOJIbKY Y CHMMeTpudyHoro Bubparopa JHarpaMma HMeeT J[OCTaTOYHO LIHPOKHI
MaKCHMYM, TO NOBOPOT aHTEHHH Aaxe Ha yroa 30° CHU3MT HanpsKeHHe OT NoJes-
HOrO CHrHaJga ToJeKO Ha 209

JinarpaMma HanpaBJeHHOCTH CHMMETPHYHOrO I10JyBOJIHOBOTO BHOpaTopa u ee
HU3MEHeHHS B 3aBHCHMOCTH OT YACTOTHl MOKasaHbl Ha pHC, 4.8. OCHOBHBIM OrpaHH-
49eHHeM [pH MHOrOKaHa/lbHOM NPHMEHEeHHH NOJNYBOJHOBBIX CHMMETDHYHHX BHOpaTO-
POB TOCTeOBATENLHOTO TMHTAHHA SBJAIOTCA 3HAYHTE/IbHble H3MEHEHHA PEeaKTHBHOH
COCTaBJANILEH BXOLHOrO COMPOTHBJEHHA TNPH H3MEHEHHH vacToTh (cM. pHe. 4.9).
Jas pacwupennss pabodefl 10J0CH 9acTOT VBEeJIHYHBAIOT AHAMeTp TPyOGKH, H3 KO-
Topolt H3roTaB]HBaOT BHOpaTop.

CuMMeTpuuHLIl BHGpaTOp napasiesbHOTo NHTAHHA (Hepaspe3sHoii) nuraercs B
TOYKAX, CIIMMETPHYHBIX OTHOCHTEIbHO €ro cepeiuHbi, C I[OMOILbI0 CHMMETDHYHOH
JABYXNpoBogHOH JuHHu (pHc. 6.8) nian kKoaxcHaJjbHOro kabGens ¢ CHMMETDHPYIOIIHM
yerpoficteoM. B cHAy cuUMMeTpHH cepequHa BuGpaTtopa HMeer HyJ/eBOR NOTeHUHaT,
1 TNO3TOMY BHOpaTOp MOMKHO YCTAHABJANBATR Ha MeTAJAHYECKOii maure 6e3 H30.3-
Topa. Ilpu coenmirennn BHGpaTopa ¢ TENEBH3OPOM KOAKCHAJILHLIM KabedeM MONKJI0-
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Puc. 6.8. Hepaspesnofimo-  Puc. 6.9, Pacnpenesenne Puc. 6.10. Kpensenne
JYBOJIHOBEIT CHMMETDHY-  TOKa BIOJb TPOBOAHHKOB  INeTeBOro  BHOpaToO-
Hufl BU6paTop mapajiiefb-  MOJYBOJHOBOTO — CHMMET-  pa K MauTe
HOTO MHTaHHS PHYHOTO MeTJIeBoro BHE-

partopa

yeHHe CHMMETPHPYIOLero ycTpolCTB2 K BHOPATOPY OCYLIECTBJSETCS yepes IJIABHO
CXOMAULYIOCA [IBYXNPOBOAHYIO JHHHIO. JlHarpamMma Hanpas/JeHHOCTH BHOpaTopa €
napajieNbHBHIM TNHTAHHEM Takas ke, kak y Bu6Gpatopa C noclMeAOBaTeNbHbLIM NHTa-
HHeM.

Mernesoit suGparop Ilucronbkopca. IlerneBoll cHUMMeTpUYHBIH BuGpaTop mpen-
craBasier cofoii coveTawue ABYX NapajjielibHHX MNOJYBOJNHOBHIX BHOPAaTopoB, K Of-
HOMY M3 KOTODHIX NOJABeJeHa JHHHS Tiepenaud, a BTOpPOH Bo3fyxpuaercs Graropaps
HaJH4YHIO TNepeMbldeK, COeJHHAIOUIHX KOHIH 060MX BHOGpPATOPOB, a TaKXKe 3JEKTPO-
MarHHTHBIM 1OJIeM, cO3ZaBaeMblM TOKOM, TeKyumihMm no BeGpartopy. Pacnpepenerne
TOKa Ha npPOBOAHHKax mnokasaHo Ha puc. 6.9. Baaromaps tomy, 4to B cepexwHe
BTOpOre BHOpaTOpa pacnoJioxeH y3es] HANpsuKeHHs, ero MOXHo He yCTaHaBJIHBaTh
Ha MauTe ¢ MOMOLIbI0 H30/ATOPA, a HEeNnoCPeiCTBEHIO NPHBApHTh K MauTe MHJH
yKpenHTh GOJTOBBHIM COEHHEHHEM.

Jasa toro urofel JAydile NOHATH BO3MOMXHOCTL TAKOTO KPemIeHHs, clejyeT npea-
CTaBHTb cefe NOJYBOJHOBYIO KOPOTKO3aMKHYTYIO Ha KOHue JHHMI0. Ecin 3Ty JAHHIO
YKpenHTh KOPOTKO32MKHYTHIM KOHLOM K MeTaJ/VIHYeCKO# MauTe, MM KpOHWITefiHy,
TO pacnpejeseHHe TOKa H HanpsiXKeHHs B Hefl He H3MEHHTCH.

[Ipn pacnoJoenHH meT/eBoro BHOPAaTOpa NEpPNeHIHKYJIAPHO K MayTe, OH ee
He B030y¥KpnaeT, TAK Kak Kanas ero fOJOBHHA BbI3HIBAET HA MOBEPXHOCTH MauTht
TOKH, TeKylllHe B NPOTHBOMOJOXKHBIe CcTOpOHH (puc. 6.10). DTo oTHOCHTCA K JiO-
Gomy cHMMeTpHuHOMYy BHGpaTopy, a B Gosee ofuiem clydae —K Jw000# cHMMeT-
DHYHOM AaHTeHHe,

ConporusJaente K3/1ydeHHs MOJNyBOJHOBOrO netieBord BHGparopa pasHo 292 Om.
B ToM ciyuae, ecau BHGpPATOp H3MyyaeT Ha PC30HAHCHOH BOJIHE, TO €ro BXOAHOE
COTMPOTHBJ/IEHHE COBNAJAET C CONPOTHBJICHHEM H3Jy4YeHHA.

Bo3MoxHbe BapHAHTH NMHTAHHS METJEBOro BHOGpatopa npusefeHsl Ha puc. 6.11.
B Bapuanrte, noxazamHom Ha pHc. 6.11,a, caMMeTpudHasi JHHHA A0JKHA HMeTb BOJ-
HoBOe conpoTHBJeHHe okoso 300 Om. CEMMeTpHpyIOmIee YCTPOHCTBO H3 KOAKCHAIb-
Horo Kafens c BOVIHOBHM conpoTusjeHHeM 75 OM MoXeT GHITb BHIIOJHEHO B JIBYX
papuanrax. Ha puc. 6.11,6 Bu6paTop corsacyercs ¢ kaGenem c nomouipio U-xomena.
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Piuc. 6.11. BapuanTts nHTaHHsS eT/eBOr0 CHMMeTPHYHOro BHOpaTopa:

a — pyxnposoauo#t JaunueH; 6 — KoaKCHAJbHHM CHMMETPHPYIOUHM H cOrJacyiouidiM ycrtpofi-
creami (U-KoneHa); 8 — KoaKcHajoM, BBeleHHLIM BHYTPb TPYGKM BHGparopa

B Tom cayuae, korza KOakcHaJbHBIH KabeJb DNPOXOANMT BHYTpH BHGpartopa
(puc. 6.11,6), Heo6xonHMO mNpeAyCMATPHBATH JAONOJHHTENbHO COrJIAcylOIee YCTpOHi-
CTBO, TAK KAK KOAaKCHAJbHbIX Kabeviell c BosHOBHIM comporusierHeM 300 Om Her.

Pa3smepsl netsieBBIX MOMYBOJHOBEIX BHODATOPOB A/ PA3JHYHLIX TEJNEBH3HOHHBIX
KaHasnoB npHBefeHw B Ttaba. 6.1

3uraarooGpa3Haa aurtenna, Illupoxoe pacnpocTpaHenHe 3a NMOCIefHHE JecsATH-
JeTHs MojyuWia 3uraaroo6pasHas aHTeHHa, HpelcTaBsiouwasi coGolf [MHPOKONOJIOC-
HYI0 CHH(A3HYI0 CHCTEMy H3 NBYX KBaJADATHBIX TPOBOJIOYHBIX PAMOK, pPasMephl KO-
TOPBIX CPaBHHMBl C AJUHOH BOJHBLL. PaMKH JexXaT B OAHOH IJIOCKOCTH, HMeT
of11yl0 BepTHKA/JbLHYI0 OCh, COBMAAAKIUIYI C HX BEPTHKAJBHOH AHaroeasblo. Pamku
BRJMIOUEHH napamiendsio (puc. 6 12), H BepTHKa/bHBlE COCTABJAIOLHE TOKOB B HHX
(2 peuMe nepefauH) NpPOTHBONOJOMKHE, 2 TOPH3OHTANbHHE — HaNpaBJeHbl ¥ 06eHx
paMOK B OIHY H Ty e CTOpPOHY (B TOM c/ydae, ec]H [JJIHHA KaMJOH CTOPOHHI
KBajparta paBHa 4eTBepPTH paGoyell NJHHB BOJHH). B COOTBETCTBHH C NPHHUHNIOM
B3aHMHOCTH PAaMKH OyLyT NPHHHMATh TOJBKO TOPH3OHTAJbHO MOJSPH3OBAHHYIO CO-
CTABJAIOILYIO HaNpPAXKEeHHOCTH 3JIEKTPHYECKOTO noJig. B ciyyae npHema BepTHKalb-
HOH NOJAPH3ANHUH BCIO CHCTEMYy cJeiyer MoBepHyTh Ha 90° B MJIOCKOCTH paMOK,

KoHCTpyKuus aHTeHHb A/ TpHeMa TOPH30HTAJbHO MOJNAPH3OBAHHOTO MOJS
npeacraBieHa Ha puc. 6.13,a. AHTeHHa KpemHTCs Ha JepeBAHHOH CTOfKe ¢ AByMA

Tatauma 6.1

Hauna BH6paTtopa, MM
Jdnamerp
TpYOKH, Kanalibel MeTpOBHIX BOJH KaHanp! JenHMeTpoOBbIX BOJH
MM
1 I 2 I 3 l 4 | 5 IG—8|9—12'6—-12 21—25'26—30 I 31 -25 | 36—40 | 21-40
4...8 | | 275 | 256 | 238 | 220 | 245
8...12 [2760/2320{1760(1600|14701725 [ 630 | 665
8.. 16 270 250 232 214 240
12...18 {2740|2300|1740{1580{1450| 715 | 620 | 655
18.. 30 {2720/2280(1720[1560/1430{ 700|610 | 645
Paccrosnne MexAy ocaMu Tpy6ok| PaccTofHHe MeXAy OCAMH TpY-
BHGparopa HNpPHHHMaeTcs paBHLIM| 60K IpHHHMaeTcs paBHbIM 30...
70...100 MM 40 MM
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Puc. 6.12. Ilpunuun pedicTBHs
3uraaroo6pasHoii aHTeHHH

~
~
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—___ Koakcaarsnsrd i
Kasens X

2) ) 4)

Pue. 6.13. KoHcTpyKnus 3Hr3arooGpasHOii aHTeHHH:

4 — KOHCTPYKI[HS AaKTHBHOTO MOJOTHA AaHTEHHBI; 0 — y3ean MNMHUTAHHSA aHTEHHBI; 8 — KOHCTPYKIHS
orpaxarens (pedrekropa) aHTeHHDI

nomepeydsiMi pefikamd. [IpoBoja paMok KpensTcs Ha MeTAJNJIHYECKHX MJIAHKAX, ycTa-
HOBJICHHBLIX Ha KOHLAX peeK, Ha Bepxy CTOHKH, Blle BepxHeil pefikH H B HHXKHe#H
YacTH CTOMKH, HIXKe HHXHefl pekH Takum o6pa3oM, uTo6bLl HaTsHYThle NDOBOAA
pamMok oOpa3soBanu kpajgparbl. [lockonbky Ha crofike OyAyT NYy4YHOCTH TOKOB H
V3Jbl HANpsiKeHHH, TO MeTaJJHYecKHe MNJaHKH MOKHO He H30JHPOBATh OT CTOHKH.
IMaanku Ha KoHumax peex GyAyT HAXOAHTbCA B OOJACTH NMyYHOCTH HanpsikKeHHS, H BO
H30exaHHe yTEUKH TOKa HMX IelnecoobpasHo ycTaHOBHTL Ha H3oiaTopax. Ha sep-
THKaMbHOR cToliKe, B TOM MecTe, A€ CXOASTCS Yrael, o0pasoBaHHbe APOBOAAMH
ofenx pamMok, Hd H30AATOPAX YKPENIAIOTCH JBE MeTANIHUECKUE [IAaCTHHB, K KOTO-
phiM OPunasiibl KOHLUB MPOBOZOB PAMOK H (uaepa, cOelHHSIOWIETO aHTEHHY C Tese-
BH3HOHHBIM TPHEMHHKOM.

Iasi yBeJHdeHHs MIHPOKOTIONIOCHOCTH AHTEHHbI PAMKH BHIMONHAKT He H3 OOH-
HOYHOTO NPOBOAA, @ H3 TPeX MPOBOJOB, PACNONONKEHHLIX Mapajje’bHO Ha PaccTos-
HHH HECKOJIbKHX CAHTHMETPOB apyr or apvra. B pesyaprare ofpasyercs cucrema
H3 Tpex BJOMKEHHbIX O/Ha B JAPYryw 3Hr3arooGpasHplX aHTEHH, BKJIKOYEHHHIX mapan-
JdedbHo K oaHoMmMy ¢uaepy. B xauecTBe NpOBONHHKOB PAMOK MOXKHO HCNOJIb30BATH
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TaG6auwnma 6.2

Homep d, H a=b € 6 l L L, k d, s
KaHaja
1—5 [2...3} 3400 1700 300 (2...4]| 620

100 |10...15/3900 ... 4200| 3200
6—12]2. 3| "o50| 475 130 2. 4] 175

28 | 7...10 1170 900

ITpumewanue. s — paccTOSHHE MeXAY TJIOCKOCTLIO AHTEHHbl H TJIOCKOCTBbIO peduekTopa.

AHTEHHHIH KaHATHK, OMJETKY KOAKCHAJBHOrO Kabens, MelHHIH MNPOBOX, TOHKHE Me-
TaJindeckne TPYOKH H T. n. B kauecTBe ¢ulepa NpHMeHSIOT KOAKCHAJbHHIE Kaledb
€ BOJHOBHIM conporHslienneM 75 Owm. Ias Toro urobbl OCYLIECTBHTH NEPeXOn OT
KOAKCHAJIbHOrO Kabessi K CHMMEeTPHUHOMY BXOLy aHTeHHH 0e3 CHMMEeTDHpYOIIETo
ycrpoiicTBa, OGHYHO CHHMAKT ¢ Kabels AHIJEKTpHUeCKYX 0O6OMOUKY H OIJIETKY
Ka6essd NPOBOXAT OT HHXKHEro yrJa HUxKHel paMKu Mo ee MPOBOAY K y3/y NHTAHHS,
rie UeHTPAJbHBIA NPOBOAHHK NPHNOAHBAT K NJIACTHHE CO CTOPOHBI NOABOAA Kabend,
a €ero IeHTPAaJbHBLIA NPOBOL — K NPOTHROMONOXKHOM mniactire, ITockodbKy kabenb
OTXOJHT OT aHTEHHBb! BIOJb €& OCH CHMMETPHH B TOUKe HyJeBOro NMOTeHUHAJd, TO OH
He 6yneT B03GYKAATHCA.

HOas ysennuennsa KHJI suraaroo6pa3Hofl aHTEHHB NDHMEHSIOT IVIOCKMH pedliek-
TOP M3 HATAHYTHIX HA NPSAMOYIrOJbHYI0O pPaMy rOPH3OHTaJbHHX npoBomos. Hanuume
pedekTopa NOBHIIAET HaNpaBJleHHOCTh AHTEHHB GoJiee 4eM BABOE H CYIIECTBEHHO
yaydmaer 3awHTy OT MPHXOAAMIMX C3aAH NOMeX.

OcCHOBHble pasMepbl MHOIOKaHaJbLHOH 3uraarooGpasHoli antenHbl H peduexropa
npuBefeHsl B TtaGa. 6.2 (Bce pasmepsl — B MHJUIHMeTpax; 0603HAYEHHA CM. Ha
puc. 6.13, 8).

Ha puc. 6.14 npuseneHsl 3/MeKTPHUECKHE XAPAKTEPHCTHKH 3Hr3aroo6pa3Holl aH-
TEHHBI.

Lo |
t ¢ [
\ [ I Vi l [ ]
07 424 428 432 §36 44 /A 02 424 428 0,32 036 0% 1/A

a) 4)

Puc. 6 14, ackTprucckHe XapakTepHCTHKH 3Hr3arooGpasnofl aHTeHHDL:

4 — 3aBHCHMOCTD  KOI(DQHIIENTE HALPABJICHHOrO AefCTBUS  AHTEHHBI OT OTHOINEHNS FTOPONLI
KBaapara K JJHIe poqaHel. 0 — zasicnmocTth Kosdduunenta Geryiwelt ponunt » dunepe anren-
HBl OT OTHOWIEHHH CTOPOHBI KBAADATA K JAIHE BOJIIbI
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Pedaextop n aupekrop. [IiA ycHNeHHS HHTEHCHBHOCTH H3/Y4EHHS TFOPH3OHTA/b-
HOTO MJH BePTHKAJbHOro BHOGparopa NpHMeHAIOT pedJekrop uau aupextop. [Ipu
9TOM B CHJIy 3aKOHA O COXPAHEHHH 3JHEPrHH YBe/JHYeHHe IHEPrHH B OJHOM Hanpas-
JIEHHH NOJKHO CONMPOBOXKAATHCA YMEHbIUEHHEM H3JYYeHH B APYroM HAanpasJieHHH,

[TpocrefiurumM  pe/ieKTOPOM MOKET CJyHHTh MUIOCKHA MeTajJIHYecKH{ JIHCT,
YCTAHOBJIEHHLIK €O CTOPOHB, NPOTHBOMOJIOXKHOH HANpaBJeHHIO MAKCHMAJbHOTO H3-
JaydeHns. Paccroanue wmexay BHGpaTOPOM H JIHCTOM JOJXKHO OBTbL OPHMEPHO
PaBHBHIM YETBEPTH AJHHB BOJHH B 3ToM cfyyae B HanpasJeHHH, TMepneHiHKyJsp-
HOM JucTy (hasbl, moJis M3JNyyeHHs BHOPAToOpa H ero 3epKaJbHOro H30GpaKeHHS OT-
auyajorcs Ha 360°, T. e cHH(A3HL M CKIAALBAIOTCH apHGMETHYECKH

He Bcerna ynoGHO yCTaHABJAHBATL META/NIHYECKHH JIHCT HJM 3aMEHSIOUYIO €ro
CeTKy NpPOBGAOB. 3HAYHTEJILHO MNpOlLe Napasile/bHo H3JyuyamueMy BH6pATOpY yCTa-
HOBHTb [Apyroii BHGpaTtop H Bo3OyAHTb B HeM TOKH Takof ¢asel, 4roGhH lHo0Jd,
cosjaBaeMble 0GOHMH BHODAaTOpaMH, CKJIAABIBAJHCE B HYXXKHOM HanpaBJeHHH, Tak,
HanpHMep, eclH DAaccTOSHHE MeXAYy 0GOMMH BHOpaTopaMH pDaBHO YETBEDTH MAJIHHBI
BOJIHBI H TOK OJHOrO H3 HHX OTCTaeT mo (ase Ha uersepTh mepuoga (Ha 90°) ot
TOKa APYroro, TO H3jlyueHue OyJer Hanpas/eHo B CTOPOHY BHOPAaTOpa OTCTAIOLLETO
no ¢ase, TaKk Kak HMeHHO B 3TOM HanpaBJeHHH NOJd, H3JyvaeMmbie BHOpaTopaMH,
OyoyT CKJAAanLIBAaThCH, & B INPOTHBONOJOXKHOM — KOMmeHcHposaTthesd (puc 6.15,a).
B Tom ciyuae, koraa k o60MM BHGPATOpPAM NOABOJHTCA JHHHA nuTavusa (pHe. 6 15,6),
BHGparop, onepexawuiHii no (ase, Ha3HBAETCAd AKTHBHHM pepiexTopoM.

OueHb 9acTO Takas JBYXBHOGpPAaTOpHAs CHCTEMAa COCTOHT H3 OJHOro MHTAeMOro
Bifparopa H Broporo BHGpaTOpa, K KOTOPOMY NHTAaHHE He MOABOAHTCH (TaK Ha3H-
BaeMblfi naccusHbIi BuGparop). Tok B nmaccuBHOM BHGpaTope Hasoaurtcs Gaaropaps
HAJHYHIO MEXIY HHM H THTaeMhlM BHOpPATOPOM 3JIEKTPOMATHHTHOR CBfA3H, T. € Ma-
Jalee OT aKTHBHOro BHOpaTOpa Ha MNAcCHBHBIN SJEKTPHYECKOE M0Je HABOAHT B
HeM 3JIC n no memy Tteuer TOK. Perysiupys anuHy BHOGpaTopa, MOXHO AOGHTBbCS,
4TOGH TOK B HeM OTCTapas OT TOKa B BHGpaTope Ha ueTBepTh mepHoza (xa 90° no
(ha3e) HIH HECKOJLKO MEHblle NPH PACCTOSHHH MeXAy BHOparopaMH, PasHOM HIH
HECKOJIbKO MEHbllleM 4YeTBePTH BOJNHH Torna moas 6yAyT CK/JAagbBaTbeAd B HAnpas-
JIeHHH NaccHBHOro BH6paropa. Takofi nmaccHBHBIT BHOPAaTOp HasbiBaercd OJupexTo-
pOM, uTO B nepeBofle Ha PYCChHIE SI3BIK — HANpaBJIAOLAH. Orcrasanue no ¢ase ua

A A

a) l ) 6)

Puc. 6.15. BuSpaTop c pe/1eKTOPOM HJIH NHPEKTODOM:

a — BHODATOp C NACCHBHLIM pedaeKkTopoM, 6 — su6paTop ¢ AKTHBHBIM pedraekropoM, 8 — BHG-
partop ¢ HACTpaHBaeMBIM MAacCHBHLIM pedaeKTopoM; & — BHGpaTOp C NACCHBHBIM AHPEKTOPOM
(cTpeaxamyu mnOKa3aHbl HANpPAaBJdeHHA TJIaBHOMO JeNectKka AHarpaMMbl HANPaBJAEHHOCTH)
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YyeTBepTh NEPHOAA, KaK MOKA3bIBAOT TEOPHA H NPAKTHKA HACTPOHKH, uGecneyHBaercd
B TOM cJ/y4ae, KOT1a MacCHBHBIH BHGPATODP KODOYE MOJOBHHHI JJIMHBEL BOJHEL

Ecin ke TOK B naccHBHOM BHODATOpE, PACTMOJIOMEHHOM Ha pacCTOSHHH 4eT-
BePTH BOJHbI HJIH MeHbIlle, onepexaeT No (ase Ha yeTBepTh epHOIA HJIH HECKOJbKO
MeHblLIe TOK NHTaeMoro Bubparopa, TO CHCTEMa H3Jy4yaeT B HanpaBJeHHH, NPOTHBO-
MOJIOKHOM naccHBHOMYy BHOpartopy, oH Kak 6bl OTpa)kaeT paiHOBOJIHBI, H €ro Hashl-
BAIOT MACCHBHBIM pedieKTOpOM.

Hactpoliky naccHBHHIX BHOPAaTOpOB (AHPEKTOPAa H pedIeKTOpa) MOMKHC OCyLle-
CTBHTb TIOACTpPOeYHbIM MocTHKOM (pHc. 6.15, 8, e)

JupekropHble aHTeHHbl. [IHPEKTOpHHle aHTeHHB YaCTO HA3bIBAKOT aHTEHHAMH
THNa «BOJHOBOfl Kana/», TaK KaK BOJHA Kak Obl Hanpas/sercs CTPYKTYPOIH aHTEHHLL
B/lOJib PACMOJIOKEHHS ee 3JeMEeHTOB OTH aHTeHHBl ABJsOTCS HanGoJee pacnpocTpa-
HEHHBIMH HanpapJ/eHHBIMH TEJIEBH3HOHHBIMII TIPHEMHBIMH aHTEHHaMH.

Aunrenna npeAcraBaser coGoil psa napanienbHHX BHOPATOPOB AJHHOH OKOJIO
MOJYBOJIHB, PAcnoJ0XKeHHbIX BAOVb HATNPABJCHHMs pacnpocTpaHeHus. OnuH H3 BHOG-
paTopoB cOenMHEeH ¢ GuAepHOH JHUHell, HAyulefi K TEJCBH3HOHHOMY [1PHEMHHKY.
BuGpaTophl, pacno/oxeHHbie B CTOPOHY Iepejalolleil TeJeBH3MOHHOH CTaHIHH,
HMEIT JUTHHY, MeHbINyI0 TNOJyBOJHE M CJAYXKAT MNAacCHBHBIMH AHpekropamu. C o06-
paTHO# CTOPOHB YyCTAHABJAHBaeTcH BHOPATOP HECKOJNLKO GoJblueH AJHHbL BOVIHBL
On cayxHT naccusHbiM peduiektopoM (puc. 6.16,a). HanpasnenHocTs aHTeHHB 10-
CTHTaercs peryJHPOBKOH [JHHBI TAacCHBHHIX BHOPaTOPOB W PACCTOAHHA MeXIy
HuMH. OO6LUHO paccTofHHe MeXAY pedJeKTOpOM H BHOpPAaTOpPOM, K KOTOPOMY MOM-
kmouen ¢uaep (akTuBHHM BHGpatopoM), okono 0,15..0,2 AAMHBL BOJHE, paccros-
HUe MEXIy AKTHBHHIMH BHGPAaTOpOM H GJHMKaAWHM gHpexTopoM oxodo 0,1 .02 pau-
HH BOJIHbI, pacCTOSHHA MexAy aupekropami rtaxxke 0,1..0,2 zaunb soann. [auna
petaekropa (0,5..0,6)A, nauna pupextopos (0,35 .. 0,45)A.

IlpuMeHeHHe BTOPOr0 pedJeKTOpa, pACHOJOXKEHHOrO Mo3ajH MepsBoro, IOYTH
He yayYlaer HAnpaBJeHHOCTH aHTeHHB, 4TO CBf3aHO ¢ GoJbluMM ocnabieHHey
noJs nepsbIM (OT axkTHBHOre BHOparepa) peduiextopom. [losromy Bo BTOpOM ped-
JiexTope 6yAyr HABOAHTLCA OTHOCHTENLHO Majble TOKH, €r0 HiaJdydeHHe Masno H ciabo
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Puc. 6.16. IllecthanemenTHas aHTeHHA THNA <BOJHOBOH KaHAM»:
@ —cxXeMa aHTEHHL! (PaaMephl BMPAMEHB! 4Yepe3 MaKCHUMAJbHYIO AAKHY BOJHBI); 6 — 3aBucH-

Mocth Koadduunenta Gerywed BOMHEI OT AMHHBI BOJNBI; & — 3aBHCHMOCTD KoadHmeHTa Ha-
fIPaBJIEHHOro NefCTBHA OT AMHHBI BOJHBL
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&, ~ Prc. 6.17. Onpenenenne kosd-

\ (HUHEeHTa HAaNpaBJEHHOTO [ed-
g \ e CTBHA aHTeHHB THNA «BOJHOBOH
KaHaJj»

6‘ —
I ——
4 L |
g 2 4 6 LA

BJHsAeT Ha [AHArpaMMy HaNpaB/eHHOCTH. YCTAHOBKA BTOPOrO pedJeKkTOpa MOXKEeT
JIHIIb YyMEHBIUATh pasMep 3a[Hero JemecTKa AMarpaMMbl aHTeHHBl. JonoJHHTeJbHbIE
AMPEKTOpbl NO3BOJIAIOT NMPH COOTBETCTBYWOUIEH HX HAaCTPOHKe YBEJHUHTbL H3JyueHHe
B HanpaBJieHHH OT aKTHBHOrO BHOPATOpa B CTOPOHY AHPEKTOPOB, TAK KAK KAXKABIH
H3 HHX HAXOQHTCA B MOJe Nafaiomiedl BOJHB. ITo mpuBOAHT K yBesuuewuio KHJI u
CyXEeHHI0 AHArpaMmbl HANpaBJeHHOCTH. B cBfA3H ¢ TeM, uTO B JHPEKTODHOH aHTeHHe
HCMOJMIL3YIOTCH DEe30HaHCHHe ABJEHHS B pedJieKTope H JNHPEKTOpax, ee rnovioca Mpo-
nyckaHds Hepennka. Ona o6LIYHO He mpeBniwaer *7 .. 8% cpenHe#l uacToTH pato-
yero auanasona BosH. Ilpu stom KHJ| auTeHHB B nodoce NpONyCKaHHS H3MeHAeTcs
B [,5..2 pasa (puc. 16.16,6, 8).

Ipn pauHe NHPEKTOPHOH aHTEeHHBI, npesblualomedf AJHHY Boadel (L>>A), saBu-
cumocTh ee KHJII (npu yclOBHH TWIATelbHOH HACTPOHKH) OT AJHHM MOXeT GHTb
BhIpa:kena npoctoit dopmynoit D=k L[), rae % — xkoadduurenr, onpeaensiemuii 1o
rpadHKy, npHBejeHHOMY Ha pHc. 6.17.

Jloronepuoanyeckass aHTeHHa. YacTOTHO-He3aBUCHMbIE CBOHCTBA JIOrOMEPHOIHYE-
CKMX aHTeHH O6a3HDPYIOTC Ha NpHHIHNE SJeKTPOAHHaMuueckoro mnomo6us. Ilposo-
JIOYHLIE AHTEHHLI, BBHITIOJHEHHBIE H3 HEMATHHTHBIX MATEPHANOB H PAaclOJOXEHHHE B
BO3AyXe HJH BaKyyMme, HMeOT ONHHAKOBHIE 3JeKTpHUeCKHe XapPAKTeDHCTHKH, ecJH,
BO-MIePBbIX, BCe HX TreOMETPHUECKHE DasMephl MPONOPUHOHAJNBHLI AJWUHAM BOJH, Ha
KOTODbIX OHHM paforaiot, H, BO-BTOPBIX, POBOLHMOCTH [DOBOMOB, H3 KOTODHIX OHH
BBHINOJIHEHE!, 06paTHO NMPONOPIHHOHAJBHE AJHHAM BOJH. BTopoe rpefoBaHke npH BH-
MOJHEHHH AHTeHH H3 MeTaJla ¢ BHICOKOH yAesnpbHON NMPOBOAMMOCThIY He 06A3aTesbHO
BHIMOJIHSITh, TAK KaK NMPOBONHMOCTh OMpefe]seT JHIIL IIOTEPH SHEPTHH, KOTOpHe A/
XOPOLIHX [POBOJHHKOB MaJbl O CPaBHEHHIO ¢ H3JydyaeMOH sHepruefl.

YacroTHO-He3aBHCHMAs aHTEHHA TNpejacTaBjser cofoi CTPYKTYpY, B KOTOpOil OH
Kaxpoll JNaHHOH AJHHe BOJHB TOK MNpOTEKaer B TNpeleJax OrpaHHYeHHOrO yuyacTKa.
3a mpenestaMH 3TOrO yd4acTKa CTPYKTYPH, HA3LIBAEMOr0 aKTHBHOA 0OGIACTBIO AHTEH-
HBI, TOK GBICTPO Majaer.

Paccmarpupaemas BuHGpaTOpHas JOronepHogHdYecKas AHTEHHA COCTOHT H3 JIByX-
NPOBOAHOMH JHHAH Nepellaud W NONKJIOYeHHHIX K Heii BEGpartopos (puc. 6.18).

Ipx u3MeHeHHH NJIWHBI BOJIHBI HAUHHAET MHTEHCHBHO H3/MyuaTbh Ta rpynna BHG-
paTopos, y KOTOPLIX AJMHHA GJH3Ka K PE30HAHCHOA H DACCTOSHHE MEXAY COCeHHMH
BHOpAaTOpaMH PaBHO YeTBEPTH AJHHH BOJHBL IT0aTOMYy H3MEHEeHHE YaCTOTHl NHTAHHA
B OueHb INHPOKHX Npefetax MOYTH He H3MeHseT JAHAarpaMMH Hanpap/eHHOCTH
ITocTosiHCTBO BXOJHOTO CONPOTHBJIEHHSI aHTeHHH OOBACHAETCA TEM, YTO KOPOTKHE
BHGPATOPH, PACNONOXEHHEHE MeXAY BXOIOM AHTEHHH H 00JacTbhs AKTHBHO H3IY-
yawi#x BuGpaTopos, caabo Bo3OyKAAWTCA H HX BJIAHAHHE CBOAHTCH K HEKOTOPOMY
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Puc. 6.18. Pacnonoxenue W pa3Mepsl BHGDAaTOPOB B JIOTONEPHOJMYECKON aHTeHHe,
TpeAHa3HAUEHHON MAJIS NPHEMa TeJEeBH3MOHHOTO BelaHHs Ha KaHanax 1—12

H3MeHEeHHI0 BOJHOBOIO CONDOTHB/JCHHS JHHHH H H3MeHeHHIO (a3oBoil CKOpPOCTH
B Hefl,

Bubparopst akTHBHOM o061acTH MONK/JIOUEHB! HA PACCTOSIHHH YeTBePThb BOJHBI
OLHH OT APYroro, H oTpaikeHHble HMH BOJIHBL MOYTH KOMmeHCHpyiorcs. Jeno B Towm,
4TO OTPazKeHHs OT HHX OKAa3blBAalOTCH H3-3a PasHOCTH myTel, paBHOH moOJIyBOJHe,
CABHHYTHMH 1o ¢dase npumepHo Ha 180°. Crnepyer k¥ TOMy e OTMeTHTb, 4TO pac-
CTOSIHHEG B JOJAX BOJHH (3JEKTPHYECKOE DACCTOSIHHE) OT TOUKH NHTAHHS (BXOAHLIX
3aKHMCS) aHTeHHBl A0 aKTHBHOM 06/1acTH Bcerza ocCTaeTcs OfHHM H TEM Xe H Io-
3TOMY HX CONpPOTHBJEHHE, NEepPecYNTaHHOE K BXOAY, He M3MEHSETCA ¢ YAcTOTOM.

B noronepHOAHYeCKOl AHTeHHe IJHHH BHGPATOPOB, HX AMAMETPHl M PACCTOSHHS
MEX/Jy HHMH M3MEHAITCA B FEOMETPHUECKOH NpOrpeccHH:

Ly dp n
T = = 5
lpv py Ta
tie ln, ln-1, dn, dn—) — COOTBETCTBEHHO AJMHBI H JHAMETPH COCEJHHX BHODATOPOB,
a Fp, Fn—) — PACCTORHHA MEXJY HHMH.

YacTo /8 yOpPOLIEHHS KOHCTPYKUHH BHGpaTOpH BO BCeil aHTeHHe WJIH Ha HeKo-
TOPHX €e YyacTKax H3roTaBJHBAIOT H3 TPYGOK OZHHAKOBOrO AHAMETpA.

Kpome napamerpa T, HashBaeMmoro mepHOAOM CTPYKTYPH, BBOAAT napamerp o —
OTHOCHTEJILHOe PACCTOSHHE, DPaBHOe OTHOIIEHHIO PACCTOAHHS MEXAY Mapoil coceAHHX
BHOPaTOpPOB K JJHHe HanGoublIero M3 HHX. Ecii o — yroa npe BepiuMHe TpPeyroJb-
HEKa, 06pa3yeMoro JHHHAMH, COSAHHSIOWMME KOHIH BHGDAaTOPOB, .TO

1
Gmdiees (1—z)ctg e,
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Jloronepronuueckass BHGpATOpPHAS AHTEHHA MOMXKeT OGOHITL HCTONb30BAHA IS
TpHeMa mepenay MHOTONPOTPAMMHBIX TEJELEeHTPOB.

Ha puc. 6.18 nmpuseseHr pasmepnl H pacno/ioxenHe BHGPATOPOB OJHOrO 3
C€aMblX [POCTBIX BAPHAHTOB JIOTONEPHONHYECKON AaHTEHHH, KOTOPBIH MoXKer obecre-
4yTh 63 MepecTPONKH NPHEM NPOrPaMM TeNESHIMOHHOTO BEUAHHS Ha KaHadax 1—I12,

KomnatHble antennnl, B Tex ciyuasx, Korja NpDHEM OCYIIECTBJsETCS B 30Hax,
rZe HANpfAXEHHOCTb NOJSA, C031aBaemMoro nepelarmollell aHTeHHOH TeJeBH3HOHHOMH
CTaHLHH, [0CTATOUHO BesJHKA, MOXKHO He BHLIHOCHTb @HTEHHY 32 MNpejeibl 31aHHd U
OTPAHHYUTLCS MCNOJIb30OBAHHEM KOMHATHON &HTEHHH, YCTAHOBJAEHO, YTO Ha MeTpo-
BHIX BOJIHAX HANMPAXKEHHOCTb NMONA BHYTPH 3[aHHsI B cpepHem B 6—7 pa3 meHblue,
gyeM cHapyxH. Ha neuumerpoBmiXx BOJHAX 3TO COOTHOIIEHHe AOXOAHT Jjo 10.. 12,
EcrecrBenHo, npH 3TOM OGHIYHO Ha BEPXHHX 3TaXKaX ypPOBeHb CHrHaJ/Ja BbILIE, YeM
Ha HHMKHHX, & TaKkKe B MOMEIEHHSX, ¥ KOTOPHX OKHAa BHIXOAST B CTOPOHY Tene-
LeHTpd, NoJe GOJblle, YeM B TeX NOMEIeHHAX, Y KOTOPHIX OKH2 BHIXOAfIT Ha Mpo-
THBONOJIOXKHYI0 €TOpOHY. HanpsikeHHocTh 3JeKTPOMArHHTHOrO NOJs BHYTPH 3MAHHS
H3-3a OTPAaX<EHHH OT CTeH, Tpyb, 3/MeKTPOTNPOBOAKH H MP. HMEET SAPKC BHIpajKeHHBII
HeOAHOPOAHHH XapakTep, H NOITOMY INPH YCTaHOBKe KOMHATHOH aHTEHHEl cjenyer
HCKATh €e MeCTOPACoJoXKeHHe H opueHTanHio. IIpuueM 3TO MECTO MOMKET 0Ka3aTbes
Pa3/IMYHEIM JJIST Pa3HBIX KaHAJOB.

B KauecTBe KOMHATHBIX AHTEHH Ha METPOBBIX BOUIHAX MOXKHO HCIIOJIb30BATb NpO-
BOJIOYHEIE TOPH3OHTAJIbHBle HJH HAKJOHHBIE CHMMETpHYHBle BHOpAaTopbl, HO npen-
MOYTHTEJbHEe NOJIB30BATHCS PAa3/BHKHHIMH BHOPaTOpaMH, NO3BOJSIOIIHMH H3MEHATH
JJIHHY, yroJ MeAy ABYyMs MOJOBHHaMu BHOpaTopa U IVIOCKOCTb, B KOTOPOH JIeKAaT
BHGpatophl. Takue pasgBukKHbe BHOPATOPLI MO3BOJISLIOT OCYLIECTBAATh B IIHPOKHX
npefenax BHGOP MOMOKEHHS H ODHEHTAUMH, AJWHH H NOJNSPH3ANHH AHTEHHLI, MpPHU-
criocabiMBas MX K CTPYKTYpe HOJIs B KOMHATe. Ha MeTPOBHX BOJHAX B KAuecTse
KOMHaTHHX aHTEHH yNOGHO NpPHMEHHTh YKOPOYEeHHLI® Pa3ABHKHble BHOpaTOpH. YKO-
poueHHe ANHHHE BHOpDATOPOB NMPOH3BOAHTCA COBMECTHO C KOMNeHcauHell ero eMKOCT-
HOr0 PEeaKTHBHOTO CONPOTHBJEHHA NOC/AeN0BaTe/bHBIM BKJAIOUEHHEM B 00a mnJjeya
HHAVKTHBHOCTEH.

Ha neuuMeTpoBBIX BOJHAX MOXKHO NPHMEHATb HAMpaB/eHHbIe aHTEHHb! — JHpeK:
TOpHBIE, J0rOnepHonHUeckue W T. . WX pasmepnl HeBeJHKH HA 3TOM JHana3oHe BOJH,
H MO3TOMY HX JIEFKO npucnocaGiuBaTh K CTPYKTYPE TOJA B NOMEUEHHH.

Bce mHpe Ajsi TEJEBH3HOHHOTO NpHEMa HCMOMb3YIOTCSH KOMHATHBIE AHTeHHBl —
yeuanrens (cM, ra. 5).

HdaneHuit npuem tenesuienus. B uauvane 30-x roxgoB OBUIH yiKe H3BECTHBI CJIY-
yaM, KOrja paJHOBOJMIHH METPOBOrO AHANa3oHa NPHHHMAaJHCh Ha PAaccCTORHHSAX OT
nepeIaTyrKa, 3HAYHTENBHO TPEBOCXOMSIIHX Mpefenb npsaMoll BuaHMOCTH. Haumnas
¢ 1950 r. 6Hn0 ofHapyKeHO, YTO HHOrAA MOXKHO TPHHUMATb CHIHAJbl TEJEBH3HOH-
HLIX CTAHIUMil, PACHONOKEHHBIX HAa PACCTOAHHAX B HECKOJbKO COTEH M Jaxe THICAY
Kusomerpos, Tak, HampHMmep, B PajHOMIOOUTE]bCKHX JKypHamax Tex JeT Owlin onyG-
JIHKOBAHH COOOIIeHHst o mnpHeMe cHrHagoB [lpakckoro TeNeBH3MOHHOTO IEHTpa B
Yrange B Psasanu, MoCKOBCKOTO TeseBH3HOHHOro medtpa — B Yexociosakuu H Toa-
JAHAHH.
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IlansHuii NpHeM TeJNeBH3HOHHBIX MPOrPaMM BO3MOXKEH [PH ONpPENeNEeHHBIX CO-
CTOSHHAX pa3yuYHbIX cyoes aTMmocdepnl 3eman. IIphuem MexaHH3M pacnpocTpaHe-
HHf B 3aBHCHMOCTH OT pAacCTOAHHA MEXAYy nepenawmowell craduueil H NPHEMHBIM
ycTpoHCTBOM HeonnHakoB. Ha paccroammsax 20..30 km 3a npemeiamu NpsMOH BH-
LHAMOCTH pacnpocTpaieHue npoucxoaut 6Jjarogaps audpakuun (OorHOG4HHIO) pagHo-
BOJH BOKPYT 3eMaH H peppaxuuu (npeiomiennio) pounsl B Tponocdepe. Ilpnem Ha
pacctosuuax B 150 .. 1000 km mpoHcxoput Gnarodaps pedppakuun B Tponochepe,
a cBepxaajbHee pPacupOCTPAHEHHe PajMOBOJH HAa PACCTOSHHH CBHIIE THICAYH KHJO-
METPOB CBA3aHO ¢ HX OTpaxKeHHeM 0T HoHocgepw. OGbYHO naJbHHE npHeM TeJe-
BH/IEHHs HaGJI0NaeTCs Ha nepBoM AHanasoHe. XapakTepHOH 0coGeHHOCTHIO AalbHEro
npHeMa sBJSOTCA 3aMHpaHus cHraana. J[lanpHud npHeM BO3MOMKEH TOJBKO Ha
aHTeHHbl, HMewliHe Buicoknit KH, OO6bYHO HCNOAB3YIOT AJ8 STHX Ieneil cHHbas-
Hble aHTEHHBIE DEIUETKH, COCTOALIHE H3 HeCKOJIbKHX MHOTOAHDEKTODHHIX aHTeHH,
pacno/qioXeHHEIX Ha OJHOH MauTe B HeckolbKo sTaxeil. Ilpu srom pHarpamma Ha-
NpaBAEHHOCTH B BePTHKAJbHOH NJOCKOCTH CY:KAeTcs, a B TOPU3OHTAJBHOH ocTaercs
TAKOH e, Kax y OJHHOYHOH aHTeHHHI.

I'J1TABA 7.
AHTEHHbBI OJigd PALUOJIIOBUTEJIEHN

7.1. AHTEHHbI I/ NpHeMa PAaNHOBEINATENbHbIX CTAHUUA

IMpueM panHoBemwaTeqNbBHIX NPOrpaMM MOKET BeCTHCh Ha BceX NHANA30-
HaX [JHHHBIX, CPEAHHX, KOPOTKHX H YJbTPAKOPOTKHX BONH. JIJTHHHOBOJIHOBHIE H
CPeNHEeBOJIHOBLIE PAJHOBEIATENbHbIe MePelaoIHe IeHTPH BO36YKAAIOT B MPOCTPAH-
CTBe BepTHKAJbHO MOJSPH3OBAHHLIC BOJHLL, PAaCIpOCTPAHSIOUMIHECH BOJL [OBEPXHO-
CTH 3eMJiH.

MoumHOCTh Nepefaioliix pajHOBeaTeNbHBIX CTAHUHMHA BeJHKa, i YPOBEHb CHI-
HaJIOB, JOCTHraloLIHX TOYKH TpHeMa, pocrarouHo Goabmofi. IToaromy peficTBylomas
BHICOTA MPHEMHBIX AHTEHH AJis PaAHOBELIATEJbHBIX NMPHEMHHKOB MOXeT ObiTb HeGOo/b-
woi, ITHM OOBACHAETCs TO, UYTO COBpPEMeHHHI® DA HOMPHEMHUKH OObLIUHO cHa6-
JKAWOTCA CBOMMH HeGOJIbIIHMH aHTEHHAMH.

