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20. PamMouHnbie aHTEHHbBI

B MasbIX paMOYHbBIX aHTEHHaX (MArHUTHBIX)
TOK pacripesiesIsieTcsl PABHOMEPHO, TOra KaK B
3JIEKTPUYECKUX PAMOYHBIX aHTEHHAX €ro pac-
npezeneHye 6IM3KO K CHHyCOUeE.

PaMouble aHTEHHBI IPUMEHSIOTCS C CaMO-
r0 Hayaja pa3sBUTUS TeXHUKH PajHoOIpHeMa,
TIOCKOJIbKY OHM OYeHb YyBCTBUTEJbHBI K Mar-
HUTHOMY KOMIIOHEHTY 3JIEKTPOMAarHUTHOIO
nons. Takve aHTeHHbI He3aMEHUMBL B PaJiuo-
TMeJIEHIaTOPaX, YaCTO UCIIONb3YIOTCS B CIIELH-
AJIbHBIX 11eJIsIX (HalpUMep, B pajHoMasikax) 1
BBIIYCKAIOTCs1 MpoMbliieHHocTho [1]. K pa-
MOYHBIM OTHOCSITCSI TaKXe U IIMPOKO U3BeC-
THBIE AaHTEHHbI HAa (HEPPUTOBBIX CTEPKHAX.
Huxe paccMarpuBaeTcst MPUHIUI A€HCTBUS
PaMOYHBIX aHTeHH. [leJleHraTOpHbIE aHTEHHBI
ONMCHIBAIOTCS B pa3zeie 28.4.1.

20.1. Ilpunuun aeiicTBus
PaMOYHBIX aHTEHH

Konbuo cunraercst ontumManbHoit GopMoii pa-
MOYHOH aHTeHHbI ¥ IPUMEHAETCS Yalle Apy-
rux ¢opm. ITo KOHCTPYKTUBHBIM cOOOpae-
HUSAM MHOTJa NPEANOYUTAIOT BOCBMUYTOJIb-
HMK, peXxe — KBaJgpaT. PaMo4Hble aHTEHHBI U3
HECKOJIBKMX BUTKOB IIPOBO/Ia TPUTOIHBI TOJIb-
Ko zuist npreMa (pasaen 28.4.1) u yacto cHab-
JKAIOTCS BXOAHBIM YCHJIMTEJIEM Ha MOJIEBBIX
TPaH3UCTOpaXx.

ITepumeTp TakMX aHTEHH OOBIYHO He TIPEBbI-
maet A/10. Crosns komnakTHas hopma oco-
6eHHO MpUBJEKaTeNbHA KaK anbTepPHATUBA
1UTs papuosobuTeseit, pabortaomux B 40-, 80-
1 160-MeTpOBbIX AMANa30HAX.

Pagnomoburens DL1BU HarasigdHo npea-
cTaBuJ GOPMHUPOBAHNE MAarHUTHOM KOJIbIlE-
BoM aHTeHHH [2]. CHayasa paccMaTpHBaeT-
cs NMapasiienbHblil KoseGaTebHbI KOHTYD
(puc. 20.1a). ITpu Bo36yXKAEHUH TAKOTO KOH-
Typa Ha PC30HAHCHOIl YacToTe ero 2JeKTpH-
4ecKast IHEPrusi Kosebuercst MexLy KOHIEeH-
€aToOpoM (3JEKTPHYECKOE 110JIe) W KATYLIKOH
(MarnuTHoe 11o:te). Ilosst 060ux THIIOB KOH-
LEHTPHUPYIOTCA B 3TOIl 3aMKHYTOIl cucTeme,
MOYTH He BBIXOAS 32 ¢e MPeIebl.

Ecu B 3aMKHYTOM K0JIeGaTeIbHOM KOHTY-
pe (puc. 20.1a) pa3BecTH IJIaCTUHBI KOHIEHCA-
Topa (puc. 20.16), paHee 3aMKHYTasi CUCTEMA
OKa3bIBAeTCS] PA30OMKHYTON U MEXY IJIaCTH-
HaMH BO3HUKaeT dJIEKTPUYECKoe, IpeumMylie-
cTBEHHO 6ikHee mose. Tak Kak aJeKTpU-
YeCKOe I10JIe PAaCPOCTPaHIETCs BO BHEIIHee
MPOCTPAHCTBO, MOXKHO TOBOPHUTb, YTO JAaH-
HBIil Kosie6aTeIbHBII KOHTYP NPEeACTABIsAET
coboit anextTpuyeckyio anteHHy. Ona coor-
BETCTBYET CHJIbHO YKOPOYEHHOMY BHOpaTo-
PY C KOHLIEBOI eMKOCTbIO, U3BECTHOMY KaK
3JIeMEHTapHbIA AUII0JIb, UIN nunosib lepua
(tabx. 3.1).

BepHyB m1acTHHBI KOHIEHCATOPa B IPEXHee
MOJIOKEHVE M PACTSIHYB BUTKH KaTYIIKH TakK,
yTo6BI U3 ee MPoBoAa 06Pa3oBaIOCh KOJBILO,
MOTy4UM MarHUTHYIO PaMOYHYIO aHTEHHY (CM.
puc. 20.18). Tenepb as1eKTPHYECKOE [0JIE CKOH-
LEHTPHPOBAHO B KOHAEHCATOpe, MarHUTHOE
HCXOMUT M3 GOJIbIIOI KOJIBIIEBON PaMKH. YKe
B GJIM)KHEM T10JI€ TAKON MarHUTHOW aHTEHHBI

a) 1'

c
L
6)
e
L
4

B)

Puc. 20.1. @opmMupoBanie paMOYHOH MarHUTHO#
KOJIbIIEBOI aHTEHHDI
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(opMHpYIOTCS CONYTCTBYIONIHE 3JIEKTPUYEC-
KUe T0JIsi, KOTOpble Ha GOJIbIIOM YAAJIEHUH OT
KOJIbLIa 06Pa3yIoT MJIOCKUIA BOIHOBOIT (hpoHT,
AHAJIOTHYHBIH (DPOHTY OT 3NEKTPUYECKOHN aH-
TeHHH! (paszen 1.1.5).

Kaxxzoit aHTeHHe CJieyeT COoCTaBUTh CO-
IIPOTHBJIEHME U3aydenus R, xoropoe craHo-
BUTCSI aKTUBHBIM IIPH pe3oHaHCce (pasmen
3.1.3). 3necob neiicTByeT NPaBUIIO: CONPOTUB-
JIeHVe M3JIy4Y€HHsl YOBIBAeT C yMEHbIIEHHEM
IJIMHBI QHTEHHBI, IPUBEEHHON K JIMHE BOJI-
Hbl A. PaMOYHbIE AHTEHHBI OUEHb KOPOTKH,
TI03TOMY MX CONPOTHBJICHHE U3JIyYeHUs BCe-
raa menblue, yeM 1 OM, a yarie BCero cocTas-
JISIET MUJUTMOMBL. Conpomﬂnemde U3JTy4YeHUs
R, KOJIbLIEBO# PaMOYHON aHTEHHBI C IIepUMET-
pOM U npuénmmenuo PacCYMTHIBAETCS MO CJIe-
ayroueil popmye:

4
R, =197 (%) Om

a 17151 KOJIb11eBOY PaMKH M3 1 BATKOB ClIpaBea-
JIUBO BbIpa’K€HUE

(20.1)

uY
R, =197n2(—] OMm (20.2)
A

Cornacuo Buipaxennio (3.5), KII/] anren-
HBI 3aBUCHT OT OTHOLIEHUSI CONPOTHBJIEHUS
norepsb R, x ' COMIPOTHBJICHUIO U3TTyYeHHS R.
B cuny aToit 3aBUCHUMOCTH JJIsI nonyqemm
npuemiemoro KIIJI TpeGyercst cBecT CyM-
MapHO€ COIIPOTUBJIEHHE NOTEPb PAMOYHOMN
aHTEHHBI K OYeHb Masioii BeuunHe. Ha npak-
THKE 9TO 03HaYaeT HeOOXOAMMOCTDb TPUMe-
HEHHsl IPOBOJHUKOB C BO3MOXHO OoJiblueit
XOPOLIO MPOBOJSAIIEN TOBEPXHOCTBIO (Melb,
anmoMuHuI). Hapsaay ¢ BBICOKOH a/eKTpH-
YeCKOH MPOYHOCTBIO 32 CYET BO3AYIIHOM U30-
JISILUU Y YBEJTHYEHUs PACCTOSHHUSA MEXIY
MJaCTUHAMU KOHJEHCATOD HOJIKEH UMeTb
JOCTaTOYHO OOMBIIYI0 U XOPOLIO MPOBOS-
Y10 MOBEPXHOCTb B MECTE COEIUHEHHS C
KOJIbLIEBBIM MPOBOJHUKOM. 3aKHMBI M KJIeI-
Ka 3/1eCb He TOISTCS.

Ecay npUHATD, 4TO CONPOTUBJIEHHE U3JLY-
ueHns R xonbuesoit antennst npu U = 0,1 A
no cbopMlee (20.1) cocrasur 0,02 OM u cym-
Ma COnpoTHBJeHHs noTepb R, Taixe paBHa
0,02 OwM, To, corsacHo (3.5), f(HlI 0,5, To
eCcTb 50/» Iospirenne R, (nanpumep, us-3a
CHUKEHUS npoaommocm) Bcero Ha 0,1 Om
npuBezet k naxennio KI1J xo 17%.

M3-3a Becbma Mauioil a¢eKTHBHOH BBICOTBI
pamounbIxX antenH h, (paszern 3.1.6) naBoxumoe
Hanpsixenue U, TAIOKe OYEHb MaIO. IMockosbky

KOJIbLIEBAs AHTEHHA TPU PE3OHAHCE SIBJISIETCS
KOHTYDPOM BBICOKO# 106pOTHOCTH ), TO B COOT-
BETCTBUM C BblpaxkenreM (28.13) U = U Q.
Bbicokast 106POTHOCTh KOHTYpA HpI/IBOﬂI/IT K
Y3KOTOJIOCHOCTH aHTeHHBI. Cle10BaTEbHO,
AQHTCHHY HAJO MOJCTPAaNUBaTh AaXe MpH He-
60JIbIIOM U3MEHEHWM YACTOTHI B NMpPEAENaxX
JIIOOUTEILCKOTO AUAMA30HA.

HNanyyatenbHbie cBoiicTBa
PaMOYHbIX aHTEHH

ITpu ycraHoBKe NJIOCKOCTH PAMOYHOIA aHTeH-
HBbI NTEePIEHANKYISIPHO 3eMHOI1 NOBEPXHOCTH
U3JTy4eHHEe CTAHOBUTCST BEPTUKAIBLHO TIOJISIPH-
30BaHHbIM (puc. 20.2). /IluarpaMma Hampas-
JIEHHOCTH aHTEHHBI SIBJISIETCS JBYHAINPaBJIEH-
HOM, U MaKCHUMAJIbHBIH NIPUEM MPOUCKOIUT
TOTA, KOT/IA TJIOCKOCTh PAMKH COBMAIAET C
HanpaBJieHHEM Ha TepeiaTyuK (CTPesJKH Ha
puc. 20.2a). Ha puc. 20.26 noka3saHO rOPH30H-
TaJIHOE CeYeHHe IyiarpaMMbl HampaBeHHOC-
TH. Buz cBepxy Z1aeT XOpoLIo 3HAKOMYIO JBOii-
HYIO KPYTOBYIO IMarpaMMy C IMPHHOM 1O No-
JIOBUHHOM MoIiHocTH 90°, KosbIa KOTOpOit
1107106HO TOPY OXBATHIBAIOT CTOPOHBI AHTEHHBIL.

ITpu ycTaHOBKE MJIOCKOCTH TAKOH aHTEHHBI
napasuieJibHO 3eMHOM NMOBEPXHOCTH 06pasy-
€TCsl KPYTOBOM M3Jydaresb TOPU30HTAIBHOM
nosisipu3anuu. Ero BepTukanbHas ayarpaMma

a)

- —_—
K nepe- K nepe-
AaTYnKY AaT4nKy
ANNNNNNN NN ANNN

6)

Puc. 20.2. HanpaBsieHHOCTD KOJIBIIEBOI PaMOYHOM
AHTEHHBI: 8 — JIBYHATIPABJIEHHOCTb [IPU
BEPTHUKAIbLHOMN NMOJISIPU3ALMH; 6 — BepTHKAIbHASI
HOJISIpU3aLst, AMarpaMMa HarpaBleHHOCTH

B FOPU3OHTAIbLHOI 17IOCKOCTH
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B CBOOOHOM IIPOCTPAHCTBE UMeET (OPMY CO-
IIPUKACAIOILHMXCSI OKPYKHOCTelt. B6u3u rpyH-
Ta yroJ BO3BBIIIEHUS JIENECTKA 3aBUCUT OT
BBICOTBI AaHTEHHBI Haz 3emuieil. [To gaHHBIM
DKS5CZ [3], atot yrox cocrassiet okoo 14°
Il aHTEHHBI, Pa3MelleHHOH Ha BbicoTe 1 A
OT MaeaJpHOro rpyHrta. Ha mpaktuke B aua-
Na30Hax KOPOTKHX BOJIH MPUMEHSIIOTCS T10-
YTH UCKJIIOUUTEIbHO MarHUTHBIE PAMOYHbIE U
KOJIbLIEBbIE AHTEHHbI BEPTHUKAIBHO TOJISPH-
3aIuHu.

Koadduument nanpasneHHoct (TeopeTH-
YecKoe yCUJIeHMe, IIPUBefleHHOe K H30TPOIHO-
My M3JIy4aTeTio) HeOOoIbLIo PAMOYHON aHTEeH-
HbI HE 3aBHCUT OT YaCTOThI U fiocTHraet 1,76 dBi.
OH coBrazaeT no BeJMYKHe ¢ KO3 HUIHEHTOM
HamnpaBJIeHHOCTH KOPOTKOro BuGparopa 6es
TIOTEPb, TAK YTO 00€e aHTeHHbI uuIb Ha 0,39 1B
Xy>Xe TOJIyBOJHOBOTO BUGpaTopa 6e3 motepn
c ero ycuenuem 2,15 dBi.

Hanpotus, ycunenne neGosbmoi pamou-
HOH aHTEHHBbI DU HAJMYUHU MOTEPb 3aBUCHUT
ot yactoTsl. B opmysne (3.17) pis ycunenust
npucyrcryer KII/I u, 3HauuT, oTHOWeEHUE
COMPOTHUBJIEHUS U3JTYYEHHSI K COIPOTHBIIE-
HHIO noteps (hopmya 3.5). BenrnumHa ycune-
HUST PacTeT BMeCTe C yBeJHYeHHeM THaMETpa.

C yMeHbLIEHVEM YaCTOThI YCHJIEHHE KOJIbIIE-
BBIX AHTEHH 6BICTPO yOBIBAET U TAK XKe, KaK C
yYMEHbIIEHHEM JUaMETDA, MEJIEHHO NPUOJIH-
JKAeTCs K CBOEMY TNpeesibHOMY 3HAYEeHHIO —
1,76 dBi.

Ha puc. 20.3 noka3an 4acTOTHBIH XOX KO-
adduImenTa ycnieH!s KONIbLUEBBIX AaHTEHH B
cBOOOAHOM NpocTpaHcTBe (anTeHHbl AMA 1-3)
[4, 19].

CornacHO KpUBOii yCUJIEHHs], HA YacTOTe
3,5 MIt paboTa BO3MOXHA yKe IIpU IUameTpe
0,8 M, HO IPY 3TOM YCHJIEHHE OKa3bIBAETCS 110-
gty Ha 15 1B xyxe, yem npu nuamerpe 3,4 m.

PesysibraThl M3MEpEeHUH LIMPHHBI NOJIOCH!
IPONYyCKaHUs KoJbleBbIX auTeHH (AMA 1-3)
[4, 19] npuBexensr Ha puc. 20.4. ITH KpUBbIE
MOKa3bIBAIOT, 4TO MipiHa nosocs (KCB no 2)
npu auametpe 0,8 M cocraBnser b 1/3 ot
LWIMPHUHBI NPU 1uamMetpe 3,4 M.

B Tabn. 20.1 Hapsagy ¢ MUHUMAJIBHOI npe-
JIeJIbHOM Harpy3KOW HaCTpauBaeMbIX PAMOYHBIX
AQHTEHH NIPUBE/IEHbI YaCTOTHBIE UANA30HBI IS
pasnuyHbIx JuameTpos [4]: (3.4 M ans AMA 1
1,7 M ot AMA 2; 0,8 M 11a AMA 3).

Kosbuesasi anteHHa HeG0JIBHION OKPYKHO-
CTH BOJIM3M FPYHTA XapaKTEPU3YeTCsl TOPasio
MEHBUIMM CONPOTHBJIEHHEM H3Jy4yeHHUs IO

2
— —
/—’
’ 734m 7 - T
2 4 1.7m e 1 0.8m Pamourias antentia
JARE £
/’
4 v
-/ y
’I [ /.
& y,
g 3
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] [
s 2 /
= /
17V
-14
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-16 T
.18 /
20 L
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Yacrora, My

Puc. 20.3. Ycusenne xonbueBbix anteHH AMA 1-3 B cBo60HOM IPOCTPaHCTBE
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Yacrora, My,

Puc. 20.4. IllupuHa roJjocs! NponycKkaHust KOIbeBbIX anTeHH AMA 1-3

CPaBHEHUIO C KOPOTKOIi IITHIPEBOI aHTEHHOM
TOit xe AnuHbl. I103TOMY 1/ MOBHIIEHHUS
KIIJl npuxonuTcs CHUXATh COIPOTHUBIIECHHE
NOTEPh, YBEJIUYUBAST CeYEeHHE MPOBOJIHUKA.
Heb6oJp1oe KoJib1o yao6Hee U U1l HACTPOEK,
TaK KaK IPH UCHOJIb30BAHUH HACTPOEYHOTO
KOH/IEHCATOPa NMOTEPb HAMHOTO MEHbIle, YeM
IIPH NPUMEHEHNUHN HACTPOEYHOH KaTyuwKu KO-
POTKOTO MITHIPSL.

Kpome Toro, HeGoblIas BepTHKaIbHAS
KOJIbLIEBAsI aHTEHHA M3JIyYaeT CUTHAJI IO/ KpY-
THIM YIJIOM K TIOBEDXHOCTH 3€MJIY, YTO HEBO3-
MO>KHO C KOPOTKOH LITBIPEBOI aHTEHHOH.

