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B pabote paccmarpuBaioTcs 0OpaTHbIE SKCTpeMajbHbIE 3a/1a4l MUHUMU3ALUN
MOIIHOCTH 3BYKOBOTO TIOJII B JIBYMEPHOM MHOTOMOJIOBOM  BOJIHOBOJIE.
[IpuBonsaTCcs pe3yabTaThl BBHIYUCIUTENBHBIX 3KCIEPUMEHTOB MO MHUHHUMHU3AIHNH
MOIIIHOCTH TMEPBUYHOTO 3BYKOBOTO TOJIE C IOMOIIBIO BTOPUYHBIX AHTEHHBIX
peleToK pa3nnyHoi koHpurypanuu. [lonyueHHble pe3yabTaThl aHATU3UPYIOTCS.

BBEJIEHUE

bonbiioe BHUMaHHWE B MOCIEAHEE NECATUIETUE YIENSIETCS HUCCIENOBAaHUIO JTUHEHHBIX U
HEIMHEWHBIX 337a4 AKTUBHOM MHHHMHU3AllMM  3BYKOBBIX TIOJIEH B  BOJIHOBOJAX.
BbruncnuTenbHble  SKCIIEPUMEHTHI 10 PEIICHHI0 OOpaTHBIX AKCTPEMalbHBIX —3ajad,
onucaHHbie B [1—4], IpoBOAMINCH 11 BOJHOBOJOB Majoi JHMOO cpeaHell TTyOMHBI, YHUCIIO
HOPMaJbHBIX MOJ B KOTOpbIX nocturaer 50-60. B To ke BpeMsi Ha MpPaKTUKE MPUXOIUTCS
UMETh JIeJI0 C TJIYOOKMMHU BOJHOBOAAMHM, UYHCJIO PACHPOCTPAHSIOIIUXCS MOJ B KOTOPBIX
MOJKET PaBHSTHCS OT HECKOJIBKHUX COT JJO HECKOJIBKUX ThHICSH.

B [3—7] moka3zaHo, 4TO pelieHue HEIMHEHHOW 3a7a4ui, B KOTOPOM TpedyeTcs OmpenennThb
KaK MHTEHCHBHOCTH HMCTOYHHUKOB BTOPUYHOM aHTEHHBI, TaK M WX KOOPAMUHATHI, SBISETCS
HanbOosiee d(PPEKTUBHBIM TPHU PEUICHWH 3aJadyd MHUHHMH3alWHK 3Byka. OIHaKO, perieHue
HEJMHEWHOH 3a7auu TpeOyeT OONbIINX BHIYUCIUTENbHBIX 3aTPaT, KOTOPbIE PE3KO BO3PACTAIOT
IIPU YBEJIMYEHUH YUCIIa MOJI B BOJIHOBO/IE.

B nmanHnoit pabote paccMaTpuBaeTcs oOpaTHas JTMHEHHAs 3a/a4a aKTUBHOW MUHUMM3AIUN
3BYKOBBIX IIOJIEH B JBYMEPHOM MHOIOMOJOBOM BOJIHOBOJIE, B KOTOpOH TpedyeTcs
ONpeAeNUTh TOJIBKO WHTEHCUBHOCTH MCTOYHUKOB BTOPHUYHOM aHTEHHBI. AJTOPUTMBI,
paspaboTaHHbie B [3—7], IPUMEHSIOTCS JJISI PEIICHUS JIMHEWHBIX 3a7ad C MCIOJIb30BaHUEM
BTOPUYHBIX AHTEHH JUHEHHON (OpMbI (BEPTHKAIbHBIX, HAKIOHHBIX M TOPU30HTAIBHBIX) U
aHTeHH B (¢dopMe MOIYOKpYy:KHOCTH. IIpuBomsiTCsS  pe3ynbTaThl  BBIYUCIUTEIBHBIX
sKcriepuMeHToB. [loka3aHo, 4YTO TOJHOrO TMOJABJICHUS MOIIHOCTH IO MEPBHYHOTO
UCTOYHUKA MOXHO JOOWTbCS TpHU PpELICHUH JUHEHMHOW 3aJayd Juisl OINpeAeNieHHBIX
KOH(UTYpanuii BTOpUYHON aHTEHHBI.
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1. IOCTAHOBKA 3AJJAYHN

ycts D = {x=(x,z): 0<z< H, —o0o<Xx<oo} — IIOCKHIA PETYISAPHBIA aKyCTHUECKHI
JIBYMEpPHBIA BOJHOBOA TNIyOMHBI H ¢ abCOMIOTHO MSTKOW BepxHeW rpanuueil z=0 u
MMITIEJITAaHCHOM, B 00IIIeM CiTyvae, HIKHeW rpanuneil z=H . BBemgem 2X N mMarpuity

X, X, .. X
1 2 N
Z= ,
Z, Zy, .. Zy
U COIMOCTAaBUM €M MCKPETHYI0 aHTEHHY, COCTOSIIYI0O U3 N MOHOMOJEH, pacioI0KEHHBIX B
TOYKax (X;, z;), C MHTCHCUBHOCTSIMH ¢ ; .
Xoponio M3BECTHO [8], 4TO mpsAmMas 3a7ada U3Jy4eHHUs 3ByKa B BOJIHOBOJIE DD COCTOWT B
HAXO0XIEHUU aKyCTHYECKOTO JaBJICHUS p, YIOBIETBOPSIONIErO ypaBHEHUIO [ 'ebMrobiia