Ina papponpHeMa Ha AJHHHBIX H CPEAHHX BOJHAX CJIYXHT MAarHATHAs dHTEHHA
B BHUIe (EPPHTOBOrO CTEPKHS C MPOBOJNOUHON OOGMOTKOHN, pasMemiaemas BHYTPH
npuemHukKa (cM. ra. 4). Ina npuema Ha KOPOTKHX H METPOBHIX BOJHAX CJYXKHT
He0O. 1blasl BLHABHXKHAS AHTEHHA.

IToHsTHe O KOHCTPYKUMHM MarHHTHO#l aHTeHHH paer puc. 7.1,4. Ha stom pu-
CYHKe (eppHTOBBIH cTepxeHb | Mmeer HamoTKy L), L;. Crepxenb nonjgepmuBaercs
PESHHOBLIMH aMODPTH3aTOpaMH 2 H C TOMOMIbIO CKOObl J M cTOHKH 4 Kpenurcd K
maccu npHemHuka, O6MoTKa L), L; 06bUHO BK/IOUAeTCA KAK HHAYKTHBHOCTb BXOA-
HOrO pe3OHAHCHOro KoJe6aTenbHOro KoHTypa npuemuuka (pue. 7.1, 6). Ilpumenenne
cepiedHHKa NPHBOAMT K YBeJNHUEHHI0 AeficTBYIOUmell BEHCOTH MHOFOBHTKOBOH 00-
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Puc. 7.1. MarnnTHast aHTeHHa (&), CXeMa BKJIOUEHHsl ee BO BXOLHOH KOHTYD MpH-
eMHHK2 (6) n 3HaueHHs Mer=f(l/d) (&)

MOTKH (paMkH). DTO yBeJHueHHe MPOMOPLUHOHAJBLHO 3((EeKTHBHOA MAarHHTHOH npo-
HHLLAEMOCTH CTEPXKHSL [cr, KOTOpass MOMET OwTb OnpefedeHa 0O rpadHKam
pHc, 7.1,8; (I— nAHHA CTepKHA, d — ero IHaMeTP; Mcr — OTHOCHTEJIbHAS BEJHUHHA
MarHHTHOH MPOHHILAEMOCTH MaTepHajda clepKHS.

Tlpu cnaGux cHrHANaX OT PAfHOBEIATENLHBIX CTAHIHI, KOrja eaTesbHo ybe-
JHYHTDb AEHCTBYIOULYIO BHICOTY NPHEMHON aHTEHHB! (MPH YC/IOBHH, YTO ypOBEHb BHeIU-
HUX NoJiefi HeBeNHK), 1esecoo0pa3HO NPHMEHSATb HAPYXKHble aHTEHHH.

TlpocToil aHTeHHON WHAHWBHAYAJNbHOTO MPHEMa MOXKeT CJAYKHTb BepTHKAaJbHBIR
WIH HAKJIOHHBIH NPOBOA, MOABEIIEHHBII MEKAY BXOAAMH MPHeMHHMKAa H BHICOKOH TOY-
KO TmopBeca. 3a ropofioM [Js NOABECA MOMKHO HCMNOJML30BaThb AEPEBO HIH chne-
LHAaNBHO YCTaHOBJEHHBIH cT0.16. B ropoje MOXHO YCTaHOBHTh HeGOJBINYIO MauTy
Ha KpHlIe, ecJH NPHEMHHK DAachoyioKeH Ha HHiKHeM 3sTaxe, B srom cayuae, ecam
MPHEMHHK DPAacIOJIOkKeH Ha BEPXHHX 3TaxkaX MHOrO3TaxKHOrO 3JaHHf, LeaecoobpasHo
NpPOBOA OMYCTHTh BHH3 H 3aKPENHTb €ro Ha H30JATOpe Ha BHICOTE, KOTOpas rapas-
THpOBAJa GH ero coXpaHHOCTS,

Ecan maura ycTaHOBJIEHA Ha KpDHIIE TOTO Ke AOMd, B KOTODOM YCTAHOBJEH
NIPHEMBHK, TO BO H30eXaHHe KACAHHS CHHXKeHHsl ¢ Kpbineil HeoGXOZHMO OTBOLHTL
OpOBOA OT Kpad KpHIUH ¢ MOMOIIBIO IIEeCTa ¢ YKPeILIeHHhIM Ha €ro KOHue H30Ji-
TOPOM, K KOTODOMY MNpHBSA3BIBAIOT NpPOBOZA cHHeHHA. Kowen wecta JgoJkeH OHTh
BHHeCeH [JOCTAaTOYHO AaNeKo, YToGH MNpPOBOJ CHHXKEHHA MO BO3MOMKHOCTH JaJjblie
HaxXOZWJcsl OT CTeHH noMa H OBIJ 3AMIHLIEH OT NOBPeXAeHWHH NPH OYHCTKE KPBILIK
OT cHera.

Iilapoxo pacnpocTpaHeHHOR W npocToff B H3roTOBJNeHHH aABlserca I'-oGpasHas
npHeMHas aHTeHHa, MMeiomas, Kak H [-o6pazHble mepenamouiHe aHTeHHb (cM. ra. 4),
rOpH3OHTAJBHYI0 YacTh H BepTHKaJjbHoe cHHuxkeHHe. [Ipu BHIGOpe ToOuek mnoxBeca
aHTeHH CJIeAyeT MO BO3MOXKHOCTH PACHOJaraTh HX B OTKPHITOM MecCTe H CTPEMHThCH
K TOMY, 9TO6B OHM HAXOJHJHCH NOCTATOYHO BHICOKO Hajx 3eMmyaell H Kak MOXHO
Aajiblie OT JKEeJe3HHX KpHIU [OMOB H APYrHX Merajiuueckux koHcTpykuuit, Ha
BCEM CBOEM MNpOTSKEHHH NPOBOI aHTEHHH He JOJKeH KacaTbCH AepeBbeB, ApPYrHX
4HTeHH H MpPOBOJIOB.
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Ecax aHTeHHd HaxXOQHTCA HAJ KaKUM-JIHGO MPOBOAOM, TO PACMOJAraTh ee cJe-
AyerT nepneHAHKYJADHO 3TOMy nposody. B mnporHBHOM ciyuae B3aHMHasi CBA3b
MeX]y TpPOBOAOM H aHTeHHOH MOXeT CHH3HTb YpOBeHb NPHHMMAeMOro CHrHasa.

Fopuaontanphas uyacth [-06pasHofl mpHeMHON aHTeHHBl OGBIYHO HMeeT NJHHY
15..30 M H noaselHsaercs Ha BhicoTe He MeHee 8..10 M or semum wim 2.3 M
OT KPBHILUH.

UeMm HHKe 4acTOTa CHrHaJa, TeM MeHblle OH 3aTyXaeT NMPH NPOXOXKASHHH depes
cTeHBl H KpuIUH poMoB. IToaroMy nphem Ha AJIMHHBIX, CPELHHX, KOPOTKHX H JpaXe
METPOBHIX BOJIHAX BO3MOMKEH HA KOMHATHHE H YepAauHHe aHTeHHEI.

Ins BapyXHBHIX aHTeHH cJexyer BhIOHparh NpoBOJIOKY, obaagaiomyloc gocra-
TOYHOH NPOYHOCTBI® HA PpaspuiB. JlHaMeTp TNPOBOJOKH He JOMXKeH G6hTb MeHblle
1,6 M. Ecim aHTeMHa ycrauab/HBaercs B JIETHee BPEMA roja, TO TOPH3OHTAJbHASA
ee 4aCTh [JOJIKHA HMMeTb JOCTATOYHHI NpOBec Ha c/lyuall 3al(HTH OT OGpHIBA NpH
HACTYIJIEHHH 3HMHHX XOJIOZOB. B 3toM cayuae mamna nposopa Gepercsa Ha 0,5..1 M
Gosplue, YeM paccTOAHHE MEXIy TOYKAMH IoABeca.

TlpH coenyHeHHH NPOBONOB MX KOHIB CJELYeT 3aUHCTHTh MeJKOfi HaXkAauHoi
Gymaroff Ha OJWHY CcOeNHHeHH#, 3aTeM pasjfe]bHO OO6JYAHTb, HAJOMHTE ONHMH Ha
Apyrofi B 3aKpenHTh NpPeABAapHTENLHO OOJYXKeHHOH TOHKOH mepeBsi30YHOM IpOBOJIO-
koft. IlnoTHylo M npouHylo 3aTAKKY COSTHHEHHS MOXMKHO NOJYUHTb, NPONYyCKas nepe-
BS30UHYI0O NMPOBOJIOKY depes MJIOCKOryOubl ¢ MeAHBIMH BKJIAAbIIAMH.

7.2. AHTeHHBl JJ8 PagHOJIOOUTEILCKON CBA3M

FopH3oHTANBHBIH NOJYBOJNHOBOH BHOpartop. Takas aHTeHHa $BJsAETCH HAaH-
6oJiee pacnpocTpaHEHHOH B JHANa3oHe KOPOTKHX H METPOBHIX BOJIH NpH paGore Ha
(HKCHPOBAHHON BOJHe HJH B y3KOl noJjoce gacroT. (OcHoBHBIE S/M€KTPHUECKHE napa-
MEeTpHl NOJYBOJHOBOTO BHOpaTopa OBIIH paccMOTpeHH B Tl 4.)

AnTeHHa nojBeIIHBaeTCA MeXJy ABYMA ONOpaMH Ha H3oasTopax (pHc. 7.2).
HOas toro g9rofel aHTeHHa O6HlIa HacTpoeHa B pe30HaHC, AJHHAZ ee JOJNXHA GHTb
HEMHOTO MeHbIe, 4eM TMOJIOBHHA AJHHH paGoueir BouHsl (A), T. e. paBHa kA/2,
rie k— koaddHuMeHT yKOpOUEHHS, KOTODHI Moxer OHITL OnpenefieH MO rpagHKY

& (A/2)

Zz

Puc. 7.2. CuMMeTpHUHEIR TOPH3OHTANbLHER BHGpaTop:

1 — npoBona monoBHH BHGpaTopa; 2 — HIOMATOPH; 3 — AHHHA mNepefavd; 4 — croabu; 5 — 6a0-
KH moabeMa M CNycKa BHGpaTopa
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puc. 4.6, Bxonnoe conporusieHHe NOJYBOJNHOBOrO PE3OHAHCHOro BMGPATOPA OKOMO
60..70 OM (3 3aBHCHMOCTH OT €r0 TOJIHHEI).

IIpu ropusonranmieii nojBecke BHGPATOPA HAJ NOBEPXHOCTLIO 3EMIH MAKCHMYM
uzaydeHns GyleT B NJOCKOCTH, NephneHjMKYJsSpHOH OCH BHOPATOPa, H HECKOJILKO
NPUNOAHSAT OTHOCHTEIbHO FOPH3OHTA B 3aBHCHMOCTH OT BHICOTHI MOABECA.

AHTeHH3, Kax mnpaBuiIo, yaaieda OT [epelaTudka, H MNOITOMY HX HeobX01uMO
COCMHHTbL C MNOMOIbIO JHHMH nepepasn (¢ugepa). [lpu 3ToM aHTeHHA [OJXKHA
ObITbL COrJacoBaHa ¢ (HACPOM H NMPH HCMOJB30BAHHH KOAKCHAJbHOTO KabeJs AOJ-
XKeH OBITh OGECIeYeH Mepexoji ¢ HECHMMETDHYHO JIHHHH HAa CHMMETPHUHYIO aHTeHHY.
JIMHHR, COrN4cOBaHHAs C AHTEHHON, MMEeT BXONHOE CONPOTHBJIEHHE, DABHOE BOJ-
HOBOMY CONPOTHB/IEHHIO JVHHH HE3aBHCHMO OT ee AJHHHI, YTO yAO0GHO NPH KOHCTPYH-
POBaHHMK BCEro pajuonepejanmiero ycrpoiictsa. KpoMe Toro, B COriacoBaHHO# Ju-
HuH nodyyawrca HauGoapmuit KI1IL W MHHEHMasbHble TepeHanpsKeHHs.

Huxe paccMmaTpuBaloTcs BOMPOCHl COTVIACOBAHHS M Nepexofa C HEeCHMMETpPHY-
HOM JHHHY Ha CHMMETPHYHYIO aHTEHHY.

[Monysonuosoit Bu6GpaTtop npu MNHTAHHH ero B CPeAHHX TOYKAX (B Ny4YHOCTH
TOKa) HMeeT BXOJAHOe comporuBiaenne R,~60 .70 Om. [Ona ero cornacoBanus c
IBYXNPOBOAHOH [THHHE), HMEouel BOJHOBOE CONPOTHB/EHHE Z; HECKOJbKO COTeH OM,
B HEKOTOPLIX CJIVYAfX MOKHO [PHMEHHTb TAaK HA3BIBAeMblll UETBEPTHBOJIHOBOH
TpaHchopMaTop, nokaszaHHHH Ha puc. 7.3,a. BonHoBoe conportubieHHe TpaHchop-
MaTOpa AOMKHO GHTb paBHO Z,=YR.Z, Hampumep, ans auxun nepenaus puc. 7.3,a
¢ Zy=500 Om npu R,=60 Om nonyvaem Z,=Yy60.500=173 Om. Taxoe ma.ioe BoJ-
HOBOE CONpPOTHBJEHHEe TPaHC(OPMATOPHOTO yYacTKa MOMKeT ObITb MOMyYeHO B ABYX-
NPOBOAHOH JIHHHH H3 CPaBHHTEJbHO TOJCTHX NPOBOLOB Npu ux GJIM3KOM pacnouo-
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Puc. 7.3. CorjacoBaHie aHTEHHH C IOMOIUbIO YETBEPTLBOJHOBOTO TpaHcopmaTopa
B BHAE OTPe3Ka ABYXIPOBOJHON JHHHH (@) M B BHAe ABYX OTPe3KOB KOAKCHAJILHOTO
KaGens (6)
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JKeHHH; MOXKHO TaKXKe NOJYyYHTb Majoe BOJHOBOE CONpPOTHBJAEHHe TpaHC(pOpMaTOp-
HOTO y4YacCTKa, €CJH BBIMOJHHTH €ro B BHAe YETHPEXNPOBOAHOH JHHHH H3 NONApHO
coefiHHeHHbIX TpoBonoB. Coraacywouee ycTpoHcTBo pHE. 7.3,6 HMEET BOJHOBOE CO-
npoTHBJEHH@ BABOe Gojbllie, YeM BOJHOBO® CONPOTHBJEHHe Z, KAaXIOro OTpesKa
Kabeass. Hanpuwmep, npu Z,=75 Om Z,=150 Om moxer OBITb HCIOJNL30OBAHO AN
cornacoBaHHd R,=60 OM ¢ JuHHEH nepefaud, HMeKUleil BOJHOBOE COMPOTHBIJEHHE
Zy=27Z2{R,=150%/60=375 Om.

IIpu ucnoab3oBaHuH KabeasHoro Ttpancdopmaropa 60 HeoOGXORHMO YUYHTHIBATH,
9TO AJIMHA BOJHE B Kalese yKODAuHBAeTCH B V& pas, Ile & — OTHOCHTEIbHAS IHIJIEK-
TpHYECKas MPOHHIAEMOCTh MaTepHasia BHYTPeHHei usoasauuu kabens..[las cranpapr-
HEIX KaGeJset anwHa BOJIHHL B Kafede ymeHbmaercs B 1,5 pasa, mostomy AJnHHA
4eTBEPTHBONHOBOrO TpaHcpopmaTopa [IoMAXKHa OuiTh pasHa 0,254/1,6=0,167A. Ha-
npuMep, [Js pajuonepenatydxa, paGorajuiero Ha uacrore 14,2 MIn, T. e. Ha BOJIHE
A=21,1 M, AnnHa kaGeiJbHoro TpaHcopMaTopa AoJKHa GuTh paBHa (,167-21,1=
~35 M.

Paccmorpim ellle 0AHH METOJ COT/IACOBAHHOIQ NMHTAHHA MOJYBOJHOBOrO BHOpa-
TOpa ¢ CHMMETDHUHOH ABYXNPOBOLHOH JauHMWel., [Ins 3Tol unenum MOMXKHO DOXBOAHTH
NHTaHHE He K CPeIHMM TOuKaM BHO6paTopa, 4 K TOUKAM, CMEUIEHHHIM OTHOCHTEIbHO
ero cepenuunl (puc. 7.4). Ilpu cMelieHHH TOUeK MHTAHHS Pe3OHAHCHOIO [IOJIYBOVIHO-
Boro BHOpaTropa ero BXOJAHOe CONPOTHBJIEHHE, OCTaBasich YHCTO AKTHBHHM, Oyrer
Gosblle, ueM B CpPeAHHX Touxkax. MoxHo mnopo6paTh TakHe TOUKH NHTaHHA, TAE
BXOJHOE CONDOTHBJIEHHE OKaXeTcs pPAaBHBIM BOJHOBOMY CONPOTHBJEHWIO JHHHH B
HECKO/IBKO COTEH OM.

Hns npumepa Ha puc. 7.4 noKasaHbl pPasMepH NOJYBOJHOBOro BuGparopa oGLIEH
anuHofr 20,7 M, HacTpOeHHOTO B pPe30HaHC (B pe3yJ/bTaTe TPEXNMPOLEHTHOrO YKOPO-
ueHHs) Ha BOVIHY 43 M (f=7 MIu). B yka3aHHbIX Ha pHCYHKe TOUKax UHTaHHH
BXO[HOe CONpOTHBJeHHe BHGpatopa pasHo npHmepHo 300 OM H monyuaercs cora-
COBAHHBIM C JBYXNPOBOJAHOH JIHHHEH B [H3JeKTPHYECKOH H30AALHH, BO/JIHOBOE CO-
TPOTHBJIEHHE KOTOPOH MOXKHO caenarth Takxke 300 Owm.

B Tom caydae, ecqH mepeABHHYTb TOUKY TONK/JIOUEHHA JVIHHHH [epefaiH Ha
Kpali nonyso/iHOBOro BHOpaTOpa, NOJYYATCA AHTEHHA, Ha3biBaemas B PajHosio6H-
TeNbCKO TpaxkTHKe axTerroid [[enneauna (puc. 7.5). 31ech nuTaHHe pe3oHAHCHOrO
BHOpPaTOpa OCYLLECTBJACTCS B y3Je TOKa, rJe CONDPOTHBJeHHe BHOPATOpa BEJIHKO,
M aHTeHHa OKaXeTcs HecorJlacOBaHHOH ¢ JuHHeH nepenaud. Bxopnoe conporuslie-
HHE JIHHHH KaK Harpyska Iasi mepenatuika yxe OyjgeT 3aBHCeTb OT [JHHb! JIHHHH,

74 r 6,71
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Puc. 7.4. CornacoBaHHOe NMHTaHHe BHGpaTopa ¢ JHHHEH B TOYKe, CMELIENHON OTHOCH-
TeNbHO CepelHHb BHOpaTopa
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Puc. 7.5. Anresna llen- Puc. 7.6, lllydroBas cxema MHTaHHA MOJIYBOJHOBO-

nesHHa ro Bu6paTopa (a) u ee yHpollleHHAs 3KBHBAJIEHTHAs
cxema (6)

4TO HeOOXOAHMMO YYHTHIBATH NPH Pa3paGOTKe CXeMbl CBS3H JHHHH C BHIXOAHHM KacKa-
JOM TNepegaTdnka.

Henoctatkom antenHn llennmejwHa siBjsiercst Takie TO, YTO B JIMHHH Hepefayu
Hapymaercs CHMMETpPHsS TOKOB BCJIENCTBHe TOro, YTO OAHH NPOBOX B KOHUE JHHHH
H30JIHPOBAH, a APYyroil — HArpyXeH conpoTHBJeHHeM BHOpAaTOpa;, KpoMe TOTO, Uepes
eMKOCTh Mex1y BHOPaTOpOM H NPOBOAAMH JHHHH BO3GYXKJAIOTCH TOKH, MMEIOUHE B
o6ouX NMPOBOAAX OAHHAKOBHIE HanpasjeHHs. HapyiieHnss CHMMETpPUH TOKOB B JIHHHH
TNPUBOJAKHT K BO3HHKHOBEHHMIO aHTeHHOro sddexra JMHHHH; Takas JHIHHS, HanpHMep,
B peXHMe NpHeMa HayHeT IPHHHMATL AOMOJHHTEJNbHBIE MOMEXH.

PaccmoTpuM nuranue noJyBoJHOBOro BHOpATOpPA NO IIVHTOBOH CcXeMe, Ha3bl-
BaeMOH TakKe CXeMOH NHTaHuA, ¢ nomouibio A-tTpanchopmartopa (cM. pHe. 7.6,a).
TIpHHUHIT AeHCTBHS 3TOH CXeMbl OCHOBAH HA TOM, 49TO NPH YAAJEHHH OT CepeaHHbl
BHGpaTOopa TOUEK MPHCOENHHEHHsS JHHHH THTAHHUS CONPOTHBJEHHE HArpysKH, KOTO-
poe mpejcTaBaseT BHOPAaTOP AJH JHHHH, YBEeJAHYHBAETCA H MOXET OHITb N0306paHo
PABHBIM BOJIHOBDMY CONPOTHB/CHHIO JIHHHH. JTO NOACHAETCH YNDPOLICHHON  3KBHBA-
JIEHTHOK cXeMOfi, nokazaHHol Ha pHc. 7.6,6, Tak Kak pe3OHaHCHbI BHODATOP MOXHO
npeAcTaBHTh KaK HACTPOEHHHI KosiebGaTelbHbl KOHTYP, MeHfis TOYKH NpHCOeIHHe-
HHA K KOHTYpY, MOXKHO B INHPOKHX TNpegenax MeHATb aKTHBHOE CONPOTHBIEHHE B
YKa3aHHBIX TOUKaX.

Ha puc 76, npusexedbl NpuUMepHbie pa3vepnbl B A0J5X BOJHBL PE3OHAHCHOTO
(ykopouernoro) sufpatopa H A-tpaHcopmartopa A COrJacoOBaHHA ¢ JUHHeil rie-
peaaud, umeuied soaHosoe conpotheaenue 600 Ow

K pocrolHerBam pACCMOTPEHHON IUYHTOBOH CXeMbi MUITAHHA OTHOCHTCH TO, 4TO
ueHTp EuﬁpaTopa‘ HMCIOLIH I Hy.TIFBDfl NOTeHLHA. T, MOKeT C.’Iy}KHTB MECTONT hperae-
HUfl K MadTe-onope.

Ha puc 7.7 nokazaH ApYyroit BapHaHT WYHTOBOH CXeMbl COracoOBaHHOrO mura-
HIS NOJYBOJHOBOTO BHOparopa (Haswiaemoill T-tpancopmatopoM), yAoGHBI s
nnranasona YKB. OnrumalibHoe mnos0KeHHe XOMYTHKOB Hago mnoabHpaTh OMbITHBIM
nyTeMm M0 HaHMCHbILEMY KO3DGHUHEHTY CTOAYEH BOJHLI C MOMOILBIO COOTBETCTRBYIH-
el H3MepHTeALHOH annapatypol
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Puc 77 CoraacoBande Bubpa- Puc 78 Antenuna BunpoMa
TOpa C MUCHOJB30BaHHeM T-TpaHc-
topmaropa

CxeMa ILIYHTOBOTO COTJIACOBAHHOTO NHTAHWs MOJIYBOJHOBOIO BHGpatopa ¢ no
MOLIbI0 OJHHOYHOrCG NpOBOJNA MOKa3aHa Ha pHc 78 Takas aHTeHHa HasbiBaeTcd
anrennol Bundoma Touka noik/iodeHHs NPOBOAA MHTAHHS K BHGDPATOPY 3aBHCHT
OT nHaMeTpoB mnpoBoiaa M BubpaTopa M NPH HX 3HAaueHHSX okoao | 2 MM Haxo-
MHTCH H4 PAccTOAHMM OT KoHla BHOpartopa npumepro 0,14 0,184 Tounoe MmecTo
NOAK/IIOYEHHs] TPOBOJA JKEJaTeJbHO ONpelensiTh NPAaKTHYECKH 110 HanMeHblueMy Keg
B NPOBOJAE IHTAHHA

HenocratkoM onucaHHOH CXeMbl NHTAHHA HABJAETCH TO, YTO MPOBON [HTAHHA
OyjeT Taxxe HBJASNTLCH H3JdyuyaTesieM, a B DPEXHMe NpHeMa OH GyaeT HHTEHCHBHO
TIPHHUMATH MOMEXH BepPTHKAJNbHON MOISPH3aLHH

Hns nuranus no/dysOJHOBOTO BHOpaTOopa ABYXNPOBOAHON (CHMMETPHUYHON) JIH-
HHell nepenayd npH HeGOJbLIMX MOUHOCTHX B JHANa30He KOPOIKHX BOJH MOMXHO
HCTOIb30BaTh OOBYHBIH ABYXMNPOBOAHHI IIHYD, NpelHAa3NaueHHbll A5 3JEKTPOMNpOo-
BoAOK B Takoii anHAM noaydatorcsd GoJbliHe NOTEPH, HO 3TQ OKYMAETCS NPOCTOTOH
KOHCTPYKIIMM H AOCTVAHOCTbIO NpHOOpeTeHHS npoBoAa YhalaHHHN WHYp obaanaer
OTHOCHTEILHO MaJblM BOJHOBHM coOnporHs/ieHdeM (okono 100 OM), u ero yaoB-
JIeTCOPHTENbHOE COrVIacOBAHHE ¢ BXONHHIM CONPOTHBAeHHeM BlibGpatopa R, MOXKeT
ObiTh NOAYUEHO pa3BefeHHEM KONUOB JIMHMK FANTANHS HA HEKOTOPHIi Yroa # TpH-
cOelHHEHHeM K BuGpaTopy He B CPeHHX TOYKAX, @ B TOUKAX, HECKOJBKO OTCTOSIIHX
OT CcepeiHH:l

Broiwe 6biin paccmorpensl  cnoco0bl  THTAHHA  NOJYBOJHOBOro BuGpatopa B
OCHOBHOM C TOMOIL1bK) IMPOBOAHBIX CHMMETPHUHHEIX JuHHiT K gocToMHCcTBaM Takux
JHHUA OTHOCATCH MPOCTOTA, ACILICBM3HA, Majuie notepu OpHAKO HAPHAAY ¢ CHMMeET-
PHUHBLIMH JIHHHAMH Ha NPAKTHKE WHPOKO HCNOJbL3YITCH H HECHMMETDHYHbBlE JIHHHH,
ri1aBHbiM 06pa3oM — KOakcHaJbHBle KabelH ITo OODBSCHAETCS TEM, YTO TakHe JHHHH
XOpOLIO 3alIHLUEHE OT ATMOC(EPHEIX OCANAKOB, fBJAAICICA IKPAaHHPOBAHHLIMH H TPH
Hx TIPaBHTLHOM HCNOAb30BAHWH He o6GaagaloT anTeHHbIM 3ddektoM Kpome TOro,
IIpHeMHble H Tepefawlide YCTPOACTBA HMEIOT HeCHMMETDHUYHBIE BXOAbl H BBIXOAB H
CHMMETPHYHbIE JIHHHH MHTAHHH HENOCPeACTBEHHO HeNb3sl K HHM TIPHCOENHHATH

PaccMOTpuM Meroabl MHTAHHS CHMVETPHYHOro BHOPATOPA KOAKCHAMBHBIM Kd-
feaeM Ha puc 79 nokazana cxema HemocpeicTBEHHOrO COEAHHEHHA raxoro kabeis
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Puc. 7.9. Cxema nHTaHHa noJy- Puc. 7.10. Tamma-tpancdopma-
BOJHOBOrO BHOGpPATOpa KOAKCH- TOp

aJbHbIM KabejeM

¢ pHOpaTopom. J[OCTOHHCTBOM TaKoii CXeMHl #ABJsETCs €e MpPOCTOTAa H TO, YTO BOJ-
HOBOE CONpOTHBJEHHE CTAHAAPTHBIX Kabeself OGJAM3KO MO 3HAYEHHIO K BXOAHOMY
CONPOTHBJICHHIO N0JYBOJHOBOrO pesoHaHcHOro Bu6paropa. Hepocratkom cxemel fB-
JgeTcs To, YTO BCNEACTBHe MOSABJIEHHS TOKa Ha BHellHel o6osiouke kafens obe
nososuEb BHGpaTopa BosbyKAAIOTCA HEOAHHAKOBO (HApylIdercsi CHMMETPHS TOKa
Ha BHOpAaTOpe H H3MeHseTcs QHArpamMma HanpaBleHHOCTH), a OGouiouKa Kabens Ha-
YHHaeT H3Jy4arTh (BOSHHKaeT aHTeHHBIH 3ddekrt). IIAf yCTpaHeHHA 3TOro HeLo-
cTaTka HeoOXOAHMO NDHMEHATb CHMMeTpHpYowHe ycrpoiictBa. OnHako B HEKOTO-
pHIX cJyuasx, KOrla He CTABHTCA LeJb JOOHTbCA HAHJIYYLIEro HCIOJAb30BAHHR
AHTEeHHO-(PHIEDPHOro ycTPOMCTBA, PagHOJIOGHTENH-KOPOTKOBONMHOBHKH  NPHMEHSIOT
npocrefiliylo cxeMy nuTaHus (cm. pHc. 7.9), TaK Kag 3aTpaThl, CBA3AHHBIE C KOH-
CTPYHPOBaHHEM H H3rOTOBJIEHHEM CHMMETPHUDYIOILEro YyCTpONCTBa, He BCersa OKy-
napTcs HeGOMbIIAM YJYUYIIEHHEM KauecTBa paboTH CHCTEMBI.

OnHako, NMOCKOJIbKY CHMMETPHPYIOLIHE YCTPOHCTBA B PAaZHOJIOGHTENLCKOH MPak-
THKe Bce Ke MNpHMeHsioTcs, OCOOeHHO B JHana3oHe YJAbTPAKOPOTKHX BOJH, MBbE
KPaTko Ha HHX OCTaHOBHMCH.

Ha prc. 7.10 nokasarn cpaBHHTEJNBHO NPOCTOH BAPHAHT CXEMBI [MHTAHHA CHMMeT-
puuHoro BubpaTopa KOaKcHaJbHBIM KaGeneM [DH He3HAYHTEJNbHOM HADYIIEHHH CHM-
METPHH TOKA B AHTEHHe. JTa CXeMa B PaJHOMOGHTENBCKOH NPAaKTHKE Ha3HBAETCS
I-tpancdopmaropom. [To cymecTBy, 3TO HeCHMMeTpHuHBIN Bapuant T-obpasHoit
cxXeMol corjacosBaHHs (cM. pHc. 7.7). Tak e Kak H B CHMMETDHYHOM BapHaHTe,
I-rpaHchopMarop NpH NPaBHABHON HAcTpOKe obecneudBaeT yOBJAETBOPHTENLHOE
COrJacoBaHHe aHTEHHH C KoaKcHanbHHM Kabeanem. Paccrosune D MeXAy mOpoBo-
AaMHM OTpe3Ka KOPOTKO3AMKHYTOH JipHEH 6Gepercst pashbiM 0,01 .. 003X, a nnuna [
orpeska JHHHH — pasHoft 0.05 ..0,07A npH cornacosanmn ¢ 50-OMHBIM KabejeMm
u 0,07A..0,094 npu cornacosaHHH ¢ T0-oMHbIM KaGedeM. B HeKOTOpHX cayudsix
AJs yJydIIeHHs cOrJacOBAHHA MEXKIY LEHTPalbHHIM NPOBOJAOM KOAKCHAJbHOH JH-
HHM H Haya/j oM HHIKHEro NnpoBOAAa KOPOTKO3AMKHYTOTO Ha KOHIe OTpe3Ka JHHHH,
BKJIIOUAETCs MOACTDPOEUHH KOHAeHcaTop ¢ HeGonbuoii emkocrbo (50 ..150 n® mis
BoyiH 10..20 M), KOTOPHIi KOMNEHCHPYeT HHAYKTHBHOE COTIPOTHBJ/IEHHE YKA3aHHOro
oTpeska JuHWH. JIJ1s Nyuulero cOrJIacOBAHHsS aHTeHHH C JIMHHeH NHTAHHs AAHHY #
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Puc. 7.11. Cumwmerpupyoliee
yCTpOfiCTBO, MPHTOJAHOE AJA HC-
NOJB30BaHHS B KOPOTKOBOJHO-
BOM JHana3soHe

ROpoms 03U
DEDENBIIRG

(mepensrkenueM KOPOTKO3aMBbIKAIOUIEH MepeMblukiH) M eMKOCTh KoHneHcatopa C ixe-
JIaTeJIbHO YTOYHHTb 110 MHHHMYMY Kcp B JIHHHH NHTaHHA.

B § 2.3 6uliH paccMOTpPeHH HEKOTOpPHE CHMMETPHDPYIOUIHE YCTPOficTBa AJs me-
pexofa ¢ KOAKCHAJbHOH JIMHHH NepefdadH Ha CHMMETPHUHyl0. ITH Xe ycTpoiicTBa
MOTYT GObITh HCNONB3OBAHLI H AJIf Nepexo]a ¢ KOAKCHAJbHOH JIHHHH Ha CHMMeETpPHU-
HbIH BHGpaTOP.

PaccMoTpuM elle OQHO CPaBHHTEJBHO INPOCTOE CHMMETPHpYIOlEe YCTpPONCTBO,
KOTOPOE HaXONHT IIMPOKOe NpHMeHeHHe KaK B AHANa3oHe KOPOTKHX, TAaK H yJbTpa-
KOPOTKHX BOJIH.

Ha puc. 7.11, 2 nokasaHo cHMMeTpHpyolllee YCTPONCTBO, NPHTOLHOe A/ HC-
MOJbL3OBAHHS B KOPOTKOBOJIHOBOM [AHanasoHe. 3aech BOJH3H KOAKCHANLHOTO Kabess
NMHTaHHs PacnoJioXeH ewe OJHH OTPE3OK KOAKCHAJbHOro Kalbens muaunoli A/4. Bepx-
HHA KOHEll 3KPaHa NOMOJHHTEeNbHOro Kabens coefHHeH c ToH MOJOBHHOH BHOparopa,
K KOTOpOH NPHCOeIMHSETCS LEHTPaJbHas XKuja OCHOBHOro kabeis nutanus, Hux-
Hfi YacTh METaJUIHYeCKON SKpaHHpywoilleli o60JOYKH AONOJHHTENbHOro Kabens (Ha
PacCTOAHHH A/4 OT BEPXHErO KOHNA) MOMKHA OBITH COENHHEHA C 3KPaHHpYoLlei
oGomoukofi ocHOBHOTO Kabesd. 3aech BaXKHO, YTOOH MeXIy HMMH OblJ1 XOpOIIHi
9JIEKTPHUECKHH KOHTaKT. KoakcHallbHble KaGeaH OOLIYHO HMeEIOT HADYXKHYIO 3aLIHT-
Hy10 JAH3JeKTpHYecKylo obosouky. ITostomy pas koHrakra HeOOXONHMO INpelBapH-
TEeJILHO CPe34Th COOTBETCTBYIOUIHE €€ YUACTKH.
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B orpeske mummn, ofpasopamnoM skpamamu KaGeeil, H3-3a HaJMuHA B Mpo-
<TpaHCTBe MeXAYy HHMH [H3JEKTPHKA, 3AIIHTHBIX 06OJOYeK MPOHCXONHT yMEHbIIe-
HHe JJIHHB BOJIHH. [losTOMYy reoMerpHueckas NJHHA OTPe3Ka JHHHH AOMKHA GBITH
HECKOJIbKO MEHbllle 4eTBepTH IAJHHL BOJIHBL B CBOOOAHOM NpOCTpaHCTBE. JTO yMEHb-
1I€HHe 3aBHCHT OT paccrosHHst e (cM. puc. 7.11). Hampumep, npu e=d (r. e. npwu
KacaHHH 3aUMTHBIX o6onouek Kabeseit AJHHA [ OoTpe3ka JMHWH AOMIKHA OHTh pas-
Ha 0,8-0,254=02); npn e=3d [=092-0,25A=0,23)\ (roe A'— pauHa pabouei BOMHK
B Bosayxe). Ilpn cobaogeHHH yKasaHHHIX Da3MepOB OTPE3OK JHHHH, 06pa3oBaHHBI
aKpaHamH kabeselt B TOukax NpHCOeIHHEHHs K BHOpaTOpy, MOYTH He BJHSET HA ero
BXOJHOe CONMpPOTHBJEHHE, TAK KAK 3TOT OTPe30K JHHHH Ha NPOTHBONOJOKHOM KOHLE
3aMKHYT HAKOPOTKO H HMeeT NJIHHY, PaBHYIO 4eTBEpPTH JIJIHHBI BOJHHE B JIMHHH. Ta-
KHM 00pas3oM, Hapsaly ¢ CHMMeTPHPOBAHHEM 3]ech peliaeTcs 3ajaua COTIACOBAHHS
Bubpatopa c JNHHHEH MNHTAHHS, TOCKOJIbLKY BXOJHOe CONPOTHUBJIeHHE MNOJyBOJHOBOTO
BHOpaTopa H Z, KOakcHa/pHOro Kabeas moJydyaloTcs NpHEAM3HTENbHO OIHHAKOBBIMH
(okono 60..70 Owm).

PaccMOTpeHHOe CHMMETDHpYWOllee yCTpOlcTBO wMpokonofocHoe. [lpu uamene-
HHH 4YaCTOTHLl OTHOCHTE/JbHO PE30OHAHCHON CHMMeTDHS NHTaHuUA BHOpATOpa, KaK 3TO
BHIHO H3 KOHCTPYKIHH yCTpoOficTBa, He Hapymaercs. Ho npH 3aroM BXOmHOe cOINpoO-
THBJIEHHE OTpe3Ka JMHUM B TOYKax TMPHCOENMHEHHS K BHEpaTOpy HauHHaeT H3Me-
HATBCSA, oblee COMPOTHB/EHHe MapaljelbHC COeJHHEHHBIX OTpe3Ka JIHHAH H BHGpa-
Topa B He6OJBbLIOH MOJOCe 9acTOT M3MeHseTCA He3HAYHTeJIbHO,

Ha puc. 7.11,6 nokasaH BapHaHT CHMMETDPHPYIOLIErO YCTPOHCTBA, HCIOJb3ye-
Moro B jauanazone YKB (B uacTHOCTH, B TeJeBH3HOHHHIX TNPUEMHBIX AHTEHHAX).
3aece kKaxkaoe niedo BHOPATOpPA M UeTBePTHBOJHOBOIO OTPe3Ka BCHOMOraTe/bHOH
JIHHYH BLIOIHAETCH KAK ejlHHOe LeJoe B BHAE NOJIOH MeTasjHYecKoit corHyToit
Tpy6xn. KaGeab nuranus BBOAWTCst B OAHY H3 TpyGoK, npuueM 3KpaH Kabens B Bepx-
Hell TOUKe 1OJKeH ObITh NMPHCOENHHEH K ONHON moJoBHHe BHOpaTopa (Ha pHcyHKe —
K JeBoft), a ueHTpajbHas JKHJIa Kabens NMUTaHHA BLIBOJAHMTCA dYepe3 cnenHalbHOe OT-
BEPCTHe B 3TOM MJede BHGParopa M NpHCOeNHHAeTCS K Apyrofl mo/osHHe BHOparopa
(npaBoit). Kak 1 B npeabiayuieM BapHaHTe, HUXKHHE KOHUB TPyGOK (HAa pacCTOAHHH
4eTBEPTH BOJHBI OT BHOpaTOpa) ¢ NOMOILbLIO NMEPEMBIYKH 3JIEKTPHYECKH COENHHSIOTCS
Mexay coboit.

Hcnoabzosanwe BHOGPATOPHONA aHTEHHBI B HECKOJBKHX PaLHOJIOOMTENbCKHX JHa-
nazoHax BoMH. Brilue 6bJ0 pPaccMOTPEHO HCNOJb3OBaHHe IMO/YBONHOBOTO (peso-
HaHcHore) BuHOpaTopa Ha (HKCHPOBAHHOM BOMIHE MJIM B Y3KOH M10JOce YacTOT.
Onpnako a3 paano iobHTeNbCKOR ¢BsI3H BHEpPATOP MOXHO HCOOJL30BAaTh KaK aH-
‘TeHHY, pafoTawiiyio Ha rapMOHHKAX, TAK KAaK AHANA30Hbl 4acTOT, BbleJeHHble A5
papnosoGHTe e, KpaTHbBIE.

B ra6n. 7.1 npuBefeHbl BbllleseHHble KOPOTKOBOJIHOBHIE NHAMAa30HBI, MOATBEPIK-
JLalollHe CKa3aHHoe.

B 3roii TaGauue npeAnoaaraercs, yTo BHOpaTop Ha MakcHManbHO BonHe (84 M)
pa6otaer Ha nepeoii rapMmonHke (T. e. ero noaHas AanHa 40 m). Pacnpenelenue
TOKa Ha CHMMETpHUHOoM BHOGpaTope (mHTaeMOM B CPelHHX TOYKAX) H COOTBETCTBYIO-
HiHe AHArpaMMbl HANPaBJAEHHOCTH NpH paboTe Ha rapMOHHKaXx OLITH paccMOTPeHb
B ra 4. Mas 1-1 u 2-f1 TapMOHMK MaKCHMyM JHATPaMMbl [OJIY42eTCs B HampasJe-
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Ta6anuua 7.1

HoMep rapMOHHKH Huanasox HAuanason Cpenuss BoNHA
gacror, MIu BOJIH, M nHanasoHa, M
1 3,5...3,65 86...82 84
2 7 7,1 43...42 42,5
4 . 14,35 21,6...21 21,3
6 21 .21,45 143...14 14,15
8 29,7 10,7...10,1 10,4

HHAX, NepneHfHKyJNspHbIX ocH BHOpaTtopa. [das OoJee BLICOKHX rapMoHHK (Koraa
YBeJIHYHBAETCA UHCJIO TOJNYBOJIH TOKA BAOML BHOGPATOPA) HANPABJIEHHE MAKCHMAb-
HOrO H3JiyyeHHs NMpHOJAHKAeTCA K OCH AHTEHHH,

Bxonnoe conporusnenwe BuGparopa Ha l-ii rapmouuke 60..70 Om; na OGam-
KafllHX HeyeTHHX rapmoHukax (3-ii, 5-i) BxogHOe conpotusienne okomo 100 Owm,
Ha yernnix rapmonukax (2-#i, 40-fi H T. 4.) BXOZHOe CONMpOTHBJEHHE PE3KO BO3pac-
TaeT [0 HEeCKOJbKHX THICAY OM (B 34BHCHMOCTH OT TOMUHHH BHOpartopa). [Tosromy
NP HMCNOJIb30OBAHMM CHMMerpHdHoro su6paropa Ha 1-ii, 2-f u Gonee BEHCOKHX rap-
MOHHKAX MNDPOCTLIMH CPEACTBAMH HEBO3MOXKHO OOecneyuTb COrjacoBaHHe AHTEHHH ¢
JIHHHeHl nepepaud. [laTaHue B 3TOM cJyuae OCYUIECTBJISETCS He B COFIACOBAHHOM
pPEeXHME, a C BbIPaXKEHHbIMH CTOSIYMMH BOJIHAMH. DTO NPHBOAHT K TOMY, YTO BXOAHOE
CONIPOTHB/IGHHE JIHAHH B TOYKAax MDHCOENMHEHHs K reHepaTopy HaduHAer 3aBHCETh
OT N/MHB JUHHH H BBI3LIBAeT HeOOXCIHMOCTB VCJOIKHEHHS CXeMHl CBSI3H BHIX0MA Te-
HepaTopa ¢ JIMHHEH,

B kauecTBe MHOTOAMANAa30HHON AHTEHHH [PH YAOBJETBOPHTE.AbHOM COIJIAcOBA-
HHH C JIHHHEH B Tpex au4ana3oHax BOJIH (Ha uvacrorax 7,14 u 27 Mlu) paawnoaio-
OHTeJ AMH HMHOr[a HcnoJb3yercs BHOGpPATOp, NHUTAeMbli B TOYKE, CMEMIEHHOH OTHOCH-
TeJbHO CepPEeAHHBI, H HMEWLWHA obuyw 11kuHY okoao 21 M (cm. puc. 7.4). Ha yacrore
7 MI'u subparop paGotaer Ha l-ii rapmoHHke, B auanaszoue 14 MIu — na 2-i rap-
MoHHKe H B muanasodHe 28 MI'u— ha 3-fi rapmoHuke, B KauecTBe JHHHM NepejavyH
3Jech HCIOJb3yeTcs ABYXNPOBOAHAS JHHHS B JEHTOYHOM AH3JEKTPHKE C BOJHOBBIM
comipoTHBJaeHeM okoao 300 Ow,

B pazuoaoGuTe bCKOHl NpAaKTHKE NPUMEHSIOTCA M JAPYrHe MeTOALl HCMoJb30Ba-
HHSl OQHOH BHODATOpHOH aHTeHHbl ANA paboTbl B HECKOJBKHX JIOGHTENLCKHX AHA-
Na3oHax.