Cunraercs, YTO paMOYHbIE AHTEHHBI JIyYIlle
BCEro moaxoAsaT s auana3onoB 80 u 40 M.
ITpakTHKa NMOKa3bIBaeT, YTO B 3TOH 0061aCTH
YaCcTOT yCUJIEHUE aHTEHHBI B PeXHMMe IpHeMa
He UIpaeT CyNIeCTBEHHOH POJH, TaK KakK BO
u3bexanue NepeMoyisiiii Ha BXOJe TpH-
€MHHKA TMOYTH BCErAa MPUXOAUTCS A0BOJIb-
CTBOBATbCSI MAJIbIM YCHJIEHHEM IO BBICOKOI
yacrote. [opa3no BaxkHee U3GMPATEILHOCTD,
KOTOPOI CIIOCOBCTBYET Y3KOMOJIOCHOCTD AHTEH-
Hbl, 00yCJIOBJIEHHAsT BLICOKOM paboueil 106poT-
HocThio Q. Tem caMbIM CHWXKA€TCst OIACHOCTD
HepeKkpecTHO MOLYJIALUMH B NMEePBbIX KacKa-
JaX mpieMHHKa. B pexxiime nepegauu BbICOKast

paboyast 106POTHOCTb rapaHTUPYET MOYTH
I0JIHOE NOJIaBJieHHe BBICUIMX rapMOHUK. CToJIb
CyLIEeCTBEHHbIE JOCTOMHCTBA KOJIbIIEBOI aH-
TEHHbI KOMIIEHCUPYIOT HEYA00CTBA, CBSI3aH-
Hble ¢ HEOOXOAUMOCTBIO C€ HACTPOHWKHU B pe-
30HAHC JaXKe [IPY HE3HAUHUTEIbHOM H3MEHEHUH
yacToThl. MacTepy He COCTaBUT Tpy/a cobpath
MIPUBOJ AJISI UCTAHLMOHHOTO yIpaBJeHUs!
repeMeHHbIM HACTPOEYHBIM KOHAEHCATOPOM,
BOCIIOJIb30BaBIIUCh PACIPOCTPAHEHHBIMHU
3JIEKTPOABUTATENSIMU C PEAYKTOPaMH JJIsI
urpyurek M rpuneid. KosnbieByo aHTeHHY
cjenyet nejaTh MOBOpPOTHOI Ha 180° s
TOTO, YTOObI MOXKHO GBLIIO OTCTPAUBATHLCS OT
[OMeX M NOBBIIATh OTHOIIEHHEe CUTHAaJa K
IIOMexaMm.

Kak cBuneTesscTByeT aMarpaMMa Harnpas-
JIEHHOCTH, aHTEHHA PAaBHOMEPHO M3JIy4aeT MOJ
mobbIMH yriaamu Bo3BbiuteHus. [lo ytBepxie-
HMIO aBTOpa paboThl [3], BBICOTa pAMOYHOIA aH-
TeHHbI He Urpaet ocoboit posu 6rarogaps ycu-
JIEHUIO0 MarHUTHOTO KOMIOHEHTA B BJIMKHEM
nosie. O1HAKO JUIS M3JIyYeHUs M IpHeMa JJ1eKT-
POMarHMTHOH BOJIHBI BCET/Ia HY>KHbI HANPSDKCH-
HOCTM MArHUTHOTO M 3JICKTPHYECKOTO 110JIEH.
YeM Gaoke aHTEHHA K 3€MHOI TOBEPXHOCTH,
TEM CHJbHee 0CNabisAITCst HeOOXOAUMBIE
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Ta6xuua 20.1. MoImHOCTb H AHANA30HBI YaCTOT aHTeHH AMA

AMA MHUHHUMATBHO AONYyCTHMAA qaCTOTH‘E'lﬂ obnacts JTro6UTe b CKIe HATASOHbI, M
Harpy3ka, Bt HacTpoiiku, MTI'
1 250 3,4-8,0 80, 40
1D 250 3,4-9,0 80, 40
1 DH 500 3,4-8,5 80, 40
1 DKW 1000 3,5-7,2 80, 40
2 250 6,7-15,0 40, 30, 20
2D 250 6,9-16,0 40, 30, 20
2 DH 500 6,5-15,0 40, 30, 20
2 DKW 1000 6,9-14,5 40, 30, 20
3 250 13,8-30,0 20,17,15,12,10
3D 250 13,5-30,0 20,17,15,12,10
3 DH 500 13,2-30,0 20,17.15, 12,10
3 DKW 1000 14,0-29,7 20,17,15,12,10
4 150 1,75-71 160, 80, 40
5 150 3,5-13,0 80, 40, 30
6 150 6,7-25,0 40, 30, 20, 17, 15, 12
7 100 1,75-8,0 160, 80, 40
8 100 3,4-15,0 80, 40, 30, 20
9 100 9,8-29,7 30, 20,17, 15, 12, 10
9D 250 9,8-30,0 30, 20, 17, 15, 12, 10
10 100 6,9-22,0 40, 30, 20, 17, 15
10D 250 7,0-22,0 40. 30, 20, 17,15
11 100 1,8-11,0 160, 80, 40, 30
12 100 3,5-18,2 80, 40, 30, 20, 17
13 100 3,5-21,5 80, 40, 30, 20, 17, 15
ITapameTp MomHOCTH «MHHHMALHO XOMYCTUMAs HATPY3Ka» 0O3HAYAET, YTO aHTeHHB AMA 10/MXHbI
paboTaTh KaK MUHHMYM IIPH yKa3aHHON MOLIHOCTH, & He [IPH MUHUMAJIbHOM, KaK 3TO YaCTO TOHUMAIOT.
AHTeHHBI ¢ HOMepaMH Ge3 JiuTep CHabXKeHbl HACTPOEYHBIMH KOHIEHCATOPAMH CO CKOJIb3SAILUMHU
KOHTaKTaMH, a HaCTPOeYHbIe KoHAeHcaTopsl aHTeHH ¢ yutepaMyu D, DH niau DKW Takux KOHTakToB
HE UMEIOT, TOCKOJIbKY UX Harpyaka coctasisiet 500 BT. JIutepa H ykasbiBaeT Ha BHICOKYIO MOIIHOCTb
anTennbl. Jlutepst KW 03HavaroT, 4T0 3TH aHTEHHbI MOTYT 3KCIULyaTHPOBAThCs NpH MoluHocTu 1000 Br,
TO €CTb C HCIIOIb30BaHHEM JIETATIbHOTO OKOHEYHOI'O KaCKa/a.
MourocTHbIe napamerps: aHTeHH AMA Bceraa 0THOCATCS K ITHKOBOH MOLIHOCTH, MHAYe FOBOPS,
MHHUMAJILHO JIOMYCTUMbIE HArPy3KH YKa3aHbl 31€Ch sl TOObIX PexxuMoB paboTsl, Gyas To CW, AM,
SSB, RTTY u ap.
YkazaHHbIe 4aCTOTHbIe 061aCTH rapaHTUPyIOTCs. Ha npakTuke oHn MOryT GbiTh HECKOMBKO LIMpE B 0be
CTOPOHBIL.

3JIEKTPUYECKHUE TOJISI B JUAJIEKTPUKE TPYHTA
U3-3a [I0TEPh B HEM.

I[TockobKY paMOYHbIE AaHTEHHBI CUJIbHEE pe-
arupyioT Ha MArHUTHYIO COCTABJIAOILYIO 11014,
OHHM MeHee BOCIIPMUMYMBBI K 3JIEKTPHIECKUM
KOMITOHEHTAM I0JIeid MECTHBIX TToMeX. B G-
HeM [0JIe MCTOYHUKA ToMeX (TO eCTh Ha pac-
CTOSIHUSIX 110 A/6) 06BIYHO IPEOBIANAIOT SJIEK-
TPUYECKHE COCTABJISIIOIIKE MOJIEH, TO3TOMY

PaMOYHasi aHTEHHA HEPEIKO OKa3bIBAeTCs Me-
Hee YYBCTBUTEJILHOM K IIOMeXaM, HeXeJH PaB-
HOLeHHbIN BUOpaTop. [IpumeHeHne paMOYHOI
AHTEHHBI B PeXHMe Ilepe/iauyl TAKXKE CHIDKAeT
UJTM BOBCE NOZIABJISIET IOMEXH TeJIeBU3UOHHO-
My [pUeMy B OJIMIKHEM IT0JIe U3-32 YPE3BbIYAii-
HOH Y3KOIOJIOCHOCTH HaCTPOEHHBIX PAMOK.

B pa6orte [5] ecTb MHEHUE O TOM, YTO MATHHUT-
Hasl COCTABJISIIOIIAsT 3JIEKTPOMArHUTHOTO MOJIst
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Jierye MPOHHUKAET B 3[[aHUSI [0 CPABHEHHUIO C
asiekTpuyeckoit. Kpynuele Merannuyeckue
npeaMeThl, TpyObI ¥ apMaTypa CTeH YaCTHYHO
TIPENSITCTBYIOT IPOHMKHOBEHUIO 3JIeKTpHYec-
KOit coctaBJistioledl BoJIH B 371aHue. [Toatomy
Ha HU3KUX YaCTOTaX paMOYHble (MarHUTHbIE)
aHTEeHHbI pabOTaIOT B KOMHATAX, Ha GaKOHAX
WJIM Yep/laKax Jyyllle 3JeKTPHYeCKHX.

20.2. IlpakTuka co3aaHHS
PaMOYHBIX AaHTEHH

Kousbiio — camast apdpekTBHAS M pacnipocTpa-
HeHHast KOHCTPYKIIMsI PAMOYHOIi aHTEHHBI, TaK
KaK I10 CPABHEHHUIO C TIPOYMMH reOMETPUYECKH-
MH (UrypaMM OHO MOKPHIBAET HAUGOJIbIIYIO
oAb pU paBHBIX NepumeTpax. Bocemu-
YTOJIBHUK BecbMa BJIM30K K KOJIbLLY IT0 adek-
TUBHOCTH, KBAJIPaTy e Ui poMOy CBOACTBEH
menbiumii KIT/1. [{anee paccmaTpuBaioTcs npe-
MMYILECTBEHHO KOJIblieBble KOHCTPYKIHMH, HO
MHOrO€ M3 CKa3aHHOro O HUX IIPUMEHHMMO U K
JPYTUM KOHCTPYKLMSIM PAMOYHBIX aHTEHH.

OOGBbIYHO HACTPOEYHDIH KOHJIEHCATOP Hepe-
MEHHOH eMKOCTH pPa3MellaeTcst B BepXHel ya-
CTH BEPTHUKATbHO YCTAHOBJIEHHOrO KOJIBIa,
KOTOpOE 3a3eMJIsIeTCs B HIPKHeH IpoTUBOIIO-
JIOKHOM TOYKe JIJIS 3aIIMThI OT rpo3bl. Paau
yno6CTBa HACTPOEK B HEKOTOPBIX BEPCUSIX aH-
TEHHbI KOH/IEHCATOP MOHTHUDPYIOT BHU3Y KOJIb-
1[a ¥ 4aCTO — B KOPITyce BMECTe CO CXeMOIi Ha-
ctpoiiku [1, 6, 7]. Ha puc. 20.5 npeacrasyieHbl
NPUHIMITHAIIbHBIE CXEMbl EMKOCTHOH HaCTpOH-
KU U pa3Bsi3ku (KOHIEHCATODBI IIOCTOSTHHOM
€MKOCTH, IOJKJII0YaeMble Jis1 rpy6oit HacTpoii-
KM, He IOKa3aHBbI).

JlucTaHIMOHHOE yIpaBJieHHe HACTPOEYHbIM
nepeMeHHbIM KOHIEHCATOPOM OCYILECTBUTh
HETPY/IHO, ¥ [IOTOMY B CTAL[HOHAPHBIX KOJIbLIe-
BbIX aHTeHHaxX C, OXOTHO pa3MelIaioT B BepX-
Heit yactu KoJbla. C JIErKOCThIO CIPaBIISIIOT-
Cs ¥ C raJlbBaHUYECKOii cBsi3blo. Bo3amoxxHoOe
pelenue npeacrasieHo Ha puc. 20.6a B Bune
T-corsiacoBaHus € MOCTEAYIOUIMM CUMMETDPH-
pytounm Tpanchopmaropom. Hecummerpuy-
HBbII BAPHAHT C raMMa-CorJIacOBaHHeM IpUBe-
nex Ha puc. 20.66. B oboux ciyyasix fiHa ot-
pe3ka / 1o/mKHa cocTaBIsiTh 0K0J10 0,1 OT THHBI
OKDYKHOCTHU KOJIbIIA, a paccTosiide Y — OKo-
J10 A/200.

NHnykTUBHAS CBSI3b U COTJIACOBAHUE TAKXKE
IMPOKO pPaclpoCcTpaHeHbl Giarofapst mpoc-
ToTe peasin3anuu. Yauie BCEro NnpuMeHsieTcst
BapHaHT, Moka3aHHbIil Ha puc. 20.7. Buytpu

CummeTpupyiowmi
TpaHcgopmaTop 1:1

KoakcuanbHbin
kabenb

a) 50...75Om

6) n

Puc. 20.5. MarHuTHO-paMOYHbIE AaHTEHHBI

C HIXKHUM pa3MellieHHeM HaCTPOeYHOro
konzencaropa C, u eMKOCTHOI cBsi3bio Cy:

a — eMKOCTHasI CBSI3b C CHMMETPUPYIOIIUM
TpaHc(hOPMAaTOPOM Ha KOJIBLIEBOM CepledHuKe [5];
6 — acUMMETPHYHOE TOJKTIOYEHNE YePe3 eMKOCTb [5];
B — aCHMMeTPHYHOE MOIKTIOYEHHE Yepe3 EMKOCTh

[1,6,7].

AnnHa
a) & Awma 6) %, okpyxHocTuU

OKpyxXHocTn U

CuMMeTPUpYIoLWmniA
TpaHcdopmaTop 1.1

Puc. 20.6. MaruuTHO-paMO4HbI€ AaHTEHHBI
¢ raJIbBaHHYeCcKoii CBA3bIO [J]

60JIBIION NMETIN pa3MeNialoT MaJIyIo HHAYK-
THBHYIO ETJIIO C COOTHOIIEHHEM AMaMeTPOB
5:1. baiaronapst CMMMeTPUYHOI CBSI3M Yepe3
CUMMeTpUPYIOIUH TpaHchOpMaTOp Ha KOJIb-
esoM cepfieuHuke 1:1 MoxHO moxacoenu-
HATb 50-OMHbIIT KOaKCcHaJbHbIN Kabess. [Ipu



20.2. [MpakTika CO3AQHMA PAMOYHBIX QHTEHH

HeCUMMeTpHYHO#H cBsizu (puc. 20.76) xoak-
CHAJIbHBII KabeJb MOAKJII0YAETCS HEOCpen-
CTBEHHO. DJIEKTPHYECKH 11eJ1ecO0OPa3HbIi
crocob MHAYKTUBHOI CBSI3M NPECTABJIEH Ha
puc. 20.7B. 31ech MOKa3aH TOJIBKO CBS3YIO-
Ui BUTOK 13 KOAKCHATLHOTO KabeJIsi ¢ pasphbl-
BOM €r0 3KpaHa IIOCpPeid BUTKA. DKpaH 4acTu
IpaBoOi MOJIOBMHBI mled(a NpunanBaercs K
OCHOBAHHUIO GOJIBLIOrO KOMbIA (CM. PUCYHOK),
U B 3TOM MeCTe aHTeHHY 3a3eMJsioT. Cierka
nedopMupys meiid U3 KOaKCHAIbHOTO Kabe-
Jis1, 1OOMBAIOTCS TOHKON HACTPOMKM AHTEHHBI
Ha MuHuMainbHblit KCB. Cuuraercsi, yro nua-
metp d 10/KeH OBITh TEM MEHBLIE, YeM BBILIE
pabouast TOGPOTHOCTb AHTEHHBDI.

IIapaMeprI NPAKTHYECKH UCIbITAHHBIX
AHTEHH

Kaxk y>xe nosicHstioch B paspesne 3.1.6, Besnun-
Ha HaIPsDKEHUsI, FeHepUPYEMOr0 aHTEHHOM U3
OKPY>KaIoIllero 3J1eKTPOMAarHUTHOTO I10JIs, 3a-
BUCHUT OT ee 3 eKTUBHOM AuHbI I, (niH ee
ahdexTusHoit BhICOTHI h). S(t)(belcmsﬂas
IMHA |, OIHOBUTKOBOM PaMKHM IIOMIAAbI0 A
paccqurmsaercs o opmyie
2nA _ 6,28A

| =222 2200
A A
HJ'IOUIaI[b paMKn A cBs3aHa C COIIPOTHUBJIE-
HUeM HU3TyYeHUst R‘_ COOTHOLIEHHUEM

2 4
A U
R, =31171 (7) = 197(?) (20.4)

Ortciona cyiezyer, 4To u3MeHeHus1 3 beKTHB-
HOi IUHBI [, U CONPOTHBIeHNs M3jTyyeHust R,
3aBUCAT OT NIOMATH pamku A. Ilnowmaau pa-
MOK B (popMe KBaZipaTa, BOCbMUYTOJIbHUKA
KpYTa, UMEIOLINX OJIUHAKOBbIE [IEPUMETPHI, CO-
oTHoCsATCst Kak 1 (xBazpar) : 1,2 (BocbMUyrosib-
HUK) : 1,29 (kpyr). [TockosbKy compoTuBieHure
M3JTy4eHUs R NponopuuoHasbHO KBafpaty
IJIOWAH A, COTTPOTHUBJIEHHE U3JlyYEHHUS BOCh-
MHUYTOJIbHUKA U KPyra OKa3bIBaeTCsi COOTBET-
CTBEHHO Ha 44% 1 66% 6oJiblile, 4eM y KBA/paT-
HOHM KOHCTPYKIIMH.

B [1] onmican BapuaHT aHTEHHBI B BUIE [1Pa-
BWJIBHOTrO BOCbMUYrosibHUKA. OH paspabatbi-
BAJICSI B BOEGHHBIX LEJISIX U JOJDKEH ObLI pas-
6MpaThcsl HA MEJIKHMe JeTau ijs ynobcersa
TpaHCcopTHpoBKU. C HEOOBIIMMY OTCTYILIE-
HUSIMH OT OPUTHHAJIA 3TA AHTEHHA CTPOMJIAChH
u pagunosmoburensamu [ 6, 7). OHa HacTpauBaer-
Csl B MHTEpBaJIe YacTOT IWMPUHOM 2,55 MI.
ITpu cropone BOCbMIYTOJIbHUKA, PaBHO# 1,52 M,
ero nepumertp cocrasiusier 12,20 M. B 80-
METPOBOM /{HANA30HE OTHOCUTEJIbHAS /1M HA

(20.3)

2. 3aka3 Ne K-5455.

