Hactpouka YKB aHTeHH

HacTponka aHTeHH gormkHa obecneuntb Hambonee adpdekTMBHOE M3nydveHve BY
3HEeprum B NpOCTPaAHCTBO Ha JaHHON paboyen YacToTe.

B npouecce HacTponkn Heobxoanmo:

1. yCTaHOBWUTb AnanasoH paboymx 4yacToT Af;

2. OLEHUTb BENNYNHY BXOLAHbIX CONPOTUBNEHUN N3IyYaloLLen cuctemsl Z,;
3. onpenenntb CTeENEHb CUMMETPUYHOCTU aHTEHHbI;

4. n3MepuTb Agnarpammy HanpaBneHHOCTU U T. 4.

[n§a peweHna aTux 3agad criegyeT onpenenntb KOaPUUNEHT ykopodeHus BY nuHum
unu kabena n rpagynpoBKY AETEKTOPOB B HEKOTOPbIX MHAMKATOpPaxX U T. A.

OyeHb CroXHas 3agada HacTPOMKM aHTEeHHbl obrneryaetcs Tem, YTO AN MHOMMX
BEJIMYMH JOCTATOYHO 3HaTb JULLb WX OTHOCUTENbHOEe 3HaveHne. O4YyeHb LIeHHbIM
ABNSAETCS U TO, YTO GonbLUMHCTBO BY Lenei ABnaTCA pe30HaHCHBIMU U UX MOXKHO
caenaTtb TakoBbIMU.

[na HacTpovikn aHTeHH HeobXxoaMMm psa NPOCTbIX U3MEepUTEeribHbIX MpUOopoB U
yctponctB: VIP, MOLWHbIN 3SKpaHWPOBaHHbLIA reHepaTop Ha paboden 4vacTtoTe,
nHaukKaTopbl nonsa n T. 4. Kpome TOro, HacTporky Heobxoanmo BeCTU B CBOOGOAHOM
NPOCTPaHCTBE ANA MCKMOYEHUS BAUSIHUSA MOCTOPOHHMX MPeaMETOB Ha Avarpammy
HanpaBfiEHHOCTU aHTEHHbI.

Bce Bonpockl HACTPOMKM paccMaTpuBaoTCS NPUMEHUTESNBbHO K AnanasoHny 144 Mru,.
Ha puc. 1 nsobpaxeHbl ABa BapmaHTa NonyBOsIHOBOro BMbpartopa.

Puc. 1. Cxema nonysonHoBoro BudpaTopa

Pe3oHaHCHy0 4acToTy NOMyBOSTHOBLIX BUOpaATOPOB MOXHO onpeaenuTb rno NPy, [ns
3TOro To4kn A 1 B 3ambiKalOT HAKOPOTKO TOSICTbIM MPOBOAHUKOM U K 3TOMY MECTY
nogHocat N'MP. MhgyktueHo ceasbiBath [ VIP n aHTEHHY HAalo MMEHHO 3[eCh, TakK KaK B
Toykax A n B y Bubpatopa A/2 BO3HMKaET Ny4YHOCTb TOKA M CBA3b nonyyaetcsa bonee
cunbHada. Ha pe3oHaHCHOM YacToTe aHTeHHbl noka3aHus 'MIPa pe3ko ymeHbLiatoTCs.
NHorga mowHocTb MMPa moxeT okasaTbCa HEA4OCTaTOMHOM M TOYHOCTb M3MEPEHUs
nonyynTca nNpuUONMXKEHHOW, TakK Kak npu TakOM W3MEPEHUN aHTEeHHa no
HeobxooMMocTn GbiBaeT GnM3KO pacnosiokeHa U K OKpyXalwwmm npeameTram, U K
camoMmy oneparopy.