AHTEHHBl ¢ BePTHKAJbHON nosaspusaumeii. 15 OCyulecTBJCHHS AajbHell CBH3H
B KOPOTKOBOJIHOBOM [HANa3oHe MPOCTPAHCTBEHHBIMH PaiHOBOJHAMH NPEINOYTHTEb-
HCe HCNOMb30BATh AHTEHHBl rOPI3OHTA.LbLON noaspusailiin. ONLHAKO B HCKOTOPHIX
CJAyuanx OJs pajHoOGHTENLCKOH CBSI3H MCIOAb3VIOTCS M AHTEHHbI C BEPTHKAJbHOII
nogsipusanuefi. OcoGeHHO YacTO TaKHe aHTEHHbl NPHMEHSIOTCS, KOria HeT BO3MOXK-
HOCTH Pa3MecTHTb TOPH3OHTAJbHO DPACIHONOKCHHBIE AHTEHHL!, 3aHHMAKOLIHE MHOTO
MecTa.

B kauyecTee aHTeHH C BEPTHKAJIbHON NOAspH3duHell B PaaHO.IOONTENbCKOH npak-
THKe NPHMEHSIOTCS AHTEHHBI BEPTHKaJbHbe, a TaKMe BePTHKa/bHbe C TOPH30HTAb-
HOH vyacTbio, o6blyno [-oGpasnoro TtHna. B paano.i06HTENBCKOM KOPOTKOBOJHOBOM
AHANA30He TOPH3OHTAJILHAS YACTb AHTEHHBl OKA3bLIBAETCA HA BBICOTE, COH3IMEPHMON
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€ AJHHHOH BOJHDI, MO3TOMYy obliee moJe H3AyyeHHs OGYCJIOBNHBAETCS H BEPTHKAb-
HHIM, H TOPH3OHTAJBHEIM YYaCTKAMH AHTEHHDI.

Beprukanbapii 3a3eMieHHbIH BHOPATOP B TOPH3OHTAJLHON MOCKOCTH SBJSIETCH
HeHaMmpaBJieHHEIM (HMeeT KDPYroBylo AHAarpaMMy Hanpas/eHHOCTH). B BepTuxanbHoit
TJIOCKOCTH, €C/IH MOBePXHOCTh 3eMJH SIBJSETCS XOPOUIO NMPOBOASLHM OTpaxKareseM,
H3jlydyeHHe noJlyyaeTcsl NPHXKATHIM K 3eMmne, H Tem Goablie, uem OGoublue BHCOTA
sHOparopa (HO He Gosbme 0,625X).

BxoaHOe conmpOTHB/eHWE pE30HAHCHOTO YEeTBEPThBOJHOBOTO BHOpDATOpPa YHCTO
akTHBHoe H cocrtasaser 30..36 Owm.

BeprHxaabHbili  3a3emsleHHLI# BHOpaTop ABJAETCS HECHMMETPHYHOH aHTeHHOH,
H [OTOMY AJSl TMOJBefeHHs MNHTAHHS MPEeHMYIIECTBEHHO HCMONb3yeTcs KOAKCHAJBHEIA
kabesip. Ilpu sxcmiyatauus BuGpaTOpPa Ha OCHOBHOH pe3OHAHCHOH BOJIHe, KOrAa
R.=30..35 Om, A4 coriacoBaHHOrO NHTAHHsA IleJlecooGpasio NPHMEHHTL OCHOB-
HOfl KafeJb ¢ BOJHOBLIM COMpOTHBJAeHHeM 75 OM, a Mexay sTHM KabeleM H OCHO-
BaHHeM BHOGPAaTOpa BK/IOYHTL YETBEPTHBOJHOBHIE TpancOpMarop B BHAE OTpPE3Ka
Kafenst (cOOTBeTCTBYIOLIEH AJHHBI) ¢ BOJHOBHM conporHBieHHeM 50 Om.

Ias coraacoBaHus 3aseMJeHHOro BHGpartopa ¢ (HIepoM Ha (HKCHPOBaHHOM
BOJIHE MOXKHO HCNOJIB30BATH PAa3JH4YHble METOILl, PacCMOTpeHHble BhIle NPHMEHH-
TEJIbHO K MNOJYyBOJHOBOMY rOPH3OHTAJbHOMY BHOGpatopy (¢ COOTBETCTBYMOIIMMH H3-
MeHEeHWSMH, TaK KaKk NHATaHHe MOABOJAHTCH K HeCHMMETDHYHOMY BHOpaTopy).

IOnsa nopMmaipHO# paGoThH aHTEHHB pacCMaTPHBAEMOro THNA MOJMMKHH HMETh
Xopoulee 3a3eMJEeHHe HJH TNPOTHBOBec. 3as3eMJeHHe BBIMOJHAETCH B BHAE MNPOBOI-
HHKAa HJIH CHCTeMBl NPOBOLOB, 3aphbiBAeMBIX Ha HeGOJbIIYI0 TyGHHY NOJ aHTEHHOM.
T'esepatop npucoenHHAETCS OAHHM NOJIOCOM K aHTEHHE, a APYrHM — K 323¢MJICHHIO
Tak, YTO B LieNH reHeparopa aHTEHHa SIBJseTcA NMPAMBLIM TMPOBOJAOM, a 3a3eMJeHHe —
o6paTHHM. [Iis1 aHTeHH C ropH3OHTAaJbHOl 4acThio pa3Mepbl MPOBOAOB 3a3eMJIeHHS
NOJKHE BBLIXOLHTb 33 TNpeleJbl HPOEKIHH TOPH3OHTAJbHOH YacTH aHTeHHB Ha
3eMJIi0.

IIpumMep koHcTpyKund I'-06pasHOil aHTEHHB ¢ 3a33eMJeHHeM NOKa3aH Ha
pHC. 7.12.

BesencTBHe roro 4TO XOpollee 3azeMJIeHHe BHIMOJHHTL CNOXHO, €ro 4acTo 3a-
MEHSIIOT OPOTHBOBECOM, KOTODHI NpejacTaB/feT cO060ff CHCTEMY NPOBOAHHKOB, MOA-
BellHBaeMbLIX Haj 3emaeli Ha HeGoubmofi Brcore. IIpoBona npoTHBOBECA COEAHHAIOT

A T Al

Puc. 7.12. TIpumep ycrpoiictBa T-o6pas3Holl aHTeH-
HhE

92



Puc. 7.13. Anrtenna «GP» ¢ WIyHTOBLIM NMHTaHHEM ¢ NapajjeibHbiM (@) H noc/Ieao-
BaTtelbHbIM (6) TMOAKTIOUEHHEM MOJACTPOEYHOTO KOHAEHCATOPA

BMECTe M MOAKJIOYAIOT K OAHOMY H3 MNOJIOCOB BHX0Za nepegatyvka. K apyromy
10JI0CY MOACOSAHHSIOT HHIKHIOK 4YacTh aHTeHHb. Takoe NHTaHHe HA3bIBAEGTCS mocTe-
A0BaTeNbHBIM H TpelyeT XOpolleil 3JeKTPHYeCKOi W30JSAIHH OCHOBAHHS AHTEHHBI OT
3eMJIH, WHOrJa H30JATOp AOJIKEH BHIIEpPIKHBATH H MeXaHHYeCKHe HArpysKH.

B HeKOTOpBIX cAyd4asX AJs YNPOLIEHHS KOHCTPYKUHH He H30JHPYIOT aHTEHHY,
a 3a3eMJISI0T ee OCHOBaHHe (COEIMHAIOT ¢ 3a3eMJIEHHEM MJH npoTHBOBecoM). B stom
cllyyae THTaHHe AHTEHHBl OCYILECTBJAeTCS IIYHTOM. TaKkHe aHTeHHBl Ha3HBAKOTCSH
AHTeHHAMH THOA rpayHi-niefin (OT aHrJHACKHX caos ground plane, YTo o3Hauaer
[I0CKas 3eMJlsl), cOKpauleHHoe Haspanue GP.

Tunyyras cxema ycrpolicTBa TMOACGHOH aHTeHHH C IIYHTOBBIM IHTAHHEM HOKa-
3aHa Ha puc. 7.13. 3meck coriacoBaHHe aHTCHHBI ¢ KabeseM TMHTAHMA OCYLIECTBISETCS
Mo c¢XeMe, aHaNoTHYHoii paccMoTpenHoii cxeme I'-rpaHctopmaropa (cM, pue. 7.10).
C NOMOLLLIO [MOABHIKHOTC MOJ3YHKA, K KOTOPOMY MPHCOEAHHEH BHYTPEHHHI NpOBOA-
HHK xabens, Ha BHOpaTOpe noaOHpaeTcs TOYKA, B KOTOPOIl €rc BXOJQHOE CONPOTHB-
JIeHHe COOTBETCTBYET BOJHOBOMY CONpPOTHBJEHHIO Kabess. BHelHIO0 onneTky Kabens
COEIHHSIOT C MpPOBOJaMu nporusoBeca H 3asemasoT. IloxcTpoeunniit KoHpeHcaTop
(mepemeHHO#l eMKOCTH € Cuake=300...500 nd®), Bka0YaeMblii M0 napasesbHOH
(puc. 7.13,a) u mocaeposateabHoilt (puc. 7.13,6) cxemam, cayxeT 14s Gosee TOY-
HO#l HacTpoiiku., KoHaencatop nNOMeU{aloT B BOJAOHENPOHHIAeMYI0 KOPOOKY, KOTOPYIO
VKPenJsioT Ha HOJNBHIKHOM MOJ3YHKE.

HacTpoiika scero yerpoficrsa (noi6op NoJOMKeHHS MOJ3yHKA H eMKOCTb KOH-
JleHcaTopa) AOJKHA OCYUeCTBIAATBHCS 10 MHHAMYMY Kca B JIHHHH NHTaHHS,

AnepHolHyeckHe aHTeHHbl. DBBHIJIH paccCMOTPEHH PajHOMIOGHTENbCKHE AaHTEHHH
PE30HAHCHOTO THNA H3 CPABHUTENLHO TOHKHX TNMpOBOAOB, paforamuue Ha 1-i rap-
MoHHKe (MOJNyBOMHOBEie BHODATOpPH) H Ha GoJee BLICOKHX rapmonukax. OmHako
HHOrA2 HeOoGXONHMBI aHTEHHB Hepe3OHaHCHOro THna, NPHroiHHe 15 3bhdekTHBHOH
paboTh B IIHPOKOi moJOCce YacTOT. JTO OTHOCHTCH, HanpHMep, K aHTCHHE, npen-
Ha3HAYEHHOW 1/ TPHEMa TEeNEBH3HOHHBIX CUTHANOB HA PAasHLIX YACTOTHBIX KaHajlax
WIH HPH INpHeMe OTBETHHX CHTHAJIOB Ha 4acToTe, OT/MYalOlledCcs OT YacTOTH, Ha
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KOTOpO paboTaer mepesaTuHK pajHoMOGHTeNs PaccMOTPHM HEKOTOpble THIOM Ta-
KHX aHTeHH.

Hlupokonorocnoui subparop Ilasi paclumpeHus NMonoch yacToT BHGpAaTOpa He-
OGXONHMO YBeJMYHBATL €ro nofiepeuHoe ceuenne. OnHa u3 NOLOGHLIX AHTEHH B BHIE
CHCTEMEl MPOBO/IOB, DACTOJIOXKEHHBX [0 06pa3yioulHM UHJIHHApA,— aunoss Hane-
HeHKO — 6bijla paccMoTpeHa Boime (cm. ra. 4). B auwanasome YKB TakHe aHTEHHBI
HacTO BBIMOJHSIOT W3 ABYX KOHYCOB, Ob6pauieHHbIX BepLIMHAMH ADYr K APYTY, H Ha-
3HIBAIOT GHKOHHYECKHMH.

Onna u3 pasnHoBHAHOCTelt GHKOHMYeckOro Bsu6paTOpa — BeepHEIl BUEPATOp
(puc. 7.14), Kaxnasi TNOJOBHHa KOTODOTO COCTOHT M3 HECKOJIbKMX TPy6OK, pacno-
JIOXKEHHBIX B OJHOH# IJIOCKOCTH H pACXOASIIHXCA NOA HEKOTOPbLIM YIJIOM [pyr K
apyry. Ilpin pasmepax, yKa3aHHHIX Ha pHCYHKe, Takoi BuGpatop MomeT paGoTaTh
[N MpHeMa TeJIeBH3HOHHLIX CHrHaJOB Ha KaHanax 15 B nojoce wacror 485..
.. 100 MI'n u Ha kananax 6—12 B nonoce uwacror 174 ..230 MTu. Ha Bcex ykasaH-
HHIX BhIIIE 4YacTOTax [OJYYaercs yLOBJETBODHTENbHOE COrJacOBaHHE BeepHOro BHO-
paropa ¢ KaGeleM CHHIKEHHS, HMEIOIHM BOJHOBOe compoTHBjenHe 75 Owm. [lao-
CKOCTH MOJOBHH BHOGPaTOpa MOBEPHYTH APYr OTHOCHTEILHO Apyra Ha 120°

Ha puc. 7.15 nokasan anepHoAnuecknit nmernieBoit (uweiip) Bu6partop Ilucrons-
kKopca. OH COCTOHT H3 JBYX Napa/JjeJbHO HATAHYTHIX NPOBOJAOB, KOPOTKO 3aMKHY-
THIX Ha KOHmax. K cpepHHM TO4KaM OZHOTO NPOBOAA MOABOAHTCS JIHHHS NEpefavH,
a B cpeiHMX TOYKAX APYrore MpoBOAAa BKJKYEHO aKTHBHOE CONMPOTHBJCHHE, NPHOIH-
3UTEJbHO paBHOE BOJHOBOMY CONPOTHBJEHWIO JHHHH Tepenaud, Takasa cHCTeMa
XOpOUIo corjiiacyercss ¢ JIHHHe B IIHPOKOM JHManasoHe BojH. [IpH yKasaHHBIX Ha
PHCYHKe pasMepax OHa MOXeT OLITb HCNOVIL30BaHA B HENPEPLIBHOM [HANA30He
Boan 10.. 40 . Ilpu yrae Hawkiona aHTeHHH (OTHOCHTENBHO ropusoHra) Ha 30°

120°
X
| 8
Ha menebusuonnsid LeHmp 7 A )
Puc. 7.14. IlIzpokonoJiocHHi BeepHHI Puc. 7.15. AnepHogudecknfi net/ieBofi
BHGpATOp (wnefd) subparop
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oHa o6najaeT JJs BePTHKANbHOH MOJSpPHU3AUMH HEHANPABJCHHON JAHATPAMMOH B
ropusoHraibHofi nnockocTH. Takas aHTeHHa JIeTKO peajH3yeTcs KakK MNpHEeMHasd,
KOrfla Harpy3ouHoe compoTHBJenHe (Ry) Moxer GbiThb PACCYHTAHO HA MY MOLL-
HOCTb.

Ilpn Hcnovib30BAaHHH aHTEHHBl AJi NEpeiayd BO3HHKAOT TPYAHOCTH, CBS3aHHHE
C M3roTOBJIEHHEM HAarpy3OYyHOro COINPOTHBJ/IEHHS, TAK KAaK OHO [JO/KHO GHITb PAacCyH-
TAHO HA MOTJ/IOUIEHHe MOLIHOCTH, He MeHblieHd ueM 35% MOIIHOCTH, MOABOAHMOIl K
AHTEHHE,

JpyrHe Tunbl anepHOLHYECKHX aHTEHH, NPHrOAHEE AJs HCMNOJb3OBAHHS B JHa-
Na30HaX KOPOTKHX H MeTPOBBIX BOJIH, TdKHe KaK POMOHUYECKHEe, JIOrOnepHOILHYECKHE
H AP., OBIIH paccMOTPeHbl Bhiwe (cM. rii. 4), HO OHH pPelKO HCNOJb3YIOTCH DPagHO-
JiobHTeAMH.

HanpasaeHHble aHTeHHbl. PaccMoTpeHHBIe BHILIE MOJYBOJHOBhle BHODATOpH, HaH-
6osee IIHPOKO HCHONMb3yeMble B NPAKTHKE DPANHOMIOGHTENBCKOH CBA3H, SIBJISIOTCH
cjaboHanpaBleHHBIME aHTeHHaMH. PaiHodoOHTeNsAM, HHTEPECYIOLIHMCA JaJbHedt K
cBepxlanbHeil CBS3bIO, PEKOMEHAYeTCs yBEeJHYHBATh HANpaBJ/IeHHOCTh JNeHCTBHA CH-
CTeMB, TAK Kak NPH Mepenaye NpPH TOH 3Ke MOULIHOCTH NepejaTuHKa YBEJIHYHBAETCH
HanpsAXeHHOCTb IIOJS B HaNpaBJAeHHH MaKCHMAaJbHOrO H3JydeHHA, a NpH pajHo-
npueMe oGecneunBaeTcss GoJbllee MpeBHILEHHE YPOBHS CHTHAaJa Hajl MOMeXaMH.
KpaTko paccMOTPHM HEKOTOPHi€ THIbI aHTEHH, NMPHMEHAeMbIX B PajHOMOGHTeAbCKOM
CBSA3H.

OnHH H3 pacnpOCTPaHEHHBIX MeTOAO0B MOCTPOEHHS HANMpPAaBJEHHBIX aHTEHH Ha
KODOTKHX H METPOBHIX BOJHAX COCTOHT B HCIOJb30BAaHHH ABYX H GoJibliero uucsa
BHOpaTOpPOB, pacnoJaraeMbx H Bo36yXIaeMblx Tak, 4TOOH HX MOAA H3JIYIEHHS
CKJafbBaJHCh B (hase B OnpepeseHHOM HanpasJeHHH.

PaccMoTpuM npocTyio HanpaBJeHHYIO AHTEHHY, CDABHHTEJBHO JIErKO peallH3ye-
MYyl0 Ha OJHOH MauTe, Ha3blBacMylo aHTeHHoli THma «kBaipar» (puc. 7.16,a), miaa
auanazoHa 28 MI'm. Ha pue. 7.16,6 nokasarHo pacnpepesieHHe TOKa B CTOPOHAX
KkBajgpara Ha arofi uactore. ITons, cospaBaeMele TOKAMH KaXof CTOPOHB, MOXHO
pasfe/HTb Ha rOPH3OHTAJbLHHE H BEPTHKAJbLHEE COCTABJAIONIHE, H TOTAA OKaMKercsd,
4TO B HaNpaB/eHHH, NEPNeHAHKY/JSPHOM IUIOCKOCTH aHTEHHBI, BePTHKaJbHBIE COCTAB-

1=09751
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Z4 7, 74 7

Puc. 7.16. AHTeHHa THNa <«KBalpaT»:
a — cxema; 0 - pacnpenesenuHe TOKOB OaA amMamazoHa 28 MTIm;
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Jsompe 10048 GyAyT B3aHMHO KOMNEHCHPOBATbCH, @ TIOPH3OHTAJbHBIE — CKJAMLH-
BaTbCA H CyMMapHOe mose OyJer MoJAPH3OBaHHLIM TOPH3OHTa/NsHO. B pesyibrate
paccMaTpHBaeMasi aHTEHHa CO3/IaeT MAKCHMaJlbHOe H3jyueHHe B HanpaBJeHHH, mep-
NEHJHKYJISAPHOM MJIOCKOCTH AHTEHHBI, TaK e KAK UeThIPe SKBHBAJEHTHHIX TOPHIOH-
TanbHBIX BHGPATOpa, pa3MelllelHbIX B CPEJIHHX TOUK4X CTOPOH KBa/ApaTa.

Bxonxoe conporus/eHde aHTeHHbL B TOYKAX OHTAHHS, Ie NOJYYACTCH MHHHMYM
TOKA, HMeeT OOJbLIOE 3HAYeHHe, MO3TOMY s COrJIACOBAHHST AHTEHHb C JHHHE

nepefayd Heo6XOAHMO HCMOJBL30BATb ONHH H3 METONOB COTJIACOBAaEHA (HampHMep,
4eTBePThbBONHOBOH TpaHchopmaTop). [lpm oTcyTcTBHH coraacymoliero  ycTpoiictsa

CONpPOTHBJIeHHe JHHHH B TOYKAX MPHCOEJHHEHWA K reHeparopy OyaeT 3aBHCeTb OT
AJIMHBL JHHUH, 9TO YCJIOXKHHT CXEMY COERMHEHHS TeHepatopa ¢ JIHHHEH.

[IpH HCNOJIb30BAHHM TAKOH AHTEHHB MAKCHMAJbLHOE H3JyueHHe OyleT ONHHAKO-
BbIM B JBYX MPOTHBOIOJIOXKHBIX HalpaBJenHsx, NeplcHIHKYJ/APHBIX MJIOCKOCTH KBal-
para, [Iig mOJAyYeHHS ONHOHANDABJEHHOTO H3Jy4eHHS MOMKHO HCMOJNb30BaTh MAaCCHB-
HpIH, T. €. He NOJyYalouHH NHTAHHA pedJIeKTOp HJH AHPEKTOP B BH/E aHAJOTHYHOTO
«KBajpaTa», pacnonaraeMoro Ha paccroaHun 0,2..0,4A or nuTaeMoH aHTeHHbI
(puc. 7.17). K ero HHXKHHM 3aKHMaM MOAKJIOUAeTCA KoaebaTedbHblH KOHTYp, ¢ HO-
MOIIBI KOTOPOr0 CHcTeMa HACTPAaHBaercss Ha MAakKCHMYM H3Jy4eHHs B OLHY CTOPOHy.
C nomougsie C, npu pasoMkHyTOM Klioue K naccHBHBIT 37eMeHT HAcTpauBaeTcs Kak
JHPEKTOpP, T. e. Tak, 4To6b MaKCcHMaJbHOe H3Jy4YeHHe NPOHCXOAWJIO B HaNpaBJeHHH
OT aKTHBHOLC K WACCHBHOMY 3JEeMEHTY; 3aTeM npH 3aMkHyToM EKaiode K c mo-
Mouibio C, NACCHBHHIA 3J@MEHT HacTpaHBaeTcs Kak pedJekrop, T. e. Tak, 4ToOH
HanpasjieHHe OCHOBHOrO H3Jy4eHHs B TOPH30OHTAJLHOH IJIOCKOCTH H3MEHHJIOCh
#a 180°. Hacrpoenuble KoHgeHcaTopbl ¢HKcHpyoTes. Kmou K, MoxKeT MMeTh HHCTaH-
1IHOHHOE YTpaBJeHHe C NOMOIbi0 pene, AHTeHHa ¢ pedJekTopoM (HIR JHPEKTOPOM)
Ha3bIBaeTCA «IBONHOH KBajgpar».

CylecTBYIOT ApyrHe BapHAHTH AHTEHHH THNA «KBajpaT» (HJH «1BOHHOI KBaj-
paT»), B BHje 3aMKHYTOH CHcTeMH 0e3 paspuiea B BepxHem yray (puc. 7.18) npu
pasMepe KaxIoH CTOPOHH, PABHOM A/4. 31ech B TOUKAX NMHTAHHA NOJYYalOTCA MaKCH-
MaJIBHEIL TOK H COOTBETCTBEHHO OTHOCHTEJNBHO MAaJjioe BXOAHOEe COMPOTHBJEHHE aH-

Haceulbued Axmulis i Pue. 7.17. AnrtenHa THNa «ABOHHOI
IRENENT 044 SHEHEHIT KBajapars

Puc. 7.18. Bapuant aHTeHHl THIa
«[IBOWMHON KBaapaT»
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TeHnbl (60..70 OM 10Jf aHTeHHB ¢ PeIeKTOPOM), YTO NPHMEPHO COOTBETCTBYET
BOJIHOBOMY CONPOTHBJIEHHIO KOAKCHAJbHOro Kabens. IlaccuBHBIR pedaexkrop pacmo-
Jaraetcs Ha paccrognun 0,1 ..0,2 or nHTaemoro «kpajpaTta» H HacTpaHBaeTcd c
MOMOLIBLIO KOPOTKO3AMKHyTOro iuaefiba nepeMeHHOfl MJIMHEI Ha MaKCHMyM H3jyde-
HHMsl B HanpasjeddH, NepHeHJHKyJspHOM IJOCKOCTH aHTeHHbL. Ilpu yKazaHHWIX Ha
PHCyHKe pasMepax noJe HM3/ydeHHs HMEeT TOPH3OHTAJbHYIO NOJSPH3aLHIo.

Caenyer OTMETHTL, YTO B KOPOTKOBOJIHOBOM AHANa30HE PajHOMOGHTENH He Hc-
MOJNB3YIOT CHOXKHEX OCTPOHAnPaBJIeHHBIX aHTeHH.

B nnanasone YKB B kauecTBe HanpaB/eHHBIX aHTEHH YaCTO HCIOJMb3YIOTCS [H-
PeKTOpHble MHOroBHGPATOpHBIE AHTEHHLI («BOJVIHOBOA KaHai»). Ocrpora jgHarpaMmbl
HAanpaBJIEeHHOCTH TAKHX AHTEHH 3aBHCHT OT 4YHC/Ia BHOPAaTOpOB M TUIATENbHOCTH Ha-
cTpofikd aHTeHHHn (cM. . 6).

7.3. AHTEHHbI /i1 CNOPTHBHOH pajuoneJeHrauuu

Paduoneaseneayuer wnaspiBaeTcs npollecc onpcleleHus HanpapjeHHa  (ne-
Jgenra) ot HabGmoZaTeNsi Ha HMCTOYHHK H3NTyuyeHUS PaJHOBOJH C MOMOINBIO MPHEMHH-
Ka ¢ HanpaBJeHHOH aHTeHHOA. Panuonenenranus Heo6X0JHMa NpH BOXKJAEHHH CYJOB,
B aBHallHH, KOCMOHaBTHKe H T A. OHa HcnoaesyeTcss B panpmocnopre — «Oxora Ha
JIHC» — OGHAPYIKEHHC 33MAaCKUPOBAHHBIX HA MECTHOCTH pajuocranumii. («Oxora Ha
JNHC» — OBILENPHHATHIH TepMHH, HO HHOrJAa MpHMeHseTcs HasBaHHe <«J/IloGHTesbcKas
neJeHTanus».)

CopesnoBanns <«Oxora Ha JHC» NpPOBOASTCS B JHAaNasoHaX JeKaMeTpPOBBIX
(35...3656 MI'm u 280...29,7 MIu) u wmerpoBmx (l44...146 MIn) =Bosn.
«Jlucol» mopalOT cHrHajA nepHogmHyeckd. Tpacca moMcKa MoXKeT NPOXOAMTE MO mepe-
CeYEHHOH MeCTHOCTH, MMelolleH Jec, KycTapHHK, 60J10Ta H T. M., WIH B HaceJeHHHIX
nyktax. Meroibl M anuapatypy MOHMCKA M)KHO HCIOJIBL3OBATL HE TOJbLKO B CIOp-
THBHHIX leJsiX, HO H [Js OTHICKAaHHS HCTOUHHKOB NOMeX DaAMONpHeMY, g ompepe-
JIEHHS] MECTOMOJIOMKEHHA TYPHCTOB, OXOTHHKOB M APYTHX JHI, MOTEePHABLUHX OPHEHTH-
POBKY B ropax H JIeCHbIX MaccHBax, OCOGEHHO 3HMON, IJSI H3YUeHHs MepeMellleHHs
JKHBOTHBIX B JIECHHIX MAacCHBaXx H Tmp.

Mpn «Oxote Ha JHC» MPHMEHSIOT AMIJIHTYAHBLIE MeTOAbI MeJleHralHH, B KOTOPBIX
HANpaBJeHHe HA HCTOYHUK H3JyYeHHs onpefesercs cpasHeHuem IJC, HABOAHMBIX
B AHTEHHe NPH PA3JHUHHIX ee OpPHEeHTAUUAX. AHTEHHY ¢ H3BeCTHol AHATpaMMOil Ha-
NpaB/JICHHOCTH BpAWIAOT A0 TeX NOp, NOKA HHAHKATOD HE MOKAaXCT MHHHMAaJbHOro
HJIH MAaKCHMAJLHOTO 3HAYEHHA CHrHAamda.

TNepenaouise cTaHHH MOTYT H3Jy4aTh BOJIHB Pa3/HYHON TOJSPH3ALHH.

Ilns neneHrailHH TOPH3OHTAALHO MOJTAPH30BAHHBIX BOJH HAa METPOBOM [HANAa30-
He NpHMeHsieTcs TOPH3OHTAJBHBIH NOJyBOJNHOBOH BHOGpaTop. B MunuMyMe puarpam-
Mbl HANPABJEHHOCTH BHGpaATOpa Me/EHralHOHHAS YYBCTBHTEJNLHOCTh 3HAYHTEJBHO
Gosbule, yeM B MakcHMyMe. ITosToMy AJsi TOYHOrO onpejeseHHs fesieHra TOPH3OH-
TasbHBll BHGPATOP MOBOPAYHBAIOT BOKPYT BePTHKAJbHOH OCH TakK, 4ToObl CHrHaNd GBI
MHHHMAJCH WJIH paBeH Hymo., He3anauuTeabHBIE OTKJIOHEHHS OT STOH OPHEHTAUHH NPH-
BOJAT K OJHHAKOBbHIM MPHPAIEHHSIM Ha HHAHKATOpe HJAH K OAHHAKOBOH TPOMKOCTH
npHema CpeHee HanpasJienye sBJAAETCHA IEJEHIOM Ha HCTOYHHK H3JyYeHHS.
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Tabanua 7.2

Tun BHGpaTopa A P AP a1 | A-I1 2 | A-12 J3 | A-I3
Tpy6ka 6 Mm 960 | 1040 | 410 910 210 900 420 —_ —
Tpy6ka 10 mm 993 | 1046 | 320 | 925 | 200 | 916 | 405 | 910 | 610
Jlenta 15 MM 970 |1 1030 | 400 | 924 | 210 | 880 | 420 —_ —_

[Mockoapky mHarpaMma BHGpaTopa CHMMETpHUHA OTHOCHTEJNBHO €ro OCH H HMeeT
HBa OJUHAKOBBIX MHMHHMYMa, TO, HaXoAfCb HAa ONHOM MeCTe, HeNb3fd OMNPeleAHTb, C
KaKOil CTOPOHBI Dacilo/IOXKeH MePelaTyHK. DTO MOXKHO BHIOJHHTb, ABHraach MO Ha-
npaBJeHHI0 nenenra. B 3ToM cayuae cTOpoHa ompefensiercsl MO H3MEHEHHIO TPOMKO-
cTH (NpH NpHOMHMEHHH K NMepefaTYHKY MOIUIHOCTb YBe/HUHBAETCH).

Ins ycTpaHeHHs HeompeleJeHHOCTH TeNeHra H3-3a HaJHYHA JABYX MHHHMYMOB
H CHMMETpHH JAHAarpaMMBl HanpaBJeHHOCTH TIPHMEHAIOT BHGPETOPHHE AHTCHHH C O]1-
HOCTOPOHHeHl HampaBJeHHOCTHbIO: BHOGparop ¢ pedJIeKTOPOM, «BOJHOBOA KaHAI»
H T. 0. B atoM cayuae cTopouy ompelensioT MO MaKCHMyMy AHarpaMmel. OGemHO
NPHMEHAIT ABYX- MATH3JIEMEHTHHE aHTEHHH <«BOJHOBOA KaHans, [IpHMepHEe pasme-
PH TaKHX aHTeHH B JHamasoHe 144...146 MI'n npuseienn B Ta6a. 7.2, rae A—
AnuHa akTHBHOTO BHOparopa; P — namna pedasexropa; I1, 12, 13 — cooTBeTcTBEH-
HO AamHel 1-ro, 2-ro u 3-ro mupexropos, A-P, A-Il, A-II2, A-JI3 — paccroanna Me-
XKy 2KTHBHHM BHOGPATOPOM H COOTBETCTBYIONIHM IIaCCHBHEIM BHOPaTOPOM.

TMockonsky ecTkWe BHOPATOPH HeyNOOGHH TIPH TepPelBHMXKEHHH B TYCTHIX 3a-
POCIIAX, HACTO NPHMEHSIT BHGpaTOphl M3 FHOKOA NPOGHIHPOBAHHOH CTANBHOH JEHTHL

B HeKOTOpHX CIyYasix B MeTPOBOM JNHANAa30He NMPHMEHSIOT AHTEHHY B BHAE BH-
6patopa ¢ akTHBHEIM peduaekTopoM (cM. prc. 6.15,6). Ee npenMylnecTBo COCTOMT
B oci1aGleHHH 3ajJHEro JemecTka H MajoM pacCcTosiHHH Mexay suGpatopamH. Oua
M3rOTAB/MMBAETCA H3 TPYOOK HJIH NPOBOJOK AuamerpoM 4...6 mm.

HauGosee mpocToit ¥ yame Bcero NPHMeHSeMON TeJIEHralHOHHO{i aHTEHHO! AJA
NpAeMa BEPTHKAJAbHO NOJADPH30BAHHBIX BOJH, SABJSAETCA pPaMO4yHass aHTEHHA.

Pamountie aHTeHHBH (cM. B IJ. 4) TNPHMEHSJHCh H NpPHMEHSIOTCS B MOPCKOH H
BOS,[I.YIHHOI:[ pajHOHABHrauHH AJs ONpele/ieHHA TOJOXeHHd CYyNOB H CaMOJeTOB Ha
MECTHOCTH IO paﬁOTalOHJ.HM papnoBelaTeJBEHBIM CTAaHUHAM H IID.

OTH aHTeHHH HCTIOJB3YIOTCA H AJIs1 pagdone/ieHrallid npH «OxoTe Ha JHC» B ne-
KaMeTpoBOM JAHanas3oHe BOJIH.

rTABA 8.
ANEPTYPHBIE AHTEHHbBI

8.1. O6Gmue creneHusn

AnmepTypHHE aHTEHHH — 3TO AHTEHHH, H3JyYyeHHE Y KOTOPHIX IPOHCXOIHT
uepe3 packphlB, HasbiBaeMHfi amepTypofi (OT JaTHHCKOTO cJioBa apertura — oTsep-
CTHE).
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Puc. 8.1, OcHOBHblE THNH anepTyPHBLIX aHTEHH:

K anmepTypHHM aHTEHHAM OTHOCATCS B NepBY0 OYepeRb TakKHe AHTEHHH, Kak
pyNOpHHe, JHH30BHE H 3epkaibHHhe (puc. 8.1). M3 camoro nassanns 3THX aHTeHH
caellyeT, uTO HX KOHCTPYKUHsA H NDHHUAN JAefiCTBHS aHaJOrHYHH COOTBETCTBYIOLIHM
aKyCTHYECKHM H OINTHYECKHM CHCTEMaM, KOTOPHE B JEHCTBHTENLHOCTH M SABHJHCH HX
HIpOTOTHIIAMH.

AnepTypHHe AHTEHHH NPUMEHAIOTCA IMaBHHM o6pasoM B auamasone CBY, T e.
Ha BonHAax kopoue | M (Ho cy6MuAnEMeTpoBHX). Majas XnuHA BOJHH NO3BOJIAET
CKOHCTPYHPOBATb AMTEHHH, pa3MepH KOTOPHX MHOTO Gojblle AJNAEH BodHH. Cre-
JIOBATEJLHO, MOMKHO CKOHCTPYHPOBATh OCTPORANpaBJeHHEE AHTEHHH, HMEIOIIKE CpaB-
HATeJLHO HeGoJblIHe pasMepH. Kpome Toro, BO3MOXXHO CO3]laHHE AHTEHH, HMEOMIHX
AUarpaMMy HamnpaBJeHHOCTH ocoGofi (opMH, onmpelenseMofl clelHa/JbHHM HasHaue-
HHeM aHTeHHH (HanpuMep, aHTeHHA o0630pa 3eMHO{I MOBepXHOCTH € GopTa Jera-
TeJLHOrO anmapara H Ap.).

AneprypHble aHTEHHH JOJTCHE TOAH SIBJASJIHCh OCHOBHHIM THNOM pPagHOJOKAaHHOH-
HEIX aHTeHH. OHH TakXKe HaXOAAT LIHPOKOe MPHMeHeHHe B PajJHOHABHTALHH, PaJHO-
aCTPOHOMHH, B PaJiHOTEXHHYECKHX CHCTeMax YNpPaBJeHHsI HCKYCCTBEHHHIMH CNYyTHHKa-
MH 3eMJH W KOCMHYECKHMH KOpaGasMH, B TPONOChEpPHHX W palHOpeNeAHBIX JTHHHAX
CBA3H H T. 1.

Bo MHOrHx H3 npHMeHfieMHX Ha NPAKTHKe alepPTYPHHX aHTEHH MoJie B PacKpH-
Be HMEET OJMHAKOBYIO TOJAPH3AUMI0, GJH3KO K CHH(A3HOMY, T. e. HeH3MEHHOMY IO
(ase, H XapakTepH3yeTcH aMIIHTYLOR, KOTOpas JHGO MaJ0 H3MEHAETCHA N0 PacKpH-
By, au6o HMeeT MaKCHMYM B CepPeiHHE H YMEHbHIaeTcl N0 KpasMm packpuBa. Ilna
TaKHX AHTEHH IHPHHA NHArPaMMHl HampaBJeHHOCTH MO MOJOBHHHOA MOINHOCTH TPH-
6JHKEHHO OnpefensieTcsi BHPaKeHHEM

A
(20,6)° ~(60....80) —, (8.1)

rae A — AnHHA BOJMHH; L — pasMep packpHBa B IJIOCKOCTH, B KOTOPO# ONpeaesifercs
IIHpPHHA JHArpaMMbL.

Kos¢dnnnent nanpabreHHoro nefCTBHS MOMKHO ONPEAENHTb MO NMPHBENECHHLIM

sume dopmyaam (3.17) u (3.18), ecanm ywecTb, uro Ko3GQHUOHEHT HCMObIOBAHHS
njomand packpeiBa ky=0,5...0,8. [Tosromy KH]

4nk,S
D= T‘, 8.2)

rje S — maowanb pacKpHEBA.
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8.2. PynopHbie aHTEHHBI

Ecnn kowWell BO/HOBOAAZ OCTaBHTb OTKPBITHIM, TO OH OyJAeT H3JyyaTb 3JeK-
TPOMarHUTHYIO 3HeprHo. OJHAKo 4acTb 3HepraH GyAeT OTPaKaThCsl OT KOHIA BOJ-
HoBona. Ecnu koweu BonHoBOAa cHAGAHTL pymopoM, To Gyaer obecrmeunBaThCs MJIaB-
HHIl Nepexoj] OT BOJIHOBOJA K CBOGOAHOMY NPOCTPAHCTBY H yKalaHHble OTPaKeHH:
CH/IbHO yMeHbIIATCA.

Kpome rtoro, pynop Oyner obecmeyHBaTh KOHLEHTDPALHIO 37eKTPOMATHHTHON
SHEprUH B GoJjlee y3KOM ceKTope. B 3TOM OTHOLUEHHH 3JeKTPOMarHUTHLIA PyNoOp OKa-
3LIBAET TaKOe e BJHSHHE Ha 3JeKTPDOMaTHHTHble BOJHEBL, KaK aKyCTHYECKHH pymop
Ha 3BYKOBHIE.

Pasmephbl rop/ioBHHE pynopa, Tak e Kak M BOJHOBOAA, MHTAIOLIErO €ro, MOJMAK-
Hbl ObITh He MeHbllle KPHTHYeCKHX (CoM3MepHMBI ¢ ANHKOA BOXHBI). [ToatoMy pynop-
Hble AHTeHHB MPHMEHSIOTCH TMPeHMYINECTBEHHO B [HAaMa3oHe NeUHUMETPOBLIX H GoJee
KOPOTKHX BoJH. Ha AMMHHBIX BOJHAX pa3Mepsl TakHX aHTEHH NMOJNYYHJHCh Obl 4pes-
MepHO GOJBUIHME.

Ha pue. 8.2 mokaszaHbl OCHOBHble THNBH 3JEKTPOMAaTHHTHHIX PYMOPOB, MOJyHaw-
IHXCA B pe3y/nbTaTe pacIIMpeHHsl NPAMOYTOJbLHOTO HJH KpyrJioro BosHoBoaa. Ilpu
PacIIHpeHHH NPAMOYroJbHOrO BOJHOBOJAA TOJLKO B ONHOH MJIOCKOCTH MOJydaercs
CeKTOPHaJbHBIl pymop. B 3aBHCHMOCTH OT TOTo, B KaKOi IJIOCKOCTH IMPOHCXOAHT pac-
uHpenne, pasaugamT H-niaockoctaste (pue. 8.2,¢) m E-nmockocTHble CeKTOpHAJbHBIE
pynopet (prc. 8.2,6). [Ipn paciuspeHdH B ABYX MJIOCKOCTAX MOJYy4YaerTcs NHPaMHIallb-
Helii pymop (puc. 8.2,8, &). Pacmupsiomuiics Kpyriblii BOJHOBOX 0Gpa3yeT KOHHUe-
ckuit pynop (puc. 8.2,0).

OcHoBHOHl napameTp pymopHOH aHTeHHBl — AHArpaMMa HampaBJeHHOCTH — OMNpe-
JeJseTcs pacnpeleleHHEM NOJA B pacKpuiBe. YKadawHOe pacrpefieeHHe NoJs B 3Ha-
YATeNbHOH CTemeHH 3aBHCHT OT AJHEB pynopa (puc. 8.3). s Ka¥Kjoil 3apaHHOI
AJIHHBl DYMopa HMeeTcsi ONTHMAaJbHBIt yros pactBopa pymopa (2¢qo), OpH KOTOpOM
LIHPHHA AHArpaMMbl HANPABJEHHOCTH TOJYYaeTcss MHHHMaJbHOH, 310 obbsicHAeTcH
TCM, YTO, C OJHO{{ CTOPOHbBI, MPH YBEeJHYEHHH Yrja PacTBOPa PyNopa YBelHYHBAETCH

7 o) e
=9 =<

Puc 8.2. OcHOBHEIC THIH 3JEKTPOMAaTHHTHHX PYIOPOB
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Puc. 8.3. TlponoasHoe cedenne
NPSIMOYTOJBHOTO pynopa

|

2g,5° ° 20°

Puc. 8.4. 3kcmepuMenTa/dbHble AHarpaMMel Hanpaslennoctd H-cekTopuHanbHOTO py-
nopa B maockoctH H

IJIOIa/Ab M3/YYAIOLIEro pPACKphiBA, @ 3TO CHOCOGCTBYET KOHUEHTPALUUH H3JIYUEHHA,
C ApyToif CTOpPOHH, YBeJNHUEHHE pa3Mepa pacKphiBa @p MPHBOMHT K YBEJHYEHHIO pac-
XOXKJEeHAs (a3 mossi Ha MJICCKOCTH OTBEPCTHA H pACIUHPEHHIO AHarpaMMsl H3jyde-
Hust. Ha puc. 8.4 wu3o6paxeHH 3KCIepHMeHTaslbHEe AHArpaMMEBl HalpaBJeHHOCTH B
mnockoctd H gy H-nutocKocTHOTO ceKTOpHadbHOro pynopa aduHoit 10A npu pasnwu-
HBIX yraax pactBopa 2qo.

B rafn. 8.1 npuBeneHsl pasMepbl (B JOJAX BOJHE) HEKOTODBIX CEKTOPHAJbLHBIX
H-nJIOCKOCTHHX pynopoB H COOTBETCTBYIOILHE 3HAYCHHS MIMAPHHBL JHarpaMMbl Ha-
npaejieHHocTH (MO MOJIOBHHHOM MOILIHOCTH), paccudTaHHbe mo cdopmyne (8.1).

Ilpn u3eecTHOil nuollafu packpeiBa pymopa S MoxHo onpepeanats ero KHIL
C MOMOILbLI0 BHpaKeHus (8.2).

JIOCTOHHCTBO PYMOPHEIX aHTEHH — BO3MOMCHOCTb PaGOTH B LIHPOKOM AHANasoHe
BOJIH.

K HejocraTkaM MoXKHO OTHECTH TO, YTO [1JIsl YMEHbINCHHS INHPHHH JHArpaMMbl
HAanpaBJ/IeHHOCTH HaAo YBeJAWUHBAThL NJoLaAb packpbiBa H BMeCTe ¢ TeM CHJBHO
YBeJIHYMBATh MJIHHY pVrmopa. DTO VCIOXKHSeT KOHCTPYKUHIO AHTEHHBI, NO3TOMY pPY-

Ta6anuiwa 8.1

OnTUMaabHbI i MIupuna IupuHa anarpam-
Huuna pynopa R yro(;‘lqus):)c-raopa otsepeTns @ Ml (26, 5)°
onT
104 30° 534 | 13°...15°
204, 24° 8,5M 8...9°
30n 20° 10,6A 6°...7°
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Puc. 85. Pynop ¢ ausnekTpHye-
cKkoii (hasoBHIPaBHHBAIOWLEH JIHH-
300

b
Zarednniolas JUHSE

NOpHEle aHTeHHH HMeIOT OTPaHHYEHHOe NpUMEHeHHe, TIaBHbIM obpasom Ias (op-
MHDOBAHHA HE OdYeHb OCTPHX AHarpaMM (o6buHo He yxe 10 ... 15%),

YMeHblueHrEe IJIHHH DYIOPA MOMHO JOCTHTHYTb NPHMEHeHHeM (ha30BHIPABHHBA-
IOIIHX YCTPofCTB, B KauecTBe KOTOPHIX 4aCTO NPHMEHSIOT PasjiHYHble JHH3H, yCTa-
HaBJMBaeMHe B pacKphiBe pymopa.

IMpumMep Taxoro pynopa c ausJeKTpHuecKod (a3oBHIpaBHHBAIOMEH JNMH30H NOKa-
3aH Ha puc. 85.

8.3. JInH30BHIE AHTEHHBI

JIHH3OBBIE AaHTEHHH —— 3TO amepTypHBle AaHTEHHH onTHYeckoro THma. Kak
CBHIETEJbCTBYET CaMO HasBaHWE, OCHOBHBIM 3/JeMeHTOM B 3THX aHTEHHAX fABJAeTCS
JIHA33, KOTopas mpeobpa3yeT ny4ok Jyuel, pacxoasuimfica u3 (okyca, B KOTOPOM
HaXOIHTCH MCTOUHHK H3JyueHHs (npu paGoTe B peXXHMe Mepefadd), B Iy4OK mapai-
JMeJbHBIX Jy4eit Ha packpniBe JuH3H. M Ha060poT, MyyoK mapassieJbHHX Jyuyel, na-
NAIOUHX HA PACKPHIB JIHH3B, CXOAHTCS B ee (oKyce (B pexHMe npHeMa), rlie yJas-
JIHBaeTC PYMOPOM, OTKPBITHIM KOHIIOM BOJHOBOJA, BHGPaTOpOM ¥ T. I.