’p ol 1 op )
=~ | 5 k = ) )
P +p(z) oz| p(2) 2 +k(2)p=—/(x,2)

I'PaHUYHBIM YCIOBUSIM
. dp

p=0 npu z=0, smﬁp+cosﬁa—:0 npu z=H, p[e[0,n/2]
n

¥ YCIIOBHMIO M3JIydeHHs Ha OeckoHeuHOoCTH. 31ech k(z)=w/c(z), tne c(z) — mnepemeHHas
CKOPOCTb 3BYKa, (0 — KpyroBasi 4aCTOTa 3BYKOBOT'O MOJIsl, # — €IUHUYHBIN BEKTOP BHEIIHEH
HOpMaiH, 3 — MOCTOSHHBIA TapaMeTp, ONMPEACIAIONINA aKyCTHYECKHE CBOMCTBA HIDKHEN

rpaHuilbl (B JaHHOM paboTe HUKHSSI TPAHUIIA CYMTACTCS aOCOMOTHO kKecTKoit u f§ = 0).
Hcnons3ys meron Pypbe, penieHne 3aJaqui MOKeT ObITh 3aIFCaHO B BHJE

[N - .
— 2 Gy X
p__zzan aanj(pn(Z)e ’
2 n=l j=1
rie &,, ¢, — COOCTBEHHbIC 3HAYCHHS U HOPMHPOBAaHHBIC COOCTBCHHBIC (GYHKIUH

CaMOCOIPSKEHHOM CIIEKTPAJIIbHOM 3a/1a4u

¢"(2)+[k*(2)=C"lp=0 B (0,H), (1

p(0)=0, sinfp(H)+cospp'(H)=0, fe[0,7/2], 2)

M — d4ucno pacnpoCTpaHSAIONIMXCS B BOJHOBOJE HOPMAIbHBIX MOXA, =(q,,9,,....4y) —
BEKTOP, COCTABJICHHBIH U3 KOMIUIEKCHBIX aMILUIUTYJ UHTEHCUBHOCTEH MCTOUYHUKOB aHTCHHBI,

a,. — KOMIIOHEHTHI PAMOYToJIbHONU MXN MaTpuilsl A, onpeaensembie GopMyIIoi

n

1
£ 2 18
anj_fn ¢n(zj)e g
Ecin B nanbHel 30He BONHOBOAA D, KpoMe IOJIA p, IPUCYTCTBYET IIOJIE P, , CO31aBAEMOE

MEPBUYHBIM (ITyMSIIIIMM ) UICTOYHUKOM U ompeiesieMoe GopMyion
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.M 1

l ) i€ x

Dy =—525nzbn§0n(z)€ K
n=1

TO MOIIHOCTh TIEPBUYHOTO TOJISI U MOIIHOCTH CYMMAapHOTO TOJIsI, IEPEHOCUMBIE B JAJIbHIOIO
30HY BOJIHOBO/Ia, OTIpeIEAIOTCs (hopMyIaMu

P(pb)=$l[b]2, P(p+p,,>:$|[Aq—b]2, b=(Byubyobyy ). 3)

3nech b — 3agaHHBIN BEKTOP, XapaKTEPU3YIONTUH TOJI€ ITyMSIIEr0 HCTOYHUKA.
BBenem B paccmorpeHue 007acTh (2, ri€ MOTYT pa3MelaThCsi MCTOYHUKH BTOPHYHOM

aHTEHHbI, TApaMeTp peryispusamuu O, M MHOKECTBO B B MPOCTPaHCTBE C", o6pazoBanHoe

BEKTOPaMH (], YIOBJIECTBOPSIIOIIMMHU YCIOBHUIO
2 o 2 2
lal’=Ylq,’<0;. (4)
Jj=1

onoxum J(Z,q; N) = |[A(Z)q — b]|2 U PACCMOTPUM CJEAYIOLIYIO 3aauy:
3agaua 1 (MuHeliHas 3aga4a). /{1 3a0anHbIX O Py, yucia N u pewemxu 7. € €2 naiimu

sekmop q € B, munumusupyrowuii pynxyuonan J.

2. YUCJIEHHOE PEHIEHUE 3AJIAYN

Hns pemenus 3agaun 1 B [3] ObuT pa3paboTaH YUCICHHBIM aJTOPUTM, OCHOBAaHHBIM Ha
pPEeryJispu30BaHHOM METOJI€ YCJIIOBHOM  KBaJApaTHUUYHOM ONTHUMH3ALMU  OTHOCHUTEIHHO
KOMIUIEKCHBIX aMIUTUTYJ] HHTEHCUBHOCTEH MOHOIIONEH.

Bce pacuers mpoBomunuck Ha kKommbioTepe Tunma PC ¢ mporeccopom pentium-II
(533 MI'1) u ontepaTuBHOM aMAThiO 128 MO.

