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Y4eOHO-METOINYECKOE MOCOOUE MOCBALICHO MCCIIEIOBAHUIO HAIpPaBICHHBIX
U DJIEKTPUYECKUX CBONCTB BHUOPATOPHBIX AHTEHH C IOMOIIbIO KOMIIBIOTEPHOM
nporpammbl - MogenupoBanus MMANA. Ono Bkio4yaer B ce0si OCHOBHbBIE
TEOPETUYECKUE CBEICHUS W TPU NMPAKTUUECKUX 3aJaHUsl, BBIIOJIHEHHE KOTOPBIX
MO3BOJIUT CTYAEHTAaM OBJIAJIETh HABBIKAMU KOMIIBIOTEPHOTO MOZEIHPOBAHUS
BUOPATOPHBIX AHTEHH, a TaKXKe [MPOAHATM3UPOBATh UX MapamMeTpbl H
XapaKTEPUCTUKH, TOIIYYEHHBIE B PE3YIbTATE MOJICITUPOBAHUS.

JlanHoe mocoOue npeaHa3HayeHo JJIsl UCIONb30BaHUs B YUYEOHOM Ipolecce
opu HU3y4eHUU KypcoB «PacmpocTpaHeHue paauoBONH W AHTEHHO-(PUAEPHbIE
ycTpoiicTBa» U «PacmpocTpaHeHre paguoBOJIH M AHTEHHBI MOOWJIBHOM CBSI3M»
OakanaBpamu HaIpaBJICHUS oOpazoBaHus «TenekoMMyHUKAITMOHHBIE
TEeXHOJOrumW» (cnenuanu3anuu «TeneBuaeHue, paavoCcBs3b, PaJMOBELIAHUEY,
«MoOusibHas CBS3b»)



1. OCHOBHBIE TEOPETUYECKHUE CBEJAEHUA
1.1. CummeTpu4HBIi BUOpaTop

CUMMETpUYHBIN BHOpPATOpP COCTOMT M3 JABYX OJMHAKOBBIX MO pa3MepaMm H
dbopMe TMPOBOAHUKOB (YACTO ATU MPOBOJHUKHU HA3BIBAIOTCS IUICUAMM), MEXKIY
KOTOPBIMHM BKJIFOYAETCSl TE€HEpaTop BBICOKOM yacToThl. Ha puc.l1.1 uzobpaxen
CUMMETPUYHBIM BHOpATOp, MPEACTABJISIONIUN COOOW JBa IUJIMHIPUYESCKUX
NPOBOJAHMKA, Kaxabli miuHoil [ W paguycoM a, Mexay IPOBOIHUKAMU
umeercs paccrosiaue 4 (puc.1.1).
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Puc.1.1. CumMmeTpuuHbIid BUOpaATOP

[IpoBoasi  aHajoruil0  MEXJYy  CHUMMETPUYHBIM  BUOpPAaTOpOM U
JBYXITPOBOJHON pa30MKHYTON Ha KOHIIE JUHHEH 0€3 MOTepb, MOKHO MOJIarath,
YTO 3aKOH pachpe/ieNIeHUs1 TOKa o IieyaM BUOpaTopa UMEET BHU /T

I, = L,sink(¢-|z|),

riae |, — aMmiuTyna Toka B My4HOCTH, MPOTEKAIOIIEro M0 BUOPATOpy; B 00IIeM
caydae, 9To BelnuurHa KommuekcHas — [, = 1,exp(iy);

| — nIMHA OHOTO TIJIeYa BUOpaATOpa;

Z — paccTOosiHME OT Hauyayna BUOpaTopa (TOYKU MUTAHUS) IO MPOMU3BOJILHOM
TOYKH Ha HEM (TEKyIlas KOOpHHATA);

k=2x/A — BOIHOBOE YUCIIO;

A — pabouas qIMHA BOJHBI.

Cnenyer umeTh B BUAY, YTO TakKas AHAJIOTHS SIBISIETCS NPUOJIMKEHHOM.
CrnenoBarenbHO, TOK B BHOpaTope HE MOXET OBITh pacmpesiesieH MO 3aKOHY
cTosiuelt BosHbl. OTHAKO pacueT MoJisi CHMMETPUYHOr0 BUOpaTopa o Gpopmysnam,
OCHOBAaHHBIM Ha CHHYCOMJAJIBHOM pACIpPEACICHUH TOKA, [JaeT XOpollee
COBMAJICHUE C HKCIEPUMEHTAIbHBIMU JAHHBIMHU JJIsI TOHKMX BHOPaTOpPOB B
nanpHel 30He. [loaTOMy AJIsI MHAKEHEPHOIO pacyera 3TO NMPUOIHKEHUE B Psijie
CJIy4aeB BIIOJIHE JOIIYCTUMO.

CummeTpHuyHbIi BUOpaTOp 00J1a1aeT HAIPaBJIECHHBIMU CBOMCTBAMHM TOJIbKO B
MEPUIMOHAIBHOW TIJIOCKOCTH (IUIOCKOCTh dJiekTpuueckoro Bektopa E). Ero
XapaKTEPUCTUKA HAIIPABIECHHOCTH UMEET BHU]L



cos(klcos@)—coskl
f0)= ( siné)?

a nquarpamma HanpasiieHHocT ([IH) mokazana Ha puc.1.2 (yron 6 orcuuThiBaeTCs
OT OCH BUOpaTopa).

Puc.1.2. JlnarpamMmma HanpaBJI€eHHOCTH CUMMETPUYHOTO BUOpaATOpa B
MEPUANOHAIBHOMN MJIOCKOCTHU

XapakTepucTUKa  HANpaBJICHHOCTH  CUMMETPUYHOrO  BHOpaTtopa B
AKBATOPHUAIBHON IUIOCKOCTH (TIJIOCKOCTh MarHuTHoro Bektopa H) onpenensercs
BBIpaXKECHUEM

f(p) = 1- coskl,

T.€. HE 3aBUCUT OT a3uMyTaiabHOro yriua ¢. [loaromy ero JIH B 3TOM nnockoctu
NPEJCTAaBIACT B TMOJSAPHOW CHUCTEME KOOPAMHAT OKPYKHOCTb.

HanpagiieHHbIE CBOMCTBA CUMMETPUYHOIO BUOpATOpa ONPEETSIOTCS TOJIBKO
OTHOUICHWEM JUIMHBI IUleda BuOpaTopa K auuHe BonHb |/A. B ciydae
noayBosiHoBoro BuOparopa (/2= 0,25) xapakTepucTHKa HaIpPaBICHHOCTH HMEET

BHU]L
cos(;[ cos 0}
f@)=—= 7,

sin@

Anamu3 ¢opmyn u paccmorpenue [IH mnokaspiBaloT, 4TOo TpU 00O
BEJIMYMHE OTHOMICHUs |/A cUMMeTpHuHBIi BHOpaTop HE H3Iy4aeT BJOJb
cBoeil ocu. Ecimu mmHa 1mieda cumMmerpudHoro BuOparopa | < 0,54, 10 B
HaAIPaBJICHUH, TEPIEHIUKYIsIpHOM ero ocu (0 = 90° 6 = 270°), T.e. B
AKBATOPUAJBHOW TUIOCKOCTH, TOJS BCEX JJIEMEHTApHBIX BHOpPATOpPOB (MOXKHO
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MPEJCTAaBUTh, YTO CHMMETPUYHBIA BHOpPATOP COCTOMT W3 HUX) MAaKCHMAJIbHBI,
cuH(da3Hbl W ckiaabiBaloTcs  apudmernyecku. [losTomy mosie B JaHHOM
HampaBlieHun sBisiercss MakcumanbHbiM. JIH mpu /2 < 0,5 coctouT u3 nByx
(TJIaBHBIX) JICTIECTKOB.  YBeiaWueHWe JUIMHBI  BuOpatopa g0 | = 0,52
COMPOBOXIAETCS POCTOM M3TYyYEHUsS] B HAMNPABICHHUH, IEPIEHIUKYISIPHOM OCH
BUOpaTopa (rJlaBHOE HANPABJICHUE U3JTYYEHHS ), 32 CUET YMEHbBIIIEHUS U3TyUYCHUS B
npyrux HanpasiieHusx. [Ipu atom JIH cranoButcs yxe.

[Mpu yBemwuenun /A2 nmo 0,625 wsnydeHue B TIIABHOM HaINpPaBICHUU
OpOAOJIKAET BO3pacTaTh, HO XapaKTEPUCTHKA HAMNPABJICHHOCTH MPOXOAHUT
yepe3 HyJib He TOoNbKO mpu 6 = 0° u @ = [180°, HO U TP HEKOTOPBIX JAPYTHX
3HaueHusXx yria 0. ['maBubie nenectku JIH craHoBATCS yke, HO MOSBISIOTCS
O0okoBswie Jenectku. [lpu nanpHelnieM yBenuueHuu |/ A u3iaydeHue B TIIaBHOM
HalpaBJIeHUHU YMEHBIIAETCS U BO3PACTAIOT OOKOBBIE JenecTku. [1omyBomHOBBIN
CUMMETpUYHBINA BUOpaTop uMmeeT mupuHy /IH no monoBuHHON MOmHOCTH 205 =
80°, BOIHOBOW CUMMETPUYHBINA BUOpATOp — 2045 = 44°, CHMMETpUYHBII BUOpATOD,
y kotoporo |/ 2 = 0,625, umeer 26,5 = 31°.

Bubparop ¢ 1/1=0,625 umeer makcumanbHOE 3HaueHHE KOI(PQHIHCHTA
HanpasienHoro neiicreus (KHJ). [Ipu nampueiimem yBenmmyenun /A cunbHO
BO3PACTalOT OOKOBBIE JIETIECTKH, XOTA TJaBHBIN jenectok JIH cranoButcs yxe,
npu 3toM KHJI ymensmaercs. Ha mnpakThke HNpUMEHSIIOTCA CHUMMETPUYHBIC
BUOparopsl, y kKotopeix I/ 1 < 0,7.

daza HaANpPsHKEHHOCTH TIOJISA, CO3/1aBa€MOr0 CMMMETPUYHBIM BHOpaTOpOM B
npenenax omHoro jgenectka /IH, me 3aBucutr ot koopamHatHoro yria 6. Ona
U3MEHSETCSl CKAauKOM Ha OOpaTHYIO NpPH MEpexXoje HaNpsKEHHOCTH MOJs 4epes
Hy/1b. CUMMETPUUHBIM BUOpATOp M3JIydaeT chepuyecKue BOJHBI. DTH BOJIHBI
KaK ObI ICXOJIAT U3 OAHOM TOUKH, COBIAAIOIICH C IICHTPOM BHOpaTopa.

Yactp MOUIHOCTH, TMOABOJMMOM OT TeHepaTopa K CHUMMETPUYHOMY
BUOparopy, uamydaercs. J[pyras yacTh MOIHOCTH TEPSETCS B caMOM BHOpaTope
(HarpeBaHue MPOBOJIOB), B M30JSITOpAX M B OKPYXKAIOIIKUX BUOpATOp MpeaMeTrax.
N3nyyeHHOW MOIIHOCTH COOTBETCTBYET AKTHMBHOE CONPOTUBIICHHE HU3JIyYEHHS,
ornpeaensieMoe oTHomeHueM |/ 1.

Kpome u3nydeHHOro, ecth KoseOsrolieecss BOJM3M aHTEHHBI CBSI3aHHOE C
HEHl SJIEKTPOMArHUTHOE I0JIe, KOTOPOMY COOTBETCTBYET PEAKTHMBHASI MOIIHOCTb.
OTa MOIIHOCTh TO OTAAeTCd TeHEepaToOpoM, Mepexonas B OJukKHee IoJie, TO
BO3BpaIllaeTCsl K HeMy 00paTHO. PeakTHBHOW MOIIHOCTU B OOJIBIIMHCTBE CIy4acB
COOTBETCTBYET PEAKTHUBHOE COIMPOTHUBIIEHUE AHTEHHBI.

Takum 00pa3oM, MOAKIIOYEHHBIH K CHMMETPUYHOMY BHOpATOpy TeHEpaTop
HarpyeH Ha KOMILUIEKCHOE COIMPOTHBIEHUE, KOTOPOE HA3bIBAETCS BXOJHBIM
CONPOTUBIIEHUEM BuOpaTopa (Kak U JII0OON aHTEHHBI) U PABHO OTHOIIEHUIO
HaMpsKeHUs Ha ero 3akuMax (TOYKHU MUTAHUS) K TOKY B TOYKAX MUTAHUS

Ly :lf_OOZRBx +1X gy .