HacTpouka MHOro3sieMeHTHbIX aHTEeHH
«BOJITHOBOMW KaHan»

Mcnonb3oBaHue MHOFOBVI6paTOprIX aHTEeHH Tuna «BOJSIHOBOM KaHarn» Tpe6yeT nin
MOJSIHOTO W TOYHOIo0 NOBTOPEHUA OMMCAHHOIoO aBTOPCKOro BapuaHTa, Win
AOMONHUTENBbHOW NPOBEPKN N NOATOHKK corracoBaHnA 1N yCUJTEHUA. EcTb Heckonbko
NMPU3HaKoB HpaBMﬂbHOVI pa6OTbI HaﬂpaBﬂeHHOVI adHTEHHbI:

1. Qnarpamma HanpaBSfieHHOCTU CUMMETPUYHA OTHOCUTENBHO MEeXaHN4YeCKON OCU
n nmeet cnabo BbipaxkeHHble 6okoBble nenectkn (— 10—20 ab) un
He3HaunTenbHoe obpaTHoe nsnyderHne (—10—20 ab);

2. KCB B nnHUM NnuTaHns MeHbLue 2;

3. KoacbpumumeHT yennenunsa obecneumsaetcsa paboTorn BCeX NaCCUBHbBIX 35IEMEHTOB.

OcHoBaTenbHyl0 NPOBEPKY MNapaMeTpoOB HOBOM aHTEHHbl cregyeT Adenatb Ha
OTKPbITOM MPOCTPAHCTBE, TakK Kak M3MEPEHMS MOTYT UCKa3NTb OTPAXKEHUS OT pasHbIX
ODBEKTOB.

AHTEHHY InyyLle UCNbITbIBaTb B KA4eCTBe NPUeMHON, YCTaHOBUB ee Ha paccTosHun 10
— 15\ OT OTAENbLHON NepefatoLLen aHTEHHbI. BbicoTa 06enx aHTeHH JOMmKHa BbITb He
MeHe 2 M Ha gnanasoHe 432 Mruy 1 3 m Ha 144 Mru. MowHoCTb NepegaTymka JOMmKHa
OblTb He MeHee 3 ... 5 BT, TaK Kak HavarbHO€ WCMbITaHUE aHTEHH NPU Marom
KONMYeCTBE 3NIEMEHTOB CTAHOBUTCS 3aTPYOHUTENBbHbIM.

B ka4ecTBe nHgukatopa B NPUEMHON aHTEHHE MOXHO MPUMEHSITb KpUCTanIn4yeckum
avog tuna -2, OK-N1 wnu tuna Ar-C2 ¢ mukpoamnepmetpom UM1 go 100—200 mka.
BknioyeHne mamepuTenbHOM Lenu nokasaHo Ha puc. 2. OHa He A0SMKHA BHOCUTb
paccTponky B cucteMy camoro Bubpatopa. Anog D1 kpenutcs KpaTyanwmm nytem,
apoccenu Op,, Op. nmetoT gnametp 3 MM, AnvHa HamoTkm 12 mm nposogom N3O
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Puc. 2. Cxema nsmepuTenbHO Lienm



Mpy nsmepeHnn cnegyeT NOMHUTb, YTO XapakTepucTuka aAvoaa HenuHenHa: Manble
3Ha4eHusa nokasaHui npuéopa, Hanpumep ot 0 Ao 40 AeneHuit cTorpaaycHON LWKanbl,
OKa3blBalOTCA 3aHMKEHHBLIMU.

O6bIYHO AeTeKTopbI Nepen N3MepeHnem rpagyupytor.

Ha puc. 3 nokasaHa cxema YCTAaHOBKN @aHTEHHbI NMPpU N3MEePEHUNAX.

AHTEHHA NEpERaTHMER

lM3mepaeman aHTEHHS

MepepaTHHk

(7 ...-101 gNMH BONHEI

Puc. 3. Cxema yCTaHOBKM @HTEHHbI

[ns NnpoBepkn BCen N3MepuUTENbHON Lenn nepeaaroLLyto aHTEHHY NOAHOCAT Ha Takoe
paccTosiHne, 4Tobbl nMokasaHua npubopa pasHanuce 30—40 geneHusm. YactoTty
reHepaTopa f, n3ameHsaT Ha +Af 0O KpaeB paboyero gnanasoHa M Ha HECKOJTbKUX
YyacToTax 3anucbliBalOT NokasaHusa npubopa UM1.

