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PaccmoTpena 3agaya O paccesHUM 3ByKa OT PpEUIETKH PpPE30HATOPOB
I'enpmrombIa ¢ TpeHHEM. JTa pemieTKa pacioiokeHa Ha paccTosiHuu D oT cTeHkwH,
XapakTepU3yeMOl PEAKTUBHBIM HMMIEJAHCOM. PelleHne MoJIydeHO METOJ0M
camocoryiacoBaHHoro moss. [lokazaHo, 4YTO  peuieTka pe3oHaTOpoB ¢
OTIPENIeTICHHBIM TPEHUEM, PACIIOJIOKEHHAss B IMyYHOCTH JABJICHHUS CYMMapHOTO
TOJISI TTaJAtoIIe U OTPaKEHHOM BOJIH, MOJTHOCTHIO MOTJIONIAET OTPAKEHHYIO BOJIHY
PE30HAHCHOW YaCTOTHI.

KimroueBsie cnoBa: Peszonatop ['embMmrosbia, 3(QQeKTHBHBIN HMIIENaHC,
TU(paKIMOHHAs peleTKa, METOJ] CAMOCOTIACOBAHHOTO MOJISL.

N3BectHo [1-3], 9TO HEKOTOpBIC Malble MPEMATCTBUSA B cpele (Hampumep, Ta30BbIC
MY3bIPPKU B KUAKOCTH) WHTEHCHBHO PACCEHBAIOT MAJAlOlIMe Ha HHUX 3BYKOBBIE BOJIHBI.
Pemerka u3 Takux ManbpIX MpemsTCTBUI (pacceuBateneii) siBisieTcss A(PGEKTUBHBIM
U30JTOpOM 3ByKa. B pabote [4] Obuta paccuMTaHa 3BYKOM3OJIAIMS IUIOCKON PEIISTKH U3

OJIMHAKOBBIX HEMOJBIKHBIX cdep, XapakTepuzyeMbIX 3S(PGEKTHUBHBIM HUMIEIAHCOM Z; .
Wmnenanc Z, paBeH OTHOLICHWIO IOJHOM paiuaibHON CHIibI, JeiicTByromed Ha cdepy, K

00BeMHOM ckopocTu 3To# cdeprl. Panuyc chepsl paBeH @ U OH Majl MO0 CPABHEHUIO C UTMHON
BOJIHBI. DBbIIO TOKa3aHO, YTO WHTEHCHUBHOE pACCEsIHHE 3BYKa MPOUCXOJUT TOJBKO IIpU
B3aMMHOM KOMIICHCAIIUM PEAKTUBHBIX KOMIIOHEHT HMMIIEIaHCA MPEMSITCTBUM W M3ITyuyeHUS.
PacceuBatoias pemierka ¢ mpoCTPaHCTBEHHBIMH MEPUOIaMU, HE MPEBBIIIAIONIIMHE MOJOBUHY
JUIMHBI 3BYKOBOM BOJIHBI, fABIseTCd A(PQPEKTUBHBIM OTpa)kaTeleM 3ByKa pPE30HAHCHOU
4acTOThl. TpeHne B pe3oHaTopax yMmeHbInaeT 3((HEeKTUBHOCTh PEHIEeTKH KaK OTpasKaTels
3ByKa. Pe30HaTOphl C€ TpEeHMEM YACTHUYHO MOIJIOHIAIOT 3BYKOBYHO »HHepruwo. [lpu
ONTUMAJFHOM TPEHUH (COMPOTUBIECHUE TPEHUS PABHO COMPOTUBICHUIO U3IyUEHUs) pelIeTKa
MOTJIONIAET MOJIOBUHY SHEPTUU MA/IAI0IIEN 3BYKOBOU BOJIHBI.

