AHTEeHHbI N pacrnpocTpaHeHue pagnoBOJIH

lNapamempobl dHMEHH

Cnaipgnbl k nekynsam npogeccopa KybaHosa B.I1.



NMNHUA PAOUOCBA3U
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TPEBOBAHWUA K NEPEAAIOLLM AHTEHHAM

1.MmeTb BO3MOXHO 6Oo0sblWMKA  KOIPPUUMEHT MONE3HOro
NencTBumA.

2.06napgatb Tpebyemon NPOCTPaHCTBEHHOW
HaMpPaBAEHHOCTbIO U3/IyYEHMUA.

3. UMeTb BXOAHOE CONPOTMBAEHME, KOTOPOE C y4eTom puaepa
obecneynBaet Heobxogmmoe cornacoBaHue .

4. ObecneymnBaTtb Tpebyembin BUA NOAAPMU3ALUN N3TYHAEMOWN
PAaZANOBOJIHbI.

5. Obnapatb HEOHXOAMMOWM SNEKTPUYECKOWN MPOYHOCTHIO.
6.CooTBeTcTBOBATL TPEOOBAHUAM 3/IEKTPOMArHUTHOWM
6e3onacHoCTy.

7.MmeTb onpeaeneHHyo nonocy pabovmx 4acTor.

8. 0ObecneunBaTb yaobcTBO M He30NACHOCTbL 3KCNAYyaTaLUMM.



NMAPAMETPbI NEPEOAIOWNX AHTEHH

1. KoadpumumeHT nonesHoro aencremsa (KMa).

2. XapaKTepucTuKka (amnarpamma) HanpaBAEHHOCTW.

3. KoappunumneHT HanpasneHHoro aencrtema (KHA).

4. KoappunumeHTt ycnunenmsa (RY).

5. BxogHoe conpoTmnBaeHue.

6. MonAapusauma n3ny4yaemoro nons.

7. 9ddeKTnBHaA naowaab.

8. lencTtsyrowasa AnnHa.

9. 3¢ PeKTMBHO U3ny4aemasa MOLLLHOCTb

10. DKBMBa/siIeHTHAA U30TPOMNHO U3/lydaemasd MOLWHOCTb
11. MaKcnMmanbHasa MOLWHOCTb, NOABOAMMAA K aHTEHHE.
12. CaHUTapHO-3aLWMUTHaAA 30Ha.

13. 30Ha orpaHNYeHUns 3aCTPOUKMW.

14. Paboyaa nonoca 4acror.



KO3 PULMEHT NONE3HOIO AENCTBUA
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Ha nepepatoweir ctopoHe ToyKa 1 cxembl COOTBETCTBYET BbIXoAy nepegaTynka (Bxoay duaepa). Yepes
P, obo3HayeHa MOLWHOCTb PaZAMOYACTOTHOrO CUTrHana Ha Bbixode nepeaatunka (Bxoge odwupaepa). Touka 1’
cooTBeTcTByeT Bbixody ¢uaepa (Bxo4y nepedatoller aHTeHHbl). Yepes P; o603HayeHa MOLLHOCTb
PaZnMo4YacToTHOro CMrHaNa Ha Bbixoae puaepa (Bxoae nepenatoLle aHTEHHbI).

PeanbHble aHTEHHbl BbINONHAIOTCA W3 NPOBOAOB WAM META//IMYECKUX MOBEPXHOCTEM C KOHEYHOM
NPOBOAMMOCTbIO MU U3 AN3NEKTPUKA, obnagatowero notepsmu. Nostomy He BCA MOLWLHOCTb PagnMOo4acTOTHOrO
curHana P{, noagoanmas K aHTeHHe, npeobpasyercsa B MOLWHOCTb U3aydeHus Py. YacTb NoaBOAMMOIN MOLLLHOCTU
BblAeNsieTcA B BUAE Tenna B aHTEHHe, B O/IM3KO PacrnonoXKeHHbIXx npeameTtax M B noyse. KoadpdpuumeHTom
nonesHoro aencrtema (KMA) aHTeHHbl 77, HA3bIBAETCA OTHOLEHWE MOLLHOCTM PAANOM3/TyYEHUA, CO34aBAEMOTO
aHTEHHOM, K MOLLLHOCTU PaAMoYacToOTHOro CUrHana, NnoasoANMOro K eé exoay n, = Ps/P; = Ps/(Ps + Py), rae
P — MOLWHOCTb NOTEPb B aHTEHHE.



AMNNUTYOHAA XAPAKTEPUCTUKA HAMNPABNTIEHHOCTH

Zl\
MepuduoHaribHbIlU y20i11
N
N
AN
\
\
A -~ N/ T ——
s ) /
Ve /
Ve \
Pd \ //
7 \ //
7/ —
< ] /7 \M(F,H,CD)
\
\
r \
12 \
\ Y
\
@) h >
\
@ \
\
[
|
7 g

A3umymaribHbIU Y2071

Moa HanpaBNEHHOCTbIO nepeaarowen aHTeHHbl MOHUMAOT  eé
CNocobHOCTb M31y4YaTb PagMOBOJIHbI B OMNPEAE/EHHbIX HanpaBAeHUAX
b6onee appeKkTUBHO, Yem B Apyrux. [NpeactaBneHne o HanpaBAeHHOCTU
faeT cheuuanbHblA  NapamMeTp — aMMAUTYAHAA XapaKTepPUCTUKA
HanpaB/IEHHOCTU, KOTOpaA onpeaensieTca Kak 3aBUCMMOCTb aMNINTYAbl
HaNPAXXEeHHOCTM W3/ly4aeMoro aHTeHHOM nons (MAM BeNNYUHDbI, el
NPOMNOPUMOHANAbHON) OT HanpaBAeHWA B  MNPOCTPAHCTBE  NpU
HEM3MEHHOM PaCCTOAHUM A0 TOYKM HabnwgeHua M. Hanpasnenue
3agaeTca mepuanmoHanbHbiMm (6 ) n asmmyTtanbHeiMm (@ ) yrnamu
chepryecKkom cMCTEMbI KOOPAMHAT, KaK MOKa3aHO Ha PUCYHKE.

Takum o06pasom, amMnAUTyOHAA XapaKTePUCTMKA HamnpasBNeHHOCTM OMNUCbIBAeTCA MOAY/IeEM HEeKOTOpoW
dyHkumen |f(0,@)|. Popmyna gna pacyeta MoOAyNA HaMNPAMKEHHOCTU 3NEKTPUYECKOro MOAA aHTEeHHbl B
NPOU3BO/IbHOM HanpaBAeHMM onpeaensaeTca cooTHoweHuem |E| = A|f (8, )|, rae A —  MOCTOAHHbIN
MHOMKUTENb, HE 3aBUCALLMIA OT HanpaBAeHNA Ha TOYKY HabaoaeHUA.

[lna ynpoLeHna 3annucm amnamTyaHoON XxapaKkTepUCTUKM HanpaBAeHHOCTU 3HaK Mmoayna byaem onyckaTb.



®A30BAA XAPAKTEPUCTUKA HAMNPABJIEHHOCTU

Hapagy ¢ amnauTygHOM XapaKTePUCTUKOWM HAMNPaBAEHHOCTM aHTEHHbl CYLLECTBYEeT MNOHATME (a30BOM
XapPaKTEPUCTMKM HanpasaeHHocTn Y (0, @), noa KOTOPOM NOHMMAETCA 3aBUCMMOCTb $asbl HAMPAXKEHHOCTH
NonA, CoO34aBaeMoOro aHTEHHOM B TOYKe HabnoaeHWA, OT HanpaBAEHMS Ha 3Ty TO4YKY. 3HaHue $Ha30BOM
XapPaKTEPUCTUKN HaNpPaB/IEHHOCTU BaXXHO, Nperkae BCero, ANA pelleHnA BOMpoca, UMeeT AU AaHHaA
aHTeHHa @¢a30Bblii UeHTp. Ecam Y(6, @) = const (MM MeHAETCA CKauyKkomM Ha 180° npu nepexoae
aMNINTYAHOMN XapaKTEPUCTUKN HaNPaBAEHHOCTU Yepe3 Hy/b), TO TaKaa aHTEeHHa umeeT $pa30BbIN LIEEHTP B
TOYKe, C KOTOPOW OblI0 COBMELLEHO Hayaslo KOOpAMHAT npu pacyete (a3oBOM XapPaKTEPUCTUKMU
HanpaBAeHHOCTU. [lone M3ny4eHUA aHTEHHblI B 3TOM C/lydae NpeacTaBaAeT YUCTO CPEepPUYECKYHO BOJIHY,
ncxogawyro n3 ¢$asoBoro ueHTpa. Pa3oBbIMU XapPaKTEPUCTUKAMKM HAMPaABAEHHOCTU WMHTEPECYoTCca B
PaANONIOKAUMM U PaANOHABMIaLMM ANA onpeaeneHua YrnoBbiX KOOPAMHAT LEAM U B HEKOTOPbIX APYrux
Cay4vasx.

B 60nblIMHCTBE C/y4aeB, OAHAKO, MOAb3YIOTCA aMMNINTYAHbIMU XapPaKTEPUCTUKAMM HANPaBAEHHOCTU, TaK
KaK MHTEPECYIOTCA 3HAaYEHUEM aMNINTYAbl HAaNPSXKeHHOCTU NoAs (CN0BO «aMNINTYAHAA» B Ad/IbHENLIEM
byaem onycKaTb)



AMIMNINTYAHAA OUWATPAMMA HANMPAB/ZIEHHOCTU
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[padunyeckoe wu30bpaxkeHnme XH HasbiBalOT Agmarpammon HanpasneHHoctn (AH). Mo cBoeun
cywHoctn o¢yHKuma f(6,@) ABnAeTca aHaAUTUYECKMM BblpaxkeHnem (popmynon) HeKoTopowm
nosBepxHoctn. Ha pucyHKe npusegeHbl [OH AByX aHTeHH. [uarpammbl OTHOCUTENbHO MNPOCThI,
MOCKO/IbKY 06pa30BaHbl BpalLLeHNEM AOCTaTOYHO NPOCTbIX PUTYp BOKPYr ocu Z.