Benmuuuna u XxapakTep BXOZHOTO CONPOTHUBIEHUS OMNPEAECSAIOT PEKUM

paboThl BKJIIOUEHHOTO B aHTEHHY reHepaTtopa. OOBIYHO B CHMMETPHUYHBIX



BUOpaTOpax IOTEPH MaJbl, MMOATOMY MOXHO Tonarath, 4to Rpx ~ Ry, Tie
Rso — compoTWBIEHHE H3Iy4YeHHs BUOpaTopa, OTHECEHHOE K TOKY B TOYKax
MATAHUS.

I TOYHOTO OIpeIesIeHsT BXOJHOT'0 CONMPOTHUBIICHHS HEOOXOAUMO 3HATH
3aKOH paclpeaelieHus ToKa BAOJb BuOpatopa. YacTo, C MOCTaTOYHOH s
WH)KCHEPHBIX IEJICH TOYHOCTBIO, BXOJHOC CONPOTHBIICHHE PacCUYMUTHIBACTC,
UCXOS U3 MPUOIMKEHHBIX 3aKOHOB paclpe/ielieHus] TOKa 1Mo BuOparopy, J1ubdo
0 3aKOHY KpYyroBOTO CHHYca, Ju00 runepboaudeckoro. CyliecTBeHHAs
pasHHUIla B pacHpele]ICHHH TOKa IO 3THM 3aKOHaM IOJydaeTcs TOJbKO Ha
CPaBHUTEIBHO OJIM3KUX PACCTOSHHUAX OT y3ia Toka. [loaTomy mpu pacuere
BXOJIHBIX comporuBieHud "koporkux" BuOpatopoB (I/2) < 0,35...0,4;
(0,6...0,65) < I/2 < (0,85...0,9), T.e. Takux, y KOTOPBIX y3€Jl TOKa HAXOAUTCS OT
TOYEK NHTaHUs BUOpaTopa He Onmxke, yem Ha paccrosHum (0,1...0,15) 1,
UCXOJSAT W3 CHHYCOMJAIBHOTO pacmpeieseHus Toka. [Ipm pacuere BXOIHOTO
conporuBieHus "nauHHBIX" BuOpaTopoB (0,35< 1/1 <0,65) ciaemyer mcxomuth
W3 pacripeaesicHus TOKa M0 3aKOHY TUIIepO0IMIeCKOro CHHyca.

AKTHBHAasT W PEAKTHUBHAS COCTABIIOMIAE BXOMAHOTO  COIMPOTHBICHHS
CUMMETPUYIHOTO BHOpaTtopa, B OOIIEM cCllydae, 3aBHCIT HE TOJHKO OT JITHHBI
BUOpaTopa, HO W OT €ro JHaMeTpa, BEIUYMHA KOTOPOTO BIIMSECT HA BEIMIUHY
BOJTHOBOT'O COTIPOTHBIICHUS W, (4€M TOJIIIIe BUOPATOp, TEM OHA MEHBIIIE).

[Tpu yBenmuuenun |/ 2 akTHBHAS COCTaBIIAIONIAs BXOJHOI'O COINPOTHBIICHUS
MOCTEIIEHHO PAcTeT M JocTUraeT Makcumyma npu I/ 2 = 0,5, BenuunHa KOTOPOro
TeM OoJbie, YeM Oojbine W,, T.e. 4eM TOHbIme BuOpaTop. Ilpm manpHeinmem
yBenuueHun |/ 4 R, TOCTENEHHO YMEHBIIAETCS M JOCTUTaeT MUHUMyMa IpH
I/2 =~ 0,75. 3atem R, cHOBa HauMHAeT YBEIMYUBATHCS U JOCTHUTAET HOBOTO
MaKCMMyMa MpUOIM3UTEIbHO Tpu | =A. AKTHBHas COCTaBJISIOIIAs BXOIHOTO
CONPOTHBIICHUS MHMHHMMallbHA B TeX CJydasX, KOrJa OTHOCHUTCNIbHAs JIMHA

BHOPATOpa CTAHOBUTCS MPUOIN3NTENLHO PABHOH HedeTHOMY uncny A /4. B ciyuae
MIOJTYBOJTHOBOTO BUOpaTOpa MUHUMYM R,, OTCYTCTBYET.

PeakTuBHast ~ cOCTaBIsOMmas  BXOAHOIO  CONPOTHBJICHHS  BUOpaTopa
U3MEHSIETCS MIePUOTUIECKH, MTPOXOIAT Yepe3 Hylb MpH 3HaueHusx |/ A Heckoiabpko
menbpimmx  0,25; 0,5; 0,75; 1 u T.a. [Ipu /2 < 0,25 X, uMeeT eMKOCTHBIH
xapakrep, npu 0,25 < I/2 < 0,5 — uHIyKTUBHBIA. MOXHO CKa3aTh, YTO BOJIHU3H
sHavenwii I/ 2= (2n + 1)/4, tne n =0, 1, 2..., cuMMETpUYHBIH BUOPATOP BEICT
ce0ss TOAO0HO TMOCIEA0BaTEIbHOMY KOJIe0aTeIbHOMY KOHTYpPY (pe30HaHC
HanpsoKeHus), a BOJm3W  3HadeHwdt 1/A=n/2 mogobOHO mapaieTbHOMY
KonebaTebHOMY KOHTYpY (pe3oHaHC TOKOB). B mepBom ciydae BuOpaTop
MHUTAETCs B ITyYHOCTH TOKA, @ BO BTOPOM — B y3II€ TOKA.

HauGonpuryro JIMHY BOJIHBL, TpPH KOTOPOH BHOpATOp OKa3bIBaeTCS
HACTPOEHHBIM B PE30HAHC C MHUTAIONUM ero reHeparopom (X, = 0), Ha3pIBaOT
COOCTBEHHOM JNNMMHOW BOJHBI  aHTeHHb. COOCTBEHHAass JUIMHA  BOJIHBI
CUMMETpHYHOTO BuOpaTopa Ao = 4l. Yem Tome BuGparop, TeM MeHbIe (ha3oBas
CKOPOCTh M TEM KOpOU€ €ro pe3oHaHcHas jyiuHa. B yactHoctu, npu I/ 42 = 0,25 u
a—>0 X, =142,5 Om. OOBIMHO CTPEMSTCS K HYJICBON PEAKTUBHOMN COCTABJISIONICH
BXOJIHOTO COMPOTUBIIEHUSI BUOpaTopa Ha padboueid yactore. [loaTomy mmny mieda
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BHOpAaTOpa JeIar0T HECKOJIbKO Kopoue, ueM A /4 wim A /2. BenmnmyuHa ykopoueHuUs
TeM OoJibllle, 4YeM TOJIIEe BHOpaTOp. AKTHBHAs COCTaBIIAIONIAS BXOJHOTO
COIPOTHUBJICHUS CAHMMETPHYHOT0 BUOpATOpa NP MUTAHUHA BUOpATOpa B ITYYHOCTH
TOKa (ImocjienoBaTeNbHbIN pe3oHaHc) paBHa R, = Rsg=Ry,.

[Ipy yMeHbBIIEHHH BOJHOBOIO CONPOTUBIICHUS BUOpAaTOpa YMEHbBIIAETCS
3aBHUCHUMOCTh €r0 aKTUBHOTO M PEAaKTHBHOTO BXOJHOTO COIMPOTHBICHHUS OT
4acTOThl (YJIYYIIArOTCS Juamna3oHHble cBoiicTBa). [lo aHasorum ¢ OOBIYHBIM
KoneOaTeIbHBIM  KOHTYPOM MOXKHO CKa3aTh, YTO TNpH yMeHbIICHUH Wy
YMEHBIIAeTCsl TOOPOTHOCTh BUOpaTOpa, MOJ KOTOPOW MOHMMAETCS OTHOIIECHUE
CBSI3aHHOW C BUOPATOPOM PEAKTUBHOM HHEPrUM K AaKTUBHOW (M3IYy4eHHOH U
Tepsiemoii) sHeprun. W, YMEHBIIIAIOT, YBEIMYHUBAS Pa3MEPhl TTOMIEPEUHOTO CEUCHUS
BUOpaTOpa; MpY ATOM yBEIIMUNBACTCS paclpe/eeHHas eMKOCTh BUOpaTopa.

Pacnipenenenue Toka B BHOpaTropax cpemHedl W OONBIIOW TONIIWHBI
3HAYUTEJIHO OTJIUYAeTCs OT CUHYCOMJANbHOro. TOK Ha KPOMKE TOpIa HUMEET
KOHEUHYIO BeTWYUHY. B 11eHTpe TopIia Tok paBeH Hyat0. C yBeTUdeHUEM pagnyca
[AJTUHAPA CYIIECTBEHHO YMEHbIIAeTCs KO3 (DPHUITMEHT OTpakeHUsI OT €ro KOHIIOB
U pacrpejieieHue ToKa Mo BHOpATOpy MpuoOpeTaeT xapakTep Oerymieil BOJIHBIL:
aMIUTMTY/Ia TOKA TOCTENEHHO YMEHBIIIACTCS TI0 MEPE yIAJICHUs] OT TOYEK MUTAHUS
BUOpaTopa, aza TOKa U3MEHSETCS MTPUMEPHO IO TUHEHHOMY 3aKOHY.

[upuna 3a30pa Mexay IuieuaMu BuOpaTopa 4 3HAYUTEIHHO BIMAET HA
pacmipenenieHne TOKa BOJM3M TOYEK MWUTaHUA BUOpartopa. 3aBUCHUMOCTD
pacmpesiesieHusi TOKa OT TOJIIMHBI BuOpatopa Bauser Ha JIH mocnennero. C
YBEJIMUYCHUEM TOJIIMHBI BHOpaTopa HampaBiICHUS HYJIEBOIO M3Ty4CHUS
3aMCHSIOTCS HaNpPaBJICHUSIMHA MUHUMaIbHOTO M3aydeHus. [lpu saTom, yeM ToJme
BUOpPATOp, TEM MEHEE ITyOOKH MUHUMYMBI.

YacTto B MHOTOBHOPATOPHBIX aHTEHHAX (TaKUX, KaK JUPEKTOpPHAs) B KAUeCTBE
aKTUBHOTO 3JIeMEHTa (K KOTOPOMY ITOJBOJUTCS INMHUTAHWUE) TMPUMEHSIOT METICBOU
BuOparop. IletneBoii BuOparop (puc.l.3.a) MOXHO paccMaTpuBaTh Kak JBa
MOJTYBOJTHOBBIX CHH(A3HBIX BHOpATOpa, PACHOIOKCHHBIX Ha MaJOM PacCCTOSHHH
(D<<A) npyr ot apyra, COSAUHEHHBIX 10 KOHIIaM. OTHOCHTEIbHO TOYEK ITUTAHHMS
a 1 e BUOpATOp SIBIISIETCS CUMMETpUYHON cuctemoi. B Hanbonee ynaneHHON OT
Touek mnuTaHusa Touke O cuctema OKa3bIBaeTCsi KOPOTKO3aMKHYTOH, U 3/1€Ch
YCTaHABJIMBAETCS TYYHOCTh TOKA.

[To mepe mpoxBmxkeHus: oT Todku 0 K BXOJy aHTCHHBI aMILIATYABI TOKa
YMEHBIIAIOTCS U B Toukax b u d, oTcrosimux ot Touku 0 Ha PacCTOSHUH, PABHOM
0,254, oOpasyrorcst y3iael Toka. Jlajmee 3a ToukamMu D M d TOKM MEHSIOT CBOE
HaIpaBJICHUE Ha 00paTHOE, a MX aMIUTUTYIBI TT0 Mepe MPHOIMKEHUS K TOYKaM @ |
€ BO3pacTalor.

Otpesku BuOparopa ba u de cooTBeTcTBEHHO B TOYKaxX D ¥ 0 OTHOCHUTEIHHO
BepxHero orpe3ka bod pa3BepHyThI HaBCTpeUy APYT IAPYTY, CIACIOBATSILHO, TOKU B
oboux BuOpaTopax 1 m 2 mMmeroT omHO HampasiieHue. Pacmonoxkenune B Touke 0
MyYHOCTH TOKA M y3J1a HAIMPsHKCHUS MO3BOJIIECT KPEMUTh BUOPATOP B ITOM TOYKE K
METAUTMYECKON  CTpesie WM MadTe HEMOCPEJACTBEHHO 0e3 H30JIATOPOB,
oOecrieunBasi HaJEXKHYIO Tpo3o3amuTy. l[lpu paBeHCTBE aUaMETpoB TPYOOK
BUOpaTopa B HUX OYyT paBHbBI U TOKHU.