[IpencraBnsier uHTEepec uccienoBaTh A(P(HEKTUBHOCTH PE30HATOPOB KaK MOTJIOTUTENEH
3ByKa B CTOSIY€M 3BYKOBOM noJjie. Huxke paccMoTpeHa 3a1aya 0 pacCessHUU 3ByKa OT PEIIETKU
pPE30HATOPOB C TPEHUEM. OTa pelieTKa pacrlojoXeHa Ha paccTossHuu D oT cTeHkw,
XapaKTEpPU3yeMOl peakTUBHBIM HMMenaHcoM. Iloka3aHo, 4YTO pemeTka pe3oHaTOPOB C
ONpPENIETICHHBIM TPEHUEM, pACIHOJIO)KEHHAsT B MYYHOCTH JABJIEHUS CYMMapHOTO MOJs
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MMaIal0IIER U OTPAKEHHOW BOJIH, MOJHOCTHIO MOIJIOIIAET OTPAKEHHYIO BOJHY PE30HAHCHOU
4acTOTBHI.

[Iycte momynpoctpancTBo Z > 03am0JIHEHO OJHOPOJHOW CPENOM M OTPAaHUMYEHO CHHU3Y
CTEHKOH, XapakTepu3yeMoil peakTUBHbIM umremancoM Z, =iX;. CBepxy Ha 3Ty CTEHKY

Hajaer IIOCKasi FapMOHUYECKasi BOJIHA C JABJIICHUEM
p'(x,y,2) = Aexpli(k;x + kyy —k;°)], 1)

e k?, k;) 1 (—k®) — cOOTBETCTBEHHO MPOEKIMH BOTHOBOTO BEKTOPA MAAIONIEH BOIHBI HA

och X, Y ¥ Z, A — aMIUTUTy/]a BOJIHBI, BDEMEHHOW MHOXKHTEH eXP (—iat) omyckaem.

OTpa)KeHHafl OT CTCHKH BOJIHA JaBJICHHUA UMECT BHU]]

p"(xy,2) = AQ expli(kyx + kyy +k;°)], (2)

e koshduupent orpaxenus Q°°onpenensercs no gopmyite

. k . k _
Q% =X, ~ 5 HiX, + % o} ©)
z z
U C — TUIOTHOCTBH CPEeIbl M CKOPOCTh 3BYKa B Hell, K =&, ¢ — BOIHOBOE HHCJIO. [MTonHoe

nose B cpexe papHo p'¥ = p'+p".

TpebOyercss mOriaoTUTh OTpakeHHYI0 BoJIHY P'". C 3TOW 1enp0 B IIOCKOCTH Z =D
MOCTaBUM pEIIETKY pPE30HAaTOpPOB C TPEHHEM, pE30HATOPhI TIOMECTHM B TOYKaX C
koopauHatamu X=(L,y=sl,z=D, tme L u | — COOTBETCTBEHHO MEPHUOIBI PEIIETKH IO

ocsiM Xuy , qu S upurumarotr 3HadeHus 0,112 +3,.... [Tox nelicTBuEM 3BYKOBOTO IOJIS
p© pesoHaTopsl TynBCHPYIOT M co3faoT paccesHHoe mone p® . OGozHaumm uepes V
00BEMHYI0O  CKOpPOCTh  pe30HaTOpa, HAXOJAIIErocss B  TOYKE C  KOOPJAMHATAMHU
Xx=0,y=0,z=D. OObemHass CKOpPOCTb pE30HATOpPa, HAXOMAIIETOCSI B TOYKE C
koopauHatamu X =(L,y=sl,z=D, Oyuer Vexp[i(quLvaSSI)]. PaccesHHOE  TIOJIE

MOHOIIOJIBHOT'O  THIIA PpaBHO IOJIO0, CO3AaBaCMOMY pemeTKOﬁ MoHomone. OHo
YAOBJICTBOPACT YPABHCHUTIO

Ap® +k?p® =iwpV expli(kix + kJy)16(z - D)D_S(x—qL)s(y —sl), (4)
q,s
rae 6(z) — nenbra-¢yHkuus. Pemienue ypaBHeHUs (4), yIOBIETBOPSIOLICE I'PAHUYHOMY

