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PaccMmoTpena 3amada O 3BYKOBOM II0JIE€ TOYEYHOT'O MOHOMOJS, HAXOASIIETOCS
BOJIM3M TIOJIIOCA MJIM SKBAaTOpa aOCOJIOTHO TBEPAOTO HEMOABHKHOTO BBITSHYTOTO
cdepona. YCTaHOBICHO, YTO IMPUCYTCTBHE TAKOTO Tejla OKOJIO MCTOYHHUKA 3BYKa
MOXET BeChMa CYIIECTBEHHO UCKa)KaTh €ro COOCTBEHHOE JaibHee T0JIe, IPU ATOM
HaOo1al0TCs 00JIacTU KakK OCJIa0JIeHus, TaKk U yCUJIEHHUsS 3ByKa. B To ke Bpems
MOKa3aHO, YTO 3HAYCHUE SKpaHUpYHoIEero 3p¢exTa B 30HE aKyCTHYECKOH TEHH
cdeponsia B HCCIIETOBAHHOM JIMANa30HE YaCTOT HEBEIIHKO.

BBEJIEHUE

B TpaHCOpTHOW, NPOMBINIUIEHHOW M apXHTEKTYpPHOW aKyCTHKE HEPEIKO BO3HHKACT
HEOOXOJIMMOCTh ~ YCTAHOBIICHHSI  3BYKOJKPAHHPYIOIIEH CHOCOOHOCTH  Pa3HOOOpPa3HBIX
JIOKANIbHBIX TPEMATCTBUNA. DTO MOTYT OBITH TPAHCHIOPTHBIE CPENCTBA, MPEeIAMEThl MeOenu,
ApXUTEKTypHbIE OOBEKTHI W KOHCTPYKIIMH. Takue Tejla MOTYyT HUMETh pa3iuuHbIC
COOTHOIIICHUS JITTMHBI, IMUPUHBI U BBICOTHI, IIO3TOMY UX HEJb3s alllPOKCUMUPOBATH JICTAILHO
00CIIeZIOBaHHBIMU C TOYKHU 3pCHUS TUPPAKIIMOHHBIX SIBICHHNA OCCKOHEYHBIM IHIUHIPOM WIIH
cepotii. 3aro Mpe/ICTaBIsIeTCs Ype3BBIYAITHO 3aMaHYUBBIM UCCIIEIOBATh
3BYKOOKPAaHUPYIOIINE CBOMCTBA MOJOOHBIX JIOKAJIBHBIX MPEISITCTBUN HA MPHMEpE Tel TUIa
cheponIoB, B YaCTHOCTH, BBITSHYTHIX, Y KOTOPBIX MOYKHO 33/1aTh IMPOU3BOJIEHOE OTHOIICHHE
JUTMHBI K TIIHPHHE.

Llenbto HacTOSAMIECH PaOOTHI SIBIISIETCS] ONPENIEICHUE, PACYETHO-TEOPETUICCKUM METOJIOM,
3BYKOJKpPAHHUPYIOIIEH CNOCOOHOCTH JIOKANBHBIX OTpakaTeleil B (GopMe BBITSIHYTHIX
cheponioB WM, TOBOPS WIUpPE, 3BYKOM3ONHpYyIomEH 3(PHEKTUBHOCTH OTPAHUYCHHBIX
aKyCTUYECKHUX 3KPaHOB BBITSHYTOH (hopMbl. KOHKpETHBIE BOMPOCKHI, HA KOTOPHIE MPEJACTOUT
JIaTh OTBETBHI: MOTYT JIM Tela THIA BBITSHYTHIX CQEPOHIOB CO3/aBaTh 3HAYUTEIBHBIN
3BYKOJKpAHHUPYIOIMUH 3(PQPEeKT, HACKOIBKO OH 3aBUCUT OT BOJHOBOTO pa3Mepa H
OTHOCHUTENILHOTO YUIMHEHHS cdeponaa, IenecooOpa3HO JU MPUMEHSATh MOJ00HBIE Teja
CHEIUATBHO B KAYECTBE aKyCTUICCKHX SKPAHOB.

Anmapar Teopuu chepoumaIbHBIX BOJHOBBIX (DYHKIMA MPEIOCTaBISIET BO3MOXHOCTD
HAWTH TOYHBIC PEIICHHS 3a/a4 O MU(PPAKIUU 3ByKa Ha BHITSAHYTHIX chepoumax M, TaKUM
00pa3oM, MMOJTyYUTh OTBETHI Ha TIOCTABJICHHBIC BOIIPOCHI.
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1. TIOCTAHOBKA 3ATAYNA

B nanHoii pabote OyzneM MccieqoBaTh 3BYKOBOE IOJI€, KOTOPOE CO3JAaeT 3JIeMEHTapHBIN
UCTOYHUK 0-ro mopsaka — TOYEYHBIH MOHOIIONb, HAaXOISALIMICS B HENOCPEACTBEHHOMN
O6M30CcTH OT aOCOJIIOTHO TBEPAOrO BHITSHYTOrO cepouna. B nanpHeitmem OyaemM roBOpHUTH,
YTO MCTOYHHK 3BYKa JIKHUT «BOJIHM3M» MOBEPXHOCTH cheponnia, «BOIU3M» €ro SKBaTOopa WM
MOJIIOCA, TOHUMAs TIO/1 3THM, YTO UCTOYHMK JIC)KUT MPAKTUUECKU Ha MOBEPXHOCTHU Tela, HO He
MUMEET HEIMOCPEJICTBEHHOTO KOHTAaKTa C HEI0, TaK YTO B3aUMOJCHCTBUE MCTOYHUKA C TEJIOM
OCYLIECTBIIIETCS YEPE3 CPELLY.

