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JUDPAKIINA TAYCCOBOI'O BOJIHOBOTI'O ITYYKA

HA OTPAXKATEJILHOH PEIIIETKE

N3 3AKOPOYEHHBIX ITPAMOYT'OJIBHBIX BOJIHOBO1OB

IIposeden ananus mpancopmayuu Ouazpamm HanpasIeHHOCmel TUHENHO NOAPUSOBAHHO20 2AYCCOBO20 60IHOBO20 NYUKA NPU
OmMpasicenuy om peulemky U3 3aKOPOYEHHLIX BONHOBO008 NPAMOY20IbHO20 cedeHus. Paccmompenvl ciyyau HOpMAaibHO20
U HAKIOHHO20 NAOEHUs NYUKA 08YX OPMO2OHANbHBIX noaApusayuil. [lokazano, 4mo ouazpamma HanpasieHHOCMU OMPAXCEHHO-
20 nmyuka mooicem Oblmb 6 HECKOAbKO pa3 yoice, yem OUazpamma HanpaeieHHocmu naoawouje2o nons. Haiidenmvr yciosus
U onpedenenvl napamempsl CmpyKmypbl, Rpu KOMOPbIX 3ePKALIbHO OMPAICEHHBIT NYYOK UMeen MUHUMATbHYI0 MOWHOCb.

Kniouesvie cnosa. TpeXxMepHBII IayCCOBbI BOJIHOBOH MY4O0K, IByMEPHO-IIEPHOINYECKUE CTPYKTYPbI, OTpaXKaTelbHas pelieTKa,
- U S-TIONSIpU3aLisl, AUarpaMMbl HaIIPaBIEHHOCTH, 2JIEKTPOANHAMUYECKHE XapaKTePHUCTUKU

1. BBenenue

B cBfi3M ¢ MIMPOKMM HCTIONB30BaHUEM HA MPAKTHKE
OTKPBITHIX JINH30BBIX W 3epKAIbHBIX JIMHUH TIepenad
Y OTKPBITBIX PE30HATOPOB BO3HUKJIA HEOOXOIUMOCTh
B CO3/TaHNH BCTIOMOTATENbHBIX YCTPOMICTB, TO3BOJISIO-
LIMX YIIPABIIATE KAHAIM3UPYEMOM SHEPIUEH ITydKa dJIeK-
TPOMAarHUTHBIX BOJH: BBICOKOYACTOTHBIX 3JI€MEHTOB
CBSI3H, HAIIPABIICHHBIX OTBETBUTEIIEH, TTOJIPH3AIIMOHHBIX
aTTeH0aTopoB. OCHOBHON COCTaBHOM YacThIO Ta-
KHAX YCTPOMCTB fABJSIETCS MU(PAKIINOHHAS PElIeTKa.
J7st ycrienHoro NpuMeHeHHs IEPUOINYESCKHX AU(paK-
[IMOHHBIX PEIIETOK B MPHUOOpax U yCTPOMCTBAX MUII-
JIMMETPOBOTO 1 TEPArepIioBOro AUATa30HOB JTHH BOJIH
HEOOXOIMMO YUUTHIBATH AUPPAKIIMOHHBIC XapaKTEPUC-
THUKHU UCTIONIb3YEMBIX CTPYKTYp NP MaJeHUH Ha HUX
BOJIHOBBIX ITyYKOB. DTO U ABJISIETCS IPUIMHON HCCITe-
JIOBAHMS YHEPTETUIECKNX, YACTOTHBIX M AMIUTUTYIHO-
(ha30BBIX XapaKTEPUCTUK DIICKTPOMATHUTHOTO TTOJIS
BOJIHOBOTO ITy4Ka, OTPaXXEHHOTO JH(DPaKIIMOHHOH pe-
nretkoi. Bonpockl mudpakiuy BOJHOBBIX TYYKOB
Ha TIEPUOJMYECKHUX CTPYKTYypax YK€ HCCIEAOBAINCH
psioM aBTOpOB. BONBIIMHCTBO paboT MOCBSIIIEHO MOA-
POOHOMY MCCIIEIOBAHHIO U(PPAKIIK JBYMEPHBIX BOJ-
HOBBIX ITyYKOB, HaIIPaBJI€HUE OHOPOTHOCTH KOTOPBIX
COBIIAJIAET C HANPABJICHUEM OJJHOPOJHOCTH JH(ppak-
IIMOHHOM PELIEeTKH, TMO0 NCCIIETOBAHUIO TPEXMEPHBIX
BOJTHOBBIX ITyYKOB Ha OJHOPOAHBIX MHOTOCIIOWHBIX
CTPYKTypax ¥ Ha JMANEKTPUIEeCKuX pemerkax [ 1-14].
B pabore [15] mpencTaBieHbI METOABI U aJITOPUTMBI
peLIeHus 33/1a4 paccestHusI IByMEPHBIX BOJHOBBIX Ty~
KOB Ha OIHOMEPHO-TIEPHOANIECKUX CTPYKTypax, Ta-
KHX KakK JICHTOYHAas pelIeTKa, perieTka u3 OpycheB
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MIPSIMOYTOJIFHOTO CEYEHHS U PellieTKa THIIA “TpeOeHKa”,
a TaKkKe JaHO OOBsICHEHHE (PU3MYECKMX MEXaHU3-
MOB, ONpPEACISMIONINX XapaKTEePUCTUKH PACCESHUSL.
B paborax [16-20] paccMoTpeHsbI 331241 TUGPaKIIIT
rayCCOBBIX BOJHOBBIX ITyYKOB Ha IOJYIPO3PauyHBIX
U OTPAXKATEIbHBIX METATIMYECKUX U AUDJICKTPUUEC-
KHX JIBYMEPHO-TIEPHONYECKUX CTPYyKTypax. OnHako
HCYEPIIBIBAIOLIETO HCCIICIOBAHNS BIMSHUS OTpaXka-
TEJIbHOH 1By MEPHO-TIEPUOIMYECKOM PEIICTKN Ha SMIeK-
TPOAMHAMHYECKHE XapPaKTEPUCTHKU JIEKTPOMarHuT-
HOTO IOJIs OTPA’KEHHOT'0 TPEXMEPHOT'O BOJTHOBOTO ITy4Ka
IIOKa €I11e HE MPOBOIUIIOCH.

3agaun o BO30Y>KACHUU IEPUOANIECKUX CTPYKTYP
MPEACTABISIOT MHTEPEC U C TOUKU 3PEHHS TEOPHH
AHTEHHBIX peweTok. Jlo HaCTOsIIero BpeMEeH! pac-
CMaTpUBAINCh B OCHOBHOM 3aJadyd ONpEIeNICHUs
XapaKTEePUCTHUK MOJIS, OTPAKECHHOTO NEPHOINYECKON
CTPYKTYpO#, B cilyyae, KOorja Ha MEPHOIUYECKYIO
CTPYKTYpPY HaJaeT IoJie BHEUIHUX HCTOYHUKOB.
[Ipu uccnenoBanum nogOOHBIX 3a7a4, KaK MPaBUIIO,
B Ka4€CTBE MaJaroIlero moJis J0CTaT0YHO PaccMOT-
peTh mosie, co3aBaeMoe INIOCKOW BoMHOW. BMecte
c TeM OOoJbIIOe MPUKIAJAHOE 3HAYCHHE UMEET U3Y-
YEeHHE BONPOCOB, CBSI3aHHBIX C JU(PpaKLHUEH HA OT-
paKaTeNbHBIX PELIeTKAX MO UCTOYHHKA, HAXOMs-
mierocst BOJIM3M peleTky. B aToMm cinydae anmpok-
CHUMaLUsl MaJarolero nois MojeM IUIOCKOH BOJTHBI
y>Ke HEIOCTaToYHa U HeOOXOANMO YUUTHIBATh CTPYK-
Typy NaJarollero moJs.