JIHH3bl pasgensOTCH Ha 3aMelsIOIIHe H ycKopsiowue, B 3aMepfioiux JIHH-
3ax (ha3oBasi CKOPOCTb MeHbllle CKOPOCTH CBeTa (aHANOTHYHO OTTHYECKUM CTeKJsH-
HbIM JIHH3aM), a B YCKOPSIOWHX — GoJiblie CKOPOCTH cBeTa (KaK B BOJIHOBOZE).

3aMelAOIMIHe JIHH3B BBIMOJHAIOT H3 BHICOKOYACTOTHOIO MAHIJIEKTPHKA HJH H3
Gosiee JIETKOrO M HMEIOIIEr0 MEHBLIHE MOTEPH HCKYCCTBEHHOrQ IH3JIEKTPHKa, Mpen-
craBjAmero co6oil cHcTeMy M3 HeGOJBIIHX MeTaJJHUecKHX AHCKOB, MIApHKOB H Mmp.,
YKPeIVIeHHBIX Ha JHAJIEKTPHYECKOM KapKace HJM BKPArUIeHHLIX B NCHONOJHCTHPOJNE
HIH JADYroM AHIJEKTPHKE C MaJbiMH MOTepSIMH W Majlofi JH3JIEeKTPHIECKOH MPOHH-
ILaeMOCTBIO.

YcKopAIOlHe NHH3E H3TOTAB/HBAIOT B BHAe CHCTeMH NapajielbHBIX METasllH-
9eCKHX [JAcTHH C paccTosiHHeM meXay Humu (0,58...0,62)A (MerammonnacTHHya-
Thle JHH3B) HJH CEKUHH MPAMOYrOJbLHBIX BOJHOBOAOB, OCH KOTOPbIX HapajlelbHbl
ocH aHTeHHH. [TpuMep sameansmolieli H ycKopsilledl JHH3 NMpHBefeH Ha puc. 8.6.

B 2HH30BLIX aHTEHHAX HCHOJB3YIOTCH TakHe e ofiyuaresd, KaKk H B 3epPKalb-
HbIX aHTEeHHax. I[JIH JIHH30BOH AHTEHHH UWIMpHHA JAHarpaMMbl HampaBJIEHHOCTH H
KH]I paccydTBIBAlOTCS HCXOAS H3 Da3MepoB anepTypkl B AOJAX BOJHB N0 dopmy-
nam (8.1) u (8.2).

[MpeumyuiecTBO JHH30BLIX aHTEHH TNepefl 3epKalbHbIMH COCTOHT B TOM, UTO Y
HHX ofJsyyaTesib He 3aTeHsIeT pPAacKphiBa H He HCKa)KaeT paclipeflesieHHs B aneprype.
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Puc. 8.6. 3azemasiomas (a) u yckopsiomasi (6) JHH3M:
1 — oBayuarenb;, 2 — dOKYC NHH3H, 3 — NHH3a; 4 — TPAEKTODHH Jydeh

HenoctaTok JHH30BHIX aHTEHH — CPABHHTEJIBLO CJOXKHAA KOHCTPYKLHSA, GoJblias
Macca H BBICOKas CTOHMOCTb.

HmeeTcs HeCKOJbKO THMOB JIHH30BHIX AHTEHH, TMO3BOJSIOLHX 0GECNeuHTh LIHPO-
KHfl CeKTOp KauaHHa (CKaHHPOBaHHA) Jyua. TakuM CBOHCTBOM, HampuMmep, oGIafaioT
cepuyeckad H HUJAHHApHUecKas JHH3H JlioneGepra. B nmHse Jlione6epra co cdepu-
yecKOA CHMMeTpHell IOKasaTelb NPeloMJeHHs ACJKEeH H3MeHAThCs no (opMysne

n=V¥2—(rircpl,

TAe n — NoKaszaTeJb NPEJOMJIEHHS; fep — PalHyc cdepuHueckoll JHH3L; r— TeKyUlHH
pajHyC TOYKH BHYTPH cdephL.

Hcerounnk u3snyyenus (o6ayyarelb), pAacloJONKEHHBIT Ha mnepHdepHH JIHH3H
{puc. 8.7), cosnaer my4yoK napaaie]bHHIX Jyueld Ha ee aneprype. Ilepememienune 06-
JiygaTens To cdepe NPHBOAHT K KaYaHHIO AHArpaMMbl HalpaBJeHHOCTH JHH3BL 1O
JioGeM  HanpabienuaM. O6bluHo cepuueckyio aux3y JlioHeGepra Bo30yXKAaiOT pe-
merkoff ofayuaTtenefi, H Torna KakAoMy H3 obayyaTenell COOTBETCTBYeT CBOS He-
NOJBHXHAs OCTPOHANpaBJeHHas AHArpaMMa HanpaBieHHOCTH. Bes cucreMbl o6iyua-
Tenelt ¢ JAHH30fi oOpasyer MHOrOJYYeBYIO aHTEHHYIO CHCTEMY, CMocoGHYIO OZHOBpe-
MeHHO OO6CTYXHBaTh WHPOKHI CEeKTOP YIJOB, OCYIIeCTBJss B HeM HeNpepHBHBIH pa-
JIHOJIOKAIIHOHHBIH KOHTPOJIb MPOCTPAHCTBA, a TaKiKe BECTH HaNpaBJIEHHYI pajHo-
CBA3b OJHOBPEMEHHO C Ppa3JHYHBIMH KODpPEeCNOHLeHTaMH, HaXOAAUIHMHCS B DPasHBIX
HanpaBJeHHsAX.

K MHOrosyueBmIM JIHH30BLIM aHTeHHaM Kpome JuH3H JlioHe6epra cieiyeT OTHe-
cru auH3y Pormana w smE3y R—2R.

[Tpuruun peficreus nuesel PoTMaHa noschaeT puc. 8.8. JImHsa B cBoeM mpo-
cTefilleM HCMOJHEHHH COCTOHT M3 OBGJacTH MeXAV napasJieJbHbHIMH [UIACTHHAMH, MH-

F

Puc. 8.7. Cdepuueckas nnH3a
JlwoneGepra:

1 — o6nyuaredn; 2 — nauHsa; 3—
TPAeKTOPHH Jyudel
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Puc. 8.8. Jlunza Pormana:

1 — AMH34; 2 — BXOAB Jydei; 3 — BXOAB H3NYYAIOUIHX 3NMEMEHTOB; 4 — H3JYy4alolue S3JIeMEHTBI;
5—Ka62.¥[ﬂ, COeAHHAIOLIHE H3Jyuawilye 3JeMEHTHI C HX BXOAaMH; 6—'rpaeK-roplm le‘ieﬂ:.
7 — dpoHT BOJHH

Puc. 8.9. Junsza R—2R:

! — touka BO30yKIeHHSA; 2 — AHH3A}
3 — moBepxXHOCTh PELIETKH H3Jydalo-
LHX 3JeMeHTOB; 4 — KaGeJH, CoefH-
HSOUIHE JHH3Y C H3AYYalomHMH 3Je-
MeHTaMH (OAMHAKOBOH XIJIHHLI); 5§ —
dazoepiii GQPOHT BOJHBI HA BHIXOAE
JIHH3BI

g=2Rens(p/2)
b=2F[1-cos (3/2)]
a+y=2~k S

TaeMOf KOAaKCHaJbHBIMH 30HAaMH C ABYX NPOTHBONOJOXHEIX CTOPOH. 30HABI C Hpa-
BOji CTOPOHH! JIHH3H (BXOABl M3/Iy4alOMHX 5/EMEHTOB) COCAHHEHH BLICOKOUACTOTHHIM
KabeseM ONpejeleHHOH MJHHBI C OTAEJLHBIMH H3JYYalOlIMMH 3NeMeHTaMH aHTeHHOH
pellleTKH Ha pacKpbiBe JHH3LL. 30HAB!, PAcloJOKeHHBIE ¢ JIeBOH C10POHBI JIHH3H (BXO-
AB Jaydeft), pacnpeieieHbl BLOAb (POKanbHOH AyrH TakHM o6pasoM, YTo Kaxawii U3
HHX COOTBETCTBYET OMNpeJeJeHHOMY HampaBJeHHIO Jyda B mpoctpaHcTse., KoHcrpyk-
IHS JHH3BL H JJIMHB KaGesell BbIGpaHbl TakKHMH, YTO BCe 3JeKTpHUeCKHe NYTH Jyued
OT JaHHOH (POKaJILHOH TOYKH N0 COOTBETCTBYIOLLEro BOJIHOBOTO (poHTA HMEIOT OMH-
HAKOBYIO 3JeKTPHYECKYI0 NJHHY. Pewerku auH3w PoTMana MoryT ObITh NPAMOJH-
HefiHbl H KpHBOJHHe#ubl. Tlociefnde MOXHO HCMOJBL30BATh KAaK HEBBHICTYMAKOUIHE aH-
TEHHB Ha Pas3JMYHBIX JeTaTeNbHBIX anmaparax.
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[IpamMoskHelible peleTKH AaiT GoJee Y3KHI Jyy, 4eM KPHBOJHHEiHbe MpH Tex
e pasmepax packpuBa. KpusomuHeiinble 06/afaioT TeM TpPeHMYIUECTBOM, 4TO HMe-
T GoNee NIHPOKWII CEKTOp CKAHHPOBAHMS (WJIH CEKTOP TepPeKPLITHS MHOro/ay4eBof
AMarpaMmof), HX MaKcHMaJabhas 3hhexTHBHas paliHO/IOKAIHOHKAS NJIOWlalAbL pacce-
AHHS MeHbllue, 4eM V TPAMOJIHHeHHON pelleTKH, B HHX He Habmionaercs <ociene-
HHs» pellleTkH, TaK KK KDHBH3HA peleTKH paspyulaeT NepHOAHYHOCTh Pacnooxe-
HH5 2JIEMEHTOB,

TeoMeTpuyecKHe COOTHOLICHHs JHH3E R—2R M KpyroBof aHTeHHOH peuIeTKH
npefcrasaensl Ha puc. 8.9. Jinnza R—2R ofecmeunBaer X0opoWYO (OKYCHPOBKY Jy-
yei, ec/H 3JMeKTpPHYeCKiil AHAMETD JHH3B (1JAMHA JIHAMETpa B AJHHAX BOJIH) TOYHO
paBeH NOJOBHHe auaMeTpa PELIETKH, KOTOPYiO JHH3a Bo36yxknaer. PacrmoJjaras Bo3-
Gyautesqn Ha mepudepHH JHH3bL, MOXKHO C0O3/aBaTh MHOTO/YYeBYI0 AHATPAMMY Ha-
NpPaBJIEHHOCTH.

8.4. 3epkajbHble aHTEHHBI

3epKanbHbe AHTEHHH fABJAWTCA Hanbosee PacnpOCTPAHCHHBLIMH anepryp-
HBIMH aHTeHHAMH.

3eproabHoimy AHTEHHAMH Ha3LIBAIOTCS AHTEHHbB, Y KOTOPhX [0Jle B PacKphiBe
dopMupyeTcsl B peaylibTaTe OTPaXKEHHs MEKTPOMArHHTHON BOJHBI OT MeTalJH4ecKoi
MOBEPXHOCTH CHelHalbHOro pedJiektopa (3epkana). FCTOUHHKOM 3JeKTpOMAarHHTHOH
BOJHBl OOBLIYHO CJYKHT Kakas-HuOynb HeOoOJblIAs 3NeMeHTapHas aHTeHHa, Ha3biBae-
Masg B 3TOM cayuae ofJydyaTeneM 3epkana HJIM Npocto obJayuaTeseM. 3epkalo H
obygaTtesb SBAAIOTCH OCHOBHHIMH 3JeMeHTaMH 3epKaiabHofl anTensbl IloBepxHoctH
3epkajla npHjiaercs ¢opma, obecleunBamolilas (GOPMHPOBAHHe HYIKHOH AHarpaMMbl
Hanpassennoctu. HauGosee pacrnpocTpaHeHHEIMH SBJNFIOTCA 3epKala B BHAe MNapa-
6on0HAa BpalleHHs, ycedeHHoro napaGosonfa, napabo/iHYecKoro UHJAHHAPA HJH ILH-
JHHApPA cneunansHoro npoduns., O6ayuaTens nomemaercss B (oxyce mnapaGosonna
HJAH BROAL (OKaJbHOM JIMHHH LHIMHADHYECKOro 3epkata. Hapsny c ofHO3epKaabHBI-
MH aHTeHHaMH NpPHMeHAIoTCs W AByX3epKasbHbie. Ha pue. 8.10 nokasanbl npuMepbl
3epKaJlbHBIX AHTEHH.

PaccMoTpuM nmpHHIHN eldCTBHS 3epKaJbHOH aHTeHHBL. 2JIEKTPOMAarHUTHAsL BOJI-
'Ha, H3JjyyeHHas o6JydyaTeseM, JAOCTHTHYB NPOBOJAsILeil MOBEPXHOCTH 3epKasa, BO3-
6y:xnaeT Ha Hell TOKH, KOTOphie CO3[AOT BTOPHYHOE IT0Jie, OGBIYHO Ha3bIBAEMOE I0-
JeM oTpaxeHHOH Bosbl [ag Toro uroGbl Ha 3epKajo MOMAajaja OCHOBHAS UacTh
H3/yueHHO! 3/IeKTPOMATHUTHOW 3HEPTHH, o6aydaTesb AOJNKEH M3JayuaTh TOJBKO B
oiHy moJayccepy, T. e. 6HITh OJIHOHANPABJICHHLIM.

B packpbiBe aHTEHHB OTPaXKeHHas OT 3epKaja BOJHA HMEET NJIOCKHH (poHT
AJlA MOJY4YeHHA OCTPOji AHArPaMMbl HaNpaBJEHHOCTH JHOo (pOHT, obecHeuHsarolHi
NoJlydeHHe AHarpaMMel crnendaibHoi dopmbl. Ha Gosbiunx (Mo cpaBHeHHIO ¢ AJHHOH
BOJIHLI M AHAMETPOM 3epKaja) pacCTOARNSX OT QHTEHHBl 3Td BOJHA B COOTBETCTBHH
€ 3aKOHaMH H3JyYeHHs CTaHOBSATCH chepHuecKoil,

Tpunuun neiicTeua npocrefimedl 3epkaibHoft antennnl noscusier puc. 8.11. To-
uednbifi obsayyaTesb (HamlpHMep, MaleHbKHH pymop 2), pacmoJioXeHHHH B ¢oKyce
napa6onoufa, co3faeT y MNOBEPXHOCTH 3epkaia / coepuueckyw soiny 3. 3epkajo
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Puc. 8.10. BHewHHli BUA HEKOTOpHIX 3€PKa/IbHEIX aHTeHH:

4 — NOJHOMOBOPOTHAA AdHTeHHA OTEYECTBEHHOro panunoreneckona PT-22
22 M, npoduas 3epxana BbIAEPKAH © TOuUHOCTBIO 0,2 MM, sddexktHBHAS n

Ha Boane A=08 cM pasna 150 mZ; 6 — cRAanbIBAOUIAACH napaGonHyeckasn
KOCMHYECKON craHnui «Benepa»

Huamerp sepkana
JOWank aneprypel
aHTeHHa COBETCKOH

Puc. 8.11. 3epkanuHas anTenna:

I —3epKano; 2 — oGaywarens: 3 — chepuueckuit  dpour
BONHBI 06GJyuatensi; 4 — MuocKHil GPOHT OTpameHHOH BOJ-
HBI; & — aHarpamma HanpasJieHHOCTH o6Gnyuyarens: 6 — au-
arpammMa HanpaBleHHOCTH 3ePKaabHOH aHTEHHBI

Puc. 8.12. Dckus sepranbHoil
aHTeHHBl C napaboiHyecKHM
ILHJIHH POM

Napadonuyeckes  —
Yleninap |

Poxansnan

THHUT
- Junednsit
F ! _ DORYIRITEN
e
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npeoGpasyer ee B IJIOCKYI0 BOJHY 4, T. e. pacxojallHiics nyyoK Jyuei mpeoGpasy-
erca B napajJelbHEH, YeM H NOCTHraeTcs (popMHpOBaHHe OCTPOil AMarpamMMH Ha-
NpasJIeHHOCTH 6.

OtpaeHHas OT 3epkaja BoOJHa GyleT NJIOCKOH, ecid MJIHHA ONTHYECKOTO IyTH
BCex Jiyyedl, HAYIHX H3 TOUKH F 10 3epKaja M MOcJe OTPaeHHs A0 INIOCKOCTH pac-
KpHBa, 6yleT OAHHAKOBOH. [lJis 3TOro MOBEPXHOCTb 3epkaja JOJIKHA GHTb MOBepX-
HOCTBbIO napaGojonia BpalleHusi, oGpasoBaHHOro BpallleHweMm napaGoas [ (cM.
puc. 8.11) Boxpyr ocu Z. Toueynuii HcTOuHHK cdephueckoil BOJHBL ((asoBHIi IeHTP
HCTOYHMKA) AOJKeH nomewlartbes B dokyce F napa6onoupa, T. e. Ha (OKycHOM pac-
crosinud f or cpenHeit ToukH napabosonfa. PasiinyaioT AMHHHOGOKYCHBIE H KODOT-
KOOKycHBle napabojnyecKHe aHTEHHHL

IpuBesenHble BhHIUE AAHHLE NPHMEHWMB M AaA npodHas 3epkana, npeoGpasy-
10IET0 LHJIHHAPHYECKYIO BOJHY B MJockyio. OueBHAHO, B 3TOM c/ydae MOBEPXHOCTb
3epkana A0MKHA OBITH He NapaboJioHAOM BpallleHHs, a MapaGoJHYeCKHM IHJIHHIPOM
M JHHeAHBH 00Jayyareib, ABISIOMAACA HCTOUHHKOM LHJIHHAPHUECKON BOJIHBIL, JOJIXKEH
pacrmoJsaratbest BAOJb (hokasipHOH JHHHH (puc. 8.12).

O6nyuarTens 3epKajpHBIX AHTEHH JOJJKHBI YAOBJICTBODPATH ClelyloliuM Tpeo-
BaHUAM: OLITh OJHOHANpPAaBJEHHBIMH; MHHHMAaJbHO 3aTeHATh 3epkasto (4ToOml He Hc-
Ka)aTh AHATpaMMy HanpaBJeHHOCTH OTpaxaTess); ofayuaTenb foskeH GHTbH M0-
CTATOYHO AMAMA30HHBIM, TAK KaK JHANA30HHOCTL BCefi aHTEHHBI B IEJOM ONpefess-
€Tcsl B OCHOBHOM COOTBETCTBYIOUIHMH cBoficTBaMu o6ayuaTesst 4 (MAepHOrO TpakTa;
o0JyyaTesb JOJIMKEH BHIEPIKHBATL 33JAaHHYIO MOIIHOCTh 0e3 BO3HHKHOBEHHs BBICO-
KOYaCTOTHOro mpobos.

B nHanasoHe jeuHMeTpOBBIX H GoJee AJHHHBIX BOJIH MPHMEHSOTCH BHOGpaTOp-
Hele o6/NyuyaTeNn; Ha CAHTHMETPOBBIX H MHJIIHMETPOBHIX BOJIHAX NPHMEHSIOTCS BOJ-
‘HOBO/JHO-DPYNOPHHE o6ydYaTeNn H AD.

Ha puc. 8.13 nokasans HauboJgiee pacnpocTpaHeHHble o6JVYATENH AHTEHH C
3epKaJoM B BHIEe MapaGosoHAa BpAlleHHs.

Ha puc. 8.13,0 nann gBa THna BHOpaTOpHBIX obayuaredeidi: OoAHH (BepXHHil)
¢ pedaekTopoM B BHIe MeTaJUIH4ECKOTO JHCKA, APYroH (HHMHHEA) ¢ [0AaCCHBHHIM
pedpaexTopom B BHAe BHOpaTopa. B ofonx cayuasx BuGpaTop BO3OyMIAaeTcss uepes
MOJIYBOJIHOBYIO Illesb, Npope3aHHylo B 060J04ke KoakcHaslbHOTO (HIepa NHTaHHA
Pasmepnl 37eMeHTOB 061yuaTelis, MPHBENEHHLIE HA PUCYHKe, MPHOJIHMKENNble H JNaHK
AJNS HArASJHOCTH. B Kam10M KOHKDETHOM CJiyyae 3TH pPa3Mephbl JIOJIKHB YTOUHSATb-
€ 3KCMepHMEHTaNbHO, ¢ TeM 4TOOB NOJYYHTh TpeOGyeMyio AHarpaMmy ofayuarens H
ofecnedHTh XOpolllee COTJIAaCOBAHHE AHTEHHB C (hHIEPOM.

3CKH3 yCTaHOBKH BHOpaTOpHOro 06GJyuaTessi y 3epKasia NoKasaH Ha puc. 8.13,6.
duaep NpOXoAHT yepe3 BepHHY napaBosoHaa M pacrojiaraeTcs BAOJb ONTHYECKON
ocu. O6nygarens ycraHaBAHBaeTcs Tak, 4TOGbl ero (pa3oBH LeHTp coBmagan c ¢o-
KycoM. [lomkHa OHITh NpelycMOTPeHa BO3MOMKHOCTh DPeryJHPOBKH MeCTa pacrnoso-
KeHHs obayuareJs.

Ha puc. 8.13,6 nokaszanw BuGpaTOpHBle 0GJyuarTesH, BO3OYyXKAaeMble MpAMO-
YroJbHBIM BOJIHOBOAOM ¢ BOJHOH THna H,o. BuGpaTophl Kpensitcs K TOHKOH MeTaJ-
JIHYECKOH NJTaCTHHE, KOTOpas yCTAHABIMBAETCH B cepeluHe BOJHOBOJA MePNEHAHKY-
JIADHO JTHHHAM 3JeKTpHYeckOro noad. Takoe pacnosoxKeHne NJAACTHHBI He HCKaXaeT
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Puc. 8.13. O6nyyaresn napaGoJHyecKHX aHTEHH

CTPYKTYpH TM0Jii B BoJHOBOZe. BuGparopn ixe pacloJioeHbl fapafjelbHO BeKTO-
py £, ¥ B Hux HaBogATcH TOKH. Dojee ynanmemubifi or 3epkaja BuGpaTop OOGLIYHO
ABJseTcs pedJeKTOpoM, IS 3TOre ero JAJHHA Gepercs HeCKOJbKO Goablued, geMm
TOJIBOJIHL, A DPacCTOAHHe MeXAy BHOpPaTOpPaMH YcTaHaBaHBaeTcs okoao Af3. Has
CYKEHHsI JHarpaMMbl B [JIOCKOCTH H M npubiuKeHHs ee K JHarpamme, HMeollel
OCeBYI0 CHMMETPHIO, MpHMeHseTcs ofJyuares b H3 yeTkipeX BHGparopoe (pHc. 8.13,2).

Bo36yxeHre BHGPATOPOB MOXKHO PEryJMpOBaThL NepeMellleHHeM IMJIACTHH BAOJb
ocH 2. JIn% yMeHbIIeHHS BJHSHHA BOJHOBOJAA Ha AHarpaMMy oGuyuaTesisi BOJHOBOJ
B miockoctd E cyxaercs.

Bu6paropubie o6nyyaTesH, BO30yXjaaemble BOJIHOBOAOM, YCTaHAaBJIHBAlOT Y
3epKalla Tak ¥e, Kak H Bo3Gyxjaemble ¢unepom (puc. 8.13,6).

BoanoBoAHO-pyMOpHEE 06JyYaTeJH NPeAcTaBaAT cOo60fl JHEO OTKPHITHI KOHeH
BoJIHOBOAA, nH60 He6oJbIOH pyNop, NPHCOCAHHEHHBIH K KOHUY BoJHoBoaa. Ilpume-
HAIOTCA BOJIHOBOJH KaK NPAMOYTOJbLHOTO CEUeHHs, TaK H KPYTJOTO.

PacnojioxkeHue BOJHOBOJOB-PYNOPHEIX o6jyuaTeliefi y 3epkaja MOKasaHo Ha
puc. 8.14.

Ha puc. 8.15 nokasan IByxuieneBod o6nyuaTeqb oGpaTHOTO H3ayueHHs. Takoit
ofiTyuaTesb KOMNAKTeH H MaJo 3aTeHseT 3epkajo. OH npefcrasiseT cofoft mpsmo-
YTOJIbHBI BOJIHOBOM, KOTODLI 3aKaHYHBAeTCsl KOPOOKOH NpPAMOYroJbHOTO CeueHHs C
FJIyXx0ff CTEHKOHW H NBYMS IIeJAMH, Yepe3 KOTOPHIE NPOHCXOIHT H3JyUeHHe B CTOPOHY
sepkasa. CTpesKH Ha DHCYHKe NOKa3bBAIOT HaTpAaBJeHHe CHJIOBHIX JHHHIL 37EKTDH-
yeckoro noas. HepocTaTKH Takoro ABYXIeJNeBOro 06.1ydaTelis — OTPaHHYCHHAA MOLI-
HOCTb, KOTOPYI0 MOMKHO TPONYCTHTh Yepe3 Hero, He OMNacasch 3JIEKTPHUECKOro Mpo-
605 MeXLy KpasMH Lieseil, a TaKXKe ero y3KOMOJOoCHOCTb.
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Bunm din Kopodva
HECTPoIKY TPTHOYEOREHOZO
* cevenun

Lymubanmyaq
vaems Gonnododa

\

Puc. 8.14. Bosbyxnenue Puc. 8.15. Bosbyxaenwe napabosonpa
napafolioufia  BOJHOBO/- ABYXIleJeBEIM 06/ydaTeseM 06paTHOrO H3-
HO-PYNMOPHBIMH  ofJyya- JNyUeHUs:

TeJlIMH a — o6urHil BHA 3epKana c o6ayuarenem; 6 —

pujg of6ny4yeHHd B paspese

VYnpouieHuH pacuer napaMeTpPoB aHTEHHB C 3epKajoM B BHIe IapaGoJoHAa
BPALLEHUS MOKHO [TPOM3BecTH B cleAywomeM mopsanke. OCHOBHBIMH HCXOJHBIMH AaH-
HEIMH OOBMHO sBJsIoTCs pabodas IJMHA BOJNHB A M INMDPHHA AMATPaMMBl Hanpas-
qaennoctH (20p5)°. ITo YKasaHHBIM HCXOJHBLIM JaHHLIM Ha ocHoBaHHH dopmynn (7.1)
onpefenseM AHaMeTp packpeBa mapabononia 2R,. M3 KoHCTpyRTHBHHEIX cooGpaxe-
Huil BhGUpaeTcad (POKYCHOE pacCTOsHHE f.

Tlpotras mapaBonoHaa MOXKHO OTPELeNHTh HAa OCHOBAHHM YpPaBHEHHS mapaboJihl

x?=4fz,

TAe Zz — [eKapToBa KOOpAHHATAa TOYKH BAOJb OCH Mapabo/IOH[a, OTCYHTHIBAEMas OT
cpefHell TOUKH napa6oJonaa; X — KOOpAMHATa, MepNeHANKYIApHasd ocH 2 (C TeM xe
Haya/loM KOOPIHHAT), ONpene/siollas MoJ0KeHHe TOYKH NpPOduIs.

Ianee moa6upaerca obiaydateab 3€pKania, COOTBETCTBYIOWIWI NHANAa30HY BOJH,
B KOTOpPOM JOJMHA pafoTaTh aHTEHHA, H HMeWUHi OAHOCTODOHHIOK IHArpaMMy
H3JyyeHusl, KoTopas oOecneu#BaeT MaKCHMaJjbHOe OGJyYeHHe UEHTPaJbHOH YacTH
3epKana M yMeHblIEHHe HanpsiKeHHOCTH NIOJIA K KpasgMm 3epkana B 3—10 pas.

Koa¢uienT HanpaBieHHOro JeHCTBHA AHTEHHbl MOXKHO ONpele/HTb MO MPH-
onmxkennoll hopmyne (8.2).

HlymoBHe XxapakTepPHCTHKH NapaOJHYECKHX 3ePKaJIbHbIX AHTEHH MOIKHO YJydy-
1LIHTh, YMEHbIIHB WJAOTHOCTb MOTOKA, OGJydYamouero Kpasi 3epkania, 4To ocaabiger
sIBJIEHHE «NepelHBAHHA» ITEKTPOMATHHTHHX BOJIH 32 Kpas 3epKaJa.

B wactHocTH, OYeHb HH3KYIO WIYMOBYIO TeMIepaTypy HMeeT PymopHO-mapa6o.i-
yecKkas aHTeHHa, npeActasaswoiiasg coboit pynop maunoir 50...100 gauH BoJH H
GoJiee, KOTOPBIT HENOCPENCTBCHHD MPHCOENHHAETCH K CerMeHTy napaGojodna Bpaiie-
HHA (puc. 8.16).
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Puc. 8.16. Pynopuo-napa6oanueckas Puc. 8.17. Ilepuckomuyeckas
aHTEHHA A/ BOJHH A=8 cM: aHTeHHa!
1 — pymop; 2—cerMeHT mapa6oJouna; 1 — njockoe sepkano; 2 — mapa-
3 — pacKpelB pynopa; 4 — DacKpein 3ep- Goanyeckoe 3epKano; 3§ — o6ay-
Kanxa gaTenb NapaGoJHYeckoro sepraJja

ITpoduap mapa6o/iHueckoro 3epKaja paccudTHIBaeTcs TAaKHM oGpa3oM, uTo6H ero
doxyc coBmajganm c¢ (as’oBHEM UEHTPOM pymopa, ¥Yron pacKpeBa pymopa Gepercs
30...40° uro ofecneynBaer Xopolllee COTMACOBAHHE PyNopa C BOJHOBOLOM MHTaHHL.

B pynopHo-napaGoanyeckoil aHTeHHEe OTCYTCTBYeT paccesHHe SHeprHH obJjyuare-
Jsi, KOTOpbIM siBAsercss pynop. D10 nosnimaer KITM, npuBOAHT K yMEHBIIEHHIO
ypoBHA GOKOBBIX JIeMmecTKOB H 6narofaps STOMY CHHK2eT IIYMOBYIO TeMIepaTypy
antenun B mHeqoM. Kpome Toro, B pymopHo-mapaGoiu9ecKOR aHTeHHe JyuH, OTpa-
JKEHHBle OT 3epKaJja, He TOMajalT B PYNOP M JIHHHIO MHTAHHA H, CJAe1OBaTelbHO, He
HapyIlamT COrJacoBAHHS aHTEHHHL

B nnmtepatype omucaHa pynopHo-napafo/HYeckas aHTEeHHA, HMeiollasg Ha uac-
tote 5650 MI'n myMoByio TemMnepaTypy Menbllle ABYX rpaaycoB KeanBhHa.

AHnTeHHB pYnNOpHO-napaGoJIHYeCKOro THNAa INPHMEHSIOTCS B DPaJHOAaCTPOHOMMUH,
KocMHYecKolf pajHOCBsI3H H pajiHOpe/efHhX JIHHHAX CBSI3H.

B paanopesefiHbiX JHHHAX CBASH LIHPOKOe NPHMEHeHHe TaKXKe HaXOAAT MepH-
CKOMHYECKHE CHCTEMBl, B KOTODLIX HCMOJBb3YIOTCA MJOCKHE METalTHUeCKHe 3epKaaa,
ofecneunBalollie NOBOPOT (POHTA MJOCKOH BOJHBL, T. €. H3MEHEHHE HampaBJeHHd
pacmpocTpaHeHHsi BosHH. CoueranHe NEPHCKONMHUECKO! CHCTEMH! C 3ePKAlbHOR aHTEH-
HOA HasblBaeTCs nepuckonudeckold auTcHHotd cucTemoid (puc. 8.17).

IIupoko NpHMeHAIOTCH 3epKafdbHble AHTeHHH B CAaHTHMETPOBOM H JEIHMETPOBOM
JHana3oHax BOJH, B ocobeHHOCTH Tam, rie tpeGyercs Beicokdit KH]I, yakas nma-
rpaMMa HanpasJeHHOCTH, ofecneudBalollas BHCOKYI0 paspellaiollyio CHOcOGHOCTD,
a TakXe OGoabwas a¢dexTHBHAs nmromanb. Juamerpsl 3epkaa Aocthralr 100 M, a
B HEKOTOPHIX KOHCTPYKIHAX — H GoJee.

CrpeMieHHe TIOBBICHTL Da3pellaioLIyI0 CMOCOGIOCTh AHTEHHH, YBEJHUHTH ee 30-
(EeRTHBHYIO MIOWIaAb H KO3(OHUAEHT HANparNeHHOro NeACTBHS NPHBEJNO K CO3JaHHIO

110



aHTeHH GOJIBILOTO pPa3Mepa, B KOTODHIX 3ePKaj0 COCTOHT H3 MHOMCCTBA OTPaXKaloOMINX
IMTOB, paclmOJNOMEHHBIX Ha 3emie. [N H3MEeHEHHS yrja MecTa I[JaBHOro Jy9a
AHTEHHBl H3MeHAIT HAKJIOH ILIHTOB, a [Js1 H3MeHeHHs ero asumMyra liepeMellaiorT
ofnyuaTesib. TakHe aHTeHHB HA3BIBAIOT AHTEHHAMU nEpPeMerHozo npoduars. Bes co-
BOKYNHOCTb IIMTOB o6pa3syer uyactk napaboJjionfia B BHIe JeHTH (pHc. 8.18).

Ha puc. 8.19 M3o6paxena aurenHa pagnortedeckona PATAH-600, 3epkano xo-
Topoft cocrout u3 895 WIHTOB pa3MepaMH 7,4X2 M?, pacno/IOXeHHHX IO Kpyry AHa-
merpoM 600 M. Koaenesas ¢opMa 3epkana Mo3BOJISIET OCYLIECTBJIATH a3HMYTa/bHbE
ckaHHpoBaHue B npelenax 360°. Aurenna paGoraer B AHanasone 0,8..30 cwm.

8.5. llleaeBble aHTEHHbI

llleneBasi anTeHHa npefAcTasiser co60f OTBEpCTHe, Npope3aHHoe B MeTal-
JIHYECKOM JIHCTe H BO36YXKAaeMOe HCTOUHMKOM SJeKTDOMarsHTHHX Kone6anui. B oc-
HOBHOM MNpPHMEHSIIOTCA NPAMOYroJbHHe y3Kde wend wHpuuoi (0,03...0,05)A v amm-
HOH 0KO0JI0O NOJOBHHHKI JJIHHBl BOJIHBI. Ecan mo MOBEPXHOCTH MeTaJia NnpoTeKaeT TOK
BHICOKO YacTOTH, a IleJb pacnoJoieHa Tak, YTO [epecekaetr JIHHHH TOKa
(puc. 8.20), To BHYTpH lLiesd BO3HHKAaeT 3/eKTPHUeCKOoe T0Jie, CHJIOBHE JHHHH KOTO-
poro NepneHiHKYJ/IAPHBI KpasM LIEJH. HaHpH)KEHHOCTb 3JICKTPHYECKOrO IioJig, a cJje-
A0BaTe]bHO, M HanpsKeHHe MeXAYy KPAasfMM NOJYBOJHOBOH MIeJH pachpejelienk:
BAOJIb €& AJHHBI TMPHMEPHO MO CHHYCOHAAJbHOMY 3aKOHY. Ha KOHLaX LIeJH Hanpsda-
KenHe paBHO Hymo. Ecid Iueap pacnofiokeHa BAOJbL JHHHH MOBEPXHOCTHOTO TOKa,
TO OHA NPAKTHYECKH He HCKaXKaeT ero pacnpefefieHHs H 1leJjb He BOSﬁy)K,lJ,aETCR.
SJIEKTpH'{eCKOE noJje B LleJH MOXHO PacCMaTpHBAThL KakK H3Jaydareab, Tak Kak
OHO sABJIACTCA HCTOUYHHKOM H3JYyUEHHsA HapAAy C NOBEPXHOCTHBIMH TOKaMH. I.H.EJlb, H3-
Jydaoumyio B 00e CTODOHH OT METaJJIHYeCKOro JIHCTa, Has3hBalOT ABycroponHed. Ha
NpaxkTHKe 4alle INPHMEHSAIT OLHOCTOPOHHHe lleJieBEle aHTCHHH. Yrobu YCTpaHHTb H3-
JqyuyeHHe B OJHO MOJYOPOCTPAHCTBO, MIeNb C COOTBETCTByIOIIJ,ef:I CTOPOHH 33aKpHIBAKOT

pesonatopoM (puc. 8.21). O6HuYHO B HeM pacmoJOXKeHO B03OyXKaloliee AHTEHHY
yerpoficTBo.

[NoMEMO npaMONMHEfHBIX Ilenell HAXOAAT NMPHMEHeHWe LieaH ApYro#i (GopMbl, Ha-
npHMep yroskosbe, II-oGpasHble, KpecTooGpasHHe, radTelbHEE, KOJbIEBHE H Ap.

Ha puc. 822 usoGpaxeHn NpHMeHSeMHe Ha TNPAKTHKE CHOCOOH BO30GYXKIeHH:
MOJIYBOJIHOBOH MPSIMOJHHEHHOH LiefeBOA aHTeHHH. Ha [enHMeTpoBHX BoJHAX AJS
B036yM/AEHAs LIeJH OGLMHO NPHMEHSIOT KOAKCHAJLHHE (ulep, BHYTPeHHsS IKHAA
KOTOpPOTO NpPHCOEIHHAETCA K OJHOH KPOMKe IleNeBofi aHTeHHH, a OMJeTKa NpHNasHa
K Apyroi no Bced anaune ¢maepa (puc. 8.22,0). Bunaropaps TakoMy coegHHEHHIO CO-
XPaHAETCA CHMMETPHs BO30YXKIeHHS H ONJETKa He BO36YyKAaeTcs.

Ha puc. 8.22,6 u3o6paxeHo Pe3oHATOPHO-30HLOBOE YCTPOHCTBO AJIA BO3GyXje-
Hus menn. [nraemblit KoakcHaNBHBIM (HAEPOM 30HA BO36YXKA2eT KoNe6GaHHA BHYTPH
NpSAMOYroabHOTO pesoHaTopa. TOKH, TeKyliHe MO BHYTPEeHHEl MOBEPXHOCTH CTEHOK
pe30HATOpa, B CBOI o4Yepelb BO3GYKIAKT IIEJb,

Tpumep wHpokonoJocHOM IueneBofi anTenHm H3o6paxen Ha puc. 8.22,6. Ilu-
poKas IeJs Bo3byXjaeTcAd Pe30HATOPOM, BHYTPH KOToporo pacmogoxen T-o6pasHbifl
BoaGyauTens. Kaxaas nonoBHHa BO3GyAMTeNst BMecTe C PE30HATOPOM 0GpasyeT Ko-
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Puc. 8.23. JlmarpaMma HQUIpPaB/JeHHOCTH TOAYBOMHOBOH mmenn (01HOCTOPOHHErO #H3-
JIyUeHHs) B MPSIMOYTOJIBHOM IUIOCKOM 3KpaHe: !

a — JMai paMva uanpaplJeHHOoCTH B TJIOCKOCTH X020
CKOCTH XOY, 8 - pacnoJoxkeHHe IeJH Ha 3KpaHe

8—56

6 — nuarpaMma HANPaBJEHHOCTH B NJO-
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POTKO3AMKHYTH Ha KOHUE OTPe30K MJHHOH nHEMM. ILMHA H TomepedHbie pasMepbl
BO36YAHTEN BHIGHPAIOTCA TaK, 4T00b ero BXOJHas DPeakTHBHAf NPOBOAHMOCTb B
HeKoTopoli NoJ0ce YacTOT KOMIIEHCHPOBAIA PEAKTHBHYIO NPOBOAHMOCTE LIETH.

Ha puc. 8.23 m3obpakeHnbl JHarpaMMH HaNpaBJEHHOCTH TOJIYBOJHOBOH LieJH
(oaHocTopouuelt), Tpope3aHHON B MAOCKOM MeTaaanyeckoM jucre. Ma pucydka ciae-
ayeT, uto GoOJbluas YacTh 3HEPTHH H3NyuaeTcss B OCBEllEHHOe MOJYNPOCTPAHCTBO;
3aTeHsioulee feHcTBUC 5KPAHA CKa3blRaeTcs TeM Gosbuie. weM Gosblle pasmep 2L
9KpaHa 10 CPAaBHEHHIO C JJIMHOM BOJIHEL.

FIABA 9.
AHTEHHBIE PEIUETKH

9.1. O6mue cBeneHHs

CrpeMJieHHe TMOBBICHTb TOYHOCTh ONpEAe/eHHs YIJOBHIX KOOPAHHAT, CKO-
pOCTb TepeMellleHHs Jyd4a B NPOCTPAHCTBE, HEOGXOAMMOCTh B CO3JlaHHH YNpaB/ieMBX
JHarpaMM HanpaBJeHHOCTH, MO3BOJSIOIHX o6ecneuHTh IOAABJICHHE IOMeX, NpHBeIH
B psAfe cJayyaeB K OTKa3y OT MPHMEHEHHA TPaAHUHOHHBIX alepTYPHbIX aHTEHH H HC-
MOJb30BAHUI0 BMECTO HHX AHTEHHBIX DEILeTOK C SJAEKTPHUYECKHM YMpaBJeHHeM AHa-
rpaMMofl HanpaBJIEHHOCTH.

Anrennoil pewerkod HasHBaeTCA AHTeHHA, NpejicTaBasAolas cobofi COBOKYNHOCTE
OTJeJbHBIX AHTEHH, pacloJiOKEHHHWX B ONpefleJeHHOM NOpAfke H BO30YMHKAAeMbIX
OJHHM HJH HeCKOJIbKHMH KOT€PEHTHBIMH HCTOTHHKaMH. KorepeHTHBIMH Ha3HIBalOTCH
HCTOUHHKH KoJeOaHHufl, pa3HocTh (a3 KOTOPHIX He H3MeHAETCA B TeUeHHe AOCTaTod-
HO AjutensHoro nepuopna. OTAedpHEle AHTEHHB, W3 KOTOPHIX COCTOSIT pelIeTKH, 0GHIY-
HO Ha3bIBAIOTCA H3AYYAIOLIHMH 3JeMeHTaMH, HE3aBHCHMO OT Toro, pafoTamT JH OHH
B DeXHMe Mepefavd HJH MpHeMa. ’

B kayecTBe H3MyyaloUIMX 3/IeMEHTOB AHTEHHBIX DPelIETOK MPHMEHAIOT BuGpaTop-
Hbl€, IleJIeBbe, BOJHOBOJAHEE, DYNOPHHE, 3epKajbHBE, JHH30Bbie aHTEHHE!, a TaKxe
aHTeHHH Oeryuieil BOJHB — CHHpaJbHbE, BOJNHOBBIE KAaHAJMI, .CTeDHHeBHE NH3JIEKTpH-
yeckHe H Mp.

TnaBHEIM MPeHMYINECTBOM AHTEHHBIX PellleTOK MO CPaBHEHHIO C aHTEHHAMH Apy-
IHX THIOB fABJsETCS BO3MOMHOCTh 'MOKOro yNpaBJ/ieHHs HX XapaKTepHCTHKaMH Ha-
NPaBJeHHOCTH H BO3MOXKHOCThL NMapaienbHoit 06pabOTKH CHIHaNOB OT KaXKAOTo 3Je-
MeHTa,

IMepBbie anTeHHLle pelleTKH GbIE CHH(A3HBIMH. K HHM OTHOCATCA ONHCAaHHbE B
rJ. 4 HampasJiedHble aHTeHHB!, paspaGoranuble M. A. Bonu-Bpyesnuem u B. B. Ta-
TapHHOBEIM B Huxkeropoacko# paanosnaGopaTOpHH, HalpaBJeHHEE aHTEHHH MapKoHy,

CoBpeMennble aHTeHHbie pPeMmETKH MOTYT HMETb caMble pasHooGpasHble MpoOCT-
PaHCTBEHHbIE CTPYKTYPBI, H3 KOTOPBHIX CjelyeT BBIIGNHTb c/eAyiollHe, HaHGosee yac-
TO HCNOJb3yeMble Ha NPaKTHKE:

MOBEPXHOCTHEIC AHTEHHBle pELIETKH, H3JydalollHe S/eMEHTHl KOTOPBIX pAacHoJio-
JKeHHl Ha HEKOTOPOH MOBEPXHOCTH (CihepHUecKOfl, UMAHHAPHIECKON, KOHHUCCKOH B
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Puc. 9.1. TlpocrpancTBennble CTPYKTYPH ZHTEHHBIX peELLETOK:
a— crbepwtecxaa: 6 — IHMJIHHAPHYecKasi; & — KoHHYecKas; 2 — NJAOCKaf; 8 — KONbIeBaf; e —
Jyropas; 2 — SKBHAHCTAHTHAafA, 3 — Hes3KBHAHCTAHTHAA

Ha TOBePXHOCTAX NOABHKHEIX OGDBEKTOB: kKopaGieii, caMojeToB, paker H T. A.)
(puc. 9.1,a, 6, 8);

MJIOCKHE 4HTEHHHE DElIeTKH, Y KOTOPHIX H3NydJaiollHe 3JeMeHTH JeXaT B onHof
nnockoctH (puc. 9.1,2);

KPHBOJIMHEHbIE aHTEHHHE DELIETKH, H3JyualollHe 3JIeMeHTH KOTOPHIX pacnoJo-
JEeHB Ha KPHBON JIMHMH (B 4acTHOM CJyuae — 3aMKHYTOI), HalpHUMep KOJBIEBHE H
IYyroBhle AHTEHHLE PELIeTKH, H3JAy4YalolHe 3JIEMEeHTHl KOTOPHIX PAaclNOJOXKEHH Ha OK-
PYKHOCTH MJH ee yacTH cooTBeTctBenso (puc. 9.1,0, e);

JHHefiHBle aHTeHHBE peIleTKH, H3JydYaiollHe 5JeMeHTH KOTOPHIX DacHoJOXKEeHH
Ha npamoii JuuHH (puc. 9.1,%¢, 3); H3 HHMX BHJIENAOTCS JBa THNA AHTEHHHX pelie-
TOK: 3KBHAHCTAHTHHIE aHTEHHBIE DEIIETKH, MpeACTaBJisoulHe co60f JIHHEAHYIO aHTeH-
HYIO PeIleTKY C OAHHAKOBBIMH paccTOfHHAMH (luaroM peLIeTKH), MeXIy COCefHHMH
H3JIYYAIOWAMH 3jeMeHTaMu (pHc. 9.1,0%), W HeSKBMAMCTAHTHblE AHTEHHHE PEIUETKH,
npeacras/sioliie coGof JIHHEHHYI0 DeLIeTKY ¢ HeOLHHAKOBHIM DACCTOSHHEM MEXAY
COCENHHMH H3Jy4alolIHMH 3J1emeHTamMH (pHc. 9.1,3).