AHasiornyHas 3ajada O 3BYKOBOM IIOJI€ 3JIEMEHTApHOIO HCTOYHMKA 1-ro mopsaka —
TOYEYHOT'O JUIOJISA, PACHOJIOKEHHOr0 BOJM3M IMOJ0ca a0COIIOTHO TBEPAOIO BBITSHYTOTO
cheponna, paccMaTpuBanack B padore [1]. ['eomerpus 3amaum, pemaemMoil B HACTOSIIEM
ciydae, nmpeacrasieHa Ha puc. 1. Tam ke 0003HaueHa cUCTeMa BBITSHYTHIX C(epouianbHbIX
KoopauHaT &, 77, @, CBSI3aHHBIX C JIEKapTOBBIMU KOOPAWHATAMH X, ), Z CIEIYIOIMMHU

COOTHOUIEHUSIMU [2]:
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2= e, 3)

rne d — MexdpokycHoe paccrosiHue cdepounna. [Ipenenbl HW3MEHEHHs BBITSHYTHIX

cheponaabHbIX KoopauHat: 1 <& <o, —1<p<1, 0<@p<27.
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Puc. 1. 'eomeTpus 3aga4u 0 3ByKOBOM I10JI€ MOHOTIOJISI B TPUCYTCTBUH
abCoIIIOTHO TBEPOTO cheponsa

A. b. Mansenb
O 3BYKOBOM MOJ1€ NCTOYHWKA, PacnosioXXeHHOro B611M3n TBEpAOro BbiTAHYTOro cpeponaa
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Mpg1 Oynem nmoMmeniath HICTOYHUK Ha MMOBEPXHOCTh chepounsa ¢ paauaibHOM KOOPAMHATOM

&,. B mepBom cimywae pacrojioXMM HCTOYHHK B IUIOCKOCTH SKBAaTOPHAIBHOTO CEYEHHS

cq)eponna. VcaoBumces CUHUTaTh, YTO UCTOYHHUK JIC)KHUT HA MOJIOKUTENHLHOM YaCcTH OCH X, €ro
KOOpJAUHATHI B ccbeponnaanoﬁ CHUCTCEMC BbIPA3ATCA KAK

é:':éjo’ 77,:05 (0':0, (4)
aB ,HeKapTOBOﬁ CHUCTEMEC KAaK
x=R, y=z=0,

rae R — monymupuHa cepouna (Manasi moayoch).
Bo BropoM ciy4ae TOMECTMM HWCTOYHMK Ha TIONIOC cdepouna B TOYKY CO
cheponTaTbHBIMUA KOOPINHATAMHU

5':50’ 77’:_1 (5)
N ICKAPTOBBIMU KOOpAWHAaTaAaMM1

L
O: :07 Z=="7,
4 2

X

rae L — mmHa chepounna.
Hac Oyner uHTepecoBaTh 3BYKOBOE JaBiieHHE B jaainbHei 30He. [lon manmpHed 30HOM

HMECTCA B BUAY O6J'IaCTL, rac paCcCToAHUC OT TOYKHU Ha6J'IIOI[€HI/I$I A0 Hadajla KOOPAWHAT 7

MHOTO OoJibIlle JUTHHBI cepornsia L ¥ JIMHBI 3BYKOBOM BOJHBI B cpene. Ilpu aTom B cinydae
MOHOIIOJIS, HAaXOJMIIErocss Ha 3KBaTope cdepouna, OyIeM CTPEMUTBhCS K ONpEAETICHUIO
9KpaHupytouero 3¢gdexkra B ABYX NEPHEHIUKYJSAPHBIX IUIOCKOCTSX: SKBATOPHAIBHOIO H
MEpUAMOHAIIBHOIO ceueHui cdeponga. YTo ke KacaeTcs MOHOINOJS, HAXOJIAIIErocs Ha
nojgtoce cdeponsa, TO B ITOM CIydyae, €CTECTBEHHO, BO3MOXHO pacCMOTpPEHHE
9KpaHupyrouero 3pgexra TOIbKO B IUIOCKOCTH MEPUIMOHAIBHOIO cedeHus chepounaa, a
cama 3aJja4ya CTAaHOBUTCSI OCECUMMETPUYHOM.