B nacrosmeit pabote mpencTaBiIeHbl Pe3ybTaThl
HCCIIEI0BAaHUS TU(PPAKLIH TPEXMEPHOTO I'adyCCOBOTO
BOJIHOBOT'O ITy4Ka Ha OTpa)KaTeNIbHON peIleTKe U3 3a-
KOPOYEHHBIX BOJHOBOZIOB NPSMOYTOJIBHOTO CEUEHHSI.
PaccmarpuBaroTcst ciryuan HOpMaJIBHOTO M HAKJIIOHHO-
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o NMajJcHusA S- U p-NOJIAPU30BAHHOIO ITyYKa. Hcnons-
3yeTCsl aJITOPHUTM, TTOJIPOOHO OIMCAHHEIHA B padote [16].

2. IlocTaHoBKa 3a124u

[TycTb Ha AByMEpHO-TIEPUOANYECKYIO HICATIBHO ITPO-
BOJIAIIYIO OTPaKaTeNbHYIO PEIIeTKy U3 3aKOPOYEH-
HBIX BOJTHOBOJIOB TPSIMOYTOJIFHOTO CEUEHHSs, pacio-
JIOXKEHHYIO B TNIOCKOCTH X0y, U3 TIOIYIIPOCTPAHCTBA
z > () MpOU3BOJIBHBIM 00Pa30M NalaeT JIMHEHHO MO~
JISIPU30BAaHHBIA BOJIHOBOW My4OK. B o0mieM ciryuae
LEHTPBI 0A30BBIX SIUEEK BYMEPHO-TIEPUOANIECCKOM
CTPYKTYPBI MOTYT pa3MelIaThCs B y37aX KOCOYTOJb-
HOU ceTku. X momoxenue B Tiockoctu xOy ompe-
JIeNIAeTCs YIIOM ), MEXIy 0Chio Ox U MPSIMOH, TIPO-
XoZsIel uepes Hayajio CUCTEMBI KOOPIMHAT U IIEHT-
pBl 06a30BbIX sueek. HampaBieHue moispu3amuu
B ITy4Ke TAKXXe MPOU3BOJILHO. Tpebyercs HalTH AMeK-
TPOMarHUTHOE MOJIe, PACCETHHOE IBYMEPHO-TIEpHO-
JIMYECKOH CTPYKTYpOl B CBOOOTHOE MPOCTPAHCTBO.

Ha puc. 1 cxemarnyeckn n3o0paxeH maaaronui
BOJIHOBOH NMy4OK U OTpa)kaTeNbHas peIIeTKa. 31eCh
U, — yroia nageHus Iy4dka, a @, — yroil, 3aJaroIlui
IJIOCKOCTh TaJeHUSA, B CUCTEME KOOpAHWHAT (X)z);
d, u d, — nepuojbl peueTky; a U b — nonepeyHsle
pa3Mephl BOJIHOBOIHBIX KaHAJIOB; /1 — JUIHHA 3aKOPO-
YEHHBIX BOJTHOBOJIOB.

Ilycts B miiockocTu z, =0 B cucreMe KoOpau-
HaT, CB3aHHOI C IyYKOM, 3aJlaHO pacipesesieHne
MOTIEPEYHOI KOMIOHEHTHI aIAI0IIET0 AIEKTpUYec-
KOTO TIOJISl ITy4YKa B BUJE
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Puc. 1. Ilanenne rayccoBoro BOJHOBOTIO ITy4YKa Ha IByMEpHO-
HEPHOIUUECKYIO CTPYKTYPY

ISSN 1027-9636. Paduogusuxa u paouoacmporomus. T. 17, Ne 3, 2012

x(éxp cos 0, —€,,8ina, ), (1)

rae S =d,xd, — nnomanas 6a30BOH sUEHKH pereT-
KU; W;, W, —TapaMeTpBbl, onpeesronie 3peKTHB-

HBIC Pa3Mepel ITy4Ka B mwiockoctn z, =0; € ,,¢,, —
€[IMHUYHBIC OPTBI B CUCTEME KOOPAMHAT (X,V,Z,).
Vron nonspusanuu o, ONpeleraeH B CUCTEME KOOp-
auHaT (X,y,Z,), CBSA3AHHOH C Iy4YKOM. 3Ha4CHHC
0, =0° COOTBETCTBYET Cilyuar S-IOJAPU3ALUY,
a 3HayeHue 0O, =90° — ciydaro p-NOIIPHU3ALUN.
Hwxnnit nagexc ¢ B BeipaxkeHuu (1) ykasbiBaeT
Ha TO, YTO paccMaTpHBaeTCcs MomnepedHas KOMIOHEH-
Ta IEKTPUUECKOro mnosis. MOoIIHOCTh NMaAaroero
MyYKa BBIYHUCIISIETCS C TOMOIIBIO (POPMYIIBL:

I/VO:

2 2nm?2

el [ Sim‘J‘[cros? |G, (0,0 +|G, (v, (p)|2]dﬁd(p,
0 0

rae G,(9,9), G,(¥,Q) — u3BECTHBIE CLIEKTPAIbHbIE
(GYHKIMY MMagaioniero mydka, A — AJWHA BOJHBI
B CBOOOZHOM MPOCTpAaHCTBE. BripaskeHne 11t Moml-
HOCTH 3€pKaJbHO OTPa)XEHHOTO My4Yka HUMeeT BUI:

W=

2 2nm/2

- % ['] Sinﬁ[cos2 B[R, (0,9)[" +|R, (9, (p)|2:|dﬁd(p,
00

rae R (U,9) u R,(¥,Q) — HEeU3BECTHBIE CIEKTPATIb-
HbIE (DYHKIUH, KOTOPbIE HAXOATCSA C IOMOLIBIO ajl-
TOPUTMa PEIICHUS KJIIOYEBBIX 3a1ady AU(pakuuu
IJIOCKUX JINHEWHO MONIIpU30BaHHbIX TE- 1 TM-BonH
Ha pelIeTKe U3 3aKOPOUYEHHBIX BOJTHOBOJOB MPSIMOY-
roipHOTO ceueHus [17]. JmarpaMmbl HampaBIiCH-
HOCTEH B TajJbHEel 30HE MO MO0 E¢, Ey vno Mom-
HOCTH BBIYUCIISIOTCS IO popMymnam:

D,,= |R1(13, (p)|cos U,
Dm‘) = |R2(ﬁa (P)
D=(D

ne

b

)’ +(D,p)’.