Jls mpoBeieHHs BBIUMCIUTENbHBIX 3KCIIEPUMEHTOB MCIIOIB30BaJICs BOIHOBOA D cpenHei
ryOuHBI co crnenyromumu napamerpamu: H = 1000 M, @ = 200w, M = 138, p = 1 r/em’,
c = 1450 m/cex, A= 14,5 m.

[Tockonbky paccMaTpuBaeMblii BOJHOBOJ SBJISIETCS OJHOPOJHBIM, TO COOCTBEHHBIE
3HAYCHHUs] ¥ OPTOHOPMUPOBAHHBIE COOCTBEHHBIC (DYHKIMH creKkTpaiabHO 3amaum (1), (2)
OTIPENIETSIOTCS SIBHBIMU (hopmymnami [8]:

E=kP—pl, = n—% %,gon(z):\/%sin(,unz), n=12,..,M.

YPOBGHB IMoAaBJICHUA MOIONHOCTU IIOJA TICPBUYHOIO HCTOYHHUKA 6y,I[eM CUHUTaTh

YIOBIICTBOPUTEIIBHBIM, €CIIM BEJIMYMHA IOJABIsIeMOil MomHocTH |AP|, ompexnensemas
dopmynoii

(AP)xB=101g(P(p+ p, )/ P(p,)),

coctaisieT nopsaaka 50 nb, u nmonHeM, eciu |AP| > 100 gb.
Jns ynoOcTBa aHamm3a pa3o0beM MHOXKECTBO BBIYHCIUTENBHBIX SKCHEPHMEHTOB 10
ralieHuIo 3ByKa B BOJHOBOJE Ha 3 rTpymmbel. Kpurepmem pasOuenus sBisercs ¢opma
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BTOPUYHOM  aHTEHHbl. B  pacuerax UCNONB30BAIMCHh  JIMHEHHBIE  BEPTUKAIbHBIE
SKBHUJIMUCTAHTHBIE AHTEHHBI C PA3JIUMYHBIM PACCTOSHHUEM MEXIY HCTOYHUKAMU, JUHEIHBIE
AQHTCHHBI, UCTOUYHUKH KOTOPBIX 33/al0TCSI B IIAXMAaTHOM IMOPSJIKEe, U aHTEHHbI, UMEIOLIUE
dbopMy MOIYOKpYKHOCTH. KakoMy THIy aHTEHH COOTBETCTBYET I'pPYIINa BHIYMCIUTEIbHBIX

SKCTIepUMeHTOB. J{11s BCeX TECTOB 3HA4YEHHE DHEPreTHUecKoro mapamerpa O, BHIOMPANOCH

paBHbIM 10.

2.1. BerunciaurejbHbIe IKCIIEPUMEHTHI | rpynmnsl
[lepBasi rpymmna COCTOUT U3 SKCIEPUMEHTOB IO TAUICHHUIO IMOJISI IEPBUYHOTO MCTOYHHKA,

KOTOPBIM PACIOJIOXKEH JICBEC AHTCHHOM PEIIETKH, C KOOpAUHATAMM (xO,H/ 2), IpUYEM
paccTosiHHe |x,| MeXIy IMEepBUYHBIM HCTOYHMKOM M QAHTCHHOW SBIIAETCA IEPEMEHHOU

BEJIMYUHON. ICTOUHMKY BTOPUYHON aHTEHHBI ONPEETAIOTCS COOTHOIIEHUEM
Z =(z,2y «o-,2y), 2; = 20+ (j-1) -h,j = 2,...,N,

rae z, =H/(2N),N =M , a war peuieTka & pasindeH Jis KaKIOoro TeCTa.

HGJ'IB ,Z[aHHOﬁ rpynmnbl  BbIYUCIUTCIIBHBIX OKCICPUMCHTOB COCTOUT B H3YUCHHUU

3aBUCHUMOCTHU PCHICHUS (BCJII/I‘-II/IHBI HOIIaBHﬂeMOﬁ MOH_IHOCTI/I) OT pPacCIOJIOKCHHUA aHTCHHBI U

BCJINYINHBIL X, .

ann
*__ ___________ . 1 _ r - - ]

1000 T

z a) 6) B) r) )

Puc. 1. 'eomeTpusa KOMIIEHCUPYIOMIMX aHTEHH JJI1 TECTOB IEPBOM TPYIIIIBI

B nepBom TecTe BepTUKalbHas penieTka U3 138 MCTOYHMKOB, pacHoJIOKEHHAs Ha OCH Z,
3aHUMaeT BCIO MIyouHy H BoaHOBoma mpu i = A/2 . Ee reomeTpus mokazaHna Ha puc. la. Ha
puc. 3a IMoKa3aHa 3aBUCHMOCTb BEJIMYMHBI I10JABJIAEMOM MOIIHOCTH OT KojnyectBa N
ucTouyHUKOB. KpuBbie 1, 2 1 3 0TBEHalOT pa3IMYHBIM PACCTOSHUAM INEPBUUYHOIO MCTOYHMKA

OT KOMIICHCUPYIOIIEH pemieTkd, a uMeHHo: |x,| = 104, 1004, 200A. BuaHo, 4to Bce Tpu

KpHBBIE MPAKTUYECKU COBHAMalOT U mpu N = M = 138 mpouCXOAUT MOJHOE IOJIaBICHUE
MOIIIHOCTH MEPBUYHOIO UCTOYHUKA.