17
D5
a) a7
9
Y KoakcuanbHeii
CuMmMeTpupyoumn | fiﬁe"b
TpaHcdopmaTop 1:1| .
D5
6) d~7
4
'1

|

Bonbwoe
KONbLO

~
0O6a 3kpaHa npunaaTb
K 601bLWOMY KONbLY

Puc. 20.7. PaMoyHbIe aHTeHHBI C UHAYKTHBHOI
CBA3BIO: 2 — CHMMETPHYHOE MOAKIIIOYEHHE

C CUMMeTpHUpYIOILUM TpaHCHOpMaTOpoM

Ha KOJIbLIeBOM cepzedHuKe 1:1; 6 — HecuMMeTpryHas
CBAI3b; B — HHAYKTHBHAA CBS3b C IKPaHMPOBAHUEM
(meTatpHbI 3cKU3).

aHTeHHbI-BOCbMuUyTosibHUKA [ = 0,14 A, a nu1o-
wans — 10,46 M2 Kpyr ¢ OKPyXHOCTBIO TAKOI
’Ke JUINHBI, YTO U IIEPUMETP 3TOTO BOCbMHYTOJIb-
HHK, 3aH:1 Gbl wiomans 11,76 m2 o chopmyze
(20.4) conpoTuBJIeHNE M3JTyYeHUs! IAHHON aH-
TerHbl B 80-meTpoBoM Amanasore R = 0,063 Om.
Hacrpoiika u corsacoBanue ocymecrmmo*rca
IIOCPEICTBOM CXEMbI, IPEICTABJIEHHOM Ha PUC.
20.58. CorsiacHo [6], BeMuMHa KaX /104 U3 Ha-
crpoetmmx emkocreit C, =650 n®, rorna kak
500 n®.

’bnucaxme BOCBMUYTOJIbHON PaMKH JJIsl 11~
anasonoB 160 u 80 M ony6sikoBato B [7]. Ona
U3rOTOBJIEHA U3 BOCBMH OTPE3KOB ATIOMUHUE-
BoOM TpybKM auMHOM mo 1,5 M U 1uameTpoM
0K0JI0 50 MM, COBPAHHbIX € TIOMOMIBIO TPyDYa-
TbIX KoJieH Ha 135°. Obecnieyerne HaneKHOTO
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20. PamoyHble QHTEHHB!

KOHTAKTa B COYIECHEHUSIX TPYOYATHIX 3JIEMEH-
TOB IIPEACTABJISLIIO 3/1€Ch ONPe/eIeHHYIO TPYA-
Hoctb. Hacrpoiika u corniacoBanue aToii aHTeH-
HbI TaKXKe OCYLIECTBJISIIUCH IO CXeMe, KOTO-
pas mpuBeleHa Ha puc. 20.58. OnuHapHble
paMKH KBazipaTHOH (opMsI onucaHb! B [8, 9].

B [3] npuBeseHbI OCHOBHbIE IAPaMETPBI, a B
[2] — pe3ynbTaThl MCIBITAHUI STUX AHTEHH,
4TO MO3BOJISIET MMOAPOOHEE MO3HAKOMUTHCS €
uX cBoicTBaMu. PaccunTaHHble M U3MEpPeH-
Hble XapaKTePUCTUKU AHTEHH 3TOrO psijia NpH-
Bozsatcs B Tabi1. 20.1. TeopeTnueckoit 106pot-
HOCTH Q OTBEYaeT aKTHBHOE CONPOTUBJIEHHE
usyyeHus R

o X

N Rr
rie peaktuBHoe conportusienue XL = XC =
= 2xfL. PaGouas 106pOTHOCTb CYLIECTBEHHO
HIKE 13-3a PasinyHbIX noTeps (Tabu. 20.3).
WunyxTUBHOCTD KpyroBoii netau L onpene-
JISIETCSL BBIPAXKEHHEM

LHrH=2U(ln%—1,O7)

(20.5)

(20.6)

Jnmna oxpyxHocty netiu U u ee inamerp
d BBIPAXKAIOTCS B OAMHAKOBbIX €IMHUIAX, HA-
npumep B cauTuMerpax. Hacrpoeunas em-
KocTh C, PACCYMTHIBACTCS 1O M3BECTHOI MPH-
6moxeHHOI bhopmyJie

25330
(fMl'l.()2 L MKIH

XopowIo 3apeKOMEHI0BAJIH Ce0s1 MATHUTHO-
KOJIblIeBble aHTEeHHbI THIIA AMA, cKOHCTpYyH-
poBanusie paauosnwbutesem DK5SCZ. Ouu
SIBJISIIOTCSI TIOBOPOTHBIMHM U JUCTAHIMOHHO
HACTPaMBAIOTCsI B PE30HAHC U3 IIOMELIEHHs C
anmaparypoii. Ha puc. 20.8 nokasana nono6-
Hast auTeHHa tTuna AMA 2. OHa ycTaHoBjIeHa
Ha MOBOPOTHOM YCTPOIiCTBe, a B €e HUXKHel

And (20.7)

Puc. 20.8. PaMo4Has ko/iblieBasi aH TCHHA TUITA
AMA 2 (¢poto DK5CZ)

YaCcTHU BUJHO Majioe KOJIbLO U3 KOAKCHAIbHO-
ro KabeJsist, CJyXKalee 3JeMEeHTOM MHIYKTHB-
Hoi cBsi3u (cM. puc. 20.7). ITocepenute Bepx-
Hell BeTBU 3aKpelUieHa KOpoOKa € epeMeHHbIM
KOH/IEHCATOPOM HAaCTPOMKH U €ro NMPHBOJOM.
Bonbuioe kosbiio Bo Bcex MogudUKauuUsIxX aH-
TEeHHbI BBIIOJHSAETCS U3 aJIIOMUHUEBOMN TPyO-
KU C BHEUIHHUM JHaMeTpoM 33 MM.

PasButue anteHs tuna AMA Hayasoch ¢
nybauxauun DL2FA [5], rae onucsiBanuch
MarHUTHble KOPOTKOBOJIHOBbIE NMETIH AJIS
Pa3JIMYHBIX MHTEPBAJIOB YacTOT. B kavectse
KOJIBIIEBOTO ITPOBOHMKA ITpeJIarajloch MpH-
MEHATb MEIHY0 TPYOKy auameTpoM 20 MM.
JlanHble 3TUX aHTeHH yKasdaHbl B Tabs. 20.2;
OCTaJIbHBIE TAPAMETPbI MOXHO PACCYUTHIBATD
IO NpUBeeHHBIM (HOpMyJIaM.

Ta6muua 20.2. ITapamMeTpbl KOPOTKOBOTHOBBIX PAMOYHbIX aHTEHH,

paspaborannbix paauomoouresrem DL2FA

JlrobuTenbCKUe TUATA30HbI, M 80, 40 40, 30, 20 20,17,15,12,10
Juametp konbua D, M 3,34 1,67 0,84
Jlnuna oxpyxnoctu U, M 10,5 5,25 2,63
unametp Kombua d, M 0,67 0,34 0,17
Wnrepsas yacTot HacTpoilku, My 3,5-7,1 7.0-14,5 14,0-30
WHaykTtuBHOCTD L, MKI'H 10,9 4,6 2
Emkocts C,, n® 160-46 112-26 65-14
OTHocHTebHas ATHHA OKpy)HOoCTH U/A 0,123-0,249 0,123-0,254 0,123-0,263
Conporusienne usnyyesust R, Om 0,044-0,757 0,044-0,82 0,045-0,943
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Bb110 ObI HEBEPHBIM YTBEPKAATh, 4TO Mar-
HUTHO-KOJIbII€Bble AHTEHHBI — BCETO JIUIIb
BCIIOMOraTesibHble ycTpoiicTBa. B aeiicTBu-
TeJIbHOCTH 3TO He TaK, ¥ /I0Ka3aTeJIbCTBO TOMY —
no/pOGHBII OTYET 06 UX UCTIBITAHUSAX, BBIIOJI-
HenHbix DL1BU [2]. IIpoBepsinch aHTeHHbI
tvia AMA 1 u AMA 2, cKoHCTpyHpOBaHHbIe
DK5CZ (a6 20.1) v npenHasHa4eHHbIe 1S
JOGUTENBCKOM CBA3U. AHTEHHOH CpaBHEHHs
ctyxuna nsruauanasonnas Groundplane pim-
HOH 7 M B KOMIUIEKTE C IPOTMBOBECAMH TUIA
Butternut HF5. O6e anTeHHbI 6bIM YCTaHOB-
JieHb! Ha BbIcoTe 10 M Hax 3emureit. B kauectse
JIONOJIHUTEIbHOI aHTEHHbI CDABHEHUS B [Ua-
nasoHe 40 M HCIONB30BAJICS IIOJIYBOJHOBBIM
BUODPATOP, CMOHTUPOBAHHBII Ha BbIcOTe 27 M.
B nybiukauun Takxe npuBoasrtcs o6pasibl
TIOKa3aHUH CaMOIKUCIIA AJIUTeNIbHOCTHIO 10 30 C.
[To pesysbTaTam 3THX CPaBHUTEbHBIX UCITBITA-
Huil pagronoburens DL1BU caenan BbiBOA:
«PamoyYHas KoJIbLeBasi aHTEHHA [0 CBOel ad-
(eKTUBHOCTH NPUOIU3UTENBHO COOTBETCTBYET
anrente Groundplane anuHo# okoJio 7 M, Tpe-
GyrolLeii HECKOIBKUX VIMHHBIX IPOTUBOBECOB.
3aro anrenHa Tuna AMA 2 quameTpoM Bcero
b 1,7 M o6xoauTcs 6e3 BCAKUX MPOTHBO-
BECOB». '

Kak ycranosusn DL1BU, noaronkoii Majoi
nerniu KCB cHmxaercs no Besnuunsl 1,0 Ha
mo60oi YacToTe B npenesax paGoyero UHTEp-
Basia. Be3 Takoii TOHKOI HACTPOHKHU B GOJIb-
IIMHCTBE cly4aeB yaaercs: obecneunts KCB
Ha ypoBHe 1,5. CTosIb Masio¥ paccoriacoBaH-
HOCTBIO MOXHO IpeHebpeyb, TOCKOJIbKY I0-
TEepM 3a CYET PacCOTJIACOBAHUs He IPEeBbIIIa-
10T 0,2 15 u naxe npu KCB = 2 onu exsa 1o-
cruraot 0,5 15. Bripouem, paccorsiacoBanue

[OnvHa ayrv nonykpyra /

1 =02A
X=1/51
Y =A/200

a)

IIOJIHOCTBIO YCTPAHSIETCsI C IOMOLIbIO AHTEH-
HOTO COTJIACYIOLIETrO YCTPOUCTBA.

TeM, xTO mpexnoyuTaer GOJIbIIKE BHIXOA-
HbIE MOLIHOCTH, CJIELyeT YYECTh, YTO BHICOKO-
4aCTOTHAsi Harpy3Ka PaMOYHBIX KOJIbLIEBbIX
AHTEHH, IIOCTPOEHHBIX C MCIIOJb30BAHUEM
AOCTYIHbIX JIOOUTENIO CPENCTB, HE NOKHA
6b1Th BbIe 1000 BT. ITpuuuna xpoercs uc-
KJIIOYUTEbHO B HACTPOEYHOM KOHJEHCATOpE
nepemenHoi emxoctu C,, KOTOPHIif MoaBepra-
€TCs1 BO3AEHCTBUIO BBICOKOrO HAMPSKEHUS U
CUJIbHBIX TOKOB. JlJIs1 MOIIHOCTEH, MpeBbiLia-
IOIINX YKa3aHHYIO, TPEOYIOTCA KOHCTPYKLUM
3HAYUTEJLHO BOMBLINX PA3MEPOB.

20.3. OJnekTpUYECKH-MAarHUTHAA
aHteHHa Groundplane

JNexTpuyecku-MarHuTHas netas Ground-
plane Loop (EMGL), onucanHas paauomo6u-
tesem DL2FA [10], nokasana Ha puc. 20.9 u
npeacTaBsieT co60i NOJNyKOJIBLUEBYIO PAMKY,
PacIoOJIOXKEHHYIO HaJl IPOBOJISIIMM [PYHTOM.
OHna 3a3eMJIsIeTCsI HAIPSIMYIO U OJMHAKOBO
pearupyeTr Ha 3JIeKTPUYECKYIO U MarHUTHYIO
COCTaBJISIIOLINE 3JIEKTPOMArHUTHOTO I1OJIS.
Kak u mo6ast pamo4Hasi KosblieBas aHTEHHa,
EMGL paGoraeT npu rajbBaHUYECKOM TIOJ-
K/I104eHUH (uepa yepe3 raMMa-COrJIacoOBaHUeE
(puc. 20.9a), a Takxe IPU €MKOCTHOH (pHC.
20.96) 1 unayxTuBHON (puc. 20.98) cBsA3U C
HHUM. YKa3aHHad Ha PUCYHKax JJIMHA [OJy-
Kojbua 0,2 A OTHOCHTCS K MUHMMAJIBHOM pac-
4eTHOIl A/IMHe BOJIHBI aHTeHHBI. [Ipu npume-
Henun EMGL ucnosns3oBaHue nmpoTuBoBeca

/

B).D,nuua ayru nonykpyra /

6) 1 =02A (=02A
C MNepumeTp U=04!
K netnu ceasu U
Ca
N A AN

Puc. 20.9. YerpoiictBo 1 ciocobst noaknoyenus EMGL: a — ranpBaHMYecKoe COeHHEH e
uepe3 ravva-3JIeMeHT; 6 — eMKOCTHOE COEIMHEHHE; B — HHAYKTUBHOE COeIMHEHUE
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20. PamoudHbie aHTeHHsI

[nuHa ayrv nonykpyra

alL

MNepumeTp
netnu cessn U

77

1 LWbips
3a3emMneHus

Puc. 20.10. YerpoiictBo anrennst EMGL no Bepcun DL2FA (pasmeps! 1 mapaMeTps! puBeaeHs B Ta6. 20.3)

006s13aTeNbHO, IIPUYEM 110 BO3MOXHOCTH OH
He JIOJKEH 3aKalbiBaThesl. Pagnonoburens
DL2FA coBetyeT npuMeHsITh B Ka4ecTBe IIpo-
THBOBECA IPOBOJIOYHYIO CETKY, €I0 ClIeayeT
HAKPbIBaTh OOMBUIYIO [IIOLIAAKY [10] AHTEH-
HOI1. MOHTHPOBATbh AHTEHHY 11€JIECO00Pa3HO
Haz naockoil kpeiwei. Hemocpeactsennoe
3a3eMJIeH1e 06ecieYBAETCsT HaIeXXHBIM I'PO-
MooTBOZIOM. Kak U B ciyyae ¢ paMOYHBIMHU
KOJIbLIEBbIMU aHTEeHHaMH, ipu pabote ¢ EMGL
HeoOX0MMO H0GUBATHCS] BO3MOXXHO MEHBIIUX
HOTEpb B IIPOBO/THUKE U [IEPEMEHHOM KOHJIEH-
carope HacTpoitku C, C yBenMyeHHbIM pac-
CTOSIHMEM MEXIy IIJIaCTHHAMH, TeM GoJiee YT
CONpPOTHBJIEHHE H3JIyYEHUs ITOTyKOJIbIIEBOH
HeTJIM COCTABJISIET JIULID IIOJIOBUHY COPOTHB-
JIeHUs! M3JlydeHus R 1ielbHOro Kosblia.
Panuomo6urtens DL2FA [10] npusoaut
NPaKTHYECKHe XapaKTePUCTUKY IS Pa3IMYHBIX

anteHH EMGL (puc. 20.10). Onu npezcras-
JieHsl B TabJ1. 20.3 BMECTe € IPYrUMH pacyer-
HbIMU Napamerpami. I[IpoBOTHUKOM aHTE€HHBI
CJIyXKUT MeaHas TpyOka nuamerpom 10 mm, a
BUTOK 3JIEMEHTAa HHIYKTHBHOH CBSI3U JleJIaeT-
cs1 U3 MeJHOI TPOBOJIOKU HAaMETPOM He Me-
Hee 2 MMm. Hasemuplii npoBogHuk D HanexHO
IPUIAUBAETCs K IIPOTUBOBECY U3 NPOBOJIOY-
HOH CeTKH, a [/ TPO303aIUUThI UCIIOIb3YeTCsI
3a3eMJISIOII Ui IITHIPb.

YKa3aHHble 3/IeKTpHYecKe MapamMeTphl Ta-
KO aHTEHHbI BO3MOXKHBI JIMLIb IIPH YCJIOBUHY,
€CJIU B 11€JIOM €€ KOHCTPYKIIMsI XapaKTepusy-
€TCsI MaJIBIMU [TOTEPSIMU U UMEETCsI JOCTATOY-
HO boJbIoii nporuBosec. Ipuxoaures naxe
IpOauBaTh llepeceyeH st IPOBOJIOKHU B CETKe
nporuBoBeca. OH K0JKeH OBITh 1O KpaiiHel
Mepe BJIBOe JJIMHHee U LIMpe MOJYKOJIbLA aH-
TeHHbl. B 1aHHOM BapuaHTe UCIIOJIb30BAHO

Ta6muua 20.3. Paameps! H napameTpsl antennsl EMGL

JIto6UTENbCKHE AUATIA30HBI, M
80, 40 40, 30, 20 20,17, 15,12, 10
JnMHa IOIyOKPY>KHOCTH |, M 84 4,2 2.1
Huxnuii mpoBoanuk D, M 5,35 2,67 1,34
ﬁ[;l;;l;a l(J)YK]\[‘)y)chocrlvi MeTIN HHAYKTHBHOMH 3,36 1,68 0,84
YacroTHas 061acTh HacTpoiiky, M 3,5-7,1 7,0-14,5 14,0-30
Wunyxrusnocts L, MxTH 6,22 28 1,27
Emxocts C,, n® 322-80 184-43 102-22
OTHOCHTeNbHAS ATTHHA IOJTYOKPYXHOCTH [/A 0,098-0,155 0,099-0,20 0,10-0,21
Conpotusienue usaydesus R, Om 0,009-0,155 0,009-0,158 0,01-0,19
HInpuna nosmoce! B no yponio 3 aB, kI'n 5,7 ansa 80 M 11,5 nns 40m 24 g 20 m
67 nnst 40 M 147 nns 20 M 323 s 10 M

:g’(‘)‘;’;‘igﬁ:iﬁ:ﬁ; /4,25 1,91 280 M | -152w1a40m | -1,22 11220 M

-0,55 g 40 m -0,50 1151 20 M ~0,47 nns 10 m
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AHCTAHUMOHHOE YNpaBJEHUE IepPeMEeHHBIM
konnerncartopom C,. MHayKTHBHas CBsi3p Ha-
CTPauBAETCsl HA ONTUMYM Iy TeM aepopMaLHH
nernu U. KCB Ha koakcuanbHOM Kabese co-
CTaBJsgeT npubIusuTebHo 1,5.