ANATPAMMbI HAMNPABNEHHOCTU B NONAPHOMN CUCTEME KOOPAUHAT
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B obuwiem cnyyae noctpoeHue rpapuyeckoro
n3obpaxkenma eyHkumn (6, @) (obvemHon AH)
HeyaobHo. Ha npaktuke obbiyHO cTposT [IH B
KaKoN-HMbyab 0AHOW NNIOCKOCTU, B KOTOPOM OHA
nsobpaxkaetca naockon Kpuson f(60) nam f(@).
Koroa peyb MAeT O HanpaBAEHHbIX CBOWMCTBAX
aHTEeHHbl, TO  MHTEPECYIOTCA  XapaKTepom
3aBMCMMOCTU HaNPAXXEHHOCTU nons oT
HanpaB/eHUA Ha TOYKY HabawaeHus, a He
abCoONOTHbIM 3HAaYEHMEM HANPAXKEHHOCTU NOAA.

MoaTomy 06bIMHO MCNONBL3YIOT MOHATME HOPMMPOBAHHOM XH, KoTopoe Bygem ob6o3HauvaTb Kak F(8) wam
F(@). Mobaa n3 atux GyHKUMIN nerko nonyyaetca nytem HopmupoBaHua f(0) wnm f(@) OTHOCUTENbHO MX

MaKCUMaIbHbIX 3HAaYeHUN:

F(0) = f(g)/fMaKC 0), F((p) = f(¢)/fMaKc ().

Ona npumepa npuseaeHbl HOPpMMpPOBAHHble [JH, nosy4yeHHble B pe3ynbrate ceyeHumsa Ppurypbl Ha puc. a
nnockoctamu ZOY — puc. a u XO0Y — puc. 6. B chepunyeckon cucteme KOOpAMHAT AMarpamMma Ha puc. a
COOTBETCTBYET XapaKTepUCTMKe HanpasaeHHocTn F(O) npn ¢ = 90, a anarpamma Ha puc. 6 — F(@) npn 0 =

(e]

90 .
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Mpn HaNNMYMM YEeTKO BbIParKEHHOW HaNpPaBAEHHOCTU W3/IYYEHUS B
Anarpamme pPasnMYyaloT raBHbIA, 3a4HUA N OOKOBblE NENEeCcTKU.
[NaBHbIM NenecTkoM AuarpamMmmbl HanNpPaBAEHHOCTU ABNAETCA TOT, B
npeaenax KOTOPOro M3siydeHne aHTeHHbl MaKCMMaabHO. JlenecTok
AnarpamMmbl HanpaBAEHHOCTU, HanpaBaeHne KoToporo obpasyeT no
OTHOLLUEHUIO K HAMpPaBAEHUIO TNABHOIO JIenecTka Yroa paBHbIM UIn
6av3kmii 180° , HasbiBaeTcsd 3aAHUMM. BOKOBbIM  J1eNecTKom
AnarpamMmbl HanpaBAEHHOCTUM ABAAeTcA NboM nenectok Kpome
MaBHOro u 3agHero. [lpumep Amarpammbl HaNPaBAEHHOCTU C
YKa3aHMEeM Ha3BaHWUM NEenecTkoB MPMBEAEH Ha PUCYHKe. 3aaHuM
Nnenectok wn HOOKoBble NENecTKU  XapPaKTepusylTca  CBOMMMU
ypoBHAMMK. [log ypoBHEM nenecTtka MNOHMMAIOT OTHOLIEeHWE ero
MaKCMMYMa K MaKCMMYMY I1aBHOrO JienecTKa.

YncneHHo ypoBeHb N1t060ro nenectka paBeH 3Ha4YeHU0 HOPMUPOBAHHOM XapaKTEPUCTUKM HaNPaB/IEHHOCTU B
TOYKe, COOTBETCTBYIOLLEM HanpaB/leHNIO ero MakCMMmyma. B HEKOTOPbIX C/ly4asx roBopAT O KPUBOM, KoTopas
ornbaet Bce bOKOBbIe 1eNecTKM. ITa KpMBanA TaK U Ha3biBaeTcA «ornbarollas ypoBHe BOKOBbIX IenecTkos». B
3aBMCMMOCTM OT 061acTU MPUMEHEHUA pPagMocpeacTBa MOTFYT MeHATbcA TpeboBaHuA K dopme U
MNPOCTPAHCTBEHHOW OPUEHTALMM INaBHOIO /1enecTka, YPOBHAM 3a4HEro n 60KoBbIX 1€MEeCTKOB



ANATPAMMA HAMPABNEHHOCTU B NPAMOYIO/IbHOW CUCTEME KOOPAUHAT
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H, npeactaBneHHble B MOAAPHOM CUCTEME KOOPAMHAT, OYEHb
HarnA4Hbl, HO He Bceraa yaobHbl AnAa paboTbl C HUMM, TaK KakK macwTab
rpadrKka MOXKHO 3a4aBaTb TONbKO BAONb paganyca. Heyaobcte MOXKHO
nsbexatb, ecam [OH cTpouTb B  AEKapTOBbIX (NPSAMOYro/sibHbIX)
KoopauHaTax. B 3Tom cnyyae no ocu  abcymcc OTKIaAbliBaeTcA
KOOPAMHATHbLIA Yros, N0 OCM OpANHAT — HOPMMUPOBAHHOE 3HayeHue XH.
MacwTtab MOKHO BbibMpaTb nNo AOOM KOOPAMHATHOM OCU, YTO W
npegonpepensaetr 6onbwee yaobcTBO UM MNOBbIWEHHYKD  TOYHOCTb
nobpakeHna. Yem yxKe OCHOBHOM NENecToKk MHOro/IenecTKoBOM
Anarpammbl, TEM CUAbHEE NPOABAAETCA NPenmMyLecTBo n3obpaxenma H
B AEKAapTOBOM cucTeme KoopauHat. Ha puc. a npusegeHa Aunarpamma
HanpPaB/EHHOCTU B MOJIAPHOMN CUCTEME KOOpAMHAT, a Ha puc. 6 3Ta Xe
Anarpamma npeacrtaBaeHa B 4EKAPTOBOW CUCTEME.



AWATPAMMA HANPABNEHHOCTU B NTOTAPUOMUYHECKOM MACLUTABE
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Yacto npu un3006paxkKeHun aumarpamm HanpaBAeHHOCTU B
[EeKapTOBOM cucteme KoopAuHaT MCNONb3YIOT
norapupmumyeckmun macwtab (B peumbenax), BBOAUMbDIN
cooTHoweHunem F(8),5 = 20lg F(8).

Nlorapudmmuyeckmn  macwtab no3BonAeT  CyWwecTBEHHO
MNOBbICUTb TOYHOCTb M300parkeHMa OOKOBbIX JIEMNECTKOB C
Ma/IbiIM YPOBHEM.

Ha pucyHKe npuBedeHa OAHA WM Ta Ke Auarpamma
HanpaBNEHHOCTM B [JEKApPTOBOM CUCTEME KOOpPAMHAT B
OTHOCUTENbHbLIX eanHuUax (BBepxy) n aeumbenax (BHU3Y).
CnepyeT obpaTnTb BHUMaHWE Ha TO, YTO MaKCMMasibHOMY
3HaueHuo F(0) = 1 cooTseTcTByeT F(0),5 = 0, a Hynesomy
3HayeHnto F(6) = 0 cootsetctBytoT F(6),5 = — . Bce
3HayeHuA Anarpammbl HanpaBAEHHOCTH B

norapupmmyeckom macwtabe ya0BNETBOPAIOT YC/AOBUIO



XAPAKTEPUCTUKA (AUATPAMMA) HANPABJIEHHOCTU NO MOLWHOCTU
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B HEKOTOpbIX C/Ay4asax MNo/b3yloTcA
noHatnem XH B ksagpate [2(0,¢) ,
KOTOpYO TPaAUUMOHHO Ha3blBaloT XH no
MOLLHOCTM. XapaKTepuUCTUKy
HanpPasBAEHHOCTM MO MOLLHOCTU MOXHO
HOPMMPOBATb K MaKCUMaIbHOMY
3HAYEHWI0 U MOMYYMTb, TaKMm obpasom,
HOPMMPOBAHHYIO XapaKTePUCTUKY
HanpaBaeHHOCTM no mouwHoctn F2(6, @).
Ha npaktMke O06bIYHO  PACCYMTLIBAIOT
HOPMMPOBAHHbIE XapaKTePUCTUKM
HanpasAEeHHOCTU MO MOLLHOCTM WU CTPOAT
COOTBETCTBYIOLLME HOPMUPOBAHHbIE

AnarpaMmbl HanpPasAE€HHOCTU B OTAE/bHbIX NNOCKOCTAX, B KOTOPbIX OHM M306parKaeTrca NAOCKMMU KPUBbIMU
F%2(08) wan F?(p). HopmupoBaHHaA XapaKTepUCTMKa HanpaBAeHHOCTM MO MoOLHOCTKU, Hanpumep, F2(6),
NpeAcTaBneHHan B feunbenax, umeer sug F*(0) 5 = 10l g F2(0) = 20lgF (6).

CneayeT 06paTUTb BHUMaHMWE Ha TO, YTO HOPMMPOBAHHAA AMarpaMma HanpaBAeHHOCTM No molHocTh F2(8)
M HOPMUPOBAHHAA Auarpamma HanpasaeHHocT no noato F(6), ecan nx nocTpouTb B IMHEMHOM MacwTabe, He
coBrnaayt no d¢opme. OAHAKO, 3TU Ke AmarpaMmbl Npu nepexode K Jorapupmuueckomy macwtaby (K
neunbenam) byayT B TOYHOCTM coBnagaTh, Tak kak 20lgF () = 10 lgF?(0).