3nech omucaHa mpsMas IOCTAaHOBKA 3a7ayd, B KOTOPOH MOHONOJBHBI HCTOYHHUK
HAXOJIUTCSI B OKPECTHOCTH cdepouja, a TOYKa HaOIIOAEHUS — B YyJalleHHOH obiactu
IPOCTPAHCTBA, I/Ie U HUILETCsS SKpaHupyromui 3¢dexr tena. OnHako BO3MOXKHO (U B psijie
cllyyaeB 3TO yJ00Hee), BOCIOJb30BABIIUCh MPUHIUIIOM B3aMMHOCTH, HEpeHTH K
oOpallleHHOM 3a/1aue, B KOTOPOH MOHOIOJIb OTHECEH Ha OO0JIBIIOE pacCTOsSTHUE OT ceponna, a
TOYKa HAOJIOAEHUS PACIONIOXKEHa Ha ero nmosepxHocTH. [Ipu 3Tom skpanupyrommuil 3¢dexr
HaXoJIAT Ha TEHEBOM cTopoHe moBepxHOcTH Tena. Ilpsmas u oOpaiieHHas 3ajnadu
OTJIMYAIOTCS APYT OT JApyra JeTajsiMU MOJIY4YeHUs PELICHHUs, OJHAKO pe3ysIbTaT ero B 000Mx
cilydasix OKa3blBaeTCsl MACHTUYHBIM. J00aBMM, YTO MPUMEHEHHE NPUHIMIA B3aUMHOCTH U
nepexoa OT HpsAMOM K OOpalleHHOM 3ajade CrpaBeAMBBI TOJNBKO s MOHOIOJS, T.€.
uctouyHuka 0-ro mopsjka, Ho He JJIs u3iydaTesneil 0osiee BHICOKUX MOPSIKOB.

A. b. Mansenb
O 3BYKOBOM MOJ1€ NCTOYHWKA, PacnosioXXeHHOro B611M3n TBEpAOro BbiTAHYTOro cpeponaa
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2. OBUIEE PEIIEHUME 3AJAY

[IpencrtaBuM TOMHOE, WM CYMMapHOE 3BYKOBOE TOJ€ (JaBJICHHE) B BUIE CYMMBI
COOCTBEHHOT0, WJIH MaJIAI0IIETro MOJIs U3IydaTels p, U PacCeSIHHON BOJHBL P,
P=Dyt Py

3ByKOBOG JaBJICHUC B CO6CTBeHHOM IMOJIC MOHOITIOJIBHOI'O U3JIy4YaTeyIsd 3aJaiuM KaK
ej(k‘r—r"—a)t)

p0= I 2

rae [r—r'

MHOXHTeNnb e ’?' omyctuM. PelieHwe mocTaBlIeHHONW 3ajaunM OyAeT ONMMpaThes Ha
HpeILCTaBJIeHI/Ie KaK Maaaromero, Tak u paCCGHHHOFO 3ByKOBBIX HOHGI\/’I B BHJIC pﬂIIOB I10
cheporIabHBIM BOJHOBBIM (DYHKIIUSM.

®yuxius ['puna B cheponianbHbIX KOOPANHATAX IS TPAHUYHBIX YCIOBHIA
o(py+py) _ 0 _
——_ =0, &{=¢,

o¢

OTBEYAIOIIMX CJIy4al0 TBEPAOr0 HEMOJBUKHOIO c(eponsa, MHOBEPXHOCTh KOTOPOIo

OITMCHIBACTCS PaJraIbHON KOOPIMHATON &, IMEET CIICAYIOIUi Bua [2]:

Po+ Py =2jk Z Z Oun Smn(h S, (h, ") cos[m(p — @")] x
=0 n :m

) 3 ' R(l) (1,50) pes) 3 '
R, (h,S)R,, (h,&') - 3713 (h,$)R,, (h,&) |, &£<&, (6)
x <L r(nn) (h 50) J
RY (hd,)
R, (W &R (h,&) = =720 R OV(h,E) R (&) |, &> &,
i R(S) (h,S,) |
Baece &', n', @' — BBITAHYTBIE cheponaanbHbie KOOPIHHATHI MOHOIOJIBHOTO HCTOYHHKA,
&, n, ¢ — aHAIOTHYHBIE KOOPAWHATHI TOYKM HaOmoxeHus, S, (h,7) — BBITIHyTHIC
yriosbie chepounanbhbie Qynkuud (By.c.d.), RV(h,&) u R (h,E) — BhITAHYTHE

pajuabHble c@epom[anLHbIe ¢bynkiuu  (B.p.c.d.) 1-ro m 3-ro poxa COOTBETCTBEHHO,

R,Efn) (h,&) wm R,(,;) (h,£) — WX TPOM3BOAHEIE TO paguadbHOW KOOpAMHaTe &,
+1
N, (h)= “Smn (h,?])]zdﬂ — Hopma B.y.c.¢., h = kd/2 — BonnoBoii pasmep chepouna, k —

BOJIHOBOE 4YMCIIO 3ByKa B cpene, o,, — cumBoia Kponekepa (0,, =1, 0, =0 npu m=>1).
Bripaxkenue (6) npeacrasisier co0oii pe3yabTaT pelieHns 3a1a4i O pacCestHuy abCOIOTHO
TBEpAbIM C(EpoOUOM 3ByKa, IE€HEPUPYEMOIO MOHOIOJIBHBIM HCTOYHHUKOM. B 3ToM

BBIPAXKCHUMU KOOPAWHATBI HMCTOYHHKA U TOYKHU H3.6JIIOILCHI/I}I IMPOU3BOJIbHBI. HepBoe

A. b. Mansenb
O 3BYKOBOM MOJ1€ NCTOYHWKA, PacnosioXXeHHOro B611M3n TBEpAOro BbiTAHYTOro cpeponaa
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cllaraeMoe, CTofIIee B KBAaJIPaTHBIX CKOOKaX, COOTBETCTBYET COOCTBEHHOMY MOJII0 UCTOYHHKA
D, » BTOPOE — pacCEesIHHOW BOJIHE P, .

