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BbInonHeH COBMECTHBIN aHaNW3 aMIUIMTYIHBIX U (DAa30BBIX XapaKTEPUCTUK
PacCesHHOIrO IOJs B MOJEIM PacCesHMs IOJI1 3BYKOBOI'O IydKa Ha MOHOCIOE
OTHOPOJAHBIX BKJItoueHui. [lomydeHHbIE pe3ynbTaTbl MOTYT HalWTH NPUMEHEHHE
pH pa3pabOTKE METOI0B M THAPOAKYCTHUECKON almapaTyphl IOMCKa U U3MEPEHUS
XapaKTEPUCTHK 3ara30BaHHbIX Y4ACTKOB MOPCKOIO JHA.

KnroueBbie cioBa: aMmiauTygHble U (a30Bble XapaKTEPUCTHKH, PACCESHHOE
110JI€, 3ByKOBOM Iy4OK, OZTHOPOJHBIE BKIIOYECHMUSL.

BBEJIEHUE

HccnenoBanne 3aKOHOMEPHOCTEH paccesiHUs aKyCTHUYECKUX BOJIH COCPEAOTOYCHHBIMU
HEOJHOPOJHOCTSIMU CPEJIbl, PACIIOJIOKEHHBIMU Ha HEKOTOPOH MOBEPXHOCTH, IIPEICTABIISCTCS
aKTyaJIbHBIM i1 pa3pabOTKH HOBBIX MOJIXOJOB M TEXHUYECKUX CPEACTB JUCTAHIMOHHOTO
30HJIUPOBAHUSL C LIEJbIO OINpPEJEICHUS] CBOMCTB KaK OJMHOYHBIX pacceuBaTeleil, Tak u
XapaKTePUCTHK WX MPOCTPAHCTBEHHBIX pacmpeneneHuid. [1omoOHbIe 3a1aui BO3HUKAIOT MPHU
OCBOGHHMM OK€aHa, B YAaCTHOCTH OKEaHCKOoro imeibda, TAe B KadecTBE TaKHUX
HEOJTHOPOJHOCTEH MOTYT OBITH PACCMOTPEHBI OCAJAKU MPOU3BOJIBHOW MPUPOABI, a TAKKE
ra3oBbI€ My3bIPbKHU.

[IpencraBnseT MHTEpEC COBMECTHBIM aHAIN3 AMIUTUTYIHBIX U (PA30BBIX XapaKTEPUCTHK
pacCessHHOrO TOJsl TMpPU MPOU3BOJIBHOM PACIIONIONKEHUU BKIIOUEHHH Ha HEKOTOpOH
noBepxHocTu. IIpu 3TOM mpakTUyecKoe 3HAUY€HHE MMEET Ccllydail, Korja mnajaronias Ha
paccerBaroUly 0 NOBEPXHOCTh BOJIHA SIBJSIETCS 3BYKOBBIM ITyUKOM.

[IpuMepoM MpaKTUUECKOTO UCIOIB30BAHUS PE3YJbTATOB PEIICHUS MOCTaBICHHOW 3a7adu
ABJISIETCSI TIOMCK W M3MEPEHHE XAPAKTEPUCTUK 3ara30BaHHBIX YUAaCTKOB MOPCKOTO JHA st
Hejaell reosioropa3BeKd, MOHHUTOPUHIA 3KOJOTMUYECKOTO COCTOSHUS BOJOEMOB, IpHU
MPOKJIAJIKE TPACCHI MOJIBOJHBIX YYaCTKOB I'a30MPOBOIOB U JIp.