Bo BTOpOM TecTe paccTosiHHE /i MEXAy MCTOYHHKAMH aHTEHHBI YMEHbIICHO a0 A/4. C
YYETOM 3TOr0 aHTeHHa U3 138 MCTOYHMKOB 3aHMMAET BEPXHIOK IOJIOBUHY BOJHOBOJA (CM.

puc. 10). IlepBUYHBII UCTOYHUK MO-TIPEKHEMY 3aHHUMAET T€ XK€ TPU IOJIOKEHUS, KOTOPHIM
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COOTBETCTBYIOT TpU KpuBbIe Ha puc. 30. Kak u B mepBoM TecTe, BenmnunHa AP Mano 3aBUCUT

OT X,, HO Jjake B cilydae 138 NCTOUYHMKOB ITOABIECHUE COCTABIIACT opsaka 5 nb.

B TpeTbem TecTe 1mar 4 paBeH MoJIOBUHE UTMHBI BOJIHBL: £ = A/2, HO aHTEHHA PACIIOJIOKEHA
HE Ha OJIHOM MpsAMOi (Kak B TecTe 1), a Ha ABYX MPSIMBIX, 3aHUMAIONTUX BEPXHIOK TIOJOBUHY
BOJIHOBO/Ia M PACIOJIOKEHHBIX HAa PACCTOSHUM T ApPYr OT npyra (cM. puc. 1B). IlepBuunblit
UCTOYHHK TIOMEIIEH B TOYKy ¢ KoopauHatamu (—100A, H/2). Ha pwuc. 3B mnokaszaHa
3aBUCHMOCTH BEITUYHMHBI MTOIABIISIEMON MOIITHOCTHA OT KOJMYECTBA UCTOYHUKOB aHTECHHBI, PU
sToM BeimuuHa T paBHsuiack A, 104 u 204 (kpussie 1, 2 u 3 coorBercTBeHHO). U3 pricyHka
BHJIHO, YTO JIJII BCEX 3HAUCHMI T BEJIMYMHA ITOJABIIICMOM MOIIHOCTH COCTaBIIsIeT MeHee 8 nb.

B creayromeM Tecte paccTOsiHHE /f MEKAYy MCTOYHHKAMH aHTeHHBI paBHO A. TTostomy
aHTEHHA, COCTOsIAs U3 JABYX JMHEHHBIX PEIIeTOK, 3aHMMAaeT BCIO TIIyOMHY BOJHOBOJA
(puc. 1r). Jlyis Tex ke caMbIX 3HAUEHMH T U X, BEIMYMHA IOAABIIEMON MOIIHOCTH |AP)|
HECKOJIBKO YBEJIMYUIIACh, XOTS MOJABICHHUE MO-TIPEKHEMY OCTACTCS HEYAOBICTBOPUTEIILHBIM
U cocraBusieT mopsaka 23 b, B WeM MOXHO yOeauthbcst u3 puc. 3B (kpuBbie 4, 5, 6
cooTBeTcTBYIOT T=A, 104, 20A).

Onnako, I JaHHOW TE€OMETPUU H3ITYYArOIICH CUCTEMBI (T. €. TOJIOKEHHUS TEPBHYHOTO
ucrounuka B Touke (—100A, H/2) u GpopMbl BTOPHUHOW aHTECHHBI, H300paKEHHON Ha pHC. 1T)
MOKHO TOJI00paTh TaKkoe paccTosiHWe T, 4To mpu N = M HacTymaer MOJHOE IMOJaBlICHUE
MOIITHOCTH TIEPBUYHOr0 McTouHuka. Ha puc. 3r mokasano (kpuBas 1), uto mis 7= 17,64 =
255m mpu N = M BenuuuHa |AP| paBua 100 n1b. Ecnu ke mpu HaiiieHHOM 3HAYeHUU T
UCIIOJIb30BaTh aHTEHHY, COCPEAOTOUEHHYIO B BEpXHEH MOJIOBUHE BOJIHOBOIA (M300pakKeHHYIO
Ha puC. 1B), TO MakCMMaJabHOE TIOJIaBICHUE COCTaBisieT Bcero 7 Ab (kpuBas 2 Ha puc. 3r).
KpuBas 3 Ha puc. 3r oTBe4aeT aHTEHHE, MMOJYy4aeMOM CABUIOM MPEIbIAYIIEeH aHTEHHbI BHU3
Ha 250 M. VYkazaHHas aHTEHHAa COCTOMT W3 JIBYX JMHEWHBIX BEPTUKAJIBHBIX PEHIETOK,
pacIoOIOKEHHBIX HA PacCTOSSHMM T = 255 M apyr or apyra ¢ maromM A = A/2 Mexay
UCTOYHUKAMU, U 3aHUMAET CPEIHIOI0 YacTh BOTHOBOAA (cM. puc. 11). 3 puc. 3r BuIHO, 4TO
JUTSL TOTO CITydasi BEIMYMHA MMOAaBIIIEMOI MOIITHOCTH COCTaBiseT MeHee 9 nb.