Peanpnble H3dyualoliue 3JeMeHTH 06JAafaloT HampaBJeHHHMH cBoficTBamH. Ux
IHAarpaMMa HampaBJeHHOCTH OKA3hLIBAeT BIHSHHE Ha JHATPAaMMY AHTEHHOH pelleTKH.

JuarpaMma HanpaBJeHHOCTH NJIOCKOA peLIeTKH ¢ H3JyJalolHMH SJeMEHTaMH,
HMelolkMH  AuarpaMmbl fo(0), paBHa nNpoH3BejeHHI0 AHATPAMMH HANMpPaBJEHHOCTH
uaayuaiomero sjementa fo(8) wa aumarpammy Toil ke pewerku f,(0), HO H3 H30TON-
HHX (HeHanpaBJ/eHHHX) 3aeMeHTOB: f(B)=f,(0)f.(0); smech f.(0) — MHOXHTenb aH-
TeHHO# pelleTkH. BBelleHHe IOHATHS MHOMXHTe/ AHTEHHOM peleTKH O00YC/IOBJEHO
TeM, 4TO 14f GOJbIIHHCTBA HCMOJb3YEMHX PELIETOK AHATPAMME HAMpaBJeHHOCTH
J/EMEHTOB MOXHO CUHTATb OJHHAKOBHIMH [l BCeX H3JNYYalOUIHX 3JEMEHTOB pemeT-
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KH, NPeACTABNAIOWIHMHE €O060fi MeNJeHHO MeHsomHecs QyHKuun yraa 0 (mo cpasue-
HHIO C MHOMCHTENIEM DEIIETKH), H NMO3TOMY HEKOTOPHIE OCHOBHBIE XdPaKTEPHCTHKH Ha-
NpaBJeHHOCTH (TakHe, KaK ypoBeHb GOKOBLIX JIENECTKOB, LWIMPHHA M TOYHOCTh yCTa-
HOBKH Jlyda) BO MHOTOM ONpENe/ISIOTCA MHOMKHUTENeM aHTeHHOfi pemeTkH. s cHu-
(asHoil pemerkd 3amaHHOH JMHHLI [ ypoBeHb GOKOBHIX JIEMECTKOB ONpEMeJisieTCs aMm-
NIHTYAHBIM pacnpejesieiideM Mo ee packpwBy. Hlupuna guarpammel cHH(basHOR JH-
HellHOH aHTEHHOH pelleTKH oOmpejesifseTcs pa3MepaMH W BHAOM aMIUIUTYJHOTO pac-
fipe/le/leHUs 10 €€ PacKpuiBy H 06paTHO WPOMOPHHOHAAbLHA €e AJHHE, BbipaX<eHHOH B
aaHax Boan ({/2). PaBroamMmiuTyaHoe cHHgasHoe pacrnpefelieHHe, M0O3BOJSNIIEE
NpH 3aflaHHOfl JUHHe pelleTKH obecrneunTh MakcHMaibhuie KHIL u xoapduuueHt wuc-
N0/JIb30BAHAsA TIOUANH, PaBHBIH elHHHIe, o6lasaer GOMbIIAM YypoBHEM GOKOBHIX Jie-
necTKOB, Npubau3nTesbHo paBHeM — 13,2 1B. Cnapamompe Kk KpasiM peineTKd aMmJiH-
Ty[AHBIE pachpele/ieHHs] XapaKTEPH3YIOTCA MEHbUIHMH YPOBHAMH GOKOBHIX JIEMECTKOB
H MeHbiliMH 3HadenusiMu KHJ # xosdoHiMenTa HCnosab3oBaHWs MOBEPXHOCTH, a
Takxe GoJsiplieii MHPHHOA AHATPAMMBI MO CPABHEHHIO C PABHOAMIJIHTYAHBIM paclpe-
IleJIeHHEM.

9.2. CKAHMPYIOUIHE AHTEHHbIE PEINETKH

MexaHHuecKOe TepeMellenHe Jyuya WJIH YIOpaBlieHHe XapaKTepHCTHKOH Ha-
IPaBJEHHOCTH aHTEHH C NOMOIIbIO MeXaHHYECKOTO MepeMelleHHs] BCeH AHTEHHB HJH
ee yacTed He MOMeT GBITh BHINOJHEHO ¢ TPeGyeMBIMH GOJIBIIHMH CKOPOCTSIMH.

B CBfi3H C 3THM fBJSIETCS BaXKHBIM 3JIEKTPHYECKOE YNpPaBJeHHe XapaKTepHCTHKa-
MH HAalpaB/IEHHOCTH AHTEHH, KOTOpPOe MOXKeT ObiThb 3(p(eKTHBHO Deasli30BaHO B aH-
TeHHOH pelleTKe 3JEKTPHUCCKHM YNpaBJeHHeM aMNOaHTylAof H ¢as3oll WX H3dyualo-
UIHX 3JEMEHTOB. ‘

WaMeHenye HanpaBjeHus MaKCHMA/JbHOrO H3ny4deHHs (IPHEMA) pPeLleTKH B 0po-
CTpaHCTBe [0 ONpejelleHHOMY 3aKOHV Ha3blBACTCS CKAHUPOBAHUEM AY4d.

Pasjensiior Tpu crnocofa 3MEKTPHYECKOTO CKaHHPOBAHHS:

(ha30BHIK, BCJE/CTBHE M3MEHEHHS (as3bl CHrHA/Ia H3JYYaloLIero JeMeHTa perler-
KH, NPH HEH3MEHHOM YaCTOTHOM CHEKTpe CHIHala;

yacToTHLIl, Korjga (a3a cHrHana, HW3JAyYaeMoTro SJeMeHTOM, H3MeHseTcs H3-3a
M3MeHEHHs YacTOTH 3TOro CHrHala;

aMIUIMTYAHBI, KOrla CKaHHDOBanHe NMPOHCXOAHT BCAeACTBHe KOMMYTAaiMH map-
OHadbHBIX JRArpaMM, HMEHOIIHX pas/HUHblC HaNpPaB/CHHA OCHOBHBIX IVIABHBIX Mak-
CHMYMOE.

TMepeMelienne Jyya NPH CKAHHPOBAHHH MOXKHO PaccMaTpPHBATh Kak IepeMelle-
HHE OCHOBHOTO TJIABHOIO MaKCHMyMa MHOMKHTeJS pPRUIETKH B NPOCTPAHCTBe MPH He-
H3MeHHOH auarpaMme HampaBJeHHOCTH 3JeMeHTOB [,(0). Tlockoabky Amarpamma pe-
LIeTKH MpeacTaB/seT cofoll MPOM3BeJeHHe MHOMHTENs PeuleTKH Ha JAHarpaMMmy sJe-
meHTa f.(B), aMIJIHTyZa OCHOBHOrO IJIaBHONO MaKCHMyMa pelleTKH NPH CKaHHPOBA-
uuu 6yfeT M3MEHSThCS NMPOMOPLHMOHANBHO H3MEHEHHI0 yPOBHS AHArPAMMBL 3JIeMEHTa.
Takum oGpazoM, yem GoJjlee OCTPOHANpaBJeHHBIM 6yJeT M3NYYAIOMIHHA 3VIeMEeHT pemer-
KH, TeM OhicTpee NpH cKkaHApoBaHuH Oyaer uamensthca ce KHJ. Kak mpasuio, B
JIMHeHHBIX H IJIOCKHX pElIeTKaX AMarpaMMbl HANPaBJIeHHOCTH 3/JeMeHTOB OPHEHTHpO-
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BaHbl TaK, YTO HampaBJeHHe MAaKCHMAJbHOIO H3JIyUeHHsl 3JIEeMEHTa COBMajaer ¢ HOp-
Manbio K packphiBy pellierkH. [To3ToMy NPH OTK/IOHEHHH Jiyda pelleTKH OT HOpMaJiH
K ee packpbisy KH]I ymenbmaerca, B Tem GoJbine, yem Cosiblie HANMpPaBJIEHHOCTh ¥
H3Jayyawoliiero aneMeHTa.

CToHMOCTb M CJAO0MKHOCTb KOHCTPYKUHH peLIeTKH B OCHOBIOM ONpelensioTcs
YHCJOM YNpaBAseMbiX 3JeMeHTOB, HCMOJb3yeMbIX B Hell, H MO3TOMY UHCJO 3JEMEHTOB
B pelleTKe CTPEMATCA CAeMATb MHHHMAanbHbIM. I8 5TOrO B 3KBHAHMCTAHTHBIX pelIeT-
K4X MPHMEHSIOT HanpaBJeHHBe H3/ydaloUlHe 3JeMeHTh (pynopa, AH3NEeKTPHYECKHE
AHTEHHB W Jp.) HIH 00beIHHAKT (AN8 yBeJAHUYeHWA HANpaB/JeHHOCTH) TPYNIb 3/eMeH-
TOB B MOAPCIHIETKH ¢ OOIWMM ynpaBjeHHeM Tak, yToObl NOOOYHBEE IJIABHBIE MaKCHMY-
MB GBLIH MOJaBJjeHbl QHAarpaMMaMH 3JeMeHTOB. [l 3TOro MNpPHMEHHAIOT HEe3KBHIH-
CTAHTHBIE pEelIeTKH, B KOTOPbIX H3-3a pasHbiX paccTOAHMIT MexXJ1y COCeJHHMH 3Je-
MeHTaM# OTCYTCTBYIOT HaNpaBJeHWs (KPOMe HampaBJeHHs OCHOBHOrO TJ1aBHOFO Mak-
CHMyMa), T/Ae MoJsi OT BCeX 3JIeMEeHTOB pelleTKH CKJAaJbiBaloTcsl C OAMHAKOBOH ¢a-
30#, B CBSI3K C 4eM YpOBeHb NOGOYHHIX [JIABHBIX MAKCHMyMOB CHHIKAeTCs OTHOCH-
TeJLHO YPOBHS OCHOBHOIO TJIGBHOTO MaKCHMyMa NpPH TOM e 4YHc/e 3JeMEHTOB, 4TO
M B 3KBHIHCTAHTHOH pellleTKe.

B pannocHcTeMax NpPHMEHSIOTCS AHTEHHBE pelIeTKH pasinuHoii dopmb. Han-
Gosbilee NMpHMeHeRHe HAUUTH MJOCKHe peleTKH, XKaK HanboJsee DPOCTHIE C TOUKH 3pe-
HHf MOCTPOEHHA H BO3MOMHOCTH HX aHajH3a.

Bo/bUIHHCTBO MAOCKHX pelleToK COCTOHT H3 HIECHTHUHBIX 3JEMeHTOB, Pacrodo-
JKEHHBIX B y3/aX MJIOCKOH NPAMOJHHEHHON KOODAHMHATHOH CeTKH ¢ JABOHHON NepHo-
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Puc. 9.2, KoopanuatHble ceThn pasMeileHus H3JIy4alOLHX 3JEMEHTOB IJIOCKHX aH-
TeHHBIX pPeleToK:

a — KocoyroaeHas; 6 — NpsAMOYroJbHas; 8 — KBajparHad; @ — reKcaroHajbHas
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nuuHoctio (pue. 9.2). HanGosee uacTo HCMONB3YIOTCA MPSAMOYroJbHas CeTkd, KBaj-
parHas M rekcaroHalpHas, o6pa3syiomias poMOHUecKyio ceTKy ¢ yriom 60°.

Msiyuaowse 3JeMeHTH IJIOCKOH DeMIeTKH, KaK NpaBH/O, OPHeHTHPOBAaHEL TakK,
yTOGH MaKCHMYM H3JIyYeHHS -HX IHAarpaMM cOBMafia] C HOpPMajblo K MJIOCKOCTH pe-
IIeTKH, 49TO N03BoJseT 00eCNeYHTb B 3TOM HanparBJeHHH MakcuManbHeii KHJT pe-
IIeTKH, KOTODHi H3MeHsieTC NPONOPIHOHAJIBLHO AMATpPAMMe HANpPABJIEHHOCTH 3JEeMeH-
Ta NPH CKaHHPOBaHHH B CeKTOpe YIJIOB.

JKenanue pacIIMpHTL CEKTOP CKAHHDOBAHHA (A0 3HAYEHWH, NPEBHIIAIOUIHX
+45...460°) no noaycdeps H Gosee NPHBOAHT K NPHMEHEHHUIO TOBEPXHOCTHHIX BhI-
Nykauix pemerok. HanpuMep, NHIHHIpHYecKasi aHTeHHAs pelUeTKa NO3BOJSIET peajH-
30BaTh KpPyroBoe CKaHHPOBaHHE MO asHMyTy. Boilykane peuetks 06iafaioT HOMOJ-
HHTEJBHBIMH CTeNMeHsMH CBOGOAB B pasMellleHHH H3JAY4alolIHX 37EMeHTOB, KOTOpHIE
Moryt GHITb PacmoJOXKeHbl Hd CAMBIX Pa3JHYHHIX IIOBEDPXHOCTSIX, HANPHMEp Ha rpa-
HAX MHOTOrDaHHHKOB, KOHyce, OHJHHApe, chepe M T. A. TakHe peleTkH 06JafaioT
GOJBIIHMH, YeM NJIOCKHe, BO3MOMKHOCTAMH B DealiH3alliH TpeGyeMBIX XapaKkTepHCTHK
HaMpaBJeHHOCTH 33 cYeT BHGOpa (OPMBI MOBEDXHOCTH H pAacHONOMEHHs Ha Hell
3JIEMEHTOB.

OpnHako NMpHMeHeHHe BHIMYKJAHX PELIETOK NPHBOAHT K YCJAOMKHEHHI) YIPaBleHHS
HMH, TaK KaK NpocThie JHHedHbe (as3osele pacnpelesicHHs, NPHMEHAEMble B MJIOCKHX
pelleTKaX, B BHIYKJBX pelleTKaX 3aMeHs0TCs Ha GoJjiee CJIOXKHBIE (Pa3oBHE pac-
npejeseHns.

9.3. ®a3upoBaHHble AHTEHHbIE PELIETKH

DiekTpHYECKOE CKAHHPOBaHHe,. ofeCMeynHBawollee HaHGOJABINYID CKOpPOCTb
nepeMelleHHs] Jiyda B NMPOCTPAHCTBE H YNPaBJeHHe XapaKTePHCTHKAMH HanpaBJ/ieHHO-
CTH AaHTeHHH, HanGojee 4acTO peanusyercsi B (a3HPOBAHHBIX AHTEHHBIX pelleTKax
(PAP), nanpaB/ieHHe MakKCHMAaJbHOTO H3JydyeHus H (HJaH) (opMma AuarpaMMmbl KOTO-
PHIX H3MeHseTcs ¢ MOMOLIbI0 H3MeHeHHs (asbl pagHOCHTHAJNOB B 3jeMeHTaX. Dasu-
pOBaHHAsl aHTeHHas peLIeTKa COCTOHT H3 KaHaJH3UpYyIollel cHcTeMbl, obeclneyuBaio-
welt Bo3GyxAeHHe ee pacKpbiBa, (asoBpaliaTtesiefl, H3MEHAIMWHX (a3y CHTHAJOB,
MOCTYMAKMHKX K 3JeMeHTaM uepe3 (a30BpaulaTesy OT KAHANU3HPYIOLIEH CHCTEMB H
HETIOCPELACTBEHHO 3J/EMEHTOB, H3JIyYalolWMX M (HIH) NPHHUMAIOUHX 3HEPTHIO 3JeK-
TPOMATHHTHEIX KoaAeGauuit. @ yHkuHoHApyeT ®AP COBMECTHO ¢ CHCTEMOi YIMpaBJeHHA
aysom (CYJI), nopamoiueii ynpasasioluHe cHrHajbl Ha (asoBpawaresn (puc. 9.3).

Puc. 9.3. Crpykrypa (asHpoBaHHON aH-
TEHHOH pelleTKH:

[ ! — uanyualoniHe 3JaeMen1bl; 2 — dazoBpamare-
JH: 3 — cHCTemMa ynpaBJeHMA JydoM: 4 — Ka-
? HAJAUSHPYIOUIAN CHCTEMA, 5 — BLIXOA MJH BXOA

J—J 4 AHTEHHOW DeUeTKH
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Puc. 9.4. CxeMbl nocTpoeHHs ()asHPOBAHHLIX AHTEHHBIX PEHIETOK C MPOCTPAHCTBEHHBIM
Bo3byskaekueM npoxonuolt (a) U oTpaxarensnoil (6):

I — nepeuuHelt  oGnyyarenn; 2 — HM3JyyalomHe >SJeMeHTH; J — NPOXoaHble daszoBpaulaTeny;
4 — orpaxaresapHble (a3oBpallaTesNH; 5 — H3AYUAIOLIHE 3JeMeHTbl KOJJIEKTODHOH pelleTkH; 6 —
¢$pOHT BOJHBI; 7 — BXOJA AHTCHHOM pemerkH; 8 — GPOHT BOJHBI OT NMEPBHUHOTO oOGAyuaTens

Ilo THHy KadanusHpylonlefl CHCTEMBl PasfiH4YaioT CHAeAyIoIHe BHIB AHTEHHHX
PelIeTox:

C TPOCTPAHCTBEHHBIM BO36VIK/eHHEM, pealH3yeMbiM oOJydYeHHeM peLIeTKH mep-
BHUHBEIM obJyuaTesem; ]

¢ ¢usepHHIM BO3OYK/EHHEM, pealH3yeMblM C TOMOIbI0 (PHAEPOB, NOLCOeXHHCH-
HBIX K H3Jy4alollHM 3JeMEHTaM;

¢ KOMOHHHPOBAHHHIM BO30YyKIeHHEM, COYeTAIOUIHM [POCTPAHCTBEHHOe H huaep-
Hoe BO30yMKIeHHe.

[lpocTpancTBenHOe Bo36GYIKAEHHe DEIETKH peajHu3yeTcsi B ABYX BapHAHTaX: Npo-
XOIHOM H OTpa)arTesbHOM.

B npoxodwod PAP a3iekTpOMarHUTHBIE BOJHBI OT TEPBHYHOrO, Kak MpaBHIO,
cjaGonanpasjenHoro ofayuatensi (BuGpatopa, pymopa. BOJHOBOAA, Liedd # T. 1.)
TajalT Ha KONJEGKTOPHYIO AaHTEHHVIO pelleTKy (pHc. 94, a), npenna3HaueHHyio AR
TpHeMa 3TOif 3HEPTHH, TPOXOAAT uyepes (asoBpanlaresd, TpaHcopMHpylollHe (KoJ-
JUMUpYIOLLHE) BHNYKJHEA (a3oBblit (POHT BOJHLI OT NEpBHUHOTO obayuartens B da-
30BHH (pour 3agaHHo# (GopMBl (Kdak NpaBHJIO, NJAOCKHH), KoTOphifi H3dy4aerca 3Je-
MeHTamMH ¢ packpuiBa ®AP. Takoii BapraHT noctpoeHns ®AP anasornues JHH30BOM
aHTeHHe ¢ ynpaBJsieMbIM KO3(D(hHUHEHTOM TPEJOMIeHHs.

OTpasicatensHOld AHTEHHON pelleTKoH Ha3bIBGETCH pelleTKa ¢ NMPOCTPAHCTBEHHBIN
HJIH KOMGHHHPOBAHHBIM BO30VIKAEHHEM, Y KOTOPOji TpHeM 3J1eKTPOMATHHTHBIX KoOJe-
6aunii OT mepBHYHOrO OBAyYaTeN H HX H3Jy4CHHE B MPOCTPAHCTBO OCYLIECTBJIACTCH
ONHHMH H TeMH e sJementami. B orpamxarencuoii ®AP (puc. 9.4, 6) 3Hepras mep-
BHUHOro O6JyuaTessi NpiHuMaeTcs aneMedtaMu GAP, npoXoJHT uepes oTpa)aTelb-
Hble (hasoBpallaTead, obecneunBalouiie TpeByeMyio [OBEPXHOCThL H3nyuaemMoro PAP
dazoporo ¢pouTa, ¥ H3JAYYaeTCs B NPOCTPAHCTBO TEMH Ke 3jeMeHTaMH. Tako#l Ba-
pHant octpocHHs ©®AP aHanorHueH 3cpkadbHOR  aHTeHHe ¢ ynpaBasiemolt  dasoli
w0 bdHILHENTa OTpaXeHusl WA HOPMb 3epKAILHON MOBEPXHOCTH.
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3ajaupas (pOpMa aMIUIATYRHOTO DACTIPeNeNeHHs DEIWETKH C NpPOCTPaHCTBEHHLIM
Boa6y:KICHHEM peajiH3yercs BHOGODOM nepBHYHOro ofjydaTesss ¢ COOTBeTCTBYHOUIeH
JAHArpammo,

[TpeHMyLLECTBAMH OTDaXKATEALHBIX PELIETOK NEPEA NPOXOAHLIMH PELIETKAMH sB-
JSI0TCS OTCYTCTBHE KOJUICKTOPHOH uwacTH (T. e. MeHbllee YHCIO 3/1eMEHTOB H MeHb-
IIhe MPOJOJbHBIE pasMephl), KOHCTPYKTHBHO-IKCIIYaTalHOHHas NpocToTa (H3-3a Ha-
JHYHS JIETKOro AocTyNa K JioGoMy (has3oBpallaTeniio ¢ THUIBHOM, HeH3Jyyamwllel cTo-
poHH pewlerkn). HezocTaTKoM oTpaMarejbHOH peWeTKH HBJAsSeTCH 3aTeHeHHe ee
packpbiBa MepBHUHBIM O6ayuaTeneM, 4To NpHBOAMT K cHiKenuw KHIL u pocty 6Go-
KOBHIX JIEMECTKOB, KaK H B 3ePKaJbHHX aHTeHHaX. [IpeuMylecTBaMu NMPOXOXHOH pe-
WeTKH nepej, OTPaXaTelbHOl ABJAITCS BO3MOXKHOCTL OT/ENbHOH ONTHMH3AIHH KOJ-
JIEKTOPHOH H H3Jydyawmollell 4acTH, OTCYTCTBHE 3aTE€HeHHsl PAacKpbiBa MepBHYHLIM 06J1y-
gaTeneM.

dusgepHoe Bo3GyxAeHne QAP peanndyeTcs coefHHEHHEM HCTOYHHKA KoJeGanuit
¢ QasoBpamaTe/iiMH H JEMEHTaMH C [OMOUIbIO OTPe3KoB (HAEPHBIX JHHHH, BOJHO-
BOJHBIX M KO3KCHAJbHBIX TPOMHHKOB, MOCTOB, HampaBJeHHHX OTBETBHTENEeH H T. IL
Passmualor cienyomue BHAB (uAepHoro so3byxAeHud: NapasiesbHOE, MOCTeA0OBa-
TeJbHOe ¥ cMellandoe. Ilpu napassensnom BO30YXAeHHH pelleTKH Bo36yXKIaeHue
NPOHCXOJAHT pa3BeTBJACHHEM Ha ABa HAH GoJee (uAepOB, KaX bl H3 KOTOPHX CO-
eHHseTcs1 ¢ OAHHM 3JeMenToM. CXeMBI pellleTOK ¢ TNapasjelbHbM BO36YXKIeHHEM
npuBefiedsl HAa pHe. 9.5,a, 6, 8. Ilpn mocsenoBaTe/ibHOM BO30YMAEHHH DEIUETKH, 3Je-
MEHTHl B MOCNEeNOBaTeNbHOCTH, OMNpejeNsseMol HX PpachmoJOXKeHHeM, COeAHHSIOTCS C
obwum ¢uaepom. Ilpu nocnepoBarenrHom BoabyxAeHnn ®AP dasospawarenu Mo-
TYT HaXxOAHTbCH KaK B ofmeM (uiepe Mex 1y GOKOBBHIMH OTBETBJEHHSIMH K COCEIHHM
aneMedtaM (puc. 9.5,2), Tak U B GOKOBBLIX OTBETBJIEHHSX, HEMOCPEJCTBEHHO Mepes
aneMeHToM (puc. 9.5,0).

CMelnanHoe BO36Gy:KIeHHe OCYLIECTB/IsieTCs COYeTaHHeM INapaJljieslbHOro H mocJe-
J0BaTe/bHOrO BO3GYXKAeHHH, HanphaMep, Kak 3TO NOKa3aHo Ha pHc. 9.5.e .

IMpeumymecrBamu ¢uuepHOro Bo3CyKAeHHS Mepel, NPOCTPAHCTBEHHBIM SBJAIOT-
cs Gombuiag THOKOCTb B CO3JAaHNH TPeGyeMBIX aMIUIMTYAHBIX pacnpeleleHHi H MeHb-
iHe MpojoJibHpie paiMephl. OpHako npH ¢uiepHoM Bo30YIKIEHHH pelIeTKa CTaHo-
BHTC KOHCTDYKTHBHO GOJee CJI0XKHOHN, VBEJNHUHBAETCS ee Macca.

Ynpasienne dasosuM pacnpelefenremM PAP ocyllecTBaseTcs ¢ moMolblo ¢da3o-
Bpalatesied u cucTeMbl ynpaBjeRHs ayuoMm (CVJI), nopamomlefi Ha HHX KOMaHJbE
ynpasyends. Pasospaiarens, yucao KoTopeix B ®AP cocraBiasier 0T eJHHHI A0 CO-
TeH H Aame A0 NECATKOB THICAY, ABJSIOTCS OMHHMH H3 OCHOBHBIX 37eMeHnToB DPAP,
onpenesioUHX CTOHMOCTL W XapaKTePHCTHKH HanpasJeHHocTH DAP.

B Goaswnacree ciyyaeB B PAP ncnonbayloTces (asoBpauiatesH ¢ JHCKPETHOM
yeranoBko#t ¢dasosoro capura. Ona ofiafaer CAeAYIOIMHMH MPEHMYIECTBAMH Mepen,
YCTaHOBKOH HeNpepHBHLIX 3HAueHHH (a3nl: 6oJbllag cTaGHALHOCTH YCTaHOBJEHHOH
$a3pl, mpocroTa ympaBieHHS, GoJbllas COBMECTHMOCTb ¢ UHGPOBHIM yIpaBJeHHEM.

Hau6ospliee npHMeHeHHe B aHTEHHBIX pelleTKax HawiaH QeppHTOBHE H p-i-n 1H-
oaHble daszospawmatenan (cM, ri. 2).

B aHTeHHHX pellleTKax CYLUIECTBYIOT B3aHMHBIE CBSI3H MeXAY OSJeMeHTaMH Mo
2JIeKTPOMAarHuTHOMy moJio. ITo3TOMY XapakTepHCTHKH OJHHOYHOTO 3JEMeHTa, Haxo-
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Puc. 9.5. Cxembl mocrpoeHns (GasupoBaHHOH AHTEHHOH pelIeTKH ¢ (HIEpPHBHM BO3-

GyxaeHueM:

a — napaninejbHoe Bo30YIKjeHHe KaHaJkoB; 2 — JBOHYHO-STAXKHAS cXeMa (elouka); 8 — STa)KHas
cXeMa (enouyka); 8 — srTamuas cxeMa (He ABOHYHAN); 2 — MocnefoBaTeNbHasw cxema ¢ ¢asospa-
mareasMy B obuiem dupepe; 4 — mochenoBaresJbHads cXeMa Bo30OyixJAeHHS ¢ (asoBpallaTeNsMH
B KaHaJle KaXJOro H3JYy4Yalollero sjeMeHra; € — cMmeluaHHoe duIepHoe BO3GYIKIeHHe, 2% — CMe-
manHoe GunepHoe Boabyxaenue; [ — Hanyuaromuit snemeut; 2 — dazospamarens; 3 — dugep-
Has KaHaJAH3UDYIoLlas CHCTeMa

Asnlerocs B cBOGOAHOM [POCTPAHCTBE, OTJHYAOTCA OT XapPaKTEPHCTHK 3JeMeHTa B
COCTaBe peINeTKH, TAe OH HaXOLHTCA PAAOM C ADYTHMH 3JeMeHTaMH. H3-3a B3anM-
HOro BJIMAHHA H3MEHAETCA AHarpaMMa 3JieMeHTa, BO3HHKAIOT HCKaXKeHHS NoJspH3a-
UHOHHBIX XaDaKTePHCTHK, H3MEHSAETCH COMPOTHBJIEHHE H3JYUYeHHA, ABJsdolleecs (yHK-
mHed yrja CKaHHPOBaHHS, UTO BefleT X DPACCOMIaCOBAHHIO MEXIY AaHTEHHON pelier-
KOH H TNPOCTPAHCTBOM, 3/eMEHTAMH H JHHHAMH NepejauH, NOJABOASIIHMH K HHM
9JIEKTPOMATHHTHYI0 3Hepruio. 3TH 3bh(eKTH NPHUBOASIT K CHHMKEHHIO KoshduuHeHTa
YCHJIEHHs! pelleTkH, yseJuueHuio oHa GokoBoro uanayuenus. BeiefcrBHe B3aHMHOro
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Puc. 9.6. IlpoBanu B puarpamMMe HampaBJeHHO-
CTH H3JIy4ajolllero 3JeMeHTa B peleTke H3-3a
B3aHMO e HCTBHA:

I—nnarpauua HanpaBJeHHOCTH OJAHHOYHOro H3Jayya-
IOOiero 3sJeMeHTa; 2-—m{arpaMMa HampapJeHHOCTH MH3-
Jy4alollero sJeMeHTa B pelleTKe; 3 — mpoBafibl B Aua-
5 rpaMme HanpaBJeHHOCTH H3AYyYawlere 3sJeMeHta B
pelleTKe

g

BIHAHHS MeX1Y 3JeMeHTaMH B JuarpaMMe HanpaBJeHHOCTH 3JeMeHTa B COCTaBe
DAP moryr nosBasThCA ray6okdHe ppoBadb (puc. 9.6), Toraa xaxk AHarpamMma ofH-
HOYHOTO 3JeMEHTa MOMXEeT HMeThb TNIalkylo ¢opmy. B peaynbrate B HanpaBleHHAX
3THX [POBAJIOB MOYTH BCS MOCTyMawmollast AN H3JAyuyeHHs (HJIH DPHHAMaemasi) MoOLI-
HOCTb GyHeT oTpa)karbCs OT 3/eMeHTa o6PaTHO K JHHHAM nepepaud (Mau B cBOGOA-
HOe TPOCTPAHCTBO) H AaHTeHHas pemeTxka GyAeT paccoriacoBaHa C NPOCTPAHCTBOM.
‘Takoil pexHM paccor/jacoBaHHs, YacTo Ha3bBaeMbli pexuMoM (3¢pdekToM) «ocien-
JIeHHs», MPHBOANT K CYXEHHIO CEKTOPa CKAaHHDOBAHHSA pelleTKH.

Haanume cayuaitnsix ownGok Ha packphiBe ®AP uckamkaer QopMBl AHArpPaMMbl
HanpaBJIEHHOCTH DeMIeTKH, YBeNHUMBAeT YPOBeHb MaKcHMaldbHOro GOKOBOrO H3myue-
HUA H ero toHa, yMeHbllaeT KOIGOQHUHEHT YCHJEHHS, yXYALlaeT TOYHOCTL YCTAHOB-
KH Jyda.

[Ipn prckperHoM ¢pasupoBaHHH NOSBJSIOTCS NOrPElIHOCTH B YCTaHABJIHBAEMOM
tha30BOM paclpele/eHHH H3-3a OTJAHYHA MEeX1y YCTAaHABJHBAEMBIMH AHCKDeTHHMH
3naveHuAMH (a3bl 0 TpebyeMbMH 3HaveHHsIMH 3ToW (asbl. Ma-3a puckpernoctn da-
3oBoro pacnpefesenus ayu ®AP MoeT HMeTb TaKkKe JIHUL LHCKDETHBIE HAMpa.Je-
HHfl, 4TO NPHBOAHT K CKauKoOGPasHOMY MEpe/BHIKEHHIO Jlyda B CEKTOpe CKaHHpO-
BaHHA.

OTKJIOHEHHEe YaCTOTH 3JEKTPOMATHHTHOrO KoOJeGaHHsi OT 4YacTOTHl, Ha KOTOPYIO
- Hactpoena DAP, rakme HckaxkaeT (pasonoe pacupededenue no PAP M, Xak caeacr-
‘BHE, YXY[IIlaeT ee XapaKTePHCTHKY HaNpPaBIieHHOCTH.

daszupyemble aHTeHHBE PEIIETKH MOTYT HCMOJL3OBATLCH KAK 3/1eMeHThbl, BXOMS-
uiHe B JAPYTrHC AHTEHHLIE CHCTEMBl, KOTODBIE HAa3LIBAIOT FHOPHAHBIMH, a TaKXKe, Kak
ynpaBJisieMble 0GNyuaTeNld WM OTpakKaTesJd 3epKaNbHBIX H JHH3O0BBIX CKaHAPYIOLIMX
aHTeHHBIX cHetem (puc. 9.7). [locTpoenHe BbllleHa3BaHHBLIX CHCTEM MO TAKHM CXeMaM
No3BOJSAET peaNH30BaTh SJeKTPOHHOE CKAHAPOBAHHE B CPAaBHHTEJbHO TPOCTHIX H
JeueBbIX CHCTEeMAaX. BmecTo MexaHHUYeCKH nepememammerom oéﬂyqa're.rm 3Jaech MmpH-
MeneHa ckauupytomas PAP.

JInsi paciiHpeHHs CEeKTOopa CKAHWPOBaHHA MIOCKOA ®AP Moxer GbITh HCHOJBL3O-
BaHa OJHAa M3 TAaKHX NEPCNEKTHBHBIX AHTEHHHIX CHCTEM, TaK Ha3bBacMas KynoJbHas
anTenHa. OHa mpeactabasieT co60H MJIOCKYIO PelIeTKY, CKAHHPYIOUIYIO B CPaBHHTEJb-
HO V3KOM cekTope yrioB =(25...45°), of6ayvaiomyw ¢ BHYTpeHHeil CTOPOHBI KVMO-
Joobpasnyio auH3y (puc. 9.8) ¢ nepeMeHHbLIM KO3GOHUHEHTOM NPEJOMIeHHH, Kak Obl
VCHJHBAIOLLYIO Yroa OTKJAOHeHHs Jyda naockofi ®AP u B pe3ysibTaTe CKaHHPYOILYIO
B Gouaee IHPOKOM npoctpaHcrsediom cektope (Ao =+90° u Gonee). Jluuza Moker
ObITh PEanH3oBala B BHAC BBHINYKAOH aHTeHuof peweThd (coiepwauieii B cebe koa-
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Puc. 9.7. ®asupoBaHHble aHTeHHble peIleTKH B KayecTBe ofJyyaTenel 3epKaibHBIX
H JIHH30BBHIX aHTEHH:

1 — nepsHunbnil o6ayuarenb; 2 — npoxoaHas ¢a3sHpPOBAHHAS AHTeHHAA pelleTKa; 3§ — 3epKano;
-4 — nWH3a; 5 — oTpakareiabHas (asHpoBaHHAA aHTeHHas pellerKa

Puc. 9.8. KynosbHasg aHTeHHaA:

{ — H3NyvalOUIHE 3JeMEeHTHl JAHH3bI; 2 —
HKCHpPOBaHHble (aazoBpauiaTteny; J—
¢asuposaBHas aHTeHHas peluerka; 4 —
JIHH3a, COCTOSILIAS H3 H3JAYYaOUIHX 3Je
MeHTOB | u dHKcHpoBaHHBIX (dasoBpa-
warenef 2

JICKTODHYIO H H3JIy4aOULyI0 pelleTKH) ¢ (UKCHPOBaHHBIMK (hasoBpailaTensiMH, ofe-
CMEYHBAIOIIHMY YCHIEHHE OTKJOHEHHs Jyua H3-3a H3MeHeHHsA (a30BHX 3aZepKeK OT
tdasoBpawmarens Kk (pasoppamartenro Jlunsa tpancdopMHpyer ¢a3osnii Gpout (B 06-
weM caydae He miockuit) nmuockoh ®AP B nnockuit dasosniit hpoHT, pacnpocTpaHsio-
WHACH B 3afaHHOM HANpaBJeHHH.

OceBast cHMMeTpPHS KYNOJbHOH JIHH3bI ofecneyHBaeT ABYMepHOe CKaHHDOBaHHe.
OnHako ynpasieHHe KYNOJbHOH AHTeHHH caouee, ueM v o6biunoii ®AP, u3-3za He-
00X0JMMOCTH CO31aBaTb CYILECTBEHHO HenJockHe (a3oBble paclipejie/leHHs 1O pac-
KPHBY NJ0CKO# obuyuatomeir ®AP
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9.4. AHTeHHble pelleTKH ¢ YACTOTHLIM CKAHUPOBAHHEM

OnniM H3 cnocoGoB 3JeKTPHUECKOrO YNpaBAEHHs JYYOM aHTEHNHOH peluer-
KH fIBJfIeTCS YacTOTHOe YNpaBJieHHe, OCHOBAaHHOE Ha H3MEHEHHH 3JIEKTPUUECKOTO pac-
CTOSIHHSI MEeXAy H3JYYalomHMH 3JeMeHTaMH pelleTKH H, cl1eloBaTelbHo, Gasbl HaJy-
qalollMX 3JEMEeHTOB, BO30yXKIaeMblX BoJHoM, Geryulefl no xaHaJH3Hpyloiled CHCTe-
Me NDH H3MEHEHHH 4acTOThl KoJeGaHHit 3TOH BONHB. CKaHHpOBaHHE JIyYOM B 3TOM
cydae TaKie NPOHCXOLHT BCJAeICTBHE H3MeHeHHs ()a3soBOro pacmpelelleHHst N0 u3-
JIyualoUM 3JIeMeHTaM.

Jns yBennueHHs: CKOPOCTH li3MeHeHHs (asbl ¢ H3MEHCHHEM YacToTH M, CJeNo-
BaTeNbHO, CKOPOCTH H3MEHEHHsI YIVIOBOTO MOJIOMKEHHs Jyda HCHoab3ylT (HAepHHe
JIHHHH C Pe3KO BLIPAXKCHHON 3aBHCHMOCTLI0 ()a30BOH CKODOCTH OT YACTOTHIL

C H3MeHeHHeM YaCTOTHl YrOJ OTKJIOHEHHs Jy4ya pemeTKH GyaeT MEHATBCA TeM
6GHCTpee, YeM CHJblee 34BHCHMOCTL H3MEHEHHHS CKOPOCTH PAacnpPOCTPAHEHHS! BOJIHbE
BHOJb (uiepa oT 4acTorhl. [IpHMeHsis, HanpHMep, 3MeliKoBee BoJHOBOAB (pHc. 9.9),
MOZKHO MOJYYHTb CKaHHpOBaHWe B cektope yraos 180° npu 3 %-HoM H3MeHeHHWH uYa-
CTOTHL i

OcHOBHEIM NMapaMeTpoOM, XapaKTePH3YIOJHM DPelUIeTKy ¢ YaCTOTHbIM CKaHHPOBa-
HHEM, SIBJSIETCA YIJIOYaCTOTHAsE YYBCTBHTEJIBHOCTH, PaBHAsT CKOPOCTH H3MeHeHHs yr-
JIOBOT'O MOJIOKEHHS! OCHOBHOTO TJIaBHOTO MaKCHMyMa OT 4acTOTEHL.

B-CBY ananmasoHe HauboJjee OPOCTHIM H TPAAHIMOHHBIM BAaPHAHTOM JIHHEHHOMK
pemleTKH ¢ YacTOTHBIM CKAaHHPOBAHHEM SABJSAETCA BOJHOBOIHO-IeseBas pellleTKa,
npeAcTaBAAoNas coGoli MPSAMOYroJbHBIT BOJHOBOI C OCHOBHHIM THIOM BOJHH Hio
¢ 3JeMeHTaMH B BHJe LieJeil, NPOPe3aHHbIX HA IHPOKON MJH y3KO#l CTeHKe BOJHO-
Bofa (puc. 9.10). Pacnonaras menw ¢ pa3HbIMH HAKJIOHAMH K OCH BOJIHOBONA HIH

A

Puc. 99. 3meiikoBbii BOJIHOBOJ

Puc. 9.10. BoJIHOBOAHO-LleJeBble pelIeTKH:

a — cuHpasnoe BO36GYMKieHHE MONEPEYHBIX wuledeli
Ha IWIHPOKOH CcTeHKe BOJHOBOJAA; 6 — cuHpasHoe
BO36YXAeHHEe  NDOAOMBHBIX  imetelt (mepeMeHHO-
thasHOCBA3AHHBIX C IOJEM BOJHOBOAA) Ha HWIHPOKOIi
CTeHKe BOJIHOBO#A; 8 — cHHtbasnoe BoaByxKienie Ha
V3KOi CTeHKe BO/JHOBOJLA

124




‘Pa3HBIMH CMEIEHHSIMH OT OCH BOJIHOBOAA, MOJKHO DEry/JMpoBaTh aMILTMTYIHOe pac-
npejieleHHe BOJIHOBOAHO-Le/IeBOH PelLeTKH.

BoJHOBOAHO-IENEBHE pELIETKH NMOAPa3he/AT Ha pPEe30HAHCHLIE H HEpPE30HAHC-
Hbe. B pe30HAaHCHBLIX BOJIHOBOIHO-ILEJCBHLIX pPeIIeTKax PacCTOSIHHE MexAy IleJdsaMH
paBno Ju0o IJMHHe BOJMHB B BOJIHOBOAe Ag (puc. 9.10,2), nubo As/2 (puc. 9.10,6, 8),

rae As=A/YI—(A/2a)% npu HX mepeMeHHO-pasHOM BO3GYMKIEHHH [OJEM BOJHOBOAA.
B pe3oHaHCHHX BOJHOBOAHO-LIE/EBLIX PEIIETKAX Ha LEHTPAJBHOH YACTOTe AHANA30HA
e/H ABJIAIOTCA CHH(pA3HBIMH H OCHOBHOH INaBHBII MaKCHMYyM HanpasJ/eH NeprneHmu-
KYJASIPHO K OCH peIeTKH.

OpnHako H3-3a CHH(A3HOIO CJI0XKEeHHS OTpPazKeHHBIX OT IlejeH BOJH MOMKET yMeHb-
warbess KOIPHUHEHT YCHIEHHS BOJIHOBOAHO-Ie/eBOH pelIeTKH M0 HamnpaB/eHHIo
K HOpMaJiH H GIH3JeXalKM K Hell yraoB. dtor sddekT Ha3nBaeTca «3(dekToM HOP-

. MaJH».

9.5. AHTeHHble peuieTkH ¢ 06paGOTKON cHUrHaJa

MHuoronyuesbie anTentble pemerkd. B ®AP ckamnpoBanue ocyliecTBaseTcs
H3MeHeHHeM (a3 ¢azoBpamarteneli, yTo no3BosfeT oGecHeuHThH IIOCJeA0BaTebHHI
«0630p MpOCTPAHCTBA B CeKTope CKaHHpoBaHHsA. B TeX ciyuasX, Korga TpebGyercs co-
KpaTHTb BpeMs 0630pa KaKoro-1u6o CeKTopa YrJoB, MOMHO IPHMEHHTb mapaJJelb-
HBIH 0030p NPOCTPAHCTBA, CO3AaBas Beep OAHOBPEMEHHO CyUIeCTBYIOULHX Jyded, 3a-
MOJHAIIEX 3T0T ceKTop. Takoil 0630p mpocTpaHCcTBa peadiH3yercss B MHOTOJYYEBHIX
AHTeHHBIX peleTKax, CO3JAalolIHX OJHOBpPEeMeHHO MHOXECTBO He3aBHCHMHIX (opToro-
HaJbHBIX) pasHOHanpaBleHHBIX Jayueil (puc. 9.11).

Mmuoronyyesbie peuleTKH HMEIOT HECKOJBKO HEe3aBHCHMBIX BXOJOB, KaXXIOMYy H3
KOTODHIX COOTBETCTBYeT CROS JHarpaMma HanpapjeHHOCTH. KoMMyTHDys STH BXOAMI,
MOMHO OCYIIECTBJIATb AMIIHTYAHOe cKaHHpoBahHe. Ilpu nopaye (npueme) KoseGa-
HH{i Ha BCe BXO/lbl OJHOBDEMEHHO peilleTKa OyJeT HMeThb MHOrGJY4YeBYIO NHArPaMMy.