OnpepgenstoT 4acToTy .., Ha kKoTopon nokaszanus UIM1 okasbiBatoTCA HAaMBONbLINMU;
OHa He AgormkHa ObiTb Bbiwe 0,5—0,6 Mru ot 3HaudeHus f,. [NpoBepsaldT BNUAHUE
pecdnektopa P, yCTaHOBMEHHONO Ha pacyeTHOM pPacCTOAHMM, a Takke OGnvxe wm
panble Hero. MNokasaHne npubopa JOmkHO yBenuuntbca Ha 50—70%. B kaxgom
nonoxeHun P cHoBa npoBepsAT 4YacToTy fae, QALY HanbonblMe OTKIIOHEHUSN
cTpenkn npubopa. BnuaHne pedniektopa KPUTUYHO MWL B TOM Criyvyae, ecnv OH
CIULLKOM KOPOTKUIN Ans YacToTbl fo.

AKTMBHbIV BUBpaTop A n pedhriektop P ycTaHaBnNuBatoT Ha TakoM pacCTOAHUN, YTOObI

nokasaHna UIM1 6bino Handonswmnm npu f,. O6bIMHO 3TO paBHO 0,154 1 Bbile M B
npouecce ganbHeNLWen HaCTPONKM HE MEHSIETCS.

lMepenatoLlyto aHTEHHY OTHOCAT Ha Takoe paccTosiHue, 4Tobbl cTpenka UIM1 ynana go
nokasaHun a = 10—16 genexHuin, u cHumaroT (MnNu nosopaymsatoT Ha 90°) pedpnekTop.
MokasaHns npubopa a LOMKHbl COCTaBMATb HECKONbKO AeNneHun, yaobHbIX and
oTcyeTa, a paccTosiHme [1 OO aHTeHHbl nepegaTynka AOSMKHO ObiTb He MmeHee []
= 7—10L,, roe L, —obwaa gnvHa 6yaywen aHteHHbl. Ecnu [<7L,, TO HAago NOBLICUTL
UIN YYBCTBUTENBHOCTb MHAMKATOPA, UM MOLLHOCTbL NepeaaTyumka.

Mocne TakoW NpeaBapuUTenbHONM NOArOTOBKM MOXHO NPOBepUTL paboTy BCei CUCTEMBI
aHTEeHHbI MyTeM rnocrnenoBaTenbHOro 4o6aBneHns NaccuBHbIX 3NeMeHToB. [ns aToro
3anucbiBaloT MnokasaHus npubopa a Ha 4actote f, oT oaHoro BubpaTopa A,
yCcTaHaBMMBatoT pedpreKkTop v 3anuchiBatoT a,, [lanee ycraHaBnMBaloT Ha CBOM MecTa
(no onucaHuio aHTeHHbI) NocneaoBaTensHO aupekTopbl O, O,, Os 1 3anuckIBaloT as, a,,



as. Bce a1 nokasaHusa npnbopa AomKHbI ObITb BO3pacTaloWnMmn, T.€. a,> a;, as> a, u T.
n. Jonyctum, a,= 5°, a,==10°, a= 18°, a,= 27°, as; = 36°. OTcunTbIBAIOT ANA a;—as
AencTBuUTenbHble 3HayeHns B,—Ps Toka 4depe3 uHaukaTop WIM1. Tak kak oHu
npvBeaeHbl K O4AHOMY MacLuTaby, TO N0 HAM MOXHO NpPaBUITbHO CyAUTb 06 ycuneHuu,
AaBaeMOM KaXabIM 311EMEHTOM.

Ha puc. 4 3T 3HayeHus nokasaHbl rpadguyeckn B Buae KpuBon B. Touka 1
COOTBETCTBYET TOKY B OOHOM TONbKO Bubpatope A, TOYkM 2, 3 U T. 4. NoKasbIBaOT
npupawleHue Toka B BubpaTtope oT A4encTBma pedrekrTopa, a 3atem 1 gaupektopos [,
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Puc. 4. XapaktepucTunka aHTEHHbI

N3 kpuBoiA Ha puc. 4 BUAHO, YTO BNUSIHWE NEPBbLIX GNN3KMX K aKTUBHOMY BMGpaTopy
aremMeHTOoB Gonblue, YeM yaaneHHbIX.