Pemenne mepeyucieHHbIX 3a7ad TpeOyeT pa3paboTKU MOJENH PACCESHUS aKyCTHUYECKUX
BOJIH CJIOEM Majopa3MepHbIX 0O0BeKTOB. [IpemsiokeHHass B HACTOSIICH CTaThe MOJETh
OCHOBBIBAETCS HA pe3yJibTaTax, MOTyYeHHBIX B paborax [1-3]. B wactHoCcTH, B [2] mOKa3aHO,
YTO MOPCKHE JJOHHBIE OCAJKU C OJIHOM CTOPOHBI, B CHJIY CBOEU BOJOHACHIIIEHHOCTH, UMEIOT
MPaKTUYECKH T€ K€ aKyCTUYECKHE XapaKTepUCTUKH, YTO U BOJA; C APYrod CTOPOHBI,
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OCQJIOYHBIM CJIOW 00JaJaeT JAOCTAaTOYHOW BS3KOCTHIO, IMOATOMY MPHUCYTCTBYIOIIHE B HEM
HEOJTHOPOJHOCTH, B YaCTHOCTH Ta30BbI€ My3bIPbKH, SBJSIOTCS MPAKTUUYECKH HETIOBUKHBIMHU.
[TpuBenenHble (HaKThI MO3BOJISIIOT B KaYeCTBE OJHOTO U3 MPENAIOJIOKEHUN MPU MOCTAaHOBKE
3a7a4d B MPOCTEUIEM Clydae MPEACTaBUTh Ta30HACHIIMICHHBIA OCAJOYHBIM CIOW B BUIE
PaBHOMEpPHO pacHpeeIEeHHOT0 Ha TOBEPXHOCTH [HA CJIOSI OJHOPOAHBIX pacceuBaTeseil.
Takxe B [2, 3] mokazaHO, UTO YaCTh 3BYKOBBIX BOJIH, TPOXOJIAILAs Yepe3 CI0M paccenBaTenen
U JIOCTUTAaIoIas TBEpJOW MOBEPXHOCTU JIHA, MOTJIONIAETCS U HE OKa3bIBAET CYIIECTBEHHOTO
BJIMSHUS Ha KapTHHY pPAacCESHHOTO II0JiA, YTO IMOBBIIIAET JOCTOBEPHOCTb OMUCAHUS
XapaKTEepUCTUK pacceuBaresied dYepe3 mapameTpbl paccessHHOro mousst. [ ommcaHust
XapakTepa B3auMOJCHCTBUS MEXIY pacCEHBATEISIMU B MIPEAJIaraeMoOil MOJIETH HCIIONb3YETCS
METOJi CaMOCOTJIaCOBAaHHOTO TIOJII, OCOOCHHOCTH TPUMEHEHHS KOTOPOro K cpefam,
COJIepIKAITUM HEOTHOPOTHOCTH, U3JI0KEHBI B padoTe [4].

1. TIOCTAHOBKA 3ATAYU
[Tycte Ha mIOCKOM MOBEpPXHOCTH z =0 MPOU3BOJIBHBIM 00pa3oM paclpeieeHbl
OJIMHAKOBBIE paccenBarenu. Ha miockocts z =0 mox yrinom 0, kK HOpMany majgaeT 3ByKOBas

BOJIHA B (DOpME OCECHMMETPUYHOTO MPOAU(parupoBaBIIero TayccoBa 3BYKOBOTO IMyYKa, KaK
nokazaHo Ha puc. 1. HeoOxoaumo ompenenuTs aMIUIMTYQy U a3y paccessHHOTO Moy B
MPOU3BOJIBHOW TOYKE BEPXHEro MONynpocTpaHcTBa z >0, MX CBSA3b C MapamMeTpamu
MaJlatoniel BOJIHBI U XapaKTE€PUCTUKAMU paccernBaTeseH.

2. MATEMATHUYECKA MOJIEJIb

B mpenenax riaBHOro MakCUMyMa XapaKTEPUCTUKU HAIIPABICHHOCTH IIy4OK IPEICTaBUM
KBa3MILJIOCKOM BOJHOM C aMIUITUTYAHBIM pacrpeneneHueM Baosib (pponrta. Tormga moTeHuman
1oJisi KoJebaTeabHOW CKOpPOCTH MAaJarouleil BOJIHBI B MPOU3BOJIBHOM TOuke M 3BYKOBOTO

nmy4yka, puc. 1, MOKHO 3amucarh B BUJIE

W.(7, R,t) = ¥,,(R) - expli(et — kr)], (1)

r7Ie (O — KpyroBas 4acToTa; / — BpeMs; k — BOJIHOBOW BEKTOp; 7(X,),z) — pajlyc-BEKTOp
Touky HaOmonenus M ; ‘W ,(R) — MHOXMTEINb, yUUTHIBAIOLIUN pacHpeneeHIe aMILIUTY bl