[Mocrneqnue Tpu TecTa NaHHOW TPYIIBI OTBEYAIOT MOJABICHHUIO MOITHOCTU MEPBHUYHOTO
MOJIsL IBYMSI aHTEHHAMHU, PACTIOJIOKEHHBIMU Ha (DMKCHPOBAHHOM PACCTOSIHUM T = 255 M Apyr

OT Apyra IIpH yCIOBHH, YTO MOAYJIb KOOPAUHATHI X, IEPBUYHOIO UCTOYHUKA U3MEHAETCS OT
A4 no 40A ¢ warom A/4 mpu HewsMeHHOH koopuuHate z, =H /2. Ha puc. 31 mokasana

3aBUCHUMOCTBh BCJIMYHHBI HOZ[aBHHCMOI‘/JI MOIIHOCTHU AP ot KOOpAHWHAThI X, AJIsI aHTCHHBI,

3aHMMAOIel BCIO TIyOMHY BONHOBOAA (cM. puc. 1T). M3 pucyHka ciemyer, 4To MOJHOE
nonasienue (100 nb n 6osee) NpPoOMCXOIUT JINIIb [Tl HEKOTOPBIX 3HaueHUH x,. Kpusas 1 Ha
puc. 3¢ oTBeuyaeT aHTEHHE, M300paXKEHHOW Ha pwHcC. 1B, cocTosmeld W3 JBYX MPSMBIX H
3aHMMAIOIIEH BEpXHIOK TIOJIOBUHY BOJIHOBOJIA, @ KPUBas 2 OTBEYaeT aHTCHHE, N300paKeHHOM
Ha puc. la. U3 puc. 3e BUAHO, YTO JJIs1 IEPBOM aHTECHHBI, 3aHUMAIOIIEH BEPXHIOIO MOJOBUHY

BOJIHOBOJ4, BCJIIMYHUHA HOZ[aBHHCMOﬁ MOINHOCTH IIPAKTUYCCKH HE 3aBUCUT OT X, U COCTABJIAICT

meHee 10 nb, Torga xak ns BTOpoil aHTEHHBI, 3aHUMAIOLIEN ceperHy BOJIHOBO/IA, BEIMUMHA
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MOJIABJISIEMOM MOIIHOCTH CYIIECTBEHHO 3aBHCHT OT |x,|. Ilpum Mmanbix |x,| mopsiaka A/2
IPOUCXOJMT TOJHOE MOAABICHHE MOIIHOCTH, Toraa Kak mpu |x,| > 104 nopaieHne

cocrtaBisteT menee 20 nb.

Takum 00pa3oM, Ha OCHOBAaHUM IMPHUBEACHHBIX BBIIIE BHIYHCIUTEIBHBIX IKCIEPUMEHTOB,
MOXXHO CJIeaTh BBIBOJI O TOM, 4TO HamOosee 3¢G(HEKTUBHON MO TMOJABICHUIO MOUTHOCTH
ABJISIETCS] CAMMETPUYHO PACIIOIOKEHHAsE OTHOCUTENBHO EPBUYHOTO UCTOYHHUKA aHTEHHA MPU
YCJIOBHH, YTO OHA 3aHMMAET BCIO TJTyOMHY BOJTHOBOJAA M COCTOUT M3 OJJHOM PEIIETKH C IIaroM
h = A/2, tn00 IBYX PEIIETOK C IIaroM 4 = A IpH ONpeaeIEHHOM BBIOOPE PACCTOSIHUS T MEXKTY
pemerkamu. MeHee 3¢ (GEKTUBHON SBISETCS BEPTUKAIbHAS aHTEHHA, PACIOJIOKECHHAs B
CpenHell YacTh BOJHOBOJA, XOTS W CHUMMETPHYHO OTHOCHTEIHLHO TMEPBHUYHOTO MCTOYHHKA.
Haxkonern, kpaiine Hea(pPEeKTUBHOII SIBIIICTCS BEPTHKAJIbHAS aHTEHHA, PACIIONIOKEHHAsE BBEPXY

1100 BHU3Y BOJIHOBOJA, TO €CTb HCCUMMCTPHUYIHO OTHOCHUTCIILHO ICPBUYHOI'O UCTOYHHKA.

2.2. BeruncianrejbHble 3kciepuMenTsI 11 rpynnbi

Bo BTOpYyIO rpynmny OTHOCSATCA SKCHEPUMEHTHI MO PEIICHUIO JIMHEHHOW 3a/1aud TalleHus
MEPBUYHOTO TOJIS, CO3/1aBa€MOT0 HMCTOYHUKOM, cocpefoTodeHHbiM B Touke (0, H/2), mpu
YCIIOBHM, YTO KOMIICHCHPYIOIIAsi aHTEHHA pAacCIlOJIOKEHa Ha OJHOM NpsIMOW C JaHHBIM