LLIMPUHA OUATPAMMbI HAMNPABNTIEHHOCTH

Yron mexay aAsyma HanpasaeHnamu [H nepepatowlerd aHTEHHbI, Ha
rPaHULAX KOTOPOro HanpAXeHHOCTb NO/JA nagaeT A0 OonpeaeneHHoro
3HaYeHMs, Ha3bIBAaeTCA LWMWPUHOM AMarpamMmMbl HaMNpPaB/IEHHOCTW.
Ob6bl4HO BBOAAT MOHATUE WMPUHbLI  AWATPAMMbI MO  YPOBHIO
NOSIOBUHHOW MOLLIHOCTU 26 5 U MO YPOBHIO HYNEBOro nsnydveHuna 260,.
Echn paccmatpusath [IH  no nonto, 7o 3HayeHne 26 s cooTBETCTBYET
YIy MeXAy HanpaBAeHUAMU AumarpamMmbl, KOTOPble OrpaHM4YnBatoT
rnasHbI fenectok no yposHio F(B) = 0,707. Ecan »e nepeintun Kk AH
No MOLLHOCTK, TO 3HadyeHue 26 s byaet coOTBETCTBOBATL YINy MeXay
HanpasneHunamu, rae F2(0) = (0,707)%= 0,5. Ha rpaHuuax yrna 20 5
cpeaHee 3HayYeHWe NJIOTHOCTU NOTOKA 3Heprmn byaet paBHO NO/IOBUHE
CBOEro MakCMManbHOIO 3HAaYeHUA.
3HaueHne 26, COOTBETCTBYET Yry MEXAy [ABYyMA HanpaBieHUAMMU
2707 Anarpammbl HanpaB/IEHHOCTU, HA FPaHULAX KOTOPOro HanpPAXeHHOCTb
NonA NagaeT A0 HYNEBbIX 3HAYEHUN.
[Mpumepbl onpeaeneHna LWUPUHbI [NAaBHOMO JienecTka Mno YPOBHIO
NOJIOBUHHOM MOLWHOCTU 260 5 M MO YPOBHIO HYNEBOro M3NnyyeHua 26,
npuBeaeHbl HA PUCYHKE.




LUMPUHA OUATPAMMbI HAMPABJIEHHOCTU (npogonxeHxue)

6 =180°

[Mpn 3TOM Ha puC. a gnarpamma HanpaBAeHHOCTU Mn3obpakeHa B 0bblYHOM
OTHOCUTENbHOM MacwTabe, a Ha puc. 6 — B 1orapndmmyeckom (Mcnonbyerca
AeunbenbHas mepa). CnegyeTr o06paTtuTb BHMMAHME Ha TO, 4YTO MNpwU
onpeaeneHnn LWUPUHblI [NAaBHOFO JienecTka NO YPOBHIO MNONOBUHHOM
molHocTK 260 5 No anarpamme puc. 6 BAo/Ib OrpaHNYMBAOLLMX HanpasBieHNM
YPOBEHb aMNANTYAbl HANPAXKEHHOCTU 3N1EKTPUYECcKoro nonAa nagaet ao —3 b
OT MaKcumanbHoro 3Havenma 0 gb. 3To cneayetr M3 NPoOCTOro COOTHOLWEHUA
F(8),5 = 20lg(0,707) = —3 nb.

3HaueHue 260, Ha 3TON Amarpamme HanpaB/JIEHHOCTU COOTBETCTBYET YIAy,
orpaHM4YMBaloOLLLEMY [NaBHbIM Nenectok no 3HadveHuam F(6),5 = 201g(0) =
— 00, B Tex cny4yasx, Korga npoBasibl 40 HYNA B AMarpamme HanpaB/eHHOCTH
OTCYTCTBYIOT, BMECTO LWUPUHbI AMarpamMmbl HAMPaBAEHHOCTU «MNO HYAAMY»
rOBOPAT O WMPUHE AMarpammbl HanpaBAeHHOCTU no ypoBHO 0,1 mowHOCTH
204, T.€. F2(0) = 0,1. B sTom cnyyae ypoBeHb AnMarpaMmMbl HanpPaBAEHHOCTY

no nonto paseH F(0) =+/0,1 = 0,316.



HanpasneHHas

aHTeHHa

PZH

KO3 PULMEHT HAMPAB/IEHHOIO AEUCTBUA
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(HeHanpaBneHHas)

MN3oTponHas
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[TycTb HEKOTOPbIM pagunonepenaTynk paboTaeT Ha HanpaBAEHHYHO
aHTEeHHY, amnantygHaa [H KoTopon oTamyHa oT cdepbl (ceyeHme
TaKOM gmarpammbl MOKA3aHO Ha puc. a). MOLWHOCTb, N31y4Yaemyto
3TOM aHTEHHOW, 0603HauYMM Psy, @ HaNPAXKEeHHOCTb NONA B TOYKe
M, HaxoaAWencA B HAaNPaBAEHUM MAKCMMAJIbHOTO M3/1y4YeHUA Ha
PAaCCTOAHUU T OT aHTeHHbl — Ey.

3ameHum HanpPaB/AEHHYIO aHTEHHY Ha N30TPOMHYIO
(BoObOpaxKaemyto aHTEHHY, WM31Yy4Yalolyld PaBHOMEPHO BO BCe
CTOpOHbI). CeyeHne [JH M30TPOMNHOM aHTEHHbI MOKAa3aHO Ha pwuc. b.
MOLWHOCTb, M3NYy4aeMyH0 3TOW aHTEeHHOMW, 0603Hauum Psy, a
HaNpPAXEeHHOCTb NoAA B TOYKe M, Haxo4ALWENCA HA PACCTOAHUN T
OT aHTeHHbl — Ey . Ecan obecneunTb pPaBEHCTBO 3HAYEHUM
N3/ly4aeMbIX MOLLHOCTEM HANPaBAEHHOW N U3OTPOMHON aHTEHH
Psy = Psy, TO MOXHO 3anucatb [Iy > Iy . NOCKONbKY NAOTHOCTb
MOTOKA 3HEPrMn NPAMO MPOMNOPUMOHANbHA KBagpaTy aMninTyabl
HanpAXeHHOCTW anekTpuyeckoro nona Il — E2, 1o Ef > Ef.



HanpasneHHas

aHTeHHa

KO3 OULMEHT HAMPAB/IEHHOIO AEUCTBUA (npoaonmkerue 1)

Pagwo -
nepegaTtymk

(HeHanpaBneHHas)

MN3oTponHas
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KHA (0603HaumMm ero D) ectb uncno, nokasbiBatoWEee BO CKONbKO
pa3  KBagpaT  HaMNpPAXEHHOCTU  3/eKTPUYEeCKOro  nons,
co3faBaemMoro B Touyke M HanpaBneHHoW aHTeHHol E7 ,
NpeBbIlWaeT KBagpaT HaMNpPAXXEeHHOCTU 3NEeKTPUYECKOro Mons,
CO34aBaeMoro B 3TOM e Touke M M30TPONHOM aHTEHHOW EIEI npu
YCNOBUM, 4YTO  MOLWHOCTU  M3NYYEHUA  HAMNPAB/IEHHON U
M30TPOMHOW aHTeHHbl paBHbl Pgy = Psy, To ectb D = Ef/Ef.

Bo3moxeH mHom nogxon K onpegeneHunto KHA. Obecneuntb
PAaBEHCTBO aMNAUTYA, HanpsKeHHocTen nons B Touke M (Ey =
Ey ), co3paBaembix HanpaBAeHHOM (puc. a) M M30TPOMHOM
aHTeHHamu (puc. 6), MOXXHO TONbKO 3a CYeT Toro, 4yto byaer
BbINOAHATbLCA ycnosue Pyy > Pyy. BTOpoe onpegeneHne KHA —
5TO 4MCNO, NOKa3blBaloWEee BO CKOMIbKO pa3 Npuwiocb Obl
YBE/IMUNTb MOLWLHOCTb M3nydeHna Psy npu nepexoge oT
HanpaB/eHHOM aHTeHHbl K W30TPOMNHOM (HeHanpaBAeHHOW)
aHTEHHEe Mnpu YC/N0BMWU CO34aHMA B ToukKe M Ha OAMHAKOBOM
PaccToAHUU T PaBHbIX  3HAYEHUN  HAMPAXKEHHOCTU
anekTpudeckoro nona (Ey = Ey), To ectb D = Psy/Psy.
YBennyenme D nepeparowlerdm  aHTEHHbl  3KBMBAJIEHTHO
BO3pPaCTaHMIO MOLWLHOCTU pagmnonepeaaTymka.



KO3®PULIMEHT HAMPABNEHHOIO AENCTBUA (npogonkeHue 2)

DMaKC -

Psyi/Psy = 41r/f02n fon F?%(8, ¢) sin 0d8dg.06b14HO BCceraa onpeaenaerca KH/ aHTeHHbI ana

HamnpaB/eHMA MAKCUMA/JIbHOrO WU31y4eHMA U AN1A COKpaweHUA 3anmcu MHAOEKC «MaKe»
onyckaetca nnm emecto D, nuwetca Dy. Ecam XKe Tpebyetca onpeanenntb 3HavyeHne KH/
ana nwoboro HanpasneHwa, 3agaHHOro yrnamm 6 u @, To cnegyetr npumeHuTs dopmyny
D(8, ) = D,...F?(0,9) = DF?(8,¢9) = DoF?(6,¢9). Tak, Hanpumep, ecam D, ... =
100, To B HanpaBneHuu usnydenusa, rae F(8,p) = 0,707, no dopmyne nonyyaem D = 100 -
0,707 = 100 - 0,5 = 50.

Mo onpepenennto KHJ ectb 6e3pasmepHoe 4YMCNO, onpeaensiemoe Kak OTHOLWeHue
3HAaYEeHUN ABYX BENNYUH, UMEIOLLMX OAMHAKOBYIO padmepHOCTb. 3HavyeHnAa KH/ peanbHbiX
aHTEHH MOTYT ObITb OT eAMHUL, 40 COTEH, TbiCAY U AarKe MUIANOHOB. YacTto 3HayeHma KH/
Bbipaxkatotca B geumbenax D;g = 10lgD. Tak, Hanpumep, ana D = 10° nonyyaem Dy =
10lg(106) = 60 ab.

na HanpaBneHUA MAKCUMANbHOIMO W3/IyYEHUS HAMNPABAEHHOMW aAHTEHHbI



AGECO/TIOTHbIA KO9®OULUEHT YC/IEHUA

Ha npakTtuke 4alle nHrepecytotca He KH/ aHTeHHbI, a eé KoapduumeHTom ycuneHus. ObbsacHAETCs 3TO TEM, YTO
KHL He y4yuTbiBaeT mowHoCTb notepb Pp, a, cneposatenbHo, U KI1[ aHTeHHbl 7,. 3aBUCMMOCTb MeXay
KoadpnuneHtom ycmnenmsa (obosHaumm ero G ), KoapdUUMEHTOM HanpaB/ieHHoOro pgencteua D u
KoapPUUMEHTOM NONE3HOro AENCTBUA 1), onpeaenaeTca BoipaxeHnem G = D n,.