BJIOJb (poHTAa BONHBI; R — paauyc-BeKTOpP OTCTOSIHUS TOYKH M OTHOCHUTEIHHO OCH
myuka OL.
Koopaunatueie ocu Ox u Oz 1nekapTOBOM CHCTEMbI pa3BepHEM Tak, YTOOBI OCh IydYKa

OL oxazanack B miockoctd xOz . Toria BOJIHOBOMH BEKTOp k  Oy/I€T UMETh KOMIIOHEHTBI:
k=k(~k,sin®,; 0; — k, cos®, ), )
rae k, = ‘/;‘ OO6o3HauMM uepes3 7, paauyCc-BEeKTOp TOYKH K , KOTOpas SIBISIETCS IPOCKIMEH

2 2 2 -
Touku M Ha och myuKa, Torna 7, + R =r”. Belpaxkas JuinHy BEKTOpa 7, Yepe3 CKaJspHOE

NPOM3BEICHUE BEKTOPA 7(X, y,Z) W EAMHUYHOTO BeKTOpa (—k / k, ), nomyunm

ro(x,z)z—(lg/ko; F):xsineo +zcos0,. (3)

A. M. laepunos, O. A. Cauukwuii, 1. B. TuMOLIEHKO
PaccesiHne nons 3ByKOBOro nyyka TOHKUM C/I0€M OAHOPOAHbIX BK/OYEHUN
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Hcnons3ys cootHomenust (2) u (3), MOTyunM BhIpaxkeHHWe mus R° (KBagpaT MOy
panuyc-BeKTopa OTCTOSTHHS):

R =r’-r = (x2 +y’ +22)—(xsin90 +zco0s0, )’ =(x-cos0, —z-sinB, )’ + > . (4)

B rayccoBoM Mmy4ke aMIUIMTYIHBIM MHOXXHTENIb B BBIPAXEHUUW TMajaromeid BoJHBI (1)
UMeeT BUJ:

¥y (jé) =4, exp(— RZ/Rg ) %)

3mech mapameTp R, — MpHHA 3ByKOBOTO MyuKa 110 ypoBHIO 1/e. C ydaerom (4), momydum:

x-cosf, —z-sinf, | + 1>
\POi(xﬂyﬂz):AOeXp_( : R? 0) 2 . (6)
0

B miockoctu pacnonoxenus pacceusarenei (z =0) BelpakeHne 11 NOTEHIHATA TIPUMET
BUJL:

x*-cos’0,+ y°

> explik,x-sin6, ). (7)
RO

Y.(x,y,z=0)=exp| —

B nanbHeiinem, He yMEHbIIAss OOMIHOCTH, NMPUMEM aMIUTMTYIy MaJaromieil BOJHBI B
BeIpaKeHHH (7) paBHOM €IMHMIIE, @ BPEMEHHOM MHOKHMTEIH OITYCTHM.

Bocnonssyemcst coorHomenneM (7) as BEIBOJA BBHIPAKEHHUS MMOTEHIMANA, CO3/1aBAEMOr0
pacceMBaTelsIMH B BEPXHEM MONyMpocTpaHcTBe, puc.2. Touky HabmoaeHus M,
PACCEsHHOTO MOJIS 3aJajuM PaaNyC-BEKTOPOM 7| , a MOJOKEHHE JIEeMEHTAPHOTO ydacTKa
paccenBaroIieii TOBEPXHOCTH ONPEIEIIUM PaInyC-BEKTOPOM P = ﬁ(x’, y’,O).

Jlns onmcaHMs — IOTEHIMANa, CO3JaHHOTO  DIEMEHTAPHBIM  ydacTkoM  dx'dy’

paCCCI/IBaIOH_[Cﬁ IIOBEPXHOCTHU, BOCIIOJB3YEMCI COOTHOIICHUECM:

A. M. laepunos, O. A. Cauukwnii, [l. B. TuMOLIEHKO
PaccesiHne nons 3ByKOBOro nyyka TOHKUM C/I0€M OAHOPOAHbIX BK/OYEHUN
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dy = % exp(=ik,[7; = pl) - n(x', ") dx'dy’; (8)
1

DX, y) =V (¥, )0),

rne n(x',y')— KoHueHTpamus paccemBareneii B miockoctd z=0; Vg — xoadduiment

paccessHus OMHOYHOTO pacceuparens. OyHKMs aByX nepeMeHHbx 7(x’, y') B HacTosmei

paboTe HE KOHKPETHU3UPYETCS W cuMTaeTcs 3amaHHoi. Torma BeipaxkeHue (8) MOXXKHO
NPEJICTaBUTh B BUJIE:

"2 2 "2

Vs _(¥)7cos” G, + ()

- G

n—=p 0

+ikyx'-sin 6, — iko|17l - ,5|) -n(x',y") dx'dy". 9)

Puc. 2.