[Tone u3y4yeHus meTaeBoro BUOpaTopa co3aaeTcsi CyMMapHbIM TokoM 21, ero

MOIITHOCTh M3JIY4EHUs] OmnpeAessiercs Kak Pr = (2I9¢)2RZH, a I0JBOJMMAs

MomHocTs — P = 12,R,. Pewasi COBMECTHO TH ypaBHEHHsI OTHOCUTENBHO R, 1

nonarass Py = P, BXOIHOE COIPOTUBJICHHE IETIEBOI0 BHOpaTopa oIpenensercs
Kak Ry = 4Rz =4 - 73,1 =290 Owm.

BxogHoe compoTHBJIEHHE METIEBOr0 BHOpaTOpa MOXXHO MEHSTh, WM3MEHSS
COOTHOILIEHHE JuaMeTpoB TpyOok BuOparopa. [Ipy H3MEHEHMM OTHOILIECHHUS
auaMerpa BepxHero BuOpatopa (1) k HmwkHemy (2) or 0,5 mo 2 BxomHOE
COINPOTHUBIICHHE METJIEBOTO BuOpaTopa uzMensiercs ot 220 1o 380 Om.

[leTneBoli W CUMMETPUUYHBIA TMOJYBOJHOBBIA BHOPATOpPbl HMEIOT
npumepHo oaunakoBwie JIH, xoapdunment KHJI u xospdunment ycunenus
(KY). Ilnockocth pacronokeHus TpyOOK B BHOpaTope CYIIECTBEHHOTO
BJIMSIHUS HA €ro mnapaMeTpbl HE OKa3biBaeT. Jns mojydeHus OOJbIIEro
BXOJIHOTO CONPOTUBIICHUS AaHTEHHBl MPUMEHSIOT JABYXIIETJIEBbIE BUOPATOPHI
(puc.1.3.0), cocrosimpe H3 TPeX IMOJYBOJHOBBIX CHH(pA3HBIX BHOPATOPOB.
BxonHoe conpoTuBieHrne Takoro BuOpaTopa npumMepHo paBHO IRyy;.
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Puc.1.3. TlerneBoii (a) u nByxmeTaeBoit (6) BUGpaTopbl

1.2. Cucrema u3 IByX CBA3AHHbIX BUOPATOPOB

OnuHOuHBIE BHOpaTOpBl MPUMEHSIOT TOJBKO TOrJa, Korjaa Tpedyercs
HEHAIPaBJICHHOE WJIM MOYTH HEHAIpaBICHHOE M3JydeHue. B Tex ke ciydasx,
KOorja HeoOXOIMMO TOJYYUTh OJHOHANpPABICEHHOE H3MydeHue wim ys3kue JIH,
OPUMEHSAIOT AaHTEHHBI, COCTOAIIME W3 JIBYX WJM HECKOJIBKUX BHOpaTOpOB,
PacroJIO)KEHHbIX Ha HEOOJBIIOM PACCTOSHUU (MEHbIE JUIMHBI BOJHBI) APYT OT
npyra. Takue BUOpaTOpbl 3aMETHO BIMUSIOT APYT HA APYTa, IOATOMY UX HA3bIBAIOT
CBSI3aHHBIMU.

B3aumopeiicTBue CBSI3aHHBIX BHOPATOpPOB AaHAJOTUYHO B3aMMOJIECUCTBUIO
CBSI3aHHBIX KOJEOATEeNbHBIX KOHTYPOB C COCPEJOTOYEHHBIMH MOCTOSHHBIMHU.
[Tone omnoro BuOpaTopa HaBOAWT B JApyrom BuOpaTope HekoTopyio DJIC, uto
HKBUBAJICHTHO MW3MEHEHUIO  COMPOTUBIEHUS M3JIYyYEHHS] WIM  BXOJHOIO
cornportuBiieHus: Bubpartopa. [lone, cozmaBaemMoe cucteMoil BUOpPaTopoB, sSBISETCS



pe3yIbTaTOM CIIOKEHHS TOJIeH, CO3JaBaeMbIX OTJEIbHBIMU BUOpaTtopamu, C
yuetoM (a3 3TUX MOJeH, ompeAeisieMblX Kak pa3sHOCThIO XOAa Jy4yell, Tak U
Pa3HOCTHIO (a3 TOKOB B U3ITy4aTeIsIX.

Ha puc.l.4.a mnokasansl [Ba CBA3aHHBIX CHUMMETPUYHBIX BHOparopa,
pacIuiokeHHbIX Ha pacctosHum d = (0,254 japyr ot apyra. O6a BuOparopa
aKTUBHBIC, T.€. K HUM TOJBOIUTCS MUTAHUE OT OTACIbHBIX HCTOYHUKOB. Eciu TOK
BO BTOpoM BHuOpatope |, onepexkaer mo ¢aze Tok B nepom |; Ha 90° (puc.1.4.6), a
UX aMIUIMTYIbl paBHB, TO B HampaBleHHWH BuOparopa 1 u gamee Oymer
pacnpoCTpaHATbCS BOJIHA €  YABOCHHOM  HampsOKEHHOCThIO moiist.  [lpm
pactpocTpaHEeHUH BOJHBI B HampaBiieHUM BuOpaTopa 2 mone E; BuOpartopa 1,
npoitas nyts d = 0,251 no BuOpaTopa 2, orctaHer no (ase Ha yroa kd = 90° u
okaxxercsi B mpotuBodaze c mnonem E, BuOparopa 2. 3aech monst B3aMMHO
KOMIIEHCUPYIOTCSI U U3JIy4€HUSI B ’TOM HAIPaBICHUH HE Oy/ET.
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Puc.1.4. Cucrema u3 1Byx BUOpPATOPOB (@ — B IPOCTPAHCTBE;
0 — B utockoctr E; B — B mmockoctu H)

PaccmarpuBas mosie B MepUIHOHAILHON TIIOCKOCTH BuOpatopoB (puc.l.4.B)
1 o0o3Hayas

o

| .
2=q-exp(iy),
Il

rae  — oTHomeHwe Moayiaed TokoB l2/li; y — casur ¢asel Toka |, mo

OTHONIEHUIO K TOKY |;, IOMy4rM BbIpaskeHHE IJIsl XapaKTEPUCTUKU HAIpaBJICHHOCTH
JIBYX CBSI3aHHBIX BUOpaTopa

)= cos(klsin @) cosKkI

142 —kdcos®)+q” .
p—y J1+2qcos(y —kdcos8)+q

f(&): fl(‘g)' fc(‘g



Kak BuaHO U3 (popmyibl, aMIUIUTYyJHAsT XapaKTEPUCTHKA HANpPaBICHHOCTH
CUCTEMBI M3 JIByX CBA3aHHBIX BHOpPATOPOB OMPEAEISIETCS ABYMS MHOXHTEISIMH.
[Mepsoiit MEOXHUTEND f; (@) MpeacTaBiseT cOO0H XapaKTEPUCTUKY HAIPABICHHOCTH
CUMMETPUYHOT 0 BUOpATOpa, HAXOASIIErocsl B CBOOOJHOM MPOCTPAHCTBE.

Bropoii MuHOXwuTens fo(@) yuurhiBaeT HamuuWe BTOpOro BHOpaTropa; OH
3aBHCHUT OT paccTosiHus 0 Mexay BUOpaTOpamMH, OT OTHOIICHHUS aMILIUTY/] TOKOB
B BHUOpaTopax ( W OT caBura (a3 TOKOB B BHUOpaTopax . DTOT MHOXHUTEIb
Ha3bIBAIOT MHOXHUTEIEM CUCTEMBI.

B skBaTOopuanbHOM MJIOCKOCTH HAIPABIECHHBIE CBOWCTBA JAHHOM CUCTEMBI
ONpPENENSIOTCS  TOJIBKO MHOXHUTEJIEM CHUCTEMbI, TaK KaK OJIMHOYHBIN
CUMMETPUYHBIM BUOpATOp B 3TON MIJIOCKOCTH HE 00JIajlaeT HaNpaBJICHHBIMU
CBOMCTBAMU. XapaKTepPUCTUKA HANPABICHHOCTH B 3KBATOPUAIBHOW INIOCKOCTH
(nmmockoctu H) onpenensercs: BbIpaKeHUEM

f(p)=(1—coskl)-/1+2qcos(y —kd cos p)+q .

B 3aBucumoctu ot BenuuuH d/A, q u w JAH Moryr mmeTh pasinyHYIO

dbopmMy, OZHAKO OCOOCHHO BaXXEH CIydail OJHOHAIPABICHHOTO W3Iy4CHUS.
Eciu Toku B BuOpaTopax OJAMHAKOBBHI MO BeiauuuHe ((=1), To moaydyum
CIEYIONYI0 (popMyIly ISl XapaKTePUCTUKU HAINPaBICHHOCTHU

f(p)=2(1—coskl)- cos(% —%cos goj :

[Ipeamonaras, uto y = £90° W paccTOsHUE MEXAY BHOpaTopaMmu
d =2/4 , nonyyaem

f(p) = 2(1 - coskl)cos(+45° - 45°C0S ).

Muoxutens f(p) = COS(£45° - 45°C0S¢p) omucwiBaeT AH B BHIC
kapauounwl. Ilpmw yw = + 90° u ¢ = 0° >TOT MHOXKHUTEIb OoOpamiaercs B
enquHuLy; npu ¢ = 180° o oOpanjaeTcs B HYJIb.

Taxum o6pa3zom, B HampaBiIeHUU @=(° HaAIPSXKEHHOCTH TOJIS yIBANBACTCS
0 CPaBHEHHUIO C IMOJIEM OJAMHOYHOTO BUOpaTopa, BO30YXKIAaEMOTO TOKOM,
OJIMHAKOBBIM C TEKYIIUM IO OJHOMY U3 CBs3aHHBIX BuOpatopoB. JIH B 3TOM
cily4yae UMEET BUJI, IPE/ICTaBICHHbIN Ha puc.l.5. Takoe yBeanueHue B OJHOM
HalpaBJIEHUU TNPOUCXOJUT 3a CUYET YMEHbIIEHHUS TNOJA1 B APYrux
HaIpaBJICHUSX.

[lpuy w = -90° HanpsHKEHHOCTb TMOJS yJBaWBaeTcsi B OOpaTHOM
HanpasieHuu (p = 180°); mone paBHO HYJIIO B HampaBjieHUuu ¢ = (°.
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Puc.1.5. JluarpamMa HanpaBJIeHHOCTH JABYX CBA3aHHBIX BUOPATOPOB B
MEPUANOHAIBHOMN IJIOCKOCTHU

Bubparop, ycunuBaloomuid H3JIydeHHE B HANpaBI€HUM Ha JPyrou
BUOpaTOp U OCNAOJISIOIUN U3TTydeHHEe B 0OpaTHOM HAaIllpaBJICHUH, HAa3bIBACTCS
pedackropom (puc.1l.6.a). UtoOwl pedaekrupyroiee aciicTBue BHOpaTopa
ObTO TONHBIM (B OJHOM HalpaBlICHHWH TOJE€ YBEJIMYUBACTCS, a B
IPOTHUBOIOJIOKHOM — PaBHO HYJ0), B paccMaTpuBaeMoMm ciydae (d =A1/4)
TOKU B 000MX BHOpaTOpax MOJKHBI ObITh paBHBI 1O BenuuunHe (4 = 1), a TOK B
pedaeKTope N0JIKEH ONepexaTh TOK BO BTOPOM CBsI3aHHOM BuOpatope Ha 90°.

Bubparop, ocnabnsionuii u3IydeHHEe B HaNpaBIeHUU HaA JpYyrou
BUOpAaTOp M YCUIMBAIOIIMI HW3JIy4E€HHE B MPOTHUBOIMOJIOXKHOM HaIMpaBICHUH,
Ha3bIBaeTcs aupekTopoM (puc.1.6.60). B ngeansHoM ciydae THPEKTOP MOJDKEH
pabotath B pexume:  =1; v = -7/2 (npu d = 1/4).

B o0oux cimydasx HampssKeHHOCTh MOJIST YBEJIUYMBAETCS B HAINpaBICHUU
oTcTtaBanusi (a3pl BO30yxkjaaromero Toka. [lodyduTh OJHOHAMpaBJIEHHOE
M3JIy4eHUE MOXKHO M MPHU PACCTOSHUSX MEXIYy BUOpaTOpaMu, OTIMYHBIX OT
Al4. YcnoBueM OTCYTCTBHS W3IIydeHHsS B HampaBiieHHH ¢ = 180° sBiseTcs
w + kd = 180°. lnsa BeimonaHeHUs 3Toro ycioBus npu d < A/4 yron caura
da3 w npomxen ObiTh Oombime 90° Xors [H mnpu sToM oOKasbiBaeTcs
OJTHOHAIIPABJICHHOM W MakCUMyM H3JIy4YeHMsI JISKUT B HalpaBieHUH ¢ = 0°,
OJTHAKO HAMpsHKEHHOCTH TOJIS B TOM HAalpaBJICHUU HE yJaBauBaeTcsa. UeMm Onmxke
IpYr K APYTY pacloJIOXKEHbl BUOpATOpPbI, TEM MEHbIIAs HANPSKEHHOCTh IOJIS
MoJy4aeTcsi B HAMpaBICHHMH MaKCHUMAalbHOTO HM3TydeHHUs (cuuTas, 4To MTpHU
u3MeHeHun 0 BeTMYnHa TOKa B BUOpATOPax MOCTOSIHHA).