HCTOYHHUKOM.
h
h
;
]
4 % - .
2 * 1 =
hD
a
= = =

Puc. 2. I'eomempus xomnencupyiowux anmeHnu 01 mecmog 6mopou 2pynnovl

Kak moka3aHo Ha puc.2 WCTOYHHKH AHTEHHBI PACIIONIAaralOTCs HA PACCTOSHUHM /iy OT
NEPBUYHOTO HMCTOYHHWKA C IArOM /A, MpWYeM TEpBbIi UCTOYHUK aHTEHHBI PacIojaractcs
BhINIC (/WK TIpaBee) MEPBUYHOIO MCTOYHMKA, BTOPOW — HIDKe (W/miu jeBee) U T. A. st
BCEX TMPHUBEICHHBIX HIKE TECTOB IIAar CETKU /i BBIOMpAJICS MOCTOSHHBIM, paBHbIM A/10.
HGJ'IBIO BBIUUCIIUTCIIbHBIX 3KCIICPUMCHTOB 3TOU TpyMnibl ABUJIOCH H3YUCHUC 3aBUCUMOCTU
KoJimdyectBa N MCTOYHHKOB BTOpH‘IHOﬁ AHTCHHBI, HCOGXO,[[I/IMBIX JJIs1 IIOJTHOTO ITOAAaBJICHUSA
MOIMHOCTU TMCPBUYHOI'O II0JIA, OT PACCTOSIHHA ]’l(), npu HCIIOJIb30BAaHNU BCPTHKAJIBHBIX,
HAKJIOHHBIX W TOPU30HTAJILHBIX AHTCHH. HpI/I IMPOBCACHUN PACUCTOB YTOJI o BBI6I/IpaJIC$I
paBHBIM 7T/4.

Ha puc. 4a moOKazaHa 3aBHCHUMOCTL BEIUYUHEI HOZ[aBHHCMOI\/JI MOIIHOCTHU OT Yucia

MCTOYHUKOB BTOPHYHOW aHTCHHbI AJist 3Ha4YeHus /o = A/10. Kpussie 1, 2 u 3 COOTBETCTBYIOT

T. C. KomawmnHckas
YuncneHHoe nccnegoBaHme ob6paTHbIX 3KCTPEMasbHbIX 3a4a4 aKTUBHOMO yrnpaB/ieHUsi 3ByKOBbIMU MOISIMU B
ABYMEpPHbIX MHOrOMOAOBbIX BO/THOBOAAX
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BEPTUKAJIIbHOM, HAKJIOHHOW W TOPU3OHTAJIbHOW aHTeHHaM. M3 pHCyHKa BHIIHO, 4TO IS
MOJIHOTO TMOJIABJIEHUS! MOIIHOCTH C IOMOIIBI0 BEPTUKAJIBHON aHTEHHbl HEOOXOAMMO 8
HMCTOYHHMKOB, C TOMOILBIO HAKIIOHHON — 7 MCTOYHHKOB, a C OMOUIbI0 TOPU3OHTAIBHOU —
TOJIBKO 5 HCTOYHUKOB BTOPUYHOW AaHTECHHBI.

Puc. 40—4e ABIAIOTCS aHAIOTaMH pHUC. 4a JUIS 3THUX TPEX aHTeHH mpu hy = A4, hy = A/2,
ho= A, ho = 5/4A, ho = 2A. VI3 pUCYHKOB BHJHO, YTO TIpH /g = A/4 MOIHOE MOJABICHHE IS
KaKJI0M U3 TPEeX aHTEHH MPOUCXOUT COOTBETCTBEHHO Ipu N =17, 13 u 9 (xpussie 1, 2 u 3).
[Tpu hy = A/2 ucnonb30BaHUE BEPTHKAILHOM aHTEHHBI U3 N = 150 > M UCTOYHHKOB ITPUBOIMT
JUIIb K YIOBJIETBOPUTEILHOMY YPOBHIO IOJIABJICHMS], TOT/Ia KaK MCIOJIb30BAaHUE HAKIOHHOM
U TOPU30OHTAJIBHOM AHTEHH INPUBOAMUT K MOJHOMY NojaBieHuto npu N = 74 u N = 22
COOTBETCTBEHHO. Ecin emie yBenmu4wTh 3HaUY€HUE /iy U CHENaTh €ro PaBHBIM OJHOM JJTUHE
BOJIHBI, TO JUI BEPTHKAJILHOW U HAaKJIOHHOW aHTEHH BenuuuHa |[AP| coctaBisieT menee 8 ab, a
JUTSl TOPU30HTAIBHOM aHTEeHHBI Tipu N = 135 mpoucxoauT MoaHOe MmoAaBiIeHUE (CM. puc. 41).
[Tocnenytomiee yBenudeHne 3HaUCHUS /iy €lle Ha YETBEPTh JJIMHBI BOJIHBI IPUBOJUT K TOMY,
YTO YK€ W JUIsl TOPU30HTAJIbHOM AHTEHHBl YPOBEHb BEJIIMYMHBI IOAABISIEMON MOIIHOCTH
HeynosieTBopuresnieH, U npu N = 150 cocraBnser nmumb 18 b (puc. 4n). [locnenuuii Tect
oTBeyaeT ciydar hy = 2A (puc. 4e). Jlug 3TOro Tecta BeIHMUYMHA IMOAABISEMON MOIIHOCTH
MPaKTUYECKH HE 3aBUCUT OT TUIIAa aHTEHHBI U cOcTaBisieT MeHee 5 nb.