20.4. TIpenmymecTBa paMOYHBIX
aHTeHH

Bor kpatkuii nepeuens npeuMyecTs Maruur-
HO-DaMOYHBIX aHTEHH I10 CPABHEHMIO C 3JIeKT-
PUYECKUMHU:

* PaMOYHbIe CUCTEMbI He HYXAAIOTCS B NPO-
THBOBECAX M KaTYIIKaX /ISt HACTPOMKH;

* Ipefie/IbHasl KOMIIAKTHOCTb COYETAeTCs ¢
Bbicokum KIIJI;

* CIIOCOGHOCTD HENPEPBIBHO NIEPEKPBIBATD 3a-
JIaHHbIH MHTEPBA YACTOT;

* TOYHOCTb JMCTAHIMOHHOMA HACTPONKM npu
COOTBETCTBYIOIIEM PelyKTOpe NMPUBOJA;

* ONITUMAJIBHOCTDL KO3dGulMeHTa cTosiuei
BosHbl (KCB) st kax0it yacToTsl B uH-
TepBaJie HACTPOMKH;

* PaMOYHbIE AHTEHHBI He HYXIAIOTCS B CO-
TJIACYIOMIUX YCTPOUCTBAX;

* IPUTOZHOCTD AJsi MOObIX IIPHeMOnepesa-
IOIINX YCTPOIICTB;

* 61arof1apsi ONTUMAIBHOMY COLIACOBAHUIO
OTCYTCTBYIOT [IOTE€DH MOIHOCTH NPH HC-
TIONIb30BAHUN TPAH3UCTOPHBIX OKOHEYHBIX
KackKa/os;

* PaMOYHbIE AaHTEHHb! OAMHAKOBO NPUTONHbI
A1 IATIbHEH CBSI3U M PaAMOOOMeHa B cpefiHe-
€BPOIEIiCKNX rpaHuiax Graronaps uanyde-
HUIO M0J{ HAKJIOHHBIMU ¥ KPYThIMH yIIaMH;

* HECMOTPSI Ha CyLIeCTBEHHO MeHbIuue raba-
PHUTBI 110 CPABHEHHIO C IIOJIyBOJIHOBBIM BUG-
PaToOpoM, pasHULA TEOPETHYECKOrO yCH-
JIEHUsI UjleaNlbHOH AaHTEHHBI B CBOGOIHOM
NPOCTPaHCTBe cocTaBiusieT aumb 0,4 nB. B
CJyyae 3KCIUTyaTaly paMOYHOM aHTEHHbBI U
TOPU3OHTAJILHOTO MOJYBOJHOBOIO BU6pa-
TOpa BOJIM3M 3eMHOM TOBEPXHOCTH nepBast
0becreyuT 3HAYUTENBHO GoJlee BHICOKHE pe-
3YJIBTaTbl, K TOMY XK€ 3Ta aHTeHHa IpeKpac-
HO MOJAXOJHUT /751 paboTsl B MOGUIBHOM
PEXHME M MOJIEBBIX YCIOBUSX;

* IPH BEPTHKAJIbHOM PACMONOXKEHUH PAMKU
€€ luarpaMMa HanpaBJIeHHOCTH B FOPU3OH-
Ta/IbHOI I1I0CKOCTH 1MeeT GopMy BochMep-
KH, YTO MO3BOJISIET OTCTPANBAThCS OT Mela-
IOLMX CTaHUMH (neeHraTOPHbIH 3ddexT);

* Majible OTepH Ha IpeobpazoBanue 6J1aro-
Mlapsi OTHOPY4Y€YHOI HACTPOUKE U BBICOKOIH

nO6POTHOCTH KPYMHOi OXHOBHTKOBOH Ka-
TYLIKY;

nepemelleHre aHTeHHbI ¢ GOIbIION BBICO-
ThI K 3¢MHOMH ITOBEPXHOCTH MaJIO CKa3bIBa-
eTCst Ha ee 3P PEeKTUBHOCTH, OCKOIbKY
Y BEPTUKATbHOM MOHTaXe€ PaMKH Mar-
HUTHBIE CUTIOBLIE IMHUM UIYT Napajljesb-
HO 37IeKTPOIIPOBOZHOMY TPYHTY (C IpHUCY-
IIMMH €My TIOTepsIMU) M II04TH He 3aBUCAT
OT ero CBOICTB;

MarHUTHasi COCTABJISIOIAs I0JIS HIEKTPO-
MAarHUTHOrO U3JIyYeHUs! IIy0Ke MPOHUKAeT
B 3/1aHHsI 110 CPRBHEHHUIO C 3JIEKTPHYECKUM
KomItoHeHToM. OGHIIe MeTaslIa U MPOBOJIOB,
XOPOIIO IIPOBOJISILIHE CTEHbI B ONPe/IeIeHHOI
CTEINEHH 3aTPYAHSIOT IIPOHMKHOBEHHUE 3JIeK-
TPUYECKOH COCTABJAIOIIEH B MOMENICHUS,
6narozapst yeMy MarHHTHO-pPaMOYHBIC aH-
TEHHBI Jy4lle paboTalOT B KOMHATAX, Ha
GasKOHaX MM YepaKaX, HeKeNH 3JIeKTPH-
JecKue;

61arofapst HCKIOYUTENbHO BHICOKOH 106-
porHocTH (Q = 400) pamMouHbIe aHTEHHBI
XapaKTePU3yI0TCsT BECbMa Y3KOH [0JI0CO#H
MPONYCKAHUsSI OTHOCHUTEIbHO BbHIOPAHHOM
HacTOThl. ITUM obecleynBaeTcs cyuie-
CTBEHHAs MOIOJHUTENbHAS MpeceaeKIHs
BenuuuHoii 6osee 30 nB, uTo, B CBOIO OYe-
Pelb, PE3KO CHUXKAET EPEKPECTHYIO MOLY-
JISILMIO BO BXOJHBIX KacKaJax MpUEeMHHMKA
U yJyqniaeT BeyepHui IpyeM B JMana3oHe
40 m;

B peXHUME Nepefayd PAMOYHbIE aHTEHHBI
NPENATCTBYIOT U3JYYEHUIO BBICIIMX MM
NMOGOYHBIX FAPMOHHK lIepeNIaTYHKa (HATIPH-
Mep, IIepBasi FADMOHUKA MOJABJSETCS Ha
yposHe 35 1B, oTciofa — yMepeHHOCTb I0-
MeX PajOBENIaHUIO U TeJeBU3UOHHOMY
npuemy);

PaMOYHbIE AaHTEHHbI SIBJISIIOTCS CHMMETPHY-
HBIMH cucTeMaMu. VIM He HyXHbI 2JIeKTpH-
YECKUe TPOTHBOBECH. PaMoOyHble aHTEHHBI
He HaBOJSAT HEKOHTPOJIMPYEeMble KOHBEK-
THBHbIE TOKU B IPYHTE MJIM CTEHAX 3/aHMUI,
YTO TaKXe CNMOCOOCTBYET CHUMKEHUIO yKa-
3aHHBIX [IOMEX;

ONKChIBaEMble AHTEHHBI 3a3eMJISIOTCS Ha-
IpAMYI0, YeM 00eCeYuBaeTCs: ONTUMAIIb-
Hasl IPO303aLIUTa;

13-32 CHH(AZHOTO OTPAKEHUS BJIEKTpHYEC-
KHe BepTHKaJlbHble aHTEHHbI, yCTAHOBJIEH-
HbI€ HA IPYHTE C XOpOLIeH 3JIeKTPOIPOBO/I-
HOCTbIO, U3JIyYalOT PaIMOBOJIHBI MO ILJIOC-
KHM YIJIOM, YTO BaXKHO [JIs1 Ja/ibHel CBS3MU.
AHaJI0rHyHbIM 06Pa3sOM M3IyHAIOT H paMoy-
Hble aHTEHHbL. 113-3a a/1eKTpHYECKUX NOTeph
B 3eMJI€ aMILTUTY/A IOYTH FOPU30HTATIbHOI
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20. PamoyHbie aHTEHHbI

COCTaBJISIIONIEN M3Jy4YeHUsI pAMOYHOI aH-
TEeHHbI OKa3bIBaeTCs HOJIbIIE, YeM aAMILIH-
Ty/Ja aHaJIOTMYHOrO KOMIOHEHTa U3Jly4e-
HUSI BEPTHUKAJbHOHN 3JIEKTPUUYECKON aH-
TEHHBI.

20.5. Oco0eHHOCTH U3TYYEeHHs
PaMOYHbBIX AHTEHH

BepTukanbHasi KOMIIOHOBKA

ITpu BepTMKANBHOMN YyCTAHOBKE PAMOYHOM aH-
TEHHBI €e arpamMMa HarpaBJeHHOCTH B ro-
PH30HTAJIBHOM MJIOCKOCTH MOXO0Xa HAa BOCh-
Mepky. [Ipu Takoii JuarpaMme aHTeHHa MaJjlo
YyBCTBUTEJIbHA K CUTHAJIAM ITIOMEX, PUXO/si-
LIMM BJIOJTb HOPMAJIU K IJIOCKOCTH paMkH. Bun
cBepxy Ha 3Ty auarpammy (puc. 20.11) coort-
BETCTBYET M3JyYEHUIO aHTEHHBI 0] MAJIbIM
YIJIOM K FOPU30HTY. /[MarpaMma B BepTHUKaJIb-
Ho#t ockoctH (puc. 20.12) sBrsieTcst Kpyro-
BOI1, YTO CBU/IETE/ILCTBYET O PABHOMEPHOM H3-
JIy4eHUH BOJIH B IJIOCKOCTH paMku. [ToaTomy
paMOyHble AHTEHHbI KaK HeJb3st JIyyIue Ioj-
XOAT 7151 obecredeHnst GIMKHEN U AabHeR
cBa3u. B naHHoM BapuaHTe peus uner o6 aH-
TEHHE BEPTUKAJIbHOM MOJISPU3ALIHH.

Puc. 20.11. TopusoHTanbHasA AMarpaMMa
HAaIpaB/JeHHOCTH BEPTUKAIbHO YCTAHOBJIEHHOMH
PaMOYHOIT aHTEHHbI (BUA CBEPXY)

Puc. 20.12. BepruxanpHas auarpaMma
HaNpaBJIeHHOCTH BEPTUKANbHO YCTAaHOBJIEHHOI
paMOYHOi1 aHTeHHBI (BHI cOOKY)

Ibpnaoma.nbﬂaﬂ KOMIIOHOBKA

KpyroBast ruarpamMma cBOHCTBEeHHA PaMOYHOIA
aHTeHHEe IIPU TOPU3OHTAJIBHOM IIOJIOXKEHUHU
pamku (puc. 20.13). MuHumanbHoe HU3iyde-
HUe PacHpOCTPaHsIeTCs BAOJb BEPTHKAIN K
IIJIOCKOCTH PaMKHU 110 06e CTOPOHBI OT Hee.
Yros Bo3BbILIEHHS [TIABHOTO JIyYa 3aBUCUT OT
CTPOUTEJIbHOI BBICOTHI aHTEHHBI h Haj 3eM-
neit. Biaronapst cnabocTu U3MydeHust MOK
KPYTHIMHU YIJIaMH, TAKasl aHTE€HHA SIBJISETCS
KPYTOBbIM U3JTy4aTesieM, XOPOLIO IPHCIIOCOD-
JIEHHBIM /1711 fabHell cBsi3n. BepTukanbHas
IuarpaMMma aHTeHHbI Toka3aHa Ha puc. 20.14.
B 3TOM BapuaHTe OHa XapaKTepU3yeTCsl TOpH-
30HTAJIbHOM MOJsIpU3anueit.

Puc. 20.13. TopusonTanbHas nuarpaMma
HAINpaBJIEHHOCTH FOPU30HTAJIbHO YCTAHOBJIEHHOM
PaMOYHOM aHTEHHBI (BHI CBEPXY)

W W W WA W W W W W W W W W

Puc. 20.14. BepTukanpHas ruarpamMma
HAlPaBJEHHOCTU FTOPH30HTAILHO YCTAHOBJIEHHOU
PaMOYHOMN aHTeHHbI (BUI COOKY)

20.6. VYkazaHus 110 NPOEKTHPOBAHMIO
PaMOYHbIX AaHTEHH

PaMoyHble UJIM KOJIbLIEBbIE AHTEHHbI npuMme-
HAKTCA B Ka4eCTBE€ IIPDUEMHBIX U Nepeaaro-
wux. OHY OTJIMYAIOTCS KOMITIaKTHOCTBIO, IIIH-
POKOIIOJIOCHOCTBIO U OCTPBIM DE30HAHCOM Ha
0601 U3 HACTpPAaWBAE€MBbIX YaCTOT, YTO II03BO-
Jiget I[O6PIBaTbC$I Haujiyqyuero COOTHOMEHHUs
3aTpaT U pe3yJibTaTOB IIPU CaMOCTOATE/IbHOM
M3roTOBJIEHUH TAKUX AHTEHH.
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Coszanie BOCbMIYTOJIbHBIX PAMOK OTTUCAHO
B[11,12],a xBanparubix — B [13, 16]. B [17] pac-
CKa3bIBaeTCsI O KBaZPATHOI PAMOYHOMN aHTEHHE
U3 TPeX BUTKOB 1J1s1 paboThl B iManasoHe 80 M.
AHTeHHa Ha ¢depputoBoM crepxkie ansa 160-
MEeTPOBOTI'O JMana3oHa paccmarpuBaercs B [20].

KonbueBast anteHHa AuameTpom 470 mm
(cm. puc. 20.15) npensioxena paxuonobute-
sem DK1MM [18] u npeanasnavena ajst pa-
0OTbI B LIECTMMETPOBOM siManasone. OHa Kpe-
NKTCS Ha MOJIOCE U3 TBEPAOH APEBECHHBI HJIK
retrHaxca pasmepoM 500X50x 10 mm. IIpoBoza-
HHUKOM CJIY>KHMT NPYTOK M3 MSITKOM Meu aua-
merpom 10 Mm. Paxyomoburesnio TpyaHo npu-
MEHHUTB 371eCb TPYOKY M3 KeCTKOM menu, Tak
Kak /71t ee o6pabotku notpebyercs ruboy-
HbIi npecc. B kavecTBe HaCTPOEYHOrO KOH-
JleHcaTopa NOAOHAET TPUMMED C BO3JyIIHOMH
nsonsumelt, emxoctbio 10 n® u paccrosHueM
mexay mnactuHamu 1,5-2 mm. ITosoca yactor
nocJjie HacTpoitku Ha MmuHumMym KCB - 270
kIt (o xpurepuio KCB < 2).

ITpu sKcmTyaTalMy aHTEHHbI GbLIM NIOJTyYe-
Hbl OTJIMYHBIE Pe3yJIbTAThl: U3 XKUJIOTO HoMe-
IIeHHs1 B OOBIYHBIX YCJIOBUAX IIPH MOIHOCTH
3KBUBAJIEHTHOIO U30TPOIHOIO U3JIydaTess
11 Br yraBasnocs ¢ 1epBoro pasa yCTaHaBJIU-
BaTb CBsI3b €O craHuusMHu IOxHOH Amepu-
ku ¥ IOxHo#t Adpuxu.

MepHas Tpybka
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A. UeHTpanbHbIi NPOBOAHKK pasbema
cnaaTtb ¢ Tpy6koit 100 Mm

B. BHewHWin NpOBOAHUK pa3bema
COeAnHNTL CKOOOI C pamKoWn

anameTpom 10 mm

8 Nepemelyaemsbiit
MeAHbIN 3aXUM

PamouHast kBafpaTHast aHTEHHa JJIs1 Auala-
30Ha 2 M (puc. 20.16), npegHasHayeHHas 1
paboTsl B MOOMJIBHOM peXuMe, KPemuTcs K
Ky30BYy aBTOMAllHbl MarHUTHBIM JepxKare-
sieM. OHa U3roTOBJIEHA M3 CTAHAAPTHOU Mej-
HOI1 TpYOKH 1UaMeTpoM 22 MM M COOTBETCTBY-
IOILMX COYJIeHeHUIi (KOJIeHa, TPOIHUKY, 1epe-
XOAHMK 22/15), cCHasiHHBIX MeXIy coOOoi.
CTOpoHBbI KBapaTHOH AHTEHHbI COCTABJSAIOT
Bcero 156 mm. Tonkast HacTpoiiKa OCyuIeCTB-
JII€TCs1 C OMOLIBIO BUHTA B LIEJIH, Urpaloueit
posb emkocTH. ITocsie HaCTpOKM Ha MHUHU-
myM KCB mupuna nosocst npubau3uTensHO
paBna 200 kIt (o xputepuio KCB < 1,5).
ITpu ropU30HTaIBHOM MOHTAXKE AaHTEHHA JI€ii-
CTBYeT KaK KpyroBoOii M3Jy4aTesib rOPU30H-
TajbHOH nossipusauuu. [Ipu BepTUKaIbHOM
MOHTa)Xe ee auarpamMma CTaHOBHUTCS JABY-
HaNpaBJIeHHOI (JIeXxamiasi BOCbMeEpKa), a Io-
JISIpU3alusl — BepTUKaIbHOU. Bpaas aHTeH-
HY, MOKHO OCJIa6JISITh CUTHAJBl MELIAIUINX
CTaHLMIL.
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21. AKTMBHbBIEC AaHTE€HHbI

21.1.

AxTHBHas aHTeHHa MOSIBUJIACh B Pe3yJbTare
COYETAHHUS DJIEKTPOHHOTO yCHJIUTES C 00bIY-
Hoil aHTeHHOH. Biarogaps atomy akTHBHbIE
aHTEHHbI OOPENH Psifl IPEMMYILECTB 110 CPaB-
HEHHUIO C NACCHBHBIMU.

CamMa uziest BCTpauBaTh 3JI€KTPOHHbIE dJIe-
MEHTBI B KOHCTPYKIIMIO aHTeHHbI He HoBa. Ente
B KoHIle 30-X IT. B repMaHCKOIl NaTeHTHOM
JIMTepaType MOSBUJIUCH MyOINKallUY Ha 3Ty
temy [1, 2]. Bciomunm paborst I. Maiinke [9],
npodeccopa kadenpbl TEXHUKU BHICOKUX Ya-
cToT MIOHXEHCKOrO TEXHHYECKOTO YHUBED-
cuteta u ero accucrentos: I. DakeHskkepa,
®. JTanacropdepa u X. JIunaenmaiiepa. ITosx-
Hee Ha aTO# Kadesape uccienoBanuch Teope-
THYECKUE OCHOBbI aHTEHH U Ha MHOTOYHCJIEH-
HBIX IpUMepax OblIM 060CHOBAHbBI MX PEAsH-
3yeMOCTb U NPEeHMYIIEeCTBA.

Ho noznvHHOe pa3BuUTHE AaHHas uies no-
Jlyyuiia C IOSIBJIEHUEM IIOJIyITPOBOJHUKOBBIX
npru6opos. B cBoux paspaboTkax nepBEIMU HX
crany ucnossdosars Opoct, Koynnang, Tep-
Hep u Bukepcxam [3-8].

Bravasie akTHBHBIM aHTEHHaM IIPUCBaKBa-
11 ocobbie HazBaHus: Parant (Parametric

BBenenue

Amplifier Antenna), Antennafier (Antenna
Amplifier), Antennamitter (Antenna Trans-
mitter) unu Antennaverter (Antenna Con-
verter). [To3xe, KOraa MOSIBUIUCh TyHHEJb-
HbI€ U0l U KOMIAKTHbIE TPAH3UCTODHI U B
yHusepcutere wrara Oraito (CILIA) B 1964 T.
6bL1 pa3paboTaH ONBITHBIN 06pa3ell aKTHB-
HOM aHTEeHHBI, TOAOOHbIE AHTEHHDI CTANH Ha-
3pIBaTh HHTETPUPOBAHHBIMU HJIM TPAH3UC-
topHbiMu. T1ocie/iHee Ha3BaHKe MHOTIA BCTPE-
YaeTCst U CETOMHSL.