YCIOBUIO Ha CTEHKE, XapaKTEpU3yeMOH pEaKTUBHBIM HMIIEJAHCOM, IOJIYYHM METOI0M
®ypbe. OHO UMEET BUJT

pP(0<z<D)= kac—vem[i(k;“x +kyy+k;"D){exp(—ik;"z) + Q™ exp(ik;" 2)}, (5)

“oLIk™
kocV® . .
p“(z>D)= Zmexp li(kyx +kjy + k" 2)[{exp (ik;" D) + Q™ exp (ik " D)}, (6)
rae
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Q" =X, ~ L X, + K} @
kP =kS+m@z)/L, kI =kl+n@z/l), k™= /k*—(k")?—(k)?, cymmmposanme

Ipom3BOMTCA 10 BceM M 1 N. CormacHo dopmyne (6), paccesunoe mone P mpu z>D

COCTOMT W3 OJHOPOJHBIX U HEOJHOPOAHBIX CHEKTpoB bparra (miuockux BoiiH). CHexTp
MN SIBIISIETCS OJHOPOIHON BOJIHOW TIpH (k;")ZJr(k;)2 <k’u HeOTHOPOHOH BONHOW HpH

(k7)* +(ky)* > Kk*. Jlns onsopoHbIx criektpoB Bemiiy Q™ MOKHO IPEICTABHTE B BHJIC
Q™ =exp(ic™)=cos&e™ +ising™, ®

rac

COSé‘mn :{)(12 _[kﬁx:kmn]z}{xl2 +[kwkmn]2}7l’
Sine™ ={2X, [P on IHX? + [P I}

JInst HEOJHOPOAHBIX CIIEKTPOB BearunHa Q™ BeriecTBeHHasl.

O06bemMHYIO CKOPOCTh V TMOJydUM W3 TPAaHUYHBIX yCIOBUM Ha pe3oHaropax. CTpykrypa
PacCcestHHOTO T0JII OTpEJeNisieTcsl MepuoJoM pacceuBaronieil pemerku. [lonmHoe mose
(P + p®), ymuoxennoe na exp[—i(kyx+kJy)], sBmstercs nepuoamdeckoii GyHkme X ¢
neprosiom L u mepuomnmdeckoi ¢pynknueir Yy ¢ nepuogom |. ITo 31Ol mpudmHE JOCTATOYHO
YIOBIETBOPUTH I'paHUYHLIM ycioBusM Ha cdepe ¢ nentpom (0,0,+D). IMoanas paguansHast

cuia, IeHCcTByromas Ha 3Ty cepy, paBHa

- [[p® +p®],_,ds,
S

2 2 2 o
rjae r:\/ X“+Yy“+(z—-D)°, wuHrerpupoBaHue TmpoOU3BOAUTCA 1O 31Ol cdepe. Ha
nyascupymomeit chepe, xapakrepuzyeMoil 3(p(eKTUBHBIM HMIETAHCOM Z,, BBIIOJIHSIETCS
COOTHOIIIEHUE

ZN =—[[p +p®],_,ds.
S

IIpeobGpa3syem ero K BUIY

(Z,+Z)V ==[[p@]._.ds , ©)

1
rne Z = —I[p(l)]r:ads UMIIeJITaHC M3JIy4yeHHus MoHomouis B pemietke. [Ipu yuete dpopmyin (5)
S

- (8) MOJIYYHUM CJICAYIOIIHUEC BLIPAKCHUA UIA BEIIIECTBEHHOM M MHUMOMN YacTeld MMIIeJaHca
U3J1y4CHHUS.