CmbICn 3TOro napameTpa, Yy4umTbiBaA AaHHOe Bbiwe onpegeneHne KHIA, 3aknwo4vaetca B C/ie4ylOLLEM.
KoadduumeHT ycuneHmsa — 3To YNCN0 NOKa3biBatoLWEee BO CKOIbKO pa3 KBaapaT HaNpsaXKeHHOCTU 3NEKTPUYECKOro
nonsa, co3gaBaemoro B Toyke M HanpaBNeHHOW aHTEHHOM E,% , NpeBbllWaeT KBaApaT HAMNpPAXeHHOCTU
3/IEKTPUYECKOrO NOJA, CO34aBaeMoro B 3TOW e To4yke M M30TPOMNHON aHTEHHOW Eﬁ Npn yCIOBUM PaBEHCTBA
MOLLIHOCTEN, NOABOAMMBIX K 0bemm aHTeHHam. [Mpu atom npegnonaraetca, 4to Kl M30TPONHOM QHTEHHbI
paBeH eanHULE.

Bo3mMOXHO M Aapyroe onpeaeneHve Kos3pPUUUEHTA YCWUIEHUA, COMTaCHO KOTOPOMY 3TOT KoadduuueHT
MOKA3bIBAET, BO CKOJIbKO pa3 NpuLLNOChb Bbl YBEIMUYMUTD MOLWHOCTb, NOABOAMMYIO K aHTEHHE, NPU nepexoae oT
HanpPaB/E€HHOW aHTEHHbl K M30TPOMHOM aHTeHHe ¢ KI[, paBHbIM eauHuMUe, YTOObl HanpAXKEeHHOCTb NMona B
NAHHOM HanpaBaeHUU (NpU HEM3MEHHOM PACCTOAHUM A0 TOYKU HabntogeHmna M) octanacb HEM3MEHHOMN.
[MpuBeaeHHbIe onpeaeneHna cnpaseanmsbl 415, Tak Ha3biIBAEMOTro, abCcotOTHOro KO3PPULIMEHTA YCUNTEHUA.



KO3OOULMEHT YCJIEHUA. 9PDPEKTUBHO U3NTYHAEMAA MOLLHOCTb.
9KBUBAJIEHTHAA U3OTPONMHO USNYHAEMAA MOLLIHOCTb

Hapagy c noHATMem abcontoTHOro KosadPpuuMeHTa YCUNEHUS CYLLECTBYET MOHATME NPOCTO Ko3dPUUMEHT]
ycunenma. OnpepeneHne npocto KosadduumeHTa YCUNEeHUA OTIMYAEeTCA Tem, YTO peasibHasa aHTEeHHaA
CPaBHMBAETCA He C M30TPOMHOM QaHTEHHOW, a C 3TAa/IOHHOW, Hanpumep, JAUHEUHbIM CUMMETPUYHbIM
3N1EeKTPUYECKMM BMbpaTopom. B ganbHenwem byaem genatb pasnmume mexay abcontoTHbiMm KoapPpuumeHTom
YCUNEHMA N NPOCTO KO3OPULUMEHTOM YCUNEHMA TONBKO B TEX C/IyYaAX, KOAA 3TO NPUHLMMNMANBHO BAXKHO.
BoigeneHne koapPurumnmeHTa yCuAeHMsa aHTEHHbI, KaK CAMOCTOATE/IbHOrO NapameTpa, CBA3aHO C TEM, YTO MMEHHO
TaKas BeNMYMHA JIerko NoaaaeTcs HenocpeacTBEHHOMY M3MEPEHUID METOAOM CpaBHeHusA. B sTtom meTtoane
MCNONb3YyeTCA 3Ta/IOHHAA aHTEHHA C U3BECTHbIM 3Ha4YeHNEM KO3PpPUUMNEHTA YyCUNEHUA.

Echan KoadPUUMEeHT ycuneHma npenarolen aHTeHHbl 33a4aH MO OTHOWEHUD K KO3IOOUUMEHTY YyCUNeHus
MNO/IYyBO/IHOBOTO CUMMETPUYHOro BubOpaTtopa (amnonAa) 6e3 noTtepb, TO OH BblpaKaetca B Aba. Ecaum
KO3PPULUMEHT yCUNEHUA 3a4aTb MO OTHOLIEHUIO K KOIPPUUUNEHTY YCUIEHNA M3OTPOMHOrO MU3ny4vatens, TO OH
Bbiparkaetca B agbu. [llepexoqg ot aba K aAbu ocyuwiecTtsnaeTca ¢ MCNONb30BaHUEM M3BECTHOro $haKTa Teopumn
aHTEHH — 3HaYeHne KoapPMuneHTa ycuneHus aHTeHHobl G, BbipaxkeHHoe B Aba, Ha 2,15 Ab meHblWe, 3Ha4YeHuA
KoadPnUMEHTa YCUNEHMA ITOM e aHTEeHH, BblipaXeHHoro B Abu, To ectb G, aibu — G, nba = 2,15 ab.
[Mpon3segeHmne MOLLHOCTU Ha KO3OPUUMEHT YCUNEHMUA, U3MEPEHHbIM MO OTHOLWIEHWUIO K MOJIyBOJIHOBOMY
CUMMETPUYHOMY BMbOpaTopy (aAnnonto), HasbiBalOT 3PPEKTUBHO M3nydaemon mowHocTtbio (PG,BT) wnum
(P, nBBT + G, n1bxa). Echv B npoussegeHun PG 3HayYeHMe KoadPUUMEHTA YCUNEHNSA N3MEPEHO OTHOCUTENbHO
M30TPOMHOr0 M3/y4YaTenda, To pedb maeT 06 3KBMBANEHTHOM M30TPOMHO-W3ydyaemon mouwHoctn (P, aBBT +
G, nbu.



BXOAHOE COMNMPOTUBJIEHUE
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NMepepatolwan aHTeHHa npeAcTasaseT ana puaepa HEKOTOPYIO Harpy3Ky, KoTopasa onpeaensaeTcsa oTHOWeHNeM
Zoon = Usen/Iix n = Rog a + i Xox - B oblem Cc/lyyae BXOAHOE COMPOTUBAEHUE COAEPMMUT Kak
aKTUBHYIO Ry, o, TaK M PEaKTUBHYIO X, 4 COCTaBAAIOLIME, KOTOPbIE CNOMKHbIM 06Pa30M 3aBUCAT OT YaCTOTbI.
Mpy HanMUMM COOTBETCTBYIOLMUX M3IMEPUTENbHBIX NPMOBOPOB BXOAHOE COMPOTUB/NEHME MOMKHO OMpeae/nTb
nyTem U3MepeHua Ha onpeaeseHHOM YacToTe UAK Aaxe B nosoce YactoT. CyLecTBEHHO C/I0XKHee onpeaennTb
BXOAHOE COMPOTUBAEHNE aHTEHH, Y KOTOPbIX duUaep BbINOJHEH B BUAE BONHOBOAA. O BXOAHOM COMNPOTUB/IEHUM
TaKOM aHTEHHbl MOXXHO CYAMTb JINLLbL MO TEM OTPAXKEHMAM, KOTOPbIE BO3HMKAIOT Ha CTbiKe duaepa v aHTEHHbI.
KoadppuumeHT oTpaskeHMsa P BblparkaeTca 4epe3 BXOAHOE COMNPOTUB/EHME aHTeHHbl Z,, o W BOJIHOBOE
conpoTtusnenune omaepa We : v = (Zoya — Wo)/(Zowa + Wo). KoaddunumneHT oTpaxkeHns p B obuiem
c/lyyae ABNAETCA KOMMIEKCHOW BeInYMHON. U3 BbipaxeHus cneayert, uto Zy, o = We (1 —p) /(1 + p)].
MHTepnpeTauma BXOAHOIO CONPOTUBAEHUA Yepe3 Ko3dPULMEHT oTpaskeHua asnaeTca bonee obuen, notomy
4YTO, BBEJEHWE MOHATUA TOKa [, o, KaK U BXoAHOro HanpaskeHua U, B TOUYKax coeAuHeHUA dugepa c
nepeaaroLen aHTEHHOMN He Bceraa GuU3nyeckn BO3MOXKHO.
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NONAPU3ALMUOHHBIE CBOUCTBA

Nonapun3aumMoHHble CBOWCTBA Nepeaartolle aHTeHHbl onpeaenatoTca
No NOAApU3aLMKM ee NoNA U3NyyeHusa.

JInHenHaa nonspusauma Nonsa msnydeHusa oObIMHO MCNONb3yeTcA B
cMCTeMax, KOraa noJioXKeHune nepeaarolen n NpuemMHOM aHTEeHHbI B
NPOCTPAHCTBE HE MEHAETCA, a Cpefa He OKa3blBaeT BJ/IMAHME Ha
OPUEHTALUMIO MJOCKOCTM MNonApulauum, HanpuMmep, B HAa3eMHOM
TeNeBU3NOHHOM BELLLAHUMN.

[Mpn ocywecTBNEHUU CBA3U C ABUNKYLLMMMUCA OObeKTamMKM, Hanpumep,
CO  CNYTHUKamm, uenecoobpasHo  UCMNOJb30BATb  KPYroByloO
nonapusauuto.