Wrak, U3 ncnoiap3yeMbIXx BO BTOPOIl Tpymnne aHTeHH HauOojee 3(()EeKTUBHON SBIsSETCA
TOPU3OHTAJIbHASI AHTEHHA, PAacHoOJIOKEHHAash Ha OJHOM OCH C MEPBUYHBIM HMCTOYHUKOM, a
HanMeHee 3(QeKTHuBHON — BepTHKanbHAs. [IpyM ManbIX 3HAUEHHUSIX PACCTOSHUS /iy OT
MIEPBOT0 MCTOYHHUKA KOMIICHCHUPYIOIICH aHTEHHBI 1O MEepBUYHOrO HcTouHuKa (hy < A/2)
MIOJIHOE MOJABJICHUE MOIIHOCTH MPOUCXOIUT MPU YUCIIE UICTOYHUKOB aHTEHHBI, CYIIECTBEHHO
MCHBIIIEM YHUCIIa PACHpPOCTPAHSIOMUXCS MO, a MpH Ay = 2A maxke npu N > M BennyuHa
MOJABIIIEMON MOIITHOCTH OCTAETCSA MAJIOW U HE PEBOCXOAUT S 1b.

2.3. BerunciauresabHblie 3kcnepuMenTshl 111 rpynnsl

Hakonern, TpeTes rpynma COJAEPKUT YHMCICHHBIE SKCIEPUMEHTHI IO HCCIEIOBAHUIO
3aBHCUMOCTH BeNUYHMHBI AP OT KojaudecTBa N MCTOYHMKOB BTOPUYHOW aHTEHHBI B CiIydae,
KOTJ]a aHTeHHa UMeeT (opMy MOIYOKPY>KHOCTU. [IepBUUHBINA MCTOYHUK MMOMEUICH B TOUKY C
koopauHatamu (0, H/2), IBISIONUIYIOCS HEHTPOM MOTYOKPY>KHOCTH (PUKCUPOBAHHOTO pajyca
r. Yneno N MCTOYHHMKOB aHTEHHBI, PaclOIOKEHHBIX YKBUIUCTAHTHO, MeHseTcs oT 1 no 150
(cM. puc. 5a), ¥ A7 KKA0ro 3HaUYeHHsI N BBIYHMCISIETCS. BETUYMHA MOJIABIIEMOM MOIITHOCTH.
Ha puc. 56 B Buge kpuBbix 1, 2, 3 u 4 nmokaszana 3aBucuMocth AP oT N ais 4eTbipex
3HAYEHUH paauyca MOoIyOKPYKHOCTH 7, paBHBIX A, 2A, 54 u 10A. U3 pucyHka BUAHO, YTO IS
r = A u 2\ noxasienue cocrapiseT HemMHorum menee 70 nb mpu N > M, st » = 5A — 0K0JI0
90 nb, a mis r = 10A — mouru 140 nb. {ast » = 20A (puc. 58) nmpu N > 105 mpoucxoaut
MOJIHOE TMOJABJICHHE MOIIHOCTH MEPBHYHOTO0 HcTo4YHMKa. Hakower, mist r = 34A, xorma
aHTEHHA 3aHMMAaeT BCIO TNTyOMHY BOJHOBO/A, IIOJHOE MOJABICHUE MOLTHOCTU HACTYIAET MPHU
N =137 (cMm. puc. 5t).

T. C. KomawmnHckas
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Bropoii Tect oTBe4aeT BTOPHYHOM aHTEHHE, WUMEKIIEH (GOopMy MOIYOKPYKHOCTH C
paguycoMm » = 341 u cocrosimeit u3 N = 138 ucrounukoB. [lepBUUHBIi HCTOUYHUK ITOMEIICH B

TOYKY ¢ KoopauHaTamu (x,,H /2), npuuem paccrosiHue |[xo| MmeHsiercs ot A/2 1o S0A ¢ marom
A/2. TlonydeHHasi 3aBUcUMOCTh AP OT X, moka3zaHa Ha puc. 51 (kpuas 1). BugHo, 4to s
0 < |x,| < 84 mpOHUCXOOUT MOJHOE MOAABICHHE MOIIHOCTH NEPBHYHOrO UCTOYHUKA (JAP| =
300 n1b), a ot |x,| > 8A HacTymaeT pe3koe yMEHBIICHHE BEIMYMHBI MojaBieHus. Eciu
YBEJIMYMTh 3HAYEHHME SHEPreTUdECKoro mapamerpa O, 10 10, To YXYALIECHUE TOJABIICHUS

npoucxoaut ans |x,| > 26A, a npu Qp =10" 114 Bcex BHIOPAHHBIX 3HAUEHHIH Xo BETMYHHA

nojasisiemMoi mouHoctu paBHa 300 n1b (cm. kpuBble 2, 3 Ha puc. Sn). Takoe moseneHue

KPHUBBIX O0BACHAETCS TeM (PAKTOM, YTO MPHU YBEIUUEHUU PACCTOSHUA | X, | MEXAY IEPBUUYHBIM
MCTOYHUKOM M BTOPMYHOH AHTEHHOW YBEIMYMBAIOTCA W 3HAYEHUSA ¢; WHTEHCHBHOCTEH

TOYCYHBIX HMCTOYHHUKOB. [loaTOMy, ansi Toro, 4roObl TOYHOE pelIieHuEe cucreMbl Aq=b
YIIOBJIETBOPSUIO  yCIOBHIO (4), HEOOXOOUMO YBEIMYUTh 3HAUCHUE DHEPreTHUYECKOTO
napamerpa Q; .