R=ReZ ~ 22 B0 cos? (k"D +£"/)), (10)

Ikmﬂ
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X =Imz =—Z“"2'ZTC%{1+Qmn exp[-2

rae kg”:,/(k;“)2+(k;)2, S, =4ma® — momans chepsr. Jo(kg'asing) — Qynxuus

Beccens. B popmyie (10) cymmupoBanie pOU3BOIUTCS IO BCEM M © N, ipu KOTOpbix K™

k™ k"lacos@]sinadé, (11)

/2
D}jao(k;;"asin 0)exp[—
0

— BemiecTBeHHOe, B dopmyre (11) cymmupoBaHue MpOU3BOAMTCS MO BCEM M H N, TPH
KoTopeix K" — MHUMOE. B cooTHOmeHuH (9) npaBasi 4acTh paBHa MPUOIMKESHHO
—2AS,exp(i £%°/2)cos(k?°D +£%/2) .

N3 3TOTO0 COOTHOMIECHHUS Hali/IeM 00bEMHYIO CKOPOCTh MOHOTIOJS

V =-2AS,exp(i £°°/2) cos(k?°D + £ /2){(R, + R) +i(X, + X)}*, (12)

rae R, 1 X, — COOTBETCTBEHHO BEIIECTBEHHAs U MHUMas 4acTU 3PPEKTUBHOTO UMIIEIaHCa

@

Z,. IloncraBnsas V B ¢opmynsl (5) u (6), nomyuum paccesHHoe mone P . CoriacHo

dbopmynam (5), (6) u (12), ”HTEHCHBHOE MOHOTIOJILHOE PacCesTHUE MPOUCXOTUT TOJIBKO TPH
B3aMMHOIl KOMIIEHCAlMM PEAKTUBHBIX KOMIIOHEHT HUMIENaHcoB Z, u Z, T.e. TpH
BbIMOIHEHUN cooTHomeHuss X #X =0. B osrom ciydae amiumryga OAHOPOJHOTO

paccessHHOTO CIeKTpa Mn OynmeT paBHA

A — A YPKSe i (6% 4 £™) /2108 (KD + £%/2) cos(k™ D + £™ 2).
LK™ (R, +R)

IIycTh NPOCTPAHCTBEHHBIE MEPHOBI PEIIETKM HE TPEBBIIAIOT MOJOBHHY JUTMHBI BOJIHBI.
Torja Bce paccesHHbIC CHEKTpbl, kpome crektpa 00, HEOJHOPOJHBIE, M COINPOTHBICHHE
M3JTydeHHs] MOHOTIONS B PELIETKE, HAaXOsMIeHCs mepe;] MMIIEIaHCHON CTEHKOi, 6yIeT paBHO
2R'cos* (kD +£%/2), rne R'=(kpcS,)/(2LIK®) — conmpoTuBNeHHEe W3TydeHHS

MOHOIIOJISI B PpEIIETKe, HaxoAsiielcss B Oe3rpaHuyHoil cpeme. Ammautyny crektpa 00
OJIy4HM 110 hopMmyJie

4c0s? (k> +£%/2) |
[R,/R'+2c0s® (kD +£%°/2)]

A% =—Aexp (i)

AMITIMTY/Ia JaBJICHUS B CYMMapHOM TI0JI€ OTPa)KEHHOM BOJIHBI P" M PacCestHHOTO CIIEKTpa
00 paBHa

4c0s® (kD +£%/2)
[R,/R+2c0s’(k?°D + £%/2)]

B = AQ% + A% = Aexp(ic*){1- 1. (13)

[TycTh permieTka pacnosio’KeHa B OJJHON U3 Iy4YHOCTEH JIaBI€HUs CYMMapHOTO MOJIs
najaomeii u orpaxensoii Bonn. Torma (kKD +£%/2) =Nz, rae N — uenoe uncio, u
¢dopmyna (13) naer
BOO _ (RO _2R')

= (R, +2R) Aexp(ic™).
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Ipu R, =2R' ammmryna B® paBna Hymo u oTpaxeHHass 3ByKOBas BOJHA MOJHOCTBIO

MOTJIONIAETCS pe3oHaTopamu, BenuunHa 2R' ecTh compoTHBIEHUE HM3ITyYeHUST MOHOIOJS B
MY4YHOCTHU JIABJICHUS.