|_|pl/l HenpaBuiibHO I'IOLI,O6paHHbIX ONMMHax 3NeMEHTOB U paCCTOFIHMVI mMexay HAMK 'y
KOPOTKUX aHTEHH 3aBUCUMOCTb YCUITEHUA OT YUCIla IJIEMEHTOB 00bl4HO MOET He
nnaBHoO, a C WU3JIOMOM WITN OaXe npoBaJioM. [obaBneHne anemeHTa He paeTt
yCcuneHus. Takoe aBneHve BCTpe4aeTCd Yalle npn yCtaHOBKE BTOPOro Uin TpeTbero
ONPEKTopa 1 NnuUKBMagunpyetTca U3MeHeHMUeM pacCToAHUA UK OJTNHbI 6nvxanwero
ONPEKTopa Uin obounx BmecTe. NHoraa nogobHoe ABNEeHne MOXET MOsIBUTLCS U 3a
CHET HaloXeHud l'IpFIMOVI n OTpa)KeHHOﬁ BOJIHbl OT aHTEHHbI NepeaaTtynka B MeCTe
npnema. PacnosHatb 9T1 ABNEHUS MOXHO He3HauyuTesNbHbIM I'IpM6J'IM)KeHVIeM nnn

yAaneHnemM ogHOM U3 aHTEHH Ha A/2—°/,.

[na namepeHnsa anarpamMmmbl HanpPaBNEeHHOCTU aHTEHHY BpaLLakoT NaBHO Mo a3uMyTy
n yepes kaxxable 5—10% genatoT oTcyeT a npubopa. 3Ha4YeHne a NnepecUnTbIBAOT No
3apaHee paccyMTaHHOM rpagynpoBOYHOM KPMBOW UCMOSIb3YEMOro U3MepuTenbHOro
avona (T.e. Ha AeNCTBUTENbHbIE 3HAYEHUS) N MO HUM YXe CTPOAT anarpammy. [Mpu
3TOM Auarpamma nonyyaetcsa wupe, 4eM Obina Obl NpyM NOCTPOEHUN Anarpammbl
TONbKO MO 3HAYEHMAM a.

Y3kue anarpamMmmMmbl  HanpaBJ1€HHOCTU y/:|,o6Hee CTpoUTb B NPAMOYIroJfibHbIX
KoopaAnHaTax. Mo FOpVISOHTaJ'IbHOVI OoCK OTKNnaabiBakoT rpagychbl BnpaBo U BreBO OT



rMaBHOrO HarnpasfieHusi, KOTOPOMY COOTBeTCTBYyeT KoopauHata 0°. Mo BepTukanu
OTKNagbIBalT 3HAYeHUs MokasaHun npubopa npuemHoro BubpaTtopa. Utak, Mbl
nonyyaem pacTsHyTyl0 No yrnam (No ropusoHTann) KpMBYK C OTYETIMBO BUAHBIMMA
aetanamu, Hanpumep 60KOBbIMWU U3MYHEHUSIMU UK YINamMn HyNIEBOMO U3MYyYEeHUs U T.
A. Ecnu y rasHoro nenectka npoBecTt npsiMmyto Ha BbicoTte 0,707 oT HanbonbLuen
BbICOTbI AMarpamMMbl, TO PacCTOSIHUE MeXAy TOYKaMu nepeceyeHust 3Ton npsMoun C
NMonyyYeHHoM anarpaMmon (no LKane yrroB) AacT HaMm LWMPUHY FNaBHOro fienecTka
aHTeHHbI |, B rpagycax.