11
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Puc.1.6. JIH cucremsl ¢ peduiekropoM (a) u aupextopom (0)

Bo30yxaenne Kaxaoro M3 JABYX CBS3aHHBIX BHOpPAaTOpOB TOKaMH,
CABUHYTBIMM 1O (Qa3e, YCIOXHSET cucTtemMy nuranus. llostomy B
OOJIBIIMHCTBE CiydyaeB BUOPATOPHI, BHIMOJHSIOMINE POJb PEe(ICKTOPOB HIIU
IUPEKTOPOB, HE COAEPkKAT UCTOUHUKOB MUTAHUA (T€HEPATOPOB), T.€. SIBISIOTCA
naccuBHbIMU. OHHM BO30YXAAIOTCS 3JIEKTPOMArHUTHBIM TIOJIEM AaKTUBHOI'O
(nmuraemoro) BuOparopa. B cimyyae naccuBHBIX BHOpPAaTOpOB He yJaercs
OCYIIECTBUTHb PEXKHUM, OOECIEeUUBAIOMIMNIA TMONMHOE pedIeKTOpHOE WU
IUPEKTOPHOE JEHCTBHE, TaK KaK HE yJIaeTcsl MOJydyuTh COBMeCTHO ( = 1 u
y = 90° IlodToMy HE€ MOJydyaeTcs MOJHOIO YIABOEHHUS IOJsA B TIJIaBHOM
HaIMpaBJICHUU U HYJIEBOTO U3JTy4YCeHHUS — B OOpaTHOM.

1.3. lupexkTopHasi aHTeHHA

JupexkTopHasi aHTeHHa (OHA )K€ aHTEHHa «BOJHOBOM KaHall»), HECMOTpS Ha
00JbIIOE PAa3BUTHE COBPEMEHHOM AHTEHHOW TEXHUKH, MO-TIPEKHEMY OCTaeTCs
OJTHUM M3 OCHOBHBIX THUIIOB aHTEHH, HCIIOJIb3yEMbIX B PA3IMYHBIX O€CIPOBOIHBIX
CUCTEMAX TEJIEKOMMYHHUKAIUH. DTO CBA3AHO C MNPOCTOTOM €€ KOHCTPYKIIMHU H
OTHOCHUTENBHO BBICOKMUMH HAIPABIEHHBIMU CBOMCTBaMHU.

K HemocTaTkaM JIHpPEKTOPHOW AHTEHHBI OTHOCHTCS TPYAHOCTh m0100pa
pa3MepoB BUOPATOPOB M PACCTOSHUS MEXKAY HUMHU, KPOME TOro, 3Ta aHTEHHA
SBIISICTCSI Y3KOIIOJIOCHOM, BCJIEICTBUE TOTO, YTO €€ HAIMpPaBICHHOCTh B OOJBIION
CTENEHU orpeesieTcs: (a30BbIMU COOTHOIICHUSIMU, 3aBUCSIIIUMU OT YaCTOTHI.

B kadecTBe mpumepa pacCMOTPUM IIECTHUIIEMEHTHYIO JTUPEKTOPHYIO
AHTEHHY, M300pakeHHYI0 Ha puc.l.7. AHTEHHa COCTOUT W3 OJIHOTO AKTHUBHOIO
NEeTJIEBOr0 BUOpaTopa, K KOTOPOMY MOABOAMTCS MHTAaHUE OT MCTOYHUKA
BBICOKOYACTOTHOI'O TOKA C MOMOIIBIO0 KOAKCHAJILHOTO (pujiepa, OAHOrO HACCUBHOTO
pediekTopa W YEThIpeX MACCUBHBIX JAUPEKTOpoB. [laccuBHBIE BUOpPATOpPHI
BO30Y)K/1al0TCsl TIOJIEM aKTUBHOIO BHOpaTopa. Bce BHMOpaTophl pacrosiokeHbl B
OJTHOM MJIOCKOCTH (B JAHHOM CIy4a€ B BEpPTUKAIBHOM) W MapajiedbHbl APYT

APYTY.
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Puc.1.7. JlupextopHasi aHTEHHA

Oyukius pedaekropa — OTpakaTh 3JIEKTPOMATHUTHOE IOJIE, M3Ty4aeMoe
aKTUBHBIM BHOpPAaTOPOM B €ro HampaBieHHH. DYHKIHA AUPEKTOPOB — yCUIUBAThH
1oJIe B CBOEM HaIPABJICHUH.

TakuMm 0OpazoM, crucreMa BUOPATOPOB B TUPEKTOPHOM aHTEHHE 00ECIIeUnBaET
HampaBJI€HHOE M3JIyueHHe OT peduexkropa Kk gupektopam. KomungectBo
IUpeKTOopoB ompenesser KY aHTEeHHBI U MOXET TOCTUTaTh JAECATH WITYK U Ooee,
HO Yallleé BCEro HCMOJb3YIOT HEe Oonee miaTH. PediekTop 0ObIYHO CTaBUTCS OJUH,
A100 TPUMEHSIOTCS TUIOCKUE UM MHOTO3TAXKHBIE €r0 pa3HOBHIHOCTH.

[TaccuBHBIE BUOpPATOpPbI KPEMsTCS K Halpapisiolied 0e3 M30JSTOpOB, Jaxe
€CJId OHa MEeTaJUIMuYecKas, Ha MPoLecC M3IYyYeHHUs ATO HHMKAK He Biuser. Yaine
BCEro aKTHBHBIM BHOpPATOp B TUPEKTOPHOW aHTEHHE JeNIaeTcs MeTIeBbIM. B aTOM
cllyuae M OH KpemuTcsl K METaUIM4ecKoW HarpaBismoomed 0e3 wuzoisTopa —
BEPXHsIsl BTOpasi YaCTh BUOpAaTOpa MpUBapUBaETCs K HE.

[TpunIIMT pabOTHI MUPEKTOPHON aHTEHHBI OCHOBBIBAETCS HA TOM, UTO TIOJIST OT
KaKI0ro BuOpaTopa B HaNpaBJICHUM TJIABHOTO U3Jy4eHHs (B CTOPOHY
JUPEKTOPOB)  CKJIAJBIBAIOTCS CUH(pa3HO. ITO MPOUCXOAUT TMpPH  YCIOBHUH
oTcTaBaHusl (a3bl TOKA B KAXIOM JTUPEKTOPE OTHOCUTEIHBHO TOKAa B aKTUBHOM
BuOparope. UToObl peduieKTop OrpaHUYMBall U3JIyYEHHE B CBOEM HaIlpaBJICHUH,
HEOOXOJIMMO CO3/1aTh YCIOBUE ONEpeKeHs (a3bl TOKa B HEM OTHOCUTENILHO TOKa
B aKTMBHOM BHOpaTope.

[locnenoBaTenbHOE PACIOIOKEHUE BUOPATOPOB, MOJII OT KOTOPHIX B OJTHOM
(TJTaBHOM) HAMpaBIICHWW CKIIAIBIBAIOTCS CHH(A3HO, a B 00paTHOM MPOTHBOGhA3HO
(4TO TPUBOIUT K OTCYTCTBHIO M3IyYE€HHS B 3TOM HAINPABICHUH) I1O3BOJSET
CKa3zaTb, YTO JIMPEKTOpPHAs AaHTEHHA MpPEICTaBIseT COOOM aHTEHHYIO pPELIETKY
oceBoro m3nydyeHuss (wim  Oerymeid  BonHbl). [lockonbky — BHOpaTOpbI
pacnojiaratorcsi OJIM3KO JApyr OT Jpyra, OHUM HAaBOIAT JpPYyr B JApYyre
JIOTIOJIHUTENIbHBIE TOKH, KOTOpbIe HEOOXOAMMO YYHUTHIBATh MPH MOCTPOCHUH U
HacTpoiike aHTeHHbl. COOTBETCTBEHHO, MOJE, B KOTOPOM HAaXOMASTCS MACCUBHBIE
BUOPATOPBI, CJI0KHOE, COCTOAIIEE U3 MOISI U3IYYEHUS U MO HUHIAYKUHUUA. DTH
noJisl, K TOMY JK€, YCIIOXKHSIIOTCS B3aUMOJEHCTBHEM AKTUBHOIO M MAaCCHUBHBIX
BUOPATOPOB.
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CylecTBEHHO U TO, YTO TOK B TACCHBHBIX BUOpAaTOpax BCEr/1a MEHbIIE TOKA B
akTuBHOM. Mcxoast w3 93TOro, OmMcaHue TMPOLIECCOB, MPOUCXOASAIIUX B
JUPEKTOPHOM AaHTEHHE, TPOMO3JKOe, TpeOyeT HCIOIb30BAHUS  CIIOXKHOTO
MaTEMaTUYECKOro anmnapara u onpeIeJICHHBIX IMITUPUUYECKUX TTOIX0/I0B.

JIH anTeHHsl, cocTosMIeH U3 aKTUBHOTO M MMACCUBHOTO BUOPATOPOB, 3aBUCUT
oT yria casura Qasbl y TOKa B MAaCCMBHOM BHOpaToOpe OTHOCUTENHHO TOKAa B
aKTUBHOM. DTOT yrojl paBeH CyMMe€ YTJIOB CABHTa (ha3bl HANPSHKEHUS, HABOJUMOTO
B TIACCHBHOM BHOpaTOpe, OTHOCHTEIBHO TOKA B aKTUBHOM BHOparope (w i) u
caura (a3pl TOKa B TIACCUBHOM BHOpPAaTOpE OTHOCHUTEILHO HANPSIKCHHUS,
HABOAMMOTO B 3TOM BuOparope (wj), T.e. w = w1 + y,. YIod y i 3aBUCHT OT
paccTosiHUs MeX 1y BUOpaTtopamu d, a yroj w , onpeaesseTcs JIMHON TacCUBHOTO
BUOpaTOpa, T. €. CTETIEHBI0 OTKIOHEHHS €0 OT pe30HaHCA.

C yBemmueHueM paccrosiHuss 0 Mexny BuOparopamu Hampspkenue U,
HaBOJMMOE B IIAaCCHBHOM BHOpaTrope TpH HEU3MEHHOM TOKE aKTHBHOTO
BUOpATOpa, YMEHBIIIACTCS 1O BEIUYMHE U B OOJBIICH CTETEHU OTCTaeT 1o ¢ase
(v 1) OT TOKa B aKTHBHOM BHOpAaTope.

CyIecTBYIOT BIIOJIHE OINpe/esieHHbIe 3HaueHus d, w1, U w,, IPH KOTOPBIX
NacCUBHBIM BHOpaTtop HambOosee A(PpdekTuBHO padoTaeT Kak pediekTop HiIu
nupektop. Hampumep, nns nonyudeHus s@dexra pediekTopa 1LeaecooOpazHo

YCTaHOBUTb:
d=0151(y,=—180° v, =40°);

d=024(y1=—195°% y, =40°.

[laccuBHbIl BUOpaTOp Harboee yCrenHo paboTaeT Kak JUPEKTOop:
d=01A(y1=-165° vy, =20°;
d =015 (y1=—180° y, =40°).

Tok B pediiekTope orcraer mo ¢aze OT HaBOAUMOTO B HEM HAIIPSIKEHUS, @ TOK
B JIUpEKTOpe omepexaer mno ¢aze HanpsbkeHue Ha HeM. (CrenoBaTesbHO,
pedIeKTop JODKEH UMETh XapaKTep WHIYKTUBHOT'O COITPOTUBIICHHS, & TUPEKTOP —
€MKOCTHOTrO. JlJIs1 3TOro mpu HACTPOCHHOM B PE30HAHC IMOJYBOJHOBOM AKTHUBHOM
BUOparope pedaeKTop JOJKEH ObITh HECKOJIBKO JIMHHEE, a TUPEKTOP HECKOJIBKO
KOpOYE IMOJIOBUHBI JIJTMHBI BOJIHBI.