3. YucaeHnble pe3yJbTaThl

UccnenoBanus AudpakiMOHHBIX CBOWCTB OTpaka-
TENBHOW PEMIETKH U3 MPSIMOYTOIBHBIX 3aKOPOYSHHBIX
BOJIHOBOJIOB TIPH MTAJICHUH JITHEWHO MOJISIPU30BAHHOTO
rayCcCOBOTO BOJIHOBOTO ITy4Ka OyIeM MTPOBOAUTD IS
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My4YKa KPyroBOTO CEUYEHUs C MONEPEUHBIMU pa3Me-
pamu w,/d =w,/d =w/d =2.5. Pemerka ¢ npsmo-
YTOIILHOM CETKOM W KBaJIpaTHHIMH 0a30BBIMH SUCH-
KaM{ UMEET CJIelyIoIIne TeOMETPUYECKUE MapaMeT-
pei: a/d=0.71, b/d =031, d,=d,=d, x=90°.
Yron nossipuzanuu o, = 0° nanarolero nyyka Bblo-
paH TakuM 00pa3oM, YTOOBI B BOJTHOBOJIHBIX KaHa-
Jax BO30y’kIanach TOJBKO OCHOBHAs paclpocTpa-
HSIOIIAsICSl BOJTHOBOAHAs BonHA. [Ipu 3TOM BekTop
ANEKTPUUYECKOTO OIS B TAIAI0IIEM ITyUKe TapaJie-
neH ocu Oy (MepIeHANKYIIPEH UTHPOKUM CTEHKaM
BOJIHOBOJIHBIX KaHajoB). MccnenyeMm BHadaje cCiy-
Yaii HOpPMaJILHOTO MAJACHUS ITyYKa Ha PEIIETKY.

Jnst aHanuza SHEPTETUYECKUX XapaKTEPUCTHUK
3epKaJbHO OTPaKEHHOI'O Iy4yka BBeaeM Ko3(ddu-
LUEHT OTPAXKEHHUS 110 MOIIHOCTH T,, OIPEAEIUB Er0
KaK OTHOIIIEHHE MOIIHOCTH 3€PKAIbHO OTPAKEHHOTO
TMOJIsI K MOIIIHOCTH Ta/IaloIero Ha PelIeTKy MydJKa.
BBenem Taxoke napaMeTp, ONpeAeISIIOLINI OTHOLIE-
HHE MepHoJa PEIETKH K JJTMHE BOJIHBI, 1 0003HaYNM
ero uepe3 K =d/A. Ha puc. 2 npejcraBieHbl 3aB1-
CUMOCTH K03(D(PHIIMEHTOB OTPAKESHHUS 11O MOIITHOCTH
OT K JIJIA PEUIETOK C pa3IMuHON JJIMHOW 3aKOPOUYECH-
HBIX BOJTHOBO/IOB. B mpaBOM BepxHEM yIily pHUCyHKa
JUIS1 CpaBHEHUSI IPEACTaBIeHa 3aBUCUMOCTh K03 dhu-
LHEHTa OTPAKEHMS 110 MOIIHOCTH IS CIydas Tud-
PaKIM TUIOCKOW BOJIHBI M JIBYMEPHOTO TayCCOBOTO

BOJIHOBOT'O ITy4Ka Ha OTPa)KaTEJIbHON peLETKe THIIa
“rpebeHKa”, pacCMOTPEHHOTO B padoTax [15, 21].
W3 pucyHKa BUIHO, 4TO B 00JacTH 4acToT K< 1,
rae Juid J1000i mapuuaibHON BOJIHBI, COCTABIISIO-
el mojie BOJHOBOTO MMydKa, HajJ MEPHOIUYECKON
CTPYKTYpOH CyIIeCTBYeT TOJIBKO OJTHA pacrpocTpa-
HAIOWAs OTpa)XCHHAsl BOJHA, HyJeBas rapMOHHMKa
pPacCestHHOTO TOJs OTpa)kaeTcs B 3€pKaJbHOM Ha-
MIpaBJICHNN, HE U3MEHS cBOoed MoIHOCTH. C poc-
TOM K Cpead MapuHajJbHBIX BOIH MOSIBIAIOTCS BOJI-
HBI, SHEPTHSI KOTOPBIX MOCIE OTPaKEHHUS OT PEIIETKH
repepacmpeiensieTcs Mexay 3epKalbHO OTpakeH-
HOHM BOJIHOHM M MOSIBUBILLIEHCA BBICIIEH pacmpocTpa-
HAOLIeHcs rapMOHUKOH. B 3TOM ciyuae mpu oTpa-
YKEHUH ITy4YKa OT PEIIETKH B PACCESIHHOM T0JI€, KPO-
M€ 3epKaJIbHOTO OTPAXKEHHOTO ITy4YKa, MOSBISETCS
He3epKaJIbHO OTPaXEHHBIH, KOTOPBINA c(hOpMUPOBAH
MIPOCTPAHCTBEHHBIMU TapPMOHHMKAMH BBICHIETO TI0-
psaxa. M3 pucyHka BUIHO, 4TO IIPH 3HAYEHUAX K =1
JUTS PELLIETOK C pa3HBIMU 3HAYEHUSMH JJIMH 3aKOPO-
YEHHBIX BOJTHOBOIOB MPOUCXOAUT pa3INYHOE NEpe-
pacnpezeneHre SHEPTUU MEX Ty 3epKallbHO 1 He3ep-
KaJIbHO OTPa)XeHHBIMH MTydykaMmH. Tak, MakcuMasb-
HBIE MOTEPH MOIIHOCTH 3€pKaIbHO OTPaXKEHHOTO
My4Ka HaONIOOAIOTCSA MPH 3HAYCHUSX MapameTpa
h/ d, paBubix 0.14 u 0.21. YMeHbllIEHHE MOLTHOCTH
3epKaJIbHO OTPa)KEHHOTO My4Ka CBA3aHO C Mepepac-

Ty T
E 1.0
0.8 —
— 0.5
0.6 -
0.4 = 0
0.2 4
I 1 I 1 I I 1 1 1 1
0.8 1.0 1.2 1.4 1.6 K

Puc. 2. 3aBucuMOCTh K03()(GHUIMEHTOB OTPAKEHHUS MO MOIIHOCTH TUIOCKOH BoHbI (KpuBast 1, i/d =0.14) n BONMHOBOTO mydka
(xpusas 2 — h/d =0.07; xpusas 3 — h/d =0.14; xpusas 4 — h/d =0.21; xpusas 5 — h/d =1.43, o.=45°) 0T yacTOTHI
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Ppe/eNieHneM SHEPTUH MEXK/TY 3epPKaIbHO H HE3EPKAITBHO
OTpaKEHHBIMH TTyYKaMH U COCTaBisieT Oomnee 65 %
MOIIHOCTH TAJIAIOIIETO ITydka. BUIHO Takke, 4To
TIOTEPHU PHEPTUH TUIOCKOI BOITHBL, OTPasKEHHOM B 3€p-
KaJIbHOM HaIPaBJICHUH, 0OJIbIIE, YEM TIOTEPU IHEP-
T'MHA 'y BOJIHOBOTI'O ITy4Ka, OTPAXCHHOI'O B 3TOM K€ Ha-
TIpaBJICHUH.