21.2. [IIpuHuMmuaIbHbIE MOJIOKEHHS

Buemnue nrymbi

CTaTUCTHYEeCKOe pacipe/iesicHye BHELTHUX L1y~
MOB CBUJIETEJILCTBYET O TOM, YTO C YMEHbUICHH~
€M 4aCTOTbI OHH PaCTYT BILIOTb 10 MaKCUMyMa
npubausutesbHo npu 10 kT (prc. 21.1).

¥V npuemHukoB st yactoT Mexee 30 MTIy
koadpdbunuent myma 6iusox k 20 1B, n Ta-
Kue IPUeMHUKH CUMTAIOTCS BoJtee Wl MeHee
«CBEPXYYBCTBUTEIbHbIMIT>. CHTHAJIBI, TPUHS-
Thble 3(ppeKTUBHBIMY AaHTEHHAMH, IIEperpyxa-
IOT IPUEMHHK, U BO3HUKAIOT HHTEPMOJLY IAIH-
OHHBIC UCKAXEHHUSI.
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Puc. 21.1. YacTornas saBncumMocts Bietmmnx muymon (CCIR-Rep.285)
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21. AKTUBHbIE QHTEHHB!

Pa3paboTka KOPOTKMX AKTUBHBIX aHTEHH C
ONITUMAJILHBIMHU YCIOBUSMU IO LIYMaM OKa-
3BIBAETCsI 3/1eCh BecbMa KcTaTu. VX nmpuMe-
HeHHe B IPHEMHBIX YCTPOICTBAX MO3BOSIET
MHUHHMH3HPOBaTh WyM-GaKTOp CUCTEMBI U
ONTHMaJIbHBIM 00Pa30M NPUCHOCOOUTHCA K
BHewHuM tmymaMm. [1o cpaBHEHHUIO ¢ O6BIYHBI-
MM aHTEHHaMH IOSIBJSIETCS TaKXe BO3MOX-
HOCTb U3MEHSTh HIDKHIOI TDAHUILY JUHAMU-
4eCKOTO /IMana3oHa B JIYYLIYIO CTOPOHY.

ITpu 3aziaHHOIt MMPUHE NOJIOCH MPOIyCKa-
HUsI Ha BBIXOJic TPUEMHON aHTEHHBI CO3/aeT-
Csl yPOBEHb MOIIHOCTH IOJIE3HOrO CHTHaja
(ecv oH MMeeTCs) ¥ YPOBEHb MOLIHOCTH BCe-
ra IPUCYTCTBYIONIMX BHEWHUX ymoB. Obe
BeJINYUMHBI CYIIIECTBEHHO IIPEBBIIAIOT YPOBEHD
COOCTBEHHBIX 3JIEKTPOHHBIX LITyMOB ITPUEMHH-
Ka BMECTE C Npe/IBapUTEbHBIM M IPOMEXY-
TOYHBIM YCUJIUTEIISIMU.

OTHouleHHe CUTHAMA K LWIYMY, OT KOTODPO-
TO 3aBHUCHUT KayeCTBO ITpHeMa, ONpe/esier-
Csl TOJILKO YDOBHSIMH 110JIE3HOTO CHUTHasIa U
BHEIIHHX UIYMOB. YKOpOYeHH1e aHTeHHbI OfH-
HaKOBO CHMXaeT ux ypoBHH. OTHOIIEHUE
CUTHAJI/IIYyM NPaKTHYECKH He MEHseTCS,
[IOKa BHEUIHHE UIYMbI OCTAIOTCS CYIIEeCTBEH-
HO BbIlIE COOCTBEHHBIX UIyMOB NPHUEMHON
CHCTEMBI.

IIpu nanpHeiimieM YKOPOYEHHUU aHTEHHBI
BHEIIHMI IIYM OKa3bIBAETCSI MCHBIIE BHYT-
pensero. Ternepb OTHOLIEHHE CUTHAM/IIYM
(dbakTHYeCcKH OTHOUIEHHE CUTHANA K BHYT-
peHHeMy LIYMY) Takke nmoHuxaercsa. Eme
6osibliiee yKOPOYEHHE AHTEHHDI BEIET K Jallb-
HeleMy yMeHbllIeHNIO UX oTHomeHus [10].

PaccmoTpuM cocrasnsmoniye myM-gaxropa
npuemHoro ycrpoiicrsa FS:

Fg=F,+(Fy-1) /Gy +(F-1)/(Gy X
X GN)r

rae Fg — mym-dakrop cucremsr; F, — mym-
¢axrop antennby; Fy — uym-dakrop npensa-
PHTEIBHOTO U IIPOMEXYTOYHOro yCHIuTeeit;
Fp — mym-caxrop npuemuuka; G, — 371€KTPOH-
Hoe ycunenue antennsl, Gy — ycunenue npes-
BAPHUTEJIbHOIO U IIPOMEXKYTOUHOLO YCHIIUTEIE.

B atoit popmyne F u G purypupyior B
KavecTBe K03 dULMEHTOB, a He Jorapud-
MUYeCKHX BEJIMYUH, BBIPAXKaeMbIX B AELHU-
6enax.

[ITyMm-daKkTop ciaefyeT NpUuMeHsITh KaK KO-
a¢puument wyma B ennnunax kT0, a He kax
Mepy uyma B geunbenax. Ecau wym-dakrop
antenHs! F, paBeH BHemHeMy u1yMm-¢akTo-
PY, OTHOLIEHUE CUTHAJ/IIyM yXyAIIAeTCs Ha
3 nb.

Ilapamerps! anTeHH

B 3aBUCHMOCTH OT MCHOJIHEHUSI MaCCUBHbIE
HaCTPOEHHbIE AaHTEHHbI XapaKTEePU3YIOTCSI Bbl-
COTOM, KOTOpasi paBHa YETBEPTH [JIMHBI BOJIHBI,
€CJIM aHTeHHa ITOCTPOeHa KaK MOHOIIOJb, HJIH
TIOJIyBOJIHE B Ciyyae gunosneil. Takue aHTeHHbI
JIMLIb U3PE/IKA YAAETCSI CTPOUTD Ha BBICOTE, CO-
OTBETCTBYIOLIEH TPeGOBAHUAM IIPUEMA Y HUX-
Hell rpaHUIIbl MX YaCTOTHOIO AHaNa3oHa.

Ecsn 3neKTpUYeCKH yKOpauyuBaTh KOPOT-
KWl TUNOJb ANUHOI A/5 MU 3JIeKTPUYECKU
KODOTKHii MoHOIO b AnnHOU A/10, akTHBHAast
cocTaBsiomas (CONPOTHBIIEHHUE U3JTYYEHHsI)
aHTEHHbI yOBIBAET HPOIOPLUHOHANBHO KBAPa-
Ty ykopoyenus. MHaye roBops, yMEeHbILUB
JUIMHY WJIH BBICOTY BJIBOE, HOJYYNUM BYETBEPO
MEHbIIIEe COMPOTHBIIEHHE U3JTYYEHHSL.

HarnpoTuB, peakTHBHAsI COCTABJISIIOILAS Pa-
CTET IOYTH IIPOMOPIIMOHATIBHO YKOPOUYEHHUIO,
TO €CTb OHa TeM (OJIblile, YeM MEHbUIE JJIMHA,
Taxk, naccuBHblif Bubpatop anuHo#t 10 M Ha
vyacrore 1,5 MIy xapakTepusyercsi COMpo-
TuBICHUEM M3mydeHus Rg = 0,5 Om u peax-
TUBHBIM COINPOTHMBJIEHHEM B HECKOJIBKO KH-
JIOOM.

CornacoBanue Ha BXoje MIPUEMHUKA YXYII-
LIAETCSt DX YKOPOYEHHUH aHTEHHBI 110 JBYM
HpHYMHAM:

* YMEHbBIIACTCS HAIpPSDKEHUE XOJIOCTOTO XOZa
antennnl U = E, o wm E, (h,g 2 anrenn-
MOHOTONei 1 [, U1 IMTOJIBHBIX aHTEHH);

* OTHOIICHUE HANPSAKEHUN COCTABJSIOUINX
CTaHOBHTCS HeOJIArONpPHUSTHBIM M3-32 POCTA
PEaKTUBHOI1 COCTaBJIAONIEN.

TpancdopmypoBaHue OMOraeT JHUIIb NMPH
OIIpeZIe/IEHHBIX YCIIOBUSX U K TOMY 7K€ 3aBUCHUT
OT YacTOThbl. AKTHBHAs aHT€HHa [03BOJISAET YC-
TPaHsThb 3TH HEJOCTATKY OJIaroaps NCHOJb30-
BaHUIO BCTPOEHHBIX YCHUJIUTENel, OTKpbIBast
TaKuM 06pPa3oM HyTH HOBBIX PelleHHUt

B npoTHBOMNOJIOKHOCTb MAaCCUBHOH aHTEH-
He C aHTEeHHBIM YCUJIMTeJeM, YCTaHOBJEeH-
HBIM 11ocie dhu/iepa, akTHBHAsI aHTEHHA MOXKET
XOpOLIO CONpSIraTbCS C BOJTHOBBIM COMPOTHB-
JIeHHEM KOaKCHAJIbHOTO KabeJst.

Ycunenne

YcuneHne akTUBHOM aHTEHHBI ONpeeseTCs!
IIPOM3BE/ICHUEM IJIEKTPOHHOTO ycumenuss GV
u ko3 dunmenra Hanpasiensoctu D, obyc-
JIOBJIEHHOTO JiMarpaMMOil HalpaBjIeHHOCTH
U3JIyyaTess:

Gp=GyD,
g,=101gG, = g, + 10 IgD.
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Jl71s1 KOPOTKO# aHTEHHBI PAKTHYECKH Hela-
BrcuMo ot yactotel D=15umn 101gD =1,8.

B To BpeMst Kak y MacCUBHBIX aHTEHH C Ma-
JIBIMU TIOTEPSIMH yCHJIeHHEe U Ko3hdHIHeHT
HAaIpPaBJIE€HHOCTH IOYTH HEPa3JIMYMMbI, YCH-
JIeHUE aKTUBHBIX aHTeHH (opMupyercs Kak
pE3yJIbTaT B3aUMOJIEHCTBHS HalpaBICHHOCTH
M YCHJIEHUSI CUTHAJIA YCUJTUTENIEM.

JJIeKTPOHHOE YCHIIEHHE

JJeKTPOHHOE YCUJIEHHE AKTUBHOW aHTEHHBI
ONpeZENSIeTCsT CIEAYIONMM 06pa3oM:

G, =P,/P,,

e P, — BbIXoqHas MONIHOCTb HAa HOMHMHAJIb-
HOM COTNPOTHBJICHUH, 2 P, — MOIIHOCTD, IpH-
HSITasi TaCCUBHOM YaCThIO aHTEHHBI.

DJIEKTPOHHOE YCUJIEHHE UCTIONB3YETCSI MPU
pacuere 1yM-(akrtopa CUCTEMbI U He UMeEeT
HUKAaKOro OTHOUIEHUs K JUarpamMme Harpas-
JIEHHOCTH aHTEHHBI.

B mpoTHBONO/IOKHOCTh MAaCCUBHOI COTJIa-
COBAHHOM aHTEHHE C MAJIbIMU II0TEPSIMU BEJIH-
YyHA YCUJIEHNs] aKTUBHON aHTEHHBI HUYETO He
FOBOPUT O HAIIPABJIEHHOCTH U3JIyYEHUS HUJIH O
COOTHONIEHMH CUTHAJ/IIYM.

IIpumep

AKTHBHBII BEPTUKAJbHbI BUOPATOP METPO-
BOTO IMana3ola XapaKTCpU3yeTCs CICAYOUIN-
MU [apaMeTpaMu:

* wrym-¢axtop (antennsr) F, =5 kT (7 1B);

* antekTponHoe ycunenue Gy, = 25,1, T0 ectb
gy = 14 1b;

* aHTeHHbIH Koaddunment K = 0,71, o ectp
k =3 ab;

» ko3 duniteHT HanpasienHocTu D = 3
(4,77 1B).

Ecnu mym-dakrop npuemnuka Fp = 10 kT,
(10 1B), To cymmapHblit myM-(hakTop cucre-
mbI cocrasiisier Fg = 5 kT, (7,3 1B).

KoaddummenT anresHbI

KoadduuneHT aHTeHHBI II0Ka3bIBaeT 3aBUCHU-
MOCTb MEXJy HAIDPSKEHHOCTBIO MOJIS U Ha-
npsikenuneM Ha Boixozie autenHsl K = E/U, rne
E — HanpsikeHHOCTh 3JIEKTPUYECKOTO 110715 (B
BOJIBTaX Ha MeTp), a U — BBIXOJ[HOE Harpsixke-
HHUE aHTCHHbl HA HOMUHAJIBLHOM COIPOTHBJIE-
HuM (B BOJIBTaX ). DTOT K03 dunueHT 06bIY-
HO BIpaXaeTcs B fenubenax kak 20 Ig K u Ha-
3pBaeTcst K-dakxropoM uim koadduuueHToMm
npeoGpa3oBanusi. Ero nosezieHne 3aBUCHT OT
4acCTOTHI.

JluarpaMma HanpaBJe€HHOCTH

V13-3a Masibix rabapuTOB AKTHBHBIX aHTEHH UX
JuarpaMMa HalpaBJeHHOCTH He 3aBHCHUT OT
vactoTsl. Ecsii, HanpuMep, aHTeHHa — MOHO-
nosb 12-MeTpoBoro auana3oHa — 0GHAPYXKHU-
BA€T OTYETJIMBBIIA POCT yrJjia BO3BBILIEHUS Ha '
yacrore 25 M, To y aHaJIOTHYHOH aKTHBHOM
UITHIPEBOI AaHTEHHBI ATOT YTOJI ellle OCTAHETCs
6JIM3KKMM K HYJIIO.

ITapameTpbl aKTHBHBIX aHTEHH MPHBECHBI

B[11,12].

Ipunuun xeiicrBust

3ameyaresbHbIE CBOMCTBA AaKTHBHBIX aHTEHH
O6DBACHSIOTCA COTJIACOBAHHBIM B3aMMOXEH-
CTBHEM ITACCHBHOM YaCTH aHTEHHBI C €€ aKTHB-
HBIMM 3BeHbsiMU (pHuC. 21.2).

Jliist obecrieuerysi BHICOKOTO MMITeZiaHca Ipe-
JIEIbBHO KOPOTKUX aHTEHH MPUMEHSIOTCS, Ha-
MIPUMED, MOJIEBbIE TPAH3UCTOPHI C YIIPABJISIO-
uMM pn-nepexonom Tuna BF245 umu BF2561,
OTJINYAIOIIHECS] BBICOKMM BXOJHBIM COIPOTHB-
JIeHVeM TIIPU MaJIOH BXOHOM €MKOCTH.

CooOTBeTCTBYIOIINE CXEMBI IIPUBOJSITCS B
[13, 14].

PaccMoTpuM npuHIMIEL AeicTBIst mpodec-
CHOHAJIbHBIX AKTUBHBIX aHTEeHH. MHOrokackas-
Has (Yauie — TPeXKacKajHasl) 3JIEKTPOHHas

! OreyectBennslii anasnor — KI1303B. — ITpunm. peo.

MaccusHas YacTb AKTUBHAs YacTb
AHTEHHbI aHTEHHbI
AnuHa Cxema BKNoYeHUs

KoHuesasi eMKOCTb Tunbl TPAH3UCTOPOB

OvameTp wrblps Pabouas Touka
Cxema OTpuuarensHas
npeobpasosBaHus obparHas cBa3b
AN /

AKTVUBHAs aHTEHHA

Puc. 21.2. Baanmozeiic reie nacCUBHBIX M aKTHBHBIX dJieMeHTOB aHTeHHb! (Rohde & Schwarz)
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CXEMa aHTEHHBI — 3TO MAIOIILYMSIIUI CTPOro
JMHelHbIH 1peoOpasoBaTelib MOMHBIX CONPO-
TuBseHuil. Biaronaps BLICOKOMY BXOJHOMY
CONpPOTHBJIEHHIO NIEPBOT0 KacKaJa Hanpsixe-
HHUE XOJIOCTOTO XO/la IIaCCUBHOI YacTH aH-
TEHHBI, PONOPINOHATIBHOE HANPSIKEHHOC-
TH MOJIs, BOCHPHUHUMAETCSI IIOYTH HE3aBUCHMO
ot yacToThL. [locenyonye kacKaibl CTPOSIT-
Cs1 [0 IBYXTaKTHOI CXeMe Ha KOMIJIEMEHTap-
HbIX TpaHaucTopax. [logo6HbIi noaxox obec-
MEYMBAET OTJIMYHOE KAYeCTBO HOJIBLIOTO CHT-
HaJa.

B kauectBe npeoGpa3oBaresieil Takue aH-
TEHHBI BEYT ce0s1 Kak (pHIITPBI BEDXHUX Yac-
tot. Biarosapst yacroTHo-3aBUCHMOI obpar-
HOIt cBsi3u akTuBHble KB aHTeHHbI paGoTaor
¢ curHasiaMu BIIoTh 1o 1,5 MIt. Tem cambim
CHUYKAETCsI ONACHOCTb NIEPEMOAYISIIIUY CHITb-
HBIMM CUTHAJIaMU CPEXHEBOJIHOBOTO JMaNa3o-
Ha. Ha Bxoze ycumurens uMeercst cxeMa 3a-
IIUTBI OT IIEPEHANPSKEHUH, BOZHUKAOIHX B
peayssrate atMochepHbIX paspssos. O6bIYHO
noxoGHasi cXeMa IIPUMEHSIETCS] M Ha BBIXOJIE
YCUJTUTeJst JI7Is1 3alUThI OT YPC3MEDHBIX Ha-
NPSKEHUI CO CTOPOHBI Kabess.

B coctaB aHTeHHBI BXOJMT CHELHANbHOE
3BEHO Pa3BsA3KH, 06eCIeYnBaoIee HE3aBHCH-
MOCTb aHTEHHBI OT MayThl WM HOBEPXHOCTH,
Ha KOTOPOi OHa MOHTHDYETCSI.

CrpyKTypHasi cXeMa aKTHBHOTO BEPTHKAb-
Horo BubpaTOopa nmpeacTaBieHa Ha puc. 21.3.

AKTUBHbBIE aHTEHHBI, B OTJIMYKE OT HaCCHUB-
HbIX, HEJIMHEHBI U3-32 3JIEMEHTOB YCUJIATEIS!
Y He NMOAYUHSIOTCS NPUHIUILY B3aHMHOCTH.