TMapunansHble pacnpefeneHns (asbl, KaXAOMY H3 KOTODHIX COOTBETCTBYET CBOI
J1y4, GOPMHPYIOTCA Ha OJHOM H TOM e packpbiBe pelleTKH. MHOro/yueBLle pelleTKH
CTPOATCS ¢ NMOMOULIO CMenHalbiblX MAOTOMOMIOCHHKOB, HAa3LIBaeMHX AHarpamMMoobpa-
sywoweil cxemoli (JOC). Ilpu Bo3Gyxaenun kaxporo u3 sxonoB IIOC peanusyercs
KOHKpeTHoe (ha3oBoe pacmpefiesieHHe, KOTOPOMY COOTBETCTBYET CBOE TMOJIOKEHHE Jyya
B npocrpanctse. Ha puc. 9.12,a npuserena mapamiensias J1OC, HasniBaeMas MaTpH-
ue#t Bartnepa, And derbipexsneMeHTHOH pelieTkH, (OpMHPYIOLLas dYeThipe Jyda, CO-
cTofllas H3 TPexJeuHGeJpHLHIX MOCTOB H (ha3oBpamareseli. Marpuua Bataepa dop-
MHpYeT Beep NepeceKaloLIUXCsl Jydeil, IpHYEM YPOBHH HX TepeceyeHHs JIeKaT B HH-
TepBale oT —3 £B (mpu uucae snemeHToB n=2) po —3,92 nb (npH GeckoHeuHOM
uHCAe 3JeMeHTOB). MakcuMyMBl Bcex Jydel COBMAfalOT € HYJSIMH AHaTpaMM Bcex
OCTaJNLRBIX Jyuel.

[1pa GopMHPOBAHHH aMNJHTYAHBIX paclpejeseHHH, cOalalOWHX K KpasM pelleT-
KH, € LeJbl0 YMeHbIIEHHS] YPOBHS GOKOBBIX JENMEeCTKOB MPHXOMHTCS YCIOKHSTL MaTpH-
uy Barnepa, cuumxkas npu srom ee KITJI.

Ha puc. 9.12,6 npueegena nocnegosaredbHas JOC, hHasbiBaemas Matpuled
Baracca, o6pazoBannasi 1ByMsi B3aHMHO TepPeceKalOU[HMHCS CHCTeMAaMH (HIEPHHIX JH-
HHil, CBA3AHHBLIX B MCCTAaX NepeceucHMil HampaB/eHHLIMH OTBETBHTEJSMH. BciencTsHe
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Par

N—
Broder PAP

Puc. 9.11. Beep ayuefi MHOroJyyeBoHl pewer-
KH

RS
Bxogss

Puc. 9.12. duarpammoo6pasyioiiHe CXeMbl
MHOTOJYYeBEIX AHTEHHHIX pPeIIeTOK:

a4 — napaanenbHasi cxema (matpuma Bartaepa); 6 —
nocaepopaTenbHas cXema (Marpuma Biacca): [ —
H3NYYalOlHE 3JeMeHThbl; 2 — HanpaBJeHHble OTBET-
BHTeNH; 3 — dasoBbie 3alepXKKH; 4 — NorJollalolIHe
HarpyskH; 5 — tpexnenuGenbHull MOCT

PA3/IHYAS JEKTPHUYECKHX DACCTOSHHA MeXAy ABYMsSI COCEJHHMH 3JEMEHTAMH pelleT-
KH NpH BO36YXKIEeHHH pa3HbiX BXo#OB pemeTkH (L <[p<l3...) pasiuunniMu 6ymyT
H HakJoHb (a30BHIX pacrnpejeseHuif Ha pellleTke H, CJ€10BaTeJ]bHO, HAKJIOHH COOT-
BeTCTBYIOWIHX HM Jayueft. IIpH oaHOBpeMeHHOM BO30YXKIEHHH BCeX BXOJOB MaTpPHIbE
6yner copMHpoBaH Beep Jyueli. Yucao nydeli paBHO 9HCIY BXOJOB MaTpHILBL

IMocnenoBareasnas JOC mosBonsieT Jerko pealiH3oBaTh TpebGyeMble aMmJ/HTY.-
Hble pachpefieNcHHsl MO PacKphLIBY pelleTkH, B OTJHuUHe oT mapainenshot JJOC, u
peanusyeTcs mpH Jiob6om uHcle 3jemenToB. Henocratkom nocienosartesbhoii JJOC
ABJSAIOTCH HEOGXONHMOCT, NDHMEHEHHsi GOJIBLIOrO YHCTA HamnpaBJeHHbLIX OTBETBHTE-
aeit 0 cumkenne KITII u3-3a moTeps B NOMIOWAKIUHX HArpy3kax.

AHTeHHble pemleTKH ¢ CHHTe3HPOBAHHOH anepTypoil. ChopMHpoBaTh Y3Kyio AHa-
rpaMMy pelleTKH 3a ONpefejeHHOe BpeMsl MOMKHO C TIOMOLIbIO NepeMelleHHs KaKofi-
JH60 OTHOCHTENbHO MaJoff H cIaGOHANpaBJEHHO[i aHTEHHH B NPOCTPAaHCTBe, KaK OH
CHHTE3HPYs ZHTEHHYIO pelleTKy BO BpeMmeHH. B3sB Kakyio-iH60 aHTEHHY, ABJAOLLYIO-
Csl JIEMEHTOM CHHTE3HDOBAaHHON pelleTKH, 6yJeM ee nepeMellaTb B NPOCTPaHCTBe
BaoJb ocH ox (puc. 9.13) B onpelefieHHBe MOMEHTH {5, H3Jy4as (IPHAHMAA) 3J]eK-
TPOMAarHHTHHIH CHTHAJM ¢ 3ajaHHOfl aMnauTyZol M dasofi. B pesyabraTe 3a HEKOTO-
poe Bpema T ofpasyeTcs aHTeHHast penieTka MJIHHOH L ¢ KOODAHHATAMH SJEMEHTOR
B TOYKax X, Ifie H3lyyajcd (NPHHHMAJCA) 3JEKTPOMAarHHTHLIH CHrHAJL
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Prc. 9.13. CunresupoBaHHasi aHTeHHAs Az
pelueTka (CBA3H KOOpAMHAT H3J1y9210- R
IHX 3JIeMEeHTOB CHHTEe3HpOBaHHOH pe- I
HIeTKH H BPEMEeHH)

r;é‘-!"-f‘""
N
N

3anoMuHas NPHHATHE B KaXKABHE MOMEHT !, CHTHA/H, a 3aTeM o0paaThiBasf HX
(HanpuMep, CKJafbiBast /A I[OJYYEHHA CYMMapHOH JHarpaMMbl HaNpaBJIEHHOCTH),
nojlygyaeM CHTHaJd Ha BHIXOJE, COOTBETCTBYIOUIMH CHCHaJy peasibHOH aHTeHHON pe-
IIETKH C PAacKPHIBOM L H KOOpAMHATaMH X, ee 3JEMEeHTOB.

MoHouMnyAbCHble aHTeHHble pewleTkH, C llesiblo MoJyyeHHs TNoJHOA HH(popMa-
uuH o6 YIJIOBBHIX KOODAHHATAaX 00BEKTa, OT KOTOPOro NPHHHMAETCH 2JEKTPOMAarHHT-
HEI CHTHAJ, [IPH TNpHEMe JIHIIL OAHOrO HMIYJbCAa MPHMEHSIOTCS MOHOHMNYJbCHbIE
aprtentple peileTkd. OHH KpoMme o6bluHOM cymMMapHo#t auarpamMMe, obpasylouelica npu
cHH(A3HOM CJOXKEHHH CHTHAJIOB OT BceX 3JIEeMEHTOB DelleTKH B HarnpaBJeHHH OCHOB-
HOro TJIaBHOrO MAKCHMyMma, (OPMHDPYIOT H pa3HOCTHble AHAarpaMmbl, ofpasymomuecs
NpH NpOTHBO(A3HOM CJOXKEHHH CHTHAlOB OT JBYX IOJIOBHH peIUeTKH H HMeollHe
ZIBYXJIENECTKOBYIO AHArpaMMy C OCTPHLIM «HYJEeM» B HaNpaBJeHHH OCHOBHOrO, IJaB-
HOTO MaKCHMyMa CyMMapHOH AHarpaMMBIL

Cxema (OpPMHPOBAaHHA PAa3sHOCTHHIX AMAarpaMM B JBYX OPTOrOHaJbHLIX MJOCKO-
cTax pas pByMepHox ®AP npuBenera Ha pHc. 9.14,6.

AHTEHHble pelleTKH ¢ HeJMHeHHOR o006paloTkoit curHana. B aHTeHHBIX pelieTKax
JJs1 yAyylleHHss HX XapakTePHCTHK KpoMe JHHeHHOR o6paBoTKH NPHHATHIX pelieT-
KOHl CHI'Ha/IOB, 3akJiodaiolllefici B CJIOXKEHHH CHTHAJOB OT BCeX 3JIeMEHTOB C Ompefe-
JIeHHBIMH BeCOBHIMH KO3()(HUHEHTaMH, 3aBHCAIIHMH OT BHAa o6paGoTkH (HanpHMep,
(bOpPMHDPOBAHHA CYMMapHOH W PasHOCTHBIX AHArDAMM B MOHOHMMYJBLCHBIX DeILIETKax),
NPHMEHSIOT HeJHHeHHylo o6paboTKy CHTHAJNOB, 3aK/YAlOULYIOCA B TOM, YTO CHIHaJ
Ha BbiXOJe DellleTKH ABJASETCH NpPOH3BefleHHeM (HJH NPOH3BEJEHHEM C MOCJeAYIOLUIHM
yCpe/lHeHHeM [0 BPeMeHH) CHTHAJOB OT OTJeJbHBIX 3JEeMeHTOB pemleTkH. Hampuwmep,
TlepEMHOKAasa CHTHAJNH OT 3JEMEHTOB PeIleTKH H YCPelHssl 3T0 NpPOH3BeLEHHE BO Bpe-
MeHH, MOXHO CY3HTb JAHArpaMMy HalpaBJeHHOCTH PELIeTKH [0 CPaBHEHHIO C TOH e
pelreTkoit ¢ JuHefiHOH 06pabGOTKOf CHCHAla, TAaK Kak NepeMHOMeHHe CHrHa/joB OT
3/EMEHTOB pEMeTKH 3SKBHBAJICHTHO IePeMHOMEHHI0 HMX [AHarpaMM HalpaBJeHHOCTH.
IlpumepoMm peineTkH ¢ HeJHHEeHHOH 06paGOTKOl CHTHAJOB MOMKET CIYMKHTb KpEecT
Munnica, npepHasHaueHHH AJS AOCTHXKEHHS V3KOH QHACDAMMBI HANpaBJeHHOCTH B
NPOCTPAHCTBE MPH MaJoOM YHCJAE 3JEMEHTOB B pELIeTKe H NpeACTaBAdWIINE co6oi
JIBE NepneHiHKY/ADHBE NHHeHHHE pelieTkn (puc. 9.14).

Curnaiel oT 06eHX JHHEHHBIX DelUeTOK KpecTa MuJica NepeMHOXAIOTCS MeXAY
coGoif, B pe3yipTaTe uero MepeMHOMKAIOTCS ¥ MX AHArPAMMEl HANDABJEHHOCTH H pe-
3ymbTHPyIOUlasd AHATpaMMa ha BbIXOJe NepeMHOXHTeJsi OyleT HMeTb Ty Xe dopmy,
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Puc. 9.14. Kpect Muiica

4TO M JHarpaMMa ILIOCKOH peleTKH ¢ TNPAMOYTOJbHBIM  pacKpeBoM LyXL,
(puc. 9.15). Kpecr Muiaca npH ofHHAKOBLIX JIHHEHHHX. pCLIETKAaX MO3BOJSIET TOJY-
4ATH BBHIMTPHIN B yHcJde 37eMeHTOB, paBHBH N/2 pa3 (N — uHcno sieMeHTOB JiHHefi-
HOl{ pelleTKH), MO CpaBHeHHI0 ¢ OGbUHOIl ABYMepHOll pelleTKOfl, HMelowel Ty XKe
$opMy aHarpamMMHL.

Bo3MOXHO TakXKe NPHMEHEHHe DPEIIeTKH € BHIXOJAOM, 3aNlHpPAIOLAMCS NpH TpH-
€Me CHI'Hala HHXKe ONpejesIeHHOT0 VPOBHS, B pe3yJbTaTe 4Yero Ha BHIXOAE TaKoro
ycrpoiicTBa GyAeT Kak Obl GessenecTKoBas RHarpamma.

CilepyeT OTMeTHTb, YTO CyXKeHHe AHarpaMMbl DelleTKH NpPH HeJHHeliHoH o6pa-
6OTKe He TMPHBOAHT K YBEeJHUEHHI0 KO(OHIHEHTA YCHJEHHS DPEIUeTKH, NOCKOJBKY ee
shexTHBHAs aneprypa (T. e. WIoLajb, YIaCTBYOLlasi B MepexBaTe WIH H3JA§ueHHH
DHEpPrUH) OCTaeTCsd BCe PABHO MaJIOi.

AKTHBHBIE aHTeHHBle pelleTkH. AKTHBHON aHTeHHOH peIeTKON Ha3bBaKT pe-
IIETKY, B KOTOpOil B TpakTe KaMAOrO S3JeMEHTa HJH TPYNIH 3/JeMEHTOB BKJIIOUEH
AKTHBHHI 3J7eMeHT. AKTHBHLIMH 3/JleMEHTAMH MOTYT ABJSTBLCH YCHIHTENH, T'eHepaTo-
pbl, npeoGpaszoBatend (cM. rii. 5). AKTHBHBIE 3/JeMEHTH PacloJaraloTcs B Hemocpes-
cTBeHHOH G6JH30CTH OT 3JEeMEeHTOB, UYTO MO3BOJSET HCKJIIOUHTL HCMOJb30BAHHE BHI-
COKOUAaCTOTHOIO TDPAaKTa, a B psije clyyaeB — i (pa3oBpaiareneii npH paboTe C BHI-
COKHM YPOBHEM MOIIHOCTH M, CNeLOBAaTeJbHO, YMEHBIIHTh MOTEPH B HHX H YBEJIHUYHTDb
KITJI peweTkH, a TakxKe oO6JserduTh TpeGOBaHHA K HHM 110 YPOBHIO NpoXonsuied
MomHocTH. H3-3a HanHYMs aKTHBHLIX 3JIeMeHTOB B TPaKTaX pelIeTKH aKTHBHAas pe-
ueTKka fABJASAETCS HEB3aHMHBIM YCTPOHCTBOM, HWMEIOUIHM Das/iH4YHble XapakTepPHCTHKH
B pDeXKHMax IpHeMa W Mepefaud 3JeKTPOMATHHTHBIX KosebaHHil.

AKTHBHEIE DeINeTKH MOTYT GBITb KaK NMpPHEMHBIMH M TIepelalollHMH, TaK H MpH-
eMHo-nepefaouMu. B ciysae mpreMHO-mepeflalollHX AKTHBHBLIX DeINeTok, paGoraro-
WIHX Ha OJIHOH YacToTe B peXHMaX npHeMa H mnepejaud, KaKAHll 3neMeHT (WJIH
rpynnsl 3JMeMeHTOB) HMCET JABa KaHana [Js npHeMa M nepejayvH, pasjlessioliHect
nepekJOuaTeNeM KaHaloB HJIH LupxyasropoM (puc. 9.15).

IMepcnekTHBHBIM HanpaBjleHHEM B Pa3BHTHH AKTHBHBIX PENIeTOK SBJSETCS npu—
MeHeHHe BOJIOKOHHO-ONTHYECKHX CHCTeM JMJIfi Pa3sBOJKH CHIHAJO0B OT H3Jy4amoUlHX
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Puc. 9.15. CxeMa MoOAYJs aKTHBHOH NpHEMHO-Tepe- f
Hawouiefi aHTeHHOH peleTKH:

! — Haayualowufi siaeMeHdT; 2 — HMUPKYAATOP; 3 — daszospa- ¥
marenb; 4 — YCHAHTENb; § — morjiollaloulas Harpyska; 6—
oT NepeiaTuMKa; 7 -— K NPHEMHHKY 3 5 4
b 3
7 &

3/leMeHTOB Ha 08paboTKY H YNpaBJieHHs aKTHBHbBIMH MoAyJamH., Ontageckoe ynpas-
JleHHe B aKTHBHBIX pelIeTKax HMeeT ClelyiollHe [NOCTOHHCTBA: 6OJIbIIYID [OMEXO-
yCTOHUHBOCTL, XOpoLIee COMpSIKEHHe ¢ TOJYNpPOBOJHHKOBHIMH aKTHBHBIMH 3JeMeHTa-
MH, MaJkie MaccH H rafapHTHBle pa3Mephl.

AnanTHeHiie anTeHHble PeMIeTKH. ANanTHBHOH aHTeHHoli peleTkoft HasbiBaeTcs
NpHeMHas MW/l NPHEMHO-NEpefalolas pPelleTKa, XapaKTeDHCTHKH KOTOpof ympasais-
IOTCH IPHHHMAeMHM PaJAHOCHTHAJIOM.

Sapjaud y 2JanTHBHBIX PeIIETOK MOTYT OLITb caMble pa3jH49HHE: (OPMHpOBaHHE
HY/Ieil JHATpaMME B 3aJaHHBIX HAMpaBJeHHAX, MAaKCHMH3alHsg NPHHAMAaeMOro CHrHa-
Ja npH HemmockoM ¢da3zoBoM (poHTe Najaioule BOJIHB, Tepeu3djydeHHe TIPHHSATOrO
CHrHaJa B 32/aHHOM HaNpaB/eHHH, yBeJHUEHHe OTHOLIEHHS CHTHAJ-WIYM H T. A.

3anaua ajanTallH peIlaeTcsi PeryJHpoBKoi KoaddHIHeHTa NepenadH (ero au-
NAUTYAB H Ga3bl) B KaHAJax KaXkJoro sjeMeHTa DelJeTKH, H B 3TOM cJydae afan-
THBHAs pelueTka A0J:KHa ObTbh GKTHBHOM.

K apantHRHOll pemeTKe Bcerfa NPHAAOTCHd H3MEPHTENBHOE H BBIMHCJIHTENbHOE
yCTpONCTBE, ONpelc/fICIIHe YIpaBJeHHE HCXOIAf H3 KPHTepHs KauecTBa. HauGoJee
pacipocTpaHeHH KPHTeDHH KauyecTBa, TaKMe KaK MAaKCHMHM3alUHs OTHOLIEHHS CHTHAJ-
UIyM, MHHUMH3AUHS AHCOCPCHH INyMa H T. I

Tpouecc ¢opMHpOBaHHS HYJAS AHarpaMMbl HAalNpaBlIeHHOCTH B 3aJaHHOM Ha-
NpaBJeHHH ¢ UeJblo MOAAB/EHHS NOMexH, 3aKkmwodaeTcd B (OPMHPOBAHHH YacCTbiO
HaayuaTencii pelleTKH KOMIEHCALHOHHOTO JlemecTKa B HanpabieHuH, rhe GopMHpY-
eTcst Hylb, PaBHOTO MO aMIJIHTYAe GOKOBOMY JemecTKY H HMEloLIero NpOTHBOMOJOK-
HYI0 a3y (caBur mo (ase #Ha 180°). Ilpu sToM GOKOBOH H KOMMEHCAUHOHHHI Je-
NeCTKH, CKNafHBafAch, HAlOT HY/Jb B HAnpaBleHHH Ha noMexy. Ecim cdasa u amnan-
TyAa GOKOBOTO JiemecTKa HEeH3BEeCTHH, TO (Da3a H aMIVIMTYAa KOMMEHCAIHOHHOro KO-
JeGatusa TMoAGUPAIOTCA MHOTOKDATHHIM H3MeHeHHeM (a3 H aMIVIHTYL TeX 3/7eMEeHTOB,
KOTOpHIE €ro CO3MaloT, A0 TeX IOp, MoKa CHCHAJ [OMeXH, NPHXONSAUIMA Mo Hampas-
JeHHIO NOJaBJeHHs GOKOBOTO JieMecTKa, He CTaHET MeHblle HEKOTOPOro LOMYCTHMOLO
yposHs. IIpn sToM crapaloTcst Tak BHIGHPATE 3JeMeHTH, HX (Ga3nl H aMOJIHTYAE, YTO-
65 MHHHMQJIbHBL CHHXKeHHe KO3 GhHIMeHTa YCHJIEHHS AHTEHHB H TOYHOCTH YCTaHOB-
KH HanpapJeHHs FJIaBHOIO MaKCHMyMa. .

AlanTHBHBIE peleTkH 06/1aLalT 3HAYHTEJbHLIMH IMPEHMYIIeCTBAMH Tepen 06bY-
HEIMH pelieTKaMH, TaK KakK, HMed BO3MOXHOCTb YIpaBJsTb cBoed AuarpamMMofi, dax-
THYECKH BLIMCJIHAIT POJb CAMOHACTPAHBAIOLIETOCH NPOCTPAHCTBEHHOro (GHJLTPa, Mo-
NaBJAONIEro NOMeXH H MaKCHMHU3HpYIWollero mojesnbrii curian. Ilpw peasuszanuu
ananTHBHLIX pelleToK HeoOGXOAHMLI aflanTHBHBIE nmpoueccopbl ¢ GoJbmuM GucTponefi-
CTBHEM H 00BEMOM MaMSATH.
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r1ABA 10
AHTEHHbBI HA IBH)KYUIHUXCSA OBBEKTAX

10.1. AHTeHHbI JileTaTeNbHbIX annapaToB

Ha neraTenbHBIX anmapaTax [PHMEHSIIOTCS Da3JHUHBE THIB JHHERHHX H
anepTyPHbIX aHTeHH, aHTeHHB Bpalllapolleiics MOJAPH3AUUH H AHTEHHB NOBEPXHOCT-
HBIX BOJIH.

AHTeHHB JeTaTe/IbHbIX aNfiapaloB, NOJeT KOTOPEIX NPOHCXOAHT B IJIOTHHIX CJAOAX
atMochepsl, AOMKHE HMETh Majoe aspoAMHAMHUeCKOe CONPOTHBAEHHe, HeboJbllHe
pasMephl H Maccy, BHICOKYIO MEXaHHYeCKYI IPOYHOCTb, cnocofHOCTL HafexHo pafo-
TaTb B YCJNOBHAX MIHTeNBbHEIX BHOpaudi H np. B kaxJoM OTAelbHOM cCiyuyae Bbi-
noJIHeHHe NOCTaBJeHHKIX TpeGoBaHHH yAoBJeTBOpsAeTcH BHGOPOM THMA AHTEHHH, ee
[paBHJbHHIM pasMelleHHeM Ha o6beKTe, BHIGOPOM MPOYHBIX MATEPHANOB. AHTEHHH
Ha KOCMHYECKHX JeTaTelbHHX annapaTax NOJKHH HalekHO paboraTh B YC/AOBHSX
MOBHILIEHHOr0 YPOBHA pafHalHH, HAJIHYHA MHKDOMETeOpOB, AJMHTEJILHOrO BO3HERCT-
Bisl YJIbTpadHONETOBOrO CONHEUHOrO H3Jayyerus. [lepenaiouikie aHTEHHH MOJKHE 006-
JajaTe A0CTAaTOYHOH 3JeKTpHYecKoil MPOYHOCTbIO /I TOrO, 4Tobbl HE3ABHCHMO Of
BHICOTL [OJIETd He BOSHHKAJH BBHICOKOY4CTOTHbLE TEKTPHYECKHE PaspPsilibi, NPHBOIAA-
ulHe K MOTePAM MOUIHOCTH M HCKa)KaiolllHe (opMy CHUTHAJA.

Ha €XopocTHBIX caMmMoJieTax H paketTax B HACTOsLIee BPeMs CTpeMsTcs CO31aBaTh
HeBBICTYMAalllHe aHTeHHH. B KauecTBe TakHX aHTEHH HCNOJbL3VIOT WJEHdb, BO36YK-
JawilHe KHIs MJH KpbuibdA camosieta. Ilna 5Toro aHTeHHa yKpenaseTcs Ha MPOYHOM
NH3MeKTPHUECKCH BCTaBKe, 3alenalHoil B onepeHHe U SABJAAIODIEHCH €70 YacTbio
(puc. 10 1).

Ha camonerax Ansg nejleHrauHH OpPHMeHsIOT PaMOYHHIE AHTEHHB! C MAarHHTHELM
cepleydHKkoM. Pamounas aHTenHa M3 adpojiuHaMHYeCcKHX coofpaykeHHH moMellaeTcs
3aNOJJHNO ¢ OOWMBKOM camoleTa B YrayGJeHHH (BaHHe LHIHHAPHUECKOH (OPME).
PackpblB BaHHB! 3aKpHBAOT AH3JEKTPHYECKOH naacTHHOH. B srom caysae u3-3a To-
KOB, BO3HHKAIOUIHX Ha oOIUHBKEe CaMOJeTa, MHHHMYM JAHArpaMMBbl HamnpaBJEHHOCTH
MOXET CMeCTHTbcSl. JTO siBjieHHe HaazwmBaercs paduodesuayuetl, W eClIH ero HeBO3-
MOMHO MOJIHOCTBIO HCKJ/OYHTb, TO NPOH3IBOAAT H3MepeHHe BeJHUYHHLL AeBHauHH (3a-
BHCHMOGTH OT HAMPABJIEHHSA MNeJeHra) H BBOJAT KOPPEKTHPOBKY B IUKAaJbl.

B kadecTBe HCBEICTYMAIOLIHX AHTEHH OCOGEHHO YAOGHO MPHMEHATH IleJieBhie aH-
tenust. JIAs HX yCcTanoBKH He 0093aTeslbHO Npope3aTth OOIHBKY camonieta HIH pa-
KeTbl. BM@CTO 370ro MOMHO ClellaTb HaKJalHOil DPe30HATOp, LHMOJHHB €ro H3 Me-
TaJJIHYECKOI( NITACTHHB, YKPENJIeHHON Ha Au3sieKTpHKe. [lpocTefiiied HeHAnpaBJCHHOK
uie/ieBOd aliTeHHOH METPOBBIX BOJIH MOXKeT CJYXKHTb YrOJKOBAf LUIEJeBas aHTEHHa
C HaKJaLHbiM Pe30HaTOPOM, YCTaHOBJEeHHas BHH3Y Qrosensxka. JlJHHa IedH, Kak H
B «yroyke [TucTonmbkopca», MpHMepHO paBHA AJIHHE BOJHEL

Puc. 10.1. BoaGyxkpaenne Kopnyca camole-
T4 pPa3JHYHBIMH BO30YIHTEJAMH:

1 — usonupoBavHas 3aKOHL(OBKA KHJIS; 2 —
H30JJHPOBaHHAA 3dKOHIOBKAa Kpblia; 3 — eMKO-
ctHo# waeld; 4 — HHAYKTHBHBIA wnelid; 5—
KOMOGHHHPOBaHEBIA muehd




Ilas Toro ¥T06bl NOJYYHTL BCEHANPABJEHHYI0 aHTEHHY, H3NYYaOLLYI He TOJLKO
B TOPH3OHTAJbLHOI MJIOCKOCTH H B CTODOHY 3eMJIH, HO H BO BCeX HANpaBlIeHHAX, Clle-
AyeT Han HMMKHeH aHTCHHON YCTAaHOBHTb TOUHO TAKYH0 e aHTeHHY Ha BepXHeil 4a-
cta diosensnxa. [IpH COOTBETCTBYIOUIEM THTAHHH MOJS aHTEHH OYAYT CKAaLHBaThCS
B FOPH3OHT2JBHON MJIOCKOCTH. HHXKHAA aHTeHHAa OyleT H3JdydaTb B HHIKHIOWO MOJY-
cepy, a BepxHAS — B BepxHio0. OCTPOHANPABAEHHEeE IIE/NCBHE AHTEHHLIE CHCTEMBI,
HCMOJb3yeMBle A8 CHNEUHaTLHBIX Lesdefi Ha caMoJsieTax W pakeraX, oGHYHO MpeiCTaB-
A910T cofofi (asupoBaHHBIE HEBLICTYNAalollHe aHTEeHHble PeHIeTKH CaHTHMEeTPOBOTO
A4anasoHa BOJH.

3epkasipHye AHTEHHB CAHTHMETPOBOrO JHANMa30HA MOryT OHTh pasMelleHtr B
HOCOBHIX 4YacTHX CAMOJIETA MHJH PakeTH TNOJA JHAIEKTPHYECKHM O6GTeKaTeseM, HMem-
IHM COOTBETCTBYIOUIYIO a3pOAHHAMHY2CKYI (hopMy.

Boproeue antendw HMC3 cayskar Ajs npueMa H nepejayd no pPaAHCIHHHAM
3emau — MC3 1 06paTHo CHTHANOB TeNeBHJEHHS, CBS3H, VIPABJCHHS H T. A. AHTeH-
HBl TEJIEBH3HOHHOrO BellaHHs AOJ/DKHBI YNOBJCTBOPATH CJACAYIOUIHM TpeGoBaHHAM:

JHArpaMMa HanpaBJIeHHOCTH AHTEHHH JO/MJKHAZ HMETh TaKyl WHPHHY, 4ToGH
ofecreuuBaTh B TeueHWe Teaenepeladyd NPHEM CHrHAJOB TEJIEUEHTPA H HX perpaHc-
JANHI0 HAa 06CHYKHBAEMYIO 30HY,

K03GhGHIHEHT HaNpaBJeHHOTo AefCTBHS aHTEHHE JOJKEeH NpH 3aJaHHOH Moll-
HOCTH GOPTOBOTO NepefaTyHKa obecneynBaTh HeoOXOAMMBI [/ HOPMAJbHOrO ITpPH-
eMa ypOBeHb Halpsi’KeHHOCTH 3JIEKTPHYECKOro TOJf;

pa3MepH CNYTHAKOBLIX aHTeHH B NpoOllecce HX BhBoja Ha OPOHTY NO/KHLI [O3-
BOJIATL X Pa3MelleHHe B o0TeKaTesle PaKeThl HOCHTEA,

aHTEeHHB AO/XKHH HMeTh MaJyi0 Maccy M coXpaHaTb paGorocnocodHOCTE B ycno-
BHAX TIyGOKOro BaKyyMa, BbAEpIKHBaTb, He H3MeHsS reoMeTpHueckoi ©opMbl, coJ-
HOYHOe H3JyYeHHe U T. M.

Jlns wusroToBaenus autemnn ma WC3 ncmesbpayioTcs amioMHHufi, THTAH, HHBap ¥
xoMnosuthl. Tax. HanpuMep, rpadHuTOSMOKCHAHHE KOMNO3HTH 06/1a1210T XOPOIBHMH
MeXaHHYECKHMH CBOHCTBAMH, GJH3KHM XK HY.II0 KO3(DQHUHEHTOM JHHEHHOro pacmHpe-
HHS, MaJbM YAEJIbHEIM BecOM H $OJBIIOA KeCTKOCThIo. BO3MOMHO, OHH CTaHYT oOC-
HOBHBIM MaTepHAIOM I8 H3TOTOBJEHHS GOPTOBLIX KOHCTDYKIHH 3€PKaNbHHX H JIHH-
30BbIX aHTEHH, aHTEHHBIX PeIIETOK H T. IL

10.2. CynoBble W MOE3OHEIE AHTEHHB

Panuoceaab Ha Mope oecmeyHBaeTcss Ha CPeNHHX, KOPOTKHX H METPOBHX
BoJiHaX. B pacrosiuee BpeMs Ha TPAHCIOPTHBIX CylaX B KauecTBe TJIABHHX AHTEHH,
paboTarinX Ha CPEAHHX BOJHAX, NMPUMEHSIOTCS ONHOMPOBOLHBIE H MHOTONpPOBOAHBIE
T- u I'-o6pa3nble aHTelHb, FOPH3IOHTAJbHHE NOJOTHA KOTOPHIX, KaK NPaBHJIO, MOA-
BELIMBAIOTCA Ha CynoBuX mautax. Kpome Toro, Bce yaule NpHMEHSIIOTCS AHTEHHBI-
MASThl pasHelX cXeM H KoH(urypauuii. Jelo B TOM, 4TO NPOBOJIOYHLIE @HTEHHHl NpPO-
CTH 1 HMEIOT MaJiylo CTOHMOCTb, HO YCJOXKHAKT PaPoTy TPY30BHIX CTPEJ H NOPTalb-
HbIX KpaHOB. [ledropMauus CyAOBHX MauyT B IITOPMOBLIX YCJIOBHAX, HEHCIOPaBHOCTh
TaKejama M T. . MOTYT NPHBECTH K MOBPEX/IEHHIO aHTeHHH. M30/8TODH aHTeHHLI
NONBepXKEeHH 33rPA3HeHKI0 NMPOAYKTAMH [LIMOI'ADHBIX Ta30B, MNOKPHTHIO CONAMH, roO-
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JoJeloM H np. B pe3ynbTaTe H3-3a YTEUKH SHEPTHH UYEpe3 H30JATOPH H3JAyIaeMasd
MOIIHOCTb Nafaer.

CBOGOAHH OT 3THX HEAOCTATKOB AHTEHHH-MAYTH, 0COOEHHO B TeX CAyyasx, Kor-
Jla BCe MeTa/IMuecKHe H3JydalolllHe YacTH aHTEHHH H JHHHH Mepelaud, [0JABOAALIHe
K HHAM 3HEprHIO, 3aK/IOYeHH B CcTBOJ (060JI0YKY) H3 JHIJEKTPHYECKOTO MaTeprasa
Takum MaTepnasjoM, obnajaioluM GoJbIIOR MeXaHHUeCKOH MPOYHOCTBIO, BHICOKON
KOPPO3HOHHOH CTOHKOCTbIO, HE3HAYHTEJbHEM BOJONOIVIOIEHHEM H IOBEPXHOCTHIO &
XopomuiK ruApodobHEMH cBoficTBaMH (He cMauyuBaeMoil BOZTOil), SBJISETCH CTEKJIO-
TJIACTHK.

B xagecTBe aBapHHHBIX aHTEHH HHOTAAa NMPHMEHSIOT MHEBMATHUYECKHE BEPTHKA.Tb-
HLIe aHTEHHH, TOKOHEecyIllasi 4acTb KOTOPHIX NpencTaBsiser cobo#f HeCKOJbKO coenu
HEHHHIX MeXAY co6oil MpOBOAOB, PACMOJOXKEHHEX TO 06pa3yollHM NJIHHHOIO HagyB-
Horo uuamuapa. HHXKHAA dYacTh mHamHApa cecfoiHa OT NPOBOJOB H BHIIOJHAET
(GYHKUHA onopHoro HsoasTopa. HanosiHenHe 6ai170HAa oCYLIECTBJSETCS 33 HECKOJBKO
MHHYT BO31YXOLYBKOH.

Jlist panvoneseHTalldd Ha CyAax HCHOOJL3YIOTCSl 3FPAHHPOBalllible pPAMOYHHE aH-
TeHHH. KpoMme IITHPEBHX AHTEHH Ha KODOTKHX BOJHaX NPHMEHSIT BHGPAaTOPH THIA
«aunonss HajeneHKO», MITHPeBHE aHTeHHH ¢ MOHH:KEHHHIM BOJIHOBHIM COMPOTHBIe-
HHEeM, JUCKOKOHYCHHE AHTEHHH H Tp.

OcoGeHHOCTH AHTEHH NOe3QHOH pajHOCBS3H ONpeNeNfIOTCs BO3IMOMKHOCTIMH HX
YCTAaHOBKH HAa TOJABHXHOM cocTaBe. OrpaHHYeHHOCThL NPOCTPAHCTBA Haj JIOKOMOTH-
BOM (MOCTBI, 3CTaKalbl W Ip.) He NO3BONAIOT NMPHMEHATh BECOKHe aHTeHHB IlosTo-
my ux KIIJl B puamasoHe cpeiHHX BOJIH odeHb MaJs. C/eayeT OTMeTHTb, YTO HA Xa-
PaKTepHCTHKK aHTeHH BNHSIOT He TOJABKO HMX COGCTBEHHBIE PasMepHl H pacnoJoxe-
HHe, HO H pasMephl ¥ ¢OpMa JOKOMOTHBA HJIH BAaroHa. HAa KOTOPHX OHH ycTa-
HOBJIEHHL

Ha nox0MOTHBaX NMPHMEHAIOTCS TIaBHHM ofpasoM «wed(b», 3aseMaeHHbe Ha
Kopnye snoxoMmortHBa. OHH mpelcTaB/sioT co6Ofl rOpH3OHTANBHEIH IpoBom HJAHHOI
npemepio 8. .10 M, moxBemeHHHH napanJeNbHO KpHILE JOKOMOTHBA Ha BHCOTE
0,6...1 M, OnuH M3 KOHIOB NMpOBOZA NMOAKJIOYEH Yepe3 cOoraacylollee yCTPOHCTED K
palHOCTaHIHH, a IPYroH coelMHeH ¢ KOopmycoM JokomoTHBa (puc. 10.2,0).

HekoTopoe uncio /MOKOMOTHBOB 0GopynoBaHo [-06pasHEIMH  He3a3eMJEHHHEMY
anTeHHamHu (prc. 10.2,6).

Hd g AT, LI A V7 A e iz

Puc. 10.2. JIoOKOMOTHBHLIE aHTEHHBI:
a — 3aseMiAeHHE uiedd (MHAYKTHBHHIA), 6 — HesazemneHHwl# waeld (eMKocTHo#H) wuam T
o6pasHas aHTeHHa: | — maedd; 2 — cornacywouiee YCTpoHcTBo; J — AOKOMOTHBHAA PalHOCTAHUHA
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Iasi cBASH Ha GJU3KHX DACCTOSHHAX HCIOJb3YIOTCH MeETpOBHie BOJIHE. B Ka-
yecTBE aHTEHH NPHMEHSIOTCS BEPTHKAJbHBIE LUTHpPEBhle AHTEHHH, BePTHKAJbHHE MET-
JMeBLe HECUMMETpPHUHEe BMODAaTODH W HHOrAa, Koraa Tpe6yeTcss HampaBJ/EHHOCTb,
AHTEHHB THMA <«BOJIHOBOH KaHaJ».

AHTeHHH Ha aBTOMOOH.IAX OOLIYHO BHINOJHAWTCT B BHAE KOPOTKHX MITHIpeil Hiau
aKTHBHHIX aHTeHH (CM. ri. 5).

10.3. Autennt Bpamampmeficas noaapU3anHu

B ra | 6w10 1oKasaHo, 4To 3JeKTPOMAarHHTHas BOJIHA C Bpatlamoilefcs
nosspusalliedl MpefcTaBasieT co60il COBOKYMHOCT: NBYX JHHEHHO TNMOJISIPH30BAHHBIX
BOJIH, OTJHY3OWHXCA APYT OT APYra IUIOCKOCTAMH NO/MApH3ALHH H (dasaMu Koaeba-
HHiA, HO PacNpOCTPAHAIOWIKXCH B ONHOM HanpaB/eHHH.

[MosroMy /mo6as cHCTEMa H3 ABYX JHHEAHO MONAPH3OBAHHHIX AHTEHH. OPHMEHTH-
POBaHHBIX COOTBETCTBYIOIUHM 06pa3oM H MHTaeMBIX TOKaMHM pasjHYHOH daskl, nMo-
XKeT CIYXHTL HCTOYHHKOM BOJH Bpalllaiomeficd NO.ApPH3alHA.

OpHolt 13 TakHx aHTEHH $BJASETCH TYDPHHKETHAs aHTEeHHA, COCTOALLas 113 NBVX
B3aHMHO MNEPNCHAHKY/NSPHEIX BHOPATOPOB, NMHTAeMBIX TOKAMH ONHHAKOBOI aMmJIHTY-
Ae co caBuroMm (a3 90° TlpuMepoM TYPHHKETHOH AHTEHHH MOrYT CIVIKMTE Tepeaalo-
IIHe TeJNEeBH3HOHHBIE aHTeHHH JIwnmen6nrama, Bpayne u T. o, (cM. ra. 6). TypHureT-
HBE AHTEHHH SABAAKTCA BCEHANDABJEHHHIMH, Y HHX OTCYTCTBYIOT HANpAaBJeHHS, B KO-
TOPHX HET H3JVYeHHs, W, Cle0BATEJIbHO, B COOTBETCTBHH C OTPAaHHUEEHEM, YKa3aH-
HHM B M. 3, B COBOKYTHOCTH H3Jy4aeMHX HMH BOJH 6YAYT BOJHH JHOG0H noJspH-
33UHH — OT KPYroBOTO NPABOTO W JIEBOTO BpaMIeHHH, 3JMJHNTHYECKOIO MpaBoro u Jje-
BOTO BpAIlEHHN 10 JHHeHHOH noJspH3alHH.

Ins Ttoro YTOGH MOJYYHTb HAMPABJEHHYIO AHTEHHY KpYroBOil TOJSPH3alHA,
MOXHO JHO0 CO31aThb aHTEHHVIO PEIIETKY, B KOTOPOH KaXkAbH H3TYy4alolHi 3/1eMeHT
6y/eT BHIOJHEH B BHAC TYPHHKETHOH AaHTEHHH, JHO0 HCIOJB30BATh TYPHHKETHYIO
aHTeHHY B KauyecTBe RO36yIHTeTds NBYX B3aHMHO NMEPNEHIMKYASPHBIX AHTEHH JIHHENH-
HOH MONAPH3AUHH, HMINYYAOUIHX BNONTb cBoelf och. TakMMH aHTeHHaMM MOryT CaIy-
KHTh JIOTOMEpHOTHYECKHe AHTEHHH, aHTeHHEl THNA <«BOJHOBOH KaHanl» (puc. 10.3)
HT. I

Kpyroeyio BOTAPHIAUHIO MOXKHO TMOJYIATE B KPeCTOOGPA3HOH ILUENeBO aUTEHHE,
cocTofAllell M3 ABYX B3aHMHO IEPNEHAHKYJAPHBIX Llenefi, Bo30yKIaeMbIX OLHHAKO-
BHIM TIO 3HAYEHHIO HANpSXEHHEM, HO co chBuroMm ¢asz 90°. Pacnmpocrpanende mody-
YyHJa HanpaBJeHHas BOJHOBOJAHO-IIEJEBas AaHTERHA, B KOTOpoH kpecToonGpasHbe
leJd TPOpe3aHn B ILIHPOKOHl cTeHke BonHoBoda (pHe. 10.4) Ha TakoMm paccTosHEHM
UT V3KO[ CTEHKH, rje MPONONEHBE H MOMEPeyHHe COCTABJSIIOIUHE TOKOB pasur Tak
K3aK 3TH COCTABJAIOMINE, KAK H3BECTHO, CABHHYTH Mo ¢aze na 90° 1o mean. Bos-
OyiKjaeMbie HMH, CO31al0T B IPOCTPAHCTBE BOJHY KPYroBoit monspu3auuu (B Ha-
paBJeHHHA, MeprnenAHKYIAPHOM TJIOCKOCTH KpecTOO6pasHOfi IeNeBOli AHTEHHN).

JdpyruM THNOM aKTeHH, H2JAYYalOUIHX BOJHHE C Bpamanlefica noaspH3auitel,
ABJAIOTCA AHTEHHB, COAepXKallde MOJSPH3aTOpH, mpeobpasyollllie JHHelHYK NO.1A-
PM3aUHI0 B KPYroBYI0 HJIH 3JHNTHYecKylo. [loaspu3aTopH MoIpasiefsiorcs Ha npo-
XONlHHIE H OTpaxaloLine.
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Puc. 10.3. IIlupekTopHas anTenHa Thna  Puc. 10.4. KpecrooGpasHasa menb Ha
«BOJHOBOI KaHasJ» ¢ Bpallaromercs MHPOKOH cTeHKe BOJIHOBOAA, H3J1y4alo-

noJiApu3anuei: niasg BpaUlaOULYIOCs [0JsPH3AUHIO:
1 — BuGpavopei; 2 — pedaexrop; 3 — nHpPEK- | — BoaHOBOJ; 2 — KpecToo6pasHas LIenb;
Topel; 4 — cdasupylomas dusepias cHcTeMa 3 — cocTaBJAOIIHE TOKOB Ha MApoKoft creH-

Ke BOJIHOBOIA

/4

3]

%57

Hanpabrenue Hy
pacrpocmpa—
denua dorst

Puc. 10.5. TIpoxonHo# mnaacTHH- Puc. 10:6. TIpoxoguoit mo-
uaTeil MOJNAPH3ATOP JIAPA3ATOP B  PYNOpHOM
o6aygarene:

I — pynopHas aHterHa; 2 —
TNPOXONHON TNOASPHUIATOD

IpocTefimum  APOXOOHELM TIOIIPHSATOPOM MOMKKET 6HTL CHCTEMA IUIOCKHX na-
paMJIeJbHBIX MEeTaJUIHYeCKHX [JIACTHH, HMEIOMX WHPHHY d M PACHOJIOKEHHHX O1Ha
OT Hpyrofi Ha pacCTONHHH a, GosbllieM MOJOBHHH IJHHB BOJHH B CBOGOLHOM TMpo-
ctpancrie (puc. 10.5).