BxogHoe conmpoTHuBiIeHUE aKTUBHOTO BUOpaTOpa MO BIMSHUEM MACCUBHOTO
BUOpaTopa OKas3bIBae€TCA, KaK IPaBWJIO, MEHbBIIE COMNPOTUBJICHUS W3IIyUYCHHUS
OJIMHOYHOT'O MOJIYBOJIHOBOT'O BUOpaTropa. DTO 3aTPYIHSET COIIACOBAHUE AaHTEHHBI
c ¢uaepoMm, B CBSI3M C 4Ye€M B KauyeCTBE aKTHBHOI'0 BHOpaTopa IUPEKTOPHOU
AHTEHHBI YACTO UCTIONB3YIOT METIIEBOM BUOPATOP C MOBBIIIEHHBIM 3HaUY€HUEM Rj.

®opma JIH nupekTopHON aHTEHHBI 3aBUCUT OT YHCIa BHOPATOpPOB, B
YaCTHOCTH, OT yucia AUpeKTopoB. Kak ObUIO CKa3aHO BHINIE, YBEIMYECHUE YMCIIA
JTUPEKTOPOB CIIOCOOCTBYET YCUJICHHIO HAIpaBJICHHOrO JCHCTBUS aHTeHHBI. Ha
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puc.1.8 mokazana /JJH B MepuIMOHaIBHOW IUIOCKOCTH JUPEKTOPHOM AHTEHHBI C
NEBATHIO JUPEKTOPAMHU.

P,

/ e B

90°

Puc.1.8. luarpamMa HanpaBJI€HHOCTH JUPEKTOPHOU aHTEHHBI B
MEpUIMOHAIBHON MIOCKOCTH

®opmyna g onpeaeneHuss KHJ[ aupekTopHOM aHTEHHBI ONTHUMAJbHBIX

pa3MepoB UMEET BUJ
D=k*(l./4),

rie |, — oOmas nuHa anTeHHBI (0T pediIeKTopa 10 KpaiHero JUpeKTopa);
ki =5...10 — k03 puneHT, 3aBUCAIIMIA OT YKCIIA TUPEKTOPOB.

IIpy mpoekTUpOBaHUM TUPEKTOPHOM aHTEHHBI ¢ noBbiIeHHbIM KH/I cnexgyer
UMETh B BUJY, YTO YeM OOJIbIIE TUPEKTOPOB B aHTEHHE, TEM TPYAHEE 00ECIEeUUTh
HamOoJiee BHITOAHBIC (a30BbIE CABUTH MEXKIY TOKaMU B BUOpaTtopax U TeM
Menblie K;. OOBIMHO YHCIIO TUPEKTOpOB B aHTeHHE He mpebiraet 10. [Ipu sTom
mypuHa riaaBHoro Jenectka JIH moxker coctaBiaTth 2¢¢ = 20...40°, npuyeMm B
BEPTUKAIBHON INIOCKOCTH OH HECKOJIBKO YK€, YEM B TOPU30HTAIBHOM.

Opnnako, HaJlo UMETh B BUJY, UTO AUPEKTOPHAS aHTEHHA UMEET ONTUMAIbHYIO
JUIMHY, W TIOCIEYyIOlee YBEIMYECHHE KOJUYEeCTBA JUPEKTOPOB NPUBENET K
YXYALICHUIO €€ HAalpPaBJICHHbIX CBOWCTB. Kpome Toro, c¢ yBeianueHHEM
KOJIMYECTBA JUPEKTOPOB YMEHBIIACTCS padOUMii 1Uarna30H aHTEHHBI.

Tak kak Kaxablil TOMOJHUTEIHHBIA BUOPATOp B AaHTEHHE M3MEHSET XapaKTep
€e MOJs, TO ONTHUMAJBHBIE pa3Mepbl AHTEHHbI C HECKOJBKUMH JIUPEKTOPAMH
OTJIMYAIOTCS OT ONTUMAJIbHBIX pa3MEPOB aHTEHHBI C IBYMsI BUOpATOpPaMHU.

OOBIYHO pacCTOSHHE MEXKIY AaKTUBHBIM BHOPAaTOpOM U  PEQIEKTOPOM
BbIOMpatoT B mpexpenax d, = (0,15...0,25)4,, a MeX1y akTHBHBIM BUOPaTOpOM H
nupexkropom — d, = (0,1...0,15)A,. OnHaKo Py OKOHYATENbHOU COOpKE aHTEHHBI
TpeOyeTcsi ee TOYHas HacTpOMKa IMYTEM HaxXOXKIEHUS TaKUX PacloOKEHHM
BUOpPAaTOpPOB, KOTOPHIE TO3BOJWIM Obl MONYYUTh HAWIY4IIMM pe3ynpbTar —
Hanbombinue 3HaueHuss KHJ u koadduinenra 3ammraoro aevictaus (K3/1).
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2.3AJAHUA ITO KOMIIBIOTEPHOMY MOJAEJIUMPOBAHUIO
BUBPATOPHBIX AHTEHH

ITPAKTUYECKOE 3AJTAHUE Nel
«KOMIIBIOTEPHOE MOJAEJIMPOBAHUE XAPAKTEPUCTHUK
CUMMETPHUYHbBIX BUBPATOPOB»

1. Heab 3apanust

B pe3yinbrare BBINOJHEHUS IPAKTUYECKOTO 3a1aHUsI CTYJEHT JOJIKEH:

— 3Hamb KOHCTPYKTHUBHBIE OCOOCHHOCTHM CHMMETPHYHOTO BUOpaTtopa, €ro
HaIlpaBJICHHbBIC U JJICKTPUUYECKUE CBOMCTBA, 3aBUCUMOCTh 3THX CBOWCTB OT BHJA
pacrpeeneHus ToKa 110 IjieyaM BuOpaTopa U JuaMeTpa ero MpoBOAHUKOB,

— yMemb MOJIEIMPOBATh HANPABJICHHBIE U 3JIEKTPUUECKUE XapaKTEPUCTUKHU
CUMMETPUYHOT0 BUOpaTopa ¢ momoIibio nporpaMmmbl MMANA;

— npuobpecmu HaeblKUu B TIPOBEICHHUH WCCIEAOBAHUN XapaKTEPUCTUK
CUMMETPUYHOTO0 BUOPATOpa C MTOMOIIBI0 KOMITBIOTEPHBIX IMPOTPAMM.

2. 3ananue K padore

2.1. Jlns 3amanHOM dYactoThl f ompemenuTs pasmep IOJTYBOJHOBOTO
CUMMETPUYHOTO BUOPATOpA, BHIOIHEHHOTO W3 IUIMHIPUYECKUX MPOBOJHUKOB
(gactrora f , quamerp d; ¥ THIT MaTepHaga MPOBOJHUKOB 3aaHbl B Tabmme 11.1.1
[Mpunoxenus 1).

2.2. 3agarb MCTOYHUK M TapaMeTpbl BO3OYXIEHUS CHUMMETPUYHOIO
BUOpaTopa (aMmuuTyay u ¢azy Toka).

2.3. IlpoBectn MOJENMpPOBAHME HAMPABICHHBIX H  DJIEKTPUUYECKUX
XapaKTEePUCTUK CHMMETPUYHOIO BUOpaTOpa Ha 3ajaHHoi yacTore f.

2.4. Tlonyunth TpaduKu 3aBUCHMOCTEH BXOJHOTO COMPOTHBIICHUS,
kodpdunmenta crosueir BoaHbl (KCB), KY u K3][ or yacToTsl B mosioce 4acToT
Af=0,5f... 1, 5.

2.5. Jlnst 3amanHoOM yacToThl f onpenemTs pasMep CHMMETPUIHOTO BUOpaTopa
c orHocuTenbHOW umHON |/2=0,625, BBIOJTHEHHOTO W3 [MJIMHIPHICCKHX
NpOBOAHUKOB (4yacrota f , nuamerp d; ¥ TMN MaTepualia IPOBOJHUKOB 3aJlaHbl B
[Tpunoxxenuu 1, B Tadbmune 11.1.1).

2.6. [ToBTopuTh yHKTHI 2.2 1 2.3.

2.7. TloBroputh myHkTel 2.1 ®m 2.3. ¢ yderoM H3MEHEHHUS JHaMETpa
MPOBOJIHUKOB CUMMETPUYHOrO BUOpaTopa (d; — B COOTBETCTBUU C BapUAHTOM
3aJIaHUA).

2.8. IlpoBectn MOJEIMPOBAHME  HAIMPABIECHHBIX W  DJIEKTPUUYECKHUX
XapaKTEPUCTUK CBOMCTB IMOJIYBOJHOBOI'O METIEBOI0 CUMMETPUYHOIO BHUOpaTopa
(gacrora f, qmametp d;, paccTosHUEe MEXIy HpOBOAHMKaMH D u TN MaTepuaia
IPOBOHUKOB 3aiaHbl B [Ipunoxkennu 1, B Tadbmmne I1.1.1).

2.9. Iomyuuts Tpaduku 3aBucuMocTel BXxogHoro conportuBieHus, KCB, KY
u K3/1 or wacrors! B moioce Af = 0,5f... 1,5f.

2.10. IlpoBecTu CpaBHUTEIBHBINA aHAJIN3 TTOJTYYEHHBIX PE3YJIbTaTOB.
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3. llopsiiok BbINOTHEHUS 3a]aHUS

3.1. AxtuupoBats nporpammy MMANA Ha KommbroTEpE.

3.2. Bo Bknagke «l'eomerpusi» 3amarh pabodyro 4acToTy, Ha KOTOPOH OyIayT
IPOBOJUTHCS UCCIIEJOBAHUS CHMMETPUYHOTO BUOpaTOopa.

3.3. Bo Briagke «Boruucnenus» 3a7ath TUII OKpYXaroliei cpeasl (CBOOOIHOE
OPOCTPAHCTBO) W Marepuajig, M3 KOTOPOro HU3TOTOBJIECHBI  MPOBOJHHUKHU
CUMMETPUYHOTO BUOpaTopa.

3.4. C nomompto kHOMKHU «IIpaBka poBOAa» MEPEUTH B COOTBETCTBYIOUIYIO
BKJIQJIKY JJIs1 IOCTPOEHUSI MOZIeNIM BUOpaTopa.

3.5. N300pa3uth CUMMETPUYHBIA BHOpATOp B OMPEAEIEHHOW IUIOCKOCTH,
3aJlaB B MpOrpaMMe€ €ro TreOMETPUYECKHE pa3Mephl: UIMHY IUIeY, JHaMETp
IIPOBOIHUKOB U PACCTOSHUE MEXIY HUMHU (ONMPEIENSIOTCS, UCXOAs U3 BapuaHTa
3a1aHus).

3.6. BepuyBmuce Bo Bkiaaky «l'eomeTpus», 3a1aTb HCTOYHUK BO30YKIECHUS
BUOpaTopa (aMImuTyay u ¢asy).

3.7. 3aiins Ha BkiIaAKy «Beruucienusr» Haxartb KHONKY «Ilyck», momayduTtsb
pe3yapTaThl MojenupoBaHus. HaxaB kHonky «Jluarpamma HampaBiIC€HHOCTH,
MIPOAHAIIN3UPOBATh TMOnaydeHHble JH B TOpH30HTanbHOM UM BEPTUKAIBHOU
IIJIOCKOCTSX U B TPEXMEPHOM IIPOCTPAHCTBE.

3.8. OnpenenuTs MKPUHY TJIaBHOTO Jienectka JIH mo HyneBoit u moIoBUHHON
MOIIIHOCTSIM.

3.9. 3aiias Ha BkiIaaky «Buay, mpoaHaln3upoBaTh XapakTep paclpeleneHus
TOKOB I10 IJIe4aM BUOparTopa.

3.10. Bo Bkmaake «Bprunciaenus» HaxaTh KHoONKy «['padukm», B
OTKPBIBILIEMCSl OKHE IMPOBECTH HCCIENOBaHUS B TpeOyemMol MOJoce 4acToT MAJis
3HaYeHui BxogHoro conpotusieHus, KCB, KY u K3/I.

3.11. Tlo pe3ynbTaraM MOJEIMPOBAHUS ClETaTh BbIBOJABI O HAIPABICHHBIX U
ANEKTPUUECKUX CBOWCTBAX CHMMETPUYHBIX LHJIMHIAPUYECKOIO H IETIEBOTO
BUOPATOPOB.