21.3. IIpumeneHue

B Hacrosniee BpeMs aKTHBHbIE aHTEHHBI HC-
MOJIB3YIOTCS B CTAIIHOHAPHOM M MOOMJIBHOM
BapuanTax Ha yacrorax ot 100 I'u no 1000 M.
OCo6EHHO LINPOKO OHU NMIPUMEHSIIOTCS B Kaye-
CTBE MPUEMHBIX aHTEHH, IJIaBHBIM 00pa3oM B
¢dopme MoHOMNOJIEH, NETIEeBLIX MOHOIOJIEH,
BUOPATOPOB U NeTJsieBbIx BuGpatopos [15-17].

M3BeCTHBI TAKXKC aBTOMOOHIIbHDIC AKTHB-
Hble aHTEHHBI JIJIs1 IIpUeMa paioBeIaTen-
HbIX cTanuuii [18, 19]. MHoraa ux npuMeHs-
10T B KayecTBE aKTHBHBIX MEJEHTaTOPHBIX
WM HanpaBJIeHHBIX aHTeHH. IIpeacraBiser
HHTEePEC MCIOJIb30BaHHE AKTHBHBIX pPaMoy-
HBIX aHTEHH TOPOJCKOI XeJe3HOH Koporoi
r. MionxeHna.

ITpumMep paGoTbI AKTUBHOI AHTEHHBI B Kaye-
crBe npuemMuoii KB aHTenHsl ieMoHCTpUpYeET-
csi Ha puc. 21.4. Ha nepenteM naHe nokasaHa
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Puc. 21.3. CTpykTypHast cxeMa akTUBHOTO
BepTHKaIbHOro Bubpatopa (Rohde & Schwarz)

nJiaTa yCHUJIUTEJS, @ Ha 3aIHEM — aHTEHHAsI CHU-
cTeMa JU1s MHTepBasa yactot oT 1,5 10 30 MTIiL
ITo TPOiiHasI aHTEHHAsI CHCTEMa C BEPTHKANIb-
HOMH IITBIPEBOI aHTEHHOH U [IByMsi B3aHMHO
MEPIEHAUKYJISIPHBIMU FOPU30HTAIbHBIMU BUO-
PaTOpHBIMH aHTEHHaMH, cBsi3aHHbIMU 90-rpa-
JIlyCHBIM OTBETBHUTEJIEM. YCTPOHCTBO aHTEHHBI
uoctTpupyercst puc. 21.5. B esiom aHrenHas
CHCTEMa XapaKTepU3yeTcst KpYroBoii quarpam-
MO¥i HaIlpaBJIEHHOCTH JIJI1 BOJIH BEPTUKAIbHOM
Y TOPU3OHTAJILHOIA TTOJISIPU3AIINH.

Ha puc. 21.6 npuBeses npuMep aKTUBHOM
AHTEHHOI CHCTEMbI METPOBOTO JMANa30Ha JJist
yactot ot 20 0 200 MTir. OHa Takke BbINOJI-
HEHa B BU/I€ TPOHHO aHTEHHO! cUCTEeMbI A
KpYTOBOTO IIpHeMa CHTHAJIOB TOPH30HTAJIbHOM
Y BEPTHKAJIbHON MOJISpU3aLIH.

AkTuBHBIE BUODATOPHbBIE AHTEHHBI METPO-
BOTO U AECLIUMETPOBOrO IMATNA30HOB IIPEACTaB-
JieHbl Ha puc. 21.7. AHTeHHa cIpaBa paccyu-
TaHa Ha yactotsl oT 20 1o 500 MTI, a cneBa —
ot 200 zo 1000 MTI'u. IlocienHsist U3 HUX UMe-
€T CJIeflyioliie XapaKTePUCTHKH: yCUleHue
ot 7 no 11 ab; mym-daxrop — or 6 xo 8 1b;
IP, > 55 dBm, IP; > 30 dBm.
ﬁ’lO6I/IJ[beIe HeJIEHTaTOPHBIE AaHTEHHBI MO~
KasaHbl Ha puc. 21.8. AHTeHHa ciipaBa paboTa-
eT B o61acTy yactot oT 1 70 30 MI, anTenHa
c3agy — ot 20 10 500 MTTy, aHTeniHa Ha nepen-
HeM made — ot 500 mo 1000 MTir.

Ha puc. 21.9 npuBe/ieH npuMep aKTUBHBIX
U3MEPUTENbHBIX aHTEHH IJIsI OINpe/eIeHUst
HaNPSKEHHOCTH 1o yacroroit ot 100 I'x o
1000 MTu. UIteipeBas aHTeHHa B HEHTPE pa-
60o1aeT Ha yacrorax oT 100 Iy xo 30 MI, Bu6-
paTopHast aHTeHHa ciesa — ot 30 xo 300 M1,
a cripasa — oT 200 o 1000 MT.
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Puc. 21.4. AktuBHas1 aHTeHHast cicTeMa (4acToTsl oT 1,5 10 30 MITr) BepTHKaIbHOI H rOPU3OHTAIBHOM

nonsipusauny (Rohde & Schwarz)

21.4. 3axaoyenue

ITozxBozst UTOT CKA3aHHOMY, MOXKHO €lLe pa3 Io-
BTOPHUTb, YTO AKTHBHBIE AHTEHHbI, 6E3YCIIOBHO,
HMEIOT JI0CTaTOYHO ITPEHMYIIECTB HaJl IIAaCCUB-
HeIMHU. K ynciTy Takux npeuMyIiecTs OTHOCSTCS:

* KOMITAKTHOCTb;

* pacUIMpPeHHBIH YaCTOTHBIN AMANa30H;

* BBICOKasl YYBCTBUTEJIBHOCTD;

* XOopolasi JUHEHHOCTb;

* IIMPOKUI TMHAMHYECKU JINaNa30H;

* HE3aBMCHUMOCTD /{HarpaMMbl HanpaBJICHHO-
CTH OT YaCTOTBI;

* cnabast CBA3b C COCEJAHUMU CTAHIIMSIMU.

Morntbie nepeiaTiukKy, CO3/a0lue CUlb-
HbI€ I[IOMEXH, CIIOCO6CTBleT BO3HUKHOBEHHIO

NePEMOIYJISIIIMA ¥ B3aUMHON MopyJsinuu. B
TAKMX CJIyYasix He CJIefyeT PUMEHSITh AKTHB-
Hble auTeHHbL. X cTouT HCIONB30BaTh TaM, Te
Y/IOBJIETBOPUTENBHO PaGOTAOT OGBIYHbIE MAC-
CHBHBIE AaHTEHHBI B COYETAHNH C LIUPOKOIIO-
JIOCHBIMU YCHUJIMTEJISIMA WIH LIMPOKOIIOJNOC-
HBIMHU BXOIHBIMHU KaCKaJlaMi IPUEMHHUKOB.

21.5. Pexomenmaiuu
o pa3paboTKe

AKTHBHbIE aHTEHHBI 3aBOEBbIBAIOT BCE HOJIb-
LIYIO TONYJIAPHOCTb B KAYeCTBE AHTEHH JJIst
COBPEMEHHBIX IIPHEMOTIEPEATIUKOB, HEMpe-
PBIBHO NIEPEKPHIBAIOIIIX YACTOTHYIO 06JIACTh
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Puc 215 YcrpoiicTBO akTHBHOI aHTEHHO#
cuctemsl (Rohde & Schwarz)

ot 100 xI'u 1o 30 MIy, 1 271 BCEBO3MOMXKHBIX
«/[AJIbHOBOIHBIX» PaqMONPHEMHIKOB

Ecay rnaBHBIM yCIOBHEM CYMTATb HU3KUM
YPOBeHb LIyMOB M HPOCTOTY CXEMHBIX pelie-
HUH, ONTHMANbHBIM OYHET MPUMEHEHUE Off-
HOKAaCKaJHO# CXeMBbI C OTHIM TPaH3HCTOPOM
eprukanbHoit MOII crpykrypst (VNSSAF,
VNO0808M us VN66AK) AnTeHHblil ycumu-
tenb (puc 21 10) Ha Tpansuctope VNSSAF!
obGecrreunBaet ycunenue okoso 6 xb [20] Ile-
peMeHHbIM pesucTopoM P1 ycranaBnnsaercst
TOK CTOKa Tpan3ucropa Ha yposte 100 MA Ka-
TymKa L BKIOYaeTCA TOJIbKO MY MUTaHUH
YCUITUTEJSA 110 KOAKCUAJIBHOMY Kabertio

B [21] ommcaHo ABYyXKaCcKaZHOe yCTPOMCTBO,
KOTOPOE COCTOMT U3 HCTOKOBOTO IOBTOPHTE-
JIst ¥ SMUTTEPHOTO Kacka/ia ¢ CHJIbHON obpar-
Holi cBs3bio Croza )ke OTHOCUTCS (DUIIBTP BbI-
COKHX YacTOT, ONKCaHHbIA B [22] 1 npeiHa3Ha-
4eHHBIA 151 0cabIeHNsT IOMEX CO CTOPOHbI
MectHbiXx MB u [IB pagnocranuuit V36upa-
TeJIbHbIE AKTHBHBIE IPUEMHbIE aHTCHHBI ITPeJi-
craBnens B [23], a B [24] coobmaercs 06

! MOXHO MCTIOJIb30BATh OTEYECTBEHHDII TpaH3HC-
top KI1905A - ITpum ped

Puc 21 6 AxTHBHas aHTeHHasl CHCTEMa
(4acrotsl ot 20 10 200 MTI11) BepTUKaTbHON
Y FOPM30HTAJIBHOI MONSPU3ALIMU

AKTHUBHOI aHTEHHE C IUCTAHIMOHHO HAaCTpOii-
KOI1 Ha BapHKaIe

Ipocras aByxKackaaHas cxema Ha puc 21 11
onucana B [25] Ona cocrouT U3 mpeobpaso-
BaTeJisi UMIIEJAHCA Ha I10JIEBOM TPaH3UCTOpE
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Puc 21 7 AxtusHbie BUGpaTOpBI ClipaBa — 11 4acToT oT 20 g0 500 MITy, ciesa — ot 200 zo 1000 MTix
(Rohde & Schwarz)

Puc 21 8 Mo6unbHble akTHBHBIE [IeIeHraTOpHbIe aHTeHHs! Ha 500—1000 M - Ha nepeaHeM 11aHe
Ha 20-500 MT1 — Ha 3agHem niae, Ha 1-30 MI — B nentpe (Rohde & Schwarz)
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Puc. 21.9. AKTUBHBIe aHTEHHBI /11 U3MEPeH s HaNPSKeHHOCTH I10JIs1, pacCYMTaHHbIe Ha YaCTOThI
30-200 MTI (caesa), 200-1000 MTIx (cnpasa) 1 100 Iy — 30 MI (B uentpe)

* Tonsko
npv NnuTasmnu
no kabenio

[¥]
100
K aHrexxe

u n
10wt YN 88 AF

Puc. 21.10. Ycunurenb aKTHBHON aHTEHHbBI
IUIsI IMANA30HOB JUTHHHbIX, CPEIHHX M KOPOTKHX BOJIH

¢ 3anupatomuM cioem BF247A! u nByxraxt-
HOTO 3MUTTEPHOTO MOBTOPUTEJISI HA TPAaH3HC-
Topax 2N3866 u 2N51602. Mcnoab3oBanue
MOII TpaH3ucTOpa B IEPBOM KacKajie He JaeT

! Orevectsenptii ananor — KI1303A. — IIpum. peo.

371eCb HUKaKHX IPEUMYIIECTB, TAK KaK Ha HU3-
KHX YaCTOTAX €ro IyMBI BBILIE, YEM Y I10JIEBO-
'O TPaH3UCTOPA.

Chnabble 3apsiibl OTBONSITCS C AHTEHHBI Ye-
pe3 conporusnenne 10 MOwm. Ilpu cunpHbIX
rPO30BBIX 3apsiflaX BKJIIOYAETCsI Ta30BbI pa3-
psiaHuK. Paboyasi TOYKa UCTOKOBOIO HOBTO-
purens BF247A nonznepxuBaeTcsi Ha ypoBHe
20 MA ToKa cToKa 6J1arozaps CUIbHOI 0bpar-
HOI1 CBSI3M 110 TOCTOSIHHOMY TOKY.

3auuTHeli 1Mo B nenu 3atsopa 1N62633
HpeoTBpalaeT Npoboil MeX1y 3aTBOPOM U UC-
TOKOBO#1 OO/IACTBIO TPH NIEPETPY3KAX IPO30BBIMU
paspsiilaMi WM YPe3MEPHOM OTPHIATeIbHOM

2 Moxuo ucnosb3osatb KT815A u KT814A. -
Ipun. peo.
3 Moxno ucnonbaoBats [V1401A. — ITpunm. ped.
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Puc. 21.11. AKTuBHad aHTeHHa U1 Auanas3oHos oT [IB 1o YKB

HanpsokeHuu. IIpH nosnoxuTenbHolt nepe-
IPY3Ke [0 HaIPSDKEHHIO yYacTOK 3aTBOP—HC-
TOK CTRHOBHTCS IIPOBOJISIIIUM U OrpaHUYMBa-
€T HanpsokeHue. VICTOKoBbIii HOBTOPUTED U~
TaeT ABYXTAaKTHBII BMUTTEPHbII IOBTOPUTEID,
KOTODBIii COGpaH Ha KOMILIEMEHTApPHBIX TPAH-
sucropax 2N3866 u 2N5160. Tok nokost co-
crasisieT ot 30 1o 50 MA.

WunyktuBHocTh BenmyuHoit 1 MIH HyXHa,
€CJI YCUJTUTENb MUTAETCs Yepe3 KoaKCHab-
Hblii kabesb. Heo6xoauMo obeceduTb Majlyo
€MKOCTh MPOBOJHUKA 32TBOpPAa TPAH3UCTOPA
BF247A, n0ockoJIbKy OHa ClloCOOCTBYET CHH-
JKEHHIO BXOJHOTO HanpsikeHust. JI1st 3aluTh
OT [IOTOJHBIX YCJIOBHIA IJIaTa YCHIIUTEIA 3aK-
JioyeHa B TPyOy U3 HOJIUIIPOIMJIEHA JHaMeT-
pom 50 MM.

IIpocrast aktuBHast ¢peppuUTOBasi aHTEHHA
ans nuanasoda 80 M onucaHa B [26].
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22. IIpakTuKka NnpUMeHEeHHsI aHTEeHH METPOBOTO
U IeMMEeTPOBOro Mana3oHoB

AnTenHoit MetpoBbix BosH (i YKB anrten-
HOI1) y panvommoOuTeseit, Kak paBHIO, CITYKUT
U3JIyYaTesb JJIs1 IBYXMETPOBOTO JIOBUTENbC-
Koro auarna3soHa (144—146 MTu). B neunmerpo-
Bo#t obnactu (JIMB) HaxonsiTCss HECKOJIBKO
mobuTenbcKUX Auanasonos: 70 cM (430-
440 MIir), B kOTOPOM paboTaroT U Apyrue pa-
Iuociyx661, a Takxe 23 cm (1240-1300 MTIu)
u 13 cM (2320-2450 MT), rae To6uTenbekoe
BEIIaHWE TaK)Ke HE MMEET KaKux-1ubo npe-
umyuects. V3a061eHHbI 1By XMETPOBBIiA
[IMANa30H Mo YacCTOTe JIEXKUT MeXAy obJac-
TBIO paIMOBELAHNS C YACTOTHOM MOJAYJISIIH-
eit (monoca 100-108 MI) u wectbiM Tese-
BU3MOHHBIM KaHajioM auanasona 111, Torza
Kak auana3oH 70 cM pacroJjioXeH PsiioM C
JlelluMeTpOBbIM 2 1-M TeJlekaHaJIOM JHamnaso-
Ha IV. [Ina paGoThl B yKasaHHbIX 06JacTsIX
HPUMEHSIOTCA NPEeMMYIIECTBEHHO OJHOTHII-
Hble aHTEHHbI Ya-SIru Kak HanboJiee sKOHO-
MHYHBIE, HO OTJIMYAIOUIUECH JAPYT OT Apyra
CBOMMH IapaMeTpaMu.

Mo 3akony nomobus (pasnen 31.1) pomyc-
THUMO, HalpuMep, IepecyuTaTh TeJeBU3UOH-
HYIO aHTEHHY Ha JBYXMeTPOBBII JMaNa30H:
pe30HaHCHasi YacTOTa U3MEHUTCS, HO BCe MPo-
qye 3JeKTPUYeCKHe ITapaMeTpbl COXPaHSITCH.
3TO NO3BOJISIET PAAUOIOOUTEIIO UCIIOIB30-
BaTh /IJIs1 MOHTAXa COOCTBEHHBIX aHTEHH IPO-
MBIIUIEHHbIE Pa3PaGOTKH TENEBUSHOHHBIX aH-
TeHH U MHOXXECTBO KOMILIEKTYIOIUX AeTaseit
(apMatypbl, KabeILHBIX Pa3beMOB, epiKaTe-
Jieit ¥ T.IL.), npejJlaraeMblX MpOMbILITIEHHOC-
TBIO JIJIs1 KCIIyaTalli B TSDKEJIbIX MOTO/IHBIX
YCJIOBMSIX.

OzHaKO 110 HEKOTOPBIM ITO3ULUSIM JIEKTPU-
YeCKHe CBOMCTBA TEIeBU3HMOHHBIX AHTEHH OT-
JIMYAIOTCS OT TPeOOBaHMIA, IPEADSBISEMBIX K
CO3/IaHUIO PaUOIO6UTEbCKHX aHTeHH. Ilep-
Bbl€ KOHCTPYHUPYIOTCSI /115t paOOTHI B BO3MOX-
HO 6oJjiee IIMPOKOM MHTEPBaJie YaCTOT NPU
BxoiHoM comnporusienun 240-300 Om. Ilpu
OCTPOit POKYCUPOBKeE IIIABHOTO JIyya AUarpaM-
MBI HAIIPaBJIEHHOCTH B IIockocTU E 60oKoBbIE
JIETIECTKU HEJOMYCTHMBI, @ OTHOLIEHHE TIpsi-
MOTO M3Jly4eHusl K 0OPaTHOMY JIOJIKHO GbITh
KaK MO>KHO OosblINM. B cpaBHUTEIbHO Y3KHX

noburenbckux Y KB u JIMB auanasonax mu-
POKOIIOJIOCHBIE AHTEHHBI, KaK NMPaBHUJIO, HE
TpebyoTcst, U paauonobuTens He obs3aH
NPUIEPKUBATHCA HOMUHAIBHON BEJTMYUHBI
BxojHoro conporusienust 240-300 Om. Bo-
KOBBIE JIE[IECTKH JIUarpaMMbl HallpaBJIeHHOC-
TH U He CJUIIKOM BBICOKOE OTHOILEHHUE TIpsi-
MOTO0 M3JIyYeHHsI K 06paTHOMY He TaK YK BaX-
Hbl C NPAKTHYECKON TOYKU 3PEHUs, eCIH
TOJIBKO OHU HE MPUBOJAT K 3aMETHOMY Taje-
HHUIO yeueHust. [Jist IIOGUTENCKOTO Painoos-
MEHa TOpa3/io BaXkHee, YTOObI YCHJIEHHE TOPH-
soHTanbHON YKB//IMB antexb obecneynsa-
JIOCh MIPEUMYILECTBEHHO 32 CYeT (HOKYCHPOBKH
B BEPTHKAJIbHOM! IJIOCKOCTH.