Brimonaum TCIICPb NPCACIIBHBIC TICPCXOJbl B KOOpAWHATAX TOYKU H3.6JIIOILCHI/ISI u
UCTOYHUKA, KOTOpble OBUIM OrOBOPEHBI MpPHU IIOCTAHOBKE 33Ja4d. YCTPEMHM TOUKY
Ha6JHO,ZLeHI/I$I B OaJIbHIOKO 30HY, I'’IC paCCTOAHUC OT TOYKH Ha6JIIOILeHI/I}I 0 UCTOYHHUKA U A0

Hauajia KoopauHar (7, ) MHOro Oosnblie AIUHBI chepouna L U JUIMHBI 3BYKOBOU BOJHBL M3
CBOMCTB BBITSHYTHIX c(hepongabHbIX KoopauHaT (cM. ¢popmydsl (1) — (3) u puc. 1) BeITEKaeT,

YTO B DTOH 00J1aCTH
E>>1, n=cosl, r=—-¢,

W, CII€N0BATEIIBHO,
hé = kry >>1.

31ech cripaBeyiiBa aCUMITOTHYECKast popmyna [2]

_ntljhé
Rome= D e, ™)

C yueTom 310# HOpMYJIBI B BRIpaXXEHUH (6) 00pa3yeTcss MHOKHUTETh

ejhcf e.ikro

héE
0O003HaYNM

% ej/cru
Py =

)

3BYKOBOE JIaBJICHHE, KOTOPOE CO3/1aBaj Obl MOHOIIOJb, IIOMEIICHHBIH B HAYaJI0 KOOPIMWHAT, B
*
orcyrcTBue cheponga. Orauume p, 0T p, — TOIBKO B (ase.

Kpome TOro, pacmonokuM HWCTOYHHK Ha TIOBEPXHOCTH cdeponaa B IUIOCKOCTH
9KBATOPUAIBLHOTO CEYEHUS MOCJIECIHET0 (KOOPAMHATHI 3TOM TOYKHM HMEIOT 3HadeHUs (4)).

Teneps ¢ yderom paBeHcTBa &' =& pa3HOCTh, CTOSIIAS B KBAIPATHBIX CKOOKaX BBIPAKCHUS

(6), MoxeT ObITH TpaHC(HOPMUPOBAHA C UCIIOIB30BaHUEM (HOPMYJIBI [l BpOHCKUAHA B.p.C.d.,
KOTOpast UMeeT Buj [2]

R ER (1,) - RY (R = @®)

(§)

Ecny BRIIOTHUTE BCE ONHCAHHBIC 34€Ch Hp€06p330BaHI/I$I, BBITCKAIOMUC M3 MPCACIILHBIX
NEpExXoJ0B B KOOpAHMHATAX TOYKHU Ha6J'IIOI[€HI/I$I W WCTOYHHKA M BOCHOIB30BATHCS HIDKHEH

BETBBIO BeIpakeHus (6) (T.x. & > &'), monmydnm B utore:

S~ -0 cos(m
pO + pd Z Z — Smn (h,COS 0) Smn (h O)J (9)

h(e% - Nmn (h) R, (h&)

A. b. Mansenb
O 3BYKOBOM MOJ1€ NCTOYHWKA, PacnosioXXeHHOro B611M3n TBEpAOro BbiTAHYTOro cpeponaa
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B ciyuae ke BTOpOro BapraHTa pacIiojioKeHHsI HCTOYHUKA — Ha TIoJroce cdeponsa — B
ob1mee BeIpakeHHE (6) ciaeayeT MoACTaBUTh KOOPIUHATH HCTOYHHKA B BUAC (5). 3/ech Takxke
BOCITOJIB3yEeMCSl aCUMIITOTHYECKO (hopmyiioit (7) u BeIpaKEHHEM Il BpOoHCKHaHa (§), HO,

KpoMme 3Toro, yurem eme, uyto S, (4,£1)=0 mnpu moOeix m, 3a uckmodyenuem m =0

(cmencTBHE OCECMMMETPUYHOCTH 3ajauu). B pesynbrare Ui NaHHOTO ciaydas pa3MelIeHHUs
MCTOYHMKA I10JIyYUM

Z“’:]”“ S, (h,cos 9) S, (h, 1)

P ba = h(cfo = N (WRY (hE)

(10)

[Tpu BBIBOJE TOCIETHETO BBIPAKCHHS OBLIO HCMOJIB30BAHO TAK)KE CBOMCTBO YETHOCTH-
HEYETHOCTH B.y.C.(. [2, 3]

Smn (h9 77) = (_l)nim Smn (ha_n) )

Ha OCHOBAaHWHM Yero ocymiecTsieH nepexon ot S, (h,—1) x S, (h,+1).