K pacuery paccesHHOro moss

dx’dy’

C yueroM (9) paccedHHOE HEOJHOPOJHOCTSMM II0JIe B TO4ke HaOmoxeHus M,

omnpe/essieM HHTETPUPOBAaHUEM 110 TIockocTH X'Oy':

"2 29 "2 . - 1 gt
o H ,y) exp| - B COS SOV |y v ing, — ik fF - F) | dvdy'. (10)

R;

Heo06xomumMo OTMETHTB, YTO JOMYCTHMOCTD MCITOJBb30BaHHUS HHTETPATEHBIX COOTHOIIICHHH
tuna (10) Hyxnmaercs B obocHoBaHuu. 3amuchk (10) mpennonaraer He3aBHUCUMOCThH MOJIS
KaXKJ0r0 OT/IEJIbHOIO PACCEUBATENS OT OKPY KAIOIINX €r0 paCCEMBAIOLINX HEOJHOPOJIHOCTEM.
Beipaxxenue (10) umeer MecTo, KOrja B3auMOJEHCTBUEM pacceuBaTENed MOKHO
npeHedpeub. OnpenenuM yCiIoBUs, NMPU KOTOPHIX BBIOJHUMO JaHHOE mpeamnosioxkeHue. C
STOM IENbI0 BOCHOJB3YyEMCS METOJIOM camocoriacoBanHoro modsi [4]. IlpeacraBum
pacCcessHHOE MOJie ¥ B BHJE CYNEPHO3ULMMU TOJIS IUIOCKOW IMAaJarolled BOJIHBI U IOJIEH,

O6yCJ'IOBJ'IeHHLIX KaXIpiIM U3 N pacceHBaTeneﬁ, PAacCIIOJIOKCHHBIX Ha paCCGI/IBaIOH_Ieﬁ

MOBCPXHOCTHU C YUCTOM HUX BSaHMOﬂeﬁCTBHHZ

() = exp(if) + 3 4, - Pl =

n=1

; (11)

rie  kodpdummenter A YUYUTHIBAIOIINE  B3aMMHOE  BJIHMSHHUE  PACCEHBAIOIINX

n?

A. M. laepunos, O. A. Cauukwuii, 1. B. TuMOLIEHKO
PaccesiHne nons 3ByKOBOro nyyka TOHKUM C/I0€M OAHOPOAHbIX BK/OYEHUN
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HEOJHOPOHOCTEH, MOJyIeKaT onpeaeneHuto. Eciu B Beipaxkenun (11) mepenecty B JIeBYIO
4yacTh CJaraéMoe, COOTBETCTBYIOIIEE k-My pacceuBaTesio, TO MOJIYYUM IOJe, CO3AaBacMoe
BCEMU OCTQJIbHBIMH pacceuBaTeNsIMU COBMECTHO C TMAaJalolled BOJHOM B  TOUYKE
HaOmoneHus M | :

w(r)—A, - exp(—ik0|71 /i |) = exp(—ik7) + ZN: A4 - eXp(—ik0|771 -7
S R R S
n#k

) .

(12)

[TlepemecTuM Touky HaOmroAe€HUS M, B TOUKY pACIOJOXKEHHsS K -TO pacceuBarers,
ycTpeMuB B BbipakeHud (12) BenuuuHy 7, K 3Ha4yeHuro 7,. Toraa B mpaBoii wactu (12)

HOIy4uM TIOJE, CO3/]aBa€MO€ BCEMH pAacCEeUBATEIIMH M IUIOCKOM BOJHOW B TOYKe, IJE
pAacIIONIO’KEH paccenBaTellb C HOMEPOM k , UCKIIIoUasi caM k -i paccenBaTellb.