CremyeTr OTMETHTb, YTO IIPU BEIOPaHHBIX MapaMeT-
Ppax pCHICTKU U MaJaro1Iero Imy4kKka, a MMCHHO B Ji1aria-
30HE PagruoOBOIH, 3Q(EKT BO30YKICHHS TOBEPXHOCT-
HBIX IUIa3MOH-TIOJIIPHTOHOB He Halmonaercs. B ciy-
Yae MICaIbHO MPOBOIAIIETO MeTalula 00pa3oBaHHE
TMOBEPXHOCTHLIX BOJIH ITPY HOPMAJIbHOM NIAICHUH TIPO-
HCXOJIUT Ha JJIMHE BOJIHBI, CTPOTO PaBHOM NEPHOAY
CTPYKTYpHI, a JUIsl PEaJbHOTO0 MeTaia ¢ y4eToM
MMIIEJAHCHBIX I'PaHMYHBIX YCJIOBHH — Ha OOJBIINX
JUTMHAX BOJH [22, 23]. B Hacrosmeit paboTe 3TH ciy-
Yau HE paccMaTpUBAIOTCHL.

[Tpn M3y4eHUH SHEPreTUYeCKUX XapaKTEPUCTUK
BOJTHOBBIX ITyYKOB, TH(parupoBaHHBIX Ha PEIIETKE,
0COOBIH HWHTEPEC BBI3LIBAIOT CIIy4Yanl MaKCUMaJIbHO-
ro pacCeaHrs U MAKCUMAJIbHOTO OTPAXXCHUA DHEP-
ruu my4KoB. [lyis Ooree AeTaabHOTO M3ydYeHHs Mpo-
IIECCOB TOTEPH SHEPTHH 3¢PKATTHHO OTPAKEHHOTO ITy4Ka
GBIJ'II/I paccyuTanbl JUarpaMMbl HAIIPaBJICHHOCTHU I10
MOIIIHOCTH B JJaJIbHEH 30HE 3epKabHO U HE3ePKaIbHO
OTpa’KeHHBIX ITyYKOB (cM. puc. 3). PaccmoTpeHs! Tpu
pELIeTKN C Pa3IMYHBIMU JUIMHAMHU 3aKOPOYEHHBIX
BOJTHOBOJIOB. 3HayeHne K =0.99857 Ob10 BRIOpaHO
BOJIM3M TOYKHU CKOJIBKEHHUS, TJIe HAOII0Aal0TC HaK-
OoJyiee 3aMETHBIE TOTEPH MOIIHOCTH B 3€PKaJbHO
OTpakeHHOM ITyuKe. [17T0CKOCTBIO MOCTpOeHNUS Ha-
rpaMM HarpaBJICHHOCTEH ObljIa BRIOpaHa MIOCKOCTb,
omnpenenseMas yriaoMm ¢ =90°. ImenHo B 3TOH 1110C-
KOCTH IPOMCXOAT HanOOoJIee 3HAYUTEIbHbIE Ieop-

D

MaIuu (CyxeHue) nmpoduieli quarpaMmm HarpaslieH-
HOCTEH. DTO CBS3aHO C TEM, UTO B JAHHOM IIJIOCKO-
CTH IPOHMCXOIUT Oojee CHIBHOE B3auMOJeHcTBHE
MEXIy BOJTHOBOJIHBIMU KaHaJaMH PELICTKH, YeM B
JIPYTHX TUIOCKOCTSIX. BOJIM3M TOYKH CKOJBKCHHS
AMILTATY/IBI TIOBEPXHOCTHBIX BOJH, PACIIPOCTPAHSIO-
LIUXCS BIOJb MOBEPXHOCTH PEIIETKH, PE3KO BO3pa-
CTalOT, BCJICACTBUE YETO YBEIMYMBAIOTCA CTEICHb
B3aUMOJICHCTBUSI MEXIY COCEIHUMH BOJHOBOIHBI-
MU KaHaJlaM{d TI0O OCHOBHOM BOJIHOBOJIHOM BOJIHE U
KOJIMYECTBO BO30YKICHHBIX BOJTHOBOAHBIX KaHAJIOB
OTHOCHTEJILHO YHCJa KaHAJIOB, BO30YX/ICHHBIX Ma-
narormuM ny4dkom. [Toaromy sddekruBHas omaib
OTpaXKaTeJIbHOM PEeIIETKH CTAHOBUTCS OOJIBIIIE TIIO0-
[Iagy HOMEPEYHOTO0 CeUeHHUsl MaAarollero mydka,
a IIMpUHA TUarpaMMbl HAIPABJICHHOCTH 3€PKaJIbHO
OTPaKEHHOTO My4YKa MEHbIIIE IUPUHBI THATrPAMMBI
HaIPaBJIEHHOCTH MAJAlOIIEro MyyKa.

AHaiu3 1uarpaMM HampaBJIeHHOCTEH 3epKaJIbHO
W HE3ePKaJbHO OTPaKCHHBIX MYYKOB, a TaKXe HC-
Clle/IOBaHHE 3aBUCHUMOCTH KO3(D(HUIMEeHTa OTpaxe-
HUS IO MOIITHOCTH OT YaCTOTHI 3ePKaIbHO OTPasKeH-
HOTO ITy4YKa M0Ka3aJI0, YTO YPOBEHb MOIIHOCTH He-
3epKaIBHO OTPAXEHHOTO IMy4YKa MOXKET JOCTHUIaTh
=70 % MOITHOCTH MMaaf0IIeTO MyYKa. YCTaHOBIIEe-
HO TaKXe, 9TO MPOUCXOIUT CyKEHHE TUarpaMm
HaNpaBICHHOCTEH 3epKaJbHO OTPAXKEHHOIO ITydYKa
M0 OTHOMICHHUIO K IuarpaMMe HalpaBICHHOCTH Ma-
natoriero my4ka. Hanboinee 3aMeTHOE CyKeHHE Ha-
OJrofiaeTcsl MpU JUIMHE 3aKOPOYCHHOTO BOJHOBONA
h/A=0.14. DTO CBS3aHO C TEM, YTO MAKCHMAallb-
HbIE TIOTEPH MOIIHOCTH 3€PKATbHO OTPaKEHHOI'O
My4YKa NMpY JaHHOW JUIMHE 3aKOPOYEHHBIX BOJIHOBO-
JI0B TIPOMCXOJAT MpaKkTHUecku npu K =1. MmMeHHO
MPU 3TOM 3HAUEHHWH YaCTOTHOTO MapameTpa K Ha-
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e .\
o ————a
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Puc. 3. JlnarpamMMbl HAPABIEHHOCTH TI0 MOIHOCTH naaromiero (kpusas 1) u paccesnubix (kpusas 2 — /A =0.07; kpusas 3 —

h/\=0.14; xpusas 4 — h/A=0.21) noneii B nanbHEl 30HE
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Omronaercst mepepacrpeielieHue SHEpTuu B Mapiu-
ATBHBIX BOJIHAX, PACTIPOCTPAHSIOMINXCS OJIHKE K OCH
HOPMAaJIbHO MAJaroIlero My4yka M MepeHOCAINX K
peleTKe OCHOBHYIO YacThb €ro 3Hepruu. ns ciy-
yaes, korna A/A=0.14 u h/A =021, Gbum mocT-
pPOEHBI TpeXMEpHBIC JUArpaMMbl HAIPABICHHOCTH
TI0 TIOJTIO 3€PKaIbHO OTPAKEHHOTO ITy4Ka B JallbHEH
30He (cM. puc. 4, a, 0).