3. PACYHETbBI 3BYKOBOI'O JABJIEHHI, CO3JABAEMOI'O MOHOIIOJIEM,
PACITIOJIO’)KEHHBIM HA 5KBATOPE CO®EPOUJIA, B IINIOCKOCTU EI'O
OKBATOPHUAJIBHOI'O CEUEHUA

Bripaxkenue (9) MokeT ObITh HEMTOCPEACTBEHHO HCIIOJIb30BAHO JIsl BHIIIOJHEHUS PACUETOB
YIJIOBBIX XapaKTePUCTUK aMIUIUTYZABl IOJHOTO (CyMMapHOro) 3BYKOBOIO MOIS p,+ p,,

CO31aBac€MOTI'0 pacCIiOJIO’KCHHBIM Ha DKBATOPC cq)epopma MoHo1mojieM. B Tom cjIydae, €CJii HacC
HHTCPECYCT TaKasl XapaKTCPUCTHKA B IIJIIOCKOCTH 3KBATOPUAJIBHOTI'O CCYCHUA C(bepoyma, T.C. B

wiockoctd x0y, B Belpakenuu (9) ciaenyer mosoxkuth @ =90 (cos@ =0). Ilpu sTom B

BbIpakeHUH (9) oCTaHeTCs OAMH MEepeMEeHHbIN napameTrp — yroia ¢ . M3MeHss ero, Haiiiem

HUCKOMYIO XapakTepucTuky. CorracHo reoMeTpuu 3aaauu (cM. puc. 1), yron ¢ =180° moinkeH
COOTBETCTBOBATh HAIPABICHHUIO HauboJiee TITyOOKOH aKyCTHYecKOW TeHH, a yroia ¢ =0 —

HANpaBJICHUIO  MaKCHUMaJbHO  OCBEUICHHOW  00JacTh  mpocTpaHcTBa.  PacuerHas
XapaKTePUCTHKA CHMMETPHYHA OTHOCUTEIBHO TIOCKOCTH X0z .

PacdeTs! BBIMONHSINCH C UCIOJIB30BaHUEM TaOIHIl CHEPOUIATBHBIX BOJHOBBIX (DYHKITHI
[4 — 6] s IBYyX 3HAYCHHIA BOJIHOBOTO pa3Mepa chepouna (Oe3pa3MepHOi 4acToThl) =5 u

h=8 W ams omHOTO 3HAYEHUs paguaIbHOW KoopaumHaThl cdepounma &, =1.01 (orHOmIEHME

JUTMHBI K [IUPUHE L/ 2R=T.1).

Pe3ynbpTaThl pacueToB npeacTaBiaeHbl Ha puc. 2, 3. Ha 3Tux pucyHkax B BUAE OKPYKHOCTH
€AUHUYHOTO paJuyca MPOJEMOHCTPUPOBAHA YIJIOBas XapaKTEPUCTHKA  aMIUIATYIbI
COOCTBEHHOT0 3BYKOBOT'O I0JIsI MOHOIIOJIBHOI'O UCTOYHUKA p,, B mockoctu x0y . CpaBHuBas
pe3yJbTaThl PacyeTOB aMIUIUTYIbl P, + p, C XapaKTEpPHbIM Ul MOHOIOJSA €JUHUYHBIM

3HAYCHUEM, MOXHO CYIWUTH 00 ocnalbjJeHuu WU YCUJICHUN 3ByKa B TOM HWJIM HHOM
HaITpaBJICHUH.

A. b. Mansenb
O 3BYKOBOM MOJ1€ NCTOYHWKA, PacnosioXXeHHOro B611M3n TBEpAOro BbiTAHYTOro cpeponaa
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O —a

OO

Puc. 2.

VYT0Bast XapaKTepUCTUKA aMILTUTY b
3BYKOBOTO IT0JISI MOHOITOJIS,
PacIoIoKEHHOT0 Ha SKBaTope chepouaa, B
IUIOCKOCTH €T0 SKBaTOPHAIILHOTO
ceuenus st cinyvas &, =1.01, h=5:

lP/pl

1 — py;
2— py+py
180°
P —a
OO
Puc. 3.

VYrnoBas XapPaKTCPUCTHUKA aMIIJIUTY AbI
3BYKOBOI'O I10JI1 MOHOIIOJIA,
PACIIOJIOKCHHOI'O Ha 9KBATOPE C(bepopma, B
IIJIOCKOCTH €I'0 9KBATOPHAJILHOT'O

ceuenus st cinyvas &, =1.01, h=8:

/Pl 1— py;

2— pyt+p,

A. b. Mansenb
O 3BYKOBOM MOJ1€ NCTOYHWKA, PacnosioXXeHHOro B611M3n TBEpAOro BbiTAHYTOro cpeponaa
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AHanu3 pe3ynbTaToB PacYETOB MMOKA3bIBAET CIEAYIOLIEE.
1. OO6e paccuMTaHHBIE XapaKTEPUCTUKU OIU3KH JIPYT K APYTY Kak IO HANPaBICHHOCTH,

TaKk U MO BEIMYUHE CYMMBI p, + p,. XapaKTepUCTUKA HAMPABICHHOCTH IOJI OKa3bIBACTCS

JIOCTAaTOYHO HEPAaBHOMEPHOMU, HAOIIONAIOTCS 00JIACTH KaK YCHIJICHHS, TaK M OCJIa0JIeHHs 3ByKa
[0 CPaBHEHUIO C COOCTBEHHBIM M3JIyueHHEM MOHOMOJs. [Ipu 3TOM yBennueHHe aMIUIUTY bl

Py + P, IPOUCXOIUT HE TOJILKO B HAIPABIEHUH MAaKCUMalbHOI ocBemeHHocTu @ =0, HO U
IpH JpYyTHX yriaax ¢ . B cBoro ouepenb, yMeHbIICHUE P, + p, PETUCTPUPYETCS HE TOJIBKO B
HanpaBJieHUU Hanbosree Tiryookoit Tean @ =180° (cMm. puc. 2, 3).