Ecnu teneps BeIpakeHHE JUIS MOJIS, CO3aBaEMOT0 BCEMHU PAacCEUBATEsIMUA KpOME k -TO, B
TOYKE, TJI€ PACIIONIOKEH K -l paccemBaTeib, YMHOXKHTh Ha KOX(PUIHEHT paccesHus Vs, TO
HOJYYUM aMIUIUTYy HOJIsl pACCESHHOTO k -M pacceuBaTeseM:

V. exp(—il;fk)jtiAn exp(—jk0|17,€ 7,

|rk _rn

=A4,; k=1..N. (13)

CootHomtenust (13) mnpenctaBisitoT coOOW cUCTEMY YpaBHEHHMH Ui ONpeAeeHUs

k03¢ ¢unreHToB A, . BBenem obo3HaueHue:

exp(—iko |z7k - 17n|)
i

n

:g(FkaFn):gkna Ein = &ni »

TOTJIa CUCTEMY JJIS OTpeaesieHUus K03 PHUIIMEHTOB paccessHUs MOXKHO 3aITUCaTh B BUJIC:

Ak—ZN:VSAng,m=VS exp(—ilgfk); k=1...N. (14)
n=l

n#k
Bripaxenue (14) npeacraBnser co060i cucTeMy JIMHEHHBIX alreOpandecKux ypaBHEHUI:
B:-A=H

C CUMMETPUYHOM MaTpuIieil KoapPUIMEHTOB:

1 —V.g, V.&; - V&
-V.&y 1 V& - Vg
B=
Vew V&, V& - 1

Y CTOJIOIIOM TPaBBIX YaCTEH:

A. M. laepunos, O. A. Cauukwuii, 1. B. TuMOLIEHKO
PaccesiHne nons 3ByKOBOro nyyka TOHKUM C/I0€M OAHOPOAHbIX BK/OYEHUN
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Vs -exp(—il; )
Vs -exp(—il; '5)

Vs -exp(—ik -7)

PaCCMOTpI/IM ABa OYCBUJHBIX MNPCACIBbHBIX Cly4dasd — OOIBIINX U MAJIBIX paCCTOSIHI/Iﬁ

MCKAY OTACJIbHBIMH PACCCUBAIOIIHMMU BKIHOUCHUSIMU. B nmpeacie OOJIBIIINX paCCTOSIHI/II\/'I

MCXKAY HCOOHOPOAHOCTAMU |I_”;1 —I7k|—)00 BCC HCAMUAroHaJlbHBIC KOMIIOHCHTBI MaTpPHUIBI B

npu GUKCUPOBAHHBIX V cTpeMsaTcs K HyJseBbIM 3HaueHUsM U B — E, rne E — enqunnunas

Marpuia, a 4Jjid MaTpUulbl H wunmeet mecTo MMpeaAcIbHOC BBIPAKCHUC!

Vy -exp(=ik -7)

HoH - Vs -exp(—ik -7,)

V, -exp(—ik - y) |
[TosToMy BBIpakeHHS 1715 BceX KO3 OUIIMEHTOB A, MpUMYT BHI:
A =V, -exp(—ik 7). (15)

Hannune ¢azoBoro muoxxutens B (15) cBsizaHO ¢ TeM (akTOM, 4TO LIEHTP PaCCEUBAIOLIETO
3JIEMEHTA OBEPXHOCTU HAXOIUTCS HE B HayaJie KOOP/MHAT.

[TpuBeneHHbIE pacCyXJIEHHs YKa3bIBalOT Ha BO3MOXKHOCTb MPUMEHEHHs] MHTErpajlbHOTO
BolpakeHUs: (10) ans BBIYMCICHMS PAcCESHHOIO MOJIs, KOI/la MOBEPXHOCTHAs IUIOTHOCTh
pacceuBaTeneil 10cTaTOYHO Maja.

[Ipu paccMOTpeHMHM BTOPOrO MpPENENbHOrO Cliydyasi, KOTJa pPAacCTOSHUS MEXIy
pacceuBaTeNsIMU MaJlbl M MOXHO IOJIOKUTb |I7n —l7k|—>0, HE0O0X0IMMO OJHOBPEMEHHO

YUUTBIBATH ACUMIITOTHYCCKOC IMOBCACHUEC 3aBUCUMOCTU K (I"O) Ipru MaJIbIX 3HAYCHUAX 7,

rae r, — (I)I/ISI/IIICCKI/Iﬁ pa3sMep HCOAHOPOAHOCTHU. B YaCTHOCTHU, €CJIN IIPU 3TOM BBIIIOJHACTCA

yCIOBHE:
lim V (r,)g(r,.n)=0,

7, =7 [0
7 —0

(16)

TO MaTpula kodpdunuenToB B Taxxke ctpemurcs k enuHuaHoi Matpune (B — E), nna H
MMEET MECTO MPEENIbHOE BhIPaKEHUE:!