HacTpounka gnnMHHbIX aHTEHH «BOJTHOBOM
KaHan»

HacTtporika 3TuX aHTEHH CNoXHee He TOSNbKO U3-3a BOorbLUEro Yucra afeMeHToB, HO U
n3-3a Heo6Xo04MMOCTUN UCMbITLIBATL UX UMM B paboyem MOMoXeHun, unm B 6orbLLIOM
cBOOOOHOM OT MPEnsTCTBUA NPOCTpaHCTBe. [ NOBTOPEHUS KaKOU-NNMBO aHTEHHbI
«BOJIHOBOW KaHamn» HeobXOAMMO BblAepXaTb HE MEXaHUYEeCKyto, a 3reKTPUYeCKyHo
ANWHY MW HacTpoOWMKYy  OupeKkTopoB. Bcsikme un3MeHeHus, BHOCUMblE MO
Heo6Xo4MMOCTU B MOBTOPAEMYH KOHCTPYKLMIO aHTEHHbI, MOTYT U3MEHUTb HAaCTPOWMKY
ANPEKTOPOB M pPe3Ko yXyAlWuTb ee CBOWCTBA. [103TOMYy M3roToBneHwe OMVHHBbIX
aHTEHH [ONA  CAYTHUKOBOW CBA3WM  HYXHO BbIMOMHATb C  UCKIOYUTENBHON
OCTOPOXXHOCTbIO.

HagexHbiM cnocoboM nNpoBEpPKM [AOfMHHBLIX aHTEHH SBMSeTCA CHATUE MOMHOW
AnarpaMmmbl ee HanpasBfneHHOCTU W oueHKa Mo BennymHe OOKOBOro W3nyyeHus
CBOWCTB @HTEHHbI.

Ecnu HacTporka OMPeKTOpPOB HE N3MEHWUITacb B MOBTOPEHHOW KOHCTPYKLIUKU, TO YMCIIO
OokoBbIX nenecTkoB byget He Bonee OBYX-TpeEX, a UX BENMYMHA B Anarpamme He
bonbwe yem Ha 10—12 gb noag ypoBHEM rnaBHOrO nenectka guarpaMmmbl. Takasi
AvarpamMmma rnokasaHa Ha puc. 5.

%é}

Puc. 5. [lnarpamma xopoLuen aHTEHHbI

CnyyanHble yONUHEHUS OUPEKTOPOB 3a CYHET YMEHbLUEHUA OUaMeTpoB, U3MEHEeHUSs
KpenneHns u T. O. BbI3blBAlOT MOHWXEHWE YCWUMEHUS B [NaBHOM fenectke Wu
yBenuyeHune ero B 60KoBbIX HanpasreHusix (puc. 6).



Puc. 6. Y aHTEHHbI yOIMHEHbI ONPEKTOPbI

3HaunTenbHas paccTponka 3NEeMEHTOB WM UX YANIMHEHME MOMHOCTbIO HapyluaeT
anarpammy (puc. 7).

Puc. 7. Bce anemMeHTbl 3HaUNTENbHO PacCTPOEHbI

Anarpammbl Ha puc. 5, 6 1 7 NokasbiBalOT NPOCTOM U HaAEXHbIN CNOCO6 NPOBEPKMU
AJNMMHHBIX aHTeHH. YacTtoTy konebaHuin, nogBOAMMBbIX K aHTEHHE, MOCTEMNEHHO
noBbILWAT 1 B Npeaenax nosopoTa oT 0 Ao 180° BcsAkun pa3 oTMevaloT 3HayYeHus U
XapakTep MakcMmMymoB OOKOBbIX nenecTtkoB. Ta 4vacrtoTa f,, npu KoTOpon Bnepsble
pes3ko NoBbIWAeTCs aMnnuMTyaa Kakoro-nmbo GOKOBOro renectka no CpaBHEHMUIO C
rmaBHbIM NENecTKOM, OrpaHuyMBaeT BepXHU paboynn npegen 4acToT aHTEHHBbI.
HauBbirogHenwas paboyas yactota f, aHTeHHbl OyaeT HeCKONbKO HuxKe fi,.