2. DOxpanupyroumii 3¢¢ext npu yrie ¢ =180 cocrasnser Bcero 2 — 3.5 nb, npuuem

3aBuUCcUMOCTh 3 (dekra oT BoMHOBOrO pasmepa chepouna /4, cyns mo pwuc. 2,3, ciaba.
[ToBbImIeHHE 3ByKOBOTO JIaBiieHus npu ¢ =0 BeIipakaeTcs BenuauHou 4-5 ab.

3. B o0oux cimyyasix B UCCIIEOBAHHOM JIMara3oHe YacTOT 3BYKOIKPAHUPYIOUIHiA 3¢ ekt
B 30HE aKyCTHUYECKOHW TeHM cepousa Mo BEJIUYHHE CYIIECTBEHHO yCTymnaeT 3QQeKTUBHOCTH
CIEIMAJIbHBIX aKyCTHUECKHUX 3KPaHOB, IOHMWXKAIOIIUX YpOBEHb 3ByKa Ha 10-20 nb.

4. PACYETHI 3BYKOBOI'O JABJIEHU A, CO3AABAEMOI'O MOHOIIOJIEM,
PACIIOJIOJKEHHBIM HA SKBATOPE COEPONJA, B INIOCKOCTH ET'O
MEPUJIMOHAJIBHOI'O CEHEHU A

B ciydyae BbINOTHEHHS pacyeToB YIVIOBOM XapaKTEPUCTHKH TIOJHOTO (CyMMapHOTO)
3ByKOBOI'O MO p,+ p,, TECHEPUPYEMOIO pacloJIOKEHHBIM Ha JKBarope cdepousaa

MOHOTIOJIEM, B TIOCKOCTH MEPHUAMOHAIBHOTO cedeHus: chepounaa, T.e. B wiockoctu x0z, B
BbIpakeHHH (9) HEOOXOIMMO 3371aTh YTOJI (¢ CIEAYIONUM 00pa3oM:

— B BepxHe# nonymiockoctd x0z ¢ =0;

— B HIKHeH noaymiockoctd x0z ¢ =180°.

[Ipy 3TOM NEpPEeMEHHBIM IapaMeTpoM B BbIpakeHuu (9) Oynmer cCiykuTh yron 6.
HanpaBieHuto aKyCcTHYeCKOH TEHM JOJDKHBI COOTBETCTBOBATH YIJIOBBIC KOOPIHUHATHI

0 =90°, @ =180"; HanpaBneHuo ocBemeHHoi obnactn — € =90°, @ =0. 3nech pacuerHas
XapaKTepUCTHKA CHMMETPHUYHA OTHOCUTEIBHO TIockocTH X0y .
Kak u B mpeapinymem pasnene, pacdeTbl BBINOIHSUIMCH A 3HA4eHUH h=5 u h=8§,

&, =1.01. Pe3ynbTaTsl pacueToB NpecTaBieHsl Ha puc. 4, 5.
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0 —a
-90°
L5 ~60°
170 2 300 Puc. 4.
1 el VrioBast XapaKTEpUCTHKA aMILTHTY bl
05 3BYKOBOTO ITOJISi MOHOITOJIS,
' PacIoIoKEHHOT0 Ha SKBaTope chepouaa, B
IUTOCKOCTH €0 MEPUMOHAILHOTO
/ol 0 0° ceuenus qus ciyvas & =1.01, h=5:
0,5 ' Po>
’ 2— potpy
30°
1,0
15 60°
90°
0 —
-90°
1,5
[9)
<60 Puc. 5.
2
1,0
300 VrioBast XapaKTEpUCTHKA aMILTHTYIbI
1 3BYKOBOTO ITOJISI MOHOITOJIS,
0,5 PacIoIoKEeHHOT0 Ha 9KBaTope cepounsa, B
IUTOCKOCTH €0 MEPUHOHAILHOTO
Pl o o ceuenus ot ciyvas &, =1.01, h=8:
0
1 — po;
2— py+p
0.5 0T Pa
30°
1.0
15 60°
90°
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AHanu3 3TUX pe3ybTaToOB OOHAPYKUBAET CIEIyIOIIee.
1. PaccuntaHHble XapakTEpUCTUKU W MO HAMPABICHHOCTH, U IO BEJIUYUHE CYMMBI

Do+ P, MO0 OTIMYAIOTCS APYr OT JApyra, HECMOTpPS Ha BapHAlUM 3HAuYCHUHA /.

EcrecTBeHHO, 3HaYeHHS dKpaHupyroniero sgdexra B 30He akyctuueckoi TeHu (¢ =180") u
yCHJICHHS 3ByKa B OcBemieHHoW oOmacté (¢ =0) TOYHO Takue ke, KaK ¥ B IMPEIbIIyIIeM
ciydae (cM. 1. 2 B pazaene 3).

2. B 1O *e BpeMms, B OTJIMYME OT pPE3yJbTATOB BBIUMCIECHUHM A SKBATOPUAIbHON
wiockoctd  x0y, B paccMarpuBaeMoOM 34ech MEpUAMOHAIBHOW miockoctd  x0z
XapaKTePUCTUKH HANIPABJICHHOCTH TJIaJIKHE, T.€. HE UMEIOT XapaKTepPHBIX JICTIECTKOB.