4. Conep:xanue oT4eTra

OT4er TOIDKEH COepKaTh:

4.1. Ha3BaHue 3a/1aHus, €ro LEJb U UCXO/IHBIE JTaHHBIE JUI MOACIUPOBAHUS.

4.2. Pe3ynbTarhl MOJIETUPOBAHUS:

— JIH wuccnenyeMbIX CHMMETPUYHBIX BHOpPAaTOPOB B TOPU3OHTAIBHOW U
BEPTHKAJIbHOW IUTOCKOCTSX HA 33JaHHOW YacTOTE;

— rpaduku 3aBucumoctu BxonHoro comportusieHus, KCB, KY u K3]] or
4acTOThI B 33JJaHHOM T0JI0CE YacTOT JJIsl CCIENYEMbIX BUOPATOPOB,;

4.3. CpaBHUTEIBHBIN aHAIU3 MMOTYYEHHBIX PE3YJIbTATOB U OCHOBHBIE BBIBOJIBI.
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IMPAKTUYECKOE 3AJIAHUE Ne2
«KOMIIBIOTEPHOE MOJEJIMPOBAHUE XAPAKTEPUCTHUK ABYX
CBA3AHHbBIX BUBPATOPOB»

1. Heab 3aganusi

B pe3ynbrare BBINOJHEHUS MPAKTUYECKOTO 3aaHUS CTYIAEHT JOJIKEH:

— 3Hamb 0COOEHHOCTH (POPMUPOBAHUS OJHOHAIPABICHHOIO H3IY4YEHUS C
MOMOLIBIO CUCTEMBI JIBYX CBSI3aHHBIX CMMMETPUYHBIX BHOpPATOPOB, 3aBUCUMOCTH
€€ HAIpPaBJIEHHBIX U JJIEKTPUYECKUX CBOMCTB OT N€OMETPUYECKUX IAPAMETPOB U
napaMeTpoB BO30YKIEHUS BUOPATOPOB,;

— ymemdb MOJEIIMPOBATH HAIIPABJICHHBIE U DJIEKTPUUYECKUE XAPAKTECPUCTUKU
CUCTEMBI JIBYX CBSI3aHHBIX BUOPATOPOB € MOMOIIbI0 TporpaMMbl MMANA;

— npuobpecmu HaGvlKu B TIPOBEACHUM HWCCIECIOBAHUI XapaKTEPUCTHK
CUCTEMBI U3 JABYX CBSI3aHHBIX BUOPATOPOB C MIOMOIIBIO KOMIIBIOTEPHBIX IPOTPAMM.

2. 3ananue K padore

2.1. JIns 3amanHO# yactoThl f ompenenuTh pasMepbl OBYX MOTYBOTHOBBIX
CUMMETPUYHBIX BHOPATOPOB, BBIMOTHEHHBIX W3 HWIMHIPUUECKUX MPOBOIHUKOB
(gactora f, TuameTp d; ¥ THI MaTepuana MPOBOJHUKOB 3adaHbl B Tadmuie I1.1.1
[Mpunoxenus 1).

2.2. 3anmaTh pacCTOSTHUE MEXAY CHUMMETPUYHBIMH BHUOpaTopamu I, H
napaMeTpbl UX BO30YXACHUs (aMIUIUTYAbl U (a3bl TOKOB), COOTBETCTBYIOILIUE
PEXKUMY OJHOHAIIPABIECHHOTO U3JTY4YEHHUS.

2.3. IlpoBectn MonmenMpoOBaHWUE HAMPABICHHBIX W  DJIEKTPUUYECKHUX
XapaKTEePUCTHK CUCTEMBI JIBYX CBSI3aHHBIX BHOPATOPOB Ha 3a7aHHOM yacToTe f.

2.4. Tlpoananu3upoBaTh nonydeHHyo JIH u Bum pacmpeneneHus TOKOB IO
CUMMETPUYHBIM BHOpaTOpam.

2.5. Eciiu JIH He ynoBieTBOpsieT YCIOBUSIM OJHOHANPABICHHOTO U3JIy4EHHUS,
IPOBECTU KOPPEKILMIO MapaMeTpPOB BO30YXKIEHUS, MEXKIIEMEHTHOTO PACCTOSHHUS
l, © JUIMHBI BUOPATOpPOB A0 MOJYyYEHHUS HAWIYYIIEero pe3yJsibTara (HauMeHbIlee
3nayenune K3/ u nabonpmmii KY), nosropus myHkT 2.3.

2.6. IIpoBecTu aHaIM3 MONTYYEHHBIX PE3YJITATOB U CHIENATh BBIBOJ O BIUSHUU
pasmMepoB BHOpaTOpOB M mHapaMeTpoB uX Bo30yxaeHuss Ha JIH cucrembl nByx
CBSI3aHHBIX BUOPATOPOB.

3. [Topsaok BBINOJTHEHUSI 3aJaHUS

3.1. AxtuupoBats nporpammy MMANA Ha kommbroTEpE.

3.2. Bo Bkiagke «I'eomerpusi» 3amaTh pabouyro 4acToTy, Ha KOTOPOH OyIyT
MIPOBOAUTHCS MCCIIEAOBAHUS IBYX CBI3aHHBIX BUOPATOPOB.

3.3. Bo Bkiajgke «BberaucieHus» 3a1aTh TUIT OKPYKAIOIIei cpeibl (CBOOOIHOE
IPOCTPAHCTBO) U MAaTEPHAN MPOBOTHUKOB CUMMETPUYHBIX BUOPATOPOB.

3.4. C nmomompio kHONKH «IIpaBka mMpoBOAa» MEPEUTH B COOTBETCTBYIOIIYIO
BKJIQJIKY JIJISI IOCTPOEHUSI MOJICNIA CUCTEMBI JBYX CBSI3aHHBIX BUOPATOPOB.

3.5. M300pa3uth 1Ba CAMMETPUYHBIX BUOpATOpa B OMpPEIeIEHHOMN TIOCKOCTH,
3aJaB B MpOrpaMMe HMX TEOMETPUYECKHE pa3Mephl: IJIUHBI IUIeY, JUAMETPHI
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MIPOBOAHUKOB (OMPEEISAIOTCS, HCXO/I U3 BapUaHTA 3aJaHusl) U PACCTOSTHUE MEXKIY
BuOpaTopamu (ompeaemnsiercs, HMcXols H3 TpeOOBaHUI OJHOHANPABICHHOIO
U3ITyICHHS).

3.6. Bepuysuuce Bo BKIaAKy «I €eoMeTpHs», 3a1aTh HCTOYHUKU BO30YXKIECHUS
BHOpaTOpOB  (aMIUUTYAbl W (a3bl TOKOB), COOTBETCTBYIOLIHE PEKUMY
OJTHOHAIPABJIIEHHOT O U3JIy4EHUS.

3.7. 3aiing Ha BkIanKy «Beruucnenus» HaxaTh KHONKY «Ilyck», momyduTh
pe3yabpTatbl MoaenupoBaHus. HaxaB kHomky «/lpmarpamma HampaBiI€eHHOCTH,
POAHAM3UPOBaTh TNonydeHHble JIH B TOpM3OHTaNIBHOW W  BEPTUKAIBHON
IJIOCKOCTSIX ¥ B TPEXMEPHOM IIPOCTPAHCTBE.

3.8. 3aiing Ha Bkiaaky «Bumy», npoaHaM3upoOBaTh XapaKTep pachpeneiaeHus
TOKOB I10 TIjie4aM BUOpaTopa.

3.9. Ecnm momydeHHble pe3yibTaTbl HE  YAOBIETBOPSIOT  YCJIOBHUSM
OJIHOHANPABJICHHOI'0 HM3JIyYE€HUs, U3MEHUTh JIMHY JMOO OJHOro, MO0 000ouX
BUOPATOPOB, PACCTOSIHHE MEXAY HUMH U HapaMeTpbl BO30YXACHHUS (aMIUIUTYIbI
TOKOB).

3.10. IToBTOPUTH TTYHKT 3.7.

3.11. Tlo pe3ynpTaTaM MOMAETHPOBAHUS CIENIATh BBHIBOABI O HANpaBJICHHBIX
CBOMCTBAaX CHUCTEMBI JABYX CBA3aHHBIX CHMMETPUYHBIX BUOPATOPOB.

4, Conep:xanue oT4eTa

OT4eT TOJDKEH COEpKaTh:

4.1. Ha3BaHue 3a/1aHus, €ro 1eJIb U UCXO/HBIE TaHHBIE JUI MOACITUPOBAHUSI.

4.2. JIH wuccmegyemMoil CHCTEMBI JBYX CBA3aHHBIX BHOPAaTOpoB B
BEPTUKAIILHOW U TOPU3OHTAIIBHOU IIJIOCKOCTSIX.

4.3. DcKHA3 CHUCTEMBI CBSI3aHHBIX BHOPATOpPOB C YKa3aHUEM pa3MEPOB U
napamMeTpoB BO30YXKIEHUS.

4.4, AHanu3 NoJIy4eHHBIX PE3yIbTAaTOB U OCHOBHBIE BBIBOIBI.
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IMNPAKTUYECKOE 3ATAHUE Ne3
«KOMIIBIOTEPHOE MOJEJIMPOBAHUE XAPAKTEPHCTHUK
JAUPEKTOPHOU AHTEHHBD»

1. Heab 3aganusi

B pesynbrare BRIMOJHEHUS MPAKTUYECKOTO 3a1aHUs CTYJEHT JOJIKEH:

— 3Hamb OCOOCHHOCTH (POPMHUPOBAHUS OJHOHAIPABICHHOTO W3IYYCHHUS C
MOMOIIBIO TUPEKTOPHON aHTEHHBI;

— yMemb MOJICTUPOBATh HAINPABJICHHBIE M DJICKTPUUECKUE XapaKTEPUCTUKU
JUPEKTOPHON aHTEHHBI C TOMOIIbIO porpaMmMmbl MMANA;

— npuobpecmu HAGbIKU B TIPOBEICHUM HCCIEAOBAHUM XapaKTEPUCTHUK
JTUPEKTOPHOM aHTEHHBI C TTOMOIIBI0 KOMITBIOTEPHBIX TPOTPAMM.

2. 3ananue Kk padorte

2.1. llng 3amaHHOW 4YacToThl f ompenenuTs pa3Mepbl akTHBHOTO BHOpaTopa,
MACCHBHBIX peduiekTopa U aupekTopa (dactora f , muamerp d; m THN MaTepuana
POBOJIHUKOB 3a7anbl B Tadmuie [1.1.1 [Mpuioxkenus 1).

2.2. 3amaTh pacCTOSHHS MEXKIy AaKTUBHBIM BHOPATOPOM U ITaCCHBHBIM
pedIIeKTOPOM ', 1 aKTHUBHBIM BUOPATOPOM U NTACCUBHBIM JUPEKTOPOM I,

2.3. IlpoBectn MOJENMPOBAHHE HAMPABICHHBIX M  DJIEKTPUUYECKUX
XapaKTEePUCTUK JTUPEKTOPHOW aHTCHHBI Ha 3aaHHOH JacTtote f.

2.4. TlpoananuzupoBaTh noaydeHHyo JIH u Bun pacmpeneneHus TOKOB IO
3JIEMEHTaM JUPEKTOPHON aHTECHHBI.

2.5. Eciiu /IH He ynoBIETBOPSET YCIOBUSIM OAHOHAIMPABIECHHOIO U3TY4YEHHUS,
IIPOBECTU KOPPEKIIMIO PAa3MEPOB TMACCHUBHBIX BHOpPATOPOB, MEXKIJIEMEHTHBIX
paccrosHMii I, W [, [0 IOJy4EHHs HAMIY4lIEro pe3ysbTara (HauMEHbLICE
sHaueHue K3/ u nabonwmuit KY), mopropus myHkT 2.3.

2.6. Tomyuuts Tpaduku 3aBUcUMoOcTel BXoaHoro conporuBierusi, KCB, KY
u K3J1 ot wactotsl B monoce Af = 0,5f... 1, 5T,

2.7. TlpoBecTn aHaIW3 IMOJYYEHHBIX PE3YJbTaTOB U CJeNaTh BBIBOA O
rnapaMeTrpax M XapakTepUCTHKAX JUPEKTOPHON aHTEHHbI M MX 3aBUCUMOCTH OT
YacTOTHI.

3. llopsiiok BbINOTHEHUS 3a]aHUS

3.1. AktuBuposats nporpammy MMANA Ha koMmIbroTepe.

3.2. Bo Bknagke «l'eomerpusi» 3amarh pabouyro 4acToTy, Ha KOTOpPOH OydyT
MIPOBOJIUTHCS UCCIIEIOBAHUS TUPEKTOPHON aHTECHHBI.

3.3. Bo Briagke «Boruucienus» 3aath TUII OKpYXarolie cpeasl (CBOOOIHOE
MPOCTPAHCTBO) U MaTepraj MPOBOJHUKOB 3JIEMEHTOB TUPEKTOPHOM aHTECHHHBI.