Vs 'eXp(—iE 1)

HOH, - Vs -exp(—ik - 1))

Vs - exp(—ik - 1)

Y BCC UCKOMBIE A, TMpUMYT BUI: A, =V -exp(—ik - ).

A. M. laepunos, O. A. Cauukwuii, 1. B. TuMOLIEHKO
PaccesiHne nons 3ByKOBOro nyyka TOHKUM C/I0€M OAHOPOAHbIX BK/OYEHUN
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N3 Beipaxenus (16) cnemyer, 4Tto I OTpakaTeliel, pacCeHBaroIas CIOCOOHOCTH

KOTOPBIX C YMEHbIICHHEM paadyca ocjabeBaeT He MejneHHee dem 7. %, tae a >0,

CyMMapHO€ II0JIE MOKHO IPEICTAaBUTh CYIEPIO3ULUEH I0JEH OTACIBHBIX OTpa’KaTeleH,
KOI'Zla KaKJplil U3 HUX paccenBacT HE3aBUCUMO OT OCTaJIbHBIX. B citydae, eciu yka3aHHbIE
YCIIOBUSL HE BBINOJIHAIOTCS, YTO MOYKET HMETh MECTO, HANpUMEp, Uil PE3OHAHCHBIX
pacceuBateneli, uHTerpaibHoe BblpaxkeHue (10) HEKOPPEKTHO, M HEOOXOAWMO YUYUTHIBATH
B3aUMOJICUCTBUE PACCEUBATEIICH.

YuuTeiBasg MOJydeHHBbIE OrpaHWdeHuss Ha npuMeHeHue (10), BBINOJIHMM aHaANU3
XapaKTepUCTHK paccesHHUs B JallbHEM TII0JI€ pacceuBarolieil oOiacTu. 3amuiieM MOIYJb
Pa3HOCTH paauyC-BEKTOPOB B IEKAPTOBBIX KOOPAUHATAX:

7= )= (x=x) +(y—y) +2, (17

Toraa Beipaxkenue (10) mpumeT BU:

2 20 + 1?2
n(x',y')-exp b COSRZ" Y )—ikox'sin00—iko\/(x—x')2+(y—y’)2+22

v =Ij - dx'dy'. (18)

—o \/(x—x’)er(y—y’)z+z2

O06o3HauMM  XapakTepHBId pa3mep o00jacTd, O3BYYMBAaeMOl Ha pacceuBaIoLICH

NOBEPXHOCTHU MaAArOmuM IIYYKOM, 4Y€pe3 O .. . Torma ansg BceX TOUYEK JalbHEro IOJs

1, >> p,. OyIyT BBINOJHEHBI HEPABEHCTBA |5, 6]:

’ ’ n,p A
(xx +2yy):(12 )<p271 <P 1
" " " "

U acUMITOTHYECKas popmyJa:

\/(x—x')2 +(y—y')2 +z° :\/x2 —2xx'+(x’)2 +y° —2yy'+(y')2 +2z? =

2 2
Xy 0 2xx'+ 2y (x’) +(y')
2 o 2 + 2 =n 1 S ®h 1

h n n n n n

2 ' 2 ' 2
_, 242y’ p

C YYETOM, KOTOPOH NOTEHLMAJ PAaCCESTHHON BOJIHBI B JallbHEW 00JIaCTH MOJISI paBeH:

r\2 2 r\2 ' ’
exp| — ()" cos ?0 +() —ik,x'sin 0, —ik,r, I—M
+o00 RO l/.l
y=V- J.J-n(x',y')~ ’ ’ dx'dy'.
7 I
1 2
rl

[penebperas wieaoMm (xx'+ yy')/ %’ B aMIUIATYJHOM MHOKHUTENE MOJBIHTErPaIbHOTO

BBIPAXKCHUSA, MMOCJIC OUCBUIHBIX yr[pOIJ_IeHI/Iﬁ noJryuacm:

A. M. laepunos, O. A. Cauukwuii, 1. B. TuMOLIEHKO
PaccesiHne nons 3ByKOBOro nyyka TOHKUM C/I0€M OAHOPOAHbIX BK/OYEHUN
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n

v = VS . eXp(_ lkorl ) . J'J‘n(xr’yl)x

\2 2 \2 ' '
x') cos” 0, + ) . LoXx +
x exp| — () - ) —ik,x'sin 0, + ik, —zyy dx'dy’.
R; r (19)
Breipaxkenue (19) maer 3HaueHWs TOTEHIMANA B JalbHEW OOJACTH MOJS, CO3IaHHOTO
PacceMBaroNIel TTOBEPXHOCTBIO, TTIE JUTs K&K/IOM TOUKH BBIOJNHAETCS yenosue P, /1 <<1.
st ynoOcTBa aHanM3a paccessHHOTO Mojs B BeipakeHuu (19) mepeiinem k chepudeckoit

CUCTCMC KOOpAMUHAT:

27

[n(p,0")- expi-
0

p’cos’ @ -cos’ O, + p’sin® ¢’ s
R; (20)
+ ik, p[cos ¢’ -sin @, +sin @ -cos(p —¢')] }- pdpde’.

vl 0)=r, 22 |
0

h

PaccMoTpuM moTeHIMan pPaccesHHOTO MOJs B IJIOCKOCTU MAaJ€HUs 3BYKOBOTO ITydKa
(TIockocTH, MPOXOASIIEH Yepe3 och Mydka U KOOpAUMHATHYIO ock Oz ). IlnockocTh mageHus
onpezensercs AByMs 3HaueHusiMU yriaa @: ¢ =0 u ¢ =mn. B pesynbrare Boipaxkenue (20)

IMPUHHUMACT BUI:

27

.M.wjn(p o)-expi—
0

p’cos’ @' -cos’ G, + p’sin® ¢’ s

VS
R; Q1)

l//(l”l,(pﬁ) .
1 0

+ik,pcosq’- (sin 6, £sin 0) } pdpdo’,
IJIe 3HAKK «+» U «—» B (ha30BOM MHOXHTEIIE COOTBETCTBYIOT CitydasmM @ =0 u ¢ =T.

B coornomenun (21) mHoxutens V sBIfeTCs KOMIIEKCHOW BEIMYMHONW U COAEPIKUT

da3zy ko3pduumenra paccesHus, BeTHMUUHA eXp(— ik,r, )/ 7, TpexacTaBiseT  coOoif

NPOCTPAHCTBEHHBIN HaOer (a3bl, SKCIIOHEHTA B TOABIHTETPATbHOM BBIPAKCHUU OIHMCHIBACT
TpeThe dazoBoe ciaraemoe — uHTep(depeHnrontas (azonas qodaska. [Ipu nmpoexkTupoBaHuM
CHCTEMBI pPACIO3HABaHMs HAa OCHOBE aKyCTHYECKOW JKECTKOCTH pacceWBaTeliel, B aHAIIN3e
dopMaTbHO HYXJAIOTCS TPH TEPEUUCICHHBIE XapaKTEPUCTHKH PACCESTHHOTO CHUTHAJA.
HecmoTpst Ha 3TO, 1Ba M3 TpeX YKa3aHHBIX (PaKTOPOB B NAHHOW 3ajadye HE MPEICTABIISIOT
uHTepeca. lIpoctpancTBeHHbIli Haber ¢a3pl He OyJeT HECTH TOJIE3HOW HWHGOpMAINH,
MOCKOJIBKY TIPEJICTABIIIET COOOM ITyM, ITOATOMY HEOOXOIMMO €ro mojiaBiieHue. Mepbl 60pbObI
C TIPOCTPAHCTBEHHBIM HaOeroM (a3bl U30KEeHBI B MOHOTpadusx [7, 8]. MaTepdepeHimonnas
¢daza MOXKeT OBITh CKOPPEKTUPOBAHA 32 CUET M3MEHEHHS PACCTOSHHS MEXIy HCTOYHHKOM
CUTHAJIa U UCCIIEyEeMOM 00JIacThIO.