MHoraa B aHTEHHAX, npeAHa3Ha4YeHHbIX ANA WU3NY4YeHusa Mons
JIVHEWMHOW nonapu3aunm, BO3HWKAET MNapPa3UTHOE WU3JIly4eHUe ¢
OpTOroHanbHoM (nonepe4yHown) nonspusaumen. B 3Tom cayvae
PA3/IM4AOT OCHOBHYK WAM [NIaBHYKO COCTaBAAKOWYO NONAPU3ALUK
Nona  U3NYYEHUA U KPOCC-NONSPU3ALMOHHYIO  (mapasuTHyo)
COCTAB/IAIOLLYHO.



dPPEKTUBHAA NNOWAAD

Ha npaKkTuke WWPOKO MCNONb3YIOTCA pPaamnocpencTsBa, OCHALLEHHble anepTypPHbIMU
aHTEHHAMM, Y KOTOPbIX M3J/IyYEeHUE 3SHEPruu MPOUCXOAUT 4Yepe3 pPacKpbliB, Ha3biBaEMbIN
anepTtypon (OoT nNaTUHCKOro aperture — oOTBepCTUE). B Teopun U nNpakTUKe NpUMeHeHUsn
NU31Yy4YaloWmnX CTPYKTYP XOPOLIO WM3BECTHO COOTHOoWeHue anAa pacdyeta KHJ atoro Knacca
aHTEHH:

D = (4 /2%)Sv, roe

S — reomeTpuyecKas naowagb anepTypbl aHTEHHbI;

V — HEeKOoTopblin be3pa3mepHbin KO3IGPUUMEHT, Ha3biBaemMbll KO3IPPULMEHTOM
NCNONIb30BAHUA MNOBEPXHOCTU, YMUC/IEHHOE 3Ha4YeHWe KOTOPOro ANA peasibHblX aHTEeHH
MeHbLle egnHuupl (Vv < 1).

[MponsBegeHmne Sv B dopmyie UMeeT Pa3MEepHOCTb MNiowaanm U Ha3biBaeTcs
3pdeKTUBHOM NAOWAAbIO NepeaatoLlem aHTeHHbI S5. Taknm obpasom S5 = Sv.

PU3n4ecKkMn CcmbICa napameTpa S5 MOMKHO TPaKTOBATb KaK NAoWaAb HEKOTOPOW
MAeanbHOM aHTEHHbI, ANA KOTOPOU KO3IPPUUMEHT MCNO/Ib30OBAHUA NOBEPXHOCTU anepTypbl
paBeH eanHuue (v = 1).



NENCTBYIOLWASA AJIMHA

Ha paHHUX 3Tanax pa3BUTUA TEOPUU NPOBOJIOYHbIX aHTEHH, KOTAa MeTOoAbl X UHXKEHEPHOro pacyeTa He
H6blM AOCTAaTOYHO pa3paboTaHbl, AeNannNCb MOMbITKM 3aMeHbl PeasibHbIX aHTEHH, BbIMOJIHEHHbIX U3 NPAMbIX
NpPoBOAOB NN TPYD, HEKOTOPOM BOOOParKaeMom 3KBMBAJIEHTHOW NMPOBOJIOYHOM AHTEHHOMN.

JKBMBAJIEHTHOCTb PeasbHOM aHTEHHbl U BOObOpaXKaemom oLeHWBaNacb, UCXoAA U3 YC/IOBUA PABEHCTBA
PACYETHbIX 3HAYEHUM HANPAXKEHHOCTU MONA B HAMPAB/IEHNUN MAKCMMAJIbHOTO U31YYEHUA aHTEHH B Aa/IbHEN
30He. [Tpn 3TOM AO0NXKHbI BbINO/MIHATLCA ABa AOMOJNHUTE/NbHbIX YC/I0BUA: NEPBOE — PABEHCTBO TOKOB Ha WX
3aXKMMmax, BTopoe — dasa U amnaInTyaa TOKa No AJIMHE 3KBUBANEHTHOM aHTEHHbI HE MeHATcA. [1/IMHA TaKoM
3KBMBAJIEHTHOM aHTEHHblI M Ha3bIBAETCA AEUCTBYyHOWEN ANNHOW nepenarollen aHTeHHbl. [na peanbHbIX
aHTeHH BCeraa BbINONHAETCA cooTHoweHue Iy < lp, rae Iy — pencTeyowan AnnHa npedatollen aHTeHHb; [p
— AJINHA PeanbHOM QHTEHHDbI.

CoBpeMeHHas TeopuAa aHTEeHH pacnonaraetr 6o0nblIMMKM BO3MOXKHOCTAMM [/ pacyeTa peasibHbIX
nepeaaroLlmx aHTEHH 6e3 3aMeHbl UX IKBMBANEHTHbIMU. Taknm ob6pa3om, Ha CeroaHALWHUIM AeHb, NapameTp
AENCTBYIOLWEN ANNHbI [ B aHann3e nepeaatowmx aHTEHH NPAKTMHECKMU HE MCMOb3YeTCA.



MAKCUMA/IbHAAA MOLLHOCTb, NOABOAMMAA K NEPEAAIOLLLENA AHTEHHE

Mpn NCcnoNb30BaHUM aHTEHHbI A8 U31YyYeHUA BONbLUNX MOLLHOCTEN (AEeCATKMU, COTHU U TbICAYN KMNOBATT) BaXKHO
3HaTb MAaKCMMaJibHYIO MOLLHOCTb, KOTOPYI MOKHO MNOABOAMTb K aHTeHHe. 3Ta MOLLHOCTb onpeaenaercs
3NEKTPUYECKON NMPOYHOCTbIO BO3/yXa, OKPYXKAIOLWEro aHTEHHY, U ANINEKTPUYECKUX N30NATOPOB, BXOAALLMX B UX
KOHCTPYKUMIO. EChv amnnnTyaa HanpaxKeHHOCTU 3N1EeKTPUYecKoro noas 8613 npoBoaoB aHTEHHbI NPEBOCXOAUT
6....8 KWNOBO/IbT HAa CaHTUMETP, TO HAYMHAETCSA NPOLLECC MOHM3aUMN BO3ayXa. B npouecce MOHM3aUMA MOSIEKYA
BO3/JyXa MNPOUCXOAUT WU3NYYEHUE SNEKTPOMArHUTHbLIX BOJMIH OMNTUYECKOro JAuanasoHa. Bcneactsme 31oro
MOHN3NPOBaHHbI 06bem BO3ayxa CBETUTCS.

HanpAaXKeHHOCTb 3N1eKTPUYECKOro No/A BAO/b U3/1y4atloWmMX 3N1eMEeHTOB aHTEHHbl HEOAMHAKOBA. ITO 06 bACHAETCA
XapaKTepom pacnpeaeneHua ToKa (Hanps)KeHua) BAONAb M3AYYalOWMUX S/IEMEHTOB aHTEHHbl, a TaKXKe
JIOKaNbHbIMU HEOAHOPOAHOCTAMMU KOHCTPYKUMM (M3rnbbl, BbICTYNbl, CKPYTKU U T.Nn.). Bcneacrsme atoro npouecc
MOHU3ALUUM HauyMHaeTca O0OblMHO He BAOMb BCEX MNPOBOAOB aHTEHHblI, a B OnNpeAeneHHbIX MecTax W
COMPOBOX/aeTca NoBbiLEeHNEeM TemnepaTypbl Bo3ayxa B 3TUX mecTtax. CTon6 MOHM3NPOBAHHOIO BO3AyXa, Kak U
0bblyHOE Nnams, NoAHUMAETCA BBEPX, NpuHUMana popmy dpakena. OTcioga TepMnUH — «PaKeNbHOE UCTEYEeHUnE».
Mpu HannuMM gaxe Becbma cnaboro BeTpa obpasoBasliniica daken nepemellaeTca B HanpaBAeHUU ABUKEHUA
BO3ayxa. Paken, BOSHUKLIMIM Ha BEPTUKAJIbHbIX UIM HAK/IOHHbIX NPOBOAaX, 0ObI4YHO NepeaBUraeTcsa BBEpX.
O6pasoBaHne dakenbHOro UCTEYEHUSs — BEPHbIA MPU3HAK neperpesa MNPOBOAOB KOHCTPYKLMU aHTEHHbI. B
KOHEYHOM WTOore oTaesibHble MPOBOAa MOTYT PacnaAaBUTLCA U caenaTb aHTeHHY HepaboTocnocobHoM. Takmm
06pa3om, KOHTPO/Ib MAKCMMaJIbHOM MOLLHOCTM — 3TO MeponpuATUe, HanpaBAeHHOe Ha npeaoTBpalleHue
BO3HMKHOBEHMSA HaKeNbHOro UcTeyeHus.



NAPAMETPbI 9/1IEKTPOMATHUTHOW BE3ONACHOCTHU

C TOYKM 3PEHMSA IKONOTUU INEKTPOMATHUTHOE NoNe — 3TO OAMH U3 BUAOB SHEPreTUYECKOoro 3arpA3HeHMA cpeapbl.
Hanbonee MHTEHCUBHLIMU M PACNPOCTPAHEHHBIMU UCTOYHUKAMKM TaKOro 3arpA3HEHUs ABNAIOTCA paaMocpeacTBa
CBSA3M UM BelWaHuA: paauonepepatolime CTaHUMM Ha3eMHOM M CNYTHUKOBOM pPaaMoCcBA3M, PaaNOBELLAHUA,
TeNeBU3NOHHOIO BellaHus, 6a3oBble CTaHUMKM CeTeEN NOABUXKHOM CBA3U. NCTOYHMKAMM SNEKTPOMArHUTHOIO
3arpA3HeHnsa, CTPOro roBops, ABAAIOTCA MNepefalroliye aHTeHHbl PaguMoCpPeacTB U, B CYLLECTBEHHO MEHbLUEWN
CTENEHMU, UX OTKPbITbIE PMAaEpbI.

OCHOBHbIMW NapameTPamMu, XapaKTePU3YIOWMMM SNEKTPOMArHUTHYO 6e30nacHOCTb pPaanocpeacTBa, ABAAOTCA
ero caHMTapHo-3awmTHanA 3oHa (C33) 1 30Ha orpaHMyveHma 3acTpomkm (303).

CaHUTApPHO-3aLLUMTHAA 30Ha — 3TO 30HA MPOCTPAHCTBA, BblAENEHHAA MEXKAY PaAuocpeacTBOM U cenntebHom
TeppuUTOpMEN B LENAX OXPaHbl 340poBbA HaceneHua. MpaHmua C33 onpepenaeTcA Ha BbICOTE ABYX METPOB OT
NOBEPXHOCTU 3eM/IN MO (PaKTy NpPeBblEHUA NPeaenbHO AONYCTUMbIX YPOBHEW 3/1EKTPOMArHUTHOro mnons
(HaNPSAKEHHOCTU 3NEKTPUYECKOro NOoAA, HANPAXKEHHOCTM MAarHUTHOTO NOMA MW NNOTHOCTU MOTOKA SHEPTUKU) NN
NPeBbILEHNA KpUTEPKMsa 6e30NacHOCTU OKpYrKatoLLen cpeabl.