Tperuii TecT oTBeyaeT ciydaro, KOrjaa paccrosHHe |x,| ¢ukcupoBano u paBHo 104, a

NEPBUYHBIM HMCTOYHMK TMEepeMeIIaeTcss MO BEPTUKAIU OT BEPXHEW IpaHUIbl BOJIHOBOAA K

HWKHEH Tak, 4To KoopauHara z, MeHserca or 0 mo H ¢ marom 10 m. U3 puc. Se, rue

IMpUBCACHA 3aBUCUMOCTH AP ot Z,, CJIeAYyCeT, YTO IOAABJICHHE MOIIMHOCTU SABJIACTCA

HanOOJIBIIIUM, KOTJIJa UICTOYHHK HAaXOJHUTCS Ha TiyOuHe, MeHbien 420 M uimu 6osbiiei 550 wm,

TOrJla KaK 30HAa pAacIOJOXKEHUs MCTOYHMKA BONMM3M cepeluHbl BosHOBOAA (z, =500 m)

SIBJISICTCS. HAUXY/IIEH 7Sl TIOJJaBJICHHSI MOIITHOCTHU TIEPBUYHOTO UCTOYHHUKA.

TakuMm 00pa3om, UCIIOIL30BaHUE KOMIICHCUPYIOIIEH aHTECHHBI B ()OPME MOTYOKPYKHOCTH
SIBJIIETCS OCTATOYHO dS(PQPEKTUBHBIM Il TOAABIECHUS MOIIHOCTH TIOJSI TEPBUYHOTO
HCTOYHMKA, & UMEHHO: JUIA BCeX 3HaueHwuii 7 (0T A 10 341), HauMHAasE ¢ HEKOTOPOTO 3HAYECHUS
N (N<M), HacTtymaeT TOJHOE JHOO YAOBICTBOPUTEIHHOE TIOJABJICHHE MOIIHOCTH

IEPBUYHOI0 MCTOYHMKA. [IprueM yka3aHHBIN (aKT cpaBeUIUB A1l pa3IMuHbIX 3HAYECHUH X,

U Z, KOOpAUHAT IICPBUIHOIO UCTOYHHKA.

3AKJIIOYEHUE

O0600masi ModTyd4eHHBIE pPE3YJIbTaThl, MOXHO CJAeJaTh BBIBOJ O TOM, YTO aJrOPUTM,
pa3palboTaHHBIN JUIs pelieHHs] JMHEHHOW 3aJaydl aKTUBHOTO TAalleHHs 3ByKa B MEIKUX
BOJIHOBO/AX, sIBJIsieTCs 3(()EKTUBHBIM U JJIs1 BOJHOBOJIOB cpesiHeil riryOuHsl. bonee toro, npu
IPaBUIBHOM BbIOOpE T€OMETPUU BTOPUYHON aHTEHHBI MOXKHO JOCTHYb IOJHOIO MOJIABICHUS
MOIIHOCTH TOJISI IEPBUYHOIO UCTOYHHMKA MPHU 4uciie N UCTOYHUKOB BTOPUYHOW aHTECHHBI, HE
IIPEBOCXOAIIEM Yucia M pacpOCTPaHAIOMUXCA B BOJTHOBOAE MOJ, B IIMPOKOM JHAaNa3oHe
M3MEHEHUS IapaMeTPOB BOJIHOBOAA U KOOPJAUHAT NIEPBUYHOIO UCTOYHUKA.

T. C. KomawmnHckas
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Puc. 3. Pe3ynbTaThl BEIMUCIUTEIBHBIX SKCIEPUMEHTOB | TpyIIIIbL.
3aBUCHMOCTD BEIMUMHBI IT0AABIsIEMON MOITHOCTH AP OoT uncia N HCTOUHUKOB BTOPUYHON
AQHTEHHBI (PUC. a-T) M OT KOOPJAUHATHI X( IEPBUYHOTO UCTOYHUKA (PHC. 1—€)
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Puc. 4. Pe3ynbTaThl BEIMUCIUTEIBHBIX SKCIEPUMEHTOB I rpynmsl.
3aBUCHMOCTD BEIMUMHBI IT0AABIsIEMON MOITHOCTH AP OoT uncia N HCTOUHUKOB BTOPUYHON

AHTCHHBI
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Puc. 5. Pe3ynbTaThl BEIYUCIUTEIBHBIX SKcIEpUMEHTOB III rpymnmbl.
I'eomeTpus n3myyaromieit cucteMsl (puc. a). 3aBUCHMOCTh BEIMYUHBI [TO/IaBIISIEMOM
MomrHOCTHA AP oT uncia N UCTOYHUKOB BTOPHUYHON aHTEHHBI (pUC. 0—T) M OT KOOpIUHAT
MIEPBUYHOTO UCTOYHHKA (pHUC. 1—C)
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