B Tom cayuae, ecniH BEKTOP 3/MEKTPHYECKOTO MOJs BOJHH, Nafamoliefi Ha Npo-
XOZHOH NOJAPH3ATOP, NEPHEHAHKYNAPEH MIaCTHHKAM, TO CKOPOCTb PACOpOCTpaHeHHs
9TOil BOJIHE B CHCTEMe IJIaCTHH paBHa CKOPOCTH CBeTa €, a 3alia3/ibiBanuie (asbl
(B rpazycax) npH 1pOXOXAeHHH uepe3d 3Ty cHcTeMmy Gyaer

AL = (3604 f ) je=(360d) %o,

rae [ —uactota KogaeGaHuil; Ay — JJIHHA BOJHBH B CBOGOZHOM MNPOCTPaHCTBE.
Korza BekTop HaTpsIKEHHOCTH JEKTPHYECKOrO MOJs BOJHH, NMajawlieid na npu-
XO/HOfI NOJApPH3aTOp, Mapiieled NJIAcTHHAM, (a3oBas CKOPOCTL MPEBHIUEET CKO-
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pocTh cBeTa W 3amasjbiBaHue Mo dase Ha BHXOle noJsApH3atopa 6yieT
0 B <

Ay =(360d f)/vg=(360d)/An,
rie vy — $a30Basi CKOPOCTb PACHPOCTpPaHEHHs] BOJHEI B MOJAPH3aTOpe; Ap — IJIHHA
BOJIHB B TOJAPH3aTOpE:
V1= (%o/2a)

Takum 06pa3oM, ecly Ha TPOXOAHGH NOMAPH3ATOD MajaeT ROJHA, BEKTOp Ha-
NpSMEHHOCTH [MOJIS KOTOPOil HaK/IOHeH K RJIACTHHAM noj yraom 45° cocTapigioilas

3TOr0 BEKTOpA, MEepPNneHAHKYJ/ApPHAA RJaCTHHaM, GYJIET 3anasablBaTh MO (1]338 OTHO-
CHTEIBHO COCT&IBJ’IH}OL’leﬂ, napamenbﬂoﬁ NiaCTHHAM, Ha BEJHUYHHY (B rpaﬂycax)

‘==

1 13y°
—Al e — e

Al=al, - A}, _360d( vt~y ) .

Buiupasi U3 KOHCTDYKTHBHEIX cQOOpa’KeHHH WHPHHY MJACTHH H PacCTOSHHE MEXAY
HHMH Tak, uTo€bl CABHT das, T. e. 3ama3firBaHHe mo (ase, MeKAY Napaie/bHON H
nepneHiHKyISpHO COCTABJAIMIAME BEKTOPA HANpSKeHHOCTH Mons 6nilo paBHG 90°
obecneunBaeM npeoGpasoBaHHe BOJHB JHHeHHofl TOJAAPH3AUMH B BOJHY KPYroBoif
noJssipu3anHH. B paccMaTpHBaemMOM cJyuae Ha BbIXOJe noJssiphsatopa OyieT Kpyro-
Bafd [MOJsipH3allds MpaBoro BpaulcHWs Kpyrosas NOJMSPH3AlUHA JIEBOTO BpallleHHA
GyneT moJydyeHa NpPH MOBOpOTe NoJAphH3aTtopa Ha =+90°

[IpoxoHbie MOJNAPH3ATOPH HCNONB3YIOTCH B DPYNOPHHIX O6JyuaTesisX 3epKasbHbIX
H JIHK30BHX aHTeHH (puc 10.6).

B orpasaioujem moiApH3aTOpe CHCTEMAa MApaIeNbHBIY METAMIHYeCKHX TaCTHY
ycTaHaBlHBaeTca Ha MeTajnHdeckoM skpane (puc. 10.7) B 3stom cayuae cucTeMy
NJIacTHH BOJIHA NPOXOAMT ABaXAbl (MpH NajeHWd Ha 3KPaH H TMOCIe OTpPaKeHHS OT-
Hero) Eciu BerTOp HanpsKEeHHOCTH MOJA HAKJOHEH K NJACTHHE NOL yriaoM =+45°
TO TiPH COOTBETCTBYIOLIEM BHIGODE UIHPHHB MJIACTHH H PACCTOSHHS MEXKIY HHMH MOX-
HO ofecmeyuTh (TaK e Kaxk 3TO AejaeTci B NPOXOIHOM MOJSAPH3ATOpe) 3ama3fmbl-
BaHKE COCTABJAIOLLEH, MOJSADH30BaHHOH NepNeHAHKYJApHO maacTHHaM, Ha 90° oTHo-
CHTeTbHO cOCTaBMsoUIel, napaJjenboil nnacTHnaM TToCKoNBKY B OTpakamolleMm no-
JAPH3ATOPE BOJHA NPOXOAHT ABAaXKIH Yepe3 CHCTEMY IJIACTHH, TO NPH TOM e
paccTOAHAH MeXJ1y NJacTHHAMH HX [IHpHHA B HeM OyAeT B/JBOe MeHblle WHPHHH
NJIaCTHH B NPOXOMHOM NOJSPH3aTOpe.

OTpaaiolie MONSPUIATOPH HCMOJB3YIOTCS B OJHO3EPKANBHHX H ABYX3epKalb-
HbiX aHTeHHax B nepBoM ciayyae OTpaalolMM SKPaHOM CIYXKHT napaGoJHyecKas
NOBEPXHOCTh 3€PKaja, a BO BTODOM — THNep6OJHYECKass MMOBEPXHOCTb MaJoro
3epKaJa.

B kauectBe aHTeHH Bpawaninefics NOJSAPU3AUMH LIHPOKOE NPHMEHEeHHe B JHa-
nasoHax CaHTHMETPOBHIX, JENHMETPOBHX H MeTPOBHIX BOJIH HAIJH CHHPAJbHBIE aH-
TEHHEl, H3Jy4awolllHe TOJIe NPHMEPHO KPYroBOfA NOJSPH3AUMH B HANpPAaBNEHHH CBOEH
ocH

CnupanbHble anTeHHH pa3fenslT Ha UHIHHAPHUECKHE, KOHWUECKHE H IJIOCKHE.

Husundpuseckan cnupanbHasi aHTeHHA COCTOMT H3 HECKOJBKHX BHTKOB NpPOBO-
J0uHOl cnupany. TokH B cmHpa/H Bo36YKAAIOTCA C NMOMOLILI0 KOAKCHAJNBHON JIHHHH,
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Puc. 10.7. Ortpaxatens- Puc. 10.8. Huanaapu- Puc. 10.9. Konugeckas
HHH [MJacTHHYATHA MNo- yeCKast CITHpaJibHas aH- CnHpaJbHafd aHTeHHA:
JiApH3aTOp: TEHHA: I — cnupanb; 2 — 3KpaH
1 — cucTeMa [OJAacTHH, §pe- ! — enupans; 2 — 3Kpan

ofpasybmas  noaspH3anuio;
2 — meralaHYecKHN 3KpaH,
oTpamamnuui nazawmylo
BOJIHY

4] 4ero OJHH H3 KOHUOB COHPAJH TPHCOEAHHSIOT K UEHTPaJbHOMY NPOBOIHHKY
JHHHN. BHelHuil NMPOBOJAHMK KOAKCHAaJbHOM JHHHH (ONJeTKa, ecJH 3TO KOAKCHAJb-
HBI1 DEICOKOYACTOTHEIT Kabesb) NPHCOEZHHAIOT K MeTaJJIHYeCKOMY SKpaHy, npendr-
CTBYIOUIEMY BO30YKIeHHI0 SJEKTPHUECKHX TOKOB Ha BHeIUHefl MOBEPXHOCTH KOaKCH-
2JIbHOH JIHHHH TIHTAHHS H B 3HAUHTe/bHOH CTeNeHH MOJABJSIONEMY 3aJHHA JIenecTok
aHTeHHbl, a TAKMke CJyKalleMy MpPOTHBOBECOM MO OTHOIUeHHIO K cnupaid (pHc. 10.8).

TIpH NORKMIOYEHHH JMHHH K BHICOKOYACTOTHOMY IEHepaTopy B CHHpPadH BO30YiK-
LaeTcs Oerymas BOJHA 3JIeKTpHuYecKoro Toka. [TosTomy cnHpanbHYIO aHTEHHY MOX-
HO OTHECTH K KJlacCy aHTeHH GeryllHX BOJIH.

BeibopoM cOOTBETCTBYWIIHX AHaMerpa BHTKOB D=A¢/3 u mara HaMOTKH
S=).0/4 MOXHO 08€CIeUHTb M3NYUeHHe SHePrHH BLOJb OCH CNHPadH (MepmeHAHKYJAp-
HO SKpaHy) B HampaBJeHHH ABHAKeHNs Geryimefl BOJHB TOKa, NPHYEM B 3TOM Ha-
NpaB/eHHH TOJAPH3AUMA JIEKTPOMATHHTHON BOJHH B JdajbHeifl 30He AHTEHHBI GJIH3-
Ka K KPYrosoil.

Kosh{uuHeHT HanpaBjeHHOTO NEHCTBHA CHOHpPaJbHON aHTeHHH NPHEIHKEHHO
MOJKHO OnpeiesuTh no hopmyie

D=15(L ko) nSikg,

roe [ — ANHHA BHTKAa COHPAJH; 71— YACJIO BHTKOB CNHPAJH; Ay — LJHHA BOJHE B
cBOBONHOM MpOCTpaHCTBE
BxonHoe compoTHBieH#e CnHpaJH ompefensieTca mo dopmyse, Om:

Ray = 140(L [1).

CiHpanbhasi aHTeHHA COXPAaHSIeT CBOH HANpaBJeHHHe CBOMCTBA B JHamna3oHe
AauH BOJH 0,7Aonr ... 1,2honr, TAE Aonr — IJIMHA BOJIHE, JJISs KOTOPOH pasMepw aH-
TeHHBl ABJSOTCS ONTHMAMBHEIMH.
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lMpumenenne BMecTO UMAHHApPHYecKHX cnupadnefi xonuseckux (puc. 10.13) moxer
ofecneynTh WHPOKOMOJOCHOCTh IPHMEPHO B ABYKpaTHOM AHanasoHe sosH. [Ipn onn-
HAKOBOM C LMJHHAPHUECKOH CMHpanbio uyHCle BUTKOB KOHHUECKas CIHpalbHas aH-
TeHHa QopMupyeT GoJee WHPOKYIO AHArpaMMy HanpaBJeHHOCTH, YeM UHJHHADHYE-
cKast. ITO OOBACHSETCS TeM, UTO TPH BU3GYKIEHHH TOKOB BAO/Ab NMPOBOAA CMHPAIH
3¢}eKTHBHO H3JyuaeT TOJbBKO YaCTb BHTKOB KOHHYECKOH CHHpalH, HJIHHA KOTOPHIX
6au3ka k panHe BogHbl. C yMeHbINeHHeM AJIHHBI BOJHH aKTHBHas o6JacTb CnHpaJH
nepeMelae1css B CTOPOHY BHTKOB C MEHBIIHM AHAMETDOM.

B naockux cnHMpalbHBIX aHTeHHAX TakxKe Bo36ykjaercs Geryiias BOJHa TOKil.
B orinude OoT UHJIHHAPHYECKHX H KOHHYECKHX CIHpPaJed, OHH NPH OTCYTCTBHH 3Kpa-
Ha H3JyyaiT BOJHBL KPYroBOH MOJSpH3alHK B /[BYX HaNpaBleHHAX, a HMEHHO B
HanpaBJ/IeHHsX, NMEepHeHAHKYJIAPHBIX NJIOCKOCTAM cnHpand. s noJyyeHHs ONHOHA-
MpaBJIEHHOTO H3JYYeHHsl MJOCKYIO CIHpajb pa3sMellaloT Ha OJHOM CTOPOHE JH3JeK-
TPHYECKOH NJIACTHHBI, APyras CTOPOHa KOTOPOH MeTaJNIM3HPOBaHA.

10.4. AHTeHHBI MOBEPXHOCTHBIX BOJH
3amelleHHbIe BOJHEBI, PACNPOCTPAHSOIMHECS BJLOAbL TOH HJAH HHOH 3aMmemds:i-
101l NOBepXHOCTH, HONYYHAH HA3BAHHE NOBEPXHOCTHELX BOAH.

Hcnonp3ysi noBepXHOCTHBIE BOJHL, MOXKHO MOJIYUHTb HATIPABJIEHHOE H3NyyeHHe
H, C/IelOBAaTeJLHO, HAaNpaBJeHHH OpHeM. AHTeHHa NOBEPXHOCTHLIX BOJIH COCTOHT H3
B036yauTeNs H Hamnpasasiomledl CTPYKTYypH (HampaBHTeas). 3anagya BO3GyAHTENS
H HanpasJdiollell CTPYKTYpH (HampaBHTels). 3afaua Bo3OyAMTeNds 3aK/IIOUAETCH B
cocpeloToueHHK OOJIbIIed UYacTH W3JyYyaeMOH 3SHeprHd, NOJyd4eHHOH OT TreHepaTopa,
B CTOPOHY HAampaBUTeasl H CO3JaHHH BAOJb Hero (H COBMECTHO ¢ HHM) MOBepXHO-
cTHOM BousiHbl. OObIYHO H3/ydeHHe Bo30yJLHTeJs HMeeT HeGOJBLIYIO HaNpaBJEHHOCTD,
a4 HaNpaBJIeHHOCTb AHTEHHLl ofecneyHBaeTCA H3JyueHHeM HanpaBHTeas, CyMmapHoe
H3JIyUeHHe SIBJIAETCS pe3yJbTaTOM HHTephepeHIHH COGCTBEHHOTO H3Jy4YeHHs BO3by-
IHTeNs H H3JYUeHHS HaTNpaBHTeNs.

AHTeHHB TIOBEDXHOCTHHX BOJIH B CBOEM MOLABJSIONEM GOJLIIMHCTBE ABASIOTCH
aHTeHHaMu Oeryuleii BoJHE. AHTeHHB GErymHX BOJIH HMeIOT CPaBHHTeNbHO Mallhle
nonepeyrrle pasMephl MPH JOCTATOUHO BHCOKON HampasjeHHocTH. [TostoMmy Hx pas-
MeIlIaT 9acTo TaM, rjie HeJib3d PasMellaTh aHTeHHbl ¢ OOJIbIUHM MONEPEeYHHIM cede-
HHEM, @ HMEHHO HA MOABHXKHHEIX O0BEKTaX PA3JIHUHHX THIOB.

Hanpaenrenn GuBaloT AH3JEKTpHYECKHMH H MeTaiaauyeckumd. Ilo c¢opme Ha-
NPaBHTEJH AHTEHH NOBEPXHOCTHHX BOJH MOTYT 6bITh MIOCKHMH, AHCKOBHIMH H CTEPX-
HeBhIMH. B KauectBe Bo3GymmTeneli ualle BCEro HCMOJAb3YIOT OJHOCTOPOHHE HAmpaB-
JIeHHBle H3Jy4YaTesH: DYNOpP, OTKDHITHI KOHell BOJIHOBOAA, BHOpaTop C peduekTopoM
HT I

Ha pue. 10.10 npeacraB/iieHo HECKOJBKO BHAOB IJIOCKHX AHTEHH MOBEPXHOCTHHIX
BoMH. K NJOCKHM aHTeHHaM NOBePXHOCTHHIX BOJIH OTHOCATCS TaKkKeé H AHTEHHH C
3aMe/UIRIoNIel MOBEPXHOCTbIO B BH/e AHCKOB, HMEWHX B KayecTBe B036yAHTENeH
HeHaNpABJIEHHHE U3JyyaTeJqu (BepPTHKAJLHENA BHGDAaTOp, KPYroByl Wieab H T. A.).
B n/JOCKOCTH AHCKa guarpamMMa HanpaBJeHHOCTH KPYroBas, a B MJOCKOCTH, NepleH-
IUKYJADHOH [HCKY, 3aBHCHT OT JAHArpaMMBl HaMpaBJEHHOCTH BO30yXHTEJH, AHAMET-
pa NHCKA H 3aMelJIeHHS NMOBEPXHOCTHOH BOJHHL
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Puc 10.10. Tl1ockHe aHTeHHB MOBEPXHOCTHBIX BOJIH:

! — pynopubi#i Bo3GYnHTEND, 2 — IH3NEKTPHYECKHH HamnpapHTedb; 3 — MeTalNHYecKHH peGpHCThIR
HanpasHTeNh; 4 — LiThipeBof Bo3GYynuTedb, 5 — OHINEKTPHUECKHH AHCK

Ay /4 1=64
Tl e Puc 10 11. Nomepeunoe ceuenue crep-
s | T JKHEBOH  AHAJEKTPHYECKOH AHTEHHB
—Efﬁ; AJHHOM 6 nJIHH BOJIH
< 054 '}gm

™ Apyeneri Gonvobod
Koarcuanshsld  pubep

Ha crepiHeBHX aHTEHH TNOBEPXHOCTHHX BOJH HanboJblllee paclpocTpaHeHHe IO-
JYYHJH AH3JEKTPHYECKHE AHTEHHEL.

HdusiexTpHYecKas CTepXKHeBasg aHTeHHa npejicTaBiisgeT co60H AHIIEKTPHUECKHE
cTepMeHb, Kak NpaBHIO, HMEIOIHA dopMy UHIHHAPA HJIH KOHyca (vallle YCeueHHO-
F0), Bo36yxinaemoro (uaepHOl JHHHEH (OGBIYHO KPYTJIBIM BOJHOBONOM).

OnHako W3MeKTPHYECKHE AHTEHHEl MOCYT MMeTh CTePXKHH He TOJbKO KpPYIJIOro
cedeHHs, HO H KBaJpaTHOro, MPAMOYTOJBHOTO, 3JIHMTHUECKOTO H KOMBIEBOTO.

Yacto npHuMeHsAOTCH TaKHe NMIJNEKTPHKH, KAK MOJNHSTHJAEH, (TOPOmIAcT, MOJi-
CTHPOJI, HMeIOlllHe OTHOCHTEJbHYIO AHIIEKTPHUECKYI TpPOHHHaeMocTh & ~2...25 u
Mansle [H3JMeKTPHYECKHE TOTepH.

JlusneKTpHYeCKHe CTePiKHeBble aHTEHHBI NPHMEHAIOTCH AJsA (HOPMHPOBAaHHSA CpaB-
HHTEJLHO Y3KHX JAHArpaMM HanpaBleHnocTH (mHpHHO# no 15...20°) ¢ Maxchmy-
MOM H3JyYeHHs B HalpaBJeHHWH MNPOROJbHOM ocH crepxHs (pHe. 10.11). TMomoxu-
TeNbHBIM CBOMCTBOM JH3MIEKTPHYECKHX CTepXHEeBBIX aHTEHH, KaK H IAPYTrHX aHTEHH
Geryuieif BOJHB H TOBEPXHOCTHBIX BOJH, PAacCMOTPEHHHX BHILIE, ABJAAETCA BO3MOX-
HOCTb TOJy4yeHHs pa3MepoB ee 3(deKTHBHO! TNOBEpXHOCTH, GoJblIed, yeM MNOWLAdb
ee MOMepeyHor0 CedyeHHs, MepheHJHKYAAPHOre HampaBJeHHId MaKCHMaJbHOTO H3jayye-
HAA aHTeHHB. 3T0 06yc/i0BAEHO NPOAOJbHOH MPOTAKEHHOCTBIO AHIJIEKTPHYECKODD
CTepXKHS,

Takce CBOHCTBO MPHBOAHT K IIHDOKOMY [PHMEHEHHIO AHIJNEKTDHUYECKHX CTEpPKHe-
BHIX AHTEHH B KadyecTRe H3jJyvaTenell aHTEHHHX DEIIETOK.

IusnexTprueckHe aHTEHHb! NPHMEHSIOTCA B CAHTHMETPOBOM H NPHMBIKAOMeH
K HeMy KOPOTKOBOJIHOBOIl YacTH JelHMeTPOBOTO AHANA30HOB [JHH BOJNH H SBJAIOT-
CH €paBHHTE/IbHO ILIHPOKOMOJOCHBIMH (OTHOCHTeJbHast moaoca 40...50 %) auren-
HaM.

C yBeJHYeHHEM [JIMHBl CTEPXKHS €ro JuarpaMMa HalpaBleHHOCTH CHadaJja cy-
Maercsd, a ypoBeHb GokoBHIX JemectkoB H KHJIL pacTyT, AocTwrag cBoero MakcuMmy-
Ma [pd HEKOTOPOM ONTHMANBHOM 3HAYEHHH IAJHHB logr, TMOC/TE Yero ¢ AajbHeiwnm
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Puc. 10.12. JuarpaMMbl HanmpaBJeHHOCTH [HSJEKTPDHYECKOH CTePXKHEBOA AHTEHHH B
3aBHCHMOCTH OT ee IJIHHH N0 CPAaBHEHHI C ONTHMaJbHOH

Puc. 10.13. Peb6pucro-cTep:kHeBas aH- Pynop
TEHHA [TOBEPXHOCTHHX BOJIH

yBeJHYEHHEM JJIHHBI [HArpaMMa HanpaBJeHHOCTH CyXKaeTcs, a YpPOBeHb GOKOBLIX

JenecTkoB Geierpo Bospacraetr u KHJ| namaer. 3atem npm JafibHefilieM yAJHHEHHH

CTEp2(HfA AHArpaMMa aHTEHHBl CTAHOBHTCA AByXJenecTkosod (puc. 10.12).
OnrtumaibHas AJNHHA CTep:XKHsS OnpeleiseTcs mo Gopmyle

lont/ho=0,52¢/(c—vg),
rie ¢ — ckopocth cBeta (c=3-10% Mfc); vy — (asoBasg CKOPOCTb pPacmpoCTpPaHEHHS
BOJIHBI B cTepxHe (v4<<C).

Ilpu BumonHeHun storo ycnoeus KHJIL makcumaner u paBed (7...8)Ilonr/Ao.

Y UMNHHADHYECKHX IOHAJNeKTPHYECKHX crepxaed logr YMEHbIaeTcss ¢ POCTOM HX
JHAMeTPOB, a ypoBeHb GOKOBHIX JIEMIECTKOB PACTET,

Jna ynayqmeHAs: COrJIACOBAHHSI MH3JEKTPHYECKOH CTepXKHeBO#l aHTEHHH CO CBO-
60/iHLIM MPOCTPAHCTBOM ee BHIMOJHSIOT B BHIE CTEDXKHS KOHHYecKOf (OpMH, MpH-
yeM ¢ yBeJIHYEHHEM KOHYCHOCTH (IPH TOH iKe [JHHe CTepXHA) ypoBeHb GOKOBHIX
nenectkop H KH]I maparoT, a mMpiHa AHArpaMMbl HAaNpaBJEHHOCTH pacTer.

Jnsi ynydileHMs COTJIACOBAHHS aHTEHHBHl €O CBOGOJHBIM MPOCTPAHCTBOM HHOTAA
NPHMEHAIOT MHOPOC/HOHHHE CTEPIKHH C YMeHblIeHHeM MAH3JeKTpHueckoll MpoHHIAeMo-
CTH NpH TMPHOJHIKEHHH K ero NOBEPXHOCTH HJH CTEDXKHH B BHJe MOJHX IHUSJIEKTPH-
yeckHX Tpy6. B 3THX cnyuasx ypoBeHb GOKOBHIX JenmecTKOE manaeT a0 10 % u HEXe.

IpyrumM pacnpocTpaHEHHEIM THIOM CTEPKHEBOH AHTEHHH MOBEPXHOCTHBIX BOJIH
sBJsieTcss pPeOPHCTO-CTepIKHeBas aHTEHHA, COCTOSLIAS M3 BO36YAHTeNs H MeTaJjHye-
CKOrO CTEpPXKHfA, Ha KOTOPOM YKpemJeH psjA NapajJielbHHX MeTaMIHYeCKHX [HCKOB
(puc. 10.13). B kauectBe BO30OYAHTe/si MOMKET GbITh HCNOJbL30BAH CHMMeETDHYHBIA BH-
Gpatop c pedJIeKTOPOM, DYMOD HJIH OTKPHTHIA KOHel BoJHOoBoZa. CTepiKeHb € JHC-
KaMH MpelcTaB/feT coGOH 3aMeAJsOILYI0 CTPYKTYPy, BAOJbL KOTOPOH pacnpoctpa-
HseTcs NoBepXHoCTHas BoJaHa. OCHOBHHIMH MNpeHMyLlecTBaMH pPeOpHCTO-CTepAKHeBOH
aHTeHHBl ABJAIOTCA NPOCTOTA KOHCTPYKNHAH, HpodHocTs, BHCOkHi KIII u oTrocH-
TeNTBHO Majas Macca.
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TJTABA 1L

U3MEPEHHE 3JIEKTPUYECKHUX
XAPAKTEPUCTHK AHTEHH

11.1. U3amepenue puaepHbix aunuii

DupnepHble JHHHH KOPOTKOBOJHOBBIX aHTEHH OOLIMHO BLIMOJHSAIOTCA B BHAE
BO3NYIUHOH CHMMETDPHYHOH ABYXMPOBOAHOH HAM YeTHIPDEXNPOBOLHOH JHHHH. B TOM
H APYyroM ciydae npoBoJa KPemATCS Ha H30JiTOPAX, YCTAHOBJEHHEX Ha MeTalulHue-
CKHX, GETOMHHX WIH JepeBsHHBIX onopaX. [is onpelenenus AeeKTHHX H30JATOPOE
H OWHOOK MOHTa}Ka (KODOTKMX 3aMbIKaHHH, KacaHHH NpoBoAeB (HIepa OMOp HT.M)
uenecoofpasHo Mocjie OKOHYAHHS MOHTAXHHX paGoT W B Mpollecce 3KCMIyaTaluu
NPOHSBOJHTL H3MEPEHHE COTpPOTHBJEHHA H3oJuslHH, CrlelyeT y4d4THBATh, YTO COMpO-
THBJEHHA H30JIATOPOB B CyXYyI0 H CHIPYI0 NOTOAY pa3iH4YHB, OCOGEHHO B TeX CJy-
Yasx, KoTAa H30JATOPH 3arpssHenbl. Msonswumo aHTeHHOro nonoTHa HaH (uIepa
CIHTAIOT HOPMAaJIbHOH, €ClH CONPOTHB/IEHHE H30JSLHH, NEepPecYHTaHHOE HAa OJAHH H30-
JAATOp, cocTaBiigeT He MeHee 500 MOw.

Hsmepenne pacnpefeneHHs HalpsiKEHHA BAOAb (QHAEPa MPOMIBOAHTCH BHICOKO-
YACTOTHBHIM BOJBTMETDOM HJHM HDYrHM HHAMKAaTODOM HAaNPSMKeHHS TNpPH BKJIIOYEHHOM
renepatope. Koadduuuent nosesnoro ReficTBusi (ulepa HAXONAT 1O 3HAUEHHSM Ha-
NpsiXKeHHd B MHHMMYMax H MaKCHMyMax HampsiKeHHs B Hauajde M KoHue (uiepa,
HEMONB3YS QOpMYJy

Tiq):UMHH1UM3K01/UMHI12UMam?.:
rie Uwgyy H Unaxe 1 — HanpskeHHs B Kouue ¢maepa (BOiusu warpysku), a
Uwun 2 ¥ Uyaxe z — HanpsKenus B Havaje Gupepa B6iu3H redepatopa (puc. 11.1)

Jlna toro yro6bl He G0 morpeminocTel npu onpenenednn KILI, crenyer mpo-
BOJAMTL H3MEpPEHHA Ha OJHOPONHBIX YYacTKax ¢uAepa, rie HET HCTOYHHKOB OTpa-
KEHHHIX BOJIH.

Kostpduunent Geryuieii BONHE B (HAEDE ONPEAENAETCS KaK OTHOLIEHHE HANDH-
HeHHs B MHHMMYME K HaNpsDKeHHIO B MakcuMyMe (myusoctH). Ouo pasamudo B Ha-
gaJe W KoHUe (HIepa, 4To OoGBACHAETCH 3aTyXaHHEM BOJHH TPH pacnpocTpaHeHHH
BJIONL HETO.
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A JALS% A/2 Afy 4 Puc. 11.1. Hamepenne xoapduuuenra
o~ , 4 —IR”ZI no/ie3Hore AeHCTBHA M Ko3ahdHuueHTa
o £, 2 Geryuieit BOJHB B (QMAEPHOH JHHHHU:

_ ! — dunepnas JHHHA, 2 — HaMePHTens pac-
el B npeficIeHHN HANPHXKEHHA B JHHHH
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11.2. HamepeHue nuarpamMmbl Hanpab/eHHOCTH AHTEHHbI

Tlpu uaMepeHHH AHArpaMMHb HAlNpaBJEHHOCTH MOXHO JiGo Bpallarth aH-
TeHHY, TPHHAMAs CHTHAJL OT Hee Ha HenoABHMKHYIO BCIOMOTATENLHYIO aHTeHHy, JHGO
NpH HEMOABHMKHON aHTeHHe OGXOAHTb €e cO BCMoOMoraTelbHOH anteHHof. Ha -
HBIX, CPeJHHUX H KOPOTKHX BOJIHAX MPHMEHSIOT ABa MOCHeJHHX cnocoba H3MepeHHs
auarpamMbl. OGHYHO MPH H3MePeHHH AHArpaMMbl B FOPH30KTaJLHOA MJIOCKOCTH BCMO-
MOTaTeJbHYI0 AHTEHHY C NPHEMHHKOM M DerHCTPEDPYIOIIHM YCTPOHCTBOM YCT2HABJIH-
BalOT Ha aBTOMAallHHe H 00be3XkamT Mo KPyry ¢ HeHTPOM B MecTe PacmoJIOKeHHH
auteHHbl JJg H3MEPEHHs JAHarpaMMbl B BePTHKAJbHOH MJIOCKOCTH BCMOMOTATENbHYIO
AHTEHHY YCTAaHABIMBAIOT Ha caMoJeTe, BepToJjeTe WJH BO3AYINHOM Ilape-3oHIE.

Ha xOpoTKHX BOJHAX HHTEpeC MPeA@TaBJfET He TOJbKO JAHarpaMMa HampaBJedH-
HOCTH, HO H Ko3hdHUHeHT ycujeHHs aHTeHHb. Ero oGHuHO onpenesior, cpaBHHBAs
noJe, co3flaBaeMoe AHTEHHOM, paboTawluell B pexuMe mepenaud (mpHema), c moJeM,
Bo36yKnaeMbM (MPHHHMAeMBIM) AHTGHHOH, MMelolled H3BECTHBIE KOQQHUHEHT yCH-
JIEHHsl, HANPUMED CHMMETPHYHBIM I[IOJYBOJHOBBIM BHOPAaTOPOM, TNOJBEUIEHHBIM Ha
ToOli Ke BHICOTE, UTO H Hccaedyemas aHTerHa. Muoraa, naoGopor, Ha 06e 9TH aHTeH-
HH [PHHHMAOT MOAS AaJbHHX PajHOCTaHNM{ M MO HX OTHOILEHHIO ONpeledsIOT KO-
3thbHUIHEHT YCHJIEHHSA.

Ha merpoBrix H 6GoJiee KOPOTKHX BOJHAaX MCHLITyeMas aHTEHHa HMeeT He OYeHb
GosbliHe pasMepH H, €cJH OHAa He cHalXeHa TMOBOPOTHHM YCTPOHCTBOM, ee MOZKHO
noBopaynBath BpyuHyo. O6HWYHO BcHmoMoraTtenbHas AHTEHHA HE3aBHCHMO OT TOTO,
paboTaeT JM OHa B pexKHMe NpHEMa HJIH NepelayH, yCTaHOBJeHAa HemoJBHXHO H Ha-
npaBJeHa MaKCHMYMOM cBoefl AMarpaMMBl Ha HCOBHTYeMyio aHTeHHy. [Ipn Bpaiennu
HCNBITHIBAEMOH AHTEHHB PeTHCTPHPYIOTCA TNOKAa3aHHA NpPHeMHHKA B 3aBHCHMOCTH OT
yraa ee moeopoTa. MaMmepenusi no BO3MOMKHOCTH TPOH3BOAAT B YCJIOBHAX QTCYTCTBHS
oTpaxKeHHH 0T BHEIIHHX TnpeaMmeToB. [loTOMy, €C/H eCThb BO3MOXKHOCTb, CO3AAIOT
crieHaJbHbie MOJHTOHBl JJIl H3MEPeHHs OCTPOHAUDPABJIEHHBHIX AHTEHH, a IJIf MalHX
4HTEHH — [OMeLUeHHs!, oO0IIHThie MAaTepHAJIOM, JalollHM MaJible OTpa*KeHHs Ha MpH-
MeHsieMHX BOJIHAX, TaK HasbiBaeMHe 6e33X0Bble KaMephl.

Ilpu usMepeHHSX AMArpaMMbl HaNPaBJACHHOCTH ClefyeT YYHTHBATH NOJADPHIAUHIO
nona. Korna cuumaercs nuarpamMma no OCHOBHOH NONAPH33aIHH AHTEHHH!, BJAHAHUE
no6ouHol TONAPH3AUMKR MAaJ0 CKa3hBAeTcs Ha pesyabTatax Hamepennii. Ho npu u3-
MepeHHAX JQHarpaMMbl TMoGOYHON (napasuTHo#) nodapusanHH neoGxoiuMo ocoboe
BHHMaHHe ofpauaTh Ha OTCYTCTBHE NpeiMeTeB, OT KOTOPLIX MOMVIH OB OTpaXaThCs
C NOBOPOTOM DOJISIPH3AUHH BOJHB OCHOBHON MONSPH3AUHH, MMEMIIHEe 3HAUMTEILHO
GOJIbIYI0 aMIUIHTYNY, YeM BOJHH NOGOYHOH MOJAPHU3AIHH.

Paccrosinie MesJy HCIOLITYeMOA H BCTIOMOraTelbHOH aHTEHHAMM HONXKHO OHTH
LOCTaTOYHO GOJIbINEM, 4TOGH He GBWIO HCKaXKeHHIT NPH H3MepeHHH OHArpaMME, CBS-
3aHHBIX C OTKJOHeHHeM ()pPOHTA BOJHH OT IJOCKOTO Ha PacKpHBaxX ¢GEHX aHTEHH.
OO6biuHO pacCTOsiHHE 3TO JOJIKHO YAOBJETBOPSTH HEpaBeHCTBY

2(D1+Dy)?
% (D1+Dy) ,
A
rie Dy # D, — nomepeunbie pasMeph HCIHTLIBAEMON H M3MePHTEIBHON aHTEHH.
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B ocofmx cayuasx, Koraa TpeGyeTcss BHICOKasi TOUHOCTH Pe3yJbTATOB, lEJeco-
06pa3HO YBEJHYHTh pacCTOAHHE MeXJ1y aHTeHHaMH. B Tex e cayyasx, Korjia BH-
COKO# TOWHOCTH He Tpe6GyeTcs, pPacCTOSHHE MeKAYy aHTEHHAMH MOMeT GbIThb YMeHb-
IEHO BABOE.

Tlpu H3MepeHHH XapaKTePHCTHK HanpaBleHHOCTH GOMbUINX dHTEHH NELHMeTPOBHIX
H CAHTHMETPOBLIX BOJH BO3HHKAIOT TPYAHOCTH, OTpaHHYHBAIOLUIHE BO3MOKHOCTH MO-
JyYeuHs AOCTATOYHOH HHMODPMALMH O JeTaNdX AHarpaMMH HAaNpaBJeHHOCTH.

IMosToMy N5 M3MepeHHA XapaKTePHCTHK HANPAaBIEHHOCTH GOJbLIHX aHTEHH Aelu-
METPOBLIX H CAHTHMETPOBHIX BOJIH IMIHPOKO HCMOJIb3YIOT PAfAHOACTPOHOMHYECKHE Me-
TOAB H3MepeHHil, mojJ KOTOPHMH TOHAMAIOT MeTOAb, HCMOJL3YIOUIHe BHe3eMHHe He-
TOUHHKH panuoH3jyuenns (usanyuenne Connua, Jlysel, Kaccuonen-A, JleGens-A
u np). CyllecTBeHHCC NPeHMYLUIECTBO 3THX MeTOJ0B — BO3MOMKHOCTb NPOBOAHTL H3Me-
peHHs 10 H3JIYYEHHIO HCTOUHHKOB, BHAHMBIX MO GOJBIUHM YIJOM K FOPH3OHTY, H
TeM CaMBM H36eXKaThb OTPaXKeHHH OT NOBEPXHOCTH 3eMJHM H MECTHLIX MpeaMeTOB.
Bosee TOro, BHE3eMHBIE HCTOUHHKH DaJHOH3NYYEHHs PACMOJIOXeHbl B jAajipHell 30HE
mo6oft, ckoab yroauo GOJbIIOH AHTEHHH W HX MOXKHO HaGa0IaTh NOA pPasHHIMH
yrnamu.

HenocratkoM paZHOACTDOHOMHUECKHX METOROB CJeJyeT CUMTATH HaJHyHe (DOHO-
BOFO H3JTyueHHS, KOHEUHBIE YIVIOBble pa3Mepbl HCTOUHHKOB M3JIYUEHHS M MAJYI0 [JOT-
HOCTb MOTOKa MolisocTd. IlocnenHee NPHBOAHT K HEOGXOAHMOCTH HCIOJL30BAHHS BH-
COKOYYBCTBHTENbHHX NPHEMHHKOB.

11.3. Usmepenue ¢a3oBoii guarpaMmbl AHTEHHBI

[Ton ¢aszosoii AHarpaMMoB aHTeHHB MOHHAMAKT YIJOBYIO 3aBHCHMOCTb (a-
3H NOJ B MPOCTPaHCTBe (B NaHHHIA MOMEHT) NpH (HKCHPOBAHHOM pPACCTOAHHH OT
Hayana MOJSPHHX HJH chepHUeCKHX KoopAnHAT. EciH MOXHO HalTH Takoe NOJOXKe-
HHE Hauaja KOODAHHAT, NPH KoTopoM (aza noJ/idg B JajbHeil 30He He H3MeHAeTcs Ha
cdepe, UeHTP KOTOPOH pacnoJioXkeH B Hayaje KOOPAHHAT, TO aHTeHHa HMeeT (ha3o-
Bl HEHTP H OH pacmojio’ked B HeHTpe 3Tolt ciepnl. PasoBwIil LEHTP cyuiecTByeT,
HalpHMep; Yy CHMMETPHUYHHIX BUGPAaTOPOB, MaJHX DaMOYHHIX aHTeHH, CHMMETDPHUHBIX
IWENEeBHX AHTEHH W T. 0. AHTEHHH CO CTOMHBLIM AMIVIMTYAHO-()A30BLIM pacrpejese-
HHeM He HMeloT (a3oBoro HEHTPa, ¥ HX (a3oBasg AHarpaMMa oTJHuaercs oT cdepH-
yeckolt. 3nanne ¢asoBofi NHarpaMMH aHTeHHH TpeGyeTca NpH pa3paboTKe cHCTeM,
B KOTOPHIX ONpefle/ieHHe DacCTOAHHH H YIJIOBHX KOODPJHHAT OCHOBHIBaeTcs Ha H3Me-
PeHHH pasHocTH (a3 KoJseGaHHH, NMPHHMMAaeMbIX aHTEHHaMH, OGBLIYHO pa3HeCEHHBIMH
B IPOCTPaHCTBE.

HaMepenre ¢a3zoBofi auarpaMMbl NOJIKHO TPOM3BOAMTHCS HA NOJIHIOHAX, CBO-
60QHHX OT OTpaXKawIIHX NpPeAMeTOB M COOpYyXKeHHi. AHTeHHB (HCcleayemast o
BCMOMOTATeNlbHAR) JOJIKHE MOMEIAThCH HA BHINKAX, YTOOB OTPa{eHHsi OT 3eMJIH
He BJHAJIH Ha pe3y/ibTaThi HaMepeHHH. TIpu HceleloBaHHSX MajbX aHTeHH B .Jabo-
PaTOPHHX YCJNOBHSX :KelaTeJbHO, 9TOOH HM3MepeHHs TNPOBOAHJIHCL B 6e33XO0BOW
KaMepe.

Cxema uamepenuit §asoBoii Auarpammbl npuBenena Ha puc. 11.2. Hecaenyemas
aHTeHHA BpallaeTCs, a H3MEPHTeJBHAd HemoABHxkHa, Ha dasoMerp noxaiorca kose-
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Puc. 11.2. CxeMa H3MepHTeJbHOH ycC-
TAaHOBKH AAS M3MmepenHs ¢a3oBol aHa-
rpaMmbl aHTeHHHl B JalbHeH 30He H3-
JNYUeHHRA:

| — reHepatop BBICOKOYACTOTHBIX KOJeBaHuil;
2 — HanpaBleHHBI OTBeTBHTeNb; J — HCHbI
TyeMas AaHTeHHa; 4 — arreHwarop; 5 — ta
somerp; 6 —- BCMOMOrareJbHAs aHTeHHA, 7 —
BBICOKOYACTOTHBIH YCHAHTEND

6aHMA OT BCNOMOraTe/bHOH aHTEHHH, NDHHHMaioulell BOJHB, pPaclpoCTpaHsioUIHEeCs
OT MCOBITYeMOR aHTeHHbH H HecyliHe uHdopManuio o ee (a30BOH AHArpamme, a Tak-
JKe OMOopHble KoJgeGaHus, moldasaeMbie no Kabemio OT reHepatopa, MHTAlOLIero He-
nbiTyeMyw aHTeHHy. ©Pasa onopHoro KoseGaHHS He 3aBHCHT OT XapaKTEPHCTHK HCTBI-
TyeMoli aHTEHHB, a (ha3a KoJeOaHHIl OT BCMOMOTaTEJNbLHOH aHTEHHHl 3aBHCHT OT HHX
H H3MeHsieTCst [IPH MOBOPOTE MCiIbITYeMO#l aHTeHHBl (B TOM cAydae, €C/lM OCbh Bpa-
LIeHHS] He MPOXOAHT uepes ee (pAa30BEII LEHTP HIH Y aHTeHHB HeT (a3oBoro LeEeHTpa).

Hsmepenust pacupefiesienuss (a3el B GnHXKHeH 30He aHTEHHB APOH3BOASTCA MO
Tol e cxeMe, 3a HCKNHOUEHHEM TOro, YTO BMECTO BCITOMOTATENIbHOH aHTEHHB! HCMOJb-
3yeTcqd MHMHHATIOPHbIH 30H, BHOCSLIMH MHHHMAaJibHble HCKaXeHHd B aMIJIHTYLHO-
(hasoBoe pacnpefiesleHHe Ha pacKPHIBE AHTEHHHL.

11.4. U3mepeHue NOJNSIPH3ALHOHHONH XAPAKTEPHCTUKU AHTEHHBI

Juist H3amepeHHss NOJISIPH3AUHOHHHIX XapaKTePHCTHK OGRYHO HCHOJb3YIOT
JIHHEfHO TO/SPH30OBAHHYI0 BCTIOMOTATE/BHYIO aHTeHHY (CHMMETDHYHHA JHHeAHHH
BHODATOpP, OTKPLITHIN KOHEll BOJHOBOAA, Pymop), KOTOPYIO BpallaiT TakHM o6pasoM,
uyToGb BEKTOD ee NnoJspH3aluH Obl BCeria NepneHAHKYJApeH HaNpaBJEHHI0 PACHpo-
CTpaHeHHs BOJHH OT HCOHITYeMOH aHTEHHH ¢ Bpaulamoilefics monspusaumedl. B xax-
Iol opueHTaunn Bu6paTopa (HAM ApYyrofi JHHCHHO NOJNAPH30BAHHOW AHTEHHbI) Ha-
BoauMas B Hem DJIC OyjaeT NIponOpUHOHAJbLHA MaKCHMAJBHOH NPOEKUMH Ha BH6pa
TOp BpalLalOLLErocsi BEKTOPa 3IJMeKTpHueckoro nojs. [lo3Tomy camonmucell, mejKio-
JeHHBI K BHIXOLY BCMOMOraTesbHON aHTEHHB!, 3aMHINET HErOJISIPH3AllHOHHbI 3J/JIHIC,
NMOKa3aHHLIfi cOWHOH auHHet Ha puc. 11.3,a, a Tak Ha3BBAeMYIO MOJSPH3AUHOH-
HYI0 AHarpamMmy — IITPHXOBOH nunHWed. B ToM ciyyae, Korfla msmepsieMass aHTeHHa
H3JIy4aeT BOJIHY JHMHEHHON NOJAPH3aUHKH, MOAAPH3allHOHHAS AHArpaMMa BBIpOXKAaeT-
cs B BOCbMEpKY. Kak BHAHO H3 NpHBEJIEHHOrO pPHCYHKa, O H3MepeHHOH mosspusa-
ILHOHHOH JHarpaMMe MOXHO JIerKO MOCTPOHTH MoJApH3alHOHHHH 3naunc. Kosddu-
LUHEHT PaBHOMEDHOCTH, DaBHHIH OTHOIUGHMIO MAaJOl OCH MOJSAPH3AUHOHHOIQ 3JJIHICA
K GOJBIIOH ero OCH, MOKHO ONPeleNHTh K3 NOJAPH3AUHOHHOH AmarpaMMu. H3 Hee
MOKHO Takxe HaHTH HakJOH GOJbIIOA OCH [OJISPH3aLUHOHHOTO 3JIMICA NO OTHO-
LIEHHIO, HANPHMEp, Kk TJIOCKOCTH TOPU30HTA.