W3 pucyHka BHJIHO, YTO HaWOOJbIIEE CYKCHHE
JarpaMM HalpaBICHHOCTH MPOUCXOAHUT B TUIOC-
xoctd @=90°. C yBenuueHHEM IONEPEUHBIX pa3-
MEpOB MAJaroIIero MydYka 3HauYeHHE K, MPH KOTO-
pOM HaYMHAET YMCHBIIATHCS HYHEPTHS 3EPKAIBLHO
OTPaKEHHOTO TMyYKa, YBEINIHBACTCS. ITO CBA3aHO
C TeM, YTO B ciiyyae 0OoJjiee IIMPOKOTO MaJaroliero
My4YKa OCHOBHYIO YacTh PHEPTHH IMEPEHOCAT Map-
[UaJbHBIE BOJIHBI, COCPEJOTOUYCHHBIE B OoJiee y3-
KoM Juarma3oHe yrinoB. CienoBarenbHO, BOSHHKHO-
BEHHE NPOCTPAHCTBEHHBIX T'APMOHHK, YHOCSIIUX
SHEPTUIO OT 3€PKAbHO OTPAKEHHOTO ITyYKa, IIPOUC-
XOMIST TIpH OONBIIMX 3HAUYCHUSX K, YE€M B CITydae
Ooree y3Koro majaromiero mydka. Ecnm 3HaueHme
YaCcTOTHOTO MapaMeTpa K CTaHOBUTCS OOJIbLIE €U~
HUIIBI, TO MIPH JIOOBIX MOMNEPEUHBIX pa3Mepax HOp-
MaJIbHO MA/IAI0NIETO Ha PEHIETKY IrayCCOBOTO ITy4Ka
yCIIOBHE 00pa30BaHUsI BHICIIUX MPOCTPAHCTBEH-
HBIX TAPMOHHUK B PACCESIHHOM IOJI€ BBIMOJIHSACTCA
U BCEX MapLHUajbHBIX BOJH MAAAIOLIET0 MydKa.
BenencrBun 3TOTO 3HAYMTENBHAS YacTh DHEPTHU
My4Ka MOXET paccesThCs BO BCE HANpaBICHUS
BJIOJIb peIIETKH. B 3TOM ciydyae MakcuMaIbHOE pac-
CesTHHE SHEPruM ITyyka HaOniomaeTcsl B Hampaslie-

N 3‘3‘
N
s
e
R s
RS
S

B
\\‘ e T

20

HUSIX, COCTABJIIOLINX HEKOTOPBIH Yol C IJIOCKOCTBIO
peleTkyu. DTOT Yrojl ¢ yBEJIMYEHUEM K pacTer.
ITpu PurcupoBabIx MapaMeTpax peIeTKy U Ha PUK-
CHUPOBAaHHOW YacToTe OblIa HCCIIEeNOBaHA 3aBHCH-
MOCTh KOX(QQUIIMEHTa OTPAXCHHUS 3EpKaIbHO OT-
Pa’KEHHOI'0 IIy4yKa 110 MOIIHOCTH OT IIOIEPEYHBbIX
pa3MepoB Majalomero Mmydyka. YCTaHOBIEHO, YTO
C YMEHBIICHUEM IOTIEPEUHBIX Pa3MEPOB MaAaroLIe-
IO IIy4Ka OTE€PU MOLIHOCTHU Y 3€PKaJIbHO OTPAXKEH-
HOTO ITyuKa BO3PacTaloT.

Ha puc. 5 u 6 npuBeneHs! nuarpaMMbl HalIpaBJICH-
HOCTH I10 MOILITHOCTH 3€PKAJIHO U HE3€PKAJIBHO OTpa-
KEHHBIX ITyYKOB Pa3IMYHBIX MOMEPEYHBIX pa3sMepOB
B MIoCKocTH (O =90° mis pemeTku ¢ mapameTpa-
mu K=0.99857, a/A=0.71, b/A=0.3, h/A=0.21.
W3 pucyHKOB BUIIHO, 4TO 3P QEKT Cy>KEHHs AUArpaMm
HAaIIpaBJIEHHOCTEH y 3epKajbHO OTPAXKEHHBIX ITyUKOB
npu (GUKCHPOBAHHOH AJMHE BOJIHBI SIpY€ BBIPAXKEH
B ciy4ae Oolnee y3KHMX MaJarolIuX My4KOB.

Ha puc. 7, a, 6 npeacTaBieHbl TpEXMEPHBIE ANAT-
paMMbl HAaIIPaBJIEHHOCTH I10 TOJIIO 3epKaJIbHO OTpa-
’KEHHOT'O BOJIHOBOI'O IIy4Ka B JajbHEN 30HE.

CuMMeTpUYHOE Cy’KeHUE AUarpaMMbl HallpaBJieH-
HOCTH 3€pKaJIbHO OTPa’KCHHOTO ITy4Ka B ABYX B3aUM-
HO OPTOTOHAJIBHBIX TIOCKOCTSIX @=0° u @=90°
MOXHO IOJIy4UTb, €CJIM B KaueCTBE OTpakarolleit
MIOBEPXHOCTH UCTIONB30BATh PEIIETKY U3 3aKOPOUYCH-
HBIX BOJHOBOJOB KBaJpaTHOro cedeHus. llpuuem
3HaYeHUE yIila MOJISIpU3alUU IaJarollero Imydka
JIOJDKHO OBITh paBHO 0O, =45°. IIpu 3TOM B BOJIHO-
BOJIHBIX KaHaJaX PaclpOCTPAHAIOTCS ABE BOJIHOBOA-
Hele BonHbl — TE,, u TE). C 5T0i 1enpio Oblia

Puc. 4. [TuarpaMMbl HAPABIEHHOCTH 0 TOJIO 3€PKABHO OTPAKEHHOTO Iyuka: a— h/A =0.14; 6— h/A=0.21
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1
43 53 63 73 83 8°

Puc. 5. [TuarpaMmbl HATTPABIEHHOCTH 110 MOIHOCTH majatomero (kpusas 1, w/A =1.43) u orpaxennoro (kpusas 2, #/A =0.21,
w/A =1.43) noneit

L 1 °
8 10 51 61 71 81 9,

Puc. 6. [lnarpaMMbl HaNPaBJIEHHOCTH 10 MOIIHOCTH Mazatomiero (kpusas 1, w/A =3.57) u otpaxkennoro (kpusas 2, h/A =0.21,
w/A =3.57) noneii