30Ha OrpaHMYeHmnsa 3aCTPONKU — 3TO TEPPUTOPUA, rAe Ha BbicoTe Bbonee ABYX METPOB OT MOBEPXHOCTU 3eM/IU
NPEeBbIWAOTCA NPeaenbHO AO0NYCTUMblE YPOBHM 3SNEKTPOMArHUTHOrO MNOAS WUAN KpUTEpUM 6e30macHOCTU
OKpY’KatoLwemn cpeapl.

PacyeT HOpMUpPYEMbIX MAPAMETPOB pPErnaMeHTUPYETCA TOoCyAapPCTBEHHbIMU HOPMATUBHBLIMU [AOKYMEHTaMMU,
Hanpumep. Ha oCHOBe 3TOro IOKYMEHTA, a TaKXKe aHa/IorTNMYHbIX MY AN aHTEHH APYrMX YaCTOTHbIX AMaNa30HOB,
pa3paboTaH cneumanbHbIM NPOrPaMMHbIN KOMMINEKC aHan3a 31eKTPOMarHMTHOM 0H6CTaHOBKMN.



PABOYAA NOJTIOCA (AUANA30H) YACTOT

[paHMUbl paboyeit NoAOCHl YaCTOT ONPeAenArTCA YCIOBUEM COOTBETCTBMA OCHOBHbIX 3N1EKTPUYECKUX NapaMeTpoB
onpeaeneHHbIM TeXHUYeckMm TpebosaHuAM. B npepenax pguanasoHa 4vactoT Af = fyakc —fmung NapameTpbl
aHTEHHbI He AO/}KHbI BbIXOAUTb 33 Npeaesibl A0MYCKOB, YCTaHOBAEHHbIX TEXHUYECKMMN TpeboBaHNAMM.

[paHMUbl paboyeit NoAOChbl YaCTOT ONPEeAENATCA TEM NapamMeTPoOM, 3HaYeHNe KOTOPOTro NPU M3MEHEHUM YacCTOTbl
paHblUe APYrnx BbIXOAUT M3 AONYCTUMbIX npeaenoB. OyeHb 4YacTo KPUTUYHbIM NapameTpom aAsnsetca KbBB
nepegaolWert aHTeHHbl. MaaeHne ero 3HadyeHuUs HUKe AoMYyCTUMOrO NMpPU U3MEHEHUM 4YacToTbl M onpeaensaet
rPaHULUbl AMana3oHa aHTeHHbl. [lpuunHonm nageHna KBB aABnsetrca xapaKrep 3aBMCMMOCTU  BXOAHOIO
COMPOTUBNEHUA aHTEHHbI OT YAcTOTbl. B Apyrnx cny4yaax orpaHMYeHnEe AMana3oHa aHTEHHbI MOXET ObiTb BbI3BaHO
YBE/IMYEHUEM LINPUHBI ANArpaMmmbl NO YPOBHIO MOJAOBMHHON MOLWHOCTU U NageHne KoapduumeHTa ycuneHus,
POCTOM YpOBHA OOKOBbIX /IENECTKOB, U3MEHEHMEM HanpaBAEHUA MaAKCUMaNIbHOMO W3/ly4EHUA, U3MEHEHUEM
NONAPMU3ALUMOHHbIX XaPaKTEPUCTUK U T.A.

C TOYKM 3peHMA paboyeit NONOCbI YaCTOT PA3IMYAOT aHTEHHbI: HACTPOEHHbIE, Y3KoAMaMNa3oHHblEe
(y3KononocHble), LWMPOKoAMaNa3oHHble (LUMPOKOMNO/IOCHbIE) N CBEPXLIMPOKOMNONOCHbIE.

AHTEHHbI, NapamMeTpPbl KOTOPbIX COOTBETCTBYIOT MpeabsBiaembiM TpeboBaHMAM Ha oaHoi paboyelr yacToTe,
Ha3bIBalOTCA HAcTPoeHHbIMU. OCHOBHble MapamMeTpbl Y3KOAMana30HHbIX aHTEHH CUAbHO 3aBMCAT OT 4acToThl.
Bcneacteue 3Toro OHM moryT pabotaTb 6€3 nepecTpomMKM TONbKO B Y3KOM AMana3oHe 4acTtoT (oTHocuTesbHan
nonoca yactot Af /fcp coctaBnset meHee 10 %).

LiInpoKkoanana3oHHble aHTEHHbl paboTatoT 6e3 NepecTPorKU B LUMPOKOM AManasoHe 4acToT (OTHOocuTenbHas
NoJ/10Cca YacToT HaxoauTca B npeaenax ot 10 % oo 50 %).

CBEpXLWNPOKONO/IOCHbIE aHTEHHbI 06ecne4YnBatoT COOTBETCTBME NAPAMETPOB NPeabaABAAEMbIM TPeboBaHMAM Npwn
KoabbuuMeHTe nepeKkpbITMA Anana3oHa 4acToT fyakce © v = 5:1 n bonee.



MPOLUECC NPUEMA PAAUOBOIJIH

BonHoBon opoHT
nagaroLlen BOSHbI
7

Bektop E
nagaroLlen BOmHbI

MexaHn3m npouecca npMema NOACHUM Ha NPUMEpPE aHTEHHbI,
BbIMONHEHHOM B BUAE MNPAMOJIMHEMHOroO NPoOBOAa, B CepeanHy
KOTOPOro BKAKOYEHO conpotusneHne Zy = Ry +jXy . 370
COMPOTMBJ/IEHME COOTBETCTBYET COMPOTUBAEHUIO BXOAHOMW LEMMU
nmbo npuemHuka, nmbo pmnaepa ¢ NPMEMHMKOM Ha €ro KOoHLE.
[MTOCKONbKY WCTOMHWK MNagatowen BOJIHbI PacnonoXeH 06blYHO
AANeko OT MNPUMEMHOM aHTEHHbl, MOXHO CYMTaTb, 4YTO eé
BO/IHOBOW PPOHT B OKPECTHOCTM MPUEMHOMN aHTEHHbI ABAAETCA
nnockum. lycTb y nagatowen BOJIHbI BEKTOP HaMNpPAMKEHHOCTU
i -

anekTpuyeckoro nona E n sektop NonHTUHra Il oprueHTMpOBaHbI

TaK, KaK 3TO MOKas3aHO B TouyKe 1. 3agaHHaA opueHTaumA

BEKTOPOB COXpaHAETcA B /060N TOYKEe MPOCTPAHCTBA, BK/KOYaA
-

NOOYI0 TOYKY Ha MOBEPXHOCTU nposopa. Bektop E napatouwen
BOJIHbI B OAHOM W3 TaKUX TOYEK, Hanpumep, ToYKe 2, MOXKHO

-

npeacTaBuTb CYMMOM [ABYX BEKTOPOB: KacatenbHoro E. K
-
MOBEPXHOCTM NPOBOAA MU HOPManbHOro E,,.

[Mog AeNCTBMEM KacaTeNbHbIX COCTaBAAWMX E. HA Ka)XAOM 3/1eMEHTAapHOM Yy4yacCTKe NpoBoAa HaBoAMTCA
aneKkTpoaBuKywaa cmuna (3.a.c.). Takmm obpasom, no Bcen AnnHe npoBoaa GoOpMUPYyeTCA pacnpeneseHHas
3.4.C., NoA4, AeNCTBUEM KOTOPOW B NPOBOAE BO3HMKAET NPOAO0AbHbIN TOK. OH ABNAETCA Pe3y/bTaTOM CYMMApPHOro
NEeNCTBMA 3.4.C. BCEX 3/IEMEHTAPHbIX YY4ACTKOB. ITOT TOK BbI3bIBAET MO/E3HOE PAaCCEMBAHNE SHEPTUM B HArpy3Ke
Zy. Tak ocyLlLecTBAsAeTCA nepexod SHeprum oT PacnpoCcTPaHALWENCA PAaAMOBO/IHbI K HAarpyskKe.



3KBUBAJIEHTHAA CXEMA NMPUEMHOW AHTEHHDbI

OCHOBHbIM BONPOCOM NMPU U3Y4YEHUM NPUEMHbIX aHTEHH ABIAETCA
ZA onpegeneHne MOLWHOCTU, BblAENAEMON B Harpyske npuemHoOwm
aHTEHHbI, NoA4 AeNCTBMEM NafaloWen Ha aHTeHHy BOAHbI. [nA
3TOro HeobxogMmo, npexge BCero, 3HaTb TOK, BO3HWKAOLWMA B
Harpyske. 3HayeHMe ero, ecTeCTBEHHO, 3aBUCUT OT OpPUEHTALUM
aHTEHHbI MO OTHOLLEHUIO K NAAatoLEeN BOHE.
éA ,\) | 7 [MpyemHaa aHTEHHA) NO OTHOLUEHMIO K CONPOTUBNEHMIO Harpy3Ku
[ Zy WrpaeT posib reHepaTopa, KOMMJEKCHaa aMnauTyaa 3.4.C. €x
v KOTOPOro co3gaHa noa BO34AENCTBMEM MadaloWen BOJHbI WU
KOTOPbIN MMeeT BHYTpEeHHee conpoTmenieHune Z 5. Ecnn 3HaveHusn
€y W Z, VM3BECTHbl, TO C TMOMOLbIO U306parKeHHOM
SKBMBAJIEHTHON  CXEeMbl JIETKO  OMpeaennUtb  KOMMJEKCHble
amnAuTyabl Toka I, HanpsaskeHua U u mowwHocTb P, oTaaBaemyto B
Harpysky Zy = Ry + jXy:

[=6p5/(Za+2Zw), U=éplZu/Za+2Zw)], P = |i|" Ry/2.