3.4. C nomompto kHonku «IIpaBka mpoBoAa» MEPEUTH B COOTBETCTBYIOLIYIO
BKJIQJIKY JUIS IOCTPOCHUS MOJETU JUPEKTOPHOIN aHTEHHBI.

3.5. M3o0pa3uth Tpu BUOpaTOpa B OMNpPEACICHHOW IUIOCKOCTH, 3a7aB B
nporpaMme X reOMETPUUECKHE pa3Mephl: JJIMHBI IJIeY, JUaMeTpbl MPOBOJIHUKOB
(ompenensioTcs, UCXOAs W3 BapuaHTa 3a/laHusl) U PACCTOSHHUS MEXKAY HHUMHU
(ompenensiercs, UCXOs U3 TPeOOBaHMIA OJTHOHATIPABICHHOTO U3ITyYCHHS ).
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3.6. BepuyBmuces Bo Bkiaaky «I['eomeTpus», 3a4aTh HCTOYHUK BO30YKIECHUS
aKTUBHOTO BHOpaTopa (aMIUIUTY/1a TOKA).

3.7. 3aiias Bo BKIAAKY «BbruncieHus» HaxkaTh KHONKY «Ilyck», momyduTsh
pe3ynbTarel MoAenupoBaHusd. HakaB KHONKY «/lpmarpamma HampaBiIe€HHOCTH,
[IPOAHAIM3UPOBATh IoNydeHHble JIH B TOpU3OHTAIBHOW W  BEPTUKAIBLHON
IUIOCKOCTSAX U B TPEXMEPHOM MPOCTPAHCTBE.

3.8. 3aiias Bo BkIaaky «Bumay», mpoaHanu3upoBaTh XapakTep paclpeeneHus
TOKOB I10 TIJie4amM BUOpaTopa.

3.9. Ecnm monydeHHble pe3yibTaTbl HE  YAOBIETBOPSIOT  YCJIOBHUSAM
OJTHOHAIIPABJIICHHOTO HW3JyYEHUs, W3MEHUTh [UIMHY MO0 TMAaCCUBHBIX, JHOO
AKTUBHOT'O BUOPATOPOB, U PACCTOSHUE MEXKY HUMH.

3.10. IloBTOpUTH MYHKT 3.7.

3.11. Omnpenenuty mupuHy TIaBHOro Jsenectka JIH mo HyneBol wu
IIOJIOBUHHOW MOIIHOCTSIM.

3.12. Bo Bkimaake «Bpruuciaenus» Haxatb KHOOKy «['papuku», B
OTKPBIBILIEMCSI OKHE MPOBECTU UCCIIEIOBAHUS TUPEKTOPHON aHTEHHBI B TPeOyeMoit
MoJI0CE 4acToT s BXojaHoro conpotusiienusi, KCB, KY u K3/I.

3.11. Ilo pe3ynabTaTamM MOACTUPOBAHUS CHAENATh BBIBOABI O TMOIYYCHHBIX
HaITPaBJICHHBIX U 3JIEKTPUYECKUX XapAKTEPUCTUKAX JUPEKTOPHON aHTEHHBI.

4, Conep:xaHue oTYeTA

OT4eT T0JKEH COJIePIKATh:

4.1. Ha3BaHue 3a7aHus, €ro 1ejIb ¥ UICXOAHBIC JaHHBIC JIJISI MOJICTUPOBAHMSI.

4.2. JIH wuccinemyemoil JIUPEKTOPHOW AaHTEHHbI B BEPTUKAIBLHOU W
TOPU30HTATBHON TIOCKOCTSX, TpadUKH 3aBUCUMOCTH BXOJHOTO COMPOTUBIICHUS,
KCB, KY u K3/ oT 4acTOTHI B 3aJITaHHOM MOJOCE.

4.3. DCKHM3 JUPEKTOPHOM aHTEHHBI C YKa3aHHEM €€ TEeOMETPUUYECKHUX
pa3MepoB.

4.4, AHanu3 TIOJTYYCHHBIX PE3YIbTaTOB M OCHOBHBIC BHIBO/IBI.
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IMPUJIOKEHHUE 1

BAPUAHTEI 3AJTAHUN
Tabmuua I1. 1.1
Bapuanm f (MIy) dy (mm) da (mm) D (mm) mamepual
1 500 10 20 60 Meow
2 525 12 18 60 Meow
3 550 11 17 55 Meow
4 575 15 21 55 Meow
5 600 13 22 55 Meow
6 625 12 23 50 Amomunui
7 650 10 22 50 Anromunuii
8 675 9 16 50 Amomunui
9 700 8 14 45 Antomunuii
10 725 12 24 45 Anromunuii
11 750 10 16 45 Meow
12 775 7 18 45 Meow
13 800 6 24 40 Meow
14 825 9 21 40 Meow
15 850 10 16 40 Meow
16 900 7 22 35 Meow
17 925 9 17 35 Meow
18 950 13 24 35 Meow
19 975 12 25 35 Meow
20 1000 13 20 30 Meow
21 300 10 25 80 Amomunui
22 325 15 27 80 Anromunuii
23 350 18 22 75 Amomunuii
24 375 16 23 75 Antomunuii
25 400 14 25 70 Anromunuii
26 425 12 19 70 Anromunuii
27 450 21 32 70 Anromunuii
28 475 23 28 65 Meow
29 645 17 24 60 Meow
30 765 14 21 50 Meow
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MNPUJIOKEHHUE 2
UHTEP®ENC IPOT'PAMMBI «MMANA)

st pacuera OCHOBHBIX JJIEKTPUUECKMX M HAIMpPAaBICHHBIX XapaKTEPUCTHUK
aHTeHH wucnonb3yerca KomnbioTepHas nporpaMmma MMANA. Ona no3BomsieT
MPOBOJMTH PACYET DJIECKTPUUYECKUX M HAMNpPaBICHHBIX CBOWCTB aHTEHH W WX
ontuMu3auuo.  Pacuer  mpou3BOAMTCS ~ METOJOM  MOMEHTOB.  3ajaBas
OTpeeNIeHHbI Ha00p TOHKHUX MPOBOJOB (T.€. CaMy aHTEHHY) MporpaMma CTPOUT
JIH u paccunTthiBaeT ocHOBHbIE mapameTpsbl, Takue kak KY, KCB, K3/1 u npyrue.
[Iporpamma nMeeT BO3MOXKHOCTh pacCUUTHIBAThH MapaMeTpbl aHTEHHBI B pEaIbHBIX
YCIIOBUSAX: B HEH MOXHO BBIOpAaTh MaTepuall MPOBOJAHUKOB, BBHICOTY YCTaHOBKH
AHTEHHBI, 3a/1aBaTh apaMETPbl PEATBHON CPEAbI U T. 1.

Pycudunuporannas epcus nporpammbl MMANA no3Bosisier:

— CO3JaBaTh U PEIAaKTUPOBATh OMKMCAHUE AHTEHHBI, KaK 33JaHUEM KOOPJIHHAT,
TaK U “MBIIIKON;

— paccMaTpuBaTh MHOXECTBO Pa3HBIX BUJOB BUOPATOPHBIX AaHTCHH;

— paccuuThIBaTh XapaKTEPUCTHKY HalpaBieHHOCTH U cTpouTh JIH B
BEPTUKAIFHOW W TOPU3OHTAJIBHOW IUIOCKOCTSIX TMOJ JIOOBIMU BEPTUKAIBLHBIMU
yriamu;

— OJIHOBPEMEHHO CpaBHUBATh pPE3YyJbTaThl MOJEIMPOBAHUSA HECKOIbKHUX
aHTCHH;

— peNaKkTUpPOBaTh ONHMCAHME KaXJOro DSJIEMEHTa AaHTEHHbI, BKIIOYas
BO3MOXKHOCTh MEHATH (hOpMY AJIeMEHTa 03 CIIBUTA €r0 PE30HAHCHOUW YacTOTHI;

— HCMOJb30BATh YI0OHOE MEHIO CO3JJaHUSI MHOTO3TAXKHBIX aHTEHH — CTEKOB;

— THOKO HacTpauBaTh MpOLECC ONTUMM3AIMM AHTEHHBl IO BXOJHOMY
conportusiieHuto Z,,, KCB, KVY.

Ha puc.[1.2.1...2.4 npuBeneHsl OCHOBHBIC OKHA MPOTPaMMbI C TPUMEPOM
MOJIETUPOBAHMS CAMMETPUYHOIO BUOpaTopa.

Ha puc.Il.2.1 noka3zaHo nepBoe OKHO NIPOrpaMMbl, B KOTOPOM 3aJ1al0TCS
OCHOBHBIE MapaMeTpbl MOJECIMPYEMOM AaHTEHHbI: paboyas yactoTa (WU JJIMHA
BOJIHBI), TEOMETPUYECKHE pa3Mepbl, IapaMeTpbl BO30YXJECHUS (UCTOYHUKH),
Harpy3kd U UX napamerpbl. Kpome 3Toro, mo ymMoa4aHuio 3aJal0Tcs MapaMeTphl
porpaMmbl pacyera (OKHa «ABTOCErMEHTAlusA»), KOTOpBIE CIEAYET HU3MEHSTh
OYEHb OCTOPOKHO.

Ha puc.Il.2.2 mnokazaHo BTOpO€ OKHO TMPOrpaMMbI, B KOTOPOM
JEMOHCTPUPYETCA MOJENIb AHTEHHBI.

Ha puc.I1.2.3 nmoka3zaHo TpeTbe OKHO IPOrpamMMBbl, I/I€ 3a/1al0TCs MapaMeTpsbl
OKpYKarollero MpOCTpaHCTBa (BKJaJKa «3eMiisD»), BbICOTA IMOJBECAa AHTEHHBI,
MaTepual, M3 KOTOPOrO OHAa MW3TrOTOBJIEHA, & TAKXKE BBIBOJATCSA PE3YJbTAThI
pacuera.

Ha puc.I1.2.4 mokazaHo YeTBEpPTOE OKHO MPOTPaMMBI, T/I€ TMPHUBOIATCS
noctpoeHusle JIH B monsipHoil cucTemMe KOOpAWHAT (B TOPU3OHTAIBHON H
BEPTUKAJIbHON MJIOCKOCTSIX) U OCHOBHBIE XapaKTEPUCTUKHU AHTEHHBI.
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Dl & z]a| 2| B &

FEOMETpVIﬂ| Bua | Bbl‘-IVIanHVIFll Aunarpamma Hanpasne»—lHocm|

MM“‘ HaCTOTa,ﬁ MMy g namBaax
Mposogos 1 AsTocermenTauns: DM1[800 -] pwiz [80 o sc [20 ] Ecl2 Bl paspbiBaTh
No. X1(m) | Y1(m) | Z1(m) ‘ X2(m) | Y2(m) | Z2(m) l R(mm) ‘ Seg. |
1 -0.235 0.0 0.0 0.235 0.0 0.0 5.0 -1
cnea.
WcTouHukos 1 I~ OAWHaKoBble UCTOYHUKN Harpysok 0 ™ BKNMOYUTL Harpysku
No. PULSE Phase dg ‘ Volt. V ‘ No. PULSE| Type | L(uH) | C(pF) | Q ‘ F(MHz)
1 wic 0.0 1.0 cnej.
cneg.
Lo | 2

Puc.I1.2.1. TlepBoe ocuoBHOE 0kHO mporpamMmbl MMANA «I"eomeTpusi»
Dl=| | zla| 2| Bl &
FeomeTpus Bug I Bbll-llllcneHMﬂl Aunarpamma Hal‘lpaEnEHHDchlll

BpawaTb Bokpyr : © BbiGpaHHoro npos.

& CepeavHbl aHTEHHbI c X=0, Y=0, Z=H CoxpaHuTb puc.
© NcTOoYHMK

x Harpyska

Mposog No.1
P X1 :-0235m
Y1 : 00m
Z1 :00m
X2 :0.235m
Y2 : 00m
Z2 : 00m
R : 5.0mm
AnvHa @ 0.47 m
Asum. : 90.0 rp.
3enut.: 90.0 rp.
Macuwrab TokoB

& Tok Macwrat

=
...... e )' Bblﬁopnposu;la1 Z‘WTOHCTbIenMHMM
" CermeHtbl

Puc.I1.2.2. Bropoe ocHoBHOe okHO nporpaMmmbsl MMANA «Bumy»
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FeomeTpMa] Bug BvalcneHVlﬁ] Ouarpamma HanpasneHHoch

ANVHA BOMNHbI = 0.999 (m)
YacTota [300 " Mry BCEFO TOYEK [Nl PACUETA = 37

3AMOMHEHWE MATPUL...