DnS _

2.0

1.0

Puc. 7. JluarpaMMbl HAPABJIEHHOCTH 10 TIOJTIO 3€PKAIbHO OTPAXKEHHOTO My4Ka: a— w/A =1.43, 6— w/A=3.57

HCCIIeIoBaHA OTpakarejbHas PelIeTKa, 3aKOpOo- [UU HOPMAJbHO MAJAIOIIEro IydyKa ¢ pa3Mepamu
YEeHHBIE BOJHOBOIBI KOTOPOW HMMeEIOT pasmepsl  w/d =2.5 paseH o, =45°. Ha puc. 2 npencrasie-
a/d =b/d =0.57, h/d =143, a yron moisipusa- Ha3aBUCHMOCTb KO3(DDHUIMEHTA OTPAXKEHHS 110 MOLII-
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HOCTH 3€pKaJIbHO OTPAKCHHOTO IMy4yka oT K. BujHo,
YTO TPHU BBEIOPAHHBIX TMapaMeTpax 3aKOPOYEHHOTO
BOJIHOBOJIA W HaNpaBJIEHUU TOJSAPHU3AINH TaJar0-
IIEro MydYKa TakKe HAOIIONACTCs MUHUMYM KO-
¢uueHTa oTpakeHUs MPU 3HAYCHUH K, OJIU3KOM
k enuauIe. [Ipu BeIOpanHO# nonspuzanuu Gopma
Y CTETEHB CY>KEHUS TharpaMM HaIllpaBJICHHOCTH 3€p-
KallbHO OTPaXEHHOTO IydYKa HJEHTUYHBI B ILIOC-
koctax @=0° u @=90° (cm. puc. 8).

Ha puc. 9 npeacraBinena TpexMepHas qaarpam-
Ma HampaBIEHHOCTH MO TIOJII0 3ePKaAIbHO OTPaKeH-
HOTO IMy4YKa OT PEMIeTKH W3 KBaJAPaTHBIX 3aKOpPO-
YEHHBIX BOJHOBOJOB. BUaHO, UTO CTENEHb CyXKe-
HUS TAarpaMMbl HaIPaBIEHHOCTH 3€PKaJbHO OTpa-
JKEHHOTO TTyYKa HAMHOTO BBIIIE B CITydae PEIIeTKH
U3 KBaJIpaTHBIX BOJIHOBOOB U O, =45°, 4eM B ClIy-
yae pemeTKd U3 NMPAMOYTOJBHBIX BOJHOBOJIOB
u o, =0°

Dddext nepepacnpeieneHuss SIHEPTUU TIPOSB-
JISIETCS Y TIPU HAKJIOHHOM Ta/ICHUU TayCCOBOTO ITy4-
Ka Ha OoTpakaTesbHYI pemieTky. C yBeTu4eHHEeM
yIia najeHus mydka O, AMaNa3oH 3HaYCHUH K,
B KOTOPOM DHEPTHs MyUYKa ITOJTHOCTHIO OTPakaeTcs
B 3€pKalbHOM HAIlPaBICHUH, HE U3MEHSS (HOPMBI
JiarpaMMBbl HaIPaBJICHHOCTH U MOIIIHOCTH, YMCHbB-
maeTtcs. [losiBiseTCs Tak)Ke YaCTOTHBIN AMana3oH,
B KOTOPOM JHEPTUsl MPAKTUYECKH MOIHOCTHIO OT-
paxkaeTcs B He3epKaJbHOM HaIlpaBieHUHU. DTOT (-
(heKkT 0cOOCHHO 3aMEeTEeH B CIIydae p-MOoJIIpPU30BaH-
HOTO MaJapIlero BOJHOBOro mydka (o, =90°).
brutn mccnenoBanbl 3aBUCUMOCTH Ko duIIeHTa
OTPaXEHUS 110 MOIITHOCTH 3ePKAIBEHO OTPAKEHHOTO
My4Ka ¥ TUIOCKOW BOJIHBI OT JTMHBI 3aKOPOYCHHBIX
BOoJTHOBOJIOB. Ha puc. 10 mpexacTaBieHsl 3aBUCH-

MOCTH KO3(QQUIIMEHTa OTPAKEHUSI MO MOIIHOCTH
OT K [JJs MJIOCKOM BOJHBI M MydYKa B cllydyae Ha-
KJIOHHOTO TIaJICHUS Ha PEIIETKY C pPa3JIMdHOM An-
HOW 3aKOPOYECHHBIX BOJHOBOJOB, h/d =0.14 n
h/d =0.21. JlaHHasi 3aBUCHMOCTb OITHCBIBACT CIIy-
yall, KorJa yroja MmajeHus Mydka Ha OTpa)karelb-
HYI0 pelleTKy paBeH U, =20° IUIOCKOCTh Haje-
Hus @ =90° u yron nonspusanuu paseH o, = 90°.
IToniepeunble pa3Mepbl My4ka paBHB w/d =2.5,
a mapameTpsl pemerkd — a/d =0.71, b/d =0.31.
U3 pucyHka BUAHO, 4TO BOJIM3M 3HAYEHUS K, PaB-
HOTO eIMHUIe, MUHUMYM K03 duunenTa orpaxe-
HUS IO MOIIHOCTH 3€PKaJIbHO OTPaXKEHHOT'0 IMy4Ka
COOTBETCTBYET PELIETKE C JUIMHON 3aKOPOYECHHOIO
BOJIHOBOJIA, paBHOM h/d =0.21. Uccnemyem yrio-
BOE paclipe/iesieHHe OTPasKeHHOTO I10JIsl IayCCOBOI0
MydKa MPU Pa3IMYHBIX 3HAUCHHUAX TapaMerpa K.
Ha puc. 11 nmokazansl nuarpaMmsbl HarpaBJI€HHOC-
TH 110 MOLTHOCTH 3€pKajbHO U HE3epKaJbHO OTpa-
KCHHBIX ITYYKOB B IJIOCKOCTH (® =90° mpu HaKJIOH-
HOM TIaJIEHUU Ha PEIIETKY p-TIOJIIPU30BAaHHOTO My4-
Ka JUId OTHCJIbHBIX 3HAYeHUW AJUH BOJH BOJIN3H
K =1. [Ipu 3nauennsx k <0.7 ocHOBHas 4acTh Hap-
[IUATFHBIX BOJTH MTyYKa, PACMOJI0KEHHBIX BOJIHM3H €ro
0CH, OTPaXKaeTcsl HOJTHOCTHIO B 36pKaJIbHOM HaIlPaB-
neHuu. Benenctsue storo ¢gopma guarpaMMbl Ha-
MPaBIEHHOCTH 3€PKATbHO OTPaXEHHOTO MydKa
MPaKTUYECKH MOBTOPsET HOpMy AMAarpamMMmbl Ha-
IIPaBJICHHOCTU Najawouero mydka. C poctom X
nedopmanusl AuarpaMMbl HaIlpaBJICHHOCTH OCHOB-
HOTO JIETIECTKA OTPAYKEHHOTO OJIS1 YBEIUYHUBACTCS.
HabmogaeTcss cuipHOE Cy’KEHHUE, MOJIOKHUTEIb-
HOE U OTPULATEIbHOE CMELICHHUSI MAaKCUMYMOB
JUarpamMM HalpaBICHHOCTEH 3epKalbHO OTPaXKeH-
HOTO MyYKa B MIocKocTH ¢ =90°. MouHocTh He-