Paccunraem paccesHHOoe mToJe AUMNOiIbHOrO THAa. OHO OOYCIOBJICHO JIBUKEHHEM
KUJKOCTH OTHOCUTEIBFHO HETOJBWKHBIX paccenBateneil [1]. Pacuer BbIMOJHUM pa3ienbHO

st BoiH Pt u P". Ipu nagenun miockoi BosHbI (1) Kaablid paccerBaTelb SKBUBAJICHTECH

JUTIOJII0O C MOMEHTOM, paBHBIM —2ma%V', tme V' — xosebarenpHas CKOpOCTh
“3aMOpPOKEHHON” KUAKOCTH B 0OBeMe 3Toro pacceusarens. B mepBoMm mnpuOIMxeHUU
KosiebaresabHass CKOpOCTh V' B Touke ¢ koopauHatramu X=(gL,y=sl,z=D pasHa

k' A/(wp)expli(kigL+kJsl)], rme k' — BomHoBo#i BekTop manaromei BomHsl (1),

A'= Aexp(—ik°D) . B 6e3rpannnoii 01HOpoHOM cpejie 5Ta penreTka Junosei co3aaer nosme

p'= > Fo e[k x+k)y k" (z—-D)],

rae
F:=i ﬁ‘krﬁ [k"k + K[k Tk™Kk®], A'=exp(-ik®D),

BEpXHUH W HIDKHUN 3HAKW BBIOMpAIOTCS COOTBETCTBEHHO Tmipu Z>D w mpu z<D.
PaccessHnbie BOJHBI, Oe€ryiye OT pELIEeTKH B OTPULIATEIbHOM HANpaBlIEHUU OCU  Z,
OTpa)karoTcsl OT UMIIEAAHCHOM CTEHKH, M MOATOMY IPHU €€ HAMYMH PACCESIHHOE TUIOJIbHOE
10JIe UMEET BUJ

p,'(z>D)= Z[ 2 + Q™R Jexp{ilkx+ky +k" (z— D)} .

AHAJIOTMYHO BBIUMCIUM PACCESIHHOE AUIMOIBHOE MOJIe AJIs MaAaoliell IIIOCKON BOJIHEI (2).
OHoO paBHO

p,"(z>D) =) [M,, +Q™M Jexp{i[k;x +kjy +k;" (z- D)},

re
" kaﬂ [K7K? +K7K® £K™K®], A"=exp(ik D).

[TonHOE paccesHHOE IUMONBHOE 10JIE paBHO P, +p,"
ITycTs mpoCTpaHCTBEHHBIE MEPUO/bI PEIIETKH HE MPEBBIMIAIOT MOJIOBUHY AIMHBI BOJHBL
Torma Bce paccesHHble cHekTpbl, kpome crnekrpa 00, HeomHoponHele. B aumnombHOM

noJie P,'+p," ammauryna cnekrpa 00 paBHa

7zaA

leoo{[(k )% +(k9)?*]cos(£%/2) cos(k® +£%/2) + (k) sin(e®/2) sin(k°D + &% /2)}exp(ie* — ik °D)].

Ee MOAYJIb MaJl IO CpPAaBHCHHUIO C BEIIMYUHON ‘AOO‘ npu pC3OHaHCHOﬁ 4acCTOTEC, AOO

AMIIIMTYda CIICKTpPa 00 B MOHOIIOJILHOM II0JIC p(l)

Pa3nuyHble acTieKThl MPUMEHEHUsT pe30HaTOpoB [ 'enbMrombla o0cykaatoTcs B padoTax [5-9].
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