22.1. Iloaspusaunusa anreHH YKB

u /IMB nuanazoHoB

B KOPOTKOBOJIHOBOH 06J1aCTH MOJISPU3ALUS
JMOOUTENBCKUX aHTEHH HE UTPaeT 0coboit
POJIHL, TIOCKOJIbKY NP PACIPOCTPAHEHUH BOJIH
B MoHOC(Epe UX NepBOHAYAIbHAS HOJISIPU3a-
L¥si COXPAHSIETCS JIMUIb B MCKJIOYUTEBHBIX
cnydasx. VIHaye 0GCTOUT A€JI0 ¢ METPOBBIMU
U JelIMMETPOBBIMU BOJIHAMHU. B HOpMaIbHBIX
YCTIOBHSIX OHU HE OTPAXKAIOTCSI OT HOHOCHhEPHI
M PACIIPOCTPAHSIIOTCS HO NPSAMOM.

BpamieHue nIoCKOCTH MOJISIPU3ANUY TIPH
PachpoCTpaHeHUH BOJIH BAOJb CBOGOIHOTO
IyTH B IpejieslaX TEOPETUYECKH BO3MOXKHOMN
IATBHOCTU HPSIMOM BUAMMOCTU — SIBJIEHUE
pezxoe (paszaen 2.4.1). OxHako npu pacnpoc-
TPaHEHUH BOJIH B I'YCTO 3aCTPOEHHOM MJIH IO~
PHCTON MECTHOCTH MPOUCXOAUT GoJiee nin
MeHee 3HaYMTEIbHOE M3MEHEHHEe IepBOHa-
YaJIBHOTO COCTOSIHUSA nossipusanuu. O6bIYHO
B 3THX YCJIOBUSIX BMECTO JIMHEHHO MOJISIPH30-
BaHHBIX BOJIH B TOYKY IIpHEMa MPUXOZIST BOJI-
Hbl HE CTPOrO BEPTHKATIbHOM HJIM FOPU30OH-
TaJbHOM NOJISIPU3ALUHU, 2 C HPOU3BOJIbHOM
OpUEeHTaIMel IJIOCKOCTH MOMSIPU3ALMH OTHO-
cuTebHO ropu3onTa. C aToH TOUKH 3peHus Ha
Tpaccax ¢ HebGJIaronpUATHBIMU YCIOBHUSAMH
651710 Obl BHICOJHEE PAbOTaTh, HAPUMEP, C
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HaKJIOHHOH MoJisspu3anueil Mox yriaom 45°,
MOHTHPYS 3JIEMEHThI aHTEHHBI HE BEPTUKAJIb-
HO WJIY TOPU30HTAJIBHO, & [0/ YIJIOM OJIM3KUM
K 45°.

B cayyae paguopeseiiHoit suauun YKB u
JAMB nnanasoHoB nosnsipusauusi nepeaano-
el ¥ TPUEMHOM aHTEHH HOJXKHA GBbITh OAH-
HakoBOH. C TeopeTUYeCKoil TOUKM 3peHHUs
BEPTHKAJbHO MOJSAPU30BAHHOE U3JIydYeHUE
nepejaTYMKa He MOXeT NPHUHUMATLCS aH-
TEHHOH, PaCCYUTAHHOH HAa TOPU3OHTAILHYIO
nonspusauuio. Ho nockosbky xapakrepuc-
THUKY U3JTy4YeHHUsI pEasIbHbIX aHT€HH HUKOT 2
He COOTBETCTBYIOT /€Ay, CYUTAETCS], YTO B
YKa3aHHBIX CIy4asiX HPOHCXOIUT ocJabJie-
HHe curHana <«Bcero» Ha 20 1b [1]. Nnaue
roBopsi, B MOAOOHBIX YCJIOBHUAX NPUEMHas
aHTEHHa BOCNPUHUMAeT JIMIIb OXHY AeCsi-
TYIO YaCTb HaNpPSKEHHOCTH NOJsS B TOYKe
npuema (tabn. 1.1).

IIupokoe pacopocTpaHeHHe NOTYYUIH aH-
TEHHbI TOPU3OHTAIBHON Mossipusauuu. MHo-
KecTBO paauonoburensckux YKB u IMB
cranuuii, YKB pasuosemanue u psij TesieBu-
3UOHHBIX cTaHUMii Ha kaHanax [-III u IV/V
QMaNa30OHOB U3JIY4al0T BOJHBI TOPU30HTAb-
HO¥ Hossipu3auuu. BoIbIIMHCTBO TeleBu3u-
OHHBIX ITepefaTYMKOB 3ananHoit EBpons Ha
TIepBOM KaHaJle, OYTH BCe MOOUJIbHbIE PaIHO-
CTaHUUM (XOPOXHasi paanociyx6a, aBTOMO-
GubHBIA TesiedOH, TIOMULUS U ApP.) U Jobu-
TEJIbCKHE CTAHIMN MECTHOTO U MOOUJILHOTO
panuooOMeHa, a TaKXKe pajuopesieiiHble -
HHUM C YaCTOTHOH MOJyJIsilMeil NOJIb3YIOTCS
aHTeHHAaMH BEPTHKAJIBHON MOJISIPU3ALUH.

OMIUNTHYECKAs] U KPYTOBasl OJISIPU3ALIMS
NPUMEHSIOTCS] IIaBHBIM 00pPa3oM ISl CBS3U
CO CIIyTHUKaMH 3eMJIU U B PaJIM0aCTPOHOMMH.
IIpenmyiecTBO aHTEHHDBI KPYrOBOH IMOJISApH-
3allUM COCTOMT B TOM, YTO OHA OJMHAKOBO XO-
POIIO IPUHUMAET JIMHEHHO MOJISIPU30BaHHbIE
BOJIHBI C JII060M OpUeHTalMeN MIOCKOCTH 0~
JISIPU3ALUHU. ITO BOXKHO, HATPUMED, IIPU MIPHU-
€Me CHTHAJIOB C UCKYCCTBEHHBIX CIyTHHKOB,
obpamaomuxcs Ha OKOJI03eMHbIX 0pOUTaX,
4bs] OJISIPU3ALMSI TOCTOSIHHO U3MEHSIETCSA U3-
3a coOCTBEHHOrO BpalleHusi cilyTHUKa. 110 310l
NpUYUHEe MPUEM JIMHEHHO MOISIPU30BaHHBIX
BOJIH COIIPOBO/A€TCs] CUTbHBIMHU 3aMUPaHHsI-
MH, TOT/I2 KaK I KPYTOBOIA MOJISIPU3ALINK OHU
orcyterByoT. B moburensckom Y KB nuanaso-
He BePTHKaJIbHAsl NOJIIPU3AlUsT IPUMEHSIeTCs],
Kak [IPaBUJIO, B BECbMa PaclpOCTPAHEHHOH pa-
nuopeneitHoit UM cBsi3y, a 1151 JajibHEH cBs-
34 B IByXMETPOBOM JMANa30He UCIIOIb3YETCS
ropuU3OHTa/IbHAsI NONsIpU3aius. B cumy Bboiire-
Ha3BaHHbIX IPUYMH AJISE PaZHOIOOUTENEH,

paboraonux B YKB u /IMB nuanasonax,
KPYroBasi NOJISIpU3alMs CTAaHOBUTCS Bee 60-
nee BaxxHOM. K coxxasieHHIo, aHTEeHHA KPyTrOBOi
nossipusauny tTpedyer ropasno GOJbIIMX 3aT-
paT, HeXeJY aHTeHHa JUHeHHOH mojspusa-
uu [2].

Jlanee onucwmBaorcss YKB u JIMB anren-
HBI [IPEMMYIIECTBEHHO FOPU30HTAILHOM MO-
JIIPU3ALIMY C TOPU30HTAJIBHBIM PACIIONIOKEHU-
€M 9JIEMEHTOB. Te JKe aHTEHHbI MOTYT CJTYKHTh
HCTOYHUKOM BEPTHKAJIbHO NOJISPU30BAHHBIX
BOJIH, €CJIM Pa3BEPHYTH UX TaK, YTOObI COOTBET-
CTBYIOIIIHE 3JIEMEHTHI 3aHSJIM BEPTHKAIBHOE
nojoxeHue. BipoyeM, B 3TOM ciyyae puar-
pPaMMa HaIpaBJE€HHOCTH HECKOJILKO U3MEHUT-
Csi IOA BJIUSIHUEM METAJIMYECKOH OMOPHOIA
Hecyuied mMautsl. [Toatomy YKB//IMB an-
TEHHBI BEPTHKAIbHOM TOMSPU3ALUH OOBIYHO
MOHTHPYIOT Ha FOPHU3OHTAJIbHBIX TPaBepcax
MavuThI.

Kpome Toro, passuuusi BLICOTHI MOJIOBUH
BUOpaTOpa Haja 3eMJell IPU HEJO0CTaTOYHOM
CTPOUTEJIHOM BBICOTE AHTEHHbI OTPHULIATE N b-
HO CKa3bIBAIOTCS Ha IMarpaMMe HaIrpaBIeHHO-
cTY B mmockocty H.

22.2. PexoMeHpauuu
MO YCTPOMCTRY M MOHTaXKy
antenn YKB u JIMB

AHANTA30HOB

IIpuMeHUTENBHO K CTPOUTEJNbHOH BbICOTE
YKB u IMB autens geiicTByer OIHO Tpe-
6oBanue: 1€1aTh UX KaK MOXHO Bble, [1o-
CKOJIBKY BBICOTa aHTEHHBI BCET/a PUBOJMT-
cs1 k paboueii uIMHE BOJIHBI, 3TO YCIOBHE JIeT-
KO BBINOJHsETCS. AHTEeHHa JBYXMETPOBOTO
JMaNa30Ha, YCTAaHOBJEHHAs, IPEAIIOTIOXKUM,
B 10 M Hax 3emuieil, XapaKTepPU3YeTCsl CTPOM-
TeJIbHOM BbICcOTOH 5 A. CrieqoBaTesbHO, o1
pasmenteHust KB anTenns 20-MeTpoBoro au-
ama3oHa Ha TOil e CTPOMTEJBHOH BBICOTE
HpUILTOCH ObI NOAHATH U3TydaTesnb Ha 100 M
HaJl 3eMJIed.

OG6bIyHasi aHTEHHA [OJIKHA BO3BBIILATHCSA
Haz 6aMXKaHIINMU 3/1aHUSAMU, JTMHUSIMY TIEpe-
a4 ¥ IPYTHMH TIPETSITCTBUSIMA Ha 2 A Wit 3 A.
OZaHAKO CTPOUTb YPEe3MEPHO BBHICOKHE aHTEH-
HBl 9KOHOMHMYECKH HelenecoobpasHo. ITa
Mepa CIIOCOOHA YBETHYHMTh AATbHOCTb OOBIYHO-
ro KBa3HONTHYECKOrO PacHpOCTPAHEHHUS], HO
€/(Ba JIM CKXKEeTCsI HA PACIPOCTPAHEHHH C yya-
CTHEM HHBEPCHOHHBIX CJI0€B. YK€ NP CTPO-
UTEJbHOH BBICOTE aHTEHHBI 2 A Hajx 3emiei
UJIM IOPYU ee pasMeIleHUH Ha Kpblllie 3/jaHus
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JAuarpaMma HanpaBJI€HHOCTH OKa3bIBaeTCst
6u3ka K uzeanbHOi. [Ipy Takux npeanocsLI-
Kax nybaukyemole napamerpel YKB u IMB
aHTEHH BIIOJIHE NIPUTOAHBI M /ISl IPaKTHYeC-
KOr'0 NIPUMEHEHHUsL.

Kak u B TeIeBU3MOHHBIX AHANa3oHax, B
mobutensckux Y KB u JIMB nosnocax npeo6-
JIafial0T AaHTEHHBI IPOJOJbHOTO U3JTyYeHHs B
BUJIE OJHOSTAXKHbIX AUPEKTOPHBIX AHTEHH.
OHY TIPOCTH B U3TOTOBJIEHUH, HE TPebyIOT
60bLUIMX 3aTPAT, HO JJ7151 CODJIIOAEHNUs 3a4aH-
HBIX NIaPaMETPOB HEOOXOAMMO UX TOYHOE UC-
nonuenue. [lo creneHn pacHpocTpaHeHUs K
MOAOOHBIM U3/TyYaTessiM MPUMBIKAIOT MHO-
ropubpartopHblie anTteHHbl. OHU CIOXHEE B
WU3rOTOBJIEHUM U JIOPOKe, HO UX Pa3Mephl He
CJIMIIKOM KPWUTHYHBIL, 2 CAMM aHTEHHBI Xapak-
TEPU3YIOTCS IHPOKOH I0JI0COM 4acCTOT U 110
CBOICTBaM CBOET0 M3JIyYeHHsI OTBEYAIOT NpakK-
THYeCKUM 3arnpocam pauomoburereii. He me-
Hee II0MYJISIPHBI MHOTOSIPYCHbIE JUPEKTOPHbIE
aHTEHHbI BEPTUKJIbHOM mossipusanuu. Otim-
4asCh YIpPOLIEHHBIM YCTPOHCTBOM, OHM 0bec-
YU BAIOT JONOJIHHTEIbHOE YCuaeHue 6aro-
napsa ¢okycuposke B murockoct H. IToatomy
MHOTOAPYCHBIE JUPEKTOPHbIE aHTEHHBI 00Ia-
JIAlOT TeMU XKe CBOHCTBaMM U3JTy4YeHHs, 4TO U
IUIOCKHe MHOroBubpatopHsie. PasnoobGpasue
Tunos autedH YKB u /IMB auanasoHoB ot-
KPbIBAET LLIMPOKOE I0JIe AeATeTbHOCTH AJIsk pa-
UOTTIOBUTENIA-KCIIEPMMEHTATOPA.

22.3. PanuoHajibHbli BIGOD
anrenns! 119 YKB u /IMB
ZMana3oHoB

«OT npocToro — K CJI0XKHOMY» — TaKUM 107~
*eH OBbITh JIO3yHI HOBMYKA, 3aHATOrO BBIGO-
poM aHTeHHbL. BO3MOXHOCTb CO3ZaHUS BECh-
Ma 3¢ eKTHBHON aHTEHHBI U3 Psja 3JIEMEH-
TOB CPaBHUTEJBHO NPOCTBIMU CPEACTBAMU
NOATAJIKUBAET K PELIEHUIO IOCTPOUTDL OCTPO-
cOKYCUPOBaHHYIO CHCTEMY U3/ydaTesei ¢
BbICOKUM ycuneHueM. Ho, kak npaBuio, Takas
KOHCTDYKIIMS B [pOIiecce SKCITyaTaliy OKa-
3bIBAETCS HENPAKTUYHOM.

PesxuM paboTbl B MO6UTETBCKIX 06IACTSX
YKB u /IMB cyiiecTBeHHO OT/JIM4aeTCs OT
pexuma KB nuana3onos. Eciu Ha KOPOTKUX
BOJIHaX MOYTH BCETJAa MMeIOTCS CTAHIMU-
NapTHEPBI 751 PaZHO0OMeHa, TO B TOOUTeb-
ckux auamnazonax YKB u /IMB numb B onpe-
JleJIeHHOe BPeMsl CYTOK MOXXHO HaliTH OJHOTO
WJIH HECKOJIbKUX KOPPECIOHAEHTOB, IIpUYeM

TIpU caMOM GJ1arONnpUsATHOM TONOrpadH4eckoM
MOJIOXKEHUH JAJIbHOCTb CBSI3U HE IPEBbIIIAeT
100-200 kM. KosyecTBO JOCTYNHBIX CTaH-
uuii BO3pacTaeT TOJILKO IPH NMOSABJIEHUH TPO-
nocgepHbIX CBEPXAANBHUX TPACC MIH BO Bpe-
Msl COCTSA3aHMil paguosobuTeseil. Yxe 1po-
CTeHbKasl aHTEHHA M03BOJISIET YCTaHaBIMUBaTb
cBA3b ¢ 6mxaiiuMu paronaptTHepaMu. AH-
TeHHa C OCTPO rOpPU30HTANIBbHON (HOKYCHPOB-
KOIi OKa3bIBaeTCs s 9TOr0 HeyAOOHOI, Tak
KaK B XOJie CEaHCa CBSI3M NMPUXOAMTCHA riepe-
OpHEHTHPOBATb ee C OJHOI CTaHIMHU Ha JpY-
ryio. Takoro He TpeGyercsi IPH HaTHYUK U3TTY-
yartens ¢ 6ONbIIOH MIUPHUHOM [JIABHOTO Jy4a
JvarpaMMbl HAIIPaBJeHHOCTH B TOPU30HTaIb-
HOIi MJIOCKOCTH.

Kaxnomy paauonoburenio NPUSATHO ycTa-
HOBJIUTb CBSI3b CO CTaHIHUEN, ¢ KOTOPOH OH
paHbllie <He pabotai». Eciu Bbl «oXoTUTECH»
3a CTaHIUAMH C TOMOILbIO BbICOKO3(hekTHB-
HOI aHTEHHBbI ¢ MaJioif MMPUHON FOPU3OH-
TaJbHOIO JIyya, IIAHCHl HAHTU HOBYIO CTaH-
L{UIO HEBEJIMKU, TOCKOJIbKY IeJIEHT €€ MeCTO-
HOM0XKeHUsA OOBIYHO 3apaHee HEH3BECTEH.
IIpu cucTeMaTHYeCKOM MOAX0/e IPUXOAUTCA
«OIIpallliBaTh» O AECATKA HalpaBJeHUH B
npejesiax BHIOPAaHHOTO CEKTOPa U JI0KH/ATh-
csl OTKJIMKA Ha Kax/10e obpalieH’e B OTAeIb-
HOM 4aCTOTHOM MHTEpBaJIe AMana3oHa. Takas
onepauusi TpebyeT MHOTO BpeMeHH, yCUIIMi
U TepreHus. A ecqid BO3MOXHBIN napTHep
NoJb3yeTcst aHTEHHOH € Y3KOit JuarpaMMoi
HanpapJEHHOCTH B FTOPU30HTAIbHOM MIOCKO-
CTH, BEPOSITHOCTD «BCTPEYN» CTAHOBUTCS €1le
MeHblle. BricTpee U HajieXXHee YCTaHABIMBaThb
HOBBIE CBSA3U C NIOMOIIBIO aHTEHH, 06mazao-
HIMX ITMPOKOI FOPU3OHTANBHOM AMarpaMMoH,
TaK KaK OHH «[IPOCMATPUBAIOT» GOJIBILOH MH-
TepBa asuMyTaibHbIX YIIOB. llenecoobpasHo
obecrieynBaTh IPUPOCT YCUIIEHHS], pacioiaras
NPOCThIe CUCTEMBI SIPyCaMy, KOT/Ia INMPUHA U~
arpaMMbl B BEPTHKAJIbHOIH IIJIOCKOCTH yMEHb-
[IaeTCH, a2 B TOPU3OHTAJIBHON OCTaeTCsA TaKoH
e, KaK M Y O/THO3TaXKHOI CHCTEMBI.