0 2 4 6 8 10 12

T
14 51

Puc. 8. JluarpaMMbl HaNpaBJIeHHOCTEH 110 MOIHOCTH TIa[afonIero (KpuBas 1) m otpaxennoro (kpusas 2, A/A=1.43, ¢=0°

u @ =90°) noneit
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Puc. 9. [lnarpamma HarpaBJeHHOCTH MO ITOJTIO 3ePKaJIbHO OTpa-
YKEHHOTO OT PEIIETKH U3 KBaIPATHBIX BOJTHOBOJIOB ITyYKa

To

1 I
0.63 0.83 1.03 1.23 K

Puc. 10. 3aBucumoctb K03 HHUIIHEHTA OTPAKECHHUS TIOCKOM
TM-gonubl (kpuBas 1, h/d =0.21) u p-nonspuzoBaHHOrO
rayccoBoro nyuka (kpuBas 2 — h/d =0.14; xpusas 3 —
h/d =0.21) OT 4acTOTHI B Clly4ae UX HaKIOHHOTO (I, =20°)
MaJICHHS Ha PEIICTKY

3epKaIbHO OTPAKEHHOTO My4YKa C YBEIIMYEHUEM K
pacrer.

Ha puc. 12 npencraBnena TpexmepHas guarpam-
Ma HaIpaBIEHHOCTH 10 MOIITHOCTH 3€pKajbHO OTpa-
YKEHHOTO ITy4YKa B JalIbHEH 30He AJIs peIeTKH C TN~
HOM 3aKOpOYeHHOTO BONHOBOAAa A/A=0.21 mpu
K =1.045. Ilono6HBIC AATPAMMEI OBLTH TTOTYICHBI
JUISl TaK Ha3bIBAEMBIX MHHUMBIX (Da3MpOBAaHHBIX pe-
merok unu Virtual Imaged Phased Array (VIPA)
B pabore [18]. brumo ycraHoBieHO, 4TO M3pe3aH-
HOCTPH JIMarpaMMbl HAIPaBIEHHOCTH 3ePKaJLHO OT-
PaXXEHHOTO ITy4YKa 3aBUCHT OT JUTUHBI 3aKOPOYEHHO-
ro BomHOBOJa U K. Tak, Hanpumep, npu K <1 m3pe-
3aHHOCTH JHarpaMM HaIpaBIIEHHOCTEH MpaKTHIec-
ku He HaOmonmaeTcs. [Ipu najgeHnn p-nonsipu30BaH-
HOTO ITy4YKa Ha OTPaXXaTEeIbHYI0 PEIIETKY BCIEACT-
BH€ TIOSBIIEHUS TPOIOTEHOM KOMIIOHEHTHI 3JIEKTPH-
YeCKOTo TOJIsl MPOUCXOoAUT Haber (a3 B BOTHOBOI-
HBIX KaHallaX, 4TO MPUBOJHUT K N3MCHEHUIO aMILIH-
TyJIHO-()a30BOTO pacrpeeseHHs OIS B IIIOCKOCTH
packpbiBa pemeTku. M3pe3aHHOCTh auarpamm Ha-
MpaBIEHHOCTEN YMEHBIIAeTCs MPHU yAAJEHUU OT
TOYKH CKOJIBKECHUSI.

Jia kask ol mapel 3HaYeHUH yrioB @, ¥ ko3¢ hu-
LUEHT OTPAKEHUS ISl KaXKA0U OTAEIBHOM 10 CKOM
BOJTHBI, COCTABJISFOIIEH TOJIE TTaIAl0NIeT0 BOITHOBO-
To My4Ka, OyleT pa3lu4HbIM. 3aBUCUMOCTh KO3(-
(urenTa OTpaskeH!s IO MOIITHOCTH OT YIJIOB IaJie-
HUS TUTOCKOW p-TIOJSPU30BAHHOW BOIHBI IMEET pe-
30HAaHCHBIH XapakTep (cM. puc. 13). D10 cBsA3aHO
C TEM, YTO NPU M3MCHCHHH 3HAUYCHWH YIIIOB MOSIB-
JISFOTCS WIIM MCYE3al0T BBICIINE TAPMOHUKH U pac-
MpelieJieHne HEPTUN MEXAY 3€pKallbHO OTpPakKeH-

T
33 25

30

Puc. 11. JluarpaMMsl HAPABIEHHOCTH 10 MOLIHOCTHU Maaroiero (kpusas 1) u orpaxeHHbix (kpuas 2 — h/A =021, k=1.04;

kpuBas 3 — /A =0.16, k=1.11) noneii
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Puc. 12. JlnarpaMma HanpaBJIeHHOCTH [0 MOILIHOCTH 3€PKaIbHO OTpakeHHoro myuka (A/A =0.21)

™
To
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Puc. 13. 3aBrucuMOCTb KOO PHUIMEHTA OTPaXkeHHS 1O MOIHOCTH TOCKOH TM-Bonub (A/A =0.21) OT yIIOB MaieHust IO CKOM

Pp-TIONSAPU30BaHHON BOJHEL: KpHBast 1 — ¥ =25°, kpuBas 2 — ¥ =20°% kpuBas 3 — ¥=15°

HBIM MYyYKOM U HE3ePKAIbHO OTPAXKCHHBIM ITyYKOM
MEHSETCSI TIOYTHU CKauKOOOpasHo.

[TpoBeneHHbIE UCCIIETOBAHHS HAKIIOHHOTO Taie-
HUS MTy4YKa B CITyYae S-MOJAPU3ALUH MTPH TEX Ke Ta-
paMeTpax Mmydka W PelIeTKH MOKa3aiu, YTO MUHU-
MYyM KO3 QHIIMEeHTa OTPasKeHHS TI0 MOIITHOCTH 3€p-
KaJbHO OTPAKEHHOTO My4YKa HabIomaeTcs mpy 3Ha-
YCHUU K MEHbIe eUHHUIIBI (cM. puc. 14), a ciemno-
BaTeIbHO HE MPOUCXOAUT MCKAXKCHUH THArpaMMbl
HAIPaBJICHHOCTHU 3€PKAIBHO OTPAKEHHOTO MyYKa.

272

Ha puc. 15 npencraBineHsl guarpaMMbl Harpas-
JIEHHOCTEH MO MOIHOCTH B AAJbHEN 30HE B IJIOC-
KocTH O =0° I pa3sTUIHBIX JIUH 3aKOPOUEHHBIX
BOJIHOBOJIOB PEIIETKH.

Ha puc. 16, a, 6 npuBeaeHb TPEXMEPHBIE THAT-
PaMMBbI HaPaBJIEHHOCTH IO MOITHOCTH 3€PKaJIbHO
OTPa)KEHHOT'0 My4YKa B JajbHeW 30He. Buano, uto
(hopma nuarpamMm HampaBIEHHOCTEH HOCUT UTOJb-
YaThIA XapaKTep U MPaKTUIECKU TTOBTOPSAET PopMy
JuarpaMMbl HaIlpaBJICHHOCTH MaJaloIIero MoJs.