3. DO10T (haKT MOXKHO OOBSACHHTH TE€M, YTO Ha (OPMY BBIYHCISIEMBIX XaPAKTEPHCTUK
JIOJDKHO PEIAoIMM 00pa3oM BIUSTh COOTHOLICHUE UTMHBI 3BYKOBOW BOJIHBI U ITOTIEPEUHOTO
WIN TIPOAOJIBHOrO pasMepa chepouna. B uccinenoBaHHOM Tuamna3oHe 4acTOT €ro HMIMPHHA
MaJia 1o CPaBHEHHMIO ¢ JJIMHOM BOJHBI (oTHOWIEHUE 2R/A paBno 0.23 mpu £ =15 u 0.36 npu
h =8). lnuna xe cheporsa ConocTaBuMa ¢ JUIMHON BOJIHBI WM MPEBHIIIACT €¢ (OTHOIICHHE

L/2 paBno 1.6 u 2.6 npu 1 =5 1 8, COOTBETCTBEHHO).

5. PACHETBI 3BYKOBOI'O JABJIEHHIS, CO3JABAEMOI'O MOHOIIOJIEM,
PACITIOJIOXKEHHBIM HA ITIOJIFOCE COEPONJIA

[Tpu paccMoTpeHHMH 3a1a49K O MOHOIIOJIE, PACTIOIOKEHHOM Ha TIOJIOCce cepona, yrioBast
XapaKTEePUCTHKA TIOJHOTO (CyMMapHOT0) 3BYKOBOTO TaBICHHS p,+ p, PACCUUTHIBACTCS C
nomomsio Beipaxkenus (10). B cuiny ocecummerpuuHocTH 3amaun B BblpakeHuu (10)
OTCYTCTBYET 3aBHCHUMOCTh OT yIJia ¢, MOITOMY OIpeeisieMasl XapaKTepUCTUKA UICHTUYHA
JUIS TTIOCKOCTH JTF000T0 MEPHIMOHAIBHOTO CeUeHHUs Chepouna.

B oTimume oT mpeaplayIIuX pa3esioB, pacdeThl BBIOIHSIUCH JJIs 3HAYCHUH h =3 u
h=5, vo mus svavennii & =1.01 u & =1.8 (orHoweHnue mmmHbl K mupune L/2R
cocraBnser 7.1 m 1.2 COOTBETCTBEHHO), ¢ TOMOIIBK Tabmur [4 —6]. HeoOxoammocTh
MHTEPIIPETALMU PEe3yJbTaTOB PAacYeTOB MOTPEOOBaNa MPOBEACHUS BBIYMCICHUI HE TOJBKO

CyMMBI p,+ p,, HO U aMIUIMTyAbl PacCesHHOM BONHBI p,. Ilo pe3yinpraram pacyeros,

IPE/ICTaBICHHBIM Ha PUC. 6 — 9, MOTYT OBITH C/IEIaHBbI CIIETYIOUIHE BBIBOIBI.

1. Bomna p,, paccesHHas ToHKUM cdepounom ¢ koopauHaroii &, =1.01, mpu s =3
(TMHA 3BYKOBOM BOJIHBI ONIM3Ka K JJMHE c(epomsa) UMEET IHUIOJIBHYI0 HANpaBJICHHOCTD,
MaJia 110 BeJIMYMHE W MPAKTUYECKA HEe MCKaXaeT COOCTBEHHOE JalbHEee 10JIe MOHOIIOJIEHOTO
u3nydarens (cM. puc. 6).

2. Ilpu yBenM4YeHUH YACTOTHI 10 /1 =5 (IJTMHA BOJHBI IMTOYTH B 2 pa3a MPEBBILIACT JUTHHY
cdeponsia) HaOMOJACTCS HEKOTOPBI POCT aMIUIUTYAbl PACCESIHHOM BOJHBI, OJIHAKO OH €Il
HE IMPUBOIUT K CYIIECTBEHHOMY OTIMYMIO Noas p,+p, OoT p, (cMm. puc.7). Croub
HE3HAUMTENbHBIA BKJIAJ PACCESTHHOM BOJIHBI B CyMMapHoe mone mpu h=3 u h=5
OOBSICHACTCS TEeM, YTO B PACCMOTPEHHOM JMama3oHe dYacToT IHpuHa cdepouna c

koopauHaToil &, =1.01 mMana no cpaBHEHHIO C JUIMHOM 3BYKOBOM BOJIHBL

A. b. Mansenb
O 3BYKOBOM MOJ1€ NCTOYHWKA, PacnosioXXeHHOro B611M3n TBEpAOro BbiTAHYTOro cpeponaa



DNEeKTPOHHBIV XypHan «TexHuyeckas akyctuka» 2006, 19 11 (13)

3. Ilepexon k cdepouny ¢ koopaunaroir &, =1.8, koTopslii mo hopme npubIMKaETCT K

cdepe (ero mupruHa CpaBHMMA C JUIMHOW 3BYKOBOM BOJIHBI WJIM TPEBBIIIAECT ee Oojee yeM
BIIBOE€), COIPOBOXKAAETCS YBEIWYEHUEM POJIHM PACCESIHHOM BOJMHBI B (OPMHUPOBAHUU

cymMmapHoro noss. M3 puc. 8, 9 BuaHO, 4TO None p, + p, CyLIECTBEHHO OTIMYAETCA OT P,

KaK I0 aMIUTATYJie, TaKk ¥ 1o HanpasiaeHHocTH. [Ipu € = 30" 310 orTiauume cocraBmsier —5 ab,

npu 6 =120"-150° — 4 —5 nb. Pe3ynbraThl pacueToB mojsi B 00JaCTH OCTPBIX YIJIOB HE
NpPUBEJCHbI Ha PUCYHKE, TaK KaK B ATOH OOJIACTH HCIIOJIB30BAaHME HMMEIOUIMXCS TaOJHIl
ceponabHBIX QYHKLIUH HEe oOecrieunBaeT Tpedyemoit cxonumoctH psaa (10).