Ha ocHOBaHMM Teopembl 06 3KBMBANIEHTHOM reHepaTope, BHYTPEHHEee COMNPOTUBAEHME aHTEHHbl B pexume
npuema Z o paBHO BXOAHOMY COMPOTUB/IEHUIO 3TOM Ke aHTEHHbI B pexkume nepegayun Z., .. B oblem cnyuyae
OHO COZAEPKMT KaK aKTUBHYIO, TaK M PEaKTUBHYIO cocTaBaaowme, Zy, o = Ry a + j X5y a. ITO CONPOTUBNEHME HE
3aBUCUT OT MOAK/OYEHHOM Harpy3Kn 1 xapakTepmnsyeT COBCTBEHHO aHTEHHY.




CXEMbI NOAKNIOYEHUA NPUEMHOWU AHTEHHbI K MPUEMHUKY

R@xA ngA RexA XexA
§ ¥
T , T
: L e — L2
A = =
o o
C C
o— o O—
BxoaoHoe BxogHoe BxoagHoe
conpoTueneHmne CONPOTUBIIEHME COMPOTUBNEHNE
NpPUeMHUKa donaepa NnpUeMHUKa
Z,=R,+]X, Z,=R,+]X,
a) 0)

YCNoBMA MaKCMManbHOW OTAAYN MOLLLHOCTM B HArpy3sKy, BK/IIOYEHHYIO B aHTEHHY, O4eBUAHO ByayT TaKMMU XKe,
Kak n ana noboro reHepaTtopa, T.e. MAaKCMMaNbHaA OTaa4va noayumntca, Koraa Ryoa = Ry v Xgxop = —Xy. U3
dbopmynbl Npegblaywero cnamaa cnegyet, UTO MaKCMManbHAA MOLWLHOCTb, OTAaBaemMaa aHTEHHOMW B HarpysKy,

pasHa Pyakc = 1€al°/8 Rex a.



XAPAKTEPUCTUKA (AUATPAMMA) HANPABJIEHHOCTH

PaCCMOTpeHHbIVI npuHUUN npuema nno3sosiIdeT Ccaenatb BbiBO4 O TOM, 4YTO 3HaA4YeHue KacaTeNbHOM

-

coctaBnatowen E, 3aBUCUT OT HanpaBneHMA nNpuxoda NAOCKOM BOAHbI. lMocnegHee, B CBOK o4yepeap,
O3HaYaeT, YTO KOMMJ/IEKCHAA aMMINTYAa 3.4.C. €4, KOMNIEKCHaA aMNAUTYAa TOKa [, KOMNAEKCHas aMnanTyAa
HanpsxeHua U TaksKe 3aBMCAT OT HampaBiAeHWA MPWXOAa NAOCKOW BOAHbI. ECIM HanpaBieHWe Mpuxoaa
NNOCKOW BOJIHbI 334aTb Yyramu 6 1 @, TO MOXKHO FOBOPUTL 0 Moaynax GyHKLmi é4 (0, @), (0, ¢) n U(0, @),
Kak aMMIUTYAHbIX XapaKTepUCTMKAxX HanpaB/EHHOCTM MO 3.4.C., TOKY WAW HanpsKeHuwo (cnoBo
«aMNIUTYAHanA» B AanbHellem byaem onyckatb). HOpMUPOBAHHbIE XapPaKTEPUCTUKU HaNpPaB/EHHOCTU MO
3.4.C., TOKY W HaANpsKeHU0 OAMHAKOBbI W onpeaenstoTca MNyTeM HOPMUPOBAHUSA OTHOCUTENbHO UX
MaKcumanbHbix 3HadeHni: F (0, @) = [é4(0, )|/ 1€ amarc| = |[1(6, 9)|/|Imakc| = |06, 9)|/|Umaxc|- Ha
NPaKTUKe 0ObIYHO MHTEPECYIOTCA XapPaKTEPUCTUKOM HAMpPaBAEHHOCTU B KaKOW-HMOyaAb OAHOWM NMAOCKOCTH, B
KOTOpPOW OHa ABnaeTca pyHKLMen ogHon nepemeHHor F(0) nan F(@).

Hapagy c XapaKTepuCTMKamMu HanpaBAEHHOCTUM MO 3.4.C., TOKY UM Hanpsa)keHWto, BBOAUTCA MNOHATUE
XapPaKTEPUCTMKM HaNpPaBAEHHOCTU MNPUEMHOM aHTEeHHbl MO MOLWHOCTM, KaK 3aBUCMMOCTM MOLLHOCTH,
BblAENAIOLWENCA HA aKTUBHOM YacTuM CONPOTUBNIEHUS Harpysku Ry, oT HanpaBneHua npuxoda BOJHbI. ITa
MOLLHOCTb MPOMNOPLMOHANbHA KBaApaTy TOKa, MO3TOMY, OYEBMAHO, YTO HOPMMUPOBAHHAS XAPAKTEPMCTMKA
HanpPaBNEHHOCTM MO MOLHOCTA ABAAETCA KBaApaTOM XapaKTepUCTUKM HanpasaeHHoctn F2(0,¢) wu,
cooTBeTcTBeHHO, F2(0) nnn F2 (o).

Cnocobbl MNOCTPOEHMs AmarpamMm HanpaBAeHHOCTU MPUEMHON aHTeHHbl, onpeaeneHua LWUPUHbI eé
ANarpammbl HanpPaBAEHHOCTM U YPOBHA BOKOBbLIX IENECTKOB TaKME XKe, KaK U A1 aHTeHHbI NepeaaroLLen.



OBPATUMOCTb NPOLUECCOB NPUEMA U USNYHEHUA PAOUOBOJIH

qupreXI'IOJ'II-OCHVIK
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PagMONNHNIO MOXKHO PACCMaTPUBATb KaK JIMHEWHbIM YETbIPEXMNOJIIOCHMK, Y KOTOPOro ofHa napa Mno/stoCcoB —
3aXMMbl NepeaatoLler aHTEHHbI, @ Apyras napa — 3a*XMMbl MPUEMHOMN aHTEHHDbI.

[1na TaKOro 4YeTbIPEXNONKOCHUKA CNpPaBea/iMB NPUHLMUM B3aMMHOCTWU, KOTOPbIWN NO3BOJIAET ONPEeAennTb CBOMCTBA
N NapameTpbl NPUEMHOMN aHTEHHbI, €C/IN N3BECTHbI CBOMCTBA M MAPaMETPbl 3TOM e CaMOW aHTeHHbI Npu paboTte
eé B KayecTBe nepepatowen. B yacTHOCTU, NPUHLKUN B3aUMHOCTU MO3BONAET A0KAa3aTb, YTO XapPaKTEPUCTMKA
HaMpPaB/IEHHOCTU NHOOOM NPUEMHOMN aHTEHHbI COBMAaAaeT C XapaKTEPUCTUKOM HAMPaB/EHHOCTU, NOJyYatoLwencs
NPM MCNO/Ib30BaHMN €€ B KayecTBe nepenatollen, ecam pagmonpuemMHuK (HarpysKka) NOAK/IOYaeTCs K TEM Ke
3aXKMMaM, K KOTOpbIM Bbll NOAKAOYEH pagnonepeaaTymk. Takum obpasom, U3 NPUHLMNAE B3AMMHOCTM BbITEKAET
obpaTMmocCTb NpoLeccoB NnpMema n nepegadu. MonHoe coBnageHMUe XapaKTEPUCTMK HaNPaBAEHHOCTU aHTEHHbI B
peXXnme npuvema Wu pexume nepesavyn MMEEeT MeCcTO TONbKO MPU  COrNacoBaHMM MNONASPU3ALUOHHDBIX
XapaKTeEPUCTUK obnyyatlowero Nona M NPUEeMHOM aHTEHHblI B pexume nepegadun. pyrumu cnoBamu, eciau
aHTEHHA NMPU W3/ly4eHUU CO3Aa€eT None onpeaeneHHoW nonapusaumm, oHa byaer Hambonee 3dpPeKTUBHO
MCMO/Ib30BATbCA B PEXMME NPUEMA NNLLb NPU TAKOM XKe Nonapmsaunm.
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KO3 OULMEHT HANPAB/IEHHOIO AEUCTBUA

HanpaBnenwne
MaKCcuMarnbHOro
npuema

A

NAEHTUYHOCTb XapaKTEPUCTUK HaNpPaBAEHHOCTU OAHON N TOW
e aHTEeHHbl NPU eé nNpMMeHeHun nnbo B pexmnme npuema,
nmbo B pexume nepesaun npegonpenenaer PaBeHCTBO
3HAYeHUN KO3PPUUMEHTOB HaNPaB/NEHHOIO [AEUCTBUA U
KoapPunumeHtos ycuneHma. Tem He MeHee, PU3NYECKUU
CMbICN 3TUX NapameTpoB ANA NMPUEMHOM aHTEHHbl cneayet

NOACHUTD. KoappunumeHt HanpaB/IEHHOro NEeNCTBUA
NMPUEMHOMN aHTEHHbl NPU COrMACOBAHHOM MO MONAAPU3ALUU
npueme pPaguMoOBOIH - 3TO OTHOWEHWE  MOLLHOCTH,

NOCTYNatoWwen Ha BXoA NPUEMHMKA Npu 0b6ay4YEHUN aHTEHHbI
C HanNpaBAEHUA MAaKCMMANbHOIO NpPUeMa, K CpeiHen no Bcem
HanpaBAeHUAM  MOLLHOCTW, MOCTynalowen Ha  BXOA,
NPUEeMHMKa, ecnn aHTeHHY obaydyaTb NooyepesHO C pPa3HbiX
HanpaBAEeHUN NONEM C HEM3MEHHOW aMNANTYAoN. PacyeTHble
dbopmynbl AnA BblMUCAEHMA 3HaYeHnn KH npuemHbIX aHTeHH
Te XKe camble, YTO U ANA aHTEeHH nepeaatoumx.



KO3 OULMEHT NONE3HOIO AENCTBUA U KOIPDULIMEHT YCUNEHUA

Mo KoapPpuumeHTomM Nones3HOro AencTBuA 17, NPUEMHOM aHTEeHHbl NoApa3ymeBaeTcA
KO3PPUUMEHT NONE3HOro AEUCTBUSA 3TOW e aHTEeHHbl MPU UCNOAb30BaHUM €€ anA
nepeaayu.