3AKIIIOYEHUE

[Tomyuennoe BoipaskeHue (21) ayig noTeHrnana paccesHHON BOJIHBI O3BOJISIET BBITIOJIHUTD
aHaJIU3 BJIUSHUS NPOCTPAHCTBEHHOI'O pACHpEIEICHUS KOHIIEHTPALMK pacceuBaTeseH,
TEOMETPUH O3BYYCHHON 0O0JacTH, U3 KOTOPOW MPOUCXOAMT pacCesHUE, XapaKTCPUCTHK
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€MHUYHOTO pacceuBaTeNsi HAa aMIUTUTYJIHbIE U (Pa3oBble XapaKTEPUCTHKH PACCESIHHOTO
CUTHaJA.

W3 Beipaxkenus (21) BHOHO, YTO €IMHCTBEHHBIM (PA30BBIM MHOXKHUTEIEM SIBIISETCS
BEJIMYMHA!

exp [ikop cosg'-(sin6, +sin) :I :

da3a B moka3zaTelie IKCIIOHEHTHI 00paliaeTcs B HYJb, €CIIH:
1). — mpu 11060M U3 ABYX 3HAYCHH a3UMYyTalbHBIX yIiaoB (@ =0 win @ =m) umeem 0 =0

(oOpaTHOE paccesHuE 110 HOPMaJIH K PacCEUBAIOIIEH TTOBEPXHOCTH);

2).—upu @ =7 umeeM 0 =0, (HampaBieHHE 3ePKATLHOTO OTPAKCHUS).

[Ipu BBIMOSHEHMHM YKa3aHHBIX YCJIOBHM (pa3a paccesHHOW B COOTBETCTBYIOIIUX
HAIpPaBJICHUSX BOJIH HE MCIBITHIBAET JOMOJIHUTEIHHOTO (ha30BOT0 CABUTa MPHU JHOOBIX
BO3MOXKHBIX 3HAYEHHSIX BBIIICNEPEUUCICHHBIX (AaKTOpOB (KOHLEHTPALUU pacceuBaTeNei,
TEOMETPUHM O3BYYEHHOW 00JIaCTH), a 3aBUCHUT TOJIBKO OT CBOMCTB paccewBaTeis (dasbl
koa(durmenTa paccestHus).

B 10 e Bpems aMIUIMTyAHOE 3HAUYE€HHWE PACCESHHOro ToJs sBisiercd GyHKIue
yKa3aHHBIX (DAKTOPOB TPH JIFOOBIX YIJIaX paccesHus.

B xauecTBe HampaBlieHHMs AallbHEHIIEH pabOThl MOXHO OTMETHTh, YTO IOJYYCHHBIC
pe3ynbTaThl MOTYT OBITh MCIOJIB30BaHbI JUIsl aHAIM3a PACCESHHBIX IOJICH, MOJYyYEHHBIX Ha
cJ0e, cojieprKalieM HeOTHOPOAHOCTH HECKOJIBKUX BUIOB. MHTEerpansl, mogobusie (21), moryT
OBITH B TOW MJIM MHOW (hopMme 3amucaHbl AJis KaKIO0TO BUAA HEOTHOPOIHOCTEH W C IEJBIO
MOJIYYCHHUA KAPTHUHBI PE3YJIIbTUPYIOUWICTO ITOJIA IMTPOCYMMUPOBAHEI, ITOCKOJIBKY I/ICHOJ'II)?,yeMBH\/JI
HAMU METOJI CaMOCOTJIACOBAHHOTO TIOJII YKa3blBaeT Ha aIJUTUBHBIN XapakTep IOJIs,
MOJlyYeHHOTO B pe3ysibTare  O3BYYMBAHHUSA  OOJACTH,  COJIEpXKAlIeH  pa3TUvHbBIC
HCOOAHOPOJHOCTH. BaxHbpIM Takke SIBIICTCS BOIIPOC OLCHKHU HOFpGHIHOCTCfI, BO3HUKAKIIUX
npu 3aMeHe matpuilbl kKoddduimmenTor B Ha enuHMUYHYI0O MaTpuily B OOOUX CIIydasx
NpEeIbHOIO PACCTOSHUS MEXIy pacceuBarensiMu. OJHAKO ATH BONPOCHI BBIXOIAT 3a
npeenbl HacTose paboThl U OyAyT paCCMOTPEHBI B JaIbHEHUIIIEM.
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