4. Ormerum, 4TO IpPU YCIOBHU &, =COnst yIJIOBBIE XAapaKTEPUCTHKH U PACCESTHHOM

BOJIHBI P, , U CYMMapHOTO 0N p,, + p, MaJo 3aBUCAT OT BOJHOBOTO pa3mepa ceponna /.

[p/po
0

1,0

, 0,5
180°

2

0,5

2

150°

90°
Puc. 6. Yrnosas XApPaKTCPUCTHKA aMIIJIMTY bl 3BYKOBOI'O I10OJISI MOHOIIOJIA,

PacHoI0XKeHHOT0 Ha noitoce cheponna, i ciydas & =1.01, h=3:

l—pys 2—p;s 3— potp,

|p/Pol
0.5 0 0.5

2 2

1,0

90°

Puc. 7. YrnoBas XxapakTepuCTHKa aMIUIMTY/Ibl 3ByKOBOI'O ITOJIsI MOHOIIOJI,
PAacIoIoAKEHHOro Ha moitoce cepouna, s ciayyas &, =1.01, h=5:

l—po; 2— pgs 33— potpy,
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lp/po
1.5 0

, 1,0
180°

0,5

2

0,5 1,0

90°
Puc. 8. YrioBas xapakTepuCTHKa aMILTUTY bl 3BYKOBOTO IOJISI MOHOIIOJI,
pacIoI0KEeHHOI'0 Ha notoce chepouna, s ciyvast & =1.8, h=3:

l—py; 2—p;5 3— potp,

1p/Pol
0.5 0 0.5

2 2

1,5

, 1,0
180°

1,0

90°

Puc. 9. YrnoBas xapakTepucTHKa aMIUIUTY bl 3ByKOBOT'O I10JIsI MOHOIIOJS,
PACIOJIOKEHHOTO Ha Hostoce ceponna, s ciaydas & =1.8, h=5:

l— po; 2— pgs 33— potpy,
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3AKIIIOYEHUE

Hacrosmas pabora mpecneaoBaina CBOSH LENbI0 YCTAHOBUTbD, CIIOCOOHBI T OTPAaHUYCHHBIC
YVJIMHEHHBIC Tella THMA BBITSHYTHIX CHEPOUIOB CO37aBaTh 3HAUUTEIBHBIA IKPAHUPYIOIINN
3¢ deKT U UMEeT U CMBICT UCIOIb30BaTh UX KaK aKyCTUYECKUE DKpaHbl. [l TOCTHKEHUS
3TOM LIeNM PAacCMOTPEHA 33ajJada O 3BYKOBOM IIOJIE TOUYEYHOTO MOHOIOJS, HAaXOISIIErocs
BOJIM3M TIOJIIOCA U 3KBaTOpa abCOIIOTHO TBEPAOro HEMOABMKHOTO cheponma. MccnenoBancs
JMara30H YacToT, B KOTOPOM BOJIHOBas JuiMHa chepomnma kL wu3Mmensercs ot 6 mo 18;
BapbUPOBAIOCH OTHOIICHHWE IJWHBI cdepousa kK ero mmpuHe oT 1.2 go 7.1. Pacuersr
CBUJIETENBLCTBYIOT, YTO MPHCYTCTBUE TBEPAOTO BBITSHYTOTO cdepouga OKOJIO HCTOYHHKA
3ByKa MOXET BeCbMa CYLIECTBEHHO MCKaXaTb COOCTBEHHOE JalIbHEE IOJIe MOCIEAHET0, MPU
ATOM HAOMIOAAIOTCA OO0JAaCTH KakK OclalieHus, TaKk W YCUJIEHHs 3ByKa. B To ke Bpems
MOKa3aHO, YTO 3HAaY€HWE SKpaHupyromiero 3dpdexra B 30HE aKyCTUYECKOHW TeHU cdepounaa
HEBEJIMKO, B TPaHMIAX HCCIIEIOBAHHOIO YAaCTOTHOIO JAMana3oHa OHO He mpeBbilmaeTr 5 ab.
Takum o00pa3om, Tena THUIMA BBITAHYTHIX CHEPOHUIOB HEIEIECO00Pa3HO TMPUMEHATH
CHEIMaIbHO B KayecTBe AaKyCTUYeCKHMX OKpaHoB. OIHAKO MNpH pEHIEHUH KOHKPETHBIX
BOIPOCOB APXUTEKTYPHOU U MPOMBIIIJIEHHOW aKyCTHUKU CJIEeIyeT YYUTHIBAaTh BO3MOKHOCTh
UCKaXXEHHUS] TOJOOHBIMM TeJaMH 3BYKOBBIX IOJIEH pa3MEIIEHHBIX B HX OKPECTHOCTAX
W3JIy4YaTeseu.
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