Ecnn yactoTa f, nexuT B HEBLITOAHOM y4YacTke UInu Ha Kpato ananasoHoB 144—146
nnm 430—435 Mru, TO BCIO CUCTEMY ANPEKTOPOB ASIMHHOW aHTEHHbI HAA0 YKOPOTUTD,
ecnm f.> f,, unn yanuunte, ecnun f,< f,. O TOM, HaAcCKONbKO HagO W3MEHUTb ANUHY
3MIEMEHTOB, MOXHO CyauUTb MO pesynbTatam aHanui3a auarpamm. [lpaktuyecku
yBenMYeHne OIMHbl AUpeKTopa B ASIMHHOM «BOSTHOBOM KaHane» Ha OfMH NPOLEHT, T.
e. Ha 1 cm ans 145 Mru v 0,35 cm ansa 435 Mru, umeeT cyleCTBEHHOe 3HadYeHne ans
paboTbl aHTeHHbI Ha YKB.

MoOXHO ckasaTb, YTO CHSAATUE YaCTOTHOM XapakKTePUCTUKM U OOHOBPEMEHHO
avarpammbl  HanpaBrieHHOCTU SBMSIETCA camMblM MokasaTenbHblM U Haubornee
AOCTYNHbLIM UCMbITAHMEM BCEX aHTEHH «BOJTHOBOW KaHany.

KOHTpO.ﬂ b cornacoBaHumA aHTeHH

OT cTeneHu cornacoBaHnst BXOQHOIO conpoTuBIieHnA Z, ntob0o aHTEHHbI C BOSTHOBbLIM

conpotmBneHnem p nutawowen BY nuHum (kabensi) 3aBUCUT OENCTBUTENbHbIV
YPOBEHb U3MNy4YeHHOW U ncnonbdyemon BY MoLlHOCTN nepeaaTymka.

OueHuBaTb cornacoBaHne MOXHO MyTeM COMOCTaBIEHUSA 3HAYEHUSA ToKa | B NIMHUM
NATaAHUS, Harpy>XeHHOW aHTEHHOW, C TOKOM ls, KOTOpbIA [AOSMKEH ObiTb B
cornacoBaHHou NuHuK. Ecnu Tok |, = Is, TO K aHTEeHHe NoABOAUTCA BCA MOLLHOCTbL 3a
Bbl4ETOM MOTEPL B Kaberne.

[na oueHkM HeobxoaMMO 3HaTb OEWCTBUTENbHYD BY MOLLHOCTb, KOTOPYHO MOXET
oTAaTb BbIXOAHOM Kackad. Ee MOXHO un3MepuTb pPe3OHaHCHbIM WHOMKATOPOM
mowHocTn (PUM), Hanpumep, METOAOM CpaBHEHUS APKOCTU CBEYEHUS famroyvexk,
nutaemblx BY TOKOM, M NOCTOSIHHBIM TOKOM OT BCrOMOratesibHOM uenu. TOYHOCTb
Takoro nsamepeHnsa mowHocTn — nopsaaka 10%. MNockonbKy Takon Nnpubop meeTcs He y
Kaxgoro paguoniobutens, 1o 00bIMHO ONA OPUEHTUPOBOYHOrO OMpeaeneHus
N3ny4yaemom  MOLLUHOCTU  MNPUXOOMTCH  UCMNONb30BaTb  OObIYHYD  NAMMOYKY
HakanmBaHusl. B 3ToM criyyae o4yeHb BaXKHO, YTOObI BENMYMHA COMPOTMBIIEHUS 3TON
namnoykn xota 6bl NpMBNM3NTENBHO paBHSANAcb BOSIHOBOMY COMPOTUBIIEHUIO
NPUMEHEHHOro aHTeHHoro mnaepa. MoxHo ncnone3oBaTb hopmyny 3akoHa Oma

R = V?/ P, roe R — onpenensiemoe conpotumerieHne, V — paboyee HanpshkeHue
namMmnoYkn, P — MOLHOCTb STaMMoOYKM.

OueHKy cornacoBaHuUs MOXHO caenaTb Mo BenuyMHe M3MeHeHun nokasaHun BY
NMHOMKaTOpPa HaNpsXXeHUs U ToKa, BKNIOYaeMoro B pasHbIX MeCcTax JIMHUMA MUTaHNS.
HenpepbiBHbLIM KOHTPOSIb COrnacoBaHUs B HacTosee BpeMs AeNnarT C MOMOLLbIO
pedriektopmeTpoB nnu KCB-mMeTpoB pasnuUyHbIX KOHCTPYKLWA.