ISSN 1027-9636. Paouogusuxa u paduoacmporomus. T. 17, Ne 3, 2012



,Zluqbpakuuﬂ 2a)yCcco6020 80JIHO6020 ny4Ka Ha ompa:»cameﬂbnoﬁ peuiemke U3 3aKOpO4eHHblX NPAMOY20J1bHbIX B0/IHOB0008

0.65 0.85 1.05 1.25 K
Puc. 14. 3aBucumMocTy K03 PUIMESHTOB OTPAKSHHUS 11O MOIITHOC-
TH $-HONSAPU30BAHHOTO ITyuKa (kpuBas 2 — i/d = 0.14; kpusas
3— h/d =0.21) unnockoii TE-Bonus! (kpusast 1, i/d =0.14)

OT 4aCTOTHI

4. 3akiaoueHue

Bo03MOXXHOCTB CO31aHUS IEPUOANIECKUX CTPYKTYD
C IEPUOIOM MEHBIIE JJIMHBI BOJHBI TO3BOJISET UC-
MOJIB30BATh €IIE OJHO HHTEPECHOE CBOMCTBO MEpH-
OJMUYECKUX CTPYKTYP € BEICOKOI IPOCTPAHCTBEHHON
9acTOTON — CIIOCOOHOCTh TAKUX MOKPHITHH YMEHb-
LIaTh OTPAXKEHUE BOJIHOBBIX ITyYKOB OT IIOBEPXHOC-
TH, Ha KOTOpOH oHM chopmupoBaHsl. B mpencras-
JICHHOM pa0oTe HCCIeA0BaHbl JByMEPHO-TIEPHOITYEC-
KHE CTPYKTYPBI — OTpaXKaTeIbHBIC PEIIETKU U3 3aKO-
POUYCHHBIX NPSIMOYTOJIBHBIX U KBaJIPaTHBIX BOJIHOBO-
JIOB, YMEHBIIAIONINE OTPAKEHUE OT IMOBEPXHOCTH.
YcTaHOBIEHO, IPU KAKKUX MapaMeTpax MaJaloiiero
MyYKa ¥ OTPa)XaTeJIbHON PEIIETKH MOKHO ITOJTyYHUTh
HalMEHbIlIee OTPaKeHHE OT MOBEPXHOCTH B 3€p-
KaJlbHOM HampapleHUH. M3ydeHo moBegeHne ko3 -

15

10 1

Puc. 15. [lnarpaMMbl HalpaBIEHHOCTH MO MOIITHOCTH I1aJIAIOLIET0 S-TIOIPU30BaHHOTO (KpUBas 1) M OTPayKEHHBIX MTyYKOB (KpHBast

2— h/A=021, k=0.95; xpusast 3 — A/L=0.13, k=0.89)

Puc. 16. J[uarpamMmbl HAPABJIEHHOCTH 110 MOIHOCTH 3€PKATLHO OTPAKEHHOTO MyYKa B CITydae s-nojspusamuu: a — h/A =0.14;

6— h/A=021
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(GUIMeHTa OTPaXEHHS ITyYKa 110 YHEPTHH B 3aBHCH-
MOCTH OT OTHOULIEHUS MEPHOJA PEIIETKH K JUINHE
BOJIHBL. MccinenoBano uaMeneHne GopMsl Juarpam-
MBI HaIIPABJIECHHOCTH OTPaXEHHOT0 MOJIA IPH Maje-
HHH BOJIHOBOTO ITy4YKa C Pa3JIMYHBIMU MTONIEPEYHBI-
MH pa3sMepaMu U NOJ pa3HeIMH yrinamu. [IposeneH
aHaJIM3 TpaHCPOpPMaLKY JUarpamMM HarpaBIeHHOC-
TH OTPaXEHHOTO My4YKa B JalNbHEH 30HE A ABYX
ciny4daeB nosjspusanuu. [lokazaHo, 4to nuarpamMmma
HaIpaBJIeHHOCTH OTPaKEHHOT'O ITyYKa MOKET ObITh
B HECKOJIBKO pa3 yXe, 4eM JHarpaMma HarpablIeH-
HOCTH Najaromero nois. OTME4eHO MOJ0KHTEIb-
HO€E ¥ OTPULATENIBHOE CMEIICHUE MAKCUMYMOB JIHar-
paMM HanpaBJIEHHOCTU B JAJIBHEN 30HE OTpa)keH-
HOTO MOJIA B ClIydae HaKJIOHHOTO MaJeHus p-Tos-
pHU30BaHHOro nyudka. OmnpeneneHsl mapaMeTphl
CTPYKTYPBHI JUIs CIy4das MAaKCUMAaJIBHOTO PACCESTHUS.
IToka3aHO, 4TO NPHU OTPAKEHUM IIyUKA OT OTpaXKa-
TEIBHOM PEIIETKHN 9YacTh YHEPTUN YHOCUTCS TapMoO-
HUKaMH BBICIINX MOPSIIKOB.
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JUOPAKLIA TAYCCOBOI'O XBMJIBOBOI'O ITYUKA
HA BIJIBMBHI PELLITLII I3 3AKOPOYEHUX [TPSIMO-
KYTHUX XBUJIEBOAIB

IIpoananizoBano TpaHchoOpMallilo Jiarpam CIpsSMOBaHOCTI
JiHIHHO TOJIIPU30BAHOTO TayCCOBOTO XBHJIBOBOTO IydKa
3 BIIOUTTSM BiJl PELIITKH i3 3aKOPOYCHNX XBHIEBO/IB PSMO-
KYTHOTO Iepepi3y. Po3mIsiHyTO BHIAaIK¥ HOPMaJIbHOTO
Ta HOXWJIOTO M [IHHS ITyJKa ABOX OPTOrOHAIBHHX IOJIIPH3aIIii.
IMokazaHo, 1110 AiarpaMa CpsIMOBaHOCTI BiIOUTOTO ITy4Ka MOXKE
OyTH B KiJIbKa pa3iB By»K4a, HiX Jliarpama CrpsiIMOBaHOCTI Ma-
JTAF090r0 MOJIsT. 3HANHICHO YMOBH Ta BU3HAYEHO MapaMeTpH CTPYK-
TypH, 3a SKHUX J3epKajJbHO BiJOUTHI MyYOK Ma€ MiHIMAIbHY
MOTYKHICTb.
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of Ukraine,
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THE GAUSSIAN WAVE BEAM DIFFRACTION ON
REFLECTED ARRAY WITH RECTANGULAR SHORTED
WAVEGUIDES

The transformation of patterns of linearly polarized Gaussian
wave beam reflected from the array of shorted rectangular
waveguides is analyzed. The cases of normal and oblique inci-
dence of a beam of two orthogonal polarizations are considered.
It is shown that the pattern of the reflected beam can be several
times narrower than that of the incident field. Conditions and
parameters of the structure when the specular reflected beam
has a minimum power are found.

Cmamwsi nocmynuna  pedaxyuro 18.09.2012

275