Oanako no noaspH3alHOHHOH AHATPaMMe HeJbSst ONPeNeNHTh HAMPaBJIEHHE Bpa-
LIeHHA BEKTOpa 3JEKTPHYECKOTO MOJs (B TOM caydae, ecli OHO He OYeBHIHO U3 KOH-
CTPYKUHA ¥ CXeMbLl H3MepseMoli auTeHHH). JIis TOro 4TOGH BHSICHHTH HANpaBleHHE
BDAllleHH:, CeAYET CPAaBHHTb TNpPHEM Ha JiBe HAEHTHYHEIE AHTEHHbl KPYroBOH HJIH
/THNTHYECKOH [OJNAPH3AUMH, ©JAHHCTBEHHOE OT/JHYHE KOTOPHX COCTOHT B TOM, HTO
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Puc. 11.3. HaMepenue moJspH3alHOHHEIX XapaKTeDHCTHK H3JY4YeHHS AHTEHHHI:

a4 — TMOAAPH3ANUOHHBIA SJJHNC M NOAAPH3AIHOHHAN JHAarpamma; 6 — cXxemMa YCTAHOBKH [AJA H3-
MepeHus NOJADH3ALHOHHOM AHArpaMMbl; | — NMOJAPH3ALMOHHBIA 3JuHnc; 2 — MOJAAPH3ANHOHHAS
AuarpaMma; 3 — aHTeHHa ¢ Bpamalomelics NoJApusanuedl (HclelTyeMas aHTeHHA); 4 — BBHICOKO-
YacTOTHHEI reHeparop; § — MeXaHHYeCKW BpalmaeMas BCIOMOrareNbHAa (W3MepHTeNbHAas) AaHTEH-
Ha JHHEeHHON MOASPH3ALMH, 6 — NMPHEMHHK BBICOKOYACTOTHHIX KomeGanHifi; 7 — HHAHKaTOD

HanpaB/eHHe BpalleHH: BEKTOPa TN0Jis, CO31aBaeMOro HMH B DeKHMe nepefauH, mpo-
THBONONOKHO, TaKHMH aHTeHHaMH MoryT ObiTh, HanpuMmep, CHHpajbHLE AHTEHHH ¢
OPOTHBONMONOMKHKEM Hanpar/JeHHeM HAaMOTKH BHTKOB CIHPAJH.

YnpolleHHas cXeMa H3MEpeHHA TOJAPH3ANHOHHBIX XapaKTepPHCTHK NPHBeleHa Ha
puc. 11.3,6.

[TonsipHzanioHHBIE H3MeDeHHA H3JYUeHHS KODOTKOBOJIHOBHIX H CPEIHEBOJHOBHIX
aHTEHH [eseco06pas3Ho MPOBOAHTL o6GJeToM. LA 3TOr0 NpH HCNOJb30BAHHH OYKCH-
PYEMOT0 CaMOJNETOM KOHTefiHepa ¢ anmapaTypoll MPHMEHSIOT BePTHKAJbHO, HAKJOH-
HO H TFOPH3OHTANbHO MOJIAPH30BAHHBE JHMOTH.

11.5. UccaenoBanuve aHTeHH HA MOJeasax

TpyauocTH, KOTOpHE BCTpeYalTCs TMPH H3MEPEHHAX 3JIEKTPHUECKHX Xapak-
TEPHCTHK AdHTEHH 6OJIbLUKX pasMmepoB, MOXKHO [peonoJeTb, €C/JH 3aMCHHTb HCCHeaye-
MYyI0 AHTEHHYIO CHCTEMY e¢ MOJeJblo, yMHbIﬂ@HHOﬁ B HECKOJIbKO pas, H IPOBOAHTHL
H3MepeHHA Ha [JHHe BOJIHbI, yMEHbLHEHHOfl BO CTOJIbKO e pas.

MonennpoBaBHe HaXOIHT TaK¥kKe CBOe TpPHMEHEHHe NPH MPOEKTHPOBAHHH AHTEHH,
KOrjla BO3HHKaeT HeoOXOLHMOCTh NpPOBEDHTbL pe3yJibTaThl paciyeTa HeNocpeiCTBEHHbIM
H3MepeHHeM. B paje cayyaes, eciiH pacyeThl OueHb CJOKHB, Kak, HanpHMep, HeHa-
NpaBJEHHHX aHTEHH Ha JeTaIIHEX 06bekTax (caMoJerax, pakerax, CHNYTHHKAX H
T. 0.), Koraa Bo3GyxjiaeTcs KOPIYC JeTaTelbHOTO ammapaTa M BCE €ro BHELIHHe
KOHCTPYKUHH, H3MepEeHH:A Ha MOJAeJNAX [03BOJAKT CPABHHTEJNbHO IPOCTO OIpeledHTh
aparpaMMmy HanpasaciHocTH, KHIL H noJspHsauiio GOPTOBOH aHTeHHHL

HSMepeHHH AHarpaMM HanpasJIeHHOCTH Ha MOJeJsfAX OCHOBAHB HA 3JIEKTPOAHMHA-
MHYECKOM HO.R.OGHH reoMeTpHYECKH NOAOGHHX CHCTEM. Ecau reoMeTpHYECKHE pasMeph
HaTypaJbHOH ZHTEHHH YMEHBLIUHTh B n pa3, TO AJA COOMIOAGHHS 3JeKTPOJHHAMHUE-
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cKoro mono6Hs AJHHA BOJIHBI JI0JKHA GHTh TaK)Ke yMeHbIeHa B A pa3, a MPOBOJN-
MOCTb BCeX TPOBOIHHKOB aHTEHHH AOJKHAa OHTH yBeJHuYeHa B fn pas.

JIlns TOUHOH HMHTAlHH H3OJHDPYIOUHX MaTepHalloB cjeflyeT B MOJeIH TNpHMe-
HATb NH3JEKTPHKH ¢ (oJee BEICOKOH MPOBOAHMOCTDLIO, OJHAKO €C/IH B OPHTHHAJe HC-
noJb3yl0TesA AHJIEKTPHKH BBLICOKOrO KadyecTBa, HMeNOIlHe MaJyl NPOBOAHMOCTE W
JAH3NeKTPHUECKHE TOTEPH, TO NMPH Nepexoje K MOIENH MOMKHO, HE BHOCA CYILeCTBeH-
HBX 0WHBOK B H3MEPEHHH, BHINOJHATL H30JAATOPL H3 Marepuala OpHIHHanAa.

BesegcTBie BBICOKOH TNPOBOAHMOCTH INIPHMEHSIEeMBIX B HAaTypasnbHHX aHTeHHaX
(opurHHanax) MeTajJoB, TAKHX Kak MelAb, cepedpo, J1aTyHb, aJIOMHHHH, OJIOBO,
cTalb ¥ IP., TOYHO YAOBJETBOPHTL TpeGOBaHHE MHOrOKPATHOTO YBEJHYEHHA NPOBO-
IMMOCTH METajlJIoB B MOJAEeNH MPAKTHUECKH HEBO3MOXHO. OIHAKO ecii B MOJeNH
NpPAMEHHTb TakoH MeTasJ, Kak, HanpHMep, Melb, TO owWHOGKa B pe3yabTaTaXx H3Me-
penHit 6yer MeHslle omNGOK H3MepHTEJNbHOH anmapaTypsl.

K namepennio Bxonueix comporusiennst 1 KITJI na mofiensix cneflyer mojiXoluTh
0CTOPOMHO, MOCKOJLKY MOJAEJHPOBAaTh NMOTEPH 3HAUHTENLHO TPYAHee, 4eM pacmpeje-
JATb TOKH H 3apaabl. [IosToMy IpH OleHKe aKTHBHBIX COCTABJSIOLIHX BXOAHHX CO-
TMPOTHBAEHR} N0 pe3yabTaTaM H3MEePeHHH Ha MOAeJNAX BO3MOXHH 3HAUHTE/bHHE
OIWHOKH. YTOGB MX YMEHBUIHTb, cjeayeT cTporo colJefaTh YCJ0BHA NOA006HA DO
TPOBOAHMOCTH METAJNJIOB H TNMOTeph B AHIJEKTPHKAX BO BCEX TEMEHTAX MOIENH.

11.6. U3meperiHe XapaKTePHUCTHK aHTeHH B OinxKHeill 30He

[Mpa H3MepeHHAX TapaMeTPOB AHTEHH B JafbHell 30He, KaK OTMeYaloch,
HEOOGXO0AHMO HCOBLITYEMYI0 aHTEHHY H BCIOMOraTeNbHBIH HCTOYHHK 3JIeKTPOMATHHTHHIX
BOJIH pPa3HECTH Ha Takoe PacCTOSHHEe, Ha KOTOPOM (ha30BHIH (POHT BOJHEI, Majaw-
mwefi OT HCTOYHHKA HA AHTEHHY, MOXHO OblIO 6Bl CYHTATh IIOCKHM Ha e pacKpeiBe
Jlins cOBpEMEHHBIX OCTPOHANPaBJEHHHIX aHTEHH 3TO DPAcCTOSTHHE MOXXET COCTaBJAATh
TBICSYM, 4 MHOTAA JECATKH THICAY MeTpoB. [IpH 3TOM He HCKMOYAKTCH OIMOKH, CBA-
3aHHHE C OTpa)KeHHeM OT MOBEPXHOCTH 3eMJH MECTHHIX H YIANeHHBIX OTpParKaloliuX
npeameroB, Jlasi cospaHdsi KOMNAKTHBIX HCNBITATE/IBHHEIX MOJHIOHOB H HCKJIKUEHHS
OTpaXeHH#i OT 3eMJH BCe vualle NPHMEHSIOT H3MePeHHS XapaKTEPHCTHK aHTeHH B
6MmiKHeHd 30He HX H3JydeHHs. Cpend MeTONOB HU3MePeHHs XapaKTepHCTHK aHTeHH B
6/MKHel 30He cJeflyeT BBIIEJIHTh YeThIDe OCHOBHBIX: KONJIHMATOPHBIf, rosorpacduys-
CKHH, KOMMYTAUHOHHHHN H Nepe@oKyCcHPOBKH.

Koanumaropunifi meron uamepennfi. OH OCHOBaH Ha CO3JaHHH 110JIA BCTOMOTA-
TeJNILHOTO HCTOUYHMKA 3JeKTPOMArHHTHBIX BOJIH, 6JU3KOTO K MO0 IJIOCKON BOJIHHL, C
NOMOLIBI0 6JIH3KO PACTIONOKEHHOH OT HCMHTYEMOH AHTEHHE! BCNOMOTATENLHON aHTCH-
HbI-KO/IJIHMATOpa, pa3Mephl KOTOPOH MNpPEeBHINAIOT Pa3Mepbl HCMBITYEMOH AHTEHHbI.
B kauecTBe koJATHMATOPa, KaKk NPABHIO, MCMOJB3YIOT 3€PKAJbHLIE  AHTEHHH,
XOTH MOTYT OHThL HCMNOMbL30BAHBI M JAPYTHe THMBl AHTEHH: JIHH30BHE, PYNOpHbLIE, aH-
TeHHHe pemerkH H Ap. OGHLYHO pa3Mmepsl Koanumaropa B 3—4 pasa MpeBbIAIOT
pasMephbl HCOBLITYEMOft aHTEHHBI, YTO O6YC/IOBJIEHO TPeGOBAHHAMH K MJOCKOCTHOCTH H
OJIHOPOJIHOCTH MOJIA KOJJMMAaTopa B MpeAejaXx pPacKphiBa HCOLITYeMO[ aHTeHHHL.

HuarpaMma HanpaBJIeHHOCTH aHTCHH OGHIMHO HM3MEPSETCS] B NPOUCCCC MCXaiHue-
CKOro BpallleHHsi AHTEHHH B MOJE KOJJIHMATOpa, aHaJIOTHYHO TOMY, KaK 3TO Jenaercs
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Puc. 11.4. KoamMaTopHEI MeTOJ H3MepPeHHIL:

a — CTPYKTYPHas CXeMa KOJJAHMATODPHOH H3MepHTEJbHOH YCTAHOBKH; 6 — BOJHBI, DPAcmpocTpa-
HAWIHeCH OT KOJJHMartopa: [ — BeICOKOYACTOTHBIH TeHeparop; 2 — obnyuaTens KOMuMaTepa;
3 —aepkano (oTpakareib) Kojanumartopa; 4 — HCNbITyeMast aHTEHHA; § — MPHEMHUK; 6 — peru-
cTpupywutee YCTpolicTBO; 7 — MOBOPOTHOE YCTPOHCTBO: 8 — MJIOCKHA (POHT BOJMHBI OT KOAMTHMA-
TOpa; 9 — UHAHHADHYECKHE BOJHbI OT KPOMOK 3epKaXa KoJdaMMaTopa

NpH H3MEepeHHsX NHArPaMMbl B NafbHeH 30He. PaccToAHWe MeXIy 3€pKaJoM KOJUIH-
MaTopa M aHTeHHOH BHOHpaeTcsl Tak, yToObl aHTeHHA HaXoluJach 3a (POKaJbHOM
NJOCKOCTBIO KO/UIAMAaTOPa M He 3aTeHAJa 3epkajlo oT ero obJayuarenss. B kauectBe
KOJUIIMATCPA NPHMEHSIOT HeCHMMETPHYHYIO BHPe3Ky H3 3epkalibHoro mnapafolionna
BpamieHus c¢ obaydaTeneM, PACMONOXKEHHBIM TaK, 4ToObLl OH He 3aTeHAJ 3epKalo KoJ-
aumaropa (puc. 11.4,a).

lMone kKeaaumaropa npeicraBaserT coboH cyMMy MNJOCKoff BOJIHH, pacmpocTpa-
HALIEHCA OT OTpa)karessd, M HEMJIOCKHX BOJH (B JBYMEDHOM CJy4ae — [HIHHADHYE-
CKHX), CO31aBaeMbIX KDOMKaMH oTpaxarens kojanmartopa (puc. 11.4,6). Boauw,
pacmpoCTpaHAKIIHecss OT KPOMOK KOJIJIHMAaTopa, HapyllalT NJIOCKOCTHOCTE (ha3oBo-
ro (poHTa H OIHOPOMHOCTh BOJHHL, OTPAaXKEHHOH OT 3epKala KOJJIHMAaTopa, yTo
TPHBOAHT K TOTPELIHOCTAM H3MEPeHHH XapakTepHCTHK HcnbiTyeMoll aHTeHHB. [TosTo-
My XeJlaTeJLHO NPHMEHATb O6JyvyaTesd KOJJIMMATOPOB CO CPaBHHTENbHO Y3KOH IH-
arpammMoif HampaBJeHHOCTH, Tak 4YToObl YpPOBEHb IOJS, NMalaloLiero Ha KPOMKY
3epkana KoIEMartopa, 6bit MHHEMadbHbIM. TlpH 3TOM yBelH4HBaeTcs HepaBHOMep-
HocTh 06Jy4YeHHS 3epKala KOJIHMATopa H, C/1eJoBaTeJbHO, HepaBHOMEPHOCTh MOJ,
1aAa0lleT0 Ha MCMLITYEMYIO aHTEHHY.

Kosa¢puuHeHT ycH/IeHHA HCNHTYEMONl aHTEHHbHl MOMKHO H3MEpPHTb, CpaBHUBas
VPOBHH CHTHAJIOB OT HCMHITYeMOH anTeHHHl (B HanmpaBJeHWH ee MaKCHMAlbHOTO NpH-
eMa) H 3TaJOHHOK (C W3BeCTHHM K03QDHUHEHTOM YCHJIEHHS), HAXOAfle#dcs B MoJe
TOTO Ke KOJJIHMAaTopa.

JIoCTOHHCTBOM KOJJIMMATOPHOTO METoJa SBJMETCS MPOCTOTA €ro pealiH3alHH no
CpaBHEHHIO C APYTHMH MeTOJAaMH H3MepeHHH B GauiKuelt 30He.

Fonorpadnuecknii Meton uamepeHHH. 3Has aMIJHTYAHO-(a3oBoe pacnpefeneHqe
110 PACKPHLIBY HCNBITYeMOii aHTEHHH, MOAHO PacCUMTaTh €e XapaKTepPHCTHKH B JHoGOH
TouKe MpocTpaHcTBa. HenocpencTBeHHoe H3MepeHHe aMIIHTYAHO-(a30BOrO pacrpe-
NlejleHHsl TOJIS aHTeHHBl npedctaBiseT coboil AOBOMLHO CJIOXKHYI 3ajauvy, TaK Kak,
BO-NIepPBHIX, BHECeHHe H3MepHTEJbHOTQ 30HJA B DPAcKPhB aHTEHHB NPHBOMHT K CHAb-

146



HOMY B3aWMHOMY BJIHSIHHIO MeXNIY 30HAOM H aHTEeHHO, YTO, B CBOIW Ouepellb, BeleT
K HCKAXKEHHIO TMOJs aHTEHHBl H, ClefoBaTeJbHO, K MOTPELIHOCTAM H3MepeHH, BO-BTO-
PHIX, BO3HHKAKT ¥ YHCTO TEXHHYECKHE CJIOMHOCTH TaKHX H3MEPEeHHH, MpensTcTByOILHe
H3MepeHusaM ADP HenocpeACTBEHHO B PacKphiBe HCMBITYeMOH aHTEHHLL.

3arpynHeHHs BO3HHKAIOT, HalmpuMep, B Tex CJAyYasX, KOTAA AaHTCHHA 34KPHITa
obrekaresiem U HeoOXOAHMO H3MEDHTh ee XapaKTePHCTHKH, HE CHHMas ero.

3Han pacnpejc/eHHe aMMIHTYAb # Ga3bl NoJs Ha A060H 3aMKHYTOH [OBEDPXHO-
CTH, OKPY)Kaiouied aHTeHHY, MOMKHO OMpefe/uTh MoJe 3TOH aHTeHHH B JI060H Touke
BHemHero npoctpalctia. IlosTomy, u3amepsas moJe Ha HEKOTOPOH MOBEPXHOCTH, HAXD-
Asileficss BOAH3M OT HCMBITYeMOH AaHTEHHB, MOXKHO ONpeAe/IHThL ee XapaKTePHCTHKH
N0 H3MEpPEeHHLIM JaHHBIM.

BoaMoskHa 3amHch pacnpefieseHnsi GJIHXHEro MoJf Ha ONTHYECKOM TpaHCHapaH-
Te ¢ MOCJeYIOLIHM BOCCTAaHOBJEHHEM H3o0pakenus MNOJA B JaljbHell 30He ¢ IO-
MoIblo MpeofpasoBaiis GJAHMKHEro nons B oNTHYecKoid cxeMe. OIHAKO H3-3a CJOMK-
HOCTH CO3JaHHs GOJLIIHX ONTHYECKHX TPAHCNAPAHTOB H B CBA3H C Pa3BHTHEM BhIUMC-
JiuTeJIbHOH TeXHHKH HauboJibliee paclpocrpaHeHHe NpHobpen aMmixHtba3oMeTpHUECKHI
MeTO/, KOTOPHIH peajudyeTcsi M3MepeHHeM aMILINTYAH H (asbl OJHKHET0 HOJS aH-
TeHHBl B TOYKaX, JeEXallluX Ha HEKOTOPOi MOBEPXHOCTH, HA3HIBAeMOH MOBEPXHOCTLIO
ckaHupoBaHus. CKaHHDOBaHHE H3MEPHTEJbHOrO 30HAA OCYLICCTBIACTCH MeXaHHYECKH,
3oHa HMeeT Mallkle pa3Mepbl H TpejAcTaBaseT co(ofi craboHanpaBJIeHHYIO AHTEHHY,
Kak npaBuio, Ha NMpakTHKe HCIOJB3YIOTCH TOJNbKO TPH BHIAA NOBepXHOCTell CKaHHpO-
BAaHHA: CtepruecKas, UHAMHAPHUECKAsA M M[JocKasg. JTo 06YCAOBIEHO TPOCTOTOH KH-
HEMAaTHYECKHX cXeM 00pa30BaHHA TNOBEPXHOCTH CKAaHHPOBAHHA H CPaBHUTE/bHOM Jier-
KOCTbI0O 06paBoTKH [AaHHEIX H3MepeHHI.

TMpu cepuyeckoli MOBepXHOCTH CKaHHPOBAHHA, HCOOJB3YeMOH, Kak MpaBHIIO,
au6o AnA H3MepeHHs ciaaboHanpaBleHHBIX aHTeHH, JTHOO NJsi onpefeleHHs Xapakre-
PHCTHK AHTEHH B LIHPOKOM TIPOCTPAaHCTBEHHOM CEKTOpe YIJIOB, 30HL OCTaeTcsl He-
NOABHIKHHIM, a aHTeHHa BpalllaeTcsi BOKPYT CBOEro IEHTPa B NPOCTPAHCTEE.

[lpu uAIHHAPHYECKOH MOBEPXHOCTH CKAHHPOBAHHA, HCHMOJbL3YEMOH AJs H3MepeHHS
caaBoHanpaB/leHHLIX aHTEHH B OAHON MJIocKocTH Jau60 ANA OmpeleNeHHs NHAaTpaMMbl
HampaBJeHHOCTH B LIHPOKOM CEKTOpe YrJoB B OAHOH MJIOCKOCTH, MOBEPXHOCTb CKAHH-
poBaHHA OCHMYHO o6pasyeTcs NePHOAHYECKHM MepeMelleHHeM 30HIa BAOJb OTPe3Ka
oAHOH mpsMofl, sBAsOMeiics ofpasyiollelft UWIHHAPA, TMPH Pas3NHYHBIX VIJOBHIX MO-
JMOMKEHHAX AHTEHHHI.

ITpa nnaHapHEIX H3MepeHHstX, T. €. NPH IJIOCKOH MOBEPXHOCTH CKAHHPOBAHHA,
30H] nepemeinaercs BOJH3H HEMOJABHMKHO aHTeHHH MO ABYM KOOpAHHaTaM, obpasys
au6O0 MPAMOYTOAbHYIO, JHGO PalHANBHYIO CETKY OTCUETOB MOJIA.

Iast ocTpoHaNmpaB/IeHHBIX aHTEHH Heo6XOAMMO 3HATH AHATPAMMY B CpPAaBHHTEJLHO
V3KOM TpPOCTPAaHCTBEHHOM CEKTOPE YTJIOB, MPHJIeKALIHX K HANPABIACHHIO €€ MaKCH-
MaJbHOrO H3JAyuYeHHS HJM npHeMa. B aToMm cayuae HauboJee LesecooGpasHbiM Apej-
CT@BJIAETCSA TPHMEHEHHE MIOCKOH TMOBEPXHOCTH CKAHHPOBAHWUS, NMPEHMYLEECTBOM KOTO-
poil ABJIAETCA TPOCTOTA KHHEMATHYECKHX CXeM mnepeMellleHHs 3oHAa. [IpHHLHITHAAL-
HHIX Pas/Muuit B MeTONNKe [AJA Pa3JHYHBEX (hOPM MOBEPXHOCTeH CKAHHUPOBAHHS HOT,
H TNO3TOMY AJs NPOCTOTH PAcCy:AeHHR pacCMOTPHM JIHIIp TJAOCKYI) NOBEPXHOCTL
CKaHHPOBAaHHA,
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z Puc. 11.5. Onpenenenne NOBEPXHOCTH
S CKaHHPOBAHHA:
R - I — uenpiTyeMas anTeHHa, 2 — NOBEPXHOCTh
| Z CKAHHPOBAaHHSA
Js 8 IH
0 1 z
L

PasMepbl 11I0BEPXHOCTH CK4HHDOBAHHS BHIGHPAIOTCA € YYETOM OCYLIeCTB/EHHA
nepexBaTa 3JEKTPOMATHHTHBIX KoJjeOaHHH. pacnpocTpaHAIOIHXCA OT aHTEHHBl B yr-
JIOBOM CeKTOpe, B KOTOPOM HeoOXOAMMO ONpeNennTb ee auarpammy. Eciau 3toT cek-
TOpP COCTAB/IAET BeJHYHHY -0, OT HOPMaMM K PacKpbiBY AHTEHHH, TO H3 TeoMeTpH-
yeckux cooGpa)enufii pasmep S MOBepXHOCTH cKanuposaHms (puc. 11.5) Gymer npu-
Mepuo S=~L-+2H tg0;, rue L - pasmep ucnutyeMoli aHTeHHH; H — paccrosiue ot
AHTEHHBl [0 NOBEPXHOCTH CKAaHHPOBAHHS.

Ilna yBenHYeHHS] TOUHOCTH OMpeNe/NeHHs NHArpaMMbl aHTEHHBl Da3Mephl MOBEpPX-
HOCTH CKAHHPOBAHHS BHIGHpAIOT HECKOJbKO OOJbIUHMH, YeM BbIYHCJIEHHEE 1O NpHBe-
neunolt dopmyne. TlpocTpancTBeHHblt mar Ax u3MepeHHs (cM. puc. 114,4), T. e
paccTosiHHe MeXAy ABYMs COCeJAHHMH TOYKaMH IOBEDXHOCTH CKaHHPOBAaHHH, B KOTO-
PHIX (POHCXOAHT H3MEpeHHe aMTAHTYAB H (Qa3sl O/HXKHEro noss, BEGHDAIOT HCXOAs
u3 TpebyeMoH TOYHOCTH ONpejle/ieHHs NHarpaMMEl aHTEHHBH B CEKTOPEe YIJIOB, H OGbIY-
HO OH paBeH OT TOJOBHHBI JJHHH BOJHH A0 AJIHHB BOJHH. CleiyeT OTMETHTb, 4TO
yeM IIHpe CEKTOP YIJIOB, B KOTOPOM HEeOGXOAHMO ONpejesuTb AHATPaMMY, TeM MeHb-
e JAoJKeH OBITh LIAT 30HAHPOBAHHA NpPH 3aJaHHOH TOYHOCTH ONpejle/ieHHS 3Haue-
nuil aHarpamumbl. [lar”souaupoBanus Ax<A/2 mo3BOJSIET MOJHOCTBI0 HCKJIOUHTH TO-
TPEUIHOCTh ONpele/eHns AHArpaMMbl, OO0YCJOBJEHHYI0 TPOCTPAHCTBEHHON RHCKDETHO-
ctblo H3Mmepennfl. Omnako BuiGop Inara 30HAHPOBAHHA clelyeT NPOH3BORHTL HCXOAS
H3 MpPOTHBOPEUHBBLIX TpeGoBaHHN K TOUHOCTH OMNpejeseHHs AHArpaMMb H MHHHMH3a-
uuH yucra usMepenui. [TocleiHee ompenenser BpeMs H3MeDeHHH H 06palOTKM HH-
¢opmaunn, obvem namarH IBM, HeoOXOAHMBIH A/ XpPaHeHHS MAHHBIX H3MepeHHH
67THIKHEro noJis.

Paccrosune H (cM. prc. 11.5) MexAy HCOBITYeMOH AHTEHHO! H MOBEPXHOCTLIO
CKaHHPOBAHHA :KeNnaTeJNbHO BHOHPATH MHHHMAJbHHM, TaK KaK TPH 3TOM yMeHblla-
WTCA NpoJcJbHBe (BAOJB OCH 0Z) H HONepeuHble Pa3MePH H3MepPHTeNbHOH yCTaHOB-
KH, a Taxxe BpeMs # uuca0 uiMmepenHit. Oanako 3To paccrosune H orpannuuBaercs
TeM, 4TO NPH MaJHX €i0 3iHaueHHAX 30HX BHOCHT HCKaMeHHs B TOJe HCIbITyeMof
AHTEHHBI, YTO IPHBOIHT K JOTOJHHTEJNLHHM IOFpemHocTaM uaMepennii. OGHuHO 3T0
pacCTOSiHHE MPH NNAHAPHBIX H3MepeHHsiX OHBAeT OT HECKOJbKHX €IHHHI A0 HECKOJb-
KHX JecfiTKOB JIJHH BOJH. ‘

Hamepus aMninTyay v ¢asy nojs Ha IJIOCKOH MOBEPXHOCTH CKanHpPOBaHHA,
MOXHO pA4cCYHTaTb AHAarpamMMy HaMpaBJeHHOCTH TAaKHM e 06pa3oM, Kak pacCyH-
THBaeTCAd MHOMKHTENb AHTCHHOH PEMeTKH H3 2JeMEHTOB, PACMNOJIOMKEHHBHX B TOUKaX
M3MepeHHii H HMMEIOLHX aMIVIMTYAH H (a3w, paBHWe aMILIHTYZaM H dasam 6auk-
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wero moag. Jlam yckopennst pacuera Ha OBM memosnb3yloT adropHTMbi Tak HasbiBae-
moro 6ucrporo npeoGpazopanns @ypre, mosBosfioll(He CHJIBHO COKPAaTHTh BpeMsd
pacueta AHAarpaMMbl aHTeHHel. Ha To4HOCTb onpejesieHHs JHAaTPAMMbBI OKa3biBAIOT
BJHAHHE TOrPElIHOCTH H3MEpHTEJbHON annapaTyphl, OWHOKKH BhBeleHHs 30H1a B 3a-
IZAHHYI0 TOUKY, OTPaXXEHHF OT CTen Ge3ld’XOBOH Kamephl, B KOTOPOH JOJIKHBI NPOH3-
BOAHTBCS HM3MEDEHHSA, OTPAXKEHHS OT NIEMEHTOB KOHCTDYKLHH YCTaHOBKH H T. .

Jng mnojaBjenHs OTPaxeHHH NPHMEHSIOT OCTPOHANpaBJieHHbie 30HAB, OJHAKO
NpH 3TOM yMeHbIaeTcsi o6JnacTb yrjoB, B KOTOPOii BO3MOKHO TOYHOE olpefeeHHe
AHArpaMMBbl, TaK KaK 30HJA Hrpaer poJb NpocTpaHcTBeHHOre ¢uabTpa. Iaa Toit xe
eJ¥ TPOBOAAT H3MEDEHHS MOJISI HAa HECKOJbKHX MOBEDXHOCTAX CKAHHPOBaHHs, pac-
NOJNOKEHHBIX Ha PA3JHYHBIX PACCTOSHHSX OT aHTeHHH. [Ipu cooTBeTcTByWOuled 00-
paboTKe AAaHHBIX MOMKHO YMEHBIUHTb [OfpelIHOCTH, BHGCHMble OTPaKeHHBLIMH MOJIAMH.

KosdpduuneHt ycHneHWs aHTeHHH NPH aMIJH(A30METPHYECKOM METOfe MOXKHO
ONpeeHTh, CPABHHBAS pACYETHHIE YDOBHH AHArpaMM HampaBJleHHOCTH 3TaJOHHOH H
HCIHITHIBZEMOH AHTEHH B HANpaBJeHHSIX HX MaKCHMaJbHOro Hajaydeuus. Ins sroro
cleayeT MPOH3BECTH H3MepeHHs GJIHMKHEro foJisl OKOJO 3TaJIOHHOK aHTeHHH,

AmMnandazomeTpHueckuii MeToA. JTOT MeTOR CJOXKHee B peanH3aluH, 4eM KoJa-
JHMATOPHHH: ©OH TpebyeT Halu4yWsd MNOABHXKHOLC 30HAA, H3MEDHTENs aMMJIHTYA H
(a3, npumenenis 3BM nns xpaneuiss u o6paGotku uHboManud. Ero mpenmyuiecrea
COCTOSIT B BO3MOXKHOCTH JOCTaTOYHO OBICTPOro onpejeleHnss oGbeMHOH JHarpamMbl
HanpaBJeHHOCTH, BLIABJeHHH AedeKTOB pacnpelelleHHs aMIUIHTYL 4 (a3 B pPackphl-
Bé aHTeHHHl, COOTBETCTBHH AMIJIMTYAHO-(a30BOr0 pachipefeseHHs pacyeTHOMY H T. 1.

Kommyraunouubiii meros W3MepeHHH. DTOT METON MPHMEHIM TONLKO LJIA YynpaB-
JfeMbIX AHTEHHBIX PellleTOK H HCNOJb3yeTcst AJF H3MepeHHst XapaKTepuCTHK (asH-
pOBaHHBIX aHTEHHLIX pemeTok. CyTh MeTOAa COCTOHT B TOM, 4YTO, H3MeHAs ¢a3oBole
COCTOSTHHSI 3JMeMeHTOB (asHPOBaHHOK pelIeTKH BO BpeMeHH (MOAYJMHPYA HX) [0
KaKoMmy-N1HOO alTOPHTMy H DEruCTPHPysl BBIXOAHOH CHrHan ¢ (asHpOBAHHOR aHTeH-
HOH pemeTkH, obiiyyaeMofi HemoJABHIKHOH aHTeHHON, HaxonsuweHca B OanXKHell 3oHe
PeleTKH, a 3aTeM paccyuTaTh €e JHArpaMMy HAanpaBJeHHOCTH H JPYTHE Xapakre-
PHCTHKH.

IlpenMyIiecTBO KOMMYTallHOHHOTO MeTOla — OTCYTCTBHE MeXaHHYECKH TepeMe-
maioilerocs 3ouaa. ONHaKO 3TOT METOJ He [aeT BO3MOMKHOCTH H3MepHTb peassHoe
aMMJHTYAHO-(a30Boe pacnpejiesienHe H3-3a owWHOOK, BO3HHKAOMIHX B (azoBpalla-
TeJAAX H CHCTeMe YNpaBJeHHS Jy4oM IPH MOAyAsAUHH (a3l

Merton nepedokycuposku (mau dokycuposku). OH 3ak/OyaeTcss B TOM, 4TO aM-
JIHTYLHO-(a30BOE pACHpeAcJeHHe TOJS aHTEHHH NepecTpauBaeTcd Tak, YTOOH pac-
npefeneHde ee moJg MO KakoH-nHG0 noBepXHOCTH BOAH3H aHTeHHb 6blIO 6B MOJOG-
HO pacnpefe/ieHHI0 MoJiS HemepecTPOCHHOR aHTeHHB B JajibHell 30He.

Ilo anTeHHe crapaloTcsi CO34aTh AMILIATYAHO-(a30BOe pacApefesieHHe, KOMIleH-
CHpyIOIllee HeJHHeHHOCTh () a30BOro H HepaBHOMEPHOCTh aMIJIMTYIHOrO pachpefele-
HHil mons oT cnaboHanpaBleHHOro o6ayuartess, HaXoAsllerocs B GJHXKHeil 30He Tak,
4TO6B! MOJYYHTh DEAKIHIO HA BHIXOLE H3MEPHTEJbHOH aHTEHHBI TAKYH K€, KaKk [pH
MajieHHH Ha Hee TJIOCKOro ()pOHTa BOJIHHL.

Metoa nepedOKyCHPOBKH NPHMeHAeTCs AJs HauGojee JerKO MepecTPaHBaeMBbiX
aHTeHH — 3epKaJibHEIX H aHTeHHHX pelleToK. B mepBom ciyuae nepecTpoiika TpPOH3-
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BONHTCA BbIHOCOM O6JyuaTensa M3 (oOKyca, a BO BTOPOM — ynpaBJieHHeM ¢a3oi H
aMAMHTYAOH (eCTH eCTh TaKag BOSMOJKHOCTb) H3JY9YaloUIHX S/eMEHTOB.

Crenyer OTMETHTb, YTO Jaxe [PH BO3MOMHOCTH cO3faHus Jio60TO TpeGyeMoro
aMIJIMTY AHO-(ha30BOro paciipefe/ieHHs [0 PacKPBIBY aHTEHHBl HeNb3f HOJYYHTh pac-
fnpeaesente nonst B 6JHMHEH 30He, TOXAECTBEHHOE NMOJKO B AajbHell 30He, 4To, ecTe-
CTBEHHO, YBeJHUHBAeT IOTPellHOCTh 3TOr0 MeToja. Takoe pacnpelelieHHe MOXHO
MOAYUHTb MAJsI HM3MEpeHHs IHMArPAMMBl HANpPABJEHHOCTH B OJHOM (DPHKCHPOBAHHOM
HANpABJeHHH, HO TOrJa H3MepeHHe Bcell yrioBofi AHarpamMMbl HampaBJeHHOCTH
yenoxKuseTcsl, TAK KAaK aHTeHHy NPHIETCH NepeHAacTPaHBaTh MJs KaXKJoro H3aMepsie-
MO0 HampaBJeHs.

Hanbosree cuibHO OrpaHHYWBAeT MpPHMeHeHHe MeToJa NepedOKYCHPOBKH HEBO3-
MOMKHOCTh MPOH3BOJIbHOK mNepecTpPOiiKH aHTeHH. B 3eprasibHBIX aHTeHHAX 3TO Orpa-
HHYHBAGTCS JIHIUL TeOMETPHYECKHM CMelleHHeM o6Jy4aTels, a B AHTEHHHX pelleT-
Kax — B3AHMHO{ CBA3bI0 H3JYYalOHX 3MeMeHTOoB. KpoMe Toro, Jio6as peryrupoBka
aMIJHTYAHO-(A30BOTO paclpefieleHHs] TPHBOJAHT K NepepacnpefeseHHI0 clydalHbIX
OWHGOK, uTO BeleT K PA3MHUAI0 MEXIy HIMepAeMofi H HCTHHHON AHATPAMMAMH Ha-
NpaBJeHHOCTH.

IMPUJTOXEHHE 1.

CMPABOYHBIE JAHHBIE
Mo PANHOYACTOTHBIM JIHHHAM NEPEJAYH

BonHORoe compoTHRJeHHe BO3AYIIHOH ABYXNPOBOAHON JHHHE (cM. puc. 2.3)
npHu ycaosHi D>»d onpepensiercd BbIpaiKeHHEM

- 2D

Zy=276lg | — |.
d

BosnoBoe conmpoTHB/eHHe KOHLEHTpPHUeckoro ¢uaepa (cM. puc. 2.4,a).

138 D
ZO= lg_

£ d’ ;

rie &— KO3(Q(UUHEHT yMeHbUIEHHs AJHHB BOJHH NMpPH CIJIOMHOA JH3JNEKTPHYECKOH

H30JIAINH BHYTPEHHEro mpocTpaHcTBa diaepa: g=7Ve, (& — OTHOCHTE/bHAS JHAJCK-
TPHYECKAd MPOHHLAEMOCTL AHITEKTPHKA).

BonHoBoe compoTHBJenHe JBYXMPOBOJAHOTO 3KpaHHpoBaHHoro ¢uaepa (oM.
pHc. 2.4,0)

276 2a D?—q?
Zy= gl ]

£ d D?+a?

Kosdduuuent 3aryxaHus ABYXMPOBOAHOH BO3AYLIHOH JIHHHM, €CJIH YYHTHIBATDL
TOJIBKO MOTePH B AKTHBHOM COMNPOTHBJEHHH ABYX [POBOAOB JIHHHH, MOMHO paccyH-
TaTb no ¢opMyaam

a=R,/2Zy;
Ry=(1,1-104,r)V /ol ,
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TaGaula [T.1.1

| -
5 56 | EwZ anue, nB/M, ans =
merosnal 25 | 2§ | 82 | E22|  aemawe o | £5
Mapka Kabeas | ByTpenne- | § &3 z aE e 5 _;; @ od
ro mpono- | 83| 25| B2 | 3E22fT T £
na, MM ;.gz B ESs| QuE 10 10 1000 | 10000 S €
MEA| TRE| MO | &4 Sz
PK50-9-12 7x0,9 9 12,2 50 1,5 {0,01]0,06{0,3 L1 5}
PK75-4-15 1x0,72 | 4,6 7,3 75 1.5 10.02{0,08|0,4 2 2,5
PK75-9-12 1x1,35 | 9 12,2 75 1,5 10,01(0,06(0,3 1,0 B
pPK75-7-16 7x0,4 7,3 | 10,3 75 1,5 {0,010,07]0,4 1,2 3
pJ200-7-12 | Osampo-| 7,3 | 11,3} 200 [ 1.5 | — | — [0,09] — | 3
BoJa mo
1x0,6

rae R) — aKTHBHOe conpbmmeune AByX [POBOAOB JIHHHH AJMHOH 1 M, OMm/M; 1 —
pajuyc TPOBOJOB, MM; [, — OTHOCHTEJbHAas MarHHTHAas NPOHHIAEMOCTb MaTtepHajia
[[POBOJOB; O — y/JelbHAs MPOBOAMMOCTL MaTepHala mnpoBofoB, Cwm/M; A — AJaHHA
BOJIHBL, M,

KospduuneHT 3aTyxanHs @ nosnyyaeTcs B Hemepax Ha MeTp; JIs NepeBola 3a-
TVXaHHa B Aelubesnl ciegyeT NOMHHTB, yto | Hn=87 ab.

B ra6an. [l.1.1 npHBeseHbl mnapamMeTpsl HEKOTOPLIX DaAHOYACTOTHHX Kabeneit
B sroji Tabanue 6ykBp PK o6osHaualoT pagHouacToTHBIT KOHUeHTpHuecknuit, a Pl —
pajHOYacTOTHbI ABYXNpOBOAHLI Kabeasb. IlepBoe umesio MapKHpOBKH — yKasblBaeT
3H4UeHHe BOJHOBOTO COMPOTHBJEHHS, BTOPOE — BHYTPEHHMI AHaMeTp 3KpaHa (OKpyr-
JeHHO), TpeTbe — THN KoncTpykuuu. Ilon paGourim Haupsikenwem 5 TabJHlle NoOA-
pasymeBaercd JelcTByIOLlee 3HaYeHHe HaNpPAXKEHHS, KOTOpPOe Elle He BHI3BIBAET 3JIEK-
TpHyecKoro npo6os B JIHHHH.

NMPUJTOXEHHE 2
BAPHAHTBI KOHCTPYKILHH BEPTHKAJIbHbIX BHBPATOPOB

Haumenosauue Onucanne CxemMa HAH KOHCTPYKUHS

Cummerprunbit Bep-| B kauecTBe BHGDATOpa HCMOJL-
THKaNbHb BUGPA-| 3yIOT YUY3aCTKH OTTANKEK Aepe-
TOp ¢ MOHHXKEHHHM | BAHHOA HJIH acOolleMeHTHOH Ma-
BOJHOBHM  cOMpo- | 4Thl. ITlMTanHe ocyllecTsisercs
THBJIeHHEM nocpeiCTBOM JBYXNPOBOLHOTO
éupepa. Has ynyumenus corsa-
CcOBaHHA MeXAy dHAepHOIl JH- ’f
pHell B BUEPATOPOM BKMOYAT| Lo
SKCMOHEHUHANIBHYI0 HJAH MHOTO-
CTYNEHYaTYI0 JIHHHH

»U’o'ﬁ’

151



M podonsce

HaumenoBanue Onncanne Cxema MAH KOHCTPYKUHSA

Hecnmmewpuqnnbxﬁ [TpoBoaa BuGpaTopa HATArMBa-
BepTHKA/bHBIH  BH-| 10T Ha MONEPEUHHB, YKpenJeH-
GpaTop ¢ NOHMKeH-| HEle Ha AepeBAHHOK Wi ac6o-
HBIM BOMHOBHM CO-{uemeHTHOR Maure. [Turauue ocy-
TPOTHBJIEHHEM IMEeCTBJISIETCA KOAKCHANbHOH JIH-
HHef

ITnockoctHrii  He- | [IpoBOJOYHOE NOJOTHO TPEYroJb-
CHMMETDHUHBIA BH- | HOIf (OPME MOJNBEMIHBAIOT Ha
6partop ABYX 3a3eMJIeHHBIX MayTax. ITu-
TaHHe TPOM3BOAHTCA NOCPEACT-
BOM KOaKCHaJbHOro Kabens HIH
NPOBOJIOYHOA KOAKCHAJbHOHA JH-
Hueit

[TnockoctHelit  He-{ [IpoB0JI0YHOE MOJOTHO YeThIpex-
CHMMETPHUHBI BH-| yrosibHoil (PopMB TOABEIIHBAIOT
Gpatop Ha OAHOH 3a3eMJEHHOfi MauTe H
LBYX 3a3eMJieHHHX MNPOBOAAX,
06pasyollX ¥ Bepxyllku Mau-
Te yron 90° [Iposopa u 3a3zeM-
. JIEHHASI MauTa CJAyXKaT IIYHTOM.
Ecan 1uyHT uMeeT AJHHY, paB-
HYI0 HOJIOBHHe BHICOTH H3Jyua-
teasi, to KBB B nuraioltieM ¢u-
Aepe C BOJHOBHIM CONPOTHBIE-
nueM 100 Om He nazaer HHXe
0,5 B mmanasoue [/A=0,2...0,5.

NPHUJTOXEHHE 3.
CMPABOYHLIE MAHHBIL wv punnuUbLRAM

BoaHOBOAB H3TOTOBJNAIT CTAHZAPTHHIX Pa3MEpPOB /i DPA3HLIX y4aCTKOB
Muana3oda BoaH. B taba. [1.4.1 mpuBeneHs! pasMephl MOMEPEUHOrO CeyeHH:d HEKOTO-
PBIX CTAHLAPTHRIX BOJIHOBOOB, DEKOMeHAyeMbX MeikayHapoRHOH 3JeKTPOTEXHHuE-
ckoii xomuccHedr (MIK), HenmosabsyeMbIX Ha NpAKTHKe, a TaKKe HX OCHOBHbIE 3JIEK-
TpHUeCKHe TapaMeTph. B 3Toff Tabihue AaHb pacueTHHE 3HaueHHs Ko3(houuHenta
JaTyxaHus B MeAnewHoM BodnoBofe (0=>5,5-10 Cm/m) Aast cpeldelt pacueTHow
BoaiHbl. JlJsi peasibHbIX NOCepeOpPEHHBIX BOJHOBOJAOB KOIG@HLUHEHT 3aTyXaHHsS HMeeT
3HaueHHs 6oablie, yeM yKasauuse B Tabuule, npHMepHo Ha 60%, a aas JaTyHHBEIX
BOJIHOBOJLOB — BJBOe GoJsiblue, [lpegsedpHble (M AOMyCTHMBbIE) 3HAYEHHS MOIIHOCTH
paccyHTaHbl Takxe OJas cpe,zmeﬁ BQJIHbBl AHalia3oHa.
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Ta6anuwa [13.1

BHyTpelHue Kogqul;
- ry HEHT 3a-
R s ?L"(h}if:l) i’il‘j’]“lﬁ]-!dgl:]l Saan mna ily“mm, Papex XBY | Paop: ¥Br
i \ b BOJHbI, CM nbim

. 73...13 10 0,02 10000 3000

Hes 155 57 29...51 3.2 0,073 1700 500

a3 |1 16 2,32 ...4.1 3,2 0,12 1000 300

106 | 0,43 212 | 1.07...19 1.25 0.35 2920 70

0.71 | 0,36 142 | 073...1.2 2.8 051 125 40
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