Koadpdumument ycunenma G NpUEMHOM aHTEHHbl - 3TO OTHOLIEHME MOLLHOCTH,
nocTynatowen Ha BXOA MPUEMHUKA NPU NpUMeme Ha AaHHYK aHTEHHY, K MOLWHOCTMK,
nocTynatouwen Ha BXOA4 NPUEMHMKA NPU NPUMEemMe Ha HeHanpaBaeHHyl aHTeHHy ¢ K[
paBHbIM eguHuue. Mpu sTom npegnonaraeTca, YTo 06e aHTEHHbI MMEKT ONTUMANbHOE
COrN1acoBaHMeE C MPUEMHUKOM U COrNacoBaHbl MO nNoaAapu3laumnm ¢ obayvarowmm nonem.

B 06nactu meTpoBbIX, AELMMETPOBbIX, CAHTUMETPOBbLIX M 60Nee KOPOTKMX BOSIH B Ka4ecTBe
5TA/IOHHOW aHTEeHHbl MPUMEHSETCA WM30TPOMHAaA aHTeHHa. B obnactu AekameTpoBbIX M
bonee ANMHHBLIX BOJMIH B KayecTBe 3TAaJIOHHOM QaHTEHHbl O0ObIYHO NpPUMeEHseTCS
NONYBO/IHOBbLIA JIMHENHBIN CUMMETPUYHDBIA SNEKTPUYECKUN BMOpATOp, HaxogAwMnUCA B
ceobogHOM npocTpaHcTBe. [lpn 3TOM  aHTEHHa W NONYBONHOBbLIM BUOPATOP A0NXKHbI
HaxoAUTbCA B HeuameHHOM (paBHOMepHOM) none, obnyyarwowem WUX C [NABHOIO
Hanpas/eHUA.

dopmyna G = D n,ana nepenatowmx aHTEHH, OCTAaeTCA BEPHOM U ANA NPUEMHbIX aHTEHH.



SODPEKTUBHAA NNOLWAAD

Mone, obnyyatollee NPMEMHYIO aHTEHHY, MMEET UHTErPaibHYIO XapaKTEPUCTUKY — cpeaHee

-
(BO BpemeHM) 3HaYeHne NAOTHOCTU noToKa aHepruun |Ilcp |. MpruemHaa aHTeHHa M3BNEKaEeT
4YacTb aHeprnm obnydatowero nons, npeobpasya eé B MOLWHOCTb P, KOTOpasa BblaenaeTcsa B

CONPOTUBNEHUU Harpy3ku. Mexay senndmHamm P u |HCP cyliecTsyeT CBA3b P = S3|HCP|.

KoadpduumeHT nponopumoHanbHOCTM mexay P wu |ﬁcp| Ha3biBaeTca 3PPeKTUBHOMU
NAOWAAb0 MPUEMHOM aHTEHHbl. S5 ABAAETCA NAapamMeTpoM MPUEMHOWN AHTEHHbI — 3TO
naowaab, YNCNEHHO PaBHAA OTHOLUEHMIO MAaKCUMAJIbHOM MOLLHOCTU, KOTOPAA MOXKeT bbITb
OTAaHa NPUEMHOM aHTEHHOW 6e3 yyeTa NOTePb B COIMMACOBAHHYHO HArpys3Ky, K cpeaHeu
NNOTHOCTU NOTOKA 3HEPrnm obayyatoLen NA0CKoOW PagnoBo/iHbl. He cheayet agymatb, 4TO ANA
NPUEMHOWN aHTEHHbI, UMEIOLLLEN peanbHbIA PACKPbIB (anepTypy), Yepes3 KOTopbI NpoucxoamT
npuvem pagnoBO/IH, €ro reomeTpuyeckana naowaab S éyaet pasHa adPeKTMBHOM Naowaam Sy.
Kak npasuno, S35 < S, a uX OTHOWeEHMe, Has3blBaeTcA KOIPPUUMEHTOM WCNONAb30BaAHUA
NoBepPXHOCTU anepTypbl Vv = S5/S. OH nNOKa3biBaeT, KakaA [oNsa 3Hepruu, nagatoweir Ha
pPackpbIB S, npeobpa3yeTca B MOLLHOCTb, BblAENAIOLWYHCA B HAarpy3Ke NnpMemMHOMN aHTEHHDbI.
YncneHHole 3HavyeHUAa 3dPeKTUBHOM NioWaanM OAHOM U TOW *Ke aHTEHHbl Npu eé paboTte B
NPUEMHOM U NepeaaroLem pexxmmax ogUHAKOBbI.



NENCTBYIOLWWAA AJIMHA

[Jencrteytowen ANMHOM Ly NPMEMHOMN aHTEHHbI Ha3blBaeTCA OTHOLWEHME 3.4.C., HaBOAMMOW B
aHTEHHe pPaAWOBO/IHON, MPUXOAALLEN C HANPaBAEHWUA [N1aBHOrO JNenectka Auarpammobl
HanNPaBNEHHOCTN NPUEMHOMN aHTEHHbI, K HANPAXXEHHOCTU NONA B MeCcTe npmema.

HaseneHHas 3.4.C. ABnsieTcA pacnpeaeneHHOM Mo A/IMHE aHTeHHbl. Ha 3KBMBANEeHTHOM
cCXxeme  MNPUEMHOM  aHTEHHbl  AencTBue  pacnpegeneHHoum  3.4.C. 3aMeHANO0Cb
COCPEeAOTOYEHHOM 3SKBUBANIEHTHOM 3.4.C. €5 . Takmm o06pa3om, B COOTBETCTBUM C
npuBeAeHHbIM onpeaeneHmnem AenNCTBYOLWEN ANIMHbI MPUEMHOW aHTEHHbI, MOXXHO 3anucaTb

X X
ly = IeAI/‘E‘.B 3ToOn popmyne ‘E‘ MOAYNb KOMMNAEKCHOW aMnAuTyAa HanpArKeHHOCTU

3N1EeKTPUYECKOro NoAs BOJIHbI, 06AyYyaloWwen nNPUEeMHYI0 aHTeHHY C HanpaBieHus
MaKCcMMmasnbHoro npmema. Ob6a3aTenbHOE YCNI0BUE — COMNACOBAHHOCTb MPUEMHOMN aHTEHHDI
c obayyatoWwmMm nonem no nonapusauumm.

YncneHHble 3HaYeHUA OENCTBYIOWEN AJIMHbI OAHOM M TOM e aHTeHHbl Npu eé paboTe B
NPMEMHOM U Nnepegatolem pexxmmax oaAnHaAKOBbI.



LHYMOBASA TEMMEPATYPA

BaXKHeNwWnm napameTpom NPMEeMHON aHTEHHbI, KOTOPbIM 0ObIYHO HE MHTEpPEeCYyoTCs NPU paboTe aHTEHHbI B
pexmme nepenaun, ABNAETCA eé WymoBas TemnepaTtypa Ty, namepaemas no abCcontoTHOM WKane B rpagycax
KenbBnHa. LLlymoBaa TemnepaTtypa XapakTepumsyeT MOLWHOCTb WymMOB Py Ha CONPOTMB/IEHMM HArpy3Ku
MPUEMHOM aHTEHHbI B Nonoce YacTtoT Af, B oTcyTcTBMM nonesHoro curHana Py = kTAAf, BT, roe k=
1,38 -107%3,Bt/(T'y - K) — noctoaHHasa BonbumaHa. LLlyMbl, BO3HUKaIOWME Ha CONPOTUBAEHMMN Harpys3Ku
aHTEHHbI, CK/AaAbIBAOTCA W3 BHYTPEHHMX W BHEWHMX WymoB. COOTBETCTBEHHO MNOJIHAA LWYMOBas
TemnepaTtypa aHTeHHbl c/iaraeTca M3 LWYMOBOM TemnepaTtypbl, OnNpeaeniemom BHELWHMMU LLIYyMaMU
(nomexamun) Tps, M COBCTBEHHOW LWYMOBOW TemnepaTypbl aHTEHHbl Txc, onpeaenaemon TenoBbIMU
NoTePAMM B MaTepmane KOHCTPYKUMKN aHTeHHbl Ty = Tas + Tac. CobcTBeHHaSA LIYMOBaS
TemnepaTtypa, CBA3aHHAA C noTtepaAmM, Thc onpenenaerca no WU3BECTHOMY KO3IPOOUUMEHTY NONe3HOro
AENCTBUA MPUEMHOM aHTEHHbI 1), U dU3nYeckor Temnepatype aHTeHHbl B KenbBuHax Tg Tac = (1 —n,)T,.
BHelwHMe wymbl (momexun), NpoaBAAOLWLNECA HA CONPOTUB/IEHNM HArPYy3KM, BO3HUKAIOT B pe3yabTaTe Npuema
aHTEHHOMWN 3HEepPrMn Paanonsny4eHnm oT NCTOYHUKOB Pa3/IMYHOM NPUPOAbI U3 OKPYKAtOLWEro npoCTPaHCTBa,
B nepsyt ouvepeab, oT ConHua, 3Be3n, atmocdepbl 3emaun, 3eMHOM nosepxHocTM wn ap. Lymosyto
Temnepartypy, onpeaenaemyro BHEWHUMU Wwymamn (nomexamu), Tps MHOrAa Ha3bIBAOT 3KBMBAIEHTHOWM
LUYMOBOW TEMNEPATYPON aHTEHHbI. EE 0O6bIMHO onpeaensatoT Kak abCcontoTHYIO TemnepaTypy CONPOTUBAEHUS,
PAaBHOrO BXOAHOMY COMPOTUBNEHUID AHTEHHbl W BbIAENAOWEr0 Ha COMPOTUBAEHUWU HArpy3KU Ty Ke
MOLLHOCTb, YTO M PACCMATPMBAEMbIE MCTOYHWUKU BHEWHMX WymoB (nomex). LUymosaa temnepatypa Tas
3aBUCUT OT AMAaMETPa aHTEHHbI 1 yrna mecTa. Kak npaBuao, 3Ha4YeHMe LWyMOBOMN TEMNEPATYPbl KOHKPETHOM
aHTEHHbI YKa3blBaeTca B cneundmKaumm ana ogHoro Nam HECKONbKUX 3HAYEHUIN yria MecTa.