Semns PACYET MATPULI,..
TOUKA U (B) | (MA) Z (Om) KCB

© CgoBoaHOE NPOCTPAHCTEO wic 1.00+j0.00 13.14-0.82 75.80+j4.71 1.07
PACYET TOKOB...

e Mneantren PACYET AVATPAMMBI HAMPABIEHHOCTY ...
PACYET AHTEHHbI YCTELLHO 3ABEPLLEH
0.06 sec

C PeanbHagd

Bricoral|7-00 T M
MaTepuan | M€Ab i
No. F (MI'y) R (Om) ‘ X (Om) I KCB 75 | Gh (dBd)| Ga (dBi)l F/B (dB)| Elev(rp)‘ 3emns | BeicoTa I'Ionﬂp.‘
1 300.0 75.8 4.706 1.07 -0.02 213 -600.38 90.0 Cso6. - ropus.
Myck ‘ OnTuMusaums | iarn enTumMyrsaLn | Ipadhmkn | Mpaska npoBoga l MpaBka anemeHTa

Puc.I1.2.3. Tperbe ocHoBHOE OKHO mporpamMmbl MMANA «Beraucienus

D[] B 2|a] ®] B A

I'eomeTpMs|| Bua | Bbluncnenns Auarpamma Ha"PaBHEHHOCTVII

~ +90 dg
X z
0

Ga: 2.13 dBi =0 dB (H nonspusayus

Gh :-0.02 dBd

F/B: -600.38 dB; Tbin: Asum. 120 rp, Snesayus 60 rp
F: 300.000 My

Z:75.804 +j4.706 Om

KCB: 1.1 (75.0 Om),

Elev. rp.: 90.0 rp. (CBo6ogHoe npocTpaHCcTBO)

‘ - MokasaTb AH ansa nonspusavuy

3eHUTHbIN yron | 34 AoH cV cH & Total c V+H MevaTb

Puc.I1.2.4. YerBepToe ocnHoBHOE OkHO TIporpammbl MMANA «Jlunarpamma
HATPaBIECHHOCTHY




3ajaBaTh HapaMeTpbl MOJEIU W CO3[aBaTh €€ BHUJ, MOXHO HECKOJbKHUMU
NyTSAMH: JIMOO 3amoJHsAS TaOJUIly KOOPIAUHAT MPOBOJHUKOB, U3 KOTOPBIX COCTOUT
AHTEHHA, JTUO0 PUCYS C MOMOIIBIO MBIIIKU MPOBOAHUKH HEMOCPEICTBEHHO B OKHE
«IIpaBka mpoBoja», TUOO 3a7aBasi KOOPAUHATHI MPOBOJHUKOB B CIHEIUATHLHOM
OKHE, KOTOPO€ HAXOJIUTCS B TOM ke OKHe «IIpaBka nmposoaa».

Oxno «IIpaBka MpoBOAa» COCTOMT M3 YETHIPEX OKOH (BKJIAJOK), KaXI0€ U3
KOTOPBIX COOTBETCTBYET OINPEAEICHHON INIOCKOCTH NPSMOYIOJIBHOM CHUCTEMBI
KoopauHAT. TakuM 00pa3oM, MOJETUPOBATH AHTCHHY, M00aBIsA, YA WIH
U3MEHSIS UX JUTMHY MOXKHO B JIFOOOM U3 3THX MJIOCKOCTEH.

Ha puc.I1.2.5 nokazano okHo «IIpaBka mpoBojay AJis NpeacTaBACHUS MOICIN
B TPEXMEPHOM IIPOCTPAHCTBE.

Ha puc.I1.2.6 nokazano okHo «IIpaBka mpoBoaa» JJist IPEACTABICHUS MOJICIIN
B iockoctu XOY.

Ha puc.I1.2.7 mnoka3zano okHo «IIpaBka mpoBoja» isl TpeaCTaBICHUS
Mozenu B mockoctu XOZ.

Ha puc.I1.2.8 mnokazano oxHo «IIpaBka mnpoBoma» ans mHpencTaBICHUS
Mozenu B miockoctd Y OZ. B 3TUX ke OKHaX MOYKHO PUCOBATh MOJIENb aHTEHHBI C
MTOMOIIFI0 MBIIITK, AKTUBUPOBAB NpPH ATOM KHOMKY «Co3maTh MPOBOIY», JIMOO
«Co31arb paMKy».

OBbemHbIii B1A | MnockocTs X-Y| MnockocTs X-Z| MnockocTs Y-Z b Wire No.1

o | X1:-0235m
g . o . ¥1:0.000 m

Z1:0.000 m
X2:0.235m
Y2: 0.000 m
Z2:0.000 m
R : 5.000 mm
SEG: -1

Len: 0.4700 m

BpawaTtb

[NpaBuTb NpoBoA

/ CosaaTb NpoBoA

O CospaTb pamky

+ £

Mokas | Bee N
CeTka

¥ Bkn. ~ AsTowar

war/001 < m
q 7 f] Oa | OTkas |

Puc.I1.2.5. Okno «IIpaBka mpoBogay, Bkiaaaka «OObEMHBIN BUI

26



O6beMHbI BUA ﬂnOCKoﬁrb X-Y| MnockocTb X-Z | MnockocTb Y-Z Wire No.1
0 0.1 v laf| | X1:-0.235m
;i ; Y1: 0.000 m
Z1:0.000 m
X2:0.235m
Y2: 0.000 m
Z2:0.000 m
R : 5.000 mm
SEG: -1
Len: 0.4700 m
Deg:0.0
X:0.340m
Y :0.220m
X Macurm ... .. I
MpaeuTb npoBog
~ Cospatb npoBoj
O Cosaatb pamky
+ kS
Mokas | Bee N
CeTka
~ Bkn. ~ AsTowar
WWar|0-01 | M
Aa l OTkas l
K] ] B

OBbemHbiii Bua | MnockoeTs X-Y MnockocTs X-Z | MnockocTs Y-Z |

0

Puc.I1.2.6. Oxno «IIpaBka mpoBoga», Bkianka «Ilmockocts XOY»

01

Z

Wire No.1
X1:-0.235m
Y1: 0.000 m
Z1:0.000 m
X2:0.235m
Y2: 0.000 m
Z2:0.000 m
R : 5.000 mm
SEG: -1

Len: 0.4700 m
Deg:0.0

MpaBuTb NpoBoA

~/ CospaTtb NnpoBoA

O CospaTtb pamky

+ S

Mokas | Bee &
CeTka
¥ Bkn. ~ AsTowar

War/00T | m

Aa | OTkas |

]

Puc.I1.2.7. Okno «IIpaBka mpoBona», Bkiajaka «Ilnockocts XOZ»
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O6bemHbii BUA | Mnockoct X-Y | Mnockoctb X-Z [Mnockoctb Y-Z Wire No.1
0 0.1 z | X1:-0.235m
f i i Y1:0.000 m
Z1:0.000 m
X2:0.235m
Y2: 0.000 m
Z2:0.000 m
R : 5.000 mm
SEG: -1
Len: 0.4700 m
Deg:0.0
Y :0.344 m
Z:-0114 m
Y| Macwrt ... Y —

MpaBuTb NpoBOA

~ Cospatb npoBoA

O Cosaatb pamky

“p e

Mokas | Bee M

- CeTka
¥ Bkn. ~ AsTowar

WWiar|0-01 | m
Aa | OTkas I

1 r 5

Puc.I1.2.8. Okno «IIpaBka mpoBonay, Bkiaaka «Ilnockocts YOZ»

Kpome ocnoBubix mporpamma MMANA umeeT JONONHUTENbHBIE OKHA, B
KOTOpPBIX OTOOpakaeTca HHQOpManus, CBA3aHHas Kak C  3aJaBaeMbIMH
napaMeTpaMy, TaKk M C pe3yibTaTaMH MOJEIMPOBAHUS HAIPABICHHBIX U
ANEKTPUUECKUX CBOWCTB HCCIENYeMbIX aHTEHH. Tak, Hampumep, IporpaMmma
BbIJlaeT Takue mapamerpol, kak KCB, K3/I, 3HaueHus: BXOAHOTO CONPOTUBIICHUSA
MOJETUPYEMON aHTEHHBL.

Ha puc.I.2.9 nokazaHo OKHO 3aBUCUMOCTEH aKTHMBHOTO W PEAKTHUBHOTO
COINPOTUBJICHUM OT YacToThl. YacTOTHBIN quana3zoH 3aaaerca B popme «Ilomoca» B
TOM € OKHe. TaM ke MOXKHO 3a/aTh JOIOJHHUTEIbHBIE MTapamMeTpbl pacuera. Ha
puc.I.2.10 nokazano okxHo 3aBucumoctu KCB ot wactorel. Ha puc.I1.2.11
nokazaHo okHo 3aBucumocteil KY (B 1b) u K3/] (B n1b) antenus! ot yactorsl. Ha
puc.I.2.12 mokazaHo OKHO, B KOTOpOM oOToOpakaioTcst moctpoeHHbie J[H B
TOPU30HTAIBHON M BEPTUKAILHOMN MIIOCKOCTSX.

B mnocnenHeM JOMOJHUTENBHOM OKHE «YCTaHOBKW» 3aJal0TCA 3HAUYCHUS
cpenHel yactorsl pacuera («lleHTpanbHas udactora»), npenen usMenenus KCB
(«IIpenen KCB»), nononHuTenbHble TOUKH pacueTa («J{onoIHUTENbHBIE TOUKW),
YCTaHOBKHU COTJIACOBaHUS («YCTaHOBKHM COrJaCOBaHUs»), YaCTOTA COIJIACOBAHUSA
(«HacToTa coriacoBaHus»).

B 3akitouenue crieayer OTMETUTh, YTO NMEPUOJUYECKH BBIXOJAT OOHOBJICHUS
nporpaMmmbl - MMANA,  ynyumaromue ee uHTepdeic u - obiagarouue
JIOTIOJIHUTENIbHBIMU  BOBMOXKHOCTSIMU. OJIHAaKO OCHOBHBIE TMPUHUUIBI PaOOTHI
IPOrpaMMBbl OCTAFOTCS HEU3MEHHBIMHU.
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x|
[e 2 ToYKanm | Bca ceTka | Hor. Toukn | PezoHaHc | [Mevarts |[‘Ionoca ISOOOO vl KLy
z | KCB | ycwneHme/FB| AaH | VCTaHOBKMI
125.0 100.0
Fres: 297.518 MHz
100.0 50.0
R X
75.0 0.0
50.0 -50.0
25.0 -100.0
275.0 2875 300.0 3125 325.0
Puc.I1.2.9. OxHO 3aBUCUMOCTEH 3HAUECHUN aKTUBHOTO W PEAKTUBHOTO
CONPOTHUBIICHUIN OT YaCTOThI
x|
[15' 2 ToYKanm | Bca ceTka | Hon. To4km | PezoHaHc [Mevatb |I'I0noca |50000 vl KL
7z KCB | Younenne/FB| OH | Yeranosm|
30

Bw 28375.5 kHz (SWR K 1.5) i : SWR on Z: 75.0
Bw 50809.8 kHz (SWR < 2.0) = i

SWR

2.0

1.5

1.0

275.0 287.5 300.0 3125 325.0

Puc.I1.2.10. Oxno 3aBucumoctu 3HadyeHuii KCB oT 4acToThl
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5:

[o 2 ToHKanm | BcA ceTka | Hon. Toukn | PeaoHaHc I Meyatb |I'Ionoca ISOOOO vl KL
Z | KeB  VYewnewreFB| OH | Yeramoswu|
28, - - - -600.2
-600.3
FB
-600.4
1) P | R Sy ST — O Ry Sy -600.5
19 - - - -600.6
275.0 2875 300.0 3125 3250

Puc.I1.2.11. OkHo 3aBUCUMOCTEH 3HaUYCHUN KOIPPUIIMEHTA YCUIICHUS U
K03 (UIFEHTA 3aIMUTHOTO IEHCTBUS OT YaCTOTHI

x|
(N2 2 ToYKam Bca ceTka Hon. Toukm PezoHaHc Mevyate |[Monoca |50000 vI KLy

Z | KCB | YownemveF8 AH | Yerarosw|

2.1(dBi) = 0dB

Lieeta OH |

R [ X [ Ga [F/B [ ON|
Off
644 194 [21  -600.4|On
S e 758 47 21 -600.4 On
3125 Off
- Mokazate AH gna nonApusaumm—————— [325.0 Off

c oV G & Cymm. C V+H

Puc.I1.2.12. OxHO TIOTy4EeHHBIX THAarpaMM HalpaBJICHHOCTH
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