Bce cka3anHoe TeM 60stee CripaBe/INBO MPHU-
MEHMTETbHO K COPEBHOBaHMSM, KOTAA U3-32
HeO0OXO/AMMOCTH «KPYTHTb aHTEHHY» PacXony-
eTCsl LIEHHOE BPEMSI 1 MOXHO <«IIPOCKOYHMTb»
MUMO Bbi3biBaroleil ctaHuuy. CoriacHo cra-
THUCTHKE, BEPOSITHOCTh YCIIEITHOTO YCTaHOBJIe-
Husi CBA3€i MaJia JJ1st CTAaHI[MIA C OCTPO# ropu-
30HTaJbHOH (HOKYCUPOBKOH aHTEHHBI, €CIIH
TOJILKO OHH HE HaXO[ATCS Ha 0cobo GoHKoM
MeCTe WJIU He UMEIOT PEIKOCTHBIX MO3bIBHBIX.

Taxum 06pa3oM, B 0OBIYHOH pagroiobu-
TEJNbCKOM NMpaKTHKe y3Kasi TOPU3OHTaIbHas
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JMarpaMma cKopee HeJJOCTaTOK, YeM IIpeuMy-
mectBo. OHako 6e3 Hee He 06OUTUCD, eciu
Tpebyetcst 06ecnedynTs 60bUIOE YCUTEHHE C
IIOMOIIbIO OZHOSIPYCHOW AMPEKTOPHOM CHc-
TeMbl (IIPEUMYHIECTBEHHO JIMHHBIX JHPEK-
TOPHBIX aHTeHH). OTCI0Aa ClIeNyeT, YTO MHO-
roBUOPATOpHasi alTEHHA G YCUJIEHUEM, PaB-
HbIM YCHJIEHHIO OJUHOYHOH AMPEKTOPHOMH
aHTEHHBI, IPEBOCXOAUT HOCJIEIHIO O 3KC-
IJIyaTallMOHHbIM KayecTBaM: YCHJIEHHEe MHO-
rOBUOPATOPHO} aHTEHHBI HAPACTAET IIPEUMY-
IIECTBEHHO 32 CYET CYXKEHHsI BEPTUKAIbHOIM
AMarpaMMBl, TOTJa KaK YCHJIEHUE aHTEHHBI
SIru obycnoBneHo Manod ropU3OHTAaIbHOM
IIMPUHOH IJIaBHOTO JIeNecTKa.

MoxHO aTh ClleAyoIUe PEKOMEH AUy
TI0 IPaKTUYECKOMY IIPUMEHEHMIO JIIOOUTENb-
ckux Y KB u /IMB antenn:

* JUIs1 yIOBJIETBOPEHUSI CPEIHUX 3aIIPOCOB Ca-
MBIM 5KOHOMHYHBIM pellleHHUEM SABJISIETCA
o0BIYHAsi AUPEKTOPHAsi aHTEHHA C TPeMs
(MaKCHUMYyM — C IIECTBIO) J/IEMEHTaMHU; KPYII-
Hble aHTEeHHBI SITH XapaKTepU3YIOTCS TOBbI-
IIEHHBIM YCHJIEHHEM, HO UX SKCIIyaTalus
3aTpy/HEHa;

60J1ee BBICOKUM TPeGOBaHUSAM 110 yCUIEHHIO
OTBEYAIOT MHOTOSIPYCHBIE CHCTEMBI M3 1IPO-
CTBIX aHTeHH (Tuna fru) ¢ OTHOCUTENbHO
60/IBLION TOPU3OHTANBHON IMMPUHOH AUa-
rPaMMBI, ZOMYCKaIOIel GBICTPOE CKaHUPO-
BaHMe NIPOCTPAHCTBA;

MHOrOBHOPATOPHBIE AHTEHHBI PEKOMEHY-
10TCS1 B [IEPBYIO OYepenb JJIsi «OXOTHI» 3a
CTaHIUSAMM, COPEBHOBAHUN U YCTaHOBJIE-
HUSI CBEPXAAIbHUX CBSI3CIA;

aHTeHHbl SIru BpicokoOi abdexTUBHOCTH
(AUTMHHAsT AMPEKTOPHAs aHTeHHa) Hauboee
3KOHOMUYHBI JJIS1 CHELHAIbHBIX TIPUMEHe-
HUil, HATIPUMED AJIsE PabOThI HAa METEOPHBIX
CJIeflaX, yCTaHOBJIEHHsI IPULEJbHbIX CBA3EH 1
0COBEHHO [JIsi CEAHCOB CBSI3U 4epe3 TPaccy
3emist — Jlyna — 3emns (pasaen 2.4.6).

.

.

CrouT HAIIOMHHTb, YTO MOIIHOMY T€peaaT-
YUKy JOJKCH COIYTCTBOBAaTb BBICOKOUYB-
CTBHUTEJIbHBIA MaJOIMYMSIIIHIE TPUEMHHUK U
Hao6opoT. [Ipu COOII0IEHUM 3TOTO «paBHOBE-
CHsi BO3MOXKHOCTEH» YIIaeTCsl CBA3BIBATHCS CO
CTaHIMAMH, KOTODbIE IPUEMHHUK «CJIBILIUTY.
Ecyi sxe craniust mpuHUMAaeTcs1, a CBA3b C Heil
HEe yCTaHaBJIHBaeTcs, Hafo mposeputh KII/]
OKOHEYHOT'O KacKa/Ja llepe/laTInKa U B [IEPBYIO
oyepezb — OTOOD 3HEPIUH B GUIEP: MO ONBITY
U3BECTHO, YTO HMEHHO 3AeCh YacTO KPOEeTCH
NpUYUHA Heynay.

22.4. YKB u /IMB aHTeHHbI:
MHQBbI H PeaJIbHOCTD

MHoronerHuit onbit paboTsl ¢ aHTeHHamu [3]
,0606men O. O6eppergepom (DL2RSX, 6bis-
mnit Y23RD, panee DM2CRD) B 15 Becombix
noJioxenusix. OHu cozepxkat pa3yMHsie, 060-
CHOBaHHBIE CBEJIEHHS], yYeT KOTOPBIX IIPH ILIa-
HUPOBAHUH, CO3JAHMH U IKCILTYaTal[UH JIIO-
OUTENBCKUX aHTEHH MOMOXET CIKOHOMHUTD
BpeMst ¥ U36exxaTh pa3oyapoBaHHMil.

1. 3akoHsb! pusuku Heymonumbl! Uyno-aH-
TEHHY TOKa elle HUKTO He u306pes, HO
XOpOILIe aHTEHHBI YXKe Hay4YUIHUCh CTPO-
UTb. XOTS1 aHTEHHBI U SBJSIOTCS JyYIIH-
MU BBICOKOYACTOTHBIMHU YCHUJHUTENSIMH,
caMu 110 cebe OHU He ONPEeENSAIOT IIeH-
HOCTD JIIOOUTENBCKON paguocTaniyu. Pa-
nuomasik DM2AKD nox Bepsiunom npu-
numaics B lllornanauu npu 10 MBT npo-
CTBIM BUOPATOPOM.

2. PanuomobuTenu, KOHCTPYUPYOIIUE aH-
TEHHDI, HEPEKO TPATAT CUJIBI U )KEPTBYIOT
cBOBOAHBIM BpeMeHeM, npenebperast ¢u-
3UKOM.

3. Bertep, Koppo3usi, cyeBepue U yTOnuyec-
KOE OXHaHHUE YyJa — BOT 6e3>KaiocTHbIE
Bparu KaXk0 JIOUTeNbCKOH aHTEHHBI.

4.Y mo6oii aHTEHHBI YCUIIEHUE MEHBILIE, YEM
aymaercsi. EC/IM BBIIOJIHUTD TOYHBIE U3-
MepeHUst, CTPOTO OLIEeHUTh AUArpaMMy Ha-
IIPaBJIEHHOCTH M YYECTD IIOIPENIHOCTH, pe-
3yJIbTatT OyJAeT BCerna Xyxe 0XKHUAaeMOoro.
I dexTrBHOCTD YYyKUX aHTEHH HPH NPO-
BEPKE UX CBOWCTB OOBIYHO OKa3bIBAETCSE
HIDKE 3asIBJIEHHOM, npuyeM aaxe 6e3 do-
KYCOB C U30TPONHBIM U3JIyyaTeIeM.

5. He joxer To/IbKO [uarpaMMa HallpaBJIeHHO-
cru! Henb3st nosaratbcest IMIIb Ha TOPU30H-
TaJIbHYIO AuarpamMmy. VIMEHHO BepTHKAJIb-
Hast [UarpaMMa IIOMOXKeT NOJTYYHUTb BEPHYIO
uH(OpMAaIUIO 06 aHTEHHe HJIM TPyIINe aH-
TenH. [1pu onpezesieHHbIX 0OCTOSITENbCTBAX
HEOOXOAMMO U3MEDPSTD JarpaMMy IpH pas-
HBIX YIJIaX HAKJOHA. DBIBAIOT aHTEHHBI C
HeoODbACHUMBIM JIETIECTKOM, B KOTOPOM CO-
CpeIoToYeHa 3aMeTHAs! MOIHOCTb, OChI-
JlaeMasi 110 COBEPLIEHHO HEeOXUAaHHOMY
HanpasjeHuo. JlepopMaluu 1 acCHMMeT-
PUsT IMAarpaMMbl JaIOT OCHOBAHUSA IPeANOo-
JIOXHUTD HAJINYKE HEUCIIPABHOCTH.

6. CpaBHUTEJIbHbIE H3MEPEHHUsI C OOPA3IIOBBIMU
BHOpaTOpaMM B JIOOUTENIBCKUX YCIIOBUSX
HEHaJIeXHb! H JaloT pacxoXxienus jo 3 Ab.



38

22. [NpakTuka npumeHeHms QHTEHH METDOBOIO M AELUMMETDOBOIO AMANA30HOB

He Ttak yx pelxo pacxoxIeHue Ha LeJbii
S-ypoBeHb, KOTZia HAaK/IaJbIBAIOTCS Pas3Jivy-
Hble 3(heKTh U MOTYyYaeTCs «KeJaHHOoes
ycunenye. Tak MOSIBIISIIOTCS CEHCAMOHHbBIE
1U306pCTCHUSL BPOJE JIEHTOYHON aHTEHHBI
SIru, KOUTYpHO 11esTH, T030I04eHHOTO U3-
JIyyatessi U T.IL. Yero TOJIbKO He HOMy4aloT
B PE3YJIETATe TOAOOHBIX «U3MEPEHUI»!

7. Dusnyeckass 3aBUCUMOCTb MEXIY YIJIOM
PacKpbIBa M YCHJIEHHEM JEHCTBYET TOJIbKO
B TOM CJy4ae, KOrZa peyb UAET O HOYTH
UZI€aJIbHOM [UarpaMMe HalpaBJIeHHOCTH,
TO €CTb KOI'Ia ee TIePeIHUI JTeNleCTOK UMe-
eT rpyueBusiHyI0 hopmy, o6paTHoe u3my-
JeHue HaJIeXXHO 110/IaBJIEHO, a G0KOBbIE Jie-
NECTKU OTCYTCTBYIOT. C IepexoioM Aupek-
TOPHOW aHTEHHBI K BBICOKOYACTOTHOMY
rpezesy CHayajla pacHIMpsieTCs OCHOBa-
HHe [TIaBHOTO JIENIeCTKa, a 3aTeM BO3HUKa-
10T GokoBble nenecTky. Torga mMuprHHaA
JHarpaMMbl MOXeT YMEHBIIUTBCS Jaxe
IPU CHUXKEHUM YCUJIEHUS. DTO TOHKOCTH,
KOTOpble 00HaPyKUBAIOTCSI IPU U3yYEHUH
JMiarpaMMbl HallPaBJIEHHOCTH.

8.Yacro ynycKaioT U3 BUAY, YTO Ha IPaKTH-
Ke MPOCThle aHTEHHbI OKa3bIBAIOTCS 3¢~
(exTHBHEE TPOMO3AKHUX COOPYXEHHH.
Heo6x011MO TIHATENBHO YYUTHIBATD OKPY-
Kaolyo 06cTaHoBKy. CrieluanucTs! Tpa-
TAT MECSALBI Ha TO, YTOODbI CIVIAHUPOBATD
aHTEHHY U BIIMCATb €e B MECTHbIE YCJIOBUSI.
Jla>ke Ha CPeIHUX BOJTHAX CJIy4alOTCst aHO-
MaJIMM HaNpPsKEHHOCTH TOJIsE BETUYMHOMN
10 1B u 6Gosee, NpUYeM HAa PACCTOSIHUM
BCEro B HECKOJIBKO METPOB.

9. Ba:xxHO He TOJIBKO IIOCTPOMTD BBICOKO3D-
(beKkTUBHYIO aHTEHHY, HO U oDecleyuTdb
HEM3MEeHHOCTb ee XapaKTepPHCTHUK B Teye-
HHUe JJIUTEeIbHOTO BPEMEHH 3KCIITyaTa-
uuu. 31ech 0cOGEHHO YacTo He COBI0za-
I0TCs1 HEKOTOPbIe MPaBUJIa: UCIOb3YIOT-
csl Heloaxoxsilye WM HeCOBMeCTHMBIe
MaTrepHuasIbl; 1aTyHHast TPy6OKa CTaHOBUT-
Csl XpPYIKOI U pa3pyliaeTcs; 3J€MeHTh
JIOMAOTCS U3-32 HapYLIEHUs MJIOTHOH
[OCAJKH B KpeNJIeHUH; IPOBUCAET TPa-
BEPCa AaHTEHHBI; BJIara MPOHUKAET B CUM-
MeTpHUpYyIOliee 3BEHO MM Kabesb U T.A.
TpyAHO NMPEACTABUTD, CKOJIBKO 3a060T Ipu-
HOCHUT Ka’XkZasl HeMorozia U CKOJbKO IpH
ITOM TEpSAETCS Aeuube.

10. ByiBalOT aHTEHHBI C UCKTIOYUTEIBHO BbICO-
KHUMU xapakTepuctukamu. Ho oHu ucyesa-
0T IIPU KYCTapHO IIOIIbITKE BOAPY3HUTb aH-
TEHHY Ha HOBOM Mecte. [Ipumepom ToMy
CJIy’KMT NPUHLMI JBYX3€PKaJbHOU aHTeH-
ubl (Backfire), kotopas us-3a neynobHOro

pedIeKTOPHOTO MOJOTHA He 6blLIa NMpPH-
3HaHa [0 TOABJEHUS KOPOTKOMH ABYX3ep-
kanbHolt antenHnl (ShortBackfire). B co-
OTBETCTBYIONIEl IUTEPATYPE ONMHUCHIBAIOT-
¢Sl ¥ Lpyrue aHTEHHBI C aHAJOTMYHOH
0COBEHHOCTBIO.

11. Muorue YKB u /IMB antenns fonycka-

0T HECUMMETPHUYHOE NIUTaHue, YTO YAUB-
nseT Aaxe crieuranucroB. OaHaKo 6yab-
Te OCTOPOXKHBI, CBO/SI AHTEHHBI B TPYIIIbI!

12. He pacnionaras ZG-auarpadom (Hanpu-

mep, tuna ZDU npoussonctsa Rohde &
Schwarz), npu corimacoBaHUM NPUXOAUTCS
BCSIKU# pa3 HapaluBaTh puiep OTPe3KOM
kabensi anUHON A/4, IOBTOpPSIE U3Mepe-
HUSL, 4TOOBI UCKIIIOYUTD 3 eKTbI TPaHC-
¢dbopmanuu. Ha npakTuke coriacoBaHue
yJIy4LIaeTCsl TAKKE MyTeM «00pe3Ku» Ju-
Huu. Bripouem, vMest nesio ¢ BeTMYUHOMN
KCB, He crouT ObITb 1€IaHTOM, CTPEMSICH
YMEHBIINUTh €ro Ha COThble WJIH JAecsiThble
JIOJIH.

13.JIro6uTenb NOMKEH He NepenuCcThIBaTh

CIENUAIBHYIO JIUTEPATYPY [0 aHTEHHAM, a
BHUMaTeJbHO YuTaTh ee u (GOPMHPOBATD
co6CcTBeHHbIE NpeacTaBieHusi. Boicokas
3 peKTUBHOCTD CO37aBaeMOii aHTEHHBI —
BOIIPOC HE TOJIBKO 3aTPaT, HO U NMOHUMa-
HUS M CIIOCOOHOCTH UCIIOJIb30BaTh PyHAA-
MEHTaJIbHbIE 3aKOHbI TIPUPOZIbI, BO3MOXK-
HOCTb aJIEKBATHO OLIEHUTb PEAIbHYIO CH-
tyanuwo. Beap rae-uubynp Ha pyaHuke
aHTeHHa Sy — Bcero Juub rpy/a Tpyoox.

14. TIpyu MUHMMAIBHBIX 3aTPATaX Ha U3MEPHU-

TEeJIbHYIO annapaTypy, HO NpH XOpolleM
3HaHUM YCTPOMCTBA 1 CBOWCTB aHTEHH ce-
PbE3HBIHA pagUOTIOOUTEND CIIOCObEH COo-
371aBaTh OPUI'MHAaJIbHbIE TUIIBI U3JIyYaTe-
Jieit UJin MCCJeoBaTh 06pa3ibl aHTEHH.
OnHako OH HOJIXKEH TBepAO 3HATh Ipeje-
JIbI CBOMX BO3MOXKHOCTEW WM HUKOrJa He
npexebperats KpUTHKOM B cBO axpec. Ca-
MOCTOSITE/IbHbBIE Pa3paboTKH HEEOXOAMMO
CONMpPOBOXJATh IIPOBEPKaMU Ha U3MEpH-
TeJIbHbIX TPaccax — BeAb peub UIAET, Kak
yke TOBOPUJIOCH, O BEPTHUKAIBLHON JAuar-
pamme! V13-3a MHOTOKPATHBIX OTPaKeHU
TPyZHee BCETO U3MEPUTh AUArpaMMy Kpy-
roBoro uanyyaress. Kak MUHUMYM J1s1
3TOro TpebyIOTCS U3MEPUTEIbHBIN Tepe-
JaT4YdK, NPUEMHHK, KaIUOPOBaHHasH JTH-
uus, uameputenb KCB u... oropoa. dns
MPOCTBIX HKCIIEPUMEHTOB JOCTATOYHO TPac-
bl aiuHoi 20-30 M.

15. He napaiire xyxom! Kax 6b1 TaM Hu 6bL10,

pa,unomo6u'renbcmo — UCTOYHMK YOBOJIb-
CTBUA.






